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ʋ ʟʙʽʨʥʠʢʫ ʤʘʪʝʨʽʘʣʽʚ ʢʦʥʬʝʨʝʥʮʽʾ ʚʠʩʚʽʪʣʶʶʪʴ ʘʢʪʫʘʣʴʥʽ ʧʠʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʧʨʦʙʣʝʤ 

ʛʽʨʥʠʯʦʾ ʛʝʦʣʦʛʽʾ ʪʘ ʛʝʦʝʢʦʣʦʛʽʾ. ʇʫʙʣʽʢʘʮʽʾ ʚʽʜʦʙʨʘʞʘʶʪʴ ʨʦʙʦʪʫ ʢʦʥʬʝʨʝʥʮʽʾ, ʱʦ ʧʨʦʭʦʜʠʣʘ 

17 ï 18 ʣʠʩʪʦʧʘʜʘ 2025 ʨʦʢʫ ʫ ʬʦʨʤʘʪʽ ʪʝʤʘʪʠʯʥʠʭ ʩʝʢʮʽʡ çɻʽʨʥʠʯʘ ʛʝʦʣʦʛʽʷ ʪʘ ʛʝʦʤʝʭʘʥʽʢʘè, 

çʉʫʯʘʩʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴè, çʅʘʧʨʷʤʢʠ ʜʦʩʣʽʜʞʝʥʥʷ ɿʝʤʣʽè ʪʘ çɽʢʦʣʦʛʽʯʥʽ ʪʘ ʧʨʘʚʦʚʽ 

ʧʨʦʙʣʝʤʠ ʪʝʭʥʦʛʝʥʥʦ-ʥʘʚʘʥʪʘʞʝʥʠʭ ʨʝʛʽʦʥʽʚè. ʄʘʪʝʨʽʘʣʠ ʢʦʥʬʝʨʝʥʮʽʾ ʙʫʜʫʪʴ ʮʽʢʘʚʽ ʷʢ ʜʣʷ 

ʩʧʝʮʽʘʣʽʩʪʽʚ, ʪʘʢ ʽ ʰʠʨʦʢʦʛʦ ʟʘʛʘʣʫ. 

 

The conference proceedings cover topical issues of modern problems of mining geology and 

geoecology. The publications reflect the work of the of the conference, which was held on 17 ï 18 

November 2025 in the format of thematic sections çMining geology and geomechanicsè, çModern 

research methodsè, çDirections of research of the Earthè and çEnvironmental and legal problems of 

of technogenically loaded regionsè. The conference materials will be of interest to both for both 

specialists and the general public. 

 
ɽʣʝʢʪʨʦʥʥʝ ʚʠʜʘʥʥʷ. 

Electronic edition. 

ʄʘʪʝʨʽʘʣʠ ʧʦʜʘʶʪʴʩʷ ʚ ʘʚʪʦʨʩʴʢʽʡ ʨʝʜʘʢʮʽʾ. 

The materials are submitted in the author's edition. 
 

ɼʫʤʢʠ ʘʚʪʦʨʽʚ ʤʦʞʫʪʴ ʥʝ ʟʙʽʛʘʪʠʩʷ ʟ ʧʦʟʠʮʽʻʶ ʦʨʛʢʦʤʽʪʝʪʫ ʢʦʥʬʝʨʝʥʮʽʾ. ɺʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʟʘ 

ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʬʘʢʪʽʚ, ʮʠʪʘʪ, ʚʣʘʩʥʠʭ ʽʤʝʥ ʪʘ ʽʥʰʠʭ ʚʽʜʦʤʦʩʪʝʡ, ʘ ʪʘʢʦʞ ʟʘ ʧʦʨʫʰʝʥʥʷ 

ʘʚʪʦʨʩʴʢʠʭ ʧʨʘʚ ʥʝʩʫʪʴ ʚʠʢʣʶʯʥʦ ʘʚʪʦʨʠ ʧʫʙʣʽʢʘʮʽʡ.  
 

ʈʝʜʘʢʮʽʡʥʘ ʢʦʣʝʛʽʷ: ʉʢʦʧʠʯʝʥʢʦ ɯ.ʄ., ɿʘʛʦʨʦʜʥʶʢ ʇ.ʆ., ɹʫʯʠʥʩʴʢʘ ɯ.ɺ., ɺʝʨʛʝʣʴʩʴʢʘ 

ʅ.ɺ., ɻʝʦʨʛʽʻʚ ʅ., ɻʦʣʫʙ ʆ.ɻ., ɼʝʜʝʣʷʥʦʚʘ ʂ., ʂʦʚʘʣʴʯʫʢ ʄ.ʉ., ʃʘʟʘʨʦʚʘ ɸ., ʃʽʚʝʥʮʝʚʘ 

ɻ.ɸ., ʄʝʣʴʥʠʢ ɺ.ɺ., ʅʘʢʦʚ ʈ., ʅʘʫʤʢʦ ɯ.ʄ., ʆʽʜʦʚ ʄ., ʆʶʫʥʪʫʛʩ ʄ., ʆʭʦʣʽʥʘ ʊ.ɺ., 

ʇʠʤʦʥʝʥʢʦ ʃ.ɯ., ʉʽʨʘ ʅ.ɺ., ʋʜʘʣʦʚ ɯ.ɺ. 

ʊʝʭʥʽʯʥʠʡ ʨʝʜʘʢʪʦʨ: ɺʝʨʛʝʣʴʩʴʢʘ ɺ.ɺ. 

 

ɼʨʫʢʫʻʪʴʩʷ ʟʘ ʫʭʚʘʣʦʶ ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʨʘʜʠ ɼʋ çʅʘʫʢʦʚʠʡ ʮʝʥʪʨ ʛʽʨʥʠʯʦʾ ʛʝʦʣʦʛʽʾ, 

ʛʝʦʝʢʦʣʦʛʽʾ ʪʘ ʨʦʟʚʠʪʢʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʅɸʅ ʋʢʨʘʾʥʠè  
(ʇʨʦʪʦʢʦʣ ˉ 8 ʚʽʜ 03.11.2025) 

 
É ɼʋ çʅʘʫʢʦʚʠʡ ʮʝʥʪʨ ʛʽʨʥʠʯʦʾ ʛʝʦʣʦʛʽʾ, ʛʝʦʝʢʦʣʦʛʽʾ  

ʪʘ ʨʦʟʚʠʪʢʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʅɸʅ ʋʢʨʘʾʥʠè 

É ɺɻʆ çʉʧʽʣʢʘ ʛʝʦʣʦʛʽʚ ʋʢʨʘʾʥʠè 
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ʐʘʥʦʚʥʽ ʢʦʣʝʛʠ! 

ʐʘʥʦʚʥʽ ʧʘʥʽ ʪʘ ʧʘʥʦʚʝ! 

 

ɼʦʟʚʦʣʴʪʝ ʤʝʥʽ ʚʽʜ ʽʤʝʥʽ ʆʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʢʦʤʽʪʝʪʫ ʧʨʠʚʽʪʘʪʠ ʫʯʘʩʥʠʢʽʚ 

VI ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ çʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʛʽʨʥʠʯʦʾ ʛʝʦʣʦʛʽʾ ʪʘ 

ʛʝʦʝʢʦʣʦʛʽʾè. 

ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʘ ʢʦʥʬʝʨʝʥʮʽʷ ʟ ʛʽʨʥʠʯʦʾ ʛʝʦʣʦʛʽʾ ʪʘ ʛʝʦʝʢʦʣʦʛʽʾ ʩʪʘʣʘ 

ʪʨʘʜʠʮʽʡʥʠʤ ʥʘʫʢʦʚʠʤ ʟʘʭʦʜʦʤ, ʷʢʘ ʧʨʦʪʷʛʦʤ ʙʘʛʘʪʴʦʭ ʨʦʢʽʚ ʜʦʚʝʣʘ ʩʚʦʶ 

ʘʢʪʫʘʣʴʥʽʩʪʴ. ʊʝʤʘʪʠʢʘ ʢʦʥʬʝʨʝʥʮʽʾ, ʚʠʟʥʘʯʝʥʘ ʯʣʝʥʘʤʠ ʄʽʞʥʘʨʦʜʥʦʛʦ 

ʨʝʜʘʢʮʽʡʥʦʛʦ ʢʦʤʽʪʝʪʫ, ʻ ʘʢʪʫʘʣʴʥʦʶ ʪʘ ʟʥʘʯʫʱʦʶ. ɺʝʣʠʢʠʤ ʚʠʢʣʠʢʦʤ, ʱʦ 

ʩʪʦʾʪʴ ʧʝʨʝʜ ʛʽʨʥʠʯʦʜʦʙʫʚʥʦʶ ʧʨʦʤʠʩʣʦʚʽʩʪʶ, ʻ ʨʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʽʥʝʨʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʝʢʦʣʦʛʽʷ ʜʦʚʢʽʣʣʷ ʫ ʪʝʭʥʦʛʝʥʥʦ ʥʘʚʘʥʪʘʞʝʥʠʭ ʨʝʛʽʦʥʘʭ. 

ʉʚʽʪ ʚʩʪʫʧʘʻ ʫ ʧʝʨʽʦʜ, ʢʦʣʠ ʚʠʜʦʙʫʚʥʽ ʨʝʩʫʨʩʠ ʚʚʘʞʘʪʠʤʫʪʴʩʷ ʨʽʜʢʽʩʥʠʤ ʪʘ 

ʮʽʥʥʠʤ ʪʦʚʘʨʦʤ, ʽ ʮʝ ʪʘʢʦʞ ʧʨʠʟʚʝʜʝ ʜʦ ʽʥʰʠʭ ʚʠʢʣʠʢʽʚ ʜʣʷ ʛʽʨʥʠʯʦʜʦʙʫʚʥʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʫ ʛʘʣʫʟʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʦʚʠʭ, ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʪʘ 

ʪʝʭʥʦʣʦʛʽʡ ʨʦʟʨʦʙʢʠ. ʑʝ ʦʜʥʠʤ ʚʠʢʣʠʢʦʤ ʻ ʧʦʩʪʽʡʥʝ ʟʙʽʣʴʰʝʥʥʷ ʛʣʠʙʠʥʠ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʷʢ ʜʣʷ ʚʽʜʢʨʠʪʠʭ ʢʘʨôʻʨʽʚ, ʪʘʢ ʽ ʜʣʷ ʧʽʜʟʝʤʥʠʭ ʰʘʭʪ. ʎʝ ʦʟʥʘʯʘʻ 

ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʨʠʟʠʢʫ, ʱʦ ʤʘʻ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʙʝʟʧʝʢʫ ʫʤʦʚ ʧʨʘʮʽ. 

ʅʝʦʙʭʽʜʥʽʩʪʴ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʠʟʠʢʽʚ ʻ 

ʘʢʪʫʘʣʴʥʠʤ ʥʘʧʨʷʤʦʤ ʥʘʫʢʦʚʠʭ ʨʦʟʨʦʙʦʢ. 

ʗ ʭʦʯʫ ʧʦʜʷʢʫʚʘʪʠ ʚʩʽʤ ʟʘ ʫʯʘʩʪʴ ʫ VI ʄʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

çʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʛʽʨʥʠʯʦʾ ʛʝʦʣʦʛʽʾ ʪʘ ʛʝʦʝʢʦʣʦʛʽʾè, ʷʢʘ ʩʧʨʠʷʻ ʚʠʩʚʽʪʣʝʥʥʶ 

ʥʦʚʠʭ ʥʘʫʢʦʚʠʭ ʪʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʭ ʥʘʧʨʷʤʽʚ ʜʦʩʣʽʜʞʝʥʴ ʥʘʫʢʦʚʮʽʚ, 

ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʘʛʽʩʪʨʽʚ. 

ɹʘʞʘʶ ʧʣʽʜʥʦʾ ʨʦʙʦʪʠ, ʢʦʨʠʩʥʠʭ ʜʠʩʢʫʩʽʡ, ʚʘʞʣʠʚʠʭ ʜʣʷ ʙʽʟʥʝʩʫ 

ʧʨʦʧʦʟʠʮʽʡ ʪʘ ʨʽʰʝʥʴ, ʘ ʪʘʢʦʞ ʫʩʧʽʭʽʚ ʫ ʧʦʜʘʣʴʰʠʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ. 

 

 

ɿ ʧʦʚʘʛʦʶ, 

ɯʛʦʨ ʉʂʆʇʀʏɽʅʂʆ 
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ɻɯʈʅʀʏɸ ɻɽʆʃʆɻɯʗ ʊɸ ɻɽʆʄɽʍɸʅɯʂɸ 
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ʋɼʂ 550.8:624.1 

ʆʎɯʅʂɸ ɺʇʃʀɺʋ ɻɽʆʃʆɻɯʏʅʀʍ ʏʀʅʅʀʂɯɺ ʅɸ ʇɯɼɿɽʄʅɽ 

ɹʋɼɯɺʅʀʎʊɺʆ 

ʂ. ɸ. ɹʝʟʨʫʯʢʦ 
ʜʦʢʪʦʨ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ, 

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

49005, ʤ. ɼʥʽʧʨʦ, ʚʫʣ. ʉʽʤʬʝʨʦʧʦʣʴʩʴʢʘ, 2ɸ 

 

ʈʦʟʛʣʷʥʫʪʽ ʦʩʥʦʚʥʽ ʛʝʦʣʦʛʽʯʥʽ, ʛʝʦʬʽʟʠʯʥʽ ʪʘ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʽ ʬʘʢʪʦʨʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʧʽʜʟʝʤʥʝ ʙʫʜʽʚʥʠʮʪʚʦ ʞʠʪʣʦʚʠʭ, ʛʨʦʤʘʜʩʴʢʠʭ ʪʘ ʧʨʦʤʠʩʣʦʚʠʭ ʦʙôʻʢʪʽʚ. ʆʮʽʥʝʥʦ ʾʭʥʽʡ ʚʧʣʠʚ 

ʥʘ ʚʠʙʽʨ ʤʽʩʮʷ ʙʫʜʽʚʥʠʮʪʚʘ, ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʙʝʟʧʝʢʫ ʦʙôʻʢʪʽʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʜʦ 

ʥʘʷʚʥʦʛʦ ʧʝʨʝʣʽʢʫ ʪʨʴʦʭ ʪʠʧʽʚ (I-III) ʽʥʞʝʥʝʨʥʦʛʦ ʟʘʭʠʩʪʫ ʝʣʝʤʝʥʪʽʚ ʦʙôʻʢʪʽʚ ʢʨʠʪʠʯʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʜʦʜʘʪʠ ʪʠʧ ɯV, ʘ ʩʘʤʝ ʥʘʜʛʣʠʙʦʢʫ ʧʽʜʟʝʤʥʫ ʫʨʙʘʥʽʟʘʮʽʶ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʽʜʟʝʤʥʝ ʙʫʜʽʚʥʠʮʪʚʦ, ʛʝʦʣʦʛʽʯʥʽ ʬʘʢʪʦʨʠ, ʦʙôʻʢʪʠ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 
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ʅʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ ʩʫʩʧʽʣʴʩʪʚʘ ʧʽʜʟʝʤʥʝ ʙʫʜʽʚʥʠʮʪʚʦ ʥʘʙʫʚʘʻ 

ʜʝʜʘʣʽ ʙʽʣʴʰʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ ʯʝʨʝʟ ʟʨʦʩʪʘʥʥʷ ʥʘʩʝʣʝʥʥʷ, ʫʨʙʘʥʽʟʘʮʽʶ, ʝʢʦʣʦʛʽʯʥʽ 

ʚʠʢʣʠʢʠ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ. ʇʨʦʙʣʝʤʘ ʧʦʻʜʥʫʻ ʦʩʥʦʚʥʽ 

ʘʩʧʝʢʪʠ ʚʘʞʣʠʚʦʩʪʽ ʧʽʜʟʝʤʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ, ʘ ʩʘʤʝ ʫʨʙʘʥʽʟʘʮʽʶ ʪʘ ʧʨʦʩʪʦʨʦʚʽ 

ʦʙʤʝʞʝʥʥʷ, ʝʢʦʣʦʛʽʯʥʽ ʪʘ ʝʥʝʨʛʝʪʠʯʥʽ ʧʠʪʘʥʥʷ, ʪʨʘʥʩʧʦʨʪʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʪʘ 

ʣʦʛʽʩʪʠʢʫ, ʙʝʟʧʝʢʫ ʪʘ ʦʙʦʨʦʥʦʟʜʘʪʥʽʩʪʴ, ʙʫʜʽʚʥʠʮʪʚʦ ʧʨʦʤʠʩʣʦʚʠʭ ʪʘ ʥʘʫʢʦʚʠʭ 

ʦʙôʻʢʪʽʚ, ʽʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ. 

ʆʪʞʝ, ʧʽʜʟʝʤʥʝ ʙʫʜʽʚʥʠʮʪʚʦ ʻ ʩʪʨʘʪʝʛʽʯʥʠʤ ʥʘʧʨʷʤʦʤ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ 

ʤʽʩʪ ʽ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʟʘʚʜʷʢʠ ʩʫʯʘʩʥʠʤ ʪʝʭʥʦʣʦʛʽʷʤ ʚʦʥʦ ʩʪʘʻ ʜʦʩʪʫʧʥʽʰʠʤ, 

ʝʬʝʢʪʠʚʥʽʰʠʤ ʪʘ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʽʰʠʤ. ʇʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʮʽʻʾ ʛʘʣʫʟʽ 

ʩʧʨʠʷʪʠʤʝ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʩʪʦʨʫ, ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʧʽʜʚʠʱʝʥʥʶ ʨʽʚʥʷ 

ʟʘʭʠʩʪʫ ʦʙôʻʢʪʽʚ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ʂʨʽʤ ʪʦʛʦ, ʦʩʦʙʣʠʚʦ ʟ ʦʛʣʷʜʫ ʥʘ ʪʨʠʚʘʶʯʫ 

ʘʛʨʝʩʽʶ ʈʌ ʧʨʦʪʠ ʋʢʨʘʾʥʠ, ʧʽʜʟʝʤʥʽ ʪʘ ʟʘʛʣʠʙʣʝʥʽ ʩʧʦʨʫʜʠ ʚʽʜʽʛʨʘʶʪʴ ʢʨʠʪʠʯʥʦ 
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ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʙʝʟʧʝʢʠ ʥʘʩʝʣʝʥʥʷ, ʩʪʨʘʪʝʛʽʯʥʠʭ ʦʙôʻʢʪʽʚ ʪʘ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʧʽʜ ʯʘʩ ʚʽʡʩʴʢʦʚʠʭ ʜʽʡ. 

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʟʘʛʘʣʦʤ ʥʘʷʚʥʽ ʯʠʥʥʠʢʠ (ʛʝʦʣʦʛʽʯʥʽ, ʛʝʦʬʽʟʠʯʥʽ, 

ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʽ ʪʘ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʽ ʫʤʦʚʠ) ʤʦʞʥʘ ʜʽʡʪʠ ʚʠʩʥʦʚʢʫ, ʱʦ ʚʩʽ ʮʽ 

ʯʠʥʥʠʢʠ ʜʦʮʽʣʴʥʦ ʨʦʟʜʽʣʠʪʠ, ʟʘ ʾʭʥʽʤ ʚʧʣʠʚʦʤ, ʥʘ ʜʚʽ ʛʨʫʧʠ ï ʩʧʨʠʷʪʣʠʚʽ ʜʣʷ 

ʚʝʜʝʥʥʷ ʧʽʜʟʝʤʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʥʝʛʘʪʠʚʥʽ (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʷ 1 

ʈʦʟʧʦʜʽʣ ʛʦʣʦʚʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʯʠʥʥʠʢʽʚ ʟʘ ʭʘʨʘʢʪʝʨʦʤ ʚʧʣʠʚʫ 

ˉ 

ʟ/ʧ 

ʅʝʛʘʪʠʚʥʽ (ʥʝʩʧʨʠʷʪʣʠʚʽ) ʯʠʥʥʠʢʠ ʉʧʨʠ̫ʪʣʠʚʽ ʯʠʥʥʠʢʠ 

1. ʅʠʟʴʢʘ ʤʽʮʥʽʩʪʴ ʪʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʛʨʫʥʪʽʚ 

ʪʘ ʧʦʨʽʜ 

ɺʠʩʦʢʘ ʤʽʮʥʽʩʪʴ ʪʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʛʨʫʥʪʽʚ ʪʘ 

ʧʦʨʽʜ 

2. ɻʝʪʝʨʦʛʝʥʥʽʩʪʴ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʆʜʥʦʨʽʜʥʽʩʪʴ (ʛʦʤʦʛʝʥʥʽʩʪʴ) ʛʝʦʣʦʛʽʯʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ 

3. ɺʠʩʦʢʘ ʩʝʡʩʤʽʯʥʘ ʘʢʪʠʚʥʽʩʪʴ ʄʽʥʽʤʘʣʴʥʘ ʩʝʡʩʤʽʯʥʘ ʘʢʪʠʚʥʽʩʪʴ 

4. ɺʠʩʦʢʘ ʪʝʢʪʦʥʽʯʥʘ ʜʠʩʣʦʢʦʚʘʥʽʩʪʴ ʇʨʦʩʪʘ ʪʝʢʪʦʥʽʯʥʘ ʙʫʜʦʚʘ 

5. ɺʠʩʦʢʠʡ ʨʽʚʝʥʴ ʛʨʫʥʪʦʚʠʭ ʚʦʜ ʅʠʟʴʢʠʡ ʨʽʚʝʥʴ ʨʽʚʝʥʴ ʛʨʫʥʪʦʚʠʭ ʚʦʜ 

6. ɺʠʩʦʢʠʡ ʜʝʙʽʪ ʚʦʜʦʥʦʩʥʠʭ ʛʦʨʠʟʦʥʪʽʚ ʅʠʟʴʢʠʡ ʜʝʙʽʪ ʚʦʜʦʥʦʩʥʠʭ ʛʦʨʠʟʦʥʪʽʚ 

7. ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʚʦʜ ï ʘʛʨʝʩʠʚʥʽ ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʚʦʜ ï ʥʝʡʪʨʘʣʴʥʽ 

8. ʅʘʷʚʥʽʩʪʴ ʢʘʨʩʪʦʚʠʭ ʫʪʚʦʨʝʥʴ ʽ ʟʩʫʚʥʠʭ 

ʟʦʥ 

ʅʘʷʚʥʽʩʪʴ ʩʧʨʠʷʪʣʠʚʠʭ ʛʝʦʣʦʛʽʯʥʠʭ 

ʩʪʨʫʢʪʫʨ ʘʙʦ ʧʨʠʨʦʜʥʠʭ ʧʦʨʦʞʥʠʥ 

9. ɽʤʽʩʽʷ ʰʢʽʜʣʠʚʠʭ ʛʘʟʽʚ ɺʽʜʩʫʪʥʽʩʪʴ ʰʢʽʜʣʠʚʠʭ ʛʘʟʽʚ 

10. ɻʣʠʙʠʥʘ ʻ ʦʜʥʦʯʘʩʥʦ ʩʧʨʠʷʪʣʠʚʠʤ ʽ ʥʝʩʧʨʠʷʪʣʠʚʠʤ ʯʠʥʥʠʢʦʤ 

11. ɺʧʣʠʚ ʥʘ ʜʦʚʢʽʣʣʷ ʤʦʞʝ ʙʫʪʠ ʩʧʨʠʷʪʣʠʚʠʤ ʽ ʥʝʩʧʨʠʷʪʣʠʚʠʤ ʯʠʥʥʠʢʦʤ 

 

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʘʣʝʞʥʦ ʚʽʜ ʤʽʩʮʷ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʧʨʠʟʥʘʯʝʥʥʷ 

ʩʧʦʨʫʜʠ, ʮʽ ʬʘʢʪʦʨʠ ʤʦʞʫʪʴ ʤʘʪʠ ʙʽʣʴʰʠʡ ʘʙʦ ʤʝʥʰʠʡ ʚʧʣʠʚ.  

ʇʨʠʥʮʠʧʠ ʛʝʦʣʦʛʽʯʥʦʛʦ ʨʘʡʦʥʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʾ ʜʣʷ ʚʠʙʦʨʫ ʜʽʣʷʥʢʠ 

ʧʽʜʟʝʤʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ ʤʘʶʪʴ ʙʘʟʫʚʘʪʠʩʷ ʥʘ ʘʥʘʣʽʟʽ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚ ʪʘ ʽʥʰʠʭ 

ʯʠʥʥʠʢʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʩʪʽʡʢʽʩʪʴ ʪʘ ʙʝʟʧʝʯʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʡ. ɿʘʛʘʣʦʤ 

ʦʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʜʦʮʽʣʴʥʦ ʚʠʟʥʘʯʠʪʠ ʪʘʢʠʤʠ: 

1. ʊʝʢʪʦʥʽʯʥʠʡ ʘʥʘʣʽʟ ï ʚʠʟʥʘʯʝʥʥʷ ʥʘʷʚʥʦʩʪʽ ʨʦʟʣʦʤʽʚ, ʪʨʽʱʠʥʫʚʘʪʠʭ ʟʦʥ, 

ʟʦʥ ʪʝʢʪʦʥʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʪʘ ʩʝʡʩʤʽʯʥʠʭ ʟʘʛʨʦʟ, ʚʨʘʭʫʚʘʥʥʷ ʨʠʟʠʢʫ 

ʥʝʦʪʝʢʪʦʥʽʯʥʠʭ ʨʫʭʽʚ. 

2. ʃʽʪʦʣʦʛʽʯʥʠʡ ʪʘ ʩʪʨʘʪʠʛʨʘʬʽʯʥʠʡ ʘʥʘʣʽʟ ï ʦʮʽʥʢʘ ʩʢʣʘʜʫ ʪʘ ʧʦʪʫʞʥʦʩʪʽ 

ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, ʾʭ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʚʠʟʥʘʯʝʥʥʷ ʥʘʷʚʥʦʩʪʽ 

ʥʝʩʪʽʡʢʠʭ ʘʙʦ ʚʠʚʽʪʨʝʥʠʭ ʧʦʨʽʜ. 

3. ɻʽʜʨʦʛʝʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ï ʚʠʚʯʝʥʥʷ ʨʽʚʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, ʾʭ ʘʛʨʝʩʠʚʥʦʩʪʽ ʜʦ 

ʤʘʪʝʨʽʘʣʽʚ ʙʫʜʽʚʥʠʮʪʚʘ, ʦʮʽʥʢʘ ʤʦʞʣʠʚʦʛʦ ʚʧʣʠʚʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʥʘ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʩʧʦʨʫʜ. 

4. ɯʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ï ʘʥʘʣʽʟ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ˇʨʫʥʪʽʚ. 

ʚʠʟʥʘʯʝʥʥʷ ʤʦʞʣʠʚʠʭ ʜʝʬʦʨʤʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ (ʦʩʽʜʘʥʥʷ, ʧʫʯʠʥʠʩʪʽʩʪʴ, 

ʟʩʫʚʠ ʪʦʱʦ). 
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5. ɽʢʟʦʛʝʥʥʽ ʛʝʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ï ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʢʘʨʩʪʦʚʠʭ ʷʚʠʱ, ʦʙʚʘʣʽʚ, 

ʩʝʣʝʚʠʭ ʧʦʪʦʢʽʚ, ʦʮʽʥʢʘ ʩʭʠʣʴʥʦʩʪʽ ʪʝʨʠʪʦʨʽʾ ʜʦ ʟʩʫʚʽʚ, ʧʽʜʪʦʧʣʝʥʴ, ʝʨʦʟʽʾ. 

6. ɽʢʦʣʦʛʽʯʥʽ ʪʘ ʛʝʦʭʽʤʽʯʥʽ ʯʠʥʥʠʢʠ ï ʘʥʘʣʽʟ ʤʦʞʣʠʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ 

ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʽ ˇʨʫʥʪʽʚ, ʦʮʽʥʢʘ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʬʦʥʫ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʘʟʽʚ 

(ʨʘʜʦʥ, ʤʝʪʘʥ ʪʘ ʽʥ.). 

7. ʉʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʽ ʘʩʧʝʢʪʠ ï ʮʽʣʴʦʚʝ ʧʨʠʟʥʘʯʝʥʥʷ ʩʧʦʨʫʜʠ, ʥʘʷʚʥʽʩʪʴ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʜʣʷ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʧʨʦʻʢʪʫ 

ʯʠʥʥʠʤ ʙʫʜʽʚʝʣʴʥʠʤ ʥʦʨʤʘʤ ʽ ʧʨʘʚʠʣʘʤ. 

ʅʘʨʘʟʽ ʚ ʋʢʨʘʾʥʽ, ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʥʘʷʚʥʦʛʦ ʜʦʩʚʽʜʫ ʚʽʡʩʴʢʦʚʠʭ ʜʽʡ ʪʘ 

ʤʦʞʣʠʚʠʭ ʟʘʩʦʙʽʚ ʧʦʚʽʪʨʷʥʦʛʦ ʥʘʧʘʜʫ ʧʨʦʪʠʚʥʠʢʘ ʽ ʨʝʟʫʣʴʪʘʪʽʚ ʾʭʥʽʭ ʚʣʫʯʘʥʴ ʧʦ 

ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʘʭ ʆʂɯ (ʦʙôʻʢʪʽʚ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ) ʟʘʧʨʦʧʦʥʦʚʘʥʽ 

ʪʨʠ ʪʠʧʠ ʽʥʞʝʥʝʨʥʦʛʦ ʟʘʭʠʩʪʫ ʝʣʝʤʝʥʪʽʚ ʆʂɯ [1,2]: 

ʊʠʧ ɯ ï ʧʝʨʚʠʥʥʠʡ ʟʘʭʠʩʪ ʩʧʦʨʫʜ ʚʽʜ ʦʩʢʦʣʢʦʚʦʛʦ ʫʨʘʞʝʥʥʷ ʪʘ ʚʽʜ ʜʽʾ 

ʚʠʙʫʭʦʚʦʾ ʫʜʘʨʥʦʾ ʭʚʠʣʽ ʚ ʨʘʟʽ ʚʠʙʫʭʫ ʥʘ ʚʽʜʩʪʘʥʽ 15 ʤ ʚʽʜ ʝʣʝʤʝʥʪʘ. 

ʇʨʦʧʦʥʫʶʪʴʩʷ ʜʝʢʽʣʴʢʘ ʚʘʨʽʘʥʪʽʚ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʽʥʞʝʥʝʨʥʦʛʦ ʨʽʰʝʥʥʷ 

ʧʝʨʚʠʥʥʦʛʦ ʟʘʭʠʩʪʫ ʝʣʝʤʝʥʪʽʚ ʆʂɯ. ɼʣʷ ʙʽʯʥʦʛʦ ʯʘʩʪʢʦʚʦʛʦ ʟʘʭʠʩʪʫ ʝʣʝʤʝʥʪʽʚ 

ʟʘʧʨʦʧʦʥʦʚʘʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʽʨʘʤʽʜʦʧʦʜʽʙʥʠʭ ʩʧʦʨʫʜʞʝʥʴ ʟ ʬʦʨʪʠʬʽʢʘʮʽʡʥʠʭ 

ʛʘʙʽʦʥʽʚ, ʫ ʚʠʢʣʶʯʥʦʤʫ ʚʠʧʘʜʢʫ ï ʽʟ ʙʽʛʙʝʛʽʚ, ʤʽʰʢʽʚ, ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʽ 

ʤʝʪʘʣʝʚʠʭ ʟʙʽʨʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʊʘʢʠʡ ʪʠʧ ʟʘʭʠʩʪʫ ʻ ʯʘʩʪʢʦʚʠʤ, ʦʩʢʽʣʴʢʠ ʥʝ 

ʟʘʭʠʱʘʻ ʝʣʝʤʝʥʪ ʆʂɯ ʟʚʝʨʭʫ. ʊʘʢʦʞ ʜʦ ʧʝʨʰʦʛʦ ʪʠʧʫ ʥʘʣʝʞʘʪʴ ʧʦʩʠʣʝʥʥʷ ʽ 

ʟʙʽʣʴʰʝʥʥʷ ʞʠʚʫʯʦʩʪʽ ʽʩʥʫʶʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ ʯʠ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʰʣʷʭʦʤ ʫʣʘʰʪʫʚʘʥʥʷ ʤʝʪʘʣʝʚʠʭ ʢʦʞʫʭʽʚ, 

ʦʙʢʣʘʜʘʥʥʷ ʮʝʛʣʦʶ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʦʧʦʨ; 

ʊʠʧ ɯɯ ï ʫʢʨʠʪʪʷ ʪʠʧʫ çʰʝʣʪʝʨè ʽʟ ʟʦʚʥʽʰʥʽʤ ʟʘʭʠʩʥʠʤ ʨʝʰʽʪʯʘʩʪʠʤ 

ʝʢʨʘʥʦʤ, ʷʢʠʡ ʟʘʪʨʠʤʫʻ ʧʨʷʤʽ ʚʣʫʯʘʥʥʷ ʜʨʦʥʽʚ-ʢʘʤʽʢʘʜʟʝ ʪʠʧʫ ʙʘʨʘʞʫʶʯʠʡ 

ʙʦʻʧʨʠʧʘʩ, ʪʘ ʚʥʫʪʨʽʰʥʴʦʾ ʟʘʭʠʩʥʦʾ ʦʙʦʣʦʥʢʠ, ʷʢʘ ʟʘʭʠʱʘʻ ʚʽʜ ʫʜʘʨʥʦʾ ʭʚʠʣʽ ʪʘ 

ʫʣʘʤʢʽʚ ʫ ʨʘʟʽ ʾʭ ʚʠʙʫʭʫ ʚ ʤʦʤʝʥʪ ʟʽʪʢʥʝʥʥʷ ʟ ʝʢʨʘʥʦʤ, ʘ ʪʘʢʦʞ ʫ ʨʘʟʽ ʬʫʛʘʩʥʦʛʦ 

ʚʣʫʯʘʥʥʷ ʚ ʟʝʤʣʶ ʫʩʽʭ ʚʽʜʦʤʠʭ ʪʠʧʽʚ ʨʘʢʝʪ ʧʨʦʪʠʚʥʠʢʘ ʥʘ ʚʽʜʩʪʘʥʽ 15 ʤ ʚʽʜ 

ʝʣʝʤʝʥʪʘ. ʇʨʠ ʮʴʦʤʫ ʟʘʭʠʩʪ ʝʣʝʤʝʥʪʽʚ ʆʂɯ ʟʘʚʰʠʨʰʢʠ ʜʦ 20 ʤ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʟʘʩʠʧʢʦʶ ʩʪʽʥ ʽ ʧʦʢʨʽʚʣʽ ˇʨʫʥʪʦʤ, ʘ ʟʘʭʠʩʪ ʝʣʝʤʝʥʪʽʚ ʟʘʚʰʠʨʰʢʠ 

ʧʦʥʘʜ 20 ʤ ï ʩʧʝʮʽʘʣʴʥʠʤʠ ʧʣʠʪʘʤʠ ʧʦʢʨʽʚʣʽ. ɼʝʪʘʣʴʥʽʰʝ ʟʘʭʠʩʥʽ ʢʦʥʩʪʨʫʢʮʽʾ 

ʜʘʥʦʛʦ ʪʠʧʫ ʦʧʠʩʘʥʽ ʫ [1]; 

ʊʠʧ ɯɯɯ ï ʧʽʜʟʝʤʥʘ ʫʨʙʘʥʽʟʘʮʽʷ ʢʣʶʯʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʆʂɯ, ʧʦʢʣʠʢʘʥʘ 

ʟʘʭʠʩʪʠʪʠ ʚʽʜ ʧʨʷʤʦʛʦ ʧʦʦʜʠʥʦʢʦʛʦ ʚʣʫʯʘʥʥʷ ʚ ʝʣʝʤʝʥʪ ʆʂɯ ʚʩʽʭ ʚʽʜʦʤʠʭ ʪʠʧʽʚ 

ʢʨʠʣʘʪʠʭ ʪʘ ʙʘʣʽʩʪʠʯʥʠʭ ʨʘʢʝʪ ʧʨʦʪʠʚʥʠʢʘ ʟ ʬʫʛʘʩʥʦʶ ʯʠ ʧʨʦʥʠʢʥʦʶ ʙʦʡʦʚʦʶ 

ʯʘʩʪʠʥʦʶ. 

ɼʦ ʥʘʚʝʜʝʥʦʛʦ ʧʝʨʝʣʽʢʫ ʪʠʧʽʚ ʽʥʞʝʥʝʨʥʦʛʦ ʟʘʭʠʩʪʫ ʝʣʝʤʝʥʪʽʚ ʆʂɯ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʜʦʜʘʪʠ ʊʠʧ ɯV, ʘ ʩʘʤʝ: ʥʘʜʛʣʠʙʦʢʘ ʧʽʜʟʝʤʥʘ ʫʨʙʘʥʽʟʘʮʽʷ ʝʣʝʤʝʥʪʽʚ 

ʦʙôʻʢʪʽʚ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ (ʆʂɯ). 

ʊʠʧ ɯV ï ʅʘʜʛʣʠʙʦʢʘ ʧʽʜʟʝʤʥʘ ʫʨʙʘʥʽʟʘʮʽʷ ʝʣʝʤʝʥʪʽʚ ʦʙôʻʢʪʽʚ ʢʨʠʪʠʯʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ (ʆʂɯ) ʻ ʩʪʨʘʪʝʛʽʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʠʤ ʧʽʜʭʦʜʦʤ ʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʾʭʥʴʦʾ ʜʦʚʛʦʩʪʨʦʢʦʚʦʾ ʙʝʟʧʝʢʠ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʪʽʡʢʦʩʪʽ. ʊʘʢʠʡ ʧʽʜʭʽʜ 

ʧʝʨʝʜʙʘʯʘʻ ʨʦʟʤʽʱʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʆʂɯ ʥʘ ʟʥʘʯʥʽʡ ʛʣʠʙʠʥʽ ʚ ʩʪʘʙʽʣʴʥʠʭ ʤʘʩʠʚʘʭ 

ʤʽʮʥʠʭ ʩʢʝʣʴʥʠʭ ʧʦʨʽʜ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʟʘʭʠʩʪʫ ʚʽʜ ʟʦʚʥʽʰʥʽʭ 
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ʟʘʛʨʦʟ, ʚʢʣʶʯʥʦ ʟ ʢʽʥʝʪʠʯʥʠʤ, ʩʝʡʩʤʽʯʥʠʤ, ʪʝʭʥʦʛʝʥʥʠʤ ʪʘ ʚʽʡʩʴʢʦʚʠʤ ʚʧʣʠʚʦʤ. 

ʈʦʟʪʘʰʫʚʘʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʫ ʚʘʞʢʦʜʦʩʪʫʧʥʠʭ ʛʽʨʩʴʢʠʭ ʫʤʦʚʘʭ ʨʦʙʠʪʴ ʾʾ 

ʧʨʘʢʪʠʯʥʦ ʥʝʜʦʩʷʞʥʦʶ ʜʣʷ ʫʨʘʞʝʥʥʷ ʟʚʠʯʘʡʥʠʤʠ ʟʘʩʦʙʘʤʠ. 

ʇʣʘʥʫʚʘʥʥʷ ʪʘ ʨʝʘʣʽʟʘʮʽʷ ʥʘʜʛʣʠʙʦʢʠʭ ʧʽʜʟʝʤʥʠʭ ʦʙôʻʢʪʽʚ ʤʦʞʫʪʴ 

ʚʢʣʶʯʘʪʠ ʨʦʟʛʘʣʫʞʝʥʫ ʩʠʩʪʝʤʫ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʪʫʥʝʣʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʚʠʭʦʜʽʚ ʥʘ ʧʦʚʝʨʭʥʶ. ʂʦʥʮʝʧʮʽʷ ʘʜʘʧʪʠʚʥʦʾ ʽʥʪʝʛʨʘʮʽʾ ʪʘʢʠʭ ʦʙôʻʢʪʽʚ ʽʟ 

ʧʨʠʨʦʜʥʠʤ ʽ ʪʝʭʥʦʛʝʥʥʠʤ ʨʝʣʴʻʬʦʤ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʤʽʥʽʤʽʟʫʚʘʪʠ ʣʘʥʜʰʘʬʪʥʽ ʧʦʨʫʰʝʥʥʷ. ɿʦʢʨʝʤʘ, ʜʦʮʽʣʴʥʦ 

ʧʝʨʝʜʙʘʯʠʪʠ ʪʘʢʽ ʚʘʨʽʘʥʪʠ ʚʠʭʦʜʽʚ: 

1. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʨʝʣʴʻʬʫ ʤʽʩʮʝʚʦʩʪʽ: 

ɹʘʣʢʠ, ʛʣʠʙʦʢʽ ʷʨʠ, ʩʭʠʣʠ ʛʽʨ ʽ ʧʘʛʦʨʙʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʨʦʜʥʠʤʠ ʢʘʥʘʣʘʤʠ 

ʜʣʷ ʚʠʚʝʜʝʥʥʷ ʪʫʥʝʣʽʚ ʥʘ ʧʦʚʝʨʭʥʶ. ʊʘʢʘ ʢʦʥʬʽʛʫʨʘʮʽʷ ʧʦʣʝʛʰʫʻ ʚʝʥʪʠʣʷʮʽʶ, 

ʝʚʘʢʫʘʮʽʶ, ʜʦʩʪʫʧ ʪʝʭʥʽʯʥʦʛʦ ʧʝʨʩʦʥʘʣʫ ʪʘ ʪʨʘʥʩʧʦʨʪʫ. ʆʢʨʽʤ ʪʦʛʦ, ʧʨʠʨʦʜʥʽ 

ʝʣʝʤʝʥʪʠ ʨʝʣʴʻʬʫ ʤʦʞʫʪʴ ʧʨʠʭʦʚʫʚʘʪʠ ʚʝʥʪʠʣʷʮʽʡʥʽ ʰʘʭʪʠ, ʣʶʢʠ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʘʙʦ ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʧʦʨʪʘʣʠ, ʧʽʜʚʠʱʫʶʯʠ ʤʘʩʢʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ. 

2. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʛʝʥʥʦʛʦ ʨʝʣʴʻʬʫ: 

ʂʦʣʠʰʥʽ ʧʨʦʤʠʩʣʦʚʽ ʢʘʨôʻʨʠ, ʚʽʜʚʘʣʠ ʧʦʨʽʜ, ʪʝʭʥʦʛʝʥʥʽ ʧʦʥʠʞʝʥʥʷ ʨʝʣʴʻʬʫ 

ʤʦʞʫʪʴ ʙʫʪʠ ʧʝʨʝʪʚʦʨʝʥʽ ʥʘ ʟʦʥʠ ʚʠʭʦʜʫ ʪʫʥʝʣʽʚ ʘʙʦ ʚʝʥʪʠʣʷʮʽʡʥʠʭ ʩʠʩʪʝʤ. ɺ 

ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʤʦʞʣʠʚʝ ʚʪʦʨʠʥʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʨôʻʨʽʚ ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ 

ʩʠʩʪʝʤ ʟʙʝʨʽʛʘʥʥʷ ʨʝʩʫʨʩʽʚ, ʪʝʭʥʽʢʠ ʘʙʦ ʨʝʟʝʨʚʥʦʛʦ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ. 

3. ɯʥʪʝʛʨʘʮʽʷ ʟ ʚʠʨʦʙʣʝʥʠʤ ʧʨʦʩʪʦʨʦʤ ʛʽʨʥʠʯʠʭ ʧʽʜʧʨʠʻʤʩʪʚ: 

ɯʩʥʫʶʯʽ ʧʦʨʦʞʥʠʥʠ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ ʧʽʩʣʷ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʢʦʨʠʩʥʠʭ 

ʢʦʧʘʣʠʥ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʢʦʥʩʪʨʫʡʦʚʘʥʽ ʧʽʜ ʦʙôʻʢʪʠ ʆʂɯ ʘʙʦ ʪʨʘʥʩʧʦʨʪʥʦ-

ʣʦʛʽʩʪʠʯʥʽ ʢʦʨʠʜʦʨʠ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʧʨʦʭʦʜʢʫ ʽ 

ʚʦʜʥʦʯʘʩ ʟʘʙʝʟʧʝʯʫʻ ʧʨʦʩʪʦʨʦʚʫ ʛʥʫʯʢʽʩʪʴ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʤʝʨʝʞʝʚʦʾ 

ʩʪʨʫʢʪʫʨʠ ʧʽʜʟʝʤʥʦʾ ʫʨʙʘʥʽʟʘʮʽʾ. 

ɺʠʩʥʦʚʢʠ.  
ɺʠʟʥʘʯʝʥʽ ʪʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʛʝʦʣʦʛʽʯʥʽ ʯʠʥʥʠʢʠ ʱʦʜʦ ʚʝʜʝʥʥʷ ʧʽʜʟʝʤʥʦʛʦ 

ʙʫʜʽʚʥʠʮʪʚʘ, ʷʢ ʩʧʨʠʷʪʣʠʚʽ, ʪʘʢ ʽ ʥʝʛʘʪʠʚʥʽ. ɿ ʦʛʣʷʜʫ ʥʘ ʮʽ ʯʠʥʥʠʢʠ, ʚʠʟʥʘʯʝʥʽ 

ʟʘʛʘʣʴʥʽ ʧʨʠʥʮʠʧʠ ʛʝʦʣʦʛʽʯʥʦʛʦ ʨʘʡʦʥʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʡ. ʅʘʡʙʽʣʴʰ ʧʨʠʜʘʪʥʠʤʠ 

ʜʣʷ ʧʽʜʟʝʤʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ ʻ ʜʽʣʷʥʢʠ ʧʨʦʩʪʦʾ ʙʫʜʦʚʠ (I-ʦʾ ʢʘʪʝʛʦʨʽʾ ʩʢʣʘʜʥʦʩʪʽ) 

ʟʘ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʠʤʠ ʫʤʦʚʘʤʠ. ɸ ʩʘʤʝ: 

ï ʪʝʨʠʪʦʨʽʾ ʟ ʥʠʟʴʢʠʤ ʨʽʚʥʝʤ ʩʝʡʩʤʽʯʥʦʩʪʽ; 

ï ʨʘʡʦʥʠ ʟ ʤʦʥʦʣʽʪʥʠʤʠ ʤʽʮʥʠʤʠ ʩʢʝʣʴʥʠʤʠ ʧʦʨʦʜʘʤʠ (ʛʨʘʥʽʪʘʤʠ ʪʘ 

ʛʥʝʡʩʘʤʠ); 

ï ʪʝʨʠʪʦʨʽʾ ʟʽ ʩʪʘʙʽʣʴʥʠʤ ʛʝʦʣʦʛʽʯʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ, ʤʽʥʽʤʘʣʴʥʠʤ ʚʧʣʠʚʦʤ 

ʨʦʟʣʦʤʥʠʭ ʟʦʥ ʪʘ ʥʝʪʨʽʱʠʥʫʚʘʪʠʤʠ ʧʦʨʦʜʘʤʠ, ʘʙʦ ʧʦʨʦʜʘʤʠ ʟ ʥʠʟʴʢʦʶ 

ʪʨʽʱʠʥʫʚʘʪʽʩʪʶ; 

ï ʦʙʣʘʩʪʽ ʟʽ ʩʪʘʙʽʣʴʥʠʤʠ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʤʠ ʫʤʦʚʘʤʠ ʪʘ ʥʠʟʴʢʠʤ ʨʽʚʥʝʤ 

ʥʝʘʛʨʝʩʠʚʥʠʭ ʧʽʜʟʝʤʥʠʭ ʚʦʜ. 

ɿʘʧʨʦʧʘʥʦʚʘʥʦ ʜʦ ʥʘʷʚʥʦʛʦ ʧʝʨʝʣʽʢʫ ʪʨʴʦʭ ʪʠʧʽʚ (I-III) ʽʥʞʝʥʝʨʥʦʛʦ 

ʟʘʭʠʩʪʫ ʝʣʝʤʝʥʪʽʚ ʆʂɯ ʜʦʜʘʪʠ ʪʠʧ ɯV, ʘ ʩʘʤʝ ʥʘʜʛʣʠʙʦʢʫ ʧʽʜʟʝʤʥʫ ʫʨʙʘʥʽʟʘʮʽʶ 

ʝʣʝʤʝʥʪʽʚ ʦʙôʻʢʪʽʚ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ (ʆʂɯ), ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʚʝʣʠʢʽʡ 
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ʛʣʠʙʠʥʽ ʚ ʤʽʮʥʠʭ ʩʢʝʣʴʥʠʭ ʧʦʨʦʜʘʭ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ ʽ ʻ ʥʝʜʦʩʷʞʥʠʤʠ ʜʣʷ 

ʫʨʘʞʝʥʥʷ. 
 

ʇɽʈɽʃɯʂ ɺʀʂʆʈʀʉʊɸʅʆɰ ʃɯʊɽʈɸʊʋʈʀ 

1. ʂʦʚʘʣʴ ʄ.ɺ., ʂʦʚʘʣʴ ɺ.ɺ., ʂʦʮʶʨʫʙʘ ɺ.ɯ. ʪʘ ʽʥ. ʆʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʽʯʥʽ ʟʘʩʘʜʠ ʧʦʙʫʜʦʚʠ 

ʩʠʩʪʝʤʠ ʽʥʞʝʥʝʨʥʦʛʦ ʟʘʭʠʩʪʫ ʦʙôʻʢʪʽʚ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʝʥʝʨʛʝʪʠʯʥʦʾ ʛʘʣʫʟʽ 

ʋʢʨʘʾʥʠ. ʅʘʫʢʘ ʽ ʦʙʦʨʦʥʘ. 2022. ˉ3-4. ʉ. 11ï16. 

2. ʂʦʮʶʨʫʙʘ ɺ.ɯ., ɹʽʣʠʢ ɸ.ʉ., ɺʝʨʝʪʥʦʚ ɸ.ʆ. ʄʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʤʦʛ 

ʜʦ ʽʥʞʝʥʝʨʥʦʛʦ ʟʘʭʠʩʪʫ ʦʙôʻʢʪʽʚ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚʽʜ ɹʧʃɸ ʪʠʧʫ ʙʘʨʘʞʫʶʯʠʡ 

ʙʦʻʧʨʠʧʘʩ. ʆʧʽʨ ʤʘʪʝʨʽʘʣʽʚ ʽ ʪʝʦʨʽʷ ʩʧʦʨʫʜ. 2022. ˉ 109. ʉ. 164ï183. 
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ɺʠʜʦʙʫʪʦʢ ʚʫʛʽʣʣʷ ʽ ʡʦʛʦ ʧʝʨʝʨʦʙʢʘ ʚ ʛʦʪʦʚʫ ʧʨʦʜʫʢʮʽʶ ʟʘʣʠʰʘʻʪʴʩʷ 

ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʜʞʝʨʝʣ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʪʨʝʙ ʋʢʨʘʾʥʠ ʚ ʝʥʝʨʛʦʥʦʩʽʷʭ. ɿʘʛʘʣʴʥʽ 

ʟʘʧʘʩʠ ʽ ʨʝʩʫʨʩʠ ʢʘʤôʷʥʦʛʦ ʚʫʛʽʣʣʷ ʋʢʨʘʾʥʠ (ʙʘʣʘʥʩʦʚʽ, ʧʦʟʘʙʘʣʘʥʩʦʚʽ, 

ʧʨʦʛʥʦʟʥʽ) ʧʝʨʝʚʠʱʫʶʪʴ 100,0 ʤʣʨʜ ʪ, ʟ ʥʠʭ ʨʦʟʚʽʜʘʥʽ ʟʘʧʘʩʠ ï ʧʦʥʘʜ 50 ʤʣʨʜ ʪ 

[1]. ɺʫʛʽʣʴʥʽ ʨʦʜʦʚʠʱʘ ʋʢʨʘʾʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʜʫʞʝ ʩʢʣʘʜʥʠʤʠ ʧʨʠʨʦʜʥʠʤʠ 

ʫʤʦʚʘʤʠ ʾʭ ʨʦʟʨʦʙʢʠ, ʘ ʥʘʷʚʥʠʡ ʰʘʭʪʥʠʡ ʬʦʥʜ ʚʠʩʦʢʦʶ ʟʥʦʰʝʥʽʩʪʶ ʽ ʥʠʟʴʢʠʤ 

ʪʝʭʥʽʯʥʠʤ ʨʽʚʥʝʤ, ʫʥʘʩʣʽʜʦʢ ʯʦʛʦ ʚʽʪʯʠʟʥʷʥʘ ʚʫʛʽʣʴʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʻ 

ʟʙʠʪʢʦʚʦʶ. 

ʋ ʟʚôʷʟʢʫ ʟʙʨʦʡʥʦʶ ʘʛʨʝʩʽʻʶ ʨʦʩʽʡʩʴʢʦʾ ʬʝʜʝʨʘʮʽʾ ʧʨʦʪʠ ʋʢʨʘʾʥʠ ʪʘ 

ʪʠʤʯʘʩʦʚʦʶ ʦʢʫʧʘʮʽʻʶ ʫʢʨʘʾʥʩʴʢʠʭ ʪʝʨʠʪʦʨʽʡ ʩʠʪʫʘʮʽʷ ʫ ʚʫʛʽʣʴʥʽʡ ʛʘʣʫʟʽ ʟʥʘʯʥʦ 

ʫʩʢʣʘʜʥʠʣʘʩʷ. ʏʠʤʘʣʦ ʚʫʛʽʣʴʥʠʭ ʰʘʭʪ ʚʠʚʝʜʝʥʦ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʇʽʩʣʷ ʚʪʨʘʪʠ 
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ʯʘʩʪʠʥʠ ʚʫʛʽʣʴʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʫ 2014, ʋʢʨʘʾʥʘ ʚʽʜʯʫʚʘʣʘ ʜʝʬʽʮʠʪ ʚʫʛʽʣʣʷ 

ʧʝʚʥʠʭ ʤʘʨʦʢ. ʅʘʚʽʪʴ ʜʦ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʦʛʦ ʚʪʦʨʛʥʝʥʥʷ ʽʤʧʦʨʪ ʢʦʢʩʫ ʽ 

ʢʦʢʩʽʚʥʦʛʦ ʚʫʛʽʣʣʷ ʙʫʚ ʩʫʪʪʻʚʠʤ. 

ɼʦ 2025 ʨʦʢʫ ʰʘʭʪʘ "ʇʦʢʨʦʚʩʴʢʘ" ʙʫʣʘ ʻʜʠʥʠʤ ʚʠʜʦʙʫʚʘʯʝʤ ʚ ʋʢʨʘʾʥʽ 

ʢʦʢʩʽʚʥʦʛʦ ʚʫʛʽʣʣʷ. ʋ 2023 ʨ. ʦʙôʻʜʥʘʥʥʷ çʇʦʢʨʦʚʩʴʢʝè ʚʠʜʦʙʫʣʦ 5,6 ʤʣʥ ʪ 

ʚʫʛʽʣʣʷ. ɿʘ 5 ʤʽʩʷʮʽʚ 2024 ʨ. ʧʽʜʧʨʠʻʤʩʪʚʦ ʚʠʜʦʙʫʣʦ 2 ʤʣʥ ʪ ʚʫʛʽʣʣʷ. ɼʣʷ 

ʧʦʨʽʚʥʷʥʥʷ ï ʫ 2021 ʨ. ʚʠʜʦʙʫʪʦʢ ʩʢʣʘʚ 6,2 ʤʣʥ ʪ. ʇʨʦʤʠʩʣʦʚʽ ʟʘʧʘʩʠ ʚʫʛʽʣʣʷ 

ʩʢʣʘʜʘʶʪʴ ʙʽʣʴʰʝ 200 ʤʣʥ ʪ [2]. ɻʨʫʧʘ çʄʝʪʽʥʚʝʩʪè ʫ ʟʚôʷʟʢʫ ʟ ʥʘʙʣʠʞʝʥʥʷʤ 

ʣʽʥʽʾ ʙʦʡʦʚʠʭ ʜʽʡ 14 ʩʽʯʥʷ 2025 ʨ. ʧʦʚʽʜʦʤʠʣʘ ʧʨʦ ʟʫʧʠʥʝʥʥʷ ʨʦʙʦʪʠ 

ʇʦʢʨʦʚʩʴʢʦʾ ʚʫʛʽʣʴʥʦʾ ʛʨʫʧʠ, ʷʢʘ ʚʢʣʶʯʘʻ ʰʘʭʪʫ çʇʦʢʨʦʚʩʴʢʘè [3].  

ɺ ʦʙʩʪʘʥʦʚʮʽ, ʱʦ ʩʢʣʘʣʘʩʷ, ʘʢʪʫʘʣʴʥʠʤ ʻ ʧʠʪʘʥʥʷ ʨʦʟʚʠʪʢʫ ʛʝʦʣʦʛʦ-

ʧʨʦʤʠʩʣʦʚʦʾ ʙʘʟʠ ʃʴʚʽʚʩʴʢʦ-ɺʦʣʠʥʩʴʢʦʛʦ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʙʘʩʝʡʥʫ (ʃɺɹ). 

ʅʝʦʙʭʽʜʥʠʤ ʻ ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʮʴʦʛʦ ʚʫʛʣʝʚʠʜʦʙʫʚʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 

ʷʢ ʜʦ  ʨʽʚʥʦʧʨʘʚʥʦʛʦ ʛʨʘʚʮʷ ʥʘ ʚʫʛʽʣʴʥʦʤʫ ʨʠʥʢʫ ʋʢʨʘʾʥʠ. ɺʝʣʠʢʘ ʥʘʜʽʷ 

ʧʦʢʣʘʜʘʻʪʴʩʷ ʥʘ ʙʫʜʽʚʥʠʮʪʚʦ ʥʦʚʦʾ ʩʫʯʘʩʥʦʾ ʰʘʭʪʠ ʥʘ ʃʶʙʝʣʴʩʴʢʦʤʫ ʨʦʜʦʚʠʱʽ, 

ʘʜʞʝ ʮʝ ʻʜʠʥʝ ʨʦʜʦʚʠʱʝ ʃɺɹ ʟ ʟʘʧʘʩʘʤʠ ʢʦʢʩʽʚʥʦʛʦ ʚʫʛʽʣʣʷ.  

ʃʶʙʝʣʴʩʴʢʝ ʨʦʜʦʚʠʱʝ ʨʦʟʪʘʰʦʚʘʥʦ ʚ ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʃɺɹ. ɺʦʥʦ 

ʧʨʠʫʨʦʯʝʥʝ ʜʦ ʂʘʨʽʚʩʴʢʦʾ ʩʠʥʢʣʽʥʘʣʽ, ʷʢʘ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʘʩʠʤʝʪʨʠʯʥʫ 

ʩʢʣʘʜʢʫ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʛʦ ʧʨʦʩʪʷʛʘʥʥʷ ʟ ʧʦʣʦʛʠʤ (1ï2Á) ʟʘʥʫʨʝʥʥʷʤ ʥʘ 

ʧʽʚʜʝʥʥʠʡ-ʟʘʭʽʜ. ʃʶʙʝʣʴʩʴʢʝ ʨʦʜʦʚʠʱʝ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʥʘʡʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʚ 

ʪʝʢʪʦʥʽʯʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʨʦʜʦʚʠʱ ʃɺɹ.  

ʇʣʦʱʘ ʨʦʜʦʚʠʱʘ ʩʢʣʘʜʘʻ 170 ʢʤ2. ʄʘʩʰʪʘʙʥʘ ʛʝʦʣʦʛʦʨʦʟʚʽʜʫʚʘʣʴʥʘ ʨʦʙʦʪʘ 

ʧʨʦʚʦʜʠʣʘʩʴ ʟ 1978 ʨ. ʊʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʤ ʦʙʛʨʫʥʪʫʚʘʥʥʷʤ, ʧʨʦʚʝʜʝʥʠʤ 

çʋʢʨʅɼɯʧʨʦʝʢʪè (1993 ʨ.), ʜʦʚʝʜʝʥʘ ʝʢʦʥʦʤʽʯʥʘ ʜʦʮʽʣʴʥʽʩʪʴ ʧʨʦʤʠʩʣʦʚʦʛʦ 

ʦʩʚʦʻʥʥʷ ʨʦʜʦʚʠʱʘ ʧôʷʪʴʤʘ ʰʘʭʪʘʤʠ: ʃʶʙʝʣʴʩʴʢʽ ˉˉ 1, 2, 3, 4, 5 ʥʘ ʟʘʛʘʣʴʥʫ 

ʧʦʪʫʞʥʽʩʪʴ 6,3 ʤʣʥ ʪ ʚʫʛʽʣʣʷ ʚ ʨʽʢ. ʉʪʘʥʦʤ ʥʘ 1.01.1994 ʨ. ʚ ʤʝʞʘʭ ʰʘʭʪʠ 

ʃʶʙʝʣʴʩʴʢʘ ˉ 1 ʟʘʚʝʨʰʝʥʘ ʜʝʪʘʣʴʥʘ ʨʦʟʚʽʜʢʘ. ɿʘʧʘʩʠ ʚʫʛʽʣʣʷ ʟʘʪʚʝʨʜʞʝʥʽ ɼʂɿ 

ʋʢʨʘʾʥʠ ʚ ʛʨʫʜʥʽ 1993 ʨ (ʧʨʦʪʦʢʦʣ ˉ167 ʚʽʜ 23.12.93 ʨ.). ʅʘ ʧʦʣʽ ʰʘʭʪʠ 

ʃʶʙʝʣʴʩʴʢʘ ˉ 2 ʪʘʢʦʞ ʧʨʦʚʝʜʝʥʘ ʜʝʪʘʣʴʥʘ ʨʦʟʚʽʜʢʘ ʽ ʟʘʧʘʩʠ ʚʫʛʽʣʣʷ 

ʟʘʪʚʝʨʜʞʝʥʽ ɼʂɿ ʋʢʨʘʾʥʠ (ʧʨʦʪʦʢʦʣ ˉ183, 2006ʨ). ɺ ʮʴʦʤʫ ʞ ʨʦʮʽ ʟʘʧʘʩʠ 

ʚʫʛʽʣʣʷ ʧʦʣʽʚ ʰʘʭʪ ʃʶʙʝʣʴʩʴʢʘ ˉˉ 1 ʽ 2 ʙʫʣʠ ʦʙôʻʜʥʘʥʽ ʽ ʧʝʨʝʜʘʥʽ ɼʇ çʉʉɯ 

ʃʶʙʝʣʷè ʬʽʨʤʠ çʉʪʝʣʝʢʩè (ʉʐɸ) ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʜʦ ʧʨʦʤʠʩʣʦʚʦʛʦ ʦʩʚʦʻʥʥʷ 

ʻʜʠʥʠʤ ʛʽʨʥʠʯʦʚʠʜʦʙʫʚʥʠʤ ʢʦʤʧʣʝʢʩʦʤ (ʣʽʮʝʥʟʽʷ ˉ3826 ʚʽʜ 12.04.20006 ʨ). 

ʂʽʣʴʢʽʩʪʴ ʨʝʩʫʨʩʽʚ  ʥʘ ʜʽʣʷʥʢʘʭ çʃʶʙʝʣʴʩʴʢʘ 1-2è ʩʢʣʘʜʘʻ 177 ʤʣʥ ʪ [4]. 

ɼʦʜʘʪʢʦʚʠʤ ʙʦʥʫʩʦʤ ʜʣʷ ʤʘʡʙʫʪʥʴʦʾ ʨʦʟʨʦʙʢʠ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʤʝʪʘʥʫ ʥʘ ʙʣʦʢʘʭ 1-

2, ʚʠʪʨʠʤʘʥʽʩʪʴ ʧʣʘʩʪʽʚ ʪʘ ʾʭ ʛʦʨʠʟʦʥʪʘʣʴʥʝ ʟʘʣʷʛʘʥʥʷ. 

ɿʘʛʘʣʦʤ ʚʫʛʣʝʥʦʩʥʘ ʪʦʚʱʘ ʢʘʨʙʦʥʫ ʚʤʽʱʫʻ 14 ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ, ʷʢʽ 

ʜʦʩʷʛʘʶʪʴ ʨʦʙʦʯʦʾ ʧʦʪʫʞʥʦʩʪʽ (ʙʽʣʴʰʝ  0,6ʤ): v6, n7, n7
1, n7

ʚ, n7
ʚ-1, n7

ʚ-2, n8, n8
0, n8, 

n9, b1, b3, b3
1. ʇʦʰʠʨʝʥʽ ʧʝʨʝʚʘʞʥʦ ʚʠʪʨʠʤʘʥʽ ʧʣʘʩʪʠ ʧʨʦʩʪʦʾ ʽ ʩʢʣʘʜʥʦʾ ʙʫʜʦʚʠ ʟ 

ʩʝʨʝʜʥʴʦʶ ʧʦʪʫʞʥʽʩʪʶ 1,2 ï 1,3 ʤ.  

ɺʫʛʽʣʴʥʽ ʧʣʘʩʪʠ ʨʦʜʦʚʠʱʘ ʟʘʣʷʛʘʶʪʴ ʥʘ ʛʣʠʙʠʥʽ 660ï1200 ʤ. ɺʦʥʠ 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʛʨʫʧ (ʧʦ ʤʽʨʽ ʧʝʨʝʚʘʛʠ): ʪʦʥʢʠʭ (0,6ï1,2 ʤ),, ʩʝʨʝʜʥʴʦʾ 

ʧʦʪʫʞʥʦʩʪʽ (1,21ï2,0 ʤ), ʽ ʜʫʞʝ ʪʦʥʢʠʭ (ʜʦ 0,60 ʤ).  
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ɿʘ ʚʝʣʠʯʠʥʦʶ ʟʦʣʴʥʦʩʪʽ ʫ ʚʫʛʽʣʣʽ ʟʘ ʩʝʨʝʜʥʽʤʠ ʟʥʘʯʝʥʥʷʤʠ ʧʣʘʩʪʦʚʦʾ 

ʟʦʣʴʥʦʩʪʽ ʚʠʜʽʣʷʶʪʴʩʷ (ʧʦ ʤʽʨʽ ʧʝʨʝʚʘʛʠ): ʩʝʨʝʜʥʴʦʟʦʣʴʥʝ (10-20,0 %), ʟʦʣʴʥʝ 

(20ï35,0 %) ʽ ʙʘʛʘʪʦʟʦʣʴʥʝ (35,0- 45,0 %). ɿʘ ʧʦʢʘʟʥʠʢʘʤʠ ʚʤʽʩʪʫ ʤʘʩʦʚʦʾ ʜʦʣʽ 

ʩʽʨʢʠ ʤʘʶʪʴ ʧʝʨʝʚʘʛʫ ʛʨʫʧʠ ʙʘʛʘʪʦʩʽʨʯʠʩʪʦʛʦ ʚʫʛʽʣʣʷ (39,7 %) ʽ ʤʘʣʦʩʽʨʯʠʩʪʦʛʦ 

(29, 0%). ʅʘʡʙʽʣʴʰʝ ʟʘʧʘʩʽʚ ʚʫʛʽʣʣʷ ʥʘ ʨʦʜʦʚʠʱʽ ʟʘʣʷʛʘʻ ʥʘ ʛʣʠʙʠʥʽ 600ï900 ʤ. 

ʅʘ ʃʶʙʝʣʴʩʴʢʦʤʫ ʨʦʜʦʚʠʱʽ ʟʘʛʘʣʴʥʽ ʨʦʟʚʽʜʘʥʽ ʟʘʧʘʩʠ ʚʫʛʽʣʣʷ ʩʢʣʘʜʘʶʪʴ 522884 

ʪʠʩ. ʪ, ʚ ʪʦʤʫ ʯʠʩʣʽ: ʙʘʣʘʥʩʦʚʽ ʟʘʧʘʩʠ 467147 ʪʠʩ. ʪ ʟʘ ʢʘʪʝʛʦʨʽʷʤʠ ɺ+ʉ1+ʉ2 ʘʙʦ 

89,3 %, ʟʘʙʘʣʘʥʩʦʚʘʥʽ ï 55737ʪʠʩ. ʪ ʘʙʦ 10,7 %. ɹʘʣʘʥʩʦʚʽ ʟʘʧʘʩʠ ʚʫʛʽʣʣʷ ʤʘʨʢʠ 

ʂ ʩʢʣʘʜʘʶʪʴ 198073 ʪʠʩ. ʪ ʘʙʦ 42,4 %. ʇʨʦʛʥʦʟʥʽ ʨʝʩʫʨʩʠ ʥʘ ʨʦʜʦʚʠʱʽ 

ʧʦʨʘʭʦʚʘʥʽ ʪʽʣʴʢʠ ʥʘ ʧʦʣʷʭ ʰʘʭʪ ʃʶʙʝʣʴʩʴʢʽ ˉ 4 ʽ 5 ʽ ʩʢʣʘʜʘʶʪʴ 371329 ʪʠʩ. ʪ 

[5, 8] 

ɺ 2001 ʨʦʮʽ ʧʨʦʚʦʜʠʣʠʩʷ ʨʦʙʦʪʠ ʧʦ ʧʝʨʝʦʮʽʥʮʽ ʨʝʩʫʨʩʽʚ ʚʫʛʽʣʣʷ, ʾʭ 

ʢʣʘʩʠʬʽʢʘʮʽʷ ʟ ʤʝʪʦʶ ʘʥʘʣʽʟʫ ʩʠʨʦʚʠʥʥʦʾ ʙʘʟʠ ʚʫʛʽʣʣʷ ʋʢʨʘʾʥʠ [6]. ʇʨʠ 

ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʴ ʚʨʘʭʦʚʘʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʧʝʨʝʦʮʽʥʢʠ ʨʝʩʫʨʩʽʚ ʚʫʛʽʣʣʷ ʽ 

ʚʠʤʦʛʠ ʜʦ ʾʭʥʴʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ [7]. ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʚʫʛʽʣʣʷ ʻ ʦʩʥʦʚʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʫ 

ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʜʦʙʫʪʢʫ ʽ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʇʨʠʨʦʜʥʽ ʧʦʢʘʟʥʠʢʠ, ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʷʢʠʭ ʧʨʦʚʦʜʠʣʠʩʷ ʧʽʜʨʘʭʫʥʢʠ: ʛʣʠʙʠʥʘ ʟʘʣʷʛʘʥʥʷ ʽ ʧʦʪʫʞʥʽʩʪʴ 

ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ, ʚʤʽʩʪ ʟʦʣʠ ʽ ʩʽʨʢʠ ʫ ʚʫʛʽʣʣʽ, ʤʘʨʦʯʥʠʡ ʩʢʣʘʜ ʚʫʛʽʣʣʷ [8].  

ʅʘ ʧʦʣʽ ʰʘʭʪʠ ʃʶʙʝʣʴʩʴʢʘ ˉ 3 ʚ 1995 ʨ. ʟʘʚʝʨʰʝʥʘ ʧʦʧʝʨʝʜʥʷ ʨʦʟʚʽʜʢʘ ʽ 

ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʝʢʪ ʥʘ ʾʾ ʜʝʪʘʣʴʥʫ ʨʦʟʚʽʜʢʫ, ʷʢʘ ʙʫʣʘ ʧʨʦʚʝʜʝʥʘ ɼʇ çʉʉɯ 

ʃʶʙʝʣʷè ʧʦ ʣʽʮʝʥʟʽʾ ʚ 2015-2016 ʨʦʢʘʭ ʟ ʟʘʭʠʩʪʦʤ ʟʘʧʘʩʽʚ ʚ ɼʂɿ ʋʢʨʘʾʥʠ ʚ 2017 

ʨ. [9]. ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʫʛʽʣʣʷ ʧʣʘʩʪʽʚ ʧʦʣʷ ʰʘʭʪʠ ʃʶʙʝʣʴʩʴʢʘ ˉ 3 

ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʷʭ 2, 3.  

ʇʽʜʪʚʝʨʜʞʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʧʽʜʨʘʭʫʥʢʫ ʟʘʧʘʩʽʚ ʥʘ ʜʽʣʷʥʮʽ ʃʶʙʝʣʴʩʴʢʘ 

 ̄3 ʧʨʦʚʦʜʠʣʦʩʷ ʟʘ ʩʪʘʥʜʘʨʪʘʤʠ JORC, ʟʛʽʜʥʦ ʷʢʦʾ ʨʝʩʫʨʩʠ ʰʘʭʪʥʦʛʦ ʧʦʣʷ 

ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʨʽʚʥʽ 139 ʤʣʥ ʪ ʚʫʛʽʣʣʷ. 

ʊʘʙʣʠʮʷ 2 

ʉʝʨʝʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʢʘʟʥʠʢʽʚ ʚʫʛʽʣʣʷ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʤʘʨʢʫ ʧʦ ʚʫʛʽʣʴʥʠʭ 

ʧʣʘʩʪʘʭ (ʧʦʣʝ ʰʘʭʪʠ ʃʶʙʝʣʴʩʴʢʘ ˉ3) [9]. 

 

ɺʫʛʽʣʴʥʽ 

ʧʣʘʩʪʠ 

ʉʝʨʝʜʥʽ ʧʦʢʘʟʥ. 

ʚʽʜʙʠʪʪʷ 

ʚʽʪʨʠʥʽʪʫ R0,% 

ɺʠʭʽʜ 

ʣʝʪʢʠʭ 

Vdaf, % 

ʊʦʚʱʠʥʘ 

ʧʣʘʩʪʠʯʥʦʛʦ 

ʰʘʨʫ Y, ʤʤ 

ɯʥʜʝʢʩ 

ʈʦʛʘ 

RI, ʦʜ 

ʇʦʟʥʘʯʝʥʥʷ ʤʘʨʢʠ 

ɼʉʊʋ 3472-

96 

ɼʉʊʋ 

3472:2015 

b3 1 31,1 20  ɾ ɾ 

b1 1,01 30,2 23 80 ɾ ɾ 

n9 0,97 29,6 25 81 ɾ ɾ 

n8
5 1,06 29,8 20  ɾ ɾ 

n8
ʚ 1,04 28,6 24 80 ɾ ɾ 

n8 0,98 28,2 17  ɾ ɾ 

n7
ʚ 1,08 27,2 22 78 ɾ ɾ 

n7 1,12 27,1 21 79 ɾ ʂ 

ʧ7 1,19 24,6 20  ʂ ʂ 
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ʊʘʙʣʠʮʷ 3 

ʆʩʥʦʚʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʚʫʛʽʣʣʷ (ʧʦʣʝ ʰʘʭʪʠ ʃʶʙʝʣʴʩʴʢʘ ˉ3) [9]. 

 

ʇʦʢʘʟʥʠʢʠ 
ɺʫʛʽʣʴʥʽ ʧʣʘʩʪʠ  

b3 b1 n9 n8
5 n8

ʚ n8 n7
ʚ  n7 

ɿʦʣʘ 

ʚʫʛʽʣʴʥʠʭ 

ʧʘʯʦʢ  

(ɸd , %) 

9,1-41,7 

18,9(33) 

6,5-28,3 

15,0(43) 

4,5-35,8 

15,7(54) 

4,8-41,8 

19,9(51) 

3,6-32,3 

14,3(59) 

4,2-32,7 

13,3(39) 

6,9-37,6 

14,5(69) 

4,5-33,6 

11,3(67) 

ʇʣʘʩʪʦʚʘ 

ʟʦʣʘ 

( ɸd , % ) 

9,1-41,7 

19,7(33) 

6,5-33,5 

16,7(43) 

4,5-35,8 

16,5(54) 

4,8-60,3 

30,9(51) 

3,6-58,4 

24,4(59) 

4,2-32,7 

14,1(39) 

6,9-37,6 

15,2(69) 

4,5-38,5 

13,0(67) 

ʄʘʩʦʚʘ 

ʜʦʣʷ ʩʽʨʢʠ 

(St
d , %) 

1,55-11,2 

4,34(30) 

1,4-5,7 

3,4 (43) 

1,36-9,1 

4,34(52) 

0,86-10,0 

4,46(36) 

1,14-6,7 

3,65(56) 

0,6-13,18 

2,16 (32) 

0,89-7,55 

3,44(63) 

0,1-6,4 

1,74(52) 

ɺʦʣʦʛʘ 

ʉʝʨʝʜʥʻ 

ʟʥʘʯʝʥʥʷ 

(Wmax, %) 

1,53 1,58 1,67 1,50 1,81 1,53 1,57 2,05 

 

ʆʩʥʦʚʥʠʤʠ ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʢʦʢʩʫʚʘʥʥʷ ʟʛʽʜʥʦ ɼʉʊʋ 3472-

96 ʻ ʚʠʭʽʜ ʣʝʪʢʠʭ ʪʘ ʪʦʚʱʠʥʘ ʧʣʘʩʪʦʤʝʪʨʠʯʥʦʛʦ ʰʘʨʫ. ɺʠʭʽʜ ʣʝʪʢʠʭ ʨʝʯʦʚʠʥ 

ʚʫʛʽʣʣʷ ʜʽʣʷʥʢʠ ʃʶʙʝʣʴʩʴʢʘ ˉ 3 ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 20,2 ʜʦ 43,6%. ʉʝʨʝʜʥʽ 

ʟʥʘʯʝʥʥʷʭ ʥʘ ʜʽʣʷʥʮʽ ʚʽʜ 26,7 ʜʦ 31,1%. ɺ ʮʽʣʦʤʫ ʧʦ ʧʦʣʶ ʧʣʦʱʽ ʚʠʭʽʜ ʣʝʪʢʠʭ 

ʟʤʽʥʶʻʪʴʩʷ ʙʝʟ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ. ʊʦʚʱʠʥʘ ʧʣʘʩʪʠʯʥʦʛʦ ʰʘʨʫ ʚʫʛʽʣʣʷ 

ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 10 ʜʦ 38 ʤʤ (ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʧʦ ʧʣʦʱʽ ʩʪʘʥʦʚʣʷʪʴ17-25 ʤʤ ) 

[9]. 

ɺʨʘʭʦʚʫʶʯʠ ʷʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʫʛʽʣʣʷ ʜʽʣʷʥʢʠ ʽ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʜʦʩʣʽʜʥʠʭ ʢʦʢʩʫʚʘʥʴ, ʋʢʨʘʾʥʩʴʢʠʤ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʤ ʚʫʛʣʝʭʽʤʽʯʥʠʤ ʽʥʩʪʠʪʫʪʦʤ 

ʄʽʥʽʩʪʝʨʩʪʚʘ ʧʨʦʤʠʩʣʦʚʦʾ ʧʦʣʽʪʠʢʠ ʋʢʨʘʾʥʠ (ʋɺʍɯʅ) ʥʘʜʘʥʝ ʟʘʢʣʶʯʝʥʥʷ ʧʨʦ 

ʧʨʠʜʘʪʥʽʩʪʴ ʚʫʛʽʣʣʷ ʜʽʣʷʥʢʠ ʃʶʙʝʣʴʩʴʢʘ ˉ3 ʜʣʷ ʢʦʢʩʫʚʘʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʚʫʛʽʣʣʷ ʧʣʘʩʪʽʚ b1, ʧ9, ʧ8
ʚ, ʧ7

ʚ ʜʣ̫ ʢʦʢʩʫʚʘʥʥʷ ʦʙʤʝʞʝʥʝ, ʯʝʨʝʟ ʜʝʱʦ ʟʘʚʠʱʝʥʠʡ 

ʚʤʽʩʪ ʩʽʨʢʠ. ɸ ʚʫʛʽʣʣʷ ʧʣʘʩʪʘ n7 ʤʘʻ ʥʠʟʴʢʠʡ ʚʤʽʩʪ ʩʽʨʢʠ (St
d=0,73%) ʽ 

ʧʦʥʠʞʝʥʠʡ ʽʥʜʝʢʩ ʦʩʥʦʚʥʦʩʪʽ (ɯʦ=1,24), ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʮʽʥʥʦʶ ʩʠʨʦʚʠʥʦʶ ʜʣʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʢʦʢʩʫ [9]. 

ɺʠʢʦʥʘʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʠʣʠ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʩʠʨʦʚʠʥʥʫ ʙʘʟʫ ʪʘ ʜʘʪʠ 

ʦʮʽʥʢʫ ʨʝʩʫʨʩʽʚ ʚʫʛʽʣʣʷ ʃʶʙʝʣʴʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʇʽʚʜʝʥʥʦ-ɿʘʭʽʜʥʦʛʦ ʨʘʡʦʥʫ 

ʃʴʚʽʚʩʴʢʦ-ɺʦʣʠʥʩʴʢʦʛʦ ʙʘʩʝʡʥʫ. ʅʘʨʦʱʫʚʘʥʥʷ ʤʽʥʝʨʘʣʴʥʦ-ʩʠʨʦʚʠʥʥʦʾ ʙʘʟʠ 

ʃʴʚʽʚʩʴʢʦ-ɺʦʣʠʥʩʴʢʦʛʦ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʦʛʦ ʙʘʩʝʡʥʫ ʤʦʞʣʠʚʦ ʟʘ ʨʘʭʫʥʦʢ 

ʙʫʜʽʚʥʠʮʪʚʦ ʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʛʽʨʥʠʯʦʚʠʜʦʙʫʚʥʠʭ ʢʦʤʧʣʝʢʩʽʚ.  
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The geological structure of coal seams in the Western Donbass has been studied quite fully, based 

mainly on data from geophysical well studies carried out during geological exploration. A rational 

complex of GDS will allow to raise the study of the geological structure of coal seams, assessment 

of coal quality indicators and other tasks to a new level. 

Keywords: Western Donbas, geological structure, coal seams. 

 

ɺʩʪʫʧ. ɺ ʛʝʦʣʦʛʽʯʥʽʡ ʙʫʜʦʚʽ ʨʘʡʦʥʫ ʙʝʨʝ ʫʯʘʩʪʴ ʧʦʪʫʞʥʠʡ ʢʦʤʧʣʝʢʩ 

ʦʩʘʜʦʚʠʭ ʫʪʚʦʨʝʥʴ ʜʝʚʦʥʩʴʢʦʛʦ, ʢʘʤ'ʷʥʦʚʫʛʽʣʴʥʦʛʦ, ʧʝʨʤʩʴʢʦʛʦ, ʪʨʽʘʩʦʚʦʛʦ, 

ʶʨʩʴʢʦʛʦ, ʧʘʣʝʦʛʝʥʦʚʦʛʦ ʽ ʯʝʪʚʝʨʪʠʥʥʦʛʦ ʚʽʢʫ, ʱʦ ʣʝʞʘʪʴ ʥʘ ʧʦʨʦʜʘʭ 

ʜʦʢʝʤʙʨʽʡʩʴʢʦʛʦ ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʬʫʥʜʘʤʝʥʪʫ [1]. 

ʆʩʥʦʚʥʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʂʘʤ'ʷʥʦʚʫʛʽʣʴʥʽ ʚʽʜʢʣʘʜʠ ʚ ʨʘʡʦʥʽ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʚʩʽʤʘ ʩʚʠʪʘʤʠ ʥʠʞʥʴʦʛʦ ʽ ʩʝʨʝʜʥʴʦʛʦ ʚʽʜʜʽʣʽʚ. ʆʩʥʦʚʥʦʶ ʧʨʦʜʫʢʪʠʚʥʦʶ 

ʪʦʚʱʝʶ ʥʠʞʥʴʦʛʦ ʢʘʨʙʦʥʫ ʻ ʩʘʤʘʨʩʴʢʘ ʩʚʠʪʘ ʉ1
3 (ʉ), ʷʢʘ ʨʦʟʜʽʣʷʻʪʴʩʷ ʥʘ ʜʚʽ 

ʧʽʜʩʚʽʪʠ. 

ʅʠʞʥʷ ʧʽʜʩʚʽʪʘ, ʧʦʪʫʞʥʘ ʪʘ ʧʨʦʜʫʢʪʠʚʥʘ, ʫʢʣʘʜʝʥʘ ʚ ʽʥʪʝʨʚʘʣʽ ʚʘʧʥʷʢʽʚ ʉ1-

ʉ5 ʽ ʤʽʩʪʠʪʴ 60 ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʽ ʧʨʦʰʘʨʢʽʚ, ʟ ʷʢʠʭ 21 ʤʘʻ ʧʨʦʤʠʩʣʦʚʝ 

ʟʥʘʯʝʥʥʷ. ʉʝʨʝʜʥʷ ʧʦʪʫʞʥʽʩʪʴ ʥʠʞʥʴʦʾ ʧʽʜʩʚʽʪʠ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 400 ʤ. 

ɺʝʨʭʥʷ ʧʽʜʩʚʽʪʘ ʤʘʻ ʧʦʪʫʞʥʽʩʪʴ 70-80 ʤ ʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʤʘʡʞʝ ʧʦʚʥʦʶ 

ʚʽʜʩʫʪʥʽʩʪʶ ʚʫʛʽʣʣʷ. 

ɺʽʜʢʣʘʜʠ ʩʝʨʝʜʥʴʦʛʦ ʢʘʨʙʦʥʫ ʤʘʶʪʴ ʰʠʨʦʢʠʡ ʨʦʟʚʠʪʦʢ ʚ ʧʽʚʥʽʯʥʽʡ ʯʘʩʪʠʥʽ 

ʨʘʡʦʥʫ, ʜʝ ʾʭ ʧʦʪʫʞʥʽʩʪʴ ʜʦʩʷʛʘʻ 1800 ʤ. ɺʩʽ ʩʚʠʪʠ ʩʝʨʝʜʥʴʦʛʦ ʢʘʨʙʦʥʫ ʤʽʩʪʷʪʴ 

ʚʫʛʽʣʴʥʽ ʧʣʘʩʪʠ ʨʦʙʦʯʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʘʣʝ ʥʘʡʙʽʣʴʰ ʧʨʦʜʫʢʪʠʚʥʠʤʠ ʻ ʩʚʠʪʠ ʉ2
6 ʽ 
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ʉ2
7. ɺʤʽʱʫʶʯʽ ʧʦʨʦʜʠ ʢʘʨʙʦʥʦʚʠʭ ʚʽʜʢʣʘʜʽʚ ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʝʨʝʤʝʞʦʚʘʥʠʤʠ ʤʽʞ 

ʩʦʙʦʶ ʰʘʨʘʤʠ ʘʨʛʽʣʽʪʽʚ, ʘʣʝʚʨʦʣʽʪʽʚ, ʧʽʩʢʦʚʠʢʽʚ ʽ ʚʘʧʥʷʢʽʚ. 

ɿʘʭʽʜʥʠʡ ɼʦʥʙʘʩ ʧʨʠʫʨʦʯʝʥʠʡ ʜʦ ʧʽʚʜʝʥʥʦ-ʩʭʽʜʥʦʛʦ ʢʨʠʣʘ ɼʥʽʧʨʦʚʩʴʢʦ-

ɼʦʥʝʮʴʢʦʾ ʟʘʧʘʜʠʥʠ. ʇʣʦʱʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʠʧʦʚʦʶ ʜʣʷ ʜʨʝʚʥʽʭ ʧʣʘʪʬʦʨʤ 

ʜʚʦʧʦʚʝʨʭʦʚʦʶ ʙʫʜʦʚʦʶ. ʅʠʞʥʽʡ ʩʪʨʫʢʪʫʨʥʠʡ ʧʦʚʝʨʭ ï ʮʝ ʢʨʠʩʪʘʣʽʯʥʠʡ 

ʬʫʥʜʘʤʝʥʪ, ʘ ʚʝʨʭʥʽʡ ï ʧʣʘʪʬʦʨʤʥʠʡ ʯʦʭʦʣ. 

ʂʨʠʩʪʘʣʽʯʥʠʡ ʬʫʥʜʘʤʝʥʪ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʩʢʣʘʜʥʦ ʜʠʩʣʦʢʦʚʘʥʠʤʠ 

ʜʦʢʝʤʙʨʽʡʩʴʢʠʤʠ ʫʪʚʦʨʝʥʥʷʤʠ. ɺ ʤʝʞʘʭ ʋʑ ʚʦʥʠ ʧʝʨʝʢʨʠʪʽ ʤʘʣʦʧʦʪʫʞʥʠʤʠ 

ʢʘʡʥʦʟʦʡʩʴʢʠʤʠ ʚʽʜʢʣʘʜʘʤʠ, ʘ ʚ ɼɼɸ ï ʱʝ ʡ ʪʦʚʱʝʶ ʤʝʟʦʟʦʡʩʴʢʠʭ ʪʘ 

ʧʘʣʝʦʟʦʡʩʴʢʠʭ ʚʽʜʢʣʘʜʽʚ, ʟʘʛʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ʷʢʦʾ ʜʦʩʷʛʘʻ 1600 ʤ. ʂʦʤʧʣʝʢʩ 

ʦʩʘʜʦʚʠʭ ʧʦʨʽʜ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʤʦʥʦʢʣʽʥʘʣʴʥʠʤ ʟʘʣʷʛʘʥʥʷʤ ʟ ʢʫʪʘʤʠ ʧʘʜʽʥʥʷ 

2-5Ü ʚ ʥʘʧʨʷʤʫ ʜʦ ʦʩʽ ʟʘʧʘʜʠʥʠ. ʇʝʨʝʚʘʞʥʝ ʧʨʦʩʪʷʛʘʥʥʷ ʧʦʨʽʜ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʝ. 

ʆʩʥʦʚʥʠʤ ʪʠʧʦʤ ʪʝʢʪʦʥʽʯʥʠʭ ʧʦʨʫʰʝʥʴ ʚ ʙʘʩʝʡʥʽ ʷʚʣʷʶʪʴʩʷ ʩʢʠʜʠ. ʉʢʠʜʠ, 

ʷʢ ʧʨʘʚʠʣʦ, ʢʨʫʪʦ ʧʘʜʘʶʯʽ , ʧʘʨʘʣʝʣʴʥʽ, ʨʽʜʢʦ ʪʘʢʽ, ʱʦ ʩʭʦʜʷʪʴʩʷ ʪʘ ʩʪʚʦʨʶʶʪʴ 

ʮʽʣʫ ʩʠʩʪʝʤʫ ʨʦʟʣʦʤʽʚ. ʂʫʪʠ ʧʘʜʽʥʥʷ ʧʣʦʱʠʥ ʟʤʽʰʫʚʘʯʽʚ ʩʢʣʘʜʘʶʪʴ 40-85Ü, 

ʘʤʧʣʽʪʫʜʘ ʟʤʽʱʝʥʥʷ ʚʽʜ ʢʽʣʴʢʦʭ ʜʦ 350 ʤʝʪʨʽʚ. 

ʉʢʣʘʜʯʘʩʪʽ ʬʦʨʤʠ ʜʠʩʣʦʢʘʮʽʾ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʥʘ ʦʢʨʝʤʠʭ, ʥʘʡʙʽʣʴʰ 

ʧʦʨʫʰʝʥʠʭ ʜʽʣʷʥʢʘʭ ʪʘ ʧʨʦʷʚʣʷʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʭʚʠʣʷʩʪʦʛʦ ʟʘʣʷʛʘʥʥʷ ʧʦʨʽʜ, ʱʦ 

ʤʽʩʮʷʤʠ ʧʝʨʝʭʦʜʠʪʴ ʫ ʜʨʽʙʥʫ ʧʦʣʦʛʫ ʩʢʣʘʜʯʘʩʪʽʩʪʴ ʟ ʢʫʪʘʤʠ ʧʘʜʽʥʥʷ ʢʨʠʣ ʚʽʜ 3-

5Ü ʜʦ 7-8Ü. 

ʇʦʪʫʞʥʽʩʪʴ ʧʣʘʩʪʽʚ ʘʨʛʽʣʽʪʽʚ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ ʜʝʢʽʣʴʢʦʭ ʩʘʥʪʠʤʝʪʨʽʚ ʜʦ 20-

30 ʤ, ʘʣʝʚʨʦʣʽʪʽʚ - ʜʦ 40-50 ʤ. ɸʣʝʚʨʦʣʽʪʠ ʯʘʩʪʦ ʧʝʨʝʰʘʨʦʚʫʶʪʴʩʷ ʪʦʥʢʠʤʠ 

ʧʣʘʩʪʘʤʠ ʧʽʩʢʦʚʠʢʫ. ʋ ʘʨʛʽʣʽʪʘʭ ʻ ʚʢʣʶʯʝʥʥʷ ʢʨʝʤʥʽʻʚʦ-ʛʣʠʥʠʩʪʠʭ ʥʠʨʦʢ. 

ʇʣʘʩʪʠ ʧʽʩʢʦʚʠʢʽʚ ʤʘʶʪʴ ʧʦʪʫʞʥʽʩʪʴ ʜʦ 45 ʤ, ʚʘʧʥʷʢʽʚ - ʜʦ 10 ʤ. 

ʇʨʦʮʝʥʪʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʦʨʽʜ ʢʘʨʙʦʥʦʚʠʭ ʚʽʜʢʣʘʜʝʥʴ ʚ ʨʦʟʨʽʟʽ, ʟʘ 

ʜʘʥʠʤʠ ʧʨʦʙʫʨʝʥʠʭ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʩʚʝʨʜʣʦʚʠʥ, ʥʘʩʪʫʧʥʝ: 

¶ ɸʨʛʽʣʽʪʠ - 40,3%. 

¶ ɸʣʝʚʨʦʣʽʪʠ - 29,7%. 

¶ ʇʽʩʢʦʚʠʢʠ - 27,0%. 

¶ ɺʫʛʽʣʣʷ - 1,5%. 

¶ ɺʘʧʥʷʢʠ - 1,5%. 

ɺʫʛʣʝʥʦʩʥʘ ʢʘʨʙʦʥʦʚʘ ʪʦʚʱʘ ʧʝʨʝʢʨʠʪʘ ʤʝʟʦʟʦʡʩʴʢʠʤʠ ʚʽʜʢʣʘʜʘʤʠ 

ʧʦʪʫʞʥʽʩʪʶ ʚʽʜ 50 ʜʦ 300 ʽ ʙʽʣʴʰʝ ʤʝʪʨʽʚ, ʧʨʝʜʩʪʘʚʣʝʥʠʤʠ ʚ ʦʩʥʦʚʥʦʤʫ, 

ʧʽʱʘʥʦ-ʛʣʠʥʠʩʪʠʤʠ ʧʦʨʦʜʘʤʠ. ɼʦ ʛʣʠʥʠʩʪʠʭ ʧʦʨʽʜ ʚʽʜʥʦʩʷʪʴʩʷ ʱʽʣʴʥʽ, ʚ'ʷʟʢʽ 

ʛʣʠʥʠ, ʩʪʨʦʢʘʪʦ-ʢʦʣʴʦʨʦʚʽ ʪʘ ʩʚʽʪʣʦ ʩʽʨʽ, ʘ ʪʘʢʦʞ ʣʴʦʩʦʚʠʜʥʽ ʩʫʛʣʠʥʢʠ 

ʯʝʪʚʝʨʪʠʥʥʦʛʦ ʧʝʨʽʦʜʫ. ɼʦ ʧʽʱʘʥʠʭ ʧʦʨʽʜ ʚʽʜʥʦʩʷʪʴʩʷ ʩʣʘʙʦ ʟʮʝʤʝʥʪʦʚʘʥʽ 

ʜʨʽʙʥʦʟʝʨʥʠʩʪʽ ʧʽʩʢʦʚʠʢʠ ʪʘ ʧʫʭʢʽ ʧʽʩʢʠ. ʇʽʩʢʦʚʠʢʠ ʯʘʩʪʦ ʤʽʩʪʷʪʴ ʛʘʣʴʢʫ ʽ 

ʛʨʘʚʽʡ. 

ʇʨʦʮʝʥʪʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʦʨʽʜ ʤʝʟʦʟʦʡʩʴʢʦ-ʢʘʡʥʦʟʦʡʩʴʢʠʭ ʚʽʜʢʣʘʜʝʥʴ 

ʥʘʩʪʫʧʥʝ: 

¶ ɻʣʠʥʠ - 49,42%. 

¶ ʇʽʩʢʦʚʠʢʠ - 29,27%. 

¶ ʇʽʩʢʠ - 16,25%. 
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ʈʠʩʫʥʦʢ 1. ɻʝʦʣʦʛʽʯʥʽ ʨʦʟʨʽʟʠ ʩʚʝʨʜʣʦʚʠʥ, ʟʘ ʤʘʪʝʨʽʘʣʘʤʠ ʛʝʦʣʦʛʦ-ʨʦʟʚʽʜʫʚʘʣʴʥʠʭ ʟʚʽʪʽʚ.  

 

¶ ʂʦʥʛʣʦʤʝʨʘʪʠ - 2,36%. 

¶ ʉʫʛʣʠʥʢʠ - 1,77%. 
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¶ ˆʨʫʥʪʦʚʠʡ ʰʘʨ - 0,45%. 

¶ ɺʘʧʥʷʢʠ - 0,18%. 

ʍʘʨʘʢʪʝʨʥʽ ʜʣʷ ʜʘʥʦʛʦ ʛʝʦʣʦʛʽʯʥʦ-ʧʨʦʤʠʩʣʦʚʦʛʦ ʨʘʡʦʥʫ ʨʦʟʨʽʟʠ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 1. 

ɺʠʩʥʦʚʢʠ.  
ɻʝʦʣʦʛʽʯʥʘ ʙʫʜʦʚʘ ʩʭʠʣʽʚ ɿʘʭʽʜʥʦʛʦ ɼʦʥʙʘʩʫ ʚʠʚʯʝʥʘ ʜʦʩʠʪʴ ʧʦʚʥʦ, 

ʙʘʟʫʻʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʥʘ ʜʘʥʠʭ ʛʝʦʬʽʟʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʚʝʨʜʣʦʚʠʥ, ʱʦ ʙʫʣʠ 

ʚʠʢʦʥʘʥʽ ʧʽʜ ʯʘʩ ʛʝʦʣʦʛʦʨʦʟʚʽʜʫʚʘʣʴʥʠʭ ʨʦʙʽʪ [2]. ʇʨʦʙʫʨʝʥʽ ʩʚʝʨʜʣʦʚʠʥʠ 

ʨʦʟʪʘʰʦʚʘʥʽ ʟʛʽʜʥʦ ʟʘʪʚʝʨʜʞʝʥʦʾ ʛʝʦʣʦʛʦʨʦʟʚʽʜʫʚʘʣʴʥʦʾ ʤʝʨʝʞʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʢʘʪʝʛʦʨʽʾ ʧʽʜʨʘʭʦʚʘʥʠʭ ʟʘʧʘʩʽʚ ʚʫʛʽʣʣʷ ʪʘ ʩʫʧʫʪʥʽʭ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ. ʇʨʦʪʝ 

ʯʝʨʝʟ ʥʝʜʦʩʢʦʥʘʣʽʩʪʴ ʩʠʩʪʝʤʠ ʨʦʟʚʽʜʢʠ ʙʫʣʠ ʧʨʦʧʫʱʝʥʽ ʪʘ ʥʝ ʜʦʩʣʽʜʞʝʥʽ ʜʝʷʢʽ 

ʪʝʢʪʦʥʽʯʥʽ ʧʦʨʫʰʝʥʥʷ. ɺʠʷʚʣʝʥʘ ʨʦʟʙʽʞʥʽʩʪʴ ʤʽʞ ʜʘʥʠʤʠ ʛʝʦʣʦʛʦʨʦʟʚʽʜʢʠ ʪʘ 

ʬʘʢʪʠʯʥʠʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʚ ʧʨʦʮʝʩʽ ʚʠʜʦʙʫʚʘʥʥʷ ʚʫʛʽʣʣʷ. ʏʝʨʝʟ ʙʨʘʢ ʽʥʬʦʨʤʘʮʽʾ 

ʧʦ ʦʢʨʝʤʠʤ ʜʽʣʷʥʢʘʤ ʰʘʭʪʥʠʭ ʧʦʣʽʚ ʙʫʣʠ ʧʨʦʙʫʨʝʥʽ ʜʦʜʘʪʢʦʚʽ ʨʦʟʚʽʜʫʚʘʣʴʥʽ 

ʩʚʝʨʜʣʦʚʠʥʠ ʪʘ ʧʨʦʚʝʜʝʥʽ ʜʦʜʘʪʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʽ ʢʦʨʠʛʫʚʘʥʥʷ 

ʙʘʟ ʜʘʥʠʭ. 

ʈʘʮʽʦʥʘʣʴʥʠʡ ʢʦʤʧʣʝʢʩ ʛʝʦʬʽʟʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʚʝʨʜʣʦʚʠʥ, ʷʢ ʛʘʣʫʟʝʚʠʡ 

ʩʪʘʥʜʘʨʪ, ʜʦʟʚʦʣʠʪʴ ʧʽʜʥʷʪʠ ʥʘ ʥʦʚʠʡ ʨʽʚʝʥʴ ʚʠʚʯʝʥʥʷ ʛʝʦʣʦʛʽʯʥʦʾ ʙʫʜʦʚʠ 

ʚʫʛʽʣʴʥʠʭ ʨʦʟʨʽʟʽʚ, ʦʮʽʥʢʫ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʚʫʛʽʣʣʷ, ʚʠʟʥʘʯʝʥʥʷ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʫʛʣʝʚʤʽʩʥʠʭ ʧʦʨʽʜ. ʅʝʦʙʭʽʜʥʠʡ ʪʘ ʜʦʩʪʘʪʥʽʡ 

ʢʦʤʧʣʝʢʩ ɻɼʉ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʩʥʦʚʥʠʭ ʪʘ ʜʦʜʘʪʢʦʚʠʭ ʤʝʪʦʜʽʚ  ̒ʥʝʟʘʤʽʥʥʠʤ 

ʧʨʠ ʛʝʦʣʦʛʽʯʥʽʡ ʜʦʢʫʤʝʥʪʘʮʽʾ ʚʫʛʽʣʴʥʠʭ ʨʦʟʨʽʟʽʚ [3]. 
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ɼʋ çʅʘʫʢʦʚʠʡ ʮʝʥʪʨ ʛʽʨʥʠʯʦʾ ʛʝʦʣʦʛʽʾ, ʛʝʦʝʢʦʣʦʛʽʾ ʪʘ ʨʦʟʚʠʪʢʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʅɸʅ 

ʋʢʨʘʾʥʠè, 

ɼʋ çɯʥʩʪʠʪʫʪ ʛʝʦʭʽʤʽʾ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʅɸʅ ʋʢʨʘʾʥʠè 

 

ɼʦʩʣʽʜʞʝʥʦ ʟʚôʷʟʦʢ ʛʝʦʭʽʤʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʰʘʭʪʥʠʭ ʚʦʜ (ʐɺ) ʇʦʢʨʦʚʩʴʢʦʛʦ ʨʘʡʦʥʫ ʟʽ 

ʩʢʣʘʜʥʦʶ ʪʝʢʪʦʥʽʯʥʦʶ ʙʫʜʦʚʦʶ ʂʨʘʩʥʦʘʨʤʽʡʩʴʢʦʾ ʤʦʥʦʢʣʽʥʘʣʽ (ʂʄ) ʪʘ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʐɺ ʟʘ ʜʣʷ ʧʦʪʨʝʙ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʝʢʪʦʥʽʯʥʘ 

ʙʫʜʦʚʘ ʂʄ ʫʤʦʚʥʦ ʨʦʟʜʽʣʝʥʘ ʥʘ ʜʚʽ çʟʦʥʠè (ʧʽʚʥʽʯʥʫ ʪʘ ʧʽʚʜʝʥʥʫ,) ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʫʤʦʚʘʤʠ 

ʧʝʨʝʚʘʞʘʥʥʷ ʪʝʢʪʦʥʽʯʥʠʭ ʥʘʧʨʫʛ ʩʪʠʩʢʫ ʪʘ ʨʦʟʪʷʛʫ. ɻʝʦʭʽʤʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʇɺ ʂʄ ʤʘʶʪʴ 

ʜʝʷʢʽ ʚʽʜʤʽʥʥʦʩʪʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʥʘʣʝʞʥʦʩʪʽ ʜʦ ʪʝʢʪʦʥʽʯʥʠʭ çʟʦʥè. ɺʠʷʚʣʝʥʘ ʟʦʥʘʣʴʥʽʩʪʴ 

ʧʦʰʠʨʝʥʥʷ ʐɺ. ɺʦʜʠ ʰ. çʇʽʦʥʝʨè ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʪʝʭʥʽʯʥʠʭ ʪʘ ʧʦʙʫʪʦʚʠʭ 

ʧʦʪʨʝʙ ʟʘ ʫʤʦʚʠ ʦʯʠʱʝʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʂʨʘʩʥʦʘʨʤʽʡʩʴʢʘ ʤʦʥʦʢʣʽʥʘʣʴ, ʰʘʭʪʥʽ ʚʦʜʠ, ʛʝʦʭʽʤʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ, 

ʪʝʢʪʦʥʽʯʥʘ ʙʫʜʦʚʘ. 
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The paper investigates the relationship between the geochemical features of mine water (MW) in 

the Pokrovskii district and the complex tectonic structure of the Krasnoarmeyskaya monocline 

(KM) and the possibility of using MW for industrial water supply. It has been established that the 

tectonic structure of the KM is conditionally divided into two ózonesô (northern and southern), 

which differ in the conditions of predominance of tectonic compressive and tensile stresses. The 

geochemical features of the CBM have some differences depending on the tectonic ózonesô. The 
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zonal distribution of the CMM has been revealed. The waters of the Pioneer drainage can be used 

for technical and domestic needs, subject to treatment. 

Keywords: Krasnoarmiyskaya monocline, mine waters, geochemical features, tectonic structure. 

 

ʅʝʦʙʭʽʜʥʽʩʪʴ ʚʠʚʯʝʥʥʷ ʰʘʭʪʥʠʭ ʚʦʜ (ʐɺ) ʇʦʢʨʦʚʩʴʢʦʛʦ ʨʘʡʦʥʫ ɼʦʥʙʘʩʫ 

ʦʙʫʤʦʚʣʝʥʘ ʧʨʦʙʣʝʤʦʶ ʚʽʜʩʫʪʥʦʩʪʽ ʚʦʜʥʦʛʦ ʨʝʟʝʨʚʫ ʛʦʩʧʦʜʘʨʩʴʢʦ-ʧʠʪʥʦʛʦ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʥʘ ʪʝʨʠʪʦʨʽʷʭ, ʱʦ ʟʘʟʥʘʶʪʴ ʚʧʣʠʚʫ ʚʽʡʩʴʢʦʚʦʾ ʘʛʨʝʩʽʾ ʧʨʦʪʠ 

ʋʢʨʘʾʥʠ. ʐɺ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʟʤʽʰʫʚʘʥʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʨʽʟʥʠʭ 

ʚʫʛʽʣʴʥʠʭ ʛʦʨʠʟʦʥʪʽʚ ʯʝʨʝʟ ʥʘʷʚʥʽʩʪʴ ʛʽʨʥʠʯʠʭ ʚʠʨʦʙʦʢ, ʻ ʟʥʘʯʥʠʤ ʜʞʝʨʝʣʦʤ 

ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʊʠʤ ʥʝ ʤʝʥʰ, ʽʩʥʫʻ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʐɺ ʜʣʷ ʧʦʪʨʝʙ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʾʭ ʥʘʣʝʞʥʽʩʪʶ ʜʦ ʢʣʘʩʠʬʽʢʘʮʽʡʥʦʾ ʛʨʫʧʠ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ, ʘ ʪʘʢʦʞ ʪʠʧʦʤ 

ʜʞʝʨʝʣʘ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ (ʜʽʶʯʘ ʘʙʦ ʣʽʢʚʽʜʦʚʘʥʘ ʰʘʭʪʘ). ʌʦʨʤʫʚʘʥʥʷ ʧʨʠʧʣʠʚʽʚ 

ʰʘʭʪʥʠʭ ʚʦʜ ʪʘ ʾʭ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʠʟʢʦʶ ʬʘʢʪʦʨʽʚ, ʩʝʨʝʜ ʷʢʠʭ 

ʛʝʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʽ, ʛʝʦʜʠʥʘʤʽʯʥʽ, ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʽ ʫʤʦʚʠ, ʛʽʨʥʠʯʦʪʝʭʥʽʯʥʽ 

ʯʠʥʥʠʢʠ ʨʦʟʨʦʙʢʠ ʚʫʛʽʣʴʥʦʛʦ ʨʦʜʦʚʠʱʘ [6]. ɸʣʝ ʧʠʪʘʥʥʷ ʟʚôʷʟʢʫ ʛʝʦʭʽʤʽʯʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʐɺ ʂʨʘʩʥʦʘʨʤʽʡʩʴʢʦʛʦ ʛʝʦʣʦʛʦ-ʧʨʦʤʠʩʣʦʚʦʛʦ ʨʘʡʦʥʫ ʟʽ 

ʩʢʣʘʜʥʦʶ ʪʝʢʪʦʥʽʯʥʦʶ ʙʫʜʦʚʦʶ ʂʨʘʩʥʦʘʨʤʽʡʩʴʢʦʾ ʤʦʥʦʢʣʽʥʘʣʽ (ʂʄ) ʪʘ 

ʤʦʞʣʠʚʽʩʪʴ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʦʯʠʱʝʥʥʷ, ʟʘʣʠʰʠʣʦʩʴ ʧʦʟʘ ʟʦʥʦʶ 

ʫʚʘʛʠ.  

ʉʘʤʝ ʪʦʤʫ, ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʟʥʘʯʝʥʥʷ ʟʚôʷʟʢʫ ʛʝʦʭʽʤʽʯʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʰʘʭʪʥʠʭ ʚʦʜ ʪʘ ʾʭ ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʟ ʪʝʢʪʦʥʽʯʥʦʶ ʙʫʜʦʚʦʶ ʚʫʛʽʣʴʥʦʛʦ 

ʤʘʩʠʚʫ ʫ ʤʝʞʘʭ ʂʄ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʐɺ ʜʣʷ ʧʦʪʨʝʙ ʧʨʦʤʠʩʣʦʚʦʛʦ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ. 

ɺ ʛʝʦʩʪʨʫʢʪʫʨʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʜʦʩʣʽʜʞʫʚʘʥʘ ʪʝʨʠʪʦʨʽʷ ʂʄ ʨʦʟʪʘʰʦʚʘʥʘ ʚ 

ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʂʘʣʴʤʽʫʩ-ʊʦʨʝʮʴʢʽʡ ʫʣʦʛʦʚʠʥʠ. ʉʪʨʫʢʪʫʨʘ ʚʠʪʷʛʥʫʪʘ 

ʚ ʇʥɿ ʥʘʧʨʷʤʽ ʥʘ 100 ʢʤ ʧʦ ʧʨʦʩʪʷʛʘʥʥʶ, ʰʠʨʠʥʘ ʩʤʫʛʠ ʚʫʛʣʝʥʦʩʥʠʭ ʚʽʜʢʣʘʜʽʚ 

(ɺɺ) 18-20 ʢʤ. ɻʝʦʣʦʛʽʯʥʘ ʙʫʜʦʚʘ ʂʄ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʨʦʟʚʠʥʝʥʠʤʠ ʦʩʘʜʦʚʠʤʠ 

ʧʦʨʦʜʘʤʠ ʩʝʨʝʜʥʴʦʛʦ ʽ ʚʝʨʭʥʴʦʛʦ ʢʘʨʙʦʥʫ, ʱʦ ʧʝʨʝʢʨʠʪʽ ʢʘʡʥʦʟʦʡʩʴʢʠʤʠ, 

ʪʨʽʘʩʦʚʠʤʠ, ʶʨʩʴʢʠʤʠ ʦʩʘʜʦʚʠʤʠ ʧʦʨʦʜʘʤʠ, ʩʫʤʘʨʥʘ ʧʦʪʫʞʥʽʩʪʴ ʷʢʠʭ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʟ ʧʽʚʜʥʷ ʥʘ ʧʽʚʥʽʯ. ʂʘʤôʷʥʦʚʫʛʽʣʴʥʽ ʚʽʜʢʣʘʜʠ ʧʨʝʜʩʪʘʣʝʥʥʽ 

ʯʝʨʛʫʚʘʥʥʷʤ ʨʽʟʥʠʭ ʟʘ ʩʢʣʘʜʦʤ ʪʘ ʧʦʪʫʞʥʽʩʪʶ ʰʘʨʽʚ ʚʫʛʽʣʣʷ, ʚʘʧʥʷʢʽʚ, 

ʧʽʩʢʦʚʠʢʽʚ, ʘʨʛʽʣʽʪʽʚ ʽ ʘʣʝʚʨʦʣʽʪʽʚ. ɺʽʜʥʦʩʥʝ ʩʧʦʢʽʡʥʝ ʟʘʣʷʛʘʥʥʷ ʧʦʨʽʜ ʧʦʨʫʰʝʥʦ 

ʪʝʢʪʦʥʽʯʥʠʤʠ ʨʦʟʨʠʚʘʤʠ ʨʽʟʥʦʛʦ ʦʨʽʻʥʪʫʚʘʥʥʷ ʽ ʤʦʨʬʦʣʦʛʽʾ. ʇʝʨʰʘ ʛʨʫʧʘ 

ʨʦʟʨʠʚʽʚ (ʨʠʩ. 1), ʤʦʨʬʦʣʦʛʽʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘʩʫʚʘʤʠ 

ʙʣʠʟʴʢʦʤʝʨʠʜʽʦʥʘʣʴʥʦʛʦ ʇʥ-ʇʥɿ ʧʨʦʩʪʷʛʘʥʥʷ (ʂʨʘʩʥʦʘʨʤʽʡʩʴʢʠʡ, 

ʄʝʨʮʘʣʦʚʩʴʢʠʡ, ʧʽʚʥʽʯʥʘ ʯʘʩʪʠʥʘ ɼʦʙʨʦʧʽʣʴʩʴʢʦʛʦ) ʽ ʜʽʘʛʦʥʘʣʴʥʦʛʦ ʇʥʉ 

ʦʨʽʻʥʪʫʚʘʥʥʷ (ʉʝʣʽʜʦʚʩʴʢʠʡ, ʎʝʥʪʨʘʣʴʥʠʡ, ʧʽʚʜʝʥʥʘ ʯʘʩʪʠʥʘ ɼʦʙʨʦʧʽʣʴʩʴʢʦʛʦ, 

ʩʝʨʽʷ ʅʦʚʦ-ɯʚʝʨʩʴʢʠʭ ʨʦʟʨʠʚʽʚ).  

ɼʨʫʛʘ ï ʯʠʩʣʝʥʥʽ ʩʫʙʧʘʨʘʣʝʣʴʥʽ ʜʠʟôʁ ʥʢʪʠʚʠ ʩʢʠʜʦʚʦʾ ʤʦʨʬʦʣʦʛʽʾ 

ʙʣʠʟʴʢʦʰʠʨʦʪʥʦʛʦ ʇʥ-ʇʥɿ ʧʨʦʩʪʷʛʘʥʥʷ (ʏʝʨʚʦʥʦʣʠʤʘʥʩʴʢʠʡ, ɻʣʫʙʦʢʦʷʨʩʴʢʠʡ, 

ʂʘʨʧʽʚʩʴʢʠʡ, ɻʨʫʰʽʚʩʴʢʠʡ, ʌʝʜʦʨʽʚʩʴʢʠʡ, ʉʘʤʦʡʣʽʚʩʴʢʠʡ, ɻʥʽʣʫʰʠʥʩʴʢʠʡ) ʽ 

ʜʽʘʛʦʥʘʣʴʥʦʛʦ ʇʥʉ ʦʨʽʻʥʪʫʚʘʥʥʷ - ʩʢʠʜ ˉ 5, ʩʢʠʜ çɺè (ʨʠʩ. 1, ʙ, ʚ, ʛ, ʜ). 
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ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʰʘʭʪ ʂʨʘʩʥʦʘʨʤʽʡʩʴʢʦʛʦ ʛʝʦʣʦʛʦ-ʧʨʦʤʠʩʣʦʚʦʛʦ ʨʘʡʦʥʫ (ʘ). ʎʠʬʨʦʚʽ 

ʛʽʨʥʠʯʦ-ʛʝʦʤʝʪʨʠʯʥʽ ʤʦʜʝʣʽ ʪʝʢʪʦʥʽʯʥʦʾ ʧʦʨʫʰʝʥʦʩʪʽ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʚ ʤʝʞʘʭ ʛʽʨʥʠʯʠʭ 

ʚʽʜʚʝʜʝʥʴ ʰʘʭʪ: ʇʽʦʥʝʨ (ʙ), ʉʚʷʪʦ-ʇʦʢʨʦʚʩʴʢʘ (çʂʨʘʩʥʦʘʨʤʽʡʩʴʢʘè) (ʚ), ɼʦʙʨʦʧʽʣʴʩʴʢʘ (ʛ), 

ʂʨʘʩʥʦʥʦʣʠʤʘʥʩʴʢʘ (ʜ) ʟ ʜʝʪʘʣʽʟʘʮʽʻʶ ʨʦʟ-ʜʽʘʛʨʘʤ 
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ɸʥʘʣʽʟ ʩʪʨʫʢʪʫʨʥʦʛʦ ʤʘʣʶʥʢʘ ʩʝʨʝʜʥʴʦʘʤʧʣʽʪʫʜʥʦʾ ʪʝʢʪʦʥʽʯʥʦʾ 

ʧʦʨʫʰʝʥʦʩʪʽ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ (ʨʠʩ. 1, ʙ, ʚ, ʛ, ʜ) ʚ ʤʝʞʘʭ ʛʽʨʥʠʯʠʭ ʚʽʜʚʝʜʝʥʴ 

ʰʘʭʪ: çʇʽʦʥʝʨè, çʂʨʘʩʥʦʘʨʤʽʡʩʴʢʘè, çɼʦʙʨʦʧʽʣʴʩʴʢʘè ʪʘ çʂʨʘʩʥʦʥʦʣʠʤʘʥʩʴʢʘè 

ʜʦʟʚʦʣʷʻ ʢʦʥʩʪʘʪʫʚʘʪʠ, ʱʦ: 

- ʩʫʙʧʘʨʘʣʝʣʴʥʽ ʩʝʨʝʜʥʴʦʘʤʧʣʽʪʫʜʥʽ ʜʠʟôʶʥʢʪʠʚʠ ʧʝʨʝʚʘʞʥʦ ʇʥʉ 

ʦʨʽʻʥʪʫʚʘʥʥʷ (ʘʟʠʤʫʪ 15-30̄ ) ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʤʦʨʬʦʣʦʛʽʾ (ʩʢʠʜʠ ʘʙʦ ʥʘʩʫʚʠ) 

ʩʧʽʚʚʽʩʥʽ ʘʟʠʤʫʪʘʣʴʥʦʤʫ ʦʨʽʻʥʪʫʚʘʥʥʶ ʎʝʥʪʨʘʣʴʥʦʛʦ ʡ ʧʽʚʜʝʥʥʽʡ ʯʘʩʪʠʥʽ 

ɼʦʙʨʦʧʽʣʴʩʴʢʦʛʦ ʥʘʩʫʚʽʚ ʪʘ ʩʣʫʞʘʪʴ ʤʝʞʘʤʠ ʧʘʨʘʣʝʣʦʛʨʘʤʦʧʦʜʽʙʥʠʭ ʙʣʦʢʽʚ, 

ʫʪʚʦʨʶʶʯʠ ʘʙʦ ʣʫʩʢʘʪʽ ʧʘʢʝʪʠ, ʘʙʦ ʧʘʢʝʪʠ ʩʢʠʜʦʚʠʭ ʫʩʪʫʧʽʚ (ʟʘʣʝʞʥʦ ʚʽʜ 

ʤʦʨʬʦʣʦʛʽʾ ʨʦʟʨʠʚʫ), ʱʦ ʦʙʤʝʞʝʥʽ ʟʘ ʧʨʦʩʪʷʛʘʥʥʷʤ ʩʢʠʜʦʚʠʤʠ ʟʤʽʱʫʚʘʯʘʤʠ 

ʇʥ-ʇʥʉ ʽ ʇʜ-ʇʜɿ ʧʘʜʽʥʥʷ. ʋ ʨʘʟʽ ʣʫʩʢʘʪʠʭ ʧʘʢʝʪʽʚ ʚ ʦʨʽʻʥʪʫʚʘʥʥʽ ʧʘʜʽʥʥʷ 

ʟʤʽʱʫʚʘʯʠʚ ʜʦʤʽʥʫʻ ʉ-ʇʜʉ ʥʘʧʨʷʤʦʢ, ʨʦʟʨʠʚʠ, ʱʦ ʦʙʤʝʞʫʶʪʴ ʩʢʠʜʦʚʠ ʫʩʪʫʧʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʟʫʩʪʨʽʯʥʠʤ ɿ-ʇʥɿ ʥʘʧʨʷʤʦʤ ʧʘʜʽʥʥʷ; 

- ʩʝʨʝʜʥʴʦʘʤʧʣʽʪʫʜʥʽ ʨʦʟʨʠʚʠ ʨʽʟʥʦʾ ʤʦʨʬʦʣʦʛʽʾ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʝ ʻʜʠʥʠʤ 

ʟʤʽʱʫʚʘʯʝʤ, ʘ ʩʝʨʽʻʶ ʧʦʨʫʰʝʥʴ ʥʘ ʚʩʽʭ ʩʪʨʘʪʠʛʨʘʬʽʯʥʠʭ ʛʦʨʠʟʦʥʪʘʭ, ʱʦ 

ʬʦʨʤʫʶʪʴ ʚʝʨʪʠʢʘʣʴʥʽ ʪʝʢʪʦʥʦʩʤʫʛʠ (ʨʠʩ. 1, ʙ, ʚ, ʛ, ʜ); 

- ʩʝʨʝʜʥʴʦʘʤʧʣʽʪʫʜʥʽ ʨʦʟʨʠʚʠ ʇʥʉ ʦʨʽʻʥʪʫʚʘʥʥʷ ʣʦʢʘʣʽʟʫʶʪʴʩʷ ʫ ʟʦʥʘʭ, ʱʦ 

ʧʨʠʤʠʢʘʶʪʴ ʜʦ ʚʝʣʠʢʦʘʤʧʣʽʪʫʜʥʠʭ ʥʘʩʫʚʽʚ ʇʥ-ʇʥʉ ʧʨʦʩʪʷʛʘʥʥʷ 

(ʂʨʘʩʥʦʘʨʤʽʡʩʴʢʠʡ, ʧʽʚʥʽʯʥʘ ʯʘʩʪʠʥʘ ɼʦʙʨʦʧʽʣʴʩʴʢʦʛʦ). ʇʨʠ ʮʴʦʤʫ, 

ʩʝʨʝʜʥʴʦʘʤʧʣʽʪʫʜʥʽ ʥʘʩʫʚʠ ʚʠʱʝʟʛʘʜʘʥʦʛʦ ʦʨʽʻʥʪʫʚʘʥʥʷ ʭʘʨʘʢʪʝʨʥʽ ʚʠʢʣʶʯʥʦ 

ʜʣʷ ʥʘʡʙʽʣʴʰ ʧʽʚʥʽʯʥʦʾ ʜʽʣʷʥʢʠ ʘʥʘʣʽʟʦʚʘʥʦʾ ʧʣʦʱʽ (ʰʘʭʪʘ çʇʽʦʥʝʨè). ʋ ʤʽʨʫ 

ʚʽʜʜʘʣʝʥʥʷ ʚ ʧʽʚʜʝʥʥʦ-ʩʭʽʜʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʚ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʙʣʦʢʫ, 

ʟʘʤʢʥʝʥʦʛʦ ʤʽʞ ʚʝʣʠʢʦʘʤʧʣʽʪʫʜʥʠʤʠ ʥʘʩʫʚʘʤʠ ʇʥ-ʇʥɿ ʧʨʦʩʪʷʛʘʥʥʷ, 

ʩʝʨʝʜʥʴʦʘʤʧʣʽʪʫʜʥʽ ʥʘʩʫʚʥʽ ʩʪʨʫʢʪʫʨʠ ʟʥʠʢʘʶʪʴ (ʰʘʭʪʘ çʂʨʘʩʥʦʘʨʤʽʡʩʴʢʘè) ʽ 

ʧʦʩʪʫʧʘʶʪʴʩʷ ʤʽʩʮʝʤ ʩʢʠʜʦʚʠʤ (ʰʘʭʪʘ çɼʦʙʨʦʧʽʣʴʩʴʢʘè). ɺʽʜʩʫʪʥʽʩʪʴ ʨʦʟʨʠʚʽʚ 

ʇʥʉ ʦʨʽʻʥʪʫʚʘʥʥʷ ʬʽʢʩʫʻʪʴʩʷ ʚ ʧʽʚʜʝʥʥʦ-ʩʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʘʥʘʣʽʟʦʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ 

(ʛʽʨʥʠʯʝ ʚʽʜʚʝʜʝʥʥʷ ʰʘʭʪʠ çʂʨʘʩʥʦʣʠʤʘʥʩʴʢʘè); 

- ʨʦʟʨʠʚʠ ʇʥʉ ʦʨʽʻʥʪʫʚʘʥʥʷ, ʤʦʨʬʦʣʦʛʽʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʟʩʫʚʦ-ʥʘʩʫʚʘʤʠ, ʟ 

ʛʣʠʙʠʥʦʶ ʟʤʽʥʶʶʪʴ ʥʝ ʣʠʰʝ ʢʫʪ ʧʘʜʽʥʥʷ (ʟ 35 ̄ʜʦ 85,̄ ʪʦʙʪʦ ʚʠʧʦʣʦʞʫʶʪʴʩʷ 

ʧʨʠ ʥʘʙʣʠʞʝʥʥʽ ʜʦ ʧʦʚʝʨʭʥʽ ʫ ʙʽʢ ʦʧʫʱʝʥʦʛʦ ʢʨʠʣʘ), ʘʣʝ ʽ ʘʟʠʤʫʪ ʧʨʦʩʪʷʛʘʥʥʷ (ʟ 

20-25̄  ʜʦ 50)̄, ʫʪʚʦʨʶʶʯʠ ʚ ʧʣʘʥʽ ʚʽʷʣʦʚʝ ʦʧʝʨʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʨʦʟʨʠʚʫ, 

ʘʟʠʤʫʪʥʝ ʦʨʽʻʥʪʫʚʘʥʥʷ ʷʢʠʭ ʚʽʜʧʦʚʽʜʘʻ ʦʨʽʻʥʪʫʚʘʥʥʶ ʰʠʨʦʢʽʡ (ʜʦ 270 ʤ) ʟʦʥʽ 

ʧʣʽʢʘʪʠʚʥʠʭ ʜʠʩʣʦʢʘʮʽʡ ʥʘ ʩʭʽʜʥʦʤʫ ʢʨʠʣʽ ʛʽʨʥʠʯʦʛʦ ʚʽʜʚʝʜʝʥʥʷ ʰʘʭʪʠ 

çʇʽʦʥʝʨè (ʨʠʩ. 1, 7-7); 

- ʫ ʥʘʡʙʽʣʴʰ ʧʽʚʥʽʯʥʽʡ ʯʘʩʪʠʥʽ ʘʥʘʣʽʟʦʚʘʥʦʾ ʜʽʣʷʥʢʠ (ʰʘʭʪʘ ʇʽʦʥʝʨ) 

ʟʥʘʯʥʠʡ ʨʦʟʚʠʪʦʢ ʦʪʨʠʤʘʣʠ ʧʨʠʨʦʟʨʠʚʥʽ ʘʥʪʠʢʣʽʥʘʣʴʥʽ ʩʪʨʫʢʪʫʨʠ ʇʥʉ 

ʦʨʽʻʥʪʫʚʘʥʥʷ ʚ ʣʝʞʘʯʠʭ ʢʨʠʣʘʭ, ʱʦ ʚʠʧʦʣʦʞʫʶʪʴʩʷ ʜʦ ʧʦʚʝʨʭʥʽ ʥʘʩʫʚʽʚ (ʨʠʩ. 1, 

1-1, 2-2, 3-3, 4-4); 

- ʩʝʨʝʜʥʴʦʘʤʧʣʽʪʫʜʥʽ ʩʫʙʧʘʨʘʣʝʣʴʥʽ ʨʦʟʨʠʚʠ ʙʣʠʟʴʢʦʰʠʨʦʪʥʦʛʦ ɿ-ʇʥɿ 

ʦʨʽʻʥʪʫʚʘʥʥʷ (ʘʟʠʤʫʪ 270-290̄ ) ʩʢʠʜʦʚʦʾ ʤʦʨʬʦʣʦʛʽʾ ʧʝʨʝʚʘʞʥʦ ʢʨʫʪʦʛʦ ʧʘʜʽʥʥʷ 

(ʢʫʪ ʧʘʜʽʥʥʷ 65-90̄ ) ʬʽʢʩʫʶʪʴʩʷ ʥʘ ʚʩʽʭ ʧʣʘʥʘʭ ʪʝʢʪʦʥʽʯʥʦʾ ʧʦʨʫʰʝʥʦʩʪʽ 

ʘʥʘʣʽʟʦʚʘʥʠʭ ʰʘʭʪ (ʨʠʩ. 1). 

- ʦʩʦʙʣʠʚʠʡ ʽʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʢʨʫʪʦʧʘʜʘʶʯʽ ʨʦʟʨʠʚʠ ʩʢʠʜʦʚʦʾ 

ʤʦʨʬʦʣʦʛʽʾ ʇʥ-ʇʥɿ ʦʨʽʻʥʪʫʚʘʥʥʷ (ʄʝʨʮʘʣʽʚʩʴʢʠʡ, ɻʣʫʙʦʢʦʷʨʩʴʢʠʡ ʩʢʠʜʠ), 
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ʘʟʠʤʫʪ ʧʨʦʩʪʷʛʘʥʥʷ ʷʢʠʭ ʩʪʘʥʦʚʠʪʴ 330-350̄ , ʷʢʽ ʤʘʶʪʴ ʚʝʣʠʢʫ ʟʦʥʫ ʜʨʦʙʣʝʥʥʷ, 

ʯʘʩʪʦ ʟʘʤʽʱʝʥʽ ʧʽʩʢʦʚʠʢʦʤ ʽ, ʟʘ ʩʫʪʥʽʩʪʶ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʦʟʩʫʚʦʤ (ʨʠʩ. 1); 

- ʥʘ ʟʘʛʘʣʴʥʦʤʫ ʬʦʥʽ ʨʦʟʨʠʚʦʫʪʚʦʨʝʥʥʷ ʤʘʣʦʘʤʧʣʽʪʫʜʥʘ ʪʝʢʪʦʥʽʢʘ 

ʨʦʟʚʠʥʝʥʘ ʜʦʩʪʘʪʥʴʦ ʣʦʢʘʣʴʥʦ, ʩʢʦʥʮʝʥʪʨʦʚʘʥʘ ʚ ʪʝʢʪʦʥʦʩʤʫʛʘʭ, ʱʦ 

ʦʨʽʻʥʪʦʚʘʥʽ ʩʧʽʚʚʽʩʥʦ ʩʝʨʝʜʥʴʦʘʤʧʣʽʪʫʜʥʠʤ ʨʦʟʨʠʚʘʤ ʨʽʟʥʦʾ ʤʦʨʬʦʣʦʛʽʾ, ʧʨʠ 

ʮʴʦʤʫ, ʚʦʥʘ ʨʦʟʤʽʱʝʥʘ ʚ ʦʙôʻʤʘʭ ʩʢʠʜʦʚʠʭ ʘʙʦ ʯʝʰʫʡʯʘʪʦ-ʥʘʩʫʚʥʠʭ ʧʘʢʝʪʽʚ, 

ʤʝʞʘʤʠ ʷʢʠʭ ʩʣʫʞʘʪʴ ʨʦʟʨʠʚʠ ʇʥʉ ʦʨʽʻʥʪʫʚʘʥʥʷ; 

- ʫ ʇʜʉ ʯʘʩʪʠʥʽ ʛʽʨʥʠʯʦʛʦ ʚʽʜʚʝʜʝʥʥʷ ʰʘʭʪʠ çʇʽʦʥʝʨè ʩʬʦʨʤʦʚʘʥʠʡ 

ʜʫʧʣʝʢʩ ʩʪʠʩʥʝʥʥʷ (ʨʝʞʠʤ ʪʨʘʥʩʧʨʝʩʽʾ), ʚʠʨʘʞʝʥʠʡ ʩʢʣʘʜʯʘʩʪʦʶ ʩʠʩʪʝʤʦʶ, 

ʰʠʨʠʥʦʶ ʜʦ 287 ʤ ʽ ʬʨʘʛʤʝʥʪʘʤʠ ʧʦʣʦʛʠʭ, ʟʤʽʥʶʶʯʠʭ ʧʨʦʩʪʷʛʘʥʥʷ, 

ʅʦʚʦʽʚʝʨʩʴʢʠʭ ʥʘʩʫʚʽʚ (ʨʠʩ. 1, ʙ); 

ʇʽʜʩʫʤʦʚʫʶʯʠ ʚʠʱʝʥʘʚʝʜʝʥʝ ʪʘ ʚʠʭʦʜʷʯʠ ʟ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʦʾ ʢʦʥʮʝʧʮʽʾ 

ʫʪʚʦʨʝʥʥʷ ʥʘʩʫʚʥʠʭ ʪʘ ʩʢʠʜʦʚʠʭ ʩʪʨʫʢʪʫʨ: ʧʝʨʰʽ ʬʦʨʤʫʶʪʴʩʷ ʚ ʦʙʩʪʘʥʦʚʮʽ 

ʣʦʢʘʣʴʥʦʛʦ ʩʪʠʩʥʝʥʥʷ, ʜʨʫʛʽ ï ʚ ʦʙʩʪʘʥʦʚʮʽ ʣʦʢʘʣʴʥʦʛʦ ʨʦʟʪʷʛʫ - ʩʠʩʪʝʤʠ 

ʨʦʟʨʠʚʽʚ ʧʦʚʠʥʥʽ ʙʫʣʠ ʩʬʦʨʤʫʚʘʪʠʩʷ ʚ ʨʽʟʥʠʭ ʛʝʦʜʠʥʘʤʽʯʥʠʭ ʫʤʦʚʘʭ, ʱʦ, 

ʚʦʯʝʚʠʜʴ, ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʜʽʡʩʥʦʩʪʽ [8]. ʅʘ ʜʫʤʢʫ [5] çʇʨʦʩʪʦʨʦʚʽ ʚʟʘʻʤʠʥʠ ʚʩʽʭ 

ʚʠʜʽʣʝʥʠʭ ʩʠʩʪʝʤ ʨʦʟʨʠʚʽʚ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʚʦʥʠ ʦʜʥʦʚʽʢʦʚʽ ʘʙʦ ʙʣʠʟʴʢʦ 

ʦʜʥʦʚʽʢʦʚʽè. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʪʨʽʱʠʥʦ-

ʨʦʟʨʠʚʥʠʭ ʩʪʨʫʢʪʫʨ, ʘʚʪʦʨʠ ʧʨʠʡʰʣʠ ʜʦ ʚʠʩʥʦʚʢʫ, ʱʦ ʩʪʨʫʢʪʫʨʠ çʤʦʛʣʠ 

ʟʘʢʣʘʜʘʪʠʩʷ ʷʢ ʟʩʫʚʠè. ɺ ʨʦʙʦʪʽ [8] ʘʚʪʦʨʠ ʧʨʠʡʰʣʠ ʜʦ ʚʠʩʥʦʚʢʫ, ʱʦ ʨʦʟʨʠʚʠ 

ʩʬʦʨʤʫʚʘʣʠʩʷ ʚ ʦʙʩʪʘʥʦʚʮʽ ʟʩʫʚʥʦʛʦ ʧʦʣʷ ʥʘʧʨʫʞʝʥʴ, ʚʽʩʴ ʫʢʦʨʦʯʝʥʥʷ ʧʨʦʩʪʦʨʫ 

(ů1) ʚʥʘʩʣʽʜʦʢ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʟʩʫʚʫ ʦʨʽʻʥʪʦʚʘʥʘ ʧʦ ʘʟʠʤʫʪʫ 160-170Á (340-

350Á), ʚʽʩʴ ʧʦʜʦʚʞʝʥʥʷ (ů3) - 70-80Á (250-260Á).  ɿ ʦʛʣʷʜʫ ʥʘ ʚʠʱʝʚʠʢʣʘʜʝʥʝ, 

ʚʠʱʝʦʧʠʩʘʥʽ ʩʠʩʪʝʤʠ ʨʦʟʨʠʚʥʠʭ ʜʠʩʣʦʢʘʮʽʡ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʟʩʫʚʥʦʾ ʘʩʦʮʽʘʮʽʾ 

ʩʪʨʫʢʪʫʨ ʟ ʧʝʚʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʟʩʫʚʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʽ ʚʥʫʪʨʽʰʥʴʦʶ ʩʪʨʫʢʪʫʨʦʶ 

ʟʩʫʚʥʠʭ ʜʫʧʣʝʢʩʽʚ. ɿʘ ʜʘʥʠʤʠ ʘʚʪʦʨʽʚ [8], ʛʦʨʠʟʦʥʪʘʣʴʥʝ ʟʤʽʱʝʥʥʷ ʨʦʟʨʠʚʽʚ 

ʦʧʽʨʽʥʥʷ ʫʟʜʦʚʞ ʄʝʨʮʘʣʦʚʩʴʢʦʛʦ ʥʘʩʫʚʫ ʚ ʤʝʞʘʭ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ l8 ʰʘʭʪʠ 

çʇʽʦʥʝʨè ʩʢʣʘʣʦ ʤʘʡʞʝ 150 ʤ. ʅʘ ʧʨʦʷʚ ʪʝʢʪʦʥʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʨʝʞʠʤʽ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʟʩʫʚʫ ʚʢʘʟʫʻ ʽ ʨʷʜ ʣʽʪʦʣʦʛʽʯʥʠʭ ʦʟʥʘʢ. ʎʝ, ʧʝʨʰ ʟʘ ʚʩʝ, ʟʦʥʠ 

ʟʘʤʽʱʝʥʥʷ ʚʫʛʽʣʣʷ, ʱʦ ʢʦʥʪʨʦʣʶʶʪʴʩʷ ʟʦʥʘʤʠ ʟʛʫʱʝʥʥʷ ʪʨʽʱʠʥʫʚʘʪʦʩʪʽ, ʪʘ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʨʫʩʣʘ ʜʨʝʚʥʽʭ ʚʦʜʦʪʦʢʽʚ ʜʨʝʥʫʚʘʣʠ ʟʦʥʠ ʧʦʨʫʰʝʥʴ. 

ɺʠʷʚʣʝʥʘ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʬʘʢʪʠʯʥʠʤ ʦʨʽʻʥʪʫʚʘʥʥʷʤ ʰʪʨʠʭʽʚ 

ʢʦʚʟʘʥʥʷ ʥʘ ʧʣʦʱʠʥʘʭ ʟʤʽʱʫʚʘʯʝʡ, ʷʢʽ ʙʫʣʠ ʟʘʬʽʢʩʦʚʘʥʽ ʧʽʜ ʯʘʩ ʢʘʨʪʫʚʘʥʥʷ 

ʨʦʟʨʠʚʽʚ ʚ ʛʽʨʥʠʯʠʭ ʚʠʨʦʙʢʘʭ, ʪʦʙʪʦ ʧʦʨʷʜ ʟʽ ʩʢʠʜʦʚʠʤʠ ʽ ʩʢʠʜʦʚʦ-ʟʩʫʚʥʠʤʠ 

ʟʤʽʱʝʥʥʷʤʠ ʟʘʜʦʢʫʤʝʥʪʦʚʘʥʽ ʧʨʘʚʦʟʩʫʚʥʽ ʟʤʽʱʝʥʥʷ ʧʦ ʩʫʙʰʠʨʦʪʥʠʤ ʽ 

ʣʽʚʦʟʩʫʚʥʽ ʟʤʽʱʝʥʥʷ ʧʦ ʩʫʙʤʝʨʽʜʽʦʥʘʣʴʥʠʤ ʨʦʟʨʠʚʘʤ [5]. ɸʚʪʦʨʠ ʜʦʩʣʽʜʞʝʥʴ [4] 

ʚʢʘʟʫʶʪʴ ʥʘ ʟʥʘʯʥʫ ʜʠʥʘʤʽʯʥʽʩʪʴ ʪʝʢʪʦʥʦ-ʩʝʜʠʤʝʥʪʘʮʽʡʥʦʛʦ ʨʝʞʠʤʫ 

ʬʦʨʤʫʚʘʥʥʷ ʚʫʛʽʣʴʥʠʭ ʧʦʢʣʘʜʽʚ ʚ ʤʝʞʘʭ ʛʽʨʥʠʯʦʛʦ ʚʽʜʚʝʜʝʥʥʷ ʰʘʭʪʠ 

çʂʨʘʩʥʦʣʠʤʘʥʩʴʢʘè, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʙʘʛʘʪʦʨʘʟʦʚʠʤʠ ʨʦʟʱʝʧʣʝʥʥʷʤʠ 

ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ, ʤʽʥʣʠʚʽʩʪʶ ʾʭ ʧʦʪʫʞʥʦʩʪʽ, ʯʠʩʣʝʥʥʠʤʠ ʨʦʟʤʠʚʘʤʠ ʪʘ 

ʚʠʢʣʽʥʶʚʘʥʥʷʤʠ. ɺʯʝʥʽ ʩʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʩʢʠʜʠ ʫʪʚʦʨʠʣʠʩʷ ʚ ʟʦʥʘʭ ʨʦʟʪʷʛʫ ʥʘ 

ʤʝʞʽ ʙʣʦʢʽʚ ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʬʫʥʜʘʤʝʥʪʫ. ɸʣʝ, ʥʘ ʜʫʤʢʫ ʜʦʩʣʽʜʥʠʢʽʚ, ʥʘʩʫʚʠ 

ʫʪʚʦʨʠʣʠʩʷ ʚʥʘʩʣʽʜʦʢ ʩʪʠʩʥʝʥʥʷ ʧʽʜ ʜʽʻʶ ʩʫʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʥʘʧʨʫʛ. ʋ ʨʦʙʦʪʽ 

ʧʽʜʢʨʝʩʣʶʻʪʴʩʷ, ʱʦ ʨʷʜ ʩʢʠʜʽʚ ʰ. çʂʨʘʩʥʦʣʠʤʘʥʩʴʢʘè ʨʦʟʨʠʚʘʶʪʴ ʧʘʣʝʦʛʝʥ-
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çʉʋʏɸʉʅɯ ʇʈʆɹʃɽʄʀ ɻɯʈʅʀʏʆɰ ɻɽʆʃʆɻɯɰ ʊɸ ɻɽʆɽʂʆʃʆɻɯɰè 17 ï 18 ʣʠʩʪʦʧʘʜʘ 2025 ʨ. 

ʥʝʦʛʝʥʦʚʽ ʪʘ ʯʝʪʚʝʨʪʠʥʥʽ ʚʽʜʢʣʘʜʠ. ʊʦʙʪʦ, ʩʫʯʘʩʥʠʡ ʧʦʛʣʷʜ ʥʘ ʮʝʡ ʬʘʢʪ ʩʚʽʜʯʠʪʴ 

ʧʨʦ ʪʝ, ʱʦ ʪʝʢʪʦʥʽʯʥʽ ʨʦʟʨʠʚʠ ʤʘʶʪʴ ʚʽʜʥʦʰʝʥʥʷ ʜʦ ʥʝʦʪʝʢʪʦʥʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ, 

ʷʢʘ ʤʘʣʘ ʩʪʠʩʢʘʶʯʠ ʪʘ ʨʦʟʪʷʛʫʶʯʠ ʥʘʧʨʫʛʠ ʚ ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ.  

ʅʘ ʥʘʰ ʧʦʛʣʷʜ, ʥʘ ʧʽʚʥʦʯʽ ʂʄ ʧʨʝʚʘʣʶʚʘʣʠ ʩʪʠʩʢʘʶʯʠ ʥʘʧʨʫʛʠ, ʚ 

ʧʽʚʜʝʥʥʽʡ ʯʘʩʪʠʥʽ ʂʄ ï ʥʘʧʨʫʛʠ ʨʦʟʪʷʛʫ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʪʝʢʪʦʥʽʯʥʦʶ 

ʙʫʜʦʚʦʶ ʦʢʨʝʤʠʭ ʰʘʭʪʥʠʭ ʧʦʣʽʚ (ʨʠʩ.1). ɺ ʮʴʦʤʫ ʩʝʥʩʽ, ʪʝʢʪʦʥʽʯʥʘ ʙʫʜʦʚʘ ʰ. 

çʇʽʦʥʝʨè ʷʢʘ ʤʘʻ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʥʘʩʫʚʽ, ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʪʝʢʪʦʥʽʯʥʦʾ ʙʫʜʦʚʠ 

ʰ. çʂʨʘʩʥʦʣʠʤʘʥʩʴʢʘè ʜʝ ʚʦʥʠ ʚʽʜʩʫʪʥʽ (ʦʢʨʽʤ ʎʝʥʪʨʘʣʴʥʦʛʦ). ɯʩʥʫʶʯʘ 

ʛʝʦʜʠʥʘʤʽʯʥʘ ʦʙʩʪʘʥʦʚʢʘ ʚʦʯʝʚʠʜʴ, ʚʧʣʠʥʫʣʘ ʥʘ ʟʦʥʘʣʴʥʽʩʪʴ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʂʄ.  

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ, ʞʦʨʩʪʢʽʩʪʽ ʪʘ ʨʅ ʚʦʜ ʩʝʨʝʜʥʴʦʛʦ 

ʢʘʨʙʦʥʫ, ʷʢʽ ʩʢʣʘʜʘʶʪʴ ʚʦʜʦʥʦʩʥʠʡ ʢʦʤʧʣʝʢʩ ʢʘʤôʷʥʩʴʢʦʾ, ʘʣʤʘʟʥʦʾ ʽ ʛʦʨʣʽʚʩʴʢʦʾ 

ʩʚʽʪ ʪʘ ʻ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʚ ʤʝʞʘʭ ʂʨʘʩʥʦʘʨʤʽʡʩʴʢʦʛʦ ʚʫʛʣʝʧʨʦʤʠʩʣʦʚʦʛʦ 

ʨʘʡʦʥʫ (ʪʘʙʣ. 1) ʧʦʢʘʟʘʚ, ʱʦ ʛʝʦʭʽʤʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʂʄ ʪʘʢʦʞ 

ʤʘʶʪʴ ʜʝʷʢʽ ʚʽʜʤʽʥʥʦʩʪʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʠʫʨʦʯʝʥʦʩʪʽ ʜʦ ʧʽʚʜʝʥʥʦʾ, 

ʮʝʥʪʨʘʣʴʥʦʾ ʘʙʦ ʧʽʚʥʽʯʥʦʾ ʯʘʩʪʠʥʠ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ. ʅʘʡʥʠʞʯʠʡ 

ʧʦʢʘʟʥʠʢ ʟʘʬʽʢʩʦʚʘʥʦ ʥʘ ʰ. çʇʽʦʥʝʨè, ʥʘʡʚʠʱʠʡ - ʰ. çʂʨʘʩʥʦʣʠʤʘʥʩʴʢʘè ʧʣʘʩʪ 

l3. ɺʦʜʦʥʦʩʥʠʡ ʢʦʤʧʣʝʢʩ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʧʝʨʝʚʘʞʥʦ ʩʝʨʝʜʥʴʦ- ʪʘ ʚʠʩʦʢʦ 

ʤʽʥʝʨʘʣʽʟʦʚʘʥʠʤʠ ʚʦʜʘʤʠ (ʤʽʥʝʨʘʣʽʟʘʮʽʷ 1371,6-25443,5 ʤʛ/ʜʤ3). ʇʨʠ ʮʴʦʤʫ, 

ʧʦʢʘʟʥʠʢʠ ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʰʘʭʪʥʠʭ ʚʦʜ ʰ. çʂʨʘʩʥʦʣʠʤʘʥʩʴʢʘè ʜʦʩʷʛʘʶʪʴ ʟʥʘʯʝʥʴ 

7225,7 ï 25443,5 ʤʛ/ʜʤ3. ʇʨʠ ʮʴʦʤʫ, ʚʦʜʥʝʚʠʡ ʧʦʢʘʟʥʠʢ ʨʅ ʚʘʨʽʶʻ ʚ ʤʝʞʘʭ 6,8 - 

8,05, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ɻʆʉʊʫ. 

 

ʊʘʙʣʠʮʷ 1.  

ɼʘʥʥʽ ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʚʦʜ ʥʘ ʰʘʭʪʘʭ ʂʨʘʩʥʦʘʨʤʽʡʩʴʢʦʛʦ ʚʫʛʣʝʧʨʦʤʠʩʣʦʚʦʛʦ 

ʨʘʡʦʥʫ 

ˉ ʧ/ʧ ʅʘʟʚʘ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʤʽʩʮʝ ʚʽʜʙʦʨʫ 

ʧʨʦʙʠ  

ɿʘʛʘʣʴʥʘ ʤʽʥʝʨʘʣʽʟʘʮʽʷ, 

ʤʛ/ʜʤ3 

pH 

1. çʂʫʨʘʭʽʚʩʴʢʘ ɻʽʨʥʷʢè, ʧʣʘʩʪ h 4763,2 8,05 

2. ʐ. çʂʨʘʩʥʦʣʠʤʘʥʩʴʢʘè ʧʣʘʩʪ l3 

(ʟʘʩʢʠʜʦʚʘ ʟʦʥʘ) 

25443,5 6,95 

3. ʐ. çʂʨʘʩʥʦʣʠʤʘʥʩʴʢʘè ʧʣʘʩʪ l3 ʇʂ 23 14236,9 7,7 

4. ʐ. çʂʨʘʩʥʦʣʠʤʘʥʩʴʢʘè ʧʣʘʩʪ m4
2 ʇʂ 

33+8 

7225,7 6,8 

5. ʐ. çʇʽʦʥʝʨè, ʧʣʘʩʪ m4
2  1371,6 7,4 

6. ʐ. çʉʚʷʪʦ-ʇʦʢʨʦʚʩʴʢʘè, ʧʣʘʩʪ m4
2 2587,4 6,8 

 

ɿʘ ʜʘʥʠʤʠ [7] ʥʘ ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʘʥʘʣʽʟʦʚʘʥʦʾ ʧʣʦʱʽ (ʜʽʣʷʥʢʘ 

ʂʨʘʩʥʦʘʨʤʽʡʩʴʢʘ-ɿʘʭʽʜʥʘ 2-3 ʪʘ ʊʝʨʝʰʢʦʚʩʴʢʘ ˉ 3, ʨʠʩ. 2) ʨʘʥʽʰʝ ʟʫʩʪʨʽʯʘʣʘʩʷ 

ʤʘʡʞʝ ʨʦʧʘ (ʤʽʥʝʨʘʣʽʟʘʮʽʷ 150 ʛ/ʣ). ɸʚʪʦʨʠ ʥʘʧʦʣʷʛʘʶʪʴ ʥʘ ʪʦʤʫ, ʱʦ ʫ 

ʇʦʢʨʦʚʩʴʢʦʤʫ ʨʘʡʦʥʽ ʟʙʽʣʴʰʝʥʥʷ ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʧʦʚôʷʟʘʥʦ ʟ 

ʛʣʠʙʠʥʦʶ ( ʟ ʛʣʠʙʠʥ 500 ʤ ï 3 ʛ/ʣ). 



24 
çʉʋʏɸʉʅɯ ʇʈʆɹʃɽʄʀ ɻɯʈʅʀʏʆɰ ɻɽʆʃʆɻɯɰ ʊɸ ɻɽʆɽʂʆʃʆɻɯɰè 17 ï 18 ʣʠʩʪʦʧʘʜʘ 2025 ʨ. 

 
ʈʠʩʫʥʦʢ 2. ʂʘʨʪʘ-ʩʭʝʤʘ ʟʦʥ ʧʦʰʠʨʝʥʥʷ ʰʘʭʪʥʠʭ ʚʦʜ, ʤʝʞʽ ʷʢʠʭ ʚʩʪʘʥʦʚʣʝʥʽ ʟʘ ʭʽʤʽʯʥʠʤ 

ʩʢʣʘʜʦʤ ʪʘ ʷʢʽʩʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 



25 
çʉʋʏɸʉʅɯ ʇʈʆɹʃɽʄʀ ɻɯʈʅʀʏʆɰ ɻɽʆʃʆɻɯɰ ʊɸ ɻɽʆɽʂʆʃʆɻɯɰè 17 ï 18 ʣʠʩʪʦʧʘʜʘ 2025 ʨ. 

 

ʋʤʦʚʥʦ, ʟʘ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʪʘ ʷʢʽʩʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʦʜʠ 

ʂʨʘʩʥʦʘʨʤʽʡʩʴʢʦʛʦ ʚʫʛʣʝʧʨʦʤʠʩʣʦʚʦʛʦ ʨʘʡʦʥʫ (ʨʠʩ. 2) ʤʦʞʣʠʚʦ ʧʦʜʽʣʠʪʠ ʥʘ ʪʨʠ 

ʟʦʥʠ: ʧʽʚʜʝʥʥʫ, ʮʝʥʪʨʘʣʴʥʫ ʪʘ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʫ. ɺʦʜʠ ʧʽʚʜʝʥʥʦʾ ʟʦʥʠ ʥʝ ʟʥʘʯʥʽ ʟʘ 

ʢʽʣʴʢʽʩʪʶ ʪʘ ʤʘʶʪʴ ʥʘʩʪʫʧʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: pH 8,05 ʪʘ ʤʽʥʝʨʘʣʽʟʘʮʽʷ 4763,2 

ʤʛ/ʜʤ3. ʊʦʙʪʦ, ʚʦʯʝʚʠʜʴ, ʱʦ ʫ ʂʨʘʩʥʦʘʨʤʽʡʩʴʢʦʤʫ ʚʫʛʣʝʧʨʦʤʠʩʣʦʚʦʤʫ ʨʘʡʦʥʽ, 

ʽʩʥʫʻ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʟʥʠʞʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʟʘʛʘʣʴʥʦʾ ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʟ ʮʝʥʪʨʘʣʴʥʦʾ 

ʯʘʩʪʠʥʠ ʥʘ ʧʽʚʥʽʯ. ʋ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʽʡ ʟʦʥʽ, ʛʝʦʣʦʛʽʯʥʦʶ ʩʣʫʞʙʦʶ ʰʘʭʪ, 

ʟʘʬʽʢʩʦʚʘʥʦ ʥʘʡʙʽʣʴʰʠʡ ʧʨʠʪʽʢ ʚʦʜ ʫ ʚʫʛʽʣʴʥʽ ʚʠʨʦʙʢʠ ʪʘ ʚʽʜʥʦʩʥʦ ʥʘʡʤʝʥʰʘ ʾʭ 

ʛʣʠʙʠʥʘ, ʧʝʨʝʚʘʞʥʦ ï ʮʝ ʧʣʘʩʪʠ ʛʨʫʧʠ m (ʛʦʨʣʽʚʩʴʢʘ ʩʚʽʪʘ). ɻʦʣʦʚʥʦʶ 

ʦʩʦʙʣʠʚʽʩʪʶ ʚʦʜ ʜʘʥʦʛʦ ʛʦʨʠʟʦʥʪʫ ʻ ʾʭ ʘʛʨʝʩʠʚʥʽʩʪʴ ʜʦ ʟʘʣʽʟʥʠʭ ʪʘ, ʥʘ ʦʢʨʝʤʠʭ 

ʜʽʣʷʥʢʘʭ, ʜʦ ʟʘʣʽʟʦ-ʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʐɺ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʾ ʟʦʥʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʪʘʢʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ: pH 6,8 ï 7,4 ʪʘ ʟʘʛʘʣʴʥʘ ʞʦʨʩʪʢʽʩʪʴ 

ʰʘʭʪʥʠʭ ʚʦʜ 2,5 ï 5 ʤʛ-ʝʢʚ/ʜʤ3, ʤʽʥʝʨʘʣʽʟʘʮʽʷ 1371,6 ï 2587,4 ʤʛ/ʜʤ3. 

ɹʽʣʴʰ ʪʦʛʦ, ʫ ʚʦʜʘʭ ʘʣʤʘʟʥʦʾ ʩʚʽʪʠ, ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ l3, ʰ. 

çʂʨʘʩʥʦʣʠʤʘʥʩʴʢʘè ʚ ʤʝʞʘʭ ʟʘʩʢʠʜʦʚʦʾ ʟʦʥʠ (ʨʠʩ. 1, ʜ) ʟʘʬʽʢʩʦʚʘʥʦ ʪʘ 

ʚʠʟʥʘʯʝʥʦ ʜʚʽ ʦʩʦʙʣʠʚʦʩʪʽ: ʧʽʜʚʠʱʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʠ ʪʘ ʚʤʽʩʪ 

ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ [2] (ʪʘʙʣ. 1). ʋ ʩʫʬʣʷʨʘʭ ʰ. çɹʽʣʠʮʴʢʘè (ʂʄ) [1] ʚʠʷʚʣʝʥʦ 

ʚʠʩʦʢʠʡ ʚʤʽʩʪ ʙʫʪʘʥʫ ʉ4ʅ10 (24,5%) ʪʘ ʛʝʣʽʶ (ʅʝ) - 2,2%. ɺʠʩʦʢʠʡ ʚʤʽʩʪ ʚʘʞʢʠʭ 

ʚʫʛʣʝʚʦʜʥʽʚ (ʉ2ʅ6, ʉ3ʅ8,) ʪʘ ʅʝ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʚ ʜʚʦʭ ʨʘʡʦʥʘʭ ʟʘʭʽʜʥʦʛʦ ʙʦʨʪʫ 

ʂʄ: ʜʽʣʷʥʢʠ çɼʦʙʨʦʧʽʣʴʩʴʢʘ-ʂʘʧʽʪʘʣʴʥʘè ʪʘ ʜʽʣʷʥʢʘ çʇʽʚʥʽʯʥʦ-ʈʦʜʠʥʩʴʢʘè. ʅʘ 

ʮʠʭ ʞʝ ʧʣʦʱʘʭ ʫ ʧʽʩʢʦʚʠʢʘʭ ʩʚʽʪ ʉ2
7, ʉ2

6, ʉ2
5 ʚʩʪʘʥʦʚʣʝʥʦ ʥʘʷʚʥʽʩʪʴ ʙʽʪʫʤʽʚ, ʘ 

ʧʨʠ ʙʫʨʽʥʥʽ ʩʚʝʨʜʣʦʚʠʥʠ ʙʫʣʘ ʨʦʟʢʨʠʪʘ ʣʦʢʘʣʴʥʘ ʜʽʣʷʥʢʘ ʧʦʢʣʘʜʽʚ ʛʘʟʫ ʟ 

ʭʘʨʘʢʪʝʨʥʠʤ ʜʣʷ ʛʘʟʦʚʠʭ ʨʦʜʦʚʠʱ ʥʝʟʘʪʫʭʘʶʯʠʤ ʚ ʯʘʩʽ ʧʨʠʧʣʠʚʦʤ ʚʽʣʴʥʦʛʦ 

ʛʘʟʫ.  

ɺʠʩʥʦʚʦʢ. 

ɺʩʽ ʮʽ ʜʘʥʽ ʚʢʘʟʫʶʪʴ ʥʘ ʤʦʞʣʠʚʠʡ ʧʨʦʮʝʩ ʧʽʜʪʽʢʘʥʥʷ ʛʣʠʙʠʥʥʠʭ ʬʣʶʾʜʽʚ ʟ 

ʧʦʜʘʣʴʰʠʤ ʧʝʨʝʨʦʟʧʦʜʽʣʦʤ ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʛʘʟʽʚ ʚ ʤʘʩʠʚʽ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʜʽʾ ʪʝʢʪʦʥʽʯʥʦʛʦ ʧʦʣʷ ʥʘʧʨʫʞʝʥʴ (ʫ ʨʝʞʠʤʽ ʪʨʘʥʩʪʝʥʩʽʾ ʪʘ 

ʪʨʘʥʩʧʨʝʩʽʾ). ʉʘʤʝ ʪʦʤʫ, ʚʦʜʠ ʰ. çʉʚʷʪʦ-ʇʦʢʨʦʚʩʴʢʘè ʟʘ ʧʝʨʽʦʜ ʾʾ ʟʘʢʨʠʪʪʷ 

ʤʦʢʨʦʶ ʢʦʥʩʝʨʚʘʮʽʻʶ, ʪʨʘʥʩʬʦʨʤʫʚʘʣʠʩʷ ʫ ʚʦʜʦ-ʛʘʟʦʥʦʩʥʠʡ ʛʦʨʠʟʦʥʪ [3]. 

ɹʽʣʴʰ ʪʦʛʦ, ʦʢʨʝʤʽ ʭʽʤʽʯʥʽ ʝʣʝʤʝʥʪʠ ʰʘʭʪʥʠʭ ʚʦʜ ʟʤʽʥʶʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʛʝʦʣʦʛʽʯʥʦʾ ʪʘ ʪʝʢʪʦʥʽʯʥʦʾ ʙʫʜʦʚʠ ʰʘʭʪʥʦʛʦ ʧʦʣʷ, ʛʣʠʙʠʥʠ 

ʨʦʟʨʦʙʢʠ ʚʫʛʽʣʣʷ ʪʘ, ʚʠʷʚʣʝʥʦʾ ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʴ, ʟʦʥʘʣʴʥʦʩʪʽ ʧʦʰʠʨʝʥʥʷ 

ʰʘʭʪʥʠʭ ʚʦʜ (ʨʠʩ. 2). ʊʠʤ ʥʝ ʤʝʥʰ, ʟʛʽʜʥʦ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʠ 

ʥʝʟʥʘʯʥʦʤʫ ʦʯʠʱʝʥʥʽ ʐɺ ʰ. çʇʽʦʥʝʨè ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʪʝʭʥʽʯʥʠʭ 

ʪʘ ʧʦʙʫʪʦʚʠʭ ʧʦʪʨʝʙ. 
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The Carpathian region, including Transcarpathia, is a seismically hazardous region where local 

earthquakes of various energy classes can occur, which in turn can significantly affect the 

ecological state of the region. The geodynamic state of the region and its connection with seismic 

phenomena in the Carpathian region have been studied. The influence of the geodynamic state of 

the region on the parameters of the geophysical field was studied using the example of 

electromagnetic emission in the 12.5 kHz range, and correlations with manifestations of local 

seismicity were identified.  

Keywords: earthquakes, electromagnetic emission, modern horizontal crustal movements, 

deformations, ecological state 

  

ɺʩʪʫʧ. ɽʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ ɿʘʢʘʨʧʘʪʪʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʯʠʥʥʠʢʽʚ, ʧʨʦʪʝ 

ʥʘʡʙʽʣʴʰ ʩʫʪʪʻʚʠʤʠ ʻ ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʪʘ ʧʦʚ ʷʟʘʥʽ ʽʟ ʥʠʤʠ ʛʽʜʨʦʣʦʛʽʯʥʽ. ʅʘ 

ʪʝʨʠʪʦʨʽʾ ɿʘʢʘʨʧʘʪʪʷ ʪʘ ʧʨʠʣʝʛʣʠʭ ʪʝʨʠʪʦʨʽʷʭ ʱʦʨʽʯʥʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʩʦʪʥʽ  

ʤʽʩʮʝʚʠʭ ʟʝʤʣʝʪʨʫʩʽʚ ʨʽʟʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʢʣʘʩʫ, ʩʝʨʝʜ ʷʢʠʭ ʚʘʞʣʠʚʦ ʚʽʜʤʽʪʠʪʠ 

ʚʽʜʯʫʪʥʽ. ɻʝʦʜʠʥʘʤʽʯʥʠʡ ʩʪʘʥ ʨʝʛʽʦʥʫ ʚʽʜʽʛʨʘʻ ʢʣʶʯʦʚʫ ʨʦʣʴ ʚ ʘʢʪʠʚʽʟʘʮʽʾ 

ʩʝʡʩʤʽʯʥʦʛʦ ʩʪʘʥʫ. ɺʽʜʦʤʦ, ʱʦ ʛʝʦʤʝʭʘʥʽʯʥʽ ʧʨʦʮʝʩʠ ʫ ʚʝʨʭʥʽʭ ʰʘʨʘʭ ʟʝʤʥʦʾ ʢʦʨʠ 

ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠ ʬʽʟʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʫ 

ʚʘʨ̔ʘʮʽʷʭ ʧʘʨʘʤʝʪʨʽʚ ʛʝʦʬʽʟʠʯʥʠʭ ʧʦʣʽʚ.  

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʩʝʡʩʤʦʪʝʢʪʦʥʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ 
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ʩʝʡʩʤʦʥʝʙʝʟʧʝʯʥʦʤʫ ʨʝʛʽʦʥʽ ʪʘ ʚʽʜʛʫʢʫ ʥʘ ʥʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʝʤʽʩʽʾ.  

ɺ [12] ʧʦʢʘʟʘʥʦ, ʱʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʷʚʠʱʘ ʚ ʜʽʘʧʘʟʦʥʽ ʫʣʴʪʨʘʥʠʟʴʢʠʭ 

ʯʘʩʪʦʪ ʤʦʞʫʪʴ ʙʫʪʠ ʧʝʨʝʜ ʟʝʤʣʝʪʨʫʩʘʤʠ, ʱʦ ʜʦʩʷʛʘʶʪʴ ʛʣʠʙʠʥ ʜʦ 30 ʢʤ,  ʮʝ 

ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʝʬʝʢʪʠʚʥʠʤ ʜʽʘʧʘʟʦʥʦʤ ʚʠʷʚʣʝʥʥʷ 

ʧʝʨʝʜʚʽʩʥʠʢʽʚ ʟʝʤʣʝʪʨʫʩʽʚ. ʇʽʜʚʠʱʝʥʥʷ ʚʝʣʠʯʠʥʠ ʢʽʣʴʢʦʩʪʽ ʦʧʘʜʽʚ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷʤ ʚʝʣʠʯʠʥʠ ʢʽʣʴʢʦʩʪʽ ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʤʽʩʮʝʚʠʭ 

ʟʝʤʣʝʪʨʫʩʽʚ ʫ ɿʘʢʘʨʧʘʪʩʴʢʦʤʫ ʚʥʫʪʨʽʰʥʴʦʤʫ ʧʨʦʛʠʥʽ [4]. ɺ [1] ʧʦʢʘʟʘʥʦ, ʱʦ 

ʘʥʦʤʘʣʽʾ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʟʝʤʥʦʾ ʢʦʨʠ ʪʘ ʚʝʨʭʥʴʦʾ ʤʘʥʪʽʾ ʩʚʽʜʯʘʪʴ ʧʨʦ 

ʤʦʞʣʠʚʽ ʟʦʥʠ ʧʨʦʷʚʽʚ ʛʝʦʜʠʥʘʤʽʯʥʦʾ ʘʢʪʠʚʽʟʘʮʽʾ.  ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʚ 

[10] ʧʦʢʘʟʫʶʪʴ, ʱʦ ʟʩʫʚʥʽ ʜʝʬʦʨʤʘʮʽʾ ʘʥʪʠʢʣʽʥʘʣʴʥʠʭ ʛʝʦʩʪʨʫʢʪʫʨ ʧʽʜ ʜʽʻʶ 

ʩʠʣʠ ʪʷʞʽʥʥʷ ʟʘʣʝʞʘʪʴ ʚʽʜ ʬʦʨʤʠ, ʨʦʟʤʽʨʽʚ. ɸʥʘʣʽʟ  ʤʽʩʮʝʚʦʾ ʩʝʡʩʤʽʯʥʦʩʪʽ ʪʘ 

ʩʫʯʘʩʥʠʭ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʨʫʭʽʚ ʢʦʨʠ ʫ ʟʦʥʽ ʆʘʰʩʴʢʦʛʦ ʛʣʠʙʠʥʥʦʛʦ ʨʦʟʣʦʤʫ 

ʚʢʘʟʘʚ ʧʽʜʚʠʱʝʥʥʷ ʩʝʡʩʤʽʯʥʦʩʪʽ ʨʝʛʽʦʥʫ ʚ ʽʥʪʝʨʚʘʣʘʭ ʽʥʪʝʥʩʠʚʥʠʭ ʨʫʭʽʚ ʢʦʨʠ 

[8]. ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʟʝʤʣʝʪʨʫʩʽʚ ʟʘʣʠʰʘʻʪʴʩʷ ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʟʘʚʜʘʥʥʷʤ 

ʩʝʡʩʤʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʜʦʩʠʪʴ ʩʢʨʦʤʥʽ ʜʦʩʷʛʥʝʥʥʷ [11]. 

ʇʦʢʘʟʘʥʦ ʽʩʥʫʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʟʤʽʥʠ ʟʥʘʢʫ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʨʫʭʘʭ ʟʝʤʥʦʾ ʢʦʨʠ 

ʚ ɿʘʢʘʨʧʘʪʩʴʢʦʤʫ ʚʥʫʪʨʽʰʥʴʦʤʫ ʧʨʦʛʠʥʽ ʚ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʯʘʩʦʚʦʤʫ ʽʥʪʝʨʚʘʣʽ 

[9]. ʇʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʛʝʦʬʽʟʠʯʥʠʭ ʘʩʧʝʢʪʽʚ ʝʢʦʣʦʛʽʯʥʦʛʦ 

ʩʪʘʥʫ ɿʘʢʘʨʧʘʪʪʷ ʪʘ ʡʦʛʦ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʦʛʦ ʘʩʧʝʢʪʫ [2,3]. ɻʝʦʬʽʟʠʯʥʽ ʪʘ 

ʘʩʪʨʦʬʽʟʠʯʥʽ ʘʩʧʝʢʪʠ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ɿʘʢʘʨʧʘʪʪʷ ʨʦʟʛʣʷʥʫʪʦ ʚ [5, 7]. ʋ 

ʩʪʘʪʪʽ [6] ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʚʠʚʯʝʥʥʷ ʟʚôʷʟʢʽʚ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʽ ʪʘ 

ʩʝʡʩʤʦʪʝʢʪʦʥʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ɿʘʢʘʨʧʘʪʪʽ ʥʘ ʬʦʥʽ ʽʥʪʝʥʩʠʚʥʠʭ ʨʫʭʽʚ ʢʦʨʠ ʪʘ 

ʨʝʻʩʪʨʘʮʽʾ ʤʽʩʮʝʚʠʭ ʟʝʤʣʝʪʨʫʩʽʚ ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʚʽʜʯʫʪʥʠʭ.  

ʈʦʟʛʣʷʥʫʪʦ ʩʫʯʘʩʥʽ ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʨʫʭʠ ʢʦʨʠ ʚ ʟʦʥʽ ʆʘʰʩʴʢʦʛʦ ʛʣʠʙʠʥʥʦʛʦ 

ʨʦʟʣʦʤʫ ʚ 2024 ʨʦʮʽ. ʇʨʦʚʝʜʝʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʜʝʬʦʨʤʘʮʽʡ ʟʝʤʥʦʾ ʢʦʨʠ ʥʘ ʧʫʥʢʪʽ 

ʜʝʬʦʨʤʦʤʝʪʨʠʯʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ,,ʂʦʨʦʣʝʚʝò ʜʦʩʣʽʜʥʦ-ʤʝʪʦʜʠʯʥʦʾ ʛʝʦʬʽʟʠʯʥʦʾ 

ʪʘ ʩʝʡʩʤʦʣʦʛʽʯʥʦʾ ʧʘʨʪʽʾ ɺʽʜʜʽʣʫ ʩʝʡʩʤʽʯʥʦʩʪʽ ʂʘʨʧʘʪʩʴʢʦʛʦ ʨʝʛʽʦʥʫ ɯʥʩʪʠʪʫʪʫ 

ʛʝʦʬʽʟʠʢʠ ʽʤʝʥʽ ʉ.ɯ. ʉʫʙʙʦʪʽʥʘ ʅɸʅ ʋʢʨʘʾʥʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

ʢʚʘʨʮʦʚʦʛʦ ʜʝʬʦʨʤʦʛʨʘʬʘ ʙʘʟʦʶ 24.5 ʤ, ʘʟʠʤʫʪ ʧʨʠʣʘʜʫ 80Ü( ʩʭʽʜ-ʟʘʭʽʜ). 

ʇʨʦʪʷʛʦʤ 2024 ʨʦʢʫ ʚ ʟʦʥʽ ʆʘʰʩʴʢʦʛʦ ʛʣʠʙʠʥʥʦʛʦ ʨʦʟʣʦʤʫ ʟʘʨʝʻʩʪʨʦʚʘʥʦ 

ʨʦʟʰʠʨʝʥʥʷ ʧʦʨʽʜ ʚʝʣʠʯʠʥʦʶ +33.94 ʤʢʤ, ʧʨʠ ʮʴʦʤʫ ʜʝʬʦʨʤʘʮʽʾ ʧʦʨʽʜ 

ʩʪʘʥʦʚʣʷʪʴ 1385 ʥʩʪʨ(13.85ʭ10-7). ʈʦʟʨʘʭʦʚʘʥʽ ʜʝʬʦʨʤʘʮʽʾ ʧʦʨʽʜ ʧʽʜʪʚʝʨʜʞʫʶʪʴ 

ʩʝʨʝʜʥʽʡ ʚʽʢʦʚʠʡ ʭʽʜ ʜʝʬʦʨʤʘʮʽʡ ʚ ʨʝʛʽʦʥʽ, ʷʢʠʡ ʜʦʨʽʚʥʶʻ +10ʭ10-7. ɼʦʩʣʽʜʞʝʥʦ 

ʩʫʯʘʩʥʽ ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʨʫʭʠ ʢʦʨʠ ʜʣʷ ʚʠʚʯʝʥʥʷ ʟʚ ʷʟʢʽʚ ʛʝʦʜʠʥʘʤʽʯʥʦʛʦ ʪʘ 

ʩʝʡʩʤʽʯʥʠʭ ʩʪʘʥʽʚ ʨʝʛʽʦʥʫ ʪʘ ʚʽʜʛʫʢʫ ʦʢʨʝʤʠʭ ʛʝʦʬʽʟʠʯʥʠʭ ʧʦʣʽʚ ʥʘ 

ʩʝʡʩʤʦʪʝʢʪʦʥʽʯʥʽ ʧʨʦʮʝʩʠ ʚ ʝʢʦʣʦʛʽʯʥʦ-ʥʝʙʝʟʧʝʯʥʠʭ ʨʝʛʽʦʥʘʭ. ʇʨʠ ʩʪʠʩʥʝʥʥʽ 

ʧʦʨʽʜ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʘ ʝʤʽʩʽʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʽʜʚʠʱʝʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ. ʇʽʩʣʷ 

ʟʥʘʢʦʟʤʽʥʥʦʛʦ ʧʨʦʮʝʩʫ ʧʨʠ ʨʦʟʰʠʨʝʥʥʽ ʧʦʨʽʜ ʪʘʢʦʞ ʨʝʻʩʪʨʫʶʪʴʩʷ ʧʽʜʚʠʱʝʥʽ 

ʚʝʣʠʯʠʥʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʝʤʽʩʽʾ ʧʨʦʪʝ ʤʝʥʰʦʾ ʚʝʣʠʯʠʥʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʽʟ 

ʧʝʨʽʦʜʘʤʠ ʩʪʠʩʥʝʥʥʷ ʧʦʨʽʜ. ʏʠʤ ʙʽʣʴʰʘ ʰʚʠʜʢʽʩʪʴ ʪʠʤ ʽʥʪʝʥʩʠʚʥʽʰʘ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʘ ʝʤʽʩʽʷ ʟʘʨʝʻʩʪʨʦʚʘʥʘ ʥʘ ʨʝʞʠʤʥʽʡ ʛʝʦʬʽʟʠʯʥʽʡ ʩʪʘʥʮʽʾ 

,,ʊʨʦʩʥʠʢò ɺʽʜʜʽʣʫ ʩʝʡʩʤʽʯʥʦʩʪʽ ʂʘʨʧʘʪʩʴʢʦʛʦ ʨʝʛʽʦʥʫ ɯʥʩʪʠʪʫʪʫ ʛʝʦʬʽʟʠʢʠ ʽʤ. 

ʉ.ɯ. ʉʫʙʙʦʪʽʥʘ ʅɸʅ ʋʢʨʘʾʥʠ (ɿʘʢʘʨʧʘʪʩʴʢʘ ʦʙʣ., ɹʝʨʝʛʽʚʩʴʢʠʡ ʨʘʡʦʥ, ʩ. 

ʊʨʦʩʥʠʢ). 



30 
çʉʋʏɸʉʅɯ ʇʈʆɹʃɽʄʀ ɻɯʈʅʀʏʆɰ ɻɽʆʃʆɻɯɰ ʊɸ ɻɽʆɽʂʆʃʆɻɯɰè 17 ï 18 ʣʠʩʪʦʧʘʜʘ 2025 ʨ. 

ɺ ʂʘʨʧʘʪʩʴʢʦʤʫ ʨʝʛʽʦʥʽ ʟʛʽʜʥʦ ʩʝʡʩʤʦʣʦʛʽʯʥʦʛʦ ʙʶʣʝʪʝʥʶ ɺʽʜʜʽʣʫ 

ʩʝʡʩʤʽʯʥʦʩʪʽ ʂʘʨʧʘʪʩʴʢʦʛʦ ʨʝʛʽʦʥʫ ɯʥʩʪʠʪʫʪʫ ʛʝʦʬʽʟʠʢʠ ʽʤʝʥʽ ʉ.ɯ. ʉʫʙʙʦʪʽʥʘ 

ʅɸʅ ʋʢʨʘʾʥʠ ʚ 2024 ʨʦʮʽ ʟʘʨʝʻʩʪʨʦʚʘʥʦ ʙʽʣʴʰʝ ʩʦʪʥʽ ʤʽʩʮʝʚʠʭ ʟʝʤʣʝʪʨʫʩʽʚ, 

ʩʝʨʝʜ ʷʢʠʭ 32 ʧʽʜʟʝʤʥʽ ʧʦʰʪʦʚʭʠ ʚʽʜʙʫʣʠʩʷ ʚ ɿʘʢʘʨʧʘʪʪʽ. ʄʽʩʮʝʚʽ ʟʝʤʣʝʪʨʫʩʠ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʘ ʬʦʥʽ ʽʥʪʝʥʩʠʚʥʠʭ ʩʫʯʘʩʥʠʭ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʨʫʭʽʚ ʢʦʨʠ. ʅʘ 

ʩʫʯʘʩʥʽ ʨʫʭʠ ʢʦʨʠ ʚ ʨʝʛʽʦʥʽ ʪʘ ʥʘ ʨʦʟʨʷʜʢʫ ʥʘʧʨʫʞʝʥʦ ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ 

ʧʦʨʽʜ ʨʝʘʛʫʶʪʴ ʛʝʦʬʽʟʠʯʥʽ ʧʦʣʷ, ʟʦʢʨʝʤʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʘ ʝʤʽʩʽʷ ʚ ʜʽʘʧʘʟʦʥʽ 

12.5 ʢɻʮ ʯʝʨʝʟ ʧʨʦʷʚ ʧʽʜʚʠʱʝʥʠʭ ʾʾ ʚʝʣʠʯʠʥ. ʈʝʘʢʮʽʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʝʤʽʩʽʾ 

ʥʘ ʩʝʡʩʤʦʪʝʢʪʦʥʽʯʥʽ ʧʨʦʮʝʩʠ ʧʨʦʷʚʣʷʻʪʴʩʷ ʯʝʨʝʟ ʢʦʨʦʪʢʠʡ ʯʘʩʦʚʠʡ ʪʝʨʤʽʥ (1-3 

ʜʦʙʠ). ʄʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʴ ʚʘʞʣʠʚʘ ʧʨʠ ʚʠʚʯʝʥʥʽ ʨʝʘʢʮʽʾ ʽʥʰʠʭ ʛʝʦʬʽʟʠʯʥʠʭ 

ʧʦʣʽʚ ʥʘ ʝʢʦʣʦʛʽʯʥʦ ʥʝʙʝʟʧʝʯʥʽ ʧʨʦʮʝʩʠ ʫ ʚʝʨʭʥʽʭ ʰʘʨʘʭ ʟʝʤʥʦʾ ʢʦʨʠ, ʧʨʠ 

ʚʠʢʣʘʜʘʥʥʽ ʧʨʠʨʦʜʥʠʯʠʭ ʜʠʩʮʠʧʣʽʥ ʪʘ ʚʠʨʽʰʝʥʥʽ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʨʝʛʽʦʥʫ. 
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ɺʩʪʫʧ. ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʨʦʟʢʨʠʚʥʽ ʧʦʨʦʜʠ ï ʮʝ ʧʦʨʦʜʠ ʷʢʽ ʟʘʣʷʛʘʶʪʴ ʥʘʜ 

ʢʦʨʠʩʥʦʶ ʢʦʧʘʣʠʥʦʶ, ʥʝ ʤʽʩʪʷʪʴ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʪʘ ʧʝʨʝʤʽʱʘʶʪʴʩʷ ʫ 

ʟʦʚʥʽʰʥʽ ʘʙʦ ʚʥʫʪʨʽʰʥʽ ʚʽʜʚʘʣʠ ʧʨʠ ʚʽʜʢʨʠʪʽʡ ʨʦʟʨʦʙʮʽ ʨʦʜʦʚʠʱʘ, ʘʙʦ ʞ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʙʫʜʽʚʝʣʴʥʘ ʤʽʥʝʨʘʣʴʥʘ ʩʠʨʦʚʠʥʘ. ʇʦʜʝʢʫʜʠ ʤʽʥʝʨʘʣʴʥʦ-

ʩʠʨʦʚʠʥʥʠʡ ʧʦʪʝʥʮʽʘʣ ʨʦʟʢʨʠʚʥʠʭ ʧʦʨʽʜ ʥʝʜʦʦʮʽʥʝʥʠʡ ʟ ʥʠʟʢʠ ʧʨʠʯʠʥ. 

ɿʜʝʙʽʣʴʰʦʛʦ ʧʦʨʦʜʠ ʨʦʟʢʨʠʚʫ ʚʤʽʱʫʶʪʴ ʥʝʢʦʥʜʝʥʮʽʡʥʫ ʤʽʥʝʨʘʣʴʥʫ ʩʠʨʦʚʠʥʫ, 

ʷʢʘ ʧʨʠ ʽʩʥʫʶʯʠʭ ʪʝʭʥʦʣʦʛʽʷʭ ʥʝ ʟʘʣʫʯʘʻʪʴʩʷ ʜʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʘʣʝ ʚ 

ʧʝʨʩʧʝʢʪʠʚʽ, ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʝʬʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʤʦʞʝ ʙʫʪʠ ʟʘʣʫʯʝʥʘ ʜʦ 
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ʧʝʨʝʨʦʙʢʠ. ɿʦʢʨʝʤʘ ʧʨʠ ʨʦʟʨʦʙʮʽ ʮʠʨʢʦʥ-ʽʣʴʤʝʥʽʪʦʚʠʭ ʨʦʟʩʠʧʽʚ ʥʝ 

ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʜʽʣʷʥʢʠ ʨʦʜʦʚʠʱʘ ʟ ʥʝʧʨʦʤʠʩʣʦʚʠʤ ʚʤʽʩʪʦʤ ʢʦʨʠʩʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ, ʘʙʦ ʞ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ ʟʙʘʛʘʯʝʥʥʷ ʨʫʜ ʥʝ ʚʠʣʫʯʘʶʪʴʩʷ 

ʟʝʨʥʘ ʤʽʥʝʨʘʣʽʚ ʜʫʞʝ ʜʨʽʙʥʠʭ ʨʦʟʤʽʨʽʚ, ʷʢʽ ʟʛʦʜʦʤ ʧʦʪʨʘʧʣʷʶʪʴ ʫ ʚʽʜʚʘʣʠ. 

ɿʚʘʞʘʶʯʠ ʥʘ ʩʢʘʟʘʥʝ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʨʫʜʦʥʦʩʥʽʩʪʴ ʧʦʨʽʜ ʨʦʟʢʨʠʚʫ ʤʘʻ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʡ ʽ ʧʨʠʢʣʘʜʥʠʡ ʘʩʧʝʢʪʠ, ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʻ ʚʽʜʪʚʦʨʠʪʠ 

ʛʝʦʣʦʛʽʯʥʫ ʽʩʪʦʨʽʶ ʪʝʨʠʪʦʨʽʾ ʨʦʜʦʚʠʱʘ ʪʘ ʤʦʞʝ ʤʘʪʠ ʧʨʘʢʪʠʯʥʠʡ ʽʥʪʝʨʝʩ ʫ 

ʤʘʡʙʫʪʥʴʦʤʫ. ʅʝ ʚʠʢʣʶʯʝʥʥʷʤ ʻ ʧʦʨʦʜʠ ʨʦʟʢʨʠʚʫ ʨʽʟʥʠʭ ʜʽʣʷʥʦʢ 

ʥʘʜʨʦʢʦʨʠʩʪʫʚʘʥʥʷ ʄʝʞʠʨʽʯʥʦʛʦ ʨʦʜʦʚʠʱʘ ʪʠʪʘʥʦʚʠʭ ʨʫʜ, ʟʦʢʨʝʤʘ 

ɭʤʠʣʽʚʩʴʢʦʾ.  

ʌʘʢʪʠʯʥʠʡ ʤʘʪʝʨʽʘʣ ʪʘ ʤʝʪʦʜʦʣʦʛʽʷ ʜʦʩʣʽʜʞʝʥʴ. ʄʝʪʦʜʠʢʦ-

ʤʝʪʦʜʦʣʦʛʽʯʥʦʶ ʦʩʥʦʚʦʶ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʥʘʧʨʘʮʶʚʘʥʥʷ ʘʚʪʦʨʽʚ ʟʽ ʩʪʨʫʢʪʫʨʥʦ-

ʣʽʪʦʣʦʛʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʽʟʥʠʭ ʜʽʣʷʥʦʢ ʄʝʞʠʨʽʯʥʦʛʦ ʨʦʜʦʚʠʱʘ [2ï4]. 

ʌʘʢʪʠʯʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʚʠʨʦʙʥʠʯʽ ʟʚʽʪʠ, ʟʦʢʨʝʤʘ ʟʚʽʪ [1]. 

ʂʘʨʪʦʛʨʘʬʽʯʥʽ ʧʦʙʫʜʦʚʠ ʟʜʽʡʩʥʝʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

Golden Software Surfer. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. ʄʝʞʠʨiʯʥʝ ʨʦʟʩʠʧʥʝ ʨʦʜʦʚʠʱʝ ʪʠʪʘʥʦʚʠʭ ʨʫʜ, 

ʨʦʟʪʘʰʦʚʘʥʝ ʚ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʋʢʨʘʾʥʩʴʢʦʛʦ ʱʠʪʘ, ʚ ʤʝʞʘʭ 

ɺʦʣʠʥʩʴʢʦʛʦ ʤʝʛʘʙʣʦʢʫ, ʚ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʂʦʨʦʩʪʝʥʩʴʢʦʛʦ ʧʣʫʪʦʥʫ, ʚ 

ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ɺʦʣʦʜʘʨʩʴʢʦ-ɺʦʣʠʥʩʴʢʦʛʦ ʤʘʩʠʚʫ. ɺ ʦʨʦʛʨʘʬʽʯʥʦʤʫ 

ʚʽʜʥʦʰʝʥʥʽ ʨʘʡʦʥ ʨʦʜʦʚʠʱʘ ï ʩʣʘʙʦ ʭʚʠʣʷʩʪʘ ʤʦʨʝʥʥʦ-ʟʘʥʜʨʦʚʘ ʨʽʚʥʠʥʘ 

ɾʠʪʦʤʠʨʩʴʢʦʛʦ ʇʦʣʽʩʩʷ ʟ ʟʘʛʘʣʴʥʠʤ ʥʘʭʠʣʦʤ ʥʘ ʧʽʚʥʽʯʥʠʡ ʩʭʽʜ. ɭʤʠʣʽʚʩʴʢʘ 

ʜʽʣʷʥʢʘ ʨʦʟʪʘʰʦʚʘʥʘ ʫ ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʄʝʞʠʨʽʯʥʦʛʦ ʨʦʜʦʚʠʱʘ ʽ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʨʠʣʷʛʘʻ ʜʦ ʟʘʭʽʜʥʦʾ ʦʢʦʣʠʮʽ ʩ. ɭʤʠʣʽʚʢʘ. ʋ ʛʝʦʣʦʛʽʯʥʽʡ ʙʫʜʦʚʽ 

ʜʽʣʷʥʢʠ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʩʴʢʽ ʤʝʪʘʤʦʨʬʽʟʦʚʘʥʽ ʚʫʣʢʘʥʦʛʝʥʥʦï

ʦʩʘʜʦʚʽ ʚʽʜʢʣʘʜʠ, ʽʥʪʨʫʟʠʚʥʽ ʧʦʨʦʜʠ ʢʦʨʦʩʪʝʥʩʴʢʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʷʢʽ ʧʝʨʝʢʨʠʪʽ 

ʤʝʟʦʟʦʡïʢʘʡʥʦʟʦʡʩʴʢʦʶ ʢʦʨʦʶ ʚʠʚʽʪʨʶʚʘʥʥʷ ʢʨʠʩʪʘʣʽʯʥʠʭ ʧʦʨʽʜ, 

ʤʝʟʦʟʦʡʩʴʢʠʤʠ, ʢʘʡʥʦʟʦʡʩʴʢʠʤʠ ʨʽʟʥʦʛʝʥʝʪʠʯʥʠʤʠ ʚʽʜʢʣʘʜʘʤʠ. ʇʦʚʩʶʜʥʦ, 

ʧʣʘʱʝʧʦʜʽʙʥʦ ʥʘ ʧʦʨʦʜʘʭ ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʬʫʥʜʘʤʝʥʪʫ ʟʘʣʷʛʘʻ ʢʦʨʘ ʚʠʚʽʪʨʶʚʘʥʥʷ 

ʷʢʘ ʽʥʦʜʽ (ʙʽʣʴʰʽʩʪʴ ʩʚʝʨʜʣʦʚʠʥ ʫ ʤʝʞʘʭ ɭʤʠʣʽʚʩʴʢʦʾ ʜʽʣʷʥʢʠ ʥʝ ʨʦʟʢʨʠʣʠ ʢʦʨʫ 

ʚʠʚʽʪʨʶʚʘʥʥʷ ʥʘ ʧʦʚʥʫ ʾʾ ʪʦʚʱʠʥʫ) ʚʢʣʶʯʝʥʘ ʜʦ ʧʨʦʜʫʢʪʠʚʥʠʭ ʚʽʜʢʣʘʜʽʚ. 

ʉʝʨʝʜʥʽʡ ʚʤʽʩʪ ʽʣʴʤʝʥʽʪʫ ʚ ʝʣʶʚʽʾ ï 3,2ï446,3 ʢʛ/ʤ3. ɺʽʜʢʣʘʜʠ ɯʨʰʘʥʩʴʢʦʾ ʩʚʽʪʠ 

(ʘʧʪ-ʥʠʞʥʽʡ ʘʣʴʙ) ʚʠʧʦʚʥʶʶʪʴ ʜʘʚʥʶ ʧʦʭʦʚʘʥʫ ʜʦʣʠʥʫ ʚ ʢʦʨʽ ʚʠʚʽʪʨʶʚʘʥʥʷ ʽ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʢʦʥʪʠʥʝʥʪʘʣʴʥʠʤʠ ʫʪʚʦʨʝʥʥʷʤʠ ʘʣʶʚʽʘʣʴʥʦʛʦ, ʘʣʶʚʽʘʣʴʥʦï

ʜʝʣʶʚʽʘʣʴʥʦʛʦ ʛʝʥʝʟʠʩʫ. ʂʦʥʪʠʥʝʥʪʘʣʴʥʽ ʚʽʜʢʣʘʜʠ ʩʢʣʘʜʘʶʪʴ ʦʩʥʦʚʥʫ ʯʘʩʪʠʥʫ 

ʧʨʦʜʫʢʪʠʚʥʠʭ ʚʽʜʢʣʘʜʽʚ ɭʤʠʣʽʚʩʴʢʦʾ ʜʽʣʷʥʢʠ. ɺ ʣʽʪʦʣʦʛʽʯʥʦʤʫ ʧʣʘʥʽ 

ʧʝʨʝʚʘʞʘʶʪʴ ʨʽʟʥʦʟʝʨʥʠʩʪʽ ʧʽʩʢʠ ʢʘʦʣʽʥʠʩʪʽ, ʧʽʜʧʦʨʷʜʢʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʤʘʶʪʴ 

ʧʝʨʝʚʽʜʢʣʘʜʝʥʽ ʢʘʦʣʽʥʠ ʟ ʨʽʟʥʠʤ ʩʪʫʧʝʥʝʤ ʟʘʧʽʩʦʯʝʥʦʩʪʽ ʪʘ ʛʨʘʚʽʡʥʦ-ʛʘʣʴʢʦʚʽ 

ʧʽʱʘʥʠʩʪʽ ʢʘʦʣʽʥʠ. ʅʘʡʙʘʛʘʪʰʽ ʨʦʟʩʠʧʠ ʧʦʚôʷʟʘʥʽ ʟ ʨʽʟʥʦʟʝʨʥʠʩʪʠʤʠ ʧʽʩʢʘʤʠ ʚ 

ʷʢʠʭ ʩʝʨʝʜʥʽʡ ʚʤʽʩʪ ʽʣʴʤʝʥʽʪʫ 2,5ï192,1 ʢʛ/ʤ3, ʤʘʢʩʠʤʘʣʴʥʠʡ ï 666,66 ʢʛ/ʤ3. 

ʋʟʙʝʨʝʞʥʦ-ʤʦʨʩʴʢʽ ʚʽʜʢʣʘʜʠ ʤʦʰʥʦ-ʨʫʜʥʷʥʩʴʢʦʾ ʩʚʽʪʠ ʩʧʦʨʘʜʠʯʥʦ 

ʪʨʘʥʩʛʨʝʩʠʚʥʦ ʟʘʣʷʛʘʶʪʴ ʥʘ ʨʦʟʤʠʪʽʡ ʧʦʚʝʨʭʥʽ ʥʠʞʥʴʦʢʨʝʡʜʦʚʠʭ ʚʽʜʢʣʘʜʽʚ. 

ʊʦʚʱʠʥʘ ʫʟʙʝʨʝʞʥʦ-ʤʦʨʩʴʢʠʭ ʚʽʜʢʣʘʜʽʚ 1,0ï8,0 ʤ; ʩʝʨʝʜʥʽʡ ʚʤʽʩʪ ʽʣʴʤʝʥʽʪʫ 2,0ï

54,6 ʢʛ/ʤ3.  
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ʇʦʨʦʜʠ ʨʦʟʢʨʠʚʫ ʧʨʝʜʩʪʘʚʣʝʥʽ ʤʦʨʝʥʥʠʤʠ ʩʫʛʣʠʥʢʘʤʠ ʽ ʩʫʧʽʩʢʘʤʠ, 

ʥʘʜʤʦʨʝʥʥʠʤʠ ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʤʠ ʧʽʩʢʘʤʠ, ʘʣʶʚʽʘʣʴʥʠʤʠ ʩʫʛʣʠʥʢʘʤʠ ʽ 

ʩʫʧʽʩʢʘʤʠ, ʨʽʟʥʦʟʝʨʥʠʩʪʠʤʠ ʧʽʩʢʘʤʠ, ʛʨʫʥʪʦʚʦ-ʨʦʩʣʠʥʥʠʤ ʰʘʨʦʤ.  

ʄʦʨʝʥʽ ʩʫʧʽʩʢʠ ʽ ʩʫʛʣʠʥʢʠ ʟʘʣʷʛʘʶʪʴ ʥʘ ʛʣʠʙʠʥʘʭ 1,0ï12,0 ʤ; ʾʭʥʷ ʩʝʨʝʜʥʷ 

ʪʦʚʱʠʥʘ ï 1,8 ʤ; ʚʤʽʩʪ ʽʣʴʤʝʥʽʪʫ ï 0,5ï18,0 ʢʛ/ʤ3 [1]. ʅʘʜʤʦʨʝʥʥʽ ʧʽʩʢʠ 

ʟʘʣʷʛʘʶʪʴ ʥʘ ʛʣʠʙʠʥʘʭ 0,5ï14,5 ʤ; ʾʭʥʷ ʩʝʨʝʜʥʷ ʪʦʚʱʠʥʘ ï 2,3 ʤ; ʚʤʽʩʪ ʽʣʴʤʝʥʽʪʫ 

ï 0,8ï12,7 ʢʛ/ʤ3 [1]. ʉʫʯʘʩʥʽ ʘʣʶʚʽʘʣʴʥʽ ʩʫʛʣʠʥʢʠ ʽ ʩʫʧʽʩʢʠ ʟʘʣʷʛʘʶʪʴ ʥʘ 

ʛʣʠʙʠʥʘʭ 1,0ï8,0 ʤ; ʾʭʥʷ ʩʝʨʝʜʥʷ ʪʦʚʱʠʥʘ ï 1,9 ʤ; ʚʤʽʩʪ ʽʣʴʤʝʥʽʪʫ ï 1,5ï12,5 

ʢʛ/ʤ3 [1]. ʉʫʯʘʩʥʽ ʘʣʶʚʽʘʣʴʥʽ ʧʽʩʢʠ ʟʘʣʷʛʘʶʪʴ ʥʘ ʛʣʠʙʠʥʘʭ 0,5ï11,0 ʤ; ʾʭʥʷ 

ʩʝʨʝʜʥʷ ʪʦʚʱʠʥʘ ï 4,2 ʤ; ʚʤʽʩʪ ʽʣʴʤʝʥʽʪʫ ï 0,5ï11,4 ʢʛ/ʤ3 [1]. ɻʨʫʥʪʦʚʦ-

ʨʦʩʣʠʥʥʠʡ ʰʘʨ ʟʘʣʷʛʘʻ ʥʘ ʛʣʠʙʠʥʘʭ 0,0ï0,5 ʤ. 

ɻʣʠʙʠʥʘ ʟʘʣʷʛʘʥʥʷ ʧʦʨʽʜ ʨʦʟʢʨʠʚʫ ʜʦ 14,5 ʤ. ɸʙʩʦʣʶʪʥʽ ʚʽʜʤʽʪʢʠ ʟʘʣʷʛʘʥʥʷ 

ʧʽʜʦʰʚʠ ʧʦʨʽʜ ʨʦʟʢʨʠʚʫ 173,3ï188,78 ʤ, ʧʦʢʨʽʚʣʽ ï 184,0ï191,58 ʤ. ʊʦʚʱʠʥʘ 

ʧʦʨʽʜ ʨʦʟʢʨʠʚʫ 1,5ï16,5 ʤ (ʩʝʨʝʜʥʻ 7,94 ʤ). ʉʝʨʝʜʥʽʡ ʚʤʽʩʪ ʽʣʴʤʝʥʽʪʫ 1,1ï14,32 

ʢʛ/ʤ3 (ʩʝʨʝʜʥʻ 5,76 ʢʛ/ʤ3). ʈʝʟʫʣʴʪʘʪʠ ʢʘʨʪʦʛʨʘʬʽʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʣʴʻʬʫ 

ʧʽʜʦʰʚʠ, ʧʦʚʝʨʭʥʽ, ʪʦʚʱʠʥʠ ʧʦʨʽʜ ʨʦʟʢʨʠʚʫ ʪʘ ʣʘʪʝʨʘʣʴʥʦʛʦ ʧʦʰʠʨʝʥʥʷ ʚ ʥʠʭ 

ʩʝʨʝʜʥʴʦʛʦ ʚʤʽʩʪʫ ʽʣʴʤʝʥʽʪʫ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 1.  

 

  

ʘ ʙ 

  
ʚ ʛ 

ʈʠʩ. 1. ɯʟʦʛʽʧʩʠ ʧʽʜʦʰʚʠ (ʘ), ʧʦʚʝʨʭʥʽ (ʙ), ʽʟʦʧʘʭʽʪʠ ʪʦʚʱʠʥʠ (ʚ) ʧʦʨʽʜ ʨʦʟʢʨʠʚʫ ʪʘ 

ʣʘʪʝʨʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʚ ʥʠʭ ʩʝʨʝʜʥʴʦʛʦ ʚʤʽʩʪʫ (ʢʛ/ʤ3) ʽʣʴʤʝʥʽʪʫ (ʛ) 
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ɿʘʛʘʣʴʥʝ ʟʘʛʣʠʙʣʝʥʥʷ ʧʽʜʦʰʚʠ ʚʽʜʢʣʘʜʽʚ ʥʘʷʚʥʝ ʫ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʦʤʫ 

ʥʘʧʨʷʤʢʫ. ɼʣʷ ʜʽʣʷʥʢʠ ʭʘʨʘʢʪʝʨʥʠʡ ʥʝʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʪʦʚʱʠʥʠ ʧʦʨʽʜ 

ʨʦʟʢʨʠʚʫ. ʅʘʡʙʽʣʴʰʘ ʪʦʚʱʠʥʘ ʫʪʚʦʨʝʥʴ ʧʨʠʪʘʤʘʥʥʘ ʮʝʥʪʨʘʣʴʥʦ-ʟʘʭʽʜʥʽʡ ʽ 

ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʽʡ ʯʘʩʪʠʥʘʤ ʜʽʣʷʥʢʠ (ʜʠʚ. ʨʠʩ. 1, ʚ). ʆʨʝʦʣʠ ʧʦʰʠʨʝʥʥʷ 

ʥʘʡʙʽʣʴʰʦʛʦ ʩʝʨʝʜʥʴʦʛʦ ʚʤʽʩʪʫ ʽʣʴʤʝʥʽʪʫ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʽʡ 

ʯʘʩʪʠʥʽ ʜʽʣʷʥʢʠ, ʘ ʪʘʢʦʞ ʫʪʚʦʨʶʶʪʴ ʜʝʢʽʣʴʢʘ ʨʦʟʨʽʟʥʝʥʠʭ ʦʨʝʦʣʽʚ, ʷʢʽ 

ʧʨʦʩʪʦʨʦʚʦ ʪʷʞʽʶʪʴ ʜʦ ʮʝʥʪʨʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʜʽʣʷʥʢʠ.  

ʂʦʨʝʣʷʮʽʡʥʠʤ ʘʥʘʣʽʟʦʤ ʫ ʧʦʨʦʜʘʭ ʨʦʟʢʨʠʚʫ ʟʘ ʣʘʪʝʨʘʣʣʶ ʚʩʪʘʥʦʚʣʝʥʦ ʪʘʢʽ 

ʥʘʧʨʷʤʠ ʽ ʩʠʣʘ ʢʦʨʝʣʷʮʽʡʥʠʭ ʟʚôʷʟʢʽʚ: ʤʽʞ ʨʝʣʴʻʬʦʤ ʧʽʜʦʰʚʠ ʽ ʧʦʢʨʽʚʣʽ ï 

ʧʨʷʤʠʡ ʩʣʘʙʢʠʡ (+ 0,22); ʤʽʞ ʨʝʣʴʻʬʦʤ ʧʽʜʦʰʚʠ ʚʽʜʢʣʘʜʽʚ ʽ ʾʭʥʴʦʶ ʪʦʚʱʠʥʦʶ ï 

ʦʙʝʨʥʝʥʠʡ ʩʠʣʴʥʠʡ (ï 0,86); ʤʽʞ ʨʝʣʴʻʬʦʤ ʧʽʜʦʰʚʠ ʚʽʜʢʣʘʜʽʚ ʽ ʩʝʨʝʜʥʽʤ ʚʤʽʩʪʦʤ 

ʫ ʥʠʭ ʽʣʴʤʝʥʽʪʫ ï ʦʙʝʨʥʝʥʠʡ ʩʣʘʙʢʠʡ (ï 0,29); ʤʽʞ ʪʦʚʱʠʥʦʶ ʚʽʜʢʣʘʜʽʚ ʽ 

ʩʝʨʝʜʥʽʤ ʚʤʽʩʪʦʤ ʫ ʥʠʭ ʽʣʴʤʝʥʽʪʫ ï ʧʨʷʤʠʡ ʧʦʤʽʨʥʠʡ (+ 0,35).  

ɺʠʩʥʦʚʢʠ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʘʶʪʴ ʫʷʚʣʝʥʥʷ ʱʦʜʦ ʨʝʣʴʻʬʫ ʧʽʜʦʰʚʠ ʽ ʧʦʢʨʽʚʣʽ, 

ʪʦʚʱʠʥʠ ʪʘ ʽʣʴʤʝʥʽʪʦʥʦʩʥʦʩʪʽ ʨʽʟʥʦʛʝʥʝʪʠʯʥʠʭ ʧʦʨʽʜ ʨʦʟʢʨʠʚʫ ʪʘ ʤʦʞʫʪʴ 

ʩʣʫʛʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʘʨʪʦʛʨʘʬʽʯʥʦʶ ʙʘʟʦʶ ʱʦʜʦ ʛʝʦʣʦʛʽʯʥʦʾ ʙʫʜʦʚʠ ʽ 

ʨʫʜʦʥʦʩʥʦʩʪʽ ʄʝʞʠʨʽʯʥʦʛʦ ʨʦʜʦʚʠʱʘ ʽ ʡʦʛʦ ʦʢʨʝʤʠʭ ʜʽʣʷʥʦʢ 

ʥʘʜʨʦʢʦʨʠʩʪʫʚʘʥʥʷ.  
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ɺʩʪʫʧ. ʇʨʠ ʨʦʟʨʦʙʮʽ ʨʦʟʩʠʧʥʠʭ ʨʦʜʦʚʠʱ ʪʠʪʘʥʦʚʠʭ ʨʫʜ, ʷʢʽ ʟʘʣʷʛʘʶʪʴ ʫ 

ʥʘʜʨʘʭ ʥʘ ʧʝʚʥʽʡ ʛʣʠʙʠʥʽ, ʚʽʜʢʨʠʪʠʤ ʩʧʦʩʦʙʦʤ, ʧʝʨʰʦʯʝʨʛʦʚʦ ʥʝʦʙʭʽʜʥʦ 

ʚʠʜʘʣʠʪʠ ʧʦʨʦʜʠ ʨʦʟʢʨʠʚʫ. ʗʢ ʧʨʘʚʠʣʦ, ʧʦʨʦʜʠ ʨʦʟʢʨʠʚʫ ʥʝ ʤʽʩʪʷʪʴ ʢʦʨʠʩʥʽ 

ʢʦʧʘʣʠʥʠ ʚ ʧʨʦʤʠʩʣʦʚʠʭ ʢʦʥʜʠʮʽʷʭ ʽ ʪʦʤʫ ʚʠʣʫʯʘʶʪʴʩʷ ʽ ʩʢʣʘʜʫʶʪʴʩʷ, 

ʫʪʚʦʨʶʶʯʠ ʚʽʜʚʘʣʠ, ʷʢʽ ʟʘʚʜʘʶʪʴ ʝʢʦʣʦʛʽʯʥʦʾ ʰʢʦʜʠ ʥʘʚʢʦʣʠʰʥʴʦʤʫ 

ʩʝʨʝʜʦʚʠʱʫ. ʅʝ ʚʠʢʣʶʯʝʥʥʷʤ ʻ ʄʝʞʠʨʽʯʥʝ ʨʦʜʦʚʠʱʝ ʪʠʪʘʥʦʚʠʭ ʨʫʜ, ʷʢʝ 

ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʚʽʜʢʨʠʪʠʤ ʩʧʦʩʦʙʦʤ. ʋ ʤʝʞʘʭ ʨʦʜʦʚʠʱʘ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ 

ʚʠʦʢʨʝʤʣʝʥʦ ʧôʷʪʴ ʜʽʣʷʥʦʢ ʥʘʜʨʦʢʦʨʠʩʪʫʚʘʥʥʷ: ɹʫʢʽʥʩʴʢʘ, ɭʤʠʣʽʚʩʴʢʘ, 

ʆʩʠʥʦʚʘ, ʉʝʨʝʜʥʷ ʽ ʖʨʩʴʢʘ. ʅʘ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʚʽʜʧʨʘʮʴʦʚʫʶʪʴʩʷ ʟʘʧʘʩʠ 
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ʖʨʩʴʢʦʾ ʜʽʣʷʥʢʠ; ʙʘʣʘʥʩʦʚʽ ʟʘʧʘʩʠ ɭʤʠʣʽʚʩʴʢʦʾ ʪʘ ʉʝʨʝʜʥʴʦʾ ʜʽʣʷʥʦʢ 

ʚʽʜʧʨʘʮʴʦʚʘʥʽ, ʘ ʟʘʧʘʩʠ ɹʫʢʽʥʩʴʢʦʾ ʪʘ ʆʩʠʥʦʚʦʾ ï ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʨʝʟʝʨʚʽ. ʋ 

ʧʦʧʝʨʝʜʥʽʭ ʥʘʰʠʭ ʧʫʙʣʽʢʘʮʽʷʭ ʤʠ ʜʦʩʣʽʜʠʣʠ ʧʨʦʩʪʦʨʦʚʝ ʧʦʰʠʨʝʥʥʷ ʽʣʴʤʝʥʽʪʫ ʚ 

ʢʦʨʽ ʚʠʚʽʪʨʶʚʘʥʥʷ, ʥʠʞʥʴʦ- ʽ ʚʝʨʭʥʴʦʢʨʝʡʜʦʚʠʭ ʚʽʜʢʣʘʜʘʭ ʪʘ ʧʦʨʦʜʘʭ ʨʦʟʢʨʠʚʫ 

ʚ ʤʝʞʘʭ ɹʫʢʽʥʩʴʢʦʾ, ɭʤʠʣʽʚʩʴʢʦʾ, ʆʩʠʥʦʚʦʾ ʽ ʖʨʩʴʢʦʾ ʜʽʣʷʥʦʢ [2-4]. ʋ ʮʽʡ 

ʧʫʙʣʽʢʘʮʽʾ, ʤʠ ʧʨʝʜʩʪʘʚʣʷʻʤʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʣʘʪʝʨʘʣʴʥʦʛʦ ʧʦʰʠʨʝʥʥʷ 

ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʦʛʦ ʚʤʽʩʪʫ ʽʣʴʤʝʥʽʪʫ ʚ ʧʦʨʦʜʘʭ ʨʦʟʢʨʠʚʫ ʚ ʤʝʞʘʭ ʜʽʣʷʥʢʠ 

ʉʝʨʝʜʥʷ. 

ʌʘʢʪʠʯʥʠʡ ʤʘʪʝʨʽʘʣ ʪʘ ʤʝʪʦʜʦʣʦʛʽʷ ʜʦʩʣʽʜʞʝʥʴ. ʄʝʪʦʜʠʢʦ-

ʤʝʪʦʜʦʣʦʛʽʯʥʦʶ ʦʩʥʦʚʦʶ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʥʘʧʨʘʮʶʚʘʥʥʷ ʘʚʪʦʨʽʚ ʟʽ ʩʪʨʫʢʪʫʨʥʦ-

ʣʽʪʦʣʦʛʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʮʠʨʢʦʥ-ʽʣʴʤʝʥʽʪʦʚʠʭ ʨʦʟʩʠʧʽʚ, ʟʦʢʨʝʤʘ ʡ ʦʢʨʝʤʠʭ 

ʜʽʣʷʥʦʢ ʄʝʞʠʨʽʯʥʦʛʦ ʨʦʜʦʚʠʱʘ. ʌʘʢʪʠʯʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ 

ʜʽʣʷʥʢʠ ʉʝʨʝʜʥʷ ʙʫʣʠ ʚʠʨʦʙʥʠʯʽ ʟʚʽʪʠ, ʟʦʢʨʝʤʘ ʟʚʽʪ [1]. ʂʘʨʪʦʛʨʘʬʽʯʥʽ ʧʦʙʫʜʦʚʠ 

ʟʜʽʡʩʥʝʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ Golden Software Surfer. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. ʋ ʤʝʞʘʭ ʜʽʣʷʥʢʠ ʉʝʨʝʜʥʷ ʄʝʞʠʨʽʯʥʦʛʦ ʨʦʜʦʚʠʱʘ 

ʟʥʘʯʥʽ ʚʤʽʩʪʠ ʽʣʴʤʝʥʽʪʫ ʜʽʘʛʥʦʩʪʦʚʘʥʦ ʫ ʢʦʨʽ ʚʠʚʽʪʨʶʚʘʥʥʷ ʤʘʛʤʘʪʠʯʥʠʭ ʧʦʨʽʜ 

ʦʩʥʦʚʥʦʛʦ ʩʢʣʘʜʫ, ʚ ʥʠʞʥʴʦʢʨʝʡʜʦʚʠʭ ʢʦʥʪʠʥʝʥʪʘʣʴʥʠʭ ʚʽʜʢʣʘʜʘʭ ʽʨʰʘʥʩʴʢʦʾ 

ʩʚʽʪʠ, ʷʢʘ ʟ ʨʦʟʤʠʚʦʤ ʟʘʣʷʛʘʻ ʥʘ ʢʦʨʽ ʚʠʚʽʪʨʶʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʚ ʫʟʙʝʨʝʞʥʦ-

ʤʦʨʩʴʢʠʭ ʚʽʜʢʣʘʜʘʭ ʤʦʰʥʦ-ʨʫʜʥʷʥʩʴʢʦʾ ʩʚʽʪʠ ʚʝʨʭʥʴʦʾ ʢʨʝʡʜʠ, ʱʦ ʟ ʨʦʟʤʠʚʦʤ 

ʟʘʣʷʛʘʶʪʴ ʥʘ ʢʦʨʽ ʚʠʚʽʪʨʶʚʘʥʥʷ ʽ ʧʦʨʦʜʘʭ ʽʨʰʘʥʩʴʢʦʾ ʩʚʽʪʠ ʪʘ ʫʪʚʦʨʠʣʠʩʷ ʟʘ 

ʨʘʭʫʥʦʢ ʨʦʟʤʠʚʫ ʽ ʧʝʨʝʚʽʜʢʣʘʜʝʥʥʷ ʧʽʜʩʪʠʣʘʶʯʠʭ ʫʪʚʦʨʝʥʴ. ɼʦ ʧʨʦʜʫʢʪʠʚʥʠʭ 

ʚʽʜʢʣʘʜʽʚ ʜʽʣʷʥʢʠ ʚʽʜʥʝʩʝʥʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʽ ʫʪʚʦʨʝʥʥʷ ʽʨʰʘʥʩʴʢʦʾ ʩʚʽʪʠ, ʷʢʽ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʝʣʶʚʽʘʣʴʥʦ-ʘʣʶʚʽʘʣʴʥʠʤʠ, ʘʣʶʚʽʘʣʴʥʠʤʠ ʽ ʦʟʝʨʥʠʤʠ ʚʽʜʢʣʘʜʘʤʠ. 

ɺ ʣʽʪʦʣʦʛʽʯʥʦʤʫ ʧʣʘʥʽ ï ʮʝ ʧʽʩʢʠ ʢʘʦʣʽʥʠʩʪʽ ʪʘ ʧʝʨʝʚʽʜʢʣʘʜʝʥʽ ʢʘʦʣʽʥʠ ʟ ʨʽʟʥʠʤ 

ʚʤʽʩʪʦʤ ʧʽʱʘʥʦʾ ʬʨʘʢʮʽʾ. ʊʦʚʱʠʥʘ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 0,5 ʤ 

ʜʦ 29,5 ʤ (ʩʝʨʝʜʥʻ 12,13 ʤ). ʉʝʨʝʜʥʴʦʟʚʘʞʝʥʠʡ ʚʤʽʩʪ ʽʣʴʤʝʥʽʪʫ ʚ ʧʽʩʢʘʭ 0,1ï

161,7 ʢʛ/ʤ3; ʚ ʧʝʨʝʚʽʜʢʣʘʜʝʥʠʭ ʢʘʦʣʽʥʘʭ ï 3,95ï256,1 ʢʛ/ʤ3.  

ʅʘ ʧʨʦʜʫʢʪʠʚʥʠʭ ʚʽʜʢʣʘʜʘʭ ʽʨʰʘʥʩʴʢʦʾ ʩʚʽʪʠ ʟʘʣʷʛʘʶʪʴ ʧʦʨʦʜʠ ʨʦʟʢʨʠʚʫ, 

ʷʢʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚʽʜʢʣʘʜʘʤʠ ʚʝʨʭʥʴʦʾ ʢʨʝʡʜʠ ʽ ʯʝʪʚʝʨʪʠʥʥʦʾ ʩʠʩʪʝʤʠ. ɺʽʜʢʣʘʜʠ 

ʚʝʨʭʥʴʦʾ ʢʨʝʡʜʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʽʱʘʥʦ-ʢʨʝʤʝʥʝʚʠʤ ʛʦʨʠʟʦʥʪʦʤ ʤʦʰʥʦ-

ʨʫʜʥʷʥʩʴʢʦʾ ʩʚʽʪʠ, ʱʦ ʥʘʛʨʦʤʘʜʠʚʩʷ ʟʘ ʫʟʙʝʨʝʞʥʦ-ʤʦʨʩʴʢʠʭ ʬʘʮʽʘʣʴʥʠʭ ʫʤʦʚ. 

ʊʦʚʱʠʥʘ ʧʽʱʘʥʦ-ʢʨʝʤʝʥʝʚʦʛʦ ʛʦʨʠʟʦʥʪʫ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 0,5 ʤ ʜʦ 11,5 ʤ (ʩʝʨʝʜʥʻ 

3,89 ʤ). ʉʝʨʝʜʥʴʦʟʚʘʞʝʥʠʡ ʚʤʽʩʪ ʽʣʴʤʝʥʽʪʫ ʚ ʧʽʱʘʥʦ-ʢʨʝʤʝʥʝʚʦʤʫ ʛʦʨʠʟʦʥʪʽ ï 

0,3ï122,9 ʢʛ/ʤ3. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʘʪʨʠʙʫʪʠʚʥʫ ʙʘʟʫ ʜʘʥʠʭ, ʷʢʘ ʚʢʣʶʯʘʻ 

ʢʦʦʨʜʠʥʘʪʠ ʩʚʝʨʜʣʦʚʠʥ, ʾʭ ʦʧʠʩ, ʨʝʟʫʣʴʪʘʪʠ ʦʧʨʦʙʫʚʘʥʥʷ, ʤʠ ʧʦʙʫʜʫʚʘʣʠ ʢʘʨʪʠ 

ʩʪʨʫʢʪʫʨʥʠʭ ʽ ʨʝʯʦʚʠʥʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʽʜʢʣʘʜʽʚ ʤʦʰʥʦ-ʨʫʜʥʷʥʩʴʢʦʾ ʩʚʽʪʠ (ʨʠʩ. 

1). ʈʝʣʴʻʬ ʧʽʜʦʰʚʠ ʽ ʧʦʢʨʽʚʣʽ  ʫʟʙʝʨʝʞʥʦ-ʤʦʨʩʴʢʠʭ ʚʽʜʢʣʘʜʽʚ ʧʦʜʽʙʥʽ. ʈʦʟʧʦʜʽʣ 

ʪʦʚʱʠʥʠ ʛʦʨʠʟʦʥʪʫ ʽ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʦʛʦ ʚ ʥʴʦʤʫ ʚʤʽʩʪʫ ʽʣʴʤʝʥʽʪʫ 

ʥʝʨʽʚʥʦʤʽʨʥʠʡ ʽ ʤʘʻ ʧʣʷʤʠʩʪʠʡ ʨʦʟʧʦʜʽʣ. ʂʦʨʝʣʷʮʽʡʥʠʡ ʟʚôʷʟʦʢ ʤʽʞ ʨʝʣʴʻʬʦʤ 

ʧʽʜʦʰʚʠ ʽ ʨʝʣʴʻʬʦʤ ʧʦʢʨʽʚʣʽ ʧʨʷʤʠʡ ʩʝʨʝʜʥʽʡ (+0,65). ʂʦʨʝʣʷʮʽʡʥʠʡ ʟʚôʷʟʦʢ 

ʤʽʞ ʨʝʣʴʻʬʦʤ ʧʽʜʦʰʚʠ ʽ ʪʦʚʱʠʥʦʶ ʧʽʱʘʥʦ-ʢʨʝʤʝʥʝʚʦʛʦ ʛʦʨʠʟʦʥʪʫ ʦʙʝʨʥʝʥʠʡ 

ʧʦʤʽʨʥʠʡ (ï 0,47). ʂʦʨʝʣʷʮʽʡʥʠʡ ʟʚôʷʟʦʢ ʤʽʞ ʪʦʚʱʠʥʦʶ ʛʦʨʠʟʦʥʪʫ ʽ 

ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʤ ʚʤʽʩʪʦʤ ʽʣʴʤʝʥʽʪʫ ʚʽʜʩʫʪʥʽʡ. 
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ʋ ʩʢʣʘʜʽ ʯʝʪʚʝʨʪʠʥʥʦʾ ʩʠʩʪʝʤʠ ʧʦʰʠʨʝʥʽ: ʧʽʜʤʦʨʝʥʥʽ ʧʽʩʢʠ; ʤʦʨʝʥʥʽ 

ʩʫʧʽʩʢʠ ʽ ʩʫʛʣʠʥʢʠ; ʥʘʜʤʦʨʝʥʥʽ ʧʽʩʢʠ; ʩʫʯʘʩʥʽ ʩʫʛʣʠʥʢʠ, ʩʫʧʽʩʢʠ, ʧʽʩʢʠ, 

ʛʨʫʥʪʦʚʦ-ʨʦʩʣʠʥʥʠʡ ʰʘʨ. ʇʽʜʤʦʨʝʥʥʽ ʧʽʩʢʠ ʟʘʣʷʛʘʶʪʴ ʥʘ ʛʣʠʙʠʥʘʭ 2,0ï14,0 ʤ; 

ʾʭʥʷ ʩʝʨʝʜʥʷ ʪʦʚʱʠʥʘ ï 3,3 ʤ; ʚʤʽʩʪ ʽʣʴʤʝʥʽʪʫ ï 0,5ï20,2 ʢʛ/ʤ3 [1]. ʄʦʨʝʥʽ 

ʩʫʧʽʩʢʠ ʽ ʩʫʛʣʠʥʢʠ ʟʘʣʷʛʘʶʪʴ ʥʘ ʛʣʠʙʠʥʘʭ 2,0ï9,0 ʤ; ʾʭʥʷ ʩʝʨʝʜʥʷ ʪʦʚʱʠʥʘ ï 1,6 

ʤ; ʚʤʽʩʪ ʽʣʴʤʝʥʽʪʫ  ï 0,7ï11,2 ʢʛ/ʤ3 [1]. ʅʘʜʤʦʨʝʥʥʽ ʧʽʩʢʠ ʟʘʣʷʛʘʶʪʴ ʥʘ ʛʣʠʙʠʥʘʭ 

0,5ï8,0 ʤ; ʾʭʥʷ ʩʝʨʝʜʥʷ ʪʦʚʱʠʥʘ ï 1,8 ʤ; ʚʤʽʩʪ ʽʣʴʤʝʥʽʪʫ  ï 0,5ï12,9 ʢʛ/ʤ3 [1]. 

ʉʫʯʘʩʥʽ ʘʣʶʚʽʘʣʴʥʽ ʩʫʛʣʠʥʢʠ ʽ ʩʫʧʽʩʢʠ ʟʘʣʷʛʘʶʪʴ ʥʘ ʛʣʠʙʠʥʘʭ 0,0ï4,0 ʤ; ʾʭʥʷ 

ʩʝʨʝʜʥʷ ʪʦʚʱʠʥʘ ï 1,6 ʤ; ʚʤʽʩʪ ʽʣʴʤʝʥʽʪʫ ï 0,2ï3,7 ʢʛ/ʤ3 [1]. ʉʫʯʘʩʥʽ ʘʣʶʚʽʘʣʴʥʽ 

ʧ̔ ʩʢʠ ʟʘʣʷʛʘʶʪʴ ʥʘ ʛʣʠʙʠʥʘʭ 0,5ï14,0 ʤ; ʾʭʥʷ ʩʝʨʝʜʥʷ ʪʦʚʱʠʥʘ ï 5,2 ʤ; ʚʤʽʩʪ 

ʽʣʴʤʝʥʽʪʫ  ï 0,1ï2,9 ʢʛ/ʤ3 [1]. ɻʨʫʥʪʦʚʦ-ʨʦʩʣʠʥʥʠʡ ʰʘʨ ʟʘʣʷʛʘʻ ʥʘ ʛʣʠʙʠʥʘʭ 0,0ï

0,5 ʤ. ʊʘʢʠʤ ʯʠʥʦʤ, ʩʝʨʝʜ ʯʝʪʚʝʨʪʠʥʥʠʭ ʧʦʨʽʜ ʨʦʟʢʨʠʚʫ ʧʽʜʤʦʨʝʥʥʽ, ʤʦʨʝʥʥʽ ʽ 

ʥʘʜʤʦʨʝʥʥʽ ʚʽʜʢʣʘʜʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʙʽʣʴʰʠʤ ʚʤʽʩʪʦʤ ʽʣʴʤʝʥʽʪʫ, ʘʥʽʞ ʩʫʯʘʩʥʽ 

ʘʣʶʚʽʘʣʴʥʽ ʫʪʚʦʨʝʥʥʷ. 
 

  

 ͊  ͋

  

 ͍  ͎

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

ʚʤʽʩʪʫ (ʢʛ/ʤ3) ʽʣʴʤʝʥʽʪʫ (ʛ) ʚ ʧʽʱʘʥʦ-ʢʨʝʤʝʥʝʚʦʤʫ ʛʦʨʠʟʦʥʪʽ 

 

ʆʩʢʽʣʴʢʠ ʨʽʟʥʽ ʟʘ ʣʽʪʦʣʦʛʽʯʥʠʤ ʩʢʣʘʜʦʤ ʽ ʛʝʥʝʟʠʩʦʤ ʚʽʜʢʣʘʜʠ ʯʝʪʚʝʨʪʠʥʥʦʾ 

ʩʠʩʪʝʤʠ ʩʘʤʦʩʪʽʡʥʦ ʥʝ ʤʘʶʪʴ ʧʨʦʤʠʩʣʦʚʦʾ ʟʥʘʯʫʱʦʩʪʽ, ʤʠ ʾʭ ʦʙôʻʜʥʘʣʠ ʽ 

ʧʦʙʫʜʫʚʘʣʠ ʢʘʨʪʠ ʩʪʨʫʢʪʫʨʥʠʭ ʽ ʨʝʯʦʚʠʥʥʠʭ ʾʭ ʧʘʨʘʤʝʪʨʽʚ ʟʘʛʘʣʦʤ (ʨʠʩ. 2). 

ʎʽʣʢʦʤ ʣʦʛʽʯʥʦ, ʱʦ ʨʝʣʴʻʬ ʧʽʜʦʰʚʠ ʽ ʧʦʢʨʽʚʣʽ ʨʽʟʥʦʚʽʢʦʚʠʭ ʽ ʨʽʟʥʦʛʝʥʝʪʠʯʥʠʭ 

ʫʪʚʦʨʝʥʴ ʧʨʦʩʪʦʨʦʚʦ ʥʝ ʟʙʽʛʘʻʪʴʩʷ. ʈʝʣʴʻʬ ʧʦʢʨʽʚʣʽ ʻ ʨʽʚʥʦʤʽʨʥʠʤ ʽ ʧʣʘʚʥʠʤ. 

ʊʦʚʱʠʥʘ ʽ ʣʘʪʝʨʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʦʛʦ ʚʤʽʩʪʫ ʽʣʴʤʝʥʽʪʫ 
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ʥʝʨʽʚʥʦʤʽʨʥʽ. ʏʘʩʪʢʦʚʦ ʜʽʣʷʥʢʠ ʧʽʜʚʠʱʝʥʦʛʦ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʦʛʦ ʚʤʽʩʪʫ 

ʽʣʴʤʝʥʽʪʫ ʧʨʦʩʪʦʨʦʚʦ ʟʙʽʛʘʶʪʴʩʷ ʟ ʜʽʣʷʥʢʘʤʠ ʧʽʜʚʠʱʝʥʦʾ ʪʦʚʱʠʥʠ. 
 

 
 

 ͊  ͋

  

 ͍  ͎

ʈʠʩ. 2. ɯʟʦʛʽʧʩʠ ʧʽʜʦʰʚʠ (ʘ), ʧʦʚʝʨʭʥʽ (ʙ), ʽʟʦʧʘʭʽʪʠ ʪʦʚʱʠʥʠ (ʚ) ʪʘ ʽʟʦʛʽʧʩʠ ʩʝʨʝʜʥʴʦʛʦ 

ʚʤʽʩʪʫ (ʢʛ/ʤ3) ʽʣʴʤʝʥʽʪʫ (ʛ) ʚ ʧʦʨʦʜʘʭ ʨʦʟʢʨʠʚʫ 

 

ɺʠʩʥʦʚʢʠ.  

ʋ ʤʝʞʘʭ ʄʝʞʠʨʽʯʥʦʛʦ ʨʦʜʦʚʠʱʘ ʜʦ ʧʦʨʽʜ ʨʦʟʢʨʠʚʫ, ʷʢ ʧʨʘʚʠʣʦ, 

ʟʘʨʘʭʦʚʫʶʪʴ ʫʪʚʦʨʝʥʥʷ ʧʘʣʝʦʛʝʥʦʚʦʾ ʩʠʩʪʝʤʠ (ʙʫʯʘʮʴʢʘ ʽ ʢʠʾʚʩʴʢʘ ʩʚʽʪʠ) ʪʘ 

ʨʽʟʥʦʛʝʥʝʪʠʯʥʽ ʫʪʚʦʨʝʥʥʷ ʯʝʪʚʝʨʪʠʥʥʦʾ ʩʠʩʪʝʤʠ. ʇʽʱʘʥʦ-ʢʨʝʤʝʥʝʚʠʡ ʛʦʨʠʟʦʥʪ 

ʪʘʢʦʞ ʯʘʩʪʦ ʟʘʨʘʭʦʚʫʶʪʴ ʜʦ ʧʦʨʽʜ ʨʦʟʢʨʠʚʫ, ʦʜʥʘʢ ʥʘ ʜʝʷʢʠʭ ʜʽʣʷʥʢʘʭ 

ʨʦʜʦʚʠʱʘ, ʜʝ ʚʤʽʩʪ ʽʣʴʤʝʥʽʪʫ ʚ ʧʦʨʦʜʘʭ ʤʦʰʥʦ-ʨʫʜʥʷʥʩʴʢʦʾ ʩʚʽʪʠ ʜʦʩʷʛʘʻ 

ʧʨʦʤʠʩʣʦʚʠʭ ʟʥʘʯʝʥʴ, ʮʽ ʚʽʜʢʣʘʜʠ ʟʘʨʘʭʦʚʫʶʪʴ ʜʦ ʧʨʦʜʫʢʪʠʚʥʠʭ. ɼʽʣʷʥʢʠ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʪʦʚʱʠʥʠ ʽ ʧʽʜʚʠʱʝʥʦʛʦ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʦʛʦ ʚʤʽʩʪʫ ʽʣʴʤʝʥʽʪʫ ʚ 

ʧʽʱʘʥʦ-ʢʨʝʤʝʥʝʚʦʤʫ ʛʦʨʠʟʦʥʪʽ ʪʘ ʯʝʪʚʝʨʪʠʥʥʠʭ ʫʪʚʦʨʝʥʥʷʭ ʧʨʦʩʪʦʨʦʚʦ ʥʝ 

ʟʙʽʛʘʶʪʴʩʷ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ ʽ ʨʝʯʦʚʠʥʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʦʨʽʜ ʨʦʟʢʨʠʚʫ ʚ ʤʝʞʘʭ 

ʜʽʣʷʥʢʠ ʉʝʨʝʜʥʷ ʟʘʛʘʣʦʤ ʧʽʜʪʚʝʨʜʠʣʠ ʚʠʩʥʦʚʢʠ ʛʝʦʣʦʛʽʚ-ʚʠʨʦʙʥʠʯʥʠʢʽʚ ʱʦʜʦ 

ʧʝʨʩʧʝʢʪʠʚ ʾʭʥʴʦʾ ʨʫʜʦʥʦʩʥʦʩʪʽ.  

 
ʇɽʈɽʃɯʂ ɺʀʂʆʈʀʉʊɸʅʆɰ ʃɯʊɽʈɸʊʋʈʀ 

 



40 
çʉʋʏɸʉʅɯ ʇʈʆɹʃɽʄʀ ɻɯʈʅʀʏʆɰ ɻɽʆʃʆɻɯɰ ʊɸ ɻɽʆɽʂʆʃʆɻɯɰè 17 ï 18 ʣʠʩʪʦʧʘʜʘ 2025 ʨ. 

1. ʅʝʩʪʝʨʝʥʢʦ ʊ. ʇʦʚʪʦʨʥʘ ʛʝʦʣʦʛʦ-ʝʢʦʥʦʤʽʯʥʘ ʦʮʽʥʢʘ ʟʘʧʘʩʽʚ ʄʝʞʠʨʽʯʥʦʛʦ ʨʦʜʦʚʠʱʘ 

ʪʠʪʘʥʦʚʠʭ ʨʫʜ (ʜʽʣʷʥʢʠ ʉʝʨʝʜʥʷ, ɽʤʽʣʽʚʩʴʢʘ, ʖʨʩʴʢʘ, ʆʩʠʥʦʚʘ ʪʘ ɹʫʢʠʥʩʴʢʘ). ʂʨʠʚʠʡ ʈʽʛ, 

2018. 

2. ʌʽʛʫʨʘ ʃ. ɸ., ʂʦʚʘʣʴʯʫʢ ʄ. ʉ. ʈʫʜʦʥʦʩʥʽʩʪʴ ʆʩʠʥʦʚʦʾ ʜʽʣʷʥʢʠ ʄʝʞʠʨʽʯʥʦʛʦ ʨʦʜʦʚʠʱʘ 

ʪʠʪʘʥʦʚʠʭ ʨʫʜ. ɻʝʦʭʽʤʽʷ ʪʘ ʨʫʜʦʫʪʚʦʨʝʥʥʷ. 2022. ɺʠʧ. 43. ʉ. 59ï73. 

https://doi.org/10.15407/gof.2022.43.059 

3. ʌʽʛʫʨʘ ʃ. ɸ., ʂʦʚʘʣʴʯʫʢ ʄ. ʉ. ɻʝʦʣʦʛʽʯʥʘ ʙʫʜʦʚʘ ʪʘ ʨʫʜʦʥʦʩʥʽʩʪʴ ʖʨʩʴʢʦʾ ʜʽʣʷʥʢʠ 

ʄʝʞʠʨʽʯʥʦʛʦ ʨʦʜʦʚʠʱʘ ʪʠʪʘʥʦʚʠʭ ʨʫʜ. ʄʽʥʝʨʘʣʦʛʽʯʥʠʡ ʞʫʨʥʘʣ. 2023. ɺʠʧ. 45. ˉ4. ʉ. 

100ï117. https://doi.org/10.15407/mineraljournal.45.04.100 

4. ʌʽʛʫʨʘ ʃ. ɸ., ʂʦʚʘʣʴʯʫʢ ʄ. ʉ. ʇʦʣʽʭʨʦʥʥʦ-ʧʦʣʽʛʝʥʥʘ ʧʨʦʩʪʦʨʦʚʦ-ʧʘʨʘʛʝʥʝʪʠʯʥʘ 

ʽʣʴʤʝʥʽʪʦʥʦʩʥʽʩʪʴ ɹʫʢʽʥʩʴʢʦʾ ʜʽʣʷʥʢʠ ʄʝʞʠʨʽʯʥʦʛʦ ʨʦʜʦʚʠʱʘ ʪʠʪʘʥʦʚʠʭ ʨʫʜ. ɺʽʩʥʠʢ 

ʍʘʨʢʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤ. ɺ.ʅ. ʂʘʨʘʟʽʥʘ, ʩʝʨʽʷ çɻʝʦʣʦʛʽʷ, ʛʝʦʛʨʘʬʽʷ, 

ʝʢʦʣʦʛʽʷè. 2023. ɺʠʧ. 59. ʉ. 55ï71. https://doi.org/10.26565/2410-7360-2023-59-05 

https://doi.org/10.15407/gof.2022.43.059
https://doi.org/10.15407/mineraljournal.45.04.100


41 
çʉʋʏɸʉʅɯ ʇʈʆɹʃɽʄʀ ɻɯʈʅʀʏʆɰ ɻɽʆʃʆɻɯɰ ʊɸ ɻɽʆɽʂʆʃʆɻɯɰè 17 ï 18 ʣʠʩʪʦʧʘʜʘ 2025 ʨ. 

 

 

UDK 628.1 
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The development of the process of accumulating mechanical damage due to irreversible bulk 

deformation, which depends on the stress state, can be positive (dilatancy) or negative 

(compaction), leading to the destruction of rocks. Strain-deformations in sandstone SiO2, 

functionalized nanocomposites of polyamide, polyethylene, polyvinylchloride and multiwalled 

carbon nanotubes (MWCNTs) is represented. The correlation between the crystalline and 

amorphous components of polymer macromolecules interacting with rigid MWCNTs influences on 

elastic and anelastic characteristics of the nanocomposites. 

Keywords: sandstone, rocks, strain, deformations, nanocomposites. 

 

ʅɸʇʈʋɻʀ-ɼɽʌʆʈʄɸʎɯɰ ʋ ʇɯʉʂʆɺʀʂʋ SiO2, ʅɸʅʆʂʆʄʇʆɿʀʊɸʍ 
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ʈʦʟʚʠʪʦʢ ʧʨʦʮʝʩʫ ʥʘʢʦʧʠʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʧʦʰʢʦʜʞʝʥʴ ʚʥʘʩʣʽʜʦʢ ʥʝʟʚʦʨʦʪʥʦʾ ʦʙ'ʻʤʥʦʾ 

ʜʝʬʦʨʤʘʮʽʾ, ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ, ʤʦʞʝ ʙʫʪʠ ʧʦʟʠʪʠʚʥʠʤ (ʜʠʣʘʪʘʥʩʽʷ) ʘʙʦ 

ʥʝʛʘʪʠʚʥʠʤ (ʫʱʽʣʴʥʝʥʥʷ), ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ. ʇʨʝʜʩʪʘʚʣʝʥʦ 

ʥʘʧʨʫʛʠ-ʜʝʬʦʨʤʘʮʽʾ ʫ ʧʽʩʢʦʚʠʢʫ SiO2, ʬʫʥʢʮʽʦʥʘʣʽʟʦʚʘʥʠʭ ʥʘʥʦʢʦʤʧʦʟʠʪʘʭ ʟ ʧʦʣʽʘʤʽʜʫ, 

ʧʦʣ̔ʝʪʠʣʝʥʫ, ʧʦʣʽʚʽʥʽʣʭʣʦʨʠʜʫ ʪʘ ʙʘʛʘʪʦʩʪʽʥʥʠʭ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ (ɹʐɺʅʊ). 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʢʨʠʩʪʘʣʽʯʥʠʤʠ ʪʘ ʘʤʦʨʬʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʦʣʽʤʝʨʥʠʭ ʤʘʢʨʦʤʦʣʝʢʫʣ, 

ʱʦ ʚʟʘʻʤʦʜʽʶʪʴ ʽʟ ʞʦʨʩʪʢʠʤʠ ɹʐɺʅʊ, ʚʧʣʠʚʘʻ ʥʘ ʧʨʫʞʥʽ ʪʘ ʥʝʧʨʫʞʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʥʘʥʦʢʦʤʧʦʟʠʪʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʽʩʢʦʚʠʢ, ʛʽʨʩʴʢʽ ʧʦʨʦʜʠ, ʥʘʧʨʫʛʘ, ʜʝʬʦʨʤʘʮʽʾ, ʥʘʥʦʢʦʤʧʦʟʠʪʠ. 

 

Experimental methods 

Samples sandstone SiO2, nanocomposites were cut [1,2,6]. Finishing was 

performed with diamond paste with a grain size dG = 14/20 ɛm. The four-component 

piezoelectric vibrator at a frequency of f å 118 kHz, and the electrostatic method of 

bending resonance oscillations at a frequency of f å 1 kHz with deformation e å 10-6 
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in vacuum P å 10-3 Pa were used [3-5]. The measuring error relative change of elastic 

modulus  å 0.1% and internal friction (IF)  å 10%. 

Results and discussion 

The distribution diagrams of polarization vectors P  of quasilongitudinal VƐ, 

ñfastò quasitransversal Vƍ1 velocity, of ñslowò quasitransversal Vƍ2 velocity in SiO2 

shows in Fig. 1, Fig. 2, in Fig. 3 respectively. 
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Fig. 1. The distribution diagrams of polarization vectors P  of quasilongitudinal VƐ velocity in 

SiO2. 
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Fig. 2. The distribution diagrams of polarization vectors P  of ñfastò quasitransversal Vƍ1 velocity 

in SiO2. 
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Fig. 3. The distribution diagrams of polarization vectors P  of ñslowò quasitransversal Vƍ2 velocity 

in SiO2. 
 

The stereoprojection of polarization angle - deviation of the vector of elastic 

displacements  from the direction of wave normal   SiO2 (isolines - in 

degrees) is represented in Fig. 4. 
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Fig. 4. The stereoprojection of polarization angle - deviation of the vector of elastic displacements  

from the direction of wave normal   SiO2 (isolines - in degrees). 

 

The stereoprojection of differential coefficient of elastic anisotropy Ad of SiO2 

(isolines - in %) is presented in Fig. 5. 
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Fig. 5. The stereoprojection of differential coefficient of elastic anisotropy Ad of SiO2 (isolines - in 

%). 
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Conclusions 

1. The analysis of elastic anisotropy parameters Ad, Aɛ of sandstone SiO2 

showed that the rhombic approximation provided the maximum harmonization of the 

calculated and the experimental data and the efficiency of using the invariant-

polarization method to solve the acoustic texture analysis problems. 

2. The polarization angle ï the deflection of elastic displacements vector  

from wave normal direction   and differential coefficient of elastic 

anisotropy Ad, elastic anisotropy integral coefficient  are the most universal 

characteristics of anisotropy and testify about anisotropic deformation Ů in sandstone 

SiO2. 

3. For the capture of external geological data thermogeoprobe contains 

devices for the selection of geological rocks and their express-analysis. 

Thermogeoprobe can be used for getting of deep minerals, underground penetration, 

deep geophysical secret service, gasket the tunnel, which can penetrate on no-bottoms 

in Earth rocks, by mealting of rocks by means of heat, which is generated. 

4. The work of such analyzers must be built on use of chemical reagents, 

on characteristic property of mountain rock, which mealting. In case of secret service 

of deep sensors must be adjusted on concrete descriptions of oil, gas CH4, coal and 

also on concomitant them elements. Methods of transmitting information and control 

signals to the superdeep thermogeoprobe and vice versa are selected depending on 

the conditions of its operation - with or without preservation of the wellbore. 
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ʋ ʨʦʙʦʪʽ ʧʝʨʝʦʩʤʠʩʣʝʥʦ ʧʨʦʩʪʦʨʦʚʫ ʙʫʜʦʚʫ ʨʫʜʥʠʭ ʟʦʥ ʂʨʫʰʠʥʩʴʢʦʾ ʩʪʨʫʢʪʫʨʠ ʽ 

ʢʣʘʩʠʬʽʢʦʚʘʥʦ ʧʨʦʙʠ ʟʘ ʚʤʽʩʪʦʤ BeO ʪʘ ʤʝʪʨʦʚʽʜʩʦʪʢʦʤ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʚʠʦʢʨʝʤʠʪʠ ʜʚʘ 

ʩʪʘʪʠʩʪʠʯʥʦ ʩʪʽʡʢʽ ʨʫʜʥʽ ʪʽʣʘ. 
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The study reinterprets the spatial structure of ore zones within the Krushynska structure and 

classifies samples based on BeO content and metal percentage, which enabled the identification of 

two statistically stable ore bodies. 

Keywords: Perzhanske deposit, Krushynska structure, beryllium. 

 

ʇʝʨʞʘʥʩʴʢʝ ʨʦʜʦʚʠʱʝ ʙʝʨʠʣʽʶ ʨʦʟʪʘʰʦʚʘʥʦ ʚ ʤʝʞʘʭ ʉʫʱʘʥʦ-ʇʝʨʞʘʥʩʴʢʦʾ 

ʤʝʪʘʣʦʛʝʥʽʯʥʦʾ ʟʦʥʠ, ʫ ʚʫʟʣʽ ʧʝʨʝʪʠʥʫ ʉʫʱʘʥʦ-ʇʝʨʞʘʥʩʴʢʦʾ ʪʘ ʇʽʚʥʽʯʥʦ-

ʇʦʣʽʩʴʢʦʾ ʟʦʥ ʘʢʪʠʚʽʟʘʮʽʾ, ʥʘ ʧʽʚʥʽʯʥʦʤʫ ʟʘʭʦʜʽ ʋʢʨʘʾʥʩʴʢʦʛʦ ʱʠʪʘ. ɺʦʥʦ ʟʘʡʤʘʻ 

ʮʝʥʪʨʘʣʴʥʫ ʯʘʩʪʠʥʫ ʇʝʨʞʘʥʩʴʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʪʘ ʥʘʣʝʞʠʪʴ ʜʦ ʬʝʥʘʢʽʪ-

ʛʝʥʪʛʝʣʴʚʽʥʦʚʦʛʦ ʪʠʧʫ, ʱʦ ʛʝʥʝʪʠʯʥʦ ʧʦʚôʷʟʘʥʠʡ ʽʟ ʣʫʞʥʠʤʠ 

ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʠʤʠ ʛʨʘʥʽʪʘʤʠ ʪʘ ʧʦʣʴʦʚʦʰʧʘʪʦʚʠʤʠ ʤʝʪʘʩʦʤʘʪʠʪʘʤʠ. 

ʋ ʤʝʞʘʭ ʨʦʜʦʚʠʱʘ ʚʠʜʽʣʷʶʪʴʩʷ ʜʚʽ ʨʫʜʦʥʦʩʥʽ ʩʪʨʫʢʪʫʨʠ ð ʂʨʫʰʠʥʩʴʢʘ ʪʘ 

ʇʽʚʥʽʯʥʘ (ʨʠʩ. 1), ʷʢʽ ʦʭʦʧʣʶʶʪʴ ʧʣʦʱʫ 21,0 ʢʤĮ. ʆʙʠʜʚʽ ʩʪʨʫʢʪʫʨʠ ʣʦʢʘʣʽʟʦʚʘʥʽ 

ʚ ʟʦʥʽ ʨʦʟʚʠʪʢʫ ʧʝʨʞʘʥʩʴʢʠʭ ʛʨʘʥʽʪʽʚ, ʱʦ ʬʦʨʤʫʶʪʴ ʩʤʫʛʫ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʦʛʦ ð 

ʩʫʙʰʠʨʦʪʥʦʛʦ ʧʨʦʩʪʷʛʘʥʥʷ, ʫʟʛʦʜʞʝʥʫ ʟ ʦʨʽʻʥʪʘʮʽʻʶ ʦʩʥʦʚʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʉʫʱʘʥʦ-ʇʝʨʞʘʥʩʴʢʦʾ ʪʝʢʪʦʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʥʦʾ ʟʦʥʠ. 

ɻʝʦʣʦʛʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʂʨʫʰʠʥʩʴʢʦʾ ʩʪʨʫʢʪʫʨʠ 

ʂʨʫʰʠʥʩʴʢʘ ʨʫʜʦʥʦʩʥʘ ʩʪʨʫʢʪʫʨʘ ʻ ʦʩʥʦʚʥʠʤ ʦʙ'ʻʢʪʦʤ ʜʣʷ ʤʦʞʣʠʚʦʾ 

ʨʦʟʨʦʙʢʠ ʛʝʥʪʛʝʣʴʚʽʥʦʚʠʭ ʨʫʜ. ʈʫʜʠ ʪʫʪ ʩʢʦʥʮʝʥʪʨʦʚʘʥʽ ʥʘ ʜʚʦʭ ʜʽʣʷʥʢʘʭ: 

ʟʘʭʽʜʥʽʡ ï ʥʘ ʣʽʚʦʙʝʨʝʞʞʽ ʨ. ʇʝʨʛʘ (ʨʫʜʥʽ ʟʦʥʠ I ʽ IV) ʽ ʩʭʽʜʥʽʡ ï ʥʘ 

ʧʨʘʚʦʙʝʨʝʞʞʽ ʨ. ʇʝʨʛʘ (ʨʫʜʥʽ ʟʦʥʠ II, III ʽ V). ɿʘʧʘʩʠ ʨʫʜ ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʚ 
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ʪʘʢʠʡ ʩʧʦʩʽʙ: ʥʘ ʟʘʭʽʜʥʽʡ ʜʽʣʷʥʮʽ ï 996,8 ʫʤ. ʦʜ. ʧʨʠ ʩʝʨʝʜʥʴʦʤʫ ʚʤʽʩʪʽ 0,529% ʽ 

128,6 ʫʤ. ʦʜ. ʟʘʙʘʣʘʥʩʦʚʠʭ ʨʫʜ; ʥʘ ʩʭʽʜʥʽʡ ʜʽʣʷʥʮʽ ï 1149,2 ʫʤ. ʦʜ. ʧʨʠ ʚʤʽʩʪʽ 

0,532% ʽ 116,5 ʫʤ. ʦʜ. ʟʘʙʘʣʘʥʩʦʚʠʭ ʨʫʜ [1, 2]. ʂʨʽʤ ʮʴʦʛʦ, ʚ ʨʫʜʥʠʭ ʟʦʥʘʭ ʻ 

ʙʘʛʘʪʦ ʥʝʚʨʘʭʦʚʘʥʠʭ ʨʫʜʥʠʭ ʪʽʣ ʽʟ ʟʘʙʘʣʘʥʩʦʚʠʤʠ ʟʘʧʘʩʘʤʠ. 

 

 
 

ʈʠʩ. 1. ʂʘʨʪʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʨʫʜʦʥʦʩʥʠʭ ʩʪʨʫʢʪʫʨ ʚ ʤʝʞʘʭ ʇʝʨʞʘʥʩʴʢʦʛʦ 

ʨʦʜʦʚʠʱʘ 

 

ʈʫʜʥʽ ʪʽʣʘ ʤʘʶʪʴ ʢʫʣʽʩʦʧʦʜʽʙʥʫ ʬʦʨʤʫ, ʧʦʪʫʞʥʽʩʪʴ ð ʚʽʜ ʢʽʣʴʢʦʭ ʜʦ 20ï30 

ʤʝʪʨʽʚ. ʆʩʥʦʚʥʠʤʠ ʤʽʥʝʨʘʣʘʤʠ-ʢʦʥʮʝʥʪʨʘʪʦʨʘʤʠ ʙʝʨʠʣʽʶ ʻ ʛʝʥʪʛʝʣʴʚʽʥ (0,55ï

13,0% BeO, 90,8ï97,2% ʟʘʧʘʩʽʚ) ʪʘ ʬʝʥʘʢʽʪ (43,7ï44,0% BeO, 2,6ï8,9% ʟʘʧʘʩʽʚ). 

ʇʦʧʝʨʝʜʥʽʤʠ ʨʦʙʦʪʘʤʠ (ʄʝʪʘʣʽʜʽ ʪʘ ʽʥ. [1, 2]) ʫ ʤʝʞʘʭ ʂʨʫʰʠʥʩʴʢʦʾ 

ʩʪʨʫʢʪʫʨʠ ʙʫʣʦ ʚʠʜʽʣʝʥʦ ʨʫʜʥʽ ʪʽʣʘ ʥʝʚʝʣʠʢʠʭ ʨʦʟʤʽʨʽʚ, ʦʙ'ʻʜʥʘʥʠʭ ʫ 5 ʨʫʜʥʠʭ 

ʟʦʥ. ɿʘ ʮʠʤʠ ʟʦʥʘʤʠ ʧʽʜʨʘʭʦʚʘʥʦ ʟʘʧʘʩʠ ɺʝʆ ʧʨʠ ʩʝʨʝʜʥʴʦʤʫ ʚʤʽʩʪʽ ʙʣʠʟʴʢʦ 

0,5%. ʈʫʜʥʽ ʙʣʦʢʠ ʤʘʶʪʴ ʥʝʚʝʣʠʢʽ ʨʦʟʤʽʨʠ ʪʘ ʨʦʟʧʦʜʽʣʝʥʽ ʟʽ ʟʥʘʯʥʠʤ 

ʚʝʨʪʠʢʘʣʴʥʠʤ ʽʥʪʝʨʚʘʣʦʤ.  

ɸʥʘʣʽʟ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʧʨʦʙ (ʨʠʩ. 2) ʚʠʷʚʠʚ ʚʽʜʩʫʪʥʽʩʪʴ ʯʽʪʢʦʾ 

ʢʦʨʝʣʷʮʽʾ ʤʽʞ ʢʦʣʴʦʨʦʚʠʤ ʟʦʥʫʚʘʥʥʷʤ ʪʘ ʬʘʢʪʠʯʥʠʤ ʧʦʣʦʞʝʥʥʷʤ ʨʫʜʥʠʭ ʪʽʣ, 

ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʠʟʴʢʫ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʚʽʟʫʘʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 

ɺʩʪʘʥʦʚʣʝʥʦ ʭʘʦʪʠʯʥʠʡ ʭʘʨʘʢʪʝʨ ʨʦʟʤʽʱʝʥʥʷ ʧʨʦʙ, ʷʢʠʡ ʟʥʘʯʥʦ ʫʩʢʣʘʜʥʶʻ 

ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʟʦʥ ʤʽʥʝʨʘʣʽʟʘʮʽʾ. ʅʘ ʦʩʥʦʚʽ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ 

ʟʜʽʡʩʥʝʥʦ ʦʙôʻʜʥʘʥʥʷ ʧʨʦʙ ʟʦʥ 1 ʽ 2 ʷʢ ʻʜʠʥʦʾ ʦʙʣʘʩʪʽ ʤʽʥʝʨʘʣʽʟʘʮʽʾ, ʘ ʪʘʢʦʞ 

ʫʪʦʯʥʝʥʦ ʤʝʞʽ ʟʦʥʠ 4 ʰʣʷʭʦʤ ʾʾ ʨʦʟʜʽʣʝʥʥʷ ʥʘ ʦʢʨʝʤʽ ʩʪʨʫʢʪʫʨʥʦ-ʛʝʦʭʽʤʽʯʥʽ 

ʝʣʝʤʝʥʪʠ. 

ɼʣʷ ʦʙôʻʢʪʠʚʥʦʾ ʦʮʽʥʢʠ ʨʫʜʥʠʭ ʪʽʣ ʟʘʩʪʦʩʦʚʘʥʦ ʢʣʘʩʠʬʽʢʘʮʽʶ ʧʨʦʙ ʟʘ ʜʚʦʤʘ 

ʧʘʨʘʤʝʪʨʘʤʠ: ʚʤʽʩʪʦʤ BeO ʪʘ ʤʝʪʨʦʚʽʜʩʦʪʢʦʤ (ʧʦʪʫʞʥʽʩʪʴ ʨʫʜʥʦʛʦ ʽʥʪʝʨʚʘʣʫ, 

ʧʝʨʝʪʚʦʨʝʥʘ ʚ ʫʤʦʚʥʠʡ ʚʝʨʪʠʢʘʣʴʥʠʡ ʟʘʧʘʩ). ʎʝ ʜʦʟʚʦʣʠʣʦ ʫʥʠʢʥʫʪʠ 
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ʚʠʢʨʠʚʣʝʥʴ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʥʝʦʜʥʦʟʥʘʯʥʽʩʪʶ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʪʘ 

ʚʤʽʩʪʫ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʠʜʽʣʝʥʦ ʜʚʘ ʨʫʜʥʽ ʪʽʣʘ: çɿʘʭʽʜʥʝè (ʨʠʩ. 2) (ʞʠʣʴʥʦʛʦ ʪʠʧʫ), 

ʱʦ ʚʢʣʶʯʘʻ ʧʨʦʙʠ ʟ ʜʚʦʭ ʟʦʥ ʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʦʜʥʦʨʽʜʥʠʤ ʨʦʟʧʦʜʽʣʦʤ 

ʤʝʪʨʦʚʽʜʩʦʪʢʽʚ ʪʘ çʉʭʽʜʥʝè (ʨʠʩ. 3) (ʰʪʦʢʚʝʨʢʦʚʦʛʦ ʪʠʧʫ), ʱʦ ʚʢʣʶʯʘʻ ʧʨʦʙʠ ʟ 

ʪʨʴʦʭ ʟʦʥ ʪʘ ʤʘʻ ʪʨʠ ʜʽʣʷʥʢʠ ʟ ʧʽʜʚʠʱʝʥʠʤ ʚʤʽʩʪʦʤ BeO. 

 

  

(ʘ)  (ʙ) 

 
ʈʠʩ. 2. ʈʦʟʧʦʜʽʣ ʤʝʪʨʦʚʽʜʩʦʪʢʽʚ BeO (ʘ) ʪʘ ʚʤʽʩʪʫ BeO, % (ʙ) ʫ ʨʫʜʥʦʤʫ ʪʽʣʽ çɿʘʭʽʜʥʝè 

 

  

(ʘ)  (ʙ) 

 
ʈʠʩ. 3. ʈʦʟʧʦʜʽʣ ʤʝʪʨʦʚʽʜʩʦʪʢʽʚ BeO (ʘ) ʪʘ ʚʤʽʩʪʫ BeO, % (ʙ) ʫ ʨʫʜʥʦʤʫ ʪʽʣʽ çʉʭʽʜʥʝè 

 

ɿʘʩʪʦʩʦʚʘʥʽ ʨʘʥʽʰʝ ʦʙʤʝʞʝʥʥʷ ʱʦʜʦ çʫʨʘʛʘʥʥʠʭè ʧʨʦʙ ʚʠʷʚʠʣʠʩʷ 

ʥʝʦʙˇʨʫʥʪʦʚʘʥʠʤʠ ʯʝʨʝʟ ʤʘʣʫ ʢʽʣʴʢʽʩʪʴ ʧʨʦʙ, ʱʦ ʧʦʪʨʘʧʠʣʠ ʫ ʨʫʜʥʽ ʪʽʣʘ. 

ɺʠʩʥʦʚʢʠ 

ʂʨʫʰʠʥʩʴʢʘ ʩʪʨʫʢʪʫʨʘ (ʨʠʩ. 4) ʻ ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʜʣʷ ʨʦʟʨʦʙʢʠ 

ʛʝʥʪʛʝʣʴʚʽʥʦʚʠʭ ʨʫʜ. ʇʨʦʩʪʦʨʦʚʘ ʧʝʨʝʦʮʽʥʢʘ ʧʨʦʙ ʜʦʟʚʦʣʠʣʘ ʫʪʦʯʥʠʪʠ ʤʝʞʽ 

ʨʫʜʥʠʭ ʪʽʣ, ʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʟʘ ʤʝʪʨʦʚʽʜʩʦʪʢʦʤ ʚʠʷʚʠʣʘʩʷ ʝʬʝʢʪʠʚʥʠʤ 
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ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʚʠʜʽʣʝʥʥʷ ʩʪʘʪʠʩʪʠʯʥʦ ʩʪʽʡʢʠʭ ʨʫʜʥʠʭ ʪʽʣ. ʅʦʚʦʚʠʜʽʣʝʥʽ ʪʽʣʘ 

ʥʝ ʧʝʨʝʪʠʥʘʶʪʴʩʷ ʟ ʪʝʨʠʪʦʨʽʷʤʠ ʟʘʧʦʚʽʜʥʠʢʘ ʯʠ ʣʽʩʥʠʮʪʚʘ, ʱʦ ʩʧʨʠʷʻ ʾʭ 

ʧʦʪʝʥʮʽʡʥʽʡ ʧʨʦʤʠʩʣʦʚʽʡ ʨʦʟʨʦʙʮʽ. 

 

 
 

ʈʠʩ. 4. ʈʫʜʥʽ ʪʽʣʘ ʂʨʫʰʠʥʩʴʢʦʾ ʩʪʨʫʢʪʫʨʠ 

 
ʇɽʈɽʃɯʂ ɺʀʂʆʈʀʉʊɸʅʆɰ ʃɯʊɽʈɸʊʋʈʀ 
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ʋɼʂ 504.062 

ɻɽʆʃʆɻɯʏʅɸ ɹʋɼʆɺɸ ʊɸ ʆʎɯʅʂɸ ɿɸʇɸʉɯɺ ɺɸʇʅʗʂɯɺ 

ɼʋɹʆɺɽʎʔʂʆɻʆ ʈʆɼʆɺʀʑɸ ɺ ɻɸʃʀʎʔʂʆʄʋ ʈɸʁʆʅɯ ɯɺɸʅʆ-

ʌʈɸʅʂɯɺʉʔʂʆɰ ʆɹʃɸʉʊɯ  
 

ʆ. ɺ. ʇʘʣʽʡʯʫʢ 
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ʅ. ɺ. ɻʦʧʪʘʨʴʦʚʘ 

ʢʘʥʜʠʜʘʪ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ 

ʃ. ɺ. ʋʛʨʘʢ 

ʄ. ɯ. ʄʝʜʚʽʜʴ 

ʊ. ɸ. ʋʛʨʘʢ 

ʌʘʢʫʣʴʪʝʪ ʧʨʠʨʦʜʥʠʯʠʭ ʥʘʫʢ, ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 
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ɺ ʨʦʙʦʪʽ ʚʠʢʣʘʜʝʥʽ ʜʘʥʽ ʧʨʦ ʛʝʦʣʦʛʽʯʥʫ ʙʫʜʦʚʫ ɼʫʙʦʚʝʮʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʚ ɻʘʣʠʮʴʢʦʤʫ ʨʘʡʦʥʽ 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʨʦʟʚʽʜʢʠ ʪʘ ʜʦʨʦʟʚʽʜʢʠ, ʘ ʪʘʢʦʞ 

ʟʘ ʤʘʪʝʨʽʘʣʘʤʠ ʤʠʥʫʣʠʭ ʛʝʦʣʦʛʦʨʦʟʚʽʜʫʚʘʣʴʥʠʭ ʨʦʙʽʪ ʚ ʤʝʞʘʭ ʜʽʣʷʥʢʠ ʥʘʜʨ. ɺʠʩʚʽʪʣʝʥʽ ʜʘʥʽ 

ʧʦʚʪʦʨʥʦʾ ʛʝʦʣʦʛʦ-ʝʢʦʥʦʤʽʯʥʦʾ ʦʮʽʥʢʠ ʟʘʧʘʩʽʚ ʚʘʧʥʷʢʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʘʧʥʷʢ, ʛʝʦʣʦʛʦʨʦʟʚʽʜʫʚʘʣʴʥʽ ʨʦʙʦʪʠ, ʢʦʨʠʩʥʘ ʢʦʧʘʣʠʥʘ, ʧʽʜʨʘʭʫʥʦʢ ʟʘʧʘʩʽʚ, 

ʨʦʜʦʚʠʱʝ. 
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50 
çʉʋʏɸʉʅɯ ʇʈʆɹʃɽʄʀ ɻɯʈʅʀʏʆɰ ɻɽʆʃʆɻɯɰ ʊɸ ɻɽʆɽʂʆʃʆɻɯɰè 17 ï 18 ʣʠʩʪʦʧʘʜʘ 2025 ʨ. 

ɼʫʙʦʚʝʮʴʢʝ ʨʦʜʦʚʠʱʝ ʚʘʧʥʷʢʽʚ, ʧʨʠʜʘʪʥʠʭ ʷʢ ʢʘʨʙʦʥʘʪʥʘ ʩʢʣʘʜʦʚʘ ʜʣʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʤʘʨʦʢ 400 ʽ 500, ʘ ʪʘʢʦʞ ʧʨʠʜʘʪʥʽ ʜʣʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʨʦʰʢʫ ʤʽʥʝʨʘʣʴʥʦʛʦ ʥʝʘʢʪʠʚʦʚʘʥʦʛʦ ʤʘʨʢʠ ʄʇ ɯ, ʨʦʟʪʘʰʦʚʘʥʝ 

ʥʘ ʚʽʜʩʪʘʥʽ ʙʣʠʟʴʢʦ 1,5 ʢʤ ʥʘ ʧʽʚʥʽʯʥʠʡ ʩʭʽʜ ʚʽʜ ʩ. ɼʫʙʽʚʮʽ ɻʘʣʠʮʴʢʦʛʦ ʨʘʡʦʥʫ 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ. 

ɼʫʙʦʚʝʮʴʢʝ ʨʦʜʦʚʠʱʝ ʮʝʤʝʥʪʥʦʾ ʩʠʨʦʚʠʥʠ ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʟ 1932 ʨʦʢʫ. 

ɿʘʣʷʛʘʥʥʷ ʚʘʧʥʷʢʽʚ ʙʣʠʟʴʢʝ ʜʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ, ʤʽʩʮʷʤʠ ʧʨʦʩʪʝʞʫʻʪʴʩʷ 

ʩʣʘʙʠʡ ʥʘʭʠʣ ʚ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʦʤʫ ʥʘʧʨʷʤʽ 1-2Á. 

ʋ 2019 ʨʦʮʽ ʧʣʘʥʦʤ ʧʝʨʝʜʙʘʯʘʣʠʩʴ ʨʦʟʢʨʠʚʥʽ ʨʦʙʦʪʠ ʚ ʦʙʩʷʟʽ 40 ʪʠʩ. ʤ3. 

ʌʘʢʪʠʯʥʦ ʦʙôʻʤ ʨʦʟʢʨʠʚʥʠʭ ʧʦʨʽʜ ʩʪʘʥʦʚʠʚ 105 ʪʠʩ. ʤ3. ʌʘʢʪʠʯʥʠʡ ʚʠʜʦʙʫʪʦʢ 

ʩʪʘʥʦʚʠʚ ï 2 548 000 ʪ. 

ɺʘʧʥʷʢ ʤʘʢʨʦʩʢʦʧʽʯʥʦ ʩʚʽʪʣʦ-ʩʽʨʠʡ, ʱʽʣʴʥʠʡ, ʚ ʟʥʘʯʥʽʡ ʩʪʝʧʝʥʽ 

ʪʨʽʱʠʥʫʚʘʪʠʡ. ʇʦ ʪʨʽʱʠʥʘʤ ʯʘʩʪʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʛʽʜʨʦʦʢʠʩ ʟʘʣʽʟʘ. ʉʝʨʝʜʥʷ 

ʧʦʪʫʞʥʽʩʪʴ ʮʴʦʛʦ ʚʘʧʥʷʢʫ ï 1,7 ʤ. ɺʘʧʥʷʢ ʯʠʩʪʠʡ ʤʘʢʨʦʩʢʦʧʽʯʥʦ ʙʽʣʠʡ, 

ʩʪʨʫʢʪʫʨʘ ʧʝʣʽʪʦ-ʤʦʨʬʥʘ ʪʝʢʩʪʫʨʘ ʤʘʩʠʚʥʘ. 

ʉʝʨʽʷʤʠ ʚʝʨʪʠʢʘʣʴʥʠʭ ʽ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʪʨʽʱʠʥ ʚʘʧʥʷʢ ʨʦʟʙʠʪʠʡ ʥʘ ʙʣʦʢʠ. 

ɺʽʜʩʪʘʥʴ ʤʽʞ ʪʨʽʱʠʥʘʤʠ 15-50 ʩʤ. ʉʝʨʝʜʥʷ ʧʦʪʫʞʥʽʩʪʴ ʮʴʦʛʦ ʚʘʧʥʷʢʫ ï 16 ʤ. 

ʅʠʥʽ ʨʦʟʢʨʠʚʥʽ ʨʦʙʦʪʠ ʚ ʢʘʨôʻʨʽ ʚʘʧʥʷʢʫ ʬʘʢʪʠʯʥʦ ʟʘʚʝʨʰʝʥʽ ʽ 

ʥʝʨʦʟʢʨʠʪʦʶ ʢʦʨʠʩʥʘ ʢʦʧʘʣʠʥʘ ʣʠʰʘʻʪʴʩʷ ʣʠʰʝ ʚ ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ. 

ɻʽʜʨʦʛʝʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʨʦʜʦʚʠʱʘ ʩʧʨʠʷʪʣʠʚʽ. ʇʽʜʟʝʤʥʽ ʚʦʜʠ ʟʫʩʪʨʽʯʘʶʪʴʩʷ 

ʪʽʣʴʢʠ ʥʠʞʯʝ ʛʦʨʠʟʦʥʪʫ +212 ʤ. ɺʦʜʦʧʨʠʪʦʢ ʟ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ ï 600 

 ʤ3/ʜʦʙʫ. ɿ ʧʽʜʦʰʚʠ ʢʘʨôʻʨʫ ʚʦʜʘ, ʷʢʘ ʫʪʚʦʨʶʻʪʴʩʷ ʧʽʜ ʯʘʩ ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ 

ʚʽʜʢʘʯʫʻʪʴʩʷ ʥʘʩʦʩʦʤ ʽ ʩʢʠʜʘʻʪʴʩʷ ʟʘ ʤʝʞʫ ʢʘʨôʻʨʫ. 

ʅʠʥʽ ʧʽʜ ʯʘʩ ʚʠʜʦʙʫʚʥʠʭ ʪʘ ʛʝʦʣʦʛʦʨʦʟʚʽʜʫʚʘʣʴʥʠʭ ʨʦʙʽʪ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʩʘʤʦʚʠʣʠʚ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʟ ʧʽʜʦʰʚʠ ʪʘ ʩʪʽʥʦʢ ʢʘʨ'ʻʨʫ. 

ʉʘʤʦʚʠʣʠʚ ʚʦʜʠ ʟʽ ʩʚʝʨʜʣʦʚʠʥʠ ˉ 204 ʪʨʠʚʘʚ ʙʣʠʟʴʢʦ ʜʦʙʠ. ʈʽʚʝʥʴ ʚʦʜʠ 

ʧʦʩʪʫʧʦʚʦ ʟʥʠʟʠʚʩʷ ʜʦ 1,57 ʤ ʽ ʩʪʘʙʽʣʽʟʫʚʘʚʩʷ. ɿʘ ʜʘʥʠʤʠ ʜʦʩʣʽʜʥʦʾ ʚʽʜʢʘʯʢʠ 

(ʜʦʜʘʪʦʢ 30ɼ, 31ɼ), ʷʢʘ ʧʨʦʚʝʜʝʥʘ ʧʨʦʪʷʛʦʤ 7 ʛʦʜʠʥ 25 ʭʚ ʧʨʠ ʚʽʜʢʘʯʮʽ 

ʟʜʽʡʩʥʶʚʘʚʩʷ ʧʦʩʪʽʡʥʦ ʽʟ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 19,4 ʤ3/ʛʦʜ, ʯʝʨʝʟ 2 ʛʦʜ ʚʽʜ ʧʦʯʘʪʢʫ 

ʚʽʜʢʘʯʢʠ ʨʽʚʝʥʴ ʚʦʜʠ ʚ ʩʚʝʨʜʣʦʚʠʥʽ ʧʦʩʪʫʧʦʚʦ ʟʥʠʟʠʚʩʷ ʥʘ 1,46 ʩʤ, ʽ ʧʨʦʪʷʛʦʤ 

ʥʘʩʪʫʧʥʠʭ 6 ʛʦʜ ʚʽʜʢʘʯʢʠ ʟʘʣʠʰʘʚʩʷ ʩʪʘʙʽʣʴʥʠʤ, ʢʦʣʠʚʘʶʯʠʩʴ ʚ ʤʝʞʘʭ 

1,46-1,47 ʤ. ʂʽʥʮʝʚʝ ʜʦʩʷʛʥʫʪʝ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʩʪʘʥʦʚʠʪʴ 1,47 ʤ. ʇʽʩʣʷ ʟʫʧʠʥʢʠ 

ʚʽʜʢʘʯʢʠ ʨʽʚʝʥʴ ʚʦʜʠ ʫ ʩʚʝʨʜʣʦʚʠʥʽ ʚʽʜʥʦʚʠʚʩʷ ʥʘ 99 % ʯʝʨʝʟ 3 ʛʦʜʠʥʠ. 

ʈʦʜʦʚʠʱʝ ʨʦʟʤʽʱʝʥʝ ʚ 1,5 ʢʤ ʥʘ ʧʽʚʥʽʯ ʚʽʜ ʮʝʥʪʨʫ ʩ. ɼʫʙʽʚʮʽ ʽ ʫʤʦʚʥʦ 

ʨʦʟʜʽʣʝʥʠʡ ʥʘ 2 ʯʝʨʛʠ. ʇʝʨʰʘ ʯʝʨʛʘ ï 1 ʚʠʜʦʙʫʚʥʠʡ ʫʩʪʫʧ (ʧʽʚʜʝʥʥʘ ʯʘʩʪʠʥʘ 

ʢʘʨ'ʻʨʫ), ʜʨʫʛʘ ʯʝʨʛʘ ï 3 ʚʠʜʦʙʫʚʥʠʭ ʽ 1 ʨʦʟʢʨʠʚʥʠʡ ʫʩʪʫʧ. ʌʨʦʥʪ ʨʦʙʽʪ ɯ-ʾ ʯʝʨʛʠ ï 

420 ʤ, 2-ʾ ʯʝʨʛʠ ï 190 ʤ 

ɺ ʨʘʡʦʥʽ ʨʦʙʽʪ ʟ ʚʽʜʢʣʘʜʘʤʠ ʚʝʨʭʥʴʦʛʦ ʚʽʜʜʽʣʫ ʢʨʝʡʜʦʚʦʾ ʩʠʩʪʝʤ ʧʦʚ'ʷʟʘʥʽ 

ʽʥʰʽ ʨʦʜʦʚʠʱʘ ʮʝʤʝʥʪʥʦʾ ʩʠʨʦʚʠʥʠ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʤʽʥʝʨʘʣʴʥʦ-

ʩʠʨʦʚʠʥʥʦʾ ʙʘʟʠ ʚʠʨʦʙʥʠʮʪʚʘ ʮʝʤʝʥʪʫ ʇʨɸʊ "ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʮʝʤʝʥʪ", 

ʟʦʢʨʝʤʘ ʄʝʞʠʛʽʨʩʴʢʦ-ɼʫʙʦʚʝʮʴʢʝ ʨʦʜʦʚʠʱʝ ʤʝʨʛʝʣʽʚ, ʚʘʧʥʷʢʽʚ ʽ ʛʽʧʩʽʚ, 

ʄʝʞʠʛʽʨʩʴʢʝ ʨʦʜʦʚʠʱʝ ʛʽʧʩʫ, ʜʽʣʷʥʢʘ ʤʝʨʛʝʣʶ ʪʘ ʚʘʧʥʷʢʫ "ʄʝʞʠʛʽʨʩʴʢʘ" 

ʄʝʞʠʛʽʨʩʴʢʦ-ʄʘʨʠʥʦʧʽʣʴʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʮʝʤʝʥʪʥʦʾ ʩʠʨʦʚʠʥʠ, ʄʝʜʫʭʽʚʩʴʢʝ 



51 
çʉʋʏɸʉʅɯ ʇʈʆɹʃɽʄʀ ɻɯʈʅʀʏʆɰ ɻɽʆʃʆɻɯɰ ʊɸ ɻɽʆɽʂʆʃʆɻɯɰè 17 ï 18 ʣʠʩʪʦʧʘʜʘ 2025 ʨ. 

ʨʦʜʦʚʠʱʝ ʛʽʧʩʫ, ʘ ʪʘʢʦʞ ʟʘʧʣʘʥʦʚʘʥʘ ʜʦ ʨʦʟʨʦʙʢʠ ʜʽʣʷʥʢʘ "ʉʭʽʜʥʘ ʄʝʞʠʛʽʨʩʴʢʦ-

ɼʫʙʦʚʝʮʴʢʦʛʦ ʨʦʜʦʚʠʱʘ (ʧʣʦʱʽ ˉˉ 1, 2) ʮʝʤʝʥʪʥʦʾ ʩʠʨʦʚʠʥʠ. 

ɺ ʟʚôʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʄʝʞʠʛʽʨʩʴʢʦ-ɼʫʙʦʚʝʮʴʢʝ ʨʦʜʦʚʠʱʝ ʪʘ ʜʽʣʷʥʢʘ "ʉʭʽʜʥʘ 

ʄʝʞʠʛʽʨʩʴʢʦ-ɼʫʙʦʚʝʮʴʢʦʛʦ ʨʦʜʦʚʠʱʘ (ʧʣʦʱʽ ˉˉ 1, 2) ʮʝʤʝʥʪʥʦʾ ʩʠʨʦʚʠʥʠ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʻ ʧʨʦʜʦʚʞʝʥʥʷʤ ʧʦʢʣʘʜʫ ɼʫʙʦʚʝʮʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʪʘ ʬʘʢʪʠʯʥʦ ʻ 

ʯʘʩʪʠʥʦʶ ʻʜʠʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʾ ʪʦʚʱʽ, ʥʠʞʯʝ ʥʘʚʦʜʠʪʴʩʷ ʢʦʨʦʪʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʛʝʦʣʦʛʽʯʥʦʾ ʙʫʜʦʚʠ ʮʴʦʛʦ ʨʦʜʦʚʠʱʘ. 

ɻʝʦʣʦʛʽʷ ʄʝʞʠʛʽʨʩʴʢʦ-ɼʫʙʦʚʝʮʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʤʝʨʛʝʣʶ ʚʽʜʥʦʩʥʦ ʧʨʦʩʪʘ. ɺ 

ʛʝʦʣʦʛʽʯʥʽʡ ʙʫʜʦʚʽ ʨʦʜʦʚʠʱʘ ʚ ʤʝʞʘʭ ʛʣʠʙʠʥ, ʨʦʟʢʨʠʪʠʭ ʨʦʟʚʽʜʫʚʘʣʴʥʠʤʠ 

ʩʚʝʨʜʣʦʚʠʥʘʤʠ, ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʧʦʨʦʜʠ ʯʝʪʚʝʨʪʠʥʥʦʾ, ʥʝʦʛʝʥʦʚʦʾ ʪʘ ʢʨʝʡʜʦʚʦʾ 

ʩʠʩʪʝʤ [2]. 

ɼʦ ʦʩʥʦʚʥʦʾ ʢʦʨʠʩʥʦʾ ʢʦʧʘʣʠʥʠ ʥʘ ʨʦʜʦʚʠʱʽ ʚʽʜʥʝʩʝʥʽ ʩʽʨʽ, ʪʝʤʥʦ-ʩʽʨʽ, ʩʚʽʪʣʦ-

ʩʽʨʽ ʤʝʨʛʝʣʽ ʜʫʙʦʚʝʮʴʢʦʾ ʩʚʽʪʠ ʚʝʨʭʥʴʦʢʨʝʡʜʷʥʦʛʦ ʚʽʢʫ, ʤʽʮʥʽ, ʱʽʣʴʥʽ, ʤʽʩʮʷʤʠ 

ʪʨʽʱʠʥʫʚʘʪʽ. ʇʦʪʫʞʥʽʩʪʴ ʦʩʥʦʚʥʦʾ ʢʦʨʠʩʥʦʾ ʢʦʧʘʣʠʥʠ ʟʤʽʥʶʻʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 1,0 

ʜʦ 85,1 ʤ (ʩʝʨʝʜʥʷ 31,6 ʤ). 

ɼʦ ʦʩʥʦʚʥʦʾ ʢʦʨʠʩʥʦʾ ʢʦʧʘʣʠʥʠ ʚʽʜʥʝʩʝʥʽ ʦʨʛʘʥʦʛʝʥʥʦ-ʫʣʘʤʢʦʚʽ ʩʚʽʪʣʦ-ʩʽʨʽ 

ʚʘʧʥʷʢʠ ʜʫʙʦʚʝʮʴʢʦʾ ʩʚʽʪʠ ʚʝʨʭʥʴʦʢʨʝʡʜʷʥʦʛʦ ʚʽʢʫ. ʈʦʟʢʨʠʪʘ ʧʦʪʫʞʥʽʩʪʴ ʚʘʧʥʷʢʽʚ 

ʟʤʽʥʶʻʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 0,8 ʜʦ 48,0 ʤ (ʩʝʨʝʜʥʷ 15,6 ʤ). ɺʘʧʥʷʢʠ ʧʽʜʩʪʝʣʷʶʪʴ ʪʦʚʱʫ 

ʤʝʨʛʝʣʽʚ ʟ ʘʙʩʦʣʶʪʥʠʭ ʚʽʜʤʽʪʦʢ +210,2-251,2 ʤ ʽ ʨʦʟʢʨʠʪʽ ʚ ʟʘʭʽʜʥʽʡ, ʜʝ 

ʨʦʟʪʘʰʦʚʘʥʠʡ ʜʽʶʯʠʡ ʢʘʨ'ʻʨ, ʽ ʩʭʽʜʥʽʡ ʯʘʩʪʠʥʘʭ ʨʦʜʦʚʠʱʘ. 

ɼʦ ʩʧʽʣʴʥʦ ʟʘʣʷʛʘʶʯʦʾ ʢʦʨʠʩʥʦʾ ʢʦʧʘʣʠʥʠ, ʱʦ ʟʘʣʷʛʘʻ ʚ ʨʦʟʢʨʠʚʥʠʭ ʧʦʨʦʜʘʭ 

ʤʝʨʛʝʣʶ, ʚʽʜʥʝʩʝʥʽ ʩʽʨʽ, ʩʚʽʪʣʦ-ʩʽʨʽ, ʪʝʤʥʦ-ʩʽʨʽ ʜʨʽʙʥʦ-, ʩʝʨʝʜʥʴʦ-, 

ʢʨʫʧʥʦʢʨʠʩʪʘʣʽʯʥʽ ʛʽʧʩʠ ʪʠʨʘʩʴʢʦʾ ʩʚʽʪʠ ʥʝʦʛʝʥʦʚʦʛʦ ʚʽʢʫ. ʇʦʪʫʞʥʽʩʪʴ ʛʽʧʩʽʚ 

ʟʤʽʥʶʻʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 0,3 ʜʦ 50,8 ʤ (ʩʝʨʝʜʥʷ 17,2 ʤ), ʧʦʪʫʞʥʽʩʪʴ ʧʦʨʫʰʝʥʠʭ 

ʚʠʚʽʪʨʶʚʘʥʥʷʤ ʛʽʧʩʽʚ ï ʚ ʤʝʞʘʭ ʚʽʜ 0,6 ʜʦ 3,5 ʤ (ʩʝʨʝʜʥʷ 1,6 ʤ). ʅʘ ʨʦʜʦʚʠʱʽ 

ʚʠʜʽʣʝʥʽ ʪʨʠ ʜʽʣʷʥʢʠ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʧʦʢʣʘʜʽʚ ʛʽʧʩʽʚ, ʱʦ ʟʘʣʷʛʘʶʪʴ ʫ ʚʠʛʣʷʜʽ ʣʽʥʟ 

ʽ ʚʽʜʦʢʨʝʤʣʝʥʽ ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ ʧʦʪʫʞʥʠʤʠ ʟʦʥʘʤʠ ʢʘʨʩʪʫ. 

ʇʫʭʢʽ ʨʦʟʢʨʠʚʥʽ ʧʦʨʦʜʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ˇʨʫʥʪʦʚʦ-ʨʦʩʣʠʥʥʠʤ ʰʘʨʦʤ 

ʧʦʪʫʞʥʽʩʪʶ ʚʽʜ 0,1 ʜʦ 2,6 ʤ (ʩʝʨʝʜʥʷ 0,7 ʤ), ʩʫʛʣʠʥʢʦʤ ʧʦʪʫʞʥʽʩʪʶ ʚʽʜ 0,4 ʜʦ 

41,6 ʤ (ʩʝʨʝʜʥʷ 10,7 ʤ), ʧʽʩʢʦʤ ʧʦʪʫʞʥʽʩʪʶ ʚʽʜ 1,5 ʜʦ 7,9 ʤ (ʩʝʨʝʜʥʷ 4,9 ʤ), 

ʘʣʝʚʨʠʪʠʩʪʦʶ ʛʣʠʥʦʶ ʢʦʩʽʚʩʴʢʦʾ ʩʚʽʪʠ ʧʦʪʫʞʥʽʩʪʶ ʚʽʜ 0,0 ʜʦ 30,6 ʤ (ʩʝʨʝʜʥʷ 10,9 

ʤ), ʛʣʠʥʠʩʪʦ-ʢʘʨʩʪʦʚʠʤʠ ʫʪʚʦʨʝʥʥʷʤʠ ʪʠʨʘʩʴʢʦʾ ʩʚʽʪʠ ʧʦʪʫʞʥʽʩʪʶ ʚʽʜ 0,0 ʜʦ 19,6 ʤ 

(ʩʝʨʝʜʥʷ 5,4 ʤ), ʛʣʠʥʠʩʪʠʤʠ ʫʪʚʦʨʝʥʥʷʤʠ ʦʧʽʣʴʩʴʢʦʾ ʩʚʽʪʠ ʧʦʪʫʞʥʽʩʪʶ ʚʽʜ 0,1 ʤ ʜʦ 

16,1 ʤ (ʩʝʨʝʜʥʷ 4,7 ʤ). ɿʘʛʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ʧʦʨʽʜ ʧʫʭʢʦʛʦ ʨʦʟʢʨʠʚʫ ʟʤʽʥʶʻʪʴʩʷ ʚ 

ʤʝʞʘʭ ʚʽʜ 0,2 ʜʦ 48,5 ʤ (ʩʝʨʝʜʥʷ 19,7 ʤ). ʇʦʨʦʜʠ ʩʢʝʣʴʥʦʛʦ ʨʦʟʢʨʠʚʫ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʧʝʨʝʰʘʨʫʚʘʥʥʷʤ ʧʽʩʢʦʚʠʢʽʚ ʽ ʚʘʧʥʷʢʽʚ ʢʦʩʽʚʩʴʢʦʾ ʩʚʽʪʠ ʧʦʪʫʞʥʽʩʪʶ ʚʽʜ 0,1 ʜʦ 8,2 ʤ 

(ʩʝʨʝʜʥʷ 2,3 ʤ), ʱʦ ʟʘʣʷʛʘʶʪʴ ʥʘʜ ʪʦʚʱʝʶ ʤʝʨʛʝʣʽʚ ʤʽʞ ʛʦʨʠʟʦʥʪʘʤʠ ʟ 

ʘʙʩʦʣʶʪʥʠʤʠ ʚʽʜʤʽʪʢʘʤʠ + 303-307 ʤ. 

ʋ ʪʦʚʱʽ ʛʽʧʩʽʚ ʧʦʰʠʨʝʥʠʡ ʧʦʚʝʨʭʥʝʚʠʡ (ʢʘʨʩʪʦʚʽ ʚʦʨʦʥʢʠ) ʽ ʚʥʫʪʨʽʰʥʽʡ 

(ʢʘʨʩʪʦʚʽ ʧʦʨʦʞʥʠʥʠ, ʧʨʠʫʨʦʯʝʥʽ ʧʝʨʝʚʘʞʥʦ ʜʦ ʚʝʨʭʥʴʦʾ ʽ ʩʝʨʝʜʥʴʦʾ ʯʘʩʪʠʥ 

ʛʽʧʩʦʚʦʾ ʪʦʚʱʽ) ʢʘʨʩʪ. ɿʦʥʠ ʨʦʟʤʠʚʫ ʧʦʰʠʨʝʥʽ ʚʟʜʦʚʞ ʧʨʦʩʪʷʛʘʥʥʷ ʢʫʧʦʣʽʚ 

ʛʽʧʩʦʚʠʭ ʧʦʢʣʘʜʽʚ. ʂʘʨʩʪʦʚʽ ʬʦʨʤʠ ʟʘʧʦʚʥʝʥʽ ʛʣʠʥʠʩʪʠʤ ʤʘʪʝʨʽʘʣʦʤ ʟ ʫʣʘʤʢʘʤʠ 

ʛʽʧʩʽʚ (ʢʘʨʩʪʦʚʠʡ ʟʘʧʦʚʥʶʚʘʯ). ʇʦʪʫʞʥʽʩʪʴ ʢʘʨʩʪʦʚʠʭ ʧʦʨʦʞʥʠʥ (ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʢʘʨʩʪʫ) ʟʤʽʥʶʻʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 0,0 ʜʦ 19,6 ʤ (ʩʝʨʝʜʥʷ 5,4 ʤ). ɿʘʢʘʨʩʪʦʚʘʥʽʩʪʴ 



52 
çʉʋʏɸʉʅɯ ʇʈʆɹʃɽʄʀ ɻɯʈʅʀʏʆɰ ɻɽʆʃʆɻɯɰ ʊɸ ɻɽʆɽʂʆʃʆɻɯɰè 17 ï 18 ʣʠʩʪʦʧʘʜʘ 2025 ʨ. 

ʛʽʧʩʦʚʦʾ ʪʦʚʱʽ ʫ ʢʦʥʪʫʨʽ ʧʽʜʨʘʭʫʥʢʫ ʙʘʣʘʥʩʦʚʠʭ ʟʘʧʘʩʽʚ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 7,8 ʜʦ 12,3 

% (ʩʝʨʝʜʥʷ 10,1 %). ʂʘʨʩʪʦʚʽ ʧʦʨʦʞʥʠʥʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʩʢʝʣʴʥʦʛʦ 

ʨʦʟʢʨʠʚʫ, ʷʢʠʡ ʨʦʟʨʦʙʣʷʪʠʤʫʪʴ ʩʝʣʝʢʪʠʚʥʦ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʚʠʜʦʙʫʚʥʠʭ ʨʦʙʽʪ. 

ʇʽʜʩʪʝʣʷʶʯʠʤʠ ʧʦʨʦʜʘʤʠ ʻ ʚʘʧʥʷʢʠ ʥʠʞʯʝ ʛʦʨʠʟʦʥʪʫ ʧʽʜʨʘʭʫʥʢʫ ʟʘʧʘʩʽʚ +210 

ʤ. 

ɿʘ ʩʢʣʘʜʥʽʩʪʶ ʛʝʦʣʦʛʽʯʥʦʾ ʙʫʜʦʚʠ ʄʝʞʠʛʽʨʩʴʢʦ-ɼʫʙʦʚʝʮʴʢʝ ʨʦʜʦʚʠʱʝ 

ʤʝʨʛʝʣʽʚ, ʚʘʧʥʷʢʽʚ ʽ ʛʽʧʩʽʚ ʦʙˇʨʫʥʪʦʚʘʥʦ ʚʽʜʥʝʩʝʥʝ ʘʚʪʦʨʘʤʠ ʜʦ ʪʘʢʠʭ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʨʦʩʪʦʶ ʛʝʦʣʦʛʽʯʥʦʶ ʙʫʜʦʚʦʶ (1 ʛʨʫʧʘ) ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʂʣʘʩʠʬʽʢʘʮʽʾ ʟʘʧʘʩʽʚ ʽ ʨʝʩʫʨʩʽʚ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʜʝʨʞʘʚʥʦʛʦ ʬʦʥʜʫ ʥʘʜʨ [1]. 

ʇʽʜʨʘʭʫʥʦʢ ʟʘʧʘʩʽʚ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʥʘ ɼʫʙʦʚʝʮʴʢʦʤʫ ʨʦʜʦʚʠʱʫ ʚʠʢʦʥʘʥʦ ʥʘ 

ʪʦʧʦʛʨʘʬʽʯʥʽʡ ʦʩʥʦʚʽ ʤʘʩʰʪʘʙʫ 1:2 000 ʤʝʪʦʜʦʤ ʛʝʦʣʦʛʽʯʥʠʭ ʙʣʦʢʽʚ ʟ ʚʠʟʥʘʯʝʥʥʷʤ 

ʥʝʦʙʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʧʦʩʦʙʦʤ ʩʝʨʝʜʥʴʦʘʨʠʬʤʝʪʠʯʥʦʛʦ ʘʙʦ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʦʛʦ. 

ɺʠʙʽʨ ʤʝʪʦʜʫ ʧʽʜʨʘʭʫʥʢʫ ʟʘʧʘʩʽʚ ʚʠʟʥʘʯʘʚʩʷ ʧʨʦʩʪʦʶ ʛʝʦʣʦʛʽʯʥʦʶ ʙʫʜʦʚʦʶ 

ʨʦʜʦʚʠʱʘ, ʤʘʩʠʚʥʠʤʠ ʧʦʢʣʘʜʘʤʠ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʦʜʥʦʨʽʜʥʦʛʦ ʩʢʣʘʜʫ ʟ ʚʠʪʨʠʤʘʥʠʤʠ 

ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ ʪʘ ʽʥʰʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʟ ʥʝʧʦʨʫʰʝʥʠʤ  ʟʘʣʷʛʘʥʥʷʤ, 

ʜʦʩʪʘʪʥʽʤ ʽ ʜʦʩʠʪʴ ʨʽʚʥʦʤʽʨʥʠʤ ʩʪʫʧʝʥʝʤ ʛʝʦʣʦʛʽʯʥʦʾ ʚʠʚʯʝʥʦʩʪʽ ʨʦʜʦʚʠʱʘ ʷʢ ʧʦ 

ʧʣʦʱʠʥʽ, ʪʘʢ ʽ ʥʘ ʛʣʠʙʠʥʫ. 

ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ɼʫʙʦʚʝʮʴʢʝ ʨʦʜʦʚʠʱʝ ʚʘʧʥʷʢʫ ʟʘ ʩʢʣʘʜʥʽʩʪʶ ʛʝʦʣʦʛʽʯʥʦʾ 

ʙʫʜʦʚʠ ʚʽʜʥʝʩʝʥʝ ʜʦ ɯ ʛʨʫʧʠ ʟ ʧʽʜʨʘʭʫʥʢʦʤ ʟʘʧʘʩʽʚ ʢʦʨʠʩʥʦʾ ʢʦʧʘʣʠʥʠ ʧʦ ʢʘʪʝʛʦʨʽʾ 

ɸ+ɺ+ʉ1, ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʛʽʨʥʠʯʠʤʠ ʚʠʨʦʙʢʘʤʠ ʽ ʤʝʨʝʞʝʶ ʨʦʟʚʽʜʫʚʘʣʴʥʠʭ ʚʠʨʦʙʦʢ [3]. 

ʅʘ ʧʣʦʱʽ ʨʦʜʦʚʠʱʘ ʟʥʘʭʦʜʠʪʴʩʷ ʜʽʶʯʠʡ ʢʘʨôʻʨ ʟ ʚʠʜʦʙʫʪʢʫ ʚʘʧʥʷʢʫ ʽ 

ʧʨʦʙʫʨʝʥʘ ʤʝʨʝ ʟ ʨʦʟʚʽʜʫʚʘʣʴʥʠʭ ʩʚʝʨʜʣʦʚʠʥ. ɺʽʜʩʪʘʥʽ ʤʽʞ ʩʚʝʨʜʣʦʚʠʥʘʤʠ ʜʣʷ 

ʧʽʜʨʘʭʫʥʢʫ ʟʘʧʘʩʽʚ ʟʘ ʢʘʪʝʛʦʨʽʻʶ ɸ ʥʘʙʣʠʞʝʥʽ ʜʦ 50 ï 100 ʤ, ʟʘ ʢʘʪʝʛʦʨʽʻʶ ɺ ʜʦ 100 

ï 200 ʤ, ʟʘ ʢʘʪʝʛʦʨʽʻʶ ʉ1 ʜʦ 300 ï 400 ʤ. 

ʆʙôʻʤʠ ʨʦʟʢʨʠʚʥʠʭ ʧʦʨʽʜ ʧʽʜʨʘʭʦʚʘʥʽ ʦʢʨʝʤʦ ʟ ʧʦʜʽʣʦʤ ʟʘ ʣʽʪʦʣʦʛʽʯʥʠʤʠ 

ʨʽʟʥʦʚʠʜʘʤʠ. 

ʇʽʜʨʘʭʫʥʦʢ ʙʘʣʘʥʩʦʚʠʭ ʟʘʧʘʩʽʚ ʚʘʧʥʷʢʫ ʚʠʢʦʥʘʥʠʡ ʚ ʢʦʥʪʫʨʽ ʢʘʨôʻʨʫ ʥʘ ʢʽʥʝʮʴ 

ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʟʛʽʜʥʦ ʢʦʨʠʛʫʚʘʥʥʷ ʨʦʙʦʯʦʛʦ ʧʨʦʝʢʪʫ ʨʦʟʨʦʙʢʠ ʜʦ ʛʦʨʠʟʦʥʪʫ ʟ 
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ʆʩʥʦʚʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʛʽʨʥʠʯʦ-ʛʝʦʣʦʛʽʯʥʽ ʫʤʦʚʠ 

ʨʦʟʨʦʙʢʠ ʚʫʛʽʣʴʥʠʭ ʨʦʜʦʚʠʱ, ʻ: ʛʘʟʦʥʦʩʥʽʩʪʴ, ʚʠʢʠʜʦʥʝʙʝʟʧʝʯʥʽʩʪʴ, 

ʧʦʨʫʰʝʥʽʩʪʴ ʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʪʘ ʚʤʽʱʫʶʯʠʭ 

ʧʦʨʽʜ. ʅʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʷʢʱʦ ʚʧʣʠʚ ʩʪʫʧʝʥʷ ʤʝʪʘʤʦʨʬʽʟʤʫ ʥʘ 

ʚʠʢʠʜʦʥʝʙʝʟʧʝʯʥʽʩʪʴ, ʛʘʟʦʥʦʩʥʽʩʪʴ ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʫʛʽʣʣʷ ʜʦʩʣʽʜʥʠʢʘʤʠ ʨʦʟʢʨʠʪʦ 

ʜʦʩʠʪʴ ʛʨʫʥʪʦʚʥʦ, ʪʦ ʚʧʣʠʚ ʪʝʢʪʦʥʽʢʠ ʨʦʟʛʣʷʜʘʚʩʷ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʥʘ ʧʨʠʢʣʘʜʽ 

ʦʢʨʝʤʠʭ ʩʢʣʘʜʦʢ ʪʘ ʧʦʨʫʰʝʥʴ [2, 4]. ɺʧʣʠʚ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʚʨʘʭʦʚʫʚʘʚʩʷ ʟʘ 

ʛʣʠʙʠʥʦʶ, ʷʢʘ ʧʨʠʡʤʘʣʘʩʷ ʷʢ ʛʦʣʦʚʥʠʡ ʬʘʢʪʦʨ, ʱʦ ʩʬʦʨʤʫʚʘʚ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ 

ʤʘʩʠʚʫ ʧʽʜ ʯʘʩ ʫʪʚʦʨʝʥʥʷ ʚʫʛʽʣʴʥʠʭ ʚʽʜʢʣʘʜʽʚ. ʆʜʥʘʢ ʽ ʥʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʚ 

ʤʘʩʠʚʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʝ ʤʝʥʰ ʘʢʪʠʚʥʽ ʧʨʦʮʝʩʠ. ʋ ʪʝʢʪʦʥʽʮʽ ʧʣʠʪ ʧʽʜ ʩʫʯʘʩʥʠʤʠ 

ʨʫʭʘʤʠ ʨʦʟʫʤʽʶʪʴʩʷ ʷʢ ʚʝʨʪʠʢʘʣʴʥʽ, ʪʘʢ ʽ ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʙʣʦʢʽʚ 

ʬʫʥʜʘʤʝʥʪʫ [8, 9]. 

ʊʨʝʙʘ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʨʫʭʠ ʪʘ ʾʭ ʧʨʦʩʪʦʨʦʚʘ ʦʨʽʻʥʪʘʮʽʷ 

ʢʽʣʴʢʽʩʥʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʤʝʪʦʜʦʤ ʣʦʢʘʣʴʥʦʛʦ ʛʽʜʨʦʨʦʟʨʠʚʫ ʽ ʾʭ ʟʥʘʯʝʥʴ ʜʣʷ 

ɼʦʥʙʘʩʫ ʟʘʥʘʜʪʦ ʤʘʣʦ, ʱʦʙ ʧʨʦʚʝʩʪʠ ʨʝʛʽʦʥʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ [4]. 

ɼʦʩʣʽʜʞʝʥʥʶ ʨʝʞʠʤʽʚ ʚʝʨʪʠʢʘʣʴʥʠʭ ʨʫʭʽʚ ʚ ʛʦʣʦʮʝʥʽ ʧʨʠʩʚʷʯʝʥʘ ʚʽʜʥʦʩʥʦ 

ʥʝʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʨʦʙʽʪ [10, 11]. ʊʨʝʙʘ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʦʜʝʨʞʘʥʽ ʟʘ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʤʠ ʤʝʪʦʜʘʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʥʘʢʫ ʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʫʭʽʚ ʻ 

ʚʽʜʥʦʩʥʠʤʠ ʪʘ ʥʝʜʦʩʪʘʪʥʴʦ ʪʦʯʥʠʤʠ, ʘ ʾʭ ʘʙʩʦʣʶʪʥʽ ʟʥʘʯʝʥʥʷ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʥʝʦʪʝʢʪʦʥʽʯʥʦʛʦ ʨʝʞʠʤʫ ʧʣʦʱʽ, ʷʢʘ ʧʨʠʡʥʷʪʘ ʟʘ ʬʦʥʦʚʠʡ 

ʣʘʥʜʰʘʬʪ, ʽ ʪʦʯʥʦʩʪʽ ʫʨʘʭʫʚʘʥʥʷ ʚʥʝʩʢʫ ʪʝʢʪʦʛʝʥʥʠʭ ʽ ʥʝʪʝʢʪʦʛʝʥʥʠʭ ʬʘʢʪʦʨʽʚ ʫ 

ʟʘʛʘʣʴʥʫ ʜʝʬʦʨʤʦʚʘʥʽʩʪʴ ʣʘʥʜʰʘʬʪʫ. 

ɸ.ɺ. ʇʦʣʽʚʮʝʚʠʤ [6] ʨʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ ʽ ʜʣʷ ʦʢʨʝʤʠʭ ʨʘʡʦʥʽʚ ɼʦʥʝʮʴʢʦʛʦ 

ʙʘʩʝʡʥʫ ʧʦʙʫʜʦʚʘʥʽ ʢʘʨʪʘ ʚʝʨʪʠʢʘʣʴʥʠʭ ʨʫʭʽʚ, ʷʢʽ ʚʽʜʙʫʚʘʣʠʩʷ ʚ ʛʦʣʦʮʝʥʽ. 

ɺʽʜʩʫʪʥʽʩʪʴ ʜʘʥʠʭ ʧʦ ʚʩʽʤ ʨʘʡʦʥʘʤ, ʦʙʤʝʞʠʣʘ ʤʦʞʣʠʚʦʩʪʽ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ɺ ʨʦʙʦʪʽ [7] ʥʘʚʝʜʝʥʦ ʩʧʦʩʽʙ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʛʦʣʦʮʝʥʦʚʠʭ (ʽ ʩʫʯʘʩʥʠʭ) 

ʚʝʨʪʠʢʘʣʴʥʠʭ ʪʝʢʪʦʥʽʯʥʠʭ ʨʫʭʽʚ, ʨʦʟʨʦʙʣʝʥʠʡ ʚ ɯɻʅ ɸʅ ʋʢʨʘʾʥʠ 

ʖ.ʆ. ʄʝʱʝʨʷʢʦʚʠʤ ʪʘ ɺ.ɸ. ʌʽʣʴʢʽʥʠʤ. ɿʘ ʝʨʦʟʽʡʥʦ-ʘʢʫʤʫʣʷʮʽʡʥʦʶ ʜʽʷʣʴʥʽʩʪʶ 

ʚʦʜʦʪʦʢʽʚ ʽ ʛʝʦʜʝʟʠʯʥʠʤʠ ʚʠʤʽʨʶʚʘʥʥʷʤʠ ʙʫʣʘ ʧʦʙʫʜʦʚʘʥʘ ʢʘʨʪʘ ʩʫʯʘʩʥʠʭ 

ʚʝʨʪʠʢʘʣʴʥʠʭ ʨʫʭʽʚ (ʤʤ/ʨʽʢ), ʷʢʘ ʥʘ ʜʘʥʠʡ ʯʘʩ ʻ ʥʘʡʙʽʣʴʰ ʧʦʚʥʦʶ ʽ 

ʜʦʩʪʦʚʽʨʥʦʶ. ʆʜʥʘʢ ʚʠʤʽʨʶʚʘʥʥʷ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʘʚʪʦʨʠ ʧʨʠ ʧʦʙʫʜʦʚʽ, 

ʟʘʥʘʜʪʦ ʥʝʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʽ ʟʘ ʧʣʦʱʝʶ, ʱʦ ʥʝ ʜʦʟʚʦʣʷʻ ʨʦʟʛʣʷʥʫʪʠ 

ʨʝʛʽʦʥʘʣʴʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʪʘ ʣʦʢʘʣʴʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʾʭ ʣʘʪʝʨʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ. 

ʊʦʤʫ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʛʽʦʥʘʣʴʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʝʨʪʠʢʘʣʴʥʠʭ 

ʩʫʯʘʩʥʠʭ ʪʝʢʪʦʥʽʯʥʠʭ ʨʫʭʽʚ ɼʦʥʙʘʩʫ, ʢʘʨʪʘ ʙʫʣʘ ʧʦʜʽʣʝʥʘ ʥʘ ʦʢʨʝʤʽ ʢʚʘʜʨʘʪʠ 

ʧʣʦʱʝʶ 400 ʢʤ2. ʋ ʢʦʞʥʦʤʫ ʢʚʘʜʨʘʪʽ ʨʦʟʨʘʭʦʚʫʚʘʣʦʩʷ ʟʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʨʦʟʤʘʭʫ (ʘʤʧʣʽʪʫʜʠ) ʚʝʨʪʠʢʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ (Ɇɸ) ʽ ʚʽʜʥʦʩʠʣʦʩʷ ʜʦ ʮʝʥʪʨʫ 

ʢʚʘʜʨʘʪʘ. ɿʘ ʮʠʤʠ ʟʥʘʯʝʥʥʷʤʠ, ʤʝʪʦʜʦʤ ʽʥʪʝʨʧʦʣʷʮʽʾ, ʙʫʣʘ ʧʦʙʫʜʦʚʘʥʘ ʢʘʨʪʘ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʝʨʪʠʢʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʩʫʯʘʩʥʠʭ ʨʫʭʽʚ (ʨʠʩ. 1). 

ɺʠʭʦʜʷʯʠ ʟ ʪʦʛʦ, ʱʦ ʬʫʥʜʘʤʝʥʪ ʽ ʦʩʘʜʦʚʘ ʪʦʚʱʘ ʙʘʩʝʡʥʫ ʨʦʟʙʠʪʽ ʥʘ ʙʣʦʢʠ, 

ʷʢʽ ʧʽʜ ʜʽʻʶ ʪʝʢʪʦʥʽʯʥʠʭ ʟʫʩʠʣʴ ʧʝʨʝʤʽʱʫʶʪʴʩʷ, ʪʦ ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ 

ʚʝʣʠʯʠʥʘ ʟʤʽʱʝʥʴ ʽ ʬʦʨʤʠ ʘʥʦʤʘʣʴʥʠʭ ʜʽʣʷʥʦʢ ʚʽʜʦʙʨʘʞʘʶʪʴ ʨʝʛʽʦʥʘʣʴʥʫ 

ʜʠʥʘʤʽʢʫ ʨʫʭʫ ʙʣʦʢʽʚ. ʅʘ ʢʘʨʪʽ ʚʠʜʽʣʝʥʦ ʜʽʣʷʥʢʠ ʟ ʨʽʟʥʦʶ ʘʤʧʣʽʪʫʜʦʶ ʨʫʭʽʚ. 
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ɼʣʷ ʯʘʩʪʠʥʠ ɼʦʥʙʘʩʫ, ʨʦʟʪʘʰʦʚʘʥʦʾ ʟʘʭʽʜʥʽʰʝ ʤ. ʃʫʛʘʥʩʴʢ ï ʈʦʚʝʥʴʢʠ, 

ʘʥʦʤʘʣʴʥʽ ʜʽʣʷʥʢʠ ʤʘʶʪʴ ʚʠʪʷʛʥʫʪʫ ʬʦʨʤʫ, ʾʭ ʧʨʦʩʪʷʛʘʥʥʷ ʩʫʙʤʝʨʠʜʽʦʥʘʣʴʥʝ ʽ 

ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʝ; ʧʨʦʩʪʦʨʦʚʦ ʚʦʥʠ ʟʙʽʛʘʶʪʴʩʷ ʟ ʟʦʥʘʤʠ ʛʣʠʙʠʥʥʠʭ ʨʦʟʣʦʤʽʚ ʽ 

ʪʝʧʣʦʚʠʤʠ ʘʥʦʤʘʣʽʷʤʠ, ʱʦ, ʥʘ ʥʘʰʫ ʜʫʤʢʫ, ʩʚʽʜʯʠʪʴ ʥʝ ʣʠʰʝ ʧʨʦ ʧʨʦʩʪʦʨʦʚʠʡ, 

ʘʣʝ ʡ ʧʨʦ ʛʝʥʝʪʠʯʥʠʡ ʟʚ'ʷʟʦʢ ʟ ʨʫʭʘʤʠ ʧʦ ʮʠʭ ʨʦʟʣʦʤʘʭ. ʆʩʦʙʣʠʚʦ ʯʽʪʢʦ 

ʚʠʜʽʣʷʻʪʴʩʷ ʩʫʙʤʝʨʠʜʽʦʥʘʣʴʥʘ ʘʥʦʤʘʣʽʷ, ʧʨʠʫʨʦʯʝʥʘ ʜʦ ʟʦʥʠ ʂʘʣʴʤʽʫʩ-

ɼʞʠʛʽʥʩʴʢʦʛʦ ʩʫʙʤʝʨʠʜʽʦʥʘʣʴʥʦʛʦ ʛʣʠʙʠʥʥʦʛʦ ʨʦʟʣʦʤʫ. ʎʝʡ ʨʦʟʣʦʤ, ʱʦ 

ʧʝʨʝʪʠʥʘʻ ʚʩʶ ɺɭʇ ʟ ʧʽʚʜʥʷ ʥʘ ʧʽʚʥʽʯ, ʷʚʣʷʻ ʩʦʙʦʶ ʰʠʨʦʢʫ ʟʦʥʫ ʽʥʪʝʥʩʠʚʥʦʾ 

ʪʨʽʱʠʥʫʚʘʪʦʩʪʽ, ʢʫʣʽʩʦʧʦʜʽʙʥʦ ʨʦʟʪʘʰʦʚʘʥʠʭ ʢʨʫʪʠʭ ʩʢʣʘʜʦʢ ʽ ʜʨʽʙʥʠʭ 

ʨʦʟʣʦʤʽʚ. ʈʫʭʠ ʧʦ ʥʴʦʤʫ ʚʽʜʟʥʘʯʝʥʽ ʟ ʜʦʢʝʤʙʨʽʶ ʽ ʪʨʠʚʘʶʪʴ ʜʦ ʪʝʧʝʨʽʰʥʴʦʛʦ 

ʯʘʩʫ ʪʘ ʛʝʥʝʪʠʯʥʦ ʧʦʚôʷʟʘʥʽ ʟ ʛʝʦʜʠʥʘʤʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʱʦ ʚʽʜʙʫʚʘʣʠʩʷ ʫ 

ʉʝʨʝʜʟʝʤʥʦʤʦʨʩʴʢʦʤʫ ʨʝʛʽʦʥʽ. 
 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʤʘʢʩʠʤʘʣʴʥʦʾ ʘʤʧʣʽʪʫʜʠ ʩʫʯʘʩʥʠʭ ʚʝʨʪʠʢʘʣʴʥʠʭ ʨʫʭʽʚ ʫ ɼʦʥʙʘʩʽ: 1 - Sɸ < 3 ʤʤ 

/ ʨʽʢ; 2 - Sɸ -3 - 4 ʤʤ / ʨʽʢ; 3 - Sɸ > 5 ʤʤ / ʨʽʢ; 4 ï ʨʦʟʣʦʤʠ ʬʫʥʜʘʤʝʥʪʫ; 5 ï ʪʝʧʣʦʚʽ ʘʥʦʤʘʣʽʾ; 

6 ï ʨʦʟʨʠʚʥʽ ʧʦʨʫʰʝʥʥʷ [4]. 

 

ɼʽʣʷʥʢʠ ʥʘʡʙʽʣʴʰ ʘʢʪʠʚʥʠʭ ʚʝʨʪʠʢʘʣʴʥʠʭ ʨʫʭʽʚ, ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʩʭʦʜʽ, 

ʤʘʶʪʴ ʥʝʧʨʘʚʠʣʴʥʫ ʬʦʨʤʫ. ɹʽʣʴʰʽʩʪʴ ʽʟ ʥʠʭ ʟʙʽʛʘʻʪʴʩʷ ʟ ʪʝʧʣʦʚʠʤʠ ʘʥʦʤʘʣʽʷʤʠ, 

ʷʢʽ, ʥʘ ʜʫʤʢʫ ʈ.ɯ. ʂʫʪʘʩʘ [3] ʪʘ ʽʥ., ʧʨʦʩʪʦʨʦʚʦ ʡ ʛʝʥʝʪʠʯʥʦ ʧʦʚôʷʟʘʥʽ ʟ 

ʛʣʠʙʠʥʥʠʤʠ ʨʦʟʣʦʤʘʤʠ ʪʘ ʟʫʤʦʚʣʝʥʽ ʟʤʽʥʦʶ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʫ ʟʝʤʥʦʾ ʢʦʨʠ ʥʘ 

ʘʣʴʧʽʡʩʴʢʦʤʫ ʝʪʘʧʽ ʾʾ ʨʦʟʚʠʪʢʫ. ɿʘʛʘʣʦʤ ʘʢʪʠʚʥʽʩʪʴ ʨʫʭʽʚ ʚ ʤʝʞʘʭ ʧʽʚʜʝʥʥʦʛʦ 

ʙʦʨʪʫ ʙʘʩʝʡʥʫ ʚʠʱʘ, ʥʽʞ ʧʽʚʥʽʯʥʦʛʦ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʡʦʛʦ ʙʽʣʴʰʦʶ ʨʫʭʣʠʚʽʩʪʶ 

(ʪʘʙʣ. 1). 

ʇʨʘʢʪʠʯʥʦ ʚʩʽ ʪʝʢʪʦʥʽʯʥʽ ʬʘʟʠ, ʱʦ ʧʨʦʷʚʠʣʠʩʷ ʚ ʂʨʠʤʫ, ʟʥʘʡʰʣʠ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʚ ʙʫʜʦʚʽ ɺʦʚʯʘʥʩʴʢʦʾ ʩʪʨʫʢʪʫʨʠ, ʘʣʝ ʥʝ ʚʽʜʦʙʨʘʟʠʣʠʩʷ ʥʘ 

ʧʽʚʥʽʯʥʦʤʫ ʙʦʨʪʫ ɼʦʥʙʘʩʫ. ʎʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʪʠʤ, ʱʦ ʧʦʪʫʞʥʘ ʜʨʽʙʥʦʰʘʨʦʚʘ 

ʦʩʘʜʦʚʘ ï ʢʚʘʟʽʧʨʫʞʥʘ ï ʪʦʚʱʘ ʙʘʩʝʡʥʫ ʥʝ ʧʝʨʝʜʘʚʘʣʘ ʮʽ ʟʫʩʠʣʣʷ. ʇʦʨʽʚʥʷʡʤʦ 

ʦʪʨʠʤʘʥʽ ʜʘʥʽ ʟ ʩʫʯʘʩʥʦʶ ʛʝʦʜʠʥʘʤʽʢʦʶ ʧʽʚʜʥʷ ʉɭʇ. ʉʝʡʩʤʦʪʝʢʪʦʥʽʯʥʝ ʧʦʣʝ 
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ʥʘʧʨʫʞʝʥʴ ʽ ʩʭʝʤʘ ʦʨʽʻʥʪʘʮʽʾ ʛʦʣʦʚʥʠʭ ʦʩʝʡ ʥʘʧʨʫʞʝʥʴ, ʥʘʚʝʜʝʥʽ ʫ ʧʨʘʮʽ [1], 

ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʦ ʨʽʟʥʽ ʙʦʢʠ ʚʽʜ ʂʘʣʴʤʽʫʩ-ɼʞʠʛʽʥʩʴʢʦʛʦ ʨʦʟʣʦʤʫ ʭʘʨʘʢʪʝʨ ʧʦʣʽʚ 

ʥʘʧʨʫʞʝʥʴ ʽ ʦʨʽʻʥʪʘʮʽʷ ʦʩʝʡ ʥʘʧʨʫʞʝʥʴ ɿʝʤʣʽ ʨʽʟʥʽ. ʅʘ ʟʘʭʦʜʽ ï ʧʝʨʝʚʘʞʘʶʪʴ 

ʩʫʙʰʠʨʦʪʥʽ ʨʦʟʪʷʛʫʚʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ, ʥʘ ʩʭʦʜʽ ï ʩʫʙʤʝʨʠʜʽʦʥʘʣʴʥʽ ʩʪʠʩʢʘʶʯʽ. 

ʅʘ ʜʫʤʢʫ ʘʚʪʦʨʽʚ [4,5] ʩʪʠʩʢʘʥʥʷ ʟʫʤʦʚʣʝʥʝ ʧʨʦʮʝʩʘʤʠ ʩʫʙʜʫʢʮʽʾ, ʱʦ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʨʘʡʦʥʘʭ ʂʨʠʤʫ ʽ ʂʘʚʢʘʟʫ, ʽ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʧʨʠʫʨʦʯʝʥʽʩʪʶ 

ʟʝʤʣʝʪʨʫʩʽʚ ʜʦ ʟʦʥ ʩʫʙʤʝʨʠʜʽʦʥʘʣʴʥʠʭ ʨʦʟʣʦʤʽʚ ʪʘ ʧʦʟʠʪʠʚʥʠʤʠ ʘʥʦʤʘʣʽʷʤʠ 

ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ʫ ʟʦʥʘʭ ʂʽʨʦʚʦʛʨʘʜʩʴʢʦʛʦ ʪʘ ʆʨʽʭʦʚʦ-ʇʘʚʣʦʛʨʘʜʩʴʢʦʛʦ 

ʛʣʠʙʠʥʥʠʭ ʨʦʟʣʦʤʽʚ. ʆʩʘʜʦʚʘ ʪʦʚʱʘ ʙʘʩʝʡʥʫ ʨʦʟʙʠʪʘ ʥʘ ʨʽʟʥʽ ʟʘ ʧʘʨʘʤʝʪʨʘʤʠ ʽ 

ʬʦʨʤʦʶ ʙʣʦʢʠ, ʷʢʽ ʚ ʫʤʦʚʘʭ ʨʦʟʪʷʛʫʚʘʥʥʷ ʤʘʶʪʴ ʙʽʣʴʰʫ ʩʚʦʙʦʜʫ ʨʫʭʽʚ, ʥʽʞ ʚ 

ʫʤʦʚʘʭ ʩʪʠʩʢʘʥʥʷ. ʉʭʽʜʥʘ ʯʘʩʪʠʥʘ ɼʦʥʙʘʩʫ ʨʦʟʪʘʰʦʚʘʥʘ ʚ ʧʦʣʽ 

ʩʫʙʤʝʨʠʜʽʦʥʘʣʴʥʦʛʦ ʩʪʠʩʢʘʥʥʷ, ʪʦʤʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʫʭʽʚ ʫ ʥʽʡ ʻ ʤʝʥʰʦʶ; 

ʟʘʭʽʜʥʘ ï ʫ ʧʦʣʽ ʨʦʟʪʷʛʫʚʘʥʴ, ʪʦʤʫ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʽʩʪʴ ʜʽʣʷʥʦʢ ʪʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʫ ʥʽʡ ʚʠʱʘ. ɹʽʣʴʰʘ ʨʫʭʣʠʚʽʩʪʴ ʧʽʚʜʝʥʥʦʾ ʟʦʥʠ (ʧʦʨʽʚʥʷʥʦ ʟ ʧʽʚʥʽʯʥʦʶ) 

ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʧʽʜʚʠʱʝʥʠʤʠ ʬʦʥʦʚʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʡ ʚʠʱʠʤ ʪʝʨʤʽʯʥʠʤ 

ʛʨʘʜʽʻʥʪʦʤ. 

ʊʘʙʣʠʮʷ 1 

ʊʝʢʪʦʥʽʯʥʽ ʬʘʟʠ ʫ ʩʪʨʫʢʪʫʨʘʭ ɼʦʥʙʘʩʫ ʡ ʂʨʠʤʫ 

ʂʨʠʤ ʉʪʘʨʦʙʽʣʴʩʴʢʦ-

ʄʽʣʝʨʦʚʩʴʢʘ ʤʦʥʦʢʣʽʥʘʣʴ 

ɺʦʚʯʘʥʩʴʢʘ 

ʩʪʨʫʢʪʫʨʘ 

ʉʘʚʩʴʢʘ 

ʇʽʨʝʥʝʡʩʴʢʘ 

- 

- 

ɸʪʪʠʯʥʘ 

ʉʘʚʩʴʢʘ 

ʃʘʨʘʤʽʡʩʴʢʘ 

ɸʚʩʪʨʽʡʩʴʢʘ 

ʃʘʨʘʤʽʡʩʴʢʘ 

ɸʚʩʪʨʽʡʩʴʢʘ 

ʃʘʨʘʤʽʡʩʴʢʘ 

ɸʚʩʪʨʽʡʩʴʢʘ 

ʅʦʚʦʢʽʤʤʝʨʽʡʩʴʢʘ - ʅʦʚʦʢʽʤʤʝʨʽʡʩʴʢʘ 

ɸʜʠʛʝʡʩʴʢʘ - ɸʜʠʛʝʡʩʴʢʘ 

ɼʦʥʝʮʴʢʘ 

ɼʘʚʥʴʦʢʽʤʤʝʨʽʡʩʴʢʘ 

- 

- 

ɼʦʥʝʮʴʢʘ 

ɼʘʚʥʴʦʢʽʤʤʝʨʽʡʩʴʢʘ 

ʇʬʘʣʴʮʴʢʘ - ʇʬʘʣʴʮʩʴʢʘ 

  

ʅ
ʝ
ʤ
ʘ
ʻ
 
ʜ
ʘ
ʥ
ʠ
ʭ

 - 

ɸʩʪʫʨʽʡʩʴʢʘ 

ɿʘʘʣʴʩʴʢʘ 

- 

ʃʝʦʥʩʴʢʘ 

- 

- 

ʈʫʜʥʦʛʽʨʩʴʢʘ 

- ʂʫʰʥʦʛʽʨʩʴʢʘ 

ʉʫʜʝʪʩʴʢʘ ʉʫʜʝʪʩʴʢʘ 

- ɹʨʝʪʦʥʩʴʢʘ 

- ʊʝʣʴʙʝʩʴʢʘ 
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ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʫʯʘʩʥʠʭ ʨʫʭʽʚ ʽ 

ʧʘʣʝʦʪʝʢʪʦʥʽʯʥʠʭ ʫʤʦʚ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʘʥʽ ʟ ʢʘʨʪʠ ʟʘʛʘʣʴʥʦʾ 

ʧʘʣʝʦʜʠʩʣʦʢʦʚʘʥʥʦʩʪʽ, ʤʝʪʦʜʠʢʘ ʧʦʙʫʜʦʚʠ ʷʢʦʾ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʘ ʚ ʨʦʙʦʪʽ [4]. 

ʂʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ ʤʽʞ ʧʦʢʘʟʥʠʢʘʤʠ ʧʘʣʝʦʜʠʩʣʦʢʦʚʘʥʦʩʪʽ ʪʘ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʫʯʘʩʥʠʭ ʨʫʭʽʚ (ʟʘ 180 ʟʥʘʯʝʥʥʷʤʠ) ʜʦʨʽʚʥʶʻ 0,74. ʈʦʟʨʘʭʦʚʘʥʽ 

ʢʨʠʪʝʨʽʾ ʈʦʤʘʥʦʚʩʴʢʦʛʦ ʩʚʽʜʯʘʪʴ ʧʨʦ ʥʝʚʠʧʘʜʢʦʚʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʟʚôʷʟʢʽʚ. 

ɺʠʩʥʦʚʢʠ.  
ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʫ ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʧʣʘʥʽ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʫʯʘʩʥʠʭ 

ʚʝʨʪʠʢʘʣʴʥʠʭ ʨʫʭʽʚ ʥʘ ʧʽʚʜʝʥʥʦʤʫ ʙʦʨʪʫ ʙʘʩʝʡʥʫ ʚʠʱʘ, ʥʽʞ ʥʘ ʧʽʚʥʽʯʥʦʤʫ, ʱʦ 

ʧʦʷʩʥʶʻʪʴʩʷ ʙʽʣʴʰʦʶ ʡʦʛʦ ʨʫʭʣʠʚʽʩʪʶ, ʛʝʥʝʪʠʯʥʦ ʧʦʚôʷʟʘʥʦʶ ʟ 

ʛʝʦʜʠʥʘʤʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʘ ʧʽʚʜʥʽ ʉʭʽʜʥʦ-ɭʚʨʦʧʝʡʩʴʢʦʾ 

ʧʣʘʪʬʦʨʤʠ. ʋ ʤʝʞʘʭ ʙʘʩʝʡʥʫ ʟʘʛʘʣʴʥʘ ʧʘʣʝʦʜʠʩʣʦʢʦʚʘʥʽʩʪʴ ʚʫʛʣʝʚʤʽʱʫʶʯʠʭ 

ʤʘʩʠʚʽʚ ʪʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʫʯʘʩʥʠʭ ʨʫʭʽʚ ʧʦʚôʷʟʘʥʽ (r = 0,74), ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ 

ʧʨʷʤʫ ʩʧʘʜʢʦʚʽʩʪʴ ʪʝʢʪʦʥʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʙʽʣʴʰʦʩʪʽ ʨʘʡʦʥʽʚ ɼʦʥʙʘʩʫ, ʘʣʝ 

ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ ʪʘ ʩʣʘʙʢʽ ʟʚôʷʟʢʠ ʤʽʞ ʧʦʢʘʟʥʠʢʘʤʠ 

ʩʫʯʘʩʥʠʭ ʨʫʭʽʚ ʽ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ʜʠʩʣʦʢʘʮʽʡ ʧʦʢʘʟʫʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʾʭ ʙʽʣʴʰ 

ʜʝʪʘʣʴʥʦʛʦ ʚʠʚʯʝʥʥʷ ʚ ʢʦʞʥʦʤʫ ʨʘʡʦʥʽ ʦʢʨʝʤʦ. 
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ʄ. ʖ. ʉʘʘʢʷʥ  

ʘʩʧʽʨʘʥʪ 

ɼʝʨʞʘʚʥʘ ʥʘʫʢʦʚʘ ʫʩʪʘʥʦʚʘ çʎʝʥʪʨ ʧʨʦʙʣʝʤ ʤʦʨʩʴʢʦʾ ʛʝʦʣʦʛʽʾ, ʛʝʦʝʢʦʣʦʛʽʾ ʪʘ ʦʩʘʜʦʚʦʛʦ 

ʨʫʜʦʫʪʚʦʨʝʥʥʷ ʅɸʅ ʋʢʨʘʾʥʠè, 01054, ʤ. ʂʠʾʚ, ʚʫʣ. ʆʣʝʩʷ ɻʦʥʯʘʨʘ, 55 ʙ 

 

ʋ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʦ ʟʥʘʯʝʥʥʷ ʣʽʪʦʣʦʛʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʧʨʠ ʧʣʘʥʫʚʘʥʥʽ ʪʘ ʚʝʜʝʥʥʽ ʚʽʜʢʨʠʪʠʭ 

ʛʽʨʥʠʯʠʭ ʨʦʙʽʪ ʥʘ ɹʽʣʘʥʽʚʩʴʢʦʤʫ ʟʘʣʽʟʦʨʫʜʥʦʤʫ ʨʦʜʦʚʠʱʽ. ʇʨʠʚʝʜʝʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ 

ʨʦʟʢʨʠʚʥʠʭ ʪʦʚʱ, ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʾʭ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʧʦʚʝʜʽʥʢʫ ʚ ʫʤʦʚʘʭ 

ʛʽʨʥʠʯʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɺʩʪʘʥʦʚʣʝʥʦ ʚʧʣʠʚ ʣʽʪʦʣʦʛʽʯʥʦʾ ʙʫʜʦʚʠ ʥʘ ʢʦʥʬʽʛʫʨʘʮʽʶ ʢʘʨôʻʨʫ, 

ʨʦʟʤʽʱʝʥʥʷ ʚʽʜʚʘʣʽʚ, ʘ ʪʘʢʦʞ ʥʘ ʟʘʭʦʜʠ ʟ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʧʦʣʴʦʚʠʭ ʨʦʙʦʪʘʭ, ʣʘʙʦʨʘʪʦʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʪʘ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ, ʱʦ 

ʜʦʟʚʦʣʠʣʦ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʛʽʨʥʠʯʦʾ ʨʦʟʨʦʙʢʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʣʽʪʦʣʦʛʽʷ, ʨʦʟʢʨʠʚʥʽ ʧʦʨʦʜʠ, ɹʽʣʘʥʽʚʩʴʢʝ ʨʦʜʦʚʠʱʝ, ʟʘʣʽʟʥʽ ʨʫʜʠ, ʛʝʦʪʝʭʥʽʯʥʘ 

ʦʮʽʥʢʘ. 

 

INFLUENCE OF LITHOLOGICAL ANALYSIS OF OVERBURDEN 

ROCKS ON THE DEVELOPMENT OF THE BILANIVSKE IRON ORE 

DEPOSIT 
 

M. Yu. Saakyan  
PhD student 

State Scientific Institution ñCenter for Problems of Marine Geology, Geoecology and 

Sedimentary Ore Formation of the National Academy of Sciences of Ukraineò, 

 01054, Kyiv, Olesia Honchara str., 55 b 

 

This article examines the importance of lithological analysis in planning and conducting open-pit 

mining operations at the Bilanivske iron ore deposit. The characteristics of overburden strata are 

presented, their physical-mechanical properties and behavior under mining loads are analyzed. The 
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ɺʩʪʫʧ 

ʋ ʢʦʥʪʝʢʩʪʽ ʩʫʯʘʩʥʦʛʦ ʛʽʨʥʠʯʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʘʢʪʫʘʣʴʥʠʤ ʻ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʤʝʪʦʜʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʛʽʨʥʠʯʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʪʘ 

ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʜʦʙʫʪʢʫ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ. ʆʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ 

ʝʣʝʤʝʥʪʽʚ ʪʘʢʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʻ ʣʽʪʦʣʦʛʽʯʥʠʡ ʘʥʘʣʽʟ ʨʦʟʢʨʠʚʥʠʭ ʪʦʚʱ [1]. 

ʉʘʤʝ ʮʝʡ ʘʩʧʝʢʪ ʯʘʩʪʦ ʥʝʜʦʦʮʽʥʶʻʪʴʩʷ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ, ʦʜʥʘʢ ʥʘ ʧʨʘʢʪʠʮʽ ʚʽʥ 

ʚʧʣʠʚʘʻ ʥʘ ʢʦʞʝʥ ʝʪʘʧ ʨʦʟʨʦʙʢʠ ð ʚʽʜ ʙʫʨʦ-ʚʠʙʫʭʦʚʠʭ ʨʦʙʽʪ ʜʦ ʨʝʢʫʣʴʪʠʚʘʮʽʾ 

ʧʦʨʫʰʝʥʠʭ ʟʝʤʝʣʴ [8]. 
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ɹʽʣʘʥʽʚʩʴʢʝ ʨʦʜʦʚʠʱʝ, ʨʦʟʪʘʰʦʚʘʥʝ ʚ ʇʦʣʪʘʚʩʴʢʽʡ ʦʙʣʘʩʪʽ ʋʢʨʘʾʥʠ, ʻ ʦʜʥʠʤ 

ʟ ʥʘʡʙʽʣʴʰʠʭ ʟʘʧʘʩʽʚ ʟʘʣʽʟʥʠʭ ʨʫʜ ʫ ɭʚʨʦʧʽ. ɺʦʥʦ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ 

ʂʨʝʤʝʥʯʫʮʴʢʦʛʦ ʟʘʣʽʟʦʨʫʜʥʦʛʦ ʨʘʡʦʥʫ ʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʢʣʘʜʥʦʶ 

ʛʝʦʣʦʛʽʯʥʦʶ ʙʫʜʦʚʦʶ [3]. ʆʙʩʷʛ ʨʦʟʢʨʠʚʥʠʭ ʨʦʙʽʪ ʦʮʽʥʶʻʪʴʩʷ ʚ ʜʝʩʷʪʢʠ 

ʤʽʣʴʡʦʥʽʚ ʤį, ʪʦʤʫ ʧʦʤʠʣʢʠ ʚ ʦʮʽʥʮʽ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʨʽʜ ʧʨʠʟʚʦʜʷʪʴ 

ʜʦ ʟʥʘʯʥʠʭ ʚʪʨʘʪ, ʚʢʣʶʯʘʶʯʠ ʘʚʘʨʽʡʥʽ ʩʠʪʫʘʮʽʾ, ʪʘʢʽ ʷʢ ʟʩʫʚʠ ʯʠ ʦʙʚʘʣʠ, ʘ ʪʘʢʦʞ 

ʝʢʦʣʦʛʽʯʥʽ ʧʨʦʙʣʝʤʠ, ʷʢ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʦʚʠʭ ʚʦʜ [5].  

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʢʦʤʧʣʝʢʩʥʠʡ ʘʥʘʣʽʟ ʣʽʪʦʣʦʛʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʨʦʟʢʨʠʚʥʠʭ ʧʦʨʽʜ ɹʽʣʘʥʽʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʪʘ ʦʮʽʥʢʘ ʾʭ ʚʧʣʠʚʫ ʥʘ ʧʘʨʘʤʝʪʨʠ 

ʛʽʨʥʠʯʦʾ ʨʦʟʨʦʙʢʠ. ɿʘʚʜʘʥʥʷ ʚʢʣʶʯʘʶʪʴ: ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʦʩʥʦʚʥʠʭ ʣʽʪʦʪʠʧʽʚ, 

ʦʮʽʥʢʫ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʩʭʠʣʽʚ ʪʘ 

ʨʦʟʨʦʙʢʫ ʧʨʘʢʪʠʯʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ. ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ ʧʽʜʢʨʝʩʣʶʻʪʴʩʷ 

ʛʣʦʙʘʣʴʥʠʤʠ ʪʝʥʜʝʥʮʽʷʤʠ ʜʦ ʩʪʽʡʢʦʛʦ ʨʦʟʚʠʪʢʫ ʛʽʨʥʠʯʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʜʝ 

ʛʝʦʝʢʦʣʦʛʽʯʥʽ ʘʩʧʝʢʪʠ ʚʽʜʽʛʨʘʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ (ʟʛʽʜʥʦ ʟ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ 

ʄʽʞʥʘʨʦʜʥʦʾ ʛʽʨʥʠʯʦʾ ʘʩʦʮʽʘʮʽʾ) [5]. 

ɻʝʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʘ ʙʫʜʦʚʘ ʨʦʜʦʚʠʱʘ 

ʈʦʜʦʚʠʱʥʠʡ ʤʘʩʠʚ ʨʦʟʪʘʰʦʚʘʥʠʡ ʫ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʋʢʨʘʾʥʩʴʢʦʛʦ 

ʱʠʪʘ, ʚ ʤʝʞʘʭ ʂʨʝʤʝʥʯʫʮʴʢʦʾ ʪʝʢʪʦʥʽʯʥʦʾ ʟʦʥʠ. ʈʫʜʥʽ ʪʽʣʘ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʤʘʩʠʚʘʤʠ ʤʘʛʥʝʪʠʪʦʚʠʭ ʢʚʘʨʮʠʪʽʚ ʥʠʞʥʴʦʛʦ ʧʨʦʪʝʨʦʟʦʶ, ʷʢʽ ʟʘʣʷʛʘʶʪʴ ʩʝʨʝʜ 

ʤʝʪʘʤʦʨʬʽʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ð ˇʥʝʡʩʽʚ, ʘʤʬʽʙʦʣʽʪʽʚ, ʙʽʦʪʠʪʦʚʠʭ ʩʣʘʥʮʽʚ. ʎʽ 

ʧʦʨʦʜʠ ʫʪʚʦʨʠʣʠʩʷ ʚ ʘʨʭʝʡʩʴʢʫ ʝʨʫ ʪʘ ʟʘʟʥʘʣʠ ʽʥʪʝʥʩʠʚʥʠʭ ʤʝʪʘʤʦʨʬʽʯʥʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ, ʱʦ ʧʨʠʟʚʝʣʦ ʜʦ ʾʭʥʴʦʾ ʚʠʩʦʢʦʾ ʤʽʮʥʦʩʪʽ [5]. 

ʅʘʜ ʨʫʜʦʥʦʩʥʠʤʠ ʪʦʚʱʘʤʠ ʟʘʣʷʛʘʻ ʨʦʟʢʨʠʚʥʘ ʪʦʚʱʘ, ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʧʝʨʝʚʘʞʥʦ ʦʩʘʜʦʚʠʤʠ ʧʦʨʦʜʘʤʠ ʤʝʟʦ-ʢʘʡʥʦʟʦʡʩʴʢʦʛʦ ʧʝʨʽʦʜʫ: 

- ʂʨʝʡʜʷʥʘ ʩʠʩʪʝʤʘ: ʤʝʨʛʝʣʽ, ʧʽʩʢʦʚʠʢʠ, ʚʘʧʥʷʢʠ ʟ ʧʦʪʫʞʥʽʩʪʶ 20ï40 ʤ; 

- ʊʨʝʪʠʥʥʘ ʩʠʩʪʝʤʘ: ʛʣʠʥʠ, ʩʫʛʣʠʥʢʠ, ʧʽʩʢʠ ʧʦʪʫʞʥʽʩʪʶ ʜʦ 50 ʤ; 

- ʏʝʪʚʝʨʪʠʥʥʘ ʩʠʩʪʝʤʘ: ʘʣʶʚʽʘʣʴʥʽ, ʝʣʶʚʽʘʣʴʥʽ ʚʽʜʢʣʘʜʠ, ʜʝʣʶʚʽʡ ʟ 

ʧʦʪʫʞʥʽʩʪʶ 10ï30 ʤ. 

ʉʫʢʫʧʥʘ ʧʦʪʫʞʥʽʩʪʴ ʨʦʟʢʨʠʚʥʠʭ ʧʦʨʽʜ ʩʪʘʥʦʚʠʪʴ 70ï120 ʤ ʟʘʣʝʞʥʦ ʚʽʜ 

ʤʦʨʬʦʣʦʛʽʾ ʨʫʜʥʦʛʦ ʪʽʣʘ. ɻʝʦʩʪʨʫʢʪʫʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʚʢʣʶʯʘʶʪʴ ʪʝʢʪʦʥʽʯʥʽ 

ʨʦʟʣʦʤʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʡ ʨʝʞʠʤ, ʩʧʨʠʷʶʯʠ ʣʦʢʘʣʴʥʠʤ ʟʦʥʘʤ 

ʚʦʜʦʥʘʩʠʯʝʥʥʷ [6]. 

ʄʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʥʷ 

ɺ ʦʩʥʦʚʫ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʣʘʜʝʥʦ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ, ʱʦ ʧʦʻʜʥʫʻ ʧʦʣʴʦʚʽ, 

ʣʘʙʦʨʘʪʦʨʥʽ ʪʘ ʘʥʘʣʽʪʠʯʥʽ ʤʝʪʦʜʠ: 

- ʇʦʣʴʦʚʝ ʣʽʪʦʣʦʛʽʯʥʝ ʢʘʨʪʫʚʘʥʥʷ: ʧʨʦʚʝʜʝʥʦ ʥʘ ʩʭʽʜʥʽʡ ʪʘ ʧʽʚʜʝʥʥʽʡ 

ʯʘʩʪʠʥʘʭ ʨʦʜʦʚʠʱʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ GPS-ʢʘʨʪʦʛʨʘʬʽʾ ʜʣʷ ʬʽʢʩʘʮʽʾ ʤʝʞ 

ʣʽʪʦʪʠʧʽʚ; 

- ɸʥʘʣʽʟ ʢʝʨʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ: ʚʠʚʯʝʥʦ ʟʨʘʟʢʠ ʟ 6 ʩʚʝʨʜʣʦʚʠʥ ʛʣʠʙʠʥʦʶ 

100ï150 ʤ, ʟ ʬʦʢʫʩʦʤ ʥʘ ʩʪʨʘʪʠʛʨʘʬʽʶ ʪʘ ʧʝʪʨʦʛʨʘʬʽʯʥʠʡ ʦʧʠʩ; 

- ʃʘʙʦʨʘʪʦʨʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ: ʫ ʛʝʦʤʝʭʘʥʽʯʥʽʡ ʣʘʙʦʨʘʪʦʨʽʾ ʚʠʟʥʘʯʝʥʦ 

ʚʦʣʦʛʦʩʪʴ (ʟʘ ɻʆʉʊ 5180-84), ʱʽʣʴʥʽʩʪʴ (ʟʘ ɼʉʊʋ ɹ ɺ.2.7-71), ʧʣʘʩʪʠʯʥʽʩʪʴ 

(ʽʥʜʝʢʩ ʧʣʘʩʪʠʯʥʦʩʪʽ ʟʘ ɸʪʝʨʙʝʨʛʦʤ), ʢʫʪ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ ʪʘ ʟʯʝʧʣʝʥʥʷ (ʟʘ 

ʤʝʪʦʜʦʤ ʪʨʠʘʢʩʽʘʣʴʥʦʛʦ ʩʪʠʩʢʫ). ɺʩʴʦʛʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ 45 ʟʨʘʟʢʽʚ; 
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- ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ: ʧʦʚʝʜʽʥʢʘ ʩʭʠʣʽʚ ʤʦʜʝʣʶʚʘʣʘʩʷ ʟʘ ʤʝʪʦʜʠʢʦʶ 

ʌʝʣʣʝʥʽʫʩʘ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ GeoStudio, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʙʝʟʧʝʢʠ (FS > 1.3 ʜʣʷ ʩʪʽʡʢʠʭ ʩʭʠʣʽʚ); 

- ɸʨʭʽʚʥʽ ʜʘʥʽ: ʟʘʣʫʯʝʥʦ ʛʝʦʣʦʛʦ-ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʟʚʽʪʠ ʇɸʊ "ʇʦʣʪʘʚʩʴʢʠʡ 

ɻɿʂ" (ʟ 2010ï2020 ʨʨ.) ʪʘ ʤʘʪʝʨʽʘʣʠ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʟʡʦʤʦʢ. 

ɼʘʥʽ ʦʙʨʦʙʣʝʥʦ ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ (ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ, ʩʪʘʥʜʘʨʪʥʝ 

ʚʽʜʭʠʣʝʥʥʷ) ʜʣʷ ʦʮʽʥʢʠ ʚʘʨʽʘʙʝʣʴʥʦʩʪʽ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ʈʝʟʫʣʴʪʘʪʠ: ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʦʟʢʨʠʚʥʠʭ ʧʦʨʽʜ 

ʈʦʟʢʨʠʚʥʽ ʧʦʨʦʜʠ ɹʽʣʘʥʽʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʜʝʤʦʥʩʪʨʫʶʪʴ ʟʥʘʯʥʫ 

ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʾʭʥʶ ʛʝʦʪʝʭʥʽʯʥʫ ʧʦʚʝʜʽʥʢʫ. 

1. ɻʣʠʥʠʩʪʽ ʧʦʨʦʜʠ: ʇʦʪʫʞʥʽ ʪʦʚʱʽ ʧʣʘʩʪʠʯʥʠʭ ʛʣʠʥ (ʽʥʜʝʢʩ ʧʣʘʩʪʠʯʥʦʩʪʽ 

15ï25) ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚ ʧʽʚʥʽʯʥʽʡ ʪʘ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʘʭ ʢʘʨôʻʨʫ. ɺʦʥʠ ʤʘʶʪʴ 

ʚʠʩʦʢʫ ʚʦʜʦʻʤʥʽʩʪʴ (ʜʦ 28%), ʥʠʟʴʢʫ ʧʨʦʥʠʢʥʽʩʪʴ (10  ʤ/ʩ), ʘ ʧʨʠ ʟʚʦʣʦʞʝʥʥʽ 

ʟʯʝʧʣʝʥʥʷ ʟʥʠʞʫʻʪʴʩʷ ʟ 38 ʜʦ 15 ʢʇʘ. ʎʽ ʧʦʨʦʜʠ ʩʭʠʣʴʥʽ ʜʦ ʧʦʚʟʫʯʦʩʪʽ ʥʘ 

ʫʩʪʫʧʘʭ ʚʠʱʝ 18 ʤ, ʟ ʨʠʟʠʢʦʤ ʟʩʫʚʽʚ (ʢʦʝʬʽʮʽʻʥʪ ʩʪʘʙʽʣʴʥʦʩʪʽ FS = 1.1ï1.4). 

2. ʇʽʩʢʠ: ʇʽʩʢʠ ʯʝʪʚʝʨʪʠʥʥʦʛʦ ʪʘ ʥʝʦʛʝʥʦʚʦʛʦ ʚʽʢʫ ʻ ʧʫʭʢʠʤʠ, 

ʥʝʟʮʝʤʝʥʪʦʚʘʥʠʤʠ, ʟ ʚʠʩʦʢʦʶ ʧʨʦʥʠʢʥʽʩʪʶ (ʜʦ 10 į ʤ/ʩ). ɺʦʥʠ ʩʪʚʦʨʶʶʪʴ 

ʥʝʙʝʟʧʝʢʫ ʧʽʜ ʯʘʩ ʚʝʩʥʷʥʦʛʦ ʚʦʜʦʥʘʩʠʯʝʥʥʷ ð ʦʙʚʘʣʝʥʥʷ ʫʩʪʫʧʽʚ ʪʘ ʟʩʫʚʠ. 

ʑʽʣʴʥʽʩʪʴ ʫ ʩʫʭʦʤʫ ʩʪʘʥʽ 1.6ï1.8 ʛ/ʩʤį, ʢʫʪ ʪʝʨʪʷ 28ï32Á. 

3. ʇʽʩʢʦʚʠʢʠ ʪʘ ʤʝʨʛʝʣʽ: ʎʽ ʧʦʨʦʜʠ ʤʘʶʪʴ ʩʝʨʝʜʥʶ ʪʨʽʱʠʥʫʚʘʪʽʩʪʴ (ʽʥʜʝʢʩ 

RQD 60ï80%), ʜʦʙʨʝ ʧʽʜʜʘʶʪʴʩʷ ʙʫʨʦ-ʚʠʙʫʭʦʚʦʤʫ ʨʫʡʥʫʚʘʥʥʶ. ɺ ʟʦʥʘʭ 

ʢʦʥʪʘʢʪʫ ʟ ʛʣʠʥʘʤʠ ʫʪʚʦʨʶʶʪʴʩʷ ʢʘʧʽʣʷʨʥʽ ʙʘʨôʻʨʠ, ʱʦ ʧʽʜʚʠʱʫʻ ʨʽʚʝʥʴ 

ˇʨʫʥʪʦʚʠʭ ʚʦʜ ʥʘ 2ï5 ʤ. 

 
ʃʽʪʦʪʠʧ       | ʑʽʣʴʥʽʩʪʴ (ʛ/ʩʤį) | ɺʦʣʦʛʽʩʪʴ (%) | ɿʯʝʧʣʝʥʥʷ (ʢʇʘ) | ʂʫʪ ʪʝʨʪʷ (Á) | ʇʨʦʥʠʢʥʽʩʪʴ (ʤ/ʩ) 

---------------|-------------------|---------------|-----------------|---------------|------------------- 

ɻʣʠʥʠ     | 1.9 Ñ 0.2       | 25 Ñ 3       | 25 Ñ 10      | 20 Ñ 5      | 10 

ʇʽʩʢʠ      | 1.7 Ñ 0.1       | 15 Ñ 2       | 5 Ñ 2          | 30 Ñ 3      | 10 į 

ʇʽʩʢʦʚʠʢʠ| 2.2 Ñ 0.3     | 10 Ñ 1       | 50 Ñ 15      | 40 Ñ 5      | 10 

 

ʆʙʛʦʚʦʨʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ: ɺʧʣʠʚ ʣʽʪʦʣʦʛʽʯʥʦʾ 

ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʥʘ ʨʦʟʨʦʙʢʫ ʨʦʜʦʚʠʱʘ 

ʃʽʪʦʣʦʛʽʯʥʘ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ ʢʣʶʯʦʚʽ ʘʩʧʝʢʪʠ 

ʛʽʨʥʠʯʦʾ ʨʦʟʨʦʙʢʠ [5]: 

1. ʈʦʟʨʘʭʫʥʦʢ ʧʘʨʘʤʝʪʨʽʚ ʫʩʪʫʧʽʚ: ʇʨʦʚʝʜʝʥʦ ʟʦʥʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʾ, ʧʽʩʣʷ 

ʯʦʛʦ ʨʦʟʨʘʭʦʚʘʥʦ ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʙʦʨʪʽʚ: ʫ ʛʣʠʥʘʭ ð ʫʩʪʫʧ 12 ʤ, ʢʫʪ 

ʫʢʦʩʫ 35Á (FS=1.5); ʫ ʧʽʩʢʦʚʠʢʘʭ ð ʫʩʪʫʧ 18 ʤ, ʢʫʪ 55Á (FS=1.8); ʫ ʧʽʩʢʘʭ ð 

ʥʝʦʙʭʽʜʥʝ ʪʝʨʘʩʫʚʘʥʥʷ ʟ ʛʦʨʠʟʦʥʪʘʣʴʥʠʤ ʜʨʝʥʘʞʝʤ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʝʨʦʟʽʾ [4]. 

2. ʈʦʟʤʽʱʝʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʚʽʜʚʘʣʽʚ: ʇʦʨʦʜʠ ʟ ʨʽʟʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʚʠʤʘʛʘʶʪʴ ʩʦʨʪʫʚʘʥʥʷ: ʛʣʠʥʠ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʦʩʥʦʚʫ ʜʣʷ ʧʽʩʢʽʚ, ʱʦʙ 

ʫʥʠʢʥʫʪʠ ʧʨʦʩʽʜʘʥʴ (ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʣʦ ʨʠʟʠʢ ʟʩʫʚʫ ʜʦ 20% ʙʝʟ ʜʨʝʥʘʞʫ) 

[7]. 
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3. ɽʢʦʣʦʛʽʯʥʽ ʨʠʟʠʢʠ: ɻʣʠʥʠʩʪʽ ʪʦʚʱʽ ʫʩʢʣʘʜʥʶʶʪʴ ʽʥʬʽʣʴʪʨʘʮʽʶ, ʩʧʨʠʷʶʪʴ 

ʟʘʩʪʦʶ ʚʦʜ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʘʙʦʣʦʯʫʚʘʥʥʷ (ʧʣʦʱʘ ʜʦ 5 ʛʘ). ʈʝʢʦʤʝʥʜʦʚʘʥʦ 

ʢʦʤʙʽʥʦʚʘʥʠʡ ʜʨʝʥʘʞ: ʪʨʘʥʰʝʾ ʛʣʠʙʠʥʦʶ 3 ʤ ʪʘ ʚʝʨʪʠʢʘʣʴʥʽ ʩʚʝʨʜʣʦʚʠʥʠ [5]. 

ʇʦʨʽʚʥʷʥʦ ʟ ʘʥʘʣʦʛʽʯʥʠʤʠ ʨʦʜʦʚʠʱʘʤʠ (ʥʘʧʨʠʢʣʘʜ, ʂʨʠʚʙʘʩ), ɹʽʣʘʥʽʚʩʴʢʝ 

ʚʠʨʽʟʥʷʻʪʴʩʷ ʚʠʱʦʶ ʯʘʩʪʢʦʶ ʧʣʘʩʪʠʯʥʠʭ ʛʣʠʥ, ʱʦ ʚʠʤʘʛʘʻ ʘʜʘʧʪʘʮʽʾ 

ʪʝʭʥʦʣʦʛʽʡ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʥʘ ʚʧʨʦʚʘʜʠʪʠ ʚ ʧʨʦʝʢʪ ʨʦʟʨʦʙʢʠ 

ɹʽʣʘʥʽʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ. ʅʘ ʾʭʥʽʡ ʦʩʥʦʚʽ: 

- ʇʝʨʝʛʣʷʥʫʪʠ ʩʠʩʪʝʤʫ ʚʦʜʦʚʽʜʚʝʜʝʥʥʷ ʢʘʨôʻʨʫ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʨʠʟʠʢʫ 

ʟʩʫʚʽʚ ʥʘ 30% [6]; 

- ɿʤʽʥʠʪʠ ʦʨʽʻʥʪʘʮʽʶ ʪʨʘʥʩʧʦʨʪʥʠʭ ʰʣʷʭʽʚ ʥʘ ʧʽʚʜʝʥʥʦ-ʩʭʽʜʥʦʤʫ ʬʣʘʥʟʽ 

ʜʣʷ ʫʥʠʢʥʝʥʥʷ ʟʦʥ ʚʠʩʦʢʦʾ ʧʣʘʩʪʠʯʥʦʩʪʽ; 

- ɸʜʘʧʪʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʶ ʩʢʣʘʜʫʚʘʥʥʷ ʧʦʨʽʜ ʫ ʚʽʜʚʘʣʘʭ ʽʟ ʩʦʨʪʫʚʘʥʥʷʤ ʟʘ 

ʛʨʫʧʘʤʠ ʩʪʽʡʢʦʩʪʽ, ʱʦ ʧʽʜʚʠʱʠʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʥʘ 15ï20% (ʟʘ ʨʦʟʨʘʭʫʥʢʘʤʠ 

ʤʦʜʝʣʽ) [5]. 

ʎʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʜʦ ʽʥʰʠʭ ʨʦʜʦʚʠʱ ʋʢʨʘʾʥʩʴʢʦʛʦ 

ʱʠʪʘ, ʩʧʨʠʷʶʯʠ ʩʪʽʡʢʦʤʫ ʨʦʟʚʠʪʢʫ ʛʘʣʫʟʽ [2]. 

ɺʠʩʥʦʚʢʠ 

1. ʈʦʟʢʨʠʚʥʽ ʧʦʨʦʜʠ ɹʽʣʘʥʽʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʟʥʘʯʥʦʶ 

ʣʽʪʦʣʦʛʽʯʥʦʶ ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ, ʱʦ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʢʘʨôʻʨʥʠʭ 

ʩʭʠʣʽʚ ʽ ʚʠʤʘʛʘʻ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ. 

2. ɿʘʩʪʦʩʫʚʘʥʥʷ ʣʽʪʦʣʦʛʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʻ ʟʤʦʛʫ ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ 

ʛʽʨʥʠʯʦʾ ʨʦʟʨʦʙʢʠ ʪʘ ʟʤʝʥʰʠʪʠ ʨʠʟʠʢʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ, ʚʢʣʶʯʘʶʯʠ ʟʩʫʚʠ 

ʪʘ ʟʘʙʨʫʜʥʝʥʥʷ. 

3. ʆʩʦʙʣʠʚʦʾ ʫʚʘʛʠ ʧʦʪʨʝʙʫʶʪʴ ʟʦʥʠ ʨʦʟʚʠʪʢʫ ʛʣʠʥ ʩʝʨʝʜʥʴʦʾ ʪʘ ʚʠʩʦʢʦʾ 

ʧʣʘʩʪʠʯʥʦʩʪʽ, ʷʢʽ ʩʭʠʣʴʥʽ ʜʦ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʠ ʟʚʦʣʦʞʝʥʥʽ; ʨʝʢʦʤʝʥʜʦʚʘʥʦ 

ʧʦʩʠʣʝʥʠʡ ʤʦʥʽʪʦʨʠʥʛ. 

4. ɯʥʪʝʛʨʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʣʽʪʦʣʦʛʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʫ ʧʨʦʝʢʪʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ 

ʜʦʩʷʛʪʠ ʙʽʣʴʰʦʾ ʙʝʟʧʝʢʠ, ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʝʢʦʣʦʛʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ 

ʛʽʨʥʠʯʠʭ ʨʦʙʽʪ. 
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ʜʽʣʷʥʢʠ ʄʝʞʠʨʽʯʥʦʛʦ ʨʦʜʦʚʠʱ ʽʣʴʤʝʥʽʪʫ. ɺʩʪʘʥʦʚʣʝʥʦ ʚʽʜʤʽʥʥʦʩʪʽ ʫ ʧʦʪʫʞʥʦʩʪʽ 

ʧʨʦʜʫʢʪʠʚʥʠʭ ʧʣʘʩʪʽʚ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʤʫ ʩʢʣʘʜʽ ʪʘ ʚʤʽʩʪʽ ʽʣʴʤʝʥʽʪʫ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʟʚʦʣʷʶʪʴ ʫʪʦʯʥʠʪʠ ʧʝʨʩʧʝʢʪʠʚʠ ʧʨʦʤʠʩʣʦʚʦʾ ʨʦʟʨʦʙʢʠ ʨʦʜʦʚʠʱ. 
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This study presents a comparative analysis of eluvial deposits from the Trostianytsia and Southern 
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ʆʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʤʽʥʝʨʘʣʴʥʠʭ ʩʪʨʘʪʝʛʽʯʥʠʭ ʨʝʩʫʨʩʽʚ ʋʢʨʘʾʥʠ ʻ ʪʠʪʘʥ. 

ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʨʦʟʚʠʪʦʢ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʝʡ ʝʢʦʥʦʤʽʢʠ ʧʦʪʨʝʙʫʻ ʟʙʽʣʴʰʝʥʥʷ 

ʨʝʩʫʨʩʥʦʾ ʙʘʟʠ ʮʴʦʛʦ ʤʽʥʝʨʘʣʫ, ʷʢʠʡ ʻ ʥʝʟʘʤʽʥʥʠʤ ʚ ʤʝʜʠʮʠʥʽ, ʦʙʦʨʦʥʥʽʡ ʪʘ 

ʭʽʤʽʯʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ ʛʘʣʫʟʷʭ. 

ɺʦʣʠʥʩʴʢʠʡ ʪʠʪʘʥʦʥʦʩʥʠʡ ʨʝʛʽʦʥ ʻ ʧʨʦʚʽʜʥʠʤ ʩʝʨʝʜ ʽʥʰʠʭ. ɹʘʛʘʪʦ 

ʨʦʜʦʚʠʱ, ʱʦ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʚʽʜʥʦʩʷʪʴʩʷ ʩʘʤʝ ʜʦ ɺʦʣʠʥʩʴʢʦʛʦ ʨʝʛʽʦʥʫ, ʷʢ, 

ʥʘʧʨʠʢʣʘʜ, ʄʝʞʠʨʽʯʥʝ ʪʘ ʊʨʦʩʪʷʥʠʮʴʢʝ ʨʦʜʦʚʠʱʘ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʽʜʥʦʩʥʫ 

ʙʣʠʟʴʢʽʩʪʴ ʨʦʟʪʘʰʫʚʘʥʥʷ, ʄʝʞʠʨʽʯʥʝ ʪʘ ʊʨʦʩʪʷʥʠʮʴʢʝ ʨʦʜʦʚʠʱʘ ʤʘʶʪʴ ʨʷʜ 
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ʚʽʜʤʽʥʥʦʩʪʝʡ. ɹʘʛʘʪʦ ʟ ʥʠʭ ʧʦʣʷʛʘʶʪʴ ʫ ʨʽʟʥʠʭ ʟʘ ʧʨʦʩʪʷʛʘʥʥʷʤ ʪʘ ʨʫʜʦʥʦʩʥʽʩʪʶ 

ʢʦʨʘʭ ʚʠʚʽʪʨʶʚʘʥʥʷ.  

ɼʦ ʩʢʣʘʜʫ ʄʝʞʠʨʽʯʥʦʛʦ ʨʦʜʦʚʠʱʘ ʚʭʦʜʷʪʴ 8 ʜʽʣʷʥʦʢ (ʉʝʨʝʜʥʷ, ʖʨʩʴʢʘ, 

ʆʩʠʥʦʚʘ, ʉʝʨʝʜʥʷ, ɭʤʠʣʽʚʩʴʢʘ, ɹʫʢʠʥʩʴʢʘ, ɯʩʘʢʽʚʩʴʢʘ, ʇʽʚʜʝʥʥʘ), ʱʦ 

çʨʦʟʢʠʜʘʥʽè ʤʽʞ ʨʽʯʢʘʤʠ ɯʨʰʘ ʪʘ ʊʨʦʩʪʷʥʠʮʷ (ɻʫʜʢʦʚ, 1971; ʅʘʫʥʝʮʴ, 1989). 

ʇʝʨʝʚʘʞʥʦ ʘʣʶʚʽʘʣʴʥʽ ʨʦʟʩʠʧʠ, ʱʦ ʤʘʶʪʴ ʧʨʦʤʠʩʣʦʚʝ ʟʥʘʯʝʥʥʷ, ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʤʝʟʦʟʦʡʩʴʢʠʤʠ ʥʠʞʥʴʦʢʨʝʡʜʦʚʠʤʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʠʤʠ ʚʽʜʢʣʘʜʘʤʠ. ʊʘʢʦʞ ʫ 

ʙʫʜʦʚʽ ʧʨʦʤʠʩʣʦʚʦʛʦ ʘʣʶʚʽʘʣʴʥʦʛʦ ʧʣʘʩʪʘ ʚ ʪʽʡ ʯʠ ʽʥʰʽʡ ʤʽʨʽ ʙʝʨʫʪʴ ʫʯʘʩʪʴ 

ʚʝʨʭʥʴʦʢʨʝʡʜʦʚʽ ʤʦʨʩʴʢʽ ʚʽʜʢʣʘʜʠ, ʧʘʣʝʦʛʝʥʦʚʽ, ʥʝʦʛʝʥʦʚʽ ʪʘ ʯʝʪʚʝʨʪʠʥʥʽ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʽ ʚʽʜʢʣʘʜʠ. 

ʅʘʡʙʣʠʞʯʦʶ ʥʘ ʤʽʩʮʝʚʦʩʪʽ ʜʽʣʷʥʢʦʶ ʄʝʞʠʨʽʯʥʦʛʦ ʨʦʜʦʚʠʱʘ ʜʦ 

ʊʨʦʩʪʷʥʠʮʴʢʦʛʦ ʻ ʇʽʚʜʝʥʥʘ. ʇʦʪʫʞʥʽʩʪʴ ʨʦʟʢʨʠʚʥʠʭ ʧʦʨʽʜ ʇʽʚʜʝʥʥʦʾ ʜʽʣʷʥʢʠ 

ʩʢʣʘʜʘʻ 7,3 ʤ, ʪʦʜʽ ʷʢ ʧʦʪʫʞʥʽʩʪʴ ʘʣʶʚʽʘʣʴʥʦʛʦ ʧʨʦʤʠʩʣʦʚʦʛʦ ʧʣʘʩʪʘ 8,1 ʤ 

(ʄʫʭʽʥ, 1974). ɸʣʶʚʽʘʣʴʥʠʡ ʧʨʦʤʠʩʣʦʚʠʡ ʧʣʘʩʪ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʢʘʦʣʽʥʘʤʠ 

ʚʪʦʨʠʥʥʠʤʠ ʪʘ ʨʽʟʥʦʟʝʨʥʠʩʪʠʤʠ ʢʘʦʣʽʥʠʩʪʠʤʠ ʪʘ ʛʣʠʥʠʩʪʠʤʠ ʢʚʘʨʮʦʚʠʤʠ 

ʧʽʩʢʘʤʠ, ʨʽʜʰʝ ʩʫʧʽʩʢʘʤʠ, ʚʫʛʣʠʩʪʠʤʠ ʛʣʠʥʘʤʠ, ʛʣʘʫʢʦʥʽʪʦʚʠʤʠ ʧʽʩʢʘʤʠ. 

ɽʣʶʚʽʘʣʴʥʽ ʚʽʜʢʣʘʜʠ ʥʝ ʻ ʙʘʣʘʥʩʦʚʠʤʠ ʥʘ ʇʽʚʜʝʥʥʽʡ ʜʽʣʷʥʮʽ. 

ʊʨʦʩʪʷʥʠʮʴʢʝ ʨʦʜʦʚʠʱʝ, ʩʚʦʻʶ ʯʝʨʛʦʶ, ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʜʚʽ ʦʢʨʝʤʽ 

ʜʽʣʷʥʢʠ: ʧʽʚʜʝʥʥʫ (ɯ) ʪʘ ʧʽʚʥʽʯʥʫ (ɯɯ). ʇʝʨʰʘ ʟ ʥʠʭ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʨʠʣʷʛʘʻ ʜʦ 

ʨʦʟʚʽʜʘʥʠʭ ʟʘʧʘʩʽʚ ʄʝʞʠʨʽʯʥʦʛʦ ʨʦʜʦʚʠʱʘ, ʘ ʜʨʫʛʘ ʨʦʟʪʘʰʦʚʘʥʘ ʥʘ ʚʽʜʩʪʘʥʽ 

1,5ï2 ʢʤ ʚʽʜ ʥʴʦʛʦ (ɹʘʟʘʣʽʡʩʴʢʘ, 2008). 

ʇʨʦʜʫʢʪʠʚʥʠʡ ʛʦʨʠʟʦʥʪ ʩʢʣʘʜʝʥʠʡ ʜʚʦʤʘ ʪʠʧʘʤʠ ʨʫʜ: ʦʩʘʜʦʚʠʤʠ 

ʫʪʚʦʨʝʥʥʷʤʠ ʘʣʶʚʽʘʣʴʥʦ-ʜʝʣʶʚʽʘʣʴʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʪʘ ʽʣʴʤʝʥʽʪʦʥʦʩʥʦʶ ʢʦʨʦʶ 

ʚʠʚʽʪʨʶʚʘʥʥʷ. ʇʦʪʫʞʥʽʩʪʴ ʘʣʶʚʽʘʣʴʥʦ-ʜʝʣʶʚʽʘʣʴʥʦʛʦ ʧʣʘʩʪʘ ʚ ʤʝʞʘʭ ʇʽʚʥʽʯʥʦʾ 

ʜʽʣʷʥʢʠ ʊʨʦʩʪʷʥʠʮʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʩʪʘʥʦʚʠʪʴ 4,5 ʤ ʧʨʠ ʩʝʨʝʜʥʴʦʤʫ ʚʤʽʩʪʽ 

ʽʣʴʤʝʥʽʪʫ 102,9 ʢʛ/ʤį. ʇʦʪʫʞʥʽʩʪʴ ʢʦʨʠ ʚʠʚʽʪʨʶʚʘʥʥʷ ð 3,1 ʤ, ʽʟ ʩʝʨʝʜʥʽʤ 

ʚʤʽʩʪʦʤ ʽʣʴʤʝʥʽʪʫ 73,2 ʢʛ/ʤį. ʉʫʤʘʨʥʘ ʧʦʪʫʞʥʽʩʪʴ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʛʦʨʠʟʦʥʪʫ 

ʩʪʘʥʦʚʠʪʴ 7,6 ʤ, ʽʟ ʩʝʨʝʜʥʽʤ ʟʚʝʜʝʥʠʤ ʚʤʽʩʪʦʤ ʽʣʴʤʝʥʽʪʫ ʙʣʠʟʴʢʦ 90,7 ʢʛ/ʤį 

(ʇʨʦʩʢʫʨʽʥ ʪʘ ʽʥ., 1978). ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʤʝʞʘʭ ʊʨʦʩʪʷʥʠʮʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʢʦʨʘ 

ʚʠʚʽʪʨʶʚʘʥʥʷ ʚʢʣʶʯʝʥʘ ʜʦ ʩʢʣʘʜʫ ʧʨʦʜʫʢʪʠʚʥʦʾ ʪʦʚʱʽ. 

ʇʦʨʽʚʥʷʥʥʷ ʝʣʶʚʽʘʣʴʥʦʛʦ ʧʣʘʩʪʘ ʇʽʚʜʝʥʥʦʾ ʜʽʣʷʥʢʠ ʄʝʞʠʨʽʯʥʦʛʦ ʨʦʜʦʚʠʱʘ 

ʪʘ ʊʨʦʩʪʷʥʠʮʴʢʦʛʦ ʨʦʜʦʚʠʱʘ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʊʨʦʩʪʷʥʠʮʴʢʦʛʦ ʨʦʜʦʚʠʱʘ, 

ʝʣʶʚʽʘʣʴʥʽ ʚʽʜʢʣʘʜʠ ʇʽʚʜʝʥʥʦʾ ʜʽʣʷʥʢʠ ʥʝ ʻ ʧʨʦʤʠʩʣʦʚʠʤʠ. ʉʧʦʩʪʝʨʽʛʘʶʪʴʩʷ 

ʣʦʢʘʣʴʥʽ ʜʽʣʷʥʢʠ ʧʦʪʫʞʥʽʩʪʶ 2-6ʤ ʟ ʩʝʨʝʜʥʽʤ ʚʤʽʩʪʦʤ ʽʣʴʤʝʥʽʪʫ ï 41 ʢʛ/ʤ3. ʊʦʜʽ 

ʷʢ ʩʝʨʝʜʥʽʡ ʚʤʽʩʪ ʽʣʴʤʝʥʽʪʫ ʜʣʷ ʚʩʽʻʾ ʧʣʦʱʽ ʨʦʜʦʚʠʱʘ ʧʦ ʢʘʦʣʽʥʘʭ ʧʝʨʚʠʥʥʠʭ 

ʢʦʣʠʚʘʻʪʴʩʷ ʚʩʴʦʛʦ ʚʽʜ 20 ʜʦ 30 ʢʛ/ʤ3. ʇʦʪʫʞʥʽʩʪʴ ʝʣʶʚʽʶ ʚʽʜ 1 ʜʦ 17 ʤ.  

ʋ ʤʝʞʘʭ ʊʨʦʩʪʷʥʠʮʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʝʣʶʚʽʘʣʴʥʽ ʚʽʜʢʣʘʜʠ ʨʦʟʚʠʥʝʥʽ ʟʥʘʯʥʦ 

ʰʠʨʰʝ ʽ ʬʦʨʤʫʶʪʴ ʜʦ 40 % ʟʘʛʘʣʴʥʦʛʦ ʦʙôʻʤʫ ʨʫʜ. ɯʣʴʤʝʥʽʪʦʚʘ ʢʦʨʘ 

ʚʠʚʽʪʨʶʚʘʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʯʠʩʣʝʥʥʠʤʠ ʩʢʫʧʯʝʥʥʷʤʠ ʧʦʪʫʞʥʽʩʪʶ 1,0ï10,5 ʤ (ʫ 

ʩʝʨʝʜʥʴʦʤʫ 3,1 ʤ) ʽ ʤʘʻ ʩʝʨʝʜʥʽʡ ʚʤʽʩʪ ʽʣʴʤʝʥʽʪʫ 73,2 ʢʛ/ʤį, ʣʦʢʘʣʴʥʦ ʜʦ 170 

ʢʛ/ʤį.  

ɯʣʴʤʝʥʽʪ ʢʦʥʮʝʥʪʨʫʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʫ ʥʠʞʥʽʭ ʯʘʩʪʠʥʘʭ ʢʦʨʠ, ʜʝ ʨʘʟʦʤ ʽʟ 

ʚʘʞʢʠʤʠ ʤʽʥʝʨʘʣʘʤʠ ʬʦʨʤʫʻ ʧʣʷʤʠʩʪʽ ʟʙʘʛʘʯʝʥʽ ʜʽʣʷʥʢʠ. ʂʨʽʤ ʽʣʴʤʝʥʽʪʫ, ʫ 

ʧʦʨʦʜʘʭ ʢʦʨʠ ʚʠʚʽʪʨʶʚʘʥʥʷ ʚʠʷʚʣʝʥʽ ʽʥʰʽ ʚʘʞʢʽ ʤʽʥʝʨʘʣʠ: ʣʝʡʢʦʢʩʝʥʽʟʦʚʘʥʠʡ 
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ʽʣʴʤʝʥʽʪ ð ʜʦ 2,71 ʢʛ/ʤį; ʣʝʡʢʦʢʩʝʥ ð ʜʦ 0,62 ʢʛ/ʤį; ʩʠʜʝʨʠʪ ð ʜʦ 13,7 ʢʛ/ʤį; 

ʘʧʘʪʠʪ ð ʜʦ 16,2 ʢʛ/ʤį; ʨʫʪʠʣ ð ʜʦ 0,14 ʢʛ/ʤį; ʮʠʨʢʦʥ ð ʜʦ 1,28 ʢʛ/ʤį; ʧʽʨʠʪ ð 

ʜʦ 5,14 ʢʛ/ʤį, ʘ ʪʘʢʦʞ ʧʦʦʜʠʥʦʢʦ ð ʽʣʴʤʝʥʦʤʘʛʥʝʪʠʪ, ʧʽʨʦʢʩʝʥ ʽ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪ. 

ɺʠʩʥʦʚʦʢ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʧʨʠʫʨʦʯʝʥʽʩʪʴ ʢʽʨ ʚʠʚʽʪʨʶʚʘʥʥʷ ʇʽʚʜʝʥʥʦʾ 

ʜʽʣʷʥʢʠ ʄʝʞʠʨʽʯʥʦʛʦ ʨʦʜʦʚʠʱʘ ʪʘ ʊʨʦʩʪʷʥʠʮʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʜʦ ʧʽʚʜʝʥʥʦ-

ʩʭʽʜʥʦʾ ʦʢʨʘʾʥʠ ɺʦʣʦʜʘʨʩʴʢʦ-ɺʦʣʠʥʩʴʢʦʛʦ ʤʘʩʠʚʫ ʦʩʥʦʚʥʠʭ ʧʦʨʽʜ, 

ʪʝʨʠʪʦʨʽʘʣʴʥʫ ʙʣʠʟʴʢʽʩʪʴ, ʩʭʦʞʽʩʪʴ ʣʽʪʦʣʦʛʽʯʥʦʾ ʙʫʜʦʚʠ ʧʣʘʩʪʘ, ʝʣʶʚʽʘʣʴʥʽ 

ʚʽʜʢʣʘʜʠ ʤʘʶʪʴ ʨʷʜ ʟʥʘʯʥʠʭ ʚʽʜʤʽʥʥʦʩʪʝʡ.  

ʇʨʠʯʠʥʘʤʠ ʮʠʭ ʚʽʜʤʽʥʥʦʩʪʝʡ ʻ ʨʽʟʥʝ ʟʘ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʟʙʘʛʘʯʝʥʥʷ ʢʽʨ 

ʚʠʚʽʪʨʶʚʘʥʥʷ ʽʣʴʤʝʥʽʪʦʤ ʢʦʨʽʥʥʠʭ ʦʩʥʦʚʥʠʭ ʧʦʨʽʜ ʥʘ ʦʙʦʭ ʨʦʜʦʚʠʱʘʭ ʪʘ ʙʽʣʴʰ 

ʽʥʪʝʥʩʠʚʥʠʡ ʚʠʤʠʚ ʢʨʫʧʥʦʟʝʨʥʠʩʪʠʭ ʧʽʱʘʥʠʩʪʠʭ ʯʘʩʪʦʢ, ʱʦ ʚʤʽʱʫʶʪʴ ʚʘʞʢʽ 

ʤʽʥʝʨʘʣʠ, ʥʘ ʇʽʚʜʝʥʥʽʡ ʜʽʣʷʥʮʽ ʄʝʞʠʨʽʯʥʦʛʦ ʨʦʜʦʚʠʱʘ ʯʠʤ ʥʘ ʊʨʦʩʪʷʥʠʮʴʢʦʤʫ 

ʨʦʜʦʚʠʱʽ. 
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ʛʝʦʣʦʛʦʨʦʟʚʽʜʫʚʘʣʴʥʠʡ ʪʨʝʩʪ. 1978. 
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ɺʘʣʢʠ-ɻʘʮʴʢʽʚʩʴʢʝ ʨʦʜʦʚʠʱʝ ʽʣʴʤʝʥʽʪʫ ʧʨʠʫʨʦʯʝʥʝ ʜʦ ʧʣʦʱʠʥʥʦʾ ʢʘʦʣʽʥʦʚʦʾ ʢʦʨʠ 

ʚʠʚʽʪʨʶʚʘʥʥʷ ʪʘ ʩʝʨʝʜʥʴʦʶʨʩʴʢʠʭ, ʥʠʞʥʴʦʢʨʝʡʜʦʚʠʭ ʽ ʧʘʣʝʦʛʝʥ-ʥʝʦʛʝʥʦʚʠʭ ʦʩʘʜʦʚʠʭ 

ʚʽʜʢʣʘʜʽʚ. ɼʦʩʣʽʜʞʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʽʣʴʤʝʥʽʪʫ ʚ ʦʩʘʜʦʚʦʤʫ ʯʦʭʣʽ ʪʘ ʚ ʢʦʨʽ 

ʚʠʚʽʪʨʶʚʘʥʥʷ ʨʦʜʦʚʠʱʘ. ɺʠʷʚʣʝʥʦ, ʱʦ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʪʦʚʱʠʥʠ ʪʘ ʩʝʨʝʜʥʴʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʽʣʴʤʝʥʽʪʫ ʙʽʣʴʰʽ ʜʣʷ ʦʩʘʜʦʚʦʾ ʯʘʩʪʠʥʠ ʨʦʜʦʚʠʱʘ 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ɺʘʣʢʠ-ɻʘʮʴʢʽʚʩʴʢʝ ʨʦʜʦʚʠʱʝ, ʽʣʴʤʝʥʽʪ, ʨʫʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʦʩʘʜʦʚʠʡ 

ʯʦʭʦʣ, ʢʦʨʘ ʚʠʚʽʪʨʶʚʘʥʥʷ. 

 

ORE CHARACTERISTICS OF THE VALK Y-HATSKIVK A ILMENITE 

DEPOSIT 
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Valky-Hatskivka ilmenite deposit is confined to the planar kaolin weathering crust and Middle 

Jurassic, Lower Cretaceous and Paleogene-Neogene sedimentary deposits. The features of the 

distribution of ilmenite in the sedimentary cover and in the weathering crust of the deposit have 

been studied. It was found that the average values of the thickness and average concentration of 

ilmenite are greater for the sedimentary part of the deposit.  
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ɺʩʪʫʧ. ɺʘʣʢʠ-ɻʘʮʴʢʽʚʩʴʢʝ ʨʦʜʦʚʠʱʝ ʽʣʴʤʝʥʽʪʫ ʨʦʟʪʘʰʦʚʘʥʝ ʚ 

ɾʠʪʦʤʠʨʩʴʢʦʤʫ ʨʘʡʦʥʽ ɾʠʪʦʤʠʨʩʴʢʦʾ ʦʙʣʘʩʪʽ ʪʘ ʥʘʣʝʞʠʪʴ ʜʦ ɺʦʣʠʥʩʴʢʦʛʦ 

ʨʦʟʩʠʧʥʦʛʦ ʨʘʡʦʥʫ [1]. ʅʘʡʙʣʠʞʯʠʤʠ ʥʘʩʝʣʝʥʠʤʠ ʧʫʥʢʪʘʤʠ ʻ ʩʝʣʦ ʂʨʦʧʠʚʥʷ 

(ʥʘ ʟʘʭʽʜ ʚʽʜ ʨʦʜʦʚʠʱʘ), ʩʝʣʦ ʈʫʜʥʷ-ɻʘʮʴʢʽʚʩʴʢʘ (ʥʘ ʧʽʚʜʝʥʴ ʚʽʜ ʨʦʜʦʚʠʱʘ), ʩʝʣʦ 

ɻʘʮʴʢʽʚʢʘ (ʥʘ ʩʭʽʜ ʚʽʜ ʨʦʜʦʚʠʱʘ), ʩʝʣʦ ʃʽʩʦʙʫʜʘ (ʥʘ ʧʽʚʥʽʯ ʚʽʜ ʨʦʜʦʚʠʱʘ). 

ɼʦʩʣʽʜʞʫʚʘʥʠʡ ʨʘʡʦʥ ʷʚʣʷʻ ʩʦʙʦʶ ʨʽʚʥʠʥʫ ʥʘ ʧʨʘʚʦʤʫ ʙʝʨʝʟʽ ʨʽʢʠ ɯʨʰʘ ʟ 

ʫʭʠʣʦʤ ʥʘ ʧʽʚʜʝʥʴ.  

ʈʦʜʦʚʠʱʝ ʚʽʜʢʨʠʪʦ ʚ 1962-67 ʨʨ. ʧʽʜ ʯʘʩ ʧʦʰʫʢʦʚʠʭ ʨʦʙʽʪ ʥʘ ʽʣʴʤʝʥʽʪ ʚ 

ʣʽʚʦʙʝʨʝʞʥʽʡ ʯʘʩʪʠʥʽ ʨ. ɯʨʰʽ, ʚ 1969-72 ʨʨ. ï ʧʨʦʚʝʜʝʥʘ ʥʝʢʦʥʜʠʮʽʡʥʘ 

ʧʦʧʝʨʝʜʥʷ ʨʦʟʚʽʜʢʘ, ʚ 1988-91 ʨʨ. ï ʧʦʧʝʨʝʜʥʷ ʨʦʟʚʽʜʢʘ, 1992-98 ʨʨ. ï ʜʝʪʘʣʴʥʘ 

ʨʦʟʚʽʜʢʘ. 

ɺʘʣʢʠ-ɻʘʮʴʢʽʚʩʴʢʝ ʨʦʜʦʚʠʱʝ ʽʣʴʤʝʥʽʪʫ ʧʨʠʫʨʦʯʝʥʝ ʜʦ ʦʩʘʜʦʚʠʭ ʚʽʜʢʣʘʜʽʚ 

ʤʝʟʦʟʦʡ-ʢʘʡʥʦʟʦʶ ʘʣʶʚʽʘʣʴʥʦʛʦ ʛʝʥʝʟʠʩʫ (59,1% ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʦʙôʻʤʫ 

ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ) ʪʘ ʧʣʦʱʠʥʥʦʾ ʢʘʦʣʽʥʦʚʦʾ ʢʦʨʠ ʚʠʚʽʪʨʶʚʘʥʥʷ (40,9% ʚʽʜ 

ʟʘʛʘʣʴʥʦʛʦ ʦʙôʻʤʫ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ), ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʣʷʛʘʻ ʧʽʜ 

ʚʝʨʭʥʽʤ ʧʣʘʩʪʦʤ ʘʙʦ ʚʠʭʦʜʠʪʴ ʟʘ ʤʝʞʽ ʧʦʰʠʨʝʥʥʷ ʘʣʶʚʽʶ. ɿʘ ʦʙôʻʤʘʤʠ ʚ ʙʫʜʦʚʽ 

ʘʣʶʚʽʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʫ ʙʝʨʫʪʴ ʫʯʘʩʪʴ: ʩʝʨʝʜʥʴʦʶʨʩʴʢʽ (ʙʘʪ-

ʙʘʡʦʩ) ï 16%, ʥʠʞʥʴʦʢʨʝʡʜʦʚʽ (ʘʧʪ-ʘʣʴʙ) ï 34%, ʧʘʣʝʦʛʝʥ-ʥʝʦʛʝʥʦʚʽ (ʻʦʮʝʥ-

ʤʽʦʮʝʥ) ï 50% ʚʽʢʣʘʜʠ 

ʅʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʜʝʪʘʣʴʥʦʾ ʨʦʟʚʽʜʢʠ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʩʪʨʫʢʪʫʨʥʦ-

ʣʽʪʦʣʦʛʽʯʥʫ ʤʦʜʝʣʴ ɺʘʣʢʠ-ɻʘʮʴʢʽʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʽʣʴʤʝʥʽʪʫ, ʷʢʘ ʚʢʣʶʯʘʣʘ ʚ 

ʩʝʙʝ 873 ʩʚʝʨʜʣʦʚʠʥʠ. ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʢʘʨʪ ʪʦʚʱʠʥ 

ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʫ ʪʘ ʣʘʪʝʨʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʩʝʨʝʜʥʴʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʽʣʴʤʝʥʽʪʫ ʚ ʧʨʦʜʫʢʪʠʚʥʦʤʫ ʧʣʘʩʪ ̔ ʧʦ ʩʫʤʽ ʙʘʣʘʥʩʦʚʠʭ ʪʘ ʧʦʟʘʙʘʣʘʥʩʦʚʠʭ 

ʟʘʧʘʩʽʚ ʚ ʦʩʘʜʦʚʦʤʫ ʯʦʭʣʽ ʪʘ ʢʦʨʽ ʚʠʚʽʪʨʶʚʘʥʥʷ ɺʘʣʢʠ-ɻʘʮʴʢʽʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ. 

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʢʘʨʪʦʛʨʘʬʽʯʥʠʭ ʧʦʙʫʜʦʚ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʜʘʥʽ 529 ʩʚʝʨʜʣʦʚʠʥ 

ʚ ʦʩʘʜʦʚʦʤʫ ʯʦʭʣʽ ʪʘ 651 ï ʚ ʢʦʨʽ ʚʠʚʽʪʨʶʚʘʥʥʷ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʙʫʜʦʚʘʥ̔ ʢʘʨʪʠ ʪʦʚʱʠʥ 

ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ ʚ ʦʩʘʜʦʚʦʤʫ ʯʦʭʣʽ ʪʘ ʢʦʨʽ ʚʠʚʽʪʨʶʚʘʥʥʷ ʥʘ ɺʘʣʢʠ-

ɻʘʮʴʢʽʚʩʴʢʦʤʫ ʨʦʜʦʚʠʱʽ (ʨʠʩ. 1). ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʪʦʚʱʠʥʠ 

ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ ʚ ʦʩʘʜʦʚʦʤʫ ʯʦʭʣʽ ï 23,5 ʤ, ʚ ʢʦʨʽ ʚʠʚʽʪʨʶʚʘʥʥʷ ï 32 ʤ. 

ʄʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʪʦʚʱʠʥʠ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ ʚ ʦʩʘʜʦʚʦʤʫ ʯʦʭʣʽ ʪʘ ʢʦʨʽ 

ʚʠʚʽʪʨʶʚʘʥʥʷ ï 0,5 ʤ. ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʪʦʚʱʠʥʠ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ ʚ 

ʦʩʘʜʦʚʦʤʫ ʯʦʭʣʽ ï 7,1 ʤ, ʚ ʢʦʨʽ ʚʠʚʽʪʨʶʚʘʥʥʷ ï 5,8 ʤ. ʄʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ 

ʪʦʚʱʠʥʠ ʚ ʦʩʘʜʦʚʦʤʫ ʯʦʭʣʽ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ ʬʽʢʩʫʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʩʤʫʛʠ 

ʩʫʙʤʝʨʠʜʽʦʥʘʣʴʥʦʛʦ ʧʨʦʩʪʷʛʘʥʥʷ ʷʢʘ ʦʭʦʧʣʶʻ ʧʽʚʥʽʯʥʫ, ʮʝʥʪʨʘʣʴʥʫ ʪʘ ʧʽʚʜʝʥʥʫ 

ʯʘʩʪʠʥʠ ʨʦʜʦʚʠʱʘ, ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʪʦʚʱʠʥʠ ʚ ʢʦʨʽ ʚʠʚʽʪʨʶʚʘʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʮʝʥʪʨʘʣʴʥʦ ʾ ʪʘ ʧʽʚʥʽʯʥʦ ʾ ʯʘʩʪʠʥ 

ʨʦʜʦʚʠʱʘ. ʄʽʥʽʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʚ ʦʩʘʜʦʚʦʤʫ ʯʦʭʣʽ ʬʽʢʩʫʶʪʴʩʷ ʚ ʟʘʭʽʜʥʽʡ 

ʯʘʩʪʠʥʽ ʨʦʜʦʚʠʱʘ, ʚ ʢʦʨʽ ʚʠʚʽʪʨʶʚʘʥʥʷ ï ʚ ʧʽʚʜʝʥʥʽʡ ʯʘʩʪʠʥʽ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʙʫʜʦʚʘʥʘ ʢʘʨʪʠ ʣʘʪʝʨʘʣʴʥʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʩʝʨʝʜʥʴʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʣʴʤʝʥʽʪʫ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ ʚ ʦʩʘʜʦʚʦʤʫ 
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ʯʦʭʣʽ ʪʘ ʢʦʨʽ ʚʠʚʽʪʨʶʚʘʥʥʷ ʥʘ ɺʘʣʢʠ-ɻʘʮʴʢʽʚʩʴʢʦʤʫ ʨʦʜʦʚʠʱʽ (ʨʠʩ. 2). 

ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʣʴʤʝʥʽʪʫ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ 

ʚ ʦʩʘʜʦʚʦʤʫ ʯʦʭʣʽ ï 306,7 ʢʛ/ʤ3, ʚ ʢʦʨʽ ʚʠʚʽʪʨʶʚʘʥʥʷ ï 337,9 ʢʛ/ʤ3. ʄʽʥʽʤʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʣʴʤʝʥʽʪʫ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ ʚ ʦʩʘʜʦʚʦʤʫ 

ʯʦʭʣʽ ï 4,5 ʢʛ/ʤ3, ʚ ʢʦʨʽ ʚʠʚʽʪʨʶʚʘʥʥʷ ï 8 ʢʛ/ʤ3. ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʽʣʴʤʝʥʽʪʫ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ ʚ ʦʩʘʜʦʚʦʤʫ ʯʦʭʣʽ ï 66,1 ʢʛ/ʤ3, ʚ ʢʦʨʽ 

ʚʠʚʽʪʨʶʚʘʥʥʷ ï 49,8 ʢʛ/ʤ3. ʄʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʽʣʴʤʝʥʽʪʫʚ ʦʩʘʜʦʚʦʤʫ ʯʦʭʣʽ ʥʘʣʝʞʘʪʴ ʜʦ ʮʝʥʪʨʘʣʴʥʦ ʾ ʪʘ ʧʽʚʥʽʯʥʦ ʾ ʯʘʩʪʠʥ 

ʨʦʜʦʚʠʱʘ, ʜʣʷ ʢʦʨʠ ʚʠʚʽʪʨʶʚʘʥʥʷ ï ʚ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ. 
 

ʘ) ʙ) 

  

ʈʠʩ. 1. ʂʘʨʪʠ ʪʦʚʱʠʥ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ (ʤ) ʚ ʦʩʘʜʦʚʦʤʫ ʯʦʭʣʽ (ʘ) ʪʘ ʢʦʨʽ ʚʠʚʽʪʨʶʚʘʥʥʷ 

(ʙ) ʥʘ ɺʘʣʢʠ-ɻʘʮʴʢʽʚʩʴʢʦʤʫ ʨʦʜʦʚʠʱʽ 

 

ʘ) ʙ) 
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ʈʠʩ. 2. ʂʘʨʪʠ ʣʘʪʝʨʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʩʝʨʝʜʥʴʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʣʴʤʝʥʽʪʫ (ʢʛ/ʤ3) 

ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ ʚ ʦʩʘʜʦʚʦʤʫ ʯʦʭʣʽ (ʘ) ʪʘ ʢʦʨʽ ʚʠʚʽʪʨʶʚʘʥʥʷ (ʙ) ʥʘ ɺʘʣʢʠ-

ɻʘʮʴʢʽʚʩʴʢʦʤʫ ʨʦʜʦʚʠʱʽ 

ɺʠʩʥʦʚʦʢ.  
ɿʘ ʜʦʧʦʤʦʛʦʶ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʣʽʜʞʝʥʦ 

ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʽʣʴʤʝʥʽʪʫ ʚ ʦʩʘʜʦʚʦʤʫ ʯʦʭʣʽ ʪʘ ʚ ʢʦʨʽ ʚʠʚʽʪʨʶʚʘʥʥʷ 

ɺʘʣʢʠ-ɻʘʮʴʢʽʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʽʣʴʤʝʥʽʪʫ. ɺʠʷʚʣʝʥʦ, ʱʦ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ 

ʪʦʚʱʠʥʠ ʪʘ ʩʝʨʝʜʥʴʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʣʴʤʝʥʽʪʫ ʙʽʣʴʰʽ ʜʣʷ ʦʩʘʜʦʚʦʾ ʯʘʩʪʠʥʠ 

ʨʦʜʦʚʠʱʘ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʜʣʷ ʢʦʨʠ ʚʠʚʽʪʨʶʚʘʥʥʷ ʥʘʷʚʥʘ ʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ 

ʩʚʝʨʜʣʦʚʠʥ ʟ ʧʨʦʤʠʩʣʦʚʠʤʠ ʚʤʽʩʪʘʤʠ ʽʣʴʤʝʥʽʪʫ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʘʥʦ ʚ ʨʘʤʢʘʭ ʛʨʘʥʪʫ ʅɸʅ ʋʢʨʘʾʥʠ "ʋʤʦʚʠ ʫʪʚʦʨʝʥʥʷ 

ʝʢʟʦʛʝʥʥʠʭ ʽʣʴʤʝʥʽʪʦʚʠʭ ʨʦʜʦʚʠʱ ɺʦʣʠʥʩʴʢʦʛʦ ʨʦʟʩʠʧʥʦʛʦ ʨʘʡʦʥʫ" 

ʜʦʩʣʽʜʥʠʮʴʢʠʤ ʣʘʙʦʨʘʪʦʨʽʷʤ/ʛʨʫʧʘʤ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ ʅɸʅ ʋʢʨʘʾʥʠ ʜʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʟʘ ʧʨʽʦʨʠʪʝʪʥʠʤʠ ʥʘʧʨʷʤʘʤʠ ʨʦʟʚʠʪʢʫ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ 

ʥʘ 2024-2025 ʨʦʢʠ. 
 

ʇɽʈɽʃɯʂ ɺʀʂʆʈʀʉʊɸʅʆɰ ʃɯʊɽʈɸʊʋʈʀ 

 

1. ɻʘʥʞʘ ʆ.ɸ., ʂʫʟʴʤʘʥʝʥʢʦ ɻ.ʆ., ʆʭʦʣʽʥʘ ʊ.ɺ., ʈʝʤʝʟʦʚʘ ʆ.ʆ. ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʤʽʥʝʨʘʣʴʥʦ-

ʩʠʨʦʚʠʥʥʦʾ ʙʘʟʠ ʨʦʟʩʠʧʥʠʭ ʨʦʜʦʚʠʱ ʪʠʪʘʥʫ ʋʢʨʘʾʥʠ. ɺʽʩʥʠʢ ʂʠʾʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ. ʉʝʨʽʷ ɻʝʦʣʦʛʽʷ. 2022. ˉ 99 (4). C. 60-66. 
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ʂʠʾʚ, ʧʨʦʩʧ. ɸʢʘʜ. ʇʘʣʣʘʜʽʥʘ, 34 
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ɺ ʨʦʙʦʪʽ ʙʫʣʠ ʜʦʩʣ̔ʜʞʝʥʥʽ ˇʨʫʥʪʠ ʟʦʥʠ ʙʦʡʦʚʠʭ ʜʽʡ ʤ. ɹʫʯʘ ʪʘ ʤ. ʆʭʪʠʨʢʘ. ɺʠʟʥʘʯʝʥʦ 

ʚʘʣʦʚʠʡ ʚʤʽʩʪ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ, ʘ ʪʘʢʦʞ ʾʭ ʨʫʭʦʤʽ ʬʦʨʤʠ. ʉʝʨʝʜʥʽʡ ʚʘʣʦʚʠʡ ʚʤʽʩʪ ʚʘʞʢʠʭ 

ʤʝʪʘʣʽʚ ʫ ˇʨʫʥʪʘʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ ʧʝʨʝʚʠʱʫʻ ʧʨʠʨʦʜʥʠʡ ʛʝʦʭʽʤʽʯʥʠʡ ʬʦʥ. ʉʝʨʝʜʥʽ 

ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʨʫʭʦʤʠʭ ʬʦʨʤ ʟʘ ʚʩʽʤʘ ʝʣʝʤʝʥʪʘʤʠ ʫ ʟʨʘʟʢʘʭ ˇʨʫʥʪʫ ʤ. ɹʫʯʘ ʪʘ ʤ. 

ʆʭʪʠʨʢʘ ʥʠʞʯʝ ʨʽʚʥʷ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ (ɻɼʂ), ʘʣʝ ʧʝʨʝʚʠʱʫʶʪʴ ʬʦʥʦʚʽ 

ʧʦʢʘʟʥʠʢʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ˇʨʫʥʪʠ, ʚʘʞʢʽ ʤʝʪʘʣʠ, ʨʫʭʦʤʽ ʬʦʨʤʠ. 
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The work investigated the soils of the combat zone of Bucha and Okhtyrka cities. The gross content 

of trace elements, as well as their mobile forms, was determined. The average gross content of 

heavy metals in the soils of the studied territories exceeds the natural geochemical background. The 
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average values of the concentrations of mobile forms for all elements in the soil sample of Bucha 

and Okhtyrka are below the maximum permissible concentrations (MPC), but exceed the 

background indicators. 

Keyworlds: soils, heavy metals, mobile forms. 

 

ɽʢʦʣʦʛʽʯʥʘ ʩʠʪʫʘʮʽʷ, ʷʢʘ ʟʣʦʞʠʣʘʩʴ ʚ ʋʢʨʘʾʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʽʡʩʴʢʦʚʦʾ 

ʜʽʷʣʴʥʦʩʪʽ, ʚʠʟʠʚʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʧʦʩʪʽʡʥʦʛʦ ˇʨʫʥʪʦʚʦ-ʛʝʦʭʽʤʽʯʥʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ. ɿ ʜʦʩʣʽʜʞʝʥʥʷʤ ʛʝʦʭʽʤʽʾ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʚ ˇʨʫʥʪʦʚʠʭ ʚʽʜʢʣʘʜʘʭ 

ʪʽʩʥʦ ʧʦʚôʷʟʘʥʽ ʧʨʦʙʣʝʤʠ ʚʠʷʚʣʝʥʥʷ ʪʝʭʥʦʛʝʥʥʠʭ ʘʥʦʤʘʣʽʡ, ʦʩʦʙʣʠʚʦ ʚ 

ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʥʷ ʙʦʡʦʚʠʭ ʜʽʡ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ. 

ʅʝʛʘʪʠʚʥʘ ʜʽʷ ʮʠʭ ʘʥʦʤʘʣʽʡ ʧʦʪʨʝʙʫʻ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʭʠʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ˇʨʫʥʪʽʚ ʜʦ ʟʘʙʨʫʜʥʝʥʥʷ ʾʭ ʚʘʞʢʠʤʠ ʤʝʪʘʣʘʤʠ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ 

ʧʦʢʘʟʥʠʢʠ ʨʫʭʦʤʦʩʪʽ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ˇʨʫʥʪʘʭ ʟ ʧʦʜʘʣʴʰʦʶ ʾʭ ʤʦʞʣʠʚʽʩʪʶ 

ʧʝʨʝʭʦʜʫ ʚ ʩʫʤʽʞʥʽ ʩʝʨʝʜʦʚʠʱʘ, ʥʘʩʘʤʧʝʨʝʜ ʚ ʨʦʩʣʠʥʥʝ, ʘ ʪʘʢʦʞ ʚ ˇʨʫʥʪʦʚʽ ʪʘ 

ʧʽʜʟʝʤʥʽ ʚʦʜʠ.   

ɸʚʪʦʨʘʤʠ ʙʫʣʠ ʜʦʩʣʽʜʞʝʥʽ ʨʫʭʦʤʽ ʬʦʨʤʠ ʦʢʨʝʤʠʭ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʫ 

ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʪʠʧʘʭ ˇʨʫʥʪʽʚ ʤ. ɹʫʯʘ (ʂʠʾʚʩʴʢʘ ʦʙʣ.) - ʜʝʨʥʦʚʦ-  

ʩʝʨʝʜʥʴʦʧʽʜʟʦʣʠʩʪʽ ʦʛʣʝʻʥʽ  ʪʘ ʤ. ʆʭʪʠʨʢʘ (ʉʫʤʩʴʢʘ ʦʙʣ.) - ʯʦʨʥʦʟʝʤʠ ʪʠʧʦʚʽ. ʎʽ 

ʪʝʨʠʪʦʨʽʾ ʙʫʣʠ ʦʙʨʘʥʽ ʥʘ ʦʩʥʦʚʽ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʚʦʥʠ ʙʫʣʠ 

ʟʦʥʦʶ ʘʢʪʠʚʥʠʭ ʙʦʡʦʚʠʭ ʜʽʡ [1]. ʇʨʦʙʠ ˇʨʫʥʪʫ ʚʽʜʙʠʨʘʣʠ ʟ ʚʝʨʭʥʴʦʛʦ ʛʫʤʫʩʥʦʛʦ 

ʛʦʨʠʟʦʥʪʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ɼʉʊʋ 4287:2004. ɺ ʨʦʙʦʪʽ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʦ ʜʘʥʽ 

ʬʦʥʦʚʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʥʘʚʝʜʝʥʽ ʚ ʨʦʙʦʪʽ [2]. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʘʣʦʚʦʛʦ ʚʤʽʩʪʫ 

ɺʄ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʝʪʦʜ ʘʪʦʤʥʦ - ʝʤʽʩʽʡʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ. ɺʤʽʩʪ 

ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʚʠʟʥʘʯʘʣʠ ʤʝʪʦʜʦʤ ʤʘʩ - ʩʧʝʢʪʨʦʤʝʪʨʽʾ ʟ ʽʥʜʫʢʮʽʡʥʦ ʟʚôʷʟʘʥʦʶ 

ʧʣʘʟʤʦʶ (ICP-MS) ʥʘ ʘʥʘʣʽʟʘʪʦʨʽ Element - 2 (ʅʽʤʝʯʯʠʥʘ) ʚ ɯɻʄʈ ʅɸʅ ʋʢʨʘʾʥʠ.    

 ʋ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʘʭ ˇʨʫʥʪʫ ʤ. ɹʫʯʘ (ʜʝʨʥʦʚʦ - ʩʝʨʝʜʥʴʦʧʽʜʟʦʣʠʩʪʽ 

ʦʛʣʝʻʥʽ) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʽʜʚʠʱʝʥʠʡ ʩʝʨʝʜʥʽʡ ʚʘʣʦʚʠʡ ʚʤʽʩʪ ʩʚʠʥʮʶ - 22 ʤʛ/ʢʛ, 

ʤʽʜʽ - 33 ʤʛ/ʢʛ, ʭʨʦʤʫ -15 ʤʛ/ʢʛ, ʮʠʥʢʫ -53 ʤʛ/ʢʛ ʪʘ ʚʘʥʘʜʽʶ - 31 ʤʛ/ʢʛ ˇʨʫʥʪʫ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʬʦʥʦʚʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ. ʉʭʦʞʘ ʩʠʪʫʘʮʽʷ ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʫ 

ʯʦʨʥʦʟʝʤʽ ʪʠʧʦʚʦʤʫ ʤ. ʆʭʪʠʨʢʘ. ˆʨʫʥʪʦʚʽ ʟʨʘʟʢʠ ʤʘʶʪʴ ʧʽʜʚʠʱʝʥʠʡ ʚʤʽʩʪ ʧʦ 

ʩʚʠʥʮʶ - 45 ʤʛ/ʢʛ, ʤʽʜʽ - 73 ʤʛ/ʢʛ, ʥʽʢʝʣʶ - 24 ʤʛ/ʢʛ, ʮʠʥʢʫ - 110 ʤʛ/ʢʛ, ʚʘʥʘʜʽʶ - 

38 ʤʛ/ʢʛ ʪʘ ʢʦʙʘʣʴʪʫ - 30 ʤʛ/ʢʛ ˇʨʫʥʪʫ ʚ ʧʦʨʽʚʥʷʥʽ ʽʟ ʬʦʥʦʤ [3].   

ʇʨʠ ʟʘʙʨʫʜʥʝʥʥʽ ˇʨʫʥʪʽʚ ɺʄ ʟʘʟʥʘʻ ʟʤʽʥ ʥʝ ʪʽʣʴʢʠ ʾʭ ʚʘʣʦʚʠʡ ʚʤʽʩʪ, ʘ ʽ 

ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʫʭʦʤʠʭ ʬʦʨʤ. ɸʚʪʦʨʘʤʠ ʚʠʟʥʘʯʝʥʦ ʽʦʥʦʦʙʤʽʥʥʽ ʨʫʭʦʤʦʾ 

ʬʦʨʤʠ ɺʄ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʮʝʪʘʪʥʦ - ʘʤʦʥʽʡʥʦʛʦ ʙʫʬʝʨʫ ʟ ʨʅ 4.8. ʆʪʨʠʤʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʢʦʥʮʝʥʪʨʘʮʽʡ ʨʫʭʦʤʠʭ ʬʦʨʤ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʚ ʦʩʥʦʚʥʠʭ ʪʠʧʘʭ 

ˇʨʫʥʪʽʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ - ʤ. ɹʫʯʘ ʪʘ ʤ. ʆʭʪʠʨʢʘ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ɻɼʂ 

ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 1. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʨʫʭʦʤʠʭ ʬʦʨʤ ʟʘ 

ʚʩʽʤʘ ʝʣʝʤʝʥʪʘʤʠ ʫ ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʭ ʟʨʘʟʢʘʭ ˇʨʫʥʪʫ ʤ. ɹʫʯʘ ʪʘ ʤ. ʆʭʪʠʨʢʘ 

ʥʠʞʯʝ ʨʽʚʥʷ ɻɼʂ. ʆʜʥʘʢ, ʩʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʚʤʽʩʪ ʜʝʷʢʠʭ ʝʣʝʤʝʥʪʽʚ, ʥʘʧʨʠʢʣʘʜ 

ʮʠʥʢʫ ʚ ʯʦʨʥʦʟʝʤʽ ʪʠʧʦʚʦʤʫ ʤ. ʆʭʪʠʨʢʘ ʥʘ ʦʢʨʝʤʠʭ ʧʣʦʱʘʜʢʘʭ ʚʽʜʙʦʨʫ ʜʦʩʷʛʘʻ 

15,8 ʤʛ/ʢʛ ʪʘ 33 ʤʛ/ʢʛ, ʘ ʩʚʠʥʮʶ - 8,3ʤʛ/ʢʛ, ʱʦ ʧʝʨʝʚʠʱʫʶʪʴ ʾʭʥʽ ɻɼʂ. ʊʘʢʦʞ, 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʝʨʝʚʠʱʝʥʥʷ ʬʦʥʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʫʭʦʤʠʭ ʬʦʨʤ ʧʦ ʩʚʠʥʮʶ, 

ʮʠʥʢʫ, ʤʽʜʽ ʪʘ ʥʽʢʝʣʶ ʚ ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ. 
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ʊʘʙʣʠʮʷ 1. 

ʉʝʨʝʜʥʽ ʚʤʩ̔ʪ ʨʫʭʦʤʠʭ ʬʦʨʤ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ˇʨʫʥʪʘʭ, 

ʤʛ/ʢʛ 

 
ʍʽʤʽʯʥʠʡ 

ʝʣʝʤʝʥʪ 

ɼʝʨʥʦʚʦ - 

ʩʝʨʝʜʥʴʦʧʽʜʟʦʣʠʩʪʽ 

ʦʛʣʝʻʥʽ ʛʨʫʥʪʠ ʤ. ɹʫʯʘ  

ʏʦʨʥʦʟʝʤʠ 

ʪʠʧʦʚʽ ʤ. 

ʆʭʪʠʨʢʘ 

ɻɼʂ ʨʫʭʦʤʠʭ ʬʦʨʤ ʫ ˇʨʫʥʪʘʭ 

(ʟʘ ʇʦʩʪʘʥʦʚʦʶ ʂʘʙʤʽʥʫ ʋʢʨʘʾʥʠ 

ʚʽʜ 15.12.2021 ʨ.,ˉ 1325) 

Ni 0,18

 

0,47

 
4 

Cr 0,03
 

0,13

 
6 

Zn 3,64

 

19,70

 
23 

ʉʦ 0,04

 

0,07

 
5 

Cu 
0,12

 

0,79

 
3 

V 0,04

 

0,20

 
ï 

Pb 0,30

 

3,27

 
6 

ʇʨʠʤʽʪʢʘ: " - "  - ɻɼʂ ʥʝ ʚʩʪʘʥʦʚʣʝʥʦ ʘʙʦ  ʜʘʥʽ ʥʝ ʥʘʚʝʜʝʥʽ. 

 

ʇʨʦʚʝʜʝʥʽ ʝʢʦʣʦʛʦ - ʛʝʦʭʽʤʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ˇʨʫʥʪʽʚ ʟʦʥʠ ʘʢʪʠʚʥʠʭ ʙʦʡʦʚʠʭ 

ʜʽʡ ʫ ʤʝʞʘʭ ʂʠʾʚʩʴʢʦʾ ʪʘ ʉʫʤʩʴʢʦʾ ʦʙʣʘʩʪʝʡ (ʤ. ɹʫʯʘ ʪʘ ʤ. ʆʭʪʠʨʢʘ) ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʪʦʤʥʦ - ʝʤʽʩʽʡʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ, ʤʝʪʦʜʠʢ ʽʟ 

ʚʠʟʥʘʯʝʥʥʷ ʬʦʨʤ ʟʥʘʭʦʜʞʝʥʥʷ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʪʘ ʤʝʪʦʜʘ ICP ï MS ʜʘʣʠ ʟʤʦʛʫ 

ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ:  

- ʩʝʨʝʜʥʽʡ ʚʘʣʦʚʠʡ ʚʤʽʩʪ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʫ ʚʩʽʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʘʭ 

ˇʨʫʥʪʫ ʧʝʨʝʚʠʱʫʻ ʬʦʥʦʚʽ ʧʦʢʘʟʥʠʢʠ.  

- ʩʝʨʝʜʥʽʡ ʚʤʽʩʪ ʨʫʭʦʤʠʭ ʬʦʨʤ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʫ ˇʨʫʥʪʘʭ ʤ. ɹʫʯʘ ʪʘ ʤ. 

ʆʭʪʠʨʢʘ ʥʝ ʧʝʨʝʚʠʱʫʻ ʟʥʘʯʝʥʥʷ ɻɼʂ, ʘʣʝ ʚʠʱʝ ʟʘ ʬʦʥʦʚʽ ʧʦʢʘʟʥʠʢʠ.  

ɼʣʷ ʦʢʨʝʤʠʭ ʜʽʣʷʥʦʢ ʚʽʜʙʦʨʫ, ʚʩʝ ʞ ʪʘʢʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʝʨʝʚʠʱʝʥʥʷ ʧʦ 

ɻɼʂ ʧʦʢʘʟʥʠʢʽʚ ʨʫʭʦʤʦʩʪʽ ʮʠʥʢʫ ʪʘ ʩʚʠʥʮʶ ʜʣʷ ˇʨʫʥʪʽʚ ʤ. ʆʭʪʠʨʢʘ.  

ɺ ʤʘʡʙʫʪʥʴʦʤʫ, ʚʩʝ ʞ ʥʝʦʙʭʽʜʥʦ ʨʦʟʰʠʨʠʪʠ ʧʣʦʱʫ ʜʦʩʣʽʜʞʝʥʴ ʚ ʤʝʞʘʭ 

ʤ̔ ʩʪ ɹʫʯʘ ʪʘ ʆʭʪʠʨʢʘ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʷʢ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʨʽʚʥʦʤʽʨʥʦ 

ʨʦʟʪʘʰʦʚʘʥʠʭ ʧʣʦʱʘʜʦʢ ʚʽʜʙʦʨʫ ʟʨʘʟʢʽʚ ˇʨʫʥʪʫ, ʪʘʢ ʽ ʧʦʧʦʚʥʶʶʯʠ ʩʧʠʩʦʢ 

ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ, ʚʤʽʩʪ ʷʢʠʭ ʚ ʥʠʭ ʚʠʟʥʘʯʘʪʠʤʝʪʴʩʷ. 

 
ʇɽʈɽʃɯʂ ɺʀʂʆʈʀʉʊɸʅʆɰ ʃɯʊɽʈɸʊʋʈʀ 

 

1. ɹʘʣʶʢ ʉ. ɺʧʣʠʚ ʚʦʻʥʥʠʭ ʜʽʡ ʥʘ ˇʨʫʥʪʦʚʠʡ ʧʦʢʨʠʚ ʋʢʨʘʾʥʠ: ʦʮʽʥʢʘ ʜʝʨʞʘʚʥʠʭ ʟʘʭʦʜʽʚ ʟ 

ʚʽʜʥʦʚʣʝʥʥʷ ˇʨʫʥʪʽʚ // ʇʨʝʟʝʥʪʘʮʽʷ ʥʘ ʢʦʥʬʝʨʝʥʮʽʾ. ʉʝʤʽʥʘʨ ɸʇɼ. ʍʘʨʢʽʚ, 8 ʚʝʨʝʩʥʷ 2023. 

2. ɾʦʚʠʥʩʴʢʠʡ, ɽ.ʗ., ʂʫʨʘʻʚʘ, ɯ.ɺ. ɽʢʦʣʦʛʦ - ʛʝʦʭʽʤʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙôʻʢʪʽʚ ʜʦʚʢʽʣʣʷ 

ʋʢʨʘʾʥʠ. ʂʠʾʚ: ɸʣʴʬʘ- ʨʝʢʣʘʤʘ, 2012. 

3. ʂʫʨʘʻʚʘ ɯ. ɺ., ʂʦʰʣʷʢʦʚʘ ʊ. ʆ., ɼʝʨʶʛʽʥʘ ʆ. ɺ., ɸʟʽʤʦʚ ʆ. ʊ., ʃʝʤʝʰ ʃ.ɺ., ʃʦʢʪʽʦʥʦʚʘ ʆ. ʇ. 

ɺʧʣʠʚ ʙʦʡʦʚʠʭ ʜʽʡ ʥʘ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʫ ˇʨʫʥʪʘʭ. ɿʙʽʨʥʠʢ ʪʝʟ 

ʚʩʝʫʢʨʘʾʥʩʴʢʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ: ɻʝʦʣʦʛʽʯʥʘ ʙʫʜʦʚʘ ʪʘ ʢʦʨʠʩʥʽ ʢʦʧʘʣʠʥʠ ʋʢʨʘʾʥʠ. ɯʥ-ʪ 

ʛʝʦʭʽʤʽʾ, ʤʽʥʝʨʘʣʦʛʽʾ ʪʘ ʨʫʜʦʫʪʚʦʨʝʥʥʷ ʽʤ. ʄ.ʇ. ʉʝʤʝʥʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ - ʂʠʾʚ, 2025.ʉ. 
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ʋɼʂ 550.83 

ʉʊɸʊʀʉʊʀʏʅɸ ʂʆʈɽʂʎɯʗ ʇʈʀʇʆɺɽʈʍʅɽɺʀʍ ʉʇʆʊɺʆʈɽʅʔ 

ɼʃʗ ʇɯɼɺʀʑɽʅʅʗ ʅɸɼɯʁʅʆʉʊɯ ɯʅʊɽʈʇʈɽʊɸʎɯɰ ʉɽʁʉʄɯʏʅʀʍ 

ɼɸʅʅʀʍ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʄɸʐʀʅʅʆɻʆ ʅɸɺʏɸʅʅʗ 

 

ʆ. ɺ. ʇʽʩʢʫʥʦʚ 
ʘʩʧʽʨʘʥʪ 

ʆ. ʂ. ʊʷʧʢʽʥ 
ʜʦʢʪ. ʛʝʦʣ. ʥʘʫʢ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè,  

49000, ɼʥʽʧʨʦ, ʧʨ. ɼ.ʗʚʦʨʥʠʮʴʢʦʛʦ, 19 

ʅʘʜʽʡʥʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ ʩʝʡʩʤʽʯʥʦʾ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʦʙʤʝʞʫʻʪʴʩʷ 

ʷʢʽʩʪʶ ʚʭʽʜʥʠʭ ʜʘʥʠʭ, ʷʢʘ ʯʘʩʪʦ ʧʦʛʽʨʰʫʻʪʴʩʷ ʯʝʨʝʟ ʩʧʦʪʚʦʨʝʥʥʷ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ 

ʛʝʦʣʦʛʽʯʥʦʛʦ ʨʦʟʨʽʟʫ (ɺʏʈ). ʋ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʪʘʪʠʩʪʠʯʥʠʡ ʤʝʪʦʜ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʪʘ ʢʦʨʝʢʮʽʾ ʮʠʭ ʩʧʦʪʚʦʨʝʥʴ ʰʣʷʭʦʤ ʜʝʢʦʤʧʦʟʠʮʽʾ ʩʝʡʩʤʽʯʥʠʭ ʘʤʧʣʽʪʫʜ. ʊʦʯʥʽʩʪʴ ʮʴʦʛʦ ʤʝʪʦʜʫ 

ʧʽʜʪʚʝʨʜʞʝʥʦ ʥʘ ʩʠʥʪʝʪʠʯʥʽʡ ʤʦʜʝʣʽ, ʱʦ ʜʦʚʦʜʠʪʴ ʡʦʛʦ ʟʜʘʪʥʽʩʪʴ ʢʽʣʴʢʽʩʥʦ ʦʮʽʥʶʚʘʪʠ 

ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ. ɼʘʣʽ, ʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʢʦʥʪʝʢʩʪʥʦ-ʟʘʣʝʞʥʫ ʤʝʨʝʞʫ ʟ 

ʜʦʚʛʦʶ ʢʦʨʦʪʢʦʯʘʩʥʦʶ ʧʘʤ'ʷʪʪʶ (LSTM) ʷʢ ʧʨʠʢʣʘʜ, ʜʝʤʦʥʩʪʨʫʶʯʠ, ʱʦ ʪʘʢʽ ʽʥʩʪʨʫʤʝʥʪʠ 

ʤʦʞʫʪʴ ʧʨʦʚʦʜʠʪʠ ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʥʘ çʯʠʩʪʠʭè, ʛʝʦʣʦʛʽʯʥʦ ʩʢʣʘʜʥʠʭ ʜʘʥʠʭ. ɿʨʦʙʣʝʥʦ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʛʽʙʨʠʜʥʠʡ ʨʦʙʦʯʠʡ ʧʨʦʮʝʩ, ʜʝ ʥʘʜʽʡʥʘ, ʬʽʟʠʯʥʘ ʧʽʜʛʦʪʦʚʢʘ ʜʘʥʠʭ ʧʝʨʝʜʫʻ 

ʘʥʘʣʽʟʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʐɯ, ʻ ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʜʣʷ ʫʩʧʽʰʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ ʚ ʨʝʘʣʴʥʠʭ ʩʝʡʩʤʽʯʥʠʭ ʟʘʜʘʯʘʭ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʪʘʪʠʩʪʠʯʥʘ ʦʙʨʦʙʢʘ, ʛʣʠʙʠʥʥʝ ʥʘʚʯʘʥʥʷ, ʛʝʦʣʦʛʽʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ 

ʩʝʡʩʤʽʯʥʠʭ ʜʘʥʠʭ, ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ, ʦʙʨʦʙʢʘ ʩʝʡʩʤʽʯʥʠʭ ʜʘʥʠʭ.  
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The reliability of ML tools for seismic interpretation is fundamentally limited by input data quality, 

which is often degraded by distortions from the near-surface (UPGS). This paper presents a 

statistical method to characterize and correct for these distortions by decomposing seismic 

amplitudes. The accuracy of this technique is validated on a synthetic model, confirming its ability 

to quantify near-surface properties. We then use a context-aware Long Short-Term Memory 

(LSTM) network as a case study, demonstrating that such tools can achieve accurate interpretations 

on clean, geologically complex data. We conclude that a hybrid workflow, where robust, physics 

data conditioning precedes AI-based analysis, is a prerequisite for enabling the successful 

application of machine learning in real-world seismic exploration 
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ɻʣʦʙʘʣʴʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʥʘʜʽʡʥʠʤʠ ʝʥʝʨʛʝʪʠʯʥʠʤʠ 

ʨʝʩʫʨʩʘʤʠ ʧʨʦʜʦʚʞʫʻ ʙʫʪʠ ʩʪʠʤʫʣʦʤ ʜʣʷ ʨʦʟʚʽʜʢʠ ʥʘ ʚʩʝ ʙʽʣʴʰʠʭ ʛʣʠʙʠʥʘʭ ʽ 

ʛʝʦʣʦʛʽʯʥʦ ʩʢʣʘʜʥʽʰʠʭ ʫʤʦʚʘʭ. ɿʽ ʟʨʦʩʪʘʥʥʷʤ ʦʙʩʷʛʫ ʪʘ ʩʢʣʘʜʥʦʩʪʽ ʩʝʡʩʤʽʯʥʠʭ 

ʜʘʥʠʭ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʚ ʧʝʨʝʜʦʚʠʭ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤʘʭ, ʷʢʽ ʤʦʞʫʪʴ 

ʜʦʧʦʤʦʛʪʠ ʛʝʦʬʽʟʠʢʘʤ ʚ ʝʬʝʢʪʠʚʥʽʡ ʪʘ ʪʦʯʥʽʡ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʛʣʠʙʦʢʠʭ 

ʛʦʨʠʟʦʥʪʽʚ. ʄʝʪʦʜʠ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ (ʐɯ), ʪʘʢʽ ʷʢ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʟ ʜʦʚʛʦʶ 

ʢʦʨʦʪʢʦʯʘʩʥʦʶ ʧʘʤ'ʷʪʪʶ (LSTM) ʪʘ ʟʛʦʨʪʢʦʚʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ (CNN), 

ʜʝʤʦʥʩʪʨʫʶʪʴ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʩʪʨʫʢʪʫʨʥʦʾ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʩʝʡʩʤʽʯʥʠʭ ʜʘʥʠʭ [1], 

ʘʣʝ ʾʭ ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʪʠʢʘʻʪʴʩʷ ʟ ʩʝʨʡʦʟʥʠʤʠ ʧʝʨʝʰʢʦʜʘʤʠ. 

ʆʜʥʽʻʶ ʟ ʧʨʦʙʣʝʤ ʷʢ ʜʣʷ ʪʨʘʜʠʮʽʡʥʦʾ, ʪʘʢ ʽ ʜʣʷ ʤʘʰʠʥʥʦʾ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʻ 

ʟʥʘʯʥʝ ʩʧʦʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʫ, ʚʠʢʣʠʢʘʥʝ ʧʨʠʧʦʚʝʨʭʥʝʚʠʤ ʰʘʨʦʤ ï ʚʝʨʭʥʴʦʶ 

ʯʘʩʪʠʥʦʶ ʛʝʦʣʦʛʽʯʥʦʛʦ ʨʦʟʨʽʟʫ (ɺʏʈ) [2]. ʎʝʡ ʰʘʨ ʜʽʻ ʷʢ çʣʽʥʟʘè, ʚʥʦʩʷʯʠ 

ʟʘʪʨʠʤʢʠ ʯʘʩʫ ʧʨʠʭʦʜʫ (ʩʪʘʪʠʢʘ) ʽ ʚʠʢʣʠʢʘʶʪʴ ʟʥʘʯʥʝ ʟʛʘʩʘʥʥʷ ʘʤʧʣʽʪʫʜ ʪʘ 

ʩʧʦʪʚʦʨʝʥʥʷ ʬʦʨʤʠ ʭʚʠʣʽ, ʱʦ ʻ ʢʨʠʪʠʯʥʠʤ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ. ʎʽ ʝʬʝʢʪʠ 

ʧʦʛʽʨʰʫʶʪʴ ʷʢʽʩʪʴ ʩʝʡʩʤʽʯʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, ʧʦʨʫʰʫʶʯʠ ʙʝʟʧʝʨʝʨʚʥʽʩʪʴ 

ʚʽʜʙʠʚʘʶʯʠʭ ʛʦʨʠʟʦʥʪʽʚ, ʥʘ ʷʢʫ ʩʧʠʨʘʶʪʴʩʷ ʙʽʣʴʰʽʩʪʴ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ. 

ʇʨʝʜʩʪʘʚʣʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʜʦʩʢʦʥʘʣʝʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ LSTM ʤʦʜʝʣʽ, ʱʦ 

ʚʨʘʭʦʚʫʻ ʧʨʦʩʪʦʨʦʚʠʡ ʢʦʥʪʝʢʩʪ, ʜʣʷ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʛʦʨʠʟʦʥʪʽʚ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʾʾ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʥʘ ʩʠʥʪʝʪʠʯʥʠʭ ʜʘʥʠʭ, ʪʘ ʚʠʷʚʣʝʥʦ ʦʙʤʝʞʝʥʥʷ ʪʘ ʘʨʪʝʬʘʢʪʠ, ʱʦ 

ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʯʘʩ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʊʘʢʽ ʘʨʪʝʬʘʢʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʘʥʘʣʦʛʽʯʥʽ 

ʝʬʝʢʪʘʤ ʥʝʢʦʨʠʛʦʚʘʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʫ ʚʭʽʜʥʠʭ ʜʘʥʠʭ, ʷʢʽ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ 

ʯʘʩʪʦ ʩʧʨʠʯʠʥʝʥʽ ɺʏʈ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʠʭ ʧʦʪʝʥʮʽʡʥʠʭ ʧʨʦʙʣʝʤ ʤʠ 

ʜʝʤʦʥʩʪʨʫʻʤʦ ʩʧʦʩʽʙ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʫʤʦʚ ʰʣʷʭʦʤ 

ʩʪʘʪʠʩʪʠʯʥʦʾ ʜʝʢʦʤʧʦʟʠʮʽʾ ʩʝʡʩʤʽʯʥʠʭ ʘʤʧʣʽʪʫʜ. ʇʨʠʧʫʱʝʥʦ, ʱʦ ʽʥʪʝʛʨʘʮʽʷ 

ʪʘʢʦʛʦ ʢʨʦʢʫ ʧʽʜʛʦʪʦʚʢʠ ʜʘʥʠʭ ʻ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ 

ʙʫʜʴ-ʷʢʦʛʦ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʥʘ ʦʩʥʦʚʽ ʐɯ. 

ʇʽʜʭʽʜ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʜʚʦʭ ʯʘʩʪʠʥʘʭ. ʉʧʦʯʘʪʢʫ ʦʧʠʩʘʥʦ ʩʪʘʪʠʩʪʠʯʥʠʡ 

ʤʝʪʦʜ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʝʬʝʢʪʽʚ, ʱʦ ʻ ʦʩʥʦʚʥʠʤ ʬʦʢʫʩʦʤ. 

ɼʨʫʛʘ ʯʘʩʪʠʥʘ ï ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʚʜʦʩʢʦʥʘʣʝʥʦʾ ʢʦʥʪʝʢʩʪʥʦ-ʟʘʣʝʞʥʦʾ LSTM 

ʤʦʜʝʣʽ ʷʢ ʧʨʠʢʣʘʜ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʽʾ ʢʨʠʪʠʯʥʦʛʦ ʚʧʣʠʚʫ ʷʢʦʩʪʽ ʜʘʥʠʭ ʥʘ 

ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʐɯ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʩʪʘʪʠʩʪʠʯʥʠʡ ʤʝʪʦʜ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ 

ʝʬʝʢʪʽʚ ʙʘʟʫʻʪʴʩʷ ʥʘ ʬʽʟʠʯʥʦʤʫ ʧʨʠʥʮʠʧʽ, ʟʛʽʜʥʦ ʟ ʷʢʠʤ ʘʤʧʣʽʪʫʜʘ 

ʟʘʨʝʻʩʪʨʦʚʘʥʦʛʦ ʩʝʡʩʤʽʯʥʦʛʦ ʟʘʧʠʩʫ ʻ ʜʦʙʫʪʢʦʤ ʢʽʣʴʢʦʭ ʥʝʟʘʣʝʞʥʠʭ ʪʘ 

ʨʦʟʜʽʣʶʚʘʥʠʭ ʬʘʢʪʦʨʽʚ, ʚʢʣʶʯʘʶʯʠ ʝʥʝʨʛʽʶ ʜʞʝʨʝʣʘ, ʫʤʦʚʠ ʧʨʠʡʦʤʫ ʪʘ 

ʟʙʫʜʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʧʨʠʧʦʚʝʨʭʥʝʚʝ ʟʛʘʩʘʥʥʷ. ɼʣʷ ʩʧʨʦʱʝʥʦʾ ʜʚʦʰʘʨʦʚʦʾ ʤʦʜʝʣʽ, 

ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ɺʏʈ (ʰʘʨ 1) ʪʘ ʥʠʞʯʫ ʯʘʩʪʠʥʫ ʨʦʟʨʽʟʫ (ʰʘʨ 2), ʢʽʥʮʝʚʫ 

ʟʘʨʝʻʩʪʨʦʚʘʥʫ ʘʤʧʣʽʪʫʜʫ A(t) ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ ʷʢ 
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ʜʝ Vi, ti ʪʘ Ŭi ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʽʥʪʝʨʚʘʣʴʥʫ ʰʚʠʜʢʽʩʪʴ, ʧʦʜʚʽʡʥʠʡ ʯʘʩ ʧʨʦʙʽʛʫ 

(TWT) ʪʘ ʝʬʝʢʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʟʛʘʩʘʥʥʷ ʜʣʷ i-ʛʦ ʰʘʨʫ ʚʽʜʧʦʚʽʜʥʦ.  

ʎʷ ʬʽʟʠʯʥʘ ʤʦʜʝʣʴ ʧʦʢʘʟʫʻ, ʱʦ ʚʣʘʩʪʠʚʦʩʪʽ ɺʏʈ (V1, t1, Ŭ1) ʤʘʶʪʴ 

ʧʝʨʰʦʯʝʨʛʦʚʠʡ ʪʘ ʤʽʥʣʠʚʠʡ ʚʧʣʠʚ ʥʘ ʢʽʥʮʝʚʫ ʘʤʧʣʽʪʫʜʫ. ʑʦʙ ʚʠʜʽʣʠʪʠ ʮʽ 

ʝʬʝʢʪʠ, ʤʦʜʝʣʶʻʤʦ ʘʤʧʣʽʪʫʜʫ Aij(t) ʜʣʷ ʜʞʝʨʝʣʘ i ʪʘ ʧʨʠʡʤʘʯʘ j ʷʢ ʜʦʙʫʪʦʢ 

ʥʝʟʘʣʝʞʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ: 

 
ɼʝ ʟʤʽʥʥʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʙʘʟʦʚʫ ʝʥʝʨʛʽʶ (A0), ʛʣʠʙʠʥʥʫ ʛʝʦʣʦʛʽʶ (B), 

ʝʬʝʢʪʠ ʜʞʝʨʝʣʘ (C), ʝʬʝʢʪʠ ʧʨʠʡʤʘʯʘ (D) ʪʘ ʚʠʧʘʜʢʦʚʠʡ ʰʫʤ (Erand). ʐʣʷʭʦʤ 

ʧʦʙʫʜʦʚʠ ʪʘ ʨʦʟʚ'ʷʟʘʥʥʷ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ, ʦʪʨʠʤʘʥʦʾ ʟ ʮʽʻʾ ʤʦʜʝʣʽ, 

ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʢʦʤʧʦʥʝʥʪʫ ʧʨʠʡʤʘʯʘ Dj, ʷʢʘ ʩʣʫʞʠʪʴ ʥʘʜʽʡʥʠʤ ʽʥʜʠʢʘʪʦʨʦʤ 

ʘʤʧʣʽʪʫʜʥʠʭ ʩʧʦʪʚʦʨʝʥʴ, ʚʠʢʣʠʢʘʥʠʭ ɺʏʈ ʫ ʢʦʞʥʽʡ ʪʦʯʮʽ ʧʨʠʡʦʤʫ.  

ɼʣʷ ʜʝʤʦʥʩʪʨʘʮʽʾ ʚʘʞʣʠʚʦʩʪʽ ʷʢʦʩʪʽ ʜʘʥʠʭ, ʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʢʦʥʪʝʢʩʪʥʦ-

ʟʘʣʝʞʥʫ LSTM ï ʘʨʭʽʪʝʢʪʫʨʫ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ, ʨʦʟʨʦʙʣʝʥʫ ʜʣʷ ʧʦʩʣʽʜʦʚʥʠʭ 

ʜʘʥʠʭ, ʪʘʢʠʭ ʷʢ ʩʝʡʩʤʽʯʥʽ ʪʨʘʩʠ. ʆʥʦʚʣʝʥʥʷʤ ʮʽʻʾ ʤʦʜʝʣʽ ʻ ʩʠʩʪʝʤʘ ʟ ʜʚʦʤʘ 

ʚʭʦʜʘʤʠ, ʷʢʘ ʦʙʨʦʙʣʷʻ ʷʢ ʧʦʪʦʯʥʫ ʩʝʡʩʤʽʯʥʫ ʪʨʘʩʫ, ʪʘʢ ʽ ʨʝʟʫʣʴʪʘʪ ʽʥʪʝʨʧʨʝʪʘʮʽʾ 

ʟ ʧʦʧʝʨʝʜʥʴʦʾ ʪʨʘʩʠ. çʂʦʥʪʝʢʩʪʥʠʡè ʚʭʽʜ ʜʦʟʚʦʣʷʻ ʤʦʜʝʣʽ ʚʠʚʯʘʪʠ ʛʝʦʣʦʛʽʯʥʠʡ 

ʧʨʠʥʮʠʧ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʙʝʟʧʝʨʝʨʚʥʦʩʪʽ, ʱʦ ʨʦʙʠʪʴ ʾʾ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʪʘ ʜʦʧʦʤʽʞʥʦʾ ʽʥʪʝʨʧʨʝʪʘʮʽʾ. 

ʊʦʯʥʽʩʪʴ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ ʙʫʣʘ ʧʝʨʝʚʽʨʝʥʘ ʥʘ ʩʠʥʪʝʪʠʯʥʽʡ ʤʦʜʝʣʽ ʟ 

ʚʽʜʦʤʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ɺʏʈ. ʈʠʩʫʥʦʢ 1 ʧʦʢʘʟʫʻ ʢʨʦʩ-ʧʣʦʪ ʽʩʪʠʥʥʦʾ ʪʦʚʱʠʥʠ 

ɺʏʈ ʽʟ ʩʠʥʪʝʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʨʦʪʠ ʨʦʟʨʘʭʦʚʘʥʦʛʦ ʥʘʤʠ ʢʦʝʬʽʮʽʻʥʪʘ dj. ɺʠʩʦʢʘ 

ʢʦʨʝʣʷʮʽʷ ʜʝʤʦʥʩʪʨʫʻ, ʱʦ ʤʝʪʦʜ ʤʦʞʝ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʧʨʠʧʦʚʝʨʭʥʝʚʽ ʫʤʦʚʠ, 

ʥʘʜʘʶʯʠ ʥʘʜʽʡʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʜʘʥʠʭ. ʎʝʡ ʨʝʟʫʣʴʪʘʪ ʧʽʜʪʚʝʨʜʞʫʻ, 

ʱʦ ʩʪʘʪʠʩʪʠʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʻ ʚʘʣʽʜʥʠʤ ʽʥʜʠʢʘʪʦʨʦʤ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ɺʏʈ. 

 

 
 

ʈʠʩ. 1. ʂʨʦʩ-ʧʣʦʪ, ʱʦ ʧʦʨʽʚʥʶʻ ʽʩʪʠʥʥʫ ʪʦʚʱʠʥʫ ɺʏʈ ʽʟ ʩʠʥʪʝʪʠʯʥʦʾ ʤʦʜʝʣʽ ʟ 

ʨʦʟʨʘʭʦʚʘʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʨʠʡʤʘʯʘ dj 
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ʄʦʜʝʣʴ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʥʘ çʯʠʩʪʠʭè ʩʠʥʪʝʪʠʯʥʠʭ ʩʝʡʩʤʽʯʥʠʭ ʜʘʥʠʭ 

ʧʨʘʮʶʻ ʟ ʜʦʩʪʘʪʥʴʦʶ ʪʦʯʥʽʩʪʶ, ʫʩʧʽʰʥʦ ʧʨʦʩʪʝʞʫʶʯʠ ʛʦʨʠʟʦʥʪʠ (ʈʠʩʫʥʦʢ 2). 

ʎʝ ʧʨʝʜʩʪʘʚʣʷʻ ʩʮʝʥʘʨʽʡ, ʢʦʣʠ ʷʢʽʩʪʴ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʻ ʽʜʝʘʣʴʥʦʶ. ʆʜʥʘʢ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘʢʦʾ ʤʦʜʝʣʽ ʤʦʞʝ ʙʫʪʠ ʟʥʘʯʥʦ ʟʥʠʞʝʥʘ ʟʘ ʥʘʷʚʥʦʩʪʽ 

ʥʝʢʦʨʠʛʦʚʘʥʠʭ ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʩʧʦʪʚʦʨʝʥʴ, ʷʢʽ ʚʥʦʩʷʪʴ ʰʫʤ ʽ ʧʦʨʫʰʫʶʪʴ 

ʙʝʟʧʝʨʝʨʚʥʽʩʪʴ ʩʝʡʩʤʽʯʥʠʭ ʜʘʥʠʭ. 

 

 
 

ʈʠʩ. 2. ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʤʦʜʝʣʽ LSTM ʥʘ ʯʠʩʪʠʭ ʩʠʥʪʝʪʠʯʥʠʭ ʩʝʡʩʤʽʯʥʠʭ ʜʘʥʠʭ 

 

ʎʝ ʧʽʜʢʨʝʩʣʶʻ ʟʚ'ʷʟʦʢ ʤʽʞ ʜʚʦʤʘ ʯʘʩʪʠʥʘʤʠ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʽʜʭʦʜʫ. 

ɺʠʩʦʢʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʤʝʪʦʜʫ ʧʦʢʘʟʫʻ, ʱʦ ʪʽ ʩʘʤʽ ʩʧʦʪʚʦʨʝʥʥʷ, ʷʢʽ 

ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʙʦʶ ʽʥʩʪʨʫʤʝʥʪʫ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʤʦʞʫʪʴ ʙʫʪʠ 

ʢʽʣʴʢʽʩʥʦ ʦʮʽʥʝʥʽ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʦʾ ʢʦʨʝʢʮʽʾ ʷʢ ʢʨʦʢʫ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʻ 

ʧʦʪʝʥʮʽʡʥʦ ʢʨʠʪʠʯʥʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʽʥʩʪʨʫʤʝʥʪʽʚ, ʧʦʜʽʙʥʠʭ ʜʦ ʮʽʻʾ LSTM, ʜʦ ʨʝʘʣʴʥʠʭ ʩʝʡʩʤʽʯʥʠʭ ʜʘʥʠʭ. ʊʘʢʠʡ 

ʛʽʙʨʠʜʥʠʡ ʨʦʙʦʯʠʡ ʧʨʦʮʝʩ ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ ʧʦʜʦʣʘʥʥʷ ʨʦʟʨʠʚʫ ʤʽʞ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʤʦʜʝʣʽ ʥʘ ʽʜʝʘʣʴʥʠʭ ʩʠʥʪʝʪʠʯʥʠʭ ʜʘʥʠʭ ʪʘ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʦ 

ʨʝʘʣʴʥʠʭ ʟʘʚʜʘʥʴ ʨʦʟʚʽʜʢʠ ʨʦʜʦʚʠʱ ʚʫʛʣʝʚʦʜʥʽʚ. 

ʆʪʨʠʤʘʥʽ ʥʘʤʠ ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʢʨʝʩʣʶʶʪʴ ʟʘʣʝʞʥʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʽʚ 

ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʐɯ ʚʽʜ ʷʢʦʩʪʽ ʚʭʽʜʥʠʭ ʩʝʡʩʤʽʯʥʠʭ ʜʘʥʠʭ. ʅʘ ʧʨʠʢʣʘʜʽ 

ʢʦʥʪʝʢʩʪʥʦ-ʟʘʣʝʞʥʦʾ LSTM ʙʫʣʦ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ, ʱʦ ʭʦʯʘ ʪʘʢʽ ʤʦʜʝʣʽ ʜʦʙʨʝ 

ʧʨʘʮʶʶʪʴ ʥʘ çʯʠʩʪʠʭè ʩʠʥʪʝʪʠʯʥʠʭ ʜʘʥʠʭ, ʾʭ ʧʦʩʣʽʜʦʚʥʠʡ, ʢʦʥʪʝʢʩʪʥʦ-

ʟʘʣʝʞʥʠʡ ʭʘʨʘʢʪʝʨ ʨʦʙʠʪʴ ʾʭ ʚʨʘʟʣʠʚʠʤʠ ʜʦ ʩʧʦʪʚʦʨʝʥʴ, ʱʦ ʯʘʩʪʦ 

ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚ ʨʝʘʣʴʥʠʭ ʥʘʙʦʨʘʭ ʩʝʡʩʤʦʨʦʟʚʽʜʫʚʘʣʴʥʠʭ ʜʘʥʠʭ. 

ʇʨʝʜʩʪʘʚʣʝʥʠʡ ʩʪʘʪʠʩʪʠʯʥʠʡ ʤʝʪʦʜ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʢʽʣʴʢʽʩʥʦʾ 

ʦʮʽʥʢʠ ʦʜʥʦʛʦ ʟʽ ʟʥʘʯʥʠʭ ʜʞʝʨʝʣ ʮʠʭ ʩʧʦʪʚʦʨʝʥʴ ï ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ ʨʦʟʨʽʟʫ 

(ɺʏʈ). ɼʣʷ ʫʩʧʽʰʥʦʛʦ ʪʘ ʥʘʜʽʡʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʽʚ ʥʘ ʦʩʥʦʚʽ ʐɯ ʚ 
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ʩʝʡʩʤʽʯʥʽʡ ʨʦʟʚʽʜʮʽ ʾʭ ʥʝ ʩʣʽʜ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʩʘʤʦʩʪʽʡʥʝ ʨʽʰʝʥʥʷ. ʅʘʪʦʤʽʩʪʴ 

ʧʦʪʨʽʙʝʥ ʛʽʙʨʠʜʥʠʡ ʨʦʙʦʯʠʡ ʧʨʦʮʝʩ, ʜʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ, ʷʢ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʘʪʠʩʪʠʯʥʘ ʢʦʨʝʢʮʽʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʞʣʠʚʦʾ ʷʢʦʩʪʽ ʚʭʽʜʥʠʭ 

ʜʘʥʠʭ. 

ʇɽʈɽʃɯʂ ɺʀʂʆʈʀʉʊɸʅʀʍ ɼɾɽʈɽʃ 
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ʄ. ɸ. ʗʢʠʤʯʫʢ  

ʜʦʢʪʦʨ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ ʥʘʫʢ 

ɯʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʙʣʝʤ ʝʢʦʣʦʛʽʾ, ʛʝʦʬʽʟʠʢʠ ʽ ʛʝʦʭʽʤʽʾ, ʂʠʾʚ 

ɯ. ʄ. ʂʦʨʯʘʛʽʥ  
ʜʦʢʪʦʨ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ ʥʘʫʢ 

ɯʥʩʪʠʪʫʪ ʛʝʦʬʽʟʠʢʠ ʽʤ. ʉ.ɯ. ʉʫʙʙʦʪʽʥʘ ʅɸʅ ʋʢʨʘʾʥʠ, ʂʠʾʚ 

 

ʅʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʦʙʩʪʝʞʝʥʥʷ ʚ ʨʝʢʦʛʥʦʩʮʠʨʫʚʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʣʦʢʘʣʴʥʠʭ ʜʽʣʷʥʦʢ ʟ 

ʧʽʨʘʤʽʜʘʤʠ ʚ ʨʽʟʥʠʭ ʨʝʛʽʦʥʘʭ ʩʚʽʪʫ. ʇʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ 

ʩʪʘʨʦʜʘʚʥʽ ʧʽʨʘʤʽʜʠ ʚ ʨʽʟʥʠʭ ʨʝʛʽʦʥʘʭ ʟʝʤʥʦʾ ʢʫʣʽ ʨʦʟʤʽʱʝʥʽ ʚ ʤʝʞʘʭ ʙʘʟʘʣʴʪʦʚʠʭ 

ʚʫʣʢʘʥʽʯʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʧʦ ʷʢʠʭ ʧʨʠʨʦʜʥʠʡ ʚʦʜʝʥʴ ʤʽʛʨʫʻ ʚ ʘʪʤʦʩʬʝʨʫ ʥʘʜ ʧʣʘʥʝʪʦʶ. ʇʨʠ 

ʧʦʰʫʢʘʭ ʩʢʫʧʯʝʥʴ ʚʦʜʥʶ ʨʘʡʦʥʠ ʨʦʟʤʽʱʝʥʥʷ ʧʽʨʘʤʽʜ ʟʘʩʣʫʛʦʚʫʶʪʴ ʥʘ ʫʚʘʛʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʽʨʘʤʽʜʠ, ʚʦʜʝʥʴ, ʙʘʟʘʣʴʪʠ, ʯʝʨʚʦʥʠʡ ʬʦʩʬʦʨ, ʦʙʨʦʙʢʘ ʬʦʪʦʟʥʽʤʢʽʚ. 
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ɺʩʪʫʧ. ɺ 2019-2024 ʨʦʢʘʭ ʫ ʨʽʟʥʠʭ ʨʝʛʽʦʥʘʭ ʩʚʽʪʫ ʚʠʢʦʥʘʥʦ ʚʝʣʠʢʠʡ ʦʙʩʷʛ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ ʤʝʪʦʶ ʘʧʨʦʙʘʮʽʾ ʤʦʙʽʣʴʥʠʭ ʯʘʩʪʦʪʥʦ-

ʨʝʟʦʥʘʥʩʥʠʭ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʪʘ ʜʝʢʦʜʫʚʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʪʘ 

ʬʦʪʦʟʥʽʤʢʽʚ, ʘ ʪʘʢʦʞ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʠʯʥʠʭ ʧʨʠʡʦʤʽʚ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʽʜ 

ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʧʦʰʫʢʦʚʠʭ ʨʦʙʽʪ ʥʘ ʥʘʬʪʫ ʪʘ ʛʘʟ, ʚʦʜʝʥʴ, ʨʫʜʥʽ ʢʦʨʠʩʥʽ 

ʢʦʧʘʣʠʥʠ ʪʘ ʚʦʜʫ. ɺ ʧʦʚʽʜʦʤʣʝʥʥʽ ʥʠʞʯʝ ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʦʙʩʪʝʞʝʥʥʷ ʚ 
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ʨʝʢʦʛʥʦʩʮʠʨʫʚʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʜʽʣʷʥʦʢ ʟ ʧʽʨʘʤʽʜʘʤʠ ʚ ʨʽʟʥʠʭ ʨʝʛʽʦʥʘʭ ʩʚʽʪʫ ʟ 

ʤʝʪʦʶ ʚʠʚʯʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʛʣʠʙʠʥʥʦʾ ʙʫʜʦʚʠ ʥʘ ʜʽʣʷʥʢʘʭ ʾʭ ʨʦʟʤʽʱʝʥʥʷ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʨʝʢʦʛʥʦʩʮʠʨʫʚʘʣʴʥʦʛʦ ʪʘ ʜʝʪʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʧʨʦʚʦʜʷʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʝʪʦʜʽʚ ʯʘʩʪʦʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʾ ʦʙʨʦʙʢʠ ʪʘ ʜʝʢʦʜʫʚʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʪʘ 

ʬʦʪʦʟʥʽʤʢʽʚ, ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʩʢʘʥʫʚʘʥʥʷ (ʟʦʥʜʫʚʘʥʥʷ) ʨʦʟʨʽʟʫ ʟ ʤʝʪʦʶ 

ʚʠʟʥʘʯʝʥʥʷ (ʦʮʽʥʢʠ) ʛʣʠʙʠʥ ʟʘʣʷʛʘʥʥʷ ʽ ʪʦʚʱʠʥ ʨʽʟʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʧʦʨʽʜ ʪʘ 

ʰʫʢʘʥʠʭ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ, ʘ ʪʘʢʦʞ ʤʝʪʦʜʠʢʠ ʽʥʪʝʛʨʘʣʴʥʦʾ ʦʮʽʥʢʠ ʧʝʨʩʧʝʢʪʠʚ 

ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʩʪʽ ʣʦʢʘʣʴʥʠʭ ʜʽʣʷʥʦʢ ʪʘ ʚʝʣʠʢʠʭ ʙʣʦʢʽʚ [1-4]. ɺ ʚʠʢʦʨʠʩʪʘʥʠʭ 

ʤʦʜʠʬʽʢʘʮʽʷʭ ʧʨʷʤʦʧʦʰʫʢʦʚʠʭ ʤʝʪʦʜʽʚ ʚʘʞʣʠʚʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʻ ʙʘʟʠ 

(ʥʘʙʦʨʠ, ʢʦʣʝʢʮʽʾ) ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʤʽʥʝʨʘʣʽʚ, ʟʨʘʟʢʽʚ ʥʘʬʪʠ, ʛʘʟʫ ʪʘ 

ʢʦʥʜʝʥʩʘʪʫ, ʘ ʪʘʢʦʞ ʦʩʘʜʦʚʠʭ, ʤʘʛʤʘʪʠʯʥʠʭ ʪʘ ʤʝʪʘʤʦʨʬʽʯʥʠʭ ʧʦʨʽʜ, 

ʨʝʟʦʥʘʥʩʥʽ ʯʘʩʪʦʪʠ ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʟʥʽʤʢʽʚ ʪʘ ʬʦʪʦʟʥʽʤʢʽʚ. ʂʦʣʝʢʮʽʷ ʟʨʘʟʢʽʚ ʥʘʬʪʠ ʚ ʙʘʟʽ ʚʢʣʶʯʘʻ 117 ʝʢʟʝʤʧʣʷʨʽʚ, 

ʛʘʟʦʢʦʥʜʝʥʩʘʪʫ ï 15 ʟʨʘʟʢʽʚ. ɹʘʟʘ ʦʩʘʜʦʚʠʭ ʧʦʨʽʜ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 10 ʛʨʫʧ, ʘ 

ʢʦʣʝʢʮʽʷ ʬʦʪʦʛʨʘʬʽʡ ʤʘʛʤʘʪʠʯʥʠʭ ʪʘ ʤʝʪʘʤʦʨʬʽʯʥʠʭ ʧʦʨʽʜ ʚʢʣʶʯʘʻ 18 ʛʨʫʧ.  

ɽʪʘʧʠ ʨʦʙʽʪ. ʏʠʩʣʝʥʥʽ ʨʝʟʫʣʴʪʘʪʠ ʘʧʨʦʙʘʮʽʾ ʪʘ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʯʘʩʪʦʪʥʦ-ʨʝʟʦʥʘʥʩʥʠʭ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʪʘ ʬʦʪʦʟʥʽʤʢʽʚ [1-

4] ʧʦʢʘʟʘʣʠ, ʱʦ ʮʶ ʩʫʧʝʨ-ʤʦʙʽʣʴʥʫ ʪʝʭʥʦʣʦʛʽʶ ʤʦʞʥʘ ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʥʘ ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʘʭ ʛʝʦʣʦʛʦʨʦʟʚʽʜʫʚʘʣʴʥʠʭ ʨʦʙʽʪ ʟ ʤʝʪʦʶ ʧʦʰʫʢʽʚ ʩʢʫʧʯʝʥʴ 

ʚʫʛʣʝʚʦʜʥʽʚ, ʧʨʠʨʦʜʥʦʛʦ ʚʦʜʥʶ, ʨʫʜʥʠʭ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʪʘ ʚʦʜʠ: 

ʘ) ʝʪʘʧ 1 (ʜʝʤʦʥʩʪʨʘʮʽʡʥʠʡ) ï ʦʙʨʦʙʢʘ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʥʽʤʢʘ ʘʙʦ 

ʬʦʪʦʟʥʽʤʢʘ ʜʽʣʷʥʢʠ (ʤʘʡʜʘʥʯʠʢʘ) ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʽʜʦʤʠʭ ʧʦʪʝʥʮʽʡʥʦʤʫ 

ʟʘʤʦʚʥʠʢʫ ʩʚʝʨʜʣʦʚʠʥʠ ʘʙʦ ʨʦʜʦʚʠʱʘ ʜʣʷ ʜʦʜʘʪʢʦʚʦʾ ʜʝʤʦʥʩʪʨʘʮʽʾ 

ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ, ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʤʦʙʽʣʴʥʦʾ ʪʝʭʥʦʣʦʛʽʾ; 

ʙ) ʝʪʘʧ 2 (ʽʥʪʝʛʨʘʣʴʥʠʡ) ï ʜʝʪʘʣʴʥʘ ʦʙʨʦʙʢʘ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʚʝʣʠʢʠʭ 

ʪʝʨʠʪʦʨʽʡ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʪʠʧʽʚ ʚʫʣʢʘʥʽʯʥʠʭ ʩʪʨʫʢʪʫʨ, ʥʘʷʚʥʠʭ ʚ ʤʝʞʘʭ 

ʨʘʡʦʥʽʚ ʦʙʩʪʝʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ, ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʷʢʠʭ ʜʦʮʽʣʴʥʦ 

ʧʨʦʚʦʜʠʪʠ ʜʝʪʘʣʴʥʽ ʛʝʦʣʦʛʦʨʦʟʚʽʜʫʚʘʣʴʥʽ ʨʦʙʦʪʠ; 

ʚ) ʝʪʘʧ 3 (ʨʝʢʦʛʥʦʩʮʠʨʫʚʘʣʴʥʠʡ) ï ʨʦʟʙʠʚʢʘ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʚʝʣʠʢʠʭ 

ʧʣʦʱ ʥʘ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʬʨʘʛʤʝʥʪʽʚ ʪʘ ʾʭ ʜʝʪʘʣʴʥʘ ʦʙʨʦʙʢʘ ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ 

ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʣʦʢʘʣʴʥʠʭ ʙʣʦʢʽʚ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʝʪʘʣʴʥʠʭ 

ʧʦʰʫʢʦʚʠʭ ʨʦʙʽʪ ʥʘ ʢʦʨʠʩʥʽ ʢʦʧʘʣʠʥʠ; 

ʛ) ʝʪʘʧ 4 (ʜʝʪʘʣʽʟʘʮʽʡʥʠʡ) ï ʦʙʨʦʙʢʘ ʫ ʜʝʪʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʟʥʽʤʢʽʚ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʣʦʢʘʣʴʥʠʭ ʙʣʦʢʽʚ, ʚʠʷʚʣʝʥʠʭ ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ 

(ʨʝʢʦʛʥʦʩʮʠʨʫʚʘʣʴʥʦʤʫ) ʝʪʘʧʽ, ʟ ʤʝʪʦʶ ʚʠʙʦʨʫ ʥʘʡʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʠʭ ʜʽʣʷʥʦʢ 

ʜʣʷ ʙʫʨʽʥʥʷ ʧʦʰʫʢʦʚʠʭ ʪʘ ʨʦʟʚʽʜʫʚʘʣʴʥʠʭ ʩʚʝʨʜʣʦʚʠʥ. 

ʈʝʟʫʣʴʪʘʪʠ ʦʙʩʪʝʞʝʥʥʷ ʜʽʣʷʥʦʢ ʽʟ ʧʽʨʘʤʽʜʘʤʠ. ɺ ʧʨʦʮʝʩʽ ʘʧʨʦʙʘʮʽʾ 

ʯʘʩʪʦʪʥʦ-ʨʝʟʦʥʘʥʩʥʠʭ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʩʫʧʫʪʥʠʢʦʚʠʭ ʽ ʬʦʪʦ ʟʥʽʤʢʽʚ [1-4] 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ ʝʣʝʢʪʨʦʥʥʠʭ ʚʠʜʘʥʥʷʭ ʬʦʪʦʟʥʽʤʢʠ ʩʝʡʩʤʽʯʥʠʭ 

ʨʦʟʨʽʟʽʚ ʷʚʣʷʶʪʴʩʷ ʽʥʬʦʨʤʘʪʠʚʥʠʤʠ ʜʣʷ ʦʙʨʦʙʢʠ. ʈʝʟʫʣʴʪʘʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʦʙʨʦʙʢʠ ʛʝʦʨʘʜʘʨʥʠʭ (GPR) ʨʦʟʨʽʟʽʚ ʪʘʢʦʞ ʚʠʷʚʠʣʠʩʴ 

ʧʦʟʠʪʠʚʥʠʤʠ. ɿʦʢʨʝʤʘ, ʧʽʜ ʯʘʩ ʯʘʩʪʦʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʾ ʦʙʨʦʙʢʠ ʛʝʦʨʘʜʘʨʥʦʛʦ 

ʨʦʟʨʽʟʫ (ʨʠʩ. 1) ʥʘ ʜʽʣʷʥʮʽ ʟ ʻʛʠʧʝʪʩʴʢʠʤʠ ʧʽʨʘʤʽʜʘʤʠ ɻʽʟʠ [5] ʟ 3-ʦʾ ʩʝʢʫʥʜʠ 
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ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʚʠʤʽʨʽʚ ʧʦʯʘʣʠ ʬʽʢʩʫʚʘʪʠʩʷ ʚʽʜʛʫʢʠ ʥʘ ʯʘʩʪʦʪʘʭ  6-ʦʾ ʛʨʫʧʠ 

ʤʘʛʤʘʪʠʯʥʠʭ ʧʦʨʽʜ (ʛʘʙʨʦ ʽ ʙʘʟʘʣʴʪʠ). 

ʊʘʢʽ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʦʙʫʤʦʚʠʣʠ ʜʦʮʽʣʴʥʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ 

ʜʦʜʘʪʢʦʚʦʛʦ ʦʙʩʪʝʞʝʥʥʷ ʜʽʣʷʥʦʢ ʨʦʟʤʽʱʝʥʥʷ ʩʪʘʨʦʜʘʚʥʽʭ ʧʽʨʘʤʽʜ ʚ ʨʽʟʥʠʭ 

ʨʝʛʽʦʥʘʭ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʪʠʧʫ ʚʫʣʢʘʥʽʯʥʠʭ ʩʪʨʫʢʪʫʨ, ʚ ʤʝʞʘʭ ʷʢʠʭ ʧʽʨʘʤʽʜʠ 

ʨʦʟʪʘʰʦʚʘʥʽ. ʈʝʟʫʣʴʪʘʪʠ ʦʙʩʪʝʞʝʥʥʷ ʚ ʨʝʢʦʛʥʦʩʮʠʨʫʚʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʜʽʣʷʥʦʢ ʟ 

ʧʽʨʘʤʽʜʘʤʠ ʟʚʦʜʷʪʴʩʷ ʜʦ ʥʘʩʪʫʧʥʦʛʦ. 

ɼʽʣʷʥʢʘ ʟ ʧʽʨʘʤʽʜʘʤʠ ʚ ɭʛʠʧʪʽ. ɺ 

ʧʨʦʮʝʩʽ ʯʘʩʪʦʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʾ ʦʙʨʦʙʢʠ 

ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʥʽʤʢʘ (ʨʠʩ. 2ʘ)  ʟ 

ʪʨʴʦʤʘ ʧʽʨʘʤʽʜʘʤʠ ʚ ʨʘʡʦʥʽ ɻʽʟʠ 

(ɭʛʠʧʝʪ) ʟʘʬʽʢʩʦʚʘʥʽ ʩʠʛʥʘʣʠ (ʚʽʜʛʫʢʠ) 

ʥʘ ʯʘʩʪʦʪʘʭ ʯʝʨʚʦʥʦʛʦ ʬʦʩʬʦʨʫ, ʚʦʜʥʶ, 

ʚʦʜʥʝʚʠʭ ʙʘʢʪʝʨʽʡ, ʛʝʣʽʶ. ʅʘ ʛʣʠʙʠʥʽ 

57 ʢʤ ʟʘʬʽʢʩʦʚʘʥʽ ʪʽʣʴʢʠ ʩʠʛʥʘʣʠ 8-ʦʾ ʽ 

10-ʦʾ ʛʨʫʧ ʦʩʘʜʦʚʠʭ ʧʦʨʽʜ, ʘ ʪʘʢʦʞ  6-ʦʾ 

ʛʨʫʧʠ ʤʘʛʤʘʪʠʯʥʠʭ ʧʦʨʽʜ (ʛʘʙʨʦ ʽ 

ʙʘʟʘʣʴʪʠ). 

ʇʨʠ ʦʙʨʦʙʮʽ ʟʥʽʤʢʽʚ ʣʠʰʝ ʢʦʞʥʦʾ 

ʽʟ ʪʨʴʦʭ ʧʽʨʘʤʽʜ (ʨʠʩ. 2ʙ, ʚ, ʛ) ʦʢʨʝʤʦ ʟ 

ʧʦʚʝʨʭʥʽ ʟʘʬʽʢʩʦʚʘʥʽ ʩʠʛʥʘʣʠ ʥʘ 

ʯʘʩʪʦʪʘʭ ʯʝʨʚʦʥʦʛʦ ʬʦʩʬʦʨʫ, ʚʦʜʥʶ, 

ʚʦʜʥʝʚʠʭ ʙʘʢʪʝʨʽʡ. ɯʥʩʪʨʫʤʝʥʪʘʣʴʥʠʤʠ 

ʚʠʤʽʨʘʤʠ ʟʘʬʽʢʩʦʚʘʥʽ ʪʘʢʦʞ ʧʨʦʮʝʩʠ 

ʜʝʛʘʟʘʮʽʾ ʯʝʨʚʦʥʦʛʦ ʬʦʩʬʦʨʫ ʽ ʚʦʜʥʶ ʚ ʘʪʤʦʩʬʝʨʫ.  ʅʘ ʛʣʠʙʠʥʽ 57 ʢʤ 

ʬʽʢʩʫʚʘʣʠʩʴ ʪʽʣʴʢʠ ʩʠʛʥʘʣʠ 6-ʦʾ ʛʨʫʧʠ ʤʘʛʤʘʪʠʯʥʠʭ ʧʦʨʽʜ (ʛʘʙʨʦ ʽ ʙʘʟʘʣʴʪʠ). 

ʂʦʨʽʥʴ ʙʘʟʘʣʴʪʦʚʦʛʦ ʚʫʣʢʘʥʘ ʚʠʟʥʘʯʝʥʦ ʥʘ ʛʣʠʙʠʥʽ 218 ʢʤ. 
 

 ʘ) 

 ʙ) 

 

 ʚ) 

 

 ʛ) 
  

ʈʠʩ. 2. ʉʫʧʫʪʥʠʢʦʚʠʡ ʟʥʽʤʦʢ ʜʽʣʷʥʢʠ ʟ ʧʽʨʘʤʽʜʘʤʠ ʚ ɭʛʠʧʪʽ. 

 
ʈʠʩ.1. ʌʦʪʦʛʨʘʬʽʷ ʛʝʦʨʘʜʘʨʥʦʛʦ ʨʦʟʨʽʟʫ ʧʽʜ 

ʻʛʠʧʝʪʩʴʢʠʤʠ ʧʽʨʘʤʽʜʘʤʠ ɻʽʟʠ [5]. 
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ʌʦʪʦʤʦʥʪʘʞ ʜʽʣʷʥʦʢ 1. ɺ ʧʨʦʮʝʩʽ ʯʘʩʪʦʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʾ ʦʙʨʦʙʢʠ 

ʬʦʪʦʟʥʽʤʢʘ ʟ 20 ʧʽʨʘʤʽʜʘʤʠ ʚ ʨʽʟʥʠʭ ʨʝʛʽʦʥʘʭ ʟʝʤʥʦʾ ʢʫʣʽ ʥʘ ʛʣʠʙʠʥʽ 57 ʢʤ 

ʟʘʬʽʢʩʦʚʘʥʽ ʩʧʽʣʴʥʽ ʩʠʛʥʘʣʠ ʪʽʣʴʢʠ ʽʟ ʙʘʟʘʣʴʪʘʤʠ ʪʘ ʛʘʙʨʦ. 

ʌʦʪʦʤʦʥʪʘʞ ʜʽʣʷʥʦʢ 2. ʅʘ ʟʥʽʤʢʫ ʟ 8-ʤʘ ʧʽʨʘʤʽʜʘʤʠ ʥʘʚʝʜʝʥʽ ʬʦʪʦʛʨʘʬʽʾ 

4-ʭ ʻʛʠʧʝʪʩʴʢʠʭ ʧʽʨʘʤʽʜ ï Khufu, Khafre, Snefru, Menkaure ʽ 4-ʭ ʤʝʟʦ-

ʘʤʝʨʠʢʘʥʩʴʢʠʭ ï Chichen Itza, Uxmal, Pyramid of the Moon, Tikal. ɺ ʧʨʦʮʝʩʽ 

ʯʘʩʪʦʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʾ ʦʙʨʦʙʢʠ ʬʦʪʦʟʥʽʤʢʘ ʥʘ ʛʣʠʙʠʥʽ 57 ʢʤ ʪʘʢʦʞ ʟʘʬʽʢʩʦʚʘʥʽ 

ʩʧʽʣʴʥʽ ʩʠʛʥʘʣʠ ʪʽʣʴʢʠ ʽʟ 6-ʦʶ ʛʨʫʧʦʶ ʤʘʛʤʘʪʠʯʥʠʭ ʧʦʨʽʜ (ʛʘʙʨʦ ʽ ʙʘʟʘʣʴʪʠ).  

 

 

 

 

 
ʈʠʩ. 3. ʉʪʘʨʦʜʘʚʥʽ ʧʽʨʘʤʽʜʠ ʩʚʽʪʫ [6]. ʈʠʩ. 4. ʉʪʘʨʦʜʘʚʥʽ ʧʽʨʘʤʽʜʠ ʩʚʽʪʫ [7]. 

 

ɺʠʩʥʦʚʢʠ.  

ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʨʝʢʦʛʥʦʩʮʠʨʫʚʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ ʨʝʘʣʽʟʘʮʽʻʶ 

ʦʙʤʝʞʝʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʨʦʮʝʜʫʨ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʚʠʤʽʨʽʚ ʜʦʟʚʦʣʷʶʪʴ 

ʢʦʥʩʪʘʪʫʚʘʪʠ, ʱʦ ʩʪʘʨʦʜʘʚʥʽ ʧʽʨʘʤʽʜʠ ʚ ʨʽʟʥʠʭ ʨʝʛʽʦʥʘʭ ʟʝʤʥʦʾ ʢʫʣʽ, ʷʢ ʽ ʢʨʫʛʠ 

ʥʘ ʧʦʣʷʭ [3], ʨʦʟʤʽʱʝʥʽ ʚ ʤʝʞʘʭ ʙʘʟʘʣʴʪʦʚʠʭ ʚʫʣʢʘʥʽʯʥʠʭ ʩʪʨʫʢʪʫʨ ʧʦ ʷʢʠʭ 

ʧʨʠʨʦʜʥʠʡ ʚʦʜʝʥʴ ʤʽʛʨʫʻ ʚ ʘʪʤʦʩʬʝʨʫ ʥʘʜ ʧʣʘʥʝʪʦʶ. 

ɼʝʪʘʣʴʥʝ  (ʚ ʧʣʦʱʠʥʥʦʤʫ ʨʝʞʠʤʽ) ʦʙʩʪʝʞʝʥʥʷ ʢʨʫʧʥʠʭ ʜʽʣʷʥʦʢ ʟ 

ʧʽʨʘʤʽʜʘʤʠ ʥʘʜʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʦʮʽʥʠʪʠ ʜʦʮʽʣʴʥʠʭ ʧʨʦʚʝʜʝʥʥʷ ʚ ʨʘʡʦʥʘʭ ʾʭ 

ʨʦʟʤʽʱʝʥʥʷ ʧʦʰʫʢʦʚʠʭ ʛʝʦʣʦʛʦ-ʛʝʦʬʽʟʠʯʥʠʭ ʨʦʙʽʪ ʪʘ ʙʫʨʽʥʥʷ ʩʚʝʨʜʣʦʚʠʭ ʥʘ 

ʧʨʠʨʦʜʥʠʡ ʚʦʜʝʥʴ.  

 
ʇɽʈɽʃɯʂ ɺʀʂʆʈʀʉʊɸʅʆɰ ʃɯʊɽʈɸʊʋʈʀ 
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ɺʋɻʃɽɺʆɼʅɽɺɯ ʌʃʖɰɼʀ ɺ ʃʆʂɸʃʔʅʀʍ ʉʊʈʋʂʊʋʈɸʍ 

ʂʆʅʊʀʅɽʅʊɸʃʔʅʀʍ ʆʂʈɸɰʅ ʉʍɯɼʅʆɰ ɸʅʊɸʈʂʊʀɼʀ (ɿɸ ɼɸʅʀʄʀ 

ʏʈ-ʉʂɸʅʋɺɸʅʔ) 
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ɯʥʩʪʠʪʫʪ ʛʝʦʬʟ̔ʠʢʠ ʽʤ. ʉ. ɯ. ʉʫʙʙʦʪʽʥʘ ʅɸʅ ʋʢʨʘʥʾʠ 

 

ʇʨʦʚʝʜʝʥʦ ʣʦʢʘʣʴʥʝ ʜʠʩʪʘʥʮʽʡʥʝ ʯʘʩʪʦʪʥʦ-ʨʝʟʦʥʘʥʩʥʝ ʩʢʘʥʫʚʘʥʥʷ (ʏʈ) ʜʣʷ ʦʢʨʝʤʠʭ ʧʫʥʢʪʽʚ 

ʚ ʤʝʞʘʭ ʤʦʨʽʚ ʩʭʽʜʥʦʾ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʾ ʦʢʨʘʾʥʠ ɸʥʪʘʨʢʪʠʜʠ. ɺʧʝʨʰʝ ʏʈ ʤʝʪʦʜʘʤʠ ʦʪʨʠʤʘʥʽ 

ʜʘʥʽ ʜʣʷ ʜʽʣʷʥʦʢ, ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘ ʧʨʦʷʚʠ ʛʣʠʙʠʥʥʠʭ ʚʫʛʣʝʚʦʜʥʽʚ. ʄʦʙʽʣʴʥʘ ʏʈ-ʪʝʭʥʦʣʦʛʽʷ 

ʦʙʨʦʙʢʠ ʪʘ ʜʝʢʦʜʫʚʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʜʠʩʪʘʥʮʽʡʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʙʣʦʢʽʚ, ʚʠʙʠʨʘʪʠ ʥʘʡʧʝʨʩʧʝʢʪʠʚʥʽʰʽ ʜʽʣʷʥʢʠ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʜʝʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʨʘʜʠʮʽʡʥʠʭ ʛʝʦʬʽʟʠʯʥʠʭ ʤʝʪʦʜʽʚ. ʎʽ ʥʦʚʽ ʜʘʥʽ ʤʦʞʫʪʴ ʜʦʧʦʤʦʛʪʠ ʦʮʽʥʠʪʠ 

ʚʧʣʠʚ ʛʣʠʙʠʥʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʽʩʥʫʶʯʽ ʧʨʦʛʥʦʟʥʽ ʦʮʽʥʢʠ ʧʦʪʝʥʮʽʡʥʦ ʥʘʬʪʦʛʘʟʦʥʦʩʥʠʭ 

ʙʘʩʝʡʥʽʚ ʫ ʨʝʛʽʦʥʽ ʪʘ ʧʽʜʪʚʝʨʜʠʪʠ ʽʩʥʫʚʘʥʥʷ ʩʢʫʧʯʝʥʴ ʥʘʬʪʠ ʪʘ ʛʘʟʫ ʚ ʤʝʞʘʭ ʩʪʨʫʢʪʫʨ (ʤʦʨʝ 

ɼʝʚʽʩʘ ï ʤʦʨʝ ʜ'ʖʨʚʽʣʷ) ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʾ ʦʢʨʘʾʥʠ ʉʭʽʜʥʦʾ ɸʥʪʘʨʢʪʠʜʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʦʙʽʣʴʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʛʣʠʙʠʥʥʽ ʚʫʛʣʝʚʦʜʥʽ, ʚʦʜʝʥʴ, ʉʭʽʜʥʘ ɸʥʪʘʨʢʪʠʢʘ, ʤʦʨʝ 

ɼʝʡʚʽʩʘ, ʤʦʨʝ ʄʦʫʩʦʥʘ-ɼʶʨʚʽʣʷ 
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Local remote frequency resonance (FR) scanning has been conducted for some points within the 

seas of the eastern continental margin of Antarctica. For the first time, data have been obtained 

using FR methods for areas with potential for deep hydrocarbons. Mobile FR technology for 

processing and decoding satellite images enables block remote exploration, allowing for the 

selection of the most promising areas for further detailed exploration using traditional geophysical 
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methods. These new data can help assess the impact of deep-sea factors on existing forecast 

estimates of potentially oil and gas-bearing basins in the region and confirm the existence of oil and 

gas accumulations within the structures (Davis Sea - D'Urville Sea) of the continental margin of 

East Antarctica. 

Keywords: mobile technologies, deep hydrocarbons, hydrogen, East Antarctica, Davis Sea, 

Mawson-Durville Sea 

 

ɼʣʷ ʦʢʨʝʤʠʭ ʣʦʢʘʣʴʥʠʭ ʩʪʨʫʢʪʫʨ  ʩʝʛʤʝʥʪʫ ʩʝʜʠʤʝʥʪʘʮʽʡʥʠʭ ʙʘʩʝʡʥʽʚ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʠʭ ʦʢʨʘʾʥ ʉʭʽʜʥʦʾ ɸʥʪʘʨʢʪʠʢʠ ʚʽʜ ʤʦʨʷ ɼʝʡʚʽʩʘ ʜʦ ʤʦʨʽʚ 

ʄʦʫʩʦʥʘ-ɼʶʨʚʽʣʷ (ʟ ʧʦʪʫʞʥʽʩʪʶ ʦʩʘʜʦʚʦʛʦ ʯʦʭʣʘ ʜʦ 7-8 ʢʤ), ʚʠʢʦʥʘʥʽ 

ʜʠʩʪʘʥʮʽʡʥʽ ʯʘʩʪʦʪʥʦ-ʨʝʟʦʥʘʥʩʥʽ (ʏʈ)  ʩʢʘʥʫʚʘʥʥʷ ʜʣʷ ʚʠʚʯʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʧʨʦʮʝʩʽʚ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʥʘʬʪʠʜʦʛʝʥʝʟʫ ʪʘ ʫʪʦʯʥʝʥʥʷ ʽʩʥʫʶʯʠʭ ʧʨʦʛʥʦʟʥʠʭ 

ʦʮʽʥʦʢ ʧʝʨʩʧʝʢʪʠʚ ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʩʪʽ ʣʦʢʘʣʴʥʠʭ ʩʪʨʫʢʪʫʨ ʨʝʛʽʦʥʫ. 

ʏʈ ʤʝʪʦʜʘʤʠ ʦʪʨʠʤʘʥʽ ʜʘʥʽ ʧʨʦ ʤʦʞʣʠʚʽ ʜʽʣʷʥʢʠ, ʧʝʨʩʧʝʢʪʠʚʥʽ ʥʘ ʧʨʦʷʚʠ 

ʛʣʠʙʠʥʥʠʭ ʚʫʛʣʝʚʦʜʥʽʚ. ʏʘʩʪʦʪʥʽ ʩʠʛʥʘʣʠ ʚʽʜ ʚʫʛʣʝʚʦʜʥʽʚ ʧʨʠʥʮʠʧʦʚʦ 

ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʽʩʥʫʚʘʥʥʷ ʥʘʬʪʦʚʠʠʭ ʪʘ ʛʘʟʦʚʠʭ ʥʘʢʦʧʠʯʝʥʴ ʚ ʤʝʞʘʭ ʮʠʭ 

ʩʪʨʫʢʪʫʨ. ɼʝʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʜʘʪʥʽ ʟ'ʷʩʫʚʘʪʠ ʭʘʨʘʢʪʝʨ ʧʨʦʛʥʦʟʥʦʾ 

ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʩʪʽ ʽ ʜʦʧʦʚʥʠʪʠ ʫʷʚʣʝʥʥʷ ʧʨʦ ʚʧʣʠʚ ʛʣʠʙʠʥʥʠʭ ʯʠʥʥʠʢʽʚ ʥʘ 

ʽʩʥʫʶʯʽ ʧʨʦʛʥʦʟʥʽ ʦʮʽʥʢʠ ʧʦʪʝʥʮʽʡʥʦ ʥʘʬʪʦʛʘʟʦʥʦʩʥʠʭ ʙʘʩʝʡʥʽʚ ʉʭʽʜʥʦʾ 

ɸʥʪʘʨʢʪʠʜʠ. 
ʈʝʟʫʣʴʪʘʪʠ. ʅʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʏʈ ʜʦʩʣʽʜʞʝʥʴ ʧʫʥʢʪʽʚ ʩʢʘʥʫʚʘʥʥʷ ʜʣʷ 

ʣʦʢʘʣʴʥʠʭ ʩʪʨʫʢʪʫʨ ʦʩʘʜʦʚʠʭ ʙʘʩʝʡʥʽʚ ʢʦʥʪʠʥʝʥʪʘʣʴʥʠʭ ʦʢʨʘʾʥ ɸʥʪʘʨʢʪʠʜʠ 

(ʚʽʜ ʤʦʨʷ ɼʝʡʚʽʩʘ ʜʦ ʤʦʨʷ ɼʶʨʚʽʣʷ (ʈʠʩ.1ɸ).  

 

    
  ɸ       ɹ 

 

ʈʠʩ. 1. ʉʫʧʫʪʥʠʢʦʚʠʡ ʟʥʽʤʦʢ ʫʟʙʝʨʝʞʞʷ ʉʭʽʜʥʦʾ ɸʥʪʘʨʢʪʠʜʠ (ɸ) ʟ ʧʫʥʢʪʘʤʠ ʯʘʩʪʦʪʥʦʛʦ 

ʩʢʘʥʫʚʘʥʥʷ (SP7-10, 27-31); ɹ - ʤʦʜʝʣʴ ʩʪʨʫʢʪʫʨʠ ʟʝʤʥʦʾ ʢʦʨʠ ʮʝʥʪʨʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʙʘʩʝʡʥʫ 

:ʤʦʨʽʚ ʄʦʫʩʦʥʘ-ɼʶʨʚʽʣʷ [Leichenkov et al., 2014] ʟ ʧʫʥʢʪʘʤʠ ʩʢʘʥʫʚʘʥʥʷ SP9,28 29 

 

ʄʦʨʝ ɼʝʡʚʽʩʘ. ɺ ʤʝʞʘʭ ʦʢʝʘʥʽʯʥʦʾ ʜʽʣʷʥʢʠ ʽʟ ʧʽʜʡʦʤʦʤ ʛʣʠʙʠʥʥʠʭ 

ʤʘʛʤʘʪʠʯʥʠʭ ʧʦʨʽʜ [Leitchenkov et al., 2014] ʬʽʢʩʫʻʪʴʩʷ (SP27, ʈʠʩ.1) ʩʧʽʣʴʥʠʡ 

ʩʠʛʥʘʣ ʚʦʜʥʶ ʽ ʙʘʟʘʣʴʪʽʚ ʚ ʽʥʪʝʨʚʘʣʘʭ ʛʣʠʙʠʥ :539 - 1317 ʤ, 1457 ï 2218 ʤ, 2465 

ï 3238 ʤ, 3322 ï 3723 ʤ, 4428 ï 5019ʤ. ʅʘ ʧʦʚʝʨʭʥʽ ʟʘʬʽʢʩʦʚʘʥʽ ʩʠʛʥʘʣʠ ɺɺ, 

ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ, ʚʦʜʥʶ, ʘ ʥʘ ʛʣʠʙʠʥʽ - ʩʠʛʥʘʣʠ ʚʽʜ ʛʨʘʥʽʪʽʚ, ʙʘʟʘʣʴʪʽʚ ʪʘ 

ʫʣʴʪʨʘʦʩʥʦʚʥʠʭ ʧʦʨʽʜ.  
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ɹʘʩʝʡʥ ʤʦʨʽʚ ʄʦʫʩʦʥʘ ʽ ɼʶʨʚʽʣʷ (SP7-10, 28- 31; ʈʠʩ.1,2).  

ɼʣʷ SP7 ʟ ʧʦʚʝʨʭʥʽ ʟʘʬʽʢʩʦʚʘʥʽ ʩʠʛʥʘʣʠ ʥʘ ʯʘʩʪʦʪʘʭ ʚʫʛʣʝʚʦʜʥʽʚ ʽ 

ʚʩʪʘʥʦʚʣʝʥʘ ʤʽʛʨʘʮʽʷ ʛʘʟʫ ʽ ʞʦʚʪʦʛʦ ʬʦʩʬʦʨʫ ʚ ʘʪʤʦʩʬʝʨʫ. ɯʟ ʽʥʪʝʨʚʘʣʫ ʨʦʟʨʽʟʫ 

ʜʦ 9 ʢʤ ʦʪʨʤʘʥʦ ʚʽʜʛʫʢʠ ʚʽʜ 7-ʦʾ ʛʨʫʧʠ ʦʩʘʜʦʚʠʭ (ʢʘʨʙʦʥʘʪʥʠʭ) ʧʦʨʽʜ (ʚʘʧʥʷʢʠ).  

ɼʣʷ SP8 ʟ ʧʦʚʝʨʭʥʽ ʟʘʬʽʢʩʦʚʘʥʽ ʩʠʛʥʘʣʠ ʥʘ ʯʘʩʪʦʪʘʭ ʚʫʛʣʝʚʦʜʥʽʚ. ɯʟ 

ʽʥʪʝʨʚʘʣʫ ʨʦʟʨʽʟʫ ʜʦ 8 ʢʤ ʦʪʨʤʘʥʦ ʚʽʜʛʫʢʠ ʚʽʜ 7-ʦʾ ʛʨʫʧʠ ʦʩʘʜʦʚʠʭ 

(ʢʘʨʙʦʥʘʪʥʠʭ) ʧʦʨʽʜ (ʚʘʧʥʷʢʠ).  ʈʝʟʫʣʴʪʘʪʠ ʣʦʢʘʣʴʥʠʭ ʩʢʘʥʫʚʘʥʴ ʧʦʢʘʟʘʣʠ, ʱʦ ʚ 

ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʤʦʨʷ ʄʦʫʩʦʥʘ (SP7) ʦʪʨʠʤʘʥʽ ʩʠʛʥʘʣʠ ʚʫʛʣʝʚʦʜʥʽʚ, ʘ ʪʘʢʦʞ 

ʟʘʬʽʢʩʦʚʘʥʘ ʤʽʛʨʘʮʽʷ ʛʘʟʫ. ɺ ʩʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʤʦʨʷ (SP8) ʪʘʢʦʞ ʦʪʨʠʤʘʥʽ ʩʠʛʥʘʣʠ 

ʚʽʜ ʚʫʛʣʝʚʦʜʥʽʚ.  

ɺ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʙʘʩʝʡʥʫ ʤʦʨʽʚ ʄʦʫʩʦʥʘ-ɼʶʨʚʽʣʷ (SP28) 

ʨʝʟʫʣʴʪʘʪʠ ʩʢʘʥʫʚʘʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʥʘ ʧʦʚʝʨʭʥʽ ʬʽʢʩʫʶʪʴʩʷ ʩʠʛʥʘʣʠ ɺɺ, 

ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ, ʚʦʜʥʶ ʪʘ ʚʦʜʥʝʚʠʭ ʙʘʢʪʝʨʽʡ. ʌʽʢʩʫʻʪʴʩʷ ʩʧʽʣʴʥʠʡ ʩʠʛʥʘʣ ɺɺ ʽ 

ʛʨʘʥʽʪʽʚ ʬʫʥʜʘʤʝʥʪʫ (ʈʠʩ.1) ʚ ʽʥʪʝʨʚʘʣʘʭ ʛʣʠʙʠʥ: 3364 ï 3661 ʤ, ʘ ʪʘʢʦʞ 

ʩʠʣʴʥʠʡ ʩʠʛʥʘʣ ʥʘ ʛʣʠʙʠʥʽ 4160 ï 5556 ʤ (ʟʦʥʜʫʚʘʥʥʷ ʧʨʦʚʝʜʝʥʦ ʪʘʢʦʞ ʜʦ 

ʛʣʠʙʠʥʠ 5600 ʤ).  

ʉʢʘʥʫʚʘʥʥʷ ʜʣʷ SP29 ʧʦʢʘʟʘʣʦ, ʱʦ ʚ ʮʽʡ ʯʘʩʪʠʥʽ ʤʦʨʷ (ʈʠʩ.1) ʥʘ ʧʦʚʝʨʭʥʽ 

ʬʽʢʩʫʶʪʴʩʷ ʩʠʛʥʘʣʠ ɺɺ, ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ, ʚʦʜʥʶ, ʘ ʪʘʢʦʞ ʩʧʽʣʴʥʦʛʦ ʩʠʣʴʥʦʛʦ 

ʩʠʛʥʘʣʫ ʚʦʜʥʶ ʽ ʙʘʟʘʣʴʪʽʚ ʚ ʽʥʪʝʨʚʘʣʘʭ ʛʣʠʙʠʥ: 3327 ï 4262 ʤ ʪʘ 4695 ï 5594 ʤ 

(ʟʦʥʜʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʦʩʷ ʜʦ ʛʣʠʙʠʥʠ 5600ʤ). ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ 

ʣʦʢʘʣʴʥʠʭ ʛʣʠʙʠʥʥʠʭ ʜʞʝʨʝʣ ʚʠʪʦʢʽʚ ʬʣʶʾʜʽʚ ʚ ʤʦʨ ̔ʄʦʫʩʦʥʘ. 

ʄʦʨʝ ɼʶʨʚʽʣʷ. ɺ ʩʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʤʦʨʷ ʄʦʫʩʦʥʘ-ɼʶʨʚʽʣʷ (SP9) ʬʽʢʩʫʻʪʴʩʷ 

ʩʠʛʥʘʣ ʚʦʜʥʶ, ʚʦʜʥʝʚʠʭ ʙʘʢʪʝʨʽʡ, ʘ ʥʘ ʧʦʚʝʨʭʥʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʡʦʛʦ ʜʝʛʘʟʘʮʽʷ. 
 

 

 

ʈʠʩ. 2. ʉʭʝʤʘ ʧʝʨʩʧʝʢʪʠʚ ʥʘ ʚʫʛʣʝʚʦʜʥʽ ʙʘʩʝʡʥʫ ʤʦʨʷ ɼʶʨʚʽʣʷ [Safonova et al.,2022]. 

ʇʦʢʘʟʘʥʦ ʧʦʣʦʞʝʥʥʷ ʧʫʥʢʪʽʚ ʩʢʘʥʫʚʘʥʥʷ (SP9, 10, 30, 31). ʋʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ 

ʜʽʣʷʥʦʢ ʥʘ ʚʫʛʣʝʚʦʜʥʽ: I-ʚʽʜʩʫʪʥʽ; II -  ʥʠʟʴʢʽ; III ï ʩʝʨʝʜʥʽ; IV-ʚʠʩʦʢʽ, ʟʘ [Safonova et al.,2022]. 
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ʅʘ ʩʭʝʤʽ ʧʝʨʩʧʝʢʪʠʚ ʥʘ ʚʫʛʣʝʚʦʜʥʽ (ʈʠʩ.2) ʟʦʥʠ ʦʢʨʘʾʥʥʦʛʦ ʨʠʬʪʫ ʟ 

ʦʩʘʜʦʚʠʤ ʯʦʭʣʦʤ ʧʦʪʫʞʥʽʩʪʶ 4-8 ʢʤ, ʧʦʚʥʠʤ ʥʘʙʦʨʦʤ ʦʩʘʜʦʚʠʭ ʢʦʤʧʣʝʢʩʽʚ ʟ 

ʧʨʦʛʨʽʚʘʥʥʷʤ ʪʘ ʛʝʥʝʨʘʮʽʻʶ ʤʝʪʘʥʫ ʧʨʠ ʩʝʨʧʝʥʪʠʥʽʟʘʮʽʾ ʧʝʨʠʜʦʪʠʪʽʚ ʫ ʟʦʥʽ 

ʧʽʜʡʦʤʫ ʤʘʥʪʽʡʥʠʭ ʧʦʨʽʜ (ʈʠʩ.2) ʚʚʘʞʘʶʪʴʩʷ ʚʠʩʦʢʦ- ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ [Safonova 

et al.,2022]. ɼʦ ʟʦʥʠ ʥʠʟʴʢʠʭ ʧʝʨʩʧʝʢʪʠʚ  ʚʽʜʥʝʩʝʥʦ ʥʠʞʥʶ ʯʘʩʪʠʥʫ ʧʽʜʥʽʞʞʷ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʩʭʠʣʫ ʪʘ ʦʢʝʘʥʽʯʥʝ ʣʦʞʝ ʟ ʦʩʘʜʦʚʠʤ ʯʦʭʣʦʤ ʧʦʪʫʞʥʽʩʪʶ 2- 4 

ʢʤ.  ɹʫʜʦʚʘ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʾ ʦʢʨʘʾʥʠ ʫ ʨʘʡʦʥʽ ʤʦʨʷ ɼʶʨʚʽʣʷ (136Á ʜʦ 150Á 

ʩʭʽʜʥʦʾ ʜʦʚʛʦʪʠ) ʫʩʢʣʘʜʥʝʥʘ ʢʦʥʪʠʥʝʥʪʘʣʴʥʠʤʠ ʙʣʦʢʘʤʠ, ʚʽʜʦʢʨʝʤʣʝʥʠʤʠ ʚʽʜ 

ɸʥʪʘʨʢʪʠʜʠ ʟʦʥʦʶ ʤʘʥʪʽʡʥʦʛʦ ʧʽʜʡʦʤʫ, ʜʝ ʩʝʨʧʝʥʪʠʥʽʟʦʚʘʥʽ ʤʘʥʪʽʡʥʽ ʧʦʨʦʜʠ 

ʚʠʜʽʣʷʶʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜ ʦʩʘʜʦʚʠʤ ʯʦʭʣʦʤ ʟʘʛʘʣʴʥʦʶ ʧʦʪʫʞʥʽʩʪʶ ʜʦ 10ʢʤ 

[Leitchenkov et al., 2014]. ɯʥʪʝʨʧʨʝʪʘʮʽʷ ʤʘʪʝʨʽʘʣʽʚ ʨʘʥʽʰʝ ʧʨʦʚʝʜʝʥʠʭ 

ʙʘʛʘʪʦʨʽʯʥʠʭ ʝʢʩʧʝʜʠʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʣʘ, ʱʦ ʚ ʦʩʘʜʦʚʽʡ ʪʦʚʱʽ ʙʘʩʝʡʥʫ 

ʤʦʨʷ ɼʶʨʚʘʣʷ ʻ ʚʩʽ ʫʤʦʚʠ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʧʦʪʝʥʮʽʡʥʠʭ ʥʘʬʪʦʤʘʪʝʨʠʥʩʴʢʠʭ 

ʪʦʚʱ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽʩʥʫʚʘʥʥʷ ʣʦʢʘʣʴʥʠʭ ʩʪʨʫʢʪʫʨ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʧʘʩʪʢʘʤʠ ʜʣʷ 

ʩʢʫʧʯʝʥʴ ʥʘʬʪʠ ʽ ʛʘʟʫ. 

ɺ ʤʦʨʽ ɼʶʨʚʽʣʷ, ʚ ʤʝʞʘʭ ʪʨʘʥʩʬʦʨʤʥʦʛʦ ʨʦʟʣʦʤʫ ɻʝʦʨʛʘ V (ʩʝʨʽʾ 

ʪʨʘʥʩʬʦʨʤʥʠʭ ʨʦʟʣʦʤʽʚ), ʨʝʟʫʣʴʪʘʪʠ ʩʢʘʥʫʚʘʥʥʷ ʬʽʢʩʫʶʪʴ ʩʠʛʥʘʣʠ ɺɺ, 

ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ, ʛʝʣʽʶ ʪʘ ʽʥ. ʅʘ ʛʣʠʙʠʥʘʭ 3029 ï 4081 ʤ, 4337 ï 4709 ʤ (SP30) 

ʬʽʢʩʫʻʪʴʩʷ ʩʠʣʴʥʠʡ ʩʧʽʣʴʥʠʡ ʩʠʛʥʘʣ ɺɺ ʽ ʛʨʘʥʽʪʽʚ (ʟʦʥʜʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʦʩʷ ʜʦ 

ʛʣʠʙʠʥʠ 5 ʢʤ). ɿʦʥʜʫʚʘʥʥʷ ʜʣʷ SP31 ʧʦʢʘʟʘʣʦ, ʱʦ ʪʫʪ ʬʽʢʩʫʻʪʴʩʷ ʩʠʣʴʥʠʡ 

ʩʧʽʣʴʥʠʡ ʩʠʛʥʘʣ ɺɺ ʽ ʚʘʧʥʷʢʽʚ ʚ ʽʥʪʝʨʚʘʣʘʭ ʛʣʠʙʠʥ: 3684 ï 5190 ʤ (ʟʦʥʜʫʚʘʥʥʷ 

ʚʠʢʦʥʘʥʦ ʜʦ ʛʣʠʙʠʥʠ 5200 ʤ). ɼʣʷ ʧʫʥʢʪʫ ʟʦʥʜʫʚʘʥʥʷ SP10 ʬʽʢʩʫʶʪʴʩʷ ʩʠʛʥʘʣʠ 

ʚʫʛʣʝʚʦʜʥʽʚ, ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ, ʩʠʛʥʘʣʠ ʜʝʛʘʟʘʮʽʾ ʛʘʟʫ ʪʘ ʦʩʘʜʦʚʠʭ ʧʦʨʽʜ ʜʦ 

ʛʣʠʙʠʥʠ 6 ʢʤ. 

ʈʝʟʫʣʴʪʘʪʠ ʩʢʘʥʫʚʘʥʥʷ (SP10,30,31) ʧʽʜʪʚʝʨʜʠʣʠ ʽʩʥʫʶʯʽ ʜʘʥʽ [Safonova et 

al., 2022] ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʚʫʛʣʝʚʦʜʥʽʚ ʚ ʤʝʞʘʭ ʣʦʢʘʣʴʥʠʭ ʧʫʥʢʪʽʚ ʩʢʘʥʫʚʘʥʥʷ, 

ʨʦʟʪʘʰʦʚʘʥʠʭ ʚ ʮʽʡ ʯʘʩʪʠʥʽ ʤʦʨʷ ʄʦʫʩʦʥʘ- ɼʶʨʚʽʣʷ, ʽ ʜʦʧʦʚʥʶʶʪʴ  ʫʷʚʣʝʥʥʷ 

ʧʨʦ ʚʧʣʠʚ ʛʣʠʙʠʥʥʠʭ ʯʠʥʥʠʢʽʚ ʥʘ ʽʩʥʫʶʯʽ ʧʨʦʛʥʦʟʥʽ ʦʮʽʥʢʠ ʜʘʥʠʭ ʧʦʪʝʥʮʽʡʥʦ 

ʥʘʬʪʝʛʘʟʦʥʦʩʥʠʭ ʙʘʩʝʡʥʽʚ ʨʝʛʽʦʥʫ. 
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The influence of neotectonic movements and the fault structure of Kryvbas on the processes of 

man-made flooding has been investigated. Repeated geophysical observations using the VES 

method showed a decrease in the specific resistance of rocks, indicating an increase in moisture and 

the penetration of mineralised waters into aquifers. The creation of a regional geophysical 

monitoring system to reduce geo-ecological risks is proposed. 
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ɺʩʪʫʧ. ʂʨʠʚʦʨʽʟʴʢʠʡ ʟʘʣʽʟʦʨʫʜʥʠʡ ʙʘʩʝʡʥ (ʂʨʠʚʙʘʩ) ʻ ʥʘʡʙʽʣʴʰʠʤ 

ʛʽʨʥʠʯʦ-ʤʝʪʘʣʫʨʛʽʡʥʠʤ ʨʘʡʦʥʦʤ ʋʢʨʘʾʥʠ ʪʘ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʪʝʭʥʦʛʝʥʥʦ 

ʥʘʚʘʥʪʘʞʝʥʠʭ ʪʝʨʠʪʦʨʽʡ ʋʢʨʘʾʥʩʴʢʦʛʦ ʱʠʪʘ [1, 5, 6]. ɯʥʪʝʥʩʠʚʥʠʡ ʚʠʜʦʙʫʪʦʢ 

ʨʫʜʠ, ʤʘʩʦʚʽ ʚʠʙʫʭʦʚʽ ʨʦʙʦʪʠ ʡ ʥʘʢʦʧʠʯʝʥʥʷ ʚʽʜʭʦʜʽʚ ʫ ʭʚʦʩʪʦʩʭʦʚʠʱʘʭ ʪʘ 

ʚʽʜʚʘʣʘʭ ʩʬʦʨʤʫʚʘʣʠ ʩʢʣʘʜʥʫ ʛʝʦʪʝʭʥʦʛʝʥʥʫ ʩʠʩʪʝʤʫ ʟ ʽʩʪʦʪʥʠʤ ʧʦʨʫʰʝʥʥʷʤ 

ʧʨʠʨʦʜʥʦʛʦ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ [7]. ɹʽʣʴʰ ʷʢ 3 ʤʣʨʜ ʪ. ʭʚʦʩʪʽʚ ʪʘ 9 ʤʣʨʜ 

ʪ. ʨʦʟʢʨʠʚʥʠʭ ʧʦʨʽʜ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʩʫʯʘʩʥʠʭ ʛʝʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʘʭ. ɸʥʘʣʽʟ 

ʥʝʦʪʝʢʪʦʥʽʯʥʦʛʦ ʩʪʘʥʫ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʝʨʠʪʦʨʽʾ ʂʨʠʚʙʘʩʫ ʧʦʢʘʟʫʻ, ʱʦ 

ʚʽʥ ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʮʝʩʠ ʧʨʠʨʦʜʥʦʛʦ ʪʘ ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʽʜʪʦʧʣʝʥʥʷ, ʷʢʽ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʟʘʭʠʩʥʠʭ ʙʘʨôʻʨʽʚ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʩʧʨʠʷʶʪʴ ʾʭʥʴʦʤʫ 

ʟʘʙʨʫʜʥʝʥʥʶ ʪʘ ʟʨʦʩʪʘʥʥʶ ʨʠʟʠʢʫ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ʥʘ ʛʽʨʥʠʯʠʭ 

ʛʽʜʨʦʪʝʭʥʽʯʥʠʭ ʩʧʦʨʫʜʘʭ. ɺ ʮʠʭ ʫʤʦʚʘʭ ʢʦʤʧʣʝʢʩʥʠʡ ʛʝʦʬʽʟʠʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ 

ʩʪʘʻ ʛʦʣʦʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʦʮʽʥʢʠ ʩʪʽʡʢʦʩʪʽ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ 

ʟʘʧʦʙʽʛʘʥʥʷ ʘʚʘʨʽʷʤ [3, 4, 5]. 
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ʊʝʢʪʦʥʽʯʥʘ ʦʩʥʦʚʘ ʛʝʦʝʢʦʣʦʛʽʯʥʦʾ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʧʦʚʪʦʨʥʠʭ ʛʝʦʬʽʟʠʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ.  

ʊʝʢʪʦʥʽʯʥʽ ʨʫʭʠ ʋʢʨʘʾʥʩʴʢʦʛʦ ʱʠʪʘ ʨʽʟʥʦʤʘʥʽʪʥʽ ʟʘ ʪʠʧʦʤ ʽ ʧʨʦʷʚʘʤʠ, 

ʫʪʚʦʨʶʶʯʠ ʩʠʩʪʝʤʠ ʨʦʟʣʦʤʽʚ, ʷʢʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʠʟʥʘʯʘʶʪʴ ʝʢʦʣʦʛʽʯʥʫ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʂʨʠʚʙʘʩʫ. ɺʠʜʽʣʝʥʦ ʰʽʩʪʴ ʦʩʥʦʚʥʠʭ ʩʠʩʪʝʤ ʨʦʟʣʦʤʽʚ ʟ ʘʟʠʤʫʪʘʤʠ 

ʚʽʜ 0Á ʜʦ 347Á, ʱʦ ʚʠʩʪʫʧʘʶʪʴ ʧʨʠʨʦʜʥʠʤʠ ʰʣʷʭʘʤʠ ʤʽʛʨʘʮʽʾ ʚʦʜ. ɿʦʥʠ 

ʧʝʨʝʪʠʥʫ ʨʦʟʣʦʤʽʚ ʻ ʦʩʣʘʙʣʝʥʠʤʠ ʙʣʦʢʘʤʠ ʟʝʤʥʦʾ ʢʦʨʠ, ʙʽʣʴʰ ʧʦʨʫʰʝʥʠʤʠ ʪʘ 

ʧʨʦʥʠʢʥʠʤʠ, ʜʝ ʘʢʪʠʚʽʟʫʶʪʴʩʷ ʧʨʦʮʝʩʠ ʬʽʣʴʪʨʘʮʽʾ, ʩʫʬʦʟʽʾ ʡ ʟʩʫʚʥʽ ʷʚʠʱʘ. ʋ 

ʂʨʠʚʙʘʩʽ ʩʫʯʘʩʥʘ ʛʝʦʜʠʥʘʤʽʢʘ ʪʘ ʚʠʩʦʢʘ ʨʦʟʫʱʽʣʴʥʝʥʽʩʪʴ ʧʦʨʽʜ ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʟʨʦʩʪʘʥʥʷ ʚʨʘʟʣʠʚʦʩʪʽ ʧʽʜʟʝʤʥʠʭ ʚʦʜ. ʄʽʥʝʨʘʣʽʟʦʚʘʥʽ ʚʦʜʠ ʟʽ ʩʭʦʚʠʱ 

ʧʨʦʥʠʢʘʶʪʴ ʚ ʛʦʨʠʟʦʥʪʠ ʚʦʜʦʥʦʩʥʠʭ ʧʣʘʩʪʽʚ, ʚʠʢʣʠʢʘʶʯʠ ʟʘʩʦʣʝʥʥʷ ˇʨʫʥʪʽʚ ʽ 

ʨʦʟʚʠʪʦʢ ʢʘʨʩʪʫ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʥʘ ʪʝʨʠʪʦʨʽʾ ʬʦʨʤʫʻʪʴʩʷ ʚʠʩʦʢʘ ʡʤʦʚʽʨʥʽʩʪʴ 

ʪʝʭʥʦʛʝʥʥʦ-ʧʨʠʨʦʜʥʠʭ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ. ɿʚôʷʟʦʢ ʥʝʙʝʟʧʝʯʥʦʾ ʩʫʯʘʩʥʦʾ 

ʛʝʦʜʠʥʘʤʽʢʠ ʟ ʙʣʦʢʦʚʦ-ʨʦʟʣʦʤʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʧʽʜ ʯʘʩ 

ʧʦʚʪʦʨʥʠʭ ʛʝʦʣʦʛʦ-ʛʝʦʬʽʟʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʇʦʚʪʦʨʥʽ ʛʝʦʬʽʟʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʙʣʠʟʫ ʛʽʨʥʠʯʠʭ ʚʽʜʚʘʣʽʚ ʽ ʚʦʜʦʡʤ-

ʥʘʢʦʧʠʯʫʚʘʯʽʚ.  

ʏʝʨʝʟ ʦʙʤʝʞʝʥʽ ʝʢʦʥʦʤʽʯʥʽ ʨʝʩʫʨʩʠ ʛʝʦʝʢʦʣʦʛʽʯʥʝ ʢʘʨʪʫʚʘʥʥʷ ʫ ʂʨʠʚʙʘʩʽ 

ʯʘʩʪʦ ʚʠʢʦʥʫʻʪʴʩʷ ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʛʝʦʬʽʟʠʯʥʦʶ ʨʦʟʚʽʜʢʦʶ. ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ 

ʤʝʪʦʜʦʤ ʚʠʷʚʠʚʩʷ ʚʝʨʪʠʢʘʣʴʥʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʟʦʥʜʫʚʘʣʴʥʠʡ (ɺɽɿ). ɼʣʷ 

ʧʦʢʨʘʱʝʥʥʷ ʢʽʣʴʢʽʩʥʠʭ ʪʘ ʷʢʽʩʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʠ ʧʦʚʪʦʨʥʦʤʫ ʚʠʚʯʝʥʥʽ 

ʛʝʦʣʦʛʽʯʥʦʛʦ ʨʦʟʨʽʟʫ ʧʦʪʨʝʙʫʶʪʴ ʥʦʚʠʭ ʤʝʪʦʜʠʯʥʠʭ ʧʨʠʡʦʤʽʚ, ʱʦ, ʻ ʘʢʪʫʘʣʴʥʦʶ 

ʧʦʚʩʷʢʜʝʥʥʦʾ ʧʨʦʙʣʝʤʦʶ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ [2] 

ʜʦʟʚʦʣʠʣʦ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʽʪ ʟ ʚʠʜʽʣʝʥʥʷ ʪʘ ʣʦʢʘʣʽʟʘʮʽʾ 

ʦʙʚʦʜʥʝʥʠʭ ʤʘʩʠʚʽʚ ʧʦʨʽʜ ʤʽʥʝʨʘʣʽʟʦʚʘʥʠʤʠ ʧʽʜʟʝʤʥʠʤʠ ʚʦʜʘʤʠ ʥʘ ʪʝʨʠʪʦʨʽʾ 

ʚʩʴʦʛʦ ʂʨʠʚʙʘʩʫ.  

ʇʦʚʪʦʨʥʽ ɺɽɿ-ʜʦʩʣʽʜʞʝʥʥʷ (2008ï2012 ʨʨ.) ʚʠʷʚʠʣʠ ʟʥʘʯʥʽ ʟʤʽʥʠ ʫ 

ʛʝʦʝʣʝʢʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʘʭ. ɹʘʣʢʘ ʟʙʽʛʘʻʪʴʩʷ ʟ ʨʝʛʽʦʥʘʣʴʥʦʶ ʟʦʥʦʶ ʨʦʟʣʦʤʽʚ [8, 

9, 10], ʱʦ ʧʽʜʚʠʱʫʻ ʾʾ ʚʨʘʟʣʠʚʽʩʪʴ. ɯʥʪʝʥʩʠʚʥʘ ʪʝʢʪʦʥʽʯʥʘ ʧʦʨʫʰʝʥʽʩʪʴ ʟʥʠʞʫʻ 

ʬʽʣʴʪʨʘʮʽʡʥʫ ʩʪʽʡʢʽʩʪʴ ʧʦʨʽʜ ʽ ʧʨʠʩʢʦʨʶʻ ʧʦʰʠʨʝʥʥʷ ʤʽʥʝʨʘʣʽʟʦʚʘʥʠʭ ʚʦʜ. ɼʘʥʽ 

14 ʧʨʦʬʽʣʽʚ ɺɽɿ ʧʦʢʘʟʘʣʠ ʟʥʠʞʝʥʥʷ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʤʘʡʞʝ ʫ ʚʩʽʭ ʛʦʨʠʟʦʥʪʘʭ, 

ʦʩʦʙʣʠʚʦ ʫ ʚʝʨʭʥʽʭ 50 ʤ ʨʦʟʨʽʟʫ (ʨʠʩ. 1).  

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʽʚ ʚʠʢʦʥʘʪʠ ʧʝʨʝʽʥʪʝʨʧʨʝʪʘʮʽʶ ʨʘʥʽʰʝ 

ʦʪʨʠʤʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʝʣʝʢʪʨʦʨʦʟʚʽʜʢʠ ʪʘ ʧʦʙʫʜʫʚʘʪʠ ʙʽʣʴʰ ʜʝʪʘʣʴʥʽ ʨʦʟʨʽʟʠ ʪʘ 

ʢʘʨʪʠ, ʷʢʽ ʧʦʟʚʦʣʷʶʪʴ ʦʧʝʨʘʪʠʚʥʝ ʢʘʨʪʫʚʘʪʠ ʧʦʣʦʞʝʥʥʷ ʩʪʨʘʪʠʛʨʘʬʽʯʥʠʭ ʤʝʞ, 

ʟʦʥ ʨʦʟʨʠʚʥʠʭ ʧʦʨʫʰʝʥʴ ʟ ʽʥʪʝʥʩʠʚʥʦʶ ʪʨʽʱʠʥʫʚʘʪʽʩʪʶ ʚʽʜʢʨʠʪʦʛʦ ʪʠʧʫ ʪʘ 

ʣʦʢʘʣʴʥʽ ʧʨʠʨʦʟʣʦʤʥʽ ʟʦʥʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʦʪʝʥʮʽʡʥʠʭ ʧʦʣʽʚ ʜʦʟʚʦʣʠʣʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʪʝʢʪʦʥʽʯʥʽ ʧʦʨʫʰʝʥʥʷ ʪʘ 

ʚʽʜʩʣʽʜʢʦʚʫʚʘʪʠ ʟʤʽʥʠ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʫ ʙʘʣʮʽ ʉʚʠʩʪʫʥʦʚʘ, ʜʝ 

ʨʦʟʪʘʰʦʚʘʥʝ ʚʦʜʦʡʤʠʱʝ ʤʽʥʝʨʘʣʽʟʦʚʘʥʠʭ ʰʘʭʪʥʠʭ ʚʦʜ.  

ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʘʢʪʠʚʥʝ ʟʚʦʣʦʞʝʥʥʷ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʟʦʥ ʧʽʜʚʠʱʝʥʦʾ 

ʧʨʦʥʠʢʥʦʩʪʽ. ʇʦʻʜʥʘʥʘ ʪʝʢʪʦʥʽʯʥʘ ʢʘʨʪʘ ʟʽ ʟʤʽʥʘʤʠ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ (ʨʠʩ. 2) 

ʥʘʦʯʥʦ ʜʝʤʦʥʩʪʨʫʻ ʚʧʣʠʚ ʙʣʦʢʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʥʘ ʤʽʛʨʘʮʽʶ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʫ 

ʥʘʧʨʷʤʢʫ ʨʽʯʢʠ ɯʥʛʫʣʝʮʴ. ʇʨʦʮʝʩʠ ʧʦʩʠʣʶʶʪʴʩʷ ʪʝʭʥʦʛʝʥʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 
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ʯʝʨʝʟ ʥʘʜʤʽʨʥʝ ʟʘʧʦʚʥʝʥʥʷ ʚʦʜʦʡʤʠ, ʱʦ ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʘʚʘʨʽʡʥʝ 

ʩʧʦʨʦʞʥʝʥʥʷ ʪʘ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʦʥʦʩʥʠʭ ʛʦʨʠʟʦʥʪʽʚ. 

 

ʈʠʩ. 1. ʇʨʠʢʣʘʜ ʟʤʽʥ ʧʨʦʬʽʣʶ ʛʝʦʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʫ 2008, 2012 ʪʘ 2018 ʨʦʢʘʭ (ʇʨʦʬʽʣʴ 

10) 

 

ʈʠʩ. 2. ʇʦʻʜʥʘʥʥʷ ʧʦʙʫʜʦʚʘʥʦʾ ʪʝʢʪʦʥʽʯʥʦʾ ʢʘʨʪʠ ʪʘ ʢʘʨʪʠ ʟʤʽʥʠ ʛʝʦʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ (ʟ 

2008 ʧʦ 2012 ʨʽʢ): a ï ɸɺ/2=2 ʤ, b ï ɸɺ/2=11 ʤ (1 ï ʚʦʜʦʩʭʦʚʠʱʝ ʚ ʙʘʣʮʽ ʉʚʠʩʪʫʥʦʚʦ, 2 ï 

ʨʽʯʢʘ ɯʥʛʫʣʝʮʴ) 

ʈʽʯʢʘ ɯʥʛʫʣʝʮʴ 

ɺʦʜʦʩʭʦʚʠʱʝ ʚ 

ʙʘʣʮʽ ʉʚʠʩʪʫʥʦʚʦ 
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ɺʠʩʥʦʚʢʠ.  

ʈʝʟʫʣʴʪʘʪʠ ʧʦʚʪʦʨʥʠʭ ʛʝʦʬʽʟʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʇʽʚʜʝʥʥʦʤʫ ʂʨʠʚʙʘʩʽ 

ʜʦʚʦʜʷʪʴ, ʱʦ ʪʝʢʪʦʥʽʯʥʘ ʧʦʨʫʰʝʥʽʩʪʴ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʻ ʛʦʣʦʚʥʠʤ ʯʠʥʥʠʢʦʤ 

ʚʠʥʠʢʥʝʥʥʷ ʥʝʙʝʟʧʝʯʥʠʭ ʛʝʦʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ʅʘ ʧʨʠʢʣʘʜʽ ʉʚʠʩʪʫʥʦʚʦʾ 

ʙʘʣʢʠ ʧʦʢʘʟʘʥʦ, ʱʦ ʤʽʥʝʨʘʣʽʟʦʚʘʥʽ ʰʘʭʪʥʽ ʚʦʜʠ ʧʨʦʥʠʢʘʶʪʴ ʚ ʛʦʨʠʟʦʥʪʠ 

ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʫʟʜʦʚʞ ʟʦʥ ʨʦʟʣʦʤʽʚ, ʚʠʢʣʠʢʘʶʯʠ ʾʭʥʻ ʟʘʙʨʫʜʥʝʥʥʷ, ʟʘʩʦʣʝʥʥʷ 

ˇʨʫʥʪʽʚ ʽ ʘʢʪʠʚʽʟʘʮʽʶ ʢʘʨʩʪʫ. ɿʥʠʞʝʥʥʷ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʟʘ 2008ï2012 ʨʨ. 

ʧʽʜʪʚʝʨʜʞʫʻ ʟʤʽʥʠ ʫ ʥʝʦʪʝʢʪʦʥʽʯʥʦʤʫ ʩʪʘʥʽ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʝʨʠʪʦʨʽʾ 

ʂʨʠʚʙʘʩʫ ʪʘ ʧʦʢʘʟʫʻ, ʱʦ ʚʽʥ ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʮʝʩʠ ʧʨʠʨʦʜʥʦʛʦ ʪʘ ʪʝʭʥʦʛʝʥʥʦʛʦ 

ʧʽʜʪʦʧʣʝʥʥʷ ʪʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʢʦʣʠʚʘʥʥʷ ʟʚʦʣʦʞʝʥʥʷ ʩʪʨʘʪʠʛʨʘʬʽʯʥʠʭ 

ʛʦʨʠʟʦʥʪʽʚ ʽ ʟʨʦʩʪʘʥʥʷ ʚʦʜʦʧʨʦʥʠʢʥʦʩʪʽ ʧʦʨʽʜ.  

ʇʨʦʧʦʥʫʻʪʴʩʷ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʨʠʟʠʢʽʚ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ʥʘ ʛʽʨʥʠʯʠʭ 

ʛʽʜʨʦʪʝʭʥʽʯʥʠʭ ʩʧʦʨʫʜʘʭ ʥʝʦʙʭʽʜʥʦ ʩʪʚʦʨʠʪʠ ʨʝʛʽʦʥʘʣʴʥʫ ʩʠʩʪʝʤʫ ʛʝʦʬʽʟʠʯʥʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ ʟ ʮʝʥʪʨʦʤ ʫ ɼʥʽʧʨʽ ʪʘ ʪʨʴʦʤʘ ʣʦʢʘʣʴʥʠʤʠ ʧʽʜʩʠʩʪʝʤʘʤʠ ʫ 

ʂʨʠʚʙʘʩʽ, ʅʽʢʦʧʦʣʴʩʴʢʦʤʫ ʤʘʨʛʘʥʮʝʚʦʤʫ ʙʘʩʝʡʥʽ ʪʘ ɿʘʭʽʜʥʦʤʫ ɼʦʥʙʘʩʽ. 
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Activation of gas migration to the surface occurs during the development of coal seams and is most 

often recorded on the surface in areas of tectonic disturbances (if these are underground workings), 

in places where coal seams are mined (if these are open pits) and in coal dumps. 

Keywords: coal basins, gas migration, tectonic disturbances 

 

ʋ ʟʚôʷʟʢʫ ʟ ʜʦʩʣʽʜʞʝʥʥʷʤ ʚʧʣʠʚʫ ʚʫʛʣʝʚʠʜʦʙʫʚʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʥʘ 

ʜʦʚʢʽʣʣʷ, ʦʜʥʠʤ ʛʦʣʦʚʥʠʭ ʧʠʪʘʥʴ ʻ ʚʠʟʥʘʯʝʥʥʷ ʤʽʛʨʘʮʽʾ ʛʘʟʽʚ ʜʦ ʧʦʚʝʨʭʥʽ ʫ 

ʤʝʞʘʭ ʰʘʭʪʥʠʭ ʧʦʣʽʚ. ɸʢʪʠʚʘʮʽʷ ʤʽʛʨʘʮʽʾ ʛʘʟʽʚ ʜʦ ʧʦʚʝʨʭʥʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ 

ʨʦʟʨʦʙʮʽ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʽ ʥʘʡʙʽʣʴʰʝ ʬʽʢʩʫʻʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʫ ʟʦʥʘʭ 

ʪʝʢʪʦʥʽʯʥʠʭ ʧʦʨʫʰʝʥʴ (ʷʢʱʦ ʮʝ ʧʽʜʟʝʤʥʽ ʚʠʨʦʙʢʠ), ʫ ʤʽʩʮʷʭ ʚʽʜʧʨʘʮʶʚʘʥʥʷ 

ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ (ʷʢʱʦ ʮʝ ʚʽʜʢʨʠʪʽ ʚʠʨʦʙʢʠ) ʪʘ ʫ ʚʫʛʣʝʧʦʨʦʜʥʠʭ ʚʽʜʚʘʣʘʭ. 

ɺ ʦʩʥʦʚʫ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʽ ʤʘʪʝʨʽʘʣʠ, ʦʪʨʠʤʘʥʽ ʘʚʪʦʨʘʤʠ ʫ 2006-

2021 ʨʦʢʘʭ ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʥʠʮʴʢʦʾ ʨʦʙʦʪʠ ʥʘ ʚʫʛʣʝʜʦʙʫʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ 

ɼʦʥʙʘʩʫ, ʫ 2022 ʨ. ʫ ʃʴʚʽʚʩʴʢʦ-ɺʦʣʠʥʩʴʢʦʤʫ ʙʘʩʝʡʥʽ ʡ ɿʘʢʘʨʧʘʪʪʽ, ʫ 2024 ʨ. ʥʘ 

ʚʫʛʣʝʨʦʟʨʽʟʽ ɹʘʛʘʘʥʫʨ (ʄʦʥʛʦʣʽʷ). ʃʘʙʦʨʘʪʦʨʥʽ ʭʨʦʤʘʪʦʛʨʘʬʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʙ ʛʘʟʫ ʚʠʢʦʥʘʥʽ ʚ ɼʇ çʋʢʨʥʘʫʢʘʛʝʦʮʝʥʪʨè ʤ. ʇʦʣʪʘʚʘ. ʋ ʣʘʙʦʨʘʪʦʨʽʾ 

ʚʠʟʥʘʯʝʥʽ ʧʦʢʘʟʥʠʢʠ ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʛʘʟʽʚ (CH  - C H ), CO , H  ʪʘ N2 

ʜʦʟʚʦʣʷʶʪʴ ʧʦʨʽʚʥʶʚʘʪʠ ʟ ʛʘʟʦʚʠʤʠ ʩʫʤʽʰʘʤʠ ʚʫʛʽʣʴʥʠʭ ʚʠʨʦʙʢʘʭ. ɻʽʨʥʠʯʽ 

ʨʦʙʦʪʠ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʰʪʫʯʥʝ ʬʦʨʤʫʚʘʥʥʷ ʥʦʚʦʾ ʛʝʦʭʽʤʽʯʥʦʾ ʩʠʪʫʘʮʽʾ, ʱʦ 

ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʫ ʜʦʩʣʽʜʞʝʥʴ. 

ʅʘ ʦʩʥʦʚʽ ʜʦʩʣʽʜʞʝʥʴ ʛʘʟʦʚʠʭ ʩʫʤʽʰʝʡ ʚʫʛʽʣʴʥʦ-ʧʦʨʦʜʥʠʭ ʤʘʩʠʚʽʚ (ʤʝʪʘʥ, 

ʚʘʞʢʽ ʚʫʛʣʝʚʦʜʥʽ, ʚʫʛʣʝʢʠʩʣʠʡ ʛʘʟ, ʚʦʜʝʥʴ, ʛʝʣʽʡ ʪʘ ʘʟʦʪ) ʦʙˇʨʫʥʪʦʚʘʥʦ 

ʧʦʣʽʛʝʥʝʪʠʯʥʠʡ ʩʢʣʘʜ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʫ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʘʭ ʚʫʛʽʣʴʥʠʭ ʙʘʩʝʡʥʽʚ 

ʪʘ ʨʦʜʦʚʠʱ ʋʢʨʘʾʥʠ. ʎʝ ʜʦʟʚʦʣʷʻ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʾʭ ʷʢ ʨʫʭʦʤʽ ʛʘʟʦʛʝʦʜʠʥʘʤʽʯʥʽ 

ʩʠʩʪʝʤʠ, ʚ ʷʢʠʭ ʜʦʩʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʽʥʪʝʥʩʠʚʥʽ ʧʨʦʮʝʩʠ ʛʘʟʦʧʝʨʝʥʦʩʫ ʪʘ 

ʤʽʞʬʦʨʤʘʮʽʡʥʠʭ ʛʘʟʦʚʠʭ ʟʚ'ʷʟʢʽʚ, ʷʢ ʫ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʘʭ, ʪʘʢ ʽ ʫ ʚʤʽʱʫʶʯʠʭ 

ʛʘʟʦʥʘʩʠʯʝʥʠʭ ʧʦʨʦʜʘʭ. ɸʥʘʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʧʨʦʜʦʚʞʫʶʪʴʩʷ ʫ ʚʫʛʣʝʧʦʨʦʜʥʠʭ 

ʚʽʜʚʘʣʘʭ. 

ɹʽʣʴʰʽʩʪʴ ʰʘʭʪʥʠʭ ʧʦʣʽʚ ʨʦʟʜʽʣʝʥʽ ʨʦʟʨʠʚʥʠʤʠ ʧʦʨʫʰʝʥʥʷʤʠ. ʇʨʠ 

ʥʘʙʣʠʞʝʥʥʽ ʜʦ ʨʦʟʣʦʤʽʚ ʥʘ ʚʽʜʩʪʘʥʴ 250 ï 300 ʤ ʬʽʢʩʫʻʪʴʩʷ ʫ ʧʨʦʙʘʭ ʟʙʽʣʴʰʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʛʘʟʽʚ, ʷʢʽ ʡ ʧʨʦʷʚʣʷʶʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ. 

ʅʘ ʜʽʣʷʥʢʘʭ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘ ʤʝʞʘʤʠ ʨʦʟʣʦʤʽʚ, ʚʤʽʩʪ ʧʦʢʘʟʥʠʢʽʚ 

ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʛʘʟʽʚ ʤʽʥʽʤʘʣʴʥʦ ʚʠʱʠʡ ʟʘ ʬʦʥʦʚʽ ʜʣʷ ʜʘʥʦʛʦ ʨʘʡʦʥʫ. 

ɼʣʷ ʚʫʛʣʝʧʦʨʦʜʥʠʭ ʚʽʜʚʘʣʽʚ ʚʩʪʘʥʦʚʣʝʥʦ: ʚʫʛʣʠʩʪʽ ʧʦʨʦʜʠ ʤʘʶʪʴ ʥʠʞʯʽ 

ʧʦʢʘʟʥʠʢʠ ʚʤʽʩʪʫ ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʛʘʟʽʚ ʥʽʞ ʙʝʟʚʫʛʽʣʴʥʽ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ 

ʚʠʚʝʜʝʥʽ ʥʘ ʜʝʥʥʫ ʧʦʚʝʨʭʥʶ ʚʫʛʣʠʩʪʽ ʧʦʨʦʜʠ ʧʦʛʣʠʥʘʶʪʴ ʚʫʛʣʝʚʦʜʥʝʚʽ ʛʘʟʠ, ʘ 

ʙʝʟʚʫʛʽʣʴʥʽ ï ʾʭ ʫʪʨʠʤʫʶʪʴ ʟʘ ʧʨʠʢʣʘʜʘʤʠ ʢʦʣʝʢʪʦʨʽʚ. 

ʇʽʜ ʯʘʩ ʛʦʨʽʥʥʷ ʚʫʛʣʝʧʦʨʦʜʥʠʭ ʚʽʜʚʘʣʽʚ ʬʦʨʤʫʶʪʴʩʷ ʟʦʥʠ ʽʟ ʥʝʥʘʩʠʯʝʥʠʤʠ 

ʚʫʛʣʝʚʦʜʥʷʤʠ. ɼʣʷ ʚʽʜʚʘʣʽʚ ɼʦʥʙʘʩʫ ʭʘʨʘʢʪʝʨʥʠʡ ʫ ʛʘʟʦʚʠʭ ʩʫʤʽʰʘʭ ʘʮʝʪʠʣʝʥ, ʘ 

ʜʣʷ ʃʴʚʽʚʩʴʢʦ-ɺʦʣʠʥʩʴʢʦʛʦ ʙʘʩʝʡʥʫ ï ʝʪʠʣʝʥ. 

ʋ ʚʽʜʢʨʠʪʠʭ ʚʠʨʦʙʘʭ ɿʘʢʘʨʧʘʪʪʷ ʚʩʪʘʥʦʚʣʝʥʦ ʟʥʘʯʥʠʡ ʚʤʽʩʪ ʘʟʦʪʫ, ʱʦ 

ʚʢʘʟʫʻ ʥʘ ʙʣʠʟʴʢʽʩʪʴ ʚʫʣʢʘʥʽʯʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʥʝʦʛʝʥʫ. ɸ ʜʣʷ ʚʫʛʣʝʧʦʨʦʜʥʦʛʦ 

ʚʽʜʚʘʣʫ ï ʥʝʟʥʘʯʥʠʡ ʚʤʽʩʪ ʝʪʠʣʝʥʫ. 

ʋ ʚʫʛʣʝʨʦʟʨʽʟʽ ɹʘʛʘʘʥʫʨ ʚʠʟʥʘʯʝʥʽ ʚʩʽ ʨʽʟʥʦʚʠʜʠ ʙʫʪʘʥʽʚ (ʽ-ɹʫʪʘʥ ʽ-C4H10, ʥ-

ɹʫʪʘʥ ʥ-C4H10 , ɹʫʪʠʥ C4H6) ʪʘ ʧʝʥʪʘʥʽʚ (ʥʝʦ-ʇʝʥʪʘʥ ʥʝʦ-C5H12, ʽ-ʇʝʥʪʘʥ ʽ-
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C5H12, ʥ-ʇʝʥʪʘʥ ʥ-C5H12). ʅʝʟʥʘʯʥʠʡ ʚʤʽʩʪ ʢʠʩʥʶ (1,5 ï 2%) ʪʘ ʜʽʦʢʩʠʜʫ 

ʚʫʛʣʝʮʶ (2,3 ʜʦ 4,7 %). ʇʨʠʩʫʪʥʽʡ ʝʪʠʣʝʥ. 

ɺʠʩʥʦʚʦʢ. 

1. ʈʦʟʨʠʚʥʽ ʪʝʢʪʦʥʽʯʥʽ ʧʦʨʫʰʝʥʥʷ ʻ ʛʦʣʦʚʥʠʤʠ ʰʣʷʭʘʤʠ ʤʽʛʨʘʮʽʾ ʛʘʟʫ ʥʘ 
ʧʦʚʝʨʭʥʶ. 

2. ʇʨʠ ʥʘʙʣʠʞʝʥʥʽ ʛʽʨʥʠʯʠʭ ʚʠʨʦʙʦʢ ʜʦ ʨʦʟʨʠʚʥʠʭ ʧʦʨʫʰʝʥʴ ʥʘ ʧʦʚʝʨʭʥʶ 

ʙʽʣʴʰ ʘʢʪʠʚʥʦ ʤʽʛʨʫʶʪʴ ʛʘʟʠ. ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʟʥʠʞʝʥʥʷ ʤʽʛʨʘʮʽʾ ʛʘʟʽʚ 

ʥʘ ʧʦʚʝʨʭʥʶ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʪʷʛʦʤ 1-3 ʤʽʩʷʮʽ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ 

ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʚʠʨʦʙʢʠ. 

3. ʄʦʥʽʪʦʨʠʥʛ ʛʘʟʦʚʦʾ ʤʽʛʨʘʮʽʾ ʫ ʧʦʨʫʰʝʥʠʭ ʟʦʥʘʭ ʫ ʤʝʞʘʭ ʰʘʭʪʥʠʭ ʧʦʣʽʚ 

ʜʦʟʚʦʣʠʪʴ ʢʦʥʪʨʦʣʶʚʘʪʠ ʟʙʘʛʘʯʝʥʥʷ ʘʪʤʦʩʬʝʨʠ ʚʫʛʣʝʚʦʜʥʝʚʠʤʠ ʛʘʟʘʤʠ. 

4. ʄʦʥʽʪʦʨʠʥʛ ʛʘʟʦʚʠʭ ʩʫʤʽʰʝʡ ʫ ʚʫʛʣʝʧʦʨʦʜʥʠʭ ʚʽʜʚʘʣʘʭ ʜʦʟʚʦʣʠʪʴ 

ʧʨʦʚʦʜʠʪʠ ʘʢʪʫʘʣʴʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʚʧʣʠʚʫ ʚʫʛʣʝʚʠʜʦʙʫʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʥʘ 

ʘʪʤʦʩʬʝʨʫ. 
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ɺʇʃʀɺ ɽʅɼʆɻɽʅʅʀʍ ʇʈʆʎɽʉɯɺ ʅɸ ʌʆʈʄʋɺɸʅʅʗ 

ʇʆʂʃɸɼɯɺ ɻʆʈʖʏʀʍ ʂʆʇɸʃʀʅ ʋʂʈɸɰʅʀ 

 

ʅ. ɺ. ɺʝʨʛʝʣʴʩʴʢʘ 
ʜʦʢʪʦʨ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ 

ɼʋ çʅʘʫʢʦʚʠʡ ʮʝʥʪʨ ʛʽʨʥʠʯʦʾ ʛʝʦʣʦʛʽʾ, ʛʝʦʝʢʦʣʦʛʽʾ ʪʘ ʨʦʟʚʠʪʢʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʅɸʅ 

ʋʢʨʘʾʥʠè, ʂʠʾʚ, ʙʫʣ. ɸʢ. ɺʝʨʥʘʜʩʴʢʦʛʦ 34 ʘ 

ɻ. ɸ. ʃʽʚʝʥʮʝʚʘ 
ʢʘʥʜʠʜʘʪ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ 

GEO3BCN-CSIC, ɹʘʨʩʝʣʦʥʘ, ɯʩʧʘʥʽʷ 

ɯ. ʄ. ʉʢʦʧʠʯʝʥʢʦ 
ʢʘʥʜʠʜʘʪ ʛʝʦʣ.-ʤʽʥ. ʥʘʫʢ 

ɼʋ çʅʘʫʢʦʚʠʡ ʮʝʥʪʨ ʛʽʨʥʠʯʦʾ ʛʝʦʣʦʛʽʾ, ʛʝʦʝʢʦʣʦʛʽʾ ʪʘ ʨʦʟʚʠʪʢʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʅɸʅ 

ʋʢʨʘʾʥʠè, ʋʢʨʘʾʥʘ, ʂʠʾʚ, ʙʫʣ. ɸʢ. ɺʝʨʥʘʜʩʴʢʦʛʦ 34 ʘ 

 

ʅʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚʩʽ ʚʽʜʦʤʽ ʛʝʥʝʪʠʯʥʽ ʪʠʧʠ ʚʫʛʣʝʥʦʩʥʠʭ, ʥʘʬʪʦʛʘʟʦʥʦʩʥʠʭ 

ʪʘ ʛʦʨʶʯʝ ʩʣʘʥʮʝʚʠʭ ʚʽʜʢʣʘʜʽʚ ʫ ʚʽʢʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ ʾʭ ʬʦʨʤʫʚʘʥʥʷ ʚʽʜ ʧʦʯʘʪʢʫ ʢʘʨʙʦʥʫ ʜʦ 

ʥʝʦʛʝʥʫ, ʘ ʪʘʢʦʞ ʘʥʪʨʦʧʦʛʝʥʦʚʽ ʪʦʨʬʦʚʠʱʘ. ɻʝʦʣʦʛʽʯʥʠʡ ʤʘʪʝʨʽʘʣ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʚʧʣʠʚ 

ʝʥʜʦʛʝʥʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʦʨʛʘʥʦʛʝʥʥʠʡ ʩʝʜʠʤʝʥʪʦ- ʽ ʣʽʪʦʛʝʥʝʟ ʚʫʛʣʝʮʝʚʠʭ ʬʦʨʤʘʮʽʡ ʦʩʘʜʦʚʦʾ 

ʪʦʚʱʽ ʧʽʚʜʝʥʥʦʛʦ ʟʘʭʦʜʫ ʉʭʽʜʥʦʻʚʨʦʧʝʡʩʴʢʦʾ ʧʣʘʪʬʦʨʤʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʛʦʨʶʯʽ ʢʦʧʘʣʠʥʠ, ʝʥʜʦʛʝʥʥʽ ʧʨʦʮʝʩʠ, ʪʝʢʪʦʥʦ-ʤʘʛʤʘʪʠʯʥʠʡ ʧʨʦʮʝʩ, 

ʚʫʛʣʝʚʦʜʥʝʚʦ-ʚʦʜʥʝʚʠʡ ʧʽʜʪʽʢ. 
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On the territory of Ukraine, all known genetic types of coal-bearing, oil-gas-bearing and oil-shale 

deposits in the age range of their formation from the beginning of the Carboniferous to the 

Neogene, as well as anthropogenic peatlands, are represented. Geological material allows us to 

determine the influence of endogenous factors on the organogenic sedimentary and lithogenesis of 

carbonaceous formations of the sedimentary stratum of the southwest of the East European 

Platform. 
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underflow. 

 

ʅʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚʩʽ ʚʽʜʦʤʽ ʛʝʥʝʪʠʯʥʽ ʪʠʧʠ ʚʫʛʣʝʥʦʩʥʠʭ, 

ʥʘʬʪʦʛʘʟʦʥʦʩʥʠʭ ʪʘ ʛʦʨʶʯʝ ʩʣʘʥʮʝʚʠʭ ʚʽʜʢʣʘʜʽʚ ʫ ʚʽʢʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ ʾʭ 

ʬʦʨʤʫʚʘʥʥʷ ʚʽʜ ʧʦʯʘʪʢʫ ʢʘʨʙʦʥʫ ʜʦ ʥʝʦʛʝʥʫ, ʘ ʪʘʢʦʞ ʘʥʪʨʦʧʦʛʝʥʦʚʽ ʪʦʨʬʦʚʠʱʘ 

ʇʦʣʽʩʩʷ ʪʘ ʣʽʩʦʩʪʝʧʦʚʦʾ ʯʘʩʪʠʥʠ ʋʢʨʘʾʥʠ, ʪʦʚʱʽ ʩʘʧʨʦʧʝʣʝʚʠʭ ʤʫʣʽʚ ʣʘʛʫʥ ʪʘ ʢʽʩ 

ʏʦʨʥʦʤʦʨʩʴʢʦ-ɸʟʦʚʩʴʢʦʛʦ ʫʟʙʝʨʝʞʞʷ [2, 4, 9, 10]. ʊʦʙʪʦ, ʻ ʩʠʩʪʝʤʘʪʠʯʥʠʡ 

ʛʝʦʣʦʛʽʯʥʠʡ ʤʘʪʝʨʽʘʣ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʽʩʪʦʨʽʾ ʦʨʛʘʥʦʛʝʥʥʦʛʦ ʩʝʜʠʤʝʥʪʦ-  ̔

ʣʽʪʦʛʝʥʝʟʫ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʛʝʦʣʦʛʽʯʥʠʭ ʧʦʟʠʮʽʡ ʚʫʛʣʝʮʝʚʠʭ ʬʦʨʤʘʮʽʡ ʙʽʣʴʰʦʾ 

ʯʘʩʪʠʥʠ ʨʦʟʨʽʟʫ ʦʩʘʜʦʚʦʾ ʪʦʚʱʽ ʧʽʚʜʝʥʥʦʛʦ ʟʘʭʦʜʫ ʉʭʽʜʥʦʻʚʨʦʧʝʡʩʴʢʦʾ 

ʧʣʘʪʬʦʨʤʠ. 

ʅʘ ʦʩʥʦʚʽ ʤʘʪʝʨʽʘʣʽʚ ʛʝʦʣʦʛʽʯʥʦʾ ʨʦʟʚʽʜʢʠ ʪʘ ʤʘʪʝʨʽʘʣʘʭ ʦʪʨʠʤʘʥʠʭ ʧʨʠ 

ʚʣʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʫ ʤʝʞʘʭ ʚʥʫʪʨʽʰʥʴʦ-ʧʣʘʪʬʦʨʤʥʠʭ ʪʘ ʢʨʘʡʦʚʠʭ ʧʨʦʛʠʥʽʚ 

ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʙʝʟʧʝʨʝʨʚʥʠʡ ʧʨʠʨʦʜʥʠʡ ʚʟʘʻʤʦʟʚᾷ̫ ʟʦʢ ʦʨʛʘʥʦʛʝʥʥʦʛʦ 

ʩʝʜʠʤʝʥʪʦ- ʪʘ ʣʽʪʦʛʝʥʝʟʫ ʟ ʝʥʜʦʛʝʥʥʠʤʠ ʬʘʢʪʦʨʘʤʠ. 

ɯʩʪʦʨʽ ̫ ʨʦʟʚʠʪʢʫ ʦʩʘʜʦʚʠʭ ʙʘʩʝʡʥʽʚ ʚʥʫʪʨʽʰʥʽʭ ʪʘ ʢʨʘʡʦʚʠʭ ʧʨʦʛʠʥʽʚ 

ʉʭʽʜʥʦʚ̒ʨʦʧʝʡʩʴʢʦʾ ʧʣʘʪʬʦʨʤʠ, ʫ ʩʢʣʘʜʽ ʷʢʠʭ ʟʥʘʯʥʽ ʦʙʩʷʛʠ ʟʘʡʤʘʶʪʴ ʧʨʦʜʫʢʪʠ 

ʦʨʛʘʥʦʛʝʥʥʦʛʦ ʩʝʜʠʤʝʥʪʦ- ʪʘ ʣʽʪʦʛʝʥʝʟʫ ʟ ʯʘʩʫ ʨʠʬʝʶ-ʚʝʥʜʫ, ʜʘʻ ʧʽʜʩʪʘʚʠ 

ʩʪʚʝʨʜʞʫʚʘʪʠ ʧʨʦ ʩʧʘʜʢʦʚʽʩʪʴ ʪʝʢʪʦʥʦ-ʤʘʛʤʘʪʠʯʥʠʭ ʽ ʩʝʜʠʤʝʥʪʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ 

ʧʨʦʪʷʛʦʤ ʾʭ ʬʦʨʤʫʚʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʚʝʨʪʠʢʘʣʴʥʽ ʪʝʢʪʦʥʽʯʥʽ ʨʫʭʠ ʩʪʚʦʨʶʶʪʴ 

ʧʝʨʝʨʚʥʦ-ʥʝʧʝʨʝʨʚʥʫ, ʥʝʚʠʪʨʠʤʘʥʫ ʛʦʨʠʟʦʥʪʘʣʴʥʫ, ʩʪʨʘʪʠʬʦʨʤʥʫ ʟʦʥʘʣʴʥʽʩʪʴ ʫ 

ʨʝʟʫʣʴʪʘʪʽ ʷʢ ʚʫʣʢʘʥʽʯʥʠʭ (ʪʝʢʪʦʥʦ-ʤʘʛʤʘʪʠʯʥʠʭ) ʪʘʢ ʽ ʦʩʘʜʦʚʠʭ ʧʨʦʮʝʩʽʚ [8, 9, 

10]. 

ʊʝʢʪʦʥʦ-ʤʘʛʤʘʪʠʯʥʠʡ ʧʨʦʮʝʩ, ʱʦ ʨʦʟʧʦʯʘʚʩʷ ʫ ʛʝʦʣʦʛʽʯʥʽʡ ʽʩʪʦʨʽʾ ɿʝʤʣʽ 

ʨʘʥʽʰʝ ʧʨʦʮʝʩʫ ʦʨʛʘʥʦʛʝʥʥʦʛʦ ʩʝʜʠʤʝʥʪʦʛʝʥʝʟʫ, ʘ ʧʦʪʽʤ ʧʨʦʩʪʝʞʫʚʘʚʩʷ ʫ ʯʘʩʽ ʫ 

ʟʚᾷʷʟʢʫ ʟ ʥʠʤ ʚ ʪʘʢʦʤʫ ʞ ʧʦʨʷʜʢʫ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʧʝʨʝʨʠʚʯʘʩʪʦ-ʧʦʩʣʽʜʦʚʥʠʤ 

ʨʷʜʦʤ ʧʦʜʽʡ ʚ ʝʚʦʣʶʮʽʾ ʛʣʠʙʠʥʥʦʾ ʨʝʯʦʚʠʥʠ ʧʣʘʥʝʪʠ, ʚ ʥʘʧʨʷʤʢʫ ʾʾ 

ʨʦʟʫɦ ʽʣʴʥʝʥʥʷ (ʈʘʜʟʽʚʽʣ, 1994). ʋ ʬʦʨʤʫʚʘʥʥʽ ʩʢʣʘʜʫ ʙʽʦʩʬʝʨʠ, ʾʾ ʚʽʜʤʝʨʣʦʾ 

ʟʘʢʦʥʩʝʨʚʦʚʘʥʦʾ ʯʘʩʪʠʥʠ ï ʛʦʨʶʯʠʭ ʢʦʧʘʣʠʥ ï ʮʽ ʧʨʦʮʝʩʠ ʚʽʜʛʨʘʶʪʴ ʧʨʦʚʽʜʥʫ 

ʨʦʣʴ, ʟʘʡʤʘʶʯʠ ʨʽʟʥʽ ʝʚʦʣʶʮʽʡʥʽ ʨʽʚʥʽ ʨʝʯʦʚʠʥʠ, ʝʥʝʨʛʽʾ ʪʘ ʩʪʨʫʢʪʫʨʠ 

ʪʝʢʪʦʥʦʩʬʝʨʠ [8]. 

ʇʦʻʜʥʘʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʾ ʟʦʥʘʣʴʥʦʩʪʽ ʦʢʝʘʥʽʯʥʦʾ ʪʘ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʾ ʟʝʤʥʠʭ 

ʢ̔ʨ ʪʘ ʾʭ ʩʢʣʘʜʦʚʠʭ, ʥʘʷʚʥʽʩʪʴ ʧʝʨʝʭʽʜʥʠʭ ʤʽʞ ʥʠʤʠ ʩʪʨʫʢʪʫʨ, ʩʪʚʦʨʶʶʪʴ 

ʤʦʞʣʠʚʦʩʪʽ ʚʠʚʯʠʪʠ (ʟʘ ʢʦʤʧʣʝʢʩʦʤ ʛʝʦʣʦʛʽʯʥʠʭ ʪʘ ʛʝʦʬʽʟʠʯʥʠʭ ʤʝʪʦʜʽʚ) 

ʟʘʣʝʞʥʽʩʪʴ ʨʦʟʤʽʱʝʥʥʷ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʚʫʛʣʝʚʦʜʥʝʚʠʭ, ʚʫʛʽʣʴʥʠʭ, ʚʫʛʽʣʴʥʦ-

ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʪʘ ʚʫʛʣʝʮʝʚʠʭ ʬʦʨʤʘʮʽʡ ʚʜ̔ ʛʣʠʙʠʥʥʠʭ ʩʪʨʫʢʪʫʨ: ʛʣʠʙʠʥʥʠʭ 

ʨʦʟʣʦʤʽʚ, ʛʣʠʙʠʥʥʠʭ ʜʽʘʧʽʨʽʚ ʪʘ ʪʝʢʪʦʥʦ-ʤʘʛʤʘʪʠʯʥʠʭ ʬʣʶʾʜʦʜʽʘʧʽʨʽʚ. 

ʇʨʠʢʣʘʜʦʤ ʧʝʨʽʦʜʠʯʥʦ ʧʦʚʪʦʨʶʚʘʥʦʾ ʫʩʧʘʜʢʦʚʘʥʦʩʪʽ ʪʦʨʬʦʥʘʢʦʧʠʯʝʥʥʷ ʻ 

ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʘ ʯʘʩʪʠʥʘ ɼʦʥʦ-ɼʥʽʧʨʦʚʩʴʢʦ-ʇʨʠʧᾷʷʪʩʴʢʦʛʦ ʧʨʦʛʠʥʫ. 

ɼʦʩʣʽʜʞʝʥʠʡ ʙʦʣʦʪʥʠʡ ʩʝʜʠʤʝʥʪʦʛʝʥʝʟ ʤʘʻ ʭʘʨʘʢʪʝʨʥʫ ʨʠʩʫ ʩʫʯʘʩʥʦʛʦ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʦʩʘʜʢʦʥʘʢʦʧʠʯʝʥʥʷ ʟ ʦʟʥʘʢʘʤʠ ʫʩʧʘʜʢʦʚʘʥʦʛʦ 

ʚʫʛʣʝʛʝʥʝʨʫʶʯʦʛʦ ʪʝʢʪʦʥʽʯʥʦʛʦ ʨʝʞʠʤʫ ʨʦʟʚʠʪʢʫ ʩʪʨʫʢʪʫʨʠ ʧʨʦʪʷʛʦʤ 

ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʛʠʥʫ (ʨʠʩ. 1). ʇʨʦʮʝʩ ʙʦʣʦʪʥʦʛʦ ʩʝʜʠʤʝʥʪʦʛʝʥʝʟʫ 

ʧʽʜʧʦʨʷʜʢʦʚʘʥʠʡ ʧʝʚʥʽʡ ʨʠʪʤʽʯʥʦʩʪʽ ʨʽʟʥʦʛʦ ʤʘʩʰʪʘʙʫ, ʽ ʥʘ ʩʴʦʛʦʜʥʽ 
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ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʨʽʯʢʦʚʠʭ ʜʦʣʠʥʘʭ. ʋ ʨʦʟʨʽʟʽ ʚʽʜʢʣʘʜʽʚ ʘʥʪʨʦʧʦʛʝʥʫ ʤʦʞʥʘ 

ʧʨʦʩʪʝʞʠʪʠ ʝʣʝʤʝʥʪʘʨʥʠʡ ʨʠʪʤ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʩʝʜʠʤʝʥʪʦʛʝʥʝʟʫ, ʷʢʠʡ 

ʚʽʜʦʙʨʘʞʘʻ ʟʤʽʥʠ ʪʝʢʪʦʥʽʯʥʠʭ ʦʙʩʪʘʥʦʚʦʢ ʚʽʜ ʘʢʪʠʚʥʠʭ ï ʥʘ ʧʦʯʘʪʢʫ ʨʠʪʤʫ, ʜʦ 

ʩʧʦʢʽʡʥʠʭ ʙʦʣʦʪʥʠʭ ï ʥʘʧʨʠʢʽʥʮʽ. ʇʦʯʘʪʦʢ ʨʠʪʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʧʽʱʘʥʠʤʠ ʪʘ 

ʛʨʫʙʦʫʣʘʤʢʦʚʠʤʠ ʦʩʘʜʘʤʠ, ʢʽʥʝʮʴ ʨʠʪʤʫ ʟʘʚʝʨʰʫʻ ʪʦʨʬʦʚʠʱʝ ʘʙʦ ʩʫʯʘʩʥʠʡ 

ˇʨʫʥʪʦʚʦ-ʨʦʩʣʠʥʥʠʡ ʰʘʨ [3 - 6, 9]. 

 

 
 
ʈʠʩ. 1. ʉʭʝʤʘ ʩʪʨʘʪʠʛʨʘʬʽʯʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʫʛʽʣʴʥʦ-ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʧʦʢʣʘʜʽʚ ʫ ʤʝʞʘʭ 

ʩʪʨʫʢʪʫʨ ɼɼɿ ʪʘ ʋʑ [5, 8]. 

ʋʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ: 1 - ʱʠʪ; 2 - ʢʦʨʘ ʚʠʚʽʪʨʶʚʘʥʥʷ; 3 - ʢʘʨʙʦʥʘʪʥʽ ʪʦʚʱʽ; 4 - ʢʦʥʛʣʦʤʝʨʘʪʠ; 

5 - ʩʽʣʴ; 6 -ʚʫʛʽʣʣʷ; 7 - ʩʫʯʘʩʥʽ ʪʦʨʬʦʚʠʱʘ; 8 - ʛʘʟ; 9 - ʥʘʬʪʘ; 10 - ʪʝʨʠʛʝʥʥʽ ʪʦʚʱʽ. 

 

ɿʘʚʜʷʢʠ ʝʥʜʦʛʝʥʥʠʤ ʬʘʢʪʦʨʘʤ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ ʪʦʨʬʦʫʪʚʦʨʝʥʥʷ, ʘ ʪʘʢʦʞ 

ʽ ʛʘʟʦʚʠʡ ʝʣʝʤʝʥʪʘʨʥʠʡ ʩʢʣʘʜ ʘʪʤʦʩʬʝʨʠ, ʷʢʠʡ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʴ ʫ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʚʫʣʢʘʥʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʚʤʽʩʪʫ ʉʆ2. ɿʘ 

ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʇ. ʂ. ɿʘʤʦʨʽʷ, ʚʫʣʢʘʥʽʯʥʠʡ ʧʦʧʽʣ, ʚʠʷʚʣʝʥʠʡ ʫ 

ʚʝʨʭʥʴʦʯʝʪʚʝʨʪʠʥʥʠʭ ʚʽʜʢʣʘʜʘʭ ʧʽʚʜʥʷ ʋʢʨʘʾʥʠ, ʚʽʜʥʝʩʝʥʦ ʜʦ ʨʠʩ-ʚᾷʶʨʤʩʴʢʦʛʦ 

ʯʘʩʫ [2]. ʉʘʤʝ ʟ ʮʽʻʶ ʤʽʞʣʴʦʜʦʚʠʢʦʚʦʶ ʝʧʦʭʦʶ ʧʦʚô̫ ʟʫʶʪʴ ʧʦʯʘʪʦʢ 

ʽʥʪʝʥʩʠʚʥʦʛʦ ʪʦʨʬʦʫʪʚʦʨʝʥʥʷ ʫ ʙʽʣʴʰ ʧʽʚʥʽʯʥʠʭ ʰʠʨʦʪʘʭ ɭʚʨʦʧʠ, ʫ ʪʦʤʫ ʯʠʩʣʽ 

ʡ ʚ ʋʢʨʘʾʥʽ. 

ʇʽʜʪʚʝʨʜʞʝʥʥʷ ʟʤʽʥʠ ʧʦʭʽʜʥʦʛʦ ʨʦʩʣʠʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʽʜ ʚʧʣʠʚʦʤ 

ʝʥʜʦʛʝʥʥʠʭ ʬʘʢʪʦʨʽʚ ʟʥʘʭʦʜʠʤʦ ʫ ʤʘʪʝʨʽʘʣʘʭ ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʯʦʚʠʥʥʦʛʦ ʩʢʣʘʜʫ 

ʷʢ ʥʘ ʙʫʨʦʚʫʛʽʣʴʥʽʡ ʪʘʢ ʽ ʥʘ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʽʡ ʩʪʘʜʽʾ. ʅʘʧʨʠʢʣʘʜ ʥʘ 

ʤʘʢʨʦʩʢʦʨʽʯʥʦʤʫ ʨʽʚʥʽ: ʟʨʘʟʢʠ ʙʽʪʫʤʽʥʽʟʦʚʘʥʦʾ ʩʢʘʤôʷʥʽʣʦʾ ʜʝʨʝʚʠʥʠ ʥʘ ʦʢʨʝʤʠʭ 

ʚʫʛʣʝʨʦʟʨʽʟʘʭ ɼʥʽʧʨʦʙʘʩʫ, ɿʘʢʘʨʧʘʪʩʴʢʦʾ ʚʫʛʣʝʥʦʩʥʦʾ ʧʣʦʱʽ ʪʘ ɼʦʥʙʘʩʫ [4]. 

ʅʘʢʦʧʠʯʫʻʪʴʩʷ ʜʝʜʘʣʽ ʙʽʣʴʰʝ ʬʘʢʪʽʚ ʢʦʥʮʝʥʪʨʘʮʽʾ ʫ ʚʫʛʽʣʴʥʦʤʫ ʧʣʘʩʪʽ, ʷʢ 

ʧʨʦʜʫʢʪʽʚ ʧʝʨʝʪʚʦʨʝʥʥʷ ʘʚʪʦʭʪʦʥʥʦʛʦ ʨʦʩʣʠʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʪʘʢ  ̔ʢʦʤʧʦʥʝʥʪʽʚ 

ʘʣʣʦʭʪʦʥʥʦʛʦ, ʟʦʢʨʝʤʘ ʛʣʠʙʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. ʅʘʡʙʽʣʴʰ ʯʽʪʢʦ ʚʧʣʠʚ 

ʛʣʠʙʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʬʽʢʩʫʻʪʴʩʷ: ʫ ʟʙʘʛʘʯʝʥʽ ʙʽʪʫʤʘʤʠ ʥʠʞʥʽ ʯʘʩʪʠʥʠ 

ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ɼʥʽʧʨʦʚʩʴʢʦʛʦ ʙʫʨʦʚʫʛʽʣʴʥʦʛʦ ʙʘʩʝʡʥʫ, ʛʦʨʶʯʠʭ ʩʣʘʥʮʷʭ 

ɹʦʚʪʠhʩɹʢʦʾ ʜʝʧʨʝʩʽʾ, ʫʨʘʥʦʥʦʩʥʠʭ ʨʦʜʦʚʠʱʘ ʫ ʤʝʞʘʭ ɼʥʽʧʨʦʙʘʩʫ ʪʘ ɼʦʥʙʘʩʫ, 

ʥʝʥʘʩʠʯʝʥʠʭ ʪʘ ʚʘʞʢʠʭ ʚʫʛʣʝʚʦʜʥʷʭ ʫ ʪʦʨʬʦʚʠʱʘʭ ɼʥʽʧʨʦʚʩʴʢʦ-ɼʦʥʝʮʴʢʦʾ 
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ʟʘʧʘʜʠʥʠ ʪʘ ʢʘʤôʷʥʦʤʫ ʚʫʛʽʣʣʽ ɼʦʥʙʘʩʫ, ʘ ʪʘʢʦʞ ʚʦʜʝʥʴ, ʛʝʣʽʡ ʪʘ ʬʪʦʨ ʫ 

ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʘʭ. ʊʦʙʪʦ ʫ ʚʫʛʣʝʧʦʨʦʜʥʠʭ ʤʘʩʠʚʘʭ ʚʩʪʘʥʦʚʣʝʥʦ ʚʫʛʣʝʚʦʜʥʝʚʦ- 

ʚʦʜʥʝʚʫ ʤʽʛʨʘʮʽʶ ʛʘʟʽʚ ʽʟ ʛʣʠʙʰʠʭ ʛʦʨʠʟʦʥʪʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʡ ʛʣʠʙʠʥʥʫ (ʷʢʱʦ ʜʦ 

ʩʢʣʘʜʫ ʚʭʦʜʠʪʴ ʛʝʣʽʡ) [1, 2, 4, 6-9, 10].  

ɺʠʩʥʦʚʦʢ. 

ʅʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʝʥʜʦʛʝʥʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ 

ʬʦʨʤʫʚʘʥʥʷ ʧʦʢʣʘʜʽʚ ʛʦʨʶʯʠʭ ʢʦʧʘʣʠʥ ï ʛʘʟʦʥʦʩʥʽʩʪɹ  ʻ ʦʜʥʽʻʶ ʽʟ ʛʦʣʦʚʥʠʭ 

ʦʟʥʘʢ. ɻʘʟʦʚʽ ʩʫʤʽʰʽ ʟ ʚʫʛʣʝʚʦʜʥʷʤʠ ʤʦʞʫʪʴ ʟʙʝʨʽʛʘʪʠʩʷ ʫ ʩʫʯʘʩʥʠʭ ʦʩʝʨʝʜʢʦʚʠʭ 

ʩʪʨʫʢʪʫʨʘʭ, ʷʢʽ ʨʦʟʢʨʠʪʽ ʛʽʨʥʠʯʠʤʠ ʚʠʨʦʙʢʘʤʠ ʪʘ ʜʦʟʚʦʣʷʶʪʴ ʬʽʢʩʫʚʘʪʠ ʜʽʣʷʥʢʠ 

ʟ ʛʣʠʙʠʥʥʠʤ ʚʫʛʣʝʚʦʜʥʝʚʦ-ʚʦʜʥʝʚʠʤ ʛʘʟʦʚʠʤ ʧ̔ ʜʪʦʢʦʤ. ʌʦʨʤʫʚʘʥʥʷ ʪʦʨʬʦʚʠʱ 

ʫ ʩʪʨʫʢʪʫʨʘʭ ʜʦʟʚʦʣʷʻ ʧʨʦʛʥʦʟʫʚʘʪʠ ʩʫʯʘʩʥʠʡ ʚʦʜʥʝʚʦ-ʚʫʛʣʝʚʦʜʥʝʚʠʡ ʧʽʜʪʽʢ ʪʘ 

ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʦʜʠʥ ʽʟ ʧʦʰʫʢʦʚʠʭ ʢʨʠʪʝʨʽʾʚ ʥʘ ʧʦʢʣʘʜʠ ʛʦʨʶʯʠʭ ʢʦʧʘʣʠʥ ʥʘ 

ʛʣʠʙʠʥʫ. 

ɺʧʣʠʚ ʝʥʜʦʛʝʥʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ʪʘ 

ʬʦʨʤʫʚʘʥʥʷ ʨʦʜʦʚʠʱ ʛʦʨʶʯʠʭ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʻ ʥʝʟʘʧʝʨʝʯʥʠʡ ʪʘ 

ʨʦʟʢʨʠʚʘʻʪʴʩʷ ʽ ʚ ʽʥʰʠʭ ʨʦʙʦʪʘʭ ʘʚʪʦʨʽʚ. 
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ɻʝʦʣʦʛʽʯʥʘ ʙʫʜʦʚʘ ʘʚʪʦʭʪʦʥʥʦʾ ʧʦʚʝʨʭʥʽ ʂʘʨʧʘʪ ʜʦʪʝʧʝʨ ʟʘʣʠʰʘʻʪʴʩʷ 

ʘʢʪʫʘʣʴʥʠʤ ʧʠʪʘʥʥʷ ʧʨʠ ʧʦʫhʢʘʭ ʥʦʚʠʭ ʨʦʜʦʚʠʱ ʥʘʬʪʠ ʽ ʛʘʟʫ. ʆʩʦʙʣʠʚʦ ʮʝ 

ʩʪʦʩʫʻʪʴʩʷ ʜʽʣʷʥʦʢ ʂʘʨʧʘʪʩʴʢʦʾ ʜʫʛʠ ʥʘ ʧʽʚʥʽʯʥʦʤʫ ʪʘ ʧʽʚʜʝʥʥʦʤʫ ʩʭʦʜʽ, ʜʝ 

ʜʦʘʣʴʧʽʡʩʴʢʘ ʦʩʥʦʚʘ ʟʘʣʷʛʘʻ ʥʘ ʤʝʥʰʠʭ (4 ï 6 ʢʤ) ʛʣʠʙʠʥʘʭ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ɼʦʣʠʥʩʴʢʦʛʦ ʧʝʨʝʪʠʥʫ (10 ï 12 ʢʤ). 

ʅʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʧʣʘʪʬʦʨʤʥʘ ʥʝʦʛʝʥ-ʤʝʟʦʟʦʡʩʴʢʘ ʘʚʪʦʭʪʦʥʥʘ ʧʦʚʝʨʭʥʷ 

ʨʦʟʢʨʠʪʘ ʩʚʝʨʜʣʦʚʠʥʘʤʠ ʥʘ ʛʣʠʙʠʥʽ 4000 ï4300 ʤ ʫ ʇʦʢʫʪʩʴʢʠʭ ʂʘʨʧʘʪʘʭ ʥʘ 

ʧʣʦʱʽ ʃʦʧʫʰʥʘ. ɼʦʩʽ ʃʦʧʫʰʥʷʥʩʴʢʝ ʥʘʬʪʦʛʘʟʦʚʝ ʨʦʜʦʚʠʱʝ ʻ ʻʜʠʥʠʤ ʧʽʜ 

ʧʦʢʨʦʚʦʤ ʂʘʨʧʘʪ. ʈʷʜ ʛʣʠʙʦʢʠʭ ʪʘ ʥʘʜʛʣʠʙʦʢʠʭ ʩʚʝʨʜʣʦʚʠʥ (ʐʝʚʯʝʥʢʦʚʝ-1, 

ʉʠʥʴʦʚʠʜʥʝ-1 ʧʨʠ ʚʠʙʦʾ ʙʽʣʴʰʝ 7000 ʤ) ʥʝ ʚʠʡʰʣʠ ʟ ʘʣʦʭʪʦʥʥʠʭ ʢʨʝʡʜʦʚʦ-

ʧʘʣʝʦʛʝʥʦʚʠʭ ʚʽʜʢʣʘʜʽʚ ʂʘʨʧʘʪʩʴʢʦʾ ʩʧʦʨʫʜʠ. ʅʘ ʪʝʨʠʪʦʨʽʾ ʇʦʣʴʱʽ ʘʚʪʦʭʪʦʥʥʘ 

ʧʦʚʝʨʭʥʷ ʂʘʨʧʘʪ ʧʦʙʣʠʟʫ ʢʦʨʜʦʥʫ ʟ ʋʢʨʘʾʥʦʶ ʨʦʟʢʨʠʪʘ ʩʚʝʨʜʣʦʚʠʥʦʶ Kuzmina-

1 (7541ʤ ). 

ʇʦʚʝʨʭʥʷ ʯʘʩʪʢʦʚʦ ʨʦʟʢʨʠʪʘ ʫ ʧʝʨʝʜʛʽʨôʾ ʂʘʨʧʘʪ ʧʽʜ ʉʘʤʙʽʨʩʴʢʠʤ 
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ʧʦʢʨʠʚʦʤ. ʅʘ ʧʨʠʣʝʛʣʽʡ ʜʦ ʢʦʨʜʦʥʫ ʟ ʇʦʣʴʱʝʶ ʪʝʨʠʪʦʨʽʾ ʥʘʡʛʣʠʙʰʦʶ ʩʝʨʝʜ 

ʥʠʭ ʻ ʩʚʝʨʜʣʦʚʠʥʘ ʇʦʩʘʜʘ-1, ʷʢʘ ʥʘ ʚʠʙʦʾ ʟʘʚʛʣʠʙʰʢʠ 4706ʤ ʟʫʩʪʨʽʣʘ ʚʽʜʢʣʘʜʠ, 

ʚʽʢ ʷʢʠʭ, ʡʤʦʚʽʨʥʦ, ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʚʝʨʭʥʴʦʛʦ ʧʨʦʪʝʨʦʟʦʶ. ʇʦʙʣʠʟʫ ʢʦʨʜʦʥʫ ʥʘ 

ʪʝʨʠʪʦʨʽʾ ʇʦʣʴʱʽ ʘʚʪʦʭʪʦʥʥʘ ʧʦʚʝʨʭʥʷ ʨʦʟʢʨʠʪʘ ʩʚʝʨʜʣʦʚʠʥʘʤʠ ʥʘ ʧʣʦʱʘʭ 

Przemusl, Jaksmanica. ɺʦʥʠ ʨʦʟʢʨʠʣʠ ʚʽʜʢʣʘʜʠ ʧʨʦʪʝʨʦʟʦʶ ʘʙʦ ʧʘʣʝʦʟʦʶ 

(ʢʝʤʙʨʽʡ) ʥʘ ʛʣʠʙʠʥʘʭ 2500 ï 2600 ʤ, ʷʢʽ ʟʘʥʫʨʶʶʪʴʩʷ ʫ ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʦʤʫ 

ʥʘʧʨʷʤʢʫ. ʉʚʝʨʜʣʦʚʠʥʘ Leszcryny-1 ʥʘ ʛʣʠʙʠʥʽ 4739 ʤ ʥʝ ʚʠʡʰʣʘ ʟ̔ 

ʩʪʝʙʥʠʮʴʢʠʭ ʚʽʜʢʣʘʜʽʚ. 

ɸʚʪʦʭʪʦʥʥʘ ʧʦʚʝʨʭʥʷ ʧʽʜ ʉʘʤʙʽʨʩʴʢʠʤ ʧʦʢʨʠʚʦʤ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ 

ʧʨʝʜʩʪʘʚʣʷʣʘʩʷ ʫ ʚʠʛʣʷʜʽ ʩʢʣʘʜʥʦʾ ʙʣʦʢʦʚʦʾ ʙʫʜʦʚʠ ʟ ʥʘʷʚʥʽʩʪʶ ʨʦʟʣʦʤʽʚ 

ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʛʦ ʽ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʦʛʦ ʥʘʧʨʷʤʽʚ. ʗʢ ʧʨʽʦʨʠʪʝʪʥʽ ʫ ʙʣʦʯʥʽʡ 

ʙʫʜʦʚʽ ʚʠʜʽʣʷʣʠʩʷ ʧʦʟʜʦʚʞʥʽ ʧʨʷʤʦʣʽʥʽʡʥʽ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʛʦ ʥʘʧʨʷʤʢʫ 

ʄʝʞʝʥʝʮʴʢʠʡ ʪʘ ʇʝʨʝʜʢʘʨʧʘʪʩʴʢʠʡ ʨʦʟʣʦʤʠ. ɹʫʣʦ ʚʠʜʽʣʝʥʦ ʥʠʟʢʫ 

ʘʥʪʠʢʣʽʥʘʣʴʥʠʭ ʧʽʜʥʷʪʴ, ʥʘ ʙʽʣʴʰʦʩʪʽ ʷʢʠʭ ʟʛʦʜʦʤ ʧʨʦʙʫʨʝʥʽ ʩʚʝʨʜʣʦʚʠʥʠ 

ʇʦʩʘʜʘ-1, ʏʠʞʢʠ-1, ɼʨʦʟʜʦʚʠʯʽ-1 ʪʘ ʽʥʰʽ, ʷʢʽ, ʥʘ ʞʘʣʴ, ʥʝ ʚʠʷʚʠʣʠ ʧʦʢʣʘʜʽʚ 

ʚʫʛʣʝʚʦʜʥʽʚ . 

ɿʛʽʜʥʦ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʛʝʦʣʦʛʦ-ʛʝʦʬʽʟʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʠʢʦʨʜʦʥʥʦʾ 

ʪʝʨʠʪʦʨʽʾ, ʜʘʥʠʤʠ ʙʫʨʽʥʥʷ ʦʢʨʝʤʠʭ ʩʚʝʨʜʣʦʚʠʥ, ʷʢʽ ʨʦʟʢʨʠʣʠ ʜʦʘʣʴʧʽʡʩʴʢʫ 

ʦʩʥʦʚʫ, ʪʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʝʨʝʽʥʪʝʨʧʨʝʪʘʮʽʾ ʩʝʡʩʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʥʘʤʠ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʫ ʤʦʜʝʣʴ ʙʫʜʦʚʠ ʧʦʚʝʨʭʥʽ ʜʦʘʣʴʧʽʡʩʴʢʦʾ ʦʩʥʦʚʠ. 

ʆʪʨʠʤʘʥʘ ʤʦʜʝʣʴ ʛʝʦʣʦʛʽʯʥʦʾ ʙʫʜʦʚʠ ʘʚʪʦʭʪʦʥʥʦʾ ʜʦʘʣʴʧʽʡʩʴʢʦʾ ʧʦʚʝʨʭʥʽ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʝʨʦʟʽʡʥʠʡ ʭʘʨʘʢʪʝʨ ʾʾ ʨʦʟʚʠʪʢʫ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʦʧʝʨʝʜʥʴʦʾ 

ʙʣʦʢʦʚʦʾ. ʇʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʥʘʷʚʥʽʩʪʴ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʪʝʨʠʪʦʨʽʾ ʄʝʞʝʥʝʮʴʢʦʛʦ 

ʨʦʟʣʦʤʫ, ʧʨʦʪʝ ʚʠʤʘʣʴʦʚʫʻʪʴʩʷ ʩʪʫʧʽʥʯʘʩʪʦ ʧʦʜʽʙʥʘ ʟʦʥʘ, ʘ ʥʝ ʣʽʥʽʡʥʘ ʬʦʨʤʘ 

ʩʢʠʜʫ, ʫʩʢʣʘʜʥʝʥʦʛʦ ʯʠʩʣʝʥʥʠʤʠ ʥʝʨʽʚʥʦʩʪʷʤʠ ʚʥʘʩʣʽʜʦʢ ʜʽʾ ʝʨʦʟʽʡʥʠʭ 

ʧʨʦʮʝʩʽʚ. ʋ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʤʫ ʥʘʧʨʷʤʢʫ ʬʦʨʤʘ ʧʣʦʱʠʥʠ ʄʝʞʝʥʝʮʴʢʦʛʦ ʩʢʠʜʫ 

ʟʤʽʥʶʻʪʴʩʷ ʧʦ ʢʨʫʪʦʩʪʽ ʝʨʦʜʦʚʘʥʦʛʦ ʫʩʪʫʧʫ, ʱʦ ʫʩʢʣʘʜʥʝʥʠʡ ʪʝʨʘʩʘʤʠ. ʇʨʦʪʝ 

ʭʘʨʘʢʪʝʨ ʟʤʽʥ ʬʦʨʤʠ ʄʝʞʝʥʝʮʴʢʦʛʦ ʩʢʠʜʫ ʦʜʥʦʟʥʘʯʥʦ ʧʨʦʛʣʷʜʘʻʪʴʩʷ ʥʘ 

ʩʝʡʩʤʽʯʥʠʭ ʧʨʦʬʽʣʷʭ ʯʝʨʝʟ ʧʨʠʢʦʨʜʦʥʥʽ ʧʣʦʱʽ ʟʘ ʪʠʧʦʚʠʤ ʤʘʣʶʥʢʫ ʭʚʠʣʴʦʚʦʛʦ 

ʩʝʡʩʤʽʯʥʦʛʦ ʧʦʣʷ. 

ɿʦʥʘ ʄʝʞʝʥʝʮʴʢʦʛʦ ʨʦʟʣʦʤʫ ʧʦʜʽʣʷʻ ʧʣʦʱʫ ʜʦʩʣʽʜʞʝʥʴ ʟʘ ʫʤʦʚʘʤʠ 

ʟʘʣʷʛʘʥʥʷ ʘʚʪʦʭʪʦʥʥʦʾ ʧʦʚʝʨʭʥʽ ʥʘ ʧʽʜʥʷʪʫ ʯʘʩʪʠʥʫ ʥʘ ʧʽʚʥʽʯʥʦʤʫ ʩʭʦʜʽ ʪʘ 

ʦʧʫʱʝʥʫ ʥʘ ʧʽʚʜʝʥʥʦʤʫ ʟʘʭʦʜʽ. 

ʋ ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʪʝʨʠʪʦʨʽʾ ʚʠʤʘʣʴʦʚʫʻʪʴʩʷ ʚʝʣʠʢʘ ʧʘʣʝʦʜʦʣʠʥʘ 

ʟ ʝʨʦʟʽʡʥʠʤ ʚʠʩʪʫʧʦʤ ʫ ʨʘʡʦʥʽ ʩʚʝʨʜʣʦʚʠʥʠ ʇʦʩʘʜʘ-1. ʊʫʪ ʩʣʽʜ ʦʯʽʢʫʚʘʪʠ 

ʩʢʣʘʜʥʽʰʫ ʟʘ ʜʝʪʘʣʷʤʠ ʙʫʜʦʚʫ ʚʠʩʪʫʧʫ ʟ ʦʛʣʷʜʫ ʥʘ ʥʝʚʠʩʦʢʫ ʚ ʮʽʣʦʤʫ 

ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʩʪʨʘʪʠʬʽʢʦʚʘʥʠʭ ʟ ʘʚʪʦʭʪʦʥʦʤ ʚʽʜʦʙʨʘʞʝʥʴ ʯʘʩʦʚʠʭ ʨʦʟʨʽʟʽʚ. ʋ 

ʪʦʡ ʩʘʤʠʡ ʯʘʩ ʟʥʘʯʝʥʥʷ ʯʘʩʫ ʨʝʻʩʪʨʘʮʽʾ ʧʨʫʞʥʠʭ ʭʚʠʣʴ ʫ ʨʘʡʦʥʽ ʚʠʜʽʣʝʥʦʛʦ 

ʚʠʩʪʫʧʫ ʚ ʘʚʪʦʭʪʦʥʥʽʡ ʧʦʚʝʨʭʥʽ ʤʦʞʝ ʙʫʪʠ ʟʥʘʯʥʦ ʟʘʥʠʞʝʥʠʤʠ, ʦʩʢʽʣʴʢʠ ʫ 

ʯʘʩʦʚʠʭ ʨʦʟʨʽʟʘʭ ʬʽʢʩʫʻʪʴʩʷ ʨʷʜ ʚʝʣʠʢʠʭ ʯʘʩʦʚʠʭ ʚʽʜʙʠʪʢʽʚ. ɿʘ ʮʠʭ ʦʙʩʪʘʚʠʥ 

ʤʦʞʥʘ ʦʯʽʢʫʚʘʪʠ, ʱʦ ʩʚʝʨʜʣʦʚʠʥʘ ʇʦʩʘʜʘ-1 ʥʝ ʚʠʡʰʣʘ ʟ ʘʣʦʭʪʦʥʥʠʭ ʚʽʜʢʣʘʜʽʚ. 

ɻʝʦʣʦʛʽʯʥʘ ʙʫʜʦʚʘ ʧʦʚʝʨʭʥʽ ʥʘ ʪʨʘʥʩʢʦʨʜʦʥʥʽʡ ʪʝʨʠʪʦʨʽʾ ʟ ʇʦʣʴʱʝʶ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʽʟ ʧʦʟʠʮʽʾ ʝʨʦʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʟʫʤʦʚʠʣʠ ʛʣʠʙʦʢʽ ʧʘʣʝʦʚʨʽʟʠ 

ʧʦʟʜʦʚʞʥʴʦʛʦ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʛʦ ʧʨʦʩʪʷʛʘʥʥʷ, ʟʘʢʣʘʜʝʥʽ ʙʽʣʷ ʇʦʣʴʱʽ. ʅʘ ʢʘʨʪʽ 
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ʷʩʢʨʘʚʦ ʚʠʤʘʣʴʦʚʫʻʪʴʩʷ ʚʝʣʠʢʠʡ ʧʘʣʝʦʚʨʽʟ ʥʘʛʣʠʙʠʥʽ 7000 ʤ ʙʽʣʷ ʧʽʜʥʽʞʞʷ 

ʄʝʞʝʥʝʮʴʢʦʛʦ ʨʦʟʣʦʤʫ, ʱʦ ʚʽʜʦʢʨʝʤʣʶʻ ʫ ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʋʢʨʘʾʥʠ 

ʚʝʣʠʢʠʡ ʇʦʩʘʜʩʴʢʠʡ ʧʘʣʝʦʚʠʩʪʫʧ . 

ɺʠʩʥʦʚʦʢ. 

ʆʪʞʝ, ʘʥʘʣʽʟʫʶʯʠ ʩʪʚʦʨʝʥʫ ʤʦʜʝʣʴ ʛʝʦʣʦʛʽʯʥʦʛʦ ʙʫʜʦʚʠ ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ ʧʨʦ ʩʢʣʘʜʥʫ ʛʝʦʣʦʛʽʯʥʫ ʙʫʜʦʚʫ ʪʝʨʠʪʦʨʽʾ ʪʘ ʚʠʩʦʢʽ ʧʝʨʩʧʝʢʪʠʚʠ ʾʾ ʫ 

ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ. ʆʪʨʠʤʘʥʘ ʦʙ'ʻʤʥʘ ʤʦʜʝʣʴ ʧʦʚʝʨʭʥʽ ʘʚʪʦʭʪʦʥʫ 

ʟʘʛʘʣʴʥʦʾ ʫʢʨʘʾʥʩʴʢʦ-ʧʦʣʴʩʴʢʦʾ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʴ ʽʣʶʩʪʨʫʻ ʬʘʢʪʠʯʥʫ ʬʦʨʤʫ 

ʦʩʥʦʚʠ ʬʫʥʜʘʤʝʥʪʫ. ʅʘ ʛʣʠʙʠʥʽ ʙʣʠʟʴʢʦ  6000 ʤ ʫ ʤʝʞʘʭ ʇʦʩʘʜʩʴʢʦʛʦ 

ʧʘʣʝʦʧʽʜʥʷʪʪʷ ʥʘʤʠ ʧʨʦʛʥʦʟʫʻʪʴʩʷ ʟʘʣʷʛʘʥʥʷ ʥʘʬʪʦʛʘʟʦʧʝʨʩʧʝʢʪʠʚʥʠʭ 

ʤʝʟʦʟʦʡʩʴʢʠʭ ʚʽʜʢʣʘʜʽʚ, ʷʢʽʟʘ ʫʤʦʚ ʝʢʨʘʥʫʚʘʥʥʷ ʟʧʽʚʥʽʯʥʦʛʦ ʩʭʦʜʫ, ʤʦʞʫʪʴ 

ʟʙʝʨʽʛʘʪʠ ʧʦʢʣʘʜʠ ʚʫʛʣʝʚʦʜʥʽʚ. ʇʦʩʘʜʩʴʢʠʡ ʦʙ'ʻʢʪ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʥʘ 

ʜʦʚʠʚʯʝʥʥʷ ʩʝʡʩʤʦʨʦʟʚʽʜʢʦʶ ʟ ʧʽʜʛʦʪʦʚʢʦʶ ʜʦʙʫʨʽʥʥʷ ʛʣʠʙʦʢʦʾ ʩʚʝʨʜʣʦʚʠʥʠ. 
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ɯ. ʄ. ʂʦʨʯʘʛʽʥ  
ʜʦʢʪʦʨ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ ʥʘʫʢ 

ɯʥʩʪʠʪʫʪ ʛʝʦʬʽʟʠʢʠ ʽʤ. ʉ.ɯ. ʉʫʙʙʦʪʽʥʘ ʅɸʅ ʋʢʨʘʾʥʠ, ʂʠʾʚ 

 

ʄ. ɸ. ʗʢʠʤʯʫʢ  

ʜʦʢʪʦʨ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ ʥʘʫʢ 

ɯʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʙʣʝʤ ʝʢʦʣʦʛʽʾ, ʛʝʦʬʽʟʠʢʠ ʽ ʛʝʦʭʽʤʽʾ, ʂʠʾʚ  

 

ʅʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʜʘʪʢʦʚʦʾ ʘʧʨʦʙʘʮʽʾ ʯʘʩʪʦʪʥʦ-ʨʝʟʦʥʘʥʩʥʠʭ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʽ ʬʦʪʦ ʟʥʽʤʢʽʚ ʥʘ ʜʽʣʷʥʢʘʭ ʟ ʢʨʫʛʘʤʠ ʚ ʨʽʟʥʠʭ ʨʝʛʽʦʥʘʭ ʩʚʽʪʫ. ʇʨʘʢʪʠʯʥʦ ʚ 

ʤʝʞʘʭ ʚʩʽʭ ʢʨʫʛʽʚ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʤʠ ʚʠʤʽʨʶʚʘʥʥʷʤʠ ʟʘʨʝʻʩʪʨʦʚʘʥʽ ʩʠʛʥʘʣʠ ʥʘ ʯʘʩʪʦʪʘʭ 

ʚʦʜʥʶ ʪʘ ʙʘʟʘʣʴʪʽʚ. ʇʨʠ ʧʦʰʫʢʘʭ ʩʢʫʧʯʝʥʴ ʧʨʠʨʦʜʥʦʛʦ ʚʦʜʥʶ ʜʦʮʽʣʴʥʦ ʟʚʝʨʪʘʪʠ ʫʚʘʛʫ ʥʘ 

ʟʦʥʠ ʪʘ ʦʙʣʘʩʪʽ ʟ ʢʨʫʛʘʤʠ ʥʘ ʧʦʣʷʭ ʚ ʨʽʟʥʠʭ ʨʝʛʽʦʥʘʭ ʟʝʤʥʦʾ ʢʫʣʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ɸʚʩʪʨʘʣʽʷ, ʢʨʫʛʠ ʥʘ ʧʦʣʷʭ, ʙʘʟʘʣʴʪʠ, ʚʦʜʝʥʴ, ʧʨʷʤʦʧʦʰʫʢʦʚʽ ʤʝʪʦʜʠ. 
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The results of additional testing of frequency-resonance methods of satellite and photo images 

processing in areas with crop circles in different regions of the world are presented. Practically 

within all circles, signals at the frequencies of hydrogen and basalts have registered by instrumental 

measurements.  When searching for natural hydrogen accumulations, it is advisable to pay attention 

to zones and local areas with crop circles in different regions of the globe.   

Keywords: Australia, crop circles, basalts, hydrogen, direct-prospecting methods. 

 

ɺʩʪʫʧ. ɺ 2019-2024 ʨʨ. ʩʫʧʝʨ-ʤʦʙʽʣʴʥʘ ʪʝʭʥʦʣʦʛʽʷ ʯʘʩʪʦʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʾ 

ʦʙʨʦʙʢʠ ʪʘ ʜʝʢʦʜʫʚʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʽ ʬʦʪʦ ʟʥʽʤʢʽʚ [1, 2] ʧʨʦʡʰʣʘ ʰʠʨʦʢʫ 

ʘʧʨʦʙʘʮʽʶ ʚ ʤʝʞʘʭ ʢʨʫʧʥʠʭ ʙʣʦʢʽʚ ʽ ʣʦʢʘʣʴʥʠʭ ʜʽʣʷʥʦʢ ʟ ʤʝʪʦʶ ʚʠʚʯʝʥʥʷ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʛʣʠʙʠʥʥʦʾ ʙʫʜʦʚʠ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ɿʝʤʣʽ ʨʽʟʥʠʭ ʪʠʧʽʚ ʪʘ 

ʧʦʰʫʢʽʚ ʨʫʜʥʠʭ ʽ ʛʦʨʶʯʠʭ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ, ʘ ʪʘʢʦʞ ʚʦʜʠ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʪʘʢʦʞ ʥʘ ʜʽʣʷʥʢʘʭ ʟ ʝʢʟʦʪʠʯʥʠʤʠ ʦʙ'ʻʢʪʘʤʠ, ʟ 

ʢʨʫʛʘʤʠ ʥʘ ʧʦʣʷʭ ʚ ʪʦʤʫ ʯʠʩʣʽ. ʈʝʟʫʣʴʪʘʪʠ ʦʙʩʪʝʞʝʥʥʷ ʜʽʣʷʥʦʢ ʟ ʢʨʫʛʘʤʠ, 
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ʚʠʷʚʣʝʥʠʭ ʚ 2019 ʨ. ʥʘ ʧʦʣʷʭ ʚ ɸʥʛʣʽʾ ʪʘ ʜʽʣʷʥʢʠ ʟ ʢʨʫʛʦʤ ʥʘ ʣʴʦʜʫ ʦʟʝʨʘ 

ʎʽʥʭʘʡ ʚ ʂʠʪʘʾ, ʥʘʚʝʜʝʥʦ ʚ [3, 4]. ɺ ʜʘʥʦʤʫ ʧʦʚʽʜʦʤʣʝʥʥʽ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʜʦʜʘʪʢʦʚʦʛʦ ʦʙʩʪʝʞʝʥʥʷ ʚ ʨʝʢʦʛʥʦʩʮʠʨʫʚʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʜʽʣʷʥʦʢ ʟ 

ʢʨʫʛʘʤʠ ʥʘ ʧʦʣʷʭ ʚ ʨʽʟʥʠʭ ʨʝʛʽʦʥʘʭ ʩʚʽʪʫ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʨʝʢʦʛʥʦʩʮʠʨʫʚʘʣʴʥʦʛʦ ʪʘ ʜʝʪʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʧʨʦʚʦʜʷʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʘʣʦ-ʚʠʪʨʘʪʥʦʾ ʧʨʷʤʦʧʦʰʫʢʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʚʢʣʶʯʘʻ ʤʦʜʠʬʽʢʦʚʘʥʽ ʤʝʪʦʜʠ 

ʯʘʩʪʦʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʾ ʦʙʨʦʙʢʠ ʪʘ ʜʝʢʦʜʫʚʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ ʽ ʬʦʪʦ ʟʥʽʤʢʽʚ, 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʝʣʝʢʪʨʦʨʝʟʦʥʘʥʩʥʦʛʦ ʩʢʘʥʫʚʘʥʥʷ ʨʦʟʨʽʟʫ ʪʘ ʤʝʪʦʜʠʢʠ 

ʽʥʪʝʛʨʘʣʴʥʦʾ ʦʮʽʥʢʠ ʧʝʨʩʧʝʢʪʠʚ ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʩʪʽ (ʨʫʜʦʥʦʩʥʦʩʪʽ) ʚʝʣʠʢʠʭ 

ʧʦʰʫʢʦʚʠʭ ʙʣʦʢʽʚ ʪʘ ʣʦʢʘʣʴʥʠʭ ʜʽʣʷʥʦʢ [1, 2]. ʆʢʨʝʤʽ ʢʦʤʧʦʥʝʥʪʠ ʪʝʭʥʦʣʦʛʽʾ 

ʨʦʟʨʦʙʣʝʥʽ ʥʘ ʧʨʠʥʮʠʧʘʭ çʨʝʯʦʚʠʥʥʦʾè ʧʘʨʘʜʠʛʤʠ ʛʝʦʬʽʟʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, 

ʩʫʪʥʽʩʪʴ ʷʢʦʾ ʧʦʣʷʛʘʻ ʚ ʧʦʰʫʢʫ ʢʦʥʢʨʝʪʥʦʾ (ʰʫʢʘʥʦʾ ʚ ʢʦʞʥʦʤʫ ʚʠʧʘʜʢʫ) 

ʨʝʯʦʚʠʥʠ. ɺ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʠʭ ʤʝʪʦʜʽʚ ʣʝʞʘʪʴ ʚʠʷʚʣʝʥʽ ʅʽʢʦʣʦʶ ʊʝʩʣʘ ʫ 1899 

ʨ. ʩʪʦʷʯʽ ʝʣʝʢʪʨʠʯʥʽ ʭʚʠʣʽ ʫ ʛʣʠʙʠʥʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ɿʝʤʣʽ. ɺ ʤʦʜʠʬʽʢʦʚʘʥʠʭ 

ʚʝʨʩʽʷʭ ʤʝʪʦʜʽʚ ʯʘʩʪʦʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʾ ʦʙʨʦʙʢʠ ʬʦʪʦʟʦʙʨʘʞʝʥʴ, ʘ ʪʘʢʦʞ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʨʦʟʨʽʟʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʽʩʥʫʶʯʽ ʙʘʟʠ (ʥʘʙʦʨʠ, 

ʢʦʣʝʢʮʽʾ) ʦʩʘʜʦʚʠʭ, ʤʝʪʘʤʦʨʬʽʯʥʠʭ ʪʘ ʤʘʛʤʘʪʠʯʥʠʭ ʧʦʨʽʜ, ʤʽʥʝʨʘʣʽʚ ʪʘ ʭʽʤʽʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ. ʆʩʦʙʣʠʚʦʩʪʽ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʠʭ ʤʝʪʦʜʽʚ, ʘ ʪʘʢʦʞ ʤʝʪʦʜʠʢʘ 

ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʶʚʘʥʴ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʽ ʜʝʪʘʣʴʥʽʰʝ ʚ [1]. 

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɺ ʧʨʦʮʝʩʽ ʘʧʨʦʙʘʮʽʾ 

ʯʘʩʪʦʪʥʦ-ʨʝʟʦʥʘʥʩʥʠʭ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʩʫʧʫʪʥʠʢʦʚʠʭ ʽ ʬʦʪʦ ʟʥʽʤʢʽʚ [1] ʥʘ 

ʜʽʣʷʥʢʘʭ ʟ ʢʨʫʛʘʤʠ ʥʘ ʧʦʣʷʭ ʚ ɸʥʛʣʽʾ ʪʘ ʥʘ ʣʴʦʜʫ ʚ ʂʠʪʘʾ [3, 4] ʥʘ ʚʩʽʭ ʢʨʫʛʘʭ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʤʠ ʚʠʤʽʨʶʚʘʥʥʷʤʠ ʟʘʨʝʻʩʪʨʦʚʘʥʽ ʩʠʛʥʘʣʠ ʥʘ ʯʘʩʪʦʪʘʭ ʚʦʜʥʶ ʽ 

ʙʘʟʘʣʴʪʽʚ ʪʘ ʚʩʪʘʥʦʚʣʝʥʦ ʬʘʢʪʠ ʤʽʛʨʘʮʽʾ ʚʦʜʥʶ ʚ ʘʪʤʦʩʬʝʨʫ. ʈʝʟʫʣʴʪʘʪʠ 

ʜʦʜʘʪʢʦʚʦʛʦ ʦʙʩʪʝʞʝʥʥʷ ʚ 2025 ʨ. ʜʽʣʷʥʦʢ ʟ ʢʨʫʛʘʤʠ ʚ ʨʽʟʥʠʭ ʨʝʛʽʦʥʘʭ ʟʚʦʜʷʪʴʩʷ 

ʜʦ ʥʘʩʪʫʧʥʦʛʦ. 

ʌʦʪʦʤʦʥʪʘʞ ʜʽʣʷʥʦʢ 1. ɺ ʧʨʦʮʝʩʽ ʯʘʩʪʦʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʾ ʦʙʨʦʙʢʠ 

ʬʦʪʦʟʥʽʤʢʘ 12 ʣʦʢʘʣʴʥʠʭ ʜʽʣʷʥʦʢ ʟʘʬʽʢʩʦʚʘʥʽ ʩʠʛʥʘʣʠ ʥʘ ʯʘʩʪʦʪʘʭ ʯʝʨʚʦʥʦʛʦ 

ʬʦʩʬʦʨʫ, ʚʦʜʥʶ, ʚʦʜʥʝʚʠʭ ʙʘʢʪʝʨʽʡ. ʅʘ ʛʣʠʙʠʥʽ 57 ʢʤ ʟʘʨʝʻʩʪʨʦʚʘʥʦ ʣʠʰʝ 

ʩʠʛʥʘʣʠ 6-ʦʾ ʛʨʫʧʠ ʤʘʛʤʘʪʠʯʥʠʭ ʧʦʨʽʜ (ʛʘʙʨʦ ʽ ʙʘʟʘʣʴʪʠ). 

 

ʈʠʩ. 1. ʌʦʪʦʛʨʘʬʽʾ ʢʨʫʛʽʚ ʥʘ ʧʦʣʷʭ ʚ ʨʽʟʥʠʭ ʨʝʛʽʦʥʘʭ (ʢʦʧʽʷ ʝʢʨʘʥʘ ʤʦʥʽʪʦʨʘ 1). 
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ʌʦʪʦʤʦʥʪʘʞ ʜʽʣʷʥʦʢ 2. ʅʘ ʨʠʩ. 1 ʚ ʪʨʝʪʽʡ ʢʦʣʦʥʮʽ ʥʘʚʝʜʝʥʘ ʬʦʪʦʛʨʘʬʽʷ   

110 ʣʦʢʘʣʴʥʠʭ ʜʽʣʷʥʦʢ ʟ ʢʨʫʛʘʤʠ ʥʘ ʧʦʣʷʭ. ʇʨʠ ʦʙʨʦʙʮʽ ʮʴʦʛʦ ʬʦʪʦʟʥʽʤʢʘ 

ʦʢʨʝʤʦ ʦʪʨʠʤʘʥʦ ʨʝʟʫʣʴʪʘʪʠ, ʘʥʘʣʦʛʽʯʥʽ ʥʘʚʝʜʝʥʠʤ ʚʠʱʝ.  

ʌʦʪʦʤʦʥʪʘʞ ʜʽʣʷʥʦʢ 3. ɺ ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ ʬʦʪʦʟʥʽʤʢʘ 12 ʣʦʢʘʣʴʥʠʭ 

ʜʽʣʷʥʦʢ ʥʘ ʨʠʩ. 2 ʪʘʢʦʞ ʟʘʬʽʢʩʦʚʘʥʽ ʩʠʛʥʘʣʠ ʥʘ ʯʘʩʪʦʪʘʭ ʯʝʨʚʦʥʦʛʦ ʬʦʩʬʦʨʫ, 

ʚʦʜʥʶ, ʚʦʜʥʝʚʠʭ ʙʘʢʪʝʨʽʡ. ʅʘ ʛʣʠʙʠʥʽ 57 ʢʤ ʟʘʨʝʻʩʪʨʦʚʘʥʦ ʣʠʰʝ ʩʠʛʥʘʣʠ 6-ʦʾ 

ʛʨʫʧʠ ʤʘʛʤʘʪʠʯʥʠʭ ʧʦʨʽʜ (ʛʘʙʨʦ ʽ ʙʘʟʘʣʴʪʠ). 

 

  

ʈʠʩ. 2. ʌʦʪʦʛʨʘʬʽʾ ʢʽʣ ʥʘ ʧʦʣʷʭ ʚ ʨʽʟʥʠʭ ʨʝʛʽʦʥʘʭ 

(ʢʦʧʽʷ ʝʢʨʘʥʘ ʤʦʥʽʪʦʨʘ 2). 

ʈʠʩ. 3. ʉʫʧʫʪʥʠʢʦʚʠʡ ʟʥʽʤʦʢ 

ʜʽʣʷʥʢʠ ʟ ʢʨʫʛʦʤ ʚ ʃʦʥʜʦʥʽ. 

 

ɼʽʣʷʥʢʘ ʽʟ ʢʨʫʛʦʤ ʚ ʃʦʥʜʦʥʽ. ʅʘ ʦʙʩʪʝʞʝʥʽʡ ʜʽʣʷʥʮʽ ʩʠʛʥʘʣʠ ʥʘ ʯʘʩʪʦʪʘʭ 

ʙʘʟʘʣʴʪʽʚ ʦʪʨʠʤʘʥʦ ʣʠʰʝ ʽʟ ʽʥʪʝʨʚʘʣʫ ʛʣʠʙʠʥ 29-3423 ʤ (ʥʘʩʫʚ). ʅʘ ʛʣʠʙʠʥʽ 57 

ʢʤ  ʟʘʬʽʢʩʦʚʘʥʦ ʩʠʛʥʘʣʠ 9-ʦʾ ʛʨʫʧʠ ʦʩʘʜʦʚʠʭ ʧʦʨʽʜ (ʤʝʨʛʝʣʽ). 

ɺ ʧʨʦʮʝʩʽ ʦʙʩʪʝʞʝʥʥʷ ʜʽʣʷʥʦʢ ʟ ʢʨʫʛʘʤʠ ʥʘ ʧʽʚʜʝʥʥʦʤʫ ʩʭʦʜʽ ɸʚʩʪʨʘʣʽʾ [5] 

ʦʪʨʠʤʘʥʽ ʪʘʢʽ ʨʝʟʫʣʴʪʘʪʠ. 

ʃʦʢʘʣʴʥʘ ʜʽʣʷʥʢʘ 1. ʅʘ ʦʙʩʪʝʞʝʥʽʡ ʣʦʢʘʣʴʥʽʡ ʜʽʣʷʥʮʽ (ʨʠʩ. 5ʘ) ʟ ʧʦʚʝʨʭʥʽ 

ʬʽʢʩʫʶʪʴʩʷ ʩʠʛʥʘʣʠ ʥʘ ʯʘʩʪʦʪʘʭ ʚʦʜʥʶ, ʚʦʜʥʝʚʠʭ ʙʘʢʪʝʨʽʡ, ʯʝʨʚʦʥʦʛʦ ʬʦʩʬʦʨʫ ʽ 

ʙʘʟʘʣʴʪʽʚ. ɺʝʨʭʥʷ ʢʨʦʤʢʘ ʙʘʟʘʣʴʪʦʚʦʛʦ ʚʫʣʢʘʥʘ ʟʘʬʽʢʩʦʚʘʥʘ ʥʘ ʛʣʠʙʠʥʽ 34 ʤ, ʘ 

ʥʠʞʥʷ (ʢʦʨʽʥʴ) ï ʥʘ 470 ʢʤ! 

ʃʦʢʘʣʴʥʘ ʜʽʣʷʥʢʘ 2. ʅʘ ʣʦʢʘʣʴʥʽʡ ʜʽʣʷʥʮʽ (ʨʠʩ. 5ʙ) ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʤʠ 

ʚʠʤʽʨʶʚʘʥʥʷʤʠ ʚʝʨʭʥʷ ʢʨʦʤʢʘ ʙʘʟʘʣʴʪʦʚʦʛʦ ʚʫʣʢʘʥʘ ʟʘʬʽʢʩʦʚʘʥʘ ʥʘ ʛʣʠʙʠʥʽ 28 

ʤ, ʘ ʥʠʞʥʷ (ʢʦʨʽʥʴ) ï ʥʘ 470 ʢʤ! ʅʘ ʧʦʚʝʨʭʥʽ ʬʽʢʩʫʶʪʴʩʷ ʩʠʛʥʘʣʠ ʚʦʜʥʶ, 

ʚʦʜʥʝʚʠʭ ʙʘʢʪʝʨʽʡ, ʯʝʨʚʦʥʦʛʦ ʬʦʩʬʦʨʫ ʽ ʙʘʟʘʣʴʪʽʚ. 

ʂʨʫʧʥʘ ʜʽʣʷʥʢʘ. ɺ ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʥʽʤʢʘ ʜʽʣʷʥʢʠ (ʨʠʩ. 4) ʟ 

ʧʦʚʝʨʭʥʽ ʟʘʬʽʢʩʦʚʘʥʦ ʚʽʜʛʫʢʠ ʥʘ ʯʘʩʪʦʪʘʭ ɺɺ (ʥʘʬʪʘ, ʛʘʟ, ʢʦʥʜʝʥʩʘʪ), ʙʫʨʰʪʠʥʫ, 

ʚʫʛʣʝʢʠʩʣʦʛʦ ʨʘʟʫ, ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʙʘʢʪʝʨʽʡ, ʯʝʨʚʦʥʦʛʦ ʽ ʞʦʚʪʦʛʦ ʬʦʩʬʦʨʫ, 

ʚʦʜʥʶ, ʚʦʜʥʝʚʠʭ ʙʘʢʪʝʨʽʡ, ʘʣʤʘʟʽʚ, 1-6, 7-ʦʾ, 8-ʦʾ, 9-ʦʾ, 10-ʦʾ ʛʨʫʧ ʦʩʘʜʦʚʠʭ ʧʦʨʽʜ 

ʽ 6-ʦʾ (ʛʘʙʨʦ ʽ ʙʘʟʘʣʴʪʠ) ʪʘ 11-ʦʾ (ʢʽʤʙʝʨʣʽʪʠ) ʛʨʫʧ ʤʘʛʤʘʪʠʯʥʠʭ ʧʦʨʽʜ.  

ɺʠʩʥʦʚʢʠ. ʇʨʦʚʝʜʝʥʽ ʜʦʜʘʪʢʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʷʶʪʴ 

ʢʦʥʩʪʘʪʫʚʘʪʠ, ʱʦ ʧʨʠ ʧʦʰʫʢʘʭ ʩʢʫʧʯʝʥʴ ʧʨʠʨʦʜʥʦʛʦ ʚʦʜʥʶ ʜʦʮʽʣʴʥʦ ʟʚʝʨʪʘʪʠ 

ʫʚʘʛʫ ʥʘ ʟʦʥʠ ʽ ʨʘʡʦʥʠ ʨʦʟʤʽʱʝʥʥʷ ʢʨʫʛʽʚ ʥʘ ʧʦʣʷʭ ʚ ʨʽʟʥʠʭ ʨʝʛʽʦʥʘʭ ʩʚʽʪʫ! 

ɯʥʬʦʨʤʘʮʽʶ ʧʨʦ ʢʨʫʛʠ ʥʘ ʧʦʣʷʭ ʥʘ ʪʝʨʠʪʦʨʽʷʭ ʚ ʨʽʟʥʠʭ ʢʨʘʾʥʘʭ ʤʦʞʥʘ ʟʥʘʡʪʠ ʥʘ 

ʩʘʡʪʘʭ ɯʥʪʝʨʥʝʪʫ. ʅʘ ʙʘʛʘʪʴʦʭ ʩʘʡʪʘʭ ʻ ʪʘʢʦʞ ʧʦʩʠʣʘʥʥʷ, ʷʢʽ ʥʘʜʘʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʦʟʥʘʡʦʤʠʪʠʩʷ ʟ ʜʦʜʘʪʢʦʚʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʧʦ ʧʨʦʙʣʝʤʽ ʢʨʫʛʽʚ ʥʘ 

ʧʦʣʷʭ. 
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ʇʽʜ ʯʘʩ ʯʘʩʪʦʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʾ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʫʩʽʭ ʦʙʩʪʝʞʝʥʠʭ 

ʣʦʢʘʣʴʥʠʭ ʜʽʣʷʥʦʢ ʟ ʢʨʫʛʘʤʠ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʦʙʤʝʞʝʥʠʡ ʥʘʙʽʨ ʚʠʤʽʨʶʚʘʣʴʥʠʭ 

ʧʨʦʮʝʜʫʨ ï ʧʨʦʚʝʜʝʥʦ ʨʝʢʦʛʥʦʩʮʠʨʫʚʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ. ɺ ʧʨʦʮʝʩʽ ʦʙʩʪʝʞʝʥʥʷ 

ʙʽʣʴʰ ʢʨʫʧʥʠʭ ʧʣʦʱ ʟ ʢʨʫʛʘʤʠ ʚ ʜʝʪʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʧʝʨʩʧʝʢʪʠʚʥʽ ʜʽʣʷʥʢʠ ʜʣʷ 

ʙʫʨʽʥʥʷ ʧʦʰʫʢʦʚʠʭ ʩʚʝʨʜʣʦʚʠʥ ʥʘ ʧʨʠʨʦʜʥʠʡ ʚʦʜʝʥʴ ʤʦʞʫʪʴ ʙʫʪʠ ʣʦʢʘʣʽʟʦʚʘʥʽ, 

ʘ ʨʝʘʣʽʟʘʮʽʻʶ ʧʨʦʮʝʜʫʨ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʩʢʘʥʫʚʘʥʥʷ (ʟʦʥʜʫʚʘʥʥʷ) ʨʦʟʨʽʟʫ ʛʣʠʙʠʥʠ 

ʪʘ ʪʦʚʱʠʥʠ ʥʘʩʠʯʝʥʠʭ ʚʦʜʥʝʤ ʽʥʪʝʨʚʘʣʽʚ ʚʠʟʥʘʯʝʥʽ. 

 

 

 

 
ʘ) 

 
ʙ) 

ʈʠʩ. 4. ʉʫʧʫʪʥʠʢʦʚʠʡ ʟʥʽʤʦʢ ʜʽʣʷʥʦʢ ʟ ʢʨʫʛʘʤʠ ʥʘ ʧʽʚʜʝʥʥʦʤʫ ʩʭʦʜʽ 

ɸʚʩʪʨʘʣʽʾ [5]. 

ʈʠʩ. 5. ɼʽʣʷʥʢʠ ʟ 

ʢʨʫʛʘʤʠ [5]. 

 

ɿʘʟʥʘʯʠʤʦ ʪʘʢʦʞ, ʱʦ ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʟʚʦʣʷʻ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ 

ʥʘ ʬʘʢʪʠ, ʷʢʽ ʩʚʽʜʯʘʪʴ ʥʘ ʢʦʨʠʩʪʴ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʪʝ, ʱʦ ʢʨʫʛʠ ʥʘ ʦʙʩʪʝʞʝʥʠʭ 

ʜʽʣʷʥʢʘʭ ʻ çʪʚʦʨʽʥʥʷʤè ʥʝʣʶʜʩʴʢʠʭ ʨʫʢ. ɿʦʢʨʝʤʘ, ʚ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ 

ʧʦʚʽʜʦʤʣʝʥʥʽ ʥʘ ʩʘʡʪʽ [6] ʥʘʚʝʜʝʥʽ ʬʦʪʦʛʨʘʬʽʾ ʪʨʴʦʭ ʅʃʆ ʨʽʟʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ, 

ʟʘʬʽʢʩʦʚʘʥʠʭ ʚ ʨʽʟʥʠʭ ʨʝʛʽʦʥʘʭ. ʄʘʪʝʨʽʘʣʠ ʧʦʚʽʜʦʤʣʝʥʥʷ ʥʘʜʘʣʠ ʤʦʞʣʠʚʽʩʪʴ 

ʧʨʦʚʝʩʪʠ ʦʙʨʦʙʢʫ ʬʦʪʦʛʨʘʬʽʡ ʅʃʆ. ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʦʾ ʦʙʨʦʙʢʠ ʬʦʪʦʟʥʽʤʢʽʚ 

ʪʨʴʦʭ ʅʃʆ ʟ ʨʝʘʣʽʟʘʮʽʻʶ ʦʙʤʝʞʝʥʦʾ ʢʽʣʴʢʦʩʪʽ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʚʠʤʽʨʶʚʘʥʴ 

ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʜʦʜʘʪʢʦʚʠʤʠ ʩʚʽʜʯʝʥʥʷʤʠ (ʬʘʢʪʘʤʠ) ʥʘ ʢʦʨʠʩʪʴ ʧʨʠʧʫʱʝʥʥʷ 

ʧʨʦ ʪʝ, ʱʦ ʢʦʣʘ ʥʘ ʧʦʣʷʭ ʫ ʨʽʟʥʠʭ ʨʝʛʽʦʥʘʭ ʟʝʤʥʦʾ ʢʫʣʽ [3, 4] ʤʦʞʫʪʴ 

ʬʦʨʤʫʚʘʪʠʩʷ ʧʦʟʘʟʝʤʥʠʤʠ ʣʽʪʘʣʴʥʠʤʠ ʘʧʘʨʘʪʘʤʠ ʫ ʧʨʦʮʝʩʽ ʾʭ ʟʘʧʨʘʚʢʠ ʚʦʜʥʝʤ. 
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The prospects for the discovery of industrial oil and gas deposits in the Krosno zone on the territory 

of Ukraine are confirmed by the receipt of non-industrial hydrocarbon inflows in a number of wells 

drilled near established structural objects. The report presents the results of the analysis of well 

drilling data in the research area. 
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ʂʨʦʩʥʝʥʩʴʢʘ ʟʦʥʘ ʧʦʯʠʥʘʻʪʴʩʷ ʙʽʣʷ ɻʦʣʦʚʥʦʛʦ ʚʦʜʦʜʽʣʫ ʙʽʣʷ ʚʝʨʭʽʚ'ʷ ʨʽʯʢʠ 

ɺʫʞ ʟʘ ʣʽʥʽʻʶ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ɼʫʢʣʷʥʩʴʢʦʛʦ ʥʘʩʫʚʫ (ʋʞʦʮʴʢʠʡ ʧʝʨʝʚʘʣ ï 

ʧʽʚʥʽʯʥʠʡ ʩʭʠʣ ʇʽʢʫʡʩʴʢʦʛʦ ʭʨʝʙʪʘ ï ʩ. ɿʘʜʠʣʴʩʴʢʝ ï ʤ. ɺʦʣʦʚʝʮʴ). ʋ ʾʾ ʤʝʞʘʭ ʟʘ 

ʭʘʨʘʢʪʝʨʦʤ ʙʫʜʦʚʠ ʪʘ ʟʘ ʪʠʧʘʤʠ ʨʦʟʨʽʟʫ ʚʽʜʢʣʘʜʽʚ ʧʘʣʝʦʛʝʥʫ ʨʦʟʨʽʟʥʷʶʪʴ ʜʚʽ 

ʧʽʜʟʦʥʠ: ʧʽʚʜʝʥʥʫ, ʉʦʡʤʝʥʩʴʢʫ ʪʘ ʧʽʚʥʽʯʥʫ, ʊʫʨʢʽʚʩʴʢʫ. 

ʋ ʤʝʞʘʭ ʂʨʦʩʥʝʥʩʴʢʦʾ ʟʦʥʠ ʪʝʢʪʦʥʽʯʥʠʤ ʘʥʘʣʦʛʦʤ ɹʦʨʠʩʣʘʚʩʴʢʦ-

ʇʦʢʫʪʩʴʢʠʭ ʩʢʣʘʜʦʢ ʚʚʘʞʘʻʪʴʩʷ ʇʝʨʝʜʜʫʢʣʷʥʩʴʢʘ ʩʤʫʛʘ, ʷʢʘ ʯʘʩʪʢʦʚʦ 

ʧʝʨʝʢʨʠʪʘ ɼʫʢʣʷʥʩʴʢʠʤ ʧʦʢʨʠʚʦʤ, ʜʝ ʧʨʦʛʥʦʟʫʻʪʴʩʷ ʥʘʛʨʦʤʘʜʞʝʥʥʷ ʛʣʠʙʠʥʥʠʭ 

ʬʣʽʰʦʚʠʭ ʩʢʣʘʜʦʢ-ʟʩʫʚʽʚ, ʧʦʭʦʚʘʥʠʭ ʫ ʢʨʦʩʥʝʥʩʴʢʠʭ ʚʽʜʢʣʘʜʘʭ. ʆʜʥʽʻʶ ʟ ʪʘʢʠʭ 

ʩʢʣʘʜʦʢ ʻ ɺʝʪʣʽʥʩʴʢʘ, ʷʢʘ ʨʦʟʤʽʱʝʥʘ ʥʘ ʪʝʨʠʪʦʨʽʾ ʇʦʣʴʱʽ, ʜʝ ʚʠʷʚʣʝʥʦ 

ʧʨʦʤʠʩʣʦʚʽ ʧʦʢʣʘʜʠ ʛʘʟʫ ʚ ʦʣʽʛʦʮʝʥʽ. 

ʇʨʦʷʚʠ ʥʘʬʪʠ ʽ ʙʽʪʫʤʽʚ ʫ ʂʨʦʩʥʝʥʩʴʢʽʡ ʟʦʥʽ ʚʽʜʟʥʘʯʘʣʠʩʷ ʚ ʢʘʨʪʫʚʘʣʴʥʠʭ 

ʩʚʝʨʜʣʦʚʠʥʘʭ ʥʘ ʧʣʦʱʽ ʃʫʛʠ ʫ ʤʝʞʘʭ ʇʽʚʜʝʥʥʦʾ ʪʘ ʇʽʚʥʽʯʥʦ-ʃʫʟʴʢʦʾ ʩʢʣʘʜʦʢ, ʘ 

ʪʘʢʦʞ ʫ ʚʽʜʢʣʘʜʘʭ ʦʣʽʛʦʮʝʥʫ. 

ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʧʨʠʨʦʜʥʠʭ ʧʦʚʝʨʭʥʝʚʠʭ ʧʨʦʷʚʽʚ ʚʫʛʣʝʚʦʜʥʽʚ ʫ ʨʘʡʦʥʽ 

ʧʣʦʱʽ ʃʫʛʠ ʙʫʣʘ ʧʨʠʯʠʥʦʶ ʧʦʩʪʘʥʦʚʢʠ ʪʫʪ ʧʦʰʫʢʦʚʠʭ ʨʦʙʽʪ ʥʘ ʥʘʬʪʫ.  

ɿʘ ʥʘʷʚʥʦʩʪʽ ʧʘʩʪʦʢ ʫ ʟʦʥʽ ʟʯʣʝʥʫʚʘʥʥʷ ɼʫʢʣʷʥʩʴʢʦʛʦ ʽ ʂʨʦʩʥʝʥʩʴʢʦʛʦ 
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ʧʦʢʨʠʚʽʚ, ʤʦʞʥʘ ʦʯʽʢʫʚʘʪʠ ʪʫʪ ʚʽʜʢʨʠʪʪʷ ʧʨʦʤʠʩʣʦʚʠʭ ʧʦʢʣʘʜʽʚ ʛʘʟʫ ʪʘ 

ʛʘʟʦʢʦʥʜʝʥʩʘʪʫ. 

ʂʨʦʩʥʝʥʩʴʢʘ ʟʦʥʘ ʩʣʘʙʦ ʚʠʚʯʝʥʘ ʩʝʡʩʤʦʨʦʟʚʽʜʢʦʶ ʪʘ ʙʫʨʽʥʥʷʤ, ʪʦʤʫ 

ʩʝʡʩʤʦʨʦʟʚʽʜʢʘ ʻ ʦʩʥʦʚʥʠʤ ʤʝʪʦʜʦʤ ʚʠʚʯʝʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʛʝʦʣʦʛʽʯʥʦʾ ʙʫʜʦʚʠ ʩʢʣʘʜʯʘʩʪʦʾ ʩʧʦʨʫʜʠ ʂʨʦʩʥʝʥʩʴʢʦʾ ʟʦʥʠ. ɿʛʘʜʘʥʽ ʩʪʨʫʢʪʫʨʥʽ 

ʝʣʝʤʝʥʪʠ, ʷʢ ʧʨʘʚʠʣʦ, ʥʘ ʨʝʟʫʣʴʪʫʶʯʠʭ ʯʘʩʦʚʠʭ ʨʦʟʨʽʟʘʭ, ʟʥʘʭʦʜʷʪʴ ʣʠʰʝ 

ʯʘʩʪʢʦʚʝ, ʬʨʘʛʤʝʥʪʘʨʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ. ɯʥʪʝʨʧʨʝʪʘʮʽʷ ʪʘʢʠʭ ʭʚʠʣʴʦʚʠʭ ʧʦʣʽʚ 

ʨʘʟʦʤ ʽʟ ʜʘʥʠʤʠ ʛʣʠʙʦʢʦʛʦ ʙʫʨʽʥʥʷ ʪʘ ʧʦʚʝʨʭʥʝʚʦʾ ʛʝʦʣʦʛʽʾ ʜʦʟʚʦʣʷʶʪʴ 

ʩʪʚʦʨʶʚʘʪʠ ʤʦʜʝʣʽ ʛʝʦʣʦʛʽʯʥʦʾ ʙʫʜʦʚʠ, ʷʢʽ ʥʘʡʙʽʣʴʰ ʥʘʙʣʠʞʝʥʽ ʜʦ ʨʝʘʣʴʥʦʾ 

ʛʝʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʦʨʝʣʷʮʽʾ ʯʘʩʦʚʠʭ ʨʦʟʨʽʟʽʚ ʪʘ ʜʘʥʠʤʠ ʙʫʨʽʥʥʷ ʙʫʣʦ 

ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ ʂʨʦʩʥʝʥʩʴʢʘ ʟʦʥʘ ʻ ʧʦʢʨʠʚʦʤ ʟ ʚʫʟʴʢʦʶ 

ʢʨʫʪʦʟʘʣʷʛʘʶʯʦʶ ʣʫʩʢʦʶ, ʷʢʘ ʚʠʚʝʜʝʥʘ ʥʘ ʧʦʚʝʨʭʥʶ ʽ ʻ ʥʝʩʧʨʠʷʪʣʠʚʦʶ ʜʣʷ 

ʫʪʚʦʨʝʥʥʷ ʧʦʢʣʘʜʽʚ ʚʫʛʣʝʚʦʜʥʽʚ, ʱʦ ʩʫʧʝʨʝʯʠʪʴ ʨʝʟʫʣʴʪʘʪʘʤ ʙʫʨʽʥʥʷ ʥʘ 

ʩʫʤʽʞʥʽʡ ʪʝʨʠʪʦʨʽʾ ʇʦʣʴʱʽ. 

ʅʘʪʦʤʽʩʪʴ ʟʚ'ʷʟʦʢ ʙʽʣʴʰʦʩʪʽ ʜʞʝʨʝʣ ʥʘʬʪʠ ʟ ʧʦʟʜʦʚʞʥʽʤʠ ʜʠʩʣʦʢʘʮʽʷʤʠ 

ʧʽʜʪʚʝʨʜʞʫʻ ʥʘʷʚʥʽʩʪʴ ʤʦʞʣʠʚʠʭ ʩʢʫʧʯʝʥʴ ʧʦʢʣʘʜʽʚ ʥʘʬʪʠ ʪʘ ʛʘʟʫ ʥʘ ʚʝʣʠʢʠʭ 

ʛʣʠʙʠʥʘʭ, ʟʚʽʜʢʠ ʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʾʭ ʚʠʭʽʜ ʥʘ ʧʦʚʝʨʭʥʶ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʚʠʥʠʢ 

ʥʦʚʠʡ ʥʘʧʨʷʤʦʢ ʦʮʽʥʢʠ ʧʝʨʩʧʝʢʪʠʚ ʥʘʬʪʦʛʘʟʦʥʦʩʥʦʩʪʽ, ʷʢʠʡ ʧʦʚ'ʷʟʫʚʘʚʩʷ ʟ 

ʧʽʜʥʘʩʫʚʦʚʠʤʠ ʧʘʨʘʘʚʪʦʭʪʦʥʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʂʨʦʩʥʝʥʩʴʢʦʾ ʟʦʥʠ. 

ɻʣʠʙʠʥʥʘ ʙʫʜʦʚʘ ʦʩʘʜʦʚʠʭ ʚʽʜʢʣʘʜʽʚ ʟʦʥʠ ʂʨʦʩʥʦ ʚʠʚʯʝʥʘ ʩʝʡʩʤʽʯʥʠʤʠ 

ʜʦʩʣʽʜʞʝʥʥʷʤʠ, ʟ ʷʢʠʭ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ: 

- ʚʠʚʯʝʥʽʩʪʴ ʛʣʠʙʠʥʥʦʾ ʙʫʜʦʚʠ ʂʨʦʩʥʝʥʩʴʢʦʾ ʟʦʥʠ ʥʝʜʦʩʪʘʪʥʷ. 

- ʥʝʜʦʩʪʘʪʥʷ ʢʽʣʴʢʽʩʪʴ ʨʝʛʽʦʥʘʣʴʥʠʭ ʧʦʧʝʨʝʯʥʠʭ ʩʝʡʩʤʽʯʥʠʭ ʧʨʦʬʽʣʽʚ ʟʘ 

ʧʦʚʥʦʾ ʚʽʜʩʫʪʥʦʩʪʽ ʧʦʟʜʦʚʞʥʽʭ. 

- ʥʠʟʴʢʘ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʯʘʩʦʚʠʭ ʨʦʟʨʽʟʽʚ ʽ ʚʽʜʩʫʪʥʽʩʪʴ ʧʨʠʚ'ʷʟʢʠ 

ʩʝʡʩʤʽʯʥʠʭ ʛʦʨʠʟʦʥʪʽʚ, ʜʦ ʚʧʝʚʥʝʥʠʭ ʩʪʨʘʪʠʬʽʢʦʚʘʥʠʭ ʨʝʧʝʨʽʚ ʫ 

ʧʘʨʘʘʚʪʦʭʪʦʥʥʠʭ ʯʘʩʪʠʥʘʭ ʛʝʦʣʦʛʽʯʥʦʛʦ ʨʦʟʨʽʟʫ. 

ʇʨʦʚʝʜʝʥʽ ʚ ʤʝʞʘʭ ʂʨʦʩʥʝʥʩʴʢʦʾ ʟʦʥʠ ʜʠʩʪʘʥʮʽʡʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʽʜʪʚʝʨʜʠʣʠ ʟʘʛʘʣʴʥʠʡ ʜʝʧʨʝʩʠʚʥʠʡ ʭʘʨʘʢʪʝʨ ʾʾ ʙʫʜʦʚʠ. ɿʘ ʜʘʥʠʤʠ ʨʝʟʫʣʴʪʘʪʽʚ 

ʜʠʩʪʘʥʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʚʚʘʞʘʻʪʴʩʷ ʧʽʚʥʽʯʥʦ-

ʟʘʭʽʜʥʘ ʯʘʩʪʠʥʘ ʂʨʦʩʥʝʥʩʴʢʦʾ ʟʦʥʠ, ʜʝ ʥʘ ʪʣʽ ʨʝʛʽʦʥʘʣʴʥʦʾ ʜʝʧʨʝʩʽʾ ʚʠʜʽʣʷʶʪʴʩʷ 

ʟʥʘʯʥʽ ʟʘ ʨʦʟʤʽʨʘʤʠ ʣʦʢʘʣʴʥʽ ʧʦʟʠʪʠʚʥʽ ʤʦʨʬʦʩʪʨʫʢʪʫʨʠ. 

ʂʨʦʩʥʝʥʩʴʢʘ ʟʦʥʘ ʙʽʣʴʰʽʩʪʶ ʜʦʩʣʽʜʥʠʢʘʤʠ ʚʚʘʞʘʻʪʴʩʷ 

ʥʘʡʧʝʨʩʧʝʢʪʠʚʥʽʰʦʶ ʪʝʨʠʪʦʨʽʻʶ ʜʣʷ ʧʦʰʫʢʽʚ ʚʫʛʣʝʚʦʜʥʽʚ ʫ ʉʢʣʘʜʯʘʩʪʠʭ 

ʂʘʨʧʘʪʘʭ. 

ʅʘ ʩʫʤʽʞʥʽʡ ʪʝʨʠʪʦʨʽʾ ʇʦʣʴʱʽ ʚ ʉʽʣʝʟʴʢʽʡ (ʂʨʦʩʥʝʥʩʴʢʽʡ) ʟʦʥʽ ʚʽʜʢʨʠʪʦ 

ʜʝʩʷʪʢʠ ʨʦʜʦʚʠʱ ʥʘʬʪʠ ʪʘ ʛʘʟʫ.  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʛʝʦʣʦʛʦ-ʛʝʦʬʽʟʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ: 

- ʜʝʪʘʣʴʥʦ ʟʦʥʘ ʚʠʚʯʝʥʘ ʣʠʰʝ ʛʝʦʣʦʛʽʯʥʦʶ ʟʡʦʤʢʦʶ. 

- ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʰʫʢʽʚ ʧʦʢʣʘʜʽʚ ʚʫʛʣʝʚʦʜʥʽʚ ʫ ʂʨʦʩʥʝʥʩʴʢʽʡ ʟʦʥʽ ʩʣʽʜ 

ʧʦʚ'ʷʟʫʚʘʪʠ ʟ ʘʣʦʭʪʦʥʥʠʤʠ ʪʘ ʧʘʨʘʘʚʪʦʭʪʦʥʥʠʤʠ ʬʣʽʰʦʚʠʤʠ ʫʪʚʦʨʝʥʥʷʤʠ ʪʘ 

ʤʝʟʦ-ʧʘʣʝʦʟʦʡʩʴʢʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʂʘʨʧʘʪ. 
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ʉʽʤʬʝʨʦʧʦʣʴʩʴʢʘ 2ʘ 

 

ʋ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʨʦʟʧʦʜʽʣʫ ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʈɿɽ) ʫ ʟʨʘʟʢʘʭ 

ʰʣʘʢʫ ʇʨʠʜʥʽʧʨʦʚʩʴʢʦʾ ʊɽʉ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʘʥʪʨʘʮʠʪʦʚʠʡ ʰʣʘʢ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʱʠʤ 

ʩʫʤʘʨʥʠʤ ʚʤʽʩʪʦʤ ʈɿɽ ʪʘ ʤʝʥʰ ʚʠʨʘʞʝʥʠʤ ʬʨʘʢʮʽʦʥʫʚʘʥʥʷʤ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʡʦʛʦ ʷʢ ʙʽʣʴʰ 

ʧʝʨʩʧʝʢʪʠʚʥʝ ʪʝʭʥʦʛʝʥʥʝ ʜʞʝʨʝʣʦ ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʰʣʘʢ, ʢʘʤôʷʥʝ ʚʫʛʽʣʣʷ, ʘʥʪʨʘʮʠʪ, ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʽ ʝʣʝʤʝʥʪʠ. 
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The study presents the results of an analysis of rare earth element (REE) distribution in slag samples 

from the Prydniprovska Thermal Power Plant. It was found that anthracite slag is characterized by a 

higher total REE content and less pronounced fractionation, which identifies it as a more promising 

technogenic source of rare earth elements. 
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ɺʩʪʫʧ. ʇʦʩʪʽʡʥʦ ʟʨʦʩʪʘʶʯʠʡ ʧʦʧʠʪ ʥʘ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʽ ʝʣʝʤʝʥʪʠ ʪʘ 

ʩʢʣʘʜʥʽ ʛʝʦʧʦʣʽʪʠʯʥʽ ʨʝʘʣʽʾ ʩʧʦʥʫʢʘʶʪʴ ʢʨʘʾʥʠ ʜʦ ʧʦʰʫʢʫ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ 

ʜʞʝʨʝʣ ʤʽʥʝʨʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʽ ʟʥʠʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʦʚʥʽʰʥʽʭ 

ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ. ʆʜʥʠʤ ʽʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʽʚ ʫ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʻ 

ʧʝʨʝʨʦʙʢʘ ʪʝʭʥʦʛʝʥʥʠʭ ʚʽʜʭʦʜʽʚ, ʱʦ ʚʞʝ ʥʘʢʦʧʠʯʝʥʽ ʚʥʘʩʣʽʜʦʢ ʧʦʧʝʨʝʜʥʴʦʾ 

ʧʨʦʤʠʩʣʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʠ, 

ʧʦʚôʷʟʘʥʽ ʟ ʛʝʦʣʦʛʦʨʦʟʚʽʜʫʚʘʣʴʥʠʤʠ ʨʦʙʦʪʘʤʠ ʪʘ ʩʪʚʦʨʝʥʥʷʤ ʚʽʜʧʦʚʽʜʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ʇʦʧʝʨʝʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʟʦʢʨʝʤʘ ʘʥʘʣʽʟ ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʷʥʥʷ ʚʫʛʽʣʣʷ 

ʪʝʧʣʦʚʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ (ʊɽʉ), ʧʦʢʘʟʘʣʠ, ʱʦ ʮʝʡ ʪʠʧ ʚʽʜʭʦʜʽʚ  ̒ʧʝʨʩʧʝʢʪʠʚʥʠʤ 

ʜʞʝʨʝʣʦʤ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʭ ʝʣʝʤʝʥʪʽʚ, ʟʦʢʨʝʤʘ ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʠʭ (ʈɿɽ) [1]. 

ʆʢʨʽʤ ʪʦʛʦ, ʧʝʨʝʨʦʙʢʘ ʪʘʢʠʭ ʚʽʜʭʦʜʽʚ ʩʧʨʠʷʻ ʨʝʢʫʣʴʪʠʚʘʮʽʾ ʪʝʨʠʪʦʨʽʡ, 

ʧʦʨʫʰʝʥʠʭ ʧʦʧʝʨʝʜʥʴʦʶ ʧʨʦʤʠʩʣʦʚʦʶ ʜʽʷʣʴʥʽʩʪʶ, ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʶ 

ʧʨʠʥʮʠʧʽʚ ʮʠʨʢʫʣʷʨʥʦʾ ʝʢʦʥʦʤʽʢʠ, ʱʦ ʨʦʙʠʪʴ ʮʝʡ ʥʘʧʨʷʤ ʷʢ ʨʝʩʫʨʩʥʦ, ʪʘʢ ʽ 

ʝʢʦʣʦʛʽʯʥʦ ʜʦʮʽʣʴʥʠʤ. 

ʅʘ ʪʝʧʣʦʚʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʭ ʧʽʜ ʯʘʩ ʩʧʘʣʶʚʘʥʥʷ ʚʫʛʽʣʣʷ ʫʪʚʦʨʶʶʪʴʩʷ 

ʪʚʝʨʜʽ ʧʨʦʜʫʢʪʠ ʟʛʦʨʷʥʥʷ ʪʨʴʦʭ ʦʩʥʦʚʥʠʭ ʪʠʧʽʚ: ʟʦʣʘ ʚʠʥʦʩʫ (fly ash), 
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ʟʘʣʠʰʢʦʚʘ ʘʙʦ ʜʦʥʥʘ ʟʦʣʘ (bottom ash) ʪʘ ʢʦʪʝʣʴʥʠʡ ʰʣʘʢ (boiler slag), ʷʢʽ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʫʤʦʚʘʤʠ ʫʪʚʦʨʝʥʥʷ, ʬʨʘʢʮʽʡʥʠʤ ʩʢʣʘʜʦʤ ʽ ʭʽʤʽʯʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ɺ ʋʢʨʘʾʥʽ ʫ ʚʽʜʚʘʣʘʭ ʥʘʢʦʧʠʯʝʥʦ ʙʣʠʟʴʢʦ 360 ʤʣʥ ʪ 

ʟʦʣʦʰʣʘʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʧʨʠʯʦʤʫ ʱʦʨʦʢʫ ʫʪʚʦʨʶʻʪʴʩʷ ʦʨʽʻʥʪʦʚʥʦ 7ï9 ʤʣʥ ʪ 

ʥʦʚʠʭ ʚʽʜʭʦʜʽʚ. ʈʽʚʝʥʴ ʫʪʠʣʽʟʘʮʽʾ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘʣʠʰʘʻʪʴʩʷ ʥʠʟʴʢʠʤ ð 

ʙʣʠʟʴʢʦ 10ï12 %, ʪʦʜʽ ʷʢ ʫ ʢʨʘʾʥʘʭ ɭʉ ʧʝʨʝʨʦʙʢʘ ʟʦʣʠ ʜʦʩʷʛʘʻ ʧʨʠʙʣʠʟʥʦ 40ï50 

% [3].  

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʦʩʣʽʜʞʝʥʥʷ ʪʚʝʨʜʠʭ ʚʽʜʭʦʜʽʚ ʊɽʉ ʷʢ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ 

ʜʞʝʨʝʣʘ ʢʨʠʪʠʯʥʦʾ ʩʠʨʦʚʠʥʠ ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ, ʚʠʨʽʰʝʥʥʷ ʷʢʦʾ ʜʦʟʚʦʣʠʪʴ 

ʦʧʪʠʤʽʟʫʚʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʛʝʥʥʠʭ ʨʝʩʫʨʩʽʚ, ʟʥʠʟʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ 

ʽʤʧʦʨʪʫ ʩʪʨʘʪʝʛʽʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʪʘ ʩʪʚʦʨʠʪʠ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʨʦʟʚʠʪʢʫ 

ʚʽʪʯʠʟʥʷʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʾʾ ʚʠʣʫʯʝʥʥʷ. 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʧʨʦʚʝʜʝʥʥʷ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʢʦʥʮʝʥʪʨʘʮʽʡ ʪʘ 

ʛʝʦʭʽʤʽʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʈɿɽ ʫ ʧʨʦʜʫʢʪʘʭ ʟʛʦʨʷʥʥʷ ʢʘʤôʷʥʦʛʦ ʚʫʛʽʣʣʷ ʨʽʟʥʦʛʦ 

ʩʪʫʧʝʥʷ ʚʫʛʣʝʬʽʢʘʮʽʾ. 

ʆʙôʻʢʪʠ ʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʚʽʜʚʘʣʽʚ 

ʇʨʠʜʥʽʧʨʦʚʩʴʢʦʾ ʊɽʉ ʙʫʣʠ ʚʽʜʽʙʨʘʥʽ ʧʨʦʙʠ ʰʣʘʢʫ, ʷʢʽ ʻ ʧʨʦʜʫʢʪʦʤ ʟʛʦʨʷʥʥʷ 

ʚʫʛʽʣʣʷ ʤʘʨʢʠ ɼ-ɻ ʪʘ ʘʥʪʨʘʮʠʪʫ. ʇʝʨʚʠʥʥʘ ʧʽʜʛʦʪʦʚʢʘ ʧʨʦʙ (ʚʠʩʫʰʫʚʘʥʥʷ, 

ʧʦʜʨʽʙʥʝʥʥʷ) ʧʨʦʚʦʜʠʣʘʩʷ ʫ ʃʘʙʦʨʘʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ ʟʤʽʥ 

ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ɯɻʊʄ ʅɸʅ ʋʢʨʘʾʥʠ.  

ɺʤʽʩʪ ʈɿɽ ʚʠʟʥʘʯʘʣʠ ʤʝʪʦʜʦʤ ICP-MS (Thermo Element 2, Thermo 

Scientific, ʅʽʤʝʯʯʠʥʘ) ʫ ʃʘʙʦʨʘʪʦʨʽʾ ʤʽʢʨʦʝʣʝʤʝʥʪʥʦʛʦ ʪʘ ʽʟʦʪʦʧʥʦʛʦ ʘʥʘʣʽʟʫ 

ɯɻʄʈ ʽʤ. ʄ.ʇ. ʉʝʤʝʥʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ. ʇʦʧʝʨʝʜʥʽʡ ʢʠʩʣʦʪʥʠʡ ʨʦʟʢʣʘʜ 

ʚʠʢʦʥʫʚʘʣʠ ʫ ʤʽʢʨʦʭʚʠʣʴʦʚʽʡ ʩʠʩʪʝʤʽ ETNOS (Milestone, ɯʪʘʣʽʷ) ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʤʽʰʽ HNOïHFïHCl ʟʘ ʩʪʘʥʜʘʨʪʥʦʶ ʤʝʪʦʜʠʢʦʶ [6]. 

ʂʘʣʽʙʨʫʚʘʥʥʷ ʟʜʽʡʩʥʶʚʘʣʠ ʩʪʘʥʜʘʨʪʦʤ Inorganic Ventures CMS-1 ʽʟ ʚʥʫʪʨʽʰʥʽʤ 

ʽʥʜʠʢʘʪʦʨʦʤ In (10 ppb); ʢʦʥʪʨʦʣʴ ʷʢʦʩʪʽ ʧʨʦʚʦʜʠʣʠ ʟʘ ʩʝʨʪʠʬʽʢʦʚʘʥʠʤ 

ʩʪʘʥʜʘʨʪʦʤ JG-1a [2]. ʂʦʥʮʝʥʪʨʘʮʽʾ ʈɿɽ ʫ ʟʨʘʟʢʘʭ ʰʣʘʢʫ ʙʫʣʠ ʥʦʨʤʘʣʽʟʦʚʘʥʽ 

ʚʽʜʥʦʩʥʦ ʟʥʘʯʝʥʴ CI-ʭʦʥʜʨʠʪʫ ʜʣʷ ʧʦʙʫʜʦʚʠ ʛʨʘʬʽʢʽʚ ʨʦʟʧʦʜʽʣʫ [4]. ɸʥʦʤʘʣʽʾ 

ʚ̒ʨʦʧʽʶ (Eu/Eu*) ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ ʬʦʨʤʫʣʦʶ: EuN/(SmN*GdN)1/2. ɸʥʦʤʘʣʽʾ 

ʮʝʨʽʶ (Ce/Ce*)  ʨʦʟʨʘʭʦʚʫʚʘʣʠʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: CeN/(LaN*PrN)1/2. 
 

 
 

ʈʠʩ. 1. ʂʦʥʮʝʥʪʨʘʮʽʾ ʈɿɽ ʫ ʰʣʘʢʫ ʢʘʤôʷʥʦʛʦ ʚʫʛʽʣʣʷ ʪʘ ʘʥʪʨʘʮʠʪʫ, ppm. 
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ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. ʋ ʨʝʟʫʣʴʪʘʪʽ ICP-MS ʘʥʘʣʽʟʫ ʚʩʪʘʥʦʚʣʝʥʦ ʚʤʽʩʪ 

ʈɿɽ ʫ ʰʣʘʢʫ ʢʘʤôʷʥʦʛʦ ʚʫʛʽʣʣʷ (ʤʘʨʢʘ ɼ-ɻ) ʪʘ ʘʥʪʨʘʮʠʪʫ. ɿ ʨʠʩʫʥʢʘ 1 ʚʠʜʥʦ, ʱʦ 

ʜʣʷ ʦʙʦʭ ʪʠʧʽʚ ʰʣʘʢʫ ʭʘʨʘʢʪʝʨʥʝ ʧʝʨʝʚʘʞʘʥʥʷ ʣʝʛʢʠʭ ʈɿɽ (LaïEu) ʥʘʜ ʚʘʞʢʠʤʠ 

(GdïLu).ʅʘʡʚʠʱʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʈɿɽ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚ ʘʥʪʨʘʮʠʪʦʚʦʤʫ ʰʣʘʢʫ ʟ 

ʤʘʢʩʠʤʘʣʴʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʜʣʷ ʉʝ (120 ppm), Nd (64 ppm), La (62 ppm) ʪʘ 

Y (53 ppm). ʎʽ ʝʣʝʤʝʥʪʠ ʪʘʢʦʞ ʜʦʤʽʥʫʶʪʴ ʫ ʰʣʘʢʫ ʢʘʤôʷʥʦʛʦ ʚʫʛʽʣʣʷ ʤʘʨʢʠ ɼ-ɻ, 

ʦʜʥʘʢ ʾʭʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʝʱʦ ʥʠʞʯʽ. ʎʝ ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ ʙʽʣʴʰʫ ʯʘʩʪʢʫ 

ʤʽʥʝʨʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʚ ʘʥʪʨʘʮʠʪʦʚʦʤʫ ʰʣʘʢʫ, ʟ ʷʢʦʶ ʧʦʚôʷʟʘʥʽ 

ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʽ ʝʣʝʤʝʥʪʠ. ʂʦʥʮʝʥʪʨʘʮʽʾ ʚʘʞʢʠʭ ʈɿɽ (GdïLu) ʜʣʷ ʦʙʦʭ ʪʠʧʽʚ 

ʰʣʘʢʫ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ 5-10 ppm. 

ʍʦʥʜʨʠʪ-ʥʦʨʤʦʚʘʥʽ ʧʨʦʬʽʣʽ ʨʦʟʧʦʜʽʣʫ ʈɿɽ ʫ ʰʣʘʢʫ ʇʨʠʜʥʽʧʨʦʚʩʴʢʦʾ ʊɽʉ 

ʧʦʢʘʟʫʶʪʴ ʯʽʪʢʝ ʟʙʘʛʘʯʝʥʥʷ ʣʝʛʢʠʤʠ ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʫ ʚʩʽʭ 

ʧʨʦʙʘʭ, ʧʨʦʪʝ ʥʘʡʙʽʣʴʰ ʢʦʥʮʝʥʪʨʦʚʘʥʠʡ ʚʤʽʩʪ ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ ʘʥʪʨʘʮʠʪʦʚʦʛʦ 

ʰʣʘʢʫ. ʉʧʽʣʴʥʦʶ ʨʠʩʦʶ ʟʨʘʟʢʽʚ ʻ ʥʝʛʘʪʠʚʥʘ ʘʥʦʤʘʣʽʷ ʻʚʨʦʧʽʶ (Eu), ʱʦ 

ʚʽʜʦʙʨʘʞʘʻ ʩʧʝʮʠʬʽʢʫ ʤʽʥʝʨʘʣʦʛʦ-ʛʝʦʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʽʜ 

ʯʘʩ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʧʘʣʶʚʘʥʥʷ ʚʫʛʽʣʣʷ (ʨʠʩ. 2). ʌʦʨʤʫʚʘʥʥʷ ʮʽʻʾ 

ʘʥʦʤʘʣʽʾ, ʡʤʦʚʽʨʥʦ, ʧʦʚôʷʟʘʥʝ ʽʟ ʩʝʣʝʢʪʠʚʥʠʤ ʚʢʣʶʯʝʥʥʷʤ EuĮ  ʫ ʢʨʠʩʪʘʣʽʯʥʽ 

ˇʨʘʪʢʠ ʧʦʣʴʦʚʠʭ ʰʧʘʪʽʚ, ʘ ʪʘʢʦʞ ʟ ʦʢʠʩʥʝʥʥʷʤ EuĮ  ʜʦ Euį  ʪʘ ʯʘʩʪʢʦʚʠʤ 

ʧʝʨʝʭʦʜʦʤ ʻʚʨʦʧʽʶ ʫ ʣʝʪʢʫ ʬʘʟʫ [5]. ʅʝ ʚʠʢʣʶʯʝʥʦ, ʱʦ ʧʝʚʥʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ ʡ 

ʫʩʧʘʜʢʫʚʘʥʥʷ ʤʽʥʝʨʘʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʭʽʜʥʦʾ ʟʦʣʠ ʚʫʛʽʣʣʷ. 

 

 
 

ʈʠʩ. 2. ʇʨʦʬʽʣʽ ʨʦʟʧʦʜʽʣʫ ʈɿɽ ʫ ʰʣʘʢʫ ʇʨʠʜʥʽʧʨʦʚʩʴʢʦʾ ʊɽʉ ʥʦʨʤʦʚʘʥʽ ʥʘ CI-ʭʦʥʜʨʠʪ 

 

ʍʦʥʜʨʠʪ-ʥʦʨʤʦʚʘʥʽ ʧʘʨʘʤʝʪʨʠ ʨʦʟʧʦʜʽʣʫ ʈɿɽ ʫ ʰʣʘʢʘʭ ʇʨʠʜʥʽʧʨʦʚʩʴʢʦʾ 

ʊɽʉ, ʫʪʚʦʨʝʥʠʭ ʧʽʜ ʯʘʩ ʩʧʘʣʶʚʘʥʥʷ ʢʘʤôʷʥʦʛʦ ʚʫʛʽʣʣʷ ʪʘ ʘʥʪʨʘʮʠʪʫ, ʧʦʢʘʟʘʣʠ 

ʧʝʚʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʫ ʨʽʚʥʷʭ ʟʙʘʛʘʯʝʥʥʷ ʪʘ ʭʘʨʘʢʪʝʨʽ ʬʨʘʢʮʽʦʥʫʚʘʥʥʷ (ʪʘʙʣ. 1). 

ʉʫʤʘʨʥʠʡ ʚʤʽʩʪ ʈɿɽ ʫ ʰʣʘʢʘʭ ʘʥʪʨʘʮʠʪʫ (ɆREE_N = 859ï1200) ʧʝʨʝʚʠʱʫʻ 

ʘʥʘʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʜʣʷ ʰʣʘʢʽʚ ʢʘʤôʷʥʦʛʦ ʚʫʛʽʣʣʷ (ɆREE_N = 707ï896), ɦ ʦ, 
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ʡʤʦʚʽʨʥʦ, ʟʫʤʦʚʣʝʥʦ ʚʠʱʦʶ ʟʦʣʴʥʽʩʪʶ ʘʥʪʨʘʮʠʪʫ ʪʘ ʽʥʪʝʥʩʠʚʥʽʰʠʤʠ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʧʣʘʚʣʝʥʥʷ. 

ʋ ʚʩʽʭ ʜʦʩʣʽʜʞʝʥʠʭ ʟʨʘʟʢʘʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʝʨʝʚʘʞʘʥʥʷ ʣʝʛʢʠʭ ʈɿɽ 

(LREE/HREE = 2.5ï3.5) ʪʘ ʭʘʨʘʢʪʝʨʥʝ ʟʙʘʛʘʯʝʥʥʷ ʣʝʛʢʠʤʠ ʝʣʝʤʝʥʪʘʤʠ (LaïSm) 

ʧʦʨʽʚʥʷʥʦ ʟ ʚʘʞʢʠʤʠ (GdïLu), ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʚʧʣʠʚ ʘʣʶʤʦʩʠʣʽʢʘʪʥʦʾ ʤʘʪʨʠʮʽ 

ʥʘ ʨʦʟʧʦʜʽʣ ʈɿɽ ʫ ʰʣʘʢʦʚʠʭ ʧʨʦʜʫʢʪʘʭ. ɺ ʘʥʪʨʘʮʠʪʦʚʠʭ ʰʣʘʢʘʭ ʬʽʢʩʫʻʪʴʩʷ 

ʚʽʜʥʦʩʥʦ ʤʝʥʰʝ ʬʨʘʢʮʽʦʥʫʚʘʥʥʷ ʤʽʞ ʣʝʛʢʠʤʠ ʪʘ ʚʘʞʢʠʤʠ ʈɿɽ, ʧʨʦ ʱʦ ʩʚʽʜʯʘʪʴ 

ʥʠʞʯʽ ʟʥʘʯʝʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʴ LREE/HREE ʽ (La/Yb)_N (6.9ï10.3), ʱʦ ʤʦʞʝ 

ʙʫʪʠ ʨʝʟʫʣʴʪʘʪʦʤ ʙʽʣʴʰ ʛʦʤʦʛʝʥʥʦʛʦ ʩʢʣʘʜʫ ʨʦʟʧʣʘʚʫ ʪʘ ʯʘʩʪʢʦʚʦʛʦ ʧʝʨʝʭʦʜʫ 

ʚʘʞʢʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʩʢʣʦʧʦʜʽʙʥʫ ʬʘʟʫ. 

ʊʘʙʣʠʮʷ 1. 

ʍʦʥʜʨʠʪ-ʥʦʨʤʦʚʘʥʽ ʧʘʨʘʤʝʪʨʠ ʈɿɽ ʫ ʰʣʘʢʫ ʇʨʠʜʥʽʧʨʦʚʩʴʢʦʾ ʊɽʉ 
 

ʇʨʦʜʫʢʪ 

ʟʛʦʨʷʥʥʷ 

ˉ 

ʧʨʦʙ

ʠ 

×LREE_

N 

×HREE_

N 

×REE_

N 

LREE/

HREE 

(La/Yb)_

N 

Eu/Eu* Ce/Ce* 

ʐʣʘʢ 

ʢʘʤôʷʥʦʛ

ʦ ʚʫʛʽʣʣʷ 

5307 627,246 185,356 812,602 3,384 11,486 0,692 1,029 

5308 694,778 201,420 896,198 3,449 11,359 0,687 1,021 

5309 547,693 159,531 707,224 3,433 11,494 0,704 1,015 

ʐʣʘʢ 

ʘʥʪʨʘʮʠʪ

ʫ 

5267 728,795 222,641 951,436 3,273 10,288 0,727 1,018 

5268 860,534 339,600 1200,13

4 

2,533 6,979 0,724 0,929 

5269 662,151 196,747 858,898 3,365 10,289 0,731 1,022 

 

ʍʘʨʘʢʪʝʨʥʦʶ ʦʟʥʘʢʦʶ ʜʣʷ ʚʩʽʭ ʟʨʘʟʢʽʚ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʩʫʪʪʻʚʦʾ ʮʝʨʽʻʚʦʾ 

ʘʥʦʤʘʣʽʾ (ʟʥʘʯʝʥʥʷ Ce/Ce* ʙʣʠʟʴʢʽ ʜʦ 1), ʱʦ ʚʢʘʟʫʻ ʥʘ ʩʪʘʙʽʣʴʥʦ ʦʢʠʩʥʽ ʫʤʦʚʠ 

ʬʦʨʤʫʚʘʥʥʷ ʰʣʘʢʫ. 

ɺʠʩʥʦʚʦʢ. ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʟʨʘʟʢʽʚ ʰʣʘʢʫ ʇʨʠʜʥʽʧʨʦʚʩʴʢʦʾ ʊɽʉ, 

ʫʪʚʦʨʝʥʠʭ ʧʽʜ ʯʘʩ ʩʧʘʣʶʚʘʥʥʷ ʢʘʤôʷʥʦʛʦ ʚʫʛʽʣʣʷ ʪʘ ʘʥʪʨʘʮʠʪʫ, ʧʦʢʘʟʘʚ, ʱʦ 

ʦʙʠʜʚʘ ʪʠʧʠ ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʷʥʥʷ ʟʙʘʛʘʯʝʥʽ ʧʝʨʝʚʘʞʥʦ ʣʝʛʢʠʤʠ 

ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. ɸʥʪʨʘʮʠʪʦʚʠʡ ʰʣʘʢ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʱʠʤ 

ʩʫʤʘʨʥʠʤ ʚʤʽʩʪʦʤ ʈɿɽ ʪʘ ʤʝʥʰ ʚʠʨʘʞʝʥʠʤ ʬʨʘʢʮʽʦʥʫʚʘʥʥʷʤ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʡʦʛʦ ʷʢ ʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʝ ʪʝʭʥʦʛʝʥʥʝ ʜʞʝʨʝʣʦ ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʨʘʢʪʠʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʮʴʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʤʦʞʣʠʚʘ ʣʠʰʝ ʟʘ 

ʫʤʦʚʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʠʣʫʯʝʥʥʷ ʪʘ ʟʙʘʛʘʯʝʥʥʷ, ʱʦ 

ʚʠʟʥʘʯʘʪʠʤʝ ʝʢʦʥʦʤʽʯʥʫ ʡ ʝʢʦʣʦʛʽʯʥʫ ʜʦʮʽʣʴʥʽʩʪʴ ʧʨʦʮʝʩʫ. 
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ʋɼʂ 622.012 (477) 

ɺʇʃʀɺ ʅɸ ɼʆɺʂɯʃʃʗ ɺʋɻʃɽɺʀɼʆɹʋɺʅʆɰ ʇʈʆʄʀʉʃʆɺʆʉʊɯ 

ɼ. ʄ. ɻʦʣʦʚʯʝʥʢʦ1, ɸ. ʆ. ʅʽʢʽʪʽʥʘ1,3, ɭ. ɯ. ʉʢʦʧʠʯʝʥʢʦ1, ɼ. ɺʘʢʦʚʩʢʽ2, 

ʉ. ʄ. ʆʟʽʨʩʴʢʘ1 

1ɼʋ çʅʘʫʢʦʚʠʡ ʮʝʥʪʨ ʛʽʨʥʠʯʦʾ ʛʝʦʣʦʛʽʾ, ʛʝʦʝʢʦʣʦʛʽʾ ʪʘ ʨʦʟʚʠʪʢʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʅɸʅ 

ʋʢʨʘʾʥʠè, ʂʠʾʚ, ʙʫʣ. ɸʢ. ɺʝʨʥʘʜʩʴʢʦʛʦ 34 ʘ 
2ʊʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ɹʦʣʛʘʨʽʷ, ʉʦʬʽʷ 

3ɼʝʨʞʘʚʥʘ ʥʘʫʢʦʚʘ ʫʩʪʘʥʦʚʘ ñʎʝʥʪʨ ʧʨʦʙʣʝʤ ʤʦʨʩʴʢʦʾ ʛʝʦʣʦʛʽʾ, ʛʝʦʝʢʦʣʦʛʽʾ ʪʘ ʦʩʘʜʦʚʦʛʦ 

ʨʫʜʦʫʪʚʦʨʝʥʥʷ ʅɸʅ ʋʢʨʘʾʥʠò ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɸʥʪʨʦʧʦʛʝʥʥʠʡ ʚʧʣʠʚ ʥʘ ʛʝʦʣʦʛʽʯʥʝ ʩʝʨʝʜʠʚʠʱʝ, ʫ ʟʚ ʷʟʢʫ ʟ ʨʦʟʨʦʙʢʦʶ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ, 

ʤʦʞʝ ʙʫʪʠ ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʨʽʟʥʽ ʡʦʛʦ ʩʢʣʘʜʦʚʽ: ʤʘʩʠʚ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, ʛʨʫʥʪʠ, ʧʽʜʟʝʤʥʽ ʚʦʜʠ, 

ʛʘʟʦʚʫ ʩʢʣʘʜʦʚʫ ʪʘ, ʚʮʽʣʦʤʫ, ʥʘ ʣʽʪʦʩʬʝʨʫ. ʄʘʢʩʠʤʘʣʴʥʝ ʘʥʪʨʦʧʦʛʝʥʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʚʥʘʩʣʽʜʦʢ ʚʠʩʦʢʦʛʦ ʨʦʟʚʠʪʢʫ ʛʽʨʥʠʯʦʜʦʙʫʚʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʪʝʭʥʦʛʝʥʥʠʭ 

ʣʘʥʜʰʘʬʪʽʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʤʝʞʘʭ ɼʦʥʝʮʴʢʦʛʦ ʪʘ ʃʴʚʽʚʩʴʢʦ-ɺʦʣʠʥʩʴʢʦʛʦ ʢʘʤôʷʥʦʚʫʛʽʣʴʥʠʭ 

ʙʘʩʝʡʥʽʚ ʪʘ ɼʥʽʧʨʦʚʩʴʢʦʛʦ ʙʫʨʦʚʫʛʽʣʴʥʦʛʦ ʙʘʩʝʡʥʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʝʢʦʣʦʛʽʷ ʚʫʛʣʝʜʦʙʫʚʥʠʭ ʨʝʛʽʦʥʽʚ, ʜʦʚʢʽʣʣʷ, ʚʫʛʽʣʴʥʽ ʙʘʩʝʡʥʠ 
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Anthropogenic impact on the geological environment, in connection with the development of 

minerals, can be directed at its various components: rock massif, soils, groundwater, gas component 

and, as a whole, on the lithosphere. The maximum anthropogenic load due to the high development 

of the mining industry and the formation of technogenic landscapes is observed within the Donetsk 

and Lviv-Volyn coal basins and the Dnieper brown coal basin. 

Keywords: ecology of coal-mining regions, environment, coal basins 

 

ɺ ʦʩʥʦʚʽ ʚʠʥʠʢʥʝʥʥʷ ʙʽʣʴʰʦʩʪʽ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ ʚʫʛʣʝʚʠʜʦʙʫʚʥʠʭ 

ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ ʻ ʪʝʭʥʦʛʝʥʥʽ ʟʤʽʥʠ ʛʦʣʦʚʥʠʭ ʛʨʫʧ ʬʘʢʪʦʨʽʚ: ʽʥʞʝʥʝʨʥʦ-

ʛʝʦʣʦʛʽʯʥʠʭ, ʛʝʦʭʽʤʽʯʥʠʭ, ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ ʪʘ ʙʽʦʣʦʛʽʯʥʠʭ. ʇʨʦʛʥʦʟʫʚʘʥʥʷ 

ʤʦʞʣʠʚʦʩʪʽ ʚʽʜʥʦʚʣʝʥʥʷ ʪʝʭʥʦʛʝʥʥʦʛʦ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʫ 

ʚʫʛʣʝʚʠʜʦʙʚʥʠʭ ʨʘʡʦʥʘʭ, ʧʽʜ ʚʧʣʠʚʦʤ ʧʨʠʨʦʜʥʦ-ʪʝʭʥʦʛʝʥʥʠʭ ʬʘʢʪʦʨʽʚ, 
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ʥʝʦʙʭʽʜʥʝ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʝʦʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʪʘ ʙʝʟʧʝʢʠ ʜʣʷ ʟʜʦʨʦʚ ʷ 

ʥʘʩʝʣʝʥʥʷ. 

ʄʘʢʩʠʤʘʣʴʥʝ ʘʥʪʨʦʧʦʛʝʥʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʥʘʩʣʽʜʦʢ ʚʠʩʦʢʦʛʦ ʨʦʟʚʠʪʢʫ 

ʛʽʨʥʠʯʦʜʦʙʫʚʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʪʝʭʥʦʛʝʥʥʠʭ ʣʘʥʜʰʘʬʪʽʚ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʤʝʞʘʭ ɼʦʥʝʮʴʢʦʛʦ ʪʘ ʃʴʚʽʚʩʴʢʦ-ɺʦʣʠʥʩʴʢʦʛʦ 

ʢʘʤôʷʥʦʚʫʛʽʣʴʥʠʭ ʙʘʩʝʡʥʽʚ ʪʘ ɼʥʽʧʨʦʚʩʴʢʦʛʦ ʙʫʨʦʚʫʛʽʣʴʥʦʛʦ ʙʘʩʝʡʥʫ. 

ɺʫʛʣʝʚʠʜʦʙʫʚʥʽ ʨʘʡʦʥʠ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʟʘʭʽʜʥʽʡ, ʩʭʽʜʥʽʡ ʪʘ ʮʝʥʪʨʘʣʴʥʽʡ 

ʯʘʩʪʠʥʽ ʋʢʨʘʾʥʠ, ʻ ʧʨʠʨʦʜʥʦ-ʘʥʪʨʦʧʦʛʝʥʦʚʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʷʢʽ ʘʢʪʠʚʥʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʜʦʚʢʽʣʣʷ, ʥʘʧʦʚʥʶʶʯʠ ʨʝʰʪʢʘʤʠ ʨʫʡʥʫʚʘʥʥʷ ʧʦʨʽʜ ʪʝʨʠʢʦʥʽʚ, ʷʢʽ 

ʧʦʰʠʨʶʶʪʴʩʷ ʟʘ ʩʧʨʠʷʥʥʷ ʚʦʜʥʠʭ ʧʦʢʽʚ ʪʘ ʚʽʪʨʫ. ɺʦʜʥʦʯʘʩ ʧʨʠʨʦʜʥʠʡ ʪʘ 

ʘʥʪʨʦʧʦʛʝʥʥʠʡ ʣʘʥʜʰʘʬʪ ʥʘʜ ʚʠʨʦʙʣʝʥʠʤ ʧʨʦʩʪʦʨʦʤ ʰʘʭʪ, ʢʨʽʤ ʪʝʨʠʢʦʥʽʚ, 

ʧʦʢʨʠʚʘʻʪʴʩʷ ʚʦʜʦʶ ʯʠ ʩʪʚʦʨʶʻ çʰʘʛʨʝʥʝʚʫ ʰʢʽʨʫè ʱʦ ʧʦʨʫʰʫʻ ʧʨʠʨʦʜʥʽ 

ʫʤʦʚʠ ʨʝʛʽʦʥʫ [1]. 

ɸʥʪʨʦʧʦʛʝʥʥʠʡ ʚʧʣʠʚ ʥʘ ʛʝʦʣʦʛʽʯʥʝ ʩʝʨʝʜʠʚʠʱʝ, ʫ ʟʚ ʷʟʢʫ ʟ ʨʦʟʨʦʙʢʦʶ 

ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ, ʤʦʞʝ ʙʫʪʠ ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʨʽʟʥʽ ʡʦʛʦ ʩʢʣʘʜʦʚʽ: ʤʘʩʠʚ 

ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, ʛʨʫʥʪʠ, ʧʽʜʟʝʤʥʽ ʚʦʜʠ, ʛʘʟʦʚʫ ʩʢʣʘʜʦʚʫ ʪʘ, ʚʮʽʣʦʤʫ, ʥʘ ʣʽʪʦʩʬʝʨʫ. 

ɺʠʜʦʙʫʪʦʢ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ, ʟʦʢʨʝʤʘ ʚʫʛʽʣʣʷ, ʟʤʽʥʶʻ ʧʨʠʨʦʜʥʽ ʪʘ ʩʪʚʦʨʶʻ ʥʦʚʽ 

ʝʢʦʣʦʛʦ-ʛʽʜʨʦ-ʛʝʦʭʽʤʽʯʥʽ ʫʤʦʚʠ ʥʘ ʧʦʚʝʨʭʥʽ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ, ʷʢ 

ʥʘʩʣʽʜʦʢ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʟʚʦʨʦʪʥʽʭ ʟʤʽʥ. ɿʘ ʧʦʧʝʨʝʜʥʽʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ, 

ʧʦʯʘʪʢʦʚʫ ʜʘʪʫ ʥʝʟʚʦʨʦʪʥʽʭ ʟʤʽʥ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʫʛʣʝʚʠʜʦʙʫʚʥʠʭ 

ʨʝʛʽʦʥʽʚ ʚʘʨʪʦ ʚʽʜʥʝʩʪʠ ʜʦ ʧʝʨʰʦʾ ʧʦʣʦʚʠʥʠ ʤʠʥʫʣʦʛʦ ʩʪʦʨʽʯʯʷ [2, 3]. 

ɻʽʨʥʠʯʦʚʠʜʦʙʫʚʥʽ ʨʝʛʽʦʥʠ, ʘ ʦʩʦʙʣʠʚʦ ʚʫʛʣʝʚʠʜʦʙʫʚʥʽ, ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʥʝʟʚʦʨʦʪʥʴʦʶ ʪʨʘʥʩʬʦʨʤʘʮʽʻʶ ʧʨʠʨʦʜʥʠʭ ʝʢʦʩʠʩʪʝʤ, ʜʝ ʯʽʪʢʦ ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʾʭ 

ʜʝʛʨʘʜʘʮʽʷ. ʄʘʩʠ ʚʠʚʝʜʝʥʠʭ ʥʘ ʧʦʚʝʨʭʥʶ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ ʪʘ ʥʦʚʦʫʪʚʦʨʝʥʠʭ 

ʬʦʨʤ (ʧʫʩʪʦʪ) ʫ ʚʝʨʭʥʽʭ ʰʘʨʘʭ ʣʽʪʦʩʬʝʨʠ ʩʪʚʦʨʶʶʪʴ ʪʝʭʥʦʛʝʥʥʝ ʛʝʦʣʦʛʽʯʥʝ 

ʩʝʨʝʜʦʚʠʱʝ. ʊʝʭʥʦʛʝʥʝʟ ʫ ʛʝʦʣʦʛʽʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʥʘʙʫʚʘʻ ʤʘʩʰʪʘʙʽʚ 

ʛʝʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʧʦʨʽʚʥʷʥʠʡ ʟ ʧʨʠʨʦʜʥʠʤʠ ʛʝʦʣʦʛʽʯʥʠʤʠ 

ʷʚʠʱʘʤʠ.  

ɺʩʽ ʧʨʠʨʦʜʥʽ ʧʨʦʮʝʩʠ ʽ ʷʚʠʱʘ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʛʝʦʣʦʛʽʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

ʪʘ ʫ ʪʝʭʥʦʛʝʥʥʦʤʫ ʛʝʦʣʦʛʽʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʚʫʛʣʝʚʠʜʦʙʫʚʥʠʭ ʨʝʛʽʦʥʽʚ, 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʥʘʩʘʤʧʝʨʝʜ ʟ ʪʦʯʢʠ ʟʦʨʫ ʢʘʨʜʠʥʘʣʴʥʠʭ ʛʝʦʣʦʛʦ-ʝʢʦʣʦʛʽʯʥʠʭ ʟʤʽʥ 

ʜʦʚʢʽʣʣʷ ʪʘ ʾʭ ʥʝʙʝʟʧʝʢʠ ʜʣʷ ʞʠʪʪʷ ʣʶʜʝʡ. ɺ ʦʩʥʦʚʽ ʚʠʥʠʢʥʝʥʥʷ ʙʽʣʴʰʦʩʪʽ 

ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ ʚʫʛʣʝʚʠʜʦʙʫʚʥʠʭ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ ʻ ʪʝʭʥʦʛʝʥʥʽ ʟʤʽʥʠ 

ʛʦʣʦʚʥʠʭ ʛʨʫʧ ʬʘʢʪʦʨʽʚ: ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʠʭ, ʛʝʦʭʽʤʽʯʥʠʭ, ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ 

ʪʘ ʙʽʦʣʦʛʽʯʥʠʭ. ʇʨʠ ʦʮʽʥʮʽ ʚʧʣʠʚʫ ʚʫʛʣʝʚʠʜʦʙʫʚʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʥʘ 

ʝʢʦʣʦʛʽʯʥʫ ʩʠʪʫʘʮʽʾ ʫ ʨʝʛʽʦʥʘʭ ʚʘʨʪʦ ʨʦʟʛʣʷʥʫʪʠ ʤʦʞʣʠʚʦʩʪʽ ʚʽʜʥʦʚʣʝʥʥʷ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʦ ʧʨʠʨʦʜʥʦ ʩʪʘʥʫ ʯʠ ʥʘʙʣʠʞʝʥʦʛʦ ʜʦ 

ʥʴʦʛʦ. ʆʩʢʽʣʴʢʠ ʪʝʭʥʦʛʝʥʥʝ ʛʝʦʣʦʛʽʯʥʝ ʩʝʨʝʜʦʚʠʱʝ ʚʫʛʣʝʚʠʜʦʙʫʚʥʠʭ ʨʝʛʽʦʥʽʚ 

ʩʬʦʨʤʦʚʘʥʝ ʧʨʦʪʦʤ ʩʪʦʣʽʪʴ, ʪʦ ʡ ʡʦʛʦ ʚʽʜʥʦʚʣʝʥʥʥʷ ʚʘʨʪʦ ʨʦʟʛʣʷʜʘʪʠ ʫ ʪʨʠʚʘʣʽʡ 

ʧʝʨʩʧʝʢʪʠʚʽ. 

ɿʘ ʨʘʭʫʥʦʢ ʪʨʠʚʘʣʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʫ 

ʚʫʛʣʝʚʠʜʦʙʫʚʥʠʭ ʨʝʛʽʦʥʘʭ ʡʦʛʦ ʤʦʞʣʠʚʦʩʪʽ ʜʦ ʘʜʘʧʪʘʮʽʾ ʥʘʩʣʽʜʢʽʚ ʛʽʨʥʠʯʠʭ 

ʨʦʙʽʪ ʪʘ ʚʠʚʝʜʝʥʠʭ ʥʘ ʜʝʥʥʫ ʧʦʚʝʭʥʶ ʧʦʨʽʜ ʙʝʟ ʟʤʽʥʠ ʜʦʚʢʽʣʣʷ ï ʥʝʤʦʞʣʠʚʝ. 

ɿʚʘʞʘʶʯʠ ʥʘ ʚʠʱʝ ʥʘʚʝʜʝʥʝ, ʫ ʚʫʛʣʝʚʠʜʦʙʫʚʥʠʭ ʨʘʡʦʥʘʭ ʩʬʦʨʤʦʚʘʥʝ 
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ʪʝʭʥʦʛʝʥʥʝ ʛʝʦʣʦʛʽʯʥʝ ʩʝʨʝʜʦʚʠʱʝ. ʅʘ ʩʴʦʛʦʜʥʽ, ʦʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʟʘʚʜʘʥʴ ʻ 

ʦʮʽʥʢʘ ʪʝʭʥʦʛʝʥʥʦʛʦ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʦ ʤʦʞʣʠʚʦʩʪʽ ʡʦʛʦ ʘʜʘʧʪʘʮʽʾ ʪʘ 

ʚʽʜʥʦʚʣʝʥʥʷ ʫ ʥʘʙʣʠʞʝʥʦʤʫ ʩʪʘʥʽ ʜʦ ʧʨʠʨʦʜʥʴʦʛʦ. ʅʘʡʙʽʣʴʰʠʤʠ ʝʢʦʣʦʛʽʯʥʠʤʠ 

ʧʨʦʙʣʝʤʘʤʠ ʚʫʛʣʝʚʠʜʦʙʫʚʥʠʭ ʨʝʛʽʦʥʽʚ ʻ: ʟʤʽʥʘ ʣʘʥʜʰʘʬʪʫ, ʟʤʽʥʘ ʨʝʜʴʻʬʫ, 

ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʠ, ʟʘʙʨʫʜʥʝʥʥʷ  ʨ̌ʫʥʪʽʚ, ʟʘʙʨʫʜʥʝʥʥʷ ʧʽʜʟʝʤʥʠʭ ʪʘ 

ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ [1-3]. 

ʇʨʦʚʝʜʝʥʥʷ ʤʦʥʽʪʦʨʠʥʛʫ ʟʘ ʦʩʥʦʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚʧʣʠʚʫ ʥʘ 

ʪʝʭʥʦʛʝʥʥʝ ʛʝʦʣʦʛʽʯʥʝ ʩʝʨʝʜʦʚʠʱʝ ʪʘ ʡʦʛʦ ʢʦʤʧʦʥʝʥʪʠ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ 

ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʚʫʛʣʝʚʠʜʦʙʫʚʥʠʭ ʨʝʛʽʦʥʽʚ ʜʦʮʽʣʴʥʦ ʥʘ ʪʘʢʠʭ ʨʽʚʥʷʭ [1]: 

  - ʈʝʛ̔ʦʥʘʣʴʥʠʡ ʨʽʚʝʥʴ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʛʘʣʴʥʠʤʠ ʬʦʥʦʚʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʪʝʭʥʦʛʝʥʥʝ ʛʝʦʣʦʛʽʯʥʝ ʩʝʨʝʜʦʚʠʱʝ; 

  - ʆʩʦʙʣʠʚʠʡ ʨʽʚʝʥʴ ʚʧʣʠʚʫ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʘʥʪʨʦʧʦʛʝʥʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʥʘ ʪʝʭʥʦʛʝʥʥʝ ʛʝʦʣʦʛʽʯʥʝ ʩʝʨʝʜʦʚʠʱʝ ʫ ʤʝʞʘʭ ʚʫʛʣʝʚʠʜʦʙʫʚʥʠʭ ʨʝʛʽʦʥʽʚ, ʫ ʪʦʤʫ 

ʯʠʩʣʽ, ʥʘ ʜʽʣʷʥʢʘʭ ʟʘʢʨʠʪʠʭ ʰʘʭʪ; 

  - ʃʦʢʘʣʴʥʠʡ ʨʽʚʝʥʴ ʚʽʜʥʦʚʣʝʥʥʷ ʪʝʭʥʦʛʝʥʥʦʛʦ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, 

ʟʫʤʦʚʣʝʥʠʡ ʢʦʥʢʨʝʪʥʠʤʠ ʚʧʣʠʚʦʤ ʥʘ ʜʦʚʢʽʣʣʷ. 

ɺʠʩʥʦʚʢʠ. 

ɺʫʛʣʝʚʠʜʦʙʫʚʥʽ ʨʝʛʽʦʥʠ ʋʢʨʘʾʥʠ ʻ ʨʝʛʽʦʥʘʤʠ ʧʨʦʷʚʫ ʧʨʦʮʝʩʽʚ ʚʠʩʥʘʞʝʥʥʷ 

ʥʘʜʨ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʫʩʢʣʘʜʥʝʥʥʷʤ ʛʽʨʥʠʯʦ-ʛʝʦʣʦʛʯʥʠʭ ʫʤʦʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʫʛʣʝʚʠʜʦʙʫʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʪʘ ʙʝʟʧʦʚʦʨʦʪʥʦʶ ʪʨʘʥʩʬʦʨʤʘʮʽʻʶ 

ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʫ ʪʝʭʥʦʛʝʥʥʝ ʛʝʦʣʦʛʽʯʥʝ ʩʝʨʝʜʦʚʠʱʝ. 

ɼʣʷ ʟʙʝʨʝʞʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʦʛʦ ʩʪʘʥʫ ʪʝʭʥʦʛʝʥʥʦʛʦ ʛʝʦʣʦʛʽʯʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʚʫʛʣʝʚʠʜʦʙʫʚʥʠʭ ʨʝʛʽʦʥʽʚ ʚʘʨʪʦ ʩʠʩʪʝʤʘʪʠʯʥʝ ʧʨʦʚʝʜʝʥʥʷ 

ʥʦʨʤʫʚʘʥʥʷ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ, ʝʢʦʣʦʛʽʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ 

ʣʘʥʜʰʘʬʪʽʚ (ʧʘʨʢʽʚ, ʨʝʢʨʝʘʮʽʡʥʠʭ ʟʦʥ ʯʠ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʣʴ) ʫ 

ʥʦʚʦʩʪʚʦʨʝʥʦʤʫ ʨʝʣʴʻʬʽ. 
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ɺʩʪʫʧ. ʆʩʥʦʚʦʶ ʥʘʨʦʜʥʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʢʦʤʧʣʝʢʩʫ ʤ. ʂʨʠʚʠʡ ʈʽʛ ʻ 

ʟʘʣʽʟʦʨʫʜʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ, ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʦʜʥʦʤʫ ʟ ʥʘʡʙʽʣʴʰʠʭ ʚ ʩʚʽʪʽ 

ʨʦʜʦʚʠʱ ʟʘʣʽʟʥʦʾ ʨʫʜʠ. ɼʦ ʩʢʣʘʜʫ ʢʦʤʧʣʝʢʩʫ ʤʽʩʪʘ ʚʭʦʜʷʪʴ ʛʽʨʥʠʯʦʜʦʙʫʚʥʘ ʪʘ 

ʧʝʨʝʨʦʙʥʘ ʛʘʣʫʟʽ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʈʦʟʪʘʰʫʚʘʥʥʷ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʤʽʩʪʘ 

ʧʦʚôʷʟʘʥʦ ʟ ʩʠʨʦʚʠʥʥʦʶ ʙʘʟʦʶ ʽ ʩʬʦʨʤʫʚʘʣʘʩʴ ʫ ʚʠʛʣʷʜʽ ʩʤʫʛʠ ʜʦʚʞʠʥʦʶ ʜʦ 

100 ʢʤ ʚʟʜʦʚʞ ʟʘʣʽʟʦʨʫʜʥʠʭ ʨʦʜʦʚʠʱ ʽʟ ʩʭʽʜʥʦʾ ʡʦʛʦ ʩʪʦʨʦʥʠ. ʉʝʣʽʪʝʙʥʘ ʟʦʥʘ 

ʪʨʠʚʘʣʠʡ ʯʘʩ ʬʦʨʤʫʚʘʣʘʩʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʙʽʣʷ ʰʘʭʪ, ʨʫʜʥʠʢʽʚ ʽ ʟʘʚʦʜʽʚ. ʄʽʩʪʦ 

ʟʘʡʤʘʻ ʧʣʦʱʫ 40,7 ʪʠʩ. ʛʘ, ʟ ʷʢʠʭ 20,6 ʪʠʩ. ʛʘ ʟʘʡʥʷʪʽ ʧʽʜ ʧʨʦʤʠʩʣʦʚʠʤʠ 

ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ ʪʘ ʚʠʨʦʙʥʠʮʪʚʘʤʠ. 

ʎʽʣʴ ʨʦʙʦʪʠ. ʇʨʦʘʥʘʣʽʟʫʚʘʪʠ ʝʢʦʣʦʛʽʯʥʽ ʥʘʩʣʽʜʢʠ ʛʽʨʥʠʯʦʜʦʙʫʚʥʦʾ ʪʘ 

ʧʝʨʝʨʦʙʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʥʘ ʪʝʨʠʪʦʨʽʾ ʤʽʩʪʘ ʪʘ ʧʨʠʣʝʛʣʠʭ ʪʝʨʠʪʦʨʽʡ.  

ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ. ʇʠʪʘʥʥʷʤʠ ʩʫʯʘʩʥʦʛʦ ʝʢʦʣʦʛʽʯʥʦʛʦ 

ʩʪʘʥʫ ʂʨʠʚʦʨʽʟʴʢʦʛʦ ʙʘʩʝʡʥʫ ʟʘʡʤʘʣʠʩʴ ʙʘʛʘʪʦ ʜʦʩʣʽʜʥʠʢʽʚ: ʛʝʦʣʦʛʠ, ʛʝʦʛʨʘʬʠ, 

ʙʽʦʣʦʛʠ, ʪʝʭʥʦʣʦʛʠ. ɿʥʘʯʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʝʥʘ ʝʢʦʣʦʛʽʯʥʽʡ ʙʝʟʧʝʮʽ ʛʝʦʣʦʛʽʯʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ (ɭ. ʗʢʦʚʣʝʚ, ʄ. ʂʦʨʞʥʝʚ, ɻ. ʈʫʜʴʢʦ, ɯ. ʄʘʣʘʭʦʚ, ɯ. ɹʘʛʨʽʡ), ʟʤʽʥʘʤ 

ʧʨʠʨʦʜʥʠʭ ʣʘʥʜʰʘʬʪʽʚ (ɺ. ʂʘʟʘʢʦʚ, ʉ ʗʨʢʦʚ, ɺ ʂʦʮʶʨʫʙʘ, ɻ. ɼʝʥʝʩʠʢ, 

ʄ ʉʤʝʪʘʥʘ), ʧʦʨʫʰʝʥʥʶ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʦʛʦ ʽ ʛʽʜʨʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʽʚ ʧʽʜʟʝʤʥʠʭ 

ʽ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ʨʝʛʽʦʥʫ (ʅ. ʐʝʨʩʪʶʢ, ɺ. ʍʽʣʴʯʝʚʩʴʢʠʡ, ɯ. ʄʘʣʘʭʦʚ, 

ʈ. ʂʨʘʚʯʠʥʩʴʢʠʡ), ʫʤʦʚʘʤ ʬʦʨʤʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʜʦʥʥʠʭ ʦʩʘʜʢʽʚ ʧʨʠʨʦʜʥʠʭ 

ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ (ɯ. ʄʘʣʘʭʦʚ, ɸ. ɹʦʙʢʦ, ʊ. ɸʣʝʭʽʥʘ, ɺ ɯʚʘʥʯʝʥʢʦ, 

ʄ ɸʛʘʜʞʘʥʦʚ), ʟʘʙʨʫʜʥʝʥʥʶ ˇʨʫʥʪʽʚ ʨʘʡʦʥʫ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚ 

(ɺ. ʉʘʚʦʩʴʢʦ, ʄ. ʉʤʝʪʘʥʘ), ʚʧʣʠʚʫ ʦʙôʻʢʪʽʚ ʛʽʨʥʠʯʦ-ʜʦʙʫʚʥʦʾ ʛʘʣʫʟʽ (ʢʘʨôʻʨʽʚ, 

ʭʚʦʩʪʦʩʭʦʚʠʱ, ʚʽʜʚʘʣʽʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ (ʇ. ɹʝʨʝʩʥʝʚʠʯ, ʖ. ɺʽʣʢʫʣ, 

ʄ. ɻʦʣʷʨʯʫʢ), ʟʚ ô ʷʟʢʫ ʩʫʯʘʩʥʠʭ ʨʫʭʽʚ ʟʝʤʥʦʾ ʢʦʨʠ ʟ ʦʧʦʚʟʥʝʚʠʤʠ ʷʚʠʱʘʤʠ ʥʘ 

ʪʝʨʠʪʦʨʽʾ ʂʨʠʚʙʘʩʫ (ʖ. ɸʭʢʦʟʦʚ, ʖ. ʄʝʯʥʠʢʦʚ).  

ɺʠʢʣʘʜʝʥʥʷ ʤʘʪʝʨʽʘʣʫ. ʈʦʟʨʦʙʢʘ ʟʘʣʽʟʥʠʭ ʨʫʜ ʚ ʂʨʠʚʙʘʩʽ ʚʝʜʝʪʴʩʷ ʟ 1881 

ʨ. (ʤʘʡʞʝ 145 ʨʦʢʽʚ) ɿʘ ʮʝʡ ʯʘʩ ʟ ʥʘʜʨ ʚʠʣʫʯʝʥʦ 20 ʤʣʨʜ ʪ ʛʽʨʥʠʯʦʾ ʤʘʩʠ (ʙʽʣʷ 

8 ʤʣʨʜ ʤ3), ʟ ʷʢʦʾ ʦʪʨʠʤʘʥʦ 5,6 ʤʣʨʜ ʪ ʪʦʚʘʨʥʦʾ ʟʘʣʽʟʥʦʾ ʨʫʜʠ ʪʘ 14,4 ʤʣʨʜ ʪ 

ʚʽʜʭʦʜʽʚ ʚʠʨʦʙʥʠʮʪʚʘ [ 11 ].  

ɿʘʛʘʣʴʥʽ ʦʙʩʷʛʠ ʟʝʤʥʦʾ ʢʦʨʠ, ʷʢʽ ʚʪʷʛʥʫʪʽ ʜʦ ʚ ʪʝʭʥʦʛʝʥʥʽ ʛʝʦʪʝʭʥʽʯʥʽ 

ʧʨʦʮʝʩʠ ʩʢʣʘʜʘʶʪʴ 20 ʤʣʨʜ ʤ3 ʘʙʦ 50 ʤʣʨʜ ʪ. ʋʪʚʦʨʠʣʠʩʴ ʢʘʨôʻʨʥʽ ʪʘ ʰʘʭʪʥʽ 

ʻʤʥʦʩʪʽ, ʷʢʽ ʚʠʪʷʛʥʫʪʽ ʚ ʤʝʨʠʜʽʦʥʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ ʟ ʜʝʧʨʝʩʽʡʥʦʶ ʚʦʨʦʥʢʦʶ 

ʜʦʚʞʠʥʦʶ 80 ʢʤ, ʰʠʨʠʥʦʶ 3-6 ʢʤ ʧʨʠ ʛʣʠʙʠʥʽ 400-1300 ʤ. ʇʣʦʱʘ ʦʜʥʦʛʦ 

ʢʘʨôʻʨʫ, ʚ ʩʝʨʝʜʥʴʦʤʫ, ʩʢʣʘʜʘʻ 2-8 ʢʤ2. ʇʨʦʝʢʪʥʘ ʛʣʠʙʠʥʘ ʢʨʠʚʦʨʽʟʴʢʠʭ ï 500-

700 ʤ. ʄʽʞ ʢʘʨôʻʨʘʤʠ ïʛʽʛʘʥʪʘʤʠ ʨʦʟʪʘʰʦʚʘʥʽ ʚʽʜʧʨʘʮʴʦʚʘʥʽ ʢʘʨôʻʨʠ, ʜʝ ʨʘʥʽʰʝ 

ʚʠʜʦʙʫʚʘʣʠ ʙʘʛʘʪʫ ʟʘʣʽʟʥʫ ʨʫʜʫ. ʇʣʦʱʘ ʪʘʢʠʭ ʢʘʨôʻʨʽʚ, ʟʘʟʚʠʯʘʡ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʤʝʞʘʭ 0,1-0,6 ʢʤ2, ʛʣʠʙʠʥʘ ʜʦ 100 ʤ. ɯʥʦʜʽ ʚʦʥʠ ʟʘʧʦʚʥʝʥʽ ʚʦʜʦʶ, ʘ ʯʘʩʪʠʥʘ ʾʭ ʫ 

ʤʝʞʘʭ ʤʽʩʪʘ ʟʘʩʠʧʘʥʘ [ 7 ]. 

ʇʦʨʫʯ ʟ ʢʘʨôʻʨʘʤʠ ʨʦʟʪʘʰʦʚʘʥʽ ʚʽʜʚʘʣʠ ʨʦʟʢʨʠʚʥʠʭ ʧʦʨʽʜ, ʷʢʽ ʟʘʡʤʘʶʪʴ 

ʧʣʦʱʫ ʧʦʥʘʜ 36 ʪʠʩ. ʛʘ, ʱʦ ʟʘʡʤʘʻ ʪʨʝʪʠʥʫ ʟʝʤʝʣʴʥʦʛʦ ʚʽʜʚʦʜʫ, ʧʦʨʫʰʝʥʦʛʦ 

ʛʽʨʥʠʯʠʤʠ ʨʦʙʦʪʘʤʠ. ɺʠʩʦʪʘ ʚʽʜʚʘʣʽʚ ï ʜʦ 90 ʤ, ʜʦʚʞʠʥʘ ï ʧʦʥʘʜ 3 ʢʤ. ʋ 

ʚʽʜʚʘʣʘʭ ʟʘʩʢʣʘʜʦʚʘʥʽ ʢʨʠʩʪʘʣʽʯʥʽ ʧʦʨʦʜʠ ʧʨʦʪʝʨʦʟʦʶ, ʱʦ ʟʘʣʷʛʘʶʪʴ ʚʠʱʝ 

ʧʨʦʜʫʢʪʠʚʥʠʭ ʛʦʨʠʟʦʥʪʽʚ (ʩʣʘʥʮʽ, ʟʘʣʽʟʠʩʪʽ ʢʚʘʨʮʠʪʠ, ʤʝʪʘʧʽʩʢʦʚʽʢʠ, , çʚʫʛʣʠʩʪʽ 
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çʉʋʏɸʉʅɯ ʇʈʆɹʃɽʄʀ ɻɯʈʅʀʏʆɰ ɻɽʆʃʆɻɯɰ ʊɸ ɻɽʆɽʂʆʃʆɻɯɰè 17 ï 18 ʣʠʩʪʦʧʘʜʘ 2025 ʨ. 

ʩʣʘʥʮʽè ʪʘ ʢʘʨʙʦʥʘʪʥʽ ʧʦʨʦʜʠ, ʘ ʪʘʢʦʞ ʧʫʭʢʽ ʧʦʨʦʜʠ ʢʘʡʥʦʟʦʶ ï ʧʽʩʢʠ, 

ʤʦʥʪʤʦʨʠʣʦʥʽʪʦʚʽ ʛʣʠʥʠ, ʘʣʝʚʨʦʣʽʪʠ, ʚʘʧʥʷʢʠ, ʤʝʨʛʝʣʽ ʪʦʱʦ [ 6 ].  

ɺ ʧʨʦʮʝʩʽ ʟʙʘʛʘʯʝʥʥʷ ʟʘʣʽʟʠʩʪʠʭ ʢʚʘʨʮʠʪʽʚ ʫʪʚʦʨʶʶʪʴʩʷ ʚʽʜʭʦʜʠ 

ʟʙʘʛʘʯʝʥʥʷ (ʭʚʦʩʪʠ), ʷʢʽ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʩʫʤʽʰ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʽʜʠʥʠ ʪʘ 

ʪʚʝʨʜʠʭ ʯʘʩʪʦʢ ʫ ʚʽʜʥʦʰʝʥʥʽ 90 ï 95 % ʨʽʜʠʥʠ ʥʘ 5-10 % ʪʚʝʨʜʠʭ ʯʘʩʪʦʢ, ʩʝʨʝʜ 

ʷʢʠʭ 75-97 % ʤʘʶʪʴ ʨʦʟʤʽʨ ʯʘʩʪʦʢ ʤʝʥʰʝ 0,005 ʤʤ. ɺʦʥʠ ʩʧʨʷʤʦʚʫʶʪʴʩʷ ʫ 

ʩʧʝʮʽʘʣʴʥʽ ʛʽʜʨʦʪʝʭʥʽʯʥʽ ʩʧʦʨʫʜʠ ï ʭʚʦʩʪʦʩʭʦʚʠʱʘ, ʷʢʽ ʥʘ ʪʝʨʠʪʦʨʽʾ ʤʽʩʪʘ 

ʟʘʡʤʘʶʪʴ ʧʣʦʱʫ  ʙʣʠʟʴʢʦ 8 ʪʠʩ. ʛʘ, ʱʦ ʩʢʣʘʜʘʻ 40 % ʧʣʦʱʽ ʛʽʨʥʠʯʠʭ ʚʽʜʚʦʜʽʚ 

ʧʽʜʧʨʠʻʤʩʪʚ. ʍʚʦʩʪʦʩʭʦʚʠʱʘ ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʧʨʠʨʦʜʥʠʭ ʙʘʣʢʘʭ, ʥʝ ʤʘʶʪʴ 

ʝʢʨʘʥʫʶʯʦʛʦ ʣʦʞʘ, ʪʦʤʫ ʪʝʭʥʽʯʥʘ ʚʦʜʘ ʧʦʪʨʘʧʣʷʻ ʫ ʚʦʜʦʥʦʩʥʽ ʛʦʨʠʟʦʥʪʠ ʪʘ 

ʟʘʙʨʫʜʥʶʻ ʾʭ.  

ʅʘ ʩʴʦʛʦʜʥʽ ʥʘ ʪʝʨʠʪʦʨʽʾ ʤʽʩʪʘ ʨʦʟʪʘʰʦʚʘʥʦ 6 ʭʚʦʩʪʦʩʭʦʚʠʱ, ʷʢʽ 

ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʧʦʥʘʜ 50-60 ʨʦʢʽʚ ʢʦʞʥʝ. ɿʘ ʜʘʥʠʤʠ [ 10 ] ʚ ʜʽʶʯʠʭ 

ʭʚʦʩʪʦʩʭʦʚʠʱʘʭ ʥʘ ʪʝʨʠʪʦʨʽʾ ʤʽʩʪʘ ʨʦʟʤʽʱʝʥʦ ʧʦʥʘʜ 4 ʤʣʨʜ ʪ ʚʽʜʭʦʜʽʚ 

ʟʙʘʛʘʯʝʥʥʷ. ɺʠʩʦʪʘ ʛʨʝʙʣʽ ʙʽʣʴʰʦʩʪʽ ʟ ʥʠʭ ʧʝʨʝʚʠʱʫʻ 100 ʤ. 

ʂʨʽʤ ʚʽʜʭʦʜʽʚ ʟʙʘʛʘʯʝʥʥʷ ʫ ʭʚʦʩʪʦʩʭʦʚʠʱʘ ʩʢʠʜʘʶʪʴ ʰʘʭʪʥʽ ʚʦʜʠ ʟ 

ʩʝʨʝʜʥʴʦʾ ʩʦʣʦʥʽʩʪʶ 50 ʛ/ʣ ʪʘ ʧʦʙʫʪʦʚʽ ʩʪʦʢʠ. ɿ ʰʘʭʪ, ʚ ʧʨʦʮʝʩʽ ʚʠʜʦʙʫʪʢʫ 

ʙʘʛʘʪʦʾ ʟʘʣʽʟʥʦʾ ʨʫʜʠ ʚʽʜʢʘʯʫʻʪʴʩʷ ʱʦʨʽʯʥʦ, ʚ ʩʝʨʝʜʥʴʦʤʫ, 10 ʤʣʥ ʤ3 ʰʘʭʪʥʦʾ 

ʚʦʜʠ, 3-4 ʤʣʥ ʟ ʷʢʦʾ ʱʦʨʽʯʥʦ ʩʢʠʜʘʻʪʴʩʷ ʫ ʨʨ. ɯʥʛʫʣʝʮʴ ʽ ʉʘʢʩʘʛʘʥʴ - ʧʨʠʪʦʢʠ 

ɼʥʽʧʨʘ. ɸ ʥʘ ʧʦʯʘʪʢʫ 2000-ʭ ʨʦʢʽʚ ʧʨʦʤʠʩʣʦʚʠʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ ʤʽʩʪʘ 

ʩʢʠʜʘʣʦʩʴ ʧʦʥʘʜ 100 ʤʣʥ ʤ3 ʚʠʩʦʢʦʤʽʥʝʨʘʣʽʟʦʚʘʥʠʭ ʰʘʭʪʥʠʭ ʚʦʜ 9 ʤʣʥ ʤ3 ʟ 

ʷʢʠʭ ï ʰʘʭʪʥʽ ʚʦʜʠ. ʅʘ 1 ʪ ʩʠʨʦʾ ʨʫʜʠ ʥʘ ʰʘʭʪʘʭ ʂʨʠʚʙʘʩʫ ʚʽʜʢʘʯʫʻʪʴʩʷ  0,3- 

11,0 ʤ3 ʩʦʣʦʥʠʭ ʚʦʜ. 

ʄʽʥʝʨʘʣʽʟʘʮʽʷ ʧʽʜʟʝʤʥʠʭ ʰʘʭʪʥʠʭ ʚʦʜ ʟ ʧʦʛʣʠʙʣʝʥʥʷʤ ʰʘʭʪ ʟʙʽʣʴʰʫʻʪʴʩʷ 

ʤʘʡʞʝ ʚ ʣʽʥʽʡʥʽʡ ʟʘʣʝʞʥʦʩʪʽ, ʥʘʧʨʠʢʣʘʜ, ʟ ʛʣʠʙʠʥʠ 400 ʤ ʜʦ 1000 ʤ ʚʦʥʘ ʟʨʦʩʪʘʻ 

ʟ 1-2 ʛ/ʜʤ3 ʜʦ ʨʦʟʩʦʣʽʚ ʟ ʟʘʛʘʣʴʥʠʤ ʚʤʽʩʪʦʤ ʩʦʣʝʡ 125 ʛ/ʜʤ3. ɸʣʝ ʚ ʧʨʦʮʝʩʽ 

ʪʝʭʥʦʛʝʥʝʟʫ ʮʝ ʷʚʠʱʝ ʫʩʢʣʘʜʥʶʻʪʴʩʷ. ɺ ʧʨʦʮʝʩʽ ʧʨʦʭʦʜʢʠ ʽ ʦʩʫʰʫʚʘʥʥʷ ʥʦʚʦʛʦ 

ʛʦʨʠʟʦʥʪʫ ʘʥʘʣʽʟʠ ʬʽʢʩʫʶʪʴ ʟʤʝʥʰʝʥʥʷ ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʦʧʝʨʝʜʥʽʤ 

[ 2 ]. ɿ ʛʣʠʙʠʥʦʶ ʟʤʽʥʶʻʪʴʩʷ ʽ ʩʢʣʘʜ ʚʦʜ. ʏʠʤ ʥʘ ʙʽʣʴʰʽʡ ʛʣʠʙʠʥʽ ʚʝʜʝʪʴʩʷ 

ʨʦʟʨʦʙʢʘ, ʪʠʤ ʙʽʣʴʰʝ ʚʦʜʘ ʤʽʩʪʠʪʴ ʩʫʣʴʬʘʪʽʚ, ʭʣʦʨʠʜʽʚ ʽ ʥʽʪʨʘʪʽʚ. 

ʉʧʦʯʘʪʢʫ ʰʘʭʪʥʘ ʚʦʜʘ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʫ ʧʽʜʟʝʤʥʠʭ ʢʦʣʝʢʪʦʨʘʭ, ʘ ʧʦʪʽʤ 

ʧʦʜʘʻʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʶ ʽ ʚ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʩʢʠʜʘʻʪʴʩʷ ʫ ʜʚʘ ʦʙôʻʢʪʘ: ʩʧʝʮʽʘʣʴʥʦ 

ʚʽʜʚʝʜʝʥʫ ʜʣʷ ʮʴʦʛʦ ʙʘʣʢʫ ʉʚʠʩʪʫʥʦʚʘ, ʷʢʘ ʨʦʟʪʘʰʦʚʘʥʘ ʚ ʧʽʚʜʝʥʥʽʡ ʯʘʩʪʠʥʽ 

ʤʽʩʪʘ ʽ ʭʚʦʩʪʦʩʭʦʚʠʱʝ ʇʽʚʥʽʯʥʦʛʦ ɻɿʂ.  

ɺ ʨʝʟʫʣʴʪʘʪʽ, ʟʘʛʘʣʴʥʘ ʤʽʥʝʨʘʣʽʟʘʮʽʷ ʩʪʘʚʢʽʚ-ʦʩʚʽʪʣʶʚʘʯʽʚ ʭʚʦʩʪʦʩʭʦʚʠʱ 

ɻɿʂ ʚʘʨʽʶʻ ʚʽʜ 2526 ʤʛ/ʣ ʫ ʭʚʦʩʪʦʩʭʦʚʠʱʽ ɯʥʛʫʣʝʮʴʢʦʛʦ ɻɿʂ ʜʦ 20842 ʤʛ/ʣ ʫ 

ʭʚʦʩʪʦʩʭʦʚʠʱʽ çʆʙôʻʜʥʘʥʝè, ʷʢʝ ʟʘʧʦʚʥʶʻʪʴʩʷ ʩʫʤʽʩʥʦ ɻɿʂ ɸʨʩʝʣʦʨʄʽʪʪʘʣ 

ʂʨʠʚʠʡ ʈʽʛ ʽ ʇʽʚʜʝʥʥʠʤ ɻɿʂ. 

ʌʽʣʴʪʨʘʮʽʷ ʪʝʭʥʦʛʝʥʥʠʭ ʚʦʜ ʟ ʭʚʦʩʪʦʩʭʦʚʠʱ ʫ ʨ. ʉʘʢʩʘʛʘʥʴ ʪʘ ɯʥʛʫʣʝʮʴ ʪʘ 

ʥʘ ʪʝʨʠʪʦʨʽʾ ʧʦʨʫʯ ʭʚʦʩʪʦʩʭʦʚʠʱ ʩʢʣʘʜʘʻ15 ʤʣʥ ʤ3 ʥʘ ʨʽʢ. 

ʌʽʣʴʪʨʘʮʽʡʥʽ ʧʨʦʮʝʩʠ ʪʝʭʥʦʛʝʥʥʠʭ ʚʦʜ ʟ ʭʚʦʩʪʦʩʭʦʚʠʱ ʧʨʠʚʝʣʠ ʜʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʧʽʜʟʝʤʥʠʭ ʪʘ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ, ʘ ʪʘʢʦʞ ʜʦ ʧʽʜʪʦʧʣʝʥʥʷ ʪʘ 

ʟʘʙʦʣʦʯʫʚʘʥʥʷ ʧʨʠʣʝʛʣʠʭ ʪʝʨʠʪʦʨʽʡ ʚ ʨʘʜʽʫʩʽ ʜʦ10 ʢʤ. ʌʽʣʴʪʨʘʮʽʡʥʽ ʚʪʨʘʪʠ 

ʙʽʣʴʰʦʩʪʽ ɻɿʂ ʂʨʠʚʙʘʩʫ ʩʢʣʘʜʘʶʪʴ 500-2500 ʤ3 ʥʘ ʨʽʢ. 
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çʉʋʏɸʉʅɯ ʇʈʆɹʃɽʄʀ ɻɯʈʅʀʏʆɰ ɻɽʆʃʆɻɯɰ ʊɸ ɻɽʆɽʂʆʃʆɻɯɰè 17 ï 18 ʣʠʩʪʦʧʘʜʘ 2025 ʨ. 

ɼʣʷ ʧʦʧʝʨʝʜʞʝʥʥʷ ʧʝʨʝʧʦʚʥʝʥʥʷ ʭʚʦʩʪʦʩʭʦʚʠʱ, ʱʦʨʽʯʥʦ ʚ 

ʤʝʞʚʝʛʝʪʘʮʽʡʥʠʡ ʧʝʨʽʦʜ ʨʽʜʠʥʘ ʟ ʭʚʦʩʪʦʩʭʦʚʠʱ ʩʢʠʜʘʻʪʴʩʷ ʚ ʨʽʯʢʠ ɯʥʛʫʣʝʮʴ ʪʘ 

ʉʘʢʩʘʛʘʥʴ - ʧʨʠʪʦʢʠ ɼʥʽʧʨʘ ʽ ʧʨʦʤʠʚʘʻʪʴʩʷ ʚʦʜʦʶ, ʱʦ ʙʝʨʫʪʴ ʟ ʂʘʨʘʯʫʥʦʚʩʴʢʦʛʦ 

ʚʦʜʦʩʭʦʚʠʱʘ ʫ ʢʽʣʴʢʦʩʪʽ 60-70 ʤʣʥ ʤ3. ʈʽʚʝʥʴ ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʫ ʨ. ɯʥʛʫʣʝʮʴ 

ʥʘʡʤʝʥʰʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʧʽʜ ʯʘʩ ʣʽʪʥʴʦ-ʦʩʽʥʥʴʦʾ ʤʝʞʝʥʽ - 3062,7 ʤʛ/ʜʤ3, 

ʧʽʜʚʠʱʫʻʪʴʩʷ ʧʽʜ ʯʘʩ ʟʠʤʦʚʦʾ ʤʝʞʝʥʽ ï 3991,3 ʤʛ /ʜʤ3,ʽ ʜʦʩʷʛʘʻ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʥʷ  ʧʽʜ ʯʘʩ ʚʝʩʥʷʥʦʛʦ ʚʦʜʦʧʽʣʣʷ ï 4126,1 ʤʛ/ʜʤ3 [ 5 ]. ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ, 

ʤʽʥʝʨʘʣʽʟʘʮʽʷ ʚ ʨ. ɼʥʽʧʨʦ ʜʦ ʽʥʪʝʥʩʠʚʥʦʾ ʧʨʦʤʠʩʣʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ ʽ ʙʫʜʽʚʥʠʮʪʚʘ 

ʢʘʩʢʘʜʫ ʚʦʜʦʩʭʦʚʠʱ ʩʢʣʘʜʘʣʘ 287,1 [ 3 ]. 

ʅʘ ʙʘʛʘʪʴʦʭ ʭʚʦʩʪʦʩʭʦʚʠʱʘʭ ʧʨʠʡʥʷʪʘ ʩʭʝʤʘ ʾʭ ʟʘʧʦʚʥʝʥʥʷ ʚ ʦʢʨʝʤʽ ʪʘʢ 

ʟʚʘʥʽ ʢʘʨʪʠ. ɿ ʢʘʨʪ, ʷʢʽ ʥʝ ʟʘʧʦʚʥʶʶʪʴʩʷ ʚʽʜʭʦʜʘʤʠ ʦʢʨʝʤʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ 

ʨʽʜʠʥʘ ʚʠʧʘʨʦʚʫʶʪʴʩʷ ʽ ʚʦʥʠ ʧʦʯʠʥʘʶʪʴ ʟʘʧʠʣʶʚʘʪʠ ʥʘʚʢʦʣʠʰʥʶ ʪʝʨʠʪʦʨʽʶ. 

ʈʘʟʦʤ ʟ ʢʘʨôʻʨʘʤʠ ʟ ʭʚʦʩʪʦʩʭʦʚʠʱ ʚʠʢʠʜʘʻʪʴʩʷ ʫ ʧʦʚʽʪʨʷ ʜʦ 1 ʤʣʥ ʪ 

ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ. ʊʘʢ, ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ ʚʽʜ 4 ʜʦ 9 ʤ/ʩ ʥʘ ʜʘʤʙʽ 

ʦʙʚʘʣʫʚʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʠʣʫ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 32 ʜʦ 600 ʤʛ/ʤ3. ɯʥʦʜʽ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʠʣʫ ʧʝʨʝʚʠʱʫʚʘʣʘ ɻɼʂ ʚ 5 ʨʘʟʽʚ ʥʘ ʚʽʜʩʪʘʥʽ 3-3,5 ʢʤ ʚʽʜ 

ʭʚʦʩʪʦʩʭʦʚʠʱʘ. ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʧʠʣʫ, ʷʢʘ ʧʽʜʥʽʤʘʻʪʴʩʷ ʟ ʭʚʦʩʪʦʩʭʦʚʠʱ 

ʩʢʣʘʜʘʻ 33 ʪʠʩ. ʪ  ʥʘ ʨʽʢ. 

ʆʜʥʠʤ ʟ ʜʞʝʨʝʣ ʽʥʪʝʥʩʠʚʥʦʛʦ ʧʠʣʦʚʠʜʽʣʝʥʥʷ ʻ ʤʘʩʦʚʽ ʚʠʙʫʭʠ ʥʘ ʢʘʨôʻʨʘʭ. 

ʇʨʠ ʤʘʩʦʚʠʭ ʚʠʙʫʭʘʭ ʥʘ ʢʘʨôʻʨʘʭ ʚ ʂʨʠʚʙʘʩʽ ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʠʣʫ ʚ ʧʦʚʽʪʨʽ ʥʘ 

ʚʽʜʩʪʘʥʽ 1-1,5 ʢʤ ʧʨʦʪʷʛʦʤ ʛʦʜʠʥʠ ʩʢʣʘʜʘʻ 6-10 ʤʛ/ʤ3, ʱʦ ʚ 15-20 ʨʘʟʽʚ 

ʧʝʨʝʚʠʱʫʻ ɻɼʂ ʜʣʷ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ. ʇʽʜʨʘʭʦʚʘʥʦ, ʱʦ ʧʨʠ ʤʘʩʦʚʠʭ ʚʠʙʫʭʘʭ ʽʟ 

ʧʠʣʦʛʘʟʦʚʦʾ ʭʤʘʨʠ ʥʘ ʧʨʦʪʷʟʽ 1-4 ʛʦʜʠʥ ʚ ʨʘʜʽʫʩʽ 2-4 ʢʤ ʨʦʟʩʽʶʻʪʴʩʷ ʚʽʜ 200 ʜʦ 

500 ʪ ʧʠʣʫ , ʷʢʠʡ ʚʤʽʱʫʻ 93,6-99,6 % ʯʘʩʪʦʢ ʨʦʟʤʽʨʦʤ ʤʝʥʰʝ 5 ʤʢʤ [ 8 ]. 

ʊʘʢʠʤ ʯʠʥʦʤ ʪʝʭʥʦʛʝʥʥʠʡ ʚʧʣʠʚ ʛʽʨʥʠʯʦ-ʧʝʨʝʨʦʙʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʥʘ 

ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʜʫʞʝ ʟʥʘʯʥʠʡ. ʑʦʨʽʯʥʝ ʪʝʭʥʦʛʝʥʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʤʽʩʪʦ ʚʽʜ ʚʠʢʠʜʽʚ, ʩʢʠʜʽʚ ʪʘ ʫʪʚʦʨʝʥʠʭ ʥʘ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʚʽʜʭʦʜʽʚ 

ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 6. (ʟʘ ʜʘʥʠʤʠ ʂʨʠʚʦʨʽʟʴʢʦʛʦ ʤʽʩʴʢʚʠʢʦʥʢʦʤʫ ʽ ʈʝʛʽʦʥʘʣʴʥʠʭ 

ʜʦʧʦʚʽʜʝʡ ʧʨʦ ʩʪʘʥ ʧʨʠʨʦʜʥʴʦʛʦ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ 

ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʽʡ ʦʙʣʘʩʪʽ). 

ʊʘʙʣʠʮʷ 1.  

ʂʽʣʴʢʽʩʪʴ ʧʨʦʤʠʩʣʦʚʠʭ ʚʠʢʠʜʽʚ, ʩʢʠʜʽʚ ʪʘ ʫʪʚʦʨʝʥʠʭ ʚʽʜʭʦʜʽʚ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ 

ʂʨʠʚʦʛʦ ʈʦʛʫ 

 

ʈʽʢ ɺʠʢʠʜʠ ʫ 

ʧʦʚʽʪʨʷ,  

ʪʠʩ. ʪ 

ʉʢʠʜʠ ʫ 

ʚʦʜʦʡʤʠ, ʪʠʩ. ʤ3 

ʋʪʚʦʨʝʥʥʷ 

ʧʨʦʤʠʩʣʦʚʠʭ 

ʚʽʜʭʦʜʽʚ, ʤʣʥ ʪ 

2019 342,9 7937,1 208,4 

2020 215,3 3531,7 309,4 

2021 211,2 4656,7 é 

2022 56,3 8103,2  190,9 

2023 66,7 4358,7 116,0 

2024 70,2 5633,6 140,7 
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ɼʘʥʽ ʪʘʙʣʠʮʽ ʟʘʩʚʽʜʯʫʶʪʴ, ʱʦ ʧʽʜ ʯʘʩ ʚʽʡʩʴʢʦʚʦʛʦ ʩʪʘʥʫ ʢʽʣʴʢʽʩʪʴ ʚʠʢʠʜʽʚ ʫ 

ʧʦʚʽʪʨʷ ʽ ʫʪʚʦʨʝʥʥʷ ʧʨʦʤʠʩʣʦʚʠʭ ʚʽʜʭʦʜʽʚ ʩʢʦʨʦʪʠʣʘʩʴ, ʘ ʜʠʥʘʤʽʢʘ ʦʙʩʷʛʽʚ ʚʦʜʠ, 

ʱʦ ʚʽʜʢʘʯʫʻʪʴʩʷ ʟ ʰʘʭʪ ʽ ʢʘʨôʻʨʽʚ ʥʝ ʟʤʽʥʶʻʪʴʩʷ, ʱʦ ʽ ʟʨʦʟʫʤʽʣʦ. 

ɼʦ ʥʝʛʘʪʠʚʥʠʭ ʷʚʠʱ ʚʥʘʩʣʽʜʦʢ ʛʽʨʥʠʯʦ-ʚʠʜʦʙʫʚʥʦʾ ʽ ʧʝʨʝʨʦʙʥʦʾ ʜʽʷʣʴʥʦʩʪʽ 

ʚ ʂʨʠʚʙʘʩʽ ʩʪʘʣʦ ʤʘʩʰʪʘʙʥʝ ʧʦʨʫʰʝʥʥʷ ʟʝʤʥʦʾ ʢʦʨʠ ʽ ʨʦʟʚʠʪʦʢ ʪʝʭʥʦʛʝʥʥʠʭ 

ʝʢʟʦʛʝʥʥʠʭ ʧʨʦʮʝʩʽʚ, ʪʘʢʠʭ ʷʢ ʟʩʫʚʠ, ʧʨʦʚʘʣʠ, ʫʪʚʦʨʝʥʥʷ ʙʨʝʢʯʽʡ ʦʙʨʫʰʝʥʥʷ 

ʧʨʦʩʽʜʘʥʥʷ ˇʨʫʥʪʽʚ, ʧʦʨʫʰʝʥʥʷ ʬʫʥʜʘʤʝʥʪʽʚ ʙʫʜʽʚʝʣʴ, ʘ ʪʘʢʦʞ ʥʝʦʪʝʢʪʦʥʠʯʥʽ 

ʧʨʦʮʝʩʠ ï ʨʫʭ ʙʣʦʢʽʚ ʟʝʤʥʦʾ ʢʦʨʠ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ 3-10 ʤʤ/ʨʽʢ, ʷʢʽ 

ʟʘʬʽʢʩʦʚʘʥʽ, ʫ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ ï 2-5 ʤʤ/ʨʽʢ. ɼʝʢʽʣʴʢʘ ʨʘʟʽʚ 

ʩʧʦʩʪʝʨʽʛʘʣʠʩʴ ʟʝʤʣʝʪʨʫʩʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʜʦ 4 ʙʘʣʽʚ [1, 2, 7, 9]. 

ʇʨʦʙʣʝʤʦʶ ʻ ʪʝ, ʱʦ ʚʩʽ ʛʽʨʥʠʯʦ-ʧʝʨʝʨʦʙʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʨʦʟʪʘʰʦʚʘʥʽ ʚ 

ʤʝʞʘʭ ʤʽʩʪʘ, ʜʝ ʧʦʙʫʜʦʚʘʥʽ ʞʠʪʣʦʚʽ ʤʘʩʠʚʠ, ʜʦʨʦʛʠ, ʣʽʢʘʨʥʽ, ʟʦʥʠ ʚʽʜʧʦʯʠʥʢʫ 

(ʧʘʨʢʠ, ʩʢʚʝʨʠ ʪʦʱʦ). ɹʘʛʘʪʦ ʟ ʮʠʭ ʦʙôʻʢʪʽʚ ʟʘʟʥʘʣʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ 

(ʧʽʜʪʦʧʣʝʥʥʷ ʧʽʜʚʘʣʽʚ ʙʫʜʠʥʢʽʚ, ʪʨʽʱʠʥʠ ʥʘ ʩʪʽʥʘʭ ʜʦʤʽʚ ʚʥʘʩʣʽʜʦʢ ʧʨʦʩʽʜʘʥʥʷ 

ˇʨʫʥʪʫ ʪʦʱʦ), ʥʝ ʛʦʚʦʨʷʯʠ ʧʨʦ ʧʦʚʽʪʨʷ, ʷʢʝ ʧʦʩʪʽʡʥʦ ʟʘʙʨʫʜʥʶʶʪʴʩʷ ʚʠʢʠʜʘʤʠ 

ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʽ ʧʠʪʥʫ ʚʦʜʫ ʷʢʘ ʧʦʩʪʘʯʘʻʪʴʩʷ ʟ ʚʦʜʦʩʭʦʚʠʱ, 

ʨʦʟʪʘʰʦʚʘʥʠʭ ʚ ʂʨʠʚʦʨʽʟʴʢʦʤʫ ʨʘʡʦʥʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʪʝʭʥʦʛʝʥʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʟʝʤʥʫ ʧʦʚʝʨʭʥʶ, ʧʦʚʽʪʨʷ, 

ʧʦʚʝʨʭʥʝʚʽ ʪʘ ʧʽʜʟʝʤʥʽ ʚʦʜʠ ʫ ʂʨʠʚʦʨʽʟʴʢʦʤʫ ʙʘʩʝʡʥʽ ʟʘʟʥʘʣʦ ʢʨʠʪʠʯʥʠʭ 

ʧʦʟʥʘʯʝʥʴ. ɸʣʝ ʤʽʩʪʦ ʟʘʣʠʰʘʻʪʴʩʷ ʦʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʙʘʟ ʛʽʨʥʠʯʦ-ʤʝʪʘʣʫʨʛʽʡʥʦʾ 

ʛʘʣʫʟʽ ʽ ʧʦʩʪʘʯʘʣʴʥʠʢʦʤ ʪʦʚʘʨʥʦʾ ʟʘʣʽʟʦʨʫʜʥʦʾ ʧʨʦʜʫʢʮʽʾ ʋʢʨʘʾʥʠ ʥʘ ʩʚʽʪʦʚʠʡ 

ʨʠʥʦʢ. ʊʦʤʫ ʪʨʝʙʘ ʚʞʠʪʠ ʥʝʚʽʜʢʣʘʜʥʽ ʟʘʭʦʜʠ ʱʦʜʦ ʩʪʘʙʽʣʽʟʘʮʽʾ ʪʝʭʥʦʛʝʥʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʪʘ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʚ ʨʝʛʽʦʥʽ. 

ɺʠʩʥʦʚʢʠ.  

ʉʫʯʘʩʥʘ ʝʢʦʣʦʛʽʯʥʘ ʢʨʠʟʘ ʫ ʂʨʠʚʦʨʽʟʴʢʦʤʫ ʧʨʦʤʠʩʣʦʚʦʤʫ ʨʝʛʽʦʥʽ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ ʪʝʭʥʦʛʝʥʥʠʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ ʥʘ ʥʘʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ:  

¶ ʫʪʚʦʨʝʥʥʷ ʪʝʭʥʦʛʝʥʥʠʭ ʬʦʨʤ ʨʝʣʴʻʬʫ ʫ ʚʠʛʣʷʜʽ ʮʠʨʢʦʦʙʨʘʟʥʠʭ 

ʟʘʧʘʜʠʥ (ʢʘʨôʻʨʠ) ʛʣʠʙʠʥʦʶ 200-400 ʤ ʪʘ ʧʣʘʪʦʦʙʨʘʟʥʠʭ ʬʦʨʤ (ʚʬʜʚʘʣʠ) 

ʚʠʩʦʪʦʶ 50-100 ʤ; 

¶ ʫʪʚʦʨʝʥʥʷ ʰʪʫʯʥʠʭ ʚʦʜʦʡʤʠʱ ʫ ʚʠʛʣʷʜʽ ʭʚʦʩʪʦʩʭʦʚʠʱ ʟʘʛʘʣʴʥʦʶ 

ʧʣʦʱʝʶ ʙʣʠʟʴʢʦ 8 ʪʠʩ. ʛʘ; 

¶ ʟʘʙʨʫʜʥʝʥʥʷ ʯʝʪʚʝʨʪʠʥʥʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʚʥʘʩʣʽʜʦʢ 

ʱʦʨʽʯʥʦʛʦ ʚʽʜʢʘʯʫʚʘʥʥʷ ʥʘ ʧʦʚʝʨʭʥʶ ʚʠʩʦʢʦʤʽʥʝʨʘʣʽʟʦʚʘʥʠʭ ʰʘʭʪʥʠʭ ʚʦʜ ʟ 

ʥʘʩʪʫʧʥʠʤ ʾʭ ʩʢʠʜʘʥʥʷʤ ʫ ʤʝʞʚʝʛʝʪʘʮʽʡʥʠʡ ʧʝʨʽʦʜ ʚ ʨʽʯʢʠ ɯʥʛʫʣʝʮʴ ʽ ʉʘʢʩʘʛʘʥʴ 

ʟ ʧʦʩʣʽʜʫʶʯʦʶ  ʧʨʦʤʠʚʢʦʶ ʨʫʩʝʣ ʧʠʪʥʦʶ ʚʦʜʦʶ ʟ ʂʘʨʘʯʫʥʽʚʩʴʢʦʛʦ 

ʚʦʜʦʩʭʦʚʠʱʘ ʚ ʦʙʩʷʟʽ 60-70 ʤʣʥ ʤ3; 

¶ ʟʘʙʨʫʜʥʝʥʥʷ ʨʽʢ ɯʥʛʫʣʝʮʴ ʽ ʉʘʢʩʘʛʘʥʴ ʧʨʦʤʠʩʣʦʚʠʤʠ ʩʪʽʯʥʠʤʠ 

ʚʦʜʘʤʠ, ʬʽʣʴʪʨʘʮʽʡʥʠʤʠ ʚʦʜʘʤʠ ʟ ʭʚʦʩʪʦʩʭʦʚʠʱ, ʜʦʱʦʚʠʤʠ ʩʪʦʢʘʤʠ; 

¶ ʥʘʢʦʧʠʯʝʥʥʷ ʰʢʽʜʣʠʚʠʭ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʥʘ ʜʥʽ ʨʽʯʦʢ  ʽ ʚʦʜʦʡʤ; 

¶ ʧʽʜʪʦʧʣʝʥʥʷ ʤʽʩʴʢʦʾ ʪʝʨʠʪʦʨʽʾ; 

¶ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʽʚ ʚʠʢʠʜʘʤʠ ʚ ʘʪʤʦʩʬʝʨʫ ʧʽʜʧʨʠʻʤʩʪʚ ʤʽʩʪʘ; 

¶ ʟʙʽʜʥʝʥʥʷ ʚʠʜʦʚʦʛʦ ʩʢʣʘʜʫ ʬʣʦʨʠ. 
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The mineral and raw material base of titanium, the state of mining and enrichment and mining and 

metallurgical production of Ukraine as a strategically important sector of the national economy are 

considered. Problematic aspects of the industry and prospects for the restoration and sustainable 

development of the titanium industry in the medium and long term are characterized. 
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ɺʩʪʫʧ. ʋʢʨʘʾʥʘ ʚʦʣʦʜʽʻ ʧʦʪʫʞʥʦʶ ʤʽʥʝʨʘʣʴʥʦ-ʩʠʨʦʚʠʥʥʦʶ ʙʘʟʦʶ ʽ ʚʭʦʜʠʪʴ 

ʜʦ ʧʨʦʚʽʜʥʠʭ ʢʨʘʾʥ ʩʚʽʪʫ ʟʘ ʮʠʤ ʧʦʢʘʟʥʠʢʦʤ. ʉʝʨʝʜ ʤʽʥʝʨʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ 

ʦʩʦʙʣʠʚʝ ʤʽʩʮʝ ʧʦʩʽʜʘʶʪʴ ʢʨʠʪʠʯʥʽ ʢʦʨʠʩʥʽ ʢʦʧʘʣʠʥʠ, ʷʢʽ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʩʫʯʘʩʥʠʭ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʛʘʣʫʟʷʭ, ʟʦʢʨʝʤʘ ʜʣʷ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʚ ʘʝʨʦʢʦʩʤʽʯʥʽʡ ʽ ʦʙʦʨʦʥʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ; ʜʣʷ 

ʘʢʫʤʫʣʷʪʦʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʽʥ. ɼʦ ʧʝʨʝʣʽʢʫ ʢʨʠʪʠʯʥʠʭ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ 

ʚʭʦʜʠʪʴ ʽ ʪʠʪʘʥ, ʦʩʥʦʚʥʠʤ ʤʽʥʝʨʘʣʴʥʠʤ ʥʦʩʽʻʤ ʷʢʦʛʦ ʻ ʽʣʴʤʝʥʽʪ. ʊʠʪʘʥ 
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ʭʽʤʽʯʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʦʱʦ. ʄʽʥʝʨʘʣʴʥʦ-ʩʠʨʦʚʠʥʥʘ ʙʘʟʘ ʪʠʪʘʥʫ ʦʮʽʥʶʻʪʴʩʷ 

ʨʝʩʫʨʩʘʤʠ ʽ ʟʘʧʘʩʘʤʠ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ. ʏʝʨʝʟ ʪʝ, ʱʦ ʜʽʦʢʩʠʜ ʪʠʪʘʥʫ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʪʦʚʘʨʽʚ ʰʠʨʦʢʦʛʦ ʚʞʠʪʢʫ, ʩʚʽʪʦʚʠʡ ʧʦʧʠʪ ʥʘ ʥʴʦʛʦ 

ʢʦʨʝʣʶʻ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʧʨʠʙʫʪʢʫ ʚʽʜ ʧʨʦʜʘʞʫ, ʘ ʩʧʦʞʠʚʘʥʥʷ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʥʷ 

ʻ ʧʝʚʥʠʤ ʽʥʜʠʢʘʪʦʨʦʤ ʨʽʚʥʷ ʞʠʪʪʷ, ʦʩʢʽʣʴʢʠ ʟʘ ʚʠʨʫʯʢʦʶ ʚʽʜ ʧʨʦʜʘʞʫ ʥʘ 

ʩʚʽʪʦʚʦʤʫ ʨʠʥʢʫ ʜʽʦʢʩʠʜ ʪʠʪʘʥʫ ʧʦʩʪʫʧʘʻʪʴʩʷ ʣʠʰʝ ʟʦʣʦʪʫ, ʘʣʶʤʽʥʽʶ ʪʘ ʤʽʜʽ. 

ʇʨʦʙʣʝʤʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʪʯʠʟʥʷʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʠʪʘʥʦʚʦʶ ʩʠʨʦʚʠʥʦʶ ʤʘʻ 

ʩʪʨʘʪʝʛʽʯʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʝʢʦʥʦʤʽʢʠ ʽ ʜʣʷ ʨʦʟʚʠʪʢʫ ʡ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʽʡʩʴʢʦʚʦ-

ʧʨʦʤʠʩʣʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ ʜʝʨʞʘʚʠ. ɹʝʟ ʨʦʟʚʠʪʢʫ ʤʽʥʝʨʘʣʴʥʦ-ʩʠʨʦʚʠʥʥʦʾ ʙʘʟʠ 

ʪʠʪʘʥʫ ʥʝʤʦʞʣʠʚʠʡ ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢ ʢʨʘʾʥʠ. 

ʄʽʥʝʨʘʣʴʥʦ-ʩʠʨʦʚʠʥʥʘ ʙʘʟʘ ʋʢʨʘʾʥʠ ʥʘʣʽʯʫʻ 27 ʨʦʜʦʚʠʱ ʟʦʢʨʝʤʘ ʦʜʥʝ 

ʫʥʽʢʘʣʴʥʝ, 13 ʚʝʣʠʢʠʭ ʽ 10 ʩʝʨʝʜʥʽʭ ʽ ʧʦʥʘʜ 30 ʨʫʜʦʧʨʦʷʚʽʚ ʨʽʟʥʦʛʦ ʩʪʫʧʝʥʷ 

ʚʠʚʯʝʥʦʩʪʽ [3]. ɿ ʥʠʭ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʣʠʰʝ 5 ʨʦʟʩʠʧʥʠʭ ʨʦʜʦʚʠʱ. ʇʝʨʝʨʦʙʥʘ 

ʪʠʪʘʥʦʚʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʟʘʥʝʜʙʘʥʦʤʫ ʩʪʘʥʽ, ʪʦʤʫ ʨʦʟʛʣʷʥʝʤʦ 

ʦʩʦʙʣʠʚʦʩʪʽ ʪʠʪʘʥʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʧʨʦʙʣʝʤʥʽ ʘʩʧʝʢʪʠ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ 

ʚʽʜʥʦʚʣʝʥʥʷ ʪʠʪʘʥʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʋʢʨʘʾʥʠ ʥʘ ʩʝʨʝʜʥʴʦ-ʜʦʚʛʦʩʪʨʦʢʦʚʫ 

ʧʝʨʩʧʝʢʪʠʚʫ. 

ʄʽʥʝʨʘʣʴʥʦ-ʩʠʨʦʚʠʥʥʘ ʙʘʟʘ ʪʠʪʘʥʫ 

ʈʝʩʫʨʩʠ ʪʠʪʘʥʫ ʫ ʩʚʽʪʽ ʜʦʩʷʛʘʶʪʴ 1,3 ʤʣʨʜ. ʪ ʜʚʦʦʢʠʩʫ ʪʠʪʘʥʫ ʚ 48 ʢʨʘʾʥʘʭ, 

ʘ ʨʦʟʚʽʜʘʥʽ ʟʘʧʘʩʠ ʚ ʥʘʜʨʘʭ 20 ʢʨʘʾʥ ʩʢʣʘʜʘʶʪʴ ʙʣʠʟʴʢʦ 650 ʤʣʥ. ʪ , ʷʢʽ 

ʟʦʩʝʨʝʜʞʝʥʽ ʚ ʨʦʜʦʚʠʱʘʭ  ʪʨʴʦʭ ʛʝʦʣʦʛʦ-ʧʨʦʤʠʩʣʦʚʠʭ ʪʠʧʽʚ [1, 2]: 

- ʜʘʚʥʽ ʡ ʩʫʯʘʩʥʽ ʘʣʶʚʽʘʣʴʥʽ ʪʘ ʫʟʙʝʨʝʞʥʦ-ʤʦʨʩʴʢʽ ʨʦʟʩʠʧʠ (63,3 %); 

- ʢʦʨʽʥʥʽ ʽʣʴʤʝʥʽʪ-ʤʘʛʥʝʪʠʪʦʚʽ, ʽʣʴʤʝʥʽʪ ʛʝʤʘʪʠʪʦʚʽ ʪʘ ʽʣʴʤʝʥʽʪ ʨʫʪʠʣʦʚʽ 

ʧʦʢʣʘʜʠ ʚ ʛʘʙʨʦ-ʘʥʦʨʪʦʟʠʪʘʭ (22,7 %); 

- ʘʥʘʪʘʟ-ʧʝʨʦʚʩʢʽʪ-ʨʫʪʠʣʦʚʽ ʨʦʜʦʚʠʱʘ ʚ ʢʦʨʽ ʚʠʚʽʪʨʶʚʘʥʥʷ 

ʢʘʨʙʦʥʘʪʠʪʦʚʠʭ ʢʦʤʧʣʝʢʩʽʚ (14,0 %). 

ɹʣʠʟʴʢʦ 72,2 % ʨʦʟʚʽʜʘʥʠʭ ʟʘʧʘʩʽʚ ʪʠʪʘʥʫ ʟʦʩʝʨʝʜʞʝʥʽ ʚ ʨʦʟʩʠʧʥʠʭ ʽ 

ʢʦʨʽʥʥʠʭ ʨʦʜʦʚʠʱʘʭ ʽʣʴʤʝʥʽʪʫ; 8,3 % ï ʫ ʨʫʪʠʣʦʚʠʭ ʧʦʢʣʘʜʘʭ. ɿʘʧʘʩʠ ʪʠʪʘʥʫ ʚ 

ʘʥʘʪʘʟʽ ʨʦʟʚʽʜʘʥʽ ʚ ɹʨʘʟʠʣʽʾ ʽʟ ʩʝʨʝʜʥʽʤ ʚʤʽʩʪʦʤ ʜʚʦʦʢʠʩʫ ʪʠʪʘʥʫ ʚ ʨʫʜʘʭ ʢʦʨʠ 

ʚʠʚʽʪʨʶʚʘʥʥʷ ʢʘʨʙʦʥʘʪʠʪʦʚʠʭ ʢʦʤʧʣʝʢʩʽʚ. ɺʠʜʦʙʫʪʦʢ ʪʠʪʘʥʦʚʠʭ ʨʫʜ 

ʟʜʽʡʩʥʶʶʪʴ 14 ʢʨʘʾʥ, ʘ ʦʩʥʦʚʥʠʤʠ ʚʠʨʦʙʥʠʢʘʤʠ ʪʠʪʘʥʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʫ ʻ 

ɸʚʩʪʨʘʣʽʷ, ʂʘʥʘʜʘ, ʇʽʚʜʝʥʥʦ-ɸʬʨʠʢʘʥʩʴʢʘ ʨʝʩʧʫʙʣʽʢʘ (ʇɸʈ), ʅʦʨʚʝʛʽʷ, ʋʢʨʘʾʥʘ, 

ʄʘʣʘʟʽʷ, ʉʐɸ ʪʘ ʉôʻʨʘ-ʃʝʦʥʝ (ʧʝʨʝʚʘʞʥʦ ʨʫʪʠʣʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʫ). 

ɺ ʋʢʨʘʾʥʽ ʩʪʚʦʨʝʥʘ ʧʦʪʫʞʥʘ ʩʠʨʦʚʠʥʥʘ ʙʘʟʘ ʪʠʪʘʥʫ. ʄʘʛʤʘʪʠʯʥʽ ʢʦʨʽʥʥʽ 

ʧʦʢʣʘʜʠ ʪʠʪʘʥʫ ʧʨʝʜʩʪʘʚʣʝʥʽ ʉʪʨʝʤʠʛʦʨʦʜʩʴʢʠʤ, ʌʝʜʦʨʽʚʩʴʢʠʤ, 

ʂʨʦʧʠʚʥʷʥʩʴʢʠʤ ʽ ʧʦʧʝʨʝʜʥʴʦ ʨʦʟʚʽʜʘʥʠʤ ʅʦʩʘʯʽʚʩʴʢʠʤ ʨʦʜʦʚʠʱʘʤʠ; 

ʛʽʧʝʨʛʝʥʥʽ (ʝʣʶʚʽʘʣʴʥʽ) ʢʦʨʠ ʚʠʚʽʪʨʶʚʘʥʥʷ ʜʦʢʝʤʙʨʽʡʩʴʢʠʭ ʧʦʨʽʜ ï 

ʊʦʨʯʠʥʩʴʢʠʤ ʨʦʜʦʚʠʱʝʤ, ʘ ʨʦʟʩʠʧʥʽ ʨʦʜʦʚʠʱʘ ï ɯʨʰʘʥʩʴʢʦʶ ʛʨʫʧʦʶ ʨʦʜʦʚʠʱ, 

ʄʘʣʠʰʽʚʩʴʢʠʤ (ʉʘʤʦʪʢʘʥʩʴʢʠʤ), ɿʝʣʝʥʦʷʨʩʴʢʠʤ, ʊʘʨʘʩʽʚʩʴʢʠʤ, ʉʝʣʠʱʘʥʩʴʢʠʤ, 

ʇʨʘʚʦʙʝʨʝʞʥʠʤ, ɺʦʚʯʘʥʩʴʢʠʤ, ʂʨʘʩʥʦʢʫʪʩʴʢʠʤ ʪʘ ʽʥʰʠʤʠ ʨʦʜʦʚʠʱʘʤʠ ʽ 

ʧʨʦʷʚʘʤʠ [1, 2]. ɼʝʪʘʣʴʥʦ ʨʦʟʚʽʜʘʥʦ ʪʘ ʧʽʜʛʦʪʦʚʣʝʥʦ ʜʦ ʧʨʦʤʠʩʣʦʚʦʛʦ ʦʩʚʦʻʥʥʷ 

11 ʨʦʜʦʚʠʱ, ʟ ʷʢʠʭ ʣʠʰʝ 5 ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ɯʨʰʘʥʩʴʢʠʤ ʛʽʨʥʠʯʦʟʙʘʛʘʯʫʚʘʣʴʥʠʤ 

ʢʦʤʙʽʥʘʪʦʤ (ɯʨʰʠʥʩʴʢʝ, ɻʘʮʢʽʚʩʴʢʝ, ʃʝʤʥʽʚʩʴʢʝ ʪʘ ʄʝʞʠʨʽʯʥʝ ʨʦʟʩʠʧʥʽ 

ʨʦʜʦʚʠʱʘ ʽ ɺʝʨʭʥʴʦʜʥʽʧʨʦʚʩʴʢʠʤ (ɺʽʣʴʥʦʛʽʨʩʴʢʠʤ) ʛʽʨʥʠʯʦ-ʤʝʪʘʣʫʨʛʽʡʥʠʤ 
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çʉʋʏɸʉʅɯ ʇʈʆɹʃɽʄʀ ɻɯʈʅʀʏʆɰ ɻɽʆʃʆɻɯɰ ʊɸ ɻɽʆɽʂʆʃʆɻɯɰè 17 ï 18 ʣʠʩʪʦʧʘʜʘ 2025 ʨ. 

ʢʦʤʙʽʥʘʪʦʤ (ʄʘʣʠʰʽʚʩʴʢʝ ʫʟʙʝʨʝʞʥʦ-ʤʦʨʩʴʢʝ). ɼʣʷ ʦʩʚʦʻʥʥʷ ʢʦʨʽʥʥʠʭ ʧʦʢʣʘʜʽʚ 

ʪʠʪʘʥʫ ʥʘʡʢʨʘʱʝ ʧʽʜʛʦʪʦʚʣʝʥʝ ʉʪʨʝʤʠʛʦʨʦʜʩʴʢʝ ʨʦʜʦʚʠʱʝ, ʷʢʝ ʧʨʠʫʨʦʯʝʥʝ ʜʦ 

ʤʘʣʠʭ ʽʥʪʨʫʟʽʡ ʨʫʜʥʠʭ  ʛʘʙʨʦʾʜʽʚ ʩʝʨʝʜ ʛʘʙʨʦ-ʘʥʦʨʪʦʟʠʪʽʚ  ʏʦʧʦʚʠʮʴʢʦʛʦ ʤʘʩʠʚʫ 

[1]. 

ɿʘʛʘʣʦʤ ʨʦʟʚʽʜʘʥʽ ʟʘʧʘʩʠ ʪʘ ʦʮʽʥʝʥʽ ʨʝʩʫʨʩʠ ʪʠʪʘʥʫ ʢʦʨʽʥʥʠʭ ʽ ʨʦʟʩʠʧʥʠʭ 

ʧʦʢʣʘʜʽʚ ʫ ʛʝʦʣʦʛʽʯʥʠʭ ʢʦʤʧʣʝʢʩʘʭ ʋʢʨʘʾʥʠ ʟʘʙʝʟʧʝʯʘʪʴ ʥʘʜʽʡʥʝ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʠʜʦʙʫʚʥʦʾ  ʪʘ ʧʝʨʝʨʦʙʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʽʟ ʜʦʚʛʦʪʨʠʚʘʣʦʶ 

ʧʝʨʩʧʝʢʪʠʚʦʶ ʚʠʨʦʙʥʠʮʪʚʘ ʪʠʪʘʥʦʚʤʽʱʫʚʘʣʴʥʦʾ ʩʠʨʦʚʠʥʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʚʽʪʯʠʟʥʷʥʠʭ ʽ ʝʢʩʧʦʨʪʥʠʭ ʧʦʪʨʝʙ. 

ɺʠʨʦʙʥʠʮʪʚʦ ʪʠʪʘʥʦʚʠʭ ʢʦʥʮʝʥʪʨʘʪʽʚ, ʪʠʪʘʥʦʚʦʾ ʛʫʙʢʠ ʪʘ ʤʝʪʘʣʫ. 

ʆʙʩʷʛʠ ʚʠʨʦʙʥʠʮʪʚʘ ʪʠʪʘʥʦʚʠʭ ʢʦʥʮʝʥʪʨʘʪʽʚ ʫ ʩʚʽʪʽ ʩʢʣʘʜʘʶʪʴ ʙʣʠʟʴʢʦ 4 ʤʣʥ. ʪ 

ʊʽʆ2, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʫ ʨʦʟʚʠʥʫʪʠʭ ʢʨʘʾʥʘʭ (79 %).  ʇʨʦʚʽʜʥʝ ʤʽʩʮʝ ʥʘʣʝʞʠʪʴ 

ɸʚʩʪʨʘʣʽʾ (28,5 %), ʇɸʈ (18,9 %), ʂʘʥʘʜʽ (15,6 %), ʅʦʨʚʝʛʽʾ (8,3 %) ʪʘ ʉʐɸ (5 

%); ʯʘʩʪʢʘ ʋʢʨʘʾʥʠ ʩʢʣʘʜʘʻ 6 %, ʉôʻʨʘ-ʃʝʦʥʝ ï 4,7 %, ʽʥʰʠʭ ʢʨʘʾʥ, ʱʦ 

ʨʦʟʚʠʚʘʶʪʴʩʷ ï 12 % [2]. ɺʠʨʦʙʥʠʮʪʚʦ ʪʠʪʘʥʦʚʦʛʦ ʰʣʘʢʫ ʟ ʚʤʽʩʪʦʤ ʊʽʆ2  (70 %) 

ʟ ʽʣʴʤʝʥʽʪʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʫ ʚ ʦʙʩʷʟʽ 1450-1660 ʪʠʩ. ʪ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʇɸʈ, 

ʂʘʥʘʜʽ ʪʘ ʅʦʨʚʝʛʽʾ [2]. 

ʆʩʥʦʚʥʠʤʠ ʚʠʨʦʙʥʠʢʘʤʠ ʪʠʪʘʥʦʚʦʾ ʛʫʙʢʠ ʜʣʷ ʤʝʪʘʣʫʨʛʽʾ ʚ ʦʙʩʷʟʽ 53,7ï78,9 

ʪʠʩ. ʪ/ʨʽʢ ʻ ʗʧʦʥʽʷ, ʈʦʩʽʷ, ʂʘʟʘʭʩʪʘʥ, ʉʐɸ, ʋʢʨʘʾʥʘ, ʂʠʪʘʡ ʪʘ ɺʝʣʠʢʦʙʨʠʪʘʥʽʷ. 

ʂʨʽʤ ʪʦʛʦ, ʥʝ ʤʝʥʰʝ 90 % ʪʠʪʘʥʦʚʦʾ ʩʠʨʦʚʠʥʠ ʚ 25 ʢʨʘʾʥʘʭ ʩʚʽʪʫ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ (ʧʝʨʝʚʘʞʥʦ ʭʣʦʨʠʜʥʠʤ ʤʝʪʦʜʦʤ) 

ʧʽʛʤʝʥʪʥʦʛʦ ʜʚʦʦʢʠʩʫ ʪʠʪʘʥʫ [2]. 

ɺ ʋʢʨʘʾʥʽ ʪʠʪʘʥʦʚʠʡ ʢʦʥʮʝʥʪʨʘʪ ʦʪʨʠʤʫʶʪʴ ʥʘ ɺʽʣʴʥʦʛʽʨʩʴʢʦʤʫ 

(ɺʝʨʭʥʴʦʜʥʽʧʨʦʚʩʴʢʦʤʫ) ɻʄʂ ʧʨʠ ʨʦʟʨʦʙʮʽ ʄʘʣʠʰʽʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʪʘ ʧʨʠ 

ʟʙʘʛʘʯʝʥʥʽ ʥʘ ɯʨʰʘʥʩʴʢʦʤʫ ɻɿʂ ʽʣʴʤʝʥʽʪʦʚʠʭ ʘʣʶʚʽʘʣʴʥʠʭ ʨʦʟʩʠʧʽʚ ɯʨʰʘʥʩʴʢʦʾ 

ʛʨʫʧʠ ʨʦʜʦʚʠʱ. ʋ ʤʠʥʫʣʦʤʫ, ʥʘ ɺʽʣʴʥʦʛʽʨʩʴʢʦʤʫ ɻʄʂ, ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʽʯʥʠʡ 

ʦʙʩʷʛ ʚʠʨʦʙʥʠʮʪʚʘ ʽʣʴʤʝʥʽʪʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʫ ʜʦʩʷʛʘʚ 296,9 ʪʠʩ. ʪ/ʨʽʢ; 

ʨʫʪʠʣʦʚʦʛʦ ï 1208, ʪʠʩ. ʪ/ʨʽʢ [1, 2]. ʇʨʠ ʮʴʦʤʫ, 58,7 % ʚʠʛʦʪʦʚʣʝʥʠʭ 

ʢʦʥʮʝʥʪʨʘʪʽʚ ʝʢʩʧʦʨʪʫʚʘʣʦʩʷ ʚ ʈʦʩʽʶ ʪʘ ʂʘʟʘʭʩʪʘʥ. ʂʨʽʤ ʪʠʪʘʥʦʚʠʭ 

ʢʦʥʮʝʥʪʨʘʪʽʚ ʚ ʋʢʨʘʾʥʽ ʱʦʨʽʯʥʦ ʚʠʨʦʙʣʷʣʦʩʷ 8ï12 ʪʠʩ. ʪ ʪʠʪʘʥʦʚʦʾ ʛʫʙʢʠ, ʷʢʘ ʻ 

ʦʩʥʦʚʥʠʤ ʧʨʦʜʫʢʪʦʤ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʤʝʪʘʣʽʯʥʦʛʦ ʪʠʪʘʥʫ ʪʘ 45 ʪʠʩ. ʪ/ʨʽʢ ʫ 1991 

ʨ. ʪʠʪʘʥʦʚʦʛʦ ʧʽʛʤʝʥʪʫ ʟ ʚʤʽʩʪʦʤ ʊʽʆ2 ï 42 % ʜʣʷ ʭʽʤʽʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ [2]. 

ʇʦʪʨʝʙʠ ʉʫʤʩʴʢʦʛʦ ɺʆ çʍʽʤʧʨʦʤè ʽ ʂʨʠʤʩʴʢʦʛʦ ɺʆ çʊʠʪʘʥè ʫ ʪʠʪʘʥʦʚʦʤʫ 

ʰʣʘʮʽ ʟ ʚʤʽʩʪʦʤ ʊʽʆ2 70 % ʟʘʙʝʟʧʝʯʫʚʘʣʠʩʷ ʟʘ ʨʘʭʫʥʦʢ ʽʤʧʦʨʪʫ [2]. 

ʊʠʪʘʥʦʚʫ ʛʫʙʢʫ ʚ ʦʙʩʷʟʽ 16-20 ʪʠʩ. ʪ/ʨʽʢ ʚʠʧʫʩʢʘʚ ɿʘʧʦʨʽʟʴʢʠʡ ʪʠʪʘʥʦʚʦ-

ʤʘʛʥʽʻʚʠʡ ʢʦʤʙʽʥʘʪ (ʊʄʂ), ʷʢʘ ʧʦʚʥʽʩʪʶ ʚʠʚʦʟʠʣʘʩʷ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʤʝʪʘʣʽʯʥʦʛʦ ʪʠʪʘʥʫ ʽ ʧʨʦʢʘʪʫ ʥʘ ɺʝʨʭʥʴʦʩʦʣʜʠʥʩʴʢʦʤʫ ʤʝʪʘʣʫʨʛʽʡʥʦʤʫ 

ʦʙôʻʜʥʘʥʥʽ ʚ ʈʦʩʽʾ ʪʘ ʋʩʪʴ-ʂʘʤʝʥʦʛʦʨʩʴʢʦʤʫ ʪʠʪʘʥʦ-ʤʘʛʥʽʻʚʦʤʫ ʢʦʤʙʽʥʘʪʽ ʚ 

ʂʘʟʘʭʩʪʘʥʽ [2]. ɺ ʋʢʨʘʾʥʽ ʧʝʨʚʠʥʥʠʡ ʤʝʪʘʣʽʯʥʠʡ ʪʠʪʘʥ ʽ ʚʠʨʦʙʠ ʟ ʥʴʦʛʦ ʥʝ 

ʚʠʨʦʙʣʷʣʠʩʷ. ɺ ʦʙʤʝʞʝʥʽʡ ʢʽʣʴʢʦʩʪʽ ʽʟ ʩʢʨʘʧʘ ʦʪʨʠʤʫʚʘʣʠ ʣʠʰʝ ʚʪʦʨʠʥʥʠʡ 

ʪʠʪʘʥ. 

ʇʨʦʙʣʝʤʥʽ ʘʩʧʝʢʪʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʽʪʯʠʟʥʷʥʦʾ ʪʠʪʘʥʦʚʦʾ ʛʘʣʫʟʽ. 

ɺʦʣʦʜʽʶʯʠ ʟʥʘʯʥʠʤʠ ʟʘʧʘʩʘʤʠ ʪʠʪʘʥʫ ʽ ʤʘʶʯʠ ʧʦʪʫʞʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʟ 

ʚʠʜʦʙʫʪʢʫ ʪʘ ʟʙʘʛʘʯʝʥʥʷ ʪʠʪʘʥʦʚʦʾ ʩʠʨʦʚʠʥʠ ʟ ʦʪʨʠʤʘʥʥʷʤ ʽʣʴʤʝʥʽʪʦʚʦʛʦ 



128 
çʉʋʏɸʉʅɯ ʇʈʆɹʃɽʄʀ ɻɯʈʅʀʏʆɰ ɻɽʆʃʆɻɯɰ ʊɸ ɻɽʆɽʂʆʃʆɻɯɰè 17 ï 18 ʣʠʩʪʦʧʘʜʘ 2025 ʨ. 

ʢʦʥʮʝʥʪʨʘʪʫ ʥʘ ɯʨʰʘʥʩʴʢʦʤʫ ɻɿʂ ʽ ɺʝʨʭʥʴʦʜʥʽʧʨʦʚʩʴʢʦʤʫ (ɺʽʣʴʥʦʛʽʨʩʴʢʦʤʫ) 

ɻʄʂ, ʋʢʨʘʾʥʘ ʟʘʨʘʟ ʥʝ ʤʘʻ ʤʦʞʣʠʚʦʩʪʽ ʧʝʨʝʨʦʙʣʷʪʠ ʪʠʪʘʥʦʚʠʡ ʢʦʥʮʝʥʪʨʘʪ ʟ 

ʦʪʨʠʤʘʥʥʷʤ ʧʨʦʜʫʢʮʽʾ ʧʝʨʝʨʦʙʢʠ ʟ ʙʽʣʴʰ ʚʠʩʦʢʦʶ ʜʦʜʘʥʦʶ ʚʘʨʪʽʩʪʶ. 

ɺʪʨʘʪʠʚʰʠ ʧʽʩʣʷ ʘʥʝʢʩʽʾ ʂʨʠʤʫ ʚ 2014 ʨʦʮʽ ɺʆ ʂʨʠʤʩʴʢʠʡ çʊʠʪʘʥè ʚ ʤ. 

ɸʨʤʷʥʩʴʢʫ, ʦʩʥʦʚʦʶ ʚʽʪʯʠʟʥʷʥʦʾ ʪʠʪʘʥʦʚʦʾ ʛʘʣʫʟʽ ʩʪʘʚ ɿʘʧʦʨʽʟʴʢʠʡ ʊʄʂ ï 

ʻʜʠʥʠʡ ʚ ɭʚʨʦʧʽ ʚʠʨʦʙʥʠʢ ʪʠʪʘʥʦʚʦʾ ʛʫʙʢʠ. ʉʚʦʛʦ ʯʘʩʫ ʫʩʧʽʰʥʠʡ ʡʦʛʦ ʟʘʧʫʩʢ 

ʩʧʨʠʷʚ ʨʦʟʰʠʨʝʥʥʶ ʚʠʨʦʙʥʠʮʪʚʘ ʪʠʪʘʥʫ ʚ ʉʈʉʈ ʪʘ ʙʫʚ ʥʘʡʙʽʣʴʰʠʤ 

ʧʦʩʪʘʯʘʣʴʥʠʢʦʤ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʽʟ ʪʠʪʘʥʫ ʜʣʷ ʘʝʨʦʢʦʩʤʽʯʥʦʾ ʪʘ ʚʽʡʩʴʢʦʚʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʘʚʽʘ- ʪʘ ʩʫʜʥʦʙʫʜʫʚʘʥʥʷ ʚ ʢʦʣʠʰʥʴʦʤʫ ʈʘʜʷʥʩʴʢʦʤʫ ʉʦʶʟʽ [4]. 

ʆʜʥʘʢ ʯʠʥʦʚʥʠʢʠ ʚʽʜ ʄʽʥʧʨʦʤʧʦʣʽʪʠʢʠ ʋʢʨʘʾʥʠ ʩʚʦʛʦ ʯʘʩʫ ʥʝ ʧʽʜʛʦʪʫʚʘʣʠ 

ɿʘʧʦʨʽʟʴʢʠʡ ʊʄʂ ʜʦ ʩʧʽʚʧʨʘʮʽ ʥʽ ʟ ʥʽʤʝʮʴʢʦʶ ʢʦʤʧʘʥʽʻʶ çɼʦʡʯʝ ʊʠʪʘʥè, ʥʽ ʟ 

ʘʤʝʨʠʢʘʥʩʴʢʦʶ çɺʦʝʽngè. ɺ ʨʝʟʫʣʴʪʘʪʽ çɺʦʝʽngè ʥʘʣʘʛʦʜʠʚ ʩʧʽʚʧʨʘʮʶ ʟ ʈʦʩʽʻʶ, 

ʷʢʘ ʚʦʣʦʜʽʻ ʥʝ ʣʠʰʝ ʤʘʛʤʘʪʠʯʥʠʤʠ ʽʣʴʤʝʥʽʪ-ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʦʚʠʤʠ ʨʦʜʦʚʠʱʘʤʠ 

ʥʘ ʇʽʚʜʝʥʥʦʤʫ ʋʨʘʣʽ, ʘ ʻʜʠʥʠʤ ʥʘʡʙʽʣʴʰʠʤ ʚ ʉʅɼ ʟʘʚʦʜʦʤ ʟ ʚʠʨʦʙʥʠʮʪʚʘ 

ʤʝʪʘʣʽʯʥʦʛʦ ʪʠʪʘʥʫ (ɹʝʨʝʟʥʠʢʦʚʩʴʢʠʡ ʚ ʇʝʨʤʩʴʢʦʤʫ ʢʨʘʾ), ʷʢʠʡ ʧʨʘʮʶʚʘʚ ʥʘ 

ʪʠʪʘʥʦʚʽʡ ʩʠʨʦʚʠʥʽ ʟ ʋʢʨʘʾʥʠ [2]. 

ʇʽʩʣʷ ʧʨʠʚʘʪʠʟʘʮʽʾ ɿʘʧʦʨʽʟʴʢʦʛʦ ʊʄʂ ʫ 2012 ʨʦʮʽ, ʥʝ ʟʚʘʞʘʶʯʠ ʥʘ 51 % 

ʧʘʢʝʪ ʜʝʨʞʘʚʥʠʭ ʘʢʮʽʡ, ʬʘʢʪʠʯʥʠʤ ʚʣʘʩʥʠʢʦʤ ʢʦʤʙʽʥʘʪʫ ʩʪʘʣʘ ʛʨʫʧʘ ɼʤʠʪʨʘ 

ʌʽʨʪʘʰʘ, ʷʢʘ ʟʘʤʽʩʪʴ ʦʙʽʮʷʥʦʾ ʡʦʛʦ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʜʦʚʝʣʘ ɿʘʧʦʨʽʟʴʢʠʡ ʊʄʂ ʜʦ 

ʟʘʛʨʦʟʠ ʙʘʥʢʨʫʪʩʪʚʘ ʪʘ ʧʨʠʧʠʥʝʥʥʷ ʚʠʧʫʩʢʫ ʪʠʪʘʥʦʚʦʾ ʛʫʙʢʠ. ɺ ʧʦʚʥʫ ʚʣʘʩʥʽʩʪʴ 

ʜʝʨʞʘʚʠ ʢʦʤʙʽʥʘʪ ʧʦʚʝʨʥʫʚʩʷ ʣʠʰʝ ʫ ʪʨʘʚʥʽ 2022 ʨʦʢʫ. ʆʜʥʘʢ, ʥʝ ʟʚʘʞʘʶʯʠ ʥʘ 

ʮʽ ʚʘʞʣʠʚʽ ʟʘʭʦʜʠ, ʈʦʩʽʡʩʴʢʘ ʌʝʜʝʨʘʮʽʷ, ʤʘʶʯʠ ʬʽʥʘʣʴʥʫ ʯʘʩʪʠʥʫ ʚʠʨʦʙʥʠʮʪʚʘ 

ʤʝʪʘʣʽʯʥʦʛʦ ʪʠʪʘʥʫ, ʜʦ ʞʦʚʪʥʷ 2024 ʨʦʢʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘ ʪʠʪʘʥʦʚʠʡ 

ʢʦʥʮʝʥʪʨʘʪ ʟ ʫʢʨʘʾʥʩʴʢʠʭ ʪʠʪʘʥʦʚʠʭ ʨʦʜʦʚʠʱ [4]. ʃʠʰʝ ʧʽʩʣʷ ʧʽʜʧʠʩʘʥʥʷ 

ʤʽʥʝʨʘʣʴʥʦ-ʩʠʨʦʚʠʥʥʦʾ ʫʛʦʜʠ ʤʽʞ ʋʢʨʘʾʥʦʶ ʪʘ ʉʐɸ ʧʨʠʧʠʥʠʣʦʩʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʫʢʨʘʾʥʩʴʢʦʾ ʪʠʪʘʥʦʚʦʾ ʩʠʨʦʚʠʥʠ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʈʦʩʽʻʶ 

ʤʝʪʘʣʽʯʥʦʛʦ ʪʠʪʘʥʫ ʽ ʥʘʮʽʣʝʥʠʭ ʥʘ ʮʠʚʽʣʴʥʽ, ʝʥʝʨʛʝʪʠʯʥʽ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʽ 

ʦʙôʻʢʪʠ ʋʢʨʘʾʥʠ  ʣʽʪʘʢʽʚ ʽ ʨʘʢʝʪ ʨʘʰʠʩʪʽʚ. 

ʇʽʩʣʷ ʧʽʜʧʠʩʘʥʥʷ ʘʤʝʨʠʢʘʥʩʴʢʦ-ʫʢʨʘʾʥʩʴʢʦʾ ʫʛʦʜʠ, ʢʦʤʧʘʥʽʷ çɺʦʝʽngè 

ʧʦʪʝʥʮʽʡʥʦ ʟʘʡʰʣʘ ʥʘ ʫʢʨʘʾʥʩʴʢʠʡ ʪʠʪʘʥʦʚʠʡ ʨʠʥʦʢ. ʆʜʥʘʢ, ʥʘ ʜʫʤʢʫ ʘʢʘʜʝʤʽʢʘ 

ʆʨʝʩʪʘ ɯʚʘʩʠʰʠʥʘ, ʱʦʙ ʋʢʨʘʾʥʘ ʟʘʡʥʷʣʘ ʜʣʷ çɺʦʝʽngè ʤʽʩʮʝ ʈʦʩʽʾ, ʥʝʦʙʭʽʜʥʦ, 

ʧʝʨʰ ʟʘ ʚʩʝ, ʚʽʜʨʦʜʠʪʠ ʚʽʪʯʠʟʥʷʥʫ ʪʠʪʘʥʦʚʫ ʛʘʣʫʟʴ, ʘ ʜʣʷ ʮʴʦʛʦ ʟʥʘʜʦʙʠʪʴʩʷ 

ʱʦʥʘʡʤʝʥʰʝ 10 ʨʦʢʽʚ [4]. ɺ ɭʚʨʦʧʽ ʩʠʪʫʘʮʽʷ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʫ 19 

ʧʘʢʝʪʘʭ ʩʘʥʢʮʽʡ ʧʨʦʪʠ ʈʦʩʽʡʩʴʢʦʾ ʌʝʜʝʨʘʮʽʾ ʚʽʜʩʫʪʥʽ ʦʙʤʝʞʝʥʥʷ ʥʘ ʪʦʨʛʽʚʣʶ 

ʢʨʘʾʥʦʶ-ʘʛʨʝʩʦʨʦʤ ʪʠʪʘʥʦʤ. ɭʚʨʦʧʘ ʧʨʦʜʦʚʞʫʻ ʟʘʢʫʧʦʚʫʚʘʪʠ ʚ ʈʦʩʽʾ ʪʠʪʘʥ ʜʣʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʣʽʪʘʢʽʚ ɸʽrbas ʪʦʱʦ [4]. ʅʘʚʽʪʴ ʚʥʝʩʝʥʥʷ ʫ ɹʶʨʦ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ 

ʙʝʟʧʝʢʠ ʄʽʥʽʩʪʝʨʩʪʚʘ ʪʦʨʛʽʚʣʽ ʉʐɸ ʫ ʚʝʨʝʩʥʽ 2023 ʨʦʢʫ ʨʦʩʽʡʩʴʢʦʾ 

ʤʝʪʘʣʫʨʛʽʡʥʦʾ ʢʦʨʧʦʨʘʮʽʾ çɺʉʄʇʆ-ɸʚʽʩʤʘè ʜʦ ʧʝʨʝʣʽʢʫ ʢʦʤʧʘʥʽʡ-ʚʠʨʦʙʥʠʢʽʚ 

ʟʙʨʦʾ, ʥʝ ʧʝʨʝʜʙʘʯʘʻ ʙʣʦʢʫʚʘʥʥʷ ʜʽʷʣʴʥʦʩʪʽ ʮʽʻʾ ʢʦʨʧʦʨʘʮʽʾ ʪʘ ʧʨʠʧʠʥʝʥʥʷ 

ʧʨʠʜʙʘʥʥʷ ʤʝʪʘʣʽʯʥʦʛʦ ʪʠʪʘʥʫ [4].  

ʋ ʮʠʭ ʫʤʦʚʘʭ, ʥʘ ʜʫʤʢʫ ʚʽʪʯʠʟʥʷʥʠʭ ʚʯʝʥʠʭ ʽ ʝʢʩʧʝʨʪʽʚ, ʋʢʨʘʾʥʽ ʚ ʨʘʤʢʘʭ 

ʫʛʦʜʠ ʟʽ ʉʐɸ ʥʝʦʙʭʽʜʥʦ ʥʝ ʣʠʰʝ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʜʦʙʫʚʘʥʥʷ 

ʫʥʽʢʘʣʴʥʠʭ ʧʦʢʣʘʜʽʚ ʪʠʪʘʥʫ ʽ ʩʫʪʪʻʚʦ ʫʜʦʩʢʦʥʘʣʠʪʠ ʪʝʭʥʦʣʦʛʽʶ ʟʙʘʛʘʯʝʥʥʷ ʪʘ 
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çʉʋʏɸʉʅɯ ʇʈʆɹʃɽʄʀ ɻɯʈʅʀʏʆɰ ɻɽʆʃʆɻɯɰ ʊɸ ɻɽʆɽʂʆʃʆɻɯɰè 17 ï 18 ʣʠʩʪʦʧʘʜʘ 2025 ʨ. 

ʧʝʨʝʨʦʙʢʠ ʪʠʪʘʥʦʚʦʾ ʩʠʨʦʚʠʥʠ, ʘ ʡ ʤʦʜʝʨʥʽʟʫʚʘʪʠ ʪʘ ʨʦʟʰʠʨʠʪʠ ʚʠʨʦʙʥʠʮʪʚʦ 

ʪʠʪʘʥʦʚʦʾ ʛʫʙʢʠ ʪʦʱʦ. 

ʇʝʨʩʧʝʢʪʠʚʠ ʚʽʜʥʦʚʣʝʥʥʷ ʽ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʪʠʪʘʥʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

ʋʢʨʘʾʥʠ. ʇʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʨʫʡʥʽʚʥʦʾ ʤʘʩʰʪʘʙʥʦʾ ʚʦʻʥʥʦʾ ʘʛʨʝʩʽʾ ʈʦʩʽʡʩʴʢʦʾ 

ʌʝʜʝʨʘʮʽʾ  ʧʨʦʪʠ ʋʢʨʘʾʥʠ, ʤʽʥʝʨʘʣʴʥʦ-ʩʠʨʦʚʠʥʥʘ ʫʛʦʜʘ ʜʦʟʚʦʣʠʪʴ ʩʫʪʪʻʚʦ 

ʫʜʦʩʢʦʥʘʣʠʪʠ ʜʝʨʞʘʚʥʫ ʥʘʜʨʦʨʝʩʫʨʩʥʫ ʧʦʣʽʪʠʢʫ ʽ ʩʧʨʠʷʪʠʤʝ ʧʽʜʚʠʱʝʥʥʶ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʜʦʙʫʚʘʥʥʷ ʪʘ ʟʙʘʛʘʯʝʥʥʷ ʦʩʚʦʻʥʠʭ ʽ ʨʝʟʝʨʚʥʠʭ ʧʦʢʣʘʜʽʚ 

ʢʨʠʪʠʯʥʠʭ ʽ ʩʪʨʘʪʝʛʽʯʥʠʭ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʝʦʽʥʜʫʩʪʨʽʘʣʽʟʘʮʽʾ  ʥʘʮʽʦʥʘʣʴʥʦʾ ʝʢʦʥʦʤʽʢʠ. 

ʇʦʚʥʦʶ ʤʽʨʦʶ ʪʘ ʢʦʤʧʣʝʢʩʥʦ ʋʛʦʜʘ ʟʘʧʨʘʮʶʻ ʜʦ 2040 ʨʦʢʫ, ʘʣʝ ʟʛʽʜʥʦ 

ʟʘʷʚʠ ʤʽʥʽʩʪʨʘ ʝʢʦʥʦʤʽʢʠ ʆʣʝʢʩʽʷ ʉʦʙʦʣʻʚʘ, ʩʪʘʨʪʫʚʘʪʠʤʝ ʧʨʦʪʷʛʦʤ 2026 ʨʦʢʫ 

ʟʘʚʜʷʢʠ ʧʦʯʘʪʢʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʨʴʦʭ ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʧʨʦʝʢʪʽʚ. ʄʽʥʽʩʪʨ ʪʘʢʦʞ 

ʧʦʚʽʜʦʤʠʚ, ʱʦ ʜʣʷ ʮʴʦʛʦ ʘʤʝʨʠʢʘʥʩʴʢʘ ʩʪʦʨʦʥʘ ʚʞʝ ʟʙʽʣʴʰʠʣʘ ʩʚʽʡ ʚʥʝʩʦʢ ʚ 

ʽʥʚʝʩʪʠʮʽʡʥʠʡ ʬʦʥʜ ʟ 25 ʤʣʥ. ʜʦʣʘʨʽʚ ʜʦ 75 ʤʣʥ. ʜʦʣʘʨʽʚ. ʋ ʧʝʨʰʫ ʯʝʨʛʫ 

ʩʧʽʣʴʥʠʡ ʘʤʝʨʠʢʘʥʩʴʢʦ-ʫʢʨʘʾʥʩʴʢʠʡ ʽʥʚʝʩʪʠʮʽʡʥʠʡ ʬʦʥʜ ʬʽʥʘʥʩʫʚʘʪʠʤʝ 

ʦʩʚʦʻʥʥʷ ʨʦʜʦʚʠʱ ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʠʭ ʤʝʪʘʣʽʚ, ʣʽʪʽʶ, ʪʠʪʘʥʫ, ʮʠʨʢʦʥʽʶ ʪʘ 

ʛʘʬʥʽʶ. ɿ ʥʘʟʚʘʥʠʭ ʤʝʪʘʣʽʚ ʣʠʰʝ ʨʦʜʦʚʠʱʘ ʪʠʪʘʥʫ ʽ ʮʠʨʢʦʥʽʶ ʤʘʶʪʴ ʨʦʟʚʽʜʘʥʽ 

ʪʘ ʧʽʜʛʦʪʦʚʣʝʥʽ ʜʦ ʚʠʜʦʙʫʚʘʥʥʷ ʧʨʦʤʠʩʣʦʚʽ ʟʘʧʘʩʠ 24 ʚʠʩʦʢʦʣʽʢʚʽʜʥʠʭ ʜʦʙʨʝ 

ʚʠʚʯʝʥʠʭ ʨʦʜʦʚʠʱ, ʟ ʷʢʠʭ ʣʠʰʝ 5 ʨʦʟʨʦʙʣʷʶʪʴʩʷ. ʊʦʙʪʦ ʨʝʘʣʴʥʽ ʧʝʨʩʧʝʢʪʠʚʠ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʩʚʦʻʥʥʷ ʚ ʨʘʤʢʘʭ ʘʤʝʨʠʢʘʥʩʴʢʦ-ʫʢʨʘʾʥʩʴʢʦʛʦ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ 

ʬʦʥʜʫ ʤʘʶʪʴ 19 ʚʠʩʦʢʦʣʽʢʚʽʜʥʠʭ ʪʠʪʘʥʦʚʠʭ ʽ ʮʠʨʢʦʥʽʡ-ʪʠʪʘʥʦʚʠʭ ʨʦʜʦʚʠʱ. 

ʆʢʨʽʤ ʪʦʛʦ, ʽʟ ʽʣʴʤʝʥʽʪʦʚʠʭ ʢʦʥʮʝʥʪʨʘʪʽʚ ʫ ʧʨʦʮʝʩʽ ʭʣʦʨʠʜʥʦʾ ʧʝʨʝʨʦʙʢʠ 

ʤʦʞʣʠʚʝ ʩʫʧʫʪʥʻ ʚʠʣʫʯʝʥʥʷ ʘʧʘʪʠʪʫ, ʚʘʥʘʜʽʶ, ʨʽʜʢʽʩʥʠʭ ʟʝʤʝʣʴ, ʥʽʦʙʽʶ, ʪʘʥʪʘʣʫ 

ʽ ʮʠʨʢʦʥʽʶ [1, 2]. ɺ ʮʽʣʦʤʫ ʥʘʡʢʨʘʱʝ ʧʽʜʛʦʪʦʚʣʝʥʠʤʠ ʱʦʜʦ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʦʩʚʦʻʥʥʷ ʻ ʉʪʨʝʤʠʛʦʨʦʜʩʴʢʝ ʪʘ ʊʦʨʯʠʥʩʴʢʝ ʢʦʨʽʥʥʽ ʤʘʛʤʘʪʠʯʥʽ 

ʨʦʜʦʚʠʱʘ ʪʠʪʘʥʫ, ʘ ʪʘʢʦʞ ɺʦʚʯʘʥʩʴʢʝ, ɿʝʣʝʥʦʷʨʩʴʢʝ, ʂʨʘʩʥʦʢʫʪʩʴʢʝ, 

ʊʘʨʘʩʽʚʩʴʢʝ ʪʘ ʽʥʰʽ ʨʦʟʩʠʧʥʽ ʨʦʜʦʚʠʱʘ ʫʟʙʝʨʝʞʥʦ-ʤʦʨʩʴʢʦʛʦ ʪʠʧʫ. 

ʂʦʤʧʣʝʢʩʥʝ ʦʩʚʦʻʥʥʷ ʫʥʽʢʘʣʴʥʦʾ ʤʽʥʝʨʘʣʴʥʦ-ʩʠʨʦʚʠʥʥʦʾ ʙʘʟʠ ʋʢʨʘʾʥʠ 

ʜʦʟʚʦʣʠʪʴ ʩʪʚʦʨʠʪʠ ʧʦʪʫʞʥʠʡ ʛʽʨʥʠʯʦ-ʚʠʜʦʙʫʚʥʠʡ ʽ ʧʝʨʝʨʦʙʥʠʡ ʢʦʤʧʣʝʢʩ ʪʘ 

ʩʫʪʪʻʚʦ ʤʦʜʝʨʥʽʟʫʚʘʪʠ ʚʽʪʯʠʟʥʷʥʫ ʪʠʪʘʥʦʚʫ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʚ ʮʽʣʦʤʫ. ʅʘ ʧʝʨʽʦʜ 

ʜʦ 2040 ʨʦʢʫ ʟ ʤʝʪʦʶ ʩʪʘʣʦʛʦ ʽʥʥʦʚʘʮʽʡʥʦ-ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʨʦʟʚʠʪʢʫ ʪʠʪʘʥʦʚʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʨʦʩʪʘʶʯʠʭ ʧʦʪʨʝʙ ʫ ʚʠʩʦʢʦʣʽʢʚʽʜʥʽʡ ʪʠʪʘʥʦʚʽʡ 

ʧʨʦʜʫʢʮʽʾ, ʜʦʮʽʣʴʥʦ ʥʘʨʦʩʪʠʪʠ ʧʦʪʫʞʥʦʩʪʽ ʟ ʚʠʨʦʙʥʠʮʪʚʘ ʜʚʦʦʢʠʩʫ ʪʠʪʘʥʫ ʥʘ 

100 ʪʠʩ. ʪ ʟʘʚʜʷʢʠ ʙʫʜʽʚʥʠʮʪʚʫ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ  ʜʚʦʭ ʟʘʚʦʜʽʚ ï ʦʜʥʦʛʦ ʚ ʨʘʡʦʥʽ 

ɯʨʰʘʥʩʴʢʦʾ ʛʨʫʧʠ ʨʦʜʦʚʠʱ, ʘ ʜʨʫʛʦʛʦ ʚ ʨʘʡʦʥʽ ɺʝʨʭʥʴʦʜʥʽʧʨʦʚʩʴʢʦʛʦ 

(ɺʽʣʴʥʦʛʽʨʩʴʢʦʛʦ) ɻʄʂ. ʇʦʙʫʜʫʚʘʪʠ ʪʘʢʦʞ ʚʠʨʦʙʥʠʯʠʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʚʠʩʦʢʦʷʢʽʩʥʠʭ ʰʣʘʢʽʚ ʟ ʚʤʽʩʪʦʤ ʊʽʆ2 70 % ʽʟ ʽʣʴʤʝʥʽʪʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʫ, 

ʧʨʠʜʘʪʥʦʛʦ ʜʣʷ ʭʣʦʨʠʜʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʜʚʦʦʢʠʩʫ ʪʠʪʘʥʫ, ʚ ʦʙʩʷʟʽ 

100ï150 ʪʠʩ. ʪ/ʨʽʢ ʽ ʪʠʪʘʥʦʚʦʾ ʛʫʙʢʠ ï  ʜʦ 50 ʪʠʩ. ʪ/ʨʽʢ. ʂʨʽʤ ʪʦʛʦ, ʜʣʷ ʧʦʪʨʝʙ 

ʟʨʦʩʪʘʶʯʦʾ ʭʽʤʽʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʥʝʦʙʭʽʜʥʦ ʟʙʽʣʴʰʠʪʠ ʜʦ 150ï180 ʪʠʩ. ʪ/ʨʽʢ 

ʚʠʨʦʙʥʠʮʪʚʦ ʧʽʛʤʝʥʪʥʦʛʦ ʜʚʦʦʢʠʩʫ ʪʠʪʘʥʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʽʣʴʰ ʝʢʦʣʦʛʽʯʥʦ 

ʦʱʘʜʣʠʚʦʾ ʭʣʦʨʠʜʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʇɸʈ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʩʫʣʴʬʘʪʥʦʾ, ʷʢʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʂʘʥʘʜʽ ʪʘ ʅʦʨʚʝʛʽʾ [2].   



130 
çʉʋʏɸʉʅɯ ʇʈʆɹʃɽʄʀ ɻɯʈʅʀʏʆɰ ɻɽʆʃʆɻɯɰ ʊɸ ɻɽʆɽʂʆʃʆɻɯɰè 17 ï 18 ʣʠʩʪʦʧʘʜʘ 2025 ʨ. 

ɿ ʽʥʥʦʚʘʮʽʡʥʠʭ ʥʘʧʨʷʤʢʽʚ ʜʦʮʽʣʴʥʦ ʚʧʨʦʚʘʜʠʪʠ ʪʝʭʥʦʣʦʛʽʾ ɯʥʩʪʠʪʫʪʫ 

ʤʝʪʘʣʦʬʽʟʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ ʱʦʜʦ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ɿʘʧʦʨʽʟʴʢʦʛʦ ʊʄʂ, ʧʦʥʦʚʣʝʥʥʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʪʠʪʘʥʦʚʦʾ ʛʫʙʢʠ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʧʦʨʦʰʢʦʚʦʾ ʤʝʪʘʣʫʨʛʽʾ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʜʣʷ ʜʚʠʛʫʥʽʚ ʙʝʟʧʽʣʦʪʥʠʢʽʚ ʪʘ ʪʠʪʘʥʦʚʠʭ ʽʤʧʣʘʥʪʽʚ [4]. 

ɺʠʩʥʦʚʢʠ.  

ʅʝ ʟʚʘʞʘʶʯʠ ʥʘ ʩʪʨʘʪʝʛʽʯʥʫ ʚʘʞʣʠʚʽʩʪʴ ʪʠʪʘʥʦʚʦʾ ʛʘʣʫʟʽ ʜʣʷ ʚʽʪʯʠʟʥʷʥʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʥʘʷʚʥʽʩʪʴ ʫʥʽʢʘʣʴʥʦʾ ʤʽʥʝʨʘʣʴʥʦ-ʩʠʨʦʚʠʥʥʦʾ ʙʘʟʠ ʪʠʪʘʥʫ, 

ʧʝʨʝʨʦʙʢʘ ʪʠʪʘʥʦʚʠʭ ʢʦʥʮʝʥʪʨʘʪʽʚ ʫ ʜʝʨʞʘʚʽ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʟʘʥʝʜʙʘʥʦʤʫ ʩʪʘʥʽ, ʘ 

ʫʢʨʘʾʥʩʴʢʠʡ ʪʠʪʘʥʦʚʠʡ ʢʦʥʮʝʥʪʨʘʪ ʜʦ ʧʽʜʧʠʩʘʥʥʷ ʤʽʥʝʨʘʣʴʥʦ-ʩʠʨʦʚʠʥʥʦʾ ʋʛʦʜʠ 

ʤʽʞ ʋʢʨʘʾʥʦʶ ʪʘ ʉʐɸ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʈʦʩʽʻʶ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʤʝʪʘʣʽʯʥʦʛʦ 

ʪʠʪʘʥʫ ʽ ʣʽʪʘʢʽʚ ʪʘ ʨʘʢʝʪ. 

ɼʦʮʽʣʴʥʦ ʧʨʦʚʝʩʪʠ ʨʝʚʽʟʽʶ ʨʫʜʦʥʦʩʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʪʝʨʠʪʦʨʽʡ ʫ ʤʝʞʘʭ 

ʨʽʟʥʠʭ ʛʝʦʙʣʦʢʽʚ ʋʢʨʘʾʥʩʴʢʦʛʦ ʱʠʪʘ, ʜʝ ʨʽʟʥʦʚʽʢʦʚʽ ʽ ʨʽʟʥʦʛʝʥʝʪʠʯʥʽ ʨʦʜʦʚʠʱʘ ʽ 

ʨʫʜʦʧʨʦʷʚʠ ʪʠʪʘʥ-ʮʠʨʢʦʥʽʻʚʠʭ ʤʽʥʝʨʘʣʽʚ ʧʨʦʩʪʦʨʦʚʦ ʩʫʤʽʱʝʥʽ. ʉʘʤʝ 

ʤʦʞʣʠʚʽʩʪʴ ʢʦʤʧʣʝʢʩʥʦʾ ʨʦʟʨʦʙʢʠ ʫʩʽʭ ʨʫʜʦʥʦʩʥʠʭ ʩʪʨʘʪʠʛʨʘʬʽʯʥʠʭ ʨʽʚʥʽʚ ʫ 

ʤʝʞʘʭ ʪʘʢʠʭ ʦʙôʻʢʪʽʚ ʟʫʤʦʚʣʶʻ ʽʥʚʝʩʪʠʮʽʡʥʫ ʧʨʠʚʘʙʣʠʚʽʩʪʴ. 

ʇʝʨʩʧʝʢʪʠʚʠ ʚʽʜʥʦʚʣʝʥʥʷ ʪʘ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʪʠʪʘʥʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʥʘ 

ʩʝʨʝʜʥʴʦ-ʜʦʚʛʦʩʪʨʦʢʦʚʫ ʧʝʨʩʧʝʢʪʠʚʫ ʟʘʣʝʞʘʪʠʤʫʪʴ ʚʽʜ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʽʷʣʴʥʦʩʪʽ 

ʘʤʝʨʠʢʘʥʩʴʢʦ-ʫʢʨʘʾʥʩʴʢʦʛʦ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʬʦʥʜʫ ʪʘ ʨʝʘʣʽʟʘʮʽʾ ʢʦʤʧʣʝʢʩʥʠʭ 

ʟʘʭʦʜʽʚ ʱʦʜʦ ʟʙʽʣʴʰʝʥʥʷ ʦʙʩʷʛʽʚ ʚʠʜʦʙʫʚʘʥʥʷ ʪʠʪʘʥʦʚʦʾ ʩʠʨʦʚʠʥʠ, 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʟʙʘʛʘʯʝʥʥʷ ʧʝʨʝʨʦʙʢʠ ʪʠʪʘʥʦʚʠʭ ʢʦʥʮʝʥʪʨʘʪʽʚ 

ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʨʦʟʚʠʪʢʫ ʚʠʨʦʙʥʠʮʪʚʘ ʪʠʪʘʥʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. 

ɿ ʤʝʪʦʶ ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʜʥʦʚʣʝʥʥʷ ʪʠʪʘʥʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʋʢʨʘʾʥʠ 

ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʄʽʥʽʩʪʝʨʩʪʚʫ ʝʢʦʥʦʤʽʢʠ ʨʦʟʨʦʙʠʪʠ ʪʘ ʟʘʪʚʝʨʜʠʪʠ ʚ 

ʫʩʪʘʥʦʚʣʝʥʦʤʫ ʧʦʨʷʜʢʫ ʜʝʨʞʘʚʥʫ ʧʨʦʛʨʘʤʫ çʊʠʪʘʥ ʋʢʨʘʾʥʠ: ʨʦʟʚʠʪʦʢ ʛʽʨʥʠʯʦ-

ʟʙʘʛʘʯʫʚʘʣʴʥʦʾ ʪʘ ʤʝʪʘʣʫʨʛʽʡʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʥʘ ʧʝʨʽʦʜ ʜʦ 2040 ʨʦʢʫè. 
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The results of the study of the general chemical and trace element composition of surface and 

groundwater of the Darnytskyi district of Kyiv are presented. The influence of anthropogenic 
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ʇʨʦʙʣʝʤʘʪʠʢʘ ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʚʢʽʣʣʷ ʧʦʪʝʥʮʽʡʥʦ ʪʦʢʩʠʯʥʠʤʠ 

ʤʽʢʨʦʝʣʝʤʝʥʪʘʤʠ ʪʘ ʾʭʥʽʤʠ ʩʧʦʣʫʢʘʤʠ ʥʘʣʝʞʠʪʴ ʜʦ ʢʣʶʯʦʚʠʭ ʥʘʧʨʷʤʽʚ 

ʝʢʦʣʦʛʽʯʥʦʾ ʛʝʦʭʽʤʽʾ. ɸʩʦʮʽʘʮʽʾ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ, ʧʨʠʪʘʤʘʥʥʽ ʫʨʙʘʥʽʟʦʚʘʥʠʤ 

ʪʝʨʠʪʦʨʽʷʤ, ʬʦʨʤʫʶʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʷʢ ʧʨʠʨʦʜʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ, 

ʪʘʢ ʽ ʪʝʭʥʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʜʦʩʣʽʜʞʝʥʥʷ 

ʤʽʢʨʦʝʣʝʤʝʥʪʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ, ʟʦʢʨʝʤʘ ʚʘʞʢʠʤʠ ʤʝʪʘʣʘʤʠ, ʜʦʮʽʣʴʥʦ 
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ʟʜʽʡʩʥʶʚʘʪʠ ʥʘ ʣʦʢʘʣʴʥʦʤʫ ʨʽʚʥʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʧʝʮʠʬʽʢʠ ʧʨʠʨʦʜʥʠʭ ʽ 

ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʯʠʥʥʠʢʽʚ ʪʝʨʠʪʦʨʽʾ. 

ɼʘʨʥʠʮʴʢʠʡ ʨʘʡʦʥ ʟʘ ʢʽʣʴʢʽʩʪʶ ʥʘʩʝʣʝʥʥʷ (ʧʦʥʘʜ 338 ʪʠʩ.) ʽ ʧʣʦʱʝʶ 

(13363 ʛʘ) ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰʠʭ ʫ ʂʠʻʚʽ (ʜʘʣʽ ï ʤʽʩʪʦ, ʩʪʦʣʠʮʷ). ʄʘʻ ʨʦʟʚʠʥʝʥʫ 

ʧʨʦʤʠʩʣʦʚʽʩʪʴ. ʅʘ ʡʦʛʦ ʪʝʨʠʪʦʨʽʾ ʨʦʟʤʽʱʝʥʽ ʚʝʣʠʢʽ ʝʢʦʣʦʛʽʯʥʦ ʥʝʙʝʟʧʝʯʥʽ 

ʦʙôʻʢʪʠ ʤʽʩʪʘ: ʟʘʚʦʜ ʟ ʧʝʨʝʨʦʙʢʠ ʪʚʝʨʜʠʭ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ çɽʥʝʨʛʽʷè 

(ʧʝʨʝʨʦʙʣʷʻ ~20 % ʫʩʽʭ ʩʪʦʣʠʯʥʠʭ ʚʽʜʭʦʜʽʚ), ʊʆɺ çɭʚʨʦ-ʈʝʢʦʥʩʪʨʫʢʮʽʷè 

(ʧʽʜʧʨʠʻʤʩʪʚʦ ʝʢʩʧʣʫʘʪʫʻ ɼʘʨʥʠʮʴʢʫ ʪʝʧʣʦʝʣʝʢʪʨʦʮʝʥʪʨʘʣʴ (ʊɽʎ), ɹʦʨʪʥʠʮʴʢʘ 

ʩʪʘʥʮʽʷ ʘʝʨʘʮʽʾ ɺʠʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʾʚ ʧʝʨʝʚʠʱʝʥʥʷ ʝʢʦʣʦʛʦ-ʛʝʦʭʽʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ 

ʦʙôʻʢʪʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʻ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʠʤ ʜʣʷ ʪʘʢʠʭ ʪʝʨʠʪʦʨʽʡ 

ʟ ʪʦʯʢʠ ʟʦʨʫ ʩʚʦʻʯʘʩʥʦʛʦ ʝʢʦʣʦʛʽʯʥʦʛʦ ʧʨʦʛʥʦʟʫ ʽ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʤʽʩʪʘ ʚ 

ʮʽʣʦʤʫ [2]. 

ɼʦʩʣʽʜʞʝʥʥʶ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʧʦʚʝʨʭʥʝʚʠʭ ʽ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʩʪʦʣʠʮʽ 

ʧʨʠʩʚʷʯʝʥʦ ʥʠʟʢʫ ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʡ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ [1, 4, 6]. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʮʠʭ ʨʦʙʽʪ ʟôʷʩʦʚʘʥʦ, ʱʦ ʧʦʚʝʨʭʥʝʚʽ ʚʦʜʦʡʤʠ ʧʨʘʚʦʙʝʨʝʞʥʦʾ ʯʘʩʪʠʥʠ ʂʠʻʚʘ 

ʟʘʙʨʫʜʥʝʥʽ ʙʽʣʴʰʝ, ʥʽʞ ʣʽʚʦʙʝʨʝʞʥʽ. ɺʦʜʥʦʯʘʩ ʝʢʦʣʦʛʦ-ʛʝʦʭʽʤʽʯʥʠʡ ʩʪʘʥ 

ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜʦʡʤ ʥʝ ʻ ʩʪʘʣʠʤ, ʦʩʢʽʣʴʢʠ ʥʘ ʥʴʦʛʦ ʚʧʣʠʚʘʻ ʥʠʟʢʘ ʧʨʠʨʦʜʥʠʭ ʪʘ 

ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʬʘʢʪʦʨʽʚ, ʪʦʤʫ ʚʽʥ ʧʦʪʨʝʙʫʻ ʨʝʛʫʣʷʨʥʠʭ ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ. ʂʨʽʤ ʪʦʛʦ, ʽʩʥʫʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʚʠʚʯʝʥʥʽ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʤʽʞ 

ʧʦʚʝʨʭʥʝʚʠʤʠ ʪʘ ˇʨʫʥʪʦʚʠʤʠ ʚʦʜʘʤʠ ʽʟ ʟʘʣʫʯʝʥʥʷʤ ʛʝʦʭʽʤʽʯʥʠʭ ʜʘʥʠʭ, 

ʚʠʭʦʜʷʯʠ ʟ ʪʽʩʥʦʛʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʟʚôʷʟʢʫ ʤʽʞ ʥʠʤʠ [3]. 

ʆʙôʻʢʪʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʦʚʝʨʭʥʝʚʽ ʽ ʧʽʜʟʝʤʥʽ ʚʦʜʠ 

ɼʘʨʥʠʮʴʢʦʛʦ ʨʘʡʦʥʫ ʩʪʦʣʠʮʽ. ɿ-ʧʦʤʽʞ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜʦʡʤ ʙʫʣʦ ʦʙʨʘʥʦ ʦʟʝʨʦ 

ɺʠʨʣʠʮʷ ʷʢ ʥʘʡʧʨʝʜʩʪʘʚʥʠʮʴʢʝ, ʚʨʘʭʦʚʫʶʯʠ ʡʦʛʦ ʙʣʠʟʴʢʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʦ 

ʟʘʚʦʜʫ çɽʥʝʨʛʽʷè. ʇʽʜʟʝʤʥʽ ʚʦʜʠ ʙʫʣʦ ʚʽʜʽʙʨʘʥʦ ʟ ʯʦʪʠʨʴʦʭ ʚʦʜʦʟʘʙʽʨʥʠʭ 

ʩʚʝʨʜʣʦʚʠʥ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʚʫʣ. ʈʝʚʫʮʴʢʦʛʦ, ʍʘʨʢʽʚʩʴʢʦʤʫ ʰʦʩʝ ʪʘ ʫ ʧʘʨʢʫ 

ʇʘʨʪʠʟʘʥʩʴʢʦʾ ʩʣʘʚʠ (ʧʫʥʢʪʠ ʧʨʦʙʦʚʽʜʙʦʨʫ ʧʦʟʥʘʯʝʥʦ ʥʘ ʨʠʩ. 1). ʇʨʦʙʦʚʽʜʙʽʨ 

ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʫ ʯʝʨʚʥʽ 2023 ʨʦʢʫ. 

 

ʈʠʩ. 1. ʂʘʨʪʦʛʨʘʬʽʯʥʘ ʩʭʝʤʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʡ ʚʽʜʙʦʨʫ ʟʨʘʟʢʽʚ ʚʦʜʠ ʚ ʤʝʞʘʭ ɼʘʨʥʠʮʴʢʦʛʦ ʨ-ʥʫ 

ʂʠʻʚʘ. ʆʟ. ɺʠʨʣʠʮʷ: 1 ï ʧʦʙʣʠʟʫ ʤʽʩʴʢʦʛʦ ʧʣʷʞʫ; 2 ï ʧʦʙʣʠʟʫ ʟʘʚʦʜʫ çɽʥʝʨʛʽʷè; ʙʶʚʝʪʠ: 3 ï ʚʫʣ. 

ʍʘʨʢʽʚʩʴʢʝ ʰʦʩʝ, 168-ʽ; 4 ï ʧʘʨʢ ʇʘʨʪʠʟʘʥʩʴʢʦʾ ʩʣʘʚʠ; 5 ï ʚʫʣ. ʈʝʚʫʮʴʢʦʛʦ, 5/7; 6 ï ʚʫʣ. ʈʝʚʫʮʴʢʦʛʦ, 11 
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ɿ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʜʦʩʣʽʜʞʫʚʘʥʘ ʪʝʨʠʪʦʨʽʷ ʥʘʣʝʞʠʪʴ ʜʦ 

ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʛʦ ʩʭʠʣʫ ɼʥʽʧʨʦʚʩʴʢʦ-ɼʦʥʝʮʴʢʦʛʦ ʘʨʪʝʟʽʘʥʩʴʢʦʛʦ ʙʘʩʝʡʥʫ. 

ʆʙʩʪʝʞʝʥʽ ʩʚʝʨʜʣʦʚʠʥʠ ʧʦ ʚʫʣ. ʈʝʚʫʮʴʢʦʛʦ ʪʘ ʍʘʨʢʽʚʩʴʢʦʤʫ ʰʦʩʝ ʝʢʩʧʣʫʘʪʫʶʪʴ 

ʚʦʜʦʥʦʩʥʠʡ ʢʦʤʧʣʝʢʩ ʫ ʚʽʜʢʣʘʜʘʭ ʽʚʘʥʠʮʴʢʦʾ ʩʚʽʪʠ ʩʝʨʝʜʥʴʦʾ ʪʘ ʚʝʨʭʥʴʦʾ ʶʨʠ ʽ 

ʟʘʛʦʨʽʚʩʴʢʦʾ, ʞʫʨʘʚʠʥʩʴʢʦʾ, ʙʫʨʦʤʩʴʢʦʾ ʩʚʽʪ ʥʠʞʥʴʦʾ ʪʘ ʚʝʨʭʥʴʦʾ ʢʨʝʡʜʠ, ʷʢʠʡ 

ʧʨʠʫʨʦʯʝʥʠʡ ʜʦ ʧʽʩʢʽʚ, ʧʽʩʢʦʚʠʢʽʚ ʟ ʧʨʦʰʘʨʢʘʤʠ ʚʘʧʥʷʢʽʚ, ʢʨʝʤʝʥʽʚ, ʛʣʠʥ, 

ʘʣʝʚʨʠʪʽʚ, ʤʝʨʛʝʣʽʚ. ʉʚʝʨʜʣʦʚʠʥʘ ʫ ʧʘʨʢʫ ʇʘʨʪʠʟʘʥʩʴʢʦʾ ʩʣʘʚʠ ʝʢʩʧʣʫʘʪʫʻ 

ʚʦʜʦʥʦʩʥʠʡ ʛʦʨʠʟʦʥʪ ʫ ʚʽʜʢʣʘʜʘʭ ʦʨʝʣʴʩʴʢʦʾ ʩʚʽʪʠ ʩʝʨʝʜʥʴʦʾ ʶʨʠ, ʧʨʠʫʨʦʯʝʥʠʡ 

ʜʦ ʧʽʩʢʽʚ ʨʽʟʥʦʟʝʨʥʠʩʪʠʭ ʽʟ ʧʨʦʰʘʨʢʘʤʠ ʛʣʠʥ ʪʘ ʣʽʥʟʘʤʠ ʙʫʨʦʛʦ ʚʫʛʽʣʣʷ. 

ɿʘʛʘʣʦʤ ʪʝʨʠʪʦʨʽʷ ʂʠʾʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʩʣʫʛʫʻ ʥʘʦʯʥʠʤ 

ʧʨʠʢʣʘʜʦʤ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʦʛʦ ʦʙôʻʢʪʘ, ʥʘ ʷʢʠʡ ʪʨʠʚʘʣʠʡ ʯʘʩ (ʧʦʥʘʜ 100 ʨʦʢʽʚ) 

ʚʧʣʠʚʘʻ ʢʦʤʧʣʝʢʩ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʯʠʥʥʠʢʽʚ. ʇʦʷʚʘ ʥʦʚʠʭ ʚʦʜʦʟʘʙʦʨʽʚ, 

ʤʝʣʽʦʨʘʪʠʚʥʠʭ ʩʠʩʪʝʤ, ʛʽʜʨʦʪʝʭʥʽʯʥʠʭ ʩʧʦʨʫʜ ʟʤʽʥʠʣʘ ʩʪʨʫʢʪʫʨʫ ʪʘ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʦʜʦʦʙʤʽʥʫ ʤʽʞ ʚʦʜʦʥʦʩʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ (ʛʦʨʠʟʦʥʪʘʤʠ), ʘ 

ʪʘʢʦʞ ʧʽʜʟʝʤʥʠʤʠ ʽ ʧʦʚʝʨʭʥʝʚʠʤʠ ʚʦʜʘʤʠ [5]. 

ɸʚʪʦʨʠ ʜʦʩʣʽʜʠʣʠ ʽ ʧʦʨʽʚʥʷʣʠ ʟʘʛʘʣʴʥʠʡ ʭʽʤʽʯʥʠʡ ʪʘ ʤʽʢʨʦʝʣʝʤʝʥʪʥʠʡ 

ʩʢʣʘʜ ʧʦʚʝʨʭʥʝʚʠʭ ʪʘ ʧʽʜʟʝʤʥʠʭ ʚʦʜ. ʈʝʟʫʣʴʪʘʪʠ ʚʽʜʦʙʨʘʞʝʥʦ ʫ ʚʠʛʣʷʜʽ ʜʽʘʛʨʘʤʠ 

ʇʘʡʧʝʨʘ (ʨʠʩ. 2) ʪʘ ʛʨʘʬʽʢʫ ʚʤʽʩʪʫ V, Cr, Co, Cd ʪʘ Tl ʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʧʽʜʟʝʤʥʠʭ ʚʦʜʘʭ (ʨʠʩ. 3). 

 

 
     a    b 

 

ʈʠʩ. 2. ɼʽʘʛʨʘʤʘ ʇʘʡʧʝʨʘ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʟʘʛʘʣʴʥʠʡ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʜʦʩʣʽʜʞʝʥʠʭ ʧʦʚʝʨʭʥʝʚʠʭ 

ʪʘ ʧʽʜʟʝʤʥʠʭ ʚʦʜ: a ï ʧʦʚʝʨʭʥʝʚʽ ʚʦʜʠ: 1 ï ʦʟ. ɺʠʨʣʠʮʷ ʧʦʙʣʠʟʫ ʟʘʚʦʜʫ çɽʥʝʨʛʽʷè; 2 ï ʦʟ. 

ɺʠʨʣʠʮʷ ʧʦʙʣʠʟʫ ʤʽʩʴʢʦʛʦ ʧʣʷʞʫ; b ï ʧʽʜʟʝʤʥʽ ʚʦʜʠ: 3 ï ʙʶʚʝʪ ʥʘ ʚʫʣ. ʍʘʨʢʽʚʩʴʢʝ ʰʦʩʝ, 168-ʽ; 

4 ï ʙʶʚʝʪ ʫ ʧʘʨʢʫ ʇʘʨʪʠʟʘʥʩʴʢʦʾ ʩʣʘʚʠ; 5 ï ʙʶʚʝʪ ʥʘ ʚʫʣ. ʈʝʚʫʮʴʢʦʛʦ, 5/7; 6 ï ʙʶʚʝʪ ʥʘ ʚʫʣ. 

ʈʝʚʫʮʴʢʦʛʦ, 11 

  

ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʦʙʩʪʝʞʝʥʠʭ ʧʦʚʝʨʭʥʝʚʠʭ ʪʘ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʫʤʦʞʣʠʚʠʚ 

ʚʠʷʚʠʪʠ ʪʘʢʽ ʦʩʦʙʣʠʚʦʩʪʽ.  
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ʈʠʩ. 3. ɻʨʘʬʽʢ ʚʤʽʩʪʫ V, Cr, Co, Cd ʪʘ Tl ʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʽʜʟʝʤʥʠʭ ʚʦʜʘʭ 

 

ʆʟʝʨʦ ɺʠʨʣʠʮʷ. ɿʘ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʚʦʜʘ ʻ ʛʽʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʭʣʦʨʠʜʥʦ 

ʤʘʛʥʽʻʚʦʶ ʥʘʪʨʽʻʚʦ-ʢʘʣʽʻʚʦʶ. ʈʝʟʫʣʴʪʘʪʠ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʚʦʜʠ (ʟʛʽʜʥʦ ʟ 

ɼʉʊʋ 4808:2007 çɼʞʝʨʝʣʘ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʧʠʪʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ. 

ɻʽʛʽʻʥʽʯʥʽ ʪʘ ʝʢʦʣʦʛʽʯʥʽ ʚʠʤʦʛʠ ʱʦʜʦ ʷʢʦʩʪʽ ʚʦʜʠ ʽ ʧʨʘʚʠʣʘ ʚʠʙʠʨʘʥʥʷè) ʟʘ 

ʙʣʦʢʦʤ ʟʘʛʘʣʴʥʦʩʘʥʽʪʘʨʥʠʭ ʭʽʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʠ ʜʦʩʣʽʜʞʝʥʽ 

ʧʦʚʝʨʭʥʝʚʽ ʚʦʜʠ ʟʘ ʩʝʨʝʜʥʽʤʠ ʟʥʘʯʝʥʥʷʤʠ ʙʣʦʢʦʚʦʛʦ ʽʥʜʝʢʩʫ (ɯɯɯ ʩʝʨ. = 2, ʢʣʘʩ 2) 

ʷʢ çʜʦʙʨʽè, ʯʠʩʪʽ ʚʦʜʠ ʧʨʠʡʥʷʪʥʦʾ ʷʢʦʩʪʽ. ʉʫʪʪʻʚʠʭ ʚʽʜʤʽʥʥʦʩʪʝʡ ʫ ʭʽʤʽʯʥʦʤʫ 

ʩʢʣʘʜʽ ʟʨʘʟʢʽʚ, ʚʽʜʽʙʨʘʥʠʭ ʥʘ ʨʽʟʥʠʭ ʜʽʣʷʥʢʘʭ, ʥʝ ʩʧʦʩʪʝʨʽʛʘʣʠ. ɺʠʥʷʪʢʦʤ ʻ 

ʩʫʣʴʬʘʪʠ, ʚʤʽʩʪ ʷʢʠʭ ʧʦʙʣʠʟʫ ʟʘʚʦʜʫ çɽʥʝʨʛʽʷè ʤʘʡʞʝ ʚʜʚʽʯʽ ʚʠʱʠʡ, ʥʽʞ 

ʧʦʙʣʠʟʫ ʤʽʩʴʢʦʛʦ ʧʣʷʞʫ, ʘ ʪʘʢʦʞ ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʛʘʣʴʥʦʛʦ ʟʘʣʽʟʘ, ʚʤʽʩʪ ʷʢʦʛʦ 

ʧʦʙʣʠʟʫ ʧʣʷʞʫ ʚʠʟʥʘʯʝʥʦ ʥʘ ʤʝʞʽ ɻɼʂ. ʇʝʨʝʚʠʱʝʥʥʷ ʜʦʧʫʩʪʠʤʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ 

ʟʘʬʽʢʩʦʚʘʥʦ ʜʣʷ ʤʘʥʛʘʥʫ ʪʘ ʤʽʜʽ. 

ʇʽʜʟʝʤʥʽ ʚʦʜʠ. ɿʘ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʚʦʜʠ ʻ ʛʽʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʩʫʣʴʬʘʪʥʠʤʠ 

ʤʘʛʥʽʻʚʦ-ʢʘʣʴʮʽʻʚʠʤʠ. ɿʘ ʙʣʦʢʦʤ ʟʘʛʘʣʴʥʦʩʘʥʽʪʘʨʥʠʭ ʭʽʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʽ 

ʩʝʨʝʜʥʽʤʠ ʟʥʘʯʝʥʥʷʤʠ ʙʣʦʢʦʚʦʛʦ ʽʥʜʝʢʩʫ (ɯɯɯ ʩʝʨ. = 2, ʢʣʘʩ 3) ʻ çʜʦʙʨʠʤʠè, 

ʯʠʩʪʠʤʠ ʟ ʫʭʠʣʦʤ ʜʦ ʢʣʘʩʫ çʟʘʜʦʚʽʣʴʥʠʭè, ʩʣʘʙʢʦ ʟʘʙʨʫʜʥʝʥʠʭ ʚʦʜ ʧʨʠʡʥʷʪʥʦʾ 

ʷʢʦʩʪʽ. ʇʝʨʝʚʠʱʝʥʴ ɻɼʂ ʟʘ ʤʘʢʨʦ- ʪʘ ʤʽʢʨʦʝʣʝʤʝʥʪʘʤʠ ʥʝ ʟʘʬʽʢʩʦʚʘʥʦ, 

ʥʘʪʦʤʽʩʪʴ ʻ ʧʝʨʝʚʠʱʝʥʥʷ ʜʦʧʫʩʪʠʤʠʭ ʥʦʨʤʘʪʠʚʽʚ ʟʘ ʧʦʢʘʟʥʠʢʦʤ ʣʫʞʥʦʩʪʽ, 

ʚʝʣʠʯʠʥʘ ʞʦʨʩʪʢʦʩʪʽ ï ʥʘ ʨʽʚʥʽ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʟʥʘʯʝʥʥʷ. ʅʘʡʚʠʱʠʡ 

ʚʤʽʩʪ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ, ʟʦʢʨʝʤʘ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ, ʟʘʬʽʢʩʦʚʘʥʦ ʫ ʙʶʚʝʪʘʭ, ʱʦ 

ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʚʫʣ. ʈʝʚʫʮʴʢʦʛʦ, ʥʘʡʥʠʞʯʠʡ ï ʥʘ ʍʘʨʢʽʚʩʴʢʦʤʫ ʰʦʩʝ. 

ʇʽʜʚʠʱʝʥʠʡ, ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʙʶʚʝʪʘʤʠ, ʚʤʽʩʪ V, Cr, Mn, Fe, Cu, Zn ʪʘ Pb ʫ 

ʩʚʝʨʜʣʦʚʠʥʘʭ ʥʘ ʚʫʣ. ʈʝʚʫʮʴʢʦʛʦ ʘʚʪʦʨʠ ʧʦʚôʷʟʫʶʪʴ ʟ ʙʣʠʟʴʢʠʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ 

ʦʟ. ʉʦʥʷʯʥʝ, ʷʢʝ ʛʽʜʨʘʚʣʽʯʥʦ ʟôʻʜʥʘʥʝ ʟ ʪʝʭʥʦʛʝʥʥʠʤ ʦʟ. ɻʘʨʷʯʢʘ, ʱʦ ʚ ʩʚʦʶ 

ʯʝʨʛʫ ʻ ʰʣʘʤʦʥʘʢʦʧʠʯʫʚʘʯʝʤ ɼʘʨʥʠʮʴʢʦʾ ʊɽʎ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʢʨʠʚʘʶʪʴ ʚʘʞʣʠʚʽ ʘʩʧʝʢʪʠ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ 

ʪʝʨʠʪʦʨʽʾ ʪʘ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʱʦʜʦ ʦʭʦʨʦʥʠ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ. 
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ʋɼʂ 553.98.556.3(477.8) 

ʇʈʆ ɺʇʃʀɺ ɻɯʈʅʀʏʆɼʆɹʋɺʅʆɰ ʇʈʆʄʀʉʃʆɺʆʉʊɯ ʅɸ 

ʇʈʀʈʆɼʅɯ ɺʆɼʅɯ ʈɽʉʋʈʉʀ ʊɸ ʅɸɺʂʆʃʀʐʅɭ ʉɽʈɽɼʆɺʀʑɽ 

 

ɯ. ɺ. ʂʦʣʦʜʽʡ 
ʢʘʥʜʠʜʘʪ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ 

 ʆ. ɿ. ʉʘʚʯʘʢ 

ʢʘʥʜʠʜʘʪ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ 

ɯʥʩʪʠʪʫʪ ʛʝʦʣʦʛʽʾ ʽ ʛʝʦʭʽʤʽʾ ʛʦʨʶʯʠʭ ʢʦʧʘʣʠʥ ʅɸʅ ʋʢʨʘʾʥʠ, 

ʤ. ʃʴʚʽʚ, ʚʫʣ. ʅʘʫʢʦʚʘ, 3ʘ 

 

ɻʽʨʥʠʯʦʚʠʜʦʙʫʚʥʽ ʨʦʙʦʪʠ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ. ʆʩʦʙʣʠʚʦ ʮʝ 

ʩʪʦʩʫʻʪʴʩʷ ʧʽʜʟʝʤʥʠʭ ʪʘ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ. ʐʘʭʪʥʽ ʚʦʜʠ ʚʫʛʽʣʴʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʩʝʨʝʜ ʪʘʢʠʭ 

ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʟʘʡʤʘʶʪʴ ʯʠ ʥʝ ʧʝʨʰʝ ʤʽʩʮʝ. ɿʘʙʨʫʜʥʝʥʽ ʧʽʜʟʝʤʥʽ ʚʦʜʠ ʧʨʦʜʫʢʪʠʚʥʠʭ 

ʚʫʛʽʣʴʥʠʭ ʪʦʚʱ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʽʜʟʝʤʥʽ ʚʦʜʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʠʪʥʦʛʦ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʟ ʷʢʠʤʠ ʚʦʥʠ ʤʘʶʪʴ ʛʽʜʨʘʚʣʽʯʥʠʡ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʫ ʤʘʩʠʚʘʭ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ. ɸ 

ʚʦʜʠ ʰʘʭʪʥʦʛʦ ʚʦʜʦʚʽʜʣʠʚʫ ʪʘ ʟʙʘʛʘʯʫʚʘʣʴʥʠʭ ʢʦʤʙʽʥʘʪʽʚ ʽʥʪʝʥʩʠʚʥʦ ʟʘʙʨʫʜʥʶʶʪʴ 

ʧʦʚʝʨʭʥʝʚʽ ʚʦʜʦʡʤʠʱʘ. ɺʥʘʩʣʽʜʦʢ  ʮʠʭ ʧʨʦʮʝʩʽʚ ʫ ʧʨʠʨʦʜʥʠʭ ʚʦʜʘʭ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʤʽʩʪ 

ʩʫʣʴʬʘʪʽʚ ʽ ʭʣʦʨʠʜʽʚ, ʟʤʽʥʶʶʪʴʩʷ ʾʭ ʤʽʢʨʦʢʦʤʧʦʥʝʥʪʥʠʡ ʩʢʣʘʜ , ʚʝʣʠʯʠʥʠ ʨʅ ʪʘ ɽh, 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʤʽʥʝʨʘʣʽʟʘʮʽʷ. ɺʩʝ ʮʝ ʩʪʘʥʦʚʠʪʴ ʟʘʛʨʦʟʫ ʥʝ ʣʠʰʝ ʜʣʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʘ ʡ ʜʣʷ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʛʽʨʥʠʯʦʚʠʜʦʙʫʚʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ, ʧʨʠʨʦʜʥʽ ʨʝʩʫʨʩʠ, ʥʘʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ. 

 

ON THE IMPACT OF THE MINING INDUSTRY ON NATURAL WATER 

RESOURCES AND THE ENVIRONMENT  

ɯ. Kolodiy  

Candidate of geological sciences 

O. Savchak 
Candidate of geological sciences 

Institute of Geology & Geochemistry of Combustible Minerals of NASU 

Mining operations have a significant impact on the natural environment. This is especially true for 

formation and surface waters. Mine waters of coal enterprises are perhaps the most significant of 

these factors. Polluted formation waters from productive coal seams negatively affect groundwater 

used for drinking water supply, with which they have a hydraulic connection in the rocks. Mine 

drainage waters and waters of enrichment plants intensively pollute surface water bodies. As a 

result of these processes, the content of sulfates and chlorides in natural waters increases, their 

microcomponent composition, pH and Eh values change, and mineralization increases. All this 

poses a threat not only to the environment, but also to human life.  

Keywords: mining industry, natural resources, environment. 

 

ʈʦʟʚʠʪʦʢ ʚʫʛʽʣʴʥʦʾ, ʘ ʪʘʢʦʞ ʛʽʨʥʠʯʦ-ʨʫʜʥʠʭ ʛʘʣʫʟʝʡ ʚʠʨʦʙʥʠʮʪʚʘ ʚʩʝ 

ʙʽʣʴʰʝ ʚʧʣʠʚʘʻ ʥʘ ʝʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ ʜʦʚʢʽʣʣʷ. ɺʫʛʽʣʣʷ ʪʘ ʨʫʜʠ ʚʠʜʦʙʫʚʘʶʪʴʩʷ ʷʢ 

ʧʦʚʝʨʭʥʝʚʠʤ ʪʘʢ ʽ ʧʽʜʟʝʤʥʠʤ ʩʧʦʩʦʙʦʤ. ʆʙʠʜʚʘ ʮʽ ʚʠʜʠ ʜʽʷʣʴʥʦʩʪʽ ʨʽʟʢʦ 

ʧʦʨʫʰʫʶʪʴ ʧʨʠʨʦʜʥʠʡ ʙʘʣʘʥʩ ʫ ʩʠʩʪʝʤʽ çʧʦʨʦʜʘ-ʚʦʜʘè, ʚʠʚʦʜʷʯʠ ʟ 
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ʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʦʙʽʛʫ ʮʽʣʽ ʚʦʜʦʥʦʩʥʽ ʛʦʨʠʟʦʥʪʠ ʽ ʢʦʤʧʣʝʢʩʠ. ɻʽʜʨʦʛʝʦʣʦʛʽʯʥʽ 

ʫʤʦʚʠ ʧʦʚôʷʟʘʥʽ ʟ ʪʝʢʪʦʥʽʯʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ, ʣʽʪʦʣʦʛʽʯʥʠʤ ʩʢʣʘʜʦʤ 

ʚʦʜʦʚʤʽʩʥʠʭ ʧʦʨʽʜ ʽ ʚʠʟʥʘʯʘʶʪʴ ʨʽʟʥʠʮʶ ʚ ʭʽʤʽʯʥʦʤʫ ʩʢʣʘʜʽ ʧʽʜʟʝʤʥʠʭ ʚʦʜ. 

ɻʽʜʨʦʛʝʦʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ, ʚʢʣʶʯʘʶʯʠ ʨʝʘʢʮʽʾ ʢʘʪʽʦʥʥʦʛʦ ʦʙʤʽʥʫ, ʚʟʘʻʤʦʜʽʶ ʚʦʜʠ 

ʟ ʧʦʨʦʜʘʤʠ ʪʘ ʧʦʪʽʢ ʚʦʜʠ, ʚʧʣʠʚʘʶʪʴ ʥʘ ʛʝʦʭʽʤʽʶ ʪʘ ʝʚʦʣʶʮʽʶ ʚʦʜʦʥʦʩʥʠʭ 

ʛʦʨʠʟʦʥʪʽʚ. ʊʝʢʪʦʥʽʯʥʘ ʧʦʨʫʰʝʥʽʩʪʴ ʧʦʨʽʜ ʫʩʢʣʘʜʥʶʻ ʛʽʨʥʠʯʦ-ʛʝʦʣʦʛʽʯʥʽ ʫʤʦʚʠ 

ʚʠʜʦʙʫʪʢʫ ʚʫʛʽʣʣʷ, ʩʧʨʠʷʻ ʦʙʚʦʜʥʝʥʥʶ ʛʽʨʥʠʯʠʭ ʚʠʨʦʙʦʢ ʩʪʚʦʨʶʶʯʠ ʟʘʛʨʦʟʫ 

ʧʨʦʥʠʢʥʝʥʥʷ ʚʠʩʦʢʦʤʽʥʝʨʘʣʽʟʦʚʘʥʠʭ ʚʦʜ ʚ ʧʠʪʥʽ ʚʦʜʦʥʦʩʥʽ ʛʦʨʠʟʦʥʪʠ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʛʽʜʨʦʛʝʦʣʦʛʽʾ ʚʫʛʣʝʧʦʨʦʜʥʠʭ ʤʘʩʠʚʽʚ ʟʘ ʦʩʪʘʥʥʽ ʨʦʢʠ 

ʥʘʙʫʣʦ ʱʝ ʙʽʣʴʰʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ ʽ ʩʪʘʣʦ ʦʢʨʝʤʠʤ ʥʘʧʨʷʤʢʦʤ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ 

ʚʢʣʶʯʘʻ ʟʦʢʨʝʤʘ ʽ ʚʠʚʯʝʥʥʷ ʰʘʭʪʥʠʭ ʚʦʜ ʪʘ ʾʭ ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ 

(ɺ. ʉʫʷʨʢʦ, ɺ. ɹʽʣʝʮʴʢʠʡ, ɺ. ɺʝʨʛʝʣʴʩʴʢʘ, ʉ. ɺʦʡʪʦʚʠʯ ʪʘ ʽʥ.).  

ʅʘ ʬʦʨʤʫʚʘʥʥʷ ʽ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʰʘʭʪʥʠʭ ʚʦʜ ʚʧʣʠʚʘʻ ʥʠʟʢʘ ʬʘʢʪʦʨʽʚ. 

ʉʝʨʝʜ ʧʨʠʨʦʜʥʠʭ ʚʠʦʢʨʝʤʣʝʥʽ -ʪʝʢʪʦʥʽʯʥʠʡ (ʥʘʷʚʥʽʩʪʴ ʨʦʟʨʠʚʥʠʭ ʧʦʨʫʰʝʥʴ ʽ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ ʚʦʜʦʥʦʩʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ), ʣʽʪʦʣʦʛʽʯʥʠʡ 

(ʤʽʥʝʨʘʣʦʛʽʯʥʠʡ ʩʢʣʘʜ ʧʦʨʽʜ), ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʡ (ʩʪʫʧʽʥʴ ʦʙʚʦʜʥʝʥʥʷ ʛʽʨʥʠʯʦʾ 

ʚʠʨʦʙʢʠ, ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʚʠʭʽʜʥʠʭ ʧʽʜʟʝʤʥʠʭ ʚʦʜ), ʢʣʽʤʘʪʠʯʥʠʡ. ʉʝʨʝʜ 

ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʬʘʢʪʦʨʽʚ-ʛʣʠʙʠʥʘ ʛʽʨʥʠʯʠʭ ʨʦʙʽʪ, ʧʨʦʪʷʞʥʽʩʪʴ ʛʽʨʥʠʯʠʭ ʚʠʨʦʙʦʢ, 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʛʽʨʥʠʯʦʾ ʤʘʩʠ.  

ɻʽʜʨʦʛʝʦʭʽʤʽʯʥʘ ʟʦʥʘʣʴʥʽʩʪʴ ʃʴʚʽʚʩʴʢʦ-ɺʦʣʠʥʩʴʢʦʛʦ ʚʫʛʽʣʴʥʦʛʦ ʙʘʩʝʡʥʫ 

ʧʦʣʷʛʘʻ ʚ ʟʨʦʩʪʘʥʥʽ ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʚʦʜ ʟ ʛʣʠʙʠʥʦʶ ʽ ʧʦʩʪʫʧʦʚʽʡ ʟʤʽʥʽ ʾʭ ʭʽʤʽʯʥʦʛʦ 

ʩʢʣʘʜʫ ʚʽʜ ʛʽʜʨʦʢʘʨʙʦʥʘʪʥʠʭ ʢʘʣʴʮʽʻʚʠʭ ʚʦʜ ʟʦʥʠ ʛʽʧʝʨʛʝʥʝʟʠ (ʤʽʥʝʨʘʣʽʟʘʮʽʷ 0,6 

ʛ/ʜʤ3) ʜʦ ʭʣʦʨʠʜʥʠʭ ʥʘʪʨʽʻʚʠʭ ʚʦʜ ʟʦʥʠ ʟʘʩʪʽʡʥʦʛʦ ʨʝʞʠʤʫ (ʤʽʥʝʨʘʣʽʟʘʮʽʷ 110 

ʛ/ʜʤ3. ʇʨʠʨʦʜʥʝ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜ ʚ ʃʴʚʽʚʩʴʢʦ-ɺʦʣʠʥʩʴʢʦʛʦ ʚʫʛʽʣʴʥʦʛʦ ʙʘʩʝʡʥʫ 

ʧʦʚôʷʟʘʥʝ ʟ ʨʦʟʚʘʥʪʘʞʝʥʥʷʤ ʚʠʩʦʢʦʥʘʧʽʨʥʠʭ ʤʽʥʝʨʘʣʽʟʦʚʘʥʠʭ ʚʦʜ ʜʝʚʦʥʫ ʚ 

ʚʠʱʝʟʘʣʷʛʘʶʯʽ ʚʦʜʦʥʦʩʥʽ ʛʦʨʠʟʦʥʪʠ ʢʨʝʡʜʦʚʠʭ ʽ ʯʝʪʚʝʨʪʠʥʥʠʭ ʚʽʜʢʣʘʜʽʚ [4]. 

ɻʽʜʨʦʛʝʦʭʽʤʽʯʥʘ ʟʦʥʘʣʴʥʽʩʪʴ ɼʥʽʧʨʦʚʩʴʢʦ-ɼʦʥʝʮʴʢʦʾ ʩʢʣʘʜʯʘʩʪʦʾ ʩʠʩʪʝʤʠ  

ʩʢʣʘʜʥʘ, ʦʙʫʤʦʚʣʝʥʘ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʛʝʦʣʦʛʽʯʥʦʛʦ, ʧʘʣʝʦʛʽʜʨʦʛʝʦʣʦʛʽʯʥʦʛʦ 

ʨʦʟʚʠʪʢʫ, ʚʧʣʠʚʦʤ ʨʦʟʣʦʤʥʦʾ ʪʝʢʪʦʥʽʢʠ, ʥʘʷʚʥʽʩʪʶ ʪʨʴʦʭ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʟʦʥ 

(ʽʥʬʽʣʴʪʨʘʮʽʡʥʦʾ, ʝʣʽʟʽʡʥʦʾ ʪʘ ʪʝʨʤʦʜʝʛʽʜʨʘʪʘʮʽʡʥʦʾ) [5]. ʎʽ ʦʩʦʙʣʠʚʦʩʪʽ 

ʩʧʨʠʯʠʥʠʣʠ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʦʢʘʪʦʛʦ ʩʢʣʘʜʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, ʚʽʜ ʩʦʣʦʥʠʭ 

ʛʽʜʨʦʢʘʨʙʦʥʘʪʥʠʭ ʢʘʣʴʮʽʻʚʠʭ, ʩʫʣʴʬʘʪʥʦ-ʛʽʜʨʦʢʘʨʙʦʥʘʪʥʠʭ ʪʘ ʩʫʣʴʬʘʪʥʠʭ 

ʢʘʣʴʮʽʻʚʦ-ʥʘʪʨʽʻʚʠʭ (ʤʘʛʥʽʻʚʠʭ) ʜʦ ʤʝʪʘʤʦʨʬʽʟʦʚʘʥʠʭ ʚʦʜ ʛʽʜʨʦʢʘʨʙʦʥʘʪʥʠʭ 

ʥʘʪʨʽʻʚʠʭ ʪʘ ʭʣʦʨʠʜʥʠʭ ʥʘʪʨʽʻʚʠʭ (ʢʘʣʴʮʽʻʚʠʭ) ʩʦʣʦʥʠʭ ʚʦʜ ʽ ʩʦʣʷʥʦʢ 

ʟʙʘʛʘʯʝʥʠʭ ʭʣʦʨʠʜʘʤʠ ʽ ʩʫʣʴʬʘʪʘʤ. ʇʝʨʰʽ ï ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʟʦʥʫ ʚʧʣʠʚʫ 

ʛʽʧʝʨʛʝʥʥʠʭ ʯʠʥʥʠʢʽʚ, ʜʨʫʛʽ ï ʝʣʽʟʽʡʥʫ ʚʦʜʦʥʘʧʽʨʥʫ ʩʠʩʪʝʤʫ. ɺ ʟʦʥʘʭ 

ʪʝʢʪʦʥʽʯʥʠʭ ʧʦʨʫʰʝʥʴ ʚʽʜʙʫʚʘʻʪʴʩʷ ʤʽʛʨʘʮʽʷ ʩʫʣʴʬʘʪʥʦ-ʭʣʦʨʠʜʥʠʭ ʥʘʪʨʽʻʚʠʭ 

ʚʦʜ ʟ ʧʘʣʝʦʟʦʡ-ʤʝʟʦʟʦʡʩʴʢʠʭ ʚʽʜʢʣʘʜʽʚ ʽ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʾʭ ʫ ʚʠʱʝʟʘʣʷʛʘʶʯʽ 

ʚʽʜʢʣʘʜʠ ʢʘʡʥʦʟʦʶ. ɺʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʚʫʛʽʣʴʥʠʤʠ ʙʘʩʝʡʥʘʤʠ ʚ ʧʦʪʫʞʥʦʩʪʷʭ, 

ʛʣʠʙʠʥʘʭ ʟʘʣʷʛʘʥʥʷ ʚʦʜʦʥʦʩʥʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʦʩʦʙʣʠʚʦʩʪʷʭ ʛʝʦʣʦʛʦ-

ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʚʧʣʠʥʫʣʠ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʽ ʭʽʤʽʟʤ ʰʘʭʪʥʠʭ ʚʦʜ. 

ɾʠʚʣʝʥʥʷ ʚʦʜʦʥʦʩʥʠʭ ʛʦʨʠʟʦʥʪʽʚ ʽ ʢʦʤʧʣʝʢʩʽʚ, ʱʦ ʟʘʣʷʛʘʶʪʴ ʧʦʙʣʠʟʫ 

ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʚʽʜʙʫʚʘʻʪʴʩʷ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʟʘ ʨʘʭʫʥʦʢ ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ 

ʪʘ ʧʝʨʝʪʦʢʫ ʚʦʜʠ ʟ ʛʦʨʠʟʦʥʪʽʚ, ʱʦ ʟʘʣʷʛʘʶʪʴ ʚʠʱʝ. ʆʜʥʘʢ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 
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ʛʣʠʙʠʥ ʟʘʣʷʛʘʥʥʷ ʚ ʾʭʥʴʦʤʫ ʞʠʚʣʝʥʥʽ ʟʨʦʩʪʘʻ ʨʦʣʴ ʥʘʧʽʨʥʠʭ ʚʦʜ ʛʣʠʙʦʢʠʭ 

ʛʦʨʠʟʦʥʪʽʚ, ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʷʢʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʦʥʘʤʠ ʛʣʠʙʠʥʥʠʭ ʨʦʟʣʦʤʽʚ [5]. 

ʋ ʎʝʥʪʨʘʣʴʥʦʤʫ ɼʦʥʙʘʩʽ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚʦʜʠ ʚʽʜ ʢʠʩʣʠʭ ʟ ʨH ʚʽʜ 4,5, 

ʤʽʥʝʨʘʣʽʟʘʮʽʻʶ 5-10 ʛ/ʜʤ3  ʭʣʦʨʠʜʥʦ-ʩʫʣʴʬʘʪʥʠʭ ʤʘʛʥʽʻʚʦ-ʢʘʣʴʮʽʻʚʦ ʥʘʪʨʽʻʚʠʭ 

(ʢʘʣʴʮʽʻʚʦ-ʤʘʛʥʽʻʚʦ-ʥʘʪʨʽʻʚʠʭ) ʥʘ ʛʣʠʙʠʥʘʭ ʚʽʜ ʙʣʠʟʴʢʦ 100-1200 ʤ  ʜʦ ʣʫʞʥʠʭ 

ʟ ʨH ʜʦ ʙʽʣʴʰʝ ʷʢ 8,5, ʤʽʥʝʨʘʣʽʟʘʮʽʻʶ ʜʦ 30 ʛ/ʜʤ3  ʭʣʦʨʠʜʥʦ-ʛʽʜʨʦʢʘʨʙʦʥʘʪʥʦ-

ʩʫʣʴʬʘʪʥʠʭ ʢʘʣʴʮʽʻʚʦ-ʥʘʪʨʽʻʚʠʭ ʥʘ ʛʣʠʙʠʥʘʭ 500-1300ʤ. ɼʦ 500ʤ ʟʫʩʪʨʽʯʘʶʪʴʩʷ 

ʥʝʡʪʨʘʣʴʥʽ ʪʘ ʩʣʘʙʦʣʫʞʝʽ ʚʦʜʠ ʟ ʨH ʚʽʜ 6,5 ʜʦ 8,5, ʤʽʥʝʨʘʣʽʟʘʮʽʻʶ 0,5-3,5 ʛ/ʜʤ3 

ʭʣʦʨʠʜʥʦ-ʛʽʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʩʫʣʴʬʘʪʥʽ, ʛʽʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʭʣʦʨʠʜʥʦ-ʩʫʣʴʬʘʪʥʽ 

ʤʘʛʥʽʻʚʦ-ʢʘʣʴʮʽʻʚʦ-ʥʘʪʨʽʻʚʽ. ɼʦʤʽʥʫʶʪʴ ʩʫʣʴʬʘʪʥʦ ʥʘʪʨʽʻʚʽ ʚʦʜʠ. ʋ 

ʏʝʨʚʦʥʦʛʨʘʜʩʴʢʦʤʫ ʛʽʨʥʠʯʦ-ʧʨʦʤʠʩʣʦʚʦʤʫ ʨʘʡʦʥʽ ʥʘ ʛʣʠʙʠʥʘʭ ʜʦ 500 ʤ 

ʜʦʤʽʥʫʶʪʴ ʥʝʡʪʨʘʣʴʥʽ ʪʘ ʩʣʘʙʦʣʫʞʥʽ ʚʦʜʠ ʟ ʟ ʤʽʥʝʨʘʣʽʟʘʮʽʻʶ ʚʽʜ 3 ʜʦ 10 ʛ/ʜʤ3 

ʛʽʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʩʫʣʴʬʘʪʥʦ-ʭʣʦʨʠʜʥʽ ʤʘʛʥʽʻʚʦ-ʢʘʣʴʮʽʻʚʦ-ʥʘʪʨʽʻʚʦʛʦ ʩʢʣʘʜʫ 

(ʭʣʦʨʠʜʥʦ-ʥʘʪʨʽʻʚʽ), ʱʦ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʟʤʽʰʫʚʘʥʥʷ ʤʽʥʝʨʘʣʽʟʦʚʘʥʠʭ ʚʦʜ ʢʘʨʙʦʥʘ 

(ʩʝʨʧʫʭʽʚʩʴʢʠʡ ʷʨʫʩ) ʟ ʧʨʽʩʥʠʤʠ ʚʦʜʘʤʠ ʚʝʨʭʥʴʦʾ ʢʨʝʡʜʠ (ʩʝʥʦʥ) [1]. ʆʢʨʽʤ 

ʧʽʜʚʠʱʝʥʦʾ ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʰʘʭʪʥʽ ʚʦʜʠ ʤʽʩʪʷʪʴ ʟʘʣʽʟʦ, ʘʣʶʤʽʥʽʡ, ʤʘʥʛʘʥ, ʥʽʢʝʣʴ, 

ʢʦʙʘʣʴʪ, ʤʽʜʴ, ʮʠʥʢ, ʩʪʨʦʥʮʽʡ, ʘ ʪʘʢʦʞ ʚʤʽʩʪ ʙʦʨʫ, ʙʨʦʤʫ, ʣʽʪʽʶ ʪʘ ʽʥʰʠʭ 

ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ. ʇʽʜʟʝʤʥʽ ʚʦʜʠ ʃʴʚʽʚʩʴʢʦ-ɺʦʣʠʥʩʴʢʦʛʛʦ ʙʘʩʝʡʥʫ ʟʙʽʜʥʝʥʽ ʥʘ 

ʤʽʢʨʦʝʣʝʤʝʥʪʥʠʡ ʩʢʣʘʜ ʚ ʥʝʟʥʘʯʥʠʭ ʢʽʣʴʢʦʩʪʷʭ ʪʫʪ ʧʨʠʩʫʪʥʽ ʤʦʣʽʙʜʝʥ, ʩʚʠʥʝʮʴ, 

ʚʘʥʘʜʽʡ, ʙʨʦʤ, ʥʽʢʝʣʴ [3]. ʅʘʢʦʧʠʯʝʥʥʷ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʚ ʰʘʭʪʥʠʭ ʚʦʜʘʭ 

ʧʦʚôʷʟʘʥʦ ʟ ʪʘʢʠʤʠ ʬʘʢʪʦʨʘʤʠ ʷʢ ʤʽʥʝʨʝʘʣʽʟʘʮʽʷ ʚʦʜ, ʨʝʯʦʚʠʥʥʠʡ ʩʢʣʘʜ 

ʚʫʛʣʝʚʤʽʩʥʠʭ ʧʦʨʽʜ, ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʟ ʛʦʨʠʟʦʥʪʽʚ ʨʦʟʪʘʰʦʚʘʥʠʭ 

ʚʠʱʝ ʚ ʛʽʨʥʠʯʽ ʚʠʨʦʙʢʠ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʟʘʙʨʫʜʥʝʥʴ ʚ ʤʝʞʘʭ ʚʫʛʽʣʴʥʦʛʦ 

ʨʦʜʦʚʠʱʘ. ɺʤʽʩʪ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʫʧʝʥʷ ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʚʦʜ. 

ɺ ʧʨʦʮʝʩʽ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʩʢʣʘʜ ʰʘʭʪʥʠʭ ʚʦʜ ʟʤʽʥʶʻʪʴʩʷ 

ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʛʣʠʙʠʥʠ ʛʽʨʥʠʯʠʭ ʚʠʨʦʙʦʢ ʽ ʚʠʟʥʘʯʘʻ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʚʠʭʽʜʥʠʭ 

ʧʽʜʟʝʤʥʠʭ ʚʦʜ, ʘ ʪʘʢʦʞ ʥʘʷʚʥʦʩʪʽ ʦʙʚʦʜʥʝʥʠʭ ʨʦʟʨʠʚʥʠʭ ʧʦʨʫʰʝʥʴ, ʱʦ 

ʛʽʜʨʘʚʣʽʯʥʦ ʧʦʚôʷʟʫʶʪʴ ʧʽʜʟʝʤʥʽ ʚʦʜʠ ʨʽʟʥʠʭ ʛʽʜʨʦʭʽʤʽʯʥʠʭ ʟʦʥ. ʋ ʨʝʟʫʣʴʪʘʪʽ 

ʮʠʭ ʧʨʦʮʝʩʽʚ ʫ ʚʦʜʘʭ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʤʽʩʪ ʩʫʣʴʬʘʪʽʚ ʽ ʭʣʦʨʠʜʽʚ ʽ ʧʦʛʽʨʰʫʻʪʴʩʷ 

ʷʢʽʩʥʠʡ ʩʢʣʘʜ ʧʽʜʟʝʤʥʠʭ ʚʦʜ [2].  

ɺ ʨʘʡʦʥʘʭ ʰʘʭʪʥʠʭ ʧʦʣʽʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʨʝʥʫʚʘʥʥʷ ʚʦʜʦʥʦʩʥʠʭ 

ʛʦʨʠʟʦʥʪʽʚ, ʘ ʧʦʙʣʠʟʫ ʢʘʨ'ʻʨʽʚ ï ʧʽʜʪʦʧʣʝʥʥʷ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ . ʏʝʨʝʟ ʰʘʭʪʥʠʡ 

ʽ ʢʘʨ'ʻʨʥʠʡ ʚʦʜʦʚʽʜʣʠʚ ʟʘʙʨʫʜʥʝʥʥʷ ʟʘʟʥʘʶʪʴ, ʧʝʨʝʜʫʩʽʤ, ʚʦʜʠ ʟʦʥʠ ʚʽʣʴʥʦʛʦ 

ʚʦʜʦʦʙʤʽʥʫ, ʷʢʽ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʤʽʩʮʝʚʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ. 

ʆʩʥʦʚʥʦʶ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʦʙʣʘʩʪʝʡ ʚʠʜʦʙʫʚʘʥʥʷ ʚʫʛʽʣʣʷ ʪʘ ʨʫʜ 

ʟʘʚʞʜʠ ʻ ʤʽʩʮʷ ʨʽʟʢʦʛʦ ʧʦʨʫʰʝʥʥʷ ʛʽʜʨʦʛʝʦʭʽʤʽʯʥʦʾ ʟʦʥʘʣʴʥʦʩʪʽ, ʱʦ ʟʘʚʞʜʠ 

ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʨʽʚʝʥʴ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ. ʆʩʢʽʣʴʢʠ ʪʘʢʽ ʟʤʽʥʠ ʰʚʠʜʢʦ 

ʧʨʦʷʚʣʷʶʪʴʩʷ ʚ ʯʘʩʽ ʽ ʧʨʦʩʪʦʨʽ, ʫ ʚʠʜʦʙʫʚʥʠʭ ʨʝʛʽʦʥʘʭ ʦʙʦʚ'ʷʟʢʦʚʠʤ ʻ ʧʦʩʪʽʡʥʠʡ 

ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ. 
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ʇʨʘʛʥʝʥʥʷ ʋʢʨʘʾʥʠ ʚʩʪʫʧʠʪʠ ʜʦ ɭʚʨʦʩʦʶʟʫ ʪʘ ʜʦʣʫʯʠʪʠʩʷ ʜʦ ʝʢʦʥʦʤʽʯʥʦʛʦ ʪʘ ʨʝʩʫʨʩʥʦʛʦ 

ʙʣʦʢʫ ʢʨʘʾʥ ʥʘʢʣʘʜʘʻ ʥʘ ʜʝʨʞʘʚʫ ʟʦʙʦʚôʷʟʘʥʥʷ ʚ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, 

ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʚʠʜʦʙʫʪʢʫ. ʇʽʩʣʷ ʧʽʜʧʠʩʘʥʥʷ ʫʛʦʜʠ ʧʨʦ ʩʧʽʣʴʥʠʡ ʢʦʥʪʨʦʣʴ ʪʘ ʚʠʜʦʙʫʪʦʢ 

ʩʪʨʘʪʝʛʽʯʥʠʭ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʥʘʰʽ ʨʦʟʨʦʙʢʠ ʤʘʶʪʴ ʧʽʜʚʠʱʠʪʠ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʘ ʚʽʜʧʦʚʽʜʘʪʠ 

ʚʠʩʦʢʠʤ ʩʚʽʪʦʚʠʤ ʩʪʘʥʜʘʨʪʘʤ ʫ ʛʘʣʫʟʷʭ ʚʠʜʦʙʫʪʢʫ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ, ʙʝʟʧʝʢʠ ʪʘ ʦʭʦʨʦʥʠ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʈʝʩʫʨʩʠ ʮʠʨʢʦʥʽʶ, ʷʢʽ ʚʥʝʩʝʥʽ ʜʦ ʢʨʠʪʠʯʥʦ-ʩʪʨʘʪʝʛʽʯʥʦʾ 

ʩʠʨʦʚʠʥʠ ʚ ʋʢʨʘʾʥʠ ʻ ʧʦʰʠʨʝʥʠʤʠ ʚ ʾʾ ʥʘʜʨʘʭ, ʽ ʚ ʪʦʡ ʞʝ ʯʘʩ ʧʦʪʨʝʙʫʶʪʴ ʨʦʟʰʠʨʝʥʥʷ ʪʘ 

ʜʦʧʦʚʥʝʥʥʷ ʾʭʥʴʦʾ ʨʝʩʫʨʩʥʦʾ ʙʘʟʠ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʦʤʧʣʝʢʩʥʽ ʧʨʦʷʚʠ, ʮʠʨʢʦʥʽʡ, ʩʪʨʘʪʝʛʽʯʥʘ ʩʠʨʦʚʠʥʘ, ɻɯʉ-ʜʦʩʣʽʜʞʝʥʥʷ.  
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Ukraine's desire to join the European Union and join the economic and resource bloc of countries 

imposes obligations on the state in many sectors of industry, production, and extraction. Following 

the signing of the agreement on joint control and extraction of strategic minerals, our developments 

must increase national production and meet high international standards in the fields of mineral 

extraction, safety and environmental protection. Zirconium resources, which are included in the list 

of critical and strategic raw materials in Ukraine, are widespread in its subsoil, and at the same time 

require expansion and replenishment of their resource base. 

Keywords: complex manifestations, zirconium, strategic raw materials, GIS research.  
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çʉʋʏɸʉʅɯ ʇʈʆɹʃɽʄʀ ɻɯʈʅʀʏʆɰ ɻɽʆʃʆɻɯɰ ʊɸ ɻɽʆɽʂʆʃʆɻɯɰè 17 ï 18 ʣʠʩʪʦʧʘʜʘ 2025 ʨ. 

ɼʣʷ ʨʦʟʰʠʨʝʥʥʷ ʨʝʩʫʨʩʥʦʾ ʙʘʟʠ ʚʠʜʦʙʫʪʢʫ ʮʠʨʢʦʥʽʶ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʣʫʯʝʥʽ 

ʨʘʥʽʰʝ ʦʧʦʰʫʢʦʚʘʥʽ ʘʣʝ ʚʽʜʢʣʘʜʝʥʽ ʜʣʷ ʚʠʜʦʙʫʪʢʫ ʜʽʣʷʥʢʠ ʯʝʨʝʟ ʥʘʷʚʥʽʩʪʴ 

ʦʙôʻʢʪʽʚ ʜʣʷ ʚʠʜʦʙʫʪʢʫ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʣʠ ʯʘʩʦʚʠʤ ʢʨʠʪʝʨʽʷʤ. ɼʣʷ ʧʨʠʢʣʘʜʫ 

ʢʦʤʙʽʥʦʚʘʥʽ ʧʨʦʷʚʠ ʮʠʨʢʦʥʽʶ, ʥʽʦʙʽʶ, ʪʘʥʪʘʣʫ ʥʘ ɺʝʣʠʢʦʚʠʩʢʽʚʩʴʢʦʤʫ ʤʘʩʠʚʽ, 

ʧʽʚʜʝʥʥʘ ʯʘʩʪʠʥʘ ʂʦʨʩʫʥʴ-ʅʦʚʦʤʠʨʛʦʨʦʜʩʴʢʦʛʦ ʧʣʫʪʦʥʫ. ʈʽʜʢʽʩʥʦʤʝʪʘʣʴʥʦ-

ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʘ-ʮʠʨʢʦʥʽʻʚʘ ʚ ʣʫʞʥʠʭ ʩʽʻʥʽʪʘʭ ʨʫʜʥʘ ʬʦʨʤʘʮʽʷ ʣʦʢʘʣʽʟʦʚʘʥʘ ʚ 

ʩʝʨʝʜʥʽʭ ʟʘ ʨʦʟʤʽʨʘʤʠ ʤʘʩʠʚʘʭ ʽ ʜʨʽʙʥʠʭ ʪʽʣʘʭ ʣʫʞʥʦ-ʧʦʣʴʦʚʦʰʧʘʪʦʚʠʭ ʩʽʻʥʽʪʽʚ, 

ʷʢʽ ʨʦʟʤʽʱʝʥʽ ʚ ʢʨʘʡʥʽʡ ʧʽʚʜʝʥʥʽʡ ʝʥʜʦʢʦʥʪʘʢʪʦʚʽʡ ʯʘʩʪʠʥʽ ʂʦʨʩʫʥʴ-

ʅʦʚʦʤʠʨʛʦʨʦʜʩʴʢʦʛʦ ʧʣʫʪʦʥʫ (ʆʩʠʢʫʚʘʮʴʢʠʡ ʢʦʨʽʥʥʠʡ ʨʫʜʦʧʨʦʷʚ).  

ʅʽʦʙʽʡ-ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʦ-ʮʠʨʢʦʥʽʻʚʘ ʨʫʜʥʘ ʬʦʨʤʘʮʽʷ ʚ ʢʦʨʽ ʚʠʚʽʪʨʶʚʘʥʥʷ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʝʢʟʦʢʦʥʪʘʢʪʦʚʠʭ ʟʦʥʘʭ ʅʦʚʦʤʠʨʛʦʨʦʜʩʴʢʦʛʦ ʤʘʩʠʚʫ ʪʘ 

ʂʘʥʽʟʴʢʦʛʦ ʤʘʩʠʚʽʚ ʦʩʥʦʚʥʠʭ ʧʦʨʽʜ, ʜʝ ʚʽʜʦʤʽ ʜʝʢʽʣʴʢʘ ʤʘʩʠʚʽʚ ʛʨʘʥʦʩʽʻʥʽʪʽʚ ʽ 

ʩʽʻʥʽʪʽʚ, ʧʦʨʽʜ ʟ ʤʽʥʝʨʘʣʽʟʘʮʽʻʶ ʮʠʨʢʦʥʫ. ʈʫʜʦʥʦʩʥʘ ʢʦʨʘ ʚʠʚʽʪʨʶʚʘʥʥʷ ʤʘʻ 

ʪʦʚʱʠʥʫ 10-54 ʤ. ʗʢ ʽ ʚ ʢʦʨʽʥʥʠʭ ʧʦʨʦʜʘʭ, ʝʣʶʚʽʘʣʴʥʽ ʨʫʜʠ ʟʘʟʚʠʯʘʡ ʤʘʶʪʴ 

ʢʦʤʧʣʝʢʩʥʠʡ ʭʘʨʘʢʪʝʨ. ʌʦʨʤʘʮʽʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ɺʝʩʝʣʽʚʩʴʢʠʤ ʽ ʆʩʠʢʫʚʘʮʴʢʠʤ 

ʝʣʶʚʽʘʣʴʥʠʤʠ ʧʨʦʷʚʘʤʠ.  

ʇʨʦʷʚʠ ʮʠʨʢʦʥʽʶ, ʷʢʽ ʤʦʞʫʪʴ ʤʘʪʠ ʧʨʦʤʠʩʣʦʚʝ ʟʥʘʯʝʥʥʷ, ʧʦʚôʷʟʘʥʽ ʟ 

ʣʫʞʥʠʤʠ ʧʦʨʦʜʘʤʠ (ʤʦʥʮʦʩʽʻʥʽʪʘʤʠ, ʩʽʻʥʽʪʘʤʠ) ʧʽʚʜʝʥʥʦʾ ʝʥʜʦʢʦʥʪʘʢʪʦʚʦʾ 

ʯʘʩʪʠʥʠ ʂʦʨʩʫʥʴ-ʅʦʚʦʤʠʨʛʦʨʦʜʩʴʢʦʛʦ ʧʣʫʪʦʥʫ. ʅʘʡʧʝʨʩʧʝʢʪʠʚʥʽʰʠʤʠ ʻ 

ɺʝʩʝʣʽʚʩʴʢʠʡ ʝʣʶʚʽʘʣʴʥʠʡ ʧʨʦʷʚ ʪʘ ʆʩʠʢʫʚʘʮʴʢʠʡ ʢʦʤʧʣʝʢʩʥʠʡ ʧʨʦʷʚ ʢʦʨʽʥʥʠʭ 

ʽ ʝʣʶʚʽʘʣʴʥʠʭ ʨʫʜ. ʆʙʠʜʚʘ ʧʨʦʷʚʠ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ ɺʝʣʠʢʦʚʠʩʢʽʚʩʴʢʦʛʦ 

ʨʫʜʦʥʦʩʥʦʛʦ ʧʦʣʷ.  

ɯʩʪʦʨʽʷ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʨʠʪʦʨʽʾ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʽ ʂʦʨʩʫʥʴ-

ʅʦʚʦʤʠʨʛʦʨʦʜʩʴʢʦʛʦ ʧʣʫʪʦʥʫ ʧʨʦʚʦʜʠʪʴʩʷ ʟ ʩʝʨʝʜʠʥʠ ʧʦʟʘʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ. ɺ 

1955 ʨʦʮʽ ʂʽʨʦʚʦʛʨʘʜʩʴʢʦʶ ʧʦʰʫʢʦʚʦʶ ʧʘʨʪʽʻʶ ʉʭʽʜʥʦ-ʋʢʨʘʾʥʩʴʢʦʾ ʝʢʩʧʝʜʠʮʽʾ 

ʧʨʦʚʦʜʠʣʠʩʴ ʧʦʰʫʢʦʚʽ ʨʦʙʦʪʠ ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʧʨʦʤʠʩʣʦʚʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ 

ʽʣʴʤʝʥʽʪʫ, ʨʫʪʠʣʫ, ʮʠʨʢʦʥʫ ʚ ʘʣʶʚʽʘʣʴʥʠʭ ʚʽʜʢʣʘʜʘʭ ʽ ʚ ʢʦʨʽ ʚʠʚʽʪʨʶʚʘʥʥʷ 

ʦʩʥʦʚʥʠʭ ʧʦʨʽʜ. ʈʦʙʦʪʠ ʚʝʣʠʩʴ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʚ ʜʦʣʠʥʘʭ ʨʽʢ ɺʝʣʠʢʘ ɺʠʩʴ ʪʘ 

ɺʽʣʴʰʘʥʢʘ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʙʽʪ ʟôʷʩʦʚʘʥʦ, ʱʦ ʘʣʶʚʽʘʣʴʥʽ ʚʽʜʢʣʘʜʠ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʧʨʦʤʠʩʣʦʚʦʛʦ ʽʥʪʝʨʝʩʫ. ɺʠʭʽʜ ʢʦʥʮʝʥʪʨʘʪʫ ʤʽʥʝʨʘʣʽʚ ʚʘʞʢʦʾ 

ʬʨʘʢʮʽʾ ʚ ʘʣʶʚʽʘʣʴʥʠʭ ʚʽʜʢʣʘʜʘʭ ʥʝ ʯʘʩʪʦ ʧʝʨʝʚʠʱʫʚʘʚ 10 ʢʛ/ʤ3. ɺ 1958 ʨʦʮʽ 

ʇʨʘʚʦʙʝʨʝʞʥʦʶ ʝʢʩʧʝʜʠʮʽʻʶ ʋʢʨʘʾʥʩʴʢʦʛʦ ʛʝʦʣʦʛʽʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʚ ʤʝʞʘʭ 

ʩʝʨʝʜʥʴʦʛʦ ʇʨʠʜʨʽʧʨʦʚôʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦʰʫʢʦʚʽ ʨʦʙʦʪʠ ʥʘ ʪʠʪʘʥ-ʮʠʨʢʦʥʽʻʚʽ 

ʨʫʜʠ, ʧʦʚôʷʟʘʥʽ ʟ ʧʽʱʘʥʠʤʠ ʚʽʜʢʣʘʜʘʤʠ ʩʘʨʤʘʪʩʴʢʦʛʦ ʷʨʫʩʫ ʽ ʧʦʣʪʘʚʩʴʢʦʾ ʩʚʽʪʠ 

(ɺʘʜʠʤʦʚ ʅ.ʊ., 1958).  

ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʛʝʦʣʦʛʦʟʡʦʤʦʯʥʠʭ ʨʦʙʽʪ ʤʘʩʰʪʘʙʫ 1:200000 ʽ 1:50000 

ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʧʝʨʩʧʝʢʪʠʚʥʽ ʜʽʣʷʥʢʠ ʥʘ ʧʦʰʫʢʠ ʽʣʴʤʝʥʽʪʦʚʠʭ ʨʦʟʩʠʧʽʚ ʚ 

ʥʠʞʥʴʦʢʨʝʡʜʦʚʠʭ ʧʽʱʘʥʦ-ʛʣʠʥʠʩʪʠʭ ʚʽʜʢʣʘʜʘʭ ʽ ʚ ʢʦʨʘʭ ʚʠʚʽʪʨʶʚʘʥʥʷ 

ʢʨʠʩʪʘʣʽʯʥʠʭ ʧʦʨʽʜ ʅʦʚʦʤʠʨʛʦʨʦʜʩʴʢʦʛʦ ʛʘʙʨʦʘʥʦʨʪʦʟʠʪʦʚʦʛʦ ʤʘʩʠʚʫ, ʷʢʠʡ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʧʽʚʜʝʥʥʽʡ ʯʘʩʪʠʥʽ ʂʦʨʩʫʥʴ-ʅʦʚʦʤʠʨʛʦʨʦʜʩʴʢʦʛʦ ʧʣʫʪʦʥʫ, 

ʚʩʪʘʥʦʚʣʝʥʦ ʟʥʘʯʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʣʴʤʝʥʽʪʫ ʚ ʢʦʨʘʭ ʚʠʚʽʪʨʶʚʘʥʥʷ ʚ ʤʝʞʘʭ ʛʘʙʨʦ-

ʘʥʦʨʪʦʟʠʪʦʚʠʭ ʤʘʩʠʚʽʚ ʮʝʥʪʨʘʣʴʥʦʾ ʽ ʧʽʚʥʽʯʥʦʾ ʯʘʩʪʠʥʠ ʧʣʫʪʦʥʫ.  

ɺ 1980-86 ʨʨ. ʚʠʢʦʥʘʥʦ ʛʣʠʙʠʥʥʝ ʛʝʦʣʦʛʽʯʥʝ ʢʘʨʪʫʚʘʥʥʷ ʤʘʩʰʪʘʙʫ 1:200000 

ʪʝʨʠʪʦʨʽʾ, ʷʢʘ ʦʭʦʧʣʶʻ ʂʦʨʩʫʥʴ-ʅʦʚʦʤʠʨʛʦʨʦʜʩʴʢʠʡ ʧʣʫʪʦʥ ʪʘ ʡʦʛʦ ʩʢʣʘʜʯʘʩʪʝ 
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çʉʋʏɸʉʅɯ ʇʈʆɹʃɽʄʀ ɻɯʈʅʀʏʆɰ ɻɽʆʃʆɻɯɰ ʊɸ ɻɽʆɽʂʆʃʆɻɯɰè 17 ï 18 ʣʠʩʪʦʧʘʜʘ 2025 ʨ. 

ʦʙʣʷʤʫʚʘʥʥʷ (ɹʨʷʥʩʴʢʠʡ ɺ.ʇ., 1981-86ʨʨ.; ɺʦʣʦʜʠʥ ɼ.ʌ., 1692) ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʷʢʠʭ ʙʫʣʘ ʧʽʜʪʚʝʨʜʞʝʥʘ ʧʨʦʤʠʩʣʦʚʘ ʽʣʴʤʝʥʽʪ-ʘʧʘʪʠʪʦʥʦʩʥʽʩʪʴ ʛʘʙʨʦ-

ʘʥʦʨʪʦʟʠʪʦʚʠʭ ʤʘʩʠʚʽʚ ʧʣʫʪʦʥʫ.  

ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ɻɻʂ-200 ʫ ʧʽʚʜʝʥʥʽʡ ʯʘʩʪʠʥʽ ʆʩʠʢʫʚʘʮʴʢʦʛʦ ʧʨʦʷʚʫ 

ʧʨʦʙʫʨʝʥʦ ʧʨʦʬʽʣʴ ʩʚʝʨʜʣʦʚʠʥʠ, ʷʢʽ ʧʽʜʪʚʝʨʜʠʣʠ ʥʘʷʚʥʽʩʪʴ ʧʽʜʚʠʱʝʥʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʮʠʨʢʦʥʽʶ ʚ ʩʽʻʥʽʪʘʭ ʪʘ ʾʭ ʢʦʨʽ ʚʠʚʽʪʨʶʚʘʥʥʷ.  

ɻʝʦʣʦʛʽʯʥʘ ʙʫʜʦʚʘ ʧʨʦʷʚʽʚ.  

ɺʝʣʠʢʦʚʠʩʢʽʚʩʴʢʘ ʜʽʣʷʥʢʘ ʦʭʦʧʣʶʻ ʧʽʚʜʝʥʥʫ ʝʥʜʦʢʦʥʪʘʢʪʦʚʫ ʯʘʩʪʠʥʫ 

ʂʦʨʩʫʥʴ-ʅʦʚʦʤʠʨʛʦʨʦʜʩʴʢʦʛʦ ʧʣʫʪʦʥʫ ʽ ʩʢʣʘʜʝʥʘ ʦʩʥʦʚʥʠʤʠ ʽ ʢʠʩʣʠʤʠ 

ʧʦʨʦʜʘʤʠ ʂʦʨʦʩʪʝʥʩʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ. ʇʨʦʤʽʞʥʝ ʧʦʣʦʞʝʥʥʷ ʩʝʨʝʜ ʽʥʪʨʫʟʠʚʥʠʭ 

ʫʪʚʦʨʝʥʴ ʟʘʡʤʘʶʪʴ ʧʦʨʦʜʠ ʛʨʫʧʠ ʤʦʥʮʦʩʽʻʥʽʪʽʚ, ʫʧʝʨʰʝ ʚʠʜʽʣʝʥʽ ʧʨʠ ɻɻʂ 

ʤʘʩʰʪʘʙʫ 1:200 000, ʫ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʪʝʨʠʪʦʨʽʾ ʚ ʝʢʟʦʢʦʥʪʘʢʪʽ 

ʂʘʥʽʟʴʢʦʛʦ ʛʘʙʨʦ-ʘʥʦʨʪʦʟʠʪʦʚʦʛʦ ʤʘʩʠʚʫ. ʊʫʪ ʞʝ ʚʩʪʘʥʦʚʣʝʥʦ ʟʥʘʯʥʝ 

ʧʦʰʠʨʝʥʥʷ ʩʽʻʥʽʪʽʚ, ʱʦ ʩʢʣʘʜʘʶʪʴ ʥʝʚʝʣʠʢʽ ʤʘʩʠʚʠ ʡ ʪʽʣʘ. ʎʽ ʫʪʚʦʨʝʥʥʷ 

ʚʽʜʥʝʩʝʥʦ ʜʦ ʽʥʪʨʫʟʠʚʥʠʭ ʫʪʚʦʨʝʥʴ.  

ʋ ʤʝʞʘʭ ɺʝʣʠʢʦʚʠʩʢʽʚʩʴʢʦʾ ʜʽʣʷʥʢʠ (ʦʜʥʦʡʤʝʥʥʦʛʦ ʨʫʜʦʥʦʩʥʦʛʦ ʧʦʣʷ) 

ʨʦʟʪʘʰʦʚʘʥʽ ɺʝʩʝʣʽʚʩʴʢʠʡ, ʆʩʠʢʫʚʘʮʴʢʠʡ, ɺʦʣʦʜʠʤʠʨʩʴʢʠʡ, ʆʣʝʢʩʘʥʜʨʽʡʩʴʢʠʡ 

ʝʣʶʚʽʘʣʴʥʽ ʧʨʦʷʚʠ ʡ ʦʢʨʝʤʽ ʪʦʯʢʠ ʧʽʜʚʠʱʝʥʦʾ ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʮʠʨʢʦʥʫ ʪʘ 

ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʋ ʤʝʞʘʭ ɺʝʩʝʣʦʚʩʴʢʦʛʦ ʪʘ ʆʩʠʢʫʚʘʮʴʢʦʛʦ 

ʧʨʦʷʚʽʚ ʧʽʜʨʘʭʦʚʘʥʦ ʧʨʦʛʥʦʟʥʽ ʨʝʩʫʨʩʠ ʮʠʨʢʦʥʫ ʪʘ ʜʚʦʦʢʠʩʫ ʮʠʨʢʦʥʽʶ. ʋ 

ʤʝʞʘʭ ɺʦʣʦʜʠʤʠʨʩʴʢʦʛʦ ʪʘ ʆʣʝʢʩʘʥʜʨʽʚʩʴʢʦʛʦ ʧʨʦʷʚʽʚ ʧʨʦʛʥʦʟʥʽ ʨʝʩʫʨʩʠ ʥʝ 

ʧʽʜʨʘʭʦʚʫʚʘʣʠʩʷ ʯʝʨʝʟ ʾʭʥʽ ʥʝʟʥʘʯʥʽ ʨʦʟʤʽʨʠ ʪʘ ʥʝʟʥʘʯʥʫ ʪʦʚʱʠʥʫ ʧʨʦʜʫʢʪʠʚʥʦʾ 

ʪʦʚʱʽ ʢʦʨʠ ʚʠʚʽʪʨʶʚʘʥʥʷ [1]. 

ʆʢʨʽʤ ʧʨʦʷʚʽʚ ʮʠʨʢʦʥʫ ʥʘ ɺʝʣʠʢʦʚʠʩʢʽʚʩʴʢʽʡ ʜʽʣʷʥʮʽ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ 

ɻɻʂ-200 ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʢʦʥʪʨʘʩʪʥʽ ʨʫʜʦʛʝʥʥʽ ʛʝʦʭʽʤʽʯʥʽ ʘʥʦʤʘʣʽʾ, 

ʧʝʨʩʧʝʢʪʠʚʥʽ ʥʘ ʚʠʷʚʣʝʥʥʷ ʥʽʦʙʽʡ-ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʦʛʦ ʟʨʫʜʝʥʽʥʥʷ. ʇʝʨʚʠʥʥʽ 

ʢʦʥʪʘʢʪʥʽ ʦʨʝʦʣʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʩʪʽʡʢʦʶ ʘʩʦʮʽʘʮʽʻʶ ʨʽʜʢʽʩʥʠʭ ʽ 

ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ï ʮʠʨʢʦʥʽʶ, ʥʽʦʙʽʶ, ʽʪʨʽʶ, ʽʪʝʨʙʽʶ, ʣʘʥʪʘʥʫ, ʮʝʨʽʶ.  

ɿʘ ʜʘʥʠʤʠ ʭʽʤʽʯʥʠʭ ʽ ʩʧʝʢʪʨʘʣʴʥʠʭ ʘʥʘʣʽʟʽʚ ʤʦʥʦʬʨʘʢʮʽʡ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʥʽʦʙʽʡ ʚ ʦʩʥʦʚʥʦʤʫ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʽʟʦʤʦʨʬʥʦʾ ʜʦʤʽʰʢʠ ʚ ʽʣʴʤʝʥʽʪʽ ʽ 

ʮʠʨʢʦʥʽ. ɿ ʚʣʘʩʥʠʭ ʤʽʥʝʨʘʣʽʚ ʥʽʦʙʽʶ ʚʠʷʚʣʝʥʽ ʧʦʦʜʠʥʦʢʽ ʟʝʨʥʘ ʢʦʣʫʤʙʽʪʫ. ɺʤʽʩʪ 

ʨʽʜʢʽʩʥʠʭ ʟʝʤʝʣʴ ʟʘ ʩʧʝʢʪʨʘʣʴʥʠʤ ʘʥʘʣʽʟʦʤ ʚ ʢʦʥʪʨʘʩʪʥʠʭ ʦʨʝʦʣʘʭ ʩʢʣʘʜʘʻ 0,1-

0,5%. ʉʝʨʝʜ ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʝʨʝʚʘʞʘʻ ʮʝʨʽʻʚʘ ʛʨʫʧʘ. ɺʠʩʦʢʠʡ 

ʚʤʽʩʪ ʩʫʤʠ ʨʽʜʢʽʩʥʠʭ ʟʝʤʝʣʴ ʟʘ ʜʘʥʠʤʠ ʥʝʡʪʨʦʥʥʦ-ʘʢʪʠʚʘʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ (0,2-

1% ʽ ʙʽʣʴʰʝ) ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ ʩʽʻʥʽʪʽʚ ʆʩʠʢʫʚʘʮʴʢʦʛʦ ʧʨʦʷʚʫ.  

ʆʩʠʢʫʚʘʮʴʢʠʡ ʧʨʦʷʚ ʢʦʨʽʥʥʠʭ ʽ ʝʣʶʚʽʘʣʴʥʠʭ ʨʦʟʪʘʰʦʚʘʥʠʡ ʧʦʙʣʠʟʫ 

ʧʽʚʜʝʥʥʦ-ʩʭʽʜʥʦʾ ʦʢʨʘʾʥʠ ʩ. ʆʩʠʢʫʚʘʪʝ ʂʽʨʦʚʦʛʨʘʜʩʴʢʦʛʦ ʨʘʡʦʥʫ 

ʂʽʨʦʚʦʛʨʘʜʩʴʢʦʾ ʦʙʣʘʩʪʽ.  

ʇʨʦʷʚ ʧʨʠʫʨʦʯʝʥʠʡ ʜʦ ʤʘʩʠʚʫ ʩʽʻʥʽʪʽʚ ʧʽʜʢʦʚʦʧʦʜʽʙʥʦʾ ʬʦʨʤʠ ʨʦʟʤʽʨʦʤ 

6ʭ2,5 ʢʤ, ʨʦʟʤʽʱʝʥʦʛʦ ʚ ʢʨʘʡʥʽʡ ʧʽʚʜʝʥʥʽʡ ʝʥʜʦʢʦʥʪʘʢʪʦʚʽʡ ʯʘʩʪʠʥʽ ʂʦʨʩʫʥʴ-

ʅʦʚʦʤʠʨʛʦʨʦʜʩʴʢʦʛʦ ʧʣʫʪʦʥʫ. ʅʘ ʨʽʚʥʽ ʩʫʯʘʩʥʦʛʦ ʝʨʦʟʽʡʥʦʛʦ ʟʨʽʟʫ ʤʘʩʠʚ 

ʩʢʣʘʜʝʥʠʡ ʣʝʡʢʦʢʨʘʪʦʚʠʤʠ ʩʽʻʥʽʪʘʤʠ ʧʨʠ ʧʽʜʧʦʨʷʜʢʦʚʘʥʦʤʫ ʟʥʘʯʝʥʥʽ 

ʤʝʣʘʥʦʢʨʘʪʦʚʠʭ ʨʽʟʥʦʚʠʜʽʚ. ʆʩʪʘʥʥʽ ʟʘʟʚʠʯʘʡ ʧʦʰʠʨʝʥʽ ʚ ʢʨʘʡʦʚʠʭ 

ʝʥʜʦʢʦʥʪʘʢʪʦʚʠʭ ʯʘʩʪʠʥʘʭ ʤʘʩʠʚʫ. 
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ʅʘʷʚʥʽʩʪʴ ʧʽʜʚʠʱʝʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʮʠʨʢʦʥʽʶ ʜʦ 0,3% (ʩʚ.4881,4883) ʚ 

ʩʽʻʥʽʪʘʭ ʪʘ ʾʭʥʽʡ ʢʦʨʽ ʚʠʚʽʪʨʶʚʘʥʥʷ ʙʫʣʘ ʚʠʷʚʣʝʥʘ ʧʨʠ ʛʝʦʣʦʛʦʟʡʦʤʦʯʥʠʭ 

ʨʦʙʦʪʘʭ ʤʘʩʰʪʘʙʫ 1:50 000 (ɿʣʦʙʝʥʢʦ ɺ.ɻ., 1966). ʇʨʠ ʧʦʰʫʢʦʚʠʭ ʨʦʙʦʪʘʭ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ʝʢʩʧʝʜʠʮʽʾ ʂʇ çʂʽʨʦʚʛʝʦʣʦʛʽʷè ʚ ʩʽʻʥʽʪʘʭ ʽ ʛʨʘʥʽʪʘʭ ʙʽʣʴʰ 

ʣʫʞʥʦʛʦ ʩʢʣʘʜʫ, ʷʢʽ ʾʭ ʦʪʦʯʫʶʪʴ ʚʩʪʘʥʦʚʣʝʥʦ ʧʽʜʚʠʱʝʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʮʠʨʢʦʥʽʶ 

ʚʽʜ 0,2% (ʩʚ.75-123, 76-98) ʜʦ 0,5% (ʩʚ. 76-95, 8787).  

 

 
 

ʈʠʩ.1. ɯʟʦʧʘʭʽʪʠ ʪʦʚʱʠʥʠ ʨʫʜʥʦʛʦ ʽʥʪʝʨʚʘʣʫ 

ʚ ʤʝʞʘʭ ʆʩʠʢʫʚʘʮʴʢʦʛʦ ʧʨʦʷʚʫ  

ʈʠʩ.2. ʉʝʨʝʜʥʴʦ ʟʚʘʞʝʥʠʡ ʚʤʽʩʪ ʮʠʨʢʦʥʫ 

(ʢʛ/ʪ) ʚ ʨʫʜʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʆʩʠʢʫʚʘʮʴʢʦʛʦ 

ʧʨʦʷʚʫ  

 

ɽʣʶʚʽʘʣʴʥʠʡ ʧʨʦʷʚ. ʄʘʢʩʠʤʘʣʴʥʠʡ ʚʤʽʩʪ ʮʠʨʢʦʥʽʶ ʚʽʜ 0,5 ʜʦ 1 % 

ʚʩʪʘʥʦʚʣʝʥʦ ʩʧʝʢʪʨʘʣʴʥʠʤ ʘʥʘʣʽʟʦʤ ʚ ʢʦʨʽ ʚʠʚʽʪʨʶʚʘʥʥʷ ʩʽʻʥʽʪʽʚ (ʩʚ. 861, 

ʽʥʪ.50,0-60,0 ʤ). ɺʤʽʩʪ ʮʠʨʢʦʥʫ, ʟʘ ʜʘʥʠʤʠ ʰʣʽʭʦʚʦʛʦ ʘʥʘʣʽʟʫ, ʚ ʢʦʨʽ 

ʚʠʚʽʪʨʶʚʘʥʥʷ ʧʦ ʩʚ. 864 (ʽʥʪ.50,0-70,0ʤ) ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 4,7 ʜʦ 7,8 ʢʛ/ʪ. 

ʄʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʣʘʥʪʘʥʦʾʜʽʚ ʚʩʪʘʥʦʚʣʝʥʦ ʚ ʢʘʪʘʢʣʘʟʦʚʘʥʦʤʫ ʛʨʘʥʦʩʽʻʥʽʪʽ 

(ʩʚ. 862, ʽʥʪ. 53,7-83,0 ʤ), ʜʝ ʾʭ ʩʫʤʘ ʩʢʣʘʜʘʻ 0,31-1,1 %. ʄʽʥʝʨʘʣʦʛʽʯʥʠʤ 

ʘʥʘʣʽʟʦʤ ʚʩʪʘʥʦʚʣʝʥʦ ʥʘʷʚʥʽʩʪʴ ʚ ʩʽʻʥʽʪʘʭ ʽ ʾʭ ʢʦʨʽ ʚʠʚʽʪʨʶʚʘʥʥʷ ʦʨʪʠʪʫ, 

ʤʦʥʘʮʠʪʫ, ʽʥʦʜʽ ʙʘʩʪʥʝʟʠʪʫ ʽ ʢʩʝʥʦʪʠʤʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʨʫʜʝʥʽʥʥʷ 

ʆʩʠʢʫʚʘʮʴʢʦʛʦ ʧʨʦʷʚʫ ʻ ʢʦʤʧʣʝʢʩʥʠʤ ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʦ-ʮʠʨʢʦʥʽʻʚʠʤ.  

ʅʘ ʩʽʻʥʽʪʘʭ ʪʘ ʥʘʚʢʦʣʠʰʥʽʭ ʛʨʘʥʽʪʘʭ ʟʘʣʷʛʘʻ ʾʭʥʷ ʧʨʦʜʫʢʪʠʚʥʘ ʢʦʨʘ 

ʚʠʚʽʪʨʶʚʘʥʥʷ, ʩʝʨʝʜʥʷ ʪʦʚʱʠʥʘ ʷʢʦʾ ʩʪʘʥʦʚʠʪʴ 18,1 ʤ. ʉʝʨʝʜʥʴʦʟʚʘʞʝʥʠʡ ʚʤʽʩʪ 

ʮʠʨʢʦʥʫ (ʟʘ ʜʘʥʠʤʠ ʰʣʽʭʦʚʦʛʦ ʪʘ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʽʚ) ʚ ʢʦʨʽ ʚʠʚʽʪʨʶʚʘʥʥʷ 

3,11 ʢʛ/ʪ. ʉʝʨʝʜʥʷ ʪʦʚʱʠʥʘ ʨʦʟʢʨʠʚʫ 55,1ʤ. ʇʣʦʱʘ ʨʫʜʦʥʦʩʥʦʛʦ ʧʦʢʣʘʜʫ 5,25 

ʢʤ2. ʇʨʦʛʥʦʟʥʽ ʨʝʩʫʨʩʠ ʮʠʨʢʦʥʫ ʧʦ ʧʨʦʷʚʫ ʩʢʣʘʜʘʶʪʴ 537860,51 ʪ.  

ʂʦʨʽʥʥʠʡ ʧʨʦʷʚ ʜʦʩʣʽʜʞʝʥʠʡ ʦʢʨʝʤʠʤʠ ʢʘʨʪʫʚʘʣʴʥʠʤʠ ʩʚʝʨʜʣʦʚʠʥʘʤʠ ʚ 

ʩʝʨʝʜʥʴʦʤʫ ʜʦ ʛʣʠʙʠʥʠ 100 ʤ. ɻʣʠʙʠʥʘ ʧʨʦʛʥʦʟʫ ʟʨʫʜʝʥʽʥʥʷ ʧʦ ʢʨʠʩʪʘʣʽʯʥʠʭ 
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ʧʦʨʦʜʘʭ ʧʨʠʡʥʷʪʘ ʫ ʜʚʦʭ ʚʘʨʽʘʥʪʘʭ ï 300 ʽ 500 ʤ. ʏʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʜʘʥʠʭ ʧʨʦ 

ʛʣʠʙʠʥʥʫ ʙʫʜʦʚʫ ʤʘʩʠʚʫ ʩʽʻʥʽʪʽʚ ʽ ʡʦʛʦ ʤʦʞʣʠʚʫ ʛʣʠʙʠʥʥʫ ʜʠʬʝʨʝʥʮʽʘʮʽʶ ʙʫʣʦ 

ʧʨʠʡʥʷʪʦ ʫʤʦʚʥʦ ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʢʦʨʠʩʥʦʛʦ ʢʦʤʧʦʥʝʥʪʫ (ʮʠʨʢʦʥʽʶ) ʚ 

ʧʦʨʦʜʽ. ɼʽʣʷʥʢʘ ʆʩʠʢʫʚʘʮʴʢʦʛʦ ʢʦʨʽʥʥʦʛʦ ʧʨʦʷʚʫ ʦʢʦʥʪʫʨʝʥʘ ʟʘ ʛʝʦʭʽʤʽʯʥʠʤʠ 

ʜʘʥʠʤʠ. ɺ ʾʾ ʤʝʞʘʭ ʙʫʣʦ ʚʠʦʢʨʝʤʣʝʥʦ 3 ʧʝʨʩʧʝʢʪʠʚʥʽ ʜʽʣʷʥʢʠ (ʙʣʦʢʠ) ʟ ʚʤʽʩʪʦʤ 

ʮʠʨʢʦʥʽʶ ʚʽʜ 0,1 ʜʦ 0,5 %. ʆʢʨʝʤʠʤʠ ʩʚʝʨʜʣʦʚʠʥʘʤʠ ʚ ʩʽʻʥʽʪʘʭ ʚʠʷʚʣʝʥʦ ʨʫʜʥʽ 

ʟʦʥʠ ʪʦʚʱʠʥʦʶ 0,5 ʤ ʟ ʚʤʽʩʪʦʤ ʮʠʨʢʦʥʽʶ 1 %. ɼʘʥʽ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ 

ʧʽʜʪʚʝʨʜʞʝʥʽ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʝʥʪʛʝʥʦʨʘʜʽʦʤʝʪʨʠʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʟʘ ʷʢʠʤʠ ʚʤʽʩʪ 

ʜʚʦʦʢʠʩʫ ʮʠʨʢʦʥʽʶ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 0,2 ʜʦ 0,5 %, ʚ ʩʝʨʝʜʥʴʦʤʫ 0,3 %. 

ʄʘʢʩʠʤʘʣʴʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʮʠʨʢʦʥʽʶ 1 % ʚʩʪʘʥʦʚʣʝʥʘ ʚ ʩʚ. 862 (ʽʥʪ.74,5-75,0 

ʤ), ʱʦ ʚʢʘʟʫʻ ʥʘ ʤʦʞʣʠʚʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʚ ʩʽʻʥʽʪʘʭ ʜʽʣʷʥʦʢ ʟ ʙʘʛʘʪʠʤ 

ʮʠʨʢʦʥʽʻʚʠʤ ʟʨʫʜʝʥʽʥʥʷʤ.  

ʆʩʥʦʚʥʠʤ ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ ʨʽʜʢʽʩʥʠʭ ʟʝʤʝʣʴ ʮʝʨʽʻʚʦʾ ʛʨʫʧʠ ʻ ʦʨʪʠʪ ʪʘ 

ʯʝʚʢʽʥʽʪ ï ʭʘʨʘʢʪʝʨʥʽ ʘʢʮʝʩʦʨʥʽ ʤʽʥʝʨʘʣʠ ʩʽʻʥʽʪʽʚ. ʂʨʽʤ ʦʨʪʠʪʫ ʽ ʯʝʚʢʽʥʽʪʫ ʚ 

ʦʢʨʝʤʠʭ ʧʨʦʙʘʭ ʜʽʘʛʥʦʩʪʦʚʘʥʦ ʙʘʩʪʥʝʟʠʪ. ɻʦʣʦʚʥʠʤ ʤʽʥʝʨʘʣʦʤ-ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ 

ʥʽʦʙʽʶ ʻ ʽʣʴʤʝʥʽʪ, ʷʢʠʡ ʚʤʽʱʫʻ ʜʦ 0,4 % Nb2ʆ5. ɿ ʚʣʘʩʥʠʤ ʤʽʥʝʨʘʣʽʚ ʥʽʦʙʽʶ 

ʜʽʘʛʥʦʩʪʦʚʘʥʦ ʧʦʦʜʠʥʦʢʽ ʟʝʨʥʘ ʢʦʣʫʤʙʽʪʫ ʚ ʢʘʦʣʽʥʦʚʽʡ ʢʦʨʽ ʚʠʚʽʪʨʶʚʘʥʥʷ 

ʩʽʻʥʽʪʽʚ (ʩʚ.863, ʰʣ.990).  

ʇʨʦʛʥʦʟʥʽ ʨʝʩʫʨʩʠ ʮʠʨʢʦʥʽʻʚʠʭ ʨʫʜ ʆʩʠʢʫʚʘʮʴʢʦʛʦ ʢʦʨʽʥʥʦʛʦ ʧʨʦʷʚʫ 

ʦʮʽʥʝʥʦ ʽ ʚʦʥʠ ʧʨʦʡʰʣʠ ʘʧʨʦʙʘʮʽʶ [2]. 

ɺʠʩʥʦʚʢʠ.  
ʉʽʻʥʽʪʠ ʆʩʠʢʫʚʘʮʴʢʦʛʦ ʤʘʩʠʚʫ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʩʪʽʡʢʦʶ ʥʽʦʙʽʡ-

ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʦ-ʮʠʨʢʦʥʽʻʚʦʶ ʛʝʦʭʽʤʽʯʥʦʶ ʩʧʝʮʽʘʣʽʟʘʮʽʶ. ʋ ʤʝʞʘʭ 

ʆʩʠʢʫʚʘʮʴʢʦʛʦ ʤʘʩʠʚʫ ʩʽʻʥʽʪʽʚ ʚʩʪʘʥʦʚʣʝʥʦ ʧʝʨʚʠʥʥʽ ʦʨʝʦʣʠ ʮʠʨʢʦʥʽʶ 0,3 % 

ʟʘʛʘʣʴʥʦʶ ʧʣʦʱʝʶ ʙʣʠʟʴʢʦ 3 ʢʤ2. ɺ ʘʩʦʮʽʘʮʽʾ ʟ ʮʠʨʢʦʥʽʻʤ ʩʧʝʢʪʨʘʣʴʥʠʤ 

ʘʥʘʣʽʟʦʤ ʚʩʪʘʥʦʚʣʝʥʦ ʥʽʦʙʽʡ (ʜʦ 0,07 %, ʩʚ.863), ʽʪʨʽʡ (ʜʦ 0,1 %, ʩʚ.861), ʣʘʥʪʘʥ 

(ʜʦ 0,1 %), ʮʝʨʽʡ (ʜʦ 0,15 %, ʩʚ.862).  

ʉʣʽʜ ʘʢʮʝʥʪʫʚʘʪʠ ʫʚʘʛʫ ʥʘ ʚʘʞʣʠʚʽʩʪʴ ʨʦʟʰʠʨʝʥʥʷ ʤʽʥʝʨʘʣʴʥʦʾ ʙʘʟʠ 

ʚʠʜʦʙʫʪʢʫ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʥʦʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʟʘʣʫʯʝʥʥʷ ʜʦ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʚʠʜʦʙʫʪʢʫ ʥʦʚʠʭ ʨʦʜʦʚʠʱ ʪʘ ʨʫʜʦʧʨʦʷʚʽʚ. 
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ɯʥʩʪʠʪʫʪ ʛʝʦʣʦʛʽʾ ʽ ʛʝʦʭʽʤʽʾ ʛʦʨʶʯʠʭ ʢʦʧʘʣʠʥ ʅɸʅ ʋʢʨʘʾʥʠ,  

79060, ʤ. ʃʴʚʽʚ, ʚʫʣ. ʅʘʫʢʦʚʘ, 3ʘ 

 

ʂʦʨʦʪʢʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʟʘʧʘʩʠ ʪʘ ʩʪʘʥ ʨʦʙʽʪ ʟ ʚʠʜʦʙʫʚʘʥʥʷ ʛʘʟʫ ʟ ʥʠʟʴʢʦʧʨʦʥʠʢʥʠʭ ʧʦʨʽʜ-

ʢʦʣʝʢʪʦʨʽʚ ʫ ʩʚʽʪʽ. ʇʦʢʘʟʘʥʠʡ ʨʝʩʫʨʩʥʠʡ ʧʦʪʝʥʮʽʘʣ ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʥʝʪʨʘʜʠʮʽʡʥʠʭ ʛʘʟʦʚʠʭ 

ʧʦʢʣʘʜʽʚ ʆʣʝʩʴʢʦʾ ʜʽʣʷʥʢʠ ʥʘ ʟʘʭʦʜʽ ʋʢʨʘʾʥʠ ʪʘ ʡʤʦʚʽʨʥʽ ʰʣʷʭʠ ʡʦʛʦ ʦʩʚʦʻʥʥʷ. ʆʮʽʥʝʥʽ 

ʦʩʥʦʚʥʽ ʯʠʥʥʠʢʠ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʪʘ ʚʠʟʥʘʯʝʥʽ ʡʤʦʚʽʨʥʽ 

ʝʢʦʣʦʛʽʯʥʽ ʧʨʦʙʣʝʤʠ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʠʜʦʙʫʚʘʥʥʷ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʣʘʥʮʝʚʠʡ ʛʘʟ, ʨʝʩʫʨʩʠ, ʛʽʜʨʦʨʦʟʨʠʚ ʧʣʘʩʪʽʚ, ʚʠʜʦʙʫʪʦʢ, ʝʢʦʣʦʛʽʷ. 

 

GEOLOGICAL AND TECHNOLOGICAL -ECOLOGICAL PROBLEMS 

OF GAS PRODUCTION FROM LOW -PERMEABILITY RESERVOIRS OF 
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The reserves and status of gas production from low-permeability reservoir rocks in the world are 

briefly described. The resource potential of the predicted unconventional gas deposits of the Oleska 

area in western Ukraine and the likely ways of its development are shown. The main factors of 

negative impact on the environment are assessed and the likely environmental problems of 

industrial shale gas production are identified.  

Keywords: shale gas, resources, hydraulic fracturing, production, ecology. 

 

ʋ ʩʚʽʪʽ ʥʝʚʧʠʥʥʦ ʟʨʦʩʪʘʻ ʧʦʧʠʪ ʥʘ ʝʥʝʨʛʦʥʦʩʽʾ. ɼʣʷ ʋʢʨʘʾʥʠ, ʷʢʘ ʚʞʝ 

ʯʝʪʚʝʨʪʠʡ ʨʽʢ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʩʪʘʥʽ ʚʽʡʥʠ, ʧʠʪʘʥʥʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʝʥʝʨʛʦʨʝʩʫʨʩʘʤʠ, ʤʘʻ ʝʢʟʠʩʪʝʥʮʽʡʥʝ ʟʥʘʯʝʥʥʷ. ʋ 2024 ʨʦʮʽ ʧʨʦʤʠʩʣʦʚʽʩʪʶ ʽ 

ʥʘʩʝʣʝʥʥʷʤ ʜʝʨʞʘʚʠ ʩʧʦʞʠʪʦ ʧʨʠʙʣʠʟʥʦ 19,8 ʤʽʣʴʷʨʜʘ ʢʫʙʦʤʝʪʨʽʚ ʛʘʟʫ. ɼʝʱʦ 

ʤʝʥʰʝ ʟʘ ʚʢʘʟʘʥʠʡ ʧʝʨʽʦʜ ʚʠʜʦʙʫʪʦ ʜʝʨʞʘʚʥʠʤʠ ʽ ʧʨʠʚʘʪʥʠʤʠ 

ʛʘʟʦʚʠʜʦʙʫʚʥʠʤʠ ʢʦʤʧʘʥʽʷʤʠ. ʏʘʩʪʠʥʘ ʛʘʟʦʚʠʭ ʨʦʜʦʚʠʱ ʚʠʷʚʠʣʘʩʷ ʥʘ 

ʥʝʧʽʜʢʦʥʪʨʦʣʴʥʽʡ ʋʢʨʘʾʥʽ ʪʝʨʠʪʦʨʽʾ. ɺʽʜʦʤʽ ʨʦʜʦʚʠʱʘ ʚʫʛʣʝʚʦʜʥʽʚ ʟ 

ʪʨʘʜʠʮʽʡʥʠʤʠ ʢʦʣʝʢʪʦʨʘʤʠ ʚʞʝ ʜʦʩʪʘʪʥʴʦ ʚʠʩʥʘʞʝʥ.̔ ʎʝ ʩʪʠʤʫʣʶʻ ʥʘʬʪʦʛʘʟʦʚʽ 

ʢʦʤʧʘʥʽʾ ʨʦʟʨʦʙʣʷʪʠ ʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʦʩʚʦʻʥʥʷ ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʧʦʢʣʘʜʽʚ, 

ʥʘʩʘʤʧʝʨʝʜ ʛʘʟʦʚʠʭ, ʧʦʚôʷʟʘʥʠʭ ʟ ʥʠʟʴʢʦʧʨʦʥʠʢʥʠʤʠ ʢʦʣʝʢʪʦʨʘʤʠ. ʇʽʜʚʠʱʝʥʥʷ 
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ʩʚʽʪʦʚʠʭ ʮʽʥ ʥʘ ʧʘʣʠʚʦ ʟʨʦʙʠʣʦ ʮʽ ʪʝʭʥʦʣʦʛʽʾ ʨʝʥʪʘʙʝʣʴʥʠʤʠ ʽ ʜʘʣʦ ʟʤʦʛʫ 

ʚʠʜʦʙʫʚʘʪʠ ʥʝʪʨʘʜʠʮʽʡʥʠʡ ʛʘʟ ʫ ʧʨʦʤʠʩʣʦʚʠʭ ʤʘʩʰʪʘʙʘʭ.  

ʗʢʱʦ ʩʚʽʪʦʚʽ ʟʘʧʘʩʠ ʪʨʘʜʠʮʽʡʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʩʪʘʥʦʚʣʷʪʴ ʚʽʜ 177 ʜʦ 

213 ʪʨʣʥ ʤ3, ʪʦ ʧʨʦʛʥʦʟʥʽ ʨʝʩʫʨʩʠ ʛʘʟʫ ʚ ʥʠʟʴʢʦʧʨʦʥʠʢʥʠʭ ʢʦʣʝʢʪʦʨʘʭ ʟʘ 

ʜʘʥʠʤʠ ʋʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʄʽʥʽʩʪʝʨʩʪʚʘ ʝʥʝʨʛʝʪʠʢʠ ʉʐɸ ʪʘ 

ʥʝʟʘʣʝʞʥʦʾ ʢʦʥʩʘʣʪʠʥʛʦʚʦʾ ʢʦʤʧʘʥʽʾ Advanced Resources International Inc. ʜʣʷ 48 

ʥʘʬʪʦʛʘʟʦʥʦʩʥʠʭ ʙʘʩʝʡʥʽʚ 32 ʢʨʘʾʥ ʩʚʽʪʫ ʜʦʩʷʛʘʶʪʴ 1200 ʪʨʣʥ ʤ3 [1]. ʇʝʚʥʠʤʠ 

ʨʝʩʫʨʩʘʤʠ ʥʝʪʨʘʜʠʮʽʡʥʦʛʦ ʛʘʟʫ ʚʦʣʦʜʽʶʪʴ ɸʚʩʪʨʘʣʽʷ, ɯʥʜʽʷ, ʂʠʪʘʡ, ʘ ʫ ɭʚʨʦʧʽ ï 

ʅʽʤʝʯʯʠʥʘ, ʇʦʣʴʱʘ, ʌʨʘʥʮʽʷ, ʐʚʝʮʽʷ, ʘ ʪʘʢʦʞ ʋʢʨʘʾʥʘ. ʇʨʦʤʠʩʣʦʚʘ ʡʦʛʦ 

ʨʦʟʨʦʙʢʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʣʠʰʝ ʫ ʉʐɸ ʽ ʂʘʥʘʜʽ. ʆʧʪʠʤʘʣʴʥʝ ʧʦʻʜʥʘʥʥʷ 

ʟʘʢʦʥʦʜʘʚʯʠʭ ʧʽʜʭʦʜʽʚ, ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʝʢʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ ʜʘʣʦ ʟʤʦʛʫ ʉʐɸ 

ʚʠʜʦʙʫʚʘʪʠ ʥʝʪʨʘʜʠʮʽʡʥʠʡ ʛʘʟ ʫ ʧʨʦʤʠʩʣʦʚʠʭ ʤʘʩʰʪʘʙʘʭ. ɺʦʥʠ ʚʞʝ ʜʝʢʽʣʴʢʘ 

ʨʦʢʽʚ ʧʦʩʧʽʣʴ ʻ ʩʚʽʪʦʚʠʤ ʣʽʜʝʨʦʤ ʟ ʚʠʜʦʙʫʚʘʥʥʷ ʛʘʟʫ ʽ ʧʨʘʢʪʠʯʥʦ ʟʘʜʦʚʦʣʴʥʷʶʪʴ 

ʩʚʦʾ ʧʦʪʨʝʙʠ ʚʣʘʩʥʠʤʠ ʨʝʩʫʨʩʘʤʠ. ʇʨʦ ʤʘʩʰʪʘʙʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʾ ʛʽʜʨʦʨʦʟʨʠʚʫ 

ʧʣʘʩʪʘ ʩʚʽʜʯʠʪʴ ʪʝ, ʱʦ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʫ ʉʐɸ ʱʦʨʽʯʥʦ ʚʠʜʦʙʫʚʘʻʪʴʩʷ ʙʣʠʟʴʢʦ 

150 ʤʣʨʜ ʤ3 ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫ ï ʧʨʠʙʣʠʟʥʦ ʯʚʝʨʪʴ ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʦʙôʻʤʫ ʚ ʢʨʘʾʥʽ.  

ʋʢʨʘʾʥʘ ʪʝʞ ʤʘʻ ʧʝʚʥʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʚʠʜʦʙʫʪʢʫ ʥʠʟʴʢʦʧʨʦʥʠʢʥʦʛʦ ʛʘʟʫ. 

ʆʜʥʠʤʠ ʟ ʥʘʡʧʝʨʩʧʝʢʪʠʚʥʽʠhʭ ʻ ʚʽʜʢʣʘʜʠ ʢʝʤʙʨʽ ʁʪʘ ʩʠʣʫʨʫ ʆʣʝʩʴʢʦʾ ʜʽʣʷʥʢʠ 

ɺʦʣʠʥʦ-ʇʦʜʽʣʴʩʴʢʦ ʾ ʦʢʨʘʾʥʠ ʉʭʽʜʥʦʻʚʨʦʧʝʡʩʴʢʦʾ ʧʣʘʪʬʦʨʤʠ, ʚ ʷʢʠʭ 

ʧʨʦʛʥʦʟʫʻʪʴʩʷ 1 ʪʨʣʥ ʤ3 ʛʘʟʫ [2, 4]. ʆʜʥʘʢ ʡʦʛʦ ʦʮʽʥʢʘ ʤʦʞʝ ʙʫʪʠ ʩʫʪʪʻʚʦ 

ʟʘʚʠʱʝʥʦʶ. ɿʽ ʟʛʘʜʘʥʠʭ ʚʽʜʢʣʘʜʽʚ ʫ ʩʫʩʽʜʥʽʡ ʇʦʣʴʱʽ ʫʧʨʦʜʦʚʞ 2008-2014 ʨʨ. ʥʘ 

ʩʣʘʥʮʝʚʠʡ ʛʘʟ ʧʨʦʙʫʨʝʥ ̔56 ʩʚʝʨʜʣʦʚʠʥ, ʫ 24 ʟ ʥʠʭ ʧʨʦʚʝʜʝʥʽ ʛʽʜʨʦʨʦʟʨʠʚʠ 

ʧʣʘʩʪʽʚ, ʦʜʥʘʢ ʦʪʨʠʤʘʪʠ ʧʨʠʧʣʠʚʠ ʛʘʟʫ ʚʜʘʣʦʩʷ ʣʠʰʝ ʫ ʜʝʢʽʣʴʢʦʭ ʩʚʝʨʜʣʦʚʠʥʘʭ. 

ʅʘʡʙʽʣʴʰʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʜʦʩʷʛʣʘ ʢʦʤʧʘʥʽʷ Lane Energy Poland (ʧʽʜʢʦʥʪʨʦʣʴʥʘ 

Conoco Phillips), ʷʢʘ ʟʘ ʜʦʙʫ ʦʪʨʠʤʫʚʘʣʘ ʜʦ 8 ʪʠʩ ʤ3 ʛʘʟʫ ʟ ʛʣʠʙʠʥʠ 3 ʢʤ ʟ 

ʪʝʩʪʦʚʦʾ ʩʚʝʨʜʣʦʚʠʥʠ ʧʦʙʣʠʟʫ ʤʽʩʪʝʯʢʘ Lembork ʥʘ ʧʽʚʥʦʯʽ ʢʨʘʾʥʠ. ʊʝʭʥʦʣʦʛʽʷ 

ʛʽʜʨʦʨʦʟʨʠʚʫ ʧʦʣʷʛʘʻ ʚ ʟʘʢʘʯʫʚʘʥʥʽ ʚ ʧʣʘʩʪ ʚʝʣʠʢʠʭ ʦʙôʻʤʽʚ ʨʦʟʯʠʥʫ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʦʜʠ, ʧʽʩʢʫ ʪʘ ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢ, ʷʢʽ ʧʽʜ ʚʠʩʦʢʠʤ ʪʠʩʢʦʤ 

ʨʦʟʨʠʚʘʶʪʴ ʧʦʨʦʜʫ (ʨʠʩ. 1). ʎʝ ʜʘʻ ʟʤʦʛʫ ʚʠʚʽʣʴʥʠʪʠ ʛʘʟ ʟ ʫʱʽʣʴʥʝʥʦʾ ʧʦʨʦʜʠ.  

ɿʘ ʥʘʰʠʤʠ ʨʦʟʨʘʭʫʥʢʘʤʠ ʜʣʷ ʚʠʜʦʙʫʪʢʫ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫ ʆʣʝʩʴʢʦʾ ʜʽʣʷʥʢʠ 

ʟ ʩʝʨʝʜʥʽʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʚʠʣʫʯʝʥʥʷ 0,15 (ʪʦʙʪʦ ʚʩʴʦʛʦ 150 ʤʣʨʜ ʪʦʚʘʨʥʦʛʦ ʛʘʟʫ) 

ʧʦʚʠʥʥʽ ʙʫʪʠ ʧʨʦʙʫʨʝʥʽ 20240 ʩʚʝʨʜʣʦʚʠʥ. ɿʘʛʘʣʴʥʘ ʧʣʦʱʘ ʚʠʣʫʯʝʥʠʭ ʟʝʤʝʣʴ 

ʩʪʘʥʦʚʠʣʘ ʙ 10 ʪʠʩ. ʛʘ (ʨʠʩ. 2). ʂʦʞʥʘ ʩʚʝʨʜʣʦʚʠʥʘ ʧʦʪʨʝʙʫʚʘʪʠʤʝ ʜʦ 50 

ʢʣʘʩʪʝʨʥʠʭ ʛʽʜʨʦʨʦʟʨʠʚʽʚ ʟ ʽʥʪʝʨʚʘʣʦʤ 15-30 ʤ, ʥʘ ʱʦ ʚʠʪʨʘʯʘʪʠʤʝʪʴʩʷ ʚ 

ʩʝʨʝʜʥʴʦʤʫ 20 ʪʠʩ. ʤį ʚʦʜʠ, ʪʦʙʪʦ ʚʩʴʦʛʦ ʧʦʥʘʜ 400 ʤʣʥ ʤį [3]. ɸ ʮʝ ʤʘʡʞʝ 30% 

ʨʽʯʥʦʛʦ ʩʪʦʢʫ ɼʥʽʩʪʨʘ ʪʘ ɿʘʭʽʜʥʦʛʦ ɹʫʛʫ, ʫ ʚʦʜʦʟʙʽʨʥʠʭ ʙʘʩʝʡʥʘʭ ʷʢʠʭ 

ʟʥʘʭʦʜʠʪʴʩʷ ʆʣʝʩʴʢʘ ʜʽʣʷʥʢʘ. 

ʇʝʨʝʚʝʟʝʥʥʷ ʚʝʣʠʢʦʚʘʛʦʚʠʤ ʘʚʪʦʪʨʘʥʩʧʦʨʪʦʤ ʤʽʣʴʡʦʥʽʚ ʪʦʥ ʚʘʥʪʘʞʽʚ 

ʧʨʠʟʚʝʜʝ ʜʦ ʚʠʢʠʜʽʚ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʷʥʥʷ ʜʠʟʝʣʴʥʠʭ ʤʦʪʦʨʽʚ, 

ʟʥʘʯʥʦʛʦ ʧʠʣʦʚʦʛʦ, ʚʽʙʨʘʮʽʡʥʦʛʦ ʪʘ ʰʫʤʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦʚʢʽʣʣʷ. ʅʝ 

ʫʥʠʢʥʫʪʠ ʟʘʙʨʫʜʥʝʥʥʷ ʽ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʯʠʩʣʝʥʥʠʭ ʩʚʝʨʜʣʦʚʠʥ (ʨʠʩ. 3). 

ʊʘʢʠʤ ʯʠʥʦʤ ʥʘʚʽʪʴ ʫ ʉʐɸ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʞʦʨʩʪʢʽ ʝʢʦʣʦʛʽʯʥʽ ʥʦʨʤʠ 

ʩʪʦʩʦʚʥʦ ʙʫʨʽʥʥʷ ʩʚʝʨʜʣʦʚʠʥ ʽ ʧʨʦʚʝʜʝʥʥʷ ʛʽʜʨʦʨʦʟʨʠʚʽʚ, ʻ ʚʝʣʠʢʽ ʝʢʦʣʦʛʽʯʥʽ 

ʧʨʦʙʣʝʤʠ ʟ ʦʩʚʦʻʥʥʷ ʨʦʜʦʚʠʱ ʛʘʟʫ ʥʠʟʴʢʦʧʨʦʥʠʢʥʠʭ ʢʦʣʝʢʪʦʨʽʚ.  
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ʈʠʩ. 1. ʉʢʫʧʯʝʥʥʷ ʪʝʭʥʽʢʠ ʧʽʜ ʯʘʩ ʛʽʜʨʦʨʦʟʨʠʚʫ ʥʘ ʙʫʨʦʚʦʤʫ ʤʘʡʜʘʥʯʠʢʫ. ʐʪʘʪ ʊʝʭʘʩ, ʉʐɸ 

(ʬʦʪʦ ʟ Google Earth). 

 

 
 

ʈʠʩ. 2. ʇʽʜôʾʟʥʽ ʰʣʷʭʠ ʪʘ ʙʫʨʦʚʽ ʤʘʡʜʘʥʯʠʢʠ ʥʘ ʪʝʨʠʪʦʨʽʷʭ ʚʠʜʦʙʫʚʘʥʥʷ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫ. 

ʐʪʘʪ ʊʝʭʘʩ, ʉʐɸ (ʬʦʪʦ ʟ Google Earth). 
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ʈʠʩ. 3. ɿʘʙʨʫʜʥʝʥʽ ʪʝʨʠʪʦʨʽʾ ʥʘʚʢʦʣʦ ʩʚʝʨʜʣʦʚʠʥ ʟ ʚʠʜʦʙʫʚʘʥʥʷ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫ. ʐʪʘʪ 

ʊʝʭʘʩ, ʉʐɸ (ʬʦʪʦ ʟ Google Earth). 

 

ʅʘ ʟʘʭʦʜʽ ʋʢʨʘʾʥʠ ʥʝʤʘʻ ʤʘʣʦʟʘʩʝʣʝʥʠʭ ʪʝʨʠʪʦʨʽʡ, ʪʘʢʠʭ, ʥʘʧʨʠʢʣʘʜ, ʷʢ ʚ 

ʊʝʭʘʩʽ, ʇʝʥʩʽʣʴʚʘʥʽʾ ʯʠ ʧʝʨʝʜʛʽʨôʾ ʉʢʝʣʷʩʪʠʭ ɻʽʨ, ʘ ʪʦʤʫ ʝʢʦʣʦʛʽʯʥʽ ʨʠʟʠʢʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʱʝ ʙʽʣʴʰʠʤʠ. ʇʨʦʛʥʦʟʦʚʘʥʽ ʨʝʩʫʨʩʠ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫ ʆʣʝʩʴʢʦʾ 

ʜʽʣʷʥʢʠ ʧʦʨʽʚʥʷʥʦ ʥʝʚʠʩʦʢʽ. ʅʠʤʠ ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʪʨʝʙʠ ʋʢʨʘʾʥʠ 

ʧʨʠʙʣʠʟʥʦ ʥʘ ʚʽʩʽʤ ʨʦʢʽʚ. ɽʢʦʥʦʤʽʯʥʘ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʜʦʙʫʚʘʥʥʷ ʥʝʪʨʘʜʠʮʽʡʥʦʛʦ 

ʛʘʟʫ ʪʝʞ ʧʽʜ ʚʝʣʠʢʠʤ ʟʘʧʠʪʘʥʥʷʤ. ɺʣʘʩʥʝ ʮʝ ʟʫʧʠʥʠʣʦ ʛʝʦʣʦʛʦʨʦʟʚʽʜʫʚʘʣʴʥʽ 

ʨʦʙʦʪʠ ʚ ʩʫʩʽʜʥʽʡ ʇʦʣʴʱʽ, ʜʝ ʛʝʦʣʦʛʽʯʥʽ ʧʝʨʝʜʫʤʦʚʠ ʬʦʨʤʫʚʘʥʥʷ ʨʦʜʦʚʠʱ 

ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫ ʩʫʪʪʻʚʦ ʢʨʘʱʽ. ʆʢʨʽʤ ʪʦʛʦ ʻ ʩʫʪʪʻʚʘ ʝʢʦʣʦʛʽʯʥʘ ʥʝʙʝʟʧʝʢʘ ʡʦʛʦ 

ʚʠʜʦʙʫʚʘʥʥʷ, ʧʦʚôʷʟʘʥʘ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʛʽʜʨʦʨʦʟʨʠʚʫ ʧʣʘʩʪʽʚ, ʥʝʚʠʨʽʰʝʥʠʤʠ 

ʧʨʦʙʣʝʤʘʤʠ ʜʞʝʨʝʣ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʧʨʦʤʠʩʣʽʚ, ʫʪʠʣʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʨʽʜʠʥʠ 

ʪʘ ʽʥʰʠʭ ʚʠʜʽʚ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʜʦʚʢʽʣʣʷ. ʄʦʞʣʠʚʦ, ʦʩʚʦʻʥʥʷ ʧʨʦʛʥʦʟʦʚʘʥʠʭ 

ʛʘʟʦʚʠʭ ʧʦʢʣʘʜʽʚ ʩʣʽʜ ʚʽʜʢʣʘʩʪʠ ʜʦ ʚʠʥʘʡʜʝʥʥʷ ʥʦʚʠʭ, ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʽʰʠʭ 

ʤʝʪʦʜʠʢ ʚʠʜʦʙʫʚʘʥʥʷ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʫ.  
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The paper examines the regulatory framework governing the organization of fire suppression 

activities in coal mine workings. The analysis demonstrates that the current normative documents 
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ʇʽʜʟʝʤʥʽ ʧʦʞʝʞʽ ʫ ʛʽʨʥʠʯʠʭ ʚʠʨʦʙʢʘʭ ʚʫʛʽʣʴʥʠʭ ʰʘʭʪ ʤʘʶʪʴ ʩʠʩʪʝʤʥʠʡ 

ʚʧʣʠʚ, ʱʦ ʦʭʦʧʣʶʻ ʘʪʤʦʩʬʝʨʫ, ʛʽʜʨʦʩʬʝʨʫ, ʣʽʪʦʩʬʝʨʫ ʪʘ ʩʦʮʽʘʣʴʥʫ ʩʬʝʨʫ. 

1. ɸʪʤʦʩʬʝʨʘ. ʊʨʠʚʘʣʽ ʚʠʢʠʜʠ CO2 ʽ CH4 ʧʽʜʩʠʣʶʶʪʴ ʧʘʨʥʠʢʦʚʠʡ 

ʝʬʝʢʪ, ʘ SO2 ʽ NOx ʧʦʛʽʨʰʫʶʪʴ ʷʢʽʩʪʴ ʧʦʚʽʪʨʷ ʪʘ ʩʪʘʥʦʚʣʷʪʴ 

ʥʝʙʝʟʧʝʢʫ ʜʣʷ ʟʜʦʨʦʚôʷ ʣʶʜʝʡ. 

2. ɻʽʜʨʦʩʬʝʨʘ. ʂʠʩʣʽ ʰʘʭʪʥʽ ʚʦʜʠ ʟ ʩʫʣʴʬʘʪʘʤʠ ʪʘ ʚʘʞʢʠʤʠ ʤʝʪʘʣʘʤʠ 

ʧʦʪʨʘʧʣʷʶʪʴ ʫ ʚʦʜʦʥʦʩʥʽ ʛʦʨʠʟʦʥʪʠ ʪʘ ʨʽʯʢʠ, ʧʦʛʽʨʰʫʶʯʠ ʩʪʘʥ 

ʚʦʜʥʠʭ ʝʢʦʩʠʩʪʝʤ ʽ ʜʞʝʨʝʣ ʧʠʪʥʦʾ ʚʦʜʠ. 
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3. ʃʽʪʦʩʬʝʨʘ. ɻʦʨʽʥʥʷ ʧʣʘʩʪʽʚ ʚʠʢʣʠʢʘʻ ʧʨʦʩʽʜʘʥʥʷ ʽ ʪʨʽʱʠʥʠ, ʨʫʡʥʫʻ 

ˇʨʫʥʪʠ, ʭʽʤʽʯʥʝ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʽʚ ʧʨʦʜʫʢʪʘʤʠ ʛʦʨʽʥʥʷ ʟʥʠʞʫʻ ʾʭ 

ʨʦʜʶʯʽʩʪʴ ʪʘ ʫʩʢʣʘʜʥʶʻ ʚʽʜʥʦʚʣʝʥʥʷ ʨʦʩʣʠʥʥʦʩʪʽ. 

4. ʉʦʮʽʘʣʴʥʘ ʩʬʝʨʘ. ʇʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ ʧʦʚʽʪʨʷ ʽ ʚʦʜʠ ʥʝʛʘʪʠʚʥʦ 

ʚʧʣʠʚʘʻ ʥʘ ʟʜʦʨʦʚôʷ ʥʘʩʝʣʝʥʥʷ, ʧʽʜʚʠʱʫʶʯʠ ʟʘʭʚʦʨʶʚʘʥʽʩʪʴ 

ʜʠʭʘʣʴʥʦʾ ʪʘ ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʦʾ ʩʠʩʪʝʤ, ʩʧʨʠʯʠʥʷʻ ʚʪʨʘʪʫ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ. 

ɹʘʛʘʪʦʨʽʯʥʠʡ ʜʦʩʚʽʜ ʧʨʦʚʝʜʝʥʥʷ ʛʽʨʥʠʯʦʨʷʪʫʚʘʣʴʥʠʭ ʨʦʙʽʪ ʟʘʩʚʽʜʯʫʻ, ʱʦ ʚ 

ʰʘʭʪʘʭ ʽʟ ʥʝʜʦʩʪʘʪʥʽʤ ʨʽʚʥʝʤ ʧʨʦʪʠʧʦʞʝʞʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʥʘʚʽʪʴ ʚʽʜʥʦʩʥʦ 

ʥʝʚʝʣʠʢʽ ʟʘʛʦʨʷʥʥʷ ʧʝʨʝʨʦʩʪʘʣʠ ʫ ʩʢʣʘʜʥʽ ʪʘ ʪʨʠʚʘʣʽ ʘʚʘʨʽʡʥʽ ʩʠʪʫʘʮʽʾ. 

ʅʘʪʦʤʽʩʪʴ ʫ ʰʘʭʪʘʭ ʟ ʥʘʣʝʞʥʦ ʦʨʛʘʥʽʟʦʚʘʥʦʶ ʩʠʩʪʝʤʦʶ ʧʨʦʪʠʧʦʞʝʞʥʦʛʦ 

ʟʘʭʠʩʪʫ ʧʦʞʝʞʽ ʟʘʟʚʠʯʘʡ ʣʽʢʚʽʜʦʚʫʚʘʣʠʩʷ ʦʧʝʨʘʪʠʚʥʦ ʪʘ ʙʝʟ ʟʥʘʯʥʠʭ ʚʠʪʨʘʪ 

ʨʝʩʫʨʩʽʚ ʽ ʟʫʩʠʣʴ. 

ʅʘ ʜʫʤʢʫ [1], ʧʦʞʝʞʦʥʝʙʝʟʧʝʢʫ ʰʘʭʪʠ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʥʘʩʪʫʧʥʦʶ 

ʟʘʣʝʞʥʽʩʪ  ʁ

),,,,,( ʣʤʨʽʦʛʰ ʈʈʈʈʈʈfʈ = ,    (1) 

ʜʝ ʈʛ ï ʡʤʦʚʽʨʥʽʩʪʴ ʥʘʷʚʥʦʩʪʽ ʛʦʨʶʯʠʭ ʨʝʯʦʚʠʥ, ʤʘʪʝʨʽʘʣʽʚ ʽ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʤʽʩʪʠʪʴ ʾʭ; 

ʈʦ ï ʡʤʦʚʽʨʥʽʩʪʴ ʥʘʷʚʥʦʩʪʽ ʦʢʠʩʣʶʚʘʯʘ; ʈ̔ ï ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʽʤʧʫʣʴʩʫ; ʈʨ ï 

ʡʤʦʚʽʨʥʽʩʪʴ ʨʦʟʚʠʪʢʫ ʪʘ ʧʦʰʠʨʝʥʥʷ ʧʦʞʝʞʽ; ʈʤ ï ʡʤʦʚʽʨʥʽʩʪʴ ʥʘʥʝʩʝʥʥʷ ʤʘʪʝʨʽʘʣʴʥʠʭ 

ʟʙʠʪʢʽʚ; ʈʣ ï ʡʤʦʚʽʨʥʽʩʪʴ ʟʘʛʨʦʟʠ ʞʠʪʪʶ ʟʘʭʦʧʣʝʥʠʭ ʧʦʞʝʞʝʶ ʣʶʜʝʡ. 

ɺʠʥʠʢʥʝʥʥʷ ʪʘ ʧʦʰʠʨʝʥʥʷ ʧʦʞʝʞ ʫ ʛʽʨʥʠʯʠʭ ʚʠʨʦʙʢʘʭ ʚʫʛʽʣʴʥʠʭ ʰʘʭʪ 

ʜʦʮʽʣʴʥʦ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʚʠʧʘʜʢʦʚʽ ʧʨʦʮʝʩʠ, ʜʦʩʣʽʜʞʝʥʥʷ ʷʢʠʭ ʥʘʡʧʦʚʥʽʰʝ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʽʚ ʪʝʦʨʽʾ ʡʤʦʚʽʨʥʦʩʪʝʡ ʽ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʩʪʘʪʠʩʪʠʢʠ ʧʨʠ ʧʦʙʫʜʦʚʽ ʚʽʜʧʦʚʽʜʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ. ʊʦʤʫ ʜʣʷ 

ʢʽʣʴʢʽʩʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʮʽ ʧʨʦʮʝʩʠ, ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ, ʟʜʘʪʥʽ ʚʽʜʦʙʨʘʟʠʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʽ 

ʚʟʘʻʤʦʜʽʶ ʚʠʧʘʜʢʦʚʠʭ ʯʠʥʥʠʢʽʚ, ʷʢʽ ʣʝʞʘʪʴ ʚ ʾʭ ʦʩʥʦʚʽ. ʆʮʽʥʢʫ ʧʦʞʝʞʥʦʾ 

ʙʝʟʧʝʢʠ ʧʽʜʟʝʤʥʠʭ ʦʙ'ʻʢʪʽʚ ʚʫʛʽʣʴʥʠʭ ʰʘʭʪ ʤʦʞʥʘ ʟʜʽʡʩʥʶʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʨʠʟʠʢʫ R̔, ʪʦʙʪʦ ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʥʠʢʥʝʥʥʷ ʥʝʙʝʟʧʝʯʥʠʭ ʬʘʢʪʦʨʽʚ 

ʧʦʞʝʞʽ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʘʚʘʨʽʾ ʚ ʧʝʚʥʽʡ ʪʦʯʮʽ ʧʨʦʩʪʦʨʫ ʧʨʦʪʷʛʦʤ 

ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʯʘʩʫ. 

ʇʽʜ ʦʮʽʥʢʦʶ ʨʠʟʠʢʫ ʨʦʟʫʤʽʶʪʴ ʨʦʟʨʘʭʫʥʦʢ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʨʠʟʠʢʫ ʜʣʷ 

ʧʽʜʟʝʤʥʦʛʦ ʦʙ'ʻʢʪʘ ʽ ʧʦʨʽʚʥʷʥʥʷ ʡʦʛʦ ʟ ʥʦʨʤʘʪʠʚʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ, ʧʨʠ ʮʴʦʤʫ 

ʚʚʘʞʘʶʪʴ, ʷʢʱʦ R̔<R*=10-6, ʪʦ ʧʦʞʝʞʥʘ ʙʝʟʧʝʢʘ ʦʙ'ʻʢʪʘ ʚʚʘʞʘʻʪʴʩʷ 

ʟʘʙʝʟʧʝʯʝʥʦʶ, ʧʨʠ R*< R̔<R1=10-4 ï ʚʚʘʞʘʶʪʴ ʧʨʠʡʥʷʪʥʦʶ, ʝʢʩʧʣʫʘʪʘʮʽʷ 

ʦʙ'ʻʢʪʘ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ, ʚ 

ʷʢʦʤʫ ʙʫʜʝ ʧʦʢʘʟʘʥʦ, ʱʦ ʚʞʠʪʦ ʚʩʽʭ ʥʝʦʙʭʽʜʥʠʭ ʪʘ ʜʦʩʪʘʪʥʽʭ ʟʘʭʦʜʽʚ ʜʣʷ 

ʟʥʠʞʝʥʥʷ ʧʦʞʝʞʥʦʾ ʥʝʙʝʟʧʝʢʠ. ʇʨʠ R̔>10-4 ʚʚʘʞʘʶʪʴ, ʱʦ ʧʦʞʝʞʥʘ ʙʝʟʧʝʢʘ 

ʦʙ'ʻʢʪʘ ʥʝ ʟʘʙʝʟʧʝʯʝʥʘ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʷ ʡʦʛʦ ʟʘʙʦʨʦʥʝʥʘ. 

ʈʦʟʨʘʭʫʥʢʦʚʠʡ ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʨʠʟʠʢ R̔ ʜʣʷ ʢʦʞʥʦʛʦ ʦʙ'ʻʢʪʘ ʚʠʟʥʘʯʘʶʪʴ ʟʘ 

ʬʦʨʤʫʣʦʶ [2] 

                               )1()1(
ʧʟʝʧʨʧʽ
ʈʈʈʈR -Ö-ÖÖ= ,                                  (2) 

ʜʝ ʈʧ ï ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʞʝʞʽ ʥʘ ʦʙ'ʻʢʪʽ ʧʨʦʪʷʛʦʤ ʨʦʢʫ; ʈʧʨ ï ʡʤʦʚʽʨʥʽʩʪʴ ʧʨʠʩʫʪʥʦʩʪʽ 

ʣʶʜʝʡ ʥʘ ʦʙ'ʻʢʪʽ ʧʨʦʪʷʛʦʤ ʨʦʢʫ ʧʨʠ ʨʦʙʦʪʽ: 0,25 - ʚ ʦʜʥʫ ʟʤʽʥʫ; 0,50 ï ʫ ʜʚʽ ʟʤʽʥʠ; 0,75 ï ʫ ʪʨʠ 
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ʟʤʽʥʠ; 1,00 ï ʫ ʯʦʪʠʨʠ ʟʤʽʥʠ; ʈʝ ï ʡʤʦʚʽʨʥʽʩʪʴ ʝʚʘʢʫʘʮʽʾ ʣʶʜʝʡ ʥʘ ʦʙ'ʻʢʪʽ ʧʨʦʪʷʛʦʤ ʨʦʢʫ; ʈʧʟ ï 

ʡʤʦʚʽʨʥʽʩʪʴ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʧʨʦʪʠʧʦʞʝʞʥʦʛʦ ʟʘʭʠʩʪʫ ʧʨʦʪʷʛʦʤ ʨʦʢʫ. 

ɿʘʭʦʜʠ ʱʦʜʦ ʣʦʢʘʣʽʟʘʮʽʾ ʧʽʜʟʝʤʥʠʭ ʧʦʞʝʞ ʧʝʨʝʜʙʘʯʝʥʽ ʪʘʢʠʤʠ 

ʥʦʨʤʘʪʠʚʥʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ: 

- ʥʘʢʘʟʦʤ ʄʽʥʧʘʣʠʚʝʥʝʨʛʦ ʋʢʨʘʾʥʠ ʚʽʜ 30 ʩʝʨʧʥʷ 2002 ʨ. ˉ507 ï ʥʘʚʝʜʝʥʦ 

ʚʠʤʦʛʠ ʜʦ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʦʪʠʧʦʞʝʞʥʠʭ ʨʦʟʨʠʚʽʚ ʥʘ ʚʠʾʤʢʦʚʠʭ ʜʽʣʷʥʢʘʭ, ʷʢʽ 

ʚʽʜʧʨʘʮʴʦʚʫʶʪʴ ʣʘʚʠ ʜʦʚʛʠʤʠ ʩʪʦʚʧʘʤʠ. ʈʝʢʦʤʝʥʜʦʚʘʥʦ ʚʣʘʰʪʫʚʘʥʥʷ 

ʧʨʦʪʠʧʦʞʝʞʥʠʭ ʨʦʟʨʠʚʽʚ ʜʦʚʞʠʥʦʶ 100 ʤ ʯʝʨʝʟ ʢʦʞʥʽ 400 ï 500 ʤ ʛʽʨʥʠʯʦʾ 

ʚʠʨʦʙʢʠ; 

- ʇʨʘʚʠʣʘʤʠ ʧʦʞʝʞʥʦʾ ʙʝʟʧʝʢʠ ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚ ʚʫʛʽʣʴʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

ʋʢʨʘʾʥʠ ʅɸʇɹ ɹ.01.009ï2004 [5] ï ʤʽʩʪʷʪʴ ʚʠʤʦʛʠ ʜʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʫ ʛʽʨʥʠʯʠʭ 

ʚʠʨʦʙʢʘʭ ʩʠʩʪʝʤ ʣʦʢʘʣʽʟʘʮʽʾ ʪʘ ʛʘʩʽʥʥʷ ʧʦʞʝʞ ʚʦʜʦʶ, ʧʨʦʪʠʧʦʞʝʞʥʠʭ ʜʚʝʨʝʡ ʪʘ 

ʘʨʦʢ, ʧʝʨʝʜʙʘʯʝʥʦ ʟʘʭʠʩʪ ʚʦʜʷʥʠʤʠ ʟʘʚʽʩʘʤʠ ʣʽʥʽʡʥʦʾ ʯʘʩʪʠʥʠ ʩʪʨʽʯʢʦʚʠʭ 

ʢʦʥʚʝʻʨʽʚ, ʫ ʜʦʜʘʪʢʫ ʤʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʛʽʜʨʘʚʣʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʧʨʦʪʠʧʦʞʝʞʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʫ ʪʘ ʚʠʪʨʘʪʠ ʚʦʜʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʚʦʜʷʥʦʾ ʟʘʚʽʩʠ. 

- ʇʨʘʚʠʣʘ ʙʝʟʧʝʢʠ ʫ ʚʫʛʽʣʴʥʠʭ ʰʘʭʪʘʭ: ʅʇɸʆʇ 10.0-1.01-10 [6] ï 

ʚʩʪʘʥʦʚʣʶʶʪʴ ʧʦʨʷʜʦʢ ʙʝʟʧʝʯʥʦʛʦ ʚʝʜʝʥʥʷ  ʛʽʨʥʠʯʠʭ ʨʦʙʽʪ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʛʽʨʥʠʯʦʰʘʭʪʥʦʛʦ, ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʪʘ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, 

ʧʨʦʚʽʪʨʶʚʘʥʥʷ ʪʘ ʧʨʦʪʠʘʚʘʨʽʡʥʦʛʦ ʟʘʭʠʩʪʫ ʛʽʨʥʠʯʠʭ ʚʠʨʦʙʦʢ, ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʧʠʣʦʛʘʟʦʚʦʛʦ ʨʝʞʠʤʫ, ʚʠʨʦʙʥʠʯʦʾ ʩʘʥʽʪʘʨʽʾ ʪʘ ʦʭʦʨʦʥʠ ʧʨʘʮʽ. 

ʇʨʠ ʛʘʩʽʥʥʽ ʧʽʜʟʝʤʥʠʭ ʧʦʞʝʞ ʫ ʛʽʨʥʠʯʠʭ ʚʠʨʦʙʢʘʭ, ʯʝʨʝʟ ʷʢʽ ʧʦʜʘʻʪʴʩʷ 

ʩʚʽʞʠʡ ʩʪʨʫʤʽʥʴ ʧʦʚʽʪʨʷ, ʚʘʞʣʠʚʦ ʟʘʧʦʙʽʛʪʠ ʧʦʰʠʨʝʥʥʶ ʚʦʛʥʶ ʨʘʟʦʤ ʽʟ 

ʧʦʚʽʪʨʷʥʠʤ ʧʦʪʦʢʦʤ. ʆʜʥʠʤ ʽʟ ʝʬʝʢʪʠʚʥʠʭ ʟʘʭʦʜʽʚ ʜʣʷ ʥʘʜʽʡʥʦʾ ʣʦʢʘʣʽʟʘʮʽʾ 

ʧʦʞʝʞʽ ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʦʜʷʥʠʭ ʟʘʚʽʩ ʥʘ ʰʣʷʭʫ ʨʫʭʫ ʨʦʟʞʘʨʝʥʠʭ ʛʘʟʽʚ. ʅʘʡʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʠʤʠ ʻ ʘʚʪʦʤʘʪʠʯʥʽ ʚʦʜʷʥʽ ʟʘʚʽʩʠ, ʟʘʟʜʘʣʝʛʽʜʴ ʨʦʟʪʘʰʦʚʘʥʽ ʫ 

ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʚʫʟʣʘʭ ʰʘʭʪʠ. 

ʈʦʟʧʠʣʝʥʥʷ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʦʜʠ, ʦʩʢʽʣʴʢʠ ʜʨʽʙʥʽ ʢʨʘʧʣʽ 

ʚʠʧʘʨʦʚʫʶʪʴʩʷ ʰʚʠʜʰʝ, ʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʝʧʣʦʧʦʛʣʠʥʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʫʧʝʥʷ 

ʜʠʩʧʝʨʩʥʦʩʪʽ: ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʧʦʚʝʨʭʥʽ ʯʘʩʪʠʥʦʢ ʚʦʜʘ ʰʚʠʜʰʝ ʚʠʧʘʨʦʚʫʻʪʴʩʷ. ʋ 

ʪʘʙʣ. 1 ʧʦʢʘʟʘʥʦ, ʷʢ ʟʤʽʥʶʻʪʴʩʷ ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ ʨʦʟʧʠʣʝʥʦʾ ʚʦʜʠ ʟʘʣʝʞʥʦ ʚʽʜ 

ʩʪʫʧʝʥʷ ʾʾ ʨʦʟʧʠʣʝʥʥʷ. 

ʊʘʙʣʠʮʷ 1 

ɿʤʽʥʘ ʟʘʛʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ 1 ʣ ʚʦʜʠ ʟʘʣʝʞʥʦ ʚʽʜ ʾʾ ʨʦʟʧʠʣʝʥʥʷ 

ɼʽʘʤʝʪʨ ʢʨʘʧʣʽ, 

ʤʤ 
3,0 1,5 1 0,8 0,4 0,2 0,02 

ʇʦʚʝʨʭʥʷ 

ʢʨʘʧʝʣʴ ʚ 1 ʣ 

ʚʦʜʠ 

2 4 6 8 16 30 300 

 

ʇʨʠ ʩʢʣʘʜʘʥʥʽ ʧʨʦʝʢʪʽʚ ʧʨʦʪʠʧʦʞʝʞʥʦʛʦ ʟʘʭʠʩʪʫ ʰʘʭʪ ʚʨʘʭʦʚʫʶʪʴʩʷ ʪʘʢʽ 

ʬʘʢʪʦʨʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʧʘʨʘʤʝʪʨʠ ʚʦʜʷʥʦʾ ʟʘʚʽʩʠ: 

1) ʧʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ ʛʽʨʥʠʯʦʾ ʚʠʨʦʙʢʠ; 

2) ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʧʦʚʽʪʨʷʥʦʛʦ ʩʪʨʫʤʝʥʷ; 
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3) ʢʨʽʧʣʝʥʥʷ ʛʽʨʥʠʯʦʾ ʚʠʨʦʙʢʠ, ʱʦ ʟʘʭʠʱʘʻʪʴʩʷ; 

4) ʪʝʤʧʝʨʘʪʫʨʘ ʩʘʤʦʟʘʡʤʘʥʥʷ ʫ ʧʦʪʦʮʽ ʧʦʞʝʞʥʠʭ ʛʦʨʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ 

ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʚʠʨʦʙʮʽ; 

5) ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʝʧʣʦʦʙʤʽʥʫ ʚʦʜʷʥʦʾ ʟʘʚʽʩʠ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʨʦʟʧʠʣʶʚʘʣʴʥʠʭ ʥʘʩʘʜʦʢ, ʚʝʣʠʯʠʥʦʶ ʪʠʩʢʫ 

ʚʦʜʠ, ʩʭʝʤʦʶ ʨʦʟʩʪʘʥʦʚʢʠ ʨʦʟʧʠʣʶʚʘʣʴʥʠʭ ʥʘʩʘʜʦʢ ʟʘ ʧʝʨʝʨʽʟʦʤ ʛʽʨʥʠʯʦʾ 

ʚʠʨʦʙʢʠ ʪʘ ʽʥ. ; 

6) ʨʦʟʨʘʭʫʥʢʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʞʝʞʥʠʭ ʛʘʟʽʚ. 

ʊʝʤʧʝʨʘʪʫʨʫ ʧʦʞʝʞʥʠʭ ʛʘʟʽʚ ʫ ʟʦʥʽ ʛʦʨʽʥʥʷ ʦʧʠʩʫʶʪʴ ʟʘʣʝʞʥʽʩʪʶ [5] 

ʛʩʪʧʦʚ

ʩʪʧʦʚʛʥʧʦʞʥ
ʛʢ

GFV

FVGQVB
t

Ö+ÖÖÖ+Ö

ÖÖ++Ö+-ÖÖÖ
=

-- 31,1)1011,41013,5(

)08,01,0(26)5868,0(
33

,            (3) 

ʜʝ tʛʢ ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʞʝʞʥʠʭ ʛʘʟʽʚ, Áʉ; Bʥ ï ʧʦʞʝʞʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʛʽʨʥʠʯʽʡ ʚʠʨʦʙʮʽ, 

ʢʛ/ʤ; Vʧʦʞ  ï ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʧʦʞʝʞʽ ʧʦ ʚʠʨʦʙʮʽ, ʤ/ʩ; Qʥ ï ʥʠʞʯʘ ʪʝʤʧʝʨʘʪʫʨʥʘ ʟʜʘʪʥʽʩʪʴ 

ʛʦʨʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʢɼʞ/ʢʛ; Gʛ ï ʦʙ'ʻʤʥʘ ʚʠʪʨʘʪʘ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ, ʤ
3/ʩ; Fcm ï ʟʘʛʘʣʴʥʘ ʧʣʦʱʘ 

ʧʦʚʝʨʭʦʥʴ ʚʠʨʦʙʽʪʢʫ ʚ ʟʦʥʽ ʛʦʨʽʥʥʷ, ʤ2; Vʧʦʚ  ï ʰʚʠʜʢʽʩʪʴ ʚʝʥʪʠʣʷʮʽʡʥʦʛʦ ʩʪʨʫʤʝʥʷ ʫ ʚʠʨʦʙʮʽ, 

ʤ/ʩ. 

ʇʽʜʟʝʤʥʽ ʚʠʨʦʙʢʠ ʚʫʛʽʣʴʥʠʭ ʰʘʭʪ ʤʘʶʪʴ ʙʫʪʠ ʦʙʣʘʜʥʘʥʽ ʧʨʦʪʠʧʦʞʝʞʥʠʤ 

ʪʨʫʙʦʧʨʦʚʦʜʦʤ, ʧʨʦʪʝ ʥʠʥʽ ʨʷʜ ʚʫʛʽʣʴʥʠʭ ʰʘʭʪ ʤʘʻ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʚʠʨʦʙʦʢ, ʫ 

ʷʢʠʭ ʟ ʨʽʟʥʠʭ ʧʨʠʯʠʥ ʚʽʜʩʫʪʥʻ ʧʨʦʪʠʧʦʞʝʞʥʝ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ. ʋ ʩʠʪʫʘʮʽʾ, ʱʦ 

ʩʢʣʘʣʘʩʷ, ʥʝʦʙʭʽʜʥʦ ʚʞʠʪʠ ʟʘʭʦʜʽʚ ʘʙʦ ʱʦʜʦ ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʦʪʠʧʦʞʝʞʥʦʛʦ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʰʘʭʪ, ʘʙʦ ʧʝʨʝʜʙʘʯʠʪʠ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʟʘʭʦʜʠ ʱʦʜʦ ʟʘʭʠʩʪʫ 

ʚʠʨʦʙʦʢ, ʘ ʩʘʤʝ ʦʨʛʘʥʽʟʘʮʽʶ ʧʨʦʪʠʧʦʞʝʞʥʠʭ ʨʦʟʨʠʚʽʚ (çʛʦʣʦʜʥʠʭ ʟʦʥè). ʄʝʪʦʜ 

ʨʦʟʨʘʭʫʥʢʫ ʜʦʚʞʠʥʠ ʧʨʦʪʠʧʦʞʝʞʥʠʭ ʨʦʟʨʠʚʽʚ ʜʦʩʽ ʚʽʜʩʫʪʥʽʡ ʫ ʥʦʨʤʘʪʠʚʥʽʡ 

ʜʦʢʫʤʝʥʪʘʮʽʾ [4ï6].  

ʋ ʛʽʨʥʠʯʠʭ ʚʠʨʦʙʢʘʭ ʰʘʭʪ ʧʨʦʪʠʧʦʞʝʞʥʠʡ ʨʦʟʨʠʚ (çʛʦʣʦʜʥʘ ʟʦʥʘè) ï ʮʝ 

ʧʨʦʩʪʽʨ ʜʦʚʞʠʥʠ, ʱʦ ʥʦʨʤʫʻʪʴʩʷ, ʤʽʞ ʜʚʦʤʘ ʧʦʞʝʞʦʥʝʙʝʟʧʝʯʥʠʤʠ ʦʙ'ʻʢʪʘʤʠ, 

ʱʦ ʟʘʧʦʙʽʛʘʻ ʧʦʰʠʨʝʥʥʶ ʧʦʞʝʞʽ ʚʽʜ ʦʜʥʦʛʦ ʦʙ'ʻʢʪʘ ʜʦ ʽʥʰʦʛʦ ʚʥʘʩʣʽʜʦʢ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ʢʦʥʚʝʢʮʽʾ, ʧʨʦʤʝʥʠʩʪʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʘʙʦ ʧʦʰʠʨʝʥʥʷ ʧʦʣʫʤ'ʷ 

ʧʦ ʡʦʛʦ ʧʦʚʝʨʭʥʽ. ɼʦʚʞʠʥʘ ʨʦʟʨʠʚʫ ʪʘ ʡʦʛʦ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʨʦʟʨʘʭʫʥʢʦʤ. ʉʠʣʦʚʽ ʪʘ ʩʠʛʥʘʣʴʥʽ ʢʘʙʝʣʽ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚ ʤʝʞʘʭ ʧʨʦʪʠʧʦʞʝʞʥʦʛʦ 

ʨʦʟʨʠʚʫ (çʛʦʣʦʜʥʦʾ ʟʦʥʠè) ʽʟʦʣʴʦʚʘʥʽ ʰʣʷʭʦʤ ʾʭ ʨʦʟʤʽʱʝʥʥʷ ʚ ʟʘʭʠʩʥʽ ʤʝʪʘʣʝʚʽ 

ʢʦʞʫʭʠ ʘʙʦ ʙʝʪʦʥʥʽ ʦʙʦʣʦʥʢʠ ʪʦʚʱʠʥʦʶ ʥʝ ʤʝʥʰʝ 100 ʤʤ ʰʣʷʭʦʤ ʥʘʙʨʠʟʢʫ 

ʙʝʪʦʥʥʦ-ʧʽʥʥʦʾ ʚ'ʷʟʢʦʾ ʩʫʤʽʰʽ. ʊʘʢʦʞ ʥʝʦʙʭʽʜʥʦ ʟʘʤʽʥʠʪʠ ʜʝʨʝʚ'ʷʥʝ ʢʨʽʧʣʝʥʥʷ 

(ʘʙʦ ʦʙʨʦʙʠʪʠ ʚʦʛʥʝʟʘʭʠʩʥʠʤ ʩʢʣʘʜʦʤ), ʟʘʤʽʥʠʪʠ ʜʝʨʝʚ'ʷʥʫ ʟʘʪʷʞʢʫ ʥʘ ʟ/ʙ 

ʟʘʪʷʞʢʫ ʘʙʦ ʤʝʪʘʣʝʚʫ ʩʽʪʢʫ-ʟʘʪʷʞʢʫ (ʘʙʦ ʦʙʨʦʙʠʪʠ ʚʦʛʥʝʟʘʭʠʩʥʠʤ ʩʢʣʘʜʦʤ), 

ʧʨʠʙʨʘʪʠ ʪʨʘʧʠ. ʇʨʠ ʮʴʦʤʫ ʩʣʽʜ ʚʨʘʭʫʚʘʪʠ, ʱʦ ʜʘʥʠʡ ʩʧʦʩʽʙ ʧʨʦʪʠʧʦʞʝʞʥʦʛʦ 

ʟʘʭʠʩʪʫ ʥʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʢʦʥʚʝʻʨʥʠʭ ʚʠʨʦʙʢʘʭ ʪʘ ʦʯʠʩʥʠʭ ʜʽʣʷʥʢʘʭ. 

ɿʘ ʚʽʜʩʫʪʥʦʩʪʽ ʛʦʨʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ʟʦʥʽ ʧʨʦʪʠʧʦʞʝʞʥʦʛʦ ʨʦʟʨʠʚʫ ʡʦʛʦ 

ʜʦʚʞʠʥʘ Lʧʨ ʚʠʟʥʘʯʘʻʪʴʩʷ [3] 

( )

( ) ( )
ʧʦʨʛʢʧʦʚ

-

ʟʘʡʤʛʢʨʛʛʧʦʚ

ʧʨ
ttPV,,
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L

-ÖÖ+ÖÖ

-ÖÖÖÖ
=

25110124 3
,                             (4) 

ʜʝ tʟʘʡʤ ï ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʡʤʘʥʥʷ ʛʦʨʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ, Áʉ; tʧʦʨ ï ʪʝʤʧʝʨʘʪʫʨʘ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ 

ʥʘ ʚʝʣʠʢʽʡ ʛʣʠʙʠʥʽ, Áʉ; S ï ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʛʽʨʥʠʯʦʾ ʚʠʨʦʙʢʠ, ʤ2; P ï ʧʝʨʠʤʝʪʨ 
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ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʛʽʨʥʠʯʦʾ ʚʠʨʦʙʢʠ, ʤ; cʨʛï ʧʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʧʦʞʝʞʥʠʭ ʛʘʟʽʚ 

(ʧʦʚʽʪʨʷ), ʢɼʞ/(ʢʛĿÁʉ); rʛï ʱʽʣʴʥʽʩʪʴ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ, ʢʛ/ʤ3. 

 

ʋ ʟʚ'ʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʧʦʞʝʞʘ ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ ʚ ʙʫʜʴ-ʷʢʦʤʫ ʤʽʩʮʽ ʛʽʨʥʠʯʦʛʦ 

ʚʠʨʦʙʣʝʥʥʷ, ʧʨʦʪʠʧʦʞʝʞʥʽ ʨʦʟʨʠʚʠ ʥʝʦʙʭʽʜʥʦ ʦʙʣʘʰʪʦʚʫʚʘʪʠ ʥʘ ʚʩʴʦʤʫ ʾʾ 

ʧʨʦʪʷʟʽ ʯʝʨʝʟ ʧʝʚʥʽ ʧʨʦʤʽʞʢʠ, 

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʠʣʠ ʩʬʦʨʤʫʣʶʚʘʪʠ ʪʘʢʠ ʚʠʩʥʦʚʢʠ: ʧʽʜʟʝʤʥʽ 

ʧʦʞʝʞʽ ʜʽʶʪʴ ʷʢ ʢʘʪʘʣʽʟʘʪʦʨ ʜʝʛʨʘʜʘʮʽʾ ʧʨʠʨʦʜʥʠʭ ʩʠʩʪʝʤ: ʣʦʢʘʣʴʥʝ ʪʝʭʥʦʛʝʥʥʝ 

ʷʚʠʱʝ ʧʦʩʪʫʧʦʚʦ ʦʭʦʧʣʶʻ ʘʪʤʦʩʬʝʨʫ, ʚʦʜʫ, ˇʨʫʥʪʠ, ʙʽʦʪʫ ʪʘ ʣʶʜʠʥʫ. ɰʭ ʥʘʩʣʽʜʢʠ 

ʟʙʝʨʽʛʘʶʪʴʩʷ ʜʝʩʷʪʠʣʽʪʪʷʤʠ, ʧʦʨʫʰʫʶʯʠ ʝʢʦʣʦʛʽʯʥʫ ʨʽʚʥʦʚʘʛʫ ʪʘ ʩʦʮʽʘʣʴʥʦ-

ʝʢʦʥʦʤʽʯʥʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʝʛʽʦʥʽʚ. ʋ ʯʠʥʥʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʘʭ [4ï6] 

ʚʠʤʦʛʠ ʜʦ ʦʨʛʘʥʽʟʘʮʽʾ ʛʘʩʽʥʥʷ ʧʽʜʟʝʤʥʠʭ ʧʦʞʝʞ ʥʘʚʝʜʝʥʽ ʬʨʘʛʤʝʥʪʘʨʥʦ, ʜʝʷʢʠʤ 

ʧʠʪʘʥʥʷʤ ʪʘ ʤʝʪʦʜʠʢʘʤ ʨʦʟʨʘʭʫʥʢʽʚ ʥʝ ʧʨʠʜʽʣʝʥʦ ʥʘʣʝʞʥʦʾ ʫʚʘʛʠ. ɺʽʜʩʫʪʥʷ 

ʤʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʽʚ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʪʠʧʦʞʝʞʥʠʭ ʨʦʟʨʠʚʽʚ (çʛʦʣʦʜʥʠʭ ʟʦʥè), 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʾʭ ʨʦʟʤʽʱʝʥʥʷ ʫ ʛʽʨʥʠʯʠʭ ʚʠʨʦʙʢʘʭ. ʋ ʥʦʚʽʡ ʨʝʜʘʢʮʽʾ ʇʨʘʚʠʣ 

ʧʨʦʪʠʧʦʞʝʞʥʦʾ ʙʝʟʧʝʢʠ ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚ ʚʫʛʽʣʴʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʋʢʨʘʾʥʠ ʩʣʽʜ 

ʚʥʝʩʪʠ ʚʠʤʦʛʠ ʜʦ ʦʙʣʘʰʪʫʚʘʥʥʷ ʫ ʰʘʭʪʘʭ ʧʨʦʪʠʧʦʞʝʞʥʠʭ ʨʦʟʨʠʚʽʚ (çʛʦʣʦʜʥʠʭ 

ʟʦʥè), ʚʦʜʷʥʠʭ ʟʘʚʽʩ, ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʢʫ ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʪʠʧʦʞʝʞʥʠʭ ʨʦʟʨʠʚʽʚ 

ʪʘ ʚʦʜʷʥʠʭ ʟʘʚʽʩ.  
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ʋɼʂ 502.1(100) 

ʄʆʅɯʊʆʈʀʅɻ ɺʇʃʀɺʋ ʅɸ ɼʆɺʂɯʃʃʗ ʇʈʀ ʈʆɿʈʆɹʎɯ ʈʆɼʆɺʀʑ 

ʈɯɼʂʀʍ ʊɸ ɻɸɿʆʇʆɼɯɹʅʀʍ ɺʋɻʃɽɺʆɼʅɯɺ 

 

ʅʘʪʘʣʽʷ ʉʽʨʘ 
ʢʘʥʜʠʜʘʪ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ 

ɼʇ ʇʈɸʊ çʅɸʂ çʅɸɼʈɸ ʋʂʈɸɰʅʀè çʋʂʈɸɰʅʉʔʂʀʁ ɻɽʆʃʆɻɯʏʅʀʁ ʅɸʋʂʆɺʆ-

ɺʀʈʆɹʅʀʏʀʁ ʎɽʅʊʈè, ʤ. ʇʦʣʪʘʚʘ, ʋʢʨʘʾʥʘ 

ʂʨʝʤʝʥʘ ɼʝʜʝʣʷʥʦʚʘ 
ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ 

ʅɸʋʂʆɺʆ-ʊɽʍʅɯʏʅʀʁ ʉʆʖɿ ʇʆ ɻɯʈʅʀʏɯʁ ʉʇʈɸɺɯ, ɻɽʆʃʆɻɯɰ ʊɸ ʄɽʊɸʃʋʈɻɯɰ, 

 ʤ. ʉʦʬʽʷ, ɹʦʣʛʘʨʽʷ 

 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʜʦʚʢʽʣʣʷ ʫ ʤʝʞʘʭ ʨʦʜʦʚʠʱʘ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ: 

ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʟʜʦʨʦʚôʷ ʥʘʩʝʣʝʥʥʷ ʪʘ ʡʦʛʦ ʩʦʮʽʘʣʴʥʠʭ 

ʫʤʦʚ ʜʦ ʧʦʯʘʪʢʫ ʙʫʜʴ-ʷʢʦʾ ʜʽʷʣʴʥʦʩʪʽ; ʚʠʟʥʘʯʝʥʥʷ ʧʦʯʘʪʢʦʚʦʛʦ ʨʽʚʥʷ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʤʦʥʽʪʦʨʠʥʛʫ ʧʦʪʦʯʥʠʭ ʟʤʽʥ; ʚʠʷʚʣʝʥʥʷ ʚʧʣʠʚʫ ʪʝʭʥʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʜʽʷʣʴʥʦʩʪʽ 

ʽʥʰʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ; ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʽʣʷʥʦʢ, ʥʘ ʷʢʠʭ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ 

ʩʧʦʩʪʝʨʝʞʥʽ ʨʦʙʦʪʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʦʭʦʨʦʥʘ ʜʦʚʢʽʣʣʷ, ʚʠʜʦʙʫʪʦʢ ʚʫʛʣʝʚʦʜʥʽʚ, ʦʮʽʥʢʘ ʚʧʣʠʚʫ, ʤʦʥʽʪʦʨʠʥʛ. 
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ʇʠʪʘʥʥʷ ʦʭʦʨʦʥʠ ʜʦʚʢʽʣʣʷ ʫ ʚʠʜʦʙʫʚʥʠʭ ʨʝʛʽʦʥʘʭ, ʟʦʢʨʝʤʘ ʧʨʠ ʚʠʜʦʙʫʪʢʫ 

ʚʫʛʣʝʚʦʜʥʽʚ, ʻ ʩʢʣʘʜʦʚʦʶ ʚʩʽʭ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʻʢʪʽʚ, ʷʢʽ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʧʝʨʝʜ 

ʚʠʜʦʙʫʪʢʦʤ ʥʘʬʪʠ ʪʘ ʛʘʟʫ. ʆʮʽʥʢʘ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ 
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çʉʋʏɸʉʅɯ ʇʈʆɹʃɽʄʀ ɻɯʈʅʀʏʆɰ ɻɽʆʃʆɻɯɰ ʊɸ ɻɽʆɽʂʆʃʆɻɯɰè 17 ï 18 ʣʠʩʪʦʧʘʜʘ 2025 ʨ. 

ʚʢʣʶʯʘʻ ʪʘʢʦʞ ʚʧʣʠʚ ʥʘ ʟʜʦʨʦʚôʷ ʪʘ ʙʝʟʧʝʢʫ ʤʽʩʮʝʚʠʭ ʞʠʪʝʣʽʚ  ̔ʧʨʘʮʽʚʥʠʢʽʚ 

ʧʽʜʧʨʠʻʤʩʪʚ ʚʠʜʦʙʫʪʢʫ ʚʫʛʣʝʚʦʜʥʽʚ, ʩʦʮʽʘʣʴʥʫ ʩʬʝʨʫ ʪʘ ʜʦʚʢʽʣʣʷ. 

ʅʘ ʩʴʦʛʦʜʥʽ ʚ ʋʢʨʘʾʥʽ ʙʽʣʴʰʽʩʪʴ ʧʨʦʻʢʪʽʚ ʷʢʽ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʪʘ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʚʠʜʦʙʫʚʥʽʡ ʛʘʣʫʟʽ ʟʘʩʪʦʩʦʚʫʶʪʴ ɭʚʨʦʧʝʡʩʴʢʽ ʜʠʨʝʢʪʠʚʠ ʪʘ 

ʨʝʛʣʘʤʝʥʪʠ. ʋ ɭʚʨʦʧʽ, ʥʘ ʟʘʛʘʣʴʥʦʻʚʨʦʧʝʡʩʴʢʦʤʫ ʨʽʚʥʽ, ʽʩʥʫʻ ʢʽʣʴʢʘ ɼʠʨʝʢʪʠʚ, 

ʷʢʽ ʨʝʛʫʣʶʶʪʴ ʧʨʦʮʝʩ ʚʠʜʦʙʫʪʢʫ ʚʫʛʣʝʚʦʜʥʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʛʘʟʫ ʥʝʪʨʘʜʠʮʽʡʥʠʭ 

ʢʦʣʝʢʪʦʨʽʚ [2-5]. 

ʄʝʪʘ: ʅʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʧʨʦ ʩʫʯʘʩʥʫ ʨʦʟʨʦʙʢʫ ʥʘʬʪʦʚʠʭ, ʛʘʟʦʚʠʭ ʪʘ 

ʥʘʬʪʦʛʘʟʦʚʠʭ ʨʦʜʦʚʠʱ i ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʚʠʟʥʘʯʠʪʠ ʦʩʥʦʚʥʽ ʘʩʧʝʢʪʠ 

ʤʦʥʽʪʦʨʠʥʛʫ ʚʠʜʦʙʫʪʢʫ ʚʫʛʣʝʚʦʜʥʽʚ. 

ɿʘʢʦʥ çʇʨʦ ʦʮʽʥʢʫ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷè ʚʩʪʘʥʦʚʣʶʻ ʧʨʘʚʦʚʽ ʪʘ 

ʦʨʛʘʥʽʟʘʮʽʡʥʽ ʟʘʩʘʜʠ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ, ʩʧʨʷʤʦʚʘʥʦʾ ʥʘ ʟʘʧʦʙʽʛʘʥʥʷ 

ʰʢʦʜʽ ʜʦʚʢʽʣʣʶ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ, ʦʭʦʨʦʥʠ ʜʦʚʢʽʣʣʷ, 

ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽ ʚʽʜʪʚʦʨʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ, ʫ ʧʨʦʮʝʩʽ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʦ ʧʨʦʚʘʜʞʝʥʥʷ ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʷʢʘ ʤʦʞʝ ʤʘʪʠ 

ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʜʦʚʢʽʣʣʷ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʝʨʞʘʚʥʠʭ, ʛʨʦʤʘʜʩʴʢʠʭ ʪʘ 

ʧʨʠʚʘʪʥʠʭ ʽʥʪʝʨʝʩʽʚ [1]. 

ʇʨʦʚʝʜʝʥʥʷ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʧʦʚʠʥʥʝ ʩʧʠʨʘʪʠʩʷ ʥʘ ʩʪʘʥʜʘʨʪʠ, ʷʢʽ ʩʧʨʠʷʶʪʴ 

ʝʬʝʢʪʠʚʥʽʡ ʜʽʷʣʴʥʦʩʪʽ ʟ ʦʭʦʨʦʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʚʠʜʦʙʫʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʪʘ ʧʦʩʪʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʧʽʜ ʯʘʩ ʨʦʟʨʦʙʢʠ 

ʨʦʜʦʚʠʱ. 

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʟ ʦʭʦʨʦʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʨʦʟʨʦʙʣʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʤʦʥʽʪʦʨʠʥʛʫ ʧʽʜ ʯʘʩ ʨʦʟʨʦʙʢʠ ʨʦʜʦʚʠʱʘ ʪʘ 

ʦʮʽʥʢʘ ʾʭ ʝʢʦʣʦʛʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ [6]. 

ʆʩʥʦʚʥʽ ʝʪʘʧʠ ʜʣʷ ʨʦʟʨʦʙʢʠ ʤʦʥʽʪʦʨʠʥʛʫ ʧʽʜ ʯʘʩ ʨʦʟʨʦʙʢʠ ʨʦʜʦʚʠʱ ʪʘ 

ʦʮʽʥʢʘ ʾʭ ʝʢʦʣʦʛʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʢʣʶʯʘʪʠʤʫʪʴ: ʟʙʽʨ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʠʡ 

ʧʨʦʚʦʜʠʪʴʩʷ ʟ ʤʝʪʦʶ ʧʦʧʝʨʝʜʥʴʦʾ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʧʦʪʝʥʮʽʡʥʠʭ ʚʧʣʠʚʽʚ ʥʘ 

ʜʦʚʢʽʣʣʷ, ʟʜʦʨʦʚôʷ ʤʝʰʢʘʥʮʽʚ ʨʝʛʽʦʥʫ ʫ ʟʦʥʽ ʚʧʣʠʚʫ ʚʠʜʦʙʫʪʢʫ ʢʦʨʠʩʥʠʭ 

ʢʦʧʘʣʠʥ ʪʘ ʩʦʮʽʘʣʴʥʫ ʩʬʝʨʫ. ɿʚʘʞʘʶʯʠ ʥʘ ʦʩʥʦʚʥʽ (ʥʘʜʘʥʽ ʚʠʜʦʙʫʚʥʦʶ 

ʦʨʛʘʥʽʟʘʮʽʻʶ) ʪʘ ʚʪʦʨʠʥʥʽ ʜʞʝʨʝʣʘʭ ʽʥʬʦʨʤʘʮʽʾ (ʙʽʙʣʽʦʛʨʘʬʽʯʥʽ ʤʘʪʝʨʽʘʣʠ, 

ʧʦʧʝʨʝʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʩʫʧʫʪʥʠʢʦʚʽ ʟʥʽʤʢʠ ʪʦʱʦ) ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʝʟʫʣʴʪʘʪ 

ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʜʦʧʦʚʥʶʻʪʴʩʷ ʢʘʨʪʦʶ ʢʦʥʪʨʦʣʶ ʟʘ ʢʦʞʝʥ ʝʪʘʧ. 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʜʦʚʢʽʣʣʷ ʫ ʤʝʞʘʭ ʨʦʜʦʚʠʱʘ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ: ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʟʜʦʨʦʚôʷ 

ʥʘʩʝʣʝʥʥʷ ʪʘ ʡʦʛʦ ʩʦʮʽʘʣʴʥʠʭ ʫʤʦʚ ʜʦ ʧʦʯʘʪʢʫ ʙʫʜʴ-ʷʢʦʾ ʜʽʷʣʴʥʦʩʪʽ; 

ʚʠʟʥʘʯʝʥʥʷ ʧʦʯʘʪʢʦʚʦʛʦ ʨʽʚʥʷ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʤʦʥʽʪʦʨʠʥʛʫ ʧʦʪʦʯʥʠʭ ʟʤʽʥ; 

ʚʠʷʚʣʝʥʥʷ ʚʧʣʠʚʫ ʪʝʭʥʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʜʽʷʣʴʥʦʩʪʽ ʽʥʰʠʭ 

ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ; ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʽʣʷʥʦʢ, ʥʘ ʷʢʠʭ ʥʝʦʙʭʽʜʥʦ 

ʧʨʦʚʦʜʠʪʠ ʩʧʦʩʪʝʨʝʞʥʽ ʨʦʙʦʪʠ. 

ɺʩʪʘʥʦʚʣʝʥʥʷ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʟʘʭʦʜʽʚ ʟ ʤʽʥʽʤʽʟʘʮʽʾ ʚʧʣʠʚʽʚ ʧʦʚʠʥʥʽ 

ʧʨʦʚʦʜʠʪʠʩʷ ʧʨʦʪʷʛʦʤ ʚʩʴʦʛʦ ʯʘʩʫ ʨʦʟʨʦʙʢʠ ʨʦʜʦʚʠʱ. ʅʘ ʧʦʯʘʪʢʦʚʠʭ ʝʪʘʧʘʭ 

ʨʦʟʨʦʙʢʠ ʨʦʜʦʚʠʱʘ ʜʦʮʽʣʴʥʦ ʧʨʦʚʦʜʠʪʠ ʤʦʥʽʪʦʨʠʥʛ ʥʝ ʨʽʜʰʝ, ʥʽʞ 1 ʨʘʟ ʥʘ 

ʰʽʩʪʴ ʤʽʩʷʮʽʚ; ʧʽʜ ʯʘʩ ʽʥʪʝʥʩʠʚʥʦʛʦ ʦʩʚʦʻʥʥʷ ï ʥʝ ʨʽʜʰʝ 1 ʨʘʟʫ ʥʘ 1-3 ʤʽʩʷʮʽ. 

ʈʦʟʧʦʯʘʪʠʡ ʥʘ ʧʦʯʘʪʢʦʚʽʡ ʩʪʘʜʽʾ ʨʦʟʨʦʙʢʠ ʤʦʥʽʪʦʨʠʥʛ ʜʦʟʚʦʣʠʪʴ ʚʠʷʚʠʪʠ 
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çʉʋʏɸʉʅɯ ʇʈʆɹʃɽʄʀ ɻɯʈʅʀʏʆɰ ɻɽʆʃʆɻɯɰ ʊɸ ɻɽʆɽʂʆʃʆɻɯɰè 17 ï 18 ʣʠʩʪʦʧʘʜʘ 2025 ʨ. 

ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ ʥʘ ʨʘʥʥʽʭ ʩʪʘʜʽʷʭ. ʇʨʦʚʝʜʝʥʥʷ 

ʤʦʥʽʪʦʨʠʥʛʫ ʥ̔ʪʝʛʨʦʚʘʥʦ ʾ ʦʮʽʥʢʘ ʚʧʣʠʚʫ ʨʦʟʨʦʙʢʠ ʨʦʜʦʚʠʱ ʚʫʛʣʝʚʦʜʥʽʚ ʥʘ 

ʜʦʚʢʽʣʣʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʪʝʭʥʽʯʥʠʭ ʜʝʪʘʣʷʭ ʪʘ ʧʘʨʘʤʝʪʨʘʭ ʷʢʽ ʩʧʠʨʘʪʁʴʩʷ ʥʘ 

ɭʚʨʦʧʝʡʩʴʢʽ ʜʠʨʝʢʪʠʚʠ ʪʘ ʨʝʛʣʘʤʝʥʪʠ.  

ɺʠʩʥʦʚʦʢ. 

ʉʠʩʪʝʤʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʧʦʝʪʘʧʥʝ ʟʥʠʞʝʥʥʷ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ ʪʘ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʩʚʦʻʯʘʩʥʝ ʨʝʘʛʫʚʘʥʥʷ ʥʘ 

ʟʤʽʥʠ ʫ ʩʦʮʽʘʣʴʥʽʡ ʩʬʝʨʽ ʪʘ ʟʜʦʨʦʚôʾ ʥʘʩʝʣʝʥʥʷ. 

ʇʨʦʚʝʜʝʥʥʷ ʤʦʥʽʪʦʨʠʥʛʫ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ ʜʦʟʚʦʣʠʪʴ ʧʝʨʰ ʟʘ ʚʩʝ 

ʦʮʽʥʠʪʠ ʝʢʦʣʦʛʽʯʥʽ ʨʠʟʠʢʠ ʪʘ ʨʦʟʨʦʙʠʪʠ ʘʢʪʫʘʣʴʥʽ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʽ ʟʘʭʦʜʠ, ʱʦ 
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The article considers the environmental outcomes of the operation of the Lysychansk Oil Refinery. 

The impact of petroleum products on groundwater is analyzed, with a comparison to similar issues 

at another oil refining facility in Ukraine. Possible engineering solutions for the localization and 

mitigation of pollutants are considered. 
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ʅʘʬʪʦʧʝʨʝʨʦʙʥʽ ʟʘʚʦʜʠ ʻ ʧʦʪʝʥʮʽʡʥʦ ʥʝʙʝʟʧʝʯʥʠʤʠ ʦʙ'ʻʢʪʘʤʠ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʝʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ (ʅʇʉ). ʋʩʽ ʝʪʘʧʠ ʾʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ï ʚʽʜ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ 

ʩʠʨʦʚʠʥʠ ʜʦ ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʧʝʨʝʨʦʙʢʠ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ï ʧʦʚôʷʟʘʥʽ ʟ ʨʠʟʠʢʘʤʠ 

ʚʠʪʦʢʽʚ, ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ, ʫʪʚʦʨʝʥʥʷ ʧʣʷʤ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʪʘ, ʱʦ 

ʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʦ, ʽʥʬʽʣʴʪʨʘʮʽʾ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʚ ʟʦʥʫ ʘʝʨʘʮʽʾ ʟ ʧʦʜʘʣʴʰʠʤ ʾʭ 

ʧʦʰʠʨʝʥʥʷʤ ʚ ʧʽʜʟʝʤʥʽʡ ʛʽʜʨʦʩʬʝʨʽ ʷʢ ʫ ʧʣʘʥʽ, ʪʘʢ ʽ ʚ ʛʣʠʙʠʥʫ. ɺʽʜʦʤʦ, ʱʦ ʚ 

ʛʝʦʣʦʛʽʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʥʘʩʣʽʜʢʠ ʪʘʢʦʛʦ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ ʟʙʝʨʽʛʘʶʪʴʩʷ 

ʜʦʩʠʪʴ ʪʨʠʚʘʣʠʡ ʯʘʩ, ʦʩʢʽʣʴʢʠ ʟʘʙʨʫʜʥʶʶʯʽ ʨʝʯʦʚʠʥʠ ʟʘʪʨʠʤʫʶʪʴʩʷ ʚ ʧʦʨʦʜʘʭ 

ʪʘ ʘʢʫʤʫʣʶʶʪʴʩʷ ʚ ʟʦʥʘʭ ʚʦʜʦʪʨʠʚʽʚ. ʃʠʩʠʯʘʥʩʴʢʠʡ ʥʘʬʪʦʧʝʨʝʨʦʙʥʠʡ ʟʘʚʦʜ ʥʝ 

ʻ ʚʠʥʷʪʢʦʤ: ʚʞʝ ʟ ʧʝʨʰʠʭ ʨʦʢʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘ ʡʦʛʦ ʪʝʨʠʪʦʨʽʾ ʬʽʢʩʫʚʘʣʠʩʷ 

ʬʘʢʪʠ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʽʚ ʪʘ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʥʘʬʪʦʧʨʦʜʫʢʪʘʤʠ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʚʠʨʦʙʥʠʯʘ ʘʢʪʠʚʥʽʩʪʴ ʧʽʜʧʨʠʻʤʩʪʚʘ ʟʥʘʯʥʦ 

ʟʥʠʟʠʣʘʩʷ ʧʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʜʝʩʷʪʠʣʽʪʴ (ʦʩʪʘʥʥʽ 10 ʨʦʢʽʚ ʟʦʚʩʽʤ ʟʫʧʠʥʠʣʘʩʴ), 
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ʥʘʩʣʽʜʢʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʣʷ ʦʧʠʩʘʥʦʾ ʪʝʨʠʪʦʨʽʾ ʟʘʣʠʰʘʶʪʴʩʷ 

ʘʢʪʫʘʣʴʥʠʤʠ. ʊʨʠʚʘʣʘ ʜʽʷʣʴʥʽʩʪʴ ʟʘʚʦʜʫ ʧʨʠʟʚʝʣʘ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʩʪʘʙʽʣʴʥʦʛʦ 

ʦʩʝʨʝʜʢʫ ʥʘʬʪʦʭʽʤʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʛʝʦʣʦʛʽʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ɿ ʦʛʣʷʜʫ ʥʘ ʛʝʦʣʦʛʽʯʥʽ ʪʘ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʨʘʡʦʥʫ, ʩʬʦʨʤʦʚʘʥʽ 

ʷʢ ʧʨʠʨʦʜʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʪʘʢ ʽ ʟʤʽʥʝʥʽ ʚʥʘʩʣʽʜʦʢ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʪʨʫʯʘʥʥʷ, 

ʩʪʚʦʨʝʥʦ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʦʩʝʨʝʜʢʽʚ ʟʘʙʨʫʜʥʝʥʥʷ. 

ʆʮʽʥʝʥʦ, ʱʦ ʚ ʮʽʣʦʤʫ ʧʨʘʚʦʙʝʨʝʞʥʘ ʯʘʩʪʠʥʘ ʃʠʩʠʯʘʥʩʴʢʦ-ʈʫʙʽʞʘʥʩʴʢʦʾ 

ʧʨʦʤʠʩʣʦʚʦʾ ʘʛʣʦʤʝʨʘʮʽʾ, ʜʦ ʷʢʦʾ ʚʭʦʜʠʪʴ ʃʠʩʠʯʘʥʩʴʢʠʡ ʅʇɿ, ʻ ʘʢʪʠʚʥʦʶ ʟʦʥʦʶ 

ʽʥʬʽʣʴʪʨʘʮʽʡʥʦʛʦ ʞʠʚʣʝʥʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ. ʋ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʨʦʟʨʽʟʫ 

ʥʘʬʪʦʧʨʦʜʫʢʪʠ ʦʩʽʜʘʶʪʴ ʫ ʚʠʛʣʷʜʽ ʧʣʘʚʘʶʯʦʾ ʧʣʽʚʢʠ, ʦʩʦʙʣʠʚʦ ʚ ʤʽʩʮʷʭ 

ʩʢʫʧʯʝʥʥʷ ʚʦʜʦʪʨʠʚʢʠʭ ʰʘʨʽʚ. ɼʦʚʝʜʝʥʦ, ʱʦ ʧʨʦʥʠʢʥʽʩʪʴ ʟʘʙʨʫʜʥʶʶʯʠʭ 

ʨʝʯʦʚʠʥ ʛʣʠʙʰʝ ʚʽʜ ʧʦʚʝʨʭʥʽ ʧʦʩʠʣʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʰʘʭʪʥʦʛʦ ʜʨʝʥʘʞʫ ï ʮʷ 

ʤʽʩʮʝʚʽʩʪʴ ʻ ʥʘʡʜʘʚʥʽʰʠʤ ʚʫʛʣʝʚʠʜʦʙʫʚʥʠʤ ʨʝʛʽʦʥʦʤ [1]. ɿʤʽʥʘ ʧʨʠʨʦʜʥʦʛʦ 

ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʚʦʜ ʩʧʨʠʷʻ ʧʽʜʪʷʛʫʚʘʥʥʶ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ʪʘ ʧʝʨʰʠʭ ʚʽʜ 

ʧʦʚʝʨʭʥʽ ʚʦʜʦʥʦʩʥʠʭ ʛʦʨʠʟʦʥʪʽʚ, ʨʘʟʦʤ ʽʟ ʟʘʙʨʫʜʥʶʶʯʠʤʠ ʨʝʯʦʚʠʥʘʤʠ, ʫ 

ʛʣʠʙʰʽ ʛʦʨʠʟʦʥʪʠ. ʎʝ ʩʪʚʦʨʶʻ ʫʤʦʚʠ ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʦʾ ʪʘ ʣʘʪʝʨʘʣʴʥʦʾ ʤʽʛʨʘʮʽʾ 

ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʧʣʘʚʘʶʯʫ ʬʘʟʫ ʥʘ ʛʣʠʙʠʥʽ 10ï15 ʤ ʽ ʥʘʜʘʣʽ 

ʧʨʦʥʠʢʘʶʪʴ ʛʣʠʙʰʝ. 

ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ, ʱʦ ʩʬʦʨʤʦʚʘʥʠʡ ʦʩʝʨʝʜʦʢ ʥʘʬʪʦʭʽʤʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ 

ʦʭʦʧʣʶʻ ʥʝ ʣʠʰʝ ʪʝʨʠʪʦʨʽʶ ʃʠʩʠʯʘʥʩʴʢʦʛʦ ʅʇɿ, ʘʣʝ ʡ ʧʨʠʣʝʛʣʽ ʜʽʣʷʥʢʠ. 
ɺʨʘʭʦʚʫʶʯʠ ʪʨʠʚʘʣʠʡ ʧʝʨʽʦʜ ʪʝʭʥʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʧʦʥʘʜ 40 ʨʦʢʽʚ) ʪʘ 

ʟʥʘʯʥʫ ʛʣʠʙʠʥʫ ʧʨʦʥʠʢʥʝʥʥʷ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʫ ʧʽʜʟʝʤʥʽ ʛʦʨʠʟʦʥʪʠ (15ï20 ʤ ʽ 

ʙʽʣʴʰʝ), ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ ʧʨʦ ʬʦʨʤʫʚʘʥʥʷ ʩʪʽʡʢʦʾ ʪʘ ʤʘʩʰʪʘʙʥʦʾ ʟʦʥʠ 

ʚʧʣʠʚʫ, ʱʦ ʩʪʘʥʦʚʠʪʴ ʩʝʨʡʦʟʥʫ ʟʘʛʨʦʟʫ ʜʣʷ ʨʝʛʽʦʥʘʣʴʥʦʾ ʧʽʜʟʝʤʥʦʾ ʛʽʜʨʦʩʬʝʨʠ. 

ʇʨʦʚʝʜʝʥʘ ʦʮʽʥʢʘ ʤʘʪʝʨʽʘʣʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʷʻ ʛʦʚʦʨʠʪʠ ʧʨʦ 

ʧʦʜʽʙʥʽʩʪʴ ʝʢʦʣʦʛʽʯʥʠʭ ʩʠʪʫʘʮʽʡ ʟ ʬʦʨʤʫʚʘʥʥʷʤ ʜʽʣʷʥʦʢ ʟʘʙʨʫʜʥʝʥʥʷ 

ʥʘʬʪʦʧʨʦʜʫʢʪʘʤʠ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʣʠʩʴ ʽ ʥʘ ʽʥʰʠʭ ʥʘʬʪʦʧʝʨʝʨʦʙʥʠʭ ʦʙ'ʻʢʪʘʭ 

ʋʢʨʘʾʥʠ. ʇʦʢʘʟʦʚʠʤ ʧʨʠʢʣʘʜʦʤ ʻ ʂʨʝʤʝʥʯʫʮʴʢʠʡ ʅʇɿ, ʷʢʠʡ, ʘʥʘʣʦʛʽʯʥʦ 

ʃʠʩʠʯʘʥʩʴʢʦʤʫ, ʥʘʣʝʞʠʪʴ ʜʦ ʥʘʬʪʦʧʝʨʝʨʦʙʥʠʭ ʟʘʚʦʜʽʚ ʟ ʥʘʧʽʚʩʢʣʘʜʥʦʶ ʩʭʝʤʦʶ 

ʧʝʨʝʨʦʙʢʠ (ʢʘʪʝʛʦʨʽʷ B) ʪʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʥʘʯʥʦʶ ʧʨʦʻʢʪʥʦʶ ʧʦʪʫʞʥʽʩʪʶ.  

ɿʛʽʜʥʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ [2], ʥʘ ʂʨʝʤʝʥʯʫʮʴʢʦʤʫ ʅʇɿ 

ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʥʠʟʢʫ ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ, ʱʦ ʩʧʨʠʷʣʦ ʩʫʪʪʻʚʦʤʫ 

ʟʤʝʥʰʝʥʥʶ ʚʧʣʠʚʫ ʥʘ ʅʇʉ. ʎʝ ʜʦʟʚʦʣʷʻ ʚ ʤʘʡʙʫʪʥʴʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʝʡ 

ʧʨʠʢʣʘʜ ʷʢ ʤʦʜʝʣʴ ʜʣʷ ʨʦʟʨʦʙʢʠ ʢʦʤʧʣʝʢʩʫ ʟʘʭʦʜʽʚ ʟ ʝʢʦʣʦʛʽʯʥʦʾ ʨʝʘʙʽʣʽʪʘʮʽʾ 

ʪʝʨʠʪʦʨʽʾ ʚ ʨʘʡʦʥʽ ʃʠʩʠʯʘʥʩʴʢʦʛʦ ʅʇɿ. 

ʆʮʽʥʝʥʦ, ʱʦ ʚʞʝ ʚ ʧʝʨʰʽ ʜʝʩʷʪʠʣʽʪʪʷ ʟ ʧʦʯʘʪʢʫ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʂʨʝʤʝʥʯʫʮʴʢʦʛʦ ʅʇɿ ʥʘ ʪʝʨʠʪʦʨʽʾ ʧʨʦʤʤʘʡʜʘʥʯʠʢʘ ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʩʢʫʧʯʝʥʥʷ 

ʨʽʜʢʠʭ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʨʦʟʨʽʟʫ. ʇʣʷʤʠ ʟʘʙʨʫʜʥʝʥʥʷ ʙʫʣʠ 

ʚʠʷʚʣʝʥʽ ʥʘ ʦʢʨʝʤʠʭ ʜʽʣʷʥʢʘʭ ʧʨʦʤʤʘʡʜʘʥʯʠʢʘ, ʱʦ ʩʚʽʜʯʠʣʦ ʧʨʦ ʣʦʢʘʣʴʥʠʡ, ʘ 

ʥʝ ʩʫʮʽʣʴʥʠʡ ʭʘʨʘʢʪʝʨ ʟʘʙʨʫʜʥʝʥʥʷ. ʊʦʤʫ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʙʫʣʦ ʚʧʨʦʚʘʜʞʝʥʦ 

ʢʦʤʧʣʝʢʩ ʣʦʢʘʣʴʥʠʭ ʟʘʭʦʜʽʚ ʥʘ ʨʽʟʥʠʭ ʜʽʣʷʥʢʘʭ ʪʝʨʠʪʦʨʽʾ ʟ ʤʝʪʦʶ ʧʦʧʝʨʝʜʞʝʥʥʷ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʨʽʜʢʠʭ ʚʫʛʣʝʚʦʜʥʽʚ ʟ ʧʦʪʦʢʦʤ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʪʘ 

ʯʘʩʪʢʦʚʦʛʦ ʾʭ ʚʠʣʫʯʝʥʥʷ ʽʟ ʧʽʜʟʝʤʥʦʛʦ ʧʨʦʩʪʦʨʫ.  
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ʅʘ ʦʜʥʽʡ ʜʽʣʷʥʮʽ ʙʫʣʦ ʚʧʨʦʚʘʜʞʝʥʦ ʝʣʝʤʝʥʪ ʩʠʩʪʝʤʠ ʽʥʞʝʥʝʨʥʦʛʦ ʟʘʭʠʩʪʫ 

ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʚʽʜ ʨʽʜʢʠʭ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ, ʷʢʠʡ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʦʜʠʥʦʯʥʫ 

ʰʫʨʬʦ-ʩʚʝʨʜʣʦʚʠʥʫ ʽ ʦʙʣʘʜʥʘʥʠʡ ʘʛʨʝʛʘʪʦʤ ʩʝʣʝʢʪʠʚʥʦʛʦ ʚʠʣʫʯʝʥʥʷ. ʅʘ ʽʥʰʽʡ 

ʜʽʣʷʥʮʽ ï ʩʠʩʪʝʤʘ ʽʥʞʝʥʝʨʥʦʛʦ ʟʘʭʠʩʪʫ, ʱʦ ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʝ ʙʽʣʴʰʝ 10 ʦʯʠʩʥʠʭ 

ʩʚʝʨʜʣʦʚʠʥ [2].  

ʆʮʽʥʢʘ ʤʘʪʝʨʽʘʣʽʚ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʜʦʟʚʦʣʷʻ ʢʦʥʩʪʘʪʫʚʘʪʠ, ʱʦ ʮʷ 

ʩʠʩʪʝʤʘ ʤʘʻ ʧʨʦʬʽʣʴʥʠʡ ʚʽʜʩʽʢʘʶʯʠʡ ʭʘʨʘʢʪʝʨ ʽ ʚʞʝ ʯʝʨʝʟ ʢʽʣʴʢʘ ʤʽʩʷʮʽʚ ʙʫʣʦ 

ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʾʾ ʝʬʝʢʪʠʚʥʽʩʪʴ: ʫ ʤʝʞʘʭ ʧʣʷʤ ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʟʦʥʽ ʜʽʾ ʩʠʩʪʝʤ 

ʽʥʞʝʥʝʨʥʦʛʦ ʟʘʭʠʩʪʫ ʟʘʬʽʢʩʦʚʘʥʦ ʟʤʝʥʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʰʘʨʫ ʛʨʘʚʽʪʘʮʽʡʥʠʭ 

ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ. ʊʠʧʦʚʽ ʟʥʘʯʝʥʥʷ ʟʤʝʥʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʩʪʘʥʦʚʠʣʠ ʚʽʜ 40 ʜʦ 

90 %, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʥʘʯʥʠʡ ʨʽʚʝʥʴ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʚʝʜʝʥʠʭ ʨʦʙʽʪ. ʅʘ 

ʦʢʨʝʤʠʭ ʜʽʣʷʥʢʘʭ ʙʫʣʦ ʟʘʬʽʢʩʦʚʘʥʦ ʧʦʚʥʝ ʫʩʫʥʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ. ʅʘ ʜʝʷʢʦʤʫ 

ʚʽʜʜʘʣʝʥʥʽ ʚʽʜ ʩʠʩʪʝʤ ʽʥʞʝʥʝʨʥʦʛʦ ʟʘʭʠʩʪʫ ʩʪʫʧʽʥʴ ʩʧʨʘʮʶʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ 

ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ 10-20 %. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟ ʧʦʯʘʪʢʫ ʨʦʙʦʪʠ ʩʠʩʪʝʤ ʽʥʞʝʥʝʨʥʦʛʦ ʟʘʭʠʩʪʫ ʚʜʘʣʦʩʷ 

ʧʨʘʢʪʠʯʥʦ ʧʨʠʟʫʧʠʥʠʪʠ ʧʨʦʩʫʚʘʥʥʷ ʬʨʦʥʪʫ ʟʘʙʨʫʜʥʝʥʥʷ ʫ ʧʣʘʥʽ (ʨʘʥʽʰʝ ʡʦʛʦ 

ʰʚʠʜʢʽʩʪʴ ʜʦʩʷʛʘʣʘ 40ï50 ʽ ʙʽʣʴʰʝ ʤʝʪʨʽʚ ʱʦʨʽʯʥʦ), ʱʦ ʜʦʟʚʦʣʷʻ ʨʦʙʠʪʠ 

ʚʠʩʥʦʚʢʠ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʨʝʟʫʣʴʪʘʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʜʦʩʚʽʜʫ ʪʘ 

ʤʝʪʦʜʦʣʦʛʽʾ ʜʣʷ ʽʥʰʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʥʘʬʪʦʧʝʨʝʨʦʙʥʦʛʦ ʩʝʢʪʦʨʫ. 

ɼʦʜʘʪʢʦʚʠʤ ʚʘʛʦʤʠʤ ʬʘʢʪʦʨʦʤ ʩʪʘʙʽʣʽʟʘʮʽʾ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ ʩʪʘʣʦ 

ʬʦʨʤʫʚʘʥʥʷ ʜʝʧʨʝʩʽʡʥʦʾ ʣʽʡʢʠ, ʱʦ ʩʧʨʠʷʣʦ ʣʦʢʘʣʽʟʘʮʽʾ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ 

ʫ ʛʝʦʣʦʛʽʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʪʘ ʟʤʝʥʰʝʥʥʶ ʾʭ ʤʽʛʨʘʮʽʾ [3]. ʗʢ ʧʦʢʘʟʫʻ ʜʦʩʚʽʜ 

ʂʨʝʤʝʥʯʫʮʴʢʦʛʦ ʅʇɿ, ʩʪʚʦʨʝʥʥʷ ʢʨʫʧʥʠʭ ʜʝʧʨʝʩʽʡʥʠʭ ʣʽʡʦʢ ʫ ʟʦʥʽ ˇʨʫʥʪʦʚʠʭ 

ʚʦʜ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʷʛʫʚʘʥʥʷ ʨʽʜʢʠʭ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʜʦ ʜʽʣʷʥʦʢ, ʧʨʠʜʘʪʥʠʭ 

ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ ʦʯʠʩʥʠʭ ʩʠʩʪʝʤ, ʽ ʪʠʤ ʩʘʤʠʤ ʩʧʨʠʷʪʠ ʙʽʣʴʰ ʰʚʠʜʢʦʤʫ 

ʚʠʣʫʯʝʥʥʶ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʽʟ ʧʽʜʟʝʤʥʦʾ ʛʽʜʨʦʩʬʝʨʠ. 

ʅʘ ʂʨʝʤʝʥʯʫʮʴʢʦʤʫ ʅʇɿ ʜʝʧʨʝʩʽʡʥʫ ʣʽʡʢʫ ʙʫʣʦ ʩʬʦʨʤʦʚʘʥʦ ʟ ʪʝʭʥʽʯʥʦʶ 

ʤʝʪʦʶ ï ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ ʥʘ ʨʝʟʝʨʚʫʘʨʘʭ. ʋ ʧʝʨʽʦʜ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʠʞʝʥʥʷ ʨʽʚʥʽʚ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʦʯʠʩʥʽ ʩʚʝʨʜʣʦʚʠʥʠ ʦʧʠʥʷʣʠʩʷ ʚ 

ʤʝʞʘʭ ʟʦʥʠ, ʜʝ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʟʙʽʣʴʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʰʘʨʫ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʽ 

ʤʘʢʩʠʤʘʣʴʥʽ ʫʭʠʣʠ. ʎʝ ʧʨʠʟʚʝʣʦ ʜʦ ʧʽʜʩʠʣʝʥʥʷ ʧʨʠʧʣʠʚʫ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʽ, 

ʚʽʜʧʦʚʽʜʥʦ, ʜʦ ʟʨʦʩʪʘʥʥʷ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʟʘʭʠʩʥʦʾ ʩʠʩʪʝʤʠ.  

ɿ ʦʛʣʷʜʫ ʥʘ ʧʦʟʠʪʠʚʥʠʡ ʜʦʩʚʽʜ ʣʦʢʘʣʽʟʘʮʽʾ ʪʘ ʚʠʣʫʯʝʥʥʷ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʥʘ 

ʂʨʝʤʝʥʯʫʮʴʢʦʤʫ ʅʇɿ, ʜʦʚʝʜʝʥʦ ʜʦʮʽʣʴʥʽʩʪʴ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ 

ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ ʜʣʷ ʨʦʟʛʣʷʜʫ ʤʦʞʣʠʚʦʩʪʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʦʜʽʙʥʠʭ ʽʥʞʝʥʝʨʥʦ-

ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʜʣʷ ʪʝʨʠʪʦʨʽʾ ʃʠʩʠʯʘʥʩʴʢʦʛʦ ʟʘʚʦʜʫ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʙʦʡʦʚʠʭ 

ʜʽʡ. ʆʮʽʥʝʥʦ, ʱʦ ʩʪʚʦʨʝʥʥʷ ʧʨʦʬʽʣʴʥʠʭ ʚʽʜʩʽʢʘʶʯʠʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʦʞ 

ʜʝʧʨʝʩʽʡʥʠʭ ʣʽʡʦʢ ʧʨʠ ʚʽʜʧʦʚʽʜʥʦʤʫ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʦʤʫ ʦʙˇʨʫʥʪʫʚʘʥʥʽ ʤʦʞʝ 

ʩʧʨʠʷʪʠ ʣʦʢʘʣʽʟʘʮʽʾ ʟʘʣʠʰʢʦʚʠʭ ʧʣʷʤ ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ ʟʫʧʠʥʮʽ ʾʭʥʴʦʛʦ 

ʧʦʰʠʨʝʥʥʷ ʧʦʟʘ ʤʝʞʽ ʧʨʦʤʤʘʡʜʘʥʯʠʢʘ. ʅʘ ʥʘʰ ʧʦʛʣʷʜ, ʪʘʢʠʡ ʧʽʜʭʽʜ ʻ ʦʩʦʙʣʠʚʦ 

ʘʢʪʫʘʣʴʥʠʤ ʟ ʦʛʣʷʜʫ ʥʘ ʙʣʠʟʴʢʽʩʪʴ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ, ʥʘʷʚʥʽʩʪʴ ʧʽʜʨʫʩʣʦʚʠʭ 

ʧʦʪʦʢʽʚ ʫ ʥʘʧʨʷʤʢʫ ʨʽʯʢʠ ʉʽʚʝʨʩʴʢʠʡ ɼʦʥʝʮʴ, ʘ ʪʘʢʦʞ ʦʙʤʝʞʝʥʽʩʪʴ ʬʽʥʘʥʩʦʚʠʭ 

ʨʝʩʫʨʩʽʚ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʪʘ ʜʦʨʦʛʦʚʘʨʪʽʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʥʘ ʥʝʧʨʘʮʶʶʯʦʤʫ ʧʽʜʧʨʠʻʤʩʪʚʽ. 
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ɸʢʪʫʘʣʴʥʽʩʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʞʝʥʝʨʥʠʭ ʟʘʭʦʜʽʚ ʨʝʘʙʽʣʽʪʘʮʽʾ ʧʽʜʟʝʤʥʦʾ 

ʛʽʜʨʦʩʬʝʨʠ (ʦʯʠʱʝʥʥʷ ʚʽʜ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ) ʥʘ ʪʝʨʠʪʦʨʽʾ ʃʠʩʠʯʘʥʩʴʢʦʛʦ 

ʅʇɿ ʟʥʘʯʥʦ ʟʨʦʩʣʘ ʧʽʩʣʷ ʧʦʰʢʦʜʞʝʥʴ, ʩʧʨʠʯʠʥʝʥʠʭ ʙʦʡʦʚʠʤʠ ʜʽʷʤʠ [4].  

ʂʦʥʩʪʘʪʫʻʪʴʩʷ ʨʫʡʥʫʚʘʥʥʷ ʨʝʟʝʨʚʫʘʨʽʚ, ʪʨʫʙʦʧʨʦʚʦʜʽʚ, ʻʤʥʦʩʪʝʡ ʚ ʟʦʥʽ ʦʯʠʩʥʠʭ 

ʩʧʦʨʫʜ, ʱʦ ʩʧʨʠʯʠʥʠʣʦ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʽ ʚʠʢʠʜʠ ʪʝʭʥʦʛʝʥʥʠʭ ʨʝʯʦʚʠʥ. ʂʨʽʤ 

ʪʨʘʜʠʮʽʡʥʠʭ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ, ʫ ʟʦʥʫ ʚʪʦʨʠʥʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʪʨʘʧʣʷʶʪʴ 

ʨʝʯʦʚʠʥʠ ɯïɯɯɯ ʢʣʘʩʽʚ ʥʝʙʝʟʧʝʢʠ ï ʟʘʣʠʰʢʠ ʚʠʙʫʭʦʚʠʭ ʨʝʯʦʚʠʥ, ʧʨʦʜʫʢʪʽʚ 

ʛʦʨʽʥʥʷ, ʪʦʢʩʠʯʥʠʭ ʩʧʦʣʫʢ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʙʦʡʦʚʠʤ ʦʩʥʘʱʝʥʥʷʤ. ʎʝ ʟʥʘʯʥʦ 

ʫʩʢʣʘʜʥʶʻ ʝʢʦʣʦʛʽʯʥʫ ʩʠʪʫʘʮʽʶ ʪʘ ʧʦʪʨʝʙʫʻ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ 

ʤʦʥʽʪʦʨʠʥʛʫ, ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ ʪʘ ʧʣʘʥʫʚʘʥʥʷ ʨʝʢʫʣʴʪʠʚʘʮʽʡʥʠʭ ʟʘʭʦʜʽʚ ʧʽʩʣʷ 

ʦʪʨʠʤʘʥʥʷ ʜʦʩʪʫʧʫ ʥʘ ʪʝʨʠʪʦʨʽʶ ʃʠʩʠʯʘʥʩʴʢʦʛʦ ʅʇɿ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʫʯʘʩʥʘ ʝʢʦʣʦʛʽʯʥʘ ʩʠʪʫʘʮʽʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ʃʠʩʠʯʘʥʩʴʢʦʛʦ ʅʇɿ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʻʜʥʘʥʥʷʤ ʜʚʦʭ ʢʣʶʯʦʚʠʭ ʯʠʥʥʠʢʽʚ ï ʥʘʩʣʽʜʢʽʚ ʧʨʦʤʠʩʣʦʚʦʾ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʚʧʣʠʚʫ ʚʽʡʩʴʢʦʚʠʭ ʜʽʡ. ʎʝ ʦʙʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʥʝ ʣʠʰʝ 

ʣʦʢʘʣʽʟʘʮʽʾ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ, ʘ ʡ ʢʦʥʪʨʦʣʶ ʟʘ ʚʪʦʨʠʥʥʠʤ ʟʘʙʨʫʜʥʝʥʥʷʤ, ʷʢʝ ʤʦʞʝ 

ʟʥʘʯʥʦ ʫʩʢʣʘʜʥʠʪʠ ʚʽʜʥʦʚʣʝʥʥʷ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʨʝʛʽʦʥʽ. 

ɺʠʩʥʦʚʦʢ. ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʪʝʨʠʪʦʨʽʾ ʃʠʩʠʯʘʥʩʴʢʦʛʦ 

ʅʇɿ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʙʝʨʝʞʝʥʥʷ ʟʥʘʯʥʦʛʦ ʨʽʚʥʷ ʪʝʭʥʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʛʝʦʣʦʛʽʯʥʝ ʩʝʨʝʜʦʚʠʱʝ. ɼʦʩʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʞʝʥʝʨʥʠʭ ʨʽʰʝʥʴ ʥʘ ʽʥʰʠʭ 

ʥʘʬʪʦʧʝʨʝʨʦʙʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ, ʟʦʢʨʝʤʘ ʥʘ ʂʨʝʤʝʥʯʫʮʴʢʦʤʫ ʅʇɿ, ʜʝʤʦʥʩʪʨʫʻ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʣʦʢʘʣʽʟʘʮʽʾ ʪʘ ʚʠʣʫʯʝʥʥʷ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʽʟ ʧʽʜʟʝʤʥʦʾ ʛʽʜʨʦʩʬʝʨʠ. 

ʇʦʻʜʥʘʥʥʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʚʠʣʫʯʝʥʥʷ ʨʽʜʢʠʭ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʽʟ ʬʦʨʤʫʚʘʥʥʷʤ 

ʜʝʧʨʝʩʽʡʥʦʾ ʚʦʨʦʥʢʠ ʤʦʞʝ ʩʪʘʪʠ ʨʝʘʣʽʩʪʠʯʥʦʶ ʪʘ ʝʢʦʥʦʤʽʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʦʶ 

ʩʪʨʘʪʝʛʽʻʶ ʜʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʫ ʨʘʡʦʥʽ ʃʠʩʠʯʘʥʩʴʢʦʛʦ ʅʇɿ, 

ʧʨʠʥʘʡʤʥʽ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʨʝʢʫʣʴʪʠʚʘʮʽʾ.  

ʉʠʪʫʘʮʽʷ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʚʧʣʠʚʦʤ ʚʽʡʩʴʢʦʚʠʭ ʜʽʡ, ʱʦ ʧʽʜʚʠʱʫʻ ʡʤʦʚʽʨʥʽʩʪʴ 

ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʧʦʰʠʨʝʥʥʷ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ. ʊʦʤʫ ʣʠʰʝ 

ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʠʪʴ ʤʽʥʽʤʽʟʫʚʘʪʠ ʨʠʟʠʢʠ ʪʘ ʩʪʘʙʽʣʽʟʫʚʘʪʠ ʝʢʦʣʦʛʽʯʥʫ 

ʩʠʪʫʘʮʽʶ ʚ ʨʘʡʦʥʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʃʠʩʠʯʘʥʩʴʢʦʛʦ ʅʇɿ. 
 

ʇɽʈɽʃɯʂ ɺʀʂʆʈʀʉʊɸʅʆɰ ʃɯʊɽʈɸʊʋʈʀ 

1. ʂʘʟʘʥʩʴʢʠʡ ɼ., ʅʝʢʨʘʩʦʚʘ ɸ., ʉʘʚʠʮʴʢʠʡ ʆ., ʇʘʚʣʦʚ ʖ., ʉʤʽʨʥʦʚ ʇ., ʊʘʨʘʙʘʥʦʚʘ ʉ., ʗʥʦʚʘ 

ɻ. ʉʧʨʘʚʞʥʷ ʮʽʥʘ ʚʫʛʽʣʣʷ ʚ ʫʤʦʚʘʭ ʚʽʡʥʠ ʥʘ ɼʦʥʙʘʩʽ: ʧʦʛʣʷʜ ʢʨʽʟʴ ʧʨʠʟʤʫ ʧʨʘʚ ʣʶʜʠʥʠ / ɻʆ 

çʉʭʽʜʥʦʫʢʨʘʾʥʩʴʢʠʡ ʮʝʥʪʨ ʛʨʦʤʘʜʩʴʢʠʭ ʽʥʽʮʽʘʪʠʚè. ʂʠʾʚ : ɺʠʜʘʚʥʠʮʪʚʦ ʊʆɺ çɸʈʊ 

ʂʅʀɻɸè, 2017. 140 ʩ. 

2. ɹʘʙʝʥʢʦ ɺ.ɼ., ʉʦʣʦʜʦʚʥʠʢʦʚ ʖ. ʉ. ɼʦʩʚʽʜ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤ ʽʥʞʝʥʝʨʥʦʛʦ ʟʘʭʠʩʪʫ 

ʧʽʜʟʝʤʥʦʾ ʛʽʜʨʦʩʬʝʨʠ ʚʽʜ ʟʘʙʨʫʜʥʝʥʥʷ ʨʽʜʢʠʤʠ ʥʘʬʪʦʧʨʦʜʫʢʪʘʤʠ. ɿʘʭʠʩʪ ʜʦʚʢʽʣʣʷ ʚʽʜ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ: ʟʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ. ˉ 1 (2). ʂʨʝʤʝʥʯʫʢ. 1998. ʉ. 142-149. 

3. ʇʝʪʽʢ ɺ. ʆ. ɼʦʩʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʨʫʧʥʦʾ ʜʝʧʨʝʩʽʡʥʦʾ ʣʽʡʢʠ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʽʥʞʝʥʝʨʥʦʛʦ ʟʘʭʠʩʪʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʚʽʜ ʟʘʙʨʫʜʥʝʥʥʷ ʨʽʜʢʠʤʠ 

ʥʘʬʪʦʧʨʦʜʫʢʪʘʤʠ (ʥʘ ʧʨʠʢʣʘʜʽ ʧʨʦʤʤʘʡʜʘʥʯʠʢʘ ɸʊ çʋʢʨʪʘʪʥʘʬʪʘè). ɿʘʭʠʩʪ ʜʦʚʢʽʣʣʷ ʚʽʜ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ: ʟʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ. ˉ 1 (2). ʂʨʝʤʝʥʯʫʢ. 1998. ʉ. 149-155. 

4. ʄʽʭʘʣʢʦʚʘ ʅ. ɺ., ʂʦʥʦʥʝʥʢʦ ɸ. ɺ. ʆʩʥʦʚʥʽ ʝʢʦʣʦʛʦ-ʧʨʘʚʦʚʽ ʧʨʦʙʣʝʤʠ ʧʨʦʤʠʩʣʦʚʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ ʚ ʪʝʭʥʦʛʝʥʥʦ-ʥʘʚʘʥʪʘʞʝʥʦʤʫ ʨʝʛʽʦʥʽ. ʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʛʽʨʥʠʯʦʾ ʛʝʦʣʦʛʽʾ ʪʘ 

ʛʝʦʝʢʦʣʦʛʽʾ: ʟʙʽʨʥʠʢ ʤʘʪʝʨʽʘʣʽʚ ɯɯɯ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ (ʂʠʾʚ, 29-30 ʣʠʩʪʦʧʘʜʘ 

2022 ʨ.). ɼʋ ʅʎ ɻɻɻʈɯ ʅɸʅ ʋʢʨʘʾʥʠ. ʂʠʾʚ. 2022. ʉ. 176-179. 



161 
çʉʋʏɸʉʅɯ ʇʈʆɹʃɽʄʀ ɻɯʈʅʀʏʆɰ ɻɽʆʃʆɻɯɰ ʊɸ ɻɽʆɽʂʆʃʆɻɯɰè 17 ï 18 ʣʠʩʪʦʧʘʜʘ 2025 ʨ. 

 

ɿʤʽʩʪ 

ɼɰʉʆʁʐɹ ɼɾʇʄʇɼɰʘ ʋɹ ɼɾʇʅɾʎɹʆɰʃɹ 

ʂ. ɸ. ɹʝʟʨʫʯʢʦ  

ʆʎɯʅʂɸ ɺʇʃʀɺʋ ɻɽʆʃʆɻɯʏʅʀʍ ʏʀʅʅʀʂɯɺ ʅɸ ʇɯɼɿɽʄʅɽ ɹʋɼɯɺʅʀʎʊɺʆ 

 

4 

ɯ. ɺ. ɹʫʯʠʥʩʴʢʘ, ɸ. ɺ ʇʦʙʝʨʝʞʩʴʢʠʡ, ʆ. ʆ. ʉʪʫʧʢʘ 

ʃʖɹɽʃʔʉʔʂɽ ʈʆɼʆɺʀʑɽ ʃʔɺɯɺʉʔʂʆ-ɺʆʃʀʅʉʔʂʆɻʆ ɹɸʉɽʁʅʋ ɯ ʇɽʈʉʇɽʂʊʀɺʀ 

ɺʀɼʆɹʋʊʂʋ ʂʆʂʉɯɺʅʆɻʆ ɺʋɻɯʃʃʗ 

 

 

9 

ɯ. ɺ. ɺʘʩʠʣʴʻʚʘ  

ʆʉʆɹʃʀɺʆʉʊɯ ɻɽʆʃʆɻɯʏʅʆɰ ɹʋɼʆɺʀ ɺʋɻɯʃʔʅʀʍ ʈʆɿʈɯɿɯɺ ɿɸʍɯɼʅʆɻʆ ɼʆʅɹɸʉʋ 

 

14 

ɺ. ɺ. ɺʝʨʛʝʣʴʩʴʢʘ, ʅ. ʆ. ɼʷʯʝʥʢʦ 

ɻɽʆʍɯʄɯʏʅɯ ʆʉʆɹʃʀɺʆʉʊɯ ʐɸʍʊʅʀʍ ɺʆɼ ʊɸ ɰʍ ɿɺ'ʗɿʆʂ ɿ ʊɽʂʊʆʅɯʏʅʆʖ ɹʋɼʆɺʆʖ 

ɺʋɻɯʃʔʅʆɻʆ ʄɸʉʀɺʋ (ʂʈɸʉʅʆɸʈʄɯʁʉʔʂɸ ʄʆʅʆʂʃɯʅɸʃʔ) 

 

 

18 

ɺ. ɺ. ɯʛʥʘʪʠʰʠʥ, ɼ.ɺ. ʄʘʣʠʮʴʢʠʡ, ɹ.ɭ. ʂʫʧʣʴʦʚʩʴʢʠʡ, ʊ.ʁ. ɯʞʘʢ, ʉ.ʉ. ʄʦʣʥʘʨ ɼ, ɸ.ʁ. ʈʘʮ, ʄ.ɹ. 

ɯʛʥʘʪʠʰʠʥ, ɸ.ɺ. ɯʛʥʘʪʠʰʠʥ 

ɼɽʌʆʈʄɸʎɯɰ ɿɽʄʅʆɰ ʂʆʈʀ ʊɸ ʉɽʁʉʄɯʏʅɯʉʊʔ ʂɸʈʇɸʊʉʔʂʆɻʆ ʈɽɻɯʆʅʋ: ɻɽʆʌɯɿʀʏʅʀʁ 

ɸʉʇɽʂʊ 

 

 

 

27 

ʄ. ʉ. ʂʦʚʘʣʴʯʫʢ, ʃ. ɸ. ʌʽʛʫʨʘ 

ɯʃʔʄɽʅɯʊʆʅʆʉʅɯʉʊʔ ʇʆʈɯɼ ʈʆɿʂʈʀɺʋ ɼɯʃʗʅʂʀ ɭʄʀʃɯɺʉʔʂɸ ʄɽɾʀʈɯʏʅʆɻʆ ʈʆɼʆɺʀʑɸ 

 

 

32 

ʄ. ʉ. ʂʦʚʘʣʴʯʫʢ, ʃ. ɸ. ʌʽʛʫʨʘ 

ɯʃʔʄɽʅɯʊʆʅʆʉʅɯʉʊʔ ʇʆʈɯɼ ʈʆɿʂʈʀɺʋ ɼɯʃʗʅʂʀ ʉɽʈɽɼʅʗ ʄɽɾʀʈɯʏʅʆɻʆ ʈʆɼʆɺʀʑɸ 

 

36 

ɸ. ʇ. ʆʥʘʥʢʦ, ʃ. ɺ. ʂʫʟʴʤʠʯ, ʖ. ɸ. ʆʥʘʥʢʦ, ʄ. ɺ. ʗʮʶʢ, ɻ. ɺ. ɺʦʨʦʧʘʡ, ʉ. ɸ. ʂʫʟʴʤʠʯ, ʆ. ʇ. 

ɼʤʠʪʨʝʥʢʦ, ʄ. ʇ. ʂʫʣʽʰ, ɸ. ʇ. ʅʘʫʤʝʥʢʦ, ʊ. ʄ. ʇʽʥʯʫʢ-ʈʫʛʘʣʴ, ʆ. ɻ. ʈʫʛʘʣʴ, ʇ. ʇ. ɯʣʴʾʥ 

ʅɸʇʈʋɻʀ-ɼɽʌʆʈʄɸʎɯɰ ʋ ʇɯʉʂʆɺʀʂʋ SiO2, ʅɸʅʆʂʆʄʇʆɿʀʊɸʍ 

 

 

41 

ʊ. ɺ. ʆʭʦʣʽʥʘ, ɻ. ʆ. ʂʫʟʴʤʘʥʝʥʢʦ, ɯ. ɺ. ʄʝʣʴʥʠʢ 

ʆʉʆɹʃʀɺʆʉʊɯ ʂʈʋʐʀʅʉʔʂʆɰ ʉʊʈʋʂʊʋʈʀ ʇɽʈɾɸʅʉʔʂʆɻʆ ʈʆɼʆɺʀʑɸ ɹɽʈʀʃɯʖ 

 

45 

ʆ. ɺ. ʇʘʣʽʡʯʫʢ, ʅ. ɺ. ɻʦʧʪʘʨʴʦʚʘ, ʃ. ɺ. ʋʛʨʘʢ, ʄ. ɯ. ʄʝʜʚʽʜʴ, ʊ. ɸ. ʋʛʨʘʢ 

ɻɽʆʃʆɻɯʏʅɸ ɹʋɼʆɺɸ ʊɸ ʆʎɯʅʂɸ ɿɸʇɸʉɯɺ ɺɸʇʅʗʂɯɺ ɼʋɹʆɺɽʎʔʂʆɻʆ ʈʆɼʆɺʀʑɸ ɺ 

ɻɸʃʀʎʔʂʆʄʋ ʈɸʁʆʅɯ ɯɺɸʅʆ-ʌʈɸʅʂɯɺʉʔʂʆɰ ʆɹʃɸʉʊɯ 

 

 

49 

ʃ. ɯ. ʇʠʤʦʥʝʥʢʦ, ʂ. ɸ. ɹʝʟʨʫʯʢʦ, C. ʖ. ʇʨʠʭʦʜʯʝʥʢʦ, ɼ. ʄ. ʇʠʤʦʥʝʥʢʦ 

ʉʇɸɼʂʆɺɯʉʊʔ ʇɸʃɽʆ- ɯ ʉʋʏɸʉʅʀʍ ʊɽʂʊʆʅɯʏʅʀʍ ʇʈʆʎɽʉɯɺ ɺ ɼʆʅɽʎʔʂʆʄʋ ɹɸʉɽʁʅɯ 

 

53 

ʄ. ʖ. ʉʘʘʢʷʥ  

ɺʇʃʀɺ ʃɯʊʆʃʆɻɯʏʅʆɻʆ ɸʅɸʃɯɿʋ ʈʆɿʂʈʀɺʅʀʍ ʇʆʈɯɼ ʅɸ ʈʆɿʈʆɹʂʋ ɹɯʃɸʅɯɺʉʔʂʆɻʆ 

ɿɸʃɯɿʆʈʋɼʅʆɻʆ ʈʆɼʆɺʀʑɸ 

 

 

58 

ɸ. ɺ. ʏʫʤʘʢ, ʄ. ɼ. ʄʝʨʝʞʢʦ 

ʇʆʈɯɺʅʗʃʔʅɸ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ɽʃʖɺɯɸʃʔʅʀʍ ɺɯɼʂʃɸɼɯɺ ʊʈʆʉʊʗʅʀʎʔʂʆɻʆ ʊɸ 

ʇɯɺɼɽʅʅʆɰ ɼɯʃʗʅʂʀ ʄɽɾʀʈɯʏʅʆɻʆ ʈʆɼʆɺʀʑ ɯʃʔʄɽʅɯʊʋ 

 

 

62 

ʊʌʐɹʊʆɰ ʅɾʋʇɽʁ ɽʇʊʄɰɽɿɾʆʕ 

ʆ. ɸ. ɻʘʥʞʘ, ʂ. ʄ. ʉʪʘʨʦʜʫʙʝʮʴ, ɭ. ʉ. ʃʫʥʴʦʚ, ɯ. ʄ. ʃʫʥʴʦʚʘ  

ʈʋɼʅɸ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ɺɸʃʂʀ-ɻɸʎʔʂɯɺʉʔʂʆɻʆ ʈʆɼʆɺʀʑɸ ɯʃʔʄɽʅɯʊʋ 

 

66 

ɯ. ɺ. ʂʫʨʘʻʚʘ, ʊ. ʆ. ʂʦʰʣʷʢʦʚʘ, ʆ. ɺ. ɼʝʨʶʛʽʥʘ, ʆ. ʊ. ɸʟʽʤʦʚ, ʃ. ɺ. ʃʝʤʝʰ  



162 
çʉʋʏɸʉʅɯ ʇʈʆɹʃɽʄʀ ɻɯʈʅʀʏʆɰ ɻɽʆʃʆɻɯɰ ʊɸ ɻɽʆɽʂʆʃʆɻɯɰè 17 ï 18 ʣʠʩʪʦʧʘʜʘ 2025 ʨ. 

ʈʋʍʆʄɯ ʌʆʈʄʀ ɺɸɾʂʀʍ ʄɽʊɸʃɯɺ ɺ ɻʈʋʅʊʆɺʀʍ ɺɯɼʂʃɸɼɸʍ ɿɸɹʈʋɼʅɽʅʀʍ ɺ ʈɽɿʋʃʔʊɸʊɯ 

ɹʆʁʆɺʀʍ ɼɯʁ 

 

70 

ʆ. ɺ. ʇʽʩʢʫʥʦʚ, ʆ. ʂ. ʊʷʧʢʽʥ 

ʉʊɸʊʀʉʊʀʏʅɸ ʂʆʈɽʂʎɯʗ ʇʈʀʇʆɺɽʈʍʅɽɺʀʍ ʉʇʆʊɺʆʈɽʅʔ ɼʃʗ ʇɯɼɺʀʑɽʅʅʗ 

ʅɸɼɯʁʅʆʉʊɯ ɯʅʊɽʈʇʈɽʊɸʎɯɰ ʉɽʁʉʄɯʏʅʀʍ ɼɸʅʅʀʍ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʄɸʐʀʅʅʆɻʆ 

ʅɸɺʏɸʅʅʗ 

 

 

 

73 

ʄ. ɸ. ʗʢʠʤʯʫʢ, ɯ. ʄ. ʂʦʨʯʘʛʽʥ 

ʏɸʉʊʆʊʅʆ-ʈɽɿʆʅɸʅʉʅɸ ʊɽʍʅʆʃʆɻɯʗ ʆɹʈʆɹʂʀ ʉʋʇʋʊʅʀʂʆɺʀʍ ʊɸ ʌʆʊʆ ɿʅɯʄʂɯɺ: 

ʈɽɿʋʃʔʊɸʊʀ ʆɹʉʊɽɾɽʅʅʗ ɼɯʃʗʅʆʂ ɯɿ ʇɯʈɸʄɯɼɸʄʀ 

 

 

78 

ʄ. ɸ. ʗʢʠʤʯʫʢ, ɺ. ɼ. ʉʦʣʦʚʡʦʚ, ɯ. ʄ. ʂʦʨʯʘʛʽʥ 

ɺʋɻʃɽɺʆɼʅɽɺɯ ʌʃʖɰɼʀ ɺ ʃʆʂɸʃʔʅʀʍ ʉʊʈʋʂʊʋʈɸʍ ʂʆʅʊʀʅɽʅʊɸʃʔʅʀʍ ʆʂʈɸɰʅ ʉʍɯɼʅʆɰ 

ɸʅʊɸʈʂʊʀɼʀ (ɿɸ ɼɸʅʀʄʀ ʏʈ-ʉʂɸʅʋɺɸʅʔ) 

 

 

83 

ʉ. ʆ. ʗʨʝʤʽʡ 

ɼʆ ʇʀʊɸʅʅʗ ɺʇʃʀɺʋ ʅɽʆʊɽʂʊʆʅɯʏʅʆɻʆ ʉʊɸʅʋ ɻɽʆʃʆɻɯʏʅʆɻʆ ʉɽʈɽɼʆɺʀʑɸ 

ʊɽʈʀʊʆʈɯɰ ʂʈʀɺɹɸʉʋ ʅɸ ʇʈʆʎɽʉʀ ʊɽʍʅʆɻɽʅʅʆɻʆ ʇɯɼʊʆʇʃɽʅʅʗ 

 

 

87 

ʆɹʈʉʘʅʃʁ ɽʇʊʄɰɽɿɾʆʆʘ ʀɾʅʄɰ 

ʅ. ɺ. ɺʝʨʛʝʣʴʩʴʢʘ, ʆʶʫʥʪʫʛʩ ʄʘʛʩʘʨ, ʆ. ʆ. ʇʘʨʠʰʝʚ, ɺ. ʈ. ɼʫʙʦʩʘʨʩʴʢʠʡ 

ɻɽʆʃʆɻɯʏʅɯ ʏʀʅʅʀʂʀ ʄɯɻʈɸʎɯɰ ɺʋɻʃɽɺʆɼʅɽɺʀʍ ɻɸɿɯɺ ʇʈʀ ɺʀɼʆɹʋʊʂʋ ɺʋɻɯʃʃʗ 

 

93 

ʅ. ɺ. ɺʝʨʛʝʣʴʩʴʢʘ, ɻ. ɸ. ʃʽʚʝʥʮʝʚʘ, ɯ. ʄ. ʉʢʦʧʠʯʝʥʢʦ 

ɺʇʃʀɺ ɽʅɼʆɻɽʅʅʀʍ ʇʈʆʎɽʉɯɺ ʅɸ ʌʆʈʄʋɺɸʅʅʗ ʇʆʂʃɸɼɯɺ ɻʆʈʖʏʀʍ ʂʆʇɸʃʀʅ 

ʋʂʈɸɰʅʀ 

 

 

96 

ʊ. ɺ. ʂʘʣʠʥʽʡ, ɺ. ɻ. ʆʤʝʣʴʯʝʥʢʦ 

ɻɽʆʃʆɻɯʏʅɸ ɹʋɼʆɺɸ ɸɺʊʆʍʊʆʅʅʆɰ ʇʆɺɽʈʍʅɯ ʋʂʈɸɰʅʉʔʂʀʍ ʂɸʈʇɸʊ ʇʆɹʃʀɿʋ ʂʆʈɼʆʅʋ 

ɿ ʇʆʃʔʑɽʖ 

 

 

100 

ɯ. ʄ. ʂʦʨʯʘʛʽʥ, ʄ. ɸ. ʗʢʠʤʯʫʢ  

ʆʉʆɹʃʀɺʆʉʊɯ ɻʃʀɹʀʅʅʆɰ ɹʋɼʆɺʀ ʃʆʂɸʃʔʅʀʍ ɼɯʃʗʅʆʂ ɿ ʂʈʋɻɸʄʀ ʅɸ ʇʆʃʗʍ ɺ ʈɯɿʅʀʍ 

ʈɽɻɯʆʅɸʍ 

 

 

103 

ʆ. ʄ. ʆʩʪʘʰ, ɺ. ɻ. ʆʤʝʣʴʯʝʥʢʦ 

ʅɸʌʊʆɻɸɿʆʅʆʉʅɯʉʊʔ ʂʈʆʉʅɽʅʉʔʂʆɰ ɿʆʅʀ ʋʂʈɸɰʅʀ 

 

108 

ɾʃʇʄʇɼɰʐʆɰ ʋɹ ʈʉɹɻʇɻɰ ʈʉʇɺʄɾʅʁ ʋɾʎʆʇɼɾʆʆʇ-ʆɹɻɹʆʋɹɿɾʆʁʎ ʉɾɼɰʇʆɰɻ 

ʗ. ɺ. ɸʥʪʽʧʦʚʠʯ 

ʇʆʈɯɺʅʗʃʔʅʀʁ ɸʅɸʃɯɿ ʈʆɿʇʆɼɯʃʋ ʈɯɼʂɯʉʅʆɿɽʄɽʃʔʅʀʍ ɽʃɽʄɽʅʊɯɺ ʋ ʊɺɽʈɼʀʍ 

ɺɯɼʍʆɼɸʍ ʊɽʉ 

 

 

111 

ɼ. ʄ. ɻʦʣʦʚʯʝʥʢʦ, ɸ. ʆ. ʅʽʢʽʪʽʥʘ, ɭ. ɯ. ʉʢʦʧʠʯʝʥʢʦ, ɼ. ɺʘʢʦʚʩʢʽ2, ʉ. ʄ. ʆʟʽʨʩʴʢʘ 

ɺʇʃʀɺ ʅɸ ɼʆɺʂɯʃʃʗ ɺʋɻʃɽɺʀɼʆɹʋɺʅʆɰ ʇʈʆʄʀʉʃʆɺʆʉʊɯ 

 

116 

ɺ. ɻ. ɻʫʙʽʥʘ, ʉ. ʉ. ʏʦʨʥʦʥʦʛ, ɺ. ɻ. ɺʝʨʭʦʚʮʝʚ, ʉ. ɼ. ʏʦʨʥʦʥʦʛ 

ʉʋʏɸʉʅʀʁ ɻɽʆɽʂʆʃʆɻɯʏʅʀʁ ʉʊɸʅ ʂʈʀɺʆʈɯɿʔʂʆɻʆ ɿɸʃɯɿʆʈʋɼʅʆɻʆ ɹɸʉɽʁʅʋ 

 

119 

ʄ. ɺ. ɾʠʢʘʣʷʢ, ʄ. ʉ. ʂʦʚʘʣʴʯʫʢ 

ɺɯɼʅʆɺʃɽʅʅʗ ʊʀʊɸʅʆɺʆɰ ʇʈʆʄʀʉʃʆɺʆʉʊɯ ʗʂ ʏʀʅʅʀʂ ɿɸɹɽʉʇɽʏɽʅʅʗ ʉʊɯʁʂʆʉʊɯ 

ʋʂʈɸɰʅʀ 

 

 

125 

ʊ. ʆ. ʂʦʰʣʷʢʦʚʘ, ʂ. ɺ. ɺʦʚʢ, ʆ. ɺ. ɼʝʨʶʛʽʥʘ, ʆ. ʇ. ʃʦʢʪʽʦʥʦʚʘ 

ʆʎɯʅʂɸ ʈʆɿʇʆɼɯʃʋ ʄɯʂʈʆɽʃɽʄɽʅʊɯɺ ʋ ɺʆɼʅʀʍ ʆɹôɭʂʊɸʍ ɼɸʈʅʀʎʔʂʆɻʆ ʈɸʁʆʅʋ 

ʄɯʉʊɸ ʂʀɭɺɸ 

 

 

131 




