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ɺɺɽɼɽʅʀɽ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ. ʉʫʱʝʩʪʚʝʥʥʘʷ ʯʘʩʪʴ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʘʨʢʪʠʯʝʩʢʦʡ ʟʦʥʝ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʡ ʩʦʩʨʝʜʦʪʦʯʝʥʳ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʟʘʧʘʩʳ ʠ ʧʨʦʛʥʦʟʥʳʝ ʨʝʩʫʨʩʳ ʤʥʦʛʠʭ ʪʚʝʨʜʳʭ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ [ɹʦʨʪʥʠʢʦʚ ʠ ʜʨ., 2015; ʄʘʰʢʦʚʮʝʚ ʠ ʜʨ., 2019; ɻʝʨʤʘʭʘʥʦʚ ʠ ʜʨ., 

2023]. ɺʘʞʥʝʡʰʠʤ ʵʣʝʤʝʥʪʦʤ ʩʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ ʨʦʩʩʠʡʩʢʦʡ ɸʨʢʪʠʢʠ ʷʚʣʷʝʪʩʷ 

ʨʘʟʚʠʪʠʝ ʉʝʚʝʨʥʦʛʦ ʤʦʨʩʢʦʛʦ ʧʫʪʠ [ɾʫʨʘʚʝʣʴ, 2019; ɻʨʠʥʷʝʚ, ɾʫʨʘʚʝʣʴ, 2020]. 

ɼʚʝ çʦʧʦʨʥʳʝ ʪʦʯʢʠè (ʧʦʨʪʳ ʇʝʚʝʢ ʠ ʇʨʦʚʠʜʝʥʠʷ) ʉʝʚʝʨʥʦʛʦ ʤʦʨʩʢʦʛʦ ʧʫʪʠ 

ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʏʫʢʦʪʩʢʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʦʢʨʫʛʘ (ʏɸʆ). ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʨʝʘʣʠʟʘʮʠʷ ʘʤʙʠʮʠʦʟʥʦʛʦ ʧʣʘʥʘ ʧʦ ʨʘʟʚʠʪʠʶ ʨʦʩʩʠʡʩʢʦʡ ɸʨʢʪʠʢʠ 

ʦʪʢʨʦʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʜʣʷ ʨʦʩʪʘ ʵʢʦʥʦʤʠʢʠ ʏɸʆ, ʦʩʥʦʚʦʡ ʢʦʪʦʨʦʡ 

ʷʚʣʷʝʪʩʷ ʜʦʙʳʯʘ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʟʦʣʦʪʦʜʦʙʳʯʘ. 

ʏʫʢʦʪʢʘ ʠʩʪʦʨʠʯʝʩʢʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʝʜʫʱʠʭ ʟʦʣʦʪʦʜʦʙʳʚʘʶʱʠʭ 

ʨʝʛʠʦʥʦʚ ʈʌ ï ʜʦʙʳʯʘ ʚ 2022 ʛʦʜʫ ʩʦʩʪʘʚʠʣʘ 22 ʪʦʥʥʳ. ɼʦ 2007 ʛʦʜʘ ʚ 

ʩʪʨʫʢʪʫʨʝ ʜʦʙʳʯʠ ʧʨʝʦʙʣʘʜʘʣʦ ʨʦʩʩʳʧʥʦʝ ʟʦʣʦʪʦ, ʚ ʜʘʣʴʥʝʡʰʝʤ, ʚ ʩʚʷʟʠ ʩ 

ʧʦʣʫʯʝʥʠʝʤ ʧʝʨʚʦʛʦ ʟʦʣʦʪʘ ʩ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʫʧʦʣ, ʜʦʣʷ ʜʦʙʳʯʠ ʠʟ ʨʦʩʩʳʧʝʡ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʣʘʩʴ, ʧʨʠ ʨʝʟʢʦʤ ʨʦʩʪʝ ʜʦʙʳʯʠ ʢʦʨʝʥʥʦʛʦ ʟʦʣʦʪʘ ʜʦ 32 

ʪʦʥʥ ʚ 2014 ʛʦʜʫ [ɺʦʣʢʦʚ ʠ ʜʨ., 2017]. ʂ ʩʦʞʘʣʝʥʠʶ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦ ʤʝʨʝ 

ʚʳʨʘʙʦʪʢʠ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʟʘʧʘʩʦʚ ʨʫʜʥʦʛʦ ʟʦʣʦʪʘ ʜʦʙʳʯʘ ʩʪʘʣʘ ʩʦʢʨʘʱʘʪʴʩʷ. 

ʆʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʩʧʘʜ ʟʦʣʦʪʦʜʦʙʳʯʠ ʚ ʨʝʛʠʦʥʝ, ʷʚʣʷʝʪʩʷ 

ʥʘʤʝʪʠʚʰʘʷʩʷ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʪʝʥʜʝʥʮʠʷ ʢ ʩʥʠʞʝʥʠʶ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ 

ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ ʠ ʩʥʠʞʝʥʠʶ ʪʝʤʧʦʚ ʧʨʠʨʦʩʪʘ ʧʨʦʛʥʦʟʥʳʭ ʨʝʩʫʨʩʦʚ, ʠʟ-ʟʘ 

ʠʩʯʝʨʧʘʥʠʷ ʧʦʠʩʢʦʚʦʛʦ ʟʘʜʝʣʘ. ʆʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʥʠʟʢʦʡ 

ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ ʷʚʣʷʶʪʩʷ ʩʣʘʙʘʷ ʠʟʫʯʝʥʥʦʩʪʴ ʙʦʣʴʰʝʡ 

ʯʘʩʪʠ ʏɸʆ, ʩʣʦʞʥʳʝ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʝ ʫʩʣʦʚʠʷ ʠ 

ʦʪʩʫʪʩʪʚʠʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʩʧʦʩʦʙʥʳʭ ʚʳʧʦʣʥʷʪʴ 

ʧʦʠʩʢʦʚʳʝ ʨʘʙʦʪʳ ʚ ʙʦʣʴʰʦʤ ʦʙʲʝʤʝ [ɻʝʨʤʘʭʘʥʦʚ ʠ ʜʨ., 2023].  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʳʨʘʙʦʪʢʠ ʢʦʤʧʣʝʢʩʘ ʤʝʨ ʜʣʷ 

ʥʘʨʘʱʠʚʘʥʠʷ ʧʨʦʛʥʦʟʥʳʭ ʨʝʩʫʨʩʦʚ ʟʦʣʦʪʘ ʏʫʢʦʪʢʠ ʠ ʨʝʘʣʠʟʘʮʠʠ ʝʝ 

ʟʦʣʦʪʦʨʫʜʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʚ ʥʦʚʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʫʚʝʣʠʯʝʥʠʝ ʜʦʙʳʯʠ. 

ʉ ʫʯʝʪʦʤ ʧʨʦʜʦʣʞʘʶʱʠʭʩʷ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ɺʘʣʫʥʠʩʪʦʛʦ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ (ɺʦʩʪʦʯʥʘʷ ʏʫʢʦʪʢʘ) ʚʳʷʩʥʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʠ ʩʦʩʪʘʚʘ ʨʫʜ, ʚʳʷʚʣʝʥʠʝ ʩʚʷʟʠ ʩ ʢʦʥʢʨʝʪʥʳʤʠ 

ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʠ ʩʪʨʫʢʪʫʨʘʤʠ ʤʦʞʝʪ ʠʤʝʪʴ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ 

ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʣʦʢʘʣʠʟʘʮʠʠ ʧʦʜʦʙʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʚʩʝʛʦ ʨʝʛʠʦʥʘ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʠ 

ʧʨʦʛʥʦʟʥʦ-ʧʦʠʩʢʦʚʦʡ ʤʦʜʝʣʝʡ ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ɺʘʣʫʥʠʩʪʦʛʦ 

ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ (ɺʈʈ) ʠ ʚʳʷʚʣʝʥʠʝ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʪʨʫʢʪʫʨ ʠ 

ʧʣʦʱʘʜʝʡ ʝʛʦ ʨʘʟʚʠʪʠʷ. 

ɼʣʷ ʵʪʦʛʦ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʉʙʦʨ, ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʠ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʠ 

ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

2. ɺʳʷʚʣʝʥʠʝ ʛʝʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɾʠʣʴʥʦʝ; 

3. ɺʳʜʝʣʝʥʠʝ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʪʠʧʦʚ ʦʨʫʜʝʥʝʥʠʷ, 

ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʧʘʣʝʦʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ɺʘʣʫʥʠʩʪʦʛʦ ʨʫʜʥʦʛʦ ʫʟʣʘ, 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʘʜʠʡʥʦʩʪʠ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʟʦʥʘʣʴʥʦʩʪʠ ʦʨʫʜʝʥʝʥʠʷ. 

4. ʆʙʦʩʥʦʚʘʥʠʝ ʧʦʠʩʢʦʚʳʭ ʧʨʝʜʧʦʩʳʣʦʢ ʠ ʧʨʠʟʥʘʢʦʚ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ 

ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ; 

5. ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʚ ʪʦʣʱʝ ʧʦʨʦʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ɺʘʣʫʥʠʩʪʦʝ, ʨʘʩʩʤʦʪʨʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʛʝʦʢʨʠʦʛʝʥʝʟʘ ʚ ʢʘʯʝʩʪʚʝ ʠʥʜʠʢʘʪʦʨʦʚ 

ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʥʘʨʫʰʝʥʥʦʩʪʠ ʧʦʨʦʜ ʠ ʦʨʫʜʝʥʝʥʠʷ; 

6. ʆʙʦʩʥʦʚʘʥʠʝ ʧʨʠʤʝʥʝʥʠʷ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ (ɼɿɿ) ʧʦ 

ʤʝʪʦʜʠʢʝ ʦʙʨʘʙʦʪʢʠ ʤʠʥʝʨʘʣʴʥʳʭ ʠʥʜʝʢʩʦʚ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʦʣʦʪʦ-

ʩʝʨʝʙʨʷʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ; 
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ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʛʝʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʤʠʥʝʨʘʣʦʛʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ɺʈʈ,  ʩʦʩʪʘʚ ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ, 

ʨʫʜ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ 

ɺʈʈ; ʵʧʠʪʝʨʤʘʣʴʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʈʌ ʠ ʤʠʨʘ. 

ʌʘʢʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʦʩʥʦʚʫ ʨʘʙʦʪʳ 

ʧʦʣʦʞʝʥʳ ʜʘʥʥʳʝ, ʩʦʙʨʘʥʥʳʝ ʘʚʪʦʨʦʤ ʚ 2018-2019 ʛʛ. ʚ ʧʝʨʠʦʜ ʚʳʧʦʣʥʝʥʠʷ 

ʧʦʠʩʢʦʚʦ-ʦʮʝʥʦʯʥʳʭ ʨʘʙʦʪ ʥʘ ʂʨʝʤʦʚʦʡ ʧʣʦʱʘʜʠ (ɸʆ çʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʦʝ 

ʇɻʆè), ʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ɾʠʣʴʥʦʝ (ʆʆʆ çʂʘʥʯʘʣʘʥʦ-

ɸʤʛʫʵʤʩʢʘʷ ʧʣʦʱʘʜʴè), ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦ-ʨʘʟʚʝʜʦʯʥʳʭ ʠ ʜʦʙʳʯʥʳʭ ʨʘʙʦʪ ʥʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ ɺʘʣʫʥʠʩʪʦʝ ʠ ɻʦʨʥʦʝ (ʆʆʆ çʈʫʜʥʠʢ ɺʘʣʫʥʠʩʪʳʡè). 

1. ʇʦʣʝʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺʢʣʶʯʘʣʠ ʧʦʠʩʢʦʚʳʝ ʤʘʨʰʨʫʪʳ ʠ 

ʣʠʪʦʭʠʤʠʯʝʩʢʫʶ ʩʲʝʤʢʫ ʧʦ ʚʪʦʨʠʯʥʳʤ ʦʨʝʦʣʘʤ ʨʘʩʩʝʷʥʠʷ ʤʘʩʰʪʘʙʘ 1:25 000 ʠ 

1:10 000 ʚ ʧʨʝʜʝʣʘʭ ʠʟʫʯʘʝʤʦʡ ʧʣʦʱʘʜʠ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʫʯʘʩʪʢʦʚ; 

ʜʦʢʫʤʝʥʪʘʮʠʶ ʢʘʥʘʚ, ʪʨʘʥʰʝʡ ʠ ʢʝʨʥʘ ʩʢʚʘʞʠʥ; ʢʝʨʥʦʚʦʝ, ʙʦʨʦʟʜʦʚʦʝ, 

ʩʢʦʣʢʦʚʦʝ, ʟʘʜʠʨʢʦʚʦʝ, ʰʪʫʬʥʦʝ ʦʧʨʦʙʦʚʘʥʠʝ ʞʠʣʴʥʳʭ ʠ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ 

ʦʙʨʘʟʦʚʘʥʠʡ, ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ; ʪʝʨʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʩʢʚʘʞʠʥʘʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɺʘʣʫʥʠʩʪʦʝ.  

2. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʢʘʤʝʨʘʣʴʥʳʡ ʧʝʨʠʦʜ ʚʢʣʶʯʘʣʠ: 

1. ʇʦʣʝʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺʢʣʶʯʘʣʠ ʧʦʠʩʢʦʚʳʝ ʤʘʨʰʨʫʪʳ ʠ 

ʣʠʪʦʭʠʤʠʯʝʩʢʫʶ ʩʲʝʤʢʫ ʧʦ ʚʪʦʨʠʯʥʳʤ ʦʨʝʦʣʘʤ ʨʘʩʩʝʷʥʠʷ ʤʘʩʰʪʘʙʘ 1:25 000 ʠ 

1:10 000 ʚ ʧʨʝʜʝʣʘʭ ʠʟʫʯʘʝʤʦʡ ʧʣʦʱʘʜʠ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʫʯʘʩʪʢʦʚ; 

ʜʦʢʫʤʝʥʪʘʮʠʶ ʢʘʥʘʚ, ʪʨʘʥʰʝʡ ʠ ʢʝʨʥʘ ʩʢʚʘʞʠʥ; ʢʝʨʥʦʚʦʝ, ʙʦʨʦʟʜʦʚʦʝ, 

ʩʢʦʣʢʦʚʦʝ, ʟʘʜʠʨʢʦʚʦʝ, ʰʪʫʬʥʦʝ ʦʧʨʦʙʦʚʘʥʠʝ ʞʠʣʴʥʳʭ ʠ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ 

ʦʙʨʘʟʦʚʘʥʠʡ, ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ; ʪʝʨʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʩʢʚʘʞʠʥʘʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɺʘʣʫʥʠʩʪʦʝ.  

2. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʢʘʤʝʨʘʣʴʥʳʡ ʧʝʨʠʦʜ ʚʢʣʶʯʘʣʠ: 

2.1. ʇʨʦʙʦʧʦʜʛʦʪʦʚʢʘ (ʜʨʦʙʣʝʥʠʝ ʦʙʨʘʟʮʦʚ, ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʦʙʦʛʘʱʝʥʠʝ). 
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2.2. ʆʙʨʘʙʦʪʢʘ ʠ ʘʥʘʣʠʟ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʩʢʘʥʠʨʫʶʱʘʷ 

ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʤʠʢʨʦʟʦʥʜʦʚʳʡ, ʨʝʥʪʛʝʥʥʦ-ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ, ʤʘʩʩ-

ʩʧʝʢʪʦʤʝʪʨʠʯʝʩʢʠʡ ʩ ʠʥʜʫʢʪʠʚʥʦ-ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ ʘʥʘʣʠʟʳ).  

2.3. ɼʠʩʪʘʥʮʠʦʥʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ ɿʝʤʣʠ (ɼɿɿ) ʧʦ ʤʝʪʦʜʠʢʝ ʦʙʨʘʙʦʪʢʠ 

ʤʠʥʝʨʘʣʴʥʳʭ ʠʥʜʝʢʩʦʚ. 

2.4. ʈʘʟʨʘʙʦʪʢʘ ʛʝʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʦʡ, ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ, 

ʧʨʦʛʥʦʟʥʦ-ʧʦʠʩʢʦʚʦʡ ʤʦʜʝʣʝʡ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. 1. ɺʧʝʨʚʳʝ ʧʨʦʠʟʚʝʜʝʥʘ ʪʠʧʠʟʘʮʠʷ ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʦʛʦ 

ʦʨʫʜʝʥʝʥʠʷ ɺʈʈ ʧʦ ʛʝʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʳʤ ʠ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʤ 

ʦʩʦʙʝʥʥʦʩʪʷʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʜʝʣʝʥʳ 2 ʪʠʧʘ: ʟʦʣʦʪʦ-ʩʫʣʴʬʦʩʦʣʴʥʳʡ 

(ʤʝʩʪʦʨʦʞʜʝʥʠʝ ɺʘʣʫʥʠʩʪʦʝ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʝ ʚ ʧʦʨʦʜʘʭ ʦʢʦʣʦʞʝʨʣʦʚʦʡ 

ʛʨʫʧʧʳ ʬʘʮʠʡ) ʠ ʩʝʨʝʙʨʦ-ʧʦʣʠʩʫʣʴʬʠʜʥʳʡ (ʤʝʩʪʦʨʦʞʜʝʥʠʝ ɾʠʣʴʥʦʝ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʝ ʚ ʧʦʨʦʜʘʭ ʩʢʣʦʥʦʚʦʡ ʛʨʫʧʧʳ ʬʘʮʠʡ). 2. ʄʦʜʝʨʥʠʟʠʨʦʚʘʥ 

ʢʦʤʧʣʝʢʩ ʢʨʠʪʝʨʠʝʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ. 3. 

ɺʧʝʨʚʳʝ ʘʜʘʧʪʠʨʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʦʙʨʘʙʦʪʢʠ ʤʠʥʝʨʘʣʴʥʳʭ ʠʥʜʝʢʩʦʚ ʜʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ. 4. ʉʫʱʝʩʪʚʝʥʥʦ ʫʪʦʯʥʝʥʘ 

ʩʪʘʜʠʡʥʦʩʪʴ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ɺʈʈ.  

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. 1. ɺʳʧʦʣʥʝʥʥʘʷ ʨʘʙʦʪʘ ʩʫʱʝʩʪʚʝʥʥʦ 

ʨʘʩʰʠʨʷʝʪ ʧʝʨʩʧʝʢʪʠʚʳ ʤʝʪʘʣʣʦʥʦʩʥʦʩʪʠ ʨʘʡʦʥʘ, ʘ ʧʨʝʜʣʦʞʝʥʥʳʝ ʛʝʦʣʦʛʦ-

ʩʪʨʫʢʪʫʨʥʘʷ, ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʘʷ, ʧʨʦʛʥʦʟʥʦ-ʧʦʠʩʢʦʚʘʷ ʤʦʜʝʣʠ 

ʧʦʩʣʫʞʘʪ ʤʝʪʦʜʠʯʝʩʢʦʡ ʙʘʟʦʡ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ Au-Ag ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ɺʈʈ ʠ ʜʨʫʛʠʭ ʚʫʣʢʘʥʦʛʝʥʥʳʭ ʧʦʷʩʦʚ. 2. ɺʳʷʚʣʝʥʳ ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ 

ʨʫʜʥʳʝ ʫʟʣʳ, ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʫʯʘʩʪʢʠ ʨʘʟʚʠʪʠʷ ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʦʡ  

ʤʠʥʝʨʘʣʠʟʘʮʠʠ: çɹʝʣʳʝ ʋʚʘʣʳè, çʄʦʭʦʚʳʡè, çʉʚʝʪʣʳʡè, ʦʧʨʝʜʝʣʝʥʳ ʨʫʜʥʳʝ 

ʧʦʣʷ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʜʦʠʟʫʯʠʪʴ (ʆʩʝʥʥʝʝ, ʆʨʘʥʞʝʚʦʝ). 3. ʆʧʨʝʜʝʣʝʥʦ 

ʩʦʜʝʨʞʘʥʠʝ, ʢʦʣʠʯʝʩʪʚʦ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʊʄʆ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɺʘʣʫʥʠʩʪʦʝ ʠ ʜʨʫʛʠʭ ʵʧʠʪʝʨʤʘʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʦʣʦʪʘ. 

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʘ ʪʘʢʞʝ 

ʦʪʜʝʣʴʥʳʝ ʝʝ ʨʘʟʜʝʣʳ, ʦʙʩʫʞʜʘʣʠʩʴ ʠ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ ʄʝʞʜʫʥʘʨʦʜʥʦʡ 
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ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ 

çɻʝʦʣʦʛʠʷ ʚ ʨʘʟʚʠʚʘʶʱʠʝʩʷ ʤʠʨʝè, ʇɻʅʀʋ (ʛ. ʇʝʨʤʴ), 2019-2023;  ʥʘ III ʩʝʩʩʠʠ 

çʇʨʦʤʳʰʣʝʥʥʳʝ ʪʠʧʳ ʤʝʩʪʦʨʦʞʜʝʥʠʡè ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʧʣʘʪʬʦʨʤʳ çɻʝʦʚʝʙʠʥʘʨʳè, 2020; ʥʘ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ: çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʘʩʧʝʢʪʳ 

ʙʠʦʠʥʬʦʨʤʘʪʠʢʠ, ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʠ ʥʝʜʨʦʧʦʣʴʟʦʚʘʥʠʷè, ʇɻʅʀʋ (ʛ. ʇʝʨʤʴ), 

2020; ʥʘ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ 

ʫʯʘʩʪʠʝʤ çɻʝʦʣʦʛʠʷ ʠ ʧʦʣʝʟʥʳʝ ʠʩʢʦʧʘʝʤʳʝ ɿʘʧʘʜʥʦʛʦ ʋʨʘʣʘè, ʇɻʅʀʋ (ʛ. 

ʇʝʨʤʴ), 2021-2023; ʥʘ 25-ʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ  çʏʪʝʥʠʷ ʧʘʤʷʪʠ ʇ.ʅ. 

ʏʠʨʚʠʥʩʢʦʛʦè, ʇɻʅʀʋ (ʛ. ʇʝʨʤʴ), 2022; ʥʘ ʩʝʨʠʠ ʚʝʙʠʥʘʨʦʚ çʈʫʜʥʠʢ 

ʙʫʜʫʱʝʛʦè ʚ ʨʘʤʢʘʭ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʚʳʩʪʘʚʢʠ çʈʫʜʥʠʢ ʋʨʘʣʘè, 2021; ʥʘ 

XXVIII ʤʦʣʦʜʝʞʥʦʡ ʥʘʫʯʥʦʡ ʰʢʦʣʝ ʠʤ. ʧʨʦʬ. ɺ.ɺ. ɿʘʡʢʦʚʘ çʄʝʪʘʣʣʦʛʝʥʠʷ 

ʜʨʝʚʥʠʭ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʦʢʝʘʥʦʚ-2022. ʆʪ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʢ ʤʦʜʝʣʷʤ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʤʝʩʪʦʨʦʞʜʝʥʠʡè, ʀʄʠʥ ʋʨʆ ʈɸʅ (ʛ. ʄʠʘʩʩ), 2022; ʥʘ II 

ʦʪʢʨʳʪʦʡ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʋʧʨʘʚʣʝʥʠʝ 

ʤʠʥʝʨʘʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ. ʆʨʣʦʚʩʢʠʝ ʯʪʝʥʠʷè, ʧʦʩʚʷʱʝʥʥʦʡ ʧʘʤʷʪʠ ɺ.ʇ. 

ʆʨʣʦʚʘ. ʊɻʋ (ʛ. ʊʦʤʩʢ), 2022; ʥʘ XXVIII ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦʡ ʤʦʣʦʜʝʞʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʋʨʘʣʴʩʢʘʷ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʘʷ ʰʢʦʣʘ 

ï 2022. ʇʦʜ ʟʥʘʢʦʤ ʤʝʜʥʳʭ ʠ ʙʣʘʛʦʨʦʜʥʦʤʝʪʘʣʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡè. ʀɻɻ 

ʋʨʆ ʈɸʅ (ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ), 2022; ʥʘ ʈʫʜʥʦʡ ʐʢʦʣʝ ʎʅʀɻʈʀ (IV ʄʦʣʦʜʸʞʥʘʷ 

ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ), ʎʅʀɻʈʀ (ʛ. ʄʦʩʢʚʘ), 

2023. 

ʇʫʙʣʠʢʘʮʠʠ. ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 5 ʩʪʘʪʴʷʭ ʚ 

ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ ʧʦ ʧʝʨʝʯʥʶ ɺɸʂ, ʚ 19 ʧʫʙʣʠʢʘʮʠʷʭ, ʚʢʣʶʯʝʥʥʳʭ ʚ 

ʤʘʪʝʨʠʘʣʳ ʥʘʫʯʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ɺ 2018-2019 ʛʛ. ʘʚʪʦʨ ʚ ʢʘʯʝʩʪʚʝ ʛʝʦʣʦʛʘ ʚʳʧʦʣʥʷʣ 

ʧʦʠʩʢʦʚʦ-ʦʮʝʥʦʯʥʳʝ ʨʘʙʦʪʳ ʥʘ ʂʨʝʤʦʚʦʡ ʧʣʦʱʘʜʠ (ɸʆ çʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʦʝ 

ʇɻʆè), ʨʘʟʚʝʜʦʯʥʳʝ ʨʘʙʦʪʳ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ɾʠʣʴʥʦʝ (ʆʆʆ çʂʘʥʯʘʣʘʥʦ- 

ɸʤʛʫʵʤʩʢʘʷ ʧʣʦʱʘʜʴè), ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦ-ʨʘʟʚʝʜʦʯʥʳʝ ʠ ʜʦʙʳʯʥʳʝ ʨʘʙʦʪʳ ʥʘ 
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ʤʝʩʪʦʨʦʞʜʝʥʠʠ ɺʘʣʫʥʠʩʪʦʝ ʠ ɻʦʨʥʦʝ (ʆʆʆ çʈʫʜʥʠʢ ɺʘʣʫʥʠʩʪʳʡè). ɸʚʪʦʨʦʤ 

ʧʨʦʠʟʚʝʜʝʥ ʘʥʘʣʠʟ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʠ ʬʦʥʜʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʪʝʨʨʠʪʦʨʠʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ɸʚʪʦʨ ʧʨʠʥʠʤʘʣ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʫʯʘʩʪʠʝ ʚ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʝ, 

ʦʙʦʛʘʱʝʥʠʠ ʧʨʦʙ, ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʧʦʜʛʦʪʦʚʢʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʙʦʙʱʝʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ɸʚʪʦʨʦʤ 

ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʦʭʠʤʠʯʝʩʢʘʷ ʠ ʧʨʦʛʥʦʟʥʦ-ʧʦʠʩʢʦʚʘʷ ʤʦʜʝʣʠ 

ʦʨʫʜʝʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʦʠʟʚʝʜʝʥʦ ɼɿɿ ʪʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʚʳʜʝʣʝʥʠʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʣʦʱʘʜʝʡ.  

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ. ʉʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʚʦʩʴʤʠ ʛʣʘʚ, 

ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ ʠʟ 161 ʥʘʠʤʝʥʦʚʘʥʠʝ. ʆʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ 

ʩʦʩʪʘʚʣʷʝʪ 140 ʩʪʨʘʥʠʮ, ʚ ʪʦʤ ʯʠʩʣʝ 63 ʨʠʩʫʥʢʘ ʠ 11 ʪʘʙʣʠʮ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʠʩʢʨʝʥʥʶʶ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʥʘʫʯʥʦʤʫ 

ʨʫʢʦʚʦʜʠʪʝʣʶ ʜ.ʛ.-ʤ.ʥ. ʅʘʫʤʦʚʫ ɺ.ɸ. ʟʘ ʨʫʢʦʚʦʜʩʪʚʦ ʧʨʦʚʝʜʝʥʥʳʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʠ ʚʩʝʩʪʦʨʦʥʥʶʶ ʧʦʤʦʱʴ ʧʨʠ ʥʘʧʠʩʘʥʠʠ ʨʘʙʦʪʳ. ɹʦʣʴʰʦʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʘʚʪʦʨʘ ʠʤʝʣʠ ʧʦʣʝʚʳʝ ʨʘʙʦʪʳ ʚ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʷʭ ɸʆ 

çʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʦʝ ʇɻʆè, ʆʆʆ çʈʫʜʥʠʢ ɺʘʣʫʥʠʩʪʳʡè, ʆʆʆ çʂʘʥʯʘʣʘʥʦ-

ɸʤʛʫʵʤʩʢʘʷ ʧʣʦʱʘʜʴè. ʃʠʯʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʠ ʟʥʘʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʚʦ ʚʨʝʤʷ 

ʨʘʙʦʪ ʚ ʜʘʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ, ʣʝʛʣʠ ʚ ʦʩʥʦʚʫ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɸʚʪʦʨ 

ʧʦʣʴʟʫʝʪʩʷ ʩʣʫʯʘʝʤ ʠ ʙʣʘʛʦʜʘʨʠʪ ʟʘ ʧʝʨʝʜʘʥʥʳʡ ʙʝʩʮʝʥʥʳʡ ʦʧʳʪ ʢʦʣʣʝʛ, ʩ 

ʢʦʪʦʨʳʤʠ ʩʦʩʪʦʷʣʠʩʴ ʧʦʣʝʚʳʝ ʨʘʙʦʪʳ: ʐʘʨʳʧʦʚʘ ʃ.ɺ., ʅʝʚʦʣʠʥʘ ɼ.ʅ., 

ɿʘʨʠʧʦʚʘ ʈ.ɻ., ʂʦʯʢʠʥʘ ʌ. ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ. ɸʚʪʦʨ ʙʣʘʛʦʜʘʨʠʪ ʟʘ ʥʝʦʮʝʥʠʤʫʶ 

ʧʦʤʦʱʴ ʚ ʧʨʦʚʝʜʝʥʠʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜ.ʛ.-ʤ.ʥ. ʆʩʦʚʝʮʢʦʛʦ ɹ.ʄ., 

ʊʦʤʠʣʠʥʫ ɽ.ʄ., ʇʫʟʠʢʘ ɸ.ʖ., ʢ.ʭ.ʥ. ɺʦʣʢʦʚʫ ʄ.ɸ. ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʦʩʦʙʫʶ 

ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʜ.ʛ.-ʤ.ʥ. ʀʙʣʘʤʠʥʦʚʫ ʈ.ɻ., ʜ.ʛ.-ʤ.ʥ. ʆʩʦʚʝʮʢʦʤʫ ɹ.ʄ., ʢ.ʛ.-ʤ.ʥ. 

ʇʦʧʦʚʫ ɸ.ɻ., ʢ.ʛ.-ʤ.ʥ. ʃʝʙʝʜʝʚʫ ɻ.ɺ. ʟʘ ʢʦʥʩʫʣʴʪʘʮʠʠ ʠ ʧʦʤʦʱʴ ʚ ʚʳʧʦʣʥʝʥʠʠ 

ʜʘʥʥʦʡ ʨʘʙʦʪʳ. ʀʩʢʨʝʥʥʶʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʘʚʪʦʨ ʚʳʨʘʞʘʝʪ ʢʦʣʣʝʢʪʠʚʫ 

ʢʘʬʝʜʨʳ çʇʦʠʩʢʦʚ ʠ ʨʘʟʚʝʜʢʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭè ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ 

ʬʘʢʫʣʴʪʝʪʘ ʇɻʅʀʋ ʟʘ ʛʦʜʳ, ʧʨʦʚʝʜʝʥʥʳʝ ʚ ʩʪʫʜʝʥʯʝʩʪʚʝ ʠ ʘʩʧʠʨʘʥʪʫʨʝ. 
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ɻʃɸɺɸ 1. ɻɽʆʃʆɻʀʏɽʉʂɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʈɸʁʆʅɸ 

 

1.1. ʀʩʪʦʨʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ 

ɻʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʝ ʨʘʙʦʪʳ 

ʇʦ ʨʝʢʦʤʝʥʜʘʮʠʠ ɸ.ʅ. ʃʝʛʢʦʚʘ ʥʘ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʛʝʦʣʦʛʦʩʲʝʤʦʯʥʳʝ ʨʘʙʦʪʳ ʤʘʩʰʪʘʙʘ 1:100000 (ɼ.ʇ. ɹʦʥʜʘʨʯʫʢ, 1959). ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ ʚ ʙʘʩʩʝʡʥʝ ʨʫʯʴʷ ɺʘʣʫʥʠʩʪʳʡ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ 

ʞʠʣʳ ʢʚʘʨʮʝʚʦʛʦ ʠ ʢʚʘʨʮ-ʧʦʣʝʚʦʰʧʘʪʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʩʦʜʝʨʞʘʱʠʝ 0,4-6,8 ʛ/ʪ 

ʟʦʣʦʪʘ ʠ ʜʦ 187,5 ʛ/ʪ ʩʝʨʝʙʨʘ. ɹʳʣʠ ʚʳʷʚʣʝʥʳ ʰʣʠʭʦʚʳʝ ʦʨʝʦʣʳ ʨʘʩʩʝʷʥʠʷ 

ʤʝʣʢʦʛʦ ʟʦʣʦʪʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʜʦ 0,3 ʛ/ʪ. 

ʇʦʣʦʞʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʙʘʩʩʝʡʥʘ ʨʫʯʴʷ ɺʘʣʫʥʠʩʪʦʛʦ ʥʘ ʥʘʭʦʞʜʝʥʠʝ ʚ ʥʝʤ 

ʢʦʨʝʥʥʳʭ ʠ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʦʣʦʪʘ ʧʦʩʣʫʞʠʣʘ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ 

ʦʨʛʘʥʠʟʘʮʠʠ ʚ ʨʘʡʦʥʝ ʛʝʦʣʦʛʦʩʲʝʤʦʯʥʳʭ ʠ ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ. ɻʝʦʣʦʛʠʯʝʩʢʠʝ 

ʩʲʝʤʢʠ ʤʘʩʰʪʘʙʦʚ 1:200000 (ʄ.ɺ. ʌʠʣʠʤʦʥʦʚ, 1964 ʛ; ʃ.ʀ. ʉʝʨʝʜʘ, 1965 ʛ; ɺ.ɻ. 

ʉʠʣʢʠʥ, 1966 ʛ.) ʠ 1:50000-1:10000 (ɺ.ɻ. ʈʝʰʝʪʦʚ, 1962; ɺ.ʀ. ʐʘʚʝʣʴ, 1964, 

ɸ.ɽ. ʄʘʭʣʘʡ, 1974) ʧʦʜʪʚʝʨʜʠʣʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʨʘʡʦʥʘ ʥʘ ʚʳʷʚʣʝʥʠʝ ʟʦʣʦʪʦ-

ʩʝʨʝʙʨʷʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ. 

ʉʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʨʘʡʦʥʝ ʥʘʯʘʣʠʩʴ ʚ 1978 

ʛʦʜʫ ʣʠʪʦʭʠʤʠʯʝʩʢʠʤʠ ʧʦʠʩʢʘʤʠ ʧʦ ʧʦʪʦʢʘʤ ʨʘʩʩʝʷʥʠʷ ʤʘʩʰʪʘʙʘ 1:200 000, 

ʧʨʦʚʝʜʝʥʥʳʤʠ ʩʠʣʘʤʠ ʂʘʥʯʘʣʘʥʩʢʦʛʦ ʦʪʨʷʜʘ ɻʝʦʭʠʤʠʯʝʩʢʦʡ ʧʘʨʪʠʠ ʎɻʕ (ʉ.ɹ. 

ʄʘʪʚʝʝʚ, 1981) ʥʘ ʂʘʥʯʘʣʘʥʩʢʦʡ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʧʣʦʱʘʜʠ. ʂʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʦʙʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʚʳʜʝʣʠʪʴ ʧʣʦʱʘʜʠ, 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘ ʟʦʣʦʪʦ ʠ ʩʝʨʝʙʨʦ, ʦʢʦʥʪʫʨʠʪʴ ʘʥʦʤʘʣʴʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ 

ʟʦʥʳ, ʫʟʣʳ ʠ ʦʪʜʝʣʴʥʳʝ ʘʥʦʤʘʣʠʠ.  

ʄʘʪʝʨʠʘʣʳ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʨʘʙʦʪ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʠ 

ʦʙʦʙʱʝʥʳ ʚ 1988-1989 ʛ.ʛ. ɺʷʪʢʠʥʳʤ ɺ.ɺ. ʠ ʉʦʣʦʤʝʥʥʳʤ ɸ.ɺ. ʀʤʠ ʩʦʩʪʘʚʣʝʥʳ 

ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʘʷ ʠ ʧʨʦʛʥʦʟʥʘʷ ʢʘʨʪʳ ʥʘ ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʦʝ ʦʨʫʜʝʥʝʥʠʝ 

ʤʘʩʰʪʘʙʘ 1:200 000, ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʧʨʦʛʥʦʟʥʳʭ ʨʝʩʫʨʩʦʚ ʢʘʪʝʛʦʨʠʠ ʈ3 
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ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʣʦʱʘʜʝʡ. ɺʧʝʨʚʳʝ ʩʜʝʣʘʥʘ ʪʠʧʠʟʘʮʠʷ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ 

ʧʦ ʬʦʨʤʘʮʠʦʥʥʳʤ ʪʠʧʘʤ.  

ɺ 1988-1992 ʛʛ. ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʣʠʩʪʦʚ Q-60-55-ɻ;-56-ɹ,-ɺ,-ɻ ʂʦʨʦʪʢʦʡ 

ʛʝʦʣʦʛʦʩʲʝʤʦʯʥʦʡ ʧʘʨʪʠʝʡ (ʇʘʚʣʦʚ, 1993) ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʣʠʪʦʭʠʤʠʯʝʩʢʘʷ 

ʩʲʝʤʢʘ ʤʘʩʰʪʘʙʘ 1:50 000 ʧʦ ʚʪʦʨʠʯʥʳʤ ʦʨʝʦʣʘʤ ʨʘʩʩʝʷʥʠʷ ʩ ʢʦʤʧʣʝʢʩʦʤ 

ʟʘʚʝʨʦʯʥʳʭ ʨʘʙʦʪ. ʆʩʥʦʚʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪ ʂʦʨʦʪʢʦʡ ɻʉʇ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ 

ʙʳʣʘ ʜʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʷʚʣʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʂʘʥʯʘʣʘʥʦ-ɸʤʛʫʵʤʩʢʦʡ 

ʨʫʜʥʦʡ ʟʦʥʳ ʧʨʦʤʳʰʣʝʥʥʦ ʟʥʘʯʠʤʳʭ ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

ɺ 1992-95 ʛʛ. ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʂʘʥʯʘʣʘʥʦ-ɸʤʛʫʵʤʩʢʦʡ ʧʣʦʱʘʜʠ (ʣʠʩʪʳ 

Q-60-55-ɺ; -67-ɸ,ɹ) ɻɻʇ çɻɽʆʈɽɻʀʆʅè ʧʨʦʚʦʜʠʣʠʩʴ  ʦʧʝʨʝʞʘʶʱʠʝ 

ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʦʠʩʢʠ ʧʦ ʚʪʦʨʠʯʥʳʤ ʦʨʝʦʣʘʤ ʨʘʩʩʝʷʥʠʷ ʤʘʩʰʪʘʙʘ 1:50 000 ʥʘ 

ʚʩʝʡ ʧʣʦʱʘʜʠ ʨʘʙʦʪ (312 ʢʤ
2
) ʠ ʤʘʩʰʪʘʙʘ 1:10000 - ʥʘ ʟʘʚʝʨʦʯʥʳʭ ʫʯʘʩʪʢʘʭ 

(ɺʦʨʦʥʝʮ ʃ.ʃ., 1995). ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʙʦʪ ʚʳʷʚʣʝʥʦ 8 

ʢʦʤʧʣʝʢʩʥʳʭ ʘʥʦʤʘʣʠʡ Au-Ag ʩʧʝʮʠʘʣʠʟʘʮʠʠ, ʜʘʥʘ ʧʨʦʛʥʦʟʥʘʷ ʦʮʝʥʢʘ 

ʪʝʨʨʠʪʦʨʠʠ ʥʘ ʟʦʣʦʪʦ ʠ ʩʝʨʝʙʨʦ. ʉʦʩʪʘʚʣʝʥ ʢʦʤʧʣʝʢʪ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʢʘʨʪ 

ʤʘʩʰʪʘʙʦʚ 1:50000 - 1:10000, ʘ ʪʘʢʞʝ ʢʘʨʪʘ ʧʨʦʛʥʦʟʘ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʧʦ 

ʧʨʦʚʝʜʝʥʠʶ ɻʉʈ-50. ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ ʐʘʭ ʠ ɾʠʣʴʥʳʡ ʨʝʢʦʤʝʥʜʦʚʘʥʳ 

ʢʘʢ ʧʝʨʚʦʦʯʝʨʝʜʥʳʝ ʦʙʲʝʢʪʳ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ ʜʝʪʘʣʴʥʳʭ ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ. 

ɺ 1992-97 ʛʛ. ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʂʘʥʯʘʣʘʥʦ-ɸʤʛʫʵʤʩʢʦʡ ʧʣʦʱʘʜʠ (938 ʢʤ
2
, 

ʣʠʩʪʳ Q-60-53-ɻ,-54-ɺ,-65-ɹ,-66-ɸ,ɹ) ʅʇʇ çɻɽʆʇʆʀʉʂè (ɺ.ʅ. ɺʘʩʠʣʴʝʚ, 

1997) ʧʨʦʚʝʜʝʥʳ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʦʠʩʢʠ ʧʦ ʚʪʦʨʠʯʥʳʤ ʦʨʝʦʣʘʤ ʨʘʩʩʝʷʥʠʷ 

ʤʘʩʰʪʘʙʘ 1:50000, ʘ ʪʘʢʞʝ ʤʘʩʰʪʘʙʘ 1:10000 ʥʘ ʫʯʘʩʪʢʘʭ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ ʣʠʪʦʭʠʤʠʯʝʩʢʦʡ ʩʲʝʤʢʠ ʧʦ ʧʦʪʦʢʘʤ ʨʘʩʩʝʷʥʠʷ. ʇʦ 

ʠʪʦʛʘʤ ʨʘʙʦʪ ʩʦʩʪʘʚʣʝʥʘ ʢʘʨʪʘ ʧʨʦʛʥʦʟʘ ʩ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʦʡ ʧʦ 

ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʧʨʦʛʥʦʟʥʳʭ ʨʝʩʫʨʩʦʚ ʢʘʪʝʛʦʨʠʠ ʈ3 ʥʘ ʟʦʣʦʪʦ ʠ ʩʝʨʝʙʨʦ.  

ɺ 1998-2002 ʛʛ. ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʅ.ʀ. ʈʦʤʘʥʦʚʘ ʧʨʦʚʦʜʠʣʦʩʴ ʛʝʦʣʦʛʠ-

ʯʝʩʢʦʝ ʜʦʠʟʫʯʝʥʠʝ ʤʘʩʰʪʘʙʘ 1:200 000, ʚʢʣʶʯʘʶʱʝʝ ʰʪʫʬʥʦʝ, ʙʦʨʦʟʜʦʚʦʝ ʠ 

ʛʝʦʭʠʤʠʯʝʩʢʦʝ ʦʧʨʦʙʦʚʘʥʠʝ, ʩ ʮʝʣʴʶ ʦʮʝʥʢʠ ʧʝʨʩʧʝʢʪʠʚ ʨʘʡʦʥʘ ʥʘ ʚʳʷʚʣʝʥʠʝ 

ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʧʨʦʛʥʦʟʥʳʭ ʨʝʩʫʨʩʦʚ. 
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ɺ 1999-2011 ʛʛ. ʆʆʆ çɸʉ ʏʫʢʦʪʢʘè, ʘ ʩ 2011 ʛʦʜʘ ʆʆʆ çʈʫʜʥʠʢ 

ɺʘʣʫʥʠʩʪʳʡè ʧʨʦʚʦʜʠʣʠ ʨʘʟʨʘʙʦʪʢʫ ʠ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʝ ʨʘʙʦʪʳ ʥʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ ɺʘʣʫʥʠʩʪʦʝ ʚ ʧʨʝʜʝʣʘʭ ʟʦʥ ɻʣʘʚʥʘʷ ʠ ʅʦʚʘʷ. ɺ 2003 ʛ. ʥʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʥʘʯʘʪʘ ʜʦʙʳʯʘ ʨʫʜʳ ʦʪʢʨʳʪʳʤ ʩʧʦʩʦʙʦʤ ʜʚʫʤʷ ʢʘʨʴʝʨʘʤʠ. 

ʋʪʚʝʨʞʜʝʥʥʳʝ ʟʘʧʘʩʳ C1+C2 ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɺʘʣʫʥʠʩʪʦʝ ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 

01.01.2018 ʩʦʩʪʘʚʠʣʠ: ʨʫʜʳ ï 3822.8 ʪʳʩ. ʪ, ʟʦʣʦʪʘ ï 19,91 ʪ, ʩʝʨʝʙʨʦ ï 212,13 ʪ. 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʦʪʘ 5,21 ʛ/ʪ, ʩʝʨʝʙʨʘ ï 55,49 ʛ/ʪ. 

ɺ ʧʝʨʠʦʜ 2007-2011 ʛʛ. ʚ ʧʨʝʜʝʣʘʭ ʂʘʥʯʘʣʘʥʦ-ɸʤʛʫʵʤʩʢʦʡ ʧʣʦʱʘʜʠ 

ʧʨʦʚʦʜʠʣʦ ʧʦʠʩʢʦʚʳʝ ʠ ʧʦʠʩʢʦʚʦ-ʦʮʝʥʦʯʥʳʝ ʨʘʙʦʪʳ ʚ ʥʘʯʘʣʝ ɿɸʆ çɻɼʂ 

ʉʠʙʠʨʴè (ɺ.ʀ. ʋʶʪʦʚ, 2009). ʈʘʙʦʪʳ ʚʢʣʶʯʘʣʠ ʧʣʦʱʘʜʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ 

ʧʦʠʩʢʠ ʤʘʩʰʪʘʙʦʚ 1:25000-1:10000 ʥʘ ʫʯʘʩʪʢʘʭ ɻʦʨʥʳʡ, ʆʩʝʥʥʠʡ, ɾʠʣʴʥʳʡ, 

ʐʘʭ; ʧʦʠʩʢʦʚʳʝ ʤʘʨʰʨʫʪʳ ʩʦ ʰʪʫʬʥʳʤ ʦʧʨʦʙʦʚʘʥʠʝʤ, ʙʦʨʦʟʜʦʚʦʝ 

ʦʧʨʦʙʦʚʘʥʠʝ ʢʘʥʘʚ, ʣʠʪʦʭʠʤʠʯʝʩʢʠʝ ʧʦʠʩʢʠ ʧʦ ʧʦʪʦʢʘʤ ʨʘʩʩʝʷʥʠʷ. ʈʝʟʫʣʴʪʘʪʦʤ 

ʵʪʠʭ ʨʘʙʦʪ ʷʚʠʣʦʩʴ ʚʳʜʝʣʝʥʠʝ ʚ ʧʨʝʜʝʣʘʭ ɺʘʣʫʥʠʩʪʦʛʦ ʨʫʜʥʦʛʦ ʫʟʣʘ, ʧʦʤʠʤʦ 

ʠʟʚʝʩʪʥʦʛʦ ʨʘʥʝʝ ɻʦʨʥʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ (ʨʫʜʦʥʦʩʥʦʛʦ ʫʯʘʩʪʢʘ), ʪʘʢ ʞʝ 

ʆʛʥʝʥʥʦʛʦ ʨʫʜʦʥʦʩʥʦʛʦ ʫʯʘʩʪʢʘ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠʤʳʢʘʶʱʝʛʦ ʠ ʢ ɻʦʨʥʦʤʫ 

ʠ ɺʘʣʫʥʠʩʪʦʤʫ ʨʫʜʥʳʤ ʧʦʣʷʤ. ɿʜʝʩʴ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʢʚʘʨʮʝʚʳʝ, ʢʚʘʨʮ-ʢʘʨʙʦʥʘʪʥʳʝ ʠ ʢʚʘʨʮ-ʘʜʫʣʷʨʦʚʳʝ ʞʠʣʳ ʠ ʠʭ ʟʦʥʳ. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʵʪʠʭ ʨʘʙʦʪ ʩʦʩʪʘʚʣʝʥ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʦʪʯʝʪ (ɺ.ɺ. ʄʝʥʴʰʠʢʦʚ, 

2011). 

ʅʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ɻʦʨʥʦʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ 2009-18 ʛʛ. 

ʙʳʣ ʚʳʧʦʣʥʝʥ ʠ ʘʧʨʦʙʠʨʦʚʘʥ ʦʧʝʨʘʪʠʚʥʳʡ ʧʦʜʩʯʸʪ ʟʘʧʘʩʦʚ ʢʘʪʝʛʦʨʠʠ C1+C2 

ʩʦʩʪʘʚʠʣ: ʨʫʜʳ ï 200,57 ʪʳʩ. ʪ, ʟʦʣʦʪʘ ï 843,6 ʢʛ, ʩʝʨʝʙʨʦ ï 7,17 ʪ. ʉʨʝʜʥʷʷ 

ʤʦʱʥʦʩʪʴ ʨʫʜʥʳʭ ʪʝʣ ï 2,77 ʤ, ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʦʪʘ 4,21 ʛ/ʪ, ʩʝʨʝʙʨʘ ï 

35,76 ʛ/ʪ. 

ʅʘʯʠʥʘʷ ʩ 2011 ʛʦʜʘ ʠ ʧʦ ʩʝʛʦʜʥʷʰʥʠʡ ʤʦʤʝʥʪ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʠʟʫʯʝʥʠʝʤ 

ʦʧʠʩʳʚʘʝʤʦʡ ʧʣʦʱʘʜʠ ʟʘʥʠʤʘʝʪʩʷ ʆʆʆ çʂʘʥʯʘʣʘʥʦ-ɸʤʛʫʵʤʩʢʘʷ ʧʣʦʱʘʜʴè, 

ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʚʣʘʜʝʣʴʮʝʤ ʦʜʥʦʠʤʝʥʥʦʡ ʣʠʮʝʥʟʠʠ. 
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ɺ 2013-2020 ʛʛ. ʚ ʧʨʝʜʝʣʘʭ ʂʘʥʯʘʣʘʥʦ-ɸʤʛʫʵʤʩʢʦʡ ʧʣʦʱʘʜʠ ʆʆʆ çʂɸʇè 

ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʦʠʩʢʦʚʦ-ʦʮʝʥʦʯʥʳʝ ʠ ʨʘʟʚʝʜʦʯʥʳʝ ʨʘʙʦʪʳ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ 

ʦʙʲʝʤʘʤʠ ʛʦʨʥʳʭ ʠ ʙʫʨʦʚʳʭ ʨʘʙʦʪ ʥʘ ʫʯʘʩʪʢʘʭ ʐʘʭ, ɾʠʣʴʥʳʡ, ɻʦʨʥʳʡ ʠ 

ʆʛʥʝʥʥʳʡ.  ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʦʠʩʢʦʚʳʭ ʠ ʦʮʝʥʦʯʥʳʭ ʨʘʙʦʪ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ 

2012-2015 ʛ.ʛ. ʥʘ ʫʯʘʩʪʢʝ ɾʠʣʴʥʳʡ, ʙʳʣ ʚʳʧʦʣʥʝʥ (ɿɸʆ çʉʠʙʛʝʦʢʦʥʩʘʣʪʠʥʛè) 

ʧʦʜʩʯʝʪ ʧʦʚʘʨʠʘʥʪʥʳʡ ʧʦʜʩʯʝʪ ʟʘʧʘʩʦʚ ʢʘʪʝʛʦʨʠʠ ʉ2: ʨʫʜʳ ï 1756,4 ʪʳʩ. ʪ, 

ʟʦʣʦʪʘ ï 1725,1 ʢʛ, ʩʝʨʝʙʨʦ ï 399,1 ʪ. ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʦʪʘ 1,0 ʛ/ʪ, 

ʩʝʨʝʙʨʘ ï 227,2 ʛ/ʪ. 

ɺ 2017-2022 ʛʛ. ɸʆ çʈʦʩʛʝʦʣʦʛʠʷè ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʧʦʜʨʷʜʯʠʢʘ ɸʆ 

çʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʦʝ ʇɻʆè ʧʨʦʚʦʜʠʣʦ ʧʦʠʩʢʦʚʳʝ ʨʘʙʦʪʳ ʥʘ ʣʠʮʝʥʟʠʦʥʥʳʭ 

ʧʣʦʱʘʜʷʭ ʂʨʝʤʦʚʘʷ (ʊʵʨʢʝʥʝʡʩʢʠʡ ʨʫʜʥʳʡ ʫʟʝʣ) ʠ ʂʫʟʴʤʠʯ (ʎʝʥʪʨʘʣʴʥʳʡ 

ʨʫʜʥʳʡ ʫʟʝʣ). 

ʅʘ ʫʯʘʩʪʢʝ ʂʨʝʤʦʚʳʡ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʷʚʣʷʝʪʩʷ ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʥʘ 

ʧʨʘʚʦʤ ʙʝʨʝʛʫ ʦʜʥʦʠʤʝʥʥʦʛʦ ʨʫʯʴʷ ʨʫʜʦʥʦʩʥʘʷ ʟʦʥʘ ʂʨʝʤʦʚʘʷ-1, ʚ ʧʨʝʜʝʣʘʭ 

ʢʦʪʦʨʦʡ ʚʳʜʝʣʝʥʘ ʩʦʙʩʪʚʝʥʥʦ  ʨʫʜʥʘʷ ʟʦʥʘ  1 ʠ ʜʚʝ ʦʧʝʨʷʶʱʠʭ ʟʦʥʳ 01 ʠ 02. 

ʆʩʥʦʚʥʘʷ ʟʦʥʘ ʠʤʝʝʪ ʩʨʝʜʥʶʶ ʤʦʱʥʦʩʪʴ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ 59 ʤ, 

ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 1200 ʤ ʩ ʨʝʩʫʨʩʘʤʠ ʈ2 ʟʦʣʦʪʘ 3,7 ʪ ʠ ʩʝʨʝʙʨʘ 145 ʪ ʧʨʠ 

ʩʦʜʝʨʞʘʥʠʠ ʟʦʣʦʪʘ 2,42 ʛ/ʪ, ʩʝʨʝʙʨʘ 95 ʛ/ʪ, (3,56 ʛ/ʪ ʫʩʣʦʚʥʦʛʦ ʟʦʣʦʪʘ) 

ʅʘ ʫʯʘʩʪʢʝ ʂʫʟʴʤʠʯ ʦʙʱʠʝ ʧʨʦʛʥʦʟʥʳʝ ʨʝʩʫʨʩʳ ʢʘʪʝʛʦʨʠʠ ʈ1 ʧʦ 9 ʨʫʜʥʳʤ 

ʪʝʣʘʤ ʚ ʧʨʝʜʝʣʘʭ ʰʪʦʢʚʝʨʢʦʚ ʉʝʚʝʨʥʳʡ, ʎʝʥʪʨʘʣʴʥʳʡ, ʟʦʥʳ ɹʘʟʘʣʴʪʦʚʘʷ 

ʩʦʩʪʘʚʠʣʠ ʟʦʣʦʪʘ 3,7 ʪ, ʩʝʨʝʙʨʘ 127 ʪ (5,2 ʪ ʫʩʣʦʚʥʦʛʦ ʟʦʣʦʪʘ), ʢʦʣʠʯʝʩʪʚʦ ʨʫʜʳ 

ï 3,9 ʪʳʩ. ʪ. ɼʣʷ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʎʝʥʪʨʘʣʴʥʦʝ ʦʮʝʥʝʥʳ 

ʧʨʦʛʥʦʟʥʳʝ ʨʝʩʫʨʩʳ ʢʘʪʝʛʦʨʠʠ ʈ2 ʚ ʢʦʣʠʯʝʩʪʚʝ: 12 ʪ ʟʦʣʦʪʘ, 775 ʪ ʩʝʨʝʙʨʘ, ʨʫʜʳ 

14 ʪʳʩ. ʪ ʨʫʜʳ. 

ʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɸʥʘʣʠʟ ʠʤʝʶʱʠʭʩʷ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʆʭʦʪʩʢʦ-ʏʫʢʦʪʩʢʦʤʫ ʚʫʣʢʘʥʠʯʝʩʢʦʤʫ 

ʧʦʷʩʫ (ʆʏɺʇ) ʠ ʝʛʦ ʦʙʨʘʤʣʝʥʠʶ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʝʛʦ ʩʨʘʚʥʠʪʝʣʴʥʦ ʩʣʘʙʦʡ 

ʠʟʫʯʝʥʥʦʩʪʠ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʦʪʥʦʩʠʪʩʷ ʢ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʧʦʷʩʘ. ɺ ʪʦʞʝ 
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ʚʨʝʤʷ, ʠʤʝʶʱʠʝʩʷ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʚʳʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ 

ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʧʨʦʛʥʦʟʥʦ-ʧʦʠʩʢʦʚʳʝ ʧʨʠʟʥʘʢʠ. 

ɺʦʧʨʦʩʳ ʩʪʨʘʪʠʛʨʘʬʠʠ ʠ ʛʝʦʭʨʦʥʦʣʦʛʠʠ, ʤʘʛʤʘʪʠʟʤʘ, ʛʝʦʪʝʢʪʦʥʠʢʠ 

ʨʘʡʦʥʘ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʤʥʦʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ [ʆʙʨʫʯʝʚ, 

1934; ʋʩʪʠʝʚ, 1949; 1959; ʉʠʜʦʨʦʚ ʠ ʜʨ., 1970; ɹʝʣʳʡ, 1977; 1981; 1982; 1994; 

ʇʘʨʬʝʥʦʚ, 1984; ʃʝʙʝʜʝʚ, 1987; ʌʠʣʘʪʦʚʘ, 1988; ʇʦʣʠʥ, 1990; ʃʝʡʝʨ ʠ ʜʨ., 

1997; ʅʴʶʙʝʨʨʠ ʠ ʜʨ., 2000; ʏʝʭʦʚ, 2000; ʌʠʣʠʧʧʦʚʘ, 2001; ʂʦʪʣʷʨ, ʈʫʩʘʢʦʚʘ, 

2004; ɾʫʣʘʥʦʚʘ ʠ ʜʨ., 2007; ʉʘʭʥʦ ʠ ʜʨ., 2010; ɸʥʠʢʠʥ, ʄʠʣʣʝʨ, 2011; 

ʊʠʭʦʤʠʨʦʚ, 2020, ʇʦʣʠʥ; 2023]. ʆʙʨʘʟʦʚʘʥʠʝ ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ 

ɺʈʈ ʦʥʠ ʩʚʷʟʳʚʘʶʪ ʩʦ ʩʪʘʥʦʚʣʝʥʠʝʤ ʢʠʩʣʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, 

ʢʦʪʦʨʦʝ ʟʘʚʝʨʰʠʣʦʩʴ 76-80 ʤʣʥ. ʣʝʪ ʥʘʟʘʜ (ʣʝʫʨʚʘʘʤʩʢʠʡ ʢʦʤʧʣʝʢʩ). 

ʇʦʟʜʥʝʤʝʣʦʚʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʥʫʥʣʠʛʨʘʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʷʚʣʷʶʪʩʷ 

ʧʦʩʪʨʫʜʥʳʤʠ.  

ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʦʨʫʜʝʥʝʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɺʘʣʫʥʠʩʪʦʝ ʠʤʝʝʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʝʝ ʤʦʣʦʜʦʡ ʚʦʟʨʘʩʪ (ʨʘʟʥʠʮʘ ʦʢʦʣʦ 5 ʤʣʥ. ʣʝʪ) ʠʟ 

ʧʦʜʘʚʣʷʶʱʝʛʦ ʙʦʣʴʰʠʥʩʪʚʘ ʘʥʘʣʦʛʠʯʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʜʨʫʛʠʭ ʩʝʢʪʦʨʘʭ 

ʆʏɺʇ (ʂʘʨʘʤʢʝʥ, ʕʚʝʥʩʢʦʝ, ʀʨʙʳʯʘʥ, ʂʝʛʘʣʠ, ʆʡʨʘ, ʋʪʝʩʥʦʝ, ɼʫʢʘʪ). ʕʪʦ 

ʩʚʷʟʘʥʦ [ʉʘʭʥʦ ʠ ʜʨ., 2010] ʩ ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʳʚʦʤ ʤʝʞʜʫ ʩʪʘʥʦʚʣʝʥʠʷʤʠ 

ʘʥʘʣʦʛʠʯʥʳʭ ʧʦ ʚʝʱʝʩʪʚʝʥʥʦʤʫ ʩʦʩʪʘʚʫ ʠ ʧʦʣʦʞʝʥʠʶ ʚ ʨʘʟʨʝʟʝ ʦʢʨʘʠʥʥʦ-

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ (ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʳʭ) ʢʦʤʧʣʝʢʩʦʚ, ʯʪʦ ʦʪʨʘʞʘʝʪ ʩʤʝʱʝʥʠʝ 

ʬʘʢʪʦʨʦʚ ʤʘʛʤʦʛʝʥʝʨʘʮʠʠ ʚ ʚʦʩʪʦʯʥʦʤ, ʶʛʦ-ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ. 

ɺʦʧʨʦʩʳ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʨʘʟʤʝʱʝʥʠʷ ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʪʝʨʨʠʪʦʨʠʠ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʚ 

ʨʘʙʦʪʘʭ [ʉʠʜʦʨʦʚ, 1966; 1978; ɹʝʨʤʘʥ, 1970; ɹʝʛʫʥʦʚ ʠ ʜʨ., 1976; ʂʨʘʩʥʳʡ, 

1984; ʂʦʪʣʷʨ, 1986; ʑʝʧʦʪʴʝʚ ʠ ʜʨ., 1989; ʉʠʜʦʨʦʚ, ɽʨʝʤʠʥ, 1991; ɺʦʣʢʦʚ, 

1999; 2006; ʉʪʨʫʞʢʦʚ, ʂʦʥʩʪʘʥʪʠʥʦʚ, 2005; ɻʦʨʷʯʝʚ ʠ ʜʨ., 2010; ʉʪʨʫʞʢʦʚ, 

2010; ʂʦʥʩʪʘʥʪʠʥʦʚ, 2010]. ɼʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʳʩʦʢʦʡ 

ʨʦʣʠ ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʢʘʪʝʛʦʨʠʠ 

ʚʫʣʢʘʥʦ-ʩʪʨʫʢʪʫʨʥʳʭ (ʧʨʠʫʨʦʯʝʥʥʦʩʪʴ ʢ ʠʥʪʨʫʟʠʚʥʦ- ʠ ʚʫʣʢʘʥʦʢʫʧʦʣʴʥʳʤ 
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ʩʪʨʫʢʪʫʨʘʤ, ʟʦʥʳ ʛʣʫʙʠʥʥʳʭ ʨʘʟʣʦʤʦʚ, ʞʝʨʣʘ ʧʘʣʝʦʚʫʣʢʘʥʦʚ, ʢʘʣʴʜʝʨʳ 

ʧʨʦʩʝʜʘʥʠʷ ʠ ʜʨ.). 

 ʆʜʥʦʚʨʝʤʝʥʥʦ, ʵʪʠ ʥʘʙʣʶʜʝʥʠʷ, ʥʘʨʷʜʫ ʩ ʠʤʝʶʱʠʤʠʩʷ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ 

ʜʘʥʥʳʤʠ [ʅʘʨʪʠʢʦʝʚ ʠ ʜʨ., 1975; ʂʦʯʥʝʚʘ ʠ ʜʨ., 1998; ɻʫʨʝʚʠʯ, 2009; 2013], 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʳʩʦʢʦʡ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʮʝʣʝʚʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʚʳʷʚʣʝʥʠʝ 

ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʦʪʝʥʮʠʘʣʴʥʦ-ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʬʘʢʪʦʨʦʚ. ʉ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʦʧʳʪ ʧʦʣʝʚʳʭ ʥʘʙʣʶʜʝʥʠʡ ʠ ʢʘʤʝʨʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʜʠʩʪʘʥʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʦʜʥʦʟʥʘʯʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʦʩʥʦʚʥʳʝ ʯʝʨʪʳ ʨʝʣʴʝʬʘ 

ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʝʝ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʩʪʨʦʝʥʠʝʤ, ʯʪʦ ʜʝʣʘʝʪ 

ʚʦʟʤʦʞʥʳʤ ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʘʣʝʦʚʫʣʢʘʥʠʯʝʩʢʠʭ ʨʝʢʦʥʩʪʨʫʢʮʠʡ 

[ɼʲʷʢʦʥʦʚ, 2011; ɼʲʷʢʦʥʦʚ ʠ ʜʨ., 2016]. 

ɺʦʧʨʦʩʘʤ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʨʫʜ, ʦʩʦʙʝʥʥʦʩʪʷʤ 

ʙʣʘʛʦʨʦʜʥʦʤʝʪʘʣʣʴʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠ ʫʩʣʦʚʠʷʤ ʝʝ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʩʚʷʱʝʥʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ [ɹʨʳʟʛʘʣʦʚ, ʂʨʠʚʠʮʢʘʷ, 1998; ʅʦʚʦʩʝʣʦʚ ʠ ʜʨ., 2009; ɽʣʤʘʥʦʚ ʠ 

ʜʨ., 2018; ʉʘʚʚʘ, 2018; ɺʦʣʢʦʚ ʠ ʜʨ., 2019; 2020; ɾʫʨʘʚʢʦʚʘ ʠ ʜʨ., 2019; ʈʫʩʘʥʦʚ 

ʠ ʜʨ., 2019; ʇʘʣʴʷʥʦʚʘ; 2020; ɹʝʣʷʝʚʘ, 2022; ɹʦʨʪʥʠʢʦʚ ʠ ʜʨ., 2022; ɹʝʣʷʝʚʘ, 

ʇʘʣʴʷʥʦʚʘ, 2023; ʂʫʟʥʝʮʦʚ ʠ ʜʨ., 2023]. ɼʘʥʥʳʝ ʨʘʙʦʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, 

ʯʪʦ ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʦʝ ʦʨʫʜʝʥʝʥʠʝ ʨʘʡʦʥʘ ʦʪʥʦʩʠʪʩʷ ʢ ʵʧʠʪʝʨʤʘʣʴʥʦʤʫ ʪʠʧʫ.  

ʅʠʟʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʝʡ ʠ  ʪʝʤʧʝʨʘʪʫʨʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʠ  ʧʨʦʷʚʣʝʥʠʡ ɺʈʈ ʘʥʘʣʦʛʠʯʥʳ ʬʣʶʠʜʘʤ ʵʧʠʪʝʨʤʘʣʴʥʳʭ 

ʥʠʟʢʦʩʫʣʴʬʠʜʠʟʠʨʦʚʘʥʥʳʤ ʤʝʩʪʦʨʦʞʜʝʥʠʡ [Hedenquist et al., 1988; Sowkins, 

1990; Simmons et al., 2005; Bodnar et al., 2014, ɻʦʨʷʯʝʚ, 2019; ʂʠʛʘʡ, 2020]. 

ʇʦʣʥʘʷ ʛʦʤʦʛʝʥʠʟʘʮʠʷ ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʢʚʘʨʮʝ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ 

ɾʠʣʴʥʦʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 273-350ÁC [ɽʣʤʘʥʦʚ ʠ ʜʨ., 2018], ʥʘ 

ɺʘʣʫʥʠʩʪʦʤ ï 203-284ÁC [ɺʦʣʢʦʚ ʠ ʜʨ., 2020]. 

ʈʘʟʚʠʪʠʝ ʢʘʣʴʮʠʪʘ ʠ ʬʣʶʦʨʠʪʘ ʚ ʨʫʜʥʳʭ ʞʠʣʘʭ ʷʚʣʷʝʪʩʷ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʧʨʦʷʚʣʝʥʠʡ ɺʈʈ ï ʥʘ ʤʥʦʛʠʭ ʘʥʘʣʦʛʠʯʥʳʭ Au-Ag 
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ʵʧʠʪʝʨʤʘʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ [ʉʝʨʛʠʝʚʩʢʠʡ, 2006, ɺʦʣʢʦʚ ʠ ʜʨ., 2012] ʆʏɺʇ 

ʦʥʠ ʥʝ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʨʫʜʥʳʭ ʞʠʣʘʭ. 

ɼʣʷ ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʧʨʦʷʚʣʝʥʠʡ ɺʈʈ ʭʘʨʘʢʪʝʨʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʟʦʣʦʪʘ, 

ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, ʚ ʚʠʜʝ ʩʘʤʦʨʦʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʩʠʩʪʝʤʳ Au-Ag, ʙʦʣʴʰʦʝ 

ʨʘʟʥʦʦʙʨʘʟʠʝ Ag-ʩʦʜʝʨʞʘʱʠʭ ʤʠʥʝʨʘʣʦʚ; ʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʠʯʝʩʪʚʘ 

ʭʘʣʴʢʦʛʝʥʠʜʦʚ Au ʠ Ag (ʶʪʝʥʙʦʛʘʘʨʜʪʠʪ, ʧʝʪʨʦʚʩʢʘʠʪ, ʘʢʘʥʪʠʪ, ʥʘʫʤʘʥʥʠʪ, 

ʢʝʨʚʝʣʣʝʠʪ) ʠ ʤʠʥʝʨʘʣʦʚ ʧʠʨʩʝʠʪ-ʧʦʣʠʙʘʟʠʪʦʚʦʛʦ ʨʷʜʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦ ʜʘʥʥʳʤ 

[ʂʫʟʥʝʮʦʚ ʠ ʜʨ., 2023] ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ɺʘʣʫʥʠʩʪʦʝ ʨʘʟʚʠʪʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ 

ʥʝ çʥʦʣʴ ʚʘʣʝʥʪʥʳʝè ʤʠʢʨʦ- ʠ ʥʘʥʦʬʦʨʤʳ Au (AgAuTe2, Ag2SO4, AuCuSe4), 

ʢʦʪʦʨʳʝ ʜʦʤʠʥʠʨʫʶʪ ʥʘʜ ʩʘʤʦʨʦʜʥʦʡ ʬʦʨʤʦʡ AuAg ʠ ʥʝ ʜʠʘʛʥʦʩʪʠʨʫʶʪʩʷ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʧʦʩʦʙʦʚ ʘʥʘʣʠʟʘ ʨʫʜ. 

1.2. ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʠ ʧʦʣʝʟʥʳʝ ʠʩʢʦʧʘʝʤʳʝ 

ɻʝʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʦʝ ʧʦʣʦʞʝʥʠʝ 

ʈʘʡʦʥ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʥʦʩʠʪʩʷ ʢ ɸʤʛʫʵʤʦ-ʂʘʥʯʘʣʘʥʩʢʦʤʫ ʚʫʣʢʘʥʠʯʝʩʢʦʤʫ 

ʧʦʣʶ (ɸʂɺʇ), ʢʦʪʦʨʦʝ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʧʨʝʜʝʣʘʭ ɺʦʩʪʦʯʥʦ-ʏʫʢʦʪʩʢʦʡ ʬʣʘʥʛʦʚʦʡ 

ʟʦʥʳ (ʨʠʩ. 1) ʆʭʦʪʩʢʦ-ʏʫʢʦʪʩʢʦʛʦ ʚʫʣʢʘʥʦʛʝʥʥʦʛʦ ʧʦʷʩʘ, ʧʝʨʝʢʨʳʚʘʶʱʝʡ 

ʢʨʘʝʚʫʶ ʯʘʩʪʴ ʕʩʢʠʤʦʩʢʦʛʦ ʢʨʘʪʦʥʥʦʛʦ ʪʝʨʨʝʡʥʘ [ɹʝʣʳʡ, 1977]. ɺʈʈ 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʚʳʜʝʣʝʥʥʦʡ ɻʫʨʝʚʠʯʝʤ ɼ.ɺ. ɸʥʘʜʳʨʩʢʦʡ ʢʦʣʴʮʝʚʦʡ 

ʤʝʛʘʩʪʨʫʢʪʫʨʳ (ʨʠʩ. 2), ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʦʡ ʚ ʨʝʣʴʝʬʝ ʠ ʜʦʩʪʠʛʘʶʱʝʡ 500 ʢʤ ʚ 

ʧʦʧʝʨʝʯʥʠʢʝ, ʩ ʮʝʥʪʨʦʤ ʚ ʨʘʡʦʥʝ ɸʥʘʜʳʨʩʢʦʛʦ ʟʘʣʠʚʘ. ʇʦʣʫʢʦʣʴʮʝʚʘʷ ʛʨʘʥʠʮʘ 

ʩʦʚʨʝʤʝʥʥʦʡ ɸʥʘʜʳʨʩʢʦʡ ʤʝʛʘʩʪʨʫʢʪʫʨʳ, ʧʨʦʭʦʜʷʱʘʷ ʧʦ ʢʦʥʪʠʥʝʥʪʫ, 

ʩʦʚʧʘʜʘʝʪ ʩ ʩʠʩʪʝʤʦʡ ʛʣʫʙʠʥʥʳʭ ʜʫʛʦʦʙʨʘʟʥʳʭ ʨʘʟʣʦʤʦʚ [ʂʦʯʥʝʚʘ, 2003]. 

ʆʏɺʇ ʥʘʣʦʞʝʥ ʥʘ ʚʝʱʝʩʪʚʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʂʦʥʠ-ʊʘʥʶʨʝʨʩʢʦʡ 

ʩʢʣʘʜʯʘʪʦʡ ʩʠʩʪʝʤʳ ʂʦʨʷʢʩʢʦ-ʂʘʤʯʘʪʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʦʙʣʘʩʪʠ (ʨʠʩ. 3). 

ʇʦʷʩʥʳʝ ʚʫʣʢʘʥʠʪʳ ʩʣʘʛʘʶʪ ʧʨʦʛʠʙ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ, ʠʤʝʶʱʝʛʦ 

ʰʠʨʠʥʫ 30-100 ʢʤ ʠ ʧʨʦʩʣʝʞʠʚʘʶʱʝʛʦʩʷ ʦʪ ʨ. ʊʘʥʶʨʝʨ ʥʘ ʟʘʧʘʜʝ, ʜʦ ʨ. 

ɸʤʛʫʵʤʘ - ʥʘ ʚʦʩʪʦʢʝ. ʉʢʣʘʜʯʘʪʳʤ ʝʛʦ ʦʩʥʦʚʘʥʠʝʤ ʷʚʣʷʶʪʩʷ ʜʠʩʣʦʮʠʨʦʚʘʥʥʳʝ 

ʦʪʣʦʞʝʥʠʷ ʧʘʣʝʦʟʦʡʩʢʦʛʦïʨʘʥʥʝʤʝʣʦʚʦʛʦ ʚʦʟʨʘʩʪʘ.  
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ʈʠʩ.  1. ʇʦʣʦʞʝʥʠʝ ɺʘʣʫʥʠʩʪʦʛʦ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ ʚ  ʨʝʛʠʦʥʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨʘʭ, ʥʘ 

ʦʩʥʦʚʝ ʩʭʝʤʳ ɺ.ʌ. ɹʝʣʦʛʦ [1994]: 1ï5 ï  ʤʝʩʪʦʨʦʞʜʝʥʠʷ: 1 ï  AuïAg ʵʧʠʪʝʨʤʘʣʴʥʳʝ, 2 ï

  Au-ʢʚʘʨʮʝʚʳʝ, 3 ï  Au-ʩʫʣʴʬʠʜʥʳʝ, ʚʢʨʘʧʣʝʥʥʳʝ, 4 ï  ʦʣʦʚʦʨʫʜʥʳʝ; 5 ï  Cu-Mo-

ʧʦʨʬʠʨʦʚʳʝ; 6 ï ɺʘʣʫʥʠʩʪʳʡ ʨʫʜʥʳʡ ʨʘʡʦʥ. 
 

ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ 

ɺʳʜʝʣʷʶʪʩʷ ʧʷʪʴ ʩʪʨʫʢʪʫʨʥʦ-ʬʦʨʤʘʮʠʦʥʥʳʭ ʟʦʥ (ʉʌɿ): ʄʫʨʛʘʣʴʩʢʦ-

ʂʘʥʯʘʣʘʥʩʢʘʷ, ɸʤʛʫʵʤʩʢʘʷ ʠ ʊʘʥʶʨʝʨʩʢʘʷ, ɸʤʛʫʵʤʩʢʘʷ ʠ ʅʠʞʥʝʘʥʘʜʳʨʩʢʘʷ 

ʥʝʦʪʝʢʪʦʥʠʯʝʩʢʠʝ ʚʧʘʜʠʥʳ.  ʂʘʞʜʘʷ ʉʌɿ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʤʠ 

ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʚʦʡʩʪʚʝʥʥʳʤʠ ʝʡ 

ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ. 

ʅʘʠʙʦʣʝʝ ʜʨʝʚʥʠʤʠ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ (ʨʠʩ. 4) 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʷʚʣʷʶʪʩʷ ʚ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ 

ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʝ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʝ ʠ ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ ʜʝʚʦʥʘ 

(ʫʵʣʝʥʝʡʮʚʝʝʤʩʢʘʷ ʪʦʣʱʘ) ʠ ʢʘʨʙʦʥʘ (ʦʟʝʨʥʠʥʩʢʘʷ ʠ ʰʫʤʥʠʥʩʢʘʷ ʪʦʣʱʠ), 

ʢʦʪʦʨʳʝ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʊʘʥʶʨʝʨʩʢʦʡ ʉʌɿ.  

ʉʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠ ʚʳʰʝ ʠʭ ʚ ʩʚʦʜʥʦʤ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʨʘʟʨʝʟʝ ʧʣʦʱʘʜʠ 

ʟʘʣʝʛʘʶʪ ʦʩʘʜʦʯʥʳʝ ʠ ʚʫʣʢʘʥʦʛʝʥʥʳʝ ʧʦʨʦʜʳ ʚʝʨʭʥʝʡ ʶʨʳ (ʧʝʢʫʣʴʥʝʡʚʝʝʤʩʢʘʷ 

ʩʚʠʪʘ), ʥʠʞʥʝʛʦ (ʚʦʣʯʝʛʦʨʩʢʘʷ ʪʦʣʱʘ) ʠ ʚʝʨʭʥʝʛʦ ʤʝʣʘ (ʧʦʧʝʨʝʯʥʠʥʩʢʘʷ ʩʚʠʪʘ), 
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ʧʘʣʝʦʛʝʥʘ (ʪʘʥʶʨʝʨʩʢʘʷ ʠ ʠʣʴʤʳʥʝʡʚʝʝʤʩʢʘʷ ʩʚʠʪʘ), ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʚ 

ʄʫʨʛʘʣʴʩʢʦ-ʂʘʥʯʘʣʘʥʩʢʦʡ ʉʌɿ.  

 ʈʠʩ.  2. ʈʘʟʤʝʱʝʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʆʏɺʇ 

ʥʘ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ ʩ ʵʣʝʤʝʥʪʘʤʠ ʩʪʨʫʢʪʫʨʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ (ɻʫʨʝʚʠʯ, 

2009). ʉʭʝʤʘ ʨʘʡʦʥʠʨʦʚʘʥʠʷ (ʏʝʭʦʚ, 2000), ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʢʘʨʪ ʤ-ʙʦʚ 1:2 

500 000 ʠ 1:500 000; ʤʝʩʪʦʨʦʞʜʝʥʠʡ ï ʧʦ Mineral Resources of Eastern Siberiaé ʉʭʝʤʘ 

ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʛʦé ʎʅʀɻʈʀ, 2004, USGS MRDS. ʊʝʢʪʦʥʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ 

ʚʳʧʦʣʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʦʢʘʨʪ ʤ-ʙʘ 1:2 500 000, ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ ʨʝʣʴʝʬʘ SRTM30 

ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ WDMAM, ʢʦʤʧʦʟʠʮʠʠ MrSID Landsat 

 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ɺʈʈ ʜʦʤʠʥʠʨʫʶʪ  ʚʝʨʭʥʝʤʝʣʦʚʳʝ ʚʫʣʢʘʥʠʪʳ (ʘʤʛʝʥʴʩʢʘʷ 

ʪʦʣʱʘ, ʵʢʠʪʳʢʠʥʩʢʘʷ, ʣʝʫʨʚʘʘʤʩʢʘʷ ʠ ʥʫʥʣʠʛʨʘʥʩʢʘʷ ʩʚʠʪʳ) ɸʤʛʫʵʤʩʢʦʡ ʉʌɿ. 
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ɺ ʦʩʥʦʚʘʥʠʠ ʚʫʣʢʘʥʦʛʝʥʥʦʛʦ ʨʘʟʨʝʟʘ ʟʘʣʝʛʘʶʪ ʧʦʢʨʦʚʥʳʝ ʠʛʥʠʤʙʨʠʪʳ ʠ ʪʫʬʳ 

ʨʠʦʣʠʪʦʚ, ʨʠʦʜʘʮʠʪʦʚ, ʜʘʮʠʪʦʚ, ʪʨʘʭʠʨʠʦʣʠʪʦʚ, ʪʨʘʭʠʜʘʮʠʪʦʚ ʠ 

ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʝ ʜʘʮʠʪʳ ʘʤʛʝʥʴʩʢʦʡ ʪʦʣʱʠ. ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʚ ʨʘʡʦʥʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚʫʣʢʘʥʠʪʳ ʵʢʠʪʳʢʠʥʩʢʦʡ ʩʚʠʪʳ, ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʦʯʝʥʴ 

ʧʝʩʪʨʳʡ ï ʠʛʥʠʤʙʨʠʪʳ, ʣʘʚʳ ʠ ʪʫʬʳ (ʦʪ ʨʠʦʣʠʪʦʚʦʛʦ ʜʦ ʙʘʟʘʣʴʪʦʚʦʛʦ ʩʦʩʪʘʚʘ), 

ʣʠʥʟʳ ʠ ʧʨʦʩʣʦʠ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ, ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʝ ʪʝʣʘ ʠ ʜʘʡʢʠ ʘʥʜʝʟʠʪʦʚ, 

ʙʘʟʘʣʴʪʦʚ, ʜʘʮʠʪʦʚ. ɸʤʛʝʥʴʩʢʫʶ ʠ ʵʢʠʪʳʢʠʥʩʢʫʶ ʩʝʨʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

[ɹʝʣʳʡ, 1981] ʢʘʢ ʝʜʠʥʘʷ ʨʠʦʣʠʪ-ʘʥʜʝʟʠʪ-ʙʘʟʘʣʴʪʦʚʘʷ ʬʦʨʤʘʮʠʷ. ɺ ʮʝʥʪʨʘʣʴʥʦʡ 

ʯʘʩʪʠ ʨʘʡʦʥʘ ʟʘʢʘʨʪʠʨʦʚʘʥʳ ʜʠʦʨʠʪʳ ʵʢʠʪʳʢʠʥʩʢʦʛʦ ʠʥʪʨʫʟʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, 

ʘ ʥʘ ʧʨʘʚʦʙʝʨʝʞʴʝ ɻʘʯʛʘʛʳʨʛʳʚʘʘʤ ï ʨʠʦʣʠʪʳ ʣʝʫʨʚʘʘʤʩʢʦʛʦ 

ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ʈʠʩ.  3. ʉʭʝʤʘ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ (ʈʦʤʘʥʦʚ, 2003) 
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ʈʠʩ.  4. ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ ɺʘʣʫʥʠʩʪʦʛʦ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ [ɺʦʣʢʦʚ ʠ ʜʨ., 2019]. 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 1ï5 ï  ʚʦʟʨʘʩʪ ʧʦʨʦʜ: 1ï ʨʘʥʥʠʡ ʧʘʣʝʦʛʝʥ, 2 ï  ʧʦʟʜʥʠʡ ʤʝʣ (ʩʝʥʦʤʘʥ-

ʪʫʨʦʥ), 3 ï  ʧʦʟʜʥʠʡ ʤʝʣ (ʢʦʥʴʷʢ), 4 ï  ʢʘʨʙʦʥ, 5 ï  ʜʝʚʦʥ; 6ï9 ï  ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʧʦʨʦʜʳ: 6 ï  

ʨʠʦʣʠʪʳ, 7 ï  ʜʘʮʠʪʳ, 8 ï  ʘʥʜʝʟʠʪʳ, 9 ï  ʙʘʟʘʣʴʪʳ; 10 ï  ʧʝʩʯʘʥʠʢʠ; 11 ï  ʛʣʠʥʠʩʪʳʝ ʩʣʘʥʮʳ; 

12 ï  ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʧʦʨʦʜʳ; 13ï16 ï  ʠʥʪʨʫʟʠʚʥʳʝ ʧʦʨʦʜʳ: 13 ï  ʩʠʝʥʠʪʳ, ʛʨʘʥʦʩʠʝʥʠʪʳ, 

14 ï  ʛʨʘʥʠʪʳ, ʛʨʘʥʦʜʠʦʨʠʪʳ, 15 ï  ʜʠʦʨʠʪʳ, ʤʦʥʮʦʥʠʪʳ, 16 ï  ʛʘʙʙʨʦ; 17 ï  

ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʝ ʪʝʣʘ ʨʠʦʣʠʪ-ʜʘʮʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ; 18  ï  ʢʨʫʧʥʳʝ ʨʘʟʣʦʤʳ; 19 ï  ʚʫʣʢʘʥʦ-

ʢʫʧʦʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ (1 ï  ɾʠʣʴʥʠʥʩʢʘʷ, 2 ï  ʐʘʭʩʢʘʷ, 3 ï  ʆʨʘʥʞʝʚʘʷ, 4  ï  ɺʘʣʫʥʠʩʪʘʷ, 5 ï  

ʐʘʣʘʷ, 6 ï  ʇʨʘʚʦʛʦʨʥʝʥʩʢʘʷ); 20 ï  AuïAg ʵʧʠʪʝʨʤʘʣʴʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

 

ɿʘʚʝʨʰʘʶʪ ʨʘʟʨʝʟ ʚʫʣʢʘʥʠʪʦʚ ʙʘʟʘʣʴʪʳ, ʩʫʙʱʝʣʦʯʥʳʝ ʙʘʟʘʣʴʪʳ, 

ʘʥʜʝʟʠʪʦʙʘʟʘʣʴʪʳ ʩ ʨʝʜʢʠʤʠ ʧʨʦʩʣʦʷʤʠ ʪʫʬʦʚ. ɺ.ʌ. ɹʝʣʳʡ ʦʪʥʦʩʠʪ ʵʪʠ 

ʙʘʟʘʣʴʪʳ ʢ ʧʦʟʜʥʝʤʝʣʦʚʦʡ ʙʘʟʘʣʴʪ-ʪʨʘʭʠʙʘʟʘʣʴʪʦʚʦʡ ʬʦʨʤʘʮʠʠ.  

ʅʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ʧʣʦʱʘʜʠ ʣʦʢʘʣʴʥʦ ʦʙʥʘʞʘʶʪʩʷ ʧʘʣʝʦʛʝʥʦʚʳʝ ʨʳʭʣʳʝ 

ʦʪʣʦʞʝʥʠʷ ɸʤʛʫʵʤʩʢʦʡ ʥʝʦʪʝʢʪʦʥʠʯʝʩʢʦʡ ʚʧʘʜʠʥʳ (ʟʦʥʳ). ʅʘ ʶʛʦ-ʟʘʧʘʜʝ 

ʪʝʨʨʠʪʦʨʠʠ ʚ ʅʠʞʥʝʘʥʘʜʳʨʩʢʦʡ ʥʝʦʪʝʢʪʦʥʠʯʝʩʢʦʡ ʚʧʘʜʠʥʝ (ʟʦʥʝ), ʘ ʪʘʢʞʝ ʚ 

ʜʦʣʠʥʘʭ ʢʨʫʧʥʳʭ ʨʝʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʯʝʪʚʝʨʪʠʯʥʳʝ ʦʪʣʦʞʝʥʠʷ. 

ʀʥʪʨʫʟʠʚʥʳʝ ʧʦʨʦʜʳ ʦʙʨʘʟʫʶʪ ʪʨʠ ʧʣʫʪʦʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʘ - 

ʤʫʨʛʘʣʴʩʢʠʡ, ʵʢʠʪʳʢʠʥʩʢʠʡ, ʣʝʫʨʚʘʘʤʩʢʠʡ, ʘ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʝ ʠ ʵʢʩʪʨʫʟʠʚʥʳʝ 

ʦʙʨʘʟʦʚʘʥʠʷ, ʩʦʚʤʝʩʪʥʦ ʩʦ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʚʫʣʢʘʥʠʪʘʤʠ, ʩʣʘʛʘʶʪ ʰʝʩʪʴ 
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ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ - ʘʤʛʝʥʴʩʢʠʡ, ʵʢʠʪʳʢʠʥʩʢʠʡ, ʣʝʫʨʚʘʘʤʩʢʠʡ, 

ʥʫʥʣʠʛʨʘʥʩʢʠʡ, ʪʘʥʶʨʝʨʩʢʠʡ, ʠʣʴʤʳʥʝʡʚʝʝʤʩʢʠʡ. 

ʆʩʥʦʚʥʦʡ ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʝʡ ʩʪʨʫʢʪʫʨʦʡ ʨʘʡʦʥʘ ʷʚʣʷʝʪʩʷ ʂʘʥʯʘʣʘʥʩʢʘʷ 

ʟʦʥʘ ʛʣʫʙʠʥʥʳʭ ʨʘʟʣʦʤʦʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ, ʢʦʪʦʨʘʷ 

ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʚ ʩʢʣʘʜʯʘʪʦʤ ʦʩʥʦʚʘʥʠʠ ʚʫʣʢʘʥʠʪʦʚ ʦʪ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʜʦ 

ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʛʨʘʥʠʮʳ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʥʘ 300ï320 ʢʤ ʠ 

ʧʨʦʜʦʣʞʘʝʪʩʷ ʟʘ ʝʝ ʧʨʝʜʝʣʘʤʠ. ʅʘ ʶʛʦ-ʟʘʧʘʜʝ ʦʥʘ ʧʝʨʝʢʨʳʚʘʝʪʩʷ 40 

ʧʘʣʝʦʛʝʥʦʚʳʤʠ ʙʘʟʘʣʴʪʘʤʠ ʠ ʬʨʘʛʤʝʥʪʘʨʥʦ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʜʦ ʨ. ʊʘʥʶʨʝʨ, ʘ ʥʘ 

ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ʪʨʘʩʩʠʨʫʝʪʩʷ ʜʦ ʨ. ɸʤʛʫʵʤʘ. ɺ ʧʨʝʜʝʣʘʭ ʨʘʡʦʥʘ ʰʠʨʠʥʘ 

ʂʘʥʯʘʣʘʥʩʢʦʡ ʟʦʥʳ ʨʘʟʣʦʤʦʚ 12ï30 ʢʤ, ʛʝʥʝʨʘʣʴʥʦʝ ʧʨʦʩʪʠʨʘʥʠʝ ʉɺ 65.̄ ɺ 

ʧʨʝʜʝʣʘʭ ʂʘʥʯʘʣʘʥʩʢʦʡ ʟʦʥʳ ʛʣʫʙʠʥʥʳʭ ʨʘʟʣʦʤʦʚ ʣʦʢʘʣʠʟʦʚʘʥʳ ʦʩʥʦʚʥʳʝ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʠ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʧʨʠʫʨʦʯʝʥʥʳʝ ʢ ʣʦʢʘʣʴʥʳʤ 

ʚʫʣʢʘʥʦʩʪʨʫʢʪʫʨʘʤ ʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʧʨʦʧʠʣʠʪʘʤʠ, ʘʨʛʠʣʣʠʟʠʪʘʤʠ, 

ʚʪʦʨʠʯʥʳʤʠ ʢʚʘʨʮʠʪʘʤʠ, ʘ ʪʘʢʞʝ ʟʦʥʘʤʠ ʧʨʦʞʠʣʢʦʚʦʛʦ ʦʢʚʘʨʮʝʚʘʥʠʷ ʠ 

ʢʚʘʨʮʝʚʳʤʠ ʞʠʣʘʤʠ. 

ʇʦʣʝʟʥʳʝ ʠʩʢʦʧʘʝʤʳʝ 

ɺ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʤ ʧʣʘʥʝ ʨʘʡʦʥ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

ɸʥʶʡʩʢʦ-ʏʫʢʦʪʩʢʦʡ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʡ ʧʨʦʚʠʥʮʠʠ, ʚ ʂʘʥʯʘʣʘʥʦ-ɸʤʛʫʵʤʩʢʦʡ 

ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʡ ʟʦʥʝ [ɺʦʣʢʦʚ ʠ  ʜʨ., 2006], ɺʘʣʫʥʠʩʪʦʤ ʨʫʜʥʦʤ ʨʘʡʦʥʝ 

ʨʘʡʦʥ [ʉʪʨʫʞʢʦʚ, ʂʦʥʩʪʘʥʪʠʥʦʚ, 2005]. ɺ ʧʨʝʜʝʣʘʭ ʨʘʡʦʥʘ ʚʳʜʝʣʷʶʪʩʷ 

ɺʘʣʫʥʠʩʪʳʡ, ʅʳʛʯʝʢʚʘʘʤʩʢʠʡ, ʊʵʨʢʝʥʝʡʩʢʠʡ [ʉʪʨʫʞʢʦʚ, ʂʦʥʩʪʘʥʪʠʥʦʚ, 2005] ʠ 

ʎʝʥʪʨʘʣʴʥʳʡ ʨʫʜʥʳʝ ʫʟʣʳ (ʅ.ʀ. ʈʦʤʘʥʦʚ, 1999). ɺ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʣʩʷ [ʉʪʨʫʞʢʦʚ, ʂʦʥʩʪʘʥʪʠʥʦʚ, 2005] ʨʫʜʥʳʡ ʫʟʝʣ, ʩʢʨʳʪʳʡ ʧʦʜ 

ʯʝʪʚʝʨʪʠʯʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʠ ʧʘʣʝʦʛʝʥʦʚʳʤʠ ʙʘʟʘʣʴʪʘʤʠ. ʅʘ ʧʣʦʱʘʜʠ 

ʧʝʨʚʦʛʦ ʨʫʜʥʦʛʦ ʫʟʣʘ ʨʘʩʧʦʣʦʞʝʥʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ ɺʘʣʫʥʠʩʪʦʝ, ɻʦʨʥʦʝ ʠ 

ɾʠʣʴʥʦʝ, ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ʐʘʭ ʠ ʆʨʘʥʞʝʚʦʝ. ɺ ʢʦʥʪʫʨʝ ʅʳʛʯʝʢʚʘʘʤʩʢʠʡ ʫʟʣʘ 

ʥʘʭʦʜʠʪʩʷ ʨʫʜʦʧʨʦʷʚʣʝʥʠʝ ʆʩʝʥʥʝʝ ʠ ʅʳʛʯʝʢʚʘʘʤ. ɺ ʧʨʝʜʝʣʘʭ ʊʵʨʢʝʥʝʡʩʢʦʛʦ 

ʫʟʣʘ ʨʘʩʧʦʣʦʞʝʥʳ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ʊʵʨʢʝʥʝʡ, ʂʨʝʤʦʚʦʝ ʠ ʃʫʥʥʦʝ, ʚ ʧʨʝʜʝʣʘʭ 

ʎʝʥʪʨʘʣʴʥʦʛʦ ï ʨʫʜʦʧʨʦʷʚʣʝʥʠʝ ʎʝʥʪʨʘʣʴʥʦʝ (ʨʠʩ. 5).  
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ɿʘ ʧʨʝʜʝʣʘʤʠ ʦʪʤʝʯʝʥʥʳʭ ʨʫʜʥʳʭ ʧʦʣʝʡ ʧʦʤʠʤʦ ʟʦʣʦʪʘ ʠ ʩʝʨʝʙʨʘ ʚʳʷʚʣʝʥ 

ʨʷʜ ʧʫʥʢʪʦʚ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʞʝʣʝʟʘ, ʤʝʜʠ, ʩʚʠʥʮʘ, ʮʠʥʢʘ, ʤʦʣʠʙʜʝʥʘ, ʧʣʘʪʠʥʳ, 

ʤʳʰʴʷʢʘ, ʦʣʦʚʘ, ʚʠʩʤʫʪʘ, ʨʪʫʪʠ. 

ʈʠʩ. 5. ʉʭʝʤʘʪʠʯʝʩʢʘʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ ɺʘʣʫʥʠʩʪʦʛʦ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ (ʧʦ 

ʉ.ʌ.ʉʪʨʫʞʢʦʚʫ ʠ ʄ.ʄ.ʂʦʥʩʪʘʥʪʠʥʦʚʫ, 2005 ʛ., ʜʦʧʦʣʥʝʥʥʘʷ ʘʚʪʦʨʦʤ) 
ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʢ ʨʠʩ. 5: 1 ï ʯʝʪʚʝʨʪʠʯʥʳʝ ʘʣʣʶʚʠʘʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ; 2 ï 

ʚʝʨʭʥʝʤʝʣʦʚʳʝ-ʧʘʣʝʦʛʝʥʦʚʳʝ (ʩʝʥʦʤʘʥ-ʜʘʪʩʢʠʝ) ʙʘʟʘʣʴʪʳ, ʘʥʜʝʟʠʪʳ, ʨʠʦʣʠʪʳ 

(ʘʥʜʝʟʠʙʘʟʘʣʴʪʦʚʘʷ, ʨʠʦʣʠʪʦʚʘʷ ʬʦʨʤʘʮʠʷ); 3- ʚʝʨʭʥʝʤʝʣʦʚʳʝ ʨʠʦʣʠʪʳ, ʨʠʦʜʘʮʠʪʳ, ʠʭ ʪʫʬʳ 

ʠ ʠʛʥʠʤʙʨʠʪʳ (ʨʠʦʣʠʪʦʚʘʷ, ʨʠʦʜʘʮʠʪʦʚʘʷ ʬʦʨʤʘʮʠʷ); 4 ï ʚʝʨʭʥʝʶʨʩʢʠʝ-ʥʠʞʥʝʤʝʣʦʚʳʝ, 

ʥʠʞʥʝ-ʚʝʨʭʥʝʤʝʣʦʚʳʝ ʘʥʜʝʟʠʪʳ, ʜʘʮʠʪʳ, ʨʠʦʣʠʪʳ ʠ ʠʭ ʪʫʬʳ (ʘʥʜʝʟʠʪʦʚʘʷ, ʨʠʦʜʘʮʠʪʦʚʘʷ 

ʬʦʨʤʘʮʠʷ); 5 ï ʪʝʨʨʠʛʝʥʥʳʝ ʥʠʞʥʝʢʘʨʙʦʥʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ʠ ʨʘʥʥʝʤʝʣʦʚʳʝ ʛʨʘʥʠʪʦʠʜʳ 

(ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʨʠʛʝʥʥʘʷ ʠ ʛʨʘʥʦʜʠʦʨʠʪ-ʛʨʘʥʠʪʥʘʷ ʬʦʨʤʘʮʠʷ); 6 -  ʧʦʟʜʥʝʤʝʣʦʚʳʝ 

ʛʨʘʥʠʪʦʠʜʳ (ʛʨʘʥʦʜʠʦʨʠʪ-ʛʨʘʥʠʪʥʘʷ ʬʦʨʤʘʮʠʷ); 7 ï ʨʘʟʣʦʤʳ; 8 ï ʛʨʘʥʠʮʳ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ; 9 

ï ʛʨʘʥʠʮʳ ʨʫʜʥʳʭ ʫʟʣʦʚ: I ï ɺʘʣʫʥʠʩʪʦʛʦ, II ï ʅʳʛʯʝʢʚʘʘʤʩʢʦʛʦ, III ï ʊʝʨʢʝʥʝʡʩʢʦʛʦ, IV ï 

ʎʝʥʪʨʘʣʴʥʳʡ; 10 ï ʧʨʦʛʥʦʟʠʨʫʝʤʳʡ ʨʫʜʥʳʡ ʫʟʝʣ; 11 ï ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʘ) 

ʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ (ʙ): 1 ï ʆʩʝʥʥʝʝ, 2 ï ʅʳʛʯʝʢʚʘʘʤ, 4 ï ʐʘʭ, 5 ï ɺʘʣʫʥʠʩʪʦʝ, ɻʦʨʥʦʝ, 7 ï 

ʃʫʥʥʦʝ, 8 ï ʂʨʝʤʦʚʦʝ, 9 ï ʎʝʥʪʨʘʣʴʥʦʝ, 10 - ʆʨʘʥʞʝʚʦʝ; 12 ï ʩʝʨʝʙʨʷʥʦ-ʟʦʣʦʪʳʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʘ) ʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ (ʙ): 3 ï ɾʠʣʴʥʦʝ, 6 ï ʊʵʨʢʝʥʝʡ. 
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ɻʃɸɺɸ 2. ʄɽʊʆɼʀʂɸ ɸʅɸʃʀʊʀʏɽʉʂʀʍ ʀʉʉʃɽɼʆɺɸʅʀʁ 

 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʧʦʣʝʚʳʭ ʨʘʙʦʪ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɺʘʣʫʥʠʩʪʦʛʦ ʨʫʜʥʦʛʦ 

ʨʘʡʦʥʘ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʦʙʨʘʟʮʳ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʠʟʤʝʥʝʥʥʳʭ ʧʦʨʦʜ, ʞʠʣʴʥʦ-

ʧʨʦʞʠʣʢʦʚʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʪʝʭʥʦʛʝʥʥʦ-ʤʠʥʝʨʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ.  

ɺ ʢʘʤʝʨʘʣʴʥʳʡ ʧʝʨʠʦʜ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʆʩʥʦʚʥʦʡ ʦʙʲʝʤ ʨʘʙʦʪ ʧʨʦʚʦʜʠʣʩʷ ʚ ʃʘʙʦʨʘʪʦʨʠʠ ʦʩʘʜʦʯʥʳʭ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ (ʇʝʨʤʴ), ʩʝʢʪʦʨʝ çʅʘʥʦʤʠʥʝʨʘʣʦʛʠʷè ʇɻʅʀʋ (ʇʝʨʤʴ), ʅʀʃ 

çʄʠʥʝʨʘʣʦʛʦ-ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡè ɽʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʦʤ ʠʥʩʪʠʪʫʪʝ 

ʇɻʅʀʋ (ʇʝʨʤʴ) ʠ ʚʳʧʦʣʥʷʣʩʷ ʧʦ ʩʭʝʤʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩ. 6. 

ʈʠʩ.  6. ʉʭʝʤʘ ʦʙʨʘʙʦʪʢʠ ʧʨʦʙ ʠ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʘʙʦʪ 
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ʇʨʦʙʦʧʦʜʛʦʪʦʚʢʘ. ʏʘʩʪʴ ʦʙʨʘʟʮʦʚ ʙʳʣʘ ʨʘʟʜʨʦʙʣʝʥʘ ʜʦ ʨʘʟʤʝʨʘ ʤʠʥʫʩ 2 

ʤʤ ʜʣʷ ʠʟʫʯʝʥʠʷ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ. ʈʘʟʜʝʣʝʥʠʷ ʨʘʟʜʨʦʙʣʝʥʥʳʭ ʦʙʨʘʟʮʦʚ, ʘ 

ʪʘʢʞʝ ʪʝʭʥʦʛʝʥʥʦ-ʤʠʥʝʨʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʥʘ ʣʝʛʢʫʶ ʠ ʪʷʞʝʣʫʶ ʬʨʘʢʮʠʶ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʛʨʘʚʠʪʘʮʠʦʥʥʳʤ ʩʧʦʩʦʙʦʤ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʦʪʢʘ ʠ ʬʘʨʬʦʨʦʚʳʭ ʯʘʰ. ʇʦʣʫʯʝʥʥʳʡ ʢʦʥʮʝʥʪʨʘʪ (ʯʝʨʥʳʡ 

ʰʣʠʭ) ʜʦʚʦʜʠʣʩʷ ʜʦ ʩʫʧʝʨʢʦʥʮʝʥʪʨʘʪʘ, ʩ ʧʦʤʦʱʴʶ ʜʦʤʳʚʢʠ ʚ ʙʨʦʤʦʬʦʨʤʝ. 

ʇʨʦʩʤʦʪʨ ʪʷʞʝʣʦʡ ʬʨʘʢʮʠʠ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʦʜ ʙʠʥʦʢʫʣʷʨʥʳʤ ʤʠʢʨʦʩʢʦʧʦʤ 

Nikon SMZ-745. 

ɼʣʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ:  

1. ʈʝʥʪʛʝʥʦ-ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ (ʈʌɸ) ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʧʦʨʦʰʢʦʚʦʛʦ ʜʠʬʨʘʢʪʦʤʝʪʨʘ D2 Phaser (ʬʠʨʤʘ çBrukerè, ʌʈɻ) ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʠʩʭʦʜʥʳʭ ʧʨʦʙ (ʘʥʘʣʠʪʠʢ ɽ.ʄ.ʊʦʤʠʣʠʥʘ). ʇʦʨʦʰʢʦʚʘʷ 

ʧʨʦʙʘ ʧʦʤʝʱʘʣʘʩʴ ʚ ʢʶʚʝʪʫ, ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʩʲʸʤʢʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ. 

ʆʙʨʘʙʦʪʢʘ ʢʨʠʚʳʭ (ʩʛʣʘʞʠʚʘʥʠʝ, ʧʦʠʩʢ ʧʠʢʦʚ) ʠ ʢʘʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ 

ʚʳʧʦʣʥʷʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Diffrac.Eva. ɼʣʷ ʧʦʠʩʢʘ ʤʠʥʝʨʘʣʴʥʳʭ ʬʘʟ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʙʘʟʘ ʜʘʥʥʳʭ ʧʦʨʦʰʢʦʚʦʡ ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ ð PDF-2. 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʚʘʣʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʙʳ ʚʳʧʦʣʥʷʣʩʷ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Topas 4-2, ʢʦʪʦʨʦʝ ʨʝʘʣʠʟʫʝʪ ʙʝʟʵʪʘʣʦʥʥʳʡ ʘʥʘʣʠʟ 

ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʈʠʪʚʝʣʴʜʘ ð ʧʨʦʮʝʜʫʨʳ ʤʠʥʠʤʠʟʘʮʠʠ ʦʪʢʣʦʥʝʥʠʷ ʤʝʞʜʫ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʘʥʥʦʡ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʤʠ. 

2. ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʩ ʠʥʜʫʢʪʠʚʥʦ-ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ (ʄʉ ʀʉʇ) 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʭʚʦʩʪʘʭ ʦʙʦʛʘʱʝʥʠʷ 

(ʘʥʘʣʠʪʠʢ ɸ.ʖ. ʇʫʟʠʢ). 

3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʰʣʠʬʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ 

Nikon Eklipce LV 100 Pol (Nikon, ʗʧʦʥʠʷ) ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʩʦʩʪʘʚʘ ʦʙʨʘʟʮʦʚ (ʘʥʘʣʠʪʠʢ ɽ.ʄ.ʊʦʤʠʣʠʥʘ). 

4. ʉʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (ʉʕʄ) ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʠ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ (ʘʥʘʣʠʪʠʢ ɹ.ʄ. 

ʆʩʦʚʝʮʢʠʡ)  
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5. ʃʦʢʘʣʴʥʳʡ ʤʠʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʡ (ʤʠʢʨʦʟʦʥʜʦʚʳʡ) ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʯʘʩʪʠʮ (ʘʥʘʣʠʪʠʢ ɹ.ʄ. ʆʩʦʚʝʮʢʠʡ) ï ʙʦʣʝʝ 

200 ʘʥʘʣʠʟʦʚ. ʀʩʧʦʣʴʟʦʚʘʥ ʩʢʘʥʠʨʫʶʱʠʡ ʵʣʝʢʪʨʦʥʥʳʡ ʤʠʢʨʦʩʢʦʧ JSM 7500F 

(Jeol) ʩ ʭʦʣʦʜʥʦʡ ʵʤʠʩʩʠʝʡ ʠ JSM 6390LV (Jeol) ʩ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʡ 

ʧʨʠʩʪʘʚʢʦʡ INCA ENERGY 350 (Oxford Instruments).  

ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɾʠʣʴʥʦʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʮʠʢʣʠʯʝʩʢʦʤʫ 

ʧʨʦʤʦʨʘʞʠʚʘʥʠʶ-ʦʪʪʘʠʚʘʥʠʶ, ʤʦʜʝʣʠʨʫʶʱʠʡ ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʢʣʠʤʘʪʘ ʥʘ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ 8 ʮʠʢʣʦʚ ʧʨʦʤʦʨʘʞʠʚʘʥʠʷ-

ʦʪʪʘʠʚʘʥʠʷ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʘʥʘʣʦʛʦʤ ʛʦʜʘ. ɼʠʘʧʘʟʦʥ ʢʦʣʝʙʘʥʠʡ 

ʪʝʤʧʝʨʘʪʫʨ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʩʦʩʪʘʚʣʷʣ ʦʪ +25 ʜʦ -20 Áʉ. 
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ɻʃɸɺɸ 3. ʄʀʅɽʈɸʃʆɻʆ-ɻɽʆʍʀʄʀʏɽʉʂɸʗ ʄʆɼɽʃʔ ʆʈʋɼɽʅɽʅʀʗ 

 

3.1. ɻʝʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɾʠʣʴʥʦʝ 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʬʦʥʜʦʚʳʭ ʠ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʩʫʱʝʩʪʚʫʶʪ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʪʦʤ, ʯʪʦ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʠ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʨʫʜ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʧʨʦʷʚʣʝʥʠʡ ɺʈʈ ʷʚʣʷʶʪʩʷ ʘʥʘʣʦʛʠʯʥʳʤʠ. ʆʜʥʘʢʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʝ ɾʠʣʴʥʦʝ ʠʤʝʝʪ ʨʷʜ ʦʪʣʠʯʠʪʝʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʠ ʧʨʦʟʥʦʟʥʦ-

ʧʦʠʩʢʦʚʦʡ ʤʦʜʝʣʝʡ ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ɺʈʈ. 

3.1.1. ɻʝʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ 

ɺ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ 

ʚʫʣʢʘʥʦʛʝʥʥʳʝ ʠ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʙʣʦʤʦʯʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʘʤʛʝʥʴʩʢʦʡ ʪʦʣʱʠ, ʠ, 

ʣʦʢʘʣʴʥʦ ʨʘʟʚʠʪʳʝ, ʦʪʣʦʞʝʥʠʷ ʵʢʠʪʳʢʠʥʩʢʦʡ ʩʚʠʪʳ, ʧʨʦʨʚʘʥʥʳʝ 

ʧʣʫʪʦʥʠʯʝʩʢʠʤʠ ʠʥʪʨʫʟʠʚʘʤʠ, ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʤʠ ʪʝʣʘʤʠ ʠ ʜʘʡʢʘʤʠ 

ʵʢʠʪʳʢʠʥʩʢʦʡ ʚʫʣʢʘʥʦ-ʧʣʫʪʦʥʠʯʝʩʢʦʡ ʘʩʩʦʮʠʘʮʠʠ (ʨʠʩ 7). ʇʦʨʦʜʳ 

ʨʫʜʦʚʤʝʱʘʶʱʝʡ ʘʤʛʝʥʴʩʢʦʡ ʪʦʣʱʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʣʘʚʦʚʳʤʠ ʧʦʢʨʦʚʘʤʠ 

ʜʘʮʠʪʦʚ ʩ ʧʨʦʩʣʦʷʤʠ ʣʘʧʠʣʠʝʚʳʭ ʪʫʬʦʚ ʠ ʣʘʚʦʙʨʝʢʯʠʡ ʜʘʮʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ, 

ʧʦʨʦʜʳ ʵʢʠʪʳʢʠʥʩʢʦʡ ʩʚʠʪʳ ï ʚʫʣʢʘʥʠʪʘʤʠ ʘʥʜʝʟʠʪ ʙʘʟʘʣʴʪʦʚʦʛʦ ʩʦʩʪʘʚʘ. 

ɺ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʝ 

ʪʝʣʦ ʵʨʫʧʪʠʚʥʳʭ ʙʨʝʢʯʠʡ [ɽʣʤʘʥʦʚ ʠ ʜʨ., 2018].  ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʙʨʝʢʯʠʠ 

ʠʤʝʝʪ ʘʥʜʝʟʠʪʦʚʳʡ ʩʦʩʪʘʚ, ʦʙʣʦʤʦʯʥʳʡ ʤʘʪʝʨʠʘʣ ʨʘʟʣʠʯʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ (ʜʦ 

20 ʩʤ) ʧʨʝʜʩʪʘʚʣʝʥ ʜʘʮʠʪʘʤʠ ʠ ʨʠʦʣʠʪʘʤʠ ʩ ʬʣʶʠʜʘʣʴʥʦʡ ʪʝʢʩʪʫʨʦʡ (ʨʠʩ. 8). 

ʄʦʱʥʦʩʪʴ ʙʨʝʢʯʠʡ ʜʦʩʪʠʛʘʝʪ 30 ʤ. 

ʂʘʢ ʠ ʥʘ ʜʨʫʛʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʠ ʧʨʦʷʚʣʝʥʠʷʭ ɺʈʈ, ʧʨʝʜʳʜʫʱʠʤʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ, ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʥʘʠʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʥʳʤ ʤʝʩʪʦʨʦʞʜʝʥʠʝʤ 

ɺʘʣʫʥʠʩʪʦʝ, ʦʩʥʦʚʥʘʷ ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʘʷ ʨʦʣʴ ʧʨʠʧʠʩʳʚʘʣʘʩʴ 

ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʤ ʪʝʣʘʤ ʨʠʦʣʠʪʦʚ ʚʝʨʭʥʝʤʝʣʦʚʦʛʦ ʣʝʫʨʚʘʘʤʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ʊʘʢʦʝ ʪʝʣʦ, ʟʘʢʘʨʪʠʨʦʚʘʥʥʦʝ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʫʯʘʩʪʢʘ, ʩʫʜʷ ʧʦ 
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ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʝ (ɻɻʂ-200, 2003 ʛ.), ʷʚʣʷʣʦʩʴ ʨʫʜʦʚʤʝʱʘʶʱʠʤ, ʣʦʢʘʣʠʟʫʷ 

ʙʦʣʴʰʫʶ ʯʘʩʪʴ, ʚʳʜʝʣʷʝʤʦʡ ʥʘ ʪʦʪ ʤʦʤʝʥʪ, ʎʝʥʪʨʘʣʴʥʦʡ ʨʫʜʥʦʡ ʟʦʥʳ.  

ʈʠʩ.  7. ʉʭʝʤʘʪʠʯʝʩʢʘʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɾʠʣʴʥʦʝ (ʅʦʚʦʩʝʣʦʚ, 

2012) 

ʈʠʩ.  8. ʕʨʫʧʪʠʚʥʘʷ ʙʨʝʢʯʠʷ, ʤʝʩʪʦʨʦʞʜʝʥʠʝ ɾʠʣʴʥʦʝ (ʬʦʪʦ ʘʚʪʦʨʘ) 
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ʇʦʣʝʚʳʝ ʥʘʙʣʶʜʝʥʠʷ (ɼ.ɺ. ɻʫʨʝʚʠʯ, 2007),  ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʨʦʚʝʜʝʥʥʳʭ ʥʘʤʠ ʚ 2019 ʛ. ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʥʝ ʧʦʜʪʚʝʨʜʠʣʠ ʥʘʣʠʯʠʝ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʪʝʣ. ʋʢʘʟʘʥʥʦʝ çʩʫʙʚʫʣʢʘʥʠʯʝʩʢʦʝ ʪʝʣʦè, ʧʦ ʩʚʦʠʤ 

ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ, ʥʠ ʯʝʤ ʥʝ ʚʳʜʝʣʷʝʪʩʷ ʥʘ ʦʙʱʝʤ ʬʦʥʝ ʣʘʚ 

ʜʘʮʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʩʣʘʛʘʶʱʠʭ ʚʦʩʪʦʯʥʫʶ ʯʘʩʪʴ ʫʯʘʩʪʢʘ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʫʤʝʩʪʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʧʣʦʱʘʜʠ 

ɺʘʣʫʥʠʩʪʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʨʘʥʝʝ ʚʳʜʝʣʷʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʘʥʘʣʦʛʠʯʥʳʭ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʣʝʫʨʚʘʘʤʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʧʨʠ 

ʵʪʦʤ ʢʦʥʪʫʨʳ ʚʳʭʦʜʦʚ ʠʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʨʝʪʝʨʧʝʚʘʣʠ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ.  

ʇʦʩʪʨʦʝʥʠʝ ʩʠʩʪʝʤʳ ʨʘʟʨʝʟʦʚ ʧʦ ʧʨʦʬʠʣʷʤ ʩʢʚʘʞʠʥ (ɺ.ʇ. ʍʫʜʦʥʦʛʦʚ, 

2015) ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʨʫʜʥʦʛʦ ʧʦʣʷ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ, ʦʙʦʟʥʘʯʝʥʥʳʝ ʨʠʦʣʠʪʳ ʩʦʚʤʝʩʪʥʦ ʩ ʥʠʞʝ ʚʩʢʨʳʚʘʝʤʳʤʠ ʘʥʜʝʟʠʪʘʤʠ, 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʩʯʣʝʥʝʥʥʳʝ ʥʘ ʨʷʜ ʬʘʮʠʘʣʴʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ (ʣʘʚʳ, 

ʢʣʘʩʪʦʣʘʚʳ, ʪʫʬʦʣʘʚʳ, ʪʫʬʦʙʨʝʢʯʠʠ), ʠʤʝʶʪ ʯʝʪʢʦʝ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʝ 

ʩʪʨʦʝʥʠʝ.  

ʀʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʚʳʜʝʣʝʥʠʝ ʦʙʦʩʦʙʣʝʥʥʳʭ 

ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʭ ʪʝʣ ʨʠʦʣʠʪʦʚ ʣʝʫʨʚʘʘʤʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ 

ʷʚʣʷʝʪʩʷ ʥʝ ʚʧʦʣʥʝ ʦʙʦʩʥʦʚʘʥʥʳʤ. ɺ ʪʦʞʝ ʚʨʝʤʷ, ʚ ʢʘʥʘʚʘʭ, ʚʩʢʨʳʚʘʶʱʠʭ 

ʎʝʥʪʨʘʣʴʥʫʶ ʨʫʜʥʫʶ ʟʦʥʫ, ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ  ʧʦʨʬʠʨʦʚʠʜʥʳʝ ʜʠʦʨʠʪʳ, 

ʧʨʦʥʠʟʘʥʥʳʝ ʚʝʪʚʠʩʪʳʤʠ ʢʚʘʨʮ-ʘʜʫʣʷʨʦʚʳʤʠ ʠ ʢʚʘʨʮ-ʩʫʣʴʬʠʜʥʳʤʠ 

ʧʨʦʞʠʣʢʘʤʠ.  

ɻʝʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʘʷ ʤʦʜʝʣʴ ʨʘʡʦʥʘ 

ʅʘ ʟʦʥʝ ɻʣʘʚʥʘʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɺʘʣʫʥʠʩʪʦʝ ʨʫʜʦʚʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ 

ʷʚʣʷʶʪʩʷ ʨʠʦʜʘʮʠʪʳ ʞʝʨʣʦʚʦʡ ʬʘʮʠʠ ʣʝʫʨʚʘʘʤʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʈʫʜʥʳʝ ʪʝʣʘ 

ʙʳʩʪʨʦ ʚʳʢʣʠʥʠʚʘʶʪʩʷ ʩ ʚʳʭʦʜʦʤ ʨʫʜʦʚʤʝʱʘʶʱʠʭ ʩʪʨʫʢʪʫʨ ʚ 

ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʝ ʬʘʮʠʠ ʚʫʣʢʘʥʠʪʦʚ ʵʢʠʪʳʢʠʥʩʢʦʡ ʩʚʠʪʳ. ʅʘ ʟʦʥʝ ʅʦʚʦʡ 

ʨʫʜʦʚʤʝʱʘʶʱʠʤʠ ʷʚʣʷʶʪʩʷ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʚʫʣʢʘʥʦʛʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ 
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ʵʢʠʪʳʢʠʥʩʢʦʡ ʩʚʠʪʳ, ʢʦʪʦʨʳʝ ʧʨʦʨʳʚʘʶʪʩʷ ʩʠʣʣʦʧʦʜʦʙʥʳʤʠ ʪʝʣʘʤʠ 

ʨʠʦʜʘʮʠʪʦʚ ʣʝʫʨʚʘʘʤʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ.  

ʂ ʦʩʥʦʚʥʳʤ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷ [ɺʦʣʢʦʚ ʠ ʜʨ., 

2020] ʦʪʥʦʩʷʪʩʷ: 1) ʥʘʣʠʯʠʝ ʚ ʨʫʜʥʳʭ ʪʝʣʘʭ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʙʨʝʢʯʠʡ ʠ 

ʤʝʛʘʙʨʝʢʯʠʡ ʩ ʢʦʢʘʨʜʦʚʳʤʠ ʪʝʢʩʪʫʨʘʤʠ ʦʙʨʘʩʪʘʥʠʷ ʦʙʣʦʤʢʦʚ ʨʘʟʣʠʯʥʦʛʦ 

ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʭʘʣʮʝʜʦʥ-ʘʜʫʣʷʨʦʚʳʤ ʘʛʨʝʛʘʪʦʤ, ʘ ʪʘʢʞʝ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʙʨʝʢʯʠʡ, ʤʘʨʢʠʨʫʶʱʠʭ ʨʫʜʥʳʝ ʟʦʥʳ; 2) ʣʦʢʘʣʠʟʘʮʠʷ ʦʨʫʜʝʥʝʥʠʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʤʠ ʪʝʣʘʤʠ ʨʠʦʜʘʮʠʪʦʚ 

ʣʝʫʨʚʘʘʤʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ (K2lr); 3) ʟʥʘʯʠʪʝʣʴʥʘʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʨʫʜʦʥʦʩʥʳʭ 

ʟʦʥ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ. 

ʕʪʠ ʦʩʦʙʝʥʥʦʩʪʠ, ʚʝʨʦʷʪʥʦ, ʦʙʫʩʣʦʚʣʝʥʳ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʦʨʫʜʝʥʝʥʠʷ ʚ 

ʦʢʦʣʦʞʝʨʣʦʚʳʭ ʬʘʮʠʷʭ ʧʘʣʝʦʚʫʣʢʘʥʠʯʝʩʢʦʡ ʧʦʩʪʨʦʡʢʠ [ʋʩʦʚ, 1960; ʂʫʟʥʝʮʦʚ, 

1960, ʄʘʣʝʝʚ, 1963; ɸʚʜʦʥʠʥ, ɻʦʥʯʘʨʦʚʘ, 1986; ɼʴʷʢʦʥʦʚ, 2011]. ɸʥʘʣʦʛʠʯʥʳʝ 

ʛʝʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʢʨʫʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʂʫʧʦʣ ʠ ɼʚʦʡʥʦʝ ʎʝʥʪʨʘʣʴʥʦ-ʏʫʢʦʪʩʢʦʛʦ ʩʝʢʪʦʨʘ ʆʏɺʇ [ʉʝʨʛʠʝʚʩʢʠʡ, 2006; 

ɺʦʣʢʦʚ ʠ ʜʨ., 2012; ɺʦʣʢʦʚ ʠ ʜʨ., 2018]. 

ɼʣʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɾʠʣʴʥʦʝ, ʚ ʦʪʣʠʯʠʠ ʦʪ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɺʘʣʫʥʠʩʪʦʝ, 

ʭʘʨʘʢʪʝʨʥʦ ʯʝʪʢʦʝ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʝ ʩʪʨʦʝʥʠʝ ʧʦʨʦʜ, ʦʪʩʫʪʩʪʚʠʝ 

ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʭ ʪʝʣ ʨʠʦʣʠʪʦʚ ʚʝʨʭʥʝʤʝʣʦʚʦʛʦ ʣʝʫʨʚʘʘʤʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 

(K2lr), ʧʨʠʩʫʪʩʪʚʠʝ ʧʦʨʬʠʨʦʚʠʜʥʳʭ ʜʠʦʨʠʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʢʘʯʝʩʪʚʝ 

ʨʫʜʦʚʤʝʱʘʶʱʠʭ, ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʧʦʩʪʨʫʜʥʳʭ ʜʘʝʢ ʘʥʜʝʟʠʪʦʚ, ʧʦʜʯʠʥʝʥʥʘʷ 

ʨʦʣʴ ʢʦʣʣʦʤʦʨʬʥʦ-ʟʦʥʘʣʴʥʳʭ, ʨʠʪʤʠʯʥʦ ʧʦʣʦʩʯʘʪʳʭ, ʢʨʠʧʪʦ- ʠ 

ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ, ʢʘʨʢʘʩʥʦ-ʧʝʪʝʣʴʯʘʪʳʭ ʪʝʢʩʪʫʨ, ʨʝʜʢʦʝ ʧʨʠʩʫʪʩʪʚʠʝ ʪʝʣ 

ʙʨʝʢʯʠʡ ʥʝʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ. ɼʘʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʦʪʥʦʩʠʪʴ ʝʛʦ ʢ 

ʩʢʣʦʥʦʚʦʡ ʛʨʫʧʧʝ ʬʘʮʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʨʝʜʝʣʘʭ ʧʘʣʝʦʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ɺʘʣʫʥʠʩʪʦʛʦ 

ʨʫʜʥʦʛʦ ʫʟʣʘ (ʨʠʩ. 9), ʠʤʝʶʱʝʛʦ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ ʨʘʟʚʠʪʠʷ, ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʦʝ 

ʦʨʫʜʝʥʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʦʢʦʣʦʞʝʨʣʦʚʦʡ (ʤʝʩʪʦʨʦʞʜʝʥʠʝ ɺʘʣʫʥʠʩʪʦʝ) ʠ ʩʢʣʦʥʦʚʦʡ 

(ʤʝʩʪʦʨʦʞʜʝʥʠʝ ɾʠʣʴʥʦʝ) ʛʨʫʧʧʘʤʠ ʬʘʮʠʡ. ɸʥʘʣʦʛʠʯʥʦʝ ʨʘʟʜʝʣʝʥʠʝ Au-Ag 
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ʦʨʫʜʝʥʝʥʠʷ ʧʦ ʛʨʫʧʧʘʤ ʬʘʮʠʡ ʚʳʜʝʣʝʥʦ [ʉʝʨʛʠʝʚʩʢʠʡ, 2006] ʚ ʧʨʝʜʝʣʘʭ 

ʂʘʡʝʤʨʘʚʝʝʤʩʢʦʛʦ ʨʫʜʥʦʛʦ ʫʟʣʘ (ʎʝʥʪʨʘʣʴʥʘʷ ʏʫʢʦʪʢʘ). ʆʢʦʣʦʞʝʨʣʦʚʘʷ ʛʨʫʧʧʘ 

ʬʘʮʠʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʞʝʨʣʦʚʫʶ, ʵʢʩʪʨʫʟʠʚʥʫʶ, ʵʬʬʫʟʠʚʥʫʶ ʠ 

ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʫʶ (ʠʥʪʨʫʟʠʚʥʳʝ ʠ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʝ ʪʝʣʘ) ʬʘʮʠʠ. ʉʢʣʦʥʦʚʘʷ 

ʛʨʫʧʧʘ ʬʘʮʠʡ ʚʢʣʶʯʘʝʪ ʵʬʬʫʟʠʚʥʫʶ, ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʫʶ ʠ ʣʘʭʘʨʦʚʫʶ ʬʘʮʠʠ. 

ʋʜʘʣʝʥʥʘʷ ʚʢʣʶʯʘʝʪ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʫʶ, ʪʝʬʨʦʠʜʥʫʶ ʬʘʮʠʶ. 

ʈʠʩ.  9. ʉʭʝʤʘʪʠʯʝʩʢʘʷ ʧʘʣʝʦʚʫʣʢʘʥʠʯʝʩʢʘʷ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ 

ʩʦʦʨʫʞʝʥʠʷ ɺʘʣʫʥʠʩʪʦʛʦ ʨʫʜʥʦʛʦ ʫʟʣʘ 
 

3.1.2. ʄʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ɻʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ 

ɺʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ ʥʝʨʘʚʥʦʤʝʨʥʦ ʧʦʜʚʝʨʞʝʥʳ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-

ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʷʤ ʠ ʧʨʝʚʨʘʱʝʥʳ ʚ ʧʨʦʧʠʣʠʪʳ ʵʧʠʜʦʪ-ʭʣʦʨʠʪʦʚʦʡ 

ʬʘʮʠʠ ʠ ʨʘʟʥʦʧʨʦʷʚʣʝʥʥʳʝ ʚʪʦʨʠʯʥʳʝ ʢʚʘʨʮʠʪʳ. ʅʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ 

ʧʦʨʦʜʳ ʧʦʜʚʝʨʞʝʥʳ ʘʨʛʠʣʣʠʟʘʮʠʠ. ʇʦʜʘʚʣʷʶʱʠʡ ʦʙʲʝʤ ʚʳʷʚʣʝʥʥʳʭ 

ʧʨʦʷʚʣʝʥʠʡ ʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʚ ʟʦʥʫ ʎʝʥʪʨʘʣʴʥʫʶ, 

ʤʘʨʢʠʨʫʶʪʩʷ ʧʦʣʝʤ ʩʧʣʦʰʥʦʛʦ ʨʘʟʚʠʪʠʷ ʘʨʛʠʣʣʠʟʠʪʦʚ. ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʥʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʦʷʚʣʝʥʳ ʧʨʦʮʝʩʩʳ ʦʢʚʘʨʮʝʚʘʥʠʷ, ʢʘʨʙʦʥʘʪʠʟʘʮʠʠ ʠ 

ʩʫʣʴʬʠʜʠʟʘʮʠʠ. ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʧʨʦʷʚʣʝʥʳ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ɾʠʣʴʥʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ.  

ʆʩʦʙʝʥʥʦʩʪʷʤʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʠʟʤʝʥʝʥʥʳʭ ʧʦʨʦʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ɾʠʣʴʥʦʝ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ ɺʈʈ, ʷʚʣʷʶʪʩʷ:  
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1) ʦʯʝʥʴ çʧʝʩʪʨʳʡè ʩʦʩʪʘʚ ʤʠʥʝʨʘʣʴʥʳʭ ʬʘʮʠʡ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʨʘʟʣʠʯʥʳʤ ʩʦʩʪʘʚʦʚ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʵʬʬʫʟʠʚʦʚ; 

2) ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʧʨʦʧʠʣʠʪʦʚ ʧʨʠ ʩʣʘʙʦʡ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʘʨʛʠʣʣʠʟʠʪʦʚ, ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʛʣʫʙʦʢʦʤ ʫʨʦʚʥʝ ʵʨʦʟʠʦʥʥʦʛʦ ʩʨʝʟʘ. 

ʆʨʫʜʝʥʝʥʠʝ 

ʃʦʢʘʣʠʟʫʝʪʩʷ ʚ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʫʯʘʩʪʢʘʭ ʩʨʝʜʠ ʢʚʘʨʮʝʚʳʭ ʞʠʣʴʥʦ-

ʧʨʦʞʠʣʢʦʚʳʭ ʟʦʥ (ʨʠʩ. 10). ɿʦʥʳ ʧʨʦʞʠʣʢʦʚʦʛʦ ʦʢʚʘʨʮʝʚʘʥʠʷ ʷʚʣʷʶʪʩʷ 

ʛʣʘʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʚʳʜʝʣʷʝʤʳʭ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ, ʨʫʜʥʳʭ ʪʝʣ. ʂʚʘʨʮʝʚʳʝ 

ʞʠʣʳ, ʢʘʢ ʦʙʦʩʦʙʣʝʥʥʳʡ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʪʠʧ ʨʫʜʥʳʭ ʪʝʣ, ʚ ʧʨʝʜʝʣʘʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʝ ʠʤʝʶʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ. 

ʌʘʢʪʠʯʝʩʢʠ ʜʘʥʥʳʝ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʫʯʘʩʪʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚ ʨʘʟʥʦʡ 

ʩʪʝʧʝʥʠ ʦʨʫʜʝʥʝʣʳʝ ʚʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ, ʣʠʰʝʥʳ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʛʨʘʥʠʮ, ʧʨʦʤʳʰʣʝʥʥʳʝ ʢʦʥʪʫʨʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʪʦʣʴʢʦ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʩʧʣʦʰʥʦʛʦ ʦʧʨʦʙʦʚʘʥʠʷ. 

ʈʠʩ.  10. ʂʚʘʨʮ-ʘʜʫʣʷʨʦʚʦʝ ʧʨʦʞʠʣʢʦʚʘʥʠʝ ʧʦ ʭʣʦʨʠʪʠʟʠʨʦʚʘʥʥʳʤ ʜʘʮʠʪʘʤ, 

ʤʝʩʪʦʨʦʞʜʝʥʠʝ ɾʠʣʴʥʦʝ (ʬʦʪʦ ʘʚʪʦʨʘ) 

 

ʇʘʨʘʤʝʪʨʳ ʨʫʜʥʳʭ ʪʝʣ. ɼʣʠʥʘ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ ʚʘʨʴʠʨʫʝʪ ʦʪ 170 ʜʦ 716 

ʤ, ʤʦʱʥʦʩʪʴ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 1 ʜʦ 46 ʤ. ʉʦʜʝʨʞʘʥʠʝ Ag ʚ ʨʫʜʥʳʭ ʪʝʣʘʭ 

ʩʦʩʪʘʚʣʷʝʪ 99-391 ʛ/ʪ, Au ï 0,5-1,4 ʛ/ʪ. ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 
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ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɾʠʣʴʥʦʝ ʷʚʣʷʝʪʩʷ ʨʝʟʢʦʝ ʧʨʝʦʙʣʘʜʘʥʠʝ Ag ʥʘʜ Au. ʉʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ Ag/Au ʦʪʥʦʰʝʥʠʷ (ʉɿʆ) ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʦʜʩʯʝʪʘ ʟʘʧʘʩʦʚ 2015 ʛ. 

ʩʦʩʪʘʚʣʷʝʪ 237,4ï244,9. ʈʫʜʥʳʝ ʪʝʣʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʣʦʞʥʳʤ ʚʥʫʪʨʝʥʥʠʤ 

ʩʪʨʦʝʥʠʝʤ, ʧʨʝʨʳʚʠʩʪʳʤ ʭʘʨʘʢʪʝʨʦʤ ʦʨʫʜʝʥʝʥʠʷ, ʥʘʣʠʯʠʝʤ ʯʘʩʪʦʛʦ ʠ 

ʥʝʟʘʢʦʥʦʤʝʨʥʦʛʦ ʯʝʨʝʜʦʚʘʥʠʷ ʫʯʘʩʪʢʦʚ ʩ ʢʦʥʜʠʮʠʦʥʥʳʤ ʠ ʥʝʢʦʥʜʠʮʠʦʥʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʥʝʨʘʚʥʦʤʝʨʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʦʣʝʟʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʠ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʤ (76,4-105,2% ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʘʨʠʘʥʪʘ) ʟʥʘʯʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ ʩʦʜʝʨʞʘʥʠʡ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ 2019 ʛʦʜʘ ʚ  ʮʝʥʪʨʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʟʦʥʘ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʙʨʝʢʯʠʡ ʩ ʩʫʣʴʬʠʜʥʦ-ʢʚʘʨʮʝʚʳʤ 

ʮʝʤʝʥʪʦʤ (ʨʠʩ. 11-ʙ, ʚ). ʏʝʨʥʳʡ ʮʝʤʝʥʪ ʵʪʠʭ ʙʨʝʢʯʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʘʥʘʣʦʛʠʯʥʳʝ ʪʘʢʦʚʳʤ ʚ ʧʨʦʞʠʣʢʘʭ (ʨʠʩ. 11-ʘ). 

ʏʝʨʥʳʝ ʢʚʘʨʮ-ʩʫʣʴʬʠʜʥʳʝ ʧʨʦʞʠʣʢʠ ʧʝʨʝʩʝʢʘʶʪ ʙʦʣʝʝ ʨʘʥʥʠʝ ʙʝʟʨʫʜʥʳʝ 

ʢʚʘʨʮ-ʘʜʫʣʷʨʦʚʳʝ ʧʨʦʞʠʣʢʠ ʧʨʝʜʳʜʫʱʝʡ ʩʪʘʜʠʠ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ, ʘ 

ʪʘʢʞʝ ʚʥʝʜʨʷʶʪʩʷ ʚ ʥʠʭ (ʨʠʩ. 11-ʛ, 12).  

 

 
ʈʠʩ.  11. ʂʚʘʨʮ-ʩʫʣʴʬʠʜʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ (ʬʦʪʦ ʘʚʪʦʨʘ): ʘ ï ʢʚʘʨʮ-ʩʫʣʴʬʠʜʥʳʝ 

ʧʨʦʞʠʣʢʠ, ʙ,ʚ ï ʢʚʘʨʮ-ʩʫʣʴʬʠʜʥʳʡ ʮʝʤʝʥʪ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʙʨʝʢʯʠʡ, ʛ ï ʧʦʣʦʩʳ ʠ ʧʨʦʩʝʯʢʠ 

ʚ ʢʚʘʨʮ-ʘʜʫʣʷʨʦʚʦʡ ʞʠʣʝ  
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ʈʠʩ.  12. ɿʦʥʘ ʢʚʘʨʮ-ʩʫʣʴʬʠʜʥʦʛʦ ʧʨʦʞʠʣʢʦʚʘʥʠʷ, ʤʝʩʪʦʨʦʞʜʝʥʠʝ ɾʠʣʴʥʦʝ (ʬʦʪʦ 

ʘʚʪʦʨʘ) 

 

ʇʦ ʜʘʥʥʳʤ ʙʦʨʦʟʜʦʚʦʛʦ ʠ ʢʝʨʥʦʚʦʛʦ ʦʧʨʦʙʦʚʘʥʠʷ, ʩʦʜʝʨʞʘʥʠʷ 

ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʦʪʜʝʣʴʥʳʭ ʧʨʦʙʘʭ ʩʦʩʪʘʚʣʷʶʪ 10ï20 ʛ/ʪ Au ʠ 100ï3500 

ʛ/ʪ Ag. ʄʦʱʥʦʩʪʴ ʟʦʥ ʙʨʝʢʯʠʡ ʜʦʩʪʠʛʘʝʪ 25 ʤ. ɺ ʥʠʭ, ʥʘʯʠʥʘʷ ʦʪ ʜʥʝʚʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʩʦʜʝʨʞʘʥʠʷ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʜʦ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʚ ʠʥʪʝʨʚʘʣʝ 25ï75 ʤ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʧʘʜʘʶʪ ʜʦ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʛʦ ʦʪʩʫʪʩʪʚʠʷ ʥʘ ʛʣʫʙʠʥʝ 130 ʤ. ɼʘʣʝʝ ʠʭ ʫʨʦʚʝʥʴ ʦʩʪʘʝʪʩʷ 

ʥʝʠʟʤʝʥʥʳʤ ʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʉɿʆ. ʄʘʢʩʠʤʘʣʴʥʳʝ 

ʩʦʜʝʨʞʘʥʠʷ (Auʫʩʣ. 40ï 90 ʛ/ʪ) ʦʪʤʝʯʘʶʪʩʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʪʨʫʙʦʢ ʙʨʝʢʯʠʡ. 

[ɻʦʣʜʳʨʝʚ ʠ ʜʨ., 2022ʘ].  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʦʥʳ ʨʘʟʚʠʪʠʷ ʙʨʝʢʯʠʡ ʩʚʷʟʘʥʳ ʩ ʫʯʘʩʪʢʘʤʠ ʚʳʩʦʢʦʡ 

ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ʧʦʨʦʜ. ʏʘʩʪʦ ʠʭ ʩʦʧʨʦʚʦʞʜʘʶʪ ʞʠʣʴʥʦ-ʧʨʦʞʠʣʢʦʚʳʝ ʟʦʥʳ, 

ʫʯʘʩʪʢʠ ʠʥʪʝʥʩʠʚʥʳʭ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ (ʦʢʚʘʨʮʝʚʘʥʠʝ, 

ʧʦʣʥʦʧʨʦʷʚʣʝʥʥʳʝ ʘʨʛʠʣʣʠʟʠʪʳ). ɿʦʣʦʪʦʥʦʩʥʦʩʪʴ ʙʨʝʢʯʠʡ ʥʝ ʧʦʩʪʦʷʥʥʘ, 

ʦʜʥʘʢʦ ʧʨʠ ʧʦʷʚʣʝʥʠʠ ʙʨʝʢʯʠʡ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ ʧʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʟʦʥʘʭ ʠʥʪʝʥʩʠʚʥʳʭ 

ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʠ ʞʠʣʴʥʦ-ʧʨʦʞʠʣʢʦʚʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ (ʨʠʩ. 13, 

14). ʇʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʢʦʥʪʫʨʠʚʘʥʠʷ ʨʫʜʥʳʭ ʪʝʣ. ɺ ʵʪʠʭ ʞʝ ʟʦʥʘʭ, 
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ʚʜʘʣʠ (ʥʘ ʨʘʩʩʪʦʷʥʠʠ 30 ʤ ʠ ʙʦʣʝʝ) ʦʪ ʙʨʝʢʯʠʡ, Au ʠ Ag ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʪʩʫʪʩʪʚʫʶʪ.  

 

ʈʠʩ.  13. ʉʭʝʤʘʪʠʯʝʩʢʠʡ ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʧʣʘʥ ʫʯʘʩʪʢʘ ʧʦʣʦʪʥʘ ʪʨʘʥʰʝʠ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɾʠʣʴʥʦʝ 

 

ʈʠʩ.  14. ʂʚʘʨʮ-ʘʜʫʣʷʨʦʚʘʷ ʞʠʣʘ ʩ ʩʫʣʴʬʠʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ (ʬʦʪʦ ʘʚʪʦʨʘ). Au 

- 17 ʛ/ʪ, Ag ï 2511 ʛ/ʪ 
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ʇʨʝʜʰʝʩʪʚʝʥʥʠʢʠ ʦʪʥʦʩʠʣʠ ʜʘʥʥʳʝ ʙʨʝʢʯʠʠ ʢ ʵʩʢʧʣʦʟʠʚʥʳʤ 

ʦʙʨʘʟʦʚʘʥʠʷʤ ʠ ʩʯʠʪʘʣʠ, ʯʪʦ ʦʥʠ ʷʚʣʷʶʪʩʷ ʨʫʜʦʚʤʝʱʘʶʱʠʤʠ. ʇʦʜʦʙʥʳʝ 

ʙʨʝʢʯʠʠ ʚʩʪʨʝʯʘʶʪʩʷ ʥʘ ʤʥʦʛʠʭ ʚʫʣʢʘʥʦʛʝʥʥʳʭ ʦʙʲʝʢʪʘʭ [ʉʠʜʦʨʦʚ ʠ ʜʨ., 2010; 

ʉʘʚʚʘ ʠ ʜʨ., 2012; ʉʘʚʚʘ ʠ ʜʨ., 2016], ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʥʘ ʩʦʩʝʜʥʝʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ 

ɺʘʣʫʥʠʩʪʦʝ [ɺʦʣʢʦʚ ʠ ʜʨ., 2020], ʦʜʥʘʢʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ɾʠʣʴʥʦʛʦ, ʠʭ ʩʦʩʪʘʚ 

ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʧʠʨʠʪʦʚʳʤ, ʪʘʢ ʠ ʛʝʤʘʪʠʪʦʚʳʤ.  

ʕʪʠ ʬʘʢʪʳ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʦʨʫʜʝʥʝʥʠʝ ʩʚʷʟʘʥʦ ʩ 

ʥʘʣʦʞʝʥʥʳʤʠ ʟʦʥʘʤʠ ʠʥʪʝʥʩʠʚʥʳʭ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʠ ʞʠʣʴʥʦ-

ʧʨʦʞʠʣʢʦʚʳʤʠ ʟʦʥʘʤʠ, ʘ ʙʨʝʢʯʠʠ ʠʛʨʘʶʪ ʨʦʣʴ ʢʦʣʣʝʢʪʦʨʦʚ ʦʨʫʜʝʥʝʥʠʷ, ʪ. ʝ. 

ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʚʷʟʴ ʙʨʝʢʯʠʡ ʠ ʙʣʘʛʦʨʦʜʥʦʤʝʪʘʣʣʴʥʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ. 

ɾʠʣʴʥʳʝ ʤʠʥʝʨʘʣʳ 

ʂʚʘʨʮ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʤ 

ʤʠʥʝʨʘʣʦʤ. ʇʦ ʜʘʥʥʳʤ ʆʆʆ ʅʀʇʀ çʊʆʄʉè ʝʛʦ ʜʦʣʷ ʩʦʩʪʘʚʣʷʝʪ 60,0%. ɺ 

ʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚ ʧʨʦʙʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʣʝʚʳʝ ʰʧʘʪʳ, ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ ʧʨʝʦʙʣʘʜʘʶʪ ʢʘʣʠʝʚʳʝ ʧʦʣʝʚʳʝ ʰʧʘʪʳ ï 13,0-17,0%. ɼʦʣʷ 

ʧʣʘʛʠʦʢʣʘʟʦʚ ʤʝʥʴʰʝ ï 10,0%. ɻʣʠʥʠʩʪʦ-ʛʠʜʨʦʩʣʶʜʠʩʪʳʝ ʤʠʥʝʨʘʣʳ ï 5,0%. 

ɾʠʣʴʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʤʘʣʦʤʦʱʥʳʤʠ (ʦʪ ʥʠʪʝʚʠʜʥʳʭ ʜʦ 2-5 ʩʤ, ʨʝʞʝ ʜʦ 20 ʩʤ) ʚʝʪʚʷʱʠʤʠʩʷ, ʨʘʟʥʦ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ ʧʨʦʞʠʣʢʘʤʠ ʢʚʘʨʮʝʚʦʛʦ ʠ, ʨʝʞʝ, ʢʘʣʴʮʠʪ-ʢʚʘʨʮʝʚʦʛʦ, 

ʘʜʫʣʷʨ-ʢʚʘʨʮʝʚʦʛʦ ʠ ʧʠʨʠʪ-ʢʚʘʨʮʝʚʦʛʦ ʩʦʩʪʘʚʘ.  

ʉʘʤʳʡ ʨʘʥʥʠʡ ʢʚʘʨʮ ʜʠʘʛʥʦʩʪʠʨʫʝʪʩʷ ʧʦ ʥʘʣʠʯʠʶ ʵʧʠʜʦʪʘ. ʏʘʩʪʦ 

ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʚ ʢʩʝʥʦʣʠʪʘʭ ʚʤʝʱʘʶʱʝʡ ʧʦʨʦʜʳ ʚʥʫʪʨʠ ʢʚʘʨʮʝʚʳʭ 

ʧʨʦʞʠʣʢʦʚ ʧʨʠʩʫʪʩʪʚʫʝʪ ʵʧʠʜʦʪ. ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʤʝʱʝʥʠʝ ʢʚʘʨʮʝʤ 

ʧʝʨʚʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʝʛʦ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʤ 

ʧʨʦʠʩʭʦʞʜʝʥʠʠ. ʈʘʥʥʠʡ ʢʚʘʨʮ ʥʝʨʝʜʢʦ ʩʝʯʝʪʩʷ ʢʘʨʙʦʥʘʪʥʳʤʠ, ʢʚʘʨʮ-

ʩʝʨʠʮʠʪʦʚʳʤʠ, ʢʚʘʨʮʝʚʳʤʠ ʧʨʦʞʠʣʢʘʤʠ ʩ ʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ. ɺ 

ʥʝʢʦʪʦʨʳʭ ʰʣʠʬʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʩʚʝʞʝʛʦ ʘʣʴʙʠʪʘ ʧʦ ʢʘʝʤʢʝ 
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ʧʝʨʝʩʝʯʝʥʠʷ ʚʢʨʘʧʣʝʥʥʠʢʦʚ ʧʣʘʛʠʦʢʣʘʟʘ ʢʚʘʨʮʝʚʳʤʠ ʠ ʢʚʘʨʮ-ʵʧʠʜʦʪʦʚʳʤʠ 

ʧʨʦʞʠʣʢʘʤʠ.  

ʂʚʘʨʮʝʚʳʝ ʠ, ʨʝʞʝ ʚʩʪʨʝʯʘʝʤʳʝ, ʘʜʫʣʷʨ-ʢʚʘʨʮʝʚʳʝ ʧʨʦʞʠʣʢʠ 

ʧʨʦʜʫʢʪʠʚʥʦʡ ʨʫʜʥʦʡ ʩʪʘʜʠʠ ʩ ʚʢʨʘʧʣʝʥʥʦʩʪʴʶ ʩʫʣʴʬʠʜʦʚ (ʧʠʨʠʪ, ʨʝʞʝ 

ʭʘʣʴʢʦʧʠʨʠʪ) ʩʝʢʫʪ ʚʳʰʝʦʧʠʩʘʥʥʳʝ ʢʚʘʨʮʝʚʳʝ ʩ ʵʧʠʜʦʪʦʤ.  

ʈʝʜʢʠʝ ʧʦʟʜʥʠʝ ʢʚʘʨʮʝʚʳʝ ʧʨʦʞʠʣʢʠ ʩ ʮʝʦʣʠʪʦʤ ʠʣʠ ʢʘʣʴʮʠʪʦʤ ʩʝʢʫʪ ʚʩʝ 

ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ. ʄʝʩʪʘʤʠ ʪʘʢʠʝ ʧʨʦʞʠʣʢʠ ʩʦʩʪʦʷʪ ʮʝʣʠʢʦʤ ʠʟ ʢʘʣʴʮʠʪʘ, 

ʚʦʟʤʦʞʥʦ, ʦʪʚʝʯʘʶʱʝʛʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ (ʧʦʩʣʝʜʫʶʱʝʡ) ʩʪʘʜʠʠ 

ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ.  

ʂʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ ʰʧʘʪ (ʘʜʫʣʷʨ) ʚʩʪʨʝʯʘʝʪʩʷ ʥʝʧʦʩʪʦʷʥʥʦ. ʌʦʨʤʳ 

ʧʨʦʷʚʣʝʥʠʡ ʘʜʫʣʷʨʦʚʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʦʯʝʥʴ ʨʘʟʥʦʦʙʨʘʟʥʳ: ʪʦʥʢʦʟʝʨʥʠʩʪʳʝ 

ʩʦʚʤʝʩʪʥʳʝ ʩ ʢʚʘʨʮʝʤ ʘʛʨʝʛʘʪʳ ʚ ʦʪʜʝʣʴʥʳʭ ʧʨʦʩʣʦʡʢʘʭ ʠ ʚ ʦʙʣʦʤʢʘʭ 

ʦʢʚʘʨʮʦʚʘʥʥʳʭ ʧʦʨʦʜ; ʨʝʘʢʮʠʦʥʥʳʝ ʪʦʥʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʪʦʨʦʯʢʠ ʥʘ 

ʢʦʥʪʘʢʪʘʭ ʩ ʦʙʣʦʤʢʘʤʠ ʧʦʨʦʜ, ʘ ʪʘʢʞʝ ʥʘ ʛʨʘʥʠʮʘʭ ʨʘʟʥʦʩʪʘʜʠʡʥʳʭ ʢʚʘʨʮʝʚʳʭ 

ʘʛʨʝʛʘʪʦʚ; ʥʝʨʘʚʥʦʤʝʨʥʦ ʚʢʨʘʧʣʝʥʥʳʝ ʚʳʜʝʣʝʥʠʷ ʚ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʢʚʘʨʮʝʚʳʭ 

ʘʛʨʝʛʘʪʘʭ; ʧʦʨʬʠʨʦʚʠʜʥʳʝ ʤʝʣʢʦʚʢʨʘʧʣʝʥʥʳʝ ʟʝʨʥʘ ʠ ʩʨʦʩʪʢʠ ʚ 

ʪʦʥʢʦʟʝʨʥʠʩʪʦʤ ʢʚʘʨʮʝ. ɸʜʫʣʷʨ ʦʙʨʘʟʫʝʪ ʛʥʝʟʜʦʦʙʨʘʟʥʳʝ ʩʢʦʧʣʝʥʠʷ.      

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʮʝʥʪʨʘʣʴʥʳʭ ʟʦʥ ʟʝʨʝʥ ʢʘʣʠʝʚʦʛʦ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ ʦʯʝʥʴ 

ʙʣʠʟʦʢ ʢ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤ ʜʘʥʥʳʤ. ʀʥʦʛʜʘ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʩʝʡ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʝʨʘ ʠ ʞʝʣʝʟʘ, ʯʪʦ ʷʚʥʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ 

ʤʠʢʨʦʚʢʣʶʯʝʥʠʡ ʧʠʨʠʪʘ. ɺ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʤʦʞʝʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ 

ʥʘʪʨʠʡ [ɻʦʣʜʳʨʝʚ ʠ ʜʨ., 2022ʘ]. 

ʍʣʦʨʠʪ ʧʨʝʜʩʪʘʚʣʝʥ ʭʣʦʧʴʝʚʠʜʥʳʤʠ ʠ ʯʝʰʫʡʯʘʪʳʤʠ ʘʛʨʝʛʘʪʘʤʠ ʩ ʨʘʟʥʦ-

ʫʧʦʨʷʜʦʯʝʥʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʯʝʰʫʝʢ. ʍʣʦʨʠʪʳ ʟʘʧʦʣʥʷʶʪ ʧʨʦʞʠʣʢʠ ʚ 

ʧʦʨʦʜʝ ʠ ʠʥʦʛʜʘ ʦʙʨʘʟʫʶʪ ʣʦʢʘʣʴʥʳʝ ʟʦʥʳ ʠʥʪʝʥʩʠʚʥʦʡ ʭʣʦʨʠʪʠʟʘʮʠʠ. ʀʥʦʛʜʘ 

ʚ ʧʨʝʜʝʣʘʭ ʵʪʠʭ ʟʦʥ ʦʙʨʘʟʫʶʪʩʷ ʘʛʨʝʛʘʪʳ ʧʠʨʠʪʘ. ʄʝʩʪʘʤʠ ʭʣʦʨʠʪ ʯʘʩʪʠʯʥʦ 

ʟʘʤʝʱʘʝʪ ʘʜʫʣʷʨ. ʍʣʦʨʠʪʳ ʦʪʥʦʩʷʪʩʷ ʢ ʧʦʜʛʨʫʧʧʝ ʤʘʛʥʝʟʠʘʣʴʥʦ-ʞʝʣʝʟʠʩʪʳʭ 

ʨʘʟʥʦʩʪʝʡ. ʉʦʜʝʨʞʘʥʠʝ MgO ʧʨʝʚʳʰʘʝʪ 20 ʤʘʩ. %, ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʦʪʤʝʯʝʥʦ ʠ ʜʣʷ Al2O3 (ʦʢʦʣʦ 20 ʤʘʩ. %). ʅʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʤ ʷʚʣʷʝʪʩʷ 
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ʧʨʠʩʫʪʩʪʚʠʝ ʦʢʦʣʦ 5 ʤʘʩ. % MnO, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʠʩʫʪʩʪʚʠʠ 

ʧʝʥʥʘʪʠʪʦʚʦʛʦ ʤʠʥʘʣʘ. ʇʨʠʩʫʪʩʪʚʠʝ SO3 (ʦʢʦʣʦ 2 ʤʘʩ. %) ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʥʘʩʳʱʝʥʥʦʩʪʴ ʭʣʦʨʠʪʦʚ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʤ ʧʠʨʠʪʦʤ [ɻʦʣʜʳʨʝʚ ʠ ʜʨ., 2022ʘ]. 

ʉʝʨʠʮʠʪ ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʧʨʠʤʝʩʴʶ ʚ ʩʦʩʪʘʚʝ ʨʘʟʥʦʚʨʝʤʝʥʥʳʭ 

ʤʠʥʝʨʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʨʫʜ. ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʝ ʩʢʦʧʣʝʥʠʷ ʩʝʨʠʮʠʪʘ 

ʦʪʤʝʯʘʶʪʩʷ ʚ ʩʦʩʪʘʚʝ ʨʘʥʥʝʛʦ (ʜʦʨʫʜʥʦʛʦ) ʤʠʥʝʨʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʉʝʨʠʮʠʪ 

ʦʙʨʘʟʫʝʪ ʦʙʠʣʴʥʳʝ ʩʢʦʧʣʝʥʠʷ ʪʦʥʢʦʯʝʰʫʡʯʘʪʳʭ ʘʛʨʝʛʘʪʦʚ ʚ ʦʙʣʦʤʢʘʭ 

ʦʢʚʘʨʮʦʚʘʥʥʳʭ ʧʦʨʦʜ, ʘ ʪʘʢʞʝ ʚ ʢʚʘʨʮʝʚʳʭ ʧʨʦʞʠʣʢʘʭ, ʧʨʦʥʠʟʳʚʘʶʱʠʭ ʵʪʠ 

ʦʙʣʦʤʢʠ. ʇʦʩʪʦʷʥʥʦʝ, ʚ ʟʘʤʝʪʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ, ʧʨʠʩʫʪʩʪʚʠʝ ʩʝʨʠʮʠʪʘ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʨʫʜʥʦʤ ʢʚʘʨʮʝ. ʉʝʨʠʮʠʪ ʧʨʝʜʩʪʘʚʣʝʥ ʩʣʘʙʦ ʛʠʜʨʘʪʠʨʦʚʘʥʥʦʡ 

ʩʣʶʜʦʡ. ʉʝʨʠʮʠʪ ʦʙʨʘʟʫʝʪ ʜʦʚʦʣʴʥʦ ʨʘʚʥʦʤʝʨʥʳʝ ʪʦʥʢʦʯʝʰʫʡʯʘʪʳʝ ʚʳʜʝʣʝʥʠʷ 

ʚ ʤʝʞʟʝʨʥʦʚʳʭ ʧʨʦʤʝʞʫʪʢʘʭ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʪʦʥʢʦʟʝʨʥʠʩʪʦʛʦ ʢʚʘʨʮʘ.  

ʉʬʝʥ ʚʩʪʨʝʯʘʝʪʩʷ ʵʧʠʟʦʜʠʯʝʩʢʠ ʚ ʚʠʜʝ ʩʢʦʧʣʝʥʠʡ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʠʟʦʤʝʪʨʠʯʝʩʢʦʡ ʠʣʠ ʫʜʣʠʥʝʥʥʦʡ ʬʦʨʤʳ ʚ ʢʚʘʨʮ-ʧʦʣʝʚʦʰʧʘʪʦʚʦʤ 

ʩʫʙʩʪʨʘʪʝ. ʇʨʠʩʫʪʩʪʚʠʝ ʚ ʭʠʤʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʢʨʝʤʥʝʟʝʤʘ ʠ ʛʣʠʥʦʟʝʤʘ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʝʩʥʦʡ ʚʟʘʠʤʦʩʚʷʟʠ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ ʩʬʝʥʘ ʩ ʢʚʘʨʮʝʤ ʠ 

ʧʦʣʝʚʳʤ ʰʧʘʪʦʤ. ɺ ʦʜʥʦʤ ʘʥʘʣʠʟʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʘʛʥʠʷ, 

ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʠʥʜʠʢʘʪʦʨʦʤ ʧʨʠʩʫʪʩʪʚʠʷ ʭʣʦʨʠʪʦʚ [ɻʦʣʜʳʨʝʚ ʠ ʜʨ., 2022ʘ]. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʠ ʤʝʣʢʠʝ ʟʝʨʥʘ ʧʠʨʠʪʘ (ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʜʦʩʪʠʛʘʝʪ 

2% ʠ ʙʦʣʝʝ). 

ɺʥʝʰʥʠʡ ʚʠʜ ʚʳʜʝʣʝʥʠʡ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ ʠ ʠʭ ʭʠʤʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 15, ʪʘʙʣ. 1.  

ʈʫʜʥʳʝ ʤʠʥʝʨʘʣʳ 

ʈʫʜʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʷʚʣʷʶʪʩʷ ʤʘʣʦʩʫʣʴʬʠʜʥʳʤʠ ï ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʥʘʣʠʯʠʝʤ ʩʢʫʜʥʦʡ ʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ. ʆʩʥʦʚʥʳʤ ʨʫʜʥʳʤ ʤʠʥʝʨʘʣʦʤ ʚ ʥʠʭ 

ʷʚʣʷʝʪʩʷ ʧʠʨʠʪ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʦʛʦ ʚ ʧʨʦʙʘʭ ʩʦʩʪʘʚʣʷʝʪ 3%. 

ʇʠʨʠʪ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ (> 95%) ʨʫʜʥʳʤ ʤʠʥʝʨʘʣʦʤ. 

ʇʠʨʠʪ ʠʤʝʝʪ ʜʦʚʦʣʴʥʦ ʧʦʩʪʦʷʥʥʳʡ  ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʚʝʩʴʤʘ ʙʣʠʟʢʠʡ ʢ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʤʫ  [ɻʦʣʜʳʨʝʚ ʠ ʜʨ., 2022ʘ, 2023ʘ]. ɺ ʢʘʯʝʩʪʚʝ 
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ʤʠʢʨʦʧʨʠʤʝʩʝʡ ʧʦʯʪʠ ʧʦʩʪʦʷʥʥʦ ʧʨʠʩʫʪʩʪʚʫʝʪ Cu, Zn, Co, ʨʝʞʝ ʚʩʪʨʝʯʘʶʪʩʷ 

Sʝ, As, Pb, Cd ʠ Bi (ʪʘʙʣ. 2), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʠʞʥʝʨʫʜʥʳʡ ʫʨʦʚʝʥʴ 

ʦʨʫʜʝʥʝʥʠʷ [ʂʨʘʚʮʦʚʘ, 2005]. 

ʈʠʩ.  15. ʇʦʨʦʜʦʦʙʨʘʟʫʶʱʠʝ ʤʠʥʝʨʘʣʳ: ʘ ï ʧʠʨʠʪ ʚ ʢʚʘʨʮ ʧʦʣʝʚʦʰʧʘʪʦʚʦʡ ʟʦʥʝ, ʙ, ʚ 

ï ʟʦʥʘ ʠʥʪʝʥʩʠʚʥʦʡ ʭʣʦʨʠʪʠʟʘʮʠʠ, ʛ ï ʟʦʥʘ ʠʥʪʝʥʩʠʚʥʦʡ ʩʬʝʥʠʟʘʮʠʠ. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

Py ï ʧʠʨʠʪ, Qz ï ʢʚʘʨʮ, Fsp ï ʧʦʣʝʚʦʡ ʰʧʘʪ, Chl ï ʭʣʦʨʠʪ, Ttn ï ʩʬʝʥ 

 

ʊʘʙʣʠʮʘ 1. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ, ʤʘʩ. % 
ʆʢʩʠʜ 1 2 3 4 5 6 

SiO2 63,56 65,71 35,56 35,23 39,32 31,16 

TiO2 - 0 0,39 0,09 19,93 28,15 

Al 2O3 17,22 17,39 19,42 19,68 10,54 6,51 

FeO* 1,58 0 12,84 8,03 4,84 2,77 

MnO - - 4,20 5,24 - 0,26 

MgO 0 0 21,35 24,20 5,58 - 

CaO 0 - 1,27 1,99 17,15 25,19 

Na2O - 0,31 0,72 0,35 - - 

K2O 16,03 16,59 - 0 - - 

V2O5 - - - - 0,40 0,31 

S 0,64 - 1,70 2,08 0,90 2,26 

ʉʫʤʤʘ 99,03 100,00 97,45 96,89 98,66 96,61 
ʇʨʠʤʝʯʘʥʠʝ: 1, 2 ï ʘʜʫʣʷʨ, ʚ ʪ.ʯ. ʩ ʤʠʢʨʦʚʢʣʶʯʝʥʠʷʤʠ ʧʠʨʠʪʘ, 3, 4 ï ʭʣʦʨʠʪ ʩ ʤʠʢʨʦʚʢʣʶʯʝʥʠʷʤʠ 

ʧʠʨʠʪʘ,  5, 6 ï ʟʦʥʳ ʩʦ ʩʬʝʥʦʤ. 

 

ɹʳʣʠ ʚʳʜʝʣʝʥʳ [ɻʦʣʜʳʨʝʚ ʠ ʜʨ., 2023ʘ] ʩʣʝʜʫʶʱʠʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ 

ʪʠʧʳ ʠ ʬʦʨʤʳ ʥʘʭʦʞʜʝʥʠʷ ʧʠʨʠʪʘ: 
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1.  ʆʜʠʥʦʯʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʯʘʩʪʦ ʢʫʙʠʯʝʩʢʦʡ ʬʦʨʤʳ ʨʘʟʤʝʨʦʤ ʜʦ 50 ʤʢʤ 

(ʨʠʩ. 16-ʘ). 

ʊʘʙʣʠʮʘ 2. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʠʨʠʪʘ, ʤʘʩ. % 

ʕʣʝ- 

ʤʝʥʪ 

ɿʝʨʥʘ 

1 2 3 4 5 6 7 8 9 10 

Fe 43,65 41,74 38,06 45,52 47,06 47,07 41,77 46,93 44,83 49,66 

S 55,54 56,89 49,33 52,64 52,11 52,20 57,19 51,28 54,00 48,86 

As    0,24       

Cu 0,32 0,44 10,99 0,70 0,32 0,26 0,43 0,55 0,35 0,61 

Zn 0,30 0,32 0,48 0,52 0,28 0,16 0,35 0,44 0,32 0,49 

Ni        0,07   

Co 0,19 0,27 0,27 0,26 0,24 0,13 0,25 0,27 0,26 0,21 

Pb        0,46 0,24  

Se  0,10 0,19 0,12  0,19    0,16 

Bi  0,21         

Cd   0,68        

ʉʫʤʤʘ 100,00 99,97 100,00 100,00 100,01 100,01 99,99 100,00 100,00 99,99 

 

2. ʄʝʣʢʠʝ ʢʨʠʩʪʘʣʣʠʢʠ ʠ ʟʝʨʥʘ ʦʢʨʫʛʣʦʡ ʬʦʨʤʳ, ʦʙʨʘʟʫʶʱʠʝ ʨʘʟʣʠʯʥʳʝ 

ʩʢʦʧʣʝʥʠʷ (ʨʠʩ. 16-ʙ). ʆʢʨʫʛʣʳʝ, ʦʚʘʣʴʥʳʝ ʬʦʨʤʳ ʧʠʨʠʪʘ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ 

ʤʥʦʛʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʘʣʝʦʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʫʜʦʦʙʨʘʟʫʶʱʠʭ ʩʠʩʪʝʤ 

[ʆʢʨʫʛʠʥ ʠ ʜʨ., 2014]. ʀʤ ʦʙʳʯʥʦ ʧʨʠʧʠʩʳʚʘʝʪʩʷ ʤʝʪʘʢʦʣʣʣʦʠʜʥʦʝ 

ʧʨʦʠʩʭʦʞʜʝʥʠʝ. 

3. ʉʧʣʦʰʥʳʝ ʟʝʨʥʠʩʪʳʝ ʤʘʩʩʳ (ʨʠʩ. 16-ʚ, ʛ) ʚ ʚʠʜʝ ʮʝʧʦʯʝʢ ʤʝʣʢʠʭ 

ʢʨʠʩʪʘʣʣʠʢʦʚ ʠʣʠ ʥʘ ʢʦʥʪʘʢʪʝ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ (ʢʚʘʨʮʘ ʠ 

ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ). 

4. ʉʨʦʩʪʢʠ ʩ ʜʨʫʛʠʤʠ ʤʠʥʝʨʘʣʘʤʠ: ʛʘʣʝʥʠʪʦʤ, ʭʘʣʴʢʦʧʠʨʠʪʦʤ, ʩʬʘʣʝʨʠʪʦʤ 

(ʨʠʩ. 17-ʘ). ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʦʪʤʝʯʘʶʪʩʷ ʩʨʦʩʪʢʠ ʩ ʛʘʣʝʥʠʪʦʤ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʠʨʠʪ ʷʚʣʷʝʪʩʷ ʬʦʨʤʦʡ ʟʘʤʝʱʝʥʠʷ ʪʠʪʘʥʩʦʜʝʨʞʘʱʠʭ 

ʞʝʣʝʟʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ (ʨʠʩ. 17-ʙ, ʚ, ʛ). ʇʠʨʠʪ ʥʘʙʣʶʜʘʝʪʩʷ ʚʦ ʚʤʝʱʘʶʱʠʭ 

ʧʦʨʦʜʘʭ ʚ ʚʠʜʝ ʟʝʨʝʥ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦ ʢʨʘʷʤ (ʨʠʩ. 17-ʙ) ʚʳʜʝʣʝʥʠʡ 

ʪʠʪʘʥʩʦʜʝʨʞʘʱʠʭ ʤʠʥʝʨʘʣʦʚ (ʘʥʘʪʘʟʘ). ɺ ʩʣʫʯʘʝ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʛʦ 

ʟʘʤʝʱʝʥʠʷ ʦʧʠʩʳʚʘʝʤʳʡ ʧʠʨʠʪ ʦʙʨʘʟʫʝʪ ʩʢʝʣʝʪʦʦʙʨʘʟʥʳʝ ʟʝʨʥʠʩʪʳʝ ʘʛʨʝʛʘʪʳ 

ʩ ʦʩʪʘʪʢʘʤʠ ʘʥʘʪʘʟʘ (ʨʠʩ. 17-ʚ). ʂʨʦʤʝ ʪʦʛʦ, ʚʩʪʨʝʯʘʶʪʩʷ ʦʚʘʣʴʥʳʝ ʩʢʦʧʣʝʥʠʷ 

ʤʝʣʢʠʭ ʟʝʨʝʥ (ʨʠʩ. 17-ʛ).  



 

 

 

39 

 
 

 

ʈʠʩ.  16. ɺʳʜʝʣʝʥʠʷ ʧʠʨʠʪʘ: ʘ ï ʦʜʠʥʦʯʥʳʡ ʢʨʠʩʪʘʣʣ ʧʠʨʠʪʘ ʢʫʙʠʯʝʩʢʦʡ ʬʦʨʤʳ ʚ 

ʢʚʘʨʮ ʧʦʣʝʚʦʰʧʘʪʦʚʦʡ ʟʦʥʝ, ʙ ï ʩʢʦʧʣʝʥʠʷ ʤʝʣʢʠʭ ʟʝʨʝʥ ʧʠʨʠʪʘ ʦʢʨʫʛʣʦʡ ʬʦʨʤʳ ʥʘ 

ʢʦʥʪʘʢʪʝ ʢʚʘʨʮʘ ʠ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ, ʚ ï ʩʧʣʦʰʥʘʷ ʟʦʥʘ ʧʠʨʠʪʠʟʘʮʠʠ ʥʘ ʢʦʥʪʘʢʪʝ ʢʚʘʨʮʘ ʠ 

ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ, ʛ ï ʟʦʥʘ ʠʥʪʝʥʩʠʚʥʦʡ ʧʠʨʠʪʠʟʘʮʠʠ ʩ ʭʣʦʨʠʪʦʤ. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: Py ï 

ʧʠʨʠʪ, Qz ï ʢʚʘʨʮ, Fsp ï ʘʜʫʣʷʨ, Chl ï ʭʣʦʨʠʪ 

 

ʈʠʩ.  17. ɺʳʜʝʣʝʥʠʷ ʧʠʨʠʪʘ: ʘ ï ʩʨʦʩʪʦʢ ʧʠʨʠʪʘ ʩ ʛʘʣʝʥʠʪʦʤ ʠ ʩʬʘʣʝʨʠʪʦʤ, ʙ ï ʧʠʨʠʪ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʧʦ ʢʨʘʶ ʘʥʘʪʘʟʘ, ʚ ï ʟʝʨʥʠʩʪʳʡ ʘʛʨʝʛʘʪ ʧʠʨʠʪʘ ʩ ʦʩʪʘʪʢʘʤʠ ʘʥʘʪʘʟʘ, ʛ ï 

ʪʦʥʢʦʟʝʨʥʠʩʪʳʡ ʘʛʨʝʛʘʪ ʧʠʨʠʪʘ ʚ ʚʠʜʝ çʢʨʫʛʦʚè. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: Py ï ʧʠʨʠʪ, Qz ï 

ʢʚʘʨʮ, Gn ï ʛʘʣʝʥʠʪ, Sp ï ʩʬʘʣʝʨʠʪ, Ant ï ʘʥʘʪʘʟ 

 

ʇʠʨʠʪ ʯʘʩʪʦ ʩʠʣʴʥʦ ʪʨʝʱʠʥʦʚʘʪ, ʠʥʦʛʜʘ  ʚʩʪʨʝʯʘʶʪʩʷ ʠʥʪʝʥʩʠʚʥʦ 

çʨʘʟʜʨʦʙʣʝʥʥʳʝè ʢʨʠʩʪʘʣʣʳ. ʊʨʝʱʠʥʳ ʚ ʧʠʨʠʪʝ ʥʝʨʝʜʢʦ ʟʘʧʦʣʥʝʥʳ 

ʤʠʥʝʨʘʣʘʤʠ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʤʝʩʪʘʤʠ ʩʦʜʝʨʞʠʪ ʚʢʣʶʯʝʥʠʷ ʠ 

ʧʨʦʞʠʣʢʦʚʠʜʥʳʝ ʚʳʜʝʣʝʥʠʷ ʘʢʘʥʪʠʪʘ (ʨʠʩ 18-ʘ), ʠ ʩʘʤʦʨʦʜʥʦʛʦ ʩʝʨʝʙʨʘ. 



 

 

 

40 

 
 

 

ʀʥʦʛʜʘ ʘʢʘʥʪʠʪ ʟʘʤʝʱʘʝʪ ʧʠʨʠʪ (ʨʠʩ. 18-ʙ) ʠ ʟʘʧʦʣʥʷʝʪ ʧʫʩʪʦʪʳ ʚ ʥʝʤ (ʨʠʩ. 18-

ʚ). ʅʘʙʣʶʜʘʶʪʩʷ ʧʨʠʟʥʘʢʠ ʨʝʛʝʥʝʨʘʮʠʠ ʧʠʨʠʪʘ ï ʦʙʨʘʩʪʘʥʠʷ ʟʝʨʝʥ ʢʘʡʤʦʡ 

ʩʣʝʜʫʶʱʝʡ ʛʝʥʝʨʘʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʧʠʨʠʪ ʦʙʨʘʟʫʝʪ ʢʨʠʩʪʘʣʣʳ 

ʢʦʨʨʦʜʠʨʦʚʘʥʥʦʡ ʢʫʙʠʯʝʩʢʦʡ ʬʦʨʤʳ ʣʠʙʦ ʠʭ ʩʨʦʩʪʢʠ, ʘ ʪʘʢʞʝ 

ʢʦʨʨʦʜʠʨʦʚʘʥʥʳʝ ʧʝʥʪʘʛʦʥ-ʜʦʜʝʢʘʵʜʨʳ (ʨʠʩ. 18-ʛ). 

ʈʠʩ.  18. ɸʢʘʥʪʠʪ ʚ ʧʠʨʠʪʝ: ʘ ï ʘʢʘʥʪʠʪ ʚ ʪʨʝʱʠʥʝ ʧʠʨʠʪʘ, ʙ ï ʟʘʤʝʱʝʥʠʝ ʧʠʨʠʪʘ 

ʘʢʘʥʪʠʪʦʤ, ʚ ï ʘʢʘʥʪʠʪ ʚ ʧʠʨʠʪʝ, ʛ ï ʘʢʘʥʪʠʪ ʚ ʢʦʨʨʦʜʠʨʦʚʘʥʥʦʤ ʧʠʨʠʪʝ. ʋʩʣʦʚʥʳʝ 

ʦʙʦʟʥʘʯʝʥʠʷ: Py ï ʧʠʨʠʪ, Qz ï ʢʚʘʨʮ, Aca ï ʘʢʘʥʪʠʪ 

 

ʇʠʨʠʪ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʩʦʩʪʘʚʝ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʝʡ 

ʦʨʫʜʝʥʝʥʠʷ ʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʝʩʢʦʣʴʢʠʤʠ ʛʝʥʝʨʘʮʠʷʤʠ [ɻʦʣʜʳʨʝʚ, 2023]. 

ʇʠʨʠʪ-1 (ʧʝʨʚʘʷ ʛʝʥʝʨʘʮʠʷ) ʧʨʝʜʩʪʘʚʣʝʥ ʟʝʨʥʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʧʦ 

ʢʨʘʷʤ ʚʳʜʝʣʝʥʠʡ ʪʠʪʘʥʩʦʜʝʨʞʘʱʠʭ ʤʠʥʝʨʘʣʦʚ (ʘʥʘʪʘʟ). ʆʥʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ 

ʚʦ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜʘʭ. ʏʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʢʦʣʴʮʝʦʙʨʘʟʥʳʝ ʛʥʝʟʜʘ (ʨʠʩ. 19-ʘ).  

ʇʠʨʠʪ-2 (ʚʪʦʨʘʷ ʛʝʥʝʨʘʮʠʷ), ʦʪʥʦʩʷʱʘʷʩʷ ʢ ʜʦʨʫʜʥʦʤʫ ʢʦʤʧʣʝʢʩʫ, 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʚʠʜʝ ʪʦʥʢʦ- ʠ ʤʝʣʢʦʚʢʨʘʧʣʝʥʥʳʭ ʩʢʦʧʣʝʥʠʡ ʚ ʦʙʣʦʤʢʘʭ 

ʦʢʚʘʨʮʦʚʘʥʥʳʭ ʧʦʨʦʜ. ʇʠʨʠʪ ʦʙʨʘʟʫʝʪ ʠʜʠʦʤʦʨʬʥʳʝ ʠ ʛʠʧʠʜʠʦʤʦʨʬʥʳʝ ʟʝʨʥʘ, 

ʚʢʨʘʧʣʝʥʥʳʝ ʚʦ ʚʤʝʱʘʶʱʫʶ ʧʦʨʦʜʫ. ʆʥʠ ʦʪʯʝʪʣʠʚʦ ʚʳʜʝʣʷʶʪʩʷ ʧʦ 

ʭʘʨʘʢʪʝʨʥʳʤ ʧʨʷʤʦʫʛʦʣʴʥʳʤ ʠ ʧʷʪʠʫʛʦʣʴʥʳʤ ʩʝʯʝʥʠʷʤ. 

ʇʠʨʠʪ-3 (ʪʨʝʪʴʷ ʛʝʥʝʨʘʮʠʷ) ʨʘʥʥʝʛʦ ʨʫʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠʤʝʝʪ 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʬʦʨʤʳ ʚʳʜʝʣʝʥʠʡ. ʂʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʜʩʪʘʚʣʝʥ ʦʥ ʙʣʘʩʪʦʟʝʨʥʘʤʠ 
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ʩ ʩʠʪʦʚʠʜʥʳʤ ʩʝʪʯʘʪʳʤ ʩʪʨʦʝʥʠʝʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʧʦ ʧʨʦʞʠʣʢʘʤ (ʨʠʩ. 19-ʙ). 

ʍʘʨʘʢʪʝʨʥʳ ʢʘʢ ʤʦʥʦʤʠʥʝʨʘʣʴʥʳʝ ʘʛʨʝʛʘʪʳ, ʪʘʢ ʠ ʩʨʦʩʪʢʠ ʩ ʭʘʣʴʢʦʧʠʨʠʪʦʤ, 

ʩʬʘʣʝʨʠʪʦʤ ʠ ʛʘʣʝʥʠʪʦʤ (ʨʠʩ. 19-ʚ). ɺ ʧʨʦʞʠʣʢʘʭ ʦʪʤʝʯʝʥ ʤʝʣʢʦʟʝʨʥʠʩʪʳʡ 

ʧʠʨʠʪ ʠ ʭʘʣʴʢʦʧʠʨʠʪ ʚ ʪʝʩʥʦʤ ʩʨʘʩʪʘʥʠʠ ʩ ʛʘʣʝʥʠʪʦʤ. ʇʨʦʞʠʣʢʦʚʠʜʥʳʝ 

ʚʳʜʝʣʝʥʠʷ ʛʘʣʝʥʠʪʘ ʚʪʦʨʠʯʥʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʘʥʥʦʡ ʛʝʥʝʨʘʮʠʠ ʧʠʨʠʪʘ ʠ 

ʩʝʢʫʪ ʝʛʦ. ʇʫʩʪʦʪʳ ʚ ʧʠʨʠʪʝ ʚʳʧʦʣʥʝʥʳ ʚʤʝʱʘʶʱʝʡ ʧʦʨʦʜʦʡ, ʨʝʞʝ ʛʘʣʝʥʠʪʦʤ 

ʠ, ʢʨʘʡʥʝ ʨʝʜʢʦ, ʩʬʘʣʝʨʠʪʦʤ. ʀʥʦʛʜʘ ʧʠʨʠʪ ʷʚʣʷʝʪʩʷ ʮʝʤʝʥʪʦʤ, ʟʘʧʦʣʥʷʷ 

ʪʨʝʱʠʥʳ ʠ ʧʫʩʪʦʪʳ ʚʦ ʚʤʝʱʘʶʱʝʡ ʧʦʨʦʜʝ (ʨʠʩ. 19-ʛ). 

ʇʠʨʠʪ-4 (ʯʝʪʚʝʨʪʘʷ ʛʝʥʝʨʘʮʠʷ) ʙʦʣʝʝ ʧʦʟʜʥʝʛʦ ʨʫʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʦʪʤʝʯʘʝʪʩʷ ʚ ʢʚʘʨʮʝʚʳʭ ʞʠʣʘʭ ʚ ʚʠʜʝ ʙʝʜʥʦʡ, ʥʝʨʘʚʥʦʤʝʨʥʦ ʨʘʩʩʝʷʥʥʦʡ ʤʝʣʢʦʡ 

ʠ ʪʦʥʢʦʡ ʚʢʨʘʧʣʝʥʥʦʩʪʠ ʠʜʠʦʤʦʨʬʥʳʭ ʠ ʥʝʧʨʘʚʠʣʴʥʳʭ ʤʦʥʦʤʠʥʝʨʘʣʴʥʳʭ 

ʟʝʨʝʥ, ʨʝʞʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʨʦʩʪʢʦʚ. ʀʥʦʛʜʘ ʦʙʨʘʟʫʝʪ ʙʳʩʪʨʦ 

ʚʳʢʣʠʥʠʚʘʶʱʠʝʩʷ ʧʦʩʣʦʡʥʳʝ ʪʦʥʢʦʚʢʨʘʧʣʝʥʥʳʝ ʩʢʦʧʣʝʥʠʷ. 

 

ʈʠʩ.  19. ɻʝʥʝʨʘʮʠʠ ʧʠʨʠʪʘ (ʬʦʪʦ ʘʚʪʦʨʘ): ʘ ï ʢʦʣʴʮʝʦʦʙʨʘʟʥʳʝ ʛʥʝʟʜʘ ʧʠʨʠʪʘ, ʙ ï 

ʚʢʨʘʧʣʝʥʥʠʢʠ ʧʠʨʠʪʘ ʠ ʛʘʣʝʥʠʪʘ ʚ ʧʨʦʞʠʣʢʝ, ʚ ï ʩʨʦʩʪʢʠ ʧʠʨʠʪʘ ʠ ʛʘʣʝʥʠʪʘ, ʛ ï ʪʨʝʱʠʥʳ, 

ʟʘʧʦʣʥʝʥʥʳʝ ʧʠʨʠʪʦʤ 

 

ʇʠʨʠʪ-5 (ʧʷʪʘʷ ʛʝʥʝʨʘʮʠʷ) ʦʪʤʝʯʘʝʪʩʷ ʚ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʤʠʥʝʨʘʣʴʥʳʭ 

ʦʙʨʘʟʦʚʘʥʠʷʭ (ʢʚʘʨʮ-ʢʘʨʙʦʥʘʪʥʳʭ ʞʠʣʘʭ ʠ ʙʨʝʢʯʠʷʭ). ʅʘʨʷʜʫ ʩ ʨʝʜʢʦʡ 
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ʨʘʩʩʝʷʥʥʦʡ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʪʦʥʢʦʡ ʚʢʨʘʧʣʝʥʥʦʩʪʴʶ, ʠʥʦʛʜʘ ʦʪʤʝʯʘʶʪʩʷ 

ʙʦʣʝʝ ʟʘʤʝʪʥʳʝ ʣʦʢʘʣʴʥʳʝ ʩʢʦʧʣʝʥʠʷ ʧʠʨʠʪʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʚʠʜʝ ʫʤʝʨʝʥʥʦʡ 

ʚʢʨʘʧʣʝʥʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʧʝʥʪʘʛʦʥ-ʜʦʜʝʢʘʵʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ. 

ʉʫʣʴʬʠʜʳ ʧʦʣʠʤʝʪʘʣʣʦʚ (ʩʬʘʣʝʨʠʪ, ʭʘʣʴʢʦʧʠʨʠʪ ʠ ʛʘʣʝʥʠʪ) ʦʪʥʦʩʷʪʩʷ ʢ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʧʦʩʣʝ ʧʠʨʠʪʘ ʨʫʜʥʳʤ ʤʠʥʝʨʘʣʘʤ. ʉʘʤʳʝ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʭ ʧʨʦʷʚʣʝʥʠʷ, ʢʘʢ ʠ ʧʠʨʠʪʘ, ʩʚʷʟʘʥʳ ʩ ʨʘʥʥʝʡ ʢʚʘʨʮ-ʩʫʣʴʬʠʜʥʦ-

ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ. ʉʬʘʣʝʨʠʪ, ʭʘʣʴʢʦʧʠʨʠʪ ʠ ʛʘʣʝʥʠʪ ʚ 

ʨʘʟʥʳʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʩʦʧʨʦʚʦʞʜʘʶʪ ʧʠʨʠʪ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ 

ʚ ʚʠʜʝ ʤʝʣʢʦ- ʪʦʥʢʦʚʢʨʘʧʣʝʥʥʳʭ ʩʢʦʧʣʝʥʠʡ ʚ ʢʚʘʨʮʝ ʠ ʧʠʨʠʪʝ [ɻʦʣʜʳʨʝʚ, 

2023]. 

ʉʬʘʣʝʨʠʪ, ʙʦʣʝʝ ʨʘʥʥʠʡ ʠʟ ʩʫʣʴʬʠʜʦʚ, ʯʘʱʝ ʚʩʝʛʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦ 

ʧʨʝʦʙʣʘʜʘʶʱʠʡ, ʧʨʝʜʩʪʘʚʣʝʥ ʞʝʣʝʟʠʩʪʦʡ ʪʝʤʥʦʦʢʨʘʰʝʥʥʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʴʶ 

(ʤʘʨʤʘʪʠʪʦʤ). ʏʘʩʪʦ ʦʥ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʨʘʩʪʘʥʠʷʭ ʩ ʜʨʫʛʠʤʠ ʨʫʜʥʳʤʠ 

ʤʠʥʝʨʘʣʘʤʠ ʠ ʦʙʨʘʟʫʝʪ, ʥʝʨʝʜʢʦ, ʦʙʠʣʴʥʳʝ ʤʠʢʨʦʚʢʣʶʯʝʥʠʷ ʚ ʧʠʨʠʪʝ. ʌʦʨʤʳ 

ʚʳʜʝʣʝʥʠʡ ʩʬʘʣʝʨʠʪʘ - ʠʟʦʤʝʪʨʠʯʥʳʝ, ʨʝʞʝ ʥʝʧʨʘʚʠʣʴʥʳʝ; ʨʘʟʤʝʨ ʚʳʜʝʣʝʥʠʡ 

ʥʝ ʧʨʝʚʳʰʘʝʪ ʦʜʥʦʛʦ ʤʠʣʣʠʤʝʪʨʘ ʚ ʧʦʧʝʨʝʯʥʠʢʝ.  

ɻʘʣʝʥʠʪ ʯʘʱʝ ʚʩʝʛʦ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ ʤʝʣʢʠʭ ʚʳʜʝʣʝʥʠʡ, ʦʙʨʘʟʫʝʪ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʢʩʝʥʦʤʦʨʬʥʳʝ ʚʢʨʘʧʣʝʥʥʳʝ ʚʳʜʝʣʝʥʠʷ ʚ ʢʚʘʨʮʝ, ʘ ʪʘʢʞʝ 

ʩʨʘʩʪʘʥʠʷ ʩ ʜʨʫʛʠʤʠ ʩʫʣʴʬʠʜʘʤʠ. ʍʘʨʘʢʪʝʨʥʳ ʦʢʨʫʛʣʳʝ ʚʢʣʶʯʝʥʠʷ ʛʘʣʝʥʠʪʘ ʚ 

ʟʝʨʥʘʭ ʧʠʨʠʪʘ [ɻʦʣʜʳʨʝʚ ʠ ʜʨ., 2023ʙ]. ɺ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʛʘʣʝʥʠʪʘ ʚʩʝʛʜʘ ʚ 

ʢʘʯʝʩʪʚʝ ʦʙʷʟʘʪʝʣʴʥʦʡ ʧʨʠʤʝʩʠ ʧʨʠʩʫʪʩʪʚʫʝʪ As, ʩʦʜʝʨʞʘʥʠʝ ʝʛʦ ʧʦʚʳʰʝʥʦ 

(ʠʥʦʛʜʘ ʙʦʣʝʝ 3%). ɺ ʥʝʢʦʪʦʨʳʭ ʠʥʜʠʚʠʜʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ Au ʠ Ag. ʍʘʨʘʢʪʝʨʥʳ 

ʪʘʢʞʝ ʧʨʠʤʝʩʠ Cu (ʜʦ 3% ʠ ʙʦʣʝʝ) ʠ Co. ʆʯʝʥʴ ʨʝʜʢʦ ʧʨʠʩʫʪʩʪʚʫʶʪ Sn ʠ Ge 

(ʪʘʙʣ. 3).  ʀʥʦʛʜʘ ʚʩʪʨʝʯʘʶʪʩʷ ʩʨʦʩʪʢʠ ʛʘʣʝʥʠʪʘ ʩ ʘʢʘʥʪʠʪʦʤ (ʨʠʩ. 20). 

ʍʘʣʴʢʦʧʠʨʠʪ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʚʠʜʝ ʢʩʝʥʦʤʦʨʬʥʳʭ ʚʳʜʝʣʝʥʠʡ ʚ ʢʚʘʨʮʝ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʚ ʩʨʦʩʪʢʘʭ ʩ ʜʨʫʛʠʤʠ ʨʫʜʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ, ʦʙʨʘʟʫʝʪ 

ʠʥʪʝʨʩʪʠʮʠʘʣʴʥʳʝ ʚʳʜʝʣʝʥʠʷ ʚ ʧʠʨʠʪʦʚʳʭ ʘʛʨʝʛʘʪʘʭ. ʉ ʛʘʣʝʥʠʪʦʤ ʭʘʣʴʢʦʧʠʨʠʪ 

ʦʙʨʘʟʫʝʪ ʦʜʥʦʚʨʝʤʝʥʥʳʝ ʩʨʘʩʪʘʥʠʷ ʪʠʧʘ ʚʟʘʠʤʥʳʭ ʛʨʘʥʠʮ, ʩʦʚʤʝʩʪʥʳʝ 
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ʧʨʦʞʠʣʢʦʚʦ-ʚʢʨʘʧʣʝʥʥʳʝ ʚʳʜʝʣʝʥʠʷ ʠ ʤʠʢʨʦʧʨʦʞʠʣʢʠ ʚ ʩʬʘʣʝʨʠʪʝ, ʘ ʪʘʢʞʝ 

ʢʘʝʤʢʠ ʥʘ ʩʬʘʣʝʨʠʪʝ. ɼʦʚʦʣʴʥʦ ʨʝʜʢʦ ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʥʯʘʡʰʘʷ ʵʤʫʣʴʩʠʦʥʥʘʷ 

ʚʢʨʘʧʣʝʥʥʦʩʪʴ ʭʘʣʴʢʦʧʠʨʠʪʘ ʚ ʩʬʘʣʝʨʠʪʝ, ʢʘʢ ʧʨʦʜʫʢʪ ʨʘʩʧʘʜʘ ʪʚʝʨʜʦʛʦ 

ʨʘʩʪʚʦʨʘ. ʍʘʣʴʢʦʧʠʨʠʪ ʚʩʪʨʝʯʝʥ ʪʘʢʞʝ ʚ ʚʠʜʝ ʪʦʥʢʠʭ, ʤʝʩʪʘʤʠ ʠʟʚʠʣʠʩʪʦʡ 

ʬʦʨʤʳ ʨʝʣʠʢʪʦʚ ʦʪ ʟʘʤʝʱʝʥʠʷ ʘʢʘʥʪʠʪʦʤ. 

ʈʠʩ.  20. ɻʘʣʝʥʠʪ: ʘ ï ʩʨʦʩʪʦʢ ʛʘʣʝʥʠʪʘ ʩ ʧʠʨʠʪʦʤ, ʙ ï ʩʨʦʩʪʦʢ ʛʘʣʝʥʠʪʘ ʩ ʘʢʘʥʪʠʪʦʤ ʥʘ 

ʧʠʨʠʪʝ. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: Gn ï ʛʘʣʝʥʠʪ, Py ï ʧʠʨʠʪ, Qz ï ʢʚʘʨʮ, Aca ï ʘʢʘʥʪʠʪ 

 

ʊʘʙʣʠʮʘ 3. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʛʘʣʝʥʠʪʘ, ʤʘʩ. % 

ʕʣʝʤʝʥʪ 1 2 3 4 5 6 

Fe 8,16 1,33 28,46 19,52 26,99 1,73 

S 25,47 21,34 41,05 33,87 39,64 14,00 

As 3,64 1,92 0,94 1,46 2,09 1,43 

Sb       

Ni       

Co 0,14   0,21 0,21  

Zu       

Cu  3,30 0,09  0,19  

Hg       

Bi       

Pb 61,75 71,68 29,30 44,95 30,11 33,14 

Au 0,85    0,48  

Ag   0,16   49,69 

Sn  0,42     

Ge     0,28  

ʉʫʤʤʘ 100,01 99,99 100,00 100,01 99,99 99,99 

ʇʨʠʤʝʯʘʥʠʷ: 1 ï ʚ ʧʠʨʠʪʝ, 2 ï ʚ ʭʣʦʨʠʪʝ, 3 - ʚ ʧʠʨʠʪʝ, 4 - ʚ ʢʚʘʨʮʝ, 5 - ʚ ʧʠʨʠʪʝ, 6 ï ʩʨʦʩʪʦʢ 

ʛʘʣʝʥʠʪʘ ʩ ʘʢʘʥʪʠʪʦʤ 
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ʄʠʥʝʨʘʣʳ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 

ʉʨʝʜʠ ʤʠʥʝʨʘʣʦʚ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʜʦʤʠʥʠʨʫʝʪ ʘʢʘʥʪʠʪ [ɻʦʣʜʳʨʝʚ 

ʠ ʜʨ., 2022ʘ], ʢʦʪʦʨʳʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʧʦʚʩʝʤʝʩʪʥʦ, ʚ ʩʘʤʳʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʬʦʨʤʘʭ, ʰʠʨʦʢʦʡ ʛʘʤʤʳ ʨʘʟʤʝʨʥʦʩʪʠ, ʚ ʨʘʟʥʳʭ ʤʠʥʝʨʘʣʘʭ ʠ ʫʯʘʩʪʢʘʭ ʧʦʨʦʜʳ.  

ʆʪʥʦʩʠʪʝʣʴʥʦ ʢʨʫʧʥʳʝ (ʙʦʣʝʝ 10 ʤʢʤ) ʟʝʨʥʘ ʘʢʘʥʪʠʪʘ ʦʪʣʠʯʘʶʪʩʷ ʩʣʦʞʥʦʡ 

ʬʦʨʤʦʡ ʠ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʯʘʩʪʷʭ ʟʝʨʝʥ ʧʠʨʠʪʘ, ʟʘʥʠʤʘʷ ʧʫʩʪʦʪʳ 

(ʨʠʩ. 18-ʚ). ʆʩʦʙʝʥʥʦ ʢʨʫʧʥʳʤʠ (ʜʦ 100 ʤʢʤ ʠ ʙʦʣʝʝ) ʷʚʣʷʶʪʩʷ ʟʦʥʘʣʴʥʳʝ 

ʚʢʣʶʯʝʥʠʷ ʚ ʢʚʘʨʮʝ. ʅʝʨʝʜʢʦ ʘʢʘʥʪʠʪ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʚʠʜʝ ʚʢʣʶʯʝʥʠʡ 

ʢʨʠʩʪʘʣʣʘʭ ʭʘʣʴʢʦʧʠʨʠʪʘ ʠ ʛʘʣʝʥʠʪʘ, ʦʙʨʘʩʪʘʝʪ ʠʭ ʚ ʚʠʜʝ ʢʘʝʤʦʢ, ʘ ʪʘʢʞʝ 

ʢʦʨʨʦʜʠʨʫʝʪ ʵʪʠ ʤʠʥʝʨʘʣʳ (ʨʠʩ. 18-ʛ), ʠʥʦʛʜʘ ʚʳʧʦʣʥʷʝʪ ʧʨʦʤʝʞʫʪʢʠ ʤʝʞʜʫ 

ʟʝʨʥʘʤʠ ʢʚʘʨʮʘ. 

ʏʘʩʪʦ ʟʝʨʥʘ ʘʢʘʥʪʠʪʘ ʚ ʢʚʘʨʮʝ ʠʣʠ ʧʠʨʠʪʝ ʦʙʨʘʟʫʶʪ ʩʢʦʧʣʝʥʠʷ, ʥʝʨʝʜʢʦ 

ʦʥʠ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʙʦʣʝʝ ʤʝʣʢʠʤʠ ʚʳʜʝʣʝʥʠʷʤʠ [ɻʦʣʜʳʨʝʚ ʠ ʜʨ., 2023ʘ]. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʘʢʘʥʪʠʪʘ ʥʝʧʦʩʪʦʷʥʝʥ ʠʟ-ʟʘ ʚʣʠʷʥʠʷ ʚʤʝʱʘʶʱʠʭ 

ʤʠʥʝʨʘʣʦʚ, ʦʙʳʯʥʦ, ʧʠʨʠʪʘ, ʩʫʜʷ ʧʦ ʧʨʠʩʫʪʩʪʚʠʶ ʚ ʘʥʘʣʠʟʝ Fe (ʧʦʯʪʠ ʜʦ 7 ʤʘʩ. 

%). ʂʦʣʝʙʘʥʠʷ ʚ ʩʦʜʝʨʞʘʥʠʠ S (9.5ï15.5 ʤʘʩ. %) ʪʘʢʞʝ ʦʙʫʩʣʦʚʣʝʥʳ ʚʣʠʷʥʠʝʤ 

ʧʠʨʠʪʦʚʦʡ ʤʘʪʨʠʮʳ. ʅʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ-ʧʨʠʤʝʩʷʤʠ ʷʚʣʷʶʪʩʷ 

Zn, Cu, Hg, Ni, Pb, Cd, As. ɺ ʦʜʥʦʤ ʟʝʨʥʝ (ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ As) ʦʙʥʘʨʫʞʝʥʦ 

ʟʦʣʦʪʦ (ʪʘʙʣ. 4).  

 

ʊʘʙʣʠʮʘ 4. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚʢʣʶʯʝʥʠʡ ʘʢʘʥʪʠʪʘ, ʤʘʩ. % 

ʕʣʝʤʝʥʪ 1 2 3 4 5 6 7 8 9 10 

Fe 0,60 1,14  1,05 6,69 4,40 1,81 1,03 1,14 4,32 

S 9,52 9,74 11,30 10,98 15,54 13,41 12,69 14,01 9,74 14,32 

As 0,63         0,29 

Ni   0,08   0,09     

Zu  0,13 0,53 0,14  0,55   0,13  

Cu 0,27      0,17 1,87   

Hg  0,28    0,24   0,28  

Bi      0,54     

Pb    0,64  0,48     

Au 0,45          

Ag 88,53 88,70 88,09 87,19 77,77 76,68 84,94 83,09 88,70 81,06 

Cd      3,61     

Se       0,39    

ʉʫʤʤʘ 100,00 99,99 100,00 100,00 100,00 100,00 100,00 100,00 99,99 99,99 
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ʉʦʩʪʘʚ ʘʢʘʥʪʠʪʘ ʦʪʨʘʞʘʝʪ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʡ 

ʙʣʘʛʦʜʘʨʷ ʚʭʦʞʜʝʥʠʶ ʚ ʥʝʛʦ ʤʠʢʨʦʧʨʠʤʝʩʝʡ [ʉʘʚʚʘ, 2018]. ʇʦ ʩʦʩʪʘʚʫ ʘʢʘʥʪʠʪ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɾʠʣʴʥʦʝ ʥʘʠʙʦʣʝʝ ʩʭʦʞ ʩ ʘʢʘʥʪʠʪʦʤ, ʚʩʪʨʝʯʝʥʥʳʤ ʥʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ɼʫʢʘʪ, ʀʟʚʠʣʠʩʪʦʝ, ɸʛʘʥ, ʋʪʝʩʥʦʝ, ʖʥʦʝ. 

ʄʠʢʨʦʚʢʣʶʯʝʥʠʷ ʘʢʘʥʪʠʪʘ ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 5 ʤʢʤ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʧʠʨʠʪʝ, ʘ ʪʘʢʞʝ ʚ ʢʚʘʨʮʝ [ɻʦʣʜʳʨʝʚ ʠ ʜʨ., 2022ʘ; 2023ʘ]. ʆʥʠ 

ʥʝʨʝʜʢʦ ʠʤʝʶʪ ʦʚʘʣʴʥʫʶ ʬʦʨʤʫ, ʥʦ ʦʙʳʯʥʦ ʩʣʦʞʥʫʶ ʠ ʫʜʣʠʥʝʥʥʫʶ. ʆʯʝʥʴ 

ʭʘʨʘʢʪʝʨʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʤʝʣʢʠʭ ʚʳʜʝʣʝʥʠʡ ʘʢʘʥʪʠʪʘ ʥʘ ʢʦʥʪʘʢʪʘʭ ʟʝʨʝʥ ʢʚʘʨʮʘ 

ʠ ʧʠʨʠʪʘ, ʘ ʪʘʢʞʝ ʚ ʤʠʢʨʦʪʨʝʱʠʥʘʭ ʚ ʧʠʨʠʪʝ (ʨʠʩ. 18-ʘ).  

ʉʘʤʦʨʦʜʥʦʝ ʩʝʨʝʙʨʦ ʦʪʤʝʯʘʝʪʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ, ʯʝʤ 

ʘʢʘʥʪʠʪ. ʇʦ ʮʚʝʪʫ ʩʘʤʦʨʦʜʥʦʝ ʩʝʨʝʙʨʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʘʢ ʩʪʘʣʴʥʦ-ʩʝʨʦʝ, 

ʩʝʨʝʙʨʠʩʪʦ-ʩʝʨʦʝ (ʨʠʩ. 21). ʅʝʢʦʪʦʨʳʝ ʟʝʨʥʘ ʠʤʝʶʪ ʙʣʝʩʪʷʱʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, 

ʦʪʤʝʯʘʶʪʩʷ ʟʝʨʥʘ ʯʝʨʥʳʝ ʟʘ ʩʯʝʪ ʦʢʠʩʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ. ʉʘʤʦʨʦʜʥʦʝ 

ʩʝʨʝʙʨʦ ʠʤʝʝʪ ʥʝʩʪʘʥʜʘʨʪʥʳʡ ʩʦʩʪʘʚ ʩ ʥʘʣʠʯʠʝʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʨʘʟʣʠʯʥʳʭ ʧʨʠʤʝʩʝʡ Fe, Au (ʪʘʙʣ. 5), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʘʥʥʠʝ ʧʘʨʘʛʝʥʝʟʠʩʳ 

ʤʠʥʝʨʘʣʘ [ʉʘʚʚʘ, 2018]. ʇʨʠʩʫʪʩʪʚʠʝ Hg ʚ ʩʘʤʦʨʦʜʥʦʤ ʩʝʨʝʙʨʝ ʷʚʣʷʝʪʩʷ ʥʝ 

ʪʠʧʠʯʥʳʤ ʜʣʷ AuïAg ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʆʏɺʇ [ʂʨʘʚʮʦʚʘ ʠ ʜʨ. 

2017].  

ʈʠʩ.  21. ʉʘʤʦʨʦʜʥʦʝ ʩʝʨʝʙʨʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɾʠʣʴʥʦʝ 
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ʉʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ ʪʦʥʢʦʝ, ʢʦʤʧʘʢʪʥʦʝ ʩ ʥʝʨʦʚʥʳʤʠ ʢʦʥʪʫʨʘʤʠ. ʈʘʟʤʝʨ 

ʟʝʨʝʥ ʜʦʩʪʠʛʘʝʪ ʧʝʨʚʳʭ ʤʤ (ʨʠʩ. 22). ʇʦ ʮʚʝʪʫ ʩʝʨʝʙʨʠʩʪʦ-ʩʝʨʦʝ, ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠʤʝʶʪʩʷ ʚʢʣʶʯʝʥʠʷ ʛʠʜʨʦʢʩʠʜʦʚ ʞʝʣʝʟʘ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʙʳ 

ʙʣʘʛʦʨʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʟʦʣʦʪʦ ʧʦ ʩʦʩʪʘʚʫ ʥʝʦʜʥʦʨʦʜʥʦʝ, ʚʝʩʴʤʘ 

ʥʠʟʢʦʧʨʦʙʥʦʝ (Au ï 42,94-52,04 ʤʘʩ. %), ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʣʝʢʪʨʫʤʫ.  

ʈʠʩ.  22. ʅʠʟʢʦʧʨʦʙʥʦʝ ʟʦʣʦʪʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɾʠʣʴʥʦʝ 

 

ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʧʠʨʠʪʝ çʨʘʩʧʳʣʝʥʳè ʩʫʙʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ (ʨʠʩ. 

23), ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʳʭ ʧʨʠʩʫʪʩʪʚʫʶʪ Au ʠ Ag [ɻʦʣʜʳʨʝʚ ʠ ʜʨ., 2022ʘ]. 

ʉʦʦʪʥʦʰʝʥʠʝ Au:Ag ʚ ʵʪʠʭ ʯʘʩʪʠʮʘʭ ʚ ʧʠʨʠʪʝ ʩʦʩʪʘʚʣʷʝʪ 1:1,4 ʠ ʤʦʞʝʪ ʙʳʪʴ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʦ ʢʘʢ ʵʣʝʢʪʨʫʤ. 

ʈʠʩ.  23. ɺʳʩʦʢʦʩʝʨʝʙʨʠʩʪʦʝ ʟʦʣʦʪʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɾʠʣʴʥʦʝ 
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ʍʘʨʘʢʪʝʨʥʳʤ  ʜʣʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ Ag (41,76-48,42 ʤʘʩ. %)  ʚ ʩʦʩʪʘʚʝ ʟʦʣʦʪʠʥ [ɻʦʣʜʳʨʝʚ, 2023]. ʊʘʢʞʝ 

ʦʪʤʝʯʘʶʪʩʷ ʧʨʠʤʝʩʠ Cu, Fe, As, Hg (ʪʘʙʣ. 5). 

 

ʊʘʙʣʠʮʘ 5. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ, ʤʘc. % 

ʕʣʝʤʝʥʪ 1 (ʬʦʪʦ 14-ʘ) 2 (ʬʦʪʦ 14-ʙ) 3 (ʬʦʪʦ 14-ʚ) 4 (ʬʦʪʦ 14-ʛ) 5 (ʬʦʪʦ 14-ʛ) 

Fe 0,76 1,44 0,44 0,75 8,00 

Co      

Ni      

Cu 1,21 1,30 0,48 0,46 0,86 

Zn 0,57 0,20 0,22 0,28 0,69 

As 0,35 0,19 0,35  0,28 

Se      

Ag 42,40 41,76 46,62 48,42 76,32 

Cd 2,81 2,67 2,86 3,91 5,44 

Sn      

Sb      

Au 51,42 52,04 48,54 42,94 4,74 

Hg  0,37 0,49  0,20 

Pb 0,49   3,22 3,16 

Bi     0,31 

ʉʫʤʤʘ 100,01 99,97 100,00 99,98 100,00 

 

ʆʩʥʦʚʥʦʚʥʳʤʠ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɾʠʣʴʥʦʝ ʷʚʣʷʶʪʩʷ: 

- ʠʥʪʝʥʩʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʧʨʦʮʝʩʩʦʚ ʦʢʚʘʨʮʝʚʘʥʠʷ, ʚʧʣʦʪʴ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʧʦʣʥʦʧʨʦʷʚʣʝʥʥʳʭ ʚʪʦʨʠʯʥʳʭ ʢʚʘʨʮʠʪʦʚ (ʮʝʥʪʨʘʣʴʥʘʷ ʠ ʶʞʥʘʷ ʯʘʩʪʴ ʫʯʘʩʪʢʘ), 

ʢʘʨʙʦʥʘʪʠʟʘʮʠʠ ʠ ʩʫʣʴʬʠʜʠʟʘʮʠʠ (ʧʠʨʠʪʠʟʘʮʠʠ) ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ; 

- ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʩʣʘʙʦ ʧʨʦʷʚʣʝʥʥʳʭ ʧʨʦʧʠʣʠʪʦʚ ʥʘ ʫʨʦʚʥʝ 

ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʦʡ ʬʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ, ʚ ʦʩʥʦʚʥʦʤ, ʵʧʠʜʦʪ-ʭʣʦʨʠʪ-

ʘʣʴʙʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʝʡ ʧʨʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʤ ʦʪʩʫʪʩʪʚʠʠ ʘʨʛʠʣʣʠʟʠʪʦʚ; 

- ʧʨʝʦʙʣʘʜʘʶʱʝʝ ʨʘʟʚʠʪʠʝ ʧʨʦʞʠʣʢʦʚʦʢʚʘʨʮʝʚʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʧʨʠ 

ʧʦʜʯʠʥʝʥʥʦʡ ʨʦʣʠ ʤʘʣʦʤʦʱʥʳʭ ʢʚʘʨʮʝʚʳʭ ʞʠʣ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʝʤ ʥʝ 

ʥʝʩʫʱʠʭ ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚ ʜʦʩʪʫʧʥʦʤ ʠʟʫʯʝʥʠʶ ʩʨʝʟʝ; 

- ʩʫʱʝʩʪʚʝʥʥʦ ʢʚʘʨʮʝʚʳʡ ʩʦʩʪʘʚ ʞʠʣʴʥʦ-ʧʨʦʞʠʣʢʦʚʳʭ ʟʦʥ ʧʨʠ ʨʝʟʢʦ 

ʧʦʜʯʠʥʝʥʥʦʡ ʨʦʣʠ ʢʘʨʙʦʥʘʪ- ʞʠʣ ʠ ʧʨʦʞʠʣʢʦʚ; 
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- ʦʜʥʦʪʠʧʥʦʩʪʴ ʦʢʦʣʦʞʠʣʴʥʳʭ ʚʪʦʨʠʯʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚʦ ʚʤʝʱʘʶʱʠʭ ʞʠʣʳ 

ʢʠʩʣʳʭ ʚʫʣʢʘʥʠʪʘʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ, ʦʙʳʯʥʦ, ʭʣʦʨʠʪ-ʢʘʨʙʦʥʘʪ-ʢʚʘʨʮʝʚʳʤʠ 

ʤʝʪʘʩʦʤʘʪʠʪʘʤʠ ʩ ʚʳʩʦʢʠʤ (ʜʦ 15-20%) ʩʦʜʝʨʞʘʥʠʝʤ ʪʦʥʢʦʡ ʚʢʨʘʧʣʝʥʥʦʩʪʠ 

ʧʠʨʠʪʘ;  

- ʧʦʜʯʠʥʝʥʥʘʷ ʨʦʣʴ ʢʦʣʣʦʤʦʨʬʥʦ-ʟʦʥʘʣʴʥʳʭ, ʨʠʪʤʠʯʥʦ ʧʦʣʦʩʯʘʪʳʭ, 

ʢʨʠʧʪʦ- ʠ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ, ʢʘʨʢʘʩʥʦ-ʧʝʪʝʣʴʯʘʪʳʭ ʪʝʢʩʪʫʨ; 

- ʥʘʣʠʯʠʝ ʩʢʫʜʥʦʡ ʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ, ʧʠʨʠʪʦʤ (3,0%) ʠ, ʚ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, 

ʩʬʘʣʝʨʠʪʦʤ, ʛʘʣʝʥʠʪʦʤ ʠ ʭʘʣʴʢʦʧʠʨʠʪʦʤ;  

- ʨʝʟʢʦʝ ʧʨʝʦʙʣʘʜʘʥʠʝ ʩʝʨʝʙʨʘ ʥʘʜ ʟʦʣʦʪʦʤ, ʦʪʥʦʰʝʥʠʝ ʟʦʣʦʪʘ ʢ ʩʝʨʝʙʨʫ 

ʢʦʣʝʙʣʝʪʩʷ ʦʪ 1:70 ʜʦ 1:300;  

- ʥʝʦʜʥʦʨʦʜʥʦʝ ʧʦ ʩʦʩʪʘʚʫ ʩʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ (ʦʪ ʥʠʟʢʦʧʨʦʙʥʦʛʦ 

ʚʳʩʦʢʦʩʝʨʝʙʨʠʩʪʦʛʦ ʜʦ ʵʣʝʢʪʨʫʤʘ ʧʨʠ ʦʪʥʦʰʝʥʠʠ Au ʢ Ag 1,1-1,5), ʦʪʩʫʪʩʪʚʠʝ 

ʚʳʩʦʢʦʧʨʦʙʥʦʛʦ ʟʦʣʦʪʘ;  

- ʦʜʥʦʦʙʨʘʟʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʬʦʨʤ ʩʝʨʝʙʨʘ ʧʨʠ ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʨʦʣʠ 

ʩʫʣʴʬʠʜʦʚ ʩʝʨʝʙʨʘ (ʘʢʘʥʪʠʪ) ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʨʠʤʝʩʷʤʠ ʧʨʠ ʥʠʟʢʦʡ 

ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʩʘʤʦʨʦʜʥʦʛʦ ʩʝʨʝʙʨʘ;  

- ʥʝʩʪʘʥʜʘʨʪʥʳʡ ʩʦʩʪʘʚ ʩʘʤʦʨʦʜʥʦʛʦ ʩʝʨʝʙʨʘ ʩ ʥʘʣʠʯʠʝʤ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʤʝʩʝʡ - ʧʦʤʠʤʦ ʩʝʨʝʙʨʘ (76,32%) ʭʠʤʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ ʚ ʥʝʤ 

ʫʩʪʘʥʦʚʣʝʥʳ Fe (8,00%), Cd (5,44%), Au (4,74%), Pb (3,16%);  

- ʩʣʘʙʘʷ ʧʨʦʷʚʣʝʥʥʦʩʪʴ ʟʦʣʦʪʦ-ʩʝʨʝʙʨʦ-ʩʫʣʴʬʦʩʦʣʝʚʦʡ ʤʠʥʝʨʘʣʴʥʦʡ 

ʘʩʩʦʮʠʘʮʠʠ. 

ʄʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʪʠʧʳ ʦʨʫʜʝʥʝʥʠʷ 

ʆʩʥʦʚʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʦʪʣʦʞʝʥʠʷ ʞʠʣʴʥʳʭ ʠ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ɾʠʣʴʥʦʝ, ʦʪʣʠʯʘʶʱʠʤʠ ʝʛʦ ʧʦ ʜʘʥʥʳʤ ʨʘʙʦʪ [ʅʦʚʦʩʝʣʦʚ ʠ ʜʨ., 2009; ɺʦʣʢʦʚ ʠ 

ʜʨ., 2019; 2020; ɾʫʨʘʚʢʦʚʘ ʠ ʜʨ., 2019; ɹʦʨʪʥʠʢʦʚ ʠ ʜʨ., 2021; ɹʝʣʷʝʚʘ, 2022; 

ɹʦʨʪʥʠʢʦʚ ʠ ʜʨ., 2022; ɹʝʣʷʝʚʘ, ʇʘʣʴʷʥʦʚʘ, 2023] ʦʪ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ɺʘʣʫʥʠʩʪʦʝ ʠ ɻʦʨʥʦʝ, ʷʚʣʷʶʪʩʷ: 
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1. ɾʠʣʴʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʦʪʣʠʯʘʝʪʩʷ ʰʠʨʦʢʠʤ ʨʘʟʚʠʪʠʝʤ ʘʜʫʣʷʨʘ (21% 

ʧʨʦʪʠʚ 6%), ʧʣʘʛʠʦʢʣʘʟʘ (10%) ʠ ʭʣʦʨʠʪʘ (2% ʧʨʦʪʠʚ 0,2%). ʅʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ 

ɺʘʣʫʥʠʩʪʦʝ ʚ ʞʠʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʷʭ ʧʣʘʛʠʦʢʣʘʟ ʦʪʩʫʪʩʪʚʫʝʪ, ʟʘʪʦ ʜʦʩʪʘʪʦʯʥʦ 

ʯʘʩʪʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʬʣʶʦʨʠʪ ʠ ʢʘʣʴʮʠʪ. ʅʘ ɾʠʣʴʥʦʤ ʢʘʣʴʮʠʪ ʨʘʟʚʠʪ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʪʦʛʜʘ ʢʘʢ ʬʣʶʦʨʠʪ ʦʪʩʫʪʩʪʚʫʝʪ ʩʦʚʩʝʤ.  

2. ʈʫʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʦʪʣʠʯʘʝʪʩʷ ʙʦʣʴʰʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴʶ 

ʩʫʣʴʬʠʜʥʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʡ ʘʩʩʦʮʠʘʮʠʠ ʚ ʨʫʜʘʭ (ʨʠʩ. 3): ʢʦʣʠʯʝʩʪʚʦ 

ʩʫʣʴʬʠʜʦʚ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʠʨʠʪʘ) ʚ ʨʫʜʘʭ ɾʠʣʴʥʦʛʦ 3,1% ʧʨʦʪʠʚ 0,4% ʥʘ 

ɺʘʣʫʥʠʩʪʦʤ. 

3. ɹʣʘʛʦʨʦʜʥʦʤʝʪʘʣʣʴʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ. ɼʣʷ ʨʫʜ ɾʠʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʥʦ 

ʦʜʥʦʦʙʨʘʟʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʬʦʨʤ ʩʝʨʝʙʨʘ ʧʨʠ ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʨʦʣʠ ʘʢʘʥʪʠʪʘ ʠ 

ʤʝʥʴʰʝʤ ʨʘʟʚʠʪʠʠ ʩʘʤʦʨʦʜʥʦʛʦ ʩʝʨʝʙʨʘ ʠ ʧʦʣʠʙʘʟʠʪʘ. ʉʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʥʠʟʢʦʧʨʦʙʥʦʝ (480-650ă), ʭʘʨʘʢʪʝʨʥʳʤ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ Ag (41,76-48,42 ʤʘʩ. %) ʚ ʩʦʩʪʘʚʝ ʟʦʣʦʪʠʥ [ɻʦʣʜʳʨʝʚ, 

2023]. ʊʘʢʞʝ ʦʪʤʝʯʘʶʪʩʷ ʧʨʠʤʝʩʠ Cu, Fe, As, Hg. ʊʦʛʜʘ ʢʘʢ ʚ ʨʫʜʘʭ 

ɺʘʣʫʥʠʩʪʦʛʦ ʦʪʤʝʯʘʶʪʩʷ ʜʚʘ ʤʘʢʩʠʤʫʤʘ ʧʨʦʙʥʦʩʪʠ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ (560-

600ă ʠ 820-850ă), ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ Ag-ʩʦʜʝʨʞʘʱʠʭ ʤʠʥʝʨʘʣʦʚ, 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʭʘʣʴʢʦʛʝʥʠʜʦʚ, ʘʤʘʣʴʛʘʤ Au ʠ Ag ʠ ʤʠʥʝʨʘʣʦʚ 

ʧʠʨʩʝʠʪ-ʧʦʣʠʙʘʟʠʪʦʚʦʛʦ ʨʷʜʘ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʧʨʠʚʥʦʩʦʤ ʵʣʝʤʝʥʪʦʚ Hg, Sb, 

Se, Te.  

ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ɺʘʣʫʥʠʩʪʦʤ ʠ ɻʦʨʥʦʤ ʟʘʬʠʢʩʠʨʦʚʘʥʦ [ɾʫʨʘʚʢʦʚʘ ʠ ʜʨ., 

2019; ɺʦʣʢʦʚ ʠ ʜʨ., 2020] 2 ʛʝʥʝʨʘʮʠʠ ʘʢʘʥʪʠʪʘ: ʧʝʨʚʘʷ ʛʝʥʝʨʘʮʠʷ ʦʙʨʘʟʫʝʪ 

ʩʨʘʩʪʘʥʠʷ ʩ ʵʣʝʢʪʨʫʤʦʤ, ʛʘʣʝʥʠʪʦʤ, ʭʘʣʴʢʦʧʠʨʠʪʦʤ, ʘ ʪʘʢʞʝ ʚʢʣʶʯʝʥʠʷ ʚ 

ʧʠʨʠʪʝ, ʩʦʜʝʨʞʠʪ ʧʨʠʤʝʩʠ Se ʦʪ 1.6 ʜʦ 8.4 ʤʘʩ.%, ʪʦʛʜʘ ʢʘʢ ʚʪʦʨʘʷ ʛʝʥʝʨʘʮʠʷ 

ʦʙʥʘʨʫʞʝʥʘ ʚ ʚʠʜʝ ʢʘʡʤ ʠ ʧʨʦʞʠʣʢʦʚ ʚ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʘʭ ʠ ʩʦʜʝʨʞʠʪ Se ʜʦ 3.3 

ʤʘʩ. %. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘ ɾʠʣʴʥʦʤ ʦʙʥʘʨʫʞʝʥʘ ʦʜʥʘ ʛʝʥʝʨʘʮʠʷ ʘʢʘʥʪʠʪʘ, 

ʩʦʜʝʨʞʘʥʠʝ Se ʚ ʢʦʪʦʨʦʤ ʥʝ ʧʨʝʚʳʰʘʝʪ 1%. 

ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɾʠʣʴʥʦʝ ʷʚʣʷʝʪʩʷ ʨʝʟʢʦʝ 

ʧʨʝʦʙʣʘʜʘʥʠʝ ʩʝʨʝʙʨʘ ʥʘʜ ʟʦʣʦʪʦʤ: Ag/Au ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɾʠʣʴʥʦʝ 
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ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 50, ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɺʘʣʫʥʠʩʪʦʝ ï 5-50. ʕʪʦ ʦʪʥʦʰʝʥʠʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʥʜʠʢʘʪʦʨʥʳʤ ʚʦ ʤʥʦʛʠʭ ʘʩʧʝʢʪʘʭ. 

ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɾʠʣʴʥʦʝ ʷʚʣʷʝʪʩʷ ʨʝʟʢʦʝ 

ʧʨʝʦʙʣʘʜʘʥʠʝ ʩʝʨʝʙʨʘ ʥʘʜ ʟʦʣʦʪʦʤ: Ag/Au ʩʝʨʝʙʨʷʥʦ-ʟʦʣʦʪʳʭ ʨʫʜ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɾʠʣʴʥʦʝ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 50, ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʳʭ ʨʫʜ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɺʘʣʫʥʠʩʪʦʝ, ɻʦʨʥʦʝ ï 10-50. ʕʪʦ ʦʪʥʦʰʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʠʥʜʠʢʘʪʦʨʥʳʤ ʚʦ ʤʥʦʛʠʭ ʘʩʧʝʢʪʘʭ. 

ɺʦ-ʧʝʨʚʳʭ, ʦʪʥʦʰʝʥʠʝ Ag/Au - ʚʘʞʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʧʦʢʘʟʘʪʝʣʴ, 

ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʷʪʴ ʧʨʦʤʳʰʣʝʥʥʳʝ ʪʠʧʳ ʨʫʜ ʩ ʫʯʝʪʦʤ ʮʝʥʳ ʵʪʠʭ 

ʤʝʪʘʣʣʦʚ ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ, ʨʘʟʣʠʯʘʶʱʝʡʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚ 100 ʨʘʟ. ʊʘʢ, ʨʫʜʳ ʩ 

ʚʝʣʠʯʠʥʦʡ Ag/Au ʜʦ 10 ʷʚʣʷʶʪʩʷ ʩʦʙʩʪʚʝʥʥʦ ʟʦʣʦʪʳʤʠ, ʚ ʢʦʪʦʨʳʭ ʩʝʨʝʙʨʦ 

ʩʣʫʞʠʪ ʧʦʧʫʪʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʧʦ ʩʝʙʝʩʪʦʠʤʦʩʪʠ (ʜʦ 10%) ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʦʙʱʝʡ ʩʪʦʠʤʦʩʪʠ ʨʫʜʳ, ʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩ ʚʝʣʠʯʠʥʦʶ Ag/Au ʙʦʣʝʝ 1000 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʝʨʝʙʨʷʥʳʝ ʨʫʜʳ. ɹʦʣʴʰʦʡ ʜʠʘʧʘʟʦʥ ʦʪʥʦʰʝʥʠʡ Ag/Au ʚ 

ʦʩʪʘʣʴʥʳʭ ʨʫʜʘʭ ʤʦʞʝʪ ʧʦʜʨʘʟʜʝʣʷʪʴ ʠʭ ʧʦ ʧʨʝʦʙʣʘʜʘʥʠʶ ʦʜʥʦʛʦ ʠʟ 

ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʳʝ (ʤʝʥʝʝ 100) ʠ ʩʝʨʝʙʨʷʥʦ-ʟʦʣʦʪʳʝ (ʙʦʣʝʝ 

100). 

ɺʦ-ʚʪʦʨʳʭ, ʦʪʥʦʰʝʥʠʝ Ag/Au ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʤʠʥʝʨʘʣʦʛʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʠʥʜʠʢʘʪʦʨʦʤ, ʫʢʘʟʳʚʘʶʱʠʤ ʥʘ ʦʧʨʝʜʝʣʝʥʥʫʶ ʩʧʝʮʠʬʠʢʫ 

ʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ. ʊʘʢ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

[ɻʦʣʜʳʨʝʚ ʠ ʜʨ., 2022ʘ; 2023ʘ; ɻʦʣʜʳʨʝʚ, 2023] ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʨʫʜʥʳʭ ʠ 

ʘʥʦʤʘʣʴʥʳʭ ʧʨʦʙʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɾʠʣʴʥʦʝ ʩ ʙʦʣʴʰʦʡ ʚʝʣʠʯʠʥʦʡ Ag/Au 

(ʩʚʳʰʝ 50-70) ʦʩʥʦʚʥʳʤ ʨʫʜʥʳʤ ʤʠʥʝʨʘʣʦʤ ʷʚʣʷʝʪʩʷ ʘʢʘʥʪʠʪ ʧʨʠ ʷʚʥʦ 

ʧʦʜʯʠʥʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʵʣʝʢʪʨʫʤʘ. ʅʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ɺʘʣʫʥʠʩʪʦʝ, ʚ 

ʘʥʘʣʦʛʠʯʥʳʭ ʧʨʦʙʘʭ ʩ ʥʝʙʦʣʴʰʠʤʠ ʚʝʣʠʯʠʥʘʤʠ Ag/Au (ʦʪ 0.6 ʜʦ 15) ʦʩʥʦʚʥʘʷ 

ʨʫʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʵʣʝʢʪʨʫʤʦʤ ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʘʢʘʥʪʠʪʘ.  

ʈʝʟʫʣʴʪʘʪʳ ʩʦʧʦʩʪʘʚʣʝʥʠʷ (ʪʘʙʣ. 6) ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʫʜʥʳʭ ʟʦʥ, 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʨʫʜ, ʠʭ ʛʝʦʭʠʤʠʯʝʩʢʠʡ ʩʧʝʮʠʘʣʠʟʘʮʠʠ, ʦʩʦʙʝʥʥʦʩʪʝʡ 
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ʙʣʘʛʦʨʦʜʥʦʤʝʪʘʣʣʴʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɺʘʣʫʥʠʩʪʦʝ ʠ ɾʠʣʴʥʦʝ 

ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʦʝ ʦʨʫʜʝʥʝʥʠʝ ɺʈʈ ʦʪʥʦʩʷʪʩʷ ʢ 

ʜʚʫʤ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʪʠʧʘʤ: ʟʦʣʦʪʦ-ʩʫʣʴʬʦʩʦʣʴʥʦʤʫ ʠ ʩʝʨʝʙʨʦ-

ʧʦʣʠʩʫʣʴʬʠʜʥʦʤʫ. 

 

ʊʘʙʣʠʮʘ 6. ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ 

ɺʘʣʫʥʠʩʪʦʛʦ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ 
ʆʩʥʦʚʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ɿʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʘʷ ʬʦʨʤʘʮʠʷ 

ɿʦʣʦʪʦ-ʩʫʣʴʬʦʩʦʣʴʥʳʡ ʪʠʧ ʉʝʨʝʙʨʦ-ʧʦʣʠʩʫʣʴʬʠʜʥʳʡ ʪʠʧ 

ʊʠʧʠʯʥʳʝ ʦʙʲʝʢʪʳ ɺʘʣʫʥʠʩʪʦʝ, ɻʦʨʥʦʝ ɾʠʣʴʥʦʝ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʫʜʥʳʭ ʟʦʥ 

ʄʦʨʬʦʣʦʛʠʷ 
ʂʚʘʨʮʝʚʳʝ ʞʠʣʳ ʠ ʢʚʘʨʮ-ʛʠʜʨʦʩʣʶʜʠʩʪʳʝ 

ʤʝʪʘʩʦʤʘʪʠʪʳ ʚ ʨʠʦʜʘʮʠʪʘʭ 

ʄʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʟʦʥʳ ʩʨʝʜʠ 

ʢʚʘʨʮʝʚʳʭ ʞʠʣʴʥʦ-ʧʨʦʞʠʣʢʦʚʳʭ ʟʦʥ ʚ 

ʧʨʦʧʠʣʠʪʠʟʠʨʦʚʘʥʥʳʭ ʜʘʮʠʪʘʭ 

ʊʝʢʩʪʫʨʳ 
ʈʠʪʤʠʯʥʦ-ʟʦʥʘʣʴʥʳʝ, ʢʨʫʩʪʠʬʠʢʘʮʠʦʥʥʳʝ, 

ʢʦʣʣʦʤʦʨʬʥʦ-ʧʦʣʦʩʯʘʪʳʝ, ʙʨʝʢʯʠʝʚʳʝ 

ɺʢʨʘʧʣʝʥʥʘʷ, ʧʨʦʞʠʣʢʦʚʘʷ, 

ʤʘʩʩʠʚʥʘʷ, ʧʷʪʥʠʩʪʘʷ 

ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʨʫʜ 

ɾʠʣʴʥʳʝ 

ʤʠʥʝʨʘʣʳ 

ʂʚʘʨʮ (87%), ʘʜʫʣʷʨ (6%), ʛʣʠʥʠʩʪʦ-

ʛʠʜʨʦʩʣʶʜʠʩʪʳʝ ʤʠʥʝʨʘʣʳ (5%), ʢʘʣʴʮʠʪ 

(0,2%), ʭʣʦʨʠʪ (0,2%) 

ʂʚʘʨʮ (60%), ʘʜʫʣʷʨ (17%), 

ʧʣʘʛʠʦʢʣʘʟʳ (10%), ʛʣʠʥʠʩʪʦ-

ʛʠʜʨʦʩʣʶʜʠʩʪʳʝ ʤʠʥʝʨʘʣʳ (5%), 

ʭʣʦʨʠʪ (4%) 

ʈʫʜʥʳʝ ʤʠʥʝʨʘʣʳ 

ʈʫʜʳ ʫʙʦʛʦʩʫʣʴʬʠʜʥʳʝ (0,4%). ɻʣʘʚʥʳʝ 

ʤʠʥʝʨʘʣʳ ï ʧʠʨʠʪ, ʘʢʘʥʪʠʪ, ʭʘʣʴʢʦʧʠʨʠʪ, 

ʛʘʣʝʥʠʪ, ʩʬʘʣʝʨʠʪ; ʚʪʦʨʦʩʪʝʧʝʥʥʳʝ ï 

ʩʘʤʦʨʦʜʥʦʝ Au ʠ Ag, ʧʦʣʠʙʘʟʠʪ; ʨʝʜʢʠʝ ï 

ʧʠʨʩʝʠʪ, ʤʘʛʥʝʪʠʪ, ʛʝʤʘʪʠʪ, ʤʘʨʢʘʟʠʪ, 

ʬʨʝʡʙʝʨʛʠʪ, ʪʝʪʨʘʵʜʨʠʪ, ʙʫʨʥʦʥʠʪ, ʛʝʩʩʠʪ, 

ʤʘʪʠʣʴʜʠʪ 

ʈʫʜʳ ʤʘʣʦʩʫʣʴʬʠʜʥʳʝ (3,1%). 

ɻʣʘʚʥʳʝ ʤʠʥʝʨʘʣʳ ï   ʧʠʨʠʪ, 

ʩʬʘʣʝʨʠʪ, ʛʘʣʝʥʠʪ, ʭʘʣʴʢʦʧʠʨʠʪ, 

ʘʢʘʥʪʠʪ; ʚʪʦʨʦʩʪʝʧʝʥʥʳʝ - ʵʣʝʢʪʨʫʤ, 

ʧʦʣʠʙʘʟʠʪ, ʨʝʜʢʠʝ - ʤʝʜʠʩʪʳʡ ʘʢʘʥʪʠʪ. 

ʉʦʜʝʨʞʘʥʠʝ ʟʦʣʦʪʘ 

ʠ ʩʝʨʝʙʨʘ (ʩʨʝʜʥʠʝ) 

Au ï 5,3 ʛ/ʪ 

Ag ï 49,8 ʛ/ʪ 

Au ï 1,9 ʛ/ʪ 

Ag ï 355,8 ʛ/ʪ 

ʉʝʨʝʙʨʷʥʦ-ʟʦʣʦʪʦʝ 

ʦʪʥʦʰʝʥʠʝ 
9,4 192,3 

ɻʝʦʭʠʤʠʯʝʩʢʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ 

ɻʣʘʚʥʳʝ ʵʣʝʤʝʥʪʳ Au, Ag Ag, Hg, Pb 

ʕʣʝʤʝʥʪʳ-

ʩʧʫʪʥʠʢʠ 
Sb, As, Cu, Hg Au, Ni, Mo, Zn 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʦʣʦʪʘ ʠ ʩʝʨʝʙʨʘ 

ʇʨʦʙʥʦʩʪʴ ʟʦʣʦʪʘ 

ʆʪʤʝʯʘʶʪʩʷ ʜʚʘ ʤʘʢʩʠʤʫʤʘ: 

ʅʠʟʢʦʧʨʦʙʥʦʝ (560-600ă)  

ɺʳʩʦʢʦʧʨʦʙʥʦʝ (820-850ă) 

ʅʠʟʢʦʧʨʦʙʥʦʝ (480-650ă) 

 

ɻʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʩʝʨʝʙʨʦ-ʧʦʣʠʩʫʣʴʬʠʜʥʦʛʦ ʪʠʧʘ 

ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʬʦʨʤʠʨʦʚʘʥʠʷ [ʉʝʨʛʠʝʚʩʢʠʡ, 2006], 

ʯʪʦ ʥʘʭʦʜʠʪ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʠ ʜʣʷ ʦʙʲʝʢʪʦʚ ɺʈʈ. ʇʦʣʥʘʷ ʛʦʤʦʛʝʥʠʟʘʮʠʷ 

ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʢʚʘʨʮʝ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ɾʠʣʴʥʦʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 273-350ÁC [ɽʣʤʘʥʦʚ ʠ ʜʨ., 2018], ʥʘ ɺʘʣʫʥʠʩʪʦʤ ï 203-284ÁC 

[ɺʦʣʢʦʚ ʠ ʜʨ., 2020].  
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3.3. ɿʦʥʘʣʴʥʦʩʪʴ ʠ ʩʪʘʜʠʡʥʦʩʪʴ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ 

ʉʪʘʜʠʡʥʦʩʪʴ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ɺʈʈ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʚ 

ʥʘʫʯʥʳʭ ʨʘʙʦʪʘʭ [ɺʦʣʢʦʚ ʠ ʜʨ., 2019; 2020; ɽʣʤʘʥʦʚ ʠ ʜʨ., 2018; ɾʫʨʘʚʢʦʚʘ ʠ 

ʜʨ., 2019], ʘ ʪʘʢʞʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʪʯʝʪʘʭ ʧʦ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. ɸʥʘʣʠʟ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʧʦʣʝʚʳʝ ʥʘʙʣʶʜʝʥʠʷ ʠ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ 

ʢ ʠʟʫʯʝʥʠʶ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʨʦʜ ʠ ʨʫʜ ʠ ʠʭ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʜʨʫʛ ʩ 

ʜʨʫʛʦʤ [ɻʦʣʜʳʨʝʚ ʠ ʜʨ., 2022ʘ; 2023ʘ; ɻʦʣʜʳʨʝʚ, 2023] ʧʦʟʚʦʣʠʣʠ 

ʤʦʜʝʨʥʠʟʠʨʦʚʘʪʴ ʩʭʝʤʫ ʦʪʣʦʞʝʥʠʷ ʤʠʥʝʨʘʣʦʚ (ʨʠʩ. 24). 

ʈʠʩ.  24. ʉʭʝʤʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ ɺʘʣʫʥʠʩʪʦʛʦ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ 

ʇʨʠʤʝʯʝʥʠʝ: ʨʠʤʩʢʠʝ ʮʠʬʨʳ ʩʚʝʨʭʫ ʦʙʦʟʥʘʯʘʶʪ ʫʨʦʚʝʥʴ ʦʨʫʜʝʥʝʥʠʷ: I ï ʧʦʜʨʫʜʥʳʡ, II ï 

ʥʠʞʥʝʨʫʜʥʳʡ, III ï ʨʫʜʥʳʡ, IV ï ʚʝʨʭʥʝʨʫʜʥʳʡ, V - ʥʘʜʨʫʜʥʳʡ 
 

ʅʘʯʘʣʦ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʦʙʫʩʣʦʚʣʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝʤ ʞʠʣ ʠ 

ʧʨʦʞʠʣʢʦʚ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʩ ʰʠʨʦʢʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʙʨʝʢʯʠʡ ʠ 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʤ ʠʭ ʦʢʦʣʦʞʠʣʴʥʳʤ ʤʝʪʘʩʦʤʘʪʦʟʦʤ (ʧʨʦʧʠʣʣʠʪʠʟʘʮʠʷ, 

ʦʢʚʘʨʮʝʚʘʥʠʝ, ʩʝʨʠʮʠʪʠʟʘʮʠʷ, ʘʨʛʠʣʣʠʟʘʮʠʷ). ʆʙʨʘʟʦʚʘʥʠʝ ʞʠʣ ʚʢʣʁʯʘʝʪ 2 

ʫʩʣʦʚʥʦ ʚʳʜʝʣʷʝʤʳʭ ʵʪʘʧʘ: ʢʚʘʨʮ-ʧʦʣʝʚʦʰʧʘʪʦʚʳʡ ʠ ʢʘʣʴʮʠʪ-ʬʣʶʦʨʠʪʦʚʳʡ. 

ʂʚʘʨʮ-ʧʦʣʝʚʦʰʧʘʪʦʚʳʡ ʵʪʘʧ ʧʨʝʜʩʪʘʚʣʝʥ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤʠ 

ʦʙʨʘʟʦʚʘʥʠʷʤʠ 2 ʪʠʧʦʚ: ʢʚʘʨʮ-ʧʦʣʝʚʦʰʧʘʪʦʚʳʝ ʞʠʣʳ ʠ ʧʨʦʞʠʣʢʠ ʩ ʭʣʦʨʠʪʦʤ, 

çʯʝʨʥʳʝè ʧʠʨʠʪ-ʢʚʘʨʮʝʚʳʝ ʧʨʦʞʠʣʢʠ ʩ ʧʦʣʝʚʳʤ ʰʧʘʪʦʤ ʠ ʭʣʦʨʠʪʦʤ, ʠʥʦʛʜʘ ʩ 
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ʛʝʤʘʪʠʪʦʤ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʦʚ ʨʫʜʥʳʭ ʪʝʣ, ʥʘʧʨʠʤʝʨ ʜʣʷ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɾʠʣʴʥʦʝ. ɺ ʦʙʨʘʟʦʚʘʥʠʷʭ ʜʘʥʥʦʛʦ ʵʪʘʧʘ ʩ ʫʤʝʥʴʰʝʥʠʝʤ 

ʛʣʫʙʠʥʳ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢʚʘʨʮʘ ʠ ʫʤʝʥʴʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʡ 

ʭʣʦʨʠʪʘ. ʇʦʣʝʚʦʡ ʰʧʘʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʜʩʪʘʚʣʝʥ ʘʜʫʣʷʨʦʤ, ʥʘ ʛʣʫʙʦʢʠʭ 

ʛʦʨʠʟʦʥʪʘʭ ʩʤʝʥʷʝʪʩʷ ʘʣʴʙʠʪʦʤ. 

ʂʘʣʴʮʠʪ-ʬʣʶʦʨʠʪʦʚʳʡ ʵʪʘʧ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʣʴʮʠʪʦʚʳʭ 

ʞʠʣ ʠ ʧʨʦʞʠʣʢʦʚ ʯʘʩʪʦ ʩ ʬʣʶʦʨʠʪʦʤ, ʠʥʦʛʜʘ ʩ ʛʠʧʩʦʤ, ʮʝʦʣʠʪʘʤʠ. ʇʦʷʚʣʝʥʠʝ 

ʜʘʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʩʚʷʟʳʚʘʶʪ [ɺʦʣʢʦʚ ʠ ʜʨ., 2020] ʩ ʦʯʝʨʝʜʥʳʤ 

ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʠʤʧʫʣʴʩʦʤ. ʆʥʠ ʪʠʧʠʯʥʳ ʜʣʷ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʞʠʣʴʥʦʛʦ ʪʝʣʘ ʠ 

ʠʤʝʶʪ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ɺʘʣʫʥʠʩʪʦʝ ʠ ɻʦʨʥʦʝ, 

ʨʫʜʦʧʨʦʷʚʣʝʥʠʠ ʂʨʝʤʦʚʦʝ (ʨʠʩ. 25-ʘ, ʙ, ʚ). 

ʆʩʘʞʜʝʥʠʝ ʩʫʣʴʬʠʜʦʚ ʧʨʦʠʩʭʦʜʠʣʦ ʧʦʩʣʝ ʥʝʦʜʥʦʢʨʘʪʥʦʛʦ ʜʨʦʙʣʝʥʠʷ ʞʠʣ 

ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ. ʉʫʣʴʬʠʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʦʥʢʦʧʨʦʞʠʣʢʦʚʳʤʠ ʚʳʜʝʣʝʥʠʷʤʠ (ʨʠʩ. 25-ʚ, ʛ). ʆʪʣʦʞʝʥʠʝ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: ʧʠʨʠʪ Ÿ ʤʘʨʢʘʟʠʪ Ÿ 

ʩʬʘʣʝʨʠʪ Ÿ ʭʘʣʴʢʦʧʠʨʠʪ Ÿ ʛʘʣʝʥʠʪ. 

ʈʠʩ.  25. ɻʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʡʦʥʘ (ʬʦʪʦ ʘʚʪʦʨʘ): ʘ, ʙ - ʢʚʘʨʮ-

ʬʣʶʦʨʠʪ-ʢʘʣʴʮʠʪʦʚʳʝ ʞʠʣʳ (ʧʨʦʷʚʣʝʥʠʝ ʂʨʝʤʦʚʦʝ), ʚ - ʢʘʨʙʦʥʘʪ-ʢʚʘʨʮʝʚʘʷ ʞʠʣʘ ʩ 

ʩʫʣʴʬʠʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ (ʤʝʩʪʦʨʦʞʜʝʥʠʝ ɺʘʣʫʥʠʩʪʦʝ, ʩʦʜʝʨʞʘʥʠʝ Au ï 20 ʛ/ʪ, Ag ï 30 

ʛ/ʪ), ʛ - ʨʠʪʤʠʯʥʦ-ʟʦʥʘʣʴʥʘʷ ʘʜʫʣʷʨ-ʢʚʘʨʮʝʚʘʷ ʞʠʣʘ (ʤʝʩʪʦʨʦʞʜʝʥʠʝ ɺʘʣʫʥʠʩʪʦʝ).  ʊʝʤʥʳʝ 

ʧʦʣʦʩʳ ʠ ʛʥʝʟʜʘ ï ʩʫʣʴʬʠʜʳ, ʥʘʩʳʱʝʥʥʳʝ ʤʠʥʝʨʘʣʘʤʠ ʩʝʨʝʙʨʘ. ʇʦ ʢʨʘʷʤ ʪʝʤʥʳʭ ʧʦʣʦʩ ï 

ʦʙʠʣʴʥʳʝ ʚʳʜʝʣʝʥʠʷ ʟʦʣʦʪʘ ʨʘʟʤʝʨʦʤ ʦʪ 0,1 ʜʦ 1 ʤʤ. 
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ʆʩʘʞʜʝʥʠʝ ʤʠʥʝʨʘʣʦʚ Au ʠ Ag ʧʨʦʠʩʭʦʜʠʣʦ ʥʘ ʧʦʟʜʥʠʭ ʩʪʘʜʠʷʭ ʨʫʜʥʦʛʦ 

ʧʨʦʮʝʩʩʘ, ʧʦʩʣʝ ʦʙʨʘʟʦʚʘʥʠʷ ʞʠʣʴʥʳʭ ʤʠʥʝʨʘʣʦʚ ʠ ʩʫʣʴʬʠʜʦʚ, ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʥʘʣʠʯʠʷ ʠʣʠ ʦʪʩʫʪʩʪʚʠʷ ʞʠʣ ʨʘʟʥʦʛʦ ʪʠʧʘ. ɾʠʣʳ, ʦʯʝʚʠʜʥʦ, 

ʷʚʣʷʶʪʩʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ ʩʪʨʫʢʪʫʨʥʦ-ʣʠʪʦʣʦʛʠʯʝʩʢʠʤʠ ʣʦʚʫʰʢʘʤʠ-

ʦʩʘʜʠʪʝʣʷʤʠ ʜʣʷ ʩʫʣʴʬʠʜʦʚ ʠ ʤʠʥʝʨʘʣʦʚ Au ʠ Ag ʠ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʣʠʰʴ ʦ 

ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʞʠʣ ʠ ʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʩ ʦʙʱʠʤ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʠʤ ʦʯʘʛʦʤ. ɻʝʥʝʪʠʯʝʩʢʘʷ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʨʫʜʥʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʦʪ ʞʠʣ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠ ʥʘʣʠʯʠʝʤ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʫʩʪʳʭ 

ʢʚʘʨʮʝʚʳʭ ʞʠʣ, ʦʩʦʙʝʥʥʦ ʥʘ ʠʭ ʦʢʦʥʯʘʥʠʷʭ ʠ ʥʘ ʬʣʘʥʛʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʚ 

ʟʦʥʝ ʊʠʭʘʷ, ʷʚʣʷʶʱʝʡʩʷ ʶʞʥʳʤ ʦʢʦʥʯʘʥʠʝʤ ʟʦʥʳ ʅʦʚʘʷ, ʚʩʝ ʢʚʘʨʮʝʚʳʝ ʠ 

ʢʘʨʙʦʥʘʪ-ʢʚʘʨʮʝʚʳʝ ʞʠʣʳ ʧʫʩʪʳʝ). 

ʅʝʟʘʚʠʩʠʤʦʝ ʧʦʚʝʜʝʥʠʝ ʟʦʣʦʪʘ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʪʦʣʙʦʚʳʤ, ʣʝʥʪʦʯʥʳʤ ʠ 

ʙʦʥʘʥʮʝʚʳʤ ʝʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚ ʞʠʣʘʭ, ʚ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ 

ʩʪʨʫʢʪʫʨʘʭ ï ʧʦʣʦʩʪʷʭ ʦʪʩʣʦʝʥʠʷ ʞʠʣ ʚ ʟʘʣʴʙʘʥʜʘʭ, ʚ ʬʣʝʢʩʫʨʥʳʭ ʧʝʨʝʛʠʙʘʭ 

ʞʠʣ, ʚ ʦʩʣʦʞʥʷʶʱʠʭ ʞʠʣʳ ʪʨʝʱʠʥʘʭ.  

ʌʣʝʢʩʫʨʥʳʝ ʠʟʛʠʙʳ ʞʠʣ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʝ ʙʦʥʘʥʮʳ ʠ ʢʨʫʪʦʥʘʢʣʦʥʥʳʝ 

ʨʫʜʥʳʝ ʩʪʦʣʙʳ ʟʦʣʦʪʘ, ʠʤʝʶʪ ʢʨʫʪʳʝ ʰʘʨʥʠʨʳ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ 

ʬʣʝʢʩʫʨ ʠ ʨʘʩʱʝʧʣʝʥʠʝ ʞʠʣ ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʚ ʦʙʩʪʘʥʦʚʢʝ 

ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʩʞʘʪʠʷ ʚ ʩʜʚʠʛʦʚʦʤ ʧʦʣʝ ʥʘʧʨʷʞʝʥʠʡ.  

ʈʫʜʥʳʝ ʩʪʦʣʙʳ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʤʝʶʪ ʜʝʬʦʨʤʘʮʠʦʥʥʫʶ ʧʨʠʨʦʜʫ ʠ 

ʷʚʣʷʣʠʩʴ ʨʫʜʥʳʤʠ ʢʘʥʘʣʘʤʠ. ʀʤʝʶʪʩʷ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʙʦʛʘʪʦʛʦ 

ʟʦʣʦʪʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʥʘ ʥʠʞʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʦ ʯʝʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʪʝʥʜʝʥʮʠʷ ʫʚʝʣʠʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʡ ʟʦʣʦʪʘ ʚ ʨʫʜʥʳʭ ʪʝʣʘʭ ʠ ʠʭ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʩ ʛʣʫʙʠʥʦʡ.  

ʅʘʧʨʠʤʝʨ, ʚ ʧʨʦʜʦʣʴʥʦʤ ʨʘʟʨʝʟʝ ʨʫʜʥʦʛʦ ʪʝʣʘ 14 ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ɺʘʣʫʥʠʩʪʦʝ ʚʳʜʝʣʷʶʪʩʷ ʧʦʣʦʛʠʝ ʠ ʢʨʫʪʦʥʘʢʣʦʥʥʳʝ ʟʦʥʳ ʚʳʩʦʢʦʡ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ ʨʫʜʥʳʝ ʢʘʥʘʣʳ ï 

ʧʦʜʚʦʜʷʱʠʝ ʠ ʨʘʩʧʨʝʜʝʣʷʶʱʠʝ ʟʦʣʦʪʦ ʚ ʞʠʣʘʭ. ʅʘʤʝʯʘʝʪʩʷ ʧʦʣʦʛʦʝ ʩʢʣʦʥʝʥʠʝ 

ʢʘʥʘʣʦʚ ʚ ʩʝʚʝʨʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʯʪʦ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ, ʚʝʨʦʷʪʥʦ, ʥʘ 
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ʧʦʩʪʫʧʣʝʥʠʝ ʟʦʣʦʪʦʥʦʩʥʳʭ ʨʘʩʪʚʦʨʦʚ ʚ ʞʠʣʫ ʩʥʠʟʫ ʩ ʩʝʚʝʨʘ ʥʘ ʶʛ. 

ɿʦʣʦʪʦʥʦʩʥʳʝ ʛʠʜʨʦʪʝʨʤʳ ʧʦʩʪʫʧʘʣʠ ʚ ʞʠʣʫ ʠʟ ʛʣʫʙʠʥʳ ʧʦ ʨʫʜʦʧʦʜʚʦʜʷʱʠʤ 

ʢʘʥʘʣʘʤ - ʟʦʥʘʤ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (ʪʨʝʱʠʥʦʚʘʪʦʩʪʴ, ʬʣʝʢʩʫʨʥʳʝ ʠʟʛʠʙʳ, 

ʨʘʩʱʝʧʣʝʥʠʝ ʚ ʟʘʣʴʙʘʥʜʘʭ) ʠ ʟʘʪʝʤ ʨʘʩʧʨʝʜʝʣʷʣʠʩʴ ʚ ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʚ ʞʠʣʝ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ) ʠ ʚ ʦʙʨʘʤʣʷʶʱʝʡ ʝʝ ʟʦʥʝ 

ʧʨʦʞʠʣʢʦʚʘʥʠʷ ʠ ʚ ʦʢʦʣʦʞʠʣʴʥʳʭ ʤʝʪʘʩʦʤʘʪʠʪʘʭ (ʨʠʩ.26). ʇʦʭʦʞʝʝ ʩʪʨʦʝʥʠʝ 

ʭʘʨʘʢʪʝʨʥʦ ʠ ʜʣʷ ʨʫʜʥʦʛʦ ʪʝʣʘ 17, ʧʨʦʩʪʠʨʘʶʱʝʛʦʩʷ ʚ 250 ʤ ʟʘʧʘʜʥʝʝ 

ʧʘʨʘʣʣʝʣʴʥʦ ʨʫʜʥʦʛʦ ʪʝʣʘ 14. 

ʈʠʩ.  26. ʉʪʨʦʝʥʠʝ ʨʫʜʥʦʛʦ ʪʝʣʘ 14 ʚ ʧʨʦʜʦʣʴʥʦʡ ʧʨʦʝʢʮʠʠ ʥʘ ʚʝʨʪʠʢʘʣʴʥʫʶ 

ʧʣʦʩʢʦʩʪʴ (ʧʦ ʜʘʥʥʳʤ ʇʦʣʢʦʚʦʡ, 2010) 
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ʊʘʢ ʢʘʢ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʚʘʨʮʝʚʦʡ ʞʠʣʳ ʨʫʜʥʦʛʦ ʪʝʣʘ 17 ʩʦʜʝʨʞʘʥʠʷ 

ʟʦʣʦʪʘ ʥʝʟʥʘʯʠʪʝʣʴʥʳ ï 1-2 ʛ/ʪ (ʝʩʪʴ ʠ ʧʫʩʪʳʝ ʧʝʨʝʩʝʯʝʥʠʷ), ʠ ʥʘ ʧʦʠʩʢʦʚʦʡ 

ʩʪʘʜʠʠ ʧʨʠ ʰʪʫʬʥʦʤ ʠ ʙʦʨʦʟʜʦʚʦʤ ʦʧʨʦʙʦʚʘʥʠʠ ʵʪʘ ʞʠʣʘ ʧʨʠʟʥʘʥʘ ʙʝʟʨʫʜʥʦʡ, 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʨʫʜʥʦʝ ʪʝʣʦ 17 ʥʝ ʙʳʣʦ ʥʘʡʜʝʥʦ ʠ ʥʘ ʝʛʦ ʤʝʩʪʝ ʦʪʩʳʧʘʣʠ 

ʦʪʚʘʣ ʢʘʨʴʝʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʨʫʜʥʦʩʪʠ ʚʝʨʭʥʠʭ ʯʘʩʪʝʡ ʞʠʣ 

ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʧʦʠʩʢʘʭ ʢʚʘʨʮʝʚʳʭ ʞʠʣ ʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʦʮʝʥʢʝ ʠʭ 

ʨʫʜʦʥʦʩʥʦʩʪʠ, ʚ ʩʣʫʯʘʝ ʝʩʣʠ ʰʪʫʬʥʳʝ ʠ ʙʦʨʦʟʜʦʚʳʝ ʧʨʦʙʳ ʞʠʣʴʥʦʛʦ ʢʚʘʨʮʘ 

ʧʦʢʘʟʳʚʘʶʪ ʥʠʟʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʟʦʣʦʪʘ. 

ʉʦʜʝʨʞʘʥʠʝ ʟʦʣʦʪʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʤʦʱʥʦʩʪʠ ʢʚʘʨʮʝʚʦʡ ʞʠʣʳ. ʄʝʩʪʘʤʠ 

ʥʘʤʝʯʘʝʪʩʷ ʦʙʨʘʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ï ʯʝʤ ʤʦʱʥʝʝ ʞʠʣʘ, ʪʝʤ ʥʠʞʝ ʚ ʥʝʡ 

ʩʦʜʝʨʞʘʥʠʷ ʟʦʣʦʪʘ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʦʣʦʪʘ ʚ ʞʠʣʝ. 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʟʦʣʦʪʘ ʪʷʛʦʪʝʶʪ ʢ ʟʘʣʴʙʘʥʜʘʤ ʞʠʣʳ ï ʢ ʫʯʘʩʪʢʘʤ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʜʣʷ ʨʫʜʥʳʭ ʨʘʩʪʚʦʨʦʚ. ɼʣʷ 

ʟʘʣʴʙʘʥʜʦʚ ʭʘʨʘʢʪʝʨʥʦ ʨʘʟʚʠʪʠʝ ʧʦʣʦʩʯʘʪʦʩʪʠ ʨʘʩʱʝʧʣʝʥʠʷ, ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ 

ʧʦʣʦʩʯʘʪʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ, ʧʫʣʴʩʘʮʠʦʥʦʡ ʧʦʣʦʩʯʘʪʦʩʪʠ ʨʘʩʢʨʳʪʠʷ ʠ ʨʦʩʪʘ 

ʞʠʣʳ, ʚʥʝʜʨʝʥʠʷ ʧʦʟʜʥʠʭ ʧʨʦʞʠʣʢʦʚ, ʤʠʣʦʥʠʪʠʟʘʮʠʠ ʠ ʙʨʝʢʯʠʨʦʚʘʥʠʷ. 

ɸʢʘʥʪʠʪ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʨʘʥʥʠʤ ʤʠʥʝʨʘʣʦʤ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ʆʥ 

ʯʘʩʪʦ ʟʘʧʦʣʥʷʝʪ ʪʨʝʱʠʥʳ ʠ ʧʫʩʪʦʪʳ ʚ ʢʨʠʩʪʘʣʣʘʭ ʩʫʣʴʬʠʜʦʚ, ʦʙʨʘʩʪʘʝʪ ʠʭ ʚ 

ʚʠʜʝ ʢʘʝʤʦʢ, ʜʝʬʦʨʤʠʨʫʝʪ, ʘ ʪʘʢʞʝ ʟʘʤʝʱʘʝʪ ʵʪʠ ʤʠʥʝʨʘʣʳ. ʉʘʤʦʨʦʜʥʦʝ 

ʩʝʨʝʙʨʦ ʦʪʤʝʯʘʝʪʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ, ʯʝʤ ʘʢʘʥʪʠʪ. ʕʣʝʢʪʨʫʤ 

ʦʙʨʘʟʫʝʪʩʷ ʚ ʚʠʜʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʚʳʜʝʣʝʥʠʡ, ʘ ʪʘʢʞʝ ʢʘʝʤʦʢ ʟʘʤʝʱʝʥʠʷ ʧʦ 

ʨʘʥʥʝʤʫ ʘʢʘʥʪʠʪʫ ʠ ʠʟʦʤʝʪʨʠʯʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʩʫʣʴʬʠʜʘʭ [ɻʦʣʜʳʨʝʚ ʠ ʜʨ., 

2023ʘ]. 

ʍʘʣʴʢʦʛʝʥʠʜʳ Au ʠ Ag ʠ ʩʫʣʴʬʦʩʦʣʠ Ag, ʧʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ [Sowkins, 

1990], ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʥʘ ʚʝʨʭʥʝʨʫʜʥʦʤ ʫʨʦʚʥʝ ʦʨʫʜʝʥʝʥʠʷ 

ʠ ʦʙʨʘʟʫʶʪʩʷ ʧʦʩʣʝ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʤʠʥʝʨʘʣʦʚ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʠʭ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʩʘʤʳʭ ʧʦʟʜʥʠʭ ʩʪʘʜʠʷʭ ʨʫʜʦʦʙʨʘʟʫʶʱʝʛʦ 

ʧʨʦʮʝʩʩʘ ʠʟ ʩʣʘʙʦʢʠʩʣʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ ʬʦʥʝ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 350 ʜʦ 

100Áʉ, ʫʤʝʥʴʰʝʥʠʷ ʬʫʛʠʪʠʚʥʦʩʪʝʡ ʩʝʨʳ, ʪʝʣʣʫʨʘ ʠ ʩʝʣʝʥʘ, ʘ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʷ 
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ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ [ʉʘʚʚʘ ʠ 

ʜʨ., 2012; ɾʫʨʘʚʢʦʚʘ ʠ ʜʨ., 2020; ʇʘʣʴʷʥʦʚʘ, 2020].  

ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʢʘʣʴʮʠʪ-ʬʣʶʦʨʠʪʦʚʦʛʦ ʵʪʘʧʘ. ɺ ʙʦʣʝʝ ʨʘʥʥʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ [ɺʦʣʢʦʚ ʠ ʜʨ., 2019; 2020] ʙʳʣʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʬʣʶʦʨʠʪ-

ʢʘʣʴʮʠʪʦʚʳʝ ʞʠʣʳ ʷʚʣʷʶʪʩʷ ʧʦʩʪʨʫʜʥʳʤʠ ʠ ʨʫʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʚ ʥʠʭ 

ʩʢʦʨʝʝ ʧʝʨʝʦʪʣʦʞʝʥʥʘʷ ʥʝʞʝʣʠ ʧʨʠʚʥʝʩʝʥʥʘʷ. ʆʜʥʘʢʦ ʚ ʜʘʥʥʳʭ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʷʭ ʩʫʣʴʬʠʜʳ ʠ ʤʠʥʝʨʘʣʳ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ 

ʦʪʣʘʛʘʣʠʩʴ ʧʦʟʜʥʝʝ ʞʠʣʴʥʳʭ ʤʠʥʝʨʘʣʦʚ (ʨʠʩ. 27). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʢʦʨʝʝ ʚʩʝʛʦ, 

ʙʦʣʝʝ ʧʦʟʜʥʠʝ ʤʠʥʝʨʘʣʳ Au ʠ Ag (ʚʳʩʦʢʦʧʨʦʙʥʦʝ ʟʦʣʦʪʦ, Se-ʘʢʘʥʪʠʪ, 

ʭʘʣʴʢʦʛʝʥʠʜʳ Au ʠ Ag) ʠʤʝʶʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʚʷʟʴ ʩ ʬʣʶʦʨʠʪ-

ʢʘʣʴʮʠʪʦʚʳʤʠ ʞʠʣʘʤʠ. ɼʘʥʥʦʝ ʥʘʙʣʶʜʝʥʠʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ 

ʥʝʩʤʦʪʨʷ ʥʘ ʨʘʟʫʙʦʞʠʚʘʥʠʝ ʞʠʣ ʢʘʣʴʮʠʪʦʤ ʠ ʬʣʶʦʨʠʪʦʤ, ʠʤʝʥʥʦ ʚ ʢʚʘʨʮ-

ʬʣʶʦʨʠʪʦʚʳʭ ʠ ʢʚʘʨʮ-ʢʘʣʴʮʠʪʦʚʳʭ ʞʠʣʘʭ ʩʦʜʝʨʞʘʥʠʝ Au ʠ Ag ʟʥʘʯʠʪʝʣʴʥʦ 

ʚʳʰʝ, ʯʝʤ ʚ ʢʚʘʨʮ-ʘʜʫʣʷʨʦʚʳʭ. ʅʘʠʙʦʣʝʝ ʷʨʢʦ ʵʪʦʪ ʬʘʢʪ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʚʝʨʪʠʢʘʣʴʥʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʦʨʫʜʝʥʝʥʠʷ ʧʨʦʷʚʣʝʥʠʷ ʂʨʝʤʦʚʦʝ:   

1. ʌʣʶʦʨʠʪ-ʢʚʘʨʮʝʚʳʝ ʞʠʣʳ ʠ ʧʨʦʞʠʣʢʠ, ʩʦʜʝʨʞʘʥʠʝ Au ï ʜʦ 6,0-81,9 ʛ/ʪ, 

Ag ï ʜʦ 150,0-5002,6 ʛ/ʪ.  

2. ɸʜʫʣʷʨ-ʢʚʘʨʮʝʚʳʝ ʞʠʣʳ ʠ ʧʨʦʞʠʣʢʠ, ʩʦʜʝʨʞʘʥʠʝ Au ï ʜʦ 1,8-10,2 ʛ/ʪ, 

Ag ï ʜʦ 50,0-873,0 ʛ/ʪ.  

3. ɾʠʣʳ ʨʘʟʥʦʟʝʨʥʠʩʪʦʛʦ ʢʘʚʝʨʥʦʟʥʦʛʦ ʢʚʘʨʮʘ ʩ ʫʙʦʛʦʡ ʩʫʣʴʬʠʜʥʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʩʦʜʝʨʞʘʥʠʝ Au ï ʜʦ 1,2 ʛ/ʪ, Ag ï ʜʦ 106,5 ʛ/ʪ. 

ɺʝʨʪʠʢʘʣʴʥʘʷ ʟʦʥʘʣʴʥʦʩʪʴ Au-Ag ʦʨʫʜʝʥʝʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʘ ʚ ʨʘʙʦʪʘʭ 

[ʇʝʪʨʦʚʩʢʘʷ ʠ ʜʨ., 1974; ʉʠʜʦʨʦʚ, 1978; Buchanan, 1981; Hedenquist et al., 1988; 

ʍʦʤʠʯ ʠ ʜʨ., 1989; Sowkins, 1990; ʇʝʪʨʝʥʢʦ, 1999; Simmons et al., 2005; Bodnar 

et al., 2014]. ʆʧʠʨʘʷʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʜʘʥʥʳʭ ʨʘʙʦʪ ʠ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʨʫʜ ɺʈʈ [ɹʨʳʟʛʘʣʦʚ, ʂʨʠʚʠʮʢʘʷ, 1998; ʂʨʘʚʮʦʚʘ, 2005; 

ʅʦʚʦʩʝʣʦʚ ʠ ʜʨ., 2009; ɽʣʤʘʥʦʚ ʠ ʜʨ., 2018; ʉʘʚʚʘ, 2018; ɺʦʣʢʦʚ ʠ ʜʨ., 2019; 

2020; ɾʫʨʘʚʢʦʚʘ ʠ ʜʨ., 2019; ʇʘʣʴʷʥʦʚʘ; 2020; ɹʝʣʷʝʚʘ, 2022; ɹʦʨʪʥʠʢʦʚ ʠ ʜʨ., 

2022; ɹʝʣʷʝʚʘ, ʇʘʣʴʷʥʦʚʘ, 2023], ʙʳʣʠ ʚʳʜʝʣʝʥ r3 ʫʨʦʚʥʷ ʦʨʫʜʝʥʝʥʠʷ, ʜʣʷ 
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ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʳ ʩʦʦʪʚʝʪʩʚʫʶʱʠʝ ʘʩʩʦʮʠʘʮʠʠ ʞʠʣʴʥʳʭ ʠ ʨʫʜʥʳʭ 

ʤʠʥʝʨʘʣʦʚ (ʪʘʙʣ. 7). 

ʈʠʩ.  27. ʈʫʜʥʳʝ ʚʳʜʝʣʝʥʠʷ ʢʘʣʴʮʠʪ-ʬʣʶʦʨʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ: ʘ - ʢʘʨʙʦʥʘʪʥʳʡ 

ʧʨʦʞʠʣʦʢ ʩ ʩʫʣʴʬʠʜʘʤʠ ʚ ʢʚʘʨʮʝ; ʙ ï ʧʨʦʞʠʣʦʢ ʢʘʣʴʮʠʪʘ ʚ ʢʚʘʨʮʝ; ʚ ï ʢʨʠʩʪʘʣʣ ʧʠʨʠʪʘ ʚ 

ʢʘʨʙʦʥʘʪʥʦʤ ʚʝʱʝʩʪʚʝ; ʛ ï ʘʢʘʥʪʠʪ ʚ ʢʘʣʴʮʠʪʝ ʠ ʢʚʘʨʮʝʚʦʤ ʤʘʪʨʠʢʩʝ. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

Qz ï ʢʚʘʨʮ, Cal ï ʢʘʣʴʮʠʪ, Sul ï ʩʫʣʴʬʠʜʳ, Py ï ʧʠʨʠʪ, Aca ï ʘʢʘʥʪʠʪ 

 

ʅʠʞʥʝʨʫʜʥʳʡ ʫʨʦʚʝʥʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʚʘʨʮ-ʧʦʣʝʚʦʰʧʘʪʦʚʳʤʠ 

ʧʨʦʞʠʣʢʘʤʠ ʨʝʜʢʦ ʞʠʣʘʤʠ ʩ ʭʣʦʨʠʪʦʤ, ʢʦʪʦʨʳʝ ʩʦʧʨʦʚʦʞʜʘʶʪ 

ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʥʳʝ ʫʯʘʩʪʢʠ ʧʦʨʦʜ (ʦʢʚʘʨʮʝʚʘʥʠʝ, ʧʨʦʧʠʣʠʪʠʟʘʮʠʷ). 

ʅʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʨʘʟʚʠʪʘ ʦʙʠʣʴʥʘʷ ʩʫʣʴʬʠʜʥʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʘʷ 

ʘʩʩʦʮʠʘʮʠʷ ʤʠʥʝʨʘʣʦʚ. ɹʣʘʛʦʨʦʜʥʦʤʝʪʘʣʣʴʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʘʢʘʥʪʠʪʦʤ, ʩʘʤʦʨʦʜʥʳʤ ʩʝʨʝʙʨʦʤ ʠ ʥʠʟʢʦʧʨʦʙʥʳʤ ʟʦʣʦʪʦʤ (ʵʣʝʢʪʨʫʤ ʠ 

ʢʶʩʪʝʣʠʪ). 

ʈʫʜʥʳʡ ʫʨʦʚʝʥʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʚʘʨʮ-ʘʜʫʣʷʨʦʚʳʤʠ ʞʠʣʘʤʠ, 

ʩʦʜʝʨʞʘʱʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʘʢʘʥʪʠʪ ʠ ʥʠʟʢʦʧʨʦʙʥʦʝ ʟʦʣʦʪʦ (ʵʣʝʢʪʨʫʤ). 

ʂʦʣʠʯʝʩʪʚʦ ʘʢʘʥʪʠʪʘ ʠ ʩʫʣʴʬʠʜʦʚ ʤʝʥʴʰʝ, ʘ ɿʉʆ ʚʳʰʝ, ʯʝʤ ʥʘ ʧʨʝʜʳʜʫʱʝʡ 

ʩʪʘʜʠʠ. 

ɺʚʝʨʭʥʝʨʫʜʥʳʡ ʫʨʦʚʝʥʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʬʣʶʦʨʠʪ-ʢʚʘʨʮʝʚʳʤʠ ʞʠʣʘʤʠ. 

ʄʠʥʝʨʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʝʣʣʫʨʠʜʘ, ʩʝʣʝʥʠʜʘʤʠ, 

ʩʫʣʴʬʠʜʘʤʠ ʠ ʩʫʣʴʬʦʩʦʣʷʤʠ Au ʠ Ag. ʂʦʣʠʯʝʩʪʚʦ ʘʢʘʥʪʠʪʘ ʩʪʘʥʦʚʠʪʩʷ 

ʤʠʥʠʤʘʣʴʥʳʤ.  ʀʟ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ Au-Ag ʰʠʨʦʢʦ ʨʘʟʚʠʪʦ ʚʳʩʦʢʦʧʨʦʙʥʦʝ 

ʟʦʣʦʪʦ, ʠʥʦʛʜʘ ʥʝ ʩʦʜʝʨʞʘʱʝʝ Ag. 
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ʊʘʙʣʠʮʘ 7. ʈʘʩʧʨʦʪʨʘʥʝʥʥʦʩʪʴ ʤʠʥʝʨʘʣʦʚ ʧʦ ʫʨʦʚʥʷʤ ʦʨʫʜʝʥʝʥʠʷ  

ʇʨʠʤʝʯʘʥʠʝ: ɹʫʢʚʳ ʚ ʷʯʝʡʢʘʭ ʦʙʦʟʥʘʯʘʶʪ ʨʘʟʚʠʪʠʝ ʤʠʥʝʨʘʣʘ ʚ ʧʨʝʜʝʣʘʭ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʫʨʦʚʥʷ ʦʨʫʜʝʥʝʥʠʷ:  

ʅ ï ʥʠʞʥʝʨʫʜʥʳʡ, ʈ ï ʨʫʜʥʳʡ, ɺ ï ʚʝʨʭʥʝʨʫʜʥʳʡ.  

ʉʪʨʝʣʢʘ (ŷ) ʫʢʘʟʳʚʘʝʪ, ʚ ʧʨʝʜʝʣʘʭ ʢʘʢʦʛʦ ʫʨʦʚʥʷ ʦʨʫʜʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʠʥʝʨʘʣʘ ʷʚʣʷʶʪʩʷ 

ʤʘʢʩʠʤʘʣʴʥʳʤʠ. 

* ï ʉʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ ʠ ʩʝʨʝʙʨʦ (ă): ʚʳʩʦʢʦʧʨʦʙʥʦʝ ʟʦʣʦʪʦ ï 1000-700, ʵʣʝʢʪʨʫʤ ï 700-250, ʢʶʩʪʝʣʠʪ ï 250-

100, ʩʘʤʦʨʦʜʥʦʝ ʩʝʨʝʙʨʦ ï 100-0. 

 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʦʨʫʜʝʥʝʥʠʷ ɺʈʈ (ʨʠʩ. 28), ʥʘ ʢʦʪʦʨʦʡ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʦʙʱʘʷ ʪʝʥʜʝʥʮʠʷ 

ʫʚʝʣʠʯʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʪ ʥʠʞʥʝʨʫʜʥʦʛʦ ʫʨʦʚʥʷ ʢ ʚʝʨʭʥʝʤʫ: 

ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʦʝ ʦʪʥʦʰʝʥʠʝ (ɿʉʆ), ʧʨʦʙʥʦʩʪʴ ʟʦʣʦʪʘ, Au ʠ Ag ʩʦʜʝʨʞʘʱʠʝ 

ʪʝʣʣʫʨʠʜʳ ʠ ʩʝʣʝʥʠʜʳ, ʢʦʥʮʝʥʪʨʘʮʠʷ Au, Se, As, Bi, Sb. ɺ ʪʦʞʝ ʚʨʝʤʷ 

ʄʠʥʝʨʘʣ 

ʇʨʦʮʝʩʩ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʡ 

ɺʥʝʜʨʝʥʠʝ ʞʠʣ 
ʆʩʘʞʜʝʥʠʝ 

ʩʫʣʴʬʠʜʦʚ 

ʆʩʘʞʜʝʥʠʝ 

ʤʠʥʝʨʘʣʦʚ  

Au-Ag 

ɾʠʣʴʥʳʝ ʤʠʥʝʨʘʣʳ 

ʂʚʘʨʮ ʅ-ʈŷ ʅ ɺ 
  

ʍʣʦʨʠʪ ŷʅ-ʈ ʅ 
   

ɸʜʫʣʷʨ ŷʅ-ʈ ʅ 
   

ʇʠʨʠʪ 
 

ʅ 
   

ʌʣʶʦʨʠʪ 
  

ɺ 
  

ʂʘʣʴʮʠʪ 
  

ɺ 
  

ʉʫʣʴʬʠʜʳ 

ʄʘʨʢʘʟʠʪ 
   

ŷʅ-ʈ 
 

ʇʠʨʠʪ 
   

ŷʅ-ʈ 
 

ʉʬʘʣʝʨʠʪ 
   

ŷʅ-ʈ 
 

ʍʘʣʴʢʦʧʠʨʠʪ 
   

ŷʅ-ʈ 
 

ɻʘʣʝʥʠʪ    ŷʅ-ʈ  

ʇʨʦʩʪʳʝ ʩʫʣʴʬʠʜʳ Ag ʠ Ag 

ɸʢʘʥʪʠʪ 
    

ŷʅ-ʈ 

Se-ʘʢʘʥʪʠʪ 
    

ŷɺ 

ɸʛʚʠʣʘʨʠʪ 
    

ɺ 

ʖʪʝʥʙʦʛʘʘʨʜʪʠʪ 
    

ɺ 

ʇʝʪʨʦʚʩʢʘʠʪ 
    

ɺ 

ʊʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ Au-Ag*  

ʉʝʨʝʙʨʦ ʩʘʤ. 
    

ŷʅ-ʈ 

ɿʦʣʦʪʦ ʥʠʟʢʦʧʨʦʙʥʦʝ 
    

ŷʅ-ʈ 

ɿʦʣʦʪʦ ʚʳʩʦʢʦʧʨʦʙʥʦʝ      ʈ-ŷɺ 

ʉʫʣʴʬʦʩʦʣʠ Ag, Cu, Bi 

ʌʨʝʡʙʝʨʛʠʪ 
    

ʈ-ɺŷ 

ʇʦʣʠʙʘʟʠʪ 
    

ʈ-ɺŷ 

ʇʠʨʩʝʠʪ 
    

ʈ-ɺŷ 

Se-ʧʠʨʩʝʠʪ 
    

ɺ 

ʄʘʪʠʣʴʜʠʪ 
    

ɺ 

Se ʠ Te ʩʦʜʝʨʞʘʱʠʝ ʤʠʥʝʨʘʣʳ Ag 

ʅʘʫʤʘʥʠʪ 
    

ɺ 

ɻʝʩʩʠʪ 
    

ɺ 

ʂʝʨʚʝʣʣʝʠʪ 
    

ɺ 

ʉʝʣʝʥʘʪ Ag     ɺ 

ʊʝʣʣʫʨʘʪ Ag 
    

ɺ 
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ʧʨʦʠʩʭʦʜʠʪ ʩʦʢʨʘʱʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʩʫʣʴʬʠʜʦʚ ʠ ʘʢʘʥʪʠʪʘ, ʩʥʠʞʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ Ag, Pb, Zn, Mo, Ni. 

ʈʠʩ.  28. ʄʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ 

ɺʘʣʫʥʠʩʪʦʛʦ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ  
 

ʇʝʨʚʦʝ ʟʘʱʠʱʘʝʤʦʝ ʧʦʣʦʞʝʥʠʝ 

ɿʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʦʝ ʦʨʫʜʝʥʝʥʠʝ ɺʘʣʫʥʠʩʪʦʛʦ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ ʩʚʷʟʘʥʦ ʩ 

ʦʢʦʣʦʞʝʨʣʦʚʦʡ ʠ ʩʢʣʦʥʦʚʦʡ ʛʨʫʧʧʘʤʠ ʬʘʮʠʡ ʠ ʦʪʥʦʩʠʪʩʷ ʢ ʜʚʫʤ 

ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʪʠʧʘʤ: ʟʦʣʦʪʦ-ʩʫʣʴʬʦʩʦʣʴʥʦʤʫ 

(ʤʝʩʪʦʨʦʞʜʝʥʠʝ ɺʘʣʫʥʠʩʪʦʝ) ʠ ʩʝʨʝʙʨʦ-ʧʦʣʠʩʫʣʴʬʠʜʥʦʤʫ (ʤʝʩʪʦʨʦʞʜʝʥʠʝ 

ɾʠʣʴʥʦʝ). 
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ɻʃɸɺɸ 4. ʂʈʀʊɽʈʀʀ ʇʈʆɻʅʆɿʀʈʆɺɸʅʀʗ ʆʈʋɼɽʅɽʅʀʗ ʈɸʁʆʅɸ 

 

4.1. ʇʦʠʩʢʦʚʳʝ ʧʨʝʜʧʦʩʳʣʢʠ 

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʟʦʣʦʪʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ɺʘʣʫʥʠʩʪʦʛʦ ʨʫʜʥʦʛʦ 

ʨʘʡʦʥʘ ʚʝʜʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʘ ʧʦʠʩʢʦʚʳʭ ʧʨʝʜʧʦʩʳʣʦʢ [ʃʝʙʝʜʝʚ, 2017; 

ɻʦʣʜʳʨʝʚ, 2022], ʢʦʪʦʨʳʝ ʦʙʫʩʣʦʚʣʝʥʳ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʪʨʦʝʥʠʷ ʪʝʨʨʠʪʦʨʠʠ. ɿʘʣʝʛʘʥʠʝ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʦʨʦʜ ɺʈʈ, ʢʘʢ ʠ ʣʶʙʦʡ 

ʜʨʝʚʥʝʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʧʨʦʚʠʥʮʠʠ, ʩʚʷʟʘʥʦ ʩ ʚʣʠʷʥʠʝʤ 

ʩʣʝʜʫʶʱʠʭ ʬʘʢʪʦʨʦʚ [ʉʠʜʦʨʦʚ ʠ ʜʨ., 2020; ʊʠʭʦʤʠʨʦʚ, 2020]:  

1. ʅʘʢʦʧʣʝʥʠʝ ʚʫʣʢʘʥʠʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʨʘʩʯʣʝʥʝʥʥʦʛʦ ʧʘʣʝʦʨʝʣʴʝʬʘ. ʕʪʦ 

ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʙʘʟʘʣʴʪʳ ʠ ʘʥʜʝʟʠʪʳ ʚ ʧʦʜʦʙʥʳʭ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʨʦʚʠʥʮʠʷʭ 

ʦʙʳʯʥʦ ʩʣʘʛʘʶʪ ʩʪʨʘʪʦʚʫʣʢʘʥʳ ï ʧʦʩʪʨʦʡʢʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʠʧʘ ʩ ʫʛʣʘʤʠ 

ʩʢʣʦʥʘ, ʜʦʩʪʠʛʘʶʱʠʤʠ 35ï37Á. ʊʝʣʘ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ ʦʪʨʘʞʘʶʪ 

ʤʦʨʬʦʣʦʛʠʶ ʧʦʜʩʪʠʣʘʶʱʝʛʦ ʠʭ ʩʫʙʩʪʨʘʪʘ. ʏʘʩʪʦ ʢʨʫʧʥʳʝ ʢʦʥʫʩʳ ʦʩʣʦʞʥʝʥʳ 

ʰʣʘʢʦʚʳʤʠ, ʣʘʚʦʚʳʤʠ ʠ ʵʢʩʪʨʫʟʠʚʥʳʤʠ ʧʦʩʪʨʦʡʢʘʤʠ [ʌʠʣʘʪʦʚʘ, 1988]. ʀʭ 

ʢʦʤʙʠʥʘʮʠʷ ʩʧʦʩʦʙʥʘ ʩʦʟʜʘʪʴ ʩʣʦʞʥʫʶ ʩʪʨʫʢʪʫʨʥʫʶ ʢʘʨʪʠʥʫ, ʩ ʪʨʫʜʦʤ 

ʧʦʜʜʘʶʱʫʶʩʷ ʨʘʩʰʠʬʨʦʚʢʝ, ʦʜʥʘʢʦ ʚ ʧʨʝʜʝʣʘʭ ɺʈʈ ʥʝʨʝʜʢʦ ʫʜʘʝʪʩʷ 

ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʨʝʣʠʢʪʳ ʦʪʜʝʣʴʥʳʭ ʩʪʨʘʪʦʚʫʣʢʘʥʦʚ ʠ ʠʭ ʛʨʫʧʧ. 

2. ʂʦʤʧʝʥʩʘʮʠʦʥʥʦʝ ʧʦʛʨʫʞʝʥʠʝ ʧʨʠ ʠʩʪʦʱʝʥʠʠ ʢʦʨʦʚʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ 

ʦʯʘʛʦʚ. ʇʦʜ ʜʘʥʥʦʡ ʬʦʨʤʫʣʠʨʦʚʢʦʡ ʧʦʥʠʤʘʝʪʩʷ ʦʧʫʩʢʘʥʠʝ ʢʨʦʚʣʠ 

ʤʘʣʦʛʣʫʙʠʥʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʢʘʤʝʨ ʧʨʠ ʠʭ ʨʘʟʛʨʫʟʢʝ. ʀʟ ʚʩʝʭ ʩʪʨʫʢʪʫʨ ʵʪʦʛʦ 

ʨʦʜʘ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠ ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʳ çʢʘʣʴʜʝʨʳè ï ʩʫʙʠʟʦʤʝʪʨʠʯʥʳʝ 

ʩʪʨʫʢʪʫʨʳ ʜʠʘʤʝʪʨʦʤ ʦʪ ʩʦʪʝʥ ʤʝʪʨʦʚ ʜʦ ʜʝʩʷʪʢʦʚ ʢʠʣʦʤʝʪʨʦʚ. ɺ 

ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʥʝʢʠʤ ʘʥʘʣʦʛʦʤ ʜʘʥʥʦʛʦ ʪʝʨʤʠʥʘ ʷʚʣʷʶʪʩʷ 

çʚʫʣʢʘʥʦʪʝʢʪʦʥʠʯʝʩʢʠʝ ʜʝʧʨʝʩʩʠʠè ï ʢʨʫʧʥʳʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨʘʭ, 

ʷʚʣʷʶʱʠʭʩʷ ʢʦʤʧʝʥʩʘʮʠʦʥʥʳʤʠ ʧʨʦʩʘʜʢʘʤʠ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʢʘʣʴʜʝʨʘʤ.  ʉʪʨʫʢʪʫʨʳ ʪʘʢʦʛʦ ʨʦʜʘ ʫʧʦʤʠʥʘʶʪʩʷ ʢʘʢ çmajor 

volcano-tectonic depressionsè ʚ ʢʣʘʩʩʠʯʝʩʢʦʤ ʪʨʫʜʝ, ʧʦ ʩʫʪʠ ʧʨʝʜʩʪʘʚʣʷʶʱʝʤ 

ʧʝʨʚʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʢʦʤʧʝʥʩʘʮʠʦʥʥʳʭ ʚʫʣʢʘʥʦʩʪʨʫʢʪʫʨ [Williams, 1941]. 
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ʆʜʥʘʢʦ ʩʦ ʚʨʝʤʝʥʝʤ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ ʪʝʨʤʠʥ ʩʪʘʣ ʥʝʨʝʜʢʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʢʘʣʴʜʝʨʦʧʦʜʦʙʥʳʭ ʩʪʨʫʢʪʫʨ, ʠʥʦʛʜʘ ʢʘʢ 

ʧʦʣʥʳʡ ʩʠʥʦʥʠʤ ʪʝʨʤʠʥʘ çʢʘʣʴʜʝʨʘè [de Silva et al., 2006; Pankhurst et al., 1998]. 

3. ʄʝʭʘʥʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʠʥʪʨʫʟʠʚʥʳʭ ʪʝʣ 

ʧʨʦʷʚʠʣʦʩʴ ʧʨʝʞʜʝ ʚʩʝʛʦ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʦʜʥʷʪʠʡ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʤʥʦʛʠʭ ʠʥʪʨʫʟʠʚʥʳʭ ʪʝʣ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ ʩʪʨʫʢʪʫʨʥʳʭ ʬʦʨʤ 

ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʢʘʣʴʜʝʨʥʦʡ ʪʝʢʪʦʥʠʢʦʡ, ʧʦʵʪʦ ʥʝʨʝʜʢʦ ʦʥʠ ʧʨʠʫʨʦʯʝʥʳ ʢ 

ʮʝʥʪʨʘʣʴʥʳʤ ʯʘʩʪʷʤ ʢʘʣʴʜʝʨ [Lipman, 1997] ʠʣʠ ʢ ʨʘʟʨʳʚʘʤ ʥʘ ʧʝʨʝʬʝʨʠʠ 

ʧʨʦʩʘʜʦʢ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʟʤʝʨʳ ʪʘʢʠʭ ʧʦʜʥʷʪʠʡ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʨʘʟʤʝʨʘʤʠ 

ʢʘʣʴʜʝʨ ʠ ʦʙʳʯʥʦ ʥʝ ʧʨʝʚʳʰʘʶʪ ʧʝʨʚʳʭ ʜʝʩʷʪʢʦʚ ʢʠʣʦʤʝʪʨʦʚ.  

ʉʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʧʨʝʜʧʦʩʳʣʢʠ 

ʈʝʛʠʦʥʘʣʴʥʳʝ ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʠʝ ʩʪʨʫʢʪʫʨʳ. ɺʘʣʫʥʠʩʪʳʡ ʨʫʜʥʳʡ 

ʨʘʡʦʥ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ɸʥʘʜʳʨʩʢʦʡ ʢʦʣʴʮʝʚʦʡ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʫʶ 

ʧʝʨʝʩʝʢʘʶʪ ʣʠʥʝʡʥʳʝ ʨʝʛʠʦʥʘʣʴʥʳʝ ʟʦʥʳ ʨʘʟʣʦʤʦʚ. ʕʪʦ ʨʘʟʣʦʤʳ ʩʝʚʝʨʦ-

ʚʦʩʪʦʯʥʦʛʦ çʂʘʥʯʘʣʘʥʩʢʦʛʦè  ʥʘʧʨʘʚʣʝʥʠʷ, ʨʘʟʣʦʤʳ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ ï 

ʩʝʚʝʨʦ-ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ çʅʳʯʝʛʚʘʘʤʩʢʦʛʦè ʥʘʧʨʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʩʫʙʰʠʨʦʪʥʳʝ ʨʘʟʣʦʤʳ çɸʤʛʫʝʤʩʢʦʛʦè ʥʘʧʨʘʚʣʝʥʠʷ. ɺ ʩʚʦʝʤ ʟʘʧʘʜʥʦʤ ʠ 

ʚʦʩʪʦʯʥʦʤ ʧʨʦʜʦʣʞʝʥʠʠ ɸʤʛʫʝʤʩʢʘʷ ʟʦʥʘ ʨʘʟʣʦʤʦʚ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʨʫʜʥʳʝ 

ʫʟʣʳ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʇʝʩʯʘʥʢʘ, ʂʫʧʦʣ, ɸʨʳʢʝʚʘʘʤ, ʇʝʧʝʨʚʝʝʤʩʢʠʡ ʠ ʨʷʜ 

ʜʨʫʛʠʭ (ʨʠʩ. 3).  

 ʆʩʦʙʦ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʢʨʫʧʥʳʝ ʢʦʣʴʮʝʚʳʝ ʩʪʨʫʢʪʫʨʳ ʜʠʘʤʝʪʨʦʤ ʦʪ 

100 ʜʦ 400 ʢʤ (ʨʠʩ. 3), ʢʦʪʦʨʳʝ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ɻʫʨʝʚʠʯʝʤ ɼ.ɺ. ʏʘʩʪʴ ʠʟ ʵʪʠʭ 

ʩʪʨʫʢʪʫʨ ʚʳʜʝʣʷʣʠʩʴ ʨʘʥʝʝ, ʦʥʠ ʧʦʢʘʟʘʥʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʝ 

ʉʉʉʈ ʤʘʩʰʪʘʙʘ  1:2 500 000 (ɺʉɽɻɽʀ, 1983). ɺʳʜʝʣʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʚʳʨʘʞʘʶʪʩʷ ʚ ʨʝʣʴʝʬʝ ʚ ʚʠʜʝ ʢʦʣʴʮʝʚʦʛʦ ʧʦʜʥʷʪʠʷ ʩ ʦʧʫʱʝʥʥʦʡ 

(ʜʝʥʫʜʠʨʦʚʘʥʥʦʡ) ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʴʶ. ɺ ʧʨʝʜʝʣʘʭ ʢʦʣʴʮʝʚʦʛʦ ʧʦʜʥʷʪʠʷ 

ʦʙʳʯʥʦ ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʥʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʢʨʫʧʥʳʭ ʠʥʪʨʫʟʠʚʥʳʭ ʠ 

ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʠ/ʠʣʠ ʚʫʣʢʘʥʦʢʫʧʦʣʴʥʳʝ ʧʦʜʥʷʪʠʷ, ʘ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʜʝʧʨʝʩʩʠʠ (ʢʘʣʴʜʝʨʳ).  
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 ʃʠʥʠʠ ʢʦʣʴʮʝʚʳʭ ʥʘʨʫʰʝʥʠʡ (ʨʘʟʣʦʤʦʚ) ʦʙʳʯʥʦ ʚʳʨʘʞʘʶʪʩʷ ʚ ʨʝʣʴʝʬʝ 

ʪʘʢʞʝ, ʢʘʢ ʠ ʣʠʥʝʡʥʳʝ ʥʘʨʫʰʝʥʠʷ (ʣʦʢʘʣʴʥʳʝ ʧʦʥʠʞʝʥʠʷ, ʢʦʥʪʨʦʣʴ ʨʝʯʥʦʡ 

ʩʝʪʠ ʠ ʜʨ.). ɺ ʙʦʣʝʝ ʢʨʫʧʥʦʤ ʤʘʩʰʪʘʙʝ ʬʨʘʛʤʝʥʪʳ ʢʦʣʴʮʝʚʳʭ ʥʘʨʫʰʝʥʠʡ 

(ʨʘʟʣʦʤʦʚ) ʦʙʳʯʥʦ çʨʘʟʚʘʣʠʚʘʶʪʩʷè ʥʘ ʩʝʨʠʠ ʩʙʣʠʞʝʥʥʳʭ ʣʠʥʝʡʥʳʭ 

ʥʘʨʫʰʝʥʠʡ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʵʪʠʭ ʩʪʨʫʢʪʫʨ ʩʚʷʟʘʥʦ ʩ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʛʣʫʙʠʥʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʦʯʘʛʦʚ ʠ ʠʭ ʧʦʩʣʝʜʫʶʱʠʤ 

ʨʘʟʚʠʪʠʝʤ. ʉ ʧʨʦʛʥʦʟʥʦ-ʧʦʠʩʢʦʚʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʪʦ, ʯʪʦ 

ʦʧʠʩʘʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʢʦʥʪʨʦʣʠʨʫʶʪ ʨʘʩʧʦʣʦʞʝʥʠʝ ʨʫʜʥʳʭ ʫʟʣʦʚ ʠ/ʠʣʠ 

ʦʪʜʝʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʊʝ ʠ ʜʨʫʛʠʝ ʟʘʯʘʩʪʫʶ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚʜʦʣʴ 

ʦʩʥʦʚʥʳʭ ʢʦʣʴʮʝʚʳʭ ʥʘʨʫʰʝʥʠʡ, ʯʘʩʪʦ ï ʚʜʦʣʴ ʚʥʫʪʨʝʥʥʝʡ ʠ ʚʥʝʰʥʝʡ ʛʨʘʥʠʮ 

ʢʦʣʴʮʝʚʦʛʦ ʧʦʜʥʷʪʠʷ, ʚ ʤʝʩʪʘʭ ʧʝʨʝʩʝʯʝʥʠʷ ʢʦʣʴʮʝʚʳʭ ʠ ʣʠʥʝʡʥʳʭ. ʋʢʘʟʘʥʥʘʷ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ (ʢʦʥʪʨʦʣʴ ʦʨʫʜʝʥʝʥʠʷ ʨʘʟʣʦʤʘʤʠ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ ʚʫʣʢʘʥʦ-

ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ) ʧʦʚʪʦʨʷʝʪ, ʚ ʙʦʣʝʝ ʤʝʣʢʦʤ ʤʘʩʰʪʘʙʝ, 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʨʝʛʠʦʥʝ ʚ ʧʨʝʜʝʣʘʭ ʦʪʜʝʣʴʥʳʭ ʨʫʜʥʳʭ ʫʟʣʦʚ 

ʠ ʧʦʣʝʡ.     

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʷʚʣʝʥʠʷ ʟʦʣʦʪʘ ʠ ʩʝʨʝʙʨʘ ʧʨʠʫʨʦʯʝʥʳ ʢ ʠʥʪʨʫʟʠʚʥʦ- ʠ 

ʚʫʣʢʘʥʦʢʫʧʦʣʴʥʳʤ ʩʪʨʫʢʪʫʨʘʤ ʥʘ ʫʯʘʩʪʢʘʭ ʠʭ ʧʝʨʝʩʝʯʝʥʠʷ ʢʨʫʧʥʳʤʠ 

ʨʘʟʣʦʤʘʤʠ ʠ ʟʦʥʘʤʠ ʨʘʟʣʦʤʦʚ. 

ʃʦʢʘʣʴʥʳʝ ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʠʝ ʩʪʨʫʢʪʫʨʳ. ʉʨʝʜʠ ʪʘʢʠʭ ʬʘʢʪʦʨʦʚ 

ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ: ʟʦʥʳ ʠʥʪʝʥʩʠʚʥʦʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʧʨʦʨʘʙʦʪʢʠ; ʨʘʟʣʦʤʳ, 

ʢʦʣʴʮʦʤ ʦʢʘʡʤʣʷʶʱʠʝ ʢʨʫʧʥʳʝ ʧʘʣʝʦʚʫʣʢʘʥʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ; ʞʝʨʣʘ 

ʧʘʣʝʦʚʫʣʢʘʥʦʚ; ʟʦʥʳ ʛʣʫʙʠʥʥʳʭ ʨʘʟʣʦʤʦʚ; ʢʘʣʴʜʝʨʳ ʧʨʦʩʝʜʘʥʠʷ ʠ ʜʨ. 

ʈʫʜʦʥʦʩʥʳʝ ʞʠʣʴʥʦ-ʧʨʦʞʠʣʢʦʚʳʝ ʟʦʥʳ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʟʦʥʘʭ ʩʙʣʠʞʝʥʥʳʭ 

ʨʘʟʨʳʚʥʳʭ ʥʘʨʫʰʝʥʠʡ ʥʘ ʫʯʘʩʪʢʘʭ ʠʥʪʝʥʩʠʚʥʦʡ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ʠ 

ʙʨʝʢʯʠʨʦʚʘʥʠʷ. 

ɹʦʣʴʰʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʪʘʢʞʝ ʢʦʣʴʮʝʚʳʝ ʩʪʨʫʢʪʫʨʳ, ʦʢʘʡʤʣʷʶʱʠʝ 

ʢʫʧʦʣʴʥʳʝ ʧʦʜʥʷʪʠʷ, ʘ ʪʘʢʞʝ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ 

ʢʨʘʪʝʨʘʤʠ ʩʪʨʘʪʦʚʫʣʢʘʥʦʚ (ʨʠʩ. 29). ʊʘʢ, ʨʫʜʦʧʨʦʷʚʣʝʥʠʝ ʆʨʘʥʞʝʚʦʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʩʪʘʪʢʠ ʤʝʣʦʚʦʛʦ ʩʪʨʘʪʦʚʫʣʢʘʥʘ, ʩʣʦʞʝʥʥʦʛʦ 
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ʠʛʥʠʤʙʨʠʪʘʤʠ ʠ ʵʨʫʧʪʠʚʥʳʤʠ ʙʨʝʢʯʠʷʤʠ ʨʠʦʜʘʮʠʪʦʚ ʠ ʜʘʮʠʪʦʚ, ʣʘʚʘʤʠ 

ʘʥʜʝʟʠʪʦʚ. ʇʦʜʢʦʚʦʦʙʨʘʟʥʘʷ ʛʨʷʜʘ ʩʢʘʣ ʫ ʚʝʨʰʠʥʳ ʛʦʨʳ - ʦʩʪʘʪʢʠ ʟʦʥʳ 

ʠʥʪʝʥʩʠʚʥʦʛʦ ʦʢʚʘʨʮʝʚʘʥʠʷ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʧʦ ʢʨʘʶ ʢʨʘʪʝʨʘ (ʨʠʩ. 30). 

 

ʈʠʩ.  29. ʎʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ɺʘʣʫʥʠʩʪʦʛʦ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ (ʩʥʠʤʦʢ 

ESRI.ArcGIS.Imagery) 

ʈʠʩ.  30. ɻʦʨʘ ʆʨʘʥʞʝʚʘʷ, ʚʠʜ ʩ ʩʝʚʝʨʦ-ʟʘʧʘʜʘ; ʥʘ ʧʝʨʝʜʥʝʤ ʧʣʘʥʝ ï ʨ. 

ʀʣʤʳʥʝʡʚʝʝʤ.  

 

ʅʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ɻʦʨʥʦʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʚ ʧʨʝʜʝʣʘʭ ʇʨʘʚʦʛʦʨʥʝʥʩʢʦʡ 

ʚʫʣʢʘʥʦʢʫʧʦʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʙʦʣʴʰʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʢʦʣʴʮʝʚʳʝ ʩʪʨʫʢʪʫʨʳ, 

ʦʢʘʡʤʣʷʶʱʠʝ ʢʫʧʦʣʴʥʳʝ ʧʦʜʥʷʪʠʷ ʠ ʜʚʝ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʦʜʥʘ ʠʟ 
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ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʮʝʥʪʨʝ ʫʯʘʩʪʢʘ (ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ï ʮʝʥʪʨʘʣʴʥʳʡ 

ʢʨʘʪʝʨ ʩʪʨʘʪʦʚʫʣʢʘʥʘ), ʘ ʜʨʫʛʘʷ ï ʚ ʝʛʦ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ (ʨʠʩ. 31). 

ʈʠʩ.  31. ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɻʦʨʥʦʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʧʨʦʙʦʚʘʥʠʷ 

ʥʘ ʟʦʣʦʪʦ (ɻʫʨʝʚʠʯ, ʅʦʚʦʩʝʣʦʚ, 2009) 

 

ʉʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʝ ʧʨʝʜʧʦʩʳʣʢʠ 

ɺʦʟʨʘʩʪ ʦʨʫʜʝʥʝʥʠʷ, ʦʧʨʝʜʝʣʝʥʥʳʡ ʤʝʪʦʜʦʤ 
40

Ar/
39
Ar ʜʘʪʠʨʦʚʘʥʠʷ, 

ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʧʦʟʜʥʠʡ ʤʝʣ: 72 ʤʣʥ. ʣʝʪ ï ñʧʣʠʪʥʳʡò ʚʦʟʨʘʩʪ [ʃʝʡʝʨ ʠ ʜʨ., 

1997], 75-80 ʤʣʥ. ʣʝʪ ï ʚʦʟʨʘʩʪ ʧʦ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʬʨʘʢʮʠʠ [ʅʴʶʙʝʨʨʠ ʠ 

ʜʨ., 2000]. ʈʘʟʤʘʭ ʜʘʪʠʨʦʚʦʢ [ʉʘʭʥʦ ʠ ʜʨ., 2010] ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ 

ʩʦʩʪʘʚʠʣ ʦʪ 69,2-70,9 ʤʣʥ. ʣʝʪ (ʥʫʥʣʠʛʨʘʥʩʢʠʡ ʢʦʤʧʣʝʢʩ) ʜʦ 79,9 ʤʣʥ. ʣʝʪ 

(ʣʝʫʨʚʘʘʤʩʢʠʡ ʢʦʤʧʣʝʢʩ). ɼʘʪʠʨʦʚʢʠ ʫʨʘʥ-ʩʚʠʥʮʦʚʦʛʦ ʠʟʦʪʦʧʥʦʛʦ ʚʦʟʨʘʩʪʘ  

[ʉʘʭʥʦ ʠ ʜʨ., 2010] ʠʤʝʶʪ ʘʥʘʣʦʛʠʯʥʳʝ ʟʥʘʯʝʥʠʷ: 67.0 Ñ 0.5 ʤʣʥ. ʣʝʪ 

(ʥʫʥʣʠʛʨʘʥʩʢʠʡ ʢʦʤʧʣʝʢʩ),  76-80 ʤʣʥ. ʣʝʪ (ʣʝʫʨʚʘʘʤʩʢʠʡ ʢʦʤʧʣʝʢʩ).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝʡ ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʢʨʦʚʣʷ ʣʝʫʨʚʘʘʤʩʢʦʡ ʩʚʠʪʳ. ʆʙʨʘʟʦʚʘʥʠʷ ʥʫʥʣʠʛʨʘʥʩʢʦʛʦ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ (ʨʠʩ. 32) ï ʧʦʩʪʨʫʜʥʳʝ.  
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ʈʠʩ.  32. ʇʦʟʜʥʝʤʝʣʦʚʳʝ ʧʣʘʪʦʙʘʟʘʣʴʪʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɺʘʣʫʥʠʩʪʦʝ 

 

ʄʘʛʤʘʪʠʯʝʩʢʠʝ ʧʨʝʜʧʦʩʳʣʢʠ 

ɿʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʦʝ ʦʨʫʜʝʥʝʥʠʝ ʠ ʩʦʧʨʦʚʦʞʜʘʶʱʠʝ ʝʛʦ ʤʝʪʘʩʦʤʘʪʠʪʳ 

ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʠ ʩʚʷʟʘʥʳ ʩ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʤʠ, ʵʢʩʪʨʫʟʠʚʥʳʤʠ, ʞʝʨʣʦʚʳʤʠ 

ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʣʝʫʨʚʘʘʤʩʢʦʛʦ ʠ ʘʤʛʝʥʴʩʢʦʛʦ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ.  

ʅʘʧʨʠʤʝʨ, ʤʝʩʪʦʨʦʞʜʝʥʠʝ ɻʦʨʥʦʝ ʩʣʦʞʝʥʦ ʢʠʩʣʳʤʠ ʚʫʣʢʘʥʠʪʘʤʠ 

ʘʤʛʝʥʴʩʢʦʡ ʪʦʣʱʠ, ʘʥʜʝʟʠʪʘʤʠ ʵʢʠʪʳʢʠʥʩʢʦʡ ʩʚʠʪʳ ʠ ʢʠʩʣʳʤʠ ʚʫʣʢʘʥʠʪʘʤʠ 

ʣʝʫʨʚʘʘʤʩʢʦʡ ʩʚʠʪʳ, ʧʨʦʨʚʘʥʥʳʤʠ ʨʫʜʦʥʦʩʥʳʤʠ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʤʠ 

ʪʨʘʭʠʨʠʦʣʠʪʘʤʠ ʣʝʫʨʚʘʘʤʩʢʦʛʦ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʈʘʟʨʝʟ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

ī ʚ ʦʩʥʦʚʘʥʠʠ (ʘʤʛʝʥʴʩʢʠʡ ʢʦʤʧʣʝʢʩ) ï ʪʫʬʳ ʩʤʝʰʘʥʥʦʛʦ ʠ ʢʠʩʣʦʛʦ 

ʩʦʩʪʘʚʘ;  

ī ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ (ʵʢʠʪʳʥʩʢʠʡ ʢʦʤʧʣʝʢʩ) ï ʜʚʘ ʠʣʠ ʪʨʠ ʨʠʪʤʘ, 

ʦʙʨʘʟʦʚʘʥʥʳʝ ʯʝʨʝʜʦʚʘʥʠʝʤ ʣʘʚ ʜʘʮʠʪʦʚ (ʚʦʟʤʦʞʥʦ ʪʘʢʞʝ ʨʠʦʜʘʮʠʪʦʚ ʠ 

ʪʨʘʭʠʜʘʮʠʪʦʚ), ʠ ʘʥʜʝʟʠʪʦʚ (ʘʥʜʝʟʠʪʦ-ʙʘʟʘʣʴʪʦʚ); 

ī ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ (ʥʫʥʣʠʛʨʘʥʩʢʠʡ ʢʦʤʧʣʝʢʩ) ï ʧʦʣʦʛʦʟʘʣʝʛʘʶʱʠʝ 

ʣʘʚʳ ʧʦʨʬʠʨʦʚʳʭ ʙʘʟʘʣʴʪʦʚ, ʩʦʛʣʘʩʥʦ ʧʝʨʝʢʨʳʪʳʝ ʣʘʚʘʤʠ ʨʠʦʜʘʮʠʪ-ʧʦʨʬʠʨʦʚ.  
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ʉʨʝʜʥʝʡ ʪʦʣʱʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʝ ʪʝʣʘ ʜʘʮʠʪʦʚʳʭ 

(ʚʦʟʤʦʞʥʦ ï ʪʨʘʭʠʜʘʮʠʪʦʚʳʭ) ʧʦʨʬʠʨʦʚ ʠ ʧʦʨʦʜʳ ʞʝʨʣʦʚʳʭ ʬʘʮʠʡ ï 

ʵʨʫʧʪʠʚʥʳʝ ʠ ʵʢʩʧʣʦʟʠʚʥʳʝ ʙʨʝʢʯʠʠ, ʣʘʚʳ çʪʘʢʩʠʪʦʚʳʭè ʨʠʦʜʘʮʠʪʦʚ; 

ʥʝʙʦʣʴʰʠʝ ʪʝʣʘ ʧʦʨʬʠʨʦʚʳʭ ʜʠʦʨʠʪʦʚ ʪʘʢʞʝ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʦʪʥʦʩʷʪʩʷ ʢ 

ʜʘʥʥʦʤʫ ʵʪʘʧʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʫʣʢʘʥʦʩʪʨʫʢʪʫʨʳ. 

ɺʝʨʭʥʝʡ ʪʦʣʱʝ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʘʣʦʤʦʱʥʳʝ ʜʘʡʢʠ 

ʘʥʜʝʟʠʪʦ-ʙʘʟʘʣʴʪʦʚ ʠ ʜʠʘʙʘʟʦʚ ʧʦʨʬʠʨʦʚʦʡ ʩʪʨʫʢʪʫʨʳ. ʅʘ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɻʦʨʥʦʝ (ʨʠʩ. 31) ʟʘʤʝʪʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʙʦʛʘʪʳʝ ʫʯʘʩʪʢʠ 

ʧʨʠʫʨʦʯʝʥʳ ʢ ʞʝʨʣʦʚʦʡ, ʦʢʦʣʦʞʝʨʣʦʚʦʡ, ʘ ʪʘʢʞʝ ʢ ʧʦʩʪʚʫʣʢʘʥʠʯʝʩʢʦʡ ʬʘʮʠʷʤ, 

ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʨʘʜʠʘʣʴʥʳʤ ʨʘʟʣʦʤʦʤ, ʧʝʨʝʩʝʢʘʶʱʠʤ ʚʫʣʢʘʥʦ-ʢʫʧʦʣʴʥʫʶ 

ʩʪʨʫʢʪʫʨʫ.  

ʃʠʪʦʣʦʛʦ-ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʝ ʧʨʝʜʧʦʩʳʣʢʠ 

 ɿʦʣʦʪʦʧʨʦʜʫʢʪʠʚʥʳʝ ʘʩʩʦʮʠʘʮʠʠ ʣʦʢʘʣʠʟʫʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʭ ʪʝʣ ʨʠʦʜʘʮʠʪʦʚ ʠʣʠ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ  ʙʣʠʟʦʩʪʠ ʦʪ ʥʠʭ. 

ʈʠʦʜʘʮʠʪʳ  ʦʙʨʘʟʫʶʪ ʣʠʥʝʡʥʳʝ ʪʝʣʘ, ʧʨʠʫʨʦʯʝʥʥʳʝ ʢ ʛʣʘʚʥʳʤ 

ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʠʤ ʩʪʨʫʢʪʫʨʘʤ. ɺ ʙʣʠʟʧʦʚʝʨʭʥʦʩʪʥʳʭ ʫʩʣʦʚʠʷʭ ʵʪʠ ʪʝʣʘ 

ʠʤʝʶʪ ʨʘʟʜʫʚʳ, ʠʥʦʛʜʘ ʦʥʠ ʩʣʘʛʘʶʪ ʵʢʩʪʨʫʟʠʚʥʳʝ ʢʫʧʦʣʘ ʚ ʧʦʧʝʨʝʯʥʦʤ 

ʩʝʯʝʥʠʠ ʠʤʝʶʱʠʝ ʛʨʠʙʦʦʙʨʘʟʥʫʶ ʬʦʨʤʫ, ʧʨʠ ʵʪʦʤ ʵʢʩʪʨʫʟʠʚʥʘʷ çʰʣʷʧʢʘè 

ʛʨʠʙʘ ʦʙʳʯʥʦ ʥʝ ʩʦʜʝʨʞʠʪ ʧʨʦʷʚʣʝʥʠʡ ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʳʭ ʨʫʜ, ʨʫʜʳ ʦʙʳʯʥʦ 

ʣʦʢʘʣʠʟʫʶʪʩʷ ʚ çʥʦʞʢʝè ʛʨʠʙʘ ʧʘʨʘʣʣʝʣʴʥʦ ʛʣʘʚʥʦʡ ʤʘʛʤʦ- ʠ 

ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʝʡ ʩʪʨʫʢʪʫʨʝ.   ʆʩʦʙʝʥʥʦʩʪʴʶ ʨʠʦʜʘʮʠʪʦʚ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ 

çʪʝʥʝʚʳʭè - ʙʝʩʢʦʨʥʝʚʳʭ ʬʣʶʠʜʥʦ-ʵʢʩʧʣʦʟʠʚʥʳʭ ʙʨʝʢʯʠʡ ʢʚʘʨʮ-ʧʠʨʠʪ-

ʛʝʤʘʪʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ. ʂʨʦʤʝ ʨʠʦʜʘʮʠʪʦʚ ʢ ʵʪʠʤ ʞʝ ʩʪʨʫʢʪʫʨʘʤ ʧʨʠʫʨʦʯʝʥʳ 

ʜʘʡʢʠ ʙʘʟʘʣʴʪʦʚ  ʠ ʘʥʜʝʟʠʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʢʘʢ ʜʦʨʫʜʥʳʝ, ʪʘʢ ʠ ʧʦʩʪʨʫʜʥʳʝ, 

ʥʦ ʚ ʢʦʥʪʘʢʪʝ ʩ ʥʠʤʠ ʠʜʝʪ ʨʝʟʢʦʝ ʦʙʦʛʘʱʝʥʠʝ ʞʠʣ ʟʦʣʦʪʦʤ. 

ʂʠʩʣʳʝ ʚʫʣʢʘʥʠʪʳ ʥʠʞʥʝʡ, ʩʨʝʜʥʝʡ, ʨʝʞʝ ʚʝʨʭʥʝʡ ʧʦʜʪʦʣʱ ʘʤʛʝʥʴʩʢʦʡ 

ʪʦʣʱʠ, ʥʠʞʥʝʡ ʠ ʩʨʝʜʥʝʡ ʧʦʜʩʚʠʪ ʣʝʫʨʚʘʘʤʩʢʦʡ ʩʚʠʪʳ ʙʣʘʛʦʧʨʠʷʪʥʳ ʜʣʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʘʨʛʠʣʣʠʟʠʪʦʚ, ʚʪʦʨʠʯʥʳʭ ʢʚʘʨʮʠʪʦʚ, ʦʢʚʘʨʮʦʚʘʥʥʳʭ ʠ 
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ʧʠʨʠʪʠʟʠʨʦʚʘʥʥʳʭ ʧʦʨʦʜ, ʚʤʝʱʘʶʱʠʭ ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʦʝ ʦʨʫʜʝʥʝʥʠʝ. 

ʕʬʬʫʟʠʚʳ ʩʨʝʜʥʝʛʦ ʩʦʩʪʘʚʘ, ʵʢʩʪʨʫʟʠʚʥʳʝ, ʞʝʨʣʦʚʳʝ, ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʝ ʠ 

ʧʣʫʪʦʥʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʵʢʠʪʳʢʠʥʩʢʦʡ ʚʫʣʢʘʥʦʧʣʫʪʦʥʠʯʝʩʢʦʡ ʘʩʩʦʮʠʘʮʠʠ 

ʙʣʘʛʦʧʨʠʷʪʥʳ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʧʠʣʠʪʠʟʠʨʦʚʘʥʥʳʭ ʧʦʨʦʜ ʠ ʣʦʢʘʣʠʟʘʮʠʠ 

ʞʠʣʴʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʜʫʢʪʠʚʥʘʷ ʬʦʨʤʘʮʠʷ ï ʨʠʦʣʠʪ-ʪʨʘʭʠʨʠʦʣʠʪʦʚʘʷ 

(ʣʝʫʨʚʘʘʤʩʢʠʡ ʚʫʣʢʘʥʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ); ʜʘʮʠʪ-ʨʠʦʣʠʪʦʚʘʷ (ʘʤʛʝʥʴʩʢʠʡ 

ʚʫʣʢʘʥʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ). ʈʫʜʦʚʤʝʱʘʶʱʠʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʷʚʣʷʶʪʩʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʡ ʜʘʮʠʪ-ʨʠʦʣʠʪʦʚʦʡ ʬʦʨʤʘʮʠʠ (ʘʤʛʝʥʴʩʢʠʡ 

ʚʫʣʢʘʥʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ); ʦʙʨʘʟʦʚʘʥʠʷ ʘʥʜʝʟʠʪ-ʪʨʘʭʠʘʥʜʝʟʠʪʦʚʦʡ ʬʦʨʤʘʮʠʠ 

(ʵʢʠʪʳʢʠʥʩʢʠʡ ʚʫʣʢʘʥʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ).  

4.2. ʇʦʠʩʢʦʚʳʝ ʧʨʠʟʥʘʢʠ 

ɻʣʘʚʥʳʝ ʧʨʷʤʳʝ ʧʦʠʩʢʦʚʳʝ ʧʨʠʟʥʘʢʠ ï ʵʪʦ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʨʝʦʣʳ ʠ 

ʧʦʪʦʢʠ. ʀʟ ʢʦʩʚʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʛʝʦʬʠʟʠʯʝʩʢʠʝ 

ʜʘʥʥʳʝ ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ ʠʟʤʝʥʝʥʥʳʝ ʧʦʨʦʜʳ [ɻʦʣʜʳʨʝʚ, 2022]. 

ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʦʨʝʦʣʳ ʠ ʧʦʪʦʢʠ 

ɿʦʣʦʪʦʥʦʩʥʳʝ ʟʦʥʳ ɺʘʣʫʥʠʩʪʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʧʦ 

ʚʳʩʦʢʦʢʦʥʪʨʘʩʪʥʳʤ ʘʥʦʤʘʣʠʷʤ ʟʦʣʦʪʘ, ʩʝʨʝʙʨʘ ʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ-ʩʧʫʪʥʠʢʦʚ 

ʟʦʣʦʪʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʣʠʪʦʭʠʤʠʯʝʩʢʠʭ ʧʦʠʩʢʦʚ ʧʦ ʚʪʦʨʠʯʥʳʤ 

ʦʨʝʦʣʘʤ ʨʘʩʩʝʷʥʠʷ ʤʘʩʰʪʘʙʘ 1:25 000 (ʉ.ɹ. ʄʘʪʚʝʝʚ, 1981). 

ɸʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦʣʷ (ʨʠʩ. 33), ʘ ʪʘʢʞʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ 

ʧʦʯʚʝʥʥʳʭ ʘʥʦʤʘʣʠʡ ʟʦʣʦʪʘ ʠ ʵʣʝʤʝʥʪʦʚ-ʩʧʫʪʥʠʢʦʚ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʨʫʜʥʳʭ 

ʪʝʣ ʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʟʦʣʦʪʘ ʚ ʰʪʫʬʥʳʭ ʧʨʦʙʘʭ ʠ ʩ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ ʩʢʚʘʞʠʥ 

ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

- ʇʨʦʷʚʣʝʥʠʷ ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʦʡ ʬʦʨʤʘʮʠʠ ʚ ʛʝʦʭʠʤʠʯʝʩʢʦʤ ʧʦʣʝ 

ʧʨʦʷʚʣʷʶʪʩʷ ʚʪʦʨʠʯʥʳʤʠ ʦʨʝʦʣʘʤʠ ʩʨʝʜʥʝʡ ʠ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. ɼʣʷ 

ʩʝʨʝʙʨʘ ï ʵʪʦ ʦʨʝʦʣʳ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʙʦʣʝʝ 0,3 ʛ/ʪ, ʟʦʣʦʪʘ ʙʦʣʝʝ 0,005 ʛ/ʪ, 

ʤʳʰʴʷʢʘ ʙʦʣʝʝ 0,003 %, ʤʦʣʠʙʜʝʥʘ ʙʦʣʝʝ 0,0005%, ʚʠʩʤʫʪʘ ʙʦʣʝʝ 0,0006%. 

- ʇʨʦʩʪʠʨʘʥʠʝ ʙʦʣʴʰʠʥʩʪʚʘ ʘʥʦʤʘʣʠʡ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʝ. 
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ʈʠʩ.  33. ɺʪʦʨʠʯʥʳʝ (ʧʦʯʚʝʥʥʳʝ) ʘʥʦʤʘʣʠʠ ʟʦʣʦʪʘ, ʩʝʨʝʙʨʘ, ʩʚʠʥʮʘ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʝ 

ʟʦʥʳ ɺʘʣʫʥʠʩʪʦʛʦ ʨʫʜʥʦʛʦ ʫʟʣʘ (ʧʦ ʜʘʥʥʳʤ ʄʘʪʚʝʝʚ ʉ.ɹ. ʠ ʜʨ., 1981; ʏʠʪʘʣʠʥ ɸ.ʌ. ʠ 

ʜʨ., 2014) 
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- ʇʨʦʩʪʠʨʘʥʠʝ ʤʥʦʛʠʭ ʨʫʜʥʳʭ ʪʝʣ ʠ ʢʚʘʨʮʝʚʳʭ ʞʠʣ ʚ ʢʦʥʪʫʨʘʭ ʦʪʜʝʣʴʥʳʭ 

ʢʨʫʧʥʳʭ ʘʥʦʤʘʣʠʡ ʯʘʩʪʦ ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ ʧʨʦʩʪʠʨʘʥʠʝ ʣʦʢʘʣʴʥʳʭ ʘʥʦʤʘʣʠʡ. 

ɾʠʣʳ ʟʘʥʠʤʘʶʪ ʧʨʦʜʦʣʴʥʦʝ ʠʣʠ ʩʝʢʫʱʝʝ ʧʦʣʦʞʝʥʠʝ ʢ ʘʥʦʤʘʣʠʷʤ. ʕʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʚ ʮʝʣʦʤ ʩʪʨʫʢʪʫʨʥʳʭ ʧʣʘʥʦʚ ʩʦʙʩʪʚʝʥʥʦ 

ʢʚʘʨʮʝʚʳʭ ʞʠʣ ʠ ʩʦʙʩʪʚʝʥʥʦ ʟʦʣʦʪʦʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʥʘ ʠʭ 

ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʨʘʟʥʦʚʦʟʨʘʩʪʥʦʩʪʴ. 

- ʂʚʘʨʮʝʚʳʝ ʞʠʣʳ ʠʣʠ ʠʭ ʬʨʘʛʤʝʥʪʳ, ʥʝ ʩʦʜʝʨʞʘʱʠʝ ʟʦʣʦʪʘ ʠʣʠ ʩʣʘʙʦ 

ʟʦʣʦʪʦʥʦʩʥʳʝ ʧʦ ʜʘʥʥʳʤ ʨʘʟʚʝʜʢʠ, ʥʘʭʦʜʷʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʟʘ ʧʨʝʜʝʣʘʤʠ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ (ʟʦʥʘ ʊʠʭʘʷ, ʇʦʣʦʛʘʷ-ɻʨʠʙʥʘʷ, ʃʝʚʦʙʝʨʝʞʥʘʷ, ʶʞʥʳʝ 

ʬʣʘʥʛʠ ʨʫʜʥʳʭ ʪʝʣ ʟʦʥʳ ʅʦʚʘʷ). ʆʜʥʘʢʦ, ʧʦ ʨʷʜʫ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʚ ʥʝʢʦʪʦʨʳʭ ʞʠʣʘʭ, ʧʫʩʪʳʭ ʩ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ ʟʦʣʦʪʦ ʥʘ ʛʣʫʙʠʥʝ. 

- ɺʩʝ ʧʦʠʩʢʦʚʳʝ ʩʢʚʘʞʠʥʳ, ʧʨʦʙʫʨʝʥʥʳʝ ʟʘ ʧʨʝʜʝʣʘʤʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʘʥʦʤʘʣʠʡ, ʦʢʘʟʘʣʠʩʴ ʧʫʩʪʳʤʠ ʠʣʠ ʥʝ ʚʳʷʚʠʣʠ ʟʥʘʯʠʤʦʡ ʨʫʜʥʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ. 

- ɺ ʢʦʥʪʫʨʘʭ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʘʥʦʤʘʣʠʡ ʥʘ ʜʥʝʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʝ ʚʳʷʚʣʝʥʳ ʟʦʣʦʪʦʥʦʩʥʳʝ ʞʠʣʳ, ʥʦ ʧʦ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʤ 

ʜʘʥʥʳʤ ʥʘ ʛʣʫʙʠʥʝ ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ ʩʣʝʧʘʷ Au-Ag ʨʫʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ. 

- ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʣʠʥʝʡʥʳʭ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʟʦʥ, ʢʦʪʦʨʳʝ, ʚʝʨʦʷʪʥʦ, ʦʪʨʘʞʘʶʪ ʩʪʨʫʢʪʫʨʥʳʡ ʧʣʘʥ ʨʫʜʥʦʛʦ 

ʵʪʘʧʘ ï ʥʘʧʨʘʚʣʝʥʠʝ ʟʦʥ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. ʇʨʦʩʪʠʨʘʥʠʝ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʟʦʥ ʩʦʚʧʘʜʘʝʪ ʩ ʧʨʦʩʪʠʨʘʥʠʝʤ ʥʝʢʦʪʦʨʳʭ ʩʜʚʠʛʦʚ [ʏʠʪʘʣʠʥ ʠ 

ʜʨ., 2016]. ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʟʦʥʳ ʠʤʝʶʪ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʝ, ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʝ ʠ 

ʩʫʙʰʠʨʦʪʥʦʝ ʧʨʦʩʪʠʨʘʥʠʝ. ʇʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʩʷʤ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʟʦʥ 

ʣʦʢʘʣʴʥʳʝ ʘʥʦʤʘʣʠʠ ʷʚʣʷʶʪʩʷ ʧʨʦʜʦʣʴʥʳʤʠ, ʧʦʧʝʨʝʯʥʳʤʠ ʠ ʜʠʘʛʦʥʘʣʴʥʳʤʠ, 

ʯʘʩʪʦ ʢʫʣʠʩʥʳʤʠ. 

 - ʇʦʯʪʠ ʚʩʝ ʰʪʫʬʥʳʝ ʧʨʦʙʳ ʩ ʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʟʦʣʦʪʘ ʠ ʥʘʠʙʦʣʝʝ 

ʧʨʦʜʫʢʪʠʚʥʳʝ ʩʢʚʘʞʠʥʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ. 
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- ɺʳʜʝʣʝʥʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʟʦʥʳ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʦʠʩʢʦʚʳʝ 

ʢʦʨʠʜʦʨʳ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦ ʦʙʥʘʨʫʞʝʥʠʝ ʟʦʣʦʪʦ-

ʩʝʨʝʙʨʷʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚ ʢʚʘʨʮʝʚʳʭ ʞʠʣʘʭ ʠ ʰʪʦʢʚʝʨʢʘʭ - ʢʘʢ ʥʘ ʜʥʝʚʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʪʘʢ ʠ ʚ ʩʣʝʧʦʤ ʟʘʣʝʛʘʥʠʠ ʥʘ ʛʣʫʙʠʥʝ. 

ɻʝʦʬʠʟʠʯʝʩʢʠʝ ʜʘʥʥʳʝ 

ɺ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʦʣʷʭ ʨʫʜʥʳʝ ʟʦʥʳ ʚʳʜʝʣʷʶʪʩʷ ʟʦʥʘʤʠ ʧʦʚʳʰʝʥʥʳʭ 

ʩʦʧʨʦʪʠʚʣʝʥʠʡ, ʩʣʘʙʦ ʚʳʨʘʞʝʥʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ ɽʇ. ɺ ʧʦʣʝ ʢʘʞʫʱʠʭʩʷ 

ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʚʳʜʝʣʷʶʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʣʠʥʝʡʥʳʝ ʘʥʦʤʘʣʠʠ ʚʳʩʦʢʠʭ 

ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ. ʆʥʠ ʠʥʪʝʨʧʨʝʪʠʨʫʶʪʩʷ ʢʘʢ 

ʞʠʣʴʥʦ-ʧʨʦʞʠʣʢʦʚʳʝ ʟʦʥʳ ʠ (ʠʣʠ) ʫʯʘʩʪʢʠ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʛʦ ʦʢʚʘʨʮʝʚʘʥʠʷ.  

ɹʦʣʝʝ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳ ʜʘʥʥʳʝ ʤʘʛʥʠʪʦʨʘʟʚʝʜʢʠ, ʢʨʫʧʥʳʝ ʨʘʟʨʳʚʥʳʝ 

ʥʘʨʫʰʝʥʠʷ ʦʙʳʯʥʦ ʚʳʨʘʞʝʥʳ ʯʝʪʢʠʤʠ ʟʦʥʘʤʠ ʛʨʘʜʠʝʥʪʦʚ. ʄʥʦʛʠʝ ʣʦʢʘʣʴʥʳʝ 

ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʘʥʦʤʘʣʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʫʯʘʩʪʢʘʤ ʢʚʘʨʮ-

ʩʝʨʠʮʠʪʦʚʦʛʦ ʤʝʪʘʩʦʤʘʪʦʟʘ ʠ ʘʨʛʠʣʣʠʟʘʮʠʠ. ʃʠʥʝʡʥʳʝ ʤʘʛʥʠʪʥʳʝ ʤʠʥʠʤʫʤʳ 

ʩʦʧʨʦʚʦʞʜʘʶʪ ʥʝʢʦʪʦʨʳʝ ʨʘʟʣʦʤʳ. ɺʘʣʫʥʠʩʪʳʡ ʨʫʜʥʳʡ ʫʟʝʣ ʚʳʜʝʣʷʝʪʩʷ 

ʧʣʦʱʘʜʥʦʡ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʘʥʦʤʘʣʠʝʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

(ʨʠʩ. 34).  

ʅʘʣʠʯʠʝ ʜʘʝʢ ʘʥʜʝʟʠʪʦʚ ʠ ʙʘʟʘʣʴʪʦʚ ʚ ʨʫʜʥʳʭ ʟʦʥʘʭ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʷʪʴ 

ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʠʝ ʩʪʨʫʢʪʫʨʳ ʢʘʢ ʧʦ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʳʤ ʧʠʢʘʤ ʚ ʤʘʛʥʠʪʥʦʤ 

ʧʦʣʝ, ʪʘʢ ʠ ʚʠʟʫʘʣʴʥʦ ʧʦ ʥʘʣʠʯʠʶ ʪʝʤʥʳʭ ʦʙʣʦʤʢʦʚ ʚ ʧʦʣʝ ʩʚʝʪʣʳʭ 

ʤʝʪʘʩʦʤʘʪʠʪʦʚ. ʀʩʪʦʨʠʯʝʩʢʠʡ ʬʘʢʪ ï ʨʫʜʥʦʝ ʪʝʣʦ ˉ 1 ʥʘ ɺʘʣʫʥʠʩʪʦʤ ʨʫʜʥʦʤ 

ʧʦʣʝ ʚʳʜʝʣʝʥʦ ʠʤʝʥʥʦ ʧʦ ʥʘʣʠʯʠʶ ʨʘʟʚʘʣʦʚ ʙʘʟʘʣʴʪʦʚ ʚ ʧʦʣʝ ʤʝʪʘʩʦʤʘʪʠʪʦʚ. 

ɼʣʷ ʟʘʚʝʨʢʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ ʢʘʥʘʚʘʤʠ ʠʣʠ ʙʫʨʝʥʠʝʤ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʥʫʞʥʦ ʚʳʙʠʨʘʪʴ ʪʝ ʘʥʦʤʘʣʠʠ, ʢʦʪʦʨʳʝ ʩʦʚʧʘʜʘʶʪ ʩ ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ 

ʘʥʦʤʘʣʠʷʤʠ ʠ (ʠʣʠ) ʩ ʫʯʘʩʪʢʘʤʠ ʚʠʜʠʤʦʛʦ ʤʝʪʘʩʦʤʘʪʦʟʘ ʠ ʨʘʟʚʠʪʠʷ ʞʠʣʴʥʦ-

ʧʨʦʞʠʣʢʦʚʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ. ʆʜʥʘʢʦ, ʥʝʢʦʪʦʨʳʝ ʘʥʦʤʘʣʠʠ ʚʳʩʦʢʠʭ 

ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʤʦʛʫʪ ʦʪʨʘʞʘʪʴ ʢʚʘʨʮʝʚʳʝ ʞʠʣʳ ʠ ʰʪʦʢʚʝʨʢʠ, ʥʝ ʚʳʭʦʜʷʱʠʝ ʥʘ 

ʜʥʝʚʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ.  
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ʈʠʩ.  34. ʂʘʨʪʘ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ ɺʘʣʫʥʠʩʪʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʠ ʠʭ 

ʩʦʦʪʥʦʰʝʥʠʷ ʩ ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʘʥʦʤʘʣʠʷʤʠ ʠ ʫʯʘʩʪʢʘʤʠ ʚʳʩʦʢʠʭ ʩʦʜʝʨʞʘʥʠʡ ʟʦʣʦʪʘ 

ʚ ʰʪʫʬʥʳʭ ʧʨʦʙʘʭ (ʧʦ ʜʘʥʥʳʤ ʆʆʆ çʉʝʚʝʨʦ-ɿʘʧʘʜè, 2010; ʏʠʪʘʣʠʥ ɸ.ʌ. ʠ ʜʨ., 2014) 
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ɻʠʜʨʦʪʝʨʤʘʣʴʥʦ ʠʟʤʝʥʝʥʥʳʝ ʧʦʨʦʜʳ 

ʂʦʩʚʝʥʥʳʤ ʧʦʠʩʢʦʚʳʤ ʧʨʠʟʥʘʢʦʤ ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ  ʩʣʫʞʘʪ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ ʠʟʤʝʥʝʥʥʳʝ ʧʦʨʦʜʳ ï ʧʨʦʧʠʣʠʪʳ, ʘʨʛʠʣʣʠʟʠʪʳ, ʚʪʦʨʠʯʥʳʝ 

ʢʚʘʨʮʠʪʳ, ʚ ʢʦʪʦʨʳʭ ʣʦʢʘʣʠʟʦʚʘʥʳ ʞʠʣʳ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ. ʅʘʠʙʦʣʝʝ 

ʧʨʦʜʫʢʪʠʚʥʳʝ ʨʫʜʥʳʝ ʪʝʣʘ ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʡ 

ʢʦʣʦʥʢʠ ï ʩʨʝʜʠ ʚʪʦʨʠʯʥʳʭ ʢʚʘʨʮʠʪʦʚ ʠ ʘʨʛʠʣʣʠʟʠʪʦʚ. 

ʇʦ ʩʦʩʪʘʚʫ ʞʠʣʳ ʢʚʘʨʮʝʚʳʝ ʠ ʘʜʫʣʷʨ-ʢʚʘʨʮʝʚʳʝ, ʧʦʣʝʚʦʰʧʘʪ-ʭʣʦʨʠʪ-

ʢʚʘʨʮʝʚʳʝ ʠ ʢʘʨʙʦʥʘʪ-ʢʚʘʨʮʝʚʳʝ. ʇʦʣʝʚʦʰʧʘʪ-ʭʣʦʨʠʪ-ʢʚʘʨʮʝʚʳʝ ʞʠʣʳ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʥʘ ʙʦʣʝʝ ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʘʭ ʨʫʜʥʳʭ ʪʝʣ, ʘ ʢʘʨʙʦʥʘʪ-

ʢʚʘʨʮʝʚʳʝ ʞʠʣʳ ʩ ʛʠʧʩʦʤ, ʮʝʦʣʠʪʘʤʠ ʠ ʬʣʶʦʨʠʪʦʤ ʪʠʧʠʯʥʳ ʜʣʷ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 

ʞʠʣʴʥʦʛʦ ʪʝʣʘ ʠ ʷʚʣʷʶʪʩʷ ʧʦʢʘʟʘʪʝʣʝʤ ʫʨʦʚʥʷ ʵʨʦʟʠʦʥʥʦʛʦ ʩʨʝʟʘ. ɿʦʣʦʪʦ-

ʩʝʨʝʙʨʷʥʦʝ ʦʨʫʜʝʥʝʥʠʝ, ʚ ʙʦʣʴʰʝʡ ʯʘʩʪʠ, ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʚ ʞʠʣʘʭ. ɺ ʤʝʥʴʰʝʡ 

ʤʝʨʝ ʦʪʤʝʯʘʝʪʩʷ ʚ ʦʢʦʣʦʞʠʣʴʥʳʭ ʤʝʪʘʩʦʤʘʪʠʪʘʭ, ʭʦʪʷ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʨʫʜʝʥʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʚ ʞʠʣʘʭ. ʈʫʜʦʥʦʩʥʳʝ 

ʤʝʪʘʩʦʤʘʪʠʪʳ ʯʘʱʝ ʚʩʪʨʝʯʘʶʪʩʷ ʥʘ ʙʦʣʝʝ ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʘʭ ʦʪʨʘʙʦʪʢʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʥʘ ʫʨʦʚʥʝ ʨʘʟʚʠʪʠʷ ʧʦʣʝʚʦʰʧʘʪ-ʭʣʦʨʠʪ-ʢʚʘʨʮʝʚʳʭ ʞʠʣ. 

ɺʝʨʪʠʢʘʣʴʥʳʡ ʨʘʟʤʘʭ ʦʨʫʜʝʥʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ɺʘʣʫʥʠʩʪʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʙʦʣʝʝ 

300 ʤ. 

ɸʨʛʠʣʣʠʟʠʪʦʚʳʝ çʰʣʷʧʳè. ʆʩʦʙʦʝ ʤʝʩʪʦ ʩʨʝʜʠ ʥʘʣʦʞʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ 

ʟʘʥʠʤʘʶʪ ʭʦʨʦʰʦ ʟʘʤʝʪʥʳʝ ʧʨʠ ʧʦʣʝʚʳʭ ʥʘʙʣʶʜʝʥʠʷʭ, ʪʘʢ ʠ ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ 

ʩʥʠʤʢʘʭ ʫʯʘʩʪʢʠ ʨʘʟʚʠʪʠʷ ʩʠʣʴʥʦ ʦʞʝʣʝʟʥʝʥʥʳʭ (ʘʣʳʭ) ʛʣʠʥʠʩʪʳʭ ʧʦʯʚ (ʨʠʩ. 

35, 36). 

ʈʠʩ.  35. ɸʨʛʠʣʣʠʟʠʪʦʚʳʝ ʰʣʷʧʳ, ʨʫʜʦʧʨʦʷʚʣʝʥʠʝ ʐʘʭ. ɺʠʜ ʥʘ ʚʦʩʪʦʯʥʫʶ ʯʘʩʪʴ ʩ 

ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ. ʅʘ ʧʝʨʝʜʥʝʤ ʧʣʘʥʝ ï ʦʟʝʨʦ çʉʝʨʜʮʝè 
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ʈʠʩ.  36. ʂʦʩʤʦʩʥʠʤʦʢ (ESRI.ArcGIS.Imagery) ʥʘ ʚʦʩʪʦʯʥʫʶ ʯʘʩʪʴ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ 

ʐʘʭ. ʈʳʞʝʝ (ʦʙʱʠʡ ʚʠʜ ʥʘ ʨʠʩ. 36) ï ʘʨʛʠʣʣʠʟʠʪʦʚʳʝ ʰʣʷʧʳ. 

 

ʆʥʠ ʚʩʪʨʝʯʘʶʪʩʷ ʥʘ ʤʥʦʛʠʭ ʩʣʘʙʦʵʨʦʜʠʨʦʚʘʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ 

ʚʫʣʢʘʥʦʛʝʥʥʳʭ ʧʦʷʩʦʚ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘʜʨʫʜʥʳʤʠ ʟʦʥʘʤʠ 

ʘʨʛʠʣʣʠʟʠʨʦʚʘʥʥʳʭ ʧʦʨʦʜ [Cook et. al., 2005, Silitoe, 2010]. ʕʪʠ ʟʦʥʳ ʠʤʝʶʪ 

ʛʠʜʨʦʩʣʶʜʠʩʪʦ-ʢʘʦʣʠʥʠʪʦʚʳʡ ʩʦʩʪʘʚ. ʅʘ ʬʦʨʤʠʨʦʚʘʥʠʝ çʰʣʷʧè ʦʢʘʟʳʚʘʶʪ 

ʚʣʠʷʥʠʝ ʵʢʟʦʛʝʥʥʳʝ ʠ ʵʥʜʦʛʝʥʥʳʝ ʬʘʢʪʦʨʳ, ʧʦʵʪʦʤʫ ʚʦʧʨʦʩ ʨʘʟʣʠʯʠʷ 

ʢʘʦʣʠʥʠʪʦʚ ʢʦʨ ʚʳʚʝʪʨʠʚʘʥʠʷ ʦʪ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ 

ʜʠʩʢʫʩʩʠʦʥʥʳʤ ʠ ʥʝ ʠʤʝʝʪ ʝʜʠʥʦʛʦ ʧʦʜʭʦʜʘ. ɸʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʠ ʚʦʧʨʦʩ 

ʩʚʷʟʠ çʰʣʷʧè ʠ ʦʨʫʜʝʥʝʥʠʷ ʚʫʣʢʘʥʦʛʝʥʥʳʭ ʧʦʷʩʦʚ [ɹʝʣʦʫʩʦʚ ʠ ʜʨ., 2020; 

ɺʦʣʢʦʚ ʠ ʜʨ., 2020ʙ; ɺʦʣʦʩʘʪʳʭ, ʄʠʭʘʡʣʦʚʘ, 2011; ɻʦʣʜʳʨʝʚ ʠ ʜʨ., 2022ʚ].  

çʐʣʷʧʳè ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʫʯʘʩʪʢʘʤ ʚʳʨʦʚʥʝʥʥʦʛʦ, ʩʛʣʘʞʝʥʥʦʛʦ ʨʝʣʴʝʬʘ; 

ʟʘʥʠʤʘʶʪ ʩʨʝʜʥʝʝ ʧʦʣʦʞʝʥʠʝ ʧʦ ʚʳʩʦʪʝ, ʦʪʩʫʪʩʪʚʫʷ ʢʘʢ ʚ ʛʣʫʙʦʢʠʭ ʚʨʝʟʘʭ, ʪʘʢ 

ʠ ʥʘ ʚʝʨʰʠʥʘʭ, ʩʣʦʞʝʥʥʳʤʠ ʙʘʟʘʣʴʪʘʤʠ. ʆʩʥʦʚʥʦʡ ʵʪʘʧ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʨ 

ʚʳʚʝʪʨʠʚʘʥʠʷ ʨʘʡʦʥʘ ʤʦʛ ʧʨʠʭʦʜʠʪʴʩʷ ʥʘ ʢʦʥʝʮ ʤʝʣʦʚʦʛʦ ʧʝʨʠʦʜʘ ï ʥʘʯʘʣʦ 

ʧʘʣʝʦʛʝʥʘ, ʢʦʛʜʘ ʚ ʨʝʛʠʦʥʝ ʛʦʩʧʦʜʩʪʚʦʚʘʣ ʪʝʧʣʳʡ, ʙʣʠʟʢʠʡ ʢ ʩʫʙʪʨʦʧʠʯʝʩʢʦʤʫ 
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ʢʣʠʤʘʪ [ʂʨʘʩʥʳʡ ʠ ʜʨ., 1984]. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʦʟʜʥʝʤʝʣʦʚʳʝ ʧʣʘʪʦʙʘʟʘʣʴʪʳ 

ʷʚʣʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʦʩʪʨʫʜʥʳʤʠ, ʥʦ ʠ çʧʦʩʪʜʝʥʫʜʘʮʠʦʥʥʳʤʠè. 

ʈʘʟʨʝʟ çʰʣʷʧè (ʨʠʩ. 37-ʚ) ʪʠʧʠʯʝʥ ʜʣʷ ʢʦʨ ʚʳʚʝʪʨʠʚʘʥʠʷ ʧʦ 

ʩʫʣʴʬʠʜʠʟʠʨʦʚʘʥʥʳʤ ʚʫʣʢʘʥʠʪʘʤ. ʉʣʦʡ ʟʦʥʳ ʦʢʠʩʣʝʥʠʷ ʠʤʝʝʪ ʤʦʱʥʦʩʪʴ ʥʝ 

ʙʦʣʝʝ ʧʝʨʚʳʭ ʜʝʩʷʪʢʦʚ ʩʘʥʪʠʤʝʪʨʦʚ, ʥʠʞʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʛʣʠʥʠʩʪʦ-ʱʝʙʝʥʠʩʪʳʝ 

ʙʝʣʳʝ ʢʘʦʣʠʥʠʟʠʨʦʚʘʥʥʳʝ ʧʦʨʦʜʳ ʩ ʯʘʩʪʠʯʥʦ ʦʢʠʩʣʝʥʥʳʤ ʧʠʨʠʪʦʤ. 

ʂʦʣʠʯʝʩʪʚʦ ʛʣʠʥʳ ʚʥʠʟ ʧʦ ʨʘʟʨʝʟʫ ʫʙʳʚʘʝʪ, ʧʦʨʦʜʳ ʧʝʨʝʭʦʜʷʪ ʚ ʧʣʦʪʥʳʝ 

ʘʨʛʠʣʣʠʟʠʨʦʚʘʥʥʳʝ ʚʫʣʢʘʥʠʪʳ. ɺʩʝ ʵʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, 

ʯʪʦ ʦʧʠʩʘʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʢʦʨʘʤʠ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʤʠ 

ʧʦ ʨʘʥʝʝ ʘʨʛʠʣʣʠʟʠʨʦʚʘʥʥʳʤ ʚʫʣʢʘʥʠʪʘʤ ʚ ʧʝʨʠʦʜ ʯʘʩʪʠʯʥʦʡ ʧʝʥʝʧʣʝʥʠʟʘʮʠʠ 

ʪʝʨʨʠʪʦʨʠʠ. 

ɸʨʛʠʣʣʠʟʠʪʦʚʳʝ çʰʣʷʧʳè ʨʘʟʚʠʪʳ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ɺʘʣʫʥʠʩʪʦʝ ʠ 

ɻʦʨʥʦʝ [ɻʦʣʜʳʨʝʚ, 2022; ɻʦʣʜʳʨʝʚ ʠ ʜʨ., 2022ʙ], ʘ ʪʘʢʞʝ ʥʘ ʤʥʦʛʠʭ 

ʨʫʜʦʧʨʦʷʚʣʝʥʠʷʭ (ʨʠʩ. 37). ʊʘʢ, ʥʘ ʨʫʜʦʧʨʦʷʚʣʝʥʠʠ ʂʨʝʤʦʚʦʝ ʦʥʠ ʟʘʣʝʛʘʶʪ ʚ 

ʧʨʠʢʦʥʪʘʢʪʦʚʦʡ ʟʦʥʝ ʨʫʜʦʥʦʩʥʳʭ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ 

ʣʝʫʨʚʘʘʤʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʣʝʚʳʭ ʨʘʙʦʪ (ɺ.ɺ. ʃʝʙʝʜʝʚ, 2021) 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʚ ʤʝʩʪʘʭ ʨʘʟʚʠʪʠʷ ʦʞʝʣʝʟʥʝʥʥʳʭ ʧʦʨʦʜ ʥʘʭʦʜʷʪʩʷ 

ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ ʟʦʣʦʪʘ ʠ ʩʝʨʝʙʨʘ, ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʰʪʫʬʥʳʭ 

ʧʨʦʙ ʩ ʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ ʚʳʭʦʜʳ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, çʰʣʷʧʳè ʥʝ ʷʚʣʷʶʪʩʷ 

ʨʫʜʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ. 

ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʥʘʤʠ  [ɻʦʣʜʳʨʝʚ ʠ ʜʨ., 

2022ʚ] ʥʘ ʵʧʠʪʝʨʤʘʣʴʥʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʂʫʤʨʦʯ [ʂʘʣʠʥʠʥ ʠ ʜʨ., 2023] 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʟʦʣʦʪʦ ʘʨʛʠʣʣʠʟʠʪʦʚʳʭ çʰʣʷʧè ʠʤʝʝʪ ʦʪʣʠʯʠʷ ʦʪ ʟʦʣʦʪʘ 

ʥʝʠʟʤʝʥʝʥʥʳʭ ʧʦʨʦʜ (ʨʠʩ. 38): 1) ʬʦʨʤʘ ʚʳʜʝʣʝʥʠʡ  ï ʥʘʭʦʜʠʪʩʷ ʚ ʚʠʜʝ 

ʩʨʦʩʪʢʦʚ, ʧʦʢʨʳʪʦ ʧʣʝʥʢʘʤʠ, ʟʘʢʣʶʯʝʥʦ ʚ ʘʛʨʝʛʘʪʳ ʜʨʫʛʠʭ ʤʠʥʝʨʘʣʦʚ; 2) 

ʨʘʟʤʝʨ ï 0,1-0,5 ʤʤ, ʢʨʫʧʥʝʝ ʟʦʣʦʪʠʥ ʥʝʠʟʤʝʥʝʥʥʳʭ ʧʦʨʦʜ, ʪʘʢ ʢʘʢ ʦʙʨʘʟʫʶʪ 

ʘʛʨʝʛʘʪʳ; 3) ʧʨʦʙʥʦʩʪʴ ï 505-818ă, ʤʝʥʴʰʝ, ʯʝʤ ʫ ʟʦʣʦʪʠʥ ʥʝʠʟʤʝʥʝʥʥʳʭ 

ʧʦʨʦʜ (ʙʦʣʝʝ 814ă, ʢʘʢ ʧʨʘʚʠʣʦ, 970-990ă); 4) ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ï ʧʦʩʪʦʷʥʥʦ 
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ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʨʠʤʝʩʠ  Cu (ʜʦ 61,15%), Zn (ʜʦ 14,83%), Ag (ʜʦ 17,52%), Hg (ʜʦ 

1,22%), Pb (ʜʦ 1,71%); 5) ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʦʪʘ ʚ ʧʦʨʦʜʝ ï ʘʨʛʠʣʣʠʟʠʨʦʚʘʥʥʳʝ 

ʚʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ ʩʦʜʝʨʞʘʪ ʟʦʣʦʪʦ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ (0,01 ï 0,5 

ʛ/ʪ), ʚ ʢʚʘʨʮʝʚʳʭ ʞʠʣʘʭ ʩʦʜʝʨʞʘʥʠʝ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 728,8 ʛ/ʪ. 

 

ʈʠʩ.  37. ɸʨʛʠʣʣʠʟʠʪʦʚʳʝ çʰʣʷʧʳè ɺʘʣʫʥʠʩʪʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ: ʘ, ʙ ï

ʤʝʩʪʦʨʦʞʜʝʥʠʝ ɺʘʣʫʥʠʩʪʦʝ, ʚ ï ʨʘʟʨʝʟ (ʤʝʩʪʦʨʦʞʜʝʥʠʝ ɻʦʨʥʦʝ) 

 

ʆʪʣʠʯʠʝ ʟʦʣʦʪʘ ʘʨʛʠʣʠʟʠʨʦʚʘʥʥʳʭ ʧʦʨʦʜ ʦʙʫʩʣʦʚʣʝʥʦ ʢʘʢ ʵʥʜʦʛʝʥʥʳʤʠ, 

ʪʘʢ ʠ ʵʢʟʦʛʝʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ. ɺʭʦʞʜʝʥʠʝ ʤʘʢʨʦʧʨʠʤʝʩʝʡ ʚ ʩʦʩʪʘʚ ʟʦʣʦʪʘ 

ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʟʘʭʚʘʪʦʤ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ, ʥʝ ʫʩʧʝʚʰʠʭ 

ʩʬʦʨʤʠʨʦʚʘʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʤʠʥʝʨʘʣʴʥʳʝ ʬʘʟʳ, ʧʦ ʧʨʠʯʠʥʝ ʨʝʟʢʦ ʛʨʘʜʠʝʥʪʥʦʛʦ 

ʨʝʞʠʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʫʩʣʦʚʠʷʭ 

[ʉʘʚʚʘ, 2018]. ʆʜʥʘʢʦ ʦʙʨʘʟʦʚʘʥʠʝ ʧʣʝʥʦʢ ʠ ʢʘʡʤ ʜʨʫʛʠʭ ʤʠʥʝʨʘʣʦʚ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʣʦʪʠʥ ʠ ʠʟʤʝʥʝʥʠʝ ʠʭ ʩʦʩʪʘʚʘ ʚʳʟʚʘʥʦ ʛʠʧʝʨʛʝʥʥʳʤʠ 

ʧʨʦʮʝʩʩʘʤʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʝʨʚʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ [ʅʘʫʤʦʚ ʠ ʜʨ., 2020]. 

ɺʩʝ ʵʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʦʧʠʩʘʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ 

ʷʚʣʷʶʪʩʷ ʢʦʨʘʤʠ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʤʠ ʧʦ ʨʘʥʝʝ 

ʘʨʛʠʣʣʠʟʠʨʦʚʘʥʥʳʤ ʚʫʣʢʘʥʠʪʘʤ ʚ ʧʝʨʠʦʜ ʯʘʩʪʠʯʥʦʡ ʧʝʥʝʧʣʝʥʠʟʘʮʠʠ 
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ʪʝʨʨʠʪʦʨʠʠ. çʐʣʷʧʳè ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʘʣʠʯʠʠ ʤʦʱʥʦʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ 

ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʨʫʜʥʦʡ, ʪʘʢ ʠ ʙʝʟʨʫʜʥʦʡ. ɼʘʥʥʳʝ ʥʘʙʣʶʜʝʥʠʷ 

ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʘʨʛʠʣʣʠʟʠʪʦʚʳʝ çʰʣʷʧʳè ʷʚʣʷʶʪʩʷ ʢʦʩʚʝʥʥʳʤ 

ʧʦʠʩʢʦʚʳʤ ʧʨʠʟʥʘʢʦʤ ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʭʦʨʦʰʦ 

ʟʘʤʝʪʥʳ ʧʨʠ ʧʦʣʝʚʳʭ ʥʘʙʣʶʜʝʥʠʷʭ, ʪʘʢ ʠ ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʘʭ, ʯʪʦ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ɼɿɿ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɺʈʈ. 

 

ʈʠʩ.  38. ɿʦʣʦʪʦ ʵʧʠʪʝʨʤʘʣʴʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʫʤʨʦʯ, ʂʘʤʯʘʪʢʘ (ʬʦʪʦ ʘʚʪʦʨʘ): 

ʘ ï ʟʦʣʦʪʠʥʳ ʠʟ ʜʠʦʨʠʪ-ʧʦʨʬʠʨʦʚ, ʙ ï ʟʦʣʦʪʠʥʳ ʠʟ ʢʚʘʨʮʝʚʳʭ ʞʠʣ, ʚ ʠ ʛ ï ʟʦʣʦʪʠʥʳ ʠʟ 

ʘʨʛʠʣʣʠʟʠʪʦʚʳʭ çʰʣʷʧè 

 

ʐʣʠʭʦʚʳʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʦʨʝʦʣʳ 

ʆʨʝʦʣʳ ʟʦʣʦʪʘ. ʊʦʥʢʦʜʠʩʧʝʨʩʥʦʝ ʩʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ, ʜʦʤʠʥʠʨʫʶʱʝʝ ʚ 

ʨʫʜʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʧʨʦʷʚʣʝʥʠʡ ɺʈʈ, ʚ ʵʢʟʦʛʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʣʝʛʢʦ 

ʧʝʨʝʭʦʜʠʪ ʚ ʨʘʩʪʚʦʨ ʠʣʠ ʤʠʛʨʠʨʫʝʪ ʚ ʢʦʣʣʦʠʜʥʦʡ ʬʦʨʤʝ [Aylmore, Muir, 2001]. 

ʆʩʦʙʝʥʥʦʩʪʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʤʘʣʦ- ʠ ʫʙʦʛʦʩʫʣʴʬʠʜʥʳʭ ʨʫʜ 

ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚ ʟʦʥʝ ʛʠʧʝʨʛʝʥʝʟʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʥʝʡʪʨʘʣʴʥʦ-ʱʝʣʦʯʥʳʭ ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʚʦʜ. ɺ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʟʦʣʦʪʦ ʚ 

ʦʩʥʦʚʥʦʡ ʩʚʦʝ ʤʘʩʩʝ ʦʩʪʘʝʪʩʷ ʠʥʝʨʪʥʳʤ, ʦʙʨʘʟʫʷ ʣʠʰʴ ʧʦʜʯʠʥʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʨʘʩʪʚʦʨʠʤʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʪʠʧʘ AuSī. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʣʷ ʟʦʥʳ 

ʛʠʧʝʨʛʝʥʝʟʘ ʤʘʣʦ- ʠ ʫʙʦʛʦʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʛʣʘʚʝʥʩʪʚʫʶʱʫʶ ʨʦʣʴ ʚ ʧʝʨʝʥʦʩʝ 

ʟʦʣʦʪʘ ʧʨʠʦʙʨʝʪʘʶʪ ʤʝʭʘʥʠʯʝʩʢʠʝ ʚʟʚʝʩʠ ʠ ʢʦʣʣʦʠʜʥʳʝ ʬʦʨʤʳ [ʇʦʣʷʢʦʚʘ ʠ 
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ʜʨ., 2018]. ɺ ʪʘʢʦʡ ʬʦʨʤʝ ʟʦʣʦʪʦ ʤʦʞʝʪ ʤʠʛʨʠʨʦʚʘʪʴ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʨʘʩʩʪʦʷʥʠʷ, ʥʝ ʦʙʨʘʟʫʷ ʣʦʢʘʣʴʥʳʭ ʧʦʚʳʰʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ. 

ɹʦʣʝʝ ʢʨʫʧʥʳʝ ʟʦʣʦʪʠʥʳ (ʪʦʥʢʦʟʝʨʥʠʩʪʳʝ ʠ ʢʨʫʧʥʝʝ), ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʤʳʚʘ ʢʦʨʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʤʠʛʨʠʨʫʶʪ ʚ ʚʠʜʝ ʚʟʚʝʩʠ ʠ 

ʦʩʘʞʜʘʶʪʩʷ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʙʘʨʴʝʨʘʭ. ɿʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʳʝ ʦʨʫʜʝʥʝʥʠʝ 

ʦʪʥʦʩʷʪʩʷ ʢ ʥʝʨʦʩʩʳʧʝʦʙʨʘʟʫʶʱʝʡ ʬʦʨʤʘʮʠʠ [ʐʠʣʦ, 2000]. ʅʝʩʤʦʪʨʷ ʥʘ 

ʜʘʥʥʳʡ ʬʘʢʪ, ʚ ʧʨʝʜʝʣʘʭ ɺʈʈ ʙʳʣʠ ʚʳʜʝʣʝʥʳ 12 ʰʣʠʭʦʚʳʭ ʦʨʝʦʣʦʚ ʠ 

ʥʝʧʨʦʤʳʰʣʝʥʥʘʷ ʨʦʩʩʳʧʴ. 

 ʈʦʩʩʳʧʴ ʨʫʯ. ɺʘʣʫʥʠʩʪʳʡ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪ ʇʘʚʣʦʚʘ ɸ.ɸ. ʠ ʜʨ. (1992 

ʛ.) ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʨʦʩʩʳʧʠ. ɼʣʠʥʘ ʨʦʩʩʳʧʠ ʩʦʩʪʘʚʣʷʝʪ 6,7 ʢʤ, 

ʰʠʨʠʥʘ ï 25-80 ʤ. ɿʦʣʦʪʦʥʦʩʥʳʡ ʧʣʘʩʪ ʙʳʣ ʚʩʢʨʳʪ ʯʝʪʳʨʴʤʷ ʰʫʨʬʦʚʦʯʥʳʤʠ 

ʣʠʥʠʷʤʠ. ʄʦʱʥʦʩʪʴ ʧʫʩʪʳʭ ʧʦʨʦʜ (ʪʦʨʬʦʚ) ʢʦʣʝʙʣʝʪʩʷ ʦʪ ʥʫʣʷ ʜʦ 1 ʤ, 

ʤʦʱʥʦʩʪʴ ʟʦʣʦʪʦʥʦʩʥʦʛʦ ʧʣʘʩʪʘ (ʧʝʩʢʦʚ) ʦʪ 0,4 ʜʦ 1,6 ʤ. ʉʦʜʝʨʞʘʥʠʝ ʟʦʣʦʪʘ ʚ 

ʧʣʘʩʪʝ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0,1 ʛ/ʤ
3
 ʜʦ 0,42 ʛ/ʤ

3
. ʇʣʦʪʠʢ ʨʦʩʩʳʧʠ ʩʣʦʞʝʥ ʪʫʬʘʤʠ 

ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ. ɿʦʣʦʪʦ ʤʝʣʢʦʝ ʠ ʧʳʣʝʚʠʜʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʩʣʘʙʦʦʢʘʪʘʥʥʦʝ. ʎʚʝʪ ʟʦʣʦʪʘ ʦʙʳʯʥʦ ʩʦʣʦʤʝʥʥʦ-ʞʝʣʪʳʡ, ʦʪ ʩʚʝʪʣʦʛʦ ʜʦ 

ʪʝʤʥʦʛʦ ʦʪʪʝʥʢʦʚ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʠʪʦʚʦʛʦ ʘʥʘʣʠʟʘ ʬʨʘʢʮʠʷ ʤʝʣʴʯʝ 0,25 ʤʤ 

ʩʦʩʪʘʚʣʷʝʪ 46,2%, 0,25-0,5ʤʤ  ï 48,9%, ʢʨʫʧʥʝʝ 0,5ʤʤ ï 4,9%. ʇʨʦʙʥʦʩʪʴ ʟʦʣʦʪʘ 

ʩʦʩʪʘʚʣʷʝʪ 573,8ă. ʍʠʤʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ ʰʣʠʭʦʚʦʛʦ ʟʦʣʦʪʘ ʠʟ ʨʦʩʩʳʧʠ 

ʫʩʪʘʥʦʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʙʣʘʛʦʨʦʜʥʳʭ ʵʣʝʤʝʥʪʦʚ: Au ï 52,85%, 

Ag ï 44,1%, ʯʪʦ ʚ ʮʝʣʦʤ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʨʫʜʥʦʛʦ ʟʦʣʦʪʘ.  

ʆʨʝʦʣʳ ʟʦʣʦʪʘ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ (ʂʫʢʘʥʦʚ ʠ ʜʨ, 1981; ʈʦʤʘʥʦʚ ʠ ʜʨ., 

2002) ʚ ʙʘʩʩʝʡʥʘʭ ʨ. ʊʥʵʢʚʝʝʤ, ʨʫʯ. ʂʨʝʤʦʚʳʡ, ʨʫʯ. ʈʘʟʜʦʣʴʥʳʡ. ɿʦʣʦʪʦ ʚ 

ʦʨʝʦʣʘʭ ʤʝʣʢʦʝ, ʥʝʦʢʘʪʘʥʥʦʝ ʠʣʠ ʩʣʘʙʦʦʢʘʪʘʥʥʦʝ, ʩʦʜʝʨʞʠʪʩʷ ʚ ʢʦʣʠʯʝʩʪʚʝ 1-5 

ʟʥʘʢʦʚ ʥʘ ʧʨʦʙʫ, ʨʝʜʢʦ ʜʦʩʪʠʛʘʝʪ 0,2-0,5 ʛ/ʤ
3
.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʚʠʜʫ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʝʡ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʪʦʥʢʦʛʦ 

ʟʦʣʦʪʘ, ʦʙʥʘʨʫʞʝʥʥʳʝ ʝʛʦ ʦʨʝʦʣʳ ʠ ʧʦʪʦʢʠ, ʫʢʘʟʳʚʘʶʪ ʥʘ ʙʣʠʟʢʦʝ ʧʨʠʩʫʪʩʪʚʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʫʧʥʳʭ ʨʫʜʥʳʭ ʟʦʥ, ʥʘʭʦʜʷʱʠʭʩʷ ʧʦʜ ʘʣʣʶʚʠʘʣʴʥʳʤʠ 

ʥʘʥʦʩʘʤʠ. 
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4.3. ɻʝʦʢʨʠʦʣʦʛʠʯʝʩʢʠʝ ʠʥʜʠʢʘʪʦʨʳ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʥʘʨʫʰʝʥʥʦʩʪʠ ʧʦʨʦʜ ʠ 

ʦʨʫʜʝʥʝʥʠʷ 

4.3.1. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʚ ʪʦʣʱʝ ʧʦʨʦʜ 

ʈʘʡʦʥ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʦʣʦʞʝʥ ʚ ʟʦʥʝ ʩʧʣʦʰʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʧʦʨʦʜ (ʄʄʇ) ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʤʦʱʥʦʩʪʠ. ʉʨʝʜʥʝʛʦʜʦʚʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʨʴʠʨʫʝʪ ʦʪ -5 ʜʦ -7 ʉ, ʤʦʱʥʦʩʪʴ ʩʝʟʦʥʥʦʡ ʦʪʪʘʡʢʠ ʟʘʚʠʩʠʪ ʦʪ 

ʵʢʩʧʦʟʠʮʠʠ ʩʢʣʦʥʦʚ ʠ ʩʦʩʪʘʚʣʷʝʪ 0,2-0,6 ʤ  [ʈʦʤʘʥʦʚʩʢʠʡ ʠ ʜʨ., 1989].  

ɺ 2018-2019 ʛʛ. ʥʘʤʠ ʧʨʦʚʦʜʠʣʠʩʴ ʪʝʨʤʦʤʝʪʨʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʚ 

ʩʢʚʘʞʠʥʘʭ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʩ ʪʝʨʤʦʢʦʩ, ʧʦʜʦʰʚʘ ʄʄʇ ʥʘ ʚʦʜʦʨʘʟʜʝʣʘʭ 

ʥʘʭʦʜʠʪʩʷ ʥʘ ʛʣʫʙʠʥʘʭ 200-370 ʤʝʪʨʦʚ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʚʘʞʠʥʳ), ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʙʩʦʣʶʪʥʳʤ ʦʪʤʝʪʢʘʤ +128+140 ʤʝʪʨʦʚ (ʨʠʩ. 39, 40). ʅʘ ʩʢʣʦʥʘʭ 

ʠ ʧʦʜ ʜʥʠʱʘʤʠ ʜʦʣʠʥ ʄʄʇ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 50-60 ʤ. 

 

 ʈʠʩ.  39. ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩ ʠʟʤʝʥʝʥʠʝʤ ʘʙʩʦʣʶʪʥʦʡ ʦʪʤʝʪʢʠ ʜʘʪʯʠʢʘ ʚ 

ʩʢʚʘʞʠʥʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɺʘʣʫʥʠʩʪʦʝ (ʜʘʪʘ ʧʨʦʚʝʜʝʥʠʷ ʟʘʤʝʨʘ ï 25.12.2018) 

 

ʉʪʦʠʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʳʝ ʦʪʤʝʪʢʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚʙʣʠʟʠ ʦʪ ʧʨʦʝʢʪʥʳʭ 

ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ (ʦʪʤ. +155+150 ʤʝʪʨʦʚ), ʧʦʵʪʦʤʫ ʩʫʱʝʩʪʚʫʝʪ 

ʨʠʩʢ ʚʩʢʨʳʪʠʷ ʚʳʨʘʙʦʪʢʘʤʠ ʧʦʜʤʝʨʟʣʦʪʥʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʠ 

ʩʪʠʭʠʡʥʦʛʦ ʧʨʦʨʳʚʘ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. 
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 ʈʠʩ.  40. ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩ ʛʣʫʙʠʥʦʡ ʚ ʩʢʚʘʞʠʥʝ VD-18-016 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɺʘʣʫʥʠʩʪʦʝ 

 

ʅʘ ʛʣʫʙʠʥʘʭ 20-40 ʤʝʪʨʦʚ ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʘʥʦʚʠʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʠ 

ʩʦʩʪʘʚʣʷʝʪ ʦʪ -2,5 ʜʦ -4,1  (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʚʘʞʠʥʳ). ʂʦʣʝʙʘʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʵʪʠʭ ʠ ʙʦʣʝʝ ʛʣʫʙʦʢʠʭ ʦʪʤʝʪʢʘʭ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 

1 ʉ (ʨʠʩ. 41). 

ʈʠʩ.  41. ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʪʝʯʝʥʠʠ ʛʦʜʘ ʥʘ ʨʘʟʣʠʯʥʳʭ ʛʣʫʙʠʥʘʭ ʚ 

ʩʢʚʘʞʠʥʝ VD-18-016 ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɺʘʣʫʥʠʩʪʦʝ  
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4.3.2. ɻʝʦʢʨʠʦʣʦʛʠʯʝʩʢʠʝ ʠʥʜʠʢʘʪʦʨʳ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʥʘʨʫʰʝʥʥʦʩʪʠ  

ʅʘʣʠʯʠʝ ʄʄʇ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʢʨʠʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ: 

ʧʫʯʝʥʠʷ, ʤʦʨʦʟʦʙʦʡʥʦʛʦ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ, ʪʝʨʤʦʢʘʨʩʪʘ, ʥʘʣʝʜʝʡ, 

ʩʦʣʠʬʣʶʢʮʠʠ. ʄʝʩʪʘʤʠ ʚʦʟʤʦʞʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʩʭʦʜ ʣʦʞʢʦʚʳʭ ʣʘʚʠʥ. ɺʈʈ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʰʠʨʦʢʠʤ ʨʘʟʚʠʪʠʝʤ ʧʣʘʩʪʦʚʳʭ, ʣʠʥʟʦʚʠʜʥʳʭ ʠ ʞʠʣʴʥʳʭ 

ʣʴʜʦʚ.  

ʇʣʘʩʪʦʚʳʝ ʠ ʣʠʥʟʦʚʠʜʥʳʝ ʣʴʜʳ ʟʘʣʝʛʘʶʪ ʥʠʞʝ ʩʝʟʦʥʥʦ-ʪʘʣʦʛʦ ʩʣʦʷ ʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜʘʭ (ʨʠʩ. 42). ʀʭ ʛʝʥʝʟʠʩ ʤʦʞʝʪ 

ʪʨʘʢʪʦʚʘʪʴʩʷ ʢʘʢ ʧʨʦʮʝʩʩ, ʧʨʦʪʝʢʘʶʱʠʡ ʧʫʪʝʤ ʧʦʩʪʝʧʝʥʥʦʛʦ ʥʘʨʘʱʠʚʘʥʠʷ ʣʴʜʘ 

ʧʨʠ ʧʨʦʩʘʯʠʚʘʥʠʠ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʠ ʢʦʥʜʝʥʩʘʪʘ ʯʝʨʝʟ ʨʳʭʣʳʝ ʦʪʣʦʞʝʥʠʷ 

ʠ ʩʠʣʴʥʦʪʨʝʱʠʥʦʚʘʪʳʝ ʧʦʨʦʜʳ, ʣʠʰʝʥʥʳʝ ʩʫʛʣʠʥʠʩʪʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʩʚʝʨʭʫ. 

ʇʨʠ ʪʘʢʦʤ ʷʚʣʝʥʠʠ ʥʘʨʘʱʠʚʘʥʠʝ ʤʦʱʥʦʩʪʠ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʥʘʠʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʝʨʠʦʜ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʚʳʧʘʜʝʥʠʷ 

ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʚ ʚʠʜʝ ʜʦʞʜʷ. ʇʣʘʩʪʦʚʳʝ ʣʴʜʳ ʦʪʤʝʯʝʥʳ ʥʘ ʨʘʟʥʳʭ 

ʛʣʫʙʠʥʘʭ ʚ ʙʫʨʦʚʳʭ ʩʢʚʘʞʠʥʘʭ, ʢʘʥʘʚʘʭ.  

ʈʠʩ.  42. ʇʣʘʩʪʦʚʳʝ ʣʴʜʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɺʘʣʫʥʠʩʪʦʝ (ʬʦʪʦ ʘʚʪʦʨʘ)  

 

ʄʦʱʥʦʩʪʴ ʪʝʣ ʢʦʣʝʙʣʝʪʩʷ ʦʪ ʧʝʨʚʳʭ ʜʝʩʷʪʢʦʚ ʩʘʥʪʠʤʝʪʨʦʚ ʜʦ 1,5-5,0 ʤ, ʘ 

ʠʥʦʛʜʘ ʠ ʙʦʣʝʝ 10,5 ʤ. ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ ʦʙʳʯʥʦ 1-5 ʤ, ʠʥʦʛʜʘ 






































































