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ɼʋ çʄʫʟʝʡ ʢʦʰʪʦʚʥʦʛʦ ʽ ʜʝʢʦʨʘʪʠʚʥʦʛʦ ʢʘʤʽʥʥʷè 

ʄʽʥʽʩʪʝʨʩʪʚʘ ʬʽʥʘʥʩʽʚ ʋʢʨʘʾʥʠ 

ɼʋ çʅʘʫʢʦʚʠʡ ʮʝʥʪʨ ʛʽʨʥʠʯʦʾ ʛʝʦʣʦʛʽʾ, ʛʝʦʝʢʦʣʦʛʽʾ ʪʘ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʅɸʅ ʋʢʨʘʾʥʠè 

ɯʥʩʪʠʪʫʪ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ ʅɸʅ ʋʢʨʘʾʥʠ 

ɯʥʩʪʠʪʫʪ ʛʝʦʭʽʤʽʾ, ʤʽʥʝʨʘʣʦʛʽʾ ʪʘ ʨʫʜʦʫʪʚʦʨʝʥʥʷ 

ʽʤʝʥʽ ʄ.ʇ. ʉʝʤʝʥʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ 

ʋʢʨʘʾʥʩʴʢʝ ʤʽʥʝʨʘʣʦʛʽʯʥʝ ʪʦʚʘʨʠʩʪʚʦ 

ʊʆɺ çɭʨʠʩʪʽʚʩʴʢʠʡ ʛʽʨʥʠʯʦ-ʟʙʘʛʘʯʫʚʘʣʴʥʠʡ ʢʦʤʙʽʥʘʪè 

ʂʦʤʧʘʥʽʷ Volyn Gems 
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ɿʙʽʨʥʠʢ ʤʘʪʝʨʽʘʣʽʚ ʜʚʘʥʘʜʮʷʪʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ çʄʽʥʝʨʘʣʴʥʦ-

ʩʠʨʦʚʠʥʥʽ ʙʘʛʘʪʩʪʚʘ ʋʢʨʘʾʥʠ: ʰʣʷʭʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷè (3 ʞʦʚʪʥʷ 

2025 ʨ. ʩʤʪ. ʍʦʨʦʰʽʚ). - ʍʦʨʦh̔ʚ, 2025. ï 235 ʩ. 

 

ʋ ʟʙʽʨʥʠʢʫ ʦʧʫʙʣʽʢʦʚʘʥʦ ʩʪʘʪʪʽ, ʱʦ ʦʭʦʧʣʶʶʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʘʢʪʫʘʣʴʥʠʭ 

ʧʠʪʘʥʴ ʧʦʚô̫ ʟʘʥʠʭ ʟ ʜʦʩʣʽʜʞʝʥʥʷʤ ʽ ʦʧʪʠʤʘʣʴʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʽʥʝʨʘʣʴʥʦ-

ʩʠʨʦʚʠʥʥʠʭ ʙʘʛʘʪʩʪʚ ʋʢʨʘʾʥʠ; ʤʦʥʽʪʦʨʠʥʛʦʤ, ʦʭʦʨʦʥʦʶ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʪʝʨʠʪʦʨʽʡ, ʧʦʨʫʰʝʥʠʭ ʛʽʨʥʠʯʠʤʠ ʚʠʨʦʙʢʘʤʠ, ʜʦʩʣʽʜʞʝʥʥʷʤ ʧʨʦʙʣʝʤ ʦʙʣʽʢʫ ʽ 

ʟʙʝʨʝʞʝʥʥʷ ʛʝʦʣʦʛʽʯʥʠʭ ʧʘʤô̫ ʪʦʢ ʧʨʠʨʦʜʠ, ʪʫʨʠʩʪʠʯʥʦ-ʨʝʢʨʝʘʮʽʡʥʠʤ 

ʧʦʪʝʥʮʽʘʣʦʤ ʜʝʨʞʘʚʠ ʪʘ ʤʫʟʝʡʥʦʶ ʩʧʨʘʚʦʶ. 
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museum business. 
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ɺʉʊʋʇ 

 

ʋ ʯʝʨʛʦʚʠʡ ʨʘʟ ʜʝʨʞʘʚʥʘ ʫʩʪʘʥʦʚʘ çʄʫʟʝʡ ʢʦʰʪʦʚʥʦʛʦ ʽ 

ʜʝʢʦʨʘʪʠʚʥʦʛʦ ʢʘʤʽʥʥʷè ʄʽʥʽʩʪʝʨʩʪʚʘ ʬʽʥʘʥʩʽʚ ʋʢʨʘʾʥʠ ʟʙʠʨʘʻ 

ʚ ʨʦʙʦʯʽʡ ʽ ʦʜʥʦʯʘʩʥʦ ʥʝʚʠʤʫʰʝʥʦ ʜʨʫʞʥʽʡ ʘʪʤʦʩʬʝʨʽ ʧʦʚʘʞʥʝ 

ʢʦʣʦ ʰʘʥʦʚʥʠʭ ʥʘʫʢʦʚʮʽʚ, ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʚʠʨʦʙʥʠʯʦʾ ʛʝʦʣʦʛʽʯʥʦʾ 

ʛʘʣʫʟʽ, ʚʠʢʣʘʜʘʯʽʚ, ʘʩʧʽʨʘʥʪʽʚ, ʩʪʫʜʝʥʪʽʚ, ʢʨʘʻʟʥʘʚʮʽʚ, 

ʧʨʘʮʽʚʥʠʢʽʚ ʤʫʟʝʾʚ ʽ ʰʘʥʫʚʘʣʴʥʠʢʽʚ ʛʝʦʣʦʛʽʾ ʱʦʙ ʧʦʜʽʣʠʪʠʩʷ 

ʩʚʦʾʤʠ ʥʘʫʢʦʚʠʤʠ ʜʦʩʷʛʥʝʥʥʷʤʠ ʱʦʜʦ ʩʪʘʥʫ ʽ ʰʣʷʭʽʚ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʥʝʨʘʣʴʥʦ-ʩʠʨʦʚʠʥʥʠʭ ʙʘʛʘʪʩʪʚ 

ʋʢʨʘʾʥʠ. 

ʎʴʦʛʦʨʽʯ ï ʮʝ ʚʞʝ ʜʚʘʥʘʜʮʷʪʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ 

ʢʦʥʬʝʨʝʥʮʽʷ çʄʽʥʝʨʘʣʴʥʦ-ʩʠʨʦʚʠʥʥʽ ʙʘʛʘʪʩʪʚʘ ʋʢʨʘʾʥʠ: ʰʣʷʭʠ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷè, ʷʢʘ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʧʨʠʤʽʱʝʥʥʽ  ɼʋ 

çʄʫʟʝʡ ʢʦʰʪʦʚʥʦʛʦ ʽ ʜʝʢʦʨʘʪʠʚʥʦʛʦ ʢʘʤʽʥʥʷè ʄʽʥʽʩʪʝʨʩʪʚʘ 

ʬʽʥʘʥʩʽʚ ʋʢʨʘʾʥʠ. ɼʨʫʛʠʡ ʨʘʟ ʧʦʩʧʽʣʴ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ 

ʢʦʥʬʝʨʝʥʮʽʷ ʧʨʦʭʦʜʠʪʴ ʚ ʫʤʦʚʘʭ ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʾ ʚʦʻʥʥʦʾ 

ʘʛʨʝʩʽʾ ʨʦʩʽʡʩʴʢʦʾ ʬʝʜʝʨʘʮʽʾ ʧʨʦʪʠ ʥʝʟʘʣʝʞʥʦʾ, ʜʝʤʦʢʨʘʪʠʯʥʦʾ 

ʋʢʨʘʾʥʠ. 

ʉʧʽʚʦʨʛʘʥʽʟʘʪʦʨʘʤʠ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ 

ʮʴʦʛʦʨʽʯ ʩʪʘʣʠ çʄʫʟʝʡ ʢʦʰʪʦʚʥʦʛʦ ʽ ʜʝʢʦʨʘʪʠʚʥʦʛʦ ʢʘʤʽʥʥʷè 

ʄʽʥʽʩʪʝʨʩʪʚʘ ʬʽʥʘʥʩʽʚ ʋʢʨʘʾʥʠ, ɯʥʩʪʠʪʫʪ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ ʅɸʅ 

ʋʢʨʘʾʥʠ, ɯʥʩʪʠʪʫʪ ʛʝʦʭʽʤʽʾ, ʤʽʥʝʨʘʣʦʛʽʾ ʪʘ ʨʫʜʦʫʪʚʦʨʝʥʥʷ 

ʽʤ. ʄ.ʇ. ʉʝʤʝʥʝʥʢʘ, çʅʘʫʢʦʚʠʡ ʮʝʥʪʨ ʛʽʨʥʠʯʦʾ ʛʝʦʣʦʛʽʾ, 

ʛʝʦʝʢʦʣʦʛʽʾ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʅɸʅ ʋʢʨʘʾʥʠè, ʋʢʨʘʾʥʩʴʢʝ 

ʤʽʥʝʨʘʣʦʛʽʯʥʝ ʪʦʚʘʨʠʩʪʚʦ, ʊʆɺ çɭʨʠʩʪʽʚʩʴʢʠʡ ʛʽʨʥʠʯʦ-

ʟʙʘʛʘʯʫʚʘʣʴʥʠʡ ʢʦʤʙʽʥʘʪè, ʂʦʤʧʘʥʽʷ Volyn Gems. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʧʦʚʥʦʤʘʩʰʪʘʙʥʫ ʚʽʡʥʫ ʨʦʩʽʡʩʴʢʦʾ ʬʝʜʝʨʘʮʽʾ 

ʧʨʦʪʠ ʋʢʨʘʾʥʠ, ̔ ʥʪʝʨʝʩ ʜʦ ʢʦʥʬʝʨʝʥʮʽʾ ʥʝ ʟʤʝʥʰʠʚʩʷ. ʗʢ ʟʘʚʞʜʠ 

ï ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʫʯʘʩʥʠʢʽʚ, ʦʨʛʘʥʽʟʘʮʽʡ-ʫʯʘʩʥʠʮʴ.  

ʇʨʦʛʨʘʤʦʶ ʢʦʥʬʝʨʝʥʮʽʾ ʧʝʨʝʜʙʘʯʝʥʦ ʝʢʩʢʫʨʩʽʾ ʥʘ ʢʘʨôʻʨ, ʚ 

ʤʫʟʝʡ ʢʦʰʪʦʚʥʦʛʦ ʽ ʜʝʢʦʨʘʪʠʚʥʦʛʦ ʢʘʤʽʥʥʷ ʪʘ ʥʘ ʦʛʨʘʥʫʚʘʣʴʥʫ 

ʬʘʙʨʠʢʫ ɸʊ çʂʚʘʨʮʩʘʤʦʮʚʽʪʠè, ʧʘʤôʷʪʥʽ ʩʫʚʝʥʽʨʠ ʫʯʘʩʥʠʢʘʤ. 

ɿʘʛʘʣʦʤ ʫ ʨʦʙʦʪʽ ʢʦʥʬʝʨʝʥʮʽʾ ʚʟʷʣʠ ʫʯʘʩʪʴ 86 ʫʯʘʩʥʠʢʽʚ, 

ʥʘʫʢʦʚʽ ʜʦʩʷʛʥʝʥʥʷ ʷʢʠʭ ʚʠʩʚʽʪʣʝʥʦ ʫ 38 ʥʘʫʢʦʚʠʭ ʩʪʘʪʪʷʭ, ʱʦ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʟʙʽʨʥʠʢʫ ʄʘʪʝʨʽʘʣʽʚ ʢʦʥʬʝʨʝʥʮʽʾ.  
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ʂʦʞʥʘ ʥʘʫʢʦʚʘ ʩʪʘʪʪʷ ʫ ʟʙʽʨʥʠʢʫ ʤʘʪʝʨʽʘʣʽʚ ʢʦʥʬʝʨʝʥʮʽʾ 

ʤʘʻ ʽʜʝʥʪʠʬʽʢʘʪʦʨ DOI (ʱʠʨʘ ʟʘ ʮʝ ʧʦʜʷʢʘ ɼʋ çʅʘʫʢʦʚʠʡ ʮʝʥʪʨ 

ʛʽʨʥʠʯʦʾ ʛʝʦʣʦʛʽʾ, ʛʝʦʝʢʦʣʦʛʽʾ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʅɸʅ ʋʢʨʘʾʥʠè), 
ʱʦ ʜʦʟʚʦʣʷʻ ʰʠʨʦʢʦʤʫ ʢʦʣʫ ʯʠʪʘʯʽʚ ʟ ʫʩʴʦʛʦ ʩʚʽʪʫ ʦʟʥʘʡʦʤʠʪʠʩʷ 

ʟ ʥʘʫʢʦʚʠʤʠ ʧʫʙʣʽʢʘʮʽʷʤʠ, ʷʢʽ ʚʠʩʚʽʪʣʶʶʪʴ ʩʪʘʥ ʽ ʰʣʷʭʠ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʥʝʨʘʣʴʥʦ-ʩʠʨʦʚʠʥʥʠʭ ʙʘʛʘʪʩʪʚ 

ʋʢʨʘʾʥʠ. 

ʂʦʥʬʝʨʝʥʮʽʷ ʰʠʨʦʢʦ ʚʠʩʚʽʪʣʶʻʪʴʩʷ ʥʘ ʦʬʽʮʽʡʥʠʭ ʩʘʡʪʘʭ ʽ ʫ 

ʱʦʨʽʯʥʠʭ ʟʚʽʪʘʭ ʫʩʪʘʥʦʚ-ʦʨʛʘʥʽʟʘʪʦʨʽʚ ʢʦʥʬʝʨʝʥʮʽʾ, ʫ 

ʧʝʨʽʦʜʠʯʥʠʭ ʥʘʫʢʦʚʠʭ ʚʠʜʘʥʥʷʭ, ʟʘʩʦʙʘʭ ʤʘʩʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ, 

ʝʣʝʢʪʨʦʥʥʽʡ ʩʦʮʽʘʣʴʥʽʡ ʤʝʨʝʞʽ Facebook. 

ʄʠ ʚʠʩʣʦʚʣʶʻʤʦ ʱʠʨʫ ʚʜʷʯʥʽʩʪʴ ʩʧʽʚʨʦʙʽʪʥʠʢʘʤ ʜʝʨʞʘʚʥʦʾ 

ʫʩʪʘʥʦʚʠ çʄʫʟʝʡ ʢʦʰʪʦʚʥʦʛʦ ʽ ʜʝʢʦʨʘʪʠʚʥʦʛʦ ʢʘʤʽʥʥʷè 

ʄʽʥʽʩʪʝʨʩʪʚʘ ʬʽʥʘʥʩʽʚ ʋʢʨʘʾʥʠ, ʷʢʽ ʚʯʝʨʛʦʚʝ ʧʨʠʡʥʷʣʠ ʫ ʩʪʽʥʘʭ 

ʤʫʟʝʶ ʫʯʘʩʥʠʢʽʚ ʢʦʥʬʝʨʝʥʮʽʾ ʪʘ ʦʨʛʘʥʽʟʫʚʘʣʠ ʜʣʷ ʥʠʭ ʝʢʩʢʫʨʩʽʶ 

ʤʫʟʝʻʤ ʪʘ ʜʨʫʞʥʽʡ ʦʙʽʜ.  

ʑʠʨʘ ʧʦʜʷʢʘ ʂʦʤʧʘʥʽʾ Volyn Gems ʟʘ ʦʨʛʘʥʽʟʘʮʽʶ ʝʢʩʢʫʨʩʽʾ ʥʘ 

ʦʛʨʘʥʫʚʘʣʴʥʫ ʬʘʙʨʠʢʫ ɸʊ çʂʚʘʨʮʩʘʤʦʮʚʽʪʠè. 

ʑʠʨʦ ʚʜʷʯʥʽ ʫʩʽʤ, ʭʪʦ ʧʽʜʪʨʠʤʘʚ ʽ ʚʟʷʚ ʫʯʘʩʪʴ ʫ ʨʦʙʦʪʽ 

ʢʦʥʬʝʨʝʥʮʽʾ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʪʘ ʟʘʦʯʥʦ.  

ɹʘʞʘʻʤʦ ʫʩʽʤ ʤʽʮʥʦʛʦ ʟʜʦʨʦʚôʷ, ʦʧʪʠʤʽʟʤʫ, ʥʦʚʠʭ ʥʘʫʢʦʚʠʭ 

ʥʘʧʨʘʮʶʚʘʥʴ ʽ ʚʽʜʢʨʠʪʪʽʚ, ʤʠʨʫ ʽ ʇʝʨʝʤʦʛʠ ʫ ʚʽʡʥʽ ʥʘʜ ʨʦʩʽʡʩʴʢʠʤ 

ʦʢʫʧʘʥʪʦʤ ʪʘ ʯʝʢʘʻʤʦ ʥʘ ʚʘʩ ʽ ʚʘʰʠʭ ʢʦʣʝʛ ʥʘ ʥʘʩʪʫʧʥʽʡ 

ʢʦʥʬʝʨʝʥʮʽʾ! 

 

 

 

 

ʆʨʛʢʦʤʽʪʝʪ ʢʦʥʬʝʨʝʥʮʽʾ 
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ʄɯʅɽʈɸʃʔʅʆ-ʉʀʈʆɺʀʅʅɯ ɹɸɻɸʊʉʊɺɸ ʋʂʈɸɰʅʀ 

ʊɸ ʐʃʗʍʀ ɰʍ ʆʇʊʀʄɸʃʔʅʆɻʆ ɺʀʂʆʈʀʉʊɸʅʅʗ 

 
https://doi.org/ 

 

ʋɼʂ 549.6 (477.8) 

ɸʃɸʅɯʊ ɯɿ ʂʉɽʅʆʃɯʊʋ ʄɽɿʆɿʆʁʉʔʂʀʍ ɽʌʋɿʀɺɯɺ 

ʋʂʈɸɰʅʉʔʂʀʍ ʂɸʈʇɸʊ  

ɹʝʣʴʩʴʢʠʡ ɺ.ʄ.1, ʂʫʣʴʯʠʮʴʢʘ ɻ.ʆ.1, ɻʠʱʠʥ ɺ.ʗ.2, ɻʦʛʦʣʻʚ 

ʂ.ɯ.1, ʇʦʣʷʯʝʥʢʦ ɭ.ɹ.3  
1ɯʥʩʪʠʪʫʪ ʛʝʦʭʽʤʽʾ, ʤʽʥʝʨʘʣʦʛʽʾ ʪʘ ʨʫʜʦʫʪʚʦʨʝʥʥʷ 

ʽʤ. ʄ.ʇ. ʉʝʤʝʥʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ, ʂʠʾʚ, ʋʢʨʘʾʥʘ, belskyi_vm@ukr.net 
2ɯʥʩʪʠʪʫʪ ʛʝʦʣʦʛʽʾ, ʛʝʦʭʽʤʽʾ ʛʦʨʶʯʠʭ ʢʦʧʘʣʠʥ ʅɸʅ ʋʢʨʘʾʥʠ,  

ʃʴʚʽʚ, ʋʢʨʘʾʥʘ 
3ɯʥʩʪʠʪʫʪ ʛʝʦʬʽʟʠʢʠ ʽʤ. ʉ.ɯ. ʉʫʙʙʦʪʽʥʘ ʅɸʅ ʋʢʨʘʾʥʠ,  

ʂʠʚʾ, ʋʢʨʘʾʥʘ 

 
ʆʧʠʩʘʥʦ ʧʝʨʰʫ ʟʥʘʭʽʜʢʫ ʘʣʘʥʽʪʫ ʚ ʋʢʨʘʾʥʩʴʢʠʭ ʂʘʨʧʘʪʘʭ. ɺʽʥ ʫʪʚʦʨʠʚʩʷ ʚ 

ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʫʤʦʚʘʭ ʚʥʘʩʣʽʜʦʢ ʚʟʘʻʤʦʜʽʾ ʟʙʘʛʘʯʝʥʦʾ ʥʘ REE ʝʣʝʤʝʥʪʠ ʣʘʚʠ 

ʙʘʟʘʣʴʪʦʚʦʛʦ ʩʢʣʘʜʫ ʟ ʢʘʨʙʦʥʘʪʥʠʤʠ ʧʦʨʦʜʘʤʠ ʯʝʚʯʠʥʩʴʢʦʾ ʩʚʽʪʠ (J3-K1) 

ʄʘʨʤʘʨʦʩʴʢʦʛʦ ʤʘʩʠʚʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʣʘʥʽʪ, ʩʧʽʣʽʪʠ, ʄʘʨʤʘʨʦʰʩʴʢʠʡ ʤʘʩʠʚ. 

 
ALLANITE FROM XENOLITH OF MESOZOIC 

EFUSIVES OF THE UKRAINIAN CARPATHIAN 

Belskyi Volodymyr1, Kulchytska Hanna1, Gyshchyn Vasyl2, 

Gogolev Kostyantyn1, Polyachenko Yevgen3 
1M.P. Semenenko Institute of Geochemistry, Mineralogy and Ore 

Formation, NAS of Ukraine, Kyiv, Ukraine, belskyi_vm@ukr.net 
2Institute of Geology, Geochemistry of Fuel Fossils, NAS of Ukraine, 

Lviv, Ukraine 
3S.I. Subbotin Institute of Geophysics, NAS of Ukraine, Kyiv, Ukraine 

 
The first discovery of allanite in the Ukrainian Carpathians is described. It was 

formed in near-surface conditions as a result of the interaction of REE-enriched 

basaltic lava with carbonate rocks of the Chevchyny suite (J3-K1) of the Marmarosh 

massif. 

Keywords: alanite, spilites, Marmarosh massif. 
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ʇʽʜ ʯʘʩ ʧʦʣʴʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʨʘʡʦʥʽ ʩʪʨʫʤʢʘ ʂʘʤô̫ ʥʠʡ ʇʦʪʽʢ 

(ʧʨʘʚʘ ʧʨʠʪʦʢʘ ʨ. ʊʠʩʘ, ʄʘʨʤʘʨʦʩʴʢʠʡ ʤʘʩʠʚ), ʱʦ ʧʨʦʪʽʢʘʻ ʥʘ 

ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʽʡ ʦʢʦʣʠʮʽ ʤ. ʈʘʭʽʚ, ʚʠʷʚʣʝʥʦ ʢʦʥʪʘʢʪ ʚʘʧʥʷʢʽʚ 

ʯʝʚʯʠʥʩʢʦʾ ʩʚʽʪʠ (J3ïK1) ʽʟ ʤʘʛʤʘʪʠʯʥʠʤ ʪʽʣʦʤ ʩʧʽʣʽʪʽʚ, ʟ ʷʢʦʛʦ 

ʚʽʜʽʙʨʘʥʦ ʜʝʢʽʣʴʢʘ ʟʨʘʟʢʽʚ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ (ʨʠʩ. 1). ʈʝʟʫʣʴʪʘʪʠ 

ʤʽʥʝʨʘʣʦʛʽʯʥʦʛʦ ʪʘ ʛʝʦʭʽʤʽʯʥʦʛʦ ʚʠʚʯʝʥʥʷ ʟʨʘʟʢʽʚ  ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ 

ʜʘʥʽʡ ʨʦʙʦʪʽ. 

ʄʝʪʦʜʠ ʘʥʘʣʽʟʫ. ɺ ɯʥʩʪʠʪʫʪʽ ʛʝʦʭʽʤʽʾ, ʤʽʥʝʨʘʣʦʛʽʾ ʪʘ 

ʨʫʜʦʫʪʚʦʨʝʥʥʷ ʽʤ. ʄ.ʇ. ʉʝʤʝʥʝʥʢʘ (ɯɻʄʈ) ʅɸʅ ʋʢʨʘʾʥʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʤʽʢʨʦʘʥʘʣʽʟʘʪʦʨʘ JCXA733 ʟ EDS 

ʧʨʠʩʪʘʚʢʦʶ (JEOL, ʗʧʦʥʽʷ) ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʈɽʄ-ʟʦʙʨʘʞʝʥʥʷ ʪʘ 

ʚʠʟʥʘʯʝʥʦ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʧʦʨʦʜʦʪʚʽʨʥʠʭ ʪʘ ʘʢʮʝʩʦʨʥʠʭ 

ʤʽʥʝʨʘʣʽʚ, ʘʣʘʥʽʪʫ ʟʦʢʨʝʤʘ. ʋʤʦʚʠ ʟʡʦʤʢʠ: ʧʨʠʩʢʦʨʶʚʘʣʴʥʘ 

ʥʘʧʨʫʛʘ 20 ʢɺ, ʩʠʣʘ ʩʪʨʫʤʫ 20 ʥɸ, ʜʽʘʤʝʪʨ ʟʦʥʜʘ 10 ʤʢʤ. 

ɼʣʷ ʘʥʘʣʽʟʫ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦ-ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ  ʘʥʘʣʽʟʫ 

(ʧʨʠʣʘʜ ARL OptimX) ʧʨʦʙʫ ʧʦʨʦʜʠ ʧʦʜʨʽʙʥʶʚʘʣʠ ʜʦ ʨʦʟʤʽʨʫ 

ʯʘʩʪʠʥʦʢ 45 ʤʢʤ ʪʘ ʧʨʦʩʫʰʫʚʘʣʠ ʙʽʣʷ 105 ÁC. ʆʪʨʠʤʘʥʫ ʧʫʜʨʫ 

ʟʤʽʰʫʚʘʣʠ ʟ ʧʦʨʦʰʢʦʤ-ʫʪʨʠʤʫʚʘʯʝʤ Retsch Licowax C ʫ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 4:1. ʉʫʤʽʰ ʧʨʝʩʫʚʘʣʠ ʛʽʜʨʘʚʣʽʯʥʠʤ ʧʨʝʩʦʤ ʧʽʜ 

ʪʠʩʢʦʤ 5 ʄʇʘ ʚ ʪʘʙʣʝʪʢʠ-ʧʨʝʧʘʨʘʪʠ. ɸʥʘʣʽʟʠ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ 

ʚʠʢʦʥʘʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʝʨʪʠʬʽʢʦʚʘʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʛʽʨʩʴʢʠʭ 

ʧʦʨʽʜ: SW, DNCï1a, BHVOï2, JAï3, DC73301, SGï3 GSPï2. 

 

 
ʈʠʩ. 1. ʇʦʣʽʨʦʚʘʥʽ ʘʥʰʣʽʬʠ ʽʟ ʟʨʘʟʢʽʚ ʤʘʛʤʘʪʠʯʥʦʛʦ ʪʽʣʘ, ʱʦ ʧʨʦʨʠʚʘʻ 

ʯʝʚʯʠʥʩʴʢʫ ʩʚʽʪʫ: ʘ) ʟʝʣʝʥʫʚʘʪʦ-ʩʽʨʘ ʝʬʫʟʠʚʥʘ ʧʦʨʦʜʘ ʤʘʩʠʚʥʦʾ ʪʝʢʩʪʫʨʠ ʽʟ 

ʧʨʦʞʠʣʢʘʤʠ ʢʚʘʨʮʫ, ʢʘʣʴʮʠʪʫ ʪʘ ʦʢʩʠʜʽʚ ʟʘʣʽʟʘ (ʟʨʘʟʦʢ TR5); b) ʟʝʣʝʥʫʚʘʪʦ-ʩʽʨʘ 

ʝʬʫʟʠʚʥʘ ʧʦʨʦʜʘ ʽʟ ʤʠʛʜʘʣʠʥʘʤʠ ʢʘʨʙʦʥʘʪʥʦʛʦ ʪʘ ʩʠʣʽʢʘʪʥʦʛʦ ʩʢʣʘʜʫ (ʟʨʘʟʦʢ 

TR6); c) ʤʝʪʘʤʦʨʬʽʟʦʚʘʥʠʡ ʢʩʝʥʦʣʽʪ ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʠʛʝʥʥʦʛʦ ʩʢʣʘʜʫ (ʟʨʘʟʦʢ 

TR7). 
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ʄʽʥʝʨʘʣʴʥʠʡ ʪʘ ʛʝʦʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʧʦʨʽʜ. ɺʘʧʥʷʢʠ ʯʝʚʯʠʥʩʴʢʦʾ 

ʩʚʽʪʠ ʂʘʤô̫ ʥʦʧʦʪʦʮʴʢʦʾ ʉʌɿ, ʟʘ ʜʘʥʠʤʠ [1], ʩʽʨʦʛʦ ʢʦʣʴʦʨʫ, 

ʤʘʶʪʴ ʩʤʫʛʘʩʪʫ, ʩʪʨʦʤʘʪʦʣʽʪʦʚʫ ʪʘ ʩʪʠʣʦʣʽʪʦʚʫ ʪʝʢʩʪʫʨʠ ʽ 

ʩʢʣʘʜʘʶʪʴʩʷ ʥʘ 85ï95 % ʽʟ ʢʘʣʴʮʠʪʫ, ʚ ʷʢʦʤʫ ʤʽʩʪʷʪʴʩʷ ʫʣʘʤʢʠ 

ʢʚʘʨʮʫ, ʣʫʩʢʠ ʭʣʦʨʠʪʫ, ʛʣʠʥʠʩʪʠʭ ʤʽʥʝʨʘʣʽʚ ʪʘ ʚʫʛʣʝʮʝʚʘ 

ʨʝʯʦʚʠʥʘ. ʉʧʽʣʽʪʠʟʦʚʘʥʽ ʝʬʫʟʠʚʠ ʩʢʣʘʜʝʥʽ ʮʽʣʢʦʚʠʪʦ 

ʭʣʦʨʠʪʠʟʦʚʘʥʠʤ ʩʢʣʦʤ ʟ ʣʝʡʩʪʘʤʠ ʘʣʴʙʽʪʫ, ʚʢʨʘʧʣʝʥʥʷʤʠ 

ʢʘʨʙʦʥʘʪʽʚ ʪʘ ʭʘʣʮʝʜʦʥʫ. ʊʘʢʦʞ ʧʨʠʩʫʪʥʽ ʪʘʢʽ ʨʫʜʥʽ ʤʽʥʝʨʘʣʠ ʷʢ 

Ti-ʤʘʛʥʝʪʠʪ, ʪʠʪʘʥʽʪ ʽ ʛʝʤʘʪʠʪ. ɿʘ ʟʥʘʭʽʜʢʘʤʠ ʩʢʘʤô̫ ʥʽʣʦʩʪʝʡ ʜʘʥʽ 

ʧʦʨʦʜʠ ʚʽʜʥʝʩʝʥʦ ʜʦ ʪʠʪʦʥʩʴʢʦ-ʙʝʨʽʘʩʴʢʦʛʦ ʷʨʫʩʽʚ [1].  

ɿʨʘʟʦʢ ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʠʛʝʥʥʦʾ ʧʦʨʦʜʠ (TR7) ʚʽʜʽʙʨʘʥʦ ʥʘ ʤʝʞʽ 

ʚʘʧʥʷʢʽʚ ʟʽ ʩʧʽʣʽʪʘʤʠ ʤʘʩʠʚʥʦʾ ʪʝʢʩʪʫʨʠ, ʪʝʤʥʦ-ʟʝʣʝʥʦʛʦ ʪʘ 

ʙʫʨʫʚʘʪʦ-ʯʝʨʚʦʥʦʛʦ ʟʘʙʘʨʚʣʝʥʥʷ (ʟʨʘʟʢʠ TR5 ʽ TR6). ɿʘ ʜʘʥʠʤʠ 

ʤʽʢʨʦʟʦʥʜʦʚʦʛʦ ʘʥʘʣʽʟʫ ʢʘʤô̫ ʥʦʧʦʪʦʮʴʢʠʭ ʝʬʫʟʠʚʽʚ 

ʽʜʝʥʪʠʬʽʢʦʚʘʥʦ ʾʭʥʽʡ ʤʽʥʝʨʘʣʴʥʠʡ ʩʢʣʘʜ (ʪʘʙʣ. 1).  
 

ʊʘʙʣʠʮʷ 1. ʄʽʥʝʨʘʣʴʥʠʡ ʩʢʣʘʜ ʟʨʘʟʢʽʚ  

ʄʽʥʝʨʘʣʠ TR5 TR6 TR7 

ɸʣʴʙʽʪ + + - 
ʂʇʐ - - + 
ʄʫʩʢʦʚʽʪ - - + 

ɹʽʦʪʠʪ - - - 
ʂʚʘʨʮ (ʭʘʣʮʝʜʦʥ) + + + 
ʍʣʦʨʠʪ + + + 
ʊʠʪʘʥʽʪ + + - 
ɯʣʴʤʝʥʽʪ + + + 
ɻʝʤʘʪʠʪ + + + 
ʄʘʛʥʝʪʠʪ ʪʠʪʘʥʠʩʪʠʡ - + + 
ɸʧʘʪʠʪ - - + 
ʂʘʣʴʮʠʪ + + + 
ɹʘʨʠʪ - + - 
ɻʘʣʽʪ - - + 
ʉʫʣʴʬʽʜʠ Cu + + - 
ɻʨʘʥʘʪʠ + + - 
ɸʣʘʥʽʪ - - + 

ʅʦʤʝʨʠ ʟʨʘʟʢʽʚ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʠʩ. 1 

 

ʆʢʨʽʤ ʚʽʜʦʤʠʭ ʨʘʥʽʰʝ ʤʽʥʝʨʘʣʽʚ, ʚʧʝʨʰʝ ʽʜʝʥʪʠʬʽʢʦʚʘʥʦ 

ʛʨʘʥʘʪʠ, ʙʘʨʠʪ, ʽʣʴʤʝʥʽʪ, ʘʧʘʪʠʪ, ʛʘʣʽʪ ʪʘ ʘʣʘʥʽʪ. ʆʩʪʘʥʥʽʡ 

ʚʠʷʚʠʚʩʷ ʧʝʨʰʦʶ ʟʥʘʭʽʜʢʦʶ ʚ ʢʘʨʧʘʪʩʴʢʦʤʫ ʨʝʛʽʦʥʽ. 

ɿʨʘʟʢʠ TR5 ʽ TR6 ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʪʠʧʦʚʦʶ ʜʣʷ ʩʧʽʣʽʪʽʚ 

ʭʣʦʨʠʪ-ʘʣʴʙʽʪʦʚʦʶ ʤʘʪʨʠʮʝʶ ʪʘ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ TR7 
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ʤʽʥʝʨʘʣʴʥʠʤ ʩʢʣʘʜʦʤ, ʘ ʩʘʤʝ: ʤʽʩʪʷʪʴ ʛʨʘʥʘʪ, ʧʦ ʷʢʦʤʫ 

ʨʦʟʚʠʚʘʻʪʴʩʷ ʪʠʪʘʥʽʪ ʪʘ ʭʣʦʨʠʪ, ʽ ʥʠʪʢʦʧʦʜʽʙʥʽ ʪʘ ʪʘʙʣʠʪʯʘʩʪʽ 

ʬʘʟʠ ʽʣʴʤʝʥʽʪʫ (ʨʠʩ. 2). 

 

 
ʈʠʩ. 2. ʊʠʧʦʚʠʡ ʤʽʥʝʨʘʣʴʥʠʡ ʩʢʣʘʜ ʟʨʘʟʢʽʚ TR5 (a) ʽ TR6 (b) ʽʟ 

ʢʘʤô̫ ʥʦʧʦʪʦʮʴʢʦʛʦ ʝʬʫʟʠʚʫ. Qz ï ʢʚʘʨʮ, Gem ï ʛʝʤʘʪʠʪ, Alb ï ʘʣʴʙʽʪ, Ilm ï 

ʽʣʴʤʝʥʽʪ, Cal ï ʢʘʣʴʮʠʪ, Ttn ï ʪʠʪʘʥʽʪ, Tmʘg ï Ti-ʤʘʛʥʝʪʠʪ, Grn ï ʛʨʘʥʘʪ, Cu ï 

ʤʽʥʝʨʘʣ ʤʽʜʽ.  
 

ɸʣʘʥʽʪ ï (Ca,REE)(Al2,Fe+2)Si3O12(OH) ï ʬʦʨʤʫʻ ʥʠʨʢʦʧʦʜʽʙʥʽ 

ʘʛʨʝʛʘʪʠ ʩʝʨʝʜ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʾ ʢʘʣʴʮʠʪ-ʭʣʦʨʠʪʦʚʦʾ ʤʘʩʠ (ʨʠʩ. 3) 

ʚ ʘʩʦʮʽʘʮʽʾ ʟ ʪʠʪʘʥʠʩʪʠʤ ʤʘʛʥʝʪʠʪʦʤ, ʭʣʦʨʠʪʦʤ, ʤʽʥʝʨʘʣʴʥʠʤʠ 

ʬʘʟʘʤʠ ʢʨʝʤʥʝʟʝʤʫ ʪʘ ʞʠʣʴʥʠʤ ʢʘʣʴʮʠʪʦʤ. 

 
 

ʈʠʩ. 3. ʅʠʨʢʦʧʦʜʽʙʥʠʡ ʘʣʘʥʽʪ (Aln).  ʅʘʡʪʝʤʥʽʰʽ ʜʽʣʷʥʢʠ ʚʠʧʦʚʥʝʥʽ SiO2. Cal ï 

ʢʘʣʴʮʠʪ, Chl ï ʭʣʦʨʠʪ, Tmag ï Ti-ʤʘʛʥʝʪʠʪ. ɿʨʘʟʦʢ TR7, ʨʝʞʠʤ ʟʡʦʤʢʠ COMPO. 

ɽʣʝʢʪʨʦʥʥʠʡ ʤʽʢʨʦʩʢʦʧ JXA-733, JEOL (ʗʧʦʥʽʷ) 

 

ʋ ʛʝʦʭʽʤʽʯʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʟʨʘʟʢʠ ʪʘʢʦʞ ʩʫʪʪʻʚʦ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʟʘ ʚʤʽʩʪʦʤ Fe2O3 ʪʘ CaO (ʪʘʙʣ. 2), ʱʦ, 
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ʥʘ ʥʘʰʫ ʜʫʤʢʫ, ʻ ʥʘʩʣʽʜʢʦʤ ʨʽʟʥʦʛʦ ʩʪʫʧʝʥʷ ʢʦʥʪʘʤʽʥʘʮʽʾ ʚʤʽʩʥʠʭ 

ʢʘʨʙʦʥʘʪʥʠʭ ʧʦʨʽʜ ʙʘʛʘʪʠʤ ʥʘ ʟʘʣʽʟʦ ʤʘʛʤʘʪʠʯʥʠʤ ʨʦʟʧʣʘʚʦʤ. 

 
ʊʘʙʣʠʮʷ 2. ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʟʨʘʟʢʽʚ*  

ʂʦʤʧʦʥʝʥʪʠ TR5 TR6 TR7 

SiO2, % 48,42 44,90 26,16 

Al 2O3, % 11,25 12,30 6,54 

TiO2, % 3,05 2,34 0,89 

MnO, % 0,14 0,17 0,08 

Fe2O3, % 20,74 13,18 4,71 

Na2O, % 4,14 2,69 0,08 

MgO, % 2,53 4,36 2,61 

K2O, % 0,18 0,86 1,22 

CaO, % 4,88 10,65 33,43 

P2O5, % 0,54 0,42 0,23 

LOI 3,56 8,55 25,07 

Summ 99,2 100,2 101 

Ba, ppm 45 271 n/d 

Ce, ppm 302 68 n/d 

ʉʦ, ppm 114 91 16 

Cr, ppm 92 55 74 

Hf, ppm 2 3 n/d 

La, ppm 175 34 n/d 

Nb, ppm n/d n/d n/d 

Rb, ppm n/d 20 2 

Sr, ppm 139 411 148 

Th, ppm n/d n/d n/d 

Y, ppm 13 19 7 

Zr, ppm 132 155 77 

*ʈʝʟʫʣʴʪʘʪʠ ʈʌɸ ʘʥʘʣʽʟʫ. REE, ʦʢʨʽʤ Ce ̔ La, ʥʝ ʚʠʟʥʘʯʘʣʠ. LOI ï ʚʪʨʘʪʠ ʚʽʜ 

ʧʨʦʞʘʨʶʚʘʥʥʷ, n/d ï ʥʝ ʚʠʷʚʣʝʥʦ. ʅʦʤʝʨʠ ʟʨʘʟʢʽʚ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʠʩ. 1. 
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ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ Zr ʜʦ P2O5 (ʨʠʩ. 4) ʩʚʽʜʯʠʪʴ, ʱʦ ʧʝʨʚʠʥʥʘ 

ʤʘʛʤʘ ʙʫʣʘ ʦʩʥʦʚʥʦʛʦ ʩʢʣʘʜʫ ʽʟ ʧʽʜʚʠʱʝʥʦʶ ʣʫʞʥʽʩʪʶ. 

ɻʝʦʭʽʤʽʯʥʦ ʥʘʡʙʣʠʞʯʠʤ ʜʦ ʩʢʣʘʜʫ ʧʝʨʚʠʥʥʦʾ ʤʘʛʤʠ 

ʣʫʞʥʦʙʘʟʘʣʴʪʦʚʦʛʦ ʩʢʣʘʜʫ ʻ ʟʨʘʟʦʢ TR5, ʱʦ, ʚ ʩʚʦʶ ʯʝʨʛʫ, 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʘʢʦʞ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ REE ʝʣʝʤʝʥʪʽʚ: 

La+Ce+Y= 490 ppm. ʃʦʛʽʯʥʦ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʝʤʘʥʘʮʽʷ 

ʟʙʘʛʘʯʝʥʦʛʦ ʥʘ REE ʤʘʛʤʘʪʠʯʥʦʛʦ ʬʣʶʾʜ-ʨʦʟʧʣʘʚʫ ʩʧʨʠʯʠʥʠʣʠ 

ʫʪʚʦʨʝʥʥʷ ʘʣʘʥʽʪʦʚʦʾ ʬʘʟʠ ʫ ʢʩʝʥʦʣʽʪʽ ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʠʛʝʥʥʦʾ  

ʧʦʨʦʜʠ (ʟʨʘʟʦʢ TR7). 

 

 
ʈʠʩ. 4.  ʉʢʣʘʜ ʢʘʤô̫ ʥʦʧʦʪʦʮʴʢʠʭ ʝʬʫʟʠʚʽʚ ʥʘ ʜʽʘʛʨʘʤʽ ʧʨʦʛʥʦʟʦʚʘʥʦʛʦ ʩʢʣʘʜʫ 

ʤʘʛʤʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʤʽʩʪʫ ʤʘʣʦʨʫʭʦʤʠʭ ʝʣʝʤʝʥʪʽʚ [2]. 

 
ɺʠʷʚʣʝʥʽ ʤʽʥʝʨʘʣʴʥʽ ʘʩʦʮʽʘʮʽʾ (ʪʘʙʣ. 1) ʜʦʟʚʦʣʷʶʪʴ ʦʮʽʥʠʪʠ 

ʧʘʨʘʤʝʪʨʠ ʬʦʨʤʫʚʘʥʥʷ ʘʣʘʥʽʪʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʽʘʛʨʘʤʠ ʧʦʣʽʚ 

ʩʪʘʙʽʣʴʥʦʩʪʽ ʧʦʰʠʨʝʥʠʭ ʤʝʪʘʤʦʨʬʽʯʥʠʭ ʤʽʥʝʨʘʣʽʚ (ʨʠʩ. 5). 

ɺʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ ʽʟ ʤʝʪʘʤʦʨʬʽʯʥʠʭ ʤʽʥʝʨʘʣʽʚ ʚ ʘʩʦʮʽʘʮʽʾ ʟ 

ʘʣʘʥʽʪʦʤ ʚʠʷʚʣʝʥʦ ʣʠʰʝ ʭʣʦʨʠʪ ʪʘ ʤʫʩʢʦʚʽʪ, ʪʦ ʣʦʛʽʯʥʦ 

ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʡʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʙʫʣʘ ʚ ʜʽʘʧʘʟʦʥʽ 

280ï340 Áʉ. ɯʜʝʥʪʠʬʽʢʦʚʘʥʽ ʢʨʠʩʪʘʣʠ ʛʘʣʽʪʫ ʚ ʟʨʘʟʢʫ ʟ ʘʣʘʥʽʪʦʤ 

(TR7) ʤʦʞʫʪʴ ʩʚʽʜʯʠʪʠ ʧʨʦ ʧʨʠʩʫʪʥʽʩʪʴ ʤʦʨʩʴʢʦʾ ʚʦʜʠ ʚ ʟʦʥʽ 

ʢʦʥʪʘʢʪʦʚʦʛʦ ʤʝʪʘʤʦʨʬʽʟʤʫ, ʪʦʙʪʦ ʙʘʨʠʯʥʽ ʫʤʦʚʠ ʙʫʣʠ ʙʣʠʟʴʢʠʤʠ 

ʜʦ ʧʦʚʝʨʭʥʝʚʠʭ. 

ʋʪʚʦʨʝʥʥʷ ʘʣʘʥʽʪʫ ʚ ʢʩʝʥʦʣʽʪʽ ʩʝʨʝʜ ʩʧʽʣʽʪʠʟʦʚʘʥʠʭ ʝʬʫʟʠʚʽʚ, 

ʱʦ ʧʨʦʨʠʚʘʶʪʴ ʪʦʚʱʫ ʦʨʛʘʥʦʛʝʥʥʠʭ ʚʘʧʥʷʢʽʚ, ʥʘʡʽʤʦʚʽʨʥʽʰʝ 
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ʟʫʤʦʚʣʝʥʦ ʧʨʦʮʝʩʘʤʠ ʢʦʥʪʘʢʪʦʚʦʛʦ ʤʝʪʘʩʦʤʘʪʦʟʫ ʚ 

ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʫʤʦʚʘʭ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 280ï340 Áʉ. 

 

 
ʈʠʩ. 5. ʇʦʣʷ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ ʧʦʰʠʨʝʥʠʭ ʤʝʪʘʤʦʨʬʽʯʥʠʭ ʤʽʥʝʨʘʣʽʚ 

[3]. ɯ ï ʧʦʣʝ, ʚ ʷʢʦʤʫ ʫʪʚʦʨʠʚʩʷ ʘʣʘʥʽʪ (ʟʨʘʟʦʢ TR7).  

 
ɸʣʘʥʽʪ ʤʽʛ ʫʪʚʦʨʠʪʠʩʷ ʷʢ ʨʝʟʫʣʴʪʘʪ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʚʟʘʻʤʦʜʽʾ 

ʟʙʘʛʘʯʝʥʦʛʦ ʥʘ ʟʘʣʽʟʦ ʽ REE ʨʦʟʧʣʘʚʫ ʽʟ ʦʨʛʘʥʦʛʝʥʥʠʤʠ 

ʢʘʨʙʦʥʘʪʘʤʠ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʡʦʛʦ ʚʠʜʽʣʝʥʥʷ ʥʘʙʫʣʠ 

ʥʠʨʢʦʧʦʜʽʙʥʦʾ ʬʦʨʤʠ. ʅʘ ʮʝ ʚʢʘʟʫʻ ʪʽʩʥʘ ʘʩʦʮʽʘʮʽʷ  ʫ ʚʩʽʭ 

ʚʠʧʘʜʢʘʭ ʘʣʘʥʽʪʫ ʟ ʤʘʛʥʝʪʠʪʦʤ, ʢʘʣʴʮʠʪʦʤ, ʭʣʦʨʠʪʦʤ ʽ 

ʤʽʥʝʨʘʣʴʥʠʤʠ ʬʘʟʘʤʠ ʢʨʝʤʥʝʟʝʤʫ. ɺʤʽʩʪ REE ʥʠʞʯʝ ʨʽʚʥʷ 

ʯʫʪʣʠʚʦʩʪʽ ʤʝʪʦʜʦʤ ʈʌɸ ʫ ʟʨʘʟʢʫ TR7 ʧʦʨʽʚʥʷʥʦ ʽʟ ʟʨʘʟʢʘʤʠ TR5 

ʽ TR6, ʥʘ ʥʘʰʫ ʜʫʤʢʫ ʻ ʥʘʩʣʽʜʢʦʤ ʢʦʨʦʪʢʦʪʨʠʚʘʣʦʩʪʽ ʧʨʦʮʝʩʫ 

ʧʨʦʥʠʢʥʝʥʥʷ ʨʫʜʦʥʦʩʥʠʭ ʝʤʘʥʘʮʽʡ ʚ ʥʘʚʢʦʣʠʰʥʽ ʧʦʨʦʜʠ, ʱʦ 

ʰʚʠʜʰʝ ʟʘ ʚʩʝ ʧʦʚô̫ ʟʘʥʦ ʽʟ ʧʨʠʧʦʚʝʨʭʥʝʚʠʤ ʧʽʜʚʦʜʥʠʤ ʚʠʣʠʚʦʤ 

ʣʘʚʠ. 

 
ʇʝʨʝʣʽʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ 
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ʇʨʝʜʩʪʘʚʣʝʥʦ ʽʥʬʦʨʤʘʮʽʶ ʱʦʜʦ ʜʦʩʣʽʜʞʝʥʴ ʤʦʨʬʦʣʦʛʽʾ ʪʘ ʪʝʢʩʪʫʨʠ 

ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʦʢ ʩʘʧʦʥʽʪʦʚʠʭ ʛʣʠʥ ʋʢʨʘʾʥʠ. ʇʦʢʘʟʘʥʦ, ʱʦ ʦʯʠʱʝʥʽ ʚʽʜ 

ʜʦʤʽʰʦʢ ʧʨʠʨʦʜʥʽ ʩʘʧʦʥʽʪʠ ʻ ʘʛʨʝʛʦʚʘʥʠʤʠ, ʧʨʠʯʦʤʫ ʥʘʥʦʨʦʟʤʽʨʥ ̔ʯʘʩʪʦʯʢʠ, ʱʦ 

ʙʫʜʫʶʪʴ ʮʽ ʘʛʨʝʛʘʪʠ, ʤʘʶʪʴ ʧʨʷʤʦʢʫʪʥʫ ʬʦʨʤʫ, ʘ ʪʘʢʦʞ ʬʦʨʤʫ ʧʽʨʘʤʽʜʦʢ ʟ 

ʛʦʩʪʨʠʤʠ ʘʙʦ ʫʩʽʯʝʥʠʤʠ ʚʝʨʰʠʥʘʤʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʘʧʦʥʽʪʠ ʋʢʨʘʾʥʠ, ʤʦʨʬʦʣʦʛʽʷ, ʪʝʢʩʪʫʨʘ. 
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ʤʽʥʝʨʘʣʽʚ-ʧʦʧʝʨʝʜʥʠʢʽʚ. ʋ ʥʘʩʣʽʜʦʢ ʦʩʘʜʞʝʥʥʷ ʟ ʨʦʟʯʠʥʫ 

ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʥʦʚʘ ʤʽʥʝʨʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ. ʇʝʨʝʪʚʦʨʝʥʥʷ 

ʫʣʘʤʢʦʚʠʭ ʤʽʥʝʨʘʣʽʚ-ʧʦʧʝʨʝʜʥʠʢʽʚ ï ʧʨʦʮʝʩ, ʷʢʠʡ ʥʘʟʠʚʘʶʪʴ 

çʥʝʦʫʪʚʦʨʝʥʥʷ ʰʣʷʭʦʤ ʧʨʠʻʜʥʘʥʥʷè, ï ʤʦʞʝ ʪʝʞ ʟʜʽʡʩʥʶʚʘʪʠʩʷ 

ʧʦ-ʨʽʟʥʦʤʫ: ʦʩʘʜʞʝʥʥʷʤ ʥʘ ʚʞʝ ʽʩʥʫʶʯʠʭ ʧʨʠʨʦʜʥʠʭ ʧʦʚʝʨʭʥʷʭ 

ʘʙʦ ʪʨʘʥʩʬʦʨʤʘʮʽʻʶ, ʷʢʘ ʚʢʣʶʯʘʻ ʭʽʤʽʯʥʽ ʨʝʘʢʮʽʾ ʥʘ ʪʚʝʨʜʠʭ 

ʧʦʚʝʨʭʥʷʭ. ʆʩʪʘʥʥʽ ʜʚʘ ʧʨʦʮʝʩʠ ʙʫʣʠ ʚʠʟʥʘʥʽ ʝʬʝʢʪʠʚʥʠʤʠ 

ʤʝʭʘʥʽʟʤʘʤʠ ʫʪʚʦʨʝʥʥʷ Mgïʛʣʠʥ ʟ ʰʘʨʫʚʘʪʦʶ ʩʪʨʫʢʪʫʨʦʶ ʪʠʧʫ 

2:1. ɸʫʪʠʛʝʥʥʽ Mgïʛʣʠʥʠʩʪʽ ʤʽʥʝʨʘʣʠ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʷʢ ʚ 

ʩʫʯʘʩʥʠʭ, ʪʘʢ ʽ ʚ ʜʨʝʚʥʽʭ ʤʦʨʩʴʢʠʭ ʽ ʥʝʤʦʨʩʴʢʠʭ ʫʤʦʚʘʭ 

ʦʩʘʜʢʦʥʘʢʦʧʠʯʝʥʥʷ, ʭʦʯʘ ʡʤʦʚʽʨʥʠʤ ʻ ʫʪʚʦʨʝʥʥʷ ʮʠʭ ʛʣʠʥ ʚ 

ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʭ ʢʦʥʪʠʥʝʥʪʘʣʴʥʠʭ ʽ ʤʦʨʩʴʢʠʭ ʫʤʦʚʘʭ. ɿʙʘʛʘʯʝʥʽ 

ʟʘʣʽʟʦ-ʤʘʛʥʝʟʽʘʣʴʥʠʤʠ ʤʘʪʝʨʠʥʩʴʢʠʤʠ ʧʦʨʦʜʘʤʠ ʝʚʘʧʦʨʠʪʦʚʽ 

ʩʝʨʝʜʦʚʠʱʘ ʦʩʘʜʦʥʘʢʦʧʠʯʝʥʥʷ (ʣʫʞʥʽ ʦʟʝʨʘ ʪʘ ʤʦʨʩʴʢʽ ʙʘʩʝʡʥʠ) 

ʚʚʘʞʘʶʪʴʩʷ ʥʘʡʙʽʣʴʰ ʩʧʨʠʷʪʣʠʚʠʤʠ ʫʤʦʚʘʤʠ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʮʠʭ 

ʛʣʠʥ ʥʘ ʧʦʚʝʨʭʥʽ ʟʝʤʣʽ. ʋ ʪʘʢʠʭ ʫʤʦʚʘʭ Mgïʛʣʠʥʠ ʬʦʨʤʫʶʪʴ 

ʧʨʦʬʽʣʽ ʚʠʚʽʪʨʶʚʘʥʥʷ ʽ ˇʨʫʥʪʠ, ʤʦʞʫʪʴ ʫʪʚʦʨʶʚʘʪʠ ʧʦʪʫʞʥʽ 

ʚʽʜʢʣʘʜʝʥʥʷ [1]. 

ʊʘʰʢʽʚʩʴʢʝ ʨʦʜʦʚʠʱʝ ʩʘʧʦʥʽʪʽʚ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʫ 1988ï1992 ʨʨ. 

ʇʦʙʫʟʴʢʦʶ ɻʈʇ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ʍʤʝʣʴʥʠʮʴʢʦʾ 

ʦʙʣʘʩʪʽ ʧʦʰʫʢʦʚʦ-ʦʮʽʥʦʯʥʠʭ ʨʦʙʽʪ ʥʘ ʩʠʨʦʚʠʥʫ. ʈʦʜʦʚʠʱʝ 

ʫʪʚʦʨʠʣʦʩʷ ʚʥʘʩʣʽʜʦʢ ʧʽʜʚʦʜʥʦʛʦ ʭʽʤʽʯʥʦʛʦ ʚʠʚʽʪʨʶʚʘʥʥʷ ʪʘ 

ʧʦʜʘʣʴʰʦʾ ʤʝʪʘʤʦʨʬʽʟʘʮʽʾ ʚʫʣʢʘʥʽʯʥʠʭ ʪʫʬʽʚ ʧʨʦʪʝʨʦʟʦʶ. 

ʉʘʧʦʥʽʪʦʚʽ ʛʣʠʥʠ ʩʪʨʘʪʠʛʨʘʬʽʯʥʦ (ʨʠʩ. 1) ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ 

ʙʘʙʽʥʩʴʢʦʾ ʩʚʽʪʠ ʥʠʞʥʴʦʛʦ ʚʝʥʜʫ (ʚʦʣʠʥʩʴʢʘ ʩʝʨʽʷ), ʟʥʠʟʫ ʚʦʥʠ 

ʧʽʜʩʪʝʣʷʶʪʴʩʷ ʧʽʩʢʦʚʠʢʘʤʠ ʛʦʨʙʘʰʽʚʩʴʢʦʾ ʩʚʽʪʠ, ʘ ʟʚʝʨʭʫ 

ʧʝʨʝʢʨʠʚʘʶʪʴʩʷ ʬʨʘʛʤʝʥʪʘʤʠ ʨʽʟʥʦʚʽʢʦʚʠʭ ʧʦʨʽʜ ʯʘʨʪʦʨʠʡʩʴʢʦʾ, 

ʨʦʟʥʠʮʴʢʦʾ, ʢʦʣʢʽʚʩʴʢʦʾ ʩʚʽʪ ʚʝʨʭʥʴʦʛʦ ʚʝʥʜʫ ʤʦʛʠʣʽʚ-ʧʦʜʽʣʴʩʴʢʦʾ 

ʩʝʨʽʾ ʪʘ ʚʽʜʢʣʘʜʘʤʠ ʤʝʟʦʢʘʡʥʦʟʦʶ. ʅʘ ʊʘʰʢʽʚʩʴʢʦʤʫ ʨʦʜʦʚʠʱʽ, 

ʩʘʧʦʥʽʪʠ ʧʝʨʝʢʨʠʚʘʶʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʽʜʢʣʘʜʘʤʠ 

ʩʝʥʦʤʘʥʩʴʢʦʛʦ ʷʨʫʩʫ ʢʨʝʡʜʦʚʦʾ ʩʠʩʪʝʤʠ ʪʘ ʘʥʪʨʦʧʦʛʝʥʫ. 

ʇʦʪʫʞʥʽʩʪʴ ʨʦʟʢʨʠʚʥʠʭ ʧʦʨʽʜ ʚʽʜ 0,5 ʜʦ 8ï10 ʤ. ɹʘʣʘʥʩʦʚʽ ʟʘʧʘʩʠ 

ʟʘ ʢʘʪʝʛʦʨʽʷʤʠ ɸ.ɺ.ʉ1 ʩʪʘʥʦʚʣʷʪʴ 4832 ʪʠʩ. ʪ. ʉʫʤʘʨʥʽ  ʧʨʦʛʥʦʟʥʽ 

ʨʝʩʫʨʩʠ ʩʘʧʦʥʽʪʦʚʠʭ ʛʣʠʥ ʥʘ ʍʤʝʣʴʥʠʯʯʠʥʽ ʦʮʽʥʶʶʪʴʩʷ ʚ 100 

ʤʣʥ. ʪ. 

ʅʘ ʩʴʦʛʦʜʥʽ ʜʘʥʽ ʱʦʜʦ ʤʦʨʬʦʣʦʛʽʾ ʪʘ ʪʝʢʩʪʫʨʠ ʧʦʚʝʨʭʥʽ 

ʯʘʩʪʠʥʦʢ ʫʢʨʘʾʥʩʴʢʠʭ ʩʘʧʦʥʽʪʽʚ ʦʙʤʝʞʝʥʽ ʣʠʰʝ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟ 



14 
 

ʮʽʻʶ ʤʝʪʦʶ ʤʝʪʦʜʘ ʩʢʘʥʫʚʘʣʴʥʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ. ɸʥʘʣʽʟ 

ʉɽʄ-ʟʦʙʨʘʞʝʥʴ ʩʘʧʦʥʽʪʫ, ʧʦʜʘʥʠʭ ʚ ʨʦʙʦʪʘʭ [2ï6] ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʜʦʩʠʪʴ ʥʝʦʜʥʦʟʥʘʯʥʽ ʜʘʥʽ ʱʦʜʦ ʤʦʨʬʦʣʦʛʽʾ ʯʘʩʪʠʥʦʢ.  

ʈʠʩ. 1. ɻʝʦʣʦʛʽʯʥʘ ʩʭʝʤʘ (ʘ) ʪʘ ʨʦʟʨʽʟ (ʙ) ʊʘʰʢʽʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ 

 

ʋ ʟʚô̫ ʟʢʫ ʟ ʮʠʤ ʙʫʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʜʦʩʣʽʜʠʪʠ ʪʦʧʦʛʨʘʬʽʶ 

ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʪʨʠʚʠʤʽʨʥʠʭ ʟʦʙʨʘʞʝʥʴ ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʦʢ 

ʤʘʢʩʠʤʘʣʴʥʦ ʦʯʠʱʝʥʠʭ ʚʽʜ ʜʦʤʽʰʦʢ ʩʘʧʦʥʽʪʽʚ, ʦʜʝʨʞʘʥʠʭ ʟ 

ʚʠʩʦʢʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʾ 

ʤʽʢʨʦʩʢʦʧʽʾ. 

ɿʨʘʟʢʠ ʩʘʧʦʥʽʪʦʚʦʾ ʛʣʠʥʠ ï ʩʠʨʮʶ ʚʽʜʙʠʨʘʣʠʩʴ ʟ ʊʘʰʢʽʚʩʴʢʦʛʦ 

ʨʦʜʦʚʠʱʘ ʚ ʯʦʪʠʨʴʦʭ ʪʦʯʢʘʭ ʟ ʰʘʨʫ ʥʘ ʛʣʠʙʠʥʘʭ ʚʽʜ 1,5 ʜʦ 3 ʤ ʚʽʜ 

ʧʦʚʝʨʭʥʽ. ʍʘʨʘʢʪʝʨʥʦʶ ʦʟʥʘʢʦʶ ʚʟʷʪʠʭ ʟʨʘʟʢʽʚ ʻ ʰʦʢʦʣʘʜʥʦ-

ʢʦʨʠʯʥʝʚʝ ʟʘʙʘʨʚʣʝʥʥʷ ʪʘ ʪʦʥʢʦʧʣʠʪʯʘʩʪʘ ʩʪʨʫʢʪʫʨʘ ʟʘʣʷʛʘʥʥʷ.  

ʆʯʠʱʝʥʥʷ ʛʣʠʥʠ ï ʩʠʨʮʶ ʧʨʦʚʦʜʠʣʠ ʚʽʜʙʦʨʦʤ ʛʨʫʙʠʭ 

ʤʝʭʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ, ʧʽʩʣʷ ʯʦʛʦ ʛʣʠʥʫ ʧʦʜʨʽʙʥʶʚʘʣʠ ʥʘ ʜʨʦʙʘʨʮʽ, 

ʚʠʩʫʰʫʚʘʣʠ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. ɼʘʣʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʚʽʜʦʤʠʡ ʤʝʪʦʜ ʚʽʜʤʫʣʶʚʘʥʥʷ ʰʣʷʭʦʤ ʦʩʘʜʞʝʥʥʷ ʚ ʩʪʦʷʯʽʡ 

ʜʠʩʪʠʣʴʦʚʘʥʽʡ ʚʦʜʽ (ʚʽʜʧʦʚʽʜʥʦ ʜʦ ɼʉʊʋ ɹ ɺ.2.7ï232:2010). 

ʉʧʦʯʘʪʢʫ ʛʦʪʫʚʘʣʠ ʢʦʥʮʝʥʪʨʦʚʘʥʫ ʛʣʠʥʠʩʪʫ ʩʫʩʧʝʥʟʽʶ ʫ 

ʜʠʩʪʠʣʴʦʚʘʥʽʡ ʚʦʜʽ ʽ ʚʠʪʨʠʤʫʚʘʣʠ ʾʾ ʚʧʨʦʜʦʚʞ 24 ʛʦʜʠʥ. ɼʣʷ 

ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʜʦʤʽʰʦʢ ʢʚʘʨʮʫ ʪʘ ʛʨʫʙʦʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʠʥʦʢ 

ʩʫʩʧʝʥʟʽʶ ʟʥʦʚʫ ʧʝʨʝʤʽʰʫʚʘʣʠ ʽ ʯʝʨʝʟ 2 ʭʚʠʣʠʥʠ ʚʽʜʦʢʨʝʤʣʶʚʘʣʠ 

ʚʽʜ ʛʨʫʙʦʜʠʩʧʝʨʩʥʦʛʦ ʦʩʘʜʫ, ʱʦ ʫʪʚʦʨʶʚʘʚʩʷ. ʇʽʩʣʷ ʚʽʜʩʪʦʶʚʘʥʥʷ 

ʦʯʠʱʝʥʦʾ ʩʫʩʧʝʥʟʽʾ, ʥʘʜʦʩʘʜʦʚʫ ʨʽʜʠʥʫ ʜʝʢʘʥʪʫʚʘʣʠ. ɼʘʣʽ ʜʦ ʛʫʩʪʦʾ 
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ʛʣʠʥʠʩʪʦʾ ʤʘʩʠ ʜʦʜʘʚʘʣʠ ʭʣʦʨʠʜʥʫ ʢʠʩʣʦʪʫ ʟ ʤʘʩʦʚʦʶ ʯʘʩʪʢʦʶ 10 

% ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʜʦʤʽʰʦʢ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʛʝʤʘʪʠʪʫ. ɼʘʣʽ ʛʣʠʥʠʩʪʫ 

ʩʫʩʧʝʥʟʽʶ ʧʨʦʤʠʚʘʣʠ ʜʦ ʧʦʚʥʦʛʦ ʚʠʜʘʣʝʥʥʷ ʉlïʡʦʥʽʚ, ʬʽʣʴʪʨʫʚʘʣʠ, 

ʚʠʩʫʰʫʚʘʣʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 90ï110 0ʉ ʪʘ ʧʦʜʨʽʙʥʶʚʘʣʠ ʥʘ 

ʜʠʩʢʦʚʦʤʫ ʧʦʜʨʽʙʥʶʚʘʯʽ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʪʦʧʦʛʨʘʬʽʾ ʪʘ ʥʘʥʦʧʨʦʬʽʣʶ ʧʦʚʝʨʭʥʽ 

ʦʯʠʱʝʥʠʭ ʩʘʧʦʥʽʪʽʚ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʘʪʦʤʥʦïʩʠʣʦʚʠʡ ʤʽʢʨʦʩʢʦʧ 

NT-206 (çʄʽʢʨʦʪʝʩʪʤʘʰʠʥʠè ʤ. ɻʦʤʝʣʴ, ɹʽʣʦʨʫʩʴ) ʟʽ ʩʪʘʥʜʘʨʪʥʠʤ 

ʟʦʥʜʦʤ CSC37 ʪʘ ʞʦʨʩʪʢʽʩʪʶ ʢʦʥʩʦʣʽ 0,3ï0,6 H/ʤ. ʉʢʘʥʫʚʘʥʥʷ 

ʧʨʦʚʦʜʠʣʠ ʚ ʢʦʥʪʘʢʪʥʦʤʫ ʩʪʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ ʟʽ ʰʚʠʜʢʽʩʪʶ 10 

ʤʢʤ/ʩʝʢ ʽ ʢʨʦʢʦʤ 0,3 ʥʤ. ʇʽʜʛʦʪʦʚʢʫ ʟʨʘʟʢʽʚ ʦʯʠʱʝʥʦʛʦ 

ʧʨʠʨʦʜʥʦʛʦ ʩʘʧʦʥʽʪʫ ʧʨʦʚʦʜʠʣʠ ʫ ʪʘʢʠʡ ʩʧʦʩʽʙ: ʙʨʘʣʠ ʥʘʚʘʞʢʫ 

ʧʦʨʦʰʢʫ ʤʘʩʦʶ 4 ʤʛ ʽ ʨʦʟʪʠʨʘʣʠ ʧʦʨʦʰʦʢ ʚ ʘʛʘʪʦʚʽʡ ʩʪʫʧʮʽ 

ʚʧʨʦʜʦʚʞ 3 ʭʚʠʣʠʥ, ʧʽʩʣʷ ʯʦʛʦ ʛʦʤʦʛʝʥʽʟʫʚʘʣʠ ʡʦʛʦ ʟ ʝʪʘʥʦʣʦʤ (5 

ʤʣ) ʚʧʨʦʜʦʚʞ 15 ʭʚʠʣʠʥ. ʆʪʨʠʤʘʥʫ ʩʫʩʧʝʥʟʽʶ (0,25 ʤʣ) ʥʘʥʦʩʠʣʠ 

ʥʘ ʩʢʣʦ ʽ ʧʽʜʩʫʰʫʚʘʣʠ ʟʘ 50 ʦʉ ʜʦ ʧʦʩʪʽʡʥʦʾ ʤʘʩʠ. 

2D ʟʦʙʨʘʞʝʥʥʷ ʜʽʣʷʥʢʠ ʧʦʚʝʨʭʥʽ ʨʦʟʤʽʨʦʤ 10,1 ³ 10,1 ʤʢʤ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 2. ʅʘʜʘʣʽ ʙʫʜʝʤʦ ʥʘʟʠʚʘʪʠ ʾʾ ʧʝʨʚʠʥʥʦʶ. 
 

 

ʘ ʙ ʚ 

ʈʠʩ. 2. 2D- (ʘ) ʪʘ 3D- (ʙ) ʟʦʙʨʘʞʝʥʥʷ ʜʽʣʷʥʢʠ ʧʦʚʝʨʭʥʽ ʪʘ ʧʝʨʝʧʘʜ ʚʠʩʦʪ ʥʘ ʥʽʡ (ʚ) 

 

ɿʛʽʜʥʦ ʟ ʟʦʙʨʘʞʝʥʥʷʤ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʪʨʠ ʭʘʨʘʢʪʝʨʥʽ ʦʙʣʘʩʪʽ: 

ʚʝʣʠʢʽ ʘʛʨʝʛʘʪʠ, ʩʢʫʧʯʝʥʥʷ ʜʨʽʙʥʽʰʠʭ ʯʘʩʪʠʥʦʢ ʽ ʣʽʥʽʡʥʽ 

(ʛʨʝʙʝʥʝʧʦʜʽʙʥʽ) ʫʪʚʦʨʝʥʥʷ. ʇʝʨʝʧʘʜ ʟʘʧʘʜʠʥ ʽ ʚʠʩʦʪ ʥʘ ʮʽʡ 

ʜʽʣʷʥʮʽ ʩʪʘʥʦʚʠʪʴ ʚʽʜ ï20,7 ʜʦ + 51,0 ʥʤ. 3D ʟʦʙʨʘʞʝʥʥʷ 

ʚʠʦʢʨʝʤʣʝʥʦʾ ʜʽʣʷʥʢʠ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʰʦʨʩʪʢʽʩʪʴ ʾʾ ʩʪʘʥʦʚʠʪʴ 

Ra = 4,1 ʥʤ, ʨʠʩ. 2, ʙ.  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʤʽʨʽʚ ʚʝʣʠʢʠʭ ʘʛʨʝʛʘʪʽʚ ʥʘ ʟʦʙʨʘʞʝʥʽʡ ʥʘ 

ʨʠʩʫʥʢʫ 1 ʜʽʣʷʥʮʽ ʚʠʜʽʣʝʥʦ ʦʙʣʘʩʪʴ ˉ1 (ʨʠʩ. 3) ʟ ʣʽʥʽʻʶ ʧʝʨʝʪʠʥʫ 
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1ï2 (ʨʠʩ. 3, ʘ), ʜʣʷ ʷʢʦʾ ʥʘʚʝʜʝʥʦ ʧʨʦʬʽʣʴ ʮʴʦʛʦ ʧʝʨʝʪʠʥʫ, ʨʠʩ. 3, 

ʙ. 

ɸʥʘʣʽʟ ʚʠʜʽʣʝʥʠʭ ʘʛʨʝʛʘʪʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʚʠʩʦʪʘ ʚʝʣʠʢʠʭ 

ʘʛʨʝʛʘʪʽʚ ʩʪʘʥʦʚʠʪʴ 46,3 ʽ 35,5 ʥʤ, ʘ ʜʝʷʢʠʭ ʜʨʽʙʥʽʰʠʭ ï 4,9 ̔  

6,3 ʥʤ. ɼʦʚʞʠʥʘ ʣʽʚʦʛʦ ʚʝʨʭʥʴʦʛʦ ʘʛʨʝʛʘʪʫ ʜʦʩʷʛʘʻ 1,7 ʤʢʤ, ʘ 

ʡʦʛʦ ʰʠʨʠʥʘ ï 1,4 ʤʢʤ. ʇʨʘʚʠʡ ʚʝʨʭʥʽʡ ʘʛʨʝʛʘʪ ʤʘʻ ʜʦʚʞʠʥʫ ʽ 

ʰʠʨʠʥʫ ʚʽʜʧʦʚʽʜʥʦ 1,4 ʤʢʤ ʪʘ 0,97 ʥʤ. 
 

                                ʘ                    ʙ 

ʈʠʩ. 3. ʇʝʨʝʪʠʥ 1-2 (ʘ) ʪʘ ʡʦʛʦ ʧʨʦʬʽʣʴ (ʙ) ʜʣʷ ʦʙʣʘʩʪʽ ˉ1 ʧʝʨʚʠʥʥʦʾ ʜʽʣʷʥʢʠ 

 

ɼʣʷ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦʛʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʙʫʜʦʚʠ ʣʽʚʦʛʦ ʚʝʨʭʥʴʦʛʦ 

ʚʝʣʠʢʦʛʦ ʘʛʨʝʛʘʪʫ ʟ ʥʴʦʛʦ ʙʫʣʦ ʚʠʜʽʣʝʥʦ ʜʽʣʷʥʢʫ  ̄1ʘ ʟ ʨʦʟʤʽʨʦʤ 

2,2 ʤʢʤ ³ 2,0 ʤʢʤ ³ 68,2, ʨʠʩ. 4. ʅʘ 3D ʟʦʙʨʘʞʝʥʥʽ ʮʽʻʾ ʜʽʣʷʥʢʠ 

ʚʠʜʥʦ, ʱʦ ʘʛʨʝʛʘʪ (ʢʦʥʛʣʦʤʝʨʘʪ) ʩʬʦʨʤʦʚʘʥʠʡ ʟ ʯʘʩʪʠʥʦʢ 

ʧʨʷʤʦʢʫʪʥʦʾ ʬʦʨʤʠ. 

   ʘ                                             ʙ                                                 ʚ 

ʈʠʩ. 4. ɿʦʙʨʘʞʝʥʥʷ ʦʙʣʘʩʪʽ ˉ1ʘ ʧʝʨʚʠʥʥʦʾ ʜʽʣʷʥʢʠ (ʘ), ʧʝʨʝʪʠʥʫ 1-2 ʮʽʻʾ ʜʽʣʷʥʢʠ 

(ʙ) ʪʘ ʾʾ 3D ʟʦʙʨʘʞʝʥʥʷ (ʚ) 

 

ɼʣʷ ʟô̫ ʩʫʚʘʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʦʧʦʛʨʘʬʽʾ ʩʢʫʧʯʝʥʥʷ ʯʘʩʪʠʥʦʢ ʫ 

ʚʝʨʭʥʴʦʤʫ ʧʨʘʚʦʤʫ ʩʝʛʤʝʥʪʽ ʟ ʧʦʯʘʪʢʦʚʦʛʦ ʩʢʘʥʫ ʙʫʣʦ ʚʠʜʽʣʝʥʦ 
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ʜʽʣʷʥʢʫ ˉ2 ʨʦʟʤʽʨʦʤ 2,9 ³ 2,4 ʤʢʤ (ʨʠʩ. 5, ʘ). ɿʘ 3D ʟʦʙʨʘʞʝʥʥʷʤ 

(ʨʠʩ.5, ʙ), ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ, ʱʦ ʰʦʨʩʪʢʽʩʪʴ ʮʴʦʛʦ ʩʝʛʤʝʥʪʫ 

ʩʪʘʥʦʚʠʪʴ Ra = 2,9. ɺʠʜʥʦ, ʱʦ ʯʘʩʪʠʥʢʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʧʽʨʘʤʽʜʢʠ 

ʟʜʝʙʽʣʴʰʦʛʦ ʟ ʛʦʩʪʨʠʤʠ ʚʝʨʰʠʥʘʤʠ.  

 
ʘ ʙ ʚ 

ʈʠʩ. 5. 2D (ʘ), 3D (ʙ) ʟʦʙʨʘʞʝʥʥʷ ʩʢʘʥʫ ʩʝʛʤʝʥʪʫ ʩʢʫʧʯʝʥʥʷ ʯʘʩʪʦʯʦʢ 

ʩʘʧʦʥʽʪʫ ʪʘ ʧʝʨʝʧʘʜ ʚʠʩʦʪ ʚ ʩʝʛʤʝʥʪʽ (ʚ) 

 

ɼʘʥʽ ʛʽʩʪʦʛʨʘʤʠ ʮʽʻʾ ʜʽʣʷʥʢʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʚ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʧʝʨʝʧʘʜ ʟʘʧʘʜʠʥ ʽ ʚʠʩʦʪ ʤʝʥʰʠʡ ʽ ʩʪʘʥʦʚʠʪʴ ʚʽʜ ï12,6 ʜʦ 

+18,9 ʥʤ) ʨʠʩ. 5, ʚ. ʅʘ ʨʠʩ. 6 ʘ ʧʦʢʘʟʘʥʦ ʧʝʨʝʨʽʟ 1ï2 ʫ ʚʠʜʽʣʝʥʽʡ 

ʜʽʣʷʥʮʽ ˉ 2 ʧʦʯʘʪʢʦʚʦʛʦ ʩʢʘʥʫ ʪʘ ʡʦʛʦ ʧʨʦʬʽʣʴ, ʨʠʩ. 6, ʙ. ɼʣʷ 

ʯʘʩʪʠʥʦʢ ʥʘ ʮʴʦʤʫ ʧʝʨʝʨʽʟʽ ʭʘʨʘʢʪʝʨʥʽ ʚʠʩʦʪʠ: 4,7; 10,9; 14,3; 5,2 

ʥʤ ʽ ʧʣʦʩʢʽ ʚʝʨʰʠʥʠ ʰʠʨʠʥʦʶ ʜʦ 51,8 ʥʤ. 

 

 

 

 

 

 

 

 
                        ʘ     ʙ 

ʈʠʩ. 6. 2D (ʘ), 3D (ʙ) ʟʦʙʨʘʞʝʥʥʷ ʩʢʘʥʫ ʩʝʛʤʝʥʪʫ ʩʢʫʧʯʝʥʥʷ ʯʘʩʪʦʯʦʢ ʩʘʧʦʥʽʪʫ 

ʪʘ ʧʝʨʝʧʘʜ ʚʠʩʦʪ ʚ ʩʝʛʤʝʥʪʽ (ʚ) 

 

ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʧʦʚʪʦʨʥʝ ʚʠʜʽʣʝʥʥʷ ʜʽʣʷʥʢʠ ˉ2ʘ ʨʦʟʤʽʨʦʤ 

1,7³1,5 ʥʤ ʫ ʧʦʧʝʨʝʜʥʴʦ ʚʠʦʢʨʝʤʣʝʥʽʡ ʜʽʣʷʥʮʽ ˉ2. ʅʘ ʨʠʩ. 7 

ʥʘʚʝʜʝʥʦ ʟʦʙʨʘʞʝʥʥʷ ʮʽʻʾ ʚʠʜʽʣʝʥʦʾ ʦʙʣʘʩʪʽ (ʘ), ʾʾ 3D ʟʦʙʨʘʞʝʥʥʷ 
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(ʙ), ʪʦʧʦʛʨʘʬʽʶ ʟ ʧʝʨʝʪʠʥʦʤ 1ï2 (ʚ) ʪʘ ʛʽʩʪʦʛʨʘʤʫ (ʩ). 

ɺʩʪʘʥʦʚʣʝʥʘ ʟʘ 3D ʟʦʙʨʘʞʝʥʥʷʤ ʰʦʨʩʪʢʽʩʪʴ ʩʪʘʥʦʚʠʪʴ 3,3 ʥʤ. 

ɼʘʥʽ ʛʽʩʪʦʛʨʘʤʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʥʘ ʮʽʡ ʚʠʜʽʣʝʥʽʡ ʜʽʣʷʥʮʽ 

ʧʝʨʝʧʘʜ ʟʘʧʘʜʠʥ ʽ ʚʠʩʦʪ ʩʪʘʥʦʚʠʪʴ ʚʽʜ ï13,4 ʜʦ + 16,0 ʥʤ. 

ʍʘʨʘʢʪʝʨʥʽ ʚʠʩʦʪʠ ʱʝ ʤʝʥʰʽ ʽ ʩʪʘʥʦʚʣʷʪʴ (ʥʤ): 12,9; 3,0; 3,7; 3,0 

ʪʘ 8,3. 

 

 
ʈʠʩ. 7. ɿʦʙʨʘʞʝʥʥʷ: (ʘ) ʦʙʣʘʩʪʽ ʜʽʣʷʥʢʠ ˉ2 ʚʠʭʽʜʥʦʛʦ ʩʢʘʥʫ; (ʙ) 3D 

ʟʦʙʨʘʞʝʥʥʷ ʜʽʣʷʥʢʠ ˉ2 ʚʠʭʽʜʥʦʛʦ ʩʢʘʥʫ; (ʚ) ʪʦʧʦʛʨʘʬʽʾ ʜʽʣʷʥʢʠ ˉ2 

ʚʠʭʽʜʥʦʛʦ ʩʢʘʥʫ ʟ ʧʝʨʝʪʠʥʦʤ 1-2 ʪʘ ʛʽʩʪʦʛʨʘʤʘ (ʛ) 

 
ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʦʨʬʦʣʦʛʽʾ ʽ ʪʝʢʩʪʫʨʠ ʚʠʜʽʣʝʥʦʾ ʜʽʣʷʥʢʠ (ʨʠʩ. 

8, ʘ) ʛʨʝʙʥʝʧʦʜʽʙʥʦʛʦ ʨʝʣʴʻʬʫ (ʜʦʨʽʞʢʠ) ʧʝʨʚʠʥʥʦʛʦ ʩʢʘʥʫ 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 8ï10. ɿʘʛʘʣʴʥʠʡ ʧʝʨʝʧʘʜ ʚʠʩʦʪ ʽ ʟʘʧʘʜʠʥ 

ʩʪʘʥʦʚʠʪʴ ʚʽʜ ï8,6 ʜʦ +14,4 ʥʤ (ʛʽʩʪʦʛʨʘʤʘ ʨʠʩ. 8, ʚ) ʧʨʠ 

ʰʦʨʩʪʢʦʩʪʽ Ra = 2,3 ʥʤ (ʨʠʩ. 8, ʙ).  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʤʽʨʽʚ ʯʘʩʪʠʥʦʢ, ʱʦ ʩʢʣʘʜʘʶʪʴ ʛʨʝʙʽʥʴ, ʙʫʣʦ 

ʧʨʦʚʝʜʝʥʦ ʧʝʨʝʨʽʟ 1ï2 ʧʦ ʛʨʝʙʝʥʶ (ʨʠʩ. 9, ʘ) ʽ ʥʘʚʝʜʝʥʦ ʡʦʛʦ 

ʧʨʦʬʽʣʴ (ʨʠʩ. 9, ʙ). ɼʘʥʽ ʧʨʦʬʽʣʶ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʛʨʝʙʽʥʴ 
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(ʜʦʨʽʞʢʘ) ʫʪʚʦʨʝʥʠʡ ʥʘʥʦʯʘʩʪʠʥʢʘʤʠ ʟ ʚʠʩʦʪʘʤʠ: 18,7; 8,6; 3,9; 

5,3; 4,4; 7,04; 5,2; 1,7 ʥʤ. 

 

 

 

 

 

 

 

 

 
ʘ ʙ ʚ 

ʈʠʩ. 8. ʄʦʨʬʦʣʦʛʽʷ ʣʽʥʽʡʥʦʾ (ʛʨʝʙʝʥʝʧʦʜʽʙʥʦʾ) ʦʙʣʘʩʪʽ: (ʘ) ï ʚʠʜʽʣʝʥʘ ʦʙʣʘʩʪʴ; 

(ʙ) ï 3D ʟʦʙʨʘʞʝʥʥʷ; (ʚ) ï ʛʽʩʪʦʛʨʘʤʘ  

 

ʅʘ ʨʠʩ. 9, ʘ ʥʘʚʝʜʝʥʦ ʟʦʙʨʘʞʝʥʥʷ ʧʨʦʮʝʩʫ ʚʠʜʽʣʝʥʥʷ ʦʢʨʝʤʦʛʦ 

ʛʨʝʙʝʥʷ ʪʘ ʡʦʛʦ 3D-ʟʦʙʨʘʞʝʥʥʷ, ʨʠʩ. 9 ʙ, ʚ. ɿ ʦʩʪʘʥʥʴʦʛʦ ʚʠʜʥʦ, 

ʱʦ ʜʦʨʽʞʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʢʨʝʤʠʭ ʯʘʩʪʠʥʦʢ, ʱʦ ʫʪʚʦʨʶʶʪʴ 

ʛʨʝʙʽʥʴ. ʅʘ 3D-ʟʦʙʨʘʞʝʥʥʽ ʯʽʪʢʦ ʚʠʜʥʦ ʛʦʩʪʨʽ ʧʽʨʘʤʽʜʢʠ ʘʙʦ 

ʫʩʽʯʝʥʽ ʯʘʩʪʠʥʢʠ ʟ ʧʣʦʩʢʠʤʠ ʚʝʨʰʠʥʘʤʠ, ʷʢʽ ʫʪʚʦʨʶʶʪʴ 

ʙʝʟʧʝʨʝʨʚʥʠʡ ʣʘʥʮʶʞʦʢ. 

.                                             

 

 

 

 

 

 

 

             
 

ʘ ʙ ʚ 

ʈʠʩ. 9. ɿʦʙʨʘʞʝʥʥʷ ʧʝʨʝʨʽʟʫ 1ï2 ʧʦ ʛʨʝʙʝʥʶ (ʘ) ʪʘ ʧʨʦʬʽʣʶ  ʧʝʨʝʨʽʟʫ 1ï2 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʾ ʤʽʢʨʦʩʢʦʧʽʾ 

ʜʦʟʚʦʣʠʣʦ ʚʩʪʘʥʦʚʠʪʠ, ʱʦ ʧʦʨʦʰʦʢ ʩʘʧʦʥʽʪʫ ʻ ʘʛʨʝʛʦʚʘʥʠʤ 

ʛʣʠʥʠʩʪʠʤ ʤʽʥʝʨʘʣʦʤ. ʈʦʟʤʽʨʠ ʪʘ ʬʦʨʤʘ ʘʛʨʝʛʘʪʽʚ ʨʽʟʥʽ ʽ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʘʙʦ ʚʝʣʠʢʠʤʠ ʢʦʥʛʣʦʤʝʨʘʪʘʤʠ, ʘʙʦ ʩʢʫʧʯʝʥʥʷʤʠ 

ʜʨʽʙʥʽʰʠʭ ʯʘʩʪʠʥʦʢ, ʟʜʘʪʥʠʤʠ ʫʢʣʘʜʘʪʠʩʴ ʫ ʚʠʛʣʷʜʽ 
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ʛʨʝʙʝʥʝʧʦʜʽʙʥʠʭ ʫʪʚʦʨʝʥʴ. ʅʘʡʙʽʣʴʰʽ ʚʠʷʚʣʝʥʽ ʘʛʨʝʛʘʪʠ ʟ 

ʜʦʚʞʠʥʦʶ 46,3 ʥʤ, ʚʠʩʦʪʦʶ 1,7 ʥʤ ʽ ʰʠʨʠʥʦʶ 1,4 ʥʤ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ 

ʥʘʥʦʯʘʩʪʦʯʦʢ. ɸʛʨʝʛʘʪʠ ʩʬʦʨʤʦʚʘʥʽ ʟ ʯʘʩʪʠʥʦʢ ʧʨʷʤʦʢʫʪʥʦʾ ʬʦʨʤʠ, 

ʧʽʨʘʤʽʜʦʢ ʟ ʛʦʩʪʨʠʤʠ ʘʙʦ ʫʩʽʯʝʥʠʤʠ ʚʝʨʰʠʥʘʤʠ.  
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Within the Vygorlat-Hutyn Range, volcanic rocks of the Matekiv complex were 

studied. Mineralogical and petrological studies studied the mineral composition, 

structural and textural features of andesites; based on the results of microanalytical 

studies, regularities of crystallization of plagioclases and pyroxenes were established. 

Keywords: Matekivsky complex, andesites, plagioclase, pyroxene. 

 
ʅʝʦʛʝʥʦʚʽ ʚʫʣʢʘʥʽʯʥʽ ʧʦʨʦʜʠ ɿʘʢʘʨʧʘʪʪʷ ʻ ʯʘʩʪʠʥʦʶ ʚʘʧʥʠʩʪʦ-

ʣʫʞʥʦʛʦ ʚʫʣʢʘʥʽʯʥʦʛʦ ʧʦʷʩʫ ɺʥʫʪʨʽʰʥʽʭ ʂʘʨʧʘʪ, ʯʘʩ ʬʦʨʤʫʚʘʥʥʷ 

ʷʢʦʛʦ ï ʚʽʜ 13,8 ʜʦ 9,1 ʤʣʥ ʨʦʢʽʚ ʪʦʤʫ [6, 7]. 

ɺ ʟʘʭʽʜʥʽʡ ʽ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʘʭ ɺʠʛʦʨʣʘʪ-ɻʫʪʠʥʩʴʢʦʛʦ 

ʧʘʩʤʘ ʧʨʦʩʪʦʨʦʚʝ ʨʦʟʤʽʱʝʥʥʷ ʚʫʣʢʘʥʽʯʥʠʭ ʧʦʨʽʜ ʢʦʥʪʨʦʣʶʚʘʣʦʩʷ 

ʪʝʢʪʦʥʽʯʥʠʤ ʨʝʞʠʤʦʤ ɿʘʢʘʨʧʘʪʩʴʢʦʛʦ ʛʣʠʙʠʥʥʦʛʦ ʨʦʟʣʦʤʫ. 

ʉʬʦʨʤʦʚʘʥʽ ʪʫʪ ʩʧʦʨʫʜʠ ʚʫʣʢʘʥʽʯʥʠʭ ʤʘʩʠʚʽʚ ʇʦʧʨʠʯʥʠʡ, 

ɸʥʪʘʣʦʚʩʴʢʠʡ, ʉʠʥʷʢ, ɹʦʨʠʣʽʚ ɼʽʣ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʘʩʦʮʽʘʮʽʷʤʠ 

ʧʦʨʽʜ ʘʥʜʝʟʠʙʘʟʘʣʴʪ ï ʘʥʜʝʟʠʪ ï ʘʥʜʝʟʠʜʘʮʠʪ ï ʜʘʮʠʪ ï ʨʽʦʜʘʮʠʪ. 

ʋ ʚʠʚʯʝʥʠʭ ʤʝʞʘʭ ʧʘʩʤʘ ʮʝ ʘʥʪʘʣʽʚʩʴʢʠʡ, ʤʘʢʦʚʠʮʴʢʠʡ, 

ʤʘʪʝʢʽʚʩʴʢʠʡ, ʩʠʥʷʮʴʢʠʡ, ʦʙʘʚʩʴʢʠʡ ʪʘ ʤʘʨʪʠʥʩʴʢʠʡ ʢʦʤʧʣʝʢʩʠ 

(ʨʠʩ.1), ʷʢʽ ʚ ʮʽʡ ʩʘʤʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ (ʟʥʠʟʫ ʚʚʝʨʭ) ʚʚʽʡʰʣʠ ʽ ʫ 

ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʫ ñʉʪʨʘʪʠʛʨʘʬʠʯʝʩʢʫʶ ʩʭʝʤʫ ʥʝʦʛʝʥʦʚʳʭ 

ʦʪʣʦʞʝʥʠʡéò[1, 4, 5]. 

 
ʈʠʩ. 1. ɻʝʦʣʦʛʽʯʥʘ ʢʘʨʪʘ ʨʘʡʦʥʫ ʜʦʩʣʽʜʞʝʥʴ (ʇʨʠʭʦʜʴʢʦ, 2004): 

1-3 ï ʚʫʣʢʘʥʽʯʥʽ ʢʦʤʧʣʝʢʩʠ: 1 ï ʦʙʘʚʠʥʩʴʢʠʡ, 2 ï ʤʘʨʪʠʥʩʴʢʠʡ, 3 ï 

ʤʘʪʝʢʽʚʩʴʢʠʡ; 4 ï ʜʽʙʨʦʚʩʴʢʘ ʩʚʽʪʘ; 5 ï ʢʦʥʪʫʨʠ ʢʘʣʴʜʝʨ; ʨʦʟʨʠʚʥʽ 

ʧʦʨʫʰʝʥʥʷ; 7 ï ʥʘʩʝʣʝʥʽ ʧʫʥʢʪʠ 

 
ɺʽʜʢʣʘʜʠ ʤʘʪʝʢʽʚʩʴʢʦʛʦ ʚʫʣʢʘʥʽʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʥʘʤʠ 

ʚʠʚʯʘʣʠʩʷ ʚ ʢʘʤʝʥʦʣʦʤʥʷʭ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʙʽʣʷ ʩʝʣʠʱ 
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ʂʣʝʥʦʚʝʮʴ ʽ ʂʦʣʴʯʠʥʦ, ʮʝ ʟʘʛʘʣʴʥʦʚʽʜʦʤʽ ñɹʘʟʘʣʴʪʦʚʽ ʩʪʦʚʧʠò, ʷʢʝ 

ʛʝʦʛʨʘʬʽʯʥʦ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʩ. ɾʙʦʨʽʚʮʽ ʽ ʦʧʠʩʘʥʽ ʚ ʜʘʥʽʡ ʩʪʘʪʪʽ, ʷʢ 

ʂʣʝʥʦʚʝʮʴʢʘ ʢʘʤʝʥʦʣʦʤʥʷ; ʽ ʐʝʣʝʩʪʽʚʩʴʢʝ ʨʦʜʦʚʠʱʝ ʘʥʜʝʟʠʪʽʚ 

(ʩ. ʐʝʣʝʩʪʦʚʝ ï ʢʦʣʠʰʥʻ ʩʝʣʦ ʚ ʋʢʨʘʾʥʽ, ʚ ɿʘʢʘʨʧʘʪʩʴʢʽʡ ʦʙʣʘʩʪʽ; 

ʦʙ'ʻʜʥʘʥʝ ʟ ʩ. ʂʦʣʴʯʠʥʦ ʨʽʰʝʥʥʷʤ ʦʙʣʚʠʢʦʥʢʦʤʫ ɿʘʢʘʨʧʘʪʩʴʢʦʾ 

ʦʙʣʘʩʪʽ  ̄264 ʚʽʜ 13.05.1960 ʨʦʢʫ), ʚ ʮʽʡ ʨʦʙʦʪʽ ʧʦʜʘʥʦ, ʷʢ 

ʐʝʣʝʩʪʽʚʩʴʢʘ ʢʘʤʝʥʦʣʦʤʥʷ. 

ɺʽʜʢʣʘʜʠ ʢʘʤʝʥʦʣʦʤʥʽ ʟʥʘʭʦʜʠʪʴʩʷ ʧʦʙʣʠʟʫ ʩ. ʂʣʝʥʦʚʝʮʴ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʤʘʪʝʢʽʚʩʴʢʠʤ ʚʫʣʢʘʥʽʯʥʠʤ ʢʦʤʧʣʝʢʩʦʤ ʜʘʢʽʡ-

ʨʫʤʫʥʩʴʢʦʛʦ ʚʽʢʫ (ʽʣʴʥʠʮʴʢʘ ʩʚʽʪʘ ʧʣʽʦʮʝʥʫ). ʈʦʟʨʽʟ ʢʘʤʝʥʦʣʦʤʥʽ 

ʩʢʣʘʜʘʶʪʴ ʘʥʜʝʟʠʙʘʟʘʣʴʪʠ, ʘʥʜʝʟʠʪʠ ʪʘ ʾʭ ʧʦʨʬʽʨʠʪʠ, ʧʦʪʫʞʥʽʩʪʶ 

ʜʦ 30 ʤ. ɺ ʢʘʤʝʥʦʣʦʤʥʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʪʦʚʧʯʘʩʪʘ ʽ ʧʣʠʪʯʘʩʪʘ 

ʦʢʨʝʤʦʩʪʽ (ʨʠʩ. 2).  

ʇʦʨʦʜʠ ʪʝʤʥʦ-ʩʽʨʦʛʦ ʢʦʣʴʦʨʫ, ʤʘʩʠʚʥʦʾ ʪʝʢʩʪʫʨʠ, 

ʩʝʨʝʜʥʴʦʧʦʨʬʽʨʦʚʽ, ʦʩʥʦʚʥʘ ʤʘʩʘ ï ʛʽʘʣʦʧʽʣʽʪʦʚʦʾ, ʘʥʜʝʟʠʪʦʚʦʾ 

ʘʙʦ ʽʥʪʝʨʩʝʨʪʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ. ʌʝʥʦʢʨʠʩʪʘʣʠ  ʩʢʣʘʜʘʶʪʴ ʜʦ 30 % 

ʧʦʨʦʜʠ,  ʨʦʟʤʽʨʠ ʾ ʭ ʚʽʜ 2 ʜʦ 12 ʤʤ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʣʘʛʽʦʢʣʘʟʦʤ, 

ʧʽʨʦʢʩʝʥʘʤʠ, ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʛʣʦʤʝʨʦʧʦʨʬʽʨʦʚʽ ʟʨʦʩʪʢʠ. 

ʌʝʥʦʢʨʠʩʪʘʣʠ ʪʘ ʾʭ ʛʣʦʤʝʨʦʧʦʨʬʽʨʦʚʽ ʟʨʦʩʪʢʠ ʚʽʟʫʘʣʴʥʦ 

ʩʢʣʘʜʘʶʪʴ ʧʨʠʙʣʠʟʥʦ 70 % ʧʦʨʦʜʠ. ʉʝʨʝʜ ʬʝʥʦʢʨʠʩʪʘʣʽʚ 

ʧʝʨʝʚʘʞʘʶʪʴ ʧʣʘʛʽʦʢʣʘʟʠ (å50 % ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʚʢʨʘʧʣʝʥʠʢʽʚ) (ʨʠʩ. 3), ʢʣʽʥʦʧʽʨʦʢʩʝʥʠ (å 25 %), ʦʨʪʦʧʽʨʦʢʩʝʥʠ 

(å20 %) (ʨʠʩ. 4), ʪʘ ʨʫʜʥʠʡ ʤʽʥʝʨʘʣ (å5 %). ʆʩʥʦʚʥʘ ʤʘʩʘ ʩʢʣʘʜʝʥʘ 

ʚʫʣʢʘʥʽʯʥʠʤ ʩʢʣʦʤ ʢʠʩʣʦʛʦ ʩʢʣʘʜʫ (71,5ï73 ʘʪ.% SiO2,), ʣʝʡʩʪʘʤʠ 

ʧʣʘʛʽʦʢʣʘʟʫ, ʧʽʨʦʢʩʝʥʦʤ ʪʘ ʨʫʜʥʠʤ ʤʽʥʝʨʘʣʦʤ [3]. 

  

 

 
ʈʠʩ. 2. ʇʝʨʝʭʽʜ 

ʩʪʦʚʧʯʘʩʪʦʾ ʦʢʨʝʤʦʩʪʽ 

ʘʥʜʝʟʠʙʘʟʘʣʴʪʽʚ ʫ 

ʧʣʠʪʯʘʩʪʫ 

ʈʠʩ. 3. ʌʝʥʦʢʨʠʩʪʘʣ 

ʧʣʘʛʽʦʢʣʘʟʫ ʚ 

ʘʥʜʝʟʠʙʘʟʘʣʴʪʽ, Ĭ 64; ʟ 

ʘʥʘʣʽʟʘʪʦʨʦʤ 

 ʈʠʩ. 4. ɺʨʦʩʪʢʠ 

ʤʦʥʦʢʣʽʥʥʦʛʦ 

ʧʽʨʦʢʩʝʥʫ ʚ 

ʨʦʤʙʽʯʥʦʤʫ, Ĭ 

64, ʟ 

ʘʥʘʣʽʟʘʪʦʨʦʤ. 
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ʐʝʣʝʩʪʽʚʩʴʢʝ ʨʦʜʦʚʠʱʝ ʘʥʜʝʟʠʪʽʚ  (ʨʠʩ. 5) ʨʦʟʪʘʰʦʚʘʥʝ ʚ 1 ʢʤ 

ʥʘ ʧʽʚʥʽʯʥʠʡ ʩʭʽʜ ʚʽʜ ʩ. ʂʦʣʴʯʠʥʦ (ʯʘʩʪʠʥʘ ʢʦʣʠʰʥʴʦʛʦ 

ʩ. ʐʝʣʝʩʪʦʚʝ) ɺ ʢʘʤʝʥʦʣʦʤʥʽ ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʯʽʪʢʦ ʚʠʨʘʞʝʥʘ 

ʢʫʧʦʣʦʧʦʜʽʙʥʘ ʙʫʜʦʚʘ. ɺʫʣʢʘʥʽʯʥʽ ʚʽʜʢʣʘʜʠ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʘʥʜʝʟʠʪʘʤʠ, ʘʥʜʝʟʠʜʘʮʠʪʘʤʠ, ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʨʦʟʨʽʟʫ ï ʯʘʩʪʦ 

ʪʫʬʘʤʠ, ʧʝʨʝʰʘʨʫʚʘʥʥʷʤ ʘʥʜʝʟʠʪʽʚ, ʘʥʜʝʟʠʜʘʮʠʪʽʚ ʽ ʪʫʬʽʚ. ʊʫʬʠ 

ʙʫʨʦʛʦ, ʙʫʨʫʚʘʪʦ-ʩʽʨʦʛʦ ʢʦʣʴʦʨʫ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚ ʟʘʭʽʜʥʽʡ ʽ 

ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʜʽʣʷʥʢʠ ʨʦʜʦʚʠʱʘ. ʇʦʪʫʞʥʽʩʪʴ ʪʫʬʽʚ 

ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 0 ʤ ʜʦ 18,8 ʤ.  

ɸʥʜʝʟʠʪʠ ʟʚʽʪʨʽʣʽ, ʤʘʶʪʴ ʣʦʢʘʣʴʥʝ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʽ 

ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚ ʧʽʚʜʝʥʥʦ-ʩʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʜʽʣʷʥʢʠ. ɰʭ ʧʦʪʫʞʥʽʩʪʴ 

ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 0 ʤ ʜʦ 4,8 ʤ. ɸʥʜʝʟʠʜʘʮʠʪʠ ï ʧʦʨʦʜʠ 

ʪʝʤʥʦ-ʩʽʨʦʛʦ ʢʦʣʴʦʨʫ, ʜʨʽʙʥʦʟʝʨʥʠʩʪʽ, ʤʘʩʠʚʥʽ; ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ ï 

ʩʢʣʫʚʘʪʘ. 

 
ʘ ʙ 

ʈʠʩ. 5. ʐʝʣʝʩʪʽʚʩʴʢʝ 

ʨʦʜʦʚʠʱʝ ʘʥʜʝʟʠʪʽʚ 

ʈʠʩ.6. ʌʝʥʦʢʨʠʩʪʘʣʠ ʧʣʘʛʽʦʢʣʘʟʫ ʽ ʧʽʨʦʢʩʝʥʫ ʚ 

ʘʥʜʝʟʠʪʽ, Ĭ 64; ʘ -ï ʙʝʟ ʘʥʘʣʽʟʘʪʦʨʘ, ʙ ï ʟ 

ʘʥʘʣʽʟʘʪʦʨʦʤ 

 

ʅʘ ʬʦʥʽ ʥʝʨʦʟʢʨʠʩʪʘʣʽʟʦʚʘʥʦʾ ʦʩʥʦʚʥʦʾ ʤʘʩʠ ʚʽʜʤʽʯʘʶʪʴʩʷ 

ʤʽʢʨʦʣʽʪʠ ʧʣʘʛʽʦʢʣʘʟʫ. ɸʥʜʝʟʠʪʠ ʚʢʣʶʯʘʶʪʴ ʬʝʥʦʢʨʠʩʪʘʣʠ 

ʧʣʘʛʽʦʢʣʘʟʫ, ʦʨʪʦʧʽʨʦʢʩʝʥʫ, ʢʣʽʥʦʧʽʨʦʢʩʝʥʫ ʽ ʨʫʜʥʦʛʦ ʤʽʥʝʨʘʣʫ. 

ʌʝʥʦʢʨʠʩʪʘʣʠ ʚʽʟʫʘʣʴʥʦ ʩʢʣʘʜʘʶʪʴ ʧʨʠʙʣʠʟʥʦ 40 % ʧʦʨʦʜʠ. 

ʆʩʥʦʚʥʘ ʤʘʩʘ ʩʢʣʘʜʝʥʘ ʚʫʣʢʘʥʽʯʥʠʤ ʩʢʣʦʤ (ʢʠʩʣʦʛʦ ʩʢʣʘʜʫ 71,5ï

73 ʘʪ.% SiO2,), ʣʝʡʩʪʘʤʠ ʧʣʘʛʽʦʢʣʘʟʫ, ʧʽʨʦʢʩʝʥʦʤ ʪʘ ʨʫʜʥʠʤ 

ʤʽʥʝʨʘʣʦʤ (ʨʠʩ. 6) [2]. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʽʢʨʦʘʥʘʣʽʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʨʽʜ 

ʤʘʪʝʢʽʚʩʴʢʦʛʦ ʚʫʣʢʘʥʽʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʟ ʢʘʤʝʥʦʣʦʤʝʥʴ ʩʩ. 

ʂʣʝʥʦʚʝʮʴ ʽ ʐʝʣʝʩʪʦʚʝ (ʂʦʣʴʯʠʥʦ) ʚʠʷʚʣʝʥʽ ʥʘʩʪʫʧʥʽ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ (ʨʠʩ. 7ï8).  

ʇʣʘʛʽʦʢʣʘʟʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʣʘʙʨʘʜʦʨʦʤ ʽ ʙʽʪʦʚʥʽʪʦʤ. ɺʤʽʩʪ 

ʘʥʦʨʪʠʪʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʫ ʚʘʨʽʶʻʪʴʩʷ ʚʽʜ 51 % ʚ ʦʩʥʦʚʥʽʡ ʤʘʩʽ ʜʦ 
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79 % ʫ ʬʝʥʦʢʨʠʩʪʘʣʘʭ. ʊʨʝʥʜ ʟʤʽʥʠ ʩʢʣʘʜʫ ʧʣʘʛʽʦʢʣʘʟʽʚ, 

ʚʩʪʘʥʦʚʣʝʥʠʡ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʽʢʨʦʟʦʥʜʦʚʠʭ ʘʥʘʣʽʟʽʚ ʚ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ: ʮʝʥʪʨʘʣʴʥʘ ʯʘʩʪʠʥʘ ʬʝʥʦʢʨʠʩʪʘʣʽʚ ï ʧʝʨʠʬʝʨʽʡʥʘ 

ʯʘʩʪʠʥʘ ʬʝʥʦʢʨʠʩʪʘʣʽʚ ï ʦʩʥʦʚʥʘ ʤʘʩʘ, ʚʢʘʟʫʻ ʥʘ ʟʨʦʩʪʘʥʥʷ 

ʚʤʽʩʪʫ Na ʪʘ K ʚ ʯʘʩʽ.  

ʇʽʨʦʢʩʝʥʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʦʨʪʦʧʽʨʦʢʩʝʥʘʤʠ ʨʷʜʫ ʝʥʩʪʘʪʠʪ-

ʬʝʨʦʩʠʣʽʪ ʪʘ ʢʣʽʥʦʧʽʨʦʢʩʝʥʘʤʠ ï ʧʽʞʦʥʽʪʦʤ. ʈʦʟʤʽʨ 

ʬʝʥʦʢʨʠʩʪʘʣʽʚ ʜʦ 2ʭ3 ʤʤ. ʉʢʣʘʜ ʦʨʪʦʧʽʨʦʢʩʝʥʽʚ ʚʘʨʽʶʻʪʴʩʷ ʚʽʜ 

ʝʥʩʪʘʪʠʪʫ (En0.68Fs0.31Wo0.01) ʫ ʬʝʥʦʢʨʠʩʪʘʣʘʭ ʜʦ ʛʽʧʝʨʩʪʝʥʫ 

(En0.42, Fs0.42, Wo0.16) ʚ ʦʩʥʦʚʥʽʡ ʤʘʩʽ. ʉʢʣʘʜ  ʢʣʽʥʦʧʽʨʦʢʩʝʥʽʚ:  

ʘʚʛʽʪ-ʜʽʦʧʩʠʜ (Wo0.45En0.40Fs0.15), ʚʠʟʥʘʯʝʥʠʡ  ʫ ʬʝʥʦʢʨʠʩʪʘʣʘʭ. 

ʊʨʝʥʜ ʟʤʽʥʠ ʩʢʣʘʜʫ ʧʽʨʦʢʩʝʥʽʚ, ʚʩʪʘʥʦʚʣʝʥʠʡ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʤʽʢʨʦʟʦʥʜʦʚʠʭ ʘʥʘʣʽʟʽʚ ʚ ʧʦʩʣʽʜʦʚʥʦʩʪʽ: ʮʝʥʪʨʘʣʴʥʘ ʯʘʩʪʠʥʘ 

ʬʝʥʦʢʨʠʩʪʘʣʽʚ ï ʧʝʨʠʬʝʨʽʡʥʘ ʯʘʩʪʠʥʘ ʬʝʥʦʢʨʠʩʪʘʣʽʚ ï ʦʩʥʦʚʥʘ 

ʤʘʩʘ, ʚʢʘʟʫʻ ʥʘ ʟʨʦʩʪʘʥʥʷ ʚʤʽʩʪʫ Fe ʚ ʯʘʩʽ, ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ 

Ca ʚ ʦʨʪʦʧʽʨʦʢʩʝʥʽ (ʨʠʩ. 7ï8). 

 

  
ʈʠʩ. 7. ɺʘʨʽʘʮʽʾ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ 

ʧʣʘʛʽʦʢʣʘʟʽʚ ʚ ʘʥʜʝʟʠʪʘʭ ʟ 

ʢʘʤʝʥʦʣʦʤʝʥʴ ʩʩ. ʂʣʝʥʦʚʝʮʴ ʽ 

ʐʝʣʝʩʪʦʚʝ:  ï ʮʝʥʪʨʘʣʴʥʘ ʯʘʩʪʠʥʘ, 

ï ʧʝʨʠʬʝʨʽʡʥʘ ʯʘʩʪʠʥʘ 

ʬʝʥʦʢʨʠʩʪʘʣʽʚ,  ï ʦʩʥʦʚʥʘ ʤʘʩʘ 

ʈʠʩ. 8. ɺʘʨʽʘʮʽʾ ʭʽʤʽʯʥʦʛʦ 

ʩʢʣʘʜʫ ʧʽʨʦʢʩʝʥʽʚ ʚ ʘʥʜʝʟʠʪʘʭ ʟ 

ʢʘʤʝʥʦʣʦʤʝʥʴ ʩʩ. ʂʣʝʥʦʚʝʮʴ ʽ 

ʐʝʣʝʩʪʦʚʝ:  ï ʮʝʥʪʨʘʣʴʥʘ 

ʯʘʩʪʠʥʘ,  ï ʧʝʨʠʬʝʨʽʡʥʘ 

ʯʘʩʪʠʥʘ ʬʝʥʦʢʨʠʩʪʘʣʽʚ,  ï 

ʦʩʥʦʚʥʘ ʤʘʩʘ 
 

 
ʇʝʨʝʣʽʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ 
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Small sedimentary disturbances of the coal seams are present in every minefield 

of the Donetsk basin. Erosions of coal seams are precisely such disturbances and 

exploration work does not always reveal them. The problem of studying the features 

of their formation is relevant from a scientific and practical point of view. 

Keywords: coal seam, minefield, erosion, geological research. 
 
ɺʩʪʫʧ. ʇʨʘʢʪʠʯʥʦ ʥʘ ʢʦʞʥʦʤʫ ʰʘʭʪʥʦʤʫ ʧʦʣʽ ʟʫʩʪʨʽʯʘʶʪʴʩʷ 

ʜʨʽʙʥʽ ʩʝʜʠʤʝʥʪʘʮʽʡʥʽ ʧʦʨʫʰʝʥʥʷ ʟʘʣʷʛʘʥʥʷ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʫ 

ʪʘʢʽ, ʷʢ ʨʦʟʤʠʚʠ ʧʣʘʩʪʫ ʪʘ ʧʦʨʽʜ, ʱʦ ʚʤʽʱʫʶʪʴ. ʎʝ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʠʢʣʠʥʶʚʘʥʥʷʤ ʧʣʘʩʪʫ, ʟʤʝʥʰʝʥʥʷʤ ʡʦʛʦ 

ʧʦʪʫʞʥʦʩʪʽ, ʟʤʽʥʦʶ ʩʪʨʫʢʪʫʨʠ, ʷʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʫʤʦʚ 

ʟʘʣʷʛʘʥʥʷ. ʈʦʟʤʠʚ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʫ ʪʘ ʧʦʨʽʜ, ʱʦ ʚʤʽʱʫʶʪʴ ï ʮʝ 

ʜʝʩʪʨʫʢʮʽʷ ʚʫʛʣʝʥʦʩʥʦʾ ʪʦʚʱʽ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʯʘʩʪʢʦʚʠʤ 

ʘʙʦ ʧʦʚʥʠʤ ʧʦʨʫʰʝʥʥʷʤ ʙʫʜʦʚʠ, ʟʤʝʥʰʝʥʥʷʤ ʧʦʪʫʞʥʦʩʪʽ 

ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʫ ʪʘ ʧʦʨʽʜ ʧʦʢʨʽʚʣʽ, ʚʥʘʩʣʽʜʦʢ ʨʫʡʥʫʶʯʦʾ ʜʽʾ 

ʚʦʜʥʠʭ ʧʦʪʦʢʽʚ. ʏʘʩʪʦ ʪʨʘʧʣʷʶʪʴʩʷ ʚʠʧʘʜʢʠ, ʢʦʣʠ ʨʦʟʤʠʚʠ 
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ʚʠʷʚʣʷʶʪʴʩʷ ʣʠʰʝ ʧʨʠ ʟʽʩʪʘʚʣʝʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʰʫʢʦʚʦ-

ʨʦʟʚʽʜʫʚʘʣʴʥʦʛʦ ʙʫʨʽʥʥʷ ʽʟ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʜʘʥʠʤʠ, ʪʦʙʪʦ ʚ 

ʧʨʦʮʝʩʽ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʫ. ɺ ʤʘʩʰʪʘʙʘʭ ʫʩʴʦʛʦ 

ɼʦʥʝʮʴʢʦʛʦ ʚʫʛʽʣʴʥʦʛʦ ʙʘʩʝʡʥʫ ʜʦ ʨʦʟʤʠʚʽʚ ʩʭʠʣʴʥʽ ʧʨʘʢʪʠʯʥʦ 

ʚʩʽ ʚʫʛʽʣʴʥʽ ʧʣʘʩʪʠ. ʅʘʡʙʽʣʴʰ ʯʘʩʪʦ ʮʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ 

ʇʝʪʨʦʧʘʚʣʽʚʩʴʢʦʤʫ, ʎʝʥʪʨʘʣʴʥʦʤʫ ʪʘ ɼʦʥʝʮʴʢʦ-ʄʘʢʽʾʚʩʴʢʦʤʫ 

ʛʽʨʥʠʯʦʧʨʦʤʠʩʣʦʚʠʭ ʨʘʡʦʥʘʭ, ʪʠʭ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʙʣʠʟʴʢʦ ʜʦ 

ʦʩʥʦʚʥʠʭ ʜʽʣʷʥʦʢ ʥʘʢʦʧʠʯʝʥʥʷ ʪʝʨʠʛʝʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʪʘ ʪʘʢʠʭ, 

ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʡʙʽʣʴʰʠʤ ʟʘʥʫʨʝʥʥʷʤ ʧʽʜ ʯʘʩ 

ʥʘʢʦʧʠʯʝʥʥʷ ʚʽʜʢʣʘʜʽʚ [3]. ɺ ʨʦʟʨʽʟʽ ʩʝʨʝʜʥʴʦʛʦ ʢʘʨʙʦʥʫ 

ʤʘʢʩʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʧʣʘʩʪʽʚ, ʩʭʠʣʴʥʠʭ ʜʦ ʨʦʟʤʠʚʽʚ, ʭʘʨʘʢʪʝʨʥʘ 

ʜʣʷ ʩʚʽʪ ʉ2
5 ʪʘ ʉ2

6, ʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʽʥʰʠʭ ʩʪʨʘʪʠʛʨʘʬʽʯʥʠʭ 

ʛʦʨʠʟʦʥʪʽʚ ʥʘʡʙʽʣʴʰ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʧʽʱʘʥʠʭ ʧʦʨʽʜ 

ʘʣʶʚʽʘʣʴʥʦʛʦ ʪʘ ʧʽʜʚʦʜʥʦ-ʜʝʣʴʪʦʚʦʛʦ ʛʝʥʝʟʠʩʫ [5]. 

ɼʘʣʽ ʙʫʜʫʪʴ ʨʦʟʛʣʷʥʫʪʽ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʟʤʠʚʫ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʫ 

ʉ6, ʰʘʭʪʠ çʉʪʝʧʦʚʘè, ʱʦ ʥʝ ʙʫʚ ʟʘʬʽʢʩʦʚʘʥʠʡ ʨʦʟʚʽʜʫʚʘʣʴʥʠʤʠ 

ʨʦʙʦʪʘʤʠ ʪʘ ʙʫʚ ʚʠʷʚʣʝʥʠʡ ʚ ʭʦʜʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʨʦʙʽʪ ʧʦ 

ʰʘʭʪʥʦʤʫ ʧʦʣʶ. 

ʆʩʥʦʚʥʽ ʜʦʩʣʽʜʞʝʥʥʷ. ɺ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʜʘʥʽ ʨʦʟʚʽʜʢʠ ʽ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʫ 

ʉ6 h ʘʭʪʠ çʉʪʝʧʦʚʘè ɼʦʥʝʮʴʢʦʛʦ ʢʘʤô̫ ʥʦʚʫʛʽʣʴʥʦʛʦ ʙʘʩʝʡʥʫ, 

ʨʦʟʪʘʰʦʚʘʥʦʾ ʫ ʇʝʪʨʦʧʘʚʣʽʚʩʴʢʦʤʫ ʨʘʡʦʥʽ ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʦʾ 

ʦʙʣʘʩʪʽ. ʐʘʭʪʘ çʉʪʝʧʦʚʘè ʚʚʝʜʝʥʘ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʚ 1965 ʨ., 

ʧʨʦʛʥʦʟʦʚʘʥʠʡ ʨʽʢ ʚʠʙʫʪʪʷ ʰʘʭʪʠ ʟʘ ʧʨʦʤʠʩʣʦʚʠʤʠ ʟʘʧʘʩʘʤʠ 

2105 ʨ. ʐʘʭʪʘ ʚʝʨʪʠʢʘʣʴʥʘ, ʚʽʜʤʽʪʢʘ ʥʠʞʥʴʦʾ ʪʝʭʥʽʯʥʦʾ ʛʨʘʥʠʮʽ 

ï 470,0 ʤ. ʉʝʨʝʜʥʴʦ ʜʠʥʘʤʽʯʥʘ ʧʦʪʫʞʥʽʩʪʴ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ 

1,16 ʤ. 

ɹʫʣʠ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʜʘʥʽ ʧʦ 42 ʩʚʝʨʜʣʦʚʠʥʘʭ ʽ ʜʘʥʽ ʧʦ 

ʧʽʜʛʦʪʦʚʯʠʤ ʽ ʦʯʠʩʥʠʤ ʚʠʨʦʙʢʘʤ, ʪʦʙʪʦ ʧʨʦʛʥʦʟʥʠʡ ʽ ʬʘʢʪʠʯʥʠʡ 

ʤʘʪʝʨʽʘʣ [1]. ʈʦʟʚʽʜʫʚʘʣʴʥʠʤʠ ʩʚʝʨʜʣʦʚʠʥʘʤʠ ʥʘ ʰʘʭʪʽ 

çʉʪʝʧʦʚʘè ʥʝ ʚʠʷʚʣʝʥʦ ʜʦʩʠʪʴ ʚʝʣʠʢʠʡ ʨʦʟʤʠʚ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ 

(ʨʠʩ. 1). 

ʐʠʨʠʥʘ ʨʦʟʤʠʚʫ ʩʷʛʘʻ 200ï250 ʤ, ʧʨʦʪʷʞʥʽʩʪʴ ʧʦʥʘʜ 1 ʢʤ, 

ʧʣʘʩʪ ʚ ʟʦʥʽ ʨʦʟʤʠʚʫ ʟʤʝʥʰʫʻ ʩʚʦʶ ʧʦʪʫʞʥʽʩʪʴ ʜʦ ʧʦʚʥʦʛʦ 

ʚʠʢʣʠʥʶʚʘʥʥʷ. ɻʝʦʣʦʛʽʯʥʠʡ ʨʦʟʨʽʟ ʟʘ ʩʚʝʨʜʣʦʚʠʥʘʤʠ .  ̄3ɼ-63ʇ 

ʪʘ  ̄14644 ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 2. 



29 
 

ɿ ʧʨʦʪʦʢʦʣʫ ʟʘʪʚʝʨʜʞʝʥʥʷ ʟʘʧʘʩʽʚ ɺʆ çʋʢʨʚʫʛʣʝʛʝʦʣʦʛʽʷè: 

ç...ʚʠʷʚʣʝʥʽ ʨʦʟʤʠʚʠ, ʧʨʦʪʷʞʥʽʩʪʴ ʷʢʠʭ ʩʷʛʘʻ ʢʽʣʴʢʦʭ ʢʽʣʦʤʝʪʨʽʚ 

ʧʨʠ ʰʠʨʠʥʽ 200ï400 ʤ. ʇʨʠ ʽʩʥʫʶʯʽʡ ʨʘʥʽʰʝ ʱʽʣʴʥʦʩʪʽ 

ʨʦʟʚʽʜʫʚʘʣʴʥʦʾ ʤʝʨʝʞʽ (400ï600 ʽ ʥʘʚʽʪʴ 1000 ʤ ʤʽʞ 

ʩʚʝʨʜʣʦʚʠʥʘʤʠ) ʮʽ ʨʦʟʤʠʚʠ ʥʝ ʟʘʚʞʜʠ ʚʠʷʚʣʷʣʠʩʷ, ʘ ʪʠʤ 

ʚʧʝʚʥʝʥʽʰʝ ʪʨʘʩʫʚʘʣʠʩʴè. 

 

 
ʈʠʩ. 1. ʌʨʘʛʤʝʥʪ ʩʭʝʤʠ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʫ ʉ6 h . çʉʪʝʧʦʚʘè 

 
ɹʫʜʦʚʘ ʧʣʘʩʪʘ ʉ6 ʟʘ ʜʘʥʠʤʠ ʩʚ.  ̄3ɼ-63ʇ, ̄ 14644: 

¶ ʇʦ ʩʚʝʨʜʣʦʚʠʥʽ  ̄14644 ʚʫʛʽʣʴʥʠʡ ʧʣʘʩʪ ʉ6 ʧʨʦʩʪʦʾ 

ʙʫʜʦʚʠ ʧʦʪʫʞʥʽʩʪʶ 0,62 ʤ. ɺʫʛʽʣʣʷ ʢʘʤô̫ ʥʝ, ʯʦʨʥʝ, ʥʘʧʽʚʤʘʪʦʚʝ, 

ʤʽʩʮʷʤʠ ʥʘʧʽʚʙʣʠʩʢʫʯʝ, ʰʪʨʠʭʫʚʘʪʦ-ʩʤʫʞʯʘʪʝ, ʧʦ ʥʘʰʘʨʫʚʘʥʥʶ 

ʬʶʟʝʥʽʟʦʚʘʥʝ, ʢʨʠʭʢʝ, ʩʝʨʝʜʥʴʦʾ ʤʽʮʥʦʩʪʽ, ʪʨʽʱʠʥʫʚʘʪʝ, ʧʦ 

ʪʨʽʱʠʥʘʤ ï ʧʣʽʚʢʠ ʢʘʣʴʮʠʪʫ. ʇʽʜʦʰʚʘ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʫ 

ʟʘʬʽʢʩʦʚʘʥʘ ʥʘ ʘʙʩʦʣʶʪʥʽʡ ʚʽʜʤʽʪʮʽ ï 376,91 ʤ. ɸʙʩʦʣʶʪʥʘ 

ʚʽʜʤʽʪʢʘ ʧʦʚʝʨʭʥʽ 75,77 ʤ. 
¶ ʇʦ ʩʚʝʨʜʣʦʚʠʥʽ  ̄3ɼ-63ʇ ʚʫʛʽʣʴʥʠʡ ʧʣʘʩʪ ʉ6 ʩʢʣʘʜʥʦʾ 

ʜʚʦʧʘʯʢʦʚʦʾ ʙʫʜʦʚʠ. ʇʝʨʰʘ ʧʘʯʢʘ ï 0,35 ʤ, ʜʨʫʛʘ ʧʘʯʢʘ ï 0,25 ʤ, 

ʧʘʯʢʠ ʨʦʟʜʽʣʝʥʽ ʧʦʨʦʜʥʠʤ ʧʨʦʰʘʨʢʦʤ - ʘʨʛʽʣʽʪʦʤ 0,40 ʤ. ʇʽʜʦʰʚʘ 

ʜʨʫʛʦʾ ʧʘʯʢʠ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʫ ʟʘʬʽʢʩʦʚʘʥʘ ʥʘ ʘʙʩʦʣʶʪʥʽʡ 

ʚʽʜʤʽʪʮʽ ï 372,78 ʤ. ɸʙʩʦʣʶʪʥʘ ʚʽʜʤʽʪʢʘ ʧʦʚʝʨʭʥʽ 75,02 ʤ. 
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ʈʠʩ. 2. ɻʝʦʣʦʛʽʯʥʠʡ ʨʦʟʨʽʟ ʫ ʟʦʥʽ ʨʦʟʤʠʚʫ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʫ ʉ6 

 

ʇʽʜ ʯʘʩ ʚʽʜʚʽʜʫʚʘʥʥʷ ʰʘʭʪʠ çʉʪʝʧʦʚʘè, ʫ ʩʫʧʨʦʚʦʜʽ ʛʝʦʣʦʛʘ 

ʰʘʭʪʠ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʦʙʩʪʝʞʝʥʥʷ ʜʝʷʢʠʭ ʛʽʨʥʠʯʠʭ ʚʠʨʦʙʦʢ. 

ɹʫʣʠ ʚʽʜʽʙʨʘʥʽ 8 ʧʨʦʙ ʚʫʛʽʣʣʷ ʪʘ ʚʤʽʱʫʶʯʠʭ ʧʦʨʽʜ ʽʟ ʟʦʥʠ 

ʨʦʟʤʠʚʫ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ʪʘ ʟʽ ʾʾ ʤʝʞʘʤʠ: 168-ʡ ʟʙʽʨʥʠʡ ʰʪʨʝʢ 

(ʇʂ 217) ʪʘ ʟʘʙʽʡ 168-ʦʛʦ ʟʙʽʨʥʦʛʦ ʰʪʨʝʢʫ (ʇʂ 174) ʜʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʣʘʙʦʨʘʪʦʨʥʦ-ʘʥʘʣʽʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʄʘʢʨʦʩʢʦʧʽʯʥʽ ʪʘ ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʦʨʽʜ ʧʦʢʨʽʚʣʽ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʫ ʽʟ ʟʦʥʠ ʨʦʟʤʠʚʫ ʪʘ ʟʘ ʾʾ ʤʝʞʘʤʠ 

ʜʘʣʠ ʥʘʩʪʫʧʥʽ ʨʝʟʫʣʴʪʘʪʠ: 

1. ɸʨʛʽʣʽʪ ʧʦʢʨʽʚʣʽ, ʥʝʟʤʽʥʝʥʠʡ, ʚʽʜʽʙʨʘʥʠʡ ʟʘ ʤʝʞʘʤʠ ʟʦʥʠ 
ʨʦʟʤʠʚʫ. ʂʦʣʽʨ ʚʽʜ ʩʽʨʦʛʦ ʜʦ ʪʝʤʥʦ ʩʽʨʦʛʦ, ʱʽʣʴʥʠʡ, ʤʘʩʠʚʥʠʡ, 

ʰʘʨʫʚʘʪʠʡ, ʤʽʮʥʠʡ. ʅʘʷʚʥʽ ʚʢʣʶʯʝʥʥʷ ʛʣʠʥʠʩʪʦ-ʩʠʜʝʨʠʪʦʚʦʛʦ 

ʤʘʪʝʨʽʘʣʫ, ʟʘʣʠʰʢʠ ʦʙʚʫʛʣʝʥʠʭ ʪʘ ʧʽʨʠʪʠʟʦʚʘʥʠʭ ʨʦʩʣʠʥ. 

2. ʇʦʨʦʜʠ ʧʦʢʨʽʚʣʽ, ʚʽʜʽʙʨʘʥʽ ʽʟ ʟʦʥʠ ʨʦʟʤʠʚʫ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ 
ʘʨʛʽʣʽʪʫ ʥʝʟʤʽʥʝʥʦʛʦ, ʟʨʘʟʦʢ ʚʽʜʽʙʨʘʥʠʡ ʽʟ ʮʽʻʾ ʟʦʥʠ ʢʨʠʭʢʠʡ, 

ʪʨʽʱʠʥʫʚʘʪʠʡ ʟ ʚʢʣʶʯʝʥʥʷʤʠ ʜʨʽʙʥʠʭ ʟʝʨʝʥ ʧʽʨʠʪʫ ʪʘ 

ʧʦʦʜʠʥʦʢʠʭ ʟʘʣʠʰʢʽʚ ʨʦʩʣʠʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʂʦʣʽʨ ʚʽʜ ʩʚʽʪʣʦ 

ʩʽʨʦʛʦ ʜʦ ʩʽʨʦʛʦ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ɦʦ ʫ ʟʦʥʽ ʚʧʣʠʚʫ ʨʦʟʤʠʚʫ ʚʫʛʽʣʴʥʦʛʦ 

ʧʣʘʩʪʘ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʫʻʪʴʩʷ ʚʤʽʩʪ ʛʣʠʥʠʩʪʦʛʦ ʤʽʥʝʨʘʣʫ ʛʨʫʧʠ 
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ʢʘʦʣʽʥʽʪʫ, ʩʫʣʴʬʽʜʽʚ ʟʘʣʽʟʘ ʨʽʟʥʦʾ ʤʦʨʬʦʣʦʛʽʾ, ʚʫʛʣʠʩʪʦʾ ʨʝʯʦʚʠʥʠ, 

ʱʦ ʚʢʨʠʚʘʻ ʤʘʡʞʝ ʚʩ ʁʚʠʜʠʤʫ ʧʦʚʝʨʭʥʶ ʩʚʽʞʠʭ ʩʢʦʣʽʚ. 

ʋ ʨʘʤʢʘʭ ʨʦʙʽʪ ʟ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʥʘʫʢʦʚʦʛʦ ʩʫʧʨʦʚʦʜʞʝʥʥʷ 

ʥʘʜʨʦʢʦʨʠʩʪʫʚʘʥʥʷ ʰʘʭʪʠ çʉʪʝʧʦʚʘè ʙʫʣʠ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʛʝʦʣʦʛʦʨʦʟʚʽʜʫʚʘʣʴʥʠʭ ʨʦʙʽʪ. ɹʫʣʠ ʟʽʩʪʘʚʣʝʥʽ ʨʦʟʨʽʟʠ 

ʧʦ ʜʚʦʭ ʨʦʟʚʽʜʫʚʘʣʴʥʠʭ ʩʚʝʨʜʣʦʚʠʥʘʭ  ̄3ɼ-63ʇ ʪʘ  ̄14644, ʱʦ 

ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʟʦʥʽ ʨʦʟʤʠʚʫ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʫ ʪʘ ʟʘ ʾʾ ʤʝʞʘʤʠ 

ʚʽʜʧʦʚʽʜʥʦ ʥʘ ʚʽʜʩʪʘʥʽ 88 ʤ ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ. 

ɺʠʩʥʦʚʢʠ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʨʦʟʚʽʜʫʚʘʣʴʥʠʭ 

ʩʚʝʨʜʣʦʚʠʥ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ. 

ʆʙʠʜʚʽ ʩʚʝʨʜʣʦʚʠʥʠ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʨʘʡʦʥʽ ʤʦʥʪʘʞʥʦʛʦ ʰʪʨʝʢʫ 

168 ʣʘʚʠ. ʉʚʝʨʜʣʦʚʠʥʘ  ̄3ɼ-63ʇ ʧʨʦʙʫʨʝʥʘ ʟ ʧʦʚʝʨʭʥʽ ʜʣʷ 

ʨʦʟʢʨʠʪʪʷ ʟʦʥʠ ʨʦʟʤʠʚʫ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʫ ʉ6 ʪʘ ʚʤʽʱʘʶʯʠʭ ʧʦʨʽʜ, 

ʩʚ.  ̄14644 ʧʨʦʙʫʨʝʥʘ ʟ ʧʦʚʝʨʭʥʽ ʟʘ ʤʝʞʘʤʠ ʚʧʣʠʚʫ ʟʦʥʠ 

ʧʦʨʫʰʝʥʥʷ. ʊʨʝʙʘ ʜʦʜʘʪʠ, ʱʦ ʩʚʝʨʜʣʦʚʠʥʦʶ  ̄14644 ʨʦʟʤʠʚ ʥʝ 

ʙʫʚ ʟʘʬʽʢʩʦʚʘʥʠʡ. ɺʽʥ ʙʫʚ ʨʦʟʢʨʠʪʠʡ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʛʽʨʥʠʯʠʭ 

ʨʦʙʽʪ, ʚʠʢʣʠʢʘʚʰʠ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ 

ʛʝʦʣʦʛʦʨʦʟʚʽʜʫʚʘʣʴʥʠʭ ʨʦʙʽʪ ʪʘ ʧʝʨʝʛʣʷʜʫ ʧʨʦʛʨʘʤʠ ʧʨʦʚʝʜʝʥʥʷ 

ʛʽʨʥʠʯʦ-ʚʠʜʦʙʫʚʥʠʭ ʨʦʙʽʪ ʰ. çʉʪʝʧʦʚʘè. ɿʛʽʜʥʦ ʛʝʦʣʦʛʽʯʥʠʭ 

ʞʫʨʥʘʣʽʚ ʦʙʦʭ ʩʚʝʨʜʣʦʚʠʥ ʜʦ ʟʫʩʪʨʽʯʽ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʫ ʉ6 

ʩʚʝʨʜʣʦʚʠʥʦʶ  ̄14644 ʧʨʦʡʜʝʥʦ 60 h ʘʨʽʚ ʧʦʨʽʜ, ʩʚʝʨʜʣʦʚʠʥʦʶ 

 ̄3ɼ-63ʇ ï 61 hʘʨ ʧʦʨʽʜ. 

ʇʦ ʩʚʝʨʜʣʦʚʠʥʽ  ̄14644 ʚʫʛʽʣʴʥʠʡ ʧʣʘʩʪ ʉ6 ʧʨʦʩʪʦʾ ʙʫʜʦʚʠ 

ʧʦʪʫʞʥʽʩʪʶ 0,62 ʤ. ɺʫʛʽʣʣʷ ʢʘʤô̫ ʥʝ, ʯʦʨʥʝ, ʥʘʧʽʚʤʘʪʦʚʝ. ʇʽʜʦʰʚʘ 

ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʫ ʟʘʬʽʢʩʦʚʘʥʘ ʥʘ ʘʙʩʦʣʶʪʥʽʡ ʚʽʜʤʽʪʮʽ ï 376,91 ʤ. 

ʇʦ ʩʚʝʨʜʣʦʚʠʥʽ  ̄3ɼ-63ʇ ʚʫʛʽʣʴʥʠʡ ʧʣʘʩʪ ʉ6 ʩʢʣʘʜʥʦʾ 

ʜʚʦʭʧʘʯʢʦʚʦʾ ʙʫʜʦʚʠ. ʇʝʨʰʘ ʧʘʯʢʘ ï 0,35 ʤ, ʜʨʫʛʘ ʧʘʯʢʘ ï 0,25 ʤ, 

ʧʘʯʢʠ ʨʦʟʜʽʣʝʥʽ ʧʦʨʦʜʥʠʤ ʧʨʦʰʘʨʢʦʤ ï ʘʨʛʽʣʽʪʦʤ 0,40 ʤ. ʇʽʜʦʰʚʘ 

ʜʨʫʛʦʾ ʧʘʯʢʠ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʫ ʟʘʬʽʢʩʦʚʘʥʘ ʥʘ ʘʙʩʦʣʶʪʥʽʡ 

ʚʽʜʤʽʪʮʽ ï372,78 ʤ. 

ʇʨʠ ʧʦʙʫʜʦʚʽ ʛʝʦʣʦʛʽʯʥʦʛʦ ʨʦʟʨʽʟʫ ʟʘ ʩʚʝʨʜʣʦʚʠʥʘʤʠ 

ʚʠʷʚʠʣʘʩʴ ʥʘʷʚʥʽʩʪʴ ʜʚʦʭ ʣʽʥʟ ʘʨʛʽʣʽʪʫ ʧʦʪʫʞʥʽʩʪʶ 5,40 ʤ ʪʘ 

6,25 ʤ, ʧʝʨʝʙʫʨʝʥʠʭ ʩʚ.  ̄3ɼ-63ʇ ʪʘ ʥʝ ʟʘʬʽʢʩʦʚʘʥʠʭ ʩʚ. 

 ̄14644. ɸʨʛʽʣʽʪ ï ʮʝ ʙʽʣʴʰ ʛʣʠʙʦʢʦʚʦʜʥʘ ʬʘʮʽʷ, ʰʘʨʠ ʘʨʛʽʣʽʪʫ 

ʚʽʜʢʣʘʜʘʣʠʩʷ ʚ ʧʨʠʜʦʥʥʽʡ ʯʘʩʪʠʥʽ ʜʨʝʚʥʴʦʛʦ ʨʫʩʣʘ. ʆʙʠʜʚʘ 

ʘʨʛʽʣʽʪʠ ʚʤʽʱʫʶʪʴ ʟʘʣʠʰʢʠ ʨʦʩʣʠʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʤʽʩʮʷʤʠ 

ʰʘʨʫʚʘʪʽ ʟ ʚʢʣʶʯʝʥʥʷʤʠ ʧʽʨʠʪʫ ʧʦ ʥʘʰʘʨʫʚʘʥʥʶ. ʊʨʝʙʘ 
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ʚʽʜʤʽʪʠʪʠ, ʱʦ ʣʽʥʟʠ ʘʨʛʽʣʽʪʫ ʪʨʦʭʠ ʚʠʛʥʫʪʽ. ʎʷ ʟʤʽʥʘ ʛʽʧʩʦʤʝʪʨʽʾ 

ʰʘʨʽʚ ʤʦʛʣʘ ʩʪʘʪʠʩʷ ʚʥʘʩʣʽʜʦʢ ʪʝʢʪʦʥʽʯʥʠʭ ʨʫʭʽʚ ʚ ʟʦʥʽ ʨʦʟʤʠʚʫ. 

ʆʪʞʝ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʨʦʟʤʠʚʫ ʜʦʩʣʽʜʞʫʚʘʥʘ ʟʦʥʘ ʤʘʣʘ 

ʩʠʥʢʣʽʥʘʣʴʥʫ ʙʫʜʦʚʫ, ʪʘ ʯʝʨʝʟ ʜʝʷʢʠʡ ʯʘʩ ʪʝʢʪʦʥʽʯʥʘ ʘʢʪʠʚʥʽʩʪʴ 

ʧʨʠʟʚʝʣʘ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʘʥʪʠʢʣʽʥʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʽ ʧʨʠʜʦʥʥʘ 

ʯʘʩʪʠʥʘ ʚʽʜʢʣʘʜʽʚ ʟʤʽʩʪʠʣʘʩʷ ʚʛʦʨʫ. ʇʦʜʽʙʥʘ ʪʝʢʪʦʥʽʯʥʘ 

ʘʢʪʠʚʥʽʩʪʴ, ʱʦ ʨʦʟʚʠʚʘʣʘʩʷ ʟʘ ʪʘʢʠʡ ʢʦʨʦʪʢʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ, 

ʤʦʞʝ ʙʫʪʠ ʩʚʽʜʦʮʪʚʦʤ ʽʩʥʫʚʘʥʥʷ ʟʦʥʠ ʟʯʣʝʥʫʚʘʥʥʷ ʪʝʢʪʦʥʽʯʥʠʭ 

ʧʣʠʪ. ʇʦʜʽʙʥʽ ʟʦʥʠ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʨʦʟʤʽʨʫ ʩʘʤʠʭ ʧʣʠʪ, ʤʦʞʫʪʴ 

ʙʫʪʠ ʥʝʙʝʟʧʝʯʥʠʤʠ ʟʘ ʧʨʦʷʚʘʤʠ ʪʝʢʪʦʥʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ, 

ʚʠʚʽʣʴʥʝʥʥʶ ʝʥʝʨʛʽʾ ʥʘʧʨʫʛʠ ʛʽʨʥʠʯʦʛʦ ʤʘʩʠʚʫ, ʛʘʟʦʜʠʥʘʤʽʯʥʠʤ 

ʷʚʠʱʘʤ ʪʘ ʽʥʰʠʤʠ ʥʝʛʘʪʠʚʥʠʤʠ ʛʽʨʥʠʯʦ-ʛʝʦʣʦʛʽʯʥʠʤʠ ʷʚʠʱʘʤʠ. 

ʎʽ ʬʘʢʪʦʨʠ ʪʨʝʙʘ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʩʢʣʘʜʘʥʥʽ ʛʽʨʥʠʯʦ-ʛʝʦʣʦʛʽʯʥʠʭ 

ʧʨʦʛʥʦʟʽʚ ʪʘ ʧʨʠ ʨʦʟʨʦʙʮʽ ʧʨʦʛʨʘʤʠ ʧʨʦʚʝʜʝʥʥʷ ʛʽʨʥʠʯʠʭ ʨʦʙʽʪ. 

ɺ ʨʘʡʦʥʽ ʚʧʣʠʚʫ ʟʦʥʠ ʨʦʟʤʠʚʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ 

ʧʦʪʫʞʥʦʩʪʽ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʫ, ʚʠʢʣʠʥʶʚʘʥʥʷ ʜʝʷʢʠʭ ʧʣʘʩʪʽʚ 

ʚʤʽʱʘʶʯʠʭ ʧʦʨʽʜ, ʧʦʷʚʘ ʚ ʧʦʢʨʽʚʣʽ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʫ ʧʽʩʢʦʚʠʢʫ, 

ʦʙʚʘʣʶʚʘʥʥʷ ʧʦʨʽʜ ʧʦʢʨʽʚʣʽ, ʚʦʜʦʧʨʦʷʚʣʝʥʥʷ, ʥʘʷʚʥʽʩʪʴ 

ʪʝʢʪʦʥʽʯʥʠʭ ʧʦʨʫʰʝʥʴ ʨʦʟʨʠʚʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʥʝʚʝʣʠʢʠʭ ʘʤʧʣʽʪʫʜ 

ʟʤʽʱʝʥʥʷ. ɺʩʽ ʮʽ ʦʟʥʘʢʠ ʚʢʘʟʫʶʪʴ ʥʘ ʥʘʷʚʥʽʩʪʴ ʟʦʥʠ ʪʝʢʪʦʥʽʯʥʦʾ 

ʘʢʪʠʚʥʦʩʪʽ ʪʘ ʤʦʞʣʠʚʦ ʟʦʥʠ ʟʯʣʝʥʫʚʘʥʥʷ ʜʚʦʭ ʜʽʣʷʥʦʢ ʨʦʟʤʠʚʫ ʚ 

ʨʘʡʦʥʽ ʩʚ. ˉ 3ɼ-63ʇ ʪʘ  ̄14644, ʦʜʥʘ ʟ ʷʢʠʭ  ʨʦʟʪʘʰʦʚʘʥʘ ʚ 

ʭʨʝʩʪ ʧʨʦʩʪʷʛʘʥʥʷ ʚʠʷʚʣʝʥʦʾ ʟʦʥʠ ʨʦʟʤʠʚʫ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʙʽʣʴʰ 

ʧʦʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʦ ʨʦʟʤʠʚʫ ʽ ʙʫʜʦʚʽ ʧʣʘʩʪʘ ʚ ʧʨʦʙʣʝʤʥʽʡ ʟʦʥʽ 

ʧʽʟʥʽʰʝ ʙʫʣʠ ʧʨʦʙʫʨʝʥʽ ʱʝ ʢʽʣʴʢʘ ʩʚʝʨʜʣʦʚʠʥ, ʦʜʥʘʢ 

ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʜʘʥʠʭ ʧʦ ʮʠʭ ʩʚʝʨʜʣʦʚʠʥʘʭ ʪʘʢʦʞ ʙʫʣʘ 

ʥʝʜʦʩʪʦʚʽʨʥʦʶ: ʙʫʣʠ ʧʨʠʩʫʪʥʽ ʧʦʤʠʣʢʠ ʫ ʚʠʟʥʘʯʝʥʥʽ ʧʦʪʫʞʥʦʩʪʽ, 

ʙʫʜʦʚʠ ʪʘ ʟʦʣʴʥʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ. ʅʝʜʦʣʽʢʠ 

ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʥʦʚʠʭ ʦʪʨʠʤʘʥʠʭ ʛʝʦʣʦʛʦʨʦʟʚʽʜʫʚʘʣʴʥʠʭ ʜʘʥʠʭ ʚ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʙʫʣʠ ʦʙʫʤʦʚʣʝʥʽ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʥʝʧʦʚʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʛʝʦʬʽʟʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʚʝʨʜʣʦʚʠʥ ʜʣʷ ʚʫʛʽʣʴʥʠʭ 

ʨʦʜʦʚʠʱ. 

ʈʝʢʦʤʝʥʜʘʮʽʾ. ʆʢʨʝʤʽ ʚʠʧʘʜʢʠ ʩʫʪʪʻʚʠʭ ʨʦʟʙʽʞʥʦʩʪʝʡ ʤʽʞ 

ʛʽʨʩʴʢʠʤʠ ʽ ʨʦʟʚʽʜʫʚʘʣʴʥʠʤʠ ʨʦʙʦʪʘʤʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʪʘʢʠʭ 

ʧʣʘʩʪʽʚ, ʜʝ ʚʠʷʚʣʷʶʪʴʩʷ ʥʝʚʝʣʠʢʽ, ʘʣʝ ʯʘʩʪʽ ʨʦʟʤʠʚʠ, 

ʨʦʟʰʘʨʫʚʘʥʥʷ, ʧʦʚʥʽ ʬʘʮʽʘʣʴʥʽ ʟʘʤʽʱʝʥʥʷ ʧʣʘʩʪʘ. ʊʘʢʘ ʩʠʪʫʘʮʽʷ 

ʚʢʘʟʫʻ ʥʘ ʜʦʮʽʣʴʥʽʩʪʴ ʟʛʫʱʝʥʥʷ ʤʝʨʝʞʽ ʩʚʝʨʜʣʦʚʠʥ ʜʣʷ 
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ʦʢʦʥʪʫʨʶʚʘʥʥʷ ʦʢʨʝʤʠʭ ʘʥʦʤʘʣʴʥʠʭ ʧʣʦʱ [2]. ʋʷʚʣʝʥʥʷ ʧʨʦ 

ʝʣʝʤʝʥʪʠ ʪʝʢʪʦʥʽʯʥʦʾ ʙʫʜʦʚʠ ʚ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʤʦʞʝ ʜʘʪʠ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʽʢʨʦʩʝʡʩʤʽʯʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʜʠ 

ʤʽʢʨʦʩʝʡʩʤʽʯʥʠʭ ʟʦʥʜʫʚʘʥʥʷ (ʄʄɿ) ʜʦʟʚʦʣʷʶʪʴ ʟ ʚʠʩʦʢʦʶ 

ʜʝʪʘʣʴʥʽʩʪʶ ʚʠʷʚʣʷʪʠ ʟʦʥʠ ʪʝʢʪʦʥʽʯʥʠʭ ʧʦʨʫʰʝʥʴ. ʊʝʭʥʦʣʦʛʽʷ 

ʜʦʟʚʦʣʷʻ ʚʝʩʪʠ ʨʝʛʽʦʥʘʣʴʥʫ ʛʝʦʣʦʛʦʨʦʟʚʽʜʢʫ ʥʘ ʦʙʤʝʞʝʥʦ 

ʧʨʦʭʽʜʥʠʭ ʪʝʨʠʪʦʨʽʷʭ, ʨʘʡʦʥʘʭ ʧʨʦʤʠʩʣʦʚʦʾ ʪʘ ʮʠʚʽʣʴʥʦʾ 

ʟʘʙʫʜʦʚʠ. ʉʝʨʝʜ ʽʥʰʠʭ ʟʘʭʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʜʘʥʠʭ ʛʝʦʣʦʛʦʨʦʟʚʽʜʫʚʘʣʴʥʠʭ ʨʦʙʽʪ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ 

ʪʘʢʦʞ ʨʝʪʝʣʴʥʝ ʦʧʨʘʮʶʚʘʥʥʷ ʤʘʨʢʰʝʡʜʝʨʩʴʢʦʾ ʽ ʛʝʦʣʦʛʽʯʥʦʾ 

ʜʦʢʫʤʝʥʪʘʮʽʾ [4], ʱʦ ʩʪʦʩʫʻʪʴʩʷ ʪʝʢʪʦʥʽʯʥʠʭ ʨʦʟʨʠʚʽʚ ʚ 

ʥʘʡʙʣʠʞʯʠʭ ʛʽʨʩʴʢʠʭ ʚʠʨʦʙʢʘʭ ʽ ʛʦʨʠʟʦʥʪʘʭ, ʜʘʥʠʭ ʧʨʦ ʷʢʽʩʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʧʦʨʽʜ, ʱʦ ʚʤʽʱʘʶʪʴ, ʩʫʩʽʜʥʽʭ ʜʽʣʷʥʦʢ ʽ ʰʘʭʪ. 
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ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʜʘʥʽ ʱʦʜʦ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʟʨʘʟʢʽʚ ˇʨʫʥʪʦʚʠʭ ʚʦʜ 

ʚʽʩʽʤʥʘʜʮʷʪʠ ʩʧʦʩʪʝʨʝʞʥʠʭ ʩʚʝʨʜʣʦʚʠʥ, ʚʽʜʽʙʨʘʥʠʭ ʫ 2025 ʨʦʮʽ ʥʘ ʪʝʨʠʪʦʨʽʾ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʟʘʧʦʚʽʜʥʠʢ çʂʠʻʚʦ-ʇʝʯʝʨʩʴʢʘ ʃʘʚʨʘè. ɺʩʪʘʥʦʚʣʝʥʦ ʧʝʨʝʚʠʱʝʥʥʷ 

ʥʦʨʤ ʨʷʜʫ ʧʦʢʘʟʥʠʢʽʚ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʘʥʘʣʽʟʦʚʘʥʠʭ ʟʨʘʟʢʽʚ ʚʦʜʠ. ɺʝʣʠʯʠʥʠ pH 

ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ ʥʦʨʤʠ ʘʙʦ ʜʫʞʝ ʙʣʠʟʴʢʽ ʜʦ ʥʝʾ. ɺʠʟʥʘʯʝʥʦ 

ʛ̔ ʜʨʦʭʽʤʽʯʥʠʡ ʪʠʧ ʚʦʜ ʟ ̔ʩʚʝʨʜʣʦʚʠʥ, ʷʢʠʡ ̒  ʨʽʟʥʦʤʘʥʽʪʥʠʤ ʟ ʜʦʤʽʥʫʚʘʥʥʷʤ 

ʨʽʟʥʠʭ ʢʘʪʽʦʥʽʚ ʪʘ ʘʥʽʦʥʽʚ, ʘ ʪʘʢʦʞ ʟʤʽʰʘʥʦʛʦ ʪʠʧʫ. 
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ʟʘʧʦʚʽʜʥʠʢ çʂʠʻʚʦ-ʇʝʯʝʨʩʴʢʘ ʃʘʚʨʘè. 
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Data were analyzed on the chemical composition of groundwater samples from 

eighteen observation wells collected in 2025 on the territory of the National Reserve 

ñKyiv-Pechersk Lavraò. It was established that a number of chemical composition 

indicators exceeded the norms in the analyzed water samples. The pH values of 

groundwater are within normal limits or very close to them. The hydrochemical type 
of waters from wells was been determined to be diverse, with a predominance of 

various cations, anions and mixed type. 

Keywords: groundwater, chemical composition, monitoring, National Reserve 

ñKyiv-Pechersk Lavraò. 

 
ɺʩʪʫʧ. ʅʘ ʪʝʨʠʪʦʨʽʾ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʟʘʧʦʚʽʜʥʠʢʘ çʂʠʻʚʦ-

ʇʝʯʝʨʩʴʢʘ ʃʘʚʨʘè (ʅɿʂʇʃ) ʧʨʦʚʦʜʠʪʴʩʷ ʧʦʩʪʽʡʥʠʡ ʢʦʤʧʣʝʢʩʥʠʡ 

ʤʦʥʽʪʦʨʠʥʛ [1, 2] ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʧʘʤô̫ ʪʦʢ ʪʘ ʦʪʦʯʫʶʯʦʾ ʾʭ 

ʪʝʨʠʪʦʨʽʾ, ʦʙʦʚô̫ ʟʢʦʚʦʶ ʯʘʩʪʠʥʦʶ ʷʢʦʛʦ ʻ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʡ 

ʤʦʥʽʪʦʨʠʥʛ. ɺʽʥ ʚʢʣʶʯʘʻ ʧʝʨʽʦʜʠʯʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʨʽʚʥʽʚ 

ˇʨʫʥʪʦʚʠʭ ʚʦʜ, ʾʭ ʪʝʤʧʝʨʘʪʫʨʫ ʪʘ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ. ʊʘʢʠʡ 

ʤʦʥʽʪʦʨʠʥʛ ʚʝʜʝʪʴʩʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʟʘʧʦʚʽʜʥʠʢʘ 

çʉʦʬʽʷ ʂʠʾʚʩʴʢʘè [3], ʧʨʦʪʝ ʥʘ ʪʝʨʠʪʦʨʽʾ ʅɿʂʇʃ ʚʝʜʝʪʴʩʷ ʥʘ 

ʨʝʛʫʣʷʨʥʽʡ ʦʩʥʦʚʽ ʪʽʣʴʢʠ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʽʚ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚʦʜ, ʘ 

ʚʠʟʥʘʯʝʥʥʷ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʥʝ ʚʝʣʦʩʴ ʧʨʦʪʷʛʦʤ 

ʙʘʛʘʪʴʦʭ ʨʦʢʽʚ [4]. ʊʦʤʫ ʟʘʜʘʯʘ ʟ ʚʽʜʥʦʚʣʝʥʥʷ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ ʚ ʯʘʩʪʠʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʧʽʜʟʝʤʥʠʭ 

ʚʦʜ ʻ ʘʢʪʫʘʣʴʥʦʶ. 

ʄʝʪʘ ʨʦʙʦʪʠ: ʜʦʩʣʽʜʞʝʥʥʷ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ˇʨʫʥʪʦʚʠʭ ʚʦʜ 

ʪʝʨʠʪʦʨʽʾ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʟʘʧʦʚʽʜʥʠʢʘ çʂʠʻʚʦ-ʇʝʯʝʨʩʴʢʘ ʃʘʚʨʘè. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʟʨʘʟʢʽʚ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʟ 18 ʩʚʝʨʜʣʦʚʠʥ (ʩʚ.) ʥʘ 

ʪʝʨʠʪʦʨʽʾ ʅɿʂʇʃ (17 ʩʚ. ï ʚʦʜʠ ʯʝʪʚʝʨʪʠʥʥʦʛʦ ʪʘ 1 ʩʚ. ï 

ʭʘʨʢʽʚʩʴʢʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ). ʉʚ. ˉ 112 ʘʥʘʣʽʟʫʚʘʣʠ ʜʚʽʯʽ 

ï ʚ ʙʝʨʝʟʥʽ ʪʘ ʣʠʧʥʽ 2025 ʨ. ɺ ʚʦʜʘʭ ʨʷʜʫ ʩʚʝʨʜʣʦʚʠʥ ʟʘʬʽʢʩʦʚʘʥʦ 

ʧʝʨʝʚʠʱʝʥʥʷ ʩʘʥʽʪʘʨʥʠʭ ʥʦʨʤ [5]. ʈʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ 

ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʪʝʨʠʪʦʨʽʾ ʅɿʂʇʃ ʥʘʚʝʜʝʥʽ ʥʘ 

ʨʠʩ. 1. 

ʂʘʪʽʦʥʥʠʡ ʩʢʣʘʜ (ʨʠʩ. 1, ʘ). ʍʦʯʘ ʥʦʨʤʘʤʠ [5] ʥʝ ʚʩʪʘʥʦʚʣʝʥʦ 

ʛʨʘʥʠʯʥʫ ʜʦʧʫʩʪʠʤʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʤʘʢʨʦʢʘʪʽʦʥʽʚ ʟ ʜʞʝʨʝʣ ʪʘ 

ʩʚʝʨʜʣʦʚʠʥ, ʪʠʤ ʥʝ ʤʝʥʰʝ ʤʦʞʥʘ ʩʢʘʟʘʪʠ ʱʦ ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ 

ʚʦʜʘʭ ʨʷʜʫ ʩʚʝʨʜʣʦʚʠʥ ʻ ʚʠʩʦʢʠʤʠ ʪʘ ʜʘʣʝʢʦ ʟʘ ʤʝʞʘʤʠ 

ʬʽʟʽʦʣʦʛʽʯʥʦʾ ʧʦʚʥʦʮʽʥʥʦʩʪʽ ʤʽʥʝʨʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʧʠʪʥʦʾ ʚʦʜʠ: 

Na+ (> 200 ʤʛ/ʜʤ3) ï ʫ ʚʦʜʘʭ ʩʚ. 113, 257; Ca2+ (> 130 ʤʛ/ʜʤ3) ï ʫ 
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ʚʦʜʘʭ ʩʚ. 3, 8, 12, 14, 102, 105, 107, 108, 110, 111, 112ïa, b, 113, 

257; Mg2+ (> 80 ʤʛ/ʜʤ3) ï 103, 107, 112ïb. ʇʝʨʝʚʠʱʝʥʦ 

ʚʩʪʘʥʦʚʣʝʥʽ ʥʦʨʤʠ [5] ʟʘ ʚʤʽʩʪʦʤ NH4+ (> 2,6 ʤʛ/ʜʤ3) ʫ ʚʦʜʘʭ ʩʚ. 

2, 3 ʪʘ ʟ ʚʤʽʩʪʦʤ Feʟʘʛ. (> 1 ʤʛ/ʜʤ3) ï ʫ ʚʦʜʘʭ ʩʚ. 2, 3, 8, 12. 

ɸʥʽʦʥʥʠʡ ʩʢʣʘʜ (ʨʠʩ. 1, ʙ). ɿ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʟʥʘʯʝʥʥʷ ʭʽʤʽʯʥʦʛʦ 

ʩʢʣʘʜʫ ʚʦʜʠ ʚʠʜʥʦ, ʱʦ ʥʘʷʚʥʝ ʧʝʨʝʚʠʱʝʥʥʷ ʥʦʨʤ ʟʘ ʚʤʽʩʪʦʤ 

ʭʣʦʨʠʜʽʚ (Ó 350 ʤʛ/ʜʤ3) ʫ ʚʦʜʘʭ ʩʚ. 3, 14, 107; ʩʫʣʴʬʘʪʽʚ (Ó 350 

ʤʛ/ʜʤ3) ʫ ʚʦʜʽ ʩʚ. 113; ʥʽʪʨʘʪʽʚ (Ó 50 ʤʛ/ʜʤ3) ʫ ʚʦʜʘʭ ʩʚ. 2, 3 ,108, 

111; ʟʘʣʽʟʘ ʟʘʛʘʣʴʥʦʛʦ (Ó 1 ʤʛ/ʜʤ3) ï ʩʚ. 2, 3, 8, 12. ɺʤʽʩʪ 

ʛʽʜʨʦʢʘʨʙʦʥʘʪʽʚ ʫ ʚʦʜʘʭ ʻ ʪʠʧʦʚʠʤ ʜʣʷ ʧʝʨʰʦʛʦ ʚʽʜ ʧʦʚʝʨʭʥʽ 

ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ ʤ. ʂʠʻʚʘ. ʇʝʨʝʚʠʱʝʥʦ ʚʩʪʘʥʦʚʣʝʥʽ ʥʦʨʤʠ 

ʟʘ ʚʤʽʩʪʦʤ NO3- ʫ ʚʦʜʘʭ ʩʚ. 2, 3, 108, 111. 

 

 

 
ʈʠʩ. 1. ʂʦʥʮʝʥʪʨʘʮʽʾ ʤʘʢʨʦʢʘʪʽʦʥʽʚ (ʘ) ʪʘ ʤʘʢʨʦʘʥʽʦʥʽʚ (ʙ) ʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜʘʭ 

ʪʝʨʠʪʦʨʽʾ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʟʘʧʦʚʽʜʥʠʢʘ çʂʠʻʚʦ-ʇʝʯʝʨʩʴʢʘ ʃʘʚʨʘè 
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ɿʘʛʘʣʴʥʘ ʤʽʥʝʨʘʣʽʟʘʮʽʷ (ʨʠʩ. 2, ʘ) ʫ ʚʦʜʘʭ 13-ʪʠ ʟ 18-ʪʠ 

ʩʚʝʨʜʣʦʚʠʥ ʧʝʨʝʚʠʱʫʻ ʥʦʨʤʫ 1 ʛ/ʜʤ3 [5]: ʧʨʽʩʥʠʤʠ (ʜʦ 1 ʛ/ʜʤ3) ʻ 

ʚʦʜʠ ʩʚ. 2, 8, 12, 101, 403; ʫʤʦʚʥʦ ʧʨʽʩʥʠʤʠ (ʜʦ 1,5 ʛ/ʜʤ3) ï ʚʦʜʠ 

ʩʚ. 3, 102, 103, 104, 110, 111, 112-a,b; ʩʦʣʦʥʫʚʘʪʠʤʠ (> 1,5 ʛ/ʜʤ3) ï 

ʚʦʜʠ ʩʚ. 14, 105, 107, 108, 113, 257. 

ɺʝʣʠʯʠʥʠ ʨʅ (ʨʠʩ. 2, ʙ) ʧʨʘʢʪʠʯʥʦ ʚ ʫʩʽʭ ʟʨʘʟʢʘʭ ʚʦʜ ʟʽ 

ʩʧʦʩʪʝʨʝʞʥʠʭ ʩʚʝʨʜʣʦʚʠʥ ʅɿʂʇʃ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ ʥʦʨʤʠ 

(6,5ï8,5 ʦʜ.), ʚʠʢʣʶʯʝʥʥʷ ʩʢʣʘʜʘʶʪʴ ʣʠʰʝ ʜʚʘ ʟʨʘʟʢʠ ʚʦʜ ʟʽ ʩʚ. 2 

ʪʘ 3 ʚ ʷʢʠʭ ʚʝʣʠʯʠʥʠ pH = 6,47 ʪʘ 6,36 ʚʽʜʧʦʚʽʜʥʦ, ʧʨʦʪʝ ʪʘʢʽ 

ʟʥʘʯʝʥʥʷ ʻ ʜʫʞʝ ʙʣʠʟʴʢʠʤʠ ʜʦ ʥʠʞʥʴʦʾ ʤʝʞʽ ʥʦʨʤʠ [5]. 

ɿʘʛʘʣʦʤ, ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʣʠʰʝ ʫ ʚʦʜʘʭ ʩʚ. 101 ʪʘ 403 ʥʝ 

ʟʘʬʽʢʩʦʚʘʥʦ ʧʝʨʝʚʠʱʝʥʥʷ ʥʦʨʤ ʟʘ ʞʦʜʥʠʤ ʟ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ 

ʚʦʜʠ [5]. 
 

 

 
ʈʠʩ. 2. ɿʘʛʘʣʴʥʘ ʤʽʥʝʨʘʣʽʟʘʮʽʷ (ʘ) ʪʘ ʚʝʣʠʯʠʥʘ pH (ʙ) ʫ ʚʦʜʘʭ ʩʚʝʨʜʣʦʚʠʥ 

ʪʝʨʠʪʦʨʽʾ ʅɿʂʇʃ 
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ɻʽʜʨʦʭʽʤʽʯʥʠʡ ʪʠʧ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʪʝʨʠʪʦʨʽʾ ʅɿʂʇʃ ʚʠʟʥʘʯʘʣʠ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʽʘʛʨʘʤʠ ʇʘʡʧʝʨʘ (ʨʠʩ. 3). ʅʝ ʟʚʘʞʘʶʯʠ ʥʘ 

ʥʝʚʝʣʠʢʫ ʟʘ ʧʣʦʱʝʶ ʪʝʨʠʪʦʨʽʶ, ʧʽʜʟʝʤʥʽ ʚʦʜʠ ʥʘ ʥʽʡ ʤʘʶʪʴ 

ʨʽʟʥʦʤʘʥʽʪʥʠʡ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ. ʅʘʡʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʟʨʘʟʢʽʚ ʚʦʜ 

ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʛʽʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʢʘʣʴʮʽʻʚʦʛʦ ʪʠʧʫ ï ʩʚ. 8, 12, 101, 

102, 111, 112ïʘ (ʫ ʚʝʩʥʷʥʠʡ ʧʝʨʽʦʜ). ɺʦʜʠ ʟʽ ʩʚ. 2, 3 ï ʭʣʦʨʠʜʥʦ-

ʢʘʣʴʮʽʻʚʽ. ɿʤʽʰʘʥʦʛʦ ʢʘʪʽʦʥʥʦ-ʘʥʽʦʥʥʦʛʦ ʩʢʣʘʜʫ ʻ ʚʦʜʠ ʩʚ. 103 ʪʘ 

112ïb (ʚ ʣʽʪʥʽʡ ʧʝʨʽʦʜ). ɿʤʽʰʘʥʠʤʠ ʟʘ ʘʥʽʦʥʥʠʤ ʩʢʣʘʜʦʤ, ʧʨʦʪʝ ʟ 

ʜʦʤʽʥʫʶʯʠʤ ʢʘʪʽʦʥʦʤ: Ca2+ ï ʚʦʜʠ ʩʚ. 105, 108, 110, 403; Mg2+ ï 

ʚʦʜʘ ʫ ʩʚ. 107. ɿʤʽʰʘʥʽ ʟʘ ʢʘʪʽʦʥʥʠʤ ʩʢʣʘʜʦʤ, ʘʣʝ ʟ ʜʦʤʽʥʫʶʯʠʤ 

ʘʥʽʦʥʦʤ: HCO3- ï ʚʦʜʠ ʩʚ. 104, 257; SO42- ï ʚʦʜʘ ʫ ʩʚ. 113. 

 

 
ʈʠʩ. 3. ɼʽʘʛʨʘʤʘ ʇʘʡʧʝʨʘ ʜʣʷ ʪʠʧʽʟʘʮʽʾ ˇʨʫʥʪʦʚʠʭ ʚʦʜ ʪʝʨʠʪʦʨʽʾ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʟʘʧʦʚʽʜʥʠʢʘ çʂʠʻʚʦ-ʇʝʯʝʨʩʴʢʘ ʃʘʚʨʘè 

 

ʂʦʥʮʝʥʪʨʘʮʽʾ ʜʝʷʢʠʭ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ï Feʟʘʛ. (Fe2+ + Fe3+) ʪʘ Pb 

(ʨʠʩ. 4) ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʫ ʚʦʜʘʭ ʩʚʝʨʜʣʦʚʠʥ ʪʝʨʠʪʦʨʽʾ ʅɿʂʇʃ. 

ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʛʘʣʴʥʦʛʦ ʟʘʣʽʟʘ (ʨʠʩ. 4, 

ʘ) ʫ ʙʽʣʴʰʦʩʪʽ ʩʚʝʨʜʣʦʚʠʥ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʥʦʨʤʠ (1 ʤʛ/ʜʤ3), 

ʘʣʝ ʫ ʚʦʜʘʭ ʜʝʷʢʠʭ ʩʚʝʨʜʣʦʚʠʥ (8, 12) ʟʘʬʽʢʩʦʚʘʥʦ ʥʝʟʥʘʯʥʝ 

ʧʝʨʝʚʠʱʝʥʥʷ ʥʦʨʤʠ (1,05 ʪʘ 1,22 ʤʛ/ʜʤ3 ʚʽʜʧʦʚʽʜʥʦ), ʙʽʣʴʰ ʥʽʞ 

ʚʪʨʠʯʽ ʧʝʨʝʚʠʱʝʥʥʷ ʥʦʨʤʠ ʫ ʩʚ. 3 (3,57 ʤʛ/ʜʤ3) ʪʘ ʙʽʣʴʰ ʥʽʞ ʚ 30 
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ʨʘʟʽʚ ʫ ʩʚ. 2 (33,74 ʤʛ/ʜʤ3). ɺʠʩʦʢʠʡ ʚʤʽʩʪ Feʟʘʛ. ʚ ʩʧʦʩʪʝʨʝʞʥʠʭ 

ʩʚʝʨʜʣʦʚʠʥʘʭ ʡʤʦʚʽʨʥʦ ʧʦʚô̫ ʟʘʥʠʡ ʟ ʥʘʢʦʧʠʯʝʥʥʷʤ ʧʨʦʜʫʢʪʽʚ 

ʢʦʨʦʟʽʾ ʩʪʘʣʝʚʠʭ ʦʙʩʘʜʥʠʭ ʪʨʫʙ, ʦʩʢʽʣʴʢʠ ʚ ʩʚʝʨʜʣʦʚʠʥʘʭ ʟ 

ʧʣʘʩʪʠʢʦʚʠʤʠ ʦʙʩʘʜʥʠʤʠ ʪʨʫʙʘʤʠ ʚʤʽʩʪ ʟʘʣʽʟʘ ʚ ʤʝʞʘʭ ʥʦʨʤʠ.  

ʂʦʥʮʝʥʪʨʘʮʽʷ Pb (ʨʠʩ. 4, ʙ) ʧʝʨʝʚʠʱʫʻ ʥʦʨʤʫ (0,01 ʤʛ/ʜʤ3) ʫ 

ʚʦʜʘʭ ʫʩʽʭ ʩʚʝʨʜʣʦʚʠʥ, ʟʘ ʚʠʥʷʪʢʦʤ ʩʚ. 113. ʋ ʚʦʜʘʭ  ʩʚ. 3, 14, 103, 

108 ʟʘʬʽʢʩʦʚʘʥʝ ʧʝʨʝʚʠʱʝʥʥʷ ʥʦʨʤʠ ʫ 4ï5 ʨʘʟ, ʫ ʽʥʰʠʭ ʚʦʜʘʭ ʩʚ. 

2, 8, 12, 101, 102, 104, 105, 107, 110, 111, 112-b, 403 ï ʚ 2ï3 ʨʘʟʠ ʪʘ 

ʥʝʟʥʘʯʥʝ ʧʝʨʝʚʠʱʝʥʥʷ ʜʦ 2 ʨʘʟ ʫ ʚʦʜʘʭ ʩʚ. 112ïʘ, 257. 

 

  
ʈʠʩ. 4. ʂʦʥʮʝʥʪʨʘʮʽʾ Feʟʘʛ. (ʘ) ʪʘ Pb (ʙ) ʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜʘʭ ʪʝʨʠʪʦʨʽʾ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʟʘʧʦʚʽʜʥʠʢʘ çʂʠʻʚʦ-ʇʝʯʝʨʩʴʢʘ ʃʘʚʨʘè 

 

ɺʠʩʥʦʚʢʠ.  

1. ʇʝʨʝʚʠʱʝʥʥʷ ʥʦʨʤ ʟʘ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ Cl-, NO3-, SO42-, Feʟʘʛ., 

Pb, ʟʘʛʘʣʴʥʦʾ ʤʽʥʝʨʘʣʽʟʘʮʽʾ, ʘ ʪʘʢʦʞ ʨʝʢʦʤʝʥʜʦʚʘʥʠʭ ʤʝʞ 

ʬʽʟʽʦʣʦʛʽʯʥʦʾ ʧʦʚʥʦʮʽʥʥʦʩʪʽ ʤʽʥʝʨʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʟʘ Na+, Ca2+, 

Mg2+ ʟʘʬʽʢʩʦʚʘʥʦ ʫ ʚʩʽʭ ʩʚʝʨʜʣʦʚʠʥʘʭ ʪʝʨʠʪʦʨʽʾ ɿʘʧʦʚʽʜʥʠʢʘ, ʟʘ 

ʚʠʥʷʪʢʦʤ ʩʚ. 101, ʚʦʜʘ ʚ ʷʢʽʡ ʚʽʜʧʦʚʽʜʘʻ ʧʦʢʘʟʥʠʢʘʤ ʷʢʦʩʪʽ. 

2. ɺʝʣʠʯʠʥʠ pH ʫ ʚʦʜʘʭ ʩʚʝʨʜʣʦʚʠʥ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʤʝʞʘʭ 

ʥʦʨʤʠ ʫ ʚʦʜʘʭ ʙʽʣʴʰʦʩʪʽ ʩʚʝʨʜʣʦʚʠʥ, ʦʢʨʽʤ ʩʚ. 2 ʪʘ 3 ʚ ʷʢʠʭ ʚʦʥʘ 

ʻ ʙʣʠʟʴʢʦʶ ʜʦ ʥʠʞʥʴʦʾ ʤʝʞʽ ʥʦʨʤʠ. 

3. ɿʘ ʟʘʛʘʣʴʥʦʶ ʤʽʥʝʨʘʣʽʟʘʮʽʻʶ ʜʦʩʣʽʜʞʫʚʘʥʽ ʚʦʜʠ ʻ: ʧʨʽʩʥʠʤʠ 

(ʩʚ. 2, 8, 12, 101, 403), ʫʤʦʚʥʦ ʧʨʽʩʥʠʤʠ (ʩʚ. 3, 102, 103, 104, 110, 

111, 112-a, 112-b) ʪʘ ʩʦʣʦʥʫʚʘʪʠʤʠ (ʩʚ. 14, 105, 107, 108, 113, 257). 

4. ɻʽʜʨʦʭʽʤʽʯʥʠʡ ʪʠʧ ʚʦʜ ʩʚʝʨʜʣʦʚʠʥ ʻ ʥʘʜʟʚʠʯʘʡʥʦ 

ʨʽʟʥʦʤʘʥʽʪʥʠʤ ʷʢ ʜʣʷ ʪʘʢʦʾ ʤʘʣʦʾ ʟʘ ʧʣʦʱʝʶ ʪʝʨʠʪʦʨʽʾ, ʟʦʢʨʝʤʘ 

ʥʘʷʚʥʽ ʚʦʜʠ ʛʽʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʢʘʣʴʮʽʻʚʦʛʦ ʪʠʧʫ (ʩʚ. 8, 12, 101, 102, 

111, 112-ʘ), ʭʣʦʨʠʜʥʦ-ʢʘʣʴʮʽʻʚʽ (ʩʚ. 2, 3), ʟʤʽʰʘʥʽ ʟʘ ʢʘʪʽʦʥʥʦ-

ʘʥʽʦʥʥʠʤ ʩʢʣʘʜʦʤ (ʩʚ. 103, 112ïb), ʟʤʽʰʘʥʽ ʟʘ ʘʥʽʦʥʥʠʤ ʩʢʣʘʜʦʤ 
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ʟ ʜʦʤʽʥʫʚʘʥʥʷʤ ʢʘʣʴʮʽʶ (ʩʚ. 105, 108) ʪʘ ʤʘʛʥʽʶ (ʩʚ. 107), ʟʤʽʰʘʥʽ 

ʟʘ ʢʘʪʽʦʥʥʠʤ ʩʢʣʘʜʦʤ ʟ ʜʦʤʽʥʫʚʘʥʥʷʤ ʛʽʜʨʦʢʘʨʙʦʥʘʪ-̔ ʦʥʽʚ (ʩʚ. 

104, 257) ʽ ʩʫʣʴʬʘʪ ʽʦʥʽʚ (ʩʚ. 113). 

5. ɿʘʬʽʢʩʦʚʘʥʦ ʤʽʥʽʤʘʣʴʥʽ ʧʝʨʝʚʠʱʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ Feʟʘʛ. ʫ 

ʩʚ. 8 ʪʘ 12, ʘʥʦʤʘʣʴʥʦ ʚʠʩʦʢʽ ʫ ʩʚ. 2, 3. ʂʦʥʮʝʥʪʨʘʮʽʷ Pb 

ʧʝʨʝʚʠʱʫʻ ʥʦʨʤʫ ʫ ʚʦʜʘʭ ʫʩʽʭ ʩʚʝʨʜʣʦʚʠʥ, ʟʘ ʚʠʥʷʪʢʦʤ ʩʚ. 113. 

6. ʈʽʟʥʦʤʘʥʽʪʥʠʡ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʥʘ ʚʽʜʥʦʩʥʦ 

ʥʝʚʝʣʠʢʽʡ ʪʝʨʠʪʦʨʽʾ ʧʦʧʝʨʝʜʥʴʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ 

ʘʥʦʤʘʣʴʥʠʭ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʫʤʦʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʷʢʽʩʪʴ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʥʘ ʪʝʨʠʪʦʨʽʾ ʅɿʂʇʃ ʥʝ 

ʚʽʜʧʦʚʽʜʘʻ ʥʦʨʤʘʤ, ʟʫʤʦʚʣʶʻʪʴʩʷ ʷʢ ʧʨʠʨʦʜʥʠʤʠ ʪʘʢ ʽ 

ʪʝʭʥʦʛʝʥʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʧʦʜʘʣʴʰʦʛʦ ʚʠʚʯʝʥʥʷ 

ʪʘ ʫʪʦʯʥʝʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʦʨʛʘʥʽʟʫʚʘʪʠ ʧʦʩʪʽʡʥʠʡ 

ʛʽʜʨʦʛʝʦʭʽʤʽʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʥʘ ʪʝʨʠʪʦʨʽʾ ʮʽʻʾ ʽʩʪʦʨʠʯʥʦ-

ʢʫʣʴʪʫʨʥʦʾ ʧʘʤô̫ ʪʢʠ.  
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ʋ ʤʝʞʘʭ ʉʫʱʘʥʦ-ʇʝʨʞʘʥʩʴʢʦʾ ʟʦʥʠ ʚʠʷʚʣʝʥʦ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ 

ʨʫʜʦʧʨʦʷʚʽʚ, ʩʝʨʝʜ ʷʢʠʭ ʦʩʦʙʣʠʚʠʡ ʽʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪʴ 

ʦʣʦʚʦʨʫʜʥʽ ʦʙô̒ ʢʪʠ. ʆʩʥʦʚʥʠʤʠ ʦʙô̒ ʢʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʣʠ 

ʨʦʟʩʠʧʠ ʮʠʨʢʦʥ-ʢʦʣʫʤʙʽʪ-ʢʘʩʠʪʝʨʠʪʦʚʦʛʦ ʩʢʣʘʜʫ, ʧʨʠʫʨʦʯʝʥʽ ʜʦ 

ʩʝʨʝʜʥʴʦʾ ʯʘʩʪʠʥʠ ʉʫʱʘʥʦ-ʇʝʨʞʘʥʩʴʢʦʾ ʟʦʥʠ. ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʘʥʦ ʛʝʦʣʦʛʽʯʥʽ ʢʘʨʪʠ ʤʘʩʰʪʘʙʫ 1:50000, 

ʛʝʦʣʦʛʽʯʥʽ ʨʦʟʨʽʟʠ, ʜʘʥʽ ʦʧʨʦʙʫʚʘʥʥʷ ʢʝʨʥʫ ʩʚʝʨʜʣʦʚʠʥ, 

ʨʝʟʫʣʴʪʘʪʠ ʤʽʥʝʨʘʣʦʛʽʯʥʠʭ ʪʘ ʛʝʦʭʽʤʽʯʥʠʭ ʘʥʘʣʽʟʽʚ, ʘ ʪʘʢʦʞ 

ʤʘʪʝʨʽʘʣʠ ʛʝʦʬʽʟʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʝʨʠʪʦʨʽʾ. ʆʩʦʙʣʠʚʘ ʫʚʘʛʘ 

ʧʨʠʜʽʣʷʣʘʩʴ ʚʠʚʯʝʥʥʶ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʨʽʟʥʠʭ ʪʠʧʽʚ 

ʦʣʦʚʦʨʫʜʥʦʾ ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʪʘ ʾʭ ʚʟʘʻʤʦʟʚô̫ ʟʢʫ ʟ ʛʝʦʣʦʛʽʯʥʠʤʠ 

ʩʪʨʫʢʪʫʨʘʤʠ ʪʝʨʠʪʦʨʽʾ. ɼʣʷ ʪʨʠʚʠʤʽʨʥʦʾ ʚʽʟʫʘʣʽʟʘʮʽʾ ʟʘʩʪʦʩʦʚʘʥʦ 

ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʛʽʨʥʠʯʦ-ʛʝʦʣʦʛʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ 

Micromine, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʧʦʚʥʠʡ ʮʠʢʣ ʨʦʙʽʪ ʚʽʜ ʚʚʝʜʝʥʥʷ 

ʧʝʨʚʠʥʥʠʭ ʜʘʥʠʭ ʜʦ ʩʪʚʦʨʝʥʥʷ ʪʨʠʚʠʤʽʨʥʠʭ ʤʦʜʝʣʝʡ ʨʦʜʦʚʠʱ ʪʘ 

ʧʽʜʨʘʭʫʥʢʫ ʟʘʧʘʩʽʚ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ. ɼʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚʘʨʽʘʮʽʾ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʤʝʪʘʣʫ ʚ ʪʨʠʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ ʧʦʙʫʜʦʚʘʥʦ ʛʨʘʬʽʢ 

ʨʦʟʧʦʜʽʣʫ ʚʤʽʩʪʫ ʦʣʦʚʘ ʧʦ ʩʚʝʨʜʣʦʚʠʥʘʭ (ʨʠʩ. 1).  

 
ʈʠʩ. 1. ʊʨʠʚʠʤʽʨʥʘ ʚʽʟʫʘʣʽʟʘʮʽʷ ʚʘʨʽʘʮʽʡ ʚʤʽʩʪʫ ʦʣʦʚʘ ʧʦ ʨʦʟʚʽʜʫʚʘʣʴʥʠʭ 

ʩʚʝʨʜʣʦʚʠʥʘʭ ʟ ʚʠʜʽʣʝʥʥʷʤ ʽʥʪʝʨʚʘʣʽʚ ʧʨʦʤʠʩʣʦʚʦʾ ʤʽʥʝʨʘʣʽʟʘʮʽʾ 

 

ʉʠʥʽʤ ʢʦʣʴʦʨʦʤ ʧʦʢʘʟʘʥʦ ʪʨʘʻʢʪʦʨʽʾ ʩʚʝʨʜʣʦʚʠʥ, ʯʝʨʚʦʥʠʤʠ 

ʧʨʷʤʦʢʫʪʥʠʢʘʤʠ ï ̔ ʥʪʝʨʚʘʣʠ ʟ ʧʨʦʤʠʩʣʦʚʠʤ ʚʤʽʩʪʦʤ ʦʣʦʚʘ, ʘ 

ʟʝʣʝʥʠʤ ï ̔ʥʪʝʨʚʘʣʠ ʟ ʥʝʧʨʦʤʠʩʣʦʚʦʶ ʤʽʥʝʨʘʣʽʟʘʮʽʻʶ. ɿô̫ ʩʦʚʘʥʦ, 

ʱʦ ʥʘʡʙʽʣʴʰ ʙʘʛʘʪʽ ʨʫʜʠ ʣʦʢʘʣʽʟʫʶʪʴʩʷ ʥʘ ʛʣʠʙʠʥʘʭ 60ï120 ʤ, 

ʬʦʨʤʫʶʯʠ ʚʽʜʥʦʩʥʦ ʚʠʪʨʠʤʘʥʽ ʟʘ ʧʨʦʩʪʷʛʘʥʥʷʤ ʨʫʜʥʽ ʪʽʣʘ. ɺ 

ʤʝʞʘʭ ʦʢʨʝʤʠʭ ʩʚʝʨʜʣʦʚʠʥ ʥʘʷʚʥʽ ʜʦ 3ï4 ʨʫʜʥʠʭ ʧʝʨʝʪʠʥʽʚ, ʱʦ 
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ʩʚʽʜʯʠʪʴ ʧʨʦ ʩʢʣʘʜʥʫ ʤʦʨʬʦʣʦʛʽʶ ʨʫʜʥʠʭ ʪʽʣ. ʊʨʠʚʠʤʽʨʥʘ ʤʦʜʝʣʴ 

ʨʦʟʧʦʜʽʣʫ SOLIDïʚʤʽʩʪʫ ʦʣʦʚʘ (ʨʠʩ. 2) ʜʝʤʦʥʩʪʨʫʻ ʧʨʦʩʪʦʨʦʚʫ 

ʟʤʽʥʫ ʢʦʥʮʝʥʪʨʘʮʽʡ ʤʝʪʘʣʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʦʣʴʦʨʦʚʦʾ ʰʢʘʣʠ, ʜʝ 

ʯʝʨʚʦʥʽ ʚʽʜʪʽʥʢʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʩʦʢʠʤ ʢʦʥʮʝʥʪʨʘʮʽʷʤ (> 0,2 %), 

ʘ ʟʝʣʝʥʽ ï ʥʠʟʴʢʠʤ (< 0,1 %), ʜʦʟʚʦʣʠʣʦ ʚʠʷʚʠʪʠ ʦʩʥʦʚʥʽ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʟʨʫʜʝʥʽʥʥʷ. ʏʽʪʢʦ ʧʨʦʩʪʝʞʫʻʪʴʩʷ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʙʘʛʘʪʠʭ ʨʫʜ ʫ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʨʦʜʦʚʠʱʘ, ʜʝ 

ʬʦʨʤʫʶʪʴʩʷ ʣʽʥʟʦʧʦʜʽʙʥʽ ʪʘ ʧʣʘʩʪʦʧʦʜʽʙʥʽ ʪʽʣʘ ʧʦʪʫʞʥʽʩʪʶ 2ï

8 ʤ. ʅʘ ʬʣʘʥʛʘʭ ʨʦʜʦʚʠʱʘ ʧʨʠʩʫʪʥʻ ʧʦʩʪʫʧʦʚʝ ʟʥʠʞʝʥʥʷ ʚʤʽʩʪʫ 

ʦʣʦʚʘ (ʧʝʨʝʭʜ̔ ʚʽʜ ʯʝʨʚʦʥʠʭ ʜʦ ʟʝʣʝʥʠʭ ʢʦʣʴʦʨʽʚ). ʅʘ ʤʦʜʝʣʽ 

ʥʘʷʚʥʽ ʜʝʢʽʣʴʢʘ ʩʫʙʚʝʨʪʠʢʘʣʴʥʠʭ ʟʦʥ ʟʙʘʛʘʯʝʥʥʷ, ʷʢʽ, ʡʤʦʚʽʨʥʦ, 

ʢʦʥʪʨʦʣʶʶʪʴʩʷ ʨʦʟʨʠʚʥʠʤʠ ʧʦʨʫʰʝʥʥʷʤʠ [1]. 

 
ʈʠʩ. 2. SOLID-ʤʦʜʝʣʴ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʢʦʥʮʝʥʪʨʘʮʽʡ ʦʣʦʚʘ ʚ ʤʝʞʘʭ 

ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʛʦʨʠʟʦʥʪʫ ʇʝʨʞʘʥʩʴʢʦʛʦ ʨʦʟʩʠʧʥʦʛʦ ʨʦʜʦʚʠʱʘ 

 

ʂʦʤʧʣʝʢʩʥʠʡ ʘʥʘʣʽʟ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʜʘʥʠʭ ʧʦ 

ʩʚʝʨʜʣʦʚʠʥʘʭ ʜʦʟʚʦʣʠʚ ʚʩʪʘʥʦʚʠʪʠ, ʱʦ ʦʣʦʚʦʥʦʩʥʘ ʤʽʥʝʨʘʣʽʟʘʮʽʷ 

ʤʘʻ ʯʽʪʢʦ ʚʠʨʘʞʝʥʠʡ ʩʪʨʫʢʪʫʨʥʠʡ ʢʦʥʪʨʦʣʴ. ʆʩʥʦʚʥʽ ʨʫʜʥʽ ʪʽʣʘ 

ʬʦʨʤʫʶʪʴ ʩʝʨʽʶ ʢʫʣʽʩʦʧʦʜʽʙʥʠʭ ʣʽʥʟ, ʷʢʽ ʢʦʥʪʨʦʣʶʶʪʴʩʷ ʷʢ 

ʣʽʪʦʣʦʛʽʯʥʠʤʠ ʬʘʢʪʦʨʘʤʠ (ʧʨʠʫʨʦʯʝʥʽʩʪʴ ʜʦ ʧʝʚʥʠʭ ʛʦʨʠʟʦʥʪʽʚ), 

ʪʘʢ ʽ ʪʝʢʪʦʥʽʯʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ (ʟʦʥʠ ʨʦʟʣʦʤʽʚ). ʊʘʢʘ 

ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʻ ʚʘʞʣʠʚʦʶ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʨʦʜʦʚʠʱʘ ʪʘ ʦʮʽʥʢʠ ʡʦʛʦ ʟʘʧʘʩʽʚ. 

 
ʇʝʨʝʣʽʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ 
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The features of the geological structure and ore-bearing capacity of the Fedorivske 

apatite-titanomagnetite-ilmenite deposit are briefly described. The results of the study 

of the spatial distribution of the thickness of the weathering crust and the average 

content of apatite and ilmenite in it are presented. A map of the thickness of the 

overburden rocks is constructed. 

Keywords: Fedorivske deposit, weathering crust, thickness, ilmenite, apatite, 

overburden rocks. 

 
ɺʩʪʫʧ. 14 ʣʶʪʦʛʦ 2023 ʨʦʢʫ ʂʘʙʤʽʥ ʟʘʪʚʝʨʜʠʚ ʇʦʩʪʘʥʦʚʫ ʽʟ 

ʧʝʨʝʣʽʢʦʤ ʜʽʣʷʥʦʢ ʥʘʜʨ, ʷʢʽ ʤʘʶʪʴ ʩʪʨʘʪʝʛʽʯʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ 

ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʝʢʦʥʦʤʽʢʠ ʪʘ ʦʙʦʨʦʥʦʟʜʘʪʥʦʩʪʽ ʜʝʨʞʘʚʠ. ʉʝʨʝʜ 

ʧʝʨʝʣʽʢʫ ʨʦʜʦʚʠʱ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʻ ʌʝʜʦʨʽʚʩʴʢʝ ʘʧʘʪʠʪ-

ʪʠʪʘʥʦʤʘʛʥʝʪʠʪ-̔ ʣʴʤʝʥʽʪʦʚʝ ʨʦʜʦʚʠʱʝ, ʷʢʝ ʤʽʩʪʠʪʴ ʧʦʢʣʘʜʠ 

ʪʠʪʘʥʦʚʠʭ ʨʫʜ, ʘ ʪʘʢʦʞ ʘʧʘʪʠʪʫ ʽ ʚʘʥʘʜʽʶ. ʌʝʜʦʨʽʚʩʴʢʝ ʨʦʜʦʚʠʱʝ 
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ʻ ʦʜʥʠʤ ʟ ʥʘʡʮʽʥʥʽʰʠʭ ʦʙô̒ ʢʪʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʚʘʥʘʜʽʡ [3]. ʎʝ ʪʠʧʦʚʝ 

ʤʘʛʤʘʪʦʛʝʥʥʝ ʨʦʜʦʚʠʱʝ ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʨʫʜʦʥʦʩʥʦʶ ʢʦʨʦʶ 

ʚʠʚʽʪʨʶʚʘʥʥʷ, ʜʝ ʚʤʽʩʪ ʪʠʪʘʥʦʚʠʭ ʤʽʥʝʨʘʣʽʚ ʽ ʘʧʘʪʠʪʫ ʜʦʩʷʛʘʻ 

ʧʨʦʤʠʩʣʦʚʠʭ ʟʥʘʯʝʥʴ. ʋ ʟʚô̫ ʟʢʫ ʟ ʮʠʤ ʜʦʩʣʽʜʞʝʥʥʷ ʨʫʜʦʥʦʩʥʦʩʪʽ 

ʮʴʦʛʦ ʨʦʜʦʚʠʱʘ ʽ ʢʦʨʠ ʚʠʚʽʪʨʶʚʘʥʥʷ ʟʦʢʨʝʤʘ ʻ ʘʢʪʫʘʣʴʥʠʤ.  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. ʌʝʜʦʨʽʚʩʴʢʝ ʘʧʘʪʠʪ-ʪʠʪʘʥʦʤʘʛʥʝʪʠʪ-

ʽʣʴʤʝʥʽʪʦʚʝ ʨʦʜʦʚʠʱʝ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʧʽʚʜʝʥʥʽʡ ʯʘʩʪʠʥʽ 

ɺʦʣʦʜʘʨʩʴʢʦ-ɺʦʣʠʥʩʴʢʦʛʦ ʤʘʩʠʚʫ ʦʩʥʦʚʥʠʭ ʧʦʨʽʜ 

ʂʦʨʦʩʪʝʥʩʴʢʦʛʦ ʧʣʫʪʦʥʫ. ʈʦʜʦʚʠʱʝ ʧʨʦʩʪʷʛʘʻʪʴʩʷ ʟ ʧʽʚʜʝʥʥʦʛʦ 

ʟʘʭʦʜʫ ʥʘ ʧʽʚʥʽʯʥʠʡ ʩʭʽʜ. ɺ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ 

ʨʦʜʦʚʠʱʝ ʨʦʟʪʘʰʦʚʘʥʝ ʚ ɾʠʪʦʤʠʨʩʴʢʦʤʫ ʨʘʡʦʥʽ ɾʠʪʦʤʠʨʩʴʢʦʾ 

ʦʙʣʘʩʪʽ, ʤʽʞ ʩʝʣʘʤʠ ʉʪʠʨʪʠ ʪʘ ʌʝʜʦʨʽʚʢʘ, ʧʦʙʣʠʟʫ 

ʆʯʝʨʝʪʷʥʩʴʢʦʛʦ ʨʦʟʩʠʧʫ. ʈʫʜʦʥʦʩʥʽʩʪʴ ʨʦʜʦʚʠʱʘ ʧʦʚô̫ ʟʘʥʘ ʟ 

ʧʦʨʦʜʘʤʠ ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʬʫʥʜʘʤʝʥʪʫ ʪʘ ʾʭʥʴʦʶ ʢʦʨʦʶ 

ʚʠʚʽʪʨʶʚʘʥʥʷ, ʪʦʤʫ ʨʦʟʨʽʟʥʷʶʪʴ ʢʦʨʽʥʥʝ ʪʘ ʝʢʟʦʛʝʥʥʝ 

ʌʝʜʦʨʽʚʩʴʢʝ ʨʦʜʦʚʠʱʝ. ʋ ʙʫʜʦʚʽ ʢʦʨʽʥʥʦʛʦ ʌʝʜʦʨʽʚʩʴʢʦʛʦ 

ʨʦʜʦʚʠʱʘ ʟʘʜʽʷʥʽ ʪʽʣʘ ʛʘʙʨʦ ʟ ʣʽʥʟʘʤʠ ʛʘʙʨʦ-ʧʝʨʠʜʦʪʠʪʽʚ, ʷʢʽ 

ʟʘʣʷʛʘʶʪʴ ʩʝʨʝʜ ʤʘʩʠʚʫ ʛʘʙʨʦ-ʘʥʦʨʪʦʟʠʪʽʚ. ʈʦʜʦʚʠʱʝ 

ʣʦʢʘʣʽʟʦʚʘʥʝ ʫ ʌʝʜʦʨʽʚʩʴʢʽʡ ʰʘʨʫʚʘʪʽʡ ʽʥʪʨʫʟʽʾ [1, 4, 5]. 

ɻʘʙʨʦʾʜʥʘ ʽʥʪʨʫʟʽʷ ʫ ʬʦʨʤʽ ʞʦʣʦʙʘ ʥʘ ʧʣʘʥʽ ʤʘʻ ʰʠʨʠʥʫ 240ï450 

ʤ ʪʘ ʜʦʚʞʠʥʫ 3,5 ʢʤ ʫ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʦʤʫ ʥʘʧʨʷʤʢʫ ʟ ʨʫʜʦʥʦʩʥʠʤ 

ʛʘʙʨʦ, ʷʢʝ ʟʘʣʷʛʘʻ ʥʘ ʛʣʠʙʠʥʽ ʜʦ 322 ʤ [3]. ʆʩʥʦʚʥʠʤʠ 

ʨʽʟʥʦʚʠʜʘʤʠ ʨʫʜʦʥʦʩʥʠʭ ʧʦʨʽʜ ʨʦʜʦʚʠʱʘ ʻ ʣʝʡʢʦ-, ʤʝʟʦ- ̔  

ʤʝʣʘʥʦʢʨʘʪʦʚʝ ʛʘʙʨʦ, ʷʢʽ ʨʦʟʰʘʨʦʚʘʥʽ ʥʘ ʪʨʠ ʰʘʨʠ (ʛʦʨʠʟʦʥʪʠ). 

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʽ ʤʝʟʦʢʨʘʪʦʚʽ ʛʘʙʨʦ, ʤʝʥʰʝ ï ʤʝʣʘʥʦʢʨʘʪʦʚʽ ʽ 

ʥʘʡʤʝʥʰ ʧʦʰʠʨʝʥʽ ï ʣʝʡʢʦʢʨʘʪʦʚʽ ʛʘʙʨʦ. ɺʝʨʭʥʽʡ ʛʦʨʠʟʦʥʪ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʝʨʝʚʘʞʥʦ ʦʣʽʚʽʥʦʚʠʤ ʛʘʙʨʦ (ʩʝʨʝʜʥʽʡ ʚʤʽʩʪ TiO2 ʚ 

ʥʴʦʤʫ ʩʪʘʥʦʚʠʪʴ 5ï7 %, P2O5 ï 3 %, ʚʤʽʩʪ ʨʫʜʥʠʭ ʤʽʥʝʨʘʣʽʚ ï 13 

%, ʘʧʘʪʠʪʫ ï 5 %); ʜʨʫʛʠʡ ʛʦʨʠʟʦʥʪ ʩʢʣʘʜʝʥʦ ʛʘʙʨʦ-ʧʝʨʠʜʦʪʠʪʘʤʠ 

ʟ ʧʽʜʣʝʛʣʠʤʠ ʜʽʣʷʥʢʘʤʠ ʦʣʽʚʽʥʦʚʦʛʦ ʛʘʙʨʦ (ʩʝʨʝʜʥʽʡ ʚʤʽʩʪ TiO2 ï 

6ï9 %, P2O5 ï 3ï4 %, ʨʫʜʥʠʭ ʤʽʥʝʨʘʣʽʚ ï 15 %, ʘʧʘʪʠʪʫ ï 9 %); 

ʥʠʞʥʽʡ ʛʦʨʠʟʦʥʪ ï ʮʝ ʪʦʚʱʘ ʨʽʟʥʦʚʠʜʽʚ ʦʣʽʚʽʥʦʚʠʭ ʛʘʙʨʦʾʜʽʚ ʚʽʜ 

ʣʝʡʢʦʢʨʘʪʦʚʠʭ ʜʦ ʤʝʟʦʢʨʘʪʦʚʠʭ ʛʘʙʨʦ ʪʘ ʛʘʙʨʦ-ʧʝʨʠʜʦʪʠʪʽʚ 

(ʩʝʨʝʜʥʽʡ ʚʤʽʩʪ TiO2 ï 4ï9 %, P2O5 ï 0,3ï2 %, ʨʫʜʥʠʭ ʤʽʥʝʨʘʣʽʚ ï 

9 %, ʘʧʘʪʠʪʫ ï 3 %) [4, 5]. ʈʦʟʤʽʨ ʟʝʨʝʥ: ʘʧʘʪʠʪʫ 0,05ï0,4 ʤʤ 

(ʧʝʨʝʚʘʞʘʶʯʠʡ ï 0,15 ʤʤ), ʽʣʴʤʝʥʽʪʫ 0,05ï1,0 ʤʤ (ʧʝʨʝʚʘʞʘʶʯʠʡ 

ï 0,25 ʤʤ), ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʫ 0,04ï1,1 ʤʤ (ʧʝʨʝʚʘʞʘʶʯʠʡ ï 0,25 
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ʤʤ). ʆʩʥʦʚʥʠʤʠ ʮʽʥʥʠʤʠ ʩʫʧʫʪʥʽʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʨʦʜʦʚʠʱʘ ʻ 

ʩʢʘʥʜʽʡ, ʚʘʥʘʜʽʡ ʽ ʬʪʦʨ. ʉʢʘʥʜʽʡ ʧʨʠʩʫʪʥʽʡ ʚ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʽ 

(13,0ï56,1 ʛ/ʪ), ʚ ʦʣʽʚʽʥʽ (7,4ï8,8 ʛ/ʪ) ʽ ʧʣʘʛʽʦʢʣʘʟʽ (5 ʛ/ʪ) [5]. 

ʆʩʥʦʚʥʠʤ ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ ʩʢʘʥʜʽʶ ʻ ʽʣʴʤʝʥʽʪ (ʚʤʽʩʪ Sc = 90ï135 

ʛ/ʪ, ʩʝʨʝʜʥʽʡ ï114 ʛ/ʪ) ʽ ʧʽʨʦʢʩʝʥ (82ï69 ʛ/ʪ, ʩʝʨʝʜʥʽʡ ï 76 ʛ/ʪ) [5]. 

ɺʤʽʩʪ ʚʘʥʘʜʽʶ ʚ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʽ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 0,50 ʜʦ 2,44 %, 

ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ 1,25 %; ʚ ʽʣʴʤʝʥʽʪʽ ï ʚʽʜ 0,08 ʜʦ 0,347 %, ʩʝʨʝʜʥʻ 

ʟʥʘʯʝʥʥʷ ï 0,227 % [5]. ʌʪʦʨ ʚ ʘʧʘʪʠʪʽ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

ʽʟʦʤʦʨʬʥʦʾ ʜʦʤʽʰʢʠ, ʡʦʛʦ ʚʤʽʩʪ 2,7ï3,15 %, ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ï 

2,94 % [5]. ɺʤʽʩʪ ʚ ʘʧʘʪʠʪʽ ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʥʝʟʥʘʯʥʠʡ: ʩʦʪʽ ʪʘ ʪʠʩʷʯʥʽ ʜʦʣʽ ʧʨʦʮʝʥʪʘ; ʚʤʽʩʪ ʩʪʨʦʥʮʽʶ 

ʩʪʘʥʦʚʠʪʴ ï 179ï401 ʛ/ʪ [5]. 

ɽʢʟʦʛʝʥʥʘ ʯʘʩʪʠʥʘ ʌʝʜʦʨʽʚʩʴʢʦʛʦ ʘʧʘʪʠʪ-ʪʠʪʘʥʦʤʘʛʥʝʪʠʪ-

ʽʣʤɹʝʥʽʪʦʚʦʛʦ ʨʦʜʦʚʠʱʘ ʩʢʣʘʜʝʥʘ ʢʘʦʣʽʥʦʚʦʶ ʢʦʨʦʶ 

ʚʠʚʽʪʨʶʚʘʥʥʷ ʤʝʟʦʟʦʡ-ʢʘʡʥʦʟʦʡʩʴʢʦʛʦ ʚʽʢʫ ʪʘ ʪʦʚʱʝʶ ʦʩʘʜʦʚʠʭ 

ʧʦʨʽʜ ʢʘʡʥʦʟʦʶ. ʇʦʚʥʠʡ ʨʦʟʨʽʟ ʢʦʨʠ ʚʠʚʽʪʨʶʚʘʥʥʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʪʨʴʦʤʘ ʟʦʥʘʤʠ: ʜʝʟʽʥʪʝʛʨʘʮʽʾ ʪʘ ʚʠʣʫʛʦʚʫʚʘʥʥʷ 

(ʚʠʚʽʪʨʝʥʽ ʢʦʨʽʥʥʽ ʧʦʨʦʜʠ), ʧʦʯʘʪʢʦʚʦʛʦ ʛʽʜʨʦʣʽʟʫ (ʢʘʦʣʽʥʽʟʦʚʘʥʘ 

ʞʦʨʩʪʚʘ) ʽ ʢʽʥʮʝʚʦʛʦ ʛʽʜʨʦʣʽʟʫ ʽ ʦʢʠʩʥʝʥʥʷ (ʝʣʶʚʽʘʣʴʥʽ ʢʘʦʣʽʥʠ). 

ʊʦʚʱʠʥʘ ʢʦʨʠ ʚʠʚʽʪʨʶʚʘʥʥʷ ʟʤʽʥʶʶʪʴʩʷ ʚʽʜ 0,5ï1,5 ʤ ʜʦ 31,5 ʤ ʽ 

ʚ ʩʝʨʝʜʥʴʦʤʫ ʩʪʘʥʦʚʠʪʴ 5,7 ʤ. ɺʤʽʩʪ TiO2 ʚ ʢʦʨʽ ʚʠʚʽʪʨʶʚʘʥʥʷ 

ʩʢʣʘʜʘʻ ʚ ʩʝʨʝʜʥʴʦʤʫ 6,30 %, P2O5 ï 2,92 % [4]. ʆʩʥʦʚʥʠʤʠ 

ʨʫʜʥʠʤʠ ʤʽʥʝʨʘʣʘʤʠ ʝʣʶʚʽʶ ʻ ʽʣʴʤʝʥʽʪ ʪʘ ʘʧʘʪʠʪ. 

ʆʩʘʜʦʚʽ ʫʪʚʦʨʝʥʥʷ ʢʘʡʥʦʟʦʶ ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʽʩʢʘʤʠ 

ʢʘʦʣʽʥʠʩʪʠʤʠ ʪʘ ʧʝʨʝʚʽʜʢʣʘʜʝʥʠʤʠ ʢʘʦʣʽʥʘʤʠ ʟʘʧʽʩʦʯʝʥʠʤʠ 

ʧʦʣʪʘʚʩʴʢʦʾ ʩʝʨʽʾ ʪʦʚʱʠʥʦʶ ʜʦ 3,5 ʤ [2]. ʉʝʨʝʜʥʴʦ-

ʚʝʨʭʥʴʦʯʝʪʚʝʨʪʠʥʥʽ ʚʽʜʢʣʘʜʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʽʩʢʘʤʠ 

ʨʽʟʥʦʟʝʨʥʠʩʪʠʤʠ, ʧʦʛʘʥʦ ʚʽʜʩʦʨʪʦʚʘʥʠʤʠ. ʊʦʚʱʠʥʘ ʾʭ ʜʦʩʷʛʘʻ 

13 ʤ.  

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʢʦʦʨʜʠʥʘʪʠ, ʦʧʠʩ ʽ ʨʝʟʫʣʴʪʘʪʠ ʦʧʨʦʙʫʚʘʥʥʷ 29 

ʩʚʝʨʜʣʦʚʠʥ, ʷʢʽ ʙʫʣʠ ʧʨʦʙʫʨʝʥʽ ʧʽʜ ʯʘʩ ʛʝʦʣʦʛʦ-ʧʦʰʫʢʦʚʠʭ ʪʘ 

ʛʝʦʣʦʛʦʨʦʟʚʽʜʫʚʘʣʴʥʠʭ ʨʦʙʽʪ, ʚʠʢʦʥʘʥʠʭ ɾʠʪʦʤʠʨʩʴʢʦʶ 

ʝʢʩʧʝʜʠʮʽʻʶ ʚ ʙʘʩʝʡʥʽ ʨ. ɯʨʰʘ ʪʘ ʚʝʨʭʥʴʦʾ ʪʝʯʽʾ ʨ. ʋʞ ʧʨʦʪʷʛʦʤ 

1953ï1958 ʨʨ. [4] ʜʦʩʣʽʜʞʝʥʦ ʘʧʘʪʠʪʦʥʦʩʥʽʩʪʴ ʽ 

ʽʣʴʤʝʥʽʪʦʥʦʩʥʽʩʪʴ ʢʦʨʠ ʚʠʚʽʪʨʶʚʘʥʥʷ ʢʨʠʩʪʘʣʽʯʥʠʭ ʧʦʨʽʜ 

ʬʫʥʜʘʤʝʥʪʫ ʌʝʜʦʨʽʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ. ʂʘʨʪʦʛʨʘʬʽʯʥʽ ʧʦʙʫʜʦʚʠ, 

ʷʢʽ ʙʫʣʠ ʩʪʚʦʨʝʥʽ ʥʘ ʦʩʥʦʚʽ ʘʪʨʠʙʫʪʠʚʥʦʾ ʙʘʟʠ ʜʘʥʠʭ ʚʢʣʶʯʘʶʪʴ: 
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ʢʘʨʪʫ ʪʦʚʱʠʥʠ ʨʫʜʥʦʛʦ ʧʦʢʣʘʜʫ (ʨʠʩ. 1), ʢʘʨʪʠ 

ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʦʛʦ ʚʤʽʩʪʫ ʽʣʴʤʝʥʽʪʫ (ʨʠʩ. 2), ʘʧʘʪʠʪʫ (ʨʠʩ. 3) ʪʘ 

ʢʘʨʪʫ ʪʦʚʱʠʥʠ ʧʦʨʽʜ ʨʦʟʢʨʠʚʫ (ʨʠʩ. 4). ʅʘʡʙʽʣʴʰʽ ʪʦʚʱʠʥʠ ʢʦʨʠ 

ʚʠʚʽʪʨʶʚʘʥʥʷ ʧʨʠʪʘʤʘʥʥʽ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʽʡ, ʧʽʚʜʝʥʥʦ-ʩʭʽʜʥʽʡ ʽ 

ʯʘʩʪʢʦʚʦ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʘʤ ʨʦʜʦʚʠʱʘ (ʜʠʚ. ʨʠʩ. 1). 

ʉʝʨʝʜʥʴʦʟʚʘʞʝʥʠʡ ʚʤʽʩʪ ʽʣʴʤʝʥʽʪʫ ʚ ʢʦʨʽ ʚʠʚʽʪʨʶʚʘʥʥʷ 

ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 12,0 ʜʦ 51,6 ʢʛ/ʪ, ʩʝʨʝʜʥʻ ï 29,15 ʢʛ/ʪ. ʆʨʝʦʣ 

ʥʘʡʙʽʣʴʰʦʛʦ ʩʝʨʝʜʥʴʦʛʦ ʚʤʽʩʪʫ ʽʣʴʤʝʥʽʪʫ ʧʨʦʩʪʷʛʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

ʩʤʫʛʠ ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʦʛʦ ï ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʦʛʦ ʧʨʦʩʪʷʛʘʥʥʷ ʚ 

ʧʽʚʜʝʥʥʽʡ ʯʘʩʪʠʥʽ ʨʦʜʦʚʠʱʘ. 

 

 
ʈʠʩ. 1. ʂʘʨʪʘ ʪʦʚʱʠʥʠ ʢʦʨʠ ʚʠʚʽʪʨʶʚʘʥʥʷ ʌʝʜʦʨʽʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ 

 

ʉʝʨʝʜʥʴʦʟʚʘʞʝʥʠʡ ʚʤʽʩʪ ʘʧʘʪʠʪʫ ʚ ʢʦʨʽ ʚʠʚʽʪʨʶʚʘʥʥʷ 

ʌʝʜʦʨʽʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 0,3 ʜʦ 19,1 ʢʛ/ʪ, ʩʝʨʝʜʥʻ 

ï 3,7 ʢʛ/ʪ. ʅʘʡʙʽʣʴʰʠʡ ʚʤʽʩʪ ʘʧʘʪʠʪʫ ʚ ʝʣʶʚʽʾ ʧʨʠʪʘʤʘʥʥʠʡ 

ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ. ʄʽʞ ʩʝʨʝʜʥʽʤ ʚʤʽʩʪʦʤ ʽʣʴʤʝʥʽʪʫ ʽ 

ʘʧʘʪʠʪʫ ʢʦʨʝʣʷʮʽʡʥʠʡ ʟʚô̫ ʟʦʢ ʚʽʜʩʫʪʥʽʡ. ʄʽʞ ʩʝʨʝʜʥʽʤ ʚʤʽʩʪʦʤ 

ʽʣʴʤʝʥʽʪʫ ʽ ʪʦʚʱʠʥʦʶ ʚʽʜʢʣʘʜʽʚ ʢʦʨʝʣʷʮʽʡʥʠʡ ʟʚô̫ ʟʦʢ ʧʨʷʤʠʡ 

ʧʦʤʽʨʥʠʡ (+ 0,40). ʄʽʞ ʩʝʨʝʜʥʽʤ ʚʤʽʩʪʦʤ ʘʧʘʪʠʪʫ ʽ ʪʦʚʱʠʥʦʶ 

ʚʽʜʢʣʘʜʽʚ ʢʦʨʝʣʷʮʽʡʥʠʡ ʟʚô̫ ʟʦʢ ʦʙʝʨʥʝʥʠʡ ʜʫʞʝ ʩʣʘʙʢʠʡ (ï 0,17). 

ʊʦʚʱʠʥʘ ʧʦʨʽʜ ʨʦʟʢʨʠʚʫ ʌʝʜʦʨʽʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʟʥʘʭʦʜʠʪʴʩʷ 

ʚ ʤʝʞʘʭ ʚʽʜ 1,4 ʜʦ 28,0 ʤ, ʚ ʩʝʨʝʜʥʴʦʤʫ ï 8,44 ʤ. ʆʨʝʦʣʠ 

ʧʦʰʠʨʝʥʥʷ ʥʘʡʙʽʣʴʰʦʾ ʪʦʚʱʠʥʠ ʧʦʨʽʜ ʨʦʟʢʨʠʚʫ ʫʪʚʦʨʶʶʪʴ 
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ʨʦʟʨʽʟʥʝʥʽ ʦʩʝʨʝʜʢʠ ʚ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʽʡ ʽ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʽʡ 

ʯʘʩʪʠʥʘʭ ʨʦʜʦʚʠʱʘ. 

 
ʈʠʩ. 2. ʂʘʨʪʘ ʨʦʟʧʦʜʽʣʫ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʦʛʦ ʚʤʽʩʪʫ ʽʣʴʤʝʥʽʪʫ ʚ ʢʦʨʽ 

ʚʠʚʽʪʨʶʚʘʥʥʷ ʌʝʜʦʨʽʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ 

 

 
ʈʠʩ. 3. ʂʘʨʪʘ ʨʦʟʧʦʜʽʣʫ ʫʩʝʨʝʜʥʝʥʦʛʦ ʚʤʽʩʪʫ ʘʧʘʪʠʪʫ ʌʝʜʦʨʽʚʩʴʢʦʛʦ 

ʝʢʟʦʛʝʥʥʦʛʦ ʨʦʜʦʚʠʱʘ 

 
ɺʠʩʥʦʚʢʠ. ʍʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʤʘʛʤʘʪʦʛʝʥʥʠʭ ʘʧʘʪʠʪ-

ʽʣʴʤʝʥʽʪʦʚʠʭ ʨʦʜʦʚʠʱ ʚ ʛʽʧʝʨʙʘʟʠʪ-ʙʘʟʠʪʦʚʠʭ ʪʽʣʘʭ ʤʘʣʠʭ 

ʽʥʪʨʫʟʽʡ ʰʪʦʢʦʧʦʜʽʙʥʦʾ ʽ ʜʘʡʢʦʚʦʾ ʬʦʨʤʠ, ʱʦ ʫʪʚʦʨʠʣʠʩʷ ʚ 

ʦʩʪʘʥʥʶ ʬʘʟʫ ʩʪʘʥʦʚʣʝʥʥʷ ʙʘʟʠʪʦʚʠʭ ʤʘʩʠʚʽʚ ʂʦʨʦʩʪʝʥʩʴʢʦʛʦ 
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ʧʣʫʪʦʥʫ ʻ ʥʘʷʚʥʽʩʪʴ ʟʥʘʯʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʠʪʘʥʦʚʠʭ ʤʽʥʝʨʘʣʽʚ 

(ʽʣʴʤʝʥʽʪ ʽ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪ), ʘʧʘʪʠʪʫ ʪʘ ʧʦʚʩʶʜʥʘ ʧʨʠʩʫʪʥʽʩʪʴ ʫ 

ʮʠʭ ʤʽʥʝʨʘʣʘʭ ʧʽʜʚʠʱʝʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʘʥʘʜʽʶ, ʩʢʘʥʜʽʶ, ʥʽʦʙʽʶ, 

ʪʘʥʪʘʣʫ, ʮʠʨʢʦʥʽʶ, ʛʘʬʥʽʶ, ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʽʪʨʽʻʚʘ 

ʪʘ ʮʝʨʽʻʚʘ ʛʨʫʧʠ). 

 
ʈʠʩ. 4. ʂʘʨʪʘ ʪʦʚʱʠʥʠ ʪʦʨʬʽʚ ʌʝʜʦʨʽʚʩʴʢʦʛʦ ʝʢʟʦʛʝʥʥʦʛʦ ʨʦʜʦʚʠʱʘ 

 
ʇʨʠ ʚʠʚʽʪʨʶʚʘʥʥʽ ʛʽʧʝʨʙʘʟʠʪ-ʙʘʟʠʪʦʚʠʭ ʫʪʚʦʨʝʥʴ ʢʦʨʘ 

ʚʠʚʽʪʨʶʚʘʥʥʷ ʪʘʢʦʞ ʟʙʘʛʘʯʫʻʪʴʩʷ ʥʘ ʮʽ ʨʫʜʥʽ ʤʽʥʝʨʘʣʠ ʪʘ 

ʟʘʟʥʘʯʝʥʽ ʭʽʤʽʯʥʽ ʝʣʝʤʝʥʪʠ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʱʦʜʦ ʚʤʽʩʪʫ 

ʣ̔ʴʤʝʥʽʪʫ ʡ ʘʧʘʪʠʪʫ ʚ ʢʦʨʽ ʚʠʚʽʪʨʶʚʘʥʥʷ ʪʘ ʣʘʪʝʨʘʣʴʥʦʛʦ 

ʧʦʰʠʨʝʥʥʷ ʾʭʥʴʦʛʦ ʩʝʨʝʜʥʴʦʛʦ ʚʤʽʩʪʫ ʚ ʝʣʶʚʽʾ ʜʘʶʪʴ ʟʤʦʛʫ 

ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʢʦʨʘ ʚʠʚʽʪʨʶʚʘʥʥʷ ʻ ʩʫʪʪʻʚʠʤ ʨʝʟʝʨʚʦʤ ʜʣʷ 

ʨʦʟʰʠʨʝʥʥʷ ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʌʝʜʦʨʽʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ. ʎʝ 

ʩʧʦʥʫʢʘʻ ʜʦ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʨʠ ʚʠʚʽʪʨʶʚʘʥʥʷ 

ʌʝʜʦʨʽʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʟ ʘʢʮʝʥʪʦʤ ʥʘ ʨʽʜʢʽʩʥʽ ʪʘ 

ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʽ ʝʣʝʤʝʥʪʠ, ʷʢʝ ʤʘʶʪʴ ʩʪʨʘʪʝʛʽʯʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ 

ʝʢʦʥʦʤʽʢʠ ʪʘ ʦʙʦʨʦʥʦʟʜʘʪʥʦʩʪʽ ʋʢʨʘʾʥʠ.  

 
ʇʝʨʝʣʽʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ 

 

1. Duchesne J.C., Shumlyanskyy L., Charlier B. (2006). The Fedorivka layered 

intrusion (Korosten Pluton, Ukraine): an example of highly differentiated ferrobasaltic 

evolution. Lithos 89: 353ï376.  
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Information is provided on placer gold from the alluvium of the lower reaches of 

the Chornyi Cheremosh River. A feature of placer gold is its different color within one 

grain: golden-yellow and silver-light gray. In the light gray part of the grain, the 

mercury content in gold reaches 11 %. The presence of placer gold with such a 

mercury content may indicate the presence of a root epithermal source of gold of 

endogenous origin. 

Keywords: Chornyi Cheremosh River, alluvium, placer gold, morphology, 

chemical composition. 
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ʇʦʜʘʥʦ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʨʦʟʩʠʧʥʝ ʟʦʣʦʪʦ ʟ ʘʣʶʚʽʶ ʥʠʞʥʴʦʾ ʪʝʯʽʾ ʨʽʯʢʠ ʏʦʨʥʠʡ 

ʏʝʨʝʤʦʰ. ʆʩʦʙʣʠʚʽʩʪʶ ʨʦʟʩʠʧʥʦʛʦ ʟʦʣʦʪʘ ʻ ʡʦʛʦ ʨʽʟʥʝ ʟʘʙʘʨʚʣʝʥʥʷ ʚ ʤʝʞʘʭ 

ʦʜʥʦʛʦ ʟʝʨʥʘ: ʟʦʣʦʪʠʩʪʦ-ʞʦʚʪʝ ʪʘ ʩʨʽʙʣʷʩʪʦ-ʩʚʽʪʣʦ-ʩʽʨʝ. ʋ ʩʚʽʪʣʦ-ʩʽʨʽʡ ʯʘʩʪʠʥʽ 

ʟʝʨʥʘ ʚʤʽʩʪ ʨʪʫʪʽ ʚ ʟʦʣʦʪʽ ʜʦʩʷʛʘʻ 11 %. ʅʘʷʚʥʽʩʪʴ ʨʦʟʩʠʧʥʦʛʦ ʟʦʣʦʪʘ ʟ ʪʘʢʠʤ 

ʚʤʽʩʪʦʤ ʨʪʫʪʽ ʤʦʞʝ ʚʢʘʟʫʚʘʪʠ ʥʘ ʥʘʷʚʥʽʩʪʴ ʢʦʨʽʥʥʦʛʦ ʝʧʽʪʝʨʤʘʣʴʥʦʛʦ ʜʞʝʨʝʣʘ 

ʟʦʣʦʪʘ ʝʥʜʦʛʝʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʨʽʯʢʘ ʏʦʨʥʠʡ ʏʝʨʝʤʦʰ, ʘʣʶʚʽʡ, ʨʦʟʩʠʧʥʝ ʟʦʣʦʪʦ, 

ʤʦʨʬʦʣʦʛʽʷ, ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ. 

 

The main gold-bearing areas of the Ukrainian Carpathians are 

Beregivskyi, Vyshkivskyi, Rakhivskyi, Chyvchynskyi, 

Verkhovynskyi, Yablunivskyi, Perechynskyi, Nyzhniovoritskyi, 

Chernivtskyi [2, 4]. The impurity of mercury in gold has an important 

https://doi.org/
mailto:kms1964@ukr.net
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indicator value. The impurity of mercury in gold is characteristic of 

epithermal deposits and deposits of complex genesis [2, 3]. Mercury 

is an indicator of the depth of formation of gold mineralization. In the 

AuHg system, solid solutions (a  amalgam, mercurial gold) and 

intermediate phases (intermetallic compounds) have been established 

[3]. Gold with mercury content has been established in many areas of 

the Ukrainian Carpathians [1, 2, 3, 6]. In the Chyvchynskyi and 

Verkhovynskyi districts of the Ukrainian Carpathians, gold with 

mercury content has been established in Neogene volcanic formations. 

Mercury content is present in gold from the Saulyak ore occurrence, a 

placer ore occurrence on the river Turya et al. [1, 2, 3, 6]. 

The highest mercury content is present in placer gold from the 

alluvium of the Chornyi Cheremosh River (Nadiya Spit) [1, 2]. Along 

with very high-purity gold, very low-purity gold with a significant 

mercury content (Hg = 1.06 5.39 %) is present here [2]. The mercury 

content (Hg = 0.46 %) was established in high-purity gold from this 

placer [2]. Gold with mercury content occurs only in Quaternary 

deposits of the Ukrainian Carpathians [2, 3, 6]. The mercury content 

in gold does not depend on the size and morphology of gold grains, 

their sample. 

It should be noted that cinnabar is present in the conglomerates of 

the Soymulsky Cretaceous and the Verhneslobidsky sub-suite of the 

Neogene, as well as in the Quaternary alluvial deposits of the rivers 

Chornyi Cheremosh and Bilyi Cheremosh, Tysa, Lyuchka, and the 

streams Zhupany, Perkalab, Vedmezhy, Vedmeditsa, Shtolnevy, and 

others [2]. 

Mercury in gold has a complex, multivariate distribution pattern. 

According to V.M. Kvasnytsia, asymmetric but mutually 

compensating concentration curves of gold, mercury, and silver 

indicate syngenetic heterogeneity of gold grains, i.e., simultaneous 

deposition of gold and mercury [2]. The bimodal distribution of 

mercury in individual grains may indicate the existence of several 

productive mineral associations [2, 3]. 

Native gold with mercury content was found by us during the 

leaching testing of alluvial deposits of the Chornyi Cheremosh River 

in the area of the Verkhovyna settlement, Verkhovyna district, Ivano-

Frankivsk region (Fig. 1, a). The riverbed of the river valley is laid 
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down in Cretaceous-Paleogene flysch rocks. The flysch rocks are 

deformed and lie almost vertically (Fig. 1, bïd). The alluvium of the 

Chornyi Cheremosh River is composed of boulder-pebble material 

with clay-gravel-sand aggregate (Fig. 1, bïd). The different resistance 

of flysch rocks to exogenous destruction led to the formation of 

irregularities in the river bottom, in which psamitic and psephite 

alluvial material was deposited together with gold. Samples from 

alluvial deposits were taken from the channel alluvium close to the 

shore in places where there were mechanical barriers to the deposition 

of terrigenous material (large boulders). The samples were washed 

using an American-type tray in the form of a plate. 

The morphology and size of native gold were studied under a 

binocular microscope. The chemical composition of placer gold was 

studied at the M.P. Semenenko Institute of Geochemistry, Mineralogy 

and Ore Formation of the National Academy of Sciences of Ukraine 

using a JEOL JMX-733 electron probe microanalyzer. 

As a result of the study of gold grains, it was established that their 

size is 1.2 4.1 mm. The shape of the grains is round-lamellar, 

elongated-lamellar. The edges of the gold are smoothed, the surface is 

finely pitted. The color of the gold is golden yellow. The most 

characteristic grains of gold are presented in the figure. There are 

grains of gold of silver-light gray color (Fig. 1, e) and grains of gold, 

in which one part is golden-yellow and the other is silver-light gray 

(see Fig. 1, f, g). 

There are grains of gold with traces of mechanical deformations, 

namely, bending of the edges of the grains (see Fig. 1, c, d). 

According to the results of studies of native gold grains, it was 

found that the content of Au= 86.01 99.24 %; Ag= 0.0 2.84 %; 

Fe=0.032.04 %; Hg=0.011.10 %. The chemical composition of 

native gold is heterogeneous in different parts of the grain, and the 

silvery-light gray part of the gold grains contains an admixture of 

mercury up to 11.0 %. 

The presence of placer gold with a significant content of mercury 

in the alluvium of the lower reaches of the Chornyi Cheremosh River 

indicates the presence of an alpine or post-alpine endogenous source 

of mercury-containing gold in the Ukrainian Carpathians. Perhaps the 

admixture of this element has an epigenetic origin, when late mercury-
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containing mineralization was superimposed on early gold-bearing 

ores [2]. 

  
a b 

  
c d 

Fig. 1. The Chornyi Cheremosh River (a) and the locations of the slurry sampling 

(bïd) 

 

Also, a likely source of gold with an admixture of mercury may be 

numerous calcite veins in flysch rocks. 

The results obtained encourage the search within the catchment 

area of the Chornyi Cheremosh River, primarily for volcanic rocks of 
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Neogene age, which may contain near-surface deposits of mercury-

bearing gold. 
 

  
a b 

  
c d 
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e f 

  

g h 

Fig, 2. Shape of placer gold grains: rounded-flattened (aïb); flattened-elongated 

(c); rounded-flattened with curved edges (d); square with curved edges, like an 

envelope (e); flattened-elongated in which the left part is silver-light gray in color, 

and the right part is golden-yellow (f); flattened-elongated with cut rounded edges 

in which the upper part is golden-yellow in color, and the lower part is silver-light 

gray (g); intergrowths of lamellar grains of silver-light gray in color (h) 

 

In addition, the results obtained encourage a detailed study of the 

placer gold content of the Chorny Cheremosh alluvium and its 

tributaries in the Verkhovyna district of the Ivano-Frankivsk region. 
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The deposit of primary kaolins of the West Dibrovska section, Prosyanivka kaolin 

district is briefly characterized. The results of studies of the lateral distribution of the 
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ɺʩʪʫʧ. ʂʘʦʣʽʥʠ ʚ ʋʢʨʘʾʥʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʚʦʤʘ ʛʝʥʝʪʠʯʥʠʤʠ 

ʪʠʧʘʤʠ: ʢʘʦʣʽʥʦʤ ʧʝʨʚʠʥʥʠʤ (ʦʩʥʦʚʥʦʛʦ ʪʘ ʣʫʞʥʦʛʦ ʩʢʣʘʜʫ) ʪʘ 

ʢʘʦʣʽʥʦʤ ʚʪʦʨʠʥʥʠʤ [2]. ʇʨʦʚʽʥʮʽʷ ʧʝʨʚʠʥʥʠʭ ʢʘʦʣʽʥʽʚ 

ʋʢʨʘʾʥʩʴʢʦʛʦ ʱʠʪʘ ʧʨʦʩʪʷʛʘʻʪʴʩʷ ʥʘ 950 ʢʤ ʚʽʜ ʇʦʣʽʩʩʷ ʜʦ 

ɸʟʦʚʩʴʢʦʛʦ ʤʦʨʷ, ʰʠʨʠʥʦʶ 350 ʢʤ [2]. ʎʽʥʥʽʩʪʴ ʢʘʦʣʽʥʽʚ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʾʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘ 

ʤʘʩʰʪʘʙʥʽʩʪʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʘʢʪʠʯʥʦ ʚ ʫʩʽʭ ʩʬʝʨʘʭ 

ʚʠʨʦʙʥʠʮʪʚʘ. ʇʨʠ ʥʘʷʚʥʦʩʪʽ ʚʠʩʦʢʦʛʦ ʚʤʽʩʪʫ ʦʢʠʩʫ ʘʣʶʤʽʥʽʶ (ʜʦ 
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40 %) ʢʘʦʣʽʥ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʦʩʥʦʚʥʠʡ ʢʦʤʧʦʥʝʥʪ ʩʫʤʽʰʽ 

ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʬʘʨʬʦʨʫ, ʬʘʷʥʩʫ, ʨʽʟʥʠʭ ʚʠʜʽʚ ʢʝʨʘʤʽʢʠ. 

ɺʠʩʦʢʠʡ ʨʽʚʝʥʴ ʙʽʣʠʟʥʠ ʪʘ ʾʭ ʪʦʥʢʦʜʠʩʧʝʨʩʥʠʡ ʩʢʣʘʜ ʨʦʙʠʪʴ ʾʭ 

ʩʠʨʦʚʠʥʦʶ ʪʘ ʦʩʥʦʚʥʠʤ ʥʘʧʦʚʥʶʚʘʯʝʤ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʧʘʧʝʨʫ, 

ʢʘʨʪʦʥʫ ʪʘ ʛʫʤʠ. ʈʦʟʪʘʰʫʚʘʥʥʷ ʇʨʦʩʷʥʽʚʩʴʢʦʾ ʛʨʫʧʠ ʨʦʜʦʚʠʱ ʥʘ 

ɺʦʚʯʘʥʩʴʢʦʤʫ ʚʠʩʪʫʧʽ ʇʨʠʘʟʦʚʩʴʢʦʛʦ ʙʣʦʢʫ ʟʘʙʝʟʧʝʯʠʣʦ 

ʩʧʨʠʷʪʣʠʚʫ ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʫ ʧʦʟʠʮʽʶ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʢʦʨʠ 

ʚʠʚʽʪʨʶʚʘʥʥʷ ʧʣʦʱʦʚʦʛʦ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʪʠʧʫ [1]. ɼʣʷ ʮʴʦʛʦ 

ʨʝʛʽʦʥʫ ʭʘʨʘʢʪʝʨʥʽ ʚʠʜʦʚʞʝʥʽ ʫ ʤʝʨʠʜʽʦʥʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ 

ʢʫʧʦʣʦʧʦʜʽʙʥʽ ʧʽʜʥʷʪʪʷ, ʷʢʽ ʨʦʟʤʝʞʦʚʘʥʽ ʜʝʧʨʝʩʽʷʤʠ [1]. ʋʩʽ ʚʦʥʠ 

ʩʢʣʘʜʝʥʽ ʛʨʘʥʽʪʦʾʜʘʤʠ. ɺʝʨʰʠʥʩʴʢʠʡ ʪʘ ɿʘʭʽʜʥʦ-ɼʽʙʨʦʚʩʴʢʠʡ 

ʧʦʢʣʘʜʠ ʢʘʦʣʽʥʽʚ ʤʘʶʪʴ ʧʦʣʦʛʫ ʧʦʢʨʽʚʣʶ ʟ ʥʝʚʝʣʠʢʠʤ ʫʭʠʣʦʤ ʥʘ 

ʧʽʚʥʽʯʥʠʡ ʩʭʽʜ, ʽʥʦʜʽ ʧʨʦʩʪʝʞʫʶʪʴʩʷ ʩʣʽʜʠ ʨʦʟʤʠʚʫ ʢʘʦʣʽʥʦʚʦʾ 

ʢʦʨʠ ʚʠʚʽʪʨʶʚʘʥʥʷ [1].  

ɼʣʷ ʚʩʴʦʛʦ ʇʨʦʩʷʥʽʚʩʴʢʦʛʦ ʤʘʩʠʚʫ ʭʘʨʘʢʪʝʨʥʘ ʨʽʟʥʦʚʽʢʦʚʘ ʽ 

ʨʽʟʥʦʤʘʩʰʪʘʙʥʘ ʜʠʟôʶʥʢʪʠʚʥʘ ʪʝʢʪʦʥʽʢʘ, ʧʝʨʝʚʘʞʥʦ 

ʩʫʙʰʠʨʦʪʥʦʛʦ ʪʘ ʩʫʙʤʝʨʠʜʽʦʥʘʣʴʥʦʛʦ ʧʨʦʩʪʷʛʘʥʥʷ. ʇʨʦʩʷʥʽʚʩʢʝ 

ʨʦʜʦʚʠʱʝ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 12 ʜʽʣʷʥʦʢ, ʧôʷʪʴ ʟ ʷʢʠʭ: ɺʝʨʰʠʥʩʴʢʘ, 

ʇʨʘʚʠʡ ʩʭʠʣ ʙʘʣʢʠ ʉʢʠʜʷʥʦʾ, ʃʽʚʠʡ ʩʭʠʣ ʙʘʣʢʠ ʉʢʠʜʷʥʦʾ, ʄʘʣʦ-

ʄʠʭʘʡʣʽʚʩʴʢʠʡ ʪʘ ɿʘʭʽʜʥʦ-ɼʽʙʨʦʚʩʴʢʠʡ ï ʨʦʟʚʽʜʘʥʽ ʜʝʪʘʣʴʥʦ, ʥʘ 

ʽʥʰʠʭ ʚʠʢʦʥʘʥʦ ʧʦʰʫʢʦʚʽ ʨʦʙʦʪʠ ʟ ʧʽʜʨʘʭʫʥʢʦʤ ʟʘʧʘʩʽʚ ʟʘ 

ʢʘʪʝʛʦʨʽʻʶ ʉ2 [1]. ʅʘʡʙʽʣʴʰʝ ʧʨʦʤʠʩʣʦʚʝ ʟʥʘʯʝʥʥʷ ʟ ʧôʷʪʠ 

ʜʝʪʘʣʴʥʦ ʨʦʟʚʽʜʘʥʠʭ ʤʘʶʪʴ ʜʽʣʷʥʢʠ: ɺʝʨʰʠʥʩʴʢʘ, ɿʘʭʽʜʥʦ-

ɼʽʙʨʦʚʩʴʢʘ ʽ ʟʘʨʝʟʝʨʚʦʚʘʥʘ ʜʽʣʷʥʢʘ ʇʨʘʚʠʡ ʩʭʠʣ ʙʘʣʢʠ ʉʢʠʜʷʥʦʾ 

[1]. ɼʽʣʷʥʢʘ ʄʘʣʦ-ʄʠʭʘʡʣʽʚʩʴʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʝʟʥʘʯʥʠʤʠ 

ʟʘʧʘʩʘʤʠ ʽ ʚ 1958 ʨ. ʟʘʢʦʥʩʝʨʚʦʚʘʥʘ, ʘ ʥʝʚʽʜʧʨʘʮʴʦʚʘʥʘ ʯʘʩʪʠʥʘ 

ʜʽʣʷʥʢʠ ʃʽʚʠʡ ʩʭʠʣ ʙʘʣʢʠ ʉʢʠʜʷʥʦʾ ʟʘʙʫʜʦʚʘʥʘ ʪʘ ʥʝ ʧʽʜʣʷʛʘʻ 

ʚʽʜʧʨʘʮʶʚʘʥʥʶ [1].  

ɸʥʘʣʽʟ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʈʦʜʦʚʠʱʝ ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʟ 

1898 ʨ. ʪʘ ʥʝʦʜʥʦʨʘʟʦʚʦ ʜʦʨʦʟʚʽʜʫʚʘʣʦʩʷ, ʧʦʯʠʥʘʶʯʠ ʟ 1928 ʨ. 

ʂʨʘʡʥʽ ʛʝʦʣʦʛʦʨʦʟʚʽʜʫʚʘʣʴʥʽ ʨʦʙʦʪʠ ʽʟ ʟʘʪʚʝʨʜʞʝʥʥʷʤ ʟʘʧʘʩʽʚ 

ʢʘʦʣʽʥʫ ʚ ɼʂɿ ʚʠʢʦʥʫʚʘʣʠʩʴ ʍʘʨʢʽʚʩʴʢʦʶ ɻʈɽ ʚ ɯ964ïɯ971 ʨʨ. 

ʇʝʨʝʦʮʽʥʢʘ ʟʘʧʘʩʽʚ ʧʦ ʚʩʽʤ ʨʘʥʽʰ ʨʦʟʚʽʜʘʥʠʤ ʜʽʣʷʥʢʘʤ ʨʦʜʦʚʠʱʘ 

ʧʨʦʚʝʜʝʥʘ ʚ ɯ967ïɯ97ɯ ʨʨ. ʅʘ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʜʚʽ 

ʜʽʣʷʥʢʠ: ɺʝʨʰʠʥʩʴʢʘ, ɿʘʭʽʜʥʦ-ɼʽʙʨʦʚʩʴʢʘ. ʋʤʦʚʠ ʟʘʣʷʛʘʥʥʷ 

ʢʘʦʣʽʥʽʚ ʥʘ ʨʦʜʦʚʠʱʽ ʩʢʣʘʜʥʽ. ɰʭʥʷ ʪʦʚʱʠʥʘ, ʷʢʽʩʪʴ ʟʤʽʥʶʻʪʴʩʷ ʥʘ 

ʥʝʟʥʘʯʥʠʭ ʚʽʜʩʪʘʥʷʭ ʷʢ ʟʘ ʧʨʦʩʪʷʛʘʥʥʷʤ, ʪʘʢ ʽ ʥʘ ʛʣʠʙʠʥʫ [1].  
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ɺ 1983ï1994 ʨʦʢʘʭ ʍʘʨʢʽʚʩʴʢʦʶ ɻʈɽ ʚʠʢʦʥʘʥʦ ʧʦʰʫʢʦʚʦ-

ʨʝʚʽʟʽʡʥʽ ʨʦʙʦʪʠ ʚ ʨʘʡʦʥʽ ʥʘ ʯʦʪʠʨʴʦʭ ʜʽʣʷʥʢʘʭ: ɻʘʚʨʠʣʽʚʩʴʢʽʡ, 

ʉʭʽʜʥʦ-ɼʽʙʨʦʚʩʴʢʽʡ, ʄʦʩʢʘʣʴʮʝʚʩʴʢʽʡ, ɹʝʨʝʩʪʦʚʽʡ, ʘ ʪʘʢʦʞ 

ʧʨʦʚʝʜʝʥʦ ʧʦʰʫʢʦʚʽ ʨʦʙʦʪʠ ʥʘ 5 ʥʦʚʠʭ ʜʽʣʷʥʢʘʭ: ʗʛʽʜʥʽʡ, 

ʏʘʧʣʠʥʩʴʢʽʡ, ʇʽʚʥʽʯʥʦ-ʄʝʞʠʥʩʴʢʽʡ, ʉʢʦʪʦʚʘʮʴʢʽʡ, ɺʦʜʷʥʩʴʢʽʡ. 

ʅʘ ɻʘʚʨʠʣʽʚʩʴʢʽʡ ʪʘ ɹʝʨʝʩʪʦʚʽʡ ʜʽʣʷʥʢʘʭ ʚʤʽʩʪ ʚʠʩʦʢʦʩʦʨʪʥʠʭ 

ʢʘʦʣʽʥʽʚ ʩʢʣʘʜʘʻ 35ï45 % [1]. ʅʘ ɺʦʜʷʥʽʡ ʪʘ ʗʛʽʜʥʽʡ ʜʽʣʷʥʢʘʭ 

ʧʨʦʛʥʦʟʦʚʘʥʽ ʚʠʩʦʢʦʩʦʨʪʥʽ ʢʘʦʣʽʥʠ ʟ ʚʤʽʩʪʦʤ ʙʽʣʴʰʝ 40 %.  

ɿʘʭʽʜʥʦ-ɼʽʙʨʦʚʩʴʢʘ ʜʽʣʷʥʢʘ ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʚʽʜʢʨʠʪʠʤ 

ʩʧʦʩʦʙʦʤ, ʢʘʨô̒ ʨʦʤ, ʟ 1985 ʨʦʢʫ. ʈʦʟʨʦʙʣʷʻʪʴʩʷ 5-ʤʘ ʫʩʪʫʧʘʤʠ: 2 

ï ʨʦʟʢʨʠʚʥʠʭ, 3 ï ʥʘ ʚʠʜʦʙʫʪʦʢ. ʃʫʞʥʽ ʢʘʦʣʽʥʠ ʚʠʜʦʙʫʚʘʶʪʴʩʷ 

ʩʫʧʫʪʥʴʦ ʟ ʥʦʨʤʘʣʴʥʠʤʠ, ʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʣʠʰʝ ʢʘʦʣʽʥʦʚʠʡ 

ʢʦʥʮʝʥʪʨʘʪ.  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. ʇʦʢʣʘʜ ɿʘʭʽʜʥʦ-ɼʽʙʨʦʚʩʴʢʠʡ 

ʧʨʠʫʨʦʯʝʥʠʡ ʜʦ ʤʝʟʦʟʦʡʩʴʢʦʾ ʢʦʨʠ ʚʠʚʽʪʨʶʚʘʥʥʷ 

ʜʦʢʝʤʙʨʽʡʩʴʢʠʭ ʧʦʨʽʜ ʪʘ ʧʝʨʝʢʨʠʪʠʡ ʥʝʦʛʝʥʦʚʠʤʠ ʽ 

ʯʝʪʚʝʨʪʠʥʥʠʤʠ ʫʪʚʦʨʝʥʥʷʤʠ [1, 2].  

ʅʘʡʜʘʚʥʽʰʠʤʠ ʫʪʚʦʨʝʥʥʷʤʠ ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʬʫʥʜʘʤʝʥʪʫ ʚ 

ʤʝʞʘʭ ʨʦʜʦʚʠʱʘ ʻ ʤʝʪʘʤʦʨʬʽʯʥʽ ʧʦʨʦʜʠ ʦʨʽʭʽʚʩʴʢʦʾ ʩʝʨʽʾ, ʩʝʨʝʜ 

ʷʢʠʭ ʛʦʣʦʚʥʫ ʨʦʣʴ ʚʽʜʽʛʨʘʶʪʴ ʙʽʦʪʠʪ-ʧʣʘʛʽʦʢʣʘʟʦʚʽ ʛʥʝʡʩʠ. ɺʦʥʠ 

ʰʠʨʦʢʦ ʧʦʰʠʨʝʥʽ ʥʘ ʧʽʚʥʦʯʽ ʪʘ ʧʽʚʥʽʯʥʦʤʫ-ʟʘʭʦʜʽ ʧʦʢʣʘʜʫ, ʚ 

ʤʝʞʘʭ ʜʽʣʷʥʢʠ ʥʘʷʚʥʽ ʫ ʚʠʛʣʷʜʽ ʣʽʥʟ. ɺ ʥʝʟʤʽʥʝʥʦʤʫ ʩʪʘʥʽ ʚ ʤʝʞʘʭ 

ʨʦʜʦʚʠʱʘ ʚʦʥʠ ʪʨʘʧʣʷʶʪʴʩʷ ʥʝ ʯʘʩʪʦ. ɯʥʪʝʥʩʠʚʥʽ ʧʨʦʮʝʩʠ 

ʛʨʘʥʽʪʠʟʘʮʽʾ ʧʝʨʝʪʚʦʨʶʶʪʴ ʾʭ ʥʘ ʤʽʛʤʘʪʠʪʠ. ʄʘʢʨʦʩʢʦʧʽʯʥʦ 

ʛʥʝʡʩʠ ʚ ʥʝʟʤʽʥʝʥʦʤʫ ʩʪʘʥʽ ʮʝ ʪʝʤʥʦ-ʩʽʨʘ ʜʨʽʙʥʦʟʝʨʥʠʩʪʘ ʧʦʨʦʜʘ 

ʩʣʘʥʮʶʚʘʪʦʾ ʩʪʨʫʢʪʫʨʠ, ʷʢʘ ʦʙʫʤʦʚʣʝʥʘ ʯʝʨʛʫʚʘʥʥʷʤ ʩʚʽʪʣʠʭ 

ʢʚʘʨʮ-ʧʦʣʴʦʚʦʰʧʘʪʦʚʠʭ ʪʘ ʦʢʨʝʤʠʭ ʪʝʤʥʦʛʦ ʟʘʙʘʨʚʣʝʥʥʷ 

ʙʽʦʪʠʪʦʚʠʭ ʰʘʨʽʚ. ʄʽʥʝʨʘʣʴʥʠʡ ʩʢʣʘʜ: ʧʣʘʛʽʦʢʣʘʟ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ 

ʦʣʽʛʦʢʣʘʟʦʤ (40ï50 %), ʤʽʢʨʦʢʣʽʥ (ʜʦ 8 %), ʢʚʘʨʮ (18ï90 %), 

ʙʽʦʪʠʪ (12ï40 %) [1]. ɿ ʚʪʦʨʠʥʥʠʭ ʤʽʥʝʨʘʣʽʚ ʫ ʧʦʨʦʜʽ ʥʘʷʚʥʽ 

ʩʝʨʠʮʠʪ, ʢʘʦʣʽʥʽʪ, ʟʨʽʜʢʘ ʭʣʦʨʠʪ. ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʛʥʝʡʩʽʚ (%): 

SiO2 ï 61,2; MgO ï 2,5; TiO2 ï 0,8; CaO ï 2,2; Al 2O3 ï 17,5; Fe2O3 

ï 2,3; FeO ï 5,9; Na2O ï 4,0; K2O ï2,4 [1].  

ʇʦʚʩʶʜʥʝ ʧʦʰʠʨʝʥʥʷ ʤʘʻ ʧʨʠʘʟʦʚʩʴʢʠʡ ʛʨʘʥʽʪʦʾʜʥʠʡ 

ʢʦʤʧʣʝʢʩ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʧʣʘʛʽʦʛʨʘʥʽʪʘʤʠ, ʧʣʘʛʽʦʤʽʛʤʘʪʠʪʘʤʠ, 

ʨʦʞʝʚʠʤʠ ʘʧʣʽʪʦ-ʧʝʛʤʘʪʠʪʦʚʠʤʠ ʛʨʘʥʽʪʘʤʠ, ʛʨʘʥʽʪ-ʧʝʛʤʘʪʠʪʘʤʠ 

ʪʘ ʤʽʛʤʘʪʠʪʘʤʠ [1]. ʇʝʨʝʚʘʞʥʝ ʧʦʰʠʨʝʥʥʷ ʥʘ ɿʘʭʽʜʥʦ-
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ɼʽʙʨʦʚʩʴʢʽʡ ʜʽʣʷʥʮʽ ʤʘʶʪʴ ʨʦʞʝʚʽ ʛʨʘʥʽʪʠ, ʧʝʛʤʘʪʠʪʦʚʽ ʛʨʘʥʽʪʠ, 

ʤʽʛʤʘʪʠʪʠ (ʜʥʽʧʨʦʚʩʴʢʦ-ʪʦʢʽʚʩʴʢʦʛʦ ʢʦʤʧʣʝʢʩʫ). 

ʇʣʘʛʽʦʤʽʛʤʘʪʠʪʠ, ʧʣʘʛʽʦʛʨʘʥʽʪʠ (ʢʽʨʦʚʦʛʨʘʜ-ʞʠʪʦʤʠʨʩʴʢʦʛʦ 

ʢʦʤʧʣʝʢʩʫ) ʟʘʣʷʛʘʶʪʴ ʚʫʟʴʢʠʤʠ ʩʤʫʛʘʤʠ, ʦʙʣʷʤʦʚʫʶʯʠ ʨʦʞʝʚʽ 

ʛʨʘʥʽʪʠ. ʄʽʥʝʨʘʣʴʥʠʡ ʩʢʣʘʜ ʧʣʘʛʽʦʤʽʛʤʘʪʠʪʽʚ: ʘʣʴʙʽʪ-ʦʣʽʛʦʢʣʘʟ ï 

50ï75 %, ʢʚʘʨʮ ï 18ï25 %, ʙʽʦʪʠʪ ï ʜʦ 15 % [1]. ɼʨʫʛʦʨʷʜʥʽ 

ʤʽʥʝʨʘʣʠ ʮʝ ʧʽʨʦʢʩʝʥ, ʮʠʨʢʦʥ, ʩʝʨʠʮʠʪ, ʛʽʜʨʦʦʢʠʩʠ ʟʘʣʽʟʘ. 

ʉʢʣʘʜʥʽʩʪʴ ʧʝʪʨʦʛʨʘʬʽʯʥʦʛʦ ʩʢʣʘʜʫ ʛʨʘʥʽʪʦʾʜʥʠʭ ʧʦʨʽʜ, ʪʘ ʾʭ 

ʩʪʨʦʢʘʪʽʩʪʴ ʽ ʛʽʙʨʠʜʥʠʡ ʭʘʨʘʢʪʝʨ ʦʙʫʤʦʚʣʶʶʪʴ ʥʝʚʠʪʨʠʤʘʥʽʩʪʴ 

ʣʽʪʦʣʦʛʽʯʥʦʛʦ ʪʘ ʷʢʽʩʥʦʛʦ ʩʢʣʘʜʫ ʢʦʨʠ ʚʠʚʽʪʨʶʚʘʥʥʷ ʽ ʢʘʦʣʽʥʽʚ 

ʟʦʢʨʝʤʘ.  

ʂʦʨʘ ʚʠʚʽʪʨʶʚʘʥʥʷ ʚ ʤʝʞʘʭ ʧʦʢʣʘʜʫ ʧʦʰʠʨʝʥʘ ʧʦʚʩʶʜʥʦ. 

ɺʦʥʘ ʧʝʨʝʢʨʠʚʘʻʪʴʩʷ ʧʦʪʫʞʥʦʶ ʪʦʚʱʝʶ ʯʝʪʚʝʨʪʠʥʥʠʭ ʪʘ 

ʥʝʦʛʝʥʦʚʠʭ ʫʪʚʦʨʝʥʴ (ʜʦ 41 ʤ). ɺ ʤʝʞʘʭ ʜʽʣʷʥʢʠ ʚʠʦʢʨʝʤʣʝʥʦ ʪʨʠ 

ʧʝʪʨʦʛʨʘʬʽʯʥʠʭ ʪʠʧʠ ʢʽʨ ʚʠʚʽʪʨʶʚʘʥʥʷ: 1) ʢʦʨʘ ʚʠʚʽʪʨʶʚʘʥʥʷ 

ʨʦʞʝʚʠʭ ʛʨʘʥʽʪʽʚ, ʪʘ ʧʦʚôʷʟʘʥʠʭ ʟ ʥʠʤʠ ʤʽʛʤʘʪʠʪʽʚ ʪʘ ʧʝʛʤʘʪʠʪʽʚ; 

2) ʢʦʨʘ ʚʠʚʽʪʨʶʚʘʥʥʷ ʧʦʣʽʤʽʛʤʘʪʠʪʽʚ; 3) ʢʦʨʘ ʚʠʚʽʪʨʶʚʘʥʥʷ 

ʧʣʘʛʽʦʢʣʘʟʦʚʠʭ ʧʦʨʽʜ (ʛʥʝʡʩʽʚ, ʤʽʛʤʘʪʠʪʽʚ, ʧʣʘʛʽʦʛʨʘʥʽʪʽʚ) [1].  

ɼʦʤʽʥʫʶʯʠʤʠ ʻ ʧʝʨʰʠʡ ʪʘ ʪʨʝʪʽʡ ʪʠʧʠ ʢʽʨ ʚʠʚʽʪʨʶʚʘʥʥʷ. 

ɿʘʛʘʣʴʥʘ ʪʦʚʱʠʥʘ ʢʽʨ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʢʪʦʥʽʯʥʦʾ ʪʨʽʱʠʥʫʚʘʪʦʩʪʽ ʪʘ 

ʫʤʦʚ ʟʙʝʨʝʞʝʥʥʷ.  

ʃʫʞʥʽ ʢʘʦʣʽʥʠ ʧʦʰʠʨʝʥʽ ʚ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʟʦʥʠ ʧʝʨʚʠʥʥʠʭ 

ʢʘʦʣʽʥʽʚ, ʜʝ ʧʨʦʮʝʩʠ ʢʘʦʣʽʥʽʟʘʮʽʾ ʱʝ ʥʝ ʟʘʚʝʨʰʝʥʽ. ʊʦʤʫ ʢʘʦʣʽʥʠ 

ʪʫʪ ʚʤʽʱʫʶʪʴ ʟʥʘʯʥʦ ʙʽʣʴʰʝ ʣʫʛʽʚ, ʥʽʞ ʥʦʨʤʘʣʴʥʽ ʢʘʦʣʽʥʠ. 

ʊʦʚʱʠʥʘ ʣʫʞʥʠʭ ʢʘʦʣʽʥʽʚ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 2,0 ʤ ʜʦ 19,0 ʤ, ʚ 

ʩʝʨʝʜʥʴʦʤʫ 9,3 ʤ [1]. ʃʫʞʥʽ ʢʘʦʣʽʥʠ ʟʘʟʚʠʯʘʡ ʙʽʣʽ, ʤʽʩʮʷʤʠ 

ʨʦʞʝʚʽ ʧʫʭʢʽ, ʟʦʚʥʽ ʨʽʟʢʦ ʢʦʥʪʨʘʩʪʫʶʪʴ ʟ ʤʘʩʥʠʤʠ ʥʘ ʜʦʪʠʢ 

ʥʦʨʤʘʣʴʥʠʤʠ ʢʘʦʣʽʥʘʤʠ. ʏʘʩʪʦ ʚ ʣʫʞʥʠʭ ʢʘʦʣʽʥʘʭ ʥʘʷʚʥʽ 

ʥʘʧʽʚʢʘʦʣʽʥʽʟʦʚʘʥʽ ʟʝʨʥʘ ʧʦʣʴʦʚʠʭ ʰʧʘʪʽʚ (ʤʽʢʨʦʢʣʽʥʫ). ɼʦʤʽʰʢʠ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʟʝʨʥʘʤʠ ʢʚʘʨʮʫ ʨʦʟʤʽʨʦʤ ʜʦ 1ï5 ʤʤ, ʚ ʢʽʣʴʢʦʩʪʽ ʜʦ 

30ï40 % ʪʘ ʽʥʦʜʽ ʛʽʜʨʦʦʢʠʩʘʤʠ ʟʘʣʽʟʘ ʪʘ ʛʽʜʨʦʩʣʶʜʘʤʠ.  

ɿʘʛʘʣʦʤ ʪʦʚʱʠʥʘ ʢʘʦʣʽʥʽʚ ʥʝ ʧʦʩʪʽʡʥʘ ʚ ʤʝʞʘʭ ʜʽʣʷʥʢʠ ʽ 

ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 2,1 ʜʦ 64,3 ʤ (ʨʠʩ. 1). ʉʝʨʝʜʥʽʡ ʚʤʽʩʪ ʊʽʆ2 ʚ 

ʢʘʦʣʽʥʘʭ 0,18ï1,94 %. ʂʘʦʣʽʥʠ ʟ ʥʝʟʥʘʯʥʠʤ ʚʤʽʩʪʦʤ ʊʽʆ2, 

ʫʪʚʦʨʶʶʪʴʩʷ ʧʦ ʛʨʘʥʽʪʘʤ ʪʘ ʤʽʛʤʘʪʠʪʘʤ, ʘ ʟʽ ʟʥʘʯʥʠʤ ʚʤʽʩʪʦʤ ï 

ʧʦ ʧʝʛʤʘʪʠʪʘʤ ʪʘ ʛʥʝʡʩʘʤ. ʆʨʝʦʣʠ ʧʦʰʠʨʝʥʥʷ ʢʘʦʣʽʥʽʚ ʟ 

ʧʽʜʚʠʱʝʥʠʤ ʚʤʽʩʪʦʤ ʊʽʆ2 ʟʦʩʝʨʝʜʞʝʥʽ ʧʝʨʝʚʘʞʥʦ ʚ ʧʽʚʥʽʯʥʽʡ 
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ʯʘʩʪʠʥʽ ʜʽʣʷʥʢʠ (ʨʠʩ. 2). ɺʤʽʩʪ ʊʽʆ2 ʤʘʻ ʧʨʷʤʠʡ ʢʦʨʝʣʷʮʽʡʥʠʡ 

ʟʚôʷʟʦʢ ʟ ʛʣʠʙʠʥʦʶ ʪʘ ʪʦʚʱʠʥʦʶ ʧʦʢʣʘʜʫ. ɿ ʛʣʠʙʠʥʦʶ ʚʤʽʩʪ ʊʽʆ2 

ʟʨʦʩʪʘʻ, ʪʘʢʦʞ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʽʥ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʦʚʱʠʥʠ ʢʘʦʣʽʥʫ. 

ʂʘʦʣʽʥʠ ɿʘʭʽʜʥʦ-ɼʽʙʨʦʚʩʴʢʦʾ ʜʽʣʷʥʢʠ ʻ ʚʠʩʦʢʦʛʣʠʥʦʟʝʤʠʩʪʠʤʠ. 

ʂʦʨʝʣʷʮʽʡʥʦʛʦ ʟʚôʷʟʢʫ ʤʽʞ ʚʤʽʩʪʦʤ ʦʢʠʩʽʚ ʘʣʶʤʽʥʽʶ, ʟʘʣʽʟʘ ʪʘ 

ʪʠʪʘʥʫ ʥʝ ʚʩʪʘʥʦʚʣʝʥʦ. ɺʤʽʩʪ Fe2O3 ʥʝʟʥʘʯʥʠʡ ʚ ʢʘʦʣʽʥʘʭ, ʱʦ 

ʫʪʚʦʨʠʣʠʩʷ ʚʥʘʩʣʽʜʦʢ ʚʠʚʽʪʨʶʚʘʥʥʷ ʛʨʘʥʽʪʽʚ. ɺʤʽʩʪ Fe2O3 ʨʽʟʢʦ 

ʟʥʠʞʫʻʪʴʩʷ ʚ ʢʘʦʣʽʥʘʭ, ʱʦ ʫʪʚʦʨʠʣʠʩʷ ʚʥʘʩʣʽʜʦʢ ʚʠʚʽʪʨʶʚʘʥʥʷ 

ʛʥʝʡʩʽʚ. ʉʝʨʝʜʥʽʡ ʚʤʽʩʪ ʚ ʢʘʦʣʽʥʘʭ 0,38ï1,73 %. ʅʘʙʽʣʴʰʠʡ 

ʩʝʨʝʜʥʽʡ ʚʤʽʩʪ Fe2O3 ʚ ʢʘʦʣʽʥʘʭ ï ʚ ʧʽʚʥʽʯʥʽʡ ʯʘʩʪʠʥʽ ʜʽʣʷʥʢʠ (ʨʠʩ. 

3). ɿʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ ʚʤʽʩʪʫ Fe2O3 ʫ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʧʝʨʝʪʠʥʽ 

ʢʘʦʣʽʥʽʚ ʥʝ ʚʩʪʘʥʦʚʣʝʥʦ. ɯʥʜʝʢʩ ʙʽʣʠʟʥʠ ʢʘʦʣʥʽʚ 54,33ï87,76 %. 

ʂʘʦʣʽʥʠ ʟ ʥʠʟʴʢʠʤ ʚʤʽʩʪʦʤ ʙʽʣʠʟʥʠ ʧʦʰʠʨʝʥʽ ʫ ʚʠʛʣʷʜʽ 

ʥʝʟʥʘʯʥʦʛʦ ʨʦʟʤʽʨʫ ʦʩʪʨʽʚʮʽʚ ʧʦ ʫʩʽʡ ʜʽʣʷʥʮʽ (ʨʠʩ. 4). 

 

  
ʈʠʩ. 1. ʊʦʚʱʠʥʘ ʧʝʨʚʠʥʥʠʭ ʢʘʦʣʽʥʽʚ ʈʠʩ. 2. ʃʘʪʝʨʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʚʤʽʩʪʫ 

ʊʽʆ2 ʚ ʧʝʨʚʠʥʥʠʭ ʢʘʦʣʽʥʘʭ  

 

ʂʦʨʝʣʷʮʽʡʥʠʡ ʟʚôʷʟʦʢ ʤʽʞ ʽʥʜʝʢʩʦʤ ʙʽʣʠʟʥʠ ʢʘʦʣʽʥʽʚ ʽ ʚʤʽʩʪʦʤ 

ʚ ʥʠʭ TiO2 ï ʚʽʜʩʫʪʥʽʡ; ʘ ʤʽʞ ʽʥʜʝʢʩʦʤ ʙʽʣʠʟʥʠ ʽ ʚʤʽʩʪʦʤ Fe2O3 ï 

ʦʙʝʨʥʝʥʠʡ ʜʫʞʝ ʩʣʘʙʢʠʡ. 

ɺʠʩʥʦʚʢʠ. ɿʘʭʽʜʥʦ-ɼʽʙʨʦʚʩʴʢʠʡ ʧʦʢʣʘʜ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʽʥʰʠʭ ʧʦʢʣʘʜʽʚ ʇʨʦʩʷʥʽʚʩʴʢʦʾ ʛʨʫʧʠ ʙʽʣʴʰ ʦʜʥʦʨʽʜʥʦʶ ʪʦʚʱʝʶ 

ʚʠʭʽʜʥʠʭ ʧʦʨʽʜ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʜʥʽʧʨʦʚʩʴʢʦ-ʪʦʢʽʚʩʴʢʠʤʠ 

ʨʦʞʝʚʠʤʠ ʛʨʘʥʽʪʘʤʠ ʪʘ ʤʽʛʤʘʪʠʪʘʤʠ. 
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ʈʠʩ. 3. ʃʘʪʝʨʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʚʤʽʩʪʫ 

Fe2O3
 ʚ ʧʝʨʚʠʥʥʠʭ ʢʘʦʣʽʥʘʭ 

ʈʠʩ. 4. ʃʘʪʝʨʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʽʥʜʝʢʩʫ 

ʙʽʣʠʟʥʠ ʚ ʧʝʨʚʠʥʥʠʭ ʢʘʦʣʽʥʘʭ 

 

ɺʤʽʩʪ Fe2O3 ʽ ʊʽʆ2 ʥʝʟʥʘʯʥʠʡ. ɯʥʜʝʢʩ ʙʽʣʠʟʥʠ ʜʦʩʪʘʪʥʴʦ 

ʚʠʩʦʢʠʡ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʻ ʽʥʬʦʨʤʘʮʽʡʥʦʶ ʙʘʟʦʶ ʱʦʜʦ 

ʣʘʪʝʨʘʣʴʥʦʛʦ ʧʦʰʠʨʝʥʥʷ ʢʘʦʣʽʥʽʚ ʟ ʨʽʟʥʠʤ ʩʝʨʝʜʥʽʤ ʚʤʽʩʪʦʤ 

Fe2O3 ̔  ʊʽʆ2 ʪʘ ʽʥʜʝʢʩʦʤ ʙʽʣʠʟʥʠ. 
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The state of the resource hydrocarbon base of the Western oil and gas region is shown, the 

level of oil and gas production over the past forty years, and the prospects for the discovery of 

new fields and hydrocarbon deposits in each of the oil and gas regions as a base for increasing 
the production of its own hydrocarbon raw materials are substantiated. 
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ʅʘʬʪʘ ʽ ʛʘʟ ʚʣʘʩʥʦʛʦ ʚʠʜʦʙʫʚʘʥʥʷ ʻ ʚʘʛʦʤʦʶ ʩʢʣʘʜʦʚʦʶ 

ʝʥʝʨʛʝʪʠʢʠ ʋʢʨʘʾʥʠ. ɺʥʝʩʦʢ ʥʘʬʪʦʛʘʟʦʚʠʜʦʙʫʚʥʦʾ ʛʘʣʫʟʽ ʫ 

ʚʥʫʪʨʽʰʥʴʦʤʫ ʚʘʣʦʚʦʤʫ ʧʨʦʜʫʢʪʽ ʜʝʨʞʘʚʠ ʚ 2024 ʨ. ʩʪʘʥʦʚʠʚ 

4,02 % [1]. ʋʧʨʦʜʦʚʞ ʦʩʪʘʥʥʽʭ ʜʝʩʷʪʠ ʨʦʢʽʚ ʚʠʜʦʙʫʪʦʢ ʥʘʬʪʠ ʽ 

ʛʘʟʫ ʟ ʫʢʨʘʾʥʩʴʢʠʭ ʨʦʜʦʚʠʱ ʧʦʩʪʽʡʥʦ ʧʝʨʝʚʠʱʫʻ ʧʨʠʨʽʩʪ ʾʭʥʽʭ 

ʨʦʟʚʽʜʘʥʠʭ ʟʘʧʘʩʽʚ [3]. ɿʘ ʜʦʩʚʽʜʦʤ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥ ʟ ʚʣʘʩʥʠʤ 

ʚʠʜʦʙʫʪʢʦʤ ʚʫʛʣʝʚʦʜʥʽʚ ʜʣʷ ʟʙʘʣʘʥʩʦʚʘʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʝʢʦʥʦʤʽʢʠ ʧʨʠʨʽʩʪ ʟʘʧʘʩʽʚ ʚʫʛʣʝʚʦʜʥʽʚ ʧʦʚʠʥʝʥ ʧʨʠʥʘʡʤʥʽ ʚ 2ï3 
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ʨʘʟʠ ʧʝʨʝʚʠʱʫʚʘʪʠ ʦʙʩʷʛʠ ʾʭʥʴʦʛʦ ʚʠʜʦʙʫʚʘʥʥʷ. ɿʘ ʦʩʪʘʥʥʽ ʩʦʨʦʢ 

ʨʦʢʽʚ ʨʽʯʥʽ ʚʠʜʦʙʫʪʢʠ ʛʘʟʫ ʚ ʋʢʨʘʾʥʽ ʩʢʦʨʦʪʠʣʠʩʷ ʟ 56,6 ʤʣʨʜ ʤ3 

ʜʦ 20,2 ʤʣʨʜ ʤ3, ʥʘʬʪʠ ʽ ʢʦʥʜʝʥʩʘʪʫ ï ʟ 7,5 ʤʣʥ ʪ ʜʦ 2,4 ʤʣʥ ʪ. ʎʝ 

ʧʦʚô̫ ʟʘʥʦ ʟ ʚʽʜʧʦʚʽʜʥʠʤ ʟʤʝʥʰʝʥʥʷʤ ʱʦʨʽʯʥʠʭ ʧʨʠʨʦʩʪʽʚ ʟʘʧʘʩʽʚ 

ʚʫʛʣʝʚʦʜʥʽʚ ʟʘ ʪʦʡ ʞʝ ʧʝʨʽʦʜ: ʛʘʟʫ ï ʟ 45 ʤʣʨʜ ʤ3 ʜʦ 7,2 ʤʣʨʜ ʤ3, 

ʥʘʬʪʠ ʟ ʢʦʥʜʝʥʩʘʪʦʤ ï ʟ 8,3 ʤʣʥ ʪ ʜʦ 0,4 ʤʣʥ ʪ. ʊʘʢʠʤ ʯʠʥʦʤ ʚ 

ʋʢʨʘʾʥʽ ʥʘ ʨʠʥʢʫ ʚʣʘʩʥʦʾ ʚʫʛʣʝʚʦʜʥʝʚʦʾ ʩʠʨʦʚʠʥʠ ʩʢʣʘʣʘʩʷ 

ʟʘʛʨʦʟʣʠʚʘ ʩʠʪʫʘʮʽʷ: ʤʠ ʧʨʦʩʪʦ çʧʨʦʾʜʘʻʤʦè ʩʚʦʾ ʨʦʟʚʽʜʘʥʽ ʟʘʧʘʩʠ, 

ʥʝ ʧʦʧʦʚʥʶʶʯʠ ʾʭ ʥʘʣʝʞʥʠʤ ʯʠʥʦʤ. ʊʦʤʫ ʜʣʷ ʩʪʘʙʽʣʴʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʝʨʞʘʚʠ ʥʘʬʪʦʶ ʽ ʛʘʟʦʤ ʚʢʨʘʡ ʥʝʦʙʭʽʜʥʝ 

ʥʘʨʦʱʫʚʘʥʥʶ ʚʣʘʩʥʦʾ ʨʝʩʫʨʩʥʦʾ ʙʘʟʠ ʰʣʷʭʦʤ ʚʽʜʢʨʠʪʪʷ ʥʦʚʠʭ 

ʨʦʜʦʚʠʱ, ʘ ʪʘʢʦʞ ʥʦʚʠʭ ʧʦʢʣʘʜʽʚ ʚʫʛʣʝʚʦʜʥʽʚ ʥʘ ʚʽʜʦʤʠʭ 

ʨʦʜʦʚʠʱʘʭ. ɸʣʴʪʝʨʥʘʪʠʚʠ ʪʘʢʦʤʫ ʧʽʜʭʦʜʫ ʥʝʤʘʻ. ʊʦʤʫ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʨʝʟʫʣʴʪʘʪʽʚ ʚʣʘʩʥʠʭ ʙʘʛʘʪʦʣʽʪʥʽʭ ʜʦʩʣʽʜʞʝʥʴ  

ʥʘʫʢʦʚʮʽʚ ɯɻɻɻʂ ʅɸʅ ʋʢʨʘʾʥʠ, ʃɺ ʋʢʨɼɻʈɯ ʪʘ ʢʨʠʪʠʯʥʦʛʦ 

ʧʝʨʝʦʩʤʠʩʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʽʪ ʩʪʦʩʦʚʥʦ ʧʦʩʪʽʡʥʦʛʦ 

ʧʦʧʦʚʥʝʥʥʷ ʟʘʧʘʩʽʚ ʚʫʛʣʝʚʦʜʥʽʚ ʚʽʜʦʤʠʭ ʨʦʜʦʚʠʱ ʪʘ ʧʦʢʣʘʜʽʚ ʟ 

ʛʣʠʙʠʥ [2] ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʥʦʚʽʪʥʽ ʧʦʛʣʷʜʠ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʽ 

ʧʨʦʩʪʦʨʦʚʠʡ ʨʦʟʧʦʜʽʣ ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʩʢʫʧʯʝʥʴ, ʢʨʠʪʝʨʽʾ 

ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʩʪʽ, ʘ ʛʦʣʦʚʥʝ ï ʟʦʥʠ ʽ ʢʦʥʢʨʝʪʥʽ ʦʙô̒ ʢʪʠ ʜʣʷ 

ʧʦʰʫʢʦʚʦʛʦ ʙʫʨʽʥʥʷ ʥʘ ʥʘʬʪʫ ʽ ʛʘʟ. 

ʅʘʚʝʜʝʥʽ ʫ ʩʪʘʪʪʽ ʮʠʬʨʠ ʨʝʩʫʨʩʽʚ ʽ ʟʘʧʘʩʽʚ ʚʫʛʣʝʚʦʜʥʽʚ 

ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʥʦʚʽʪʥʽʭ ʧʦʛʣʷʜʘʭ ʥʘ ʩʪʨʫʢʪʫʨʫ ʽ ʛʝʦʜʠʥʘʤʽʢʫ 

ɿʘʭʽʜʥʦʛʦ ʨʝʛʽʦʥʫ ʋʢʨʘʾʥʠ. ʆʩʦʙʣʠʚʦ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʂʘʨʧʘʪʩʴʢʦʾ 

ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʾ ʦʙʣʘʩʪʽ, ʦʩʢʽʣʴʢʠ ʧʣʘʪʬʦʨʤʥʽ ʫʪʚʦʨʝʥʥʷ 

ɺʦʣʠʥʦ-ʇʦʜʽʣʣʷ ʪʘ ʇʝʨʝʜʢʘʨʧʘʪʩʴʢʠʡ ʽ ɿʘʢʘʨʧʘʪʩʴʢʠʡ ʧʨʦʛʠʥʠ 

ʤʘʶʪʴ ʚʽʜʥʦʩʥʦ ʧʨʦʩʪʫ ʛʝʦʣʦʛʽʯʥʫ ʙʫʜʦʚʫ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ  

ʩʧʦʢʽʡʥʦʶ ʪʝʢʪʦʥʽʢʦʶ, ʚʦʥʠ ʜʦʩʪʘʪʥʴʦ ʚʠʚʯʝʥʽ ʷʢ ʨʽʟʥʠʤʠ 

ʤʝʪʦʜʘʤʠ ʧʦʣʴʦʚʠʭ ʛʝʦʬʽʟʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʪʘʢ ʽ ʩʚʝʨʜʣʦʚʠʥʘʤʠ 

ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʪʦʤʫ ʥʝ ʽʩʥʫʻ ʦʩʦʙʣʠʚʠʭ ʧʨʦʪʠʨʽʯ ʫ 

ʨʦʟʫʤʽʥʥʽ ʛʝʦʣʦʛʽʯʥʦʾ ʙʫʜʦʚʠ ʟʛʘʜʘʥʠʭ ʪʝʢʪʦʥʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʨʝʛʽʦʥʫ. ʅʘʪʦʤʽʩʪʴ ʪʝʢʪʦʥʽʢʘ ʂʘʨʧʘʪʩʴʢʦʾ ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʾ 

ʧʨʦʚʽʥʮʽʾ ʟʘʚʜʷʢʠ ʰʘʨô̫ ʞʥʽʡ ʙʫʜʦʚʽ ʥʘʜʟʚʠʯʘʡʥʦ ʩʢʣʘʜʥʘ ʽ 

ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʚʯʝʥʘ ʛʝʦʣʦʛʦ-ʛʝʦʬʽʟʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ 

ʜʦʩʣʽʜʞʝʥʴ. ʊʦʤʫ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʙʘʛʘʪʦʣʽʪʥʽʭ ʧʦʣʴʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʚʽʜʢʦʨʠʛʦʚʘʥʽ ʝʣʝʤʝʥʪʠ ʥʘʩʫʚʥʦʾ ʪʝʢʪʦʥʽʢʠ. 
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ʇʨʦʘʥʘʣʽʟʦʚʘʥʽ ʟʥʘʯʥʽ ʦʙʩʷʛʠ ʬʘʢʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ 

ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʩʪʽ ʽ ʧʨʦʩʪʦʨʦʚʦʛʦ ʧʦʰʠʨʝʥʥʷ ʚʫʛʣʝʚʦʜʥʝʚʠʭ 

ʩʢʫʧʯʝʥʴ ʫ ʨʽʟʥʠʭ ʪʝʢʪʦʥʽʯʥʠʭ ʦʜʠʥʠʮʷʭ ɿʘʭʽʜʥʦʛʦ 

ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʛʦ ʨʝʛʽʦʥʫ. ʇʦʢʘʟʘʥʠʡ ʨʦʟʧʦʜʽʣ ʟʘʧʘʩʽʚ ʽ ʨʝʩʫʨʩʽʚ 

ʚʫʛʣʝʚʦʜʥʽʚ ʟʘ ʝʣʝʤʝʥʪʘʤʠ ʥʘʬʪʦʛʘʟʦʛʝʦʣʦʛʽʯʥʦʛʦ ʨʘʡʦʥʫʚʘʥʥʷ, ʚ 

ʾʭ ʤʝʞʘʭ ʦʙʛʨʫʥʪʦʚʘʥʽ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʚʯʝʥʽ ʧʝʨʩʧʝʢʪʠʚʥʽ 

ʢʦʤʧʣʝʢʩʠ ʜʣʷ ʧʦʰʫʢʽʚ ʥʦʚʠʭ ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʩʢʫʧʯʝʥʴ. 

ʆʜʥʠʤ ʟ ʥʘʡʧʝʨʩʧʝʢʪʠʚʥʽʰʠʭ ʟ ʥʠʭ ʻ ʥʘʬʪʦʛʘʟʦʥʦʩʥʠʡ ʨʘʡʦʥ 

ʧʣʘʪʬʦʨʤʥʦʛʦ ʘʚʪʦʭʪʦʥʫ ʂʘʨʧʘʪ, ʚ ʷʢʦʤʫ ʨʝʘʣʽʟʘʮʽʷ ʨʝʩʫʨʩʥʦʾ 

ʙʘʟʠ ʩʢʣʘʜʘʻ ʣʠʰʝ 6,1 %. ʇʝʨʩʧʝʢʪʠʚʠ ʚʽʜʢʨʠʪʪʷ ʥʦʚʠʭ ʨʦʜʦʚʠʱ 

ʧʦʚô̫ ʟʫʶʪʴʩʷ ʪʫʪ ʚ ʦʩʥʦʚʥʦʤʫ ʟ ʚʽʜʢʣʘʜʘʤʠ ʶʨʠ ʪʘ ʢʨʝʡʜʠ, ʷʢʽ 

ʟʘʥʫʨʝʥʽ ʥʘ ʛʣʠʙʠʥʠ 5,5ï6,5 ʢʤ. 

ʅʘʩʪʫʧʥʦʶ ʟʘ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʶ ʚʚʘʞʘʻʤʦ ʂʘʨʧʘʪʩʴʢʫ 

ʥʘʬʪʦʛʘʟʦʥʦʩʥʫ ʦʙʣʘʩʪʴ, ʜʝ ʩʪʫʧʽʥʴ ʨʝʘʣʽʟʘʮʽʾ ʨʝʩʫʨʩʽʚ ʩʪʘʥʦʚʠʪʴ 

9,2 %. ʆʩʥʦʚʥʽ ʧʝʨʩʧʝʢʪʠʚʠ ʪʫʪ ʧʦʚô̫ ʟʫʶʪʴʩʷ ʟ ʚʽʜʢʣʘʜʘʤʠ 

ʧʘʣʝʦʛʝʥʫ ʥʘ ʛʣʠʙʠʥʘʭ 1,5ï5 ʢʤ. 

ʃʠʰʝ ʥʘ 4,6 % ʨʝʘʣʽʟʦʚʘʥʠʡ ʧʦʪʝʥʮʽʘʣ ɺʦʣʠʥʦ-ʇʦʜʽʣʴʩʴʢʦʾ 

ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʾ ʦʙʣʘʩʪʽ, ʧʝʨʩʧʝʢʪʠʚʠ ʷʢʦʛʦ ʧʦʚô̫ ʟʘʥʽ ʟʽ ʟʥʘʯʥʠʤ 

ʩʪʨʘʪʠʛʨʘʬʽʯʥʠʤ ʜʽʘʧʘʟʦʥʦʤ ï ʚʽʜ ʚʝʥʜʫ ʜʦ ʜʝʚʦʥʫ. ɻʣʠʙʠʥʠ 

ʟʘʣ̫ʛʘʥʥʷ ʪʝʞ ʢʦʣʠʚʘʶʪʴʩʷ ʚ ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ï ʚʽʜ 1,0 ʢʤ ʜʦ 

4,5 ʢʤ. ɯ ʮʝ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʨʝʩʫʨʩʽʚ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫ ʫ ʚʽʜʢʣʘʜʘʭ 

ʩʠʣʫʨʫ, ʧʠʪʘʥʥʷ ʧʨʦ ʽʩʥʫʚʘʥʥʷ ʷʢʠʭ ʟʘʣʠʰʘʻʪʴʩʷ ʚʽʜʢʨʠʪʠʤ ʽ 

ʟʥʘʭʦʜʠʪʴʩʷ ʣʠʰʝ ʥʘ ʝʪʘʧʽ ʧʦʯʘʪʢʦʚʦʛʦ ʚʠʚʯʝʥʥʷ.  

ʉʪʫʧʽʥʴ ʨʝʘʣʽʟʘʮʽʾ ʨʝʩʫʨʩʥʦʾ ʙʘʟʠ ɿʘʢʘʨʧʘʪʩʴʢʦʾ ʛʘʟʦʥʦʩʥʦʾ 

ʦʙʣʘʩʪʽ ʥʝ ʧʝʨʝʚʠʱʫʻ 4,0 %, ʪʨʘʜʠʮʽʡʥʦ ʧʝʨʩʧʝʢʪʠʚʥʽ ʚʽʜʢʣʘʜʠ 

ʥʝʦʛʝʥʫ, ʘ ʪʘʢʦʞ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʠʚʯʝʥʽ ʚʽʜʢʣʘʜʠ ʜʦʥʝʦʛʝʥʦʚʦʾ 

ʦʩʥʦʚʠ ʥʘ ʛʣʠʙʠʥʘʭ ʜʦ 3,5ï4 ʢʤ. ɭ ʚ ʨʝʛʽʦʥʽ ʉʘʤʙʽʨʩʴʢʠʡ 

ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʨʘʡʦʥ, ʧʦʪʝʥʮʽʘʣ ʷʢʦʛʦ ʥʘ ʩʴʦʛʦʜʥʽ ʚʟʘʛʘʣʽ ʥʝ 

ʨʝʘʣʽʟʦʚʘʥʠʡ. ʊʫʪ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʚô̫ ʟʫʶʪʴʩʷ ʟ ʚʽʜʢʣʘʜʘʤʠ 

ʧʘʣʝʦʛʝʥʫ ʥʘ ʛʣʠʙʠʥʘʭ ʚʽʜ 0,5 ʢʤ ʜʦ 4 ʢʤ. 

ʎʠʬʨʠ ʟʘʧʘʩʽʚ ʽ ʨʝʩʫʨʩʽʚ ʨʽʟʥʠʭ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʽʯʥʠʭ 

ʦʜʠʥʠʮʴ ɿʘʭʽʜʥʦʛʦ ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʛʦ ʨʝʛʽʦʥʫ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ 

ʨʦʟʨʦʙʣʝʥʠʭ ʥʘʤʠ ʢʨʠʪʝʨʽʷʭ ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʩʪʽ. ɿʘ ʜʘʥʠʤʠ 

ʛʝʦʭʽʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʰʦ ʚʣʘʩʪʠʚʦʩʪʽ ʚʫʛʣʝʚʦʜʥʽʚ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʪʘʜʽʾ ʾʭ ʤʽʛʨʘʮʽʾ. ʋ ʥʘʧʨʷʤʢʫ ʤʽʛʨʘʮʽʾ ʥʘʬʪʠ ʩʪʘʶʪʴ 

ʚʘʞʯʠʤʠ, ʫ ʥʠʭ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʤʽʩʪ ʥʘʬʪʝʥʽʚ. ʋʚʝʨʭ ʧʦ ʨʦʟʨʽʟʫ 

ʥʘʬʪʠ ʟʤʽʥʶʶʪʴʩʷ ʚʽʜ ʧʘʨʘʬʽʥʦʚʠʭ ʜʦ ʥʘʬʪʝʥʦʚʠʭ. ʊʘʢʠʡ 
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ʨʦʟʧʦʜʽʣ ʥʘʬʪ ï ʜʫʞʝ ʣʝʛʢʽ ʚ ʥʠʞʥʽʭ ʛʦʨʠʟʦʥʪʘʭ ʽ  ʚʘʞʯʽ ʚ ʚʝʨʭʥʽʭ 

ï ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʝʨʪʠʢʘʣʴʥʫ ʤʽʛʨʘʮʽʶ ʥʘʬʪʠ ʽʟ ʩʧʽʣʴʥʦʛʦ ʜʞʝʨʝʣʘ 

ʥʘʜʭʦʜʞʝʥʥʷ ʥʘʬʪʦʚʠʭ ʚʫʛʣʝʚʦʜʥʽʚ. ɿʙʽʣʴʰʝʥʥʷ ʚ ʥʘʬʪʘʭ 

ʤʝʪʘʥʦʚʠʭ ʚʫʛʣʝʚʦʜʥʽʚ ʽ ʟʤʝʥʰʝʥʥʷ ʘʨʦʤʘʪʠʯʥʠʭ ʽʟ ʛʣʠʙʠʥʦʶ (ʮʝ 

ʥʘʩʘʤʧʝʨʝʜ ʟʤʽʥʘ ʪʝʨʤʦʙʘʨʠʯʥʠʭ ʫʤʦʚ ʟʘʣʷʛʘʥʥʷ ʽ ʬʦʨʤʫʚʘʥʥʷ 

ʥʘʬʪʦʚʠʭ ʧʦʢʣʘʜʽʚ) ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʾʾ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ. ʅʘ ʙʘʛʘʪʦʧʣʘʩʪʦʚʠʭ ʨʦʜʦʚʠʱʘʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʪʝʥʜʝʥʮʽʷ ʜʦ ʟʤʝʥʰʝʥʥʷ ʛʫʩʪʠʥʠ ʥʘʬʪʠ ʽʟ ʛʣʠʙʠʥʦʶ. ʎʝ ʻ 

ʩʚʽʜʯʝʥʥʷʤ ʚʝʨʪʠʢʘʣʴʥʦʾ ʤʽʛʨʘʮʽʾ ʥʘʬʪʠ ʽ ʦʜʥʦʯʘʩʥʦʛʦ 

ʬʦʨʤʫʚʘʥʥʷ ʧʦʢʣʘʜʽʚ ʽʟ ʩʧʽʣʴʥʦʛʦ ʜʞʝʨʝʣʘ ʥʘʜʭʦʜʞʝʥʥʷ 

ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. 

ɼʣʷ ʛʝʦʣʦʛʽʯʥʦ ʚʽʜʢʨʠʪʠʭ ʪʝʨʠʪʦʨʽʡ ï ʉʢʣʘʜʯʘʩʪʠʭ ʂʘʨʧʘʪ ï 

ʟʘʧʨʦʧʦʥʦʚʘʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʷʤʠʭ ʽ ʥʝʧʨʷʤʠʭ ʦʟʥʘʢ 

ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʩʪʽ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʚʠʚʯʝʥʥʽ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʪʘ 

ʚʫʛʣʝʚʦʜʥʝʚʦʛʦ ʧʦʣʽʚ, ʘ ʪʘʢʦʞ ʩʫʣʴʬʽʜʠʟʘʮʽʾ ʧʦʨʽʜ. ɼʦ ʧʨʷʤʠʭ 

ʦʟʥʘʢ ʚʽʜʥʦʩʷʪʴʩʷ ʚʠʪʦʢʠ ʚʫʛʣʝʚʦʜʥʽʚ ʥʘ ʟʝʤʥʫ ʧʦʚʝʨʭʥʶ; 

ʩʢʣʘʜʝʥʘ ʢʘʨʪʘ ʪʘʢʠʭ ʚʠʭʦʜʽʚ, ʟʜʽʡʩʥʝʥʘ ʾʭ ʫʚô̫ ʟʢʘ ʟ ʚʽʜʦʤʠʤʠ 

ʨʦʜʦʚʠʱʘʤʠ ʪʘ ʦʢʨʝʩʣʝʥʽ ʦʨʝʦʣʠ ʽʩʥʫʚʘʥʥʷ ʧʨʦʛʥʦʟʥʠʭ ʧʦʢʣʘʜʽʚ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʤʝʞʘʭ ʥʘʡʙʽʣʴʰ ʧʨʦʛʨʽʪʠʭ ʜʽʣʷʥʦʢ 

ʉʢʣʘʜʯʘʩʪʠʭ ʂʘʨʧʘʪ ʱʽʣʴʥʽʩʪʴ ʥʘʬʪʦʛʘʟʦʧʨʦʷʚʣʝʥʴ ʥʘʡʥʠʞʯʘ ï 

0,002 ʧʨʦʷʚʠ/ʢʤ, ʧʨʠʙʣʠʟʥʦ ʚ 30 ʨʘʟʽʚ ʤʝʥʰʘ, ʥʽʞ ʫ 

ʚʫʛʣʝʚʦʜʥʝʚʦʤʫ ʧʦʣʽ. ɸʥʘʣʽʟʠ ʚʽʣʴʥʠʭ ʽ ʨʦʟʯʠʥʝʥʠʭ ʛʘʟʽʚ ʽʟ 

ʩʚʝʨʜʣʦʚʠʥ ʧʨʦʛʨʽʪʠʭ ʪʝʨʠʪʦʨʽʡ ʚʢʘʟʫʶʪʴ ʥʘ ʥʘʷʚʥʽʩʪʴ ʚ ʾʭ ʩʢʣʘʜʽ 

ʟʥʘʯʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ (ʜʦ 100 %) ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʽ ʘʟʦʪʫ ʽ, 

ʚʽʜʧʦʚʽʜʥʦ, ʥʠʟʴʢʫ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʧʦʰʫʢʽʚ ʚʫʛʣʝʚʦʜʥʝʚʠʭ 

ʩʢʫʧʯʝʥʴ. 

ɼʣʷ ʧʦʰʫʢʽʚ ʥʦʚʠʭ ʨʦʜʦʚʠʱ ʥʘʬʪʠ ʽ ʛʘʟʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʝʧʨʷʤʫ ʦʟʥʘʢʫ ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʩʪʽ, ʘ ʩʘʤʝ ï 

ʨʽʚʝʥʴ ʩʫʣʴʬʽʜʥʦʾ ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʥʝʛʽʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. 

ɺʦʥʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʩʪʘʥʦʚʣʝʥʦʤʫ ʥʘʤʠ ʧʦʟʠʪʠʚʥʦʤʫ 

ʢʦʨʝʣʷʮʽʡʥʦʤʫ ʟʚô̫ ʟʢʫ ʤʽʞ ʥʘʬʪʦʛʘʟʦʥʦʩʥʽʩʪʶ ʽ ʚʤʽʩʪʦʤ 

ʩʫʣʴʬʽʜʽʚ ʮʠʥʢʫ, ʩʚʠʥʮʶ, ʤʽʜʽ ʽ ʩʘʤʦʨʦʜʥʦʛʦ ʩʚʠʥʮʶ ʫ ʰʣʽʭʦʚʠʭ 

ʧʨʦʙʘʭ ʘʣʶʚʽʘʣʴʥʠʭ ʚʽʜʢʣʘʜʽʚ. ɼʦʚʝʜʝʥʦ, ʱʦ ʜʞʝʨʝʣʘʤʠ 

ʩʬʘʣʝʨʠʪʫ, ʛʘʣʝʥʽʪʫ, ʭʘʣʴʢʦʧʽʨʠʪʫ ʪʘ ʩʚʠʥʮʶ ʻ ʧʦʨʦʜʠ 

ʢʘʨʧʘʪʩʴʢʦʛʦ ʢʨʝʡʜʦ-ʧʘʣʝʦʛʝʥʦʚʦʛʦ ʬʣʽʰʫ. ʋʪʚʦʨʝʥʥʷ ʮʠʭ 

ʩʫʣʴʬʽʜʽʚ ʚʽʜʙʫʚʘʣʦʩʴ ʰʣʷʭʦʤ ʚʟʘʻʤʦʜʽʾ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, 

ʥʘʩʠʯʝʥʠʭ ʽʦʥʘʤʠ ʤʝʪʘʣʽʚ, ʟ ʩʽʨʢʦʚʦʜʥʝʤ, ʷʢʠʡ ʥʘʜʭʦʜʠʚ ʫ ʨʦʟʨʽʟ 
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ʟ ʤʽʩʮʴ ʩʢʫʧʯʝʥʴ ʚʫʛʣʝʚʦʜʥʽʚ. ɹʽʣʴʰ ʟʥʘʯʥʠʤ ʩʢʫʧʯʝʥʥʷʤ 

ʦʩʪʘʥʥʽʭ ʚʽʜʧʦʚʽʜʘʶʪʴ ʙʽʣʴʰʽ ʚʤʽʩʪʠ ʩʫʣʴʬʽʜʽʚ ʫ ʰʣʽʭʘʭ. ʎʝʡ 

ʚʠʩʥʦʚʦʢ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʧʨʦʩʪʦʨʦʚʠʤ ʟʚô̫ ʟʢʦʤ ʥʘʬʪʦʚʠʭ 

ʨʦʜʦʚʠʱ ʟ ʤʘʩʰʪʘʙʘʤʠ ʩʫʣʴʬʽʜʥʦʾ ʤʽʥʝʨʘʣʽʟʘʮʽʾ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʧʨʦʛʥʦʟʦʚʘʥʽ ʟʦʥʠ 

ʘʢʫʤʫʣʷʮʽʾ ʚʫʛʣʝʚʦʜʥʽʚ ʫ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʚʯʝʥʠʭ ʥʘʬʪʦʛʘʟʦʥʦʩʥʠʭ 

ʢʦʤʧʣʝʢʩʘʭ ɿʘʭʽʜʥʦʛʦ ʨʝʛʽʦʥʫ. ɼʣʷ ɺʦʣʠʥʦ-ʇʦʜʽʣʴʩʴʢʦʾ 

ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʾ ʦʙʣʘʩʪʽ ï ʮʝ ʫʪʚʦʨʝʥʥʷ ʚʽʜ ʚʝʥʜʫ ʜʦ ʜʝʚʦʥʫ. ɿ 

ʦʩʪʘʥʥʽʭ ʚʽʜʢʨʠʪʽ ʜʚʘ, ʧʦʢʠ ʱʦ ʻʜʠʥʽ ʚ ʦʙʣʘʩʪʽ ʃʦʢʘʯʠʥʩʴʢʝ ʪʘ 

ɺʝʣʠʢʦʤʦʩʪʽʚʩʴʢʝ ʨʦʜʦʚʠʱʘ. ʇʦʜʘʣʴʰʽ ʧʝʨʩʧʝʢʪʠʚʠ ʤʦʞʥʘ 

ʧʦʚô̫ ʟʫʚʘʪʠ ʟ ʈʝʥʽʚʩʴʢʦʶ, ɼʦʨʦʩʠʥʩʴʢʦʶ, ʄʘʨʢʦʚʠʮʴʢʦʶ, 

ʆʣʝʩʴʢʦ-ɿʦʣʦʯʽʚʩʴʢʦʶ ʩʪʨʫʢʪʫʨʘʤʠ. ɼʦʩʪʘʪʥʴʦ ʥʝ ʜʦʩʣʽʜʞʝʥʽ 

ʧʦʪʝʥʮʽʡʥʽ ʤʦʞʣʠʚʦʩʪʽ ʚʽʜʢʣʘʜʽʚ ʩʠʣʫʨʫ, ʟ ʷʢʠʤ ʧʦʚô̫ ʟʫʶʪʴʩʷ 

ʧʝʨʩʧʝʢʪʠʚʠ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫ. ʇʨʦʪʝ ʦʩʥʦʚʥʠʤ ʥʝʜʦʩʪʘʪʥʴʦ 

ʚʠʚʯʝʥʠʤ ʢʦʤʧʣʝʢʩʦʤ, ʘʣʝ ʟ ʚʝʣʠʢʠʤʠ ʧʝʨʩʧʝʢʪʠʚʘʤʠ, ʻ, ʥʘ ʥʘʰʫ 

ʜʫʤʢʫ, ʚʽʜʢʣʘʜʠ ʢʝʤʙʨʽʶ. ʉʣʽʜ ʧʝʨʰ ʟʘ ʚʩʝ ʦʮʽʥʠʪʠ ʧʦʰʫʢʦʚʠʤ 

ʙʫʨʽʥʥʷʤ ʃʽʪʠʥʩʴʢʫ, ʊʘʨʘʰʘʥʩʴʢʫ, ʘ ʟʛʦʜʦʤ ï ɹʝʨʝʞʘʥʩʴʢʫ, 

ɸʥʜʨʽʾʚʩʴʢʫ, ʄʦʥʘʩʪʠʨʠʱʝʥʩʴʢʫ ʩʪʨʫʢʪʫʨʠ, ʧʨʦʙʫʨʠʪʠ ʧʦʰʫʢʦʚʫ 

ʩʚʝʨʜʣʦʚʠʥʫ ʚ ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʥʘ ʇʝʨʝʤʠʰʣʷʥʩʴʢʽʡ 

ʩʪʨʫʢʪʫʨʽ. 

ɺʽʜʢʣʘʜʠ ʩʘʨʤʘʪʩʴʢʦʾ ʽ ʢʦʩʽʚʩʴʢʦʾ ʩʚʽʪ ɹʽʣʴʯʝ-ɺʦʣʠʮʴʢʦʛʦ ʅɻʈ 

ʚʠʚʯʝʥʽ ʥʘʡʢʨʘʱʝ ʚ ʨʝʛʽʦʥʽ, ʭʦʯ ʪʫʪ ʱʝ ʥʝ ʦʧʦʰʫʢʦʚʘʥʽ ʨʷʜ 

ʥʝʚʝʣʠʢʠʭ ʩʪʨʫʢʪʫʨ: ʄʘʣʴʥʠʮʴʢʘ, ɺʦʣʠʮʴʢʘ, ʅʦʚʦʷʚʦʨʽʚʩʴʢʘ, 

ɼʽʣʽʚʩʴʢʘ, ʊʝʡʩʘʨʽʚʩʴʢʘ ʪʘ ʽʥʰʽ ʩʪʨʫʢʪʫʨʠ. ɯʥʰʽ ʢʦʤʧʣʝʢʩʠ ʨʘʡʦʥʫ 

ʚʠʚʯʝʥʽ ʤʝʥʰʝ, ʪʦʤʫ ʧʦʚô̫ ʟʫʻʤʦ ʧʝʨʩʧʝʢʪʠʚʠ ʟ ʚʽʜʢʣʘʜʘʤʠ 

ʢʨʝʡʜʠ ʄʘʣʦʛʦʨʦʞʘʥʩʴʢʦʾ, ɼʘʰʘʚʩʴʢʦʾ, ʂʫʪʩʴʢʦʾ, 

ʉʝʨʝʜʥʴʦʤʘʡʜʘʥʩʴʢʦʾ ʩʪʨʫʢʪʫʨ. ʎʽʢʘʚʠʤ ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʽʜʢʨʠʪʪʷ 

ʨʦʜʦʚʠʱ ʫ ʚʽʜʢʣʘʜʘʭ ʧʘʣʝʦʛʝʥʫ ʽ ʤʝʟʦʟʦʶ ʙʫʣʦ ʙ ʽ ʧʦʰʫʢʦʚʝ 

ʙʫʨʽʥʥʷ ʥʘ ʄʽʞʨʽʯʝʥʩʴʢʽʡ ʩʪʨʫʢʪʫʨʽ. ɿ ʦʛʣʷʜʫ ʥʘ ʾʾ ʨʦʟʤʽʨʠ ʪʫʪ 

ʤʦʞʥʘ ʧʨʦʛʥʦʟʫʚʘʪʠ ʩʝʨʝʜʥʻ ʟʘ ʟʘʧʘʩʘʤʠ ʨʦʜʦʚʠʱʝ. 

ʇʽʜʥʘʩʫʚ ʇʦʢʫʪʩʴʢʦ-ɹʫʢʦʚʠʥʩʴʢʠʭ ʂʘʨʧʘʪ ï ʥʘʡʮʽʢʘʚʽʰʠʡ 

ʢʦʤʧʣʝʢʩ ʜʣʷ ʧʦʰʫʢʦʚʦʛʦ ʙʫʨʽʥʥʷ ʥʘ ʥʘʬʪʫ ʽ ʛʘʟ. 

ʉʝʡʩʤʦʨʦʟʚʽʜʢʦʶ ʪʫʪ ʚʩʪʘʥʦʚʣʝʥʽ ʧʦʥʘʜ ʧʽʚʪʦʨʘ ʜʝʩʷʪʢʘ ʟʥʘʯʥʠʭ 

ʟʘ ʨʦʟʤʽʨʦʤ ʩʪʨʫʢʪʫʨ ʫ ʤʝʟʦʟʦʡʩʴʢʦʤʫ ʪʘ ʧʘʣʝʦʛʝʥ-ʥʝʦʛʝʥʦʚʦʤʫ 

ʢʦʤʧʣʝʢʩʽ ʥʘ ʛʣʠʙʠʥʘʭ ʜʦ 6,5 ʢʤ. ɿ ʦʛʣʷʜʫ ʥʘ ʥʘʷʚʥʽʩʪʴ ʫ ʮʽʡ ʟʦʥʽ 

ʃʦʧʫʰʥʷʥʩʴʢʦʛʦ ʥʘʬʪʦʚʦʛʦ ʨʦʜʦʚʠʱʘ ʽ ʨʦʜʦʚʠʱ ʥʘ ʪʝʨʠʪʦʨʽʾ 

ʩʫʩʽʜʥʴʦʾ ʈʫʤʫʥʽʾ, ʧʨʦʛʥʦʟʥʽ ʨʝʩʫʨʩʠ ʟʛʘʜʘʥʠʭ ʢʦʤʧʣʝʢʩʽʚ 
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ʦʮʽʥʶʶʪʴʩʷ ʥʘʤʠ ʜʦʩʠʪʴ ʚʠʩʦʢʦ ï ʙʣʠʟʴʢʦ 270 ʤʣʥ ʪ ʥʘʬʪʠ. 

ʇʝʨʰʦʯʝʨʛʦʚʦʶ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʝʪʘʣʽʟʘʮʽʡʥʠʭ 

ʩʝʡʩʤʦʨʦʟʚʽʜʫʚʘʣʴʥʠʭ ʨʦʙʽʪ ʽ ʥʘʩʪʫʧʥʦʛʦ ʧʦʰʫʢʦʚʦʛʦ ʙʫʨʽʥʥʷ 

ʚʚʘʞʘʻʤʦ ʇʝʪʨʦʚʝʮʴʢʫ ʩʪʨʫʢʪʫʨʫ, ʱʦ ʟʘʣʷʛʘʻ ʥʘ ʧʦʨʽʚʥʷʥʦ 

ʥʝʚʝʣʠʢʠʭ ʛʣʠʙʠʥʘʭ, ʥʘʩʪʫʧʥʫ ï ʍʦʪʢʝʚʠʮʴʢʫ ʩʪʨʫʢʪʫʨʫ.  

ɺʨʘʭʦʚʫʶʯʠ ʤʘʪʝʨʽʘʣʠ ʛʝʦʣʦʛʽʯʥʦʾ ʟʡʦʤʢʠ ʪʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʨʷʤʠʭ ʽ ʥʝʧʨʷʤʠʭ ʦʟʥʘʢ ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʩʪʽ ʫ ʂʨʦʩʥʝʥʩʴʢʦʤʫ 

ʧʦʢʨʠʚʽ ʷʢ ʧʝʨʰʦʯʝʨʛʦʚʽ ʜʣʷ ʧʦʰʫʢʦʚʦʛʦ ʙʫʨʽʥʥʷ ʚʠʜʽʣʝʥʽ 

ʩʪʨʫʢʪʫʨʠ: ɹʦʙʝʨʩʴʢʘ (ʧʨʦʝʢʪʥʠʡ ʛʦʨʠʟʦʥʪ ï 

ʥʠʞʥʴʦʚʝʨʭʦʚʠʥʩʴʢʘ ʧʽʜʩʚʽʪʘ), ʃʠʙʦʭʦʨʩʴʢʘ ʽ ʃʶʪʩʴʢʘ 

(ʛʦʣʦʚʝʮʴʢʘ ʩʚʽʪʘ).  

ʋ ɿʘʢʘʨʧʘʪʩʴʢʽʡ ʛʘʟʦʥʦʩʥʽʡ ʦʙʣʘʩʪʽ ʜʦ ʧʦʰʫʢʦʚʦʛʦ ʙʫʨʽʥʥʷ 

ʨʝʢʦʤʝʥʜʫʻʤʦ ʃʫʯʢʽʚʩʴʢʫ ʩʪʨʫʢʪʫʨʫ ʥʝʧʦʜʘʣʽʢ ʚʽʜ ʈʫʩʴʢʦ-

ʂʦʤʘʨʽʚʩʴʢʦʛʦ ʛʘʟʦʚʦʛʦ ʨʦʜʦʚʠʱʘ ʥʘ ʨʦʟʨʽʟ ʥʝʦʛʝʥʫ ʟ ʜʦʚʝʜʝʥʦʶ 

ʧʨʦʤʠʩʣʦʚʦʶ ʛʘʟʦʥʦʩʥʽʩʪʶ; ɺʝʣʠʢʦʙʠʯʢʽʚʩʴʢʫ ʩʪʨʫʢʪʫʨʫ ʜʣʷ 

ʚʠʷʩʥʝʥʥʷ ʧʝʨʩʧʝʢʪʠʚ ʧʨʦʤʠʩʣʦʚʦʾ ʛʘʟʦʥʦʩʥʦʩʪʽ ʤʦʞʣʠʚʦʛʦ 

ʧʘʨʘʘʚʪʦʭʪʦʥʫ ɺʝʞʘʥʩʴʢʦʛʦ ʩʫʙʧʦʢʨʠʚʫ ʽ ʧʘʣʝʦʛʝʥʫ ɼʽʣʦʚʝʮʴʢʦʛʦ 

ʩʫʙʧʦʢʨʠʚʫ ʪʘ ʇʝʨʝʯʠʥʩʴʢʫ ʩʪʨʫʢʪʫʨʫ ʜʣʷ ʦʮʽʥʢʠ 

ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʩʪʽ ʜʦʥʝʦʛʝʥʦʚʦʾ ʪʨʽʘʩ-ʧʝʨʤʩʴʢʦʾ ʦʩʥʦʚʠ. 

ʇʨʘʢʪʠʯʥʦ ʥʝ ʚʠʚʯʝʥʠʡ ʛʝʦʣʦʛʦ-ʛʝʦʬʽʟʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ 

ʉʘʤʙʽʨʩʴʢʠʡ ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʨʘʡʦʥ. ʊʫʪ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʧʨʦʙʫʨʠʪʠ ɻʨʫʰʘʪʠʮʴʢʫ ʘʥʪʠʢʣʽʥʘʣʴʥʫ ʩʪʨʫʢʪʫʨʫ ʧʦʧʫʪʥʦ ʧʨʠ 

ʧʦʰʫʢʘʭ ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʩʢʫʧʯʝʥʴ ʧʽʜ ʉʪʝʙʥʠʮʴʢʠʤ ʥʘʩʫʚʦʤ ʫ 

ʚʜ̔ʢʣʘʜʘʭ ʥʝʦʛʝʥʫ ʽ ʧʨʦʪʝʨʦʟʦʶ ʇʽʚʜʝʥʥʦʯʠʞʢʽʚʩʴʢʦʾ ʩʪʨʫʢʪʫʨʠ. 
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ʇʦʜʘʥʦ ʩʪʠʩʣʠʡ ʦʛʣʷʜ ʤʦʜʝʣʽ ʢʽʥʝʪʠʢʠ ʜʝʢʘʨʙʦʢʩʠʣʽʟʘʮʽʾ ʚʠʢʦʧʥʦʾ ʦʨʛʘʥʽʯʥʦʾ 

ʨʝʯʦʚʠʥʠ ʚ ʭʦʜʽ ʢʘʪʘʛʝʥʝʟʫ. ʆʙˇʨʫʥʪʦʚʘʥʦ çʨʘʥʥʽʡè ʚʠʭʽʜ CO2; ʨʦʟʤʝʞʦʚʘʥʦ ʦʙʦʨʦʪʥʫ 

ʚʟʘʻʤʦʜʽʶ ʟ ʘʨʦʤʘʪʠʯʥʠʤ ʷʜʨʦʤ ʽ ʥʝʦʙʦʨʦʪʥʠʡ ʨʦʟʢʣʘʜ ʘʣʽʬʘʪʠʯʥʠʭ ʢʠʩʣʦʪ. ʇʘʨʘʤʝʪʨʠ 
(ʘʨʦʤʘʪʠʯʥʽʩʪʴ, H-ʟʚô̫ ʟʢʠ, ʨʘʜʠʢʘʣʠ) ʢʘʣʽʙʨʫʶʪʴʩʷ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʻʶ. ʄʦʜʝʣʴ ʧʨʠʜʘʪʥʘ 

ʜʣʷ ʙʘʩʝʡʥʦʚʦʛʦ ʧʨʦʛʥʦʟʫ ʛʘʟʦʫʪʚʦʨʝʥʥʷ ʪʘ ʦʮʽʥʢʠ CO2/CH4. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʘʪʘʛʝʥʝʟ; ʜʝʢʘʨʙʦʢʩʠʣʽʟʘʮʽʷ; ʢʝʨʦʛʝʥ; CO; ʙʘʩʝʡʥʦʚʝ ʤʦʜʝʣʶʚʘʥʥʷ. 
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A brief overview of the model of the kinetics of decarboxylation of fossil organic matter 

during catagenesis is given. The ñearlyò release of CO2 is justified; the reversible interaction with 
the aromatic nucleus and the irreversible decomposition of aliphatic acids are distinguished. The 

parameters (aromaticity, H-bonds, radicals) are calibrated by IR spectroscopy. The model is 

suitable for basin-wide gas production forecasting and CO2/CH4 estimation. 
Keywords: catagenesis; decarboxylation; kerogen; CO2; basin modeling. 

 

ɼʝʢʘʨʙʦʢʩʠʣʽʟʘʮʽʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʛʨʫʧ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ 

ʻ ʦʜʥʠʤ ʽʟ ʨʘʥʥʽʭ ʽ ʤʘʩʦʚʠʭ ʢʘʥʘʣʽʚ ʫʪʚʦʨʝʥʥʷ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ 

ʧʽʜ ʯʘʩ ʢʘʪʘʛʝʥʝʟʫ. ʉʘʤʝ ʉʆ2 ʯʘʩʪʦ ʟô̫ ʚʣʷʻʪʴʩʷ ʨʘʥʽʰʝ ʟʘ 

ʚʫʛʣʝʚʦʜʥʽ ʽ ʩʫʧʨʦʚʦʜʞʫʻ ʾʭʥʻ ʬʦʨʤʫʚʘʥʥʷ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ 

ʪʝʨʤʽʯʥʦʾ ʝʚʦʣʶʮʽʾ ʢʝʨʦʛʝʥʫ [1, 3]. ʂʽʣʴʢʽʩʪʴ, ʪʝʤʧ ʪʘ ʯʘʩʦʚʠʡ 

ʧʨʦʬʽʣʴ ʮʴʦʛʦ ʛʘʟʫ ʚʠʟʥʘʯʘʶʪʴ ʛʝʦʭʽʤʽʶ ʧʦʨʦʚʦʛʦ ʬʣʶʾʜʫ, 

ʧʘʨʮʽʘʣʴʥʽ ʪʠʩʢʠ, ʙʫʬʝʨʥʽʩʪʴ ʩʝʨʝʜʦʚʠʱʘ ʽ, ʟʨʝʰʪʦʶ, ʫʤʦʚʠ 

ʛʝʥʝʨʘʮʽʾ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʪʝʨʤʦʛʝʥʥʠʭ ʛʘʟʽʚ. ʊʦʤʫ ʤʦʜʝʣʶʚʘʥʥʷ 

ʢʽʥʝʪʠʢʠ ʜʝʢʘʨʙʦʢʩʠʣʽʟʘʮʽʾ ʧʦʪʨʽʙʥʝ ʥʝ ʣʠʰʝ ʜʣʷ ʧʦʷʩʥʝʥʥʷ 

https://doi.org/
mailto:oleksandr.lyubchak@gmail.com
mailto:myroslavakoshil@ukr.net
mailto:khoha_yury@ukr.net
mailto:oleksandr.lyubchak@gmail.com
mailto:myroslavakoshil@ukr.net
mailto:khoha_yury@ukr.net


71 
 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʘʥʠʭ, ʘ ʡ ʜʣʷ ʧʨʠʚô̫ ʟʢʠ ʛʝʦʭʽʤʽʯʥʠʭ ʽʥʜʠʢʘʪʦʨʽʚ 

ʜʦ ʨʝʘʣʴʥʠʭ ʪʝʨʤʦʙʘʨʠʯʥʠʭ ʽʩʪʦʨʽʡ ʙʘʩʝʡʥʽʚ, ʱʦ ʧʽʜʚʠʱʫʻ 

ʥʘʜʽʡʥʽʩʪʴ ʧʨʦʛʥʦʟʫ ʛʘʟʦʫʪʚʦʨʝʥʥʷ. ɼʘʥʽ ʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ 

ʧʦʢʘʟʫʶʪʴ, ʱʦ çʨʘʥʥʽʡè ʉʆ2 ̔ ʟ ʢʝʨʦʛʝʥʫ ʚʠʥʠʢʘʻ ʚʞʝ ʟʘ ʩʣʘʙʢʦʛʦ 

ʪʝʧʣʦʚʦʛʦ ʚʧʣʠʚʫ ʽ ʧʽʜʜʘʻʪʴʩʷ ʢʽʣʴʢʽʩʥʦʤʫ ʦʧʠʩʫ ʚ ʤʝʞʘʭ 

ʢʘʣʽʙʨʦʚʘʥʠʭ ʢʽʥʝʪʠʯʥʠʭ ʩʭʝʤ; ʮʝ ʜʦʟʚʦʣʷʻ ʧʝʨʝʥʦʩʠʪʠ 

ʨʝʟʫʣʴʪʘʪʠ ʜʦ ʤʦʜʝʣʝʡ ʟʘʭʦʨʦʥʝʥʥʷ ʽ ʧʨʦʛʨʽʚʫ ʧʦʨʽʜ ʪʘ ʦʮʽʥʶʚʘʪʠ 

ʚʥʝʩʦʢ ʜʞʝʨʝʣʴʥʠʭ ʪʦʚʱ ʫ ʛʘʟʦʥʘʢʦʧʠʯʝʥʥʷ ʡ ʝʚʦʣʶʮʽʶ 

ʬʣʶʾʜʥʦʛʦ ʪʠʩʢʫ [1ï3]. 

ɻʽʜʨʦʧʽʨʦʣʽʟ (ʣʘʙʦʨʘʪʦʨʥʝ ʥʘʛʨʽʚʘʥʥʷ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ʫ 

ʧʨʠʩʫʪʥʦʩʪʽ ʚʦʜʠ) ʜʝʤʦʥʩʪʨʫʻ, ʱʦ ʉʆ2 ̒  ʜʦʤʽʥʘʥʪʥʠʤ ʣʝʪʢʠʤ 

ʧʨʦʜʫʢʪʦʤ ʧʨʠ ʥʠʟʴʢʽʡ ʽ ʚʠʩʦʢʽʡ ʪʝʨʤʽʯʥʽʡ ʟʨʽʣʦʩʪʽ, ʫʪʚʦʨʶʶʯʠʩʴ 

ʷʢ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʢʝʨʦʛʝʥʫ, ʪʘʢ ʽ ʧʨʠ ʨʦʟʢʣʘʜʽ ʙʽʪʫʤʽʚ; ʦʪʞʝ, ʨʦʣʴ 

ʜʝʢʘʨʙʦʢʩʠʣʽʟʘʮʽʾ ʽ ʩʧʦʨʽʜʥʝʥʠʭ ʨʝʘʢʮʽʡ ʥʝ ʦʙʤʝʞʫʻʪʴʩʷ  ʩʪʘʜʽʻʶ 

ʜʽʘʛʝʥʝʟʫ [2]. ʎʝ ʫʪʦʯʥʶʻ ʯʘʩʦʚʽ ʚʽʢʥʘ ʛʝʥʝʨʘʮʽʾ ʛʘʟʽʚ ʽ ʚʠʙʽʨ 

ʢʽʥʝʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʫ ʙʘʩʝʡʥʦʚʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ [2, 3]. 

ʉʠʩʪʝʤʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʜʝʢʘʨʙʦʢʩʠʣʽʟʘʮʽʾ ʜʘʻ ʧʨʠʢʣʘʜʥʠʡ 

ʝʬʝʢʪ: ʜʦʧʦʤʘʛʘʻ ʚʽʜʨʽʟʥʠʪʠ ʚʥʝʩʦʢ ʦʨʛʘʥʽʯʥʦʾ ʽ ʥʝʦʨʛʘʥʽʯʥʦʾ 

ʩʢʣʘʜʦʚʠʭ ʉʆ2, ʦʮʽʥʠʪʠ ʙʫʬʝʨʥʽ ʨʝʘʢʮʽʾ ʟ ʤʽʥʝʨʘʣʘʤʠ, 

ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʽʥʜʠʢʘʪʦʨʠ ʟʨʽʣʦʩʪʽ ʪʘ ʧʨʦʛʥʦʟʫʚʘʪʠ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʉʆ2/ʉʅ4 ʫ ʧʦʢʣʘʜʘʭ ʽ ʬʦʥʽ [1]. ʎʝ ʦʩʦʙʣʠʚʦ 

ʚʘʞʣʠʚʦ ʜʣʷ ʛʣʠʙʦʢʠʭ ʽ çʭʦʣʦʜʥʠʭè ʯʘʩʪʠʥ ʙʘʩʝʡʥʽʚ, ʜʝ çʨʘʥʥʽʡè 

ʉʆ2 ʟʤʽʥʶʻ ʭʽʤʽʶ ʚʦʜ ʽ ʚʧʣʠʚʘʻ ʥʘ ʪʨʘʻʢʪʦʨʽʾ ʢʘʪʘʛʝʥʝʟʫ [2]. 

ʋ ʧʨʦʮʝʩʽ ʬʦʩʠʣʽʟʘʮʽʾ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ʦʜʥʠʤ ʟ ʛʘʟʽʚ, ʱʦ 

ʚʠʜʽʣʷʻʪʴʩʷ ʻ ʚʫʛʣʝʢʠʩʣʠʡ ʛʘʟ. ʁʦʛʦ ʜʞʝʨʝʣʦ, ʚ ʦʩʥʦʚʥʦʤʫ 

ʩʪʘʥʦʚʠʪʴ ʢʘʨʙʦʢʩʠʣʴʥʘ ʛʨʫʧʘ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ. ʅʝʦʙʭʽʜʥʦ 

ʨʦʟʜʽʣʷʪʠ ʜʝʢʘʨʙʦʢʩʠʣʽʟʘʮʽʶ ʘʨʦʤʘʪʠʯʥʠʭ ʽ ʘʣʽʬʘʪʠʯʥʠʭ 

ʢʘʨʙʦʥʦʚʠʭ ʢʠʩʣʦʪ. ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʧʨʦʮʝʩ ʻ ʟʚʦʨʦʪʥʠʤ, ʫ 

ʜʨʫʛʦʤʫ ʥʽ, ʱʦ ʜʝʤʦʥʩʪʨʫʻ ʥʘʩʪʫʧʥʘ ʩʭʝʤʘ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ: 

ὅὕὕὌ ὅ  ᵮ  ὅὕ ὅὌ  

                      Ὑ ὅὕὕὌ  ὙὌ                                ρȢ       
ɺ ʧʦʜʘʣʴʰʦʤʫ, ʷʢ ʽ ʚ ʩʭʝʤʽ (1), ʢʚʘʜʨʘʪʥʽ ʜʫʞʢʠ ʧʦʟʥʘʯʘʶʪʴ 

ʢʽʣʴʢʽʩʪʴ ʚʽʜʧʦʚʽʜʥʦʾ ʨʝʯʦʚʠʥʠ. ʉʭʝʤʘ (1) ʧʦʢʘʟʫʻ, ʱʦ ʽʩʥʫʻ 

ʩʚʦʻʨʽʜʥʘ ʭʝʤʦʩʦʨʙʮʽʷ (ʜʝʩʦʨʙʮʽʷ) ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʥʘ 

ʘʨʦʤʘʪʠʯʥʦʤʫ ʚʫʛʣʝʮʶ ʧʨʦʮʝʩ ʷʢʦʾ ʫʩʢʣʘʜʥʝʥʠʡ ʧʦʩʪʽʡʥʠʤ 

ʨʦʟʢʣʘʜʦʤ ʘʣʽʬʘʪʠʯʥʠʭ ʢʘʨʙʦʥʦʚʠʭ ʢʠʩʣʦʪ. ʊʘʢʠʤ ʯʠʥʦʤ, ʨʘʟʦʤ ʟ 

ʚʧʣʠʚʦʤ ʪʠʩʢʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ, ʥʘ ʧʨʦʮʝʩ ʚʠʜʽʣʝʥʥʷ ʚʫʛʣʝʢʠʩʣʦʛʦ 
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ʛʘʟʫ ʚʠʢʦʧʥʦʶ ʦʨʛʘʥʽʯʥʦʶ ʨʝʯʦʚʠʥʦʶ ʚʧʣʠʚʘʻ ʢʦʝʬʽʮʽʻʥʪ 

ʘʨʦʤʘʪʠʯʥʦʩʪʽ ʚʫʛʣʝʮʶ. ʈʘʟʦʤ ʟ ʮʠʤ ʜʠʥʘʤʽʢʘ ʜʝʢʘʨʙʦʢʩʠʣʽʟʘʮʽʾ 

ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʚʤʽʩʪʦʤ ʚʦʜʥʶ, ʷʢʠʡ ʟô̒ ʜʥʘʥʠʡ ʟ ʘʨʦʤʘʪʠʯʥʠʤ 

ʢʽʣʴʮʝʤ ʪʘ ʢʽʣʴʢʽʩʪʶ ʢʠʩʣʦʪʥʠʭ ʨʘʜʠʢʘʣʽʚ. ɺʩʽ ʥʝʦʙʭʽʜʥʽ ʜʘʥʽ ʧʨʦ 

ʙʫʜʦʚʫ ʪʚʝʨʜʦʾ ʬʘʟʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʬʨʘʯʝʨʚʦʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ, ʘ ʧʦʯʘʪʢʦʚʫ ʢʽʣʴʢʽʩʪʴ 

ʉʆ2 ï ʛʘʟʦʚʦʶ ʭʨʦʤʘʪʦʛʨʘʬʽʻʶ. 

ɺʠʢʦʨʠʩʪʘʚʰʠ ʧʨʘʚʠʣʘ ʬʦʨʤʘʣʴʥʦʾ ʢʽʥʝʪʠʢʠ ʥʘ ʦʩʥʦʚʽ ʩʭʝʤʠ 

(1) ʩʢʣʘʜʘʻʤʦ ʥʘʩʪʫʧʥʫ ʩʠʩʪʝʤʫ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ: 
ὨὅὕὕὌ

Ὠὸ
Ὧ ὅ ὅὕὕὌ Ὧ ὅὕ ὅὌ  

    
ὨὙ ὅὕὕὌ

Ὠὸ
Ὧ Ὑ ὅὕὕὌ                     ςȟ     

ʜʝ k1, k2 (1/ʤʦʣʴĬʩ ) ʢʦʥʩʪʘʥʪʠ ʰʚʠʜʢʦʩʪʝʡ ʧʨʷʤʦʾ ʪʘ ʟʚʦʨʦʪʥʦʾ 

ʨʝʘʢʮʽʾ ʜʝʢʘʨʙʦʢʩʠʣʽʟʘʮʽʾ ʘʨʦʤʘʪʠʯʥʠʭ ʢʠʩʣʦʪ, k3 (1/ʩ) ʢʦʥʩʪʘʥʪʘ 

ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ ʨʦʟʢʣʘʜʫ ʘʣʽʬʘʪʠʯʥʠʭ ʢʠʩʣʦʪ. ʇʝʨʰʝ ʨʽʚʥʷʥʥʷ 

ʩʠʩʪʝʤʠ (2) ʚʠʟʥʘʯʘʻ ʟʤʽʥʫ ʫ ʯʘʩʽ ʢʽʣʴʢʦʩʪʽ ʢʘʨʙʦʢʩʠʣʴʥʠʭ ʛʨʫʧ 

ʟô̒ ʜʥʘʥʠʭ ʟ ʘʨʦʤʘʪʠʯʥʠʤ ʷʜʨʦʤ, ʘ ʜʨʫʛʝ ï ʟ ʘʣʽʬʘʪʠʯʥʠʤ 

ʨʘʜʠʢʘʣʦʤ. ʈʦʟʚô̫ ʟʦʢ ʜʨʫʛʦʛʦ ʨʽʚʥʷʥʥʷ ʩʠʩʪʝʤʠ (2) ʤʘʻ ʚʠʛʣʷʜ 

ʟʘʢʦʥʫ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʨʦʟʢʣʘʜʫ: 

                   ὅὕ Ὑ ὅὕὕὌρ Ὡ                           σȢ  
ʇʽʜʩʪʘʚʠʚʰʠ (3) ʫ ʧʝʨʰʝ ʨʽʚʥʷʥʥʷ ʩʠʩʪʝʤʠ (2) ʦʪʨʠʤʫʻʤʦ 

ʜʠʬʝʨʝʥʮʽʡʥʝ ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʤʽʥʠ ʚʤʽʩʪʫ ʚʫʛʣʝʢʠʩʣʦʛʦ 

ʛʘʟʫ ʟ ʯʘʩʦʤ. ʎʝʡ ʨʦʟʚô̫ ʟʦʢ ʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʪʽʣʴʢʠ 

ʥʘʙʣʠʞʝʥʠʤʠ ʤʝʪʦʜʘʤʠ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʮʝ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ 

ʥʘʩʪʫʧʥʝ ʨʽʚʥʷʥʥʷ: 

ὑ
Ὧ

Ὧ

ὅὕὕὌ ὅὕ ὅ    ὅὕ

ὅὕ ὅὕ ὅὕ ὅὌ ὅὕ
  τȟ 

ʜʝ K ʙʝʟʨʦʟʤʽʨʥʘ ʚʝʣʠʯʠʥʘ, ʷʢʘ ʻ ʢʦʥʩʪʘʥʪʦʶ ʨʽʚʥʦʚʘʛʠ ʧʝʨʰʦʛʦ 

ʧʨʦʮʝʩʫ ʩʭʝʤʠ (1). ɿʘʣʝʞʥʽʩʪʴ (4) ʮʝ ʢʚʘʜʨʘʪʥʝ ʨʽʚʥʷʥʥʷ ʚʽʜʥʦʩʥʦ 

ʢʽʣʴʢʦʩʪʽ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʟʽ ʢʦʝʬʽʮʽʻʥʪʘʤʠ, ʷʢʽ ʻ ʬʫʥʢʮʽʷʤʠ  

ʯʘʩʫ. ʄʦʞʣʠʚʽʩʪʴ ʩʬʦʨʤʫʣʶʚʘʪʠ (4) ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʪʦʤʫ ʬʘʢʪʽ, 

ʱʦ ʜʝʢʘʨʙʦʢʩʠʣʽʟʘʮʽʷ ʘʣʽʬʘʪʠʯʥʠʭ ʢʠʩʣʦʪ ʚ ʧʨʦʮʝʩʽ ʟʘʥʫʨʝʥʥʷ 

ʦʩʘʜʦʚʦʾ ʪʦʚʱʽ, ʡʜʝ ʥʘʙʘʛʘʪʦ ʧʦʚʽʣʴʥʽʰʝ ʥʽʞ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʨʽʚʥʦʚʘʛʠ ʭʝʤʦʩʦʨʙʮʽʾ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ. ʂʦʥʩʪʘʥʪʘ ʨʽʚʥʦʚʘʛʠ K 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʟ ʟʥʘʯʝʥʥʷ ʛʝʦʩʪʘʪʠʯʥʦʛʦ ʪʠʩʢʫ. 

ʈʦʟʚô̫ ʟʦʢ ʨʽʚʥʷʥʥʷ (4) ʟʨʫʯʥʦ ʟʘʧʠʩʘʪʠ ʚ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ: 
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ὅὕ ὅὕ

ὅὕ ὅὕ
– ρ Ὡ                          υȟ        

ʜʝ ʥʠʞʥʽʡ ʽʥʜʝʢʩ 0 ʧʦʟʥʘʯʘʻ ʧʦʯʘʪʢʦʚʠʡ ʩʪʘʥ (t=0), ʽʥʜʝʢʩ Ð 

ʨʽʚʥʦʚʘʞʥʠʡ ʩʪʘʥ (tŸÐ), ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʳʡ ʯʘʩ Ű=1/k3 (ʩ). 

ɹʝʟʨʦʟʤʽʨʥʘ ʚʝʣʠʯʠʥʘ ɖ, ʧʨʠʡʤʘʻ ʟʥʘʯʝʥʥʷ ʚ ʽʥʪʝʨʚʘʣʽ ʚʽʜ 0 ʜʦ 1, 

ʪʘ ʤʘʻ ʬʽʟʠʯʥʠʡ ʟʤʽʩʪ ʧʦʚʥʦʪʠ ʨʝʘʢʮʽʾ ʜʝʢʘʨʙʦʢʩʠʣʽʟʘʮʽʾ, ʪʦ ʚʦʥʘ 

ʧʦʢʘʟʫʻ ʥʘ ʷʢʫ ʯʘʩʪʠʥʫ ʜʦ ʤʦʤʝʥʪʫ ʯʘʩʫ t ʧʨʦʡʰʦʚ ʧʨʦʮʝʩ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʧʨʦʧʦʥʫʻʪʴʩʷ ʢʽʥʝʪʠʯʥʘ ʩʭʝʤʘ ʜʝʢʘʨʙʦʢʩʠʣʽʟʘʮʽʾ 

ʜʣʷ ʚʠʢʦʧʥʦʾ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ʟ ʨʦʟʤʝʞʫʚʘʥʥʷʤ ʜʚʦʭ ʪʨʝʥʜʽʚ: 

ʜʣʷ ʘʨʦʤʘʪʠʯʥʠʭ ʢʘʨʙʦʥʦʚʠʭ ʢʠʩʣʦʪ ʧʨʦʮʝʩ ʦʙʦʨʦʪʥʠʡ 

(ʭʝʤʦʩʦʨʙʮʽʷ/ʜʝʩʦʨʙʮʽʷ ʉʆ2 ʥʘ ʘʨʦʤʘʪʠʯʥʦʤʫ ʚʫʛʣʝʮʽ), ʜʣʷ 

ʘʣʽʬʘʪʠʯʥʠʭ ʢʠʩʣʦʪ ï ʧʨʘʢʪʠʯʥʦ ʥʝʦʙʦʨʦʪʥʠʡ ʨʦʟʢʣʘʜ.  

ʄʦʜʝʣʴ ʚʚʦʜʠʪʴ ʨʽʚʥʦʚʘʞʥʫ ʢʦʥʩʪʘʥʪʫ ʜʣʷ çʘʨʦʤʘʪʠʯʥʦʛʦè 

ʢʦʤʧʦʥʝʥʪʠ ʷʢ ʬʫʥʢʮʽʶ ʛʝʦʩʪʘʪʠʯʥʦʛʦ ʪʠʩʢʫ ʽ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ 

ʚʠʟʥʘʯʘʣʴʥʫ ʢʦʥʩʪʘʥʪʫ ʰʚʠʜʢʦʩʪʽ ʜʣʷ çʘʣʽʬʘʪʠʯʥʦʾè ʢʦʤʧʦʥʝʥʪʠ, 

ʱʦ ʟʘʜʘʻ ʭʘʨʘʢʪʝʨʥʠʡ ʯʘʩ ʩʠʩʪʝʤʠ. ʂʣʶʯʦʚʽ ʧʘʨʘʤʝʪʨʠ: 

ʢʦʝʬʽʮʽʻʥʪ ʘʨʦʤʘʪʠʯʥʦʩʪʽ, ʚʤʽʩʪ ʚʦʜʥʶ, ʧʦʚô̫ ʟʘʥʦʛʦ ʟ 

ʘʨʦʤʘʪʠʯʥʠʤʠ ʷʜʨʘʤʠ, ʽ ʢʽʣʴʢʽʩʪʴ ʢʘʨʙʦʢʩʠʣʴʥʠʭ ʨʘʜʠʢʘʣʽʚ. ɼʣʷ 

ʧʘʨʘʤʝʪʨʠʟʘʮʽʾ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʶ (ʙʫʜʦʚʘ ʪʚʝʨʜʦʾ 

ʬʘʟʠ) ʽ ʛʘʟʦʚʫ ʭʨʦʤʘʪʦʛʨʘʬʽʶ (ʧʦʯʘʪʢʦʚʠʡ ʚʤʽʩʪ ʉʆ2). 

ɺʠʩʥʦʚʢʠ. 

1. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʭʝʤʘ ʜʘʻ ʦʙˇʨʫʥʪʦʚʘʥʫ ʽ ʧʨʠʢʣʘʜʥʫ 

ʢʘʨʪʠʥʫ ʢʽʥʝʪʠʢʠ ʜʝʢʘʨʙʦʢʩʠʣʽʟʘʮʽʾ ʧʽʜ ʯʘʩ ʢʘʪʘʛʝʥʝʟʫ. ɺʦʥʘ 

ʧʦʷʩʥʶʻ çʨʘʥʥʽʡè ʚʠʭʽʜ ʉʆ2, ʪʠʤʯʘʩʦʚʫ ʟʘʪʨʠʤʢʫ ʥʘ 

ʘʨʦʤʘʪʠʯʥʠʭ ʩʪʨʫʢʪʫʨʘʭ ʪʘ ʧʦʜʘʣʴʰʝ ʥʘʙʣʠʞʝʥʥʷ ʜʦ ʨʽʚʥʦʚʘʛʠ ʟʘ 

ʨʘʭʫʥʦʢ ʧʦʚʽʣʴʥʦʛʦ ʨʦʟʢʣʘʜʫ ʘʣʽʬʘʪʠʯʥʠʭ ʢʠʩʣʦʪ. 

2. ʄʦʜʝʣʴ ʧʨʠʜʘʪʥʘ ʜʦ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ: ʚʭʽʜʥʽ 

ʧʘʨʘʤʝʪʨʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʨʫʪʠʥʥʦʶ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʻʶ ʪʘ 

ʛʘʟʦʚʦʶ ʩʧʝʢʪʨʦʩʢʦʧʽʻʶ; ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʽʚ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʢʦʥʚʝʨʪʫʶʪʴʩʷ ʫ ʧʨʦʬʽʣʽ ʧʘʨʮʽʘʣʴʥʦʛʦ ʪʠʩʢʫ ʽ ʤʘʩʦʦʙʤʽʥʫ, 

ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʙʘʩʝʡʥʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʦʮʽʥʢʠ ʛʘʟʦʥʦʩʥʦʩʪʽ. 

3. ʆʪʨʠʤʘʥʽ ʚʠʩʥʦʚʢʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʘʫʢʦʚʠʤ ʧʦʚʽʜʦʤʣʝʥʥʷʤ 

ʱʦʜʦ ʜʦʤʽʥʫʚʘʥʥʷ ʉʆ ʩʝʨʝʜ ʣʝʪʢʠʭ ʧʨʦʜʫʢʪʽʚ ʥʘ ʰʠʨʦʢʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʟʨʽʣʦʩʪʽ ʪʘ ʽʩʥʫʚʘʥʥʷ çʨʘʥʥʴʦʛʦè ʚʽʢʥʘ ʥʘʬʪʠʜʦʛʝʥʝʟʫ. 

4. ɯʥʪʝʛʨʘʮʽʷ ʩʭʝʤʠ ʫ ʙʘʩʝʡʥʦʚʽ ʤʦʜʝʣʽ ʜʦʟʚʦʣʠʪʴ ʢʨʘʱʝ 
ʚʽʜʦʢʨʝʤʠʪʠ ʦʨʛʘʥʽʯʥʠʡ ʽ ʤʽʥʝʨʘʣʴʥʠʡ ʚʥʝʩʢʠ ʉʆ2, ʦʮʽʥʠʪʠ 

ʚʧʣʠʚ ʥʘ ʝʚʦʣʶʮʽʶ ʬʣʶʾʜʥʦʛʦ ʪʠʩʢʫ, ʫʪʦʯʥʠʪʠ ʯʘʩʦʚʽ ʽʥʪʝʨʚʘʣʠ 
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ʛʝʥʝʟʠʩʫ ʪʝʨʤʦʛʝʥʥʠʭ ʛʘʟʽʚ ʽ ʦʧʪʠʤʽʟʫʚʘʪʠ ʩʪʨʘʪʝʛʽʾ ʧʦʰʫʢʫ ʪʘ 

ʚʠʧʨʦʙʫʚʘʥʴ ʛʘʟʦʚʠʭ ʦʙô̒ ʢʪʽʚ. 
 

ʇʝʨʝʣʽʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ 

 

1. Deniau I., B®har F., Largeau C., De Canni¯re P., Beaucaire C., Pitsch H., Van 

Geet M.. Determination of kinetic parameters and simulation of early CO production 

from the Boom Clay kerogen under low thermal stress. Applied Geochemistry. 2005. 

20(11), ʨʨ. 2097ï2107. https://doi.org/10.1016/j.apgeochem.2005.07.006 

2. Li X., Horita J. Kinetic and equilibrium reactions on natural and laboratory 

generation of thermogenic gases from Type II marine shale. Geochimica et 

Cosmochimica Acta. 2022. 330, ʨʨ. 293ï309. 

https://doi.org/10.1016/j.gca.2022.07.020 

3. Lorant F., Largeau, C., B®har F.,  De Canni¯re P. Improved kinetic modeling of 

the early generation of CO from the Boom Clay kerogen: Implications for simulation 

of CO production upon disposal of high-activity nuclear waste. Organic 

Geochemistry. 2008. 39(9), ʨʨ. 1294ï1301. 

https://doi.org/10.1016/j.orggeochem.2008.05.008 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://doi.org/10.1016/j.apgeochem.2005.07.006
https://doi.org/10.1016/j.gca.2022.07.020
https://doi.org/10.1016/j.orggeochem.2008.05.008


75 
 

https://doi.org/ 

 

ʋɼʂ 553.04:553.483.4(477) 

ʇɽʈʉʇɽʂʊʀɺʀ ʋʂʈɸɰʅʀ ʋ ʉʌɽʈɯ ʂʈʀʊʀʏʅʀʍ 

ʄɯʅɽʈɸʃɯɺ: ɻɽʆʃʆɻɯʏʅɸ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ 

ɺʀɼʀɹɯʈʉʔʂʆɻʆ ʊɸ ʌɽɼʆʈɯɺʉʔʂʆɻʆ ʈʆɼʆɺʀʑ 

ɸʇɸʊʀʊ-ɯʃʔʄɽʅɯʊʆɺʀʍ ʈʋɼ 

ʆʭʦʣʽʥʘ ʊ.ɺ., ʂʫʟʴʤʘʥʝʥʢʦ ɻ.ʆ., ʄʝʨʝʞʢʦ ʄ.ɼ. 
ɯʥʩʪʠʪʫʪ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ ʅɸʅ ʋʢʨʘʾʥʠ, ʂʠʾʚ, ʋʢʨʘʾʥʘ, 

svilya@ukr.net; geologʫ7@ukr.net; geoinsgeo@gmail.com 

 
ʋ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʦ ʛʝʦʣʦʛʽʯʥʫ ʙʫʜʦʚʫ ʪʘ ʨʝʩʫʨʩʥʠʡ ʧʦʪʝʥʮʽʘʣ 

ɺʠʜʠʙʽʨʩʴʢʦʛʦ ʪʘ ʌʝʜʦʨʽʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱ ʘʧʘʪʠʪ-̔ ʣʴʤʝʥʽʪʦʚʠʭ ʨʫʜ, 

ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ ʤʝʞʘʭ ɺʦʣʦʜʘʨʩʴʢʦ-ɺʦʣʠʥʩʴʢʦʛʦ ʤʘʩʠʚʫ ʦʩʥʦʚʥʠʭ ʧʦʨʽʜ. ʅʘ 

ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʣʽʪʦʣʦʛʽʯʥʠʭ, ʛʝʦʭʽʤʽʯʥʠʭ ʪʘ ʛʝʦʬʽʟʠʯʥʠʭ ʜʘʥʠʭ ʟʜʽʡʩʥʝʥʦ 

ʧʦʨʽʚʥʷʣʴʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʤʦʨʬʦʣʦʛʽʾ ʨʫʜʥʠʭ ʪʽʣ, ʤʽʥʝʨʘʣʦʛʽʯʥʦʛʦ ʩʢʣʘʜʫ ʪʘ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʨʠʜʘʪʥʦʩʪʽ ʨʫʜ. ɺʠʟʥʘʯʝʥʦ ʧʝʨʩʧʝʢʪʠʚʠ ʧʨʦʤʠʩʣʦʚʦʛʦ ʦʩʚʦʻʥʥʷ 

ʨʦʜʦʚʠʱ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʝʢʦʣʦʛʽʯʥʠʭ, ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʪʘ ʩʪʨʘʪʝʛʽʯʥʠʭ 

ʯʠʥʥʠʢʽʚ. ʆʙˇʨʫʥʪʦʚʘʥʦ ʨʦʣʴ ʋʢʨʘʾʥʠ ʫ ʬʦʨʤʫʚʘʥʥʽ ʢʨʠʪʠʯʥʦʾ ʤʽʥʝʨʘʣʴʥʦ-

ʩʠʨʦʚʠʥʥʦʾ ʙʘʟʠ ʜʣʷ ɭʉ ʪʘ ʛʣʦʙʘʣʴʥʦʛʦ ʨʠʥʢʫ ʪʠʪʘʥʫ ʽ ʬʦʩʬʦʨʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʧʘʪʠʪ-̔ ʣʴʤʝʥʽʪʦʚʽ ʨʫʜʠ, ʢʨʠʪʠʯʥʽ ʤʽʥʝʨʘʣʠ, ʪʠʪʘʥʦʚʽ 

ʨʦʜʦʚʠʱʘ,Ŀɺʦʣʦʜʘʨʩʴʢʦ-ɺʦʣʠʥʩʴʢʠʡ ʤʘʩʠʚ,Ŀʩʪʨʘʪʝʛʽʯʥʘ ʩʠʨʦʚʠʥʘ, ʽʣʴʤʝʥʽʪ, 

ʘʧʘʪʠʪ, ʽʥʚʝʩʪʠʮʽʡʥʘ ʧʨʠʚʘʙʣʠʚʽʩʪʴ. 
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The article examines the geological structure and resource potential of the 

Vydybirske and Fedorivske deposits of apatite-ilmenite ores located within the 

Volodarsk-Volynsky massif of basic rocks. Based on the analysis of lithological, 

geochemical and geophysical data, a comparative characteristic of the morphology of 

ore bodies, mineralogical composition and technological suitability of ores was 

carried out. The prospects for the industrial development of the deposits were 

determined, taking into account environmental, infrastructure and strategic factors. 

The role of Ukraine in the formation of a critical mineral raw material base for the EU 

and the global titanium and phosphorus market was substantiated. 
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ʂʨʠʪʠʯʥʽ ʤʽʥʝʨʘʣʠ, ʟʦʢʨʝʤʘ ʪʠʪʘʥ ʪʘ ʬʦʩʬʦʨ, ʚʽʜʽʛʨʘʶʪʴ 

ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ, ʦʙʦʨʦʥʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, 

ʘʚʽʘʮʽʾ, ʝʣʝʢʪʨʦʥʽʮʽ ʪʘ ʘʛʨʘʨʥʦʤʫ ʩʝʢʪʦʨʽ. ɯʣʴʤʝʥʽʪ (ʦʩʥʦʚʥʝ 

ʜʞʝʨʝʣʦ ʪʠʪʘʥʫ) ʪʘ ʘʧʘʪʠʪ (ʜʞʝʨʝʣʦ ʬʦʩʬʦʨʫ) ʥʘʣʝʞʘʪʴ ʜʦ 

ʩʪʨʘʪʝʛʽʯʥʦ ʚʘʞʣʠʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʧʦʧʠʪ ʥʘ ʷʢʽ ʩʪʨʽʤʢʦ ʟʨʦʩʪʘʻ 

ʚ ʫʤʦʚʘʭ ʛʣʦʙʘʣʴʥʦʛʦ ʧʝʨʝʭʦʜʫ ʜʦ ʟʝʣʝʥʦʾ ʝʢʦʥʦʤʽʢʠ. ʋʢʨʘʾʥʘ, 

ʚʦʣʦʜʽʶʯʠ ʟʥʘʯʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ ʫ ʩʬʝʨʽ ʤʽʥʝʨʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, 

ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʘʪʠ ʥʘʜʽʡʥʠʤ ʧʦʩʪʘʯʘʣʴʥʠʢʦʤ ʢʨʠʪʠʯʥʠʭ 

ʤʽʥʝʨʘʣʽʚ ʜʣʷ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ ʪʘ ʽʥʰʠʭ ʧʘʨʪʥʝʨʽʚ. ʆʜʥʠʤ 

ʽʟ ʢʣʶʯʦʚʠʭ ʨʝʛʽʦʥʽʚ ʫ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʻ ɺʦʣʠʥʩʴʢʠʡ 

ʪʠʪʘʥʦʥʦʩʥʠʡ ʨʘʡʦʥ, ʱʦ ʦʭʦʧʣʶʻ ʥʠʟʢʫ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʦʙô̒ ʢʪʽʚ, 

ʟʦʢʨʝʤʘ ɺʠʜʠʙʽʨʩʴʢʝ ʪʘ ʌʝʜʦʨʽʚʩʴʢʝ ʨʦʜʦʚʠʱʘ ʘʧʘʪʠʪ-

ʽʣʴʤʝʥʽʪʦʚʠʭ ʨʫʜ. ʌʝʜʦʨʽʚʩʴʢʝ ʨʦʜʦʚʠʱʝ ʨʦʟʪʘʰʦʚʘʥʝ ʚ 

ɾʠʪʦʤʠʨʩʴʢʦʤʫ ʨʘʡʦʥʽ ɾʠʪʦʤʠʨʩʴʢʦʾ ʦʙʣʘʩʪʽ, ʧʦʙʣʠʟʫ ʩʝʣʘ 

ʌʝʜʦʨʽʚʢʘ. ɺʠʜʠʙʽʨʩʴʢʝ ʨʦʜʦʚʠʱʝ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʪʦʤʫ ʞ 

ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦʤʫ ʨʘʡʦʥʽ ï ʤʽʞ ʩʝʣʘʤʠ ʂʦʨʦʩʪʝʣʽʚʢʘ ʪʘ 

ɺʠʜʠʙʽʨʢʘ. ɻʝʦʛʨʘʬʽʯʥʘ ʙʣʠʟʴʢʽʩʪʴ ʮʠʭ ʦʙô̒ ʢʪʽʚ ʜʦʟʚʦʣʷʻ 

ʨʦʟʛʣʷʜʘʪʠ ʾʭ ʫ ʤʝʞʘʭ ʻʜʠʥʦʛʦ ʛʝʦʣʦʛʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ ʢʣʘʩʪʝʨʫ, ʱʦ 

ʤʘʻ ʩʪʨʘʪʝʛʽʯʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʤʽʥʝʨʘʣʴʥʦ-ʩʠʨʦʚʠʥʥʦʾ 

ʙʘʟʠ ʪʠʪʘʥʫ ʪʘ ʬʦʩʬʦʨʫ ʚ ʋʢʨʘʾʥʽ. 

ʄʝʪʦ ʁ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʛʝʦʣʦʛʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʌʝʜʦʨʽʚʩʴʢʦʛʦ ʪʘ ɺʠʜʠʙʽʨʩʴʢʦʛʦ ʨʦʜʦʚʠʱ ʘʧʘʪʠʪ-̔ ʣʴʤʝʥʽʪʦʚʠʭ 

ʨʫʜ, ʦʮʽʥʢʘ ʾʭʥʴʦʛʦ ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʨʦʣʽ ʫ 

ʬʦʨʤʫʚʘʥʥʽ ʤʽʥʝʨʘʣʴʥʦ-ʩʠʨʦʚʠʥʥʦʾ ʙʘʟʠ ʋʢʨʘʾʥʠ ʩʪʨʘʪʝʛʽʯʥʦʛʦ 

ʟʥʘʯʝʥʥʷ.  

ʄʝʪʦʜʦʣʦʛʽʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʘʥʘʣʽʟʽ ʬʦʥʜʦʚʠʭ 

ʛʝʦʣʦʛʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʟʽʙʨʘʥʠʭ ʫ ʤʝʞʘʭ ʘʨʢʫʰʘ ʄ-35-XVII 

(ɾʠʪʦʤʠʨ) ʛʝʦʣʦʛʽʯʥʦʾ ʢʘʨʪʠ ʤʘʩʰʪʘʙʫ 1:200 000, ʱʦ ʦʭʦʧʣʶʻ 

ʪʝʨʠʪʦʨʽʶ ɺʦʣʦʜʘʨʩʴʢ-ɺʦʣʠʥʩʴʢʦʛʦ ʤʘʩʠʚʫ.  

ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʤʘʪʝʨʽʘʣʘʤ ɾʠʪʦʤʠʨʩʴʢʦʾ 

ʛʝʦʣʦʛʦʨʦʟʚʽʜʫʚʘʣʴʥʦʾ ʝʢʩʧʝʜʠʮʽʾ (1989), ʷʢʘ ʟʜʽʡʩʥʠʣʘ ʧʦʰʫʢʦʚʽ 

ʨʦʙʦʪʠ ʥʘ ʘʧʘʪʠʪ-̔ ʣʴʤʝʥʽʪʦʚʽ ʨʫʜʠ ʚ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ 

ʋʢʨʘʾʥʩʴʢʦʛʦ ʱʠʪʘ. ʈʦʙʦʪʠ ʦʭʦʧʣʶʚʘʣʠ ʌʝʜʦʨʽʚʩʴʢʠʡ, 

ʂʨʠʚʦʪʠʥʩʴʢʠʡ, ɼʘʚʠʜʢʽʚʩʴʢʠʡ, ʈʫʜʥʷ-ɹʘʟʘʨʩʴʢʠʡ, ɺʦʣʦʜʘʨʩʴʢʦ-
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ɺʦʣʠʥʩʴʢʠʡ ʪʘ ʏʝʧʦʚʠʯʩʴʢʠʡ ʤʘʩʠʚʠ ʦʩʥʦʚʥʠʭ ʧʦʨʽʜ. ʋ ʤʝʞʘʭ 

ʮʽʻʾ ʧʨʦʛʨʘʤʠ ʙʫʣʦ ʩʢʣʘʜʝʥʦ ʛʝʦʣʦʛʽʯʥʽ ʢʘʨʪʠ ɺʠʜʠʙʦʨʩʴʢʦʛʦ ʪʘ 

ʌʝʜʦʨʽʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱ, ʷʢʽ ʩʪʘʣʠ ʚʘʞʣʠʚʠʤ ʜʞʝʨʝʣʦʤ ʜʣʷ 

ʧʨʦʩʪʦʨʦʚʦʛʦ ʫʟʘʛʘʣʴʥʝʥʥʷ ʪʘ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 

ɼʦ ʜʞʝʨʝʣ ʧʝʨʚʠʥʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘʢʦʞ ʚʢʣʶʯʝʥʦ ʨʝʟʫʣʴʪʘʪʠ 

ʛʣʠʙʦʢʦʛʦ ʙʫʨʽʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ 

ʢʦʞʥʦʾ ʜʽʣʷʥʢʠ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʛʝʦʣʦʛʦʨʦʟʚʽʜʫʚʘʣʴʥʠʭ ʨʦʙʽʪ. 

ʇʨʦʩʪʦʨʦʚʝ ʫʟʘʛʘʣʴʥʝʥʥʷ, ʚʠʢʦʥʘʥʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʠʬʨʦʚʠʭ 

ʛʝʦʣʦʛʽʯʥʠʭ ʢʘʨʪ ʪʘ ʽʥʩʪʨʫʤʝʥʪʽʚ ArcGIS. ʎʝʡ ʧʽʜʭʽʜ ʟʘʙʝʟʧʝʯʫʻ 

ʩʠʥʪʝʟ ʨʦʟʨʽʟʥʝʥʠʭ ʜʘʥʠʭ, ʬʦʨʤʫʶʯʠ ʮʽʣʽʩʥʝ ʫʷʚʣʝʥʥʷ ʧʨʦ 

ʛʝʦʣʦʛʽʯʥʽ ʪʘ ʛʝʦʛʨʘʬʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʩʣʽʜʞʫʚʘʥʦʾ 

ʪʝʨʠʪʦʨʽʾ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ (ɻɯʉ) ʜʦʟʚʦʣʷʻ 

ʚʽʟʫʘʣʽʟʫʚʘʪʠ, ʘʥʘʣʽʟʫʚʘʪʠ ʪʘ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʧʨʦʩʪʦʨʦʚʽ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ, ʱʦ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʛʝʦʣʦʛʦʨʦʟʚʽʜʫʚʘʣʴʥʠʭ ʨʦʙʽʪ (ʨʠʩ. 1). ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʝʪʴʩʷ 

ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ ʧʦʨʽʚʥʷʥʥʽ ʮʠʭ ʦʙô̒ ʢʪʽʚ. 

 
ʈʠʩ. 1. ɻʝʦʣʦʛʽʯʥʘ ʢʘʨʪʘ ʜʦʢʝʤʙʨʽʡʩʴʢʠʭ ʫʪʚʦʨʝʥʴ ʟ ʣʦʢʘʣʽʟʘʮʽʻʶ ʨʦʜʦʚʠʱ (ʟʘ 

ʤʘʪʝʨʽʘʣʘʤʠ ʛʝʦʣʦʛʽʯʥʦʾ ʢʘʨʪʠ ʤ-ʙʫ 1:200 000, ʣʠʩʪ ʄ-35-XVII (ɾʠʪʦʤʠʨ) [2]  ʟ 

ʜʦʧʦʚʥʝʥʥʷʤʠ ʘʚʪʦʨʽʚ  

 
ʇʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʜʽʣʷʥʦʢ ʦʮʽʥʶʚʘʣʘʩʷ ʟʘ ʪʘʢʠʤʠ ʢʨʠʪʝʨʽʷʤʠ: 

ʛʣʠʙʠʥʘ ʟʘʣʷʛʘʥʥʷ ʨʫʜʥʠʭ ʪʽʣ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʢʦʨʠʩʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ, ʪʝʭʥʦʣʦʛʽʯʥʘ ʧʨʠʜʘʪʥʽʩʪʴ ʤʽʥʝʨʘʣʴʥʦʾ ʩʠʨʦʚʠʥʠ, 

ʥʘʷʚʥʽʩʪʴ ʝʢʦʣʦʛʽʯʥʠʭ ʦʙʤʝʞʝʥʴ ʪʘ ʜʦʩʪʫʧʥʽʩʪʴ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ.  
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ɻʝʦʣʦʛʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ɺʠʜʠʙʽʨʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ. 

ɺʠʜʠʙʽʨʩʴʢʝ ʨʫʜʥʝ ʪʽʣʦ ʨʦʟʪʘʰʦʚʘʥʝ ʚ ʧʽʚʜʝʥʥʽʡ ʯʘʩʪʠʥʽ 

ɺʦʣʦʜʘʨʩʴʢʦ-ɺʦʣʠʥʩʴʢʦʛʦ ʤʘʩʠʚʫ, ʚ ʤʝʞʘʭ ʛʘʙʨʦ-ʘʥʦʨʪʦʟʠʪʦʚʦʛʦ 

ʢʦʤʧʣʝʢʩʫ. ʄʦʨʬʦʣʦʛʽʯʥʦ ʤʘʻ ʞʦʣʦʙʦʧʦʜʽʙʥʫ ʬʦʨʤʫ, ʚʠʪʷʛʥʫʪʫ ʚ 

ʩʫʙʤʝʨʠʜʽʦʥʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ. ʈʦʟʤʽʨʠ ʪʽʣʘ ʩʪʘʥʦʚʣʷʪʴ 

ʧʨʠʙʣʠʟʥʦ 1400Ĭ400 ʤ, ʧʦʪʫʞʥʽʩʪʴ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ ï ʜʦ 

282 ʤ. ʉʝʨʝʜʥʷ ʦʙô̒ ʤʥʘ ʚʘʛʘ ʧʦʨʽʜ ï 3,4 ʛ/ʩʤį. ʄʽʥʝʨʘʣʦʛʽʯʥʘ 

ʘʩʦʮʽʘʮʽʷ ʚʢʣʶʯʘʻ ʽʣʴʤʝʥʽʪ, ʪʠʪʘʥʦʤʘʛʥʝʪʠʪ, ʘʧʘʪʠʪ ʪʘ ʩʫʣʴʬʽʜʠ. 

ɯʣʴʤʝʥʽʪ ʫʪʚʦʨʶʻ ʥʝʧʨʘʚʠʣʴʥʦ-ʪʘʙʣʠʪʯʘʩʪʽ ʢʨʠʩʪʘʣʠ ʟ 

ʚʢʣʶʯʝʥʥʷʤʠ ʘʧʘʪʠʪʫ, ʩʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʟʝʨʝʥ ï 0,29 ʤʤ. ɺʤʽʩʪ 

TiO2 ʫ ʨʫʜʘʭ ʩʪʘʥʦʚʠʪʴ 5,75 %, P2O5 ï ʜʦ 2,77%. ɸʧʘʪʠʪ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʢʦʨʦʪʢʦʧʨʠʟʤʘʪʠʯʥʠʤʠ ʢʨʠʩʪʘʣʘʤʠ ʟ ʚʤʽʩʪʦʤ 

P2O5 ʜʦ 6 %. ʉʫʧʫʪʥʽ ʢʦʨʠʩʥʽ ʢʦʧʘʣʠʥʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʩʫʣʴʬʽʜʘʤʠ 

ʟʘʣʽʟʘ (ʧʽʨʠʪ, ʧʽʨʦʪʠʥ), ʷʢʽ ʪʨʘʧʣʷʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʜʨʽʙʥʠʭ 

ʚʢʨʘʧʣʝʥʴ. ɰʭʥʽʡ ʚʤʽʩʪ ʥʝ ʻ ʧʨʦʤʠʩʣʦʚʦ ʟʥʘʯʫʱʠʤ, ʦʜʥʘʢ ʚʦʥʠ 

ʧʦʪʨʝʙʫʶʪʴ ʚʨʘʭʫʚʘʥʥʷ ʧʨʠ ʝʢʦʣʦʛʽʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ. ʎʠʨʢʦʥ, 

ʨʫʪʠʣ ʪʘ ʚʘʥʘʜʽʡ ʫ ʢʦʨʽʥʥʠʭ ʧʦʨʦʜʘʭ ʥʝ ʚʠʷʚʣʝʥʦ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

TiïFeïP ʩʧʝʮʽʘʣʽʟʘʮʽʾ ʽʥʪʨʫʟʠʚʽʚ [1]. 
ɻʝʦʣʦʛʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʌʝʜʦʨʽʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ. 

ʌʝʜʦʨʽʚʩʴʢʝ ʨʫʜʥʝ ʪʽʣʦ ʟʘʣʷʛʘʻ ʚ ʤʝʞʘʭ ɺʦʣʦʜʘʨʩʴʢʦ-

ɺʦʣʠʥʩʴʢʦʛʦ ʤʘʩʠʚʫ ʩʝʨʝʜ ʛʘʙʨʦ-ʘʥʦʨʪʦʟʠʪʽʚ, ʟ ʣʦʢʘʣʴʥʠʤ 

ʨʦʟʚʠʪʢʦʤ ʛʘʙʨʦ-ʧʝʨʠʜʦʪʠʪʽʚ ʫ ʧʽʚʜʝʥʥʦʤʫ ʙʣʦʮʽ. ʊʽʣʦ ʤʘʻ 

ʚʠʪʷʛʥʫʪʫ ʤʦʨʬʦʣʦʛʽʶ ʟ ʘʩʠʤʝʪʨʠʯʥʠʤʠ ʛʨʘʚʽʪʘʮʽʡʥʠʤʠ 

ʘʥʦʤʘʣʽʷʤʠ. ʈʦʟʤʽʨʠ ʩʪʘʥʦʚʣʷʪʴ ʙʣʠʟʴʢʦ 3500Ĭ300 ʤ, ʧʦʪʫʞʥʽʩʪʴ 

ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ ï ʜʦ 250 ʤ. ʄʽʥʝʨʘʣʴʥʘ ʘʩʦʮʽʘʮʽʷ ʚʢʣʶʯʘʻ 

ʣ̔ʴʤʝʥʽʪ, ʪʠʪʘʥʦʤʘʛʥʝʪʠʪ, ʘʧʘʪʠʪ ʪʘ ʩʫʣʴʬʽʜʠ. ɺʤʽʩʪ TiO2 ʫ ʨʫʜʘʭ 

ï ʜʦ 6,77 %, P2O5 ï ʜʦ 2,69 %. ɯʣʴʤʝʥʽʪ ʤʘʻ ʚʠʩʦʢʠʡ ʩʪʫʧʽʥʴ 

ʚʠʚʽʣʴʥʝʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʝʬʝʢʪʠʚʥʝ ʛʨʘʚʽʪʘʮʽʡʥʝ ʟʙʘʛʘʯʝʥʥʷ. 

ɸʧʘʪʠʪ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʢʦʨʦʪʢʦʧʨʠʟʤʘʪʠʯʥʠʭ ʢʨʠʩʪʘʣʽʚ. 

ʉʫʧʫʪʥʽ ʢʦʨʠʩʥʽ ʢʦʧʘʣʠʥʠ ʚʢʣʶʯʘʶʪʴ ʣʦʢʘʣʴʥʝ ʟʙʘʛʘʯʝʥʥʷ 

ʚʘʥʘʜʽʻʤ ʫ ʩʢʣʘʜʽ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʫ, ʘ ʪʘʢʦʞ ʧʦʦʜʠʥʦʢʽ ʚʢʨʘʧʣʝʥʥʷ 

ʨʫʪʠʣʫ ʪʘ ʩʫʣʴʬʽʜʽʚ (ʧʽʨʠʪ, ʭʘʣʴʢʦʧʽʨʠʪ). ɰʭʥʽʡ ʚʤʽʩʪ ʥʝ ʜʦʩʷʛʘʻ 

ʧʨʦʤʠʩʣʦʚʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ, ʘʣʝ ʤʦʞʝ ʙʫʪʠ ʚʨʘʭʦʚʘʥʠʡ ʧʨʠ 

ʢʦʤʧʣʝʢʩʥʽʡ ʧʝʨʝʨʦʙʮʽ. ʎʠʨʢʦʥʽʡ ʫ ʢʦʨʽʥʥʠʭ ʧʦʨʦʜʘʭ 

ʚʽʜʩʫʪʥʽʡ[1]. 
ʇʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ. ʆʙʠʜʚʘ ʨʦʜʦʚʠʱʘ ʤʘʶʪʴ ʚʠʩʦʢʫ 

ʽʥʚʝʩʪʠʮʽʡʥʫ ʧʨʠʚʘʙʣʠʚʽʩʪʴ (ʪʘʙʣ.1), ʟʘʚʜʷʢʠ ʙʣʠʟʴʢʦʩʪʽ ʜʦ 
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ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʜʦʩʪʫʧʫ ʜʦ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʪʘ 

ʥʘʷʚʥʦʩʪʽ ʢʚʘʣʽʬʽʢʦʚʘʥʦʾ ʨʦʙʦʯʦʾ ʩʠʣʠ. ɺʨʘʭʦʚʫʶʯʠ ʩʪʨʘʪʝʛʽʯʥʝ 

ʟʥʘʯʝʥʥʷ ʪʠʪʘʥʫ ʪʘ ʬʦʩʬʦʨʫ, ʤʦʞʣʠʚʝ ʚʢʣʶʯʝʥʥʷ ʦʙô̒ ʢʪʽʚ ʜʦ 

ʅʘʮʽʦʥʘʣʴʥʦʾ ʧʨʦʛʨʘʤʠ ʢʨʠʪʠʯʥʠʭ ʤʽʥʝʨʘʣʽʚ ʋʢʨʘʾʥʠ. 
 

ʊʘʙʣ. 1. ʇʦʨʽʚʥʷʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʘʨʘʤʝʪʨʽʚ ɺʠʜʠʙʽʨʩʴʢʦʛʦ ʪʘ 

ʌʝʜʦʨʽʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱ ʘʧʘʪʠʪ-̔ ʣʴʤʝʥʽʪʦʚʠʭ ʨʫʜ 

ʂʨʠʪʝʨʽʡ ɺʠʜʠʙʽʨʩʴʢʝ ʌʝʜʦʨʽʚʩʴʢʝ ʆʮʽʥʢʘ ʧʝʨʝʚʘʛʠ 

ʊʠʧ ʨʫʜ ɯʣʴʤʝʥʽʪ-

ʘʧʘʪʠʪʦʚʽ 

ɯʣʴʤʝʥʽʪ-

ʘʧʘʪʠʪʦʚʽ 

ɽʢʚʽʚʘʣʝʥʪʥʽ 

ʉʝʨʝʜʥʽʡ ʚʤʽʩʪ TiO2 5,75 % ʜʦ 6,77 % + ʌʝʜʦʨʽʚʩʴʢʝ 

ʉʝʨʝʜʥʽʡ ʚʤʽʩʪ P2O5 2,77 % ʜʦ 2,69 % + ɺʠʜʠʙʽʨʩʴʢʝ 

(ʥʝʟʥʘʯʥʦ) 

ɻʣʠʙʠʥʘ ʟʘʣʷʛʘʥʥʷ ʜʦ 277 ʤ ʜʦ 283 ʤ ɽʢʚʽʚʘʣʝʥʪʥʽ 

ʊʝʭʥʦʣʦʛʽʯʥʘ 

ʧʨʠʜʘʪʥʽʩʪʴ 

ɺʠʩʦʢʘ ɼʫʞʝ ʚʠʩʦʢʘ + ʌʝʜʦʨʽʚʩʴʢʝ 

ɽʢʦʣʦʛʽʯʥʽ ʨʠʟʠʢʠ ʅʠʟʴʢʽ ʅʠʟʴʢʽ ɽʢʚʽʚʘʣʝʥʪʥʽ 

 

ʈʦʟʨʦʙʢʘ ʨʦʜʦʚʠʱ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʚ ʨʘʤʢʘʭ ʜʝʨʞʘʚʥʦ-

ʧʨʠʚʘʪʥʦʛʦ ʧʘʨʪʥʝʨʩʪʚʘ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʭʘʥʽʟʤʽʚ ʬʽʥʘʥʩʦʚʦʛʦ 

ʣʽʟʠʥʛʫ ʜʣʷ ʟʘʢʫʧʽʚʣʽ ʩʫʯʘʩʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʋ ʢʦʥʪʝʢʩʪʽ 

ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ ʝʢʦʥʦʤʽʢʠ, ʪʠʪʘʥʦʚʽ ʨʫʜʠ ʤʘʶʪʴ ʧʦʪʝʥʮʽʘʣ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʣʝʛʢʠʭ ʩʧʣʘʚʘʭ, ʝʥʝʨʛʝʪʠʮʽ ʪʘ ʟʘʭʠʩʥʠʭ 

ʧʦʢʨʠʪʪʷʭ, ʱʦ ʧʽʜʚʠʱʫʻ ʾʭʥʶ ʩʪʨʘʪʝʛʽʯʥʫ ʮʽʥʥʽʩʪʴ. 

ɺʠʩʥʦʚʢʠ. ɺʠʜʠʙʽʨʩʴʢʝ ʪʘ ʌʝʜʦʨʽʚʩʴʢʝ ʨʦʜʦʚʠʱʘ ʘʧʘʪʠʪ-

ʽʣʴʤʝʥʽʪʦʚʠʭ ʨʫʜ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʦʙô̒ ʢʪʘʤʠ ʜʣʷ ʨʦʟʚʠʪʢʫ 

ʢʨʠʪʠʯʥʦʾ ʤʽʥʝʨʘʣʴʥʦ-ʩʠʨʦʚʠʥʥʦʾ ʙʘʟʠ ʋʢʨʘʾʥʠ. ɰʭʥʷ ʛʝʦʣʦʛʽʯʥʘ 

ʙʫʜʦʚʘ, ʤʽʥʝʨʘʣʴʥʠʡ ʩʢʣʘʜ ʪʘ ʛʽʨʥʠʯʦ-ʪʝʭʥʽʯʥʽ ʫʤʦʚʠ ʩʧʨʠʷʶʪʴ 

ʝʬʝʢʪʠʚʥʦʤʫ ʦʩʚʦʻʥʥʶ ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʝʢʦʣʦʛʽʯʥʠʤ ʚʧʣʠʚʦʤ. 

ʈʝʢʦʤʝʥʜʦʚʘʥʦ ʟʘʧʫʩʢ ʧʽʣʦʪʥʠʭ ʧʨʦʻʢʪʽʚ ʪʘ ʘʢʪʠʚʽʟʘʮʽʶ 

ʤʽʞʥʘʨʦʜʥʦʾ ʩʧʽʚʧʨʘʮʽ ʫ ʩʬʝʨʽ ʢʨʠʪʠʯʥʠʭ ʤʽʥʝʨʘʣʽʚ. 
 

ʇʝʨʝʣʽʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ 

 

1. ʐʚʘʡʙʝʨʦʚ ʉ.ʂ., ɹʘʟʘʣʠʡʩʢʠʡ ʗ.ʀ. [ʠ ʜʨ.]. ʆʪʯʝʪ ʦ ʨʝʟʫʣʴʪʘʪʘʭ ʦʙʱʠʭ 
ʧʦʠʩʢʦʚ ʙʦʛʘʪʳʭ ʦʩʪʘʪʦʯʥʳʭ ʠ ʢʦʨʝʥʥʳʭ ʪʠʪʘʥʦʚʳʭ ʨʫʜ ʥʘ 

ʂʦʨʦʩʪʝʥʩʢʦʤ ʧʣʫʪʦʥʝ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ 1979ï1985 ʛʛ. ʂʠʝʚ: 

ʄʠʥʠʩʪʝʨʩʪʚʦ ʛʝʦʣʦʛʠʠ ʋʉʉʈ, ʇɻʆ çʉʝʚʛʝʦʣʦʛʦʨʘʟʚʝʜʢʘè, 1985. 

2. ʇʨʠʭʦʜʴʢʦ ɺ., ʄʘʟʢʦ ʄ., ʑʝʨʙʠʥʘ ʄ. ɻʝʦʣʦʛʽʯʥʘ ʙʫʜʦʚʘ ʪʘ ʢʦʨʠʩʥʽ 
ʢʦʧʘʣʠʥʠ ʚʦʜʦʜʽʣʫ ʨʽʯʦʢ ʊʝʪʝʨʽʚ ʽ ʉʣʫʯ. ɿʚʽʪ (ʟʘʢʣʶʯʥʠʡ). ʂʠʾʚ: ʇɼʈʇ 

çʇʽʚʥʽʯʛʝʦʣʦʛʽʷè, 2002.  
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ʢʦʤʧʣʝʢʩʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʢʽʤʙʝʨʣʽʪʦʚʠʭ ʪʽʣ ʃʝʣʝʢʽʚʩʴʢʦʾ ʪʘ ʑʦʨʩʽʚʩʴʢʦʾ 

ʜʽʣʷʥʦʢ, ʟʦʩʝʨʝʜʞʝʥʝ ʥʘ ʤʽʥʝʨʘʣʦʛʽʯʥʽʡ ʪʘ ʧʝʪʨʦʣʦʛʽʯʥʽʡ ʭʘʨʘʢʪʝʨʠʩʪʠʮʽ ʧʦʨʽʜ. 

ʆʩʥʦʚʥʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʘʥʘʣʽʟʫ ʩʣʶʜʠʩʪʠʭ ʢʽʤʙʝʨʣʽʪʽʚ ʛʽʧʘʙʽʩʘʣʴʥʦʾ ʬʘʮʽʾ, 
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ʤʘʥʪʽʡʥʦʛʦ ʤʘʛʤʘʪʠʟʤʫ. 
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MINERALOGICAL AND PETROGRAPHIC 

CHARACTERISTICS OF KIMBERLITES OF THE INHUL 

MEGABLOCK  

Pavlenko A.O., Poberezhskʘ I.V., Bilyk N.T., Mihunova Ya.I. 
ɯvan Franko National University of Lviv, Lviv, Ukraine, 

anastasiia.pavlenko@lnu.edu.ua; iryna.poberezhska@lnu.edu.ua; 

nataliya.bilyk@lnu.edu.ua; Yanina.Mihunova@lnu.edu.ua 
 

Within the Inhul Megablock of the Ukrainian Shield, a comprehensive study of 

kimberlite bodies from the Lelekivka and Shchorsivka areas was carried out, focusing 

on the mineralogical and petrological characteristics of the rocks. Particular attention 

is given to the analysis of micaceous kimberlites of the hypabyssal facies, represented 

by thin dykes that reflect the typical features of mantle magmatism. 

Keywords: Inhul Megablock, Lelekivka area, Shchorsivka area, micaceous 

kimberlite, phlogopite, chromespinel, diopside. 

 

ɯʥʛʫʣʴʩʴʢʠʡ ʤʝʛʘʙʣʦʢ ʷʚʣʷʻ ʩʦʙʦʶ ʧʨʦʪʦʧʣʘʪʬʦʨʤʥʫ 

ʩʪʨʫʢʪʫʨʫ ʧʨʦʪʝʨʦʟʦʡʩʴʢʦʛʦ ʚʽʢʫ, ʜʝ ʧʦʚʩʶʜʥʦ ʨʦʟʚʠʥʫʪʽ ʧʦʨʦʜʠ 

ʜʘʡʢʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ. ɺʦʥʠ ʞ ʫ ʩʚʦʶ ʯʝʨʛʫ ʫʪʚʦʨʶʶʪʴ 

ʋʩʪʠʥʦʚʩʴʢʦ-ɿʥʘʤʝʥʩʴʢʝ ʜʘʡʢʦʚʝ ʧʦʣʝ. ʋ ʚʣʘʩʥʝ ʜʘʡʢʦʚʦʤʫ ʧʦʣʽ 

ʩʘʤʽ ʜʘʡʢʠ ʛʨʫʧʫʶʪʴʩʷ ʚ ʧʦʷʩʠ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʛʦ ʪʘ ʧʽʚʥʽʯʥʦ-

ʩʭʽʜʥʦʛʦ ʩʫʙʤʝʨʠʜʽʘʣʴʥʦʛʦ ʪʘ ʩʫʙʰʠʨʦʪʥʦʛʦ ʧʨʦʩʪʷʛʘʥʥʷ. 
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ɼʦʩʣʽʜʞʫʚʘʥʽ ʢʽʤʙʝʨʣʽʪʠ ʧʨʠʫʨʦʯʝʥʽ ʜʦ ʃʝʣʝʢʽʚʩʴʢʦʾ ʪʘ 

ʑʦʨʩʽʚʩʴʢʦʾ ʜʽʣʷʥʦʢ ɯʥʛʫʣʴʩʴʢʦʛʦ ʤʝʛʘʙʣʦʢʫ ʩʚʝʨʜʣʦʚʠʥʠ 

ʚʽʜʧʦʚʽʜʥʦ 4095-30, ʛʣʠʙʠʥʘ ʚʽʜʙʦʨʫ ʚʟʽʨʮʷ 363 ʤ ʪʘ 4097-V, 

ʛʣʠʙʠʥʘ ʚʽʜʙʦʨʫ ʚʟʽʨʮʷ ï 360 ʤ (ʨʠʩ. 1).  

ʘ ʙ 
ʈʠʩ. 1. ʘ) ʚʟʽʨʝʮʴ ʩʣʶʜʠʩʪʦʛʦ ʢʽʤʙʝʨʣʽʪʫ ʟ ʃʝʣʝʢʽʚʩʴʢʦʾ ʜʽʣʷʥʢʠ ɯʥʛʫʣʴʩʴʢʦʛʦ 

ʤʝʛʘ-ʙʣʦʢʫ ʩʚʝʨʜʣʦʚʠʥʘ 4095-30, ʛʣʠʙʠʥʘ ʚʽʜʙʦʨʫ ʚʟʽʨʮʷ - 363 ʤ; ʙ) ʚʟʽʨʝʮʴ 

ʩʣʶʜʠʩʪʦʛʦ ʢʽʤʙʝʨʣʽʪʫ ʟ ʑʦʨʩʽʚʩʴʢʦʾ ʜʽʣʷʥʢʠ ʩʚʝʨʜʣʦʚʠʥʘ 4097-V, ʛʣʠʙʠʥʘ 

ʚʽʜ-ʙʦʨʫ ʚʟʽʨʮʷ 360 ʤ 

 

ɼʦ ʩʢʣʘʜʫ ʮʝʤʝʥʪʫʶʯʦʾ ʤʘʩʠ ʜʘʡʦʢ, ʷʢ ʧʨʘʚʠʣʦ, ʚʭʦʜʷʪʴ 

ʫʣʘʤʢʠ ʛʣʠʙʠʥʥʠʭ ʧʦʨʽʜ ʪʘ ʧʨʦʜʫʢʪʠ ʾʭ ʜʝʟʽʥʪʝʛʨʘʮʽʾ. ɺʣʘʩʥʝ 

ʮʝʤʝʥʪʥʘ ʤʘʩʘ ʤʘʻ ʯʽʪʢʫ ʜʨʽʙʥʦ- ʪʘ ʩʝʨʝʜʥʴʦʟʝʨʥʠʩʪʫ ʧʦʨʬʽʨʦʚʫ 

ʩʪʨʫʢʪʫʨʫ. ʅʘʡʚʘʞʣʠʚʽʰʠʤʠ ʧʦʨʦʜʦʪʚʽʨʥʠʤʠ ʤʽʥʝʨʘʣʘʤʠ ʻ ʦʣʽʚʽʥ 

(Mg, Fe)2[SiO4] (50ï80 %) ʪʘ ʬʣʦʛʦʧʽʪ KMg(SiAl)O(OH) (10ï

50 %). ʂʘʨʙʦʥʘʪʠ ʚ ʩʫʮʽʣʴʥʽʡ ʤʘʩʽ ʢʽʤʙʝʨʣʽʪʽʚ ʤʘʶʪʴ ʚʪʦʨʠʥʥʝ 

ʧʦʭʦʜʞʝʥʥʷ. ʇʨʦʪʝ ʥʘ ʜʝʷʢʠʭ ʜʽʣʷʥʢʘʭ ʢʘʣʴʮʠʪ ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ 

ʨʘʟʦʤ ʟ ʜʽʦʧʩʠʜʦʤ ʽ ʻ ʧʝʨʚʠʥʥʠʤ ʤʽʥʝʨʘʣʦʤ. ɿʘʛʘʣʴʥʘ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʤʽʥʝʨʘʣʽʚ ʥʘʩʪʫʧʥʘ: ʦʣʽʚʽʥ ï ʜʽʦʧʩʠʜ 

(ɯ) ï ʪʠʪʘʥʦʤʘʛʥʝʪʠʪ ï ʬʣʦʛʦʧʽʪ ï ʪʝʪʨʘʬʝʨʠʬʣʦʛʦʧʽʪ ï ʢʘʣʴʮʠʪ + 

ʜʽʦʧʩʠʜ (ɯɯ) + ʘʧʘʪʠʪ (ʨʠʩ. 2, 3) [1, 2]. 

ɺ ʟʘʛʘʣʴʥʽʡ ʤʘʩʽ ʦʣʽʚʽʥ ʫʪʚʦʨʶʻ ʩʫʙʽʜʽʦʤʦʨʬʥʽ ʬʝʥʦʢʨʠʩʪʘʣʠ 

ʪʘ ʽʜʽʦʤʦʨʬʤʥʽ ʤʽʢʨʦ ʬʝʥʦʢʨʠʩʪʘʣʠ. ɺʦʥʠ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʻ 

ʧʦʚʥʽʩʪʶ ʟʘʤʽʱʝʥʠʤʠ ʩʝʨʧʝʥʪʠʥʦʤ ʪʘ ʽʥʰʠʤʠ ʚʪʦʨʠʥʥʠʤʠ 

ʤʽʥʝʨʘʣʘʤʠ. ʗʢ ʟʘʟʥʘʯʘʻ ʉ.ʄ. ʎʠʤʙʘʣ, ʦʣʽʚʽʥʦʚʽ ʚʢʨʘʧʣʝʥʥʷ, ʟ 

ʨʦʟʤʽʨʘʤʠ ʢʨʠʩʪʘʣʽʚ 1ï2 ʤʤ, ʧʨʦʩʪʝʞʫʶʪʴʩʷ ʚ ʜʨʽʙʥʦʟʝʨʥʠʩʪʽʡ 

ʤʘʛʥʝʪʠʪ-ʢʘʨʙʦʥʘʪ-ʬʣʦʛʦʧʽʪʦʚʽʡ ʤʘʩʽ. 

ɺʣʘʩʥʝ ʩʘʤ ʬʣʦʛʦʧʽʪ ʫʪʚʦʨʶʻ ʜʦʚʦʣʽ ʤʘʩʠʚʥʽ (2ï3 ʤʤ) 

ʣʫʩʦʯʢʠ, ʚ ʷʢʠʭ ʧʨʦʩʪʝʞʫʶʪʴʩʷ ʚʢʨʘʧʣʝʥʥʷ ʧʩʝʚʜʦʤʦʨʬʥʦ 

ʟʘʤʽʱʝʥʦʛʦ ʦʣʽʚʽʥʫ ʪʘ ʨʫʜʥʠʭ ʤʽʥʝʨʘʣʽʚ. ɿʘʟʚʠʯʘʡ ʬʣʦʛʦʧʽʪ ʫ 

ʢʽʤʙʝʨʣʽʪʘʭ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʜʨʽʙʥʠʭ ʤʽʢʨʦʣʽʪʽʚ, ʷʢʽ ʥʽʙʠ 



82 
 

ʦʛʠʥʘʶʪʴ ʚʢʨʘʧʣʝʥʥʷ ʦʣʽʚʽʥʫ ʪʘ ʢʩʝʥʦʣʽʪʠ ʛʣʠʙʠʥʥʠʭ ʧʦʨʽʜ, 

ʫʪʚʦʨʶʶʯʠ ʧʦʨʬʽʨʦʚʠʜʥʫ ʣʘʤʽʥʘʨʥʫ ʩʪʨʫʢʪʫʨʫ (ʨʠʩ. 4, 5). 

 
 

ʈʠʩ. 2 ʉʣʶʜʠʩʪʠʡ ʢʽʤʙʝʨʣʽʪ ʟ 

ʃʝʣʝʢʽʚʩʴʢʦʾ ʜʽʣʷʥʢʠ ʚ ʰʣʽʬʽ, ʘ) ʥʽʢ. 

ɯɯ, ʙ) ʥʽʢ. ʍ; ʧʦʣʝ ʟʦʨʫ 2 ʤʤ 

ʈʠʩ. 3 ʉʣʶʜʠʩʪʠʡ ʢʽʤʙʝʨʣʽʪ ʟ 

ʑʦʨʩʽʚʩʴʢʦʾ ʜʽʣʷʥʢʠ ʚ ʰʣʽʬʽ, ʘ) ʥʽʢ. 

ɯɯ, ʙ) ʥʽʢ. ʍ; ʧʦʣʝ ʟʦʨʫ 2 ʤʤ 

  
ʈʠʩ. 4.  ʌʣʦʛʦʧʽʪ ʫ ʰʣʽʬʽ ʟʽ ʚʟʽʨʮʷ 

ʩʣʶʜʠʩʪʦʛʦ ʢʽʤʙʝʨʣʽʪʫ ʃʝʣʝʢʽʚʩʴʢʦʾ 

ʜʽʣʷʥʢʠ, ʘ) ʥʽʢ. ɯɯ, ʙ) ʥʽʢ. ʍ; ʧʦʣʝ ʟʦʨʫ 

2 ʤʤ 

ʈʠʩ. 5 ʌʣʦʛʦʧʽʪ ʫ ʰʣʽʬʽ ʟʽ ʚʟʽʨʮʷ 

ʩʣʶʜʠʩʪʦʛʦ ʢʽʤʙʝʨʣʽʪʫ ʑʦʨʩʽʚʩʴʢʦʾ 

ʜʽʣʷʥʢʠ, ʘ) ʥʽʢ. ɯɯ, ʙ) ʥʽʢ. ʍ; ʧʦʣʝ ʟʦʨʫ 

2 ʤʤ 
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ɿʘ ʜʽʘʛʨʘʤʦʶ TiO2ïMgO ̔ TiO2ïAl2O3 (ʨʠʩ. 6) ʧʨʦʩʪʝʞʫʻʪʴʩʷ 

ʩʫʪʪʻʚʘ ʨʦʟʙʽʞʥʽʩʪʴ ʧʦ ʚʤʽʩʪʫ ʪʠʪʘʥʫ ʪʘ ʘʣʶʤʽʥʽʶ. ɿʤʝʥʰʝʥʥʷ 

ʚʤʽʩʪʫ ʪʠʪʘʥʫ ʧʦʷʩʥʶʶʪʴʩʷ ʟʨʦʩʪʘʥʥʷʤ ʚʽʜ ʮʝʥʪʨʫ ʟʝʨʥʘ 

ʬʣʦʛʦʧʽʪʫ ʜʦ ʡʦʛʦ ʢʨʘʾʚ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʬʝʨʫʤʫ ʜʦ ʤʘʛʥʽʶ ʧʽʜ 

ʯʘʩ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʢʽʤʙʝʨʣʽʪʦʚʦʛʦ ʨʦʟʧʣʘʚʫ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ 

ʬʝʨʫʤ ʪʘ ʪʠʪʘʥ ʚʠʜʽʣʷʶʪʴʩʷ ʚʞʝ ʫ ʚʠʛʣʷʜʽ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʫ. 

 
ʈʠʩ. 6. ɼʽʘʛʨʘʤʠ TiO2ïMgO ̔  TiO2ïAl 2O3 ʜʣʷ ʩʣʶʜ ʟ ʢʽʤʙʝʨʣʽʪʽʚ ɯʥʛʫʣʴʩʴʢʦʛʦ 

ʤʝʛʘʙʣʦʢʫ. ʇʦʨʦʜʠ: 1 ï ʢʽʤʙʝʨʣʽʪʦʚʠʡ ʮʝʤʝʥʪ; 2 ï ʛʣʽʤʤʝʨʠʪ; 3 ï ʢʩʝʥʦʣʽʪ 

ʫʣʴʪʨʘʙʘʟʠʪʫ; 4 ï ʟʚôʷʟʫʶʯʠ ʤʘʩʘ ʢʽʤʙʝʨʣʽʪʫ, ʢʩʝʥʦʢʨʠʩʪʘʣʠ; 5 ï ʢʝʣʽʬʽʪʦʚʘ 

ʢʘʡʤʘ ʥʘ ʟʝʨʥʘʭ ʛʨʘʥʘʪʫ ʝʢʣʦʛʽʪʦʚʦʛʦ ʪʠʧʫ 
 

ɺ ʢʽʤʙʝʨʣʽʪʘʭ ʚʠʦʢʨʝʤʣʶʶʪʴ ʜʚʽ ʘʩʦʮʽʘʮʽʾ ʜʽʦʧʩʠʜʫ ï ʜʽʦʧʩʠʜ (ɯ), 

ʷʢʠʡ ʫʪʚʦʨʶʻʪʴʩʷ ʨʘʟʦʤ ʟ ʦʣʽʚʽʥʦʤ ʽ ʬʣʦʛʦʧʽʪʦʤ ʪʘ ʟʫʩʪʨʽʯʘʻʪʴʩʷ 

ʫ ʚʠʛʣʷʜʽ ʽʜʽʦʤʦʨʬʥʠʭ ʘʙʦ ʞ ʢʩʝʥʦʤʦʨʬʥʠʭ ʚʠʜʽʣʝʥʥʷʭ ʦʩʥʦʚʥʦʾ 

ʤʘʩʠ; ʜʽʦʧʩʠʜ (ɯɯ), ʷʢʠʡ ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʚʠʢʣʶʯʥʦ ʚ ʢʘʣʴʮʠʪʦʚʠʭ 

ʜʽʣʷʥʢʘʭ ʪʘ ʦʜʥʦʯʘʩʥʦ ʟ ʪʝʪʨʘʬʝʨʽʬʣʦʛʦ-ʧʽʪʦʚʠʤʠ ʦʙʣʷʤʽʚʢʘʤʠ ʥʘ 

ʟʝʨʥʘʭ ʬʣʦʛʦʧʽʪʫ, ʫ ʚʠʛʣʷʜʽ ʨʦʟʝʪʦʢ ʪʘ ʧʫʯʢʦʧʦʜʽʙʥʠʭ ʘʛʨʝʛʘʪʽʚ, 

ʱʦ ʥʘʨʦʩʪʘʶʪʴ ʥʘ ʟʝʨʥʘʭ ʬʣʦʛʦʧʽʪʫ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʤʽʢʨʦʟʦʥʜʦʚʦʛʦ ʘʥʘʣʽʟʫ ʙʽʣʴʰʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʽʨʦʢʩʝʥʽʚ 

ʧʦʧʘʜʘʻ ʚ ʧʦʣʝ ʜʽʦʧʩʠʜʫ, ʦʜʠʥ ʘʥʘʣʽʟ ʧʦʧʘʜʘʻ ʚ ʧʦʣʝ ʘʚʛʽʪʫ ʪʘ ʦʜʠʥ 

ʘʥʘʣʽʟ ʧʦʧʘʜʘʻ ʚ ʧʦʣʝ ʙʨʦʥʟʠʪʫ (ʨʠʩ. 7).  

ʐʧʽʥʝʣʽʜʠ ʫʪʚʦʨʶʶʪʴ ʽʟʦʤʝʪʨʠʯʥʽ ʚʠʜʽʣʝʥʥʷ ʥʝʧʨʘʚʠʣʴʥʦʾ 

ʬʦʨʤʠ ʪʘ ʤʘʡʞʝ ʟʘʚʞʜʠ ʟʘʤʽʱʝʥʽ ʤʘʛʥʝʪʠʪʦʤ. ɺʢʣʶʯʝʥʥʷ 

ʰʧʽʥʝʣʽʜʽʚ ʧʨʦʩʪʝʞʫʶʪʴʩʷ ʫ ʬʣʦʛʦʧʽʪʽ, ʢʘʨʙʦʥʘʪʥʽʡ ʪʘ 

ʩʝʨʧʝʥʪʠʥ-ʢʘʨʙʦʥʘʪ-ʤʘʛʥʝʪʠʪʦʚʽʡ ʤʘʩʽ. ɿʝʨʥʘ ʤʽʥʝʨʘʣʫ, ʟʘʟʚʠʯʘʡ, 

ʟʥʘʭʦʜʷʪʴʩʷ ʤʽʞ ʟʝʨʥʘʤʠ ʦʣʽʚʽʥʫ, ʧʽʨʦʢʩʝʥʫ ʪʘ ʙʽʦʪʠʪʫ (ʨʠʩ. 8). 
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ʈʠʩ. 7. ʅʦʤʝʥʢʣʘʪʫʨʘ ʧʽʨʦʢʩʝʥʽʚ ʚ 

ʪʴʦʭʢʦʤʧʦʥʝʥʪʥʽʡ ʩʠʩʪʝʤʽ Mg-Fe2+-Ca 

(ʫ ʬʦʨʤʫʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʘʭ) [7] 

ʈʠʩ. 8. ʍʨʦʤʰʧʽʥʝʣʽʜ ʚ ʰʣʽʬʽ ʟʽ 

ʚʟʽʨʮʷ ʩʣʶʜʠʩʪʦʛʦ ʢʽʤʙʝʨʣʽʪʫ 

ʃʝʣʝʢʽʚʩʴʢʦʾ ʜʽʣʷʥʢʠ, ʘ) ʥʽʢ ɯɯ, ʙ) 

ʥʽʢ. ʍ; ʧʦʣʝ ʟʦʨʫ 2 ʤʤ 
 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʽʢʨʦʟʦʥʜʦʚʦʛʦ ʘʥʘʣʽʟʫ ʙʽʣʴʰʽʩʪʴ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʰʧʽʥʝʣʽʜʽʚ ʥʘ ʢʚʘʣʽʬʽʢʘʮʽʡʥʽʡ ʜʽʘʛʨʘʤʽ ʜʣʷ 

ʰʧʽʥʝʣʽʜʽʚ ʧʦʧʘʜʘʶʪʴ ʚ ʧʦʣʝ ʭʨʦʤ-h ʧʽʥʝʣʽ, ʘ ʪʘʢʦʞ ʚ ʧʦʣʝ 

ʘʣʶʤʦʭʨʦʤʽʪʫ ʪʘ ʟʘʣʽʟʠʩʪʦʛʦ ʭʨʦʤʽʪʫ (ʨʠʩ. 9).  

ɻʨʘʥʘʪʠ ʛʨʦʩʫʣʷʨ-ʘʣʴʤʘʥʜʠʥ-ʧʽʨʦʧʦʚʦʛʦ ʩʢʣʘʜʫ ʨʦʟʚʠʥʫʪʽ ʫ 

ʢʽʤʙʝʨʣʽʪʘʭ ʧʦʰʠʨʝʥʽ ʜʝʱʦ ʦʙʤʝʞʝʥʦ. ɼʝʢʦʣʠ ʥʘ ʾʭ ʟʝʨʥʘʭ 

ʟʘʣʠʰʘʶʪʴʩʷ ʨʝʣʽʢʪʠ ʢʝʣʽʬʽʪʦʚʠʭ ʦʙʣʷʤʽʚʦʢ. ʈʦʟʤʽʨ ʟʝʨʝʥ 

ʜʦʩʷʛʘʻ 1 ʤʤ; ʢʦʣʽʨ ʾʭ ʨʦʞʝʚʦ-ʧʦʤʘʨʘʥʯʝʚʠʡ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʤʽʢʨʦʟʦʥʜʦʚʦʛʦ ʘʥʘʣʽʟʫ ʜʦʩʣʽʜʞʫʚʘʥʽ ʛʨʘʥʘʪʠ ʧʦʧʘʜʘʶʪʴ ʚ ʧʦʣʝ 

ʧʽʨʦʧ-ʘʣʴʤʘʥʜʠʥʦʚʦʛʦ ʩʢʣʘʜʫ (ʨʠʩ. 10). 

ʂʽʤʙʝʨʣʽʪʠ ɯʥʛʫʣʴʩʴʢʦʛʦ ʤʝʛʘʙʣʦʢʫ ʤʘʪʴ ʧʽʜʚʠʱʝʥʠʡ ʚʤʽʩʪ Th 

(ʜʦ 47 ʛ/ʪ) ʪʘ U (ʜʦ 18 ʛ/ʪ). ʇʨʠʢʤʝʪʥʦ, ʱʦ ʚʤʽʩʪ Th ʧʨʷʤʦ 

ʢʦʨʝʣʶʻʪʴʩʷ ʟ ʚʤʽʩʪʦʤ Nb, ʱʦ ʚʢʘʟʫʻ ʥʘ ʾʭ ʙʝʟʧʦʩʝʨʝʜʥʻ ʩʧʽʣʴʥʝ 

ʤʘʥʪʽʡʥʝ ʜʞʝʨʝʣʦ. 

ɯʣʴʤʝʥʽʪ ʨʦʟʚʠʚʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʦʙʣʷʤʽʚʦʢ ʧʦ ʢʨʘʷʤ ʧʝʨʦʚʩʢʽʪʫ 

(CaTiO) ʘʙʦ ʞ ʫʪʚʦʨʶʻ ʩʘʤʦʩʪʽʡʥʽ ʟʝʨʥʘ, ʷʢʽ ʘʩʦʮʽʶʶʪʴ ʟ 

ʚʠʜʽʣʝʥʥʷʤʠ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʫ ʪʘ ʤʘʛʥʝʪʠʪʫ. ɺʣʘʩʥʝ ʽʣʴʤʝʥʽʪ ʚ 

ʢʽʤʙʝʨʣʽʪʘʭ ʫʪʚʦʨʠʚʩʷ ʫ ʧʽʟʥʴʦ-ʤʘʛʤʘʪʠʯʥʦʤʫ ʝʪʘʧʽ ʝʚʦʣʶʮʽʾ 

ʢʽʤʙʝʨʣʽʪʦʚʦʛʦ ʬʣʶʾʜʥʦʛʦ ʨʦʟʧʣʘʚʫ ʪʘ ʤʘʻ ʨʝʘʢʮʽʡʥʦ-

ʤʝʪʘʩʦʤʘʪʠʯʥʝ ʧʦʭʦʜʞʝʥʥʷ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʽʢʨʦʟʦʥʜʦʚʦʛʦ 

ʘʥʘʣʽʟʫ (ʨʠʩ. 11) ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʽʣʴʤʝʥʽʪ (ʟʘ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ) 

ʩʬʦʨʤʫʚʘʚ ʜʚʘ ʧʦʣʷ.  
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ʈʠʩ. 9. ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʜʽʘʛʨʘʤʘ ʜʣʷ 

ʰʧʽʥʝʣʽʜʽʚ ʫ ʪʨʴʦʭʢʦʤʧʦʥʝʥʪʥʽʡ 

ʩʠʩʪʝʤʽ Cr-Fe3+-Al  (ʫ ʬʦʨʤʫʣʴʥʠʭ 

ʢʦʝʬʽʮʽʻʥʪʘʭ) [5] 
 

ʈʠʩ. 10. ʂʦʣʠʚʘʥʥʷ ʭʽʤʽʯʥʦʛʦ 

ʩʢʣʘʜʫ ʛʨʘʥʘʪʽʚ ʚ 

ʪʨʴʦʭʢʦʤʧʦʥʝʥʪʥʽʡ ʩʠʩʪʝʤʽ Ca-

Mn2+-Fe2++Mg (ʫ ʬʦʨʤʫʣʴʥʠʭ 

ʢʦʝʬʽʮʽʻʥʪʘʭ) [6] 

 

ʈʠʩ. 11. ɿʤʽʥʘ ʩʢʣʘʜʫ ʟʝʨʝʥ ʽʣʴʤʝʥʽʪʫ ʟ ʢʽʤʙʝʨʣʽʪʫ, ʥʘʥʝʩʝʥʘ ʥʘ ʜʽʘʛʨʘʤʫ Mgï

Fe2+ïMn2+ (ʫ ʬʦʨʤʫʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʘʭ). ʉʠʤʚʦʣʠ: ʽʣʴʤʝʥʽʪ (Ilm), ʛʝʡʢʽʣʽʪ 

 

ɺ ʦʜʥʦʤʫ ʧʦʣʽ ʟʛʨʫʧʫʚʘʣʠʩʷ ʘʥʘʣʽʟʠ ʽʣʴʤʝʥʽʪʫ ʚ ʷʢʦʤʫ 

ʚʽʜʩʫʪʥʽʡ ʤʘʛʥʽʡ. ɺ ʽʥʰʝ, ʥʝʙʘʛʘʪʦʯʠʩʣʝʥʥʝ ʧʦʣʝ ʧʦʧʘʜʘʻ ʽʣʴʤʝʥʽʪ 

ʫ ʷʢʦʤʫ, ʫ ʥʝʚʝʣʠʢʠʭ ʢʽʣʴʢʦʩʪʷʭ ʚʽʜ 7,85 ʜʦ 10 ʤʘʩ. % ʥʘʷʚʥʠʡ 

ʤʘʛʥʽʡ. 
ʇʝʨʝʣʽʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ 
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ʌʦʨʤʫʚʘʥʥʷ ʤʘʨʛʘʥʮʝʚʦʨʫʜʥʠʭ ʚʝʨʩʪʚ ʅʽʢʦʧʦʣʴʩʴʢʦʛʦ ʤʘʨʛʘʥʮʝʚʦʨʫʜʥʦʛʦ 

ʙʘʩʝʡʥʫ ʚʽʜʙʫʣʦʩʷ ʫ ʨʘʥʥʴʦʤʫ ʨʫʧʝʣʽ ʧʨʦʪʷʛʦʤ ʯʘʩʫ ~32,4ï32,7 ʤʣʥ ʨʦʢʽʚ ʟʘ 

ʩʫʯʘʩʥʦʶ ʰʢʘʣʦʶ ʛʝʦʣʦʛʽʯʥʦʶ ʯʘʩʫ. ɺʦʥʦ ʨʦʟʧʦʯʘʣʦʩʷ ~1,2 ʤʣʥ ʨʦʢʽʚ ʧʽʩʣʷ 

ʤʝʞʽ ʝʦʮʝʥʫ/ʦʣʽʛʦʮʝʥʫ ʪʘ ~0,5 ʤʣʥ ʨʦʢʽʚ ʧʽʩʣʷ ɽʆGʄ (ʢʣʽʤʘʪʠʯʥʦʾ ʧʦʜʽʾ Oi-1), 

ʧʽʜ ʯʘʩ ʨʘʥʥʴʦʨʫʧʝʣʴʩʴʢʦʾ ʛʣʦʙʘʣʴʥʦʾ ʪʨʘʥʩʛʨʝʩʽʾ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʘʨʛʘʥʮʝʚʘ ʨʫʜʘ, ʨʘʥʥʽʡ ʦʣʽʛʦʮʝʥ, ʋʢʨʘʾʥʘ. 

 

TIME OF FORMATION OF MANGANESE ORE LAYERS OF 

THE NIKOPOL MANGANESE ORE BASIN IN THE 

SEQUENCE OF EVENTS OF THE INITIAL OLIGOCENE 

Ryabokon T.S. 
IGS NAS of Ukraine, Kyiv, Ukraine, tamararyabokon@gmail.com 

 
The formation of manganese ore deposits of the Nikopol Manganese-Ore Basin 

occurred in the Early Rupelian within the time ~32,4ï32,7 ʄʘ on the modern 

Geological Time Scale. The formation of manganese ore deposits in the Southern 

Ukraine began after the Eocene/Oligocene boundary ~1.2 Ma later and ~0,5 ʄʘ after 

the EOGM (climatic event Oi-1), during the Early Rupelian global transgression. 

Keywords: manganese ore, early Oligocene, Ukraine. 

 

ʅ̔ ʢʦʧʦʣʴʩʴʢʠʡ ʤʘʨʛʘʥʮʝʚʦʨʫʜʥʠʡ ʙʘʩʝʡʥ (ʅʄɹ) ʟʥʘʭʦʜʠʪʴʩʷ 

ʥʘ ʧʽʚʜʥʽ ʋʢʨʘʾʥʠ, ʥʘ ʧʝʨʠʬʝʨʽʾ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʦʾ ʯʘʩʪʠʥʠ 

ʇʨʠʯʦʨʥʦʤʦʨʩʴʢʦʾ ʟʘʧʘʜʠʥʠ, ʫ ʤʽʩʮʽ ʾʾ ʟô̒ ʜʥʘʥʥʷ ʟ ʋʢʨʘʾʥʩʴʢʠʤ 

ʱʠʪʦʤ ʥʘ ʧʽʚʥʦʯʽ ʽ ʇʨʠʘʟʦʚʩʴʢʠʤ ʤʘʩʠʚʦʤ ʥʘ ʩʭʦʜʽ. ʁʦʛʦ 

ʫʪʚʦʨʝʥʥʷ ʚʽʜʙʫʚʘʣʦʩʴ ʫ ʨʘʥʥʴʦʤʫ ʦʣʽʛʦʮʝʥʽ ʚ ʤʝʞʘʭ ʰʝʣʴʬʦʚʦ-

ʣʽʪʦʨʘʣʴʥʦʾ ʦʙʣʘʩʪʽ ʢʨʫʧʥʦʛʦ ʤʦʨʩʴʢʦʛʦ ʧʘʣʝʦʙʘʩʝʡʥʫ ʇʘʨʘʪʝʪʽʩ 

[8] ʡ ʫ ʯʘʩʽ ʧʦʚô̫ ʟʘʥʝ ʟ ʢʘʡʥʦʟʦʡʩʴʢʦʶ (ʘʣʴʧʽʡʩʴʢʦʶ) 

ʤʝʪʘʣʦʛʝʥʽʯʥʦʶ ʝʧʦʭʦʶ [12]. 
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ʋ ʨʦʙʦʪʘʭ [2ï6, 19] ʘʢʪʠʚʥʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʽʜʝʷ ʧʨʦ ʧʨʠʯʠʥʥʦ-

ʥʘʩʣʽʜʢʦʚʠʡ ʟʚô̫ ʟʦʢ ʬʦʨʤʫʚʘʥʥʷ ʛʽʛʘʥʪʩʴʢʠʭ ʽ ʩʠʥʭʨʦʥʥʠʭ ʫ ʯʘʩʽ 

ʨʘʥʥʴʦʦʣʽʛʦʮʝʥʦʚʠʭ ʤʘʨʛʘʥʮʝʚʦʨʫʜʥʠʭ ʨʦʜʦʚʠʱ ʇʘʨʘʪʝʪʽʩʫ 

(ʅʽʢʦʧʦʣʴʩʴʢʦʛʦ ʧʽʚʜʥʷ ʋʢʨʘʾʥʠ, ʏʽʘʪʫʨʩʴʢʦʛʦ ɻʨʫʟʽʾ, ʪʘ ʽʥʰʽ) ʟ 

ʢʘʨʜʠʥʘʣʴʥʠʤʠ ʧʦʜʽʷʤʠ ʥʘ ʤʝʞʽ ʝʦʮʝʥʦʚʦʾ ʽ ʦʣʽʛʦʮʝʥʦʚʦʾ ʝʧʦʭ: 

ʢʦʣʽʟʽʻʶ ʢʦʥʪʠʥʝʥʪʘʣʴʥʠʭ ʧʣʠʪ ɭʚʨʘʟʽʾ ʪʘ ɯʥʜʽʾ, ʛʣʦʙʘʣʴʥʦʶ 

ʟʤʽʥʦʶ ʢʣʽʤʘʪʫ ʟ ʧʘʨʥʠʢʦʚʦʛʦ ʥʘ ʣʴʦʜʦʚʠʢʦʚʠʡ, ʟʤʽʥʽ 

ʛʽʜʨʦʣʦʛʽʯʥʦʛʦ ʽ ʛʽʜʨʦʭʽʤʽʯʥʦʛʦ ʨʝʞʠʤʽʚ ʫ ʇʘʨʘʪʝʪʽʩʽ, 

ʨʘʥʥʴʦʨʶʧʝʣʴʩʴʢʦʶ ʩʫʙʛʣʦʙʘʣʴʥʦʶ ʪʨʘʥʩʛʨʝʩʽʻʶ ʉʚʽʪʦʚʦʛʦ 

ʦʢʝʘʥʫ. 

ɺʠʟʥʘʯʝʥʥʷ ʯʘʩʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ (ʯʘʩʫ) ʬʦʨʤʫʚʘʥʥʷ ʨʦʜʦʚʠʱʘ 

ʢʦʨʠʩʥʦʾ ʢʦʧʘʣʠʥʠ, ʡʦʛʦ ʟʽʩʪʘʚʣʝʥʥʷ ʟʽ ʰʢʘʣʦʶ ʛʝʦʣʦʛʽʯʥʦʛʦ ʯʘʩʫ, 

ʘ ʩʘʤʝ ʩʠʩʪʝʤʦʶ ʟʥʘʥʴ ʧʨʦ ʧʦʩʣʽʜʦʚʥʽʩʪʴ, ʪʨʠʚʘʣʽʩʪʴ ʽ 

ʤʘʩʰʪʘʙʥʽʩʪʴ ʨʽʟʥʠʭ ʧʨʠʨʦʜʥʽʭ ʧʨʦʮʝʩʽʚ, ʧʝʨʝʜʫʩʽʤ ʛʝʦʣʦʛʽʯʥʠʭ, 

ʷʢʽ ʧʨʦʪʽʢʘʣʠ ʫ ʟʝʤʥʽʡ ʢʦʨʽ ʪʘ ʥʘ ʾʾ ʧʦʚʝʨʭʥʽ, ʚʽʜʢʨʠʚʘʻ 

ʤʦʞʣʠʚʦʩʪʽ ʜʦ ʨʦʟʫʤʽʥʥʷ ʡʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʡ ʟô̫ ʩʫʚʘʥʥʷ 

ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʦʛʦ ʚʟʘʻʤʦʚʽʜʥʦʰʝʥʥʷ ʛʝʦʣʦʛʽʯʥʠʭ ʯʠʥʥʠʢʽʚ 

ʚʧʨʦʜʦʚʞ ʧʝʚʥʠʭ ʛʣʦʙʘʣʴʥʠʭ ʽ/ʘʙʦ ʨʝʛʽʦʥʘʣʴʥʠʭ ʤʝʪʘʣʦʛʝʥʽʯʥʠʭ 

ʝʧʦʭ ʟʨʫʜʝʥʽʥʥʷ. 

ʉʪʨʘʪʠʛʨʘʬʽʯʥʝ ʧʦʣʦʞʝʥʥʷ ʅʄɹ ʨʦʟʛʣʷʥʫʪʦ ʫ ʩʪʘʪʪʽ [11]. 

ʄʘʨʛʘʥʮʝʚʦʨʫʜʥʽ ʚʝʨʩʪʚʠ ʅʄɹ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʚʝʨʭʥʴʦʾ, 

ʥʽʢʦʧʦʣʴʩʴʢʦʾ, ʧʽʜʩʚʽʪʠ ʙʦʨʠʩʬʝʥʩʴʢʦʾ ʩʚʽʪʠ ʧʣʘʥʦʨʙʝʣʦʚʦʛʦ 

ʨʝʛʽʦʷʨʫʩʫ ʥʠʞʥʴʦʛʦ ʦʣʽʛʦʮʝʥʫ ʇʽʚʜʝʥʥʦʾ ʋʢʨʘʾʥʠ. ʋ 

ʦʣʽʛʦʮʝʥʦʚʦʤʫ ʨʦʟʨʽʟʽ ʉʭʽʜʥʦʛʦ ʇʘʨʘʪʝʪʠʩʫ ʩʪʨʘʪʠʛʨʘʬʽʯʥʝ 

ʧʦʣʦʞʝʥʥʷ ʦʟʥʘʯʝʥʠʭ ʚʝʨʩʪʚ ʚʠʟʥʘʯʝʥʦ ʫ ʚʽʜʥʦʩʥʦ ʚʫʟʴʢʦʤʫ 

ʧʝʨʝʭʽʜʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʤʽʞ ʟʦʥʘʤʠ ʜʠʥʦʮʠʩʪ Wetzeliella 

symmetrica ï Wetzeliella gochtii, ʚ ʤʝʞʘʭ ʟʦʥʠ ʥʘʥʦʧʣʘʥʢʪʦʥʫ 

NP 22, ʟʦʥʠ ʬʦʨʘʤʽʥʽʬʝʨ Spiroplectammina oligocenica, ʟʦʥʠ 

ʦʩʪʨʘʢʦʜ Cuneocythere marginata ̔  ʟʦʥʠ ʤʦʣʶʩʢʽʚ Flabellipecten 

stettenensis ʧʰʝʭʩʴʢʦʛʦ ʨʝʛʽʦʷʨʫʩʫ ʥʠʞʥʴʦʛʦ ʦʣʽʛʦʮʝʥʫ. ɿʘ ʮʠʤʠ 

ʜʘʥʠʤʠ, ʬʦʨʤʫʚʘʥʥʷ ʤʘʨʛʘʥʮʝʚʦʨʫʜʥʠʭ ʚʽʜʢʣʘʜʽʚ ʅʄɹ 

ʚʽʜʙʫʚʘʣʦʩʴ ʫ ʨʘʥʥʴʦʤʫ ʨʶʧʝʣʽ ʚ ʤʝʞʘʭ ʯʘʩʫ ʟʦʥʠ ʥʘʥʦʧʣʘʥʢʪʦʥʫ 

NP 22, ʪʦʙʪʦ ʚʽʜ 32,8ï32,0 ʤʣʥ ʨʦʢʽʚ ʟʘ ʩʫʯʘʩʥʦʶ ʰʢʘʣʦʶ 

ʛʝʦʣʦʛʽʯʥʦʛʦ ʯʘʩʫ [18] (ʙʽʣʴʰ ʜʦʢʣʘʜʥʦ ʜʠʚ. [11]). 

ʋʪʦʯʥʝʥʥʷ ʯʘʩʫ ʬʦʨʤʫʚʘʥʥʷ ʤʘʨʛʘʥʮʝʚʦʨʫʜʥʠʭ ʚʝʨʩʪʚ ʅʄɹ 

ʟʘ ʛʝʦʭʨʦʥʦʤʝʪʨʠʯʥʦʶ ʰʢʘʣʦʶ ʩʫʯʘʩʥʦʾ ʄʍʉʐ-2020 [18]. 
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ʇʝʨʰʠʤ ʢʨʦʢʦʤ ʥʘ ʰʣʷʭʫ ʜʦ ʚʠʨʽʰʝʥʥʷ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ ʙʫʣʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʨʝʣʷʮʽʡʥʠʭ ʧʦʙʫʜʦʚ, ʷʢʽ ʦʧʠʨʘʣʠʩʴ ʥʘ ʟʦʥʘʣʴʥʫ 

ʙʽʦʭʨʦʥʦʣʦʛʽʯʥʫ ʰʢʘʣʫ ʟʘ ʚʘʧʥʷʢʦʚʠʤ ʥʘʥʦʧʣʘʥʢʪʦʥʦʤ ʜʣʷ 

ʟʽʩʪʘʚʣʝʥʥʷ ʟ ʙʽʦʭʨʦʥʦʣʦʛʽʯʥʠʤʠ ʰʢʘʣʘʤʠ ʄʍʉʐ-2020 [18], ʽ ʥʘ 

ʢʦʨʝʣʷʮʽʶ ʟʦʥ ʜʠʥʦʮʠʩʪ ʦʣʽʛʦʮʝʥʫ ʉʭʽʜʥʦʛʦ ʇʘʨʘʪʝʪʠʩʫ ʽʟ 

ʟʦʥʘʣʴʥʦʶ ʧʦʩʣʽʜʦʚʥʽʩʪʶ ʜʠʥʦʮʠʩʪ ʜʣʷ ʧʘʣʝʦʛʝʥʫ ʧʽʚʥʽʯʥʦ-

ʟʘʭʽʜʥʦʾ ɭʚʨʦʧʠ ʽ ʇʽʚʥʽʯʥʦʛʦ ʤʦʨʷ, ʷʢʽ ʪʘʢʦʞ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ [18]. 

ʂʦʨʝʣʷʮʽʷ ʟʘ ʥʘʥʦʧʣʘʥʢʪʦʥʦʤ: ʟʦʥʘ NP 22 ʰʢʘʣʠ Martini 

ʚʽʜʧʦʚʽʜʘʻ ʧʽʜʟʦʥʽ ʉʈ 16ʩ ʰʢʘʣʠ Okada, Bukry ̔ ʟʦʥʽ CNO 2 ʰʢʘʣʠ 

[13] ʫ ʙʽʭʨʦʥʦʣʦʛʽʯʥʽʡ ʟʦʥʘʣʴʥʽʡ ʰʢʘʣʽ ʄʍʉʐ-2020. ɺʽʢʦʚʠʡ 

ʜʽʘʧʘʟʦʥ ʟʦʥʠ NP 22 ï 32,8ï32 ʄʘ. ʊʘʢʝ ʟʽʩʪʘʚʣʝʥʥʷ ʻ ʚʠʭʽʜʥʠʤ 

ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʢʦʨʝʣʷʮʽʡʥʠʭ ʧʦʙʫʜʦʚ. 

ʄʽʨʢʫʚʘʥʥʷ ʧʦ ʟʽʩʪʘʚʣʝʥʥʷ ʛʨʘʥʠʮʴ ʟʦʥ ʥʘʥʦʧʣʘʥʢʪʦʥʫ ʟ 

ʛʨʘʥʠʮʷʤʠ ʟʦʥ ʜʠʥʦʮʠʩʪ ʥʘʩʪʫʧʥʽ. ʇʦ-ʧʝʨʰʝ, ʛʨʘʥʠʮʷ ʟʦʥ 

ʜʠʥʦʮʠʩʪ Wetzeliella symmetrica/Wetzeliella gochtii ʚ ʦʧʦʨʥʦʤʫ 

ʨʦʟʨʽʟʽ ʨ. ɹʝʣʘʷ ʥʘ ʇʽʚʥʽʯʥʦʤʫ ʂʘʚʢʘʟʽ [10] ʪʨʘʩʫʻʪʴʩʷ ʚ ʩʝʨʝʜʠʥʽ 

ʟʦʥʠ NP 22 ʥʘʥʦʧʣʘʥʢʪʦʥʫ, ʚ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʧʽʜʟʦʥʠ D14a 

ʜʠʥʦʮʠʩʪ, ʚ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʤʘʛʥʽʪʦʭʨʦʥʫ C12r, ʧʨʠʙʣʠʟʥʦ ʥʘ 

ʨʽʚʥʽ ʫ 32,5 ʄʘ. ʇʦ-ʜʨʫʛʝ, ʫ ʙʽʭʨʦʥʦʣʦʛʽʯʥʽʡ ʟʦʥʘʣʴʥʽʡ ʰʢʘʣʽ 

ʜʠʥʦʮʠʩʪ ʫ ʄʍʉʐ-2020, ʥʠʞʥʷ ʯʘʩʪʠʥʘ ʧʽʜʟʦʥʠ ʜʠʥʦʮʠʩʪ D14a 

ʩʧʽʚʚʽʜʥʦʩʠʪʴʩʷ ʟ ʚʝʨʭʥʴʦʶ ʯʘʩʪʠʥʦʶ ʟʦʥʠ DO1 (ʧʽʜʟʦʥʠ DO1b ï 

DO1c) ʟʘ ʰʢʘʣʦʶ [16]. ʄʝʞʘ ʟʦʥ ʥʘʥʦʧʣʘʥʢʪʦʥʫ CNO1/CNO2 

(NP21/NP22) ʪʨʘʩʫʻʪʴʩʷ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʧʽʜʟʦʥʠ ʜʠʥʦʮʠʩʪ 

DO1b (~ 32,8 ʄʘ). ʇʦ-ʪʨʝʪʻ, ʫ ʨʦʙʦʪʽ [16] ʧʦʜʽʷ FO Wetzeliella 

gochtii /W. symmetrica (base of Subzone DO1b) ʚʠʢʦʨʠʩʪʘʥʘ ʷʢ 

ʩʫʙʟʦʥʘʣʴʥʠʡ ʤʘʨʢʝʨ ʫ ʩʝʨʝʜʠʥʽ ʟʦʥʠ DO 1. ʋ ʮʝʥʪʨʘʣʴʥʽʡ ɯʪʘʣʽʾ 

ʮʷ ʧʦʜʽʷ ʧʨʠʧʘʜʘʻ ʥʘ ʨʘʥʥʶ ʯʘʩʪʠʥʫ ʭʨʦʥʫ C12r ʙʣʠʟʴʢʦ ʜʦ ʤʝʞʽ 

ʟʦʥ NP 21/NP 22 ʥʘʥʦʧʣʘʥʢʪʦʥʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘ ʙʽʦʩʪʨʘʪʠʛʨʘʬʽʯʥʠʤʠ ʢʦʨʝʣʷʮʽʡʥʠʤʠ 

ʧʦʙʫʜʦʚʘʤʠ, ʩʪʨʘʪʠʛʨʘʬʽʯʥʠʡ ʽʥʪʝʨʚʘʣ, ʷʢʦʤʫ ʚʽʜʧʦʚʽʜʘʻ 

ʬʦʨʤʫʚʘʥʥʷ ʤʘʨʛʘʥʮʝʚʦʨʫʜʥʠʭ ʚʝʨʩʪʚ ʅʄɹ ʫ ʙʽʦʭʨʦʥʦʣʦʛʽʯʥʽʡ 

ʟʦʥʘʣʴʥʽʡ ʰʢʘʣʽ ʄʍʉʐ-2020 ʤʦʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ ʷʢ ʜʽʘʧʘʟʦʥ ʚʽʜ 

ʤʝʞʽ ʟʦʥ ʥʘʥʦʧʣʘʥʢʪʦʥʫ CNO1/CNO2 (NP 21/NP 22) ʜʦ ʤʝʞʽ ʟʦʥ 

ʜʠʥʦʮʠʩʪ DO 1/DO 2 (ʨʠʩ. 1). ʆʪʞʝ, ʯʘʩ ʬʦʨʤʫʚʘʥʥʷ 

ʤʘʨʛʘʥʮʝʚʦʨʫʜʥʠʭ ʚʝʨʩʪʚ ʦʮʽʥʶʻʪʴʩʷ ʷʢ 32,3ï32,8 ʄʘ. 

ʗʢʱʦ ʚʟʷʪʠ ʜʦ ʫʚʘʛʠ ʟʘʫʚʘʞʝʥʥʷ ɸ.ʉ. ɸʥʜʨʝʻʚʦʾ-ɻʨʠʛʦʨʦʚʠʯ 

[1] ʧʨʦ ʧʦʷʚʫ Wetzeliella gochtii ʫ ʨʦʟʨʽʟʽ ʧʽʚʜʥʷ ʋʢʨʘʾʥʠ ʚʠʱʝ 
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ʨʽʚʥʷ ʧʽʜʦʰʚʠ ʟʦʥʠ ʥʘʥʦʧʣʘʥʢʪʦʥʫ NP 22 (32,8 ʄʘ), ʪʦ ʦʮʽʥʢʘ 

ʯʘʩʫ ʤʘʨʛʘʥʮʝʚʦʨʫʜʥʠʭ ʚʝʨʩʪʚ ʅʄɹ ʩʪʘʥʦʚʠʪʴ ~32,3ï32,7 ʄʘ. 

ɼʨʫʛʠʤ ʢʨʦʢʦʤ ʙʫʣʦ ʟʽʩʪʘʚʣʝʥʥʷ ʟ ʪʨʘʥʩʛʨʝʩʠʚʥʦ-

ʨʝʛʨʝʩʠʚʥʦʶ ʧʦʩʣʽʜʦʚʥʽʩʪʶ ʉʭʽʜʥʦʛʦ ʇʘʨʘʪʝʪʠʩʫ ʽ ʉʚʽʪʦʚʦʛʦ 

ʦʢʝʥʘʫ. ʄʘʨʛʘʥʮʝʚʦʨʫʜʥʠʡ ʰʘʨ ʅʄɹ ʥʘʢʦʧʠʯʫʚʘʚʩʷ ʧʽʜ ʯʘʩ 

ʨʘʥʥʴʦʦʣʽʛʦʮʝʥʦʚʦʾ ʪʨʘʥʩʛʨʝʩʽʾ ʉʭʽʜʥʦʛʦ ʇʘʨʘʪʝʪʠʩʫ, ʷʢʘ ʙʫʣʘ 

ʩʠʥʭʨʦʥʥʦʶ ʝʚʩʪʘʪʠʯʥʦʤʫ ʧʽʜʚʠʱʝʥʥʶ ʨʽʚʥʷ ʉʚʽʪʦʚʦʛʦ ʦʢʝʘʥʫ 

[9]. ɼʦ ʪʦʛʦ ʞ ʡʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʤʘʨʛʘʥʮʝʚʦʨʫʜʥʠʭ ʚʝʨʩʪʚ ʥʝ 

ʩʧʽʚʚʽʜʥʦʩʠʣʠ ʟ ʤʘʢʩʠʤʫʤʦʤ ʮʽʻʾ ʪʨʘʥʩʛʨʝʩʽʾ [7]. 

ɿʛʽʜʥʦ [14], ʫ ʷʢʽʡ ʜʘʥʦ ʟʽʩʪʘʚʣʝʥʥʷ ʄʍʉʐ-2020 ʪʘ ʾʾ 

ʙʽʦʭʨʦʥʦʣʦʛʽʯʥʦʾ ʩʢʣʘʜʦʚʦʾ ʟ ʝʚʩʪʘʪʠʯʥʦʶ ʢʨʠʚʦʶ ʉʚʽʪʦʚʦʛʦ 

ʦʢʝʘʥʫ, ʤʘʢʩʠʤʫʤ ʨʘʥʥʴʦʨʶʧʝʣʴʩʴʢʦʾ ʪʨʘʥʛʨʝʩʽʾ ʜʘʪʦʚʘʥʦ 

32,3 ʄʘ. ɹʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʩʢʘʟʘʥʝ ʚʠʱʝ, ʚʝʨʭʥʶ ʤʝʞʫ ʯʘʩʦʚʦʛʦ 

ʽʥʪʝʨʚʘʣʫ ʬʦʨʤʫʚʘʥʥʷ ʤʘʨʛʘʥʮʝʚʦʨʫʜʥʠʭ ʚʽʜʢʣʘʜʽʚ ʅʄɹ 

ʧʦʥʠʞʝʥʦ, ʫʤʦʚʥʦ, ʜʦ 32,4 ʄʘ. 

ɺʠʩʥʦʚʦʢ: ʯʘʩʦʚʠʡ ʽʥʪʝʨʚʘʣ/ʜʽʘʧʘʟʦʥ ʬʦʨʤʫʚʘʥʥʷ 

ʤʘʨʛʘʥʮʝʚʦʨʫʜʥʠʭ ʚʝʨʩʪʚ ʅʄɹ ʦʮʽʥʶʻʤʦ ʷʢ ~32,4ï32,7 ʄʘ. ʎʷ 

ʦʮʽʥʢʘ ʻ ʫʤʦʚʥʦʶ, ʪʘʢ ʷʢ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʘʪʫʤ-

ʧʣʝʡʥʽʚ, ʧʦʷʚʠ ʯʠ ʟʥʠʢʥʝʥʥʷ ʽʥʜʝʢʩ ʚʠʜʽʚ ʟʦʥʘʣʴʥʠʭ ʦʜʠʥʠʮʴ, ʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʙʽʦʭʨʦʥʦʣʦʛʽʯʥʠʭ ʦʜʠʥʠʮʴ ʟʘ ʨʽʟʥʠʤʠ 

ʧʣʘʥʢʪʦʥʥʠʤʠ ʛʨʫʧʘʤʠ.  

ʏʘʩ ʬʦʨʤʫʚʘʥʥʷ ʤʘʨʛʘʥʮʝʚʦʨʫʜʥʠʭ ʚʝʨʩʪʚ ʅʄɹ ʫ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʧʦʜʽʡ ʽʥʽʮʽʘʣʴʥʦʛʦ ʦʣʽʛʦʮʝʥʫ. 

ʇʝʨʝʭʽʜ ʚʽʜ ʝʦʮʝʥʫ ʜʦ ʦʣʽʛʦʮʝʥʫ ʻ ʬʘʟʦʶ ʧʨʠʩʢʦʨʝʥʠʭ 

ʢʣʽʤʘʪʠʯʥʠʭ ʽ ʙʽʦʪʠʯʥʠʭ ʟʤʽʥ, ʷʢʘ ʧʦʯʘʣʘʩʴ ʜʦ ʽ ʟʘʢʽʥʯʠʣʘʩʴ ʧʽʩʣʷ 

ʛʨʘʥʠʮʽ ʝʦʮʝʥʫ/ʦʣʽʛʦʮʝʥʫ [15]. ʎʝʡ ʧʝʨʝʭʽʜ, ʪʨʠʚʘʣʽʩʪʶ ʙʽʣʷ 

790 kyr, ʚʠʟʥʘʯʘʶʪʴ ʷʢ ʽʥʪʝʨʚʘʣ ʤʽʞ ʟʥʠʢʥʝʥʥʷʤ ʚʘʧʥʷʥʦʛʦ 

ʥʘʥʦʧʣʘʥʢʪʦʥʫ Discoaster ̔  ʚʝʨʭʥʴʦʶ ʯʘʩʪʠʥʦʶ ʧʦʜʽʾ ʆʽ-1 ʢʨʠʚʦʾ 

ʽʟʦʪʦʧʽʚ ʢʠʩʥʶ ŭ18ʆ. ʉʘʤʘ ʛʨʘʥʠʮʷ ʝʦʮʝʥʫ/ʦʣʽʛʦʮʝʥʫ (33,9 ʄʘ) 

ʚʠʟʥʘʯʝʥʘ ʧʦʜʽʻʶ ʚʠʤʠʨʘʥʥʷ ʧʣʘʥʢʪʦʥʥʠʭ ʬʦʨʘʤʽʥʽʬʝʨ 

Hantkenina. ʇʦʜʽʷ ʆʽ-1, ʷʢʘ ʱʝ ʚʽʜʦʤʘ ʷʢ EOIS (Earliest Oligocene 

oxygen isotope step) ï ʥʘʡʜʘʚʥʽʰʠʡ ʽʟʦʪʦʧʥʠʡ ʝʪʘʧ ʦʣʽʛʦʮʝʥʫ ʟʘ 

ʽʟʦʪʦʧʥʦʶ ʢʨʠʚʦʶ ŭ18ʆ, ʪʨʠʚʘʣʽʩʪʶ ʙʽʣʷ 40 kyr (~33,65 ʄʘ), ʻ 

ʢʦʨʦʪʢʠʤ ʧʝʨʽʦʜʦʤ ʰʚʠʜʢʦʛʦ ʟʙʽʣʴʰʝʥʥʷ (ʥʘ 0,7 ă ̔  ʙʽʣʴʰʝ) 

ʽʟʦʪʦʧʽʚ ŭ18ʆ, ʷʢʠʡ ʩʪʘʚʩʷ ʚ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʭʨʦʥʫ ʉ13n (ʨʠʩ. 1).  
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ʈʠʩ. 1. ʏʘʩ ʬʦʨʤʫʚʘʥʥʷ ʤʘʨʛʘʥʮʝʚʦʨʫʜʥʠʭ ʚʝʨʩʪʚ ʅʄɹ ʋʢʨʘʾʥʠ ʫ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

ʧʦʜʽʡ ʽʥʽʮʽʘʣʴʥʦʛʦ ʦʣʽʛʦʮʝʥʫ (ʟʘ [15]) 
 

ɿʘ ʥʝʶ ʩʣʽʜʫʻ ʛʣʦʙʘʣʴʥʘ ʧʦʜʽʷ ʧʦʭʦʣʦʜʘʥʥʷ ï EOGM (Early 

Oligocene glacial maximum) ï ʨʘʥʥʴʦʦʣʽʛʦʮʝʥʦʚʠʡ ʣʴʦʜʦʚʠʢʦʚʠʡ 

ʤʘʢʩʠʤʫʤ: ʧʝʨʽʦʜ ʭʦʣʦʜʥʦʛʦ ʢʣʽʤʘʪʫ/ʟʣʝʜʝʥʽʥʥʷ (ʨʽʩʪ 

ʣʴʦʜʦʚʠʢʦʚʦʛʦ ʱʠʪʘ) ʫ ʨʘʥʥʴʦʤʫ ʦʣʽʛʦʮʝʥʽ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ 

ʙʽʣʴʰʽʡ ʯʘʩʪʠʥʽ ʤʘʛʥʽʪʥʦʛʦ ʭʨʦʥʫ ʉ13n. ɿ ʦʣʽʛʦʮʝʥʦʚʦʾ ʝʧʦʭʠ 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʯʽʪʢʠʡ ʚʟʘʻʤʦʟʚô̫ ʟʦʢ ʤʽʞ ʨʦʩʪʦʤ ʣʴʦʜʦʚʠʢʦʚʦʛʦ 

ʱʠʪʘ ʽ ʝʚʩʪʘʪʠʯʥʠʤʠ ʟʥʠʞʝʥʥʷʤʠ ʨʽʚʥʷ ʉʚʽʪʦʚʦʛʦ ʦʢʝʘʥʫ [17]. ʋ 

ɼʘʥʽʽ ʪʘ ʚ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʇʽʚʥʽʯʥʦʛʦ ʤʦʨʷ ʟʘʬʽʢʩʦʚʘʥʦ 

ʧʦʜʽʶ Svalbardella influx 2 ʧʨʠʙʣʠʟʥʦ ʚʧʨʦʜʦʚʞ ʟʦʥʘʣʴʥʦʛʦ 

ʽʥʪʝʨʚʘʣʫ DO1ʩïDO2c [16]. 

ʗʢʱʦ ʟʽʩʪʘʚʠʪʠ ʦʪʨʠʤʘʥʫ ʦʮʽʥʢʫ ʯʘʩʫ ʬʦʨʤʫʚʘʥʥʷ 

ʤʘʨʛʘʥʮʝʚʦʨʫʜʥʠʭ ʚʝʨʩʪʚ ʅʄɹ ʟ ʥʘʚʝʜʝʥʦʶ ʧʦʩʣʽʜʦʚʥʽʩʪʶ ʧʦʜʽʡ 

ʥʘ ʧʦʯʘʪʢʫ ʦʣʽʛʦʮʝʥʫ (ʜʠʚ. ʨʠʩ. 1), ʪʦ ʧʨʠʭʦʜʠʤʦ ʜʦ ʥʘʩʪʫʧʥʠʭ 

ʚʠʩʥʦʚʢʽʚ: ʬʦʨʤʫʚʘʥʥʷ ʨʫʜʥʠʭ ʰʘʨʽʚ ʅʄɹ ʨʦʟʧʦʯʘʣʦʩʴ ʥʘ 

~1,2 ʄʘ ʧʽʟʥʽʰʝ ʧʽʩʣʷ ʛʨʘʥʠʮʽ ʝʦʮʝʥ/ʦʣʽʛʦʮʝʥʫ; ʚʦʥʦ ʩʪʘʣʦʩʷ 

ʧʽʩʣʷ ʨʘʥʥʴʦʦʣʽʛʦʮʝʥʦʚʦʛʦ ʣʴʦʜʦʚʠʢʦʚʦʛʦ ʤʘʢʩʠʤʫʤʫ (~0,5 ʄʘ 

ʧʽʩʣʷ ʥʴʦʛʦ), ʧʽʜ ʯʘʩ ʨʘʥʴʦʨʶʧʝʣʴʩʢʦʾ ʛʣʦʙʘʣʴʥʦʾ ʪʨʘʥʩʛʨʝʩʽʾ ʽ, 

ʡʤʦʚʽʨʥʦ, ʧʨʠʧʘʜʘʻ ʥʘ ʧʦʯʘʪʦʢ ʢʦʨʦʪʢʦʪʨʠʚʘʣʦʾ ʙʽʦʪʠʯʥʦʾ ʧʦʜʽʾ 

Svalbardella influx 2 ʫ ʇʽʚʥʽʯʥʦʤʦʨʩʴʢʦʤʫ ʙʘʩʝʡʥʽ. 
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The lateral distribution of the average content of monazite, cassiterite and 

chromite in ore sands of two sections of the Tarasiv ilmenite-zircon deposit was 

investigated. The direction and strength of the correlation between these minerals 

were determined. 

Keywords: Tarasivske deposit, monazite, cassiterite, chromite, average content, 

lateral distribution, correlation. 

 

ɺʩʪʫʧ. ʋ ʧʝʨʝʣʽʢʫ ʩʪʨʘʪʝʛʽʯʥʠʭ ʽ ʢʨʠʪʠʯʥʠʭ ʨʦʜʦʚʠʱ, ʷʢʠʡ 

ʦʧʫʙʣʽʢʫʚʘʚ ʂʘʙʽʥʝʪ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ʟʘʟʥʘʯʘʻʪʴʩʷ ʊʘʨʘʩʽʚʩʴʢʝ 

ʨʦʜʦʚʠʱʝ, ʷʢʝ ʨʦʟʪʘʰʦʚʘʥʝ ʫ ʤʝʞʘʭ ɹʫʟʴʢʦ-ʈʦʩʠʥʩʴʢʦʛʦ 

ʤʝʛʘʙʣʦʢʫ ʋʢʨʘʾʥʩʴʢʦʛʦ ʱʠʪʘ. ɺ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ 

ʨʦʜʦʚʠʱʝ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ɹʽʣʦʮʝʨʢʽʚʩʴʢʦʤʫ ʨʘʡʦʥʽ ʂʠʾʚʩʴʢʦʾ 

ʦʙʣʘʩʪʽ. ʂʦʨʠʩʥʦʶ ʢʦʧʘʣʠʥʦʶ ʨʦʜʦʚʠʱʘ ʻ ʨʫʜʠ ʪʠʪʘʥʦʚʽ, ʨʫʜʠ 

ʮʠʨʢʦʥʽʻʚʽ, ʢʽʘʥʽʪ (ʜʠʩʪʝʥ) + ʩʠʣʽʤʘʥʽʪ, ʩʪʘʚʨʦʣʽʪ, ʩʫʧʫʪʥʽ ʢʦʨʠʩʥʽ 

ʢʦʧʘʣʠʥʠ ï ʨʫʜʠ ʚʘʥʘʜʽʻʚʽ [3]. ʊʘʨʘʩʽʚʩʴʢʝ ʨʦʜʦʚʠʱʝ ʚʠʨʽʟʥʷʻʪʴʩʷ 

ʧʦʣʽʤʽʥʝʨʘʣʴʥʠʤ ʩʢʣʘʜʦʤ, ʥʘʷʚʥʽʩʪʶ ʚ ʨʦʟʩʠʧʥʠʭ ʤʽʥʝʨʘʣʘʭ 

ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʠʭ ʽ ʨʽʜʢʽʩʥʠʭ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚʘʥʘʜʽʶ, 

https://doi.org/
mailto:kms1964@ukr.net
mailto:kms1964@ukr.net


95 
 

ʪʘʥʪʘʣʫ, ʩʢʘʥʜʽʶ, ʛʘʬʥʽʶ, ʽʪʨʽʶ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʫʥʽʢʘʣʴʥʠʤ ʩʝʨʝʜ 

ʽʥʰʠʭ ʪʠʪʘʥʦʚʠʭ ʨʦʜʦʚʠʱ ʋʢʨʘʾʥʠ [1, 2]. ʊʘʨʘʩʽʚʩʴʢʝ ʨʦʜʦʚʠʱʝ 

ʜʦʙʨʝ ʜʦʩʣʽʜʞʝʥʝ, ʟʘʙʝʟʧʝʯʝʥʝ ʟʥʘʯʥʠʤ ʦʙʩʷʛʦʤ ʢʘʨʪʦʛʨʘʬʽʯʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʘʥʘʣʽʪʠʯʥʠʭ ʜʘʥʠʭ ʽ ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ 

ʧʽʜʛʦʪʦʚʣʝʥʠʭ ʜʣʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʦʩʚʦʻʥʥʷ [4]. ɻʦʣʦʚʥʘ ʫʚʘʛʘ 

ʜʦʩʣʽʜʥʠʢʽʚ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʊʘʨʘʩʽʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʙʫʣʘ 

ʧʨʠʜʽʣʝʥʘ ʦʩʥʦʚʥʠʤ ʨʫʜʥʠʤ ʤʽʥʝʨʘʣʘʤ. ʆʩʢʽʣʴʢʠ ʨʦʟʩʠʧ ʥʝ ʤʘʻ 

ʧʨʷʤʦʛʦ ʟʚô̫ʟʢʫ ʟ ʢʦʨʽʥʥʠʤ ʜʞʝʨʝʣʦʤ ʧʦʩʪʘʯʘʥʥʷ ʨʫʜʥʠʭ 

ʤʽʥʝʨʘʣʽʚ, ʜʦʩʣʽʜʞʝʥʥʷ ʪʠʧʦʤʦʨʬʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʘ 

ʧʨʦʩʪʦʨʦʚʦʛʦ ʧʦʰʠʨʝʥʥʷ ʽʥʰʠʭ ʤʽʥʝʨʘʣʽʚ ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ 

ʟô̫ ʩʫʚʘʥʥʷ ʢʦʨʽʥʥʠʭ ʜʞʝʨʝʣ ʪʝʨʠʛʝʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʋ ʮʽʡ 

ʧʫʙʣʽʢʘʮʽʾ ʥʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʣʘʪʝʨʘʣʴʥʦʛʦ ʧʦʰʠʨʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʚʤʽʩʪʫ 

ʤʦʥʘʮʠʪʫ+ʢʘʩʠʪʝʨʠʪʫ ʽ ʭʨʦʤʽʪʫ ʚ ʤʝʞʘʭ ʜʚʦʭ ʜʽʣʷʥʦʢ 

ʊʘʨʘʩʽʚʩʴʢʦʛʦ ʨʦʟʩʠʧʫ.  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. ʋ ʛʝʦʣʦʛiʯʥiʡ ʙʫʜʦʚi ʊʘʨʘʩʽʚʩʴʢʦʛʦ 

ʨʦʜʦʚʠʱʘ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʨʽʟʥʦʚʽʢʦʚʽ ʢʨʠʩʪʘʣʽʯʥʽ ʧʦʨʦʜʠ 

ʬʫʥʜʘʤʝʥʪʫ ʢʘʦʣʽʥʦʚʘ ʢʦʨʘ ʚʠʚʽʪʨʶʚʘʥʥʷ ʛʨʘʥʽʪʦʾʜʽʚ, 

ʤʦʥʪʤʦʨʠʣʦʥʽʪ-ʛʽʜʨʦʩʣʶʜʠʩʪʘ ʢʦʨʘ ʚʠʚʽʪʨʶʚʘʥʥʷ ʧʦʨʽʜ 

ʦʩʥʦʚʥʦʛʦ ʩʢʣʘʜʫ; ʚʽʜʢʣʘʜʠ ʙʫʯʘʮʴʢʦʾ, ʭʘʨʢʽʚʩʴʢʦʾ ʩʝʨʽʡ 

ʧʘʣʝʦʛʝʥʦʚʦʾ ʩʠʩʪʝʤʠ, ʫʪʚʦʨʝʥʥʷ ʧʦʣʪʘʚʩʴʢʦʾ ʩʝʨʽʾ (ʦʣʽʛʦʮʝʥ, 

ʥʠʞʥʽʡ-ʩʝʨʝʜʥʽʡ ʤʽʦʮʝʥ), ʪʦʚʱʘ ʩʪʨʦʢʘʪʠʭ ʛʣʠʥ ʤʽʦʮʝʥʫ; ʪʦʚʱʘ 

ʩʚʪ̔ʣʦ-ʩʽʨʠʭ ʨʽʟʥʦʟʝʨʥʠʩʪʠʭ ʧʽʩʢʽʚ ʽ ʛʣʠʥ ʪʘ ʯʝʨʚʦʥʦ-ʙʫʨʽ ʛʣʠʥʠ 

ʧʣʽʦʮʝʥʫ; ʚʽʜʢʣʘʜʠ ʯʝʪʚʝʨʪʠʥʥʦʾ ʩʠʩʪʝʤʠ [1]. ʆʩʥʦʚʥʽ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʠʪʘʥʦ-ʮʠʨʢʦʥʽʻʚʠʭ ʤʽʥʝʨʘʣʽʚ ʊʘʨʘʩʽʚʩʴʢʦʛʦ 

ʨʦʜʦʚʠʱʘ ʤʽʩʪʷʪʴʩʷ ʫ ʚʽʜʢʣʘʜʘʭ ʥʦʚʦʧʝʪʨʽʚʩʴʢʦʾ ʩʚʽʪʠ 

ʧʦʣʪʘʚʩʴʢʦʾ ʩʝʨʽʾ ʥʝʦʛʝʥʦʚʦʾ ʩʠʩʪʝʤʠ, ʷʢʽ ʟ ʨʦʟʤʠʚʦʤ ʟʘʣʷʛʘʶʪʴ ʥʘ 

ʢʦʨʽ ʚʠʚʽʪʨʶʚʘʥʥʷ ï ʟʘʭʽʜʥʘ ʯʘʩʪʠʥʘ ʨʦʜʦʚʠʱʘ, ʫʪʚʦʨʝʥʥʷʭ 

ʭʘʨʢʽʚʩʴʢʦʾ ʽ ʙʫʯʘʮʴʢʦʾ ʩʝʨʽʾ ï ʮʝʥʪʨʘʣʴʥʘ ʽ ʩʭʽʜʥʘ ʯʘʩʪʠʥʘ 

ʨʦʜʦʚʠʱʘ [1, 2]. ɺʽʜʢʣʘʜʠ ʥʦʚʦʧʝʪʨʽʚʩʴʢʦʾ ʩʚʽʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʧʝʨʝʚʘʞʥʦ ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʤʠ ʧʽʩʢʘʤʠ (ʨʦʟʤʽʨ ʟʝʨʝʥ 0,1ï0,25 ʤʤ). 

ʋ ʨʽʟʥʠʭ ʯʘʩʪʠʥʘʭ ʨʦʜʦʚʠʱʘ ʧʽʩʢʠ ʤʽʩʪʷʪʴ ʜʦʤʽʰʢʠ (10ï25%) 

ʘʣʝʚʨʠʪʦʚʦʛʦ, ʜʫʞʝ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ, ʩʝʨʝʜʥʴʦʟʝʨʥʠʩʪʦʛʦ, ʽʥʦʜʽ 

ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʛʦ ʪʘ ʜʫʞʝ ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ [1]. 

ʊʦʚʱʠʥʘ ʥʦʚʦʧʝʪʨʽʚʩʴʢʦʾ ʩʚʽʪʠ 0,3ï39,9 ʤ (ʤʘʢʩʠʤʘʣʴʥʽ ʪʦʚʱʠʥʠ 

ʧʨʠʪʘʤʘʥʥʽ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʨʦʜʦʚʠʱʘ) [1, 2]. ɿʘ 

ʣʽʪʦʣʦʛʽʯʥʠʤʠ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʤʠ ʽ ʩʪʨʫʢʪʫʨʥʠʤʠ 
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ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʚʽʜʢʣʘʜʠ ʥʦʚʦʧʝʪʨʽʚʩʴʢʦʾ ʩʚʽʪʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ 

ʪʨʠ ʛʦʨʠʟʦʥʪʠ. ʆʩʥʦʚʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʠʪʘʥʦ-ʮʠʨʢʦʥʽʻʚʠʭ 

ʤʽʥʝʨʘʣʽʚ (ʟʤʽʥʝʥʠʡ ʽʣʴʤʝʥʽʪ, ʨʫʪʠʣ, ʮʠʨʢʦʥ) ʤʽʩʪʷʪʴʩʷ ʚ 

ʩʝʨʝʜʥʴʦʤʫ ʛʦʨʠʟʦʥʪʽ, ʷʢʠʡ ʧʦʰʠʨʝʥʠʡ ʧʦʚʩʶʜʥʦ (ʦʢʨʽʤ ʜʽʣʷʥʦʢ 

ʯʝʪʚʝʨʪʠʥʥʦʛʦ ʨʦʟʤʠʚʫ). ʆʢʨʽʤ ʦʩʥʦʚʥʠʭ ʧʨʦʤʠʩʣʦʚʠʭ 

ʤʽʥʝʨʘʣʽʚ, ʫ ʊʘʨʘʩʽʚʩʴʢʦʤʫ ʨʦʟʩʠʧʽ ʜʽʘʛʥʦʩʪʦʚʘʥʦ ʘʥʜʘʣʫʟʠʪ, 

ʘʥʘʪʘʟ, ʙʘʜʝʣʝʾʪ, ʙʨʫʢʽʪ, ʜʠʩʪʝʥ, ʜʶʤʦʨʪʴʻʨʠʪ, ʢʘʩʠʪʝʨʠʪ, ʢʦʨʫʥʜ, 

ʢʩʝʥʦʪʠʤ, ʤʦʥʘʮʠʪ, ʪʦʧʘʟ, ʭʨʦʤʽʪ, ʰʧʽʥʝʣʴ ʪʘ ʽʥ. ʂʽʣʴʢʽʩʥʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʝʷʢʠʭ ʤʽʥʝʨʘʣʽʚ ʟʥʘʯʥʦ ʟʤʽʥʶʶʪʴʩʷ ʚ ʤʝʞʘʭ 

ʨʦʟʩʠʧʫ. ʇʽʩʢʠ ʩʝʨʝʜʥʴʦʛʦ ʛʦʨʠʟʦʥʪʫ ʜʫʞʝ ʜʨʽʙʥʦʟʝʨʥʠʩʪʽ, 

ʜʨʽʙʥʦ-, ʽʥʦʜʽ ʩʝʨʝʜʥʴʦʟʝʨʥʠʩʪʽ, ʢʚʘʨʮʦʚʽ, ʙʽʣʦʛʦ, ʩʽʨʫʚʘʪʦ-ʙʽʣʦʛʦ, 

ʞʦʚʪʫʚʘʪʦ-ʩʽʨʦʛʦ ʽ ʩʚʽʪʣʦ-ʩʽʨʦʛʦ ʟʘʙʘʨʚʣʝʥʥʷ ʟ ʣʽʥʟʘʤʠ ʽ 

ʧʨʦʰʘʨʢʘʤʠ (1ï2 ʩʤ) ʢʘʦʣʽʥʽʪʦʚʠʭ ʛʣʠʥ ʘʙʦ ʧʝʨʝʚʽʜʢʣʘʜʝʥʠʭ 

ʢʘʦʣʽʥʽʚ, ʘ ʪʘʢʦʞ ʣʽʥʟʘʤʠ ʪʘ ʧʨʦʰʘʨʢʘʤʠ (ʜʦ 0,3 ʤ), ʚʝʣʠʢʦ- ̔ ʜʫʞʝ 

ʚʝʣʠʢʦʟʝʨʥʠʩʪʠʭ ʧʽʩʢʽʚ (ʟʘʭʽʜʥʘ ʯʘʩʪʠʥʘ ʨʦʜʦʚʠʱʘ), 

ʢʦʩʦʰʘʨʫʚʘʪʠʭ ʽ ʧʨʦʰʘʨʢʘʤʠ ʧʽʩʢʦʚʠʢʽʚ ʚʦʭʨʠʩʪʦ-ʙʫʨʠʭ, 

ʚʠʰʥʝʚʦ-ʯʝʨʚʦʥʠʭ. ʋ ʧʽʜʦʰʚʽ ʛʦʨʠʟʦʥʪʫ ʟʘʣʷʛʘʶʪʴ ʩʽʨʽ, ʩʚʽʪʣʦ-

ʢʦʨʠʯʥʝʚʽ ʧʽʱʘʥʠʩʪʽ ʛʣʠʥʠ. ʋʪʚʦʨʝʥʥʷ ʊʘʨʘʩʽʚʩʴʢʦʛʦ ʨʦʟʩʠʧʫ 

ʚʽʜʙʫʚʘʣʦʩʷ ʚ ʊʘʨʘʩʽʚʩʴʢʠʡ ʨʦʟʩʠʧ ʷʚʣʷʻ ʩʦʙʦʶ ʜʚʦʧʣʘʩʪʦʚʠʡ 

ʧʦʢʣʘʜ. ʈʫʜʥʠʡ ʧʣʘʩʪ ʥʝ ʚʠʪʨʠʤʘʥʠʡ ʟʘ ʪʦʚʱʠʥʦʶ ʽ ʩʢʣʘʜʘʻʪʴʩʷ 

ʟ ʯʠʩʣʝʥʥʠʭ ʣʽʥʟ ʧʽʩʢʫ ʟ ʨʽʟʥʠʤ ʚʤʽʩʪʦʤ ʚʘʞʢʠʭ ʤʽʥʝʨʘʣʽʚ [1, 2]. 

ʎʝʥʪʨʘʣʴʥʘ ʣʽʥʟʘ ʨʦʜʦʚʠʱʘ ʻ ʥʘʡʙʘʛʘʪʰʦʶ ʽ ʷʚʣʷʻ ʩʦʙʦʶ ʧʣʘʩʪ 

ʪʦʚʱʠʥʦʶ 10ï25 ʤ. ʅʘ ʧʽʚʥʽʯʥʠʡ ʩʭʽʜ ʽ ʥʘ ʧʽʚʜʝʥʥʠʡ ʟʘʭʽʜ ʚʽʜ ʥʝʾ 

ʧʣʘʩʪ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʜʚʘ ʩʘʤʦʩʪʽʡʥʽ ʧʣʘʩʪʠ ʟ 5ï8 ʤʝʪʨʦʚʠʤ ʰʘʨʦʤ 

ʧ̔ ʩʢʫ çʙʝʟʨʫʜʥʦʛʦè.  

ʄʽʥʝʨʘʣʴʥʝ ʨʦʟʤʘʾʪʪʷ, ʤʘʡʞʝ ʦʜʥʦʤʘʥʽʪʥʠʡ ʤʽʥʝʨʘʣʴʥʠʡ 

ʩʢʣʘʜ ʨʫʜʥʠʭ ʧʽʩʢʽʚ, ʜʦʙʨʘ ʦʙʢʘʪʘʥʽʩʪʴ ʾʭʥʽʭ ʟʝʨʝʥ, ʥʝʟʥʘʯʥʠʡ 

ʚʤʽʩʪ ʛʣʠʥʠʩʪʦʾ ʩʢʣʘʜʦʚʦʾ ʜʦʙʨʘ ʩʦʨʪʦʚʘʥʽʩʪʴ ʪʝʨʠʛʝʥʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ, ʜʚʦʧʣʘʩʪʦʚʘ ʙʫʜʦʚʘ ʨʦʟʩʠʧʫ, ʚʽʜʩʫʪʥʽʩʪʴ ʧʨʦʩʪʦʨʦʚʦʛʦ 

ʟʚô̫ ʟʢʫ ʟ ʢʦʨʽʥʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, ʱʦ ʊʘʨʘʩʽʚʩʴʢʠʡ 

ʨʦʟʩʠʧ ʫʪʚʦʨʠʚʩʷ ʟʘ ʨʘʭʫʥʦʢ ʨʝʯʦʚʠʥʠ ʢʦʨʠ ʚʠʚʽʪʨʶʚʘʥʥʷ 

ʢʨʠʩʪʘʣʽʯʥʠʭ ʧʦʨʽʜ ʬʫʥʜʘʤʝʥʪʫ, ʧʝʨʝʤʽʱʝʥʥʷ ʾʾ ʨʝʯʦʚʠʥʠ ʥʘ 

ʙʽʣʴʰ ʚʠʩʦʢʽ ʩʪʨʘʪʠʛʨʘʬʽʯʥʽ ʨʽʚʥʽ, ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ ʧʝʨʝʤʠʚʫ 

ʧʨʦʤʽʞʥʠʭ ʢʦʣʝʢʪʦʨʽʚ ʧʨʦʪʷʛʦʤ ʛʝʦʣʦʛʽʯʥʦʾ ʽʩʪʦʨʽʾ ʨʦʟʚʠʪʢʫ 

ʪʝʨʠʪʦʨʽʾ ʪʘ ʥʘ ʟʘʚʝʨʰʘʣʴʥʦʤʫ ʝʪʘʧʽ ï ʨʝʟʫʣʴʪʘʪʽ ʥʘʛʨʦʤʘʜʞʝʥʥʷ 

ʪʝʨʠʛʝʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʫ ʛʠʨʣʦʚʽʡ ʯʘʩʪʠʥʽ ʨʽʯʢʠ ʪʘ ʧʨʠʨʦʜʥʦʛʦ 

ʡʦʛʦ ʰʣʽʭʫʚʘʥʥʷ ʚ ʫʟʙʝʨʝʞʥʽʡ ʟʦʥʽ (ʡʤʦʚʽʨʥʦ ʚ ʣʘʛʫʥʽ). ʅʘʷʚʥʽʩʪʴ 
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ʚ ʤʝʞʘʭ ʨʦʟʩʠʧʫ ʛʽʧʩʦʤʝʪʨʠʯʥʦ ʨʦʟʨʽʟʥʝʥʠʭ ʨʫʜʥʠʭ ʧʣʘʩʪʽʚ, 

ʨʦʟʤʝʞʦʚʘʥʠʭ çʪʦʨʬʘʤʠè ʤʦʞʝ ʚʢʘʟʫʚʘʪʠ ʥʘ ʽʩʥʫʚʘʥʥʷ ʜʚʦʭ 

ʯʘʩʦʚʠʭ ʧʝʨʽʦʜʽʚ ʫʪʚʦʨʝʥʥʷ ʙʘʛʘʪʠʭ ʨʦʟʩʠʧʽʚ, ʷʢʽ 

ʨʦʟʤʝʞʦʚʫʶʪʴʩʷ çʙʝʟʨʫʜʥʠʤè ʧʝʨʽʦʜʦʤ. 

ʋ ʤʝʞʘʭ ʜʽʣʷʥʢʠ ˉ 1 ʩʝʨʝʜʥʽʡ ʚʤʽʩʪ ʤʦʥʘʮʠʪʫ+ʢʘʩʠʪʝʨʠʪʫ ï 

0,0ï 0,74 ʢʛ/ʤ3 (ʩʝʨʝʜʥʻ 0,037 ʢʛ/ʤ3); ʭʨʦʤʽʪʫ ï 0,0ï0,07 ʢʛ/ʤ3 

(ʩʝʨʝʜʥʻ 0,011 ʢʛ/ʤ3); ʢʦʨʝʣʷʮʽʡʥʠʡ ʟʚôʷʟʦʢ ʤʽʞ ʩʝʨʝʜʥʽʤ ʚʤʽʩʪʦʤ 

ʤʦʥʘʮʠʪʫ+ʢʘʩʠʪʝʨʠʪʫ ʽ ʭʨʦʤʽʪʫ ï ʧʨʷʤʠʡ ʩʣʘʙʢʠʡ (+0,23). 

ʆʨʝʦʣʠ ʟʙʽʣʴʰʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʚʤʽʩʪʫ ʤʦʥʘʮʠʪʫ+ʢʘʩʠʪʝʨʠʪʫ 

ʧʦʰʠʨʝʥʽ ʚ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʜʽʣʷʥʢʠ ˉ 1, ʥʘʪʦʤʽʩʪʴ 

ʦʨʝʦʣʠ ʟʙʽʣʴʰʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʚʤʽʩʪʫ ʭʨʦʤʽʪʫ ʧʦʰʠʨʝʥʽ ʚ 

ʧʽʚʥʽʯʥʽʡ ʽ ʧʽʚʜʝʥʥʦ-ʩʭʽʜʥʽʡ ʯʘʩʪʠʥʘʭ ʜʽʣʷʥʢʠ (ʨʠʩ. 1). 

 

  
ʘ ʙ 

ʈʠʩ. 1. ʃʘʪʝʨʘʣʴʥʝ ʧʦʰʠʨʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʚʤʽʩʪʫ 

ʤʦʥʘʮʠʪʫ+ʢʘʩʠʪʝʨʠʪʫ ʽ ʭʨʦʤʽʪʫ ʚ ʨʫʜʥʠʭ ʧʽʩʢʘʭ ʜʽʣʷʥʢʠ ˉ 1 

 

 

ʋ ʤʝʞʘʭ ʜʽʣʷʥʢʠ ˉ 2 ʩʝʨʝʜʥʽʡ ʚʤʽʩʪ ʤʦʥʘʮʠʪʫ+ʢʘʩʠʪʝʨʠʪʫ ï 

0,0ï 0,51 ʢʛ/ʤ3 (ʩʝʨʝʜʥʻ 0,09 ʢʛ/ʤ3); ʭʨʦʤʽʪʫ ï 0,0ï0,13 ʢʛ/ʤ3 

(ʩʝʨʝʜʥʻ 0,02 ʢʛ/ʤ3); ʢʦʨʝʣʷʮʽʡʥʠʡ ʟʚôʷʟʦʢ ʤʽʞ ʩʝʨʝʜʥʽʤ ʚʤʽʩʪʦʤ 

ʤʦʥʘʮʠʪʫ+ʢʘʩʠʪʝʨʠʪʫ ʽ ʭʨʦʤʽʪʫ ï ʧʨʷʤʠʡ ʧʦʤʽʨʥʠʡ (+0,51). 

ʆʨʝʦʣʠ ʟʙʽʣʴʰʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʚʤʽʩʪʫ ʤʦʥʘʮʠʪʫ+ʢʘʩʠʪʝʨʠʪʫ 

ʧʦʰʠʨʝʥʽ ʚ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʽʡ ʪʘ ʧʽʚʜʝʥʥʦ-ʩʭʽʜʥʽʡ ʯʘʩʪʠʥʘʭ 

ʜʽʣʷʥʢʠ ˉ 2, ʘ ʦʨʝʦʣʠ ʟʙʽʣʴʰʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʚʤʽʩʪʫ ʭʨʦʤʽʪʫ 

ʧʦʰʠʨʝʥʽ ʚ ʧʽʚʜʝʥʥʦ-ʩʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʜʽʣʷʥʢʠ (ʨʠʩ. 2).  
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ʋ ʧʽʚʜʝʥʥʦ-ʩʭʽʜʥʽʡ ʯʘʩʪʠʥʠ ʦʨʝʦʣʠ ʟʙʽʣʴʰʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ 

ʚʤʽʩʪʫ ʤʽʥʝʨʘʣʽʚ ʧʨʦʩʪʦʨʦʚʦ ʯʘʩʪʢʦʚʦ ʟʙʽʛʘʶʪʴʩʷ (ʜʠʚ. ʨʠʩ. 2). 

 

  
ʘ ʙ 

ʈʠʩ. 2. ʃʘʪʝʨʘʣʴʥʝ ʧʦʰʠʨʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʚʤʽʩʪʫ ʤʦʥʘʮʠʪʫ+ʢʘʩʠʪʝʨʠʪʫ ʽ 

ʭʨʦʤʽʪʫ ʚ ʨʫʜʥʠʭ ʧʽʩʢʘʭ ʜʽʣʷʥʢʠ ˉ 2 

 

ɺʠʩʥʦʚʢʠ. ʋ ʤʝʞʘʭ ʜʽʣʷʥʢʠ ˉ 1 ʤʘʢʩʠʤʘʣʴʥʠʡ ʩʝʨʝʜʥʽʡ 

ʚʤʽʩʪ ʤʦʥʘʮʠʪʫ+ʢʘʩʠʪʝʨʠʪʫ ʙʽʣʴʰʠʡ, ʘʥʽʞ ʚ ʤʝʞʘʭ ʜʽʣʷʥʢʠ ˉ 2, 

ʦʜʥʘʢ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʚʤʽʩʪʫ ʙʽʣʴʰʽ ʚ ʤʝʞʘʭ ʜʽʣʷʥʢʠ 

ˉ 2. ʋ ʤʝʞʘʭ ʜʽʣʷʥʢʠ ˉ 1 ʤʘʢʩʠʤʘʣʴʥʠʡ ʩʝʨʝʜʥʽʡ ʚʤʽʩʪ ʭʨʦʤʽʪʫ 

ʪʘ ʩʝʨʜʥʻ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʚʤʽʩʪʫ ʤʝʥʰʽ, ʘʥʽʞ ʚ ʤʝʞʘʭ 

ʜʽʣʷʥʢʠ ˉ 2. ʇʨʦʩʪʦʨʦʚʦ ʦʨʝʦʣʠ ʟʙʽʣʴʰʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʚʤʽʩʪʫ 

ʤʽʥʝʨʘʣʽʚ ʧʨʦʩʪʦʨʦʚʦ ʯʘʩʪʢʦʚʦ ʟʙʽʛʘʶʪʴʩʷ ʣʠʰʝ ʚ ʤʝʞʘʭ 

ʧʽʚʜʝʥʥʦ-ʩʭʽʜʥʦʾ ʯʘʩʪʠʥʠ ʜʽʣʷʥʢʠ ˉ 2.  

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʻ ʽʥʬʦʨʤʘʮʽʡʥʦʶ ʙʘʟʦʶ ʜʣʷ ʜʦʧʦʚʥʝʥʥʷ 

ʟʘʛʘʣʴʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʊʘʨʘʩʽʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʽ ʙʫʜʫʪʴ 

ʢʦʨʠʩʥʠʤʠ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʧʘʣʝʦʛʝʦʛʨʘʬʽʯʥʠʭ ʨʝʢʦʥʩʪʨʫʢʮʽʡ 

ʫʤʦʚ ʫʪʚʦʨʝʥʥʷ ʨʦʟʩʠʧʫ. 
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During the mining and enrichment of iron, manganese ores, titanium-zirconium 

placers in Ukraine, a significant amount of waste is formed. For optimal use of 

mineral raw materials of Ukraine, it is possible to obtain additional products from 

some types of overburden, and from enrichment waste ï metal lost during 

enrichment. 

Keywords: mining and enrichment waste, metal ores of Ukraine. 

 

ʋʢʨʘʾʥʘ, ʪʨʘʜʠʮʽʡʥʦ ʻ ʩʠʨʦʚʠʥʥʦʶ ʜʝʨʞʘʚʦʶ ʟ ʨʦʟʚʠʥʫʪʠʤ 

ʛʽʨʥʠʯʦ-ʤʝʪʘʣʫʨʛʽʡʥʠʤ ʢʦʤʧʣʝʢʩʦʤ. 

ʊʘʢ ʧʦ ʜʦʙʫʚʘʥʥʶ ʟʘʣʽʟʥʦʾ ʽ ʤʘʨʛʘʥʮʝʚʦʾ ʨʫʜʠ ʚʦʥʘ ʟʘʡʤʘʻ 

ʚʽʜʧʦʚʽʜʥʦ 10 ̔ 9 ʤʽʩʮʷ ʫ ʩʚʽʪʽ ʪʘ 5 ʤʽʩʮʝ ʟʘ ʝʢʩʧʦʨʪʦʤ ʪʠʪʘʥʫ. 

ʇʨʦʙʣʝʤʦʶ ʛʽʨʥʠʯʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʚ ʋʢʨʘʾʥʽ, ʻ ʪʝ , ʱʦ ʥʘ ʚʩʽʭ 

ʨʦʜʦʚʠʱʘʭ ʤʝʪʘʣʝʚʠʭ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʟʘʧʘʩʠ ʙʫʣʠ ʧʽʜʨʘʭʦʚʘʥʽ 

ʣʠʰʝ ʥʘ ʦʜʠʥ ʢʦʤʧʦʥʝʥʪ/ʢʦʨʠʩʥʫ ʢʦʧʘʣʠʥʫ (ʟʘʣʽʟʦʨʫʜʥʽ ʪʘ 

ʤʘʨʛʘʥʮʝʚʽ ʨʦʜʦʚʠʱʘ) ʘʙʦ ʥʘ ʜʚʘ (ʪʠʪʘʥʦ-ʮʠʨʢʦʥʽʻʚʽ ʨʦʟʩʠʧʠ), 

https://doi.org/
mailto:serjios19@gmail.com
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ʪʦʜʽ ʷʢ ʚʽʜʦʤʦ, ʱʦ ʚʦʥʠ ʚʤʽʱʫʶʪʴ ʽʥʰʽ ʢʦʨʠʩʥʽ ʢʦʧʘʣʠʥʠ, ʷʢʽ ʥʠʥʽ 

ʩʧʨʷʤʦʚʫʶʪʴʩʷ ʫ ʟʤʽʰʘʥʽ ʚʽʜʚʘʣʠ, ʚʪʨʘʯʘʶʯʠ ʧʨʠ ʮʴʦʤʫ ʩʚʦʾ 

ʩʧʦʞʠʚʯʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʝʨʚʠʥʥʠʭ ʧʦʨʽʜ. ɼʦ ʪʦʛʦ ʞ, ʧʨʠ ʟʙʘʛʘʯʝʥʥʽ 

ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ, ʟ ʚʽʜʭʦʜʘʤʠ ʚʪʨʘʯʘʻʪʴʩʷ ʯʘʩʪʠʥʘ ʦʩʥʦʚʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʫ, ʥʘ ʷʢʠʡ ʚʝʜʝʪʴʩʷ ʨʦʟʨʦʙʢʘ. 

ʅʘ ʪʝʨʠʪʦʨʽʾ ʧʨʦʤʠʩʣʦʚʠʭ ʤʘʡʜʘʥʯʠʢʽʚ ʧʽʜʧʨʠʻʤʩʪʚ 

ʥʘʢʦʧʠʯʝʥʽ ʟʥʘʯʥʽ ʦʙʩʷʛʠ ʚʽʜʭʦʜʽʚ ʚʠʜʦʙʫʪʢʫ ʽ ʟʙʘʛʘʯʝʥʥʷ. 

ʊʘʢ, ʧʨʠ ʚʠʜʦʙʫʪʢʫ ʚʽʜʢʨʠʪʠʤ ʩʧʦʩʦʙʦʤ ʢʦʞʥʦʾ ʪʦʥʠ ʟʘʣʽʟʥʦʾ 

ʨʫʜʠ ʫ ʂʨʠʚʙʘʩʽ ʜʦʚʦʜʠʪʴʩʷ ʚʠʡʤʘʪʠ ʟ ʥʘʜʨ 2ï3 ʤ3 ʨʦʟʢʨʠʚʥʠʭ 

ʧʦʨʽʜ, ʷʢʽ ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʫ ʚʽʜʚʘʣʘʭ, ʜʝ ʚʪʨʘʯʘʶʪʴ ʩʚʦʾ ʧʨʠʨʦʜʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ, ʟʤʽʥʶʶʪʴʩʷ ʾʭ ʬʽʟʠʯʥʽ ʽ ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʽʜ ʜʽʻʶ 

ʘʪʤʦʩʬʝʨʥʠʭ ʷʚʠʱ, ʧʦʨʫʰʫʻʪʴʩʷ ʣʘʥʜʰʘʬʪ, ʛʽʜʨʦʣʦʛʽʯʥʠʡ ʽ 

ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʡ ʨʝʞʠʤʠ ʧʦʚʝʨʭʥʝʚʠʭ ʽ ʧʽʜʟʝʤʥʠʭ ʚʦʜ. ʑʦʨʽʯʥʽ 

ʦʙʩʷʛʠ ʨʦʟʢʨʠʚʥʠʭ ʧʦʨʽʜ ʥʘ ʨʦʜʦʚʠʱʘʭ ʂʨʠʚʦʨʽʟʴʢʦʛʦ ʙʘʩʝʡʥʫ 

ʩʢʣʘʜʘʶʪʴ 70ï90 ʤʣʥ ʪ. 

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʧʦʢʘʟʘʚ, ʱʦ ʨʦʟʢʨʠʚʥʽ ʧʦʨʦʜʠ 

ʟʘʣʽʟʦʨʫʜʥʠʭ ʨʦʜʦʚʠʱ ʚ ʷʢʽʩʥʦʤʫ ʽ ʢʽʣʴʢʽʩʥʦʤʫ ʧʣʘʥʽ ʥʘ ʨʽʟʥʠʭ 

ʢʦʤʙʽʥʘʪʘʭ, ʱʦ ʾʭ ʨʦʟʨʦʙʣʷʶʪʴ, ʚʠʚʯʝʥʽ ʟ ʨʽʟʥʠʤ ʩʪʫʧʝʥʝʤ 

ʜʝʪʘʣʴʥʦʩʪʽ, ʘʣʝ ʟʘ ʫʤʦʚʠ ʩʝʣʝʢʪʠʚʥʦʛʦ ʜʦʙʫʚʘʥʥʷ ʽ ʨʦʟʜʽʣʴʥʦʛʦ 

ʩʢʣʘʜʫʚʘʥʥʷ ʜʝʷʢʠʭ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʤʦʞʣʠʚʝ ʦʪʨʠʤʘʥʥʷ 

ʜʦʜʘʪʢʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʥʘʚʝʜʝʥʦʾ ʚ ʪʘʙʣʠʮʽ 1. [4, 6] 

ʇʨʠ ʚʠʜʦʙʫʪʢʫ ʢʦʞʥʦʾ ʪʦʥʥʠ ʤʘʨʛʘʥʮʝʚʦʾ ʨʫʜʠ ʚʽʜʢʨʠʪʠʤ 

ʩʧʦʩʦʙʦʤ ʟ ʥʘʜʨ ʜʦʙʫʚʘʻʪʴʩʷ 0,5ï0,8 ʤ3 ʨʦʟʢʨʠʚʥʠʭ ʧʦʨʽʜ. 

ʑʦʨʽʯʥʦ ʧʨʠ ʨʦʟʨʦʙʮʽ ʨʦʜʦʚʠʱ ʚʠʡʤʘʻʪʴʩʷ 20ï30 ʤʣʥ. ʪ 

ʨʦʟʢʨʠʚʥʠʭ ʧʦʨʽʜ. 

ʇʦʧʝʨʝʜʥʽʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʜʣʷ ʩʫʧʫʪʥʴʦʛʦ ʚʠʜʦʙʫʪʢʫ ʻ ʢʦʨʠʩʥʽ ʢʦʧʘʣʠʥʠ [1, 

2, 3], ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 2.  

ɺʽʜʭʦʜʠ ʟʙʘʛʘʯʝʥʥʷ ï ʥʘʡʙʽʣʴʰ ʧʽʜʛʦʪʦʚʣʝʥʘ ʩʠʨʦʚʠʥʘ ʜʣʷ 

ʜʦʜʘʪʢʦʚʦʛʦ ʚʠʣʫʯʝʥʥʷ ʢʦʨʠʩʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʷʢ ʪʠʭ ʥʘ ʷʢʽ 

ʚʝʣʘʩʴ ʨʦʟʨʦʙʢʘ ʨʦʜʦʚʠʱ, ʪʘʢ ʽ ʩʫʧʫʪʥʽʭ, ʷʢʽ ʤʦʞʣʠʚʦ ʚʠʣʫʯʠʪʠ. 

ɺ ʋʢʨʘʾʥʽ, ʥʘʡʯʘʩʪʽʰʝ, ʮʝ ʨʽʜʢʽʩʥʽ, ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʽ, ʢʦʣʴʦʨʦʚʽ ʪʘ 

ʜʦʨʦʛʦʮʽʥʥʽ ʤʝʪʘʣʠ, ʥʝʨʫʜʥʘ ʩʠʨʦʚʠʥʘ ʪʦʱʦ. ɺʽʜʭʦʜʠ ʟʙʘʛʘʯʝʥʥʷ 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʚʞʝ ʧʦʜʨʽʙʥʝʥʫ ʤʘʩʫ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, ʷʢʽ 

ʙʫʣʠ ʧʽʜʜʘʥʽ ʬʽʟʠʯʥʦʤʫ, ʭʽʤʽʯʥʦʤʫ ʘʙʦ ʙʽʦʣʦʛʽʯʥʦʤʫ ʚʧʣʠʚʫ, ʱʦ 

ʪʨʠʚʘʣʠʡ ʯʘʩ, ʽʥʦʜʽ ʧʦʥʘʜ 30ï40 ʨʦʢʽʚ, ʟʥʘʭʦʜʠʣʠʩʴ ʫ ʚʦʜʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ, ʘʙʦ ʚ ʟʦʥʽ ʘʝʨʘʮʽʾ, ʱʦ ʧʨʠʚʝʣʦ ʜʦ ʟʤʽʥ ʬʽʟʠʢʦ-
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ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ: ʟʤʝʥʰʝʥʥʷ ʤʽʮʥʦʩʪʽ, ʟʤʽʥ ʢʨʠʭʢʦ-

ʧʣʘʩʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʽʥʝʨʘʣʴʥʠʭ ʘʛʨʝʛʘʪʽʚ, ʽʥʦʜʽ 

ʤʽʥʝʨʘʣʴʥʦʛʦ ʩʢʣʘʜʫ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʤʝʥʰʠʪʠ ʝʥʝʨʛʝʪʠʯʥʽ ʽ 

ʽʥʰʽ ʚʠʪʨʘʪʠ ʥʘ ʧʽʜʛʦʪʦʚʢʫ ʩʠʨʦʚʠʥʠ ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʢʦʨʠʩʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ ʟʤʝʥʰʠʪʴ ʩʦʙʽʚʘʨʪʽʩʪʴ ʢʽʥʮʝʚʦʾ ʧʨʦʜʫʢʮʽʾ. 

 
ʊʘʙʣʠʮʷ 1. ʈʝʩʫʨʩʥʠʡ ʧʦʪʝʥʮʽʘʣ ʚʽʜʭʦʜʽʚ ʚʠʜʦʙʫʪʢʫ ʟʘʣʽʟʥʠʭ ʨʫʜ ʋʢʨʘʾʥʠ [4] 

ʇʨʦʜʫʢʮʽʷ ʂʦʨʠʩʥʘ 

ʢʦʧʘʣʠʥʘ 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʇʨʦʛʥʦʟʥʽ 

ʨʝʩʫʨʩʠ, 

ʤʣʨʜ ʪ 

ʊʘʣʴʢʦʚʠʡ ʢʦʥʮʝʥʪʨʘʪ ʊʘʣʴʢʦʚʤʽʩʥʽ 

ʩʣʘʥʮʽ 

ʇʨʦʤʠʩʣʦʚʠʡ 

ʪʘʣʴʢ 

6,0 

ʄʫʩʢʦʚʽʪʦʚʠʡ 

ʢʦʥʮʝʥʪʨʘʪ, ʤʦʥʦ 

ʤʽʥʝʨʘʣʴʥʠʡ ʢʚʘʨʮ 

ʄʫʩʢʦʚʽʪ-

ʙʽʦʪʠʪʦʚʽ 

ʩʣʘʥʮʽ 

 2,5ï3 

ɻʨʘʥʘʪʦʚʠʡ 

ʢʦʥʮʝʥʪʨʘʪ 

ɻʨʘʥʘʪʦʚʤʽʩʥʽ 

ʩʣʘʥʮʽ 

ʃʝʛʢʠʡ ʘʙʨʘʟʠʚ 1,0ï1,5 

ʂʝʨʘʤʟʠʪ, ʩʣʘʥʮʝʧʦʨʠʪ ʍʣʦʨʠʪʦʚʽ 

ʩʣʘʥʮʽ 

ɺʠʨʦʙʥʠʮʪʚʦ 

ʢʝʨʘʤʟʠʪʫ, 

ʩʣʘʥʮʝʧʦʨʠʪʫ 

1,5ï2,0 

ʇʽʨʦʢʩʝʥʦʚʠʡ 

ʢʦʥʮʝʥʪʨʘʪ 

ʇʽʨʦʢʩʝʥʽʪʦʚʽ 

ʧʦʨʦʜʠ 

 0,5ï0,7 

ʆʙʣʠʮʶʚʘʚʣʴʥʘ 

ʧʣʠʪʢʘ 

ʤʘʨʤʫʨ ɹʫʜʽʚʝʣʴʥʘ ʛʘʣʫʟʴ 3,0ï5,0 

ɺʠʨʦʙʥʝ ʡ ʢʦʣʝʢʮʽʡʥʝ 

ʢʘʤʽʥʥʷ (ʱʽʪʢʠ ʢʚʘʨʮʫ, 

ʘʤʝʪʠʩʪʫ, ʢʨʠʩʪʘʣʠ 

ʛʨʘʥʘʪʫ, ʷʰʤʦʾʜʠ 

ʪʦʱʦ) 

ʈʽʟʥʽ 

ʢʨʠʩʪʘʣʽʯʥʽ 

ʧʦʨʦʜʠ 

ɻʝʤʦʣʦʛʽʯʥʘ 

ʩʠʨʦʚʠʥʘ 

- 

ɿʘʣʽʟʠʩʪʠʡ ʢʦʥʮʝʥʪʨʘʪ ɻʝʤʘʪʠʪʦʚʽ 

ʢʚʘʨʮʠʪʠ 

ʄʝʪʘʣʫʨʛʽʷ 4,0 

ʄʽʥʝʨʘʣʴʥʽ ʧʽʛʤʝʥʪʠ 

(ʚʦʭʨʘ, ʩʫʨʠʢ, 

ʩʝʣʘʜʦʥʽʪ, ʨʠʙʝʢʠʪ 

ʪʦʱʦ) 

ʂʦʨʘ 

ʦʢʠʩʥʝʥʥʷ 

ʢʨʠʩʪʘʣʽʯʥʠʭ 

ʧʦʨʽʜ  

ʇʨʦʤʠʩʣʦʚʽʩʪʴ, 

ʭʫʜʦʞʥʽ ʧʨʦʤʠʩʣʠ 
0,8ï1,0 

ʂʝʨʘʤʽʢʘ, ʬʘʷʥʩ ʢʘʦʣʽʥʠ  0,1 

ɻʣʠʥʷʥʘ ʮʝʛʣʘ, 

ʢʝʨʘʤʽʢʘ 

ɻʣʠʥʠ, 

ʩʫʛʣʽʥʢʠ 

ɹʫʜʽʚʝʣʴʥʘ ʛʘʣʫʟʴ 3,0ï4,0 

ʇʽʩʦʢ ʇʽʩʦʢ ɹʫʜʽʚʝʣʴʥʘ ʛʘʣʫʟʴ 0,15ï0,2 

ɺʘʧʥʷʢʠ  ʄʝʪʘʣʫʨʛʽʷ, 

ʙʫʜʽʚʝʣʴʥʘ ʛʘʣʫʟʴ 
0,3ï0,4 
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ʊʘʙʣʠʮʷ 2. ɺʽʜʢʣʘʜʝʥʥʷ ʥʘʜʨʫʜʥʦʾ ʪʦʚʱʽ ʅʽʢʦʧʦʣʴʩʴʢʦʛʦ ʙʘʩʝʡʥʫ, ʧʝʨʩʧʝʢʪʠʚʥʽ 

ʜʣʷ ʩʫʧʫʪʥʴʦʛʦ ʚʠʜʦʙʫʪʢʫ 

ʇʦʨʦʜʠ ʇʦʪʫʞ- 

ʥʽʩʪʴ, ʤ 

ɿʘʩʪʦʩʫʚʘʥʥʷ 

ʃʝʩʦʚʠʜʥʽ ʩʫʛʣʠʥʢʠ 

ʽ ʣʝʩʠ ʘʥʪʨʦʧʦʛʝʥ 

ʜʦ 30 ɺʠʨʦʙʥʠʮʪʚʦ ʮʝʛʣʠ, ʯʝʨʝʧʠʮʽ 

ɻʣʠʥʠ ʯʝʨʚʦʥʦ-ʙʫʨʽ 

ʘʥʪʨʦʧʦʛʝʥ 

ʜʦ 14 ɺʠʨʦʙʥʠʮʪʚʦ ʮʝʛʣʠ, ʯʝʨʝʧʠʮʽ 

ʇʽʩʢʠ  ʧʣʝʡʩʪʦʮʝʥ ʜʦ 15 ɺʠʛʦʪʦʚʣʝʥʥʷ ʫʢʣʘʜʘʣʴʥʦ-ʰʪʫʢʘʪʫʨʥʠʭ 

ʨʦʟʯʠʥʽʚ, ʢʦʣʴʦʨʦʚʦʛʦ ʩʢʣʘ,ʚ ʷʢʦʩʪʽ 

ʧʽʩʥʦʾ ʜʦʤʽʰʢʠ ʫ ʮʝʛʝʣʴʥʦʤʫ 

ʚʠʨʦʙʥʠʮʪʚʽ 

ɻʣʠʥʠ ʯʝʨʚʦʥʦ-ʙʫʨʽ 

(ʧʣʽʦʮʝʥ) 

ʜʦ 3,5 ɺʠʛʦʪʦʚʣʝʥʥʷ ʙʫʨʦʚʠʭ ʨʦʟʯʠʥʽʚ, 

ʢʝʨʘʤʟʠʪʦʚʦʛʦ ʛʨʘʚʽʶ, ʭʘʨʯʦʚʘ 

ʧʨʦʤʠʩʣʦʚʽʩʪʴ, ʚ ʷʢʦʩʪʽ ʜʦʤʽʰʢʠ ʧʨʠ 

ʚʠʨʦʙʥʠʮʪʚʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ 

ɻʣʠʥʠʩʪʽ ʚʘʧʥʷʢʠ 

(ʧʣʽʦʮʝʥ) 

ʜʦ 2 ɺʠʨʦʙʥʠʮʪʚʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ 

ɻʣʠʥʠ ʢʦʨʠʯʥʝʚʦ-

ʩʽʨʽ (ʧʦʥʪ) 

ʜʦ 3,5  ɺʠʛʦʪʦʚʣʝʥʥʷ ʙʫʨʦʚʠʭ ʨʦʟʯʠʥʽʚ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ ʜʦʤʽʰʢʠ ʧʨʠ 

ʚʠʨʦʙʥʠʮʪʚʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ, ʭʘʨʯʦʚʘ 

ʧʨʦʤʠʩʣʦʚʽʩʪ ʜʣʷ ʚʽʜʙʽʣʶʚʘʥʥʷ ʞʠʨʽʚ 

ɻʣʠʥʠ ʯʦʨʥʽ (ʩʘʨʤʘʪ) ʜʦ 2,2 ɺʠʨʦʙʥʠʮʪʚʦ ʢʝʨʘʤʟʠʪʫ, ʚ ʷʢʦʩʪʽ 

ʩʦʨʙʝʥʪʫ ʜʣʷ ʧʦʛʣʠʥʘʥʥʷ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ 

ɺʘʧʥʷʢʠ-ʯʝʨʝʧʘʰʢʠ 

(ʩʘʨʤʘʪ- ʧʦʥʪ) 

6ï8 ɺʠʨʦʙʥʠʮʪʚʦ ʙʫʜʽʚʝʣʴʥʠʭ ʙʣʦʢʽʚ, 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ, ʧʦʚʽʪʨʷʥʦ-ʩʫʭʦʾ 

ʩʫʤʽʰʽ 

ʇʽʩʢʠ ʽ ʛʨʘʚʽʡ 

(ʥʠʞʥʽʡ ʩʘʨʤʘʪ) 

ʜʦ 8 ɺʠʨʦʙʥʠʮʪʚʦ ʙʝʪʦʥʫ, ʰʪʫʢʘʪʫʨʥʠʭ 

ʨʦʟʯʠʥʽʚ, ʢʦʣʴʦʨʦʚʦʛʦ ʩʢʣʘ, ʷʢ ʧʽʩʥʘ 

ʜʦʤʽʰʢʘ ʫ ʮʝʛʝʣʴʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ, ʜʣʷ 

ʬʦʨʤʫʚʘʥʥʷ ʚʠʨʦʙʽʚ ʟ ʯʘʚʫʥʫ ʽ 

ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ.  

ɻʣʠʥʠ (ʯʦʢʨʘʢ) ʜʦ 2,5 ɺʠʛʦʪʦʚʣʝʥʥʷ ʙʫʨʦʚʠʭ ʨʦʟʯʠʥʽʚ, 

ʢʝʨʘʤʟʠʪʦʚʦʛʦ ʛʨʘʚʽʶ, ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʭʘʨʯʦʚʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ, ʚ ʷʢʦʩʪʽ ʜʦʤʽʰʢʠ 

ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ 

ɻʣʠʥʠ ʷʙʣʫʥʝʚʦ-

ʟʝʣʝʥʽ (ʦʣʽʛʦʮʝʥ) 

2ï8 ʂʝʨʘʤʟʠʪʦʚʠʡ ʛʨʘʚʽʡ ʤʘʨʦʢ ç500è ʽ 

ç700è, ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ ʩʦʨʙʝʥʪʫ 

ʜʣʷ ʦʯʠʱʝʥʥʷ ʞʠʨʽʚ ʫ ʭʘʨʯʦʚʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

ʇʽʩʦʢ ʛʣʘʫʢʦʥʽʪ-

ʢʚʘʨʮʦʚʠʡ 

(ʦʣʽʛʦʮʝʥ) 

1,0ï1,5  ɿʘʜʣʷ ʦʪʨʠʤʘʥʥʷ ʢʘʣʽʡʥʠʭ ʜʦʙʨʠʚ, 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʬʘʨʙʠ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ 

ʧʦʤô̫ ʢʰʝʥʥʷ ʚʦʜʠ 
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ʅʘ ʜʝ-̫ ʢʠʭ ʭʚʦʩʪʦʩʭʦʚʠʱʘʭ ʋʢʨʘʾʥʠ ʟʘʣʽʟʦʨʫʜʥʠʭ, 

ʤʘʨʛʘʥʮʝʚʠʭ ʽ ʪʠʪʘʥʦ-ʮʠʨʢʦʥʽʻʚʠʭ ʢʦʤʙʽʥʘʪʽʚ ʛʝʦʣʦʛʽʯʥʘ ʨʦʟʚʽʜʢʘ 

ʽ ʧʽʜʨʘʭʫʥʦʢ ʟʘʧʘʩʽʚ ʚʽʚʩʷ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ: ʙʫʨʽʥʥʷʤ 

ʪʝʭʥʦʛʝʥʥʠʭ ʪʦʚʱ, ʚʽʜʙʦʨʦʤ ʧʨʦʙ, ʾʭ ʘʥʘʣʽʟʦʤ ʽ ʧʽʜʨʘʭʫʥʢʦʤ ʟʘ 

ʚʠʟʥʘʯʝʥʠʤʠ ʤʝʪʦʜʠʢʘʤʠ. ɼʦ ʪʦʛʦ ʞ, ʟʘʧʘʩʠ ʧʽʜʨʘʭʦʚʫʚʘʣʠʩʴ 

ʪʽʣʴʢʠ ʧʦ ʦʜʥʦʤʫ ʘʙʦ ʜʚʦʤ ʢʦʤʧʦʥʝʥʪʘʤ, ʷʢʽ ʽ ʚʠʣʫʯʘʣʠʩʷ ʚ 

ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʨʽʥʥʦʛʦ ʨʦʜʦʚʠʱʘ.  

ʋ ʜʽʶʯʠʭ ʭʚʦʩʪʦʩʭʦʚʠʱʘʭ ʛʽʨʥʠʯʦ-ʟʙʘʛʘʯʫʚʘʣʴʥʠʭ ʢʦʤʙʽʥʘʪʽʚ 

ʂʨʠʚʦʨʽʟʴʢʦʛʦ-ʂʨʝʤʝʥʯʫʮʴʢʦʛʦ ʟʘʣʽʟʦʨʫʜʥʦʛʦ ʨʘʡʦʥʫ ʥʘ ʧʣʦʱʽ 

5,4 ʪʠʩ ʛʘ ʥʘʢʦʧʠʯʝʥʦ ʧʦʥʘʜ 4,2 ʤʣʨʜ ʪ ʚʽʜʭʦʜʽʚ [5], ʷʢʽ ʷʚʣʷʶʪʴ 

ʩʦʙʦʶ ʩʫʤʽʰ ʪʝʭʥʽʯʥʦʾ ʨʽʜʠʥʠ ʪʘ ʪʚʝʨʜʦʾ ʯʘʩʪʠʥʠ ʫ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 1:10. ʇʨʠ ʮʴʦʤʫ, ʪʚʝʨʜʘ ʬʘʟʘ ʥʘ 70ï90 % 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʘʩʪʦʢ ʨʦʟʤʽʨʦʤ <0,005 ʤʤ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʰʠʭ 

ʜʦʩʣʽʜʞʝʥʴ, ʧʦʪʦʯʥʽ ʚʽʜʭʦʜʠ ʟʙʘʛʘʯʝʥʥʷ ʥʘ 60,3ï97,3 % 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʯʘʩʪʦʢ ï 0,071 ʤʤ. ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʟ ʚʽʜʭʦʜʘʤʠ 

ʟʙʘʛʘʯʝʥʥʷ ʱʦʨʽʯʥʦ ʚʪʨʘʯʘʻʪʴʩʷ ʙʽʣʷ 25% ʟʘʣʽʟʘ, ʩʝʨʝʜ ʷʢʦʛʦ 14ï

26 % ʟʘʣʽʟʘ ʟʘʛʘʣʴʥʦʛʦ, 5ï10 % ʟʘʣʽʟʘ, ʧʦʚô̫ ʟʘʥʦʛʦ ʟ ʤʘʛʥʝʪʠʪʦʤ. 

ʉʽʤʜʝʩʷʪ ʚʽʜʩʦʪʢʽʚ ʟʘʣʽʟʘ, ʷʢʝ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʮʠʭ ʚʽʜʭʦʜʽʚ, 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʨʦʟʢʨʠʪʦʤʫ ʩʪʘʥʽ. ɺ ʤʘʪʝʨʽʘʣʽ ʢʨʫʧʥʽʩʪʶ <0,16 ʤʤ 

ʙʽʣʴʰʝ 90 % ʤʘʛʥʝʪʠʪʫ ʽ ʧʨʘʢʪʠʯʥʦ ʚʝʩʴ ʛʝʤʘʪʠʪ ʨʦʟʢʨʠʪʽ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʛʨʘʚʽʪʘʮʽʡʥʦʾ ʜʠʬʝʨʝʥʮʽʘʮʽʾ ʯʘʩʪʦʢ ʚ ʧʨʦʮʝʩʽ 

ʩʢʠʜʘʥʥʷ ʧʫʣʴʧʠ, ʫʪʚʦʨʶʶʪʴʩʷ ʟʙʘʛʘʯʝʥʽ ʥʘ ʟʘʣʽʟʦ ʜʽʣʷʥʢʠ. 

ʆʩʦʙʣʠʚʦ ʪʘʢʝ ʷʚʠʱʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʢʦʣʠ ʥʘʢʦʧʠʯʝʥʥʷ ʚʽʜʭʦʜʽʚ 

ʟʙʘʛʘʯʝʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʫ ʚʝʣʠʢʫ ʻʤʥʽʩʪʴ ʭʚʦʩʪʦʩʭʦʚʠʱʘ ʟ 

ʦʜʥʦʛʦ ʜʞʝʨʝʣʘ. ɿʙʘʛʘʯʝʥʽ ʟʘʣʽʟʦʤ ʜʽʣʷʥʢʠ ʟʦʩʝʨʝʜʞʝʥʽ ʚ ʩʝʨʝʜʥʽʡ 

ʯʘʩʪʠʥʽ ʭʚʦʩʪʦʩʭʦʚʠʱʘ ʽ ʚʟʜʦʚʞ ʜʘʤʙʠ (ʭʚʦʩʪʦʩʭʦʚʠʱʝ 

ʎʝʥʪʨʘʣʴʥʦʛʦ ʛʽʨʥʠʯʦ-ʟʙʘʛʘʯʫʚʘʣʴʥʦʛʦ ʢʦʤʙʽʥʘʪʫ ʂʨʠʚʙʘʩʫ). 

ʐʣʘʤʦʩʭʦʚʠʱʘ ʛʽʨʥʠʯʦ-ʟʙʘʛʘʯʫʚʘʣʴʥʠʭ ʢʦʤʙʽʥʘʪʽʚ ʟ 

ʚʠʜʦʙʫʪʢʫ ʽ ʟʙʘʛʘʯʝʥʥʷ ʤʘʨʛʘʥʮʝʚʠʭ ʨʫʜ ʅʽʢʦʧʦʣʴʩʴʢʦʛʦ ʙʘʩʝʡʥʫ, 

ʟʘʡʤʘʶʪʴ ʧʣʦʱʫ ʧʦʥʘʜ 2 ʪʠʩ ʛʘ. ʋ 9 ʰʣʘʤʦʩʭʦʚʠʱʘʭ ʜʚʦʭ 

ʢʦʤʙʽʥʘʪʽʚ ʥʘʢʦʧʠʯʝʥʦ 828 ʤʣʥ ʪ ʰʣʘʤʽʚ [5]. ʄʘʩʦʚʘ ʯʘʩʪʢʘ 

ʤʘʨʛʘʥʮʶ ʚ ʰʣʘʤʘʭ ï 10,5ï17,6 %. ʊʦʜʽ ʷʢ ʚ ʩʚʽʪʽ ʧʝʨʝʨʦʙʣʷʶʪʴʩʷ 

ʰʣʘʤʠ ʟ ʤʘʩʦʚʦʶ ʯʘʩʪʢʦʶ ʤʘʨʛʘʥʮʶ 9ï15 %. 

ʋ ʭʚʦʩʪʦʩʭʦʚʠʱʘʭ ɺʽʣʴʥʦʛʽʨʩʴʢʦʛʦ ʛʽʨʥʠʯʦ-ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ 

ʢʦʤʙʽʥʘʪʫ ʚ ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʽʡ ʦʙʣʘʩʪʽ, ʷʢʠʡ ʨʦʟʨʦʙʣʷʻ 

ʄʘʣʠʰʝʚʩʴʢʝ ʨʦʟʩʠʧʥʝ ʪʠʪʘʥʦ-ʮʠʨʢʦʥʽʻʚʝ ʨʦʜʦʚʠʱʝ ʥʘʢʦʧʠʯʝʥʦ 

ʙʽʣʴʰʝ 150 ʤʣʥ. ʊʦʥ ʚʽʜʭʦʜʽʚ ʟʙʘʛʘʯʝʥʥʷ. ʍʚʦʩʪʠ ʻ 
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ʜʝʟʽʥʪʝʛʨʦʚʘʥʠʤ ʢʚʘʨʮʦʚʠʤ ʧʽʩʢʦʤ, 98 % ʯʘʩʪʦʢ ʷʢʦʛʦ ʤʘʻ ʨʦʟʤʽʨ 

ï0,28 ʤʤ. ʌʨʘʢʮʽʷ +0,28 ʤʤ ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʨʽʙʥʠʤʠ ʫʣʘʤʢʘʤʠ 

ʧʽʩʢʦʚʠʢʫ, ʥʝʜʝʟʽʥʪʝʛʨʦʚʘʥʠʤʠ ʛʨʫʜʢʘʤʠ ʨʦʟʢʨʠʚʥʦʾ ʛʣʠʥʠ ʪʘ 

ʛʣʠʥʠʩʪʦʛʦ ʧʽʩʢʫ ʨʦʟʤʽʨʦʤ ʜʦ 50 ʤʤ. ʂʨʠʩʪʘʣʠ ʮʠʨʢʦʥʫ, ʨʫʪʠʣʫ, 

ʣʝʡʢʦʢʩʝʥʫ ʪʘ ʽʣʴʤʝʥʽʪʫ ʧʨʠʩʫʪʥʽ ʫ ʬʨʘʢʮʽʾ ï0,16+0,06 ʤʤ. ɺ 

ʩʢʣʘʜʽ ʭʚʦʩʪʽʚ ʮʽ ʤʽʥʝʨʘʣʠ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽ, ʚʽʜʥʦʩʥʦ ʚʝʣʠʢʠʡ 

ʚʤʽʩʪ ʤʘʶʪʴ ʜʠʩʪʝʥ, ʩʠʣʽʤʘʥʽʪ, ʩʪʘʚʨʦʣʽʪ, ʪʫʨʤʘʣʽʥ, ʷʢʽ ʧʨʠ 

ʟʙʘʛʘʯʝʥʥʽ ʚʠʣʫʯʘʶʪʴʩʷ ʤʝʥʰʦʶ ʤʽʨʦʶ [1]. 

ɿʘ ʥʘʰʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʦʜʥʦʛʦ ʟ ʭʚʦʩʪʦʩʭʦʚʠʱ 

ɯʨʰʘʥʩʴʢʦʛʦ ʛʽʨʥʠʯʦ-ʟʙʘʛʘʯʫʚʘʣʴʥʦʛʦ ʢʦʤʙʽʥʘʪʫ ʪʝʭʥʦʛʝʥʥʽ ʧʽʩʢʠ 

ʥʘ 60ï91 % ʧʨʝʜʩʪʘʚʣʝʥʽ ʟʝʨʥʘʤʠ ʨʦʟʤʽʨʦʤ ï0,5+0,1 ʤʤ. ɺʦʥʠ 

ʩʢʣʘʜʝʥʽ ʥʝʨʫʜʥʠʤʠ ʤʽʥʝʨʘʣʘʤʠ ʥʘ 85ï95 %, ʨʫʜʥʠʤʠ (ʤʘʛʥʽʪʥʦʶ 

ʬʨʘʢʮʽʻʶ) ï 5ï15 %. 71ï85 % ʤʘʛʥʽʪʥʦʾ ʬʨʘʢʮʽʾ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʢʣʘʩʘʤʠ ʢʨʫʧʥʦʩʪʽ ï0,1+0,05 ʤʤ; ï 0,05 ʤʤ. ʈʫʜʥʽ ʤʽʥʝʨʘʣʠ 

ʪʠʪʘʥʫ ʫ ʪʝʭʥʦʛʝʥʥʠʭ ʧʽʩʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʽ ʽʣʴʤʝʥʽʪʦʤ ʪʘ ʨʫʪʠʣʦʤ 

(ʽʣʴʤʝʥʦʨʫʪʠʣʦʤ). ɺʠʟʥʘʯʝʥʦ, ʱʦ ʟʘ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ʤʘʛʥʽʪʥʦʾ ʬʨʘʢʮʽʾ ʟʘ ʢʣʘʩʘʤʠ ʢʨʫʧʥʦʩʪʽ ʦʩʥʦʚʥʘ ʤʘʩʘ 

ʽʣʴʤʝʥʽʪʫ ʢʦʥʮʝʥʪʨʫʻʪʴʩʷ ʫ ʬʨʘʢʮʽʾ  ï0,5+0,1 ʤʤ. ɺʤʽʩʪ Zr ʫ 

ʪʝʭʥʦʛʝʥʥʠʭ ʧʽʩʢʘʭ ʜʦʨʽʚʥʶʻ 0,05ï0,5%, ʱʦ ʢʦʨʝʣʶʻ ʟ ʚʤʽʩʪʦʤ 

Hf, ʷʢʠʡ ʟʘʤʽʱʫʻ Zr ̫ʢ ʽʟʦʤʦʨʬʥʘ ʜʦʤʽʰʢʘ ʫ ʢʨʠʩʪʘʣʽʯʥʽʡ ʨʝʰʽʪʮʽ 

ʤʽʥʝʨʘʣʫ. ʂʦʥʮʝʥʪʨʘʮʽʷ Hf ʫ ʜʝʷʢʠʭ ʧʨʦʙʘʭ ʪʝʭʥʦʛʝʥʥʠʭ ʧʽʩʢʽʚ 

ʩʢʣʘʜʘʻ 20ï80ʛ/ʪ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʫʪʚʦʨʠʣʠʩʴ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʪʝʭʥʦʛʝʥʥʦʾ ʤʽʥʝʨʘʣʴʥʦʾ ʩʠʨʦʚʠʥʠ, ʷʢʽ ʤʘʶʪʴ ʧʣʘʥʝʪʘʨʥʽ 

ʤʘʩʰʪʘʙʠ. ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʤʦʞʣʠʚʘ ʾʾ 

ʚʪʦʨʠʥʥʘ ʧʝʨʝʨʦʙʢʘ ʟ ʦʜʝʨʞʘʥʥʷʤ ʚʠʩʦʢʦʷʢʽʩʥʠʭ ʢʽʥʮʝʚʠʭ 

ʧʨʦʜʫʢʪʽʚ, ʷʢʽ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʤʦʛʣʠ ʙ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʪʨʝʙʠ 

ʜʝʨʞʘʚʠ ʽ ʧʽʜʚʠʱʠʪʠ ʾʾ ʝʢʩʧʦʨʪʥʠʡ ʧʦʪʝʥʮʽʘʣ. 
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The alluvium of the buried river valley and its seven floodplain terraces are 

characterized. Information on the zircon content in alluvial deposits is provided. Maps 

of the relief of the alluvium base, its thickness, and the lateral distribution of the 

average zircon content are constructed. 

Keywords: Velyko-Taramska area, alluvium, buried river valley, floodplain 

terraces, rock composition of alluvium, zircon content. 

 

ɺʩʪʫʧ. ʋʢʨʘʾʥʘ ʟʘ ʨʝʩʫʨʩʘʤʠ ʽ ʟʘʧʘʩʘʤʠ ʮʠʨʢʦʥʽʶ ʚʭʦʜʠʪʴ ʜʦ 

ʧʝʨʝʣʽʢʫ ʧʨʦʚʽʜʥʠʭ ʢʨʘʾʥ ʩʚʽʪʫ. ɺ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ 

ʋʢʨʘʾʥʩʴʢʦʛʦ ʱʠʪʘ ʽ ʥʘ ʡʦʛʦ ʩʭʠʣʘʭ ʚʠʷʚʣʝʥʽ ʪʘ ʨʽʟʥʦʶ ʤʽʨʦʶ 

ʨʦʟʚʽʜʘʥʽ ʢʦʤʧʣʝʢʩʥʽ ʨʦʜʦʚʠʱʘ ʨʦʟʩʠʧʽʚ ʮʠʨʢʦʥ-̔ ʣʴʤʝʥʽʪ-ʨʫʪʠʣʫ 

ʚ ʪʝʨʠʛʝʥʥʠʭ ʚʽʜʢʣʘʜʘʭ ʩʘʨʤʘʪʩʴʢʦʛʦ ʷʨʫʩʫ ʽ ʧʦʣʪʘʚʩʴʢʦʾ ʩʚʽʪʠ 

ʥʝʦʛʝʥʫ (ʄʘʣʠʰʝʚʩʴʢʝ, ɺʦʚʯʘʥʩʴʢʝ, ɺʦʩʢʨʝʩʝʥʩʴʢʝ, ʊʘʨʘʩʽʚʩʴʢʝ, 

ʂʨʘʩʥʦʢʫʪʩʴʢʝ ʪʘ ʽʥʰʽ) [1]. ʋ ʇʨʠʘʟʦʚ'ʾ ʨʦʟʪʘʰʦʚʘʥʽ ʢʨʫʧʥʽ 

ʨʦʜʦʚʠʱʘ ʢʦʤʧʣʝʢʩʥʠʭ ʨʽʜʢʽʩʥʦʤʝʪʘʣʝʚʠʭ, ʮʠʨʢʦʥʽʡ-

ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʠʭ ʨʫʜ ʚ ʢʨʠʩʪʘʣʽʯʥʠʭ ʧʦʨʦʜʘʭ (ʄʘʟʫʨʽʚʩʴʢʝ, 

https://doi.org/
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ɸʟʦʚʩʴʢʝ, ʅʦʚʦʧʦʣʪʘʚʩʴʢʝ) [1]. ʗʢ ʩʫʧʫʪʥʷ ʢʦʨʠʩʥʘ ʢʦʧʘʣʠʥʘ 

ʮʠʨʢʦʥʽʡ ʚʠʷʚʣʝʥʠʡ ʫ ʬʣʶʦʨʠʪ-ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʠʭ ʨʫʜʘʭ 

ʗʩʪʨʝʙʝʮʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʽ ʥʘ ʙʝʨʠʣʽʻʚʦʤʫ ʇʝʨʞʘʥʩʴʢʦʤʫ 

ʨʦʜʦʚʠʱʽ ʚ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʋʢʨʘʾʥʩʴʢʦʛʦ ʱʠʪʘ [1]. ʅʘ 

ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʨʦʟʨʦʙʣʷʻʪʩʷ ʄʘʣʠʰʝʚʩʴʢʝ ʨʦʜʦʚʠʱʝ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʩʠʨʦʚʠʥʦʶ ɺʽʣʴʥʦʛʽʨʩʴʢʠʡ ʛʽʨʥʠʯʦ-ʤʝʪʘʣʫʨʛʽʡʥʠʡ 

ʢʦʤʙʽʥʘʪ, ʷʢʠʡ ʧʦʩʪʘʯʘʻ ʮʠʨʢʦʥʦʚʽ ʢʦʥʮʝʥʪʨʘʪʠ ʪʘ ʧʨʦʜʫʢʪʠ ʾʭ 

ʧʝʨʚʠʥʥʦʾ ʧʝʨʝʨʦʙʢʠ. ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ ʚʚʝʜʝʥʥʷ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ 

ʊʘʨʘʩʽʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ. ʅʘʨʦʱʫʚʘʥʥʷ ʤʽʥʝʨʘʣʴʥʦ-ʩʠʨʦʚʠʥʥʦʾ 

ʙʘʟʠ ʮʠʨʢʦʥʽʶ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʧʨʦʚʝʜʝʥʥʷ ʧʦʰʫʢʦʚʠʭ 

ʪʘ ʧʦʰʫʢʦʚʦ-ʦʮʽʥʶʚʘʣʴʥʠʭ ʨʦʙʽʪ ʥʘ ʢʦʤʧʣʝʢʩʥʽ ʽʣʴʤʝʥʽʪ-

ʮʠʨʢʦʥʦʚʽ ʨʫʜʠ ʫ ʤʝʞʘʭ ʨʫʜʥʠʭ ʧʦʣʽʚ ʚʽʜʦʤʠʭ ʨʦʜʦʚʠʱ [1]. 

ʆʜʥʠʤ ʟ ʪʘʢʠʭ ʦʙô̒ ʢʪʽʚ ʻ ɺʝʣʠʢʦ-ʊʘʨʘʤʩʴʢʘ ʜʽʣʷʥʢʘ, ʷʢʘ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʧʦʰʠʨʝʥʥʷ ʄʦʢʨʦʷʣʠʥʩʴʢʦʾ ʛʨʫʧʠ ʨʦʟʩʠʧʽʚ.  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɺʝʣʠʢʦ-ʊʘʨʘʤʩʴʢʘ ʜʽʣʷʥʢʘ 

ʨʦʟʪʘʰʦʚʘʥʘ ʚ ɼʦʥʝʮʴʢʽʡ ʦʙʣʘʩʪʽ ʽ ʧʨʦʩʪʷʛʘʻʪʴʩʷ ʢʽʣʦʤʝʪʨʦʚʦʶ 

ʩʤʫʛʦʶ ʧʦ ʣʽʚʦʤʫ ʙʦʨʪʫ ʜʦʣʠʥʠ ʨʽʯʢʠ ɺʘʣʠʢʦ-ʊʘʨʘʤʘ ʚʽʜ 

ʩ. ʂʘʣʠʥʦʚʝ ʜʦ ʛʠʨʣʘ ʙʘʣʢʠ ɿʥʘʤʝʥʽʚʩʴʢʦʾ [2, 3]. ɺʦʥʘ 

ʨʦʟʪʘʰʦʚʘʥʘ ʫ ʨʘʡʦʥʽ ʧʦʰʠʨʝʥʥʷ ʩʽʻʥʪʽʚ (ʙʽʦʪʠʪʦʚʠʭ ʪʘ 

ʢʚʘʨʮʦʚʠʭ) ʪʘ ʬʦʡʷʾʪʽʚ. ʇʦʨʦʜʠ ʩʠʣʴʥʦ ʟʨʫʡʥʦʚʘʥʽ ʪʘ 

ʢʘʦʣʽʥʽʟʦʚʘʥʽ. ʊʦʚʱʠʥʘ ʢʦʨʠ ʚʠʚʽʪʨʶʚʘʥʥʷ ï ʜʦ 10 ʤ. ʎʠʨʢʦʥʦʚʽ 

ʨʦʟʩʠʧʠ ʧʨʠʫʨʦʯʝʥʽ ʜʦ ʜʥʠʱʘ ʧʦʭʦʚʘʥʦʾ ʜʦʣʠʥʠ, ʾʾ ʪʝʨʘʩ ʪʘ 

ʯʘʩʪʢʦʚʦ ʧʦʭʦʚʘʥʠʭ ʣʦʛʽʚ [2, 3]. ʈʦʟʩʠʧʠ ʮʠʨʢʦʥʽ ʽ ʽʣʴʤʝʥʽʪʫ 

ʣʦʢʘʣʽʟʫʶʪʴʩʷ ʚ ʧʽʱʘʥʦ-ʛʨʘʚʽʡʥʦ-ʛʣʠʥʠʩʪʠʭ ʧʦʨʦʜʘʭ. ɺʤʽʩʪ 

ʛʨʘʚʽʶ ï 18,4ï19,5 %, ʧʽʩʢʫ ï 14,7ï15,2 %, ʛʣʠʥʠ ï60,1ï65,8 % [2]. 

ʎʠʨʢʦʥ ʪʘ ʽʣʴʤʝʥʽʪ ï ʜʨʽʙʥʠʭ ʢʣʘʩʽʚ.  

ʋ ʚʽʜʢʣʘʜʘʭ ʩʴʦʤʦʾ ʪʝʨʘʩʠ, ʷʢʘ ʟʥʘʯʥʦ ʨʦʟʤʠʪʘ, ʨʦʟʩʠʧʠ 

ʮʠʨʢʦʥʫ ʤʽʩʪʷʪʴʩʷ ʚ ʧʝʨʝʤʽʱʝʥʦʤʫ ʘʣʶʚʽʾ ʪʦʚʱʠʥʦʶ 1,5-2 ʤ [2, 

3]. ɺ ʣʽʪʦʣʦʛʽʯʥʦʤʫ ʧʣʘʥʽ ï ʮʝ ʙʫʨʦ-ʞʦʚʪʘ ʧʽʱʘʥʘ ʛʣʠʥʘ ʽ 

ʛʣʠʥʠʩʪʠʡ ʧʽʩʦʢ, ʟʙʘʛʘʯʝʥʽ ʛʘʣʴʢʦʶ, ʱʝʙʝʥʝʤ, ʢʚʘʨʮʦʤ, ʧʦʣʴʦʚʠʤ 

ʰʧʘʪʦʤ. ʇʽʜʚʠʱʝʥʠʡ ʚʤʽʩʪ ʮʠʨʢʦʥʫ ʥʘʷʚʥʠʡ ʫ ʧʝʨʝʜʧʣʦʪʠʢʦʚʦʤʫ 

ʰʘʨʽ ʪʘ ʙʽʣʷ ʢʨʘʶ ʪʝʨʘʩʠ. ɺʤʽʩʪ ʮʠʨʢʦʥʫ ï 0,7-8,0 ʢʛ/ʤ3 [2]. 

ʐʦʩʪʘ ʪʝʨʘʩʘ ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʙʝʟʧʝʨʝʨʚʥʦ ʚʽʜ ʩ. ʂʘʣʠʥʦʚʝ ʜʦ 

ʙʘʣʢʠ ɿʥʘʤʝʥʽʚʩʴʢʦʾ. ʇʣʦʪʠʢ ʨʦʟʩʠʧʫ ï ʧʝʨʝʚʘʞʥʦ ʢʦʨʘ 

ʚʠʚʽʪʨʶʚʘʥʥʷ ʬʦʡʷʾʪʽʚ ʪʘ ʙʽʦʪʠʪʦʚʠʭ ʩʽʻʥʽʪʽʚ. ʊʦʚʱʠʥʘ ʪʝʨʘʩʦʚʠʭ 

ʚʽʜʢʣʘʜʽʚ 0,5ï6,0 ʤ. ʇʨʝʜʩʪʘʚʣʝʥʠʡ ʪʝʨʘʩʦʚʠʡ ʘʣʶʚʽʡ ʞʦʚʪʦ-

ʙʫʨʠʤʠ ʪʘ ʩʽʨʠʤʠ ʨʽʟʥʦʟʝʨʥʠʩʪʠʤʠ ʛʣʠʥʠʩʪʠʤʠ ʧʽʩʢʘʤʠ, ʢʚʘʨʮ-
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ʧʦʣʴʦʚʦʰʧʘʪʦʚʠʤʠ, ʟ ʥʝʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʛʘʣʴʢʠ ʢʚʘʨʮʫ, 

ʛʨʘʥʽʪʫ, ʬʦʡʷʾʪʫ, ʩʽʻʥʽʪʫ, ʘ ʚ ʧʝʨʝʜʧʣʦʪʠʢʦʚʦʤʫ ʰʘʨʽ ʟ ʚʘʣʫʥʘʤʠ 

ʮʠʭ ʧʦʨʽʜ [2, 3]. ɺʤʽʩʪ ʮʠʨʢʦʥʫ ʚʤʽʩʪ ʮʠʨʢʦʥʫ 0,2ï8,0 ʢʛ/ʤ3 [2]. 

ʅʘʡʙʘʛʘʪʰʽ ʧʣʘʩʪʠ ï ʫ ʥʠʞʥʽʡ ʪʘ ʩʝʨʝʜʥʽʡ ʯʘʩʪʠʥʘʭ ʨʦʟʩʠʧʫ. 

ɹʫʜʦʚʘ ʨʦʟʩʠʧʫ ï ʛʥʽʟʜʦʧʦʜʽʙʥʘ. 

ʇô̫ ʪʘ ʪʝʨʘʩʘ ʧʦʰʠʨʝʥʘ ʧʦ ʚʩʽʡ ʜʦʚʞʠʥʽ ʜʽʣʷʥʢʠ. ʇʣʦʪʠʢ 

ʩʢʣʘʜʝʥʦ ʪʠʤʠ ʞ ʧʦʨʦʜʘʤʠ, ʱʦ ʽ ʫ ʰʦʩʪʽʡ ʪʝʨʘʩʽ. ʊʦʚʱʠʥʘ ʘʣʶʚʽʶ 

ï 2ï4 ʤ [2, 3]. ʈʦʟʨʽʟ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʧʝʨʝʚʘʞʥʦ ʨʽʟʥʦʟʝʨʥʠʩʪʠʤ 

ʧʽʩʢʦʤ ʛʣʠʥʠʩʪʠʤ ʟ ʛʘʣʴʢʦʶ ʢʚʘʨʮʫ, ʬʦʡʷʾʪʫ ʪʘ ʩʽʻʥʽʪʫ. ʋ ʧʽʩʢʫ 

ʥʘʷʚʥʽ ʧʨʦʰʘʨʢʠ ʪʘ ʣʽʥʟʠ ʩʽʨʦʾ ʛʣʠʥʠ ʪʘ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ ʧʽʩʢʫ. 

ɯʥʦʜʽ ʥʘ ʾʭ ʤʝʞʽ ʟ ʥʠʞʯʠʤʠ ʰʘʨʘʤʠ ʥʘʷʚʥʝ ʩʢʫʧʯʝʥʥʷ ʛʘʣʴʢʠ ʪʘ 

ʛʨʘʚʽʶ. ʊʦʚʱʠʥʘ ʧʽʩʢʫ 0,5ï2,0 ʤ. ʇʽʩʢʠ ʧʽʜʩʪʠʣʘʶʪʴʩʷ ʧʽʱʘʥʦ-

ʛʣʠʥʠʩʪʠʤʠ ʛʘʣʝʯʥʠʢʘʤʠ ʪʦʚʱʠʥʦʶ 1,5ï2 ʤ. ʇʽʜʩʪʠʣʘʻʪʴʩʷ ʧʽʩʦʢ 

ʧʽʱʘʥʦ-ʛʣʠʥʠʩʪʠʤʠ ʛʘʣʝʯʥʠʢʘʤʠ ʪʦʚʱʠʥʦʶ 1,5ï2 ʤ. ʅʘʡʙʽʣʴʰʽ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʮʠʨʢʦʥʫ ʪʷʞʽʶʪʴ ʜʦ ʟʘʧʘʜʠʥ ʧʣʦʪʠʢʘ. ʉʝʨʝʜʥʽʡ 

ʚʤʽʩʪ ʮʠʨʢʦʥʫ 2ï7 ʢʛ/ʤ3, ʽʥʦʜʽ ï ʙʽʣʴʰʝ [2]. 

ʏʝʪʚʝʨʪʘ ʪʝʨʘʩʘ ʪʘʢʦʞ ʧʦʰʠʨʝʥʘ ʚʟʜʦʚʞ ʫʩʽʻʾ ʜʽʣʷʥʢʠ. ʇʣʦʪʠʢ 

ʨʦʟʩʠʧʫ ï ʛʣʠʥʠʩʪʘ ʽ ʱʝʙʝʥʠʩʪʘ ʢʦʨʘ ʚʠʚʽʪʨʶʚʘʥʥʷ ʬʦʡʷʾʪʽʚ, 

ʩʽʻʥʽʪʽʚ, ʩʽʻʥʽʪ-ʧʝʛʤʘʪʠʪʽʚ. ʇʦʚʝʨʭʥʷ ʧʣʦʪʠʢʘ ʫʩʢʣʘʜʥʝʥʘ 

ʣʦʞʢʦʚʠʤʠ ʧʦʥʠʞʝʥʥʷʤʠ, ʟʘʧʘʜʠʥʘʤʠ ʪʘ ʢʠʰʝʥʷʤʠ ʚ ʷʢʠʭ 

ʤʽʩʪʷʪʴʩʷ ʟʥʘʯʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʮʠʨʢʦʥʫ [2, 3]. ɸʣʶʚʽʡ ï ʩʽʨʦ-ʙʫʨʽ 

ʢʚʘʨʮ-ʧʦʣʴʦʚʦʰʧʘʪʦʚʽ ʨʽʟʥʦʟʝʨʥʠʩʪʽ ʛʣʠʥʠʩʪʽ ʧʽʩʢʠ ʪʦʚʱʠʥʦʶ 2-

3 ʤ. ʉʝʨʝʜʥʽʡ ʚʤʽʩʪ ʮʠʨʢʦʥʫ 3ï4 ʢʛ/ʤ3, ʽʥʦʜʽ ʜʦ 23,5 ʢʛ/ʤ3 [2]. 

ʊʨʝʪʷ ʪʝʨʘʩʘ ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʚʽʜ ʩ. ʂʘʣʠʥʦʚʝ ʜʦ ʙʘʣʢʠ 

ɿʥʘʤʝʥʽʚʩʴʢʦʾ. ʇʦʰʠʨʝʥʘ ʧʝʨʝʚʘʞʥʦ ʧʦ ʣʽʚʦʤʫ ʙʦʨʪʫ ʜʦʣʠʥʠ; ʥʘ 

ʧʨʘʚʦʤʫ ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʚʫʟʴʢʠʤʠ ʨʦʟʨʽʟʥʝʥʠʤʠ ʜʽʣʷʥʢʘʤʠ. 

ʇʣʦʪʠʢ ʨʦʟʩʠʧʫ ï ʚʠʚʽʪʨʝʥʽ ʬʦʡʷʾʪʠ ʪʘ ʢʚʘʨʮʦʚʽ ʩʽʻʥʽʪʠ. 

ɸʣʶʚʽʘʣʴʥʘ ʪʦʚʱʘ ʩʢʣʘʜʝʥʘ ʨʽʟʥʦʟʝʨʥʠʩʪʠʤ ʧʽʩʢʦʤ ʙʫʨʦ-ʩʽʨʠʤ, 

ʞʦʚʪʦ-ʙʫʨʠʤ, ʙʫʨʠʤ, ʟ ʛʘʣʴʢʦʶ, ʚʘʣʫʥʘʤʠ ʪʘ ʱʝʙʝʥʝʤ [2, 3]. 

ʇʨʠʩʫʪʥʽ ʧʨʦʰʘʨʢʠ ʪʘ ʣʽʥʟʠ ʛʣʠʥʠ, ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ ʪʘ 

ʛʨʘʚʝʣʠʩʪʦʛʦ ʧʽʩʢʫ. ɺʤʽʩʪ ʮʠʨʢʦʥʫ 0,5ï12 ʢʛ/ʤ3, ʥʘʡʙʽʣʴʰʠʡ ī ʫ 

ʧʽʱʘʥʦ-ʛʣʠʥʠʩʪʠʭ ʛʘʣʝʯʥʠʢʘʭ [2]. 

ɼʨʫʛʘ ʪʝʨʘʩʘ ʧʦʰʠʨʝʥʘ ʩʤʫʛʦʶ ʧʦ ʣʽʚʦʤʫ ʙʦʨʪʫ ʜʦʣʠʥʠ ʪʘ 

ʨʦʟʨʽʟʥʝʥʠʤʠ ʜʽʣʷʥʢʘʤʠ ï ʧʦ ʧʨʘʚʦʤʫ. ʇʣʦʪʠʢ ʨʦʟʩʠʧʫ ʩʢʣʘʜʝʥʠʡ 

ʘʤʬʽʙʦʣʦʚʠʤʠ ʪʘ ʙʽʦʪʠʪʦʚʠʤʠ ʩʽʻʥʽʪʘʤʠ, ʨʽʜʰʝ ʪʨʘʧʣʷʶʪʴʩʷ 

ʬʦʡʷʾʪʠ ʪʘ ʢʚʘʨʮʦʚʽ ʩʽʻʥʽʪʠ. ɸʣʶʚʽʘʣʴʥʘ ʪʦʚʱʘ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʙʫʨʠʤʠ ʪʘ ʩʽʨʦ-ʙʫʨʠʤʠ ʩʣʘʙʦʛʣʠʥʠʩʪʠʤʠ ʢʚʘʨʮ-
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ʧʦʣʴʦʚʦʰʧʘʪʦʚʠʤʠ ʨʽʟʥʦʟʝʨʥʠʩʪʠʤʠ ʧʽʩʢʘʤʠ ʟ ʥʝʚʝʣʠʢʦʶ 

ʢʽʣʴʢʽʩʪʶ ʥʘʧʽʚʦʙʢʘʪʘʥʦʛʦ ʱʝʙʝʥʶ ʩʽʻʥʽʪʽʚ, ʬʦʡʷʾʪʽʚ, ʛʨʘʥʽʪʫ, 

ʤʽʛʤʘʪʠʪʫ, ʢʚʘʨʮʫ [2, 3]. ʊʦʚʱʠʥʘ ʘʣʶʚʽʶ 0,5ï6 ʤ. ʎʠʨʢʦʥ 

ʟʦʩʝʨʝʜʞʝʥʠʡ ʚʠʢʣʶʯʥʦ ʫ ʧʝʨʝʜʧʣʦʪʠʢʦʚʽʡ ʯʘʩʪʠʥʽ ʘʣʶʚʽʶ, ʜʝ 

ʡʦʛʦ ʚʤʽʩʪ ʩʷʛʘʻ 20,0ï26,0 ʢʛ/ʤ3 [2]. ɹʫʜʦʚʘ ʨʦʟʩʠʧʫ ʛʥʽʟʜʦʧʦʜʽʙʥʘ. 

ʈʦʟʩʠʧ ʧʦʭʦʚʘʥʦʾ ʜʦʣʠʥʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʾʾ ʨʫʩʣʦʤ ʪʘ ʧʝʨʰʦʶ 

ʥʘʜʟʘʧʣʘʚʥʦʶ ʪʝʨʘʩʦʶ, ʷʢʘ ʻ ʟʘʧʣʘʚʦʶ. ɼʥʠʱʝ ʚʠʨʦʙʣʝʥʦ ʚ ʢʦʨʽ 

ʚʠʚʽʪʨʶʚʘʥʥʷ ʩʽʻʥʽʪʽʚ ʪʘ ʩʽʻʥʽʪ-ʧʝʛʤʘʪʠʪʽʚ. ɻʝʦʣʦʛʽʯʥʠʡ ʨʦʟʨʽʟ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʛʣʠʥʘʤʠ, ʛʣʠʥʠʩʪʠʤʠ ʧʽʩʢʘʤʠ ʽ ʛʘʣʝʯʥʠʢʘʤʠ [2, 3]. 

ɺ ʦʩʪʘʥʥʽʭ ʜʚʦʭ ʣʽʪʦʪʠʧʘʭ ʧʦʨʽʜ ʥʘʷʚʥʽ ʚʘʣʫʥʠ ʩʽʻʥʽʪʽʚ. ʋ ʛʣʠʥʘʭ 

ʚʤʽʩʪ ʮʠʨʢʦʥʫ ʜʦ 1 ʢʛ/ʤ3, ʫ ʛʣʠʥʠʩʪʠʭ ʧʽʩʢʘʭ ʪʘ ʛʘʣʝʯʥʠʢʘʭ ï 2ï5 

ʢʛ/ʤ3 [2]. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʢʦʦʨʜʠʥʘʪʠ ʩʚʝʨʜʣʦʚʠʥ, ʾʭ ʦʧʠʩ ʽ ʨʝʟʫʣʴʪʘʪʠ 

ʦʧʨʦʙʫʚʘʥʥʷ ʥʘʤʠ ʩʪʚʦʨʝʥʘ ʘʪʨʠʙʫʪʠʚʥʘ ʙʘʟʘ ʜʘʥʠʭ ʥʘ ʦʩʥʦʚʽ 

ʷʢʦʾ ʟʜʽʡʩʥʝʥʦ ʢʘʨʪʦʛʨʘʬʽʯʥʽ ʧʦʙʫʜʦʚʠ. ɿʦʢʨʝʤʘ ʧʦʙʫʜʦʚʘʥʦ ʢʘʨʪʫ 

ʨʝʣʴʻʬʫ ʧʽʜʦʰʚʠ, ʪʦʚʱʠʥʠ ʘʣʶʚʽʘʣʴʥʠʭ ʧʽʩʢʽʚ ʪʘ ʢʘʨʪʫ 

ʧʨʦʩʪʦʨʦʚʦʛʦ ʧʦʰʠʨʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʚʤʽʩʪʫ ʚ ʥʠʭ ʮʠʨʢʦʥʫ 

(ʨʠʩ. 1). ʈʝʣʴʻʬ ʧʽʜʦʰʚʠ ʧʽʩʢʽʚ ʥʝʨʽʚʥʦʤʽʨʥʠʡ ʟ ʣʦʢʘʣʴʥʠʤʠ 

ʧʽʜʥʷʪʪʷʤʠ ʽ ʟʘʧʘʜʠʥʘʤʠ. ʇʨʦʩʪʦʨʦʚʠʡ ʨʦʟʧʦʜʽʣ ʪʦʚʱʠʥʠ ʧʽʩʢʽʚ 

ʪʘʢʦʞ ʥʝʨʽʚʥʦʤʽʨʥʠʡ, ʦʜʥʘʢ ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ ʟʙʽʣʴʰʝʥʥʷ 

ʪʦʚʱʠʥʠ ʚ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʧʦʭʦʚʘʥʦʾ ʜʦʣʠʥʠ. ʅʘʡʙʽʣʴʰʘ 

ʪʦʚʱʠʥʘ ʧʽʩʢʽʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʤʫʛʦʶ ʧʽʚʜʝʥʥʦ-ʩʭʽʜʥʦʛʦ ï 

ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʛʦ ʧʨʦʩʪʷʛʘʥʥʷ ʟ ʣʦʢʘʣʴʥʠʤʠ ʜʽʣʷʥʢʘʤʠ 

ʟʙʽʣʴʰʝʥʥʷ ʽ ʟʤʝʥʰʝʥʥʷ ʪʦʚʱʠʥʠ. ʈʦʟʧʦʜʽʣ ʩʝʨʝʜʥʴʦʛʦ ʚʤʽʩʪʫ 

ʮʠʨʢʦʥʫ ʚ ʧʽʩʢʘʭ ʥʘ ʙʽʣʴʰʽʡ ʯʘʩʪʠʥʽ ʜʽʣʷʥʢʠ ʨʽʚʥʦʤʽʨʥʠʡ ʟ 

ʤʘʢʩʠʤʫʤʦʤ ʚʤʽʩʪʫ ʚ ʧʽʚʜʝʥʥʦ-ʩʭʽʜʥʽʡ ʯʘʩʪʠʥʽ. ʂʦʨʝʣʷʮʽʡʥʽ 

ʟʚô̫ ʟʢʠ ʤʽʞ ʨʝʣʴʻʬʦʤ ʧʽʜʦʰʚʠ ʽ ʪʦʚʱʠʥʦʶ ʧʽʱʘʥʠʭ ʚʽʜʢʣʘʜʽʚ ʪʘ 

ʤʽʞ ʪʦʚʱʠʥʦʶ ʽ ʩʝʨʝʜʥʽʤ ʚʤʽʩʪʦʤ ʮʠʨʢʦʥʫ ʦʙʝʨʥʝʥʽ ʜʫʞʝ ʩʣʘʙʢʽ. 

ʂʦʨʝʣʷʮʽʡʥʠʡ ʟʚô̫ ʟʦʢ ʤʽʞ ʩʝʨʝʜʥʽʤ ʚʤʽʩʪʦʤ ʮʠʨʢʦʥʫ ʽ ʽʣʴʤʝʥʽʪʫ 

ʧʨʷʤʠʡ ʩʝʨʝʜʥʽʡ (+0,65). 

ɺʠʩʥʦʚʢʠ. ʇʘʣʝʦʘʣʶʚʽʘʣʴʥʽ ʨʦʟʩʠʧʠ ʜʽʣʷʥʢʠ ɺʝʣʠʢʦ-ʊʘʨʘʤʘ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʟʥʘʯʥʠʤ ʚʤʽʩʪʦʤ ʮʠʨʢʦʥʫ (ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʡ 

ʚʤʽʩʪ 0,1ï15,45 ʢʛ/ʤ3) ʚ ʛʣʠʥʠʩʪʦ-ʧʽʱʘʥʠʭ ʚʽʜʢʣʘʜʘʭ, ʷʢʽ ʤʦʞʫʪʴ 

ʟʙʘʛʘʯʫʚʘʪʠʩʷ ʛʨʘʚʽʪʘʮʽʡʥʠʤ ʤʝʪʦʜʦʤ. ɺʤʽʩʪ ʮʠʨʢʦʥʫ ʚ ʧʽʱʘʥʠʭ 

ʚʽʜʢʣʘʜʘʭ ʚʠʱʠʡ, ʘʥʽʞ ʚ ʛʣʠʥʠʩʪʠʭ. ʆʢʨʽʤ ʮʠʨʢʦʥʫ, ʨʦʟʩʠʧʠ 

ʚʤʽʱʫʶʪʴ ʽʣʴʤʝʥʽʪ ʚ ʢʽʣʴʢʦʩʪʽ ʜʦ 31,8 ʢʛ/ʤ3, ʷʢʠʡ ʤʦʞʥʘ 

ʚʠʜʦʙʫʚʘʪʠ ʨʘʟʦʤ ʟ ʮʠʨʢʦʥʦʤ. ʈʦʟʩʠʧʠ ʮʠʨʢʦʥʫ ʧʨʠʫʨʦʯʝʥʽ ʜʦ 
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ʨʫʩʣʦʚʦʾ ʯʘʩʪʠʥʠ ʽ ʜʦ ʥʘʜʟʘʧʣʘʚʥʠʭ ʪʝʨʘʩ, ʱʦ ʟʙʽʣʴʰʫʻ ʨʝʩʫʨʩʥʠʡ 

ʧʦʪʝʥʮʽʘʣ ʜʽʣʷʥʢʠ. 

  

ʘ ʙ 

 

ʚ 

ʈʠʩ. 1. ɯʟʦʛʽʧʩʠ ʧʽʜʦʰʚʠ (ʘ), ʽʟʦʧʘʭʽʪʠ ʪʦʚʱʠʥʠ (ʙ) ʪʘ ʽʟʦʛʽʧʩʠ ʩʝʨʝʜʥʴʦʛʦ 

ʚʤʽʩʪʫ (ʢʛ/ʤ3) ʮʠʨʢʦʥʫ (ʚ) ʚ ʘʣʶʚʽʘʣʴʥʠʭ ʧʽʩʢʘʭ 

 

ʊʘʢʦʞ ʨʦʟʩʠʧʠ ʮʠʨʢʦʥʫ ʭʘʨʘʢʪʝʨʥʽ ʽ ʜʣʷ ʧʦʭʦʚʘʥʠʭ ʣʦʛʽʚ, ʷʢʽ 

ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʧʽʚʜʥʽ ʪʘ ʩʭʦʜʽ ʜʽʣʷʥʢʠ [2]. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʤʦʞʫʪʴ ʩʧʦʥʫʢʘʪʠ ʜʦ ʧʦʩʪʘʥʦʚʢʠ ʛʝʦʣʦʛʦ-ʨʦʟʚʽʜʫʚʘʣʴʥʠʭ ʨʦʙʽʪ ʚ 

ʤʝʞʘʭ ʜʽʣʷʥʢʠ ʪʘ ʩʣʫʛʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʡʥʦʶ ʙʘʟʦʶ ʜʣʷ ʥʘʫʢʦʚʦʛʦ 

ʾʭ ʩʫʧʨʦʚʦʜʫ. 
 

ʇʝʨʝʣʽʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ 

 

1. ɿʘʛʘʣʴʥʦʜʝʨʞʘʚʥʘ ʧʨʦʛʨʘʤʘ ʨʦʟʚʠʪʢʫ ʤʽʥʝʨʘʣʴʥʦ-ʩʠʨʦʚʠʥʥʦʾ ʙʘʟʠ ʋʢʨʘʾʥʠ 

ʥʘ ʧʝʨʽʦʜ ʜʦ 2030 ʨʦʢʫ. URL: https://zakon.rada.gov.ua/laws/show/3268-

17?test=e6YMfZ0CyFNAbgG.Zio6d/tNHI4Bgs80msh8Ie6#Text. 

2. ʇʷʪʥʠʮʘ ʇ.ʉ., ɹʦʨʠʩʝʥʢʦ ʉ.ʊ., ɼʫʙʠʥʠʥ ɸ.ʀ. ʠ ʜʨ. ʇʦʜʩʯʸʪ ʟʘʧʘʩʦʚ 

ʮʠʨʢʦʥʘ ʧʦ ɾʜʘʥʦʚʩʢʦʤʫ ʨʦʩʩʳʧʥʦʤʫ ʤʝʩʪʦʨʦʞʜʝʥʠʶ (ɺʦʣʥʦʚʘʭʩʢʠʡ 

ʨʘʡʦʥ, ʉʪʘʣʠʥʩʢʘʷ ʦʙʣ. ʋʉʉʈ). ʂʠʝʚ, 1958. 

3. ʇʷʪʥʠʮʘ ʇ.ʉ., ɹʦʨʠʩʝʥʢʦ ʉ.ʊ., ʕʥʪʝʣʠʩ ʀ.ɼ. ʠ ʜʨ. ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʦʪʯʝʪ ʦ 

ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʠ ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪʘʭ ʟʘ 1959 ʛʦʜ ʧʦ ʦʪʨʘʩʣʠ 

çʮʚʝʪʥʳʝ ʤʝʪʘʣʣʳ, ʨʝʜʢʠʝ ʠ ʨʘʩʩʝʷʥʥʳʝ ʵʣʝʤʝʥʪʳ ʂʠʝʚ, 1960. 
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ʄʽʥʝʨʘʣʴʥʦ-ʩʠʨʦʚʠʥʥʘ ʙʘʟʘ ʋʢʨʘʾʥʠ ʻ ʩʪʨʘʪʝʛʽʯʥʠʤ ʨʝʩʫʨʩʦʤ ʜʣʷ ʨʦʟʚʠʪʢʫ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʝʥʝʨʛʝʪʠʢʠ ʪʘ ʘʛʨʘʨʥʦʛʦ ʩʝʢʪʦʨʫ. ɺʠʩʦʢʠʡ ʨʽʚʝʥʴ ʟʘʙʝʟʧʝʯʝʥʦʩʪʽ 

ʢʦʨʠʩʥʠʤʠ ʢʦʧʘʣʠʥʘʤʠ ʜʦʟʚʦʣʷʻ ʬʦʨʤʫʚʘʪʠ ʝʢʦʥʦʤʽʯʥʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʪʘ 

ʝʥʝʨʛʝʪʠʯʥʫ ʙʝʟʧʝʢʫ. ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʩʪʨʫʢʪʫʨʫ ʨʝʩʫʨʩʽʚ, ʜʠʥʘʤʽʢʫ 
ʚʠʜʦʙʫʪʢʫ ʪʘ ʰʣʷʭʠ ʦʧʪʠʤʽʟʘʮʽʾ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ. 
ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʽʥʝʨʘʣʴʥʽ ʨʝʩʫʨʩʠ, ʢʦʨʠʩʥʽ ʢʦʧʘʣʠʥʠ, ʝʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ, 

ʝʥʝʨʛʝʪʠʢʘ, ʛʝʦʣʦʛʽʷ, ʝʢʦʥʦʤʽʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ.  
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Ukraineôs mineral resource base is a strategic asset for the development of 

industry, energy, and agriculture. Its high level of mineral wealth ensures economic 

stability and energy security. This paper examines the structure of mineral resources, 
trends in extraction, and strategies for optimizing their use. 

Keywords: mineral resources, raw materials, environmental safety, energy, 
geology, economic efficiencʫ. 

 

ʄʽʥʝʨʘʣʴʥʦ-ʩʠʨʦʚʠʥʥʘ ʙʘʟʘ ʻ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʶ ʦʩʥʦʚʦʶ 

ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʙʫʜʴ-̫ ʢʦʾ ʜʝʨʞʘʚʠ. ʋʢʨʘʾʥʘ ʤʘʻ ʚʠʩʦʢʠʡ 

ʨʽʚʝʥʴ ʟʘʙʝʟʧʝʯʝʥʦʩʪʽ ʢʦʨʠʩʥʠʤʠ ʢʦʧʘʣʠʥʘʤʠ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʨʦʟʚʠʚʘʪʠ ʧʨʦʤʠʩʣʦʚʽʩʪʴ, ʝʥʝʨʛʝʪʠʢʫ ʪʘ ʘʛʨʘʨʥʠʡ ʩʝʢʪʦʨ. 

ʉʴʦʛʦʜʥʽ ʚʘʞʣʠʚʦ ʥʝ ʪʽʣʴʢʠ ʜʦʙʫʚʘʪʠ ʨʝʩʫʨʩʠ, ʘʣʝ ʡ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʝʬʝʢʪʠʚʥʦ, ʚʨʘʭʦʚʫʶʯʠ ʝʢʦʣʦʛʽʯʥʽ ʪʘ 

ʝʢʦʥʦʤʽʯʥʽ ʘʩʧʝʢʪʠ. 

ʋʢʨʘʾʥʘ ʧʦʩʽʜʘʻ ʧʨʦʚʽʜʥʽ ʤʽʩʮʷ ʫ ʩʚʽʪʽ ʟʘ ʟʘʧʘʩʘʤʠ ʟʘʣʽʟʥʠʭ ʨʫʜ, 

ʤʘʨʛʘʥʮʶ, ʫʨʘʥʫ, ʪʠʪʘʥʫ ʪʘ ʢʘʤô̫ ʥʦʾ ʩʦʣʽ. ɿʘ ʜʘʥʠʤʠ ʛʝʦʣʦʛʽʚ, ʥʘ 

ʪʝʨʠʪʦʨʽʾ ʢʨʘʾʥʠ ʟʥʘʭʦʜʷʪʴʩʷ ʙʽʣʴʰ ʥʽʞ 20 000 ʨʦʜʦʚʠʱ ʪʘ ʧʨʦʷʚʽʚ 

https://doi.org/
mailto:rr49m_shav@student.ztu.edu.ua
mailto:gr24_trg@student.ztu.edu.ua
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ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ, ʱʦ ʚʢʣʶʯʘʻ ʧʨʠʙʣʠʟʥʦ 120 ʚʠʜʽʚ. ʅʘʡʙʽʣʴʰʽ 

ʧʨʦʤʠʩʣʦʚʽ ʮʝʥʪʨʠ ʚʠʜʦʙʫʪʢʫ ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʂʨʠʚʦʨʽʟʴʢʦʤʫ 

ʙʘʩʝʡʥʽ (ʟʘʣʽʟʥʽ ʨʫʜʠ), ʅʽʢʦʧʦʣʴʩʴʢʦʤʫ ʙʘʩʝʡʥʽ (ʤʘʨʛʘʥʮʝʚʽ ʨʫʜʠ), 

ɼʦʥʙʘʩʽ (ʢʘʤô̫ ʥʝ ʚʫʛʽʣʣʷ) ʪʘ ɼʥʽʧʨʦʚʩʴʢʦ-ɼʦʥʝʮʴʢʽʡ ʟʘʧʘʜʠʥʽ 

(ʥʘʬʪʘ ʽ ʛʘʟ). ʊʘʢʦʞ ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʥʘʤʽʢʘ ʚʠʜʦʙʫʪʢʫ ʦʩʥʦʚʥʠʭ 

ʨʝʩʫʨʩʽʚ ʋʢʨʘʾʥʠ ʚʧʨʦʜʦʚʞ 20-ʪʠ ʨʦʢʽʚ ʈʠʩ. 1. 

 

 
ʈʠʩ. 1. ɼʠʥʘʤʽʢʘ ʚʠʜʦʙʫʪʢʫ ʦʩʥʦʚʥʠʭ ʨʝʩʫʨʩʽʚ 

 

ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2. ʦʩʥʦʚʥʽ ʛʨʫʧʠ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʻ 

ʥʘʩʪʫʧʥʽ: ʇʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʽ ʨʝʩʫʨʩʠ: ʚʫʛʽʣʣʷ, ʥʘʬʪʘ, 

ʧʨʠʨʦʜʥʠʡ ʛʘʟ, ʪʦʨʬ, ʫʨʘʥʦʚʽ ʨʫʜʠ; ʈʫʜʥʽ ʢʦʧʘʣʠʥʠ: ʟʘʣʽʟʥʽ, 

ʤʘʨʛʘʥʮʝʚʽ, ʪʠʪʘʥ-ʮʠʨʢʦʥʽʻʚʽ, ʥʽʢʝʣʝʚʽ ʪʘ ʫʨʘʥʦʚʽ ʨʫʜʠ; ʅʝʨʫʜʥʽ 

ʢʦʨʠʩʥʽ ʢʦʧʘʣʠʥʠ: ʢʘʤô̫ ʥʘ ʪʘ ʢʘʣʽʡʥʘ ʩʽʣʴ, ʩʽʨʢʘ, ʛʨʘʬʽʪ, 

ʬʦʩʬʦʨʠʪʠ, ʙʫʜʽʚʝʣʴʥʽ ʤʘʪʝʨʽʘʣʠ. 

ʐʣʷʭʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʥʝʨʘʣʴʥʠʭ ʙʘʛʘʪʩʪʚ 

Á ʈʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ï 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʩʪʘʥʥʽʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ ʧʽʜ ʯʘʩ 

ʜʦʙʫʚʘʥʥʷ ʪʘ ʧʝʨʝʨʦʙʢʠ ʩʠʨʦʚʠʥʠ. 

Á ɽʢʦʣʦʛʽʯʥʘ ʦʨʽʻʥʪʘʮʽʷ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ï ʟʤʝʥʰʝʥʥʷ 

ʰʢʽʜʣʠʚʦʛʦ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʚʽʜʥʦʚʣʝʥʥʷ 

ʟʝʤʝʣʴ ʧʽʩʣʷ ʜʦʙʫʚʘʥʥʷ. 

Á ɽʥʝʨʛʝʪʠʯʥʘ ʙʝʟʧʝʢʘ ï ʨʦʟʚʠʪʦʢ ʚʣʘʩʥʦʛʦ ʜʦʙʫʚʘʥʥʷ 

ʥʘʬʪʠ ʪʘ ʛʘʟʫ. 

Á ɽʢʦʥʦʤʽʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ï ʧʽʜʚʠʱʝʥʥʷ ʝʢʩʧʦʨʪʫ ʪʘ 

ʧʝʨʝʨʦʙʢʠ ʩʠʨʦʚʠʥʠ ʚ ʢʨʘʾʥʽ, ʚʠʨʦʙʥʠʮʪʚʦ ʧʨʦʜʫʢʮʽʾ ʟ ʚʠʩʦʢʦʶ 

ʮʽʥʥʽʩʪʶ. 
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Á ɯʥʥʦʚʘʮʽʾ ʪʘ ʽʥʚʝʩʪʠʮʽʾ ï ʟʘʣʫʯʝʥʥʷ ʽʥʦʟʝʤʥʠʭ ʪʘ 

ʚʽʪʯʠʟʥʷʥʠʭ ʽʥʚʝʩʪʠʮʽʡ, ʨʦʟʚʠʪʦʢ ʛʝʦʣʦʛʽʯʥʦʾ ʥʘʫʢʠ ʪʘ ʦʩʚʦʻʥʥʷ 

ʥʦʚʠʭ ʨʦʜʦʚʠʱ. 

 

ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʘ ʤʽʥʝʨʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʋʢʨʘʾʥʠ 

ʆʪʞʝ, ʤʽʥʝʨʘʣʴʥʦ-ʩʠʨʦʚʠʥʥʽ ʨʝʩʫʨʩʠ ʋʢʨʘʾʥʠ ʻ ʩʪʨʘʪʝʛʽʯʥʦʶ 

ʦʩʥʦʚʦʶ ʨʦʟʚʠʪʢʫ ʥʘʮʽʦʥʘʣʴʥʦʾ ʝʢʦʥʦʤʽʢʠ. ɰʭ ʨʘʮʽʦʥʘʣʴʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʥʝ ʪʽʣʴʢʠ ʚʠʜʦʙʫʪʦʢ, ʘʣʝ ʡ ʢʦʤʧʣʝʢʩʥʫ 

ʧʝʨʝʨʦʙʢʫ, ʝʢʦʣʦʛʽʯʥʠʡ ʢʦʥʪʨʦʣʴ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʥʦʚʘʮʽʡ. 

ʆʧʪʠʤʘʣʴʥʘ ʩʪʨʘʪʝʛʽʷ ʧʦʣʷʛʘʻ ʫ ʧʦʻʜʥʘʥʥʽ ʝʢʦʥʦʤʽʯʥʦʾ ʚʠʛʦʜʠ ʟ 

ʝʢʦʣʦʛʽʯʥʦʶ ʙʝʟʧʝʢʦʶ ʪʘ ʟʙʝʨʝʞʝʥʥʷʤ ʨʝʩʫʨʩʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ 

ʜʣʷ ʤʘʡʙʫʪʥʽʭ ʧʦʢʦʣʽʥʴ. 

 
ʇʝʨʝʣʽʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ 

 

1. ɸʩʠʤʽʣʷʮʽʡʥʠʡ ʧʦʪʝʥʮʽʘʣ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʋʢʨʘʾʥʠ ʪʘ ʡʦʛʦ ʦʮʽʥʢʘ 
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ʇʨʦʚʝʜʝʥʦ ʢʽʣʴʢʽʩʥʫ ʦʮʽʥʢʫ ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʧʨʦʩʪʦʨʦʚʦʾ ʚʘʨʽʘʙʝʣʴʥʦʩʪʽ ʨʫʭʦʤʠʭ 

ʬʦʨʤ ʢʘʜʤʽʶ ʫ ʪʦʨʬʦʚʠʱʘʭ ʃʴʚʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ 26 ʟʨʘʟʢʽʚ ʽʟ ʰʝʩʪʠ 
ʪʦʨʬʦʚʠʱ (ʧʨʦʬʽʣʽ 0ï140 ʩʤ); ʚʠʟʥʘʯʝʥʥʷ Cd ʚʠʢʦʥʘʥʦ ʤʝʪʦʜʦʤ ICP-AES ʧʽʩʣʷ ʝʢʩʪʨʘʢʮʽʾ 

0,2ʄ HCl. ɻʝʦʭʽʤʽʯʥʠʡ ʨʦʟʧʦʜʽʣ ʦʮʽʥʶʚʘʣʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʦʧʠʩʦʚʦʾ ʩʪʘʪʠʩʪʠʢʠ, ʽʥʜʝʢʩʫ 

ʟʘʙʨʫʜʥʝʥʥʷ, ʬʘʢʪʦʨʘ ʟʙʘʛʘʯʝʥʥʷ, ʢʦʨʝʣʷʮʽʾ ʉʧʽʨʤʝʥʘ, ʽʻʨʘʨʭʽʯʥʦʾ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʪʘ ʘʥʘʣʽʟʫ 
ʛʦʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪ (PCA). 
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A quantitative characterization and interpretation of the spatial variability of the mobile 
cadmium in the peatlands of Lviv region (Ukraine) is presented. Twenty-six samples from six 

peatlands were analysed along 0ï140 cm core profiles; Cd was determined by ICP-AES 

following mild-acid extraction (0,2ʄ HCl). The geochemical distribution was evaluated using 
descriptive statistics, the Pollution Index, Enrichment Factor, Spearmanôs rank correlation, 

hierarchical clustering, and principal component analysis (PCA). 
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ʊʦʨʬʦʚʠʱʘ ʻ ʮʽʥʥʠʤʠ ʧʨʠʨʦʜʥʠʤʠ ʛʝʦʘʨʭʽʚʘʤʠ, ʟʜʘʪʥʠʤʠ 

ʬʽʢʩʫʚʘʪʠ ʜʦʚʛʦʪʨʠʚʘʣʽ ʪʨʝʥʜʠ ʟʤʽʥʠ ʜʦʚʢʽʣʣʷ ʪʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ. ɺʠʩʦʢʠʡ ʚʤʽʩʪ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ, 

ʚʽʜʥʦʚʥʽ ʫʤʦʚʠ ʩʝʨʝʜʦʚʠʱʘ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʧʝʨʝʚʘʞʥʦ ʢʠʩʣʘ 

ʨʝʘʢʮʽʷ ˇʨʫʥʪʦʚʦʛʦ ʨʦʟʯʠʥʫ ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʬʝʢʪʠʚʥʫ ʩʦʨʙʮʽʶ, 

ʢʦʤʧʣʝʢʩʦʫʪʚʦʨʝʥʥʷ ʪʘ ʽʤʤʦʙʽʣʽʟʘʮʽʶ ʥʠʟʢʠ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ, 

ʟʦʢʨʝʤʘ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ. ʋʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʪʦʨʬʦʚʽ ʚʽʜʢʣʘʜʠ 
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ʘʢʫʤʫʣʶʶʪʴ ʩʠʛʥʘʣʠ ʷʢ ʣʦʢʘʣʴʥʠʭ, ʪʘʢ ʽ ʨʝʛʽʦʥʘʣʴʥʠʭ 

ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ, ʬʦʨʤʫʶʯʠ ʙʝʟʧʝʨʝʨʚʥʽ ʩʪʨʘʪʠʛʨʘʬʽʯʥʽ 

ʟʘʧʠʩʠ, ʧʨʠʜʘʪʥʽ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʭ ʧʘʪʝʨʥʽʚ 

ʢʦʥʪʘʤʽʥʘʮʽʾ. 

ʉʝʨʝʜ ʧʨʽʦʨʠʪʝʪʥʠʭ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʦʩʦʙʣʠʚʝ ʤʽʩʮʝ ʧʦʩʽʜʘʻ 

ʢʘʜʤʽʡ (Cd) ï ʭʘʣʴʢʦʬʽʣʴʥʠʡ ʝʣʝʤʝʥʪ ʽʟ ʚʠʩʦʢʦʶ ʤʦʙʽʣʴʥʽʩʪʶ ʫ 

ʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʧʽʜʚʠʱʝʥʦʶ ʙʽʦʜʦʩʪʫʧʥʽʩʪʶ ʪʘ ʚʽʜʦʤʦʶ 

ʪʦʢʩʠʯʥʽʩʪʶ ʜʣʷ ʙʽʦʪʠ, ʤʦʞʝ ʟʘʤʽʥʶʚʘʪʠ ʚʘʞʣʠʚʽ ʤʝʪʘʣʠ 

(ʥʘʧʨʠʢʣʘʜ, Zn), ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʙʽʦʘʢʫʤʫʣʷʮʽʾ. ʈʫʭʣʠʚʽʩʪʴ 

ʢʘʪʽʦʥʫ ʢʘʜʤʽʶ ʟʘʣʝʞʠʪʴ ʚʽʜ pH ʪʘ ʫʪʚʦʨʝʥʥʷ ʦʨʛʘʥʽʯʥʠʭ 

ʢʦʤʧʣʝʢʩʽʚ. 

ɼʦ ˇʨʫʥʪʦʚʦ-ʪʦʨʬô̫ ʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ Cd ʥʘʜʭʦʜʠʪʴ ʽʟ 

ʧʨʠʨʦʜʥʠʭ ʜʞʝʨʝʣ (ʣʽʪʦʛʝʥʥʠʡ ʬʦʥ, ʧʝʨʝʨʦʟʧʦʜʽʣ ʫʥʘʩʣʽʜʦʢ 

ʛʝʦʭʽʤʽʯʥʠʭ ʙʘʨô̒ ʨʽʚ, ʚʠʚʽʪʨʶʚʘʥʥʷ ʨʫʜ ʽ ʤʽʥʝʨʘʣʽʚ; ʛʦʣʦʚʥʠʡ 

ʢʘʜʤʽʻʚʠʡ ʤʽʥʝʨʘʣ ï ʛʨʠʥʦʢʽʪ (CdS) ʘʣʝ ʥʘʡʙʽʣʴʰ ʤʘʩʦʚʦ Cd 

ʽʟʦʤʦʨʬʥʦ ʟʘʤʽʱʫʻ Zn ʫ ʩʬʘʣʝʨʠʪʽ, ʽ ʟ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʜʞʝʨʝʣ 

(ʢʦʣʴʦʨʦʚʘ ʤʝʪʘʣʫʨʛʽʷ ZnïPb, ʩʧʘʣʶʚʘʥʥʷ ʚʠʢʦʧʥʦʛʦ ʧʘʣʠʚʘ, 

ʚʠʨʦʙʥʠʮʪʚʦ/ʫʪʠʣʽʟʘʮʽʷ NiïCd ʘʢʫʤʫʣʷʪʦʨʽʚ, ʚʽʜʭʦʜʠ, 

ʪʨʘʥʩʧʦʨʪʥʽ ʝʤʽʩʽʾ ʪʘ ʽʥ.) [6, 4]. ʋ ʧʨʠʨʦʜʥʠʭ ʪʦʨʬʦʚʠʭ ʩʠʩʪʝʤʘʭ 

ʛʦʣʦʚʥʠʤ ʤʽʥʝʨʘʣʴʥʠʤ ʥʦʩʽʻʤ ʢʘʜʤʽʶ ʟʘʟʚʠʯʘʡ ʻ 

ʩʫʣʴʬʽʜʥʘ/ʢʘʨʙʦʥʘʪʥʘ ʬʘʟʘ ʘʙʦ ʽʟʦʤʦʨʬʥʝ ʚʭʦʜʞʝʥʥʷ ʚ Znï

ʤʽʥʝʨʘʣʠ (ʩʬʘʣʝʨʠʪ), ʨʦʣʴ Caïʤʽʥʝʨʘʣʽʚ ʫ ʧʝʨʝʥʦʩʽ Cd ʜʣʷ ʢʠʩʣʠʭ 

ʪʦʨʬʽʚ ʦʙʤʝʞʝʥʘ. ɼʣʷ ʘʛʨʦʣʘʥʜʰʘʬʪʽʚ ʧʦʤʽʪʥʠʤ ʰʣʷʭʦʤ 

ʥʘʜʭʦʜʞʝʥʥʷ ʻ ʬʦʩʬʘʪʥʽ ʜʦʙʨʠʚʘ, ʦʩʢʽʣʴʢʠ ʬʦʩʬʦʨʠʪʠ ʧʨʠʨʦʜʥʦ 

ʤʽʩʪʷʪʴ Cd, ʷʢʠʡ ʧʝʨʝʭʦʜʠʪʴ ʫ ʢʽʥʮʝʚʠʡ ʧʨʦʜʫʢʪ. ʋ ʨʦʩʣʠʥ Cd 

ʟʘʛʘʣʦʤ ʥʝ ʻ ʟʥʘʯʠʤʠʤ ʪʘ ʧʨʦʷʚʣʷʻ ʚʠʩʦʢʫ ʬʽʪʦʪʦʢʩʠʯʥʽʩʪʴ, ʭʦʯʘ 

ʤʦʞʝ ʟʘʩʚʦʶʚʘʪʠʩʷ ʪʨʘʥʩʧʦʨʪʝʨʘʤʠ ʜʣʷ Zn/Ca. 

ʋ ˇʨʫʥʪʦʚʦ-ʪʦʨʬô̫ ʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ Cd ̔ʩʥʫʻ ʧʝʨʝʚʘʞʥʦ ʷʢ 

CdĮ ; ʟ ʧʽʜʚʠʱʝʥʥʷʤ pH ʟʨʦʩʪʘʻ ʯʘʩʪʢʘ ʛʽʜʨʦʢʩʦ- ʪʘ ʢʘʨʙʦʥʘʪʥʠʭ 

ʢʦʤʧʣʝʢʩʽʚ, ʪʦʜʽ ʷʢ ʫ ʭʣʦʨʠʜʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʚʘʛʦʤʫ ʨʦʣʴ 

ʚʽʜʽʛʨʘʶʪʴ ʭʣʦʨʠʜʥʽ ʢʦʤʧʣʝʢʩʠ. ɿʘ ʚʽʜʥʦʚʥʠʭ ʫʤʦʚ (ʥʠʟʴʢʽ Eh, 

ʥʘʷʚʥʽʩʪʴ ʩʫʣʴʬʽʜʽʚ) ʫʪʚʦʨʶʻʪʴʩʷ ʤʘʣʦʨʦʟʯʠʥʥʠʡ CdS, ʱʦ ʨʽʟʢʦ 

ʟʤʝʥʰʫʻ ʨʦʟʯʠʥʥʽʩʪʴ ʽ ʨʫʭʦʤʽʩʪʴ ʝʣʝʤʝʥʪʘ; ʥʘʚʧʘʢʠ, ʟʘ ʢʠʩʣʠʭ ʽ 

ʦʢʩʠʜʥʠʭ ʫʤʦʚ ʨʦʟʯʠʥʥʽʩʪʴ ʽ ʤʽʛʨʘʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ Cd ʟʨʦʩʪʘʶʪʴ.  

ʂʣʶʯʦʚʠʤ ʧʨʦʮʝʩʦʤ, ʱʦ ʦʙʤʝʞʫʻ ʤʽʛʨʘʮʽʶ Cd, ʻ ʭʝʤʦʩʦʨʙʮʽʷ: 

ʢʘʜʤʽʡ ʫʪʚʦʨʶʻ ʢʦʤʧʣʝʢʩʠ ʟ ʛʫʤʫʩʦʚʠʤʠ ʨʝʯʦʚʠʥʘʤʠ ʪʦʨʬʫ, ʜʝ 

ʛʦʣʦʚʥʫ ʨʦʣʴ ʚʽʜʽʛʨʘʶʪʴ ʢʘʨʙʦʢʩʠʣʴʥʽ ʪʘ ʬʝʥʦʣʴʥʽ ʛʨʫʧʠ; 
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ʟʘʛʘʣʴʥʘ ʘʬʽʥʥʽʩʪʴ (ʩʧʦʨʽʜʥʝʥʽʩʪʴ) Cd ʜʦ ʛʫʤʫʩʦʚʦʾ ʤʘʪʨʠʮʽ 

ʥʠʞʯʘ, ʥʽʞ ʫ Pb, ʱʦ ʯʘʩʪʢʦʚʦ ʧʦʷʩʥʶʻ ʡʦʛʦ ʚʠʱʫ ʨʫʭʦʤʽʩʪʴ [3]. 

ɿʥʘʯʫʱʠʤʠ ʻ ʪʘʢʦʞ ʩʦʨʙʮʽʡʥʽ ʚʟʘʻʤʦʜʽʾ ʟ ʧʦʚʝʨʭʥʷʤʠ 

ʦʢʩʠʜʽʚ/ʛʽʜʨʦʢʩʠʜʽʚ Fe ʪʘ Al ̔ ʛʣʠʥʠʩʪʠʭ ʤʽʥʝʨʘʣʽʚ; ʟʜʘʪʥʽʩʪʴ ʜʦ 

ʩʦʨʙʮʽʾ ʽʩʪʦʪʥʦ ʟʨʦʩʪʘʻ ʟ pH [5]. ɺʦʜʥʦʯʘʩ ʢʦʤʧʣʝʢʩʠ Cd ̔ʟ 

ʨʦʟʯʠʥʝʥʦʶ ʦʨʛʘʥʽʯʥʦʶ ʨʝʯʦʚʠʥʦʶ ʤʦʞʫʪʴ ʧʽʜʚʠʱʫʚʘʪʠ ʡʦʛʦ 

ʨʫʭʣʠʚʽʩʪʴ ʫ ʧʦʨʦʚʦʤʫ ʨʦʟʯʠʥʽ, ʦʩʦʙʣʠʚʦ ʫ ʚʝʨʭʥʽʭ, ʙʘʛʘʪʠʭ ʥʘ 

ʦʨʛʘʥʽʢʫ ʛʦʨʠʟʦʥʪʘʭ ʪʦʨʬʫ. 

ɺʽʜʙʽʨ ʟʨʘʟʢʽʚ ʪʦʨʬʫ ʧʨʦʚʦʜʠʚʩʷ ʟ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠʭ ʨʦʜʦʚʠʱ 

ʫ ʃʴʚʽʚʩʴʢʽʡ ʦʙʣʘʩʪʽ (ɹʽʣʦʛʦʨʱʘ, ɻʦʥʯʘʨʠ, ɻʘʤʘʣʽʾʚʢʘ, ɸʨʪʠʱʽʚ, 

ʇʦʣʦʥʠʯʥʘ, ʉʢʥʠʣʽʚʦʢ) ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʝʨʥʦʚʦʛʦ 

ʧʨʦʙʦʚʽʜʙʽʨʥʠʢʘ. ɿʨʘʟʢʠ ʙʫʣʠ ʚʽʜʽʙʨʘʥʽ ʟ ʛʣʠʙʠʥʠ 0ï140 ʩʤ ʟ 

ʽʥʪʝʨʚʘʣʦʤ 20 ʩʤ, ʟʘʛʘʣʦʤ 26 ʧʨʦʙ. ɸʥʘʣʽʟ ʨʫʭʦʤʠʭ ʬʦʨʤ ʢʘʜʤʽʶ 

(Cd) ʚʠʢʦʥʫʚʘʚʩʷ ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʝʤʽʩʽʡʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʟ 

ʽʥʜʫʢʪʠʚʥʦ-ʟʚô̫ ʟʘʥʦʶ ʧʣʘʟʤʦʶ (ICP-AES) ʚ ʣʘʙʦʨʘʪʦʨʽʾ Alpinus 

Chemia Sp. z o.o. (ʤ. ʉʦʣʝʮʴ ʂʫʷʚʩʴʢʠʡ, ʇʦʣʴʱʘ) ʧʽʩʣʷ 

ʧʦʧʝʨʝʜʥʴʦʾ ʝʢʩʪʨʘʢʮʽʾ 0,2ʄ HCl. 

ɸʥʘʣʽʟ ʚʤʽʩʪʫ ʨʫʭʦʤʠʭ ʬʦʨʤ Cd ʫ ʜʦʩʣʽʜʞʝʥʠʭ ʪʦʨʬʦʚʠʱʘʭ 

ʃʴʚʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ ʟʘʩʚʽʜʯʠʚ ʚʠʩʦʢʫ ʚʘʨʽʘʪʠʚʥʽʩʪʴ, 

ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʽ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ. ɿʘ ʩʫʢʫʧʥʽʩʪʶ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʚʠʙʽʨʢʠ (n = 26) ʬʽʢʩʫʻʪʴʩʷ ʜʫʞʝ 

ʚʝʣʠʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ (262,63 %), ʟʥʘʯʥʠʡ ʨʦʟʤʘʭ (minï

max: 0,05ï8,88 ʤʛ/ʢʛ), ʚʠʩʦʢʘ ʜʠʩʧʝʨʩʽʷ (2,94) ʪʘ ʩʪʘʥʜʘʨʪʥʝ 

ʚʽʜʭʠʣʝʥʥʷ (1,72). ʉʝʨʝʜʥʽʡ ʚʤʽʩʪ (0,65 ʤʛ/ʢʛ) ʽʩʪʦʪʥʦ ʧʝʨʝʚʠʱʫʻ 

ʤʝʜʽʘʥʫ (0,18 ʤʛ/ʢʛ), ʱʦ ʨʘʟʦʤ ʽʟ ʧʦʟʠʪʠʚʥʦʶ ʘʩʠʤʝʪʨʽʻʶ (4,78) 

ʪʘ ʚʠʩʦʢʠʤ ʝʢʩʮʝʩʦʤ (23,56) ʚʢʘʟʫʻ ʥʘ ʥʘʷʚʥʽʩʪʴ ʦʜʠʥʠʯʥʠʭ ʘʙʦ 

ʥʝʙʘʛʘʪʴʦʭ ʜʫʞʝ ʚʠʩʦʢʠʭ ʟʥʘʯʝʥʴ (ʘʥʦʤʘʣʽʡ) ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʥʘ 

ʣʦʢʘʣʴʥʽ ʜʞʝʨʝʣʘ ʘʙʦ ʣʦʢʘʣʴʥʽ ʛʝʦʭʽʤʽʯʥʽ ʫʤʦʚʠ ʘʢʫʤʫʣʷʮʽʾ 

ʢʘʜʤʽʶ. ʄʽʥʽʤʘʣʴʥʠʡ ʚʤʽʩʪ ʻ ʧʦʥʘʜ ʥʘ ʜʚʘ ʧʦʨʷʜʢʠ ʤʝʥʰʠʤ ʟʘ 

ʤʘʢʩʠʤʘʣʴʥʠʡ (0,05 ʧʨʦʪʠ 8,88 ʤʛ/ʢʛ). ɼʦ ʤʽʥʽʤʘʣʴʥʠʭ ʨʽʚʥʽʚ 

ʥʘʣʝʞʘʪʴ ʟʥʘʯʝʥʥʷ ʫ ʧʨʦʬʽʣʷʭ ɻʦʥʯʘʨʠ 100ï120 ʩʤ (0,052 ʤʛ/ʢʛ) 

ʪʘ ɻʘʤʘʣʽʾʚʢʘ 80ï100 ʩʤ (0,067 ʤʛ/ʢʛ). ʄʘʢʩʠʤʘʣʴʥʽ ʚʤʽʩʪʠ 

ʟʘʬʽʢʩʦʚʘʥʦ ʫ ʧʨʦʬʽʣʽ ɻʦʥʯʘʨʠ 60ï80 ʩʤ (8,883 ʤʛ/ʢʛ) ʪʘ 

ʧʽʜʚʠʱʝʥʽ ï ʫ ɻʦʥʯʘʨʠ 120ï140 ʩʤ (1,767 ʤʛ/ʢʛ), ʱʦ ʬʦʨʤʫʻ 

ʚʠʩʦʢʦʢʦʥʪʨʘʩʪʥʠʡ ʚʝʨʪʠʢʘʣʴʥʠʡ ʧʨʦʬʽʣʴ. ɼʣʷ ɹʽʣʦʛʦʨʱʽ 

ʭʘʨʘʢʪʝʨʥʽ ʧʦʤʽʨʥʽ ʟʥʘʯʝʥʥʷ 0,183ï0,867 ʤʛ/ʢʛ ̔ ʟ ʚʽʜʥʦʩʥʦ 

ʙʽʣʴʰʠʤʠ ʚʤʽʩʪʘʤʠ ʫ ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʛʦʨʠʟʦʥʪʘʭ (0ï40 ʩʤ), ʪʦʜʽ 
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ʷʢ ɻʘʤʘʣʽʾʚʢʘ ʟʘʛʘʣʦʤ ʜʝʤʦʥʩʪʨʫʻ ʥʠʟʴʢʽ ʨʽʚʥʽ 0,067ï0,267 ʤʛ/ʢʛ 

ʙʝʟ ʚʠʨʘʟʥʠʭ ʧʽʢʽʚ. ʉʫʢʫʧʥʦ ʮʝ ʧʽʜʪʚʝʨʜʞʫʻ ʤʦʟʘʾʯʥʽʩʪʴ 

ʧʨʦʩʪʦʨʦʚʦ-ʩʪʨʘʪʠʛʨʘʬʽʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ Cd ʪʘ ʥʘʷʚʥʽʩʪʴ 

ʣʦʢʘʣʴʥʠʭ ʘʥʦʤʘʣʽʡ ʥʘ ʪʣʽ ʧʝʨʝʚʘʞʥʦ ʥʠʟʴʢʦʛʦ çʬʦʥʦʚʦʛʦè ʨʽʚʥʷ. 

ɸʥʘʣʽʟ ʛʽʩʪʦʛʨʘʤ ʯʘʩʪʦʪ ʢʦʥʮʝʥʪʨʘʮʽʡ Cd ʫ ʧʦʻʜʥʘʥʥʽ ʟ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʬʦʨʤʘʣʴʥʠʭ ʪʝʩʪʽʚ ʥʘ ʥʦʨʤʘʣʴʥʽʩʪʴ ʟʘʩʚʽʜʯʫʻ, ʱʦ 

ʝʤʧʽʨʠʯʥʠʡ ʨʦʟʧʦʜʽʣ ʩʪʘʪʠʩʪʠʯʥʦ ʚʽʜʤʽʥʥʠʡ ʚʽʜ ʥʦʨʤʘʣʴʥʦʛʦ; 

ʜʘʥʽ ʢʦʨʝʢʪʥʦ ʦʧʠʩʫʶʪʴʩʷ ʣʦʛʥʦʨʤʘʣʴʥʦʶ ʤʦʜʝʣʣʶ. ʎʝ 

ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʚʠʨʘʞʝʥʦʶ ʧʨʘʚʦʩʪʦʨʦʥʥʴʦʶ ʘʩʠʤʝʪʨʽʻʶ ʪʘ 

ʧʽʜʚʠʱʝʥʠʤ ʝʢʩʮʝʩʦʤ ʽ ʚʽʜʦʙʨʘʞʘʻ ʟʥʘʯʥʫ ʧʨʦʩʪʦʨʦʚʫ 

ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʢʦʥʮʝʥʪʨʘʮʽʡ. ʇʦʜʽʙʥʽ ʣʦʛʥʦʨʤʘʣʴʥʽ ʨʦʟʧʦʜʽʣʠ ʻ 

ʪʠʧʦʚʠʤʠ ʜʣʷ ʜʦʤʽʰʦʢ ʧʝʨʝʚʘʞʥʦ ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, 

ʥʘʜʭʦʜʞʝʥʥʷ ʷʢʠʭ ʤʘʻ ʽʤʧʫʣʴʩʥʠʡ ʭʘʨʘʢʪʝʨ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʨʦʟʩʽʶʚʘʥʥʷ ʪʘ ʘʢʫʤʫʣʷʮʽʾ. 

ʇʦʨʽʚʥʷʥʥʷ ʟ ʬʦʥʦʚʠʤ (ʤʝʜʽʘʥʥʠʤ) ʨʽʚʥʝʤ ʧʦʢʘʟʘʣʦ 

ʧʽʜʚʠʱʝʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʫʭʦʤʦʛʦ Cd ʫ ʥʠʟʮʽ ʽʥʪʝʨʚʘʣʽʚ ʟʘ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʢʦʥʮʝʥʪʨʘʮʽʾ Kʉʄ (ʪʫʪ ʽ ʜʘʣʽ Kʉʄ =Ci/Cʬʦʥ, ʜʝ Cʬʦʥ = 

ʤʝʜʽʘʥʘ ʚʠʙʽʨʢʠ = 0,18 ʤʛ/ʢʛ). ɼʣʷ ʨʦʟʨʽʟʫ ɹʽʣʦʛʦʨʱʘ ʧʽʜʚʠʱʝʥʥʷ 

ʬʽʢʩʫʻʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʧʦ ʚʩʽʡ ʪʦʚʱʽ ʧʨʦʬʽʣʶ, ʦʢʨʽʤ ʽʥʪʝʨʚʘʣʽʚ 

40ï60 ʽ 60ï80 ʩʤ, ʜʝ Kʉʄ å1,0; ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʫ ʚʝʨʭʥʽʭ 

ʛʦʨʠʟʦʥʪʘʭ 0ï20 ʽ 20ï40 ʩʤ (Kʉʄ =3,64 ʪʘ 4,74 ʚʽʜʧʦʚʽʜʥʦ). ɼʣʷ 

ʜʽʣʷʥʢʠ ɸʨʪʠʱʽʚ ʟʙʘʛʘʯʝʥʥʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʰʘʨʘʭ 0ï20 ʽ 20ï

40 ʩʤ (Kʉʄ =3,55 ʪʘ 1,73). ʋ ʨʦʟʨʽʟʽ ɻʦʥʯʘʨʠ ʧʽʜʚʠʱʝʥʥʷ 

ʟʘʬʽʢʩʦʚʘʥʝ ʚ ʽʥʪʝʨʚʘʣʘʭ 0ï20, 20ï40, 60ï80 ʪʘ 120ï140 ʩʤ (Kʉʄ = 

1,37; 2,09; 48,54; 9,65 ʚʽʜʧʦʚʽʜʥʦ), ʧʨʠʯʦʤʫ ʰʘʨ 60ï80 ʩʤ ʬʦʨʤʫʻ 

ʨʽʟʢʦ ʚʠʨʘʞʝʥʫ ʘʥʦʤʘʣʽʶ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʣʦʢʘʣʴʥʝ ʜʞʝʨʝʣʦ 

ʥʘʜʭʦʜʞʝʥʥʷ ʘʙʦ ʧʨʦ ʧʦʩʪʜʝʧʦʟʠʮʽʡʥʫ ʨʝʤʦʙʽʣʽʟʘʮʽʶ Cd. ɼʣʷ 

ʜʽʣʷʥʢʠ ɻʘʤʘʣʽʾʚʢʘ ʧʦʤʽʨʥʝ ʟʙʘʛʘʯʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦ ʫ ʚʝʨʭʥʴʦʤʫ 

ʰʘʨʽ 0ï20 ʩʤ (Kʉʄ =1,46). ʋ ʩʝʨʝʜʥʴʦʤʫ ʧʦ ʚʠʙʽʨʮʽ ʥʦʨʤʦʚʘʥʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʘʜʤʽʶ ʩʪʘʥʦʚʠʪʴ Kʉʄ =3,57, ʱʦ ʚʢʘʟʫʻ 

ʥʘ ʧʝʨʝʚʘʞʘʥʥʷ ʟʥʘʯʝʥʴ, ʚʠʱʠʭ ʟʘ ʬʦʥʦʚʽ, ʥʘ ʪʣʽ ʦʢʨʝʤʠʭ 

ʚʠʩʦʢʦʢʦʥʪʨʘʩʪʥʠʭ ʘʥʦʤʘʣʴʥʠʭ ʪʦʯʦʢ. 

ɺʤʽʩʪ ʨʫʭʦʤʠʭ ʬʦʨʤ Cd ʫ ʪʦʨʬʘʭ ʃʴʚʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ ʚ 

ʩʝʨʝʜʥʴʦʤʫ ʧʝʨʝʚʠʱʫʻ ʢʣʘʨʢʦʚʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʟʝʤʥʦʾ ʢʦʨʠ ʟʘ ʆ. ʇ. 

ɺʠʥʦʛʨʘʜʦʚʠʤ (ʂʂʩʝʨ =5,03), ʘ ʪʘʢʦʞ ʨʝʬʝʨʝʥʪʥʽ ʨʽʚʥʽ ʜʣʷ ˇʨʫʥʪʽʚ: 

ʫʟʘʛʘʣʴʥʝʥʠʡ ʬʦʥ ʟʘ [2] (ʂʂʩʝʨ =1,87), ʬʦʥʦʚʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ˇʨʫʥʪʽʚ 

ɭʚʨʦʧʠ [1] (ʂʂʩʝʨ =3,45 ) ʪʘ ʋʢʨʘʾʥʠ [1] (ʂʂʩʝʨ =4,08). 
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ɿʘ ʽʥʜʝʢʩʦʤ ʟʘʙʨʫʜʥʝʥʥʷ, ɯɿ (Pollution index, PI), ʷʢʠʡ ʻ 

ʚʽʜʥʦʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʫ ʟʨʘʟʢʫ ʜʦ ʟʥʘʯʝʥʥʷ 

ʜʣʷ ʝʣʝʤʝʥʪʘ ʚ ʟʝʤʥʽʡ ʢʦʨʽ, ʧʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʟʨʘʟʢʽʚ 

ʜʝʤʦʥʩʪʨʫʻ ʧʦʤʽʨʥʝ ʟʘʙʨʫʜʥʝʥʥʷ (ɯɿ=1ï3), ʚ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ ʫ 

ʥʠʟʮʽ ʽʥʪʝʨʚʘʣʽʚ ʟʘʬʽʢʩʦʚʘʥʝ ʟʥʘʯʥʝ ʟʘʙʨʫʜʥʝʥʥʷ (ɯɿ=3ï6: 

ɹʽʣʦʛʦʨʱʘ, 0ï20, 20ï40 ʩʤ; ɸʨʪʠʱʽʚ, 0ï20 ʩʤ; ɻʦʥʯʘʨʠ, 60ï80, 

120ï140 ʩʤ), ʯʘʩʪʠʥʘ ʟʨʘʟʢʽʚ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʠʟʴʢʠʤ ʨʽʚʥʝʤ 

ʘʙʦ ʡʦʛʦ ʚʽʜʩʫʪʥʽʩʪʶ (ɯɿ < 1). 

ʈʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʟʘ ʢʦʝʬʽʮʽʻʥʪʦʤ/ʬʘʢʪʦʨʦʤ 

ʟʙʘʛʘʯʝʥʥʷ ʝʣʝʤʝʥʪʘʤʠ, ɽʌ (Element enrichment factor, EF), ʷʢʠʡ 

ʨʦʟʨʘʭʦʚʫʚʘʚʩʷ ʟʘ ʬʦʨʤʫʣʦʶ ɽʌ=(ʄʝʪ/ Crʪ)/(ʄʝʢ/ Crʢ), ʜʝ ɽʌ ï 

ʢʦʝʬʽʮʽʻʥʪ ʟʙʘʛʘʯʝʥʥʷ; Mʝʪ ï ʚʤʽʩʪ ʤʝʪʘʣʝʚʦʛʦ ʝʣʝʤʝʥʪʫ ʚ ʪʦʨʬʽ; 

Crʪ ï ʚʤʽʩʪ ʭʨʦʤʫ ʚ ʪʦʨʬʽ; Mʝʢ ï ʤʝʪʘʣʝʚʠʡ ʝʣʝʤʝʥʪ ʫ ʟʝʤʥʽʡ ʢʦʨʽ; 

Crʢ ï ʚʤʽʩʪ ʭʨʦʤʫ ʚ ʟʝʤʥʽʡ ʢʦʨʽ, ʩʚʽʜʯʘʪʴ ʧʨʦ ʚʠʩʦʢʠʡ ʩʪʫʧʽʥʴ 

ʤʦʞʣʠʚʦʛʦ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʥʝʩʢʫ ʜʣʷ Cd, Pb, As ʪʘ Hg: ʫ ʯʘʩʪʠʥʠ 

ʽʥʪʝʨʚʘʣʽʚ ʟʘʬʽʢʩʦʚʘʥʦ EF>50 (ʢʣʘʩ ñʜʫʞʝ ʚʠʩʦʢʝ ʟʙʘʛʘʯʝʥʥʷò), 

ʧʦʨʷʜ ʽʟ ʽʥʪʝʨʚʘʣʘʤʠ ñʚʠʩʦʢʦʛʦò ʪʘ ñʧʦʤʽʨʥʦʛʦò ʟʙʘʛʘʯʝʥʥʷ. 

ɺʠʩʦʢʽ ɽʌ ʽʥʪʝʨʧʨʝʪʫʶʪʴʩʷ ʷʢ ʽʥʜʠʢʘʪʦʨ ʪʝʭʥʦʛʝʥʥʦʛʦ 

ʥʘʜʭʦʜʞʝʥʥʷ, ʦʜʥʘʢ ʟʙʘʛʘʯʝʥʥʷ ʤʦʞʝ ʧʦʩʠʣʶʚʘʪʠʩʷ ʽ 

ʧʨʠʨʦʜʥʠʤʠ ʯʠʥʥʠʢʘʤʠ (ʚʘʨʽʘʮʽʾ ʤʽʥʝʨʘʣʴʥʦʾ ʜʦʤʽʰʢʠ, ʣʦʢʘʣʴʥʽ 

ʨʝʜʦʢʩ-ʙʘʨô̒ ʨʠ, ʩʦʨʙʮʽʡʥʘ ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʦʨʛʘʥʽʯʥʦʾ ʤʘʪʨʠʮʽ). 

ɿ ʦʛʣʷʜʫ ʥʘ ʣʦʛʥʦʨʤʘʣʴʥʽʩʪʴ ʨʦʟʧʦʜʽʣʽʚ ʚʠʢʦʨʠʩʪʘʥʦ ʨʘʥʛʦʚʫ 

ʢʦʨʝʣʷʮʽʶ ʉʧʽʨʤʝʥʘ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʟʘʬʽʢʩʦʚʘʥʦ ʜʫʞʝ 

ʪʽʩʥʠʡ ʧʦʟʠʪʠʚʥʠʡ ʟʚô̫ ʟʦʢ ʤʽʞ ʨʫʭʦʤʠʤʠ ʬʦʨʤʘʤʠ Cd ̔ Pb (r > 

0,90; p < 0,001; n = 26), ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʫʟʛʦʜʞʝʥʽʩʪʴ ʾʭʥʽʭ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʽ ʤʦʞʝ ʚʽʜʦʙʨʘʞʘʪʠ ʩʧʽʣʴʥʽʩʪʴ ʜʞʝʨʝʣ (ʘʪʤʦʩʬʝʨʥʽ 

ʚʠʧʘʜʽʥʥʷ/ʟʦʣʦʚʽ ʚʥʝʩʢʠ) ʪʘ ʧʦʜʽʙʥʽ ʤʝʭʘʥʽʟʤʠ ʟʘʢʨʽʧʣʝʥʥʷ ʫ 

ʪʦʨʬʽ (ʩʦʨʙʮʽʷ ʥʘ ʛʫʤʫʩʦʚʽʡ ʤʘʪʨʠʮʽ, ʚʟʘʻʤʦʜʽʷ ʟ ʦʢʩʠʜʘʤʠ Fe/Al). 

ʈʘʥʛʦʚʝ ʚʧʦʨʷʜʢʫʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʨʝʣʷʮʽʾ ʜʣʷ ʥʘʙʦʨʫ 

ʝʣʝʤʝʥʪʽʚ ʚʠʷʚʠʣʦ ʧʘʨʘʛʝʥʝʪʠʯʥʫ ʘʩʦʮʽʘʮʽʶ CdïPbïTl, ʱʦ 

ʜʦʜʘʪʢʦʚʦ ʧʽʜʪʚʝʨʜʞʫʻ ʾʭʥʶ ʩʧʽʣʴʥʫ ʧʦʚʝʜʽʥʢʫ ʫ ʜʦʩʣʽʜʞʝʥʠʭ 

ʫʤʦʚʘʭ. ɿʘʫʚʘʞʠʤʦ, ʱʦ ʯʘʩʪʠʥʘ ʢʦʨʝʣʷʮʽʾ ʤʦʞʝ ʙʫʪʠ ʟʫʤʦʚʣʝʥʘ 

ʩʧʽʣʴʥʠʤ ʢʦʥʪʨʦʣʝʤ ʟ ʙʦʢʫ pH ʪʘ ʟʦʣʴʥʦʩʪʽ. 

ɯʻʨʘʨʭʽʯʥʘ ʢʣʘʩʪʝʨʠʟʘʮʽʷ (ʤʝʪʦʜ ʋʦʨʜʘ ʥʘ z-ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʭ 

ʜʘʥʠʭ) ʽ ʬʘʢʪʦʨʥʠʡ ʘʥʘʣʽʟ ʛʦʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪ ʽʟ ʚʘʨʽʤʘʢʩ-

ʨʦʪʘʮʽʻʶ ʧʽʜʪʚʝʨʜʠʣʠ ʢʣʶʯʦʚʫ ʘʩʦʮʽʘʮʽʶ CdïPb ʪʘ ʜʦʟʚʦʣʠʣʠ 

ʚʠʜʽʣʠʪʠ ʩʪʨʫʢʪʫʨʫ ʟʚô̫ ʟʢʽʚ ʟ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ. 
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ʇʝʨʰʠʡ ʬʘʢʪʦʨ (F1) ʚʽʜʦʙʨʘʞʘʻ çʘʪʤʦʩʬʝʨʥʦ-ʪʝʭʥʦʛʝʥʥʠʡè 

ʢʦʤʧʦʥʝʥʪ ʽʟ ʚʠʩʦʢʠʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ Cd ̔ Pb (ƅɚƅ ṃ 0,65) ʽ 
ʟʚô̫ ʟʢʦʤ ʽʟ ʟʦʣʴʥʽʩʪʶ (A %) ʪʘ pH, ʱʦ ʽʥʪʝʨʧʨʝʪʫʻʪʴʩʷ ʷʢ ʚʥʝʩʦʢ 

ʤʽʥʝʨʘʣʴʥʦʾ ʜʦʤʽʰʢʠ/ʧʠʣʫ ʪʘ ʧʦʚô̫ ʟʘʥʠʭ ʽʟ ʮʠʤ ʫʤʦʚ ʩʦʨʙʮʽʾ. 

ɼʨʫʛʠʡ ʬʘʢʪʦʨ (F2), ʷʢʠʡ ʧʦʷʩʥʶʻ 17,46 % ʜʠʩʧʝʨʩʽʾ, 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʦʟʠʪʠʚʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʆʈ (ɚ = +0,78) ʪʘ 

ʚʽʜô̒ ʤʥʠʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ A % (ī0,78), pH (ī0,74), ʘ ʪʘʢʦʞ Cd 

(ī0,66) ʽ Pb (ī0,66). ʎʝ ʽʥʪʝʨʧʨʝʪʫʻʤʦ ʷʢ çʦʨʛʘʥʽʯʥʠʡ/ʨʝʜʦʢʩ-

ʛʨʘʜʽʻʥʪè: ʰʘʨ ʽʟ ʙʽʣʴʰʦʶ ʦʨʛʘʥʽʯʥʽʩʪʶ ʪʘ ʧʦʪʝʥʮʽʡʥʦ ʟʥʠʞʝʥʠʤ 

pH/Eh ʧʦʚô̫ ʟʘʥʠʡ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʯʘʩʪʢʠ ʨʫʭʦʤʠʭ ʬʦʨʤ Cd ̔ Pb 

(ʥʘʷʚʥʝ ʟʘʢʨʽʧʣʝʥʥʷ ʫ ʤʽʮʥʽʰʠʭ ʢʦʤʧʣʝʢʩʘʭ ʘʙʦ ʧʝʨʝʭʽʜ ʫ ʤʝʥʰ 

ʨʦʟʯʠʥʥʽ ʬʦʨʤʠ, ʟʦʢʨʝʤʘ ʩʫʣʴʬʽʜʠ).  

ʂʣʶʯʦʚʠʤ ʜʣʷ Cd ̒ ʬʘʢʪʦʨ F2 ï çʦʨʛʘʥʽʯʥʽʩʪʴ ź 

ʤʽʥʝʨʘʣʴʥʽʩʪʴ/ʥʝʡʪʨʘʣʽʟʘʮʽʷè. ɺʠʩʦʢʝ ʧʦʟʠʪʠʚʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʤʘʻ ʆʈ +0,78, ʥʘʪʦʤʽʩʪʴ ʥʝʛʘʪʠʚʥʽ ï A (ʟʦʣʴʥʽʩʪʴ) ī0,78; pH ī0,74; 

Pb ī0,66; Cd ī0,66. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʚʟʜʦʚʞ ʦʩʽ F2 ʟʨʦʩʪʘʥʥʷ 

ʦʨʛʘʥʽʯʥʦʾ ʩʢʣʘʜʦʚʦʾ (ʚʠʱʠʡ ʆʈ) ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷʤ 

ʨʫʭʦʤʠʭ ʬʦʨʤ Cd ̔ Pb, ʪʦʜʽ ʷʢ ʧʽʜʚʠʱʝʥʥʷ ʟʦʣʴʥʦʩʪʽ ʪʘ pH 

ʧʦʚô̫ ʟʘʥʝ ʟ ʟʨʦʩʪʘʥʥʷʤ ʾʭʥʽʭ ʨʫʭʦʤʠʭ ʬʦʨʤ. ɯʥʪʝʨʧʨʝʪʘʮʽʡʥʦ: ʫ 

ʜʦʩʣʽʜʞʝʥʠʭ ʧʨʦʬʽʣʷʭ ʤʦʙʽʣʴʥʠʡ Cd ʪʷʞʽʻ ʜʦ ʤʽʥʝʨʘʣʴʥʦ 

ʟʙʘʛʘʯʝʥʠʭ, ʯʘʩʪʽʰʝ ʥʝʡʪʨʘʣʴʥʠʭ/ʩʣʘʙʢʦʣʫʞʥʠʭ ʽʥʪʝʨʚʘʣʽʚ 

(ʥʠʟʴʢʽ ʟʥʘʯʝʥʥʷ F2), ʱʦ ʤʦʞʝ ʚʽʜʙʠʚʘʪʠ ʝʢʟʦʛʝʥʥʠʡ ʤʽʥʝʨʘʣʴʥʦ-

ʧʠʣʦʚʠʡ/ʟʦʣʦʚʠʡ ʚʥʝʩʦʢ Cd, ʚʥʝʩʦʢ ʢʘʨʙʦʥʘʪʥʦ-/ʦʢʩʠʜʥʦ-

ʘʩʦʮʽʡʦʚʘʥʠʭ ʬʦʨʤ Cd, ʷʢʽ ʝʬʝʢʪʠʚʥʦ ʚʠʣʫʯʘʶʪʴʩʷ ʟʘʩʪʦʩʦʚʘʥʠʤ 

ʩʣʘʙʦʢʠʩʣʠʤ ʝʢʩʪʨʘʛʝʥʪʦʤ, ʪʘ ʤʝʥʰʫ ʯʘʩʪʢʫ ʤʽʮʥʠʭ ʦʨʛʘʥʦ-

ʢʦʤʧʣʝʢʩʽʚ ʫ ʛʦʨʠʟʦʥʪʘʭ ʽʟ ʥʠʞʯʠʤ ʆʈ. ʇʨʘʢʪʠʯʥʦ ʮʝ ʧʦʷʩʥʶʻ 

ʨʽʟʢʦ ʚʠʨʘʞʝʥʫ ʘʥʦʤʘʣʽʶ Cd ʫ ɻʦʥʯʘʨʘʭ (60ï80 ʩʤ) ʟʘ ʚʠʱʠʭ pH ̔ 

ʟʦʣʴʥʦʩʪʽ ʥʘ ʪʣʽ ʚʽʜʥʦʩʥʦ ʥʠʞʯʦʛʦ ʆʈ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʝʨʪʠʢʘʣʴʥʠʭ ʧʨʦʬʽʣʽʚ ʪʦʨʬʦʚʠʱ ʧʦʢʘʟʘʣʦ, ʱʦ 

ʢʦʥʮʝʥʪʨʘʮʽʾ Cd ʟʤʽʥʶʶʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʾʭʥʴʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚ 

ʪʦʨʬô̫ ʥʦʤʫ ʧʨʦʬʽʣʽ. ʄʘʢʩʠʤʫʤʠ ʚʤʽʩʪʫ Cd ʟʘʟʚʠʯʘʡ ʬʽʢʩʫʶʪʴʩʷ 

ʫ ʚʝʨʭʥʽʭ ʰʘʨʘʭ (ɹʽʣʦʛʦʨʱʘ) ʷʢ ʚʽʜʙʠʪʦʢ ʘʪʤʦʩʬʝʨʥʠʭ ʚʠʧʘʜʽʥʴ ʽ 

ʟʚô̫ ʟʫʚʘʥʥʷ ʟ ʛʫʤʫʩʦʚʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʠʩʣʠʭ ʚʝʨʭʥʽʭ 

ʛʦʨʠʟʦʥʪʽʚ, ʦʜʥʘʢ ʧʦʨʽʚʥʷʥʦ ʟ Pb ʢʘʜʤʽʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʙʽʣʴʰʦʶ ʧʦʩʪʜʝʧʦʟʠʮʽʡʥʦʶ ʨʫʭʦʤʽʩʪʶ (ʚʧʣʠʚ pH/Eh, ʨʦʟʯʠʥʝʥʦʾ 

ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ), ʱʦ ʤʦʞʝ ʟʫʤʦʚʣʶʚʘʪʠ ʤʽʛʨʘʮʽʶ ʚʥʠʟ 

ʧʨʦʬʽʣʝʤ (ɻʦʥʯʘʨʠ). 
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ʇʨʦʩʪʦʨʦʚʦ-ʩʪʨʘʪʠʛʨʘʬʽʯʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʥʝʦʜʥʦʨʽʜʥʽ ʤʽʞ 

ʧʨʦʬʽʣʷʤʠ. ɼʣʷ ɹʽʣʦʛʦʨʱʽ ʭʘʨʘʢʪʝʨʥʽ ʧʽʜʚʠʱʝʥʽ ʧʨʠʧʦʚʝʨʭʥʝʚʽ 

ʚʤʽʩʪʠ (0ï40 ʩʤ: 0,667ï0,867 ʤʛ/ʢʛ); ɻʘʤʘʣʽʾʚʢʘ ʟʘʛʘʣʦʤ 

ʜʝʤʦʥʩʪʨʫʻ ʥʠʟʴʢʽ ʨʽʚʥʽ (0,067ï0,267 ʤʛ/ʢʛ) ʙʝʟ ʚʠʨʘʟʥʠʭ ʧʽʢʽʚ; 

ʥʘʪʦʤʽʩʪʴ ɻʦʥʯʘʨʠ ʚʽʜʟʥʘʯʘʶʪʴʩʷ ʨʽʟʢʠʤ çʚʪʦʧʣʝʥʠʤè 

ʤʘʢʩʠʤʫʤʦʤ ʫ ʰʘʨʽ 60ï80 ʩʤ (8,883 ʤʛ/ʢʛ) ʽ ʜʨʫʛʦʨʷʜʥʠʤ 

ʧʽʜʚʠʱʝʥʥʷʤ ʥʘ 120ï140 ʩʤ (1,767 ʤʛ/ʢʛ), ʱʦ ʬʦʨʤʫʻ 

ʚʠʩʦʢʦʢʦʥʪʨʘʩʪʥʠʡ ʚʝʨʪʠʢʘʣʴʥʠʡ ʧʨʦʬʽʣʴ. 
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ʉʪʨʫʢʪʫʨʥʽ ʟʤʽʥʠ ʯʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ï ʜʦʩʠʪʴ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʪʝʨʤʽʥʠ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʥʘʫʢʠ, ʟʦʢʨʝʤʘ ʫ 

ʛʝʦʣʦʛʽʾ. ɺ ɯɻʊʄ ʅɸʅ ʋʢʨʘʾʥʠ ʥʘʧʨʷʤʠ ʜʦʩʣʽʜʞʝʥʴ 

ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʩʪʨʫʢʪʫʨʠ ʨʝʯʦʚʠʥʠ ʚʟʘʛʘʣʽ ʘʙʦ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, 

ʟʦʢʨʝʤʘ, ʚʠʢʦʥʫʶʪʴʩʷ ʧʦʥʘʜ 45 ʨʦʢʽʚ. ɿʘ ʮʝʡ ʯʘʩ ʙʫʣʦ ʦʧʠʩʘʥʦ ʪʘ 

ʟʘʧʘʪʝʥʪʦʚʘʥʦ ʜʦʩʪʘʪʥʴʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ, ʥʦʚʠʭ ʷʚʠʱ, ʱʦ ʫ 

ʢʦʤʧʣʝʢʩʽ ʜʦʟʚʦʣʷʻ ʧʨʦʛʥʦʟʫʚʘʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʨʽʜ ʥʘ ʥʦʚʠʭ 

ʧʣʦʱʘʭ, ʝʢʦʥʦʤʣʷʯʠ ʯʘʩ ʪʘ ʚʠʪʨʘʪʠ ʥʘ ʜʦʨʦʛʽ ʜʝʪʘʣʴʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ [1ï5]. 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ï ʩʪʨʫʢʪʫʨʘ ʨʝʯʦʚʠʥʠ ʚʟʘʛʘʣʽ ʽ ʛʽʨʩʴʢʠʭ 

ʧʦʨʽʜ, ʟʦʢʨʝʤʘ ï ʮʝ ʢʦʤʧʣʝʢʩ ʦʟʥʘʢ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʩʧʦʩʦʙʠ 

ʧʦʻʜʥʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ ʩʢʣʘʜʘʶʪʴ ʮʶ ʨʝʯʦʚʠʥʫ ʘʙʦ ʧʦʨʦʜʫ: 

ʨʦʟʤʽʨ ʫʣʘʤʢʽʚ ʘʙʦ ʢʨʠʩʪʘʣʽʚ, ʾʭ ʬʦʨʤʫ, ʩʪʫʧʽʥʴ ʦʙʢʘʪʘʥʦʩʪʽ ʘʙʦ 

ʢʫʪʘʩʪʦʩʪʽ, ʢʽʣʴʢʽʩʪʴ ʬʨʘʢʮʽʡ, ʩʪʫʧʽʥʴ ʜʝʬʝʢʪʥʦʩʪʽ, ʪʠʧ ʮʝʤʝʥʪʫ, 

ʦʜʥʦʨʽʜʥʽʩʪʴ ʪʘ ʽʥʰʽ ʦʟʥʘʢʠ. ʋ ɻʝʦʣʦʛʽʯʥʦʤʫ ʩʣʦʚʥʠʢʫ 1978 ʨ 

ʫʢʣʘʜʘʯʽ ʧʦʜʽʣʷʣʠ ʩʪʨʫʢʪʫʨʠ ʢʨʠʩʪʘʣʽʯʥʠʭ ʧʦʨʽʜ ʪʘ ʦʩʘʜʦʯʥʠʭ, 

ʧʝʨʝʨʘʭʦʚʫʶʯʠ ʾʭ ʨʽʟʥʦʤʘʥʽʪʪʷ. ɺʘʞʢʦ ʩʫʜʠʪʠ ʟʘʨʘʟ, ʥʘʩʢʽʣʴʢʠ ʮʝ 

ʜʦʮʽʣʴʥʦ, ʦʩʢʽʣʴʢʠ ʟ ʯʘʩʦʤ ʜʦʩʣʽʜʥʠʢʠ ʦʧʠʩʫʶʪʴ ʥʦʚʽ ʤʽʥʝʨʘʣʠ, 

ʩʪʨʫʢʪʫʨʠ, ʧʦʨʦʜʠ, ʱʦ ʚ ʮʽʣʦʤʫ ʜʝʤʦʥʩʪʨʫʻ ʥʝʩʢʽʥʯʝʥʥʽʩʪʴ 

ʧʽʟʥʘʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʴ ʫ ʙʫʜʴ-̫ ʢʦʤʫ ʥʘʧʨʷʤʽ ʣʶʜʩʴʢʦʾ 

ʜʽʷʣʴʥʦʩʪʽ. 

ɿʥʘʶʯʠ ʩʪʨʫʢʪʫʨʫ ʧʦʨʽʜ, ʤʦʞʥʘ ʧʨʦʛʥʦʟʫʚʘʪʠ ʾʭ ʚʣʘʩʪʠʚʦʩʪʽ, 

ʟʥʘʶʯʠ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʨʽʜ ï ʤʦʞʥʘ ʧʨʦʛʥʦʟʫʚʘʪʠ ʾʭʥʶ ʩʪʨʫʢʪʫʨʫ. 

ʎʶ ʘʢʩʽʦʤʫ ʩʬʦʨʤʫʣʶʚʘʣʠ ʬʽʟʠʢʠ ʫ 70ï80-ʭ ʨʦʢʘʭ, ʥʝ ʜʫʤʘʶʯʠ 

ʧʨʦ ʛʝʦʣʦʛʽʶ. ɼʘʥʝ ʪʚʝʨʜʞʝʥʥʷ ʙʽʣʴʰʝ ʙʫʣʦ ʦʨʽʻʥʪʦʚʘʥʝ ʥʘ 

ʤʝʪʘʣʠ, ʥʦʚʽ ʨʝʯʦʚʠʥʠ, ʩʧʣʘʚʠ ʽ ʪ.ʜ. ʊʠʤ ʥʝ ʤʝʥʰ, ʚʦʥʦ ʧʦʚʥʽʩʪʶ 

ʧʽʜʽʡʰʣʦ ʛʝʦʣʦʛʽʾ, ʧʨʠʯʦʤʫ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ 

ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʤʽʥʝʨʘʣʽʚ ʽ ʧʦʨʽʜ ʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʫ ʪʝʨʤʦʛʘʟʦʜʠʥʘʤʽʯʥʠʭ ʷʚʠʱ ʽ ʧʨʦʮʝʩʽʚ 

ʫ ʛʽʨʩʴʢʠʭ ʧʦʨʦʜʘʭ, ʷʢʽ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʙʝʟʧʝʢʫ ʛʽʨʥʠʯʠʭ 

ʨʦʙʽʪ, ʥʘ ʝʢʦʣʦʛʽʶ ʽ, ʟʨʝʰʪʦʶ, ʥʘ ʩʦʙʽʚʘʨʪʽʩʪʴ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ, 

ʱʦ ʚʠʜʦʙʫʚʘʶʪʴʩʷ ï ʚʫʛʽʣʣʷ, ʨʫʜʥʠʭ ʽ ʥʝʨʫʜʥʠʭ ʢʦʨʠʩʥʠʭ 

ʢʦʧʘʣʠʥ. 

ʋ ʮʴʦʤʫ ʤʘʪʝʨʽʘʣʽ ʪʨʦʭʠ ʜʦʢʣʘʜʥʽʰʝ ʟʫʧʠʥʠʤʦʩʷ ʥʘ 

ʩʪʨʫʢʪʫʨʫʚʘʥʥʽ ʨʝʯʦʚʠʥʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʯʠ ʡʦʛʦ 

ʢʦʥʢʨʝʪʥʠʭ ʥʘʧʨʷʤʘʭ ʥʘ ʢʽʣʴʢʦʭ ʧʨʠʢʣʘʜʘʭ. ʊʝʨʤʽʥ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʽʜ ʬʽʣʦʩʦʬʽʾ ʪʘ ʧʩʠʭʦʣʦʛʽʾ, ʜʦ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, 
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ʚʽʜʦʙʨʘʞʘʶʯʠ ʧʨʦʮʝʩʠ ʯʠ ʩʪʫʧʽʥʴ ʧʨʦʮʝʩʽʚ ʪʨʘʥʩʬʦʨʤʘʮʽʾ 

ʩʫʩʧʽʣʴʩʪʚʘ, ʧʦʨʽʜ, ʨʽʟʥʠʭ ʨʝʯʦʚʠʥ, ʨʠʥʢʫ, ʚʽʜʥʦʩʠʥ ʪʦʱʦ. 

ʉʪʦʩʦʚʥʦ ʛʽʨʥʠʯʦʾ ʛʝʦʣʦʛʽʾ (ʜʝ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʨʽʜ ʪʘ ʤʽʥʝʨʘʣʽʚ 

ʤʘʶʪʴ ʥʘʡʚʘʞʣʠʚʽʰʝ ʟʥʘʯʝʥʥʷ) ʥʘʤʠ ʬʘʢʪʠʯʥʦ ʨʦʟʨʦʙʣʝʥʦ 

ʘʣʛʦʨʠʪʤ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʮʝʩʽʚ 

ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʨʝʯʦʚʠʥʠ ʚʟʘʛʘʣʽ ʽ ʧʦʨʽʜ ʪʘ ʤʽʥʝʨʘʣʽʚ, ʟʦʢʨʝʤʘ, 

ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʾʭ ʢʦʥʢʨʝʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ʇʝʨʝʡʜʝʤʦ ʜʦ ʢʦʥʢʨʝʪʥʠʭ ʧʨʠʢʣʘʜʽʚ. ʅʘʡʧʦʰʠʨʝʥʽʰʠʤ 

ʤʽʥʝʨʘʣʦʤ ʥʘ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ ʻ ʚʦʜʘ ʫ ʪʨʴʦʭ ʾʾ ʦʩʥʦʚʥʠʭ ʬʦʨʤʘʭ ï 

ʪʚʝʨʜʽʡ, ʨʽʜʢʽʡ ʪʘ ʛʘʟʦʧʦʜʽʙʥʽʡ. ɿʥʘʶʯʠ, ʱʦ ʥʘ ʧʝʚʥʽʡ ʧʽʜʩʪʘʜʽʾ 

ʢʘʪʘʛʝʥʝʟʫ ʚʦʜʘ ʪʨʘʥʩʬʦʨʤʫʻʪʴʩʷ ʚ ʧʘʨʫ (ʧʨʠʙʣʠʟʥʦ ʚ ʩʝʨʝʜʠʥʽ 

ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ, ʫʤʦʚʥʦ ʚʽʜʥʝʩʝʥʦʛʦ ʚʯʝʥʠʤʠ ʜʦ ʛʘʟʫ), ʤʠ 

ʤʦʞʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʝ ʜʣʷ ʧʦʷʩʥʝʥʥʷ ʧʨʦʮʝʩʽʚ, ʱʦ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʧʦʨʦʜʘʭ, ʱʦ ʩʪʨʫʢʪʫʨʫʚʘʣʠʩʷ ʚ ʨʽʜʢʦʤʫ ʘʙʦ 

ʛʘʟʦʚʦʤʫ ʯʠ ʪʚʝʨʜʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʢʘʟʘʥʠʡ ʘʣʛʦʨʠʪʤ ʫ ʨʽʟʥʠʭ ʥʘʧʨʷʤʢʘʭ 

ʜʦʩʣʽʜʥʠʮʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʤʠ ʚʠʟʥʘʯʠʣʠ ʩʪʫʧʽʥʴ ʤʦʞʣʠʚʦʩʪʽ 

ʚʠʥʠʢʥʝʥʥʷ ʛʘʟʦʚʠʭ ʩʢʫʧʯʝʥʴ ʫ ʢʦʥʢʨʝʪʥʦʤʫ ʩʪʨʘʪʠʛʨʘʬʽʯʥʦʤʫ 

ʽʥʪʝʨʚʘʣʽ ʧʦʨʽʜ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʩʢʫʧʯʝʥʴ 

ʛʘʟʽʚ ʫ ʨʽʟʥʦʛʦ ʪʠʧʫ çʧʘʩʪʢʘʭè ̔ ʧʦʨʦʜʘʭ, ʱʦ ʤʘʶʪʴ ʧʝʚʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʛʝʥʝʨʫʚʘʪʠ, ʥʘʢʦʧʠʯʫʚʘʪʠ ʪʘ ʟʙʝʨʽʛʘʪʠ ʛʘʟʠ ʨʽʟʥʠʭ 

ʩʢʣʘʜʽʚ. ʈʦʟʢʨʠʚʘʶʯʠ ʟʘʟʥʘʯʝʥʽ ʧʘʩʪʢʠ, ʤʠ ʟʥʘʭʦʜʠʤʦ ʨʦʜʦʚʠʱʘ 

ʚʫʛʣʝʚʦʜʥʽʚ ï ʚʽʜ ʥʘʬʪʦʚʠʭ, ʜʦ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʠʭ ʪʘ ʛʘʟʦʚʠʭ. 

ʋ ʚʫʛʽʣʴʥʠʭ ʙʘʩʝʡʥʘʭ ʩʢʫʧʯʝʥʥʷ ʛʘʟʽʚ ʫ ʧʝʚʥʠʭ 

ʩʪʨʘʪʠʛʨʘʬʽʯʥʠʭ ʽʥʪʝʨʚʘʣʘʭ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʛʘʟʦʜʠʥʘʤʽʯʥʠʭ ʷʚʠʱ 

ʫ ʚʫʛʽʣʴʥʠʭ ʰʘʭʪʘʭ, ʷʢʽ ʜʽʶʪʴ, ʱʦ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʙʝʟʧʝʢʫ 

ʨʦʙʦʪʠ ʛʽʨʥʠʢʽʚ. 

ɯʥʰʠʡ ʩʪʨʘʪʠʛʨʘʬʽʯʥʠʡ ʽʥʪʝʨʚʘʣ ʧʦʨʽʜ ʥʝ ʤʘʻ ʽʩʪʦʪʥʠʭ 

ʩʢʫʧʯʝʥʴ ʛʘʟʫ, ʦʩʢʽʣʴʢʠ ʩʪʨʫʢʪʫʨʘ ʧʦʨʽʜ ʜʘʥʦʛʦ ʽʥʪʝʨʚʘʣʫ, ʧʽʜ 

ʚʧʣʠʚʦʤ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʤʽʥʠʣʘʩʷ ʥʘʩʪʽʣʴʢʠ, ʱʦ 

ʟʥʘʭʦʜʞʝʥʥʷ ʩʫʪʪʻʚʠʭ ʩʢʫʧʯʝʥʴ ʛʘʟʫ ʪʘʤ ʥʝʤʦʞʣʠʚʝ. 

ʉʪʨʫʢʪʫʨʫ ʨʝʯʦʚʠʥʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʩʪʫʧʝʥʷ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʦʩʘʜʦʯʥʠʭ ʧʦʨʽʜ ï ʚʠʜʽʣʝʥʥʷ ʧʽʜʩʪʘʜʽʡ 

ʢʘʪʘʛʝʥʝʟʫ. ɿʘ ʢʦʤʧʣʝʢʩʦʤ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʢʦʣʝʢʪʦʨʩʴʢʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʤʦʞʥʘ ʜʦʩʠʪʴ ʚʧʝʚʥʝʥʦ ʚʠʜʽʣʷʪʠ ʟʘʟʥʘʯʝʥʽ ʧʽʜʩʪʘʜʽʾ 

ʪʘ ʤʝʞʽ ʾʭ ʧʝʨʝʭʦʜʫ. ʅʘ ʞʘʣʴ, ʜʦʚʦʜʠʪʴʩʷ ʢʦʥʩʪʘʪʫʚʘʪʠ 

ʦʜʥʦʙʦʢʽʩʪʴ ʫ ʚʠʨʽʰʝʥʥʽ ʧʨʦʙʣʝʤ ʩʪʘʜʽʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʝʷʢʠʭ 
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ʘʚʪʦʨʽʚ, ʷʢʽ ʟʘʙʫʚʘʶʪʴ ʧʽʜʭʦʜʠʪʠ ʜʦ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ 

ʢʦʤʧʣʝʢʩʥʦ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʽʣʴʢʠ ʤʽʥʝʨʘʣʦʛʦ-ʧʝʪʨʦʛʨʘʬʽʯʥʠʡ 

ʘʥʘʣʽʟ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʧʦʨʦʜʠ, ʜʦʩʠʪʴ ʩʢʣʘʜʥʦ ʚʠʟʥʘʯʠʪʠ ʾʾ 

ʚʣʘʩʪʠʚʦʩʪʽ ʚ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ. 

ɯʥʦʜʽ ʪʘʢʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʥʝʢʦʨʝʢʪʥʠʭ ʚʠʩʥʦʚʢʽʚ, 

ʧʫʙʣʽʢʫʶʪʴʩʷ ʫ ʩʦʣʽʜʥʠʭ ʚʠʜʘʥʥʷʭ ʽ ʢʦʞʝʥ ʤʦʞʝ ʧʨʦʯʠʪʘʪʠ, 

ʥʘʧʨʠʢʣʘʜ, ʫ ɻʽʨʥʠʯʽʡ ʝʥʮʠʢʣʦʧʝʜʽʾ 1991 ʧʨʦ çh ʦʢʰʠʥʩʴʢʝ 

ʨʦʜʦʚʠʱʝ ʤʘʣʠʥʦʚʠʭ ʢʚʘʨʮʠʪʽʚ, ʜʝ ʯʝʨʚʦʥʠʡ ʧʽʩʢʦʚʠʢ ʚʠʚʦʟʠʪʴʩʷ 

ʫ ʚʽʜʚʘʣè. ɼʝʷʢʽ ʜʦʩʣʽʜʥʠʢʠ ʮʠʭ ʧʦʨʽʜ ʥʘʟʠʚʘʣʠ ʾʭ çʢʚʘʨʮʠʪʦ-

ʧʽʩʢʦʚʠʢʘʤʠè, ˇʨʫʥʪʫʶʯʠʩʴ ʣʠʰʝ ʥʘ ʤʽʥʝʨʘʣʦʛʦ-ʧʝʪʨʦʛʨʘʬʽʯʥʠʭ 

ʜʘʥʠʭ, ʥʝ ʥʘʚʦʜʷʯʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ, ʢʦʣʝʢʪʦʨʩʴʢʠʭ ʪʘ ʽʥʰʠʭ 

ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʩʫʜʠʪʠ ʧʨʦ ʧʦʨʦʜʫ ʢʦʤʧʣʝʢʩʥʦ. 

ʅʘʩʧʨʘʚʜʽ ʮʝ ʢʚʘʨʮʦʚʽ ʧʽʩʢʦʚʠʢʠ ʩʝʨʝʜʥʴʦʾ ʪʘ ʧʽʟʥʴʦʾ ʧʽʜʩʪʘʜʽʡ 

ʢʘʪʘʛʝʥʝʟʫ ʟ ʧʽʜʚʠʱʝʥʠʤ ʚʤʽʩʪʦʤ ʦʢʩʠʜʽʚ ʟʘʣʽʟʘ ʚ ʮʝʤʝʥʪʽ. 

ʇʦʜʽʙʥʽ ʧʽʩʢʦʚʠʢʠ, ʘʣʝ ʩʪʘʜʽʾ ʜʽʘʛʝʥʝʟʫ ʦʧʠʩʘʥʽ ʚ ʧʘʣʝʦʜʶʥʘʭ 

ʛʝʦʣʦʛʽʯʥʦʾ ʧʘʤ'ʷʪʢʠ çʂʘʤô̫ ʥʘ ʤʦʛʠʣʘè ʧʽʜ ʄʝʣʽʪʦʧʦʣʝʤ [6]. 

ʉʪʨʫʢʪʫʨʫʚʘʥʥʶ ʧʦʨʽʜ ʷʢ ʧʨʦʛʨʝʩʠʚʥʦʤʫ ʧʨʦʮʝʩʫ 

ʘʜʘʧʪʫʚʘʥʥʷ ʾʭ ʜʦ ʟʤʽʥ ʟʦʚʥʽʰʥʽʭ ʫʤʦʚ, ʥʘʩʘʤʧʝʨʝʜ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ, ʤʦʞʝ ʙʫʪʠ ʧʨʦʪʠʩʪʘʚʣʝʥʦ ʜʝʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ï 

ʧʨʦʮʝʩ ʨʝʛʨʝʩʠʚʥʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʽʩʥʫʶʯʦʾ ʩʪʨʫʢʪʫʨʠ ʨʝʯʦʚʠʥʠ 

ʯʠ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʧʽʜ ʜʽʻʶ ʧʝʚʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʧʨʠʯʠʥ. ɼʦ ʪʘʢʠʭ 

ʧʨʠʯʠʥ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʨʫʡʥʫʚʘʥʥʷ ʧʽʜ ʜʽʻʶ ʪʝʢʪʦʥʽʯʥʠʭ ʪʘ 

ʣʽʪʦʩʪʘʪʠʯʥʠʭ (ʛʝʦʩʪʘʪʠʯʥʠʭ) [7] ʥʘʧʨʫʞʝʥʴ ʪʘ ʬʦʨʤʫʚʘʥʥʷ 

ʧʦʨʫʰʝʥʠʭ ʟʦʥ, ʪʨʽʱʠʥʫʚʘʪʦʩʪʽ; ʪʨʘʥʩʬʦʨʤʘʮʽʶ ʤʽʥʝʨʘʣʽʚ ʽ ʧʦʨʽʜ 

ʚʥʘʩʣʽʜʦʢ ʾʭ ʧʽʜʥʷʪʪʷ, ʩʫʧʫʪʥʴʦʛʦ ʚʠʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʧʽʜʚʠʱʝʥʥʷ 

ʧʦʨʠʩʪʦʩʪʽ ʚ ʟʦʥʽ ʛʽʧʝʨʛʝʥʝʟʫ; ʨʫʡʥʫʚʘʥʥʷ ʧʦʨʽʜ ʫ 

ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʪʘ ʧʦʚʝʨʭʥʝʚʠʭ ʫʤʦʚʘʭ ʥʘ ʧʦʯʘʪʢʫ ʩʪʘʜʽʾ 

ʩʝʜʠʤʝʥʪʦʛʝʥʝʟʫ. 

ɺʠʜʽʣʝʥʽ ʧʨʦʮʝʩʠ ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʧʦʨʽʜ ʪʘ ʾʭ 

ʜʝʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʬʦʨʤʫʶʪʴ ʦʩʥʦʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʽ ʻ ʚʘʞʣʠʚʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʠʢʣʘʜʥʦʾ ʛʝʦʣʦʛʽʾ ʨʦʟʨʦʙʢʠ ʢʦʨʠʩʥʠʭ 

ʢʦʧʘʣʠʥ ʷʢ ʧʽʜʟʝʤʥʠʤʠ, ʪʘʢ ʽ ʥʘʟʝʤʥʠʤʠ ʤʝʪʦʜʘʤʠ. ɼʝʪʘʣʴʥʝ 

ʜʦʩʣʽʜʞʝʥʥʷ ʮʠʭ ʧʨʦʮʝʩʽʚ ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ ʥʝ ʪʽʣʴʢʠ ʨʝʘʣʴʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʥʢʨʝʪʥʠʭ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, ʘ ʡ ʧʨʦʮʝʩʠ, ʱʦ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʪʘʢʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ɿʥʘʶʯʠ ʮʽ 

ʧʨʦʮʝʩʠ, ʤʠ ʤʦʞʝʤʦ ʧʨʦʛʥʦʟʫʚʘʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʨʽʜ ʥʘ ʥʦʚʠʭ 

ʛʦʨʠʟʦʥʪʘʭ, ʜʽʣʷʥʢʘʭ ʨʦʟʚʽʜʢʠ, ʧʨʠʨʽʟʘʥʠʭ ʧʣʦʱʘʭ. ʊʘʢʽ ʧʨʦʛʥʦʟʠ 
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ʘʢʪʫʘʣʴʥʽ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʛʽʨʥʠʯʠʭ ʨʦʙʽʪ, ʧʦʢʨʘʱʝʥʥʷ 

ʾʭʥʴʦʾ ʝʢʦʣʦʛʽʯʥʦʾ ʩʢʣʘʜʦʚʦʾ, ʟʥʠʞʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʢʦʨʠʩʥʠʭ 

ʢʦʧʘʣʠʥ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʪʘ ʮʽʥʥʠʤ ʫ ʨʦʙʦʪʽ ʛʝʦʣʦʛʽʚ ʪʘ 

ʛʝʦʣʦʛʽʯʥʦʾ ʩʣʫʞʙʠ, ʷʢʘ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʬʘʢʪʠʯʥʦ ʣʽʢʚʽʜʫʻʪʴʩʷ. 

ʋ ʨʽʰʝʥʥʷʭ ʱʦʨʽʯʥʦʾ ʤʽʞʥʘʨʦʜʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ, ʧʨʠʩʚʷʯʝʥʦʾ 

ʟʝʣʝʥʽʡ ʝʥʝʨʛʝʪʠʮʽ, ʟ ʮʝʥʪʨʦʤ ʫ ʐʚʝʡʮʘʨʽʾ, ʚʢʘʟʫʻʪʴʩʷ ʧʨʦ 

ʨʦʟʚʠʪʦʢ ʛʝʦʣʦʛʽʾ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʬʘʭʽʚʮʽʚ ʜʣʷ ʧʦʰʫʢʽʚ, ʨʦʟʚʽʜʢʠ 

ʪʘ ʚʠʜʦʙʫʪʢʫ ʨʽʜʢʽʩʥʠʭ ʪʘ ʨʦʟʩʽʷʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʙʝʟ ʷʢʠʭ ʧʝʨʝʭʽʜ 

ʜʦ ʟʘʟʥʘʯʝʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʥʝʤʦʞʣʠʚʠʡ. ʋʢʨʘʾʥʘ ʤʘʻ ʚʠʩʦʢʠʡ 

ʧʨʠʨʦʜʥʠʡ ʧʦʪʝʥʮʽʘʣ ʪʘʢʠʭ ʝʣʝʤʝʥʪʽʚ, ʘʣʝ ʧʦʪʨʽʙʥʽ ʬʘʭʽʚʮʽ ʜʣʷ ʾʭ 

ʧʦʰʫʢʽʚ ʪʘ ʚʠʜʦʙʫʪʢʫ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʪʘ ʥʝʦʙʭʽʜʥʠʤ ʟʘʚʜʘʥʥʷʤ. 

ɹʝʟ ʚʠʨʽʰʝʥʥʷ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ ʤʠ ʥʝ ʟʤʦʞʝʤʦ ʙʫʪʠ ʧʦʚʥʦʮʽʥʥʠʤʠ 

ʧʘʨʪʥʝʨʘʤʠ ʚ ʤʽʞʥʘʨʦʜʥʦʤʫ ʩʧʽʚʪʦʚʘʨʠʩʪʚʽ, ʱʦ ʚ ʥʘʰ ʩʢʨʫʪʥʠʡ 

ʯʘʩ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʪʷʞʢʠʭ ʥʘʩʣʽʜʢʽʚ ʫ ʧʦʚʦʻʥʥʦʤʫ 

ʚʽʜʥʦʚʣʝʥʥʽ ʧʨʦʤʠʩʣʦʚʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʢʨʘʾʥʠ. 
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ɿʘʚʜʷʢʠ ʜʦʩʣʽʜʞʝʥʥʶ  ʤʽʢʨʦʛʝʦʜʠʥʘʤʽʯʥʠʭ ʽ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ 

ʧʦʢʨʠʚʥʠʭ ʚʽʜʢʣʘʜʘʭ ʨʽʚʥʠʥʥʠʭ ʪʝʨʠʪʦʨʽʡ ʙʫʣʦ ʨʦʟʢʨʠʪʦ ʧʨʠʨʦʜʫ ʥʦʚʠʭ 

ʤʝʭʘʥʽʟʤʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʫʭ ʧʦʨʦʚʠʭ ʬʣʶʾʜʽʚ ï ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʫʞʥʽ 
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GEOPHYSICAL INDICATORS OF THE ATMOSPHERE AND 

LITHOSPHERE TO ESTABLISH REGULAR 

RELATIONSHIPS BETWEEN PRECIPITATION, 

INFILTRATION AND GROUNDWATER RECHARGE 
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Institute of Geological Sciences of NAS of Ukraine, Kyiv, 

bublias@ukr.net 

 
Thanks to the study of microgeodynamic and electrodynamic processes in the 

overlying sediments of plain areas, the nature of new mechanisms affecting the 

movement of pore fluids was revealed - it was established that elastic waves release 

sorbed moisture in rocks, and electrical forces move it in a certain direction. 

Keywords: Microgeodynamic zones, groundwater, aeration zone, elastic waves, 

static electric fields, infiltration processes. 

 

ʊʝʤʘ ʪʦʨʢʘʻʪʴʩʷ ʨʷʜʫ ʘʢʪʫʘʣʴʥʠʭ ʥʘʫʢʦʚʠʭ ʽ ʧʨʘʢʪʠʯʥʠʭ 

ʧʨʦʙʣʝʤ ʦʮʽʥʢʠ ʯʠʥʥʠʢʽʚ ʚʦʜʦʦʙʤʽʥʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʧʦʢʨʠʚʥʠʭ 

ʚʽʜʢʣʘʜʘʭ. ɯʟ ʦʩʥʦʚʥʠʭ ʥʘʫʢʦʚʠʭ ʧʨʦʙʣʝʤ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ: 

1) ʚʠʷʚʣʝʥʥʷ ʜʦʤʽʥʫʶʯʠʭ ʧʨʠʨʦʜʥʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʨʫʭ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʫ ʨʠʭʣʠʭ ʧʦʨʦʜʘʭ ʟʦʥʠ ʘʝʨʘʮʽʾ (ɿɸ), 
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2) ʚʠʚʯʝʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʦʩʥʦʚ (ʤʝʭʘʥʽʟʤʽʚ) ʚʦʣʦʛʦʧʝʨʝʥʝʩʝʥʥʷ 

3) ʚʠʚʯʝʥʥʷ ʮʠʢʣʽʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʟʤʽʥʠ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʘʮʽʡʥʦʛʦ ʩʪʘʥʫ ʧʦʨʽʜ ʽ ʡʦʛʦ ʨʦʣʴ ʫ ʩʪʨʫʢʪʫʨʫʚʘʥʥʽ 

ʧʦʢʨʠʚʥʠʭ ʚʽʜʢʣʘʜʽʚ ʽ ʤʘʩʦʦʙʤʽʥʥʠʭ ʧʨʦʮʝʩʽʚ, 4) ʧʽʟʥʘʥʥʷ 

ʧʨʠʨʦʜʠ ʽ ʤʝʭʘʥʽʟʤʽʚ ʚʧʣʠʚʫ ʤʽʢʨʦʛʝʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ 

ʚʦʜʦʦʙʤʽʥ ʤʽʞ ʘʪʤʦʩʬʝʨʦʶ ʽ ʣʽʪʦʩʬʝʨʦʶ, 5) ʚʠʷʚʣʝʥʥʷ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʚʧʣʠʚʫ ʢʦʣʠʚʘʣʴʥʠʭ ʛʝʦʜʠʥʘʤʽʯʥʠʭ ʨʫʭʽʚ ʥʘ 

ʛʝʦʭʽʤʽʯʥʽ, ʛʽʜʨʦʭʽʤʽʯʥʽ ʽ ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ ʟʤʽʥʠ ʫ ʧʦʢʨʠʚʥʠʭ 

ʚʽʜʢʣʘʜʘʭ ʽ ʧʽʜʟʝʤʥʠʭ ʚʦʜʘʭ. ɼʦ ʧʨʘʢʪʠʯʥʦʛʦ ʥʘʧʨʷʤʢʫ 

ʚʽʜʥʦʩʷʪʴʩʷ ʧʠʪʘʥʥʷ ʚʧʣʠʚʫ ʄɻɿ ʽ ʤʽʢʨʦʛʝʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 

ʥʘ: 1) ʨʝʩʫʨʩʠ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, 2) ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʧʦʨʽʜ, 3) ʦʮʽʥʢʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʟʝʤʝʣʴ, 4) ʝʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ 

ʟʘʙʨʫʜʥʝʥʠʭ ʪʝʨʠʪʦʨʽʡ ʪʦʱʦ. 

ɺʘʞʣʠʚʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ ʻ 

ʟô̫ ʩʫʚʘʥʥʷ ʧʨʠʥʮʠʧʫ ʚʟʘʻʤʦʜʽʾ ʝʥʜʦʛʝʥʥʠʭ ʽ ʝʢʟʦʛʝʥʥʠʭ ʬʘʢʪʦʨʽʚ 

ʽ ʾʭ ʨʦʣʴ ʫ ʬʦʨʤʫʚʘʥʥʽ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ 

ʞʠʚʣʝʥʥʽ ʧʽʜʟʝʤʥʠʭ ʚʦʜ. ɺ ʷʢʦʩʪʽ ʦʩʥʦʚʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʦʙô̒ ʢʪʘ 

ʧʦʩʣʫʞʠʣʠ ʟʘʧʘʜʠʥʥʽ ʤʦʨʬʦʩʢʫʣʴʧʪʫʨʠ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ 

ʩʦʙʦʶ ʢʦʥʮʝʥʪʨʦʚʘʥʫ ʤʦʜʝʣʴ ʤʽʢʨʦʛʝʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 

ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. ʆʩʥʦʚʥʘ ʧʨʠʯʠʥʘ ʙʽʣʴʰʦʩʪʽ ʛʝʦʜʠʥʘʤʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʟʝʤʥʦʾ ʢʦʨʠ ʢʨʠʻʪʴʩʷ ʫ ʦʩʦʙʣʠʚʦʩʪʷʭ ʨʫʭʫ ɿʝʤʣʽ ʷʢ 

ʧʣʘʥʝʪʠ, ʥʘ ʣʽʥʽʡʥʽʩʪʴ ʷʢʦʛʦ ʚʧʣʠʚʘʶʪʴ ʛʨʘʚʽʪʘʮʽʡʥʽ ʩʠʣʠ 

ʙʣʠʞʥʴʦʛʦ ʽ ʜʘʣʝʢʦʛʦ ʢʦʩʤʦʩʫ. ʄʦʚʘ ʡʜʝ ʧʨʦ ʩʢʣʘʜʥʠʡ ʢʦʤʧʣʝʢʩ 

ʦʙʝʨʪʘʣʴʥʠʭ ʨʫʭʽʚ, ʟʜʽʡʩʥʶʚʘʥʠʭ ʥʘʰʦʶ ʧʣʘʥʝʪʦʶ, ʷʢʘ, ʧʦ-

ʧʝʨʰʝ, ʦʙʝʨʪʘʻʪʴʩʷ ʥʘʚʢʦʣʦ ʩʚʦʻʾ ʚʽʩʽ ʟ ʣʽʥʽʡʥʦʶ ʰʚʠʜʢʽʩʪʶ ʥʘ 

ʝʢʚʘʪʦʨʽ 465 ʤ/ʩ, ʧʦ-ʜʨʫʛʝ, ʦʙʝʨʪʘʻʪʴʩʷ ʥʘʚʢʦʣʦ ʉʦʥʮʷ ʟʽ 

ʰʚʠʜʢʽʩʪʶ, ʷʢʘ ʧʝʨʝʚʠʱʫʻ ʧʦʧʝʨʝʜʥʶ ʤʘʡʞʝ ʥʘ ʧʦʨʷʜʦʢ ï 

ʙʣʠʟʴʢʦ 30 ʢʤ/c, ʧʦ-ʪʨʝʪʻ, ʩʧʽʣʴʥʦ ʟ ʉʦʥʮʝʤ ʪʘ ʽʥʰʠʤʠ ʧʣʘʥʝʪʘʤʠ 

ʉʦʥʷʯʥʦʾ ʩʠʩʪʝʤʠ ʨʫʭʘʻʪʴʩʷ ʥʘʚʢʦʣʦ ʮʝʥʪʨʫ ɻʘʣʘʢʪʠʢʠ ʽʟ ʱʝ 

ʙʽʣʴʰʦʶ ʩʝʨʝʜʥʴʦʶ. ʰʚʠʜʢʽʩʪʶ ï 270 ʢʤ/ʩ. ɺʩʽ ʮʽ ʨʦʪʘʮʽʡʥʽ ʨʫʭʠ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʰʚʠʜʢʽʩʪʶ ʽ ʥʝ ʣʽʥʽʡʥʽʩʪʶ (ʢʦʣʠʚʘʣʴʥʦʶ 

ʨʠʪʤʽʯʥʽʩʪʶ), ʱʦ ʻ ʛʝʥʝʨʘʪʦʨʦʤ ʩʠʣ ʽ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʬʦʨʤʫʶʪʴ 

ʧʝʚʥʫ ʩʪʨʫʢʪʫʨʫ ʟʝʤʥʦʾ ʢʦʨʠ [1, 2]. ɽʣʝʤʝʥʪʘʨʥʦʶ ʣʘʥʢʦʶ ʮʽʻʾ 

ʩʪʨʫʢʪʫʨʠ ʻ ʤʽʢʨʦʛʝʦʜʠʥʘʤʽʯʥʽ ʟʦʥʠ (ʄɻɿ) [2, 3]. 

ɼʠʥʘʤʽʢʘ ʽ ʤʝʭʘʥʽʟʤ ʚʧʣʠʚʫ ʮʠʭ ʩʠʣ ʥʘ ʛʝʦʩʬʝʨʫ ʜʦʩʠʪʴ 

ʩʢʣʘʜʥʠʡ ʽ ʩʣʘʙʦ ʜʦʩʣʽʜʞʝʥʠʡ. ʅʘʤʠ ʚʠʷʚʣʝʥʽ ʪʽʣʴʢʠ ʜʝʷʢʽ ʝʬʝʢʪʠ 

ʾʭ ʜʽʾ [4, 5, 6]. 
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ʉʝʨʝʜ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʫ ʩʬʝʨʫ, 

ʚʝʣʠʢʘ ʫʚʘʛʘ ʙʫʣʘ ʧʨʠʜʽʣʝʥʘ ʧʨʫʞʥʠʤ ʭʚʠʣʷʤ ʽ ʝʣʝʢʪʨʠʯʥʠʤ 

ʩʠʣʘʤ ʘʪʤʦʩʬʝʨʠ ʽ ʣʽʪʦʩʬʝʨʠ, ʷʢʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʾʭ ʘʢʪʠʚʽʟʘʮʽʾ 

ʩʪʠʤʫʣʶʶʪʴ ʤʘʩʦʦʙʤʽʥʽ ʧʨʦʮʝʩʠ ï ʨʫʭ ʚʦʣʦʛʠ ʽ ʩʦʣʝʡ ʚ ʟʦʥʽ 

ʘʝʨʘʮʽʾ ʽ ʬʦʨʤʫʚʘʥʥʷ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜ [7]. ʋ ʨʦʙʦʪʽ 

ʧʨʫʞʥʠʭ ʭʚʠʣʴ (ʟʤʽʥʘ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʘʮʽʡʥʦʛʦ ʩʪʘʥʫ ʧʦʨʽʜ ï 

ʅɼʉʇ) ʻ ʧʘʨʘʛʝʥʝʪʠʯʥʠʡ ʩʦʶʟʥʠʢ ï ʥʘʧʨʫʞʝʥʽʩʪʴ ʩʪʘʪʠʯʥʦʛʦ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ (ɽ), ʷʢʠʡ ʪʘʢʦʞ ʟʤʽʥʶʶʪʴʩʷ ʧʦ ʧʨʘʚʠʣʘʭ 

ʧʝʚʥʦʾ ʮʠʢʣʽʯʥʦʩʪʽ. ʎʽ ʜʚʽ ʧʨʠʨʦʜʥʽ ʩʠʣʠ ʯʘʩʪʦ ʜʦʧʦʚʥʶʶʪʴ ʦʜʥʘ 

ʦʜʥʫ. ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʚʧʣʠʚʫ ʤʽʢʨʦʛʝʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʨʫʭ 

ʚʦʣʦʛʠ ʧʦʣʷʛʘʻ ʫ ʚʠʚʽʣʴʥʝʥʥʽ ʧʨʫʞʥʠʤʠ ʭʚʠʣʷʤʠ ʩʦʨʙʦʚʘʥʠʭ 

ʧʣʽʚʦʢ ʚʦʜʠ (ʝʬʝʢʪ ʩʝʧʘʨʘʮʽʾ) ʽʟ ʝʣʝʤʝʥʪʘʨʥʠʭ ʯʘʩʪʦʢ ʧʦʨʽʜ ʽ 

ʧʝʨʝʤʽʱʝʥʥʷ ʮʽʻʾ ʚʦʣʦʛʠ ʧʽʜ ʚʧʣʠʚʦʤ ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʣ ʫ 

ʥʘʧʨʷʤʢʫ ʰʘʨʽʚ ʽʟ ʧʝʨʝʚʘʞʘʶʯʠʤʠ ʚʽʜô̒ ʤʥʠʤʠ ʟʘʨʷʜʘʤʠ (ʷʢ 

ʧʨʘʚʠʣʦ ʫ ʚʦʜʦʥʦʩʥʽ ʛʦʨʠʟʦʥʪʠ [7]. ʋ ʚʝʩʥʷʥʦ-ʦʩʽʥʥʽʡ ʧʝʨʽʦʜʠ 

ʘʢʪʠʚʽʟʫʶʪʴʩʷ ʛʝʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʟʘʚʜʷʢʠ ʨʦʟʪʷʛʫʚʘʥʥʷʤ ʧʦʨʽʜ ʧʽʜ 

ʚʧʣʠʚʦʤ ʧʨʠʩʢʦʨʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ɿʝʤʣʽ [4, 5]. ʎʽ ʧʨʦʮʝʩʠ 

ʛʝʥʝʨʫʶʪʴ ʜʦʜʘʪʥʽ ʝʣʝʢʪʨʠʯʥʽ ʧʦʪʝʥʮʽʘʣʠ ʫ ʚʝʨʭʥʽʭ ʰʘʨʘʭ ʟʦʥʠ 

ʘʝʨʘʮʽʾ ʟʘʚʜʷʢʠ ʪʘʢʦʤʫ ʟʘʢʦʥʦʤʽʨʥʦʤʫ ʬʽʟʠʯʥʦʤʫ ʷʚʠʱʫ, ʷʢ 

ʧʦʛʣʠʥʘʥʥʷ ʚʽʜô̒ ʤʥʠʭ ʟʘʨʷʜʽʚ (ʝʣʝʢʪʨʦʥʽʚ). ɺ ʮʝʡ ʞʝ ʯʘʩ, ʟʘʚʜʷʢʠ 

ʧʦʣʷʨʠʟʘʮʽʾ ʽ ʧʝʨʝʤʽʱʝʥʥʶ ʢʘʪʽʦʥʽʚ ʬʦʨʤʫʶʪʴʩʷ ʛʦʨʠʟʦʥʪʠ ʽʟ 

ʚʽʜô̒ ʤʥʠʤʠ ʟʘʨʷʜʘʤʠ ʫ ʧʨʠʟʝʤʥʽʡ ʘʪʤʦʩʬʝʨʽ (ʨʠʩ. 1) ʽ ʥʠʞʥʽʭ ʰʘʨʘʭ 

ʟʦʥʠ ʘʝʨʘʮʽʾ. ʊʘʢʠʡ ʨʦʟʧʦʜʽʣ ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʣʽʚ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʫ 

ʚʝʩʥʷʥʠʡ ʽ ʦʩʽʥʥʽʡ ʧʝʨʽʦʜʠ ʘʢʪʠʚʥʦ ʧʝʨʝʤʽʱʘʪʠ ʚʦʣʦʛʫ ʽʟ ʩʝʨʝʜʥʽʭ 

ʰʘʨʽʚ ʟʦʥʠ ʘʝʨʘʮʽʾ ʫ ˇʨʫʥʪʦʚʽ ʚʦʜʠ (ʨʠʩ. 1), ʘ ʟ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ ʚ 

ʘʪʤʦʩʬʝʨʫ. ɺ ʣʽʪʥʽʡ ʧʝʨʽʦʜ ɽ ʧʦʩʪʫʧʦʚʦ ʟʤʽʥʶʻ ʩʚʦʶ ʧʦʣʷʨʥʽʩʪʴ ʚ 

ʩʪʦʨʦʥʫ ʜʦʜʘʪʥʠʭ ʟʘʨʷʜʽʚ ʽ ʩʫʪʪʻʚʦ ʟʥʠʞʫʶʪʴʩʷ ʚʝʣʠʯʠʥʠ 

ʥʘʧʨʫʞʝʥʦʩʪʽ ʧʦʣʷ ʧʨʠʟʝʤʥʦʾ ʘʪʤʦʩʬʝʨʠ. ʋ ʪʘʢʦʤʫ ʩʪʘʥʽ ʝʣʝʢʪʨʠʯʥʽ 

ʩʠʣʠ ʟʥʠʞʫʶʪʴ ʩʚʦʶ ʤʽʛʨʘʮʽʡʥʫ ʘʢʪʠʚʥʽʩʪʴ, ʘʣʝ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʨʝʞʠʤ 

ʥʠʟʭʽʜʥʠʭ ʧʦʪʦʢʽʚ ʚʦʣʦʛʠ, ʱʦ ʟʘʚʘʞʘʻ ʣʽʪʥʽʡ ʩʧʝʮʽ ʩʠʣʴʥʦ ʚʠʩʫʰʫʚʘʪʠ 

ʟʦʥʫ ʘʝʨʘʮʽʾ. ɼʘʥʝ ʷʚʠʱʝ ʻ ʢʦʨʠʩʥʠʤ ʜʣʷ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ, 

ʦʩʢʽʣʴʢʠ ʧʽʜʚʠʱʫʻ ʨʦʣʴ ʢʦʥʜʝʥʩʘʮʽʡʥʦʾ ʚʦʣʦʛʠ ʫ ʾʭ ʞʠʚʣʝʥʥʽ (ʮʝʡ 

ʝʬʝʢʪ ʜʦʙʨʝ ʧʨʘʮʶʻ ʚ ʧʫʩʪʝʣʷʭ). ʊʘʢʠʡ ʨʝʞʠʤ ʧʝʨʽʦʜʠʯʥʦ 

ʧʦʨʫʰʫʻʪʴʩʷ ʣʽʪʥʽʤʠ ʛʨʦʟʦʚʠʤʠ ʜʦʱʘʤʠ, ʢʦʣʠ ʟʘʨʷʜʠ ʢʨʘʧʝʣʴ 

(ʧʝʨʝʚʘʞʥʦ ʚʽʜô̒ ʤʥʠʭ) ʘʪʤʦʩʬʝʨʥʦʾ ʚʦʜʠ ʬʦʨʤʫʶʪʴ ʧʝʨʝʧʦʣʶʩʦʚʢʫ 

ʛʝʦʣʦʛʽʯʥʠʭ ʰʘʨʽʚ ʟʦʥʠ ʘʝʨʘʮʽʾ. ɼʘʥʝ ʷʚʠʱʝ ʯʽʪʢʦ ʬʽʢʩʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 
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ʨʝʘʢʮʽʾ ʥʘ ʛʨʦʟʦʚʠʡ ʜʦʱ ʨʽʚʥʽʚ ˇʨʫʥʪʦʚʠʭ ʚʦʜ, ʷʢʽ ʚ ʧʦʯʘʪʢʦʚʠʡ 

ʤʦʤʝʥʪ ʚʠʧʘʜʽʥʥʷ ʜʦʱʫ ʨʽʟʢʦ ʟʥʠʞʫʶʪʴʩʷ ʥʘ ʜʝʢʽʣʴʢʘ ʩʘʥʪʠʤʝʪʨʽʚ. 

ʌʘʢʪʠʯʥʽ ʜʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ ʯʽʪʢʦ 

ʧʦʢʘʟʫʶʪʴ, ʱʦ ʤʽʢʨʦʛʝʦʜʠʥʘʤʽʯʥʽ ʢʦʣʠʚʘʥʥʷ ʚ ʧʦʢʨʠʚʥʠʭ 

ʚʽʜʢʣʘʜʽʚ ʻ ʜʦʤʽʥʫʶʯʠʤʠ ʫ ʩʠʩʪʝʤʽ ʯʠʥʥʠʢʽʚ ʚʧʣʠʚʫ ʥʘ 

ʤʘʩʦʦʙʤʽʥʥʽ ʧʨʦʮʝʩʠ [7]. ɯʟ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʚʠʚʯʝʥʥʷ ʯʠʥʥʠʢʽʚ, ʱʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʤʝʭʘʥʽʟʤʠ ʞʠʚʣʝʥʥʷ ˇʨʫʥʪʦʚʠʭ ʚʦʜ ʚʩʪʘʥʦʚʣʝʥʦ, 

ʱʦ ʽʩʥʫʻ ʜʚʘ ʪʠʧʠ ʘʥʦʤʘʣʴʥʠʭ ʷʚʠʱ. ɼʦ ʧʝʨʰʦʛʦ ʪʠʧʫ 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʽʣʷʥʢʠ ʢʦʥʮʝʥʪʨʦʚʘʥʦʛʦ, ʧʦʩʪʽʡʥʦ ʧʽʜʚʠʱʝʥʦʛʦ 

ʤʘʩʦʦʙʤʽʥʫ (ʨʠʩ.1), ʘʙʦ ʟʦʥʠ ʰʚʠʜʢʦʾ ʤʽʛʨʘʮʽʾ (ɿʐʄ). ɼʣʷ 

ʜʨʫʛʦʛʦ ʪʠʧʫ ʘʥʦʤʘʣʽʡ ʥʝ ʚʩʪʘʥʦʚʣʝʥʦ ʯʽʪʢʦʾ ʛʝʦʣʦʛʽʯʥʦʾ 

ʧʨʠʚô̫ ʟʢʠ. ɼʘʥʽ ʦʪʨʠʤʘʥʽ ʽʟ ʪʝʨʠʪʦʨʽʡ ʧʨʠʣʝʛʣʠʭ ʜʦ ʄɻɿ (ʨʠʩ. 2). 

ɰʭ ʘʥʦʤʘʣʴʥʽʩʪʴ, ʚ ʦʩʥʦʚʥʦʤʫ, ʧʦʚô̫ ʟʘʥʘ ʽʟ ʧʝʨʽʦʜʠʯʥʦ ʟʤʽʥʥʠʤʠ 

ʫʤʦʚʠ, ʷʢ ʚ ʦʙʣʘʩʪʽ ʘʪʤʦʩʬʝʨʠ, ʪʘʢ ʽ ʚ ʦʙʣʘʩʪʽ ʣʽʪʦʩʬʝʨʠ, ʷʢʽ 

ʩʫʪʪʻʚʦ ʟʤʽʥʶʶʪʴ ʨʝʞʠʤ ʚʦʜʦʦʙʤʽʥʫ ʫ ʧʦʢʨʠʚʥʠʭ ʚʽʜʢʣʘʜʘʭ. 

ʈʦʟʛʣʷʥʝʤʦ ʜʚʘ ʚʠʧʘʜʢʠ ʧʦʜʽʙʥʠʭ ʷʚʠʱ ʟʘ ʜʘʥʠʤʠ ʤʦʥʽʪʦʨʠʥʛʫ 

ʈɻɺ ʽ ʛʝʦʬʽʟʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʥʘ ʧʦʣʽʛʦʥʽ çʃʶʪʽʞè ʟʘ 2017,  2022 

ʽ 2023 ʨʨ. ɼʣʷ ʜʘʥʦʾ ʦʮʽʥʢʠ ʚʠʢʦʥʘʥʦ ʨʦʟʨʘʭʫʥʦʢ ʦʙô̒ ʤʫ ʚʦʜʠ ʫ 

ʚʦʜʦʥʦʩʥʦʤʫ ʛʦʨʠʟʦʥʪʽ, ʷʢʠʡ ʬʦʨʤʫʚʘʚʩʷ ʧʨʦʪʷʛʦʤ ʮʠʭ ʨʦʢʽʚ. 

ɼʦ ʨʦʟʛʣʷʜʫ ʧʝʨʰʦʛʦ ʪʠʧʫ ʘʥʦʤʘʣʴʥʠʭ ʷʚʠʱ ʟʘʣʫʯʝʥʦ ʛʨʘʬʽʢʠ 

ʪʠʧʦʚʦʛʦ ʢʦʣʠʚʘʥʥʷ ʨʽʚʥʽʚ ˇʨʫʥʪʦʚʠʭ ʚʦʜ ʥʘ ʬʦʥʦʚʽʡ ʜʽʣʷʥʮʽ ʽ ʚ 

ʘʥʦʤʘʣʴʥʽʡ ʟʦʥʽ ʄɻɿ ʟʘ 2017ʨ. (ʨʠʩ. 1). ʊʠʧʦʚʽʩʪʴ ʢʦʣʠʚʘʥʴ ʈɻɺ 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʫ 2017 ʨʦʮʽ ʥʝ ʚʽʜʙʫʚʘʣʦʩʷ ʩʫʪʪʻʚʠʭ ʚʽʜʭʠʣʝʥʴ 

ʚʽʜ ʥʦʨʤʘʪʠʚʥʠʭ ʟʤʽʥ ʚ ʦʙʣʘʩʪʽ ʬʦʥʦʚʠʭ ʜʦʤʽʥʫʶʯʠʭ ʯʠʥʥʠʢʽʚ ï 

ʤʽʢʨʦʛʝʦʜʠʥʘʤʽʯʥʠʭ, ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʭ ʽ ʘʪʤʦʩʬʝʨʥʠʭ ʷʚʠʱ 

(ʦʢʨʽʤ ʩʘʤʦʾ ʘʥʦʤʘʣʴʥʦʾ ʟʦʥʠ). ɻʨʘʬʽʢʠ ʯʽʪʢʦ ʚʽʜʦʙʨʘʞʘʶʪʴ 

ʪʠʧʦʚʫ ʨʽʯʥʫ ʢʨʠʚʫ ʧʽʜ ʚʧʣʠʚʦʤ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ɿʝʤʣʽ 

ʥʘʚʢʦʣʦ ʩʚʦʻʾ ʚʽʩʽ, ʷʢʽ ʚʽʜʦʙʨʘʞʝʥʽ ʜʚʦʤʘ ʧʝʨʽʦʜʘʤʠ: ʨʦʟʪʷʛʫʚʘʥʥʷ 

(ʧʽʜʥʷʪʪʷ ʨʽʚʥʽʚ, ʚʝʩʥʘ, ʦʩʽʥʴ) ʽ ʩʪʠʩʢʘʥʥʷ ʧʦʨʽʜ (ʟʥʠʞʝʥʥʷ ʨʽʚʥʽʚ, 

ʣʽʪʦ, ʟʠʤʘ). ʂʽʣʴʢʽʩʪʴ ʦʧʘʜʽʚ ʚ ʮʝʡ ʨʽʢ ʩʢʣʘʣʘ 436 ʤʤ, ʨʝʩʫʨʩ ʚʦʜʠ 

(ʫʤʦʚʥʽ ʦʙô̒ ʤʥʽ ʦʜʠʥʠʮʽ, ʫ.ʦ.ʦ.) ʧʦ ʬʦʥʦʚʽʡ ʩʚʝʨʜʣʦʚʠʥʽ ï 656 

ʫ.ʦ.ʦ., ʘ ʧʦ ʘʥʦʤʘʣʴʥʽʡ ʩʚʝʨʜʣʦʚʠʥʽ ï 468 ʫ.ʦ.ʦ. (ʥʘ 30% ʤʝʥʰʝ). 
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ʈʠʩ. 1. ʊʠʧʦʚʠʡ ʭʘʨʘʢʪʝʨ ʢʦʣʠʚʘʥʥʷ ʨʽʚʥʽʚ ʛʨʫʥʪʦʚʠʭ ʚʦʜ ʫ ʨʝʞʠʤʥʠʭ 

ʩʚʝʨʜʣʦʚʠʥʘʭ ʬʦʥʦʚʦʾ ʜʽʣʷʥʢʠ (ʌʦʥ) ʽ ʤʽʢʨʦʛʝʦʜʠʥʘʤʽʯʥʦʾ ʟʦʥʠ (ɿʘʧʘʜʠʥʘ) ʥʘ 

ʧʦʣʽʛʦʥʽ çʃʶʪʽʞè ʟʘ 2017 ʨ. 

 

 

ʈʠʩ. 2. ʍʘʨʘʢʪʝʨ ʢʦʣʠʚʘʥʥʷ ʨʽʚʥʽʚ ʛʨʫʥʪʦʚʠʭ ʚʦʜ ʫ ʨʝʞʠʤʥʠʭ ʩʚʝʨʜʣʦʚʠʥʘʭ 

ʬʦʥʦʚʦʾ ʜʽʣʷʥʢʠ (ʌ) ʽ ʤʽʢʨʦʛʝʦʜʠʥʘʤʽʯʥʦʾ ʟʦʥʠ (ɿ) ʥʘ ʧʦʣʽʛʦʥʽ çʃʶʪʽʞè ʟʘ 2022ʨ. 
 
ʎʽ ʨʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʚ ʘʥʦʤʘʣʴʥʽʡ ʟʦʥʽ ʨʦʟʛʨʫʟʢʘ 

ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ ʟʥʘʯʥʦ ʚʠʱʘ ʟʘ ʬʦʥʦʚʫ.  

ɼʨʫʛʠʡ ʪʠʧ ʘʥʦʤʘʣʴʥʦʩʪʽ ʪʦʨʢʘʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʘʥʦʤʘʣʴʥʦʾ 

ʟʦʥʠ, ʘʣʝ ʽ ʬʦʥʦʚʦʾ ʜʽʣʷʥʢʠ. ɯ, ʢʦʣʠ ʤʠ ʨʦʟʛʣʷʥʝʤʦ ʨʠʩʫʥʦʢ ʽʟ 

ʛʨʘʬʽʢʘʤʠ ʢʦʣʠʚʘʥʥʷ ʈɻɺ ʟʘ 2022 ʨ., ʪʦ ʧʦʤʽʪʠʤʦ, ʱʦ ʥʘ ʾʭ 
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ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʪʠʧʦʚʦʛʦ ʚ ʮʝʡ ʨʽʢ ʷʚʥʦ ʚʧʣʠʥʫʣʠ ʷʢʽʩʴ ʘʥʦʤʘʣʴʥʽ 

ʯʠʥʥʠʢʠ. ʇʝʨʰʠʡ ʽʟ ʥʠʭ, ʷʢ ʫʞʝ ʙʫʣʦ ʚʽʜʤʽʯʝʥʦ, ʮʝ 

ʤʽʢʨʦʛʝʦʜʠʥʘʤʽʯʥʽ ʧʨʦʮʝʩʠ, ʷʢʽ ʚʧʣʠʥʫʣʠ ʥʘ ʤʦʨʬʦʣʦʛʽʶ 

ʛʨʘʬʽʢʽʚ ʚ ʦʩʽʥʥʽʡ ʧʝʨʽʦʜ. ɺʠʟʥʘʯʠʪʠ ʾʭ ʚʧʣʠʚ ʥʘ ʢʽʣʴʢʽʩʥʦʤʫ ʨʽʚʥʽ 

ʥʘ ʩʴʦʛʦʜʥʽ ʜʦʩʠʪʴ ʩʢʣʘʜʥʦ, ʭʦʯʘ ʥʘ ʷʢʽʩʥʦʤʫ ʨʽʚʥʽ ʤʠ ʤʦʞʝʤʦ 

ʚʠʟʥʘʯʘʪʠ ʧʝʚʥʽ ʝʬʝʢʪʠ. ɼʣʷ ʦʮʽʥʢʠ ʽʥʬʽʣʴʪʨʘʮʽʡʥʠʭ ʷʚʠʱ ʙʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʫ 2022 ʨ. ʫ ʚʦʜʦʥʦʩʥʠʡ ʛʦʨʠʟʦʥʪ ʬʦʥʦʚʦʾ 

ʜʽʣʷʥʢʠ ʥʘʜʽʡʰʣʦ 340 (ʫ.ʦ.ʦ.) ʚʦʜʠ, ʚ ʄɻɿ 260 ʫ.ʦ.ʦ., ʘ ʚ 2023 ʨ., 

ʚʽʜʧʦʚʽʜʥʦ 280 ʽ 240 ʫ.ʦ.ʦ. ɿ ʜʘʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʚʠʪʽʢʘʻ, ʱʦ ʫ 

2023 ʨ. ʫ ʚʦʜʦʥʦʩʥʠʡ ʛʦʨʠʟʦʥʪ ʥʘʜʽʡʰʣʦ ʥʘ 18% ʚʦʜʠ ʤʝʥʰʝ, ʥʽʞ 

ʫ 2022 ʨ. ɹʽʣʴʰʝ ʪʦʛʦ, ʫ 2022 ʨ. ʢʽʣʴʢʽʩʪʴ ʦʧʘʜʽʚ ʩʢʣʘʣʘ 358ʤʤ, ʘ 

ʫ 2023 ʨ. ï 418ʤʤ. ɿʚʽʜʩʠ ʚʠʥʠʢʘʻ ʟʘʧʠʪʘʥʥʷ - ʟʘ ʨʘʭʫʥʦʢ ʯʦʛʦ ʫ 

ʚʦʜʦʥʦʩʥʠʡ ʛʦʨʠʟʦʥʪ ʫ 2022ʨ. ʥʘʜʽʡʰʣʦ ʟʥʘʯʥʦ ʙʽʣʴʰʝ ʚʦʜʠ, ʥʽʞ 

ʫ 2023 ʨ. ɯʟ ʜʘʥʦʾ ʦʮʽʥʢʠ ʤʠ ʙʘʯʠʤʦ ʟʥʘʯʥʫ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʞ 

ʦʧʘʜʘʤʠ ʽ ʧʨʠʙʫʪʢʦʚʦʶ ʯʘʩʪʠʥʦʶ ʚʦʜʠ ʫ ʚʦʜʦʥʦʩʥʠʡ ʛʦʨʠʟʦʥʪ, ʘ 

ʪʘʢʦʞ ʟʥʘʯʥʦ ʥʠʞʯʠʡ ʨʽʚʝʥʴ ʚʦʜʠ ʫ ʚʦʜʦʥʦʩʥʦʤʫ ʛʦʨʠʟʦʥʪʽ ʫ 

ʟʘʧʘʜʠʥʥʽʡ ʬʦʨʤʽ, ʧʦʨʽʚʥʶʶʯʠ ʽʟ ʬʦʥʦʤ, ʽ ʮʝ ʧʨʠ ʪʦʤʫ, ʱʦ 

ʟʘʧʘʜʠʥʘ, ʷʢ ʤʽʩʮʝʚʠʡ ʙʘʟʠʩ ʝʨʦʟʽʾ, ʦʪʨʠʤʫʻ ʫ 2ï4 ʨʘʟʠ ʚʦʜʠ 

ʙʽʣʴʰʝ, ʥʽʞ ʬʦʥʦʚʘ ʜʽʣʷʥʢʘ ʟʘ ʨʘʭʫʥʦʢ ʧʦʚʝʨʭʥʝʚʦʛʦ ʩʪʦʢʫ. ʂʨʽʤ 

ʪʦʛʦ, ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʫ ʟʘʧʘʜʠʥʫ ʥʘʜʭʦʜʠʪʴ ʥʘ 15ï20 % ʘʪʤʦʩʬʝʨʥʦʾ 

ʚʦʜʠ ʙʽʣʴʰʝ, ʥʽʞ ʥʘ ʬʦʥʦʚʫ ʜʽʣʷʥʢʫ. ɼʣʷ ʧʦʷʩʥʝʥʥʷ ʜʘʥʦʛʦ 

ʬʝʥʦʤʝʥʫ ʧʽʜʢʣʶʯʠʤʦ ʟʘʜʝʢʣʘʨʦʚʘʥʠʡ ʥʘʰ ʯʠʥʥʠʢ, ʷʢʠʡ ʩʫʪʪʻʚʦ 

ʚʧʣʠʚʘʻ ʥʘ ʧʝʨʝʤʽʱʝʥʥʷ ʚʦʣʦʛʠ ʚ ʧʦʨʦʜʘʭ ʟʦʥʠ ʘʝʨʘʮʽʾ, ʮʝ 

ʝʣʝʢʪʨʠʯʥʽ ʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʧʦʣʷ, ʷʢʠʭ (ʚ ʜʘʥʦʤʫ ʨʘʟʽ) 

ʧʨʝʜʩʪʘʚʣʷʻ ʥʘʧʨʫʞʝʥʽʩʪʴ ʩʪʘʪʠʯʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ 

ʧʨʠʟʝʤʥʦʾ ʘʪʤʦʩʬʝʨʠ (ɽ) [5]. ʉʪʘʪʠʩʪʠʯʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʥʠʢʽʚ 

ʘʪʤʦʩʬʝʨʥʦʾ ʝʣʝʢʪʨʠʢʠ ʟʘ ʮʠʭ ʪʨʠ ʨʦʢʠ ʧʦʢʘʟʫʻ, ʱʦ ʫ 2017 ʩʫʤʘ 

ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʠʭ ʚʝʣʠʯʠʥ ɽ ʩʢʣʘʣʘ 2906 ɺ/ʤ, ʫ  2022ʨ. ï 2045 

ɺ/ʤ, ʘ ʫ 2023ʨ. ʚʽʜʧʦʚʽʜʥʦ 960 ɺ/ʤ ʽʟ ʟʥʘʢʦʤ ʧʣʶʩ. ɿʚʽʜʩʠ ʤʦʞʝʤʦ 

ʧʽʜʩʫʤʦʚʫʚʘʪʠ, ʱʦ, ʢʨʽʤ ʦʧʘʜʽʚ, ʥʘ ʧʨʠʨʦʜʫ ʞʠʚʣʝʥʥʷ ˇʨʫʥʪʦʚʠʭ 

ʚʦʜ ʚʝʣʠʢʠʡ ʚʧʣʠʚ ʤʘʶʪʴ ʤʽʢʨʦʛʝʦʜʠʥʘʤʽʯʥʽ, ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʽ 

ʧʨʦʮʝʩʠ, ʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʝʚʠʭ ʚʽʜʢʣʘʜʽʚ ʽ ʧô̒ ʟʦʝʬʝʢʪʠ.  

ɺʠʩʥʦʚʢʠ. ɺʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʧʽʟʥʘʥʥʷ ʬʽʟʠʯʥʦʾ 

ʤʽʛʨʘʮʽʡʥʦʾ ʩʫʪʽ ʧʦʨʦʚʠʭ ʨʦʟʯʠʥʽʚ ʫ ʧʦʨʦʜʘʭ ʟʦʥʠ ʘʝʨʘʮʽʾ ʤʘʶʪʴ 

ʨʽʟʥʦʛʦ ʨʦʜʫ ʧʨʫʞʥʽ ʧʦʚʝʨʭʥʝʚʽ ʭʚʠʣʽ, ʷʢʽ ʚʠʢʦʥʫʶʪʴ ʢʽʣʴʢʘ 

ʬʫʥʢʮʽʡ: 1) ʤʽʢʨʦʛʝʦʜʠʥʘʤʽʯʥʽ ʧʨʦʮʝʩʠ ʩʪʨʫʢʪʫʨʫʶʪʴ ʚʝʨʭʥʽ 
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ʰʘʨʠ ʧʦʢʨʠʚʥʠʭ ʚʽʜʢʣʘʜʽʚ, ʬʦʨʤʫʶʯʠ ʰʣʷʭʠ ʰʚʠʜʢʦʾ ʤʽʛʨʘʮʽʾ; 2) 

ʚʽʙʨʘʮʽʡʥʽ ʧʨʦʮʝʩʠ ʟʚʽʣʴʥʷʶʪʴ ʩʦʨʙʦʚʘʥʫ ʧʣʽʚʢʦʚʫ ʚʦʣʦʛʫ ʽʟ 

ʧʦʚʝʨʭʦʥʴ ʝʣʝʤʝʥʪʘʨʥʠʭ ʦʨʛʘʥʦ-ʤʽʥʝʨʘʣʴʥʠʭ ʯʘʩʪʦʢ, ʧʝʨʝʚʦʜʷʯʠ 

ʾʾ ʚ ʩʪʘʥ ʥʝʟʚô̫ ʟʘʥʦʾ (ʚʽʣʴʥʦʾ ʚʦʣʦʛʠ); 3) ʤʝʭʘʥʽʯʥʘ ʝʥʝʨʛʽʷ 

ʧʨʫʞʥʠʭ ʭʚʠʣʴ ʧʨʠ ʟʘʪʫʭʘʥʥʽ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʪʝʧʣʦʚʫ ʽ 

ʝʣʝʢʪʨʠʯʥʫ ï ʧʽʜʩʠʣʶʻʪʴʩʷ ʽʦʥʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʷʢʝ ʩʧʦʥʫʢʘʻ ʜʦ 

ʘʢʪʠʚʥʦʛʦ ʨʫʭʫ ʟʘʨʷʜʞʝʥʠʭ ʚʽʣʴʥʠʭ ʯʘʩʪʦʢ ʽ ʤʦʣʝʢʫʣ ʚʦʜʠ ʫ 

ʥʘʧʨʷʤʢʫ ʧʨʦʪʠʣʝʞʥʦ ʟʘʨʷʜʞʝʥʠʭ (ʚʽʜô̒ ʤʥʠʭ) ʧʦʣʽʚ (ʚ ʙʽʣʴʰʦʩʪʽ 

ʚʠʧʘʜʢʽʚ ʜʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ). ɺʩʽ ʧʨʦʮʝʩʠ ʚ ʛʝʦʣʦʛʽʯʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʤʘʶʪʴ ʭʚʠʣʴʦʚʠʡ ʽ ʮʠʢʣʽʯʥʠʡ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ. ʎʠʢʣʠ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʯʘʩʦʤ ʚ ʜʦʩʠʪʴ ʰʠʨʦʢʠʭ ʤʝʞʘʭ. ʂʦʞʥʦʤʫ ʮʠʢʣʫ 

ʚʽʜʧʦʚʽʜʘʻ ʧʝʚʥʠʡ ʭʘʨʘʢʪʝʨ ʧʨʦʮʝʩʽʚ ʽ ʷʚʠʱ.  
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ʧʦʚʝʨʭʥʶ ʚʠʚʝʜʝʥʽ ʟʥʘʯʥʽ ʤʘʩʠ ʧʦʨʽʜ, ʷʢʽ ʚʢʣʶʯʝʥʽ ʚ ʝʢʟʦʛʝʥʥʽ ʧʨʦʮʝʩʠ ʪʘ ʤʘʶʪʴ 

ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʩʫʤʽʞʥʽ ʟ ʚʫʛʣʝʚʠʜʦʙʫʚʥʠʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ ʪʝʨʠʪʦʨʽʾ, ʫ ʪʦʤʫ 

ʯʠʩʣʽ ʥʘ ʧʦʚʝʨʭʥʝʚʽ ʪʘ ʧʽʜʟʝʤʥʽ ʚʦʜʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʪʝʨʠʢʦʥʠ, ɼʦʥʙʘʩ, ʃʴʚʽʚʩʴʢʦ-ɺʦʣʠʥʩʴʢʠʡ ʙʘʩʝʡʥ, ʛʦʨʽʥʥʷ 

ʪʝʨʠʢʦʥʽʚ. 
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Coal mining regions have irreversible changes. During coal mining, significant 
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ʈʦʟʚʠʪʦʢ ʚʫʛʣʝʚʠʜʦʙʫʚʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʟʘ ʧʦʥʘʜ 250ï

ʨʽʯʥʠʡ ʧʝʨʽʦʜ ʘʢʪʠʚʥʦʛʦ ʚʫʛʣʝʚʠʜʦʙʫʚʘʥʥʷ, ʧʨʠʟʚʽʚ ʜʦ ʟʥʘʯʥʦʛʦ 

ʘʥʪʨʦʧʦʛʝʥʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʤʝʞʘʭ ʚʫʛʽʣʴʥʠʭ ʙʘʩʝʡʥʽʚ ʪʘ 

ʚʫʛʣʝʥʦʩʥʠʭ ʧʣʦʱ ʋʢʨʘʾʥʠ. ɿʘ ʨʘʭʫʥʦʢ ʚʠʚʝʜʝʥʥʷ ʟʥʘʯʥʠʭ ʤʘʩ 

ʧʦʨʽʜ ʥʘ ʧʦʚʝʨʭʥʶ ʩʬʦʨʤʦʚʘʥʽ ʧʨʠʨʦʜʥʦ-ʪʝʭʥʦʛʝʥʥʽ ʪʘ 

ʪʝʭʥʦʛʝʥʥʽ ʣʘʥʜʰʘʬʪʠ, ʜʝ ʦʩʦʙʣʠʚʝ ʤʽʩʮʝ ʟʘʡʤʘʶʪʴ ʪʝʨʠʢʦʥʠ.  

ʋ ʥʘʩʣʽʜʦʢ ʚʠʜʦʙʫʪʢʫ ʚʫʛʽʣʣʷ ʬʦʨʤʫʶʪʴʩʷ ʥʦʚʽ ʽʥʞʝʥʝʨʥʦ-

ʛʝʦʣʦʛʽʯʥʽ, ʛʝʦʭʽʤʽʯʥʽ, ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʽ ʪʘ ʙʽʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʷʢʽ 

ʤʘʶʪʴ ʥʝʟʚʦʨʦʪʥʽʡ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʜʦʚʢʽʣʣʷ, ʽ ʚʠʨʘʞʝʥʽ ʫ 
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ʧʦʨʫʰʝʥʥʽ ʨʝʣʴʻʬʫ, ʣʘʥʜʰʘʬʪʫ, ʟʘʙʨʫʜʥʝʥʥʶ ʘʪʤʦʩʬʝʨʠ, ˇʨʫʥʪʽʚ, 

ʧʽʜʟʝʤʥʠʭ ʪʘ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ. ʌʦʨʤʫʚʘʥʥʷ ʧʨʠʨʦʜʥʦ-

ʪʝʭʥʦʛʝʥʥʠʭ ʣʘʥʜʰʘʬʪʽʚ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʜʚʦʭ ʚʟʘʻʤʦʧʦʚô̫ ʟʘʥʠʭ 

ʧʨʦʮʝʩʽʚ ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʧʦʨʫʰʝʥʥʷ ʚʝʨʭʥʴʦʛʦ ʰʘʨʫ ʣʽʪʦʩʬʝʨʠ 

ʛʽʨʥʠʯʠʤʠ ʚʠʨʦʙʢʘʤʠ ʪʘ ʚʠʚʝʜʝʥʥʷ ʥʘ ʜʝʥʥʫ ʧʦʚʝʨʭʥʶ ʦʩʘʜʦʚʠʭ 

ʧʦʨʽʜ. ʊʨʘʥʩʬʦʨʤʘʮʽʷ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʽʜ ʜʽʻʶ 

ʚʫʛʣʝʚʠʜʦʙʫʚʥʠʭ ʨʦʙʽʪ ʥʘʙʫʚʘʻ ʤʘʩʰʪʘʙʽʚ ʛʝʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 

ʪʘ ʷʚʠʱ ʷʢ ʫ ʛʽʨʥʠʯʠʭ ʚʠʨʦʙʢʘʭ, ʪʘʢ ʽ ʚʫʛʽʣʴʥʠʭ ʪʝʨʠʢʦʥʘʭ. 

ɿʥʘʯʥʠʡ ʜʦʨʦʙʦʢ ʫ ʜʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥ ʧʦʨʽʜ ʫ ʪʝʨʠʢʦʥʘʭ ʙʫʣʠ 

ʚʥʝʩʝʥʽ ʄ.ʉ. ʂʦʚʘʣʴʯʫʢʦʤ, ʆ.ɸ. ʋʣʠʮʴʢʠʤ, ɯ.ɺ. ɹʫʯʠʥʩʴʢʦʶ, 

ʅ.ʆ. ɼʷʯʝʥʢʦ ʪʘ ʽʥʰʠʤʠ. 

ɿʚʘʞʘʶʯʠ ʥʘ ʦʩʥʦʚʽ ʚʠʤʦʛʠ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ, ʷʢʽ 

ʜʽʶʪʴ ʫ ʩʬʝʨʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʜʨ: ɿʘʢʦʥ ʋʢʨʘʾʥʠ çʇʨʦ ʦʭʦʨʦʥʫ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘè ʪʘ ʂʦʜʝʢʩ ʋʢʨʘʾʥʠ ʧʨʦ 

ʥʘʜʨʘ, ʜʦʩʣʽʜʞʝʥʥʷ ʟʤʥ̔ʠ ʧʦʨʽʜ ʚʠʚʝʜʝʥʠʭ ʥʘ ʜʝʥʥʫ ʧʦʚʝʨʭʥʶ ʫ 

ʨʝʟʫʣʴʪʘʪʽ ʚʫʛʣʝʚʠʜʦʙʫʚʘʥʥʷ ʻ ʘʢʪʫʘʣʴʥʠʤ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʨʦʚʝʜʝʥʦ ʫʟʘʛʘʣʴʥʝʥʥʷ 

ʧʦʧʝʨʝʜʥʽʭ ʪʘ ʚʣʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫʤʦʚ ʬʦʨʤʫʚʘʥʥʷ ʪʝʨʠʢʦʥʽʚ ʪʘ 

ʟʤʽʥʠ ʧʦʨʽʜ ʢ ʥʠʭ ʧʽʜ ʜʽʻʶ ʝʢʟʦʛʝʥʥʠʭ ʬʘʢʪʦʨʽʚ. ʇʦʣʴʦʚʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʨʠʢʦʥʽʚ ʫ ʃʴʚʽʚʩʴʢʦ-ɺʦʣʠʥʩʴʢʦʤʫ ʙʘʩʝʡʥʽ (2022 

ʨ.) ʪʘ ɼʦʥʙʘʩʽ (2005ï2022 ʨʨ.). ʃʘʙʦʨʘʪʦʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʛʘʟʦʚʦʾ 

ʭʨʦʤʘʪʦʛʨʘʬʽʾ ʧʨʦʚʝʜʝʥʽ ʫ ɼʇ çʋʢʨʥʘʫʢʘʛʝʦʮʝʥʪʨè, ʤ. ʇʦʣʪʘʚʘ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɺʫʛʣʝʚʠʜʦʙʫʚʥʽ ʨʝʛʽʦʥʠ ʤʘʶʪʴ 

ʢʦʨʽʥʥʽ ʟʤʽʥʠ, ʫ ʧʝʨʝʚʘʞʥʽʡ ʙʽʣʴʰʦʩʪʽ ʥʝʟʚʦʨʦʪʥʽ, ʱʦ ʤʘʶʪʴ 

ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʜʦʚʢʽʣʣʷ ʪʘ ʧʨʝʜʩʪʘʚʣʝʥʽ ʪʝʨʠʢʦʥʘʤʠ [1, 3]. 

ʅʦʚʦʫʪʚʦʨʝʥʽ ʩʪʨʫʢʪʫʨʠ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʚʠʚʝʜʝʥʥʷ ʥʘ ʟʝʤʥʫ 

ʧʦʚʝʨʭʥʶ ʟʥʘʯʥʠʭ ʤʘʩ ʧʦʨʽʜ ʚʠʣʫʯʝʥʠʭ ʽʟ ʛʣʠʙʠʥ, ʷʢʽ ʩʧʨʠʯʠʥʠʣʠ 

ʬʦʨʤʫʚʘʥʥʷ ʧʨʠʨʦʜʥʦ-ʪʝʭʥʦʛʝʥʥʠʭ ʣʘʥʜʰʘʬʪʽʚ ʪʘ ʧʨʠʟʚʝʣʠ ʜʦ 

ʧʨʠʩʢʦʨʝʥʥʷ ʥʠʟʭʽʜʥʠʭ ʧʝʨʝʤʽʱʝʥʴ, ʧʦʩʠʣʝʥʥʷ ʦʧʫʩʢʘʥʥʷ 

ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʪʦʚʱ, ʾʭ ʜʝʬʦʨʤʘʮʽʶ, ʱʦ ʬʽʢʩʫʶʪʴʩʷ ʽʥʞʝʥʝʨʥʦ-

ʛʝʦʣʦʛʽʯʥʠʤʠ ʪʘ ʪʦʧʦʛʝʦʜʝʟʠʯʥʠʤʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷʤʠ.  

ɿʚʘʞʘʶʯʠ ʥʘ ʚʽʜʤʽʥʥʦʩʪʽ ʫ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚʘʭ, ʛʣʠʙʠʥʫ 

ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʪʘ ʦʙ ∕ʻʤʠ ʧʦʨʦʜʠ ʚʠʚʝʜʝʥʦʾ ʥʘ 

ʜʝʥʥʫ ʧʦʚʝʨʭʥʶ, ʪʝʨʠʢʦʥʠ ʚʫʛʣʝʚʠʜʦʙʫʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ 

ʃʴʚʽʚʩʴʢʦ-ɺʦʣʠʥʩʴʢʦʛʦ ʙʘʩʝʡʥʫ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʪʝʨʠʢʦʥʽʚ 

ɼʦʥʙʘʩʫ ʥʝ ʪʽʣʴʢʠ ʧʦʨʦʜʘʤʠ ʚʠʚʝʜʝʥʠʤʠ ʽʟ ʛʽʨʥʠʯʠʭ ʚʠʨʦʙʦʢ, ʘ ʡ 

ʚʠʩʦʪʦʶ. ɺʠʩʦʪʠ ʪʝʨʠʢʦʥʽʚ ɼʦʥʙʘʩʫ, ʚ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ, 
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ʩʷʛʘʶʪʴ ʧʦʥʘʜ 50ï70 ʤ (ʨʠʩ. 1), ʘ ʃʴʚʽʚʩʴʢʦ-ɺʦʣʠʥʩʴʢʦʛʦ ʙʘʩʝʡʥʫ 

ï ʜʦ 30 ʤ [2].  

 

 
ʈʠʩ. 1. ʇʨʠʨʦʜʥʦ-ʪʝʭʥʦʛʝʥʥʠʡ ʣʘʥʜʰʘʬʪ ʫ ʨʘʡʦʥʽ ɼʦʙʨʦʧʽʣʣʷ 

 

ʇʝʨʰ ʟʘ ʚʩʝ, ʜʦ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ ʜʦʮʽʣʴʥʦ ʚʽʜʥʝʩʪʠ 

ʛʦʨʽʥʥʷ ʪʝʨʠʢʦʥʽʚ, ʷʢʝ ʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʝ ʜʣʷ ʃʴʚʽʚʩʴʢʦ-

ɺʦʣʠʥʩʴʢʦʛʦ ʙʘʩʝʡʥʫ (ʨʠʩ. 2), ʚ ʪʦʡ ʯʘʩ ʷʢ ʫ ɼʦʥʝʮʴʢʦʤʫ (ʨʠʩ. 3), 

ʪʘʢʽ ʧʨʦʮʝʩʠ ʧʦʦʜʠʥʦʢʽ ʪʘ ʤʘʶʪʴ ʤʝʥʰʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘ ʤʝʥʰʠʭ 

ʧʣʦʱʘʭ [4]. ɼʦʩʣʽʜʞʫʶʯʠ ʛʘʟʦʚʫ ʩʢʣʘʜʦʚʫ ʫ ʧʦʨʦʜʘʭ ʪʝʨʠʢʦʥʽʚ 

ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʚʫʛʣʠʩʪʽ ʪʘ ʙʝʟʚʫʛʣʠʩʪʽ ʧʦʨʦʜʠ ʤʘʶʪʴ ʨʽʟʥʠʡ 

ʛʘʟʦʚʠʡ ʩʢʣʘʜ: ʙʝʟʚʫʛʣʠʩʪʽ ʧʦʨʦʜʠ ʤʘʶʪʴ ʚʠʱʠʡ ʚʤʽʩʪ 

ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʛʘʟʽʚ ʯʠʤ ʚʫʛʣʠʩʪʽ. ʅʘ ʦʢʨʝʤʠʭ ʜʽʣʷʥʢʘʭ 

ʚʫʛʣʠʩʪʠʭ ʧʦʨʽʜ ʚʽʜʙʫʚʘʻʪʴʩʷ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʫʛʣʝʚʦʜʥʽʚ ʪʘ 

ʟʘʛʦʨʷʥʥʷ ʪʝʨʠʢʦʥʽʚ. ʋ ʟʦʥʘʭ ʛʦʨʽʥʥʷ ʪʝʨʠʢʦʥʽʚ ʜʦ ʛʘʟʦʚʦʾ ʩʫʤʽʰʽ 

ʚʭʦʜʷʪʴ ʥʝʥʘʩʠʯʝʥʽ ʚʫʛʣʝʚʦʜʥʽ, ʟʦʢʨʝʤʘ ʘʮʝʪʠʣʝʥ ʭʘʨʘʢʪʝʨʥʠʡ 

ʜʣʷ ʪʝʨʠʢʦʥʽʚ ɼʦʥʙʘʩʫ, ʘ ʝʪʠʣʝʥ ï ʜʣʷ ʃʴʚʽʚʩʴʢʦ-ɺʦʣʠʥʩʴʢʦʛʦ 

ʙʘʩʝʡʥʫ [4]. ʋ ʨʝʟʫʣʴʪʘʪʽ ʛʦʨʽʥʥʷ, ʫ ʪʝʨʠʢʦʥʘʭ, ʤʦʞʥʘ 

ʩʧʦʩʪʝʨʽʛʘʪʠ ʩʧʽʢʘʥʥʷ ʧʦʨʽʜ ʫ ʙʨʠʣʠ. ʅʦʚʦʫʪʚʦʨʝʥʥʷ ʫ ʪʝʨʠʢʦʥʘʭ 

ʢʦʨʝʣʶʶʪʴʩʷ ʽʟ ʧʦʨʦʜʘʤʠ ʷʢʽ ʧʦʪʨʘʧʣʷʶʪʴ ʜʦ ʪʝʨʠʢʦʥʽʚ ʧʽʩʣʷ 

ʟʙʘʛʘʯʫʚʘʣʴʥʠʭ ʬʘʙʨʠʢ ʪʘ ʥʝ ʚʤʽʱʫʶʪʴ ʚʫʛʽʣʴʥʠʭ ʯʠ ʚʫʛʣʠʩʪʠʭ 

ʚʢʣʶʯʝʥʴ (ʜʠʚ. ʨʠʩ. 2, 3). ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʦʨʦʜʠ ʷʢʽ 

ʧʦʪʨʘʧʣʷʶʪʴ ʥʘ ʪʝʨʠʢʦʥ ʧʽʩʣʷ ʟʙʘʛʘʯʫʚʘʣʴʥʦʾ ʬʘʙʨʠʢʠ 

ʨʫʡʥʫʚʘʥʥʶ ʪʘ ʛʦʨʽʥʥʶ ʧʨʘʢʪʠʯʥʦ ʥʝ ʧʽʜʜʘʶʪʴʩʷ (ʨʠʩ. 4). 
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ʅʘ ʪʝʨʠʢʦʥʘʭ ʫ ɼʦʥʝʮʴʢʦʤʫ ʙʘʩʝʡʥʽ ʤʦʞʣʠʚʦ ʩʧʦʩʪʝʨʽʛʘʪʠ 

ʧʨʦʮʝʩʠ ʨʫʡʥʫʚʘʥʥʷ ʧʦʨʽʜ ʧʽʜʥʷʪʠʭ ʥʘ ʜʝʥʥʫ ʧʦʚʝʨʭʥʶ ʪʘ ʾʭ 

ʧʝʨʝʥʝʩʝʥʥʷ ʥʘ ʩʫʤʽʞʥʽ ʪʝʨʠʪʦʨʽʾ, ʷʢʽ ʫ ʧʝʨʝʚʘʞʥʽʡ ʙʽʣʴʰʦʩʪʽ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘʩʝʣʝʥʠʤʠ ʧʫʥʢʪʘʤʠ ʘʙʦ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʤʠ 

ʫʛʽʜʜʷʤʠ. 

 

 
ʈʠʩ. 2 ʊʝʨʠʢʦʥ ʰʘʭʪʠ ʃʽʩʦʚʘ ʟ ʙʨʠʣʘʤʠ ʛʦʨʽʣʠʭ ʧʦʨʽʜ, ʃʴʚʽʚʩʴʢʦ-ɺʦʣʠʥʩʴʢʠʡ 

ʙʘʩʝʡʥ 

 

 
ʈʠʩ. 3. ʊʝʨʠʢʦʥ ʰʘʭʪʠ ʈʦʜʠʥʩʴʢʘ ʟ ʙʨʠʣʘʤʠ ʛʦʨʽʣʠʭ ʧʦʨʽʜ, ɼʦʥʙʘʩ 
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ʈʠʩ. 4. ʏʘʩʪʠʥʘ ʪʝʨʠʢʦʥʫ ʰʘʭʪʠ ɼʦʙʨʦʧʽʣʴʩʴʢʘ ʩʢʣʘʜʝʥʘ ʧʦʨʦʜʘʤʠ ʟʽ 

ʟʙʘʛʘʯʫʚʘʣʴʥʦʾ ʬʘʙʨʠʢʠ, ɼʦʥʙʘʩ 
 

ʈʫʡʥʫʚʘʥʥʶ ʧʽʜʜʘʶʪʴʩʷ ʷʢ ʚʫʛʣʠʩʪʽ ʪʘʢ ʽ ʙʝʟʚʫʛʣʠʩʪʽ ʧʦʨʦʜʠ. 

ɹʽʣʴʰ ʘʢʪʠʚʥʦ ʧʨʦʮʝʩʠ ʨʫʡʥʫʚʘʥʥʷ ʧʨʦʭʦʜʷʪʴ ʫ ʟʦʥʘʭ ʪʝʨʠʢʦʥʽʚ 

ʷʢʽ ʩʫʤʽʞʥʽ ʟ ʜʽʣʷʥʢʘʤʠ ʛʦʨʽʥʥʷ. 

ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʚʠʟʥʘʯʘʶʯʠ ʚʧʣʠʚ ʚʫʛʣʝʚʠʜʦʙʫʚʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ ʥʘ ʝʢʦʣʦʛʽʶ ʨʝʛʽʦʥʫ, ʨʦʟʛʣʷʜʘʶʪʴ, ʧʝʨʰ ʟʘ ʚʩʝ, 

ʧʦʨʦʜʠ ʚʠʚʝʜʝʥʽ ʥʘ ʜʝʥʥʫ ʧʦʚʝʨʭʥʶ [1, 2]. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʮʝ 

ʧʨʦʪʽʢʘʥʥʷ ʛʝʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʪʝʨʠʢʦʥʘʭ ʟʘʣʠʰʘʻʪʴʩʷ 

ʤʘʣʦʜʦʩʣʽʜʞʝʥʠʤʠ. 

ɿʘ ʯʘʩ ʚʫʛʣʝʚʠʜʦʙʫʚʘʥʥʷ ʥʘ ʧʦʚʝʨʭʥʶ ʚʠʚʝʜʝʥʽ ʟʥʘʯʥʽ ʤʘʩʠ 

ʧʦʨʽʜ, ʷʢʽ ʚʢʣʶʯʝʥʽ ʚ ʝʢʟʦʛʝʥʥʽ ʧʨʦʮʝʩʠ ʪʘ ʤʘʶʪʴ ʟʥʘʯʥʠʡ ʚʧʣʠʚ 

ʥʘ ʩʫʤʽʞʥʽ ʟ ʚʫʛʣʝʚʠʜʦʙʫʚʥʠʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ ʪʝʨʠʪʦʨʽʾ, ʫ ʪʦʤʫ 

ʯʠʩʣʽ ʥʘ ʧʦʚʝʨʭʥʝʚʽ ʪʘ ʧʽʜʟʝʤʥʽ ʚʦʜʠ. ʆʧʘʜʠ ʚʠʥʦʩʷʪʴ ʜʦ 

ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ʥʝʚʝʣʠʢʽ ʪʚʝʨʜʽ ʯʘʩʪʠʥʠ ʪʘ ʛʘʟʠ, ʷʢʠʤʠ ʥʘʩʠʯʝʥʽ 

ʧʦʨʦʜʠ ʪʝʨʠʢʦʥʫ. ʊʘʢʠʤ ʯʠʥʦʤ ʧʦʨʦʜʠ ʪʝʨʠʢʦʥʽʚ ʧʦʰʠʨʶʶʪʴʩʷ 

ʥʘ ʧʨʠʣʝʛʣʽ ʜʦ ʚʫʛʣʝʚʠʜʦʙʫʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʪʝʨʠʪʦʨʽʾ.  

ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʥʘ ʧʨʠʣʝʛʣʽ ʪʝʨʠʪʦʨʽʾ ʜʦʮʽʣʴʥʦ 

ʟʘʣʽʩʥʶʚʘʪʠ ʪʝʨʠʢʦʥʠ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘ ʩʪʘʨʠʭ ʪʝʨʠʢʦʥʘʭ 

ʃʴʚʽʚʩʴʢʦ-ɺʦʣʠʥʩʴʢʦʛʦ ʙʘʩʝʡʥʫ ʪʘ ʯʘʩʪʠʥʽ ʪʝʨʠʢʦʥʽʚ ɼʦʥʙʘʩʫ. 

ɺʠʩʥʦʚʢʠ. ɻʝʦʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ ʫ ʚʠʚʝʜʝʥʠʭ ʥʘ ʜʝʥʥʫ 

ʧʦʚʝʨʭʥʶ ʧʦʨʦʜʘʭ ʘʢʪʠʚʽʟʫʶʪʴʩʷ ʧʽʜ ʜʽʻʶ ʝʢʟʦʛʝʥʥʠʭ ʧʨʦʮʝʩʽʚ. 

ʇʽʜ ʯʘʩ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʪʝʨʠʢʦʥʽʚ ʜʦʮʽʣʴʥʦ ʦʮʽʥʶʚʘʪʠ: 

- ʚʠʩʦʪʫ ʪʝʨʠʢʦʥʫ ʪʘ ʧʦʨʦʜʠ ʷʢʽ ʡʦʛʦ ʩʢʣʘʜʘʶʪʴ; 

- ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʦʨʽʜ ʫ ʪʝʨʠʢʦʥʽ: ʧʝʨʝʚʘʞʘʶʪʴ ʧʦʨʦʜʠ ʽʟ 

ʛʽʨʥʠʯʠʭ ʚʠʨʦʙʦʢ ʯʠ ʧʦʨʦʜʠ ʧʽʩʣʷ ʟʙʘʛʘʯʫʚʘʣʴʥʠʭ ʬʘʙʨʠʢ; 
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- ʩʢʣʘʜ ʛʘʟʦʚʠʭ ʩʫʤʽʰʝʡ ʫ ʪʝʨʠʢʦʥʽ ʪʘ ʾʭ ʟʤʽʥʠ ʚʽʜ ʧʽʜʥʽʞʞʷ 

ʜʦ ʚʝʨʭʫ; 

- ʤʽʩʮʷ ʛʦʨʽʥʥʷ ʫ ʪʝʨʠʢʦʥʽ ʪʘ ʾʭ ʧʨʦʷʚʠ, ʟʘ ʤʦʞʣʠʚʦʩʪʽ 

ʪʝʤʧʝʨʘʪʫʨʫ; 

- ʤʽʩʮʷ ʽʟ ʨʫʡʥʫʚʘʥʥʷʤ ʧʦʨʽʜ, ʦʩʢʽʣʴʢʠ ʧʦʜʨʽʙʥʝʥʽ ʧʦʨʦʜʠ 

ʣʝʛʢʦ ʧʝʨʝʥʦʩʷʪʴʩʷ ʚʽʪʨʦʤ ʯʠ ʜʦʱʝʤ ʥʘ ʟʥʘʯʥʽ ʚʽʜʩʪʘʥʽ. 

ʇʨʦʚʝʜʝʥʥʷ ʤʦʥʽʪʦʨʠʥʛʫ ʽʟ ʟʘʟʥʘʯʝʥʠʤʠ ʧʫʥʢʪʘʤʠ ʜʦʟʚʦʣʠʪʴ 

ʚʠʟʥʘʯʠʪʠ ʧʨʦʮʝʩʠ ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʪʝʨʠʢʦʥʘʭ ʪʘ ʨʦʟʨʦʙʠʪʠ 

ʟʘʭʦʜʠ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ ʫ 

ʚʫʛʣʝʚʠʜʦʙʫʚʥʠʭ ʨʝʛʽʦʥʘʭ. 

 
ʇʝʨʝʣʽʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ 
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FEATURES OF THE METHODOLOGY FOR ASSESSING 

THE IMPACT OF MINING OPERATIONS ON THE 

CONDITION OF RESIDENTIAL BUILDINGS IN 

POPULATED AREAS OF THE WESTERN DONBAS 

Diachenko N.O. 
State Institution óNational Centre for Geology and Mineral Resources of the 

National Academy of Sciences of Ukraine, Kyiv, Ukraine, 

natalidyachenko1969@gmail.com 
 

The creation of a methodology for assessing the impact of mining operations on 

the condition of residential buildings in settlements located in the coal mining areas 

of the Western Donbas has been justified. Based on the research results, a step-by-step 

process of engineering-geological and engineering-technical expert assessment of 

building damage within the mining areas of the operating mines of DTEK 

Pavlogradvuhillya has been determined. 

Keywords: landslides, deformations, engineering-geological survey, 

hydrogeological conditions. 

 

ɿʩʫʚʠ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʽ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʧʦʚ'ʷʟʘʥʽ ʟ ʧʽʜʟʝʤʥʠʤʠ 

ʨʦʟʨʦʙʢʘʤʠ ʢʘʤ'ʷʥʦʛʦ ʚʫʛʽʣʣʷ, ʧʨʠʚʝʨʪʘʶʪʴ ʫʚʘʛʫ ʬʘʭʽʚʮʽʚ 

ʛʽʨʥʠʯʦʾ ʩʧʨʘʚʠ ʧʨʦʪʷʛʦʤ ʜʝʢʽʣʴʢʦʭ ʩʪʦʣʽʪʴ. ʆʩʦʙʣʠʚʦ ʛʦʩʪʨʦ ʮʷ 

ʧʨʦʙʣʝʤʘ ʩʪʦʩʫʻʪʴʩʷ ʪʝʨʝʥʽʚ ɿʘʭʽʜʥʦʛʦ ɼʦʥʙʘʩʫ (ɿɼ). ʅʘʩʣʽʜʢʠ 

https://doi.org/
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ʚʧʣʠʚʫ ʛʽʨʥʠʯʠʭ ʨʦʙʽʪ (ɻʈ) ʥʘ ʩʪʘʥ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ, ʱʦ 

ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʪʝʨʠʪʦʨʽʷʭ ʨʦʟʨʦʙʢʠ ʨʦʜʦʚʠʱ ʚʫʛʽʣʣʷ, ʤʘʶʪʴ 

ʦʩʦʙʣʠʚʠʡ ʽʥʪʝʨʝʩ ʟ ʪʦʯʢʠ ʟʦʨʫ ʢʦʤʧʝʥʩʘʮʽʡʥʠʭ ʚʠʧʣʘʪ ʛʽʨʥʠʯʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ ʚʣʘʩʥʠʢʘʤ ʞʠʪʣʘ. ʉʫʜʦʚʘ ʧʨʘʢʪʠʢʘ ʧʦʢʘʟʫʻ, ʱʦ 

ʇʘʚʣʦʛʨʘʜʩʴʢʠʡ ʤʽʩʴʢʨʘʡʦʥʥʠʡ ʩʫʜ ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʦʾ ʦʙʣʘʩʪʽ 

ʜʦʚʦʣʽ ʯʘʩʪʦ ʨʦʟʛʣʷʜʘʻ ʧʦʟʦʚʠ ʛʨʦʤʘʜʷʥ ʩʪʦʩʦʚʥʦ ʨʫʡʥʫʚʘʥʴ 

ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ ʥʘ ʪʝʨʠʪʦʨʽʷʭ ʨʦʟʨʦʙʢʠ ʚʫʛʽʣʣʷ. ʉʘʤʝ ʪʦʤʫ, 

ʥʝʦʙʭʽʜʥʦ ʩʪʚʦʨʠʪʠ ʤʝʪʦʜʠʢʫ ʛʽʨʥʠʯʦʾ ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʦʾ 

ʝʢʩʧʝʨʪʥʦʾ ʦʮʽʥʢʠ (ʫ ʯʘʩʪʠʥʽ ʛʽʨʥʠʯʦʾ ʛʝʦʣʦʛʽʾ, ʛʝʦʤʝʭʘʥʽʢʠ ʪʘ 

ʤʘʨʢʰʝʡʜʝʨʩʴʢʦʾ ʩʧʨʘʚʠ) ʚ ʧʠʪʘʥʥʽ ʟʥʠʞʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦ-

ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʙʫʜʽʚʝʣʴ ʥʘ ʪʝʨʠʪʦʨʽʷʭ, ʱʦ ʟʘʟʥʘʣʠ ʚʠʜʦʙʫʪʢʫ 

ʚʫʛʽʣʣʷ.  

ʆʙô̒ ʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʞʠʪʣʦʚʽ ʙʫʜʠʥʢʠ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ 

ʧʦʟʘ ʟʦʥʦʶ ʚʧʣʠʚʫ ɻʈ ʽ ʷʢʽ ʧʦʪʨʘʧʠʣʠ ʚ ʟʦʥʫ ʚʧʣʠʚʫ ɻʈ ʜʽʶʯʠʭ 

ʰʘʭʪ ʇɸʊ çɼʊɽʂ ʇʘʚʣʦʛʨʘʜʚʫʛʽʣʣʷè. 

ɺʫʛʣʝʧʨʦʤʠʩʣʦʚʠʡ ʨʝʛʽʦʥ ɿɼ ʟʘ ʦʩʪʘʥʥʽ ʜʝʢʽʣʴʢʘ ʜʝʩʷʪʢʽʚ 

ʨʦʢʽʚ ʩʪʘʚ ʥʘʡʙʽʣʴʰ ʧʦʢʘʟʦʚʠʤ ʟʘ ʩʫʢʫʧʥʽʩʪʶ ʧʨʦʙʣʝʤ 

ʚʫʛʣʝʚʠʜʦʙʫʪʢʫ ʫ ʩʢʣʘʜʥʠʭ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚʘʭ ʽ 

ʩʠʥʭʨʦʥʥʦʛʦ ʧʦʛʽʨʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ. ɿʘʛʘʣʴʥʘ ʧʣʦʱʘ 

ʰʘʭʪʥʠʭ ʧʦʣʽʚ ʩʢʣʘʜʘʻ ʧʦʥʘʜ 500 ʢʤ2. ʅʘ ʮʽʡ ʧʣʦʱʽ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʨʦʩʽʜʘʥʥʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʷʢʝ ʩʷʛʘʻ 90 % ʩʫʢʫʧʥʠʭ 

ʧʦʪʫʞʥʦʩʪʝʡ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ, ʱʦ ʚʠʡʤʘʶʪʴʩʷ, ʟʘʪʦʧʣʝʥʥʷ 

ʧʦʚʝʨʭʥʽ ʟʘʧʣʘʚ ʨʽʯʦʢ, ʜʝʩʷʪʢʠ ʤʽʣʴʡʦʥʽʚ ʤʝʪʨʽʚ ʢʫʙʽʯʥʠʭ 

ʚʽʜʢʘʯʫʚʘʥʠʭ ʱʦʨʦʢʫ ʰʘʭʪʥʠʭ ʚʦʜ, ʚʠʩʫʰʝʥʽ ʚʦʜʦʟʘʙʦʨʠ ʧʠʪʥʦʾ 

ʚʦʜʠ, ʬʦʨʤʫʚʘʥʥʷ ʨʝʛʽʦʥʘʣʴʥʠʭ ʜʝʧʨʝʩʽʡʥʠʭ ʣʽʡʦʢ ʽ ʙʘʛʘʪʦ ʽʥʰʠʭ 

ʥʝʛʘʪʠʚʥʠʭ ʬʘʢʪʦʨʽʚ [3, 4]. ʋ ɿɼ ʚʽʜʯʫʪʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʧʽʜʟʝʤʥʠʤ ʚʦʜʘʤ ʟʘʚʜʘʶʪʴ ʚʠʩʦʢʦʤʽʥʝʨʘʣʽʟʦʚʘʥʽ (6000ï33000 

ʤʛ/ʜʤ3) ʰʘʭʪʥʽ ʚʦʜʠ, ʱʦ ʚʽʜʢʘʯʫʶʪʴʩʷ ʰʘʭʪʘʤʠ. ʅʘʧʨʠʢʣʘʜ, ʚʦʜʘ 

ʫ ʩʪʘʚʢʘʭ-ʥʘʢʦʧʠʯʫʚʘʯʘʭ ʥʘʣʝʞʠʪʴ ʜʦ 3 ʢʣʘʩʫ ʥʝʙʝʟʧʝʢʠ. ʇʨʠ 

ʮʴʦʤʫ, ʚʤʽʩʪ ʭʣʦʨʫ ʚ ʨ. ʉʘʤʘʨʘ ʧʝʨʝʚʠʱʫʻ ɻɼʂ ʫ 2,66 ʨʘʟʽʚ, ʚʤʽʩʪ 

ʩʫʣʴʬʘʪʽʚ ï 3,01 ʨʘʟʽʚ ʪʘ ʧʽʜʚʠʱʫʻʪʴʩʷ ʱʦʨʦʢʫ ʫ ʨʽʯʢʘʭ ʉʘʤʘʨʘ ʪʘ 

ɺʦʚʯʘ [7]. ɸʢʫʤʫʣʶʶʯʠʩʴ ʫ ʬʽʣʴʪʨʫʶʯʠʭ ʥʘʢʦʧʠʯʫʚʘʯʘʭ, ʚʦʥʠ 

ʧʨʦʜʦʚʞʫʶʪʴ ʟʘʙʨʫʜʥʶʚʘʪʠ ʚʦʜʦʥʦʩʥʽ ʛʦʨʠʟʦʥʪʠ ʯʝʪʚʝʨʪʠʥʥʠʭ, 

ʙʝʨʝʢʩʴʢʠʭ ʪʘ ʤʝʞʠʛʽʨʩʴʢʠʭ ʚʽʜʢʣʘʜʽʚ. ɻʣʠʙʠʥʘ ʟʘʩʦʣʝʥʥʷ ʜʦ 28 ʤ 

ʱʦ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʚʦʜʦʟʘʙʦʨʠ ʧʠʪʥʦʾ ʚʦʜʠ ʪʘ ʧʦʛʽʨʰʫʻ 
ʫʤʦʚʠ ʧʨʦʞʠʚʘʥʥʷ ʥʘʩʝʣʝʥʥʷ ʨʝʛʽʦʥʫ.  
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ʐʘʭʪʠ ɿɼ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʜʦʣʠʥʽ ʨ. ʉʘʤʘʨʘ, ʱʦ ʟʫʤʦʚʣʶʻ ʜʫʞʝ 

ʙʣʠʟʴʢʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ˇʨʫʥʪʦʚʠʭ ʚʦʜ, ʧʽʜ ʷʢʠʤʠ ʟʥʘʭʦʜʷʪʴʩʷ 

ʧʦʨʦʜʠ, ʱʦ ʤʘʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʧʣʠʚʫʥʽʚ. ʗʢ ʧʨʘʚʠʣʦ, ʧʣʠʚʫʥʠ ʧʨʠ 

ʨʦʟʨʦʙʮʽ ʚʫʛʽʣʣʷ, ʥʘʤʘʛʘʶʪʴʩʷ ʽʟʦʣʶʚʘʪʠ, ʽ ʥʝ ʜʘʪʠ ʾʤ ʧʨʦʥʠʢʥʫʪʠ 

ʫ ʧʽʜʟʝʤʥʽ ʚʠʨʦʙʢʠ. ɸʣʝ, ʾʭ ʥʘʷʚʥʽʩʪʴ, ʽʥʦʜʽ, ʻ ʧʝʨʝʜʫʤʦʚʦʶ 

ʚʠʥʠʢʥʝʥʥʷ ʜʝʬʦʨʤʘʮʽʡ ʩʧʦʨʫʜ ʪʘ ʦʙô̒ ʢʪʽʚ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ 

ʛʽʨʥʠʯʠʭ ʚʽʜʚʝʜʝʥʥʷʭ ʜʽʶʯʠʭ ʰʘʭʪ.  

ʋ ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʜʦʚʦʣʽ ʯʘʩʪʦ ʜʽʣʷʥʢʠ 

ʞʠʪʣʦʚʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ ʧʝʨʰʦʾ ʟʘʧʣʘʚʥʦʾ 

ʘʣʶʚʽʘʣʴʥʦʾ ʪʝʨʘʩʠ, ʷʢʘ ʧʽʜʥʦʩʠʪʴʩʷ ʥʘʜ ʨ. ʉʘʤʘʨʦʶ ʥʘ 3ï5 ʤ. 

ɿʘʧʣʘʚʥʠʡ ʘʣʶʚʽʡ (ʩʫʛʣʠʥʢʠ, ʩʫʧʽʩʢʠ, ʛʣʠʥʠ, ʜʨʽʙʥʦʟʝʨʥʠʩʪʽ 

ʧʽʩʢʠ ʽ ʦʨʛʘʥʽʯʥʠʡ ʤʘʪʝʨʽʘʣ) ʚʽʜʢʣʘʜʘʻʪʴʩʷ ʚ ʧʝʨʽʦʜ ʧʘʚʦʜʢʫ. 

ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʘʯʥʘ ʨʦʟʯʣʝʥʦʚʘʥʽʩʪʴ ʨʝʣʴʻʬʫ ʤʝʘʥʜʨʘʤʠ ʨ. 

ʉʘʤʘʨʘ ʽ ʥʘʷʚʥʽʩʪʴ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʟʘʧʣʘʚʥʠʭ ʦʟʝʨ ï ʩʪʘʨʠʮʴ 

(ʽʟʦʣʴʦʚʘʥʽ ʩʪʘʨʽ ʨʫʩʣʘ ʨʽʯʦʢ). ʌʦʨʤʫʚʘʥʥʷ ʟʚʠʚʠʩʪʦʩʪʽ (ʤʝʘʥʜʨ) 

ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʨʽʚʥʠʥʥʠʭ ʨʽʯʦʢ ʟ ʛʣʠʥʠʩʪʠʤʠ ʘʙʦ ʩʫʛʣʠʥʥʠʤʠ 

ʙʝʨʝʛʘʤʠ, ʱʦ ʥʝʩʫʪʴ ʙʘʛʘʪʦ ʥʘʥʦʩʽʚ. ʋ ʩʪʘʨʠʮʷʭ ʬʦʨʤʫʻʪʴʩʷ 

ʦʩʦʙʣʠʚʠʡ ʪʠʧ ʘʣʶʚʽʘʣʴʥʠʭ ʚʽʜʢʣʘʜʽʚ ï ʩʪʘʨʠʯʥʠʡ ʘʣʶʚʽʡ, ʷʢʠʡ 

ʩʢʣʘʜʘʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʤʫʣʘʤʠ, ʛʣʠʥʘʤʠ (ʣʦʢʘʣʴʥʽ ʚʦʜʦʫʧʦʨʠ), 

ʤʫʣʠʩʪʠʤʠ ʧʽʩʢʘʤʠ. ʄʫʣʠʩʪʽ ʩʪʘʨʠʯʥʽ ʚʽʜʢʣʘʜʠ ʻ ʩʣʘʙʢʠʤʠ 

ʦʩʥʦʚʘʤʠ ʜʣʷ ʙʫʜʽʚʥʠʮʪʚʘ. ʇʨʠ ʙʫʜʽʚʥʠʮʪʚʽ ʥʘ ʪʘʢʠʭ ʧʦʨʦʜʘʭ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʽʱʘʥʽ ʧʦʜʫʰʢʠ ʤʽʞ ʧʽʜʦʰʚʦʶ ʬʫʥʜʘʤʝʥʪʫ ʽ 

ʤʫʣʠʩʪʠʤ ˇʨʫʥʪʦʤ ʘʙʦ ʧʘʣʴʦʚʽ ʬʫʥʜʘʤʝʥʪʠ. ʉʫʯʘʩʥʠʡ ʟʘʧʣʘʚʥʠʡ 

ʘʣʶʚʽʡ ʤʘʻ ʚʠʩʦʢʫ ʚʦʣʦʛʽʩʪʴ ʘʙʦ ʚʟʘʛʘʣʽ ʧʝʨʝʙʫʚʘʻ ʫ 

ʚʦʜʦʥʘʩʠʯʝʥʦʤʫ ʩʪʘʥʽ ʟ ʥʠʟʴʢʦʶ ʥʝʩʫʯʦʶ ʟʜʘʪʥʽʩʪʶ. ʉʫʛʣʠʥʢʠ ʪʘ 

ʛʣʠʥʠ ʣʝʛʢʦ ʧʝʨʝʭʦʜʷʪʴ ʫ ʧʣʘʩʪʠʯʥʠʡ ʽ ʥʘʚʽʪʴ ʪʝʢʫʯʠʡ ʩʪʘʥ. 

ʍʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʘʣʶʚʽʘʣʴʥʠʭ ʚʽʜʢʣʘʜʽʚ ʪʝʨʠʪʦʨʽʾ ʻ 

ʙʘʛʘʪʦʰʘʨʦʚʽʩʪʴ ʾʭ ʪʦʚʱ ʟ ʥʘʷʚʥʽʩʪʶ ʣʽʥʟ ʽ ʧʨʦʰʘʨʢʽʚ. ʇʣʘʩʪʠ ʽ 

ʧʨʦʰʘʨʢʠ ʘʣʶʚʽʘʣʴʥʠʭ ʚʽʜʢʣʘʜʽʚ ʤʦʞʫʪʴ ʧʦ ʨʽʟʥʫ ʩʪʠʩʢʘʪʠʩʷ ʧʽʜ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ. ɸʣʶʚʽʘʣʴʥʠʤ ʚʽʜʢʣʘʜʘʤ ʭʘʨʘʢʪʝʨʥʽ ʷʚʠʱʘ, ʷʢ 

ʧʣʠʚʫʯʽʩʪʴ ʧʽʱʘʥʠʭ ʽ ʥʘʙʫʭʘʥʥʷ ʛʣʠʥʠʩʪʠʭ ˇʨʫʥʪʽʚ. ɼʦʮʽʣʴʥʦ 

ʟʘʫʚʘʞʠʪʠ, ʱʦ ʥʘ ʜʨʝʚʥʽʭ ʪʝʨʘʩʘʭ ʘʣʶʚʽʘʣʴʥʽ ʩʫʛʣʠʥʢʠ ʯʘʩʪʦ 

ʤʘʶʪʴ ʣʝʩʦʧʦʜʽʙʥʠʡ ʚʠʛʣʷʜ ʽ ʤʦʞʫʪʴ ʤʘʪʠ ʧʨʦʩʘʜʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʙʫʜʽʚʥʠʮʪʚʦ ʪʨʝʙʘ ʚʝʩʪʠ ʟʘ ʥʦʨʤʘʤʠ ʷʢ ʥʘ 

ʣʝʩʦʚʠʭ ʧʨʦʩʘʜʥʠʭ ˇʨʫʥʪʘʭ. ʊʦʙʪʦ, ʧʝʨʝʜʫʤʦʚ ʜʣʷ ʨʫʡʥʫʚʘʥʴ 

ʙʫʜʠʥʢʽʚ ʜʫʞʝ ʙʘʛʘʪʦ ʽ ʩʣʽʜ ʚʠʟʥʘʯʠʪʠ ʧʨʠʯʠʥʫ ʮʠʭ ʨʫʡʥʫʚʘʥʴ.  
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ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʦʩʽʜʘʥʴ ʪʘ ʟʩʫʚʽʚ ʥʘ ʟʝʤʥʽʡ ʧʦʚʝʨʭʥʽ, ʷʢʘ ʧʽʜʨʦʙʣʝʥʘ ʚʠʜʦʙʫʚʥʠʤʠ 

ʚʠʨʦʙʢʘʤʠ, ʻ ʤʦʥʽʪʦʨʠʥʛʦʚʽ ʛʝʦʜʝʟʠʯʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. ɸʣʝ, ʥʠʥʽ 

ʚʦʥʠ ʚʠʢʦʥʫʶʪʴʩʷ ʤʘʨʢʰʝʡʜʝʨʩʢʦʶ ʩʣʫʞʙʦʶ ʰʘʭʪ ʪʽʣʴʢʠ ʫ ʨʘʟʽ 

ʧʽʜʨʦʙʢʠ ʞʠʪʪʻʚʦ ʚʘʞʣʠʚʠʭ ʥʘʨʦʜʥʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʦʙô̒ ʢʪʽʚ.  

ɼʦʜʘʪʢʦʚʦ, ʽʩʥʫʻ ʱʝ ʦʜʠʥ ʬʘʢʪʦʨ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻ ʨʦʟʨʦʙʢʫ 

ʚʫʛʽʣʴʥʦʛʦ ʨʦʜʦʚʠʱʘ ʽ, ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ, ʤʦʞʝ ʤʘʪʠ ʚʧʣʠʚ ʥʘ 

ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʙʫʜʽʚʝʣʴ. ʎʝ ʪʝʢʪʦʥʽʯʥʘ ʙʫʜʦʚʘ 

ʪʝʨʠʪʦʨʽʾ, ʷʢʘ ʚʽʜʽʛʨʘʻ ʦʩʦʙʣʠʚʫ ʨʦʣʴ ʫ ʛʝʦʣʦʛʽʯʥʽʡ ʙʫʜʦʚʽ ʪʘ 

ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚʘʭ ʨʘʡʦʥʫ. ʊʝʢʪʦʥʽʯʥʽ ʧʦʨʫʰʝʥʥʷ, ʤʦʞʫʪʴ 

ʙʫʪʠ ʚʦʜʦʥʝʧʨʦʥʠʢʥʠʤʠ ʝʢʨʘʥʘʤʠ ʥʘ ʰʣʷʭʫ ʨʫʭʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʽ 

ʨʽʟʢʦ ʫʩʢʣʘʜʥʶʚʘʪʠ ʫʤʦʚʠ ʟʘʣʷʛʘʥʥʷ ʪʘ ʦʙʚʦʜʥʝʥʦʩʪʽ ʚʫʛʽʣʴʥʠʭ 

ʧʦʨʽʜ (ʫ ʟʦʥʘʭ ʤʽʞ ʪʝʢʪʦʥʽʯʥʠʤʠ ʧʦʨʫʰʝʥʥʷʤʠ ʩʪʚʦʨʶʶʪʴʩʷ 

ʛʽʜʨʘʚʣʽʯʥʝ ʟʘʢʨʠʪʽ ʩʪʨʫʢʪʫʨʠ). ɺ ʪʦʡ ʞʝ ʯʘʩ, ʥʘʷʚʥʽʩʪʴ ʚʠʭʦʜʫ 

ʜʠʟ'ʶʥʢʪʠʚʥʦʛʦ ʧʦʨʫʰʝʥʥʷ ʧʽʜ ʥʘʥʦʩʠ ʘʣʶʚʽʘʣʴʥʠʭ ʚʽʜʢʣʘʜʽʚ ʥʘ 

ʧʨʠʣʝʛʣʽʡ ʪʝʨʠʪʦʨʽʾ ʤʦʞʝ ʚʥʦʩʠʪʠ ʟʤʽʥʠ ʚ ʨʝʞʠʤ ʧʽʜʟʝʤʥʠʭ ʚʦʜ 

ʥʘ ʜʘʥʽʡ ʜʽʣʷʥʮʽ, ʩʪʚʦʨʶʶʯʠ ʧʽʜʧʽʨ ʚʦʜ ʚ ʦʜʥʦʤʫ ʙʣʦʮʽ ʽ ʟʥʠʞʝʥʥʷ 

ʨʽʚʥʷ ʚ ʽʥʰʦʤʫ. ʊʦʤʫ, ʟô̫ ʩʫʚʘʥʥʷ ʧʨʠʯʠʥ ʜʝʬʦʨʤʘʮʽʡ ʙʫʜʽʚʝʣʴ ʪʘ 

ʩʧʦʨʫʜ ʥʘ ʧʽʜʨʦʙʣʝʥʠʭ ʪʝʨʠʪʦʨʽʷʭ ï ʧʠʪʘʥʥʷ ʜʦʚʦʣʽ ʩʧʽʨʥʝ ʪʘ 

ʥʝʦʜʥʦʟʥʘʯʥʝ. 

ʋ ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʥʷ ʝʢʩʧʝʨʪʥʦʾ ʦʮʽʥʢʠ, ʷʢ ʧʨʘʚʠʣʦ, 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʧʠʪʘʥʥʷ: ï ʧʦʰʢʦʜʞʝʥʥʷ ʞʠʪʣʦʚʦʛʦ 

ʙʫʜʠʥʢʫ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʚʧʣʠʚʫ ɻʈ, ʘʙʦ ʮʝ ʨʝʟʫʣʴʪʘʪ ʥʝʧʨʘʚʦʤʽʨʥʦʾ 

ʟʘʙʫʜʦʚʠ ʯʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʫʜʠʥʢʫ; ï ʟʥʘʭʦʜʠʪʴʩʷ ʜʦʤʦʚʦʣʦʜʽʥʥʷ ʚ 

ʟʦʥʽ ʚʧʣʠʚʫ ɻʈ; - ʦʩʽʜʘʥʥʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʚʠʥʠʢʣʦ ʫ ʨʝʟʫʣʴʪʘʪʽ 

ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʧʨʠ ʦʩʫʰʝʥʥʽ ʛʽʨʥʠʯʠʭ ʚʠʨʦʙʦʢ ʽ 

ʯʠ ʧʦʰʢʦʜʞʝʥʥʷ ʜʦʤʦʚʦʣʦʜʽʥʥʷ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʚʧʣʠʚʫ ɻʈ; ï 

ʧʨʦʚʦʜʠʣʘʩʷ ʟʘʙʫʜʦʚʘ ʜʦʤʦʚʦʣʦʜʽʥʥʷ ʟʘ ʥʘʣʝʞʥʠʤ ʯʠʥʦʤ 

ʨʦʟʨʦʙʣʝʥʦʶ ʪʘ ʟʘʪʚʝʨʜʞʝʥʦʶ ʧʨʦʻʢʪʥʦʶ ʜʦʢʫʤʝʥʪʘʮʽʻʶ; ï 

ʚʽʜʧʦʚʽʜʘʻ ʧʨʦʻʢʪ ʟʘʙʫʜʦʚʠ, ʙʫʜʽʚʥʠʮʪʚʦ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʷ 

ʜʦʤʦʚʦʣʦʜʽʥʥʷ ʚʩʪʘʥʦʚʣʝʥʠʤ ʥʦʨʤʘʤ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʥʘ ʪʝʨʠʪʦʨʽʾ, ʱʦ ʧʽʜʨʦʙʣʷʻʪʴʩʷ; ï 

ʟʥʘʭʦʜʠʪʴʩʷ ʜʦʤʦʚʦʣʦʜʽʥʥʷ ʚ ʟʦʥʽ ʚʧʣʠʚʫ ɻʈ ʰʘʭʪʠ, ʷʢʱʦ 

ʟʥʘʭʦʜʠʪʴʩʷ, ʪʦ ʷʢʽ ʧʦʰʢʦʜʞʝʥʥʷ ʧʦʚ'ʷʟʘʥʽ ʟ ʥʠʤʠ; ï ̫ ʢʘ 

ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʮʝʩʫ ʟʩʫʚʫ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʥʘ ʪʝʨʠʪʦʨʽʾ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʥʘʩʝʣʝʥʦʛʦ ʧʫʥʢʪʫ ʟ ʯʘʩʫ ʧʨʦʚʝʜʝʥʥʷ ɻʈ; ï ̫ ʢʠʡ 

ʩʪʫʧʽʥʴ ʫʯʘʩʪʽ ʚ ʽʩʥʫʶʯʠʭ ʧʦʰʢʦʜʞʝʥʥʷʭ ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ ʽ 
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ʧʦʛʽʨʰʝʥʥʷ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʩʪʘʥʦʚʣʷʪʴ: ʘ) ʚʧʣʠʚ 

ɻʈ; ʙ) ʧʦʨʫʰʝʥʥʷ ʧʨʦʻʢʪʫ ʡʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʧʨʘʚʠʣ ʟʘʙʫʜʦʚʠ; 

ʚ) ʬʽʟʠʯʥʠʡ ʟʥʦʩ; ʛ) ʧʦʨʫʰʝʥʥʷ ʥʦʨʤ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʾ.  

ɼʣʷ ʨʽʰʝʥʥʷ ʩʫʜʦʚʠʭ ʩʧʦʨʽʚ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʪʥʦʾ 

ʦʮʽʥʢʠ ʚʧʣʠʚʫ ɻʈ ʥʘ ʩʪʘʥ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ ʫ ʥʘʩʝʣʝʥʠʭ 

ʧʫʥʢʪʘʭ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʪʝʨʠʪʦʨʽʷʭ ʨʦʟʨʦʙʢʠ ʨʦʜʦʚʠʱ 

ʚʫʛʽʣʣʷ ɿɼ. ʌʘʭʽʚʮʷʤʠ ɼʋ ʅʎ ɻɻɻʈɯ ʅɸʅ ʋʢʨʘʾʥʠ ʨʦʟʨʦʙʣʝʥʦ 

ʤʝʪʦʜʠʢʫ ʝʢʩʧʝʨʪʥʦʾ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ɻʈ ʥʘ ʩʪʘʥ ʞʠʪʣʦʚʦʾ ʙʫʜʽʚʣʽ 

ʥʘ ʪʝʨʠʪʦʨʽʾ ʨʦʟʨʦʙʢʠ ʚʫʛʽʣʴʥʠʭ ʨʦʜʦʚʠʱ. ɺʦʥʘ ʚʢʣʶʯʘʻ:  

ï ʧʦʝʪʘʧʥʠʡ ʘʥʘʣʽʟ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʦʾ, ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʦʾ, 

ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʦʾ ʪʘ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ (ʨʝʞʠʤ 

ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʥʘ ʧʨʠʣʝʛʣʠʭ ʪʝʨʠʪʦʨʽʷʭ, ʦʙʩʪʝʞʝʥʥʷ ʪʘ 

ʤʦʥʽʪʦʨʠʥʛ ʨʽʚʥʽʚ ˇʨʫʥʪʦʚʠʭ ʚʦʜ ʫ ʢʦʣʦʜʷʟʷʭ (ʨʠʩ. 1, ʘ) ʟ 

ʧʦʙʫʜʦʚʦʶ ʢʘʨʪʦʛʨʘʤ ʽʟʦʛʽʧʩʽʚ (ʨʠʩ. 1, ʙ), ʫʤʦʚʠ ʨʦʟʛʨʫʟʢʠ 

ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ, ʦʮʽʥʢʘ ʚʝʩʥʷʥʦʾ ʡ ʦʩʽʥʥʴʦʾ ʧʦʚʝʥʽ, ʣʽʪʥʴʦʾ ʪʘ 

ʟʠʤʦʚʦʾ ʤʝʞʝʥʽ, ʦʮʽʥʢʘ ʝʨʦʟʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʪʠʤʯʘʩʦʚʠʭ 

ʚʦʜʦʪʦʢʽʚ ʽ ʧʣʦʱʠʥʥʠʡ ʟʤʠʚ, ʦʮʽʥʢʘ ʧʦʢʨʠʚʥʠʭ ʚʽʜʢʣʘʜʽʚ ʧʦ 

ʜʘʥʠʭ ʩʚʝʨʜʣʦʚʠʥ ʟ ʧʦʙʫʜʦʚʦʶ ʨʦʟʨʽʟʽʚ (ʨʠʩ. 1, ʚ), ʥʘʷʚʥʽʩʪʴ 

ʪʝʢʪʦʥʽʯʥʠʭ ʧʦʨʫʰʝʥʴ ʪʘ ʽʥ.); 

 

 
 

ʈʠʩ. 1. ʇʨʠʢʣʘʜ ʧʦʝʪʘʧʥʦʛʦ ʘʥʘʣʽʟʫ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʦʾ ʪʘ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ: ʘ - ʦʙʩʪʝʞʝʥʥʷ ʢʦʣʦʜʷʟʽʚ, ʙ - ʢʘʨʪʦʛʨʘʤʘ ʽʟʦʛʽʧʩʽʚ ˇʨʫʥʪʦʚʠʭ ʚʦʜ, ʚ 

ï ʛʝʦʣʦʛʽʯʥʠʡ ʨʦʟʨʽʟ ʟ ʧʨʠʚô̫ ʟʢʦʶ ʜʦ ʚʠʢʦʧʽʶʚʘʥʥʷ ʧʣʘʥʫ ʛʽʨʥʠʯʠʭ ʚʠʨʦʙʦʢ 
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ï ʛʽʨʥʠʯʦʪʝʭʥʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ (ʛʣʠʙʠʥʘ ʪʘ ʨʦʢʠ ʨʦʟʨʦʙʢʠ 

ʧʣʘʩʪʽʚ ʚʫʛʽʣʣʷ, ʢʽʣʴʢʽʩʪʴ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʱʦ ʨʦʟʨʦʙʣʷʶʪʴʩʷ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʣʘʚʠ, ʱʦ ʚʢʣʶʯʘʻ: ʜʦʚʞʠʥʫ ʚʧʦʧʝʨʝʢ 

ʧʨʦʩʪʷʛʘʥʥʷ ʽ ʧʦ ʧʨʦʩʪʷʛʘʥʥʶ, ʩʝʨʝʜʥʶ ʚʠʜʦʙʫʚʥʫ ʧʦʪʫʞʥʽʩʪʴ 

ʧʣʘʩʪʘ, ʤʘʨʢʫ ʚʫʛʽʣʣʷ, ʩʝʨʝʜʥʽʡ ʢʫʪ ʧʘʜʽʥʥʷ ʧʣʘʩʪʘ, ʩʝʨʝʜʥʶ 

ʛʣʠʙʠʥʫ ʧʽʜʨʦʙʢʠ (ʫ ʮʝʥʪʨʽ ʣʘʚʠ), ʧʨʠʣʝʛʣʽ ʣʘʚʠ; ʧʦʙʫʜʦʚʘ ʤʝʞ 

ʟʦʥ ʚʧʣʠʚʫ ʚʽʜ ʧʨʠʣʝʛʣʠʭ ʣʘʚ ʚ ʧʣʘʥʽ, ʥʘ ʨʦʟʨʽʟʽ ʧʦ ʪʘ ʚʧʦʧʝʨʝʢ 

ʧʨʦʩʪʷʛʘʥʥʷ (ʨʠʩ. 2, ʘ, ʙ), ʟʘ ʤʝʪʦʜʠʢʦʶ [2], ʚʠʟʥʘʯʝʥʥʷ ʤʝʞʽ ʟʦʥʠ 

ʚʧʣʠʚʫ ʛʽʨʥʠʯʠʭ ʚʠʨʦʙʦʢ (ʨʠʩ. 2, ʚ) ʪʘ ʨʦʟʨʘʭʫʥʦʢ ʟʩʫʚʽʚ ʽ 

ʜʝʬʦʨʤʘʮʽʡ; ʨʦʟʨʘʭʫʥʦʢ ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʮʝʩʫ ʟʩʫʚʫ, ʚʠʟʥʘʯʝʥʥʷ 

ʚʝʣʠʯʠʥʠ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʣʠʰʢʦʚʦʛʦ ʜʝʬʦʨʤʘʮʽʡʥʦʛʦ ʨʝʩʫʨʩʫ ʪʘ 

ʜʦʧʫʩʪʠʤʦʛʦ ʧʦʢʘʟʥʠʢʫ ʩʫʤʘʨʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʙʫʜʽʚʣʽ, 

ʨʦʟʨʘʭʫʥʦʢ ʧʦʢʘʟʥʠʢʘ ʰʢʦʜʠ ʙʫʜʽʚʣʽ ʚʽʜ ʚʧʣʠʚʫ ʧʽʜʨʦʙʢʠ ʙʝʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʭʦʜʽʚ ʟʘʭʠʩʪʫ ʪʘ ʽʥ.; 

 
 

ʈʠʩ. 2. ʇʨʠʢʣʘʜ ʧʦʝʪʘʧʥʦʛʦ ʘʥʘʣʽʟʫ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʦʾ ʪʘ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ: ʘ, ʙ - ʧʦʙʫʜʦʚʘ ʤʝʞ ʟʦʥ ʚʧʣʠʚʫ ʚʽʜ ʧʨʠʣʝʛʣʠʭ ʣʘʚ ʥʘ ʨʦʟʨʽʟʽ ʧʦ ʪʘ 

ʚʧʦʧʝʨʝʢ ʧʨʦʩʪʷʛʘʥʥʷ, ʚ - ʧʦʙʫʜʦʚʘ ʤʝʞ ʟʦʥ ʚʧʣʠʚʫ ʚʽʜ ʧʨʠʣʝʛʣʠʭ ʣʘʚ ʚ ʧʣʘʥʽ 
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ï ʦʙʩʪʝʞʝʥʥʷ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ ʪʘ ʦʮʽʥʢʘ ʾʭ ʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʥʦʨʤʘʤ ʧʨʦʝʢʪʫʚʘʥʥʷ (ʨʠʩ. 3, ʘ, ʙ), ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʩʧʦʨʫʜ ʥʘ ʚʫʛʣʝʥʦʩʥʠʭ ʧʣʦʱʘʭ ʟʛʽʜʥʦ ʟ [1, 5, 6]; ʦʙʩʪʝʞʝʥʥʷ 

ʧʨʠʣʝʛʣʠʭ ʪʝʨʠʪʦʨʽʡ (ʨʠʩ. 3, ʚ). 
 

 

 
 

ʈʠʩ. 3. ʇʨʠʢʣʘʜ ʧʦʝʪʘʧʥʦʛʦ ʘʥʘʣʽʟʫ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʦʾ ʪʘ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ: ʘ, ʙ ï ʦʙʩʪʝʞʝʥʥʷ ʙʫʜʽʚʣʽ ʟ ʬʽʢʩʘʮʽʻʶ ʧʦʰʢʦʜʞʝʥʴ, ʚ ï ʦʙʩʪʝʞʝʥʥʷ 

ʧʨʠʣʝʛʣʠʭ ʪʝʨʠʪʦʨʽʡ 

 

ɺʠʩʥʦʚʦʢ. ʉʪʚʦʨʝʥʘ ʤʝʪʦʜʠʢʘ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʦʮʽʥʢʠ 

ʚʧʣʠʚʫ ɻʈ ʥʘ ʩʪʘʥ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ ʥʘ ʪʝʨʠʪʦʨʽʷʭ ʨʦʟʨʦʙʢʠ 

ʚʫʛʽʣʣʷ ʜʦʟʚʦʣʠʣʘ ʟʘʩʪʦʩʫʚʘʪʠ ʾʭ ʥʘ ʧʨʘʢʪʠʮʽ, ʨʦʟʨʦʙʠʪʠ 

ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʽ ʝʢʩʧʝʨʪʠʟʠ ʩʪʦʩʦʚʥʦ ʨʫʡʥʫʚʘʥʴ ʞʠʪʣʦʚʠʭ 

ʙʫʜʠʥʢʽʚ ʪʘ ʟô̫ ʩʫʚʘʪʠ ʧʨʠʯʠʥʠ ʜʝʬʦʨʤʘʮʽʡ ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ.   
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ɼʦʩʣʽʜʞʝʥʦ ʤʦʞʣʠʚʽʩʪʴ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʨʘʥʽʪʥʠʭ ʚʽʜʭʦʜʽʚ 

ʃʝʟʥʠʢʽʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʜʣʷ ʩʠʥʪʝʟʫ ʛʝʦʧʦʣʽʤʝʨʽʚ ʪʘ ʮʝʤʝʥʪʥʠʭ ʨʦʟʯʠʥʽʚ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘʤʽʥʘ ʜʦ 15% ʧʨʠʨʦʜʥʠʭ ʟʘʧʦʚʥʶʚʘʯʽʚ ʛʨʘʥʽʪʥʠʤʠ ʚʽʜʭʦʜʘʤʠ 

ʧʦʢʨʘʱʫʻ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʝʦʧʦʣʽʤʝʨʽʚ. ɸʥʘʣʽʟ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ 

ʧʽʜʪʚʝʨʜʠʚ ʧʨʠʜʘʪʥʽʩʪʴ ʩʠʨʦʚʠʥʠ ʜʣʷ ʣʫʞʥʦʾ ʘʢʪʠʚʘʮʽʾ. 
ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʽʜʭʦʜʠ, ʧʨʠʨʦʜʥʠʡ ʢʘʤʽʥʴ, ʛʽʨʥʠʯʦʜʦʙʫʚʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ, 

ʛʝʦʧʦʣʽʤʝʨ. 

 

USE OF FINELY DISPERSED WASTE FROM THE 

LEZNYKOVSKY DEPOSIT IN GEOPOLYMER BASES 

Naumov Y.O., Kols̔nichenko D.V. 
Zhytomyr Polytechnic State University, Zhytomyr, Ukraine, 

kgttb_nyao@ztu.edu.ua, gr24_kdv@student.ztu.edu.ua 

 
The possibility of reusing granite waste from the Leznikivskyi deposit for the 

synthesis of geopolymers and cement mortars was investigated. It has been 

established that replacing up to 15% of natural aggregates with granite waste 

improves the mechanical properties of geopolymers. Analysis of the chemical 
composition confirmed the suitability of the raw material for alkali activation. 

Keywords: waste, natural stone, mining industry, geopolymer. 

 
ʊʘʢʽ ʚʘʞʣʠʚʽ ʧʨʦʙʣʝʤʠ, ʷʢ ʥʝʩʢʽʥʯʝʥʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʮʝʤʝʥʪʫ, 

ʚʠʢʠʜʠ ʢʦʣʦʩʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ CO2 ʚ ʘʪʤʦʩʬʝʨʫ ʪʘ ʚʝʣʠʯʝʟʥʽ 

ʚʠʢʠʜʠ ʛʨʘʥʽʪʥʠʭ ʚʽʜʭʦʜʽʚ ʨʽʟʥʠʤʠ ʛʘʣʫʟʷʤʠ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʱʦ 

ʧʦʨʫʰʫʶʪʴ ʝʢʦʣʦʛʽʯʥʫ ʩʠʩʪʝʤʫ, ʩʪʘʶʪʴ ʧʨʦʙʣʝʤʦʶ ʛʣʦʙʘʣʴʥʦʛʦ 

ʧʦʪʝʧʣʽʥʥʷ ʚ ʫʩʴʦʤʫ ʩʚʽʪʽ. ʎʝ ʜʦʩʣʽʜʞʝʥʥʷ ʟʦʩʝʨʝʜʞʝʥʦ ʥʘ 

ʝʬʝʢʪʠʚʥʦʤʫ ʪʘ ʧʦʚʪʦʨʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʛʨʘʥʽʪʥʠʭ ʚʽʜʭʦʜʽʚ ʫ 

ʧʨʠʛʦʪʫʚʘʥʥʽ ʛʝʦʧʦʣʽʤʝʨʫ. ɻʨʘʥʽʪʥʽ ʚʽʜʭʦʜʠ ʧʦʚʪʦʨʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʷʢ ʯʘʩʪʢʦʚʘ ʟʘʤʽʥʘ ʧʨʠʨʦʜʥʠʭ ʜʨʽʙʥʠʭ 

ʟʘʧʦʚʥʶʚʘʯʽʚ, ʪʦʙʪʦ ʧʽʩʢʫ, ʫ ʨʽʟʥʠʭ ʧʨʦʧʦʨʮʽʷʭ ʚʽʜ 0 ʜʦ 20 %. 
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ʆʮʽʥʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʝʦʧʦʣʽʤʝʨʫ, ʟʤʽʰʘʥʦʛʦ ʟ ʛʨʘʥʽʪʥʠʤʠ 

ʚʽʜʭʦʜʘʤʠ, ʧʨʦʚʦʜʠʣʘʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʦʩʣʽʜʞʝʥʴ ʤʽʮʥʦʩʪʽ ʪʘ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ, ʪʘʢʠʭ ʷʢ ʩʫʭʘ ʱʽʣʴʥʽʩʪʴ, ʤʽʮʥʽʩʪʴ ʥʘ ʩʪʠʩʢ, 

ʰʚʠʜʢʽʩʪʴ ʧʦʰʠʨʝʥʥʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʽʤʧʫʣʴʩʫ, ʤʦʜʫʣʴ 

ʧʨʫʞʥʦʩʪʽ. ʋʩʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʤʽʮʥʽʩʪʴ ʪʘ 

ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʧʦʢʘʟʘʣʠ, ʱʦ ʛʝʦʧʦʣʽʤʝʨ, ʚʠʛʦʪʦʚʣʝʥʠʡ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʨʘʥʽʪʥʠʭ ʚʽʜʭʦʜʽʚ, ʱʦ ʟʘʤʽʥʶʶʪʴ ʧʨʠʨʦʜʥʽ 

ʜʨʽʙʥʽ ʟʘʧʦʚʥʶʚʘʯʽ ʜʦ 15 %, ʤʘʻ ʧʝʨʝʚʘʛʠ ʱʦʜʦ ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʧʦʨʽʚʥʷʥʦ ʟ 

ʢʦʥʪʨʦʣʴʥʠʤ ʛʝʦʧʦʣʽʤʝʨʦʤ [1]. 

ɻʦʣʦʚʥʦʶ ʤʝʪʦʶ ʙʫʚ ʘʥʘʣʽʟ ʧʦʪʝʥʮʽʘʣʫ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʛʨʘʥʽʪʥʠʭ ʚʽʜʭʦʜʽʚ ʃʝʟʥʠʢʽʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ, ʷʢ ʩʠʨʦʚʠʥʠ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʛʝʦʧʦʣʽʤʝʨʽʚ. ʏʝʨʝʟ ʥʠʟʴʢʫ ʨʝʘʢʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʮʴʦʛʦ 

ʘʣʶʤʦʩʠʣʽʢʘʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʡʦʛʦ ʧʨʠʨʦʜʥʦʤʫ ʩʪʘʥʽ, ʛʨʘʥʽʪʥʠʭ 

ʚʽʜʭʦʜʽʚ ʘʢʪʠʚʫʚʦʚʫʚʘʣʠ ʰʣʷʭʦʤ ʣʫʞʥʦʾ ʨʝʘʢʮʽʾ ʟ ʨʽʟʥʦʶ 

ʢʽʣʴʢʽʩʪʶ ʛʽʜʨʦʢʩʠʜʫ ʥʘʪʨʽʶ. ʆʪʨʠʤʘʥʽ ʤʘʪʝʨʽʘʣʠ ʧʦʪʽʤ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʣʷ ʩʠʥʪʝʟʫ ʛʝʦʧʦʣʽʤʝʨʽʚ ʧʨʠ ʢʽʤʥʘʪʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʠʣʽʢʘʪ ʥʘʪʨʽʶ ʷʢ ʘʢʪʠʚʘʪʦʨ. 

ʈʝʟʫʣʴʪʘʪʠ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʛʝʦʧʦʣʽʤʝʨʥʠʭ ʨʦʟʯʠʥʽʚ 

ʢʦʣʠʚʘʶʪʴʩʷ ʚʽʜ 6,25 ʜʦ 40,5 ʄʇʘ ʟʘʣʝʞʥʦ ʚʽʜ ʢʽʣʴʢʦʩʪʽ Na2O, ɦʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʽʜ ʯʘʩ ʧʨʦʮʝʩʫ ʣʫʞʥʦʾ ʨʝʘʢʮʽʾ [1, 2]. ɹʫʣʦ 

ʜʦʩʣʽʜʞʝʥʦ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʭ ʚʽʜʭʦʜʽʚ 

ʃʝʟʥʠʢʽʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ (ʪʘʙʣ. 1), ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʙʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʘʣʶʤʦʩʠʣʽʢʘʪʥʦʾ ʩʠʨʦʚʠʥʠ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʛʝʦʧʦʣʽʤʝʨʥʦʾ ʩʫʤʽʰʽ ʻ ʜʦʩʪʘʪʥʴʦʶ. 

 

 
 

ʘ ʙ 

ʈʠʩ.1 ʇʨʠʢʣʘʜ ʟʨʘʟʢʽʚ: ʘ) ʛʝʦʧʦʣʽʤʝʨ, ʙ) ʛʝʦʧʦʣʽʤʝʨʥʠʡ ʙʝʪʦʥ 
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ʊʘʙʣʠʮʷ 1. ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʭ ʚʽʜʭʦʜʽʚ ʃʝʟʥʠʢʽʚʩʴʢʦʛʦ 

ʨʦʜʦʚʠʱʘ ʛʨʘʥʽʪʽʚ 

ʂʦʤʧʦʥʝʥʪ ʃʝʟʥʠʢʽʚʩʴʢʝ ʨʦʜʦʚʠʱʝ ʛʨʘʥʽʪʫ, wt % 

SiO2 69,290 

Al2O3 14,030 

Fe2O3 4,950 

CaO 1,830 

Na2O 2,780 

MgO 0,526 

K2O 5,300 

TiO2 0,407 

P2O5 0,283 

SO3 0,013 

Mn2O3 0,064 

SrO 0,018 

ZnO 0,021 

Cr2O3 0,035 

As2O3 0,060 

Cl 0,051 

ɺʩʴʦʛʦ: 99,657 

Si/Al 4,94 

 

ʊʘʢʦʞ ʚ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʟʥʘʯʘʣʘʩʴ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʭ ʜʠʩʧʝʨʩʥʠʭ ʚʽʜʭʦʜʽʚ ʧʨʠ 

ʧʨʠʛʦʪʫʚʘʥʥʽ ʮʝʤʝʥʪʥʠʭ ʨʦʟʯʠʥʽʚ. ʇʨʦʛʨʘʤʘ ʜʦʩʣʽʜʞʝʥʴ 

ʙʘʟʫʚʘʣʘʩʴ ʥʘ ʩʪʘʥʜʘʨʪʥʽʡ ʤʝʪʦʜʠʮʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ 

ʤʽʮʥʦʩʪʽ ʮʝʤʝʥʪʥʠʭ ʨʦʟʯʠʥʽʚ ʪʘ ʙʫʣʘ ʨʦʟʜʽʣʝʥʘ ʥʘ ʜʚʽ ʯʘʩʪʠʥʠ. 

ʊʘʢʦʞ ʚ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʩʪʦʩʦʚʫʚʘʣʘʩʴ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʭ ʚʽʜʭʦʜʽʚ ʧʨʠ ʧʨʠʛʦʪʫʚʘʥʥʽ 

ʮʝʤʝʥʪʥʠʭ ʨʦʟʯʠʥʽʚ. ʇʨʦʛʨʘʤʘ ʜʦʩʣʽʜʞʝʥʴ ʙʘʟʫʚʘʣʘʩʴ ʥʘ 

ʩʪʘʥʜʘʨʪʥʽʡ ʤʝʪʦʜʠʮʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʤʽʮʥʦʩʪʽ 

ʮʝʤʝʥʪʥʠʭ ʨʦʟʯʠʥʽʚ ʪʘ ʙʫʣʘ ʨʦʟʜʽʣʝʥʘ ʥʘ ʜʚʽ ʯʘʩʪʠʥʠ. 

ʋ ʧʝʨʰʦʤʫ ʚʘʨʽʘʥʪʽ ʜʦʩʣʽʜʞʫʚʘʚʩʷ ʚʧʣʠʚ ʟʘʤʽʥʠ ʚô̫ ʞʫʯʠʭ 

ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʭ ʚʽʜʭʦʜʘʤʠ. ʗʢ ʽ ʦʯʽʢʫʚʘʣʦʩʴ ʧʽʩʣʷ ʘʥʘʣʽʟʫ 

ʤʽʥʝʨʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʚʽʜʭʦʜʽʚ, ʟʘʤʽʥʘ 10ï15 % ʯʘʩʪʢʠ ʚô̫ ʞʫʯʦʛʦ 
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ʥʘ ʚʽʜʧʦʚʽʜʥʫ ʯʘʩʪʢʫ ʚʽʜʭʦʜʽʚ ʛʽʨʥʠʯʦʜʦʙʫʚʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

ʧʨʠʟʚʝʣʘ ʜʦ ʟʤʝʥʰʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʤʽʮʥʦʩʪʽ ʟʨʘʟʢʽʚ ʮʝʤʝʥʪʥʦʛʦ 

ʨʦʟʯʠʥʫ. ʇʨʠ ʟʘʤʽʥʽ 18 % ʮʝʤʝʥʪʫ ʥʘ ʚʽʜʧʦʚʽʜʥʫ ʯʘʩʪʢʫ 

ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʭ ʚʽʜʭʦʜʽʚ ʛʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʥʘ ʟʛʠʥ ʮʝʤʝʥʪʥʦʛʦ 

ʨʦʟʯʠʥʫ ʟʤʝʥʰʠʣʘʩʴ ʥʘ 5 %, ʘ ʛʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ 

ʟʤʝʥʰʠʣʘʩʴ ʥʘ 11%. ʊʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ ʟʤʝʥʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ 

ʩʭʦʧʣʝʥʥʷ ʮʝʤʝʥʪʥʦʛʦ ʨʦʟʯʠʥʫ.  

ʇʽʜ ʯʘʩ ʜʨʫʛʦʾ ʯʘʩʪʠʥʠ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʥʫʚʘʣʘʩʴ ʟʘʤʽʥʘ 

ʯʘʩʪʠʥʠ ʧʽʩʢʫ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʤʠ ʚʽʜʭʦʜʘʤʠ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ 

ʚʽʜʙʫʣʦʩʷ ʧʦʢʨʘʱʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʨʘʟʢʽʚ ʮʝʤʝʥʪʥʦʛʦ ʨʦʟʯʠʥʫ. 

ʇʨʠ ʟʘʤʽʥʽ 15 % ʧʽʩʢʫ ʥʘ ʪʘʢʫ ʞ ʯʘʩʪʢʫ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʭ 

ʚʽʜʭʦʜʽʚ ʛʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʥʘ ʟʛʠʥ ʟʨʘʟʢʽʚ ʮʝʤʝʥʪʥʦʛʦ ʨʦʟʯʠʥʫ 

ʟʨʦʩʣʘ ʥʘ 13 %, ʘ ʛʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʟʨʦʩʣʘ ʥʘ 22 %. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʦʜʥʠʤ ʽʟ ʤʦʞʣʠʚʠʭ ʰʣʷʭʽʚ 

ʫʪʠʣʽʟʘʮʽʾ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʭ ʚʽʜʭʦʜʽʚ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭ ʚ ʷʢʦʩʪʽ 

ʥʘʧʦʚʥʶʚʘʯʘ ʧʨʠ ʧʨʠʛʦʪʫʚʘʥʥʽ ʮʝʤʝʥʪʥʠʭ ʨʦʟʯʠʥʽʚ. 

ʉʣ̔ʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʴ ʥʝ ʙʫʣʦ 

ʜʦʩʷʛʥʫʪʦ ʚʝʨʭʥʴʦʾ ʤʝʞʽ ʯʘʩʪʢʠ ʟʘʤʽʥʠ ʢʦʤʧʦʥʝʥʪʽʚ ʮʝʤʝʥʪʥʦʛʦ 

ʨʦʟʯʠʥʫ, ʷʢʘ ʙ ʚʞʝ ʥʝ ʚʠʢʣʠʢʘʣʘ ʧʦʢʨʘʱʝʥʥʷ ʤʽʮʥʽʩʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʮʝʤʝʥʪʥʦʛʦ ʨʦʟʯʠʥʫ. ʋ ʷʢʦʩʪʽ ʧʨʦʜʦʚʞʝʥʥʷ 

ʜʦʩʣʽʜʞʝʥʴ ʚ ʜʘʥʦʤʫ ʥʘʧʨʷʤʢʫ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʟʥʘʯʠʪʠ 

ʦʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʯʘʩʪʢʠ ʟʘʤʽʥʠ ʥʘʧʦʚʥʶʚʘʯʘ ʮʝʤʝʥʪʥʦʛʦ 

ʨʦʟʯʠʥʫ ʚʽʜʭʦʜʘʤʠ ʛʽʨʥʠʯʦʜʦʙʫʚʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 
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ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʥʠʟʢʘ ʧʝʨʰʦʨʷʜʥʠʭ ʛʝʦʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ,  ʧʦʚô̫ ʟʘʥʠʭ ʽʟ 

ʧʽʜʟʝʤʥʠʤ ʚʠʜʦʙʫʚʘʥʥʷʤ ʚʫʛʽʣʣʷ ʪʘ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫ ʥʘ ɼʦʥʙʘʩʽ. ɿʘʛʘʣʦʤ ʽ 

ʦʢʨʝʤʦ ʜʝʬʦʨʤʫʻʪʴʩʷ ʟʝʤʥʘ ʧʦʚʝʨʭʥʷ ʪʘ ʧʦʚʝʨʭʥʝʚʽ ʩʧʦʨʫʜʠ, ʧʽʜʪʦʧʣʶʻʪʴʩʷ 

ʧʨʠʧʦʚʝʨʭʥʝʚʠʡ ʤʘʩʠʚ, ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʦʜʦʧʨʠʪʦʢ ʰʘʭʪʥʠʭ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, 

ʟʥʝʚʦʜʥʶʶʪʴʩʷ ʨʽʯʢʠ, ʧʽʜʚʠʱʫʻʪʴʩʷ ʨʘʜʽʘʮʽʡʥʠʡ ʬʦʥ ʪʦʱʦ. 
ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʽʜʨʦʙʽʪʦʢ, ʧʨʦʚʘʣʠ, ʣʽʢʚʽʜʘʮʽʷ hʘʭʪ, ʚʦʜʦʚʽʜʣʠʚ, ʦʙʤʽʣʽʥʥʷ. 

GEOECOLOGICAL PROBLEMS OF DONBASS 

Feofanov A.M., Sietaia L.D.  
M. P. Semenenko Institute of Geochemistry, Mineralogy and Ore Formation 

of the NAS Ukraine, Kyiv andrei.feo@ukr.net, lasetaya@gmail.com 

 
The article overviews a number of essential geoecological aspects related to deep 

coal mining and shale gas production in Donetsk Basin which, taken as a whole and 

in isolation from one another, deform ground surface and surface buildings, flood the 

near-surface area, affect underground water inflow, dewater surface watercourses, etc. 

Keywords: mine workings, sinkholes, mine abandonment, dewatering, flooding, 

shoaling. 

 

ɺʩʪʫʧ. ʇʨʦʤʠʩʣʦʚʝ ʦʩʚʦʻʥʥʷ ʙʫʜʴ-ʷʢʦʾ ʢʦʨʠʩʥʦʾ ʢʦʧʘʣʠʥʠ, 

ʙʝʟʧʝʨʝʯʥʦ, ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

ʑʦʜʦ ʮʴʦʛʦ ɼʦʥʙʘʩ ʥʝ ʚʠʥʷʪʦʢ, ʘ ʭʘʨʘʢʪʝʨʥʠʡ ʧʨʠʢʣʘʜ. 

ʅʘʩʘʤʧʝʨʝʜ ʮʝ ʧʽʜʟʝʤʥʠʡ ʚʠʜʦʙʫʪʦʢ ʢʘʤôʷʥʦʛʦ ʚʫʛʽʣʣʷ, ʧʦʚôʷʟʘʥʽ 

ʟ ʥʠʤ ʜʝʬʦʨʤʘʮʽʾ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘ ʚʽʜʧʦʚʽʜʥʽ ʟʤʽʥʠ ʚ ʝʢʦʣʦʛʽʾ 

ʨʝʛʽʦʥʫ. 

1. ʇʽʜʨʦʙʽʪʦʢ ʜʽʶʯʠʤʠ ʛʽʨʥʠʯʠʤʠ ʚʠʨʦʙʢʘʤʠ. ɺʩʽ ʥʠʥʽ ʜʽʶʯʽ 

ʰʘʭʪʠ ɼʦʥʙʘʩʫ ʧʨʘʮʶʶʪʴ ʚ ʦʩʥʦʚʥʦʤʫ ʥʘ ʩʝʨʝʜʥʽʭ ʽ ʚʝʣʠʢʠʭ 

ʛʣʠʙʠʥʘʭ. ɺʠʜʦʙʫʪʦʢ ʚʫʛʽʣʣʷ ʚ ʥʠʭ ʚʝʜʝʪʴʩʷ ʩʫʯʘʩʥʠʤʠ 

ʤʝʭʘʥʽʟʦʚʘʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʚʽʜʧʨʘʮʴʦʚʫʚʘʪʠ 

ʚʫʛʽʣʴʥʽ ʧʣʘʩʪʠ ʚʝʣʠʢʠʤʠ ʧʣʦʱʘʤʠ. ʇʨʦʩʽʜʘʥʥʷ ʫ ʚʠʨʦʙʣʝʥʠʡ 

ʧʨʦʩʪʽʨ ʧʦʨʦʜʥʠʭ ʰʘʨʽʚ, ʱʦ ʣʝʞʘʪʴ ʚʠʱʝ, ʫʪʚʦʨʶʶʪʴ ʥʘ ʟʝʤʥʽʡ 
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ʧʦʚʝʨʭʥʽ ʪʘʢ ʟʚʘʥʫ ʤʫʣʴʜʫ ʟʨʫʰʝʥʥʷ. ɹʫʜʽʚʣʽ ʪʘ ʩʧʦʨʫʜʠ, ʱʦ 

ʧʦʪʨʘʧʣʷʶʪʴ ʫ ʟʦʥʫ ʾʾ ʚʧʣʠʚʫ, ʟʘʟʥʘʶʪʴ ʜʝʬʦʨʤʘʮʽʾ ʨʽʟʥʦʾ 

ʚʝʣʠʯʠʥʠ. ɹʘʛʘʪʦ ʧʦʚʝʨʭʥʝʚʠʭ ʮʠʚʽʣʴʥʠʭ ʙʫʜʽʚʝʣʴ ʽ ʧʨʦʤʠʩʣʦʚʠʭ 

ʦʙô̒ ʢʪʽʚ (ʘʚʪʦʤʦʙʽʣʴʥʽ ʪʘ ʟʘʣʽʟʥʽ ʜʦʨʦʛʠ, ʧʽʜʟʝʤʥʽ ʪʨʫʙʦʧʨʦʚʦʜʠ, 

ʣʽʥʽʾ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯʽ, ʚʦʜʥʽ ʦʙô̒ ʢʪʠ) ʟô̫ ʚʠʣʠʩʷ ʱʝ ʪʦʜʽ, ʢʦʣʠ 

ʧʦʪʦʯʥʠʡ ʧʽʜʨʦʙʽʪʦʢ ʥʘʚʽʪʴ ʥʝ ʧʣʘʥʫʚʘʚʩʷ. ʊʦʤʫ ʧʽʩʣʷ ʧʽʜʨʦʙʽʪʢʫ 

ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʟ ʥʠʭ ʙʫʜʫʪʴ ʧʦʪʨʽʙʥʽ ʩʫʪʪʻʚʽ ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʥʷ 

ʜʣʷ ʙʝʟʧʝʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʆʩʥʦʚʥʠʤ ʥʦʨʤʘʪʠʚʥʠʤ ʜʦʢʫʤʝʥʪʦʤ, 

ʜʝ ʚʽʜʦʙʨʘʞʝʥʽ ʛʦʣʦʚʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʜʝʬʦʨʤʘʮʽʡ ʟʝʤʥʦʾ 

ʧʦʚʝʨʭʥʽ ʧʨʠ ʾʾ ʧʽʜʨʦʙʽʪʢʫ ʜʽʶʯʠʤʠ ʚʫʛʽʣʴʥʠʤʠ ʰʘʭʪʘʤʠ, ʘ ʪʘʢʦʞ 

ʤʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʩʘʤʠʭ ʟʨʫʰʝʥʴ, ʻ çʇʨʘʚʠʣʘ 

ʧʽʜʨʦʙʢʠéè [1]. 

ɺ ʋʢʨʘʾʥʽ ʧʣʘʥʫʻʪʴʩʷ ʣʽʢʚʽʜʘʮʽʷ ʚʩʽʭ ʧʽʜʟʝʤʥʠʭ ʰʘʭʪ. 

ɺʽʜʧʦʚʽʜʥʦ ʰʢʽʜʣʠʚʠʡ ʚʧʣʠʚ ʧʦʪʦʯʥʦʛʦ ʧʽʜʨʦʙʽʪʢʫ ʥʘ ʜʦʚʢʽʣʣʷ 

ʧʦʩʪʫʧʦʚʦ ʙʫʜʝ ʟʚʝʜʝʥʦ ʜʦ ʤʽʥʽʤʫʤʫ. 

2. ʃʽʢʚʽʜʘʮʽʷ ʜʽʶʯʠʭ ʰʘʭʪ. ɼʦ ʧʦʯʘʪʢʫ ʨʦʩʽʡʩʴʢʦ-ʫʢʨʘʾʥʩʴʢʦʾ 

ʚʽʡʥʠ (2014 ʨ.) ʥʘ ɼʦʥʙʘʩʽ ʟʘ ʦʬʽʮʽʡʥʠʤʠ ʜʘʥʠʤʠ ʟʽ 145 ʽʩʥʫʶʯʠʭ 

ʧʨʘʮʶʚʘʣʦ 95 ʰʘʭʪ. ʅʘ 2024 ʨʽʢ ʚ ʫʢʨʘʾʥʩʴʢʽʡ ʯʘʩʪʠʥʽ ɼʦʥʙʘʩʫ 

ʟʘʣʠʰʠʣʦʩʷ ʚʩʴʦʛʦ 6 ʰʘʭʪ. ʅʘ ʦʢʫʧʦʚʘʥʽʡ ʪʝʨʠʪʦʨʽʾ ɼʦʥʙʘʩʫ, ʟʘ 

ʨʽʟʥʠʤʠ ʜʘʥʠʤʠ, ʧʨʦʜʦʚʞʫʶʪʴ ʨʦʙʦʪʫ ʚʽʜ 14 ʜʦ 33 ʰʘʭʪ, ʘʣʝ 

ʙʘʛʘʪʦ ʟ ʥʠʭ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʩʢʣʘʜʥʦʤʫ ʩʪʘʥʦʚʠʱʽ ʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʟʘʢʨʠʪʽ. 

ʅʘ ʞʘʣʴ, ʚʩʝ ʟʚʦʜʠʪʴʩʷ ʣʠʰʝ ʜʦ ʣʽʢʚʽʜʘʮʽʾ ʟʙʠʪʢʦʚʠʭ ʘʙʦ 

ʤʘʣʦʧʨʠʙʫʪʢʦʚʠʭ (ʟ ʧʦʛʣʷʜʫ ʚʣʘʩʥʠʢʘ) ʰʘʭʪ, ʧʨʠʯʦʤʫ ʣʽʢʚʽʜʘʮʽʾ 

ʛʨʫʙʦʾ, ʥʝ ʟʘʚʞʜʠ ʦʙˇʨʫʥʪʦʚʘʥʦʾ. ʄʘʡʞʝ ʧʦʚʩʶʜʥʦ ʣʽʢʚʽʜʘʮʽʷ 

ʰʘʭʪʠ ʧʦʣʷʛʘʻ ʣʠʰʝ ʚ ʪʦʤʫ, ʱʦʙ, ʦʙʨʘʟʥʦ ʚʠʩʣʦʚʣʶʶʯʠʩʴ, 

ʧʦʚʽʩʠʪʠ ʥʘ ʥʝʾ ʟʘʤʢʘ. ʅʘ ʪʨʝʪʠʥʽ ʫʢʨʘʾʥʩʴʢʦʛʦ ɼʦʥʙʘʩʫ, ʱʦ ʟʘʨʘʟ 

ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ ʦʢʫʧʘʮʽʻʶ ʪʘʢ ʟʚʘʥʠʭ ɼʅʈ ʠ ʃʅʈ, ʣʽʢʚʽʜʦʚʘʥʦ 

(ʧʦʨʽʟʘʥʦ ʥʘ ʤʝʪʘʣʦʙʨʫʭʪ) 49 ʰʘʭʪ (26 ï ʚ ɼʦʥʝʮʴʢʽʡ ʦʙʣ. ʠ 23 ï 

ʚ ʃʫʛʘʥʩʴʢʽʡ). ʋ ʩʘʤʦʤʫ ɼʦʥʝʮʴʢʫ ʚ 2024 ʨʦʮʽ ʙʫʣʦ ʟʘʢʨʠʪʦ 

ʦʩʪʘʥʥʶ ʜʽʶʯʫ ʰʘʭʪʫ. ɺʟʘʛʘʣʽ ʚʫʛʽʣʴʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ɼʦʥʙʘʩʫ 

ʧʝʨʝʞʠʚʘʻ ʩʢʣʘʜʥʠʡ ʧʝʨʽʦʜ ʯʝʨʝʟ ʚʽʡʥʫ, ʦʢʫʧʘʮʽʶ ʪʘ ʝʢʦʥʦʤʽʯʥʽ 

ʧʨʦʙʣʝʤʠ. ʈʦʩʽʡʩʴʢʽ ʢʦʤʧʘʥʽʾ, ʷʢʽ ʫ 2024 ʨʦʮʽ ʦʨʝʥʜʫʚʘʣʠ 15 

ʚʫʛʽʣʴʥʠʭ ʰʘʭʪ ʥʘ ʪʝʨʠʪʦʨʽʾ ʦʢʫʧʦʚʘʥʦʛʦ ɼʦʥʙʘʩʫ ʚʽʜʤʦʚʠʣʠʩʷ 

ʨʦʟʨʦʙʣʷʪʠ 9 ʽʟ ʥʠʭ. ɯʥʚʝʩʪʦʨʠ ʥʘʤʘʛʘʶʪʴʩʷ ʧʦʚʝʨʥʫʪʠ ʾʭ ʪʘʢ 

ʟʚʘʥʽʡ ʤʽʩʮʝʚʽʡ ʚʣʘʜʽ ʜʣʷ ʣʽʢʚʽʜʘʮʽʾ ʽ ʥʝ ʭʦʯʫʪʴ ʚʠʪʨʘʯʘʪʠʩʷ ʥʘ 

ʨʦʟʨʦʙʢʫ ʪʝʭʥʽʯʥʦʛʦ ʧʨʦʻʢʪʫ ʟ ʣʽʢʚʽʜʘʮʽʾ ʪʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 
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ʦʙ'ʻʢʪʽʚ ʜʦ ʾʭʥʴʦʾ ʢʦʥʩʝʨʚʘʮʽʾ ʘʙʦ ʣʽʢʚʽʜʘʮʽʾ. ɸ ʮʝ ʧʦʥʘʜ 32 ʤʣʥ 

ʜʦʣʘʨʽʚ ʉʐɸ ʥʘ ʨʽʢ.  

ʇʨʦʪʝ ʚʦʜʦʧʨʠʪʦʢ ʫ ʛʽʨʥʠʯʽ ʚʠʨʦʙʢʠ ʽʟ ʟʘʢʨʠʪʪʷʤ ʰʘʭʪʠ ʥʝ 

ʟʥʠʢʘʻ, ʪʦʤʫ ʚ ʩʪʦʚʙʫʨʘʭ ʪʨʝʙʘ ʟʘʣʠʰʘʪʠ ʟʘʥʫʨʶʚʘʣʴʥʽ ʥʘʩʦʩʠ ʪʘ 

ʧʨʦʜʦʚʞʫʚʘʪʠ ʚʽʜʢʘʯʫʚʘʥʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʜʣʷ ʧʽʜʪʨʠʤʢʠ 

ʧʝʚʥʦʛʦ ʨʽʚʥʷ ʟʘʪʦʧʣʝʥʥʷ. ʐʘʭʪʥʽ ʚʦʜʠ ʷʢ ʜʽʶʯʠʭ, ʪʘʢ ʽ 

ʣʽʢʚʽʜʦʚʘʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʪʨʝʙʘ ʧʦʩʪʽʡʥʦ ʧʝʨʝʢʘʯʫʚʘʪʠ ʫ 

ʧʦʚʝʨʭʥʝʚʽ ʚʽʜʩʪʽʡʥʠʢʠ, ʷʢʽ ʟʛʦʜʦʤ ʩʪʚʦʨʶʶʪʴ ʜʦʜʘʪʢʦʚʠʡ 

ʚʦʜʦʧʨʠʪʦʢ ʫ ʨʽʯʢʠ ʪʘ ʚʦʜʦʡʤʠ. 

ɸʣʝ ʮʴʦʛʦ ʥʝ ʨʦʙʠʪʴʩʷ. ɸʛʨʝʩʠʚʥʽ ʟʘ ʭʽʤʩʢʣʘʜʦʤ ʧʽʜʟʝʤʥʽ ʚʦʜʠ 

ʧʽʜʥʽʤʘʶʪʴʩʷ ʜʦ ʧʦʚʝʨʭʥʽ ʪʘ ʧʦʪʨʘʧʣʷʶʪʴ ʫ ʚʦʜʦʥʦʩʥʽ ʛʦʨʠʟʦʥʪʠ 

ʟ ʢʦʣʦʜʷʟʷʤʠ ʧʠʪʥʦʾ ʚʦʜʠ, ʘ ʩʘʤʘ ʧʦʚʝʨʭʥʷ ʧʽʜʪʦʧʣʶʻʪʴʩʷ, 

ʟʘʤʫʣʶʻʪʴʩʷ ʽ ʩʪʘʻ ʥʝʧʨʠʜʘʪʥʦʶ ʜʣʷ ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ 

[2, 3]. ʉʫʩʽʜʥʽ ʧʨʘʮʶʶʯʽ ʰʘʭʪʠ ʦʪʨʠʤʫʶʪʴ ʨʽʟʢʝ ʟʙʽʣʴʰʝʥʥʷ 

ʚʣʘʩʥʦʛʦ ʚʦʜʦʧʨʠʪʦʢʫ ʯʝʨʝʟ ʛʽʜʨʘʚʣʽʯʥʠʡ ʟʚô̫ ʟʦʢ ʽʟ ʟʘʢʨʠʪʠʤʠ 

ʰʘʭʪʘʤʠ, ʘ ʧʦʚʝʨʭʥʝʚʽ ʚʦʜʦʡʤʠʱʘ ʪʘ ʨʽʯʢʠ ʟʘʟʥʘʶʪʴ ʥʝʩʪʘʯʽ ʚʦʜʠ, 

ʱʦ ʚʣʘʩʥʝ ʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʠʥʽ ʥʘ ɼʦʥʙʘʩʽ.  

ʋ 2020 ʨʦʮʽ ʥʘ ʨʽʯʢʘʭ ɼʦʥʙʘʩʫ ʙʫʣʦ ʟʘʬʽʢʩʦʚʘʥʦ ʨʝʢʦʨʜʥʝ 

ʤʘʣʦʚʦʜʜʷ, ʘ ʜʝʷʢʽ ʟ ʥʠʭ ʚʟʘʛʘʣʽ ʧʝʨʝʩʦʭʣʠ  ʃʫʛʘʥʯʠʢ, ɹʽʣʘ, 

ɺʽʣʴʭʦʚʘ, ʃʦʟʦʚʘ. ʅʘʡʙʣʠʞʯʠʤʠ ʨʦʢʘʤʠ ʤʦʞʝ ʟʥʠʢʥʫʪʠ 

ɯʩʘʢʽʚʩʴʢʝ ʚʦʜʦʩʭʦʚʠʱʝ, ʷʢʱʦ ʚʦʜʦʚʽʜʣʠʚ ʽʟ ʰʘʭʪʠ 

çʈʦʤʘʥʽʚʩʴʢʘè ʥʝ ʙʫʜʝ ʚʽʜʥʦʚʣʝʥʦ. ʇʽʜ ʧʠʪʘʥʥʷʤ ʽ ʧʦʜʘʣʴʰʘ 

ʜʽʷʣʴʥʽʩʪʴ ɸʣʯʝʚʩʴʢʦʛʦ ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʢʦʤʙʽʥʘʪʫ (ɸʄʂ), ʪʦʤʫ 

ʱʦ ɸʄʂ ʟʙʫʜʦʚʘʥʦ ʫ ʩʪʝʧʫ ʙʽʣʷ ɯʩʘʢʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ. 

ʈʽʚʝʥʴ ʟʘʧʘʩʫ ʚʦʜʠ ʫ 2025 ʨ. ʫ ʪʘʢ ʟʚʘʥʽʡ ɼʅʈ ʫʧʘʚ ʜʦ ʢʨʠʪʠʯʥʦʾ 

ʧʦʟʥʘʯʢʠ. ʋʩʽ ʚʦʜʦʩʭʦʚʠʱʘ ʧʨʘʢʪʠʯʥʦ ʦʙʤʽʣʽʣʠ. ʆʙʩʷʛʽʚ ʚʦʜʠ 

ʢʘʪʘʩʪʨʦʬʽʯʥʦ ʥʝ ʚʠʩʪʘʯʘʻ ʥʽ ʜʣʷ ʨʦʙʦʪʠ ʧʨʦʤʠʩʣʦʚʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ, ʥʽ ʜʣʷ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ, ʘ ʪʠʤ ʙʽʣʴʰʝ ʜʣʷ 

ʧʦʪʨʝʙ ʥʘʩʝʣʝʥʥʷ. 

ʅʘʧʨʠʢʣʘʜ, ʧʦʜʘʯʘ ʚʦʜʠ, ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʨʦʙʦʪʠ ɿʫʾʚʩʴʢʦʾ ʊɽʉ, 

ʱʦ ʟʘʢʨʠʚʘʻ ʪʨʝʪʶ ʯʘʩʪʠʥʫ ʧʦʪʨʝʙʠ ɼʅʈ ʚ ʝʣʝʢʪʨʠʮʽ, 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ ʨʝʟʝʨʚʥʠʭ ʆʣʴʭʦʚʩʴʢʦʛʦ ʽ ɿʫʾʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱ, 

ʨʽʚʝʥʴ ʚʦʜʠ ʚ ʷʢʠʭ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʢʨʠʪʠʯʥʦʾ ʧʦʟʥʘʯʢʠ. ʅʝ 

ʙʝʨʫʪʴ ʚʦʜʫ ʟ ɸʚʜʽʾʚʩʴʢʦʛʦ ʢʘʨ'ʻʨʫ, ʜʝ ʟʘʣʠʰʠʣʦʩʷ ʙʣʠʟʴʢʦ 30 % 

ʚʦʜʠ. ʎʝ ʨʦʙʠʪʴ ʥʝʨʝʥʪʘʙʝʣʴʥʠʤ ʟʘʙʽʨ ʟʚʽʜʪʠ ʚʦʜʠ ʜʣʷ ʩʠʩʪʝʤ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʩʘʤʦʛʦ ɼʦʥʝʮʴʢʘ ʙʦ ʜʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ 

ʧʨʦʢʣʘʩʪʠ ʧʦʥʘʜ 10 ʢʤ ʪʨʫʙʦʧʨʦʚʦʜʫ. ɿʘ ʜʘʥʠʤʠ ɻʦʣʦʚʥʦʛʦ 
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ʫʧʨʘʚʣʽʥʥʷ ʩʪʘʪʠʩʪʠʢʠ ɼʦʥʝʮʴʢʦʾ ʦʙʣʘʩʪʽ ʫ 2012 ʨʦʮʽ ɼʦʥʙʘʩ 

ʱʦʜʦʙʠ ʦʪʨʠʤʫʚʘʚ ʽʟ ʢʘʥʘʣʫ ʉʽʚʝʨʩʴʢʠʡ ɼʦʥʝʮʴ-ɼʦʥʙʘʩ 1,4 ʤʣʥ 

ʤ3 ʧʠʪʥʦʾ ʚʦʜʠ, ʱʝ 0,4 ʤʣʥ ʤ3 ʪʝʭʥʽʯʥʦʾ ʥʘʧʽʨʥʦʾ ʚʦʜʠ ʜʘʚʘʣʠ 

ʰʘʭʪʥʽ ʚʦʜʠ. ʉʴʦʛʦʜʥʽ ʜʦ ʩʧʦʞʠʚʘʯʘ ʜʦʭʦʜʠʪʴ ʣʠʰʝ 370 ʪʠʩ. ʤ3 

ʥʘ ʜʦʙʫ, ʘ 630 ʪʠʩ ʤ3 ʥʘ ʜʦʙʫ ʚʪʨʘʯʘʶʪʴʩʷ ʙʝʟʧʦʚʦʨʦʪʥʦ ʫ ʜʽʨʷʚʠʭ 

ʩʠʩʪʝʤʘʭ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ. ɿʘʤʽʩʪʴ ʩʢʦʨʦʯʝʥʥʷ ʚʪʨʘʪ ʽ ʪʦʪʘʣʴʥʦʾ 

ʟʘʤʽʥʠ ʚʦʜʦʧʨʦʚʦʜʽʚ ʫʩʽʭ ʨʽʚʥʽʚ ʦʢʫʧʘʮʽʡʥʘ ʚʣʘʜʘ ʙʫʜʫʻ ʩʢʚʝʨʠ, 

ʧʘʤô̫ ʪʥʠʢʠ, ʧʘʨʢʠ, ʧʝʯʝ ʪʫʣʴʩʴʢʽ ʧʨʷʥʠʢʠ, ʨʘʭʫʻ ʛʦʨʦʙʮʽʚ ʪʘ 

ʟʘʡʤʘʻʪʴʩʷ ʧʦ ʩʫʪʽ çʚʽʜʤʠʚʘʥʥʷʤè ʛʨʦʰʝʡ. ɸ ʥʘʩʝʣʝʥʥʷ ʚʽʜʯʫʚʘʻ 

ʥʘ ʩʦʙʽ ʚʩʽ ʧʨʠʥʘʜʠ çʨʫʩʴʢʦʛʦ ʤʽʨʘè, ʦʪʨʠʤʫʶʯʠ ʙʨʫʜʥʫ ʚʦʜʫ ʨʘʟ 

ʥʘ ʪʨʠ ʜʥʽ ʽ ʪʽʣʴʢʠ ʥʘ ʨʽʚʥʽ 3ï5-ʠʭ ʧʦʚʝʨʭʽʚ ʣʠʰʝ ʥʘ ʢʽʣʴʢʘ ʛʦʜʠʥ. 

ʎʝ ʚ ʢʨʘʱʦʤʫ ʨʘʟʽ. ʇʨʦ ʛʘʨʷʯʫ ʚʦʜʫ ʚʟʘʛʘʣʽ ʟʘʙʫʣʠ. 

ɼʣʷ ʧʨʠʢʣʘʜʫ, ʫ ʥʝʚʝʣʠʢʦʤʫ ʫʢʨʘʾʥʩʴʢʦʤʫ ʤʽʩʪʝʯʢʫ 

ʏʦʨʥʦʤʦʨʩʴʢʫ ʟ 70 ʪʠʩ. ʞʠʪʝʣʽʚ ʧʦʙʫʜʫʚʘʣʠ ʥʦʚʫ ʥʘʩʦʩʥʫ ʩʪʘʥʮʽʶ 

ʽ ʨʝʟʝʨʚʫʘʨ, ʩʢʦʨʦʪʠʣʠ ʚʪʨʘʪʠ ʚʦʜʠ ʧʽʜ ʯʘʩ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʜʦ 

ʥʫʣʷ. ʄʽʩʪʦ ʩʪʘʣʦ ʩʧʦʞʠʚʘʪʠ ʟʘʤʽʩʪʴ 20 ʤʣʥ ʤ3 ʚʦʜʠ 7 ʤʣʥ, 

ʚʠʪʨʘʪʘ ʚʦʜʠ ʥʘ ʜʦʙʫ ʥʘ ʣʶʜʠʥʫ ʩʢʦʨʦʪʠʣʘʩʷ ʟ 400 ʣ (ʚʪʨʘʪʠ ʧʽʜ 

ʯʘʩ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʧʦʢʣʘʜʘʣʠʩʷ ʥʘ ʞʠʪʝʣʽʚ) ʜʦ ʨʝʘʣʴʥʠʭ 105. 

ʄʦʞʥʘ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʪʠ ʮʝʡ ʧʨʝʢʨʘʩʥʠʡ ʜʦʩʚʽʜ, ʘʣʝ ʦʢʫʧʘʮʽʡʥʘ 

ʚʣʘʜʘ ɼʦʥʝʯʯʠʥʠ ʡʦʛʦ ʽʛʥʦʨʫʻ.  

ʆʩʦʙʣʠʚʘ ʝʢʦʣʦʛʽʯʥʘ ʧʨʦʙʣʝʤʘ ʥʘ ɼʦʥʝʯʯʠʥʽ ʧʦʚôʷʟʘʥʘ ʽʟ 

ʟʘʢʨʠʪʪʷʤ ʚʦʜʦʚʽʜʣʠʚʫ ʰʘʭʪʠ çʖʥʢʦʤè. ʉʚʦʛʦ ʯʘʩʫ (70-ʪʽ ʨʦʢʠ 

ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ) ʥʘ ʧʨʘʮʶʶʯʽʡ ʰʘʭʪʽ ʧʨʦʚʦʜʠʚʩʷ ʝʢʩʧʝʨʠʤʝʥʪ 

ʽʟ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ ʟ ʤʝʪʦʶ ʟʥʠʞʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ 

ʨʘʧʪʦʚʠʭ ʚʠʢʠʜʽʚ ʚʫʛʽʣʣʷ ʪʘ ʛʘʟʫ ʰʣʷʭʦʤ ʧʽʜʟʝʤʥʦʛʦ ʷʜʝʨʥʦʛʦ 

ʚʠʙʫʭʫ. ʅʠʥʽ ʢʝʨʽʚʥʠʮʪʚʦ ʥʝʚʠʟʥʘʥʦʾ ɼʅʈ ʟ ʤʝʪʦʶ ʝʢʦʥʦʤʽʾ 

ʢʦʰʪʽʚ ʚʽʜʢʣʶʯʠʣʦ ʚʦʜʦʚʽʜʣʠʚ, ʪʦʙʪʦ ʯʝʨʝʟ ʜʝʷʢʠʡ ʯʘʩ ʰʘʭʪʘ 

ʙʫʜʝ ʟʘʪʦʧʣʝʥʘ ʧʦʚʥʽʩʪʶ. ɺʞʝ ʟʘʨʘʟ ʥʝʟʘʣʝʞʥʽ ʝʢʦʣʦʛʠ ʬʽʢʩʫʶʪʴ 

ʥʝ ʣʠʰʝ ʟʘʙʨʫʜʥʝʥʥʷ ʧʠʪʥʦʾ ʚʦʜʠ ʚ ʢʦʣʦʜʷʟʷʭ ʽ ʩʚʝʨʜʣʦʚʠʥʘʭ, ʘ ʡ 

ʧʽʜʚʠʱʝʥʝ ʨʘʜʽʘʮʽʡʥʝ ʪʣʦ ʚʦʜʠ ʥʘ ʧʨʠʣʝʛʣʽʡ ʪʝʨʠʪʦʨʽʾ 

(ɻʦʨʣʦʚʩʴʢʘ-ɭʥʘʢʽʾʚʩʴʢʘ ʘʛʣʦʤʝʨʘʮʽʷ). 

3. ʊʝʨʠʢʦʥʠ. ʅʘʚʽʪʴ ʟʘ ʫʤʦʚʠ ʛʨʘʤʦʪʥʦʾ ʣʽʢʚʽʜʘʮʽʾ ʙʫʜʴ-ʷʢʘ 

ʰʘʭʪʘ ʟʘʣʠʰʘʻ ʧʽʩʣʷ ʩʝʙʝ ʩʦʪʥʽ ʢʽʣʦʤʝʪʨʽʚ ʧʦʨʦʞʥʝʯ ʧʽʜ ʟʝʤʣʝʶ 

ʽ ʛʝʢʪʘʨʠ ʟʘʙʨʫʜʥʝʥʦʾ ʧʦʚʝʨʭʥʽ ʟ ʪʝʨʠʢʦʥʦʤ (ʚʽʜʚʘʣ ʛʽʨʩʴʢʦʾ 

ʧʦʨʦʜʠ), ʱʦ ʜʠʤʠʪʴ, ʷʢʠʡ ʦʪʨʫʶʚʘʪʠʤʝ ʘʪʤʦʩʬʝʨʫ ʜʝʩʷʪʢʠ, ʘ ʪʦ 

ʡ ʩʦʪʥʶ ʨʦʢʽʚ. ʇʦ ʚʩʴʦʤʫ ʚʫʛʽʣʴʥʦʤʫ ʙʘʩʝʡʥʫ ʾʭ ʨʦʟʢʠʜʘʥʦ ʧʦʥʘʜ 

ʪʠʩʷʯʫ. ɹʽʣʴʰʘ ʾʭ ʯʘʩʪʠʥʘ ʜʘʚʥʦ ʥʝ ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ ʽ ʧʦʛʘʩʣʘ. ɺ 
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ʩʘʤʦʤʫ ɼʦʥʝʮʴʢʫ ʢʽʣʴʢʽʩʪʴ ʪʝʨʠʢʦʥʽʚ, ʟʘ ʨʽʟʥʠʤʠ ʜʞʝʨʝʣʘʤʠ, 

ʩʪʘʥʦʚʠʪʴ ʚʽʜ 120 ʜʦ 138. ɹʣʠʟʴʢʦ 100 ʪʝʨʠʢʦʥʽʚ ʻ ʥʝʜʽʶʯʠʤʠ, ʟ 

ʥʠʭ 75 ï ʧʦʛʘʩʣʠʤʠ. ɺʩʴʦʛʦ ʧʦ ʦʙʣʘʩʪʽ ʾʭ 600.  

ɺʽʢ ʜʝʷʢʠʭ ʧʦʛʘʩʣʠʭ ʪʝʨʠʢʦʥʽʚ ʧʝʨʝʚʘʣʠʚ ʟʘ ʩʪʦ ʨʦʢʽʚ. 

ɹʽʣʴʰʽʩʪʴ ʟ ʥʠʭ ʨʦʟʪʘʰʦʚʘʥʘ ʚ ʤʝʞʘʭ ʧʨʦʤʠʩʣʦʚʠʭ ʤʽʩʪ, 

ʟʘʙʠʨʘʶʯʠ ʩʦʪʥʽ ʛʝʢʪʘʨʽʚ ʟʝʤʣʽ ʷʢ ʫ ʧʦʪʝʥʮʽʡʥʠʭ ʟʘʙʫʜʦʚʥʠʢʽʚ, 

ʪʘʢ ʽ ʫ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ. 

ɿ ʯʘʩʦʤ ʢʽʣʴʢʽʩʪʴ ʧʦʛʘʩʣʠʭ ʪʝʨʠʢʦʥʽʚ ʙʫʜʝ ʟʙʽʣʴʰʫʚʘʪʠʩʴ ʟʘ 

ʨʘʭʫʥʦʢ ʨʝʩʪʨʫʢʪʫʨʠʟʘʮʽʾ ʚʫʛʽʣʴʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʷʢʘ ʧʨʠʚʝʜʝ 

ʜʦ ʟʘʢʨʠʪʪʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʥʝʨʝʥʪʘʙʝʣʴʥʠʭ ʰʘʭʪ. ʊʦʤʫ 

ʧʨʦʙʣʝʤʘ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʣʽ, ʟʘʡʥʷʪʦʾ 

ʪʝʨʠʢʦʥʘʤʠ, ʤʘʻ ʜʦʚʛʦʪʨʠʚʘʣʫ ʘʢʪʫʘʣʴʥʽʩʪʴ [4]. 

4. ɿʘʥʝʜʙʘʥʽ ʛʽʨʥʠʯʽ ʚʠʨʦʙʢʠ. ʅʝʤʘʣʦʚʘʞʥʫ ʨʦʣʴ ʚ 

ʝʢʦʥʘʚʘʥʪʘʞʝʥʥʽ ɼʦʥʙʘʩʫ ʛʨʘʶʪʴ ʪʘʢ ʟʚʘʥʽ ʩʪʘʨʽ ʛʽʨʥʠʯʽ ʚʠʨʦʙʢʠ. 

ʁʜʝʪʴʩʷ ʧʨʦ ʽʩʪʦʨʠʯʥʫ ʩʧʘʜʱʠʥʫ, ʱʦ ʜʽʩʪʘʣʘʩʷ ʨʝʛʽʦʥʫ ʟ ʯʘʩʽʚ 

ʩʪʘʥʦʚʣʝʥʥʷ ʚʫʛʽʣʴʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʉʪʘʨʽ ʧʦʢʠʥʫʪʽ ʰʘʭʪʠ, ʟ 

ʷʢʠʭ ʚʣʘʩʥʝ ʽ ʧʦʯʠʥʘʣʘʩʷ ʽʩʪʦʨʽʷ ʦʩʚʦʻʥʥʷ ʥʘʜʨ ɼʦʥʙʘʩʫ, ʭʦʯ 

ʜʘʚʥʦ ʡ ʚʠʙʫʣʠ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʘʣʝ ʥʽʢʫʜʠ ʥʝ ʧʦʜʽʣʠʩʷ. ʅʘ 

ʧʦʚʝʨʭʥʽ ʨʝʛʫʣʷʨʥʦ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʦʚʘʣʠ, ʪʨʽʱʠʥʠ ʽ 

ʤʽʢʨʦʤʫʣʴʜʠ (ʣʦʢʘʣʴʥʽ ʦʩʽʜʘʥʥʷ), ʧʨʠʫʨʦʯʝʥʽ ʜʦ ʚʠʭʦʜʽʚ 

ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ, ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʰʘʭʪʘʤʠ ʥʝʛʣʠʙʦʢʦʛʦ 

ʟʘʢʣʘʜʝʥʥʷ. ʊʘʢʽ ʷʚʠʱʘ ʟʘʬʽʢʩʦʚʘʥʦ ʧʨʘʢʪʠʯʥʦ ʫ ʚʩʽʭ 

ʛʽʨʥʠʯʦʧʨʦʤʠʩʣʦʚʠʭ ʨʘʡʦʥʘʭ ɼʦʥʙʘʩʫ. ʇʦʚʝʨʭʥʷ ʚ ʟʦʥʽ ʚʧʣʠʚʫ 

ʟʘʥʝʜʙʘʥʠʭ ʚʠʨʦʙʦʢ ʜʝʬʦʨʤʫʻʪʴʩʷ ʥʘʩʪʽʣʴʢʠ ʩʠʣʴʥʦ, ʱʦ ʯʘʩʪʦ 

ʙʫʜʽʚʣʽ ʪʘ ʩʧʦʨʫʜʠ ʨʫʡʥʫʶʪʴʩʷ ʙʝʟ ʤʦʞʣʠʚʦʩʪʽ ʾʭ ʚʽʜʥʦʚʣʝʥʥʷ ʪʘ 

ʧʦʜʘʣʴʰʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʅʘʞʘʣʴ ʜʽʶʯʽ çʇʨʘʚʠʣʘ ʧʽʜʨʦʙʢʠéè ʥʝ ʜʘʶʪʴ ʚʠʯʝʨʧʥʦʾ 

ʚʽʜʧʦʚʽʜʽ, ʷʢ ʨʦʟʨʘʭʫʚʘʪʠ ʜʝʬʦʨʤʘʮʽʾ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʥʘʜ 

ʥʠʤʠ [5]. ʊʝʞ ʩʘʤʝ ʚʽʜʥʦʩʠʪʴʩʷ ʽ ʜʦ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ 

ʪʠʧʫ ʈʉʅ, ʉʅʽʇ (ɼɹʅ).  

5. ʂoʧʘʥʢʠ. ɺ ʜʘʥʠʡ ʯʘʩ, ʢʦʣʠ ʥʘ ʯʽʣʴʥʝ ʤʽʩʮʝ ʧʦʩʪʘʚʣʝʥʦ 

ʧʨʠʙʫʪʦʢ ʙʫʜʴ-ʷʢʠʤʠ ʰʣʷʭʘʤʠ, ʙʘʛʘʪʦ ʜʽʣʢʽʚ ʟʘʡʥʷʣʠʩʷ ʪʽʥʴʦʚʠʤ 

ʚʫʛʽʣʴʥʠʤ ʙʽʟʥʝʩʦʤ. ɺʫʛʽʣʴʥʠʡ ʧʣʘʩʪ, ʱʦ ʚʠʭʦʜʠʪʴ ʥʘ ʧʦʚʝʨʭʥʶ, 

ʨʦʟʢʨʠʚʘʻʪʴʩʷ ʪʘʢ ʟʚʘʥʦʶ çʢɧʧʘʥʢʦʶè. ʇʦ ʩʫʪʽ ʮʝ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʩʪʘʨʠʭ çʜʽʜʽʚʩʴʢʠʭè ʩʧʦʩʦʙʽʚ ʚʠʜʦʙʫʪʢʫ ʚʫʛʽʣʣʷ ʥʘ ʚʠʭʦʜʘʭ 

ʧʣʘʩʪʽʚ. ʅʠʟʴʢʦʩʦʨʪʥʝ ʚʫʛʽʣʣʷ ʟʤʽʰʫʻʪʴʩʷ ʟ ʷʢʽʩʥʠʤ, ʟʜʦʙʫʪʠʤ ʟ 
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ʚʝʣʠʢʠʭ ʛʣʠʙʠʥ ʩʫʯʘʩʥʠʤʠ ʣʘʚʘʤʠ, ʽ ʧʨʦʜʘʻʪʴʩʷ ʟʘ ʮʽʥʦʶ 

ʚʠʩʦʢʦʩʦʨʪʥʦʛʦ.  

ʅʽ ʧʨʦ ʷʢʫ ʙʝʟʧʝʢʫ ʧʨʘʮʽ, ʦʭʦʨʦʥʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, 

ʧʣʘʥʫʚʘʥʥʷ ʛʽʨʥʠʯʠʭ ʨʦʙʽʪ ʥʝ ʡʜʝʪʴʩʷ. ʊʘʢʽ ʜʽʣʷʥʢʠ ʣʠʰʝ ʚ 

ʊʦʨʝʟʴʢʦ-ʉʥʽʞʥʷʥʩʴʢʦʤʫ ʨʘʡʦʥʽ ʥʘʣʽʯʫʶʪʴʩʷ ʩʦʪʥʷʤʠ, ʘ ʚ ʤʝʞʘʭ 

ʫʩʴʦʛʦ ɼʦʥʙʘʩʫ ʾʭ ʢʽʣʴʢʘ ʪʠʩʷʯ. ʈʫʡʥʫʻʪʴʩʷ ʨʝʣʴʻʬ ʤʽʩʮʝʚʦʩʪʽ, 

ʧʦʨʫʰʫʻʪʴʩʷ ʧʨʠʨʦʜʥʠʡ ʣʘʥʜʰʘʬʪ, ʧʦʚʝʨʭʥʷ ʯʝʨʝʟ ʨʝʛʫʣʷʨʥʽ 

ʧʨʦʚʘʣʠ ʽ ʤʽʢʨʦʤʫʣʴʜʠ ʥʘʛʘʜʫʻ ʤʽʩʷʯʥʠʡ ʧʝʡʟʘʞ ʽ ʬʘʢʪʠʯʥʦ ʚʞʝ 

ʥʝ ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ. 

6. ɺʠʜʦʙʫʪʦʢ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫ. ʋ 2012 ʨʦʮʽ ʨʦʟʧʦʯʘʣʦʩʷ ʧʨʦʙʥʝ 

ʙʫʨʽʥʥʷ, ʷʢʝ ʩʧʨʠʯʠʥʠʣʦ ʤʘʩʦʚʽ ʧʨʦʪʝʩʪʠ ʤʽʩʮʝʚʠʭ ʞʠʪʝʣʽʚ ʫ 

ʉʣʦʚô̫ ʥʩʴʢʫ, ʉʚʷʪʦʛʽʨʩʴʢʫ, ʂʨʘʤʘʪʦʨʩʴʢʫ, ɼʦʥʝʮʴʢʫ, ʄʘʨʽʫʧʦʣʽ, 

ʍʘʨʢʦʚʽ, ɯʟʶʤʽ. ʏʝʨʝʟ ʚʽʡʥʫ, ʱʦ ʨʦʟʧʦʯʘʣʘʩʷ ʫ ʪʨʘʚʥʽ 2014 ʨ., 

ʢʦʤʧʘʥʽʷ Shell ʚ ʦʜʥʦʩʪʦʨʦʥʥʴʦʤʫ ʧʦʨʷʜʢʫ ʚʽʜʤʦʚʠʣʘʩʷ ʚʽʜ ʩʚʦʾʭ 

ʧʣʘʥʽʚ. ʅʘʜʘʣʽ ʤʘʡʜʘʥʯʠʢ ʧʝʨʝʜʘʚʘʚʩʷ ʽʥʰʠʤ ʽʥʦʟʝʤʮʷʤ, ʘʣʝ ʚʦʥʠ 

ʥʝ ʟʘʭʦʪʽʣʠ ʚʠʜʦʙʫʚʘʪʠ ʛʘʟ ʫ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʙʣʠʟʴʢʦʩʪʽ ʚʽʜ ʟʦʥʠ 

ʙʦʡʦʚʠʭ ʜʽʡ.  

13 ʩʽʯʥʷ 2021 ʨ. ʫ ʧʽʚʥʽʯʥʠʭ ʨʘʡʦʥʘʭ ʨʝʛʽʦʥʫ ʚʩʝ ʞ ʪʘʢʠ 

ʧʦʯʘʚʩʷ ʚʠʜʦʙʫʪʦʢ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫ. ɻʨʫʧʘ çʅʘʬʪʦʛʘʟè, 

ʦʪʨʠʤʘʚʰʠ ʧʨʘʚʘ ʨʦʟʨʦʙʣʷʪʠ ʨʦʜʦʚʠʱʝ ʜʦ 2063 ʨʦʢʫ, ʙʫʣʘ ʛʦʪʦʚʘ 

ʽʥʚʝʩʪʫʚʘʪʠ ʚ ʧʨʦʝʢʪ 3,6 ʤʣʨʜ ʛʨʠʚʝʥʴ ($130,7 ʤʣʥ), ʧʨʦʙʫʨʠʪʠ 

600 ʩʚʝʨʜʣʦʚʠʥ ʽ ʧʨʦʚʝʩʪʠ 200 ʛʽʜʨʦʨʦʟʨʠʚʽʚ ʧʣʘʩʪʽʚ. ʅʘ 

ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʙʫʜʴ-ʷʢʽ ʨʦʙʦʪʠ ʟ ʚʠʜʦʙʫʪʢʫ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫ 

ʧʨʠʟʫʧʠʥʝʥʦ ʫ ʟʚôʷʟʢʫ ʟ ʨʦʩʽʡʩʴʢʦ-ʫʢʨʘʾʥʩʴʢʦʶ ʚʽʡʥʦʶ, ʣʽʥʽʷ 

ʬʨʦʥʪʫ ʷʢʦʾ ʧʨʦʭʦʜʠʪʴ ʩʘʤʝ ʚ ʮʴʦʤʫ ʨʘʡʦʥʽ.     

ʖʟʚ̔ʩʴʢʝ ʛʘʟʦʚʝ ʨʦʜʦʚʠʱʝ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ɯʟʶʤʩʴʢʦʤʫ ʨʘʡʦʥʽ 

ʍʘʨʢʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ ʥʘ ʢʦʨʜʦʥʽ ʍʘʨʢʽʚʩʴʢʦʾ, ɼʦʥʝʮʴʢʦʾ ʪʘ 

ʃʫʛʘʥʩʴʢʦʾ ʦʙʣʘʩʪʝʡ. ʁʦʛʦ ʧʣʦʱʘ ʩʢʣʘʜʘʻ 7,886 ʪʠʩ. ʢʤ2. ɿʘ 

ʧʦʧʝʨʝʜʥʽʤʠ ʨʦʟʨʘʭʫʥʢʘʤʠ, ʫ ʥʘʜʨʘʭ ʤʽʩʪʠʪʴʩʷ 2ï4 ʪʨʣʥ ʤ3 ʛʘʟʫ. 

ʇʘʣʠʚʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʱʽʣʴʥʠʭ ʧʽʱʘʥʠʭ ʧʦʨʦʜʘʭ, ʽ ʜʣʷ ʡʦʛʦ 

ʚʠʜʦʙʫʪʢʫ ʥʝʦʙʭʽʜʥʽ ʦʩʦʙʣʠʚʽ ʪʝʭʥʦʣʦʛʽʾ, ʫ ʪʦʤʫ ʯʠʩʣʽ 

ʛʽʜʨʦʨʦʟʨʠʚ ʧʣʘʩʪʘ, ʧʨʠ ʷʢʦʤʫ ʧʽʜ ʟʝʤʣʶ ʟʘʢʘʯʫʻʪʴʩʷ ʚʦʜʥʘ 

ʩʫʤʽʰ, ʱʦ ʤʽʩʪʠʪʴ ʭʽʤʽʯʥʽ ʨʝʯʦʚʠʥʠ. ʎʝ ʦʪʨʫʶʻ ʧʽʜʟʝʤʥʽ ʚʦʜʠ ʽ, 

ʷʢ ʥʘʩʣʽʜʦʢ, ʟʝʤʣʶ. ʇʦʜʽʙʥʽ ʟʙʠʪʢʠ ʚʞʝ ʧʦʯʘʣʠ ʚʽʜʯʫʚʘʪʠ ʥʘ ʩʦʙʽ 

ʞʠʪʝʣʽ ɼʦʥʙʘʩʫ. ʇʦʙʣʠʟʫ ʤʽʩʮʷ ʚʠʜʦʙʫʪʢʫ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫ 

ʧʨʦʪʽʢʘʻ ʨʽʯʢʘ ʉʽʚʝʨʩʴʢʠʡ ɼʦʥʝʮʴ. ɺʦʥʘ ʧʨʦʪʽʢʘʻ ʥʝ ʣʠʰʝ 

ʪʝʨʠʪʦʨʽʻʶ ʍʘʨʢʽʚʩʴʢʦʾ, ɼʦʥʝʮʴʢʦʾ ʪʘ ʃʫʛʘʥʩʴʢʦʾ ʦʙʣʘʩʪʝʡ, ʘ ʡ 
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ɹʽʣʛʦʨʦʜʩʴʢʦʶ ʪʘ ʈʦʩʪʦʚʩʴʢʦʶ ʦʙʣʘʩʪʷʤʠ ʈʦʩʽʾ.  

ʂʘʥʘʣ çʉʽʚʝʨʩʴʢʠʡ ɼʦʥʝʮʴ-ɼʦʥʙʘʩè ʻ ʦʩʥʦʚʦʶ ʜʣʷ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ɼʦʥʝʮʴʢʦʾ ʦʙʣʘʩʪʽ, ʽ ʚʞʝ ʟʘʨʘʟ ʫ ʥʴʦʤʫ ʟʥʘʭʦʜʷʪʴ 

ʭʽʤʽʯʥʽ ʝʣʝʤʝʥʪʠ, ʷʢʠʭ ʪʘʤ ʥʝ ʧʦʚʠʥʥʦ ʙʫʪʠ. ʋ ʚʦʜʽ ʟʘʬʽʢʩʫʚʘʣʠ 

ʧʽʜʚʠʱʝʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʘʤʦʥʽʶ. ɺʽʜʦʤʦ, ʱʦ ʩʫʤʽʰ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʜʦʙʫʪʢʫ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫ, ʚʢʣʶʯʘʻ 

ʩʦʣʷʥʫ ʢʠʩʣʦʪʫ, ʬʦʨʤʘʣʴʜʝʛʽʜ, ʦʮʪʦʚʠʡ ʘʥʛʽʜʨʠʜ, ʧʨʦʧʘʨʛʽʣʦʚʠʡ 

ʽ ʤʝʪʠʣʦʚʠʡ ʩʧʠʨʪʠ, ʘ ʪʘʢʦʞ ʭʣʦʨʠʜ ʘʤʦʥʽʶ, ʷʢʠʡ ʽ ʚʠʷʚʠʣʠ ʫ ʚʦʜʽ 

ʢʘʥʘʣʫ. ʇʨʠ ʚʠʜʦʙʫʪʢʫ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʙʨʫʜʥʝʥʥʷ 

ʧʦʚʽʪʨʷ ʽ ʥʘʩʠʯʝʥʥʷ ʚʦʜʠ ʨʽʟʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʱʦ ʧʦʟʥʘʯʘʻʪʴʩʷ 

ʥʘ ʟʜʦʨʦʚôʾ ʣʶʜʝʡ, ʪʚʘʨʠʥ ʽ ʨʠʙʠ. ʅʘʩʘʤʧʝʨʝʜ, ʮʝ ʟʨʦʩʪʘʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʦʥʢʦʣʦʛʽʯʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ ʩʝʨʝʜ ʣʶʜʝʡ, ʷʢʽ 

ʧʨʦʞʠʚʘʶʪʴ ʫ ʨʘʡʦʥʽ ʚʠʢʘʯʫʚʘʥʥʷ. ɼʦ ʪʦʛʦ ʞ, ʚʠʜʦʙʫʪʦʢ ʫ ʪʘʢʠʡ 

ʩʧʦʩʽʙ ʚʝʜʝ ʜʦ ʩʝʡʩʤʽʯʥʦʾ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ. 

ɺʠʩʥʦʚʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ɼʦʥʙʘʩ, ʷʢ ʙʘʛʘʪʦʤʽʣʴʡʦʥʥʠʡ ʟʘ 

ʥʘʩʝʣʝʥʥʷʤ ʚʫʛʣʝʚʠʜʦʙʫʚʥʠʡ ʨʝʛʽʦʥ, ʧʦʩʪʽʡʥʦ ʟʘʟʥʘʻ 

ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʛʦ ʛʝʦʝʢʦʣʦʛʽʯʥʦʛʦ ʚʧʣʠʚʫ, ʱʦ ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʝ 

ʪʽʣʴʢʠ ʥʘ ʩʪʘʥʽ ʜʦʚʢʽʣʣʷ, ʘ ʥʘʩʘʤʧʝʨʝʜ ʥʘ ʟʜʦʨʦʚôʾ  ʣʶʜʝʡ, ʷʢʽ ʪʘʤ 

ʧʨʦʞʠʚʘʶʪʴ. 
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In the underground structures of the Upper Lavra, mineral formations were 

identified and studied: stalactites, stalagmites, flowstone crusts, and needle-like 

aggregates. Their mineral composition (calcite, thenardite) and formation conditions 

were determined, highlighting significance for speleogenesis and heritage 

conservation. 

Keywords: Kyiv-Pechersk lavra, underground structures, mineral formations, 

stalactites, stalagmites, flowstone 

 
ʅʘ ʪʝʨʠʪʦʨʽʾ ʂʠʻʚʦ-ʇʝʯʝʨʩʴʢʦʾ ʣʘʚʨʠ ʨʦʟʪʘʰʦʚʘʥʦ ʟʥʘʯʥʫ 

ʢʽʣʴʢʽʩʪʴ ʧʽʜʟʝʤʥʠʭ ʩʧʦʨʫʜ (ʇʉ) ʨʽʟʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ ï ʛʦʩʧʦʜʘʨʩʴʢʠʭ (ʧʽʜʚʘʣʠ, ʣʴʦʭʠ, ʣʴʦʜʦʚʥʽ), 

ʽʥʞʝʥʝʨʥʠʭ (ʚʦʜʦʛʽʥ, ʦʧʘʣʶʚʘʣʴʥʽ ʪʘ ʜʨʝʥʘʞʥʽ ʛʘʣʝʨʝʾ), 
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ʚʽʡʩʴʢʦʚʦ-ʦʙʦʨʦʥʥʠʭ (ʧʘʪʝʨʥʠ, ʧʨʦʪʠʤʽʥʥʽ ʛʘʣʝʨʝʾ) ʪʦʱʦ. ɰʭ 

ʙʫʜʽʚʥʠʮʪʚʦ ʦʭʦʧʣʶʻ ʧʝʨʽʦʜ ʚʽʜ XI ʜʦ ʧʦʯʘʪʢʫ XX ʩʪ. ɹʽʣʴʰʽʩʪʴ 

ʩʧʦʨʫʜ ʟʚʝʜʝʥʦ ʚ ʣʝʩʦʚʠʭ ˇʨʫʥʪʘʭ ï ʧʦʨʠʩʪʠʭ ʩʫʧʽʩʢʘʭ ʽʟ ʚʠʩʦʢʠʤ 

ʚʤʽʩʪʦʤ ʢʘʨʙʦʥʘʪʽʚ; ʯʘʩʪʠʥʘ ï ʫ ʥʘʩʠʧʥʠʭ ʪʘ ʜʝʣʶʚʽʘʣʴʥʠʭ 

ʚʽʜʢʣʘʜʘʭ ʣʘʚʨʩʴʢʦʛʦ ʷʨʫ. ɻʣʠʙʠʥʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʽʜʟʝʤʥʠʭ 

ʩʧʦʨʫʜ, ʾʭ ʨʦʟʤʽʨʠ, ʚʥʫʪʨʽʰʥʻ ʦʙʣʘʜʥʘʥʥʷ ʟʫʤʦʚʣʝʥʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ, ʘ ʪʘʢʦʞ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʨʝʣʴʻʬʫ ʽ 

ʛʝʦʣʦʛʽʯʥʦʾ ʙʫʜʦʚʠ ʪʝʨʠʪʦʨʽʾ. 

ʋ ʧʽʜʟʝʤʥʠʭ ʩʧʦʨʫʜʘʭ ɺʝʨʭʥʴʦʾ ʣʘʚʨʠ ʰʠʨʦʢʦʛʦ ʨʦʟʚʠʪʢʫ 

ʥʘʙʫʣʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʥʘʪʽʯʥʽ ʬʦʨʤʠ ʪʘ ʛʦʣʯʘʩʪʽ ʩʢʫʧʯʝʥʥʷ 

ʤʽʥʝʨʘʣʴʥʠʭ ʥʦʚʦʫʪʚʦʨʝʥʴ. ɺʠʚʯʝʥʥʶ ʦʩʦʙʣʠʚʦʩʪʝʡ ʫʪʚʦʨʝʥʥʷ 

ʤʽʥʝʨʘʣʽʚ ʫ ʧʨʠʨʦʜʥʠʭ ʧʽʜʟʝʤʥʠʭ ʧʦʨʦʞʥʠʥʘʭ, ʦʩʦʙʣʠʚʦ ʫ 

ʢʘʨʩʪʦʚʠʭ ʧʝʯʝʨʘʭ, ʧʨʠʜʽʣʝʥʦ ʙʘʛʘʪʦ ʫʚʘʛʠ [2, 9] ɺʽʜʥʦʩʥʦ 

ʤʽʥʝʨʘʣʦʫʪʚʦʨʝʥʥʷ ʫ ʰʪʫʯʥʦ ʩʪʚʦʨʝʥʠʭ ʧʽʜʟʝʤʥʠʭ ʧʦʨʦʞʥʠʥʘʭ, 

ʚʽʜʦʤʽ ʧʦʦʜʠʥʦʢʽ ʧʫʙʣʽʢʘʮʽʾ, ʚ ʷʢʠʭ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʫ 

ʜʨʝʥʘʞʥʠʭ ʰʪʦʣʴʥʝʚʠʭ ʩʠʩʪʝʤʘʭ, ʪʫʥʝʣʷʭ, ʧʽʜʚʘʣʘʭ ʪʦʱʦ [3, 7]. 

ɿ ʤʝʪʦʶ ʘʥʘʣʽʟʫ ʯʠʥʥʠʢʽʚ ʪʘ ʫʤʦʚ ʬʦʨʤʫʚʘʥʥʷ ʤʽʥʝʨʘʣʴʥʠʭ 

ʥʦʚʦʫʪʚʦʨʝʥʴ ʫ ʧʽʜʟʝʤʥʠʭ ʩʧʦʨʫʜʘʭ ɺʝʨʭʥʴʦʾ ʣʘʚʨʠ ʚʠʢʦʥʘʥʦ 

ʥʘʪʫʨʥʽ ʦʙʩʪʝʞʝʥʥʷ ʟ ʬʽʪʦʬʽʢʩʘʮʽʻʶ ʫʪʚʦʨʝʥʴ, ʚʽʜʙʽʨ ʟʨʘʟʢʽʚ, ʾʭ 

ʦʧʠʩ ʪʘ ʪʠʧʽʟʘʮʽʶ, ʘʥʘʣʽʟ ʤʽʥʝʨʘʣʴʥʦʛʦ ʩʢʣʘʜʫ. 

ɿʘ ʤʦʨʬʦʣʦʛʽʻʶ ʪʘ ʤʽʩʮʝʤ ʬʦʨʤʘʚʘʥʥʷ ʚʠʷʚʣʝʥʽ ʥʘʤʠ 

ʤʽʥʝʨʘʣʴʥʽ ʥʦʚʦʫʪʚʦʨʝʥʥʷ ʫ ʇʉ ʧʦʜʽʣʝʥʦ ʥʘ ʩʪʘʣʘʢʪʠʪʠ ʜʚʦʭ 

ʪʠʧʽʚ, ʩʪʘʣʘʛʤʽʪʠ, ʥʘʪʽʯʥʽ ʬʦʨʤʠ, ʛʦʣʢʦʧʦʜʽʙʥʽ ʥʘʨʦʩʪʠ, 

ʟʦʙʨʘʞʝʥʥʷ ʷʢʠʭ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 1. 

ʉʪʘʣʘʢʪʠʪʠ ï ʥʘʨʦʩʪʠ ʫ ʩʢʣʝʧʽʥʥʷʭ ʩʧʦʨʫʜ ʫ ʚʠʛʣʷʜʽ ʙʫʨʫʣʴ. 

ʅʘʤʠ ʚʠʜʽʣʝʥʦ ʜʚʘ ʪʠʧʠ ʩʪʘʣʘʢʪʠʪʽʚ. 

ʇʝʨʰʠʡ ʪʠʧ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʢʦʥʫʩʣʧʦʜʽʙʥʠʤʠ, ʥʝʧʨʘʚʠʣʴʥʦʾ 

ʦʢʨʫʛʣʦʾ ʬʦʨʤʠ ʫ ʧʣʘʥʽ, ʱʽʣʴʥʠʤʠ ʫʪʚʦʨʝʥʥʷʤʠ ʞʦʚʪʫʚʘʪʦ ʽ 

ʩʽʨʦʛʦ, ʞʦʚʪʫʚʘʪʦ-ʙʫʨʦʛʦ ʢʦʣʴʦʨʫ. ɼʦʚʞʠʥʘ ʩʪʘʣʘʢʪʠʪʽʚ ʧʝʨʰʦʛʦ 

ʪʠʧʫ ʩʪʘʥʦʚʠʪʴ 7ï25 ʩʤ, ʫ ʩʝʨʝʜʠʥʽ ʚʦʥʠ ʤʘʶʪʴ ʢʘʥʘʣ ʜʽʘʤʝʪʨʦʤ 

ʜʦ 0,3 ʩʤ. ʇʦʧʝʨʝʯʥʠʡ ʜʽʘʤʝʪʨ ʟʚʝʨʭʫ ʩʪʘʥʦʚʠʪʴ 2ï3 ʩʤ, ʟʥʠʟʫ ï 

ʜʦ 1 ʩʤ ʋ ʧʦʧʝʨʝʯʥʦʤʫ ʨʦʟʨʽʟʽ ʚʠʜʽʣʷʶʪʴʩʷ ʢʦʥʮʝʥʪʨʠʯʥʽ ʢʦʣʘ, 

ʷʢʠʭ ʥʘʨʘʭʦʚʫʻʪʴʩʷ ʚʽʜ 20 ʜʦ 40. ʇʦʚʝʨʭʥʷ ʥʘʨʦʩʪʽʚ ʥʝʨʽʚʥʘ, 

ʨʝʙʨʠʩʪʘ. ʇʝʨʰʠʡ ʪʠʧ ʩʪʘʣʘʢʪʠʪʽʚ ʚʠʷʚʣʝʥʦ ʥʘʤʠ ʫ ʇʉ ˉ 28 ʙʽʣʷ 

ʢʦʨʧʫʩʫ ʂï31 (ʜʠʚ. ʨʠʩ 1, ʘ). ʇʽʜʟʝʤʥʘ ʩʧʦʨʫʜʘ ʧʦʙʫʜʦʚʘʥʘ ʫ 

XVIII ʩʪ. ʟ ʮʝʛʣʠ ʫ ʟʩʫʚʥʠʭ ʪʘ ʥʘʩʠʧʥʠʭ ˇʨʫʥʪʘʭ ʥʘ ʩʭʠʣʘʭ 

ʣʘʚʨʩʴʢʦʛʦ ʷʨʫ. ɻʣʠʙʠʥʘ ʟʘʥʫʨʝʥʥʷ ʩʢʣʝʧʽʥʥʷ ʩʧʦʨʫʜʠ ʩʢʣʘʜʘʻ 
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1,5ï2,0 ʤ. ʅʘʪʽʯʥʽ ʬʦʨʤʠ ʫ ʚʠʛʣʷʜʽ ʩʪʘʣʘʢʪʠʪʽʚ ʨʦʩʪʫʪʴ ʽʟ 

ʩʢʣʝʧʽʥʥʷ ʫ ʤʽʩʮʽ ʚʠʥʠʢʥʝʥʥʷ ʜʝʬʦʨʤʘʮʽʡʥʠʭ ʧʦʨʫʰʝʥʴ, ʘ ʩʘʤʝ 

ʪʨʽʱʠʥ. ʇʨʠʯʠʥʘ ʚʠʥʠʢʥʝʥʥʷ ʥʘʪʽʯʥʠʭ ʬʦʨʤ ʫ ʩʢʣʝʧʽʥʥʽ ʩʧʦʨʫʜʠ 

ï ̔ ʥʬʽʣʴʪʨʘʮʽʷ ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ, ʱʦ ʦʩʦʙʣʠʚʦ ʘʢʪʠʚʥʦ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜ ʯʘʩ ʚʝʩʥʷʥʦʛʦ ʩʥʽʛʦʪʘʥʝʥʥʷ. 

 

 
ʈʠʩ. 1. ɺʠʜʠ ʤʽʥʝʨʘʣʴʥʠʭ ʫʪʚʦʨʝʥʴ ʫ ʧʽʜʟʝʤʥʠʭ ʩʧʦʨʫʜʘʭ ɺʝʨʭʥʴʦʾ ʣʘʚʨʠ:  

ʘ ï ʩʪʘʣʘʢʪʠʪʠ ʧʝʨʰʦʛʦ ʪʠʧʫ, ʇʉ ˉ 28; ʙ ï ʩʪʘʣʘʢʪʠʪʠ ʜʨʫʛʦʛʦ ʪʠʧʫ, ʇʉ ˉ 28; 

ʚ ï ʩʪʘʣʘʛʤʽʪ, ʇʉ ˉ 7; ʛ ï ʩʪʘʣʘʛʤʽʪ, ʇʉ ˉ 7; ʜ ï ʥʘʪʽʯʥʽ ʢʦʨʠ, ʇʉ ˉ 28;  

ʝ ï ʛʦʣʢʦʧʦʜʽʙʥʽ ʥʘʨʦʩʪʠ, ʇʉ ˉ 16ʘ. 

 
ɼʨʫʛʠʡ ʪʠʧ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʮʠʣʽʥʜʨʠʯʥʠʤʠ ʢʨʠʭʢʠʤʠ 

ʥʘʨʦʩʪʘʤʠ ʙʽʣʦʛʦ ʽ ʩʽʨʫʚʘʪʦʛʦ ʢʦʣʴʦʨʫ, ʜʦʚʞʠʥʦʶ 3ï30 ʩʤ, 

ʜʽʘʤʝʪʨʦʤ ʜʦ 0,5 ʩʤ (ʜʠʚ. ʨʠʩ 1, ʙ). ɺ ʩʝʨʝʜʠʥʽ ʤʘʶʪʴ ʢʘʥʘʣ 

ʜʽʘʤʝʪʨʦʤ ʜʦ 0,3 ʩʤ ʊʦʚʱʠʥʘ ʩʪʽʥʦʢ ʩʪʘʣʘʢʪʠʪʽʚ ʜʨʫʛʦʛʦ ʪʠʧʫ 

ʜʦʩʷʛʘʻ 0,1 ʩʤ. ɼʨʫʛʠʡ ʪʠʧ ʩʪʘʣʘʢʪʠʪʽʚ ʫʪʚʦʨʶʻʪʴʩʷ ʥʘ ʩʪʝʣʽ 

ʧʽʜʟʝʤʥʠʭ ʩʧʦʨʫʜ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʥʝʟʥʘʯʥʽʡ ʛʣʠʙʠʥʽ ʚʥʘʩʣʽʜʦʢ 

ʽʥʬʽʣʴʪʨʘʮʽʾ ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ ʪʘ ʢʦʥʜʝʥʩʘʮʽʾ ʚʦʣʦʛʠ. ʊʘʢʽ 

ʩʪʘʣʘʢʪʠʪʠ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʫ ʇʉ ˉ 3 (ʧʽʜ ʢʦʨʧʫʩʦʤ ʂï4), ˉ 7 (ʙʽʣʷ 

ʢʦʨʧʫʩʫ ʂï21), ˉ 14ʘ (ʫ ʧʨʦʾʟʜʽ ʢʦʨʧʫʩʫ ʂï5), ʫ ʟʘʭʽʜʥʦʤʫ 

ʚʽʜʛʘʣʫʞʝʥʥʽ ʇʉ ˉ 28. ʆʢʨʽʤ ʪʦʛʦ, ʧʦʜʽʙʥʽ ʥʘʨʦʩʪʠ ʟʥʘʡʜʝʥʽ 

ʥʘʤʠ ʥʘ ʚʦʜʦʧʨʦʚʽʜʥʽʡ ʪʨʫʙʽ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʤʽʩʮʽ ʟô̒ ʜʥʘʥʥʷ 

ʇʉ ̄ 28 ʟ ʦʩʥʦʚʥʠʤ ʧʽʜʚʘʣʴʥʠʤ ʧʨʠʤʽʱʝʥʥʷʤ ʢʦʨʧʫʩʫ. 
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ʉʪʘʣʘʛʤʽʪʠ ï ʥʘʨʦʩʪʠ ʥʘ ʧʽʜʣʦʟʽ ʩʧʦʨʫʜ (ʜʠʚ. ʨʠʩ 1, ʚ, ʛ). 

ʆʧʠʩʘʥʽ ʥʘʤʠ ʫ ʇʉ ̄7 ʪʘ ̄ 28. ʇʽʜ ʩʪʘʣʘʢʪʠʪʘʤʠ ʜʨʫʛʦʛʦ ʪʠʧʫ 

ʫʪʚʦʨʠʣʠʩʴ ʙʽʣʽ ʩʪʘʣʘʛʤʽʪʠ ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ ʟ ʧʣʦʩʢʠʤ 

ʚʝʨʭʦʤ, ʚʠʩʦʪʦʶ ʜʦ 4 ʩʤ, ʜʽʘʤʝʪʨʦʤ ʜʦ 3 ʩʤ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʥʘʩʠʯʝʥʦʛʦ ʤʽʥʝʨʘʣʴʥʦʛʦ ʨʦʟʯʠʥʫ. 

ʅʘʪʽʯʥʽ ʬʦʨʤʠ ï ʙʽʣʽ, ʞʦʚʪʫʚʘʪʦ-ʙʽʣʽ ʩʽʨʫʚʘʪʽ ʧʣʽʚʢʦʧʦʜʽʙʥʽ 

ʥʘʨʦʩʪʠ ʥʘ ʩʪʽʥʘʭ ʪʘ ʩʪʝʣʽ ʪʦʚʱʠʥʦʶ ʜʝʢʽʣʴʢʘ ʤʤ, ʟ ʛʣʘʜʢʦʶ ʪʘ 

ʽʥʢʦʣʠ ʟ ʨʝʙʨʠʩʪʦʶ ʧʦʚʝʨʭʥʝʶ (ʜʠʚ. ʨʠʩ 1, ʜ). ʂʦʨʠ ʬʦʨʤʫʶʪʴʩʷ 

ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʣʽʚʢʦʚʦʛʦ ʨʦʟʪʽʢʘʥʥʷ ʥʘʩʠʯʝʥʠʭ ʬʽʣʴʪʨʘʮʽʡʥʠʭ 

ʨʦʟʯʠʥʽʚ ʚʥʘʩʣʽʜʦʢ ʢʦʥʜʝʥʩʘʮʽʾ ʚʦʣʦʛʠ ʪʘ ʽʥʬʽʣʴʪʨʘʮʽʾ 

ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ. ɼʘʥʽ ʬʦʨʤʠ ʫʪʚʦʨʝʥʥʷ ʥʘ ʩʪʽʥʘʭ ʦʧʠʩʘʥʽ 

ʥʘʤʠ ʚ ʇʉ ˉ 28, 7, 11, 14ʘ. ʊʦʚʱʠʥʘ ʢʽʨ ʥʘ ʩʪʽʥʘʭ ʜʦʩʷʛʘʻ 1,5 ʩʤ, 

ʰʠʨʠʥʘ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ 0,5-3 ʤ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ 

ʜʝʬʦʨʤʘʮʽʡ ʚ ʢʦʥʩʪʨʫʢʮʽʷʭ ʩʧʦʨʫʜ, ʜʦʚʞʠʥʘ ʩʪʘʥʦʚʠʪʴ 1ï3 ʤ, 

ʧʦʚʝʨʭʥʷ ʥʝʨʽʚʥʘ. ʅʘʪʽʯʥʽ ʢʦʨʠ ʥʘ ʩʪʝʣʽ ʧʽʜʟʝʤʥʠʭ ʩʧʦʨʫʜ 

ʬʦʨʤʫʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʢʦʥʜʝʥʩʘʮʽʾ ʪʽʣʴʢʠ ʥʘ ʙʝʪʦʥʥʠʭ 

ʧʝʨʝʢʨʠʪʪʷʭ: ʚ ʟʘʭʽʜʥʦʤʫ ʧʨʠʤʽʱʝʥʥʽ ʇʉ ˉ 14ʘ, ʫ ʧʨʠʚʭʽʜʥʦʤʫ 

ʧʨʠʤʽʱʝʥʥʽ ʇʉ ˉ 11.  

ɻʦʣʢʦʧʦʜʽʙʥʽ ʤʽʥʝʨʘʣʴʥʽ ʥʘʨʦʩʪʠ. ʋ ʇʉ ˉ 16ʘ (ʧʽʚʜʝʥʥʘ 

ʯʘʩʪʠʥʘ ɽʢʦʥʦʤʽʯʥʦʛʦ ʢʦʨʧʫʩʫ ʂï7) ʥʘ ʩʪʝʣʽ ʽ ʩʪʽʥʘʭ ʚʭʽʜʥʦʾ 

ʛʘʣʝʨʝʾ ʥʘʤʠ ʦʧʠʩʘʥʽ ʛʦʣʢʦʧʦʜʽʙʥʽ ʧʫʭʥʘʩʪʽ ʙʽʣʽ ʥʘʨʦʩʪʠ ʫ ʚʠʛʣʷʜʽ 

ʦʢʨʝʤʠʭ ñʢʦʣʦʥʽʡò ʜʽʘʤʝʪʨʦʤ 20-30 ʩʤ, ʜʦʚʞʠʥʘ ʢʨʠʩʪʘʣʽʚ ʜʦ 20 

ʩʤ (ʜʠʚ. ʨʠʩ 1, )̒. ɿʘʛʘʣʴʥʘ ʧʣʦʱʘ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʫʪʚʦʨʝʥʴ ʫ 

ʧʽʜʟʝʤʥʽʡ ʩʧʦʨʫʜʽ ˉ 16ʘ ʜʦʩʷʛʘʻ 2ï3 ʤ2. ʍʘʨʘʢʪʝʨʥʠʤ ʻ ʪʝ, ʱʦ ʮʽ 

ʥʘʨʦʩʪʠ ʫʪʚʦʨʠʣʠʩʴ ʪʽʣʴʢʠ ʥʘ ʧʦʪʠʥʴʢʦʚʘʥʽʡ ʧʦʚʝʨʭʥʽ. ʇʨʠ 

ʜʦʪʦʨʢʫ ʥʘʨʦʩʪʠ ʣʝʛʢʦ ʢʨʠʰʘʪʴʩʷ ʽ ʦʩʠʧʘʶʪʴʩʷ. 

ʇʦʜʽʙʥʽ ʫʪʚʦʨʝʥʥʷ ʟʥʘʡʜʝʥʽ ʥʘʤʠ ʽ ʥʘ ʧʽʚʥʽʯʥʽʡ ʩʪʽʥʽ ʫ ʧʽʜʚʘʣʽ 

ʮʝʨʢʚʠ ɯʦʘʥʥʘ ʇʨʝʜʪʝʯʽ, ʨʦʟʪʘʰʦʚʘʥʽʡ ʚ ʧʽʚʥʽʯʥʦʤʫ ʧʨʠʜʽʣʽ 

ʋʩʧʝʥʩʴʢʦʛʦ ʩʦʙʦʨʫ. ɺʠʩʦʪʘ ʾʭ ʜʦʩʷʛʘʻ 5 ʩʤ, ʜʽʘʤʝʪʨ ï 35 ʩʤ. 

ɹʝʨʫʯʠ ʜʦ ʫʚʘʛʠ, ʱʦ ʋʩʧʝʥʩʴʢʠʡ ʩʦʙʦʨ ʙʫʣʦ ʚʽʜʥʦʚʣʝʥʦ ʣʠʰʝ ʫ 

2000 ʨ., ʰʚʠʜʢʽʩʪʴ ʾʭ ʨʦʩʪʫ ʩʪʘʥʦʚʠʪʴ 0,8 ʩʤ ʟʘ ʨʽʢ. ɿʘʨʦʜʢʠ 

ʛʦʣʢʦʧʦʜʽʙʥʠʭ ʥʘʨʦʩʪʽʚ ʪʘʢʦʞ ʽʜʝʥʪʠʬʽʢʦʚʘʥʽ ʥʘʤʠ ʥʘ ʧʽʜʣʦʟʽ ʇʉ 

ˉ 10 ʧʽʜ ʦʛʣʷʜʦʚʠʤ ʤʘʡʜʘʥʯʠʢʦʤ. 

ʄʽʥʝʨʘʣʴʥʠʡ ʩʢʣʘʜ ʥʦʚʦʫʪʚʦʨʝʥʴ ʚʠʟʥʘʯʘʚʩʷ ʤʽʥʝʨʘʣʦʛʦ-

ʧʝʪʨʦʛʨʘʬʽʯʥʠʤ ʪʘ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʠʤ ʤʝʪʦʜʘʤʠ. ɸʥʘʣʽʟʠ 

ʚʠʢʦʥʫʚʘʣʠʩʴ ʤʝʪʦʜʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʽʾ (ɼʈʆʅ-3 ʟ ʤʽʜʥʠʤ 

ʘʥʦʜʦʤ). ɼʣʷ ʘʥʘʣʽʟʫ ʙʫʣʠ ʚʽʜʽʙʨʘʥʽ ʩʪʘʣʘʢʪʠʪʠ ʧʝʨʰʦʛʦ ʪʠʧʫ ʟ 
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ʇʉ ̄ 28, ʩʪʘʣʘʢʪʠʪʠ ʜʨʫʛʦʛʦ ʪʠʧʫ ʟ ʇʉ ˉ 28 ʪʘ ʇʉ ˉ 14ʘ ʪʘ 

ʛʦʣʢʦʧʦʜʽʙʥʽ ʚʦʣʦʢʥʠʩʪʽ ʫʪʚʦʨʝʥʥʷ ʟ ʇʉ ˉ 16ʣ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʩʪʘʣʘʢʪʠʪʠ ʩʢʣʘʜʝʥʽ ʢʘʣʴʮʠʪʦʤ (CaCO3), ʫ ʟʨʘʟʢʫ ʟ ʇʉ ˉ 14ʘ ï ʟ 

ʜʦʤʽʰʢʘʤʠ ʢʚʘʨʮʫ ʜʦ 1 %. ɺʩʽ ʟʨʘʟʢʠ ʤʽʩʪʷʪʴ ʜʦ 7 % ̔ ʟʦʤʦʨʬʥʠʭ 

ʜʦʤʽʰʦʢ ʤʘʨʛʘʥʮʶ, ʟʘʣʽʟʘ ʪʘ ʤʘʛʥʽʶ. ɼʦʤʽʰʢʘʤʠ ʟʘʣʽʟʘ 

ʟʫʤʦʚʣʝʥʠʡ ʞʦʚʪʫʚʘʪʦ-ʙʫʨʠʡ ʢʦʣʽʨ ʩʪʘʣʘʢʪʠʪʽʚ. ɼʦʨʝʯʥʠʤ ʻ 

ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʩʪʘʣʘʛʤʽʪʠ ʪʘ ʥʘʪʽʯʥʽ ʢʦʨʠ, ʟʘʚʜʷʢʠ ʧʦʜʽʙʥʦʩʪʽ 

ʫʤʦʚ ʫʪʚʦʨʝʥʥʷ, ʪʘʢʦʞ ʩʢʣʘʜʝʥʽ ʢʘʣʴʮʠʪʦʤ. ɻʦʣʢʦʧʦʜʽʙʥʽ 

ʫʪʚʦʨʝʥʥʷ ʟ ʇʉ ˉ 16ʘ ʩʢʣʘʜʝʥʽ ʙʝʟʚʦʜʥʠʤ ʩʫʣʴʬʘʪʦʤ 

ʥʘʪʨʽʶ Nʘ2SO4 ï ʪʝʥʘʨʜʠʪʦʤ, ʟ ʥʝʟʥʘʯʥʠʤ ʚʤʽʩʪʦʤ ʟʝʨʝʥ ʢʚʘʨʮʫ, 

ʱʦ ʧʦʧʘʣʠ ʜʦ ʫʪʚʦʨʝʥʴ ʟ ʪʠʥʴʢʫ ʘʙʦ ʟ ʨʦʟʯʠʥʫ, ʷʢʠʡ ʩʢʨʽʧʣʶʻ 

ʮʝʛʣʷʥʫ ʢʣʘʜʢʫ. ʂʘʣʴʮʠʪ ʫʪʚʦʨʠʚʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʠʧʘʜʘʥʥʷ 

ʤʽʥʝʨʘʣʫ ʟ ʥʘʩʠʯʝʥʠʭ ʨʦʟʯʠʥʽʚ, ʱʦ ʧʦʚʽʣʴʥʦ ʧʨʦʩʦʯʫʶʪʴʩʷ ʢʨʽʟʴ 

ʪʦʚʱʫ ʧʦʢʨʠʚʥʠʭ ˇʨʫʥʪʽʚ ʪʘ ʩʢʣʝʧʽʥʥʷ ʧʽʜʟʝʤʥʠʭ ʩʧʦʨʫʜ. 

ɼʞʝʨʝʣʦʤ ʻ ʧʦʨʦʜʠ, ʱʦ ʤʽʩʪʷʪʴ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʢʘʨʙʦʥʘʪʽʚ: 

ʣʝʩʦʧʦʜʽʙʥʽ ʩʫʧʽʩʢʠ, ʚ ʷʢʠʭ ʽ ʨʦʟʪʘʰʦʚʘʥʦ ʙʽʣʴʰʽʩʪʴ ʧʽʜʟʝʤʥʠʭ 

ʩʧʦʨʫʜ ɺʝʨʭʥʴʦʾ ʣʘʚʨʠ; ʨʦʟʯʠʥ, ʱʦ ʩʢʨʽʧʣʶʻ ʮʝʛʣʫ, ʪʦʱʦ, ʪʘ 

ʚʫʛʣʝʢʠʩʣʦʪʘ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʫ ʧʦʚʽʪʨʽ. ʆʙʦʚô̫ʟʢʦʚʽ ʫʤʦʚʠ ï 

ʟʘʤʢʥʝʥʠʡ ʧʨʦʩʪʽʨ (ʧʨʠʨʦʜʥʘ ʘʙʦ ʰʪʫʯʥʘ ʧʦʨʦʞʥʠʥʘ) ʪʘ 

ʧʽʜʚʠʱʝʥʘ ʚʦʣʦʛʽʩʪʴ. ʈʦʟʯʠʥʠ ʧʨʠ ʟʘʚʠʩʘʥʥʽ ʫ ʚʠʛʣʷʜʽ ʢʨʘʧʝʣʴ ʟʽ 

ʩʪʝʣʽ ʰʣʷʭʦʤ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʚʪʨʘʯʘʶʪʴ ʚʦʜʫ, ʩʠʣʴʥʦ 

ʧʝʨʝʩʠʯʫʶʪʴʩʷ ʪʘ ʚʠʜʽʣʷʶʪʴ ʢʦʣʦʾʜʥʽ ʘʙʦ ʪʦʥʢʦʜʠʩʧʝʨʩʥʽ ʦʩʘʜʢʠ 

ʫ ʚʠʛʣʷʜʽ ʥʘʪʽʯʥʠʭ ʤʘʩ, ʱʦ ʧʦʩʪʫʧʦʚʦ ʪʚʝʨʜʽʰʘʶʪʴ ʪʘ 

ʨʦʟʢʨʠʩʪʘʣʽʟʦʚʫʶʪʴʩʷ ʧʨʠ ʧʦʜʘʣʴʰʽʡ ʜʝʛʽʜʨʘʪʘʮʽʾ [1]: 

ʉʘ2+ + ʉO2 + ʅ2O ź ʉʘ [ʅʉʆ3]2 

ʉʘ [Hʉʆ3]2 ï ʉʆ2 ź ʉʘʉʆ3 + ʅ2ʆ. 

ʋʤʦʚʠ ʤʽʥʝʨʘʣʦʫʪʚʦʨʝʥʥʷ ʫ ʰʪʫʯʥʠʭ ʚʠʨʦʙʢʘʭ ʚʟʘʛʘʣʽ ʽ 

ʧʽʜʟʝʤʥʠʭ ʩʧʦʨʫʜʘʭ ɺʝʨʭʥʴʦʾ ʣʘʚʨʠ ʟʦʢʨʝʤʘ ʪʘ 

ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʤʽʥʝʨʘʣʦʫʪʚʦʨʝʥʥʷ ʫ ʧʨʠʨʦʜʥʠʭ 

ʧʦʨʦʞʥʠʥʘʭ ʜʦʩʠʪʴ ʩʭʦʞʽ, ʙʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʩʪʘʙʽʣʴʥʽʩʪʶ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʧʽʜʚʠʱʝʥʦʶ ʚʦʣʦʛʽʩʪʶ. ʄʽʥʝʨʘʣʴʥʽ ʫʪʚʦʨʝʥʥʷ 

ʰʪʫʯʥʠʭ ʧʦʨʦʞʥʠʥ ʤʦʨʬʦʣʦʛʽʯʥʦ ʥʝ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʧʝʯʝʨʥʠʭ 

ʫʪʚʦʨʝʥʴ. ʄʽʥʝʨʘʣʽʟʫʶʯʽ ʨʦʟʯʠʥʠ ʧʽʜʟʝʤʥʠʭ ʩʧʦʨʫʜ ï ʮʝ 

ʘʪʤʦʩʬʝʨʥʽ ʚʦʜʠ, ʱʦ ʧʨʦʩʦʯʫʶʪʴʩʷ ʯʝʨʝʟ ʪʦʚʱʫ ʧʝʨʝʢʨʠʚʘʶʯʠʭ 

ˇʨʫʥʪʽʚ ʽ ʟʙʘʛʘʯʫʶʪʴʩʷ ʝʣʝʤʝʥʪʘʤʠ, ʷʢʽ ʨʦʟʯʠʥʷʶʪʴʩʷ ʮʠʤʠ ʞ 

ʚʦʜʘʤʠ ʫ ʧʨʦʮʝʩʽ ʧʨʦʩʦʯʫʚʘʥʥʷ. ɿʘ ʩʢʣʘʜʦʤ ʨʦʟʯʠʥʠ ʟʜʝʙʽʣʴʰʦʛʦ 

ʛʽʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʢʘʣʴʮʽʻʚʽ, ʥʝʡʪʨʘʣʴʥʽ ʘʙʦ ʩʣʘʙʦ ʣʫʞʥʽ ʟ 
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ʤ̔ ʥʝʨʘʣʽʟʘʮʽʻʶ 0,6ï1,8 ʛ/ʣ, ʟʘʛʘʣʴʥʦʶ ʞʦʨʩʪʢʽʩʪʶ 2,1ï

5,6 ʤʛĬʝʢʚ/ʣ ʟ ʥʝʟʥʘʯʥʠʤ ʚʤʽʩʪʦʤ ʥʽʪʨʘʪʽʚ [6]. ʋ ʧʽʜʟʝʤʥʠʭ 

ʚʠʨʦʙʢʘʭ ʟ ʮʠʭ ʨʦʟʯʠʥʽʚ ʽ ʚʠʥʠʢʘʶʪʴ ʤʽʥʝʨʘʣʴʥʽ ʫʪʚʦʨʝʥʥʷ. 

ʊʝʥʘʨʜʠʪ ʽ ʨʘʥʽʰʝ ʜʝʷʢʠʤʠ ʜʦʩʣʽʜʥʠʢʘʤʠ [4, 5] ʚʽʜʟʥʘʯʘʚʩʷ ʷʢ 

ʥʦʚʦʫʪʚʦʨʝʥʠʡ ʤʽʥʝʨʘʣ ʥʘ ʩʪʽʥʘʭ ʪʘ ʩʪʝʣʽ ʩʧʦʨʫʜ ʽ ʧʨʠʤʽʱʝʥʴ ʧʨʠ 

ʧʽʜʪʽʢʘʥʥʽ ʜʦʱʦʚʠʭ ʚʦʜ. ɺʽʜʟʥʘʯʝʥʦ ʪʘʢʦʞ ʽ ʩʝʟʦʥʥʠʡ ʭʘʨʘʢʪʝʨ 

ʧʦʷʚʠ ʪʝʥʘʨʜʠʪʫ ï ̔ ʥʪʝʥʩʠʚʥʠʡ ʨʽʩʪ ʪʝʥʘʨʜʠʪʫ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʚʦʩʝʥʠ ʪʘ ʥʘʚʝʩʥʽ, ʢʦʣʠ ʧʦʚʽʪʨʷ ʜʦʩʪʘʪʥʴʦ ʚʦʣʦʛʝ. ʋʪʚʦʨʝʥʥʷ 

ʪʝʥʘʨʜʠʪʫ ʧʦʚô̫ ʟʫʶʪʴ ʪʘʢʦʞ ʽ ʟ ʜʦʜʘʚʘʥʥʷʤ ʜʦ ʮʝʤʝʥʪʥʦʛʦ 

ʨʦʟʯʠʥʫ Na2SO4 ʜʣʷ ʧʨʠʩʢʦʨʝʥʥʷ ʟʘʪʚʝʨʜʽʥʥʷ ʮʝʤʝʥʪʫ ʘʙʦ ʟ 

ʨʝʘʢʮʽʻʶ ʤʽʞ ʛʽʧʩʦʚʠʤ ʚô̫ ʞʫʯʠʤ ʪʘ ʨʽʜʢʠʤ ʩʢʣʦʤ, ʱʦ ʜʦʜʘʶʪʴʩʷ 

ʜʣʷ ʧʨʠʜʘʥʥʷ ʚʦʜʦʩʪʽʡʢʦʩʪʽ. ʆʜʥʘʢ ʫʪʚʦʨʝʥʥʷ ʪʝʥʘʨʜʠʪʫ ʚ ʇʉ ˉ 

16ʘ ʧʦʚô̫ ʟʘʥʝ, ʩʢʦʨʽʰʝ ʟʘ ʚʩʝ, ʟ ʨʝʘʢʮʽʻʶ ʢʠʩʣʠʭ (ʷʢ ʥʘʩʣʽʜʦʢ, 

ʛʣʦʙʘʣʴʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʠ ʩʽʨʯʘʥʠʤ ʘʥʛʽʜʨʠʪʦʤ [8]) 

ʜʦʱʦʚʠʭ ʚʦʜ ʟ ʛʘʣʽʪʦʤ (NaCl), ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʜʦʙʘʚʢʘ ʜʦ 

ʪʠʥʴʢʫ ʪʘ ʧʦʙʽʣʢʠ ʜʣʷ ʥʘʜʘʥʥʷ ʾʤ ʤʽʮʥʦʩʪʽ. ʆʯʝʚʠʜʥʦ, ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʪʘʢʦʾ ʨʝʘʢʮʽʾ ʩʧʦʯʘʪʢʫ ʫʪʚʦʨʶʚʘʚʩʷ ʤʽʨʘʙʽʣʽʪ ï 

ʛʽʜʨʦʩʫʣʴʬʘʪ ʥʘʪʨʽʶ, ʜʝʛʽʜʨʘʪʘʮʽʷ ʷʢʦʶ ʚ ʧʦʜʘʣʴʰʦʤʫ ʚ ʫʤʦʚʘʭ 

ʩʫʭʦʛʦ ʧʨʠʤʽʱʝʥʥʷ ʽ ʧʨʠʟʚʝʣʘ ʜʦ ʫʪʚʦʨʝʥʥʷ ʪʝʥʘʨʜʠʪʫ [4]: 

NaCl + H2SO4 + 10H2O ź NaHSO4 Ĭ 10H2O + HCl 

NaCl + NaHSO4 Ĭ 10H2O ź Na2SO4 Ĭ 10H2O + HCl 

Na2SO4 Ĭ 10H2O ź Na2SO4 + 10H2O. 

ɺʠʩʥʦʚʢʠ. ʋ ʧʽʜʟʝʤʥʠʭ ʩʧʦʨʫʜʘʭ ɺʝʨʭʥʴʦʾ ʣʘʚʨʠ ʚʩʪʘʥʦʚʣʝʥʦ 

ʤʽʥʝʨʘʣʴʥʽ ʫʪʚʦʨʝʥʥʷ ʯʦʪʠʨʴʦʭ ʚʠʜʽʚ: ʩʪʘʣʘʢʪʠʪʠ (ʥʘʨʦʩʪʠ ʥʘ 

ʩʢʣʝʧʽʥʥʷʭ ʩʧʦʨʫʜ), ʩʪʘʣʘʛʤʽʪʠ (ʥʘʨʦʩʪʠ ʥʘ ʧʽʜʣʦʟʽ ʩʧʦʨʫʜ), 

ʥʘʪʽʯʥʽ ʢʦʨʠ ʥʘ ʩʪʝʣʽ ʪʘ ʩʪʽʥʘʭ ʩʧʦʨʫʜ, ʛʦʣʢʦʧʦʜʽʙʥʽ ʥʘʨʦʩʪʠ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ ʩʪʘʣʘʢʪʠʪʠ, 

ʩʪʘʣʘʛʤʽʪʠ ʪʘ ʥʘʪʽʯʥʽ ʢʦʨʠ ʩʢʣʘʜʝʥʽ ʢʘʨʙʦʥʘʪʦʤ ʢʘʣʴʮʽʶ ï 

ʢʘʣʴʮʠʪʦʤ ʽ ʤʽʩʪʷʪʴ ʽʟʦʤʦʨʬʥʽ ʜʦʤʽʰʢʠ ʟʘʣʽʟʘ, ʤʘʨʛʘʥʮʶ ʪʘ 

ʤʘʛʥʽʶ, ʘ ʪʘʢʦʞ ʫʣʘʤʢʠ ʢʚʘʨʮʫ. ɻʦʣʢʦʧʦʜʽʙʥʽ ʥʘʨʦʩʪʠ ʩʢʣʘʜʝʥʽ 

ʪʝʥʘʨʜʠʪʦʤ ï ʩʫʣʴʬʘʪʦʤ ʥʘʪʨʽʶ. ʆʩʥʦʚʥʠʤ ʯʠʥʥʠʢʦʤ ʫʪʚʦʨʝʥʥʷ 

ʢʘʨʙʦʥʘʪʥʠʭ ʤʽʥʝʨʘʣʽʚ (ʢʘʣʴʮʠʪʫ) ʻ ʨʦʟʪʽʢʘʥʥʷ ʧʦ ʩʪʝʣʽ ʪʘ ʩʪʽʥʘʭ 

ʥʘʩʠʯʝʥʠʭ ʬʽʣʴʪʨʘʮʽʡʥʠʭ ʨʦʟʯʠʥʽʚ, ʱʦ ʫʪʚʦʨʠʣʠʩʴ ʚʥʘʩʣʽʜʦʢ 

ʽʥʬʽʣʴʪʨʘʮʽʾ ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ ʯʝʨʝʟ ʪʦʚʱʫ ʧʦʢʨʠʚʥʠʭ 

ʚʽʜʢʣʘʜʽʚ, ʪʘ ʢʦʥʜʝʥʩʘʮʽʷ ʚʦʣʦʛʠ. ʋʪʚʦʨʝʥʥʷ ʪʝʥʘʨʜʠʪʫ ʧʦʚô̫ ʟʘʥʝ 

ʟ ʨʝʘʢʮʽʻʶ ʢʠʩʣʠʭ ʜʦʱʦʚʠʭ ʚʦʜ ʟ ʛʘʣʽʪʦʤ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʷʢ ʜʦʙʘʚʢʘ ʜʦ ʪʠʥʴʢʫ ʪʘ ʧʦʙʽʣʢʠ ʜʣʷ ʥʘʜʘʥʥʷ ʾʤ ʤʽʮʥʦʩʪʽ. 
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ɼʦʩʣʽʜʞʝʥʥʷ ʤʽʥʝʨʘʣʴʥʠʭ ʫʪʚʦʨʝʥʴ ʫ ʧʽʜʟʝʤʥʠʭ ʰʪʫʯʥʠʭ 

ʧʦʨʦʞʥʠʥʘʭ ʤʘʻ ʷʢ ʪʝʦʨʝʪʠʯʥʝ, ʪʘʢ ʽ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ. ɿ 

ʪʝʦʨʝʪʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʚʦʥʦ ʜʘʩʪʴ ʟʤʦʛʫ ʫʪʦʯʥʠʪʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ 

ʧʨʦʮʝʩʠ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ, ʟʤʽʥʠ ʪʘ ʨʫʡʥʫʚʘʥʥʷ 

ʤʽʥʝʨʘʣʽʚ; ʦʮʽʥʠʪʠ ʰʚʠʜʢʽʩʪʴ ʪʘ ʫʤʦʚʠ ʥʘʢʦʧʠʯʝʥʥʷ ʤʽʥʝʨʘʣʴʥʦʾ 

ʨʝʯʦʚʠʥʠ, ʰʚʠʜʢʽʩʪʴ ʤʽʥʝʨʘʣʦ- ʪʘ ʦʩʘʜʢʦʥʘʢʦʧʠʯʝʥʥʷ; ʟô̫ ʩʫʚʘʪʠ 

ʛʝʦʭʽʤʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʥʦʚʦʫʪʚʦʨʝʥʠʭ ʤʽʥʝʨʘʣʽʚ ʪʘ ʦʮʽʥʠʪʠ 

ʘʥʪʨʦʧʦʛʝʥʥʠʡ ʚʧʣʠʚ ʤʽʩʴʢʦʾ ʘʛʣʦʤʝʨʘʮʽʾ ʥʘ ʝʣʝʤʝʥʪʠ 

ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʇʨʘʢʪʠʯʥʠʡ ʘʩʧʝʢʪ ʜʦʩʣʽʜʞʝʥʴ ʧʦʣʷʛʘʻ 

ʫ ʚʠʟʥʘʯʝʥʥʽ ʜʞʝʨʝʣ, ʦʙô̒ ʤʽʚ ʤʦʙʽʣʽʟʘʮʽʾ ʪʘ ʰʣʷʭʽʚ ʤʽʛʨʘʮʽʾ 

ʤʽʥʝʨʘʣʴʥʦʾ ʨʝʯʦʚʠʥʠ, ʷʢʘ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʫ ʧʽʜʟʝʤʥʠʭ ʩʧʦʨʫʜʘʭ ʫ 

ʚʠʛʣʷʜʽ ʤʽʥʝʨʘʣʴʥʠʭ ʫʪʚʦʨʝʥʴ, ʱʦ ʩʧʨʠʷʪʠʤʝ ʫʪʦʯʥʝʥʥʶ 

ʽʥʞʝʥʝʨʥʦ- ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ɺʝʨʭʥʴʦʾ ʣʘʚʨʠ ʟʦʢʨʝʤʘ ʽ 

ʮʝʥʪʨʘʣʴʥʦʾ ʽʩʪʦʨʠʯʥʦʾ ʯʘʩʪʠʥʠ ʤʽʩʪʘ ʚ ʮʽʣʦʤʫ. ʆʪʨʠʤʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʪʘʢʦʞ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʪʘ 

ʧʨʦʚʝʜʝʥʥʽ ʨʝʩʪʘʚʨʘʮʽʡʥʠʭ ʨʦʙʽʪ. 
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ʅʘʚʝʜʝʥʦ ʥʦʚʽ ʛʝʦʣʦʛʽʯʥʽ ʜʘʥʽ ʱʦʜʦ ʛʦʨʠ ʇʠʚʠʭʘ, ʷʢʘ ʻ ʫʥʽʢʘʣʴʥʠʤ ʽʩʪʦʨʠʢʦ-

ʛʝʦʣʦʛʽʯʥʠʤ ʟʘʧʦʚʽʜʥʠʢʦʤ ʋʢʨʘʾʥʠ. ɻʦʨʘ ʚʠʥʠʢʣʘ ʚʥʘʩʣʽʜʦʢ ʥʘʩʪʫʧʫ 

ʤʘʪʝʨʠʢʦʚʠʭ ʣʴʦʜʽʚ ʧʽʜ ʯʘʩ ʜʥʽʧʨʦʚʩʴʢʦʛʦ ʟʣʝʜʝʥʽʥʥʷ. ʇʦʨʷʜ ʟ ʜʝʪʘʣʴʥʠʤʠ 

ʛʝʦʣʦʛʦ-ʩʪʨʘʪʠʛʨʘʬʽʯʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʛʦʨʠ ʇʠʚʠʭʠ ʥʘʤʠ ʚʧʝʨʰʝ ʦʧʠʩʘʥʠʡ 

ʨʫʜʦʧʨʦʷʚ ʫ ʟʦʥʽ ʛʣʷʮʽʦʜʠʩʣʦʢʘʮʽʡ ʾʾ ʧʘʣʝʦʛʝʥʦʚʠʭ ʧʦʨʽʜ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʛʦʨʘ ʇʠʚʠʭʘ, ʨʫʜʦ ʧʨʦʷʚ, ʧʽʨʠʪ-ʤʘʨʢʘʟʠʪʦʚʘ ʤʽʥʝʨʘʣʽʟʘʮʽʷ. 

 

ORE OCCURRENCE IN THE GLACIODISLOCATION ZONE 

OF THE PIVIKHA MOUNTAIN   

Machulina S.O. 
Institute of Geological Sciences of the National Academy of Sciences of 

Ukraine, Kyiv, Ukraine, kievgeosv@ukr.net 
 

New geological data on Mount Pyvykha, which is a unique historical and 

geological reserve of Ukraine, are presented. The mountain arose as a result of the 

advance of continental ice during the Dnieper glaciation. Along with detailed 

geological and stratigraphic studies of Mount Pyvykha, an ore occurrence in the 

dislocation zone of its Paleogene rocks was recorded and initially described for the 

first time. 

Keywords: Mount Pyvykha, ore occurrence, pyrite-marcasite mineralization. 

 
ʅʘ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʦʤʫ ʫʟʙʝʨʝʞʞʽ ʂʨʝʤʝʥʯʫʮʴʢʦʛʦ 

ʚʦʜʦʩʭʦʚʠʱʘ (ʚ ʨʘʡʦʥʽ ʩʪʘʨʦʚʠʥʥʦʛʦ ʤʽʩʪʝʯʢʘ ɻʨʘʜʠʟʴʢ 

ɻʣʦʙʠʥʩʴʢʦʛʦ ʨʘʡʦʥʫ ʇʦʣʪʘʚʩʴʢʦʾ ʦʙʣʘʩʪʽ) ʻ ʫʥʽʢʘʣʴʥʘ ʛʦʨʘ 

ʇʠʚʠʭʘ, ʷʢʘ ʻ ʽʩʪʦʨʠʢʦ-ʛʝʦʣʦʛʽʯʥʠʤ ʟʘʧʦʚʽʜʥʠʢʦʤ. ɰʾ ʚʠʩʦʪʘ 

https://doi.org/


167 
 

ʩʢʣʘʜʘʻ 168 ʤ. ɻʦʨʘ ʇʠʚʠʭʘ ʚʠʥʠʢʣʘ ʚʥʘʩʣʽʜʦʢ ʥʘʩʪʫʧʫ 

ʤʘʪʝʨʠʢʦʚʠʭ ʣʴʦʜʽʚ ʪʘ ʩʢʣʘʜʯʘʩʪʦ-ʣʫʩʢʫʚʘʪʠʭ ʜʝʬʦʨʤʘʮʽʡ, ʷʢʽ 

ʧʨʦʷʚʠʣʠʩʴ ʫ ʧʝʨʠʬʝʨʽʡʥʽʡ ʯʘʩʪʠʥʽ ʣʴʦʜʦʚʠʢʘ ʧʽʜ ʯʘʩ 

ʜʥʽʧʨʦʚʩʴʢʦʛʦ ʟʣʝʜʝʥʽʥʥʷ [1].  

ʋ ʾʾ ʚʽʜʢʣʘʜʘʭ (ʧʽʱʘʥʦ-ʛʣʠʥʠʩʪʠʭ ʧʦʨʦʜʘʭ, ʙʣʘʢʠʪʥʦʤʫ 

ʤʝʨʛʝʣʽ) ʪʘ ʣʴʦʜʦʚʠʢʦʚʠʭ ʤʦʨʝʥʘʭ ʢʨʘʻʟʥʘʚʮʽ ʟʥʘʭʦʜʷʪʴ ʙʘʛʘʪʦ 

ʧʘʣʝʦʥʪʦʣʦʛʽʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ (ʟʫʙʠ ʘʢʫʣ, ʢʦʨʘʣʽʚ, ʜʨʝʚʥʽ ʤʦʣʶʩʢʠ, 

ʢʽʩʪʢʠ, ʙʠʚʥʽ ʽ ʟʫʙʠ ʤʘʤʦʥʪʽʚ, ʰʝʨʩʪʠʩʪʠʭ ʥʦʩʦʨʦʛʽʚ, ʧʽʚʥʽʯʥʠʭ 

ʦʣʝʥʽʚ, ʩʢʘʤô̫ ʥʽʣʫ ʜʝʨʝʚʠʥʫ). ɼʝʪʘʣʴʥʦ ʩʢʣʘʜ ʧʦʨʽʜ ʛʦʨʠ ʇʠʚʠʭʠ, 

ʾʾ ʫʪʚʦʨʝʥʥʷ, ʩʪʨʘʪʠʛʨʘʬʽʷ, ʧʘʣʝʦʛʝʦʛʨʘʬʽʷ, ʛʝʦʤʦʨʬʦʣʦʛʽʷ 

ʦʧʠʩʘʥʽ ʫ ʯʠʩʣʝʥʥʠʭ ʨʦʙʦʪʘʭ ʚʽʜʦʤʠʭ ʚʯʝʥʠʭ (ɺ. ʈʽʟʥʽʯʝʥʢʦ, ɹ. 

ʃʽʯʢʦʚ, ɼ. ʉʦʙʦʣʻʚ, ʄ. ɺʝʢʣʠʯ, ʇ. ɻʦʞʠʢ, ʅ. ʉʽʨʝʥʢʦ ʪʘ ʽʥ.) ʽ 

ʟʦʢʨʝʤʘ ʫ ʨʦʙʦʪʽ [3].  

ɺ ʮʽʣʦʤʫ, ʛʦʨʘ ʩʢʣʘʜʝʥʘ ʧʽʱʘʥʦ-ʛʣʠʥʠʩʪʠʤʠ ʧʦʨʦʜʘʤʠ ʪʘ 

ʙʣʘʢʠʪʥʠʤ ʢʠʾʚʩʴʢʠʤ ʤʝʨʛʝʣʝʤ. ɺ ʧʽʜʦʰʚʽ ʛʦʨʠ ʚʽʟʫʘʣʴʥʦ 

ʧʨʦʩʪʝʞʫʶʪʴʩʷ ʚʽʜʢʣʘʜʠ ʤʦʨʝʥʠ (ʨʠʩ. 2). ʇʽʩʣʷ ʩʧʦʨʫʜʞʝʥʥʷ ʫ 

1962 ʨʦʮʽ ʂʨʝʤʝʥʯʫʮʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʛʦʨʘ ʇʠʚʠʭʘ ʟ ʢʦʞʥʠʤ 

ʨʦʢʦʤ ʧʦʩʪʫʧʦʚʦ ʨʫʡʥʫʻʪʴʩʷ, ʪʦʤʫ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʥʦʚʽ ʧʨʦʷʚʠ 

ʛʝʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʨʘʥʽʰʝ ʥʝ ʙʫʣʠ ʦʧʠʩʘʥʽ. 

 

 
ʈʠʩ. 1. ʈʫʡʥʫʚʘʥʥʷ ʛʦʨʠ ʇʠʚʠʭʘ (ʬʦʪʦ ʘʚʪʦʨʘ) 
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ʈʠʩ. 2. ʄʦʨʝʥʥʽ ʚʽʜʢʣʘʜʠ ʚ ʧʽʜʦʰʚʽ ʛʦʨʠ (ʬʦʪʦ ʘʚʪʦʨʘ) 

 
ʇʜ̔ ʯʘʩ ʛʝʦʣʦʛʽʯʥʦʾ ʝʢʩʢʫʨʩʽʾ ʽ ʚʽʟʫʘʣʴʥʦʤʫ ʦʛʣʷʜʽ ʧʽʚʜʝʥʥʦ-

ʟʘʭʽʜʥʦʛʦ ʩʭʠʣʫ ʛʦʨʠ ʘʚʪʦʨʦʤ ʙʫʚ ʚʽʜʤʽʯʝʥʠʡ ʨʫʜʦ ʧʨʦʷʚ ʥʘ 

ʢʦʥʪʘʢʪʽ ʪʦʚʱʽ ʢʠʾʚʩʴʢʦʛʦ ʤʝʨʛʝʣʶ ʽ ʟʘʣʷʛʘʶʯʦʶ ʥʘʜ ʥʠʤ ʪʦʚʱʽ 

ʪʝʤʥʦ-ʙʫʨʠʭ ʩʫʛʣʠʥʢʽʚ ʘʥʪʨʦʧʦʛʝʥʫ. ʅʘ ʨʠʩ. 3 ʚʠʜʥʦ, ʱʦ ʧʽʜ 

ʢʠʾʚʩʴʢʠʤ ʤʝʨʛʝʣʝʤ ʧʽʜʣʷʛʘʶʯʽ ʧʦʨʦʜʠ ʧʘʣʝʦʛʝʥʫ (ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʤʦʨʩʴʢʠʤʠ ʚʽʜʢʣʘʜʘʤʠ ʙʫʯʘʮʴʢʦʾ ʩʚʽʪʠ) ʜʠʩʣʦʢʦʚʘʥʽ ʧʦʨʫʰʝʥʥʷʤ 

ʪʘ ʟʽʤô̫ ʪʽ. ɺʦʥʠ ʤʘʶʪʴ ʭʚʠʣʷʩʪʠʡ ʢʦʥʪʘʢʪ ʽʟ ʪʦʚʱʝʶ ʢʠʾʚʩʴʢʦʛʦ 

ʤʝʨʛʝʣʶ. ʆʩʪʘʥʥʷ ʤʘʻ ʯʽʪʢʠʡ ʢʦʥʪʘʢʪ ʽʟ ʚʠʱʝ ʟʘʣʷʛʘʶʯʠʤʠ 

ʪʝʤʥʠʤʠ ʩʫʛʣʠʥʢʘʤʠ. ʎʝʡ ʢʦʥʪʘʢʪ ʤʘʻ ʪʦʥʢʦʰʘʨʫʚʘʪʫ ʙʫʜʦʚʫ ʽ 

ʩʢʣʘʜʝʥʠʡ ʧʽʱʘʥʦ-ʢʘʨʙʦʥʘʪʥʠʤʠ ʚʽʜʢʣʘʜʘʤʠ, ʚ ʷʢʠʭ ʟʥʘʭʦʜʷʪʴ 

ʯʠʩʣʝʥʥʽ ʟʫʙʠ ʜʨʝʚʥʽʭ ʘʢʫʣ. ɺ ʟʦʥʽ ʧʦʨʫʰʝʥʥʷ  ʢʠʾʚʩʴʢʠʭ ʤʝʨʛʝʣʽʚ 

ʬʽʢʩʫʻʪʴʩʷ ʣʽʥʟʘ ʯʝʨʚʦʥʦ-ʙʫʨʠʭ ʧʦʨʽʜ ʟ ʦʢʩʠʜʘʤʠ ʟʘʣʽʟʘ ʽ 

ʩʽʨʯʘʥʠʤʠ ʚʠʜʽʣʝʥʥʷʤʠ, ʟ ʷʢʦʾ ʚʠʧʘʜʘʶʪʴ ʢʨʫʧʥʽ (30ʭ20ʭ20 ʩʤ) 

ʩʫʣʴʬʽʜʥʽ ʫʪʚʦʨʝʥʥʷ (ʨʠʩ. 4). ʎʽ ʙʨʠʣʠ ʤʘʶʪʴ ʧʦʨʠ, ʢʘʚʝʨʥʠ ʽ 

ʥʘʩʢʨʽʟʥʽ ʦʪʚʦʨʠ ʽ ʥʘʛʘʜʫʶʪʴ çʯʦʨʥʠʭ ʢʫʨʮʽʚè ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ. ʇʦʜʽʙʥʽ çʢʫʨʮʽè ʧʽʨʠʪ-ʤʘʨʢʘʟʠʪʦʚʦʛʦ ʩʢʣʘʜʫ 

ʦʧʠʩʘʥʽ ʥʘʤʠ ʚ ʉʪʠʣʴʩʴʢʦʤʫ ʢʘʨô̒ ʨʽ ɼʦʥʙʘʩʫ [2]. ʄʝʥʰʽ ʟʘ 

ʨʦʟʤʽʨʘʤʠ (5ï10 ʩʤ) ʩʫʣʴʬʽʜʥʽ ʫʪʚʦʨʝʥʥʷ ʟʘʣʷʛʘʶʪʴ ʚʟʜʦʚʞ 

ʢʦʥʪʘʢʪʫ ʢʠʾʚʩʴʢʠʭ ʤʝʨʛʝʣʽʚ ʟ ʙʫʨʠʤʠ ʩʫʛʣʠʥʢʘʤʠ ʥʘ ʜʽʣʷʥʮʽ ʟ 

ʦʢʩʠʜʘʤʠ ʟʘʣʽʟʘ (ʜʠʚ. ʨʠʩ. 3). ɺʦʥʠ ʚʠʤʠʚʘʶʪʴʩʷ, ʚʠʚʽʪʨʶʶʪʴʩʷ ʽ 

ʩʢʦʯʫʶʪʴʩʷ ʚʥʠʟ. 
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ʈʠʩ. 3. ʃʽʥʟʦʚʠʜʥʠʡ ʨʫʜʥʠʡ ʧʨʦʷʚ ʚ ʟʦʥʽ ʧʦʨʫʰʝʥʥʷ ʢʠʾʚʩʴʢʦʛʦ ʤʝʨʛʝʣʶ (ʬʦʪʦ 

ʘʚʪʦʨʘ) 

 

 
ʈʠʩ. 4. ʉʫʣʴʬʽʜʥʘ ʙʨʠʣʘ ʟ ʧʦʨʦʞʥʝʯʘʤʠ ʚ ʟʘʣʽʟʦ-ʩʽʨʯʘʥʽʡ ʩʦʨʦʯʮʽ (ʬʦʪʦ ʘʚʪʦʨʘ) 
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ʊʨʝʙʘ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʨʠʨʦʜʠ,  ʧʦʨʽʜ ʽ ʤʽʥʝʨʘʣʽʚ 

ʚʠʷʚʣʝʥʦʛʦ ʨʫʜʦʧʨʦʷʚʫ, ʱʝ ʯʝʢʘʶʪʴ ʥʘ ʨʝʪʝʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɿʜʘʻʪʴʩʷ, ʱʦ ʛʦʨʘ ʇʠʚʠʭʘ ʱʝ ʥʝ ʦʜʠʥ ʨʘʟ ʟʜʠʚʫʻ ʥʘʩ ʥʦʚʠʤʠ 

ʛʝʦʣʦʛʽʯʥʠʤʠ ʟʥʘʭʽʜʢʘʤʠ.  
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Aspects of the extraction and use of Yampil sandstones are considered and current 

issues and priority actions for their more optimal development are outlined. 

Keywords: Yampil sandstones, Ediacaran, history of research, mining. 

 
ñʗʤʧʽʣʴʩʴʢʽ ʧʽʩʢʦʚʠʢʠò ̫ʢ ʪʦʨʛʦʚʘ ʥʘʟʚʘ ʧʽʱʘʥʠʭ ʧʦʨʽʜ ʟ 

ʪʝʨʠʪʦʨʽʾ ʩʝʨʝʜʥʴʦʛʦ ʇʨʠʜʥʽʩʪʨʦʚô̫  ʫʚʽʡʰʣʠ ʜʦ ʚʞʠʪʢʫ ʟ 17 ʩʪ. ɿ 

ʪʘʢʦʶ ʥʘʟʚʦʶ ʮʽ ʧʦʨʦʜʠ ʚʞʝ ʙʫʣʠ ʚʽʜʦʤʽ ʜʘʣʝʢʦ ʟʘ ʤʝʞʘʤʠ ʾʭ 

ʚʠʜʦʙʫʚʘʥʥʷ. ɺʠʨʦʙʠ ʟ ʥʠʭ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʥʝ ʪʽʣʴʢʠ ʚ ʙʘʛʘʪʴʦʭ 

ʨʝʛʽʦʥʘʭ ʋʢʨʘʾʥʠ, ʘ ʡ ʚ ʢʨʘʾʥʘʭ ɭʚʨʦʧʠ, ʟʦʢʨʝʤʘ ʇʦʣʴʱʽ, 

ʋʛʦʨʱʠʥʠ, ʈʫʤʫʥʽʾ, ʉʣʦʚʘʯʯʠʥʠ, ʏʝʭʽʾ, ʄʦʣʜʦʚʠ.  

ʋ ʜʘʥʦʤʫ ʧʦʚʽʜʦʤʣʝʥʥʽ ʙʫʜʝ ʘʢʮʝʥʪʦʚʘʥʦ ʫʚʘʛʫ ʥʘ 

ʦʩʦʙʣʠʚʦʩʪʷʭ ʧʦʰʠʨʝʥʥʷ ʮʠʭ ʧʦʨʽʜ, ʾʭ ʧʦʣʦʞʝʥʥʷ ʚ 

ʩʪʨʘʪʠʛʨʘʬʽʯʥʦʤʫ ʨʦʟʨʽʟʽ, ʩʧʦʩʦʙʘʭ ʚʠʜʦʙʫʪʢʫ ʪʘ ʤʦʞʣʠʚʦʩʪʷʭ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ.  

https://doi.org/
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ʇʦʣʴʦʚʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʫ ʧʝʨʽʦʜ 2019ï2022 ʨʨ. ʙʫʣʦ 

ʧʨʦʚʝʜʝʥʦ ʽʥʚʝʥʪʘʨʠʟʘʮʽʶ ʦʩʥʦʚʥʠʭ ʣʦʢʘʮʽʡ ʚʠʭʦʜʫ ʷʤʧʽʣʴʩʴʢʠʭ 

ʧʽʩʢʦʚʠʢʽʚ ʥʘ ʜʝʥʥʫ ʧʦʚʝʨʭʥʶ, ʤʽʩʮʴ ʨʦʟʨʦʙʢʠ ʽ ʩʧʦʩʦʙʽʚ 

ʚʠʜʦʙʫʪʢʫ [3].  

ʋ ʨʘʤʢʘʭ ʚʠʢʦʥʘʥʥʷ ʙʶʜʞʝʪʥʦʾ ʪʝʤʘʪʠʢʠ ɼʅʋ 

ñʄʦʨʛʝʦɽʢʦʎʝʪʨ ʅɸʅ ʋʢʨʘʾʥʠò ñʈʝʩʫʨʩʠ ʤʦʨʩʴʢʠʭ ʦʩʘʜʦʚʠʭ 

ʢʦʤʧʣʝʢʩʽʚ ɽʜʽʘʢʘʨʽʶ (ɺʝʥʜʫ) ʇʦʜʽʣʴʩʴʢʦʛʦ ʙʘʩʝʡʥʫ ʋʢʨʘʾʥʠ ʪʘ 

ʧʝʨʩʧʝʢʪʠʚʠ ʾʭ ʦʩʚʦʻʥʥʷ ʜʣʷ ʧʽʩʣʷʚʦʻʥʥʦʾ ʚʽʜʙʫʜʦʚʠò ʚ ʧʦʣʴʦʚʠʡ 

ʩʝʟʦʥ 2024ï2025ʨʨ. ʟʨʦʙʣʝʥʦ ʘʥʘʣʽʟ ʘʩʦʨʪʠʤʝʥʪʫ ʧʨʦʜʫʢʮʽʾ, ʱʦ 

ʚʠʨʦʙʣʷʻʪʴʩʷ ʟ ʮʽʻʾ ʩʠʨʦʚʠʥʠ. ʊʘʢʦʞ ʙʫʣʠ ʫʪʦʯʥʝʥʽ ʜʘʥʽ ʱʦʜʦ ʾʭ 

ʣʽʪʦʣʦʛʦ-ʤʽʥʝʨʘʣʦʛʽʯʥʦʛʦ ʩʢʣʘʜʫ ʽ ʜʝʢʦʨʘʪʠʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ʇʦʧʝʨʝʜʥʽ ʨʝʟʫʣʴʪʘʪʠ ʮʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʥʘ ʟʚʝʩʪʠ ʜʦ 

ʥʘʩʪʫʧʥʦʛʦ. 

ʗʤʧʽʣʴʩʴʢʽ ʧʽʩʢʦʚʠʢʠ ʚ ʩʪʨʘʪʠʛʨʘʬʽʯʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʚʭʦʜʷʪʴ 

ʜʦ ʩʢʣʘʜʫ ʄʦʛʠʣʽʚʩʴʢʦʾ ʩʚʽʪʠ ʄʦʛʠʣʽʚ-ʇʦʜʽʣʴʩʴʢʦʾ ʩʝʨʽʾ 

ʝʜʽʘʢʘʨʩʴʢʦʛʦ ʧʝʨʽʦʜʫ ʧʽʟʥʴʦʛʦ ʧʨʦʪʝʨʦʟʦʶ ʽ ʻ ʧʦ ʩʫʪʽ 

ʥʘʡʜʘʚʥʽʰʠʤʠ ʪʝʨʠʛʝʥʥʠʤʠ ʦʩʘʜʦʚʠʤʠ ʫʪʚʦʨʝʥʥʷʤʠ 

ʇʦʜʽʣʴʩʴʢʦʛʦ ʚʠʩʪʫʧʫ ʋʢʨʘʾʥʩʴʢʦʛʦ ʱʠʪʘ [1]. ɰʭ ʪʝʨʠʪʦʨʽʷ 

ʧʦʰʠʨʝʥʥʷ ʩʪʘʥʦʚʠʪʴ ʩʤʫʛʫ ʰʠʨʠʥʦʶ 12ï30ʢʤ ʚʟʜʦʚʞ ɼʥʽʩʪʨʘ 

(ʚʽʜ ʩ. ʂʠʪʘʡʛʦʨʦʜ ʂʘʤʷʥʝʮʴ-ʇʦʜʽʣʴʩʴʦʛʦ ʨʘʡʦʥʫ ʍʤʝʣʴʥʠʮʴʢʦʾ 

ʦʙʣʘʩʪʽ ʜʦ ʩ. ʇʦʨʦʛʠ ʄʦʛʠʣʽʚ-ʇʦʜʽʣʴʩʴʢʦʛʦ ʨʘʡʦʥʫ ɺʽʥʥʠʮʴʢʦʾ 

ʦʙʣʘʩʪʽ), ʘʣʝ ʦʩʥʦʚʥʽ ʚʠʭʦʜʠ ʟʦʩʝʨʝʜʞʝʥʽ ʚʽʜ ʩ. ɹʝʨʥʘʰʽʚʢʘ 

(ʨ. ɾʚʘʥ) ʜʦ ʩ. ɺʝʣʠʢʘ ʂʦʩʥʠʮʷ. ɻʦʣʦʚʥʽ ʤʽʩʮʷ ʚʠʜʦʙʫʪʢʫ 

ʷʤʧʽʣʴʩʴʢʠʭ ʧʽʩʢʦʚʠʢʽʚ ʧʨʠʫʨʦʯʝʥʽ ʜʦ ʜʦʣʠʥ ʣʽʚʠʭ ʧʨʠʪʦʢʽʚ 

ɼʥʽʩʪʨʘ (ɾʚʘʥ, ʄʫʨʘʬʘ, ɼʟʠˇʽʚʢʘ, ʆʣʴʰʘʥʢʘ, ʄʘʨʢʽʚʢʘ, ʈʫʩʘʚʘ ʪʘ 

ʾʭ ʧʨʠʪʦʢʽʚ). 

ʅʘʟʚʘ ñ̫ ʤʧʽʣʴʩʴʢʽ ʧʽʩʢʦʚʠʢʠò ʧʦʭʦʜʠʪʴ ʚʽʜ ʥʘʟʚʠ ʤʽʩʪʘ ʗʤʧʽʣʴ, 

ʱʦ ʨʦʟʪʘʰʦʚʘʥʠʡ ʟ ʣʽʚʦʛʦ ʙʝʨʝʛʫ ɼʥʽʩʪʨʘ ʽ ʚʽʜʦʤʠʡ ʱʝ ʟ ʜʨʫʛʦʾ 

ʧʦʣʦʚʠʥʠ 17 ʩʪ. 

ɻʦʣʦʚʥʝ ʪʽʣʦ ñ̫ ʤʧʽʣʴʩʴʢʠʭ ʧʽʩʢʦʚʠʢʽʚò ʚ ʩʫʯʘʩʥʽʡ 

ʩʪʨʘʪʠʛʨʘʬʽʯʥʽʡ ʩʭʝʤʽ ʝʜʽʘʢʘʨʽʶ ʚʠʜʽʣʝʥʦ ʚ ʦʢʨʝʤʠʡ 

ʨʝʛʽʦʥʘʣʴʥʠʡ ʧʽʜʨʦʟʜʽʣ ï ̫ ʤʧʽʣʴʩʴʢʽ ʚʝʨʩʪʚʠ. ʂʦʣʠ ʤʦʚʘ ʡʜʝʪʴʩʷ 

ʧʨʦ ʪʦʨʛʦʚʫ ʥʘʟʚʫ, ʪʦ ʜʦ ʥʝʾ ʚʽʜʥʦʩʷʪʴʩʷ ʪʘʢʦʞ ʧʽʩʢʦʚʠʢʠ 

ʣʦʤʦʟʽʚʩʴʢʠʭ ʪʘ ʦʣʯʝʜʘʾʚʩʴʢʠʭ ʚʝʨʩʪʚ, ʱʦ ʟʘʣʷʛʘʶʪʴ ʥʠʞʯʝ 

ʷʤʧʽʣʴʩʴʢʠʭ. ʇʨʦʪʝ ʦʩʪʘʥʥʽ ʤʘʶʪʴ ʥʝʚʝʣʠʢʫ ʧʦʪʫʞʥʽʩʪʴ, 

ʣʦʢʘʣʴʥʝ ʧʦʰʠʨʝʥʥʷ ʽ ʥʝ ʚʠʪʨʠʤʘʥʫ ʟʝʨʥʠʩʪʽʩʪʴ.  
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ɺ ʥʘʡʙʽʣʴʰ ʧʦʚʥʠʭ ʨʦʟʨʽʟʘʭ ʧʦʪʫʞʥʽʩʪʴ ʚʽʜʢʣʘʜʽʚ ʷʤʧʽʣʴʩʴʢʠʭ 

ʧʽʩʢʦʚʠʢʽʚ ʩʪʘʥʦʚʠʪʴ 30ï35 ʤ. ɺ ʪʠʧʦʚʠʭ ʨʦʟʨʽʟʘʭ ʚʦʥʠ ʤʘʶʪʴ 

ʜʚʦʭ ʯʣʝʥʥʫ ʙʫʜʦʚʫ. ɿʚʝʨʭʫ ʟʘʣʷʛʘʻ ʰʘʨ ʦʢʠʩʣʝʥʠʭ ʪʦʥʢʦ 

ʧʣʠʪʯʘʩʪʠʭ ʨʽʟʥʦ ʟʝʨʥʠʩʪʠʭ ʧʽʩʢʦʚʠʢʽʚ, ʚ ʨʽʟʥʽʡ ʤʽʨʽ ʦʢʠʩʣʝʥʠʭ 

ʛʽʜʨʦʦʢʩʠʜʘʤʠ ʟʘʣʽʟʘ (ʧʣʠʪʥʷʢ), ʚ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ï ʚ ʙʽʣʴʰʦʩʪʽ 

ʨʽʚʥʦʤʽʨʥʦ ʟʝʨʥʠʩʪʽ ʙʽʣʽ, ʞʦʚʪʫʚʘʪʽ, ʧʣʷʤʠʩʪʽ, ʩʤʫʛʘʩʪʽ ʧʽʩʢʦʚʠʢʠ 

(ʙʣʦʯʥʠʡ ʢʘʤʽʥʴ) (ʨʠʩ.1). ʅʘ ʨʽʟʥʠʭ ʜʽʣʷʥʢʘʭ ʧʨʠʨʦʜʥʠʭ 

ʚʽʜʩʣʦʥʝʥʴ ʽ ʚ ʢʘʨô̒ ʨʘʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʝʡ ʜʚʦʭ 

ʦʩʥʦʚʥʠʭ ʩʢʣʘʜʦʚʠʭ ʻ ʨʽʟʥʠʤ.  

 

 
ʈʠʩ. 1 ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʈʫʩʘʚʩʴʢʦʛʦ ʢʘʨô̒ ʨʫ ʟ ʚʠʜʦʙʫʪʢʫ ʷʤʧʽʣʴʩʴʢʠʭ 

ʧʽʩʢʦʚʠʢʽʚ, 2025ʨ. 

 
ɿʚʝʨʭʫ ʷʤʧʽʣʴʩʴʢʽ ʧʽʩʢʦʚʠʢʠ ʦʙʤʝʞʝʥʽ ʙʘʟʘʣʴʥʠʤ ʛʦʨʠʟʦʥʪʦʤ 

ʩʢʣʘʜʝʥʠʤ ʛʨʘʚʝʣʽʪʘʤʠ, ʷʢʽ ʪʘʢʦʞ ʚ ʟʥʘʯʥʽ ʤʽʨʽ ʦʢʠʩʣʝʥʽ 

ʛʽʜʨʦʦʢʩʠʜʘʤʠ ʟʘʣʽʟʘ ʽ ʤʘʨʛʘʥʮʶ. ɺ ʙʽʣʴʰʦʩʪʽ ʢʘʨô̒ ʨʽʚ, ʱʦ 

ʨʦʟʨʦʙʣʷʶʪʴʩʷ, ʥʠʞʥʷ ʯʘʩʪʠʥʘ ʷʤʧʽʣʴʩʴʢʠʭ ʚʝʨʩʪʚ ʥʝ ʨʦʟʢʨʠʪʘ, 

ʘʣʝ ʚ ʩʚʝʨʜʣʦʚʠʥʘʭ, ʱʦ ʧʨʦʙʫʨʝʥʽ ʚ ʮʴʦʤʫ ʨʘʡʦʥʽ ʚ ʨʽʟʥʽ ʨʦʢʠ ʚ 

ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʤʽʪʥʘ ʟʤʽʥʘ ʣʽʪʦʣʦʛʽʯʥʦʛʦ 

ʩʢʣʘʜʫ ʪʘ ʟʝʨʥʠʩʪʦʩʪʽ ʽ ʩʘʤʝ ʚ ʥʠʭ ʤʦʞʥʘ ʧʨʦʩʣʽʜʢʫʚʘʪʠ ʚʩʽ 

ʬʘʮʽʘʣʴʥʽ ʧʝʨʝʭʦʜʠ. ʊʘʢ ʣʦʤʦʟʽʚʩʴʢʽ ʚʝʨʩʪʚʠ, ʱʦ ʟʘʣʷʛʘʶʪʴ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜ ʷʤʧʽʣʴʩʴʢʠʤʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʝʨʝʚʘʞʥʦ ʪʦʥʢʦ 

ʫʣʘʤʢʦʚʠʤʠ ʧʦʨʦʜʘʤʠ ï ʘʨʛʽʣʽʪʘʤʠ ʽ ʘʣʝʚʨʦʣʽʪʘʤʠ ʟ ʣʽʥʟʘʤʠ ʽ 

ʧʨʦʰʘʨʢʘʤʠ ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʭ ʧʽʩʢʦʚʠʢʽʚ, ʱʦ ʩʪʘʥʦʚʣʷʪʴ ʥʝ 

ʙʽʣʴʰʝ 20 % ʨʦʟʨʽʟʫ. ʅʘ ʦʢʨʝʤʠʭ ʜʽʣʷʥʢʘʭ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ 
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ʣʦʤʦʟʽʚʩʴʢʠʭ ʚʝʨʩʪʚ ʬʽʢʩʫʻʪʴʩʷ ʧʨʦʰʘʨʢʠ ʬʦʩʬʘʪʦʚʤʽʩʥʠʭ 

ʘʨʛʽʣʽʪʽʚ ʧʦʪʫʞʥʽʩʪʶ ʜʦ 3ï4 ʩʤ. ɿʘʛʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ 

ʣʦʤʦʟʽʚʩʴʢʠʭ ʚʝʨʩʪʚ ʥʘ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝ ʧʝʨʝʚʠʱʫʻ 10ï

11 ʤ, ʘ ʚʽʜʧʦʚʽʜʥʦ ʟʘʛʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ʧʽʱʘʥʠʭ ʬʘʮʽʡ ʩʪʘʥʦʚʠʪʴ 

ʜʦ 2 ʤ [4].  

ʅʠʞʯʝ ʣʦʤʦʟʽʚʩʴʢʠʭ ʟʘʣʷʛʘʶʪʴ ʦʣʴʯʝʜʘʾʚʩʴʢʽ ʚʝʨʩʪʚʠ, ʷʢʽ ʫ 

ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʽʟʥʦʟʝʨʥʠʩʪʠʤʠ ʧʽʩʢʦʚʠʢʘʤʠ, ʘ ʫ 

ʥʠʞʥʽʡ ï ʛʨʘʚʝʣʽʪʘʤʠ ʽ ʢʦʥʛʣʦʤʝʨʘʪʘʤʠ. ɺ ʥʘʡʙʽʣʴʰ ʧʦʚʥʠʭ 

ʨʦʟʨʽʟʘʭ ʾʭ ʧʦʪʫʞʥʽʩʪʴ ʩʷʛʘʻ ʜʦ 40ï43 ʤ, ʘʣʝ ʩʫʪʦ ʧʽʱʘʥʘ ʯʘʩʪʠʥʘ 

ʤʘʻ ʥʝʚʝʣʠʢʫ ʪʦʚʱʠʥʫ ̔ ʥʝ ʧʝʨʝʚʠʱʫʻ ʧʝʨʰʠʭ ʤʝʪʨʽʚ.  

ʇʝʨʝʭʽʜ ʚʽʜ ʷʤʧʽʣʴʩʴʢʠʭ ʜʦ ʣʦʤʦʟʽʚʩʴʢʠʭ ʽ ʦʣʴʯʝʜʘʾʚʩʴʢʠʭ 

ʚʝʨʩʪʚ ʥʝ ʟʘʚʞʜʠ ʧʦʤʽʪʥʠʡ, ʦʩʦʙʣʠʚʦ ʚ ʧʨʠʨʦʜʥʠʭ ʚʽʜʩʣʦʥʝʥʥʷʭ, 

ʱʦ ʟʘʟʥʘʣʠ ʚʧʣʠʚʫ ʝʢʟʦʛʝʥʥʦʛʦ ʚʠʚʽʪʨʶʚʘʥʥʷ.  

ʊʠʧʦʚʽ ʧʽʩʢʦʚʠʢʠ ʷʤʧʽʣʴʩʴʢʠʭ ʚʝʨʩʪʚ ʻ ʧʦʣʴʦʚʦʰʧʘʪ-

ʢʚʘʨʮʝʚʠʤʠ, ʩʝʨʝʜʥʴʦ- ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʤʠ. ɻʦʣʦʚʥʠʤʠ 

ʧʦʨʦʜʦʫʪʚʦʨʶʚʘʣʴʥʠʤʠ ʤʽʥʝʨʘʣʘʤʠ ʻ (%): ʢʚʘʨʮ (65ï80), ʧʦʣʴʦʚʽ 

ʰʧʘʪʠ (15ï40), ʜʨʫʛʦʨʷʜʥʠʤʠ ï ʪʝʤʥʽ ʪʘ ʩʚʽʪʣʽ ʩʣʶʜʠ (3ï5), ʧʽʨʠʪ, 

ʨʽʜʰʝ ʬʣʶʦʨʠʪ, ʛʘʣʝʥʽʪ, ʩʬʘʣʝʨʠʪ. ʉʝʨʝʜ ʘʢʮʝʩʦʨʥʠʭ ʤʽʥʝʨʘʣʽʚ 

ʧʨʠʩʫʪʥʽ ʪʫʨʤʘʣʽʥ, ʘʣʴʤʘʥʜʠʥ, ʩʬʝʥ, ʮʠʨʢʦʥ, ʤʦʥʘʮʠʪ. ʉʝʨʝʜ 

ʚʪʦʨʠʥʥʠʭ ï ʧʦʰʠʨʝʥʽ ʛʽʜʨʦʦʢʩʠʜʠ ʟʘʣʽʟʘ ʽ ʤʘʨʛʘʥʮʶ, ʢʘʦʣʽʥʽʪ, 

ʜʠʢʽʪ, ʢʘʣʴʮʠʪ.  

ɺʘʞʣʠʚʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʷʤʧʽʣʴʩʴʢʠʭ ʧʽʩʢʦʚʠʢʽʚ ʻ ʥʘʷʚʥʽʩʪʴ ʚ 

ʥʠʭ ʚʽʜʙʠʪʢʽʚ ʥʘʡʜʘʚʥʽʰʦʾ ʙʝʟʩʢʝʣʝʪʥʦʾ ʬʘʫʥʠ ʝʜʽʘʢʘʨʩʴʢʦʛʦ 

ʧʝʨʽʦʜʫ, ʱʦ ʧʽʜʚʠʱʫʻ ʜʦ ʥʠʭ ʥʘʫʢʦʚʠʡ ʽʥʪʝʨʝʩ, ʫʚʘʛʫ 

ʢʦʣʝʢʮʽʦʥʝʨʽʚ ʪʘ ʧʘʣʝʦʥʪʦʣʦʛʽʚ [2, 5].  

ɸʥʘʣʽʟʫʶʯʠ ʽʩʪʦʨʽʶ ʚʠʜʦʙʫʪʢʫ ʷʤʧʽʣʴʩʴʢʠʭ ʧʽʩʢʦʚʠʢʽʚ, ʤʦʞʥʘ 

ʘʢʮʝʥʪʫʚʘʪʠ ʥʘ ʥʘʩʪʫʧʥʝ. ɺʝʩʴ ʯʘʩ ʮʷ ʩʠʨʦʚʠʥʘ ʨʦʟʨʦʙʣʷʣʘʩʷ 

ʢʫʩʪʘʨʥʠʤ ʩʧʦʩʦʙʦʤ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʣʶʜʩʴʢʠʭ ʨʝʩʫʨʩʽʚ ʽ 

ʤʝʭʘʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʅʘʡʙʽʣʴʰʠʤ ʧʦʧʠʪʦʤ ʢʦʨʠʩʪʫʚʘʣʠʩʷ 

ʧʽʩʢʦʚʠʢʠ ʟ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ ʨʦʟʨʽʟʫ, ʱʦ ʜʦʙʨʝ ʚʽʜʢʦʣʶʚʘʣʠʩʷ ʧʦ 

ʧʣʦʱʠʥʘʭ ʥʘʰʘʨʫʚʘʥʥʷ. ʎʽ ʧʽʩʢʦʚʠʢʠ ʦʪʨʠʤʘʣʠ ʥʘʟʚʫ ñʧʣʠʪʥʷʢò 

ʽ ʚʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʜʣʷ ʤʦʱʝʥʥʷ ʽ ʦʙʣʘʜʥʘʥʥʷ ʧʽʰʦʭʽʜʥʠʭ 

ʟʦʥ, ʪʨʦʪʫʘʨʽʚ, ʦʙʣʠʮʶʚʘʥʥʷ ʩʧʦʨʫʜ ʪʘ ʧʘʨʢʘʥʽʚ. ɼʦ 60ï70-ʭ ʨʦʢʽʚ 

20 ʩʪ. ʚʦʥʠ ʩʣʫʛʫʚʘʣʠ ʦʩʥʦʚʥʠʤ ʙʫʜʽʚʝʣʴʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʜʣʷ 

ʩʽʣʴʩʴʢʦʾ ʤʽʩʮʝʚʦʩʪʽ ʥʘʚʢʦʣʠʰʥʽʭ ʨʘʡʦʥʽʚ. ʅʠʞʥʷ ʯʘʩʪʠʥʘ ʨʦʟʨʽʟʫ 

ʙʫʣʘ ʜʦʩʪʫʧʥʘ ʜʣʷ ʨʦʟʨʦʙʢʠ ʪʽʣʴʢʠ ʢʘʨô̒ ʨʥʠʤ ʩʧʦʩʦʙʦʤ. ɺ ʥʠʭ 

ʙʫʣʘ ʤʦʞʣʠʚʽʩʪʴ ʤʝʭʘʥʽʯʥʦ-ʚʠʙʫʭʦʚʠʤ ʤʝʪʦʜʦʤ ʜʦʙʫʚʘʪʠ 
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ʙʣʦʯʥʠʡ ʢʘʤʽʥʴ. ʅʘʧʨʠʢʽʥʮʽ 20-ʛʦ ʧʦʯʘʪʢʫ 21 ʩʪ. ʟʘʚʜʷʢʠ ʩʫʪʪʻʚʦʾ 

ʤʝʭʘʥʽʟʘʮʽʾ ʨʦʟʨʦʙʢʠ ʢʘʨô̒ ʨʽʚ, ʟô̫ ʚʠʣʘʩʷ ʤʦʞʣʠʚʽʩʪʴ ʜʦʙʫʚʘʪʠ 

ʙʣʦʢʠ ʦʙô̒ ʤʦʤ ʜʦ 3 ʤ3 ̔  ʙʽʣʴʰʝ. ɹʣʦʯʥʠʡ ʢʘʤʽʥʴ ʧʦʯʘʚ ʘʢʪʠʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʧʣʠʪʢʠ, ʙʦʨʜʶʨʽʚ, ʝʣʝʤʝʥʪʽʚ 

ʜʝʢʦʨʫ ʽ ʩʢʫʣʴʧʪʫʨʠ (ʨʠʩ.2). 

 

 
ʈʠʩ. 2. ɺʠʛʦʪʦʚʣʝʥʥʷ ʩʢʫʣʴʧʪʫʨʠ ñʂʦʟʘʢ ɼʟʠʛʘò ʟ ʷʤʧʽʣʴʩʴʢʦʛʦ ʧʽʩʢʦʚʠʢʫ 

ʨʦʜʦʚʠʱʘ ʏʝʨʚʦʥʠʡ ʙʝʨʝʛï1, 2025 ʨ. 

 

ʅʠʥʽ ʧʝʨʝʣʽʢ ʧʨʦʜʫʢʮʽʾ ʟ ʙʣʦʯʥʠʭ ʩʦʨʪʽʚ ʷʤʧʽʣʴʩʴʢʦʛʦ 

ʧʽʩʢʦʚʠʢʫ ʩʪʘʥʦʚʠʪʴ ʧʦʥʘʜ 15 ʥʘʡʤʝʥʫʚʘʥʴ (ʨʠʩ. 3).  

 

 
ʈʠʩ. 3. ɻʦʪʦʚʘ ʧʨʦʜʫʢʮʽʷ ʟ ʷʧʽʣʴʩʴʢʦʛʦ ʧʽʩʢʦʚʠʢʫ ʥʘ ʨʦʜʦʚʠʱʽ ʏʝʨʚʦʥʠʡ ʙʝʨʝʛï
1, 2025ʨ. 
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ʃʝʚʦʚʘ ʯʘʩʪʠʥʘ ʷʢʽʩʥʦʛʦ ʙʣʦʯʥʦʛʦ ʢʘʤʝʥʶ ʡʜʝ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ 

ʩʢʫʣʴʧʪʫʨ. ɼʝʢʦʨʘʪʠʚʥʽ ʨʽʟʥʦʚʠʜʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʬʦʥʪʘʥʽʚ, ʢʘʤʽʥʽʚ, ʦʟʜʦʙʣʝʥʥʷ ʽʥʪʝʨô̒ ʨʫ ʽ 

ʝʢʩʪʝʨô̒ ʨʫ. 

ʋ ʪʦʡ ʞʝ ʯʘʩ ʩʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʚʠʜʦʙʫʪʦʢ ʩʠʨʦʚʠʥʠ 

ʧʨʦʜʦʚʞʫʻʪʴʩʷ ʥʝʚʝʣʠʢʠʤʠ ʜʨʽʙʥʠʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ, ʙʽʣʴʰʽʩʪʴ 

ʟ ʷʢʠʭ ʥʝ ʤʘʶʪʴ ʫ ʩʚʦʻʤʫ ʨʦʟʧʦʨʷʜʞʝʥʥʽ ʚʽʜʧʦʚʽʜʥʠʭ ʪʝʭʥʽʯʥʠʭ 

ʟʘʩʦʙʽʚ, ʷʢʽ ʙ ʤʦʛʣʠ ʜʦʟʚʦʣʠʪʠ ʨʦʟʢʨʠʚʘʪʠ ʧʽʩʢʦʚʠʢʠ ʷʤʧʽʣʴʩʴʢʠʭ 

ʚʝʨʩʪʚ ʥʘ ʚʩʶ ʧʦʪʫʞʥʽʩʪʴ, ʦʪʨʠʤʫʚʘʪʠ ʙʽʣʴʰʠʡ ʚʽʜʩʦʪʦʢ ʚʠʭʦʜʫ 

ʙʣʦʯʥʦʛʦ ʢʘʤʝʥʶ ʽ ʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʦ ʡʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ. 

ʊʘʢʦʞ ʯʘʩʪʽ ʚʠʧʘʜʢʠ ʥʝʣʝʛʘʣʴʥʦʛʦ ʚʠʜʦʙʫʪʢʫ ʟ ʧʦʨʫʰʝʥʥʷʤ ʚʩʽʭ 

ʽʩʥʫʶʯʠʭ ʛʽʨʥʠʯʠʭ ʥʦʨʤ. ɺʽʜʩʫʪʥʽʩʪʴ ʩʫʯʘʩʥʦʾ ʚʠʜʦʙʫʚʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʽ ʦʨʛʘʥʽʟʘʮʽʾ ʚʩʴʦʛʦ ʢʦʤʧʣʝʢʩʫ ʨʦʙʽʪ ï ʚʽʜ ʟʥʷʪʪʷ 

ʨʦʟʢʨʠʚʥʦʛʦ ʰʘʨʫ ʨʦʜʦʚʠʱʘ, ʟʘʢʣʘʜʝʥʥʷ ʢʘʨô̒ ʨʫ, ʨʦʟʨʦʙʢʠ, 

ʩʦʨʪʫʚʘʥʥʷ ʩʠʨʦʚʠʥʠ ʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʧʨʠʟʚʝʣʦ ʜʦ 

ʭʘʦʪʠʯʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʜʨ ʪʘ ʟʘʭʘʨʘʱʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʚ ʣʦʢʘʮʽʷʭ ʛʽʨʩʴʢʠʭ ʚʠʨʦʙʦʢ. ʅʘʚʢʦʣʦ ʢʘʨô̒ ʨʽʚ 

ʥʘʢʦʧʠʯʝʥʦ ʚʝʣʠʢʫ ʤʘʩʫ ʨʽʟʥʦʧʣʘʥʦʚʦʾ ʩʠʨʦʚʠʥʠ, ʩʣʘʙʦ ʣʽʢʚʽʜʥʠʭ 

ʙʣʦʢʽʚ, ʚʽʜʭʦʜʽʚ ʟ ʦʙʨʦʙʢʠ ʪʦʱʦ. ʉʴʦʛʦʜʥʽ ʧʽʩʢʦʚʠʢʠ ʻ ʮʽʥʥʦʶ 

ʩʠʨʦʚʠʥʦʶ, ʾʭ ʟʘʧʘʩʠ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʥʝ ʚʝʣʠʢʽ ʽ ʚʨʘʭʦʚʫʶʯʠ 

ʪʝ ʱʦ ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʾʭ ʧʦʢʣʘʜʽʚ ʟʘʨʘʟ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʦʢʫʧʦʚʘʥʠʭ 

ʪʝʨʠʪʦʨʽʷʭ ʘʙʦ ʚ ʧʨʠʬʨʦʥʪʦʚʠʭ ʨʘʡʦʥʘʭ, ʚʘʞʣʠʚʽʩʪʴ ʷʤʧʽʣʴʩʢʠʭ 

ʨʦʜʦʚʠʱ ʩʫʪʪʻʚʦ ʟʨʦʩʪʘʻ. ʎʝ ʟʦʙʦʚô̫ ʟʫʻ ʥʘʩ ʧʝʨʝʛʣʷʥʫʪʠ ʚʩʽ 

ʩʢʣʘʜʦʚʽ, ʱʦ ʧʦʚô̫ ʟʘʥʽ ʟ ʦʧʪʠʤʽʟʘʮʽʻʶ ʽ ʨʘʮʽʦʥʘʣʴʥʠʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʮʽʻʾ ʢʦʨʠʩʥʦʾ ʢʦʧʘʣʠʥʠ.  

ʇʝʨʰʦʯʝʨʛʦʚʠʤʠ ʽ ʛʦʣʦʚʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ 

ʧʦʢʘʟʥʠʢʽʚ ʚʠʜʦʙʫʪʢʫ, ʟʙʽʣʴʰʝʥʥʷ ʚʠʭʦʜʫ ʧʨʠʜʘʪʥʦʛʦ, 

ʨʦʟʰʠʨʝʥʥʷ ʥʦʤʝʥʢʣʘʪʫʨʠ ʚʠʨʦʙʽʚ ʽ ʧʦʢʨʘʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ 

ʩʠʪʫʘʮʽʾ ʻ ʥʘʩʪʫʧʥʠʤʠ: 

1. ʉʪʚʦʨʝʥʥʷ ʧʦʚʥʦʮʽʥʥʦʛʦ ʨʝʻʩʪʨʫ ʘʢʪʫʘʣʴʥʠʭ ʥʘ ʪʝʧʝʨʽʰʥʽʡ 

ʯʘʩ ʜʽʣʷʥʦʢ ʜʣʷ ʨʦʟʨʦʙʢʠ ʷʤʧʽʣʴʩʴʢʠʭ ʧʽʩʢʦʚʠʢʽʚ; 

2. ɺʠʜʽʣʝʥʥʷ ʧʨʽʦʨʠʪʝʪʥʠʭ ʽ ʧʝʨʰʦʯʝʨʛʦʚʠʭ ʜʽʣʷʥʦʢ ʜʣʷ 

ʚʠʜʦʙʫʪʢʫ ʢʦʨʠʩʥʦʾ ʢʦʧʘʣʠʥʠ ʚʨʘʭʦʚʫʶʯʠ ʛʝʦʣʦʛʽʯʥʫ ʩʠʪʫʘʮʽʶ, 

ʟʘʧʘʩʠ, ʣʦʛʽʩʪʠʢʫ ʽ ʷʢʽʩʪʴ ʩʠʨʦʚʠʥʠ; 

3. ʋʢʨʫʧʥʝʥʥʷ ʜʨʽʙʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʜʣʷ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ ʪʝʭʥʽʢʦʶ ʽ ʩʫʯʘʩʥʠʤ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʨʦʟʨʦʙʢʠ 

ʩʠʨʦʚʠʥʠ, ʾʾ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ ʧʝʨʝʨʦʙʢʠ; 



177 
 

4. ʇʨʦʚʝʜʝʥʥʷ ʩʫʯʘʩʥʦʛʦ ʤʘʨʢʝʪʠʥʛʫ ʽ ʨʝʢʣʘʤʥʦʾ ʢʦʤʧʘʥʽʾ 

ʱʦʜʦ ʧʦʧʫʣʷʨʠʟʘʮʽʾ ʮʽʻʾ ʩʠʨʦʚʠʥʠ ʚʨʘʭʦʚʫʶʯʠ ʚʩʽ ʩʢʣʘʜʦʚʽ: 

ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʜʝʢʦʨʘʪʠʚʥʽʩʪʴ, ʝʢʦʣʦʛʽʯʥʽʩʪʴ, 

ʪʝʭʥʦʣʦʛʽʯʥʽʩʪʴ ʦʙʨʦʙʢʠ, ʥʘʷʚʥʦʩʪʽ ʚ ʥʠʭ ʥʘʡʜʘʚʥʽʰʦʾ ʬʘʫʥʠ 

ʚʽʢʦʤ ʧʦʥʘʜ 600 ʤʣʥ. ʨ.  
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ɹʘʟʘʣʴʪʦʚʝ; ɹʝʨʝʩʪʦʚʝʮʴʢʝ ʚʽʜʩʣʦʥʝʥʥʷ ʙʘʟʘʣʴʪʽʚ, ʩ. ɹʝʨʝʩʪʦʚʝʮʴ; ɹʝʨʝʩʪʦʚʝʮʴʢʘ 

ʢʦʤʧʣʝʢʩʥʘ ʛʝʦʣʦʛʽʯʥʘ ʧʘʤô̫ ʪʢʘ (ʢʘʨô̒ ʨ ̄ 10). ɿʘʟʥʘʯʝʥʽ ʦʙô̒ ʢʪʠ ʤʦʞʫʪʴ 

ʩʣʫʛʫʚʘʪʠ ʷʢ ʤʘʨʰʨʫʪʠ ʛʝʦʪʫʨʠʟʤʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚ̔ ʜʩʣʦʥʝʥʥʷ ʙʘʟʘʣʴʪʽʚ, ʤʘʨʰʨʫʪʠ ʛʝʦʪʫʨʠʟʤʫ. 
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Basalts in the quarries of the Ivano-Dolynsky deposit, the village of Basalt; 

Berestovets basalt outcrop, the village of Berestovets; Berestovets complex geological 

monument (quarry No. 10) are characterized. These objects can serve as geotourism 

routes. 

Keywords: Basalt outcrops, geotourism routes.   

 
ɺʩʪʫʧ. ʈʽʚʥʝʥʩʴʢʘ ʦʙʣʘʩʪʴ ʨʦʟʪʘʰʦʚʘʥʘ ʚ ʤʝʞʘʭ ʟʘʭʽʜʥʦʛʦ 

ʩʭʠʣʫ ʋʢʨʘʾʥʩʴʢʦʛʦ ʱʠʪʘ ʪʘ ɺʦʣʠʥʦ-ʇʦʜʽʣʴʩʴʢʦʾ ʧʣʠʪʠ. ʇʦʚʝʨʭʥʷ 

ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʬʫʥʜʘʤʝʥʪʫ ʧʽʜ ʢʫʪʘʤʠ 1ï3 ʛʨʘʜʫʩʠ ʧʦʩʪʫʧʦʚʦ 

ʟʘʥʫʨʶʻʪʴʩʷ ʚ ʟʘʭʽʜʥʦʤʫ ʥʘʧʨʷʤʢʫ ʜʦ ʛʣʠʙʠʥʠ 1600 ʤ, ʚ ʢʨʘʡʥʽʡ 

ʩʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʜʦʢʝʤʙʨʽʡʩʴʢʽ ʫʪʚʦʨʝʥʥʷ ʚʠʭʦʜʷʪʴ ʥʘ ʜʝʥʥʫ 

ʧʦʚʝʨʭʥʶ. ʇʨʝʜʩʪʘʚʣʝʥʽ ʚʦʥʠ ʢʣʝʩʽʚʩʴʢʦʶ ʩʝʨʽʻʶ ʽ ʦʩʥʠʮʴʢʠʤ 

ʢʦʤʧʣʝʢʩʦʤ (ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡ), ʚ ʧʽʚʜʝʥʥʽʡ ʯʘʩʪʠʥʽ ʦʙʣʘʩʪʽ ï 

ʪʝʪʝʨʽʚʩʴʢʦʶ ʩʝʨʽʻʶ ʪʘ ʞʠʪʦʤʠʨʩʴʢʠʤ ʢʦʤʧʣʝʢʩʦʤ 

(ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡ). ɺ ʦʙʣʘʩʪʽ ʨʦʟʚʽʜʘʥʦ 7 ʨʦʜʦʚʠʱ ʙʘʟʘʣʴʪʽʚ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʦʙʣʠʮʶʚʘʣʴʥʦ-ʜʝʢʦʨʘʪʠʚʥʦʛʦ 

ʪʘ ʙʫʜʽʚʝʣʴʥʦʛʦ ʢʘʤʝʥʶ, ʰʘʰʢʠ, ʙʨʫʱʘʪʢʠ, ʙʫʪʫ, ʱʝʙʝʥʶ, 

ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʢʘʤô̫ ʥʦʛʦ ʣʠʪʚʘ.    
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ɺʠʭʽʜ ʙʘʟʘʣʴʪʽʚ ʫ ʢʘʨô̒ ʨʘʭ ɯʚʘʥʦ-ɼʦʣʠʥʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ, 

ʩ. ɹʘʟʘʣʴʪʦʚʝ (ʤʽʥʝʨʘʣʦʛʽʯʥʠʡ, ʧʝʪʨʦʛʨʘʬʽʯʥʠʡ). ɺ ʢʘʨô̒ ʨʘʭ  

ʚʠʭʦʜʠ ʙʘʟʘʣʴʪʽʚ ʪʨʘʧʦʚʦʾ ʬʦʨʤʘʮʽʾ ʥʠʞʥʴʦʛʦ ʚʝʥʜʫ (ʚʦʣʠʥʩʴʢʘ 

ʩʝʨʽʷ, ʨʘʪʥʝʥʩʴʢʘ ʩʚʽʪʘ) ʽʟ ʢʣʘʩʠʯʥʦʶ ʩʪʦʚʧʯʘʩʪʦʶ ʦʢʨʝʤʽʩʪʶ [1]. 

ʅʠʥʽ ʚʠʭʦʜʠ ʙʘʟʘʣʴʪʽʚ ʪʘʢʦʛʦ ʪʠʧʫ ʨʦʟʢʨʠʪʦ ʣʠʰʝ ʚ ʢʘʨô̒ ʨʘʭ 

ʗʥʦʚʦʾ ʜʦʣʠʥʠ, ʩ. ɹʝʨʝʩʪʦʚʝʮʴ, ʩ. ɺʝʣʠʢʠʡ ʄʽʜʩʴʢ. ʅʘʡʙʽʣʴʰ 

çʜʦʩʢʦʥʘʣʽè ʙʘʟʘʣʴʪʦʚʽ ʩʪʦʚʧʠ ʚʽʜʩʣʦʥʶʶʪʴʩʷ ʚ ʢʘʨô̒ ʨʘʭ ˉ3 ̔ 

ˉ5. ɺʠʚʯʝʥʥʷ ʬʦʨʤ ʟʘʣʷʛʘʥʥʷ ʙʘʟʘʣʴʪʽʚ, ʭʘʨʘʢʪʝʨʫ ʦʢʨʝʤʦʩʪʽ ʤʘʻ 

ʟʥʘʯʝʥʥʷ ʜʣʷ ʟô̫ ʩʫʚʘʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʘʥʥʴʦʚʝʥʜʩʴʢʦʛʦ 

ʚʫʣʢʘʥʽʟʤʫ ʪʘ ʧʘʣʝʦʨʝʢʦʥʩʪʨʫʢʮʽʡ ʚʫʣʢʘʥʦʛʝʥʥʠʭ ʟʦʥ. ʇʽʜ 

ʩʝʨʝʜʥʴʦʯʝʪʚʝʨʪʠʥʥʠʤʠ ʬʣʶʚʽʦʛʣʷʮʽʘʣʴʥʠʤʠ ʧʽʩʢʘʤʠ ʽ 

ʧʠʩʘʣʴʥʦʶ ʢʨʝʡʜʦʶ ʟʜʦʣʙʫʥʽʚʩʴʢʦʾ ʩʚʽʪʠ (ʚʝʨʭʥʷ ʢʨʝʡʜʘ) 

ʟʘʛʘʣʴʥʦʶ ʧʦʪʫʞʥʽʩʪʶ 3,5ï6,0 ʤ ʟʘʣʷʛʘʶʪʴ ʥʠʞʥʴʦʚʝʥʜʩʴʢʽ 

ʙʘʟʘʣʴʪʠ ʚʦʣʠʥʩʴʢʦʾ ʩʝʨʽʾ. ɹʘʟʘʣʴʪʠ ʘʬʘʥʽʪʦʚʽ ʜʨʽʙʥʦ-

ʪʦʥʢʦʟʝʨʥʠʩʪʽ ʪʝʤʥʦ-ʩʽʨʽ ʜʦ ʯʦʨʥʠʭ, ʤʘʩʠʚʥʽ, ʩʢʣʘʜʝʥʽ ʟ 

ʦʩʥʦʚʥʦʛʦ ʧʣʘʛʽʦʢʣʘʟʫ, ʝʥʩʪʘʪʠʪ-ʘʚʛʽʪʫ, ʚʫʣʢʘʥʽʯʥʦʛʦ ʩʢʣʘ. ʄʘʶʪʴ 

ʩʪʦʚʧʯʘʩʪʫ ʦʢʨʝʤʽʩʪʴ, ʚʠʩʦʪʘ ʩʪʦʚʧʽʚ ʜʦ 30 ʤ. ʂʘʨô̒ ʨ ʨʦʟʨʦʙʣʷʚʩʷ 

ʪʨʴʦʤʘ ʚʠʜʦʙʫʚʥʠʤʠ ʫʩʪʫʧʘʤʠ, ʚʠʩʦʪʘ ʩʪʦʚʧʽʚ ʚ ʫʩʪʫʧʘʭ ʚʽʜ 4 ʜʦ 

11 ʤ. ʉʪʦʚʧʠ ʧʝʨʝʚʘʞʥʦ ʰʝʩʪʠʢʫʪʥʽ, ʨʦʟʤʽʨʦʤ ʫ ʧʦʧʝʨʝʯʥʦʤʫ 

ʧʝʨʝʨʽʟʽ 0, ï1,2 ʤ. ʋ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʧʽʚʥʽʯʥʦʾ ʩʪʽʥʢʠ ʢʘʨô̒ ʨʫ 

 ̄3 ʚʽʜʩʣʦʥʶʶʪʴʩʷ ʙʘʟʘʣʴʪʠ ʟ ʙʨʠʣʦʚʦʶ ʦʢʨʝʤʽʩʪʶ, ʘ ʚ ʟʘʭʽʜʥʽʡ 

ʩʪʽʥʮʽ ï ʙʘʟʘʣʴʪʠ ʟ ʚʽʷʣʦʧʦʜʽʙʥʦʶ ʦʢʨʝʤʽʩʪʶ. ɿʘʛʘʣʴʥʘ 

ʧʨʦʪʷʞʥʽʩʪʴ ʚʽʜʩʣʦʥʝʥʴ ʙʘʟʘʣʴʪʽʚ ʫ ʤʝʞʘʭ 180ï230 ʤ. ɺ ʢʘʨô̒ ʨʽ 

ʤʦʞʥʘ ʟʫʩʪʨʽʪʠ ʤʽʥʝʨʘʣʠ: ʘʜʫʣʷʨ, ʭʣʦʨʠʪ, ʷʥʽʪ, ʢʚʘʨʮ, ʭʘʣʮʝʜʦʥ, 

ʢʘʣʴʮʠʪ, ʙʘʨʠʪ, ʛʝʤʘʪʠʪ, ʧʽʨʠʪ, ʤʘʨʢʘʟʠʪ, ʧʩʠʣʦʤʝʣʘʥ, ʙʦʨʥʽʪ, 

ʘʟʫʨʠʪ, ʤʽʜʴ ʩʘʤʦʨʦʜʥʫ. 

ʇʽʜôʾ ʟʜ ʜʦʨʦʛʦʶ ʈʽʚʥʝ ï ɹʘʟʘʣʴʪʦʚʝ 57 ʢʤ. ɿ ʜʦʨʦʛʠ ʂʦʩʪʦʧʽʣʴ 

ï ɿʣʘʟʥʝ 200 ʤ ʥʘ ʟʘʭʽʜ ʥʘʩʠʧʥʦʶ ʜʦʨʦʛʦʶ (ʙʘʟʘʣʴʪʦʚʽ ʩʪʦʚʪʠ ʚ 

ʢʘʨô̒ ʨʽ  ̄3); 50ʤ ʥʘ ʩʭʽʜ ʚôʾ ʟʜ ʜʦ ʢʘʨô̒ ʨʫ  ̄5. 

ɹʝʨʝʩʪʦʚʝʮʴʢʝ ʚʽʜʩʣʦʥʝʥʥʷ ʙʘʟʘʣʴʪʽʚ, ʩ. ɹʝʨʝʩʪʦʚʝʮʴ 

(ʤʽʥʝʨʘʣʦʛʽʯʥʠʡ, ʧʝʪʨʦʛʨʘʬʽʯʥʠʡ). ɹʘʟʘʣʴʪʠ ʪʨʘʧʦʚʦʾ ʬʦʨʤʘʮʽʾ 

ʥʠʞʥʴʦʛʦ ʚʝʥʜʫ (ʚʦʣʠʥʩʴʢʘ ʩʝʨʽʷ, ʨʘʪʥʝʩʴʢʘ ʩʚʽʪʘ) ʟʽ ʩʪʦʚʧʯʘʩʪʦʶ 

ʦʢʨʝʤʽʩʪʶ [1] ʥʠʥʽ ʨʦʟʢʨʠʪʽ ʣʠʰʝ ʚ ʢʘʨô̒ ʨʘʭ ʗʥʦʚʦʾ ʜʦʣʠʥʠ, 

ɹʝʨʝʩʪʦʚʮʷ, ʄʽʜʩʴʢʘ. ɺʠʚʯʝʥʥʷ ʬʦʨʤ ʟʘʣʷʛʘʥʥʷ ʙʘʟʘʣʴʪʽʚ, 

ʭʘʨʘʢʪʝʨʫ ʦʢʨʝʤʦʩʪʝʡ ʤʘʻ ʟʥʘʯʝʥʥʷ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʘʥʥʴʦʚʝʥʜʩʴʢʦʛʦ ʚʫʣʢʘʥʽʟʤʫ, ʧʘʣʝʦʨʝʢʦʥʩʪʨʫʢʮʽʡ. 

ʋ ʧʽʚʜʝʥʥʽʡ ʩʪʽʥʮʽ ʢʘʨô̒ ʨʫ ˉ 7 ʨʦʟʢʨʠʚʘʶʪʴʩʷ ʪʝʤʥʦ-ʩʽʨʽ ʜʦ 
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ʯʦʨʥʠʭ ʘʬʘʥʽʪʦʚʽ, ʤʘʩʠʚʥʽ ʙʘʟʘʣʴʪʠ, ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʦʩʥʦʚʥʦʛʦ 

ʧʣʘʛʽʦʢʣʘʟʫ, ʝʥʩʪʘʪʠʪ-ʘʚʛʽʪʫ, ʚʫʣʢʘʥʽʯʥʦʛʦ ʩʢʣʘ. ɺʦʥʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʩʪʦʚʧʯʘʩʪʦʶ ʦʢʨʝʤʽʩʪʶ. ʋ ʩʭʽʜʥʽʡ ʯʘʩʪʠʥʽ 

ʩʪʽʥʢʠ ʥʘ ʚʽʜʩʪʘʥʽ 100 ʤ ʚʦʥʘ ʥʘʭʠʣʝʥʘ, ʤʦʞʣʠʚʦ, ʯʝʨʝʟ ʚʟʘʻʤʦʜʽʶ 

ʜʚʦʭ ʧʦʪʦʢʽʚ. ʋ ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʩʪʽʥʢʠ ʥʘ ʧʨʦʪʷʟʽ 50 ʤ ʦʢʨʝʤʽʩʪʴ 

ʚʝʨʪʠʢʘʣʴʥʘ, ʩʪʦʚʧʠ ʤʘʶʪʴ 4ï6 ʛʨʘʥʝʡ, ʧʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ 0,4ï

0,7 ʤ. ɺʠʜʠʤʘ ʚʠʩʦʪʘ ʚ ʫʩʪʫʧʽ 8ï11 ʤ. ɺʠʱʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʢʦʨʘ 

ʚʠʚʽʪʨʶʚʘʥʥʷ ʙʘʟʘʣʴʪʽʚ, ʷʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʽʨʠʤʠ, ʟʝʣʝʥʫʚʘʪʦ-

ʩʽʨʠʤʠ ʤʦʥʪʤʦʨʠʣʦʥʽʪʦʚʠʤʠ ʛʣʠʥʘʤʠ ʟ ʞʦʨʩʪʚʦʶ, ʪʘ ʙʽʣʴʰ 

ʢʨʫʧʥʠʤʠ ʫʣʘʤʢʘʤʠ ʙʘʟʘʣʴʪʽʚ. ʇʦʪʫʞʥʽʩʪʴ 0,3ï0,4 ʤ. ʅʘ ʢʦʨʽ 

ʚʠʚʽʪʨʶʚʘʥʥʷ ʟʘʣʷʛʘʻ ʢʨʝʡʜʘ ʟʜʦʣʙʫʥʽʚʩʴʢʦʾ ʩʚʽʪʠ (ʚʝʨʭʥʷ ʢʨʝʡʜʘ, 

ʪʫʨʦʥʩʴʢʠʡ ʷʨʫʩ), ʷʢʘ ʤʽʩʪʠʪʴ ʨʝʰʪʢʠ ʬʘʫʥʠ ï ʙʨʘʭʽʦʧʦʜʠ, 

ʤʦʨʩʴʢʠʭ ʾʞʘʢʽʚ ʪʘ ʽʥ. ʇʦʪʫʞʥʽʩʪʴ ʢʨʝʡʜʦʚʠʭ ʚʽʜʢʣʘʜʽʚ ï 1,4ï

2,5 ʤ. ʅʘ ʢʨʝʡʜʽ ʟʘʣʷʛʘʻ ʬʣʶʚʽʦʛʣʷʮʽʘʣʴʥʠʡ ʧʽʩʦʢ (ʜʥʽʧʨʦʚʩʴʢʠʡ 

ʛʦʨʠʟʦʥʪ ʩʝʨʝʜʥʴʦʛʦ ʧʣʝʡʩʪʦʮʝʥʫ) ʜʨʽʙʥʦ-ʪʦʥʢʦʟʝʨʥʠʩʪʠʡ, 

ʩʠʣʴʥʦ ʛʣʠʥʠʩʪʠʡ, ʩʚʽʪʣʦ-ʩʽʨʠʡ ʽʟ ʩʣʘʙʢʠʤ ʟʝʣʝʥʫʚʘʪʠʤ ʚʽʜʪʽʥʢʦʤ 

ʧʦʪʫʞʥʽʩʪʶ 0,4 ʤ. ɿʘʚʝʨʰʫʻ ʨʦʟʨʽʟ ʩʚʽʪʣʦ-ʩʽʨʠʡ ʩʫʧʽʱʘʥʠʡ 

ʛʨʫʥʪʦʚʦ-ʨʦʩʣʠʥʥʠʡ ʰʘʨ ʧʦʪʫʞʥʽʩʪʶ 0,2 ʤ. ɺ ʢʘʨô̒ ʨʽ  ̄7, ʥʘ ʩʭʽʜ 

ʚʽʜ ʧʘʤô̫ ʪʢʠ, ʤʦʞʥʘ ʟʫʩʪʨʽʪʠ ʪʘʢʽ ʤʽʥʝʨʘʣʠ ʷʢ ʢʚʘʨʮ, ʭʘʣʮʝʜʦʥ, 

ʞʠʣʴʥʠʡ ʘʛʘʪ, ʢʘʣʴʮʠʪ, ʙʘʨʠʪ, ʭʣʦʨʠʪ, ʛʝʤʘʪʠʪ, ʩʝʣʘʜʦʥʽʪ, 

ʨʽʟʥʦʤʘʥʽʪʥʽ ʮʝʦʣʽʪʠ. ɺʽʜʥʦʩʥʦ ʨʽʜʢʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʽʩʣʘʥʜʩʴʢʠʡ 

ʰʧʘʪ, ʘʤʝʪʠʩʪʦʧʦʜʽʙʥʠʡ ʢʚʘʨʮ, ʘʤʝʪʠʩʪ, ʘʛʘʪ. ʏʘʩʪʦ ʪʫʪ ʤʦʞʥʘ 

ʟʥʘʡʪʠ ʞʠʣʠ, ʩʢʣʘʜʝʥʽ ʢʨʠʩʪʘʣʽʯʥʠʤ ʢʘʣʴʮʠʪʦʤ ʟ ʜʦʤʽʰʢʘʤʠ 

ʟʝʣʝʥʦʛʦ ʩʝʣʘʜʦʥʽʪʫ ʪʘ ʽʥʰʠʭ ʤʽʥʝʨʘʣʽʚ, ʨʽʟʥʦʤʘʥʽʪʥʽ ʢʦʤʙʽʥʘʮʽʾ 

ʷʢʠʭ ʫʪʚʦʨʶʶʪʴ ʧʝʡʟʘʞʥʽ ʤʘʣʶʥʢʠ. ɯʥʦʜʽ ʚ ʮʠʭ ʞʠʣʘʭ 

ɿʫʩʪʨʽʯʘʶʪʴʩʷ ʚʢʨʘʧʣʝʥʥʷ ʩʘʤʦʨʦʜʥʦʾ ʤʽʜʽ. 

ʇʽʜôʾ ʟʜ ʟ ʤ. ʈʽʚʥʝ ʘʚʪʦʤʦʙʽʣʴʥʦʶ ʜʦʨʦʛʦʶ ʈʽʚʥʝ ï ʂʦʩʪʦʧʽʣʴ 

33 ʢʤ, ʚʽʜ ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʜʦʨʦʛʠ ʜʦ ʩ. ɹʝʨʝʩʪʦʚʝʮʴ ï 12 ʢʤ, ʟ 

ʮʝʥʪʨʫ ʩ. ɹʝʨʝʩʪʦʚʝʮʴ ʜʦ ʢʘʨô̒ ʨʫ  ̄7 ï 1 ʢʤ.  

ɹʝʨʝʩʪʦʚʝʮʴʢʘ ʢʦʤʧʣʝʢʩʥʘ ʛʝʦʣʦʛʽʯʥʘ ʧʘʤô̫ ʪʢʘ 

(ʩʪʨʘʪʠʛʨʘʬʽʯʥʠʡ). ʂʘʨô̒ ʨ ̄ 10 ̫ ʚʣʷʻ ʩʦʙʦʶ ʚʠʨʦʙʢʫ ʜʽʘʤʝʪʨʦʤ 

200ï220 ʤ. ɺʠʩʦʪʘ ʫʩʪʫʧʫ, ʘ ʪʘʢʦʞ ʩʪʦʚʧʯʘʩʪʠʭ ʦʢʨʝʤʦʩʪʝʡ 

ʙʘʟʘʣʴʪʽʚ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 3 ʜʦ 8 ʤ. ɹʽʣʴʰʘ ʯʘʩʪʠʥʘ ʧʝʨʰʦʛʦ ʫʩʪʫʧʫ 

ʟʘʪʦʧʣʝʥʘ ʚʦʜʦʶ. ʅʘʡʜʘʚʥʽʰʽ ʧʦʨʦʜʠ, ʷʢʽ ʨʦʟʢʨʠʪʦ ʢʘʨô̒ ʨʦʤ, ï 

ʥʠʞʥʴʦʚʝʥʜʩʴʢʽ ʙʘʟʘʣʴʪʠ ʚʦʣʠʥʩʴʢʦʾ ʩʝʨʽʾ (ʧʨʦʪʝʨʦʟʦʡ). ɹʘʟʘʣʴʪʠ, 

ʚ ʦʩʥʦʚʥʦʤʫ, ʤʘʶʪʴ ʩʪʦʚʧʯʘʩʪʫ ʦʢʨʝʤʽʩʪʴ, ʘʣʝ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʟ 

ʢʫʣʷʩʪʦʶ, ʨʽʜʢʦ ï ʮʠʣʽʥʜʨʠʯʥʦʶ. ʉʪʦʚʧʯʘʩʪʽ ʦʢʨʝʤʦʩʪʽ ʟʘʣʷʛʘʶʪʴ 
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ʚʝʨʪʠʢʘʣʴʥʦ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʝ ʧʦʣʦʞʝʥʥʷ ʧʦʪʦʢʫ ʣʘʚʠ. 

ʃʘʚʦʙʨʝʢʯʽʾ ʧʨʦʩʪʝʞʫʶʪʴʩʷ ʩʤʫʛʦʶ ʰʠʨʠʥʦʶ 10ï15 ʤ ʽ 

ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʮʝʥʪʨʘʣʴʥʫ ʟʘʪʦʧʣʝʥʫ ʯʘʩʪʠʥʫ ʢʘʨô̒ ʨʫ. ʅʠʥʽ 

ʚʠʭʦʜʠ ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ ʣʠʰʝ ʚ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ 

ʢʘʨô̒ ʨʫ. ʃʘʚʦʙʨʝʢʯʽʾ, ʟʘ ʨʦʟʨʽʟʦʤ, ʟʤʽʥʶʶʪʴ ʩʢʝʣʴʥʽ ʙʘʟʘʣʴʪʠ, ʷʢʽ 

ʻ ʧʝʨʝʭʽʜʥʠʤʠ ʜʦ ʙʘʟʘʣʴʪʽʚ ʟ ʩʪʦʚʧʯʘʩʪʦʶ ʦʢʨʝʤʽʩʪʶ. ʅʘ 

ʙʘʟʘʣʴʪʘʭ ʩʪʨʘʪʠʛʨʘʬʽʯʥʦ ʥʝʟʛʽʜʥʦ, ʫ ʚʠʛʣʷʜʽ ʣʽʥʟ, ʩʧʦʨʘʜʠʯʥʦ 

ʟʘʣʷʛʘʶʪʴ ʩʝʥʦʤʘʥʩʴʢʽ ʢʦʥʛʣʦʤʝʨʘʪʠ, ʷʢʽ ʟʙʝʨʝʛʣʠʩʷ ʣʠʰʝ ʫ 

ʧʽʚʥʽʯʥʽʡ ʯʘʩʪʠʥʽ ʢʘʨô̒ ʨʫ. ʇʦʪʫʞʥʽʩʪʴ ï ʚʽʜ ʢʽʣʴʢʦʭ ʩʘʥʪʠʤʝʪʨʽʚ 

ʜʦ 5 ʤ. ɻʘʣʴʢʘ ʚ ʢʦʥʛʣʦʤʝʨʘʪʘʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʠʚʽʪʨʽʣʠʤʠ 

ʙʘʟʘʣʴʪʘʤʠ. ʅʘ ʢʦʥʛʣʦʤʝʨʘʪʘʭ ʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʙʘʟʘʣʴʪʘʭ, 

ʟʘʣʷʛʘʶʪʴ ʨʠʬʦʛʝʥʥʽ ʚʘʧʥʷʢʠ ʪʫʨʦʥʩʴʢʦʛʦ ʚʽʢʫ ʟ ʜʚʦʤʘ ʧʘʯʢʘʤʠ. 

ʋ ʥʠʞʥʽʡ, ʯʘʩʪʢʦʚʦ ʩʢʨʝʤô̫ ʥʽʣʡ̔, ʷʢʘ ʟʘʧʦʚʥʶʚʘʣʘ ʟʘʛʣʠʙʣʝʥʥʷ ʥʘ 

ʜʦʪʫʨʦʥʩʴʢʽʡ ʧʦʚʝʨʭʥʽ, ʫ ʬʘʫʥʽʩʪʠʯʥʦʤʫ ʢʦʤʧʣʝʢʩʽ ʙʘʛʘʪʦ 

ʛʘʩʪʨʦʧʦʜ. ʋ ʚʝʨʭʥʽʡ ʚʝʨʩʪʚʽ, ʧʦʪʫʞʥʽʩʪʶ ʜʦ ʜʚʦʭ ʤʝʪʨʽʚ 

ʧʝʨʝʚʘʞʘʶʪʴ ʙʨʘʭʽʦʧʦʜʠ. ʋ ʩʝʥʦʤʘʥʩʴʢʠʭ ʢʦʥʛʣʦʤʝʨʘʪʘʭ, ʷʢʽ 

ʧʝʨʝʢʨʠʚʘʶʪʴ ʙʘʟʘʣʴʪʠ ʚ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʢʘʨô̒ ʨʫ, ʯʘʩʪʦ 

ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʨʽʟʥʦʤʘʥʽʪʥʘ ʤʦʨʩʴʢʘ ʬʘʫʥʘ: ʨʽʜʢʽʩʥʽ ʚʠʜʠ 

ʬʦʨʘʤʽʥʽʬʝʨ, ʨʝʰʪʢʠ ʛʫʙʦʢ, ʢʦʨʘʣʽʚ (ʪʨʠ-, ʰʝʩʪʠʧʨʦʤʝʥʝʚʠʭ), 

ʤʦʨʩʴʢʠʭ ʯʝʨʚô̫ ʢʽʚ, ʫʣʘʤʢʠ ʜʚʦʩʪʫʣʢʦʚʠʭ ʤʦʣʶʩʢʽʚ, ʷʜʨʘ 

ʛʘʩʪʨʦʧʦʜ, ʙʨʘʭʽʦʧʦʜ, ʤʦʨʩʴʢʠʭ ʾʞʘʢʽʚ, ʫʣʘʤʢʠ ʤʦʨʩʴʢʠʭ ʣʽʣʽʡ. 

ʈʽʜʰʝ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʨʦʩʪʨʠ ʙʝʣʝʤʥʽʪʽʚ, ʟʫʙʠ ʘʢʫʣ. ʊʫʨʦʥʩʴʢʽ 

ʚʘʧʥʷʢʦʚʽ ʚʽʜʢʣʘʜʠ, ʱʦ ʟʘʣʷʛʘʶʪʴ ʚ ʧʽʚʥʽʯʥʽʡ ʯʘʩʪʠʥʽ ʢʘʨô̒ ʨʫ, 

ʪʘʢʦʞ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʤʦʨʩʴʢʦʾ ʬʘʫʥʠ ʽʟ 

ʟʘʢʦʥʦʤʽʨʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʧʦ ʚʝʨʪʠʢʘʣʽ. ʋ ʧʦʢʨʽʚʣʽ ʾʭ 

ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʛʦʣʢʠ ʤʦʨʩʴʢʠʭ ʾʞʘʢʽʚ ʨʦʜʫ Cidaris, ʷʜʨʘ ʤʦʨʩʴʢʠʭ 

ʾʞʘʢʽʚ ʨʦʜʫ Conilis, ʫʣʘʤʢʠ ʨʘʢʦʚʠʥ ʫʩʪʨʠʮʴ. ɺ ʩʝʨʝʜʥʽʡ ʯʘʩʪʠʥʽ 

ʨʦʟʨʽʟʫ ʧʝʨʝʚʘʞʘʶʪʴ ʯʝʨʝʧʘʰʢʠ ʙʨʘʭʽʦʧʦʜ. ʋ ʧʽʜʦʰʚʽ ʚʘʧʥʷʢʠ 

ʤʽʩʪʷʪʴ ʨʝʰʪʢʠ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʛʫʙʦʢ, ʭʦʜʠ ʤʦʨʩʴʢʠʭ ʯʝʨʚô̫ʢʽʚ. 

ʈʽʜʰʝ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʢʦʣʦʥʽʾ ʤʰʘʥʦʢ, ʟʫʙʠ ʧʣʝʟʽʦʟʘʚʨʽʚ, ʘʢʫʣ, ʫ 

ʪʦʤʫ ʯʠʩʣʽ ʤʦʣʶʩʢʦʾʜʥʠʭ. ʋ ʨʘʡʦʥʽ ʢʘʨô̒ ʨʫ ˉ 10, ʟʘ 15 ʤ ʥʘ ʟʘʭʽʜ 

ʚʽʜ ʚʠʭʦʜʽʚ ʚʘʧʥʷʢʽʚ ʟʥʘʭʦʜʠʪʴʩʷ ʚʽʜʩʣʦʥʝʥʥʷ ʢʦʥʛʣʦʤʝʨʘʪʽʚ 

ʟʘʚʜʦʚʞʢʠ 15ï20 ʤ. ɺʩʽ ʦʧʠʩʘʥʽ ʫʪʚʦʨʝʥʥʷ ʧʝʨʝʢʨʠʚʘʶʪʴʩʷ 

ʯʦʭʣʦʤ ʯʝʪʚʝʨʪʠʥʥʠʭ ʝʦʣʦʚʦ ï ʜʝʣʶʚʽʘʣʴʥʠʭ ʩʫʛʣʠʥʢʽʚ.  

ʇʽʜôʾ ʟʜ ʚʽʜ ʤ. ʈʽʚʥʝ ʘʚʪʦʜʦʨʦʛʦʶ ʈʽʚʥʝ ï ʂʦʩʪʦʧʽʣʴ 33 ʢʤ, ʜʘʣʽ 

ʜʦ ʩ ɹʝʨʝʩʪʦʚʝʮʴ ʘʩʬʘʣʴʪʦʚʘʥʦʶ ʜʦʨʦʛʦʶ 12 ʢʤ. ɿ ʮʝʥʪʨʫ ʩ. 

ɹʝʨʝʩʪʦʚʝʮʴ ʜʦ ʢʘʨô̒ ʨʫ ˉ 10 ï 0,75 ʢʤ.  
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ɺʠʩʥʦʚʢʠ. ʇʨoʧʦʥʫʻʤʦ ʚʠʭʽʜʠ ʙʘʟʘʣʴʪʽʚ ʫ ʢʘʨô̒ ʨʘʭ ɯʚʘʥʦ-

ɼʦʣʠʥʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ, ʩ. ɹʘʟʘʣʴʪʦʚʝ (ʢʘʨô̒ ʨʠ ̄ 3 ̔ 5); 

ɹʝʨʝʩʪʦʚʝʮʴʢʝ ʚʽʜʩʣʦʥʝʥʥʷ ʙʘʟʘʣʴʪʽʚ, ʩ. ɹʝʨʝʩʪʦʚʝʮʴ (ʢʘʨô̒ ʨ ̄ 

7); ɹʝʨʝʩʪʦʚʝʮʴʢʘ ʢʦʤʧʣʝʢʩʥʘ ʛʝʦʣʦʛʽʯʥʘ ʧʘʤô̫ ʪʢʘ (ʢʘʨô̒ ʨ ̄ 10) 

ʷʢ ʤʘʨʰʨʫʪʠ ʛʝʦʪʫʨʠʟʤʫ. 
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The Polissya region of Ukraine is distinguished by fluvial-glacial and eolian 
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Polissyaôs geological heritage. 

Keywords: geological monuments, Polissia, glacial landforms, geotourism, 
palaeogeography, natural heritage. 

 

ʇʦʣʽʩʴʢʠʡ ʨʝʛʽʦʥ ʋʢʨʘʾʥʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʫʥʽʢʘʣʴʥʦʶ 

ʛʝʦʣʦʛʽʯʥʦʶ ʙʫʜʦʚʦʶ, ʱʦ ʬʦʨʤʫʚʘʣʘʩʷ ʧʨʦʪʷʛʦʤ ʢʽʣʴʢʦʭ 

ʛʝʦʣʦʛʽʯʥʠʭ ʝʧʦʭ ʪʘ ʟʘʟʥʘʣʘ ʟʥʘʯʥʦʛʦ ʚʧʣʠʚʫ ʯʝʪʚʝʨʪʠʥʥʠʭ 

ʟʣʝʜʝʥʽʥʴ. ʊʝʨʠʪʦʨʽʷ ʨʝʛʽʦʥʫ ʨʦʟʪʘʰʦʚʘʥʘ ʚ ʤʝʞʘʭ ʇʦʣʽʩʴʢʦʾ 

ʥʠʟʦʚʠʥʠ, ʷʢʘ ʻ ʯʘʩʪʠʥʦʶ ʉʭʽʜʥʦʻʚʨʦʧʝʡʩʴʢʦʾ ʧʣʘʪʬʦʨʤʠ. ʅʘ 

ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʧʦʥʘʜ 400 ʛʝʦʣʦʛʽʯʥʠʭ ʧʘʤô̫ ʪʦʢ, ʟʥʘʯʥʘ 

ʯʘʩʪʠʥʘ ʷʢʠʭ ʟʦʩʝʨʝʜʞʝʥʘ ʚ ʇʦʣʽʩʩʽ. ʆʩʦʙʣʠʚʫ ʥʘʫʢʦʚʫ ʮʽʥʥʽʩʪʴ 

ʤʘʶʪʴ ʬʣʶʚʽʦʛʣʷʮʽʘʣʴʥʽ ʚʽʜʢʣʘʜʠ ʪʘ ʣʴʦʜʦʚʠʢʦʚʽ ʬʦʨʤʠ ʨʝʣʴʻʬʫ, 

ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʩʢʣʘʜʥʽ ʧʨʦʮʝʩʠ ʬʦʨʤʫʚʘʥʥʷ ʩʫʯʘʩʥʦʛʦ 
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ʣʘʥʜʰʘʬʪʫ. ʅʘʡʙʽʣʴʰʫ ʥʘʫʢʦʚʫ ʮʽʥʥʽʩʪʴ ʤʘʶʪʴ ʢʨʘʡʦʚʽ 

ʣʴʦʜʦʚʠʢʦʚʽ ʫʪʚʦʨʝʥʥʷ, ʟʦʢʨʝʤʘ ʂʦʚʝʣʴʩʴʢʠʡ ʢʦʤʧʣʝʢʩ ʢʨʘʡʦʚʠʭ 

ʣʴʦʜʦʚʠʢʦʚʠʭ ʫʪʚʦʨʝʥʴ ʫ ɺʦʣʠʥʩʴʢʽʡ ʦʙʣʘʩʪʽ, ʷʢʠʡ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʤʦʨʝʥʠʤʠ ʛʦʨʙʘʤʠ, ʢʘʤʘʤʠ ʪʘ ʦʟʘʤʠ. ʎʽ ʬʦʨʤʠ 

ʨʝʣʴʻʬʫ ʻ ʩʚʽʜʯʝʥʥʷʤ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʦʩʫʚʘʥʥʷ ʜʥʽʧʨʦʚʩʴʢʦʛʦ 

ʣʴʦʜʦʚʠʢʘ ʥʘ ʪʝʨʠʪʦʨʽʶ ʋʢʨʘʾʥʠ. ʆʩʦʙʣʠʚʠʡ ʽʥʪʝʨʝʩ ʩʪʘʥʦʚʣʷʪʴ 

ʧʽʱʘʥʽ ʚʽʜʢʣʘʜʠ, ʱʦ ʧʝʨʝʥʦʩʠʣʠʩʷ ʚʽʪʨʦʤ ʽ ʫʪʚʦʨʠʣʠ ʬʦʨʤʠ 

ʨʝʣʴʻʬʫ ʫ ʚʠʛʣʷʜʽ ʚʘʣʽʚ, ʜʶʥ, ʧʘʛʦʨʙʽʚ.  

ɽʦʣʦʚʽ ʬʦʨʤʠ ʨʝʣʴʻʬʫ ʆʣʝʰʢʽʚʩʴʢʠʭ ʧʽʩʢʽʚ ʪʘ ʜʶʥʥʽ 

ʢʦʤʧʣʝʢʩʠ ɾʠʪʦʤʠʨʩʴʢʦʛʦ ʇʦʣʽʩʩʷ ʜʝʤʦʥʩʪʨʫʶʪʴ ʫʥʽʢʘʣʴʥʽ 

ʧʨʦʮʝʩʠ ʧʦʩʪʣʴʦʜʦʚʠʢʦʚʦʛʦ ʫʪʚʦʨʝʥʥʷ ʨʝʣʴʻʬʫ. ɿʥʘʯʥʫ ʥʘʫʢʦʚʫ 

ʮʽʥʥʽʩʪʴ ʤʘʶʪʴ ʚʽʜʩʣʦʥʝʥʥʷ ʢʨʝʡʜʦʚʠʭ ʚʽʜʢʣʘʜʽʚ ʫ ʜʦʣʠʥʘʭ ʨʽʯʦʢ 

ʇʨʠʧô̫ ʪʴ, ɼʝʩʥʘ ʪʘ ʾʭ ʧʨʠʪʦʢ, ʷʢʽ ʨʦʟʢʨʠʚʘʶʪʴ ʛʝʦʣʦʛʽʯʥʫ ʽʩʪʦʨʽʶ 

ʨʝʛʽʦʥʫ ʤʝʟʦʟʦʡʩʴʢʦʾ ʝʨʠ. ʊʦʨʬô̫ ʥʽ ʤʘʩʠʚʠ ʇʦʣʽʩʩʷ ʟ 

ʚʢʣʶʯʝʥʥʷʤʠ ʚʠʢʦʧʥʦʾ ʬʣʦʨʠ ʪʘ ʬʘʫʥʠ ʻ ʚʘʞʣʠʚʠʤʠ 

ʧʘʣʝʦʛʝʦʛʨʘʬʽʯʥʠʤʠ ʘʨʭʽʚʘʤʠ ʯʝʪʚʝʨʪʠʥʥʦʛʦ ʧʝʨʽʦʜʫ.  

ɸʥʘʣʽʟ ʧʦʢʘʟʫʻ, ʱʦ ʟ 180 ʛʝʦʣʦʛʽʯʥʠʭ ʦʙ'ʻʢʪʽʚ ʇʦʣʽʩʩʷ ʣʠʰʝ 

25ï30% ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʪʫʨʠʩʪʠʯʥʽʡ ʜʽʷʣʴʥʦʩʪʽ. 

ʑʦʨʽʯʥʦ ʐʘʮʴʢʽ ʦʟʝʨʘ ʚʽʜʚʽʜʫʶʪʴ ʧʦʥʘʜ 200 ʪʠʩ. ʪʫʨʠʩʪʽʚ, ʘ 

ʆʣʝʰʢʽʚʩʴʢʽ ʧʽʩʢʠ ï ʙʣʠʟʴʢʦ 15 ʪʠʩ. ʚʽʜʚʽʜʫʚʘʯʽʚ. ɽʢʦʥʦʤʽʯʥʠʡ 

ʧʦʪʝʥʮʽʘʣ ʛʝʦʪʫʨʠʟʤʫ ʚ ʨʝʛʽʦʥʽ ʦʮʽʥʶʻʪʴʩʷ ʫ 15ï20 ʤʣʥ ʛʨʥ 

ʱʦʨʽʯʥʦ ʟʘ ʫʤʦʚʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʦʟʚʠʪʢʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ʇʝʨʩʧʝʢʪʠʚʥʠʤʠ ʜʣʷ ʪʫʨʠʩʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʻ ʣʴʦʜʦʚʠʢʦʚʽ 

ʦʟʝʨʘ (ʐʘʮʴʢʽ ʦʟʝʨʘ, ʦʟʝʨʘ ɺʦʣʠʥʩʴʢʦʛʦ ʇʦʣʽʩʩʷ), ʷʢʽ ʧʦʻʜʥʫʶʪʴ 

ʛʝʦʣʦʛʽʯʥʫ ʫʥʽʢʘʣʴʥʽʩʪʴ ʟ ʨʝʢʨʝʘʮʽʡʥʦʶ ʧʨʠʚʘʙʣʠʚʽʩʪʶ. ʊʦʨʬô̫ ʥʽ 

ʨʦʜʦʚʠʱʘ ʨʝʛʽʦʥʫ ʤʦʞʫʪʴ ʩʪʘʪʠ ʦʩʥʦʚʦʶ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʛʝʦʣʦʛʽʯʥʠʭ ʤʫʟʝʾʚ ʧʨʦʩʪʦ ʥʝʙʘ.  

ɼʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʦʣʦʛʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ 

ʇʦʣʽʩʩʷ ʥʝʦʙʭʽʜʥʦ: ʩʪʚʦʨʠʪʠ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʛʝʦʪʫʨʠʩʪʠʯʥʽ 

ʤʘʨʰʨʫʪʠ çʃʴʦʜʦʚʠʢʦʚʝ ʇʦʣʽʩʩʷè, ʨʦʟʨʦʙʠʪʠ ʦʩʚʽʪʥʽ ʧʨʦʛʨʘʤʠ ʟ 

ʧʘʣʝʦʛʝʦʛʨʘʬʽʾ ʨʝʛʽʦʥʫ, ʦʨʛʘʥʽʟʫʚʘʪʠ ʛʝʦʣʦʛʽʯʥʽ ʩʪʝʞʢʠ ʚ ʤʝʞʘʭ 

ʽʩʥʫʶʯʠʭ ʧʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʠʭ ʪʝʨʠʪʦʨʽʡ. ʆʩʦʙʣʠʚʦʾ ʫʚʘʛʠ 

ʧʦʪʨʝʙʫʻ ʟʙʝʨʝʞʝʥʥʷ ʫʥʽʢʘʣʴʥʠʭ ʚʽʜʩʣʦʥʝʥʴ ʯʝʪʚʝʨʪʠʥʥʠʭ 

ʚʽʜʢʣʘʜʽʚ ʚʽʜ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ.  

ɻʝʦʣʦʛʽʯʥʽ ʧʘʤô̫ ʪʢʠ ʇʦʣʽʩʴʢʦʛʦ ʨʝʛʽʦʥʫ ʧʨʝʜʩʪʘʚʣʷʶʪʴ 

ʫʥʽʢʘʣʴʥʠʡ ʥʘʫʢʦʚʦ-ʦʩʚʽʪʥʽʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʨʦʟʫʤʽʥʥʷ 

ʣʴʦʜʦʚʠʢʦʚʦʾ ʽʩʪʦʨʽʾ ʋʢʨʘʾʥʠ. ʈʝʣʽʢʪʦʚʽ ʬʦʨʤʠ ʨʝʣʴʻʬʫ ʪʘ 
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ʚʽʜʢʣʘʜʠ ʯʝʪʚʝʨʪʠʥʥʦʛʦ ʧʝʨʽʦʜʫ ʩʪʚʦʨʶʶʪʴ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ 

ʨʦʟʚʠʪʢʫ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʧʘʣʝʦʛʝʦʛʨʘʬʽʯʥʦʛʦ ʪʫʨʠʟʤʫ. 

ʂʦʤʧʣʝʢʩʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʦʣʦʛʽʯʥʦʾ ʩʧʘʜʱʠʥʠ ʇʦʣʽʩʩʷ 

ʩʧʨʠʷʪʠʤʝ ʧʦʧʫʣʷʨʠʟʘʮʽʾ ʥʘʫʢ ʧʨʦ ɿʝʤʣʶ, ʨʦʟʚʠʪʢʫ ʝʢʦʣʦʛʽʯʥʦ 

ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʪʫʨʠʟʤʫ ʪʘ ʟʙʝʨʝʞʝʥʥʶ ʫʥʽʢʘʣʴʥʠʭ ʣʘʥʜʰʘʬʪʽʚ 

ʣʴʦʜʦʚʠʢʦʚʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʜʣʷ ʤʘʡʙʫʪʥʽʭ ʧʦʢʦʣʽʥʴ. 
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ʟʘʧʦʚʽʜʥʫ ʮʽʥʥʽʩʪʴ ʪʝʨʠʪʦʨʽʾ, ɦ ʦ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʜʣʷ ʨʦʟʰʠʨʝʥʥʷ ʤʝʞ 

ʣʘʥʜʰʘʬʪʥʦʛʦ ʟʘʢʘʟʥʠʢʘ çʃʽʩʦʚʽ ʦʟʝʨʘè. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʝʦʮʝʥ, ʧʘʣʝʦʥʪʦʣʦʛʽʷ, ʇʦʣʪʘʚʩʴʢʘ ʦʙʣʘʩʪʴ, ʣʘʥʜʰʘʬʪʥʠʡ 

ʟʘʢʘʟʥʠʢ. 

 

THE FINDING OF MIDDLE EOCENE FAUNA IN THE 

DUMPS OF THE REDUTSKY QUARRY (CITY OF 

HORISHNI PLAVNI) IN LIGHT OF THE EXPANSION OF 

THE BOUNDARIES OF THE "LISOVI OZERA" 

LANDSCAPE RESERVE 

Stefanskyi V.L. 
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In the dumps of the Redutsky quarry (city of Gorishni Plavni, Poltava Oblast), 

sandstone blocks with numerous remains of Middle Eocene sponges, bivalves and 

gastropods have been discovered for the first time. These findings highlight the 

protected value of the territory, which is recommended for expanding the boundaries 

of the "Lisovi Ozera" landscape reserve. 

Keywords: Eocene, paleontology, Poltava Oblast, landscape reserve. 

 

ʇʽʜ ʯʘʩ ʛʽʨʥʠʯʠʭ ʨʦʙʽʪ ʯʘʩʪʦ ʨʦʟʢʨʠʚʘʶʪʴʩʷ ʰʘʨʠ ʛʽʨʩʴʢʠʭ 

ʧʦʨʽʜ, ʱʦ ʤʽʩʪʷʪʴ ʚʘʞʣʠʚʽ ʜʣʷ ʥʘʫʢʠ ʧʘʣʝʦʥʪʦʣʦʛʽʯʥʽ ʨʝʰʪʢʠ. ʅʘ 

ʞʘʣʴ, ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʮʽ ʛʝʦʣʦʛʽʯʥʽ ʦʙô̒ ʢʪʠ ʟʥʠʱʫʶʪʴʩʷ 

ʚʥʘʩʣʽʜʦʢ ʧʦʜʘʣʴʰʦʾ ʨʦʟʨʦʙʢʠ. ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ, ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ 

ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʛʝʦʣʦʛʽʯʥʦʾ ʩʧʘʜʱʠʥʠ ʋʢʨʘʾʥʠ ʤʘʶʪʴ ʥʝ ʪʽʣʴʢʠ 

ʧʘʣʝʦʥʪʦʣʦʛʽʯʥʽ ʟʙʦʨʠ ʥʘ ʜʽʶʯʠʭ ʢʘʨô̒ ʨʘʭ ʟ ʧʦʜʘʣʴʰʠʤ 
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ʬʦʨʤʫʚʘʥʥʷʤ ʢʦʣʝʢʮʽʡ ʚ ʜʝʨʞʘʚʥʠʭ ʽ ʧʨʠʚʘʪʥʠʭ ʤʫʟʝʷʭ, ʘʣʝ ʽ 

ʟʘʧʦʚʽʜʘʥʥʷ ʧʨʠʣʝʛʣʠʭ ʜʦ ʢʘʨô̒ ʨʽʚ ʧʣʦʱ ʟ ʚʽʜʚʘʣʘʤʠ, ʱʦ ʤʽʩʪʷʪʴ 

ʮʽʥʥʠʡ ʛʝʦʣʦʛʽʯʥʠʡ ʽ ʧʘʣʝʦʥʪʦʣʦʛʽʯʥʠʡ ʤʘʪʝʨʽʘʣ.  

ʋ ʤʝʞʘʭ ʢʦʤʧʣʝʢʩʥʠʭ ʛʝʦʣʦʛʦ-ʝʢʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦʩʪʽ ʨʦʟʰʠʨʝʥʥʷ ʤʝʞ ʣʘʥʜʰʘʬʪʥʦʛʦ 

ʟʘʢʘʟʥʠʢʘ ʤʽʩʮʝʚʦʛʦ ʟʥʘʯʝʥʥʷ ñʃʽʩʦʚʽ ʦʟʝʨʘò (ʤ. ɻʦʨʠʰʥʽ ʇʣʘʚʥʽ, 

ʇʦʣʪʘʚʱʠʥʘ) [1] ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʪʝʨʠʪʦʨʽʶ, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʧʨʠʣʷʛʘʻ ʜʦ ʈʝʜʫʪʩʴʢʦʛʦ ʛʨʘʥʽʪʥʦʛʦ ʢʘʨô̒ ʨʫ ʽ ʯʘʩʪʢʦʚʦ ʚʤʽʱʫʻ 

ʡʦʛʦ ʚʽʜʚʘʣʠ (ʨʠʩ. 1).  

 

  
                     ʘ ʙ 

ʈʠʩ. 1. ʈʝʜʫʪʩʴʢʠʡ ʢʘʨô̒ ʨ ʽ ʡʦʛʦ ʦʢʦʣʠʮʽ: ʘ ï ʤʘʧʘ ʪʝʨʠʪʦʨʽʾ, ɦʦ ʟʘʧʣʘʥʦʚʘʥʘ ʜʦ 

ʨʦʟʰʠʨʝʥʥʷ ʟʘʢʘʟʥʠʢʘ çʃʽʩʦʚʽ ʦʟʝʨʘè (ʦʙʤʝʞʝʥʦ ʯʝʨʚʦʥʠʤ); ʙ ï ʚ̔ ʜʚʘʣʠ 

ʈʝʜʫʪʩʴʢʦʛʦ ʢʘʨô̒ ʨʫ  

 

ʆʩʪʘʥʥʽ ʟʘʡʤʘʶʪʴ ʥʝ ʤʝʥʰʝ ʥʽʞ ʪʨʝʪʠʥʫ ʜʦʩʣʽʜʞʝʥʦʾ ʧʣʦʱʽ ʽ 

ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʾʾ ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ. ʆʢʨʽʤ ʚʝʣʠʢʦʛʦ ʚʽʜʚʘʣʫ ʧʦʙʣʠʟʫ 

ʢʘʨô̒ ʨʫ ʥʘ ʜʦʩʣʽʜʞʝʥʽʡ ʪʝʨʠʪʦʨʽʾ ʟʥʘʭʦʜʷʪʴʩʷ ʯʠʩʣʝʥʥʽ ʥʝʚʝʣʠʯʢʽ 

ʚʽʜʚʘʣʠ (ʥʝʨʽʜʢʦ ʚ ʦʙô̒ ʤʽ ʢʫʟʦʚʫ ʦʜʥʦʛʦ ʩʘʤʦʩʢʠʜʫ), ʷʢʽ ʥʝʨʽʜʢʦ 

ʧʦʢʨʠʪʽ ʨʦʩʣʠʥʥʽʩʪʶ. ʇʨʠ ʦʙʩʪʝʞʝʥʥʽ ʚʩʽʭ ʚʢʘʟʘʥʠʭ ʚʽʜʚʘʣʽʚ ʙʫʣʠ 

ʚʧʝʨʰʝ ʟʥʘʡʜʝʥʽ ʙʨʠʣʠ ʦʧʦʢʦʧʦʜʽʙʥʠʭ ʧʽʩʢʦʚʠʢʽʚ, ʷʢʽ ʚʤʽʱʫʶʪʴ 

ʯʠʩʣʝʥʥʽ ʟʘʣʠʰʢʠ ʩʝʨʝʜʥʴʦʝʦʮʝʥʦʚʦʾ ʬʘʫʥʠ ʜʦʙʨʦʾ ʟʙʝʨʝʞʝʥʦʩʪʽ 

(ʨʠʩ. 2).  

ʇʽʩʢʦʚʠʢʠ ʞʦʚʪʫʚʘʪʦ-ʩʽʨʦʛʦ ʢʦʣʴʦʨʫ, ʧʦʜʝʢʫʜʠ ʟ ʧʣʷʤʘʤʠ 

ʛʽʜʨʦʦʢʩʠʜʽʚ ʟʘʣʽʟʘ, ʤʽʮʥʽ, ʣʝʛʢʽ, ʧʦʨʫʚʘʪʽ, ʦʧʦʢʦʧʦʜʽʙʥʽ, ʧʦʜʝʢʫʜʠ 

ʽʟ ʛʨʘʚʝʣʠʩʪʠʩʪʠʤ ʤʘʪʝʨʽʘʣʦʤ, ̔ ʟ ʯʠʩʣʝʥʥʠʤʠ ʢʘʚʝʨʥʘʤʠ ʯʝʨʝʟ 

ʚʠʣʫʛʦʚʫʚʘʥʥʷ ʩʢʝʣʝʪʽʚ ʬʘʫʥʠ. 

ʉʝʨʝʜ ʬʦʩʠʣʽʡ ʚ ʧʽʩʢʦʚʠʢʘʭ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʟʘʣʠʰʢʠ ʷʜʝʨ ʽ 

ʚʽʜʙʠʪʢʽʚ ʛʫʙʦʢ, ʜʚʦʩʪʫʣʢʦʚʠʭ ʽ ʯʝʨʝʚʦʥʦʛʠʭ ʤʦʣʶʩʢʽʚ. ɿʘʣʠʰʢʠ 

ʛʫʙʦʢ ʧʨʝʜʩʪʘʚʣʝʥʽ ʷʜʨʘʤʠ ʽ ʯʠʩʣʝʥʥʠʤʠ ʩʧʽʢʫʣʘʤʠ. ʉʝʨʝʜ 
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ʜʚʦʩʪʫʣʦʢ ʚʠʟʥʘʯʝʥʦ ʝʦʮʝʥʦʚʽ Barbatia sp., Spondilus bushi Phil., 

S. ʩf. tenuispina Sandb., Chama calcarata Lamk., Venericardia sp.,  

Vepricardium sp., Solen cf. plagiaulax Cossm., Tectus sp., Haustator 

sp.  

 

   
 ʘ ʙ 

ʈʠʩ. 2. ɿʘʣʠʰʢʠ ʩʝʨʝʜʥʴʦʝʦʮʝʥʦʚʦʾ ʬʘʫʥʠ ʚ ʦʧʦʢʦʧʦʜʽʙʥʠʭ ʧʽʩʢʦʚʠʢʘʭ 

ʚʽʜʚʘʣʴʥʠʭ ʙʨʠʣ ʈʝʜʫʪʩʴʢʦʛʦ ʢʘʨô̒ ʨʫ: ʘ ï ʝʦʮʝʥʦʚʽ ʜʚʦʩʪʫʣʢʠ Chama calcarata 

Lamk. ʽ Spondilus bushi Phil.; ʙ ï ʟʘʣʠʰʢʠ ʛʫʙʦʢ ʽ ʤʦʣʶʩʢʽʚ (Ostrea sp., Mesalia 

sp.) 

 

ɿʚʝʨʪʘʻ ʫʚʘʛʫ ʧʨʠʩʫʪʥʽʩʪʴ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʤʦʣʶʩʢʽʚ ʨʦʜʘ 

Chama, Spondilus, ʘ ʪʘʢʦʞ ʯʠʩʣʝʥʥʠʭ ʤʘʩʠʚʥʠʭ ʛʫʙʦʢ, ʱʦ ʚʢʘʟʫʻ 

ʥʘ ʧʨʠʙʝʨʝʞʥʽ ʫʤʦʚʠ ʬʦʨʤʫʚʘʥʥʷ ʧʦʨʽʜ ʥʘ ʩʢʘʣʠʩʪʦʤʫ ˇʨʫʥʪʽ. ɺ 

ʮʽʣʦʤʫ ʢʦʤʧʣʝʢʩ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝʧʣʦʚʦʜʥʽ, ʥʦʨʤʘʣʴʥʦʩʦʣʦʥʽ, 

ʜʠʥʘʤʽʯʥʽ ʫʤʦʚʠ ʧʘʣʝʦʙʘʩʝʡʥʫ ʟ ʧʝʨʝʚʘʛʦʶ ʙʽʦʛʝʨʤʽʚ ʛʫʙʦʢ, ʷʢʽ 

ʙʫʣʠ ʧʦʨʦʜʦʫʪʚʦʨʶʶʯʠʤʠ ʦʨʛʘʥʽʟʤʘʤʠ.  

ʃʽʪʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʽ ʩʢʣʘʜ ʬʦʩʠʣʽʡ ʦʧʦʢʦʧʦʜʽʙʥʠʭ ʧʦʨʽʜ, 

ʱʦ ʟʥʘʡʜʝʥʽ ʥʘʤʠ ʫ ʚʽʜʚʘʣʘʭ ʈʝʜʫʪʩʴʢʦʛʦ ʢʘʨô̒ ʨʫ, ʩʫʪʪʻʚʦ ʥʝ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʪʘʢʠʭ, ʦʧʠʩʘʥʠʭ  ʟ ʚʽʜʦʤʠʭ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʴ 

ʩʝʨʝʜʥʴʦʝʦʮʝʥʦʚʦʾ ʬʘʫʥʠ ʂʽʨʦʚʦʛʨʘʜʱʠʥʠ ʽ ʄʠʢʦʣʘʾʚʱʠʥʠ 

(ʇʝʨʚʦʟʚʘʥʽʚʩʴʢʠʡ, ʂʘʣʠʥʽʚʩʴʢʠʡ, ʄʠʭʘʡʣʽʚʩʴʢʠʡ ʢʘʨô̒ ʨʠ, 

ʦʢʦʣʠʮʽ ʩʩ. ɺʝʨʙʣʶʞʢʘ, ɺʦʨʦʥʽʚʢʘ ʪʘ ʽʥ.) [2ï4]. ʎʝʡ ʬʘʢʪ, ʘ ʪʘʢʦʞ 

ʧʨʠʩʫʪʥʽʩʪʴ ʫ ʚʩʪʘʥʦʚʣʝʥʦʤʫ ʢʦʤʧʣʝʢʩʽ ʤʦʨʩʴʢʠʭ ʝʦʮʝʥʦʚʠʭ 

ʚʠʜʽʚ ʤʦʣʶʩʢʽʚ Spondilus bushi Phil., S. ʩf. tenuispina Sandb.,  

Chama calcarata Lamk., Solen cf. plagiaulax Cossm., ʜʦʟʚʦʣʷʶʪʴ 

ʜʘʪʫʚʘʪʠ ʟʥʘʡʜʝʥʽ ʫ ʚʽʜʚʘʣʘʭ ʦʧʦʢʦʧʦʜʽʙʥʽ ʧʦʨʦʜʠ ʩʝʨʝʜʥʽʤ 

ʝʦʮʝʥʦʤ. 


