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ʈɽʌɽʈɸʊ 

ʆʪʯʝʪ 337 ʩ., 99 ʨʠʩ., 55 ʪʘʙʣ., 443 ʠʩʪʦʯʥ.  

ʂʃʀʄɸʊʀʏɽʉʂʀ ɸʂʊʀɺʅʓɽ ɻɸɿʓ, ʇʆʏɺʓ, ʖɾʅɸʗ ʊɸʁɻɸ, ʂɸʈɹʆʅʆɺʓɽ 

ʇʆʃʀɻʆʅʓ, ʋɻʃɽʈʆɼʅʓɽ ɽɼʀʅʀʎʓ, ʋɻʃɽʈʆɼʅʓɽ ʈʓʅʂʀ 

ɺ ʨʘʤʢʘʭ ʩʦʟʜʘʥʠʷ ʢʘʨʙʦʥʦʚʦʛʦ ʧʦʣʠʛʦʥʘ çʃʘʜʦʛʘè ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʤʧʣʝʢʩʥʘʷ 

ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʫʛʣʝʨʦʜʥʦʛʦ ʙʘʣʘʥʩʘ, ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʪʦʨʦʡ ʚʳʩʪʫʧʘʶʪ 

ʙʦʨʝʘʣʴʥʳʝ ʶʞʥʦ-ʪʘʝʞʥʳʝ ʵʢʦʩʠʩʪʝʤʳ ɹʘʣʪʠʡʩʢʦ-ʃʘʜʦʞʩʢʦʛʦ ʨʝʛʠʦʥʘ. ʎʝʣʴʶ 

ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ 

ʩʝʢʚʝʩʪʨʘʮʠʦʥʥʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʙʦʨʝʘʣʴʥʳʭ ʶʞʥʦ-ʪʘʝʞʥʳʭ ʵʢʦʩʠʩʪʝʤ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʚʦʟʤʦʞʥʦʩʪʴʶ ʫʪʦʯʥʝʥʠʷ ʫʛʣʝʨʦʜʥʦʛʦ ʩʣʝʜʘ ʠ ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʥʦʡ ʦʮʝʥʢʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʢʦʩʠʩʪʝʤʥʳʭ ʫʩʣʫʛ, ʥʘ ʧʨʠʤʝʨʝ ɹʘʣʪʠʡʩʢʦ-ʃʘʜʦʞʩʢʦʛʦ ʨʝʛʠʦʥʘ 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʷʚʠʣʠ ʟʥʘʯʠʪʝʣʴʥʳʡ ʩʝʢʚʝʩʪʨʘʮʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ 

ʪʝʨʨʠʪʦʨʠʠ. ʋʩʪʘʥʦʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʜʠʥʘʤʠʢʠ ʧʦʪʦʢʦʚ CO2 ʠ ʨʦʣʴ ʙʠʦʛʝʥʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʚ ʫʛʣʝʨʦʜʥʦʤ ʙʘʣʘʥʩʝ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. ʄʠʢʨʦʙʥʳʝ ʩʦʦʙʱʝʩʪʚʘ 

ʧʦʯʚ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʯʝʪʢʫʶ ʩʚʷʟʴ ʩ ʵʜʘʬʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ, ʯʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʚʘʞʥʦʩʪʴ 

ʫʯʝʪʘ ʠʭ ʩʧʝʮʠʬʠʢʠ ʧʨʠ ʦʮʝʥʢʝ ʫʛʣʝʨʦʜʥʦʛʦ ʮʠʢʣʘ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʧʦʜʪʚʝʨʜʠʣʦ ʪʝʥʜʝʥʮʠʶ ʢ ʫʚʝʣʠʯʝʥʠʶ ʟʘʧʘʩʦʚ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʩ ʪʝʯʝʥʠʝʤ 

ʚʨʝʤʝʥʠ. ʇʨʠʤʝʥʝʥʠʝ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʳʭ ʤʦʜʝʣʝʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʚʘʥʘʜʠʷ ʠ 

ʦʢʩʠʜʘ ʪʠʪʘʥʘ ʚ ʧʦʯʚʘʭ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʪʨʘʪʝʛʠʡ ʦʭʨʘʥʳ ʧʦʯʚʝʥʥʳʭ ʨʝʩʫʨʩʦʚ.  

ʄʦʥʠʪʦʨʠʥʛ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ ʚ ʘʪʤʦʩʬʝʨʝ ʚʳʷʚʠʣ ʫʩʪʦʡʯʠʚʫʶ ʩʝʟʦʥʥʫʶ 

ʜʠʥʘʤʠʢʫ ʠ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʣʦʢʘʣʴʥʳʭ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚ ʟʘʛʨʷʟʥʝʥʠʝ 

ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʩ ʛʫʤʠʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ ʠ ʚʦʜʦʨʦʩʣʷʤʠ, ʘ ʪʘʢʞʝ 

ʧʨʝʩʥʦʚʦʜʥʳʤʠ ʨʘʢʘʤʠ ʧʦʜʪʚʝʨʜʠʣʠ ʠʭ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʜʣʷ ʙʠʦʠʥʜʠʢʘʮʠʠ ʠ ʤʦʥʠʪʦʨʠʥʛʘ 

ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ. ʌʠʥʘʥʩʦʚʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʫʢʘʟʘʣ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʜʣʷ ʜʝʢʘʨʙʦʥʠʟʘʮʠʠ ʝʩʪʝʩʪʚʝʥʥʦ-ʤʦʥʦʧʦʣʴʥʳʭ 

ʩʝʢʪʦʨʦʚ ʯʝʨʝʟ ʩʠʥʭʨʦʥʠʟʘʮʠʶ ʨʝʛʫʣʠʨʫʶʱʠʭ, ʩʪʠʤʫʣʠʨʫʶʱʠʭ ʠ ʬʠʥʘʥʩʦʚʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ. 

ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʙʘʟʳ ʦʮʝʥʢʠ ʫʛʣʝʨʦʜʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʨʘʟʨʘʙʦʪʢʫ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʭ 

ʤʦʜʝʣʝʡ ʩʝʢʚʝʩʪʨʘʮʠʠ ʫʛʣʝʨʦʜʘ ʠ ʚʝʨʠʬʠʢʘʮʠʶ ʤʝʪʦʜʦʚ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʧʦʪʦʢʦʚ 

ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ. ʈʝʘʣʠʟʘʮʠʷ ʵʪʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʪʨʝʙʫʝʪ ʠʥʪʝʛʨʘʮʠʠ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʥʝʜʨʝʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʩʦʟʜʘʥʠʷ ʥʘʫʯʥʦ-

ʦʙʦʩʥʦʚʘʥʥʦʡ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ, ʯʪʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʥʠʟʢʦʫʛʣʝʨʦʜʥʦʤʫ ʨʘʟʚʠʪʠʶ ʨʝʛʠʦʥʘ. 
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ʊɽʈʄʀʅʓ ʀ ʆʇʈɽɼɽʃɽʅʀʗ 

ɺ ʥʘʩʪʦʷʱʝʤ ʦʪʯʝʪʝ ʦ ʅʀʈ ʧʨʠʤʝʥʷʶʪ ʩʣʝʜʫʶʱʠʝ ʪʝʨʤʠʥʳ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʦʧʨʝʜʝʣʝʥʠʷʤʠ: 

CCUS ʪʝʭʥʦʣʦʛʠʠ 

(Carbon Capture, 

Utilization and Storage) 

- ʵʪʦ ʢʦʤʧʣʝʢʩ ʪʝʭʥʦʣʦʛʠʡ, ʚʢʣʶʯʘʶʱʠʡ ʫʣʘʚʣʠʚʘʥʠʝ 

ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ (Carbon Capture) ʠʟ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʚʳʙʨʦʩʦʚ, ʝʛʦ ʧʦʩʣʝʜʫʶʱʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ (Utilization) ʚ 

ʨʘʟʣʠʯʥʳʭ ʧʨʦʜʫʢʪʘʭ ʠʣʠ ʧʨʦʮʝʩʩʘʭ ʠ ʜʦʣʛʦʩʨʦʯʥʦʝ 

ʟʘʭʦʨʦʥʝʥʠʝ (Storage) 

ɹʠʦʫʛʦʣʴ (Biochar) - ʵʪʦ ʚʳʩʦʢʦʫʛʣʝʨʦʜʠʩʪʳʡ ʪʚʝʨʜʳʡ ʤʘʪʝʨʠʘʣ, ʧʦʣʫʯʘʝʤʳʡ 

ʧʫʪʝʤ ʧʠʨʦʣʠʟʘ ʙʠʦʤʘʩʩʳ. ʇʨʠ ʚʥʝʩʝʥʠʠ ʚ ʧʦʯʚʫ ʙʠʦʫʛʦʣʴ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʝʝ ʧʣʦʜʦʨʦʜʠʷ ʠ ʩʣʫʞʠʪ ʜʣʷ 

ʜʦʣʛʦʩʨʦʯʥʦʡ ʩʝʢʚʝʩʪʨʘʮʠʠ ʫʛʣʝʨʦʜʘ 

ɺʠʭʨʝʚʳʝ ʢʦʚʘʨʠʘʮʠʠ 

(eddy covariance) 

- ʵʪʦ ʤʠʢʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʡ ʤʝʪʦʜ ʜʣʷ ʧʨʷʤʦʛʦ ʠʟʤʝʨʝʥʠʷ 

ʧʦʪʦʢʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ (ʪʘʢʠʭ ʢʘʢ CO ) ʤʝʞʜʫ ʵʢʦʩʠʩʪʝʤʦʡ 

ʠ ʘʪʤʦʩʬʝʨʦʡ 

ɻʣʦʙʘʨ - ʩʪʘʥʜʘʨʪʥʳʡ ʚʥʫʪʨʝʥʥʠʡ ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ IFS 125HR ʜʣʷ 

ʩʨʝʜʥʝʛʦ ʀʂ-ʜʠʘʧʘʟʦʥʘ ʩʧʝʢʪʨʘ 

ɻʫʤʠʥʦʚʳʝ ʢʠʩʣʦʪʳ - ʵʪʦ ʩʣʦʞʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʤʦʣʝʢʫʣʳ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ 

ʧʨʦʮʝʩʩʝ ʨʘʟʣʦʞʝʥʠʷ ʨʘʩʪʠʪʝʣʴʥʳʭ ʠ ʞʠʚʦʪʥʳʭ ʦʩʪʘʪʢʦʚ ʚ 

ʧʦʯʚʝ (ʛʫʤʠʬʠʢʘʮʠʠ). ʆʥʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʦʡ ʢʦʤʧʦʥʝʥʪʦʡ 

ʛʫʤʫʩʘ, ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʣʦʜʦʨʦʜʠʠ ʧʦʯʚ ʠ 

ʩʝʢʚʝʩʪʨʘʮʠʠ ʫʛʣʝʨʦʜʘ 

ɼʚʫʣʝʪʥʷʷ ʧʦʙʝʛʦʚʘʷ 

ʩʠʩʪʝʤʘ 

- ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʘʷ ʝʜʠʥʠʮʘ ʩʪʨʦʝʥʠʷ ʢʨʦʥʳ ʜʝʨʝʚʘ, 

ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʪʝʨʠʥʩʢʠʡ ʧʦʙʝʛ ʠ ʨʘʟʚʠʚʰʠʝʩʷ 

ʥʘ ʚʪʦʨʦʡ ʛʦʜ ʠʟ ʧʦʯʝʢ ʥʘ ʥʝʤ ʙʦʢʦʚʳʝ ʧʦʙʝʛʠ 

ɼʠʩʪʘʥʮʠʦʥʥʦʝ 

ʟʦʥʜʠʨʦʚʘʥʠʝ ɿʝʤʣʠ 

- ʵʪʦ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʠ 

ʘʪʤʦʩʬʝʨʝ ʙʝʟ ʧʨʷʤʦʛʦ ʢʦʥʪʘʢʪʘ, ʩ ʧʦʤʦʱʴʶ ʩʲʝʤʢʠ ʩ 

ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ (ʩʘʤʦʣʝʪʦʚ, ʩʧʫʪʥʠʢʦʚ). ɼʘʥʥʳʝ ɼɿɿ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ, 

ʩʦʩʪʦʷʥʠʷ ʧʦʯʚ ʠ ʦʮʝʥʢʠ ʫʛʣʝʨʦʜʥʦʛʦ ʧʫʣʘ 

ʂʘʨʙʦʥʦʚʳʝ ʧʦʣʠʛʦʥʳ - ʵʪʦ ʪʝʨʨʠʪʦʨʠʷ, ʩʦʟʜʘʚʘʝʤʘʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʮʠʢʣʦʚ ʫʛʣʝʨʦʜʘ ʚ ʧʨʠʨʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ. ʅʘ ʥʝʡ ʚʝʜʝʪʩʷ 

ʤʦʥʠʪʦʨʠʥʛ, ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʝʨʠʬʠʢʘʮʠʷ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ 
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ʧʦʪʦʢʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ, ʘ ʪʘʢʞʝ ʘʧʨʦʙʠʨʫʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ 

ʢʦʥʪʨʦʣʷ ʫʛʣʝʨʦʜʥʦʛʦ ʙʘʣʘʥʩʘ 

ʂʘʨʙʦʥʦʚʳʡ ʬʘʨʤʠʥʛ - ɻ ʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ ʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʧʨʘʢʪʠʢ 

ʚ ʩʝʣʴʩʢʦʤ ʠ ʣʝʩʥʦʤ ʭʦʟʷʡʩʪʚʝ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʫʚʝʣʠʯʝʥʠʝ 

ʩʝʢʚʝʩʪʨʘʮʠʠ ʫʛʣʝʨʦʜʘ ʠʟ ʘʪʤʦʩʬʝʨʳ ʠ ʝʛʦ ʥʘʢʦʧʣʝʥʠʷ ʚ ʧʦʯʚʝ 

ʠ ʙʠʦʤʘʩʩʝ 

ʂʣʠʤʘʪʠʯʝʩʢʠʝ 

ʧʨʦʝʢʪʳ  

- ʵʪʦ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ (ʥʘʧʨʠʤʝʨ, 

ʣʝʩʦʚʦʩʩʪʘʥʦʚʣʝʥʠʝ), ʨʝʟʫʣʴʪʘʪʦʤ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʚ ʘʪʤʦʩʬʝʨʝ ʠʣʠ ʘʜʘʧʪʘʮʠʷ ʢ 

ʠʟʤʝʥʝʥʠʷʤ ʢʣʠʤʘʪʘ 

ʄʠʢʨʦʙʠʦʤ ʧʦʯʚ - ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʩʝʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ (ʙʘʢʪʝʨʠʠ, ʛʨʠʙʳ, 

ʘʨʭʝʠ, ʧʨʦʩʪʝʡʰʠʝ) ʠ ʠʭ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʦʙʠʪʘʶʱʠʭ 

ʚ ʧʦʯʚʝ. ʆʥ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʢʨʫʛʦʚʦʨʦʪʝ ʧʠʪʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʠ ʩʝʢʚʝʩʪʨʘʮʠʠ ʫʛʣʝʨʦʜʘ 

ʇʦʪʝʥʮʠʘʣʴʥʦ 

ʪʦʢʩʠʯʥʳʝ ʵʣʝʤʝʥʪʳ 

- ʵʪʦ ʰʠʨʦʢʠʡ ʢʣʘʩʩ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (ʚʢʣʶʯʘʷ ʪʷʞʝʣʳʝ 

ʤʝʪʘʣʣʳ, ʤʝʪʘʣʣʦʠʜʳ ʠ ʜʨʫʛʠʝ), ʢʦʪʦʨʳʝ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʠ ʫʩʣʦʚʠʷʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʤʦʛʫʪ 

ʦʢʘʟʳʚʘʪʴ ʚʨʝʜʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ ʠ 

ʵʢʦʩʠʩʪʝʤʳ 

ʇʦʯʚʝʥʥʦʝ 

ʦʨʛʘʥʠʯʝʩʢʦʝ  

ʚʝʱʝʩʪʚʦ 

- ʵʪʦ ʧʨʦʜʫʢʪ, ʢʦʪʦʨʳʡ ʘʢʢʫʤʫʣʠʨʫʝʪʩʷ ʚ ʧʦʯʚʝ ʚ ʚʠʜʝ 

ʥʝʨʘʟʣʦʞʠʚʰʠʭʩʷ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʨʘʟʣʦʞʝʥʠʷ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʩʪʘʪʢʦʚ. ʆʥʦ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʢʦʤʧʦʥʝʥʪʦʤ 

ʛʣʦʙʘʣʴʥʦʛʦ ʮʠʢʣʘ ʫʛʣʝʨʦʜʘ ʚ ʘʪʤʦʩʬʝʨʝ, ʧʝʜʦʩʬʝʨʝ ʠ 

ʛʠʜʨʦʩʬʝʨʝ 

ʉʝʢʚʝʩʪʨʘʮʠʷ ʫʛʣʝʨʦʜʘ - ʵʪʦ ʧʨʦʮʝʩʩ ʠʟʲʷʪʠʷ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠʟ ʘʪʤʦʩʬʝʨʳ ʠ ʝʛʦ 

ʜʦʣʛʦʩʨʦʯʥʦʝ ʭʨʘʥʝʥʠʝ ʚ ʧʨʠʨʦʜʥʳʭ ʨʝʟʝʨʚʫʘʨʘʭ, ʪʘʢʠʭ ʢʘʢ 

ʧʦʯʚʘ ʠ ʙʠʦʤʘʩʩʘ ʨʘʩʪʝʥʠʡ  

ʉʧʝʢʪʨ ʵʢʦʩʠʩʪʝʤʥʳʭ 

ʫʩʣʫʛ (ESS) 

- ɻ ʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʩʝʭ ʚʳʛʦʜ, ʢʦʪʦʨʳʝ ʯʝʣʦʚʝʯʝʩʪʚʦ ʧʦʣʫʯʘʝʪ 

ʦʪ ʵʢʦʩʠʩʪʝʤ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʫʩʣʫʛʠ 

(ʧʨʦʜʫʢʪʳ, ʥʘʧʨʠʤʝʨ, ʧʠʱʘ ʠ ʚʦʜʘ), ʨʝʛʫʣʠʨʫʶʱʠʝ ʫʩʣʫʛʠ 

(ʨʝʛʫʣʷʮʠʷ ʢʣʠʤʘʪʘ, ʦʯʠʩʪʢʘ ʚʦʜʳ), ʢʫʣʴʪʫʨʥʳʝ ʫʩʣʫʛʠ 

(ʨʝʢʨʝʘʮʠʷ, ʵʩʪʝʪʠʯʝʩʢʦʝ ʥʘʩʣʘʞʜʝʥʠʝ) ʠ ʧʦʜʜʝʨʞʠʚʘʶʱʠʝ 

ʫʩʣʫʛʠ (ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʯʚʳ, ʬʦʪʦʩʠʥʪʝʟ) 
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ʊʷʞʝʣʳʝ ʤʝʪʘʣʣʳ - ʵʪʦ ʛʨʫʧʧʘ ʤʝʪʘʣʣʦʚ ʠ ʤʝʪʘʣʣʦʠʜʦʚ (ʥʘʧʨʠʤʝʨ, ʩʚʠʥʝʮ, 

ʢʘʜʤʠʡ, ʨʪʫʪʴ, ʤʳʰʴʷʢ), ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʦʙʣʘʜʘʶʪ 

ʪʦʢʩʠʯʥʦʩʪʴʶ ʜʣʷ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʜʘʞʝ ʧʨʠ ʥʠʟʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ  

ʋʛʣʝʨʦʜʥʳʝ ʝʜʠʥʠʮʳ 

(Carbon credits) 

- ʵʪʦ ʪʦʨʛʫʝʤʳʝ ʩʝʨʪʠʬʠʢʘʪʳ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʘʚʦ ʥʘ ʚʳʙʨʦʩ ʦʜʥʦʡ ʪʦʥʥʳ ʵʢʚʠʚʘʣʝʥʪʘ 

CO . ɻʝʥʝʨʠʨʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʦʚ, ʢʦʪʦʨʳʝ 

ʧʨʠʚʦʜʷʪ ʢ ʩʥʠʞʝʥʠʶ ʚʳʙʨʦʩʦʚ ʠʣʠ ʫʚʝʣʠʯʝʥʠʶ ʧʦʛʣʦʱʝʥʠʷ 

ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ 

ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʷ - ʵʪʦ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʘʪʴ 

ʤʦʣʝʢʫʣʷʨʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʩʦʩʪʘʚ ʚʝʱʝʩʪʚ 
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ʇɽʈɽʏɽʅʔ ʉʆʂʈɸʑɽʅʀʁ ʀ ʆɹʆɿʅɸʏɽʅʀʁ 

ɺ ʥʘʩʪʦʷʱʝʤ ʦʪʯʝʪʝ ʦ ʅʀʈ ʧʨʠʤʝʥʷʶʪ ʩʣʝʜʫʶʱʠʝ ʩʦʢʨʘʱʝʥʠʷ ʠ ʦʙʦʟʥʘʯʝʥʠʷ: 

AD-Net Asian Dust Network 

AERONET ɸʵʨʦʟʦʣʴʥʘʷ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʘʷ ʩʝʪʴ 

AL ɸʣʠʬʘʪʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʨʘʛʤʝʥʪʳ 

AR ɸʨʦʤʘʪʠʯʝʩʢʠʝ ʩʪʨʫʢʪʨʫʥʳʝ ʬʨʘʛʤʝʥʪʳ 

ASVs ɺʘʨʠʘʥʪʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʘʤʧʣʠʢʦʥʦʚ 

BI2 Brightness Index 

BrO3
ï ɹʨʦʤʘʪ-ʠʦʥ 

BSS ɼʚʫʣʝʪʥʠʝ ʧʦʙʝʛʦʚʳʝ ʩʠʩʪʝʤʳ 

CH4 ʄʝʪʘʥ 

CHBr3 ɹʨʦʤʦʬʦʨʤʘ 

CO ʋʛʘʨʥʳʡ ʛʘʟ 

COCCON COllaborative Carbon Column Observing Network 

CRF ʉardiorespiratory fitness 

DOC ʈʘʩʪʚʦʨʠʤʳʡ ʦʨʛʘʥʠʯʝʩʢʠʡ ʫʛʣʝʨʦʜ 

DOFS Degrees of freedom for signal 

EARLINET European Aerosol Research Lidar Network 

ESS ʉʧʝʢʪʨʘ ʵʢʦʩʠʩʪʝʤʥʳʭ ʫʩʣʫʛ 

FAO ʇʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʆʆʅ 

FTIR Fourier Tranform InfraRed 

GML NOAA 
Global Monitoring Laboratory of the National Oceanic and 

Atmospheric Administration 

GNDVI Green Normalized Difference Vegetation Index 

GPP Gross Primary Production 

GRVI Green Ratio Vegetation Index 

H2 ɺʦʜʦʨʦʜ 

HOBr ɻʠʧʦʙʨʦʤʥʘʷ ʢʠʩʣʦʪʘ 

IHSS ʄʝʞʜʫʥʘʨʦʜʥʦʝ ʦʙʱʝʩʪʚʦ ʧʦ ʠʟʫʯʝʥʠʶ ʛʫʤʠʥʦʚʳʭ ʚʝʱʝʩʪʚ 

InSb Indium Antimonide 

KNN K-Nearest Neighbors 

LCC ʉʪʦʠʤʦʩʪʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ 

LSWI Land Surface Water Index 

ML ʄʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 
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MRV Measurement, reporting, verification 

N2O ɿʘʢʠʩʴ ʘʟʦʪʘ 

NDACC Network for the Detection of Atmospheric Composition Change 

NDVI ʅʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʨʘʟʥʦʩʪʥʳʡ ʠʥʜʝʢʩ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ 

NIR ɹʣʠʞʥʠʡ ʩʚʝʪ 

NO2 ɼʠʦʢʩʠʜʘ ʘʟʦʪʘ 

NPV ʏʠʩʪʘʷ ʧʨʠʚʝʜʝʥʥʘʷ ʩʪʦʠʤʦʩʪʴ 

O3 ʆʟʦʥ 

OBrï ɻʠʧʦʙʨʦʤʠʪ 

R2 ʂʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ 

REALM Regional East Atmospheric Lidar Mesonet 

RF Random forest 

RFE ʄʝʪʦʜ ʨʝʢʫʨʩʠʚʥʦʛʦ ʠʩʢʣʶʯʝʥʠʷ ʧʨʠʟʥʘʢʦʚ 

RFOK Random forest ordinary kriking 

RH ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ 

RI Redness Index 

RMS Root mean square 

SF6 ɻʝʢʩʘʬʪʦʨʠʜ ʩʝʨʳ 

SHAP SHapley Additive exPlanations 

SNR ɸʪʤʦʩʬʝʨʥʦʝ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ 

SVM ʄʝʪʦʜ ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚ 

SWIR ʂʦʨʦʪʢʦʚʦʣʥʦʚʦʛʦ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʝ 

TC Total colunm 

TCCON Total Carbon Column Observing Network 

TLS ʅʘʟʝʤʥʦʝ ʣʘʟʝʨʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ 

TRO ʆʙʱʠʡ ʦʩʪʘʪʦʯʥʳʡ ʦʢʠʩʣʠʪʝʣʴ 

VIIRS Visible Infrared Imaging Radiometer Suite 

VIS ɺʠʜʠʤʳʡ ʩʚʝʪ 

VMR Volume mixing ratio 

ɸʆ ɸʥʪʠʦʢʩʠʜʘʥʪʳ 

ɸʆɸ ɸʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ɸʆʊ ɸʵʨʦʟʦʣʴʥʘʷ ʦʧʪʠʯʝʩʢʘʷ ʪʦʣʱʠʥʘ 

ɸʌʂ ɸʢʪʠʚʥʳʝ ʬʦʨʤʳ ʢʠʩʣʦʨʦʜʘ 

ɹʆʉɺ ɹʠʦʣʦʛʠʯʝʩʢʠ ʦʯʠʱʝʥʥʳʝ ʩʪʦʯʥʳʝ ʚʦʜʳ 
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ɺɺʇ ɺʥʫʪʨʝʥʥʠʡ ʚʘʣʦʚʳʡ ʧʨʦʜʫʢʪ 

ɺʀʕ ɺʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ 

ɻʂ ɻʫʤʠʥʦʚʳʝ ʢʠʩʣʦʪʳ 

ɻʉɸ ɺʄʆ 
ɻʣʦʙʘʣʴʥʘʷ ʩʣʫʞʙʘ ʘʪʤʦʩʬʝʨʳ ɺʩʝʤʠʨʥʦʡ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ 

ɼɼɿ ɼʠʩʪʘʥʮʠʦʥʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ ɿʝʤʣʠ 

ɽʊʆ ɽʜʠʥʦʡ ʪʝʧʣʦʩʥʘʙʞʘʶʱʝʡ ʦʨʛʘʥʠʟʘʮʠʠ 

ʀʌ ʀʥʪʝʛʨʘʣʴʥʘʷ ʬʣʫʦʨʝʩʮʝʥʮʠʷ 

ʂʇ ʂʣʠʤʘʪʠʯʝʩʢʠʡ ʧʨʦʝʢʪ 

ʂʉʈ ʂʦʥʮʝʥʪʨʘʮʠʷ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ 

ʃɺʆʌ ʃʘʟʝʨʥʳʡ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʡ ʬʦʪʦʧʣʝʪʠʟʤʦʛʨʘʬ 

ʄɻʉɸ ʄʘʣʳʝ ʛʘʟʦʚʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʘʪʤʦʩʬʝʨʳ 

ʆɺʇ ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ 

ʇʊʕ ʇʦʪʝʥʮʠʘʣʴʥʦ ʪʦʢʩʠʯʥʳʝ ʵʣʝʤʝʥʪʳ 

ʈʂ ʈʝʛʨʝʩʩʠʦʥʥʳʡ ʢʨʠʢʠʥʛ 

ʈʆ ʈʝʛʫʣʠʨʫʝʤʳʝ ʦʨʛʘʥʠʟʘʮʠʠ 

ʈʎ ʈʝʩʫʨʩʥʳʡ ʮʝʥʪʨ 

ʉʆ2 ʋʛʣʝʢʠʩʣʳʡ ʛʘʟ 

ʉʇʙɻʋ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʉʋɹɺ ʉʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʙʘʣʣʘʩʪʥʳʤʠ ʚʦʜʘʤʠ 

ʊʄ ʊʷʞʝʣʳʝ ʤʝʪʘʣʣʳ 

ʊʕʂ ʊʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ 

ʋɽ ʋʛʣʝʨʦʜʥʳʝ ʝʜʠʥʠʮʳ 

ʋʌ ʋʣʴʪʨʘʬʠʦʣʝʪ 

ʌɻɹʋ çɻɻʆè 
ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ çɻʣʘʚʥʘʷ 

ʛʝʦʬʠʟʠʯʝʩʢʘʷ ʣʘʙʦʨʘʪʦʨʠʷè 

ʍɽʃʂʆʄ ʍʝʣʴʩʠʥʢʩʢʘʷ ʢʦʤʠʩʩʠʷ 

ʎʄʈ ʎʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʨʝʣʴʝʬʘ 

ʏʉʉ ʏʘʩʪʦʪʘ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ 

ʕʇʈ ʕʣʝʢʪʨʦʥʥʳʡ ʧʘʨʘʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ 

ʖɿʆʉ ʖʛʦ-ɿʘʧʘʜʥʳʝ ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ 

ʗʄʈ ʗʜʝʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ 
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ɺɺɽɼɽʅʀɽ 

ɺʘʞʥʦʡ ʧʨʦʙʣʝʤʦʡ 21 ʚʝʢʘ ʷʚʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ ï ʟʘ ʧʦʩʣʝʜʥʠʝ 10 ʣʝʪ (ʩ 2014 

ʧʦ 2023 ʛʛ.) ʩʨʝʜʥʷʷ ʛʣʦʙʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʘʣʘ ʥʘ 1.19Ñ0.12 Áʉ ʚʳʰʝ ʟʥʘʯʝʥʠʡ, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚ ʢʦʥʮʝ XIX ʚʝʢʘ [1]. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʬʘʢʪʦʨʦʚ 

ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʵʤʠʩʩʠʡ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ, ʚ 

ʦʩʦʙʝʥʥʦʩʪʠ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ (ʉʆ2) [1-2]. ɼʣʷ ʩʦʢʨʘʱʝʥʠʷ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʚʳʙʨʦʩʦʚ ʠ 

ʜʦʩʪʠʞʝʥʠʷ ʫʛʣʝʨʦʜʥʦʡ ʥʝʡʪʨʘʣʴʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʘ ʜʦʩʪʦʚʝʨʥʘʷ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ 

ʠʩʪʦʯʥʠʢʦʚ ʠ ʩʪʦʢʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʚ ʘʪʤʦʩʬʝʨʫ [3]. ʇʨʠ ʵʪʦʤ ʧʦʜʯʝʨʢʥʝʤ, ʯʪʦ ʙʦʣʴʰʠʝ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚ ʦʮʝʥʢʘʭ ʧʦʪʦʢʦʚ ʵʪʠʭ ʄɻʉɸ (ʤʘʣʳʝ ʛʘʟʦʚʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʘʪʤʦʩʬʝʨʳ) ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʣʦʢʘʣʴʥʦʛʦ, ʤʝʟʦ- ʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʦʚ, ʯʪʦ ʯʘʩʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʪʨʫʜʥʦʩʪʷʤ ʧʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʥʘʙʣʶʜʘʶʱʠʭʩʷ ʠʟʤʝʥʝʥʠʡ ʩʦʩʪʘʚʘ ʘʪʤʦʩʬʝʨʳ, 

ʘ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʦ ʦʩʣʦʞʥʷʝʪ ʧʨʦʮʝʩʩ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʵʚʦʣʶʮʠʠ ʢʣʠʤʘʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʥʘʰʝʡ ʧʣʘʥʝʪʳ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʣʦʢʘʣʴʥʳʭ ʧʦʪʦʢʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʤʝʞʜʫ ʵʢʦʩʠʩʪʝʤʘʤʠ ʠ 

ʘʪʤʦʩʬʝʨʦʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜ ʚʠʭʨʝʚʳʭ ʢʦʚʘʨʠʘʮʠʡ (ʤʝʪʦʜ 

ʪʫʨʙʫʣʝʥʪʥʳʭ ʧʫʣʴʩʘʮʠʡ) [4-10]. ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʥʝʧʨʝʨʳʚʥʦ ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ 

ʧʦʪʦʢʦʚ CO2 ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʦʮʝʥʠʚʘʪʴ ʠʩʪʦʯʥʠʢʠ ʠ ʩʪʦʢʠ CO2, ʘ ʪʘʢʞʝ ʠʭ 

ʩʫʪʦʯʥʳʡ ʠ ʛʦʜʦʚʦʡ ʭʦʜ.  FLUXNET (https://fluxnet.org/) ʷʚʣʷʝʪʩʷ ʢʨʫʧʥʦʡ 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʩʝʪʴʶ ʧʦ ʠʟʤʝʨʝʥʠʶ ʧʦʪʦʢʦʚ, ʚ ʢʦʪʦʨʦʡ ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʙʦʣʝʝ 1000 

ʩʪʘʥʮʠʡ. ʆʥʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʜʘʥʥʳʝ ʢʘʢ ʩ ʪʝʨʨʠʪʦʨʠʡ ʚʜʘʣʠ ʦʪ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, 

ʪʘʢ ʠ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʧʨʠʛʦʨʦʜʦʚ ʠ ʛʦʨʦʜʦʚ [9]. ɺ ʈʦʩʩʠʠ ʩʫʱʝʩʪʚʫʝʪ 

ʥʘʮʠʦʥʘʣʴʥʘʷ ʩʝʪʴ RUFLUX (https://ruflux.net/), ʚ ʢʦʪʦʨʫʶ ʚʭʦʜʷʪ ʩʪʘʥʮʠʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ, 

ʚ ʦʩʥʦʚʥʦʤ, ʚʜʘʣʠ ʦʪ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʠʟʤʝʨʷʶʱʠʝ ʯʠʩʪʳʡ ʵʢʦʩʠʩʪʝʤʥʳʡ 

ʦʙʤʝʥ CO2 ʨʘʟʣʠʯʥʳʭ ʵʢʦʩʠʩʪʝʤ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ [10-11]. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ 

ʤʦʥʠʪʦʨʠʥʛ ʧʦʪʦʢʦʚ ʦʪ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʧʦʢʘ ʥʝ ʥʘʰʝʣ ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, 

ʦʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʯʝʨʢʥʫʪʴ ʚʘʞʥʦʩʪʴ ʪʘʢʠʭ ʥʘʙʣʶʜʝʥʠʡ, ʧʦʩʢʦʣʴʢʫ ʙʦʣʴʰʘʷ ʯʘʩʪʴ 

ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʚʳʙʨʦʩʦʚ ʚ ʘʪʤʦʩʬʝʨʫ, ʜʦʩʪʠʛʘʶʱʘʷ 70%, ʧʨʠʭʦʜʠʪʩʷ ʥʘ 

ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʩ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʥʘʩʝʣʝʥʠʷ.  

ʆʙʰʠʨʥʘʷ ʪʝʨʨʠʪʦʨʠʷ ʠ ʩʧʝʮʠʬʠʢʘ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʦʣʦʞʝʥʠʷ ʦʙʫʩʣʦʚʣʠʚʘʶʪ 

ʧʦʚʳʰʝʥʥʫʶ ʫʷʟʚʠʤʦʩʪʴ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʢ ʥʘʙʣʶʜʘʝʤʳʤ ʠ ʧʨʦʛʥʦʟʠʨʫʝʤʳʤ 

ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʷʤ. ɺʣʠʷʥʠʝ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʥʘ ʵʢʦʩʠʩʪʝʤʳ ʠ ʵʢʦʥʦʤʠʢʫ 

ʩʪʨʘʥʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʘʤʙʠʚʘʣʝʥʪʥʦʩʪʴʶ, ʧʦʨʦʞʜʘʷ ʢʦʤʧʣʝʢʩ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʚʳʛʦʜ ʠ 

ʨʠʩʢʦʚ. ʂ ʯʠʩʣʫ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʫʛʨʦʟ ʦʪʥʦʩʠʪʩʷ ʜʝʛʨʘʜʘʮʠʷ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʧʦʨʦʜ, 

ʢʦʪʦʨʘʷ ʩʦʟʜʘʸʪ ʩʝʨʴʸʟʥʫʶ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʩʝʚʝʨʥʳʭ 

ʨʝʛʠʦʥʦʚ, ʩʧʦʩʦʙʥʫʶ ʧʨʠʚʝʩʪʠ ʢ ʧʦʚʨʝʞʜʝʥʠʶ ʦʙʲʝʢʪʦʚ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ ʠ 
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ʢʘʧʠʪʘʣʴʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʦʞʠʜʘʝʤʦʝ ʨʘʩʰʠʨʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʜʦʩʪʫʧʥʦʩʪʠ ʘʨʢʪʠʯʝʩʢʠʭ ʤʦʨʩʢʠʭ ʧʫʪʝʡ ʩʧʦʩʦʙʥʦ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʦʩʚʦʝʥʠʝ ʨʝʩʫʨʩʦʚ 

ʘʨʢʪʠʯʝʩʢʦʛʦ ʰʝʣʴʬʘ, ʦʪʢʨʳʚʘʷ ʪʝʤ ʩʘʤʳʤ ʥʦʚʳʝ ʚʝʢʪʦʨʳ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ [12]. 

ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʦʢʘʟʳʚʘʶʪ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʝ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʩʦʩʪʦʷʥʠʝ ʟʜʦʨʦʚʴʷ ʥʘʩʝʣʝʥʠʷ 

ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʵʢʦʥʦʤʠʢʠ [13]. ʊʝʤʧʳ ʧʦʪʝʧʣʝʥʠʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʨʝʚʳʰʘʶʪ ʩʨʝʜʥʝʤʠʨʦʚʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʘʥʦʤʘʣʠʝʡ 

ʩʨʝʜʥʝʛʦʜʦʚʳʭ ʪʝʤʧʝʨʘʪʫʨ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ (+0,87 ÁC) ʠ ʫʩʪʦʡʯʠʚʳʤ ʢʣʠʤʘʪʠʯʝʩʢʠʤ 

ʪʨʝʥʜʦʤ (+0,49 ÁC/10 ʣʝʪ) [14]. ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʷʜʦʤ ʥʝʛʘʪʠʚʥʳʭ 

ʧʦʩʣʝʜʩʪʚʠʡ, ʚʢʣʶʯʘʷ ʵʤʠʩʩʠʶ ʢʣʠʤʘʪʠʯʝʩʢʠ-ʘʢʪʠʚʥʳʭ ʛʘʟʦʚ (CO2, CH4, CO) ʠ ʟʘʢʠʩʴ 

ʘʟʦʪʘ (N2O), ʩʦʢʨʘʱʝʥʠʝ ʧʣʦʱʘʜʠ ʘʨʢʪʠʯʝʩʢʦʛʦ ʤʦʨʩʢʦʛʦ ʣʴʜʘ, ʩʤʝʱʝʥʠʝ ʬʝʥʦʣʦʛʠʯʝʩʢʠʭ 

ʜʘʪ (ʚ ʯʘʩʪʥʦʩʪʠ, ʙʦʣʝʝ ʨʘʥʥʝʝ ʥʘʩʪʫʧʣʝʥʠʝ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ), ʜʝʛʣʷʮʠʘʮʠʶ ʥʘ 

ʂʘʚʢʘʟʝ (ʥʘʧʨʠʤʝʨ, ʝʞʝʛʦʜʥʘʷ ʧʦʪʝʨʷ ʧʣʦʱʘʜʠ ʣʝʜʥʠʢʦʚ ʕʣʴʙʨʫʩʘ ʩʦʩʪʘʚʣʷʝʪ 1,2 ʢʤ2) ʠ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʶ ʜʝʛʨʘʜʘʮʠʠ ʤʥʦʛʦʣʝʪʥʝʤʸʨʟʣʳʭ ʧʦʨʦʜ, ʧʦʚʳʰʘʶʱʫʶ ʨʠʩʢʠ ʩʝʣʝʚʳʭ 

ʧʦʪʦʢʦʚ ʠ ʩʢʣʦʥʦʚʳʭ ʦʙʚʘʣʦʚ. ɼʝʛʨʘʜʘʮʠʷ ʤʝʨʟʣʳʭ ʧʦʨʦʜ ʩʦʟʜʘʸʪ ʧʨʷʤʫʶ ʫʛʨʦʟʫ 

ʮʝʣʦʩʪʥʦʩʪʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʩʝʚʝʨʥʳʭ ʨʝʛʠʦʥʘʭ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʤʝʱʝʥʠʝ 

ʘʛʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʩʧʦʩʦʙʥʦ ʦʢʘʟʘʪʴ ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʡ ʩʝʢʪʦʨ. ʇʨʦʛʥʦʟʠʨʫʝʪʩʷ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ ʧʨʠʚʝʜʸʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʘʨʠʜʥʦʩʪʠ ʚ ʶʞʥʳʭ ʨʝʛʠʦʥʘʭ, ʠʩʪʦʨʠʯʝʩʢʠ ʷʚʣʷʚʰʠʭʩʷ ʦʩʥʦʚʥʦʡ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʙʘʟʦʡ, ʪʦʛʜʘ ʢʘʢ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʤʦʞʝʪ ʩʤʝʩʪʠʪʴʩʷ ʚ 

ʩʝʚʝʨʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ [15]. ɽʱʝ ʦʜʥʦʡ ʚʘʞʥʦʡ ʧʨʦʙʣʝʤʦʡ, ʩʚʷʟʘʥʥʦʡ ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʢʣʠʤʘʪʘ ʷʚʣʷʝʪʩʷ ʜʦʩʪʫʧʥʦʩʪʴ ʧʨʝʩʥʦʡ ʚʦʜʳ. ʊʘʢ, ʪʘʷʥʠʝ ʤʥʦʛʦʣʝʪʥʝʤʸʨʟʣʳʭ ʧʦʨʦʜ 

ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʝʩʫʨʩʳ ʧʨʝʩʥʦʡ ʚʦʜʳ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʜʘʥʥʳʡ 

ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʚʨʝʤʝʥʥʦ ʫʚʝʣʠʯʠʪʴ ʚʦʜʥʦʩʪʴ ʨʝʢ ʟʘ ʩʯʸʪ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ 

ʪʘʣʳʭ ʚʦʜ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʦʠʩʭʦʜʠʪ ʜʝʩʪʘʙʠʣʠʟʘʮʠʷ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ 

ʚʦʜʦʪʦʢʦʚ, ʠʟʤʝʥʝʥʠʝ ʠʭ ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʚʟʚʝʰʝʥʥʦʛʦ ʩʦʩʪʘʚʘ, ʘ ʪʘʢʞʝ ʫʩʠʣʝʥʠʝ ʩʝʟʦʥʥʦʡ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʚʦʜʦʦʙʝʩʧʝʯʝʥʠʷ. ɺ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ ʜʝʛʨʘʜʘʮʠʷ ʤʝʨʟʣʦʪʳ, 

ʚʳʩʪʫʧʘʶʱʝʡ ʝʩʪʝʩʪʚʝʥʥʳʤ ʚʦʜʦʫʧʦʨʦʤ, ʩʧʦʩʦʙʥʘ ʧʨʠʚʝʩʪʠ ʢ ʠʩʪʦʱʝʥʠʶ ʟʘʧʘʩʦʚ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʚ ʘʨʢʪʠʯʝʩʢʠʭ ʨʝʛʠʦʥʘʭ ʠ ʫʩʠʣʝʥʠʶ ʨʠʩʢʘ ʟʘʛʨʷʟʥʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʠʩʪʦʯʥʠʢʦʚ ʚʦʜʳ ʚʩʣʝʜʩʪʚʠʝ ʘʢʪʠʚʠʟʘʮʠʠ ʢʨʠʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʋʢʘʟʘʥʥʳʝ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠʤʝʶʪ ʩʠʩʪʝʤʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʜʣʷ ʢʣʶʯʝʚʳʭ ʦʪʨʘʩʣʝʡ ʵʢʦʥʦʤʠʢʠ, ʦʪ 

ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʜʦ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʧʨʠʯʸʤ ʚ ʙʫʜʫʱʝʤ ʯʘʩʪʦʪʘ ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʷʚʣʝʥʠʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʦʩʣʝʜʩʪʚʠʡ ʦʞʠʜʘʝʤʦ ʚʦʟʨʘʩʪʫʪ [13]. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʩʰʪʘʙʥʳʡ ʚʳʟʦʚ, ʪʨʝʙʫʶʱʠʡ 

ʨʘʟʨʘʙʦʪʢʠ ʠ ʨʝʘʣʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʥʦʡ ʩʪʨʘʪʝʛʠʠ ʘʜʘʧʪʘʮʠʠ ʠ ʩʤʷʛʯʝʥʠʷ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤ 
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ʨʠʩʢʦʚ [14]. 

ʈʝʟʫʣʴʪʘʪʳ ʩʦʚʨʝʤʝʥʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʙʝʩʧʨʝʮʝʜʝʥʪʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʢʣʠʤʘʪʠʯʝʩʢʠ-ʘʢʪʠʚʥʳʭ ʛʘʟʦʚ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ 

ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ (CO2). ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʩ ʥʘʮʠʦʥʘʣʴʥʳʭ ʩʪʘʥʮʠʡ ʤʦʥʠʪʦʨʠʥʛʘ, ʟʘ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʨʝʜʥʷʷ ʢʦʥʮʝʥʪʨʘʮʠʷ CO2 ʧʨʝʚʳʩʠʣʘ ʫʨʦʚʝʥʴ 422 ʤʣʥ
-1 ʧʨʠ ʪʝʤʧʘʭ 

ʛʦʜʦʚʦʛʦ ʧʨʠʨʦʩʪʘ 3,4ï3,5 ʤʣʥ-1, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʝʪ ʩʨʝʜʥʝʤʠʨʦʚʳʝ ʟʥʘʯʝʥʠʷ 

ʧʦʩʣʝʜʥʝʛʦ ʜʝʩʷʪʠʣʝʪʠʷ. ɸʥʘʣʦʛʠʯʥʘʷ ʜʠʥʘʤʠʢʘ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʤʝʪʘʥʘ (CH4): ʝʛʦ 

ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʘʨʢʪʠʯʝʩʢʠʭ ʩʪʘʥʮʠʷʭ ʧʨʠʙʣʠʟʠʣʘʩʴ ʢ 

ʚʝʣʠʯʠʥʝ 2020 ʤʣʨʜ-1, ʘ ʥʘ ʨʷʜʝ ʠʟ ʥʠʭ ʜʦʩʪʠʛʣʘ ʧʦʢʘʟʘʪʝʣʝʡ, ʧʨʝʚʳʰʘʶʱʠʭ 2100 ʤʣʨʜ-1. 

ɿʘʬʠʢʩʠʨʦʚʘʥʥʳʡ ʨʝʟʢʠʡ ʨʦʩʪ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʷʚʣʷʝʪʩʷ ʚʝʩʦʤʳʤ 

ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʛʣʦʙʘʣʴʥʫʶ 

ʢʣʠʤʘʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ [14]. 

ʇʦʚʳʰʝʥʠʝ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʨʦʛʥʦʟʦʚ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʦʙʫʩʣʦʚʣʠʚʘʝʪ 

ʨʘʟʨʘʙʦʪʢʫ ʤʦʜʝʣʝʡ, ʠʥʪʝʛʨʠʨʫʶʱʠʭ ʩʮʝʥʘʨʠʠ ʜʠʥʘʤʠʢʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ, 

ʚʢʣʶʯʘʷ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ (CO2, CH4, CO) ʠ ʟʘʢʠʩʴ ʘʟʦʪʘ (N2O), ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʢʘʢ ʘʥʪʨʦʧʦʛʝʥʥʳʭ, ʪʘʢ ʠ ʧʨʠʨʦʜʥʳʭ ʬʘʢʪʦʨʦʚ. ʈʝʘʣʠʟʘʮʠʷ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ 

ʪʨʝʙʫʝʪ ʦʨʛʘʥʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʥʝʧʨʝʨʳʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠʭ ʘʪʤʦʩʬʝʨʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ, 

ʘ ʪʘʢʞʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʤʠʩʩʠʠ ʠ 

ʩʪʦʢʦʚ ʫʢʘʟʘʥʥʳʭ ʛʘʟʦʚ [16-17]. 

ɺ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʮʝʣʠ ʧʦ ʜʦʩʪʠʞʝʥʠʶ ʫʛʣʝʨʦʜʥʦʡ ʥʝʡʪʨʘʣʴʥʦʩʪʠ ʵʢʦʥʦʤʠʢʠ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʢ 2060 ʛʦʜʫ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʡ ʥʘ ʚʳʩʰʝʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ 

ʫʨʦʚʥʝ, ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʦʩʪʦʚʝʨʥʳʭ ʜʘʥʥʳʭ ʦʙ ʵʤʠʩʩʠʠ ʠ 

ʩʝʢʚʝʩʪʨʘʮʠʠ ʢʣʠʤʘʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʛʘʟʦʚ. ʂʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʜʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ 

ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʦʯʥʦʡ ʠ ʚʝʨʠʬʠʮʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʯʸʪʘ ʙʘʣʘʥʩʘ 

ʚʳʙʨʦʩʦʚ ʠ ʧʦʛʣʦʱʝʥʠʷ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ, ʩ ʘʢʮʝʥʪʦʤ ʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ ʠʭ 

ʘʙʩʦʨʙʮʠʠ ʧʨʠʨʦʜʥʳʤʠ ʵʢʦʩʠʩʪʝʤʘʤʠ. ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠ 

ʘʧʨʦʙʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʤʦʥʠʪʦʨʠʥʛʘ ʫʛʣʝʨʦʜʥʦʛʦ ʙʘʣʘʥʩʘ ʩʣʫʞʘʪ 

ʢʘʨʙʦʥʦʚʳʝ ʧʦʣʠʛʦʥʳ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʝ ʥʘ ʩʧʝʮʠʘʣʴʥʦ ʦʪʚʝʜʸʥʥʳʭ ʠ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʭ 

ʪʝʨʨʠʪʦʨʠʷʭ [12]. 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʩʦʚʤʝʩʪʥʦ ʩ ɻʣʘʚʥʦʡ 

ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʝʡ ʠʤ. ɺʦʝʡʢʦʚʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʃʝʥʠʥʛʨʘʜʩʢʦʡ 

ʦʙʣ., ʨʘʟʨʘʙʦʪʘʣ ʢʦʥʮʝʧʮʠʶ ʢʘʨʙʦʥʦʚʦʛʦ ʧʦʣʠʛʦʥʘ çʃʘʜʦʛʘè, ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʢʦʪʦʨʦʤ 

ʙʫʜʫʪ ʥʘʧʨʘʚʣʝʥʥʳ ʥʘ ʠʟʫʯʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʩʝʢʚʝʩʪʨʘʮʠʠ ʠ ʜʝʧʦʥʠʨʦʚʘʥʠʷ ʧʘʨʥʠʢʦʚʳʭ 

ʛʘʟʦʚ ʵʢʦʩʠʩʪʝʤʘʤʠ ʶʞʥʦʡ ʪʘʡʛʠ. ʃʝʥʠʥʛʨʘʜʩʢʘʷ ʦʙʣʘʩʪʴ, ʥʘʨʷʜʫ ʩ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʦʤ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʵʢʦʥʦʤʠʯʝʩʢʠ ʨʘʟʚʠʪʳʭ ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʠ ʩ ʚʳʩʦʢʦʡ 
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ʧʣʦʪʥʦʩʪʴʶ ʥʘʩʝʣʝʥʠʷ. ɼʣʷ ʪʘʢʠʭ ʨʝʛʠʦʥʦʚ, ʷʚʣʷʶʱʠʭʩʷ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʮʝʥʪʨʘʤʠ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʩʪʨʘʪʝʛʠʠ ʫʛʣʝʨʦʜʥʦʡ 

ʥʝʡʪʨʘʣʴʥʦʩʪʠ ʈʦʩʩʠʠ ʠʤʝʝʪ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ ʠ 

ʃʝʥʠʥʛʨʘʜʩʢʘʷ ʦʙʣʘʩʪʴ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʦʙʲʝʜʠʥʝʥʥʳʡ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʠ 

ʢʣʠʤʘʪʠʯʝʩʢʠʡ ʤʝʛʘʧʦʣʠʛʦʥ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʫʛʣʝʨʦʜʥʦʡ ʥʝʡʪʨʘʣʴʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ, ʚʢʣʶʯʘʷ ʠʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʵʤʠʩʩʠʠ 

ʠ ʧʦʛʣʦʱʝʥʠʷ ʢʣʠʤʘʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʛʘʟʦʚ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʦʡ ʠ ʩʦʟʜʘʥʠʝʤ ʢʘʨʙʦʥʦʚʳʭ 

ʬʝʨʤ - ʥʦʚʦʛʦ ʪʠʧʘ ʩʝʢʚʝʩʪʨʘʮʠʦʥʥʦʡ ʫʛʣʝʨʦʜʥʦʡ ʠʥʜʫʩʪʨʠʠ [18]. 

ʉʝʢʚʝʩʪʨʘʮʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʜʝʧʦʥʠʨʦʚʘʥʠʝ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʘʭ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʢʣʶʯʝʚʦʡ ʤʝʭʘʥʠʟʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʘʨʙʦʥʦʚʳʭ ʬʝʨʤ. ʆʮʝʥʢʘ ʟʘʧʘʩʦʚ ʠ 

ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʝʢʚʝʩʪʨʘʮʠʠ ʪʠʧʦʚ ʵʢʦʩʠʩʪʝʤ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʢʘʨʙʦʥʦʚʳʭ ʧʦʣʠʛʦʥʘʭ [19]. ʃʝʩʥʳʝ ʠ ʧʘʭʦʪʥʳʝ ʧʦʯʚʳ ʂʘʨʝʣʴʩʢʦʛʦ 

ʧʝʨʝʰʝʡʢʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʦʯʚʝʥʥʦʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (ʇʆɺ) ʠ ʫʤʝʨʝʥʥʳʤ ʢʣʠʤʘʪʦʤ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʧʦʪʝʥʮʠʘʣ ʢ ʘʢʢʫʤʫʣʷʮʠʠ ʠ ʜʦʣʛʦʩʨʦʯʥʦʤʫ ʩʦʭʨʘʥʝʥʠʶ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ. ʉʦʛʣʘʩʥʦ 

ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʢʘʨʙʦʥʦʚʦʛʦ ʧʦʣʠʛʦʥʘ çʃʘʜʦʛʘè (ʧʣʦʱʘʜʴ 

ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʫʯʘʩʪʢʘ ʧʨʝʚʳʰʘʝʪ 150 ʛʘ), ʟʘʧʘʩʳ ʇʆɺ ʚ ʩʣʦʝ 0-10 ʩʤ ʚʘʨʴʠʨʦʚʘʣʠ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 1 ʜʦ ʙʦʣʝʝ ʯʝʤ 9 ʢʛ*ʤ-2 [20]. ʇʆɺ ʠʛʨʘʝʪ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʛʣʦʙʘʣʴʥʦʤ ʫʛʣʝʨʦʜʥʦʤ ʮʠʢʣʝ, ʦʙʝʩʧʝʯʠʚʘʷ ʩʚʷʟʳʚʘʥʠʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʙʲʸʤʦʚ ʫʛʣʝʨʦʜʘ, 

ʢʦʪʦʨʳʝ ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʤʦʛʣʠ ʙʳ ʙʳʪʴ ʵʤʠʪʠʨʦʚʘʥʳ ʚ ʘʪʤʦʩʬʝʨʫ ʚ ʬʦʨʤʝ CO2. 

ɼʣʷ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʢʠ ʟʘʧʘʩʦʚ ʇʆɺ ʧʨʠʤʝʥʷʶʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ. ʆʜʥʦʡ ʠʟ 

ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʷʚʣʷʝʪʩʷ ROMUL, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʟʘʜʘʯ, 

ʚʢʣʶʯʘʷ: ʦʮʝʥʢʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʯʚʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʨʝʢʫʣʴʪʠʚʘʮʠʠ, 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʘʢʢʫʤʫʣʷʮʠʠ ʙʠʦʤʘʩʩʳ ʜʨʝʚʦʩʪʦʷ ʠ ʛʫʤʫʩʘ, ʘʥʘʣʠʟ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʠʟʤʝʥʝʥʠʡ ʧʦʯʚ ʧʦʜ ʣʝʩʘʤʠ, ʘ ʪʘʢʞʝ ʠʤʠʪʘʮʠʶ ʜʠʥʘʤʠʢʠ ʩʦʜʝʨʞʘʥʠʷ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʯʚ ʚʦ ʚʨʝʤʝʥʠ [21-22]. ʄʦʜʝʣʴ ʧʨʠʤʝʥʠʤʘ ʢʘʢ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʵʢʦʩʠʩʪʝʤʘʭ, ʪʘʢ ʠ ʥʘ ʥʘʨʫʰʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ (ʟʘʣʝʞʥʳʝ ʟʝʤʣʠ, ʢʘʨʴʝʨʥʦ-ʦʪʚʘʣʴʥʳʝ 

ʢʦʤʧʣʝʢʩʳ), ʚʳʩʪʫʧʘʷ ʚ ʢʘʯʝʩʪʚʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʘʥʘʣʠʟʘ ʧʦʪʝʥʮʠʘʣʘ 

ʩʝʢʚʝʩʪʨʘʮʠʠ ʫʛʣʝʨʦʜʘ ʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʵʢʦʩʠʩʪʝʤ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ 

ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʡ ʫʛʣʝʨʦʜʥʦʡ ʥʝʡʪʨʘʣʴʥʦʩʪʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʫʜʝʣʷʝʪʩʷ ʨʦʣʠ ʧʦʯʚʝʥʥʳʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʢʘʢ ʢʣʶʯʝʚʳʭ ʘʛʝʥʪʦʚ ʛʣʦʙʘʣʴʥʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ ʮʠʢʣʘ [23-25]. 

ʄʠʢʨʦʙʥʳʝ ʩʦʦʙʱʝʩʪʚʘ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʙʘʢʪʝʨʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʝʩʪʨʫʢʮʠʶ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ ʨʘʩʪʠʪʝʣʴʥʦʛʦ, ʞʠʚʦʪʥʦʛʦ ʠ ʛʨʠʙʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ɺ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʫʛʣʝʨʦʜʘ 

ʚ ʥʘʟʝʤʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ʫʯʘʩʪʚʫʶʪ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʝ ʛʨʫʧʧʳ (ʥʘʧʨʠʤʝʨ, 
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Actinobacteriota, Proteobacteria), ʬʦʨʤʠʨʫʶʱʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ, ʢʦʪʦʨʳʝ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʧʨʦʮʝʩʩʳ ʜʝʧʦʥʠʨʦʚʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʝ [26]. 

ʀʟʫʯʝʥʠʝ ʜʘʥʥʳʭ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠʦʙʨʝʪʘʝʪ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʛʣʦʙʘʣʴʥʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ ʮʠʢʣʘ ʚ ʫʩʣʦʚʠʷʭ 

ʠʟʤʝʥʷʶʱʝʛʦʩʷ ʢʣʠʤʘʪʘ [23, 27-28]. ɺ ʵʪʦʡ ʩʚʷʟʠ, ʦʜʥʦʡ ʠʟ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʟʘʜʘʯ 

ʢʘʨʙʦʥʦʚʳʭ ʧʦʣʠʛʦʥʦʚ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʭ ʜʘʥʥʳʭ ʦ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʝ ʧʦʯʚʝʥʥʦʛʦ ʤʠʢʨʦʙʠʦʤʘ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʝ ʯʠʩʣʝʥʥʦʩʪʠ ʢʣʶʯʝʚʳʭ 

ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʭ ʛʨʫʧʧ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʧʨʦʮʝʩʩʳ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʫʛʣʝʨʦʜʘ. 

ɻʣʫʙʦʢʦʝ ʧʦʥʠʤʘʥʠʝ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʦʩʥʦʚʫ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʪʦʯʥʳʭ ʧʨʦʛʥʦʟʦʚ ʝʸ ʠʟʤʝʥʝʥʠʡ ʠ ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʩʪʨʘʪʝʛʠʡ ʩʤʷʛʯʝʥʠʷ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʀʥʪʝʥʩʠʬʠʢʘʮʠʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 

ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʨʦʩʪ ʵʤʠʩʩʠʠ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ (CH4, CO2, N2O, 

CO) ʠ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ ʝʩʪʝʩʪʚʝʥʥʦʡ ʜʠʥʘʤʠʢʠ 

ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʮʠʢʣʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʢʣʶʯʝʚʦʡ ʟʘʜʘʯʝʡ ʢʘʨʙʦʥʦʚʦʛʦ ʧʦʣʠʛʦʥʘ 

çʃʘʜʦʛʘè, ʷʚʣʷʝʪʩʷ ʦʨʛʘʥʠʟʘʮʠʷ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʪʦʢʦʚ ʢʣʠʤʘʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʛʘʟʦʚ ʠ 

ʦʮʝʥʢʘ ʩʝʢʚʝʩʪʨʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʵʢʦʩʠʩʪʝʤ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʉʝʚʝʨʦ-ɿʘʧʘʜʘ ʈʦʩʩʠʠ. 

ɿʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʭʚʘʪʳʚʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʪʝʨʨʠʪʦʨʠʠ ʶʞʥʦʡ ʠ ʩʨʝʜʥʝʡ ʪʘʡʛʠ ʚ 

ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ. 

ʂʣʶʯʝʚʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʜʣʷ ʦʮʝʥʢʠ ʧʦʛʣʦʱʝʥʠʷ CO  ʵʢʦʩʠʩʪʝʤʦʡ ʷʚʣʷʝʪʩʷ ʚʘʣʦʚʘʷ 

ʧʝʨʚʠʯʥʘʷ ʧʨʦʜʫʢʮʠʷ (Gross Primary Production (GPP)), ʢʦʪʦʨʘʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʦʙʲʝʤ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, ʘʩʩʠʤʠʣʠʨʦʚʘʥʥʦʛʦ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʥʘ ʝʜʠʥʠʮʝ 

ʧʣʦʱʘʜʠ ʚ ʧʨʦʮʝʩʩʝ ʬʦʪʦʩʠʥʪʝʟʘ [29-30]. ʈʘʩʯʝʪ ʟʥʘʯʝʥʠʡ GPP ʧʦʟʚʦʣʷʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦ 

ʦʮʝʥʠʪʴ ʩʝʢʚʝʩʪʨʘʮʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʢʘʢ ʪʝʨʨʠʪʦʨʠʠ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʮʝʣʦʤ, ʪʘʢ 

ʠ ʧʦʣʠʛʦʥʘ çʃʘʜʦʛʘè ʚ ʯʘʩʪʥʦʩʪʠ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʦʩʥʦʚʫ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʦʚ 

ʜʝʧʦʥʠʨʦʚʘʥʠʷ ʫʛʣʝʨʦʜʘ ʵʢʦʩʠʩʪʝʤʦʡ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʣʫʞʘʪ ʬʫʥʜʘʤʝʥʪʦʤ ʜʣʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʤʦʥʝʪʠʟʘʮʠʠ ʢʣʶʯʝʚʳʭ ʫʛʣʝʨʦʜʥʳʭ 

ʫʩʣʫʛ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʨʝʬʝʨʝʥʩʥʳʤʠ ʵʢʦʩʠʩʪʝʤʘʤʠ ʨʝʛʠʦʥʘ. ʈʝʘʣʠʟʘʮʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ 

ʩʦʟʜʘʩʪ ʥʘʫʯʥʫʶ ʙʘʟʫ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʝʭʘʥʠʟʤʦʚ ʢʦʤʧʝʥʩʘʮʠʠ ʟʘ ʩʦʭʨʘʥʝʥʠʝ ʠ ʫʚʝʣʠʯʝʥʠʝ 

ʫʛʣʝʨʦʜʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʨʠʨʦʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [31]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʫʶ ʨʦʣʴ ʢʣʠʤʘʪʠʯʝʩʢʠ-ʘʢʪʠʚʥʳʭ ʛʘʟʦʚ ʚ ʠʟʤʝʥʝʥʠʠ ʢʣʠʤʘʪʘ ʥʘ 

ʧʣʘʥʝʪʝ, ʘʪʤʦʩʬʝʨʥʳʝ ʘʵʨʦʟʦʣʠ ʚʥʦʩʷʪ ʩʦʧʦʩʪʘʚʠʤʳʡ ʚʢʣʘʜ ʚ ʢʣʠʤʘʪʠʯʝʩʢʦʝ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝ [32]. ʀʭ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʢʣʠʤʘʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʨʝʘʣʠʟʫʝʪʩʷ ʯʝʨʝʟ 

ʤʦʜʠʬʠʢʘʮʠʶ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʙʘʣʘʥʩʘ ʧʣʘʥʝʪʳ, ʚʣʠʷʷ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ, ʘ ʪʘʢʞʝ 
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ʯʝʨʝʟ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʨʦʮʝʩʩʳ ʦʙʣʘʢʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʩʘʜʢʦʚ. 

ʂʣʠʤʘʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʘʵʨʦʟʦʣʝʡ ʦʧʨʝʜʝʣʝʥ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʦʙʱʝʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʠ ʚʳʩʦʪʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚ ʘʪʤʦʩʬʝʨʝ. ʂ ʯʠʩʣʫ ʢʣʶʯʝʚʳʭ ʤʝʭʘʥʠʟʤʦʚ 

ʚʦʟʜʝʡʩʪʚʠʷ ʦʪʥʦʩʷʪʩʷ: ʫʯʘʩʪʠʝ ʚ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʘʭ ʚʦʜʳ, ʧʨʷʤʦʝ ʠ ʥʝʧʨʷʤʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʨʘʜʠʘʮʠʦʥʥʳʡ ʙʘʣʘʥʩ (ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ ʧʳʣʝʚʳʭ ʦʙʣʘʢʦʚ), ʢʘʪʘʣʠʟ 

ʛʝʪʝʨʦʛʝʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʘ ʪʘʢʞʝ ʬʫʥʢʮʠʠ ʧʝʨʝʥʦʩʘ ʚʝʱʝʩʪʚʘ ʠ ʚʣʘʛʠ [33]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʦʩʪʦʷʥʠʷ ʘʪʤʦʩʬʝʨʳ ʚ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ ʟʦʥʘʭ ʠ ʠʭ ʦʢʨʝʩʪʥʦʩʪʷʭ 

ʠʤʝʝʪ ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʘʥʘʣʠʟʘ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʦʧʘʩʥʳʭ ʪʝʥʜʝʥʮʠʡ. ɸʥʪʨʦʧʦʛʝʥʥʳʝ ʘʵʨʦʟʦʣʠ, ʚʳʟʳʚʘʷ ʧʦʤʫʪʥʝʥʠʝ ʘʪʤʦʩʬʝʨʳ ʠ 

ʦʙʨʘʟʦʚʘʥʠʝ ʩʤʦʛʘ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʯʘʩʪʚʫʶʪ ʚ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ, 

ʩʧʦʩʦʙʩʪʚʫʷ ʫʜʘʣʝʥʠʶ ʦʪʜʝʣʴʥʳʭ ʛʘʟʦʦʙʨʘʟʥʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ. ʇʘʨʘʣʣʝʣʴʥʦ ʘʵʨʦʟʦʣʠ 

ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʣʝʜʷʥʳʝ ʯʘʩʪʠʮʳ ʚʥʦʩʷʪ ʚʢʣʘʜ ʚ ʧʨʦʮʝʩʩʳ ʨʘʟʨʫʰʝʥʠʷ 

ʦʟʦʥʦʚʦʛʦ ʩʣʦʷ ʚ ʧʦʣʷʨʥʳʭ ʨʝʛʠʦʥʘʭ [34]. ɸʪʤʦʩʬʝʨʥʳʡ ʘʵʨʦʟʦʣʴ ʦʢʘʟʳʚʘʝʪ ʢʦʤʧʣʝʢʩʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʨʘʜʠʘʮʠʦʥʥʳʡ ʙʘʣʘʥʩ, ʤʦʜʫʣʠʨʫʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʷʤʦʡ ʠ ʨʘʩʩʝʷʥʥʦʡ 

ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, ʜʦʩʪʠʛʘʶʱʝʡ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʦʧʦʩʨʝʜʦʚʘʥʥʦ ʚʣʠʷʝʪ ʥʘ 

ʛʣʦʙʘʣʴʥʳʡ ʫʛʣʝʨʦʜʥʳʡ ʮʠʢʣ. ʋʢʘʟʘʥʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʬʦʨʤʠʨʫʶʪ ʦʙʨʘʪʥʳʝ ʩʚʷʟʠ ʚ 

ʩʠʩʪʝʤʝ "ʢʣʠʤʘʪ-ʫʛʣʝʨʦʜ", ʦʢʘʟʳʚʘʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʣʠʤʘʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ 

[35-36]. 

ʆʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʳ ʚ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʤ ʨʝʛʠʦʥʝ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚʳʩʪʫʧʘʶʪ ʘʚʪʦʤʦʙʠʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪ, ʧʨʦʤʳʰʣʝʥʥʳʝ 

ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʧʨʦʮʝʩʩʳ ʩʞʠʛʘʥʠʷ ʪʦʧʣʠʚʘ, ʢʦʪʦʨʳʝ ʜʦʧʦʣʥʷʶʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤʠ 

ʵʤʠʩʩʠʷʤʠ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ [37]. ʂʨʫʧʥʳʝ ʧʨʦʤʳʰʣʝʥʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʝ ʮʝʥʪʨʳ, ʪʘʢʠʝ 

ʢʘʢ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʦʙʲʝʤʘʤʠ ʚʳʙʨʦʩʦʚ, ʜʦʩʪʠʛʘʶʱʠʭ 

ʩʦʪʝʥ ʪʦʥʥ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ. ɼʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʦʢʘʟʳʚʘʝʪ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʟʜʦʨʦʚʴʝ ʥʘʩʝʣʝʥʠʷ ʠ ʩʦʩʪʦʷʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʝ ʪʦʣʴʢʦ ʚ ʧʨʝʜʝʣʘʭ ʛʦʨʦʜʘ-

ʠʩʪʦʯʥʠʢʘ, ʥʦ ʠ ʥʘ ʩʦʧʨʝʜʝʣʴʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʚʩʣʝʜʩʪʚʠʝ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʝʨʝʥʦʩʘ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ [38]. 

ʉʫʱʝʩʪʚʝʥʥʳʤ ʘʩʧʝʢʪʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʧʦʚʝʩʪʢʠ ʷʚʣʷʝʪʩʷ ʫʯʸʪ 

ʫʛʣʝʨʦʜʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ. ʅʘʢʦʧʣʝʥʠʝ ʫʛʣʝʨʦʜʘ ʚ ʧʨʠʙʨʝʞʥʳʭ ʟʦʥʘʭ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʙʠʦʪʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʠ ʚʦʜʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ [39]. ʅʘʨʫʰʝʥʠʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ 

ʵʢʦʩʠʩʪʝʤ ʩʧʦʩʦʙʥʦ ʧʨʠʚʝʩʪʠ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʥʝʛʘʪʠʚʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ, ʚʢʣʶʯʘʷ 

ʩʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ʩʝʢʚʝʩʪʨʘʮʠʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʫʛʣʝʨʦʜʘ ʠ ʜʝʩʪʘʙʠʣʠʟʘʮʠʶ ʩʦʟʜʘʥʥʳʭ ʠʤʠ 

ʧʫʣʦʚ ʫʛʣʝʨʦʜʘ. 

ɺ ʜʘʥʥʦʤ ʢʦʥʪʝʢʩʪʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠʥʚʘʟʠʠ ʯʫʞʝʨʦʜʥʳʭ ʚʠʜʦʚ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ 
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ʦʜʥʘ ʠʟ ʢʣʶʯʝʚʳʭ ʛʣʦʙʘʣʴʥʳʭ ʫʛʨʦʟ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʶ, ʥʘʨʷʜʫ ʩ ʯʨʝʟʤʝʨʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʝʡ 

ʤʦʨʩʢʠʭ ʙʠʦʨʝʩʫʨʩʦʚ, ʟʘʛʨʷʟʥʝʥʠʝʤ ʤʦʨʩʢʦʡ ʩʨʝʜʳ ʠʟ ʥʘʟʝʤʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʘ ʪʘʢʞʝ 

ʧʨʷʤʳʤ ʨʘʟʨʫʰʝʥʠʝʤ ʠʣʠ ʪʨʘʥʩʬʦʨʤʘʮʠʝʡ ʤʦʨʩʢʠʭ ʵʢʦʩʠʩʪʝʤ. ʅʘʙʣʶʜʝʥʠʷ ʧʦʩʣʝʜʥʠʭ 

ʜʝʩʷʪʠʣʝʪʠʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʚʩʝʣʝʥʠʷ ʚʠʜʦʚ-

ʠʥʪʨʦʜʫʮʝʥʪʦʚ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʬʦʥʝ ʩʦʚʦʢʫʧʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʠ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ [40-41]. ʀʥʚʘʟʠʠ ʯʫʞʝʨʦʜʥʳʭ ʚʠʜʦʚ ʧʨʠʟʥʘʥʳ ʦʜʥʦʡ ʠʟ ʚʝʜʫʱʠʭ 

ʧʨʠʯʠʥ ʫʪʨʘʪʳ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʠ ʛʣʫʙʦʢʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ. 

ʀʭ ʚʦʟʜʝʡʩʪʚʠʝ ʦʢʘʟʳʚʘʝʪ ʩʝʨʴʸʟʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʵʢʦʩʠʩʪʝʤʥʳʭ ʫʩʣʫʛ ʠ 

ʙʣʘʛʦʧʦʣʫʯʠʝ ʯʝʣʦʚʝʢʘ, ʘ ʪʘʢʞʝ ʧʦʪʝʥʮʠʘʣʴʥʦ ʩʧʦʩʦʙʥʦ ʧʨʦʚʦʮʠʨʦʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʵʤʠʩʩʠʠ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʠʟ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ. 

ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ ʧʨʦʜʦʣʞʘʝʪ ʫʯʘʩʪʠʝ ʚ ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤ ʛʣʦʙʘʣʴʥʳʭ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ, ʯʪʦ ʟʘʢʨʝʧʣʝʥʦ ʚ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʜʦʢʪʨʠʥʝ ʈʌ, 

ʧʦʜʪʚʝʨʞʜʘʶʱʝʡ ʮʝʣʴ ʜʦʩʪʠʞʝʥʠʷ ʫʛʣʝʨʦʜʥʦʡ ʥʝʡʪʨʘʣʴʥʦʩʪʠ ʢ 2060 ʛʦʜʫ [12]. ʉʪʨʘʪʝʛʠʷ 

ʩʦʮʠʘʣʴʥʦ- ʢɻʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʩʦʢʨʘʱʝʥʠʝ ʥʝʪʪʦ-ʚʳʙʨʦʩʦʚ 

ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʙʦʣʝʝ ʯʝʤ ʥʘ 60% ʢ 2050 ʛʦʜʫ (ʩʦ 1584 ʜʦ 630 ʤʣʥ ʪ CO2-ʵʢʚ.) ʩ 

ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʲʸʤʦʚ ʧʦʛʣʦʱʝʥʠʷ ʫʛʣʝʨʦʜʘ ʙʦʣʝʝ ʯʝʤ ʚ ʜʚʘ ʨʘʟʘ (ʜʦ 1200 

ʤʣʥ ʪ CO2-ʵʢʚ.) ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʟʘ ʩʯʸʪ ʨʝʘʣʠʟʘʮʠʠ ʣʝʩʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʠ 

ʘʛʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʨʦʝʢʪʦʚ [42]. ʇʨʠ ʵʪʦʤ ʧʣʘʥʠʨʫʝʤʦʝ ʩʥʠʞʝʥʠʝ ʧʨʷʤʳʭ ʚʳʙʨʦʩʦʚ ʢ 

2050 ʛʦʜʫ ʩʦʩʪʘʚʣʷʝʪ ʣʠʰʴ 13,6% ʦʪ ʫʨʦʚʥʷ 2019 ʛʦʜʘ [43-45]. 

ʅʘʫʯʥʦʝ ʩʦʦʙʱʝʩʪʚʦ ʨʘʟʨʘʙʘʪʳʚʘʝʪ ʩʮʝʥʘʨʠʠ ʥʠʟʢʦʫʛʣʝʨʦʜʥʦʛʦ ʨʘʟʚʠʪʠʷ, ʫʜʝʣʷʷ 

ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤʫ ʩʝʢʪʦʨʫ, ʢʦʪʦʨʳʡ ʚʤʝʩʪʝ ʩ ʪʨʘʥʩʧʦʨʪʦʤ ʬʦʨʤʠʨʫʝʪ 

ʩʚʳʰʝ 75% ʦʙʱʠʭ ʦʙʲʸʤʦʚ ʵʤʠʩʩʠʠ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ. ʋʩʣʦʞʥʝʥʠʝ ʢʣʠʤʘʪʠʯʝʩʢʦʡ 

ʩʠʪʫʘʮʠʠ ʠ ʦʛʨʘʥʠʯʝʥʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʦʜʭʦʜʦʚ ʩʪʠʤʫʣʠʨʫʶʪ ʧʝʨʝʩʤʦʪʨ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʧʦʣʠʪʠʢʠ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʝʨʝʭʦʜʘ ʥʘ ʛʣʦʙʘʣʴʥʦʤ ʠ 

ʥʘʮʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʷʭ, ʯʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʢʘʢ ʚ ʨʘʟʚʠʪʳʭ, ʪʘʢ ʠ ʚ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʪʨʘʥʘʭ 

[46]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʚʥʝʰʥʝʧʦʣʠʪʠʯʝʩʢʠʝ ʚʳʟʦʚʳ, ʢʣʠʤʘʪʠʯʝʩʢʘʷ ʧʦʚʝʩʪʢʘ ʩʦʭʨʘʥʷʝʪ ʩʚʦʶ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʚ ʢʦʥʪʝʢʩʪʝ ʥʘʙʣʶʜʘʝʤʳʭ ʠʟʤʝʥʝʥʠʡ ʢʣʠʤʘʪʘ [47]. ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʮʝʣʝʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʫʛʣʝʨʦʜʥʦʡ ʥʝʡʪʨʘʣʴʥʦʩʪʠ ʠ ʨʝʘʣʠʟʫʝʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʩʪʨʘʪʝʛʠʶ ʨʘʟʚʠʪʠʷ, ʛʜʝ ʜʝʢʘʨʙʦʥʠʟʘʮʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʬʘʢʪʦʨ 

ʩʪʨʫʢʪʫʨʥʦʡ ʧʝʨʝʩʪʨʦʡʢʠ ʵʢʦʥʦʤʠʢʠ ʠ ʫʩʠʣʝʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ.  

ʇʨʦʚʝʜʸʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʦʩʩʠʡʩʢʦʡ ʪʝʧʣʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ 

ʠʜʝʥʪʠʬʠʮʠʨʫʶʪ ʩʠʩʪʝʤʥʳʝ ʙʘʨʴʝʨʳ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʝ ʝʸ ʧʝʨʝʭʦʜʫ ʢ ʫʩʪʦʡʯʠʚʦʤʫ 

ʥʠʟʢʦʫʛʣʝʨʦʜʥʦʤʫ ʨʘʟʚʠʪʠʶ. ʅʘ ʜʦʣʶ ʜʘʥʥʦʛʦ ʩʝʢʪʦʨʘ, ʦʙʣʘʜʘʶʱʝʛʦ ʢʨʠʪʠʯʝʩʢʦʡ 

ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʴʶ, ʧʨʠʭʦʜʠʪʩʷ ʧʦʨʷʜʢʘ ʧʦʣʦʚʠʥʳ ʥʘʮʠʦʥʘʣʴʥʳʭ 
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ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʤʦʜʝʨʥʠʟʘʮʠʷ ʵʥʝʨʛʝʪʠʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʢʣʶʯʝʚʦʡ ʬʘʢʪʦʨ ʜʝʢʘʨʙʦʥʠʟʘʮʠʠ, ʜʦʩʪʠʞʝʥʠʝ ʮʝʣʝʡ ʫʛʣʝʨʦʜʥʦʡ ʥʝʡʪʨʘʣʴʥʦʩʪʠ 

ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʚ ʵʢʦʥʦʤʠʢʝ ʚ ʮʝʣʦʤ [48-49]. 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦʩʣʝʜʥʝʛʦ ʜʝʩʷʪʠʣʝʪʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʪʘʛʥʘʮʠʠ ʚ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʪʨʘʩʣʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʨʝʘʣʠʟʫʝʤʳʝ ʤʝʨʳ. ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʜʘʥʥʦʡ 

ʪʝʥʜʝʥʮʠʠ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʠʟʥʦʩʘ ʛʝʥʝʨʠʨʫʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʪʝʨʷʤ ʵʥʝʨʛʠʠ ʠ ʨʦʩʪʫ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ [50]. ʉʦʭʨʘʥʝʥʠʝ ʵʪʦʡ 

ʥʝʛʘʪʠʚʥʦʡ ʜʠʥʘʤʠʢʠ ʩʦʟʜʘʩʪ ʧʨʷʤʳʝ ʧʨʝʧʷʪʩʪʚʠʷ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʮʝʣʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚ 

ʦʙʣʘʩʪʠ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʟʘʤʝʜʣʠʪ ʧʨʦʮʝʩʩ ʩʥʠʞʝʥʠʷ 

ʫʛʣʝʨʦʜʦʸʤʢʦʩʪʠ ʥʘʮʠʦʥʘʣʴʥʦʡ ʵʢʦʥʦʤʠʢʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʨʘʟʨʘʙʦʪʢʘ ʢʦʤʧʣʝʢʩʥʳʭ 

ʨʝʰʝʥʠʡ ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʧʨʦʙʣʝʤ ʜʦʣʞʥʘ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ 

ʠʟ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʧʨʠʦʨʠʪʝʪʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʨʝʰʝʥʠʡ ʩʣʦʞʠʚʰʝʡʩʷ ʩʠʪʫʘʮʠʠ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ ʫʛʣʝʨʦʜʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʚʢʣʶʯʘʷ ʧʨʠʤʝʥʝʥʠʝ 

ʨʳʥʦʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ [51]. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʫʛʣʝʨʦʜʥʳʭ ʨʳʥʢʦʚ ʦʩʪʘʝʪʩʷ ʜʠʩʢʫʩʩʠʦʥʥʦʡ: 

ʵʤʧʠʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʣʠʰʴ ʦʢʦʣʦ 4% ʧʦʜʦʙʥʳʭ ʠʥʠʮʠʘʪʠʚ 

ʧʨʠʚʦʜʷʪ ʢ ʟʥʘʯʠʤʦʤʫ ʩʦʢʨʘʱʝʥʠʶ ʚʳʙʨʦʩʦʚ, ʧʨʠ ʵʪʦʤ ʨʳʥʦʯʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ 

ʧʦʢʘʟʳʚʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʚ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ. ɼʣʷ ʵʢʦʥʦʤʠʢ 

ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʪʨʘʥ, ʘ ʪʘʢʞʝ ʜʣʷ ʩʝʢʪʦʨʘ ʤʘʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ, ʙʦʣʝʝ 

ʜʝʡʩʪʚʝʥʥʳʤʠ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʤʝʨʳ ʧʨʷʤʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ ʮʝʣʝʚʳʝ ʩʫʙʩʠʜʠʠ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ ʚ ʩʚʦʝʡ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʧʦʣʠʪʠʢʝ ʜʝʣʘʝʪ 

ʘʢʮʝʥʪ ʥʘ ʨʳʥʦʯʥʳʝ ʤʝʭʘʥʠʟʤʳ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʪʱʘʪʝʣʴʥʦʡ ʦʮʝʥʢʠ 

ʧʦʪʝʥʮʠʘʣʘ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ ʨʳʥʢʘ ʩ ʫʯʸʪʦʤ ʩʪʨʫʢʪʫʨʥʳʭ, ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ 

ʨʝʛʠʦʥʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʘʥʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴʶ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ 

ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʩʝʢʚʝʩʪʨʘʮʠʦʥʥʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʙʦʨʝʘʣʴʥʳʭ ʶʞʥʦ-ʪʘʝʞʥʳʭ 

ʵʢʦʩʠʩʪʝʤ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʚʦʟʤʦʞʥʦʩʪʴʶ ʫʪʦʯʥʝʥʠʷ ʫʛʣʝʨʦʜʥʦʛʦ ʩʣʝʜʘ ʠ 

ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʥʦʡ ʦʮʝʥʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʢʦʩʠʩʪʝʤʥʳʭ ʫʩʣʫʛ, ʥʘ ʧʨʠʤʝʨʝ ɹʘʣʪʠʡʩʢʦ-

ʃʘʜʦʞʩʢʦʛʦ ʨʝʛʠʦʥʘ. 

ɺ ʨʘʤʢʘʭ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1) ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʧʣʦʱʘʜʦʢ ʚ ʨʘʤʢʘʭ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʘʨʙʦʥʦʚʦʛʦ ʧʦʣʠʛʦʥʘ çʃʘʜʦʛʘè. ɺʢʣʶʯʘʷ ʨʘʟʨʘʙʦʪʢʫ ʢʦʥʮʝʧʮʠʠ ʠʭ 

ʜʘʣʴʥʝʡʰʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ; 
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2) ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠʨʦʜʥʳʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʦ-ʥʘʨʫʰʝʥʥʳʭ ʵʢʦʩʠʩʪʝʤ ɹʘʣʪʠʡʩʢʦ-

ʃʘʜʦʞʩʢʦʛʦ ʨʝʛʠʦʥʘ. ɸ ʠʤʝʥʥʦ, ʠʟʫʯʝʥʠʝ ʵʜʘʬʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ, ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, 

ʨʝʣʴʝʬʘ ʤʝʩʪʥʦʩʪʠ, ʤʦʨʬʦʣʦʛʠʠ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʯʚ ʧʨʠ ʧʦʤʦʱʠ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ; 

3) ʆʮʝʥʢʘ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʧʦʯʚʘʭ ʢʘʨʙʦʥʦʚʦʛʦ 

ʧʦʣʠʛʦʥʘ çʃʘʜʦʛʘè ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ ʦʨʛʘʥʠʟʘʮʠʠ (ʧʨʦʬʠʣʴʥʦʤ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ). 

ʂʘʨʪʠʨʦʚʘʥʠʝ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʧʦʯʚʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʠʥʪʝʨʧʦʣʷʮʠʠ ʜʘʥʥʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʘʥʥʳʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ; 

4) ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʟʦʥʘʣʴʥʳʭ ʪʦʨʬʷʥʳʭ ʠ ʘʣʴʬʝʛʫʤʫʩʦʚʳʭ 

ʧʦʯʚ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʷʜʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʠ ʦʮʝʥʢʘ ʩʪʝʧʝʥʠ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʜʣʷ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚ; 

5) ʇʝʨʚʠʯʥʦʝ ʩʢʨʠʥʠʥʛʦʚʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ 

ʟʦʥʘʣʴʥʳʭ ʘʣʴʬʝʛʫʤʫʩʦʚʳʭ ʠ ʪʦʨʬʷʥʳʭ ʧʦʯʚ ʤʝʪʦʜʘʤʠ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ 

ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ; 

6) ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʧʦʪʦʢʦʚ ʠ ʵʤʠʩʩʠʦʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʜʣʷ 

ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʛʘʟʦʚ ʥʘ ʩʪʘʥʮʠʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʉʇʙɻʋ (ʇʝʪʝʨʛʦʬ), ʘ 

ʪʘʢʞʝ ʠʟʤʝʨʝʥʠʝ ʧʦʪʦʢʦʚ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʛʘʟʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʢʘʨʙʦʥʦʚʦʛʦ ʧʦʣʠʛʦʥʘ çʃʘʜʦʛʘè; 

7) ʀʟʫʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʘʵʨʦʟʦʣʝʡ ʚ ʘʪʤʦʩʬʝʨʝ ɹʘʣʪʠʡʩʢʦ-ʃʘʜʦʞʩʢʦʛʦ ʨʝʛʠʦʥʘ ʩ 

ʧʦʤʦʱʴʶ ʩʪʘʮʠʦʥʘʨʥʳʭ ʠ ʤʦʙʠʣʴʥʳʭ ʣʠʜʘʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ; 

8) ʀʟʤʝʨʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ çʧʠʪʘʪʝʣʴʥʘʷ ʩʨʝʜʘ ï ʟʝʣʝʥʘʷ ʚʦʜʦʨʦʩʣʴ ï 

ʛʫʤʠʥʦʚʘʷ ʢʠʩʣʦʪʘè ʚ ʨʘʤʢʘʭ ʨʘʙʦʪ ʤʦʥʠʪʦʨʠʥʛʫ çʛʦʣʫʙʦʛʦè ʫʛʣʝʨʦʜʘ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ; 

9) ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʚʦʜʥʳʝ 

ʵʢʦʩʠʩʪʝʤʳ ʧʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʞʠʚʦʪʥʳʭ-ʙʠʦʠʥʜʠʢʘʪʦʨʦʚ; 

10) ʉʠʩʪʝʤʘʪʠʟʘʮʠʷ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʤʝʭʘʥʠʟʤʦʚ ʠ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʫʛʣʝʨʦʜʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʧʨʘʢʪʠʢʝ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʚ ʯʘʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʭ ʨʘʤʦʯʥʳʭ ʫʩʣʦʚʠʡ, ʩʪʠʤʫʣʠʨʫʶʱʠʭ 

ʫʯʘʩʪʠʝ ʢʣʶʯʝʚʳʭ ʵʤʠʪʝʥʪʦʚ ʢʣʠʤʘʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʛʘʟʦʚ ʚ ʩʝʢʚʝʩʪʨʘʮʠʦʥʥʳʭ ʧʨʦʝʢʪʘʭ; 

11) ɺʳʨʘʙʦʪʢʘ ʧʨʝʜʣʦʞʝʥʠʡ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʥʠʟʢʦʫʛʣʝʨʦʜʥʳʭ ʩʪʨʘʪʝʛʠʡ 

ʧʨʠʦʨʠʪʝʪʥʳʭ ʩʝʢʪʦʨʦʚ ʨʦʩʩʠʡʩʢʦʛʦ ʙʠʟʥʝʩʘ ʩ ʫʯʝʪʦʤ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʠʟʤʝʨʝʥʠʡ ʧʦʪʦʢʦʚ 

ʢʣʠʤʘʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʛʘʟʦʚ ʥʘ ʙʘʟʝ ʢʘʨʙʦʥʦʚʦʛʦ ʧʦʣʠʛʦʥʘ çʃʘʜʦʛʘè 

12) ʉʠʩʪʝʤʘʪʠʟʘʮʠʷ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ 

ʬʠʥʘʥʩʦʚʳʭ ʤʦʜʝʣʝʡ ʫʛʣʝʨʦʜʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʧʨʘʢʪʠʢʝ; ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʦʙʦʩʥʦʚʘʥʠʷ ʬʠʥʘʥʩʦʚʳʭ ʨʝʰʝʥʠʡ ʧʦ ʚʦʧʨʦʩʘʤ 
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ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ, ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʦʛʦ, ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʨʝʛʠʦʥʘʣʴʥʦʛʦ 

ʫʛʣʝʨʦʜʥʦʛʦ ʨʳʥʢʘ. 

 

ʇʨʦʤʝʞʫʪʦʯʥʳʝ ʦʪʯʝʪʳ ʧʦ ʅʀʈ: 

1. ʆʪ ʢʘʨʙʦʥʦʚʦʛʦ ʧʦʣʠʛʦʥʘ ʢ ʫʛʣʝʨʦʜʥʦʤʫ ʨʝʛʫʣʠʨʦʚʘʥʠʶ: ʧʦʪʝʥʮʠʘʣ ʠ ʧʫʪʠ 

ʨʘʟʚʠʪʠʷ ʩʝʢʚʝʩʪʨʘʮʠʦʥʥʦʡ ʫʛʣʝʨʦʜʥʦʡ ʠʥʜʫʩʪʨʠʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ 

ʠ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ (GZ MDF 2023 - 1) (ʧʨʦʤʝʞʫʪʦʯʥʳʡ); ʨʝʛ. ˉ 224020100049-2; 

2. ʆʪ ʢʘʨʙʦʥʦʚʦʛʦ ʧʦʣʠʛʦʥʘ ʢ ʫʛʣʝʨʦʜʥʦʤʫ ʨʝʛʫʣʠʨʦʚʘʥʠʶ: ʧʦʪʝʥʮʠʘʣ ʠ ʧʫʪʠ 

ʨʘʟʚʠʪʠʷ ʩʝʢʚʝʩʪʨʘʮʠʦʥʥʦʡ ʫʛʣʝʨʦʜʥʦʡ ʠʥʜʫʩʪʨʠʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ 

ʠ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ (ʧʨʦʤʝʞʫʪʦʯʥʳʡ, ʵʪʘʧ 2); ʨʝʛ. ˉ 225020206644-1. 
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1 ʇʨʦʝʢʪ ʢʘʨʙʦʥʦʚʦʛʦ ʧʦʣʠʛʦʥʘ çʃʘʜʦʛʘè: ʧʨʠʥʮʠʧʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʟʤʝʱʝʥʠʷ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʧʣʦʱʘʜʦʢ ʠ ʢʦʥʮʝʧʮʠʷ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

1.1 ʂʦʥʮʝʧʪ ʦʙʲʝʜʠʥʝʥʥʦʛʦ ʢʘʨʙʦʥʦʚʦʛʦ ʧʦʣʠʛʦʥʘ çʃʘʜʦʛʘè 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʠʥʠʮʠʠʨʦʚʘʥ ʜʦʣʛʦʩʨʦʯʥʳʡ ʧʨʦʝʢʪ ʧʦ 

ʩʦʟʜʘʥʠʶ ʦʙʲʝʜʠʥʝʥʥʦʛʦ ʢʘʨʙʦʥʦʚʦʛʦ ʧʦʣʠʛʦʥʘ çʃʘʜʦʛʘè, ʦʙʣʘʜʘʶʱʠʡ ʧʨʠʦʨʠʪʝʪʥʳʤ 

ʟʥʘʯʝʥʠʝʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʝʛʠʦʥʘ. ʇʨʦʝʢʪ 

ʨʘʟʨʘʙʦʪʘʥ ʢʦʥʩʦʨʮʠʫʤʦʤ ʚ ʩʦʩʪʘʚʝ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʠ ʌɻɹʋ çɻʣʘʚʥʘʷ ʛʝʦʬʠʟʠʯʝʩʢʘʷ ʦʙʩʝʨʚʘʪʦʨʠʷè ʧʨʠ ʩʦʜʝʡʩʪʚʠʠ ʇʨʘʚʠʪʝʣʴʩʪʚʘ 

ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ. 

ʂʣʶʯʝʚʦʡ ʮʝʣʴʶ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʢʦʤʧʣʝʢʩʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʩʝʢʚʝʩʪʨʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʵʢʦʩʠʩʪʝʤ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʦʟʜʘʶʪ 

ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʫʛʣʝʨʦʜʥʦʛʦ ʩʣʝʜʘ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ. ʈʝʘʣʠʟʘʮʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʤʠʥʠʤʠʟʘʮʠʶ ʬʠʥʘʥʩʦʚʳʭ ʨʠʩʢʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʚʚʝʜʝʥʠʝʤ ʪʨʘʥʩʛʨʘʥʠʯʥʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʥʘ 

ʚʳʧʦʣʥʝʥʠʝ ʦʙʷʟʘʪʝʣʴʩʪʚ ʨʝʛʫʣʠʨʫʝʤʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʌɿ ˉ 296, 

ʧʨʝʜʦʩʪʘʚʣʷʷ ʘʣʴʪʝʨʥʘʪʠʚʫ ʨʝʘʣʠʟʘʮʠʠ ʙʦʣʝʝ ʟʘʪʨʘʪʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʨʦʝʢʪʦʚ. 

ʉʪʨʫʢʪʫʨʘ ʦʙʲʝʜʠʥʝʥʥʦʛʦ ʢʘʨʙʦʥʦʚʦʛʦ ʧʦʣʠʛʦʥʘ çʃʘʜʦʛʘè 

1. ʉʪʘʮʠʦʥʘʨʥʳʡ ʧʦʣʠʛʦʥ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʌɻɹʋ çɻɻʆè ʚ ʃʝʥʠʥʛʨʘʜʩʢʦʡ 

ʦʙʣʘʩʪʠ, ʧ. ɺʦʝʡʢʦʚʦ. ɿʜʝʩʴ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘʙʣʶʜʘʪʝʣʴʥʘʷ ʚʳʰʢʘ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ 

ʢʣʠʤʘʪʠʯʝʩʢʠ-ʘʢʪʠʚʥʳʭ ʛʘʟʦʚ. ʊʝʨʨʠʪʦʨʠʷ ʧʣʘʥʠʨʫʝʤʦʛʦ ʧʦʣʠʛʦʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʈʠʩʫʥʢʝ 1.  
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ʈʠʩʫʥʦʢ 1 ï ʇʨʝʜʧʦʣʘʛʘʝʤʦʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʧʦʣʠʛʦʥʘ ʚ ɺʦʝʡʢʦʚʦ 

(ʃʝʥʠʥʛʨʘʜʩʢʘʷ ʦʙʣʘʩʪʴ) ʚʳʜʝʣʝʥʦ ʞʝʣʪʳʤ ʮʚʝʪʦʤ (https://rreestrmap.ru/) 

 

2. ʄʦʙʠʣʴʥʳʡ ʧʦʣʠʛʦʥ ï ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʢʨʘʪʢʦʩʨʦʯʥʳʭ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʨʘʙʦʪ 

ʧʦ ʠʟʫʯʝʥʠʶ ʝʩʪʝʩʪʚʝʥʥʳʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ (ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠʨʦʜʦʧʦʜʦʙʥʳʭ) ʠʩʪʦʯʥʠʢʦʚ ʠ 

ʩʪʦʢʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ. 

3. ʜʝʡʩʪʚʫʶʱʠʝ ʩʪʘʥʮʠʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʌɻɹʋ çɻɻʆè ʠ ʉʇʙɻʋ, 

ʚʭʦʜʷʱʠʝ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʩʝʪʠ ɻʉɸ ɺʄʆ (ɻʣʦʙʘʣʴʥʘʷ ʩʣʫʞʙʘ ʘʪʤʦʩʬʝʨʳ 

ɺʩʝʤʠʨʥʦʡ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ) ʠ NDACC (Network for the Detection of 

Atmospheric Composition Change). 

4. ʨʦʩʩʠʡʩʢʠʡ ʮʝʥʪʨ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʧʦʩʪʘʚʠʤʦʩʪʠ ʠ ʢʘʣʠʙʨʦʚʢʠ ʜʣʷ ʨʘʩʰʠʨʷʶʱʝʡʩʷ 

ʩʝʪʠ ʩʪʘʥʮʠʡ ʠ ʧʦʣʠʛʦʥʦʚ ï ʥʘ ʙʘʟʝ ʜʝʡʩʪʚʫʶʱʠʭ ʩʪʘʥʮʠʡ ʘʪʤʦʩʬʝʨʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

ʉʇʙɻʋ ʠ ʌɻɹʋ çɻɻʆè (ʧ. ɺʦʝʡʢʦʚʦ ʠ ʛ. ʇʝʪʝʨʛʦʬ). 

ʇʨʦʝʢʪ ʫʯʠʪʳʚʘʝʪ ʣʫʯʰʠʝ ʤʠʨʦʚʳʝ ʧʨʘʢʪʠʢʠ ʩʝʪʝʡ ICOS [52] ʠ AmeriFlux [53] ʧʦ 

ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ ʥʘʫʯʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʩʪʘʥʮʠʡ. 

ʅʘ ʧʣʘʥʠʨʫʝʤʦʤ ʫʯʘʩʪʢʝ ʢʘʨʙʦʥʦʚʦʛʦ ʧʦʣʠʛʦʥʘ ʧʨʦʚʦʜʷʪʩʷ ʧʦʩʪʦʷʥʥʳʝ 

ʤʦʥʠʪʦʨʠʥʛʦʚʳʝ ʨʘʙʦʪʳ ʧʦ ʠʟʤʝʨʝʥʠʶ ʢʣʠʤʘʪʠʯʝʩʢʠ-ʘʢʪʠʚʥʳʭ ʛʘʟʦʚ ʠ ʦʮʝʥʢʝ ʩʦʩʪʦʷʥʠʷ 

ʘʪʤʦʩʬʝʨʳ ʩ 1950ʭ ʛʦʜʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʜʘʥʥʫʶ ʪʝʨʨʠʪʦʨʠʶ ʫʥʠʢʘʣʴʥʦʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʠʟʫʯʝʥʠʷ ʜʠʥʘʤʠʢʠ ʩʦʜʝʨʞʘʥʠʷ ʢʣʠʤʘʪʠʯʝʩʢʠ-ʘʢʪʠʚʥʳʭ ʛʘʟʦʚ ʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ. 

ʋʩʧʝʰʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʧʨʦʝʢʪʘ ʦʙʲʝʜʠʥʝʥʥʦʛʦ ʢʘʨʙʦʥʦʚʦʛʦ ʧʦʣʠʛʦʥʘ çʃʘʜʦʛʘè 

ʩʦʟʜʘʝʪ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʩʣʝʜʫʶʱʝʛʦ ʵʪʘʧʘ ʨʘʟʚʠʪʠʷ, ʘ ʠʤʝʥʥʦ, ʦʨʛʘʥʠʟʘʮʠʠ ʢʘʨʙʦʥʦʚʦʡ 

ʬʝʨʤʳ. ʅʘ ʝʝ ʪʝʨʨʠʪʦʨʠʠ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʠʥʪʝʥʩʠʚʥʘʷ ʩʝʢʚʝʩʪʨʘʮʠʷ ʢʣʠʤʘʪʠʯʝʩʢʠ-

ʘʢʪʠʚʥʳʭ ʛʘʟʦʚ, ʨʝʟʫʣʴʪʘʪʦʤ ʢʦʪʦʨʦʡ ʩʪʘʥʝʪ ʛʝʥʝʨʘʮʠʷ ʚʝʨʠʬʠʮʠʨʦʚʘʥʥʳʭ ʫʛʣʝʨʦʜʥʳʭ 

ʝʜʠʥʠʮ. 

ʂʣʶʯʝʚʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʡ ʠʥʪʝʛʨʘʮʠʠ ʢʘʨʙʦʥʦʚʦʛʦ ʧʦʣʠʛʦʥʘ ʠ 

ʬʝʨʤʳ ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʢʚʦʟʥʦʛʦ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʮʠʢʣʘ ʢʦʤʧʝʪʝʥʮʠʡ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʫʩʢʦʨʝʥʥʫʶ ʠʤʧʣʝʤʝʥʪʘʮʠʶ ʨʝʟʫʣʴʪʘʪʦʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ 

ʧʨʠʢʣʘʜʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʢʦʤʤʝʨʯʝʩʢʠ ʨʝʘʣʠʟʫʝʤʳʝ ʧʨʦʜʫʢʪʳ ʠ ʪʝʭʥʦʣʦʛʠʠ. 

ɺ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʚʪʦʨʦʛʦ ʵʪʘʧʘ ʧʨʦʝʢʪʘ ʦʩʥʦʚʥʳʤ ʧʦʣʫʯʘʪʝʣʝʤ ʜʦʭʦʜʦʚ ʦʪ 

ʢʘʨʙʦʥʦʚʦʡ ʬʝʨʤʳ, ʢʘʢ ʧʨʝʜʧʨʠʷʪʠʷ ʥʦʚʦʛʦ ʪʠʧʘ ʚ ʬʦʨʤʠʨʫʶʱʝʡʩʷ ʩʝʢʚʝʩʪʨʘʮʠʦʥʥʦʡ 

ʫʛʣʝʨʦʜʥʦʡ ʠʥʜʫʩʪʨʠʠ, ʩʪʘʥʦʚʠʪʩʷ ʠʥʚʝʩʪʦʨ ʧʨʦʝʢʪʘ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʬʠʥʘʥʩʦʚʳʝ ʚʳʛʦʜʳ 

ʙʫʜʫʪ ʧʦʣʫʯʝʥʳ ʟʘ ʩʯʝʪ ʚʥʝʜʨʝʥʠʷ ʙʦʣʝʝ ʪʦʯʥʳʭ ʩʠʩʪʝʤ ʫʯʝʪʘ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ, 

ʯʪʦ ʧʦʚʳʩʠʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʫʛʣʝʨʦʜʥʳʤ ʩʣʝʜʦʤ ʠ ʩʥʠʟʠʪ ʨʠʩʢʠ ʫʛʣʝʨʦʜʥʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ. 

https://rreestrmap.ru/
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ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʝʪʠ ʢʘʨʙʦʥʦʚʳʭ ʧʦʣʠʛʦʥʦʚ ʠ ʬʝʨʤ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʪʘʥʦʚʣʝʥʠʶ ʠ ʨʘʟʚʠʪʠʶ ʩʠʩʪʝʤʳ ʫʛʣʝʨʦʜʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ 

(Carbon Farming), ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʩʧʝʢʪʠʚʥʫʶ ʵʢʦʣʦʛʠʯʝʩʢʠ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʫʶ ʙʠʟʥʝʩ-ʤʦʜʝʣʴ. ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʦʩʥʦʚʘʥʘ ʥʘ ʧʦʣʫʯʝʥʠʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʚʳʛʦʜʳ ʦʪ ʚʥʝʜʨʝʥʠʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ ʟʝʤʝʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʜʝʧʦʥʠʨʦʚʘʥʠʷ ʫʛʣʝʨʦʜʘ ʚ ʙʠʦʤʘʩʩʝ, ʦʨʛʘʥʠʯʝʩʢʦʤ ʚʝʱʝʩʪʚʝ 

ʠ ʧʦʯʚʘʭ. ɼʦʩʪʠʞʝʥʠʝ ʮʝʣʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ 

ʧʨʦʮʝʩʩʦʚ ʩʝʢʚʝʩʪʨʘʮʠʠ ʫʛʣʝʨʦʜʘ ʠ ʩʦʢʨʘʱʝʥʠʷ ʵʤʠʩʩʠʠ ʢʣʠʤʘʪʠʯʝʩʢʠ-ʘʢʪʠʚʥʳʭ ʛʘʟʦʚ ʚ 

ʘʪʤʦʩʬʝʨʫ ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʩʦʭʨʘʥʝʥʠʶ 

ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʠ ʫʩʪʦʡʯʠʚʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʨʠʨʦʜʥʦʛʦ ʢʘʧʠʪʘʣʘ. 

ɺ ʢʦʤʧʣʝʢʩʝ ʩ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʫʣʘʚʣʠʚʘʥʠʷ ʠ ʭʨʘʥʝʥʠʷ ʫʛʣʝʨʦʜʘ, 

ʫʛʣʝʨʦʜʥʦʝ ʟʝʤʣʝʜʝʣʠʝ ʬʦʨʤʠʨʫʝʪ ʥʝʦʙʭʦʜʠʤʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʧʝʨʝʭʦʜʘ ʢ 

ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʤ ʫʛʣʝʨʦʜʥʳʤ ʮʠʢʣʘʤ ʠ ʜʦʩʪʠʞʝʥʠʷ ʜʦʣʛʦʩʨʦʯʥʦʡ ʮʝʣʠ ʫʛʣʝʨʦʜʥʦʡ 

ʥʝʡʪʨʘʣʴʥʦʩʪʠ. 

 

2 ʂʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʢʦʩʠʩʪʝʤ ɹʘʣʪʠʡʩʢʦ-ʃʘʜʦʞʩʢʦʛʦ ʨʝʛʠʦʥʘ: 

ʵʜʘʬʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ, ʨʘʩʪʠʪʝʣʴʥʳʡ ʧʦʢʨʦʚ ʠ ʨʝʣʴʝʬʦʦʙʨʘʟʫʶʱʠʝ ʧʨʦʮʝʩʩʳ 

 2.1 ʆʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʨʝʣʴʝʬʘ ʦʙʲʝʜʠʥʝʥʥʦʛʦ ʢʘʨʙʦʥʦʚʦʛʦ ʧʦʣʠʛʦʥʘ çʃʘʜʦʛʘè 

ʇʨʦʝʢʪʠʨʫʝʤʳʡ ʢʘʨʙʦʥʦʚʳʡ ʧʦʣʠʛʦʥ çʃʘʜʦʛʘè ʨʘʩʧʦʣʦʞʝʥ ʚ ʧʨʝʜʝʣʘʭ ʂʦʣʪʫʰʩʢʦʡ 

ʚʦʟʚʳʰʝʥʥʦʩʪʠ, ʟʘʥʠʤʘʶʱʝʡ ʶʞʥʫʶ ʯʘʩʪʴ ɺʩʝʚʦʣʦʞʩʢʦʛʦ ʨʘʡʦʥʘ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ. 

ɺ ʩʠʩʪʝʤʝ ʧʦʯʚʝʥʥʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʥʦʩʠʪʩʷ 

ʢ ʶʞʥʦʤʫ ʩʝʢʪʦʨʫ ɺʳʙʦʨʛʩʢʦ-ʇʨʠʦʟʝʨʩʢʦʛʦ ʦʢʨʫʛʘ ʧʦʜʟʦʣʠʩʪʦ-ʘʣʴʬʝʛʫʤʫʩʦʚʳʭ 

ʧʨʠʤʠʪʠʚʥʳʭ ʧʝʩʯʘʥʳʭ ʧʦʯʚ. ʇʨʝʦʙʣʘʜʘʶʱʠʤʠ ʪʠʧʘʤʠ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʷʚʣʷʶʪʩʷ 

ʧʦʜʙʫʨʳ ʠ ʩʣʘʙʦʨʘʟʚʠʪʳʝ ʧʦʜʟʦʣʳ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʜʘʬʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʥʘ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ 

ʢʘʨʙʦʥʦʚʦʛʦ ʧʦʣʠʛʦʥʘ çʃʘʜʦʛʘè, ʚʢʣʶʯʘʷ ʢʘʤʦʚʳʝ ʚʦʟʚʳʰʝʥʥʦʩʪʠ ʠ ʧʨʠʣʝʛʘʶʱʠʝ 

ʟʘʙʦʣʦʯʝʥʥʳʝ ʥʠʟʠʥʳ. ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ 

ʧʦʯʚʦʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʙʳʣʦ ʟʘʣʦʞʝʥʦ 15 ʧʦʣʥʦʧʨʦʬʠʣʴʥʳʭ ʧʦʯʚʝʥʥʳʭ 

ʨʘʟʨʝʟʦʚ ʠ ʚʳʧʦʣʥʝʥʦ 46 ʧʦʯʚʝʥʥʳʭ ʧʨʠʢʦʧʦʢ (ʈʠʩʫʥʦʢ 2). ɼʘʥʥʘʷ ʩʭʝʤʘ ʦʧʨʦʙʦʚʘʥʠʷ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʝ ʧʦʢʨʳʪʠʝ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʣʘʥʜʰʘʬʪʦʚ ʠ ʧʦʟʚʦʣʷʝʪ 

ʚʳʷʚʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʯʚʝʥʥʳʭ ʪʘʢʩʦʥʦʚ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʧʦʣʠʛʦʥʘ. 
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ʈʠʩʫʥʦʢ 2 ï ʄʝʩʪʘ ʦʪʙʦʨʘ ʦʙʨʘʟʮʦʚ ʧʦʯʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʢʘʨʙʦʥʦʚʦʛʦ ʧʦʣʠʛʦʥʘ çʃʘʜʦʛʘè 

 

ʊʝʨʨʠʪʦʨʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʘʤʦʚʳʤ ʚʦʜʥʦ-ʣʝʜʥʠʢʦʚʳʤ ʪʠʧʦʤ 

ʨʝʣʴʝʬʘ. ʎʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʚʦʟʚʳʰʝʥʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʭʦʣʤʠʩʪʦʝ ʢʘʤʦʚʦʝ ʧʣʘʪʦ, 

ʪʦʛʜʘ ʢʘʢ ʧʝʨʠʬʝʨʠʡʥʳʝ ʫʯʘʩʪʢʠ ʦʙʨʘʟʫʶʪ ʩʪʫʧʝʥʯʘʪʳʡ ʘʙʨʘʟʠʦʥʥʳʡ ʫʩʪʫʧ, 

ʧʦʜʚʝʨʞʝʥʥʳʡ ʘʢʪʠʚʥʦʡ ʨʝʢʨʝʘʮʠʦʥʥʦʡ ʥʘʛʨʫʟʢʝ (ʚ ʯʘʩʪʥʦʩʪʠ, ʨʘʟʚʠʪʠʶ ʛʦʨʥʦʣʳʞʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ). ʅʘ ʛʨʘʥʠʮʝ ʚʦʟʚʳʰʝʥʥʦʩʪʠ ʨʝʣʴʝʬ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʩʠʩʪʝʤʫ 

ʟʘʙʦʣʦʯʝʥʥʳʭ ʧʝʩʯʘʥʳʭ ʪʝʨʨʘʩ ʠ ʨʘʚʥʠʥ. ʇʦʯʚʦʦʙʨʘʟʫʶʱʠʝ ʧʦʨʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ï 

ʢʘʤʦʚʳʤʠ ʩʣʦʠʩʪʳʤʠ ʩʨʝʜʥʝʟʝʥʠʩʪʳʤʠ ʩʫʧʝʩʷʤʠ ʠ ʧʝʩʢʘʤʠ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʪʦʥʢʠʭ 

ʧʨʦʩʣʦʝʢ ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ ʬʣʶʚʠʦʛʣʷʮʠʘʣʴʥʳʤʠ (ʦʟʦʚʳʤʠ) 

ʧʝʨʝʤʳʪʳʤʠ ʧʝʩʢʘʤʠ ʠ ʩʫʧʝʩʷʤʠ. 

ɻʠʜʨʦʣʦʛʠʯʝʩʢʠʡ ʨʝʞʠʤ ʪʝʨʨʠʪʦʨʠʠ ʦʪʣʠʯʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ: ʢʘʤʦʚʳʝ ʣʘʥʜʰʘʬʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʭʦʨʦʰʠʤ ʜʨʝʥʘʞʝʤ (ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʪʝʨʤʦʢʘʨʩʪʦʚʳʭ ʦʟʸʨʥʳʭ ʢʦʪʣʦʚʠʥ), ʧʨʠ ʵʪʦʤ ʥʘ ʢʨʫʪʳʭ ʩʢʣʦʥʘʭ ʚ ʣʝʪʥʠʡ 

ʧʝʨʠʦʜ ʥʘʙʣʶʜʘʝʪʩʷ ʜʝʬʠʮʠʪ ʧʦʯʚʝʥʥʦʡ ʚʣʘʛʠ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʨʝʟʢʦ ʩʤʝʥʷʪʴʩʷ ʝʸ 

ʠʟʙʳʪʢʦʤ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 50-100 ʤʝʪʨʦʚ. ʈʘʚʥʠʥʥʳʝ ʧʝʨʠʬʝʨʠʡʥʳʝ ʣʘʥʜʰʘʬʪʳ ʟʘʙʦʣʦʯʝʥʳ 

ʧʦ ʵʚʪʨʦʬʥʦʤʫ ʪʠʧʫ ʠ ʯʘʩʪʠʯʥʦ ʧʦʜʚʝʨʛʘʣʠʩʴ ʤʝʣʠʦʨʘʪʠʚʥʳʤ ʨʘʙʦʪʘʤ ʚ ʪʝʯʝʥʠʝ XX ʚʝʢʘ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʨʝʣʴʝʬʘ ʪʝʨʨʠʪʦʨʠʠ ʢʘʨʙʦʥʦʚʦʛʦ ʧʦʣʠʛʦʥʘ çʃʘʜʦʛʘè ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ 

ʮʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʨʝʣʴʝʬʘ (ʎʄʈ) ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 30 ʤʝʪʨʦʚ ʥʘ ʦʩʥʦʚʝ 

ʜʘʥʥʳʭ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʩʲʝʤʢʠ SRTM (ʈʠʩʫʥʦʢ 3). ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ 

ʘʥʘʣʠʟʘ ʎʄʈ, ʥʘʙʣʶʜʘʝʪʩʷ ʯʝʪʢʘʷ ʣʘʥʜʰʘʬʪʥʘʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ: ʩʝʚʝʨʦ-ʟʘʧʘʜʥʘʷ ʯʘʩʪʴ 
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ʟʘʥʠʤʘʝʪ ʢʘʤʦʚʳʝ ʛʨʷʜʳ ʠ ʭʦʣʤʳ, ʪʦʛʜʘ ʢʘʢ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ʦʪʥʦʩʠʪʩʷ ʢ 

ʨʘʚʥʠʥʥʳʤ ʟʘʙʦʣʦʯʝʥʥʳʤ ʣʘʥʜʰʘʬʪʘʤ. 

 

ʈʠʩʫʥʦʢ 3 ï ʂʘʨʪʘ-ʩʭʝʤʘ ʨʝʣʴʝʬʘ ʢʘʨʙʦʥʦʚʦʛʦ ʧʦʣʠʛʦʥʘ çʃʘʜʦʛʘè (ʧʦʩʪʨʦʝʥʥʦʛʦ ʧʦ 

ʜʘʥʥʳʤ SRTM) ʠ ʤʝʩʪ ʦʪʙʦʨʘ ʧʨʦʙ 

 

ɸʥʘʣʠʟ ʚʳʩʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʨʨʠʪʦʨʠʠ ʧʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʝʨʝʧʘʜ 

ʘʙʩʦʣʶʪʥʳʭ ʚʳʩʦʪ ð ʦʪ 32,5 ʜʦ 77,5 ʤʝʪʨʦʚ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ. ɺ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʧʦʣʠʛʦʥʘ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʠʟʦʣʠʨʦʚʘʥʥʳʡ ʭʦʣʤ ʩ ʘʙʩʦʣʶʪʥʳʤʠ ʦʪʤʝʪʢʘʤʠ 42,5-45 ʤʝʪʨʦʚ. ɿʜʘʥʠʝ 

ʦʙʩʝʨʚʘʪʦʨʠʠ ɻɻʆ ʠʤ. ɺʦʝʡʢʦʚʘ, ʷʚʣʷʶʱʝʝʩʷ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ ʪʦʯʝʢ 

ʧʦʣʠʛʦʥʘ, ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʚʳʩʦʪʝ 75 ʤʝʪʨʦʚ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʥʦʡ ʠʟ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʦʪʤʝʪʦʢ ʪʝʨʨʠʪʦʨʠʠ. 

ɸʥʘʣʠʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪʥʳʭ ʦʪʤʝʪʦʢ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʢʘʨʙʦʥʦʚʦʛʦ ʧʦʣʠʛʦʥʘ ʣʘʥʜʰʘʬʪʦʚ ʩ ʘʙʩʦʣʶʪʥʳʤʠ 

ʚʳʩʦʪʘʤʠ ʜʦ 46 ʤʝʪʨʦʚ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ. ɼʘʥʥʳʝ ʫʯʘʩʪʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʛʠʜʨʦʤʦʨʬʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʥʠʟʠʥʥʳʭ ʵʚʪʨʦʬʥʳʭ ʙʦʣʦʪ. ʂʘʤʦʚʳʝ ʬʦʨʤʳ ʨʝʣʴʝʬʘ 

(ʛʨʷʜʳ ʠ ʚʦʟʚʳʰʝʥʥʦʩʪʠ) ʟʘʥʠʤʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʫʶ ʧʣʦʱʘʜʴ, ʬʦʨʤʠʨʫʷ 

ʘʢʢʫʤʫʣʷʪʠʚʥʳʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʬʦʨʤʳ ʨʝʣʴʝʬʘ. ʇʦʣʦʛʠʝ ʢʘʤʦʚʳʝ ʩʢʣʦʥʳ ʠ ʨʦʚʥʳʝ 

ʫʯʘʩʪʢʠ ʨʝʣʴʝʬʘ ʚ ʤʝʞʢʘʤʦʚʳʭ ʧʦʥʠʞʝʥʠʷʭ ʨʘʥʝʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ. 



31 
 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʡ ʫʯʘʩʪʦʢ ʩ ʦʪʥʦʩʠʪʝʣʴʥʳʤ 

ʚʳʨʘʚʥʠʚʘʥʠʝʤ ʨʝʣʴʝʬʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʤʝʞʢʘʤʦʚʦʡ ʜʝʧʨʝʩʩʠʠ ʩ ʘʙʩʦʣʶʪʥʳʤʠ 

ʦʪʤʝʪʢʘʤʠ 50-52,5 ʤʝʪʨʘ. ɼʘʥʥʘʷ ʪʝʨʨʠʪʦʨʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʝʭʦʜʥʫʶ ʟʦʥʫ ʤʝʞʜʫ 

ʜʦʤʠʥʠʨʫʶʱʠʤʠ ʙʦʣʦʪʥʳʤʠ ʤʘʩʩʠʚʘʤʠ ʠ ʢʘʤʦʚʳʤʠ ʚʦʟʚʳʰʝʥʥʦʩʪʷʤʠ. 

2.2 ʈʘʩʪʠʪʝʣʴʥʳʡ ʧʦʢʨʦʚ ʦʙʲʝʜʠʥʝʥʥʦʛʦ ʢʘʨʙʦʥʦʚʦʛʦ ʧʦʣʠʛʦʥʘ çʃʘʜʦʛʘè 

ʊʝʨʨʠʪʦʨʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʧʨʝʜʝʣʘʭ ʟʦʥʳ ʶʞʥʦʡ ʪʘʡʛʠ. ʃʝʩʥʳʝ 

ʤʘʩʩʠʚʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʪʦʨʠʯʥʳʤʠ ʬʦʨʤʘʮʠʷʤʠ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʤʠʩʷ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ (ʧʦʩʪʘʛʨʦʛʝʥʥʳʝ ʠ ʧʦʩʣʝʨʫʙʦʯʥʳʝ ʩʦʦʙʱʝʩʪʚʘ). 

ɼʣʷ ʜʨʝʚʦʩʪʦʷ ʭʘʨʘʢʪʝʨʥʘ ʦʩʚʝʪʣʸʥʥʦ-ʦʧʫʰʝʯʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦ ʚʢʣʶʯʝʥʠʷʤʠ ʥʝʤʦʨʘʣʴʥʳʭ 

ʠ ʩʠʥʘʥʪʨʦʧʥʳʭ ʚʠʜʦʚ. ʂʣʠʤʘʪ ʫʤʝʨʝʥʥʳʡ, ʩ ʯʘʩʪʦʡ ʩʤʝʥʦʡ ʤʦʨʩʢʠʭ ʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ 

ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ. ʉʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ï +4 Áʉ, ʛʦʜʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ 

ʩʦʩʪʘʚʣʷʝʪ 550-800 ʤʤ, ʢʦʣʠʯʝʩʪʚʦ ʜʥʝʡ ʩ ʦʩʘʜʢʘʤʠ ʙʦʣʝʝ 50%, ʤʦʱʥʦʩʪʴ ʩʥʝʞʥʦʛʦ 

ʧʦʢʨʦʚʘ ʩʚʳʰʝ 50 ʩʤ. ʇʦʣʦʞʠʪʝʣʴʥʳʡ ʙʘʣʘʥʩ ʫʚʣʘʞʥʝʥʠʷ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʨʦʤʳʚʥʦʡ ʪʠʧ 

ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʧʦʜʟʦʣʦʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ʧʦʨʦʜʘʭ 

ʣʝʛʢʦʛʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʟʘʙʦʣʦʯʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ʚ 

ʧʦʥʠʞʝʥʠʷʭ ʨʝʣʴʝʬʘ. 

ɺʝʨʰʠʥʳ ʢʘʤʦʚʳʭ ʚʦʟʚʳʰʝʥʥʦʩʪʝʡ ʟʘʥʷʪʳ ʙʝʨʝʟʦʚʦ-ʩʦʩʥʷʢʘʤʠ ʨʷʙʠʥʦʚʦ-

ʣʘʥʜʳʰʝʚʳʤʠ (ʈʠʩʫʥʦʢ 4). 

 

ʈʠʩʫʥʦʢ 4 ï ɹʝʨʝʟʦʚʦ-ʩʦʩʥʷʢ ʨʷʙʠʥʦʚʦ-ʣʘʥʜʳʰʝʚʳʡ ʥʘ ʢʘʤʦʚʦʡ ʚʦʟʚʳʰʝʥʥʦʩʪʠ 

 

ʌʦʨʤʫʣʘ ʜʨʝʚʦʩʪʦʷ 5ɹ5ʉ. ʉʦʩʥʳ ʠʤʝʶʪ ʜʠʘʤʝʪʨ ʦʪ 14 ʩʤ ʜʦ 58 ʩʤ. ɺʳʩʦʪʘ ʜʝʨʝʚʴʝʚ 

ï 20-21 ʤ. ɹʝʨʝʟʳ ʠʤʝʶʪ ʜʠʘʤʝʪʨ 32-61 ʩʤ. ɺʳʩʦʪʘ ʩʪʚʦʣʦʚ ʪʘʢʞʝ 18-20 ʤ. ʉʦʤʢʥʫʪʦʩʪʴ 

ʧʦʣʦʛʘ ï 0.7. ɺʦʟʦʙʥʦʚʣʝʥʠʝ ʧʦʨʦʜ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʜʫʙʦʚʦʝ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʤʦʨʘʣʠʟʘʮʠʠ ʬʣʦʨʳ. ɼʫʙʦʚ ʦʪʤʝʯʝʥʦ: 15 ʰʪ ʚ ʨʘʟʤʝʨʥʦʤ ʢʣʘʩʩʝ 0.5- 

1.0 ʤ ʠ 1 ʰʪ ʚ ʨʘʟʤʝʨʥʦʤ ʢʣʘʩʩʝ ʜʦ 0.5 ʤ ʠ 1 ʰʪ. ʚʳʩʦʪʦʡ 1.8 ʤ. ʇʦʜʣʝʩʦʢ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʷʙʠʥʦʚʳʡ. ɺʳʩʦʪʘ ʨʷʙʠʥ ʩʦʩʪʘʚʠʣʘ ʚ ʩʨʝʜʥʝʤ 2.5-3.5 ʤ. ɺ ʩʦʩʪʘʚʝ 



32 
 

ʧʦʜʣʝʩʢʘ ʦʪʤʝʯʝʥʘ 1 ʰʪ. ʯʝʨʝʤʫʭʠ Padus avium (1.4 ʤ) ʠ 1 ʰʪ. ʢʨʫʰʠʥʳ Frangula alnus (1.30 

ʤ ʚʳʩʦʪʳ). ʇʨʦʝʢʪʠʚʥʦʝ ʧʦʢʨʳʪʠʝ ʪʨʘʚʷʥʦ-ʢʫʩʪʘʨʥʠʯʢʦʚʦʛʦ ʷʨʫʩʘ ʩʦʩʪʘʚʠʣʦ 90%. 

ɼʦʤʠʥʠʨʫʝʪ ʣʘʥʜʳʰ ʤʘʡʩʢʠʡ Convallaria majalis. ɺʩʝ ʦʩʪʘʣʴʥʳʝ ʚʠʜʳ ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʤʝʥʴʰʝʝ ʧʦʢʨʳʪʠʝ: Melampyrum pretense ï 5 %, Avenella flexuosa -3 %, Veronica officinalis ï 

2 %, Galium boreale ï 1 %, Calamagrostis epigeios -1 %, Rubus saxatilis 1%, Agrostis tenuis- 1 

% ʉ ʧʦʢʨʳʪʠʝʤ ʤʝʥʝʝ 1 % ʦʪʤʝʯʝʥ ʮʝʣʳʡ ʨʷʜ ʣʫʛʦʚʦ-ʦʧʫʰʝʯʥʳʭ ʠ ʣʝʩʥʳʭ ʚʠʜʦʚ: Knautia 

arvensis, Hieracium umbellatum, Festuca ovina, Melica nutans, Campanula patula, Melampyrum 

nemorosum, Dactylis glomerata, Galium mollugo, Vaccinium vitis-idaea, Vaccinium myrtillus, 

Solidago virgaurea, Pteridium pinetorum. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʟʘʣʝʞʥʳʭ ʧʦʣʝʡ ʠ ʜʨʫʛʠʭ ʧʦʩʪʘʛʨʦʛʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʣʝʞʥʳʤʠ ʧʘʧʦʨʦʪʥʠʢʦʚʦ-ʟʣʘʢʦʚʦ-ʨʫʜʝʨʘʣʴʥʦ-ʪʨʘʚʷʥʳʤʠ 

ʣʫʛʘʤʠ, ʢʦʪʦʨʳʝ ʦʢʨʫʞʝʥʳ ʚʪʦʨʠʯʥʳʤʠ ʤʝʣʢʦʣʠʩʪʚʝʥʥʳʤʠ ʣʝʩʘʤʠ (ʈʠʩʫʥʦʢ 5). 

 

ʈʠʩʫʥʦʢ 5 ï ɿʘʣʝʞʥʳʝ ʧʘʧʦʨʦʪʥʠʢʦʚʦ-ʟʣʘʢʦʚʦ-ʨʫʜʝʨʘʣʴʥʦ-ʪʨʘʚʷʥʳʝ ʣʫʛʘ 

 

ʈʘʩʪʠʪʝʣʴʥʦʩʪʴ ʥʝʨʘʚʥʦʤʝʨʥʘʷ, ʤʥʦʛʦ ʚʠʜʦʚ ʩʦʨʥʦ-ʨʫʜʝʨʘʣʴʥʦʡ ʠ ʩʦʨʥʦ-ʣʫʛʦʚʦʡ 

ʛʨʫʧʧ. ɺʩʪʨʝʯʘʝʪʩʷ ʠʥʚʘʟʠʚʥʳʡ ʚʠʜ Solidago ʩanadensis. ɼʘʥʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʩʦʯʝʪʘʝʪʩʷ 

ʩ ʩʠʥʫʟʠʷʤʠ ʧʘʧʦʨʦʪʥʠʢʦʚ Athyrium filix-femina ʠ Dryopteris carthusiana. ʆʙʱʝʝ 

ʧʨʦʝʢʪʠʚʥʦʝ ʧʦʢʨʳʪʠʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʥʘ ʫʯʘʩʪʢʝ - 100%. ɺʳʩʦʪʘ ʪʨʘʚʦʩʪʦʷ ʟʥʘʯʠʪʝʣʴʥʘʷ - 

ʜʦ 1.4-1.6 ʤ (ʩ ʫʯʝʪʦʤ ʛʝʥʝʨʘʪʠʚʥʳʭ ʦʨʛʘʥʦʚ), ʦʩʥʦʚʥʘʷ ʚʳʩʦʪʘ ʚʝʛʝʪʘʪʠʚʥʦʡ ʤʘʩʩʳ ï 0,6- 

0,8 ʤ. ʅʘʠʙʦʣʝʝ ʤʘʩʩʦʚʦ ʧʨʝʜʩʪʘʚʣʝʥʳ: Dactylis glomerata ï 17%, Athyrium filix-femina ï 

15%, ʘ ʪʘʢʞʝ ʨʷʜ ʜʨʫʛʠʭ ʚʠʜʦʚ ï ʉalamagrostis epigeios ï 12%, Dryopteris carthusiana ï 10% 

ʠ Solidago ʩanadensis ï 15%. ɼʦʚʦʣʴʥʦ ʦʙʠʣʴʥʳ: Urtica dioica ï 7%, Chamaenerion 

angustifolium ï 5%, Vicia cracca ï 5%. C ʥʝʙʦʣʴʰʠʤ ʧʦʢʨʳʪʠʝʤ ʧʨʠʩʫʪʩʪʚʫʶʪ ï Vicia sepium 

ï 3%, Agrostis teuis ï 3% ʠ Artemisia vulgaris ï 1%. C ʧʦʢʨʳʪʠʝʤ ʤʝʥʝʝ 1 % ʦʪʤʝʯʝʥʳ ï 

Scrophullaria nodosa, Lathyrus pratensis, Bunias orientalis. 
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ɺʪʦʨʠʯʥʳʝ ʤʝʣʢʦʣʠʩʪʚʝʥʥʳʝ ʣʝʩʘ, ʪʘʢʞʝ ʧʨʦʠʟʨʘʩʪʘʶʱʠʝ ʥʘ ʧʦʩʪʘʛʨʦʛʝʥʥʳʭ 

ʧʦʯʚʘʭ ʟʘʥʷʪʳ ʟʣʘʢʦʚʳʤʠ ʙʝʨʝʟʥʷʢʘʤʠ (ʈʠʩʫʥʦʢ 6). ʌʦʨʤʫʣʘ ʜʨʝʚʦʩʪʦʷ ï 10 ʉ. ʆʙʱʘʷ 

ʩʦʤʢʥʫʪʦʩʪʴ ʢʨʦʥ -0,8-0,85, ʚʳʩʦʪʘ ʜʝʨʝʚʴʝʚ ï 18-21 ʤ, ʜʠʘʤʝʪʨ ʩʪʚʦʣʦʚ ï 17-27 ʩʤ. ʇʦʜʨʦʩʪ 

ʨʝʜʢʠʡ, ʦʪʤʝʯʝʥʳ: Acer platanoides ï 0,5-3,5 ʤ; Populus tremula - 2ʤ., Pinus sylvestris ï 0,5 

ʤ., Quercus robur ï 0, 8 ʤ. ʇʦʜʣʝʩʦʢ ʨʘʟʥʦʦʙʨʘʟʝʥ ʚʠʜʘʤʠ, ʥʦ ʜʦʩʪʘʪʦʯʥʦ ʨʝʜʢʠʡ. ɺ ʷʨʫʩʝ 

ʢʫʩʪʘʨʥʠʢʦʚ ʦʪʤʝʯʝʥʳ: Padus avium, Corylus avellana, Salix caprea, Viburnum opulus, Alnus 

incana, Sorbus aucuparia ʠ ʥʘʪʫʨʘʣʠʟʦʚʘʚʰʠʡʩʷ ʢʫʣʴʪʠʚʘʨ - Swida sericia. ʇʨʦʝʢʪʠʚʥʦʝ 

ʧʦʢʨʳʪʠʝ ʪʨʘʚʷʥʦʛʦ ʷʨʫʩʘ: 40-45%, ʦʥ ʧʨʝʜʩʪʘʚʣʝʥ ʩʣʝʜʫʶʱʠʤʠ ʚʠʜʘʤʠ: Calamagrostis 

canescens - 10%, Agrostis tenuis - 15%, Dactylis glomerata - 7%, Poa pratensis - 3%, Veronica 

chamaedrys - 1%, Calamagrostis arundinacea -1%, Rubus saxatilis - <1%, Moehringia trinervia 

- <1%, Solidago virgaurea ï <1%, Geranium palustre ï <1%, Convallaria majalis - 1%, Stellaria 

media - <1%, Galium mollugo - 1%, Geum urbanum - <1%, Vicia sepium - <1%, Chamaenerion 

angustifolium - 1%, Melampyrum pretense - <1%, ʤʭʠ ʨʝʜʢʠʝ, ʧʦʢʨʳʪʠʝ ʥʝ ʙʦʣʝʝ 3-5%, 

ʦʪʤʝʯʝʥʳ: Pleurozium schreberi. 

 

ʈʠʩʫʥʦʢ 6 ï ɹʝʨʝʟʥʷʢ ʟʣʘʢʦʚʳʡ 

 

ɻʠʜʨʦʤʦʨʬʥʳʝ ʠ ʧʦʣʫʛʠʜʨʦʤʦʨʬʥʳʝ ʥʠʟʠʥʥʳʝ ʧʦʟʠʮʠʠ  ʨʝʣʴʝʬʘ ʟʘʥʷʪʳ ʠʚʦʚʳʤʠ 

ʚʣʘʞʥʦʪʨʘʚʥʳʤʠ ʙʝʨʝʟʥʷʢʘʤʠ ʠ ʥʠʟʠʥʥʳʤʠ ʨʦʛʦʟʦʚʦ-ʚʣʘʞʥʦʪʨʘʚʥʳʤʠ ʙʦʣʦʪʘʤʠ (ʈʠʩʫʥʦʢ 

7). ʌʦʨʤʫʣʘ ʜʨʝʚʦʩʪʦʷ ï 10ɹ, ʚʳʩʦʪʘ ʜʝʨʝʚʴʝʚ ï 12-14 ʤ, ʧʨʠ ʜʠʘʤʝʪʨʝ ʩʪʚʦʣʦʚ ï 22-25 ʩʤ. 

ɺʦʟʦʙʥʦʚʣʝʥʠʝ ʜʨʝʚʦʩʪʦʷ ʨʝʜʢʦʝ. ʆʪʤʝʯʝʥʳ: Alnus glutinosa ï 2,5 ʤ; Acer platanoides ï 2,3 

ʤ; Quercus robur ï 1,6 ʤ. ʇʦʜʣʝʩʦʢ ï ʩʨʝʜʥʝʡ ʛʫʩʪʦʪʳ. ɺ ʷʨʫʩʝ ʢʫʩʪʘʨʥʠʢʦʚ ʚʩʪʨʝʯʘʶʪʩʷ: 

Frangula alnus, Salix aurita, Salix cinerea, Viburnum opulus. ʉʨʝʜʥʷʷ ʚʳʩʦʪʘ ʷʨʫʩʘ 

ʢʫʩʪʘʨʥʠʢʦʚ - 2,0-3,5 ʤ. ʊʨʘʚʦʩʪʦʡ ʚʳʩʦʢʠʡ ï ʜʦ 1,5 -1,6 ʤ ʠ ʜʦʚʦʣʴʥʦ ʛʫʩʪʦʡ ï ʧʨʦʝʢʪʠʚʥʦʝ 

ʧʦʢʨʳʪʠʝ ʷʨʫʩʘ ʪʨʘʚ ï 75-80%. ɺ ʪʨʘʚʷʥʦʤ ʷʨʫʩʝ ʩʦʛʦʩʧʦʜʩʪʚʫʶʪ: Lysimachia vulgaris -12%, 

Filipendula ulmaria ï 20%, Equisetum palustre ï 15%. ɼʦʚʦʣʴʥʦ ʦʙʠʣʴʥʳ: Viola palustris ï 

15%, Geum rivale ï 3%, Deschampsia cespitosa ï 10%, Eqiusetum sylvaticum ï 5%. ʆʩʪʘʣʴʥʳʝ 
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ʚʠʜʳ ï ʤʘʣʦʦʙʠʣʴʥʳ: Comarum palustre -<1%, Cirsium palustre - <1%, Crepis paludosa -<1%, 

Luzula pilosa - <1%, Galium palustre -1%, Scirpus sylvaticus -2%, Potentilla erecta -<1%, 

Ranunculus acris - <1%. 

 

ʈʠʩʫʥʦʢ 7 ï ɹʝʨʝʟʥʷʢ ʠʚʦʚʳʡ ʚʣʘʞʥʦʪʨʘʚʥʳʡ 

 

ʅʘ ʥʠʟʠʥʥʳʭ ʙʦʣʦʪʘʭ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʦʯʝʥʴ ʧʣʦʪʥʘʷ, ʦʙʱʝʝ ʧʨʦʝʢʪʠʚʥʦʝ ʧʦʢʨʳʪʠʝ 

ï 100%. ɺʳʩʦʪʘ ʪʨʘʚʦʩʪʦʷ ï 1,6 -1.8 ʤ. ɺ ʧʦʢʨʦʚʝ ʩʦʛʦʩʧʦʜʩʪʚʫʶʪ: Typha latifolia ï 15%, 

Filipendula ulmaria 40%, Lysimachia vulgaris 20%, Equisetum palustre ï 12%, Scirpus sylvaticus 

ï 7%. ʇʦʢʨʳʪʠʝ ʧʨʦʯʠʭ ʚʠʜʦʚ ʥʝ ʧʨʝʚʳʰʘʝʪ 1-2 %: Elytrigia repens, Impatiens perviflora, 

Crepis paludosa, Impatiens glandulifera, Geum rivale. ʄʭʠ ïʨʝʜʢʠ, ʦʪʤʝʯʝʥ Brachythecium sp. 

ʈʘʩʪʠʪʝʣʴʥʦʩʪʴ ʥʘ ʂʦʣʪʫʰʩʢʠʭ ʚʳʩʦʪʘʭ ʷʚʣʷʝʪʩʷ ʘʥʪʨʦʧʦʛʝʥʥʦ-ʠʟʤʝʥʝʥʥʦʡ, ʯʪʦ 

ʚʳʨʘʞʘʝʪʩʷ, ʪʘʢʞʝ ʚ ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʤʝʣʢʦʢʦʥʪʫʨʥʦʩʪʴʶ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ ʚ ʶʞʥʦʡ 

ʯʘʩʪʠ ʂʘʨʝʣʴʩʢʦʛʦ ʧʝʨʝʰʝʡʢʘ [54]. ʉʦʩʥʦʚʳʝ ʣʝʩʘ ʥʘ ʢʘʤʦʚʳʭ ʚʦʟʚʳʰʝʥʥʦʩʪʷʭ 

ʂʘʨʝʣʴʩʢʦʛʦ ʧʝʨʝʰʝʡʢʘ ʠʥʦʛʜʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʵʢʩʪʨʘʟʦʥʘʣʴʥʦʝ ʷʚʣʝʥʠʝ [55]. ʇʦ 

ʜʘʥʥʳʤ ʆ.ɻ. ʏʝʨʪʦʚʘ [56] ʥʘ ʧʝʩʢʘʭ ʨʘʟʥʦʛʦ ʛʝʥʝʟʠʩʘ ʩʠʣʴʥʦʜʨʝʥʠʨʦʚʘʥʥʳʭ ʨʘʚʥʠʥ ʠ 

ʩʢʣʦʥʦʚ ʨʘʟʥʦʡ ʢʨʫʪʠʟʥʳ ʂʘʨʝʣʴʩʢʦʛʦ ʧʝʨʝʰʝʡʢʘ ʜʦʤʠʥʠʨʫʶʪ ʩʦʩʥʷʢʠ, ʘ ʨʝʞʝ ʝʣʴʥʠʢʠ 

ʚʝʨʝʩʢʦʚʳʝ, ʙʨʫʩʥʠʯʥʳʝ ʠ ʯʝʨʥʠʯʥʦ-ʙʨʫʩʥʠʯʥʳʝ ʟʝʣʝʥʦʤʦʰʥʳʝ, ʯʪʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʧʦʣʫʯʝʥʥʳʤʠ ʥʘʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ. 

2.3 ʉʪʨʦʝʥʠʝ ʢʨʦʥʳ ʜʝʨʝʚʘ ʠ ʧʦʚʝʨʭʥʦʩʪʴ ʣʠʩʪʴʝʚ ʥʘ ʧʨʠʤʝʨʝ ʪʨʝʭ ʚʠʜʦʚ ʨʦʜʘ Ulmus 

L. 

ʊʦʯʥʘʷ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʥʘʜʟʝʤʥʦʡ ʙʠʦʤʘʩʩʳ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʦʡ ʜʣʷ ʦʮʝʥʢʠ 

ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʠ ʧʦʥʠʤʘʥʠʷ ʧʦʣʥʦʛʦ ʩʧʝʢʪʨʘ ʵʢʦʩʠʩʪʝʤʥʳʭ ʫʩʣʫʛ (ESS), 

ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʜʨʝʚʝʩʥʳʤʠ ʨʘʩʪʝʥʠʷʤʠ [57-59]. ʃʠʩʪʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʢʨʦʥʳ ʜʝʨʝʚʘ 

ʦʧʨʝʜʝʣʷʝʪ ʝʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ, ʢʘʢ ʧʨʦʜʫʮʝʥʪʘ, ʠ ʝʝ ʠʟʫʯʝʥʠʝ ʚʘʞʥʦ ʜʣʷ ʧʦʥʠʤʘʥʠʷ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʦʨʛʘʥʠʟʤʘ ʢʘʢ ʮʝʣʦʩʪʥʦʡ ʜʠʥʘʤʠʯʥʦʡ ʩʠʩʪʝʤʳ [60-61]. ʃʠʩʪʦʚʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʩʪʝʥʠʷ ʠʤʝʝʪ ʫʥʠʢʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʷʭ, ʠʟʤʝʥʷʶʱʠʭʩʷ ʚʦ ʚʨʝʤʝʥʠ [62-64]. ʈʘʟʤʝʨ ʠ ʬʦʨʤʘ 
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ʣʠʩʪʦʚʦʡ ʧʣʘʩʪʠʥʢʠ ʩʚʷʟʘʥʳ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʢʨʦʥʳ, ʦʜʥʘʢʦ ʩʚʦʡʩʪʚʘ ʵʪʦʡ 

ʩʚʷʟʠ ʚʦ ʤʥʦʛʦʤ ʝʱʝ ʥʝ ʨʘʩʢʨʳʪʳ [65]. ʉʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʨʝʰʝʥʠʶ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ 

ʟʘʜʘʯ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʨʝʚʝʩʥʳʭ ʨʘʩʪʝʥʠʡ ʪʨʝʙʫʶʪ ʜʘʣʴʥʝʡʰʝʛʦ ʫʪʦʯʥʝʥʠʷ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʣʦʱʘʜʠ ʣʠʩʪʦʚʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ [58,60,66,67]. ʐʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʩʝʡʯʘʩ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ 

ʜʝʨʝʚʘ ʧʨʠ ʧʦʤʦʱʠ ʥʘʟʝʤʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ (TLS) ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ 

ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʚ ʘʥʘʣʠʟʝ ʚʟʨʦʩʣʳʭ ʜʝʨʝʚʴʝʚ ʩ ʙʦʣʴʰʠʤ ʜʠʘʤʝʪʨʦʤ ʢʨʦʥʳ [68]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʞʝ ʪʘʢʠʭ ʧʨʦʩʪʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʝʨʝʚʘ, ʢʘʢ ʜʠʘʤʝʪʨʘ 

ʩʪʚʦʣʘ, ʜʠʘʤʝʪʨ ʢʨʦʥʳ, ʚʳʩʦʪʘ ʜʝʨʝʚʘ, ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʪʦʯʥʦʩʪʴ ʨʘʩʯʝʪʘ ʙʠʦʤʘʩʩʳ 

ʩʪʚʦʣʘ ʠ ʦʪʜʝʣʴʥʳʭ ʚʝʪʚʝʡ. ʆʜʥʘʢʦ ʤʝʪʦʜʳ ʪʨʝʙʫʶʪ ʜʘʣʴʥʝʡʰʝʡ ʜʦʨʘʙʦʪʢʠ [58]. 

ʇʨʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʧʨʦʜʫʢʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤ ʚʘʞʥʘ ʨʘʙʦʪʘ ʧʦ 

ʚʳʷʚʣʝʥʠʶ ʩʦʧʨʷʞʝʥʥʳʭ ʩʠʩʪʝʤ ʧʨʠʟʥʘʢʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʜʨʝʚʝʩʥʳʭ ʧʦʨʦʜ [66,69,70]. 

ʆʙʲʷʩʥʝʥʠʝ ʩʪʨʦʝʥʠʷ ʦʨʛʘʥʠʟʤʘ ʠʣʠ ʦʨʛʘʥʘ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʦ ʩ ʨʘʟʥʳʭ ʪʦʯʝʢ 

ʟʨʝʥʠʷ: ʵʢʦʣʦʛʠʯʝʩʢʦʡ, ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ, ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ, ʠ 

ʠʩʪʦʨʠʯʝʩʢʦʡ. ɺʩʝ ʦʥʠ ʧʨʘʚʦʤʝʨʥʳ ʠ ʥʝʦʙʭʦʜʠʤʳ, ʥʠ ʦʜʥʘ ʥʝ ʠʤʝʝʪ ʧʨʘʚʘ ʥʘ ʝʜʠʥʦʣʠʯʥʦʝ 

ʧʨʝʚʦʩʭʦʜʩʪʚʦ [71]. ɼʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʢʨʦʥʦʚʳʭ ʩʠʩʪʝʤ 

ʨʘʟʣʠʯʥʳʭ ʜʨʝʚʝʩʥʳʭ ʨʘʩʪʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʩʦʚʤʝʱʝʥʠʝ ʟʥʘʥʠʡ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʚʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʢʨʦʥʳ ʩ ʨʘʟʤʝʨʥʳʤʠ ʠ ʧʣʦʩʢʦʩʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʣʠʩʪʦʚʳʭ 

ʧʣʘʩʪʠʥʦʢ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʢ ʘʥʘʣʠʟʫ ʙʠʦʤʘʩʩʳ ʢʨʦʥʳ 

ʜʝʨʝʚʘ ʩ ʫʯʝʪʦʤ ʝʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʩʚʦʡʩʪʚ. ʎʝʣʴ ʜʘʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʳʜʝʣʠʪʴ ʢʦʤʧʣʝʢʩ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʠʟʥʘʢʦʚ ʧʦʙʝʛʦʚʳʭ ʩʠʩʪʝʤ ʢʨʦʥʳ 

ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʦʛʦ ʜʝʨʝʚʘ ʫʤʝʨʝʥʥʦʡ ʟʦʥʳ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʦʙʝʛʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʢʨʦʥ ʪʨʝʭ ʚʠʜʦʚ ʨʦʜʘ Ulmus L.: Ulmus 

glabra Huds., Ulmus campestris L. ʠ Ulmus parvifolia Jacq. ʅʘʟʚʘʥʠʷ ʚʠʜʦʚ ʧʨʠʚʝʜʝʥʳ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʠʩʪʝʤʦʡ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʥʦʛʨʘʬʦʤ ʩʝʤʝʡʩʪʚʘ Ulmaceae ʀ.ɸ. 

ɻʨʫʜʟʠʥʩʢʦʡ [72].  

ʄʘʪʝʨʠʘʣ ʩʦʙʠʨʘʣʩʷ ʩ 2018 ʧʦ 2023 ʛʦʜ. ʀʩʩʣʝʜʦʚʘʣʠʩʴ ʢʨʦʥʳ ʜʝʨʝʚʴʝʚ ʩʝʤʝʥʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚ ʚʠʨʛʠʥʠʣʴʥʦʤ (v) ʠ ʨʘʥʥʝʤ ʛʝʥʝʨʘʪʠʚʥʦʤ (g1) ʦʥʪʦʛʝʥʝʪʠʯʝʩʢʠʭ 

ʩʦʩʪʦʷʥʠʷʭ ʠ ʠʭ ʦʪʜʝʣʴʥʳʝ ʚʝʪʚʠ. U. glabra ʠʩʩʣʝʜʦʚʘʥ ʚ ʃʝʥʠʥʛʨʘʜʩʢʦʡ, ɹʝʣʛʦʨʦʜʩʢʦʡ ʠ 

ɺʦʨʦʥʝʞʩʢʦʡ ʦʙʣʘʩʪʷʭ ʚ ʫʩʣʦʚʠʷʭ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ 

ʣʝʩʥʳʭ ʩʦʦʙʱʝʩʪʚ. ʄʘʪʝʨʠʘʣ ʜʣʷ U. campestris ʩʦʙʠʨʘʣʩʷ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʩʦʦʙʱʝʩʪʚʘʭ 

ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ ʢʨʘʷ ʠ ʨʝʩʧʫʙʣʠʢʠ ɸʙʭʘʟʠʷ. U. parvifolia ʠʩʩʣʝʜʦʚʘʥ ʚ ʠʥʪʨʦʜʫʢʮʠʠ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ɸʙʭʘʟʩʢʦʡ ʥʘʫʯʥʦʡ ʣʝʩʥʦʡ ʦʧʳʪʥʦʡ ʩʪʘʥʮʠʠ (ʛʦʨʦʜ ʆʯʘʤʯʠʨʘ, ʨʝʩʧʫʙʣʠʢʘ 

ɸʙʭʘʟʠʷ). 
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ɼʣʷ ʚʠʜʦʚ ʭʘʨʘʢʪʝʨʥʳ ʩʠʤʧʦʜʠʘʣʴʥʦʝ ʥʘʨʘʩʪʘʥʠʝ, ʧʣʘʛʠʦʪʨʦʧʥʳʡ ʨʦʩʪ, ʦʯʝʨʝʜʥʦʝ 

ʣʠʩʪʦʨʘʩʧʦʣʦʞʝʥʠʝ, ʘʢʨʦʪʦʥʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʦʙʝʛʦʚ. ʃʠʩʪʴʷ ʫ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚʠʜʦʚ 

ʥʝʨʘʚʥʦʙʦʢʠʝ ʫ ʦʩʥʦʚʘʥʠʷ, ʧʦ ʢʨʘʶ ʜʚʦʷʢʦ-, ʪʨʦʷʢʦʟʫʙʯʘʪʳʝ, ʨʝʞʝ ï ʮʝʣʴʥʦʢʨʘʡʥʠʝ, ʩ 

ʧʝʨʠʩʪʳʤ ʞʠʣʢʦʚʘʥʠʝʤ [72,73]. 

2.3.1 ʉʪʨʫʢʪʫʨʘ ʢʨʦʥʳ 

ʉʪʨʫʢʪʫʨʘ ʢʨʦʥʳ ʜʝʨʝʚʘ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʩ ʫʯʝʪʦʤ ʩʚʦʡʩʪʚ ʤʫʣʴʪʠʤʘʩʰʪʘʙʥʦʩʪʠ ʠ 

ʠʝʨʘʨʭʠʯʥʦʩʪʠ ʧʦʙʝʛʦʚʳʭ ʩʠʩʪʝʤ [74-76]. ʉʦʛʣʘʩʥʦ ʵʪʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ, ʢʨʦʥʘ ʜʝʨʝʚʘ ï 

ʤʦʜʫʣʴʥʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʘʷ ʠʝʨʘʨʭʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʩʣʝʜʫʶʱʠʭ 

ʫʨʦʚʥʝʡ ʦʨʛʘʥʠʟʘʮʠʠ: 1) ʤʝʪʘʤʝʨ; 2) ʵʣʝʤʝʥʪʘʨʥʳʡ ʧʦʙʝʛ; 3) ʜʚʫʣʝʪʥʷʷ ʧʦʙʝʛʦʚʘʷ ʩʠʩʪʝʤʘ; 

4) ʵʧʩʠʦʥ; 5) ʚʝʪʚʴ ʦʪ ʩʪʚʦʣʘ; 5) ʢʨʦʥʘ; 6) ʩʠʩʪʝʤʘ ʢʨʦʥ ʤʥʦʛʦʩʪʚʦʣʴʥʦʛʦ ʜʝʨʝʚʘ. ɺʳʜʝʣʝʥʠʝ 

ʤʦʨʬʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʪʠʧʦʚ ʜʚʫʣʝʪʥʠʭ ʧʦʙʝʛʦʚʳʭ ʩʠʩʪʝʤ (BSS) ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʦ 

ʤʝʪʦʜʠʢʝ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʀ.ʉ. 

ɸʥʪʦʥʦʚʦʡ ʩ ʩʦʘʚʪʦʨʘʤʠ [64,77,78]. ʉʦʛʣʘʩʥʦ ʵʪʦʡ ʤʝʪʦʜʠʢʝ, ʧʨʠ ʚʳʜʝʣʝʥʠʠ 

ʤʦʨʬʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʪʠʧʦʚ BSS ʜʨʝʚʝʩʥʳʭ ʨʘʩʪʝʥʠʡ ʫʤʝʨʝʥʥʦʡ ʟʦʥʳ ʫʯʠʪʳʚʘʶʪʩʷ 

ʩʣʝʜʫʶʱʠʝ ʛʨʫʧʧʳ ʧʨʠʟʥʘʢʦʚ: 1) ʚʨʝʤʷ ʟʘʣʦʞʝʥʠʷ ʠ ʨʘʟʚʦʨʘʯʠʚʘʥʠʷ ʧʦʯʝʢ, ʧʝʨʠʦʜʠʯʥʦʩʪʴ 

ʨʦʩʪʘ ʧʦʙʝʛʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ BSS; 2) ʪʠʧ ʥʘʨʘʩʪʘʥʠʷ ʠ ʣʠʩʪʦʨʘʩʧʦʣʦʞʝʥʠʷ ʤʘʪʝʨʠʥʩʢʦʛʦ 

ʠ ʙʦʢʦʚʳʭ ʧʦʙʝʛʦʚ BSS; 3) ʜʣʠʥʘ, ʢʦʣʠʯʝʩʪʚʦ ʣʠʩʪʴʝʚ ʠ ʜʠʘʤʝʪʨ ʤʘʪʝʨʠʥʩʢʦʛʦ ʠ ʙʦʢʦʚʳʭ 

ʧʦʙʝʛʦʚ; 4) ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʠʥʳ ʤʘʪʝʨʠʥʩʢʦʛʦ ʧʦʙʝʛʘ ʠ ʙʦʢʦʚʳʭ ʧʦʙʝʛʦʚ ʚ ʨʘʟʣʠʯʥʳʭ 

ʧʦʣʦʞʝʥʠʷʭ ʥʘ ʥʝʤ; 5) ʫʛʣʳ ʦʪʭʦʞʜʝʥʠʷ ʙʦʢʦʚʳʭ ʧʦʙʝʛʦʚ; 6) ʜʣʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ BSS ʚ 

ʩʦʩʪʘʚʝ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʧʦʙʝʛʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ. ɺʳʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʤʦʨʬʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʪʠʧʳ ʜʚʫʣʝʪʥʠʭ ʧʦʙʝʛʦʚʳʭ ʩʠʩʪʝʤ: çʉʚʝʨʭʨʦʩʪʦʚʘʷè, çʈʦʩʪʦʚʘʷè, 

çʆʩʥʦʚʥʘʷè, çʋʟʢʦʢʦʥʪʫʨʥʘʷè, çɿʘʧʦʣʥʷʶʱʘʷè, çɺʝʨʪʦʣʝʪè [78,79]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʩʠʤʧʦʜʠʘʣʴʥʳʡ ʩʧʦʩʦʙ ʥʘʨʘʩʪʘʥʠʷ, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ 

ʨʦʜʘ Ulmus, ʦʩʠ ʨʘʟʣʠʯʥʳʭ ʧʦʨʷʜʢʦʚ ʚʝʪʚʣʝʥʠʷ ʚ ʩʦʩʪʘʚʝ ʧʦʙʝʛʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʩʢʣʘʜʳʚʘʶʪʩʷ ʠʟ ʧʦʙʝʛʦʚ, ʧʨʦʜʦʣʞʘʶʱʠʭ ʨʘʥʥʝʝ ʚʳʙʨʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʧʨʠʥʷʪʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʘʢʫʶ ʦʩʴ, ʢʘʢ ʦʩʴ ʦʜʥʦʛʦ ʧʦʨʷʜʢʘ ʚʝʪʚʣʝʥʠʷ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʨʝʛʫʣʷʨʥʳʝ ʧʝʨʝʚʝʨʰʠʥʠʚʘʥʠʷ ʧʨʠ ʦʪʤʠʨʘʥʠʠ ʘʧʠʢʘʣʴʥʦʡ ʧʦʯʢʠ [80]. 

2.3.2 ʇʣʦʱʘʜʴ ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʀʩʩʣʝʜʦʚʘʣʠʩʴ ʣʠʩʪʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʜʚʫʣʝʪʥʠʭ ʧʦʙʝʛʦʚʳʭ ʩʠʩʪʝʤ, 

ʠʤʝʶʱʠʭ ʦʣʠʩʪʚʝʥʥʳʝ ʙʦʢʦʚʳʝ ʧʦʙʝʛʠ. ʆʪʜʝʣʴʥʦ ʘʥʘʣʠʟʠʨʦʚʘʣʘʩʴ ʩʫʤʤʘʨʥʘʷ ʧʣʦʱʘʜʴ 

ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʙʝʛʦʚ ʚ ʩʦʩʪʘʚʝ 2ʇʉ. ɺ ʢʘʯʝʩʪʚʝ ʧʣʦʱʘʜʠ ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʣʦʱʘʜʴ ʧʨʦʝʢʮʠʠ ʣʠʩʪʦʚʦʡ ʧʣʘʩʪʠʥʢʠ (ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʣʠʩʪʘ) ʥʘ 

ʧʣʦʩʢʦʩʪʴ, ʚʳʨʘʞʝʥʥʘʷ ʚ ʢʚʘʜʨʘʪʥʳʭ ʩʘʥʪʠʤʝʪʨʘʭ. ʃʠʩʪʦʚʳʝ ʧʣʘʩʪʠʥʢʠ ʢʘʞʜʦʛʦ ʧʦʙʝʛʘ ʚ 

ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʚʳʢʣʘʜʳʚʘʣʠʩʴ ʥʘ ʧʣʦʩʢʦʩʪʴ, ʬʦʪʦʛʨʘʬʠʨʦʚʘʣʠʩʴ ʩ ʤʘʩʰʪʘʙʦʤ, ʟʘʪʝʤ ʚ 

ʢʘʤʝʨʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʠʟʤʝʨʷʣʠʩʴ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʳ ImageJ. ʋʯʠʪʳʚʘʣʠʩʴ ʧʨʠʟʥʘʢʠ 
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ʧʦʣʦʞʝʥʠʷ ʢʘʞʜʦʛʦ ʟʝʣʝʥʦʛʦ ʣʠʩʪʘ ʥʘ ʧʦʙʝʛʝ, ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʩʫʤʤʘʨʥʦʡ ʧʣʦʱʘʜʠ 

ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʙʝʛʘ ʧʣʦʱʘʜʠ ʚʩʝʭ ʣʠʩʪʴʝʚ ʩʫʤʤʠʨʦʚʘʣʠʩʴ. 

2.3.3 ʉʪʨʫʢʪʫʨʥʳʝ ʧʨʠʟʥʘʢʠ 

ɼʚʫʣʝʪʥʷʷ ʧʦʙʝʛʦʚʘʷ ʩʠʩʪʝʤʘ ï ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʘʷ ʝʜʠʥʠʮʘ ʩʪʨʦʝʥʠʷ 

ʢʨʦʥʳ ʜʝʨʝʚʘ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʪʝʨʠʥʩʢʠʡ ʧʦʙʝʛ ʠ ʨʘʟʚʠʚʰʠʝʩʷ ʥʘ ʚʪʦʨʦʡ ʛʦʜ 

ʠʟ ʧʦʯʝʢ ʥʘ ʥʝʤ ʙʦʢʦʚʳʝ ʧʦʙʝʛʠ. ɺʳʜʝʣʝʥʠʝ ʜʚʫʣʝʪʥʠʭ ʧʦʙʝʛʦʚʳʭ ʩʠʩʪʝʤ ʦʧʠʨʘʝʪʩʷ ʥʘ 

ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ (ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ) ʠ ʚʨʝʤʝʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʙʝʛʘ, 

ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʚʠʜʘ. ʇʨʠ ʵʪʦʤ ʚ ʩʪʨʫʢʪʫʨʝ BSS ʨʘʩʢʨʳʚʘʝʪʩʷ ʩʚʦʡʩʪʚʦ ʟʦʥʘʣʴʥʦʩʪʠ 

ʤʘʪʝʨʠʥʩʢʦʛʦ ʧʦʙʝʛʘ [64,78,81]. 

ɺʳʜʝʣʝʥʳ ʤʦʨʬʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʪʠʧʳ ʜʚʫʣʝʪʥʠʭ ʧʦʙʝʛʦʚʳʭ ʩʠʩʪʝʤ ʫ ʚʩʝʭ ʪʨʝʭ 

ʠʩʩʣʝʜʫʝʤʳʭ ʚʠʜʦʚ (ʈʠʩʫʥʦʢ 8). ɹʦʣʝʝ 85% ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʫ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ 

ʚʠʜʦʚ ʥʘʭʦʜʠʪʩʷ ʥʘ ʢʦʨʦʪʢʠʭ ʠ ʤʘʣʦʣʠʩʪʥʳʭ çɿʘʧʦʣʥʷʶʱʠʭè BSS ʚ ʩʠʣʫ ʠʭ 

ʤʥʦʛʦʯʠʩʣʝʥʥʦʩʪʠ ʚ ʢʨʦʥʝ. ʇʦʙʝʛʦʚʳʝ ʩʠʩʪʝʤʳ ʜʨʫʛʠʭ ʪʠʧʦʚ ʩʦʟʜʘʶʪ ʢʘʨʢʘʩ ʚʝʪʚʝʡ ʚ 

ʢʨʦʥʝ. 

 

ʈʠʩʫʥʦʢ 8 ï ʉʭʝʤʳ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʢʦʥʪʫʨʘ ʚʳʜʝʣʝʥʥʳʭ ʜʣʷ ʪʨʝʭ ʚʠʜʦʚ 

ʤʦʨʬʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʪʠʧʦʚ ʜʚʫʣʝʪʥʠʭ ʧʦʙʝʛʦʚʳʭ ʩʠʩʪʝʤ 

ʘ ï U. glabra, b ï U. campestris, c ï U. parvifolia; 1 ï çʈʦʩʪʦʚʘʷè, 2 ï çʋʟʢʦʢʦʥʪʫʨʥʘʷè, 3 ï 

çʆʩʥʦʚʥʘʷè, 4 ï ʚʝʪʚʷʱʠʝʩʷ çɿʘʧʦʣʥʷʶʱʠʝè (ʟ1), 5 ï ʥʝʚʝʪʚʷʱʘʷʩʷ çɿʘʧʦʣʥʷʶʱʘʷè; 6 ï 
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çɺʝʨʪʦʣʝʪè; ʟʝʣʝʥʳʤ ʮʚʝʪʦʤ ʦʪʤʝʯʝʥʳ ʙʦʢʦʚʳʝ ʧʦʙʝʛʠ ʚʪʦʨʦʛʦ ʛʦʜʘ, ʦʨʘʥʞʝʚʳʤ ï ʦʩʝʚʳʝ 

ʧʦʙʝʛʠ, ʯʝʨʥʳʤ ï ʤʘʪʝʨʠʥʩʢʠʝ ʧʦʙʝʛʠ 

ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 2ʇʉ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ ʧʦʣʦʞʝʥʠʷ ʚ ʩʦʩʪʘʚʝ ʤʥʦʛʦʣʝʪʥʠʭ 

ʧʦʙʝʛʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʘʟʥʦʛʦ ʫʨʦʚʥʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʧʝʮʠʘʣʴʥʦ ʚʳʜʝʣʝʥʥʳʝ 

ʩʪʨʫʢʪʫʨʥʳʝ ʧʨʠʟʥʘʢʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʤʘʪʝʨʠʥʩʢʠʡ ʧʦʙʝʛ 2ʇʉ: 1) ʧʦʣʦʞʝʥʠʝ 

ʤʘʪʝʨʠʥʩʢʦʛʦ ʧʦʙʝʛʘ ʥʘ ʧʦʙʝʛʝ ʧʨʝʜʳʜʫʱʝʛʦ ʛʦʜʘ; 2) ʧʦʣʦʞʝʥʠʝ ʤʥʦʛʦʣʝʪʥʝʡ ʦʩʠ, ʢ 

ʢʦʪʦʨʦʡ ʦʪʥʦʩʠʪʩʷ ʤʘʪʝʨʠʥʩʢʠʡ ʧʦʙʝʛ 2ʇʉ, ʥʘ ʠʥʠʮʠʘʣʴʥʦʤ ʧʦʙʝʛʝ ʧʨʝʜʳʜʫʱʝʛʦ ʧʦʨʷʜʢʘ 

ʚʝʪʚʣʝʥʠʷ; 3) ʚʦʟʨʘʩʪ ʤʘʪʝʨʠʥʩʢʦʛʦ ʧʦʙʝʛʘ ʚ ʩʦʩʪʘʚʝ ʦʩʠ (ʰʘʛ); 4) ʧʦʨʷʜʦʢ ʚʝʪʚʣʝʥʠʷ ʦʩʠ, ʢ 

ʢʦʪʦʨʦʡ ʦʪʥʦʩʠʪʩʷ ʧʦʙʝʛ, ʚ ʩʦʩʪʘʚʝ ʚʝʪʚʠ ʦʪ ʩʪʚʦʣʘ; 5) ʧʦʣʦʞʝʥʠʝ ʚʝʪʚʠ ʥʘ ʩʪʚʦʣʝ ʚ ʢʨʦʥʝ 

ʜʝʨʝʚʘ (ʪʨʠ ʛʨʘʜʘʮʠʠ ï ʚʝʨʭʥʷʷ, ʩʨʝʜʥʷʷ ʠ ʥʠʞʥʷʷ ʯʘʩʪʴ ʢʨʦʥʳ). 

ʇʦʜʩʯʝʪ ʧʦʣʦʞʝʥʠʷ ʤʘʪʝʨʠʥʩʢʦʛʦ ʧʦʙʝʛʘ 2ʇʉ ʥʘ ʧʦʙʝʛʝ ʧʨʝʜʳʜʫʱʝʛʦ ʛʦʜʘ (Loc) 

ʧʨʦʠʟʚʦʜʠʣʩʷ ʦʪ ʚʝʨʭʥʝʛʦ ʦʩʝʚʦʛʦ ʧʦʙʝʛʘ ʥʘ ʤʘʪʝʨʠʥʩʢʦʤ ʢ ʩʘʤʦʤʫ ʥʠʞʥʝʤʫ ʙʦʢʦʚʦʤʫ 

ʧʦʙʝʛʫ (ʈʠʩʫʥʦʢ 9ʘ). ʕʪʦʪ ʧʨʠʟʥʘʢ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʟʦʥʘʣʴʥʦʩʪʴ ʤʘʪʝʨʠʥʩʢʦʛʦ ʧʦʙʝʛʘ 

ʠʥʠʮʠʘʣʴʥʦʡ 2ʇʉ ʪʨʝʭʣʝʪʥʝʛʦ ʵʧʩʠʦʥʘ (ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʙʝʛʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ). 

 

ʈʠʩʫʥʦʢ 9 ï ʇʨʠʥʮʠʧʳ ʧʨʠʩʚʦʝʥʠʷ ʟʥʘʯʝʥʠʡ ʜʣʷ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʠʟʥʘʢʦʚ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʜʚʫʣʝʪʥʠʝ ʧʦʙʝʛʦʚʳʝ ʩʠʩʪʝʤʳ ʧʦʙʝʛʠ ʚ ʩʦʩʪʘʚʝ ʧʦʙʝʛʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʘ ï ʧʦʣʦʞʝʥʠʝ ʧʦʙʝʛʘ ʥʘ ʤʘʪʝʨʠʥʩʢʦʤ ʧʦʙʝʛʝ ʧʨʝʜʳʜʫʱʝʛʦ ʛʦʜʘ; b ï ʧʦʣʦʞʝʥʠʝ 

ʤʘʪʝʨʠʥʩʢʦʛʦ ʧʦʙʝʛʘ 2ʇʉ ʚ ʩʦʩʪʘʚʝ ʦʩʠ; c ï ʰʘʛ; d ï ʧʦʨʷʜʦʢ ʚʝʪʚʣʝʥʠʷ ʦʩʠ; ʮʠʬʨʘʤʠ 

ʦʪʤʝʯʝʥʳ ʟʥʘʯʝʥʠʷ ʢʘʞʜʦʛʦ ʠʟ ʧʨʠʟʥʘʢʦʚ ʜʣʷ ʚʳʜʝʣʝʥʥʳʭ 2ʇʉ; ʯʝʨʥʳʤ ʮʚʝʪʦʤ ʦʪʤʝʯʝʥʳ 
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ʤʘʪʝʨʠʥʩʢʠʝ ʧʦʙʝʛʠ 2ʇʉ; ʢʦʨʠʯʥʝʚʳʡ ʮʚʝʪ ï ʤʘʪʝʨʠʥʩʢʠʝ ʧʦʙʝʛʠ ʠʣʠ ʦʩʠ, ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʦʪʦʨʳʭ ʚʝʜʝʪʩʷ ʦʪʩʯʝʪ; ʟʝʣʝʥʳʡ ï ʦʣʠʩʪʚʝʥʥʳʝ ʧʦʙʝʛʠ ʚ ʩʦʩʪʘʚʝ 2ʇʉ; ʩʪ ï ʩʪʚʦʣ 

 

ʇʦʣʦʞʝʥʠʝ ʤʘʪʝʨʠʥʩʢʦʛʦ ʧʦʙʝʛʘ 2ʇʉ ʚ ʩʦʩʪʘʚʝ ʦʩʠ (LocAx) ʦʪʥʦʩʠʪʩʷ ʢ ʧʨʠʟʥʘʢʘʤ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ ʤʥʦʛʦʣʝʪʥʠʝ ʩʚʦʡʩʪʚʘ ʦʩʝʡ ʚ ʩʦʩʪʘʚʝ ʵʧʩʠʦʥʘ. ʅʫʤʝʨʘʮʠʷ ʟʥʘʯʝʥʠʡ 

ʧʦʣʦʞʝʥʠʷ ʦʩʠ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦ ʪʦʤʫ ʞʝ ʧʨʠʥʮʠʧʫ, ʯʪʦ ʠ ʧʨʠʟʥʘʢ Loc (ʈʠʩʫʥʦʢ 9b), ʦʪʣʠʯʠʝ 

ʧʨʠʟʥʘʢʦʚ ʩʦʩʪʦʠʪ ʚʦ ʚʨʝʤʝʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ï ʧʦʩʣʝ ʦʙʨʘʟʦʚʘʥʠʷ ʙʦʢʦʚʦʡ ʧʦʙʝʛ ʥʘ 

ʤʘʪʝʨʠʥʩʢʦʤ ʜʘʝʪ ʥʘʯʘʣʦ ʦʩʠ, ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʦʡ ʥʘ ʩʣʝʜʫʶʱʠʡ ʛʦʜ ʦʙʨʘʟʫʝʪʩʷ ʥʦʚʳʡ 

ʦʩʝʚʦʡ ʧʦʙʝʛ, ʧʨʦʜʦʣʞʘʶʱʠʡ ʦʩʴ ʚʧʣʦʪʴ ʜʦ ʝʝ ʦʪʤʠʨʘʥʠʷ. 

ʇʨʠʟʥʘʢ ʚʦʟʨʘʩʪʘ ʤʘʪʝʨʠʥʩʢʦʛʦ ʧʦʙʝʛʘ 2ʇʉ ʚ ʩʦʩʪʘʚʝ ʦʩʠ, ʠʣʠ ʰʘʛʘ ʤʘʪʝʨʠʥʩʢʦʛʦ 

ʧʦʙʝʛʘ ʚ ʩʦʩʪʘʚʝ ʦʩʠ (St), ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʨʝʤʷ ʞʠʟʥʠ ʦʩʠ ʦʪ ʝʝ ʦʙʨʘʟʦʚʘʥʠʷ ʜʦ ʢʦʥʢʨʝʪʥʦʛʦ 

ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʩʝʟʦʥʘ, ʚ ʢʦʪʦʨʳʡ ʙʳʣ ʩʬʦʨʤʠʨʦʚʘʥ ʤʘʪʝʨʠʥʩʢʠʡ ʧʦʙʝʛ ʠʩʩʣʝʜʫʝʤʦʡ 2ʇʉ 

(ʈʠʩʫʥʦʢ 9c). 

ʇʨʠʟʥʘʢ ʧʦʨʷʜʢʘ ʚʝʪʚʣʝʥʠʷ ʦʩʠ ʚ ʩʦʩʪʘʚʝ ʵʧʩʠʦʥʘ (Or) ʦʪʨʘʞʘʝʪ ʠʝʨʘʨʭʠʯʥʦʩʪʴ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʦʙʝʛʦʚ ʚ ʩʦʩʪʘʚʝ ʧʦʙʝʛʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʊʘʢ, ʟʘ ʦʩʴ 

ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʧʨʠʥʠʤʘʝʪʩʷ ʦʩʴ ʚʝʪʚʠ ʦʪ ʩʪʚʦʣʘ, ʦʪ ʢʦʪʦʨʦʡ ʦʪʭʦʜʷʪ ʦʩʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, 

ʥʘ ʥʠʭ ʨʘʟʚʠʚʘʶʪʩʷ ʦʩʠ ʪʨʝʪʴʝʛʦ ʠ ʪ.ʜ. (ʈʠʩʫʥʦʢ 9d). ʕʪʦʪ ʧʨʠʟʥʘʢ ʦʪʨʘʞʘʝʪ ʵʪʘʧʥʦʩʪʴ 

ʟʘʧʦʣʥʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʣʘʛʠʦʪʨʦʧʥʦʡ ʚʝʪʚʠ. ɺ ʚʠʨʛʠʥʠʣʴʥʦʤ ʠ ʨʘʥʥʝʤ ʛʝʥʝʨʘʪʠʚʥʦʤ 

ʦʥʪʦʛʝʥʝʪʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʷʭ ʫ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚʠʜʦʚ ʦʩʴ ʚʝʪʚʠ (ʦʩʴ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ) ʦʜʥʘ. 

ʉʤʝʥʘ ʧʦʨʷʜʢʘ ʚʝʪʚʣʝʥʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʝʟʢʠʤ ʫʤʝʥʴʰʝʥʠʝʤ ʜʠʘʤʝʪʨʘ ʧʦʙʝʛʦʚ. 

2.3.4 ʉʨʘʚʥʝʥʠʝ ʪʨʝʭ ʚʠʜʦʚ 

ʉ ʮʝʣʴʶ ʘʥʘʣʠʟʘ ʧʨʠʟʥʘʢʦʚ ʠ ʩʨʘʚʥʝʥʠʷ BSS ʨʘʟʣʠʯʥʳʭ ʤʦʨʬʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʪʠʧʦʚ ʫ ʪʨʝʭ ʚʠʜʦʚ ʨʦʜʘ Ulmus L. ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ. ʀʩʧʦʣʴʟʦʚʘʥʘ 

ʢʦʚʘʨʠʘʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ, ʚʩʝ ʟʥʘʯʝʥʠʷ ʧʨʠʟʥʘʢʦʚ ʙʳʣʠ ʧʨʦʣʦʛʘʨʠʬʤʠʨʦʚʘʥʳ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠʟʥʘʢ ʢʦʣʠʯʝʩʪʚʘ ʣʠʩʪʴʝʚ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʤ ʧʦ 

ʜʣʠʥʝ ʙʦʢʦʚʦʤ ʧʦʙʝʛʝ BSS ʩʢʦʨʨʝʣʠʨʦʚʘʥ ʧʦ ʚʝʣʠʯʠʥʝ ʚʢʣʘʜʘ ʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʜʝʡʩʪʚʠʷ 

ʩ ʧʨʠʟʥʘʢʘʤʠ ʩʫʤʤʘʨʥʦʡ ʧʣʦʱʘʜʠ ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʘʢʦʛʦ ʧʦʙʝʛʘ, ʘ ʪʘʢʞʝ ʩʫʤʤʘʨʥʦʡ 

ʧʣʦʱʘʜʠ ʚʩʝʭ ʙʦʢʦʚʳʭ ʧʦʙʝʛʦʚ BSS. ʊʘʢʞʝ ʦʢʘʟʘʣʠʩʴ ʩʢʦʨʨʝʣʠʨʦʚʘʥʳ ʧʨʠʟʥʘʢʠ 

ʢʦʣʠʯʝʩʪʚʘ ʣʠʩʪʴʝʚ ʥʘ ʦʩʝʚʦʤ ʧʦʙʝʛʝ BSS ʠ ʩʫʤʤʘʨʥʦʡ ʧʣʦʱʘʜʴʶ ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʵʪʦʛʦ ʧʦʙʝʛʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʦʱʘʜʠ ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ BSS 

ʜʦʩʪʘʪʦʯʥʦ ʧʨʠʟʥʘʢʦʚ ʢʦʣʠʯʝʩʪʚʘ ʣʠʩʪʴʝʚ ʥʘ ʤʘʪʝʨʠʥʩʢʦʤ ʧʦʙʝʛʝ, ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʤ 

ʙʦʢʦʚʦʤ ʧʦʙʝʛʝ ʠ ʥʘ ʦʩʝʚʦʤ ʧʦʙʝʛʝ BSS. 

ʀʩʧʦʣʴʟʫʷ ʨʝʜʫʮʠʨʦʚʘʥʥʳʡ ʥʘʙʦʨ ʧʨʠʟʥʘʢʦʚ, ʠʩʭʦʜʷ ʠʟ ʚʳʷʚʣʝʥʥʳʭ ʨʘʥʝʝ 

ʢʦʨʨʝʣʷʮʠʡ, ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʜʣʷ BSS ʚʩʝʭ ʪʨʝʭ ʚʠʜʦʚ (ʊʘʙʣʠʮʘ 1). 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʣʘʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʩʦʛʣʘʩʥʦ ʚʢʣʘʜʫ ʧʨʠʟʥʘʢʦʚ, 



40 
 

ʠʥʪʝʨʧʨʝʪʠʨʫʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 1) ʢʦʤʧʦʥʝʥʪʘ ʨʘʟʤʝʨʥʳʭ ʧʨʠʟʥʘʢʦʚ BSS, 

ʜʠʬʬʝʨʝʥʮʠʨʫʶʱʘʷ çɿʘʧʦʣʥʷʶʱʠʝè BSS ʠ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʪʠʧʳ; 2) ʢʦʤʧʦʥʝʥʪʘ 

ʜʠʬʬʝʨʝʥʮʠʨʫʝʪ çɿʘʧʦʣʥʷʶʱʠʝè BSS ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʠʭ ʨʘʟʚʠʪʠʷ ʚ ʩʦʩʪʘʚʝ 

ʤʥʦʛʦʣʝʪʥʠʭ ʧʦʙʝʛʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ; 3) ʢʦʤʧʦʥʝʥʪʘ, ʦʧʠʩʳʚʘʶʱʘʷ ʩʚʦʡʩʪʚʘ ʨʘʟʚʠʪʠʷ ʚʦ 

ʚʨʝʤʝʥʠ çɿʘʧʦʣʥʷʶʱʠʭè BSS ʚ ʩʦʩʪʘʚʝ ʧʦʙʝʛʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ; 4) ʢʦʤʧʦʥʝʥʪʘ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ BSS ʠʩʩʣʝʜʫʝʤʳʭ ʚʠʜʦʚ, ʘ ʪʘʢʞʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʳʙʦʨʦʢ. 

 

ʊʘʙʣʠʮʘ 1. ɺʢʣʘʜʳ ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʠʟʥʘʢʦʚ ʜʚʫʣʝʪʥʠʭ ʧʦʙʝʛʦʚʳʭ ʩʠʩʪʝʤ ʪʨʝʭ ʚʠʜʦʚ ʨʦʜʘ 

Ulmus L. ʚ ʛʣʘʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ (PC) 

 PC1 PC2 PC3 PC4 

N ʙ.ʧ. -2.8026 0.04594 0.5953 0.1125 

S 2ʇʉ -2.6117 -0.17223 -0.301 -0.774 

N ʤ.ʧ. -2.491 -0.38086 0.3534 0.8661 

N max.ʙ.ʧ. -2.5558 0.0417 0.7426 0.1377 

N ʦʩʝʚ.ʧ. -2.4225 -0.98773 0.0565 0.6355 

ʐʘʛ -0.3105 2.37767 -1.2528 0.9973 

ʇʦʨʷʜʦʢ 1.9054 -0.20184 1.3919 0.2943 

ʇʦʣʦʞʝʥʠʝ ʦʩʠ 0.815 -1.89434 -1.1835 1.7296 

ʏʘʩʪʴ ʢʨʦʥʳ 0.7028 1.21455 1.9861 1.1182 

ʇʦʣʦʞʝʥʠʝ ʤ.ʧ. 0.6566 -2.65404 0.4952 -0.1582 

% ʚʢʣʘʜʘ 42% 21% 11% 8% 

N ï ʢʦʣʠʯʝʩʪʚʦ ʟʝʣʝʥʳʭ ʣʠʩʪʴʝʚ; S ï ʩʫʤʤʘʨʥʘʷ ʧʣʦʱʘʜʴ ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ; ʤ.ʧ. 

ï ʤʘʪʝʨʠʥʩʢʠʡ ʧʦʙʝʛ; ʙ.ʧ. ï ʙʦʢʦʚʦʡ ʧʦʙʝʛ; 2ʇʉ ï ʜʚʫʣʝʪʥʷʷ ʧʦʙʝʛʦʚʘʷ ʩʠʩʪʝʤʘ; max.ʙ.ʧ. ï 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʦ ʜʣʠʥʝ ʙʦʢʦʚʦʡ ʧʦʙʝʛ; ʦʩʝʚ.ʧ. ï ʦʩʝʚʦʡ ʧʦʙʝʛ 

 

çʈʦʩʪʦʚʳʝè BSS U. campestris ʠʤʝʶʪ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʨʘʟʤʝʨʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʩʫʤʤʘʨʥʦʡ ʧʣʦʱʘʜʠ ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ 

ʢʦʣʠʯʝʩʪʚʘ ʙʦʢʦʚʳʭ (ʈʠʩʫʥʦʢ 10). ʋ U. glabra ʧʣʦʱʘʜʴ ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ çʈʦʩʪʦʚʦʡè 

2ʇʉ ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʪʘʢʦʚʦʡ ʫ U. campestris. çʈʦʩʪʦʚʳʝè BSS U. parvifolia ʠʤʝʶʪ ʤʝʥʴʰʠʝ 

ʨʘʟʤʝʨʳ ʠ ʧʦ ʧʣʦʱʘʜʠ ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʭʦʜʥʳ ʩ çʆʩʥʦʚʥʳʤʠè 2ʇʉ ʜʚʫʭ ʜʨʫʛʠʭ 

ʚʠʜʦʚ. 
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ʈʠʩʫʥʦʢ 10 ï ɼʚʫʣʝʪʥʠʝ ʧʦʙʝʛʦʚʳʝ ʩʠʩʪʝʤʳ ʪʨʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚʠʜʦʚ ʨʘʟʣʠʯʥʳʭ 

ʤʦʨʬʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʪʠʧʦʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʝʨʚʦʡ ʠ ʪʨʝʪʴʝʡ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ 

ʘ ï ʜʠʘʛʨʘʤʤʘ ʨʘʩʩʝʷʥʠʷ ʟʥʘʯʝʥʠʡ ʚʪʦʨʦʡ ʠ ʪʨʝʪʴʝʡ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ 2ʇʉ; ʙ ï ʩʦʚʤʝʩʪʥʳʝ ʚʢʣʘʜʳ ʧʨʠʟʥʘʢʦʚ ʚ ʧʝʨʚʫʶ ʠ ʪʨʝʪʴʶ ʛʣʘʚʥʫʶ 

ʢʦʤʧʦʥʝʥʪʳ 

 

ɼʠʬʬʝʨʝʥʮʠʘʮʠʷ BSS ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʤʦʨʬʦʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ 

ʪʠʧʘ ʧʦ ʪʨʝʪʴʝʡ ʛʣʘʚʥʦʡ ʢʦʤʧʦʥʝʥʪʝ ʩʪʘʥʦʚʠʪʩʷ ʟʘʤʝʪʥʦʡ ʪʦʣʴʢʦ ʫ çɿʘʧʦʣʥʷʶʱʠʭè BSS, 

ʠʤʝʶʱʠʭ ʙʦʢʦʚʳʝ ʧʦʙʝʛʠ (çɿʘʧʦʣʥʷʶʱʠʝ 1è) (ʈʠʩʫʥʦʢ 10). ɻʨʫʧʧʘ ʜʚʫʣʝʪʥʠʭ ʧʦʙʝʛʦʚʳʭ 

ʩʠʩʪʝʤ ʢʘʞʜʦʛʦ ʤʦʨʬʦʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʪʠʧʘ ʚʳʜʝʣʷʝʪʩʷ ʩʦʚʤʝʩʪʥʦ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ 

ʝʜʠʥʩʪʚʝ ʩʪʨʫʢʪʫʨʥʳʭ ʩʚʦʡʩʪʚ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʙʝʛʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʉʚʝʜʝʥʠʷ ʦ ʚʢʣʘʜʝ ʧʦʙʝʛʦʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ LA ʷʚʣʷʶʪʩʷ 

ʚʘʞʥʝʡʰʝʡ ʦʩʥʦʚʦʡ ʵʢʦʣʦʛʦ-ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [82,83]. ʉʚʷʟʴ ʤʝʞʜʫ 

ʣʠʩʪʦʚʳʤʠ ʧʣʘʩʪʠʥʢʘʤʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʢʨʦʥʳ ʚʘʞʥʘ ʜʣʷ ʨʘʩʯʝʪʦʚ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʙʠʦʤʘʩʩʳ ʮʝʣʦʩʪʥʦʛʦ ʜʨʝʚʝʩʥʦʛʦ ʨʘʩʪʝʥʠʷ [84]. ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʤʝʭʘʥʠʟʤʘ 

ʧʨʦʜʫʢʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʝʛʦ ʦʩʦʙʝʥʥʦʩʪʝʡ ʫ ʨʘʟʥʳʭ ʚʠʜʦʚ ʜʝʨʝʚʴʝʚ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʞʜʝ 

ʚʩʝʛʦ ʠʟʫʯʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʩʪʨʦʝʥʠʷ ʚʝʪʚʝʡ ʠ ʚʦʟʨʘʩʪʥʦʡ ʜʠʥʘʤʠʢʠ ʩʦʦʪʥʦʰʝʥʠʷ 

ʘʩʩʠʤʠʣʠʨʫʶʱʠʭ ʠ ʥʝ ʘʩʩʠʤʠʣʠʨʫʶʱʠʭ ʦʨʛʘʥʦʚ [85].  

ɺ çʪʝʦʨʝʪʠʢʦ-ʤʥʦʞʝʩʪʚʝʥʥʦʤè ʧʦʜʭʦʜʝ, ʢʦʪʦʨʳʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝʚʘʣʠʨʫʝʪ ʚ 

ʥʘʫʯʥʦʡ ʩʨʝʜʝ, ʘʢʮʝʥʪ ʜʝʣʘʝʪʩʷ ʥʘ ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʨʘʟʥʦʦʙʨʘʟʠʷ ʩʚʦʡʩʪʚ ʵʣʝʤʝʥʪʦʚ 

[86]. ʉʪʨʫʢʪʫʨʥʳʡ ʧʦʜʭʦʜ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʳʷʚʣʝʥʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʥʠʤʠ, ʚʳʷʚʣʝʥʠʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʵʣʝʤʝʥʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ. ɼʣʷ ʧʦʣʥʦʮʝʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʦʞʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʦʡ, ʥʝʩʦʤʥʝʥʥʦ, ʷʚʣʷʝʪʩʷ ʢʨʦʥʘ 

ʜʨʝʚʝʩʥʦʛʦ ʦʨʛʘʥʠʟʤʘ, ʥʝʦʙʭʦʜʠʤʦ ʩʦʯʝʪʘʥʠʝ ʵʪʠʭ ʜʚʫʭ ʧʦʜʭʦʜʦʚ. 
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ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚʠʜʦʚ ʨʦʜʘ Ulmus L. ʚʳʜʝʣʝʥʳ ʤʦʨʬʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʪʠʧʳ 

2ʇʉ, ʦʧʨʝʜʝʣʷʶʱʠʝʩʷ ʨʘʟʤʝʨʥʳʤʠ ʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ. çʈʦʩʪʦʚʳʝè 2ʇʉ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʣʠʩʪʴʝʚ ʥʘ ʤʘʪʝʨʠʥʩʢʦʤ, ʤʘʢʩʠʤʘʣʴʥʦʤ ʧʦ ʜʣʠʥʝ 

ʙʦʢʦʚʦʤ ʠ ʦʩʝʚʦʤ ʧʦʙʝʛʘʭ, ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʩʫʤʤʘʨʥʫʶ ʧʣʦʱʘʜʴ ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʩʦʩʪʘʚʝ ʦʩʝʡ ʥʠʟʢʠʭ ʧʦʨʷʜʢʦʚ ʚʝʪʚʣʝʥʠʷ ʚ ʚʝʨʭʥʠʭ ʧʦʣʦʞʝʥʠʷʭ ʥʘ ʧʦʙʝʛʘʭ 

ʚ ʩʦʩʪʘʚʝ ʵʧʩʠʦʥʦʚ. ɺʩʝ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʠʤ ʬʦʨʤʠʨʦʚʘʪʴ ʜʦʣʛʦʞʠʚʫʱʠʡ ʢʘʨʢʘʩ ʧʦʙʝʛʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʚʝʪʚʝʡ ʢʨʦʥʳ ʜʝʨʝʚʘ. 

ɺ ʢʨʦʥʝ ʜʝʨʝʚʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ çɿʘʧʦʣʥʷʶʱʠʭè 2ʇʉ, ʢʦʪʦʨʳʝ 

ʠʤʝʶʪ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦʤ ʣʠʩʪʴʝʚ, ʥʦ ʚʥʦʩʷʪ ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʣʠʩʪʦʚʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ. ʇʨʠ ʵʪʦʤ ʜʚʫʣʝʪʥʠʝ ʧʦʙʝʛʦʚʳʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʵʪʠʭ ʧʦʙʝʛʦʚ, ʠʤʝʶʪ ʚʥʫʪʨʝʥʥʶʶ ʩʪʨʫʢʪʫʨʥʫʶ ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ. 

çɿʘʧʦʣʥʷʶʱʠʝè 2ʇʉ ʫ ʚʩʝʭ ʪʨʝʭ ʚʠʜʦʚ ʜʠʬʬʝʨʝʥʮʠʨʫʝʪʩʷ ʥʘ ʜʚʝ ʛʨʫʧʧʳ, ʩʚʷʟʘʥʥʳʝ 

ʩ ʧʦʣʦʞʝʥʠʝʤ ʚ ʩʦʩʪʘʚʝ ʧʦʙʝʛʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʵʪʘʧʘʤʠ ʨʘʟʚʠʪʠʷ ʵʪʠʭ ʧʦʙʝʛʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ. ʇʝʨʚʘʷ ʛʨʫʧʧʘ çɿʘʧʦʣʥʷʶʱʠʭè 2ʇʉ ʦʙʨʘʟʫʝʪʩʷ ʚ ʭʦʜʝ ʨʘʟʚʠʪʠʷ ʧʦʙʝʛʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʦʩʥʦʚʝ ʙʦʢʦʚʳʭ ʧʦʙʝʛʦʚ ʥʠʞʥʠʭ ʧʦʣʦʞʝʥʠʡ ʥʘ ʤʘʪʝʨʠʥʩʢʦʤ ʧʦʙʝʛʝ, ʚ 

ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʠʤʝʶʱʠʭʩʷ ʫ çʉʚʝʨʭʨʦʩʪʦʚʳʭè, çʈʦʩʪʦʚʳʭè ʠ çʆʩʥʦʚʥʳʭè 2ʇʉ. 

ʆʙʨʘʟʫʶʱʠʝʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ çɿʘʧʦʣʥʷʶʱʠʝè ʩʠʩʪʝʤʳ ʠʤʝʶʪ ʦʩʝʚʳʝ ʧʦʙʝʛʠ ʩ ʙʦʣʴʰʠʤʠ 

ʨʘʟʤʝʨʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʪʦʜʚʠʥʫʪʴ ʣʠʩʪʦʚʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʥʘ 

ʧʝʨʠʬʝʨʠʶ ʧʦʙʝʛʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʨʠ ʨʘʟʚʠʪʠʠ ʤʥʦʛʦʣʝʪʥʠʭ ʧʦʙʝʛʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʦʩʥʦʚʝ ʪʘʢʠʭ ʧʦʙʝʛʦʚʳʭ ʩʠʩʪʝʤ ʦʙʨʘʟʫʶʪʩʷ çɿʘʧʦʣʥʷʶʱʠʝè 2ʇʉ, ʠʤʝʶʱʠʝ 

ʤʘʣʦ ʙʦʢʦʚʳʭ ʧʦʙʝʛʦʚ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʝ ʬʦʨʤʠʨʫʶʱʠʝ ʦʩʠ ʚʳʩʦʢʠʭ ʧʦʨʷʜʢʦʚ.  

ɺʪʦʨʘʷ ʛʨʫʧʧʘ çɿʘʧʦʣʥʷʶʱʠʭè 2ʇʉ ʦʙʨʘʟʫʝʪʩʷ ʥʘ ʧʝʨʠʬʝʨʠʠ ʚʝʪʚʝʡ ʥʘ ʦʩʥʦʚʝ 

ʙʦʢʦʚʳʭ ʧʦʙʝʛʦʚ ʚʝʨʭʥʠʭ ʧʦʣʦʞʝʥʠʡ çʈʦʩʪʦʚʳʭè ʠ çʆʩʥʦʚʥʳʭè 2ʇʉ. ʊʘʢʠʝ 2ʇʉ ʚ ʩʦʩʪʘʚʝ 

ʦʩʝʡ ʚʳʩʦʢʠʭ ʧʦʨʷʜʢʦʚ ʚʝʪʚʣʝʥʠʷ ʦʙʨʘʟʫʶʪ ʙʦʣʴʰʫʶ ʣʠʩʪʦʚʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ 

çɿʘʧʦʣʥʷʶʱʠʭè ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʙʣʘʛʦʜʘʨʷ ʙʦʢʦʚʳʤ ʠ ʦʩʝʚʳʤ ʧʦʙʝʛʘʤ. 

ɺʳʷʚʣʝʥʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʩʪʨʦʝʥʠʷ ʢʨʦʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʭʘʨʘʢʪʝʨʥʳ 

ʜʣʷ ʚʩʝʭ ʪʨʝʭ ʚʠʜʦʚ ʨʦʜʘ Ulmus. ʉʦʯʝʪʘʥʠʝ ʩʚʦʡʩʪʚ ʧʣʦʱʘʜʠ ʣʠʩʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʩʪʨʫʢʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ BSS ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʙʦʣʝʝ ʦʙʦʩʥʦʚʘʥʥʫʶ ʚʳʙʦʨʢʫ ʚ 

ʩʣʦʞʥʦʡ ʢʘʨʪʠʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʦʙʝʛʦʚ ʢʨʦʥʳ ʜʝʨʝʚʘ. 

2.4 ʅʘʙʣʶʜʝʥʠʷ ʥʘʟʝʤʥʳʭ ʧʦʟʚʦʥʦʯʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʢʘʨʙʦʥʦʚʦʛʦ ʧʦʣʠʛʦʥʘ 

çʃʘʜʦʛʘè 

ʅʘʙʣʶʜʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʚʝʩʝʥʥʝ-ʣʝʪʥʠʡ ʧʝʨʠʦʜ 12 ʠ 21 ʤʘʷ, 22 ʠʶʣʷ, 17 ʘʚʛʫʩʪʘ 

ʠ 24 ʩʝʥʪʷʙʨʷ 2025 ʛ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʥʘʟʝʤʥʳʭ ʧʦʟʚʦʥʦʯʥʳʭ, ʢʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʩʝʟʦʥʝ 

ʚʝʣʠʩʴ ʥʘ ʤʘʨʰʨʫʪʥʳʭ ʫʯʝʪʘʭ. ʋʯʝʪʳ ʧʪʠʮ ʧʨʦʚʦʜʠʣʠʩʴ ʚʠʟʫʘʣʴʥʦ, ʠ ʧʦ ʛʦʣʦʩʘʤ (ʚʝʩʥʦʡ 

ʧʦ ʧʝʩʥʝ ʠ ʙʨʘʯʥʳʤ ʢʨʠʢʘʤ, ʚ ʘʚʛʫʩʪʝ ʠ ʩʝʥʪʷʙʨʝ ʧʦ ʧʦʟʳʚʢʘʤ). ʈʝʧʪʠʣʠʠ ʠ ʟʝʤʥʦʚʦʜʥʳʝ 
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ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʚʠʟʫʘʣʴʥʦ ʚʦ ʚʨʝʤʷ ʤʘʨʰʨʫʪʦʚ. ʇʨʠ ʫʯʝʪʘʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʢʨʦʤʝ 

ʚʠʟʫʘʣʴʥʳʭ ʫʯʝʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʨʠʙʣʠʟʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʯʠʩʣʝʥʥʦʩʪʠ ʚʠʜʦʚ ʧʦ ʩʣʝʜʘʤ 

ʠʭ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ. ʂ ʩʦʞʘʣʝʥʠʶ, ʧʨʠ ʦʙʱʠʭ ʤʘʨʰʨʫʪʥʳʭ ʫʯʝʪʘʭ ʦʪʤʝʯʘʶʪʩʷ ʙʦʣʴʰʠʝ 

ʨʘʟʣʠʯʠʷ ʚ ʚʳʚ̫ʣʷʝʤʦʩʪʠ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ ʯʠʩʣʝʥʥʦʩʪʠ ʚ ʨʘʟʥʳʭ ʛʨʫʧʧʘʭ ʥʘʟʝʤʥʳʭ 

ʧʦʟʚʦʥʦʯʥʳʭ. ʅʘʠʙʦʣʝʝ ʧʦʣʥʦ ʧʨʠ ʵʪʦʤ ʚʳʷʚʣʷʶʪʩʷ ʧʪʠʮʳ ʠ ʤʣʝʢʦʧʠʪʘʶʱʠʝ ʢʨʫʧʥʦʛʦ ʠ 

ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʤʝʣʢʠʝ ʤʣʝʢʦʧʠʪʘʶʱʠʝ ʤʦʛʫʪ ʙʳʪʴ ʚʩʪʨʝʯʝʥʳ ʪʦʣʴʢʦ 

ʩʣʫʯʘʡʥʦ. 

ʂʘʢ ʫʢʘʟʳʚʘʣʦʩʴ, ʨʘʥʝʝ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ʢʘʨʙʦʥʦʚʦʛʦ ʧʦʣʠʛʦʥʘ ʟʘʥʷʪʘ 

ʚʪʦʨʠʯʥʳʤʠ ʙʠʦʪʦʧʘʤʠ ʩʳʨʳʤʠ ʩʦʩʥʦʚʦ-ʙʝʨʝʟʦʚʦ-ʩʝʨʦʦʣʴʭʦʚʳʤʠ ʣʝʩʘʤʠ, ʧʝʨʝʭʦʜʷʱʠʤʠ 

ʚ ʣʝʩʥʦʝ ʢʦʯʢʦʚʘʪʦʝ ʦʩʦʢʦʚʦʝ ʙʦʣʦʪʦ (ʈʠʩʫʥʦʢ 11). ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʫʯʘʩʪʢʘ, ʠʤʝʝʪʩʷ 

ʥʝʙʦʣʴʰʦʝ ʜʠʩʪʨʦʬʥʦʝ ʦʟʝʨʦ ʧʣʦʱʘʜʴʶ ʦʢʦʣʦ 2 ʛʘ, ʩʠʣʴʥʦ ʟʘʨʘʩʪʘʶʱʝʝ ʧʦ ʢʨʘʷʤ 

ʪʨʦʩʪʥʠʢʦʤ ʠ ʨʦʛʦʟʦʤ ʰʠʨʦʢʦʣʠʩʪʥʳʤ. ɺ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʫʯʘʩʪʢʘ ʥʘʭʦʜʠʪʩʷ ʧʝʩʯʘʥʳʡ 

ʢʘʤʦʚʳʡ ʭʦʣʤ ʩ ʥʠʟʢʦʪʨʘʚʥʦʡ ʣʫʛʦʚʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʠ ʦʪʜʝʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʩʦʩʝʥ ʠ 

ʣʠʩʪʚʝʥʥʳʭ ʜʝʨʝʚʴʝʚ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʙʝʨʝʟ. 

 

ʈʠʩʫʥʦʢ 11 ï ʊʠʧʠʯʥʳʡ ʟʘʙʦʣʦʯʝʥʥʳʡ ʙʠʦʪʦʧ ʫ ʦʟʝʨʘ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʙʝʨʝʟʳ, ʠʚ ʠ ʩʝʨʦʡ 

ʦʣʴʭʠ. 12 ʤʘʷ 2025 ʛ. 

2.4.1 ʆʨʥʠʪʦʬʘʫʥʘ 

ɺ 2025 ʛ. ʟʘ ʧʷʪʴ ʧʦʣʝʚʳʭ ʚʳʝʟʜʦʚ ʥʘʤʠ ʚʩʪʨʝʯʝʥʦ 1853 ʦʩʦʙʠ 75 ʚʠʜʦʚ ʧʪʠʮ 

(ʊʘʙʣʠʮʘ 2), ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ 5 ʦʪʨʷʜʦʚ: ʇʦʛʘʥʢʦʦʙʨʘʟʥʳʝ ï 2 ʚʠʜʘ, ʎʘʧʣʝʦʙʨʘʟʥʳʝ ï 1 ʚʠʜ, 

ɻʫʩʝʦʙʨʘʟʥʳʝ ï 9 ʚʠʜʦʚ, ɼʥʝʚʥʳʝ ʍʠʱʥʠʢʠ ï 5 ʚʠʜʦʚ, ʂʫʨʦʦʙʨʘʟʥʳʝ ï 1 ʚʠʜ, 

ɾʫʨʘʚʣʝʦʙʨʘʟʥʳʝ ï 1 ʚʠʜ, ʈʞʘʥʢʦʦʙʨʘʟʥʳʝ ï 8 ʚʠʜʦʚ, ɻʦʣʫʙʝʦʙʨʘʟʥʳʝ ï 1 ʚʠʜ, 

ʂʫʢʫʰʢʦʦʙʨʘʟʥʳʝ ï 1 ʚʠʜ, ʉʦʚʦʦʙʨʘʟʥʳʝ ï 1 ʚʠʜ, ɼʷʪʣʦʦʙʨʘʟʥʳʝ ï 4 ʚʠʜʘ, 

ɺʦʨʦʙʴʠʥʦʦʙʨʘʟʥʳʝ - 41 ʚʠʜ. 
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ʊʘʙʣʠʮʘ 2. ɺʠʜʦʚʦʡ ʩʦʩʪʘʚ ʠ ʭʘʨʘʢʪʝʨ ʧʨʝʙʳʚʘʥʠʷ ʚʩʪʨʝʯʝʥʥʳʭ ʧʪʠʮ ʚ 2024-2025 ʛʛ. 

ʈʫʩʩʢʦʝ ʥʘʟʚʘʥʠʝ ʃʘʪʠʥʩʢʦʝ ʥʘʟʚʘʥʠʝ 

ʉʪʘʪʫʩ 

2024 2025 
ʀʪʦʛʦʚʳʡ 

ʩʪʘʪʫʩ 

ɹʦʣʴʰʘʷ ʧʦʛʘʥʢʘ Podiceps cristatus 
ʤʠʛʨ ʠ 

ʛʥʝʟʜ 

ʤʠʛʨ ʠ 

ʛʥʝʟʜ 
ʤʠʛʨ ʠ ʛʥʝʟʜ 

ʂʨʘʩʥʦʰʝʡʥʘʷ ʧʦʛʘʥʢʘ Podiceps auritus  
ʤʠʛʨ ʠ 

ʛʥʝʟʜ 
ʤʠʛʨ ʠ ʛʥʝʟʜ 

ʉʝʨʘʷ ʮʘʧʣʷ Ardea cinerea ʤʠʛʨ ʤʠʛʨ ʤʠʛʨ 

ɹʝʣʦʣʦʙʳʡ ʛʫʩʴ Anser albifrons ʤʠʛʨ ʤʠʛʨ ʤʠʛʨ 

ɻʫʤʝʥʥʠʢ Anser fabalis  ʤʠʛʨ ʤʠʛʨ 

ɹʝʣʦʱʝʢʘʷ ʢʘʟʘʨʢʘ Branta leucopsis ʤʠʛʨ ʤʠʛʨ ʤʠʛʨ 

ʂʨʷʢʚʘ Anas platyrhynchos 
ʤʠʛʨ ʠ 

ʛʥʝʟʜ 

ʤʠʛʨ ʠ 

ʛʥʝʟʜ 
ʤʠʛʨ ʠ ʛʥʝʟʜ 

ʏʠʨʦʢ-ʩʚʠʩʪʫʥʦʢ A. crecca 
ʤʠʛʨ ʠ 

ʛʥʝʟʜ 

ʤʠʛʨ ʠ 

ʛʥʝʟʜ 
ʤʠʛʨ ʠ ʛʥʝʟʜ 

ʉʝʨʘʷ ʫʪʢʘ A. strepera ʤʠʛʨ 
ʤʠʛʨ ʠ 

ʛʥʝʟʜ 
ʤʠʛʨ ʠ ʛʥʝʟʜ 

ʉʚʠʷʟʴ Anas penelope ʤʠʛʨ ʤʠʛʨ ʤʠʛʨ 

ʐʠʨʦʢʦʥʦʩʢʘ Anas clypeata  ʤʠʛʨ ʤʠʛʨ 

ʍʦʭʣʘʪʘʷ ʯʝʨʥʝʪʴ Aythya fuligula 
ʤʠʛʨ ʠ 

ʛʥʝʟʜ 

ʤʠʛʨ ʠ 

ʛʥʝʟʜ 
ʤʠʛʨ ʠ ʛʥʝʟʜ 

ʃʫʪʦʢ M.albellus ʤʠʛʨ  ʤʠʛʨ 

ʂʘʥʶʢ Buteo buteo 
ʤʠʛʨ ʠ 

ʛʥʝʟʜ 

ʤʠʛʨ ʠ 

ʛʥʝʟʜ 
ʤʠʛʨ ʠ ʛʥʝʟʜ 

ʆʩʦʝʜ Pernis apivorus 
ʤʠʛʨ ʠ 

ʛʥʝʟʜ 
 ʤʠʛʨ ʠ ʛʥʝʟʜ 

ʊʝʪʝʨʝʚʷʪʥʠʢ Accipiter nisus  
ʤʠʛʨ ʠ 

ʛʥʝʟʜ 
ʤʠʛʨ ʠ ʛʥʝʟʜ 

ʇʝʨʝʧʝʣʷʪʥʠʢ Falco subbuteo 
ʤʠʛʨ ʠ 

ʛʥʝʟʜ 

ʤʠʛʨ ʠ 

ʛʥʝʟʜ 
ʤʠʛʨ ʠ ʛʥʝʟʜ 

ʏʝʛʣʦʢ Falco subbuteo 
ʤʠʛʨ ʠ 

ʛʥʝʟʜ 

ʤʠʛʨ ʠ 

ʛʥʝʟʜ 
ʤʠʛʨ ʠ ʛʥʝʟʜ 

ɼʝʨʙʥʠʢ Falco columbarius  
ʤʠʛʨ ʠ 

ʛʥʝʟʜ 
ʤʠʛʨ ʠ ʛʥʝʟʜ 

ʈʷʙʯʠʢ Tetrastes bonassia 
ʤʠʛʨ ʠ 

ʛʥʝʟʜ 

ʤʠʛʨ ʠ 

ʛʥʝʟʜ 
ʤʠʛʨ ʠ ʛʥʝʟʜ 

ʇʦʛʦʥʳʰ Porzana porzana 
ʤʠʛʨ ʠ 

ʛʥʝʟʜ 
 ʛʥʝʟʜ 

ʂʦʨʦʩʪʝʣʴ Crex crex  
ʤʠʛʨ ʠ 

ʛʥʝʟʜ 
ʤʠʛʨ ʠ ʛʥʝʟʜ 

ɹʦʣʴʰʦʡ ʫʣʠʪ Tringa nebularia 
ʤʠʛʨ ʠ 

ʛʥʝʟʜ 

ʤʠʛʨ ʠ 

ʛʥʝʟʜ 
ʤʠʛʨ ʠ ʛʥʝʟʜ 

ʏʝʨʥʳʰ T.ochropus 
ʤʠʛʨ ʠ 

ʛʥʝʟʜ 

ʤʠʛʨ ʠ 

ʛʥʝʟʜ 
ʤʠʛʨ ʠ ʛʥʝʟʜ 

ʌʠʬʠ T. glareola 
ʤʠʛʨ ʠ 

ʛʥʝʟʜ 
ʤʠʛʨ ʤʠʛʨ ʠ ʛʥʝʟʜ 

ɹʝʢʘʩ Gallinago gallinago 
ʤʠʛʨ ʠ 

ʛʥʝʟʜ 

ʤʠʛʨ ʠ 

ʛʥʝʟʜ 
ʤʠʛʨ ʠ ʛʥʝʟʜ 
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ɺʘʣʴʜʰʥʝʧ Scolopax rusticola 
ʤʠʛʨ ʠ 

ʛʥʝʟʜ 

ʤʠʛʨ ʠ 

ʛʥʝʟʜ 
ʤʠʛʨ ʠ ʛʥʝʟʜ 

ʉʠʟʘʷ ʯʘʡʢʘ Larus canus 
ʤʠʛʨ ʠ 

ʛʥʝʟʜ 

ʤʠʛʨ ʠ 

ʛʥʝʟʜ 
ʤʠʛʨ ʠ ʛʥʝʟʜ 

ʆʟʝʨʥʘʷ ʯʘʡʢʘ L. ridibundus 
ʤʠʛʨ ʠ 

ʛʥʝʟʜ 
ʤʠʛʨ ʤʠʛʨ ʠ ʛʥʝʟʜ 

ɺʷʭʠʨʴ Columba palumbus 
ʤʠʛʨ ʠ 

ʛʥʝʟʜ 

ʤʠʛʨ ʠ 

ʛʥʝʟʜ 
ʤʠʛʨ ʠ ʛʥʝʟʜ 

ʂʫʢʫʰʢʘ Cuculus canorus 
ʤʠʛʨ ʠ 

ʛʥʝʟʜ 

ʤʠʛʨ ʠ 

ʛʥʝʟʜ 
ʤʠʛʨ ʠ ʛʥʝʟʜ 

ʋʰʘʩʪʘʷ ʩʦʚʘ Asio otis 
ʤʠʛʨ ʠ 

ʛʥʝʟʜ 

ʤʠʛʨ ʠ 

ʛʥʝʟʜ 
ʤʠʛʨ ʠ ʛʥʝʟʜ 

ɺʝʨʪʠʰʝʡʢʘ Jynx torquilla 
ʤʠʛʨ ʠ 

ʛʥʝʟʜ 

ʤʠʛʨ ʠ 

ʛʥʝʟʜ 
ʤʠʛʨ ʠ ʛʥʝʟʜ 

ɾʝʣʥʘ Dryocopus martius ʛʥʝʟʜ ʛʥʝʟʜ ʛʥʝʟʜ 

ɹʦʣʴʰʦʡ ʧʝʩʪʨʳʡ ʜʷʪʝʣ Dendrocopos major ʛʥʝʟʜ ʛʥʝʟʜ ʛʥʝʟʜ 

ɹʝʣʦʩʧʠʥʥʳʡ ʜʷʪʝʣ D. leucotos ʛʥʝʟʜ  ʛʥʝʟʜ 

ʄʘʣʳʡ ʧʝʩʪʨʳʡ ʜʷʪʝʣ D. minor ʛʥʝʟʜ ʛʥʝʟʜ ʛʥʝʟʜ 

ɼʝʨʝʚʝʥʩʢʘʷ ʣʘʩʪʦʯʢʘ Hirundo rustica 
ʤʠʛʨ ʠ 

ʛʥʝʟʜ 

ʤʠʛʨ ʠ 

ʛʥʝʟʜ 
ʤʠʛʨ ʠ ʛʥʝʟʜ 

ɾʝʣʪʘʷ ʪʨʷʩʦʛʫʟʢʘ Motacilla flava 
ʤʠʛʨ ʠ 

ʛʥʝʟʜ 

ʤʠʛʨ ʠ 

ʛʥʝʟʜ 
ʤʠʛʨ ʠ ʛʥʝʟʜ 

ɹʝʣʘʷ ʪʨʷʩʦʛʫʟʢʘ M. alba 
ʤʠʛʨ ʠ 

ʛʥʝʟʜ 

ʤʠʛʨ ʠ 

ʛʥʝʟʜ 
ʤʠʛʨ ʠ ʛʥʝʟʜ 

ʃʝʩʥʦʡ ʢʦʥʝʢ Anthus trivialis 
ʤʠʛʨ ʠ 

ʛʥʝʟʜ 

ʤʠʛʨ ʠ 

ʛʥʝʟʜ 
ʤʠʛʨ ʠ ʛʥʝʟʜ 

ɾʫʣʘʥ Lanius collurio 
ʤʠʛʨ ʠ 

ʛʥʝʟʜ 

ʤʠʛʨ ʠ 

ʛʥʝʟʜ 
ʤʠʛʨ ʠ ʛʥʝʟʜ 

ʂʨʘʧʠʚʥʠʢ Troglodytes troglodytes 
ʤʠʛʨ ʠ 

ʛʥʝʟʜ 

ʤʠʛʨ ʠ 

ʛʥʝʟʜ 
ʤʠʛʨ ʠ ʛʥʝʟʜ 

ʃʝʩʥʘʷ ʟʘʚʠʨʫʰʢʘ Prunella modularis 
ʤʠʛʨ ʠ 

ʛʥʝʟʜ 

ʤʠʛʨ ʠ 

ʛʥʝʟʜ 
ʤʠʛʨ ʠ ʛʥʝʟʜ 

ɿʘʨʷʥʢʘ Erithacus rubecula 
ʤʠʛʨ ʠ 

ʛʥʝʟʜ 

ʤʠʛʨ ʠ 

ʛʥʝʟʜ 
ʤʠʛʨ ʠ ʛʥʝʟʜ 

ʉʦʣʦʚʝʡ Luscinia luscinia 
ʤʠʛʨ ʠ 

ʛʥʝʟʜ 

ʤʠʛʨ ʠ 

ʛʥʝʟʜ 
ʤʠʛʨ ʠ ʛʥʝʟʜ 

ɻʦʨʠʭʚʦʩʪʢʘïʣʳʩʫʰʢʘ Phoenicurus phoenicurus 
ʤʠʛʨ ʠ 

ʛʥʝʟʜ 

ʤʠʛʨ ʠ 

ʛʥʝʟʜ 
ʤʠʛʨ ʠ ʛʥʝʟʜ 

ʏʝʨʥʳʡ ʜʨʦʟʜ Turdus merula 
ʤʠʛʨ ʠ 

ʛʥʝʟʜ 

ʤʠʛʨ ʠ 

ʛʥʝʟʜ 
ʤʠʛʨ ʠ ʛʥʝʟʜ 

ɼʨʦʟʜïʨʷʙʠʥʥʠʢ T. pilaris 
ʤʠʛʨ ʠ 

ʛʥʝʟʜ 

ʤʠʛʨ ʠ 

ʛʥʝʟʜ 
ʤʠʛʨ ʠ ʛʥʝʟʜ 

ɹʝʣʦʙʨʦʚʠʢ T. iliacus 
ʤʠʛʨ ʠ 

ʛʥʝʟʜ 

ʤʠʛʨ ʠ 

ʛʥʝʟʜ 
ʤʠʛʨ ʠ ʛʥʝʟʜ 

ɹʘʨʩʫʯʦʢ A. schoenobaenus 
ʤʠʛʨ ʠ 

ʛʥʝʟʜ 

ʤʠʛʨ ʠ 

ʛʥʝʟʜ 
ʤʠʛʨ ʠ ʛʥʝʟʜ 

ʉʘʜʦʚʘʷ ʢʘʤʳʰʝʚʢʘ 
Acrocephalus 

dumetorum 

ʤʠʛʨ ʠ 

ʛʥʝʟʜ 

ʤʠʛʨ ʠ 

ʛʥʝʟʜ 
ʤʠʛʨ ʠ ʛʥʝʟʜ 

ʉʘʜʦʚʘʷ ʩʣʘʚʢʘ Sylvia borin 
ʤʠʛʨ ʠ 

ʛʥʝʟʜ 

ʤʠʛʨ ʠ 

ʛʥʝʟʜ 
ʤʠʛʨ ʠ ʛʥʝʟʜ 
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ʉʣʘʚʢʘïʟʘʚʠʨʫʰʢʘ S. curruca 
ʤʠʛʨ ʠ 

ʛʥʝʟʜ 
 ʤʠʛʨ ʠ ʛʥʝʟʜ 

ʉʝʨʘʷ ʩʣʘʚʢʘ S. communis 
ʤʠʛʨ ʠ 

ʛʥʝʟʜ 

ʤʠʛʨ ʠ 

ʛʥʝʟʜ 
ʤʠʛʨ ʠ ʛʥʝʟʜ 

ʇʝʥʦʯʢʘ-ʚʝʩʥʠʯʢʘ Phylloscopus trochilus 
ʤʠʛʨ ʠ 

ʛʥʝʟʜ 

ʤʠʛʨ ʠ 

ʛʥʝʟʜ 
ʤʠʛʨ ʠ ʛʥʝʟʜ 

ʇʝʥʦʯʢʘ-ʪʝʥʴʢʦʚʢʘ Ph. ʩollybita 
ʤʠʛʨ ʠ 

ʛʥʝʟʜ 

ʤʠʛʨ ʠ 

ʛʥʝʟʜ 
ʤʠʛʨ ʠ ʛʥʝʟʜ 

ʇʝʥʦʯʢʘïʪʨʝʱʦʪʢʘ Ph. sibilatrix 
ʤʠʛʨ ʠ 

ʛʥʝʟʜ 
 ʤʠʛʨ ʠ ʛʥʝʟʜ 

ɿʝʣʝʥʘʷ ʧʝʨʝʩʤʝʰʢʘ Hippolais icterina  
ʤʠʛʨ ʠ 

ʛʥʝʟʜ 
ʤʠʛʨ ʠ ʛʥʝʟʜ 

ɾʝʣʪʦʛʦʣʦʚʳʡ ʢʦʨʦʣʝʢ Regulus regulus 
ʤʠʛʨ ʠ 

ʛʥʝʟʜ 

ʤʠʛʨ ʠ 

ʛʥʝʟʜ 
ʤʠʛʨ ʠ ʛʥʝʟʜ 

ʄʫʭʦʣʦʚʢʘïʧʝʩʪʨʫʰʢʘ Ficedula hypoleuca 
ʤʠʛʨ ʠ 

ʛʥʝʟʜ 

ʤʠʛʨ ʠ 

ʛʥʝʟʜ 
ʤʠʛʨ ʠ ʛʥʝʟʜ 

ʇʫʭʣʷʢ Parus montanus ʛʥʝʟʜ ʛʥʝʟʜ ʛʥʝʟʜ 

ɹʦʣʴʰʘʷ ʩʠʥʠʮʘ P. major ʛʥʝʟʜ ʛʥʝʟʜ ʛʥʝʟʜ 

ʃʘʟʦʨʝʚʢʘ P. caeruleus ʛʥʝʟʜ ʛʥʝʟʜ ʛʥʝʟʜ 

ɼʣʠʥʥʦʭʚʦʩʪʘʷ ʩʠʥʠʮʘ Aegithalos caudatus ʛʥʝʟʜ ʛʥʝʟʜ ʛʥʝʟʜ 

ʇʠʱʫʭʘ Certhia familiaris ʛʥʝʟʜ ʛʥʝʟʜ ʛʥʝʟʜ 

ʆʙʳʢʥʦʚʝʥʥʘʷ ʦʚʩʷʥʢʘ Emberiza citrinella 
ʤʠʛʨ ʠ 

ʛʥʝʟʜ 

ʤʠʛʨ ʠ 

ʛʥʝʟʜ 
ʤʠʛʨ ʠ ʛʥʝʟʜ 

ʂʘʤʳʰʦʚʘʷ ʦʚʩʷʥʢʘ E. schoeniclus 
ʤʠʛʨ ʠ 

ʛʥʝʟʜ 

ʤʠʛʨ ʠ 

ʛʥʝʟʜ 
ʤʠʛʨ ʠ ʛʥʝʟʜ 

ɿʷʙʣʠʢ Fringilla coelebs 
ʤʠʛʨ ʠ 

ʛʥʝʟʜ 

ʤʠʛʨ ʠ 

ʛʥʝʟʜ 
ʤʠʛʨ ʠ ʛʥʝʟʜ 

ʏʠʞ Spinus spinus 
ʤʠʛʨ ʠ 

ʛʥʝʟʜ 

ʤʠʛʨ ʠ 

ʛʥʝʟʜ 
ʤʠʛʨ ʠ ʛʥʝʟʜ 

ʏʝʯʝʚʠʮʘ Carpodacus erythrinus 
ʤʠʛʨ ʠ 

ʛʥʝʟʜ 

ʤʠʛʨ ʠ 

ʛʥʝʟʜ 
ʤʠʛʨ ʠ ʛʥʝʟʜ 

ɿʝʣʝʥʫʰʢʘ Chloris chloris 
ʤʠʛʨ ʠ 

ʛʥʝʟʜ 

ʤʠʛʨ ʠ 

ʛʥʝʟʜ 
ʤʠʛʨ ʠ ʛʥʝʟʜ 

ʉʥʝʛʠʨʴ Pyrrhula pyrrhula 
ʤʠʛʨ ʠ 

ʛʥʝʟʜ 

ʤʠʛʨ ʠ 

ʛʥʝʟʜ 
ʤʠʛʨ ʠ ʛʥʝʟʜ 

ʇʦʣʝʚʦʡ ʚʦʨʦʙʝʡ Passer montanus ʛʥʝʟʜ ʛʥʝʟʜ ʛʥʝʟʜ 

ɼʦʤʦʚʳʡ ʚʦʨʦʙʝʡ Passer domesticus  ʛʥʝʟʜ ʛʥʝʟʜ 

ʀʚʦʣʛʘ Oriolus oriolus  
ʤʠʛʨ ʠ 

ʛʥʝʟʜ 
ʤʠʛʨ ʠ ʛʥʝʟʜ 

ʉʢʚʦʨʝʮ Sturnus vulgaris 
ʤʠʛʨ ʠ 

ʛʥʝʟʜ 

ʤʠʛʨ ʠ 

ʛʥʝʟʜ 
ʤʠʛʨ ʠ ʛʥʝʟʜ 

ʉʦʡʢʘ Garrulus glandarius ʛʥʝʟʜ ʛʥʝʟʜ ʛʥʝʟʜ 

ʉʦʨʦʢʘ Pica pica ʛʥʝʟʜ ʛʥʝʟʜ ʛʥʝʟʜ 

ɺʦʨʦʥʘ Corvus cornix ʛʥʝʟʜ ʛʥʝʟʜ ʛʥʝʟʜ 

ɺʦʨʦʥ C. corax ʛʥʝʟʜ ʛʥʝʟʜ ʛʥʝʟʜ 

 

ɺʠʜʦʚʦʡ ʩʦʩʪʘʚ ʠ ʯʠʩʣʝʥʥʦʩʪʴ ʧʪʠʮ ʚ 2025 ʛ. ʅʝʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʣʠʩʴ ʦʪ 

ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʩʣʝʜʦʚʘʥʠʷ 2024 ʛ., ʢʦʛʜʘ ʙʳʣʦ ʚʳʷʚʣʝʥʦ 1765 ʦʩʦʙʝʡ 73 ʚʠʜʦʚ. ʂʘʢ ʚʠʜʥʦ 

ʠʟ ʊʘʙʣʠʮʳ 2, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʠʤ ʩʝʟʦʥʦʤ ʚ 2025 ʛ. ʥʘʤʠ ʥʝ ʙʳʣʠ ʚʩʪʨʝʯʝʥʳ ʪʘʢʠʝ 
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ʨʝʜʢʠʝ ʠ ʤʘʣʦʯʠʩʣʝʥʥʳʝ ʚʠʜʳ, ʢʘʢ ʣʫʪʦʢ, ʦʩʦʝʜ, ʧʦʛʦʥʳʰ, ʙʝʣʦʩʧʠʥʥʳʡ ʜʷʪʝʣ, ʩʣʘʚʢʘ-

ʟʘʚʠʨʫʰʢʘ, ʧʝʥʦʯʢʘ-ʪʨʝʱʦʪʢʘ. ɺ ʪʦʞʝ ʚ ʚʨʝʤʷ ʚ ʵʪʦʤ ʩʝʟʦʥʝ ʤʳ ʚʧʝʨʚʳʝ ʦʪʤʝʪʠʣʠ 

ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʨʘʡʦʥʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʨʘʩʥʦʰʝʡʥʦʡ ʧʦʛʘʥʢʠ (ʈʠʩʫʥʦʢ 12), ʪʝʪʝʨʝʚʷʪʥʠʢʘ, 

ʜʝʨʙʥʠʢʘ, ʰʠʨʦʢʦʥʦʩʢʠ, ʢʦʨʦʩʪʝʣʷ, ʟʝʣʝʥʦʡ ʧʝʨʝʩʤʝʰʢʠ, ʜʦʤʦʚʦʛʦ ʚʦʨʦʙʴʷ. ʉʢʦʨʝʝ ʚʩʝʛʦ 

ʵʪʦ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʩʣʫʯʘʡʥʦʛʦ ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ ʬʘʢʪʦʨʘ ʠ ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʫʯʝʪʥʳʭ ʜʥʝʡ. 

 

ʈʠʩʫʥʦʢ 12 ï ʂʨʘʩʥʦʰʝʡʥʳʝ ʧʦʛʘʥʢʠ ʥʘ ʦʟʝʨʝ 21 ʤʘʷ 2025 ʛ. 

 

ʀʟ ʚʩʝʭ ʚʩʪʨʝʯʝʥʥʳʭ ʚ 2025 ʛ. ʚʠʜʦʚ 16 ʙʳʣʦ ʪʦʣʴʢʦ ʛʥʝʟʜʷʱʠʤʠʩʷ ʦʩʝʜʣʳʤʠ 

ʚʠʜʘʤʠ, 53 ʚʠʜʘ ʙʳʣʠ ʛʥʝʟʜʷʱʠʤʠʩʷ ʤʠʛʨʠʨʫʶʱʠʤʠ ʧʪʠʮʘʤʠ ʠ 6 ʚʠʜʦʚ ʦʪʤʝʯʝʥʳ ʪʦʣʴʢʦ 

ʥʘ ʤʠʛʨʘʮʠʷʭ, ʧʨʠ ʯʝʤ ʪʨʠ ʠʟ ʥʠʭ, ʙʝʣʦʣʦʙʳʡ ʛʫʩʴ, ʛʫʤʝʥʥʠʢ ʠ ʙʝʣʦʱʝʢʘʷ ʢʘʟʘʨʢʘ (ʈʠʩʫʥʦʢ 

13), ʥʘʙʣʶʜʘʣʠʩʴ ʪʦʣʴʢʦ ʥʘ ʪʨʘʥʟʠʪʥʦʤ ʧʨʦʣʝʪʝ ʯʝʨʝʟ ʨʘʡʦʥ ʥʘʙʣʶʜʝʥʠʡ. 

 

ʈʠʩʫʥʦʢ 13 ï ʉʪʘʷ ʙʝʣʦʱʝʢʠʭ ʢʘʟʘʨʦʢ. 21 ʤʘʷ 2025 ʛ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʟʘ ʜʚʘ ʩʝʟʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʤ ʙʳʣʦ ʦʪʤʝʯʝʥʦ 3618 ʦʩʦʙʝʡ 81 ʚʠʜʘ 

ʧʪʠʮ. ʂ ʯʠʩʪʦ ʛʥʝʟʜʷʱʠʤʩʷ ʦʩʝʜʣʳʤ ʧʪʠʮʘʤ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 2ʭ ʣʝʪ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ 15 ʚʠʜʦʚ, ʛʥʝʟʜʷʱʠʤʩʷ ʠ ʤʠʛʨʠʨʫʶʱʠʤ ï 59 ʚʠʜʦʚ, ʪʦʣʴʢʦ ʢ ʤʠʛʨʠʨʫʶʱʠʤ ï 7 

ʚʠʜʦʚ (ʊʘʙʣʠʮʘ 3). 

ʊʘʙʣʠʮʘ 3. ʏʠʩʣʝʥʥʦʩʪʴ ʚʩʪʨʝʯʝʥʥʳʭ ʧʪʠʮ 

ʈʫʩʩʢʦʝ ʥʘʟʚʘʥʠʝ 
12 

ʤʘʷ 

21 

ʤʘʷ 

22 

ʠʶʣʷ 

17 

ʘʚʛʫʩʪʘ 

24 

ʩʝʥʪʷʙʨʷ 

ɺʩʝʛʦ 

2025 ʛ. 

ɺʩʝʛʦ ʚ 

2024 ʛ. 

ɺʩʝʛʦ ʟʘ 

ʜʚʘ ʛʦʜʘ 

ɹʦʣʴʰʘʷ ʧʦʛʘʥʢʘ 2 4   4 1 11 7 18 

ʂʨʘʩʥʦʰʝʡʥʘʷ 

ʧʦʛʘʥʢʘ 
2     5   7   7 

ʉʝʨʘʷ ʮʘʧʣʷ     3 2 1 6 3 9 

ɹʝʣʦʣʦʙʳʡ ʛʫʩʴ         125 125 245 370 

ɻʫʤʝʥʥʠʢ         45 45   45 

ɹʝʣʦʱʝʢʘʷ 

ʢʘʟʘʨʢʘ 
  45       45 45 90 

ʂʨʷʢʚʘ 5 2   7 8 22 20 42 

ʏʠʨʦʢ-ʩʚʠʩʪʫʥʦʢ   2   6 2 10 10 20 

ʉʝʨʘʷ ʫʪʢʘ 1     2   3 1 4 

ʉʚʠʷʟʴ         6 6 4 10 

ʐʠʨʦʢʦʥʦʩʢʘ 2   1     3   3 

ʍʦʭʣʘʪʘʷ ʯʝʨʥʝʪʴ 4 3 2 2 5 16 11 27 

ʃʫʪʦʢ           0 2 2 

ʂʘʥʶʢ   2 1 1   4 1 5 

ʆʩʦʝʜ           0 1 1 

ʊʝʪʝʨʝʚʷʪʥʠʢ   1     1 2 1 3 

ʇʝʨʝʧʝʣʷʪʥʠʢ     1 2   3 3 6 

ʏʝʛʣʦʢ 1 1 2 2   6 3 9 

ɼʝʨʙʥʠʢ       1   1   1 

ʈʷʙʯʠʢ   2     4 6 1 7 

ʇʦʛʦʥʳʰ           0 1 1 

ʂʦʨʦʩʪʝʣʴ   1 1     2   2 

ɹʦʣʴʰʦʡ ʫʣʠʪ 1 2   3   6 2 8 

ʏʝʨʥʳʰ 3 2 1     6 2 8 

ʌʠʬʠ     4 2   6 3 9 

ɹʝʢʘʩ 3 2   1   6 4 10 

ɺʘʣʴʜʰʥʝʧ 4 3     2 9 3 12 

ʉʠʟʘʷ ʯʘʡʢʘ 4 2   4 6 16 11 27 

ʆʟʝʨʥʘʷ ʯʘʡʢʘ 3 4 2 5   14 9 23 

ɺʷʭʠʨʴ 2 4 2 1   9 7 16 

ʂʫʢʫʰʢʘ 1 1 1     3 3 6 

ʋʰʘʩʪʘʷ ʩʦʚʘ 1     2   3 1 4 

ɺʝʨʪʠʰʝʡʢʘ 2 1 1     4 2 6 

ɾʝʣʥʘ 1     1 1 3 2 5 
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ɹʦʣʴʰʦʡ ʧʝʩʪʨʳʡ 

ʜʷʪʝʣ 
3 2 3 1 5 14 16 30 

ɹʝʣʦʩʧʠʥʥʳʡ 

ʜʷʪʝʣ 
          0 1 1 

ʄʘʣʳʡ ʧʝʩʪʨʳʡ 

ʜʷʪʝʣ 
1 2   1 2 6 4 10 

ɼʝʨʝʚʝʥʩʢʘʷ 

ʣʘʩʪʦʯʢʘ 
  6 12 19 4 41 38 79 

ɾʝʣʪʘʷ 

ʪʨʷʩʦʛʫʟʢʘ 
6 5 4 9 1 25 21 46 

ɹʝʣʘʷ ʪʨʷʩʦʛʫʟʢʘ 6 8 19 15 3 51 58 109 

ʃʝʩʥʦʡ ʢʦʥʝʢ 14 26 14 29 8 91 91 182 

ɾʫʣʘʥ   1 3 2   6 5 11 

ʂʨʘʧʠʚʥʠʢ 5 11 6 14 9 45 40 85 

ʃʝʩʥʘʷ 

ʟʘʚʠʨʫʰʢʘ 
1 2       3 2 5 

ɿʘʨʷʥʢʘ 4 25 11 14 8 62 62 124 

ʉʦʣʦʚʝʡ 2 4       6 8 14 

ɻʦʨʠʭʚʦʩʪʢʘï

ʣʳʩʫʰʢʘ 
1 1   3   5 2 7 

ʏʝʨʥʳʡ ʜʨʦʟʜ 8 14 7 9 12 50 36 86 

ɼʨʦʟʜïʨʷʙʠʥʥʠʢ 9 11 9 16 43 88 71 159 

ɹʝʣʦʙʨʦʚʠʢ 1 3 2 5 13 24 27 51 

ɹʘʨʩʫʯʦʢ   21 15 8   44 27 71 

ʉʘʜʦʚʘʷ 

ʢʘʤʳʰʝʚʢʘ 
1 3 3     7 6 13 

ʉʘʜʦʚʘʷ ʩʣʘʚʢʘ   11 4     15 8 23 

ʉʣʘʚʢʘï

ʟʘʚʠʨʫʰʢʘ 
          0 1 1 

ʉʝʨʘʷ ʩʣʘʚʢʘ   4 2 3   9 3 12 

ʇʝʥʦʯʢʘ-

ʚʝʩʥʠʯʢʘ 
14 34 21 43 3 115 103 218 

ʇʝʥʦʯʢʘ-

ʪʝʥʴʢʦʚʢʘ 
5 8 5 11   29 30 59 

ʇʝʥʦʯʢʘï

ʪʨʝʱʦʪʢʘ 
          0 7 7 

ɿʝʣʝʥʘʷ 

ʧʝʨʝʩʤʝʰʢʘ 
  1 1     2   2 

ɾʝʣʪʦʛʦʣʦʚʳʡ 

ʢʦʨʦʣʝʢ 
4 6 1 12 19 42 42 84 

ʄʫʭʦʣʦʚʢʘï

ʧʝʩʪʨʫʰʢʘ 
1 4       5 5 10 

ʇʫʭʣʷʢ 4 6 4 14 8 36 31 67 

ɹʦʣʴʰʘʷ ʩʠʥʠʮʘ 11 17 12 28 32 100 89 189 

ʃʘʟʦʨʝʚʢʘ 1 3 2 2 5 13 14 27 

ɼʣʠʥʥʦʭʚʦʩʪʘʷ 

ʩʠʥʠʮʘ 
4 16 7 32 46 105 122 227 

ʇʠʱʫʭʘ 1 1   2 1 5 1 6 
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ʆʙʳʢʥʦʚʝʥʥʘʷ 

ʦʚʩʷʥʢʘ 
2 1 1 3 5 12 7 19 

ʂʘʤʳʰʦʚʘʷ 

ʦʚʩʷʥʢʘ 
1 2   4   7 3 10 

ɿʷʙʣʠʢ 21 45 21 25 8 120 131 251 

ʏʠʞ 8 9 5 9 24 55 50 105 

ʏʝʯʝʚʠʮʘ   1 2     3 1 4 

ɿʝʣʝʥʫʰʢʘ 4 5 3 11 2 25 18 43 

ʉʥʝʛʠʨʴ 2 1 1   5 9 12 21 

ʇʦʣʝʚʦʡ ʚʦʨʦʙʝʡ 3 4 5 8 3 23 30 53 

ɼʦʤʦʚʳʡ ʚʦʨʦʙʝʡ   8 2   3 13   13 

ʀʚʦʣʛʘ   1 1 3   5   5 

ʉʢʚʦʨʝʮ 6 4 15 19 4 48 63 111 

ʉʦʡʢʘ 1   2 3 5 11 15 26 

ʉʦʨʦʢʘ 1 2 1   5 9 7 16 

ɺʦʨʦʥʘ 6 5 11 9 21 52 42 94 

ɺʦʨʦʥ 2 1 1 4 1 9 7 16 

ɺʩʝʛʦ 206 429 260 443 515 1853 1765 3618 

 

ɺʩʝʛʦ ʟʘ 5 ʚʳʝʟʜʦʚ ʚ 2025 ʛ. ʚʩʪʨʝʯʝʥʦ 1853 ʧʪʠʮ, ʧʨʠ ʵʪʦʤ ʥʘʠʙʦʣʴʰʝʝ ʠʭ 

ʢʦʣʠʯʝʩʪʚʦ ʦʪʤʝʯʝʥʦ 24 ʩʝʥʪʷʙʨʷ, ʯʪʦ, ʩʚʷʟʘʥʦ ʩ ʧʠʢʦʤ ʦʩʝʥʥʠʭ ʤʠʛʨʘʮʠʡ ʫ ʙʦʣʴʰʠʥʩʪʚʘ 

ʚʠʜʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʩʦʧʦʩʪʘʚʠʤʦ ʚʳʩʦʢʘʷ ʯʠʩʣʝʥʥʦʩʪʴ ʚʩʪʨʝʯʝʥʥʳʭ ʧʪʠʮ ʦʪʤʝʯʘʣʘʩʴ 21 ʤʘʷ 

ʠ 17 ʘʚʛʫʩʪʘ. ʕʪʦ ʤʳ ʩʚʷʟʳʚʘʝʤ ʩ ʪʝʤ, ʯʪʦ ʢʨʦʤʝ ʤʝʩʪʥʳʭ ʨʘʟʤʥʦʞʘʶʱʠʭʩʷ ʧʪʠʮ, ʥʘ 

ʦʙʩʣʝʜʦʚʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʧʨʠʩʫʪʩʪʚʦʚʘʣʦ ʟʘʤʝʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʟʜʥʠʭ ʤʠʛʨʘʥʪʦʚ (21 

ʤʘʷ) ʠʣʠ ʤʠʛʨʠʨʫʶʱʠʭ ʠ ʢʦʯʫʶʱʠʭ ʥʘʩʝʢʦʤʦʷʜʥʳʭ ʧʪʠʮ (17 ʘʚʛʫʩʪʘ). ʇʦ ʩʫʤʤʘʨʥʳʤ 

ʜʘʥʥʳʤ ʚʩʝʭ ʫʯʝʪʦʚ ʚ 2025 ʛ. ʜʦʤʠʥʠʨʦʚʘʣʠ ʙʝʣʦʣʦʙʳʡ ʛʫʩʴ ʠ ʟʷʙʣʠʢ (ʩʘʤʳʝ ʤʘʩʩʦʚʳʝ 

ʤʠʛʨʠʨʫʶʱʠʡ ʠ ʛʥʝʟʜʷʱʠʡʩʷ ʚʠʜʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʩʫʙʜʦʤʠʥʘʥʪʘʤʠ ʙʳʣʠ ʧʝʥʦʯʢʘ-

ʚʝʩʥʠʯʢʘ (ʈʠʩʫʥʦʢ 14), ʙʦʣʴʰʘʷ ʠ ʜʣʠʥʥʦʭʚʦʩʪʘʷ ʩʠʥʠʮʳ. ʅʝʟʥʘʯʠʪʝʣʴʥʦ ʠʤ ʫʩʪʫʧʘʣʠ ʚ 

ʯʠʩʣʝʥʥʦʩʪʠ ʪʘʢʠʝ ʤʘʩʩʦʚʳʝ ʚʠʜʳ ʢʘʢ ʙʳʣʠ ʣʝʩʥʦʡ ʢʦʥʝʢ (ʈʠʩʫʥʦʢ 14) ʠ ʜʨʦʟʜ-ʨʷʙʠʥʥʠʢ.  

ʄʥʦʛʦʯʠʩʣʝʥʥʳ ʙʳʣʠ ʛʫʤʝʥʥʠʢ, ʠ ʙʝʣʦʱʝʢʘʷ ʢʘʟʘʨʢʘ (ʦʙʘ ʚʠʜʘ ʥʘ ʪʨʘʥʟʠʪʥʦʡ ʤʠʛʨʘʮʠʠ), 

ʙʝʣʘʷ ʪʨʷʩʦʛʫʟʢʘ, ʟʘʨʷʥʢʘ, ʯʝʨʥʳʡ ʜʨʦʟʜ, ʙʘʨʩʫʯʦʢ, ʞʝʣʪʦʛʦʣʦʚʳʡ ʢʦʨʦʣʝʢ, ʯʠʞ ʠ ʩʢʚʦʨʝʮ. 

ʉʘʤʳʤʠ ʤʘʣʦʯʠʩʣʝʥʥʳʤʠ ʚʩʪʨʝʯʝʥʥʳʤʠ ʚʠʜʘʤʠ ʙʳʣʠ ʙʦʣʴʰʘʷ ʠ ʢʨʘʩʥʦʰʝʡʥʘʷ ʧʦʛʘʥʢʠ 

(ʈʠʩʫʥʦʢ 12) ʩʝʨʘʷ ʮʘʧʣʷ, ʩʝʨʘʷ ʫʪʢʘ, ʰʠʨʦʢʦʥʦʩʢʘ, ʩʚʠʷʟʴ, ʢʘʥʶʢ, ʦʩʦʝʜ, ʪʝʪʝʨʝʚʷʪʥʠʢ, 

ʯʝʛʣʦʢ, ʜʝʨʙʥʠʢ ʨʷʙʯʠʢ, ʢʦʨʦʩʪʝʣʴ, ʙʦʣʴʰʦʡ ʫʣʠʪ, ʫʰʘʩʪʘʷ ʩʦʚʘ, ʚʝʨʪʠʰʝʡʢʘ (ʈʠʩʫʥʦʢ 15), 

ʞʝʣʥʘ, ʟʝʣʝʥʘʷ ʧʝʨʝʩʤʝʰʢʘ, ʤʫʭʦʣʦʚʢʘ-ʧʝʩʪʨʫʰʢʘ, ʧʠʱʫʭʘ, ʯʝʯʝʚʠʮʘ, ʠʚʦʣʛʘ. ɺ ʮʝʣʦʤ, 

ʠʟʤʝʥʝʥʠʷ ʚ ʚʠʜʦʚʦʡ ʩʪʨʫʢʪʫʨʝ ʠ ʯʠʩʣʝʥʥʦʩʪʷʭ ʦʪʜʝʣʴʥʳʭ ʚʠʜʦʚ ʟʘ ʜʚʘ ʛʦʜʘ ʢʨʘʡʥʝ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳ ʠ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʥʘ ʥʘʰ ʚʟʛʣʷʜ ʩʚʷʟʘʥʳ ʩʦ ʩʣʫʯʘʡʥʳʤʠ ʬʘʢʪʦʨʘʤʠ 

(ʦʰʠʙʢʘ ʥʘʙʣʶʜʘʪʝʣʷ ʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʥʘʩʝʣʝʥʠʷ ʠ ʘʢʪʠʚʥʦʩʪʠ ʧʪʠʮ ʚ ʜʥʠ 

ʥʘʙʣʶʜʝʥʠʡ ʠ ʚʥʝ ʥʠʭ). ʅʘʠʙʦʣʴʰʘʷ ʯʠʩʣʝʥʥʦʩʪʴ ʠ ʢʦʣʠʯʝʩʪʚʦ ʚʠʜʦʚ ʧʪʠʮ, ʢʘʢ ʠ ʚ 

ʧʨʝʜʳʜʫʱʠʡ ʩʝʟʦʥ ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʟʘʙʦʣʦʯʝʥʥʦʤ ʤʝʣʢʦʣʠʩʪʚʝʥʥʦʤ ʣʝʩʫ. 
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ʈʠʩʫʥʦʢ 14 ï ʇʝʥʦʯʢʘ-ʚʝʩʥʠʯʢʘ ʠ ʣʝʩʥʦʡ ʢʦʥʝʢ. 21 ʤʘʷ 2025 ʛ. 
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ʈʠʩʫʥʦʢ 15 ï ɺʝʨʪʠʰʝʡʢʘ.  21 ʤʘʷ. 2025 ʛ. 

2.4.2 ɿʝʤʥʦʚʦʜʥʳʝ ʠ ʨʝʧʪʠʣʠʠ 

ɿʘ ʧʷʪʴ ʚʳʝʟʜʦʚ ʥʘʤʠ ʚʩʪʨʝʯʝʥʦ 149 ʦʩʦʙʝʡ 6 ʚʠʜʦʚ ʟʝʤʥʦʚʦʜʥʳʭ ʠ ʨʝʧʪʠʣʠʡ. ʀʟ ʥʠʭ 

ʙʳʣʦ 4 ʚʠʜʘ ʟʝʤʥʦʚʦʜʥʳʭ ʠ 2 ʚʠʜʘ ʨʝʧʪʠʣʠʡ (ʊʘʙʣʠʮʘ 4). ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʠʤ 

ʩʝʟʦʥʦʤ ʫʜʘʣʦʩʴ ʚʳʷʚʠʪʴ ʥʦʚʳʡ ʚʠʜ ï ʦʟʝʨʥʫʶ ʣʷʛʫʰʢʫ, ʢʦʪʦʨʘʷ ʦʢʘʟʘʣʘʩʴ ʦʙʳʯʥʦʡ ʥʘ 

ʟʘʙʦʣʦʯʝʥʥʦʤ ʦʟʝʨʝ, ʢʦʪʦʨʦʝ ʚʝʩʴʤʘ ʪʨʫʜʥʦ ʜʣʷ ʦʙʩʣʝʜʦʚʘʥʠʷ ʠʟ-ʟʘ ʩʠʣʴʥʦ ʟʘʙʦʣʦʯʝʥʥʳʭ 

ʙʝʨʝʛʦʚ. ɺʩʝ ʦʪʤʝʯʝʥʥʳʝ ʥʘʤʠ ʚʠʜʳ ʷʚʣʷʶʪʩʷ ʦʙʳʯʥʳʤʠ ʠ ʬʦʥʦʚʳʤʠ ʜʣʷ ʨʝʛʠʦʥʘ. 

ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʩʪʨʝʯ ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʢʦʥʮʝ ʤʘʷ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʦʚʳʰʝʥʥʦʡ 

ʚʝʩʝʥʥʝʡ ʘʢʪʠʚʥʦʩʪʴʶ ʞʠʚʦʪʥʳʭ. ʉʘʤʳʤ ʤʘʩʩʦʚʳʤ ʚʠʜʦʤ ʙʳʣʘ ʦʩʪʨʦʤʦʨʜʘʷ ʣʷʛʫʰʢʘ, 

ʚʩʪʨʝʯʘʶʱʘʷʩʷ ʚʦ ʚʩʝʭ ʪʠʧʘʭ ʩʳʨʳʭ ʤʝʩʪʦʦʙʠʪʘʥʠʡ ʠ ʥʘ ʦʟʝʨʝ. ʈʝʞʝ ʚʩʝʛʦ, ʢʘʢ ʠ ʚ 

ʧʨʝʜʳʜʫʱʠʡ ʩʝʟʦʥ ʦʪʤʝʯʘʣʘʩʴ ʦʙʳʢʥʦʚʝʥʥʘʷ ʛʘʜʶʢʘ (Vipera berus), ʯʪʦ ʦʪʯʘʩʪʠ ʤʦʞʝʪ 

ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʝʝ ʩʢʨʳʪʥʳʤ ʦʙʨʘʟʦʤ ʞʠʟʥʠ ʚ ʜʥʝʚʥʦʝ ʚʨʝʤʷ. 

 

ʊʘʙʣʠʮʘ 4. ɺʩʪʨʝʯʝʥʥʳʝ ʚʠʜʳ ʟʝʤʥʦʚʦʜʥʳʭ ʠ ʨʝʧʪʠʣʠʡ 

ʈʫʩʩʢʦʝ ʥʘʟʚʘʥʠʝ 
ʃʘʪʠʥʩʢʦʝ 

ʥʘʟʚʘʥʠʝ 
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ʆʩʪʨʦʤʦʨʜʘʷ 

ʣʷʛʫʰʢʘ 
Rana arvalis 9 17 21 16  63 86 149 

ʊʨʘʚʷʥʘʷ ʣʷʛʫʰʢʘ Rana temporaria 3 2 7   12 16 28 

ʆʟʝʨʥʘʷ ʣʷʛʫʰʢʘ 
Pelophylax 

ridibundus 
7 11 6 4  28  28 

ʆʙʳʢʥʦʚʝʥʥʳʡ 

ʪʨʠʪʦʥ 
Lissotriton vulgaris 5 8    13 12 25 

ʆʙʳʢʥʦʚʝʥʥʘʷ 

ʛʘʜʶʢʘ 
Vipera berus 3 2 1 1  7 5 12 

ɾʠʚʦʨʦʜʷʱʘʷ 

ʷʱʝʨʠʮʘ 
Zootoca vivipara 2 9 4 11  26 17 43 

ɺʩʝʛʦ 29 49 39 32 0 149 136 285 

 

2.4.3 ʄʣʝʢʦʧʠʪʘʶʱʠʝ 

ɺ 2025 ʛ. ʟʘ ʚʨʝʤʷ ʚʩʝʭ ʚʳʝʟʜʦʚ ʥʘ ʦʙʩʣʝʜʦʚʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʚʳʷʚʣʝʥʦ ʧʨʠʩʫʪʩʪʚʠʝ 

14 ʚʠʜʦʚ ʤʣʝʢʦʧʠʪʘʶʱʠʭ (ʈʠʩʫʥʦʢ 16). ɺ 10 ʩʣʫʯʘʷʭ ʙʳʣʦ ʧʦʜʪʚʝʨʞʝʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʚʩʝʭ 

ʚʠʜʦʚ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʨʘʥʝʝ ʚ 2024 ʛ. ʂʨʦʤʝ ʪʦʛʦ, ʚ 2025 ʛ.  ʚʧʝʨʚʳʝ ʦʪʤʝʯʝʥʳ ʝʱʝ 4 ʚʠʜʘ 

ʤʝʩʪʥʦʡ ʪʝʨʠʦʬʘʫʥʳ ï ʩʨʝʜʥʷʷ ʙʫʨʦʟʫʙʢʘ, ʞʝʣʪʦʛʦʨʣʘʷ ʤʳʰʴ, ʧʦʣʝʚʢʘ-ʵʢʦʥʦʤʢʘ ʠ ʣʘʩʢʘ. 

ʉʫʜʷ ʧʦ ʚʩʝʤʫ, ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ ʤʝʣʢʠʭ ʥʘʩʝʢʦʤʦʷʜʥʳʭ ʠ ʛʨʳʟʫʥʦʚ ʥʘ ʠʩʩʣʝʜʫʝʤʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ʚʳʷʚʣʝʥ ʜʘʣʝʢʦ ʥʝ ʧʦʣʥʦʩʪʴʶ ʠ ʛʦʨʘʟʜʦ ʙʦʛʘʯʝ ʧʨʠʚʝʜʝʥʥʦʛʦ ʥʠʞʝ 

ʘʥʥʦʪʠʨʦʚʘʥʥʦʛʦ ʩʧʠʩʢʘ (ʊʘʙʣʠʮʘ 5). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʩʨʝʜʠ 
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ʚʳʷʚʣʝʥʥʳʭ ʚʠʜʦʚ ʠʤʝʥʥʦ ʩʨʝʜʥʷʷ ʙʫʨʦʟʫʙʢʘ, ʞʝʣʪʦʛʦʨʣʘʷ ʤʳʰʴ ʠ ʧʦʣʝʚʢʘ-ʵʢʦʥʦʤʢʘ 

ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʤʘʩʩʦʚʳʤʠ. ʂʦ ʚʪʦʨʦʡ ʧʦ ʤʥʦʛʦʯʠʩʣʝʥʥʦʩʪʠ ʛʨʫʧʧʝ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ 

ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʢʨʦʪ, ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʝʞʘ, ʚʦʜʷʥʫʶ ʧʦʣʝʚʢʫ ʠ ʣʘʩʢʫ. ɼʦʩʪʘʪʦʯʥʦ ʦʙʳʯʥʳ 

ʪʘʢʞʝ ʦʙʳʢʥʦʚʝʥʥʘʷ ʙʝʣʢʘ, ʦʥʜʘʪʨʘ, ʚʦʜʷʥʘʷ ʧʦʣʝʚʢʘ, ʛʦʨʥʦʩʪʘʡ ʠ ʘʤʝʨʠʢʘʥʩʢʘʷ ʥʦʨʢʘ. 

ʆʙʳʢʥʦʚʝʥʥʘʷ ʣʠʩʠʮʘ (ʈʠʩʫʥʦʢ 16) ʠ ʢʦʧʳʪʥʳʝ ʷʚʣʷʶʪʩʷ ʩʘʤʦʡ ʤʘʣʦʯʠʩʣʝʥʥʦʡ ʛʨʫʧʧʦʡ. 

ʇʦ ʥʘʰʝʡ ʦʮʝʥʢʝ, ʧʨʦʰʣʦʛʦ ʛʦʜʘ, ʥʘ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʧʦʩʪʦʷʥʥʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʝ ʤʝʥʝʝ 

1-2 ʣʠʩʠʮ, 10-15 ʢʘʙʘʥʦʚ ʠ 2-3 ʣʦʩʷ, ʧʨʠ ʵʪʦʤ ʚ ʟʠʤʥʝʝ ʚʨʝʤʷ ʚʦʟʤʦʞʥʳ ʟʘʭʦʜʳ ʜʦ 5-10 

ʣʦʩʝʡ. 

  

ʊʘʙʣʠʮʘ 5. ɺʠʜʦʚʦʡ ʩʦʩʪʘʚ ʚʩʪʨʝʯʝʥʥʳʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ  

ʈʫʩʩʢʦʝ 

ʥʘʟʚʘʥʠʝ 

ʃʘʪʠʥʩʢʦʝ 

ʥʘʟʚʘʥʠʝ 
ʉʪʘʪʫʩ ʚ 2024 ʛ ʉʪʘʪʫʩ ʚ 2025 ʛ 

ʉʨʝʜʥʷʷ 

ʙʫʨʦʟʫʙʢʘ 

Sorex 

caecutiens 
 

ʊʨʫʧʠʢ ʟʚʝʨʴʢʘ ʦʙʥʘʨʫʞʝʥ ʥʘ 

ʦʙʦʯʠʥʝ ʣʝʩʥʦʡ ʪʨʦʧʳ 17 

ʘʚʛʫʩʪʘ 

ʆʙʳʢʥʦʚʝʥʥʳʡ 

ʢʨʦʪ 

Talpa 

europaea 

ʦʙʳʯʝʥ ʥʘ ʩʳʨʳʭ 

ʣʫʛʦʚʠʥʘʭ 
ʦʙʳʯʝʥ ʥʘ ʩʳʨʳʭ ʣʫʛʦʚʠʥʘʭ 

ʆʙʳʢʥʦʚʝʥʥʳʡ 

ʝʞ 

Erinaceus 

europaeus 

ʆʜʠʥʦʯʥʳʝ ʦʩʦʙʠʴ 

ʚʩʪʨʝʯʝʥʳ ʚ 

ʘʚʛʫʩʪʝ ʠ ʩʝʥʪʷʙʨʝ 

ʥʘ ʦʧʫʰʢʝ 

ʟʘʙʦʣʦʯʝʥʥʦʛʦ 

ʤʝʣʢʦʣʠʩʪʚʝʥʥʦʛʦ 

ʣʝʩʘ 

ʆʜʠʥʦʯʥʳʝ ʦʩʦʙʠ ʚʩʪʨʝʯʝʥʳ 22 

ʠʶʣʷ ʠ 17 ʘʚʛʫʩʪʘ ʝ ʥʘ ʦʧʫʰʢʝ 

ʟʘʙʦʣʦʯʝʥʥʦʛʦ 

ʤʝʣʢʦʣʠʩʪʚʝʥʥʦʛʦ ʣʝʩʘ 

ɾʝʣʪʦʛʦʨʣʘʷ 

ʤʳʰʴ 

Apodemus 

flavicollis 
 

21 ʤʘʷ ʚ ʟʘʙʦʣʦʯʝʥʥʦʤ 

ʤʝʣʢʦʣʠʩʪʚʝʥʥʦʤ ʣʝʩʫ 

ʦʙʥʘʨʫʞʝʥ ʟʚʝʨʝʢ ʚ ʜʫʧʣʝ 

ʛʥʠʣʦʡ ʦʣʴʭʠ ʥʘ ʚʳʩʦʪʝ 1,8 ʤ. 

ʥʘʜ ʟʝʤʣʝʡ 

ʆʙʳʢʥʦʚʝʥʥʘʷ 

ʙʝʣʢʘ 

Sciurus 

vulgaris 

ʆʙʳʯʥʳʡ, ʥʦ 

ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳʡ 

ʚʠʜ ʣʝʩʥʳʭ 

ʥʘʩʘʞʜʝʥʠʡ 

ʆʜʠʥʦʯʥʳʝ ʟʚʝʨʴʢʠ ʦʪʤʝʯʘʣʠʩʴ 

ʚ ʣʝʩʫ ʚʦ ʚʨʝʤʷ ʚʩʝʭ ʫʯʝʪʦʚ 

ʆʥʜʘʪʨʘ 
Ondatra 

zibethicus 

ʉʣʝʜʳ 

ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʟʚʝʨʴʢʦʚ 

(ʢʦʨʤʦʚʳʝ 

ʩʪʦʣʠʢʠ) ʥʘʡʜʝʥʳ 

ʩʨʝʜʠ 

ʪʨʦʩʪʥʠʢʦʚʳʭ 

ʢʦʯʝʢ ʫ ʦʟʝʨʘ 

ʇʣʘʚʘʶʱʠʝ ʟʚʝʨʴʢʠ ʦʪʤʝʯʘʣʠʩʴ 

ʥʘ ʦʟʝʨʝ ʚ ʤʘʝ-ʠʶʣʝ 

ɺʦʜʷʥʘʷ ʧʦʣʝʚʢʘ 
Arvicola 

amphibius 

ʆʜʠʥʦʯʥʘʷ ʦʩʦʙʴ 

ʚʩʪʨʝʯʝʥʘ 19 

ʘʚʛʫʩʪʘ ʥʘ 

ʙʝʨʝʟʦʚʦʡ ʢʦʯʢʝ 

ʩʨʝʜʠ 

ʉʣʝʜʳ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ 

(ʢʦʨʤʦʚʳʝ ʩʪʦʣʠʢʠ ʠ ʥʦʨʢʠ) ʠ 

ʦʜʠʥʦʯʥʳʝ ʟʚʝʨʴʢʠ ʦʪʤʝʯʘʣʠʩʴ 

ʚ ʪʨʦʩʪʥʠʢʘʭ ʚ ʤʘʝ-ʠʶʣʝ 
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ʪʨʦʩʪʥʠʢʦʚʦ-

ʨʦʛʦʟʦʚʦʛʦ ʙʦʣʦʪʘ 

ʇʦʣʝʚʢʘ-

ʵʢʦʥʦʤʢʘ 

Microtus 

oeconomus 
 

ɼʚʘ ʟʚʝʨʴʢʘ ʙʳʣʠ ʚʳʣʦʚʣʝʥʳ 

ʣʦʚʫʰʢʘʤʠ ʥʘ ʢʨʘʶ 

ʟʘʙʦʣʦʯʝʥʥʦʛʦ ʣʫʛʘ 22 ʠʶʣʷ 

ʂʘʙʘʥ Sus scrofa 

ɺ ʘʚʛʫʩʪʝ ʠ 

ʩʝʥʪʷʙʨʝ ʦʪʤʝʯʝʥʳ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʧʦʨʦʠ ʢʘʙʘʥʦʚ ʥʘ 

ʩʳʨʳʭ ʣʫʛʦʚʠʥʘʭ ʫ 

ʛʨʘʥʠʮʳ ʩ 

ʤʝʣʢʦʣʠʩʪʚʝʥʥʳʤ 

ʣʝʩʦʤ 

ʇʦʨʦʠ ʢʘʙʘʥʦʚ ʦʪʤʝʯʘʣʠʩʴ ʚʦ 

ʚʨʝʤʷ ʚʩʝʭ ʫʯʝʪʦʚ. ɺ ʩʝʥʪʷʙʨʝ 

ʚʩʪʨʝʯʝʥʘ ʩʘʤʢʘ ʩ 4 ʤʦʣʦʜʳʤʠ 

ʟʚʝʨʷʤʠ ʚ ʪʨʦʩʪʥʠʢʘʭ ʫ ʦʟʝʨʘ 

ʃʦʩʴ Alces alces 

ɺ ʤʘʝ ʜʦ 

ʦʪʨʘʩʪʘʥʠʷ ʪʨʘʚʳ ʚ 

ʤʝʣʢʦʣʠʩʪʚʝʥʥʦʤ 

ʩʳʨʦʤ ʣʝʩʫ ʙʳʣʠ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳ 

ʥʘʭʦʜʢʠ ʟʠʤʥʝʛʦ 

ʧʦʤʝʪʘ ʣʦʩʝʡ. 

ʈʝʛʫʣʷʨʥʦ ʦʪʤʝʯʘʣʠʩʴ ʢʫʯʢʠ 

ʟʠʤʥʝʛʦ ʧʦʤʝʪʘ ʚ ʣʝʩʫ. ɺ 

ʘʚʛʫʩʪʝ ʚ ʪʨʦʩʪʥʠʢʘʭ ʚʩʪʨʝʯʝʥ 

ʦʜʠʥʦʯʥʳʡ ʛʦʜʦʚʘʣʳʡ ʩʘʤʝʮ 

ʣʦʩʷ. 

ʆʙʳʢʥʦʚʝʥʥʘʷ 

ʣʠʩʠʮʘ 
Vilpes vilpes 

ʅʘ ʫʯʘʩʪʢʘʭ 

ʩʳʨʦʛʦ ʛʨʫʥʪʘ ʚ 

ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʪʘʭ 

ʚ 

ʤʝʣʢʦʣʠʩʪʚʝʥʥʦʤ 

ʣʝʩʫ 19 ʘʚʛʫʩʪʘ 

ʦʙʥʘʨʫʞʝʥʳ ʩʣʝʜʳ 

ʟʚʝʨʷ 

24 ʩʝʥʪʷʙʨʷ ʥʘ ʣʫʛʘʭ ʚʩʪʨʝʯʝʥʘ 

ʦʜʠʥʦʯʥʘʷ ʦʩʦʙʴ 

ɸʤʝʨʠʢʘʥʩʢʘʷ 

ʥʦʨʢʘ 
Neogale vison 

ʅʘ ʫʯʘʩʪʢʘʭ 

ʩʳʨʦʛʦ ʛʨʫʥʪʘ ʚ 

ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʪʘʭ 

ʚ 

ʤʝʣʢʦʣʠʩʪʚʝʥʥʦʤ 

ʣʝʩʫ 19 ʘʚʛʫʩʪʘ 

ʦʙʥʘʨʫʞʝʥʳ ʩʣʝʜʳ 

ʟʚʝʨʷ 

22 ʠʶʣʷ ʚ ʪʨʦʩʪʥʠʢʘʭ ʥʘ ʙʝʨʝʛʫ 

ʦʟʝʨʘ ʚʩʪʨʝʯʝʥʘ ʦʭʦʪʷʱʘʷʩʷ ʟʘ 

ʦʥʜʘʪʨʘʤʠ ʥʦʨʢʘ 

ɻʦʨʥʦʩʪʘʡ 
Mustela 

erminea 

ʅʘ ʫʯʘʩʪʢʘʭ 

ʩʳʨʦʛʦ ʛʨʫʥʪʘ ʚ 

ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʪʘʭ 

ʚ 

ʤʝʣʢʦʣʠʩʪʚʝʥʥʦʤ 

ʣʝʩʫ 19 ʘʚʛʫʩʪʘ 

ʦʙʥʘʨʫʞʝʥʳ ʩʣʝʜʳ 

ʟʚʝʨʷ 

21 ʤʘʷ ʥʘ ʦʧʫʰʢʝ ʩʳʨʦʛʦ ʣʝʩʘ 

ʚʩʪʨʝʯʘʥʘ ʚʟʨʦʩʣʘʷ ʦʩʦʙʴ 

ʃʘʩʢʘ 
Mustela 

nivalis 
 

12 ʤʘʷ ʥʘ ʦʧʫʰʢʝ ʣʝʩʥʦʛʦ 

ʤʘʩʩʠʚʘ ʦʪʤʝʯʝʥʘ ʦʭʦʪʷʱʘʷʩʷ 

ʦʩʦʙʴ 



55 
 

 

 

ʈʠʩʫʥʦʢ 16 ï ʆʙʳʢʥʦʚʝʥʥʘʷ ʣʠʩʠʮʘ ʥʘ ʣʫʛʦʚʦʤ ʩʢʣʦʥʝ ʭʦʣʤʘ. 24 ʩʝʥʪʷʙʨʷ 2025 ʛ. 

 

2.4.4 ʈʝʟʫʣʴʪʘʪʳ ʦʙʩʣʝʜʦʚʘʥʠʷ ʞʠʚʦʪʥʦʛʦ ʤʠʨʘ ʢʘʨʙʦʥʦʚʦʛʦ ʧʦʣʠʛʦʥʘ çʃʘʜʦʛʘè 

ʇʦʣʫʯʝʥʥʳʝ ʚ 2025 ʛ. ʨʝʟʫʣʴʪʘʪʳ ʚ ʮʝʣʦʤ ʩʭʦʜʥʳ ʩ ʜʘʥʥʳʤʠ ʧʨʦʰʣʦʛʦ ʛʦʜʘ. 

ʈʘʟʣʠʯʠʷ ʚ ʚʠʜʦʚʳʭ ʩʧʠʩʢʘʭ ʥʘ ʥʘʰ ʚʟʛʣʷʜ ʩʚʷʟʘʥʳ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʚʳʷʚʣʷʝʤʦʩʪʠ ʨʷʜʘ ʚʠʜʦʚ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʥʘʙʣʶʜʝʥʠʡ (ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ 

ʫʩʠʣʠʡ) ʘ ʪʘʢʞʝ ʩʣʫʯʘʡʥʳʤ ʬʘʢʪʦʨʦʤ (ʚʝʨʦʷʪʥʦʩʪʴʶ ʚʩʪʨʝʯ ʨʝʜʢʠʭ, ʵʧʠʟʦʜʠʯʝʩʢʠ 

ʧʦʩʝʱʘʶʱʠʭ ʜʘʥʥʳʡ ʨʘʡʦʥ ʚʠʜʦʚ ʧʨʠ ʥʝʩʢʦʣʴʢʠʭ ʩʫʪʦʯʥʳʭ ʥʘʙʣʶʜʝʥʠʷʭ ʟʘ ʩʝʟʦʥ). ʂʘʢ 

ʫʢʘʟʳʚʘʣʦʩʴ, ʨʘʥʝʝ, ʚ ʮʝʣʦʤ ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ ʠ ʯʠʩʣʝʥʥʦʩʪʴ ʩʦʦʙʱʝʩʪʚ ʥʘʟʝʤʥʳʭ 

ʧʦʟʚʦʥʦʯʥʳʭ ʞʠʚʦʪʥʳʭ ʷʚʣʷʶʪʩʷ ʪʠʧʠʯʥʳʤʠ ʜʣʷ ʘʥʘʣʦʛʠʯʥʳʭ ʤʝʩʪʦʦʙʠʪʘʥʠʡ ʚ ʶʞʥʦʡ 

ʯʘʩʪʠ ʂʘʨʝʣʴʩʢʦʛʦ ʧʝʨʝʰʝʡʢʘ ʩ ʩʠʣʴʥʦʡ ʩʪʝʧʝʥʴʶ ʨʝʢʨʝʘʮʠʦʥʥʳʭ ʥʘʛʨʫʟʦʢ [87]. ʉʨʝʜʠ 

ʧʪʠʮ ʦʪʤʝʯʝʥʦ: 

1. ɹʦʣʴʰʦʝ ʚʠʜʦʚʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʠ ʚʳʩʦʢʘʷ ʯʠʩʣʝʥʥʦʩʪʴ ʣʝʩʥʳʭ ʚʦʨʦʙʴʠʥʳʭ ʧʪʠʮ 

2. ʄʘʣʘʷ ʯʠʩʣʝʥʥʦʩʪʴ ʠ ʙʝʜʥʳʡ ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ ʛʫʩʝʦʙʨʘʟʥʳʭ ʧʪʠʮ, ʯʘʡʢʦʚʳʭ ʠ 

ʢʫʣʠʢʦʚ 

3. ʇʨʝʦʙʣʘʜʘʥʠʝ ʚ ʧʦʩʣʝʜʥʝʡ ʛʨʫʧʧʝ ʪʨʘʥʟʠʪʥʳʭ ʤʠʛʨʘʥʪʦʚ 

ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʥʘ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʧʝʨʝʫʚʣʘʞʥʝʥʥʳʭ 

ʩʤʝʰʘʥʥʳʭ ʣʝʩʥʳʭ ʙʠʦʪʦʧʦʚ, ʥʘʣʠʯʠʝʤ ʥʝʙʦʣʴʰʦʛʦ ʜʠʩʪʨʦʬʥʦʛʦ ʚʦʜʦʝʤʘ ʩʨʝʜʠ ʙʦʣʦʪʥʦʛʦ 

ʤʘʩʩʠʚʘ, ʷʚʣʷʶʱʠʤʩʷ ʤʘʣʦʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʜʣʷ ʚʦʜʦʧʣʘʚʘʶʱʠʭ ʧʪʠʮ ʙʠʦʪʦʧʦʤ, ʠ 

ʧʨʦʣʝʛʘʥʠʝʤ ʚ ʨʘʡʦʥʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʤʠʛʨʘʮʠʦʥʥʦʛʦ ʧʫʪʠ ʩ ʃʘʜʦʞʩʢʦʛʦ 

ʦʟʝʨʘ ʥʘ ʌʠʥʩʢʠʡ ʟʘʣʠʚ, ʷʚʣʷʶʱʝʛʦʩʷ ʦʜʥʠʤ ʠʟ ʦʪʨʝʟʢʦʚ ɹʝʣʦʤʦʨʩʢʦ-ɹʘʣʪʠʡʩʢʦʛʦ 
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ʧʨʦʣʝʪʥʦʛʦ ʧʫʪʠ. ʉ ʤʘʣʦʡ ʚʘʨʠʘʪʠʚʥʦʩʪʴʶ ʤʝʩʪʥʳʭ ʙʠʦʪʦʧʦʚ ʩʚʷʟʘʥʦ ʠ ʥʠʟʢʦʝ ʚʠʜʦʚʦʝ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʛʝʨʧʝʪʦʬʘʫʥʳ ʠ ʪʝʨʠʦʬʘʫʥʳ. ʅʠʟʢʘʷ ʧʨʝʜʩʪʘʚʣʝʥʥʦʩʪʴ ʢʨʫʧʥʳʭ 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʦʪʯʘʩʪʠ ʦʙʫʩʣʦʚʣʝʥʘ ʩʦʩʝʜʩʪʚʦʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʘʩʝʣʝʥʥʳʭ 

ʧʫʥʢʪʦʚ, ʧʨʝʧʷʪʩʪʚʫʶʱʝʛʦ ʧʦʷʚʣʝʥʠʶ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʢʨʫʧʥʳʭ ʦʩʪʦʨʦʞʥʳʭ ʚʠʜʦʚ, ʪʘʢʠʭ 

ʢʘʢ ʚʦʣʢ, ʨʳʩʴ ʠ ʙʫʨʳʡ ʤʝʜʚʝʜʴ. ʅʝʢʦʪʦʨʳʝ ʚʠʜʳ, ʥʘʧʨʠʤʝʨ, ʟʘʡʮʳ, ʙʳʣʠ ʷʚʥʦ ʥʝʜʦʫʯʪʝʥʳ 

ʧʨʠ ʥʘʰʝʤ ʦʙʩʣʝʜʦʚʘʥʠʠ ʠʟ-ʟʘ ʤʘʣʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʫʯʘʩʪʢʦʚ ʦʪʢʨʳʪʦʛʦ ʛʨʫʥʪʘ, ʥʘ ʢʦʪʦʨʳʭ 

ʙʳʣʠ ʙʳ ʚʠʜʥʳ ʠʭ ʩʣʝʜʳ. 

ʈʝʟʫʣʴʪʘʪʳ ʵʪʦʛʦ ʛʦʜʘ ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʘʰʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʘʩʯʝʪʳ ʠ ʦʮʝʥʢʠ 

ʧʨʦʱʣʦʛʦ ʛʦʜʘ. ʊʘʢ, ʧʦ ʥʘʰʝʡ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦʡ ʦʮʝʥʢʝ ʧʣʦʪʥʦʩʪʴ ʛʥʝʟʜʷʱʠʭʩʷ ʧʪʠʮ ʥʘ 

ʦʙʩʣʝʜʦʚʘʥʥʦʤ ʫʯʘʩʪʢʝ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 480 ʦʩʦʙʝʡ ʥʘ 1 ʢʤ2, ʯʪʦ ʙʣʠʟʢʦ ʢ ʪʠʧʠʯʥʦʡ ʜʣʷ 

ʩʤʝʰʘʥʥʳʭ ʩʳʨʳʭ ʣʝʩʥʳʭ ʙʠʦʪʦʧʦʚ ʶʞʥʦʡ ʪʘʡʛʠ ï 500 ʦʩʦʙʝʡ ʥʘ 1 ʢʤ2 [88]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ 

ʙʠʦʤʘʩʩʘ ʧʪʠʮ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴ ʚ ʧʨʝʜʝʣʘʭ ʦʢʦʣʦ 23-27 ʢʛ/ʢʤ2. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʦʩʥʦʚʫ 

ʤʝʩʪʥʳʭ ʦʨʥʠʪʦʢʦʤʧʣʝʢʩʦʚ ʩʦʩʪʘʚʣʷʶʪ ʤʝʣʢʠʝ ʚʦʨʦʙʴʠʥʳʝ ʧʪʠʮʳ, ʫ ʢʦʪʦʨʳʭ ʤʘʩʩʘ ʧʠʱʠ, 

ʧʦʪʨʝʙʣʷʝʤʦʡ ʚ ʩʫʪʢʠ, ʩʦʩʪʘʚʣʷʝʪ 50-80 % ʠʭ ʤʘʩʩʳ, ʤʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʚ ʠʟʫʯʘʝʤʦʤ 

ʨʘʡʦʥʝ ʚ ʩʫʪʢʠ ʫʪʠʣʠʟʠʨʫʝʪʩʷ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 11,5 ʜʦ 21,6 ʢʛ/ʢʤ2 ʚ 

ʩʫʪʢʠ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʪ 1725 ʜʦ 3240 ʢʛ/ʢʤ2 ʟʘ 150 ʜʥʝʡ ʪʝʧʣʦʛʦ ʧʝʨʠʦʜʘ ʩ ʥʘʯʘʣʘ ʤʘʷ ʜʦ 

ʢʦʥʮʘ ʩʝʥʪʷʙʨʷ. ɺ ʭʦʣʦʜʥʳʡ ʧʝʨʠʦʜ ʚʝʣʠʯʠʥʘ ʫʪʠʣʠʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʜʦʣʞʥʘ 

ʤʥʦʛʦʢʨʘʪʥʦ ʩʥʠʞʘʪʴʩʷ ʠʟ-ʟʘ ʨʝʟʢʦʛʦ ʩʥʠʞʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ ʠ ʚʠʜʦʚʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ 

ʟʠʤʫʶʱʠʭ ʧʪʠʮ. 

ɺʩʪʨʝʯʠ ʢʨʫʧʥʳʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʥʘ ʦʙʩʣʝʜʦʚʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʝʜʠʥʠʯʥʳ ʠ ʩʢʦʨʝʝ 

ʚʩʝʛʦ ʥʝ ʚʥʦʩʷʪ ʟʘʤʝʪʥʦʛʦ ʚʢʣʘʜʘ ʚ ʙʠʦʤʘʩʩʫ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ, ʚ ʦʪʣʠʯʠʝ 

ʦʪ ʤʝʣʢʠʭ ʛʨʳʟʫʥʦʚ ʠ ʥʘʩʝʢʦʤʦʷʜʥʳʭ ʚʠʜʦʚ, ʦʙʱʘʷ ʙʠʦʤʘʩʩʘ ʢʦʪʦʨʳʭ ʚ ʥʝʥʘʨʫʰʝʥʥʳʭ ʠ 

ʩʣʘʙʦʥʘʨʫʰʝʥʥʳʭ ʩʦʦʙʱʝʩʪʚʘʭ ʦʙʳʯʥʦ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 500 ʛʨʘʤʤ ʥʘ 1 ʛʘ ʠʣʠ 50 ʢʛ/ʢʤ2, 

ʯʪʦ ʟʘʤʝʪʥʦ ʥʠʞʝ ʧʦʜʦʙʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʫ ʧʪʠʮ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʚ ʩʫʪʢʠ ʤʝʣʢʠʝ 

ʤʳʰʝʚʠʜʥʳʝ ʛʨʳʟʫʥʳ ʧʦʝʜʘʶʪ ʢʦʣʠʯʝʩʪʚʦ ʢʦʨʤʘ ʩʦʧʦʩʪʘʚʠʤʦʝ ʩ ʩʦʙʩʪʚʝʥʥʳʤ ʚʝʩʦʤ ʪʦ 

ʫʪʠʣʠʟʘʮʠʷ ʠʤʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʦʪ 40 ʜʦ 50 ʢʛ/ʢʤ2 ʚ ʩʫʪʢʠ ʠʣʠ 

ʦʢʦʣʦ 14600 - 18250 ʢʛ/ʢʤ2 ʟʘ ʛʦʜ, ʧʦʩʢʦʣʴʢʫ ʚʩʝ ʤʝʣʢʠʝ ʤʣʝʢʦʧʠʪʘʶʱʠʝ ʨʝʟʠʜʝʥʪʥʳ ʜʣʷ 

ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʠ ʚ ʪʝʯʝʥʠʝ ʛʦʜʳ ʠʭ ʢʦʨʤʦʚʳʝ ʧʦʪʨʝʙʥʦʩʪʠ ʤʘʣʦ ʚʘʨʴʠʨʫʶʪ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚʠʜʥʦ, ʯʪʦ ʥʘ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʚʢʣʘʜʳ ʚ ʫʪʠʣʠʟʘʮʠʶ ʞʠʚʦʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʤʝʣʢʠʤʠ ʤʣʝʢʦʧʠʪʘʶʱʠʤʠ ʟʘʤʝʪʥʦ ʚʳʰʝ ʯʝʤ ʫ ʧʪʠʮ. ɺ ʩʫʤʤʝ 

ʩʦʚʤʝʩʪʥʘʷ ʛʦʜʦʚʘʷ ʫʪʠʣʠʟʘʮʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʦʙʦʠʤʠ ʛʨʫʧʧʘʤʠ ʧʦʟʚʦʥʦʯʥʳʭ 

ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʦʪ   16325 ʜʦ 21490 ʢʛ/ʢʤ2. ʕʪʠ ʧʦʢʘʟʘʪʝʣʠ ʤʦʞʥʦ ʙʨʘʪʴ ʜʣʷ ʨʘʩʯʝʪʦʚ 

ʥʘʢʦʧʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʧʦʯʚʘʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʞʠʚʦʪʥʳʭ. 
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2.5 ʆʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʦʙʲʝʜʠʥʝʥʥʦʛʦ ʢʘʨʙʦʥʦʚʦʛʦ 

ʧʦʣʠʛʦʥʘ çʃʘʜʦʛʘè 

ʇʦʯʚʳ ʢʘʤʦʚʳʭ ʚʦʟʚʳʰʝʥʥʦʩʪʝʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʝʨʥʦʚʦ-ʧʦʜʙʫʨʘʤʠ ʦʧʦʜʟʦʣʝʥʥʳʤʠ 

ʠʣʣʶʚʠʘʣʴʥʦ-ʞʝʣʝʟʠʩʪʳʤʠ ʥʘ ʢʘʤʦʚʳʭ ʩʫʧʝʩʷʭ. ʌʦʨʤʫʣʘ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ ï ʆ ï AYe 

ï BF ï ɺʉ ï ʉ. ʇʦʯʚʳ ʟʘʣʝʞʥʳʭ ʟʝʤʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʛʨʦʟʝʤʘʤʠ ʩʨʝʜʥʝʧʘʭʦʪʥʳʤʠ 

ʠʣʣʶʚʠʘʣʴʥʦ-ʞʝʣʝʟʠʩʪʳʤʠ ʧʦʩʪʘʛʨʦʛʝʥʥʳʤʠ ʥʘ ʢʘʤʦʚʳʭ ʩʫʧʝʩʷʭ, ʘ ʪʘʢʞʝ ʘʛʨʦʟʝʤʘʤʠ 

ʛʣʫʙʦʢʦʧʘʭʦʪʥʳʤʠ ʠʣʣʶʚʠʘʣʴʥʦ-ʞʝʣʝʟʠʩʪʳʤʠ ʧʦʩʪʘʛʨʦʛʝʥʥʳʤʠ ʧʩʝʚʜʦʬʠʙʨʦʚʳʤʠ ʥʘ 

ʢʘʤʦʚʳʭ ʩʫʧʝʩʷʭ. ʌʦʨʤʫʣʘ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ ï ʆ ï AYpa ï BF ï C. ʅʘ ʛʠʜʨʦʤʦʨʬʥʳʭ 

ʧʦʟʠʮʠʷʭ ʨʘʟʚʠʚʘʶʪʩʷ ʪʦʨʬʷʥʦ-ʧʝʨʝʛʥʦʡʥʳʝ ʵʫʪʨʦʬʥʳʝ ʧʦʯʚʳ. ʌʦʨʤʫʣʘ ʧʨʦʬʠʣʷ ʊɽ-ʊʊ. 

ʇʦʯʚʝʥʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʢʘʨʙʦʥʦʚʦʛʦ ʧʦʣʠʛʦʥʘ çʃʘʜʦʛʘè ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʈʠʩʫʥʢʝ 9. 
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ɾ ɿ ʀ 

ʈʠʩʫʥʦʢ 9 ï ʇʦʯʚʝʥʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʢʘʨʙʦʥʦʚʦʛʦ ʧʦʣʠʛʦʥʘ çʃʘʜʦʛʘè. ɸ - ʜʝʨʥʦʚʦ-ʧʦʜʙʫʨ 

ʦʧʦʜʟʦʣʝʥʥʳʡ ʠʣʣʶʚʠʘʣʴʥʦ-ʞʝʣʝʟʠʩʪʳʡ ʥʘ ʢʘʤʦʚʳʭ ʩʫʧʝʩʷʭ; ɹ, ɽ - ʪʦʨʬʷʥʦ-ʧʝʨʝʛʥʦʡʥʳʝ 

ʵʫʪʨʦʬʥʳʝ; ɺ, ɻ, ɼ, ɾ, ɿ, ʀ - ʘʛʨʦʟʝʤʳ ʩʨʝʜʥʝ-ʛʣʫʙʦʢʦʧʘʭʦʪʥʳʝ ʧʦʩʪʘʛʨʦʛʝʥʥʳʡ 

ʠʣʣʶʚʠʘʣʴʥʦ-ʞʝʣʝʟʠʩʪʳʝ. 

 

2.5.1 ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʧʦʯʚ ʦʙʲʝʜʠʥʝʥʥʦʛʦ ʢʘʨʙʦʥʦʚʦʛʦ ʧʦʣʠʛʦʥʘ çʃʘʜʦʛʘè 

ʄʦʥʠʪʦʨʠʥʛ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʧʦʯʚ ʧʨʦʚʦʜʠʪʩʷ ʩ ʥʦʷʙʨʷ 2022 ʛʦʜʘ. 

ʈʝʛʠʩʪʨʘʪʦʨʳ ʪʝʤʧʝʨʘʪʫʨʳ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ ʜʚʫʭ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʭ ʫʯʘʩʪʢʘʭ 

ʪʝʨʨʠʪʦʨʠʠ ï ʥʘ ʚʝʨʰʠʥʝ ʢʘʤʦʚʦʛʦ ʭʦʣʤʘ, ʥʘ ʜʨʝʥʠʨʦʚʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʘ ʪʘʢʞʝ ʚ 

ʧʦʣʫʛʠʜʨʦʤʦʨʬʥʦʤ ʣʘʥʜʰʘʬʪʝ ʥʠʟʠʥʥʦʛʦ ʙʦʣʦʪʘ. ɻʣʫʙʠʥʘ ʟʘʣʦʞʝʥʠʷ 10 ʩʤ. ʄʦʥʠʪʦʨʠʥʛ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʧʦʯʚ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʣʦʛʛʝʨʦʚ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ InkBird IBS-TH2 (ʧʨʦʠʟʚʦʜʩʪʚʦ Inkbird Tech. C.L., ʂʠʪʘʡ). 

ʈʝʛʠʩʪʨʘʮʠʷ ʜʘʥʥʳʭ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʥʘ ʛʣʫʙʠʥʝ 10 ʩʤ ʩ ʠʥʪʝʨʚʘʣʦʤ 120 ʤʠʥʫʪ. ʈʝʟʫʣʴʪʘʪʳ 

ʠʟʤʝʨʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩʫʥʢʝ 10. 
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ʈʠʩʫʥʦʢ 10 ï ɼʠʥʘʤʠʢʘ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʯʚ ʟʘ ʧʝʨʠʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʛʣʫʙʠʥʝ 10 ʩʤ. 

 

ɼʨʝʥʠʨʦʚʘʥʥʘʷ ʧʦʟʠʮʠʷ (ʉʈ1) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʢʦʥʪʨʘʩʪʥʳʤ ʪʝʨʤʠʯʝʩʢʠʤ 

ʨʝʞʠʤʦʤ ʩ ʙʦʣʝʝ ʥʠʟʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʠ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ð ʚ ʣʝʪʥʠʡ. 

ɺ ʷʥʚʘʨʝ 2023 ʛʦʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʉʈ1 ʜʦʩʪʠʛʘʣʘ 0 ÁC, ʯʪʦ ʥʘ 2ÁC ʥʠʞʝ, ʯʝʤ ʥʘ ʟʘʙʦʣʦʯʝʥʥʦʤ 

ʫʯʘʩʪʢʝ (ʉʈ2). ʅʘʧʨʦʪʠʚ, ʚ ʧʝʨʠʦʜ ʣʝʪʥʝʛʦ ʤʘʢʩʠʤʫʤʘ ʚ ʠʶʣʝ 2023 ʛʦʜʘ ʚ ʉʈ1 

ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʪʝʤʧʝʨʘʪʫʨʘ +21ÁC, ʯʪʦ ʥʘ 1.7ÁC ʚʳʰʝ ʧʦʢʘʟʘʪʝʣʝʡ ʉʈ2. ɿʘʙʦʣʦʯʝʥʥʳʡ 

ʫʯʘʩʪʦʢ (ʉʈ2) ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʨʘʞʝʥʥʳʡ ʙʫʬʝʨʥʳʡ ʵʬʬʝʢʪ ð ʤʝʥʴʰʫʶ ʘʤʧʣʠʪʫʜʫ 
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ʛʦʜʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʠ ʟʘʧʘʟʜʳʚʘʥʠʝ ʬʘʟ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʮʠʢʣʘ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʥʦ ʚ 

ʧʝʨʠʦʜʳ ʩʝʟʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ. ɺʝʩʝʥʥʠʡ ʧʨʦʛʨʝʚ ʥʘ ʟʘʙʦʣʦʯʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʠʩʭʦʜʠʪ 

ʤʝʜʣʝʥʥʝʝ, ʩ ʦʪʩʪʘʚʘʥʠʝʤ ʥʘ 0.8ï1.2ÁC ʚ ʘʧʨʝʣʝ, ʪʦʛʜʘ ʢʘʢ ʦʩʝʥʥʝʝ ʦʭʣʘʞʜʝʥʠʝ ð ʙʦʣʝʝ 

ʧʣʘʚʥʦ. ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʦʪʨʘʞʘʶʪ ʚʣʠʷʥʠʝ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʥʘ ʪʝʧʣʦʚʳʝ 

ʩʚʦʡʩʪʚʘ ʧʦʯʚ: ʚʳʩʦʢʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʥʘʩʳʱʝʥʥʳʭ ʚʣʘʛʦʡ ʪʦʨʬʷʥʳʭ ʧʦʯʚ ʉʈ2 

ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʠʭ ʠʥʝʨʮʠʦʥʥʦʩʪʴ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʣʫʯʰʠʡ ʜʨʝʥʘʞ ʚ ʉʈ1 ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʦʤʫ ʩʝʟʦʥʥʦʤʫ ʧʨʦʛʨʝʚʫ ʠ ʚʳʭʦʣʘʞʠʚʘʥʠʶ. 

2.5.2 ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʦʯʚ ʦʙʲʝʜʠʥʝʥʥʦʛʦ ʢʘʨʙʦʥʦʚʦʛʦ ʧʦʣʠʛʦʥʘ 

çʃʘʜʦʛʘè 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʠʣʠ ʟʥʘʯʠʪʝʣʴʥʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚʝʥʥʳʭ ʧʨʦʬʠʣʝʡ, ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʠʭ ʧʨʠʫʨʦʯʝʥʥʦʩʪʴʶ ʢ 

ʨʘʟʣʠʯʥʳʤ ʵʣʝʤʝʥʪʘʤ ʨʝʣʴʝʬʘ ʩ ʧʝʨʝʧʘʜʦʤ ʘʙʩʦʣʶʪʥʳʭ ʦʪʤʝʪʦʢ ʜʦ 40 ʤʝʪʨʦʚ. ɼʘʥʥʳʡ 

ʬʘʢʪʦʨ ʨʝʣʴʝʬʦʦʙʨʘʟʦʚʘʥʠʷ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʥʪʨʘʩʪʥʳʭ ʛʠʜʨʦʤʦʨʬʥʳʭ 

ʫʩʣʦʚʠʡ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʢʘʨʙʦʥʦʚʦʛʦ ʧʦʣʠʛʦʥʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 6. 

ʂʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚ ʦʧʨʝʜʝʣʷʣʠ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʨʪʘʪʠʚʥʦʛʦ pH-ʤʝʪʨʘ Milwaukee Mi106 (Milwaukee Electronics, ʉʐɸ). 

ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʠʟʤʝʨʝʥʠʡ ʚʳʧʦʣʥʷʣʘʩʴ ʢʘʣʠʙʨʦʚʢʘ ʧʨʠʙʦʨʘ ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ 

ʙʫʬʝʨʥʳʤ ʨʘʩʪʚʦʨʘʤ ʩ pH 7,01 ʠ 4,01. ɸʢʪʫʘʣʴʥʫʶ ʢʠʩʣʦʪʥʦʩʪʴ (pHH2O) ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʚ 

ʚʦʜʥʦʡ ʩʫʩʧʝʥʟʠʠ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʧʦʯʚʘ: ʚʦʜʘ 1:2,5, ʘ ʜʣʷ ʦʨʛʘʥʦʛʝʥʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ð 

1:25. ɺ ʦʙʨʘʟʮʘʭ ʩʦ ʟʥʘʯʝʥʠʷʤʠ pHH2O <7 ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʷʣʠ ʦʙʤʝʥʥʫʶ 

ʢʠʩʣʦʪʥʦʩʪʴ (pHKCl) ʚ ʩʦʣʝʚʦʡ ʚʳʪʷʞʢʝ ʩ 1,0 ʥ. ʨʘʩʪʚʦʨʦʤ ʭʣʦʨʠʩʪʦʛʦ ʢʘʣʠʷ, 

ʧʨʠʛʦʪʦʚʣʝʥʥʦʡ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʚʝʩʦʚʳʭ ʧʨʦʧʦʨʮʠʷʭ. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚ ʚʝʨʭʥʝʛʦ ʛʦʨʠʟʦʥʪʘ ʧʦʯʚ (0-

10 ʩʤ, n=61) ʚʳʷʚʠʣ ʟʥʘʯʠʪʝʣʴʥʫʶ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʧʦʢʘʟʘʪʝʣʝʡ. ɿʥʘʯʝʥʠʷ ʘʢʪʫʘʣʴʥʦʡ 

ʢʠʩʣʦʪʥʦʩʪʠ (pHH2O) ʚʘʨʴʠʨʫʶʪ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 3,9 ʜʦ 5,8. 

ʇʘʨʘʤʝʪʨʳ ʦʙʤʝʥʥʦʡ ʢʠʩʣʦʪʥʦʩʪʠ (pHKCl) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʝʱʸ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʡ 

ʢʠʩʣʦʪʥʦʩʪʴʶ ð ʦʪ 3,0 ʜʦ 5,5, ʩ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʳʤ ʤʘʢʩʠʤʫʤʦʤ ʚ ʜʠʘʧʘʟʦʥʝ 4,0-4,1 (n=17). 

ʉʜʚʠʛ ʧʦʢʘʟʘʪʝʣʝʡ pHKCl ʚ ʙʦʣʝʝ ʢʠʩʣʫʶ ʦʙʣʘʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ pHH2O ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʟʥʘʯʠʪʝʣʴʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʚ ʧʦʯʚʝʥʥʦʤ ʧʦʛʣʦʱʘʶʱʝʤ ʢʦʤʧʣʝʢʩʝ ʦʙʤʝʥʥʳʭ ʦʩʥʦʚʘʥʠʡ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʘʣʶʤʠʥʠʷ ʠ ʚʦʜʦʨʦʜʘ. ɺʳʷʚʣʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʘʢʪʠʚʥʦʝ 

ʧʨʦʪʝʢʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʢʠʩʣʦʪʥʦʛʦ ʚʳʚʝʪʨʠʚʘʥʠʷ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʢʠʩʣʦʪʥʦʩʪʠ ʧʦʯʚ ʚʘʨʴʠʨʫʶʪ ʚ ʜʠʘʧʘʟʦʥʝ 

ʦʪ ʩʠʣʴʥʦʢʠʩʣʦʡ ʜʦ ʢʠʩʣʦʡ, ʦʪʨʘʞʘʷ ʢʘʢ ʣʠʪʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 
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ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜ, ʪʘʢ ʠ ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʯʚʦʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʫʩʣʦʚʠʷʭ ʢʦʥʪʨʘʩʪʥʦʛʦ ʨʝʣʴʝʬʘ.  

 

ʊʘʙʣʠʮʘ 6. ʇʨʦʬʠʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ 

ʧʦʯʚʘʭ ʢʘʨʙʦʥʦʚʦʛʦ ʧʦʣʠʛʦʥʘ çʃʘʜʦʛʘè 

ID 

ʧʦʯʚʳ 
ɻʦʨʠʟʦʥʪ 

ʄʦʱʥʦʩʪʴ, 

ʩʤ 
ʨʅH2O pHKCl 

ʇʣʦʪʥʦʩʪʴ 

ʩʣʦʞʝʥʠʷ, 

ʛ/ʩʤ3 

ʉʦʨʛ, % 

ɿʘʧʘʩʳ 

ʫʛʣʝʨʦʜʘ ʚ 

ʩʣʦʝ 0-100 

ʩʤ, ʢʛ/ʤ2 

ʉʈ1 

O 0-2 5,9 5,2 0,8 7,54 

8,5 

AYe 2-13 5,6 4,5 0,9 3,33 

BF 13-34 5,9 4,7 1,5 0,62 

BC 34-45 5,9 5,3 1,4 0,19 

C 45-79 6,0 4,9 1,6 0,17 

ʉʈ2 

TE1 0-10 5,2 4,9 0,2 38,4 

85,9 

TE2 10-20 5,3 4,6 0,3 41,9 

TE3 20-30 4,7 4,6 0,2 46,3 

TE4 30-40 4,1 3,5 0,2 43,8 

TT 40-50 3,7 3,3 0,2 40,49 

ʉʈ3 

O 0-1 5,6 5,4 0,3 16,15 

10,0 

AO 1-8 5,0 4,3 0,3 5,08 

AYpa 8-30 4,4 4,2 1,4 1,22 

BFff 30-50 4,8 4,5 1,2 0,59 

BCff 50-80 5,3 4,5 1,2 0,45 

Cg,ff 80-100 4,8 4,4 1,3 0,54 

ʉʈ4 

O 0-2 5,2 5,0 0,4 16,6 

28,3 
AYpyr 2-30 4,2 3,7 1,0 2,96 

PYR 30-70 4,4 3,8 0,9 3,95 

C 70-100 4,4 4,1 1,0 1,46 

ʉʈ5 

O 0-1 - - 0,15 16,8 

13,6 
AYpa 1-40 4,9 4,3 1,2 1,93 

BFff 40-60 5,0 4,5 1,3 0,61 

Cg,ff 60-75 5,1 4,6 1,2 0,53 

ʉʈ6 
TE1 0-15 4,4 3,9 0,11 36,54 

63,2 
TE2 15-30 4,1 3,8 0,15 44,51 

ʉʈ7 
TE1 0-15 4,7 4,3 0,11 41,29 

66,9 
TE2 15-30 4,8 4,3 0,15 46,19 

ʉʈ8 

O 0-2 - - 0,5 20,9 

10,7 

AYpa 2-10 5,3 4,6 0,7 2,84 

BF 10-15 5,2 4,3 1,1 0,47 

ɺʉ 15-35 5,2 4,5 1,2 0,36 

BCff 35-70 5,2 4,7 1,3 1,11 

C 70-80 5,0 4,6 1,1 0,31 

ʉʈ9 

O 0-2 - - 0,3 16,65 

9,9 
AY 2-15 4,7 4,1 1,0 2,25 

BHF 15-27 5,0 4,2 1,3 1,15 

BC 27-40 4,9 4,4 1,1 0,56 

ʉʈ10 O 0-1 - - 0,2 41,7 17,0 
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AYpa 1-24 3,9 3,8 1,1 4,33 

BF 24-45 4,8 4,3 1,2 0,84 

BH 45-55 4,6 4,3 1,2 0,95 

BCff 55-70 4,5 4,3 1,3 0,47 

Cff 70-90 4,9 4,4 1,4 0,37 

ʉʈ11 

AY1 0-20 4,7 4,0 0,7 5,62 

32,8 
AY2 20-40 4,9 4,1 0,8 6,57 

AYg1 40-60 4,7 4,4 0,8 4,66 

AYg2 60-80 5,0 4,4 0,3 6,18 

ʉʈ12 

AYpa 0-27 4,6 4,1 0,9 1,78 

10,6 BF 27-50 4,9 4,2 1,1 0,72 

Cff 50-85 4,7 4,3 1,4 0,60 

ʉʈ13 

AYpa 0-30 4,8 4,0 1,1 1,72 

10,7 BF 30-60 5,0 4,5 1,1 0,64 

C 60-80 5,3 4,6 1,4 0,51 

ʉʈ14 

AYpa 0-45 4,6 3,9 1,3 2,03 

16,0 BF 46-65 4,9 4,3 1,0 1,04 

Cff 65-85 5,1 3,8 1,3 0,51 

ʉʈ15 

TE1 0-20 4,8 3,8 0,2 48,8 

50,3 
TE2 20-40 5,1 4,0 0,1 51,5 

TE3 40-50 4,9 3,9 0,1 48,9 

TT 50-80 5,1 4,0 0,1 51,44 

 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʠʣʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʟʥʘʯʝʥʠʡ ʨʅ ʧʦ 

ʧʦʯʚʝʥʥʦʤʫ ʧʨʦʬʠʣʶ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʠʟʫʯʝʥʥʳʭ ʨʘʟʨʝʟʦʚ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʦʨʛʘʥʦʛʝʥʥʳʭ 

ʧʦʯʚ, ʛʜʝ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʥʝ ʠʟʤʝʥʷʣʠʩʴ ʩ ʛʣʫʙʠʥʦʡ. 

ʉʦʜʝʨʞʘʥʠʝ ʦʙʱʝʛʦ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʘʭ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʚʘʨʠʘʙʝʣʴʥʦʩʪʴʶ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʛʝʥʝʪʠʯʝʩʢʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʧʦʯʚ. ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ 

ʦʧʨʝʜʝʣʝʥʠʝ ʦʙʱʝʛʦ ʫʛʣʝʨʦʜʘ ʚʳʧʦʣʥʷʣʦʩʴ ʥʘ ʵʣʝʤʝʥʪʥʦʤ CHNS-ʘʥʘʣʠʟʘʪʦʨʝ LECO 

TruSpec MICRO ʚ ʨʝʞʠʤʝ ʪʨʝʭʢʨʘʪʥʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʧʦʚʪʦʨʥʦʩʪʠ ʚ ʈʝʩʫʨʩʥʦʤ ʮʝʥʪʨʝ 

çʄʝʪʦʜʳ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʘ ʚʝʱʝʩʪʚʘè ʅʘʫʯʥʦʛʦ ʧʘʨʢʘ ʉʇʙɻʋ. ʋʯʠʪʳʚʘʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʢʘʨʙʦʥʘʪʦʚ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʯʚʘʭ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʙʱʝʛʦ ʫʛʣʝʨʦʜʘ ʙʳʣʘ 

ʵʢʚʠʚʘʣʝʥʪʥʘ ʩʦʜʝʨʞʘʥʠʶ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ (Cʦʨʛ). 

ʇʣʦʪʥʦʩʪʴ ʩʣʦʞʝʥʠʷ ʧʦʯʚʳ ʦʧʨʝʜʝʣʷʣʘʩʴ ʩʪʘʥʜʘʨʪʥʳʤ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ 

ʯʝʨʝʟ ʩʦʦʪʥʦʰʝʥʠʝ ʤʘʩʩʳ ʘʙʩʦʣʶʪʥʦ ʩʫʭʦʡ ʧʦʯʚʳ (ʩʫʰʢʘ ʧʨʠ 105ÁC) ʢ ʦʙʲʸʤʫ 

ʥʝʥʘʨʫʰʝʥʥʦʛʦ ʦʙʨʘʟʮʘ. ʆʪʙʦʨ ʧʨʦʙ ʧʨʦʠʟʚʦʜʠʣʩʷ ʪʦʥʢʦʩʪʝʥʥʳʤʠ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ 

ʮʠʣʠʥʜʨʘʤʠ ʦʙʲʸʤʦʤ 75 ʩʤ3 ʚ ʜʚʫʢʨʘʪʥʦʡ ʧʦʚʪʦʨʥʦʩʪʠ. 

ʈʘʩʯʸʪ ʟʘʧʘʩʦʚ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʚʳʧʦʣʥʷʣʩʷ ʧʦ ʦʙʱʝʧʨʠʥʷʪʦʡ ʤʝʪʦʜʠʢʝ 

ʧʦʩʨʝʜʩʪʚʦʤ ʩʫʤʤʠʨʦʚʘʥʠʷ ʟʘʧʘʩʦʚ ʧʦ ʛʝʥʝʪʠʯʝʩʢʠʤ ʛʦʨʠʟʦʥʪʘʤ ʚ ʧʨʝʜʝʣʘʭ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʛʣʫʙʠʥʳ ʧʨʦʬʠʣʷ. ɿʘʧʘʩʳ ʫʛʣʝʨʦʜʘ ʚ ʢʘʞʜʦʤ ʛʦʨʠʟʦʥʪʝ ʦʧʨʝʜʝʣʷʣʠʩʴ ʢʘʢ 

ʧʨʦʠʟʚʝʜʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ Cʦʨʛ, ʦʙʲʸʤʥʦʡ ʤʘʩʩʳ ʛʦʨʠʟʦʥʪʘ ʠ ʝʛʦ ʤʦʱʥʦʩʪʠ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʧʝʨʝʩʯʸʪʦʤ ʚ ʨʘʟʤʝʨʥʦʩʪʴ ʢʛ/ʤ2. 
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ɸʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʘʭ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ 

ʚʳʷʚʠʣ ʯʸʪʢʫʶ ʛʝʥʝʪʠʯʝʩʢʫʶ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʴ. ɺ ʧʦʩʪʘʛʨʦʛʝʥʥʳʭ ʠʣʣʶʚʠʘʣʴʥʦ-

ʞʝʣʝʟʠʩʪʳʭ ʧʦʯʚʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʘʢʢʫʤʫʣʷʮʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ 

ʚʝʨʭʥʠʭ ʦʨʛʘʥʦʛʝʥʥʳʭ ʠ ʛʫʤʫʩʦʚʳʭ ʛʦʨʠʟʦʥʪʘʭ (O, AO, AY) ʠ ʨʝʟʢʠʤ ʩʥʠʞʝʥʠʝʤ 

ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʨʦʜʘ ʚ ʠʣʣʶʚʠʘʣʴʥʦʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ. ʇʦʢʘʟʘʪʝʣʠ ʩʦʜʝʨʞʘʥʠʷ ʛʫʤʫʩʘ ʚ 

ʧʦʜʙʫʨʘʭ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴʶ: ʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 9,11%, ʪʦʛʜʘ ʢʘʢ ʚ ʠʣʣʶʚʠʘʣʴʥʦ-ʞʝʣʝʟʠʩʪʳʭ ʛʦʨʠʟʦʥʪʘʭ ʬʠʢʩʠʨʫʝʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ - ʚ ʩʨʝʜʥʝʤ 0,59% ʩ ʜʠʘʧʘʟʦʥʦʤ ʚʝʣʠʯʠʥ ʦʪ 0,17% 

ʜʦ 1,15%. 

ɺ ʪʦʨʬʷʥʳʭ ʵʫʪʨʦʬʥʳʭ ʧʦʯʚʘʭ ʫʩʪʘʥʦʚʣʝʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʠʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʘʢʢʫʤʫʣʷʮʠʝʡ ʚ 

ʩʨʝʜʠʥʥʦʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ. ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʉʦʨʛ ʚ ʵʪʠʭ ʧʦʯʚʘʭ ʜʦʩʪʠʛʘʝʪ 44,63% ʩ 

ʜʠʘʧʘʟʦʥʦʤ ʚʝʣʠʯʠʥ ʦʪ 36,45% ʜʦ 54,54%, ʯʪʦ ʦʪʨʘʞʘʝʪ ʩʧʝʮʠʬʠʢʫ ʧʨʦʮʝʩʩʦʚ 

ʪʦʨʬʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʛʦ ʛʠʜʨʦʤʦʨʬʠʟʤʘ. ɺʳʷʚʣʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʚ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʠ ʟʘʧʘʩʘʭ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʫʱʝʩʪʚʝʥʥʦʡ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʥʘʢʦʧʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʥʝʟʠʩʘ 

ʠ ʧʦʯʚʝʥʥʦʛʦ ʛʠʜʨʦʤʦʨʬʠʟʤʘ. 

ɸʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ (ʉʦʨʛ) ʚ ʚʝʨʭʥʝʤ ʩʣʦʝ ʧʦʯʚ (0-10 ʩʤ) ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʢʘʨʙʦʥʦʚʦʛʦ ʧʦʣʠʛʦʥʘ çʃʘʜʦʛʘè ʪʘʢʞʝ ʚʳʷʚʠʣ ʟʥʘʯʠʪʝʣʴʥʫʶ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ, ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʦʯʚ 

ʠ ʭʘʨʘʢʪʝʨʦʤ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ (ʈʠʩʫʥʦʢ 11). 

 

ʈʠʩʫʥʦʢ 11 ï ʉʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʉʦʨʛ), % ʚ ʩʣʦʝ 0-10 ʩʤ ʚ 

ʨʘʟʣʠʯʥʳʭ ʢʘʪʝʛʦʨʠʷʭ ʧʦʯʚ. ʌʦʥ ï ʫʩʣʦʚʥʦ ʬʦʥʦʚʳʝ ʧʦʯʚʳ ʧʦʜ ʚʪʦʨʠʯʥʳʤ ʜʨʝʚʦʩʪʦʝʤ ʥʘ 

ʢʘʤʦʚʳʭ ʚʦʟʚʳʰʝʥʥʦʩʪʷʭ, ɹʦʣʦʪʦ ï ʧʦʯʚʳ ʛʠʜʨʦʤʦʨʬʥʳʭ ʠ ʧʦʣʫʛʠʜʨʦʤʦʨʬʥʳʭ 

ʣʘʥʜʰʘʬʪʦʚ ʚ ʟʘʙʦʣʦʯʝʥʥʳʭ ʧʦʥʠʞʝʥʠʷʭ, ɸʛʨʦ ï ʧʦʩʪʘʛʨʦʛʝʥʥʳʝ ʩʪʘʨʦʧʘʭʦʪʥʳʝ ʧʦʯʚʳ 

 

ʅʘʠʙʦʣʴʰʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʦʨʛ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ ʛʠʜʨʦʤʦʨʬʥʳʭ ʠ 

ʧʦʣʫʛʠʜʨʦʤʦʨʬʥʳʭ ʣʘʥʜʰʘʬʪʘʭ, ʛʜʝ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 41,0Ñ4,45% 
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ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʟʥʘʯʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 29,9% ʜʦ 48,82% (n=25). ɺ ʘʚʪʦʤʦʨʬʥʳʭ ʧʦʯʚʘʭ 

ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ ð ʚ ʩʨʝʜʥʝʤ 4,62Ñ3,51% (n=18) ʩ ʜʠʘʧʘʟʦʥʦʤ 

ʚʝʣʠʯʠʥ ʦʪ 1,36% ʜʦ 11,98%. ʅʘʠʤʝʥʴʰʠʝ ʠ ʥʘʠʤʝʥʝʝ ʚʘʨʠʘʪʠʚʥʳʝ ʟʥʘʯʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳ 

ʜʣʷ ʧʦʩʪʘʛʨʦʛʝʥʥʳʭ ʧʦʯʚ, ʛʜʝ ʩʨʝʜʥʷʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʉʦʨʛ ʩʦʩʪʘʚʣʷʝʪ 2,37Ñ0,87% (n=18) ʧʨʠ 

ʢʦʣʝʙʘʥʠʷʭ ʦʪ 0,50% ʜʦ 4,33%. 

ʇʨʠ ʧʝʨʝʚʦʜʝ ʚʘʣʦʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʚ ʘʙʩʦʣʶʪʥʳʝ ʟʘʧʘʩʳ 

(ʢʛ/ʤ2) ʜʣʷ ʧʦʯʚ ʬʦʥʦʚʳʭ ʪʝʨʨʠʪʦʨʠʡ ʚʳʷʚʣʝʥʘ ʟʥʘʯʠʪʝʣʴʥʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ (ʈʠʩʫʥʦʢ 12).  

 

ʈʠʩʫʥʦʢ 12 ï ɿʘʧʘʩʳ ʫʛʣʝʨʦʜʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (ɿʘʧʘʩ ʉʦʨʛ), ʢʛ/ʤ2 ʚ ʩʣʦʝ 0-10 ʩʤ 

ʚ ʨʘʟʣʠʯʥʳʭ ʢʘʪʝʛʦʨʠʷʭ ʧʦʯʚ. ʌʦʥ ï ʫʩʣʦʚʥʦ ʬʦʥʦʚʳʝ ʧʦʯʚʳ ʧʦʜ ʚʪʦʨʠʯʥʳʤ ʜʨʝʚʦʩʪʦʝʤ 

ʥʘ ʢʘʤʦʚʳʭ ʚʦʟʚʳʰʝʥʥʦʩʪʷʭ, ɹʦʣʦʪʦ ï ʧʦʯʚʳ ʛʠʜʨʦʤʦʨʬʥʳʭ ʠ ʧʦʣʫʛʠʜʨʦʤʦʨʬʥʳʭ 

ʣʘʥʜʰʘʬʪʦʚ ʚ ʟʘʙʦʣʦʯʝʥʥʳʭ ʧʦʥʠʞʝʥʠʷʭ, ɸʛʨʦ ï ʧʦʩʪʘʛʨʦʛʝʥʥʳʝ ʩʪʘʨʦʧʘʭʦʪʥʳʝ ʧʦʯʚʳ 

 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʟʘʧʘʩʦʚ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʚ ʩʣʦʝ 0-10 ʩʤ ʚʳʷʚʠʣ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʛʨʫʧʧʘʤʠ ʧʦʯʚ. ʌʦʥʦʚʳʝ ʧʦʯʚʳ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʨʝʜʥʠʤ ʟʘʧʘʩʦʤ 4,7Ñ3,0 ʢʛ/ʤ2 ʩ ʜʠʘʧʘʟʦʥʦʤ ʟʥʘʯʝʥʠʡ (1,7-10,9 ʢʛ/ʤ2), 

ʦʪʨʘʞʘʶʱʝʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʘʚʪʦʤʦʨʬʥʳʭ ʣʘʥʜʰʘʬʪʦʚ. ʊʦʨʬʷʥʦ-ʵʫʪʨʦʬʥʳʝ ʧʦʯʚʳ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʤʘʢʩʠʤʘʣʴʥʳʝ ʠ ʥʘʠʤʝʥʝʝ ʚʘʨʠʘʪʠʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ - 6,2Ñ0,76 ʢʛ/ʤ2 ʩ 

ʜʠʘʧʘʟʦʥʦʤ ʟʥʘʯʝʥʠʡ 4,48-7,81 ʢʛ/ʤ2, ʧʦʜʪʚʝʨʞʜʘʷ ʩʪʘʙʠʣʴʥʳʡ ʩʝʢʚʝʩʪʨʘʮʠʦʥʥʳʡ 

ʧʦʪʝʥʮʠʘʣ ʛʠʜʨʦʤʦʨʬʥʳʭ ʵʢʦʩʠʩʪʝʤ. ʇʦʩʪʘʛʨʦʛʝʥʥʳʝ ʧʦʯʚʳ ʠʤʝʶʪ ʤʠʥʠʤʘʣʴʥʳʝ ʩʨʝʜʥʠʝ 

ʟʘʧʘʩʳ 2,8Ñ1,0 ʢʛ/ʤ2 (0,63-4,63 ʢʛ/ʤ2). ʇʦʣʫʯʝʥʥʘʷ ʟʥʘʯʝʥʠʷ ʟʘʧʘʩʦʚ ʢʦʨʨʝʣʠʨʫʝʪ ʩ 

ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʘʣʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʉʦʨʛ ʠ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʧʦʯʚʝʥʥʦʛʦ ʛʠʜʨʦʤʦʨʬʠʟʤʘ ʚ ʘʢʢʫʤʫʣʷʮʠʠ ʫʛʣʝʨʦʜʘ. 

ʋʢʘʟʘʥʥʳʡ ʨʘʟʙʨʦʩ ʟʥʘʯʝʥʠʡ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʚ 

ʘʢʢʫʤʫʣʷʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʜʘʞʝ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʪʠʧʥʳʭ ʣʘʥʜʰʘʬʪʦʚ, ʯʪʦ ʤʦʞʝʪ 

ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʧʦʢʨʦʚʘ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʜʯʝʨʢʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʝʪʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʫʛʣʝʨʦʜʥʦʛʦ ʙʘʣʘʥʩʘ ʵʢʦʩʠʩʪʝʤ. 



65 
 

ɸʥʘʣʠʟ ʟʘʧʘʩʦʚ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʚ ʤʝʪʨʦʚʦʡ ʪʦʣʱʝ ʧʦʯʚ (0-100 ʩʤ) ʚʳʷʚʠʣ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʤʝʞʧʨʦʬʠʣʴʥʫʶ ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ, ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʛʝʥʝʪʠʯʝʩʢʠʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʦʯʚ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ ʦʨʛʘʥʦʛʝʥʥʳʭ ʧʦʯʚʘʭ: 

ʪʦʨʬʷʥʦ-ʵʫʪʨʦʬʥʳʝ ʧʦʯʚʳ (ʨʘʟʨʝʟʳ CP2, CP6, CP7, CP15) ʘʢʢʫʤʫʣʠʨʫʶʪ ʦʪ 50,3 ʜʦ 85,9 ʢʛ 

ʉʦʨʛ/ʤ2, ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʚ ʧʨʦʬʠʣʝ CP2. 

ʉʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʠʝ ʟʘʧʘʩʳ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʩʪʚʦʣʘ ʧʦʩʪʣʠʪʦʛʝʥʥʳʭ ʧʦʯʚ. 

ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ (8,5 ʢʛ ʉʦʨʛ/ʤ2) ʦʪʤʝʯʝʥʦ ʚ ʜʝʨʥʦʚʦ-ʧʦʜʙʫʨʝ ʦʧʦʜʟʦʣʝʥʥʦʤ 

ʠʣʣʶʚʠʘʣʴʥʦ-ʞʝʣʝʟʠʩʪʦʤ ʥʘ ʢʘʤʦʚʳʭ ʩʫʧʝʩʷʭ (CP1), ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʠʣʣʶʚʠʘʣʴʥʦ-ʞʝʣʝʟʠʩʪʳʭ ʛʦʨʠʟʦʥʪʘʭ ʠ ʧʦʯʚʦʦʙʨʘʟʫʶʱʝʡ 

ʧʦʨʦʜʝ. ʇʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʟʘʥʠʤʘʝʪ ʘʛʨʦʟʸʤ ʩʨʝʜʥʝʧʘʭʦʪʥʳʡ ʘʣʴʬʝʛʫʤʫʩʦʚʳʡ 

(CP10) ʩ ʟʘʧʘʩʦʤ 17,0 ʢʛ ʉʦʨʛ/ʤ2. 

ɺʳʷʚʣʝʥʥʘʷ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʨʘʟʣʠʯʥʳʤ ʚʢʣʘʜʦʤ ʦʨʛʘʥʦʛʝʥʥʳʭ ʠ 

ʧʦʩʪʣʠʪʦʛʝʥʥʳʭ ʧʦʯʚ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʛʣʝʨʦʜʥʦʛʦ ʧʫʣʘ, ʧʨʠʯʝʤ ʧʦʩʣʝʜʥʠʝ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʠʥʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ 

ʦʙʱʠʡ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʘʚʪʦʤʦʨʬʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʧʦʯʚʘʭ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʛʠʜʨʦʤʦʨʬʥʳʤʠ ʦʨʛʘʥʦʛʝʥʥʳʤʠ ʘʥʘʣʦʛʘʤʠ. 

ʇʦʯʚʦʦʙʨʘʟʫʶʱʝʡ ʧʦʨʦʜʦʡ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʩʣʫʞʘʪ ʢʘʤʦʚʳʝ ʦʪʣʦʞʝʥʠʷ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʤʠ ʧʝʩʢʘʤʠ ʩ ʚʢʣʶʯʝʥʠʝʤ ʩʫʧʝʩʯʘʥʦʛʦ ʠ 

ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɺ ʢʘʯʝʩʪʚʝ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʭ ʦʙʲʝʢʪʦʚ ʜʣʷ ʘʥʘʣʠʟʘ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʧʨʦʬʠʣʠ ʧʦʜʙʫʨʦʚ ʠʣʣʶʚʠʘʣʴʥʦ-ʞʝʣʝʟʠʩʪʳʭ 

ʠ ʘʛʨʦʟʸʤʦʚ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʝʩʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʵʣʝʤʝʥʪʘʭ ʣʘʥʜʰʘʬʪʘ (ʈʠʩʫʥʦʢ 13). 

 

ɸ 
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ʈʠʩʫʥʦʢ 13 ï ʇʨʦʬʠʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ (%) ʧʦ 

ʛʝʥʝʪʠʯʝʩʢʠʤ ʛʦʨʠʟʦʥʪʘʤ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʠʟ ʨʘʟʨʝʟʦʚ. ɸ ï CP1, ɹ ï CP9, ɺ ï CP14. ʇʩʚ  -

ʧʝʩʦʢ ʩʚʷʟʘʥʥʳʡ, ʉ ï ʩʫʧʝʩʴ, ʉʣ ï ʩʫʛʣʠʥʦʢ ʣʝʛʢʠʡ 

 

ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʙʦʣʴʰʠʥʩʪʚʘ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʯʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʜʦʤʠʥʠʨʦʚʘʥʠʝʤ ʬʨʘʢʮʠʠ ʢʨʫʧʥʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʧʝʩʢʘ (0.25-0.05 ʤʤ), ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʨʝʟʫʣʴʪʘʪʦʤ ʣʠʪʦʣʦʛʠʯʝʩʢʦʡ ʫʥʘʩʣʝʜʦʚʘʥʥʦʩʪʠ ʦʪ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜ. ʆʜʥʘʢʦ ʚ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʯʘʩʪʠʮ ʧʦ ʧʨʦʬʠʣʶ ʚʳʷʚʣʝʥʳ ʛʝʥʝʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. 

ʅʘ ʚʝʨʰʠʥʝ ʂʦʣʪʫʰʩʢʦʡ ʚʦʟʚʳʰʝʥʥʦʩʪʠ ʫʩʪʘʥʦʚʣʝʥʦ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʧʳʣʝʚʘʪʦʡ ʬʨʘʢʮʠʠ (0.05-0.01 ʤʤ), ʯʪʦ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʢʘʢ ʠʥʜʠʢʘʪʦʨ 

ʠʥʪʝʥʩʠʚʥʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʚʳʚʝʪʨʠʚʘʥʠʷ ʧʝʨʚʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʫʩʣʦʚʠʷʭ 

ʭʦʨʦʰʝʛʦ ʜʨʝʥʘʞʘ. 

ɺ ʧʦʯʚʘʭ ʥʘ ʩʢʣʦʥʘʭ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʘʢʢʫʤʫʣʷʮʠʷ ʬʨʘʢʮʠʠ ʢʨʫʧʥʦʡ ʧʳʣʠ (0.05-0.01 

ʤʤ) ʚ ʠʣʣʶʚʠʘʣʴʥʦʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ. ɼʘʥʥʳʡ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʧʨʠʟʥʘʢ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʩʦʧʨʷʞʝʥʥʦʤ ʧʨʦʪʝʢʘʥʠʠ ʜʚʫʭ ʧʨʦʮʝʩʩʦʚ: ʧʨʦʜʦʣʞʘʶʱʝʛʦʩʷ ʚʳʚʝʪʨʠʚʘʥʠʷ ʤʠʥʝʨʘʣʴʥʦʡ 

ʤʘʩʩʳ ʠ ʠʣʣʶʚʠʘʣʴʥʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ ʩ ʤʠʛʨʘʮʠʝʡ 

ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʚʥʠʟ ʧʦ ʧʨʦʬʠʣʶ. ʋʢʘʟʘʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʘʢʪʠʚʥʫʶ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʤʠʥʝʨʘʣʴʥʦʡ ʤʘʪʨʠʮʳ ʧʦʯʚ ʠ ʨʘʟʚʠʪʳʝ ʧʨʦʮʝʩʩʳ 
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ʚʥʫʪʨʠʧʨʦʬʠʣʴʥʦʡ ʤʠʛʨʘʮʠʠ ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʤʳʚʥʦʛʦ ʪʠʧʘ 

ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ. 

2.6 ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʣʣʦʚ ʠ ʦʢʩʠʜʦʚ ʚ ʚʝʨʭʥʝʤ ʩʣʦʝ ʧʦʯʚ 

ʢʘʨʙʦʥʦʚʦʛʦ ʧʦʣʠʛʦʥʘ çʃʘʜʦʛʘè 

2.6.1 ʆʩʦʙʝʥʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ 

ʩʦʜʝʨʞʘʥʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʧʦʯʚʝ 

ʄʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ (ML) ʧʦʚʩʝʤʝʩʪʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʤʦʱʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʨʝʤʝʥʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʠʭ 

ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ, ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʴ ʵʪʠʭ ʤʦʜʝʣʝʡ ʦʩʪʘʝʪʩʷ ʩʝʨʴʝʟʥʦʡ ʧʨʦʙʣʝʤʦʡ 

[89]. ʇʦʥʠʤʘʥʠʝ ʪʦʛʦ, ʢʘʢ ʤʦʜʝʣʴ ʩʪʨʦʠʪ ʩʚʦʠ ʧʨʦʛʥʦʟʳ, ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʜʦʚʝʨʠʷ ʢ ʝʝ ʨʝʟʫʣʴʪʘʪʘʤ, ʦʩʦʙʝʥʥʦ ʚ ʤʦʥʠʪʦʨʠʥʛʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ [90-

91].  

ʇʦʪʝʥʮʠʘʣʴʥʦ ʪʦʢʩʠʯʥʳʝ ɻ ʣʝʤʝʥʪʳ (ʇʊʕ) ʠ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ (ʊʄ) - ɻ ʪʦ ʧʨʠʨʦʜʥʳʝ 

ʵʣʝʤʝʥʪʳ ʩ ʚʳʩʦʢʦʡ ʘʪʦʤʥʦʡ ʤʘʩʩʦʡ, ʢʦʪʦʨʳʝ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʟʜʦʨʦʚʴʝ ʧʦʯʚʳ ʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʵʢʦʩʠʩʪʝʤʳ. ʍʦʪʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʊʄ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʦʯʚʳ, ʧʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʝʨʴʝʟʥʫʶ 

ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɿʘʛʨʷʟʥʝʥʠʝ ʧʦʯʚʳ ʚʳʟʚʘʥʦ 

ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ, ʚʢʣʶʯʘʷ ʧʨʦʤʳʰʣʝʥʥʳʝ ʧʨʦʮʝʩʩʳ [92], 

ʜʦʙʳʯʫ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ [93], ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ [94] ʠʣʠ ʫʪʠʣʠʟʘʮʠʷ ʦʪʭʦʜʦʚ [95]. 

ʅʘʢʦʧʣʝʥʠʝ ʤʝʪʘʣʣʦʚ ʚ ʧʦʯʚʝ ʤʦʞʝʪ ʥʘʨʫʰʠʪʴ ʨʦʩʪ ʨʘʩʪʝʥʠʡ, ʟʘʛʨʷʟʥʠʪʴ ʧʠʱʝʚʳʝ ʮʝʧʦʯʢʠ 

ʠ ʧʦʩʪʘʚʠʪʴ ʧʦʜ ʫʛʨʦʟʫ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʦʯʥʘʷ ʦʮʝʥʢʘ, ʢʘʨʪʠʨʦʚʘʥʠʝ ʠ 

ʤʦʥʠʪʦʨʠʥʛ ʫʨʦʚʥʝʡ ʇʊʕ ʠ ʊʄ ʚ ʧʦʯʚʝ ʠʤʝʶʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʩʥʠʞʝʥʠʷ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʨʠʩʢʦʚ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʟʝʤʝʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ. 

ʀʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʴ ʤʦʜʝʣʝʡ ML ʦʩʦʙʝʥʥʦ ʚʘʞʥʘ ʧʨʠ ʨʝʰʝʥʠʠ ʩʣʦʞʥʦʡ ʧʨʦʙʣʝʤʳ 

ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚ. ʇʦʥʠʤʘʥʠʝ ʪʦʛʦ, ʢʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʦʯʚʳ ʠ ʬʘʢʪʦʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

ʦʢʘʟʳʚʘʶʪ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʤʝʪʘʣʣʦʚ, ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʫʩʧʝʰʥʳʭ ʩʪʨʘʪʝʛʠʡ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʚʳʷʚʣʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ ʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʦʨʠʪʝʪʥʦʩʪʠ ʨʝʛʠʦʥʦʚ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ [96-97]. ɼʘʥʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʦ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʠʟʫʯʝʥʠʝ ʦʜʠʥʥʘʜʮʘʪʠ ʤʝʪʘʣʣʦʚ ʠ ʠʭ ʦʢʩʠʜʦʚ ʩ ʧʦʤʦʱʴʶ 

ʢʦʤʧʣʝʢʩʥʦʡ ʩʠʩʪʝʤʳ ML. ʂʦʥʢʨʝʪʥʳʤʠ ʮʝʣʷʤʠ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ (1) ʦʮʝʥʢʘ 

ʚʟʘʠʤʦʩʚʷʟʝʡ ʩʦʜʝʨʞʘʥʠʷ ʊʄ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʯʚʳ, ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʠ 

ʪʠʧʘʤʠ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ, (2) ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʊʄ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʣʛʦʨʠʪʤʦʚ ML ʠ (3) ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʤʦʜʝʣʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʜʭʦʜʘ SHapley Additive 

exPlanations (SHAP). ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʤʦʛʘʶʪ ʨʘʟʦʙʨʘʪʴʩʷ ʚ ʩʣʦʞʥʦʤ 



68 
 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʦʚ ʠ ʠʭ ʦʢʩʠʜʦʚ ʚ ʧʦʯʚʘʭ. 

ʇʦʥʠʤʘʷ ʵʪʠ ʩʣʦʞʥʳʝ ʚʟʘʠʤʦʩʚʷʟʠ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʮʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʠʯʠʥʘʭ 

ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʩʪʨʘʪʝʛʠʠ ʤʦʥʠʪʦʨʠʥʛʘ ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʊʄ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʜʠʢʪʦʨʦʚ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ: ʨʘʟʣʠʯʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʧʦʯʚ, ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʨʘʟʥʦʩʪʥʳʡ ʠʥʜʝʢʩ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ (NDVI), ʚ ʢʘʯʝʩʪʚʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʦʡ ʩʦ ʩʧʫʪʥʠʢʦʚʦʡ ʩʲʝʤʢʠ Sentinel-2, 

ʧʦʣʫʯʝʥʥʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʨʦʚʝʥʴ NDVI ʟʘʪʝʤ ʙʳʣ ʠʥʪʝʛʨʠʨʦʚʘʥ ʩ ʜʨʫʛʠʤʠ ʧʨʝʜʠʢʪʦʨʘʤʠ 

ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʤʝʪʦʜ ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚ (SVM) ʩ ʨʘʜʠʘʣʴʥʦʡ ʙʘʟʠʩʥʦʡ ʬʫʥʢʮʠʝʡ, 

ʜʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʦʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʝʥ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʥʝʣʠʥʝʡʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠ 

ʩʣʦʞʥʳʭ ʰʘʙʣʦʥʦʚ ʚ ʜʘʥʥʳʭ, ʤʝʪʦʜ Cubist, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʬʠʢʩʠʨʦʚʘʪʴ ʢʘʢ 

ʜʠʩʢʨʝʪʥʳʝ ʧʦʨʦʛʦʚʳʝ ʟʥʘʯʝʥʠʷ (ʩ ʧʦʤʦʱʴʶ ʧʨʘʚʠʣ), ʪʘʢ ʠ ʥʝʧʨʝʨʳʚʥʳʝ ʚʟʘʠʤʦʩʚʷʟʠ (ʩ 

ʧʦʤʦʱʴʶ ʣʠʥʝʡʥʳʭ ʤʦʜʝʣʝʡ), K-Nearest Neighbors (KNN) ʵʪʦ ʘʣʛʦʨʠʪʤ ʦʙʫʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʧʨʠʤʝʨʦʚ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʢʘʟʳʚʘʝʪ ʟʥʘʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʠʟ k ʥʘʠʙʦʣʝʝ 

ʧʦʭʦʞʠʭ ʦʙʫʯʘʶʱʠʭ ʧʨʠʤʝʨʦʚ. ɺ ʧʨʦʮʝʩʩʝ ML ʠʩʧʦʣʴʟʦʚʘʣʩ ̫ ʤʝʪʦʜ ʨʝʢʫʨʩʠʚʥʦʛʦ 

ʠʩʢʣʶʯʝʥʠʷ ʧʨʠʟʥʘʢʦʚ (RFE), ʯʪʦʙʳ ʫʧʨʦʩʪʠʪʴ ʤʦʜʝʣʴ, ʧʦʚʳʩʠʪʴ ʝʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ, 

ʚʦʟʤʦʞʥʦ, ʧʦʚʳʩʠʪʴ ʝʝ ʪʦʯʥʦʩʪʴ, ʩʦʩʨʝʜʦʪʦʯʠʚʰʠʩʴ ʥʘ ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʭ 

ʧʨʠʟʥʘʢʘʭ [98]. ʄʝʪʦʜ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ ʨʝʣʝʚʘʥʪʥʳʭ ʧʨʝʜʠʢʪʦʨʦʚ ʜʣʷ 

ML-ʤʦʜʝʣʠ ʧʫʪʝʤ ʠʪʝʨʘʪʠʚʥʦʛʦ ʫʜʘʣʝʥʠʷ ʬʫʥʢʮʠʡ, ʢʦʪʦʨʳʝ ʚ ʥʘʠʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʚʣʠʷʶʪ 

ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʦʜʝʣʠ. ʇʦʩʣʝ ʵʪʦʛʦ ʦʮʝʥʠʚʘʣʘʩʴ ʚʘʞʥʦʩʪʴ ʧʨʝʜʠʢʪʦʨʦʚ, 

ʚʳʙʨʘʥʥʳʭ ʧʦʩʣʝ RFE, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʧʝʨʝʩʪʘʥʦʚʦʢ. ɺʘʞʥʦʩʪʴ ʧʝʨʝʩʪʘʥʦʚʦʢ ʚ ML-

ʤʦʜʝʣʠ ʦʮʝʥʠʚʘʝʪ ʧʨʠʟʥʘʢʠ ʧʫʪʝʤ ʩʣʫʯʘʡʥʦʛʦ ʧʝʨʝʪʘʩʦʚʳʚʘʥʠʷ ʝʛʦ ʟʥʘʯʝʥʠʡ ʠ ʥʘʙʣʶʜʝʥʠʷ 

ʟʘ ʪʝʤ, ʥʘʩʢʦʣʴʢʦ ʩʥʠʞʘʝʪʩʷ ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ [99]. ʊʘʢʞʝ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ 

SHAP, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʪʝʦʨʠʠ ʠʛʨ, ʦʥ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʩʥʦʚʫ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʐʝʧʣʠ 

ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʚʢʣʘʜʘ ʢʘʞʜʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʧʨʝʜʠʢʪʦʨʘ) ʚ ʧʨʦʛʥʦʟ ML-ʤʦʜʝʣʠ. ʕʪʦʪ 

ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ ʩʨʝʜʥʠʡ ʧʨʝʜʝʣʴʥʳʡ ʚʢʣʘʜ ʧʨʠʟʥʘʢʘ, 

ʨʘʩʩʤʘʪʨʠʚʘʷ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʢʦʤʙʠʥʘʮʠʠ ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʠʣʠ ʦʪʩʫʪʩʪʚʫʶʱʠʭ ʧʨʠʟʥʘʢʦʚ. 

ɿʥʘʯʝʥʠʷ ʐʝʧʣʠ ʧʦʟʚʦʣʷʶʪ ʧʦʥʷʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ ʚʣʠʷʥʠʝ ʢʘʞʜʦʡ ʧʝʨʝʤʝʥʥʦʡ ʥʘ 

ʚʳʭʦʜʥʳʝ ʜʘʥʥʳʝ ʤʦʜʝʣʠ. 

2.6.2 ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʊʄ ʠ ʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ ʚ ʧʦʯʚʝ 

ʉʚʦʜʥʘʷ ʩʪʘʪʠʩʪʠʢʘ ʧʦ ʠʟʫʯʝʥʥʳʤ ʵʣʝʤʝʥʪʘʤ ʠ ʧʘʨʘʤʝʪʨʘʤ ʧʦʯʚʳ ʚʳʷʚʠʣʘ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʧʦ ʙʦʣʴʰʠʥʩʪʚʫ ʠʟ ʥʠʭ (ʊʘʙʣʠʮʘ 7). ʅʘʠʙʦʣʴʰʠʝ ʨʘʟʣʠʯʠʷ ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʇʆɺ (102%), ʢʦʪʦʨʦʝ ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʦʪ 1,36 ʜʦ 48,6%. ʉʨʝʜʠ 

ʤʝʪʘʣʣʦʚ ʠ ʠʭ ʦʢʩʠʜʦʚ ʥʘʙʣʶʜʘʣʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʘʟʙʨʦʩ ʧʦ Fe2O3 (75,1%), Co (71,6%) ʠ 

MnO (71%).  
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ʊʘʙʣʠʮʘ 7. ʇʘʨʘʤʝʪʨʳ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʊʄ ʠ ʦʢʩʠʜʦʚ 

ʤʝʪʘʣʣʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʢʘʨʙʦʥʦʚʦʛʦ ʧʦʣʠʛʦʥʘ 

ʇʘʨʘʤʝʪʨ ʈʘʟʤʝʨʥʦʩʪʴ ʄʠʥʠʤʫʤ ʄʘʢʩʠʤʫʤ ʉʨʝʜʥʝʝ ʄʝʜʠʘʥʘ ʉʂʆ 
ʂɺ, 

% 

ʨʅ ʚʦʜ - 3,9 5,8 4,81 4,8 0,4 7,8 

ʨʅ ʩʦʣ - 3 5,5 4,09 4,05 0,4 9,8 

ʇʆɺ % 1,36 48,6 18,2 5,09 18,6 102 

ɿʘʧʘʩʳ 

ʇʆɺ 
ʢʛ/ʤ2 1,68 10,9 4,66 4,59 2,2 47,7 

ʇʣʦʪʥʦʩʪʴ ʛ/ʩʤ3 0,13 1,38 0,748 0,96 0,5 67,7 

Sr ʤʛ/ʢʛ 43 227 152 169 51,6 33,9 

Pb ʤʛ/ʢʛ 2 149 40,9 33 27,3 66,8 

As ʤʛ/ʢʛ 5 33 12,5 10 6,7 53,4 

Zn ʤʛ/ʢʛ 8 322 66,9 55,5 46,4 69,4 

Ni ʤʛ/ʢʛ 4 46 14,6 13,5 6,4 43,7 

Co ʤʛ/ʢʛ 2 34 10,7 8 7,7 71,6 

Fe2O3 % 1,23 15,1 3,95 2,84 3,0 75,1 

MnO ʤʛ/ʢʛ 327 4778 1281 997 910 71 

Cr ʤʛ/ʢʛ 37 75 55,6 54 8,5 15,2 

V ʤʛ/ʢʛ 2 77 38,4 39,5 18,9 49,2 

TiO2 % 0,08 0,656 0,354 0,384 0,2 48,3 

 

ɹʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʉʧʠʨʤʝʥʘ ʤʝʞʜʫ ʚʩʝʤʠ ʠʟʫʯʘʝʤʳʤʠ 

ʧʝʨʝʤʝʥʥʳʤʠ, ʚʢʣʶʯʘʷ ʊʄ ʠ ʦʢʩʠʜʳ ʤʝʪʘʣʣʦʚ ʠ ʧʘʨʘʤʝʪʨʳ ʧʦʯʚ. ʅʘʠʙʦʣʝʝ ʩʠʣʴʥʳʝ 

ʚʟʘʠʤʦʩʚʷʟʠ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʤʝʞʜʫ V ʠ TiO2 (r = 0,95), Co ʠ Fe2O3 (r = 0,88), ʘ ʪʘʢʞʝ 

ʤʝʞʜʫ Pb ʠ As (r = 0,84). ʉʨʝʜʠ ʧʘʨʘʤʝʪʨʦʚ ʧʦʯʚʳ, ʧʦʢʘʟʘʪʝʣʴ ʧʣʦʪʥʦʩʪʠ ʠʤʝʣ ʩʠʣʴʥʫʶ 

ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʢʦʨʨʝʣʷʮʠʶ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʇʆɺ (r = -0,96), ʠ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʢʦʨʨʝʣʷʮʠʶ 

ʩ TiO2 (r = 0,69), Sr (r = 0,68) ʠ V (r = 0,62). ʇʆɺ ʠʤʝʣʦ ʢʦʨʨʝʣʷʮʠʶ ʩ Sr (r = -0,73), TiO2 (r 

= -0,69) ʠ Co (r = 0,62). 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʯʝʪʳʨʝʭ ʤʝʪʦʜʦʚ ML ʧʦʢʘʟʘʣ, ʯʪʦ ʩʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʚʘʣʠʜʘʮʠʠ ʧʦʩʣʝ 50 ʧʦʚʪʦʨʝʥʠʡ, ʢʦʵʬʬʠʮʠʝʥʪʳ R2 ʠ MEC ʚʘʨʴʠʨʦʚʘʣʠ ʦʪ 0,07 ʜʦ 0,95 ʠ ʦʪ 

-0,58 ʜʦ 0,93 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʝʣʝʚʦʡ ʧʝʨʝʤʝʥʥʦʡ ʠ ʘʣʛʦʨʠʪʤʘ ML. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʤʦʜʝʣʠ ʥʝʠʟʤʝʥʥʦ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʧʨʝʚʦʩʭʦʜʥʳʝ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʝ 
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ʚʦʟʤʦʞʥʦʩʪʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ KNN ʚ ʮʝʣʦʤ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʥʠʟʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦ 

ʙʦʣʴʰʠʥʩʪʚʫ ʵʣʝʤʝʥʪʦʚ. ɼʣʷ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʢʘʢ As, Co, Cr, Fe2O3, Sr, V ʠ TiO2, RF ʠ 

Cubist ʧʦʢʘʟʘʣʠ ʦʪʣʠʯʥʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʠ ʟʥʘʯʝʥʠʷʭ R2, ʧʨʝʚʳʰʘʶʱʠʭ 0,70. SVM 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʧʨʦʤʝʞʫʪʦʯʥʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʟʘʥʷʚ ʪʨʝʪʴʝ ʤʝʩʪʦ ʧʦʩʣʝ RF ʠ 

Cubist, ʥʦ ʦʧʝʨʝʜʠʚ KNN. ʆʜʥʘʢʦ ʚʩʝ ʤʝʪʦʜʳ ʠʩʧʳʪʳʚʘʣʠ ʪʨʫʜʥʦʩʪʠ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʊʄ, 

ʚ ʯʘʩʪʥʦʩʪʠ ʩ Zn, ʛʜʝ ʥʠ ʦʜʠʥ ʤʝʪʦʜ ʥʝ ʜʦʩʪʠʛʘʣ ʟʥʘʯʝʥʠʷ R2 ʚʳʰʝ 0,17.  

ɼʘʣʝʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʤʦʜʝʣʝʡ RF ʜʣʷ ɻ ʣʝʤʝʥʪʦʚ ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ R2 

> 0,75 (ʪ.ʝ. As, Co, Fe2O3, Sr, TiO2 ʠ V), ʧʨʝʜʧʦʣʘʛʘʷ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ.  

 

ʄʳʰʴʷʢ 

ʅʘ ʨʠʩʫʥʢʝ 14 ʧʦʢʘʟʘʥʘ ʚʝʣʠʯʠʥʘ ʚʢʣʘʜʘ ʧʝʨʝʤʝʥʥʳʭ ʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

As ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ SHAP. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʘʥʘʣʠʟʦʤ 

ʧʝʨʝʩʪʘʥʦʚʦʢ, ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʙʳʣ Pb, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦʨʷʜʦʢ 

ʚʘʞʥʦʩʪʠ ʜʨʫʛʠʭ ʧʝʨʝʤʝʥʥʳʭ ʠʟʤʝʥʠʣʩʷ. ʊʘʢʞʝ ʧʦʢʘʟʘʥʘ ʪʝʥʜʝʥʮʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʠʣʠ 

ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʚʢʣʘʜʘ ʢʘʞʜʦʛʦ ʧʨʝʜʠʢʪʦʨʘ (ʮʚʝʪʥʳʝ ʪʦʯʢʠ). ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ Pb ʚʥʦʩʠʣ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʧʨʦʛʥʦʟʳ As, ʝʛʦ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʧʨʠʚʦʜʠʣʠ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʫʨʦʚʥʝʡ As (ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʚʢʣʘʜ), ʠ ʥʘʦʙʦʨʦʪ. ʅʘʧʨʠʤʝʨ, ʩʦʜʝʨʞʘʥʠʝ ʇʆɺ ʚʥʝʩʣʦ 

ʩʨʝʜʥʠʡ ʚʢʣʘʜ ʚ ʤʦʜʝʣʴ, ʥʦ ʝʛʦ ʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦ ʧʦʚʣʠʷʣʠ ʥʘ ʨʝʟʫʣʴʪʘʪʳ 

ʤʦʜʝʣʠ. 
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ʈʠʩʫʥʦʢ 14 ï ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʤʳʰʴʷʢʘ (As) ʥʘ ʦʩʥʦʚʝ 

ʟʥʘʯʝʥʠʡ SHAP (ʚʚʝʨʭʫ), ʛʜʝ ʩʠʥʠʝ ʩʪʦʣʙʯʘʪʳʝ ʜʠʘʛʨʘʤʤʳ ʧʦʢʘʟʳʚʘʶʪ ʩʨʝʜʥʠʝ 

ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ SHAP ʜʣʷ ʢʘʞʜʦʛʦ ʧʨʠʟʥʘʢʘ ʚ ʦʙʫʯʘʶʱʝʤ ʥʘʙʦʨʝ ʜʘʥʥʳʭ, ʮʚʝʪʥʳʝ 

ʪʦʯʢʠ - ʵʪʦ ʟʥʘʯʝʥʠʷ SHAP ʚ ʦʙʫʯʘʶʱʝʤ ʥʘʙʦʨʝ ʜʘʥʥʳʭ ʜʣʷ ʢʘʞʜʦʡ ʦʪʜʝʣʴʥʦʡ ʪʦʯʢʠ 

(beeswarm). ʎʚʝʪ (ʦʨʘʥʞʝʚʦ-ʬʠʦʣʝʪʦʚʳʡ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʝʥʠʝ ʧʨʝʜʠʢʪʦʨʘ ʦʪ ʥʠʟʢʦʛʦ 

ʜʦ ʚr ʩʦʢʦʛʦ. ʅʠʞʥʠʝ ʟʝʣʝʥʳʝ ʛʨʘʬʠʢʠ ʧʦʢʘʟʳʚʘʶʪ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ 

ʧʝʨʝʤʝʥʥʳʭ. ʆʩʴ ʍ ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʝʥʠʝ ʧʨʠʟʥʘʢʘ, ʘ ʦʩʴ ʋ ʧʦʢʘʟʳʚʘʝʪ ʟʥʘʯʝʥʠʝ SHAP, 

ʩʚʷʟʘʥʥʦʝ ʩ ʵʪʦʡ ʢʦʥʢʨʝʪʥʦʡ ʢʦʚʘʨʠʘʮʠʝʡ. 

 

ɻʨʘʬʠʢʠ ʦʪʜʝʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʦʢʘʟʳʚʘʶʪ, ʢʘʢ ʦʜʠʥ ʧʨʝʜʠʢʪʦʨ ʚʣʠʷʝʪ ʥʘ 

ʧʨʝʜʩʢʘʟʘʥʠʷ ʮʝʣʝʚʦʡ ʧʝʨʝʤʝʥʥʦʡ. ɿʜʝʩʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʜʣʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ 

ʧʝʨʝʤʝʥʥʳʭ, ʧʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʦʥʠ ʠʤʝʶʪ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʳʝ ʠ ʥʘʜʝʞʥʳʝ ʩʚʷʟʠ ʩ ɻ ʣʝʤʝʥʪʦʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ, ʢʦʥʮʝʥʪʨʘʮʠʠ Pb ʜʦ å 40-50 ʤʛ/ʢʛ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʚʢʣʘʜ, ʪʦʛʜʘ ʢʘʢ ʧʦʩʣʝ ʵʪʦʛʦ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ʚʢʣʘʜ ʩʪʘʥʦʚʠʣʩʷ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤ. ʇʨʦʪʠʚʦʧʦʣʦʞʥʘʷ ʢʘʨʪʠʥʘ ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʜʣʷ ʩʦʜʝʨʞʘʥʠʷ Sr, 
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ʛʜʝ ʝʛʦ ʟʥʘʯʝʥʠʷ ʚʳʰʝ å 160 ʤʛ/ʢʛ ʠʤʝʣʠ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʢʦʨʨʝʣʷʮʠʶ ʩ As. ʉʦʜʝʨʞʘʥʠʝ Ni 

ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʠʥʝʡʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʫʨʦʚʥʝʡ As, ʪ.ʝ. ʢʦʛʜʘ 

ʢʦʥʮʝʥʪʨʘʮʠʠ Ni ʧʨʝʚʳʰʘʣʠ å 18-20 ʤʛ/ʢʛ, ʟʥʘʯʝʥʠʷ SHAP ʙʳʣʠ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ. 

ɸʥʘʣʦʛʠʯʥʘʷ ʪʝʥʜʝʥʮʠʷ ʥʘʙʣʶʜʘʣʘʩʴ ʜʣʷ Cr, ʛʜʝ ʝʛʦ ʟʥʘʯʝʥʠʷ ʚʳʰʝ 60 ʤʛ/ʢʛ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʧʦʚʣʠʷʣʠ ʥʘ ʧʨʦʛʥʦʟ As. Fe2O3 ʠ TiO2 ʠʤʝʣʠ ʦʪʯʝʪʣʠʚʫʶ ʪʝʥʜʝʥʮʠʶ, ʢʦʛʜʘ ʠʭ ʟʥʘʯʝʥʠʷ 

ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʦʪ å 3,8 ʜʦ 12 ʤʛ/ʢʛ ʠ ʦʪ å 0,1 ʜʦ 0,3 ʤʛ/ʢʛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ As, ʪ.ʝ. ʢ ʧʦʣʦʞʠʪʝʣʴʥʦʤʫ ʚʢʣʘʜʫ. ʉʨʝʜʠ 

ʪʠʧʦʚ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ ʟʘʙʨʦʰʝʥʥʳʝ ʠ ʥʝʪʨʦʥʫʪʳʝ ʧʦʯʚʳ ʠʤʝʣʠ ʧʦʣʦʞʠʪʝʣʴʥʫʶ 

ʢʦʨʨʝʣʷʮʠʶ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʟʘʙʦʣʦʯʝʥʥʳʝ ï ʦʪʨʠʮʘʪʝʣʴʥʫʶ. 

 

ʂʦʙʘʣʴʪ 

ʉʦʜʝʨʞʘʥʠʝ ʢʦʙʘʣʴʪʘ ʠʤʝʣʦ ʩʠʣʴʥʫʶ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʩʚʷʟʴ ʩ ʩʦʜʝʨʞʘʥʠʝʤ Sr ʠ 

ʧʦʣʦʞʠʪʝʣʴʥʫʶ - ʩ ʩʦʜʝʨʞʘʥʠʝʤ Fe2O3. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ Fe2O3 ʦʢʘʟʘʣʠ 

ʩʠʣʴʥʦʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʛʥʦʟ ʟʥʘʯʝʥʠʡ Co, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʳʩʦʢʠʝ ʫʨʦʚʥʠ Sr 

(ʘ ʪʘʢʞʝ TiO2) ʧʨʠʚʝʣʠ ʢ ʦʪʨʠʮʘʪʝʣʴʥʦʤʫ ʚʢʣʘʜʫ (ʈʠʩʫʥʦʢ 15). ɸʥʘʣʠʟ ʚʳʷʚʠʣ ʰʠʨʦʢʠʡ 

ʩʧʝʢʪʨ ʟʥʘʯʝʥʠʡ SHAP ʜʣʷ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ.  
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ʈʠʩʫʥʦʢ 15 ï ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʢʦʙʘʣʴʪʘ ʥʘ ʦʩʥʦʚʝ ʟʥʘʯʝʥʠʡ SHAP 

(ʚʚʝʨʭʫ), ʛʜʝ ʩʠʥʠʝ ʩʪʦʣʙʯʘʪʳʝ ʜʠʘʛʨʘʤʤʳ ʧʦʢʘʟʳʚʘʶʪ ʩʨʝʜʥʠʝ ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ 

SHAP ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʲʝʢʪʘ ʚ ʦʙʫʯʘʶʱʝʤ ʥʘʙʦʨʝ ʜʘʥʥʳʭ, ʮʚʝʪʥʳʝ ʪʦʯʢʠ - ʵʪʦ ʟʥʘʯʝʥʠʷ 

SHAP ʚ ʦʙʫʯʘʶʱʝʤ ʥʘʙʦʨʝ ʜʘʥʥʳʭ ʜʣʷ ʢʘʞʜʦʡ ʦʪʜʝʣʴʥʦʡ ʪʦʯʢʠ (beeswarm). ʎʚʝʪ 

(ʦʨʘʥʞʝʚʦ-ʬʠʦʣʝʪʦʚʳʡ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʝʥʠʝ ʧʨʝʜʠʢʪʦʨʘ ʦʪ ʥʠʟʢʦʛʦ ʜʦ ʚʳʩʦʢʦʛʦ. 

ʅʠʞʥʠʝ ʟʝʣʝʥʳʝ ʛʨʘʬʠʢʠ ʧʦʢʘʟʳʚʘʶʪ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʧʝʨʝʤʝʥʥʳʭ. 

ʆʩʴ ʍ ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʝʥʠʝ ʧʨʠʟʥʘʢʘ, ʘ ʦʩʴ ʋ ʧʦʢʘʟʳʚʘʝʪ ʟʥʘʯʝʥʠʝ SHAP, ʩʚʷʟʘʥʥʦʝ ʩ 

ʵʪʦʡ ʢʦʥʢʨʝʪʥʦʡ ʢʦʚʘʨʠʘʮʠʝʡ 

 

ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʢʘʟʘʣʠ ʣʠʥʝʡʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʷ Fe2O3, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ 

ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʩʫʪʩʪʚʦʚʘʣʘ. ʅʘʧʨʠʤʝʨ, ʜʣʷ V ʠ TiO2 ʣʠʥʠʠ 

ʨʝʟʢʦ ʩʥʠʞʘʶʪʩʷ ʜʦ ʟʥʘʯʝʥʠʡ 18 ʠ 0,2 ʤʛ/ʢʛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʟʘʪʝʤ ʦʩʪʘʶʪʩʷ ʥʘ ʫʨʦʚʥʝ 

ʧʣʘʪʦ. ɿʜʝʩʴ ʤ  r ʚʠʜʠʤ ʚʣʠʷʥʠʝ ʩʚʦʡʩʪʚ ʧʦʯʚʳ: ʩʦʜʝʨʞʘʥʠʝ ʢʦʙʘʣʴʪʘ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ 

ʟʥʘʯʝʥʠʷʭ ʇʆɺ å 36-37%, ʘ ʧʣʦʪʥʦʩʪʴ - ʧʨʠ 0,2 ʛ/ʩʤ3. ʊʦ ʝʩʪʴ ʧʦʯʚʳ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʇʆɺ ʠ ʤʝʥʴʰʝʡ ʧʣʦʪʥʦʩʪʴʶ ʧʨʠʚʦʜʷʪ ʢ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 
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ʢʦʥʮʝʥʪʨʘʮʠʡ ʢʦʙʘʣʴʪʘ. ʕʪʦ ʪʘʢʞʝ ʦʙʲʷʩʥʷʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʪʦʨʬʷʥʳʭ ʧʦʯʚ, 

ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʇʆɺ ʠ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʴʶ. 

 

ʆʢʩʠʜ ʞʝʣʝʟʘ (III ) (Fe2O3) 

ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ Fe2O3 ʙʳʣʠ Co, Sr ʠ TiO2 

(ʈʠʩʫʥʦʢ 16). ʉʨʝʜʠ ʥʠʭ ʚʳʩʦʢʠʝ ʫʨʦʚʥʠ Co ʧʦʢʘʟʘʣʠ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʧʨʦʛʥʦʟ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ Sr ʠ TiO2 ï ʦʪʨʠʮʘʪʝʣʴʥʳʡ. Cr ʠ ʇʆɺ ʚʥʝʩʣʠ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʚʢʣʘʜ, ʪ.ʝ. ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʠʭ ʟʥʘʯʝʥʠʡ ʤʦʜʝʣʴ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʜʩʢʘʟʳʚʘʣʘ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʫʨʦʚʥʠ ʞʝʣʝʟʘ. 

ʕʪʦ ʥʘʛʣʷʜʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʥʘ ʛʨʘʬʠʢʘʭ ʯʘʩʪʠʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ, ʛʜʝ ʟʥʘʯʝʥʠʷ Sr ʜʦ 

å 100-110 ʤʛ/ʢʛ ʠʤʝʣʠ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʚʢʣʘʜ, ʪʦʛʜʘ ʢʘʢ ʦʪ 150 ʤʛ/ʢʛ ʠ ʚʳʰʝ ʥʘʙʣʶʜʘʣʩʷ 

ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʚʢʣʘʜ. ɿʥʘʯʝʥʠ ̫SHAP ʜʣʷ ʵʣʝʤʝʥʪʦʚ Co, Cr ʠ MnO ʙʳʣʠ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ 

ʧʦʩʣʝ ʠʭ ʟʥʘʯʝʥʠʡ ʥʘ ʫʨʦʚʥʝ 20, 60 ʠ 1900 ʤʛ/ʢʛ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʠʧʳ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ 

ʪʘʢʞʝ ʯʝʪʢʦ ʧʦʢʘʟʘʣʠ ʩʚʦʡ ʚʢʣʘʜ ʚ ʧʨʦʛʥʦʟʳ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʞʝʣʝʟʘ. ɿʘʙʨʦʰʝʥʥʳʝ ʠ 

ʥʝʪʨʦʥʫʪʳʝ ʧʦʯʚʳ ʧʦʟʚʦʣʷʶʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʙʦʣʝʝ ʥʠʟʢʠʝ ʫʨʦʚʥʠ Fe2O3, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʪʦʨʬʷʥʠʢʠ ï ʩʘʤʳʝ ʚʳʩʦʢʠʝ. 
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ʈʠʩʫʥʦʢ 16 ï ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʢʩʠʜʘ ʞʝʣʝʘ (III)  (Fe2O3) ʥʘ ʦʩʥʦʚʝ ʟʥʘʯʝʥʠʡ 

SHAP (ʚʚʝʨʭʫ), ʛʜʝ ʩʠʥʠʝ ʩʪʦʣʙʯʘʪʳʝ ʜʠʘʛʨʘʤʤʳ ʧʦʢʘʟʳʚʘʶʪ ʩʨʝʜʥʠʝ ʘʙʩʦʣʶʪʥʳʝ 

ʟʥʘʯʝʥʠʷ SHAP ʜʣʷ ʢʘʞʜʦʛʦ ʧʨʠʟʥʘʢʘ ʚ ʦʙʫʯʘʶʱʝʤ ʥʘʙʦʨʝ ʜʘʥʥʳʭ, ʮʚʝʪʥʳʝ ʪʦʯʢʠ - ʵʪʦ 

ʟʥʘʯʝʥʠʷ SHAP ʚ ʦʙʫʯʘʶʱʝʤ ʥʘʙʦʨʝ ʜʘʥʥʳʭ ʜʣʷ ʢʘʞʜʦʡ ʦʪʜʝʣʴʥʦʡ ʪʦʯʢʠ (beeswarm). 

ʎʚʝʪ (ʦʨʘʥʞʝʚʦ-ʬʠʦʣʝʪʦʚʳʡ) ʦʪʦʙʨʘʞʘʝʪ ʟʥʘʯʝʥʠʝ ʧʨʝʜʠʢʪʦʨʘ ʦʪ ʥʠʟʢʦʛʦ ʜʦ ʚʳʩʦʢʦʛʦ. 

ʅʠʞʥʠʝ ʟʝʣʝʥʳʝ ʛʨʘʬʠʢʠ ʧʦʢʘʟʳʚʘʶʪ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʧʝʨʝʤʝʥʥʳʭ. 

ʆʩʴ ʍ ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʝʥʠʝ ʧʨʠʟʥʘʢʘ, ʘ ʦʩʴ ʋ ʧʦʢʘʟʳʚʘʝʪ ʟʥʘʯʝʥʠʝ SHAP, ʩʚʷʟʘʥʥʦʝ ʩ 

ʵʪʦʡ ʢʦʥʢʨʝʪʥʦʡ ʢʦʚʘʨʠʘʮʠʝʡ 

 

ʉʪʨʦʥʮʠʡ 

ɺ ʤʦʜʝʣʠ Sr ʥʘʠʙʦʣʴʰʠʡ ʩʨʝʜʥʠʡ ʚʢʣʘʜ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ Fe2O3, Co ʠ ʇʆɺ, ʧʨʠ 

ʵʪʦʤ ʟʥʘʯʝʥʠʷ SHAP ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʦʪ -22 ʜʦ 16 ʤʛ/ʢʛ, -24 ʠ 13 ʤʛ/ʢʛ ʠ ʦʪ -15 ʜʦ 7% 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʈʠʩʫʥʦʢ 17). ʅʘʠʙʦʣʴʰʠʝ ʫʨʦʚʥʠ ʵʪʠʭ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ 

ʧʦʢʘʟʘʣʠ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʢʦʨʨʝʣʷʮʠʶ, ʧʦʯʚʳ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ Sr ʧʦʢʘʟʘʣʠ 

ʧʦʥʠʞʝʥʥʳʝ ʫʨʦʚʥʠ Fe2O3, Co ʠ ʇʆɺ. ʉʨʝʜʠ ʜʨʫʛʠʭ ʚʘʞʥʳʭ ʩʚʦʡʩʪʚ, ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ TiO2 

ʠ ʧʣʦʪʥʦʩʪʠ ʥʝʛʘʪʠʚʥʦ ʧʦʚʣʠʷʣʠ ʥʘ ʧʨʦʛʥʦʟ. 
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ʈʠʩʫʥʦʢ 17 ï ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʪʨʦʥʮʠʷ ʥʘ ʦʩʥʦʚʝ ʟʥʘʯʝʥʠʡ SHAP (ʚʚʝʨʭʫ), 

ʛʜʝ ʩʠʥʠʝ ʩʪʦʣʙʯʘʪʳʝ ʜʠʘʛʨʘʤʤʳ ʧʦʢʘʟʳʚʘʶʪ ʩʨʝʜʥʠʝ ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ SHAP ʜʣʷ 

ʢʘʞʜʦʛʦ ʦʙʲʝʢʪʘ ʚ ʦʙʫʯʘʶʱʝʤ ʥʘʙʦʨʝ ʜʘʥʥʳʭ, ʮʚʝʪʥʳʝ ʪʦʯʢʠ - ʵʪʦ ʟʥʘʯʝʥʠʷ SHAP ʚ 

ʦʙʫʯʘʶʱʝʤ ʥʘʙʦʨʝ ʜʘʥʥʳʭ ʜʣʷ ʢʘʞʜʦʡ ʦʪʜʝʣʴʥʦʡ ʪʦʯʢʠ (beeswarm). ʎʚʝʪ (ʦʨʘʥʞʝʚʦ-

ʬʠʦʣʝʪʦʚʳʡ) ʦʪʦʙʨʘʞʘʝʪ ʟʥʘʯʝʥʠʝ ʧʨʝʜʠʢʪʦʨʘ ʦʪ ʥʠʟʢʦʛʦ ʜʦ ʚʳʩʦʢʦʛʦ. ʅʠʞʥʠʝ ʟʝʣʝʥʳʝ 

ʛʨʘʬʠʢʠ ʧʦʢʘʟʳʚʘʶʪ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʧʝʨʝʤʝʥʥʳʭ. ʆʩʴ ʍ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʟʥʘʯʝʥʠʝ ʧʨʠʟʥʘʢʘ, ʘ ʦʩʴ ʋ ʧʦʢʘʟʳʚʘʝʪ ʟʥʘʯʝʥʠʝ SHAP, ʩʚʷʟʘʥʥʦʝ ʩ ʵʪʦʡ ʢʦʥʢʨʝʪʥʦʡ 

ʢʦʚʘʨʠʘʮʠʝʡ 

 

ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʟʥʘʯʝʥʠʷ Fe2O3 ʜʦ 3-4% ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʢʦʨʨʝʣʠʨʫʶʪ ʩ Sr, ʥʦ ʟʘʪʝʤ ʦʙʥʘʨʫʞʠʚʘʶʪ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʢʦʨʨʝʣʷʮʠʶ. ɸʥʘʣʦʛʠʯʥʘʷ 

ʪʝʥʜʝʥʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ Co ʠ As, ʧʦʨʦʛʦʚʳʝ ʟʥʘʯʝʥʠʷ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʥʘ ʫʨʦʚʥʝ 10-

12 ʤʛ/ʢʛ ʜʣʷ ʦʙʦʠʭ. ʇʦʯʚʘ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʇʆɺ (ʜʦ 13%) ʧʨʠʚʝʣʘ ʢ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ Sr. ʆʙ ɻʪʦʤ ʪʘʢʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ 

ʩʠʣʴʥʦʝ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʪʦʨʬʷʥʠʢʦʚ ʥʘ ʧʨʦʛʥʦʟʳ ʧʨʠ ʟʥʘʯʝʥʠʷʭ SHAP ʜʦ -3 ʤʛ/ʢʛ. 
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ʆʢʩʠʜ ʪʠʪʘʥʘ 

ʆʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʩʦʜʝʨʞʘʥʠʝ TiO2, ʙʳʣʠ ʚʘʥʘʜʠʡ, ʞʝʣʝʟʦ ʠ 

ʩʪʨʦʥʮʠʡ (ʈʠʩʫʥʦʢ 18). V ʠ Fe2O3 ʠʤʝʣʠ ʙʦʣʴʰʦʡ ʨʘʟʙʨʦʩ ʟʥʘʯʝʥʠʡ SHAP (ʦʪ ī 0,075 ʜʦ 

0,08% ʠ ʦʪ ī 0,05 ʜʦ 0,04%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ 

ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ Sr ʪʘʢʞʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʙʦʣʴʰʫʶ 

ʚʝʣʠʯʠʥʫ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʚʢʣʘʜʘ ʚ ʧʨʦʛʥʦʟ TiO2. 

 

ʈʠʩʫʥʦʢ 18 ï ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʢʩʠʜʘ ʪʠʪʘʥʘ ʥʘ ʦʩʥʦʚʝ ʟʥʘʯʝʥʠʡ SHAP 

(ʚʚʝʨʭʫ), ʛʜʝ ʩʠʥʠʝ ʩʪʦʣʙʯʘʪʳʝ ʜʠʘʛʨʘʤʤʳ ʧʦʢʘʟʳʚʘʶʪ ʩʨʝʜʥʠʝ ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ 

SHAP ʜʣʷ ʢʘʞʜʦʛʦ ʧʨʠʟʥʘʢʘ ʚ ʦʙʫʯʘʶʱʝʤ ʥʘʙʦʨʝ ʜʘʥʥʳʭ, ʮʚʝʪʥʳʝ ʪʦʯʢʠ - ʵʪʦ ʟʥʘʯʝʥʠʷ 

SHAP ʚ ʦʙʫʯʘʶʱʝʤ ʥʘʙʦʨʝ ʜʘʥʥʳʭ ʜʣʷ ʢʘʞʜʦʡ ʦʪʜʝʣʴʥʦʡ ʪʦʯʢʠ (beeswarm). ʎʚʝʪ 

(ʦʨʘʥʞʝʚʦ-ʬʠʦʣʝʪʦʚʳʡ) ʦʪʦʙʨʘʞʘʝʪ ʟʥʘʯʝʥʠʝ ʧʨʝʜʠʢʪʦʨʘ ʦʪ ʥʠʟʢʦʛʦ ʜʦ ʚʳʩʦʢʦʛʦ. ʅʠʞʥʠʝ 

ʟʝʣʝʥʳʝ ʛʨʘʬʠʢʠ ʧʦʢʘʟʳʚʘʶʪ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʧʝʨʝʤʝʥʥʳʭ. ʆʩʴ ʍ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʝʥʠʝ ʧʨʠʟʥʘʢʘ, ʘ ʦʩʴ ʋ ʧʦʢʘʟʳʚʘʝʪ ʟʥʘʯʝʥʠʝ SHAP, ʩʚʷʟʘʥʥʦʝ ʩ ʵʪʦʡ 

ʢʦʥʢʨʝʪʥʦʡ ʢʦʚʘʨʠʘʮʠʝʡ 
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ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʚʘʥʘʜʠʷ ʜʦ 40 ʤʛ/ʢʛ ʠ ʩʪʨʦʥʮʠʷ 

ʜʦ 120 ʤʛ/ʢʛ ʥʘʙʣʶʜʘʣʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʚʢʣʘʜ, ʘ ʧʦʩʣʝ ʵʪʦʛʦ ʙʳʣ ʚʳʷʚʣʝʥ ʧʦʣʦʞʠʪʝʣʴʥʳʡ 

ʚʢʣʘʜ. ɼʣʷ ʞʝʣʝʟʘ ʠ ʢʦʙʘʣʴʪʘ ʥʘʙʣʶʜʘʣʘʩʴ ʘʥʘʣʦʛʠʯʥʘʷ ʢʘʨʪʠʥʘ, ʢʦʛʜʘ ʧʠʢʠ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ SHAP ʥʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʠʭ ʩʘʤʳʤ ʥʠʟʢʠʤ ʠʣʠ ʩʘʤʳʤ ʚʳʩʦʢʠʤ 

ʟʥʘʯʝʥʠʷʤ. ɿʥʘʯʝʥʠʷ SHAP ʪʘʢʞʝ ʨʘʟʣʠʯʘʣʠʩʴ ʧʦ ʪʠʧʘʤ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ: 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚʥʦʩʠʣʠ ʟʘʙʨʦʰʝʥʥʳʝ ʠ ʥʝʪʨʦʥʫʪʳʝ ʧʦʯʚʳ, ʘ ʦʪʨʠʮʘʪʝʣʴʥʳʡ - 

ʪʦʨʬʷʥʠʢʠ. 

 

ɺʘʥʘʜʠʡ 

ʂʘʢ ʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ ʧʝʨʝʩʪʘʥʦʚʦʢ, TiO2 ʦʢʘʟʘʣ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʧʨʦʛʥʦʟ V (ʈʠʩʫʥʦʢ 19). ɽʛʦ ʟʥʘʯʝʥʠʷ SHAP ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʦʪ 10 ʜʦ 12,5 ʤʛ/ʢʛ ʩ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʚʢʣʘʜʦʤ ʝʛʦ ʩʘʤʳʭ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ. ʉʘʤʳʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ Sr, 

ʧʣʦʪʥʦʩʪʠ ʠ Ni ʙʳʣʠ ʦʪʚʝʪʩʪʚʝʥʥʳ ʟʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʫʨʦʚʥʝʡ V. ʍʦʪʷ 

ʇʆɺ ʠ Co ʠʤʝʣʠ ʩʨʝʜʥʠʡ ʚʢʣʘʜ ʚ ʤʦʜʝʣʴ, ʦʥʠ ʷʚʥʦ ʠʤʝʣʠ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʢʦʨʨʝʣʷʮʠʶ. 
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ʈʠʩʫʥʦʢ 19 ï ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʘʥʘʜʠʷ ʥʘ ʦʩʥʦʚʝ ʟʥʘʯʝʥʠʡ SHAP (ʚʚʝʨʭʫ), 

ʛʜʝ ʩʠʥʠʝ ʩʪʦʣʙʯʘʪʳʝ ʜʠʘʛʨʘʤʤʳ ʧʦʢʘʟʳʚʘʶʪ ʩʨʝʜʥʠʝ ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ SHAP ʜʣʷ 

ʢʘʞʜʦʛʦ ʧʨʠʟʥʘʢʘ ʚ ʦʙʫʯʘʶʱʝʤ ʥʘʙʦʨʝ ʜʘʥʥʳʭ, ʮʚʝʪʥʳʝ ʪʦʯʢʠ - ʵʪʦ ʟʥʘʯʝʥʠʷ SHAP ʚ 

ʦʙʫʯʘʶʱʝʤ ʥʘʙʦʨʝ ʜʘʥʥʳʭ ʜʣʷ ʢʘʞʜʦʡ ʦʪʜʝʣʴʥʦʡ ʪʦʯʢʠ (beeswarm). ʎʚʝʪ (ʦʨʘʥʞʝʚʦ-

ʬʠʦʣʝʪʦʚʳʡ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʝʥʠʝ ʧʨʝʜʠʢʪʦʨʘ ʦʪ ʥʠʟʢʦʛʦ ʜʦ ʚʳʩʦʢʦʛʦ. ʅʠʞʥʠʝ ʟʝʣʝʥʳʝ 

ʛʨʘʬʠʢʠ ʧʦʢʘʟʳʚʘʶʪ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʧʝʨʝʤʝʥʥʳʭ. ʆʩʴ x ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʟʥʘʯʝʥʠʝ ʧʨʠʟʥʘʢʘ, ʘ ʦʩʴ y ʧʦʢʘʟʳʚʘʝʪ ʟʥʘʯʝʥʠʝ SHAP, ʩʚʷʟʘʥʥʦʝ ʩ ʵʪʦʡ ʢʦʥʢʨʝʪʥʦʡ 

ʢʦʚʘʨʠʘʮʠʝʡ 

 

ʉʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ʜʦ 2-2,5% ʦʢʘʟʳʚʘʣʦ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʛʥʦʟ. ɿʘʪʝʤ, 

ʜʦ ʢʦʥʮʝʥʪʨʘʮʠʠ 5%, ʦʥʦ ʙʳʣʦ ʧʦʣʦʞʠʪʝʣʴʥʳʤ, ʘ ʟʘʪʝʤ ʩʥʦʚʘ ʦʪʨʠʮʘʪʝʣʴʥʳʤ. ʂʨʠʚʳʝ ʜʣʷ 

TiO2, Sr, ʧʣʦʪʥʦʩʪʠ ʠ Ni ʙʳʣʠ ʩʭʦʞʠʤʠ, ʛʜʝ ʠʭ ʩʘʤʳʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʙʳʣʠ ʩʚʷʟʘʥʳ ʩ 

ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚʘʥʘʜʠʷ. ɼʣʷ ʇʆɺ ʢʘʨʪʠʥʘ ʙʳʣʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ, ʯʪʦ ʦʙʲʷʩʥʷʣʦ 

ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʚʢʣʘʜ ʪʦʨʬʷʥʠʢʦʚ. ɹʳʚʰʠʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʫʛʦʜʴʷ ʠ ʥʝʪʨʦʥʫʪʳʝ 

ʧʦʯʚʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʜʩʢʘʟʳʚʘʣʠ ʩʘʤʳʝ ʚr ʩʦʢʠʝ ʫʨʦʚʥʠ ʚʘʥʘʜʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʣʴʥʳʝ ʢʦʨʨʝʣʷʮʠʠ, ʥʘʙʣʶʜʘʝʤʳʝ ʤʝʞʜʫ ʥʝʢʦʪʦʨʳʤʠ ʤʝʪʘʣʣʘʤʠ ʠ 

ʠʭ ʦʢʩʠʜʘʤʠ, ʫʢʘʟʳʚʘʶʪ ʥʘ ʠʭ ʦʙʱʝʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʠʣʠ ʩʭʦʞʠʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, 

ʚʣʠʷʶʱʠʝ ʥʘ ʠʭ ʧʨʠʩʫʪʩʪʚʠʝ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʟʥʘʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ 

ʤʦʞʝʪ ʜʘʪʴ ʯʝʪʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʜʨʫʛʠʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦ ʦʙʲʷʩʥʷʝʪ 

ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ɻ ʣʝʤʝʥʪʦʚ.  

ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ SHAP ʧʦʟʚʦʣʠʣʦ ʛʣʫʙʞʝ ʧʦʥʷʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʧʨʝʜʠʢʪʦʨʳ 

ʨʘʟʣʠʯʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʕʪʦʪ ʤʝʪʦʜ ʚʳʷʚʠʣ ʯʝʪʢʫʶ ʠʝʨʘʨʭʠʶ ʚʣʠʷʥʠʷ, ʧʨʠ 

ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʝʥʥʳʝ ɻ ʣʝʤʝʥʪʳ ʚʥʦʩʷʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʠʣʠ ʦʪʨʠʮʘʪʝʣʴʥʳʡ 

ʚʢʣʘʜ ʚ ʧʨʦʛʥʦʟʠʨʫʝʤʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ. ɿʥʘʯʠʪʝʣʴʥʳʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ 

ʚʢʣʘʜ ʦʜʥʠʭ ɻ ʣʝʤʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʥʠ ʩʣʫʞʘʪ ʥʘʜʝʞʥʳʤʠ ʠʥʜʠʢʘʪʦʨʘʤʠ 

ʧʨʠʩʫʪʩʪʚʠʷ ʜʨʫʛʠʭ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʚʢʣʘʜ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʪʝʥʮʠʘʣʴʥʳʝ 

ʘʥʪʘʛʦʥʠʩʪʠʯʝʩʢʠʝ ʦʪʥʦʰʝʥʠʷ ʠʣʠ ʢʦʥʢʫʨʝʥʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʠ ʠʭ ʥʘʢʦʧʣʝʥʠʠ ʠʣʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ. ʕʪʦ ʙʳʣʦ ʯʝʪʢʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʧʨʦʛʥʦʟʠʨʫʶʱʠʭ 

ʤʦʜʝʣʝʡ. ʅʘʧʨʠʤʝʨ, ʚ ʤʦʜʝʣʠ, ʧʨʝʜʩʢʘʟʳʚʘʶʱʝʡ ʩʦʜʝʨʞʘʥʠʝ TiO2, ʚʘʥʘʜʠʷ ʠ ʇʆɺ 

ʦʢʘʟʘʣʠʩʴ ʢʣʶʯʝʚʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʦʢʘʟʳʚʘʶʱʠʤʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ ʚʣʠʷʥʠʝ. ɺʘʥʘʜʠʡ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʩʠʣʴʥʫʶ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʢʦʨʨʝʣʷʮʠʶ ʩ TiO2, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʶ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʇʆɺ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ 

ʩʠʣʴʥʫʶ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʢʦʨʨʝʣʷʮʠʶ, ʧʨʝʜʧʦʣʘʛʘʶʱʫʶ ʦʙʨʘʪʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ. 

ɹʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʵʣʝʤʝʥʪʳ ʚʥʦʩʷʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʧʨʦʛʥʦʟʠʨʫʝʤʳʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʠʭ ʩʦʙʩʪʚʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 
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ʧʨʝʚʳʰʘʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʦʨʦʛʦʚʳʝ ʟʥʘʯʝʥʠʷ. ʕʪʦʪ ʧʦʨʦʛʦʚʳʡ ʵʬʬʝʢʪ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ 

ʧʦʩʣʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʤʦʤʝʥʪʘ ʚʣʠʷʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʜʨʫʛʠʝ 

ʣɻʝʤʝʥʪʳ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʠʣʠʚʘʝʪʩʷ, ʣʠʙʦ ʫʩʠʣʠʚʘʷ, ʣʠʙʦ ʧʦʜʘʚʣʷʷ ʠʭ ʧʨʠʩʫʪʩʪʚʠʝ. 

ʀʩʧʦʣʴʟʫʷ ʪʦʪ ʞʝ ʧʨʠʤʝʨ, ʯʪʦ ʠ ʩ TiO2, ʝʛʦ ʤʦʜʝʣʴ ʧʨʝʜʩʢʘʟʘʣʘ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ, 

ʢʦʛʜʘ ʫʨʦʚʝʥʴ ʚʘʥʘʜʠʷ ʧʨʝʚʳʰʘʣ 40 ʤʛ/ʢʛ, ʘ ʩʦʜʝʨʞʘʥʠʝ ʇʆɺ ʥʝ ʧʨʝʚʳʰʘʣʦ 12%. ʕʪʦ 

ʦʪʢʨʳʪʠʝ ʧʦʜʯʝʨʢʠʚʘʝʪ ʚʘʞʥʦʩʪʴ ʫʯʝʪʘ ʥʝ ʪʦʣʴʢʦ ʧʨʠʩʫʪʩʪʚʠʷ ʵʣʝʤʝʥʪʘ, ʥʦ ʠ ʝʛʦ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠ ʦʮʝʥʢʝ ʝʛʦ ʚʣʠʷʥʠʷ ʥʘ ʦʙʱʠʡ ʛʝʦʭʠʤʠʯʝʩʢʠʡ ʣʘʥʜʰʘʬʪ. 

ɺʝʜʫʱʠʤ ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʷʚʣʷʝʪʩʷ ʥʠʩʭʦʜʷʱʘʷ ʤʠʛʨʘʮʠʷ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʠ ʢʠʩʣʦʪʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʧʦʯʚʘʭ, ʘ ʠʤʝʥʥʦ ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ ʠ 

ʘʣʶʤʠʥʠʷ. ʋʜʘʣʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʛʦʨʠʟʦʥʪʘ E, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘʢʦʧʣʝʥʠʝ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʥʠʞʝʣʝʞʘʱʠʭ ʛʦʨʠʟʦʥʪʘʭ Bt/Bs. ʋʜʘʣʝʥʠʝ ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʧʦʯʚʳ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʧʣʦʪʥʦʩʪʠ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʜʘʣʝʥʠʝ 

ʤʝʣʴʯʘʡʰʠʭ ʢʨʫʧʠʥʦʢ ʤʠʥʝʨʘʣʦʚ (ʧʳʣʠ, ʛʣʠʥʳ) ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʜʚʠʞʝʥʠʷ ʧʦʯʚʝʥʥʳʭ 

ʚʦʜ ʚʥʠʟ ʠ ʫʚʝʣʠʯʝʥʠʷ ʧʦʜʚʠʞʥʦʩʪʠ ʤʝʪʘʣʣʦʚ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʡ ʢʠʩʣʦʪʥʦʩʪʠ. ɿʝʨʥʘ 

ʢʚʘʨʮʘ ʨʘʟʣʠʯʥʦʛʦ ʨʘʟʤʝʨʘ ʦʩʪʘʶʪʩʷ ʚ ʛʦʨʠʟʦʥʪʝ ɽ, ʢʦʪʦʨʳʡ ʫʩʪʦʡʯʠʚ ʢ ʭʠʤʠʯʝʩʢʠʤ ʠ 

ʬʠʟʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʷʤ. ʄʠʛʨʘʮʠʷ ʤʝʪʘʣʣʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚʤʝʩʪʝ ʩ ʢʦʤʧʣʝʢʩʘʤʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʦʢʩʠʜʘʤʠ ʞʝʣʝʟʘ ʠ ʘʣʶʤʠʥʠʷ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʪʨʘʞʝʥʦ ʚ 

ʚʳʩʦʢʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʤʝʞʜʫ Fe2O3 ʠ ʨʘʟʣʠʯʥʳʤʠ ʊʄ. ʇʦʯʚʳ ʧʝʨʝʫʚʣʘʞʥʝʥʥʳʭ 

ʪʝʨʨʠʪʦʨʠʡ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʦʡ ʢʠʩʣʦʪʥʦʩʪʴʶ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʧʦʜʚʠʞʥʦʩʪʠ ʤʝʪʘʣʣʦʚ, ʦʜʥʘʢʦ ʠʟ-ʟʘ ʟʘʩʪʦʡʥʦʛʦ ʪʠʧʘ ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ ʵʪʠ 

ʤʝʪʘʣʣʳ ʩ ʤʝʥʴʰʝʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʤʠʛʨʠʨʫʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʜʟʦʣʦʚ. ɺ ʪʦʨʬʷʥʳʭ ʧʦʯʚʘʭ 

ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʦʙʥʘʨʫʞʝʥʳ ʚ ʚʠʜʝ ʩʪʘʙʠʣʴʥʳʭ ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʤʠʥʝʨʘʣʴʥʳʝ ʧʦʯʚʳ ʠ ʪʦʨʬʷʥʠʢʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ 

ʟʘʤʝʪʥʳʡ ʚʢʣʘʜ ʚ ʤʦʜʝʣʠ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʠʭ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʵʪʠʭ ʪʠʧʘʭ 

ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ. ʊʦʨʬʷʥʠʢʠ ʩʯʠʪʘʶʪʩʷ ʧʝʨʝʭʦʜʥʳʤ ɻ ʣʝʤʝʥʪʦʚ ʚ ʩʠʩʪʝʤʝ ʜʨʝʥʠʨʦʚʘʥʥʳʭ 

ʠ ʧʝʨʝʫʚʣʘʞʥʝʥʥʳʭ ʫʯʘʩʪʢʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʙʠʦ- ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʤ 

ʧʨʦʮʝʩʩʘʤ [100]. ɺ ʟʘʙʦʣʦʯʝʥʥʳʭ ʠ ʢʠʩʣʳʭ ʫʩʣʦʚʠʷʭ ʤʝʜʣʝʥʥʳʝ ʪʝʤʧʳ ʨʘʟʣʦʞʝʥʠʷ ʥʘ 

ʪʦʨʬʷʥʠʢʘʭ ʧʨʠʚʦʜʷʪ ʢ ʥʘʢʦʧʣʝʥʠʶ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʦʝ ʩʚʷʟʳʚʘʝʪ ʵʣʝʤʝʥʪʳ. 

ʅʘʧʨʠʤʝʨ, ʇʆɺ ʦʙʳʯʥʦ ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ 

ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤ ʛʠʜʨʦʢʩʠʜʦʚ ʞʝʣʝʟʘ [101]. ʊʘʢʠʝ ʦʙʨʘʟʫʶʱʠʝʩʷ ʢʦʤʧʣʝʢʩʳ ʵʬʬʝʢʪʠʚʥʦ 

ʠʤʤʦʙʠʣʠʟʫʶʪ ʵʣʝʤʝʥʪʳ ʠ ʧʨʝʜʦʪʚʨʘʱʘʶʪ ʠʭ ʚʳʤʳʚʘʥʠʝ ʚ ʦʢʨʫʞʘʶʱʠʝ ʵʢʦʩʠʩʪʝʤʳ. 

ʂʨʦʤʝ ʪʦʛʦ, ʢʠʩʣʦʪʥʦʩʪʴ ʪʦʨʬʷʥʠʢʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʩʫʣʴʬʠʜʦʚ 

ʤʝʪʘʣʣʦʚ, ʯʪʦ ʝʱʝ ʙʦʣʴʰʝ ʩʥʠʞʘʝʪ ʠʭ ʧʦʜʚʠʞʥʦʩʪʴ [102]. ʀ ʥʘʦʙʦʨʦʪ, ʤʠʥʝʨʘʣʴʥʳʝ ʧʦʯʚʳ 

ʩ ʠʭ ʙʦʣʝʝ ʙʳʩʪʨʳʤʠ ʪʝʤʧʘʤʠ ʨʘʟʣʦʞʝʥʠʷ ʩʧʦʩʦʙʩʪʚʫʶʪ ʙʦʣʴʰʝʡ ʧʦʜʚʠʞʥʦʩʪʠ ʠ ʤʠʛʨʘʮʠʠ 

ʊʄ. 
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ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚʳʚʦʜʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʟʥʘʯʝʥʠʡ SHAP, ʠ 

ʥʘʙʣʶʜʘʝʤʳʝ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʷʚʣʷʶʪʩʷ ʤʥʦʛʦʦʙʝʱʘʶʱʠʤʠ, ʢʨʘʡʥʝ ʚʘʞʥʦ 

ʧʨʦʷʚʣʷʪʴ ʦʩʪʦʨʦʞʥʦʩʪʴ ʧʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʵʪʠʭ ʨʝʟʫʣʴʪʘʪʦʚ. ɺʦ-ʧʝʨʚʳʭ, ʤ  rʧʨʦʚʝʣʠ 

ʘʥʘʣʠʟ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʤ ʥʘʙʦʨʝ ʜʘʥʥʳʭ, ʩʦʩʪʦʷʱʝʤ ʠʟ 56 ʦʙʨʘʟʮʦʚ, ʯʪʦ ʤʦʞʝʪ 

ʦʛʨʘʥʠʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʦʙʱʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʙʦʣʝʝ ʰʠʨʦʢʦʤ ʢʦʥʪʝʢʩʪʝ. 

ʅʘʙʣʶʜʘʝʤʳʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʤʦʛʫʪ ʙʳʪʴ ʩʧʝʮʠʬʠʯʥʳʤʠ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʠ ʫʩʣʦʚʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʵʪʦʤ ʥʘʙʦʨʝ ʜʘʥʥʳʭ. ɺʦ-ʚʪʦʨʳʭ, 

ʘʥʘʣʠʟ ʙʳʣ ʩʦʩʨʝʜʦʪʦʯʝʥ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ ʥʘʙʦʨʝ ʧʨʝʜʠʢʪʦʨʦʚ, ʠ ʚʢʣʶʯʝʥʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʠʣʠ ʙʦʣʝʝ ʦʙʰʠʨʥʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʛʣʦ ʙʳ 

ʚʳʷʚʠʪʴ ʜʨʫʛʠʝ ʠʣʠ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʚʟʘʠʤʦʩʚʷʟʠ. ʂʨʦʤʝ ʪʦʛʦ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʧʦʨʦʛʦʚʳʝ 

ʟʥʘʯʝʥʠʷ ʜʣʷ ʚʢʣʘʜʦʚ ʵʣʝʤʝʥʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʨʠʪʴ ʥʘ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʥʘʙʦʨʘʭ ʜʘʥʥʳʭ 

ʠ ʚ ʨʘʟʥʳʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʪʦʯʢʘʭ, ʯʪʦʙʳ ʦʮʝʥʠʪʴ ʠʭ ʥʘʜʝʞʥʦʩʪʴ ʠ ʧʨʠʤʝʥʠʤʦʩʪʴ. 

ʅʘʢʦʥʝʮ, ʚʘʞʥʦ ʧʦʤʥʠʪʴ, ʯʪʦ ʤʦʜʝʣʠ ML - ʵʪʦ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠ ʚʟʘʠʤʦʩʚʷʟʝʡ ʚ ʜʘʥʥʳʭ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʥʠ ʤʦʛʫʪ ʜʘʪʴ ʮʝʥʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ, ʥʝ ʩʣʝʜʫʝʪ ʧʦʣʘʛʘʪʴʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ʥʠʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʢʦʥʯʘʪʝʣʴʥʳʭ 

ʚʳʚʦʜʦʚ ʦ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ. ɺʩʝʩʪʦʨʦʥʥʝʝ ʧʦʥʠʤʘʥʠʝ ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʦʯʝʪʘʥʠʠ ʩʦ ʩʪʨʦʛʦʡ ʧʨʦʚʝʨʢʦʡ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʠʤʝʝʪ 

ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ML. 

2.7 ʇʨʷʤʳʝ ʠʟʤʝʨʝʥʠʷ ʵʤʠʩʩʠʠ CO2 ʧʦʯʚʘʤʠ ʢʘʨʙʦʥʦʚʦʛʦ ʧʦʣʠʛʦʥʘ ʃʘʜʦʛʘ 

ɸʥʪʨʦʧʦʛʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʦ ʩ ʨʦʩʪʦʤ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʢʣʠʤʘʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʛʘʟʦʚ ʚ ʘʪʤʦʩʬʝʨʝ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ 

ʠ ʤʝʪʘʥʘ. ɼʠʥʘʤʠʢʘ ʩʦʜʝʨʞʘʥʠʷ CO2 ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʦʞʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʛʘʟʦʦʙʤʝʥʘ 

ʤʝʞʜʫ ʦʩʥʦʚʥʳʤʠ ʨʝʟʝʨʚʫʘʨʘʤʠ ʫʛʣʝʨʦʜʘ - ʘʪʤʦʩʬʝʨʦʡ, ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤʠ ʵʢʦʩʠʩʪʝʤʘʤʠ, 

ʛʠʜʨʦʩʬʝʨʦʡ ʠ ʣʠʪʦʩʬʝʨʦʡ, ʘ ʪʘʢʞʝ ʙʠʦʭʠʤʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʛʜʝ CO2 ʚʳʩʪʫʧʘʝʪ 

ʢʦʥʝʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. 

ʆʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ ʚ ʛʣʦʙʘʣʴʥʦʤ ʫʛʣʝʨʦʜʥʦʤ ʮʠʢʣʝ ʠʤʝʶʪ ʵʢʦʩʠʩʪʝʤʳ ʭʦʣʦʜʥʦʡ 

ʫʤʝʨʝʥʥʦ-ʚʣʘʞʥʦʡ ʟʦʥʳ ʚʦʩʪʦʯʥʦʡ ɽʚʨʦʧʳ (ʉʢʘʥʜʠʥʘʚʠʷ, ʈʦʩʩʠʷ), ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʳʩʦʢʠʤ ʩʝʢʚʝʩʪʨʘʮʠʦʥʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ - ʜʦ 208 ʪʉ/ʛʘ. ʊʝʨʨʠʪʦʨʠʷ 

ʉʝʚʝʨʦ-ɿʘʧʘʜʘ ʈʦʩʩʠʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʡ ʨʦʩʪ ʩʨʝʜʥʝʛʦʜʦʚʳʭ 

ʪʝʤʧʝʨʘʪʫʨ ʚ ʩʪʨʘʥʝ, ʯʪʦ ʩʦʟʜʘʝʪ ʨʠʩʢʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʵʢʦʩʠʩʪʝʤ ʠ ʜʝʩʪʘʙʠʣʠʟʘʮʠʠ 

ʧʦʯʚʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. ʋʩʠʣʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ ʚ ʫʩʣʦʚʠʷʭ ʧʦʪʝʧʣʝʥʠʷ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʵʤʠʩʩʠʠ 

ʢʣʠʤʘʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʛʘʟʦʚ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʚ ʩʠʩʪʝʤʝ 

"ʢʣʠʤʘʪ-ʫʛʣʝʨʦʜ". ɼʘʥʥʳʡ ʨʝʛʠʦʥ ʧʦʵʪʦʤʫ ʪʨʝʙʫʝʪ ʦʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 
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ʩʪʨʘʪʝʛʠʡ ʘʜʘʧʪʘʮʠʠ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʫʛʣʝʨʦʜʥʦʛʦ ʙʘʣʘʥʩʘ. ɸʥʘʣʠʟ ʵʤʠʩʩʠʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʦʨʪʘʪʠʚʥʦʤ ʛʘʟʦʚʦʤ ʘʥʘʣʠʟʘʪʦʨʝ çʇʀɸè (çʅʇʌ ʄʕʄʉè, ʈʦʩʩʠʷ). 

ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʪʦʢʦʚ CO2 ʧʦʢʘʟʘʣ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʡ ʧʦʪʦʢ ʫʛʣʝʢʠʩʣʦʛʦ 

ʛʘʟʘ ʠʟ ʧʦʯʚ ʢʘʨʙʦʥʦʚʦʛʦ ʧʦʣʠʛʦʥʘ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʩʪʫʧʣʝʥʠʝʤ ʦʩʝʥʠ ʠ ʧʦʥʠʞʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʚʳʷʚʣʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʯʝʪʢʦ 

ʦʪʨʘʞʘʶʪ ʚʣʠʷʥʠʝ ʪʠʧʘ ʵʢʦʩʠʩʪʝʤʳ ʥʘ ʧʦʪʦʢ CO2 ʠʟ ʧʦʯʚʳ. ʅʘʠʤʝʥʴʰʘʷ ʵʤʠʩʩʠʷ 

ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʥʘ ʟʘʙʦʣʦʯʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʛʜʝ ʨʘʟʚʠʚʘʶʪʩʷ ʪʦʨʬʷʥʦ-ʵʫʪʨʦʬʥʳʝ ʧʦʯʚʳ 

(ʉʈ2) (0,03 ʤʛCO2/ʤ
2/ʯʘʩ), ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʧʝʨʝʫʚʣʘʞʥʝʥʠʝʤ ʠ ʘʥʘʵʨʦʙʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ, ʢʦʪʦʨʳʝ ʟʘʤʝʜʣʷʶʪ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʧʦʯʚʝ. ʅʘ ʜʨʝʥʠʨʦʚʘʥʥʦʡ 

ʧʦʟʠʮʠʠ, ʛʜʝ ʨʘʟʚʠʚʘʶʪʩʷ ʧʦʜʟʦʣ r ʠʣʣʶʚʠʘʣʴʥʦ-ʞʝʣʝʟʠʩʪʳʝ, ʙʳʣ ʦʪʤʝʯʝʥ ʪʘʢʞʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʡ ʧʦʪʦʢ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠʟ ʧʦʯʚʳ 0,15 ʤʛCO2/ʤ
2/ʯʘʩ, ʥʦ ʚʳʰʝ ʯʝʤ ʩ 

ʟʘʙʦʣʦʯʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʭʦʨʦʰʠʡ ʜʨʝʥʘʞ, ʘʨɻʦʙʥʳʝ ʫʩʣʦʚʠʷ ʠ ʥʘʣʠʯʠʝ ʣʝʛʢʦʜʦʩʪʫʧʥʳʭ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ ʧʨʠʚʦʜʷʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʵʤʠʩʩʠʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠʟ ʧʦʯʚʳ. ʆʜʥʘʢʦ, 

ʥʘʠʙʦʣʴʰʘʷ ʵʤʠʩʩʠʷ ʦʪʤʝʯʝʥʘ ʠʟ ʧʦʯʚ ʟʘʣʝʞʥʳʭ ʟʝʤʝʣʴ ï 0,23 ʤʛCO2/ʤ
2/ʯʘʩ, ʯʪʦ, 

ʦʙʫʩʣʦʚʣʝʥʦ ʙʳʚʰʠʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʨʨʠʪʦʨʠʠ ʠ ʘʢʪʠʚʥʦʡ 

ʜʝʩʪʨʫʢʮʠʝʡ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʩʪʘʪʢʦʚ ʚ ʧʦʯʚʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʪʨʦʧʦʛʝʥʥʦ-

ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʝ ʧʦʯʚʳ ʤʦʛʫʪ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʵʤʠʩʩʠʠ 

ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʟʘʙʦʣʦʯʝʥʥʳʝ ʵʢʦʩʠʩʪʝʤʳ ʚʳʩʪʫʧʘʶʪ ʚ ʨʦʣʠ ʥʘʠʙʦʣʝʝ 

ʠʥʝʨʪʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ ʫʛʣʝʨʦʜʘ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʢʦʥʩʝʨʚʘʮʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ 

ʚʠʜʝ ʩʣʘʙʦʨʘʟʣʦʞʠʚʰʠʭʩʷ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ. 

 

 

3 ʂʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʟʘʧʘʩʦʚ ʧʦʯʚʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʦʙʲʝʜʠʥʝʥʥʦʛʦ ʢʘʨʙʦʥʦʚʦʛʦ ʧʦʣʠʛʦʥʘ çʃʘʜʦʛʘè 

3.1 ʂʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʟʘʧʘʩʦʚ ʧʦʯʚʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦ ʜʘʥʥʳʤ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʙʨʠʜʥʦʛʦ ʤʝʪʦʜʘ 

ɼʘʥʥʳʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ (ɼɼɿ) ʫʪʚʝʨʜʠʣʠʩʴ ʚ ʢʘʯʝʩʪʚʝ 

ʢʣʶʯʝʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʮʠʬʨʦʚʦʛʦ ʧʦʯʚʝʥʥʦʛʦ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʠ ʦʮʝʥʢʠ ʫʛʣʝʨʦʜʥʦʛʦ 

ʧʫʣʘ. ʂʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ɼɼɿ ʚʢʣʶʯʘʶʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʥʝʧʨʝʨʳʚʥʳʡ 

ʦʭʚʘʪ, ʚʨʝʤʝʥʥʫʶ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʥʘʙʣʶʜʝʥʠʡ ʠ ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʥʘ 

ʦʙʰʠʨʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʚ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʣʘʥʜʰʘʬʪʥʳʭ ʫʩʣʦʚʠʷʭ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ [103-108] ʧʦʜʪʚʝʨʜʠʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ɼɼɿ ʜʣʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʨʦʜʘ, ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ ʠ ʨʘʩʯʝʪʘ ʝʛʦ ʟʘʧʘʩʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʵʢʦʩʠʩʪʝʤ. ʆʩʦʙʳʡ ʧʨʘʢʪʠʯʝʩʢʠʡ 

ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʦʡ ʩʲʝʤʢʠ ʩʧʫʪʥʠʢʘ 
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Sentinel-2A, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʧʦʣʫʯʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ ʚʳʩʦʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ ʚ ʚʠʜʠʤʦʤ ʠ ʙʣʠʞʥʝʤ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʘʭ ʩʧʝʢʪʨʘ, ʯʪʦ ʩʦʟʜʘʝʪ 

ʬʫʥʜʘʤʝʥʪ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʪʦʯʥʳʭ ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʧʦʯʚʝʥʥʦʛʦ 

ʧʦʢʨʦʚʘ. 

ɼʣʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 

ʩʧʫʪʥʠʢʦʚʳʡ ʩʥʠʤʦʢ Sentinel-2A, ʚʨʝʤʝʥʥʘʷ ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʢʦʪʦʨʦʛʦ ʩ ʧʨʦʚʝʜʝʥʠʝʤ 

ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪʴ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʄʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʡ ʩʝʥʩʦʨ ʫʢʘʟʘʥʥʦʡ ʧʣʘʪʬʦʨʤʳ ʨʝʛʠʩʪʨʠʨʫʝʪ ʜʘʥʥʳʝ ʚ ʪʨʠʥʘʜʮʘʪʠ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʘʥʘʣʘʭ, ʦʭʚʘʪʳʚʘʶʱʠʭ ʜʠʘʧʘʟʦʥʳ ʦʪ ʚʠʜʠʤʦʛʦ (VIS) ʜʦ ʙʣʠʞʥʝʛʦ (NIR) ʠ 

ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʛʦ ʠʥʬʨʘʢʨʘʩʥʦʛʦ (SWIR) ʠʟʣʫʯʝʥʠʷ. ʊʘʢʦʡ ʩʧʝʢʪʨʘʣʴʥʳʡ ʦʭʚʘʪ ʩʦʟʜʘʝʪ 

ʦʩʥʦʚʫ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʵʤʧʠʨʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ ʦʧʪʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʬʘʢʪʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ, ʠʟʤʝʨʝʥʥʳʤʠ 

ʚ ʭʦʜʝ ʥʘʟʝʤʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʨʘʤʢʘʭ ʢʘʨʪʠʨʦʚʘʥʠʷ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ 

ʤʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ï ʨʝʛʨʝʩʩʠʦʥʥʳʡ ʢʨʠʢʠʥʛ (ʈʂ), random forest (RF), random 

forest ordinary kriking (RFOK). 

ʅʘ ʦʩʥʦʚʝ ʣʘʙʦʨʘʪʦʨʥʳʭ ʘʥʘʣʠʟʦʚ ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ (ʉʦʨʛ) ʚ 

ʦʙʨʘʟʮʘʭ ʧʦʯʚ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʝʛʦ ʟʘʧʘʩʳ ʚ ʩʣʦʝ 0ï10 ʩʤ ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʦʪʙʦʨʘ. 

ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ (ʊʘʙʣʠʮʘ 8), ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʟʥʘʯʠʪʝʣʴʥʘʷ ʚʘʨʠʘʮʠʷ 

ʟʥʘʯʝʥʠʡ ʟʘʧʘʩʦʚ ʇʆɺ ʦʪ ʤʠʥʠʤʘʣʴʥʳʭ 0,6 ʜʦ ʤʘʢʩʠʤʘʣʴʥʳʭ 10,9 ʢʛ/ʤ2 ʧʨʠ ʩʨʝʜʥʝʤ 

ʟʥʘʯʝʥʠʠ 4,7 ʢʛ/ʤ2. ɺʳʩʦʢʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ, ʩʦʩʪʘʚʣʷʶʱʝʡ 2,3 ʢʛ/ʤ2, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʫʱʝʩʪʚʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ 

ʧʦʯʚʝʥʥʦʤ ʧʦʢʨʦʚʝ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ. 

 

ʊʘʙʣʠʮʘ 8. ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ 

ʟʘʧʘʩʦʚ ʇʆɺ. ɸʥʘʣʠʟ ʧʨʦʚʝʜʝʥ ʩʨʝʜʠ 61 ʦʙʨʘʟʮʘ ʧʦʯʚ (n=61) ʥʘ ʛʣʫʙʠʥʝ (0-10 ʩʤ). 

ʇʘʨʘʤʝʪʨ 
ʄʠʥʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ 

ʄʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ 

ʉʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ 
ʄʝʜʠʘʥʘ SD 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʘʩʠʤʤʝʪʨʠʠ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʵʢʩʮʝʩʩʘ 

ɿʘʧʘʩʳ 

ʇʆɺ, 

ʢʛ/ʤ2 

0,6 10,9 4,7 4,7 2,3 0,4 -0,4 

 

ɼʣʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ 

ʨʝʛʨʝʩʩʠʦʥʥʘʷ ʤʦʜʝʣʴ, ʚʢʣʶʯʘʶʱʘʷ ʩʧʝʢʪʨʘʣʴʥʳʝ ʢʘʥʘʣʳ Sentinel-2A ʠ ʧʨʦʠʟʚʦʜʥʳʝ 

ʩʧʝʢʪʨʘʣʴʥʳʝ ʠʥʜʝʢʩʳ: BI2 (Brightness Index), GNDVI (Green Normalized Difference 

Vegetation Index), GRVI (Green Ratio Vegetation Index), LSWI (Land Surface Water Index) ʠ 
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RI (Redness Index). ʄʝʪʦʜʦʤ ʩʪʫʧʝʥʯʘʪʦʛʦ ʦʪʙʦʨʘ ʦʧʨʝʜʝʣʝʥʦ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʯʝʪʘʥʠʝ 

ʚʦʩʴʤʠ ʧʨʝʜʠʢʪʦʨʦʚ, ʦʙʲʷʩʥʷʶʱʠʭ 53% ʦʙʱʝʡ ʚʘʨʠʘʮʠʠ ʮʝʣʝʚʦʡ ʧʝʨʝʤʝʥʥʦʡ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʧʦʣʫʯʝʥʥʦʡ ʤʦʜʝʣʠ ʧʦʜʪʚʝʨʞʜʝʥʘ ʥʘ ʫʨʦʚʥʝ p<0.05, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʘʜʝʢʚʘʪʥʦʩʪʠ ʚʳʙʨʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʧʘʩʦʚ ʇʆɺ. ʂʦʤʙʠʥʘʮʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʘʥʘʣʦʚ ʠ 

ʚʝʛʝʪʘʮʠʦʥʥʳʭ ʠʥʜʝʢʩʦʚ ʧʦʟʚʦʣʠʣʘ ʫʯʝʩʪʴ ʢʦʤʧʣʝʢʩ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʘʢʢʫʤʫʣʷʮʠʶ 

ʫʛʣʝʨʦʜʘ, ʚʢʣʶʯʘʷ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ, ʫʚʣʘʞʥʝʥʥʦʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ʠ 

ʧʦʯʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ɸʥʘʣʠʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ, ʚʳʧʦʣʥʝʥʥʳʡ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʪʨʝʭ ʤʝʪʦʜʦʚ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 10 ʤ (ʈʠʩʫʥʦʢ 20), ʚʳʷʚʠʣ 

ʦʙʱʫʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʚʦʟʨʘʩʪʘʥʠʷ ʟʥʘʯʝʥʠʡ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩ ʟʘʧʘʜʘ ʥʘ ʚʦʩʪʦʢ, 

ʢʦʨʨʝʣʠʨʫʶʱʫʶ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʣʠ ʛʠʜʨʦʤʦʨʬʥʳʭ ʣʘʥʜʰʘʬʪʦʚ. ʆʜʥʘʢʦ ʩʨʘʚʥʠʪʝʣʴʥʘʷ 

ʦʮʝʥʢʘ ʤʝʪʦʜʦʚ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʩʭʦʞʜʝʥʠʷ ʚ ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. 

 

ʈʠʩʫʥʦʢ 20 ï ʉʛʝʥʝʨʠʨʦʚʘʥʳ ʢʘʨʪʳ ʟʘʧʘʩʦʚ ʫʛʣʝʨʦʜʘ ʚ ʩʣʦʝ 0-10 ʩʤ (ʢʛ/ʤ2) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ 

 

ʄʦʜʝʣʴ ʥʘ ʦʩʥʦʚʝ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʢʨʠʛʠʥʛʘ (ʈʂ) ʧʦʢʘʟʘʣʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʥʝʦʙʦʩʥʦʚʘʥʥʦʝ ʟʘʚʳʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʧʦʣʠʛʦʥʘ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʜʦ 22,6 ʢʛ/ʤ2, ʯʪʦ ʧʨʝʚʳʰʘʝʪ ʣʘʙʦʨʘʪʦʨʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʙʦʣʝʝ ʯʝʤ ʚ 2 ʨʘʟʘ.  
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ʅʘʧʨʦʪʠʚ, ʢʘʨʪʳ, ʧʦʩʪʨʦʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠ 

ʤʘʰʠʥʦʛʦ ʦʙʫʯʝʥʠʷ (RFOK), ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʦʣʝʝ ʨʝʘʣʠʩʪʠʯʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʧʘʩʦʚ 

ʫʛʣʝʨʦʜʘ ʚ ʜʠʘʧʘʟʦʥʝ 0,6-10,9 ʢʛ/ʤ2, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʘʙʦʨʘʪʦʨʥʳʤ ʜʘʥʥʳʤ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʜʪʚʝʨʜʠʣ, ʯʪʦ ʛʠʙʨʠʜʥʳʝ ʤʝʪʦʜʳ, ʩʦʯʝʪʘʶʱʠʝ ʩʧʝʢʪʨʘʣʴʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʠ ʥʘʟʝʤʥʳʝ ʠʟʤʝʨʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʝʝ ʘʜʝʢʚʘʪʥʦʝ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʝ 

ʫʛʣʝʨʦʜʥʦʛʦ ʧʫʣʘ ʚ ʛʝʪʝʨʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʘʭ. 

ɸʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʠʩʪʘʥʮʠʦʥʥʦʡ ʦʮʝʥʢʠ ʩʦʜʝʨʞʘʥʠʷ ʇʆɺ ʚʳʷʚʣʷʝʪ 

ʩʫʱʝʩʪʚʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʪ ʪʠʧʘ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ. ʅʘ 

ʦʪʢʨʳʪʳʭ ʫʯʘʩʪʢʘʭ ʩʧʝʢʪʨʘʣʴʥʳʝ ʩʠʛʥʘʪʫʨʳ ʧʦʯʚ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʨʷʤʫʶ ʢʦʨʨʝʣʷʮʠʶ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʫʛʣʝʨʦʜʘ, ʘʟʦʪʘ ʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ [109-111]. 

ɺ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ʟʘʜʘʯʘ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʣʦʞʥʷʝʪʩʷ ʠʟ-ʟʘ ʵʬʬʝʢʪʘ ʤʘʩʢʠʨʦʚʢʠ 

ʧʦʯʚʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʨʘʩʪʠʪʝʣʴʥʳʤ ʧʦʣʦʛʦʤ. ʇʣʦʪʥʳʡ ʨʘʩʪʠʪʝʣʴʥʳʡ ʧʦʢʨʦʚ ʬʠʣʴʪʨʫʝʪ ʠ 

ʪʨʘʥʩʬʦʨʤʠʨʫʝʪ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʟʘʪʨʫʜʥʷʷ 

ʚʳʜʝʣʝʥʠʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʫʛʣʝʨʦʜʦʤ. ʆʜʥʘʢʦ ʥʘ ʨʝʛʠʦʥʘʣʴʥʦʤ ʠ 

ʛʣʦʙʘʣʴʥʦʤ ʫʨʦʚʥʷʭ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʨʦʣʴ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʠʥʜʠʢʘʪʦʨʘ 

ʧʦʯʚʝʥʥʳʭ ʫʩʣʦʚʠʡ: ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʠʪʦʤʘʩʩʳ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʵʢʦʩʠʩʪʝʤ ʢʦʨʨʝʣʠʨʫʶʪ 

ʩ ʧʦʪʝʥʮʠʘʣʦʤ ʩʝʢʚʝʩʪʨʘʮʠʠ ʫʛʣʝʨʦʜʘ [112]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʙʦʨ ʩʪʨʘʪʝʛʠʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʫʛʣʝʨʦʜʘ 

ʜʦʣʞʝʥ ʫʯʠʪʳʚʘʪʴ ʣʘʥʜʰʘʬʪʥʫʶ ʩʪʨʫʢʪʫʨʫ ʪʝʨʨʠʪʦʨʠʠ: ʜʣʷ ʦʪʢʨʳʪʳʭ ʧʨʦʩʪʨʘʥʩʪʚ 

ʵʬʬʝʢʪʠʚʥʳ ʤʝʪʦʜʳ ʧʨʷʤʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʪʦʛʜʘ ʢʘʢ ʜʣʷ ʣʝʩʥʳʭ ʤʘʩʩʠʚʦʚ 

ʥʝʦʙʭʦʜʠʤʳ ʢʦʤʧʣʝʢʩʥʳʝ ʧʦʜʭʦʜʳ, ʫʯʠʪʳʚʘʶʱʠʝ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʠ 

ʧʦʯʚʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. 

 

3.2 ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʟʘʧʘʩʦʚ ʇʆɺ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ROMUL 

ʇʦʯʚʳ ʣʝʩʥʳʭ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ ʂʘʨʝʣʴʩʢʦʛʦ ʧʝʨʝʰʝʡʢʘ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʩʦʭʨʘʥʝʥʠʷ ʧʫʣʦʚ ʇʆɺ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʩʦʯʝʪʘʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʛʦ ʠʩʭʦʜʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ 

ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʧʦʯʚʝʥʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ [19, 113-114]. ɺ ʦʨʛʘʥʦ-ʤʠʥʝʨʘʣʴʥʳʭ 

ʧʦʯʚʘʭ ʚ ʦʜʥʦʤ ʤʝʪʨʝ ʟʘʧʘʩʳ ʫʛʣʝʨʦʜʘ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ: ʚ 

ʧʦʜʟʦʣʘʭ ʠʣʣʶʚʠʘʣʴʥʦ-ʞʝʣʝʟʠʩʪʳʭ (ʙʝʟ ʫʯʝʪʘ ʧʦʜʩʪʠʣʢʠ) ʟʘʧʘʩ ʩʦʩʪʘʚʣʷʝʪ 34,6 ʢʛ/ʤ2, ʚ 

ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʭ ʧʦʯʚʘʭ - 54,7 ʢʛ/ʤ2. ɼʣʷ ʧʦʜʟʦʣʦʚ ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʩʝʚʝʨʥʦʡ ʯʘʩʪʝʡ 

ʂʘʨʝʣʴʩʢʦʛʦ ʧʝʨʝʰʝʡʢʘ ʫʩʪʘʥʦʚʣʝʥ ʜʠʘʧʘʟʦʥ ʟʘʧʘʩʦʚ ʇʆɺ ʦʪ 34,6 ʜʦ 68,1 ʢʛ/ʤ2. 

ʅʘʠʤʝʥʴʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʧʦʩʪʘʛʨʦʛʝʥʥʳʭ ʧʦʯʚ ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʶʞʥʦʡ 

ʯʘʩʪʝʡ ʪʝʨʨʠʪʦʨʠʠ, ʛʜʝ ʟʘʧʘʩʳ ʫʛʣʝʨʦʜʘ ʚʘʨʴʠʨʫʶʪ ʦʪ 8,41 ʜʦ 11,96 ʢʛ/ʤ2. ʄʘʢʩʠʤʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ ʪʦʨʬʷʥʳʭ ʧʦʯʚʘʭ ð ʜʦ 108,8 ʢʛ/ʤ2 ʚ ʩʣʦʝ 0-100 ʩʤ. 
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ʇʦʯʚʝʥʥʦʝ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʚʳʧʦʣʥʷʝʪ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʫʶ ʬʫʥʢʮʠʶ ʚ 

ʛʣʦʙʘʣʴʥʦʤ ʫʛʣʝʨʦʜʥʦʤ ʮʠʢʣʝ, ʦʙʝʩʧʝʯʠʚʘʷ ʜʦʣʛʦʩʨʦʯʥʫʶ ʩʝʢʚʝʩʪʨʘʮʠʶ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʦʙʲʸʤʦʚ ʫʛʣʝʨʦʜʘ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʝʛʦ ʵʤʠʩʩʠʶ ʚ ʘʪʤʦʩʬʝʨʫ ʚ ʬʦʨʤʝ CO2 [114-115]. ɼʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʧʦʯʚʘʭ ʙʳʣʘ 

ʧʨʠʤʝʥʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ROMUL [21], ʘʣʛʦʨʠʪʤʳ ʢʦʪʦʨʦʡ ʦʩʥʦʚʘʥʳ ʥʘ 

ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʩʢʦʨʦʩʪʝʡ ʜʝʩʪʨʫʢʮʠʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʦʧʘʜʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ 

ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣ ʩʬʦʨʤʠʨʦʚʘʥ ʢʦʤʧʣʝʢʩ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʚʢʣʶʯʘʶʱʠʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʯʚ (ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ, 

ʧʣʦʪʥʦʩʪʴ ʩʣʦʞʝʥʠʷ) ʠ ʧʦʢʘʟʘʪʝʣʠ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ (ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ ʠ ʘʟʦʪʘ). 

ʄʦʜʝʣʴ ROMUL (ʈʠʩʫʥʦʢ 21) ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʜʠʥʘʤʠʢʫ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ 

ʥʘ ʦʩʥʦʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʬʨʘʢʮʠʡ ʦʧʘʜʘ 

ʩ ʫʯʸʪʦʤ ʣʠʤʠʪʠʨʫʶʱʝʛʦ ʚʣʠʷʥʠʷ ʘʟʦʪʘ ʥʘ ʩʢʦʨʦʩʪʴ ʠʭ ʨʘʟʣʦʞʝʥʠʷ. 

 

ʈʠʩʫʥʦʢ 21 ï ɹʣʦʢ-ʩʭʝʤʘ ʤʦʜʝʣʠ ROMUL. ʀʥʜʝʢʩʳ ʥʘ ʩʪʨʝʣʢʘʭ ï ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʛʫʤʠʬʠʢʘʮʠʠ (ʪʦʥʢʠʝ ʩʧʣʦʰʥʳʝ ʩʪʨʝʣʢʠ) ʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ (ʰʠʨʦʢʠʝ ʚʝʨʪʠʢʘʣʴʥʳʝ 

ʩʪʨʝʣʢʠ) ʇʆɺ [22]. ʃʘʙʠʣʴʥʳʡ ʛʫʤʫʩ ï ʢʦʤʧʣʝʢʩ ʛʫʤʫʩʦʚʳʭ ʚʝʱʝʩʪʚ ʩ ʨʘʩʪʠʪʝʣʴʥʳʤʠ 

ʦʩʪʘʪʢʘʤʠ (ʜʝʪʨʠʪ). ʀʥʜʝʢʩʳ L ʠ S ʦʙʦʟʥʘʯʘʶʪ ʧʨʦʮʝʩʩʳ, ʠʜʫʱʠʝ ʚ ʧʦʜʩʪʠʣʢʝ (L ï litter) ʠ 

ʤʠʥʝʨʘʣʴʥʦʡ ʯʘʩʪʠ ʧʦʯʚʳ (S ï soil) 

 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʜʚʘ ʙʘʟʦʚʳʭ ʩʮʝʥʘʨʠʷ ð ʢʣʠʤʘʪʠʯʝʩʢʠʡ ʠ 

ʧʦʯʚʝʥʥʳʡ [22]. ʂʣʠʤʘʪʠʯʝʩʢʠʡ ʩʮʝʥʘʨʠʡ ʩʬʦʨʤʠʨʦʚʘʥ ʥʘ ʦʩʥʦʚʝ ʥʝʧʨʝʨʳʚʥʦʛʦ 
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ʤʦʥʠʪʦʨʠʥʛʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ, ʦʩʫʱʝʩʪʚʣʷʝʤʦʛʦ ʩ ʧʦʤʦʱʴʶ ʩʝʪʠ ʪʝʨʤʦʭʨʦʥʦʚ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʢʘʨʙʦʥʦʚʦʛʦ ʧʦʣʠʛʦʥʘ ʩ 2022 ʛʦʜʘ, ʩ ʜʦʧʦʣʥʝʥʠʝʤ 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ ʦ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠʟʝʤʥʦʛʦ ʩʣʦʷ ʘʪʤʦʩʬʝʨʳ (ʊʘʙʣʠʮʘ 9). 

ʊʘʢʦʡ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪʴ ʚʭʦʜʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ ʚ ʧʦʯʚʘʭ. 

 

ʊʘʙʣʠʮʘ 9. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʪʝʨʨʠʪʦʨʠʠ ʢʘʨʙʦʥʦʚʦʛʦ ʧʦʣʠʛʦʥʘ çʃʘʜʦʛʘè 

ɻʦʜ ʄʝʩʷʮ ʊ, Áʉ 

2022 ʅʦʷʙʨʴ -5,4 

2022 ɼʝʢʘʙʨʴ -4,7 

2023 ʗʥʚʘʨʴ -3,4 

2023 ʌʝʚʨʘʣʴ -4,0 

2023 ʄʘʨʪ -1,3 

2023 ɸʧʨʝʣʴ 5,9 

2023 ʄʘʡ 11,2 

2023 ʀʶʥʴ 15,8 

2023 ʀʶʣʴ 17,0 

2023 ɸʚʛʫʩʪ 18,2 

2023 ʉʝʥʪʷʙʨʴ 14,8 

2023 ʆʢʪʷʙʨʴ 3,6 

2023 ʅʦʷʙʨʴ 4,6 

2023 ɼʝʢʘʙʨʴ -4,4 

2024 ʗʥʚʘʨʴ -8,9 

2024 ʌʝʚʨʘʣʴ -3,7 

2024 ʄʘʨʪ 2,6 

2024 ɸʧʨʝʣʴ 5,7 

2024 ʄʘʡ 13,3 

2024 ʀʶʥʴ 18,8 

2024 ɸʚʛʫʩʪ 22,1 

2024 ʉʝʥʪʷʙʨʴ 21,3 

2024 ʆʢʪʷʙʨʴ 10,3 

2024 ʅʦʷʙʨʴ 3,4 

2024 ɼʝʢʘʙʨʴ -1,7 

2025 ʗʥʚʘʨʴ -1,8 

2025 ʌʝʚʨʘʣʴ -3,5 

2025 ʄʘʨʪ 5,3 

2025 ɸʧʨʝʣʴ 9,1 

2025 ʄʘʡ 13,2 

2025 ʀʶʥʴ 18,2 

2025 ʀʶʣʴ 24,7 

2025 ɸʚʛʫʩʪ 19,5 

 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʧʦʯʚʝʥʥʳʭ ʩʮʝʥʘʨʠʷʭ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 10.  
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ʊʘʙʣʠʮʘ 10. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʉʈ1 ï ʧʦʜʟʦʣ ʠʣʣʶʚʠʘʣʴʥʦ-ʞʝʣʝʟʠʩʪʳʡ; ʉʈ2 

ï ʪʦʨʬʷʥʘʷ ʧʦʯʚʘ 

ʇʦʯʚʘ ɻʦʨʠʟʦʥʪ 
ʄʦʱʥʦʩʪʴ, 

ʩʤ 

pH 

H2O 

d, 

ʛ/ʩʤ3 

ɹʘʟʘʣʴʥʦʝ 

ʜʳʭʘʥʠʝ, 

ʤʛʉʆ2*100ʛ
-

1*24ʯ-1 

ʉ, % 
N, 

% 
C/N 

ɿʘʧʘʩ, ʢʛ/ʤ2 

ʋʛʣʝʨʦʜʘ ɸʟʦʪʘ 

CP1 

ʆ 2 5,9 0,8 45,4 7,54 0,43 20,5 1,16 0,07 

AYe 11 5,6 0,9 32,8 3,33 0,21 18,6 3,52 0,22 

BF 21 5,9 1,5 31,5 0,62 0,06 12,1 1,99 0,19 

BC 11 5,9 1,4 24,7 0,19 0,03 7,4 0,29 0,05 

C 34 6,0 1,6 23,8 0,17 0,03 6,6 0,95 0,15 

CP2 

TE1 10 5,2 0,2 223,7 38,40 2,20 20,4 6,53 0,37 

TE2 10 5,3 0,3 187,3 41,96 2,83 17,3 12,59 0,85 

TE3 10 4,7 0,2 141,5 46,35 2,67 20,3 7,88 0,45 

TE4 10 4,1 0,2 116,0 43,81 1,91 26,6 7,45 0,32 

TT 10 3,7 0,2 101,4 40,49 1,69 28 8,50 0,36 

 

ʇʘʨʘʤʝʪʨʳ ʧʦʩʪʫʧʣʝʥʠʷ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ ʚ ʧʦʯʚʫ ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 11. 

ɼʨʝʚʦʩʪʦʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʬʦʨʤʫʣʦʡ 5ɹ5ʉ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʚʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 

ʫʯʘʩʪʠʷ ʙʝʨʸʟʳ ʠ ʩʦʩʥʳ ʚ ʩʦʩʪʘʚʝ ʥʘʩʘʞʜʝʥʠʷ. ʊʘʢʩʘʮʠʦʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʜʝʨʝʚʴʝʚ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ: ʜʣʷ ʩʦʩʥʳ ʜʠʘʤʝʪʨ ʩʪʚʦʣʘ ʚʘʨʴʠʨʫʝʪ ʦʪ 14 ʜʦ 58 ʩʤ ʧʨʠ ʚʳʩʦʪʝ 20ï21 ʤ, 

ʜʣʷ ʙʝʨʸʟʳ ʜʠʘʤʝʪʨ ʩʦʩʪʘʚʣʷʝʪ 32ï61 ʩʤ ʧʨʠ ʚʳʩʦʪʝ 18ï20 ʤ. ʉʦʤʢʥʫʪʦʩʪʴ ʧʦʣʦʛʘ ʨʘʚʥʘ 

0.7, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ ʧʣʦʪʥʦʩʪʴ ʜʨʝʚʝʩʥʦʛʦ ʷʨʫʩʘ ʠ ʦʧʨʝʜʝʣʷʝʪ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʦʙʲʸʤ ʝʞʝʛʦʜʥʦʛʦ ʦʧʘʜʘ, ʫʯʠʪʳʚʘʝʤʳʡ ʚ ʤʦʜʝʣʠ ROMUL ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ 

ʠʟ ʢʣʶʯʝʚʳʭ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʪʦʢʘ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʫ. 

 

ʊʘʙʣʠʮʘ 11. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʬʨʘʢʮʠʡ ʦʧʘʜʘ ʜʣʷ ʙʝʨʝʟʦʚʦ-ʩʦʩʥʷʢʘ ʨʷʙʠʥʦʚʦʛʦ 

ʌʨʘʢʮʠʠ 
ʂʦʣʠʯʝʩʪʚʦ ʦʧʘʜʘ, 

ʛ/10ʤ 

ʉʦʩʥʘ 

ʇʦʯʝʯʥʳʝ ʯʝʰʫʠ 52,15 

ɹʫʪʦʥʳ 1,56 

ʇʳʣʴʥʠʢʠ 85,02 

ɿʘʚʷʟʠ 4,42 

ʉʝʤʝʥʘ 0,15 

ʂʨʳʣʘʪʢʠ 0,4 

ʐʠʰʢʠ 98,2 

ʍʚʦʷ 1456,5 

ʂʦʨʘ 236,4 

ɺʝʪʢʠ 52,6 

ʇʦʙʝʛʠ 34,2 

ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʦʧʘʜʘ ʩʦʩʥʳ 
2021,6 
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ɹʝʨʝʟʘ 

ʇʦʯʝʯʥʳʝ ʯʝʰʫʠ 15,3 

ɹʫʪʦʥʳ 4,85 

ʎʚʝʪʳ 16,87 

ʇʨʦʰʣʦʛʦʜʥʠʝ 

ʩʝʤʝʥʘ 
0,9 

ʉʝʤʝʥʘ 61,7 

ʇʣʦʜʦʥʦʞʢʠ 0,63 

ʃʠʩʪʴʷ 852,3 

ʂʦʨʘ 8,9 

ɺʝʪʢʠ 78,9 

ʇʦʙʝʛʠ 4,1 

ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʦʧʘʜʘ ʙʝʨʝʟʳ 
1044,45 

ʈʷʙʠʥʘ 

ʃʠʩʪʴʷ 7,2 

ɺʝʪʢʠ 0,9 

ʆʙʱʘʷ ʤʘʩʩʘ ʦʧʘʜʘ 

ʨʷʙʠʥʳ 
8,1 

 

ʇʦʤʠʤʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʩʪʫʧʣʝʥʠʷ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠʤʝʝʪ ʙʠʦʭʠʤʠʯʝʩʢʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʧʘʜʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʠ ʟʦʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʊʘʙʣʠʮʘ 12). 

ʉʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʚʳʩʪʫʧʘʝʪ ʢʣʶʯʝʚʳʤ ʨʝʛʫʣʷʪʦʨʦʤ ʩʢʦʨʦʩʪʠ ʜʝʩʪʨʫʢʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʟʦʣʴʥʦʩʪʴ ʦʪʨʘʞʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, 

ʚʣʠʷʶʱʠʭ ʥʘ ʧʨʦʮʝʩʩʳ ʛʫʤʠʬʠʢʘʮʠʠ. ʕʪʠ ʧʘʨʘʤʝʪʨʳ ʦʧʨʝʜʝʣʷʶʪ ʩʪʝʧʝʥʴ ʣʘʙʠʣʴʥʦʩʪʠ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʝʛʦ ʧʦʩʣʝʜʫʶʱʫʶ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʚ ʩʦʩʪʘʚʝ ʇʆɺ. 

 

ʊʘʙʣʠʮʘ 12. ʂʘʯʝʩʪʚʝʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʦʧʘʜʘ 

ʂʦʛʦʨʪʘ ʦʧʘʜʘ ʍʚʦʷ ʂʦʨʘ, ʚʝʪʢʠ 
ʂʦʨʥʠ 

çʥʘʜʟʝʤʥʳʝè 

ʂʦʨʥʠ 

çʧʦʜʟʝʤʥʳʝè 

ɿʦʣʘ, % 1,36 0,74 0,88 0,88 

ɸʟʦʪ ʦʙʱʠʡ, % 

ʙʝʟ ʦʙʦʛʘʱʝʥʠʷ 
0,63 0,41 0,41 0,41 

ɸʟʦʪ ʦʙʱʠʡ %, 

ʩ ʦʙʦʛʘʱʝʥʠʝʤ 
0,90 0,50 0,50 0,50 

 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʧʦʯʚʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚʳʷʚʠʣʠ 

ʜʚʫʭʬʘʟʥʳʡ ʭʘʨʘʢʪʝʨ ʝʛʦ ʪʨʘʥʩʬʦʨʤʘʮʠʠ: ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʫʛʣʝʨʦʜʘ ʚ ʩʦʩʪʘʚʝ 

ʣʝʩʥʦʡ ʧʦʜʩʪʠʣʢʠ (30 ʣʝʪ), ʢʦʪʦʨʳʡ ʚ ʜʘʣʴʥʝʡʰʝʤ ʩʤʝʥʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʧʫʣʘ ʫʛʣʝʨʦʜʘ 

ʚ ʩʦʩʪʘʚʝ ʛʫʤʫʩʘ (100 ʣʝʪ), ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʫʤʠʬʠʢʘʮʠʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ. ʅʘ 

ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʵʪʘʧʝ (60 ʣʝʪ) ʬʦʨʤʠʨʫʝʪʩʷ ʣʘʙʠʣʴʥʳʡ ʧʫʣ ʫʛʣʝʨʦʜʘ, ʧʦʜʚʝʨʞʝʥʥʳʡ 



90 
 

ʯʘʩʪʠʯʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʪʦʛʜʘ ʢʘʢ ʢ ʩʪʦʣʝʪʥʝʤʫ ʨʫʙʝʞʫ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ 

ʧʝʨʝʭʦʜʠʪ ʚ ʩʪʘʙʠʣʴʥʫʶ ʬʦʨʤʫ (ʈʠʩʫʥʦʢ 22). 

 

ʈʠʩʫʥʦʢ 22 ï ɼʠʥʘʤʠʢʘ ʟʘʧʘʩʦʚ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʧʦʯʚʘʭ ʢʘʨʙʦʥʦʚʦʛʦ ʧʦʣʠʛʦʥʘ 

çʃʘʜʦʛʘè 

 

 ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʥʪʝʛʨʘʮʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʚʢʣʶʯʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʫʶ ʜʠʥʘʤʠʢʫ ʧʦʯʚʝʥʥʦʛʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʣʘʞʥʦʩʪʥʦʛʦ ʨʝʞʠʤʘ, ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ ʩʢʦʨʦʩʪʝʡ ʜʝʩʪʨʫʢʮʠʠ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ ʠ ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʫʶ ʩʪʨʘʪʠʬʠʢʘʮʠʶ ʧʦʜʩʪʠʣʦʯʥʳʭ ʛʦʨʠʟʦʥʪʦʚ, 

ʯʪʦ ʧʦʟʚʦʣʠʪ ʫʣʫʯʰʠʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʫʛʣʝʨʦʜʥʦʛʦ ʮʠʢʣʘ ʚ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ. 
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3.3 ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʩʝʢʚʝʩʪʨʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʥʘʟʝʤʥʳʤʠ 

ʵʢʦʩʠʩʪʝʤʘʤʠ, ʨʘʟʚʠʚʘʶʱʠʤʠʩʷ ʚ ʭʦʜʝ ʵʢʦʛʝʥʝʪʠʯʝʩʢʠʭ ʩʫʢʮʝʩʩʠʡ ʧʨʠ ʩʘʤʦʟʘʨʘʩʪʘʥʠʠ 

ʥʘʨʫʰʝʥʥʳʭ ʟʝʤʝʣʴ ʢʘʢ ʤʦʜʝʣʝʡ ʝʩʪʝʩʪʚʝʥʥʦʡ ʘʢʢʫʤʫʣʷʮʠʠ ʫʛʣʝʨʦʜʘ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʩʦʩʪʘʚʝ ʥʘʟʝʤʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʧʦʯʚ 

ʇʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʨʫʧʥʝʡʰʠʡ ʨʝʟʝʨʚʫʘʨ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʫʛʣʝʨʦʜʘ, ʧʨʝʚʦʩʭʦʜʷ ʘʪʤʦʩʬʝʨʥʳʡ ʧʫʣ ʚ 3.2 ʨʘʟʘ ʠ ʙʠʦʪʠʯʝʩʢʠʡ ï ʚ 4 ʨʘʟʘ [116]. ʈʦʩʩʠʡʩʢʠʝ 

ʪʝʨʨʠʪʦʨʠʠ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʛʣʦʙʘʣʴʥʦʤ ʫʛʣʝʨʦʜʥʦʤ ʙʘʣʘʥʩʝ, ʘʢʢʫʤʫʣʠʨʫʷ ʦʢʦʣʦ 

20% ʤʠʨʦʚʳʭ ʟʘʧʘʩʦʚ ʇʆɺ. ʉʦʛʣʘʩʥʦ ʩʦʚʨʝʤʝʥʥʳʤ ʦʮʝʥʢʘʤ, ʟʘʧʘʩʳ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʫʛʣʝʨʦʜʘ ʚ ʤʝʪʨʦʚʦʤ ʩʣʦʝ ʧʦʯʚ ʈʦʩʩʠʠ ʩʦʩʪʘʚʣʷʶʪ 285-364 ʇʛ ʧʨʠ ʛʣʦʙʘʣʴʥʦʤ ʧʫʣʝ 1417-

1824 ʇʛ [117-119]. 

ʉʪʨʫʢʪʫʨʘ ʫʛʣʝʨʦʜʥʦʛʦ ʧʫʣʘ ʚ 30-ʩʘʥʪʠʤʝʪʨʦʚʦʤ ʩʣʦʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʛʦʨʠʟʦʥʪʦʚ (62% ʦʙʱʠʭ ʟʘʧʘʩʦʚ), ʪʦʛʜʘ ʢʘʢ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ 

ʦʨʛʘʥʦʛʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʘʭ ʩʣʝʜʫʶʱʝʝ: 20% - ʪʦʨʬ ʙʦʣʦʪʥʳʭ ʧʦʯʚ, 9% - ʪʦʨʬ 

ʧʦʣʫʛʠʜʨʦʤʦʨʬʥʳʭ ʧʦʯʚ, ʠ 9% - ʫʛʣʝʨʦʜ ʧʦʜʩʪʠʣʢʠ [120]. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʟʘʧʘʩʳ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʥʘʟʝʤʥʦʡ ʬʠʪʦʤʘʩʩʝ, ʩʦʩʪʘʚʣʷʶʱʝʡ 38.8 ʇʛ ʉ (7.2% ʛʣʦʙʘʣʴʥʦʛʦ 

ʟʘʧʘʩʘ ʬʠʪʦʤʘʩʩʳ, ʦʮʝʥʠʚʘʝʤʦʛʦ ʚ 550 ʇʛ) [117-118]. 

ɼʝʛʨʘʜʘʮʠʷ ʇʆɺ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ ʚʣʠʷʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʧʨʠʨʦʜʥʳʭ ʬʘʢʪʦʨʦʚ. ʅʘ 

ʛʣʦʙʘʣʴʥʦʤ ʫʨʦʚʥʝ ʜʦʤʠʥʠʨʫʶʱʠʤ ʜʨʘʡʚʝʨʦʤ ʚʳʩʪʫʧʘʝʪ ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ [120], ʪʦʛʜʘ 

ʢʘʢ ʥʘ ʨʝʛʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʝ ʢʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʶʪ ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ - 

ʨʘʩʰʠʨʝʥʠʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ ʠ ʩʚʝʜʝʥʠʝ ʣʝʩʦʚ [121]. ʂʦʥʚʝʨʩʠʷ ʧʨʠʨʦʜʥʳʭ 

ʵʢʦʩʠʩʪʝʤ ʚ ʘʛʨʦʮʝʥʦʟʳ ʧʨʠʚʝʣʘ ʢ ʧʦʪʝʨʝ 116 ɻʪ ʫʛʣʝʨʦʜʘ ʠʟ ʜʚʫʭʤʝʪʨʦʚʦʛʦ ʧʦʯʚʝʥʥʦʛʦ 

ʩʣʦʷ ʟʘ ʧʦʩʣʝʜʥʠʝ 60 ʣʝʪ [122]. ʆʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ ʠʤʝʶʪ ʧʦʪʝʨʠ ʫʛʣʝʨʦʜʘ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʜʝʛʨʘʜʘʮʠʠ ʣʝʩʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʜʦ 15% ʛʣʦʙʘʣʴʥʳʭ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʚʳʙʨʦʩʦʚ [123], ʯʪʦ 

ʧʦʜʯʝʨʢʠʚʘʝʪ ʢʨʠʪʠʯʝʩʢʫʶ ʨʦʣʴ ʣʝʩʥʳʭ ʵʢʦʩʠʩʪʝʤ ʚ ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʫʛʣʝʨʦʜʥʦʛʦ ʙʘʣʘʥʩʘ. 

ʉʪʘʙʠʣʴʥʦʩʪʴ ʠ ʟʘʧʘʩʳ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʘʭ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʢʦʤʧʣʝʢʩʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʪʠʧʘ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʭʘʨʘʢʪʝʨʘ 

ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ [124]. ɺ ʢʦʥʪʝʢʩʪʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʘʨʙʦʥʦʚʦʛʦ ʧʦʣʠʛʦʥʘ çʃʘʜʦʛʘè 

ʥʘ ʂʦʣʪʫʰʩʢʦʡ ʚʦʟʚʳʰʝʥʥʦʩʪʠ, ʢʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʥʝ ʪʦʣʴʢʦ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ 

ʦʮʝʥʢʘ ʫʛʣʝʨʦʜʥʦʛʦ ʧʫʣʘ, ʥʦ ʠ ʘʥʘʣʠʟ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʯʚʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ [125]. ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʦʮʝʥʢʝ 

ʩʝʢʚʝʩʪʨʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʟʘʧʘʩʦʚ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʤʠʥʝʨʘʣʠʟʫʝʤʦʛʦ ʫʛʣʝʨʦʜʘ (Cpm), ʦʪʨʘʞʘʶʱʝʛʦ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʫʶ ʬʨʘʢʮʠʶ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ [126]. 

ʇʨʦʚʝʜʝʥʥʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʢʠʥʝʪʠʢʠ ʢʫʤʫʣʷʪʠʚʥʦʡ ʵʤʠʩʩʠʠ C-CO  ʚ ʭʦʜʝ 175-

ʜʥʝʚʥʦʡ ʠʥʢʫʙʘʮʠʠ (ʈʠʩʫʥʦʢ 23) ʧʦʟʚʦʣʠʣʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ ʧʘʨʘʤʝʪʨʳ Cpm ʚ 
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ʥʝʥʘʨʫʰʝʥʥʳʭ ʧʦʯʚʘʭ (ʊʘʙʣʠʮʘ 13). ɺ ʩʝʨʦʛʫʤʫʩʦʚʦʤ ʛʦʨʠʟʦʥʪʝ AYe ʜʝʨʥʦʚʦ-ʧʦʜʙʫʨʘ 

ʩʦʜʝʨʞʘʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʠʥʝʨʘʣʠʟʫʝʤʦʛʦ ʫʛʣʝʨʦʜʘ ʩʦʩʪʘʚʣʷʝʪ 502,5 Ñ 104,6 ʤʛĿ100 ʛ-1, 

ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 15,1 Ñ 3,1% ʦʪ ʦʙʱʝʛʦ ʟʘʧʘʩʘ ʧʦʯʚʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. 

ʈʘʩʯʝʪʥʳʡ ʟʘʧʘʩ Cpm ʚ ʩʣʦʝ 0-10 ʩʤ ʜʣʷ ʜʘʥʥʦʛʦ ʪʠʧʘ ʧʦʯʚʳ ʜʦʩʪʠʛʘʝʪ 0,48 Ñ 0,01 ʢʛĿʤ-2. 

 

ʈʠʩʫʥʦʢ 23 ï (A) ʂʫʤʫʣʷʪʠʚʥʳʝ ʢʨʠʚʳʝ ʵʤʠʩʩʠʠ C-CO2 ʨʘʟʣʠʯʥʳʤʠ ʧʦʯʚʘʤʠ. (B) 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʯʚʝʥʥʦʛʦ ʜʳʭʘʥʠʷ ʧʦʯʚ ʚ ʪʝʯʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʝʨʠʦʜʦʚ ʠʥʢʫʙʘʮʠʠ. CP1 - 

ʜʝʨʥʦʚʦ-ʧʦʜʙʫʨ; CP2 - ʪʦʨʬʷʥʘʷ ʵʫʪʨʦʬʥʘʷ ʧʦʯʚʘ 

 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʟʥʘʯʠʪʝʣʴʥʦʤ ʧʦʪʝʥʮʠʘʣʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʠʟʫʯʝʥʥʳʭ ʧʦʯʚʘʭ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 

ʧʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʜʠʥʘʤʠʢʠ ʫʛʣʝʨʦʜʥʦʛʦ ʙʘʣʘʥʩʘ ʚ ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʷʶʱʝʛʦʩʷ ʢʣʠʤʘʪʘ ʠ 

ʨʘʟʨʘʙʦʪʢʝ ʩʪʨʘʪʝʛʠʡ ʫʧʨʘʚʣʝʥʠʷ ʧʦʯʚʝʥʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʢʘʨʙʦʥʦʚʦʛʦ ʧʦʣʠʛʦʥʘ. 

 

ʊʘʙʣʠʮʘ 13. ʉʦʜʝʨʞʘʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʠʥʝʨʘʣʠʟʫʝʤʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʧʦʯʚ ʢʘʨʙʦʥʦʚʦʛʦ ʧʦʣʠʛʦʥʘ çʃʘʜʦʛʘè 

ʇʘʨʘʤʝʪʨʳ ɼʝʨʥʦʚʦ-ʧʦʜʙʫʨ ʊʦʨʬʷʥʘʷ-ʵʫʪʨʦʬʥʘʷ 

ʇʆɺ, ʤʛ*100 ʛ-1 3330 38400 

Cpm, ʤʛ*100 ʛ-1 502,5Ñ104,6 3394,7Ñ380,3 

Cpm, % ʦʪ ʇʆɺ 15,1Ñ3,1 8,8Ñ0,9 

ʂʦʥʩʪʘʥʪʘ ʤʠʥʝʨʘʣʠʟʘʮʠʠ (ʢ), ʜʝʥʴ-1 0,005Ñ0,001 0,003Ñ0,001 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʤʠʥʝʨʘʣʠʟʘʮʠʠ (ʀʄ), 

ʤʛ*100 ʛ-1*ʜʝʥʴ-1 
2,5Ñ0,2 9,2Ñ0,1 

ʀʥʜʝʢʩ ʩʪʘʙʠʣʴʥʦʩʪʠ (ʀʉ) 5,8Ñ1,3 10,4Ñ1,3 

 

ɺ ʪʦʨʬʷʥʦʡ ʵʫʪʨʦʬʥʦʡ ʧʦʯʚʝ Cpm = 3394,7Ñ380,3 ʤʛĬ100 ʛ-1 ʠʣʠ 8,8Ñ0,9% ʦʪ ʇʆɺ. 

ɿʘʧʘʩ Cpm ʚ ʩʣʦʝ 0-10 ʩʤ ʪʦʨʬʷʥʦʡ ʵʫʪʨʦʬʥʦʡ ʧʦʯʚʳ ʨʘʚʝʥ 0,58Ñ0,06 ʢʛĬʤ-2. ʊʦʨʬʷʥʳʝ 
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ʧʦʯʚʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʜʝʨʥʦʚʦ-ʧʦʜʙʫʨʦʤ (9,2Ñ0,1 ʧʨʦʪʠʚ 2,5Ñ0,2 ʤʛĬ100 ʛ-1Ĭʩʫʪ-1) ʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. ʆʜʥʘʢʦ ʝʩʪʴ ʜʘʥʥʳʝ, ʯʪʦ ʨʘʟʤʝʨ ʠ ʩʪʨʫʢʪʫʨʘ 

ʤʠʥʝʨʘʣʠʟʫʝʤʦʛʦ ʧʫʣʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʪʦʨʬʷʥʳʭ ʧʦʯʚ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ 

ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʨʝʞʠʤʦʤ ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʜʳ [126]. 

 

4 ʄʦʣʝʢʫʣʷʨʥʳʡ ʩʦʩʪʘʚ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ ʧʦʯʚ ʠ ʦʮʝʥʢʘ ʩʪʘʙʠʣʠʟʘʮʠʠ ʇʆɺ 

ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʢʘʨʙʦʥʦʚʦʛʦ ʧʦʣʠʛʦʥʘ çʃʘʜʦʛʘè 

ʉʦʛʣʘʩʥʦ ʦʮʝʥʢʘʤ ʇʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʆʆʅ 

(FAO), ʙʦʨʝʘʣʴʥʘʷ ʟʦʥʘ ʩʦʜʝʨʞʠʪ ʢʨʫʧʥʝʡʰʠʡ ʛʣʦʙʘʣʴʥʳʡ ʨʝʟʝʨʚʫʘʨ ʇʆɺ, ʜʦʩʪʠʛʘʶʱʠʡ 

356 ʇʛ ʉ ʚ ʤʝʪʨʦʚʦʤ ʩʣʦʝ ʧʦʯʚʳ, ʜʝʛʨʘʜʘʮʠʷ ʢʦʪʦʨʦʛʦ ʩʧʦʩʦʙʥʘ ʦʢʘʟʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ ʥʘ ʧʣʘʥʝʪʝ [127]. ɺ ʨʘʤʢʘʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʦʙʷʟʘʪʝʣʴʩʪʚ, 

ʚʢʣʶʯʘʷ ʂʠʦʪʩʢʠʡ ʧʨʦʪʦʢʦʣ ʠ ʇʘʨʠʞʩʢʦʝ ʩʦʛʣʘʰʝʥʠʝ, ʩʪʨʘʥʳ ʫʯʘʩʪʥʠʢʠ ʧʨʝʜʧʨʠʥʠʤʘʶʪ 

ʤʝʨʳ ʧʦ ʩʦʢʨʘʱʝʥʠʶ ʵʤʠʩʩʠʠ CO  ʠ ʦʛʨʘʥʠʯʝʥʠʶ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ ʫʨʦʚʥʝʤ 1.5ÁC 

[128]. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʩʝʢʚʝʩʪʨʘʮʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʫʛʣʝʨʦʜʘ ʠ ʦʮʝʥʢʘ ʝʛʦ ʜʝʧʦʥʠʨʦʚʘʥʠʷ 

ʚ ʧʦʯʚʘʭ ʚ ʩʪʘʙʠʣʴʥʦʤ ʚʠʜʝ ʧʨʠʦʙʨʝʪʘʶʪ ʢʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ [129]. 

ʄʠʨʦʚʘʷ ʧʨʘʢʪʠʢʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʘʢʪʠʚʥʦʝ ʚʥʝʜʨʝʥʠʝ ʧʨʦʛʨʘʤʤ ʢʘʨʙʦʥʦʚʦʛʦ 

ʤʝʥʝʜʞʤʝʥʪʘ ʚ ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʝ, ɽʚʨʦʧʝ ʠ ɸʚʩʪʨʘʣʠʠ, ʛʜʝ ʨʝʘʣʠʟʫʝʪʩʷ ʢʦʥʮʝʧʮʠʷ 

ʫʩʪʦʡʯʠʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʦʯʚʝʥʥʳʤʠ ʨʝʩʫʨʩʘʤʠ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʧʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʠ ʩʝʢʚʝʩʪʨʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʦʯʚʝʥʥʦʛʦ ʫʛʣʝʨʦʜʘ [130-132]. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʦʯʚʳ ɽʚʨʘʟʠʠ, ʩʧʦʩʦʙʥʳʝ ʧʦʛʣʦʱʘʪʴ 23-28% ʨʝʛʠʦʥʘʣʴʥʳʭ ʛʦʜʦʚʳʭ 

ʚʳʙʨʦʩʦʚ CO . ʍʦʪʷ ʙʦʨʝʘʣʴʥʳʝ ʵʢʦʩʠʩʪʝʤʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʟʘʧʘʩʘʤʠ 

ʫʛʣʝʨʦʜʘ, ʠʭ ʩʝʢʚʝʩʪʨʘʮʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʧʦ ʦʮʝʥʢʘʤ FAO, ʫʩʪʫʧʘʝʪ ʙʦʣʝʝ ʪʝʧʣʳʤ ʠ 

ʚʣʘʞʥʳʤ ʧʨʠʨʦʜʥʳʤ ʟʦʥʘʤ. 

ʕʬʬʝʢʪʠʚʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʧʨʠʨʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ ʯʝʨʝʟ ʩʝʪʴ ʢʘʨʙʦʥʦʚʳʭ ʧʦʣʠʛʦʥʦʚ 

ʧʦʟʚʦʣʷʝʪ ʦʪʩʣʝʞʠʚʘʪʴ ʜʠʥʘʤʠʢʫ ʫʛʣʝʨʦʜʥʦʛʦ ʙʘʣʘʥʩʘ [132-134]. ʂʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦʡ 

ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʩʪʘʙʠʣʠʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʙʠʦʪʠʯʝʩʢʠʤ ʠ ʘʙʠʦʪʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ [135]. ʆʩʦʙʫʶ ʨʦʣʴ ʚ ʵʪʦʤ 

ʧʨʦʮʝʩʩʝ ʠʛʨʘʶʪ ʛʫʤʠʥʦʚʳʝ ʢʠʩʣʦʪʳ (ɻʂ) [136]. ʀʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʦʤ ʬʘʢʪʦʨʦʚ: ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ, ʩʦʩʪʘʚʦʤ ʧʨʝʢʫʨʩʦʨʦʚ 

ʛʫʤʠʬʠʢʘʮʠʠ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝʤ ʧʦʯʚʝʥʥʦʡ ʤʠʢʨʦʙʠʦʪʳ. 

ʇʨʝʧʘʨʘʪʳ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ ʚʳʜʝʣʷʣʠ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʢʘʬʝʜʨʳ ʧʨʠʢʣʘʜʥʦʡ 

ʵʢʦʣʦʛʠʠ ʉʇʙɻʋ ʧʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʤʝʪʦʜʠʢʝ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʦʙʱʝʩʪʚʘ ʧʦ ʠʟʫʯʝʥʠʶ 

ʛʫʤʠʥʦʚʳʭ ʚʝʱʝʩʪʚ (IHSS), ʧʨʝʜʣʦʞʝʥʥʦʡ ɺʘʩʠʣʝʚʠʯʝʤ [137]. ʄʝʪʦʜʠʢʘ ʚʢʣʶʯʘʣʘ ʜʚʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʵʢʩʪʨʘʢʮʠʠ 0,1 ʥ. ʨʘʩʪʚʦʨʦʤ ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ ʧʦʩʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 
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ʜʝʢʘʣʴʮʠʨʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʧʦʯʚ. ʇʦʣʫʯʝʥʥʳʝ ʱʝʣʦʯʥʳʝ ʵʢʩʪʨʘʢʪʳ ʧʦʜʢʠʩʣʷʣʠ ʜʦ pH 2 ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʦʪʜʝʣʝʥʠʝʤ ʬʨʘʢʮʠʠ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ ʤʝʪʦʜʦʤ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʦʯʠʩʪʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 10% ʨʘʩʪʚʦʨʘ ʧʣʘʚʠʢʦʚʦʡ ʢʠʩʣʦʪʳ 

ʜʣʷ ʫʜʘʣʝʥʠʷ ʟʦʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʦʩʣʝ ʯʝʛʦ ʦʩʫʱʝʩʪʚʣʷʣʠ ʜʠʘʣʠʟ ʚ ʤʝʤʙʨʘʥʥʦʡ ʧʣʸʥʢʝ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 10 ʩʫʪʦʢ. 

ʉʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʚʳʜʝʣʝʥʥʳʭ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ ʚʳʧʦʣʥʷʣʠ ʤʝʪʦʜʦʤ 

ʪʚʝʨʜʦʪʝʣʴʥʦʡ ĭįC ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ Bruker Avance III 400WB (Bruker, 

ɻʝʨʤʘʥʠʷ) ʚ ʈʝʩʫʨʩʥʦʤ ʮʝʥʪʨʝ çʄʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡè ʅʘʫʯʥʦʛʦ 

ʧʘʨʢʘ ʉʇʙɻʋ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʨʘʙʦʯʝʡ ʯʘʩʪʦʪʝ 100,53 ʄɻʮ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʤʝʪʦʜʠʢʠ CP-MAS (ʢʨʦʩʩʧʦʣʷʨʠʟʘʮʠʷ ʩ ʚʨʘʱʝʥʠʝʤ ʧʦʜ "ʤʘʛʠʯʝʩʢʠʤ" ʫʛʣʦʤ) ʩʦ 

ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʦʙʨʘʟʮʘ 12,5 ʢɻʮ, ʚʨʝʤʷ ʢʦʥʪʘʢʪʘ 2 ʤʩ, ʚʨʝʤʷ 

ʨʝʣʘʢʩʘʮʠʠ 2 ʩ, ʢʦʣʠʯʝʩʪʚʦ ʥʘʢʦʧʣʝʥʠʡ 3000-8000 ʩʢʘʥʦʚ. ʇʦʣʫʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʙʨʘʙʦʪʢʘ 

ʩʧʝʢʪʨʦʚ ʚʳʧʦʣʥʷʣʘʩʴ ʧʫʪʸʤ ʯʠʩʣʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ ʚ ʭʘʨʘʢʪʝʨʥʳʭ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʦʙʣʘʩʪʷʭ (ʊʘʙʣʠʮʘ 14), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʩʥʦʚʥʳʤ ʤʦʣʝʢʫʣʷʨʥʳʤ 

ʬʨʘʛʤʝʥʪʘʤ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

MestReNovaÈ v. 14.2.0 (Mestrelab Research, ʉʐɸ). 

 

ʊʘʙʣʠʮʘ 14. ʍʠʤʠʯʝʩʢʠʝ ʩʜʚʠʛʠ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ 13C ʤʦʣʝʢʫʣʷʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ 

ʛʫʤʫʩʦʚʳʭ ʢʠʩʣʦʪ. 

ʍʠʤʠʯʝʩʢ

ʠʝ 

ʩʜʚʠʛʠ, 

ppm 

ʉʦʢʨʘʱʝʥʠʷ, 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ 

ʨʘʙʦʪʝ 

ʊʠʧ ʤʦʣʝʢʫʣʷʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ 

0ï46 (CH2)n/CH/C 

ʋʛʣʝʨʦʜ ʢʦʥʮʝʚʳʭ ʤʝʪʠʣʴʥʳʭ ʛʨʫʧʧ (ʉʅ3), ʫʛʣʝʨʦʜ 

ʤʝʪʠʣʝʥʦʚʳʭ ʛʨʫʧʧ ʜʣʠʥʥʦʮʝʧʦʯʝʯʥʳʭ ʘʣʢʠʣʴʥʳʭ 

ʮʝʧʝʡ (ʉʅ2), ʘ ʪʘʢʞʝ ʫʛʣʝʨʦʜ ʤʝʪʠʣʝʥʦʚʳʭ ʛʨʫʧʧ 

ʨʘʟʚʝʪʚʣʸʥʥʳʭ ʘʣʢʠʣʴʥʳʭ ʮʝʧʝʡ (ʉʅ, ʉ). 

46ï60 OCH3 
ʋʛʣʝʨʦʜ ʤʝʪʦʢʩʠʣʴʥʳʭ ʠ ʵʪʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ (ʆ-ʉʅ3), 

O, N ï ʟʘʤʝʱʝʥʥʳʝ ʘʣʠʬʘʪʠʯʝʩʢʠʝ ʬʨʘʛʤʝʥʪʳ 

60ï105 OCH/OCq 

ʋʛʣʝʨʦʜ ʉʅ2ʆʅ ʛʨʫʧʧ ʫʛʣʝʚʦʜʥʳʭ ʬʨʘʛʤʝʥʪʦʚ 

(ʉʅ2ʆʅ), ʫʛʣʝʨʦʜ ʉʅʆʅ ʛʨʫʧʧ ʧʦʣʠʩʘʭʘʨʠʜʥʳʭ ʢʦʣʝʮ 

ʠ ʵʬʠʨʦʚ (ʉʅʆʅ), ʘ ʪʘʢʞʝ ʫʛʣʝʨʦʜ ʘʮʝʪʘʣʝʡ (ʆʉʆ) 

105ï144 
Aromatic C-C/C-

H 

ʅʝʟʘʤʝʱʝʥʥʳʡ ʘʨʦʤʘʪʠʯʝʩʢʠʡ ʫʛʣʝʨʦʜ (H-Arom), ʘ 

ʪʘʢʞʝ ʘʣʣʠʣ-ʟʘʤʝʱʝʥʥʳʡ ʘʨʦʤʘʪʠʯʝʩʢʠʡ ʫʛʣʝʨʦʜ (ʉ-

Arom) 

144ï164 Aromatic O,N O,N-ʟʘʤʝʱʝʥʥʳʡ ʘʨʦʤʘʪʠʯʝʩʢʠʡ ʫʛʣʝʨʦʜ (O,N-Arom) 

164ï183 COO/N-C=O 
ʋʛʣʝʨʦʜ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ, ʩʣʦʞʥʳʭ ʵʬʠʨʦʚ ʠ 

ʘʤʠʜʦʚ (COO-R) 

183ï190 Aromatic=O ʋʛʣʝʨʦʜ ʭʠʥʦʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ (Arom=O) 

190ï204 C=O ʋʛʣʝʨʦʜ ʬʨʘʛʤʝʥʪʦʚ ʘʣʴʜʝʛʠʜʦʚ ʠ ʢʝʪʦʥʦʚ (ʉ=ʆ) 
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ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʩʪʘʚʘ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ ʧʦ ʜʘʥʥʳʤ 13C 

ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʨʠʤʝʥʷʣʦʩʴ ʨʘʟʜʝʣʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʦʙʣʘʩʪʝʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʩʜʚʠʛʘʤʠ [136]. ʉʠʛʥʘʣʳ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʬʨʘʛʤʝʥʪʦʚ (AR) 

ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʚ ʜʠʘʧʘʟʦʥʘʭ 105ï164 ppm ʠ 183ï190 ppm, ʪʦʛʜʘ ʢʘʢ ʘʣʠʬʘʪʠʯʝʩʢʠʝ 

ʢʦʤʧʦʥʝʥʪʳ (AL) ʩʫʤʤʠʨʦʚʘʣʠʩʴ ʧʦ ʦʙʣʘʩʪʷʤ 0ï105 ppm, 164ï183 ppm ʠ 190ï204 ppm. 

ʕʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ (C, H, N, O) ʧʨʝʧʘʨʘʪʦʚ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ ʦʧʨʝʜʝʣʷʣʩʷ ʥʘ 

ʵʣʝʤʝʥʪʥʦʤ ʘʥʘʣʠʟʘʪʦʨʝ LECO TruSpec MICRO ʚ ʈʝʩʫʨʩʥʦʤ ʮʝʥʪʨʝ çʄʝʪʦʜʳ ʘʥʘʣʠʟʘ 

ʩʦʩʪʘʚʘ ʚʝʱʝʩʪʚʘè ʅʘʫʯʥʦʛʦ ʧʘʨʢʘ ʉʇʙɻʋ. ɸʥʘʣʠʟ ʚʳʧʦʣʥʷʣʩʷ ʚ ʪʨʸʭʢʨʘʪʥʦʡ 

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʧʦʚʪʦʨʥʦʩʪʠ, ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ ʧʦ ʨʘʟʥʦʩʪʠ. 

ɼʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʧʨʦʮʝʩʩʦʚ ʩʪʘʙʠʣʠʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʙʳʣʠ 

ʦʪʦʙʨʘʥʳ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʝ ʧʦʯʚʝʥʥʳʝ ʧʨʦʬʠʣʠ CP1 (ʧʦʜʙʫʨ ʠʣʣʶʚʠʘʣʴʥʦ-ʞʝʣʝʟʠʩʪʳʡ) ʠ 

CP2 (ʪʦʨʬʷʥʘʷ ʵʫʪʨʦʬʥʘʷ). ɼʘʥʥʳʝ ʨʘʟʨʝʟʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʢʦʥʪʨʘʩʪʥʳʝ ʫʩʣʦʚʠʷ 

ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʝʭʘʥʠʟʤʦʚ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʫʛʣʝʨʦʜʘ ʚ ʨʘʟʣʠʯʥʳʭ ʣʘʥʜʰʘʬʪʥʳʭ ʧʦʟʠʮʠʷʭ. ɺʳʭʦʜ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ 

ʧʦʩʣʝ ʱʝʣʦʯʥʦʡ ʵʢʩʪʨʘʢʮʠʠ ʧʨʠʚʝʜʝʥ ʚ ʊʘʙʣʠʮʝ 15. 

 

ʊʘʙʣʠʮʘ 15. ʆʩʥʦʚʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʵʢʩʪʨʘʢʮʠʠ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ (ɻʂ) 

ɻʦʨʠʟʦʥʪ ʄʘʩʩʘ ʧʦʯʚʳ, ʛ ʄʘʩʩʘ ɻʂ, ʛ ɺʳʭʦʜ ɻʂ, % 

ʉʈ1 ʆ 51,48 0,77 1,51 

CP1 AY 65,40 0,58 0,93 

CP1 BF 102,64 0,03 0,03 

CP2 TE1 26,15 1,32 5,01 

CP2 TE2 31,04 1,93 6,22 

CP2 TE3 25,26 0,95 3,84 

CP2 TE4 39,08 0,19 0,52 

CP2 TT 39,63 0,51 1,28 

 

ʕʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ɻʂ ʩʣʫʞʠʪ ʢʣʶʯʝʚʳʤ ʠʥʜʠʢʘʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʠ ʛʠʜʨʦʛʝʥʠʟʘʮʠʦʥʥʦ-

ʜʝʛʠʜʨʦʛʝʥʠʟʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʧʘʨʘʪʦʚ ɻʂ, ʚʳʜʝʣʝʥʥʳʭ 

ʠʟ ʧʦʯʚ ʢʘʨʙʦʥʦʚʦʛʦ ʧʦʣʠʛʦʥʘ çʃʘʜʦʛʘè, ʚʳʷʚʠʣʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ (ʜʦ 

58%) ʚ ʪʦʨʬʷʥʦʡ ʵʫʪʨʦʬʥʦʡ ʧʦʯʚʝ (ʊʘʙʣʠʮʘ 16). ʄʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ 

ʛʦʨʠʟʦʥʪʝ ʊɽ1 ʪʦʨʬʷʥʦʡ ʵʫʪʨʦʬʥʦʡ ʧʦʯʚʝ, ʪʦʛʜʘ ʢʘʢ ʤʘʢʩʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʟʦʪʘ 

ʦʙʥʘʨʫʞʝʥʘ ʚ ʛʦʨʠʟʦʥʪʝ O (ʨʘʟʨʝʟ CP1). 

 

ʊʘʙʣʠʮʘ 16. ʕʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ɻʂ ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʧʦʯʚ ʢʘʨʙʦʥʦʚʦʛʦ ʧʦʣʠʛʦʥʘ çʃʘʜʦʛʘè 

(n=3) 
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ɻʦʨʠʟʦʥʪ ʉ, % N, % H, % O, % O/C H/C 

ʉʈ1 ʆ 56,43 1,94 4,94 36,69 0,46 1,04 

CP1 AY 55,37 1,80 4,66 38,17 0,49 1,00 

CP1 BF 54,75 1,43 4,64 39,18 0,51 1,01 

CP2 TE1 54,43 1,41 4,60 39,56 0,52 1,00 

CP2 TE2 54,47 1,42 4,51 39,60 0,52 0,98 

CP2 TE3 58,35 1,53 5,14 34,98 0,43 1,05 

CP2 TE4 56,87 1,56 4,88 36,69 0,46 1,02 

CP2 TT 54,81 1,52 5,28 38,39 0,50 1,15 

 

ʀʩʩʣʝʜʫʝʤʳʝ ʧʦʯʚʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʫʛʣʝʨʦʜʘ ʚ ʩʦʩʪʘʚʝ 

ɻʂ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʯʚʘʤʠ ʘʨʢʪʠʯʝʩʢʠʭ ʪʫʥʜʨ, ʛʜʝ ʜʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʚʘʨʴʠʨʫʝʪ ʚ 

ʜʠʘʧʘʟʦʥʝ 36ï44% [138]. ʋʚʝʣʠʯʝʥʥʘʷ ʜʦʣʷ ʫʛʣʝʨʦʜʘ ʚ ʩʨʝʜʠʥʥʦʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ ʪʦʨʬʷʥʳʭ 

ʧʦʯʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʦʣʝʝ ʛʦʤʦʛʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʪʝʢʘʥʠʷ ʛʫʤʠʬʠʢʘʮʠʠ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ [139]. 

ʆʪʥʦʰʝʥʠʝ ʅ/ʉ, ʷʚʣʷʶʱʝʝʩʷ ʢʨʠʪʝʨʠʝʤ ʩʪʘʙʠʣʴʥʦʩʪʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ɻʂ, 

ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʚ ʛʦʨʠʟʦʥʪʝ TE2 ʪʦʨʬʷʥʦʡ ʵʫʪʨʦʬʥʦʡ ʧʦʯʚʳ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʘʢʪʠʚʥʦʝ ʧʨʦʪʝʢʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʛʠʜʨʦʛʝʥʠʟʘʮʠʠ ʚ 

ʫʩʣʦʚʠʷʭ ʛʠʜʨʦʤʦʨʬʥʦʛʦ ʨʝʞʠʤʘ, ʯʪʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʛʫʤʠʬʠʢʘʮʠʠ ʧʨʠ 

ʦʛʨʘʥʠʯʝʥʥʦʤ ʜʦʩʪʫʧʝ ʢʠʩʣʦʨʦʜʘ. ɺʳʷʚʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʩʪʘʙʠʣʠʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʛʠʜʨʦʤʦʨʬʥʳʭ 

ʣʘʥʜʰʘʬʪʘʭ ʠʟʫʯʘʝʤʦʛʦ ʨʝʛʠʦʥʘ. 

ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ ʙʳʣʘ 

ʧʦʩʪʨʦʝʥʘ ʜʠʘʛʨʘʤʤʘ ɺʘʥ ʂʨʝʚʝʣʝʥʘ, ʦʪʨʘʞʘʶʱʘʷ ʩʦʦʪʥʦʰʝʥʠʝ ʘʪʦʤʥʳʭ ʦʪʥʦʰʝʥʠʡ H/C 

ʠ O/C. ɸʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʯʝʢ ʥʘ ʜʠʘʛʨʘʤʤʝ (ʈʠʩʫʥʦʢ 24) ʧʦʟʚʦʣʷʝʪ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʜʦʤʠʥʠʨʫʶʱʠʝ ʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʫʢʘʟʳʚʘʶʱʠʝ ʥʘ ʪʨʝʥʜʳ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʧʦʯʚʘʭ. 
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ʈʠʩʫʥʦʢ 24 ï ɼʠʘʛʨʘʤʤʘ ɺʘʥ ʂʨʝʚʝʣʝʥʘ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ɻʂ 

 

ʇʨʝʧʘʨʘʪʳ ɻʂ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʯʸʪʢʫʶ ʢʣʘʩʪʝʨʠʟʘʮʠʶ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʦʯʚʝʥʥʳʭ ʛʦʨʠʟʦʥʪʦʚ. ʆʙʨʘʟʮʳ ʠʟ ʚʝʨʭʥʠʭ ʦʨʛʘʥʦʛʝʥʥʳʭ 

ʛʦʨʠʟʦʥʪʦʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ H/C, ʯʪʦ ʪʠʧʠʯʥʦ ʜʣʷ ʧʨʦʮʝʩʩʦʚ 

ʛʠʜʨʦʛʝʥʠʟʘʮʠʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʦʙʨʘʟʮʳ ʠʟ 

ʤʠʥʝʨʘʣʴʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʩʤʝʱʝʥʳ ʚ ʦʙʣʘʩʪʴ ʙʦʣʝʝ ʥʠʟʢʠʭ ʦʪʥʦʰʝʥʠʡ H/C, ʯʪʦ ʫʢʘʟʳʚʘʝʪ 

ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʠ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ 

ʢʦʥʜʝʥʩʘʮʠʠ. ɼʠʘʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʩʣʝʜʠʪʴ ʪʨʝʥʜʳ ʪʨʘʥʩʬʦʨʤʘʮʠʠ: ʥʘʧʨʘʚʣʝʥʠʝ 

ʚʝʢʪʦʨʦʚ ʠʟʤʝʥʯʠʚʦʩʪʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʦʧʨʷʞʸʥʥʦʝ ʧʨʦʪʝʢʘʥʠʝ ʜʝʛʠʜʨʦʛʝʥʠʟʘʮʠʠ ʠ 

ʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʛʫʤʠʬʠʢʘʮʠʠ. ɺʳʷʚʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʦʜʪʚʝʨʞʜʘʶʪ, 

ʯʪʦ ʩʪʘʙʠʣʠʟʘʮʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʧʦʯʚʘʭ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʩʪʝʧʝʥʠ 

ʘʨʦʤʘʪʠʯʥʦʩʪʠ ʠ ʢʦʥʜʝʥʩʘʮʠʠ ʤʦʣʝʢʫʣ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ. 

ʇʨʦʚʝʜʝʥʥʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʩʧʝʢʪʨʦʚ ĭįC ʗʄʈ ɻʂ (ʈʠʩʫʥʦʢ 25) ʚʳʷʚʠʣʘ ʯʝʪʢʠʝ 

ʩʪʨʫʢʪʫʨʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʚʥʫʪʨʠʧʨʦʬʠʣʴʥʫʶ ʜʠʥʘʤʠʢʫ ʠʭ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʦʩʪʘʚʘ. 

ɼʣʷ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʧʦʜʙʫʨʘ ʠʣʣʶʚʠʘʣʴʥʦ-ʞʝʣʝʟʠʩʪʦʛʦ (ʨʘʟʨʝʟ CP1), 

ʭʘʨʘʢʪʝʨʥʦ ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʚʢʣʘʜʦʤ ʥʝʧʦʣʷʨʥʳʭ 

ʘʣʢʠʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ (0-46 ppm). ʇʨʠ ʵʪʦʤ ʟʥʘʯʠʪʝʣʴʥʫʶ ʜʦʣʶ ʚ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʝ ʟʘʥʠʤʘʶʪ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ (ʉ=ʉ/ʉ-ʅ). 
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ʈʠʩʫʥʦʢ 25 ï ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʗʄʈ 13C CP/MAS ʠʟʫʯʝʥʥʳʭ ɻʂ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʧʦʯʚ 

ʢʘʨʙʦʥʦʚʦʛʦ ʧʦʣʠʛʦʥʘ "ʃʘʜʦʛʘ" 

 

ɺʥʫʪʨʠʧʨʦʬʠʣʴʥʳʡ ʘʥʘʣʠʟ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʫʶ ʪʨʘʥʩʬʦʨʤʘʮʠʶ 

ʩʪʨʫʢʪʫʨʳ ɻʂ: ʦʪ ʦʨʛʘʥʦʛʝʥʥʦʛʦ ʛʦʨʠʟʦʥʪʘ O ʢ ʠʣʣʶʚʠʘʣʴʥʦʤʫ ʛʦʨʠʟʦʥʪʫ BF ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʦʢʨʘʱʝʥʠʝ ʜʦʣʠ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʬʨʘʛʤʝʥʪʦʚ (C,H-ʘʣʢʠʣʳ) ʩ 37% ʜʦ 28% ʧʨʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʘʨʦʤʘʪʠʯʥʦʩʪʠ ʩ 34% ʜʦ 40%. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ O,N-ʟʘʤʝʱʝʥʥʳʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʚ ʛʦʨʠʟʦʥʪʝ BF (ʜʦ 13%), ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʢʦʥʜʝʥʩʘʮʠʠ ʠ ʚʢʣʶʯʝʥʠʠ 

ʛʝʪʝʨʦʘʪʦʤʦʚ ʚ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʧʦ ʤʝʨʝ ʤʠʛʨʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦ 

ʧʦʯʚʝʥʥʦʤʫ ʧʨʦʬʠʣʶ (ʊʘʙʣʠʮʘ 17). 

 

ʊʘʙʣʠʮʘ 17. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʜʦʣʷ ʫʛʣʝʨʦʜʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ (%) ʠ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ ʧʦ ʜʘʥʥʳʤ 13ʉ-ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ID ʧʦʯʚ 

ʍʠʤʠʯʝʩʢʠʡ ʩʜʚʠʛ, % ʦʪ 13ʉ 

AL 

h,r+AR 

h,r 

C,H 

-AL/ 

O,N 

ï 

AL 

0-46 
46-

60 

60-

105 

105-

144 

144-

164 

164-

183 

183-

190 

290-

204 
AL AR 

ʉʈ1 ʆ 37 5 6 27 6 17 1 1 66 34 64 3,36 

CP1 AY 34 5 4 33 4 17 2 1 61 39 67 3,78 

CP1 BF 28 10 6 25 13 13 2 3 60 40 53 1,75 

CP2 TE1 31 4 22 26 2 11 2 2 70 30 57 1,19 

CP2 TE2 40 8 4 28 5 14 1 1 67 33 68 3,33 

CP2 TE3 34 2 6 29 10 4 2 6 52 48 63 4,25 

CP2 TE4 36 5 10 19 6 17 2 5 73 27 55 2,40 

CP2 TT 30 2 18 28 9 9 1 3 62 38 58 1,50 

 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ɻʂ ʚʳʷʚʠʣ ʟʥʘʯʠʪʝʣʴʥʦʝ ʥʘʢʦʧʣʝʥʠʝ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʜʦ 41%), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʪʘʙʠʣʠʟʘʮʠ ʁ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 
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ʚʝʱʝʩʪʚʘ ʚ ʪʦʨʬʷʥʦʡ ʵʫʪʨʦʬʥʦʡ ʧʦʯʚʝ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʧʨʝʦʙʣʘʜʘʥʠʝ 

ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʬʨʘʛʤʝʥʪʦʚ ʩʦʭʨʘʥʷʝʪʩʷ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʩʦʩʪʘʚʦʤ ʧʨʝʢʫʨʩʦʨʦʚ 

ʛʫʤʠʬʠʢʘʮʠʠ. 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ ʚʝʨʭʥʠʭ ʠ 

ʩʨʝʜʠʥʥʳʭ ʛʦʨʠʟʦʥʪʘʭ, ʯʪʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʘʢʪʠʚʥʦʩʪʴʶ ʧʨʦʮʝʩʩʦʚ ʪʦʨʬʦʥʘʢʦʧʣʝʥʠʷ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʪʦʨʬʷʥʳʭ ʧʦʯʚ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʳʤ ʧʦʩʪʫʧʣʝʥʠʝʤ ʨʘʩʪʠʪʝʣʴʥʦʡ 

ʙʠʦʤʘʩʩʳ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʦʩʪʦʷʱʝʡ ʠʟ ʣʝʛʢʦʨʘʟʣʘʛʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ: ʤʭʠ ʩʦʜʝʨʞʘʪ ʜʦ 

80% ʫʛʣʝʚʦʜʦʚ ʠ ʣʠʧʠʜʦʚ. ɺ ʫʩʣʦʚʠʷʭ ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʝʫʚʣʘʞʥʝʥʠʷ ʠ ʥʠʟʢʦʡ 

ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʩʝʣʝʢʪʠʚʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʣʘʙʠʣʴʥʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʦʪʙʦʨ ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, 

ʚʢʣʶʯʘʷ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʨʘʛʤʝʥʪʳ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦʪʨʘʞʘʶʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʧʨʦʮʝʩʩ ʦʙʫʛʣʝʨʦʞʠʚʘʥʠʷ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ɻʂ ʧʨʠ ʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚ ʧʦʯʚʝ, ʯʪʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʙʠʦʭʠʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʥʠʞʝʣʝʞʘʱʠʭ 

ʛʦʨʠʟʦʥʪʘʭ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʩʪʝʧʝʥʠ ʛʠʜʨʦʬʦʙʥʦʩʪʠ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʘʛʨʘʤʤʘ ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʦʩʪʘʚʘ ɻʂ (ʈʠʩʫʥʦʢ 

26). 

 

ʈʠʩʫʥʦʢ 26 ï ɼʠʘʛʨʘʤʤʘ ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʦʩʪʘʚʘ ɻʂ 
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ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʠʣʠ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʘʷ ʛʫʤʠʬʠʢʘʮʠʷ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʨʦʬʠʣʝ ʪʦʨʬʷʥʦʡ ʵʫʪʨʦʬʥʦʡ ʧʦʯʚʳ. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʛʠʜʨʦʬʦʙʥʳʭ ʤʦʣʝʢʫʣ ɻʂ ʬʦʨʤʠʨʫʶʪʩʷ ʥʘ ʛʣʫʙʠʥʝ 10-30 ʩʤ 

ʪʦʨʬʷʥʦʡ ʧʦʯʚʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʙʨʘʟʮʳ ʠʟ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʦʙʣʘʜʘʶʪ ʤʝʥʴʰʝʡ 

ʛʠʜʨʦʬʦʙʥʦʩʪʴʶ. ʂʦʥʩʝʨʚʘʮʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʛʦ 

ʛʠʜʨʦʤʦʨʬʠʟʤʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʠ 

ʜʦʣʛʦʚʨʝʤʝʥʥʦʤʫ ʜʝʧʦʥʠʨʦʚʘʥʠʶ ʫʛʣʝʨʦʜʘ. ʋʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʬʨʘʛʤʝʥʪʦʚ 

ʚ ʩʦʩʪʘʚʝ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ ʦʙʫʩʣʦʚʣʝʥʦ ʢʦʤʧʣʝʢʩʦʤ ʬʘʢʪʦʨʦʚ: ʣʦʢʘʣʴʥʳʤ ʨʝʣʴʝʬʦʤ, 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʛʫʤʠʬʠʢʘʮʠʠ, ʩʪʝʧʝʥʴʶ ʛʠʜʨʦʤʦʨʬʠʟʤʘ ʪʝʨʨʠʪʦʨʠʠ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʩʭʦʜʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʧʦʪʝʥʮʠʘʣ ʪʦʨʬʷʥʳʭ ʧʦʯʚ ʢʘʨʙʦʥʦʚʦʛʦ ʧʦʣʠʛʦʥʘ "ʃʘʜʦʛʘ" ʢʘʢ ʨʝʟʝʨʚʫʘʨʘ ʫʩʪʦʡʯʠʚʦʛʦ ʢ 

ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʫʛʣʝʨʦʜʘ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʥʘʫʯʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʚ ɻʂ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʦʯʚʝʥʥʦʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʙʣʘʛʦʜʘʨʷ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʙʠʦʜʝʛʨʘʜʘʮʠʠ [140-141]. 

ʇʨʦʚʝʜʝʥʥʳʝ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʠʣʠ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʚ 

ʤʦʣʝʢʫʣʷʨʥʦʤ ʩʦʩʪʘʚʝ ɻʂ: ʚ ʪʦʨʬʷʥʳʭ ʧʦʯʚʘʭ (ʨʘʟʨʝʟ CP2) ʜʦʤʠʥʠʨʫʶʪ ʘʨʦʤʘʪʠʯʝʩʢʠʝ 

ʩʪʨʫʢʪʫʨʥʳʝ ʬʨʘʛʤʝʥʪʳ (ʜʦ 45%), ʪʦʛʜʘ ʢʘʢ ʚ ʧʦʜʙʫʨʝ ʵʣʣʶʚʠʘʣʴʥʦ-ʞʝʣʝʟʠʩʪʦʤ (ʨʘʟʨʝʟ 

CP1) ʧʨʝʦʙʣʘʜʘʶʪ ʘʣʠʬʘʪʠʯʝʩʢʠʝ ʬʨʘʛʤʝʥʪʳ (69-81%). ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʢʦʨʨʝʣʠʨʫʶʪ 

ʩ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʚ ʅʠʞʥʝ-ʉʚʠʨʩʢʦʤ ʟʘʧʦʚʝʜʥʠʢʝ, ʛʜʝ ʟʨʝʣʳʝ ʧʦʯʚʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʣʦʜʳʤʠ ʘʥʘʣʦʛʘʤʠ, 

ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʵʬʬʝʢʪʠʚʥʦʡ ʜʦʣʛʦʩʨʦʯʥʦʡ ʩʝʢʚʝʩʪʨʘʮʠʠ ʫʛʣʝʨʦʜʘ ʠ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʨʦʣʴ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʦʩʪʘʚʘ ɻʂ ʢʘʢ ʠʥʜʠʢʘʪʦʨʘ ʧʦʪʝʥʮʠʘʣʘ ʩʝʢʚʝʩʪʨʘʮʠʠ ʫʛʣʝʨʦʜʘ ʚ 

ʨʘʟʣʠʯʥʳʭ ʧʦʯʚʝʥʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 

 

5 ʈʦʣʴ ʤʠʢʨʦʙʠʦʤʘ ʧʦʯʚ ʚ ʫʛʣʝʨʦʜʥʦʤ ʮʠʢʣʝ ʟʦʥʘʣʴʥʳʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʦ-

ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʭ ʵʢʦʩʠʩʪʝʤ ʶʞʥʦʡ ʪʘʡʛʠ 

ʇʦʯʚʝʥʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʚʳʧʦʣʥʷʶʪ ʢʣʶʯʝʚʫʶ ʬʫʥʢʮʠʶ ʚ ʙʠʦʩʬʝʨʥʦ-

ʘʪʤʦʩʬʝʨʥʦʤ ʮʠʢʣʝ ʫʛʣʝʨʦʜʘ [23-25], ʦʩʫʱʝʩʪʚʣʷʷ ʜʝʩʪʨʫʢʮʠʶ ʦʨʛʘʥʠʯʝʩʢʦʡ ʤʘʩʩʳ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ, ʞʠʚʦʪʥʦʛʦ ʠ ʛʨʠʙʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ [25, 142-143]. ɺ ʧʨʦʮʝʩʩʘʭ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʫʛʣʝʨʦʜʘ ʫʯʘʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʝ ʛʨʫʧʧʳ, ʚʢʣʶʯʘʷ 

Actinobacteriota, Proteobacteria, Cyanobacteria, Acidobacteriota, Myxococcota, Bacteroidota, 

Firmicutes, Verrucomicrobiota ʠ Bdellovibrionota [26]. ɼʘʥʥʳʝ ʪʘʢʩʦʥʳ ʬʦʨʤʠʨʫʶʪ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ʩʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʤʝʪʘʙʦʣʠʯʝʩʢʠʤʠ ʬʫʥʢʮʠʷʤʠ, 

ʚʣʠʷʶʱʠʤʠ ʥʘ ʜʝʧʦʥʠʨʦʚʘʥʠʝ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʇʆɺ [23, 144-145]. 
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ɺ ʢʦʥʪʝʢʩʪʝ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʧʦʥʠʤʘʥʠʝ ʤʠʢʨʦʤʘʩʰʪʘʙʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʫʛʣʝʨʦʜʥʦʛʦ ʮʠʢʣʘ ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ [23]. ʇʨʠ ʵʪʦʤ ʠʟʫʯʝʥʠʶ ʧʦʯʚʝʥʥʦʡ 

ʤʠʢʨʦʙʠʦʪʳ ʥʘ ʢʘʨʙʦʥʦʚʳʭ ʧʦʣʠʛʦʥʘʭ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʫʜʝʣʷʣʦʩʴ ʥʝʜʦʩʪʘʪʦʯʥʦʝ 

ʚʥʠʤʘʥʠʝ [145]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʮʝʣʴ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʤʠʢʨʦʙʠʦʤʘ ʧʦʯʚ ʧʦʣʠʛʦʥʘ çʃʘʜʦʛʘè 

ʤʝʪʦʜʘʤʠ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ. ʇʦʩʨʝʜʩʪʚʦʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʠ 

ʙʠʦʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʣʘʥʠʨʫʝʪʩʷ ʦʮʝʥʠʪʴ Ŭ- ʠ ɓ-ʨʘʟʥʦʦʙʨʘʟʠʝ ʤʠʢʨʦʙʥʳʭ 

ʩʦʦʙʱʝʩʪʚ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʣʶʯʝʚʳʝ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʝ ʛʨʫʧʧʳ, 

ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʘʭ. 

ʇʦʯʚʝʥʥʫʶ ɼʅʂ ʚʳʜʝʣʷʣʠ ʧʦ ʧʨʦʪʦʢʦʣʫ, ʦʧʠʩʘʥʥʦʤʫ ʚ [146]. ʉʝʢʚʝʥʠʨʦʚʘʥʠʝ 

ʚʘʨʠʘʙʝʣʴʥʦʡ ʦʙʣʘʩʪʠ V4 ʛʝʥʘ 16S ʨʈʅʂ ʧʨʦʚʦʜʠʣʠ ʥʘ ʩʝʢʚʝʥʘʪʦʨʝ Illumina MiSEQ 

(Illumina, San Diego, CA, USA) ʚ ʎʝʥʪʨʝ ʛʝʥʦʤʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʨʦʪʝʦʤʠʢʠ ʠ ʢʣʝʪʦʯʥʦʡ 

ʙʠʦʣʦʛʠʠ (ɺʅʀʀʉʍʄ, ʈʦʩʩʠʷ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʘʡʤʝʨʦʚ 515f 

(GTGCCAGCMGCCGCGGTAA) ʠ 806r (GGACTACVSGGGTATCTAAT) [147]. 

ʆʙʱʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʨʦʚʦʜʠʣʘʩʴ ʚ R 4.0 (R Core Team) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʦʚ dada2 (v. 1.28.0) [148] ʠ phyloseq (v. 1.44.0) [148], ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʚʳʙʨʘʥʥʳʤ ʘʚʪʦʨʦʤ ʨʘʙʦʯʠʤ ʢʦʥʚʝʡʝʨʦʤ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʘʤʧʣʠʢʦʥʦʚ 16S ʨɼʅʂ 

ʦʙʨʘʙʘʪʳʚʘʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʥʚʝʡʝʨʦʤ dada2. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʙʨʝʟʘʣʠ ʧʦ ʜʣʠʥʝ 

(ʤʠʥʠʤʫʤ 280 bp ʜʣʷ ʧʨʷʤʳʭ ʠ 210 bp ʜʣʷ ʦʙʨʘʪʥʳʭ ʯʪʝʥʠʡ) ʠ ʢʘʯʝʩʪʚʫ (ʦʪʩʫʪʩʪʚʠʝ N, 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʦʰʠʙʦʢ maxEE - 2 ʜʣʷ ʧʨʷʤʳʭ ʠ ʦʙʨʘʪʥʳʭ ʯʪʝʥʠʡ). ɺʘʨʠʘʥʪʳ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʘʤʧʣʠʢʦʥʦʚ (ASVs) ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʘʣʛʦʨʠʪʤʫ dada2, ʭʠʤʝʨʥʳʝ ASVs 

ʫʜʘʣʷʣʠ ʤʝʪʦʜʦʤ çʢʦʥʩʝʥʩʫʩʘè. ʊʘʢʩʦʥʦʤʠʯʝʩʢʫʶ ʘʥʥʦʪʘʮʠʶ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ñnaive 

Bayesianò (ʚʭʦʜʠʪ ʚ ʧʘʢʝʪ dada2), ʚ ʢʘʯʝʩʪʚʝ ʦʙʫʯʘʶʱʝʛʦ ʥʘʙʦʨʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʙʘʟʫ ʜʘʥʥʳʭ 

SILVA 138 [149]; ʥʘʟʚʘʥʠʷ ʬʠʣʦʚ ʢʦʨʨʝʢʪʠʨʦʚʘʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ LPSN [150]. ʄʝʪʨʠʢʠ Ŭ-

ʨʘʟʥʦʦʙʨʘʟʠʷ (ʥʘʙʣʶʜʘʝʤʳʝ ʠʥʜʝʢʩʳ ASV ʠ ʉʠʤʧʩʦʥʘ) ʠ ɓ-ʨʘʟʥʦʦʙʨʘʟʠʷ (ʨʘʩʩʪʦʷʥʠʝ ɹʨʝʷ-

ʂʝʨʪʠʩʘ) ʨʘʩʩʯʠʪʳʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʦʚ çphyloseqè ʠ çveganè [151]. ʆʨʜʠʥʘʮʠʶ NMDS 

ʠ ʨʘʩʩʪʦʷʥʠʷ ɹʨʝʷ-ʂʝʨʪʠʩʘ ʩʪʨʦʠʣʠ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ çphyloseqè. ɸʥʘʣʠʟ PERMANOVA 

ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ çveganè. 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʦ 729 ASV ʠʟ 35 ʦʙʨʘʟʮʦʚ. 

ʆʙʲʝʤ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʚʘʨʴʠʨʦʚʘʣ ʦʪ 1244 ʜʦ 12777 ʧʨʦʯʪʝʥʠʡ ʥʘ ʙʠʙʣʠʦʪʝʢʫ ʧʨʠ ʩʨʝʜʥʝʤ 

ʟʥʘʯʝʥʠʠ 3444. ɸʥʘʣʠʟ Ŭ-ʨʘʟʥʦʦʙʨʘʟʠʷ ʧʨʦʚʝʜʝʥ ʧʨʠ ʥʦʨʤʠʨʦʚʢʝ 1244 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʥʘ ʦʙʨʘʟʝʮ. 

ʊʘʢʩʦʥʦʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʳʷʚʠʣ ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʩʣʝʜʫʶʱʠʭ ʬʠʣ ʚ ʧʦʯʚʘʭ 

ʢʘʨʙʦʥʦʚʦʛʦ ʧʦʣʠʛʦʥʘ çʃʘʜʦʛʘè: Proteobacteria, Actinobacteria ʠ Bacteroidetes, ʟʘ ʢʦʪʦʨʳʤʠ 

ʩʣʝʜʫʶʪ Acidobacteria, Verrucomicrobia, Planctomycetes, Gemmatimonadetes, Euryarchaeota 
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ʠ Firmicutes (ʈʠʩʫʥʦʢ 26ɸ). ɺ ʧʨʦʬʠʣʝ ʧʦʜʟʦʣʘ ʠʣʣʶʚʠʘʣʴʥʦ-ʞʝʣʝʟʠʩʪʦʛʦ ʥʘʙʣʶʜʘʝʪʩʷ 

ʯʝʪʢʘʷ ʩʪʨʘʪʠʬʠʢʘʮʠʷ ʤʠʢʨʦʙʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ: ʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ (Oi-Oe ʠ AYe) 

ʜʦʤʠʥʠʨʫʶʪ Proteobacteria (40,9-56,5%), ʪʦʛʜʘ ʢʘʢ ʚ ʠʣʣʶʚʠʘʣʴʥʦʤ ʛʦʨʠʟʦʥʪʝ BF ʨʝʟʢʦ 

ʚʦʟʨʘʩʪʘʝʪ ʜʦʣʷ Gemmatimonadetes (18,5-30,2%). ɺ ʥʠʞʝʣʝʞʘʱʠʭ ʛʦʨʠʟʦʥʪʘʭ (BC/C) 

ʦʪʤʝʯʘʝʪʩʷ ʩʥʠʞʝʥʠʝ Verrucomicrobia (1,0-3,3%) ʠ Gemmatimonadetes (3,7-14,5%). 

 

ʈʠʩʫʥʦʢ 26 ï A - ʆʙʱʘʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʯʠʩʣʝʥʥʦʩʪʴ ʬʠʣ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʜʣʷ 

ʢʘʞʜʦʛʦ ʧʦʯʚʝʥʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʧʦʜʟʦʣʘ ʠ ʪʦʨʬʷʥʦʡ ʧʦʯʚʳ (n=6); B - ʆʪʥʦʩʠʪʝʣʴʥʘʷ 

ʯʠʩʣʝʥʥʦʩʪʴ ʬʠʣ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʢʨʫʛʦʚʦʨʦʪʝ ʫʛʣʝʨʦʜʘ [26] 
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ɺʳʷʚʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʪʝʩʥʫʶ ʩʚʷʟʴ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʛʦ 

ʨʘʟʥʦʦʙʨʘʟʠʷ ʩ ʧʦʯʚʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. ʋʤʝʥʴʰʝʥʠʝ ʜʦʣʠ Verrucomicrobia ʧʦ ʧʨʦʬʠʣʶ 

(Oi-Oe ï 6,5Ñ3,3%; Aye ï 8,1Ñ2,2%; Bs ï 3,1Ñ1,2%; BC/C ï 1,2Ñ1,6%) ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʠʭ 

ʨʠʟʦʩʬʝʨʥʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʝʡ [152] ʠ ʟʘʚʠʩʠʤʦʩʪʴʶ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʧʣʦʜʦʨʦʜʠʷ [153]. 

ɺʳʩʦʢʦʝ ʦʙʠʣʠʝ Gemmatimonadetes ʚ ʛʦʨʠʟʦʥʪʝ BF (25,5Ñ4,2%) ʦʙʲʷʩʥʷʝʪʩʷ ʠʭ ʘʜʘʧʪʘʮʠʝʡ 

ʢ ʥʠʟʢʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʩʚʦʙʦʜʥʦʡ ʚʦʜʳ ʚ ʭʦʨʦʰʦ ʜʨʝʥʠʨʦʚʘʥʥʳʭ ʧʝʩʯʘʥʳʭ ʧʦʯʚʘʭ [154], 

ʪʦʛʜʘ ʢʘʢ ʩʥʠʞʝʥʠʝ ʠʭ ʯʠʩʣʝʥʥʦʩʪʠ ʚ ʛʦʨʠʟʦʥʪʝ BC/C (8,9Ñ3,6%) ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʚʣʘʞʥʦʩʪʠ. 

ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ ʦʪʤʝʯʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ Actinobacteria (31,5Ñ6,4%) ʩ 

ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʙʘʢʪʝʨʠʡ ʨʦʜʘ Mycobacterium, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʧʨʦʮʝʩʩʘʤʠ 

ʠʣʣʶʚʠʠʨʦʚʘʥʠʷ Al-Fe ʩʦʝʜʠʥʝʥʠʡ ʠ ʩʥʠʞʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ ʠ ʤʘʨʛʘʥʮʘ, 

ʠʥʛʠʙʠʨʫʶʱʠʭ ʨʦʩʪ ʜʘʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ [155]. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʚʳʩʦʢʫʶ ʩʧʝʮʠʘʣʠʟʘʮʠʶ ʤʠʢʨʦʙʥʳʭ ʩʦʦʙʱʝʩʪʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ 

ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʯʚʝʥʥʳʭ ʛʦʨʠʟʦʥʪʦʚ. 

ɸʥʘʣʠʟ ʤʠʢʨʦʙʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʪʦʨʬʷʥʳʭ ʧʦʯʚ ʢʘʨʙʦʥʦʚʦʛʦ ʧʦʣʠʛʦʥʘ çʃʘʜʦʛʘè 

ʚʳʷʚʠʣ ʭʘʨʘʢʪʝʨʥʳʡ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʡ ʧʨʦʬʠʣʴ ʩ ʜʦʤʠʥʠʨʦʚʘʥʠʝʤ Bacteroidetes (ʛʦʨʠʟʦʥʪ 

ʊʆ: 20.2Ñ0.4%; ʛʦʨʠʟʦʥʪ ʊɽ: 25.2Ñ16.2%), ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪ ʜʘʥʥʳʝ ʧʦʯʚʳ ʦʪ 

ʠʟʫʯʝʥʥʦʛʦ ʧʦʜʟʦʣʘ. ɺ ʩʦʩʪʘʚ ʜʦʤʠʥʠʨʫʶʱʠʭ ʬʠʣ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʦʰʣʠ Proteobacteria, 

Acidobacteria, Chloroflexi, Verrucomicrobia, ʘ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ Actinobacteria ʠ 

Planctomycetes. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʙʥʘʨʫʞʝʥʠʝ ʚ ʛʦʨʠʟʦʥʪʝ ʊʆ ʤʝʪʘʥʦʛʝʥʥʳʭ 

ʘʨʭʝʡ Euryarchaeota (2.6Ñ2.3%), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʦʪʝʢʘʥʠʠ ʘʥʘʵʨʦʙʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʤʝʪʘʥʦʛʝʥʝʟʘ ʚ ʫʩʣʦʚʠʷʭ ʧʦʩʪʦʷʥʥʦʛʦ ʧʝʨʝʫʚʣʘʞʥʝʥʠʷ. ʇʨʠʩʫʪʩʪʚʠʝ Firmicutes ʫʢʘʟʳʚʘʝʪ 

ʥʘ ʘʜʘʧʪʘʮʠʶ ʯʘʩʪʠ ʤʠʢʨʦʙʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʢ ʜʣʠʪʝʣʴʥʦʤʫ ʧʝʨʝʫʚʣʘʞʥʝʥʠʶ. ɺʳʷʚʣʝʥʥʦʝ 

ʚʳʩʦʢʦʝ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʠ ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʠʢʨʦʙʠʦʤʘ ʦʪʨʘʞʘʶʪ 

ʫʥʠʢʘʣʴʥʳʝ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʪʦʨʬʷʥʳʭ ʧʦʯʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʥʠʟʢʦʡ 

ʩʢʦʨʦʩʪʴʶ ʜʝʩʪʨʫʢʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʥʘʢʦʧʣʝʥʠʝʤ ʧʦʣʠʬʝʥʦʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʠ ʜʦʤʠʥʠʨʦʚʘʥʠʝʤ ʘʥʘʵʨʦʙʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʯʪʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪ ʠʭ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʩʝʢʚʝʩʪʨʘʮʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ. 

ɸʥʘʣʠʟ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʟʥʘʯʠʤʳʭ ʪʘʢʩʦʥʦʚ ʤʠʢʨʦʙʠʦʤʘ ʧʦʯʚ ʢʘʨʙʦʥʦʚʦʛʦ ʧʦʣʠʛʦʥʘ 

çʃʘʜʦʛʘè ʚʳʷʚʠʣ ʩʧʝʮʠʬʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʛʨʫʧʧ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ 

ʢʨʫʛʦʚʦʨʦʪʝ ʫʛʣʝʨʦʜʘ (ʈʠʩʫʥʦʢ 26B). ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʧʨʦʚʝʜʝʥʘ ʜʣʷ ʪʘʢʩʦʥʦʚ ʩ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʯʠʩʣʝʥʥʦʩʪʴʶ >0.01%, ʚʢʣʶʯʘʷ Actinobacteriota, Proteobacteria, 

Acidobacteriota, Bacteroidota, Firmicutes ʠ Verrucomicrobiota. 

ɺ ʧʦʜʟʦʣʝ ʠʣʣʶʚʠʘʣʴʥʦ-ʞʝʣʝʟʠʩʪʦʤ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʜʦʤʠʥʠʨʦʚʘʥʠʝ Proteobacteria 

ʠ Acidobacteriota ʚ ʦʙʱʝʤ ʧʫʣʝ ʫʛʣʝʨʦʜ-ʪʨʘʥʩʬʦʨʤʠʨʫʶʱʠʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. 
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ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʳʷʚʠʣ ʜʦʩʪʦʚʝʨʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʵʪʠʭ ʬʠʣ ʧʦ 

ʧʦʯʚʝʥʥʦʤʫ ʧʨʦʬʠʣʶ: ʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʟʥʘʯʠʤʦ ʚʘʨʴʠʨʦʚʘʣʘ ʯʠʩʣʝʥʥʦʩʪʴ 

Proteobacteria (p<0.01) ʠ Acidobacteriota (p<0.001), ʪʦʛʜʘ ʢʘʢ ʚ ʥʠʞʝʣʝʞʘʱʠʭ ʛʦʨʠʟʦʥʪʘʭ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʦʙʥʘʨʫʞʝʥʳ ʪʦʣʴʢʦ ʜʣʷ Actinobacteriota (p < 0.0001). 

ɺ ʪʦʨʬʷʥʳʭ ʧʦʯʚʘʭ ʜʦʤʠʥʠʨʫʶʱʫʶ ʨʦʣʴ ʚ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʫʛʣʝʨʦʜʘ ʠʛʨʘʶʪ 

Actinobacteriota, Proteobacteria ʠ Bacteroidota, ʧʨʠ ʵʪʦʤ ʤʝʞʜʫ ʛʦʨʠʟʦʥʪʘʤʠ TO ʠ TE 

ʥʘʙʣʶʜʘʶʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʚ ʯʠʩʣʝʥʥʦʩʪʠ Proteobacteria (p<0.05). 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʯʝʪʢʫʶ ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʧʦʯʚʳ ʠ ʛʣʫʙʠʥʳ ʛʦʨʠʟʦʥʪʘ, ʯʪʦ ʦʪʨʘʞʘʝʪ 

ʘʜʘʧʪʘʮʠʶ ʤʠʢʨʦʙʥʳʭ ʩʦʦʙʱʝʩʪʚ ʢ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʩʨʝʜʳ ʠ ʠʭ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʘʭ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʤʝʪʦʜʦʤ ʦʜʥʦʬʘʢʪʦʨʥʦʛʦ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ (ANOVA) 

ʚʳʷʚʠʣ ʟʥʘʯʠʤʦʝ ʚʣʠʷʥʠʝ ʛʝʥʝʪʠʯʝʩʢʠʭ ʛʦʨʠʟʦʥʪʦʚ ʥʘ Ŭ-ʨʘʟʥʦʦʙʨʘʟʠʝ ʤʠʢʨʦʙʠʦʤʘ ʧʦ ʚʩʝʤ 

ʠʩʩʣʝʜʦʚʘʥʥʳʤ ʠʥʜʝʢʩʘʤ: ʢʦʣʠʯʝʩʪʚʫ ASV (Df1 = 5, Df2 = 29, F = 2.6715, p < 0.01), ʠʥʜʝʢʩʫ 

ʉʠʤʧʩʦʥʘ (Df1 = 5, Df2 = 29, F = 5.049, p < 0.01) ʠ ʠʥʜʝʢʩʫ ʐʝʥʥʦʥʘ (Df1 = 5, Df2 = 29, F = 

3.6097, p < 0.01). ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʚ Ŭ-ʨʘʟʥʦʦʙʨʘʟʠʠ 

ʤʝʞʜʫ ʧʦʜʟʦʣʦʤ ʠ ʪʦʨʬʷʥʦʡ ʧʦʯʚʘʤʠ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʧʝʨʘʮʠʦʥʥʳʭ 

ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʝʜʠʥʠʮ (ASV) ʦʪʤʝʯʝʥʦ ʚ ʛʦʨʠʟʦʥʪʝ Oi-Oe ʧʦʜʟʦʣʘ, ʪʦʛʜʘ ʢʘʢ 

ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʥʠʞʝʣʝʞʘʱʠʭ ʛʦʨʠʟʦʥʪʘʭ BC/C, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʦʙʱʝʡ ʪʝʥʜʝʥʮʠʝʡ ʩʥʠʞʝʥʠʷ ʤʠʢʨʦʙʥʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʛʣʫʙʠʥʳ ʧʦʯʚʳ 

(ʈʠʩʫʥʦʢ 27ɸ-ɺ). 
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ʈʠʩʫʥʦʢ 27 ï ʀʥʜʝʢʩʳ Ŭ-ʨʘʟʥʦʦʙʨʘʟʠʷ ʦʙʱʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʯʠʩʣʝʥʥʦʩʪʠ ʜʣʷ 

ʢʘʞʜʦʛʦ ʧʦʯʚʝʥʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ɸ - ʜʣ̫ ʧʦʜʟʦʣʘ, ɺ - ʜʣʷ ʪʦʨʬʷʥʦʡ ʧʦʯʚʳ (ʥʘʙʣʶʜʘʝʤʳʝ 

ASV, ʠʥʜʝʢʩʳ ʉʠʤʧʩʦʥʘ ʠ ʐʝʥʥʦʥʘ). ʀʥʜʝʢʩʳ Ŭ-ʨʘʟʥʦʦʙʨʘʟʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʦʙʠʣʠʷ 

ʜʣʷ ʬʠʣ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʢʨʫʛʦʚʦʨʦʪʝ ʫʛʣʝʨʦʜʘ, ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʯʚʝʥʥʦʛʦ ʛʦʨʠʟʦʥʪʘ C - ʜʣʷ 

ʧʦʜʟʦʣʘ, D - ʜʣʷ ʪʦʨʬʷʥʦʡ ʧʦʯʚʳ (ʥʘʙʣʶʜʘʝʤʳʝ ASV, ʠʥʜʝʢʩʳ ʉʠʤʧʩʦʥʘ ʠ ʐʝʥʥʦʥʘ). 

ʄʥʦʛʦʤʝʨʥʳʡ ʘʥʘʣʠʟ ɓ-ʨʘʟʥʦʦʙʨʘʟʠʷ ʤʝʪʦʜʦʤ NMDS ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʩʭʦʜʩʪʚʘ ɹʨʝʷ-

ʂʝʨʪʠʩʘ E - ʦʙʱʝʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʦʙʠʣʠʷ, F - ʜʣʷ ʬʠʣ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʢʨʫʛʦʚʦʨʦʪʝ 

ʫʛʣʝʨʦʜʘ 
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ʊʦʨʬʷʥʳʝ ʧʦʯʚʳ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʥʘʠʙʦʣʝʝ ʥʠʟʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʚʠʜʦʚʦʛʦ 

ʙʦʛʘʪʩʪʚʘ ʩʦʛʣʘʩʥʦ ʠʥʜʝʢʩʫ ASV, ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʪʫʧʘʷ ʜʘʞʝ ʛʦʨʠʟʦʥʪʫ ʊʆ, ʧʨʠʯʝʤ ʦʙʘ 

ʛʦʨʠʟʦʥʪʘ ʪʦʨʬʷʥʳʭ ʧʦʯʚ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʩʥʠʞʝʥʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʦʜʟʦʣʦʤ. ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʚ ʚʳʨʘʚʥʝʥʥʦʩʪʠ ʚʠʜʦʚʦʡ ʩʪʨʫʢʪʫʨʳ (ʠʥʜʝʢʩ 

ʉʠʤʧʩʦʥʘ) ʦʙʥʘʨʫʞʝʥʳ ʢʘʢ ʤʝʞʜʫ ʪʦʨʬʷʥʳʤʠ ʠ ʧʦʜʟʦʣʠʩʪʳʤʠ ʧʦʯʚʘʤʠ, ʪʘʢ ʠ ʤʝʞʜʫ 

ʨʘʟʥʳʤʠ ʛʦʨʠʟʦʥʪʘʤʠ ʧʦʜʟʦʣʘ, ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʢʦʥʪʨʘʩʪʦʤ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʠ 

ʥʠʞʝʣʝʞʘʱʠʤʠ ʛʦʨʠʟʦʥʪʘʤʠ. 

ɸʥʘʣʦʛʠʯʥʘʷ ʩʪʨʘʪʠʬʠʢʘʮʠʷ ʚʳʷʚʣʝʥʘ ʜʣʷ Ŭ-ʨʘʟʥʦʦʙʨʘʟʠʷ ʬʠʣ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ 

ʢʨʫʛʦʚʦʨʦʪʝ ʫʛʣʝʨʦʜʘ (ʈʠʩʫʥʦʢ 27 C-D). ʋʩʪʘʥʦʚʣʝʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ 

ʤʝʞʜʫ ʧʦʜʟʦʣʠʩʪʳʤʠ ʠ ʪʦʨʬʷʥʳʤʠ ʧʦʯʚʘʤʠ (F = 30.43, DF1 = 5, DF2 = 198, p < 0.0001), ʘ 

ʪʘʢʞʝ ʤʝʞʜʫ ʚʝʨʭʥʠʤʠ (Oi-Oe ʠ AYe) ʠ ʥʠʞʥʠʤʠ (BF ʠ BC/C) ʛʦʨʠʟʦʥʪʘʤʠ ʧʦʜʟʦʣʘ (F = 

9.20, DF1 = 5, DF2 = 132, p < 0.0001). ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʝʩʥʦʡ ʩʚʷʟʠ 

ʤʝʞʜʫ ʪʠʧʦʤ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ, ʛʣʫʙʠʥʦʡ ʛʦʨʠʟʦʥʪʘ ʠ ʩʪʨʫʢʪʫʨʥʳʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ 

ʤʠʢʨʦʙʥʳʭ ʩʦʦʙʱʝʩʪʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʜʟʦʣʠʩʪʳʭ ʠ ʪʦʨʬʷʥʳʭ ʧʦʯʚ ʚʳʷʚʠʣ ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʨʘʟʣʠʯʠʷ ʚ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʥʘ ʥʠʟʰʠʭ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʫʨʦʚʥʷʭ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ 

ʩʧʝʮʠʬʠʢʦʡ ʛʝʥʝʟʠʩʘ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʯʚ [156-157]. ʇʦʜʟʦʣʳ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʥʠʞʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʣʫʯʰʠʤʠ 

ʫʩʣʦʚʠʷʤʠ ʜʨʝʥʘʞʘ, ʪʦʛʜʘ ʢʘʢ ʪʦʨʬʷʥʳʝ ʧʦʯʚʳ ʦʪʣʠʯʘʶʪʩʷ ʧʦʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦʩʪʴʶ ʠ 

ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʟʘʧʘʩʘʤʠ ʫʛʣʝʨʦʜʘ. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ɓ-ʨʘʟʥʦʦʙʨʘʟʠʷ ʤʝʪʦʜʦʤ NMDS ʥʘ 

ʦʩʥʦʚʝ ʥʝʩʭʦʜʩʪʚʘ ɹʨʝʷ-ʂʝʨʪʠʩʘ (ʈʠʩʫʥʦʢ 27 E-F) ʧʦʢʘʟʘʣʠ ʯʝʪʢʫʶ ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ 

ʤʠʢʨʦʙʥʳʭ ʩʦʦʙʱʝʩʪʚ: ʦʙʨʘʟʮʳ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʧʦʜʟʦʣʘ (Oi-Oe ʠ AYe) 

ʬʦʨʤʠʨʫʶʪ ʦʙʦʩʦʙʣʝʥʥʳʝ ʢʣʘʩʪʝʨʳ, ʠʣʣʶʚʠʘʣʴʥʳʝ ʛʦʨʠʟʦʥʪʳ (BF ʠ BC/C) ʦʙʨʘʟʫʶʪ 

ʢʦʤʧʘʢʪʥʳʝ ʛʨʫʧʧʠʨʦʚʢʠ, ʘ ʪʦʨʬʷʥʳʝ ʧʦʯʚʳ (ʛʦʨʠʟʦʥʪʳ TO ʠ TE) ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʫʥʠʢʘʣʴʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʧʘʪʪʝʨʥʳ. ʉʪʘʪʠʩʪʠʯʝʩʢʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ PERMANOVA (Df1 = 5, 

Df2 = 29, F = 8.1903, p <0.001) ʫʩʪʘʥʦʚʠʣʦ ʟʥʘʯʠʤʦʝ ʚʣʠʷʥʠʝ ʛʝʥʝʪʠʯʝʩʢʠʭ ʛʦʨʠʟʦʥʪʦʚ ʥʘ ɓ-

ʨʘʟʥʦʦʙʨʘʟʠʝ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ ʚʳʜʝʣʝʥʳ ʪʨʠ ʜʠʩʢʨʝʪʥʳʝ 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʛʨʫʧʧʳ ʤʠʢʨʦʙʥʳʭ ʩʦʦʙʱʝʩʪʚ: 1) ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʛʦʨʠʟʦʥʪʳ ʧʦʜʟʦʣʘ, 2) 

ʠʣʣʶʚʠʘʣʴʥʳʝ ʛʦʨʠʟʦʥʪʳ ʧʦʜʟʦʣʘ, 3) ʪʦʨʬʷʥʳʝ ʧʦʯʚʳ, ʯʪʦ ʦʪʨʘʞʘʝʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ 

ʨʘʟʣʠʯʠʷ ʚ ʫʩʣʦʚʠʷʭ ʩʨʝʜʳ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ 

ʧʨʦʮʝʩʩʘʭ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʫʛʣʝʨʦʜʥʦʛʦ ʮʠʢʣʘ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʳʷʚʠʣ 11 ʬʠʣ ʙʘʢʪʝʨʠʡ ʠ 1 ʬʠʣʫ ʘʨʭʝʡ ʚ 

ʧʦʯʚʘʭ ʢʘʨʙʦʥʦʚʦʛʦ ʧʦʣʠʛʦʥʘ "ʃʘʜʦʛʘ". ɼʦʤʠʥʠʨʫʶʱʠʤʠ ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʬʠʣʘʤʠ ʚ 

ʧʦʜʟʦʣʠʩʪʳʭ ʠ ʪʦʨʬʷʥʳʭ ʧʦʯʚʘʭ ʷʚʣʷʶʪʩʷ Proteobacteria ʠ Actinobacteria, ʦʜʥʘʢʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʘʢʩʦʥʦʚ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʯʝʪʢʫʶ ʩʚʷʟʴ ʩ ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʛʦʨʠʟʦʥʪʘʤʠ: 
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Nitrobacter ʘʩʩʦʮʠʠʨʦʚʘʥʳ ʩ ʚʝʨʭʥʠʤʠ ʛʦʨʠʟʦʥʪʘʤʠ ʧʦʜʟʦʣʘ (Oi-Oe), Verrucomicrobia 

ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʚ ʨʠʟʦʩʬʝʨʥʦʡ ʟʦʥʝ ʛʦʨʠʟʦʥʪʘ AYe, ʘ Gemmatimonadetes ʘʜʘʧʪʠʨʦʚʘʥʳ ʢ 

ʜʨʝʥʠʨʦʚʘʥʥʳʤ ʫʩʣʦʚʠʷʤ ʛʦʨʠʟʦʥʪʘ BF. ʊʦʨʬʷʥʳʝ ʧʦʯʚʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ Firmicutes ʠ ʥʘʣʠʯʠʝʤ ʤʝʪʘʥʦʛʝʥʥʳʭ ʘʨʭʝʡ Euryarchaeota ʚ ʛʦʨʠʟʦʥʪʝ TE, ʯʪʦ 

ʦʪʨʘʞʘʝʪ ʘʥʘʵʨʦʙʥʳʝ ʫʩʣʦʚʠʷ ʩʨʝʜʳ. 

ʂʣʘʩʪʝʨʥʳʡ ʘʥʘʣʠʟ ʚʳʷʚʠʣ ʪʨʠ ʥʝʟʘʚʠʩʠʤʳʝ ʛʨʫʧʧʠʨʦʚʢʠ ʤʠʢʨʦʙʥʳʭ ʩʦʦʙʱʝʩʪʚ: 

ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʛʦʨʠʟʦʥʪʳ ʧʦʜʟʦʣʘ, ʠʣʣʶʚʠʘʣʴʥʳʝ ʛʦʨʠʟʦʥʪʳ ʧʦʜʟʦʣʘ ʠ ʪʦʨʬʷʥʳʝ ʧʦʯʚʳ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʦʙʠʣʠʠ ʪʘʢʩʦʥʦʚ ʤʝʞʜʫ ʵʪʠʤʠ 

ʛʨʫʧʧʘʤʠ ʦʙʫʩʣʦʚʣʝʥʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʨʘʟʣʠʯʠʷʤʠ ʚ ʛʝʥʝʟʠʩʝ ʧʦʯʚ - ʧʦʜʟʦʣʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʨʛʘʥʦ-ʤʠʥʝʨʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʩ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʘʢʢʫʤʫʣʷʮʠʝʡ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʪʦʛʜʘ ʢʘʢ ʪʦʨʬʷʥʳʝ ʧʦʯʚʳ ʷʚʣʷʶʪʩʷ ʦʨʛʘʥʦʛʝʥʥʳʤʠ 

ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʩ ʨʘʟʥʦʡ ʩʪʝʧʝʥʴʶ ʨʘʟʣʦʞʝʥʠʷ ʪʦʨʬʘ. 

ʉʨʝʜʠ ʬʠʣ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʢʨʫʛʦʚʦʨʦʪʝ ʫʛʣʝʨʦʜʘ, ʜʦʤʠʥʠʨʫʶʪ Actinobacteriota ʠ 

Proteobacteria ʚ ʧʦʜʟʦʣʘʭ, ʘ ʚ ʪʦʨʬʷʥʳʭ ʧʦʯʚʘʭ ʢ ʥʠʤ ʜʦʙʘʚʣʷʝʪʩʷ Bacteroidota. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʧʦʪʝʥʮʠʘʣʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʫʛʣʝʨʦʜʘ ʚ ʧʝʨʝʫʚʣʘʞʥʝʥʥʳʭ ʧʦʯʚʘʭ, ʩʧʦʩʦʙʥʳʭ ʚʥʦʩʠʪʴ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ 

ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʯʝʨʝʟ ʵʤʠʩʩʠʶ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʧʦʜʟʦʣʠʩʪʳʭ 

ʧʦʯʚʘʭ ʧʨʝʦʙʣʘʜʘʶʪ ʧʨʦʮʝʩʩʳ ʜʝʧʦʥʠʨʦʚʘʥʠʷ ʫʛʣʝʨʦʜʘ. ɺʳʷʚʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʧʦʜʯʝʨʢʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʝʪʘ ʪʠʧʘ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ ʦʮʝʥʢʝ ʨʦʣʠ ʥʘʟʝʤʥʳʭ 

ʵʢʦʩʠʩʪʝʤ ʚ ʛʣʦʙʘʣʴʥʦʤ ʫʛʣʝʨʦʜʥʦʤ ʮʠʢʣʝ. 

ɸʥʘʣʠʟ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʠʢʨʦʙʠʦʤʘ ʧʦʯʚ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʭʦʜʘ ʚ ʟʘʣʝʞʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʚʳʷʚʠʣ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚ ʚʝʨʭʥʠʭ 

ʩʪʘʨʦʧʘʭʦʪʥʳʭ ʛʦʨʠʟʦʥʪʘʭ, ʘ ʪʘʢʞʝ ʚ ʣʝʩʥʦʡ ʧʦʜʩʪʠʣʢʝ ʠ ʧʦʜʟʦʣʠʩʪʦʤ ʛʦʨʠʟʦʥʪʝ ʬʦʥʦʚʦʡ 

ʧʦʯʚʳ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʣʠʪʝʣʴʥʦʩʪʠ ʟʘʣʝʞʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʦʠʩʭʦʜʠʪ 

ʧʦʩʪʝʧʝʥʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʳ, ʚʳʨʘʞʘʶʱʘʷʩʷ ʚ ʩʥʠʞʝʥʠʠ 

ʩʦʜʝʨʞʘʥʠʷ ʇʆɺ ʠ ʫʤʝʥʴʰʝʥʠʠ ʢʠʩʣʦʪʥʦʩʪʠ, ʯʪʦ ʩʦʟʜʘʝʪ ʫʩʣʦʚʠʷ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʦʣʠʛʦʪʨʦʬʥʦʛʦ ʤʠʢʨʦʙʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ, ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʠʣʣʶʚʠʘʣʴʥʦ-ʞʝʣʝʟʠʩʪʳʭ 

ʧʦʜʟʦʣʦʚ. 

ʇʨʦʮʝʩʩ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʦʯʚ ʥʘ ʟʘʣʝʞʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʪʝʩʥʫʶ 

ʢʦʨʨʝʣʷʮʠʶ ʩ ʚʨʝʤʝʥʥʳʤ ʬʘʢʪʦʨʦʤ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ [158]. ʉ ʫʚʝʣʠʯʝʥʠʝʤ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʟʘʣʝʞʥʦʛʦ ʨʝʞʠʤʘ ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʢʘʢ ʚ 

ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʤʠʢʨʦʙʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ, ʪʘʢ ʠ ʚ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʘʭ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʧʦʯʚ. ʆʜʥʘʢʦ ʦʩʪʘʝʪʩʷ ʨʷʜ ʚʦʧʨʦʩ ʪʨʝʙʫʶʱʠʭ 

ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ: ʚʨʝʤʝʥʥʳʝ ʨʘʤʢʠ ʧʦʣʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʤʠʢʨʦʙʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ 

ʚ ʧʦʩʪ-ʘʛʨʦʛʝʥʥʳʭ ʧʦʯʚʘʭ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ 
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ʠʟʤʝʥʝʥʠʝ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʤʠʢʨʦʙʠʦʤʘ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʙʠʦʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʚʢʣʶʯʘʷ ʠʟʤʝʥʝʥʠʝ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʠ ʙʠʦʪʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʚ ʧʨʦʮʝʩʩʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʧʦʯʚʝʥʥʳʭ ʵʢʦʩʠʩʪʝʤ. 

 

6 ɸʥʘʣʠʟ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʧʦʪʦʢʦʚ ʠ ʵʤʠʩʩʠʦʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʜʣʷ 

ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʛʘʟʦʚ  

6.1 ɸʥʘʣʠʟ ʧʦʪʦʢʦʚ CO2 ʜʣʷ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʧʨʠʛʦʨʦʜʘ ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʘ 

ʉʪʘʥʮʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʉʇʙɻʋ (ʜʘʣʝʝ Pet) ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʉʪʘʨʦʤ 

ʇʝʪʝʨʛʦʬʝ (59.88Á ʩ.ʰ. ʠ 29.83Á ʚ.ʜ., 40 ʤ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ), ʚ 35 ʢʤ ʢ ʶʛʦ-ʟʘʧʘʜʫ ʦʪ ʮʝʥʪʨʘ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 3 ʢʤ ʦʪ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʥʘ ʪʝʨʨʘʩʠʨʦʚʘʥʥʦʡ ʨʘʚʥʠʥʝ 

ʤʝʞʜʫ ʙʝʨʝʛʦʤ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʠ ɹʘʣʪʠʡʩʢʦ-ʃʘʜʦʞʩʢʠʤ ʫʩʪʫʧʦʤ. ɺʙʣʠʟʠ ʩʪʘʥʮʠʠ Pet (ʚ 

ʨʘʜʠʫʩʝ 10ʢʤ) ʦʩʥʦʚʥʳʝ ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ - ʛʘʟʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ, 

ʞʠʣʳʝ ʤʘʩʩʠʚʳ, ʪʨʘʥʩʧʦʨʪ ʠ ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ. 

 ɼʣʷ ʤʝʩʪʥʦʩʪʠ, ʛʜʝ ʨʘʩʧʦʣʦʞʝʥʘ ʩʪʘʥʮʠʷ ʉʇʙɻʋ, ʭʘʨʘʢʪʝʨʥʳ 

ʧʨʝʦʙʣʘʜʘʶʱʠʝ ʶʛʦ-ʶʛʦ-ʟʘʧʘʜʥʳʝ ï ʟʘʧʘʜʦ-ʶʛʦ-ʟʘʧʘʜʥʳʝ ʚʝʪʨʳ (~30%). ʎʝʥʪʨʘʣʴʥʳʝ 

ʨʘʡʦʥʳ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʢ ʚʦʩʪʦʢʫ ʦʪ ʩʪʘʥʮʠʠ, ʷʚʣʷʶʪʩʷ ʩʘʤʳʤʠ 

ʤʦʱʥʳʤʠ ʘʥʪʨʦʧʦʛʝʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ, ʦʜʥʘʢʦ ʚʝʪʨʳ ʚʦʩʪʦʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ, 

ʧʨʠʥʦʩʷʱʠʝ ʟʘʛʨʷʟʥʝʥʥʳʝ ʛʦʨʦʜʩʢʠʝ ʚʦʟʜʫʰʥʳʝ ʤʘʩʩʳ, ʥʘʙʣʶʜʘʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʨʝʞʝ 

(~10%). 

ʀʟʤʝʨʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʫʣʴʩʘʮʠʦʥʥʳʭ (eddy covariance) 

ʥʘʙʣʶʜʝʥʠʡ ʧʦʪʦʢʦʚ CO2 ʬʠʨʤʳ LI-COR ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʣʝʪʦʤ 2023 ʛ. ʥʘ ʢʨʳʰʝ ʟʜʘʥʠʷ 

ʅʀʀʌ ʠʤ.ʌʦʢʘ (ʈʝʩʫʨʩʥʳʡ ʮʝʥʪʨ çɻʝʦʤʦʜʝʣʴè ʅʘʫʯʥʦʛʦ ʧʘʨʢʘ ʉʇʙɻʋ, 2025) [159-160]. 

ʉʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ ʘʚʛʫʩʪʘ 2023 ʛ. ʚʝʣʦʩʴ ʪʝʩʪʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ, ʧʝʨʚʠʯʥʦʝ 

ʥʘʢʦʧʣʝʥʠʝ ʜʘʥʥʳʭ ʠ ʠʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ. ʂʦʤʧʣʝʢʪʘʮʠʷ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ 

Eddy Covariance System, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ʩʪʘʥʮʠʠ Pet (ʬʦʪʦ ʘʧʧʘʨʘʪʫʨʳ ʠ ʭʘʨʘʢʪʝʨʥʦʛʦ 

ʣʘʥʜʰʘʬʪʘ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʩʪʘʥʮʠʠ ʧʨʠʚʝʜʝʥʦ ʥʘ ʈʠʩʫʥʢʝ 28) ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: ʤʦʜʫʣʴ Eddy 

Flux ʩ NDIR-ʛʘʟʦʘʥʘʣʠʟʘʪʦʨʦʤ ʟʘʢʨʳʪʦʛʦ ʪʠʧʘ LI-7200RS ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ CO2 

ʠ H2O. ʇʨʠ ʯʘʩʪʦʪʝ ʠʟʤʝʨʝʥʠʡ 10ɻʮ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ CO2 

ʩʦʩʪʘʚʣʷʝʪ ~0.11 ppm [5, 161]; ʚʳʩʦʢʦʪʦʯʥʳʡ ʪʨʸʭʦʩʝʚʦʡ (3D) ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʘʥʝʤʦʤʝʪʨ 

(ʤʦʜʝʣʴ MP Cage, ʩʝʤʝʡʩʪʚʦ uSonic-3) ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʧʘʥʠʠ METEK. ɸʥʝʤʦʤʝʪʨ uSonic-

3 Cage MP ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʨʘʙʦʪʳ ʚ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʥʝʪ ʦʩʥʦʚʥʦʛʦ ʧʨʝʦʙʣʘʜʘʶʱʝʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ [5]; ʥʘʙʦʨ ʜʘʪʯʠʢʦʚ ʩʝʨʠʠ Biomet LI-COR, ʚʢʣʶʯʘʶʱʠʡ ʤʦʜʫʣʴ ʜʣʷ 

ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʘʨʭʠʚʘʮʠʠ ʜʘʥʥʳʭ, ʜʘʪʯʠʢʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ 
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ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ, ʜʘʪʯʠʢ ʜʦʞʜʷ, ʦʩʘʜʢʦʤʝʨ, ʜʘʪʯʠʢ FAR [5]. ʕʪʦʪ ʥʘʙʦʨ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʘʨʘʤʝʪʨʘʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʥʝʦʙʭʦʜʠʤʦʡ 

ʜʣʷ ʢʦʨʨʝʢʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʩʠʩʪʝʤʦʡ EddyFlux [5, 162-163]. 

  

A B 

ʈʠʩʫʥʦʢ 28 ï ʌʦʪʦ (ʘ) ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ Eddy Covariance System, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ 

ʩʪʘʥʮʠʠ Pet ʠ (ʙ) ʭʘʨʘʢʪʝʨʥʦʛʦ ʣʘʥʜʰʘʬʪʘ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʩʪʘʥʮʠʠ 

 

ʈʘʙʦʪʘ ʦʩʥʦʚʘʥʘ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʧʝʨʚʦʛʦ ʧʦʣʥʦʛʦ ʛʦʜʘ ʠʟʤʝʨʝʥʠʡ ʧʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʠ 

ʟʘʧʫʩʢʘ ʧʫʣʴʩʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʩʪʘʥʮʠʠ Pet. ɺʨʝʤʝʥʥʳʝ ʨʘʤʢʠ ʵʪʦʛʦ ʛʦʜʠʯʥʦʛʦ 

ʧʝʨʠʦʜʘ, ʢʦʪʦʨʳʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʘʤʠ ʢʘʢ ʩʚʦʝʛʦ ʨʦʜʘ ʪʝʩʪʦʚʳʡ, ʩʣʝʜʫʶʱʠʝ: ʩ 17.08.2023 

ʜʦ 22.07.2024. ɺ ʊʘʙʣʠʮʝ 18 ʜʣʷ ʢʘʞʜʦʛʦ ʤʝʩʷʮʘ, ʚʭʦʜʷʱʝʛʦ ʚ ʠʩʩʣʝʜʫʝʤʳʡ ʧʝʨʠʦʜ, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʪʳ, ʢʦʛʜʘ ʠʟʤʝʨʝʥʠʷ ʦʪʩʫʪʩʪʚʦʚʘʣʠ (ʧʨʠʯʠʥʳ ï ʪʝʭʥʠʯʝʩʢʠʝ ʥʝʧʦʣʘʜʢʠ, 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ). 

 

ʊʘʙʣʠʮʘ 18. ʇʝʨʠʦʜʳ ʧʨʦʙʝʣʦʚ ʚ ʧʫʣʴʩʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʷʭ ʥʘ ʩʪʘʥʮʠʠ Pet. 

ʄʝʩʷʮ ʠ ɻʦʜ 

(MM.YYYY)  

ɼʘʪʳ ʧʨʦʙʝʣʦʚ 

ʚ ʠʟʤʝʨʝʥʠʷʭ 

08.2023 1-17 

09.2023 - 

10.2023 - 

11.2023 19-30 
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12.2023 1-3, 15-31 

01.2024 1-8 

02.2024 - 

03.2024 - 

04.2024 - 

05.2024 - 

06.2024 17, 20-24 

07.2024 23-30 

 

ʈʘʩʯʝʪ ʟʥʘʯʝʥʠʡ ʧʦʪʦʢʘ CO2 (FCO2) ʩ ʧʝʨʠʦʜʦʤ ʦʩʨʝʜʥʝʥʠʷ 30 ʤʠʥʫʪ ʧʨʦʚʦʜʠʣʩʷ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ EddyPro, ʧʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʣʝʜʫʶʱʘʷ ʬʦʨʤʫʣʘ: 

FCO2 å ɟaw'sǋ (1) 

ʛʜʝ, FCO2 ï ʧʦʪʦʢ (ʫʜʝʣʴʥʳʡ) CO2 [ʤʢʤʦʣʴĿʤ-2Ŀʩ-1], ɟa ï ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ, w' ï 

ʤʛʥʦʚʝʥʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʦʪ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ, sǋ ï ʤʛʥʦʚʝʥʥʳʝ 

ʦʪʢʣʦʥʝʥʠʷ ʦʪʥʦʰʝʥʠʷ ʩʤʝʩʠ ʛʘʟʘ ʚ ʘʪʤʦʩʬʝʨʥʦʤ ʚʦʟʜʫʭʝ ʦʪ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ. 

ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ FCO2 ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʧʨʝʦʙʣʘʜʘʥʠʝ ʠʩʪʦʯʥʠʢʦʚ ʥʘ ʠʩʩʣʝʜʫʝʤʦʡ 

ʪʝʨʨʠʪʦʨʠʠ, ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʪʦʢʦʚ ï ʧʨʝʦʙʣʘʜʘʥʠʝ ʩʪʦʢʦʚ [5, 162-163]. 

ʆʙʨʘʙʦʪʢʘ ʤʘʩʩʠʚʦʚ ʠʟʤʝʨʝʥʠʡ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʜʚʘ ʦʩʥʦʚʥʳʭ ʵʪʘʧʘ. ʇʝʨʚʳʡ ʵʪʘʧ ï 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ï ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʬʠʣʴʪʨʘʮʠʠ ʜʘʥʥʳʭ ʠ ʟʘʧʦʣʥʝʥʠʠ ʧʨʦʧʫʩʢʦʚ: 

ʥʘʭʦʜʷʪʩʷ ʟʥʘʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʝ ʧʦʧʘʜʘʶʪ ʚ ʢʦʨʠʜʦʨ Ñ3.5ů ʜʣʷ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ 

ʦʪʥʦʰʝʥʠʷ ʩʤʝʩʠ ʉʆ2 ʠ ʢʦʨʠʜʦʨ Ñ5ů ʜʣʷ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ [164]. ɼʘʣʝʝ ʵʪʠ ʩʣʫʯʘʡʥʳʝ 

ʚʳʙʨʦʩʳ ʟʘʤʝʥʷʶʪʩʷ ʥʘ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʜʘʥʥʦʛʦ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ. ʅʘ 

ʚʪʦʨʦʤ ʵʪʘʧʝ ʧʨʦʚʦʜʠʪʩʷ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʜʘʥʥʳʭ ʧʦ Mauder and Foken [165], ʚʦ ʚʨʝʤʷ 

ʢʦʪʦʨʦʛʦ ʬʠʣʴʪʨʫʶʪʩʷ ʧʝʨʠʦʜʳ ʨʝʟʢʠʭ ʠʟʤʝʥʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʠ CO2 ʠ ʩʪʘʮʠʦʥʘʨʥʳʭ 

ʩʦʩʪʦʷʥʠʡ. ɼʣʷ ʢʘʞʜʦʛʦ ʪʝʩʪʘ ʠ ʜʣʷ ʢʘʞʜʦʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʝʨʝʤʝʥʥʦʡ EddyPro ʚʳʚʦʜʠʪ 

ʬʣʘʛ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ, ʢʦʪʦʨʳʡ ʫʢʘʟʳʚʘʝʪ, ʧʨʦʰʣʘ ʣʠ ʧʝʨʝʤʝʥʥʘʷ ʪʝʩʪ: ç0è ʠʤʝʶʪ ʜʘʥʥʳʝ 

ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ, ç1è ʦʟʥʘʯʘʝʪ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʧʦʪʦʢʘ ʧʦʜʭʦʜʷʪ ʜʣʷ ʘʥʘʣʠʟʘ ʙʶʜʞʝʪʘ, ç2è 

ï ʜʘʥʥʳʝ ʩʣʝʜʫʝʪ ʦʪʙʨʦʩʠʪʴ ʠʟ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʠʟ-ʟʘ ʠʭ ʧʣʦʭʦʛʦ ʢʘʯʝʩʪʚʘ. 

ʇʨʠ ʵʪʦʤ ʧʦʣʴʟʦʚʘʪʝʣʴ ʩʘʤ ʨʝʰʘʝʪ, ʩʣʝʜʫʝʪ ʣʠ ʠʩʩʣʝʜʦʚʘʪʴ ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ ʩ ʬʣʘʛʘʤʠ 

ʢʘʯʝʩʪʚʘ, ʦʪʣʠʯʥʳʤʠ ʦʪ ç0è, ʠ ʦʮʝʥʠʚʘʪʴ ʠʭ ʥʘ ʧʨʝʜʤʝʪ ʬʠʟʠʯʝʩʢʦʡ ʧʨʘʚʜʦʧʦʜʦʙʥʦʩʪʠ [5, 

162-163]. ɼʘʣʝʝ ʚ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʘʥʥʳʝ ʩ ʬʣʘʛʦʤ ʢʘʯʝʩʪʚʘ ç0è. 

ʂʨʘʪʢʦ ʦʩʪʘʥʦʚʠʤʩʷ ʥʘ ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʪʦʢʦʚ [5]. ɺ ʊʘʙʣʠʮʝ 19 ʧʝʨʝʯʠʩʣʝʥʳ ʠʩʪʦʯʥʠʢʠ 

ʧʦʛʨʝʰʥʦʩʪʝʡ ʠ ʠʭ ʚʝʣʠʯʠʥʳ ʜʣʷ ʝʜʠʥʠʯʥʦʛʦ ʠʟʤʝʨʝʥʠʷ. ɺʠʜʥʦ, ʯʪʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʥʠ 

ʤʦʛʫʪ ʜʘʚʘʪʴ ʟʥʘʯʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʫʤʤʘʨʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʙʦʣʝʝ 100%, ʥʦ ʧʦʩʢʦʣʴʢʫ 
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ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʫʩʨʝʜʥʝʥʠʝ ʠʜʝʪ ʧʦ ʙʦʣʴʰʦʤʫ ʤʘʩʩʠʚʫ ʜʘʥʥʳʭ, ʨʝʟʫʣʴʪʠʨʫʶʱʠʝ 

ʧʦʛʨʝʰʥʦʩʪʠ ʤʠʥʠʤʠʟʠʨʫʶʪʩʷ ʧʨʠ ʧʨʘʚʠʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

 

ʊʘʙʣʠʮʘ 19. ʆʩʥʦʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʧʦʛʨʝʰʥʦʩʪʝʡ ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ ʤʝʪʦʜʘ ʠʟʤʝʨʝʥʠʡ 

ʧʦʪʦʢʦʚ ʉʆ2 

ʀʩʪʦʯʥʠʢʠ ʧʦʛʨʝʰʥʦʩʪʠ 
ʂʘʢʠʝ ʧʦʪʦʢʠ ʤʦʛʫʪ 

ʠʟʤʝʥʠʪʴʩʷ 
ɼʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ 

ʀʩʢʘʞʝʥʠʝ ʧʫʣʴʩʘʮʠʡ ɺʩʝ 5-30% 

ʅʝʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʚʦ ʚʨʝʤʝʥʠ ɺʩʝ 5-15% 

ʇʠʢʦʚʳʝ ʟʥʘʯʝʥʠʷ, ʰʫʤ, ʧʦʤʝʭʠ ɺʩʝ 0-15% 

ʅʝʧʨʘʚʠʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ɺʩʝ 0-25% 

ʌʣʫʢʪʫʘʮʠʠ ʧʣʦʪʥʦʩʪʠ ʚʦʟʜʫʭʘ CO2, ʅ2ʆ 0-50% 

ʆʰʠʙʢʘ ʧʨʠ ʨʘʩʯʝʪʝ ʧʦʪʦʢʘ ʪʝʧʣʘ 

ʧʦ ʜʘʥʥʳʤ ʘʥʝʤʦʤʝʪʨʘ 
ʇʦʪʦʢ ʷʚʥʦʛʦ ʪʝʧʣʘ 0-10% 

ʈʘʟʤʳʪʠʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ɺ ʦʩʥʦʚʥʦʤ CO2 0-5% 

ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʃʶʙʦʡ ʛʘʟ 0-30% 

ʇʨʦʧʫʩʢʠ ʚ ʨʝʛʠʩʪʨʘʮʠʠ ɺʩʝ 0-20% 

 

ʂʨʦʤʝ ʦʮʝʥʢʠ ʧʦʪʦʢʦʚ, ʧʨʦʛʨʘʤʤʘ EddyPro ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʟʦʥʳ ʦʭʚʘʪʘ 

ʧʫʣʴʩʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʩʪʘʥʮʠʠ. ʕʪʦ ʪʝʨʨʠʪʦʨʠʷ (ʠʣʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʦʙʣʘʩʪʴ ʵʢʦʩʠʩʪʝʤʳ) ʩ ʥʝʥʫʣʝʚʳʤ ʚʢʣʘʜʦʤ ʚ ʠʟʤʝʨʷʝʤʳʝ ʟʥʘʯʝʥʠʷ 

ʧʦʪʦʢʦʚ CO2. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 

ʠʩʪʦʯʥʠʢʦʚ CO2 ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʥʘʰʝʡ ʩʪʘʥʮʠʠ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʣʝʜʘ CO2 (CO2 

footprint) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ Kljun et al. [166]. 

6.1.1 ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʘʧʧʘʨʘʪʫʨʦʡ Eddy Covariance System ʥʘ ʩʪʘʥʮʠʠ 

Pet 

ʈʷʜʳ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ (T, ÁC) ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ (RH, %), 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʦʡ Eddy Covariance System ʥʘ ʥʘʰʝʡ ʩʪʘʥʮʠʠ, 

ʜʘʥʳ (ʚ ʢʘʯʝʩʪʚʝ ʠʣʣʶʩʪʨʘʪʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ) ʥʘ ʈʠʩʫʥʢʝ 29. 

 

ʈʠʩʫʥʦʢ 29 ï ʊʝʤʧʝʨʘʪʫʨʘ ʠ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ ʜʣʷ ʧʝʨʠʦʜʘ ʩ ʠʶʣʷ 2023ʛ. ʧʦ 

ʘʚʛʫʩʪ 2024 ʛ. 
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ʇʦ ʜʘʥʥʳʤ ʩ ʠʶʣʷ 2023ʛ. ʧʦ ʘʚʛʫʩʪ 2024 ʛ. ʰʪʠʣʝʚʳʝ ʫʩʣʦʚʠʷ ʥʘ ʩʪʘʥʮʠʠ ʙʳʣʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʜʢʠ, ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʤʝʥʝʝ 1 ʤ/ʩ ʚʩʪʨʝʯʘʣʘʩʴ ʚ ~ 7 % ʩʣʫʯʘʝʚ. ɹʦʣʴʰʫʶ ʯʘʩʪʴ 

ʚʨʝʤʝʥʠ ʝʛʦ ʩʢʦʨʦʩʪʴ ʧʨʝʚʳʰʘʝʪ 1 ʤ/ʩ: ʦʪ 1 ʜʦ 3 ʤ/ʩ ï 61%, ʦʪ 3 ʜʦ 5 ʤ/ʩ ï 27 %, ʚʳʰʝ 5 ʤ/ʩ 

ï 5 % (ʨʦʟʘ ʚʝʪʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩʫʥʢʝ 30). 

 

ʈʠʩʫʥʦʢ 30 ï ʈʦʟʘ ʚʝʪʨʦʚ ʜʣʷ ʩʪʘʥʮʠʠ Pet ʜʣʷ ʧʝʨʠʦʜʘ ʩ ʠʶʣʷ 2023ʛ. ʧʦ ʘʚʛʫʩʪ 2024 ʛ. 

 

ɼʣʷ ʩʪʘʥʮʠʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʉʇʙɻʋ ʛʦʜʦʚʦʝ ʟʥʘʯʝʥʠʷ ʧʦʪʦʢʘ ʉʆ2, 

ʧʦʣʫʯʝʥʥʦʝ ʥʘʤʠ ʟʘ ʧʝʨʠʦʜ ʩ ʘʚʛʫʩʪʘ 2023ʛ. ʧʦ ʠʶʣʴ 2024 ʛ. ʩʦʩʪʘʚʠʣʦ FCO2=1.76Ñ0.38 

ʤʢʤʦʣʴĿʤ-2Ŀʩ-1 (2.4Ñ0.5 ʢʪĿʢʤ-2Ŀʛʦʜ-1), ʯʪʦ ʩʦʧʦʩʪʘʚʠʤʦ ʢʘʢ ʩ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʤʠ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʣʷ ʥʘʰʝʡ ʤʝʩʪʥʦʩʪʠ, ʪʘʢ ʠ ʩ ʦʮʝʥʢʘʤʠ ʧʦʪʦʢʦʚ ʜʣʷ ʜʨʫʛʠʭ ʩʪʘʥʮʠʡ (ʊʘʙʣʠʮʘ 

20). ɿʥʘʯʝʥʠʷ FCO2 ʜʣʷ ʩʪʘʥʮʠʠ Pet ʙʣʠʟʢʠ ʢ ʦʮʝʥʢʘʤ ʧʦʪʦʢʦʚ ʜʣʷ ʂʨʘʢʦʚʘ (ʇʦʣʴʰʘ) [167], 

0.8-7.7 ʢʪĿʢʤ-2Ŀʛʦʜ-1 ʠ ʇʶʠ-ʜʝ-ɼʦʤ (ʌʨʘʥʮʠʷ) [168], 1.3Ñ0.7 ʢʪĿʢʤ-2Ŀʛʦʜ-1, ʘ ʪʘʢʞʝ 

ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʜʣʷ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʩ ʥʠʟʢʦʡ 

ʧʣʦʪʥʦʩʪʴʶ ʞʠʣʦʡ ʟʘʩʪʨʦʡʢʠ ʠ ʩ ʥʝʚʳʩʦʢʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ: 1.8 ʢʪĿʢʤ-2Ŀʛʦʜ-1 

ʜʣʷ ʛ. ʉʘʢʘʠ (ʧʨʝʬʝʢʪʫʨʘ ʆʩʘʢʘ) [169]. ʆʙʱʠʡ ʨʷʜ ʟʥʘʯʝʥʠʡ FCO2 ʟʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ 

ʧʝʨʠʦʜ ʧʨʠʚʝʜʝʥ ʥʘ ʈʠʩʫʥʦʢ 31. 

 

ʊʘʙʣʠʮʘ 20. ɿʥʘʯʝʥʠʷ FCO2 (ʪĿʢʤ
-2Ŀʛʦʜ-1), ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʩʪʘʥʮʠʠ Pet ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʝʟʘʚʠʩʠʤʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

 

 

Pet ɼʨʫʛʠʝ ʩʪʘʥʮʠʠ 

ʅʘʩʪʦʷʱʘʷ 

ʨʘʙʦʪʘ 
ʃʠʪʝʨʘʪʫʨʥʳʝ ʠʩʪʦʯʥʠʢʠ 

FCO2, ʢʪĿʢʤ-

2Ŀʛʦʜ-1 

2.4Ñ0.5 

2023-2024 

ʛʛ. 

6Ñ4 

2014-2015 ʛʛ. 

[170] 

0.8-7.7 

2005-2009ʛʛ., Krakow 

[167] 
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2018ʛ. [171] 

1.3Ñ0.7 

2010-2013 ʛʛ., Puy-de-

D¹me [168] 

1.8-17.9 

2015-2016 ʛʛ., ʉʘʢʘʠ 

ʧʨʝʬʝʢʪʫʨʘ ʆʩʘʢʘ [169] 

3.9-59.7 

2017-2018, ʉʝʫʣ [172] 

 

 

ʈʠʩʫʥʦʢ 31 ï ɿʘʚʠʩʠʤʦʩʪʴ FCO2 ʦʪ ʚʨʝʤʝʥʠ, ʩʢʦʣʴʟʷʱʝʝ ʩʨʝʜʥʝʝ ï ʛʦʣʫʙʘʷ ʣʠʥʠʷ, ʧʦʣʦʩʳ 

ɹʦʣʣʠʥʜʞʝʨʘ (Ñ3ů) ï ʩʠʥʷʷ ʠ ʢʨʘʩʥʘʷ ʣʠʥʠʠ. 

 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʩʪʦʯʥʠʢʦʚ ʠ ʩʪʦʢʦʚ, ʟʘʚʠʩʷʱʠʭ ʦʪ ʚʨʝʤʝʥʠ ʛʦʜʘ, 

ʥʘʤʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʨʘʟʜʝʣʝʥʠʝ ʛʦʜʠʯʥʦʛʦ ʧʝʨʠʦʜʘ ʥʘ ʜʚʘ ʩʝʟʦʥʘ: çʟʠʤʘè ï ʭʦʣʦʜʥʳʡ 

ʧʝʨʠʦʜ ʩ ʥʦʷʙʨʷ ʧʦ ʤʘʨʪ ʠ çʣʝʪʦè ï ʪʝʧʣʳʡ ʧʝʨʠʦʜ  ʩ ʘʧʨʝʣʷ ʧʦ ʦʢʪʷʙʨʴ, ʧʨʠ ʵʪʦʤ ʤʳ 

ʦʨʠʝʥʪʠʨʦʚʘʣʠʩʴ ʥʘ ʩʨʦʢʠ ʥʘʯʘʣʘ ʚʝʛʝʪʘʮʠʠ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʦ ʥʘʣʠʯʠʶ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ  ʧʦʪʦʢʦʚ ʚ ʜʥʝʚʥʦʝ ʚʨʝʤʷ ʠ ʨʝʟʫʣʴʪʘʪʘʤ ʩʧʫʪʥʠʢʦʚʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

(ʘʧʧʘʨʘʪʫʨʘ OCO-2) ʟʥʘʯʝʥʠʡ ʚʘʣʦʚʦʡ ʧʝʨʚʠʯʥʦʡ ʧʨʦʜʫʢʮʠʠ (GPP) ʜʣʷ ʪʝʨʨʠʪʦʨʠʠ 

ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ [173]. ɼʘʣʝʝ ʜʣʷ ʵʪʠʭ ʜʚʫʭ ʩʝʟʦʥʦʚ ʤʳ ʧʨʦʚʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʣʝʜʘ 

(footprint) CO2 ʜʣʷ ʪʝʨʨʠʪʦʨʠʠ ʚʦʢʨʫʛ ʥʘʰʝʡ ʩʪʘʥʮʠʠ, ʘ ʪʘʢʞʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʣʠ ʚʢʣʘʜ 

ʠʩʪʦʯʥʠʢʦʚ ʠ ʩʪʦʢʦʚ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ, ʚ ʥʘʙʣʶʜʘʝʤʳʝ ʟʥʘʯʝʥʠʷ 

ʧʦʪʦʢʦʚ CO2. ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʧʦʪʦʢʘ CO2 ʜʣʷ ʚʳʜʝʣʝʥʥʳʭ ʜʚʫʭ ʩʝʟʦʥʦʚ, ʘ ʪʘʢʞʝ ʟʥʘʯʝʥʠʷ 

FCO2 ʜʣʷ ʥʦʯʥʦʛʦ ʠ ʜʥʝʚʥʦʛʦ ʧʝʨʠʦʜʦʚ ʜʣʷ ʵʪʠʭ ʩʝʟʦʥʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ 

ʜʘʥʥʳʭ ʧʫʣʴʩʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʚ 2023-2024ʛʛ., ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 21. 

 

ʊʘʙʣʠʮʘ 21. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʦʪʦʢʘ CO2 ʜʣʷ çʣʝʪʥʝʛʦè ʠ çʟʠʤʥʝʛʦè ʩʝʟʦʥʦʚ (2023-

2024ʛʛ.), ʘ ʪʘʢʞʝ ʟʥʘʯʝʥʠʷ ʧʦʪʦʢʘ CO2 ʜʣʷ ʥʦʯʥʦʛʦ ʠ ʜʥʝʚʥʦʛʦ ʧʝʨʠʦʜʦʚ ʵʪʠʭ ʩʝʟʦʥʦʚ. 

 

ʇʝʨʠʦʜ 

çʟʠʤʘè çʣʝʪʦè 

1.94Ñ0.49 1.63Ñ0.30 

ʥʦʯʴ ʜʝʥʴ ʥʦʯʴ ʜʝʥʴ 

FCO2, ʤʢʤʦʣʴĿʤ-2Ŀʩ-1 1.63Ñ0.42 2.41Ñ0.57 1.85Ñ0.29 1.37Ñ0.34 
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ʉ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʩʣʝʜʘ CO2 ʜʣʷ ʦʙʣʘʩʪʠ 90% ʚʢʣʘʜʘ, ʢʦʪʦʨʘʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʰʠʭ 

ʧʫʣʴʩʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ ~300 ʤ, ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʦʨʪʠʨʦʚʢʘ ʚʩʝʛʦ ʤʘʩʩʠʚʘ 

FCO2 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ (8 ʩʝʢʪʦʨʦʚ ʧʦ 45Á ʢʘʞʜʳʡ). ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ 

FCO2 ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʝʢʪʦʨʦʚ ʜʘʥʳ ʚ ʊʘʙʣʠʮʝ 22 ʠ ʛʨʘʬʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʈʠʩʫʥʢʝ 32. ɼʣʷ ʦʙʦʠʭ ʩʝʟʦʥʦʚ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʪʦʢʦʚ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ ʩʝʚʝʨʦ-

ʚʦʩʪʦʯʥʳʭ ï ʶʛʦ-ʚʦʩʪʦʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʚʝʪʨʘ, ʛʜʝ ʨʘʩʧʦʣʦʞʝʥʘ ʙʣʠʞʘʡʰʘʷ ʘʚʪʦʜʦʨʦʛʘ 

ʠ ʟʜʘʥʠʷ ʉʇʙɻʋ. ɽʩʣʠ ʟʠʤʦʡ ʦʩʥʦʚʥʳʤʠ ʧʨʝʜʧʦʣʘʛʘʝʤʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʚ ʧʨʝʜʝʣʘʭ 

ʪʨʝʭʩʦʪʤʝʪʨʦʚʦʡ ʦʙʣʘʩʪʠ ʷʚʣʷʝʪʩʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪ ʠ ʟʜʘʥʠʷ, ʪʦ ʣʝʪʦʤ ʜʦʙʘʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢ 

ʠ ʩʪʦʢ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʩʫʪʦʢ) ʚ ʚʠʜʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. 

 

A B 

ʈʠʩʫʥʦʢ 32 ï ʇʦʪʦʢʠ ʉʆ2 ʜʣʷ ʟʠʤʥʝʛʦ (ɸ) (ʛʦʣʫʙʳʝ ʣʠʥʠʠ) ʠ ʜʣʷ ʣʝʪʥʝʛʦ (ɺ) (ʟʝʣʝʥʳʝ 

ʣʠʥʠʠ) ʧʝʨʠʦʜʘ, ʛʜʝ ʢʨʝʩʪ ï ʤʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʝ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ, ʙʝʣʳʡ ʢʨʫʛ ʩ 

ʨʘʜʠʫʩʦʤ 300ʤ ï ʦʙʣʘʩʪʴ 90% ʚʢʣʘʜʘ ʚ ʠʟʤʝʨʝʥʠʷ ʧʦʪʦʢʦʚ, ʚ ʙʝʣʳʭ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘʭ 

ʫʢʘʟʘʥʳ ʟʥʘʯʝʥʠʷ FCO2 [ʤʢʤʦʣʴĿʤ-2Ŀʩ-1] ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚʝʪʨʘ 

 

ʊʘʙʣʠʮʘ 22. ɿʥʘʯʝʥʠʷ ʧʦʪʦʢʘ ʉʆ2 ʜʣʷ çʟʠʤʥʝʛʦè ʠ çʣʝʪʥʝʛʦè ʩʝʟʦʥʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ. 

ʉʨʝʜʥʝʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ, Á 

(ʩʝʢʪʦʨ, Á) 

FCO2, ʤʢʤʦʣʴĿʤ-2Ŀʩ-1 

çʟʠʤʘè çʣʝʪʦè 

0 (337.5 ï 22.5) 1.71 1.06 

45 (22.5 ï 67.5) 2.84 2.53 

90 (67.5 ï 112.5) 4.81 3.32 

135 (112.5 ï 157.5) 3.35 2.50 

180 (157.5 ï 202.5) 0.60 1.06 

225 (202.5 ï 247.5) 0.76 1.42 

270 (247.5 ï 292.5) 0.41 0.85 

315 (292.5 ï 337.5) 1.29 0.86 
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ɼʣʷ ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʩʝʟʦʥʘ (çʣʝʪʦè - 

çʟʠʤʘè) ʠ ʚʨʝʤʝʥʠ ʩʫʪʦʢ (çʜʝʥʴè - çʥʦʯʴè) ï ʢ ʪʘʢʠʤ ʥʘ ʥʘʰʝʡ ʩʪʘʥʮʠʠ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪ ʠ ʚʣʠʷʥʠʝ ʚʝʛʝʪʘʮʠʠ ï ʥʘʤʠ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʧʦʪʦʢʦʚ CO2. ʉ ʵʪʦʡ ʮʝʣʴʶ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ FCO2, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʊʘʙʣʠʮʝ 22. 

ʄʳ ʧʨʝʜʧʦʣʘʛʘʣʠ, ʯʪʦ çʟʠʤʦʡè ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʤʠʥʠʤʘʣʴʥʦ ʜʣʷ ʥʘʰʝʡ 

ʩʪʘʥʮʠʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ FCO2 ʜʣʷ ʜʥʷ ʠ ʥʦʯʠ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

FCO2_wn = N1 + A1 (2) 

FCO2_wd = N2 + A2 (3) 

ʛʜʝ, FCO2_wn ï ʩʫʤʤʘʨʥʳʡ çʟʠʤʥʠʡè ʥʦʯʥʦʡ ʧʦʪʦʢ CO2, FCO2_wd ï ʩʫʤʤʘʨʥʳʡ 

çʟʠʤʥʠʡè ʜʥʝʚʥʦʡ ʧʦʪʦʢ CO2, N1 ï ʟʠʤʥʠʝ ʬʦʥʦʚʳʝ ʟʥʘʯʝʥʠʷ ʧʦʪʦʢʘ CO2 ʥʦʯʴʶ, N2 ï 

ʟʠʤʥʠʝ ʬʦʥʦʚʳʝ ʟʥʘʯʝʥʠʷ ʧʦʪʦʢʘ CO2 ʜʥʸʤ, A1 ï ʧʦʪʦʢ CO2 ʦʪ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʚ çʟʠʤʥʠʡè 

ʩʝʟʦʥ ʥʦʯʴʶ, ɸ2 ï ʧʦʪʦʢ CO2 ʦʪ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʚ çʟʠʤʥʠʡè ʩʝʟʦʥ ʜʥʝʤ. 

 

ɽʩʣʠ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ: ʘ) A1ḺA2, ʪ.ʝ. ʚʣʠʷʥʠʝ ʚʳʙʨʦʩʦʚ ʦʪ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʜʥʝʤ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ, ʯʝʤ ʥʦʯʴʶ,  ʠ ʙ) N1åN2, ʪ. ʝ. ʬʦʥʦʚʳʝ ʟʥʘʯʝʥʠʷ ʧʦʪʦʢʘ CO2 ʜʣʷ ʥʘʰʝʡ 

ʩʪʘʥʮʠʠ ʠʤʝʶʪ ʙʣʠʟʢʠʝ ʠʣʠ ʨʘʚʥʳʝ ʟʥʘʯʝʥʠʷ ʜʥʝʤ ʠ ʥʦʯʴʶ, ʪʦ ʚʳʯʠʪʘʷ ʠʟ (3) ʚʳʨʘʞʝʥʠʝ 

(2), ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʟʥʘʯʝʥʠʝ ʧʦʪʦʢʘ CO2 ʦʪ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ A2=FCO2_wd-

FCO2_wn=0.78Ñ0.15 ʤʢʤʦʣʴĿʤ-2Ŀʩ-1. ʀʟ ʈʠʩʫʥʢʘ 33, ʛʜʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ  ʧʦʪʦʢʦʚ 

ʉʆ2 ʜʣʷ çʟʠʤʥʝʛʦè ʩʝʟʦʥʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ ʚʠʜʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʡ 

ʚʢʣʘʜ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʚ ʥʘʙʣʶʜʘʝʤʳʝ ʟʥʘʯʝʥʠʷ ʧʦʪʦʢʘ CO2 ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʩʝʚʝʨʦ-

ʚʦʩʪʦʯʥʳʭ ï ʶʛʦ-ʚʦʩʪʦʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ, ʛʜʝ ʨʘʩʧʦʣʦʞʝʥʘ ʙʣʠʞʘʡʰʘʷ ʢ ʠʟʤʝʨʠʪʝʣʴʥʦʡ 

ʩʪʘʥʮʠʠ ʘʚʪʦʜʦʨʦʛʘ (ʩ ʢʦʣʴʮʝʚʦʡ ʘʚʪʦʙʫʩʥʦʡ ʦʩʪʘʥʦʚʢʦʡ). 

  

ɸ B 
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ʈʠʩʫʥʦʢ 33 ï ɿʘʚʠʩʠʤʦʩʪʴ ʩʫʤʤʘʨʥʦʛʦ FCO2 ʜʣʷ çʟʠʤʥʝʛʦè ʩʝʟʦʥʘ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ: 

ʥʦʯʴ (ɸ) ʠ ʜʝʥʴ (ɺ) 

 

çʃʝʪʦʤè ʢ ʘʥʪʨʦʧʦʛʝʥʥʳʤ ʠʩʪʦʯʥʠʢʘʤ CO2 ʜʦʙʘʚʣʷʶʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʠ 

ʩʪʦʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʝʛʝʪʘʮʠʝʡ ʠ ʠʤʝʶʱʠʝ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʨʝʤʝʥʠ ʩʫʪʦʢ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʘʥʘʣʦʛʠʯʥʦ ʚʳʨʘʞʝʥʠʷʤ (2) ʠ (3), ʜʣʷ çʣʝʪʥʝʛʦè ʩʝʟʦʥʘ ʤʦʞʥʦ ʥʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʫʨʘʚʥʝʥʠʷ: 

FCO2_sn = N3+R3+A3 (4) 

FCO2_sd = N4+R4-P+A4 (5) 

ʛʜʝ, FCO2_sn ï ʩʫʤʤʘʨʥʳʡ çʣʝʪʥʠʡè ʥʦʯʥʦʡ ʧʦʪʦʢ CO2, FCO2_sd ï ʩʫʤʤʘʨʥʳʡ 

çʣʝʪʥʠʡè ʜʥʝʚʥʦʡ ʧʦʪʦʢ CO2, N3 ï çʣʝʪʥʠʝè ʬʦʥʦʚʳʝ ʟʥʘʯʝʥʠʷ ʧʦʪʦʢʘ CO2 ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ, 

N4 ï çʣʝʪʥʠʝè ʬʦʥʦʚʳʝ ʟʥʘʯʝʥʠʷ ʧʦʪʦʢʘ CO2 ʚ ʜʥʝʚʥʦʝ ʚʨʝʤʷ, R3 ï ʧʦʪʦʢ CO2 ʟʘ ʩʯʝʪ 

ʥʦʯʥʦʛʦ ʜʳʭʘʥʠʷ ʵʢʦʩʠʩʪʝʤʳ, R4 ï ʧʦʪʦʢ CO2 ʟʘ ʩʯʝʪ ʜʥʝʚʥʦʛʦ ʜʳʭʘʥʠʷ ʵʢʦʩʠʩʪʝʤʳ, ʈ ï 

ʧʦʪʦʢ CO2, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʧʨʦʮʝʩʩʘʤʠ ʬʦʪʦʩʠʥʪʝʟʘ, ɸ3 ï ʥʦʯʥʦʡ ʧʦʪʦʢ CO2 ʦʪ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ çʣʝʪʦʤè, ɸ4 ï ʜʥʝʚʥʦʡ ʧʦʪʦʢ CO2 ʦʪ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ çʣʝʪʦʤè. 

 

ʊʘʢʞʝ ʢʘʢ ʠ ʜʣʷ çʟʠʤʥʝʛʦè ʧʝʨʠʦʜʘ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ: ʘ) A3ḺA4, ʪ.ʝ. ʚʣʠʷʥʠʝ 

ʚʳʙʨʦʩʦʚ ʦʪ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʜʥʝʤ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ, ʯʝʤ ʥʦʯʴʶ, ʙ) N3åN4, ʪ.ʝ. ʬʦʥʦʚʳʝ 

ʟʥʘʯʝʥʠʷ ʧʦʪʦʢʘ CO2 ʥʦʯʴʶ ʠ ʜʥʝʤ ʙʣʠʟʢʠ, ʠ ʚ) R3åR4, ʪ.ʝ. ʧʦʪʦʢ CO2 ʟʘ ʩʯʝʪ ʜʳʭʘʥʠʷ 

ʵʢʦʩʠʩʪʝʤʳ ʥʝ ʠʤʝʝʪ ʚʳʨʘʞʝʥʥʦʡ ʩʫʪʦʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ, ʪʦʛʜʘ ʚʳʯʠʪʘʷ ʠʟ ʫʨʘʚʥʝʥʠʷ (5) 

ʫʨʘʚʥʝʥʠʝ (4), ʤʳ ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ: 

FCO2_sd-FCO2_sn=A4-P (6) 

ʩʦʜʝʨʞʘʱʝʝ ʜʚʝ ʥʝʠʟʚʝʩʪʥʳʝ: P ï ʧʦʪʦʢ CO2 ʟʘ ʩʯʝʪ ʧʨʦʮʝʩʩʦʚ ʬʦʪʦʩʠʥʪʝʟʘ 

(ʧʦʛʣʦʱʝʥʠʝ), ʠ A4 ï ʚʢʣʘʜ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʚ ʩʫʤʤʘʨʥʳʡ ʧʦʪʦʢ CO2 ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ. 

 

ʏʪʦʙʳ ʨʝʰʠʪʴ ʫʨʘʚʥʝʥʠʝ (6) ʠ ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʯʝʥʠʷ P ʠ A4, ʥʘʤʠ ʙʳʣʘ ʧʨʠʚʣʝʯʝʥʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʥʘ ʦʪʨʝʟʢʝ 

ʢʦʣʴʮʝʚʦʡ ʘʚʪʦʜʦʨʦʛʠ (ʩʦ 102 ʢʤ ʧʦ 107 ʢʤ ʂɸɼ), ʚʭʦʜʷʱʝʤ ʚ ʟʦʥʫ 100% ʦʭʚʘʪʘ ʥʘʰʠʭ 

ʧʫʣʴʩʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ (~4 ʢʤ). ʇʦ ʥʘʰʝʤʫ ʟʘʧʨʦʩʫ ʪʘʢʠʝ ʜʘʥʥʳʝ ʟʘ 2023-2024 ʛʦʜʳ 

ʙʳʣʠ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʥʘʤ ʌʂʋ ʋʇʈɼʆʈ ʉʝʚʝʨʦ-ɿʘʧʘʜ. ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʦʪʨʝʟʢʝ ʂɸɼ ʠʤʝʝʪ ʚʳʨʘʞʝʥʥʳʡ ʛʦʜʦʚʦʡ 

ʭʦʜ ʩ ʤʠʥʠʤʫʤʦʤ ʚ ʷʥʚʘʨʝ ʠ ʤʘʢʩʠʤʫʤʦʤ ʚ ʠʶʥʝ-ʠʶʣʝ. ʈʘʩʯʝʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ 

ʌʂʋ ʋʇʈɼʆʈ ʉʝʚʝʨʦ-ɿʘʧʘʜ ʪʘʢʞʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʨʝʜʥʷʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʚʠʞʝʥʠʷ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʩʦʩʪʘʚʠʣʘ ~14 ʠ ~ 26 ʪʳʩʷʯ ʘʚʪʦʤʦʙʠʣʝʡ ʚ ʤʝʩʷʮ ʜʣʷ çʟʠʤʥʝʛʦè ʠ çʣʝʪʥʝʛʦè 

ʧʝʨʠʦʜʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʥʘ 
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ʂɸɼ ʠ ʙʣʠʞʘʡʰʠʭ ʫʣʠʮʘʭ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʝʜʠʥʳʤʠ ʩʝʟʦʥʥʳʤʠ ʠ ʩʫʪʦʯʥʳʤʠ 

ʢʦʣʝʙʘʥʠʷʤʠ, ʧʦʣʫʯʘʝʤ, ʯʪʦ ɸ4=ɸ2*1.9. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʮʝʥʢʘ ʧʦʪʦʢʘ CO2 ʦʪ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʚ çʣʝʪʥʠʡè ʧʝʨʠʦʜ ʜʣʷ ʥʘʰʝʡ ʩʪʘʥʮʠʠ ʩʦʩʪʘʚʣʷʝʪ ɸ4=1.49Ñ0.28 ʤʢʤʦʣʴĿʤ-

2Ŀʩ-1. ʄʳ ʧʦʣʘʛʘʝʤ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʪʦʢʘ CO2, ʥʘʙʣʶʜʘʶʱʠʝʩʷ ʧʨʠ ʚʝʪʨʝ 

ʚʦʩʪʦʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ (ʈʠʩʫʥʦʢ 33), ʦʙʫʩʣʦʚʣʝʥʳ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʝʤ 

ʘʚʪʦʜʦʨʦʛʠ (ʋʣʴʷʥʦʚʩʢʘʷ ʫʣ.), ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʨʘʜʠʫʩʝ ~300 ʤ ʩ ʚʦʩʪʦʯʥʦʡ ʩʪʦʨʦʥʳ ʦʪ 

ʥʘʰʝʡ ʩʪʘʥʮʠʠ. 

ʊʝʧʝʨʴ ʦʧʨʝʜʝʣʠʤ ʚʢʣʘʜ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʩʪʦʢʘ CO2 ʟʘ ʩʯʝʪ ʧʨʦʮʝʩʩʦʚ ʬʦʪʦʩʠʥʪʝʟʘ ʚ 

ʩʫʤʤʘʨʥʳʡ çʣʝʪʥʠʡè ʜʥʝʚʥʦʡ ʧʦʪʦʢ; ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ (6), ʦʥ ʨʘʚʝʥ P=A4-(FCO2_sd-

FCO2_sn) =1.96Ñ0.33 ʤʢʤʦʣʴĿʤ-2Ŀʩ-1 ʠʣʠ 0.76Ñ0.13 ʢʛʉĿʤ-2Ŀʛʦʜ-1. ʇʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʦʮʝʥʢʠ P 

ʭʦʨʦʰʦ ʩʦʚʧʘʜʘʶʪ ʩʦ ʩʨʝʜʥʠʤʠ ʟʥʘʯʝʥʠʷʤʠ GPP=0.81 ʢʛʉĿʤ-2Ŀʛʦʜ-1 [174], ʧʦʣʫʯʝʥʥʳʤʠ ʜʣʷ 

ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʧʦ ʜʘʥʥʳʤ ʩʧʫʪʥʠʢʦʚʳʭ ʠʟʤʝʨʝʥʠʡ ʘʧʧʘʨʘʪʫʨʳ OCO-2. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʨʨʠʪʦʨʠʠ, ʛʜʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ ʧʦʛʣʦʱʝʥʠʝ 

CO2 (ʩʪʦʢ) ʧʦʩʪʨʦʠʤ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ çʣʝʪʥʠʭè ʜʥʝʚʥʳʭ ʧʦʪʦʢʦʚ CO2 

ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ (ʈʠʩʫʥʦʢ 34). ɺʠʜʥʦ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʪʦʢ CO2 ʥʝ ʠʤʝʝʪ ʷʨʢʦ 

ʚʳʨʘʞʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ (ʢʘʢ ʥʘʧʨʠʤʝʨ, ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʧʦʪʦʢʠ ʜʣʷ 

ʟʠʤʥʝʛʦ ʚʨʝʤʝʥʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʈʠʩʫʥʢʝ 32), ʦʜʥʘʢʦ ʦʪʤʝʪʠʤ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʟʘʤʝʪʥʳʡ 

ʩʪʦʢ CO2 (ʩʦʩʪʘʚʣʷʶʱʠʡ 2.94 ʤʢʤʦʣʴĿʤ-2Ŀʩ-1) ʬʦʨʤʠʨʫʝʪʩʷ ʦʙʣʘʩʪʴʶ ʢ ʚʦʩʪʦʢʫ ï ʶʛʦ-

ʚʦʩʪʦʢʫ ʦʪ ʥʘʰʝʡ ʩʪʘʥʮʠʠ. 

 

ʈʠʩʫʥʦʢ 34 ï ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʜʥʝʚʥʳʭ ʣʝʪʥʠʭ ʧʦʪʦʢʦʚ ʉʆ2 ʦʪ 

ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ 

 

ʆʩʪʘʥʦʚʠʤʩʷ ʧʦʜʨʦʙʥʝʝ ʥʘ ʘʥʘʣʠʟʝ ʩʨʝʜʥʝʤʝʩʷʯʥʳʭ ʩʫʪʦʯʥʳʭ ʚʘʨʠʘʮʠʡ FCO2. ʅʘ 

ʈʠʩʫʥʢʝ 35 ʜʣʷ ʠʶʣʷ 2024ʛ. ʠ ʈʠʩʫʥʢʝ 36 ʜʣʷ ʷʥʚʘʨʷ 2024ʛ. ʧʨʝʜʩʪʘʚʣʝʥ ʩʨʝʜʥʠʡ ʩʫʪʦʯʥʳʡ 
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ʭʦʜ FCO2 ʩ ʠʟʤʝʥʯʠʚʦʩʪʴʶ (ʚʨʝʤʝʥʥʦʡ ʰʘʛ 30 ʤʠʥʫʪ), ʘ ʪʘʢʞʝ ʚʘʨʠʘʥʪʳ ʝʛʦ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʧʦʣʠʥʦʤʘʤʠ 4-ʦʡ, 5-ʦʡ ʩʪʝʧʝʥʠ ʠ ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ. ʕʪʠ ʤʝʩʷʮʳ (ʠʶʣʴ ʠ 

ʷʥʚʘʨʴ) ʙʳʣʠ ʚʳʙʨʘʥʳ ʥʘʤʠ ʜʣʷ ʠʣʣʶʩʪʨʘʮʠʠ ʭʘʨʘʢʪʝʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʫʪʦʯʥʦʛʦ ʭʦʜʘ, 

ʥʘʙʣʶʜʘʝʤʳʭ ʥʘ ʩʪʘʥʮʠʠ Pet ʜʣʷ ʪʝʧʣʦʛʦ ʠ ʭʦʣʦʜʥʦʛʦ ʩʝʟʦʥʦʚ. ɺ ʣʝʪʥʝʝ ʚʨʝʤʷ, ʢʦʛʜʘ 

ʘʢʪʠʚʥʦ ʧʨʦʠʩʭʦʜʠʪ ʬʦʪʦʩʠʥʪʝʟ, ʭʘʨʘʢʪʝʨʥʳʝ ʤʠʥʠʤʫʤʳ FCO2 ʦʪʤʝʯʘʶʪʩʷ ʚ ʜʥʝʚʥʦʝ ʚʨʝʤʷ, 

ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʟʠʤʥʠʝ ʤʝʩʷʮʳ ʚ ʩʝʨʝʜʠʥʝ ʜʥʷ ʧʦʪʦʢʠ CO2 ʜʦʩʪʠʛʘʶʪ ʩʚʦʠʭ ʤʘʢʩʠʤʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ. 

 

ʈʠʩʫʥʦʢ 35 ï ʉʨʝʜʥʠʡ ʩʫʪʦʯʥʳʡ ʭʦʜ FCO2 ʜʣʷ ʠʶʣʷ 2024 ʛ. 



119 
 

 

ʈʠʩʫʥʦʢ 36 ï ʉʨʝʜʥʠʡ ʩʫʪʦʯʥʳʡ ʭʦʜ FCO2 ʜʣʷ ʷʥʚʘʨʷ 2024 ʛ. 

 

ɸʥʘʣʠʟ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʝʪʝʨʤʠʥʘʮʠʠ (R2), ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʢʘʯʝʩʪʚʦ 

ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʡ ʤʦʜʝʣʠ, ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʣʠʥʦʤ 5-ʦʡ ʩʪʝʧʝʥʠ ʠʤʝʝʪ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ R2 ʜʣʷ ʚʩʝʭ ʤʝʩʷʮʝʚ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʦʣʠʥʦʤʦʤ 4-ʦʡ ʩʪʝʧʝʥʠ ʠ 

ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ. ʀʩʧʦʣʴʟʫʷ ʚʳʙʨʘʥʥʫʶ ʥʘʤʠ ʘʧʧʨʦʢʩʠʤʘʮʠʶ ʧʦʣʠʥʦʤʦʤ 5-

ʦʡ ʩʪʝʧʝʥʠ, ʜʣʷ ʚʩʝʭ 12 ʤʝʩʷʮʝʚ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ ʩʫʪʦʯʥʦʛʦ ʤʠʥʠʤʫʤʘ ʠ 

ʤʘʢʩʠʤʫʤʘ FCO2, ʫʩʪʘʥʦʚʣʝʥʦ ʭʘʨʘʢʪʝʨʥʦʝ ʚʨʝʤʷ, ʢʦʛʜʘ ʥʘʙʣʶʜʘʶʪʩʷ ʵʢʩʪʨʝʤʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʦʮʝʥʝʥ ʨʘʟʤʘʭ ʩʫʪʦʯʥʦʛʦ ʭʦʜʘ (ʊʘʙʣʠʮʘ 23). 

 

ʊʘʙʣʠʮʘ 23. ɿʥʘʯʝʥʠʷ ʤʘʢʩʠʤʫʤʦʚ ʠ ʤʠʥʠʤʫʤʦʚ, ʘ ʪʘʢʞʝ ʨʘʟʤʘʭʘ ʩʨʝʜʥʝʛʦ ʩʫʪʦʯʥʦʛʦ ʭʦʜʘ 

FCO2. ɺ ʩʢʦʙʢʘʭ ʫʢʘʟʘʥʦ ʚʨʝʤʷ, ʢʦʛʜʘ ʥʘʙʣʶʜʘʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʠʥʠʤʘʣʴʥʳʝ ʠ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ. 

ʄʝʩʷʮ 
Max FCO2, 

ʤʢʤʦʣʴĿʤ-2Ŀʩ-1 

Min FCO2, 

ʤʢʤʦʣʴĿʤ-2Ŀʩ-1 

Max FCO2 ï Min FCO2, 

ʤʢʤʦʣʴĿʤ-2Ŀʩ-1 

ɸʚʛʫʩʪ 23 4.46 (20:00) -1.81 (10:00) 6.27 

ʉʝʥʪʷʙʨʴ 23 3.11 (21:00) 0.23 (10:00) 2.88 

ʆʢʪʷʙʨʴ 23 3.47 (13:00) 0.79 (00:00) 2.68 

ʅʦʷʙʨʴ 23 3.38 (13:00) 0.71 (00:00) 2.67 

ɼʝʢʘʙʨʴ 23 5.92 (12:00) 1.1 (00:00) 4.82 

ʗʥʚʘʨʴ 24 1.8 (14:00) 0.53 (00:00) 1.27 

ʌʝʚʨʘʣʴ 24 2.78 (13:30) -0.08 (00:00) 2.86 

ʄʘʨʪ 24 2.95 (10:30) 0.7 (22:00) 2.25 
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ɸʧʨʝʣʴ 24 1.89 (09:30) 0.45 (23:30) 1.44 

ʄʘʡ 24 2.09 (18:00) 0.56 (08:00) 1.53 

ʀʶʥʴ 24 1.55 (20:30) -2.37 (09:30) 3.92 

ʀʶʣʴ 24 2.29 (19:00) -1.88 (09:00) 4.17 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ ʊʘʙʣʠʮʝ 23 ʚʠʜʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʘʤʧʣʠʪʫʜʘ 

ʩʫʪʦʯʥʦʛʦ ʭʦʜʘ FCO2 ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʧʝʨʠʦʜ ʩ ʠʶʥʷ ʧʦ ʘʚʛʫʩʪ. ɼʣʷ ʵʪʦʛʦ 

ʧʝʨʠʦʜʘ ʩʫʪʦʯʥʳʝ ʤʘʢʩʠʤʫʤʳ FCO2 ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʚʝʯʝʨʥʝʝ ʠ ʥʦʯʥʦʝ ʚʨʝʤʷ, ʪʘʢʞʝ ʦʙʨʘʪʠʤ 

ʚʥʠʤʘʥʠʝ, ʯʪʦ ʦʥʠ ʠʤʝʶʪ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ. ʄʠʥʠʤʫʤʳ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʜʥʝʚʥʦʝ 

ʚʨʝʤʷ, ʜʦʩʪʠʛʘʷ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʧʦʛʣʦʱʝʥʠʝʤ CO2 

ʚʝʛʝʪʠʨʫʶʱʠʤʠ ʨʘʩʪʝʥʠʷʤʠ. ɼʣʷ ʩʝʥʪʷʙʨʷ ʠ ʤʘʷ ʤʘʢʩʠʤʫʤʳ ʩʫʪʦʯʥʦʛʦ ʭʦʜʘ FCO2 

ʥʘʙʣʶʜʘʶʪʩʷ, ʪʘʢʞʝ, ʢʘʢ ʠ ʜʣʷ ʣʝʪʥʠʭ ʤʝʩʷʮʝʚ, ʚ ʚʝʯʝʨʥʝʝ ʚʨʝʤʷ, ʘ ʤʠʥʠʤʫʤʳ ʚ ʜʥʝʚʥʦʝ. 

ʆʪʣʠʯʠʝ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʤʠʥʠʤʫʤʳ ʙʦʣʴʰʝ ʥʝ ʧʨʠʥʠʤʘʶʪ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ, ʯʪʦ 

ʩʚʷʟʘʥʦ ʩ ʟʘʤʝʜʣʝʥʠʝʤ ʧʨʦʮʝʩʩʦʚ ʬʦʪʦʩʠʥʪʝʟʘ. ɼʣʷ ʦʩʪʘʣʴʥʳʭ ʤʝʩʷʮʝʚ (ʩ ʦʢʪʷʙʨʷ ʧʦ 

ʘʧʨʝʣʴ) ʩʫʪʦʯʥʳʝ ʤʘʢʩʠʤʫʤʳ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʚ ʜʥʝʚʥʦʝ ʚʨʝʤʷ; ʤʠʥʠʤʫʤʳ ï ʚ ʥʦʯʥʦʝ, ʧʨʠ 

ʵʪʦʤ ʦʥʠ ʥʝ ʧʨʠʥʠʤʘʶʪ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ. 

ʈʘʩʩʤʦʪʨʠʤ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʧʦʪʦʢʦʚ ʉʆ2 ʟʘ ʢʘʞʜʳʡ ʤʝʩʷʮ ʩʦʚʤʝʩʪʥʦ ʩʦ 

ʩʨʝʜʥʝʤʝʩʷʯʥʳʤʠ ʤʝʪʝʦʜʘʥʥʳʤʠ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ, ʥʘʧʨʘʚʣʝʥʠʶ ʠ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ (ʊʘʙʣʠʮʘ 

24). 

 

ʊʘʙʣʠʮʘ 24. ʉʨʝʜʥʝʤʝʩʷʯʥʳʝ ʟʥʘʯʝʥʠʷ: FCO2 (Ñʦʰʠʙʢʘ ʩʨʝʜʥʝʛʦ), ʪʝʤʧʝʨʘʪʫʨʘ, 

ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ. 

ʄʝʩʷʮ 
FCO2, 

ʤʢʤʦʣʴĿʤ-2Ŀʩ-1 
T, Üʉ 

ʅʘʧʨʘʚʣʝʥʠʝ 

ʚʝʪʨʘ 

ʉʢʦʨʦʩʪʴ 

ʚʝʪʨʘ, (ʤ/ʩ) 

ɸʚʛʫʩʪ 2023 2.7Ñ0.2 18.5 ɺʉɺ 2.3 

ʉʝʥʪʷʙʨʴ 2023 2.23Ñ0.08 17.2 ʖʖɿ 2.6 

ʆʢʪʷʙʨʴ 2023 2.56Ñ0.08 11.8 ɺʖɺ 3.2 

ʅʦʷʙʨʴ 2023 2.44Ñ0.08 3.0 ʖʖɿ 2.4 

ɼʝʢʘʙʨʴ 2023 4.3Ñ0.2 -10.5 ɺʖɺ 2.2 

ʗʥʚʘʨʴ 2024 1.44Ñ0.08 -6.3 ʖɿ 2.8 

ʌʝʚʨʘʣʴ 2024 1.88Ñ0.09 -5.0 ʖʖɺ 2.8 

ʄʘʨʪ 2024 1.75Ñ0.09 1.9 ʖɿ 2.4 

ɸʧʨʝʣʴ 2024 1.40Ñ0.08 5.7 ɺʉɺ 3.1 

ʄʘʡ 2024 1.3Ñ0.1 13.7 ɺʉɺ 2.3 

ʀʶʥʴ 2024 0.2Ñ0.1 18.9 ɿ 2.4 

ʀʶʣʴ 2024 0.5Ñ0.1 20.3 ɿʖɿ 2.2 

 

ʀʟ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʊʘʙʣʠʮʝ 24 ʚʠʜʥʦ, ʯʪʦ, ʚ ʩʨʝʜʥʝʤ, ʚ ʭʦʣʦʜʥʳʝ ʤʝʩʷʮʳ 

ʥʘʙʣʶʜʘʶʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʫʨʦʚʥʠ FCO2 ʩ ʙʦʣʝʝ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʦʰʠʙʢʠ ʩʨʝʜʥʝʛʦ. ʀʟ 

ʚʩʝʛʦ ʤʘʩʩʠʚʘ ʩʨʝʜʥʝʤʝʩʷʯʥʳʭ ʟʥʘʯʝʥʠʡ ʚʳʜʝʣʷʝʪʩʷ ʜʝʢʘʙʨʴ 2023 ʛʦʜʘ, ʢʦʛʜʘ ʙʳʣʠ 
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ʧʦʣʫʯʝʥʳ FCO2 ʥʘ ʫʨʦʚʥʝ ~4.3 ʤʢʤʦʣʴĿʤ
-2Ŀʩ-1. ʈʘʩʩʤʦʪʨʝʥʠʝ ʩʫʪʦʯʥʦʛʦ ʭʦʜʘ ʜʣʷ ʜʝʢʘʙʨʷ 

2023ʛ. (ʈʠʩʫʥʦʢ 37) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʝ ʪʦʣʴʢʦ ʘʙʩʦʣʶʪʥʳʝ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʧʦʪʦʢʘ ʉʆ2, 

ʥʦ ʠ ʘʤʧʣʠʪʫʜʘ ʩʫʪʦʯʥʦʛʦ ʭʦʜʘ FCO2, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʠʣʘ ~4.8 ʤʢʤʦʣʴĿʤ
-2Ŀʩ-1 (ʊʘʙʣʠʮʘ 23) 

ʠʤʝʶʪ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʪʘʣʴʥʳʭ ʤʝʩʷʮʝʚ. ʊʘʢʦʝ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʟʥʘʯʝʥʠʡ FCO2 ʚ ʜʝʢʘʙʨʝ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʦʙʲʷʩʥʷʝʪʩʷ ʥʠʟʢʦʡ ʩʨʝʜʥʝʤʝʩʷʯʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʠʣʘ -10.5 Üʉ (ʊʘʙʣʠʮʘ 24), ʯʪʦ ʟʘʤʝʪʥʦ ʤʝʥʴʰʝ ʘʥʘʣʦʛʠʯʥʳʭ 

ʟʥʘʯʝʥʠʡ ʜʣʷ ʷʥʚʘʨʷ (-6.3 Üʉ) ʠ ʬʝʚʨʘʣʷ (-5.0 Üʉ) 2024 ʛʦʜʘ. ʇʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʦʟʜʫʭʘ ʤʦʛʣʦ ʧʨʠʚʝʩʪʠ ʢ ʫʚʝʣʠʯʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʵʤʠʩʩʠʠ CO2 ʦʪ ʪʘʢʠʭ 

ʠʩʪʦʯʥʠʢʦʚ, ʢʘʢ ʘʚʪʦʪʨʘʥʩʧʦʨʪ ʠ ʟʜʘʥʠʷ ʉʇʙɻʋ. ɹʣʠʞʘʡʰʘʷ ʘʚʪʦʜʦʨʦʛʘ ʩ ʢʦʣʴʮʝʚʦʡ 

ʦʩʪʘʥʦʚʢʦʡ ʘʚʪʦʙʫʩʦʚ ʨʘʩʧʦʣʦʞʝʥʘ ʢ ʚʦʩʪʦʢʫ ʦʪ ʤʝʩʪʘ ʫʩʪʘʥʦʚʢʠ ʠʟʤʝʨʠʪʝʣʴʥʦʡ 

ʘʧʧʘʨʘʪʫʨʳ Eddy Covariance System, ʯʪʦ, ʧʨʠ ʥʘʙʣʶʜʘʚʰʠʭʩʷ ʚ ʜʝʢʘʙʨʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʭ 

ʚʝʪʨʘʭ ɺ-ʖɺ ʥʘʧʨʘʚʣʝʥʠʷ (ʊʘʙʣʠʮʘ 17 ʠ ʨʦʟʫ ʚʝʪʨʦʚ ʜʣʷ ʜʝʢʘʙʨʷ 2023 ʛʦʜʘ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʥʘ ʈʠʩʫʥʢʝ 38) ʤʦʛʣʦ ʩʪʘʪʴ ʧʨʠʯʠʥʦʡ ʟʘʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʥʘʤʠ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʨʦʩʪʘ ʧʦʪʦʢʘ CO2. 

 

ʈʠʩʫʥʦʢ 37 ï ʉʫʪʦʯʥʳʡ ʭʦʜ FCO2 ʜʣʷ ʜʝʢʘʙʨʷ 2023 ʛ. 
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ʈʠʩʫʥʦʢ 38 ï ʈʦʟʘ ʚʝʪʨʦʚ ʟʘ ʜʝʢʘʙʨʴ 2023ʛ. 

 

ɼʣʷ ʣʝʪʥʠʭ ʤʝʩʷʮʝʚ ʤʳ ʦʞʠʜʘʝʤ ʙʦʣʝʝ ʥʠʟʢʦʝ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʦʪʦʢʦʚ ʉʆ2 ʠ 

ʚʳʨʘʞʝʥʥʳʡ ʩʫʪʦʯʥʳʡ ʭʦʜ FCO2 ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʣʝʪʥʠʭ ʤʝʩʷʮʝʚ ʜʥʝʚʥʳʤʠ 

ʤʠʥʠʤʫʤʘʤʠ (ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʘʢʪʠʚʥʦ ʧʦʛʣʦʱʘʝʪ 

ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ ʚ ʜʥʝʚʥʦʝ ʚʨʝʤʷ). ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʜʣʷ 

ʠʶʥʷ ʠ ʠʶʣʷ, ʤʝʥʝʝ ʦʜʥʦʟʥʘʯʥʘʷ ʢʘʨʪʠʥʘ ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʘʚʛʫʩʪʝ 2023 ʛʦʜʘ. ʈʠʩʫʥʦʢ 39 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʥʘʣʠʯʠʝ ʤʠʥʠʤʫʤʘ FCO2 ʥʘ ʫʨʦʚʥʝ -1.81 ʤʢʤʦʣʴĿʤ-2Ŀʩ-1 ʦʢʦʣʦ ʧʦʣʫʜʥʷ (ʧʦ 

UTC) ï ʵʪʦ ʟʥʘʯʝʥʠʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʠʶʣʴʩʢʠʤ ʩʫʪʦʯʥʳʤ ʤʠʥʠʤʫʤʦʤ, ʩʦʩʪʘʚʣʷʶʱʠʤ -1.88 

ʤʢʤʦʣʴĿʤ-2Ŀʩ-1. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʥʦʯʥʦʡ ʤʘʢʩʠʤʫʤ 4.46 ʤʢʤʦʣʴĿʤ-2Ŀʩ-1 ʜʣʷ ʘʚʛʫʩʪʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʶʣʴʩʢʠʭ (2.29 ʤʢʤʦʣʴĿʤ-2Ŀʩ-1) ʠ ʩʝʥʪʷʙʨʴʩʢʠʭ (3.11 

ʤʢʤʦʣʴĿʤ-2Ŀʩ-1) ʟʥʘʯʝʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ, ʚʦ-ʧʝʨʚʳʭ, ʚʠʜ ʩʨʝʜʥʝʛʦ 

ʩʫʪʦʯʥʦʛʦ ʭʦʜʘ FCO2 ʠ ʝʛʦ ʟʥʘʯʝʥʠʷ ʚ ʤʠʥʠʤʫʤʝ ʜʣʷ ʘʚʛʫʩʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʝʪʥʠʤ ʤʝʩʷʮʘʤ 

(ʧʝʨʠʦʜ ʚʝʛʝʪʘʮʠʠ) ʠ, ʚʦ-ʚʪʦʨʳʭ, ʥʘʙʣʶʜʘʣʠʩʴ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʧʦʪʦʢʘ CO2 ʚ ʚʝʯʝʨʥʠʡ ʠ 

ʥʦʯʥʦʡ ʧʝʨʠʦʜ. ɼʘʥʥʳʝ ʦ ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʚʝʪʨʘ ʟʘ ʘʚʛʫʩʪ 2023ʛ. 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʈʠʩʫʥʦʢ 39, ʧʦʢʘʟʘʣʠ, ʯʪʦ, ʢʘʢ ʠ ʜʣʷ ʜʝʢʘʙʨʷ 2023 ʛ., ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ ï ʚʦʩʪʦʯʥʦʝ (ɺ-ʉɺ). ʂʨʦʤʝ ʫʞʝ ʫʢʘʟʘʥʥʳʭ ʥʘʤʠ ʨʘʥʝʝ ʤʝʩʪʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʉʆ2, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʢ ʚʦʩʪʦʢʫ ʦʪ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʪʘʥʮʠʠ, ʚʝʨʦʷʪʥʦ, ʤʦʞʥʦ 

ʜʦʧʫʩʪʠʪʴ, ʯʪʦ ʥʘ ʥʘʰʠ ʧʫʣʴʩʘʮʠʦʥʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʛʫʪ 

ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʤʦʱʥʳʝ, ʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʜʘʣʴʥʠʝ (ʥʘʭʦʜʷʱʠʭʩʷ ʟʘ ʧʨʝʜʝʣʘʤʠ 
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ʟʦʥʳ 100% ʦʭʚʘʪʘ, ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʦ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʦʮʝʥʢʘʤ ~4 ʢʤ) ʠʩʪʦʯʥʠʢʠ ʵʤʠʩʩʠʠ 

ʉʆ2, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʡ ʘʛʣʦʤʝʨʘʮʠʠ. 

 

ʈʠʩʫʥʦʢ 38 ï  ʉʫʪʦʯʥʳʡ ʭʦʜ FCO2 ʜʣʷ ʘʚʛʫʩʪʘ 2023 ʛ. 

 

 

ʈʠʩʫʥʦʢ 39 ï ʈʦʟʘ ʚʝʪʨʦʚ ʟʘ ʘʚʛʫʩʪ 2023 ʛ. 
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ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʧʫʣʴʩʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʦʪʦʢʘ CO2, ʧʨʦʚʝʜʝʥʥʳʭ ʥʘ 

ʩʪʘʥʮʠʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʉʇʙɻʋ (Pet) ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʦʛʦ ʪʝʩʪʦʚʦʛʦ ʛʦʜʘ (ʘʚʛʫʩʪ 

2023 ʛ. ï ʠʶʣʴ 2024 ʛ.), ʙʳʣʦ ʧʦʣʫʯʝʥʦ: 

- ʩʨʝʜʥʝʛʦʜʦʚʦʝ ʟʥʘʯʝʥʠʝ ʧʦʪʦʢʘ ʉʆ2 ʟʘ ʠʩʩʣʝʜʫʝʤʳʡ ʧʝʨʠʦʜ ʩʦʩʪʘʚʠʣʦ 2.4Ñ0.5 

ʢʪĿʢʤ-2Ŀʛʦʜ-1, ʯʪʦ ʭʦʨʦʰʦ ʩʦʚʧʘʜʘʝʪ ʢʘʢ ʩ ʙʦʣʝʝ ʨʘʥʥʠʤʠ ʥʘʰʠʤʠ ʦʮʝʥʢʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ 

ʜʣʷ ʩʪʘʥʮʠʠ Pet ʤʝʪʦʜʦʤ ʙʘʣʘʥʩʘ ʤʘʩʩ ʚ ʫʩʣʦʚʠʷʭ ʥʦʯʥʳʭ ʥʘʢʦʧʣʝʥʠʡ (6Ñ4 ʢʪĿʢʤ-2Ŀʛʦʜ-1), 

ʪʘʢ ʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʝʟʘʚʠʩʠʤʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ; 

- ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʧʦʪʦʢʘ CO2 ʜʣʷ çʣʝʪʥʝʛʦè (ʘʧʨʝʣʴ-ʦʢʪʷʙʨʴ) ʠ çʟʠʤʥʝʛʦè (ʥʦʷʙʨʴ-

ʤʘʨʪ) ʩʝʟʦʥʦʚ ʩʦʩʪʘʚʠʣʠ (1.63Ñ0.30) ʢʪĿʢʤ-2Ŀʛʦʜ-1 ʠ (1.94Ñ0.49) ʢʪĿʢʤ-2Ŀʛʦʜ-1, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 

- ʩʫʪʦʯʥʳʡ ʭʦʜ FCO2 ʠʤʝʝʪ ʩʝʟʦʥʥʳʝ ʨʘʟʣʠʯʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷʤʠ 

ʠʩʪʦʯʥʠʢʦʚ ʠ ʩʪʦʢʦʚ CO2. ɼʣʷ ʧʝʨʠʦʜʘ ʩ ʠʶʥʷ ʧʦ ʘʚʛʫʩʪ ʩʫʪʦʯʥʳʝ ʤʘʢʩʠʤʫʤʳ FCO2 

ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʚʝʯʝʨʥʝʝ ʠ ʥʦʯʥʦʝ ʚʨʝʤʷ, ʤʠʥʠʤʫʤʳ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʜʥʝʚʥʦʝ ʚʨʝʤʷ, 

ʜʦʩʪʠʛʘʷ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʧʦʛʣʦʱʝʥʠʝʤ ʉʆ2 ʚʝʛʝʪʠʨʫʶʱʠʤʠ 

ʨʘʩʪʝʥʠʷʤʠ. ɼʣʷ ʩʝʥʪʷʙʨʷ ʠ ʤʘʷ ʤʘʢʩʠʤʫʤʳ ʩʫʪʦʯʥʦʛʦ ʭʦʜʘ FCO2 ʥʘʙʣʶʜʘʶʪʩʷ, ʪʘʢʞʝ ʢʘʢ ʠ 

ʜʣʷ ʣʝʪʥʠʭ ʤʝʩʷʮʝʚ, ʚ ʚʝʯʝʨʥʝʝ ʚʨʝʤʷ, ʘ ʤʠʥʠʤʫʤʳ ʚ ʜʥʝʚʥʦʝ. ʆʪʣʠʯʠʝ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ 

ʤʠʥʠʤʫʤʳ ʙʦʣʴʰʝ ʥʝ ʧʨʠʥʠʤʘʶʪ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʟʘʤʝʜʣʝʥʠʝʤ 

ʧʨʦʮʝʩʩʦʚ ʬʦʪʦʩʠʥʪʝʟʘ. ɼʣʷ ʧʝʨʠʦʜʘ ʩ ʦʢʪʷʙʨʷ ʧʦ ʘʧʨʝʣʴ ʩʫʪʦʯʥʳʡ ʭʦʜ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ 

ï ʩʫʪʦʯʥʳʝ ʤʘʢʩʠʤʫʤʳ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʚ ʜʥʝʚʥʦʝ ʚʨʝʤʷ; ʤʠʥʠʤʫʤʳ ï ʚ ʥʦʯʥʦʝ, ʧʨʠ ʵʪʦʤ 

ʦʥʠ ʥʝ ʧʨʠʥʠʤʘʶʪ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ. 

- ʦʮʝʥʢʠ ʧʦʪʦʢʦʚ CO2 ʦʪ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʜʣʷ çʟʠʤʥʝʛʦè ʠ çʣʝʪʥʝʛʦè ʧʝʨʠʦʜʦʚ ʜʣʷ 

ʥʘʰʝʡ ʩʪʘʥʮʠʠ ʩʦʩʪʘʚʠʣʘ 0.78 ʤʢʤʦʣʴĿʤ-2Ŀʩ-1 ʠ 1.49 ʤʢʤʦʣʴĿʤ-2Ŀʩ-1, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 

- ʟʥʘʯʝʥʠʝ ʫʜʝʣʴʥʦʛʦ ʩʪʦʢʘ CO2, ʩʚʷʟʘʥʥʦʛʦ ʩ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʩʠʚʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʙʣʠʟʠ ʥʘʰʝʡ ʩʪʘʥʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 0.76Ñ0.13 ʢʛʉĿʤ-

2Ŀʛʦʜ-1, ʯʪʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʮʝʥʦʢ ʚʘʣʦʚʦʡ ʧʝʨʚʠʯʥʦʡ ʧʨʦʜʫʢʮʠʠ (0.81 

ʢʛʉĿʤ-2Ŀʛʦʜ-1), ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ ʪʝʨʨʠʪʦʨʠʠ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʘʥʥʳʭ ʩʧʫʪʥʠʢʦʚʦʡ ʘʧʧʘʨʘʪʫʨʳ OCO-2.  

 

6.2 ʈʘʟʨʘʙʦʪʢʘ ʠ ʪʝʩʪʠʨʦʚʘʥʠʝ ʦʧʪʠʤʘʣʴʥʦʡ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ CO2 ʚ ʘʪʤʦʩʬʝʨʝ ʧʦ ʜʘʥʥʳʤ ʀʂ ʥʘʟʝʤʥʦʛʦ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʨʘʟʣʠʯʥʳʭ 

ʛʝʦʩʬʝʨʘʭ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʘʪʤʦʩʬʝʨʝ, ʚʝʜʫʪʩʷ ʫʞʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʠʣʝʪʠʡ, 

ʥʝ ʪʝʨʷʷ ʩʚʦʝʡ ʘʢʪʫʘʣʴʥʦʩʪʠ. ɼʝʷʪʝʣʴʥʦʩʪʴ ʯʝʣʦʚʝʢʘ ʚʥʦʩʠʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʠʣʠ 

ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʝʪ ʪʘʢʠʝ ʷʚʣʝʥʠʷ, ʥʘʙʣʶʜʘʝʤʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʪʤʦʩʬʝʨʝ, ʢʘʢ 

ʛʣʦʙʘʣʴʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʠ ʫʭʫʜʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ. ʆʙʝ 

ʧʨʦʙʣʝʤʳ, ʠʤʝʶʱʠʝ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʟʜʦʨʦʚʴʝ ʠ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ ʣʶʜʝʡ, 



125 
 

ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʘʥʪʨʦʧʦʛʝʥʥʳʤʠ ʚʳʙʨʦʩʘʤʠ ʚ ʘʪʤʦʩʬʝʨʫ ʙʦʣʴʰʦʡ ʥʦʤʝʥʢʣʘʪʫʨʳ ʚʝʱʝʩʪʚ ʚ 

ʨʘʟʣʠʯʥʳʭ ʬʘʟʦʚʳʭ ʩʦʩʪʦʷʥʠʷʭ ï ʛʘʟʦʚʦʡ, ʞʠʜʢʦ-ʢʘʧʝʣʴʥʦʡ ʠ ʪʚʝʨʜʦʡ. ʉʦʛʣʘʩʥʦ 

ʩʦʚʨʝʤʝʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ, ʪʝʢʫʱʠʝ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ɿʝʤʣʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʦʙʫʩʣʦʚʣʝʥʳ ʨʦʩʪʦʤ ʩʦʜʝʨʞʘʥʠʷ ʜʦʣʛʦʞʠʚʫʱʠʭ ʢʣʠʤʘʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʠʣʠ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʭ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʚ ʘʪʤʦʩʬʝʨʝ: ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ (CO2), ʤʝʪʘʥʘ (CH4), ʟʘʢʠʩʠ 

ʘʟʦʪʘ (N2O), ʛʝʢʩʘʬʪʦʨʠʜʘ ʩʝʨʳ (SF6), ʚʦʜʦʨʦʜʘ (H2), ʭʣʦʨʬʪʦʨʫʛʣʝʨʦʜʦʚ ʠ 

ʛʠʜʨʦʬʪʦʨʫʛʣʝʨʦʜʦʚ [174-176]. ʅʘ ʜʦʣʶ ʪʨʝʭ ʢʣʶʯʝʚʳʭ ʜʦʣʛʦʞʠʚʫʱʠʭ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʘ ï 

CO2, CH4 ʠ N2O ï ʧʨʠʭʦʜʠʪʩʷ ~88% ʚʢʣʘʜʘ (66% - CO2, 16% - ʉʅ4 ʠ 6% - N2O) ʚ ʫʚʝʣʠʯʝʥʠʝ 

ʛʣʦʙʘʣʴʥʦʛʦ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩ ʜʦʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʜʦ 2023 ʛʦʜʘ [176]. 

ʉ 1990 ʧʦ 2023 ʛʦʜ ʨʘʜʠʘʮʠʦʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʫʚʝʣʠʯʠʣʦʩʴ ʥʘ 51.5%, 

ʧʨʠʯʝʤ ʦʢʦʣʦ 81% ʵʪʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʉʆ2 [177]. ɸʥʘʣʠʟ ʧʦʩʣʝʜʥʠʭ ʜʘʥʥʳʭ 

ʩʝʪʠ ʥʘʙʣʶʜʝʥʠʡ GAW WMO ʧʦʢʘʟʘʣ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʠ CO2, CH4 ʠ N2O ʚ ʘʪʤʦʩʬʝʨʝ 

ʧʨʦʜʦʣʞʘʶʪ ʩʚʦʡ ʨʦʩʪ, ʜʦʩʪʠʛʘʷ ʥʦʚʳʭ ʨʝʢʦʨʜʥʳʭ ʟʥʘʯʝʥʠʡ: ʩʨʝʜʥʠʝ ʛʣʦʙʘʣʴʥʳʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ, ʥʘʙʣʶʜʘʚʰʠʝʩʷ ʚ 2023 ʛʦʜʫ, ʩʦʩʪʘʚʠʣʠ 420.0Ñ0.1 ppmv, 

1934Ñ2 ppbv ʠ 336.9Ñ0.1 ppbv ʜʣʷ CO2, CH4 ʠ N2O ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [176]. ʆʩʥʦʚʥʦʡ ʤʘʩʩʠʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʜʝʨʞʘʥʠʠ ʠ ʧʦʪʦʢʘʭ ʢʣʠʤʘʪʠʯʝʩʢʠ ʠ ʭʠʤʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʛʘʟʦʚ ʚ ʛʣʦʙʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ: 

- ʤʠʨʦʚʳʤʠ ʠʟʤʝʨʠʪʝʣʴʥʳʤʠ ʩʝʪʷʤʠ: GAW WMO (Global Atmosphere Watch World 

Meteorological Organization); GML NOAA (Global Monitoring Laboratory of the National 

Oceanic and Atmospheric Administration); TCCON (Total Carbon Column Observing Network; 

COCCON, COllaborative Carbon Column Observing Network); NDACC (Network for the 

Detection of Atmospheric Composition Change); ICOS (https://www.icos-cp.eu/); AmeriFlux 

(https://ameriflux.lbl.gov/); 

- ʩʧʫʪʥʠʢʦʚʳʤʠ ʩʠʩʪʝʤʘʤʠ ʛʣʦʙʘʣʴʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ: Greenhouse gases Observing 

SATellite, GOSAT, https://www.gosat.nies.go.jp; Infrared Atmospheric Sounding Interferometer, 

IASI, https://www.eumetsat.int/iasi; The Orbiting Carbon Observatory 2/3, OCO-2/3, 

https://ocov2.jpl.nasa.gov and https://ocov3.jpl.nasa.gov; TROPOspheric Monitoring Instrument, 

TROPOMI, https://www.tropomi.eu, ʠ ʜʨ. 

ʇʦʜʯʝʨʢʥʝʤ, ʯʪʦ ʥʘʙʣʶʜʝʥʠʷ ʥʘʟʝʤʥʳʭ ʩʝʪʝʡ TCCON, COCCON ʠ NDACC, 

ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʥʘʟʝʤʥʳʝ ʜʦʣʛʦʚʨʝʤʝʥʥʳʝ ʧʨʦʛʨʘʤʤʳ ʧʦ ʜʠʩʪʘʥʮʠʦʥʥʦʤʫ FTIR-

ʤʦʥʠʪʦʨʠʥʛʫ (FTIR, Fourier Tranform InfraRed) ʛʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʘʪʤʦʩʬʝʨʳ, ʷʚʣʷʶʪʩʷ 

ʢʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʧʨʦʚʝʨʢʠ ʪʦʯʥʦʩʪʠ ʩʧʫʪʥʠʢʦʚʳʭ ʠʟʤʝʨʝʥʠʡ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʘʪʤʦʩʬʝʨʳ [178-181]. ɺ ʈʦʩʩʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʤʦʥʠʪʦʨʠʥʛ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ, ʦʜʥʘʢʦ ʩʦʩʪʦʷʥʠʝ ʥʘʟʝʤʥʦʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʝʪʠ, ʚ ʮʝʣʦʤ, 

ʠʤʝʝʪ ʦʪʩʪʘʚʘʥʠʝ ʦʪ ʧʨʠʥʷʪʦʛʦ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʫʨʦʚʥʷ ʢʘʢ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʩʪʘʥʮʠʡ, ʪʘʢ ʠ 
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ʧʦ ʠʭ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʤʫ ʠ ʤʝʪʦʜʠʯʝʩʢʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ. ʌʫʥʢʮʠʦʥʠʨʫʶʱʠʝ ʚ 

ʥʘʰʝʡ ʩʪʨʘʥʝ ʩʪʘʥʮʠʠ ʤʦʥʠʪʦʨʠʥʛʘ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʧʨʠʥʘʜʣʝʞʘʪ ʨʘʟʣʠʯʥʳʤ ʠʥʩʪʠʪʫʪʘʤ 

(ɻɻʆ ʠʤ. ɸ.ʀ.ɺʦʝʡʢʦʚʘ, ʀɻʂʕ ʠʤ.  ʖ.ɸ. ʀʟʨʘʵʣʷ, ʅʇʆ ñʊʘʡʬʫʥò, ɸɸʅʀʀ, ʉʇʙɻʋ, ʋʨʌʋ 

ʠʤʝʥʠ ʧʝʨʚʦʛʦ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʠ ɹ.ʅ. ɽʣʴʮʠʥʘ, ʀʆɸ ʠʤ. ɺ.ɽ. ɿʫʝʚʘ ʉʆ ʈɸʅ, ʀʌɸ ʠʤ. 

ɸ.ʄ. ʆʙʫʭʦʚʘ ʈɸʅ, ʉʇʙɻʋ) ʠ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʥʝ ʦʙʲʝʜʠʥʝʥʳ ʚ ʥʘʮʠʦʥʘʣʴʥʫʶ ʩʝʪʴ 

ʩ ʝʜʠʥʳʤ ʤʝʪʦʜʠʯʝʩʢʠʤ ʠ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʤ ʦʙʝʩʧʝʯʝʥʠʝʤ. ʉʣʦʞʠʚʰʘʷʩʷ ʩʠʪʫʘʮʠʷ 

ʧʨʠʚʦʜʠʪ ʢ ʜʝʬʠʮʠʪʫ ʜʦʩʪʦʚʝʨʥʳʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ 

ʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʛʥʦʟʘʭ ʠʟʤʝʥʝʥʠʡ ʢʣʠʤʘʪʘ ʚ ʈʦʩʩʠʠ ʥʘ ʙʣʠʞʘʡʰʝʝ ʩʪʦʣʝʪʠʝ. 

ʇʦʜʯʝʨʢʥʝʤ, ʯʪʦ ʪʦʣʴʢʦ ʜʚʝ ʨʦʩʩʠʡʩʢʠʝ ʦʨʛʘʥʠʟʘʮʠʠ ï ɻʣʘʚʥʘʷ ʛʝʦʬʠʟʠʯʝʩʢʘʷ 

ʦʙʩʝʨʚʘʪʦʨʠʷ ʠʤ. ɸ.ʀ.ɺʦʝʡʢʦʚʘ ʠ ʉʇʙɻʋ ï ʫʩʧʝʰʥʦ ʧʨʦʚʝʣʠ ʤʝʞʜʫʥʘʨʦʜʥʫʶ 

ʩʝʨʪʠʬʠʢʘʮʠʶ ʩʚʦʠʭ ʩʠʩʪʝʤ ʥʘʙʣʶʜʝʥʠʡ ʢʣʠʤʘʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʛʘʟʦʚ, ʪʝʤ ʩʘʤʳʤ 

ʦʙʝʩʧʝʯʠʚ ʩʦʧʦʩʪʘʚʠʤʦʩʪʴ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʛʣʦʙʘʣʴʥʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʝʪʝʡ GAW WMO 

(https://wmo.int/activities/global-atmosphere-watch-programme-gaw) ʠ NDACC 

(https://ndacc.larc.nasa.gov/), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝ 

ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʜʝʨʞʘʥʠʷ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ 

ʚ ʘʪʤʦʩʬʝʨʝ, ʠ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ, ʉʆ2, ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʦʣʦʞʝʥʠʷ ʩʪʘʥʮʠʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

ʉʇʙɻʋ (STP, 59.88Á ʩ.ʰ., 29.83Á ʚ.ʜ., 20 ʤ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ) ʠ ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ FTIR-

ʢʦʤʧʣʝʢʩʘ (ʩʦʩʪʦʠʪ ʠʟ ʌʫʨʴʝ-ʩʧʝʢʪʨʦʤʝʪʨʘ Bruker IFS 125HR ʠ ʩʠʩʪʝʤʳ ʩʣʝʞʝʥʠʷ ʟʘ 

ʩʦʣʥʮʝʤ), ʠʩʧʦʣʴʟʫʶʱʝʛʦʩʷ ʩ 2009 ʛʦʜʘ ʜʣʷ ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

ʛʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʘʪʤʦʩʬʝʨʳ ʩʦʛʣʘʩʥʦ ʪʨʝʙʦʚʘʥʠʷʤ ʩʝʞʜʫʥʘʨʦʜʥʦʡ ʩʝʪʠ NDACC, ʙʳʣʦ ʜʘʥʦ 

ʚ ʦʪʯʝʪʝ 2024 ʛʦʜʘ. ʅʘʟʝʤʥʳʡ FTIR-ʤʦʥʠʪʦʨʠʥʛ ʛʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʘʪʤʦʩʬʝʨʳ ʦʩʥʦʚʘʥ ʥʘ 

ʨʝʛʠʩʪʨʘʮʠʠ ʀʂ ʩʧʝʢʪʨʦʚ ʧʨʷʤʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʨʦʰʝʜʰʠʭ ʯʝʨʝʟ ʪʦʣʱʫ 

ʘʪʤʦʩʬʝʨʳ, ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʙʝʟʦʙʣʘʯʥʦʛʦ ʥʝʙʘ ʠʣʠ, ʢʦʛʜʘ ʦʙʣʘʯʥʦʩʪʴ ʠʤʝʝʪ 

ʨʘʟʨʳʚʳ ʚ ʦʙʣʘʯʥʦʩʪʠ, ʜʦʩʪʘʪʦʯʥʳʝ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʝʜʠʥʠʯʥʦʛʦ ʩʧʝʢʪʨʘ. ʊʠʧʠʯʥʳʝ 

ʥʘʩʪʨʦʡʢʠ FTIR-ʢʦʤʧʣʝʢʩʘ ʉʇʙɻʋ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʩʧʝʢʪʨʦʚ ʧʨʷʤʦʛʦ 

ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʜʠʧʘʟʦʥʝ 1700-5400 ʩʤ-1 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʝʤʥʠʢʘ ʠʟʣʫʯʝʥʠʷ 

InSb (Indium Antimonide), ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 25. ʕʪʠ ʥʘʩʪʨʦʡʢʠ ʟʘʚʠʩʷʪ ʦʪ 

ʫʩʪʘʥʘʚʣʠʚʘʝʤʦʛʦ ʥʘʤʠ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ ʦʧʪʠʯʝʩʢʦʛʦ ʬʠʣʴʪʨʘ (F1 ʠʣʠ F2).  ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ (SNR) ʚ ʩʧʝʢʪʨʝ ʧʨʦʚʦʜʠʪʩʷ ʧʨʦʮʝʜʫʨʘ ʥʘʢʦʧʣʝʥʠʷ 

ʠʥʪʝʨʬʝʨʦʛʨʘʤʤ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʭ ʫʩʨʝʜʥʝʥʠʝʤ. ʂʦʣʠʯʝʩʪʚʦ ʩʢʘʥʠʨʦʚʘʥʠʡ ʜʣʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʘʪʤʦʩʬʝʨʥʳʭ FTIR-ʠʟʤʝʨʝʥʠʡ ʥʘ ʩʪʘʥʮʠʠ ʉʇʙɻʋ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʨʘʚʥʳʤ 8-

10. ɼʣʷ ʥʘʙʣʶʜʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʦʚʦʜʷʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʧʝʨʝʤʝʥʥʦʡ ʦʙʣʘʯʥʦʩʪʠ ʠ/ʠʣʠ ʧʨʠ 

ʙʦʣʴʰʦʤ ʟʥʘʯʝʥʠʠ SZA (ʧʨʠ ʥʠʟʢʦʤ ʉʦʣʥʮʝ), ʢʦʣʠʯʝʩʪʚʦ ʩʢʘʥʠʨʦʚʘʥʠʡ ʤʦʞʝʪ ʙʳʪʴ 
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ʩʦʢʨʘʱʝʥʦ ʜʦ 4-6. ʇʨʠʤʝʨʳ ʀʂ ʩʧʝʢʪʨʦʚ ʧʨʷʤʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʪʠʯʝʩʢʠʭ ʬʠʣʴʪʨʦʚ F1 ʠ F2, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʈʠʩʫʥʢʝ 40. 

 

ʊʘʙʣʠʮʘ 25. ʊʠʧʠʯʥʳʝ ʥʘʩʪʨʦʡʢʠ FTIR-ʢʦʤʧʣʝʢʩʘ ʉʇʙɻʋ ʜʣʷ ʘʪʤʦʩʬʝʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʚ 

ʩʨʝʜʥʝʤ ʀʂ ʜʠʘʧʘʟʦʥʝ ʩʧʝʢʪʨʘ. 

ʅʘʩʪʨʦʡʢʠ FTIR-ʢʦʤʧʣʝʢʩʘ 
ʆʧʪʠʯʝʩʢʠʡ ʬʠʣʴʪʨ 

F1 F2 

ʊʠʧ ʧʨʠʝʤʥʠʢʘ ʠʟʣʫʯʝʥʠʷ 
InSb (Indium Antimonide), ʦʭʣʘʞʜʘʝʤʳʡ 

ʞʠʜʢʠʤ ʘʟʦʪʦʤ 

ʊʠʧ ʦʧʪʠʯʝʩʢʦʛʦ ʜʝʣʠʪʝʣʷ KBr 

ʈʘʟʤʝʨ ʘʧʝʨʪʫʨʳ, ʤʤ 0.8 ï 1.3 

ʉʧʝʢʪʨʘʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ȹɜ, cʤ-1 

(OPD, cʤ) 
0.005 (180) 

ʈʝʛʠʩʪʨʠʨʫʝʤʳʡ ʩʧʝʢʪʨʘʣʴʥʳʡ 

ʠʥʪʝʨʚʘʣ (ʠʥʪʝʨʚʘʣ ʧʨʦʧʫʩʢʘʥʠʷ), 

cʤ-1 

2350 ï 5400 
1700 ï 3400 

 

ʂʦʣʠʯʝʩʪʚʦ ʩʢʘʥʦʚ ʚ ʦʜʥʦʤ ʩʧʝʢʪʨʝ 4-10 

 

  

ɸ ɺ 

ʈʠʩʫʥʦʢ 40 ï ʇʨʠʤʝʨʳ ʀʂ ʩʧʝʢʪʨʦʚ ʧʨʷʤʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ 

20 ʦʢʪʷʙʨʷ 2015ʛ. ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʪʠʯʝʩʢʠʭ ʬʠʣʴʪʨʦʚ F1 (ɸ) ʠ F2 (ɺ) 

 

ɺ ʧʨʠʤʝʥʝʥʠʠ ʢ ʥʘʟʝʤʥʳʤ FTIR-ʠʟʤʝʨʝʥʠʷʤ ʨʝʰʝʥʠʝ ʥʝʢʦʨʨʝʢʪʥʦʡ ʦʙʨʘʪʥʦʡ 

ʟʘʜʘʯʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʘʪʤʦʩʬʝʨʳ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʣʫʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʱʝʤ ʩʦʜʝʨʞʘʥʠʠ (total colunm, TC) ʠ/ʠʣʠ ʚʝʨʪʠʢʘʣʴʥʦʤ ʧʨʦʬʠʣʝ 

ʦʙʲʝʤʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ (volume mixing ratio, VMR) ʠʩʩʣʝʜʫʝʤʦʛʦ ʛʘʟʘ ʚ ʘʪʤʦʩʬʝʨʝ ʧʦ ʀʂ-

ʩʧʝʢʪʨʘʤ ʧʨʷʤʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʉ ʬʠʟʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʨʦʬʠʣʷ ʛʘʟʘ (ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ, ʉʆ2) ʚʦʟʤʦʞʥʦ ʙʣʘʛʦʜʘʨʷ ʟʘʚʠʩʠʤʦʩʪʠ 
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ʬʦʨʤʳ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ ʦʪ ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʨʦʬʠʣʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʚ 

ʘʪʤʦʩʬʝʨʝ.  

ɼʣʷ ʉʆ2 ʥʘʨʷʜʫ ʩ ʦʙʱʠʤ ʩʦʜʝʨʞʘʥʠʝʤ TCʉʆ2 ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʝʣʠʯʠʥʘ Xʉʆ2 ï 

ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʉʆ2 ʚ ʪʦʣʱʝ ʘʪʤʦʩʬʝʨʳ, ʢʦʪʦʨʘʷ ʤʝʥʝʝ ʧʦʜʚʝʨʞʝʥʘ 

ʚʘʨʠʘʮʠʷʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ. Xʉʆ2 ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ 

ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ [182-183]: 

XʉO2 =TCʉO2/ TCdry_air (7) 

TCdry_air = (0.2095ĿPs/g(ű) - TCH2OĿmH2O )/mdry_air (8) 

ʛʜʝ, Tcdry_air ï  ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʚʩʝʭ ʤʦʣʝʢʫʣ ʚʦʟʜʫʭʘ ʚ ʩʫʭʦʡ ʘʪʤʦʩʬʝʨʝ 

(ʤʦʣʝʢ./cʤ2); mdry_air ï ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʩʫʭʦʛʦ ʚʦʟʜʫʭʘ (28.964 ʛ/ʤʦʣʴ); mH2O  ï 

ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ H2O (18.02 /ʤʦʣʴ); Ps  ï ʧʨʠʟʝʤʥʦʝ ʜʘʚʣʝʥʠʝ (ʛʇʘ), ʢʦʪʦʨʦʝ ʙʝʨʝʪʩʷ ʠʟ 

ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ NCEP; g(ű) ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ (ʟʘʚʠʩʷʱʝʝ ʦʪ ʰʠʨʦʪʳ);  

TCH2O  ï ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʷʥʦʛʦ ʧʘʨʘ (ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʦʙʨʘʙʦʪʢʠ FTIR-

ʩʧʝʢʪʨʦʚ, ʥʦ ʚ ʜʨʫʛʠʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʥʪʝʨʚʘʣʘʭ, ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ TCH2O). 

 

ʇʨʠ ʦʮʝʥʢʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ TCʉʆ2 (Xʉʆ2) ʧʦ FTIR-ʩʧʝʢʪʨʘʤ 

ʢʦʥʢʨʝʪʥʳʡ ʥʘʙʦʨ ʠʩʧʦʣʴʟʫʝʤʳʭ ʢʨʠʪʝʨʠʝʚ/ʬʫʥʢʮʠʡ ʥʘʭʦʜʠʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ. ʆʙʳʯʥʦ ʧʨʠ ʚʳʙʦʨʝ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʤʝʪʦʜʠʢʠ ʤʦʛʫʪ 

ʧʨʠʤʝʥʷʪʴʩʷ ʩʣʝʜʫʶʱʠʝ ʮʝʣʝʚʳʝ ʢʨʠʪʝʨʠʠ/ʬʫʥʢʮʠʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʢʘʯʝʩʪʚʦ ʨʝʰʝʥʠʷ 

ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʘʪʤʦʩʬʝʨʥʦʡ ʦʧʪʠʢʠ [184-185]:  

ʘ) ŭsys ʠ ŭrand - ʩʣʫʯʘʡʥʘʷ ʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʘʷ ʧʦʛʨʝʰʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ 

ʛʘʟʘ ʚ ʘʪʤʦʩʬʝʨʝ; 

ʙ) RMS (Root mean square) ï ʟʥʘʯʝʥʠʝ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ 

ʤʝʞʜʫ ʠʟʤʝʨʝʥʥʳʤ ʠ ʨʘʩʩʯʠʪʘʥʥʳʤ ʩʧʝʢʪʨʘʤʠ. ɼʘʥʥʳʡ ʢʨʠʪʝʨʠʡ ʭʘʨʘʢʪʝʨʠʨʫʝʪ ʩʦʛʣʘʩʠʝ 

ʤʝʞʜʫ ʨʘʩʯʠʪʘʥʥʳʤ ʠ ʠʟʤʝʨʝʥʥʳʤ ʩʧʝʢʪʨʘʤʠ, ʜʦʩʪʠʛʥʫʪʦʝ ʧʨʠ ʨʝʰʝʥʠʠ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ; 

ʚ) DOFS (Degrees of freedom for signal) ï ʢʦʣʠʯʝʩʪʚʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ, ʪ. ʝ. 

ʥʝʟʘʚʠʩʠʤʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʨʦʬʠʣʷ ʛʘʟʘ ʚ ʘʪʤʦʩʬʝʨʝ. 

ɿʥʘʯʝʥʠʝ DOFS ʭʘʨʘʢʪʝʨʠʟʫʝʪ, ʤʦʞʝʪ ʣʠ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʦ ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ (ʧʨʠ 

DOFSÓ1.0) ʠʣʠ ʪʘʢʞʝ ʵʣʝʤʝʥʪʳ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʘʟʘ ʚ ʘʪʤʦʩʬʝʨʝ (ʧʨʠ 

DOFSÓ2.0); 

ʛ) ʤʠʥʠʤʫʤ ʚʘʨʠʘʮʠʠ TCGAS (XGAS) ʚ ʪʝʯʝʥʠʝ ʜʥʷ (ůTCGAS ʠ/ʠʣʠ ůXGAS). ʊʘʢʦʡ 

ʢʨʠʪʝʨʠʡ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʜʦʣʛʦʞʠʚʫʱʠʭ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ, (ʥʘʧʨʠʤʝʨ, ʉʆ2), ʜʣʷ 

ʢʦʪʦʨʳʭ ʥʝ ʭʘʨʘʢʪʝʨʥʳ ʩʠʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚ ʪʝʯʝʥʠʝ ʜʥʷ. 
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ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʨʠʪʝʨʠʷ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪ 

ʢʨʠʪʝʨʠʡ ʦʜʥʦʨʦʜʥʦʩʪʠ ɢ2. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʦʣʞʥʳ ʠʤʝʪʴ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ: ʥʘʧʨʠʤʝʨ, ʤʝʪʦʜʠʢʘ 

(ʪʘʢʞʝ ʠʥʦʛʜʘ ʥʘʟʳʚʘʝʤʘʷ ʩʪʨʘʪʝʛʠʝʡ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ), ʦʧʪʠʤʘʣʴʥʘʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʢʨʠʪʝʨʠʝʚ, ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚ ʧʫʥʢʪʘʭ (ʘ-ʛ), ʥʦ ʜʘʶʱʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʦʙʨʘʪʥʦʡ 

ʟʘʜʘʯʠ ʘʪʤʦʩʬʝʨʥʦʡ ʦʧʪʠʢʠ ʥʝʘʜʝʢʚʘʪʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʥʘʧʨʠʤʝʨ, ʬʦʨʤʫ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʘʟʘ, ʧʨʦʪʠʚʦʨʝʯʘʱʫʶ ʨʝʟʫʣʴʪʘʪʘʪʘʤ ʥʝʟʘʚʠʩʠʤʳʭ ʠʟʤʝʨʝʥʠʡ (ʩʠʣʴʥʦ 

ʦʩʮʠʣʣʠʨʫʶʱʠʡ ʧʨʦʬʠʣʴ ʠʣʠ ʧʨʦʬʠʣʴ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʘʪʤʦʩʬʝʨʥʳʭ ʩʣʦʷʭ), ʥʝ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʦʧʪʠʤʘʣʴʥʘʷ. 

 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʚʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʤʝʪʦʜʠʢ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ TCʉʆ2 (Xʉʆ2) ʧʦ FTIR-ʩʧʝʢʪʨʘʤ ʧʨʷʤʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ɺ 

ʊʘʙʣʠʮʝ 26 ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʯʝʪʳʨʝʭ ʤʝʪʦʜʠʢʘʭ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʚʳʙʨʘʥʳ ʥʘʤʠ 

ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʳʭ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʦʧʪʠʤʘʣʴʥʦʡ ʩʪʨʘʪʝʛʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʉʆ2 ʜʣʷ ʩʪʘʥʮʠʠ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʉʇʙɻʋ. ʇʝʨʚʳʝ ʪʨʠ ʩʪʨʘʪʝʛʠʠ ç2600è, ç3100è ʠ ç3300è ʙʳʣʠ 

ʟʘʠʤʩʪʚʦʚʘʥʳ ʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʯʝʪʚʝʨʪʘʷ ç4880è ï ʦʨʠʛʠʥʘʣʴʥʘʷ ʨʘʟʨʘʙʦʪʢʘ, 

ʦʩʫʱʝʩʪʚʣʝʥʥʘʷ ʥʘʤʠ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ. ɼʘʣʝʝ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʥʘ ʦʩʥʦʚʝ ʜʚʫʭ, ʪʨʝʭ ʠʣʠ ʯʝʪʳʨʝʭ ʙʘʟʦʚʳʭ, ʥʘʧʨʠʤʝʨ, 

ʠʩʧʦʣʴʟʫʝʤʦʝ ʥʘʤʠ ʜʘʣʝʝ ʦʙʦʟʥʘʯʝʥʠʝ ç2600_3100_3300_F1è ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʘʥʥʘʷ 

ʢʦʤʙʠʥʘʮʠʷ ʪʨʝʭ ʙʘʟʦʚʳʭ ʤʝʪʦʜʠʢ ç2600è, ç3100è ʠ ç3300è ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʩʧʝʢʪʨʦʚ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʩ ʦʧʪʠʯʝʩʢʠʤ ʬʠʣʴʪʨʦʤ F1. ʆʪʤʝʪʠʤ, ʯʪʦ ʚʩʝ ʩʧʝʢʪʨʘʣʴʥʳʝ 

ʠʥʪʝʨʚʘʣʳ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʠʢ ʜʦʣʞʥʳ ʚʭʦʜʠʪʴ ʚ ʦʙʣʘʩʪʴ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʧʨʦʧʫʩʢʘʥʠʷ ʦʜʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʬʠʣʴʪʨʘ (ʣʠʙʦ F1, ʣʠʙʦ F2). ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʠʥʬʦʨʤʘʮʠʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʢʦʣʦʥʢʝ 2 ʊʘʙʣʠʮʘ 26, ʤʝʪʦʜʠʢʘ ç4880è ʠ ʝʝ ʢʦʤʙʠʥʘʮʠʠ ʩ ʜʨʫʛʠʤʠ 

ʙʘʟʦʚʳʤʠ ʤʝʪʦʜʠʢʘʤʠ ʨʝʘʣʠʟʫʝʤʳ ʪʦʣʴʢʦ ʜʣʷ ʩʧʝʢʪʨʦʚ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʩ ʦʧʪʠʯʝʩʢʠʤ 

ʬʠʣʴʪʨʦʤ F1. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʩʧʝʢʪʨʦʚ, ʟʘʧʠʩʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʪʠʯʝʩʢʦʛʦ 

ʬʠʣʴʪʨʘ F2, ʨʝʘʣʠʟʫʝʤʳ 7 ʚʘʨʠʘʥʪʦʚ ʤʝʪʦʜʠʢ ʦʧʨʝʜʝʣʝʥʠʷ TCʉʆ2 (Xʉʆ2) ʚ ʘʪʤʦʩʬʝʨʝ, ʜʣʷ 

ʬʠʣʴʪʨʘ F1 ï 15. 

 

ʊʘʙʣʠʮʘ 26. ʀʥʬʦʨʤʘʮʠʷ ʦ ʙʘʟʦʚʳʭ ʤʝʪʦʜʠʢʘʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʦʧʪʠʤʘʣʴʥʦʡ ʩʪʨʘʪʝʛʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʉʆ2 ʜʣʷ ʩʪʘʥʮʠʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

ʉʇʙɻʋ (STP). 

ʅʘʠʤʝʥʦʚʘʥʠ

ʝʤʝʪʦʜʠʢʠ 

(ʩʩʳʣʢʘ) 

ʆʧʪʠʯ. 

ʬʠʣʴʪʨ 

ʉʧʝʢʪʨʘʣʴʥʳʝ 

ʠʥʪʝʨʚʘʣʳ, ʩʤ-1 

ʄʝʰʘʶʱʠʝ 

(ʚʦʩʩʪʘʥʘʚʣ

ʊʠʧ 

ʨʝʛʫʣʷʨʠʟʘʮʠʠ 

ɺʭʦʜʥʘʷ ʠ 

ʘʧʨʠʦʨʥʘʷ 

ʠʥʬʦʨʤʘʮʠʷ 
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ʠʚʘʝʤʳʝ) 

ʢʦʤʧʦʥʝʥʪʳ 

ç2600è 

[183] 
F1,F2 

2620.55 ï 2621.10 

2626.40 ï 2626.85 

2627.10 ï 2627.60 

2629.275 ï 2629.95 

H2O, HDO, 

CH4 

TP-L1(Ŭ=10000) 

ʉʧʝʢʪʨʘʣʴʥʘʷ 

ʙʘʟʘ ʜʘʥʥʳʭ 

HITRAN 

(ʨʘʟʣʠʯʥʳʭ 

ʚʝʨʩʠʡ), 

ʘʧʨʠʦʨʥʳʝ 

ʧʨʦʬʠʣʠ ʛʘʟʦʚ 

ʚ ʘʪʤʦʩʬʝʨʝ ï 

ʨʝʟʫʣʴʪʘʪʳ 

ʨʘʩʯʝʪʦʚ 

ʤʦʜʝʣʠ 

WACCM v.6, 

ʧʨʦʬʠʣʠ p(z) ʠ 

T(z)  ï ʜʘʥʥʳʝ 

NCEP 

ç3100è 

[186] 
F1,F2 

3160.14 ï 3160.30 

3161.60 ï 3161.80 

H2O, O3, 

CH4 

ç3300è 

[186] 
F1,F2 

3315.505 ï 

3316.055 

3344.62 ï 3344.94 

H2O, C2H2, 

N2O, HCN 

ç4880è 

(ʥʘʩʪʦʷʱʝʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ) 

F1 4484.90 ï 4488.40 
CO2, O

13CO, 

CO18O, CH4 

 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʪʝʩʪʠʨʦʚʘʥʠʝ ʚʩʝʭ 22 ʚʘʨʠʘʥʪʦʚ ʤʝʪʦʜʠʢ ʥʘ 

ʤʘʩʩʠʚʝ ʩʧʝʢʪʨʦʚ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʩ ʦʧʪʠʯʝʩʢʠʤʠ ʬʠʣʴʪʨʘʤʠ F1 ʠ F2 ʚ 2015 ʛʦʜʫ ï ʵʪʦ 

ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʥʘʤʠ ʧʝʨʠʦʜ ʩ ʩʘʤʳʤ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʝʜʠʥʠʯʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʥʘ ʩʪʘʥʮʠʠ STP ʟʘ ʚʩʝ ʚʨʝʤʷ ʥʘʙʣʶʜʝʥʠʡ ʩ 2009ʛ. ʧʦ 2024ʛ. ʇʨʠ ʵʪʦʤ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʥʝʦʙʭʦʜʠʤʘʷ ʘʜʘʧʪʘʮʠʷ ʩʪʨʘʪʝʛʠʡ ʚʦʩʩʪʘʚʥʦʚʣʝʥʠʷ ʩ 

ʫʯʝʪʦʤ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʧʦʛʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʘʰʝʡ ʩʪʘʥʮʠʠ, ʘ ʪʘʢʞʝ 

ʩʧʝʮʠʬʠʢʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ FTIR-ʢʦʤʧʣʝʢʩʘ ʉʇʙɻʋ. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ 

ʫʯʝʪʦʤ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʢʨʠʪʝʨʠʝʚ (ʘ-ʛ) ʧʦʟʚʦʣʠʣ ʥʘʤ ʠʟ 22 ʚʘʨʠʘʥʪʦʚ ʦʪʦʙʨʘʪʴ 4 

ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʠʢʠ, ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʦʪʦʨʳʭ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʘ ʚ ʊʘʙʣʠʮʝ 

27. ɺ ʜʘʥʥʦʡ ʪʘʙʣʠʮʝ ʫʢʘʟʘʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ (ʟʘ 2015 ʛʦʜ) ʩʣʝʜʫʶʱʠʭ ʚʝʣʠʯʠʥ: 

ʩʣʫʯʘʡʥʘʷ ʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʧʦʛʨʝʰʥʦʩʪʠ (ŭrand ʠ ŭsys), ʟʥʘʯʝʥʠʝ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ 

ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʤʝʞʜʫ ʠʟʤʝʨʝʥʥʳʤ ʠ ʨʘʩʩʯʠʪʘʥʥʳʤ ʩʧʝʢʪʨʘʤʠ (RMS), ʢʦʣʠʯʝʩʪʚʦ 

ʥʝʟʘʚʠʩʠʤʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʨʦʬʠʣʷ CO2 ʘʪʤʦʩʬʝʨʝ ʠ 

ʪʨʦʧʦʩʬʝʨʝ (DOFS ʠ DOFS_trp), ʟʥʘʯʝʥʠʝ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʆ2 (XCO2) ʠ ʝʝ 

ʜʥʝʚʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ (ůXCO2). ɺʝʣʠʯʠʥʳ ŭrand, ŭsys, RMS, DOFS ʠ DOFS_trp, ůXCO2, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʨʠʪʝʨʠʷʤ (ʘ-ʛ), ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʥʘʤʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʩʪʠ 

ʤʝʪʦʜʠʢ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʢʨʘʩʥʳʤ ʠ ʩʠʥʠʤ ʮʚʝʪʦʤ ʚ ʪʘʙʣʠʮʝ ʚʳʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʝʨʚʳʝ ʜʚʘ ʣʫʯʰʠʭ ʨʝʟʫʣʴʪʘʪʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʨʠʪʝʨʠʷ. ɿʘʪʝʤ ʥʘʤʠ 

ʩʫʤʤʤʠʨʦʚʘʣʦʩʴ ʢʦʣʣʠʯʝʩʪʚʦ ʙʘʣʣʦʚ (ʦʥʦ ʫʢʘʟʘʥʦ ʚ ʧʝʨʚʦʡ ʢʦʣʦʥʢʝ ʊʘʙʣʠʮʝ 27), 

ʥʘʙʨʘʥʥʳʭ ʢʘʞʜʦʡ ʤʝʪʦʜʠʢʦʡ: ʟʘ çʢʨʘʩʥʦʝ ʟʥʘʯʝʥʠʝè ʥʘʯʠʩʣʷʣʩʷ 1 ʙʘʣʣ, ʟʘ çʩʠʥʝʝè ð 0.5 

ʙʘʣʣʘ [185]. 
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ʊʘʙʣʠʮʘ 27. ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʪʝʩʪʠʨʦʚʘʥʠʠ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʠʢ 

ʦʧʨʝʜʝʣʝʥʠʷ TCʉʆ2 (Xʉʆ2) ʧʦ FTIR-ʩʧʝʢʪʨʘʤ ʧʨʷʤʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʄʝʪʦʜʠʢʘ (ʙʘʣʣʳ) ŭrand, % ŭsys, % RMS, % DOFS/DOFS_trp XCO2, ppmv 
ůXCO2, 

ppmv 

ç2600_F2è  (2.5) 2.4 5.2 0.15 1.4Ñ0.2/0.6 406.8 0.8 

ç4880+3300_F1è (3) 2.1 3.9 0.33 2.2Ñ0.2/1.2 395.4 1.1 

ç3300_F1è (1) 2.1 5.7 0.34 1.8Ñ0.2/0.8 400.6 1.9 

ç4880_F1_180è (1) 2.7 6.0 0.37 2.5Ñ0.1/1.2 405.2 1.4 

 

ʇʦʜʚʦʜʷ ʠʪʦʛʠ ʚʪʦʨʦʛʦ ʵʪʘʧʘ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʙʳʣʦ ʧʦʣʫʯʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʥʘʰʝʡ FTIR-ʩʪʘʥʮʠʠ ʷʚʣʷʶʪʩʷ ʩʪʨʘʪʝʛʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ç4880+3300_F1è ʠ ç2600_F2è.  

 ʊʨʝʪʠʡ ʵʪʘʧ ʟʘʢʣʶʯʘʣʩʷ ʚ ʩʨʘʚʥʝʥʠʠ ʟʥʘʯʝʥʠʡ XCO2, ʧʦʣʫʯʝʥʥʳʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʠʢ ç4880+3300_F1è ʠ ç2600_F2è ʟʘ 2015 ʛʦʜ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʩʝʪʠ ʩʪʘʥʮʠʡ FTIR-ʤʦʥʠʪʦʨʠʥʛʘ TCCON. ɿʥʘʯʝʥʠʷ, ʧʦʣʫʯʘʝʤʳʝ ʥʘ ʜʘʥʥʦʡ 

ʩʝʪʠ ʷʚʣʷʶʪʩʷ ʩʚʦʝʛʦ ʨʦʜʘ çʵʪʘʣʦʥʦʤè FTIR-ʠʟʤʝʨʝʥʠʡ XCO2 ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʚʘʣʠʜʘʮʠʠ 

ʥʘʟʝʤʥʳʭ ʠ ʩʧʫʪʥʠʢʦʚʳʭ ʠʟʤʝʨʝʥʠʡ ʉʆ2 ʚ ʪʦʣʱʝ ʘʪʤʦʩʬʝʨʳ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʥʘʤʠ ʙʳʣʠ 

ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʢ STP ʩʪʘʥʮʠʠ TCCON: Bremen 

(53.10Á ʩ.ʰ., 8.85Á ʚ.ʜ., 27 ʤ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ), Bialystok (53.23Á ʩ.ʰ., 23.025Á ʚ.ʜ., 180 ʤ 

ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ) ʠ Sodankyla (67.37Á ʩ.ʰ., 26.63Á ʚ.ʜ., 188 ʤ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ). ʈʝʟʫʣʴʪʘʪʳ 

ʵʪʦʛʦ ʩʨʘʚʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩʫʥʢʝ 41, ʛʜʝ ʜʘʥʳ ʨʷʜʳ ʩʨʝʜʥʝʜʥʝʚʥʳʭ ʟʥʘʯʝʥʠʡ XCO2 

ʜʣʷ ʥʘʰʝʡ ʩʪʘʥʮʠʠ (ʫʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ ʢʘʢ St.Petersburg) ʠ ʪʨʝʭ ʚʳʙʨʘʥʥʳʭ ʩʪʘʥʮʠʡ 

TCCON ʟʘ 2015 ʛʦʜ. ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ (r) ʜʣʷ ʩʦʚʧʘʜʘʶʱʠʭ ʜʥʝʡ 

ʠʟʤʝʨʝʥʠʡ ʠ ʫʨʦʚʝʥʴ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʩʜʚʠʛʘ (dXCO2, ppmv) ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʥʘʤʠ ʜʣʷ 

ʧʘʨʥʳʭ ʤʘʩʩʠʚʦʚ ʩʨʝʜʥʝʜʥʝʚʥʳʭ ʟʥʘʯʝʥʠʡ XCO2 STP-Bremen, STP- Bialystok ʠ STP- 

Sodankyla, ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 28.  
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ɸ 

 

ɺ 

 

ʈʠʩʫʥʦʢ 41 ï ʈʷʜʳ ʩʨʝʜʥʝʜʥʝʚʥʳʭ ʟʥʘʯʝʥʠʡ XCO2 ʟʘ 2015 ʛʦʜ ʜʣʷ ʩʪʘʥʮʠʡ Bremen, 

Bialystok ʠ Sodankyla (ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʩʝʪʴ TCCON) ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʰʝʡ 

ʩʪʘʥʮʠʠ (ʫʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ ʢʘʢ St.Petersburg), ʧʦʣʫʯʝʥʥʳʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ: ɸ) 

ʤʝʪʦʜʠʢʠ ç4880+3300_F1è, ɺ) ʤʝʪʦʜʠʢʠ ç2600_F2è 

 

ʊʘʙʣʠʮʘ 28 ï  ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ r ʜʣʷ ʩʦʚʧʘʜʘʶʱʠʭ ʜʥʝʡ ʠʟʤʝʨʝʥʠʡ ʠ 

ʫʨʦʚʝʥʴ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʩʜʚʠʛʘ dXCO2 ʜʣʷ ʧʘʨʥʳʭ ʤʘʩʩʠʚʦʚ ʩʨʝʜʥʝʜʥʝʚʥʳʭ ʟʥʘʯʝʥʠʡ 

XCO2 STP-Bremen, STP- Bialystok ʠ STP- Sodankyla ʟʘ 2015 ʛʦʜ 

ʉʪʘʥʮʠʠ r dXCO2, ppmv 
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ç2600_F2è ç4880+3300_F1è ç2600_F2è ç4880+3300_F1è 

STP-Bremen 0.88 0.87 8.8Ñ1.4 -3.1Ñ1.9 

STP- Bialystok 0.86 0.64 8.2Ñ1.4 -3.2Ñ2.4 

STP- Sodankyla 0.84 0.86 9.2Ñ1.7 -2.7Ñ1.8 

 

ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ: 

- ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ r ʧʦʣʫʯʝʥʳ ʜʣʷ XCO2 

ʩʪʨʘʪʝʛʠʠ ç2600_F2è; 

- ʥʘʠʤʝʥʴʰʝʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʝ dXCO2 ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ 

ç4880+3300_F1è. 

ʉʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʩʜʚʠʛʠ ʚ ʨʷʜʘʭ XCO2, ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ (ʤʝʪʦʜʠʢʘ TCCON ʠʩʧʦʣʴʟʫʝʪ ʦʪʣʠʯʥʳʝ ʦʪ ʥʘʰʠʭ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʠʥʪʝʨʚʘʣʦʚ ʚ ʙʣʠʞʥʝʡ ʀʂ ʦʙʣʘʩʪʠ) ʦʙʫʩʣʦʚʣʝʥʳ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʤʠ ʧʦʛʨʝʰʥʦʩʪʷʤʠ 

ʚʭʦʜʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʨʠ ʦʙʨʘʙʦʪʢʝ FTIR-ʩʧʝʢʪʨʦʚ. 

ʊʘʢʘʷ ʩʠʩʪʝʤʘʪʠʢʘ ʦʙʳʯʥʦ ʜʦʩʪʘʪʦʯʥʦ ʣʝʛʢʦ ʫʯʠʪʳʚʘʝʪʩʷ ʧʨʠ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ. ʇʦʵʪʦʤʫ 

ʦʨʠʝʥʪʠʨʫʷʩʴ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ r, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʩʪʨʘʪʝʛʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ç2600_F2è, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ (ʧʨʠ ʠʤʝʶʱʝʤʩʷ ʦʙʦʨʫʜʦʚʘʥʠʠ) 

ʠʤʝʥʥʦ ʵʪʘ ʤʝʪʦʜʠʢʘ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʡ ʜʣʷ ʥʘʰʝʡ ʩʪʘʥʮʠʠ.  

ɿʜʝʩʴ ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʦʪʥʦʰʝʥʠʝ 

ʩʠʛʥʘʣ/ʰʫʤ ʜʣʷ FTIR-ʩʧʝʢʪʨʦʚ ʧʨʷʤʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ~ 2600 ʩʤ-1, 

ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʠʣʴʪʨʘ F2, ʧʨʠʤʝʨʥʦ ʚ 1.5-2 ʨʘʟʘ ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩʦ ʩʧʝʢʪʨʘʤʠ ʚ ʜʠʘʧʘʟʦʥʘʭ ~4880 ʩʤ-1 ʠ ~3300 ʩʤ-1 (ʬʠʣʴʪʨ F1). ʇʦʵʪʦʤʫ ʧʨʠ ʫʩʣʦʚʠʠ 

ʧʦʚʳʰʝʥʠʷ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ ʚ ʜʠʘʧʘʟʦʥʝ 3300-4900 ʩʤ-1, ʯʪʦ ʚʦʟʤʦʞʥʦ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʦʣʝʝ ʫʟʢʦʧʦʣʦʩʥʦʛʦ ʬʠʣʴʪʨʘ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ F1), ʜʝʣʠʪʝʣʷ CaF2 ʠ 

ʧʨʠʝʤʥʠʢʘ ʠʟʣʫʯʝʥʠʷ InGaAs, ʤʝʪʦʜʠʢʘ ç4880+3300_F1è ʠʤʝʝʪ ʧʝʨʩʧʝʢʪʠʚʳ ʢ 

ʜʘʣʴʥʝʡʰʝʤʫ ʫʣʫʯʰʝʥʠʶ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʨʝʜʝʣʝʥʠʷ TCʉʆ2 (Xʉʆ2) ʚ ʘʪʤʦʩʬʝʨʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʩ ʮʝʣʴʶ ʨʘʟʨʘʙʦʪʢʠ ʦʧʪʠʤʘʣʴʥʦʡ ʤʝʪʦʜʠʢʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ CO2 ʚ ʘʪʤʦʩʬʝʨʝ ʧʦ ʜʘʥʥʳʤ ʥʘʟʝʤʥʦʛʦ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʚ ʩʨʝʜʥʝʤ ʀʂ ʜʠʘʧʘʟʦʥʝ, ʧʦʢʘʟʘʣʠ: 

- ʥʘ ʦʩʥʦʚʝ ʪʝʩʪʠʨʦʚʘʥʠʷ 22 ʚʘʨʠʘʥʪʦʚ ʤʝʪʦʜʠʢ ʦʧʨʝʜʝʣʝʥʠʷ TCʉʆ2 (Xʉʆ2) ʚ 

ʘʪʤʦʩʬʝʨʝ ʧʦ FTIR-ʩʧʝʢʪʨʘʤ ʧʨʷʤʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʦʣʫʯʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʥʘʰʝʡ FTIR-ʩʪʘʥʮʠʠ ʷʚʣʷʶʪʩʷ ʩʪʨʘʪʝʛʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ç4880+3300_F1è ʠ ç2600_F2è, ʢʦʪʦʨʳʝ ʦʩʥʦʚʘʥʳ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʣʝʜʫʶʱʠʭ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ: 3315.505 ï 3316.055, 3344.62 ï 3344.94, 4484.90 ï 4488.40 ʩʤ-1 ʠ 
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2620.55 ï 2621.10, 2626.40 ï 2626.85, 2627.10 ï 2627.60, 2629.275 ï 2629.95 ʩʤ-1, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 

- ʩʨʘʚʥʝʥʠʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʝʟʘʚʠʩʠʤʳʭ ʠʟʤʝʨʝʥʠʡ Xʉʆ2 ʥʘ ʙʣʠʞʘʡʰʠʭ ʩʪʘʥʮʠʷʭ 

TCCON ʧʦʢʘʟʘʣʠ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʚʳʰʝ ʜʣʷ ʤʝʪʦʜʠʢʠ ç2600_F2è. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʡ ʜʣʷ ʥʘʰʝʡ ʩʪʘʥʮʠʠ (ʩ ʫʯʝʪʦʤ 

ʩʧʝʮʠʬʠʢʠ ʘʧʧʘʨʘʪʫʨʳ ʠ ʧʦʛʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ); 

-  ʧʨʠ ʫʩʣʦʚʠʠ ʧʦʚʳʰʝʥʠʷ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ ʚ ʜʠʘʧʘʟʦʥʝ 3300-4900 ʩʤ-1 

ʤʝʪʦʜʠʢʘ ç4880+3300_F1è ʠʤʝʝʪ ʧʝʨʩʧʝʢʪʠʚʳ ʢ ʜʘʣʴʥʝʡʰʝʤʫ ʫʣʫʯʰʝʥʠʶ ʨʝʟʫʣʴʪʘʪʦʚ 

ʦʧʨʝʜʝʣʝʥʠʷ TCʉʆ2 (Xʉʆ2) ʚ ʘʪʤʦʩʬʝʨʝ. 

 

7 ʉʦʜʝʨʞʘʥʠʝ ʘʵʨʦʟʦʣʝʡ ʚ ʘʪʤʦʩʬʝʨʝ ɹʘʣʪʠʡʩʢʦ-ʃʘʜʦʞʩʢʦʛʦ ʨʝʛʠʦʥʘ 

7.1 ʃʠʜʘʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ ʚ ʘʪʤʦʩʬʝʨʝ 

ɹʝʟ ʯʝʪʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʧʨʦʠʩʭʦʜʷʱʠʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ, ʭʠʤʠʯʝʩʢʠʭ ʠ 

ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʥʝʚʦʟʤʦʞʥʦ ʪʦʯʥʦ ʦʧʠʩʘʪʴ ʪʝʢʫʱʠʝ 

ʠ ʙʫʜʫʱʠʝ ʧʨʦʮʝʩʩʳ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʩʠʩʪʝʤʳ ʦʩʣʘʙʣʝʥʠʷ ʚʦʟʤʦʞʥʳʭ 

ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʜʘʥʥʳʭ ʠʟʤʝʥʝʥʠʡ. ɺʩʣʝʜʩʪʚʠʝ ʨʘʟʚʠʪʠʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, 

ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʶʪ ʦʙʲʝʤʳ ʚʳʙʨʦʩʦʚ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʫ, ʩʨʝʜʠ ʥʠʭ ʤʝʪʘʥ, ʦʢʩʠʜʳ ʘʟʦʪʘ, ʘʵʨʦʟʦʣʴʥʳʝ ʯʘʩʪʠʮʳ, 

ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ, ʤʦʥʦʦʢʩʠʜ ʫʛʣʝʨʦʜʘ, ʦʟʦʥ, ʨʘʟʣʠʯʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ. ɺʩʝ ʵʪʠ ʢʦʤʧʦʥʝʥʪʳ, 

ʥʘʭʦʜʷʩʴ ʚ ʘʪʤʦʩʬʝʨʝ, ʫʯʘʩʪʚʫʶʪ ʚ ʩʣʦʞʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʯʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʠʟʤʝʥʝʥʠʶ ʝʩʪʝʩʪʚʝʥʥʳʭ ʙʠʦʛʝʦʭʦʤʠʯʝʩʢʠʭ ʮʠʢʣʦʚ. ɼʘʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ 

ʢʘʢ ʢ ʫʩʠʣʝʥʠʶ, ʪʘʢ ʠ ʦʩʣʘʙʣʝʥʠʶ ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʵʢʦʩʠʩʪʝʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʪʨʦʧʦʛʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ [32]. 

ʆʪʩʫʪʩʪʚʠʝ ʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ 

ʩʦʜʝʨʞʘʥʠʷ ʘʵʨʦʟʦʣʝʡ ʚ ʘʪʤʦʩʬʝʨʝ ʩʦʟʜʘʝʪ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʠ ʪʨʫʜʥʦʩʪʠ ʚ ʦʮʝʥʢʝ ʩʪʝʧʝʥʠ 

ʠʭ ʚʦʟʜʝʡʩʪʚʠʷ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ ʥʘ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʉʠʣʴʥʘʷ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʘʵʨʦʟʦʣʝʡ ʧʦ ʨʘʟʤʝʨʘʤ ʠ ʩʦʩʪʘʚʫ ʚ ʨʘʟʥʳʭ ʨʝʛʠʦʥʘʭ, 

ʟʘʚʠʩʠʪ ʦʪ ʠʤʝʶʱʠʭʩʷ ʚ ʨʝʛʠʦʥʝ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ 

ʧʦʛʦʜʫ ʠ ʮʠʨʢʫʣʷʮʠʶ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʘʪʤʦʩʬʝʨʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʘ ʩʦʪʥʠ ʠ ʪʳʩʷʯʠ ʢʤ ʦʪ 

ʤʝʩʪʘ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ ʧʦʩʚʷʱʝʥʦ ʠʟʫʯʝʥʠʶ ʤʘʣʳʭ 

ʛʘʟʦʚ, ʧʨʠ ʵʪʦʤ ʘʪʤʦʩʬʝʨʥʳʡ ʘʵʨʦʟʦʣʴ ʷʚʣʷʝʪʩʷ ʥʝ ʤʝʥʝʝ ʚʘʞʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠ 

ʨʝʛʫʣʷʪʦʨʦʤ ʘʪʤʦʩʬʝʨʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɸʵʨʦʟʦʣʠ ʚʣʠʷʶʪ ʥʘ ʧʨʦʮʝʩʩʳ ʦʙʨʘʟʦʚʘʥʠʷ ʦʩʘʜʢʦʚ 

ʠ ʦʙʣʘʢʦʚ, ʘ ʪʘʢʞʝ ʥʘ ʧʝʨʝʥʦʩ ʩʦʣʥʝʯʥʦʡ ʠ ʪʝʧʣʦʚʦʡ ʨʘʜʠʘʮʠʠ ʚ ʘʪʤʦʩʬʝʨʝ, ʯʪʦ ʚʝʜʝʪ ʢ 

ʠʟʤʝʥʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ. ʂʣʠʤʘʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʘʵʨʦʟʦʣʝʡ ʟʘʚʠʩʠʪ ʦʪ 
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ʬʠʟʠʯʝʩʢʦʛʦ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʚʦʡʩʪʚʘ ʘʵʨʦʟʦʣʝʡ, ʠʭ ʢʦʣʠʯʝʩʪʚʘ, ʘ ʪʘʢʞʝ ʦʪ ʚʳʩʦʪʳ 

ʥʘʭʦʞʜʝʥʠʷ ʘʵʨʦʟʦʣʴʥʦʛʦ ʩʣʦʷ [32,33]. ʆʩʥʦʚʥʘʷ ʨʦʣʴ ʘʵʨʦʟʦʣʝʡ ʚ ʧʨʦʭʦʞʜʝʥʠʠ 

ʬʠʟʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʘʪʤʦʩʬʝʨʝ ʦʙʫʩʣʦʚʣʝʥʘ: ʬʘʟʦʚʳʤʠ 

ʧʝʨʝʭʦʜʘʤʠ ʚʦʜʳ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʦʙʣʘʢʦʚ ʠ ʪʫʤʘʥʦʚ; ʚʣʠʷʥʠʝʤ ʥʘ ʨʘʜʠʘʮʠʦʥʥʳʡ ʙʘʣʘʥʩ 

ʘʪʤʦʩʬʝʨʳ, ʚʚʠʜʫ ʩʠʣʴʥʝʡʰʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʳʣʝʚʳʭ ʦʙʣʘʢʦʚ ʥʘ ʠʟʤʝʥʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʘʪʤʦʩʬʝʨʳ ʠ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ; ʛʝʪʝʨʦʛʝʥʥʳʤʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤʠ 

ʭʠʤʠʯʝʩʢʠʤʠ ʠ ʬʦʪʦʭʠʤʠʯʝʩʢʠʤʠ ʨʝʘʢʮʠʷʤʠ; ʤʘʩʩʦʧʝʨʝʥʦʩʦʤ ʪʚʝʨʜʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʚʦʜʳ 

[33].  

ɺʣʠʷʥʠʝ ʘʵʨʦʟʦʣʝʡ ʥʘ ʛʣʦʙʘʣʴʥʳʡ ʠ ʨʝʛʠʦʥʘʣʴʥʳʡ ʢʣʠʤʘʪ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ 

ʠʟʤʝʥʝʥʠʷ ʧʝʨʝʥʦʩʘ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ ʠ ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ʨʘʜʠʘʮʠʠ. ʈʝʛʠʦʥʘʣʴʥʳʝ ʠ 

ʛʣʦʙʘʣʴʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʠʩʭʦʜʷʪ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, 

ʧʨʠ ʢʨʫʧʥʳʭ ʧʳʣʝʚʳʭ ʧʝʨʝʥʦʩʘʭ (ʥʘʧʨʠʤʝʨ, ʧʝʨʝʥʦʩ ʧʝʩʢʘ ʠʟ ʧʫʩʪʳʥʠ ʉʘʭʘʨʘ), ʢʨʫʧʥʳʭ 

ʧʦʞʘʨʘʭ, ʢʨʫʧʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʚʳʙʨʦʩʘʭ. 

ɺʳʜʝʣʷʝʪʩʷ ʧʨʷʤʦʝ ʠ ʢʦʩʚʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʘʵʨʦʟʦʣʝʡ. ʇʨʷʤʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʘʵʨʦʟʦʣʝʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴʶ ʨʘʩʩʝʠʚʘʪʴ ʠ ʧʦʛʣʦʱʘʪʴ ʪʝʧʣʦʚʫʶ ʠ ʩʦʣʥʝʯʥʫʶ 

ʨʘʜʠʘʮʠʶ, ʯʪʦ ʚʝʜʝʪ ʢ ʠʟʤʝʥʝʥʠʶ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʙʘʣʘʥʩʘ ʘʪʤʦʩʬʝʨʳ ʠ ʧʦʜʩʪʠʣʘʶʱʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʘʪʤʦʩʬʝʨʳ ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʚʥʳʡ ʦʙʤʝʥ ʩ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʵʥʝʨʛʠʝʡ ʠ ʚʝʱʝʩʪʚʦʤ, ʚʦʟʥʠʢʘʶʪ ʦʩʦʙʳʝ ʫʩʣʦʚʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ. 

ʇʨʠ ʥʘʣʠʯʠʠ ʠʩʪʦʯʥʠʢʦʚ ʚʳʙʨʦʩʦʚ ʘʵʨʦʟʦʣʝʡ, ʙʝʟʚʝʪʨʝʥʥʘʷ ʧʦʛʦʜʘ ʫʚʝʣʠʯʠʚʘʝʪ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʘʵʨʦʟʦʣʝʡ. ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ, ʚ ʦʩʥʦʚʥʦʤ ʩʘʞʠ 

ʫʚʝʣʠʯʠʚʘʝʪ ʧʦʛʣʦʱʝʥʠʝ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʧʨʠʟʝʤʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ [187]. 

ʂʦʩʚʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʘʵʨʦʟʦʣʝʡ ʩʚʷʟʘʥʦ ʩ ʠʭ ʚʣʠʷʥʠʝʤ ʥʘ ʨʘʜʠʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ 

ʦʙʣʘʢʦʚ ʠ ʠʭ ʚʨʝʤʷ ʥʘʭʦʞʜʝʥʠʷ ʚ ʘʪʤʦʩʬʝʨʝ. ɺʢʣʶʯʝʥʠʝ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʘʵʨʦʟʦʣʝʡ ʚ 

ʩʪʨʫʢʪʫʨʫ ʦʙʣʘʢʘ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʪʦʥʢʠʝ ʩʪʨʘʪʦʩʬʝʨʥʳʝ ʦʙʣʘʢʘ ʚʳʭʦʣʘʞʠʚʘʶʪ 

ʘʪʤʦʩʬʝʨʫ. ʇʨʠ ʵʪʦʤ ʚʢʣʶʯʝʥʠʝ ʘʵʨʦʟʦʣʝʡ ʚ ʪʦʣʩʪʳʝ ʢʫʯʝʚʳʝ ʦʙʣʘʢʘ, ʜʝʣʘʝʪ ʠʭ ʪʝʤʥʝʝ ʠ 

ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʘʛʨʝʚʘʥʠʶ ʧʨʠʟʝʤʥʦʛʦ ʩʣʦʷ ʘʪʤʦʩʬʝʨʳ. ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʚʣʠʷʥʠʝ 

ʘʵʨʦʟʦʣʝʡ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʳ ʚ ʦʙʣʘʢʘʭ, ʚʳʩʦʪʫ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠ ʚʨʝʤʷ ʠʭ ʞʠʟʥʠ [188]. 

ʆʧʨʝʜʝʣʷʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʦʧʘʩʥʳʭ ʪʝʥʜʝʥʮʠʡ ʠ ʧʨʦʮʝʩʩʦʚ, ʧʦʥʠʤʘʥʠʷ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʠʤʝʝʪ ʠʟʫʯʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʘʪʤʦʩʬʝʨʳ ʥʘʜ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʤʠ 

ʪʝʨʨʠʪʦʨʠʷʤʠ ʠ ʚʙʣʠʟʠ ʥʠʭ. ɸʥʪʨʦʧʦʛʝʥʥʳʡ ʘʵʨʦʟʦʣʴ ʚʣʠʷʝʪ ʥʘ ʟʘʤʫʪʥʝʥʥʦʩʪʴ ʘʪʤʦʩʬʝʨʳ 

ʠ ʥʘʣʠʯʠʝ ʘʵʨʦʟʦʣʴʥʦʡ ʜʳʤʢʠ. ʇʨʠ ʧʨʦʪʝʢʘʥʠʠ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʭʠʤʠʯʝʩʢʠʭ 

ʨʝʘʢʮʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ ʧʨʦʠʩʭʦʜʠʪ ʚʳʚʝʜʝʥʠʝ ʛʘʟʦʚʳʭ ʧʨʠʤʝʩʝʡ ʠʟ 

ʘʪʤʦʩʬʝʨʳ. ʅʘ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮʘʭ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʣʝʜʷʥʳʭ ʯʘʩʪʠʮʘʭ 

ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʫʰʝʥʠʝ ʦʟʦʥʘ ʚ ʘʪʤʦʩʬʝʨʝ ʧʦʣʷʨʥʳʭ ʨʝʛʠʦʥʦʚ [34].  
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ɺ ʩʚʷʟʠ ʩ ʘʢʪʠʚʥʦʡ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʦʷʥʥʦʝ ʠʟʤʝʥʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʠ ʩʦʩʪʘʚʘ ʘʵʨʦʟʦʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʚ ʘʪʤʦʩʬʝʨʝ, ʯʪʦ ʪʨʝʙʫʝʪ ʚʳʷʚʣʝʥʠʷ 

ʦʧʘʩʥʳʭ ʪʝʥʜʝʥʮʠʡ ʧʨʦʮʝʩʩʦʚ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʤʦʥʠʪʦʨʠʥʛʘ 

ʘʪʤʦʩʬʝʨʳ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʦʧʘʩʥʦʩʪʴ, ʢʦʪʦʨʫʶ ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʘʛʨʷʟʥʝʥʠʝ ʘʵʨʦʟʦʣʴʥʳʤʠ 

ʯʘʩʪʠʮʘʤʠ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʇʨʦʥʠʢʥʦʚʝʥʠʝ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ ʚ ʜʳʭʘʪʝʣʴʥʫʶ 

ʩʠʩʪʝʤʫ ʧʨʠʚʦʜʠʪ ʢ ʩʝʨʴʝʟʥʳʤ ʥʘʨʫʰʝʥʠʷʤ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ. ʉʦʛʣʘʩʥʦ ʜʦʢʣʘʜʫ ɺʆɿ, ʦʪ 

ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʭʘ ʝʞʝʛʦʜʥʦ ʫʤʠʨʘʝʪ ʦʢʦʣʦ 7 ʤʠʣʣʠʦʥʦʚ ʯʝʣʦʚʝʢ [189]. ʆʜʥʠʤ ʠʟ 

ʦʩʥʦʚʥʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ, ʢʦʪʦʨʳʡ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʟʜʦʨʦʚʴʝ ʥʘʩʝʣʝʥʠʷ, ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ, ʠ ʩʦʩʪʦʷʥʠʝ ʩʦʦʨʫʞʝʥʠʡ [190-193]. 

ɺ ʧʨʠʨʦʜʝ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʮʝʩʩʦʚ ʧʨʦʪʝʢʘʶʪ ʧʦ ʧʫʪʠ ʥʝʣʠʥʝʡʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʢʦʛʜʘ ʩʣʘʙʦʝ ʚʦʟʤʫʱʝʥʠʝ ʚʝʜʝʪ ʢ ʤʘʩʰʪʘʙʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ. ɼʣʷ 

ʘʪʤʦʩʬʝʨʳ, ʩʚʦʡʩʪʚʝʥʥʳ ʧʨʦʮʝʩʩʳ, ʠʜʫʱʠʝ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʟʘʪʨʘʪʘʭ, ʢʦʪʦʨʳʝ ʚʝʜʫʱʠʝ ʢ ʠʟʤʝʥʝʥʠʷʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ. ɸʵʨʦʟʦʣʴ ʢʘʢ ʨʘʟ 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʪʘʢʠʭ ʪʨʠʛʛʝʨʦʚ ʚ ʧʨʦʮʝʩʩʘʭ ʦʙʣʘʢʦ ʠ ʦʩʘʜʢʦʦʙʨʘʟʦʚʘʥʠʷ [35]. 

ʂʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ ʘʪʤʦʩʬʝʨʥʳʡ ʘʵʨʦʟʦʣʴ ʚʣʠʷʝʪ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʭʦʜʷʱʝʡ 

ʧʨʷʤʦʡ ʠ ʨʘʩʩʝʷʥʥʦʡ ʨʘʜʠʘʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʟʝʤʣʠ ʠ ʦʢʘʟʳʚʘʝʪ ʢʦʩʚʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʥʘ ʢʨʫʛʦʚʦʨʦʪ ʫʛʣʝʨʦʜʘ. ʏʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʣʠʷʝʪ ʥʘ ʢʣʠʤʘʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʧʦʩʨʝʜʩʪʚʦʤ 

ʦʙʨʘʪʥʳʭ ʩʚʷʟʝʡ ʢʣʠʤʘʪ-ʫʛʣʝʨʦʜ [194]. ʕʪʦ ʚʦʟʜʝʡʩʪʚʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʠʟʤʝʥʝʥʠʝʤ 

ʢʦʣʠʯʝʩʪʚʘ ʠ ʢʘʯʝʩʪʚʘ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ ʨʘʜʠʘʮʠʠ, ʜʦʭʦʜʷʱʝʡ ʜʦ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʟʤʝʥʝʥʠʝʤ ʚ ʧʨʦʮʝʩʩʘʭ ʬʦʪʦʩʠʥʪʝʟʘ. ɸʪʤʦʩʬʝʨʥʳʡ ʘʵʨʦʟʦʣʴ ʯʝʨʝʟ 

ʧʦʛʣʦʱʝʥʠʝ ʠ ʨʘʩʩʝʷʥʠʝ ʧʦʩʪʫʧʘʶʱʝʡ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʫʤʝʥʴʰʘʝʪ ʢʦʣʠʯʝʩʪʚʦ 

ʧʨʠʥʠʤʘʝʤʦʡ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʚʝʨʭʥʝʡ ʯʘʩʪʴʶ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʣʦʛʘ. ɽʜʠʥʦʛʦ ʤʥʝʥʠʷ 

ʦ ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ ʢʘʞʜʦʛʦ ʧʨʦʮʝʩʩʘ - ʧʦʛʣʦʱʝʥʠʷ ʠ ʨʘʩʩʝʷʥʠʷ ʨʘʜʠʘʮʠʠ ʚ ʥʘʩʪʦʷʱʠʝ ʚʨʝʤʷ 

ʥʝʪ. ʏʪʦ ʩʚʷʟʘʥʦ ʩ ʦʪʣʠʯʠʷʤʠ ʵʢʦʩʠʩʪʝʤ ʠ ʩʦʩʪʦʷʥʠʝʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʤʝʩʪʘʭ 

ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ɼʘʥʥʳʝ ʵʬʬʝʢʪʳ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʷʪ ʦʪ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʘʵʨʦʟʦʣʝʡ, ʢʦʣʠʯʝʩʪʚʘ ʩʦʣʥʝʯʥʳʭ ʠ ʧʘʩʤʫʨʥʳʭ ʜʥʝʡ, ʜʥʝʡ ʩ ʦʩʘʜʢʘʤʠ, ʢʦʣʠʯʝʩʪʚʘ 

ʘʵʨʦʟʦʣʝʡ ʚ ʘʪʤʦʩʬʝʨʝ [36], ʘ ʪʘʢʞʝ ʦʪ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʪʠʧʦʚ ʵʢʦʩʠʩʪʝʤ. 

ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʬʦʪʦʩʠʥʪʝʟ ʨʘʩʪʝʥʠʡ ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʫʩʠʣʠʚʘʪʴʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʦʩʚʝʱʝʥʥʦʩʪʠ. ʆʜʥʘʢʦ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʥʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʬʦʪʦʩʠʥʪʝʟ ʪʘʢʞʝ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʝʥ ʚ ʫʩʣʦʚʠʷʭ ʨʘʩʩʝʷʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ. ʀʟʤʝʥʝʥʠʷ 

ʦʙʣʘʯʥʦʛʦ ʧʦʢʨʦʚʘ ʠʣʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʪʤʦʩʬʝʨʥʳʭ ʘʵʨʦʟʦʣʝʡ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʠʣʠ ʧʨʠʨʦʜʥʳʭ ʚʳʙʨʦʩʦʚ, ʠʟʤʝʥʷʶʪ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠ 

ʘʢʪʠʚʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʜʦʩʪʠʛʘʶʱʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ, ʠ ʜʦʣʶ ʨʘʩʩʝʷʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʯʪʦ 

ʦʢʘʟʳʚʘʝʪ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʨʘʩʪʝʥʠʡ ʠ ʧʦʛʣʦʱʝʥʠʝ ʫʛʣʝʨʦʜʘ [195]. 
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ʏʝʤ ʚʳʰʝ ʘʵʨʦʟʦʣʴʥʘʷ ʦʧʪʠʯʝʩʢʘʷ ʪʦʣʱʠʥʘ, ʪʝʤ ʤʝʥʴʰʝ ʧʨʠʭʦʜʷʱʘʷ ʩʦʣʥʝʯʥʘʷ 

ʨʘʜʠʘʮʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʟʝʤʣʠ [196], ʯʪʦ ʜʦʣʞʥʦ ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʪʴ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʬʦʪʦʩʠʥʪʝʟʘ ʚ ʵʢʦʩʠʩʪʝʤʘʭ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʘʵʨʦʟʦʣʠ, ʠʟʤʝʥʷʷ ʫʛʣʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʩʚʝʪʘ, ʫʚʝʣʠʯʠʚʘʶʪ ʜʦʣʶ ʨʘʩʩʝʷʥʥʦʛʦ ʩʚʝʪʘ, ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʦʥʠʢʘʝʪ ʛʣʫʙʞʝ ʠ 

ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʚ ʧʦʣʦʛʝ [197]. ʊʘʢ ʢʘʢ ʦʩʚʝʱʝʥʥʳʝ ʩʚʝʪʦʤ ʣʠʩʪʴʷ 

ʥʘʩʳʱʝʥʳ ʩʚʝʪʦʤ, ʘ ʟʘʪʝʤʥʝʥʥʳʝ ʥʝʪ, ʫʚʝʣʠʯʝʥʠʝ ʨʘʩʩʝʷʥʥʦʛʦ ʩʚʝʪʘ ʪʘʢʞʝ ʜʦʣʞʥʦ ʚʝʩʪʠ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʬʦʪʦʩʠʥʪʝʟʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ [198-199] ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʠʬʬʫʟʥʦʝ ʠʟʣʫʯʝʥʠʝ 

ʫʚʝʣʠʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʚʝʪʘ ʵʢʦʩʠʩʪʝʤʘʤʠ. 

ʀʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦʧʳʪʢʠ ʚʳʯʠʩʣʠʪʴ ʚʣʠʷʥʠʝ ʧʨʷʤʦʡ ʠ ʨʘʩʩʝʷʥʥʦʡ 

ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʥʘ ʧʝʨʚʠʯʥʫʶ ʚʘʣʦʚʫʶ ʧʨʦʜʫʢʮʠʶ. ʇʨʠʨʦʩʪ ʚʘʣʦʚʦʡ ʧʝʨʚʠʯʥʦʡ 

ʧʨʦʜʫʢʮʠʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʠʬʬʫʟʥʦʡ ʨʘʜʠʘʮʠʠ, ʚʳʟʚʘʥʥʦʡ ʘʵʨʦʟʦʣʷʤʠ ʠ ʦʙʣʘʢʘʤʠ, ʠ 

ʧʦʪʝʨʠ ʧʝʨʚʠʯʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʠʟ-ʟʘ ʦʙʱʝʛʦ ʩʥʠʞʝʥʠʷ ʨʘʜʠʘʮʠʠ 

ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʚ ʨʘʙʦʪʘʭ [196,198,200]. ʊʘʢʞʝ ʙʳʣʠ ʧʨʝʜʧʨʠʥʷʪʳ ʧʦʧʳʪʢʠ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ 

ʘʵʨʦʟʦʣʝʡ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʝʡ ʘʪʤʦʩʬʝʨʳ ʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩʫʰʠ ʧʨʠ ʥʘʣʠʯʠʠ ʠ 

ʦʪʩʫʪʩʪʚʠʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʘʵʨʦʟʦʣʝʡ. ɼʘʥʥʳʝ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝ ʫʯʠʪʳʚʘʣʠ ʵʬʬʝʢʪ ʦʪ 

ʥʘʣʠʯʠʷ ʨʘʩʩʝʷʥʥʦʡ ʨʘʜʠʘʮʠʠ [201]. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ [195] ʫʯʠʪʳʚʘʣʩʷ ʵʬʬʝʢʪ ʧʨʷʤʦʡ ʠ ʜʠʬʬʫʟʥʦʡ ʨʘʜʠʘʮʠʠ ʥʘ 

ʧʨʦʮʝʩʩʳ ʬʦʪʦʩʠʥʪʝʟʘ. ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʦʮʝʥʢʘʤ, ʠʟʤʝʥʝʥʠʷ ʜʦʣʠ ʜʠʬʬʫʟʥʦʡ ʨʘʜʠʘʮʠʠ, 

ʫʚʝʣʠʯʠʣʠ ʧʦʛʣʦʱʝʥʠʝ ʫʛʣʝʨʦʜʘ ʩʫʰʝʡ ʧʨʠʤʝʨʥʦ ʥʘ ʯʝʪʚʝʨʪʴ ʩ 1960 ʧʦ 1999 ʛʦʜ. ʆʜʥʘʢʦ ʚ 

ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʝ ʫʯʠʪʳʚʘʣʦʩʴ ʚʣʠʷʥʠʝ ʘʵʨʦʟʦʣʝʡ ʥʘ ʦʭʣʘʞʜʝʥʠʝ ʘʪʤʦʩʬʝʨʳ ʠ 

ʥʘʛʨʝʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ, ʠ ʚʣʠʷʥʠʝ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʚʣʠʷʶʪ ʥʘ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʵʢʦʩʠʩʪʝʤ [202]. 

ɸʥʪʨʦʧʦʛʝʥʥʳʝ ʚʳʙʨʦʩʳ ʘʵʨʦʟʦʣʝʡ ʩ 1850 ʛʦʜʘ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʫʚʝʣʠʯʠʣʠ 

ʧʦʛʣʦʱʝʥʠʝ ʫʛʣʝʨʦʜʘ ʥʘ ʩʫʰʝ ʥʘ 22,6 ʤʣʨʜ. ʪʦʥʥ. 78 ʧʨʦʮʝʥʪʦʚ ʵʪʦʛʦ ʫʚʝʣʠʯʝʥʠʷ 

ʦʙʫʩʣʦʚʣʝʥʦ ʧʦʚʳʰʝʥʠʝʤ ʜʦʣʠ ʨʘʩʩʝʷʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʚʳʟʚʘʥʥʦʛʦ ʘʵʨʦʟʦʣʝʤ, ʯʪʦ ʥʘʤʥʦʛʦ 

ʙʦʣʴʰʝ, ʯʝʤ ʵʬʬʝʢʪ ʟʘʪʝʤʥʝʥʠʷ, ʚʳʟʚʘʥʥʦʛʦ ʘʵʨʦʟʦʣʝʤ. ɼʦʤʠʥʠʨʫʶʱʘʷ ʨʦʣʴ ʜʠʬʬʫʟʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʨʘʜʠʘʮʠʠ, ʧʦʜʨʘʟʫʤʝʚʘʝʪ, ʯʪʦ ʙʫʜʫʱʠʝ ʚʳʙʨʦʩʳ ʘʵʨʦʟʦʣʝʡ ʤʦʛʫʪ ʦʢʘʟʘʪʴ 

ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʩʠʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʮʠʢʣ ʫʛʣʝʨʦʜʘ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʠʟʣʫʯʝʥʠʷ, ʯʝʤ ʟʘ 

ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʚ ʦʜʠʥʦʯʢʫ [201]. 

ʆʮʝʥʢʘ ʩʦʜʝʨʞʘʥʠʷ ʘʵʨʦʟʦʣʝʡ ʚ ʨʘʟʥʳʭ ʨʝʛʠʦʥʘʭ ʟʝʤʥʦʛʦ ʰʘʨʘ ʠ ʠʭ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʙʘʣʘʥʩ ʫʛʣʝʨʦʜʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, ʪʨʝʙʫʶʱʝʡ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ. 

ɸʥʪʨʦʧʦʛʝʥʥʳʡ ʘʵʨʦʟʦʣʴ ʦʢʘʟʳʚʘʝʪ ʥʝʦʜʠʥʘʢʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʨʘʟʥʳʭ ʰʠʨʦʪʘʭ, 

ʠʟʤʝʥʷʝʪ ʢʣʠʤʘʪ ʠ ʧʦʚʳʰʘʝʪ ʜʦʣʶ ʨʘʩʩʝʷʥʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ ʠ ʚ ʮʝʣʦʤ ʫʚʝʣʠʯʠʚʘʝʪ 

ʛʣʦʙʘʣʴʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʫʛʣʝʨʦʜʘ. ɺʦʟʜʝʡʩʪʚʠʝ ʘʵʨʦʟʦʣʝʡ, ʩʥʠʞʘʝʪ ʧʦʩʪʫʧʣʝʥʠʝ ʩʦʣʥʝʯʥʦʡ 

ʨʘʜʠʘʮʠʠ, ʢʦʪʦʨʦʝ ʚʝʜʝʪ ʢ ʦʭʣʘʞʜʝʥʠʶ ʢʣʠʤʘʪʘ ʠ ʠʟʤʝʥʝʥʠʶ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ, 
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ʯʪʦ ʚʝʜʝʪ ʢ ʠʟʤʝʥʝʥʠʶ ʧʦʪʦʢʦʚ ʫʛʣʝʨʦʜʘ. ɺʩʝ ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʚʣʠʷʶʪ ʥʘ ʬʠʢʩʘʮʠʶ ʫʛʣʝʨʦʜʘ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʥʘ ʩʫʰʝ, ʘ ʪʘʢʞʝ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ CO2 ʚ ʘʪʤʦʩʬʝʨʝ ʠ ʢʣʠʤʘʪ. ɼʦ ʩʠʭ ʧʦʨ 

ʦʩʪʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʷʩʥʳʤ, ʚ ʢʘʢʦʡ ʩʪʝʧʝʥʠ ʚʣʠʷʝʪ ʠʟʤʝʥʝʥʠʝ ʧʦʪʦʢʦʚ ʨʘʜʠʘʮʠʠ ʥʘ 

ʧʦʪʦʢʠ ʫʛʣʝʨʦʜʘ ʠ ʥʘʩʢʦʣʴʢʦ ʦʥʠ ʟʥʘʯʠʤʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʜʨʫʛʠʭ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ. 

ɺ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʨʝʛʠʦʥʝ ʩʨʝʜʠ ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ 

ʘʪʤʦʩʬʝʨʳ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʟʘʛʨʷʟʥʝʥʠʷ ʦʪ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ, ʘ ʪʘʢʞʝ ʧʨʦʜʫʢʪʳ ʩʛʦʨʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʪʦʧʣʠʚʘ. ʊʘʢʞʝ ʩʚʦʡ ʚʢʣʘʜ ʚʥʦʩʷʪ 

ʝʩʪʝʩʪʚʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʟʘʛʨʷʟʥʝʥʠʷ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʯʝʣʦʚʝʢʘ. ʕʪʦ ʘʵʨʦʟʦʣʴʥʳʝ ʯʘʩʪʠʮʳ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ [203]. 

ʂʨʫʧʥʳʝ ʛʦʨʦʜʘ ʦʢʘʟʳʚʘʶʪ ʤʘʩʰʪʘʙʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʟʘʛʨʷʟʥʝʥʠʝ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʚʦʟʜʫʭʘ ʚʩʣʝʜʩʪʚʠʝ ʚʳʙʨʦʩʦʚ ʩʦʪʝʥ ʪʦʥʥ ʨʘʟʣʠʯʥʳʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ 

ʚʣʠʷʶʪ ʥʘ ʩʘʤʦʯʫʚʩʪʚʠʝ ʥʘʩʝʣʝʥʠʷ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ ʷʚʣʷʝʪʩʷ ʧʨʦʤʳʰʣʝʥʥʳʤ ʮʝʥʪʨʦʤ 

ʉʝʚʝʨʦ-ɿʘʧʘʜʘ ʈʦʩʩʠʠ ʩ ʨʘʟʚʠʪʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ. ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʘʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʪʨʘʥʩʧʦʨʪʘ - 

ʥʘʟʝʤʥʦʛʦ, ʚʦʜʥʦʛʦ, ʚʦʟʜʫʰʥʦʛʦ ʫʭʫʜʰʘʝʪ ʩʦʩʪʦʷʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʢʘʢ ʩʘʤʦʛʦ 

ʛʦʨʦʜʘ, ʪʘʢ ʠ ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʥʝʤʫ ʦʙʣʘʩʪʝʡ ʚʩʣʝʜʩʪʚʠʝ ʧʝʨʝʥʦʩʘ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʨʦʩʪ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʯʠʩʣʝʥʥʦʩʪʠ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ [204]. ʇʦʩʪʦʷʥʥʘʷ ʪʝʥʜʝʥʮʠʷ ʢ ʫʚʝʣʠʯʝʥʠʶ ʣʝʛʢʦʚʳʭ ʠ ʛʨʫʟʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ 

ʩʦʩʪʘʚʣʷʝʪ 1.5-2.5 % ʚ ʛʦʜ. ɺ 2021 ʛʦʜʫ ʢʦʣʠʯʝʩʪʚʦ ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʚ ʛʦʨʦʜʝ 

ʩʦʩʪʘʚʠʣʦ 1 800 214 ʝʜ., ʛʨʫʟʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ 236 683 ʝʜ., ʘʚʪʦʙʫʩʦʚ 20 709 ʝʜ. ʚʩʝʛʦ 

2 057 606 ʝʜʠʥʠʮ ʪʨʘʥʩʧʦʨʪʘ. ʅʝ ʩʣʦʞʥʦ ʧʦʜʩʯʠʪʘʪʴ, ʯʪʦ ʥʘ ʢʘʞʜʳʭ ʪʨʝʭ ʞʠʪʝʣʝʡ 

ʤʝʛʘʧʦʣʠʩʘ ʧʨʠʭʦʜʠʪʩʷ ʦʜʠʥ ʘʚʪʦʤʦʙʠʣʴ. ɺʳʙʨʦʩʳ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʦʪ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʩʦʩʪʘʚʣʷʶʪ 128.9 ʪʳʩ. ʪʦʥʥ. ʆʪ ʩʪʘʮʠʦʥʘʨʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʚ ʘʪʤʦʩʬʝʨʫ ʩʫʤʤʘʨʥʦ ʚʳʙʨʘʩʳʚʘʝʪʩʷ 72.2 ʪʳʩ. ʪʦʥʥ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. ʆʩʥʦʚʥʦʡ ʦʙʲʝʤ ʚʳʙʨʦʩʦʚ - 64% ʦʪ ʩʫʤʤʘʨʥʳʭ ʚʳʙʨʦʩʦʚ ʚʩʝʭ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ, ʚʥʦʩʷʪ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ. ʆʩʥʦʚʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʟʘʛʨʷʟʥʝʥʠʷ ʩʨʝʜʠ ʩʪʘʮʠʦʥʘʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʷʚʣʷʶʪʩʷ ʩʝʢʪʦʨʘ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʧʝʨʝʜʘʯʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʛʘʟʘ, ʧʘʨʘ ʠ ʛʦʨʷʯʝʡ ʚʦʜʳ [205]. ʂʦʣʠʯʝʩʪʚʦ 

ʪʚʝʨʜʳʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʦʙʱʠʭ ʚʳʙʨʦʩʘʭ ʩʦʩʪʘʚʣʷʝʪ: ʦʪ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ï 0.5 ʪʳʩ. 

ʪʦʥʥ, ʦʪ ʩʪʘʮʠʦʥʘʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ - 3.3 ʪʳʩ. ʪʦʥʥ [206].  

ɿʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʠʩʪʠʨʘʥʠʠ ʘʩʬʘʣʴʪʘ, 

ʧʦʢʨʳʰʝʢ, ʪʦʨʤʦʟʥʳʭ ʜʠʩʢʦʚ ʠ ʢʦʣʦʜʦʢ, ʰʠʧʦʚ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʰʠʥ, ʯʘʩʪʠʮ ʧʦʯʚʳ ʠ 

ʧʝʩʯʘʥʳʭ ʠ ʩʦʣʷʥʳʭ ʩʤʝʩʝʡ, ʢʦʪʦʨʳʤʠ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʜʦʨʦʛʠ [207]. ɺʩʷ ʵʪʘ ʩʤʝʩʴ, ʥʘ 
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ʢʦʪʦʨʦʡ ʘʜʩʦʨʙʠʨʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʟʘʛʨʷʟʥʷʶʱʠʝ ʚʝʱʝʩʪʚʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʘʥʮʝʨʦʛʝʥʥʳʝ 

ʧʦʜʥʠʤʘʝʪʩʷ ʚ ʚʦʟʜʫʭ [208-210]. 

ʇʳʣʝʚʳʝ ʯʘʩʪʠʮʳ (ʩʘʞʘ) ʵʬʬʝʢʪʠʚʥʦ ʧʦʛʣʦʱʘʶʪ ʠʟʣʫʯʝʥʠʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʧʦʩʪʫʧʘʶʱʝʛʦ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ: ʧʨʠ 0.1 ʤʛ/ʤ3 ï ʜʦ 10%, 

ʧʨʠ 1 ʤʛ/ʤ3 ï ʜʦ 55% [207]. ɸʥʪʨʦʧʦʛʝʥʥʳʡ ʠ ʧʨʠʨʦʜʥʳʡ ʘʵʨʦʟʦʣʴ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ [211]. 

ʄʝʪʦʜʳ ʣʠʜʘʨʥʦʛʦ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʚʘʪʴ ʩʦʜʝʨʞʘʥʠʝ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ 

ʘʪʤʦʩʬʝʨʥʦʤ ʚʦʟʜʫʭʝ, ʩʚʦʝʚʨʝʤʝʥʥʦ ʦʙʥʘʨʫʞʠʚʘʪʴ ʥʝʛʘʪʠʚʥʳʝ ʠʟʤʝʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʠ ʚʳʷʚʣʷʪʴ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʝ ʷʚʣʝʥʠʷ [212-214]. 

ɺ ʈʦʩʩʠʠ ʘʢʪʠʚʥʦ ʨʘʙʦʪʘʶʪ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʣʠʜʘʨʥʳʝ 

ʩʠʩʪʝʤʳ - ʠʥʩʪʠʪʫʪ ʦʧʪʠʢʠ ʘʪʤʦʩʬʝʨʳ ʠʤ. ɺ.ɽ. ɿʫʝʚʘ ʉʆ ʈɸʅ, ʊʦʤʩʢ, ɸʆ çʃʘʟʝʨʥʳʝ 

ʩʠʩʪʝʤʳè ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ ʠ ʜʨ., ʧʨʦʚʦʜʷʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʨʦʚʦʛʦ ʫʨʦʚʥʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ 

ʩʦʩʪʘʚʝ ʚʝʜʫʱʠʭ ʥʘʫʯʥʳʭ ʛʨʫʧʧ [215-222]. 

ʃʠʜʘʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʧʦ ʚʩʝʤʫ ʤʠʨʫ ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ 

ʘʵʨʦʟʦʣʴʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ ʚ ʘʪʤʦʩʬʝʨʝ, ʚʳʙʨʦʩʦʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʧʝʨʝʥʦʩʘ 

ʘʵʨʦʟʦʣʝʡ ʧʨʠ ʧʝʩʯʘʥʳʭ ʙʫʨʷʭ, ʛʦʨʝʥʠʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʠʟʚʝʨʞʝʥʠʠ ʚʫʣʢʘʥʦʚ ʠ ʪ.ʜ. [223-

232]. ʉʦʟʜʘʥʦ ʤʥʦʛʦ ʢʨʫʧʥʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʩʝʪʝʡ, 

ʠʩʧʦʣʴʟʫʶʱʠʭ ʣʠʜʘʨʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. ʉʝʪʴ NDACC (https://www.ndsc.ncep.noaa.gov), 

ʦʙʲʝʜʠʥʷʶʱʘʷ 16 ʣʠʜʘʨʥʳʭ ʩʪʘʥʮʠʡ, ʩʦʟʜʘʥʘ ʜʣʷ ʛʣʦʙʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʦʟʦʥʘ, ʘʵʨʦʟʦʣʷ, 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ. ɼʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʪʨʦʧʦʩʬʝʨʥʦʛʦ ʘʵʨʦʟʦʣʷ ʧʦʜ ʵʛʠʜʦʡ NASA 

ʨʘʟʚʠʚʘʝʪʩʷ ʣʠʜʘʨʥʘʷ ʩʝʪʴ MPL-Net [233]. 

ɺ 2000 ʛ. ʩʬʦʨʤʠʨʦʚʘʥʘ ɽʚʨʦʧʝʡʩʢʘʷ ʣʠʜʘʨʥʘʷ ʩʝʪʴ EARLINET (European Aerosol 

Research Lidar Network), ʢʦʦʨʜʠʥʠʨʫʶʱʘʷ ʨʘʙʦʪʫ ʙʦʣʝʝ ʯʝʤ 20 ʣʠʜʘʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʝʚʨʦʧʝʡʩʢʠʭ ʩʪʨʘʥ ʧʦ ʤʦʥʠʪʦʨʠʥʛʫ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ ʧʝʨʝʥʦʩʘ ʘʵʨʦʟʦʣʴʥʳʭ ʧʨʠʤʝʩʝʡ, ʚ 

ʦʩʥʦʚʥʦʤ ʠʟ ʨʘʡʦʥʘ ʧʫʩʪʳʥʠ ʉʘʭʘʨʘ (https://www.earlinet.org/index.php). ɺ 2014 ʛʦʜʫ 

ʧʦʷʚʠʣʘʩʴ ʧʝʨʚʘʷ ʩʪʘʥʮʠʷ EARLINET ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ. ʆʙʦʨʫʜʦʚʘʥʠʝ ʨʘʟʤʝʱʝʥʦ ʚ 

ʈʝʩʫʨʩʥʦʤ ʮʝʥʪʨʝ (ʈʎ) çʆʙʩʝʨʚʘʪʦʨʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠè ʅʘʫʯʥʦʛʦ ʧʘʨʢʘ 

ʉʇʙɻʋ ʥʘ ɺʘʩʠʣʴʝʚʩʢʦʤ ʦʩʪʨʦʚʝ ʚ ʥʘʠʙʦʣʝʝ ʘʥʪʨʦʧʦʛʝʥʥʦ ʥʘʛʨʫʞʝʥʥʦʡ ʯʘʩʪʠ ʛ. ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʘ. ɺ ʈʎ ʧʨʦʚʦʜʷʪʩʷ ʨʘʙʦʪʳ ʧʦ ʦʪʩʣʝʞʠʚʘʥʠʶ ʧʝʨʝʥʦʩʘ ʘʵʨʦʟʦʣʝʡ ʚ ʉʝʚʝʨʦ-

ɿʘʧʘʜʥʦʤ ʨʝʛʠʦʥʝ ʩ 2014 ʛʦʜʘ. 

ʃʠʜʘʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʥʦʩʘ ʧʳʣʝʚʦʛʦ ʘʵʨʦʟʦʣʷ ʩ ʧʫʩʪʳʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʂʠʪʘʷ 

ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʨʘʤʢʘʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ɸʟʠʘʪʩʢʦʡ ʣʠʜʘʨʥʦʡ ʩʝʪʠ AD-Net (Asian Dust 

Network) [234]. ʉʦʟʜʘʥʘ ɺʦʩʪʦʯʥʦ-ɸʤʝʨʠʢʘʥʩʢʘʷ ʣʠʜʘʨʥʘʷ ʤʝʟʦʩʝʪʴ REALM (Regional East 

Atmospheric Lidar Mesonet) [235]. ʄʦʥʠʪʦʨʠʥʛ ʘʪʤʦʩʬʝʨʥʦʛʦ ʘʵʨʦʟʦʣʷ ʠ ʦʟʦʥʘ ʚ ʨʝʛʠʦʥʘʭ 
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ʉʅɻ, ʥʘʯʠʥʘʷ ʩ 2006 ʛ., ʨʝʛʫʣʷʨʥʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʪʠ ʣʠʜʘʨʥʳʭ 

ʩʪʘʥʮʠʡ CIS-LiNet, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʈʦʩʩʠʠ, ɹʝʣʘʨʫʩʠ ʠ ʂʠʨʛʠʟʠʠ [222]. 

ʇʦʤʠʤʦ ʩʝʪʝʡ, ʚ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʘʵʨʦʟʦʣʷ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʙʳʣʘ ʩʦʟʜʘʥʘ ʩʝʪʴ AERONET (ɸʵʨʦʟʦʣʴʥʘʷ 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʘʷ ʩʝʪʴ), ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʩʝʪʴ ʥʘʟʝʤʥʳʭ ʩʦʣʥʝʯʥʳʭ ʬʦʪʦʤʝʪʨʦʚ, 

ʢʦʪʦʨʳʝ ʠʟʤʝʨʷʶʪ ʩʚʦʡʩʪʚʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʘʵʨʦʟʦʣʷ. ʀʟʤʝʨʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʧʝʢʪʨʘʣʴʥʳʡ ʨʘʜʠʦʤʝʪʨ CIMEL Electronique 318A, ʢʦʪʦʨʳʡ ʠʟʤʝʨʷʝʪ ʩʦʣʥʝʯʥʦʝ ʠ 

ʥʝʙʝʩʥʦʝ ʩʠʷʥʠʝ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʜʣʠʥʘʭ ʚʦʣʥ. AERONET ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʥʝʧʨʝʨʳʚʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʘʵʨʦʟʦʣʴʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʪʦʣʱʠʥʳ (ɸʆʊ). ɺ ʜʘʣʴʥʝʡʰʝʤ ʜʘʥʥʳʝ 

ʧʨʦʭʦʜʷʪ ʩʧʝʮʠʘʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ, ʛʜʝ ʦʪʩʝʠʚʘʶʪʩʷ ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ 

ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ. (https://aeronet.gsfc.nasa.gov)  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʣʠʜʘʨʦʚ ʠ ʬʦʪʦʤʝʪʨʦʚ ʧʦ ʚʩʝʤʫ ʤʠʨʫ ʛʦʚʦʨʠʪ ʦʙ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʘʵʨʦʟʦʣʝʡ ʚ ʘʪʤʦʩʬʝʨʥʦʡ ʪʦʣʱʝ [236-239]. ʃʠʜʘʨ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʟʥʘʯʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʪʦʣʱʠʥʳ ʩ ʨʘʟʙʠʚʢʦʡ ʧʦ ʚʳʩʦʪʘʤ, ʬʦʪʦʤʝʪʨ ʞʝ ʜʘʝʪ 

ʠʥʪʝʛʨʘʣ ɸʆʊ ʚʩʝʛʦ ʘʪʤʦʩʬʝʨʥʦʛʦ ʩʪʦʣʙʘ. ɸʵʨʦʟʦʣʴʥʘʷ ʦʧʪʠʯʝʩʢʘʷ ʪʦʣʱʠʥʘ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʚʘʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʜʝʨʞʘʥʠʠ ʘʵʨʦʟʦʣʷ ʚ ʘʪʤʦʩʬʝʨʝ [240-242].  

ʀʟʤʝʥʯʠʚʦʩʪʴ ʩʦʜʝʨʞʘʥʠʷ ʘʵʨʦʟʦʣʝʡ ʚ ʧʨʠʟʝʤʥʦʤ ʩʣʦʝ ʘʪʤʦʩʬʝʨʳ ʚ ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʝ ʠ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʫʯʝʥʘ. ʋʯʠʪʳʚʘʷ ʚʣʠʷʥʠʝ ʘʵʨʦʟʦʣʝʡ 

ʥʘ ʢʣʠʤʘʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ, ʫʛʣʝʨʦʜʥʳʡ ʙʘʣʘʥʩ ʠ ʟʜʦʨʦʚʴʝ ʥʘʩʝʣʝʥʠʷ, ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʮʝʥʠʪʴ ʚʢʣʘʜ ʘʵʨʦʟʦʣʷ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʵʨʦʟʦʣʷ ʚ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʤ ʨʝʛʠʦʥʝ 

ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʣʠʜʘʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʚʘʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ.  

ɺ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ ʠ ʧʨʠʣʝʛʘʶʱʠʭ ʪʝʨʨʠʪʦʨʠʷʭ, ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʦʷʥʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʠ ʩʦʩʪʘʚʘ ʘʵʨʦʟʦʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʚ ʘʪʤʦʩʬʝʨʝ, ʩʚʷʟʘʥʥʦʝ ʩ 

ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʳʙʨʦʩʦʚ ʦʪ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ, ʘ ʪʘʢʞʝ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʪʦʧʣʠʚʘ. ʊʘʢʞʝ ʩʚʦʡ ʚʢʣʘʜ ʚʥʦʩʷʪ 

ʘʵʨʦʟʦʣʴʥʳʝ ʯʘʩʪʠʮʳ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ [203].  

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʘʵʨʦʟʦʣʝʡ ʩʦʩʪʦʷʥʠʷ ʘʪʤʦʩʬʝʨʳ ʥʘʜ 

ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʤʠ ʪʝʨʨʠʪʦʨʠʷʤʠ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʠ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʚʝʩʪʠ ʦʮʝʥʢʫ ʠʟʤʝʥʝʥʠʷ ʧʨʠʭʦʜʷʱʝʡ ʧʨʷʤʦʡ ʠ ʨʘʩʩʝʷʥʥʦʡ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ. 

7.1.1 ɸʵʨʦʟʦʣʴʥʳʝ ʟʘʛʨʷʟʥʝʥʠʷ ʥʘʜ ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʦʤ ʚ ʨʘʟʥʳʝ ʩʝʟʦʥʳ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʣʠʜʘʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʩ 2014 ʧʦ 2022 ʛʦʜ 

ʀʟʤʝʨʝʥʠʷ ɸʆʊ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʥʦʛʦʚʦʣʥʦʚʦʛʦ Nd:YAG ʣʘʟʝʨʘ, 

ʨʘʙʦʪʘʶʱʝʛʦ ʥʘ ʪʨʝʭ ʜʣʠʥʘʭ ʚʦʣʥ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʥʘ 10 ʣʠʥʠʠ, ɺ.ʆ, ʜʦʤ 33/35 ʛ. ʉʘʥʢʪ-
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ʇʝʪʝʨʙʫʨʛʘ ʥʘ ʚʳʩʦʪʝ 23 ʤʝʪʨʘ ʥʘʜ ʟʝʤʣʝʡ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʠʜʘʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 29. 

 

ʊʘʙʣʠʮʘ 29. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʵʨʦʟʦʣʴʥʦʛʦ ʣʠʜʘʨʘ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʣʠʜʘʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʠʤʧʫʣʴʩʘ 

1064 ʥʤ 420 ʤɼʞ 

532 ʥʤ 160 ʤɼʞ 

355 ʥʤ 100 ʤɼʞ 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ 5-8 ʥʩ 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ʥʘ ʚʳʭʦʜʥʦʡ ʘʧʝʨʪʫʨʝ ʣʠʜʘʨʘ 

1064 ʥʤ 43.7 ʤɼʞ/ʢʚ.ʩʤ 

532 ʥʤ 16.6 ʤɼʞ/ʢʚ.ʩʤ 

355 ʥʤ 10.4 ʤɼʞ/ʢʚ.ʩʤ 

ʏʘʩʪʦʪʘ ʩʣʝʜʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ, ɻʮ 20 

ɼʠʘʤʝʪʨ ʘʧʝʨʪʫʨʳ ʪʝʣʝʩʢʦʧʘ, ʤʤ 300 

ʊʠʧ ʪʝʣʝʩʢʦʧʘ ʈʝʬʣʝʢʪʦʨ ʅʴʶʪʦʥʘ 

ʉʣʝʧʘʷ ʟʦʥʘ, ʤ 300 

ʌʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ, ʤʤ 1200 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʦʪʚʝʨʩʪʠʝ 1 : 3.4 

ʇʦʣʝʚʘʷ ʜʠʘʬʨʘʛʤʘ, ʤʤ 0.6 

ʈʘʙʦʯʠʝ ʜʣʠʥʳ ʚʦʣʥ, ʤʢʤ 0.532, 1.064 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ, ʤ 7.5 

 

ɼʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʘʪʤʦʩʬʝʨʳ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʫʨʘʚʥʝʥʠʝ 

ʣʠʜʘʨʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ: 

 

(9) 

ʛʜʝ P(z) ï ʤʦʱʥʦʩʪʴ ʜʝʪʝʢʪʠʨʫʝʤʦʛʦ ʦʙʨʘʪʥʦ ʨʘʩʩʝʷʥʥʦʛʦ ʩʠʛʥʘʣʘ ʩ ʚʳʩʦʪʳ z, A ï 

ʘʧʧʘʨʘʪʥʘʷ ʢʦʥʩʪʘʥʪʘ, a(zô) ï ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ, b(z) ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʦʩʣʘʙʣʝʥʠʷ. ɸʵʨʦʟʦʣʴʥʘʷ ʦʧʪʠʯʝʩʢʘʷ ʪʦʣʱʠʥʘ ʚ ʩʣʦʝ ʩ ʚʳʩʦʪʳ ʦʪ zmin ʜʦ zmax ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʩʩʯʠʪʘʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

(10) 
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ʈʘʩʯʸʪ ʦʧʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʚʳʧʦʣʥʷʣʩʷ ʧʦ ʤʝʪʦʜʫ ʂʣʝʪʪʘ. ʇʨʠ ʦʙʨʘʙʦʪʢʝ 

ʜʘʥʥʳʭ ʧʦʛʨʝʰʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 20 ʧʨʦʮʝʥʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʠ ʩʦʜʝʨʞʘʥʠʷ 

ʘʵʨʦʟʦʣʷ ʠ ʩʦʩʪʦʷʥʠʷ ʘʪʤʦʩʬʝʨʳ [75-77]. 

ʀʟʤʝʨʝʥʠʷ ʣʠʜʘʨʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʷʩʥʫʶ ʧʦʛʦʜʫ, ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʦʙʣʘʢʦʚ ʥʠʞʥʝʛʦ ʠ ʩʨʝʜʥʝʛʦ ʷʨʫʩʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʝʩʥʦʡ ʠ ʣʝʪʦʤ ʧʨʦʚʦʜʠʣʦʩʴ ʙʦʣʴʰʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʠʟʤʝʨʝʥʠʡ, ʯʝʤ ʚ ʦʩʝʥʥʝ-ʟʠʤʥʠʡ ʧʝʨʠʦʜ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʩʦʣʥʝʯʥʳʭ 

ʜʥʝʡ, ʧʦʜʭʦʜʷʱʠʭ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ. ʂʦʣʠʯʝʩʪʚʦ ʠʟʤʝʨʝʥʠʡ ʧʦ ʛʦʜʘʤ ʧʨʠʚʝʜʝʥʦ 

ʚ ʪʘʙʣʠʮʝ 30. 

 

ʊʘʙʣʠʮʘ 30. ʂʦʣʠʯʝʩʪʚʦ ʠʟʤʝʨʝʥʠʡ ʧʦ ʩʝʟʦʥʘʤ ʠ ʛʦʜʘʤ. 

ɻʦʜ 
ʉʝʟʦʥ 

ʚʩʝʛʦ 
ɿʠʤʘ ɺʝʩʥʘ ʃʝʪʦ ʆʩʝʥʴ 

2014 4 7 11 6 28 

2015 7 13 12 4 36 

2016 2 5 2 2 11 

2017 6 19 22 10 57 

2018 7 10 0 4 21 

2019 3 1 6 0 10 

2020 1 6 2 0 9 

2021 0 1 1 3 5 

2022 2 20 1 2 25 

ʚʩʝʛʦ 32 82 57 31 202 

 

ɺ ʩʚʷʟʠ ʩ Covid ʦʛʨʘʥʠʯʝʥʠʷʤʠ, ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʥʘʣʘʜʢʠ ʠ ʨʝʤʦʥʪʘ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʧʨʦʚʝʜʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʣʘʟʝʨʘ, ʘ ʪʘʢʞʝ ʨʘʟʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʜʥʝʡ ʩ 

ʧʦʜʭʦʜʷʱʝʡ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʧʦʛʦʜʦʡ, ʢʦʣʠʯʝʩʪʚʦ ʠʟʤʝʨʝʥʠʡ ʚ ʨʘʟʥʳʝ ʛʦʜʳ ʨʘʟʣʠʯʘʝʪʩʷ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʥʦʛʦʣʝʪʥʝʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʚʠʜʥʦ, ʯʪʦ ɸʆʊ ʚʳʰʝ ʚ ʚʝʩʝʥʥʝ-ʣʝʪʥʠʝ 

ʜʥʠ. ʇʦʚʳʰʝʥʥʳʡ ʫʨʦʚʝʥʴ ɸʆʊ ʚ 2021 ʠ 2016 ʛʛ. ʩʚʷʟʘʥ ʩ ʥʘʣʠʯʠʝʤ ʝʜʠʥʠʯʥʳʭ ʠʟʤʝʨʝʥʠʡ, 

ʧʨʦʚʝʜʸʥʥʳʭ ʚ ʣʝʪʥʠʡ ʩʝʟʦʥ ʩʪʘʮʠʦʥʘʨʥʳʤ ʣʠʜʘʨʥʳʤ ʢʦʤʧʣʝʢʩʦʤ. ʇʦʵʪʦʤʫ ʤʘʢʩʠʤʘʣʴʥʳʝ 

ʩʝʟʦʥʥʳʝ ʟʥʘʯʝʥʠʷ ɸʆʊ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 355 ʥʤ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʣʝʪʦʤ 2016 ʛ. ï 0,25 ʠ 

2021ʛ. ï 0.27ʠ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 532 ʥʤ ɸʆʊ ʣʝʪʦʤ 2016 ʛ. ï 0.12 ʠ 2021 ʛ. ï 0.08 ʙʳʣʠ ʙʳ, 

ʩʢʦʨʝʝ ʚʩʝʛʦ, ʩʛʣʘʞʝʥʳ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʟʤʝʨʝʥʠʡ (ʈʠʩʫʥʦʢ 42). 

ʄʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ɸʆʊ 355 ʥʤ ʦʪʤʝʯʘʶʪʩʷ ʦʩʝʥʴʶ 2014 ʛ. ï 0.05 ʠ ʟʠʤʦʡ 2017 

ʠ 2022 ʛʛ. ï 0.08, ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ɸʆʊ 532 ʥʤ ʦʪʤʝʯʘʶʪʩʷ ʟʠʤʦʡ 2017 ʛ. ï 0.025, 

2018 ʛ. ï 0.023, 2022 ʛ. ï 0.018. ɿʥʘʯʝʥʠʷ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 355ʥʤ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ 2-2.5 ʨʘʟʘ 

ʚʳʰʝ, ʯʝʤ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 532 ʥʤ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʧʨʝʦʙʣʘʜʘʥʠʠ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʘʵʨʦʟʦʣʷ 

ʥʘʜ ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʦʤ. ʇʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʘʵʨʦʟʦʣʝʡ ʥʘʜ ʛʦʨʦʜʦʤ ʧʨʠ ʧʦʚʳʰʝʥʠʠ 
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ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ, ʩʚʷʟʘʥʦ ʩ ʚʝʨʪʠʢʘʣʴʥʳʤ ʧʝʨʝʤʝʱʝʥʠʝʤ ʚʦʟʜʫʭʘ, ʦʙʫʩʣʦʚʣʝʥʥʳʤ 

ʨʘʟʥʦʩʪʴʶ ʪʝʤʧʝʨʘʪʫʨ. ɺ ʮʝʣʦʤ ʚ ʟʥʘʯʝʥʠʷʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʵʨʦʟʦʣʝʡ ʚ ʨʘʟʥʳʝ ʩʝʟʦʥʳ ʩ 

2014 ʧʦ 2022 ʛʦʜ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ɸʆʊ ʚ ʣʝʪʥʠʝ ʠ ʚʝʩʝʥʥʠʝ ʤʝʩʷʮʳ ʠ 

ʧʦʥʠʞʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʟʠʤʥʝʝ ʚʨʝʤʷ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʟʥʘʯʝʥʠʷ ɸʆʊ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ 

ʥʘʙʣʶʜʝʥʠʡ ʦʩʪʘʶʪʩʷ ʥʘ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʫʨʦʚʥʝ. 

 

 

ɸ 

 

ɺ 

ʈʠʩʫʥʦʢ 42 ï ʉʝʟʦʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʪʦʣʱʠʥʳ ʧʦ ʛʦʜʘʤ ʩ 2014 ʧʦ 2022 ʛʛ., 

ʜʣʷ 355 ʥʤ ʢʘʥʘʣʘ (ɸ) ʠ ʜʣʷ 532 ʥʤ ʢʘʥʘʣʘ (ɺ). 

 

ɺ ʩʚʷʟʠ ʩ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʜʘʥʥʳʭ ʜʣʷ ʦʮʝʥʢʠ ʠʟʤʝʥʯʠʚʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʵʨʦʟʦʣʝʡ ʧʦ ʩʝʟʦʥʘʤ ʚ ʨʘʟʥʳʝ ʛʦʜʘ, ʙʳʣ ʚʳʧʦʣʥʝʥ ʨʘʩʯʝʪ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ 

ɸʆʊ ʜʣʷ ʢʘʞʜʦʛʦ ʩʝʟʦʥʘ ʟʘ ʚʩʝ ʛʦʜʘ ʥʘʙʣʶʜʝʥʠʡ ʜʣʷ ʜʚʫʭ ʢʘʥʘʣʦʚ: 355 ʠ 532 ʥʤ, ʨʝʟʫʣʴʪʘʪʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩʫʥʢʝ 43. 
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ʈʠʩʫʥʦʢ 43 ï ʉʨʝʜʥʷʷ ʦʧʪʠʯʝʩʢʘʷ ʪʦʣʱʠʥʘ ʟʘ ʧʝʨʠʦʜ 2014-2022 ʛʛ. 

 

ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʝ 43 ʣʝʪʦʤ ɸʆʊ ʠʤʝʝʪ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ, ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 

ʚ ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʠʝ, ʯʝʤ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ, ʢʘʢ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 355ʥʤ, ʪʘʢ ʠ 532 ʥʤ. ɸʆʊ 

355ʥʤ ʣʝʪʦʤ ʩʦʩʪʘʚʣʷʝʪ 0.194, 0.145 ʚʝʩʥʦʡ, 0.13 ʦʩʝʥʴʶ, 0.104 ʟʠʤʦʡ. ʅʘ ʜʣʠʥʝ ʚʦʣʥʳ 532 

ʥʤ ɸʆʊ ʣʝʪʦʤ ʩʦʩʪʘʚʣʷʝʪ 0.07, 0.06 ʚʝʩʥʦʡ, 0.045 ʦʩʝʥʴʶ ʠ ʟʠʤʦʡ 0.037. ʄʠʥʠʤʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ɸʆʊ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʟʠʤʦʡ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 355 ʥʤ ï 0.104, ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 532 

ʥʤ ï 0.037. ɺ ʧʨʦʮʝʥʪʥʦʤ ʦʪʥʦʰʝʥʠʠ ɿʥʘʯʝʥʠʷ ɸʆʊ 355 ʥʤ ʣʝʪʦʤ, ʥʘ 87% ʚʳʰʝ, ʯʝʤ ʟʠʤʦʡ, 

ʥʘ 49% ʚʳʰʝ, ʯʝʤ ʦʩʝʥʴʶ, ʠ ʥʘ 33% ʚʳʰʝ, ʯʝʤ ʚʝʩʥʦʡ. ɿʥʘʯʝʥʠʷ ɸʆʊ 532 ʣʝʪʦʤ ʥʘ 89% 

ʚʳʰʝ, ʯʝʤ ʟʠʤʦʡ, ʥʘ 54% ʚʳʰʝ, ʯʝʤ ʦʩʝʥʴʶ, ʠ ʥʘ 17 % ʚʳʰʝ, ʯʝʤ ʚʝʩʥʦʡ. ɿʥʘʯʝʥʠʷ ɸʆʊ 

ʧʦʣʫʯʝʥʥʳʝ ʚʝʩʥʦʡ ʧʨʝʚʳʰʘʶʪ ɸʆʊ ʧʦʣʫʯʝʥʥʳʝ ʦʩʝʥʴʶ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 355 ʥʤ ʥʘ 12%, 

ʥʘ 32% ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 532 ʥʤ. 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ɸʆʊ ʦʪʤʝʯʘʶʪʩʷ ʣʝʪʦʤ, ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 355 ʥʤ ɸʆʊ 

ʩʦʩʪʘʚʣʷʝʪ 0.194, ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 532 ʥʤ ï 0.070, ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ɸʆʊ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʟʠʤʦʡ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 355 ʥʤ ï 0.104, ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 532 ʥʤ ï 0.037.  

ʇʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʘʵʨʦʟʦʣʝʡ ʚ ʪʝʧʣʳʝ ʜʥʠ ʩʚʷʟʘʥʦ ʩ ʧʨʦʛʨʝʚʘʥʠʝʤ ʧʦʛʨʘʥʠʯʥʦʛʦ 

ʩʣʦʷ ʘʪʤʦʩʬʝʨʳ ʠ ʧʦʜʲʝʤʦʤ ʚʦʟʜʫʭʘ ʩ ʩʦʜʝʨʞʘʱʠʤʠʩʷ ʘʵʨʦʟʦʣʴʥʳʤʠ ʟʘʛʨʷʟʥʝʥʠʷʤʠ 

ʚʤʝʩʪʝ ʩ ʢʦʥʚʝʢʪʠʚʥʳʤʠ ʧʦʪʦʢʘʤʠ. ɺ ʟʠʤʥʠʝ ʤʝʩʷʮʳ ʩʦʜʝʨʞʘʥʠʝ ʘʵʨʦʟʦʣʝʡ ʚ ʧʨʠʟʝʤʥʦʤ 

ʩʣʦʝ ʘʪʤʦʩʬʝʨʳ ʤʠʥʠʤʘʣʴʥʦ, ʯʪʦ ʩʚʷʟʘʥʦ, ʚ ʪʦʤ ʯʠʩʣʝ, ʩ ʝʛʦ ʘʢʢʫʤʫʣʷʮʠʝʡ ʩʥʝʞʥʳʤ 

ʧʦʢʨʦʚʦʤ. ʉ ʧʦʪʝʧʣʝʥʠʝʤ, ʚʳʩʳʭʘʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ, ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʵʨʦʟʦʣʷ 

ʧʦʜʥʠʤʘʝʪʩʷ ʚ ʘʪʤʦʩʬʝʨʫ. ʀʤʝʥʥʦ ʚ ʵʪʠ ʤʝʩʷʮʳ ʦʢʘʟʳʚʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʟʜʦʨʦʚʴʝ ʥʘʩʝʣʝʥʠʷ, ʠ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʥʦʩ ʘʵʨʦʟʦʣʝʡ ʚ ʙʣʠʟʣʝʞʘʱʠʝ ʦʙʣʘʩʪʠ. 

ʉʦʜʝʨʞʘʥʠʝ ʘʵʨʦʟʦʣʝʡ ʩʥʠʞʝʥʦ ʦʩʝʥʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʝʩʝʥʥʠʤ ʩʝʟʦʥʦʤ, ʯʪʦ, ʧʦ 

ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʩʚʷʟʘʥʦ ʩ ʚʳʜʫʚʘʥʠʝʤ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʥʘʢʦʧʣʝʥʥʳʭ ʟʘ ʟʠʤʫ ʘʵʨʦʟʦʣʴʥʳʭ 

ʯʘʩʪʠʮ, ʘ ʪʘʢʞʝ ʩ ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʜʥʝʡ ʩ ʦʩʘʜʢʘʤʠ ʚ ʦʩʝʥʥʠʡ ʧʝʨʠʦʜ, ʢʦʪʦʨʳʝ 

ʚʥʦʩʷʪ ʩʚʦʡ ʚʢʣʘʜ ʝʩʪʝʩʪʚʝʥʥʦʝ ʩʘʤʦʦʯʠʱʝʥʠʝ ʘʪʤʦʩʬʝʨʳ. 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʠʟʤʝʨʝʥʠʝ ɸʆʊ ʚʳʧʦʣʥʝʥʦ ʩ ʚʳʩʦʪʳ 300 ʤʝʪʨʦʚ, ʚʦʟʤʦʞʥʦ, ʯʪʦ 

ʯʘʩʪʴ ʘʵʨʦʟʦʣʝʡ ʦʙʨʘʟʦʚʘʣʘʩʴ ʟʘ ʯʝʨʪʦʡ ʛʦʨʦʜʘ ʠ ʙʳʣʘ ʧʝʨʝʥʝʩʝʥʘ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ ʚʤʝʩʪʝ 
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ʩ ʚʝʪʨʦʚʳʤʠ ʧʦʪʦʢʘʤʠ ʩ ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʛʦʨʦʜʫ ʪʝʨʨʠʪʦʨʠʡ. ɼʣʷ ʙʦʣʝʝ ʪʦʯʥʦʡ ʦʮʝʥʢʠ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʯʝʨʪʝ ʛʦʨʦʜʘ ʘʵʨʦʟʦʣʴʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ, ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ 

ʦʜʥʦʚʨʝʤʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʘʵʨʦʟʦʣʷ ʥʘ ʛʨʘʥʠʮʝ ʉʇʙ ʠ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ, ʥʘʜ ʛʦʨʦʜʦʤ 

ʠ ʥʘ ʚʳʭʦʜʝ ʩ ʪʝʨʨʠʪʦʨʠʠ ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʩ ʫʯʝʪʦʤ ʚʝʪʨʦʚʦʡ ʦʙʩʪʘʥʦʚʢʠ. 

7.1.2 ɸʵʨʦʟʦʣʴʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʘʪʤʦʩʬʝʨʳ ʧʦ ʜʘʥʥʳʤ ʣʠʜʘʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ 

ʩʦʣʥʝʯʥʦʛʦ ʬʦʪʦʤʝʪʨʘ 

ɺ ʨʘʙʦʪʝ ʩʨʘʚʥʠʚʘʣʠʩʴ ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʵʨʦʟʦʣʴʥʦʛʦ Nd:YAG 

ʣʠʜʘʨʘ ʠ ʩʦʣʥʝʯʥʦʛʦ ʬʦʪʦʤʝʪʨʘ CIMEL ʉɽ 318 ʧʦʣʫʯʝʥʥʳʝ ʚ ʩʚʝʪʣʦʝ ʚʨʝʤʷ ʩʫʪʦʢ ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʦʙʣʘʯʥʦʩʪʠ ʚ ʘʪʤʦʩʬʝʨʝ. 

ʈʘʩʧʦʣʦʞʝʥʠʝ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʣʠʜʘʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʤʝʪʦʜʳ 

ʨʘʩʯʝʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʥʘʯʘʣʝ ʨʘʟʜʝʣʘ. 

ʉʦʣʥʝʯʥʳʡ ʬʦʪʦʤʝʪʨ CIMEL ʉɽ 318, ʫʩʪʘʥʦʚʣʝʥ ʚ ʇʝʪʝʨʛʦʬʝ (59,88 ʩ.ʰ., 29,83 ʚ.ʜ.) 

ʚ ʈʎ çɻʝʦʤʦʜʝʣʴè, ʚʳʩʦʪʘ ʧʣʦʱʘʜʢʠ 58 ʤ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ. ʌʦʪʦʤʝʪʨ CIMEL ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʦʧʪʠʯʝʩʢʫʶ ʪʦʣʱʠʥʫ ʘʪʤʦʩʬʝʨʥʦʛʦ ʩʪʦʣʙʘ ʥʘ ʩʣʝʜʫʶʱʠʭ ʜʣʠʥʘʭ ʚʦʣʥ 340, 380, 

440, 500, 675, 870, 940, 1020 ʠ 1640 ʥʤ [243]. ʌʦʪʦʤʝʪʨ ʚʩʝʛʜʘ ʥʘʧʨʘʚʣʝʥ ʥʘ ʩʦʣʥʮʝ ʩ 

ʧʦʤʦʱʴʶ ʚʩʪʨʦʝʥʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʪʨʝʢʝʨʘ. ʈʘʩʯʝʪʥʘʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʚ ʚʳʯʠʩʣʝʥʥʦʡ 

ɸʆʊ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʠʟ-ʟʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʢʘʣʠʙʨʦʚʢʠ, ʩʦʩʪʘʚʣʷʝʪ 0,010ï0,021. 

ɸʚʪʦʨʘʤʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʚʪʦʨʦʛʦ ʫʨʦʚʥʷ AERONET (ʚʝʨʩʠʷ ʦʙʨʘʙʦʪʢʠ 3,0), 

ʜʘʥʥʘʷ ʚʝʨʩʠʷ ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʘʪʴ ʤʝʰʘʶʱʠʝ ʬʘʢʪʦʨʳ, ʪʘʢʠʝ ʢʘʢ ʦʙʣʘʢʘ, ʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʘʥʦʤʘʣʠʠ, ʩʤʦʛ, ʩʣʘʙʫʶ ʩʧʝʢʪʨʘʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ. 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʣʠʜʘʨʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʠ ʬʦʪʦʤʝʪʨʦʤ CIMEL ʩʦʩʪʘʚʣʷʝʪ 25,8 ʢʤ. 

ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ 56 ʠʟʤʝʨʝʥʠʡ ʣʠʜʘʨʘ ʠ ʬʦʪʦʤʝʪʨʘ ʜʣʷ ʢʘʥʘʣʘ 532 ʥʤ, ʠ 52 

ʠʟʤʝʨʝʥʠʷ ʜʣʷ ʢʘʥʘʣʘ 355 ʥʤ ʩ 2014 ʧʦ 2021 ʛʦʜ (ʈʠʩʫʥʦʢ 44) ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʦʜʠʥ ʠ ʪʦʞʝ 

ʜʝʥʴ. ɿʘ 2022 ʛʦʜ ʜʘʥʥʳʝ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ ʦʪʩʫʪʩʪʚʫʶʪ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢ ʩʦʦʪʚʝʪʩʪʚʠʶ 

ʢʘʥʘʣʦʚ ʣʠʜʘʨʘ ʠ ʬʦʪʦʤʝʪʨʘ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʧʝʨʝʩʯʝʪ ʜʘʥʥʳʭ. ɸʆʊ 355 ʥʤ ʜʣʷ ʩʦʣʥʝʯʥʦʛʦ 

ʬʦʪʦʤʝʪʨʘ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʠʟ ɸʆʊ 380 ʠ 340 ʥʤ, 532 ʥʤ ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ɸʆʊ 500 ʠ 675 ʥʤ 

ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʷ (11) ʠ ʫʨʘʚʥʝʥʠʷ (12) [240, 244]. 

ὥ
ὰὲ
ὃὕὈ
ὃὕὈ

ὰὲ
‗
‗

 (11) 

ὃὕὈ ὃὕὈ
‗

‗
 (12) 

ʛʜʝ AOD ï ʘʵʨʦʟʦʣʴʥʘʷ ʦʧʪʠʯʝʩʢʘʷ ʪʦʣʱʠʥʘ, a - ʢʦʵʬʬʠʮʠʝʥʪ ɸʥʛʩʪʨʝʤʘ, ɚj ïʜʣʠʥʘ 

ʚʦʣʥʳ, ʥʘʭʦʜʷʱʘʷʩʷ ʤʝʞʜʫ ʜʣʠʥʘʤʠ ʚʦʣʥ ɚi ʠ ɚk. 
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ʈʠʩʫʥʦʢ 44 ï ʂʦʣʠʯʝʩʪʚʦ ʦʜʥʦʚʨʝʤʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʣʠʜʘʨʦʤ ʠ ʬʦʪʦʤʝʪʨʦʤ ʧʦ ʛʦʜʘʤ 

 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʩʩʪʦʷʥʠʝ ʚ ʧʦʯʪʠ 26 ʢʤ, ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʚʢʣʶʯʝʥʠʝ ʘʵʨʦʟʦʣʝʡ 

ʦʪ ʠʩʪʦʯʥʠʢʦʚ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʤʝʞʜʫ ʧʣʦʱʘʜʢʘʤʠ ʥʘʙʣʶʜʝʥʠʡ, ʥʘʣʠʯʠʝ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚ, 

ʦʪʣʠʯʠʝ ʥʠʞʥʠʭ ʩʣʦʝʚ ʘʪʤʦʩʬʝʨʳ ʛʦʨʦʜʘ ʠ ʧʨʠʛʦʨʦʜʘ ʚʣʠʷʝʪ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʤʝʱʘʝʤʦʛʦ 

ʘʵʨʦʟʦʣʷ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ ɸʆʊ.  

ʆʧʪʠʯʝʩʢʘʷ ʪʦʣʱʠʥʘ ʚʳʯʠʩʣʷʝʪʩʷ ʠʩʭʦʜʷ ʠʟ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʩʣʘʙʣʝʥʠʷ ʣʫʯʘ ʥʘ 

ʢʘʞʜʦʡ ʜʣʠʥʝ ʚʦʣʥʳ ʧʨʠ ʧʦʤʦʱʠ ʟʘʢʦʥʘ ɹʫʛʝʨʘ. ʈʝʣʝʝʚʩʢʦʝ ʨʘʩʩʝʷʥʠʝ ʧʨʠ ʨʘʩʯʸʪʝ ɸʆʊ 

ʧʦʣʫʯʝʥʥʦʡ ʣʠʜʘʨʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʧʨʦʛʨʘʤʥʦ ʦʪʙʨʘʩʳʚʘʝʪʩʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ 

ʠʤʝʥʥʦ ʦʧʪʠʯʝʩʢʫʶ ʪʦʣʱʠʥʫ ʘʵʨʦʟʦʣʷ. 

ɸʣʛʦʨʠʪʤ ʠʥʚʝʨʩʠʠ ʘʵʨʦʟʦʣʝʡ AERONET ʚʝʨʩʠʠ 3 ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʦʜʨʦʙʥʫʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʦʛʣʦʱʝʥʠʷ ʛʘʟʘ, ʢʦʪʦʨʘʷ ʥʝ ʫʯʠʪʳʚʘʣʘʩʴ ʚʦ ʚʪʦʨʦʡ ʠ ʧʨʝʜʳʜʫʱʠʭ ʚʝʨʩʠʷʭ. 

ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʧʦʛʣʦʱʝʥʠʶ ʦʟʦʥʘ (O3) ʪʨʝʪʴʷ ʚʝʨʩʠʷ ʪʘʢʞʝ ʫʯʠʪʳʚʘʝʪ ʧʦʛʣʦʱʝʥʠʝ 

ʜʠʦʢʩʠʜʘ ʘʟʦʪʘ (NO2) ʠ ʚʦʜʷʥʦʛʦ ʧʘʨʘ (H2O), ʯʪʦʙʳ ʫʢʘʟʘʪʴ ʦʙʱʝʝ ʧʦʛʣʦʱʝʥʠʝ ʛʘʟʘ ʚ 

ʘʪʤʦʩʬʝʨʥʦʤ ʩʪʦʣʙʝ [245]. 

ɸʆʊ ʦʙʦʠʭ ʧʨʠʙʦʨʦʚ ʚʳʰʝ ʚ ʚʝʩʝʥʥʠʝ ʠ ʣʝʪʥʠʝ ʜʥʠ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʘʵʨʦʟʦʣʝʡ ʚ ʚʝʩʝʥʥʝ-ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʠ ʦʙʲʷʩʥʷʝʪʩʷ ʧʨʦʛʨʝʚʘʥʠʝʤ 

ʧʣʘʥʝʪʘʨʥʦʛʦ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ, ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʘʵʨʦʟʦʣʝʡ 

ʚ ʚʝʩʝʥʥʝ-ʣʝʪʥʠʡ ʧʝʨʠʦʜ, ʨʦʩʪʦʤ ʢʦʣʠʯʝʩʪʚʘ ʧʦʜʥʠʤʘʝʤʦʛʦ ʚ ʚʦʟʜʫʭ ʘʵʨʦʟʦʣʷ ʥʘ 

ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʪʨʘʩʩʘʭ ʠ ʫʣʠʮʘʭ ʛʦʨʦʜʦʚ, ʘ ʠʤʝʥʥʦ ʨʝʘʛʝʥʪʦʚ, ʧʨʦʜʫʢʪʦʚ ʠʩʪʠʨʘʥʠʷ 

ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʧʦʢʨʳʰʝʢ ʠ ʘʩʬʘʣʴʪʘ, ʛʨʷʟʠ ʟʘʥʝʩʝʥʥʦʡ ʥʘ ʧʨʦʝʟʞʫʶ ʯʘʩʪʴ ʚʤʝʩʪʝ ʩ 

ʢʦʥʚʝʢʪʠʚʥʳʤʠ ʧʦʪʦʢʘʤʠ. ʃʝʪʦʤ ʦʪʤʝʯʘʝʪʩʷ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʜʥʝʡ ʩ ʩʫʤʤʘʨʥʳʤ 

ʟʥʘʯʝʥʠʝʤ ʚʳʧʘʚʰʠʭ ʦʩʘʜʢʦʚ 1 ʤʤ ʠʣʠ ʙʦʣʝʝ 

(http://www.meteo.nw.ru/articles/index.php?id=2). ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʥʝʡ ʩ ʜʦʞʜʣʠʚʦʡ, 
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ʧʘʩʤʫʨʥʦʡ ʧʦʛʦʜʦʡ ʠ ʚʳʩʦʢʦʡ ʚʣʘʞʥʦʩʪʴʶ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʥʦʤʫ ʩʘʤʦʦʯʠʱʝʥʠʶ 

ʘʪʤʦʩʬʝʨʳ ʦʪ ʘʵʨʦʟʦʣʴʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ ɸʆʊ ʬʦʪʦʤʝʪʨʘ ʠ ʣʠʜʘʨʘ ʚʠʜʥʳ ʦʜʥʠ ʠ ʪʝ ʞʝ ʪʨʝʥʜʳ, ʜʘʥʥʳʝ 

ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʧʨʠ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʘʵʨʦʟʦʣʝʡ ʚ ʨʘʟʥʳʝ ʩʝʟʦʥʳ. ɸʆʊ ʧʦʣʫʯʘʝʤʘʷ 

ʬʦʪʦʤʝʪʨʦʤ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʚʳʰʝ, ʟʘ ʩʯʝʪ ʥʘʣʠʯʠʷ ʩʣʝʧʦʡ ʟʦʥʳ ʫ ʣʠʜʘʨʘ ʜʦ 300 ʤ, 

ʘ ʪʘʢʞʝ ʠʟ-ʟʘ ʨʘʟʣʠʯʠʡ ʚ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝ ʠʟʤʝʨʝʥʠʡ ʫ ʧʨʠʙʦʨʦʚ. 

ɸʆʊ ʦʙʦʠʭ ʧʨʠʙʦʨʦʚ ʚʳʰʝ ʚ ʚʝʩʝʥʥʠʝ ʠ ʣʝʪʥʠʝ ʜʥʠ (ʈʠʩʫʥʦʢ 45), ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 

355 ʥʤ ʩʦʩʪʘʚʣʷʶʪ ʜʣʷ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ ʠ ʣʠʜʘʨʘ: ʚʝʩʥʦʡ ï 0,15 ʠ 0,12, ʣʝʪʦʤ ï 0,26 ʠ 0,16, 

ʦʩʝʥʴʶ ï 0,12 ʠ 0.10, ʟʠʤʦʡ ï 0,12 ʠ 0,08, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘ ʜʣʠʥʝ ʚʦʣʥʳ 532 ʥʤ ʚʝʩʥʦʡ ï 

0,09 ʠ 0,05, ʣʝʪʦʤ ï 0,14 ʠ 0,06, ʦʩʝʥʴʶ ï 0,08 ʠ 0,02, ʟʠʤʦʡ ï 0,08 ʠ 0,02. 
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ʈʠʩʫʥʦʢ 45 ï ʉʝʟʦʥʥʘʷ ʜʠʥʘʤʠʢʘ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʪʦʣʱʠʥʳ ʚ ʩʦʚʧʘʚʰʠʝ 

ʜʥʠ ʠʟʤʝʨʝʥʠʡ ʚ ʋʌ (A) ʠ ʚ ʚʠʜʠʤʦʤ ʩʧʝʢʪʨʝ (B) ʩ ʧʦʛʨʝʰʥʦʩʪʷʤʠ 

 

ɿʘʚʠʩʠʤʦʩʪʴ ʜʘʥʥʳʭ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʣʠʜʘʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʪ ʜʘʥʥʳʭ ʩʦʣʥʝʯʥʦʛʦ 

ʬʦʪʦʤʝʪʨʘ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ l=aĀp+b, ʧʨʠ ʵʪʦʤ 0<a<1, ʠ b>0. ʇʦʢʘʟʘʥʠʷ ʬʦʪʦʤʝʪʨʘ ʠ 

ʣʠʜʘʨʘ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʣʠʥʝʡʥʦ ʩʚʷʟʘʥʳ (ʈʠʩʫʥʦʢ 46). ʊʘʢ, ʟʥʘʯʝʥʠʷ ʚ ʚʠʜʠʤʦʤ 

ʜʠʘʧʘʟʦʥʝ ʤʦʛʫʪ ʙʳʪʴ ʦʧʠʩʘʥʳ ʫʨʘʚʥʝʥʠʝʤ l = 0,31Āp+0,01 (r=0,48), ʛʜʝ l ð ʟʥʘʯʝʥʠʷ, 

ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʣʠʜʘʨʝ, p ð ʧʦʢʘʟʘʥʠʷ ʬʦʪʦʤʝʪʨʘ, r ï ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ. ɼʣʷ ʋʌ-

ʟʥʘʯʝʥʠʡ ʧʨʠʤʝʥʠʤʦ ʫʨʘʚʥʝʥʠʝ l = 0,31Āp+0,067 (r=0,56). 
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ʈʠʩʫʥʦʢ 46 ï ʈʘʟʙʨʦʩ ʜʘʥʥʳʭ ʣʠʜʘʨʘ ʠ ʩʦʣʥʝʯʥʦʛʦ ʬʦʪʦʤʝʪʨʘ ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ 355 ʥʤ (A) ʠ 

532 ʥʤ (B). 
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ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʠʟʤʝʨʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʩʦʣʥʝʯʥʦʛʦ ʬʦʪʦʤʝʪʨʘ ʠ 

ʣʠʜʘʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 25,8 ʢʤ. ɸʆʊ ʦʙʦʠʭ ʧʨʠʙʦʨʦʚ ʚʳʰʝ ʚ 

ʚʝʩʝʥʥʠʝ ʠ ʣʝʪʥʠʝ ʜʥʠ, ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 355 ʥʤ ʩʦʩʪʘʚʣʷʶʪ ʜʣʷ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ ʠ ʣʠʜʘʨʘ: 

ʚʝʩʥʦʡ ï 0,15 ʠ 0,12, ʣʝʪʦʤ ï 0,26 ʠ 0,16, ʦʩʝʥʴʶ ï 0,12 ʠ 0,10, ʟʠʤʦʡ ï 0,12 ʠ 0,08, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘ ʜʣʠʥʝ ʚʦʣʥʳ 532 ʥʤ ʚʝʩʥʦʡ ï 0.09 ʠ 0.05, ʣʝʪʦʤ ï 0.14 ʠ 0.06, ʦʩʝʥʴʶ ï 

0,08 ʠ 0,02, ʟʠʤʦʡ ï 0,08 ʠ 0,02. ʇʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʵʨʦʟʦʣʝʡ ʚʝʩʥʦʡ ʠ ʣʝʪʦʤ 

ʦʙʲʷʩʥʷʝʪʩʷ ʧʦʜʲʝʤʦʤ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ ʚʤʝʩʪʝ ʩ ʢʦʥʚʝʢʮʠʦʥʥʳʤʠ ʧʦʪʦʢʘʤʠ ʧʨʠ 

ʧʨʦʛʨʝʚʘʥʠʠ ʧʣʘʥʝʪʘʨʥʦʛʦ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʦʪʤʝʯʘʝʪʩʷ 

ʧʨʝʚʳʰʝʥʠʝ ɸʆʊ ʧʦʣʫʯʝʥʥʦʝ ʣʠʜʘʨʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʥʘʜ ɸʆʊ ʬʦʪʦʤʝʪʨʘ, ʜʘʞʝ ʥʝʩʤʦʪʨʷ 

ʥʘ ʥʘʣʠʯʠʝ ʩʣʝʧʦʡ ʟʦʥʳ ʣʠʜʘʨʘ. ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʧʦʩʪʫʧʣʝʥʠʝʤ ʚ ʘʪʤʦʩʬʝʨʫ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ, ʦʪ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ. ʏʪʦ ʝʱʝ ʨʘʟ ʧʦʜʯʝʨʢʠʚʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠ ʚʘʞʥʦʩʪʴ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ ʘʵʨʦʟʦʣʴʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ ʠʤʝʥʥʦ 

ʚ ʛʦʨʦʜʩʢʦʡ ʯʝʨʪʝ.  

ʉʨʘʚʥʠʚʘʝʤʳʝ ʜʘʥʥʳʝ ʦʧʪʠʯʝʩʢʦʡ ʪʦʣʱʠʥʳ ʣʠʜʘʨʘ ʠ ʬʦʪʦʤʝʪʨʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ 25,8 ʢʤ ʠʤʝʶʪ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʫʶ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ. ʀʥʪʝʨʝʩʥʦʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʧʨʦʚʝʜʝʥʠʝ ʠʟʤʝʨʝʥʠʡ ʤʦʙʠʣʴʥʳʤ ʣʠʜʘʨʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʩʪʘʥʮʠʠ AERONET ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʧʦʩʪʘʥʦʚʢʠ ʦʙʨʘʪʥʦʡ 

ʟʘʜʘʯʠ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʘʵʨʦʟʦʣʷ ʠ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʟʘʛʨʷʟʥʝʥʠʠ ʘʪʤʦʩʬʝʨʳ ʘʵʨʦʟʦʣʴʥʳʤʠ ʯʘʩʪʠʮʘʤʠ. 

7.1.3 ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʘʵʨʦʟʦʣʝʡ ʣʠʜʘʨʥʳʤ ʤʝʪʦʜʦʤ ʚ ɺʳʙʦʨʛʩʢʦʤ ʨʘʡʦʥʝ 

ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ 

ʄʦʙʠʣʴʥʳʡ ʠ ʩʪʘʮʠʦʥʘʨʥʳʡ ʣʠʜʘʨʥʳʝ ʢʦʤʧʣʝʢʩʳ (ʈʠʩʫʥʦʢ 47) ʧʦʟʚʦʣʷʶʪ 

ʧʨʦʚʦʜʠʪʴ ʥʘʪʫʨʥʳʝ ʠʟʤʝʨʝʥʠʷ ʘʵʨʦʟʦʣʝʡ ʠ ʚʝʪʨʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺ ʢʦʤʧʣʝʢʩʘʭ 

ʠʤʝʶʪʩʷ ʘʵʨʦʟʦʣʴʥʳʡ ʠ ʚʝʪʨʦʚʦʡ ʣʠʜʘʨʳ. 
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ɸ ɺ 

ʈʠʩʫʥʦʢ 47 ï ʃʠʜʘʨʥʳʝ ʢʦʤʧʣʝʢʩʳ: A) ʤʦʙʠʣʴʥʳʡ ʣʠʜʘʨʥʳʡ ʢʦʤʧʣʝʢʩ B) ʩʪʘʮʠʦʥʘʨʥʳʡ 

ʣʠʜʘʨʥʳʡ ʢʦʤʧʣʝʢʩ ʥʘ 10 ʣʠʥʠʠ ɺʘʩʠʣʴʝʚʩʢʦʛʦ ʦʩʪʨʦʚʘ 

 

ʇʦʜʨʦʙʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʙʠʣʴʥʦʛʦ ʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʣʠʜʘʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʧʨʠʚʝʜʝʥʳ ʚ ʩʪʘʪʴʝ [246]. ʉʧʦʩʦʙ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʩʣʘʙʣʝʥʠʷ ʠ ʦʙʨʘʪʥʦʛʦ 

ʨʘʩʩʝʷʥʠʷ ʘʵʨʦʟʦʣʷ ʧʦ ʜʘʥʥʳʤ ʣʠʜʘʨʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʨʘʙʦʪʝ [220]. 

ʅʘ ʈʠʩʫʥʢʝ 48 ʧʨʠʚʝʜʝʥ ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʣʘʙʣʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʡ ʥʘ ʧʣʦʱʘʜʢʝ 

ʥʘʙʣʶʜʝʥʠʡ ʚ ɺʳʙʦʨʛʩʢʦʤ ʨʘʡʦʥʝ 17 ʦʢʪʷʙʨʷ 2020 ʛ ʩ 10.45 ʜʦ 13.48, ʠ ʚ ʛ. ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʝ, ʛʜʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ 10 ʦʢʪʷʙʨʷ 2020 ʛ. ʩ 11.00 ʜʦ 14.30. 10 ʠ 17 ʦʢʪʷʙʨʷ 

2020 ʛʦʜʘ ʨʝʛʠʩʪʨʠʨʦʚʘʣʦʩʴ ʟʘʧʘʜʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ. 

ɺʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʧʨʦʬʠʣʠ ʤʠʢʨʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʘʵʨʦʟʦʣʝʡ ʯʠʩʣʝʥʥʘʷ, 

ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʠ ʦʙʲʝʤʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʯʘʩʪʠʮ, ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ ʠ ʤʥʠʤʘʷ ʯʘʩʪʴ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʝʣʦʤʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩʫʥʢʝ 49. 
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ʈʠʩʫʥʦʢ 48 ï ʇʨʦʬʠʣʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʩʣʘʙʣʝʥʠʷ ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ 355 ʠ 532 ʥʤ: ɸ) ʚ 

ɺʳʙʦʨʛʩʢʦʤ ʨʘʡʦʥʝ; ɺ) ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ 
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ʈʠʩʫʥʦʢ 49 ï ʇʨʦʬʠʣʠ ʤʠʢʨʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ɺʳʙʦʨʛʩʢʦʤ ʨʘʡʦʥʝ (ʩʠʥʷʷ ʣʠʥʠʷ) 

ʠ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ (ʢʨʘʩʥʘʷ ʣʠʥʠʷ): A) ʯʠʩʣʝʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ; B) ʧʦʚʝʨʭʥʦʩʪʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ; C) ʦʙʲʸʤʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ; D) ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʂʇʇ; E) ʤʥʠʤʘʷ ʯʘʩʪʴ 

ʂʇʇ. 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʦʩʣʘʙʣʝʥʠʷ ʚ ɺʳʙʦʨʛʩʢʦʤ ʨʘʡʦʥʝ ʥʝ ʧʨʝʚʳʰʘʣ ʟʥʘʯʝʥʠʡ 0,15Ñ0,03 ʢʤ-

1 ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 355 ʥʤ ʠ 0,075Ñ0,008 ʢʤ-1 ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 532 ʥʤ. ʇʦʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʩʣʘʙʣʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʚʳʩʦʪʫ ʥʘʭʦʞʜʝʥʠʷ ʥʘʩʳʱʝʥʥʦʛʦ 

ʘʵʨʦʟʦʣʝʤ ʩʣʦʷ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʦʪʤʝʯʘʶʪʩʷ ʦʪ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ ʥʘʙʣʶʜʝʥʠʡ ʥʘ 

ʚʳʩʦʪʝ 300 ʤ ʜʦ ʚʳʩʦʪʳ 1200 ʤ. ɺʳʰʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʵʨʦʟʦʣʝʡ ʩʥʠʞʘʝʪʩʷ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʚ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ ʟʥʘʯʝʥʠʷ ʥʝ ʧʨʝʚʳʰʘʣʠ 0,28Ñ0,05 ʢʤ-1 ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 355 ʥʤ ʠ 0,08Ñ0,02 

ʢʤ-1 ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 532 ʥʤ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʩʣʘʙʣʝʥʠʷ ʚ ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʥʘ ʚʳʩʦʪʘʭ ʦʪ 350 ʤ ʜʦ 2000 ʤ. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʯʠʩʣʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʵʨʦʟʦʣʝʡ ʚ ɺʳʙʦʨʛʩʢʦʤ ʨʘʡʦʥʝ 

ʥʘʙʣʶʜʘʣʦʩʴ ʥʘ ʥʠʞʥʝʡ ʛʨʘʥʠʮʝ ʥʘʙʣʶʜʝʥʠʡ 300 ʤ ʦʢʦʣʦ 1260Ñ274 ʯʘʩʪʠʮ ʚ ʩʤ3. ʅʘ 

ʚʳʩʦʪʘʭ ʦʪ 1200 ʜʦ 2400 ʤ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʥʘʣʠʯʠʝ ʘʵʨʦʟʦʣʴʥʦʛʦ ʩʣʦʷ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʯʠʩʣʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʥʘ ʚʳʩʦʪʝ 1900 ʤ ʨʘʚʥʦʡ 713Ñ283 ʯʘʩʪʠʮ ʚ ʩʤ3, ʚʳʟʚʘʥʥʦʝ 

ʠʟʤʝʥʝʥʠʝʤ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ ʥʘ ʜʘʥʥʳʭ ʚʳʩʦʪʘʭ. ɸʵʨʦʟʦʣʴʥʘʷ ʦʧʪʠʯʝʩʢʘʷ ʪʦʣʱʠʥʘ ʜʣʷ 

ʩʣʦʷ ʦʪ 300 ʜʦ 2500 ʤ ʩʦʩʪʘʚʠʣʘ 0,15 ʠ 0,08 ʜʣʷ ʜʣʠʥ ʚʦʣʥ 355 ʠ 532 ʥʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ 
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ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ ʤʘʢʩʠʤʘʣʥɹʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʩʪʘʚʠʣʘ 4657Ñ1045 ʯʘʩʪʠʮ ʚ ʩʤ3 ʥʘ ʚʳʩʦʪʝ 

350 ʤ, ʚ ʩʣʦʝ 1300-1900 ʤ ʩʦ ʟʥʘʯʝʥʠʝʤ 1530Ñ529 ʥʘ ʚʳʩʦʪʝ 1560 ʤ. ʆʧʪʠʯʝʩʢʘʷ ʪʦʣʱʠʥʘ ʚ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ ʚ ʩʣʦʝ ʦʪ 300 ʜʦ 2500 ʤ ʩʦʩʪʘʚʠʣʘ 0,25 ʠ 0,1 ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ 355 ʠ 532 ʥʤ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʘʨʘʤʝʪʨ ɸʥʛʩʪʨʝʤʘ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʭʘʨʘʢʪʝʨʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʧʦ 

ʨʘʟʤʝʨʘʤ. ɿʥʘʯʝʥʠʝ ʚʳʰʝ 2 ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʝʦʙʣʘʜʘʥʠʝ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʘʵʨʦʟʦʣʷ, ʪʦʛʜʘ 

ʢʘʢ ʟʥʘʯʝʥʠʝ ʥʠʞʝ 1 ʛʦʚʦʨʠʪ ʦ ʧʨʝʦʙʣʘʜʘʥʠʠ ʢʨʫʧʥʳʭ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ. ɺ ʜʝʥʴ 

ʧʨʦʚʝʜʝʥʠʷ ʥʘʙʣʶʜʝʥʠʡ ʚ ɺʳʙʦʨʛʩʢʦʤ ʨʘʡʦʥʝ ʧʘʨʘʤʝʪʨ ɸʥʛʩʪʨʝʤʘ ʚ ʩʨʝʜʥʝʤ ʚ ʩʪʦʣʙʝ ʥʘ 

ʚʩʝʡ ʚʳʩʦʪʝ ʠʟʤʝʨʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʟʥʘʯʝʥʠʶ 1,44Ñ0,24. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʩʤʝʰʘʥʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʘʵʨʦʟʦʣʷ ʩ ʥʘʣʠʯʠʝʤ ʢʘʢ ʤʝʣʢʦ, ʪʘʢ ʠ ʢʨʫʧʥʦ ʜʠʩʧʝʨʩʥʦʡ 

ʬʨʘʢʮʠʠ ʩ ʜʦʣʝʡ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʘʵʨʦʟʦʣʷ ʦʪ 30 ʜʦ 70 ʧʨʦʮʝʥʪʦʚ. ʇʘʨʘʤʝʪʨ ɸʥʛʩʪʨʝʤʘ ʚ 

ʜʝʥʴ ʥʘʙʣʶʜʝʥʠʷ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ ʩʦʩʪʘʚʠʣ 1,91 Ñ 0,56 ʠ ʦʙʫʩʣʦʚʣʝʥ ʧʨʝʦʙʣʘʜʘʥʠʝʤ 

ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʘʵʨʦʟʦʣʷ ʥʘʜ ʤʝʛʘʧʦʣʠʩʦʤ. 

ʇʘʨʘʤʝʪʨ ɸʥʛʩʪʨʝʤʘ (440-870 ʥʤ) ʚ ʇʝʪʝʨʛʦʬʝ ʩ 2013ˈ2016 ʛʛ. ʧʦ ʜʘʥʥʳʤ 

AERONET [243], ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʤʝʩʷʮʘʤ ʦʪ 1,0 ʜʦ 1,6 ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʚ 

ʪʝʧʣʦʝ ʚʨʝʤʷ ʛʦʜʘ. ʆʩʝʥʴʶ ʚ ʥʝʢʦʪʦʨʳʝ ʜʥʠ ʥʘʙʣʶʜʝʥʠʡ ʦʥ ʜʦʩʪʠʛʘʝʪ 1,9. ʇʨʠʥʠʤʘʷ ʚʦ 

ʚʥʠʤʘʥʠʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʤʝʩʪʘʤʠ ʥʘʙʣʶʜʝʥʠʡ, ʚʦʟʤʦʞʝʥ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʚʢʣʘʜ 

ʚʪʦʨʠʯʥʦʛʦ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʘʵʨʦʟʦʣʷ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚ ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʝ, ʯʪʦ ʜʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ɸʥʛʩʪʨʝʤʘ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʘʷ ʠ ʤʥʠʤʘʷ ʯʘʩʪʴ ʂʇʇ ʚ ɺʳʙʦʨʛʩʢʦʤ ʨʘʡʦʥʝ ʥʘʭʦʜʠʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ 

1,47-1,59 ʠ 0,0035-0,0053, ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ ʚ ʧʨʝʜʝʣʘʭ 1,37-1,59 ʠ 0,0023-0,0052. 

ʀʤʝʶʱʠʝʩʷ ʧʦʢʘʟʘʪʝʣʠ ʛʦʚʦʨʷʪ ʦ ʧʨʠʩʫʪʩʪʚʠʠ ʚ ʘʪʤʦʩʬʝʨʝ ʉʇʙ ʠ ɺʳʙʦʨʛʩʢʦʛʦ ʨʘʡʦʥʘ 

ʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʠ ʤʦʨʩʢʦʛʦ ʘʵʨʦʟʦʣʷ.  

ɼʠʥʘʤʠʢʘ ʚʦʟʜʫʰʥʦʡ ʤʘʩʩʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʨʦʬʠʣʝʡ ʩʢʦʨʦʩʪʠ 

ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ ʥʘ ʈʠʩʫʥʦʢ 50. 
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  ʈʠʩʫʥʦʢ 50 ï ʇʨʦʬʠʣʠ ʚʝʪʨʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ɺʳʙʦʨʛʩʢʦʤ ʨʘʡʦʥʝ (ʩʠʥʷʷ ʣʠʥʠʷ) ʠ ʚ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ (ʂʨʘʩʥʘʷ ʣʠʥʠʷ): A) ʩʢʦʨʦʩʪʴ; B) ʥʘʧʨʘʚʣʝʥʠʝ (Ñ180 ï ʶʞʥʦʝ, ī90 ï 

ʟʘʧʘʜʥʦʝ, 0 ï ʩʝʚʝʨʥʦʝ, 90 ï ʚʦʩʪʦʯʥʦʝ) 

 

ʅʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ ʚ ʜʥʠ ʥʘʙʣʶʜʝʥʠʡ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ ʠ ɺʳʙʦʨʛʩʢʦʤ ʨʘʡʦʥʝ 

ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʙʳʣʦ ʟʘʧʘʜʥʳʤ (ʩʦ ʩʪʦʨʦʥʳ ʌʠʥʣʷʥʜʠʠ). ɺ ɺʳʙʦʨʛʩʢʦʤ ʨʘʡʦʥʝ 

ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʥʘ ʚʩʝʭ ʚʳʩʦʪʘʭ ʥʘʙʣʶʜʝʥʠʡ ʥʝ ʧʨʝʚʳʰʘʣʘ 16 ʤ/ʩ. ɺʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ 

ʠʟʤʝʨʝʥʠʡ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʩʦʩʪʘʚʣʷʣʘ 7-8 ʤ/ʩ. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʵʨʦʟʦʣʝʡ ʚ ʉʇʙ ʠ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʙʳʣʦ 

ʠʩʩʣʝʜʦʚʘʥʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʥʦʛʦʚʦʣʥʦʚʳʭ 

ʣʠʜʘʨʥʳʭ ʩʠʩʪʝʤ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʧʦʟʚʦʣʠʣʠ ʧʨʦʩʣʝʜʠʪʴ ʨʘʟʣʠʯʠʷ ʩʦʜʝʨʞʘʥʠʷ 

ʘʵʨʦʟʦʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ ʠ ɺʳʙʦʨʛʩʢʦʤ ʨʘʡʦʥʝ ʃʝʥʠʥʛʨʘʜʩʢʦʡ 

ʦʙʣʘʩʪʠ, ʦʮʝʥʠʪʴ ʚʢʣʘʜ ʚʪʦʨʠʯʥʦʛʦ ʘʵʨʦʟʦʣʷ ʚ ʟʘʛʨʷʟʥʝʥʠʝ ʘʪʤʦʩʬʝʨʳ ʚ ʤʝʛʘʧʦʣʠʩʝ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʯʠʩʣʝʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʯʘʩʪʠʮ ʧʦ ʣʠʜʘʨʥʳʤ ʜʘʥʥʳʤ ʥʘ ʚʳʩʦʪʝ 350 ʤ ʚ 
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ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ ʙʦʣʝʝ ʯʝʤ ʚ 3,5 ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʯʠʩʣʝʥʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʯʘʩʪʠʮ ʚ 

ɺʳʙʦʨʛʩʢʦʤ ʨʘʡʦʥʝ, ʯʪʦ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʩʚʷʟʘʥʦ ʩ ʚʢʣʘʜʦʤ ʚʪʦʨʠʯʥʦʛʦ ʘʵʨʦʟʦʣʷ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʄʝʥʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ ʚ ɺʳʙʦʨʛʩʢʦʤ 

ʨʘʡʦʥʝ, ʢʘʢ ʠ ʩʣʝʜʦʚʘʣʦ ʦʞʠʜʘʪʴ, ʚʳʟʚʘʥʦ ʦʪʩʫʪʩʪʚʠʝʤ ʢʨʫʧʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ ʚʙʣʠʟʠ ʧʣʦʱʘʜʢʠ ʥʘʙʣʶʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʟʘʧʘʜʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʝʨʝʥʦʩʘ (ʩʦ 

ʩʪʦʨʦʥʳ ʌʠʥʣʷʥʜʠʠ ʚʜʦʣʴ ʧʦʙʝʨʝʞʴʷ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ), ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʤ ʚ ʜʥʠ 

ʥʘʙʣʶʜʝʥʠʡ, ʢʦʪʦʨʳʡ ʧʨʝʧʷʪʩʪʚʦʚʘʣ ʟʘʥʦʩʫ ʘʵʨʦʟʦʣʝʡ ʠʟ ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ. 

ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ ʧʦʟʚʦʣʠʣʦ ʦʮʝʥʠʪʴ ʚʢʣʘʜ ʤʝʛʘʧʦʣʠʩʘ ʚ ʟʘʛʨʷʟʥʝʥʠʝ 

ʘʪʤʦʩʬʝʨʳ. 

ɺʳʩʦʪʘ ʥʘʩʳʱʝʥʥʦʛʦ ʘʵʨʦʟʦʣʝʤ ʩʣʦʷ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ ʦʛʨʘʥʠʯʝʥʘ ʚʳʩʦʪʦʡ 2000 

ʤ, ʚ ɺʳʙʦʨʛʩʢʦʤ ʨʘʡʦʥʝ 1200 ʤ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʘʵʨʦʟʦʣʝʡ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʘʷ ʚ 

ɺr ʙʦʨʛʩʢʦʤ ʨʘʡʦʥʝ, ʥʘ ʚʩʝʡ ʚʳʩʦʪʝ ʣʠʜʘʨʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʜʦ 2000 ʤ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, 

ʯʝʤ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ. ʉʦʜʝʨʞʘʥʠʝ ʘʵʨʦʟʦʣʝʡ ʚʳʰʝ 2000 ʤ ʥʝ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʦʤ ʠ ɺʳʙʦʨʛʩʢʠʤ ʨʘʡʦʥʦʤ. ɺ ʘʪʤʦʩʬʝʨʝ ʛ. ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʘ ʘʵʨʦʟʦʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʦʣʝʝ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʡ ʬʨʘʢʮʠʝʡ 

ʘʵʨʦʟʦʣʷ, ʯʝʤ ʚ ɺʳʙʦʨʛʩʢʦʤ ʨʘʡʦʥʝ. ɼʘʥʥʳʡ ʪʠʧ ʘʵʨʦʟʦʣʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʫʶ ʦʧʘʩʥʦʩʪʴ 

ʜʣʷ ʟʜʦʨʦʚʴʷ ʥʘʩʝʣʝʥʠʷ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʨʫʧʥʦʜʠʩʧʝʨʩʥʦʡ ʬʨʘʢʮʠʝʡ. 

ʇʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʵʨʦʟʦʣʝʡ ʥʘʜ ʤʝʛʘʧʦʣʠʩʦʤ ʚʝʜʝʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʥʘʛʨʫʟʢʝ ʥʘ ʧʨʠʣʝʛʘʶʱʠʝ ʢ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʫ ʨʘʡʦʥʳ, ʢʦʪʦʨʘʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʦʡ. ʊʘʢʞʝ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʵʨʦʟʦʣʝʡ 

ʚʝʜʝʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʧʨʦʟʨʘʯʥʦʩʪʠ ʘʪʤʦʩʬʝʨʳ, ʠ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦʩʪʫʧʣʝʥʠʷ ʋʌ ʨʘʜʠʘʮʠʠ ʚ ʉʇʙ ʠ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ. ɺʚʠʜʫ 

ʠʟʤʝʥʯʠʚʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʵʨʦʟʦʣʝʡ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʘʪʤʦʩʬʝʨʳ, 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʘʪʤʦʩʬʝʨʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʣʠʜʘʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

7.1.4 ɸʵʨʦʟʦʣʴʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʘʪʤʦʩʬʝʨʳ ʥʘ ʧʨʠʤʝʨʝ ʜʘʥʥʳʭ ʣʠʜʘʨʥʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ (ʈʦʩʩʠʷ), ʂʫʦʧʠʦ (ʌʠʥʣʷʥʜʠʷ), ʄʠʥʩʢʝ (ɹʝʣʘʨʫʩʴ) 

ʈʝʟʫʣʴʪʘʪʳ ʣʠʜʘʨʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʘʵʨʦʟʦʣʴʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ 

(ʈʦʩʩʠʷ) ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʜʘʥʥʳʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚ ʄʠʥʩʢʝ (ɹʝʣʘʨʫʩʴ) ʠ ʂʫʦʧʠʦ 

(ʌʠʥʣʷʥʜʠʷ) ʜʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʢʨʫʧʥʳʭ ʛʦʨʦʜʦʚ ʥʘ ʟʘʛʨʷʟʥʝʥʠʝ ʘʪʤʦʩʬʝʨʳ 

ʘʵʨʦʟʦʣʴʥʳʤʠ ʯʘʩʪʠʮʘʤʠ. ʉʪʘʥʮʠʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʠʩʭʦʜʷ ʠʟ ʠʭ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ. ʄʠʥʩʢ ʠ 

ʂʫʦʧʠʦ ʷʚʣʷʶʪʩʷ ʙʣʠʞʘʡʰʠʤʠ ʢ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʫ ʧʫʥʢʪʘʤʠ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʘʵʨʦʟʦʣʷʤʠ ʠ 

ʠʤʝʶʪ ʨʘʟʥʳʡ ʫʨʦʚʝʥʴ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ. ʅʘʰʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʘʩʪ ʙʦʣʴʰʝ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʘʵʨʦʟʦʣʝʡ ʚ ʠʟʫʯʘʝʤʳʭ ʨʝʛʠʦʥʘʭ. 
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ʄʠʥʩʢ ʠ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ ʠʤʝʶʪ ʩʘʤʫʶ ʨʘʟʚʝʪʚʣʝʥʥʫʶ ʩʝʪʴ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ, ʘ ʪʘʢʞʝ ʙʦʣʴʰʦʝ ʥʘʩʝʣʝʥʠʝ. ɺ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ ʧʨʦʞʠʚʘʝʪ ʦʢʦʣʦ 5,4 

ʤʠʣʣʠʦʥʘ ʯʝʣʦʚʝʢ, ʚ ʄʠʥʩʢʝ ï 2 ʤʠʣʣʠʦʥʘ ʯʝʣʦʚʝʢ. ʆʩʥʦʚʫ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʘ ʩʦʩʪʘʚʣʷʶʪ ʙʦʣʝʝ 750 ʢʨʫʧʥʳʭ ʠ ʩʨʝʜʥʠʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʢʦʪʦʨʳʭ 

ʚʭʦʜʷʪ ʚ ʯʠʩʣʦ ʚʝʜʫʱʠʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʈʦʩʩʠʠ. ʍʦʟʷʡʩʪʚʝʥʥʫʶ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʩʬʝʨʝ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʣʷʶʪ ʙʦʣʝʝ 23 ʪʳʩʷʯ 

ʤʘʣʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʠʢʨʦʧʨʝʜʧʨʠʷʪʠʷ. ɺ ʄʠʥʩʢʝ ʜʝʡʩʪʚʫʝʪ ʙʦʣʝʝ 3100 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʘ ʚ ʄʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ï ʙʦʣʝʝ 2700, ʯʪʦ ʪʘʢʞʝ ʦʢʘʟʳʚʘʝʪ 

ʩʝʨʴʝʟʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʂʫʦʧʠʦ ï ʚʦʩʴʤʦʡ ʧʦ ʚʝʣʠʯʠʥʝ ʛʦʨʦʜ 

ʌʠʥʣʷʥʜʠʠ, ʢʦʪʦʨʳʡ ʨʘʩʧʦʣʦʞʝʥ ʚ ʨʘʡʦʥʝ ʉʘʚʦ ʨʷʜʦʤ ʩ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʦʟʝʨʘʤʠ. 

ʏʠʩʣʝʥʥʦʩʪʴ ʞʠʪʝʣʝʡ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 120 ʪʳʩʷʯ ʯʝʣʦʚʝʢ. ɻʦʨʦʜ ʚʢʣʶʯʝʥ ʚ ʩʨʘʚʥʝʥʠʝ ʢʘʢ 

ʧʨʠʤʝʨ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʘʵʨʦʟʦʣʴʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʪʦʣʱʠʥʳ (ɸʆʊ), 

ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʪʨʝʭ ʩʪʘʥʮʠʷʭ ʩ 2014 ʧʦ 2021 ʛʦʜ. ʃʠʜʘʨʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ ʘʪʤʦʩʬʝʨʥʳʭ 

ʘʵʨʦʟʦʣʝʡ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʘʵʨʦʟʦʣʴʥʳʭ Nd:YAG-ʣʘʟʝʨʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʪʨʝʭ 

ʜʣʠʥʘʭ ʚʦʣʥ: 355, 532 ʠ 1064 ʥʤ. ʀʟ-ʟʘ ʨʘʟʣʠʯʠʡ ʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʦʙʦʨʫʜʦʚʘʥʠʷ ʣʠʜʘʨʥʳʭ 

ʩʪʘʥʮʠʡ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʠʞʥʝʛʦ ʧʨʝʜʝʣʘ ʦʧʨʝʜʝʣʝʥʠʷ ʘʵʨʦʟʦʣʝʡ, ʦʧʪʠʯʝʩʢʘʷ ʪʦʣʱʘ 

ʘʵʨʦʟʦʣʷ ʩʨʘʚʥʠʚʘʣʘʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʚʳʩʦʪ ʦʪ 800 ʜʦ 1600 ʤ ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ 355 ʠ 532 ʥʤ. 

ʇʦʩʢʦʣʴʢʫ ʩʨʘʚʥʠʚʘʝʤʳʝ ʩʪʘʥʮʠʠ ʥʝ ʠʤʝʶʪ ʜʘʥʥʳʭ ʟʘ ʚʩʝ ʛʦʜʳ, ʧʝʨʠʦʜ ʩ 2014 ʧʦ 2016 ʛʛ. 

ʘʥʘʣʠʟʠʨʦʚʘʣʩʷ ʦʪʜʝʣʴʥʦ. ʉʨʝʜʥʝʛʦʜʦʚʦʡ ɸʆʊ 355 ʚ ʄʠʥʩʢʝ ʚ ʧʝʨʠʦʜ 2014-2016 ʛʦʜʦʚ 

ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʝʥ ʩʨʝʜʥʝʛʦʜʦʚʦʤʫ ɸʆʊ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ. ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʜʘʥʥʳʭ ʧʦ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʫ ʠ ʄʠʥʩʢʫ ʟʘ ʧʝʨʠʦʜ 2014-2020 ʛʦʜʦʚ ɸʆʊ 355 ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ 

ʧʨʝʚʳʰʘʝʪ ɸʆʊ 355 ʚ ʄʠʥʩʢʝ ʚ 1,46 ʨʘʟʘ. ɸʆʊ 532 ʥʤ ʚ ʄʠʥʩʢʝ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʝ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʚʳʙʨʘʥʥʦʛʦ ʧʝʨʠʦʜʘ ʩʨʘʚʥʝʥʠʷ. ʉʨʝʜʥʝʛʦʜʦʚʳʝ ɸʆʊ 355 ʚ 

ʂʫʦʧʠʦ ʥʠʞʝ, ʯʝʤ ʚ ʄʠʥʩʢʝ ʠ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ ʚ 2,1 ʨʘʟʘ, ʘ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 532 ʥʤ ʚ 3,6 

ʨʘʟʘ ʥʠʞʝ, ʯʝʤ ʚ ʄʠʥʩʢʝ ʠ ʚ 2,6 ʨʘʟʘ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ. ʈʘʩʩʯʠʪʘʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʩʪʝʧʝʥʠ ɸʥʛʩʪʨʝʤʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʛʨʫʙʘʷ ʤʦʜʘ ʚ ʄʠʥʩʢʝ ʚʳʰʝ, ʯʝʤ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ. 

ɸʪʤʦʩʬʝʨʘ ʥʘʜ ʂʫʦʧʠʦ ʠʤʝʝʪ ʤʝʥʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ. ʉ 2017 ʛʦʜʘ ʥʘʜ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʦʤ ʥʘʙʣʶʜʘʣʦʩʴ ʫʩʪʦʡʯʠʚʦʝ ʧʨʝʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʘʵʨʦʟʦʣʝʡ ʥʘʜ 

ʄʠʥʩʢʦʤ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʣʠʜʘʨʥʳʭ ʜʘʥʥʳʭ ʩ ʩʫʤʤʘʨʥʦʡ ɸʆɼ 

ʩʪʘʥʮʠʡ AERONET, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʂʫʦʧʠʦ, ʄʠʥʩʢʝ ʠ ʇʝʪʝʨʛʦʬʝ (25 ʢʤ ʦʪ ʣʠʜʘʨʥʦʡ 

ʩʪʘʥʮʠʠ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ). ɸʆʊ, ʧʦʣʫʯʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ ʣʠʜʘʨʘ ʠ ʤʝʪʦʜʘ AERONET, 

ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ. 

ʆʩʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʠʜʘʨʥʳʭ ʩʠʩʪʝʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 

31. 
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ʊʘʙʣʠʮʘ 31. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʠʜʘʨʥʳʭ ʩʪʘʥʮʠʡ ʚ ʈʦʩʩʠʠ, ʌʠʥʣʷʥʜʠʠ ʠ ɹʝʣʘʨʫʩʠ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 
ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 

ʈʦʩʩʠʷ 
ʂʫʦʧʧʠʦ, ʌʠʥʣʷʥʜʠʷ ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ 

ɻʝʦʛʨʘʬʠʯʝʩʢʠʝ 

ʢʦʦʨʜʠʥʘʪʳ 
59,9427 N, 30,2730 E 62,7333 N, 27,5500 E 53,9170 N, 27,6050 E 

ɺʳʩʦʪʘ ʥʘʜ 

ʫʨʦʚʥʝʤ ʤʦʨʷ, ʤ 
35 190 200 

ʀʩʧʦʣʴʟʫʝʤʳʝ 

ʜʣʠʥʳ ʚʦʣʥ, ʥʤ 
355, 532 355, 532 355, 532 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʨʘʟʨʝʰʝʥʠʝ, ʤ 
7,5 30; 60 7,5; 15 

ʄʠʥʠʤʘʣʴʥʘʷ 

ʚʳʩʦʪʘ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ, ʤ 

300-500 800-1000 455-800 

 

ʃʠʜʘʨʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʦʚʤʝʩʪʥʦ ʩʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ 

ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʦʙʨʘʙʘʪʳʚʘʪʴ ʩʠʛʥʘʣ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ, 

ʧʨʠʥʠʤʘʝʤʳʡ ʪʝʣʝʩʢʦʧʦʤ. ɺʝʣʠʯʠʥʘ ʩʠʛʥʘʣʘ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʘʵʨʦʟʦʣʷ, 

ʧʨʠʩʫʪʩʪʚʫʶʱʝʛʦ ʚ ʘʪʤʦʩʬʝʨʝ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʦʩʣʘʙʣʝʥʠʷ ʠ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʘʵʨʦʟʦʣʷ, 

ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʜʘʥʥʳʤ ʣʠʜʘʨʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ, ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ 

ʂʣʝʪʪʘ [247]. 

ɹʦʣʴʰʦʡ ʤʘʩʩʠʚ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʠʟʤʝʨʝʥʠʡ ʚ ʥʘʠʙʦʣʝʝ ʟʘʛʨʷʟʥʝʥʥʦʡ 

ʯʘʩʪʠ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ, ʘ ʪʘʢʞʝ ʄʠʥʩʢʝ ʠ ʂʫʦʧʠʦ, ʧʦʟʚʦʣʷʝʪ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝ 

ɸʆʊ ʚʦ ʚʨʝʤʝʥʠ, ʘ ʪʘʢʞʝ ʚʳʷʚʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʘʵʨʦʟʦʣʝʡ ʟʘ ʧʝʨʠʦʜ ʩ 

2014 ʧʦ 2021 ʛʦʜ. ɺʘʨʠʘʪʠʚʥʦʩʪʴ ʘʵʨʦʟʦʣʴʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʥʘʜ ʪʘʢʠʤʠ ʢʨʫʧʥʳʤʠ 

ʤʝʛʘʧʦʣʠʩʘʤʠ, ʢʘʢ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ ʠ ʄʠʥʩʢ, ʠ ʩʨʘʚʥʝʥʠʝ ʜʘʥʥʳʭ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʣʘʛʦʧʦʣʫʯʥʳʤ ʨʘʡʦʥʦʤ ʂʫʦʧʠʦ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʩʪʝʧʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ 

ʛʦʨʦʜʦʚ. 

ʆʛʨʘʥʠʯʝʥʠʝ ʚʳʩʦʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʪʦʣʱʠʥʳ ʘʵʨʦʟʦʣʷ ʦʙʫʩʣʦʚʣʝʥʦ 

ʨʘʟʣʠʯʠʷʤʠ ʚ ʥʠʞʥʝʤ ʧʨʝʜʝʣʝ ʠʟʤʝʨʝʥʠʡ ʧʨʠʙʦʨʘʤʠ [248-249]. ɺ ʂʫʦʧʠʦ ʜʘʥʥʳʝ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʩ ʚʳʩʦʪʳ 800 ʤ, ʧʦʵʪʦʤʫ ʥʠʞʥʝʡ ʛʨʘʥʠʮʝʡ 

ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʚʩʝʭ ʪʨʝʭ ʩʪʘʥʮʠʷʭ ʷʚʣʷʝʪʩʷ ʚʳʩʦʪʘ 800 ʤ. ɺʝʨʭʥʠʡ ʫʨʦʚʝʥʴ ʥʘʙʣʶʜʝʥʠʡ 

ʦʛʨʘʥʠʯʝʥ 1600 ʤ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʯʘʩʪʴ ʠʤʝʶʱʠʭʩʷ ʜʘʥʥʳʭ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʥʘ ʚʳʩʦʪʝ 

1600 ʤ. 
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ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʫʩʨʝʜʥʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ɸʆʊ ʙʳʣʦ ʦʙʨʘʙʦʪʘʥʦ ʩʣʝʜʫʶʱʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʠʟʤʝʨʝʥʠʡ (ʊʘʙʣʠʮʘ 32): 

 

ʊʘʙʣʠʮʘ 32. ʂʦʣʠʯʝʩʪʚʦ ʠʟʤʝʨʝʥʠʡ ʧʦ ʛʦʜʘʤ 

ɻʦʨʦʜ 
ʂʘʥʘʣ, 

ʥʤ 
2014 2015 2016 2017 2018 2019 2020 2021 ɺʩʝʛʦ 

ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ 

355 40 40 18 50 21 9 9 5 192 

532 40 45 18 50 21 9 9 5 197 

ʄʠʥʩʢ 
355 3 29 26 16 15 12 7 - 108 

532 7 29 28 17 16 13 8 - 118 

ʂʫʦʧʧʠʦ 
355 7 22 20 - - - - - 49 

532 12 42 30 - - - - - 84 

 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʪʘʥʮʠʷʤʠ ʥʘʙʣʶʜʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ: ʤʝʞʜʫ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʦʤ ʠ 

ʂʫʦʧʠʦ 343 ʢʤ, ʤʝʞʜʫ ʂʫʦʧʠʦ ʠ ʄʠʥʩʢʦʤ 980 ʢʤ ʠ 689 ʢʤ ʤʝʞʜʫ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʦʤ ʠ 

ʄʠʥʩʢʦʤ. 

ʀʟ-ʟʘ ʦʛʨʘʥʠʯʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʢʦʨʦʥʘʚʠʨʫʩʦʤ, ʢʦʣʠʯʝʩʪʚʦ ʠʟʤʝʨʝʥʠʡ, 

ʧʨʦʚʝʜʝʥʥʳʭ ʚ 2019-2021 ʛʦʜʘʭ, ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʣʦʩʴ. 

ɺ ʪʘʙʣʠʮʝ 33 ʠ ʥʘ ʨʠʩʫʥʢʝ 51 ʧʦʢʘʟʘʥʳ ʤʝʜʠʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ɸʆɼ 355 ʠ ɸʆɼ 532, 

ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʪʨʝʭ ʩʪʘʥʮʠʷʭ ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ, ʄʠʥʩʢʝ ʠ ʂʫʦʧʠʦ ʚ ʧʝʨʠʦʜ 

ʩ 2014 ʧʦ 2021 ʛʦʜ ʥʘ ʚʳʩʦʪʘʭ ʦʪ 800 ʜʦ 1600 ʤ. ʄʝʜʠʘʥʘ ʷʚʣʷʝʪʩʷ ʫʩʪʦʡʯʠʚʦʡ ʦʮʝʥʢʦʡ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʮʝʥʪʨʘ ʠ ʥʝ ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʠ ʢ ʩʤʝʱʝʥʠʶ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʦʪʢʣʦʥʝʥʠʷʭ ʦʪ ʦʩʥʦʚʥʦʛʦ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ. ʂ ʩʦʞʘʣʝʥʠʶ, ʠʟ-ʟʘ ʩʣʦʞʥʦʩʪʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʪʨʝʙʫʶʱʝʛʦ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ, 

ʜʘʥʥʳʝ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʚ ʂʫʦʧʠʦ ʠ ʄʠʥʩʢʝ ʧʦʣʫʯʝʥʳ ʥʝ ʧʦ ʢʘʞʜʦʤʫ ʛʦʜʫ. 

 

ʊʘʙʣʠʮʘ 33. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʤʝʜʠʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʪʦʣʱʠʥʳ ʧʦ ʛʦʜʘʤ ʟʘ ʧʝʨʠʦʜ 

2014-2021 ʛʛ. ʜʣʷ ʪʨʝʭ ʩʪʘʥʮʠʡ ʚ ʩʣʦʝ ʦʪ 800 ʜʦ 1600 ʤ. 

ɻʦʜ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 

ʈʦʩʩʠʷ 
ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ ʂʫʦʧʧʠʦ, ʌʠʥʣʷʥʜʠʷ 

355 nm 532 nm 355 nm 532 nm 355 nm 532 nm 

2014 0.043 0.017 0.040 0.019 0.015 0.005 

2015 0.053 0.019 0.040 0.029 0.020 0.007 

2016 0.030 0.018 0.045 0.028 0.025 0.009 
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2017 0.052 0.022 0.028 0.018 - - 

2018 0.052 0.018 0.029 0.022 - - 

2019 0.071 0.028 0.036 0.030 - - 

2020 0.053 0.021 0.022 0.018 0.013* 0.010* 

2021 0.064 0.020 - - 0.048* - 

ʉʨʝʜʥʝʝ 0.052 0.020 0.034 0.023 0.020 0.007 

* ï ʜʘʥʥʳʝ ʪʦʣʴʢʦ ʩ 1000 ʤ. 

 

 

ɸ 

 

ɺ 

ʈʠʩʫʥʦʢ 51 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʤʝʜʠʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʪʦʣʱʠʥʳ ʧʦ ʛʦʜʘʤ ʚ ʧʝʨʠʦʜ 

ʩ 2014 ʧʦ 2021 ʛʦʜ ʜʣʷ ʪʨʝʭ ʩʪʘʥʮʠʡ ʚ ʩʣʦʝ ʦʪ 800 ʜʦ 1600 ʤ ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ 355 ʥʤ (A) ʠ 

532 ʥʤ (B). (ʩʠʥʠʡ ï ʂʫʦʧʠʦ, ʢʨʘʩʥʳʡ ï ʄʠʥʩʢ, ʟʝʣʝʥʳʡ ï ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ) 
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ʂ ʩʦʞʘʣʝʥʠʶ, ʜʘʥʥʳʝ ʥʘ ʚʳʩʦʪʝ 800 ʤ ʥʘ ʩʪʘʥʮʠʠ ʚ ʂʫʦʧʠʦ ʜʦʩʪʫʧʥʳ ʪʦʣʴʢʦ ʟʘ ʪʨʠ 

ʛʦʜʘ ʩ 2014 ʧʦ 2016 ʛʛ. ʉʦʛʣʘʩʥʦ ʦʙʨʘʙʦʪʘʥʥʳʤ ʜʘʥʥʳʤ ɸʆʊ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 355 ʥʤ 

(ʈʠʩʫʥʦʢ 51A), ʘʪʤʦʩʬʝʨʘ ʚ ʤʝʩʪʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʪʘʥʮʠʠ ʚ ʂʫʦʧʠʦ ʠʤʝʝʪ ʤʝʥʴʰʝʝ 

ʩʦʜʝʨʞʘʥʠʝ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ, ɸʆʊ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 355 ʥʤ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ ʚʳʰʝ, 

ʯʝʤ ʚ ʄʠʥʩʢʝ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 2016 ʛʦʜʘ. ʉ 2017 ʛʦʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʫʩʪʦʡʯʠʚʦʝ ʧʨʝʚʳʰʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʘʵʨʦʟʦʣʷ ʥʘʜ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʄʠʥʩʢʦʤ, ʧʨʠ ʵʪʦʤ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʧʨʝʚʳʰʝʥʠʝ ʚ 2,4 ʨʘʟʘ ʚ 2020 ʛ. (ʈʠʩʫʥʦʢ 51A). 

ʊʘʢʞʝ ʫʯʠʪʳʚʘʣʩʷ ʧʘʨʘʤʝʪʨ ɸʥʛʩʪʨʝʤʘ ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ 355 ʠ 532 ʥʤ ʦʪʜʝʣʴʥʦ ʟʘ 

ʧʝʨʠʦʜ 2014-2016 ʛʛ. ʜʣʷ ʚʩʝʭ ʪʨʝʭ ʩʪʘʥʮʠʡ ʠ ʩ 2014 ʛ. ʧʦ 2020 ʛ. ʜʣʷ ʣʠʜʘʨʥʳʭ ʩʪʘʥʮʠʡ ʚ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ ʠ ʄʠʥʩʢʝ. ʇʘʨʘʤʝʪʨ ɸʥʛʩʪʨʝʤʘ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʭʘʨʘʢʪʝʨʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʘʤ. ʇʘʨʘʤʝʪʨ ɸʥʛʩʪʨʝʤʘ ʚʳʰʝ 2 ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʧʨʝʦʙʣʘʜʘʥʠʝ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʘʵʨʦʟʦʣʷ, ʪʦʛʜʘ ʢʘʢ ʟʥʘʯʝʥʠʷ ʥʠʞʝ 1 ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʧʨʝʦʙʣʘʜʘʥʠʝ ʢʨʫʧʥʳʭ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ. ɺ ʧʝʨʠʦʜ ʩ 2014 ʧʦ 2016 ʛʦʜ ʟʥʘʯʝʥʠʝ 

ʧʘʨʘʤʝʪʨʘ ɸʥʛʩʪʨʝʤʘ ʩʦʩʪʘʚʣʷʣʦ 2,60 ʚ ʂʫʦʧʠʦ, 1,26 ʚ ʄʠʥʩʢʝ ʠ 2,05 ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ. 

ɺ ʧʝʨʠʦʜ ʩ 2014 ʧʦ 2020 ʛʦʜ ʩʨʝʜʥʠʡ ʧʘʨʘʤʝʪʨ ɸʥʛʩʪʨʝʤʘ ʠʤʝʝʪ ʟʥʘʯʝʥʠʷ 0,92 ʚ ʄʠʥʩʢʝ ʠ 

2,18 ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʝʦʙʣʘʜʘʥʠʝ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʘʵʨʦʟʦʣʷ ʥʘʜ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʦʤ. 

ɺ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʛʦʜʦʚʦʤ ʭʦʜʝ ɸʆʊ ʧʦʜ ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʦʤ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʘʥʥʳʝ ʩʪʘʥʮʠʠ AERONET ʚ ʇʝʪʝʨʛʦʬʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ 

25 ʢʤ ʦʪ ʣʠʜʘʨʥʦʡ ʩʪʘʥʮʠʠ, ʘ ʪʘʢʞʝ ʜʘʥʥʳʝ ʩʪʘʥʮʠʡ AERONET ʚ ʂʫʦʧʠʦ ʠ ʄʠʥʩʢʝ 

[243,250]. ɺ ʩʨʝʜʥʝʤ ʟʘ ʧʝʨʠʦʜ ʠʟʤʝʨʝʥʠʡ ʩ 2013 ʧʦ 2016 ʛʛ. ɸʆʊ ʚ ʇʝʪʝʨʛʦʬʝ ʥʘ ʜʣʠʥʝ 

ʚʦʣʥʳ 500 ʥʤ ʩʦʩʪʘʚʣʷʝʪ 0,12 Ñ 0,05 ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʣʝʪʦʤ 0,14ï0,19. ɼʣʷ 

ʩʪʘʥʮʠʠ AERONET ʚ ʂʫʦʧʠʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ɸʆʊ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 500 ʥʤ ʩʦʩʪʘʚʣʷʝʪ 0,10 

Ñ 0,03. ɸʚʪʦʨʳ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʞʝ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʟʥʘʯʝʥʠʷ ɸʆʊ ʚ ʇʝʪʝʨʛʦʬʝ ʚʳʰʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʙʣʶʜʝʥʠʡ ʚ ʂʫʦʧʠʦ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʚʢʣʘʜʦʤ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʘʵʨʦʟʦʣʷ, ʯʪʦ 

ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʢʨʫʧʥʳʭ ʤʝʛʘʧʦʣʠʩʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ [243] ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ɸʆʊ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʣʠʜʘʨʥʳʤ ʤʝʪʦʜʦʤ ʜʣʷ 

ʩʪʘʥʮʠʡ ʂʫʦʧʠʦ ʠ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ. ʇʘʨʘʤʝʪʨ ɸʥʛʩʪʨʝʤʘ (440ï870 ʥʤ) ʚ ʇʝʪʝʨʛʦʬʝ ʧʦ 

ʜʘʥʥʳʤ AERONET ʠʟʤʝʥʷʝʪʩʷ ʦʪ 1,0 ʜʦ 1,6 ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʚ ʪʝʧʣʦʝ ʚʨʝʤʷ 

ʛʦʜʘ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʤʝʰʘʥʥʦʤ ʙʠʤʦʜʘʣʴʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʘʵʨʦʟʦʣʷ ʩ 

ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʡ ʬʨʘʢʮʠʝʡ ʜʦ 60%. ʋʯʠʪʳʚʘʷ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʫʥʢʪʘʤʠ ʥʘʙʣʶʜʝʥʠʷ, 

ʚʦʟʤʦʞʝʥ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚʪʦʨʠʯʥʦʛʦ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʘʵʨʦʟʦʣʷ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ, ʯʪʦ ʜʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ 

ɸʥʛʩʪʨʝʤʘ. ʅʘ ʩʪʘʥʮʠʠ AERONET ʚ ʂʫʦʧʠʦ ʥʘʙʣʶʜʘʝʪʩʷ ʘʥʘʣʦʛʠʯʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ. 

ɺʳʩʦʢʠʝ ʣʝʪʥʠʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ɸʥʛʩʪʨʝʤʘ ʚ ʇʝʪʝʨʛʦʬʝ ʘʚʪʦʨʳ [243] ʩʚʷʟʳʚʘʶʪ ʩ 
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ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʚʪʦʨʠʯʥʦʛʦ ʘʵʨʦʟʦʣʷ. ɿʘʚʳʰʝʥʠʝ ʘʥʛʩʪʨʝʤʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ ʠ ʂʫʦʧʠʦ, ʧʦʣʫʯʝʥʥʦʝ ʧʦ ʣʠʜʘʨʥʳʤ ʜʘʥʥʳʤ ʧʦ ʦʪʥʦʰʝʥʠʶ 

ʢ ʘʥʛʩʪʨʝʤʥʦʤʫ ʧʘʨʘʤʝʪʨʫ AERONET, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʦ ʩ ʦʛʨʘʥʠʯʝʥʠʝʤ ʚʳʩʦʪʳ 

ʥʘʙʣʶʜʝʥʠʷ ʦʪ 800 ʜʦ 1600 ʤ, ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʣʠʜʘʨʥʦʡ ʩʪʘʥʮʠʠ ʚ ʮʝʥʪʨʝ ʇʝʪʝʨʙʫʨʛʘ ʪʦʞʝ 

ʚʣʠʷʝʪ. 

ɺ ʄʠʥʩʢʝ ʧʘʨʘʤʝʪʨ ɸʥʛʩʪʨʝʤʘ (440-870 ʥʤ), ʨʘʩʩʯʠʪʘʥʥʳʡ ʧʦ ʜʘʥʥʳʤ ʩʪʘʥʮʠʠ 

AERONET ʩ 2002 ʧʦ 2019 ʛʦʜʳ [250], ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʷʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ, ʧʨʠ ʵʪʦʤ 

ʩʨʝʜʥʝʛʦʜʦʚʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ɸʥʛʩʪʨʝʤʘ ʧʦ ʜʘʥʥʳʤ AERONET ʧʨʝʚʳʰʘʶʪ 1,3, ʯʪʦ 

ʪʘʢʞʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʝʦʙʣʘʜʘʥʠʝ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʘʵʨʦʟʦʣʝʡ ʠ ʥʝ ʩʦʚʩʝʤ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʣʠʜʘʨʥʳʤ ʤʝʪʦʜʦʤ. ʉʨʝʜʥʝʩʫʪʦʯʥʳʝ ʟʥʘʯʝʥʠʷ ɸʆʊ 440 ʥʤ ʠ 

ʧʦʢʘʟʘʪʝʣʷ ɸʥʛʩʪʨʝʤʘ (440-870 ʥʤ) ʩʪʘʥʮʠʠ AERONET ʚ ʄʠʥʩʢʝ ʚʘʨʴʠʨʫʶʪʩʷ ʦʪ 0,03 ʜʦ 

2,08 ʠ ʦʪ 0,11 ʜʦ 2,35, ʘ ʩʨʝʜʥʝʤʝʩʷʯʥʳʝ ʟʥʘʯʝʥʠʷ - ʦʪ 0,14 ʜʦ 0,27 ʠ ʦʪ 1,19 ʜʦ 1,58 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʣʫʯʝʥʥʦʝ ʩʨʝʜʥʝʛʦʜʦʚʦʝ ʟʥʘʯʝʥʠʝ ɸʆʊ 440 ʩʦʩʪʘʚʣʷʝʪ 0,22 Ñ 0,17. 

ʉʨʝʜʥʠʡ ʧʘʨʘʤʝʪʨ ɸʥʛʩʪʨʝʤʘ (355ï532 ʥʤ) ʚ ʄʠʥʩʢʝ ʧʦ ʜʘʥʥʳʤ ʣʠʜʘʨʘ ʩʦʩʪʘʚʣʷʝʪ 0,92, 

ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ ʠ ʂʫʦʧʠʦ ʠ ʥʝ ʩʦʚʩʝʤ ʭʘʨʘʢʪʝʨʥʦ 

ʜʣʷ ʄʠʥʩʢʘ. ʇʦʣʫʯʝʥʥʦʝ ʨʘʩʭʦʞʜʝʥʠʝ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʣʠʜʘʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʚ ʄʠʥʩʢʝ ʚ ʧʝʨʠʦʜ ʩ 2018 ʧʦ 2020 ʛʦʜ. ʀʟʤʝʨʝʥʠʷ ʚ ʵʪʦʪ ʧʝʨʠʦʜ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʦʩʥʦʚʥʦʤ ʨʘʥʥʝʡ ʚʝʩʥʦʡ ʠ ʟʠʤʦʡ, ʘ ʧʘʨʘʤʝʪʨ ɸʥʛʩʪʨʝʤʘ (355-532 ʥʤ) 

ʧʦʢʘʟʳʚʘʝʪ ʟʘʥʠʞʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ï 0,54, ʯʪʦ, ʥʝʩʦʤʥʝʥʥʦ, ʚʣʠʷʝʪ ʥʘ ʠʪʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ 

ɸʆʊ ʠ ʧʘʨʘʤʝʪʨʘ ɸʥʛʩʪʨʝʤʘ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ ʩ 2014-2020 ʛʛ. ʇʨʠ ʵʪʦʤ ʩʨʝʜʥʠʡ ʧʘʨʘʤʝʪʨ 

ɸʥʛʩʪʨʝʤʘ (355ï532 ʥʤ) ʟʘ ʧʝʨʠʦʜ ʩ 2014 ʧʦ 2017 ʛʦʜ ʩʦʩʪʘʚʣʷʝʪ 1,23, ʯʪʦ ʙʣʠʟʢʦ ʢ 

ʧʦʢʘʟʘʥʠʷʤ ʩʪʘʥʮʠʠ AERONET ʚ ʄʠʥʩʢʝ. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʘʢ ɸʆʊ 355, ʪʘʢ ʠ ɸʆʊ 

532 ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ ʠ ʄʠʥʩʢʝ ʚ ʩʨʝʜʥʝʤ ʧʨʝʚʳʰʘʶʪ ʟʥʘʯʝʥʠʷ ɸʆʊ ʚ ʛʦʨʦʜʝ ʂʫʦʧʠʦ ʚ 

2-3 ʨʘʟʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʘʪʤʦʩʬʝʨʘ ʚ ʛʦʨʦʜʝ 

ʂʫʦʧʠʦ ʤʝʥʴʰʝ ʟʘʛʨʷʟʥʝʥʘ ʘʵʨʦʟʦʣʴʥʳʤʠ ʯʘʩʪʠʮʘʤʠ, ʯʪʦ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ ʜʘʥʥʦʡ 

ʩʪʘʪʴʠ, ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʵʪʦʤ ʨʝʛʠʦʥʝ, ʘ ʪʘʢʞʝ ʥʠʟʢʦʡ ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ. 

ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠʨʦʜʥʳʡ ʘʵʨʦʟʦʣʴ ʪʘʢʞʝ ʤʦʞʝʪ ʚʥʦʩʠʪʴ ʩʚʦʡ ʚʢʣʘʜ ʚ 

ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʘʵʨʦʟʦʣʴʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ ʛʦʨʦʜʦʚ [251]. ʇʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʘʵʨʦʟʦʣʝʡ ʥʘʜ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʦʤ ʠ ʄʠʥʩʢʦʤ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ 

ʥʝʛʘʪʠʚʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʥʘ ʟʜʦʨʦʚʴʝ ʥʘʩʝʣʝʥʠʷ ʟʘ ʩʯʝʪ ʧʨʦʮʝʩʩʦʚ ʘʵʨʦʟʦʣʴʥʦʛʦ 

ʚʳʧʘʜʝʥʠʷ. 

ʇʦʩʢʦʣʴʢʫ ʩʨʘʚʥʠʚʘʝʤʳʝ ʩʪʘʥʮʠʠ ʥʝ ʠʤʝʶʪ ʜʘʥʥʳʭ ʟʘ ʚʩʝ ʛʦʜʳ, ʩʨʘʚʥʝʥʠʝ 

ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ ʩʣʝʜʫʶʱʝʡ ʤʝʪʦʜʠʢʝ. ʆʪʜʝʣʴʥʦ ʘʥʘʣʠʟʠʨʦʚʘʣʩʷ ʧʝʨʠʦʜ ʩ 2014 ʧʦ 2016 ʛʛ., 

ʧʦʩʢʦʣʴʢʫ ʟʘ ʵʪʠ ʪʨʠ ʛʦʜʘ ʚʩʝ ʪʨʠ ʩʪʘʥʮʠʠ ʠʤʝʶʪ ʠʟʤʝʨʝʥʠʷ (ʈʠcʫʥʦʢ 52A). ʆʪʜʝʣʴʥʦʝ 
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ʩʨʘʚʥʝʥʠʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʜʣʷ ʄʠʥʩʢʘ ʠ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʩ 2014 ʧʦ 2020 ʛʦʜ (ʈʠʩʫʥʦʢ 

52ɺ). ʅʘ ʈʠʩʫʥʢʝ 52 ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʦ ʧʨʝʦʙʣʘʜʘʥʠʝ ʩʨʝʜʥʝʡ ɸʆʊ ʄʠʥʩʢʘ ʠ ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʘ ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ 355 ʥʤ ʠ 532 ʥʤ ʥʘʜ ʂʫʦʧʠʦ. ʉʨʝʜʥʷʷ ɸʆʊ 355 ʚ ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʝ ʠ ʄʠʥʩʢʝ ʧʨʝʚʳʰʘʝʪ ɸʆʊ 355 ʚ ʂʫʦʧʠʦ ʚ 2,1 ʨʘʟʘ. ʉʨʝʜʥʠʡ ɸʆʊ 532 ʚ ʄʠʥʩʢʝ 

ʧʨʝʚʳʰʘʝʪ ɸʆʊ 532 ʚ ʂʫʦʧʠʦ ʚ 3,6 ʨʘʟʘ, ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ ɸʆʊ 532 ʚʳʰʝ ʚ ʂʫʦʧʠʦ ʚ 2,6 

ʨʘʟʘ. 

  

ɸ ɺ 

ʈʠʩʫʥʦʢ 52 ï ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ɸʆʊ ʩ 2014 ʧʦ 2016 ʛʦʜ (ɸ) ʠ ʩ 2014 ʧʦ 2020 ʛʦʜ (ɺ) ʥʘ 

ʜʣʠʥʘʭ ʚʦʣʥ 355 ʥʤ ʠ 532 ʥʤ (ʯʝʨʥʳʝ ʣʠʥʠʠ ð ʩʪʘʥʜʘʨʪʥʳʝ ʦʪʢʣʦʥʝʥʠʷ). 

 

ʀʤʝʶʱʠʝʩʷ ʜʘʥʥʳʝ ɸʆʊ ʧʦ ʪʨʝʤ ʩʪʘʥʮʠʷʤ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ, ʄʠʥʩʢʝ ʠ ʂʫʦʧʠʦ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʚ ʪʨʝʭ ʨʝʛʠʦʥʘʭ ʩ ʨʘʟʥʳʤ ʫʨʦʚʥʝʤ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠ 

ʝʩʪʝʩʪʚʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʵʨʦʟʦʣʝʡ, ʧʦʟʚʦʣʠʣʠ ʦʮʝʥʠʪʴ ʦʧʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʘʵʨʦʟʦʣʷ ʠ ʩʨʘʚʥʠʪʴ ʫʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ. ɺ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʣʠʜʘʨʥʦʡ ʩʪʘʥʮʠʠ ʥʘʭʦʜʠʪʩʷ ʚ ʮʝʥʪʨʝ ʛʦʨʦʜʘ, ʚ ʩʘʤʦʤ ʟʘʛʨʷʟʥʝʥʥʦʤ ʨʘʡʦʥʝ. 

ʉʨʝʜʥʠʡ ʧʦʢʘʟʘʪʝʣʴ ɸʆʊ 355 ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ ʠ ʄʠʥʩʢʝ ʟʘ ʧʝʨʠʦʜ 2014-2016 

ʛʦʜʦʚ ʧʨʝʚʳʰʘʝʪ ʵʪʦ ʟʥʘʯʝʥʠʝ ʚ ʂʫʦʧʠʦ ʚ 2,1 ʨʘʟʘ. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ɸʆʊ 532 ʚ ʄʠʥʩʢʝ ʠ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ ʚ 3,6 ʠ 2,6 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʚ ʂʫʦʧʠʦ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɿʘ ʧʝʨʠʦʜ 2014ï2020 

ʛʦʜʦʚ ɸʆʊ 355 ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ: 0,050Ñ0,012 ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ ʠ 

0,034Ñ0,008 ʚ ʄʠʥʩʢʝ, ʘ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ɸʆʊ 532 ʩʦʩʪʘʚʣʷʶʪ: 0,020Ñ0,004 ʚ ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʝ ʠ 0,023Ñ0,005 ʚ ʄʠʥʩʢʝ. ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ɸʆʊ 355 ʠ ɸʆʊ 532 ʚ ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʝ ʚ 1,46 ʨʘʟʘ ʚʳʰʝ ʠ ʚ 1,14 ʨʘʟʘ ʥʠʞʝ, ʯʝʤ ʚ ʄʠʥʩʢʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʩ ʜʘʥʥʳʤʠ ʩʪʘʥʮʠʡ AERONET ʚ 

ʇʝʪʝʨʛʦʬʝ, ʄʠʥʩʢʝ, ʂʫʦʧʠʦ ʩ ʘʥʘʣʠʟʦʤ ʦʧʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʘʨʘʤʝʪʨʘ ɸʥʛʩʪʨʝʤʘ ʠ 

ʦʮʝʥʢʦʡ ʠʭ ʚʘʨʠʘʮʠʡ. ʅʘʠʤʝʥʴʰʘʷ ɸʆʊ ʧʦ ʜʘʥʥʳʤ AERONET ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʚ ʂʫʦʧʠʦ, 

ʥʘʠʙʦʣʴʰʘʷ ð ʚ ʄʠʥʩʢʝ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʣʠʜʘʨʥʳʤʠ ʜʘʥʥʳʤʠ. ʉʪʘʥʮʠʷ ʚ 

ʇʝʪʝʨʛʦʬʝ ʨʘʩʧʦʣʦʞʝʥʘ ʜʘʣʝʢʦ ʦʪ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʧʦʢʘʟʘʥʠʷ ɸʆɼ ʚ 

ʩʪʦʨʦʥʫ ʧʦʥʠʞʝʥʠʷ. ɸʆɼ 355 ʧʦ ʜʘʥʥʳʤ ʣʠʜʘʨʘ ʩ 2014 ʧʦ 2020 ʛʦʜ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ 

ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʚ ʄʠʥʩʢʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ɸʥʛʩʪʨʝʤʘ ʧʦ ʣʠʜʘʨʥʳʤ ʜʘʥʥʳʤ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ ʠ 

ʂʫʦʧʠʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʧʘʨʘʤʝʪʨʦʤ ɸʥʛʩʪʨʝʤʘ, ʧʦʣʫʯʝʥʥʳʤ ʧʦ ʜʘʥʥʳʤ AERONET. 

ʇʨʠ ʵʪʦʤ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ɸʥʛʩʪʨʝʤʘ ʦʪʤʝʯʘʶʪʩʷ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ ʠ 

ʂʫʦʧʠʦ, ʯʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴʶ ʚʳʩʦʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ɸʆʊ ʦʪ 800 ʜʦ 1600 

ʤ. 

ɺ ʄʠʥʩʢʝ ʧʦ ʜʘʥʥʳʤ AERONET ʧʘʨʘʤʝʪʨ ɸʥʛʩʪʨʝʤʘ 440-870 ʥʤ ʩ 2002 ʧʦ 2019 

ʛʦʜʳ ʧʨʝʚʳʰʘʝʪ 1,3, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʝʦʙʣʘʜʘʥʠʝ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʘʵʨʦʟʦʣʝʡ ʠ ʥʝ 

ʩʦʚʩʝʤ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʣʠʜʘʨʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʝʩʣʠ ʚʟʷʪʴ 

ʧʝʨʠʦʜ ʩ 2014 ʧʦ 2020 ʛʦʜ. ʅʘ ʩʨʝʜʥʠʡ ʧʘʨʘʤʝʪʨ ɸʥʛʩʪʨʝʤʘ ʚʣʠʷʶʪ ʜʘʥʥʳʝ ʩ 2018 ʧʦ 2020 

ʛʦʜ, ʢʦʛʜʘ ʠʤʝʝʪʩʷ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʟʤʝʨʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʦʚʦʜʠʣʠʩʴ ʪʦʣʴʢʦ ʨʘʥʥʝʡ 

ʚʝʩʥʦʡ ʠ ʟʠʤʦʡ, ʠ ʧʘʨʘʤʝʪʨ ɸʥʛʩʪʨʝʤʘ 532-355 ʥʤ ʙʳʣ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʥʠʞʝʥ - 0,54, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʝʦʙʣʘʜʘʥʠʝ ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʛʦ ʘʵʨʦʟʦʣʷ. ʈʘʩʩʯʠʪʘʥʥʳʡ ʧʘʨʘʤʝʪʨ ɸʥʛʩʪʨʝʤʘ 

532-355 ʥʤ ʟʘ ʧʝʨʠʦʜ ʩ 2014 ʧʦ 2017 ʛʦʜ ʩʦʩʪʘʚʣʷʝʪ 1,23, ʯʪʦ ʫʞʝ ʙʣʠʟʢʦ ʠ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʩʝʪʠ AERONET. 

ɿʥʘʯʝʥʠʷ ɸʆʊ 355 ʠ 532 ʚ ʛʦʨʦʜʝ ʂʫʦʧʠʦ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ, ʯʝʤ ʚ ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʝ ʠ ʄʠʥʩʢʝ, ʠʟ-ʟʘ ʤʝʥʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ ʚ ʘʪʤʦʩʬʝʨʝ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʦʙʘ ʟʥʘʯʝʥʠʷ ɸʆʊ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ ʠ ʄʠʥʩʢʝ ʧʨʝʚʳʰʘʶʪ ʟʥʘʯʝʥʠʷ ɸʆʊ 

ʚ ʂʫʦʧʠʦ ʚ 2-3 ʨʘʟʘ (ʈʠʩʫʥʦʢ 52ɺ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʤ 

ʩʦʜʝʨʞʘʥʠʠ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ ʥʘʜ ʤʝʛʘʧʦʣʠʩʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʦʣʝʝ ʤʝʣʢʠʤʠ 

ʛʦʨʦʜʘʤʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ɸʆʊ ʩʨʘʚʥʠʚʘʣʦʩʴ ʚ ʩʣʦʝ ʦʪ 800 ʜʦ 1600 ʤ. ɽʩʣʠ ʙʳ ʤʦʞʥʦ ʙʳʣʦ 

ʩʨʘʚʥʠʪʴ ɸʆɼ ʥʘ ʤʝʥʴʰʠʭ ʚʳʩʦʪʘʭ, ʪʦ, ʚʦʟʤʦʞʥʦ, ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʦʤ, 

ʄʠʥʩʢʦʤ ʠ ʂʫʦʧʠʦ ʙʳʣʠ ʙʳ ʝʱʝ ʙʦʣʴʰʝ. ʆʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʟʜʫʭʘ ʚ ʢʨʫʧʥʳʭ 

ʛʦʨʦʜʘʭ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʚʥʦʩʷʪ ʘʚʪʦʤʦʙʠʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪ ʠ ʧʨʦʤʳʰʣʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʩ 

ʥʝʢʦʪʦʨʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʨʠʨʦʜʥʳʭ ʘʵʨʦʟʦʣʝʡ. 

7.1.5 ɺʝʨʪʠʢʘʣʴʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʘʵʨʦʟʦʣʴʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ ʧʦ 

ʜʘʥʥʳʤ ʤʥʦʛʦʣʝʪʥʠʭ ʣʠʜʘʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ 

ʀʟʤʝʨʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʘʵʨʦʟʦʣʝʡ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʤʥʦʛʦʚʦʣʥʦʚʦʛʦ Nd:YAG ʣʘʟʝʨʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʚ ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 10 ʣʠʥʠʷ ɺ.ʆ., ʜʦʤ 
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33/35 ʥʘ ʚʳʩʦʪʝ 23 ʤʝʪʨʘ ʥʘʜ ʟʝʤʣʝʡ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʷʩʥʫʶ ʧʦʛʦʜʫ, ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʦʙʣʘʢʦʚ ʥʠʞʥʝʛʦ ʠ ʩʨʝʜʥʝʛʦ ʷʨʫʩʦʚ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʠʜʘʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, 

ʤʝʪʦʜʳ ʨʘʩʯʸʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ [253]. ʈʘʩʯʸʪ ʦʧʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʚʳʧʦʣʥʷʣʩʷ ʧʦ 

ʤʝʪʦʜʫ ʂʣʝʪʪʘ. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʧʦʛʨʝʰʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 20 ʧʨʦʮʝʥʪʦʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʠ ʩʦʜʝʨʞʘʥʠʷ ʘʵʨʦʟʦʣʷ ʠ ʩʦʩʪʦʷʥʠʷ ʘʪʤʦʩʬʝʨʳ [220,247,252,253]. 

ʇʦʣʫʯʝʥʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʠʤʝʶʱʠʤʩʷ ʧʨʦʛʨʘʤʤʥʳʤ 

ʦʙʝʩʧʝʯʝʥʠʝʤ DataProcessing, ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʜʣʷ ʉʇʙɻʋ ʢʦʤʧʘʥʠʝʡ çʆʆʆ ʆʧʪʦʩʠʩʪʝʤʳè. 

ʇʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʣʠʜʘʨʥʳʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʘʝʤʳʝ ʚ ʪʝʢʩʪʦʚʦʤ ʠʣʠ 

ʙʠʥʘʨʥʦʤ ʚʠʜʝ. ʉ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʯʠʪʘʝʪʩʷ ʰʫʤʦʚʳʝ 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʠʛʥʘʣʘ, ʤʦʣʝʢʫʣʷʨʥʦʝ ʨʘʩʩʝʷʥʠʝ, ʥʘʭʦʜʠʪʩʷ ʪʦʯʢʘ ʧʨʠʚʷʟʢʠ, ʚʳʯʠʩʣʷʶʪʩʷ 

ʦʧʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʘʵʨʦʟʦʣʷ. 

ʉʧʦʩʦʙ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʩʣʘʙʣʝʥʠʷ ʠ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʘʵʨʦʟʦʣʷ ʧʦ 

ʜʘʥʥʳʤ ʣʠʜʘʨʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʨʘʙʦʪʝ [220].  

ʂʦʣʠʯʝʩʪʚʦ ʠʟʤʝʨʝʥʠʡ ʧʦ ʤʝʩʷʮʘʤ ʠ ʛʦʜʘʤ ʧʨʠʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʝ 34.  

 

ʊʘʙʣʠʮʘ 34. ʂʦʣʠʯʝʩʪʚʦ ʠʟʤʝʨʝʥʠʡ ʧʦ ʤʝʩʷʮʘʤ ʠ ʛʦʜʘʤ 

ɻʦʜ 
ʅʦʤʝʨ ʤʝʩʷʮʘ 

ɺʩʝʛʦ 
I II  III  IV  V VI  VII  VIII  IX  X XI  XII  

2014 2 2 6 1 0 0 6 5 0 4 2 2 30 

2015 2 3 6 4 3 7 2 3 3 0 1 0 33 

2016 2 0 3 2 0 1 1 0 0 1 1 1 13 

2017 1 4 6 7 6 9 5 8 3 4 3 0 56 

2018 3 4 9 1 0 0 0 0 1 2 1 0 21 

2019 0 3 0 1 0 0 2 4 0 0 0 0 10 

2020 0 1 6 0 0 0 0 2 0 0 0 0 9 

2021 0 0 1 0 0 0 0 1 1 2 0 0 5 

2022 2 0 9 8 3 1 0 0 1 1 0 0 26 

2023 0 4 3 8 0 6 0 2 1 1 0 0 25 

ɺʩʝʛʦ 12 20 49 32 12 24 17 25 10 16 8 3 227 

 

ʉʫʜʷ ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʧʨʦʬʠʣʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʩʣʘʙʣʝʥʠʷ (ʈʠʩʫʥʦʢ 

53), ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʘʵʨʦʟʦʣʴʥʦʡ ʰʘʧʢʠ ʥʘʜ ʛʦʨʦʜʦʤ ʧʨʦʩʪʠʨʘʝʪʩʷ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ 

ʤʝʪʨʦʚ ʜʦ 1800 ʤ. ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʴʰʘʷ ʚʳʩʦʪʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʪʝʧʣʦʝ ʚʨʝʤʷ ʛʦʜʘ, ʯʪʦ 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʚʳʥʦʩʦʤ ʯʘʩʪʠʮ, ʥʘʢʦʧʣʝʥʥʳʭ ʚ ʩʥʝʞʥʦʤ ʧʦʢʨʦʚʝ, ʥʘʣʠʯʠʝʤ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ ʠʟ-ʟʘ ʧʨʦʛʨʝʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʥʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʠʥʚʝʨʩʠʡ, ʢʦʪʦʨʳʝ ʟʘʧʠʨʘʶʪ ʚʝʨʪʠʢʘʣʴʥʫʶ ʢʦʥʚʝʢʮʠʶ, ʯʪʦ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʚʳʰʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʵʨʦʟʦʣʷ [254]. 
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ɸ 

 

ɺ 

ʈʠʩʫʥʦʢ 53 ï ɺʝʨʪʠʢʘʣʴʥʳʡ ʧʨʦʬʠʣʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʩʣʘʙʣʝʥʠʷ ʜʣʷ 355 ʥʤ ʢʘʥʘʣʘ (ɸ) ʠ 

ʜʣʷ 532 ʥʤ (ɺ) ʧʦ ʤʝʩʷʮʘʤ ʟʘ ʧʝʨʠʦʜ ʩ 2014 ʧʦ 2023 ʛʛ 

 

ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʩʝʷʥʠʝ ʠʟʣʫʯʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʝʧʣʦʝ ʚʨʝʤʷ ʛʦʜʘ (ʈʠʩʫʥʦʢ 54), ʯʪʦ 

ʩʚʷʟʘʥʦ ʩ ʧʦʚʳʰʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ. ɼʣʷ ʦʮʝʥʢʠ ʜʠʩʧʝʨʩʥʦʩʪʠ 

ʘʵʨʦʟʦʣʷ ʧʨʦʚʝʜʝʥ ʨʘʩʯʸʪ ʧʘʨʘʤʝʪʨʘ ɸʥʛʩʪʨʝʤʘ. ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʥʠʞʝ 1 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʝʦʙʣʘʜʘʥʠʠ ʢʨʫʧʥʦʜʠʩʧʝʨʩʥʦʛʦ ʘʵʨʦʟʦʣʷ, ʚʳʰʝ 2 ʦ ʧʨʝʦʙʣʘʜʘʥʠʠ 

ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ. ʅʠʞʝ ʚʩʝʛʦ ʧʘʨʘʤʝʪʨ ɸʥʛʩʪʨʝʤʘ ʚʝʩʥʦʡ, ʚʳʰʝ ʚʩʝʛʦ 

ʦʩʝʥʴʶ, ʧʘʨʘʤʝʪʨ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 1,95 ʜʦ 2,91. ɺ ʘʪʤʦʩʬʝʨʝ ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ 

ʚ ʩʨʝʜʥʝʤ ʧʨʝʦʙʣʘʜʘʝʪ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʡ ʘʵʨʦʟʦʣʴ. ʉʪʦʠʪ ʫʯʝʩʪʴ, ʯʪʦ ʨʘʟʤʝʨ ʠ ʪʠʧ ʯʘʩʪʠʮ 



167 
 

ʘʵʨʦʟʦʣʷ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ. ɺ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ ʥʘʠʚʳʩʰʠʝ ʯʠʩʣʝʥʥʳʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʵʨʦʟʦʣʝʡ ʚ ʘʪʤʦʩʬʝʨʝ ʦʪʤʝʯʘʣʠʩʴ ʧʨʠ ʶʛʦ-ʚʦʩʪʦʯʥʦʤ ʧʝʨʝʥʦʩʝ [255].  

 

ʈʠʩʫʥʦʢ 54 ï ɺʝʨʪʠʢʘʣʴʥʳʡ ʧʨʦʬʠʣʴ ʯʠʩʣʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦ ʤʝʩʷʮʘʤ ʟʘ ʧʝʨʠʦʜ ʩ 

2014 ʧʦ 2023 ʛʛ 

 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʯʠʩʣʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, 

ʧʨʝʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʘʵʨʦʟʦʣʝʡ ʚ ʪʝʧʣʦʝ ʚʨʝʤʷ ʛʦʜʘ. ʉ ʘʧʨʝʣʷ ʧʦ ʤʘʡ ʠʜʝʪ ʧʦʩʪʝʧʝʥʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʢʘʢ ʧʣʦʪʥʦʩʪʠ ʘʵʨʦʟʦʣʴʥʦʡ ʰʘʧʢʠ, ʪʘʢ ʠ ʝʝ ʚʳʩʦʪʳ. ʉ ʠʶʥʷ ʧʦ ʩʝʥʪʷʙʨʴ ʜʘʥʥʳʝ 

ʚʳʭʦʜʷʪ ʥʘ ʥʝʢʦʝ ʧʣʘʪʦ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʘʵʨʦʟʦʣʝʡ ʧʦʩʪʝʧʝʥʥʦ ʧʘʜʝʪ ʚ ʩʨʝʜʥʝʤ ʥʘ 220 1/ʩʤ3 

ʟʘ ʢʘʞʜʳʝ 100 ʤʝʪʨʦʚ ʚ ʧʝʨʠʦʜ ʩ ʠʶʥʷ ʧʦ ʩʝʥʪʷʙʨʴ, ʠ ʥʘ 140 1/ʩʤ3 ʚ ʦʩʪʘʣʴʥʦʝ ʚʨʝʤʷ ʢʨʦʤʝ 

ʥʦʷʙʨʷ.  

ɺ ʠʶʥʝ ʦʪʤʝʯʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ ʥʘ ʚʳʩʦʪʘʭ ʦʪ 300 

ʜʦ 1800 ʤʝʪʨʦʚ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʵʨʦʟʦʣʝʡ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 4970/ʩʤ3 ʥʘ ʚʳʩʦʪʝ 330 

ʤ ʜʦ 970 1/ʩʤ3 ʥʘ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝ ʥʘʙʣʶʜʝʥʠʷ. ʉ ʠʶʣʷ ʧʦ ʩʝʥʪʷʙʨʴ ʚʝʨʪʠʢʘʣʴʥʳʡ ʧʨʦʬʠʣʴ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʵʨʦʟʦʣʝʡ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 550 ʜʦ 4500 1/ʩʤ3, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ, 

ʯʝʤ ʚ ʭʦʣʦʜʥʳʡ ʩʝʟʦʥ. ʂʦʥʮʝʥʪʨʘʮʠʠ ʠʟʤʝʥʷʣʠʩʴ ʚ ʜʠʘʧʘʟʦʥʘʭ ʦʪ 3980 1/ʩʤ3 ʜʦ 550 1/ʩʤ3 ʚ 

ʠʶʣʝ, ʦʪ 3930 1/ʩʤ3 ʜʦ 730 1/ʩʤ3 ʚ ʘʚʛʫʩʪʝ ʠ ʦʪ 4500 ʜʦ 670 1/ʩʤ3 ʚ ʩʝʥʪʷʙʨʝ. 

ʆʪʤʝʯʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ ʚ ʥʦʷʙʨʝ ʤʝʩʷʮʝ, ʜʦ 3540-

3740 1/ʩʤ3 ʚ ʩʣʦʝ 340-420 ʤ. ɺ ʷʥʚʘʨʝ-ʜʝʢʘʙʨʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʯʠʩʪʘʷ ʘʪʤʦʩʬʝʨʘ ʩ 

ʥʘʣʠʯʠʝʤ ʘʵʨʦʟʦʣʷ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʜʠʘʧʘʟʦʥʘ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 3020 1/ʩʤ3. ɺ 

ʬʝʚʨʘʣʝ ʦʪʤʝʯʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ ʜʦ 3620 1/ʩʤ3. ɺ ʜʝʢʘʙʨʝ 

ʚ ʩʚʷʟʠ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʧʦʜʭʦʜʷʱʠʡ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʧʦʛʦʜʳ ʚ ʧʝʨʠʦʜ ʩ 2014 ʧʦ 2023 ʛʛ. 

ʧʨʦʚʝʜʝʥʦ ʚʩʝʛʦ 3 ʠʟʤʝʨʝʥʠʷ. ʈʘʟʥʠʮʘ ʚ ʩʦʜʝʨʞʘʥʠʠ ʘʵʨʦʟʦʣʝʡ ʤʝʞʜʫ ʜʝʢʘʙʨʝʤ ʠ ʷʥʚʘʨʝʤ 

ʩʢʦʨʝʝ ʚʩʝʛʦ ʩʚʷʟʘʥʘ ʩ ʤʘʣʳʤ ʢʦʣʠʯʝʩʪʚʦ ʥʘʙʣʶʜʝʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʜʝʢʘʙʨʝ. 
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ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ ʚʩʣʝʜʩʪʚʠʝ ʩʠʣʴʥʦʡ ʫʨʙʘʥʠʟʘʮʠʠ (ʠʥʜʫʩʪʨʠʘʣʠʟʘʮʠʠ) ʥʘʭʦʜʠʪʩʷ 

ʧʦʜ ʧʦʚʳʰʝʥʥʳʤ ʘʥʪʨʦʧʦʛʝʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ. ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʳ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩʝʟʦʥʥʫʶ ʠ ʤʝʩʷʯʥʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʘʵʨʦʟʦʣʝʡ ʚ ʨʘʤʢʘʭ ʜʦʣʛʦʩʨʦʯʥʳʭ ʣʠʜʘʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʚ ʪʝʯʝʥʠʝ 10 ʣʝʪ ʚ ʘʪʤʦʩʬʝʨʝ ʥʘʜ ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʦʤ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʠʜʘʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʊʘʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʘʜ ʪʘʢʠʤ ʢʨʫʧʥʳʤ 

ʤʝʛʘʧʦʣʠʩʦʤ ʢʘʢ ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʥʝʪ. ɺʝʨʪʠʢʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʘʵʨʦʟʦʣʝʡ ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʨʦʣʠ ʚ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ 

ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʚʘʞʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʭ ʠʩʪʦʯʥʠʢʘʭ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ 

ʧʨʦʮʝʩʩʘʭ ʧʝʨʝʥʦʩʘ. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʘʵʨʦʟʦʣʝʡ ʦʪʤʝʯʘʝʪʩʷ ʩ ʠʶʥʷ ʧʦ ʩʝʥʪʷʙʨʴ, ʥʘ ʚʳʩʦʪʘʭ ʦʪ 

300 ʜʦ 1800 ʤ ʠ ʩʦʩʪʘʚʣʷʝʪ 3930-4970 1/ʩʤ3, ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʟʠʤʥʠʝ 

ʤʝʩʷʮʳ, ʢʦʛʜʘ ʩʦʜʝʨʞʘʥʠʝ ʘʵʨʦʟʦʣʝʡ ʥʘ ʥʠʞʥʝʡ ʛʨʘʥʠʮʝ ʥʘʙʣʶʜʝʥʠʡ ʥʝ ʧʨʝʚʳʰʘʣʦ 3-3,5 

1/ʩʤ3. 

ɺ ʤʝʩʷʮʳ, ʢʦʛʜʘ ʚ ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ ʠ ʩʦʧʨʝʜʝʣʴʥʳʭ ʨʝʛʠʦʥʘʭ ʜʝʨʞʠʪʩʷ ʩʥʝʞʥʳʡ 

ʧʦʢʨʦʚ, ʟʘʜʝʨʞʠʚʘʶʱʠʡ ʘʵʨʦʟʦʣʴʥʳʝ ʯʘʩʪʠʮʳ, ʦʪʤʝʯʘʝʪʩʷ ʥʘʠʤʝʥʴʰʘʷ ʧʣʦʪʥʦʩʪʴ ʠ ʚʳʩʦʪʘ 

ʘʵʨʦʟʦʣʴʥʦʡ ʰʘʧʢʠ. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʚʳʩʦʪʘ ʥʘʭʦʞʜʝʥʠʷ ʘʵʨʦʟʦʣʴʥʳʭ ʩʣʦʝʚ ʦʪʤʝʯʘʝʪʩʷ ʚ ʧʝʨʠʦʜ ʩʭʦʜʘ 

ʩʥʝʛʘ ʧʨʦʛʨʝʚʘ ʟʝʤʣʠ, ʢʦʛʜʘ ʚʳʩʚʦʙʦʞʜʘʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ, 

ʥʘʢʦʧʣʝʥʥʳʭ ʟʘ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʠ ʩʜʝʨʞʠʚʘʝʤʳʭ ʩʥʝʛʦʚʳʤ ʧʦʢʨʦʚʦʤ. ʄʘʢʩʠʤʘʣʴʥʳʝ 

ʚʳʩʦʪʳ ʠ ʧʣʦʪʥʦʩʪʴ ʘʵʨʦʟʦʣʷ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʚ ʪʝʯʝʥʠʠ ʧʦʩʣʝʜʥʝʛʦ ʤʝʩʷʮʘ ʚʝʩʥʳ ï ʤʘʷ, 

ʣʝʪʘ, ʟʘʭʚʘʪʳʚʘʷ ʩʝʥʪʷʙʨʴ. ɺ ʵʪʠ ʤʝʩʷʮʳ ʦʪʤʝʯʘʝʪʩʷ ʪʘʢʞʝ ʤʘʢʩʠʤʫʤʳ ʧʨʦʪʷʞʝʥʥʦʩʪʠ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʵʨʦʟʦʣʷ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʩʣʘʙʣʝʥʠʷ ʠ ʦʙʨʘʪʥʦʛʦ 

ʨʘʩʩʝʷʥʠʷ [253].  

ʇʘʨʘʤʝʪʨ ɸʥʛʩʪʨʝʤʘ ʛʦʚʦʨʠʪ ʦ ʧʨʝʦʙʣʘʜʘʥʠʠ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʘʵʨʦʟʦʣʷ ʚ 

ʘʪʤʦʩʬʝʨʝ ʥʘʜ ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʦʤ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʛʦʜʘ. 

ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʣʝʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʢʦʥʚʝʢʪʠʚʥʳʭ ʷʚʣʝʥʠʡ, ʯʪʦ ʚʠʜʥʦ ʧʦ ʣʠʜʘʨʥʳʤ ʧʨʦʬʠʣʷʤ. ɸʥʘʣʠʟ ʠ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ 

ʧʦʟʚʦʣʠʣʠ ʦʮʝʥʠʪʴ ʚʝʨʪʠʢʘʣʴʥʫʶ ʜʠʥʘʤʠʢʫ ʘʵʨʦʟʦʣʝʡ ʧʦ ʤʝʩʷʮʘʤ ʟʘ ʜʣʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ 

ʚʨʝʤʝʥʠ ʩ 2014 ʧʦ 2023 ʛʛ. ʇʦʥʠʤʘʥʠʝ ʜʠʥʘʤʠʢʠ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʘʪʤʦʩʬʝʨʥʳʭ ʘʵʨʦʟʦʣʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʤʦʞʝʪ ʧʦʤʦʯʴ ʚ 

ʨʘʟʨʘʙʦʪʢʝ ʤʝʨ ʧʦ ʩʤʷʛʯʝʥʠʶ ʧʦʩʣʝʜʩʪʚʠʡ ʟʘʛʨʷʟʥʝʥʠʷ ʘʵʨʦʟʦʣʴʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʠ 

ʩʥʠʞʝʥʠʶ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʤ ʨʝʛʠʦʥʝ. 



169 
 

7.1.6 ʆʮʝʥʢʘ ʘʵʨʦʟʦʣʴʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ ʠ ʧ. ɺʦʝʡʢʦʚʦ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʩʠʥʭʨʦʥʥʳʭ ʣʠʜʘʨʥʳʭ ʠʟʤʝʨʝʥʠʡ 

ʄʦʙʠʣʴʥʳʡ ʠ ʩʪʘʮʠʦʥʘʨʥʳʡ ʣʠʜʘʨʥʳʝ ʢʦʤʧʣʝʢʩʳ (ʈʠʩʫʥʦʢ 55) ʧʦʟʚʦʣʷʶʪ 

ʧʨʦʚʦʜʠʪʴ ʥʘʪʫʨʥʳʝ ʠʟʤʝʨʝʥʠʷ ʘʵʨʦʟʦʣʝʡ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ Nd:YAG ʣʘʟʝʨ 

ʠ ʜʦʧʣʝʨʦʚʩʢʠʡ ʛʝʪʝʨʦʜʠʥʥʳʡ ʣʠʜʘʨ. 

 

ʈʠʩʫʥʦʢ 55 ï ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʣʦʱʘʜʦʢ ʥʘʙʣʶʜʝʥʠʡ 

 

Nd:YAG ʣʘʟʝʨ ʨʘʙʦʪʘʝʪ ʥʘ ʪʨʝʭ ʜʣʠʥʘʭ ʚʦʣʥ: 355 ʥʤ, 532 ʥʤ ʠ 1064 ʥʤ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʣʘʟʝʨʘ ʩ ʪʨʝʤʷ ʛʘʨʤʦʥʠʢʘʤʠ ʧʦʟʚʦʣʷʝʪ ʚʦʩʩʪʘʥʦʚʠʪʴ ʬʫʥʢʮʠʶ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʘʤ. ʉʣʝʧʘʷ ʟʦʥʘ ʣʠʜʘʨʘ ʩʦʩʪʘʚʣʷʝʪ 300 ʤ ʠ ʩʚʷʟʘʥʘ ʩ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ɺʝʪʨʦʚʦʡ ʣʠʜʘʨ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʨʷʪʴ ʩʢʦʨʦʩʪʴ ʠ 

ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ ʩ ʚʳʩʦʪʳ 40 ʤ. ɺ ʠʤʧʫʣʴʩʥʦʤ ʜʦʧʧʣʝʨʦʚʩʢʦʤ ʚʝʪʨʦʚʦʤ ʣʠʜʘʨʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʠʥʘ ʚʦʣʥʳ 1557 ʥʤ. ʇʦʜʨʦʙʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʙʠʣʴʥʦʛʦ ʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʣʠʜʘʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʩʪʘʪʴʝ [255]. 

ɼʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʘʪʤʦʩʬʝʨʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʩʥʦʚʥʦʝ 

ʫʨʘʚʥʝʥʠʝ ʣʠʜʘʨʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ: 

ɿʘʜʘʯʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʵʨʦʟʦʣʷ ʧʦ ʨʘʟʤʝʨʘʤ ʦʙʳʯʥʦ ʬʦʨʤʫʣʠʨʫʝʪʩʷ 

ʚ ʚʠʜʝ ʫʨʘʚʥʝʥʠʡ ʌʨʝʜʛʦʣʴʤʘ ʚʪʦʨʦʛʦ ʨʦʜʘ: 

‌ ὑ άȟὶȟ‗ ὪὶὨὶ (13) 

‍ ὑ άȟὶȟ‗ ὪὶὨὶ (14) 

ʛʜʝ r ï ʨʘʜʠʫʩ ʯʘʩʪʠʮʳ, m ï ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ, ɚi ï ʜʣʠʥʳ ʚʦʣʥ, 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʟʦʥʜʠʨʦʚʘʥʠʠ, Ka(m,r,ɚi) ʠ Kb(m,r,ɚi) ï ʷʜʨʘ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʜʣʷ 
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ʩʣʫʯʘʷ ʩʬʝʨʠʯʝʩʢʠʭ ʯʘʩʪʠʮ, ʚʳʯʠʩʣʷʝʤʳʝ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʄʠ, f(r) ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ 

ʧʦ ʨʘʟʤʝʨʘʤ.  

ʋʨʘʚʥʝʥʠʷ (13, 14) ʥʝ ʠʤʝʶʪ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ. ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʜʘʥʥʦʡ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ, ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʨʝʛʫʣʷʨʠʟʘʮʠʠ, 

ʧʨʝʜʣʦʞʝʥʥʳʡ ʊʠʭʦʥʦʚʳʤ [219]. 

ɼʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʘʵʨʦʟʦʣʴʥʳʤ ʣʠʜʘʨʦʤ, ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ DataProcessing çʆʆʆ ʆʧʪʦʩʠʩʪʝʤʳè, ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʜʣʷ 

ʉʇʙɻʋ. ʇʨʦʛʨʘʤʤʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʤʥʦʛʦʚʦʣʥʦʚʦʛʦ ʣʠʜʘʨʥʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ, ʩʦʭʨʘʥʝʥʥʳʭ ʚ ʬʘʡʣʘʭ ʬʦʨʤʘʪʘ Licel ʠʣʠ ʚ ʪʝʢʩʪʦʚʦʤ ʬʦʨʤʘʪʝ. 

ʆʜʥʦʢʨʘʪʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʪʝʯʝʥʠʝ 2-3 ʯʘʩʦʚ ʠ ʚʧʦʩʣʝʜʩʪʚʠʠ ʙʳʣʠ 

ʫʩʨʝʜʥʝʥʳ. ʇʦʩʣʝ ʦʩʥʦʚʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʘʵʨʦʟʦʣʴʥʳʤ ʣʠʜʘʨʦʤ ʧʨʦʚʦʜʠʣʠʩʴ ʦʜʥʦʢʨʘʪʥʳʝ 

ʠʟʤʝʨʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʨʦʬʠʣʷ ʧʘʨʘʤʝʪʨʦʚ ʚʝʪʨʘ ʩ ʧʦʤʦʱʴʶ ʜʦʧʧʣʝʨʦʚʩʢʦʛʦ ʣʠʜʘʨʘ. 

ʉʠʥʭʨʦʥʥʳʝ ʣʠʜʘʨʥʳʝ ʠʟʤʝʨʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʙʠʣʴʥʦʛʦ ʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʣʠʜʘʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦʟʚʦʣʠʣʠ ʦʮʝʥʠʪʴ ʨʘʟʣʠʯʠʷ ʧʨʦʬʠʣʝʡ ʘʵʨʦʟʦʣʝʡ ʚ ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʝ ʠ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʚʙʣʠʟʠ ʧ. ɺʦʝʡʢʦʚʦ. ʀʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʝʥʳ ʚ ʣʝʪʥʠʡ 

ʠ ʦʩʝʥʥʠʡ ʩʝʟʦʥ 2023 ʛ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʜʥʝʚʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ, ʟʘʭʚʘʪʳʚʘʣʠ ʤʦʤʝʥʪ 

ʟʘʧʫʩʢʘ ʤʝʪʝʦʟʦʥʜʘ ʚ 15 ʯ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʩʢʦʨʦʩʪʴ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ ʧʦ 

ʜʘʥʥʳʤ ʚʝʪʨʦʚʦʛʦ ʣʠʜʘʨʘ ʠ ʤʝʪʝʦʟʦʥʜʘ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʠʩʢʨʝʪʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʢʦʨʦʩʪʠ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʤʝʶʱʝʛʦʩʷ ʚ ʨʝʩʫʨʩʥʦʤ ʮʝʥʪʨʝ ʉʇʙɻʋ 

ʣʠʜʘʨʘ ʩʦʩʪʘʚʣʷʝʪ 37,5 ʤ, ʘ ʫ ʤʝʪʝʦʟʦʥʜʘ ʩʦʪʥʠ ʤʝʪʨʦʚ (ʈʠʩʫʥʦʢ 56). 
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ʈʠʩʫʥʦʢ 56 ï ʂʦʵʬʬʠʮʠʝʥʪʳ ʦʩʣʘʙʣʝʥʠʷ ʚ ɺʦʝʡʢʦʚʦ ʠ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ (ʉʇɹ) 19 ʠʶʥʷ ʠ 

6 ʦʢʪʷʙʨʷ: ɸ) ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 355 ʥʤ; ɺ) ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 532 ʥʤ 

ʂʦʵʬʬʠʮʠʝʥʪ ʦʩʣʘʙʣʝʥʠʷ ʚ ʮʝʣʦʤ ʚ ɺʦʝʡʢʦʚʦ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ. 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʚ ʛʦʨʦʜʝ ʥʝ ʧʨʝʚʳʰʘʣʠ 0,21 ʢʤ-1 ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ ʩʧʝʢʪʨʝ. ɺ 

ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʩʧʝʢʪʨʘ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʩʣʘʙʣʝʥʠʷ ʥʘʭʦʜʠʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 

0,005 ʜʦ 0,052 ʢʤ-1. ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʦʚ, ʚ ʤʦʤʝʥʪ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʥʘʙʣʶʜʘʣʘʩʴ 

ʥʝʩʪʘʙʠʣʴʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ.  

ʆʧʪʠʯʝʩʢʘʷ ʪʦʣʱʠʥʘ ʚ ʩʣʦʝ ʦʪ 0,35 ʜʦ 2 ʢʤ ʚ ʩʨʝʜʥʝʤ ʧʦ ʜʚʫʤ ʠʟʤʝʨʝʥʠʷʤ ʩʦʩʪʘʚʠʣʘ 

ʚ ɺʦʝʡʢʦʚʦ 0,099 ʠ 0,049 ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 355 ʠ 532 ʥʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ 

ï 0,157 ʠ 0,054. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʘʥʛʩʪʨʝʤʘ ʚ ɺʦʝʡʢʦʚʦ ʨʘʚʥʷʣʘʩʴ 1,72, ʚ ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʝ ï 2,62 (ʈʠʩʫʥʦʢ 57). 

 

ʈʠʩʫʥʦʢ 57 ï ɺʝʨʪʠʢʘʣʴʥʳʝ ʧʨʦʬʠʣʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ ʚ ɺʦʝʡʢʦʚʦ ʠ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ (ʉʇɹ) 19 ʠʶʥʷ ʠ 6 ʦʢʪʷʙʨʷ 

 

ʅʘʠʙʦʣʴʰʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ ʥʘʙʣʶʜʘʣʘʩʴ ʥʘʜ ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʦʤ 19 ʠʶʥʷ. ɺ ɺʦʝʡʢʦʚʦ ʚ ʪʦʪ ʞʝ ʜʝʥʴ ʥʘʙʣʶʜʘʣʦʩʴ ʤʥʦʛʦʯʠʩʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 
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ʂʦʥʮʝʥʪʨʘʮʠʷ, 1/ʢʫʙ.ʩʤ.

ʂʦʥʮʝʥʪʨʘʮʠʷ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ

19 ʠʶʥʷ - ɺʦʝʡʢʦʚʦ

6 ʦʢʪ - ɺʦʝʡʢʦʚʦ

19 ʠʶʥʷ - ʉʇɹ

6 ʦʢʪ - ʉʇɹ
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ʘʵʨʦʟʦʣʴʥʳʭ ʩʣʦʝʚ, ʯʪʦ ʤʦʞʝʪ ʦʟʥʘʯʘʪʴ ʥʘʣʠʯʠʝ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʚ ʘʪʤʦʩʬʝʨʝ. ʈʘʟʥʠʮʘ ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʝʪʦʤ ʙʳʣʘ ʙʦʣʝʝ ʷʨʢʦ ʚʳʨʘʞʝʥʘ, ʯʝʤ ʦʩʝʥʴʶ. ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ 

ʧʝʨʝʤʝʱʘʝʤʳʝ ʥʘʜ ʧʫʥʢʪʘʤʠ ʥʘʙʣʶʜʝʥʠʷ ʚʦʟʜʫʰʥʳʝ ʤʘʩʩʳ ʠʤʝʣʠ ʨʘʟʣʠʯʥʳʡ ʧʫʪʴ. ʅʘ 

ʨʠʩʫʥʢʝ 58 ʠʟʦʙʨʘʞʝʥʳ ʚʝʨʪʠʢʘʣʴʥʳʝ ʧʨʦʬʠʣʠ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ ʧʦ ʜʘʥʥʳʤ ʚʝʪʨʦʚʦʛʦ 

ʣʠʜʘʨʘ ʠ ʘʵʨʦʣʦʛʠʯʝʩʢʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ, ʧʨʦʚʦʜʠʤʦʛʦ ʚ ɺʦʝʡʢʦʚʦ. ɺʝʪʝʨ ʚ ʜʝʥʴ ʧʨʦʚʝʜʝʥʠʷ 

ʠʟʤʝʨʝʥʠʡ ʦʩʝʥʴʶ ʙʳʣ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʤ, ʣʝʪʦʤ ï ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʤ. 

ɼʘʥʥʳʝ ʨʘʜʠʦʟʦʥʜʠʨʦʚʘʥʠʷ ʠ ʣʠʜʘʨʘ 19 ʠʶʥʷ ʠʤʝʣʠ ʨʘʩʭʦʞʜʝʥʠʷ ʧʦ ʚʳʩʦʪʝ, ʥʦ ʩʭʦʞʠʡ 

ʭʘʨʘʢʪʝʨ ʩʤʝʱʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘ ʩʝʚʝʨʥʦʝ. ʃʠʜʘʨʦʤ ʬʠʢʩʠʨʦʚʘʣʘʩʴ ʥʝʢʦʪʦʨʘʷ 

ʠʟʤʝʥʯʠʚʦʩʪʴ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ ʚ ʩʪʦʣʙʝ. ɼʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʣʝʪʦʤ ʚ ɺʦʝʡʢʦʚʦ 

ʚʦʟʜʫʰʥʘʷ ʤʘʩʩʘ ʜʚʠʛʘʣʘʩʴ ʩ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ, ʘ ʚ ʟʘʧʘʜʥʫʶ ʯʘʩʪʴ ʛʦʨʦʜʘ ʚʦʰʣʘ, ʧʨʦʡʜʷ 

ʥʘʜ ʝʛʦ ʮʝʥʪʨʦʤ ʠ ʙʣʠʟʣʝʞʘʱʠʤʠ ʪʝʨʨʠʪʦʨʠʷʤʠ, ʚʢʣʶʯʘʶʱʠʤʠ ʢʘʢ ʞʠʣʳʝ, ʪʘʢ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʨʘʡʦʥʳ. ʆʩʝʥʴʶ ʚʦʟʜʫʰʥʘʷ ʤʘʩʩʘ, ʜʝʪʝʢʪʠʨʫʝʤʘʷ ʥʘʜ ɺʘʩʠʣʴʝʚʩʢʠʤ 

ʦʩʪʨʦʚʦʤ, ʧʨʦʰʣʘ ʚʜʦʣʴ ʩʝʚʝʨʥʦʛʦ ʙʝʨʝʛʘ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ. ʅʘʜ ɺʦʝʡʢʦʚʦ ʚʦʟʜʫʰʥʘʷ ʤʘʩʩʘ 

ʧʨʦʰʣʘ ʥʘʜ ʩʝʚʝʨʥʳʤʠ ʪʝʨʨʠʪʦʨʠʷʤʠ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ, ʤʠʥʫʷ ʛʦʨʦʜ, ʯʪʦ ʦʙʲʷʩʥʷʝʪ 

ʤʝʥʝʝ ʩʠʣʴʥʫʶ ʨʘʟʥʠʮʫ ʧʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʯʘʩʪʠʮ, ʯʝʤ ʣʝʪʦʤ. 

 

ʈʠʩʫʥʦʢ 58 ï ɺʝʨʪʠʢʘʣʴʥʳʝ ʧʨʦʬʠʣʠ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ ʚ ɺʦʝʡʢʦʚʦ ʠ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ 

19 ʠʶʥʷ ʠ 6 ʦʢʪʷʙʨʷ 
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ʅʘʧʨʘʚʣʝʥʠʝ, ʛʨʘʜ.

ʅʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ

19 ʠʶʥʷ - ʣʠʜʘʨ

19 ʠʶʥʷ - ʟʦʥʜ

6 ʦʢʪ. - ʣʠʜʘʨ

6 ʦʢʪ. - ʟʦʥʜ
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ʂʦʥʮʝʥʪʨʘʮʠʷ ʘʵʨʦʟʦʣʝʡ ʚ ʩʪʦʣʙʝ ʚʦʟʜʫʭʘ ʦʪ 350 ʤ ʜʦ 2 ʢʤ, ʩʦʩʪʘʚʣʷʝʪ ʚ ɺʦʝʡʢʦʚʦ ʚ 

ʣʝʪʥʠʡ ʧʝʨʠʦʜ 1,44Ā1012 1/ʤ2, ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ ï 3,47Ā1012 1/ʤ2; ʚ ʦʩʝʥʥʠʡ ʧʝʨʠʦʜ ʚ 

ɺʦʝʡʢʦʚʦ ï 2,03Ā1012 1/ʤ2, ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ ï 2,22Ā1012 1/ʤ2. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 35. ɺ ʦʩʝʥʥʠʡ ʧʝʨʠʦʜ ʩʦʜʝʨʞʘʥʠʝ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ ʤʝʞʜʫ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʦʤ ʠ ʧ. ɺʦʝʡʢʦʚʦ ʦʪʣʠʯʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʘʵʨʦʟʦʣʝʡ 

ʥʘʜ ʤʝʛʘʧʦʣʠʩʦʤ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ (ʈʠʩʫʥʦʢ 59). ʉʦʜʝʨʞʘʥʠʝ 

ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ, ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʚʦʟʜʫʰʥʦʡ ʤʘʩʩʳ ʚʜʦʣʴ ʙʝʨʝʛʘ 

ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʦ ʩʦʜʝʨʞʘʥʠʶ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ ʚ ɺʦʝʡʢʦʚʦ ʚ ʦʩʝʥʥʠʡ 

ʠ ʣʝʪʥʠʡ ʩʝʟʦʥ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʟʘʛʨʷʟʥʝʥʠʝ 

ʘʪʤʦʩʬʝʨʳ ʘʵʨʦʟʦʣʴʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʥʘʜ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʦʤ ʚʥʦʩʷʪ ʠʩʪʦʯʥʠʢʠ, 

ʨʘʩʧʦʣʘʛʘʶʱʠʝʩʷ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ ʠ ʧʦʙʣʠʟʦʩʪʠ ʦʪ ʛʦʨʦʜʘ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ, 

ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʧ. ɺʦʝʡʢʦʚʦ, ʭʦʨʦʰʦ ʩʦʦʪʥʦʩʷʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʟʤʝʨʝʥʠʡ, 

ʚʳʧʦʣʥʝʥʥʳʤʠ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ ʠ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʚ 2020 ʛʦʜʫ [253]. 

 

ʊʘʙʣʠʮʘ 35 ï ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ 

ʇʘʨʘʤʝʪʨ ɺʦʝʡʢʦʚʦ 
ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ 

ʆʧʪʠʯʝʩʢʘʷ ʪʦʣʱʠʥʘ 
355 ʥʤ 0,099 0,157 

532 ʥʤ 0,049 0,054 

ɸʥʛʩʪʨʝʤ 1,72 2,62 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ ʚ 

ʩʪʦʣʙʝ ʚʦʟʜʫʭʘ ʦʪ 350 ʤ ʜʦ 2 ʢʤ, 1012 

1/ʤ2 

ʃʝʪʦ 1,44 3,47 

ʆʩʝʥʴ 2,03 2,22 
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ʈʠʩʫʥʦʢ 59 ï ɺʝʨʪʠʢʘʣʴʥʳʝ ʧʨʦʬʠʣʠ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʣʠʜʘʨʘ 19 

ʠʶʥʷ ʠ 6 ʦʢʪʷʙʨʷ 

 

ʉʠʥʭʨʦʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʠ ʤʦʙʠʣʴʥʦʛʦ ʣʠʜʘʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʧʦʟʚʦʣʠʣʠ ʦʮʝʥʠʪʴ ʚʝʨʪʠʢʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʵʨʦʟʦʣʝʡ ʚ ʜʥʝʚʥʦʝ ʚʨʝʤʷ 

ʩʫʪʦʢ ʚ ʤʝʛʘʧʦʣʠʩʝ ʠ ʥʘ ʥʝʢʦʪʦʨʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʥʝʛʦ. ʆʩʝʥʴʶ ʚʦʟʜʫʰʥʘʷ ʤʘʩʩʘ, 

ʜʝʪʝʢʪʠʨʫʝʤʘʷ ʥʘʜ ɺʘʩʠʣʴʝʚʩʢʠʤ ʦʩʪʨʦʚʦʤ, ʧʨʦʰʣʘ ʚʜʦʣʴ ʩʝʚʝʨʥʦʛʦ ʙʝʨʝʛʘ ʌʠʥʩʢʦʛʦ 

ʟʘʣʠʚʘ. ʅʘʜ ɺʦʝʡʢʦʚʦ ʚʦʟʜʫʰʥʘʷ ʤʘʩʩʘ ʧʨʦʰʣʘ ʥʘʜ ʩʝʚʝʨʥʳʤʠ ʪʝʨʨʠʪʦʨʠʷʤʠ 

ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ, ʤʠʥʫʷ ʛʦʨʦʜ, ʯʪʦ ʦʙʲʷʩʥʷʝʪ ʤʝʥʴʰʫʶ ʨʘʟʥʠʮʫ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 

ʯʘʩʪʠʮ ʤʝʞʜʫ ʧʫʥʢʪʘʤʠ ʥʘʙʣʶʜʝʥʠʡ ʦʩʝʥʴʶ. ʃʝʪʦʤ, ʢʦʛʜʘ ʚʦʟʜʫʰʥʘʷ ʤʘʩʩʘ, 

ʘʥʘʣʠʟʠʨʫʝʤʘʷ ʥʘʜ ɺʦʝʡʢʦʚʦ, ʧʨʦʰʣʘ ʯʝʨʝʟ ʪʝʨʨʠʪʦʨʠʠ, ʧʨʠʣʝʛʘʶʱʠʝ ʢ ʃʘʜʦʞʩʢʦʤʫ ʦʟʝʨʫ, 

ʘ ʥʘʜ ɺʘʩʠʣʴʝʚʩʢʠʤ ʦʩʪʨʦʚʦʤ ʥʘʜ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʴʶ ʛʦʨʦʜʘ ʠ ʝʛʦ ʦʢʨʝʩʪʥʦʩʪʷʤʠ, 

ʨʘʟʥʠʮʘ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ ʙʳʣʘ ʙʦʣʝʝ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʡ. 

ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ ʚ ʘʪʤʦʩʬʝʨʝ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. ʉʢʦʨʦʩʪʴ ʚʝʪʨʘ ʥʘʧʨʷʤʫʶ 

ʚʣʠʷʝʪ ʥʘ ʩʪʝʧʝʥʴ ʨʘʩʩʝʠʚʘʥʠʷ ʧʨʠʤʝʩʝʡ ʠ ʧʨʦʮʝʩʩʳ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚ ʘʪʤʦʩʬʝʨʝ. ʇʨʠ 

ʜʦʩʪʘʪʦʯʥʦʡ ʩʠʣʝ ʚʝʪʨʘ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʯʠʩʣʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʵʨʦʟʦʣʝʡ ʚ 

ʘʪʤʦʩʬʝʨʝ. ɺ ʦʩʝʥʥʠʡ ʩʝʟʦʥ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʙʳʣʘ ʚ 2-3 ʨʘʟʘ ʚʳʰʝ (ʈʠʩʫʥʦʢ 59), ʯʝʤ ʚ ʣʝʪʥʠʡ 
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ʩʝʟʦʥ, ʯʪʦ ʪʘʢʞʝ ʦʢʘʟʘʣʦ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩʳ ʥʘʢʦʧʣʝʥʠʷ ʠ ʨʘʩʩʝʚʘʥʠʷ ʘʵʨʦʟʦʣʝʡ ʚ 

ʘʪʤʦʩʬʝʨʝ. 

ɺ ʦʩʝʥʥʠʡ ʧʝʨʠʦʜ ʨʘʟʥʠʮʘ ʚ ʟʘʛʨʷʟʥʝʥʠʠ ʘʪʤʦʩʬʝʨʳ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ ʠ ʧ. 

ɺʦʝʡʢʦʚʦ ʘʵʨʦʟʦʣʴʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʥʝʟʥʘʯʠʪʝʣʴʥʘ ʚ ʦʪʣʠʯʠʝ ʦʪ ʣʝʪʥʝʛʦ ʧʝʨʠʦʜʘ. ʇʨʠ ʵʪʦʤ 

ʩʦʜʝʨʞʘʥʠʝ ʘʵʨʦʟʦʣʝʡ ʦʩʝʥʴʶ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʚʦʟʜʫʰʥʦʡ ʤʘʩʩʳ 

ʚʜʦʣʴ ʙʝʨʝʛʘ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʦ ʩʦʜʝʨʞʘʥʠʶ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ ʚ ʧ. 

ɺʦʝʡʢʦʚʦ ʣʝʪʦʤ ʠ ʦʩʝʥʴʶ. ʉ ʫʯʝʪʦʤ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʵʪʦ ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʟʘʛʨʷʟʥʝʥʠʝ ʘʪʤʦʩʬʝʨʳ ʘʵʨʦʟʦʣʴʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʥʘʜ ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʦʤ ʠʜʸʪ ʦʪ ʠʩʪʦʯʥʠʢʦʚ, ʨʘʩʧʦʣʘʛʘʶʱʠʝʩʷ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ ʠʣʠ ʚʙʣʠʟʠ ʛʦʨʦʜʘ. 

ʆʧʪʠʯʝʩʢʠʝ ʠ ʤʠʢʨʦʬʠʟʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʛʦʨʦʜʘ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ 

ʠ ʧʨʠʛʦʨʦʜʘ ʧ. ɺʦʝʡʢʦʚʦ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʯʠʩʪʦʡ ʘʪʤʦʩʬʝʨʦʡ, ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ, ʧʨʦʚʦʜʠʤʳʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʦʚ ʩʝʪʠ AERONET ʠ 

ʜʘʥʥʳʭ ʩʧʫʪʥʠʢʦʚʦʛʦ ʨʘʜʠʦʤʝʪʨʘ VIIRS (Visible Infrared Imaging Radiometer Suite), ʛʜʝ 

ʦʮʝʥʠʚʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʘʵʨʦʟʦʣʝʡ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʤʝʛʘʧʦʣʠʩʦʚ ʠ ʚʙʣʠʟʠ ʥʠʭ [256-258]. 

ɹʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʘʵʨʦʟʦʣʝʡ ʥʘʜ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧ. ɺʦʝʡʢʦʚʦ 

ʫʤʝʥʴʰʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʧʨʷʤʦʡ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʜʦʣʶ ʨʘʩʩʝʷʥʥʦʡ 

ʨʘʜʠʘʮʠʠ. ʇʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʤ ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ ʧʣʦʱʘʜʢʘʤʠ ʥʘʙʣʶʜʝʥʠʡ 

ʠʤʝʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʚ ʧʦʩʪʫʧʣʝʥʠʠ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʥʘʜ 

ʤʝʛʘʧʦʣʠʩʦʤ ʠ ʚ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ 

ʠʩʩʣʝʜʦʚʘʥʠʝʤ [259]. ʀʟʤʝʥʝʥʠʷ ʠ ʚʘʨʠʘʮʠʠ ʩʦʜʝʨʞʘʥʠʷ ʘʵʨʦʟʦʣʝʡ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʧʦʩʪʫʧʣʝʥʠʷ ʋʌ ʨʘʜʠʘʮʠʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʷʪ ʦʪ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʡ 

ʦʙʩʪʘʥʦʚʢʠ. 

ʅʘ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʩʦʜʝʨʞʘʥʠʷ ʘʵʨʦʟʦʣʝʡ ʦʩʝʥʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʝʪʥʠʤ ʩʝʟʦʥʦʤ 

ʚʣʠʷʝʪ ʚʳʜʫʚʘʥʠʝ ʠ ʚʳʤʳʚʘʥʠʝ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʥʘʢʦʧʣʝʥʥʳʭ ʟʘ ʟʠʤʫ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ. 

ʆʩʘʜʢʠ ï ʦʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʚʝʜʫʱʠʭ ʢ ʦʯʠʱʝʥʠʶ ʘʪʤʦʩʬʝʨʳ ʦʪ ʟʘʛʨʷʟʥʝʥʠʡ.  

ʆʧʪʠʯʝʩʢʘʷ ʪʦʣʱʠʥʘ ʚ ʩʣʦʝ ʦʪ 0,35 ʜʦ 2 ʢʤ ʚ ʩʨʝʜʥʝʤ ʧʦ ʜʚʫʤ ʠʟʤʝʨʝʥʠʷʤ (ʣʝʪʦʤ ʠ 

ʦʩʝʥʴʶ) ʩʦʩʪʘʚʠʣʘ ʚ ɺʦʝʡʢʦʚʦ 0,099 ʠ 0,049 ʧʨʠ ʜʣʠʥʘʭ ʚʦʣʥ 355 ʠ 532 ʥʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ ï 0,157 ʠ 0,054. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʘʥʛʩʪʨʝʤʘ ʚ ɺʦʝʡʢʦʚʦ 

ʨʘʚʥʷʣʦʩʴ 1,72, ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ ï 2,62. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ɺʦʝʡʢʦʚʦ ʥʘʙʣʶʜʘʣʘʩʴ ʩʤʝʩʴ 

ʤʝʣʢʦ- ʠ ʢʨʫʧʥʦʜʠʩʧʝʨʩʥʦʛʦ ʘʵʨʦʟʦʣʷ, ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ ʧʨʝʦʙʣʘʜʘʣ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʡ 

ʘʵʨʦʟʦʣʴ. 

ɺ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʩʦʜʝʨʞʘʥʠʝ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ ʚ ʩʪʦʣʙʝ ʚʦʟʜʫʭʘ ʦʪ 350 ʤ ʜʦ 2000 

ʤ ʚ ɺʦʝʡʢʦʚʦ ʩʦʩʪʘʚʠʣʦ 1,44Ā1012 1/ʤ2, ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ ï 3,47Ā1012 1/ʤ2 ʚ ʣʝʪʥʠʡ 

ʧʝʨʠʦʜ; ʚ ʦʩʝʥʥʠʡ ʧʝʨʠʦʜ ʚ ɺʦʝʡʢʦʚʦ ï 2,03Ā1012 1/ʤ2, ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ ï 2,22Ā1012 1/ʤ2. 

ʅʘ ʩʪʘʥʮʠʠ ɺʦʝʡʢʦʚʦ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚʥʝ ʛʦʨʦʜʩʢʦʡ ʟʦʥʳ, ʚʦ ʚʩʝ ʜʥʠ ʥʘʙʣʶʜʝʥʠʡ 
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ʬʠʢʩʠʨʦʚʘʣʦʩʴ ʤʝʥʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ. ʈʘʟʥʠʮʘ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʝʪʦʤ 

ʙʳʣʘ ʙʦʣʝʝ ʷʨʢʦ ʚʳʨʘʞʝʥʘ, ʯʝʤ ʦʩʝʥʴʶ. ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʧʝʨʝʤʝʱʘʝʤʘʷ ʥʘʜ 

ʧʫʥʢʪʘʤʠ ʥʘʙʣʶʜʝʥʠʷ ʚʦʟʜʫʰʥʘʷ ʤʘʩʩʘ ʠʤʝʣʘ ʨʘʟʣʠʯʥʳʡ ʧʫʪʴ. 

7.1.7 ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ ʚ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʧʦ ʧʫʪʠ 

ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ ʦʪ ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ 

ʇʣʦʭʦʝ ʢʘʯʝʩʪʚʦ ʚʦʟʜʫʭʘ, ʩʚʷʟʘʥʥʦʝ ʩ ʧʦʚʳʰʝʥʥʦʡ ʘʵʨʦʟʦʣʴʥʦʡ ʥʘʛʨʫʟʢʦʡ, 

ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʧʦ ʚʩʝʤʫ ʤʠʨʫ ʠ ʷʚʣʷʝʪʩʷ ʩʝʨʴʝʟʥʦʡ ʧʨʦʙʣʝʤʦʡ ʤʥʦʛʠʭ ʛʦʨʦʜʦʚ ɽʚʨʦʧʳ, 

ɸʟʠʠ, ʖʞʥʦʡ ʠ ʉʝʨʥʦʡ ɸʤʝʨʠʢʠ [260-263]. 

ʀʟ-ʟʘ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ, ʙʳʩʪʨʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʦʩʪʘ ʠ ʨʝʟʢʠʭ 

ʪʝʤʧʦʚ ʫʨʙʘʥʠʟʘʮʠʠ ʘʵʨʦʟʦʣʴʥʳʝ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʘʟʳʚʘʶʪ ʩʝʨʴʝʟʥʝʡʰʝʝ ʥʝʛʘʪʠʚʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʚ ʤʝʛʘʧʦʣʠʩʘʭ, ʧʨʠʤʝʨʦʤ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʛʦʨʦʜʘ ʀʥʜʠʠ ʠ ʂʠʪʘʷ, ʢʦʛʜʘ ʚ 

ʩʣʝʜʩʪʚʠʝ ʠʥʪʝʥʩʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʤʥʦʛʦʢʨʘʪʥʦ ʚʦʟʨʦʩʣʘ ʘʵʨʦʟʦʣʴʥʘʷ 

ʥʘʛʨʫʟʢʘ [264-267]. ɿʘʛʨʷʟʥʝʥʠʝ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʘʵʨʦʟʦʣʝʤ ʷʚʣʷʝʪʩʷ ʩʝʨʴʝʟʥʦʡ 

ʧʨʦʙʣʝʤʦʡ ʚ ɽʚʨʦʧʝ, ʧʨʠ ʵʪʦʤ ʧʨʦʚʦʜʠʤʳʤʠ ʤʝʨʦʧʨʠʷʪʠʷʤʠ ʫʜʘʝʪʩʷ ʩʥʠʟʠʪʴ ʫʨʦʚʝʥʴ 

ʟʘʛʨʷʟʥʝʥʠʷ ʪʚʝʨʜʳʤʠ ʯʘʩʪʠʮʘʤʠ ʚ ʩʪʨʘʥʘʭ ɽʉ [268]. 

ʆʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʘʵʨʦʟʦʣʴʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ ʚ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ɽʚʨʦʧʝ 

ʷʚʣʷʶʪʩʷ: ʧʦʯʚʝʥʥʘʷ ʧʳʣʴ, ʛʦʨʝʥʠʝ, ʩʞʠʛʘʥʠʝ ʙʠʦʤʘʩʩʳ, ʧʨʦʤʳʰʣʝʥʥʳʝ ʚʳʙʨʦʩʳ, 

ʙʠʦʛʝʥʥʳʝ ʚʳʙʨʦʩʳ, ʘʚʪʦʤʦʙʠʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪ, ʚʪʦʨʠʯʥʳʝ ʩʫʣʴʬʘʪʳ, ʤʦʨʩʢʘʷ ʩʦʣʴ, 

ʩʪʨʦʠʪʝʣʴʥʳʝ ʠ ʜʦʨʦʞʥʳʝ ʨʘʙʦʪʳ. ɺ ʦʪʦʧʠʪʝʣʴʥʳʡ ʩʝʟʦʥ ʦʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ 

ʟʘʛʨʷʟʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʩʞʠʛʘʥʠʝ ʙʠʦʤʘʩʩʳ ʠ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʣʝʪʦʤ, ʧʦʤʠʤʦ ʧʦʯʚʝʥʥʦʡ ʧʳʣʠ, ʵʪʦ ʚʪʦʨʠʯʥʳʝ ʘʵʨʦʟʦʣʠ ʠ ʙʠʦʛʝʥʥʳʝ ʚʳʙʨʦʩʳ. ɿʥʘʯʠʤʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ, 

ʧʨʦʚʝʜʝʥʥʳʤʠ ʚ COVID ʧʝʨʠʦʜ ʩ 2018 ʧʦ 2022 ʛʦʜ ʚ ʛʦʨʦʜʝ ɼʝʙʨʝʮʝʥ, ɺʝʥʛʨʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʦʢʨʘʱʝʥʠʝ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ ʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʩʚʷʟʠ ʩ COVID ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʫʣʫʯʰʠʣʦ ʢʘʯʝʩʪʚʦ ʚʦʟʜʫʭʘ ʚ ʛʦʨʦʜʝ ʥʘ 20-

25% [269]. 

ɸʵʨʦʟʦʣʴʥʳʝ ʯʘʩʪʠʮʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʤʘʣʳʤ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʜʠʘʤʝʪʨʦʤ 

(ʤʝʥʝʝ 10 ʤʢʤ (PM10)), ʩʦʜʝʨʞʘʪ ʦʧʘʩʥʳʝ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʢʦʤʧʦʥʝʥʪʳ, ʩʦʩʪʘʚ 

ʢʦʪʦʨʳʭ ʩʠʣʴʥʦ ʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʩʪʘ ʟʘʙʦʨʘ ʧʨʦʙ. ʂʘʢ ʧʨʘʚʠʣʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʠʟʫʯʝʥʠʝ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ PM ʯʘʩʪʠʮ ʚ ʤʝʛʘʧʦʣʠʩʘʭ. ʇʨʠ ʵʪʦʤ, ʚ 

ʦʪʜʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [270] ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʩʠʣʴʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʘʵʨʦʟʦʣʝʤ ʭʘʨʘʢʪʝʨʥʦ 

ʢʘʢ ʨʘʟ ʜʣʷ ʛʦʨʦʜʦʚ ʩ ʥʘʩʝʣʝʥʠʝʤ ʤʝʥʝʝ 1 ʤʠʣʣʠʦʥʘ ʯʝʣʦʚʝʢ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʪʘʢʠʭ ʛʦʨʦʜʦʚ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʦʪʩʫʪʩʪʚʫʶʪ ʩʪʘʥʮʠʠ ʥʘʟʝʤʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ.  
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ɺ ʈʦʩʩʠʠ ʦʯʝʥʴ ʦʙʰʠʨʥʘʷ ʪʝʨʨʠʪʦʨʠʷ, ʠ ʫʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʘʵʨʦʟʦʣʝʤ ʩʠʣʴʥʦ 

ʦʪʣʠʯʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʷ ʛʦʨʦʜʘ, ʦʪʤʝʯʘʝʪʩʷ ʚ ʪʘʢʠʭ ʛʦʨʦʜʘʭ ʢʘʢ 

ʄʦʩʢʚʘ, ʂʨʘʩʥʦʜʘʨ, ʏʝʣʷʙʠʥʩʢ, ɽʢʘʪʝʨʠʥʙʫʨʛ [271]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʛʨʷʟʥʝʥʠʷ ʛʦʨʦʜʦʚ ʉʠʙʠʨʠ ʧʦʢʘʟʘʣʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʨʝʚʳʰʝʥʠʝ 

ʘʵʨʦʟʦʣʴʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʛʦʨʦʜʘʭ, ʢʦʪʦʨʦʝ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʣʦʩʴ ʦʪ 

ʟʥʘʯʝʥʠʡ ʥʘ ʧʝʨʠʬʝʨʠʠ [272]. ʉʠʥʭʨʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʵʨʦʟʦʣʴʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʪʦʣʱʠ, 

ʧʨʦʚʝʜʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʩʦʣʥʝʯʥʳʭ ʬʦʪʦʤʝʪʨʦʚ ʚ ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ ʠ ʥʘ ʬʦʥʦʚʦʡ ʧʣʦʱʘʜʢʝ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ 65 ʢʤ ʦʪ ʛʦʨʦʜʘ, ʧʦʢʘʟʘʣʠ, ʥʘʣʠʯʠʝ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʢʣʘʜʘ ʚʳʙʨʦʩʦʚ 

ʛʦʨʦʜʘ ʚ ʚʝʣʠʯʠʥʫ ʘʵʨʦʟʦʣʴʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʪʦʣʱʠ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʥʘʜ ʛʦʨʦʜʦʤ 

ɽʢʘʪʝʨʠʥʙʫʨʛʦʤ ʚʳʰʝ ʥʘ 21 - 39 ʧʨʦʮʝʥʪʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʦʥʦʚʦʡ ʧʣʦʱʘʜʢʦʡ [273,274]. 

ɺ ʧʨʠʟʝʤʥʦʤ ʩʣʦʝ ʛ. ʊʦʤʩʢʘ ʦʙʲʝʤʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʘʵʨʦʟʦʣʷ ʚʳʰʝ ʚ 2-

3 ʨʘʟʘ, ʩʨʝʜʥʝʜʠʩʧʝʨʩʥʦʛʦ ʚ 4-5 ʨʘʟ ʠ ʢʨʫʧʥʦʜʠʩʧʝʨʩʥʦʛʦ ʘʵʨʦʟʦʣʷ ʚ 25 ʨʘʟ ʚʳʰʝ, ʯʝʤ ʚ 

ʧʨʠʛʦʨʦʜʝ [275]. 

ʇʨʠʯʠʥʳ ʧʦʚʳʰʝʥʥʦʛʦ ʫʨʦʚʥʷ ʘʵʨʦʟʦʣʝʡ ʩʚʷʟʘʥʳ, ʢʘʢ ʩ ʣʦʢʘʣʴʥʳʤʠ ʚʳʙʨʦʩʘʤʠ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʪʘʢ ʠ ʠʟ-ʟʘ ʘʜʚʝʢʮʠʠ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ ʠʟ ʦʪʜʘʣʝʥʥʳʭ ʨʘʡʦʥʦʚ. 

ʈʘʟʣʠʯʠʷ ʚ ʩʦʜʝʨʞʘʥʠʠ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ ʦʙʫʩʣʦʚʣʝʥʦ ʤʥʦʞʝʩʪʚʦʤ ʬʘʢʪʦʨʦʚ, 

ʚʢʣʶʯʘʷ ʨʘʩʧʦʣʦʞʝʥʠʝ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʡ ʚ ʯʝʨʪʝ ʛʦʨʦʜʘ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʠ ʥʘ ʝʛʦ 

ʧʝʨʠʬʝʨʠʠ, ʨʘʟʤʝʨʘʤʠ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ, ʘʪʤʦʩʬʝʨʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʨʝʣʴʝʬʦʤ ʠ ʜʨ. 

ɺʝʪʝʨ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʝʨʝʤʝʱʝʥʠʠ ʠ ʨʘʩʩʝʠʚʘʥʠʠ ʘʵʨʦʟʦʣʝʡ. ʆʥ ʧʝʨʝʥʦʩʠʪ 

ʘʵʨʦʟʦʣʠ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ, ʚʣʠʷʝʪ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʵʨʦʟʦʣʝʡ ʚ 

ʘʪʤʦʩʬʝʨʝ. ʅʘʧʨʘʚʣʝʥʠʝ ʠ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʦʧʨʝʜʝʣʷʶʪ, ʢʘʢ ʙʳʩʪʨʦ ʠ ʚ ʢʘʢʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʘʵʨʦʟʦʣʠ ʙʫʜʫʪ ʧʝʨʝʤʝʱʘʪʴʩʷ. ʉʠʣʴʥʳʡ ʚʝʪʝʨ ʧʦʜʥʠʤʘʝʪ ʧʳʣʴ ʚ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ, 

ʩʦʟʜʘʚʘʷ ʫʩʣʦʚʠʷ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʘʵʨʦʟʦʣʝʡ. ʇʨʠ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ 

ʚʝʪʨʘ ʘʵʨʦʟʦʣʠ ʫʥʦʩʷʪʩʷ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʠ ʨʘʩʩʝʠʚʘʶʪʩʷ ʥʘ ʙʦʣʴʰʫʶ ʧʣʦʱʘʜʴ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʥʘʯʠʥʘʶʪ ʧʨʝʦʙʣʘʜʘʪʴ ʧʨʦʮʝʩʩʳ ʦʩʘʞʜʝʥʠʷ 

ʘʵʨʦʟʦʣʝʡ. ʊʫʨʙʫʣʝʥʪʥʳʝ ʧʦʪʦʢʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ 

ʘʵʨʦʟʦʣʝʡ. ʇʨʠ ʧʦʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ ʧʨʦʠʩʭʦʜʷʪ ʧʨʦʮʝʩʩʳ ʢʦʥʜʝʥʩʘʮʠʠ ʥʘ ʘʵʨʦʟʦʣʴʥʳʭ 

ʯʘʩʪʠʮʘʭ, ʯʪʦ ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʧʨʦʮʝʩʩʳ ʠʭ ʨʘʩʩʝʠʚʘʥʠʷ ʠ ʦʩʘʞʜʝʥʠʷ. ʉʪʦʠʪ ʫʯʠʪʳʚʘʪʴ 

ʥʘʣʠʯʠʝ ʝʩʪʝʩʪʚʝʥʥʳʭ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʧʨʝʛʨʘʜ, ʧʝʨʝʧʘʜʦʚ ʚʳʩʦʪ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʘʵʨʦʟʦʣʝʡ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʘʚʪʦʨʘʤʠ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʵʨʦʟʦʣʴʥʳʭ 

ʯʘʩʪʠʮ ʧʨʠ ʫʜʘʣʝʥʠʠ ʦʪ ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʧʦ ʧʫʪʠ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʘʪʴ 

ʦʮʝʥʢʫ ʧʝʨʝʥʦʩʫ ʠ ʨʘʩʩʝʠʚʘʥʠʶ ʘʵʨʦʟʦʣʝʡ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʥʘʜ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʦʤ ʠ 

ʩʦʧʨʝʜʝʣʴʥʳʭ ʨʝʛʠʦʥʘʭ. 
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ʄʦʙʠʣʴʥʳʡ ʣʠʜʘʨʥʳʡ ʢʦʤʧʣʝʢʩ ʩʦʩʪʦʠʪ ʠʟ ʘʵʨʦʟʦʣʴʥʦʛʦ ʣʠʜʘʨʘ ʥʘ ʙʘʟʝ Nd:YAG 

ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʘʪʝʣʷ ʠ ʚʝʪʨʦʚʦʛʦ ʜʦʧʧʣʝʨʦʚʩʢʦʛʦ ʣʠʜʘʨʘ. 

ɼʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʘʪʤʦʩʬʝʨʳ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʫʨʘʚʥʝʥʠʝ 

ʣʠʜʘʨʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ. 

ʈʘʩʯʸʪ ʦʧʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʚʳʧʦʣʥʷʣʩʷ ʧʦ ʤʝʪʦʜʫ ʂʣʝʪʪʘ. ɿʘʜʘʯʘ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʵʨʦʟʦʣʷ ʧʦ ʨʘʟʤʝʨʘʤ ʦʙʳʯʥʦ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʚ ʚʠʜʝ 

ʫʨʘʚʥʝʥʠʡ ʌʨʝʜʛʦʣʴʤʘ ʚʪʦʨʦʛʦ ʨʦʜʘ: 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʢʦʥʫʩʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩ ʜʦʧʫʱʝʥʠʝʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʦʜʥʦʨʦʜʥʦʩʪʠ ʚʝʢʪʦʨʘ ʚʝʪʨʘ, ʚʳʯʠʩʣʷʶʪʩʷ ʝʛʦ ʧʘʨʘʤʝʪʨʳ ʪʘʢʠʝ ʢʘʢ: ʥʘʧʨʘʚʣʝʥʠʝ ʠ 

ʩʢʦʨʦʩʪʴ, ʘ ʪʘʢʞʝ ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ. 

ʇʨʦʚʝʜʝʥʠʝ ʣʠʜʘʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʚʦʟʤʦʞʥʦ ʧʨʠ ʫʩʣʦʚʠʠ ʦʪʩʫʪʩʪʚʠʷ ʦʩʘʜʢʦʚ, 

ʪʫʤʘʥʘ ʠ ʜʳʤʢʠ, ʧʣʦʪʥʦʡ ʦʙʣʘʯʥʦʩʪʠ ʥʠʞʥʝʛʦ ʠ ʩʨʝʜʥʝʛʦ ʷʨʫʩʘ. 

ɼʣʷ ʨʘʩʧʦʣʦʞʝʥʠʷ ʤʦʙʠʣʴʥʦʛʦ ʣʠʜʘʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʝʦʙʭʦʜʠʤʦ ʥʝ ʥʘʢʣʦʥʥʦʝ 

(ʫʛʦʣ ʥʝ ʙʦʣʝʝ 5Á) ʪʚʝʨʜʦʝ ʧʦʢʨʳʪʠʝ. ʉ ʫʯʝʪʦʤ ʥʝʦʙʭʦʜʠʤʦʛʦ ʚʨʝʤʝʥʠ ʥʘ ʧʝʨʝʜʠʩʣʦʢʘʮʠʶ, 

ʨʘʟʚʝʨʪʳʚʘʥʠʝ ʠ ʩʚʦʨʘʯʠʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ, ʧʨʦʚʦʜʠʣʦʩʴ 2-3 ʠʟʤʝʨʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʫʜʘʣʝʥʥʦʩʪʠ ʦʪ ʤʝʩʪʘ ʚʳʝʟʜʘ ʤʦʙʠʣʴʥʦʛʦ ʣʠʜʘʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʜʦ 35 ʢʤ ʦʪ 

ʛʦʨʦʜʘ.  

ʅʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ. ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ ʠʤʝʝʪ ʥʝ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ ʢʘʢ ʚ ʩʨʝʜʥʠʤ ʟʘ ʛʦʜ, 

ʪʘʢ ʠ ʟʘ ʩʝʟʦʥʳ (ʈʠʩʫʥʦʢ 60). ʂʨʦʤʝ ʪʦʛʦ, ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʧʨʠʟʝʤʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ 

ʚʝʪʨʘ ʢʘʢ ʧʨʘʚʠʣʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʚʳʩʦʪʥʦʛʦ. 
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ʈʠʩʫʥʦʢ 60 ï ʈʦʟʘ ʚʝʪʨʦʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʣʝʪʦʤ (ɸ) ʠ ʦʩʝʥʴʶ (ɺ). (ʩ 2008 ʧʦ 2018 ʛʛ. 

ʠʩʪʦʯʥʠʢ https://lakka-sails.ru/winds/26063#all, ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 04.10.2024) 

 

ɺʩʝʛʦ ʚʳʧʦʣʥʝʥʦ 7 ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ: 2 ʧʨʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʚʝʪʨʝ, 2 ʧʨʠ ʶʛʦ-

ʟʘʧʘʜʥʦʤ, 2 ʧʨʠ ʟʘʧʘʜʥʦʤ ʠ 1 ʧʨʠ ʶʞʥʦʤ (ʈʠʩʫʥʦʢ 61). ʇʦʣʝʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ 

ʚ ʤʘʝ (17, 21), ʠʶʥʝ (5), ʠʶʣʝ (11, 23) ʠ ʩʝʥʪʷʙʨʝ (6, 20). 

 

ʈʠʩʫʥʦʢ 61 ï ʈʘʩʧʦʣʦʞʝʥʠʝ ʧʣʦʱʘʜʦʢ ʥʘʙʣʶʜʝʥʠʡ 

 

ɺʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʤʝʜʠʘʥʥʘʷ ʧʦ ʚʳʩʦʪʝ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʚ ʦʩʥʦʚʥʦʤ 

ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 3 ʜʦ 7 ʤ/ʩ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʚʪʦʨʦʡ ʪʦʯʢʠ ʥʘʙʣʶʜʝʥʠʡ 20 

ʩʝʥʪʷʙʨʷ, ʢʦʛʜʘ ʦʥʘ ʨʘʚʥʷʣʘʩʴ 9 /ʤ/ʩ. 

ʇʣʦʱʘʜʢʠ ʥʘʙʣʶʜʝʥʠʡ ʚʦʢʨʫʛ ʛʦʨʦʜʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 

ʨʘʚʥʦʫʜʘʣʝʥʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʚ 25 - 35 ʢʤ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʟʘʧʘʜʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ. 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʣʦʱʘʜʢʘʤʠ ʥʘʙʣʶʜʝʥʠʡ ʦʪʣʠʯʘʝʪʩʷ ʚʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʨʘʟʚʝʨʥʫʪʴ ʢʦʤʧʣʝʢʩ ʠ ʧʨʦʚʝʩʪʠ ʠʟʤʝʨʝʥʠʝ ʧʨʠ ʥʘʣʠʯʠʠ ʚʳʩʦʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʜʨʝʚʦʩʪʦʷ, 

ʣʦʢʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚʳʙʨʦʩʦʚ ʘʵʨʦʟʦʣʝʡ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʷ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʨʝʛʨʘʜ ʪʘʢʠʭ 

ʢʘʢ ʃʘʜʦʞʩʢʦʝ ʦʟʝʨʦ, ʚʚʠʜʫ ʯʝʛʦ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʣʦʱʘʜʢʘʤʠ ʧʨʠ ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʚʝʪʨʘ ʤʠʥʠʤʘʣʴʥʦ. 
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ɹʦʣʴʰʠʥʩʪʚʦ ʧʣʦʱʘʜʦʢ ʥʘʙʣʶʜʝʥʠʡ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʥʘ ʩʲʝʟʜʘʭ ʘʚʪʦʜʦʨʦʛ ʢʘʢ ʥʘ 

ʛʨʫʥʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʘʢ ʠ ʚ ʧʦʣʷʭ. ʇʨʠ ʶʛʦ-ʚʦʩʪʦʯʥʦʤ ʚʝʪʨʝ ʤʝʩʪʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʠʟʤʝʨʝʥʠʡ ʚʳʙʠʨʘʣʠʩʴ ʥʘ ʧʣʦʱʘʜʢʘʭ ʜʣʷ ʦʪʜʳʭʘ ʚʦʜʠʪʝʣʝʡ ʥʘ ʪʨʘʩʩʝ çʉʢʘʥʜʠʥʘʚʠʷè.  

ʅʘʢʦʧʣʝʥʠʝ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʪʝʯʝʥʠʝ 45 - 60 ʤʠʥʫʪ ʥʘ ʢʘʞʜʦʡ ʧʣʦʱʘʜʢʝ. 

ʀʟʤʝʨʝʥʠʷ ʚʝʪʨʦʚʳʤ ʣʠʜʘʨʦʤ ʧʨʦʚʦʜʠʣʠʩʴ ʜʦ ʠ ʧʦʩʣʝ ʠʟʤʝʨʝʥʠʡ ʘʵʨʦʟʦʣʴʥʳʤ ʣʠʜʘʨʦʤ. ɺ 

ʢʘʯʝʩʪʚʝ ʠʪʦʛʦʚʳʭ ʧʨʦʬʠʣʝʡ ʧʘʨʘʤʝʪʨʦʚ ʚʝʪʨʘ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ 

ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ ʚʝʪʨʦʚʦʛʦ ʧʦʪʦʢʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʦʬʠʣʝʡ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ ʚ ʤʝʩʪʘʭ 

ʥʘʙʣʶʜʝʥʠʡ ʧʨʠʚʝʜʝʥʳ ʥʘ ʈʠʩʫʥʢʝ 62. ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʦʚ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʯʘʩʪʠʮ ʚ 

ʩʨʝʜʥʝʤ ʧʘʜʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʳʩʦʪʳ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʢʘʢ ʧʨʘʚʠʣʦ ʦʪʤʝʯʘʣʠʩʴ ʥʘ 

ʥʠʞʥʝʡ ʛʨʘʥʠʮʝ ʥʘʙʣʶʜʝʥʠʡ., ʥʘʭʦʜʠʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 2000 ʜʦ 4000 ʯʘʩʪʠʮ ʚ ʢʫʙ. ʩʤ. 

ʊʘʢʞʝ ʚ ʦʪʜʝʣʴʥʳʝ ʜʥʠ ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʵʨʦʟʦʣʷ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʚʳʩʦʪʘʭ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʝʨʝʤʝʱʝʥʠʝʤ ʘʵʨʦʟʦʣʴʥʳʭ ʤʘʩʩ. 
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G 

ʈʠʩʫʥʦʢ 62 ï ɺʝʨʪʠʢʘʣʴʥʳʝ ʧʨʦʬʠʣʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ ʧʨʠ ʫʜʘʣʝʥʠʠ ʦʪ 

ʛʦʨʦʜʘ (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ ï ʧʝʨʚʘʷ ʠ ʙʣʠʞʘʡʰʘʷ ʧʣʦʱʘʜʢʘ ʢ ʛʦʨʦʜʫ, ʧʫʥʢʪʠʨ ï ʚʪʦʨʘʷ 

ʧʣʦʱʘʜʢʘ, ʪʠʨʝ ï ʪʨʝʪʴʷ ʧʣʦʱʘʜʢʘ (ʧʨʠ ʥʘʣʠʯʠʠ) ʥʘ ʥʘʠʙʦʣʴʰʝʤ ʫʜʘʣʝʥʠʠ ʦʪ ʛʦʨʦʜʘ) 

 

ɼʣʷ ʦʮʝʥʢʠ ʩʫʤʤʘʨʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ ʚ ʘʪʤʦʩʬʝʨʝ ʥʘ ʨʘʟʥʳʭ 

ʧʣʦʱʘʜʢʘʭ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʠʥʪʝʛʨʘʣ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ ʚ ʩʪʦʣʙʝ ʚʦʟʜʫʭʘ ʦʪ 

350 ʤ ʜʦ 2 ʢʤ ʚ ʩʪʦʣʙʝ ʧʣʦʱʘʜʴʶ 1 ʢʚ. ʩʤ. (ʈʠʩʫʥʦʢ 63). ʇʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʚʦʟʜʫʰʥʦʡ ʤʘʩʩʳ 

ʦʪ ʛʦʨʦʜʘ ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʪʠʮ ʚ ʩʪʦʣʙʝ ʚʦʟʜʫʭʘ ʫʤʝʥʴʰʘʝʪʩʷ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʨʘʩʩʝʠʚʘʥʠʠ ʠ 

ʦʩʘʞʜʝʥʠʠ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ, ʘ ʪʘʢʞʝ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʟʥʘʯʠʤʳʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʚʳʙʨʦʩʦʚ ʧʦ ʧʫʪʠ ʩʣʝʜʦʚʘʥʠʷ ʚʦʟʜʫʰʥʦʡ ʤʘʩʩʳ. ʉʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ ʨʘʟʣʠʯʘʝʪʩʷ ʧʨʠ ʨʘʟʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʚʝʪʨʘ ʠ, ʟʘʚʠʩʠʪ ʦʪ ʨʘʩʩʪʦʷʥʠʷ 

ʤʝʞʜʫ ʧʣʦʱʘʜʢʘʤʠ ʥʘʙʣʶʜʝʥʠʡ, ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʛʦ ʚ ʢʘʞʜʳʡ 

ʢʦʥʢʨʝʪʥʳʡ ʜʝʥʴ ʥʘʙʣʶʜʝʥʠʡ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʯʠʩʣʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʯʘʩʪʠʮ 

ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 300 ʜʦ 400 ʤʣʥ ʯʘʩʪʠʮ ʥʘ ʧʣʦʱʘʜʢʘʭ ʙʣʠʞʝ ʚʩʝʛʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʢ ʛʦʨʦʜʫ. 
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ʈʠʩʫʥʦʢ 63 ï ʂʦʣʠʯʝʩʪʚʦ ʯʘʩʪʠʮ ʚ ʢʚʘʜʨʘʪʥʦʤ ʩʘʥʪʠʤʝʪʨʝ ʥʘ ʚʳʩʦʪʘʭ ʦʪ 350 ʤ ʜʦ 2 ʢʤ ʥʘ 

ʤʝʩʪʘʭ ʥʘʙʣʶʜʝʥʠʡ ʩ ʫʢʘʟʘʥʠʝʤ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ. (ʩʠʥʠʡ ï ʙʣʠʞʘʡʰʘʷ ʪʦʯʢʘ ʢ ʛʦʨʦʜʫ, 

ʞʝʣʪʳʡ ï ʥʘ ʫʜʘʣʝʥʠʠ ʦʪ ʧʝʨʚʦʡ ʪʦʯʢʠ, ʩʝʨʳʡ ï ʥʘ ʥʘʠʙʦʣʴʰʝʤ ʫʜʘʣʝʥʠʠ ʦʪ ʛʦʨʦʜʘ). 

 

ʇʨʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʝʪʨʘ, ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʵʨʦʟʦʣʝʡ ʤʝʞʜʫ 

ʧʣʦʱʘʜʢʦʡ 1 ʠ 2, ʠ ʤʝʞʜʫ 2 ʠ 3 ʩʦʩʪʘʚʣʷʝʪ 17.05.2024 51 ʠ 34 ʤʣʥ. ʯʘʩʪʠʮ, 21.05.2024 54 ʠ 

9 ʤʣʥ ʯʘʩʪʠʮ.  

ʇʨʠ ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʝʪʨʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʵʨʦʟʦʣʝʡ ʦʜʥʘ ʤʝʞʜʫ ʧʣʦʱʘʜʢʘʤʠ 

ʥʘʙʣʶʜʝʥʠʡ ʩʥʠʞʘʝʪʩʷ ʥʘ 33 ʠ 15 ʤʣʥ ʯʘʩʪʠʮ ʤʝʞʜʫ ʧʣʦʱʘʜʢʘʤʠ 1 ʠ 2, ʠ ʧʣʦʱʘʜʢʘʤʠ 2 ʠ 

3 - 05.06.2024, ʠ ʥʘ 14 ʤʣʥ ʤʝʞʜʫ ʧʣʦʱʘʜʢʘʤʠ 1 ʠ 2 - 20.09.2024. 

ʇʨʠ ʶʛʦ-ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʝʪʨʘ (11.07.2024 ʠ 23.07.2024) ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʘʵʨʦʟʦʣʝʡ ʦʜʥʘ ʤʝʞʜʫ ʧʣʦʱʘʜʢʘʤʠ ʥʘʙʣʶʜʝʥʠʡ ʩʥʠʞʘʝʪʩʷ ʥʘ 12 ʠ 24 ʤʣʥ. ʯʘʩʪʠʮ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʇʨʠ ʶʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʝʪʨʘ (06.09.2024) ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʵʨʦʟʦʣʝʡ ʩʥʠʞʘʝʪʩʷ ʥʘ 

27 ʤʣʥ ʯʘʩʪʠʮ ʤʝʞʜʫ ʧʣʦʱʘʜʢʘʤʠ ʥʘʙʣʶʜʝʥʠʡ. 

ʈʘʩʯʝʪ ʪʝʥʜʝʥʮʠʠ ʩʥʠʞʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ ʧʨʠ ʫʜʘʣʝʥʠʠ ʦʪ ʛʦʨʦʜʘ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʥʘʙʣʶʜʘʣʦʩʴ 5 ʠʶʥʷ ʧʨʠ ʟʘʧʘʜʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʚʝʪʨʘ - 3.3 ʤʣʥ ʯʘʩʪʠʮ ʟʘ ʢʠʣʦʤʝʪʨ, ʥʘʠʤʝʥʴʰʝʝ 11 ʠʶʣʷ ʧʨʠ ʶʛʦ-ʚʦʩʪʦʯʥʦʤ 

ʚʝʪʨʝ - 0.5 ʤʣʥ ʯʘʩʪʠʮ ʟʘ ʢʠʣʦʤʝʪʨ.  

ʂʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʘʵʨʦʟʦʣʴʥʦʛʦ ʠ ʚʝʪʨʦʚʦʛʦ ʣʠʜʘʨʦʚ ʚ ʝʜʠʥʦʤ 

ʢʦʤʧʣʝʢʩʝ ʧʦʟʚʦʣʠʣʦ ʧʨʦʚʝʩʪʠ ʦʮʝʥʢʫ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʘʵʨʦʟʦʣʝʡ ʧʦ ʧʫʪʠ ʩʣʝʜʦʚʘʥʠʷ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʧʨʠ ʥʘʧʨʘʚʣʝʥʠʠ ʚʝʪʨʘ ʦʪ ʛʦʨʦʜʘ ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʘ ʚ ʃʝʥʠʥʛʨʘʜʩʢʫʶ ʦʙʣʘʩʪʴ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ 

ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʘʪʤʦʩʬʝʨʳ ʥʘ ʚʳʩʦʪʝ ʜʦ 1 ʢʠʣʦʤʝʪʨʘ. ʇʨʠ ʫʜʘʣʝʥʠʠ ʦʪ 

ʛʦʨʦʜʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ ʚ ʩʪʦʣʙʝ ʚʦʟʜʫʭʘ ʩʥʠʞʘʝʪʩʷ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ 

ʤʝʥʴʰʠʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʪʦʨʠʯʥʦʛʦ ʘʵʨʦʟʦʣʷ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚ 

ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʦʤ, ʛʜʝ ʘʵʨʦʟʦʣʴ ʦʙʨʘʟʫʝʪʩʷ ʚ 

0

100

200

300

400

17.05.2024 21.05.2024 05.06.2024 20.09.2024 11.07.2024 23.07.2024 06.09.2024

ʉɺ ʉɺ ɿ ɿ ʖɺ ʖɺ ʖ

ʄ
ʣ
ʥ
 
ʯ
ʘ
ʩ
ʪ
ʠ
ʮ

ʂʦʣʠʯʝʩʪʚʦ ʯʘʩʪʠʮ ʚ ʢʚ.ʩʤ ʦʪ 350 ʤ ʜʦ 2 ʢʤ



184 
 

ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʚʚʠʜʫ ʘʢʪʠʚʥʦʛʦ ʘʚʪʦʪʨʘʬʬʠʢʘ ʠ ʥʘʣʠʯʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʯʠʩʣʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʯʘʩʪʠʮ 

ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 300 ʜʦ 400 ʤʣʥ ʯʘʩʪʠʮ ʥʘ ʧʣʦʱʘʜʢʘʭ ʙʣʠʞʝ ʚʩʝʛʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʢ ʛʦʨʦʜʫ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 20 ʩʝʥʪʷʙʨʷ (288 ʤʣʥ ʯʘʩʪʠʮ) ʧʨʠ ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʝʪʨʘ ʠ 

11 ʠʶʣʷ (222 ʤʣʥ ʯʘʩʪʠʮ) ʧʨʠ ʶʛʦ-ʚʦʩʪʦʯʥʦʤ. ɹʦʣʴʰʠʝ ʦʙʲʝʤʳ ʘʵʨʦʟʦʣʝʡ, ʦʙʨʘʟʫʶʱʠʝʩʷ 

ʥʘʜ ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʦʩʘʞʜʘʶʪʩʷ ʠ ʨʘʩʩʝʚʘʶʪʩʷ ʧʦ ʧʫʪʠ ʩʣʝʜʦʚʘʥʠʷ ʚʦʟʜʫʰʥʦʡ ʤʘʩʩʳ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʝ ʥʘ ʛʨʘʥʠʯʘʱʠʝ ʩ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʦʤ ʨʘʡʦʥʳ. 

ʈʘʟʣʠʯʠʷ ʚ ʩʦʜʝʨʞʘʥʠʠ ʘʵʨʦʟʦʣʝʡ, ʚʝʜʝʪ ʢ ʦʪʣʠʯʠʷʤ ʚ ʧʦʩʪʫʧʣʝʥʠʠ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʠ ʚʠʜʠʤʦʩʪʠ. 

7.1.8 ɸʣʛʦʨʠʪʤ ʦʮʝʥʢʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʵʨʦʟʦʣʝʡ ʥʘ 

ɽʚʨʦʧʝʡʩʢʦʤ ʢʦʥʪʠʥʝʥʪʝ ʧʦ ʜʘʥʥʳʤ ʤʥʦʛʦʣʝʪʥʝʛʦ ʣʠʜʘʨʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ 

ɼʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʘʪʤʦʩʬʝʨʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʩʥʦʚʥʦʝ 

ʫʨʘʚʥʝʥʠʝ ʣʠʜʘʨʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ: 

ὖᾀ ὃ
‍ᾀ

ᾀ
Ὡ ᷿  

(13) 

ʛʜʝ P(z) ï ʤʦʱʥʦʩʪʴ ʜʝʪʝʢʪʠʨʫʝʤʦʛʦ ʦʙʨʘʪʥʦ ʨʘʩʩʝʷʥʥʦʛʦ ʩʠʛʥʘʣʘ ʩ ʚʳʩʦʪʳ z, A ï 

ʘʧʧʘʨʘʪʥʘʷ ʢʦʥʩʪʘʥʪʘ, b(z) ï ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ, a(zô) ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʦʩʣʘʙʣʝʥʠʷ, ᷿ὥᾀᴂὨᾀᴂ ï ʘʵʨʦʟʦʣʴʥʘʷ ʦʧʪʠʯʝʩʢʘʷ ʪʦʣʱʠʥʘ. 

ʃʠʜʘʨʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʚʦʩʩʪʘʥʦʚʠʪʴ ʚʝʨʪʠʢʘʣʴʥʳʡ ʧʨʦʬʠʣʴ ʘʵʨʦʟʦʣʴʥʳʭ 

ʯʘʩʪʠʮ, ʦʮʝʥʠʪʴ ʠʟʤʝʥʯʠʚʦʩʪʴ ʘʵʨʦʟʦʣʴʥʳʭ ʩʣʦʸʚ ʚʦ ʚʨʝʤʝʥʠ, ʯʪʦ ʩʜʝʣʘʪʴ ʜʝʪʘʣʠʟʠʨʦʚʘʥʦ 

ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʧʨʦʙʣʝʤʘʪʠʯʥʦ. ʈʘʩʯʸʪ ʦʧʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ð ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʦʩʣʘʙʣʝʥʠʷ ʠ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ, ʚʳʧʦʣʥʝʥʥʳʡ ʧʦ ʤʝʪʦʜʫ ʂʣʝʪʪʘ, ʜʘʸʪ ʧʦʛʨʝʰʥʦʩʪʴ ʜʦ 

20 % ʠ ʟʘʚʠʩʠʪ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʘʵʨʦʟʦʣʷ, ʝʛʦ ʪʠʧʘ, ʘ ʪʘʢʞʝ ʦʪ ʩʦʩʪʦʷʥʠʷ ʘʪʤʦʩʬʝʨʳ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʘʵʨʦʟʦʣʷ ʣʠʜʘʨʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʦʞʝʪ ʩʠʣʴʥʦ ʚʘʨʴʠʨʦʚʘʪʴʩʷ. 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʣʠʜʘʨʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʈʦʤʘʥʦʚʩʢʠʡ ʩʠʛʥʘʣ ʪʘʢʞʝ ʠʤʝʶʱʝʡʩʷ ʚ ʦʙʱʝʤ ʤʘʩʩʠʚʝ ʜʘʥʥʳʭ ʝʚʨʦʧʝʡʩʢʠʭ ʩʪʘʥʮʠʡ. 

ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʟʥʘʯʝʥʠʷ ʣʠʜʘʨʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʥʘ ʩʪʘʥʮʠʠ ʚ ʉʘʥʢʪ- ʇʝʪʝʨʙʫʨʛʝ 

ʧʦʤʠʤʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʪʦʜʦʤ ʈʘʤʘʥʘ ʚ ʚʝʯʝʨʥʝʝ ʚʨʝʤʷ, ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʦʮʝʜʫʨʘ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʤʠʢʨʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʘʵʨʦʟʦʣʷ. ʇʨʠ ʨʝʰʝʥʠʠ ʪʘʢʦʡ ʦʙʨʘʪʥʦʡ 

ʟʘʜʘʯʠ ʤʝʪʦʜʦʤ ʨʝʛʫʣʷʨʠʟʘʮʠʠ ʊʠʭʦʥʦʚʘ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʘʨʘʤʝʪʨ ʥʝʚʷʟʢʠ, ʢʦʪʦʨʳʡ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ, ʥʘʩʢʦʣʴʢʦ ʥʘʡʜʝʥʥʦʝ ʨʝʰʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʩʭʦʜʥʳʤ ʦʧʪʠʯʝʩʢʠʤ 

ʜʘʥʥʳʤ. ɸʥʘʣʠʟ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʘʵʨʦʟʦʣʝʡ ʠ ʦʪʢʣʦʥʝʥʠʷ ʦʪ 

ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʧʨʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠʪʝʨʘʮʠʷʭ ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʦʰʠʙʢʫ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʚʳʙʦʨʝ ʟʥʘʯʝʥʠʷ ʣʠʜʘʨʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ. 
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ɼʣʷ ʦʙʱʝʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʥʘʧʠʩʘʥʘ ʧʨʦʛʨʘʤʤʘ ʥʘ ʷʟʳʢʝ Python ʧʦʟʚʦʣʷʶʱʘʷ 

ʦʙʨʘʙʘʪʳʚʘʪʴ ʙʦʣʴʰʦʡ ʤʘʩʩʠʚ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʩʦ ʩʪʘʥʮʠʡ ʩʝʪʠ.  

ɼʘʥʥʳʝ ʛʨʫʧʧʠʨʫʶʪʩʷ ʧʦ ʩʪʘʥʮʠʷʤ, ʢʘʥʘʣʘʤ (355 ʠ 532 ʥʤ) ʠ ʪʠʧʫ (ʨʘʩʯʝʪʳ ʧʦ 

ʤʝʪʦʜʫ ʂʣʝʪʪʘ ʠʣʠ ʈʘʤʘʥʘ).   

ʈʘʟʨʘʙʦʪʘʥ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʬʠʣʴʪʨʘʮʠʠ ʜʘʥʥʳʭ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ: 

- ʬʠʣʴʪʨʘʮʠʶ ʧʦ ʥʝʜʦʩʪʘʪʦʯʥʦʤʫ ʥʘʙʦʨʫ ʜʘʥʥʳʭ ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʜʠʘʧʘʟʦʥʘ ʚʳʩʦʪ 

(ʜʦ 3 ʢʤ); 

- ʢʦʨʨʝʢʪʠʨʦʚʢʫ ʦʙʱʝʡ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʥʘʙʦʨʘ ʜʘʥʥʳʭ 

ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʩʝʭ ʩʪʘʥʮʠʡ; 

- ʬʠʣʴʪʨʘʮʠʷ ʥʝʜʦʩʪʦʚʝʨʥʳʭ ʜʘʥʥʳʭ ʧʦ ʦʙʱʠʤ ʧʨʠʟʥʘʢʘʤ (ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʠʣʠ 

ʯʨʝʟʤʝʨʥʦ ʟʘʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ). 

ʀʟʤʝʨʝʥʠʷ, ʧʨʦʠʟʚʝʜʝʥʥʳʝ ʟʘ ʫʢʘʟʘʥʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ (ʧʦ ʫʤʦʣʯʘʥʠʶ 

ʩʫʪʢʠ), ʫʩʨʝʜʥʷʶʪʩʷ ʧʦ ʚʳʩʦʪʘʤ. ɺ ʨʝʟʫʣʴʪʘʪʳ ʩʦʩʪʘʚʣʷʝʪʩʷ ʫʩʨʝʜʥʝʥʥʳʝ ʟʘ ʩʫʪʢʠ ʧʨʦʬʠʣʠ 

ʦʧʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʘʪʤʦʩʬʝʨʳ.  

ɼʣʷ ʨʘʩʯʝʪʘ ʦʧʪʠʯʝʩʢʦʡ ʪʦʣʱʠʥʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʬʘʡʣʦʚ ʠʟʤʝʨʝʥʠʷʤʠ, 

ʩʜʝʣʘʥʥʳʤʠ ʤʝʪʦʜʦʤ Raman, ʘ ʪʘʢʞʝ ʜʘʥʥʳʝ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʤʝʪʦʜʦʤ ʂʣʝʪʪʘ. ɺ ʩʣʫʯʘʝ 

ʦʪʩʫʪʩʪʚʠʷ ʚ Klett ʬʘʡʣʘʭ ʧʘʨʘʤʝʪʨʘ ʣʠʜʘʨʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʟʥʘʯʝʥʠʝ, 

ʨʘʩʩʯʠʪʘʥʥʦʝ ʥʘ ʦʩʥʦʚʝ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʫ Raman ʬʘʡʣʦʚ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʳʩʦʪ. 

ʉʯʠʪʘʥʥʳʝ ʜʘʥʥʳʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʳʯʠʩʣʝʥʠʡ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ excel ʬʘʡʣ. ɼʣʷ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʚʳʩʦʪ ʜʣʷ ʢʘʞʜʦʡ ʩʪʘʥʮʠʠ ʟʘʧʠʩʳʚʘʝʪʩʷ ʠʪʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ 

ʦʧʪʠʯʝʩʢʦʡ ʪʦʣʱʠʥʳ ʟʘ ʚʩʝ ʚʨʝʤʷ ʥʘʙʣʶʜʝʥʠʡ (ʥʘʙʦʨʘ ʜʘʥʥʳʭ). ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ ʜʠʘʧʘʟʦʥʘ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʯʸʪ ʦʧʪʠʯʝʩʢʦʡ ʪʦʣʱʠʥʳ ʫ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʡ ʩʪʘʥʮʠʠ ʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʜʠʘʧʘʟʦʥʝ ʚʳʩʦʪ. 

8 ʆʮʝʥʢʘ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ çʧʠʪʘʪʝʣʴʥʘʷ ʩʨʝʜʘ ï ʟʝʣʝʥʘʷ 

ʚʦʜʦʨʦʩʣʴ ï ʛʫʤʠʥʦʚʘʷ ʢʠʩʣʦʪʘè ʚʦ ʚʨʝʤʝʥʠ 

ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʤʥʦʛʠʭ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʩʚʷʟʘʥʦ ʩ ʧʦʛʣʦʱʝʥʠʝʤ ʠ ʚʳʜʝʣʝʥʠʝʤ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ. ʆʥ ʫʯʘʩʪʚʫʝʪ ʚʦ ʤʥʦʞʝʩʪʚʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʠ ʚ 

ʧʨʠʥʮʠʧʝ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʜʣʷ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʞʠʚʳʭ 

ʦʨʛʘʥʠʟʤʦʚ. ʅʦ ʚʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʠʩʣʦʨʦʜʘ ʪʘʢʞʝ ʦʢʘʟʳʚʘʝʪ ʥʝʛʘʪʠʚʥʦʝ ʜʝʡʩʪʚʠʝ ʥʘ 

ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ, ʩʚʷʟʘʥʥʦʝ ʩ ʨʘʟʨʫʰʝʥʠʷʤʠ ʨʘʟʣʠʯʥʳʭ ʢʣʝʪʦʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ [276, 

277]. ʕʪʦʪ ʵʬʬʝʢʪ ʥʘʟʳʚʘʝʪʩʷ çʦʢʠʩʣʠʪʝʣʴʥʳʤ ʩʪʨʝʩʩʦʤè. 

ɺ ʞʠʚʦʤ ʦʨʛʘʥʠʟʤʝ ʧʦʩʪʦʷʥʥʦ ʧʨʦʪʝʢʘʶʪ ʨʘʟʣʠʯʥʳʝ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʨʝʘʢʮʠʠ. ɺ ʭʦʜʝ ʨʝʘʢʮʠʡ ʥʝʧʦʣʥʦʛʦ (ʦʜʥʦ-, ʜʚʫʭ ʠ ʪʨʝʭʵʣʝʢʪʨʦʥʥʦʛʦ) 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʦʙʨʘʟʫʶʪʩʷ ʘʢʪʠʚʥʳʝ ʬʦʨʤʳ ʢʠʩʣʦʨʦʜʘ (ɸʌʂ). ʅʘ ʦʙʨʘʟʦʚʘʥʠʝ 

ʵʪʠʭ ʬʦʨʤ ʨʘʩʭʦʜʫʝʪʩʷ ʦʢʦʣʦ 4 % ʚʩʝʛʦ ʧʦʛʣʦʱʘʝʤʦʛʦ ʢʠʩʣʦʨʦʜʘ ʢʣʝʪʢʦʡ, ʥʦ ʧʨʠ ʜʝʡʩʪʚʠʠ 
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ʦʧʨʝʜʝʣʝʥʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʥʘʧʨ. ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʫʣʴʪʨʘʬʠʦʣʝʪʦʤ, ʦʙʨʘʟʦʚʘʥʠʝ 

ɸʌʂ ʩʧʦʩʦʙʥʦ ʫʚʝʣʠʯʠʚʘʪʴʩʷ [277]. ʉʫʱʝʩʪʚʫʝʪ ʠ ʜʨʫʛʠʝ ʵʢʟʦʛʝʥʥʳʝ ʧʨʠʯʠʥʳ ʦʙʨʘʟʦʚʘʥʠʷ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʜʠʢʘʣʦʚ, ʪʘʢʠʝ ʢʘʢ ʠʦʥʠʟʠʨʫʶʱʝʝ ʠʟʣʫʯʝʥʠʝ, ʠʟʙʳʪʦʯʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʧʦʙʦʯʥʳʝ ʵʬʬʝʢʪʳ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʠ 

ʪʦʢʩʠʯʝʩʢʠʭ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʠʟʙʳʪʦʢ ʢʠʩʣʦʨʦʜʘ [278]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʚʷʱʝʥʥʳʝ ʧʦʠʩʢʫ ʚʝʱʝʩʪʚ, ʩʧʦʩʦʙʥʳʭ ʩʥʠʞʘʪʴ 

ʚʣʠʷʥʠʝ ʠʟʙʳʪʦʯʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, ʜʦʚʦʣʴʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ. ʉʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʩʚʷʟʳʚʘʶʪ ʥʝʩʧʘʨʝʥʥʳʝ ʵʣʝʢʪʨʦʥʳ, ʥʘʟʳʚʘʶʪ ʘʥʪʠʦʢʩʠʜʘʥʪʘʤʠ (ɸʆ). ʕʪʦ ʤʦʞʝʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʣʠʙʦ ʚ ʬʦʨʤʝ ʩ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʘʢʪʠʚʥʳʭ ʨʘʜʠʢʘʣʦʚ ʠʣʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʘʨʳ.  

ɺʝʱʝʩʪʚʘ, ʦʙʣʘʜʘʶʱʠʝ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ (ɸʆɸ), ʜʝʣʷʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ 

ʢʘʪʝʛʦʨʠʡ [279]: ʜʦʥʦʨʳ ʧʨʦʪʦʥʦʚ; ʧʦʣʠʝʥʳ; ʢʘʪʘʣʠʟʘʪʦʨʳ; ʣʦʚʫʰʢʠ ʨʘʜʠʢʘʣʦʚ; 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʠ. ʄʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ɻɺ, ʦʙʣʘʜʘʶʱʠʝ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩʣʦʞʥʳʤ 

ʠ ʥʝʨʝʛʫʣʷʨʥʳʤ ʩʪʨʦʝʥʠʝʤ ʧʦʜʧʘʜʘʶʪ ʧʦʜ ʚʩʝ ʵʪʠ ʢʘʪʝʛʦʨʠʠ. 

ɺ ʧʝʨʚʫʶ ʛʨʫʧʧʫ ɸʆ ʦʪʥʦʩʷʪʩʷ ʚʝʱʝʩʪʚʘ, ʛʜʝ ʜʦʥʦʨʦʤ ʧʨʦʪʦʥʘ ʷʚʣʷʶʪʩʷ ʚʝʱʝʩʪʚʘ 

ʩ ʣʝʛʢʦʧʦʜʚʠʞʥʳʤ ʘʪʦʤʦʤ ʚʦʜʦʨʦʜʘ, ʢʦʪʦʨʳʡ ʥʝʡʪʨʘʣʠʟʫʝʪ ʩʚʦʙʦʜʥʳʡ ʨʘʜʠʢʘʣ. ʊʘʢʠʤ 

ʘʪʦʤʦʤ, ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʚʦʜʦʨʦʜ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʠ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ɻɺ. 

ʇʦʣʠʝʥʳ ï ʵʪʦ ʛʨʫʧʧʘ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʭ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʚ ʩʚʦʝʡ 

ʩʪʨʫʢʪʫʨʝ ʥʝʩʢʦʣʴʢʦ ʢʨʘʪʥʳʭ ʩʚʷʟʝʡ. ɸʢʪʠʚʥʳʝ ʬʦʨʤʳ ʢʠʩʣʦʨʦʜʘ ʤʦʛʫʪ ʘʪʘʢʦʚʘʪʴ ɻɺ ʧʦ 

ʜʚʦʡʥʳʤ ʠ ʪʨʦʡʥʳʤ ʩʚʷʟʷʤ ʚ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʮʝʧʦʯʢʘʭ ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʯʘʩʪʝʡ ʤʦʣʝʢʫʣ. 

ʂʘʪʘʣʠʟʘʪʦʨʳ ï ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʧʦʚʳʰʘʶʪ ʘʢʪʠʚʥʦʩʪʴ ɸʆ ʩʠʩʪʝʤ ʩʘʤʠʭ ʢʣʝʪʦʢ. 

ʅʝ ʚʩʪʫʧʘʷ ʚ ʨʝʘʢʮʠʶ, ʪʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʩʧʦʩʦʙʩʪʚʫʶʪ ʫʪʠʣʠʟʘʮʠʠ (ʵʣʠʤʠʥʘʮʠʠ) ʚʠʪʘʤʠʥʘ 

C ʠ ʛʣʫʪʘʪʠʦʥʘ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ. ɺʦʧʨʦʩ ʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ ɻɺ ʠʣʠ ʠʭ ʬʨʘʛʤʝʥʪʦʚ ʚ ʢʣʝʪʢʫ ʷʚʣʷʝʪʩʷ ʜʠʩʢʫʩʩʠʦʥʥʳʤ, ʥʦ ʨʷʜ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʪʘʢʦʝ ʚʦʟʤʦʞʥʦ [280]. ʇʨʠ ʵʪʦʤ ʘʢʪʠʚʥʦʩʪʴ ɻɺ ʚ 

ʦʪʥʦʰʝʥʠʠ ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʦʙʱʝʧʨʠʟʥʘʥʘ ʠ, ʚʦʟʤʦʞʥʦ, ʥʘʧʨʷʤʫʶ ʥʝ ʠʟʤʝʥʷʷʩʴ ʚ 

ʧʨʦʮʝʩʩʝ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ɻɺ ʤʦʛʫʪ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ɸʆɸ. 

ʏʝʪʚʝʨʪʘʷ ʛʨʫʧʧʘ ï ʣʦʚʫʰʢʠ ʨʘʜʠʢʘʣʦʚ ï ʨʘʙʦʪʘʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ 

[281], ʛʜʝ ʪʷʞʝʣʦ ʧʨʝʜʩʪʘʚʠʪʴ ʫʯʘʩʪʠʝ ɻɺ. 

ʂʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʠ ʩʚʷʟʳʚʘʶʪ ʢʘʪʠʦʥʳ ʤʝʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʥʠʮʠʠʨʦʚʘʪʴ 

ʦʙʨʘʟʦʚʘʥʠʝ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ ʠ ʠʟʤʝʥʝʥʠʷ ʤʦʣʝʢʫʣ [282]. ʅʘʧʨʠʤʝʨ, ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʠʟʙʳʪʢʘ ʞʝʣʝʟʘ ʪʦʢʩʠʯʥʦʩʪʴ H2O2 ʤʦʞʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʦʪ 10 ʜʦ 1000 ʨʘʟ 

[283]. ɹʝʟʫʩʣʦʚʥʦ, ɻɺ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʢʦʤʧʣʝʢʩʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʘʪʠʦʥʘʤʠ [278, 284], 

ʩʥʠʞʘʷ ʠʭ ʪʦʢʩʠʯʥʦʩʪʴ. 
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ʄʝʪʦʜʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ [285]. ʕʪʦ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ (ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʷ), 

ʬʣʫʦʨʠʤʝʪʨʠʯʝʩʢʠʝ, ʙʠʦʣʦʛʠʯʝʩʢʠʝ, ʘ ʪʘʢʞʝ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ. 

ʀʟ-ʟʘ ʩʣʦʞʥʦʩʪʠ ʠ ʫʥʠʢʘʣʴʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ɻʂ, ʦʥʠ ʦʙʣʘʜʘʶʪ ʨʘʟʣʠʯʥʳʤʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʠʣʠ ʪʠʧʘʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʨʘʟʥʳʭ ʬʦʨʤʘʭ: ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ, 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ (ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ), ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʠ ʜʦʥʦʨʥʦ-

ʘʢʮʝʧʪʦʨʥʳʭ (ʵʪʦ ʢʦʚʘʣʝʥʪʥʘʷ ʩʚʷʟʴ (ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ)) ʨʝʘʢʮʠʡ ʠ ʛʠʜʨʦʬʦʙʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ʀʤʝʥʥʦ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʝ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ 

ʨʝʘʢʮʠʠ ʠ ʦʪʚʝʯʘʶʪ ʟʘ ɸʆɸ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ ʚ ʧʨʠʨʦʜʝ. ʄʥʦʛʠʝ ʨʝʘʢʮʠʠ, ʚ ʢʦʪʦʨʳʭ 

ʫʯʘʩʪʚʫʶʪ ɻʂ, ʧʨʦʭʦʜʷʪ ʧʦ ʩʚʦʙʦʜʥʦ-ʨʘʜʠʢʘʣʴʥʦʤʫ ʪʠʧʫ ʩ ʫʯʘʩʪʠʝʤ ʥʝʩʧʘʨʝʥʥʳʭ 

ʵʣʝʢʪʨʦʥʦʚ [286], ʥʘʣʠʯʠʝ ʢʦʪʦʨʳʭ ʚ ʤʦʣʝʢʫʣʘʭ ɻʂ ʥʝ ʧʦʜʣʝʞʠʪ ʩʦʤʥʝʥʠʶ [287]. 

ʂʦʣʠʯʝʩʪʚʦ ʥʝʩʧʘʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʕʇʈ). 

ɻʂ ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ çʣʦʚʫʰʝʢè ʜʣʷ ʢʦʨʦʪʢʦʞʠʚʫʱʠʭ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʤʝʪʦʜ ʵʣʝʢʪʨʦʥʥʦ-ʧʘʨʘʤʘʛʥʠʪʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ [288]. ʄʥʦʛʠʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ɻʂ ʦʙʣʘʜʘʶʪ ɸʆɸ ʚ ʦʪʥʦʰʝʥʠʠ ʩʫʧʝʨʦʢʩʠʜ-ʘʥʠʦʥ-

ʨʘʜʠʢʘʣʘ ï ʢʣʶʯʝʚʦʡ ʘʢʪʠʚʥʦʡ ʬʦʨʤʦʡ ʢʠʩʣʦʨʦʜʘ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʡ ʩ ʢʣʝʪʦʯʥʳʤʠ 

ʙʝʣʢʘʤʠ [276, 289]. ʃʦʚʫʰʢʘʤʠ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʚ ʤʦʣʝʢʫʣʘʭ ɻʂ ʷʚʣʷʶʪʩʷ ʨʘʜʠʢʘʣʳ 

ʩʝʤʠʭʠʥʦʥʥʦʛʦ ʪʠʧʘ, ʢʦʪʦʨʳʝ ʘʢʪʠʚʠʨʫʶʪ ʧʨʦʮʝʩʩʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ, ʯʪʦ ʠ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ɸʆɸ ɻʂ [290]. 

ɼʣʷ ʦʮʝʥʢʠ ɸʆ ʥʝʚʦʟʤʦʞʥʦ ʚʳʙʨʘʪʴ ʝʜʠʥʳʡ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʫʜʦʙʝʥ ʜʣʷ ʚʩʝʭ 

ʪʠʧʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʞʠʜʢʦʡ ʩʨʝʜʝ ɸʆɸ ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥʘ ʧʦ ʠʟʤʝʥʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ 

ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ. ʕʪʘ ʠʥʬʦʨʤʘʮʠʷ ʫʢʘʟʳʚʘʝʪ ʥʘ ʫʯʘʩʪʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʦʢʠʩʣʝʥʠʠ 

ʢʦʤʧʦʥʝʥʪʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʚ ʪ.ʯ. ʠ ɻʂ), ʧʦʪʨʝʙʣʝʥʠʠ ʞʠʚʳʤʠ ʦʨʛʘʥʠʟʤʘʤʠ ʧʨʠ 

ʜʳʭʘʥʠʠ, ʣʠʙʦ ʚʳʜʝʣʝʥʠʠ ʧʨʠ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ʉʦʜʝʨʞʘʥʠʝ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʦʮʝʥʢʠ ʧʝʨʚʠʯʥʦʡ ʧʨʦʜʫʢʮʠʠ 

ʚʦʜʦʸʤʦʚ [291]. ʇʨʠ ʵʪʦʤ ʯʘʩʪʴ ʢʠʩʣʦʨʦʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʜʳʭʘʥʠʝ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʘ 

ʯʘʩʪʴ ʥʘ ʦʢʠʩʣʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ. ɺʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʢʠʩʣʦʨʦʜʘ ʤʦʛʫʪ ʫʛʥʝʪʘʪʴ ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ, ʚ ʪ.ʯ. ʬʦʪʦʩʠʥʪʝʟʠʨʫʶʱʠʝ, ʚʳʟʳʚʘʷ 

ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ [292]. ʅʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʜʠʘʛʥʦʩʪʠʨʫʝʪʩʷ ʢʘʢ 

ʘʥʘʵʨʦʙʥʳʝ ʫʩʣʦʚʠʷ, ʯʪʦ, ʯʘʱʝ ʚʩʝʛʦ, ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʥʝʛʘʪʠʚʥʦʝ ʩʦʩʪʦʷʥʠʝ. 

ɻʫʤʠʥʦʚʳʝ ʚʝʱʝʩʪʚʘ ʩʧʦʩʦʙʥʳ ʠʟʤʝʥʷʪʴʩʷ ʚ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʝ, ʚ ʪ.ʯ. ʧʨʦʷʚʣʷʷ ʩʚʦʠ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʝ ʩʚʦʡʩʪʚʘ. ʅʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʦʮʝʥʢʠ ʠʟʤʝʥʝʥʠʷ ʛʫʤʠʥʦʚʳʭ 

ʚʝʱʝʩʪʚ ʚ ʨʘʩʪʚʦʨʝ ʷʚʣʷʶʪʩʷ ʦʧʪʠʯʝʩʢʠʝ (ʩʧʝʢʪʨʘʣʴʥʳʝ) ʤʝʪʦʜʳ. ʂ ʥʠʤ ʦʪʥʦʩʠʪʩʷ 

ʠʟʤʝʨʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʨʘʩʪʚʦʨʦʚ (ʩʥʷʪʠʝ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ) ʠ ʧʦʣʫʯʝʥʠʝ 
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ʩʧʝʢʪʨʦʚ ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʘ ʪʘʢʞʝ ʩʧʝʢʪʨʦʚ ʚʦʟʙʫʞʜʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ. ɻʫʤʠʥʦʚʳʝ 

ʢʠʩʣʦʪʳ ʩʧʦʩʦʙʥʳ ʬʣʫʦʨʝʩʮʠʨʦʚʘʪʴ ʚ ʦʪʚʝʪ ʥʘ ʦʙʣʫʯʝʥʠʝ ʫʣʴʪʨʘʬʠʦʣʝʪʦʤ (ʋʌ) ʠ ʩʚʝʪʦʤ ʚ 

ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ [293-295]. ɺ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ, ʛʜʝ ʚ ʨʘʩʪʚʦʨʝ ʩ ʛʫʤʠʥʦʚʳʤʠ 

ʢʠʩʣʦʪʘʤʠ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ ʠ ʨʘʟʣʠʯʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ ʥʝ 

ʛʫʤʠʥʦʚʦʡ ʧʨʠʨʦʜʳ, ʵʪʠ ʢʦʤʧʦʥʝʥʪʳ ʤʦʛʫʪ ʪʘʢʞʝ ʬʣʫʦʨʝʩʮʠʨʦʚʘʪʴ. ʅʘʠʙʦʣʴʰʠʡ ʞʝ ʚʢʣʘʜ 

ʚ ʩʠʛʥʘʣ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʜʘʸʪ ʭʣʦʨʦʬʠʣʣ, ʯʘʩʪʦ ʧʝʨʝʢʨʳʚʘʷ ʩʚʝʯʝʥʠʝ ʦʪ ʜʨʫʛʠʭ ʧʨʠʨʦʜʥʳʭ 

ʬʣʫʦʨʦʬʦʨʦʚ ʧʨʠʨʦʜʥʦʛʦ ʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ [289]. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ, ʠʩʧʦʣʴʟʫʷ ʧʨʝʧʘʨʘʪ ɻʂ, ʚʳʜʝʣʝʥʥʳʡ ʠʟ ʚʝʨʭʥʝʡ 

ʧʷʪʠʩʘʥʪʠʤʝʪʨʦʚʦʡ ʪʦʣʱʠ ʩʝʨʦʡ ʧʘʭʦʪʥʦʡ ʧʦʯʚʳ ʧʦ ʧʨʦʧʠʩʠ ʉ.ʅ. ʏʫʢʦʚʘ [287] ʈʘʥʝʝ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʤʝʥʥʦ ʵʪʦʪ ʧʨʝʧʘʨʘʪ ʦʙʣʘʜʘʝʪ ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʡ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʦʧʳʪʘʭ, ʧʦ ʝʛʦ ʚʣʠʷʥʠʶ ʥʘ ʢʫʣʴʪʫʨʫ ʚʦʜʦʨʦʩʣʠ Chlorella vulgaris, ʩʨʝʜʠ 

ʜʨʫʛʠʭ, ʚʳʜʝʣʝʥʥʳʭ ʥʘʤʠ ʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ [296]. ɺʦ ʚʩʝʭ ʚʘʨʠʘʥʪʘʭ ʦʧʳʪʘ, ʛʜʝ 

ʧʨʠʩʫʪʩʪʚʦʚʘʣʘ ɻʂ, ʝʸ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʨʘʩʪʚʦʨʝ ʩʦʩʪʘʚʣʷʣʘ 0,003 % (ʧʦ ʤʘʩʩʝ). 

ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʵʣʝʤʝʥʪʥʦʤ ʩʦʩʪʘʚʝ ʧʨʝʧʘʨʘʪʘ ɻʂ ʧʦʣʫʯʝʥʦ ʧʦʩʨʝʜʩʪʚʦʤ 

ʵʣʝʤʝʥʪʥʦʛʦ CHN-ʘʥʘʣʠʟʘʪʦʨʘ LECO CHN628. ʇʦ ʵʪʦʤʫ ʧʦʢʘʟʘʪʝʣʶ ʩʦʜʝʨʞʘʥʠʝ 

ʵʣʝʤʝʥʪʦʚ ʩʦʩʪʘʚʠʣʦ: C ï 52.8%, H ï 4.3%, N ï 4.3%. 

ʂʦʣʠʯʝʩʪʚʦ ʩʪʨʫʢʪʫʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ɻʂ, ʪʘʢʠʭ ʢʘʢ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʠ ʘʣʠʬʘʪʠʯʝʩʢʠʝ, 

ʠ ʥʝʢʦʪʦʨʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ, ʦʧʨʝʜʝʣʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ 

ʥʘ ʷʜʨʘʭ 13ʉ. ʇʨʝʧʘʨʘʪ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʬʨʘʛʤʝʥʪʦʚ 

(ʦʪʥʦʰʝʥʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʢ ʘʣʠʬʘʪʠʯʝʩʢʠʤ ʩʦʩʪʘʚʠʣʦ 0,61). 

ʆʪʥʦʰʝʥʠʝ ʛʠʜʨʦʬʠʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ɻʂ ʢ ʛʠʜʨʦʬʦʙʥʳʤ ʩʦʩʪʘʚʣʷʝʪ 1.44. ʇʦ ʵʪʠʤ 

ʧʦʢʘʟʘʪʝʣʷʤ ʠʟʫʯʝʥʥʳʡ ʧʨʝʧʘʨʘʪ ɻʂ ʙʣʠʟʦʢ ʢ ʧʨʝʧʘʨʘʪʘʤ ɻʂ ʯʝʨʥʦʟʝʤʘ ʮʝʣʠʥʥʦʛʦ [296]. 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʤʝʪʦʜʦʚ ʚ ʠʟʫʯʝʥʠʠ ɸʆɸ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ (ʂʉʈ) ʙʳʣʘ ʥʘʤʠ ʧʦʣʫʯʝʥʘ 

ʧʨʠ ʧʦʤʦʱʠ ʕʇʈ ʩʧʝʢʪʨʦʤʝʪʨʘ ʍ-ʜʠʘʧʘʟʦʥʘ ʬʠʨʤʳ RadioPAN SE/ʍ-2547 ʩ ʜʠʘʧʘʟʦʥʦʤ 

ʯʘʩʪʦʪ 8.8ï9.5 ɻɻʮ, ʚ ʢʘʯʝʩʪʚʝ ʦʙʨʘʟʮʘ ʩʨʘʚʥʝʥʠʷ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʝʧʘʨʘʪ ɼʌʇɻ. ʀʤʝʥʥʦ 

ʧʦ ʂʉʈ ʚ ʨʷʜʫ ʜʨʫʛʠʭ ʨʘʥʝʝ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʥʘʤʠ ʧʨʝʧʘʨʘʪʦʚ ɻʂ ʩʝʨʦʡ ʧʘʭʦʪʥʦʡ ʧʦʯʚʳ 

ʧʦʢʘʟʳʚʘʝʪ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ï 6,31Ŀ1018 ʩʧʠʥ/ʛ. ʇʦ ʜʘʥʥʳʤ ʕʇʈ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ, 

ʠʩʩʣʝʜʫʝʤʳʡ ʧʨʝʧʘʨʘʪ ɻʂ ʜʘʸʪ ʧʨʘʢʪʠʯʝʩʢʠ ʩʠʤʤʝʪʨʠʯʥʫʶ ʩʠʥʛʣʝʪʥʫʶ ʣʠʥʠʶ ʩ g-

ʬʘʢʪʦʨʦʤ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ, ʢʘʢ ʫ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʩʝʤʠʭʠʥʦʥʥʦʛʦ 

ʪʠʧʘ (ʈʠʩʫʥʦʢ 64). 
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ʈʠʩʫʥʦʢ 64 ï ʉʧʝʢʪʨ ʕʇʈ ʧʨʝʧʘʨʘʪʘ ɻʂ ʩʝʨʦʡ ʧʘʭʦʪʥʦʡ ʧʦʯʚʳ 

 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʷʚʣʷʝʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʣʠʷʥʠʷ ɻʂ ʥʘ ʢʫʣʴʪʫʨʫ 

ʚʦʜʦʨʦʩʣʠ, ʢʦʪʦʨʫʶ ʚʳʨʘʱʠʚʘʣʠ ʥʘ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ [31]. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚʩʝ ʦʧʳʪʳ 

ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ ʊʘʤʠʷ, ʧʨʠʛʦʪʦʚʣʝʥʥʦʡ ʧʦ ʧʨʦʧʠʩʠ 

ʩʦʛʣʘʩʥʦ ʇʅɼ ʌ 14.1:2:3:4.10-04. 

ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʷ ʦʮʝʥʢʫ ʧʦʚʝʜʝʥʠʷ ʩʫʩʧʝʥʟʠʠ ʚʦʜʦʨʦʩʣʴ-ɻʂ ʥʘ 

ʩʚʝʪʫ ʠ ʚ ʪʝʤʥʦʪʝ, ʘ ʪʘʢʞʝ ʨʷʜ ʢʦʥʪʨʦʣʴʥʳʭ ʧʨʦʙ (ʛʫʤʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʠ ʧʠʪʘʪʝʣʴʥʘʷ ʩʨʝʜʘ 

ʙʝʟ ʚʦʜʦʨʦʩʣʠ). ɺʩʝ ʚʘʨʠʘʥʪʳ ʦʧʳʪʘ ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʪʝʤʥʦʪʝ ʠ ʥʘ ʩʚʝʪʫ. ɼʣʷ ʨʝʰʝʥʠʷ 

ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʧʨʦʚʦʜʠʣʠ ʦʮʝʥʢʫ ʨʷʜʘ ʧʘʨʘʤʝʪʨʦʚ ʩʫʩʧʝʥʟʠʡ, ʪʘʢʠʭ ʢʘʢ ʩʦʜʝʨʞʘʥʠʝ 

ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ, ʢʦʣʠʯʝʩʪʚʘ ʢʣʝʪʦʢ ʠ ʠʭ ʨʘʟʤʝʨʦʚ, 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʤʦʤʝʥʪ ʧʦʩʪʘʥʦʚʢʠ ʦʧʳʪʘ, ʥʘ 1 

ʠ 5 ʩʫʪʢʠ. ʉʭʝʤʘʪʠʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʦʩʪʘʥʦʚʢʠ ʦʧʳʪʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʈʠʩʫʥʦʢ 65. 
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ʈʠʩʫʥʦʢ 65 ï ʉʭʝʤʘ ʦʧʳʪʘ 

 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʧʨʝʧʘʨʘʪʦʚ ɻʂ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʦʢʘʟʘʪʝʣʠ ʤʝʪʘʙʦʣʠʟʤʘ 

Chlorella vulgaris, ʪʘʢʠʝ ʢʘʢ ʚʝʣʠʯʠʥʘ ʧʝʨʚʠʯʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʜʳʭʘʥʠʷ ʠ ʧʨʠʨʦʩʪ ʙʠʦʤʘʩʩʳ 

(ʈʠʩʫʥʦʢ 66). ʊʘʢʞʝ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʧʨʷʤʦʛʦ ʩʯʝʪʘ ʢʦʣʠʯʝʩʪʚʘ ʢʣʝʪʦʢ ʚʦʜʦʨʦʩʣʠ ʠ 

ʠʭ ʨʘʟʤʝʨʦʚ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʥʘʧʨʷʤʫʶ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʠʟʤʝʥʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʩ 

ʢʫʣʴʪʫʨʦʡ ʚʦʜʦʨʦʩʣʠ. 
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ʈʠʩʫʥʦʢ 66 ï ʀʟʤʝʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʤʝʪʘʙʦʣʠʟʤʘ ʚʦʜʦʨʦʩʣʠ ʥʘ 1 ʠ 5 ʩʫʪʢʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ɻʂ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʤʝʥʪʦʤ ʧʦʩʪʘʥʦʚʢʠ ʦʧʳʪʘ (ʠʩʭʦʜʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʠʥʷʪʳ ʟʘ 100 %). 

 

ɺ ʦʧʳʪʝ ʧʦ ʠʟʫʯʝʥʠʶ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʝʧʘʨʘʪʦʚ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ 

ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ɺʠʥʙʝʨʛʘ ʚ ʢʠʩʣʦʨʦʜʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ï ʧʦ ʨʘʟʥʦʩʪʠ ʩʦʜʝʨʞʘʥʠʷ 

ʢʠʩʣʦʨʦʜʘ ʚ ʩʢʣʷʥʢʘʭ c ʢʫʣʴʪʫʨʦʡ Chlorella vulgaris ʧʦʩʣʝ ʠʭ ʠʥʢʫʙʠʨʦʚʘʥʠʷ ʥʘ ʩʚʝʪʫ ʠ ʚ 

ʪʝʤʥʦʪʝ ʚ ʪʝʯʝʥʠʝ 24 ʠ 120 ʯ. ʉʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʦʧʨʝʜʝʣʷʣʠ ʧʨʠ ʧʦʤʦʱʠ ʘʥʘʣʠʟʘʪʦʨʘ 

ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʄɸʈʂ-302ʕ. 

ɼʣʷ ʧʦʜʩʯʝʪʘ ʢʦʣʠʯʝʩʪʚʘ ʢʣʝʪʦʢ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʘʤʝʨʫ ɻʦʨʷʝʚʘ; ʠʟʦʙʨʘʞʝʥʠʝ 

ʧʦʣʫʯʘʣʠ ʩ ʧʦʤʦʱʴʶ ʮʠʬʨʦʚʦʛʦ ʦʢʫʣʷʨʘ-ʧʨʠʩʪʘʚʢʠ Levenhuk C510 ʢ ʦʧʪʠʯʝʩʢʦʤʫ 

ʤʠʢʨʦʩʢʦʧʫ. 

ʂʦʣʠʯʝʩʪʚʦ ʢʣʝʪʦʢ ʚ 1 ʤʣ ʠʩʩʣʝʜʫʝʤʦʡ ʩʫʩʧʝʥʟʠʠ ʚʳʯʠʩʣʷʣʠ ʧʦ ʬʦʨʤʫʣʝ: 

M=aĬ103/Sh (15) 

ʛʜʝ ʄ ï ʯʠʩʣʦ ʢʣʝʪʦʢ ʚ 1 ʤʣ; ʘ ï ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʢʣʝʪʦʢ ʚ ʢʚʘʜʨʘʪʝ ʩʝʪʢʠ; S ï ʧʣʦʱʘʜʴ ʢʚʘʜʨʘʪʘ 

ʩʝʪʢʠ, ʤʤ2; h ï ʛʣʫʙʠʥʘ ʢʘʤʝʨʳ, ʤʤ. 

 

ʀʥʬʦʨʤʘʮʠʶ ʦ ʨʘʟʤʝʨʘʭ ʢʣʝʪʦʢ ʧʦʣʫʯʘʣʠ ʩ ʪʝʭ ʞʝ ʬʦʪʦʛʨʘʬʠʡ, ʢʦʪʦʨʳʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʧʦʜʩʯʝʪʘ ʠʭ ʢʦʣʠʯʝʩʪʚʘ. ʇʨʦʛʨʘʤʤʘ, ʥʘʧʠʩʘʥʥʘʷ ʥʘ ʷʟʳʢʝ Python, 

ʚʳʜʝʣʷʣʘ ʠʤʝʶʱʠʝʩʷ ʢʣʝʪʢʠ ʥʘ ʬʦʪʦʛʨʘʬʠʠ ʠ ʬʦʨʤʠʨʦʚʘʣʘ ʜʘʥʥʳʝ ʦ ʧʣʦʱʘʜʷʭ ʢʣʝʪʦʢ ʚ 

ʤʠʢʨʦʤʝʪʨʘʭ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʨʘʩʪʚʦʨʦʚ ʠ ʩʫʩʧʝʥʟʠʡ ʙʳʣ 

ʧʦʢʘʟʘʪʝʣʴ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ ʧʦʤʦʱʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ UNICO 
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1201. ʀʟʥʘʯʘʣʴʥʦ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨ ʜʣʷ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʧʦʩʪʘʥʦʚʢʠ 

ʦʧʳʪʘ ï ʧʨʠʚʝʜʝʥʠʷ ʩʫʩʧʝʥʟʠʠ ʢʫʣʴʪʫʨʳ ʚʦʜʦʨʦʩʣʠ ʢ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦʨʷʜʢʘ 0,1 

ʜʣʷ ʜʣʠʥʳ ʚʦʣʥʳ 680 ʥʤ. ʅʘʤʠ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʵʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʟʤʝʥʷʝʪʩʷ ʩʦ ʚʨʝʤʝʥʝʤ 

ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʩʫʩʧʝʥʟʠʠ ʭʣʦʨʝʣʣʳ, ʥʦ ʠ ʜʣʷ ʨʘʩʪʚʦʨʘ ʛʫʤʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʠʟʤʝʨʷʣʠ ʧʨʠ ʧʦʤʦʱʠ ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʘ 

PerkinElmer LS 55. ɺʦʟʙʫʞʜʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʧʨʦʚʦʜʠʣʠ ʥʘ ʜʚʫʭ ʜʣʠʥʘʭ ʚʦʣʥ ï 270 ʠ 

420 ʥʤ. ʉʧʝʢʪʨʳ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʩʥʠʤʘʣʠ ʚ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ 280ï800 ʠ 440ï800 ʥʤ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʘʟʥʠʮʫ ʜʣʷ ʚʘʨʠʘʥʪʦʚ ʦʧʳʪʘ ʦʮʝʥʠʚʘʣʠ ʧʦ ʧʣʦʱʘʜʠ ʧʦʜ ʢʨʠʚʳʝ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʧʨʦʚʦʜʠʣʠ ʜʣʷ 

ʨʘʩʪʚʦʨʦʚ ʠ ʩʫʩʧʝʥʟʠʡ ʚʩʝʭ ʚʘʨʠʘʥʪʦʚ ʦʧʳʪʘ. ʇʨʠʤʝʨ ʩʧʝʢʪʨʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ 

ʦʧʳʪʘ ʧʨʠʚʝʜʝʥ ʥʘ ʈʠʩʫʥʢʝ 67. 

ɸ 

ɹ 

ʈʠʩʫʥʦʢ 67 ï ʉʧʝʢʪʨʳ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʦʧʳʪʘ ʜʣʷ ʜʣʠʥʳ ʚʦʣʥʳ 

ʚʦʟʙʫʞʜʝʥʠʷ 270 ʥʤ (ɸ) ʠ 420 ʥʤ (ɹ). 

 

ɺʣʠʷʥʠʝ ʧʨʝʧʘʨʘʪʘ ɻʂ ʥʘ ʢʫʣʴʪʫʨʫ ʚʦʜʦʨʦʩʣʠ ʚʠʜʥʦ ʧʦ ʠʟʤʝʥʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ 

ʢʠʩʣʦʨʦʜʘ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʥʘ ʨʘʟʥʳʭ ʜʣʠʥʘʭ ʚʦʣʥ ʚʦʟʙʫʞʜʝʥʠʷ. ʊʘʢʞʝ 
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ʦʪʤʝʯʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʩʫʩʧʝʥʟʠʠ ʢʣʝʪʦʢ, ʜʠʘʤʝʪʨʘ ʢʣʝʪʦʢ ʠ ʠʭ 

ʢʦʣʠʯʝʩʪʚʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʥʪʨʦʣʴʥʦʤʫ ʦʧʳʪʫ, ʛʜʝ ʛʫʤʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʥʝ ʚʥʦʩʠʣʘʩʴ. 

ɺ ʦʧʳʪʘʭ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʩʥʠʞʘʝʪʩʷ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʛʫʤʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. ʅʘʠʙʦʣʝʝ ʷʨʢʦ ʵʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʥʘ 5 ʩʫʪʢʠ ʚ ʩʚʝʪʦʚʦʤ 

ʚʘʨʠʘʥʪʝ ʦʧʳʪʘ (ʈʠʩʫʥʦʢ 68). 

 

ʈʠʩʫʥʦʢ 68 ï ʉʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ (ʤʛ/ʣ) ʚ ʨʘʟʥʳʭ ʚʘʨʠʘʥʪʘʭ ʠ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʦʧʳʪʘ 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ (ʈʠʩʫʥʦʢ 69) ʪʦʣʴʢʦ ʩʫʩʧʝʥʟʠʠ 

ʚʦʜʦʨʦʩʣʠ ʦʪʤʝʯʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʥʘ ʩʚʝʪʫ, ʯʪʦ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʩʚʷʟʘʥʦ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʭʣʦʨʦʬʠʣʣʘ, ʧʨʘʚʜʘ, ʠʟʤʝʥʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ. 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʤʳ ʥʘʙʣʶʜʘʝʤ ʥʘ ʩʚʝʪʫ ʜʣʷ ʢʫʣʴʪʫʨʳ ʚʦʜʦʨʦʩʣʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ɻʂ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʣʠʷʥʠʝ ʧʨʝʧʘʨʘʪʘ ʥʘ ʞʠʚʦʡ ʦʨʛʘʥʠʟʤ, ʩʪʠʤʫʣʷʮʠʶ ʨʦʩʪʘ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʯʠʩʪʦʛʦ ʧʨʝʧʘʨʘʪʘ ɻʂ, ʭʦʪʴ ʠ ʥʝ ʟʥʘʯʠʪʝʣʴʥʦ, 

ʩʘʤʘ ʧʦ ʩʝʙʝ ʧʦʚʳʰʘʝʪʩʷ ʩʦ ʚʨʝʤʝʥʝʤ, ʧʨʠ ʵʪʦʤ ʚ ʪʝʥʠ ʠ ʥʘ ʩʚʝʪʫ ʨʘʟʣʠʯʠʡ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. 

ʀʟʤʝʥʝʥʠʷ çʩʤʝʩʠè ʚ ʦʩʥʦʚʥʦʤ ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʢʫʣʴʪʫʨʳ ʚʦʜʦʨʦʩʣʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʯʠʩʪʦʛʦ ʧʨʝʧʘʨʘʪʘ ɻʂ ʥʘ ʵʪʦʤ ʬʦʥʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. 
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ʈʠʩʫʥʦʢ 69 ï ʆʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʚ ʨʘʟʥʳʭ ʚʘʨʠʘʥʪʘʭ ʠ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʦʧʳʪʘ 

 

ʇʦ ʩʧʝʢʪʨʘʤ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʤʳ ʥʝ ʚʠʜʠʤ ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʩʠʛʥʘʣʘ ʜʣʷ 

ʨʘʩʪʚʦʨʦʚ ʪʦʣʴʢʦ ʧʨʝʧʘʨʘʪʘ ɻʂ ʚʦ ʚʩʝʭ ʚʘʨʠʘʥʪʘʭ ʦʧʳʪʘ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʨʘʟʣʠʯʠʷ 

ʥʘʙʣʶʜʘʝʤ ʜʣʷ ʯʠʩʪʦʡ ʢʫʣʴʪʫʨʳ ʚʦʜʦʨʦʩʣʠ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʨʘʟʥʳʭ 

ʚʘʨʠʘʥʪʦʚ ʦʧʳʪʘ ʥʘʤʠ ʙʳʣʘ ʚʳʯʠʩʣʝʥʘ ʧʣʦʱʘʜʴ ʧʦʜ ʧʦʣʫʯʝʥʥʳʤʠ ʛʨʘʬʠʢʘʤʠ (ʈʠʩʫʥʦʢ 67), 

ʢʦʪʦʨʫʶ ʤʳ ʥʘʟʳʚʘʝʤ çʠʥʪʝʛʨʘʣʴʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʝʡè. ʅʘ ʩʚʝʪʫ ʢʫʣʴʪʫʨʘ ʚʦʜʦʨʦʩʣʠ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʛʨʘʣʴʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʟʘʚʠʩʷʱʝʝ ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʦʧʳʪʘ (ʈʠʩʫʥʦʢ 70). ɺ ʪʝʤʥʦʪʝ ʪʘʢʞʝ ʟʘʤʝʪʥʦ ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʛʨʘʣʴʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ, 

ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʠ ʨʦʩʪʝ ʚʦʜʦʨʦʩʣʠ, ʢʦʪʦʨʦʝ ʣʠʤʠʪʠʨʫʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ 

ʩʚʝʪʘ. ɺ ʮʝʣʦʤ, ʜʣʷ ʜʣʠʥʳ ʚʦʟʙʫʞʜʝʥʠʷ 420 ʥʤ ʫʢʘʟʘʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʟʘʤʝʪʥʳ ʭʫʞʝ 

(ʈʠʩʫʥʦʢ 70B). ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʜʣʷ ʜʣʠʥʳ ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ 270 ʥʤ ʩʠʛʥʘʣ ʦʪ ʨʘʩʪʚʦʨʘ 

ʛʫʤʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚʩʝʛʜʘ ʙʦʣʴʰʝ, ʯʝʤ ʦʪ ʩʫʩʧʝʥʟʠʠ ʭʣʦʨʝʣʣʳ ʩ ɻʂ, ʪ.ʝ. ʩʠʛʥʘʣ ʦʪ ʩʤʝʩʠ 

ʢʦʤʧʦʥʝʥʪʦʚ ʥʝ ʷʚʣʷʝʪʩʷ ʩʫʤʤʦʡ ʩʠʛʥʘʣʦʚ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʝʡ (ʈʠʩʫʥʦʢ 70ɸ). ʉ ʵʪʦʡ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʠʥʳ ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ 270 ʥʤ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ, ʪ.ʢ. 

ʩʠʛʥʘʣ ʦʪ ʩʤʝʩʠ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʝʚʳʰʘʝʪ ʩʠʛʥʘʣʳ ʢʘʞʜʦʛʦ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ. 
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A 

 

B 

ʈʠʩʫʥʦʢ 70 ï ʀʥʪʝʛʨʘʣʴʥʘʷ ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʦʧʳʪʘ ʜʣʷ ʜʣʠʥʳ 

ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ 270 ʥʤ (ɸ) ʠ 420 ʥʤ (B) 

 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ɻʂ ʚʣʠʷʝʪ ʥʘ ʚʦʜʦʨʦʩʣʴ 

ʧʦʩʨʝʜʩʪʚʦʤ ʠʟʤʝʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʯʝʨʝʟ ʩʦʜʝʨʞʘʥʠʝ 

ʢʠʩʣʦʨʦʜʘ). ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʢʣʝʪʦʢ 

ʚʦʜʦʨʦʩʣʠ ʠ ʠʭ ʨʘʟʤʝʨʦʚ (ʈʠʩʫʥʢʠ 71 - 72), ʦʪʤʝʯʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʢʠʩʣʦʨʦʜʘ ʥʘ ʩʚʝʪʫ, ʥʦ 

ʧʨʠ ʵʪʦʤ ʥʝʪ ʷʚʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʥʘ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʤ ʘʧʧʘʨʘʪʝ, ʢʦʪʦʨʳʝ 

ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ/ʠʥʪʝʛʨʘʣʴʥʦʡ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ (ʀʌ). 
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ʈʠʩʫʥʦʢ 71 ï ʂʦʣʠʯʝʩʪʚʦ ʢʣʝʪʦʢ ʚʦʜʦʨʦʩʣʠ ʚ ʨʘʟʥʳʭ ʚʘʨʠʘʥʪʘʭ ʠ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʦʧʳʪʘ 

 

 

ʈʠʩʫʥʦʢ 72 ï ʈʘʟʤʝʨʳ ʢʣʝʪʦʢ ʚʦʜʦʨʦʩʣʠ ʚ ʨʘʟʥʳʭ ʚʘʨʠʘʥʪʘʭ ʠ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʦʧʳʪʘ 

 

ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʩʨʝʜʝ ʤʦʞʝʪ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʪʴʩʷ ʥʘ ʢʫʣʴʪʫʨʫ 

ʚʦʜʦʨʦʩʣʠ. ʕʪʦ ʢʦʩʚʝʥʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ, 

ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʧʠʛʤʝʥʪʦʚ ʚ ʚʦʜʦʨʦʩʣʠ, ʥʦ ʠ ʩʪʨʝʩʩʘ 

ʞʠʚʦʛʦ ʦʨʛʘʥʠʟʤʘ. ʊʘʢ ʤʳ ʥʘʙʣʶʜʘʝʤ ʤʘʢʩʠʤʘʣʴʥʳʝ ʫʨʦʚʥʠ ʢʠʩʣʦʨʦʜʘ ʥʘ 5 ʩʫʪʢʠ ʥʘ ʩʚʝʪʳ, 

ʚ ʵʪʠʭ ʞʝ ʚʘʨʠʘʥʪʘʭ ʦʧʳʪʘ ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ. ɺ 

ʧʨʠʩʫʪʩʪʚʠʠ ɻʂ ʚʦʦʙʱʝ ʥʝ ʦʪʤʝʯʝʥʦ ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 
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ʠʥʪʝʛʨʘʣʴʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ. ʅʘʤʠ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʠʝ ɻʂ ʧʨʠʚʦʜʠʪ ʢ ʩʚʷʟʳʚʘʥʠʶ 

çʠʟʙʳʪʦʯʥʦʛʦè ʢʠʩʣʦʨʦʜʘ, ʯʪʦ ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʫʩʣʦʚʠʷ ʨʦʩʪʘ ʚʦʜʦʨʦʩʣʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʦʪʨʘʞʘʶʱʝʝʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʬʣʫʦʨʝʩʮʝʥʮʠʠ. ʅʝʣʴʟʷ ʥʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ɻʂ ʦʢʨʘʰʠʚʘʶʪ 

ʩʨʝʜʫ ʚ ʪʝʤʥʳʝ ʪʦʥʘ (ʧʦʛʣʦʱʘʶʪ ʚʦʟʙʫʞʜʘʶʱʝʝ ʠʟʣʫʯʝʥʠʝ ʠ ʛʘʩʷʪ ʩʠʛʥʘʣ ʬʣʫʦʨʝʩʮʝʥʮʠʠ), 

ʦʙʣʘʜʘʶʪ ʩʦʙʩʪʚʝʥʥʳʤʠ ʩʧʝʢʪʨʘʤʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ (ʪ.ʝ. ʬʣʫʦʨʝʩʮʝʥʮʠʷ, ʚʳʟʚʘʥʥʘʷ 

ʭʣʦʨʝʣʣʦʡ, ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢʦ ʚʪʦʨʠʯʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ɻʂ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʧʝʢʪʨʳ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ ʩʠʩʪʝʤʝ ʭʣʦʨʝʣʣʘ ï ɻʂ ʬʦʨʤʠʨʫʶʪʩʷ ʟʘ ʩʯʝʪ ʥʘʣʦʞʝʥʠʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʩʠʛʥʘʣʦʚ. ʅʘʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʥʪʝʛʨʘʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʦ ʚʨʝʤʝʥʝʤ ʜʣʷ ʨʘʩʪʚʦʨʘ ɻʂ, ʧʨʠ ʵʪʦʤ, ʜʣʷ ʦʧʳʪʘ ʩ ʭʣʦʨʝʣʣʦʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ɻʂ ʠʥʪʝʛʨʘʣʴʥʘʷ ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʪʘʢʞʝ ʠʟʤʝʥʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. 

ʕʪʦ ʩʚʷʟʘʥʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩ ʪʝʤ, ʯʪʦ ɻʂ ʩʚʷʟʳʚʘʶʪ çʠʟʙʳʪʦʯʥʳʡè ʢʠʩʣʦʨʦʜ ʚ 

ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʝ, ʢʦʪʦʨʳʡ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʨʦʩʪʝ ʠ ʨʘʟʚʠʪʠʠ ʚʦʜʦʨʦʩʣʠ. 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʨʘʟʤʝʨʘ ʢʣʝʪʦʢ ʚʦʜʦʨʦʩʣʠ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʨʘʩʪʚʦʨʘ 

ɻʂ ʧʨʠʚʦʜʠʪ ʢ ʥʘʙʣʶʜʘʝʤʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʜʠʘʤʝʪʨʘ ʢʣʝʪʦʢ. ʉʨʝʜʥʠʡ ʤʠʥʠʤʘʣʴʥʳʡ 

ʨʘʟʤʝʨ ʢʣʝʪʦʢ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʥʘ 5 ʩʫʪʢʠ ʚ ʪʝʤʥʦʚʳʭ ʚʘʨʠʘʥʪʘʭ ʦʧʳʪʘ ʢʘʢ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ, 

ʪʘʢ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ɻʂ. ɺ ʵʪʠʭ ʞʝ ʚʘʨʠʘʥʪʘʭ ʦʪʤʝʯʝʥʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʣʝʪʦʢ, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʘʟʤʥʦʞʝʥʠʝ ʢʫʣʴʪʫʨʳ ʚʦʜʦʨʦʩʣʠ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʣʠʷʥʠʝ ɻʂ ʥʘ ʟʝʣʝʥʫʶ ʚʦʜʦʨʦʩʣʴ ʚʦ 

ʤʥʦʛʦʤ ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʠʤʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ɻʂ ʥʝ ʧʦʟʚʦʣʷʶʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ʩʨʝʜʝ ʢʠʩʣʦʨʦʜʘ ʜʦʩʪʠʛʘʪʴ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ, ʢʦʪʦʨʳʡ 

ʤʦʛʫʪ ʙʳʪʴ ʪʦʢʩʠʯʥʳ ʜʣʷ ʞʠʚʦʛʦ ʦʨʛʘʥʠʟʤʘ. ɺʦ ʚʪʦʨʫʶ, ʭʦʪʴ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦ (ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʠ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘ), ʥʦ ʦʛʨʘʥʠʯʠʚʘʶʪ 

ʢʦʣʠʯʝʩʪʚʦ ʩʚʝʪʘ, ʢʦʪʦʨʦʝ ʧʦʧʘʜʘʝʪ ʥʘ ʢʣʝʪʢʠ ʚʦʜʦʨʦʩʣʠ. 

ʇʨʝʧʘʨʘʪ ɻʂ ʩʝʨʦʡ ʧʘʭʦʪʥʦʡ ʧʦʯʚʳ ʦʙʣʘʜʘʝʪ ɸʆɸ, ʫʤʝʥʴʰʘʷ ʩʪʨʝʩʩ ʦʪ 

çʠʟʙʳʪʦʯʥʦʛʦè ʢʠʩʣʦʨʦʜʘ. 

ʅʘʠʙʦʣʴʰʠʝ ʠʟʤʝʥʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʢʘʢ ʩ ʚʦʜʦʨʦʩʣʴʶ, ʪʘʢ ʠ ʩ ʧʨʝʧʘʨʘʪʦʤ ɻʂ 

ʩʚʷʟʘʥʳ ʩʦ ʩʚʝʪʦʚʳʤʠ ʚʘʨʠʘʥʪʘʤʠ ʦʧʳʪʘ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʬʦʪʦʠʥʜʫʮʠʨʫʝʤʦʡ ʧʨʠʨʦʜʝ 

ʥʘʙʣʶʜʘʝʤʳʭ ʷʚʣʝʥʠʡ. ʗʨʢʦ ʧʨʦʷʚʣʷʝʪʩʷ ʫʙʳʣʴ ʚ ʩʦʜʝʨʞʘʥʠʠ ʢʠʩʣʦʨʦʜʘ ʚ ʦʧʳʪʝ ʩ ɻʂ ʥʘ 5 

ʩʫʪʢʠ. 

ɺ ʦʧʳʪʝ ʩ ʚʦʜʦʨʦʩʣʴʶ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʢʠʩʣʦʨʦʜʘ ʚʳʜʝʣʷʝʪʩʷ ʥʘ ʩʚʝʪʫ ʚ 1 ʠ 

5 ʩʫʪʢʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʨʝʧʘʨʘʪʘ ɻʂ, ʢʦʪʦʨʳʡ ʩʥʠʞʘʝʪ ʚʦʟʤʦʞʥʳʡ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ 

ʥʘ ʚʦʜʦʨʦʩʣʴ. ʕʪʦ ʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʘʠʙʦʣʴʰʠʤ ʧʨʠʨʦʩʪʦʤ ʢʦʣʠʯʝʩʪʚʘ ʢʣʝʪʦʢ ʚʦʜʦʨʦʩʣʠ 

ʥʘ 5 ʩʫʪʢʠ ʥʘ ʩʚʝʪʫ. 
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ɺ ʧʨʠʩʫʪʩʪʚʠʠ ɻʂ, ʚʠʜʠʤʳʝ ʚ ʤʠʢʨʦʩʢʦʧ ʨʘʟʤʝʨʳ ʢʣʝʪʦʢ ʚʦʜʦʨʦʩʣʠ ʤʝʥʴʰʝ, ʯʝʤ ʚ 

ʚʘʨʠʘʥʪʘʭ ʙʝʟ ɻʂ ʜʘʞʝ ʚ ʩʘʤʦʤ ʥʘʯʘʣʝ ʟʘʢʣʘʜʢʠ ʦʧʳʪʘ, ʯʪʦ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʩʚʷʟʘʥʦ ʩ 

ʦʩʤʦʪʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ ʜʝʡʩʪʚʠʷ ɻʂ. 

ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʧʨʝʧʘʨʘʪʘ ɻʂ ʟʘʤʝʪʥʦ ʥʝʙʦʣʴʰʦʝ ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʠʥʪʝʛʨʘʣʴʥʦʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ ʦʧʳʪʝ ʩ Chlorella vulgaris, ʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝʝ, ʯʝʤ 

ʜʣʷ ʚʘʨʠʘʥʪ ʦʧʳʪʘ ʪʦʣʴʢʦ ʩ ʚʦʜʦʨʦʩʣʴʶ. ʇʨʠ ʵʪʦʤ ʠʟʤʝʥʝʥʠʷ ʩʧʝʢʪʨʦʚ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

ʩʘʤʦʡ ɻʂ ʪʦʞʝ ʥʝ ʫʩʪʘʥʦʚʣʝʥʳ. ʕʪʦ ʦʧʷʪʴ ʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʪʘʙʠʣʠʟʠʨʫʶʱʫʶ ʨʦʣʴ ɻʂ ʚ 

ʩʨʝʜʝ. 

 

9 ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ ʵʢʦʩʠʩʪʝʤ ʧʦ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʞʠʚʦʪʥʳʭ-ʙʠʦʠʥʜʠʢʘʪʦʨʦʚ 

ɻʣʦʙʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʠ ʧʦʚʩʝʤʝʩʪʥʦ ʥʘʙʣʶʜʘʝʤʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʨʝʟʢʠʝ ʠʟʤʝʥʝʥʠʷ ʧʦʛʦʜʳ ʙʫʜʫʪ ʚʣʠʷʪʴ ʠ ʫʞʝ ʚʣʠʷʶʪ ʥʘ ʩʦʩʪʦʷʥʠʝ ʵʢʦʩʠʩʪʝʤ ʠ 

ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʘʨʝʘʣʳ ʚʠʜʦʚ [297-299]. ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʩʦʚʨʝʤʝʥʥʳʤ ʫʨʦʚʥʝʤ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʧʨʠʚʦʜʷʪ ʢ ʧʦʚʳʰʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ 

ʠ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʢʠʩʣʦʨʦʜʘ ʚ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ʤʠʨʘ, ʯʪʦ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ 

ʢʘʯʝʩʪʚʝ ʚʦʜʳ ʠ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʠ. ʉʦʚʨʝʤʝʥʥʳʡ ʫʨʦʚʝʥʴ ʪʘʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʤʦʨʩʢʫʶ 

ʩʨʝʜʫ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʶ ʠ ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʆʩʦʙʝʥʥʦ ʵʪʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ ʠ ʝʛʦ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ - ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ, 

ʢʦʪʦʨʳʡ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʧʦʜʚʝʨʞʝʥ ʥʝʛʘʪʠʚʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʯʝʣʦʚʝʯʝʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. ʉʙʨʦʩ ʩʪʦʯʥʳʭ ʚʦʜ ʩ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʦʪʢʨʳʪʠʝ ʥʝʬʪʝʥʘʣʠʚʥʳʭ 

ʪʝʨʤʠʥʘʣʦʚ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʧʦʨʪʦʚ, ʘ ʪʘʢʞʝ ʠʥʪʝʥʩʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʩʫʜʦʭʦʜʩʪʚʘ ʚ ʩʦʯʝʪʘʥʠʠ 

ʩ ʵʚʪʨʦʬʠʢʘʮʠʝʡ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʠʧʠʯʥʳʝ ʫʛʨʦʟʳ ʜʣʷ ʵʢʦʩʠʩʪʝʤ ʨʝʛʠʦʥʦʚ 

ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ. ʅʝʛʘʪʠʚʥʳʤʠ ʧʦʩʣʝʜʩʪʚʠʷʤʠ ʪʘʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʷʚʣʷʶʪʩʷ ʩʥʠʞʝʥʠʝ 

ʢʘʯʝʩʪʚʘ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ ʠ ʫʭʫʜʰʝʥʠʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʛʠʜʨʦʙʠʦʥʪʦʚ 

ʦʙʠʪʘʶʱʠʭ ʪʘʤ. ʄʝʜʣʝʥʥʘʷ ʩʢʦʨʦʩʪʴ ʦʙʤʝʥʘ ʚʦʜʳ ʚ ɹʘʣʪʠʡʩʢʦʤ ʤʦʨʝ ʜʝʣʘʝʪ ʵʢʦʩʠʩʪʝʤʫ 

ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ ʙʦʣʝʝ ʫʷʟʚʠʤʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʤʦʨʩʢʠʤʠ ʨʘʡʦʥʘʤʠ. ɺ ʇʣʘʥʝ 

ʜʝʡʩʪʚʠʡ ʧʦ ɹʘʣʪʠʡʩʢʦʤʫ ʤʦʨʶ ʍʝʣʴʩʠʥʢʩʢʦʡ ʢʦʤʠʩʩʠʠ (ʍɽʃʂʆʄ) ʙʳʣʘ ʧʦʜʯʝʨʢʥʫʪʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʤʦʥʠʪʦʨʠʥʛʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʥʘʜʝʞʥʦʡ ʦʮʝʥʢʠ ʦʧʘʩʥʳʭ ʚʝʱʝʩʪʚ ʠ ʨʘʟʨʘʙʦʪʢʠ ʤʝʨ ʧʦ ʩʤʷʛʯʝʥʠʶ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ 

ʧʦʩʣʝʜʩʪʚʠʡ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ. ʈʘʥʥʝʝ 

ʚʳʷʚʣʝʥʠʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʵʬʬʝʢʪʦʚ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʛʠʜʨʦʙʠʦʥʪʦʚ ʠ 

ʧʫʪʝʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ ʚ ʫʩʣʦʚʠʷʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʳʤ ʟʚʝʥʦʤ ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʩʦʭʨʘʥʝʥʠʷ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʠ çʟʜʦʨʦʚʴʷè ʚʦʜʥʳʭ 

ʵʢʦʩʠʩʪʝʤ, ʠ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʛʣʦʙʘʣʴʥʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ ʙʘʣʘʥʩʘ. 
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9.1 ʆ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʝʩʥʦʚʦʜʥʳʭ ʨʘʢʦʚ ʚ ʪʝʩʪʠʨʦʚʘʥʠʠ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʘʢʚʘʪʦʨʠʡ ʩʦʣʦʥʦʚʘʪʳʭ ʚʦʜ 

ʇʨʝʩʥʦʚʦʜʥʳʭ ʠ ʤʦʨʩʢʠʭ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʘʯʝʩʪʚʝ ʞʠʚʳʭ 

ñʤʦʥʠʪʦʨʦʚò ʩʦʩʪʦʷʥʠʷ ʩʨʝʜʳ ʠʭ ʦʙʠʪʘʥʠʷ. ʋʜʦʙʥʳʤ ʦʙʲʝʢʪʦʤ ʷʚʣʷʶʪʩʷ ʧʨʝʩʥʦʚʦʜʥʳʝ 

ʜʝʩʷʪʠʥʦʛʠʝ ʨʘʢʠ ï ʙʠʦʩʝʥʩʦʨʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʙʠʦʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʤʦʥʠʪʦʨʠʥʛʘ 

ʪʦʢʩʠʯʥʦʩʪʠ ʧʨʠʨʦʜʥʳʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʦʯʠʱʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ [300,301]. ʕʪʠ ʩʠʩʪʝʤʳ 

ʧʦʟʚʦʣʷʶʪ ʥʝʧʨʝʨʳʚʥʦ, ʚ ʪʝʯʝʥʠʝ ʤʥʦʛʠʭ ʤʝʩʷʮʝʚ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʢʘʨʜʠʦʘʢʪʠʚʥʦʩʪʠ 

ʨʘʢʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʢʘʯʝʩʪʚʝ ʙʠʦʤʘʨʢʝʨʦʚ, ʩʣʝʜʠʪʴ ʟʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʩʦʩʪʦʷʥʠʝʤ 

ʞʠʚʦʪʥʳʭ ʚ ʫʩʣʦʚʠʷʭ ʩʚʦʙʦʜʥʦʛʦ ʧʦʚʝʜʝʥʠʷ. ʅʝʧʨʝʨʳʚʥʳʡ ʥʝʠʥʚʘʟʠʚʥʳʡ ʤʦʥʠʪʦʨʠʥʛ 

ʩʝʨʜʝʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʩʥʦʚʦʜʥʳʭ ʨʘʢʦʚ ʧʦʟʚʦʣʷʝʪ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʧʦ ʨʝʘʢʮʠʠ 

ʢʘʨʜʠʦʩʠʩʪʝʤʳ ʨʘʢʦʚ ʚʥʝʟʘʧʥʳʝ ʠʟʤʝʥʝʥʠʷ ʢʘʯʝʩʪʚʘ ʚʦʜʳ. ʀʟʤʝʥʝʥʠʷ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʤʦʛʫʪ 

ʙʳʪʴ ʚʳʟʚʘʥʳ ʟʘʛʨʷʟʥʝʥʠʝʤ ʢʘʢ ʪʝʭʥʦʛʝʥʥʦʛʦ, ʪʘʢ ʠ ʧʨʠʨʦʜʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʥʘʧʨʠʤʝʨ, 

ʪʦʢʩʠʯʥʳʤʠ ʤʝʪʘʙʦʣʠʪʘʤʠ ʚʦ ʚʨʝʤʷ ʮʚʝʪʝʥʠʷ ʚʦʜʦʨʦʩʣʝʡ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ. ʀʟʚʝʩʪʥʦ, ʯʪʦ 

ʫʟʢʦʧʘʣʳʝ ʨʘʢʠ Astacus leptodactylus Esch. ʦʙʣʘʜʘʶʪ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʠʤʠ ʘʜʘʧʪʠʚʥʳʤʠ 

ʩʧʦʩʦʙʥʦʩʪʷʤʠ [302,303]. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʘʢ ʶʚʝʥʠʣʴʥʳʝ ʪʘʢ ʠ ʚʟʨʦʩʣʳʝ ʦʩʦʙʠ 

ʫʟʢʦʧʘʣʳʭ ʨʘʢʦʚ ʩʧʦʩʦʙʥʳ ʚʳʞʠʚʘʪʴ ʚ ʩʦʣʝʥʦʩʪʠ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʜʦ 21ă ʚ ʪʝʯʝʥʠʝ 9 

ʥʝʜʝʣʴ, ʘ ʚ ʩʨʝʜʝ ʩʦʣʝʥʦʩʪʴʶ 7 ă ʠʟ ʠʢʨʳ ʨʘʢʦʚ ʚʳʣʫʧʠʣʘʩʴ ʤʦʣʦʜʴ ʚ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ 1, 

ʢʦʪʦʨʘʷ ʚ ʧʦʩʣʝʜʩʪʚʠʠ ʫʩʧʝʰʥʦ ʧʝʨʝʣʠʥʷʣʘ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʨʘʤ ʜʝʣʘʪʴ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʣʦʥʠʟʘʮʠʠ ʫʟʢʦʧʘʣʳʤʠ ʨʘʢʘʤʠ, ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʩʦʣʦʥʦʚʘʪʳʭ ʚʦʜ [304]. ʈʘʢʠ Pontastacus (Astacus) leptodactylus Esch. ï 

ʘʙʦʨʠʛʝʥʳ ʜʣʷ ʤʥʦʛʠʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʈʦʩʩʠʠ ʠ ʩʧʦʩʦʙʥʳ ʦʙʠʪʘʪʴ ʢʘʢ ʚ ʧʨʝʩʥʳʭ ʚʦʜʘʭ, 

ʪʘʢ ʠ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʩʦʣʸʥʦʩʪʠ ʚ ʧʨʠʙʨʝʞʥʳʭ ʚʦʜʘʭ ʏʸʨʥʦʛʦ ʠ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʝʡ 

ʘʜʘʧʪʠʨʫʷʩʴ ʢ ʦʙʠʪʘʥʠʶ ʜʘʞʝ ʧʨʠ ʩʦʣʸʥʦʩʪʠ ʚ 14ă [305,306]. ʆʜʥʘʢʦ ʢ ʥʘʩʪʦʷʱʝʤʫ 

ʚʨʝʤʝʥʠ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʶʪ ʜʘʥʥʳʝ ʦ ʢʘʨʜʠʦʘʢʪʠʚʥʦʩʪʠ ʨʝʯʥʳʭ ʨʘʢʦʚ ʢʘʢ 

ʠʥʪʝʛʨʘʣʴʥʦʡ ʤʝʨʳ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʥʘʭʦʞʜʝʥʠʠ ʞʠʚʦʪʥʳʭ 

ʚ ʚʦʜʝ ʩ ʧʦʚʳʰʝʥʥʦʡ ʩʦʣʝʥʦʩʪʴʶ. 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʚʳʷʩʥʝʥʠʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʢʦʚ Pontastacus leptodactylus ʚ ʢʘʯʝʩʪʚʝ ʙʠʦʠʥʜʠʢʘʪʦʨʦʚ ʚ ʨ 

ʙʠʦʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʤʦʥʠʪʦʨʠʥʛʘ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʦʣʦʥʦʚʘʪʳʤ 

ʚʦʜʘʤ ʌʠʥʩʢʦʛʦ ɿʘʣʠʚʘ. ɼʣʷ ʵʪʦʛʦ ʚ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʳ ʠʟʫʯʘʣʠ ʧʦ 

ʭʨʦʥʦʪʨʦʧʥʦʤʫ ʧʦʢʘʟʘʪʝʣʶ ʢʘʨʜʠʦʘʢʪʠʚʥʦʩʪʠ ʯʘʩʪʦʪʝ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ (ʏʉʉ) 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʨʘʢʦʚ P. leptodactylus, ʥʘʭʦʜʷʱʠʭʩʷ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʚ ʩʨʝʜʝ 

ʧʦʚʳʰʝʥʥʦʡ ʩʦʣʝʥʦʩʪʠ, ʠ ʧʨʝʜʧʨʠʥʷʣʠ ʧʦʧʳʪʢʫ ʦʮʝʥʠʪʴ ʚʦʟʤʦʞʥʳʝ ʨʝʘʢʮʠʠ ʩʝʨʜʝʯʥʦ-

ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ ʨʘʢʦʚ, ʧʦʟʚʦʣʷʶʱʠʝ ʞʠʚʦʪʥʳʤ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʥʝʙʦʣʴʰʠʝ ʠʟʤʝʥʝʥʠʷ 

ʩʦʣʸʥʦʩʪʠ ʚʦʜʳ. 
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ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 14 ʧʦʣʦʚʦʟʨʝʣʳʭ ʨʘʢʘʭ-ʩʘʤʮʘʭ Pontastacus 

leptodactylus ʠʟ ʧʨʝʩʥʦʚʦʜʥʳʭ ʚʦʜʦʸʤʦʚ, ʥʝ ʠʤʝʚʰʠʭ ʧʨʠʟʥʘʢʦʚ ʟʘʙʦʣʝʚʘʥʠʡ, ʩ ʚʝʩʦʤ 

32,1Ñ2,1ʛ ʠ ʩ ʜʣʠʥʦʡ ʦʙʱʝʡ ʠ ʢʘʨʘʧʘʢʩʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 102,3Ñ3,3ʤʤ ʠ 51,8Ñ1,2ʤʤ. ʆʙ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʞʠʚʦʪʥʳʭ ʜʦ ʦʧʳʪʘ, ʚ ʪʝʯʝʥʠʝ ʤʝʩʷʮʘ 

ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʢ ʣʘʙʦʨʘʪʦʨʥʳʤ ʫʩʣʦʚʠʷʤ, ʩʫʜʠʣʠ ʧʦ ʠʭ ʧʦʜʚʠʞʥʦʩʪʠ, ʧʦʝʜʘʥʠʠ ʢʦʨʤʘ ʠ 

ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʦʡ ʟʘʱʠʪʥʦ-ʦʙʦʨʦʥʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ï ʧʦʜʥʷʪʠʶ ʢʣʝʰʥʝʚʳʭ 

ʢʦʥʝʯʥʦʩʪʝʡ ʧʨʠ ʭʵʥʜʣʠʥʛʝ. ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʢʘʞʜʦʛʦ ʨʘʢʘ ʤʘʨʢʠʨʦʚʘʣʠ, ʥʘ 

ʝʛʦ ʢʘʨʘʧʘʢʩ ʥʘʜ ʦʙʣʘʩʪʴʶ ʩʝʨʜʮʘ ʧʨʠʢʣʝʠʚʘʣʠ ʤʠʥʠʘʪʶʨʥʳʡ ʜʝʨʞʘʪʝʣʴ ʜʣʷ ʢʨʝʧʣʝʥʠʷ 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ ʜʘʪʯʠʢʘ, ʩʦʝʜʠʥʸʥʥʦʛʦ ʩ ʬʦʪʦʧʣʝʪʠʟʤʦʛʨʘʬʦʤ (ʈʠʩʫʥʦʢ 73). 

 

ʈʠʩʫʥʦʢ 73 ï ʈʘʢ ʩ ʦʧʪʦʚʦʣʦʢʦʥʥʳʤ ʜʘʪʯʠʢʦʤ ʚ ʘʢʚʘʨʠʫʤʝ  

 

ʈʘʢʦʚ ʦʪʩʘʞʠʚʘʣʠ ʚ ʦʪʜʝʣʴʥʳʝ ʥʝʧʨʦʟʨʘʯʥʳʝ (ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʩʪʨʝʩʩʘ) ʘʢʚʘʨʠʫʤʳ 

ʨʘʟʤʝʨʦʤ 40ʭ35ʭ19.5 ʩʤį, ʟʘʧʦʣʥʝʥʥʳʝ ʜʦ ʫʨʦʚʥʷ 8-10ʩʤ ʧʨʦʪʦʯʥʦʡ, ʮʠʨʢʫʣʠʨʫʶʱʝʡ, 

ʜʝʭʣʦʨʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʣʦʩʴ ʫʩʪʘʥʦʚʢʦʡ ʟʘʤʢʥʫʪʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ. 

ɾʠʚʦʪʥʳʭ ʢʦʨʤʠʣʠ ʨʘʟ ʚ ʪʨʠ ʜʥʷ ʣʠʯʠʥʢʘʤʠ Chironomus spp. ʠʟ ʨʘʩʯʝʪʘ 2% ʤʘʩʩʳ ʪʝʣʘ ʥʘ 

ʩʫʪʦʯʥʳʡ ʨʘʮʠʦʥ. ʅʘ ʩʣʝʜʫʶʱʠʡ ʧʦʩʣʝ ʢʦʨʤʣʝʥʠʷ ʜʝʥʴ ʦʩʫʱʝʩʪʚʣʷʣʠ ʯʘʩʪʠʯʥʫʶ (30%) 

ʩʤʝʥʫ ʚʦʜʳ ʜʣʷ ʝʝ ʦʯʠʩʪʢʠ ʦʪ ʧʨʦʜʫʢʪʦʚ ʤʝʪʘʙʦʣʠʟʤʘ ʨʘʢʘ. ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʙʳʣʘ 20Áʉ, 

ʨʝʞʠʤ ʦʩʚʝʱʝʥʥʦʩʪʠ - 12 ʯ ʩʚʝʪ: 12 ʯ ʪʝʤʥʦʪʘ. ɼʣʠʥʘ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ ʢʘʙʝʣʷ 

ʧʦʟʚʦʣʷʣʘ ʞʠʚʦʪʥʦʤʫ ʩʚʦʙʦʜʥʦ ʧʝʨʝʜʚʠʛʘʪʴʩʷ ʧʦ ʘʢʚʘʨʠʫʤʫ ʠ ʟʘʭʦʜʠʪʴ ʚ ʫʙʝʞʠʱʝ. 

ʉʠʩʪʝʤʘ ʨʝʛʠʩʪʨʘʮʠʠ ʧʦʟʚʦʣʷʣʘ ʟʘʧʠʩʳʚʘʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʏʉʉ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫ 7 ʨʘʢʦʚ 

ʚ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ. ʂʘʨʜʠʦʘʢʪʠʚʥʦʩʪʴ ʨʘʢʦʚ ʥʝʧʨʝʨʳʚʥʦ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 

ʚʩʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʠʩʧʦʣʴʟʫʷ ʩʧʦʩʦʙ ʥʝʠʥʚʘʟʠʚʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ 

ʏʉʉ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ [301].  

ɺ ʥʘʩʪʦʷʱʝʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʜʚʘ ʨʷʜʘ ʘʢʚʘʨʠʫʤʦʚ: ʚʝʨʭʥʠʡ ʨʷʜ ï ʩ 

ʨʘʢʘʤʠ ʚ ʢʦʥʪʨʦʣʴʥʦʡ (ʦʪʩʪʦʷʥʥʦʡ ʚʦʜʦʧʨʦʚʦʜʥʦʡ) ʚʦʜʝ ʠ ʥʠʞʥʠʡ ï c ʦʧʳʪʥʳʤʠ ʨʘʢʘʤʠ, 

ʢʫʜʘ ʧʦʩʣʝ 10 ʩʫʪ ʥʘʙʣʶʜʝʥʠʷ ʯʝʨʝʟ ʨʝʟʝʨʚʥʫʶ ʝʤʢʦʩʪʴ ʧʦʜʘʚʘʣʠ ʨʘʩʪʚʦʨ ʩʦʣʠ (NaCl) ʠʟ 

ʨʘʩʯʝʪʘ 6.5 ʛ ʥʘ 1000 ʤʣ. ʉʦʣʝʥʦʩʪʴ ʩʨʝʜʳ ʚ ʘʢʚʘʨʠʫʤʘʭ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʨʝʬʨʘʢʪʦʤʝʪʨʦʤ 
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RSA0100A Salinity/SG Refractometer (TransInstrument, Singapore), ʨʘʩʯʝʪʥʳʡ ʫʨʦʚʝʥʴ 6.5ă 

ʜʦʩʪʠʛʘʣʩʷ ʟʘ 2ï3 ʤʠʥʫʪʳ. ʂʘʞʜʳʝ ʪʨʦʝ ʩʫʪʦʢ 1/3 ʦʙʲʝʤʘ ʚʦʜʳ ʚ ʘʢʚʘʨʠʫʤʝ ʟʘʤʝʥʷʣʠ ʥʘ 

ʩʚʝʞʫʶ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʨʘʩʯʝʪʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʦʣʠ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʧʦʩʪʦʷʥʥʦʡ ʩʦʣʝʥʦʩʪʠ 

ʚ 6,5ă. ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʝʢʨʘʪʠʣʠ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʚʩʝ ʞʠʚʦʪʥʳʝ ʫʩʧʝʰʥʦ ʧʝʨʝʣʠʥʷʣʠ. 

ʇʦʩʢʦʣʴʢʫ ʠʤʝʶʪʩʷ ʜʘʥʥʳʝ, ʯʪʦ ʦʩʤʦʣʷʣʴʥʦʩʪʴ ʛʝʤʦʣʠʤʬʳ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʨʘʢʦʚ 

ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʩʦʣʝʥʦʩʪʠ ʦʪ 0 ʜʦ 10ă [307], ʚ ʥʘʩʪʦʷʱʝʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʩʤʦʣʷʣʴʥʦʩʪʴ ʥʝ ʠʟʤʝʨʷʣʠ.  

ɼʘʥʥʳʝ ʦ ʯʘʩʪʦʪʝ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ Statistica v. 6 ʜʣʷ Windows. ʏʪʦʙʳ ʚʳʷʚʠʪʴ ʧʝʨʚʠʯʥʳʡ ʵʬʬʝʢʪ ʚʦʟʜʝʡʩʪʚʠʷ 

ʧʦʚʳʰʝʥʠʷ ʩʦʣʝʥʦʩʪʠ ʥʘ ʩʝʨʜʝʯʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʏʉʉ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʫʶ ʚ ʪʝʯʝʥʠʝ 15 

ʤʠʥ ʜʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʩʨʘʚʥʠʚʘʣʠ ʩ ʏʉʉ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʡ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥ ʧʦʩʣʝ 

ʚʦʟʜʝʡʩʪʚʠʷ, ʠʩʧʦʣʴʟʫʷ ʧʘʨʥʳʡ t-ʢʨʠʪʝʨʠʡ ʜʣʷ ʟʘʚʠʩʠʤʳʭ ʚʝʣʠʯʠʥ. ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʦʡ ʨʘʢʦʚ ʧʨʠʤʝʥʷʣʠ t-ʢʨʠʪʝʨʠʡ ʜʣʷ ʥʝʟʘʚʠʩʠʤʳʭ 

ʧʝʨʝʤʝʥʥʳʭ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʚʝʨʷʷ ʥʦʨʤʘʣʴʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʢʨʠʪʝʨʠʶ 

ʂʦʣʤʦʛʦʨʦʚʘ-ʉʤʠʨʥʦʚʘ. ʀʟʤʝʥʝʥʠʷ ʏʉʉ ʩʯʠʪʘʣʠ ʟʥʘʯʠʤʳʤʠ ʧʨʠ ʨ < 0.05. 

ʏʝʨʝʟ ʪʨʦʝ ʩʫʪʦʢ ʧʦʩʣʝ ʧʦʤʝʱʝʥʠʷ ʨʘʢʦʚ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʫʩʪʘʥʦʚʢʫ ʫ ʥʠʭ 

ʫʩʪʘʥʦʚʠʣʩʷ ʩʫʪʦʯʥʳʡ ʨʠʪʤ ʢʘʨʜʠʦʘʢʪʠʚʥʦʩʪʠ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʏʉʉ ʚ ʪʝʤʥʦʝ 

ʚʨʝʤʷ ʩʫʪʦʢ (ʏʉʉʥ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʏʉʉ ʚ ʩʚʝʪʣʦʝ ʚʨʝʤʷ ʩʫʪʦʢ (ʏʉʉʧ). ʇʦʩʣʝ ʵʪʦʛʦ 

ʧʨʦʚʦʜʠʣʠ ʵʢʩʧʝʨʠʤʝʥʪ. ɹʳʩʪʨʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʦʣʝʥʦʩʪʠ ʚʦʜʳ ʦʪ 0 ʜʦ 6.5ă ʚʳʟʳʚʘʝʪ 

ñʘʣʘʨʤò ʨʝʘʢʮʠʶ ʨʘʢʦʚ (ʏʉʉʨ), ʚʳʨʘʞʘʶʱʫʶʩʷ ʚ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤ (15ï20 ʤʠʥ) 

ʧʦʚʳʰʝʥʠʠ ʏʉʉʧ ʥʘ 30% (ʈʠʩʫʥʦʢ 74). 

 

ʈʠʩʫʥʦʢ 74 ï ɼʠʥʘʤʠʢʘ ʏʉʉ ʨʘʢʦʚ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʦʣʝʥʦʩʪʠ ʚʦʜʳ ʜʦ 6.5ă. ʉʪʨʝʣʢʦʡ 

ʫʢʘʟʘʥʦ ʚʨʝʤʷ ʧʦʜʘʯʠ ʩʦʣʠ. ɺʝʨʪʠʢʘʣʴʥʳʝ ʣʠʥʠʠ ï ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ (n=7) 
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ʅʘ ʪʠʧʠʯʥʦʡ ʜʠʥʘʤʠʢʝ ʏʉʉ ʨʘʢʦʚ ʚ ʪʝʯʝʥʠʝ 6-ʪʠ ʩʫʪʦʢ ʥʝʧʨʝʨʳʚʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʈʠʩʫʥʢʝ 75 ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʘ ʩʫʪʦʯʥʘʷ ʧʝʨʠʦʜʠʯʥʦʩʪʴ (ʮʠʨʢʘʜʥʦʩʪʴ) 

ʨʠʪʤʘ ʏʉʉ ʨʘʢʦʚ, ʢʘʢ ʚ ʧʨʝʩʥʦʡ, ʪʘʢ ʠ ʚ ʩʦʣʦʥʦʚʘʪʦʡ ʚʦʜʝ. 

 

ʈʠʩʫʥʦʢ 76 ï ʇʨʠʤʝʨʳ ʪʠʧʠʯʥʦʡ ʜʠʥʘʤʠʢʠ ʏʉʉ ʚ ʪʝʯʝʥʠʝ 6-ʪʠ ʩʫʪʦʢ ʥʝʧʨʝʨʳʚʥʦʡ 

ʨʝʛʠʩʪʨʘʮʠʠ. ɸ ï ʏʉʉ ʨʘʢʘ ˉ 1 ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʩʨʝʜʝ, ɹ - ʏʉʉ ʨʘʢʘ ˉ 2 ʚ ʚʦʜʝ ʩ 

ʩʦʣʝʥʦʩʪʴʶ 6,5ă. ʏʝʨʥʳʝ ʫʯʘʩʪʢʠ ʚʨʝʤʝʥʥʦʡ ʰʢʘʣʳ ʧʦʢʘʟʳʚʘʶʪ ʜʣʠʪʝʣʴʥʦʩʪʴ ʪʝʤʥʦʛʦ 

ʧʝʨʠʦʜʘ. 

 

ʎʠʨʢʘʜʥʦʩʪʴ ʨʠʪʤʘ ʟʘʜʘʝʪʩʷ ʨʝʞʠʤʦʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ (ʩ 8:00 ʜʦ 20:00 ï 

ʦʩʚʝʱʝʥʠʝ ʚ 300 ʣʢ, ʩ 20:00 ʜʦ 8:00 ï ʪʝʤʥʦʪʘ). ʉʫʪʦʯʥʳʡ ʨʠʪʤ ʢʘʨʜʠʦʘʢʪʠʚʥʦʩʪʠ ʠʤʝʝʪ 

ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʧʝʨʠʦʜ -24 ʯʘʩʘ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʥʦʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʙʦʣʝʝ 8 

ʯʘʩʦʚ, ʯʘʩʪʦʪʘ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ ʥʦʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʏʉʉʥ) ʚ ʜʠʘʧʘʟʦʥʝ 80-110 

ʫʜ/ʤʠʥ, ʠ ʏʉʉ ʧʦʢʦʷ (ʏʉʉʧ) ʚ ʜʥʝʚʥʦʝ ʚʨʝʤʷ ʚ ʜʠʘʧʘʟʦʥʝ 40-60 ʫʜ/ʤʠʥ. ʕʪʦʪ ʨʠʪʤ 

ʥʘʙʣʶʜʘʣʩʷ ʫ ʚʩʝʭ ʨʘʢʦʚ, ʢʘʢ ʚ ʢʦʥʪʨʦʣʴʥʦʡ, ʪʘʢ ʠ ʚ ʩʦʣʝʥʦʡ ʚʦʜʝ ʚ ʪʝʯʝʥʠʝ 3-4 ʥʝʜʝʣʴ.  

ʅʘ ʈʠʩʫʥʢʝ 77 ʧʦʢʘʟʘʥʳ ʏʉʉʧ ʠ ʏʉʉʥ ʨʘʢʦʚ ʚ ʩʦʣʝʥʦʡ ʠ ʢʦʥʪʨʦʣʴʥʦʡ ʚʦʜʝ, 

ʧʦʣʫʯʝʥʥʳʝ, ʥʘʯʠʥʘʷ ʩ ʧʷʪʳʭ ʩʫʪʦʢ ʧʦʩʣʝ ʧʦʤʝʱʝʥʠʷ ʞʠʚʦʪʥʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ 

ʫʩʪʘʥʦʚʢʫ. 
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ʈʠʩʫʥʦʢ 77 ï ʏʉʉ ʨʘʢʦʚ ʚ ʩʦʣʝʥʦʡ ʠ ʧʨʝʩʥʦʡ (ʢʦʥʪʨʦʣʴʥʦʡ) ʚʦʜʝ ʚ ʪʝʯʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

1 ï ʏʉʉʧ (ʩʦʣʴ), 2 ï ʏʉʉʧ (ʢʦʥʪʨʦʣʴ), 3 ï ʏʉʉʥ (ʩʦʣʴ), 4 ï ʏʉʉʥ (ʢʦʥʪʨʦʣʴ). ʉʪʨʝʣʢʦʡ 

ʫʢʘʟʘʥʦ ʚʨʝʤʷ ʧʦʜʘʯʠ ʩʦʣʠ. 

 

ɿʘ ʥʝʩʢʦʣʴʢʦ ʩʫʪʦʢ ʜʦ ʣʠʥʴʢʠ (5ï7 ʩʫʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʦʡ ʦʩʦʙʠ) 

ʥʘʙʣʶʜʘʣʠ ʧʦʩʪʝʧʝʥʥʳʝ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʨʠʪʤʘ ʠ ʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ, ʠ ʫ 

ʢʦʥʪʨʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ. ʕʪʠ ʠʟʤʝʥʝʥʠʷ ʟʘʢʣʶʯʘʣʠʩʴ ʚ ʥʝʫʢʣʦʥʥʦʤ ʧʦʚʳʰʝʥʠʠ ʏʉʉʧ ʚ 

ʜʥʝʚʥʦʝ ʚʨʝʤʷ ʠ ʥʝʢʦʪʦʨʦʤ ʩʥʠʞʝʥʠʠ ʏʉʉ ʚ ʪʝʤʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ, ʦʜʥʘʢʦ ʮʠʨʢʘʜʥʳʡ 

ʭʘʨʘʢʪʝʨ ʨʠʪʤʘ ʢʘʨʜʠʦʘʢʪʠʚʥʦʩʪʠ ʩʦʭʨʘʥʷʣʩʷ, ʢʘʢ ʠ ʨʝʘʢʮʠʷ ʥʘ ʚʢʣʶʯʝʥʠʝ ʩʚʝʪʘ. ɿʘ ʜʚʦʝ- 

ʪʨʦʝ ʩʫʪʦʢ, ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʣʠʥʴʢʝ (ʩʙʨʦʩʫ ʩʪʘʨʦʛʦ ʢʘʨʘʧʘʢʩʘ), ʮʠʨʢʘʜʥʳʡ ʨʠʪʤ ʥʝ 

ʥʘʙʣʶʜʘʣʩʷ. ʅʦʯʥʳʝ ʠ ʜʥʝʚʥʳʝ ʏʉʉ ʩʪʘʥʦʚʠʣʠʩʴ ʩʭʦʜʥʳʤʠ ʧʦ ʟʥʘʯʝʥʠʷʤ ʟʘ ʩʯʝʪ 

ʧʦʩʪʝʧʝʥʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʜʥʝʚʥʦʡ ʏʉʉ ʠ ʥʝʢʦʪʦʨʦʛʦ ʩʥʠʞʝʥʠʷ ʏʉʉ ʥʦʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ʊʠʧʠʯʥʳʡ ʧʘʪʪʝʨʥ ʏʉʉ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʩʫʪʦʢ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʣʠʥʴʢʝ, 

ʜʣʷ ʢʦʥʪʨʦʣʴʥʦʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʛʨʫʧʧ ʨʘʢʦʚ ʧʦʢʘʟʘʥ ʥʘ ʈʠʩʫʥʢʝ 78. 
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ʈʠʩʫʥʦʢ 78 ï ʇʨʠʤʝʨʳ ʪʠʧʠʯʥʦʡ ʜʠʥʘʤʠʢʘ ʏʉʉ ʚ ʢʦʥʮʝ ʧʨʝʜʣʠʥʦʯʥʦʡ ʩʪʘʜʠʠ (ʟʘʧʠʩʴ ʚ 

ʪʝʯʝʥʠʝ 3 ʩʫʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʣʠʥʴʢʦʡ): ɸ ï ʏʉʉ ʨʘʢʘ ˉ 1 ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʩʨʝʜʝ, ɹ 

ï ʏʉʉ ʨʘʢʘ ˉ 2 ʚ ʩʦʣʝʥʦʡ ʚʦʜʝ. ʏʝʨʥʳʝ ʫʯʘʩʪʢʠ ʥʘ ʦʩʠ ʘʙʩʮʠʩʩ ï ʜʣʠʪʝʣʴʥʦʩʪʴ ʪʝʤʥʦʛʦ 

ʧʝʨʠʦʜʘ, ʧʫʥʢʪʠʨʥʳʝ ʚʝʨʪʠʢʘʣʴʥʳʝ ʣʠʥʠʠ ï ʩʫʪʦʯʥʳʝ ʠʥʪʝʨʚʘʣʳ. 

 

ɸʤʧʣʠʪʫʜʘ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʢʪʫʘʮʠʡ ʟʥʘʯʝʥʠʡ ʏʉʉ ʙʳʣʠ ʙʦʣʝʝ ʚʳʨʘʞʝʥʳ ʫ 

ʨʘʢʦʚ ʚ ʩʦʣʝʥʦʡ ʚʦʜʝ (ʈʠʩʫʥʦʢ 78ɹ). ɺ ʩʫʪʢʠ ʩʙʨʦʩʘ ʢʘʨʘʧʘʢʩʘ ʨʠʪʤ ʠ ʨʝʘʢʮʠʷ ʥʘ ʚʢʣʶʯʝʥʠʝ 

ʠʣʠ ʚʳʢʣʶʯʝʥʠʝ ʩʚʝʪʘ, ʘ ʪʘʢʞʝ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʢʦʣʝʙʘʥʠʡ ʦʪʩʫʪʩʪʚʦʚʘʣʠ (ʚʪʦʨʘʷ 

ʧʫʥʢʪʠʨʥʘʷ ʚʝʨʪʠʢʘʣʴʥʘʷ ʣʠʥʠʷ ʥʘ ʈʠʩʫʥʢʝ 78).  

ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʢʘʨʜʠʦʘʢʪʠʚʥʦʩʪʴ ʨʘʢʦʚ 

ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ (30-40 ʜʥʝʡ) ʩʦʜʝʨʞʘʥʠʠ ʚ ʚʦʜʝ ʩ ʩʦʣʝʥʦʩʪʴʶ 

6.5 ă. ʆʜʥʘʢʦ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫ ʨʘʢʦʚ ʚ ʩʦʣʝʥʦʡ ʚʦʜʝ ʧʦʚʳʰʘʣʘʩʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʥʝʙʦʣʴʰʠʭ ʧʦ ʘʤʧʣʠʪʫʜʝ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʬʣʫʢʪʫʘʮʠʡ ʏʉʉʧ (ʈʠʩʫʥʢʠ 76 ʠ 78), ʧʨʠ ʵʪʦʤ 

ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʏʉʉ ʩʦʭʨʘʥʷʣʦʩʴ. ʇʨʦʚʝʜʝʥʥʳʡ ʯʘʩʪʦʪʥʳʡ ʘʥʘʣʠʟ ʟʥʘʯʝʥʠʡ ʏʉʉʧ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘ ʢʨʠʚʳʭ ʜʥʝʚʥʦʡ ʜʠʥʘʤʠʢʠ ʏʉʉ ʜʣʷ ʨʘʢʦʚ, ʵʢʩʧʦʥʠʨʦʚʘʚʰʠʭʩʷ ʚ ʩʦʣʝʥʦʡ 

ʚʦʜʝ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʦʪ ʰʝʩʪʠ 

ʜʦ ʪʨʝʭ ʤʠʥ ʩ ʤʘʢʩʠʤʫʤʦʤ ~4.8 ʤʠʥ. ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʢʦʥʪʨʦʣʴ. ʅʘ ʈʠʩʫʥʢʝ 79. 

ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʪʠʧʠʯʥʳʭ ʧʝʨʠʦʜʦʛʨʘʤʤ ʨʠʪʤʘ ʏʉʉʧ ʚ ʢʦʥʪʨʦʣʝ ʠ ʚ ʩʦʣʝʥʦʡ ʚʦʜʝ. 
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ʈʠʩʫʥʦʢ 79 ï ʇʨʠʤʝʨ ʪʠʧʠʯʥʳʭ ʧʝʨʠʦʜʦʛʨʘʤʤ: ɸ ï ʯʘʩʪʦʪʥʳʡ ʩʧʝʢʪʨ ʏʉʉʧ ʨʘʢʘ ˉ 1 ʚ 

ʢʦʥʪʨʦʣʴʥʦʡ ʩʨʝʜʝ , ɹ - ʯʘʩʪʦʪʥʳʡ ʩʧʝʢʪʨ ʏʉʉʧ ʨʘʢʘ ˉ 2 ʚ ʚʦʜʝ ʩ ʩʦʣʝʥʦʩʪʴʶ 6,5ă. ʇʦ 

ʦʩʠ ʦʨʜʠʥʘʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ, ʧʦ ʦʩʠ ʘʙʩʮʠʩʩ 

ʧʝʨʠʦʜ ʚ ʤʠʥʫʪʘʭ. 

 

ʈʘʩʩʯʠʪʘʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʧʝʨʠʦʜʦʛʨʘʤʤ ʢʦʵʬʬʠʮʠʝʥʪ ʫʜʝʣʴʥʦʛʦ ʚʝʩʘ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʏʉʉʧ (ʦʪʥʦʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʦʣʝʙʘʥʠʡ ʩ ʧʝʨʠʦʜʦʤ ʦʪ 

ʜʚʫʭ ʜʦ 10 ʤʠʥ ʢ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʩʝʭ ʬʣʫʢʪʫʘʮʠʡ) ʟʘ ʜʚʦʝ ʩʫʪʦʢ ʜʦ ʠ ʧʦʩʣʝ ʧʦʜʘʯʠ ʩʦʣʠ, ʘ 

ʪʘʢʞʝ ʩʧʫʩʪʷ 15 ʩʫʪ ʵʢʩʧʦʟʠʮʠʠ ʧʦʢʘʟʘʣ ʜʦʩʪʦʚʝʨʥʦʝ (t-ʢʨʠʪʝʨʠʡ, p < 0.05) ʫʚʝʣʠʯʝʥʠʝ 

ʫʜʝʣʴʥʦʛʦ ʚʝʩʘ ʪʘʢʠʭ ʢʦʣʝʙʘʥʠʡ ʚ ʩʦʣʝʥʦʡ ʚʦʜʝ: 0.21 Ñ 0.03; 0.32 ÑÑ 0.07; 0.30 Ñ 0.05 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺ ʪʝʯʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʩʝ ʨʘʢʠ ʚʳʞʠʣʠ ʠ ʫʩʧʝʰʥʦ ʧʝʨʝʣʠʥʷʣʠ. 
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ʇʦʨʦʛʠ ʪʦʣʝʨʘʥʪʥʦʩʪʠ ʧʨʝʩʥʦʚʦʜʥʳʭ ʨʘʢʦʚ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʦʣʝʥʦʩʪʠ ʩʨʝʜʳ, ʧʨʠ 

ʚʩʝʡ ʘʢʪʫʘʣʴʥʦʩʪʠ ʪʝʤʘʪʠʢʠ [308], ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʠʟʫʯʝʥʳ ʥʝʜʦʩʪʘʪʦʯʥʦ [307,309]. 

ʂʨʦʤʝ ʪʦʛʦ, ʦʩʪʘʝʪʩʷ ʚʦʧʨʦʩ: ʤʦʛʫʪ ʣʠ ʧʨʝʩʥʦʚʦʜʥʳʝ ʪʝʩʪ-ʦʨʛʘʥʠʟʤʳ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʧʦʣʣʶʪʘʥʪʦʚ ʚ ʩʦʣʦʥʦʚʦʜʥʳʭ ʘʢʚʘʪʦʨʠʷʭ 

ɹʘʣʪʠʢʠ ʩ ʩʦʣʝʥʦʩʪʴʶ, ʥʘʧʨʠʤʝʨ, ʜʦ 10ï12ă. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʪʦ ʚʦʟʤʦʞʥʦ ʧʨʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʘʢʢʣʠʤʘʮʠʠ ʠʥʬʫʟʦʨʠʡ ʢ ʩʦʣʝʥʦʡ ʚʦʜʝ (12ă) ʚ ʪʝʯʝʥʠʝ 10 ʩʫʪ, ʚʳʷʚʣʝʥʳ 

ʯʝʪʢʠʝ ʨʝʘʢʮʠʠ ʠʥʬʫʟʦʨʠʡ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʩʦʣʝʥʦʡ ʚʦʜʝ ʪʦʢʩʠʯʥʳʭ ʜʣʷ ʥʠʭ ʠʦʥʦʚ ʤʝʜʠ 

[310]. ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ [309], ʯʪʦ A. leptodactylus ʩʧʦʩʦʙʝʥ ʢ ʛʠʧʝʨʨʝʛʫʣʷʮʠʠ ʧʨʠ 

ʩʦʣʝʥʦʩʪʠ 10ă ʚ ʪʝʯʝʥʠʝ 96 ʯ. ɺ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ ʘʜʘʧʪʘʮʠʠ ʢ ʧʦʚʳʰʝʥʠʶ 

ʩʦʣʝʥʦʩʪʠ ʩʨʝʜʳ ʫ ʨʘʢʦʚ ʚʦʚʣʝʯʝʥʳ ʵʧʠʪʝʣʠʘʣʴʥʳʝ ʢʣʝʪʢʠ ʞʘʙʨ, ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʛʦ 

ʪʨʘʢʪʘ, ʜʨʫʛʠʝ ʦʨʛʘʥʳ ʠ ʪʢʘʥʠ [302,304]. ʇʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, 

ʯʪʦ ʧʨʝʩʥʦʚʦʜʥʳʝ ʨʘʢʠ P. leptodactylus ʨʝʘʛʠʨʫʶʪ ʥʘ ʙʳʩʪʨʦʝ ʠʟʤʝʥʝʥʠʝ ʩʦʣʝʥʦʩʪʠ ʚʦʜʳ ʦʪ 

0 ʜʦ 6.5ă ñʘʣʘʨʤò ʨʝʘʢʮʠʝʡ, ʚʳʨʘʞʘʶʱʝʡʩʷ ʚ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤ (15ï20 ʤʠʥ) ʧʦʚʳʰʝʥʠʠ 

ʏʉʉ ʥʘ 30%. ʊʘʢʦʡ ʦʪʚʝʪ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ ʨʘʢʦʚ ï ʭʘʨʘʢʪʝʨʥʘʷ ʧʝʨʚʠʯʥʘʷ 

ʨʝʘʢʮʠʷ ʦʨʛʘʥʠʟʤʘ ʥʘ ʩʪʨʝʩʩʦʚʳʡ ʬʘʢʪʦʨ. ʀʤʝʥʥʦ ʵʪʦʪ ʪʠʧ ʨʝʘʢʮʠʠ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ 

ʩʠʩʪʝʤʳ ʧʦʣʦʞʝʥ ʚ ʦʩʥʦʚʫ ʧʨʠʥʮʠʧʘ ʙʠʦʵʣʝʢʪʨʦʥʥʦʛʦ ʤʝʪʦʜʘ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʚʦʜʥʦʡ 

ʩʨʝʜʳ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʢʘʨʜʠʦʘʢʪʠʚʥʦʩʪʠ ʨʘʢʦʚ ʠ ʤʦʣʣʶʩʢʦʚ [301]. ɺ ʩʦʣʝʥʦʡ ʚʦʜʝ ʨʘʢʠ 

ʩʦʭʨʘʥʷʶʪ ʭʝʤʦʩʝʥʩʦʨʥʫʶ ʨʝʘʢʮʠʶ ʥʘ ʠʟʤʝʥʝʥʠʝ ʢʠʩʣʦʪʥʦʩʪʠ ʩʨʝʜʳ, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʠʭ 

ʢʘʨʜʠʦʘʢʪʠʚʥʦʩʪʠ [311]. ʅʘʙʣʶʜʘʶʱʠʡʩʷ ʮʠʨʢʘʜʥʳʡ ʨʠʪʤ ʏʉʉ ʫ ʨʘʢʦʚ ʠ ʚ ʢʦʥʪʨʦʣʴʥʦʡ, 

ʠ ʚ ʩʦʣʝʥʦʡ ʚʦʜʝ ʩʚʷʟʘʥ ʩ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʦʚʝʜʝʥʠʷ ʨʘʢʦʚ ʢʘʢ ʞʠʚʦʪʥʳʭ, ʘʢʪʠʚʥʳʭ ʚ 

ʩʫʤʝʨʝʯʥʦʝ ʚʨʝʤʷ. ʏʝʪʢʦʝ ʧʨʦʷʚʣʝʥʠʝ ʮʠʨʢʘʜʠʘʥʥʦʡ ʨʠʪʤʠʢʠ ʏʉʉ ʷʚʣʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʝʤ 

ʭʦʨʦʰʝʛʦ (ʟʜʦʨʦʚʦʛʦ) ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʘʢʦʚ ʚ ʤʝʞʣʠʥʦʯʥʳʡ ʧʝʨʠʦʜ [312-314]. 

ʍʘʨʘʢʪʝʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʘʪʪʝʨʥʘ ʢʘʨʜʠʦʨʠʪʤʘ ʫʟʢʦʧʘʣʳʭ ʨʘʢʦʚ ʥʘ ʧʨʝʜʣʠʥʦʯʥʦʡ ʩʪʘʜʠʠ 

ʪʠʧʠʯʥʳ ʜʣʷ ʚʳʩʰʠʭ ʨʘʢʦʚ ʠ ʩʚʷʟʘʥʳ ʩ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʦʡ ʢ ʩʙʨʦʩʫ ʩʪʘʨʦʛʦ 

ʧʘʥʮʠʨʷ. ɸʥʘʣʦʛʠʯʥʳʝ ʠʟʤʝʥʝʥʠʷ ʨʠʪʤʘ ʦʪʤʝʯʝʥʳ ʥʘʤʠ ʨʘʥʝʝ ʜʣʷ ʨʘʢʦʚ Cherax 

quadricarinatus (von Martens) [314]. ʅʘʙʣʶʜʘʝʤʦʝ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚ ʩʦʣʝʥʦʡ ʚʦʜʝ 

ʥʝʢʦʪʦʨʦʝ ʫʚʝʣʠʯʝʥʠʝ ʬʣʫʢʪʫʘʮʠʡ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʏʉʉʧ ʚ ʜʥʝʚʥʦʝ ʚʨʝʤʷ, ʠʤʝʶʱʠʭ ʚʠʜ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʘʤʧʣʠʪʫʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ~5 ʤʠʥ, ʚʦʟʤʦʞʥʦ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʢʣʶʯʝʥʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ (ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, 

ʚʠʩʮʝʨʦ-ʢʘʨʜʠʘʣʴʥʳʭ) ʤʝʭʘʥʠʟʤʦʚ ʧʦʜʜʝʨʞʘʥʠʷ ʦʩʤʦʣʷʣʴʥʦʩʪʠ ʛʝʤʦʣʠʤʬʳ, ʯʪʦ ʪʨʝʙʫʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ. ɺʳʞʠʚʘʝʤʦʩʪʴ ʨʘʢʦʚ (100%) ʠ ʠʭ ʫʩʧʝʰʥʘʷ ʣʠʥʴʢʘ 

ʪʘʢʞʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʞʠʚʦʪʥʳʭ, ʢʦʪʦʨʦʝ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʝ ʠʟʤʝʥʠʣʦʩʴ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʥʠʭ ʩʦʣʦʥʦʚʘʪʦʡ 

ʚʦʜʳ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʧʨʝʩʥʦʚʦʜʥʳʝ ʨʘʢʠ 
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P. leptodactylus ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʧʝʨʝʞʠʚʘʪʴ ʚ ʩʨʝʜʝ ʩ ʧʦʚʳʰʝʥʥʦʡ 

ʩʦʣʝʥʦʩʪʴʶ ʚ 6.5ă, ʥʝ ʠʟʤʝʥʷʷ ʩʚʦʝʛʦ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʘʪʫʩʘ, ʬʠʢʩʠʨʫʝʤʦʛʦ ʧʦ 

ʧʦʢʘʟʘʪʝʣʷʤ ʢʘʨʜʠʦʘʢʪʠʚʥʦʩʪʠ, ʥʝʠʥʚʘʟʠʚʥʦ ʨʝʛʠʩʪʨʠʨʫʝʤʦʡ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʥʠ ʤʦʛʫʪ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʙʠʦʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤʘʭ 

ʤʦʥʠʪʦʨʠʥʛʘ ʢʘʨʜʠʦʨʠʪʤʘ ʢʘʢ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʠʭ ʟʜʦʨʦʚʴʷ ʠ ʠʥʜʠʢʘʪʠʚʥʦʛʦ 

ʧʦʢʘʟʘʪʝʣʷ ʩʪʨʝʩʩʘ ʞʠʚʦʪʥʦʛʦ, ʚ ʢʘʯʝʩʪʚʝ ʙʠʦʩʝʥʩʦʨʦʚ ʚ ʩʦʣʦʥʦʚʘʪʳʭ ʚʦʜʘʭ ʥʘ ʧʨʦʪʷʞʝʥʠʠ, 

ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʜʚʫʭ ʤʝʩʷʮʝʚ. 

9.2 ʄʝʪʦʜʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʦʮʝʥʢʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

(çʟʜʦʨʦʚʴʷè) ʧʨʝʩʥʦʚʦʜʥʳʭ ʨʘʢʦʚ ʧʦ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʪʨʝʙʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ 

ɼʠʘʛʥʦʩʪʠʢʘ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʙʠʦʠʥʜʠʢʘʪʦʨʥʳʭ ʦʨʛʘʥʠʟʤʦʚ, 

ʦʙʠʪʘʶʱʠʭ ʚ ʵʢʦʩʠʩʪʝʤʘʭ, ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʮʝʥʢʠ ʚʦʟʜʝʡʩʪʚʠʷ ʦʧʘʩʥʳʭ 

ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʨʠʥʮʠʧʦʚ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩʨʝʜʳ. 

ʀʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʘʵʨʦʙʥʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ, ʦʙʳʯʥʦ ʦʮʝʥʠʚʘʝʤʦʝ ʧʦ ʩʢʦʨʦʩʪʠ 

ʧʦʪʨʝʙʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ, ʷʚʣʷʝʪʩʷ ʧʨʦʷʚʣʝʥʠʝʤ ʦʜʥʦʛʦ ʠʟ ʥʘʠʙʦʣʝʝ ʦʙʱʠʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ 

ʦʪʚʝʪʦʚ ʥʘ ʩʪʨʝʩʩ, ʚʳʟʚʘʥʥʳʡ ʚʨʝʜʥʳʤʠ ʟʘʛʨʷʟʥʠʪʝʣʷʤʠ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ [315,316]. 

ɻʠʜʨʦʙʠʦʥʪʳ, ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʦʙʠʪʘʶʱʠʝ ʚ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʠʣʠ ʟʘʛʨʷʟʥʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʪʨʝʙʫʶʱʠʭ ʦʪ ʦʨʛʘʥʠʟʤʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ ʥʘ 

ʧʦʜʜʝʨʞʘʥʠʝ ʛʦʤʝʦʩʪʘʟʘ, ʠʤʝʶʪ ʙʦʣʝʝ ʥʠʟʢʠʡ ʩʪʘʪʫʩ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

(ʟʜʦʨʦʚʴʷ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʦʨʛʘʥʠʟʤʘʤʠ, ʦʙʠʪʘʶʱʠʤʠ ʚ ʫʩʣʦʚʥʦ 

ʥʝʟʘʛʨʷʟʥʝʥʥʳʭ ʨʘʡʦʥʘʭ. ʇʦʵʪʦʤʫ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʘʵʨʦʙʥʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ ʛʠʜʨʦʙʠʦʥʪʦʚ 

ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʠʥʪʝʛʨʘʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʢʘʯʝʩʪʚʘ ʚʦʜʥʦʡ ʩʨʝʜʳ. ʇʦʜʭʦʜ, 

ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʠʟʤʝʨʝʥʠʠ ʧʦʪʨʝʙʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʥʘʛʨʫʟʢʝ, ʚ ʤʠʨʝ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʮʝʥʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʢʘʨʜʠʦʨʝʩʧʠʨʘʪʦʨʥʦʡ 

ʩʠʩʪʝʤʳ ʞʠʚʦʪʥʳʭ ʠ ʯʝʣʦʚʝʢʘ [317]. ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʦʪʨʝʙʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ 

ʦʙʳʯʥʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʙʦʪʳ, ʢʦʪʦʨʫʶ ʞʠʚʦʪʥʦʝ ʤʦʞʝʪ 

ʚʳʜʝʨʞʘʪʴ ʙʝʟ ʫʩʪʘʣʦʩʪʠ ʠ ʷʚʣʷʝʪʩʷ ʢʨʠʪʝʨʠʝʤ ʘʵʨʦʙʥʦʡ ʤʦʱʥʦʩʪʠ. ɼʣʷ ʣʶʜʝʡ 

ɸʤʝʨʠʢʘʥʩʢʘʷ ʢʘʨʜʠʦʣʦʛʠʯʝʩʢʘʷ ʘʩʩʦʮʠʘʮʠʷ ʦʧʫʙʣʠʢʦʚʘʣʘ ʟʘʷʚʣʝʥʠʝ ʩ ʨʝʢʦʤʝʥʜʘʮʠʝʡ 

ʨʝʛʫʣʷʨʥʦ ʦʮʝʥʠʚʘʪʴ ʢʘʨʜʠʦʨʝʩʧʠʨʘʪʦʨʥʫʶ ʧʨʠʛʦʜʥʦʩʪʴ (cardiorespiratory fitness ð CRF), 

ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʠʟʤʝʨʷʝʤʫʶ ʢʘʢ ʩʢʦʨʦʩʪʴ ʧʦʪʨʝʙʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʥʘʛʨʫʟʢʝ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʢʣʠʥʠʯʝʩʢʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ [318]. 

ʇʨʝʩʥʦʚʦʜʥʳʝ ʚʳʩʰʠʝ ʨʘʢʠ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʠʥʜʠʢʘʪʦʨʥʳʭ ʦʨʛʘʥʠʟʤʦʚ 

ʫʩʪʦʡʯʠʚʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʜʥʦʡ ʵʢʦʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʦʡ ʦʥʠ ʦʙʠʪʘʶʪ, ʠ ʚ 

ʙʠʦʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʤʦʥʠʪʦʨʠʥʛʘ ʢʘʯʝʩʪʚʘ ʚʦʜʳ [300-301,314,319]. 

ɼʠʘʛʥʦʩʪʠʢʫ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʘʢʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʦʚʦʜʠʪʴ ʧʫʪʝʤ 

ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʥʝʠʥʚʘʟʠʚʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʭʨʦʥʦʪʨʦʧʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 



208 
 

ʢʘʨʜʠʦʘʢʪʠʚʥʦʩʪʠ ï ʏʉʉ, ʠʟʤʝʨʷʝʤʦʡ ʦʨʠʛʠʥʘʣʴʥʳʤ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ [301] 

ʠ ʩʢʦʨʦʩʪʠ ʧʦʪʨʝʙʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʠʟʤʝʨʷʝʤʦʡ ʧʦʣʷʨʦʛʨʘʬʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. 

ɼʣʷ ʦʮʝʥʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʘʢʦʚ ʧʦ ʘʵʨʦʙʥʦʡ ʤʦʱʥʦʩʪʠ, ʢʦʪʦʨʘʷ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʦʩʪʦʷʥʠʝ ʢʘʨʜʠʦʨʝʩʧʠʨʘʪʦʨʥʦʡ ʩʠʩʪʝʤʳ, ʧʨʠʤʝʥʷʝʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ 

ʥʘʛʨʫʟʢʘ çʧʦʜʚʝʩè. ʇʨʦʮʝʜʫʨʘ ʪʘʢʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʦʚʦʜʠʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘ ʦʧʪʠʯʝʩʢʦʝ ʚʦʣʦʢʥʦ ʨʘʢ ʧʦʜʚʝʰʠʚʘʝʪʩʷ ʚ ʚʦʜʝ ʚʳʰʝ ʜʥʘ ʥʘ ʥʝʩʢʦʣʴʢʦ 

ʩʘʥʪʠʤʝʪʨʦʚ (ʈʠʩʫʥʦʢ 80ɸ). 

  

ɸ ɺ 

ʈʠʩʫʥʦʢ 80 ï ɸ - ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ ï çʧʦʜʚʝʩè, ɺ ï ʨʝʩʧʠʨʦʤʝʪʨ ʩ 

ʧʦʣʷʨʦʛʨʘʬʠʯʝʩʢʠʤ ʵʣʝʢʪʨʦʜʦʤ 

 

ʇʦʭʦʞʠʡ ʧʨʠʝʤ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʮʝʥʢʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʘʵʨʦʙʥʦʛʦ 

ʵʥʝʨʛʦʦʙʤʝʥʘ ʢʨʘʙʦʚ Carcinus maenas [320]. 

ʀʟʤʝʨʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʪʨʝʙʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ, ʷʚʣʷʶʱʝʡʩʷ ʢʨʠʪʝʨʠʝʤ 

ʘʵʨʦʙʥʦʡ ʤʦʱʥʦʩʪʠ, ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʥʘ ʚʩʝʭ ʚʠʜʘʭ ʧʨʝʩʥʦʚʦʜʥʳʭ ʨʘʢʦʚ. ɼʣʷ ʵʪʦʛʦ ʥʘ 

ʢʘʨʘʧʘʢʩ ʞʠʚʦʪʥʦʛʦ ʥʘʜ ʦʙʣʘʩʪʴʶ ʩʝʨʜʮʘ ʧʨʠʢʣʝʠʚʘʝʪʩʷ ʤʠʥʠʘʪʶʨʥʳʡ ʜʝʨʞʘʪʝʣʴ ʜʣʷ 

ʢʨʝʧʣʝʥʠʷ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ ʜʘʪʯʠʢʘ, ʩʦʝʜʠʥʸʥʥʦʛʦ ʩ ʬʦʪʦʧʣʝʪʠʟʤʦʛʨʘʬʦʤ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʏʉʉ (ʈʠʩʫʥʦʢ 81). 

  

ɸ ɺ 

ʈʠʩʫʥʦʢ 81 ï ʈʘʢ ʚʠʜʘ ɸ - Astacus leptodactylus, ɹ - Cherax quadricarinatus ʩ 

ʦʧʪʦʚʦʣʦʢʦʥʥʳʤ ʜʘʪʯʠʢʦʤ. 
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ʈʘʢʦʚ ʩʦʜʝʨʞʘʪ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʚ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʘʢʚʘʨʠʘʣʴʥʳʭ. ʇʝʨʝʜ ʥʘʯʘʣʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʶʪ ʚʝʩ ʞʠʚʦʪʥʦʛʦ ʠ ʨʘʟʤʝʨ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ 

ʧʦʪʨʝʙʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʨʘʢʘ ʧʦʤʝʱʘʶʪ ʚ ʥʝʧʨʦʪʦʯʥʳʡ ʨʝʩʧʠʨʦʤʝʪʨ. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʦʚʦʛʦ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʟʨʘʯʥʳʝ ʩʪʝʢʣʷʥʥʳʝ ʢʦʥʪʝʡʥʝʨʳ ʦʙʲʝʤʦʤ 300 ʤʣ ʩ ʧʣʘʩʪʠʢʦʚʳʤʠ 

ʢʨʳʰʢʘʤʠ (ʈʠʩʫʥʦʢ 81ɺ). ʈʘʢ ʩ ʥʘʢʣʝʝʥʥʳʤ ʜʝʨʞʘʪʝʣʷʤʠ ʧʦʤʝʱʘʝʪʩʷ ʚ ʢʦʥʪʝʡʥʝʨ. ɼʘʣʝʝ 

ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʝ ʚ ʢʨʳʰʢʝ ʚ ʜʝʨʞʘʪʝʣʴ, ʚʩʪʘʚʣʷʝʪʩʷ ʧʦʣʷʨʦʛʨʘʬʠʯʝʩʢʠʡ ʵʣʝʢʪʨʦʜ, ʠ ʦʧʪʦ-

ʚʦʣʦʢʦʥʥʳʡ ʟʦʥʜ, ʟʘ ʚʦʣʦʢʥʦ ʢʦʪʦʨʦʛʦ ʨʘʢ ʧʨʠʧʦʜʥʠʤʘʝʪʩʷ ʥʘʜ ʜʥʦʤ ʢʦʥʪʝʡʥʝʨʘ ʠ ʩʦʩʫʜ 

ʟʘʧʦʣʥʷʝʪʩʷ ʘʵʨʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ (ʥʘʩʳʱʝʥʠʝ ʢʠʩʣʦʨʦʜʦʤ ʥʝ ʤʝʥʝʝ 90%) ʙʝʟ ʧʫʟʳʨʝʡ ʠ 

ʛʝʨʤʝʪʠʯʥʦ ʟʘʢʨʳʚʘʝʪʩʷ ʢʨʳʰʢʦʡ. ɼʘʣʝʝ ʥʘʯʠʥʘʶʪ ʦʜʥʦʚʨʝʤʝʥʥʫʶ ʨʝʛʠʩʪʨʘʮʠʶ 

ʢʘʨʜʠʦʘʢʪʠʚʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʧʦʪʨʝʙʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʫ ʨʘʢʘ. 

ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʩʠʛʥʘʣʘ ʢʘʨʜʠʦʘʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʣʘʟʝʨʥʳʝ ʚʦʣʦʢʦʥʥʦ-

ʦʧʪʠʯʝʩʢʠʝ ʬʦʪʦʧʣʝʪʠʟʤʦʛʨʘʬʳ. ɼʣʷ ʦʪʚʝʜʝʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ, ʩʦʜʝʨʞʘʱʝʛʦ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʘʨʜʠʦʘʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʡ ʟʦʥʜ. ʉʫʪʴ 

ʥʝʠʥʚʘʟʠʚʥʦʛʦ ʤʝʪʦʜʘ ʨʝʛʠʩʪʨʘʮʠʠ ʩʠʛʥʘʣʘ ʢʘʨʜʠʦʘʢʪʠʚʥʦʩʪʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʧʦ 

ʪʦʥʢʦʤʫ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʤʫ ʚʦʣʦʢʥʫ ʠʟʣʫʯʝʥʠʝ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ 

ʣʘʟʝʨʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʢʦʨʧʫʩʝ ʣʘʟʝʨʥʦʛʦ-ʚʦʣʦʢʦʥʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ 

ʬʦʪʦʧʣʝʪʠʟʤʦʛʨʘʬʘ, ʧʝʨʝʜʘʝʪʩʷ ʢ ʢʘʨʘʧʘʢʩʫ ʨʘʢʘ ʥʘʜ ʦʙʣʘʩʪʴʶ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʝʨʜʮʘ. 

ʆʪʨʘʞʝʥʥʳʡ ʦʪ ʩʦʢʨʘʱʘʶʱʝʛʦʩʷ ʩʝʨʜʮʘ ʩʚʝʪ, ʩʦʜʝʨʞʘʱʠʡ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʠʪʤʝ ʩʝʨʜʝʯʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʝʨʝʜʘʝʪʩʷ ʧʦ ʚʪʦʨʦʤʫ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʤʫ ʚʦʣʦʢʥʫ ʥʘ ʬʦʪʦʧʨʠʝʤʥʠʢ 

ʬʦʪʦʧʣʝʪʠʟʤʦʛʨʘʬʘ. ʇʦʩʣʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʫʩʠʣʝʥʠʷ, ʬʠʣʴʪʨʘʮʠʠ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ 

ʮʠʬʨʦʚʫʶ ʬʦʨʤʫ ʩʠʛʥʘʣ ʚ ʚʠʜʝ ʬʦʪʦʧʣʝʪʠʟʤʦʛʨʘʤʤʳ ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʢʦʤʧʴʶʪʝʨ ʜʣʷ ʘʥʘʣʠʟʘ 

ʢʘʨʜʠʦʘʢʪʠʚʥʦʩʪʠ ʨʘʢʦʚ, ʛʜʝ ʩ ʧʦʤʦʱʴʶ ʦʨʠʛʠʥʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ʏʉʉ. ʇʦ ʬʦʪʦʧʣʝʪʠʟʤʦʛʨʘʤʤʘʤ ʦʧʨʝʜʝʣʷʶʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʏʉʉ ʨʘʢʦʚ ʠ 

ʦʧʨʝʜʝʣʷʶʪ ʩʢʦʨʦʩʪʴ ʧʦʪʨʝʙʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʤʦʣʣʶʩʢʘʤʠ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ 

ʏʉʉ ʧʦʣʷʨʦʛʨʘʬʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ʂʦʥʮʝʥʪʨʘʮʠʶ ʢʠʩʣʦʨʦʜʘ ʚ ʨʝʩʧʠʨʦʤʝʪʨʝ ʠʟʤʝʨʷʶʪ 

ʢʘʞʜʳʝ 5 ʤʠʥʫʪ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʥʘʭʦʞʜʝʥʠʷ ʨʘʢʦʚ ʚ ʨʝʩʧʠʨʦʤʝʪʨʝ ʩʦʩʪʘʚʣʷʝʪ 30 ʤʠʥʫʪ. 

ʀʟʤʝʨʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ ʚ ʚʦʜʝ ʨʝʩʧʠʨʦʤʝʪʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʢʩʠʤʝʪʨʦʤ ʩ 

ʧʦʣʷʨʦʛʨʘʬʠʯʝʩʢʠʤ ʵʣʝʢʪʨʦʜʦʤ, ʥʘʧʨʠʤʝʨ ʧʦʨʪʘʪʠʚʥʳʤ ʦʢʩʠʤʝʪʨʦʤ HI 9142 (Hanna 

Instruments) ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʢʦʤʧʝʥʩʘʮʠʝʡ ʠ ʧʨʠʚʝʜʝʥʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ 

ʠʟʤʝʨʝʥʠʷ Ñ 2,5%. ʇʝʨʝʤʝʰʠʚʘʥʠʝ ʚʦʜʳ ʥʝ ʪʨʝʙʫʝʪʩʷ, ʪʘʢ ʢʘʢ ʚʦʜʘ ʧʝʨʝʤʝʰʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ 

ʠʥʪʝʥʩʠʚʥʦʡ ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʨʘʢʘ, ʧʳʪʘʶʱʝʛʦʩʷ ʢʣʝʰʥʷʤʠ ʜʦʩʪʘʪʴ ʜʥʦ 

ʨʝʩʧʠʨʦʤʝʪʨʘ. ʆʪʜʝʣʴʥʦ ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʦʧʨʝʜʝʣʷʶʪ ʠʟʤʝʥʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʚʦʜʝ ʨʝʩʧʠʨʦʤʝʪʨʘ ʙʝʟ ʨʘʢʘ. 
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9.3 ʆʮʝʥʢʘ ʜʣʠʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠ ʦʯʠʱʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʥʘ 

ʨʘʢʦʦʙʨʘʟʥʳʭ: ɺʦʟʤʦʞʥʦʩʪʴ ʨʘʥʥʝʛʦ ʚʳʷʚʣʝʥʠʷ ʦʧʘʩʥʦʡ ʪʦʢʩʠʯʥʦʩʪʠ ʦʯʠʱʝʥʥʳʭ ʩʪʦʯʥʳʭ 

ʚʦʜ ʩ ʧʦʤʦʱʴʶ ʙʠʦʵʣʝʢʪʨʦʥʥʦʡ ʩʠʩʪʝʤʳ ʥʝʧʨʝʨʳʚʥʦʛʦ ʘʥʘʣʠʟʘ ʢʘʨʜʠʦʘʢʪʠʚʥʦʩʪʠ ʨʘʢʦʚ 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʱʥʦʛʦ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ 

ʥʘ ʬʦʥʝ ʛʣʦʙʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʢʣʠʤʘʪʘ ʘʢʪʫʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʣʘ ʧʨʦʙʣʝʤʘ 

ʩʦʭʨʘʥʝʥʠʷ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʚʦʜʦʝʤʦʚ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʥʘʠʙʦʣʝʝ 

ʧʦʜʚʝʨʞʝʥʳ ʠʥʪʝʥʩʠʚʥʦʤʫ ʥʝʛʘʪʠʚʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʢʘʢ ʩʪʦʢʦʚ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʪʘʢ ʠ ʙʳʪʦʚʳʭ. ʅʝʛʘʪʠʚʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʚʦʜʥʳʭ 

ʵʢʦʩʠʩʪʝʤ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʜʠʩʙʘʣʘʥʩʫ ʚ ʫʛʣʝʨʦʜʥʦʤ ʮʠʢʣʝ, ʧʦʩʢʦʣʴʢʫ ʦʩʥʦʚʥʫʶ 

ʬʫʥʢʮʠʶ ʚ ʚʳʚʦʜʝ ʉʆ2 ʠʟ ʘʪʤʦʩʬʝʨʳ ʚʳʧʦʣʥʷʶʪ ʦʢʝʘʥʠʯʝʩʢʠʝ ʛʠʜʨʦʙʠʦʥʪʳ. ʅʘ 

ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʧʨʠʭʦʜʠʪʩʷ 67,8 % ʚʩʝʛʦ ʟʘʢʨʝʧʣʷʝʤʦʛʦ ʫʛʣʝʨʦʜʘ [321].  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʬʠʮʠʘʣʴʥʳʤʠ ʥʦʨʤʘʪʠʚʘʤʠ ʚʩʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ 

ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʥʝ ʧʦʟʚʦʣʷʶʪ ʧʦʣʥʦʩʪʴʶ ʫʜʘʣʠʪʴ ʤʥʦʛʠʝ ʪʦʢʩʠʯʥʳʝ ʠ ʩʪʦʡʢʠʝ 

ʭʠʤʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʩʧʦʩʦʙʥʳʝ ʢ ʙʠʦʘʢʢʫʤʫʣʷʮʠʠ, ʦʩʦʙʝʥʥʦ ʚ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, 

ʪʘʢʠʝ ʢʘʢ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ, ʤʠʢʨʦʧʣʘʩʪʠʢ, ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ. ʊʘʢ, ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʧʨʠʩʫʪʩʪʚʠʝ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ ʦʙʥʘʨʫʞʝʥʦ ʚ ʚʦʜʦʝʤʘʭ ʧʦ ʚʩʝʤʫ ʤʠʨʫ 

[322,323]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʬʘʨʤʧʨʝʧʘʨʘʪʳ ʚ ʵʢʦʣʦʛʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 

ʪʦʢʩʠʯʥʳ ʜʣʷ ʛʠʜʨʦʙʠʦʥʪʦʚ. ʊʘʢ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ, ʥʘʧʨʠʤʝʨ, ʧʩʠʭʦʪʨʦʧʥʳʝ ʚʝʱʝʩʪʚʘ, 

ʚʣʠʷʶʪ ʥʘ ʧʦʚʝʜʝʥʠʝ ʨʘʢʦʚ, ʘ ʪʘʢʞʝ ʥʘ ʨʘʟʤʥʦʞʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʜʘʬʥʠʡ [324,325]. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʚʦʜʳ, ʩʙʨʘʩʳʚʘʝʤʦʡ ʚ 

ʚʦʜʦʝʤʳ, ʠ ʥʝʧʨʝʨʳʚʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʠʭ ʩʦʩʪʦʷʥʠʷ. ʈʘʥʥʝʝ ʚʳʷʚʣʝʥʠʝ ʪʦʢʩʠʯʥʦʩʪʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʦʯʠʱʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʜʣʷ ʛʠʜʨʦʙʠʦʥʪʦʚ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʟʚʝʥʦʤ ʚ 

ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʩʦʭʨʘʥʝʥʠʷ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʠ çʟʜʦʨʦʚʴʷè ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ, ʠ ʚ ʢʦʥʝʯʥʦʤ 

ʠʪʦʛʝ ʛʣʦʙʘʣʴʥʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ ʙʘʣʘʥʩʘ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚ ʚ ʚʦʜʝ ʠ ʝʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, 

ʦʜʥʘʢʦ ʵʪʠʤʠ ʤʝʪʦʜʘʤʠ ʥʝʚʦʟʤʦʞʥʦ ʦʮʝʥʠʪʴ ʩʦʚʦʢʫʧʥʦʝ ʚʣʠʷʥʠʝ ʘʥʪʨʦʧʦʛʝʥʥʳʭ 

ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʥʘ ʙʠʦʪʫ ʚʦʜʦʝʤʘ-ʧʨʠʝʤʥʠʢʘ, ʪʦʣʴʢʦ ʤʝʪʦʜʳ ʙʠʦʠʥʜʠʢʘʮʠʠ ʠ 

ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ ʚ ʩʦʩʪʦʷʥʠʠ ʩʧʨʘʚʠʪʴʩʷ ʩ ʵʪʦʡ ʟʘʜʘʯʝʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ 

ʚ ʢʘʯʝʩʪʚʝ ʙʠʦʠʥʜʠʢʘʪʦʨʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʙʠʦʤʘʨʢʝʨʦʚ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʚʘʪʴ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʢʘʢ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ, ʪʘʢ ʠ 

ʥʝʠʟʚʝʩʪʥʳʭ ʚʝʱʝʩʪʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚʦʟʤʦʞʥʳʝ ʩʠʥʝʨʛʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʙʠʦʢʦʥʪʨʦʣʴ ʪʦʢʩʠʯʥʦʩʪʠ ʩʪʦʯʥʳʭ ʚʦʜ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʘʢ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ: ʧʦ ʧʦʜʘʚʣʝʥʠʶ ʨʦʩʪʘ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʚʦʜʦʨʦʩʣʝʡ, ʧʦ ʩʥʠʞʝʥʠʶ 

ʧʦʜʚʠʞʥʦʩʪʠ ʠ/ʠʣʠ ʚʳʞʠʚʘʝʤʦʩʪʠ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʢʫʣʴʪʫʨʘʭ ʜʘʬʥʠʡ, ʧʦ ʠʥʛʠʙʠʨʦʚʘʥʠʝ 
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ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʫ ʙʘʢʪʝʨʠʡ [326], ʪʘʢ ʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʩʠʩʪʝʤʳ 

ʨʘʥʥʝʛʦ ʦʧʦʚʝʱʝʥʠʷ ʦʙ ʫʭʫʜʰʝʥʠʠ ʢʘʯʝʩʪʚʘ ʚʦʜʳ, ʦʧʨʝʜʝʣʷʝʤʦʤʫ ʧʦ (ʙʠʦʤʘʨʢʝʨʘʤ), 

ʦʪʨʘʞʘʶʱʠʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ ʛʠʜʨʦʙʠʦʥʪʦʚ ʛʠʜʨʦʙʠʦʥʪʦʚ 

[327,328]. 

ʇʦʵʪʦʤʫ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʙʳʣʦ ʠʟʫʯʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʧʨʝʩʥʦʚʦʜʥʳʭ ʨʘʢʦʚ ʧʦ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʤʘʨʢʝʨʦʚ ʏʉʉ ʚ ʫʩʣʦʚʠʷʭ ʜʣʠʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʦʯʠʱʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ (ɹʆʉɺ), ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʥʝʟʘʚʠʩʠʤʳʤ 

ʢʦʥʪʨʦʣʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʬʥʠʡ, ʷʚʣʷʶʱʠʭʩʷ ʪʨʘʜʠʮʠʦʥʥʳʤ ʦʙʲʝʢʪʦʤ ʚʦʜʥʦʡ 

ʪʦʢʩʠʢʦʣʦʛʠʠ. 

ɹʠʦʵʣʝʢʪʨʦʥʥʘʷ ʩʠʩʪʝʤʘ (ʈʠʩʫʥʦʢ 82) ʫʩʪʘʥʦʚʣʝʥʘ ʚ ʢʦʥʮʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʧʦʩʣʝ ʋʌ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ 

ʚʳʧʫʩʢʦʤ ɹʆʉɺ ʚ ʅʝʚʩʢʫʶ ʛʫʙʫ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ. ʇʘʨʘʣʣʝʣʴʥʦ ʘʢʚʘʨʠʫʤʘʤ ʩ ʨʘʢʘʤʠ 

ʪʘʢʞʝ ʧʦʩʪʘʚʣʝʥ ʘʢʚʘʨʠʫʤ ʩ ʨʳʙʢʘʤʠ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʧʦ ʧʦʜʚʠʞʥʦʩʪʠ ʨʳʙ. ɺʦʜʘ, 

ʧʦʩʪʫʧʘʶʱʘʷ ʢ ʨʘʢʘʤ ʠ ʨʳʙʢʘʤ, ʪʘʢʞʝ ʙʨʘʣʘʩʴ ʠ ʜʣʷ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ ʥʘ ʜʘʬʥʠʷʭ ʩ 

ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ 1 ʨʘʟ ʚ 3 ʜʥʷ. 

  

ɸ ɺ 

ʈʠʩʫʥʦʢ 82 ï ɸ-ɹʣʦʢ ʩʭʝʤʘ ʠ ɺ-ʦʙʱʠʡ ʚʠʜ ʙʠʦʵʣʝʢʪʨʦʥʥʦʡ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ 

ʢʘʯʝʩʪʚʘ ʚʦʜʳ, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ʖʛʦ-ɿʘʧʘʜʥʳʭ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʷʭ çɻʋʇ 

ɺʦʜʦʢʘʥʘʣè ʛʦʨʦʜʘ ʉʘʥʢʪ- ʇʝʪʝʨʙʫʨʛʘ. ɸʎʇ ï ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ; ʃɺʆʌ 

ï ʣʘʟʝʨʥʳʡ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʡ ʬʦʪʦʧʣʝʪʠʟʤʦʛʨʘʬ; ʇʂ ï ʧʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ; 

VarPulse ï ʦʨʠʛʠʥʘʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ ʦʙʨʘʙʦʪʢʠ ʢʘʨʜʠʦʩʠʛʥʘʣʦʚ. 

 

9.3.1 ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ɹʆʉɺ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʢʘʨʜʠʦʘʢʪʠʚʥʦʩʪʠ ʜʝʩʷʪʠʥʦʛʠʭ 

ʨʘʢʦʚ 

ʋʟʢʦʧʘʣʳʭ ʨʘʢʦʚ ʚʠʜʘ Pontastacus leptodactylus, ʧʨʠʦʙʨʝʪʝʥʥʳʭ ʧʨʠ ʢʦʤʤʝʨʯʝʩʢʦʤ 

ʚʳʣʦʚʝ, ʘʜʘʧʪʠʨʦʚʘʣʠ ʢ ʣʘʙʦʨʘʪʦʨʥʳʤ ʫʩʣʦʚʠʷʤ ʚ ʪʝʯʝʥʠʝ 2-ʭ ʥʝʜʝʣʴ. ʇʦʩʣʝ ʘʢʢʣʠʤʘʮʠʠ 
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ʢʘʞʜʦʤʫ ʨʘʢʫ ʧʨʠʢʨʝʧʣʷʣʠ ʥʘ ʢʘʨʘʧʘʢʩ ʥʘʜ ʦʙʣʘʩʪʴʶ ʩʝʨʜʮʘ ʦʧʪʦ-ʚʦʣʦʢʦʥʥʳʡ ʟʦʥʜ ʜʣʷ 

ʨʝʛʠʩʪʨʘʮʠʠ ʢʘʨʜʠʦʩʠʛʥʘʣʘ [328] ʠ ʧʦʤʝʱʘʣʠ ʚ ʦʪʜʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʘʢʚʘʨʠʫʤʳ 

ʩ ʮʠʨʢʫʣʠʨʫʶʱʝʡ ʦʪʩʪʦʷʥʥʦʡ ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʚʦʜʦʡ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʧʦ ʩʫʱʝʩʪʚʫ 

ʘʥʘʣʦʛʠʯʥʦʡ ʩʠʩʪʝʤʝ, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ʖʛʦ-ɿʘʧʘʜʥʳʭ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ (ʖɿʆʉ) 

çɻʋʇ ɺʦʜʦʢʘʥʘʣè ʛʦʨʦʜʘ ʉʘʥʢʪ- ʇʝʪʝʨʙʫʨʛʘ. ɺ ʪʝʯʝʥʠʝ ʥʝʜʝʣʠ ʧʨʦʚʦʜʠʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʢʘʨʜʠʦʘʢʪʠʚʥʦʩʪʠ ʧʦ ʦʪʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʝ: ʫ ʨʘʢʦʚ ʥʝʧʨʝʨʳʚʥʦ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ 

ʢʘʨʜʠʦʘʢʪʠʚʥʦʩʪʴ ʠ ʟʘʧʠʩʳʚʘʣʠ ʚ ʚʠʜʝ ʬʦʪʦʧʣʝʪʠʟʤʦʛʨʘʤʤ. ʇʨʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʝ ʬʦʪʦʧʣʝʪʠʟʤʦʛʨʘʤʤ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʦʧʨʝʜʝʣʷʣʠ ʏʉʉ (ʫʜ/ʤʠʥ) ʩ 

ʫʩʨʝʜʥʝʥʠʝʤ ʧʦ 100 ʢʘʨʠʦʠʥʪʝʨʚʘʣʘʤ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʝ ʦʧʨʝʜʝʣʷʣʠ ʥʘʣʠʯʠʝ 

ʮʠʨʢʘʜʥʦʛʦ ʨʠʪʤʘ ʢʘʨʜʠʦʘʢʪʠʚʥʦʩʪʠ ʠ ʝʛʦ ʘʤʧʣʠʪʫʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘ ʠʤʝʥʥʦ ʏʉʉ ʚ 

ʧʦʢʦʝ ʚ ʩʚʝʪʣʦʝ ʚʨʝʤʷ ʠ ʧʨʠ ʩʧʦʥʪʘʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʪʝʤʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ. ʆʨʠʛʠʥʘʣʴʥʘʷ 

ʧʨʦʛʨʘʤʤʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ VarPulse ʧʦʟʚʦʣʷʝʪ, ʢʨʦʤʝ ʚʳʚʝʜʝʥʠʷ ʠ ʘʨʭʠʚʘʮʠʠ 

ʯʠʩʣʦʚʳʭ ʜʘʥʥʳʭ, ʩʪʨʦʠʪʴ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʏʉʉ ʦʪ ʚʨʝʤʝʥʠ ʩʫʪʦʢ. ɺ ʢʦʥʮʝ ʥʝʜʝʣʠ 

ʧʨʦʚʦʜʠʣʠ ʪʝʩʪʠʨʦʚʘʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʏʉʉ ʧʨʠ ʩʪʨʝʩʩʝ (ʚʳʥʫʞʜʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ). ɼʣʷ 

ʵʪʦʛʦ ʨʘʢʦʚ ʟʘ ʦʧʪʠʯʝʩʢʠʡ ʟʦʥʜ ʜʘʪʯʠʢʘ ʠʟʚʣʝʢʘʣʠ ʠʟ ʫʢʨʳʪʠʷ ʠ ʫʜʝʨʞʠʚʘʣʠ ʟʘ ʦʧʪʦʚʦʣʦʢʥʦ 

ʚ ʚʦʜʝ ʥʘ ʚʳʩʦʪʝ 5 ʩʤ ʥʘʜ ʜʥʦʤ ʘʢʚʘʨʠʫʤʘ ʥʘ 1-2 ʤʠʥʫʪʳ, ʧʦʩʣʝ ʯʝʛʦ ʦʪʧʫʩʢʘʣʠ. ʆʧʨʝʜʝʣʷʣʠ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʠ ʏʉʉ ʟʘ ʧʝʨʚʳʝ 10 ʤʠʥ ʩ ʥʘʯʘʣʘ ʪʝʩʪʘ. ʇʦʭʦʞʘʷ ʧʨʦʮʝʜʫʨʘ 

ʧʨʠʤʝʥʷʣʘʩʴ ʜʣʷ ʦʮʝʥʢʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʘʵʨʦʙʥʦʛʦ ʵʥʝʨʛʦʦʙʤʝʥʘ Carcinus maenas [320]. 

ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʨʘʢʦʚ ʦʮʝʥʠʚʘʣʠ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʩʫʪʦʯʥʦʡ ʢʘʨʜʠʦʘʢʪʠʚʥʦʩʪʠ ʚ 

ʜʥʝʚʥʦʝ ʠ ʥʦʯʥʦʝ ʚʨʝʤʷ ʠ ʦʧʨʝʜʝʣʷʣʠ ʥʘʣʠʯʠʝ ʩʫʪʦʯʥʦʛʦ ʨʠʪʤʘ, ʘ ʪʘʢʞʝ ʧʦ ʏʉʉ ʚʦ ʚʨʝʤʷ 

ʝʞʝʥʝʜʝʣʴʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ.  

ɻʨʫʧʧʫ ʠʟ 6 ʧʦʣʦʚʦʟʨʝʣʳʭ ʨʘʢʦʚ-ʩʘʤʮʦʚ ʙʝʟ ʧʨʠʟʥʘʢʦʚ ʟʘʙʦʣʝʚʘʥʠʡ ʦʙʱʝʡ ʜʣʠʥʦʡ 

10,5Ñ0,4ʩʤ ʠ ʜʣʠʥʦʡ ʢʘʨʘʧʘʢʩʘ 5,3Ñ0,2 ʩʤ ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʊʘʙʣʠʮʘ 36) ʧʦʤʝʩʪʠʣʠ ʚ ʪʘʢʠʝ ʞʝ ʘʢʚʘʨʠʫʤʳ ʥʘ ʖɿʆʉ. 

ʂʘʨʜʠʦʘʢʪʠʚʥʦʩʪʴ ʨʘʢʦʚ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʝʧʨʝʨʳʚʥʦ ʚ ʪʝʯʝʥʠʝ ʤʝʩʷʮʘ ʠ ʦʧʨʝʜʝʣʷʣʠ ʪʝ ʞʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʨʜʠʦʘʢʪʠʚʥʦʩʪʠ, ʯʪʦ ʠ ʚ ʣʘʙʦʨʘʪʦʨʠʠ. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʫʪʦʯʥʳʭ 

ʛʨʘʬʠʢʦʚ ʢʘʨʜʠʦʘʢʪʠʚʥʦʩʪʠ ʠ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʏʉʉ ʚ ʜʥʝʚʥʦʝ ʚʨʝʤʷ ʥʝ 

ʫʯʠʪʳʚʘʣʠʩʴ ʟʥʘʯʝʥʠʷ ʏʉʉ ʚʦ ʚʨʝʤʷ ʢʦʨʤʣʝʥʠʷ ʨʘʢʦʚ ʠ ʯʠʩʪʢʠ ʘʢʚʘʨʠʫʤʦʚ. ʍʨʦʥʠʯʝʩʢʠʡ 

ʵʬʬʝʢʪ ʥʘʭʦʞʜʝʥʠʷ ʞʠʚʦʪʥʳʭ-ʙʠʦʠʥʜʠʢʘʪʦʨʦʚ ʚ ɹʆʉɺ ʦʮʝʥʠʚʘʣʠ ʧʦ ʜʠʥʘʤʠʢʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʨʜʠʦʘʢʪʠʚʥʦʩʪʠ, ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʠʟʤʝʨʝʥʥʳʭ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʵʢʩʧʦʟʠʮʠʠ. 

ʈʝʞʠʤ ʢʦʨʤʣʝʥʠʷ (ʨʘʟ ʚ 3 ʜʥʷ) ʠ ʦʩʚʝʱʝʥʥʦʩʪʠ (12ʉ/12ʊ) ʩʦʭʨʘʥʷʣʩʷ ʥʝʠʟʤʝʥʥʳʤ ʚ ʪʝʯʝʥʠʝ 

ʚʩʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦʙʨʘʙʘʪʳʚʘʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʧʘʨʥʦʛʦ t-ʢʨʠʪʝʨʠʷ ʉʪʴʶʜʝʥʪʘ ʜʣʷ ʟʘʚʠʩʠʤʳʭ ʚʳʙʦʨʦʢ ʧʨʠ ʦʮʝʥʢʝ ʚʣʠʷʥʠʷ 

ʠʩʩʣʝʜʫʝʤʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʢʘʨʜʠʦʘʢʪʠʚʥʦʩʪʴ ʢʘʞʜʦʛʦ ʨʘʢʘ ʠ ʜʚʫʭʚʳʙʦʨʦʯʥʦʛʦ t-ʢʨʠʪʝʨʠʷ 
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ʜʣʷ ʥʝʟʘʚʠʩʠʤʳʭ ʚʝʣʠʯʠʥ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʥʝʟʘʚʠʩʠʤʳʭ ʛʨʫʧʧ. ɿʥʘʯʠʤʳʤʠ ʩʯʠʪʘʣʠ ʨʘʟʣʠʯʠʷ 

ʩʨʘʚʥʠʚʘʝʤʳʭ ʚʝʣʠʯʠʥ ʧʨʠ ʨ < 0,05. 

9.3.2 ʆʧʨʝʜʝʣʝʥʠʝ ʭʨʦʥʠʯʝʩʢʦʛʦ ʪʦʢʩʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ɹʆʉɺ ʥʘ ʜʘʬʥʠʡ 

ɺ ʪʝʯʝʥʠʝ ʪʦʛʦ ʞʝ ʤʝʩʷʮʘ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʚʦʜʠʣʦʩʴ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʝ 

ɹʆʉɺ, ʩʙʨʘʩʳʚʘʝʤʳʭ ʖɿʆʉ ʚ ʌʠʥʩʢʠʡ ʟʘʣʠʚ, ʥʘ ʭʨʦʥʠʯʝʩʢʫʶ ʪʦʢʩʠʯʥʦʩʪʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʪʝʩʪ-ʦʙʲʝʢʪʘ - ʜʘʬʥʠʡ. ɹʠʦʪʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ 

ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʦʡ ʤʝʪʦʜʠʢʝ, ʜʦʧʫʱʝʥʥʦʡ ʜʣʷ ʮʝʣʝʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʢʦʥʪʨʦʣʷ [329]. ʍʨʦʥʠʯʝʩʢʦʝ ʪʦʢʩʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʠʩʩʣʝʜʫʝʤʦʡ ʚʦʜʳ ʥʘ ʜʘʬʥʠʡ (Daphnia 

magna Straus, Cladocera, Crustacea) ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʤʝʨʪʥʦʩʪʠ ʠ ʠʟʤʝʥʝʥʠʶ ʠʭ 

ʧʣʦʜʦʚʠʪʦʩʪʠ ʟʘ ʧʝʨʠʦʜ ʜʦ 24 ʩʫʪʦʢ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʚʦʜʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤ 

ʵʢʩʧʝʨʠʤʝʥʪʦʤ, ʛʜʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦʜʘ, ʚ ʢʦʪʦʨʦʡ ʢʫʣʴʪʠʚʠʨʫʶʪʩʷ ʜʘʬʥʠʠ. ʂʨʠʪʝʨʠʝʤ 

ʭʨʦʥʠʯʝʩʢʦʡ ʪʦʢʩʠʯʥʦʩʪʠ ʩʣʫʞʠʪ ʛʠʙʝʣʴ 20% ʠ ʙʦʣʝʝ ʠ (ʠʣʠ) ʜʦʩʪʦʚʝʨʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʚ 

ʧʣʦʜʦʚʠʪʦʩʪʠ ʠʟ ʯʠʩʣʘ ʚʳʞʠʚʰʠʭ ʪʝʩʪ-ʦʨʛʘʥʠʟʤʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤ 

ʵʢʩʧʝʨʠʤʝʥʪʦʤ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʢʫʣʴʪʫʨʝ Daphnia magna 

Strauss, ʢʦʪʦʨʘʷ ʢʫʣʴʪʠʚʠʨʫʶʪʩʷ ʚ ʈʎ çʆʙʩʝʨʚʘʪʦʨʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠè ʚ 

ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʫʩʣʦʚʠʷʭ (ʪʝʤʧʝʨʘʪʫʨʘ 20-22 Üʉ, ʦʩʚʝʱʝʥʥʦʩʪʴ 400-600 ʣʢ). ɺ ʩʦʩʫʜʳ 

(ʦʙʲʝʤʦʤ 250 ʤʣ) ʥʘʣʠʚʘʣʠ ʧʦ 200 ʤʣ ʢʦʥʪʨʦʣʴʥʦʡ ʚʦʜʳ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʦʯʠʱʝʥʥʦʡ 

ʩʪʦʯʥʦʡ ʚʦʜʳ. ɺ ʢʘʞʜʳʡ ʩʦʩʫʜ ʚʥʦʩʠʣʠ ʦʜʠʥʘʢʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʨʤʘ, ʧʦʤʝʱʘʣʠ ʧʦ 7 

ʜʘʬʥʠʡ ʠ ʩʦʜʝʨʞʘʣʠ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 21Ñ1Üʉ ʚ ʪʝʯʝʥʠʝ 24 ʜʥʝʡ. 

ʇʦʚʪʦʨʥʦʩʪʴ ʪʨʝʭʢʨʘʪʥʘʷ. ɺ ʢʘʯʝʩʪʚʝ ʢʦʨʤʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʭʣʝʙʦʧʝʢʘʨʥʳʝ ʜʨʦʞʞʠ ʠ 

ʦʜʥʦʢʣʝʪʦʯʥʳʝ ʟʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ. ɼʘʬʥʠʡ ʢʦʨʤʠʣʠ ʝʞʝʩʫʪʦʯʥʦ, 2 ʨʘʟʘ ʚ ʥʝʜʝʣʶ ʚ ʩʦʩʫʜʘʭ 

ʩ ʜʘʬʥʠʷʤʠ ʧʨʦʠʟʚʦʜʠʣʠ ʩʤʝʥʫ ʢʦʥʪʨʦʣʴʥʦʡ ʠ ʠʩʩʣʝʜʫʝʤʦʡ ʚʦʜ. ʇʨʠ ʩʤʝʥʝ ʚʦʜʳ ʜʘʬʥʠʡ 

ʢʦʨʤʠʣʠ ʟʘ 3 ʯʘʩʘ ʜʦ ʩʤʝʥʳ. ʉ ʤʦʤʝʥʪʘ ʧʦʷʚʣʝʥʠʷ ʤʦʣʦʜʠ, ʢʘʞʜʳʡ ʜʝʥʴ ʧʨʦʠʟʚʦʜʠʣʠ 

ʧʦʜʩʯʝʪ ʚʳʞʠʚʰʠʭ ʠʩʭʦʜʥʳʭ ʩʘʤʦʢ ʠ ʚʳʤʝʪʘʥʥʦʡ ʤʦʣʦʜʠ. ɺ ʪʝ ʜʥʠ, ʢʦʛʜʘ ʤʝʥʷʣʠ ʚʦʜʫ, 

ʩʘʤʦʢ ʩ ʧʦʤʦʱʴʶ ʩʪʝʢʣʷʥʥʦʡ ʪʨʫʙʢʠ ʧʝʨʝʩʘʞʠʚʘʣʠ ʚ ʟʘʨʘʥʝʝ ʧʨʠʛʦʪʦʚʣʝʥʥʳʝ ʩʦʩʫʜʳ ʩ 

ʚʦʜʦʡ ʠ ʧʦʜʩʯʠʪʳʚʘʣʠ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʚ ʢʘʞʜʦʤ ʩʦʩʫʜʝ. ʆʩʪʘʚʰʫʶʩʷ ʚʦʜʫ ʧʨʦʮʝʞʠʚʘʣʠ 

ʯʝʨʝʟ ʩʠʪʦ ʠʟ ʧʣʘʥʢʪʦʥʥʦʛʦ ʛʘʟʘ. ʇʨʠ ʵʪʦʤ ʥʘ ʩʠʪʝ ʦʩʪʘʚʘʣʘʩʴ ʚʳʤʝʪʘʥʥʘʷ ʤʦʣʦʜʴ, ʢʦʪʦʨʫʶ 

ʧʦʜʩʯʠʪʳʚʘʣʠ ʠ ʫʜʘʣʷʣʠ. ɼʘʥʥʘʷ ʧʨʦʮʝʜʫʨʘ ʧʦʟʚʦʣʷʣʘ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʨʘʚʠʣʴʥʦʩʪʴ 

ʧʦʜʩʯʝʪʘ ʤʦʣʦʜʠ. ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʚ ʢʦʥʪʨʦʣʝ ʩʘʤʢʠ ʜʘʣʠ ʧʦ 4 ʧʦʤʝʪʘ ʤʦʣʦʜʠ, ʧʦʜʩʯʝʪ 

ʤʦʣʦʜʠ ʟʘʢʘʥʯʠʚʘʣʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʝʢʨʘʱʘʣʠ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʭʨʦʥʠʯʝʩʢʦʡ 

ʪʦʢʩʠʯʥʦʩʪʠ ʚʦʜʳ, ʚʦʜʥʦʡ ʚʳʪʷʞʢʠ ʦʧʨʝʜʝʣʷʣʠ ʧʨʦʮʝʥʪ ʧʦʛʠʙʰʠʭ ʜʘʬʥʠʡ ʚ ʪʝʩʪʠʨʫʝʤʦʡ 

ʚʦʜʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ ʠ ʩʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʨʦʜʠʚʰʝʡʩʷ ʤʦʣʦʜʠ ʥʘ ʦʜʥʫ ʩʘʤʢʫ 

ʜʝʣʝʥʠʝʤ ʦʙʱʝʛʦ ʯʠʩʣʘ ʤʦʣʦʜʠ, ʨʦʜʠʚʰʝʡʩʷ ʟʘ 24 ʜʥʷ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʚʳʞʠʚʰʠʭ ʩʘʤʦʢ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʧʦʢʘʟʘʪʝʣʷʤʠ ʚʳʞʠʚʘʝʤʦʩʪʠ ʠ ʧʣʦʜʦʚʠʪʦʩʪʠ ʜʘʬʥʠʡ ʚ 
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ʢʦʥʪʨʦʣʝ ʠ ʪʝʩʪʠʨʫʝʤʳʭ ʨʘʩʪʚʦʨʘʭ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʧʦ ʢʨʠʪʝʨʠʶ ʉʪʴʶʜʝʥʪʘ ʜʣʷ ʫʨʦʚʥʷ 

ʟʥʘʯʠʤʦʩʪʠ ʈ=0,05 ʠ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ n + (n ï 2), ʛʜʝ n - ʢʦʣʠʯʝʩʪʚʦ ʧʦʚʪʦʨʥʦʩʪʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ ʏʉʉ ʨʘʢʦʦʙʨʘʟʥʳʭ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ 

ʧʦʢʘʟʘʪʝʣʝʤ ʠʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ [300,330]. ʍʨʦʥʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʥʘʭʦʞʜʝʥʠʷ 

ʞʠʚʦʪʥʳʭ-ʙʠʦʠʥʜʠʢʘʪʦʨʦʚ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʚʦʜʝ ʦʮʝʥʠʚʘʣʠ ʧʦ ʜʠʥʘʤʠʢʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʢʘʨʜʠʦʘʢʪʠʚʥʦʩʪʠ, ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʠʟʤʝʨʝʥʥʳʭ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʵʢʩʧʦʟʠʮʠʠ. ʆʜʥʠʤ ʠʟ 

ʦʩʥʦʚʥʳʭ ʢʨʠʪʝʨʠʝʚ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʘʢʘ ʷʚʣʷʝʪʩʷ ʩʪʦʡʢʦʝ 

ʧʨʦʷʚʣʝʥʠʝ ʮʠʨʢʘʜʠʘʥʥʦʛʦ ʨʠʪʤʘ ʢʘʨʜʠʦʘʢʪʠʚʥʦʩʪʠ ʠ ʘʜʝʢʚʘʪʥʘʷ ʨʝʘʢʮʠʷ ʥʘ 

ʧʨʝʜʲʷʚʣʷʝʤʳʡ ʩʪʠʤʫʣ [328].  

ʇʦʩʣʝ ʘʜʘʧʪʘʮʠʠ ʨʘʢʦʚ ʢ ʫʩʣʦʚʠʷʤ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ (ʧʝʨʚʳʝ ʜʚʦʝ 

ʩʫʪʦʢ), ʦʥʠ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʧʨʠʩʫʱʠʡ ʜʝʩʷʪʠʥʦʛʠʤ ʨʘʢʘʤ (ʜʝʢʘʧʦʜʘ) ʩʫʪʦʯʥʳʡ ʨʠʪʤ 

ʢʘʨʜʠʦʘʢʪʠʚʥʦʩʪʠ ʩ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʏʉʉ ʧʦʢʦʷ ʚ ʜʥʝʚʥʦʝ ʚʨʝʤʷ ʠ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʏʉʉ 

ʚ 1,5-2 ʨʘʟʘ ʙʦʣʴʰʠʤʠ ʚʦ ʚʨʝʤʷ ʥʦʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɸʥʘʣʦʛʠʯʥʦʝ ʧʦʚʳʰʝʥʠʝ ʏʉʉ ʚ 2-2,5 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʏʉʉ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ ʚ ʜʥʝʚʥʦʝ ʚʨʝʤʷ ʨʘʢʠ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʠ ʧʨʠ 

ʪʝʩʪʠʨʦʚʘʥʠʠ. ɼʘʥʥʳʝ ʢʘʨʜʠʦʘʢʪʠʚʥʦʩʪʠ ʨʘʢʦʚ ʦʪʦʙʨʘʥʥʳʭ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʪʝʩʪ-ʦʙʲʝʢʪʦʚ ʚ ʙʠʦʵʣʝʢʪʨʦʥʥʦʡ ʩʠʩʪʝʤʝ ʤʦʥʠʪʦʨʠʥʛʘ ʢʘʯʝʩʪʚʘ ɹʆʉɺ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʊʘʙʣʠʮʝ 36. 

 

ʊʘʙʣʠʮʘ 36. ʇʦʢʘʟʘʪʝʣʠ ʢʘʨʜʠʦʘʢʪʠʚʥʦʩʪʠ Pontastacus leptodactylus ʚ ʣʘʙʦʨʘʪʦʨʠʠ 

(ʊ=18Üʉ, ʦʩʚʝʱʝʥʥʦʩʪʴ 12ʉ/12ʊ, ʩʨʝʜʥʠʝ ʜʘʥʥʳʝ ʟʘ 5 ʩʫʪʦʢ) 

ˉ ʨʘʢʘ 

ʏʉʉ ʧʦʢʦʷ 

(ʜʝʥʴ) 

(ʫʜ/ʤʠʥ) 

ʏʉʉ ʘʢʪʠʚʥʦʩʪʠ 

(ʥʦʯʴ) 

(ʫʜ/ʤʠʥ) 

ʏʉʉ ʩʪʨʝʩʩʘ 

(ʧʨʠ ʚʟʷʪʠʠ ʚ ʨʫʢʠ) 

(ʫʜ/ʤʠʥ) 

1 40Ñ3 85Ñ9 113Ñ5 

2 38Ñ2 80Ñ8 91Ñ7,5 

3 39Ñ4 80Ñ7 99Ñ10 

4 40Ñ2 95Ñ10 108Ñ11,5 

5 36Ñ3 75Ñ8 101Ñ10 

6 39Ñ2 80Ñ7 97Ñ9 

*ʇʦʢʘʟʘʪʝʣʠ 35-45 Ó 2ʏʉʉ ʧʦʢʦʷ > 2ʏʉʉ ʧʦʢʦʷ 

* - ʇʦʢʘʟʘʪʝʣʠ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʘʢʦʚ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʬʝʨʝʥʪʥʳʭ ʛʨʫʧʧ ʙʠʦʠʥʜʠʢʘʪʦʨʦʚ [34]. 
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ɺ ʪʝʯʝʥʠʝ ʤʝʩʷʮʘ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʨʘʢʦʚ ʚ ɹʆʉɺ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʛʠʙʝʣʠ ʨʘʢʦʚ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʢʦʣʝʙʘʣʘʩʴ ʚ ʨʘʡʦʥʝ 18 Üʉ (ʩʥʠʞʝʥʠʝ ʦʪ 19 Üʉ ʚ ʥʘʯʘʣʝ ʤʝʩʷʮʘ ʜʦ 17 Üʉ ʚ 

ʢʦʥʮʝ). ʇʦʩʣʝ 3-ʭ ʜʥʝʚʥʦʡ ʘʜʘʧʪʘʮʠʠ ʢ ʫʩʣʦʚʠʷʤ ʖɿʆʉ ʫ ʨʘʢʦʚ ʩʪʘʣ ʧʨʦʷʚʣʷʪʴʩʷ 

ʮʠʨʢʘʜʥʳʡ ʨʠʪʤ ʢʘʨʜʠʦʘʢʪʠʚʥʦʩʪʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʦʛʦ ʙʳʣʠ ʘʥʘʣʦʛʠʯʥʳ 

ʧʦʣʫʯʝʥʥʳʤ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʫ ʚʩʝʭ ʦʩʦʙʝʡ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 

(ʊʘʙʣʠʮʘ 36), ʠ ʪʘʢʦʡ ʩʫʪʦʯʥʳʡ ʨʠʪʤ ʩʦʭʨʘʥʷʣʩʷ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʥʘʙʣʶʜʝʥʠʷ ʟʘ 

ʨʘʢʘʤʠ ʚ ɹʆʉɺ. ʇʦʢʘʟʘʪʝʣʠ ʢʘʨʜʠʦʘʢʪʠʚʥʦʩʪʠ ʨʘʢʦʚ ʚ ɹʆʉɺ ʥʘ ʖɿʆʉ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʊʘʙʣʠʮʝ 37. 

 

ʊʘʙʣʠʮʘ 37 ï ʇʦʢʘʟʘʪʝʣʠ ʢʘʨʜʠʦʘʢʪʠʚʥʦʩʪʠ Pontastacus leptodactylus ʚ ɹʆʉɺ ʥʘ ʖɿʆʉ 

(ʊ=18Ñ1Üʉ, ʦʩʚʝʱʝʥʥʦʩʪʴ 12ʉ/12ʊ, ʩʨʝʜʥʠʝ ʜʘʥʥʳʝ ʟʘ 31 ʩʫʪʢʠ) 

ˉ ʨʘʢʘ 

ʏʉʉ ʧʦʢʦʷ 

(ʜʝʥʴ) 

(ʫʜ/ʤʠʥ) 

ʏʉʉ ʘʢʪʠʚʥʦʩʪʠ 

(ʥʦʯʴ) 

(ʫʜ/ʤʠʥ) 

ʏʉʉ ʩʪʨʝʩʩʘ 

(ʧʨʠ ʚʟʷʪʠʠ ʚ ʨʫʢʠ) 

(ʫʜ/ʤʠʥ) 

1 41Ñ2 85Ñ8 115Ñ5 

2 39Ñ2 80Ñ9 90Ñ3 

3 38Ñ4 82Ñ7 98Ñ4 

4 40Ñ3 98Ñ10 110Ñ5 

5 37Ñ4 75Ñ6 100Ñ4 

6 40Ñ2 83Ñ7 96Ñ5 

  

ʀʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮ 1 ʠ 2 ʚʠʜʥʦ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʜʠʥʘʤʠʢʠ ʩʫʪʦʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʩʦʭʨʘʥʠʣʩʷ, ʘ ʠʤʝʥʥʦ ʩʦʭʨʘʥʠʣʦʩʴ ʩʦʦʪʥʦʰʝʥʠʝ ʩʨʝʜʥʝʡ ʏʉʉ ʧʨʠ ʩʧʦʥʪʘʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʢ ʏʉʉ ʧʦʢʦʷ ʨʘʚʥʦʝ 2. ʅʘʙʣʶʜʘʶʱʠʡʩʷ ʮʠʨʢʘʜʥʳʡ ʨʠʪʤ ʏʉʉ ʩ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʏʉʉ 

ʚ ʜʥʝʚʥʦʝ ʚʨʝʤʷ ʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ 2 ʨʘʟʘ ʙʦʣʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ ʫ ʨʘʢʦʚ 

ʩʚʷʟʘʥ ʩ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʦʚʝʜʝʥʠʷ ʠʭ ʢʘʢ ʞʠʚʦʪʥʳʭ, ʘʢʪʠʚʥʳʭ ʚ ʩʫʤʝʨʝʯʥʦʝ ʚʨʝʤʷ. ʏʝʪʢʦʝ 

ʧʨʦʷʚʣʝʥʠʝ ʮʠʨʢʘʜʥʦʡ ʨʠʪʤʠʢʠ ʏʉʉ ʷʚʣʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʝʤ ʭʦʨʦʰʝʛʦ (ʟʜʦʨʦʚʦʛʦ) 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʘʢʦʚ ʚ ʤʝʞʣʠʥʦʯʥʳʡ ʧʝʨʠʦʜ [312,331]. 

ʇʨʠ ʪʝʩʪʠʨʦʚʘʥʠʠ ʥʘ ʖɿʆʉ ʨʘʢʠ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʟʥʘʯʝʥʠʷ ʏʉʉ, ʘʥʘʣʦʛʠʯʥʳʝ 

ʟʥʘʯʝʥʠʷʤ ʧʨʠ ʪʝʩʪʠʨʦʚʘʥʠʠ ʚ ʣʘʙʦʨʘʪʦʨʠʠ. ʊʠʧʠʯʥʳʡ ʧʨʠʤʝʨ ʨʝʘʢʮʠʠ ʢʘʨʜʠʦʩʠʩʪʝʤʳ 

ʨʘʢʦʚ ʥʘ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ ʥʝ ʧʦʚʨʝʞʜʘʶʱʠʡ ʩʪʠʤʫʣ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʙʳʩʪʨʦʤ ʧʦʚʳʰʝʥʠʠ 

ʏʉʉ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʢ ʠʩʭʦʜʥʦʤʫ ʫʨʦʚʥʶ ʚ ʪʝʯʝʥʠʝ 30-40 ʤʠʥʫʪ ʩ ʪʦʛʦ ʤʦʤʝʥʪʘ, ʢʦʛʜʘ 

ʩʪʠʤʫʣ ʧʨʝʢʨʘʱʘʝʪ ʜʝʡʩʪʚʦʚʘʪʴ ʧʦʢʘʟʘʥ ʥʘ ʈʠʩʫʥʦʢ 83. 
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ʈʠʩʫʥʦʢ 83 ï ʊʠʧʠʯʥʳʡ ʧʨʠʤʝʨ ʨʝʘʢʮʠʠ ʏʉʉ ʨʘʢʦʚ ʥʘ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʝ, ʥʝ 

ʧʦʚʨʝʞʜʘʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ. ʉʪʨʝʣʢʦʡ ʧʦʢʘʟʘʥʦ ʚʨʝʤʷ ʥʘʯʘʣʘ ʜʝʡʩʪʚʠʷ ʩʪʠʤʫʣʘ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʨʘʢʦʚ ʧʦʩʣʝ 

ʵʢʩʧʦʟʠʮʠʠ ʚ ɹʆʉɺ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʠʟʤʝʥʠʣʦʩʴ, ʧʦʩʢʦʣʴʢʫ ʥʝ ʦʙʥʘʨʫʞʝʥʦ ʜʦʩʪʦʚʝʨʥʳʭ 

ʨʘʟʣʠʯʠʡ ʏʉʉ ʨʘʢʦʚ ʚ ʧʦʢʦʝ, ʧʨʠ ʩʧʦʥʪʘʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ ʠ ʧʨʠ ʩʪʨʝʩʩʝ 

ʠʟʤʝʨʝʥʥʳʭ ʜʦ ʠ ʚ ʢʦʥʮʝ ʤʝʩʷʯʥʦʡ ʵʢʩʧʦʟʠʮʠʠ ʨʘʢʦʚ ʚ ɹʆʉɺ ʥʘ ʖɿʆʉ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ɹʆʉɺ ʥʝ ʦʢʘʟʘʣʠ ʟʘʤʝʪʥʦʛʦ ʭʨʦʥʠʯʝʩʢʦʛʦ ʪʦʢʩʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʞʠʚʦʪʥʳʭ, ʩʫʜʷ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʢʘʨʜʠʦʘʢʪʠʚʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʦʚʝʜʝʥʯʝʩʢʠʤ 

ʨʝʘʢʮʠʷʤ (ʜʚʠʛʘʪʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʧʠʪʘʥʠʝ). ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʩʠʭʦʪʨʦʧʥʳʭ ʚʝʱʝʩʪʚ ʚ ɹʆʉɺ ʥʠʯʪʦʞʥʘ, 

ʧʦʩʢʦʣʴʢʫ ʚ ʣʠʪʝʨʘʪʫʨʝ ʝʩʪʴ ʩʚʝʜʝʥʠʷ, ʯʪʦ ʘʥʪʠʜʝʧʨʝʩʘʥʪʳ ʠ ʥʘʨʢʦʪʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ 

ʚʣʠʷʶʪ ʥʘ ʧʦʚʝʜʝʥʠʝ ʠ ʢʘʨʜʠʦʘʢʪʠʚʥʦʩʪʴ ʚʳʩʰʠʭ ʨʘʢʦʚ. ʊʘʢ ʫ ʨʘʢʦʚ, ʧʦʜʚʝʨʛʰʠʭʩʷ 

ʚʦʟʜʝʡʩʪʚʠʶ ʤʝʪʘʤʬʝʪʘʤʠʥʘ ʚ ʜʦʟʝ 1 ʤʢʛ/ʣ ʚ ʪʝʯʝʥʠʝ 21 ʜʥʷ ʥʘʙʣʶʜʘʣʘʩʴ ʙʦʣʝʝ ʩʣʘʙʘʷ 

ʨʝʘʢʮʠʷ ʏʉʉ ʥʘ ʩʪʨʝʩʩ [325]. 

ʈʝʟʫʣʴʪʘʪʳ ʜʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʫʩʪʘʥʦʚʣʝʥʠʶ ʭʨʦʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ɹʆʉɺ ʥʘ ʜʘʬʥʠʡ ʥʘʛʣʷʜʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʊʘʙʣʠʮʝ 38. 

 

ʊʘʙʣʠʮʘ 38. ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʭʨʦʥʠʯʝʩʢʦʛʦ ʪʦʢʩʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ɹʆʉɺ ʥʘ 

ʜʘʬʥʠʡ 

 

ʂʦʣʠʯʝʩʪʚʦ ʚʳʞʠʚʰʠʭ 

ʜʘʬʥʠʡ 

(ʰʪ) 

ʉʤʝʨʪʥʦʩʪʴ ʜʘʬʥʠʡ 

ʚ ʦʧʳʪʝ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ 

ʢʦʥʪʨʦʣʶ 

(%) 

ʇʣʦʜʦʚʠʪʦʩʪʴ ʥʘ ʦʜʥʫ 

ʩʘʤʢʫ 

 
ʂʦʥʪʨʦʣʴ 

(ʰʪ) 

ɹʆʉɺ 

(ʰʪ) 

ʂʦʥʪʨʦʣʴ 

(ʰʪ) 

ɹʆʉɺ 

(ʰʪ) 

ʉʦʩʫʜ ˉ1 9 8 10 21,3 20,8 
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ʉʦʩʫʜ ˉ2 10 8 20 19,3 18,6 

ʉʦʩʫʜ ˉ3 10 10 0 19,6 19,3 

ʉʨʝʜʥʝʝ 9,7 8,7 10 20,1 19,4 

ʉʂʆ 0,6 0,9 10 1,1 1,4 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʛʦ ʭʨʦʥʠʯʝʩʢʦʛʦ ʪʦʢʩʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ 

ɹʆʉɺ ʥʘ ʛʠʜʨʦʙʠʦʥʪʦʚ ʤʝʪʦʜʦʤ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʬʥʠʡ ʥʝ ʧʦʢʘʟʘʣʦ 

ʜʦʩʪʦʚʝʨʥʳʭ ʦʪʣʠʯʠʡ ʚʳʞʠʚʘʝʤʦʩʪʠ ʠ ʧʣʦʜʦʚʠʪʦʩʪʠ ʨʘʯʢʦʚ ʚ ɹʆʉɺ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʪʨʦʣʝʤ, ʧʦʵʪʦʤʫ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʭʨʦʥʠʯʝʩʢʦʛʦ ʪʦʢʩʠʯʝʩʢʦʛʦ 

ʜʝʡʩʪʚʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʚʦʜ ʥʘ ʜʘʬʥʠʡ.  

ʉʠʩʪʝʤʘ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʖɿʆʉ, ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ ʘʵʨʦʪʝʥʢʠ 

ʩ ʘʢʪʠʚʥʳʤ ʠʣʦʤ ʠ ʦʪʩʪʦʡʥʠʢʠ, ʧʦʟʚʦʣʷʶʪ ʜʦʩʪʠʯʴ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʦʯʠʩʪʢʠ (> 

90%) ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʫʢʘʟʘʥʥʳʭ ʚ ʊʘʙʣʠʮʝ 39. ɺ ʵʪʦʡ ʪʘʙʣʠʮʝ 

ʧʨʠʚʝʜʝʥʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʜʣʷ ʩʙʨʘʩʳʚʘʝʤʦʡ ʚ ʌʠʥʩʢʠʡ 

ɿʘʣʠʚ ɹʆʉɺ, ʢʘʯʝʩʪʚʦ ʦʯʠʩʪʢʠ ʢʦʪʦʨʦʡ ʠ ʢʦʥʪʨʦʣʠʨʫʝʪ ʙʠʦʵʣʝʢʪʨʦʥʥʘʷ ʩʠʩʪʝʤʘ. 

 

ʊʘʙʣʠʮʘ 39. ʋʩʨʝʜʥʝʥʥʦʝ ʢʘʯʝʩʪʚʦ ʦʯʠʱʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ*  

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʧʦʢʘʟʘʪʝʣʷ 

ʂʦʥʮʝʥʪʨʘʮʠʷ 

ʤʛ/ʣ 

ɺʳʭʦʜ ʇɼʂ 

ɺʟʚʝʰʝʥʥʳʝ ʚʝʱʝʩʪʚʘ 5,2  

ʉʫʭʦʡ ʦʩʪʘʪʦʢ 373,6  

ɹʇʂʧʦʣʥ 7,5  

ʍʇʂ 32,9  

ʌʦʩʬʦʨ ʦʙʱʠʡ 0,31  

ʌʦʩʬʦʨ ʬʦʩʬʘʪʦʚ 0,15 0,2 

ɸʟʦʪ ʦʙʱʠʡ 6,9  

ɸʟʦʪ ʘʤʤʦʥʠʡʥʳʡ 0,9 0,4 

ɸʟʦʪ ʥʠʪʨʘʪʥʳʡ 4,5 9,0 

ʌʝʥʦʣ 0,00053 0,001 

ʅʝʬʪʝʧʨʦʜʫʢʪʳ 0,061 0,05 

ʉʇɸɺ (ʘʥʠʦʥʥʳʝ) 0,065 0,5 

ɾʝʣʝʟʦ 0,17 0,1 

ʎʠʥʢ 0,034 0,01 
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ʄʝʜʴ 0,0023 0,001 

ʄʘʨʛʘʥʝʮ 0,17 0,01 

ʅʠʢʝʣʴ 0,0044 0,01 

*- ʧʦ ʜʘʥʥʳʤ çɻʋʇ ɺʦʜʦʢʘʥʘʣè ʛʦʨʦʜʘ ʉʘʥʢʪ- ʇʝʪʝʨʙʫʨʛʘ. 

 

ʀʟ ʪʘʙʣʠʮʳ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʝʚʳʰʝʥʠʝ ʇɼʂ ʜʣʷ ʚʦʜʳ ʚʦʜʦʝʤʦʚ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʚʝʣʠʯʠʥʳ ɹʇʂ ʠ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʵʩʩʝʥʮʠʘʣʴʥʳʭ 

ʤʝʪʘʣʣʦʚ (ʚ 2-3 ʨʘʟʘ ʧʦ ʞʝʣʝʟʫ, ʤʝʜʠ ʠ ʮʠʥʢʫ ʠ ʥʘ ʧʦʨʷʜʦʢ ʧʦ ʤʘʨʛʘʥʮʫ). ʇʦʵʪʦʤʫ ʪʦʪ ʬʘʢʪ, 

ʯʪʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʢʘʯʝʩʪʚʝ ʙʠʦʩʝʥʩʦʨʦʚ ʨʝʯʥʳʝ ʨʘʢʠ ʦʢʘʟʘʣʠʩʴ ʩʧʦʩʦʙʥʳʤʠ ʩʦʭʨʘʥʷʪʴ 

ʭʦʨʦʰʝʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚ ʚʦʜʝ ʪʘʢʦʛʦ ʩʦʩʪʘʚʘ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, 

ʦʢʘʟʳʚʘʝʪʩʷ ʚʧʦʣʥʝ ʦʙʲʷʩʥʠʤʳʤ. ʅʦ ʦʩʦʙʝʥʥʦʩʪʴ ʩʠʩʪʝʤʳ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʩʦʩʪʦʠʪ 

ʚ ʪʦʤ, ʯʪʦ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩʦʭʨʘʥʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʜʫʮʠʨʦʚʘʥʠʷ ʥʦʚʳʭ ʠ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʪʦʢʩʠʥʦʚ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʫʩʣʦʚʠʡ ʧʨʦʮʝʩʩʘ ʦʯʠʩʪʢʠ. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʚ ɹʆʉɺ ʦʧʘʩʥʳʭ ʪʦʢʩʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, 

ʩʧʦʩʦʙʥʳʭ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʛʠʜʨʦʙʠʦʥʪʦʚ. 

ʇʨʠ ʩʦʜʝʨʞʘʥʠʠ ʚ ʪʝʯʝʥʠʝ 30 ʩʫʪʦʢ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʦʡ ʛʨʫʧʧʳ ʨʘʢʦʚ 

Pontastacus leptodactylus ʚ ɹʆʉɺ, ʩʙʨʘʩʳʚʘʝʤʦʡ ʚ ʌʠʥʩʢʠʡ ɿʘʣʠʚ ʩ ʖɿʆʉ ʧʦʩʣʝ 

ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʮʝʩʩʘ ʝʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ 

ʨʘʢʠ ʩʧʦʩʦʙʥʳ ʧʦʣʥʦʩʪʴʶ ʩʦʭʨʘʥʷʪʴ ʪʘʢʦʝ ʞʝ ʭʦʨʦʰʝʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʢʘʢʦʝ 

ʦʥʠ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʠ ʚ ʯʠʩʪʦʡ ʚʦʜʝ (ʙʝʟ ʠʟʣʠʰʢʘ ʥʠʪʨʘʪʦʚ, ʘʤʤʦʥʠʷ, ʘ ʪʘʢʞʝ ʥʝ 

ʧʦʣʥʦʩʪʴʶ ʦʩʘʞʜʝʥʥʳʭ ʚʟʚʝʰʝʥʥʳʭ ʯʘʩʪʠʮ ʘʢʪʠʚʥʦʛʦ ʠʣʘ). ʕʪʦ ʩʣʝʜʫʝʪ ʠʟ ʩʦʭʨʘʥʝʥʠʷ 

ʟʥʘʯʝʥʠʡ ʦʩʥʦʚʥʳʭ ʤʘʨʢʝʨʦʚ ʢʘʨʜʠʦʘʢʪʠʚʥʦʩʪʠ ʨʘʢʦʚ. ʆʜʥʦʚʨʝʤʝʥʥʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ 

ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ɹʆʉɺ ʥʘ ʖɿʆʉ ɻʋʇ çɺʦʜʦʢʘʥʘʣ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘè ʩ ʧʦʤʦʱʴʶ 

ʙʠʦʵʣʝʢʪʨʦʥʥʦʡ ʩʠʩʪʝʤʳ ʥʝʧʨʝʨʳʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʫʟʢʦʧʘʣʳʭ ʨʘʢʦʚ Pontastacus leptodactylus ʚ ʢʘʯʝʩʪʚʝ ʙʠʦʠʥʜʠʢʘʪʦʨʦʚ ʠ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʳʤ 

ʤʝʪʦʜʦʤ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ ʥʘ ʜʘʬʥʠʷʭ Daphnia magna Straus ʥʝ ʚʳʷʚʠʣʘ ʩʫʱʝʩʪʚʝʥʥʦʛʦ 

ʭʨʦʥʠʯʝʩʢʦʛʦ ʪʦʢʩʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ɹʆʉɺ ʥʘ ʵʪʠʭ ʙʝʥʪʦʩʥʳʭ ʠ ʧʣʘʥʢʪʦʥʥʳʭ 

ʨʘʢʦʦʙʨʘʟʥʳʭ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʘʜʝʢʚʘʪʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʪʝʭʥʦʣʦʛʠʠ ʙʠʦʤʦʥʠʪʦʨʠʥʛʘ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʠʦʵʣʝʢʪʨʦʥʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʦʮʝʥʦʢ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʭʨʦʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ɹʆʉɺ. 

9.4 ʆʮʝʥʢʘ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʙʝʟʚʨʝʞʝʥʥʳʭ ʦʟʦʥʦʤ ʩʫʜʦʚʳʭ ʙʘʣʣʘʩʪʥʳʭ 

ʚʦʜ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠʥʚʘʟʠʠ ʯʫʞʝʨʦʜʥʳʭ ʚʠʜʦʚ ʚ ʥʦʚʳʝ ʨʝʛʠʦʥʳ 

ʷʚʣʷʶʪʩʷ ʦʜʥʦʡ ʠʟ 4-ʭ ʟʥʘʯʠʤʳʭ ʫʛʨʦʟ ʜʣʷ ʚʩʝʛʦ ʤʠʨʦʚʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ, ʥʘʨʷʜʫ ʩ ʪʘʢʠʤʠ 

ʷʚʣʝʥʠʷʤʠ, ʢʘʢ ʯʨʝʟʤʝʨʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʞʠʚʳʭ ʤʦʨʩʢʠʭ ʨʝʩʫʨʩʦʚ; ʥʘʟʝʤʥʳʝ ʠʩʪʦʯʥʠʢʠ 



219 
 

ʟʘʛʨʷʟʥʝʥʠʷ ʤʦʨʩʢʦʡ ʩʨʝʜʳ; ʠʟʤʝʥʝʥʠʝ ʠʣʠ ʨʘʟʨʫʰʝʥʠʝ ʤʦʨʩʢʠʭ ʵʢʦʩʠʩʪʝʤ [40, 41]. ɺ 

ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʦʪʤʝʯʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʧʨʦʮʝʩʩʘ ʧʨʦʥʠʢʥʦʚʝʥʠʷ 

ʚʠʜʦʚ ʚʩʝʣʝʥʮʝʚ ʚ ʵʢʦʩʠʩʪʝʤʳ ʥʘ ʬʦʥʝ ʦʙʱʠʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʘʥʪʨʦʧʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ. 

ʀʏɺ ʷʚʣʷʶʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʫʪʨʘʪʳ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʠ ʠʟʤʝʥʝʥʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʘ ʪʘʢʞʝ ʩʝʨʴʝʟʥʦ ʚʣʠʷʶʪ ʥʘ ʵʢʦʩʠʩʪʝʤʥʳʝ ʫʩʣʫʛʠ ʠ ʙʣʘʛʦʧʦʣʫʯʠʝ 

ʯʝʣʦʚʝʢʘ [332,333,334]. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʠʥʚʘʟʠʚʥʳʝ ʯʫʞʝʨʦʜʥʳʝ ʚʠʜʳ ʙʳʩʪʨʦ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʠ ʜʦʩʪʠʛʘʶʪ ʤʘʩʩʦʚʦʛʦ ʨʘʟʚʠʪʠʷ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ʛʜʝ ʥʝʪ ʦʙʳʯʥʳʭ 

ʜʣʷ ʥʠʭ ʧʘʨʘʟʠʪʦʚ ʠ ʭʠʱʥʠʢʦʚ, ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʦʙʨʘʟʫʶʪ ʩʪʨʫʢʪʫʨʫ ʙʠʦʮʝʥʦʟʦʚ, ʠ ʠʭ 

ʧʦʷʚʣʝʥʠʝ ʠʤʝʝʪ ʛʣʦʙʘʣʴʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ, ʵʢʦʥʦʤʠʯʝʩʢʠʝ, ʘ ʠʥʦʛʜʘ, ʠ ʩʦʮʠʘʣʴʥʳʝ 

ʧʦʩʣʝʜʩʪʚʠʷ. ɼʦʩʪʘʪʦʯʥʦ ʥʘʟʚʘʪʴ ʥʝʢʦʪʦʨʳʝ ʧʨʠʤʝʨʳ ʠʥʚʘʟʠʡ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʢʘʩʘʶʱʠʭʩʷ ʥʘʰʝʡ ʩʪʨʘʥʳ: ʩʦʨʥʷʢʠ ʨʦʜʘ ʘʤʙʨʦʟʠʷ, ʢʦʣʦʨʘʜʩʢʠʡ ʞʫʢ, ʟʦʣʦʪʠʩʪʘʷ ʥʝʤʘʪʦʜʘ, 

ʛʨʝʙʥʝʚʠʢ ʤʥʝʤʠʦʧʩʠʩ, ʨʘʯʝʢ ʮʝʨʢʦʧʘʛʠʩ, ʨʳʙʘ ʨʦʪʘʥ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʘʥʪʨʦʧʦʛʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʠʥʚʘʟʠʠ ʚʦʜʥʳʭ 

ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ ʩʯʠʪʘʝʪʩʷ ʚʦʜʥʳʡ ʪʨʘʥʩʧʦʨʪ, ʘ ʠʤʝʥʥʦ ʧʝʨʝʥʦʩ ʦʨʛʘʥʠʟʤʦʚ ʚ ʩʦʩʪʘʚʝ 

ʩʦʦʙʱʝʩʪʚ ʦʙʨʘʩʪʘʥʠʡ ʢʦʨʧʫʩʦʚ ʩʫʜʦʚ ʠ ʩ ʚʦʜʥʳʤ ʙʘʣʣʘʩʪʦʤ. ʇʨʠ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ 

ʩʫʜʦʭʦʜʩʪʚʘ ʧʨʦʮʝʩʩ ʠʥʪʨʦʜʫʢʮʠʠ ʯʫʞʝʨʦʜʥʳʭ ʚʠʜʦʚ ʩ ʙʘʣʣʘʩʪʥʳʤʠ ʚʦʜʘʤʠ ʩʫʜʦʚ ʧʨʠʥʷʣ 

ʛʣʦʙʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʜʘʞʝ ʧʦʣʫʯʠʣ ʢʨʘʩʥʦʨʝʯʠʚʦʝ ʥʘʟʚʘʥʠʝ - "ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʨʫʣʝʪʢʘ" 

[335,336].  

ʅʝʨʝʛʫʣʠʨʫʝʤʳʡ ʩʙʨʦʩ ʙʘʣʣʘʩʪʥʳʭ ʚʦʜ ʚ ɹʘʣʪʠʡʩʢʦʝ ʤʦʨʝ ʪʘʢʞʝ ʧʨʠʚʝʣ ʢ ʚʩʝʣʝʥʠʶ 

ʚ ʥʝʛʦ ʙʦʣʝʝ 20 ʯʫʞʝʨʦʜʥʳʭ ʚʠʜʦʚ, ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʢʦʪʦʨʳʭ ʟʘʥʝʩʝʥʘ ʩʫʜʘʤʠ ʠʟ 

ʙʘʩʩʝʡʥʦʚ ʂʘʩʧʠʡʩʢʦʛʦ, ʏʝʨʥʦʛʦ, ɸʟʦʚʩʢʦʛʦ ʤʦʨʝʡ ʠ ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʠ. ʌʠʥʩʢʠʡ ʟʘʣʠʚ 

ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ çʛʦʨʷʯʠʭ ʪʦʯʝʢè ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ ʧʦ ʫʨʦʚʥʶ ʠ ʨʠʩʢʫ ʠʥʚʘʟʠʡ 

[337]. ʈʝʟʫʣʴʪʘʪʦʤ çʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷè ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ ʯʫʞʝʨʦʜʥʳʤʠ ʚʠʜʘʤʠ 

ʯʘʩʪʦ ʙʳʚʘʝʪ ʩʦʢʨʘʱʝʥʠʝ ʚʠʜʦʚʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʩʦʦʙʱʝʩʪʚ ʠ ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ 

ʪʨʦʬʠʯʝʩʢʠʭ ʩʝʪʝʡ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʵʚʪʨʦʬʠʨʦʚʘʥʠʶ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ʠ ʠʟʤʝʥʝʥʠʶ ʢʘʯʝʩʪʚʘ 

ʚʦʜʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʠʜʦʠʟʤʝʥʝʥʠʶ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʮʠʢʣʦʚ ʘʟʦʪʘ, ʬʦʩʬʦʨʘ ʠ ʫʛʣʝʨʦʜʘ. 

ʊʘʢʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʜʠʩʙʘʣʘʥʩʫ ʚ ʫʛʣʝʨʦʜʥʦʤ ʮʠʢʣʝ, 

ʧʦʩʢʦʣʴʢʫ ʦʩʥʦʚʥʫʶ ʬʫʥʢʮʠʶ ʚ ʚʳʚʦʜʝ ʉʆ2 ʠʟ ʘʪʤʦʩʬʝʨʳ ʚʳʧʦʣʥʷʶʪ ʦʢʝʘʥʠʯʝʩʢʠʝ 

ʛʠʜʨʦʙʠʦʥʪʳ. ʅʘ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʧʨʠʭʦʜʠʪʩʷ 67,8 % ʚʩʝʛʦ ʟʘʢʨʝʧʣʷʝʤʦʛʦ ʫʛʣʝʨʦʜʘ. 

[321].  

ʆʩʥʦʚʥʳʤ ʜʦʢʫʤʝʥʪʦʤ, ʧʦʜʧʠʩʘʥʥʳʤ ʩ ʮʝʣʴʶ ʢʦʥʪʨʦʣʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʚʦʜ, ʷʚʣʷʝʪʩʷ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʚʝʥʮʠʷ ʧʦ ʧʨʝʜʫʧʨʝʞʜʝʥʠʶ ʟʘʛʨʷʟʥʝʥʠʷ ʩ ʩʫʜʦʚ 

(ʄɸʈʇʆʃ 73/78) ʧʨʠʥʷʪʘʷ ʚ 1983 ʛʦʜʫ. ɼʣʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʚʦʟʤʦʞʥʦʛʦ ʥʝʛʘʪʠʚʥʦʛʦ 

ʚʣʠʷʥʠʷ ʚʳʙʨʦʩʘ ʙʘʣʣʘʩʪʥʳʭ ʚʦʜ ʚ 2004 ʛʦʜʫ ʙʳʣʘ ʧʨʠʥʷʪʘ ʢʦʥʚʝʥʮʠʷ, ʫʩʪʘʥʘʚʣʠʚʘʶʱʘʷ 

ʧʨʘʚʠʣʘ ʢʦʥʪʨʦʣʷ ʩʫʜʦʚʳʭ ʙʘʣʣʘʩʪʥʳʭ ʚʦʜ ʠ ʦʩʘʜʢʦʚ. ʇʦʟʞʝ, ʚ 2017 ʛʦʜʫ, ʢ ʢʦʥʚʝʥʮʠʠ 
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ʧʨʠʩʦʝʜʠʥʠʣʘʩʴ ʈʦʩʩʠʷ (ʇʦʩʪʘʥʦʚʣʝʥʠʝ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʦʪ 28 ʤʘʨʪʘ 2012 ˉ 256) [338, 339]. 

ʉʦʛʣʘʩʥʦ ʪʨʝʙʦʚʘʥʠʷʤ ʢʦʥʚʝʥʮʠʠ, ʩʫʜʘ ʜʦʣʞʥʳ ʦʙʦʨʫʜʦʚʘʪʴʩʷ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ 

ʙʘʣʣʘʩʪʥʳʤʠ ʚʦʜʘʤʠ (ʉʋɹɺ), ʦʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʢʦʪʦʨʳʭ ʦʙʝʟʚʨʝʞʠʚʘʥʠʝ ʩʣʠʚʘʝʤʦʡ 

ʙʘʣʣʘʩʪʥʦʡ ʚʦʜʳ ʜʦ ʪʨʝʙʦʚʘʥʠʡ ʩʪʘʥʜʘʨʪʘ D-2, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʵʪʦʡ ʢʦʥʚʝʥʮʠʝʡ ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʚʳʙʨʦʩʘ ʞʠʟʥʝʩʧʦʩʦʙʥʳʭ ʯʫʞʝʨʦʜʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʩ ʙʘʣʣʘʩʪʥʦʡ ʚʦʜʦʡ. 

ʈʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʤʝʪʦʜʦʚ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ 

ʙʘʣʣʘʩʪʥʦʡ ʚʦʜʳ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʟʚʝʥʦʤ ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʩʦʭʨʘʥʝʥʠʷ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʠ 

çʟʜʦʨʦʚʴʷè ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ, ʠ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʛʣʦʙʘʣʴʥʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ ʙʘʣʘʥʩʘ. 

ɺ ʨʘʙʦʪʝ [340] ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʩʧʦʩʦʙʦʚ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ 

ʙʘʣʣʘʩʪʥʳʭ ʚʦʜ (ʈʠʩʫʥʦʢ 84). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʫʧʨʦʱʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ï ʜʝʘʢʪʠʚʘʮʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʋʌ-ʠʟʣʫʯʝʥʠʝʤ ʠ 

ʤʠʢʨʦʬʠʣʴʪʨʘʮʠʝʡ ʜʦ 50 ʤʢʤ. 

 

ʈʠʩʫʥʦʢ 84 ï ʀʩʧʦʣʴʟʫʝʤʳʝ ʤʝʪʦʜʳ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʙʘʣʣʘʩʪʥʳʭ ʚʦʜ 

 

ʉʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʳʭ ʜʝʘʢʪʠʚʘʮʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʋʌ-

ʠʟʣʫʯʝʥʠʷ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʪʠʧʘʤʠ ʉʋɹɺ, ʤʘʣʦʛʘʙʘʨʠʪʥʳ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʳ, 

ʦʜʥʘʢʦ ʠʤʝʶʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ: 

- ʧʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʧʫʩʢʘʥʠʷ ʋʌ-ʠʟʣʫʯʝʥʠʷ 

ʙʘʣʣʘʩʪʥʳʤʠ ʚʦʜʘʤʠ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ, ʢʦʛʜʘ ʢʦʵʬʬʠʮʠʝʥʪ ʧʘʜʘʝʪ ʥʠʞʝ 80 % (ʚ 

ʤʦʨʩʢʦʡ ʚʦʜʝ ʢʦʵʬʬʠʮʠʝʥʪ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 55 ʜʦ 90 %); 

- ʧʨʦʙʣʝʤʳ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʳʭ ʨʦʩʩʠʡʩʢʠʭ ʨʝʘʣʠʡ. 

ʆʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʪʘʢʠʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʨʝʘʢʪʦʨ ʩ ʋʌ-ʣʘʤʧʘʤʠ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ ʋʌ-ʣʘʤʧʳ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʤʦʱʥʦʩʪʴʶ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʉʋɹɺ ʚ ʈʦʩʩʠʠ ʥʝ 

ʚʳʧʫʩʢʘʶʪʩʷ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʧʨʠʦʙʨʝʪʝʥʠʝ ʟʘʨʫʙʝʞʥʳʭ ʋʌ-ʣʘʤʧ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʚʳʰʝʥʥʳʤ ʣʦʛʠʩʪʠʯʝʩʢʠʤ ʟʘʪʨʘʪʘʤ ʠ ʩʦʧʨʷʞʝʥʦ ʩ ʩʘʥʢʮʠʦʥʥʳʤʠ ʨʠʩʢʘʤʠ. 

ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʙʘʣʣʘʩʪʥʳʭ ʚʦʜ ʤʝʪʦʜʦʤ ʭʣʦʨʠʨʦʚʘʥʠʷ ʩʪʦʠʪ ʚʦʧʨʦʩ ʦ 

ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʜʦʙʘʚʣʝʥʠʠ ʘʢʪʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ ʠʟ ʟʘʧʘʩʦʚ, ʠʤʝʶʱʠʭʩʷ ʥʘ ʩʫʜʥʝ ʠʣʠ 

ʭʨʘʥʷʱʠʭʩʷ ʥʘ ʙʘʟʝ/ʚ ʧʦʨʪʫ. ʊʘʢʞʝ, ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʛʠʧʦʭʣʦʨʠʪʘ ʥʘʪʨʠʷ NaCl 
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ʥʘʧʨʷʤʫʶ ʠʟ ʤʦʨʩʢʦʡ ʚʦʜʳ ʧʦʩʨʝʜʩʪʚʦʤ ʵʣʝʢʪʨʦʣʠʟʝʨʘ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʪʘʢʦʛʦ ʪʠʧʘ ʉʋɹɺ 

ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 

- ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʩ ʚʦʜʦʡ ʩʦʣʝʥʦʩʪʴʶ ʤʝʥʝʝ 10 ă ʜʣʷ ʩʫʜʦʚ ʢʣʘʩʩʘ çʨʝʢʘ-

ʤʦʨʝè (ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʉʋɹɺ ʩ ʛʠʧʦʭʣʦʨʠʪʦʤ ʥʘʪʨʠʷ); 

- ʥʝʩʧʦʩʦʙʥʦʩʪʴ ʨʘʙʦʪʳ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʥʦʩʠʤʳʭ ʨʝʘʛʝʥʪʦʚ; 

- ʚʳʩʦʢʘʷ ʪʦʢʩʠʯʥʦʩʪʴ ʭʣʦʨʘ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʪʨʝʙʫʶʪʩʷ ʚʳʩʦʢʠʝ ʤʝʨʳ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʉʨʝʜʠ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʦʙʨʘʙʦʪʢʘ ʙʘʣʣʘʩʪʥʳʭ ʚʦʜ ʛʘʟʦʦʙʨʘʟʥʳʤ ʦʟʦʥʦʤ. ʆʟʦʥ, ʚ ʩʠʣʫ ʩʚʦʠʭ ʚʳʩʦʢʠʭ 

ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ, ʩʧʦʩʦʙʝʥ ʵʬʬʝʢʪʠʚʥʦ ʫʥʠʯʪʦʞʘʪʴ ʧʘʪʦʛʝʥʥʫʶ ʙʘʢʪʝʨʠʘʣʴʥʫʶ 

ʤʠʢʨʦʬʣʦʨʫ (ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʚʠʨʫʩʳ, ʙʘʢʪʝʨʠʠ, ʛʨʠʙʳ, ʚʦʜʦʨʦʩʣʠ, ʠʭ ʩʧʦʨʳ ʠ ʮʠʩʪʳ 

ʧʨʦʩʪʝʡʰʠʭ). ɺ ʢʘʯʝʩʪʚʝ ʜʝʟʠʥʬʠʮʠʨʫʶʱʝʛʦ ʩʨʝʜʩʪʚʘ ʦʟʦʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩ ʢʦʥʮʘ 1800-ʭ 

ʛʦʜʦʚ. ʆʟʦʥ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʜʝʟʠʥʬʝʢʮʠʠ ʧʠʪʴʝʚʦʡ ʚʦʜʳ; ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ; ʚ 

ʘʢʚʘʢʫʣʴʪʫʨʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ; ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʙʦʣʝʟʥʝʡ ʚʳʨʘʱʠʚʘʝʤʳʭ ʦʙʲʝʢʪʦʚ 

ʘʢʚʘʢʫʣʴʪʫʨʳ [341, 342].  

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥ ʨʷʜ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʠʟʫʯʝʥʠʝ 

ʩʧʦʩʦʙʦʚ ʦʙʨʘʙʦʪʢʠ ʦʟʦʥʦʤ ʠʤʝʥʥʦ ʤʦʨʩʢʠʭ ʙʘʣʣʘʩʪʥʳʭ ʚʦʜ [343-345]. ʀʩʩʣʝʜʦʚʘʪʝʣʠ 

ʦʮʝʥʠʚʘʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʦʚ ʦʙʨʘʙʦʪʢʠ ʦʟʦʥʦʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʨʝʤʝʥʠ 

ʦʙʨʘʙʦʪʢʠ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʯʘʣʴʥʳʭ ʜʦʟ ʦʟʦʥʘ ʠ ʫʩʣʦʚʠʡ ʦʙʨʘʙʦʪʢʠ, ʘ ʪʘʢʞʝ ʫʩʣʦʚʠʡ ʠ 

ʚʨʝʤʝʥʠ ʭʨʘʥʝʥʠʷ ʦʙʨʘʙʦʪʘʥʥʳʭ ʙʘʣʣʘʩʪʥʳʭ ʚʦʜ. ʇʦʣʥʦʤʘʩʰʪʘʙʥʘʷ ʩʠʩʪʝʤʘ ʦʟʦʥʠʨʦʚʘʥʠʷ 

ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʚ ʩʝʥʪʷʙʨʝ 2000 ʛʦʜʘ ʠ ʠʩʧʳʪʘʥʘ ʥʘ ʙʦʨʪʫ ʩʫʜʥʘ S/T 

Tonsina (Alaska Tanker Company) 869-ʬʫʪʦʚʦʛʦ ʥʝʬʪʷʥʦʛʦ ʪʘʥʢʝʨʘ [343]. ʉʫʱʝʩʪʚʝʥʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙʨʘʙʦʪʢʠ ʦʟʦʥʦʤ ʤʦʨʩʢʦʡ ʚʦʜʳ ʚ ʢʦʨʘʙʝʣʴʥʦʤ ʙʘʣʣʘʩʪʥʦʤ ʢʦʥʪʝʡʥʝʨʝ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʟʦʥʠʨʦʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʟʘʢʨʳʪʦʤ ʦʙʲʝʤʝ ʠ ʧʨʦʠʩʭʦʜʠʪ 

ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʢʦʥʪʘʢʪʘ ʚ ʪʝʤʥʦʪʝ. ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ 

ʠʥʘʢʪʠʚʘʮʠʠ ʤʥʦʛʠʭ ʦʨʛʘʥʠʟʤʦʚ, ʙʣʘʛʦʜʘʨʷ ʧʨʝʠʤʫʱʝʩʪʚʫ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʤʝʜʣʝʥʥʦʛʦ 

ʦʩʪʘʪʦʯʥʦʛʦ ʨʘʩʧʘʜʘ ʚ ʪʝʤʥʦʪʝ ʠ ʜʣʠʪʝʣʴʥʳʭ ʚʨʝʤʝʥ ʢʦʥʪʘʢʪʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʟʦʥ ʦʯʝʥʴ 

ʥʝʩʪʘʙʠʣʴʥʘʷ ʤʦʣʝʢʫʣʘ ʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʦʟʦʥʦʤ ʤʦʨʩʢʦʡ ʚʦʜʳ, ʦʙʨʘʟʫʶʪʩʷ ʚʪʦʨʠʯʥʳʝ 

ʜʝʟʠʥʬʠʮʠʨʫʶʱʠʝ ʚʝʱʝʩʪʚʘ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʧʨʝʦʙʣʘʜʘʝʪ ʙʨʦʤʥʦʚʘʪʠʩʪʘʷ ʢʠʩʣʦʪʘ ʚ 

ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʜʝʟʠʥʬʠʮʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ (ʈʠʩʫʥʦʢ 85). 
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ʈʠʩʫʥʦʢ 85 ï ʇʫʪʠ ʨʝʘʢʮʠʠ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʦʟʦʥʘ ʚ ʤʦʨʩʢʦʡ ʚʦʜʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʛʠʧʦʙʨʦʤʠʪʘ (OBrï), ʛʠʧʦʙʨʦʤʥʦʡ ʢʠʩʣʦʪʳ (HOBr) ʠ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʜʝʟʠʥʬʝʢʮʠʠ - 

ʙʨʦʤʘʪ-ʠʦʥʘ (BrO3
ï) ʠ ʙʨʦʤʦʬʦʨʤʘ (CHBr3). NOM = ʥʘʪʫʨʘʣʴʥʦʝ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ. 

ʊʦʣʩʪʳʝ ʣʠʥʠʠ: ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʝ ʨʝʘʢʮʠʠ ʚ ʤʦʨʩʢʦʡ ʚʦʜʝ, ʧʨʝʜʣʦʞʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʨʦʚʝʜʝʥʥʳʭ ʥʘ ʙʦʨʪʫ S/T Tonsina; ʪʦʥʢʠʝ ʣʠʥʠʠ: ʨʝʘʢʮʠʦʥʥʳʝ ʧʫʪʠ ʚ 

ʙʨʦʤ ʩʦʜʝʨʞʘʱʝʡ ʚʦʜʝ; ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ: ʩʪʘʜʠʠ ʨʝʘʢʮʠʠ ʩ ʫʯʘʩʪʠʝʤ ʩʚʦʙʦʜʥʳʭ 

ʨʘʜʠʢʘʣʦʚ (ʈʠʩʫʥʦʢ ʠʟ [343] ʘʜʘʧʪʠʨʦʚʘʥʥʳʡ ʠʟ ʨʘʙʦʪʳ [346]) 

 

ɺʪʦʨʠʯʥʳʝ ʜʝʟʠʥʬʠʮʠʨʫʶʱʠʝ ʘʛʝʥʪʳ ʦʙʳʯʥʦ ʚʳʨʘʞʘʶʪʩʷ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ 

ʦʮʝʥʠʚʘʶʪʩʷ ʚ ʚʠʜʝ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʩʪʘʪʦʯʥʳʭ ʦʢʠʩʣʠʪʝʣʝʡ (ʘʥʛʣ.TRO). ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, çʦʟʦʥʦʚʘʷè ʪʦʢʩʠʯʥʦʩʪʴ ʥʘʠʙʦʣʝʝ ʧʨʘʚʠʣʴʥʦ ʚʳʨʘʞʘʝʪʩʷ ʢʘʢ ʬʫʥʢʮʠʷ ʦʩʪʘʪʦʯʥʳʭ 

ʦʢʠʩʣʠʪʝʣʝʡ TRO, ʘ ʥʝ O3 ʢʘʢ ʪʘʢʦʚʘʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʤʦʨʩʢʠʝ ʙʝʩʧʦʟʚʦʥʦʯʥʳʝ 

ʠ ʨʳʙʳ ʤʦʛʫʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʦ ʫʥʠʯʪʦʞʝʥʳ ʧʦʩʣʝ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ (Ò1 ʯ) ʦʟʦʥʠʨʦʚʘʥʠʷ 

ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ TRO ʤʝʥʝʝ 5 ʤʛ/ʣ ʚ ʚʠʜʝ Br2, ʠ ʯʪʦ ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʟʦʥʦʤ ʦʢʠʩʣʠʪʝʣʠ ʤʦʛʫʪ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʠ ʦʩʪʘʚʘʪʴʩʷ ʪʦʢʩʠʯʥʳʤʠ ʚ 

ʟʘʢʨʳʪʳʭ ʠ ʪʝʤʥʳʭ ʢʦʥʪʝʡʥʝʨʘʭ (ʧʨʠ 10 ÁC) ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ [347]. ʆʟʦʥ ʫʜʦʙʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʙʘʣʣʘʩʪʥʦʡ ʚʦʜʳ ʥʘ ʩʫʜʥʝ, ʧʦʩʢʦʣʴʢʫ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʧʝʨʝʚʦʟʘ ʠʣʠ ʭʨʘʥʝʥʠʷ ʨʝʘʛʝʥʪʦʚ ʥʘ ʩʫʜʘʭ, ʝʛʦ ʤʦʞʥʦ ʜʦʟʠʨʦʚʘʪʴ ʚ ʙʘʣʣʘʩʪʥʫʶ ʚʦʜʫ ʚʦ 

ʚʨʝʤʷ ʧʨʠʝʤʘ ʠʣʠ ʧʫʪʝʤ ʨʝʮʠʨʢʫʣʷʮʠʠ ʙʘʣʣʘʩʪʥʦʡ ʚʦʜʳ ʚ ʧʨʦʮʝʩʩʝ ʦʟʦʥʠʨʦʚʘʥʠʷ ʚʦ ʚʨʝʤʷ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ [335, 344]. ʆʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ 

ʦʟʦʥʦʤ ʙʘʣʣʘʩʪʥʳʭ ʚʦʜ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ, ʘ ʠʤʝʥʥʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʟʦʥʘ ʠ 

ʚʨʝʤʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ, ʘ ʪʘʢʞʝ ʘʙʠʦʪʠʯʝʩʢʠʭ ʠ ʙʠʦʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʘʣʣʘʩʪʥʳʭ ʚʦʜ 

- pH, ʪʝʤʧʝʨʘʪʫʨʘ, ʩʦʣʝʥʦʩʪʴ, ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʢʦʣʠʯʝʩʪʚʦ 
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ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʪ.ʜ. [345]. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ, ʧʨʦʭʦʞʜʝʥʠʝ ʧʠʣʦʪʥʳʭ ʠʩʧʳʪʘʥʠʡ 

ʚʩʝʭ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʉʋɹɺ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʟʦʥʘ ʧʝʨʝʜ ʫʩʪʘʥʦʚʢʦʡ, ʯʪʦʙʳ 

ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʠ ʵʢʦʣʦʛʠʯʝʩʢʫʶ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʙʨʘʩʳʚʘʝʤʦʡ ʙʘʣʣʘʩʪʥʦʡ ʚʦʜʳ ʜʣʷ ʚʦʜʦʝʤʘ-ʧʨʠʝʤʥʠʢʘ. ʉʪʘʥʜʘʨʪ D-2 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʂʦʥʚʝʥʮʠʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪ, ʯʪʦ ʩʙʨʘʩʳʚʘʝʤʳʝ ʙʘʣʣʘʩʪʥʳʝ ʚʦʜʳ ʜʦʣʞʥʳ 

ʩʦʜʝʨʞʘʪʴ ʤʝʥʝʝ 10 ʞʠʟʥʝʩʧʦʩʦʙʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʨʘʟʤʝʨʦʤ 50 ʤʢʤ ʠ ʙʦʣʝʝ ʥʘ ʦʜʠʥ 

ʢʫʙʠʯʝʩʢʠʡ ʤʝʪʨ ʠ ʤʝʥʝʝ 10 ʞʠʟʥʝʩʧʦʩʦʙʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʨʘʟʤʝʨʦʤ ʦʪ 10 ʜʦ 50 ʤʢʤ ʥʘ ʦʜʠʥ 

ʤʠʣʣʠʣʠʪʨ, ʘ ʪʘʢʞʝ ʩʦʜʝʨʞʠʪ ʦʩʦʙʳʝ ʪʨʝʙʦʚʘʥʠʷ ʜʣʷ ʩʦʜʝʨʞʘʥʠʷ ʠʥʜʠʢʘʪʦʨʥʳʭ ʙʘʢʪʝʨʠʡ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʮʝʣʝʡ ʩʪʘʥʜʘʨʪʦʚ ʦʭʨʘʥʳ ʟʜʦʨʦʚʴʷ. 

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʦ 

ʩʪʘʥʜʘʨʪʦʤ D-2 ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʂʦʥʚʝʥʮʠʠ ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʉʋɹɺ ʜʣʷ 

ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʙʘʣʣʘʩʪʥʳʭ ʚʦʜ ʨʘʟʣʠʯʥʦʡ ʩʦʣʝʥʦʩʪʠ ʠ ʦʮʝʥʢʘ ʪʦʢʩʠʯʥʦʩʪʠ ʦʙʨʘʙʦʪʘʥʥʦʡ 

ʚʦʜʳ. 

ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʘʣʣʘʩʪʥʳʭ ʚʦʜ ʧʨʦʚʦʜʠʣʦʩʴ ʪʦʣʴʢʦ ʚ ʦʪʥʦʰʝʥʠʠ 

ʚʦʟʜʝʡʩʪʚʠʷ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʦʟʦʥʘ ʥʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʨʘʟʤʝʨʘʤʠ Ó10ʤʢʤ ʥʘ ʤʦʜʝʣʴʥʳʭ 

ʩʦʣʝʥʳʭ ʠ ʧʨʝʩʥʦʡ ʚʦʜʘʭ, ʠʩʢʣʶʯʘʷ ʠʥʜʠʢʘʪʦʨʥʳʭ ʙʘʢʪʝʨʠʡ. 

ɼʣʷ ʦʟʦʥʠʨʦʚʘʥʠʷ ʚʦʜ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʠʩʪʝʤʘ, ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ ʥʝʩʢʦʣʴʢʦ 

ʫʨʦʚʥʝʡ ʦʙʨʘʙʦʪʢʠ ʙʘʣʣʘʩʪʥʦʡ ʚʦʜʳ (ʈʠʩʫʥʢʠ 86-87). 

 

ʈʠʩʫʥʦʢ 86 ï ʇʨʠʥʮʠʧ ʦʙʨʘʙʦʪʢʠ ʙʘʣʣʘʩʪʥʦʡ ʚʦʜʳ ʧʨʠ ʧʨʠʝʤʝ: ɿɺ ï ʟʘʙʦʨʪʥʘʷ ʚʦʜʘ, ʌʄ 

ï ʬʠʣʴʪʨ ʤʝʭʘʥʠʯʝʩʢʠʡ, ɺʂ ï ʚʦʟʜʫʰʥʳʡ ʢʦʤʧʨʝʩʩʦʨ, ʈɺ ï ʨʝʩʠʚʝʨ ʚʦʟʜʫʰʥʳʡ, ʂʂ ï 

ʢʠʩʣʦʨʦʜʥʳʡ ʢʦʥʮʝʥʪʨʘʪʦʨ, ʈʂ ï ʨʝʩʠʚʝʨ ʢʠʩʣʦʨʦʜʥʳʡ, ɻʆ ï ʛʝʥʝʨʘʪʦʨ ʦʟʦʥʘ, ʕ ï 

ʵʞʝʢʪʦʨ, ʂʈɼ ï ʢʦʣʦʥʥʘ ʨʘʩʪʚʦʨʝʥʠʷ, ʂɼʆ ï ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʜʝʩʪʨʫʢʪʦʨ ʦʟʦʥʘ, ʜʘʪʯʠʢ 

ʆɺʇ ï ʜʘʪʯʠʢ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 
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ʈʠʩʫʥʦʢ 87 ï ʅʝʡʪʨʘʣʠʟʘʮʠʷ ʙʘʣʣʘʩʪʥʦʡ ʚʦʜʳ ʧʨʠ ʩʙʨʦʩʝ 

 

ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʡ ʤʦʨʩʢʦʡ ʙʘʣʣʘʩʪʥʦʡ ʚʦʜʳ ʨʘʟʣʠʯʥʦʡ ʩʦʣʝʥʦʩʪʠ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ: ʩʦʣʝʥʘʷ (36 ă) ʠ ʩʦʣʦʥʦʚʘʪʘʷ (18 ă) ʚʦʜʳ, ʟʘʩʝʣʝʥʥʳʝ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ ʜʦ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʉʋɹɺ ʩʦʛʣʘʩʥʦ ʈʫʢʦʚʦʜʩʪʚʫ ʈ8 [335] (ʊʘʙʣʠʮʘ 40). ɺʦʜʘ ʙʨʘʣʘʩʴ ʠʟ 

ʩʠʩʪʝʤʳ ʤʦʨʩʢʠʭ ʘʢʚʘʨʠʫʤʦʚ, ʥʘʩʝʣʝʥʥʦʡ ʞʠʚʳʤʠ ʦʨʛʘʥʠʟʤʘʤʠ ʪʠʧʠʯʥʳʤʠ ʜʣʷ ʨʝʛʠʦʥʘ 

ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ. ɿʘʜʘʥʥʘʷ ʩʦʣʝʥʦʩʪʴ ʚ ʘʢʚʘʨʠʫʤʘʭ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʚ 

ʘʢʚʘʨʠʫʤʳ ʤʦʨʩʢʦʡ ʩʦʣʠ Tropic Marin Bio-Actif ʩ ʪʨʝʙʫʝʤʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚʩʝʭ 

ʥʝʦʙʭʦʜʠʤʳʭ ʤʘʢʨʦ ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʚʦʜʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʉʋɹɺ ʦʪ 10 ʜʦ 50 ʤʢʤ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʚʦʜʦʨʦʩʣʠ ʢʫʣʴʪʫʨʳ Dunaliella ʩʝʤʠ ʚʠʜʦʚ, Chlorogonium sp, ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝ ʈʝʩʫʨʩʥʳʤ 

ʮʝʥʪʨʦʤ çʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚè, ʢʦʪʦʨʳʝ ʚʥʦʩʠʣʠʩʴ ʚ ʚʦʜʫ ʠʩʭʦʜʷ ʠʟ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʨʘʩʯʝʪʘ (ʈʠʩʫʥʦʢ 88ɸ). ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʯʠʩʣʝʥʥʦʩʪʠ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʨʘʟʤʝʨʥʦʡ ʛʨʫʧʧʳ 50 ʤʢʤ ʠ ʚʳʰʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʥʘʫʧʣʠʠ 

ʵʚʨʠʛʘʣʠʥʥʦʛʦ ʩʦʣʦʥʦʚʦʜʥʦʛʦ ʨʘʯʢʘ Artemia salina, ʢʦʪʦʨʳʝ ʚʳʨʘʱʠʚʘʣʠʩʴ ʠʟ ʮʠʩʪ ʠ ʪʦʞʝ 

ʚʥʦʩʠʣʠʩʴ ʚ ʚʦʜʫ (ʈʠʩʫʥʦʢ 88ɺ). ʂʫʣʴʪʫʨʳ ʚʥʦʩʠʤʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚʳʨʘʱʠʚʘʣʠʩʴ ʚ 

ʚʦʜʝ ʩ ʩʦʣʝʥʦʩʪʴʶ, ʪʨʝʙʫʝʤʦʡ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

 

ɸ 
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ʈʠʩʫʥʦʢ 88 ï ɸï ʌʦʪʦ ʢʣʝʪʦʢ ʤʦʨʩʢʠʭ ʚʦʜʦʨʦʩʣʝʡ Dunaliella sp. ʧʣʦʪʥʦʩʪʴʶ 1,7*106 ʚ 

ʢʘʤʝʨʝ ɻʦʨʷʝʚʘ, ɺ- ʥʘʫʧʣʠʠ ʘʨʪʝʤʠʠ Artemia salina L ʚ ʧʦʣʝ ʤʠʢʨʦʩʢʦʧʘ 

 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʧʨʠʨʦʜʥʦʡ ʧʨʝʩʥʦʡ ʚʦʜʝ ʙʳʣʘ ʦʪʦʙʨʘʥʘ ʚʦʜʘ ʠʟ 

ʧʨʫʜʘ. ɺ ʚʦʜʝ ʠʟ ʧʨʫʜʘ ʩʦʩʪʘʚ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʧʨʝʜʩʪʘʚʣʝʥ ʚʠʜʘʤʠ ʠʟ 7 ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ 

ʛʨʫʧʧ: ʟʝʣʝʥʳʝ (Chlorophyta), ʮʠʘʥʦʙʘʢʪʝʨʠʠ (Cyanophyceae), ʜʠʘʪʦʤʦʚʳʝ 

(Diatomophyceae), ʢʨʠʧʪʦʬʠʪʦʚʳʝ (Cryptophyceae), ʜʠʥʦʬʠʪʦʚʳʝ (Dinophyceae), 

ʟʦʣʦʪʠʩʪʳʝ (Chrypsophyceae) ʠ ʵʚʛʣʝʥʦʚʳʝ (Euglenophyceae). ɿʦʦʧʣʘʥʢʪʦʥ, ʚ ʦʩʥʦʚʥʦʤ 

ʧʨʝʜʩʪʘʚʣʝʥ ʢʦʣʦʚʨʘʪʢʘʤʠ ʠʟ ʨʦʜʦʚ Synchaeta, Asplanchna, Keratella ʠ ʠʥʬʫʟʦʨʠʷʤʠ ʨʦʜʘ 

Paramecium. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʪʨʝʙʫʝʤʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʚʨʝʤʝʥʠ ʢʦʥʪʘʢʪʘ ʦʟʦʥʘ ʥʘ ʠʥʘʢʪʠʚʘʮʠʶ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ 

ʪʝʨʤʦʨʝʟʠʩʪʝʥʪʥʳʭ ʙʘʢʪʝʨʠʡ ʚ ʧʨʝʩʥʦʡ ʧʨʠʨʦʜʥʦʡ ʚʦʜʝ.  

ʇʦʜʛʦʪʦʚʣʝʥʥʳʝ ʚʦʜʳ, ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 6.1, ʚ ʦʙʲʝʤʝ 

1000 ʣ ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ ʦʟʦʥʦʤ ʥʘ ʦʧʳʪʥʦʤ ʦʙʨʘʟʮʝ ʉʋɹɺ (ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʦʟʘ ʦʙʱʝʛʦ 

ʦʩʪʘʪʦʯʥʦʛʦ ʦʢʠʩʣʠʪʝʣʷ (TRO): ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ 770 ʤɺ) ʧʦʩʣʝ 

ʯʝʛʦ ʙʳʣ ʧʨʦʚʝʜʝʥ ʧʦʜʩʯʝʪ ʚʳʞʠʚʰʠʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʝ ʢʘʯʝʩʪʚʘ ʚʦʜʳ 

ʥʘ ʛʠʜʨʦʙʠʦʥʪʘʭ ʪʨʝʭ ʪʨʦʬʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ. ʆʙʨʘʙʦʪʢʫ ʦʟʦʥʦʤ ʧʨʦʚʦʜʠʣʠ ʚ ʪʨʝʭ 

ʧʦʚʪʦʨʥʦʩʪʷʭ ʜʣʷ ʢʘʞʜʦʡ ʩʦʣʝʥʦʩʪʠ.  

ʆʧʨʝʜʝʣʝʥʠʝ pH ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʚʦʜʠʣʠ ʧʦʨʪʘʪʠʚʥʳʤ ʚʣʘʛʦʥʝʧʨʦʥʠʮʘʝʤʳʤ 

ʤʫʣʴʪʠʧʘʨʘʤʝʪʨʦʚʳʤ ʘʥʘʣʠʟʘʪʦʨʦʤ Multi 340i (WTW, ɻʝʨʤʘʥʠʷ) ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʨʅ Ñ 

0,01. ʈʘʩʪʚʦʨʝʥʥʳʡ ʢʠʩʣʦʨʦʜ ʠʟʤʝʨʷʣʠ ʧʦʨʪʘʪʠʚʥʳʤ ʠʟʤʝʨʠʪʝʣʝʤ ʨʘʩʪʚʦʨʝʥʥʦʛʦ 

ʢʠʩʣʦʨʦʜʘ ʩ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʢʦʤʧʝʥʩʘʮʠʝʡ ʤʦʜʝʣʠ HI-9142 (Hanna Instruments, ɻʝʨʤʘʥʠʷ) ʩ 

ʧʦʛʨʝʰʥʦʩʪʴʶ Ñ 2,5 %. ʂʦʤʧʝʥʩʘʮʠʶ ʩʦʣʝʥʦʩʪʠ ʧʨʦʚʦʜʠʣʠ ʩ ʫʯʝʪʦʤ ʪʘʙʣʠʮ ʨʘʩʪʚʦʨʠʤʦʩʪʠ 

ʢʠʩʣʦʨʦʜʘ ʚ ʩʦʣʝʥʦʡ ʚʦʜʝ. ʉʦʣʝʥʦʩʪʴ ʠʟʤʝʨʷʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʨʝʬʨʘʢʪʦʤʝʪʨʘ Kelilong RHS-

10ATC (Kelilong Co., Ltd, ʂʠʪʘʡ). ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ (ʆɺʇ) 

ʠʟʤʝʨʷʣʩʷ ʠʦʥʦʤʝʨʦʤ ʀ-510 (ʆʆʆ çʅʇʆ ɸʢʚʠʣʦʥè, ʈʦʩʩʠʷ). ʋʨʦʚʥʠ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʦʟʦʥʘ 

ʚ ʦʙʨʘʙʦʪʘʥʥʦʡ ʚʦʜʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʷʣʠ ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʷ ʆɺʇ. 
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ʊʘʙʣʠʮʘ 40 ï ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʠ ʧʘʨʘʤʝʪʨʳ ʢʘʯʝʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʠʩʭʦʜʥʦʡ 

ʚʦʜʳ 

ʇʘʨʘʤʝʪʨ 

ʇʨʝʩʥʘʷ ʚʦʜʘ ʉʦʣʦʥʦʚʘʪʘʷ ʚʦʜʘ ʉʦʣʝʥʘʷ ʚʦʜʘ 
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ʉʦʣʝʥʦʩʪʴ, PSU <3 0 3-32 18 >32 36 

ʈʘʩʪʚʦʨʠʤʳʡ ʦʨʛʘʥʠʯʝʩʢʠʡ 

ʫʛʣʝʨʦʜ (DOC), ʤʛ/ʣ 
>1 14,5 >5 8,7 >5 5,7 

ʆʨʛʘʥʠʟʤʳ Ó10-<50 ʤ ʰʪ/ʤʣ) Ó1000 3200 Ó1000 1400 Ó1000 1200 

ʆʨʛʘʥʠʟʤʳ Ó50 ʤʢʤ (ʰʪ/ʣ) Ó100 480 Ó100 170 Ó100 190 

ʨʅ - 8,1 - 7,8 - 7,9 

ʊʝʤʧʝʨʘʪʫʨʘ, Áʉ - 20 - 17,5 - 20 

ʈʘʩʪʚʦʨʝʥʥʳʡ ʢʠʩʣʦʨʦʜ, ʤʛ/ʣ - 10,5 - 9,5 - 8,7 

* - ʧʦʢʘʟʘʪʝʣʠ ʪʨʝʙʫʝʤʳʝ ʨʫʢʦʚʦʜʩʪʚʦʤ ʈ8 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʘʢʪʠʚʘʮʠʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʧʦʜʩʯʝʪ ʞʠʚʳʭ 

ʦʩʦʙʝʡ ʧʨʦʚʦʜʠʣʠ ʚ ʚʦʜʝ, ʜʦʩʪʘʚʣʝʥʥʦʡ ʚ ʣʘʙʦʨʘʪʦʨʠʶ ʩʨʘʟʫ ʧʦʩʣʝ ʦʟʦʥʠʨʦʚʘʥʠʷ, ʠ ʧʦʩʣʝ 

ʭʨʘʥʝʥʠʷ ï ʯʝʨʝʟ 24 ʯ, 48 ʠ 96 ʯʘʩʦʚ. ʆʙʨʘʙʦʪʘʥʥʘʷ ʚʦʜʘ ʩʨʘʟʫ ʧʦʩʣʝ ʠʟʤʝʨʝʥʠʷ ʝʝ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʦʜʠʥʘʢʦʚʦ ʜʣʷ ʢʘʞʜʦʡ ʩʦʣʝʥʦʩʪʠ ʠʩʭʦʜʥʦʡ ʚʦʜʳ), ʧʦʜʚʝʨʛʘʣʘʩʴ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʶ ʜʦ 100 ʣʠʪʨʦʚ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʝʪʢʝ ʩ ʷʯʝʡʢʘʤʠ ʤʝʥʝʝ 50 ʤʢʤ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʪʨʦʡ ʪʦʢʩʠʯʥʦʩʪʠ ʥʘ ʤʠʢʨʦʚʦʜʦʨʦʩʣʷʭ, ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ ʠ ʨʳʙʘʭ ʦʪʙʠʨʘʣʠ 

ʧʨʦʙʳ ʦʙʨʘʙʦʪʘʥʥʦʡ ʚʦʜʳ ʚ ʦʙʲʝʤʝ 20 ʣʠʪʨʦʚ. ɺʩʝ ʦʪʦʙʨʘʥʥʳʝ ʧʨʦʙʳ ʚ 

ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʦʣʠʵʪʠʣʝʥʦʚʳʭ ʢʦʥʪʝʡʥʝʨʘʭ ʙʝʟ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʨʘʟʫ ʞʝ 

ʦʪʧʨʘʚʣʷʣʠʩʴ ʚ ʣʘʙʦʨʘʪʦʨʠʶ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʮʝʥʢʘ ʩʦʜʝʨʞʘʥʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ 

ʧʨʦʚʦʜʠʣʘʩʴ ʩʦʛʣʘʩʥʦ ʦʙʱʝʧʨʠʥʷʪʳʤ ʤʝʪʦʜʘʤ ʧʦʜʩʯʝʪʘ ʧʣʘʥʢʪʦʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ 

[348]. ʌʠʪʦʧʣʘʥʢʪʦʥ ʦʧʨʝʜʝʣʷʣʩʷ ʥʘ ʣʶʤʠʥʝʩʮʝʥʪʥʦʤ ʤʠʢʨʦʩʢʦʧʝ ɸʣʴʪʘʤʠ ʃʶʤ, 

ʟʦʦʧʣʘʥʢʪʦʥ ʥʘ ʙʠʥʦʢʫʣʷʨʥʦʤ ʤʠʢʨʦʩʢʦʧʝ ʩ ʪʨʘʥʩʬʦʢʘʪʦʨʦʤ 8:1 Leica Jupiter ʤʝʪʦʜʦʤ 

ʧʨʷʤʦʛʦ ʩʯʝʪʘ. ʂʦʣʠʯʝʩʪʚʦ ʢʣʝʪʦʢ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʦʪ 10 ʜʦ 50 ʤʢʤ, ʚʢʣʶʯʘʷ 10 ʠ 50 ʤʢʤ, 

ʧʦʜʩʯʠʪʳʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʤʝʨʳ ɻʦʨʷʝʚʘ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʢʣʝʪʦʢ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʦʪ 

50 ʤʢʤ ʠ ʚʳʰʝ ʧʦʜʩʯʠʪʳʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʢʘʤʝʨʳ ɹʦʛʦʨʦʚʘ. ɺʝʩʴ ʦʙʲʝʤ ʦʙʨʘʙʦʪʘʥʥʦʡ ʚʦʜʳ, 

ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʚʦʜʳ ʦʪʦʙʨʘʥʥʦʡ ʜʣʷ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ, ʙʳʣ ʧʨʦʩʤʦʪʨʝʥ ʥʘ ʥʘʣʠʯʠʝ 
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ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʨʦʙʘ ʥʝʦʙʨʘʙʦʪʘʥʥʦʡ ʦʟʦʥʦʤ 

ʢʦʥʪʨʦʣʴʥʦʡ ʚʦʜʳ, ʧʨʦʧʫʱʝʥʥʦʡ ʯʝʨʝʟ ʫʩʪʘʥʦʚʢʫ ʧʨʠ ʭʦʣʦʩʪʦʤ ʨʝʞʠʤʝ. 

ʊʦʢʩʠʯʥʦʩʪʴ ʦʙʨʘʙʦʪʘʥʥʦʡ ʚʦʜʳ ʜʣʷ ʪʨʝʭ ʪʨʦʬʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ (ʚʦʜʦʨʦʩʣʠ, 

ʨʘʢʦʦʙʨʘʟʥʳʝ, ʨʳʙʢʠ) ʦʧʨʝʜʝʣʷʣʠ ʩʪʘʥʜʘʨʪʥʳʤʠ ʤʝʪʦʜʘʤʠ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ, 

ʜʦʧʫʱʝʥʥʳʤʠ ʜʣʷ ʮʝʣʝʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ. ʉʫʱʥʦʩʪʴ ʤʝʪʦʜʘ 

ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ ʥʘ ʚʦʜʦʨʦʩʣʷʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʝʛʠʩʪʨʘʮʠʠ ʩʥʠʞʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ ʢʣʝʪʦʢ 

ʤʦʨʩʢʠʭ ʦʜʥʦʢʣʝʪʦʯʥʳʭ ʚʦʜʦʨʦʩʣʝʡ ʚ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʧʨʦʙʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʴʥʦʡ ʧʨʦʙʳ. ʉʫʱʥʦʩʪʴ ʤʝʪʦʜʦʚ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ ʥʘ ʨʘʢʦʦʙʨʘʟʥʳʭ ʠ 

ʨʳʙʢʘʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʝʛʠʩʪʨʘʮʠʠ ʛʠʙʝʣʠ ʦʨʛʘʥʠʟʤʦʚ ʚ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʧʨʦʙʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʴʥʦʡ ʧʨʦʙʳ ʧʨʠ ʪʝʩʪʠʨʦʚʘʥʠʠ ʚ ʪʝʯʝʥʠʝ 72 ʯ (96 ʯ). ɺ ʢʘʯʝʩʪʚʝ 

ʢʦʥʪʨʦʣʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʢʫʣʴʪʠʚʘʮʠʦʥʥʘʷ ʚʦʜʘ. 

ɼʣʷ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ ʩʦʣʝʥʦʡ (36 ă) ʠ ʩʦʣʦʥʦʚʘʪʦʡ (18 ă) ʚʦʜʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʩʣʝʜʫʶʱʠʝ ʪʝʩʪ-ʦʨʛʘʥʠʟʤʳ ʠ ʤʝʪʦʜʠʢʠ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ: 

1 ʊʝʩʪʠʨʦʚʘʥʠʝ ʥʘ ʟʘʜʝʨʞʢʫ ʨʦʩʪʘ ʚʦʜʦʨʦʩʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ Dunaliella salina ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ [349,350]. 

 2 ʊʝʩʪʠʨʦʚʘʥʠʝ ʥʘ ʚʳʞʠʚʘʝʤʦʩʪʴ ʨʘʢʦʦʙʨʘʟʥʳʭ ʚ ʩʦʣʝʥʦʡ ʠ ʩʦʣʦʥʦʚʘʪʦʡ ʚʦʜʝ - 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ Artemia salina L. [351]. 

3 ʊʝʩʪʠʨʦʚʘʥʠʝ ʥʘ ʚʳʞʠʚʘʝʤʦʩʪʴ ʤʦʣʦʜʠ ʨʳʙ ʚ ʩʦʣʝʥʦʡ ʠ ʩʦʣʦʥʦʚʘʪʦʡ ʚʦʜʝ - 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ Poecilia reticulata Peters [352].  

ʕʪʠ ʪʝʩʪʳ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʮʝʥʢʠ ʪʦʢʩʠʯʥʦʩʪʠ ʩʪʦʯʥʳʭ ʚʦʜ, 

ʩʙʨʘʩʳʚʘʝʤʳʭ ʚ ʤʦʨʩʢʠʝ ʚʦʜʳ. ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚʠʜʳ ʷʚʣʷʶʪʩʷ 

ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʪʦʢʩʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ ʚ ʤʦʨʩʢʦʡ ʚʦʜʝ ʠ ʩʯʠʪʘʶʪʩʷ ʧʦʜʭʦʜʷʱʠʤʠ ʟʘʤʝʥʠʪʝʣʷʤʠ ʤʝʩʪʥʳʭ ʚʠʜʦʚ. 

ɼʣʷ ʧʨʝʩʥʦʡ ʚʦʜʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʪʝʩʪ-ʦʨʛʘʥʠʟʤʳ ʠ ʤʝʪʦʜʠʢʠ 

ʪʝʩʪʠʨʦʚʘʥʠʷ: 

1. ʊʝʩʪʠʨʦʚʘʥʠʝ ʥʘ ʟʘʜʝʨʞʢʫ ʨʦʩʪʘ ʚʦʜʦʨʦʩʣʝʡ ʚ ʧʨʝʩʥʦʡ ʚʦʜʝ - ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʟʝʣʝʥʳʝ ʧʨʝʩʥʦʚʦʜʥʳʝ ʦʜʥʦʢʣʝʪʦʯʥʳʝ ʚʦʜʦʨʦʩʣʠ Scenedesmus quadricauda (ʊʠʛʨ) Breb. 

[353]. 

2. ʊʝʩʪʠʨʦʚʘʥʠʝ ʥʘ ʚʳʞʠʚʘʝʤʦʩʪʴ ʨʘʢʦʦʙʨʘʟʥʳʭ ʚ ʧʨʝʩʥʦʡ ʚʦʜʝ - ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʢʫʣʴʪʫʨʘ Daphnia magna Straus [329]. 

3. ʊʝʩʪʠʨʦʚʘʥʠʝ ʥʘ ʚʳʞʠʚʘʝʤʦʩʪʴ ʤʦʣʦʜʠ ʨʳʙ ʚ ʧʨʝʩʥʦʡ ʚʦʜʝ - ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ 

Poecilia reticulata Peters [353]. 

ʀʩʭʦʜʷ, ʠʟ ʟʥʘʯʝʥʠʡ ʆɺʇ ʜʣʷ ʩʦʣʝʥʦʡ ʠ ʩʦʣʦʥʦʚʘʪʦʡ ʚʦʜʳ ʧʝʨʝʜ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʝʤ 

ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʥʝʡʪʨʘʣʠʟʘʮʠʷ ʪʠʦʩʫʣʴʬʘʪʦʤ ʥʘʪʨʠʷ ʤʝʪʦʜʦʤ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʪʠʪʨʦʚʘʥʠʷ ʜʦ ʟʥʘʯʝʥʠʡ ʆɺʇ ʠʩʭʦʜʥʦʡ ʚʦʜʳ, ʧʦʩʢʦʣʴʢʫ ʜʦʧʫʩʪʠʤʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ TRO ʚ 
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ʩʙʨʘʩʳʚʘʝʤʦʡ ʟʘ ʙʦʨʪ ʚʦʜʝ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 0,1 ʤʛ/ʣ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʛʦ 

ʩʙʨʦʩʘ ʦʟʦʥʠʨʦʚʘʥʥʦʡ ʙʘʣʣʘʩʪʥʦʡ ʚʦʜʳ. ɹʠʦʪʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʚ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʢʦʤʥʘʪʘʭ ʧʨʠ ʪʨʝʙʫʝʤʳʭ ʚ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʤʝʪʦʜʠʢʘʭ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʦʚʪʦʨʥʦʩʪʠ (ʦʪ 3 ʜʦ 

5). ɺʩʝ ʪʝʩʪʳ ʥʘ ʪʦʢʩʠʯʥʦʩʪʴ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʨʠʪʝʨʠʷʤʠ ʧʨʠʝʤʣʝʤʦʩʪʠ 

ʪʝʩʪʦʚ, ʪʨʝʙʫʝʤʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ.  

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʙʘʣʣʘʩʪʥʦʡ ʚʦʜʳ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ 

ʜʦʟʳ ʜʝʟʠʥʬʠʮʠʨʫʶʱʝʛʦ ʩʨʝʜʩʪʚʘ, ʥʦ ʠ ʦʪ ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʚʦʜʳ. ɼʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʠʝʤʣʝʤʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʉʋɹɺ ʫʩʪʘʥʦʚʣʝʥʳ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʜʦʩʪʘʪʦʯʥʦʤʫ 

ʩʦʜʝʨʞʘʥʠʶ ʦʨʛʘʥʠʢʠ ʚ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʚʦʜʘʭ [339]. ʀʟ ʪʘʙʣʠʮʳ 40 ʚʠʜʥʦ, ʯʪʦ ʚ 

ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʦʟʦʥʦʤ ʩʦʣʝʥʦʡ, ʩʦʣʦʥʦʚʘʪʦʡ ʠ ʚʟʷʪʦʡ ʠʟ ʧʨʠʨʦʜʳ ʧʨʝʩʥʦʡ 

ʚʦʜʝ, ʚʩʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʥʘʭʦʜʠʣʠʩʴ ʚ ʧʨʠʝʤʣʝʤʳʭ 

ʨʘʤʢʘʭ, ʫʢʘʟʘʥʥʳʭ ʚ ʈʫʢʦʚʦʜʩʪʚʝ ʈ8 [339]. 

9.4.1 ʀʩʧʳʪʘʥʠʷ ʥʘ ʩʦʣʝʥʦʡ ʠ ʩʦʣʦʥʦʚʘʪʦʡ ʚʦʜʝ 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʉʋɹɺ ʧʦ ʠʥʘʢʪʠʚʘʮʠʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʥʘ ʩʦʣʝʥʦʡ (36 ă) ʠ 

ʩʦʣʦʥʦʚʘʪʦʡ (18 ă) ʩʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʫ 41 ʧʨʠ ʵʪʦʤ ʚ ʠʩʭʦʜʥʦʡ ʚʦʜʝ, ʢʦʪʦʨʘʷ ʩʣʫʞʠʣʘ 

ʢʦʥʪʨʦʣʝʤ, ʥʘʙʣʶʜʘʣʘʩʴ 10 % ʩʤʝʨʪʥʦʩʪʴ ʦʨʛʘʥʠʟʤʦʚ ʚ ʧʝʨʚʳʝ ʩʫʪʢʠ ʠ 50% ʩʤʝʨʪʥʦʩʪʴ 

ʯʝʨʝʟ 96 ʯʘʩʦʚ ʧʨʠ ʭʨʘʥʝʥʠʠ ʚ ʟʘʢʨʳʪʳʭ ʝʤʢʦʩʪʷʭ ʙʝʟ ʜʦʩʪʫʧʘ ʩʚʝʪʘ ʠ ʢʠʩʣʦʨʦʜʘ. 

 

ʊʘʙʣʠʮʘ 41 ï ʏʠʩʣʝʥʥʦʩʪʴ ʞʠʚʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʦʙʨʘʙʦʪʘʥʥʦʡ ʦʟʦʥʦʤ ʩʦʣʝʥʦʡ ʚʦʜʝ  

ʈʝʞʠʤ ʦʙʨʘʙʦʪʢʠ 1 2 3 

ʉʦʣʝʥʦʩʪʴ, ă 36 36 18 

ɺʨʝʤʷ ʫʜʝʨʞʘʥʠʷ 

ʙʘʣʣʘʩʪʥʦʡ ʚʦʜʳ, 

ʯ 

1 24 48 96 0 24 48 96 1 24 48 96 

ʄʠʢʨʦʦʨʛʘʥʠʟʤʳ 

ʦʪ 10 ʜʦ 50 ʤʢʤ 

(ʰʪ. ʚ 1 ʤʣ) 

0 0 0 0 0 0 0 0 0 0 0 0 

ʄʠʢʨʦʦʨʛʘʥʠʟʤʳ 

ʦʪ 50 ʤʢʤ 

(ʰʪ. ʚ 10 ʣ 

ʧʨʦʙʳ), 

15 1 0,1 0 0 0 0 0 0 0 0 0 

ʆɺʇ (ʤɺ) 
64

0 
405 315 

23

0 
730 640 634 

28

0 
768 

38

0 

26

0 

24

0 

ʂʠʩʣʦʨʦʜ (ʤʛ/ʣ) 
ι2

0 
19,5 10,5 8,5 16,7 17,9 13,7 9,0 >20 

>2

0 

>2

0 

>2

0 

 

ʀʟ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʦʙʨʘʙʦʪʘʥʥʘʷ ʦʟʦʥʦʤ ʚʦʜʘ ʧʨʠ ʚʩʝʭ ʨʝʞʠʤʘʭ ʦʙʣʘʜʘʝʪ 

ʦʢʠʩʣʠʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚ ʪʝʯʝʥʠʝ 2 ʩʫʪʦʢ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ 

ʦ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ ʚ ʦʙʨʘʙʦʪʘʥʥʳʭ ʦʟʦʥʦʤ ʙʘʣʣʘʩʪʥʳʭ ʚʦʜʘʭ ʥʘ ʪʘʥʢʝʨʝ S/T Tonsina 

ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʆɺʇ ʚ ʜʠʘʧʘʟʦʥʝ 700 ï 800 ʤɺ [343]. ʂʦʣʠʯʝʩʪʚʦ ʚʪʦʨʠʯʥʳʭ ʦʩʪʘʪʦʯʥʳʭ 



229 
 

ʦʢʠʩʣʠʪʝʣʝʡ ʚ ʦʙʨʘʙʦʪʘʥʥʦʡ ʚʦʜʝ ʧʨʠ ʚʪʦʨʦʤ ʠ ʪʨʝʪʴʝʤ ʨʝʞʠʤʘʭ ʥʘʭʦʜʠʪʩʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦʤ 

ʫʨʦʚʥʝ (ʆɺʇ ʦʙʨʘʙʦʪʘʥʥʦʡ ʚʦʜʳ 730 ʤɺ ʠ 768 ʤɺ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʜʣʷ ʠʥʘʢʪʠʚʘʮʠʠ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʠ ʚʦʜʘ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʫʞʝ ʯʝʨʝʟ ʯʘʩ ʧʦʩʣʝ 

ʦʙʨʘʙʦʪʢʠ. ʀʥʘʢʪʠʚʘʮʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʦʟʦʥʦʤ ʙʘʣʣʘʩʪʥʦʡ ʚʦʜʳ ʥʘ 

ʧʝʨʚʦʤ ʨʝʞʠʤʝ ʜʦʩʪʠʛʘʝʪʩʷ ʪʦʣʴʢʦ ʯʝʨʝʟ 96 ʯʘʩʦʚ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʦʱʥʦʩʪʴ 

ʨʝʞʠʤʘ ˉ3 ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʫʨʦʚʥʷ ʠʥʘʢʪʠʚʘʮʠʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ 

ʩʦʣʦʥʦʚʘʪʦʡ ʚʦʜʝ (ʆɺʇ ʚʳʰʝ 700 ʤɺ) ʚʳʰʝ, ʯʝʤ ʨʝʞʠʤʘ ˉ1 ʠ ˉ2. ʀʟ ʪʘʙʣʠʮʳ ʩʣʝʜʫʝʪ, 

ʯʪʦ ʥʝ ʚʝʩʴ ʚʚʝʜʝʥʥʳʡ ʦʟʦʥ ʧʨʦʨʝʘʛʠʨʦʚʘʣ ʩ ʙʨʦʤʦʤ, ʢʦʪʦʨʦʛʦ ʚ 2 ʨʘʟʘ ʤʝʥʴʰʝ ʚ 

ʧʨʠʛʦʪʦʚʣʝʥʥʦʡ ʥʘʤʠ ʩʦʣʦʥʦʚʘʪʦʡ ʚʦʜʝ, ʯʝʤ ʚ ʩʦʣʝʥʦʡ, ʧʦʩʢʦʣʴʢʫ ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ 

ʦʙʨʘʙʦʪʘʥʥʦʡ ʚʦʜʝ ʥʘʭʦʜʠʪʩʷ ʥʘ ʟʘʧʨʝʜʝʣʴʥʦʤ ʫʨʦʚʥʝ ʠ ʥʝ ʫʤʝʥʴʰʘʝʪʩʷ ʜʘʞʝ ʯʝʨʝʟ 96 

ʯʘʩʦʚ, ʯʪʦ ʦʟʥʘʯʘʝʪ ʥʝʟʘʚʝʨʰʝʥʥʦʩʪʴ ʧʨʦʮʝʩʩʘ.  

ʆʮʝʥʢʘ ʪʦʢʩʠʯʥʦʩʪʠ ʦʙʨʘʙʦʪʘʥʥʦʡ ʦʟʦʥʦʤ ʥʘ ʦʧʳʪʥʦʤ ʦʙʨʘʟʮʝ ʉʋɹɺ ʧʨʠ ʨʝʞʠʤʝ 

ˉ 2 ʩʦʣʝʥʦʡ ʠ ˉ 3 ʩʦʣʦʥʦʚʘʪʦʡ ʥʝʡʪʨʘʣʠʟʦʚʘʥʥʦʡ ʚʦʜʳ ʤʝʪʦʜʘʤʠ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ ʥʘ 

ʛʠʜʨʦʙʠʦʥʪʘʭ ʪʨʝʭ ʨʘʟʣʠʯʥʳʭ ʪʨʦʬʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ ʊʘʙʣʠʮʝ 42 ʧʦʢʘʟʘʣʘ, 

ʯʪʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩʦʣʝʥʦʡ ʚʦʜʳ ʦʟʦʥʦʤ, ʠʩʩʣʝʜʫʝʤʘʷ ʚʦʜʘ ʧʦʩʣʝ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʪʦʢʩʠʯʥʦʡ 

ʥʝ ʷʚʣʷʝʪʩʷ. 

 

ʊʘʙʣʠʮʘ 42 ï ʆʮʝʥʢʘ ʪʦʢʩʠʯʥʦʩʪʠ, ʦʙʨʘʙʦʪʘʥʥʦʡ ʦʟʦʥʦʤ ʥʝʡʪʨʘʣʠʟʦʚʘʥʥʦʡ ʩʦʣʝʥʦʡ ʠ 

ʩʦʣʦʥʦʚʘʪʦʡ ʚʦʜ 

ʊʨʦʬʠʯʝʩʢʠʡ 

ʫʨʦʚʝʥʴ 
ɺʠʜ 

ʆʮʝʥʠʚʘʝʤʳʡ 

ʧʦʢʘʟʘʪʝʣʴ 
ɺʦʟʜʝʡʩʪʚʠʝ, ʯ 

ʉʨʘʚʥʝʥʠʝ ʩ 

ʢʦʥʪʨʦʣʝʤ 

ʆʮʝʥʢʘ 

ʪʦʢʩʠʯʥʦʩʪʠ 

ɺʦʜʦʨʦʩʣʠ 
Dunaliella 

salina 
ʉʢʦʨʦʩʪʴ ʨʦʩʪʘ 72 

ʉʥʠʞʝʥʠʷ 

ʯʠʩʣʝʥʥʦʩʪʠ 

ʢʣʝʪʦʢ 

ʤʝʥʝʝ 10 % 

ʅʝ ʪʦʢʩʠʯʥʘ 

ʈʘʢʦʦʙʨʘʟʥʳʝ 
Artemia 

salina L 
ʉʤʝʨʪʥʦʩʪʴ 48 ʤʝʥʝʝ 5 % ʅʝ ʪʦʢʩʠʯʥʘ 

ʈʳʙʳ 
Poecilia 

reticulata 
ʉʤʝʨʪʥʦʩʪʴ 96 ʅʝʪ ʦʪʣʠʯʠʡ ʅʝ ʪʦʢʩʠʯʥʘ 

 

9.4.2 ʀʩʧʳʪʘʥʠʷ ʥʘ ʧʨʝʩʥʦʡ ʚʦʜʝ 

ɺ ʧʨʝʩʥʦʡ ʚʦʜʝ ʭʠʤʠʷ ʦʟʦʥʘ ʢʘʨʜʠʥʘʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʭʠʤʠʠ ʚ ʤʦʨʩʢʦʡ ʚʦʜʝ, 

ʧʦʩʢʦʣʴʢʫ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ ʙʨʦʤ. ʇʦʵʪʦʤʫ ʜʣʷ ʧʨʝʩʥʦʡ ʚʦʜʳ ʙʳʣ ʚʳʙʨʘʥ ʨʝʞʠʤ 

ʦʟʦʥʠʨʦʚʘʥʠʷ ˉ 3. ʇʦʜʩʯʸʪ ʚʳʞʠʚʰʠʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʚ ʧʨʝʩʥʦʡ ʚʦʜʝ 

ʩʚʝʜʝʥ ʚ ʪʘʙʣʠʮʫ 43. 
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ʊʘʙʣʠʮʘ 43 ï ʏʠʩʣʝʥʥʦʩʪʴ ʞʠʚʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʦʙʨʘʙʦʪʘʥʥʦʡ ʦʟʦʥʦʤ ʧʨʝʩʥʦʡ ʚʦʜʝ 

 
ʆʙʨʘʙʦʪʘʥʥʘʷ ʦʟʦʥʦʤ ʧʨʝʩʥʘʷ ʚʦʜʘ 

1-2 ʯʘʩʘ 24 ʯʘʩʘ 48 ʯʘʩʦʚ 96 ʯʘʩʦʚ 

ʄʠʢʨʦʦʨʛʘʥʠʟʤʳ 

ʦʪ 10 ʜʦ 50 ʤʢʤ 

(ʰʪ. ʚ 1 ʤʣ) 

3 3 4 7 

ʄʠʢʨʦʦʨʛʘʥʠʟʤʳ 

ʦʪ 50 ʤʢʤ 

(ʰʪ. ʚ 1 ʤʣ) 

9 1 0 0 

ʂʠʩʣʦʨʦʜ (ʤʛ/ʣ) >20 >20 15,7 10,7 

ʆɺʇ (ʤɺ) 346 290 260 248 

 

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʧʦʣʥʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʊʘʙʣʠʮʘ 44) ʥʘ ʪʨʝʭ 

ʪʨʦʬʠʯʝʩʢʠʭ ʫʨʦʚʥʷʭ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʝʩʥʘʷ ʚʦʜʘ, ʦʙʨʘʙʦʪʘʥʥʘʷ ʦʟʦʥʦʤ, ʪʦʢʩʠʯʥʦʡ ʥʝ 

ʷʚʣʷʝʪʩʷ. 

 

ʊʘʙʣʠʮʘ 44 ï ʆʮʝʥʢʘ ʪʦʢʩʠʯʥʦʩʪʠ ʦʙʨʘʙʦʪʘʥʥʦʡ ʦʟʦʥʦʤ ʧʨʝʩʥʦʡ ʚʦʜʳ 

ʊʨʦʬʠʯʝʩʢʠʡ 

ʫʨʦʚʝʥʴ 
ɺʠʜ 

ʆʮʝʥʠʚʘʝʤʳʡ 

ʧʦʢʘʟʘʪʝʣʴ 

ɺʦʟʜʝʡʩʪʚʠʝ, 

ʯ 

ʉʨʘʚʥʝʥʠʝ ʩ 

ʢʦʥʪʨʦʣʝʤ 

ʆʮʝʥʢʘ 

ʪʦʢʩʠʯʥʦʩʪʠ 

ɺʦʜʦʨʦʩʣʠ 

Scenedesmus 

quadricauda 

(ʊʠʛʨ) Breb 

ʉʢʦʨʦʩʪʴ 

ʨʦʩʪʘ 
72 

ʉʥʠʞʝʥʠʷ 

ʯʠʩʣʝʥʥʦʩʪʠ 

ʢʣʝʪʦʢ ʤʝʥʝʝ 

10 % 

ʅʝ ʪʦʢʩʠʯʥʘ 

ʈʘʢʦʦʙʨʘʟʥʳʝ 
Daphnia 

magna Straus 
ʉʤʝʨʪʥʦʩʪʴ 96 ʅʝʪ ʦʪʣʠʯʠʡ ʅʝ ʪʦʢʩʠʯʥʘ 

ʈʳʙʳ 
Poecilia 

reticulata 
ʉʤʝʨʪʥʦʩʪʴ 96 ʅʝʪ ʦʪʣʠʯʠʡ ʅʝ ʪʦʢʩʠʯʥʘ 

 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʙʝʟʚʨʝʞʠʚʘʥʠʶ ʤʦʜʝʣʴʥʳʭ ʙʘʣʣʘʩʪʥʳʭ ʚʦʜ 

ʨʘʟʣʠʯʥʦʡ ʩʦʣʝʥʦʩʪʠ ʥʘ ʦʧʳʪʥʦʤ ʧʨʦʪʦʪʠʧʝ ʉʋɹɺ ʙʳʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʳ 

ʫʨʦʚʥʠ ʦʟʦʥʘ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʠʥʘʢʪʠʚʘʮʠʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʘʥʜʘʨʪʦʤ D-2 ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʂʦʥʚʝʥʮʠʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʦʟʦʥʘ, ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʚʳʨʘʞʝʥʥʦʡ ʟʥʘʯʝʥʠʷʤʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʠ ʩʦʣʝʥʦʩʪʴʶ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʚʦʜʳ. ʆʪʩʫʪʩʪʚʠʝ 

ʪʦʢʩʠʯʥʦʩʪʠ, ʦʙʨʘʙʦʪʘʥʥʦʡ ʥʘ ʦʧʳʪʥʦʤ ʧʨʦʪʦʪʠʧʝ ʉʋɹɺ ʚʦʜʳ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʩʙʨʦʩʘ ʟʘ ʙʦʨʪ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʜʣʷ ʚʦʜʦʝʤʘ ʙʘʣʣʘʩʪʥʳʭ ʚʦʜ. 
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10 ʉʠʩʪʝʤʘʪʠʟʘʮʠʷ ʠ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ 

ʢʣʠʤʘʪʠʯʝʩʢʠ ʨʝʣʝʚʘʥʪʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʵʢʦʥʦʤʠʢʠ, ʬʦʨʤʠʨʫʶʱʠʭ ʨʘʤʦʯʥʳʝ 

ʫʩʣʦʚʠʷ ʨʝʟʫʣʴʪʘʪʠʚʥʦʛʦ ʫʯʘʩʪʠʷ ʢʣʶʯʝʚʳʭ ʵʤʠʪʝʥʪʦʚ ʢʣʠʤʘʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʛʘʟʦʚ ʚ ʩʝʢʚʝʩʪʨʘʮʠʦʥʥʳʭ ʧʨʦʝʢʪʘʭ 

ɼʣʷ ʦʮʝʥʢʠ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʭ ʨʝʞʠʤʦʚ, ʩʣʫʞʘʱʠʭ ʧʝʨʝʭʦʜʫ ʢ ʥʠʟʢʦʫʛʣʝʨʦʜʥʦʤʫ 

ʨʘʟʚʠʪʠʶ ʠ ʚʳʨʘʙʦʪʢʝ ʧʨʝʜʣʦʞʝʥʠʡ ʧʦ ʠʭ ʤʦʜʝʨʥʠʟʘʮʠʠ ʚ ʈʦʩʩʠʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʥʦʚʴ 

ʚʢʨʘʪʮʝ ʥʘʧʦʤʥʠʪʴ ʨʝʟʫʣʴʪʘʪʳ 2022 ʛʦʜʘ, ʜʣʷ ʢʦʪʦʨʳʭ ʙʳʣ ʭʘʨʘʢʪʝʨʝʥ ʪʨʝʥʜ ʥʘ ʫʚʝʣʠʯʝʥʠʝ 

ʚʳʙʨʦʩʦʚ ʇɻ. ʉʦʛʣʘʩʥʦ ɼʦʢʣʘʜʫ ʆʆʅ (2022), ʚʳʧʦʣʥʝʥʠʝ ʪʝʢʫʱʠʭ ʦʙʷʟʘʪʝʣʴʩʪʚ ʩʪʨʘʥ ʧʦ 

ʘʜʘʧʪʘʮʠʠ ʢ ʠʟʤʝʥʝʥʠʶ ʢʣʠʤʘʪʘ ʠ ʩʦʢʨʘʱʝʥʠʶ ʵʤʠʩʩʠʠ ʇɻ ʚ ʦʙʱʝʤʠʨʦʚʦʤ ʤʘʩʰʪʘʙʝ 

ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʫʢʘʟʘʥʥʳʝ ʚʳʙʨʦʩʳ ʣʠʰʴ ʥʘ 10%, ʯʪʦ ʚʳʟʦʚʝʪ ʢ ʢʦʥʮʫ ʍʍI ʚʝʢʘ 

ʛʣʦʙʘʣʴʥʦʝ ʧʦʪʝʧʣʝʥʠʝ ʫʞʝ ʥʘ 2,8 ÁC [354]. ʏʪʦ ʢʘʩʘʝʪʩʷ ʦʪʨʘʩʣʝʚʳʭ ʧʨʠʦʨʠʪʝʪʦʚ, ʪʦ 

ʮʝʥʪʨʘʣʴʥʫʶ ʨʦʣʴ ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʧʝʨʝʭʦʜʘ ʢ ʥʠʟʢʦʫʛʣʝʨʦʜʥʦʤʫ ʨʘʟʚʠʪʠʶ ʧʨʦʜʦʣʞʘʝʪ 

ʠʛʨʘʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʝʢʪʦʨ [355-357], ʥʘ ʜʦʣʶ ʢʦʪʦʨʦʛʦ ʧʨʠʭʦʜʠʪʩʷ ʙʦʣʝʝ 73% ʚʩʝʭ 

ʚʳʙʨʦʩʦʚ ʇɻ ʚ ʤʠʨʝ ʠ ʦʢʦʣʦ 78% ʚ ʈʌ. ɼʣʷ ʚʳʨʘʙʦʪʢʠ ʧʨʝʜʣʦʞʝʥʠʡ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʨʝʘʣʠʟʘʮʠʠ 

ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʧʦʣʠʪʠʢʠ ʠ ʦʙʦʩʥʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ 

ʜʣʷ ʈʦʩʩʠʠ ʦʩʪʘʥʦʚʠʤʩʷ ʥʘ ʩʬʦʨʤʠʨʦʚʘʥʥʦʤ ʚ ʨʘʤʢʘʭ ʦʪʨʘʩʣʝʚʦʛʦ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ 

ʚʘʨʠʘʥʪʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʨʝʛʫʣʷʪʦʨʥʳʭ ʨʝʞʠʤʦʚ, ʢʦʪʦʨʳʡ ʙʳʣ ʘʜʘʧʪʠʨʦʚʘʥ ʘʚʪʦʨʘʤʠ 

ʦʪʯʝʪʘ ʢ ʟʘʜʘʯʘʤ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʧʦʣʠʪʠʢʠ ʠ ʩʚʷʟʘʥʥʦʡ ʩ ʥʝʶ ʧʦʣʠʪʠʢʠ 

ʟʝʣʝʥʦʛʦ ʵʥʝʨʛʦʧʝʨʝʭʦʜʘ ï ʩʤ. ʪʘʙʣʠʮʫ 45.  

 

ʊʘʙʣʠʮʘ 45. ʊʠʧʳ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʭ ʨʝʞʠʤʦʚ, ʬʦʨʤʠʨʫʶʱʠʭ ʨʘʤʦʯʥʳʝ ʫʩʣʦʚʠʷ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʯʘʩʪʠʷ ʢʣʶʯʝʚʳʭ ʵʤʠʪʝʥʪʦʚ ʇɻ ʚ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʨʦʝʢʪʘʭ 

ʊʠʧʳ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ 

ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʛʦʩʫʜʘʨʩʪʚʘ ʠ 

ʭʘʨʘʢʪʝʨʘ ʧʨʠʤʝʥʷʝʤʳʭ ʩʪʠʤʫʣʦʚ 

ʎʝʣʠ ʠ ʠʥʩʪʨʫʤʝʥʪʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

1. ʇʘʩʩʠʚʥʘʷ ʨʦʣʴ ʛʦʩʫʜʘʨʩʪʚʘ ʧʨʠ 

ʥʝʛʘʪʠʚʥʳʭ ʠʣʠ ʦʪʩʫʪʩʪʚʫʶʱʠʭ 

ʩʪʠʤʫʣʘʭ 

ʉʚʦʙʦʜʘ ʨʳʥʦʯʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʧʨʠ ʢʦʥʪʨʦʣʝ, 

ʦʛʨʘʥʠʯʝʥʠʷʭ ʠ ʥʘʢʘʟʘʥʠʷʭ ʥʘʧʨ. ʟʘ ʜʦʤʠʥʠʨʫʶʱʝʝ 

ʧʦʣʦʞʝʥʠʝ ʠ ʥʘʨʫʰʝʥʠʷ ʢʦʥʢʫʨʝʥʪʥʳʭ ʥʦʨʤ, 

ʥʝʩʦʙʣʶʜʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʥʦʨʤ 

2. ʇʘʩʩʠʚʥʘʷ ʨʦʣʴ ʛʦʩʫʜʘʨʩʪʚʘ ʧʨʠ 

ʧʦʟʠʪʠʚʥʳʭ ʩʪʠʤʫʣʘʭ 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʙʣʘʛʦʧʨʠʷʪʥʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʨʝʜʳ 

ʥʘ ʙʘʟʝ ʠʥʩʪʨʫʤʝʥʪʦʚ 1-ʛʦ ʪʠʧʘ, ʜʦʧʦʣʥʝʥʥʳʭ 

ʥʘʣʦʛʦʚʳʤʠ, ʬʠʥʘʥʩʦʚʳʤʠ ʠ ʧʨʘʚʦʚʳʤʠ ʤʝʨʘʤʠ 

ʧʦʜʜʝʨʞʢʠ 

3. ɸʢʪʠʚʥʘʷ ʨʦʣʴ ʛʦʩʫʜʘʨʩʪʚʘ ʧʨʠ 

ʧʨʝʦʙʣʘʜʘʥʠʠ ʥʝʛʘʪʠʚʥʳʭ ʩʪʠʤʫʣʦʚ 

ɿʘʱʠʪʥʘʷ ʩʝʢʪʦʨʘʣʴʥʘʷ ʠ ʪʦʨʛʦʚʘʷ ʧʦʣʠʪʠʢʘ (ʩ 

ʧʦʚʳʰʝʥʠʝʤ ʙʘʨʴʝʨʦʚ) ʜʣʷ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʫʛʨʦʟʘʤ, 

ʥʘʧʨʠʤʝʨ, ʩʦ ʩʪʦʨʦʥʳ ɽʉ ʚ ʩʚʷʟʠ ʩ ʚʚʝʜʝʥʠʝʤ 

ʪʨʘʥʩʛʨʘʥʠʯʥʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 
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4. ɸʢʪʠʚʥʘʷ ʨʦʣʴ ʛʦʩʫʜʘʨʩʪʚʘ, 

ʧʦʜʜʝʨʞʠʚʘʝʤʘʷ ʧʦʟʠʪʠʚʥʳʤʠ 

ʩʪʠʤʫʣʘʤʠ 

ʂʦʦʨʜʠʥʘʮʠʷ ʥʘʮʠʦʥʘʣʴʥʦʡ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʧʦʣʠʪʠʢʠ 

ʚʦ ʚʟʘʠʤʦʩʚʷʟʠ ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ, ʧʨʦʤʳʰʣʝʥʥʦʡ ʠ 

ʩʪʨʫʢʪʫʨʥʦʡ. ɻʦʩʫʜʘʨʩʪʚʦ ʢʘʢ ʧʦʩʪʘʚʱʠʢ ʢʘʧʠʪʘʣʘ ʠ 

ʧʨʦʚʦʜʥʠʢ ʩʪʠʤʫʣʦʚ 

5. ɸʢʪʠʚʥʘʷ, ʧʦʟʠʪʠʚʥʳʝ ʩ ʧʨʷʤʳʤ 

ʚʦʚʣʝʯʝʥʠʝʤ ʛʦʩʫʜʘʨʩʪʚʘ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʦ 

ɻʦʩʫʜʘʨʩʪʚʦ ʢʘʢ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴ ʠ ʠʥʥʦʚʘʪʦʨ (ʯʝʨʝʟ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ ʧʫʙʣʠʯʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ) 

 

ʈʦʩʩʠʷ, ʩʣʝʜʫʷ ʤʠʨʦʚʳʤ ʪʨʝʥʜʘʤ, ʚ 2020 ʛʦʜʫ ʧʨʠʥʷʣʘ ʦʙʷʟʘʪʝʣʴʩʪʚʘ ʧʦ 

ʥʘʮʠʦʥʘʣʴʥʦʤʫ ʚʢʣʘʜʫ ʚ ʩʥʠʞʝʥʠʝ ʚʳʙʨʦʩʦʚ ʇɻ, ʚ ʦʢʪʷʙʨʝ 2021 ʛ. ʫʪʚʝʨʜʠʣʘ ʉʪʨʘʪʝʛʠʶ 

ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʜʦ 2050 

ʛʦʜʘ, ʮʝʣʝʚʦʡ ʩʮʝʥʘʨʠʡ ʢʦʪʦʨʦʡ ʜʦʧʫʩʢʘʝʪ ʜʦʩʪʠʞʝʥʠʝ ʫʛʣʝʨʦʜʥʦʡ ʥʝʡʪʨʘʣʴʥʦʩʪʠ ʢ 2060 

ʛʦʜʫ (ʜʘʣʝʝ ï ʉʅʋʈ ʈʌ 2050). ɺ ʤʘʨʪʝ 2023 ʛʦʜʘ ʙʳʣ ʫʪʚʝʨʞʜʝʥ ʅʘʮʠʦʥʘʣʴʥʳʡ ʧʣʘʥ 

ʤʝʨʦʧʨʠʷʪʠʡ ʚʪʦʨʦʛʦ ʵʪʘʧʘ ʘʜʘʧʪʘʮʠʠ ʢ ʠʟʤʝʥʝʥʠʷʤ ʢʣʠʤʘʪʘ ʥʘ ʧʝʨʠʦʜ ʜʦ 2025 ʛʦʜʘ.  

ɺʤʝʩʪʝ ʩ ʪʝʤ ʩ ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʢʠ ʪʝʢʫʱʝʛʦ ʤʦʤʝʥʪʘ ʧʨʠʥʷʪʳʝ ʨʘʥʝʝ ʧʣʘʥʳ ʠ 

ʩʪʨʘʪʝʛʠʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʦʨʨʝʢʪʠʨʦʚʢʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʳʥʫʞʜʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ 

ʨʘʩʰʠʨʝʥʠʷ ʩʘʥʢʮʠʦʥʥʦʛʦ ʨʝʞʠʤʘ, ʢʦʪʦʨʳʡ ʦʭʚʘʪʳʚʘʝʪ ʠ ʅɼʊ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ 

ʚʳʭʦʜʘ ʩʪʨʘʥʳ ʥʘ ʪʨʘʝʢʪʦʨʠʶ ʢʣʠʤʘʪʠʯʝʩʢʠ ʨʝʣʝʚʘʥʪʥʦʛʦ ʥʠʟʢʦʫʛʣʝʨʦʜʥʦʛʦ ʨʘʟʚʠʪʠʷ. ʊʝʤ 

ʥʝ ʤʝʥʝʝ ʟʘʜʘʯʠ ʩʥʠʞʝʥʠʷ ʫʛʣʝʨʦʜʦʝʤʢʦʩʪʠ ʧʨʦʠʟʚʦʜʠʤʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʩʦʢʨʘʱʝʥʠʝ 

ʫʛʣʝʨʦʜʥʦʛʦ ʩʣʝʜʘ ʧʨʝʞʜʝ ʚʩʝʛʦ ʚ ʧʨʠʦʨʠʪʝʪʥʦʤ ʚ ʜʘʥʥʦʤ ʘʩʧʝʢʪʝ ʧʝʨʝʯʥʝ ʦʪʨʘʩʣʝʡ, ʢ 

ʢʦʪʦʨʦʤʫ ʦʪʥʦʩʷʪʩʷ, ʥʘʨʷʜʫ ʩ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʩʝʢʪʦʨʦʤ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, 

ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ, ʚʢʣʶʯʘʷ ʞʠʚʦʪʥʦʚʦʜʩʪʚʦ, ʪʨʘʥʩʧʦʨʪ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʛʦʨʦʜʩʢʘʷ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ [358], ʥʘʭʦʜʷʪʩʷ ʚ ʧʦʣʝ ʚʥʠʤʘʥʠʷ ʬʝʜʝʨʘʣʴʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ. ʕʪʦʤʫ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʠ ʨʝʘʣʠʟʘʮʠʷ ʌʝʜʝʨʘʣʴʥʦʛʦ ʟʘʢʦʥʘ çʆʙ ʦʛʨʘʥʠʯʝʥʠʠ ʚʳʙʨʦʩʦʚ ʇɻè (ˉ 296-

ʌɿ), ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤ ʦʧʨʝʜʝʣʝʥʳ ʨʝʛʫʣʠʨʫʝʤʳʝ ʦʨʛʘʥʠʟʘʮʠʠ (ʈʆ), ʭʦʟʷʡʩʪʚʝʥʥʘʷ 

ʠ ʠʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʳʭ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʚʳʙʨʦʩʘʤʠ ʇɻ. ʂʦʥʢʨʝʪʥʦ, 

ʨʝʯʴ ʠʜʝʪ ʦ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʤʘʩʩʘ ʚʳʙʨʦʩʦʚ ʢʦʪʦʨʳʭ ʵʢʚʠʚʘʣʝʥʪʥʘ 150 

ʪʳʩ. ʪ ʠ ʙʦʣʝʝ ʉʆ2 ʚ ʛʦʜ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʪʯʝʪʳ ʦ ʚʳʙʨʦʩʘʭ ʇɻ ʩ 01.01 2023 ʠ ʩ 

01.01.2025 ī ʦʨʛʘʥʠʟʘʮʠʠ ʩ ʚʳʙʨʦʩʘʤʠ ʇɻ ʤʘʩʩʦʡ 50 ʪʳʩ. ʪ ʠ ʙʦʣʝʝ ʉʆ2 ʵʢʚʠʚʘʣʝʥʪʘ ʚ ʛʦʜ. 

ʖʨʣʠʮʘ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʠ, ʥʝ ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʈʆ, ʚʧʨʘʚʝ ʧʨʝʜʩʪʘʚʣʷʪʴ 

ʦʪʯʝʪʳ ʦ ʚʳʙʨʦʩʘʭ ʇɻ ʜʦʙʨʦʚʦʣʴʥʦ (ʩʪ. 7 ˉ 296-ʌɿ), ʘ ʪʘʢʞʝ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʢʣʠʤʘʪʠʯʝʩʢʠʝ 

ʧʨʦʝʢʪʳ. ʅʘ ʙʘʟʝ ʧʦʩʪʫʧʘʶʱʝʡ ʦʪ ʈʆ ʠʥʬʦʨʤʘʮʠʠ ʬʦʨʤʠʨʫʝʪʩʷ ʈʝʝʩʪʨ ʚʳʙʨʦʩʦʚ ʇɻ ʚ 

ʢʘʯʝʩʪʚʝ ʦʜʥʦʡ ʠʟ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʘʷ ʦʙʩʣʫʞʠʚʘʝʪ 

ʚʚʦʜʠʤʳʡ ʤʝʭʘʥʠʟʤ. ʈʝʘʣʠʟʘʮʠʶ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʨʦʝʢʪʦʚ ʦʙʩʣʫʞʠʚʘʶʪ ʫʛʣʝʨʦʜʥʳʝ 

ʝʜʠʥʠʮʳ (ʋɽ) ʠ ʨʝʝʩʪʨ ʋɽ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʚʪʦʨʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ ʚʚʦʜʠʤʦʛʦ 

ʤʝʭʘʥʠʟʤʘ, ʩʣʫʞʘʱʝʡ ʨʝʛʠʩʪʨʘʮʠʠ ʂʇ ʠ ʚʝʜʝʥʠʶ ʫʯʝʪʘ ʋɽ ʠ ʦʧʝʨʘʮʠʡ ʩ ʥʠʤʠ. ɺ ʠʪʦʛʝ ʵʪʠʭ 

ʤʝʨ ʜʦʣʞʥʳ ʙʳʪʴ ʩʬʦʨʤʠʨʦʚʘʥʳ ʫʩʣʦʚʠʷ ʜʣʷ ʧʝʨʝʭʦʜʘ ʦʪ ʩʠʩʪʝʤʳ ʦʙʨʘʱʝʥʠʷ ʠ ʟʘʯʝʪʘ ʋɽ 
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(ʩ ʠʭ ʧʦʤʦʱʴʶ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʮʝʥʢʘ ʠ ʚʝʨʠʬʠʢʘʮʠʷ ʨʝʘʣʠʟʫʝʤʳʭ ʈʆ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʧʨʦʝʢʪʦʚ) ʢ ʤʝʭʘʥʠʟʤʫ ʪʦʨʛʦʚʣʠ ʢʚʦʪʘʤʠ ʥʘ ʚʳʙʨʦʩʳ ʇɻ, ʘʥʘʣʦʛʠʯʥʦʤʫ ʤʝʞʜʫʥʘʨʦʜʥʳʤ 

ʩʠʩʪʝʤʘʤ. ʅʘ ʵʪʦ ʥʘʮʝʣʝʥ ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ çʆ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ 

ʦʛʨʘʥʠʯʝʥʠʶ ʚʳʙʨʦʩʦʚ ʇɻ ʚ ʦʪʜʝʣʴʥʳʭ ʩʫʙʲʝʢʪʘʭ ʈʌè (ʦʪ 06.03.2022 N 34-ʌɿ). ʉʦʛʣʘʩʥʦ 

ʵʪʦʤʫ ɿʘʢʦʥʫ, ʚ ʨʘʤʢʘʭ ʦʪʜʝʣʴʥʳʭ ʨʝʛʠʦʥʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʥʠʤʘʶʪ ʨʝʰʝʥʠʝ ʦʙ ʫʯʘʩʪʠʠ ʚ 

ʨʝʛʠʦʥʘʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʉʘʭʘʣʠʥʩʢʦʡ ʦʙʣʘʩʪʴʶ, ʫʪʚʝʨʞʜʘʝʪʩʷ ʉʪʨʘʪʝʛʠʷ 

ʧʦ ʜʦʩʪʠʞʝʥʠʶ ʫʛʣʝʨʦʜʥʦʡ ʥʝʡʪʨʘʣʴʥʦʩʪʠ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʛʦʜʘ ʝʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʨʝʛʠʦʥʝ. 

ʇʘʨʘʣʣʝʣʴʥʦ ʚʚʦʜʠʪʩʷ ʩʠʩʪʝʤʘ ʢʚʦʪʠʨʦʚʘʥʠʷ ʚʳʙʨʦʩʦʚ, ʘ ʪʘʢʞʝ ʦʙʦʨʦʪ ʚʳʙʨʦʩʦʚ ʇɻ ʚ 

ʵʢʚʠʚʘʣʝʥʪʝ ʉʆ2 ʩ ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʮʝʥ ʥʘ ʋɽ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʛʦ ʟʘʢʦʥʘ ʇʨʘʚʠʪʝʣʴʩʪʚʦʤ 

ʉʘʭʘʣʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʥʦʷʙʨʝ 2022 ʛʦʜʘ ʙʳʣʘ ʫʪʚʝʨʞʜʝʥʘ çʇʨʦʛʨʘʤʤʘ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʦʛʨʘʥʠʯʝʥʠʶ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʘʭʘʣʠʥʩʢʦʡ 

ʦʙʣʘʩʪʠè [359]. 

ʇʨʦʚʝʜʝʥʥʳʡ ʚ ʦʪʯʝʪʝ ʠ ʚ ʧʨʦʬʠʣʴʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʘʥʘʣʠʟ ʜʝʡʩʪʚʫʶʱʝʛʦ ʚ ʈʦʩʩʠʠ 

ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʦʛʦ ʨʝʞʠʤʘ ʧʝʨʝʭʦʜʘ ʢ ʢʣʠʤʘʪʠʯʝʩʢʠ ʨʝʣʝʚʘʥʪʥʦʤʫ ʥʠʟʢʦʫʛʣʝʨʦʜʥʦʤʫ 

ʨʘʟʚʠʪʠʶ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʝʛʦ ʩ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʠ ʩʪʠʤʫʣʘʤʠ, ʧʨʠʤʝʥʷʝʤʳʤʠ ʚ 

ʨʝʛʠʦʥʘʭ ʠ ʩʪʨʘʥʘʭ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʟʘʥʷʪʠʝ ʣʠʜʠʨʫʶʱʠʭ ʧʦʟʠʮʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ, 

ʧʦʢʘʟʳʚʘʝʪ ʥʘʣʠʯʠʝ ʤʥʦʛʠʭ ʧʨʦʙʣʝʤ ʠ ʥʝʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ. ɺ ʠʭ ʯʠʩʣʝ: 

ʦʪʩʫʪʩʪʚʠʝ ʆʧʝʨʘʮʠʦʥʥʦʛʦ ʧʣʘʥʘ ʜʝʡʩʪʚʠʡ ʧʦ ʨʝʘʣʠʟʘʮʠʠ ʉʪʨʘʪʝʛʠʠ ʥʠʟʢʦʫʛʣʝʨʦʜʥʦʛʦ 

ʨʘʟʚʠʪʠʷ; ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʥʦʚʣʝʥʠʷ ʨʷʜʘ ʫʪʚʝʨʞʜʝʥʥʳʭ ʦʪʨʘʩʣʝʚʳʭ ʩʪʨʘʪʝʛʠʡ ʧʦ 

ʨʘʟʚʠʪʠʶ ʩʝʢʪʦʨʦʚ ɺʀʕ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʦʙʣʘʩʪʠ ʚʦʜʦʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʵʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʘ, 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʠ ʜʨ.; ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ɺʀʕ 

ʚ ʵʥʝʨʛʦʙʘʣʘʥʩʝ ʩʪʨʘʥʳ, ʥʘ ʯʪʦ ʜʝʣʘʝʪʩʷ ʦʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ʘʢʮʝʥʪʦʚ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʪʨʘʥ, 

ʨʝʘʣʠʟʫʶʱʠʭ ʩʪʨʘʪʝʛʠʠ ʥʠʟʢʦʫʛʣʝʨʦʜʥʦʛʦ ʨʘʟʚʠʪʠʷ; ʦʛʨʘʥʠʯʝʥʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʧʨʘʢʪʠʢʠ ʧʝʨʝʭʦʜʘ ʥʘ ʅɼʊ ʠ ʫʯʝʪʘ ʚ ʥʠʭ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʧʦʵʪʘʧʥʦʤʫ ʜʦʩʪʠʞʝʥʠʶ 

ʫʛʣʝʨʦʜʥʦʡ ʥʝʡʪʨʘʣʴʥʦʩʪʠ; ʦʪʨʘʙʦʪʢʘ ʤʝʭʘʥʠʟʤʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʫʛʣʝʨʦʜʥʳʭ ʙʠʨʞ ʠ 

ʜʨʫʛʠʭ ʤʝʭʘʥʠʟʤʦʚ ʦʙʨʘʱʝʥʠʷ ʋɽ ʠ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʩʥʠʞʝʥʠʷ ʫʛʣʝʨʦʜʦʝʤʢʦʩʪʠ ʩ 

ʧʨʠʥʷʪʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʭ ʜʦʢʫʤʝʥʪʦʚ ʠ ʜʨ.  

ʅʘʨʷʜʫ ʩ ʵʪʠʤ ʠʤʝʶʪ ʤʝʩʪʦ ʠ ʜʨʫʛʠʝ ʨʘʟʨʳʚʳ ʚ ʦʙʣʘʩʪʠ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ. ʊʘʢ, ʚ ʈʦʩʩʠʠ ʚʩʝ ʝʱʝ ʦʪʩʫʪʩʪʚʫʝʪ ʧʦʣʥʦʤʘʩʰʪʘʙʥʦʝ ʥʘʣʦʛʦʦʙʣʦʞʝʥʠʝ 

(ʧʣʘʪʥʳʡ ʧʦʨʷʜʦʢ ʢʦʤʧʝʥʩʘʮʠʠ) ʫʛʣʝʨʦʜʥʳʭ ʚʳʙʨʦʩʦʚ. ʊʘʢ, ʩʦʛʣʘʩʥʦ ʩʪ. 8 ˉ 34-ʌɿ, ʚ 

ʈʦʩʩʠʠ ʩ ʩʝʥʪʷʙʨʷ 2022 ʛ. ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʚʚʝʜʝʥʠʝ ʣʠʰʴ ʧʣʘʪʝʞʝʡ ʟʘ ʧʨʝʚʳʰʝʥʠʝ 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʨʝʛʠʦʥʘʣʴʥʳʤ ʨʝʛʫʣʠʨʫʝʤʳʤ ʦʨʛʘʥʠʟʘʮʠʷʤ ʢʚʦʪʳ ʥʘ ʚʳʙʨʦʩʳ ʇɻ ʚ 

ʨʝʛʠʦʥʘʭ ʧʨʦʚʝʜʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʅʝ ʧʨʝʦʜʦʣʝʥʦ ʠ ʦʪʩʪʘʚʘʥʠʝ ʩ 

ʨʘʟʨʘʙʦʪʢʦʡ ʠ ʧʨʠʤʝʥʝʥʠʝʤ ʩʠʩʪʝʤ ʪʦʨʛʦʚʣʠ ʢʚʦʪʘʤʠ ʥʘ ʚʳʙʨʦʩʳ ʇɻ (ʘʥʘʣʦʛʠʯʥʦʡ ETS), 

ʢʦʪʦʨʳʝ ʚ ʢʘʯʝʩʪʚʝ ʜʘʚʥʦ ʚʥʝʜʨʝʥʥʳʭ ʚ ʭʦʟʷʡʩʪʚʝʥʥʫʶ ʧʨʘʢʪʠʢʫ ʤʝʭʘʥʠʟʤʦʚ, 
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ʦʙʩʣʫʞʠʚʘʶʪ ʦʙʦʨʦʪ ʋɽ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʠ ʨʝʛʠʦʥʘʭ ʤʠʨʘ, ʚʢʣʶʯʘʷ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ, 

ʦʩʥʦʚʥʳʭ ʚʥʝʰʥʝʪʦʨʛʦʚʳʭ ʧʘʨʪʥʝʨʦʚ ʈʦʩʩʠʠ ʠʟ ʜʨʫʞʝʩʪʚʝʥʥʳʭ ʩʪʨʘʥ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ 

ʦʪʨʘʙʦʪʢʘ ʧʦʜʦʙʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʩʦʛʣʘʩʥʦ ʌʝʜʝʨʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ˉ-34-ʌɿ, ʥʘʯʘʣʘʩʴ ʩ 

01.09.2022 ʠ ʧʦʢʘ ʚʝʜʝʪʩʷ ʪʦʣʴʢʦ ʚ ʉʘʭʘʣʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʜʦʙʨʦʚʦʣʴʥʦʛʦ 

ʧʦʜʢʣʶʯʝʥʠʷ ʜʨʫʛʠʭ ʨʝʛʠʦʥʦʚ ʩʪʨʘʥʳ ʢ ʵʢʩʧʝʨʠʤʝʥʪʫ ʧʦ ʦʛʨʘʥʠʯʝʥʠʶ ʚʳʙʨʦʩʦʚ ʇɻ ʠ 

ʙʠʨʞʝʚʦʡ ʪʦʨʛʦʚʣʝ ʋɽ. 

ʅʫʞʜʘʶʪʩʷ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʤ ʩʦʧʨʦʚʦʞʜʝʥʠʠ ʠ ʧʨʦʝʢʪʳ ʩʝʢʪʦʨʘ 

ʢʘʨʙʦʥʦʚʦʛʦ ʩʝʢʚʝʩʪʨʘʮʠʦʥʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ ʥʘ ʙʘʟʝ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʠ ʣʝʩʥʳʭ ʫʛʦʜʠʡ ʠ ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢʦ ʚʪʦʨʦʡ ʠʟ 

ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʠʤʝʥʫʶʪʩʷ ʣʝʩʦʢʣʠʤʘʪʠʯʝʩʢʠʤʠ. ʊʘʢʠʝ ʧʨʦʝʢʪʳ ʠʤʝʶʪ 

ʧʨʠʦʨʠʪʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʙʦʩʥʦʚʘʥʠʷ ʧʫʪʝʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʢʘʨʙʦʥʦʚʳʭ 

ʧʦʣʠʛʦʥʦʚ ʚ ʩʝʪʴ ʵʢʦʥʦʤʠʯʝʩʢʠ ʨʝʟʫʣʴʪʘʪʠʚʥʳʭ ʨʝʛʠʦʥʘʣʴʥʳʭ ʢʘʨʙʦʥʦʚʳʭ ʬʝʨʤ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʦʙʦʩʥʦʚʘʥʠʶ ʚʘʨʠʘʥʪʦʚ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʧʨʦʝʢʪʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʚʢʣʶʯʘʷ ʣʝʩʦ- ʠ ʘʛʨʦʢʣʠʤʘʪʠʯʝʩʢʠʝ ʧʨʦʝʢʪʳ, ʘ ʪʘʢʞʝ CCUS (Carbon 

Capture, Utilisation and Storage) ʧʨʦʝʢʪʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦ ʫʣʘʚʣʠʚʘʥʠʶ, ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠ 

ʭʨʘʥʝʥʠʶ ʉʆ2. ʉʧʝʮʠʘʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʝʪ ʠ ʧʨʦʙʣʝʤʘ ʨʘʟʨʘʙʦʪʢʠ ʠ ʨʝʘʣʠʟʘʮʠʠ 

ʚ ʵʪʦʡ ʯʘʩʪʠ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʦʛʦ ʨʝʞʠʤʘ ʧʝʨʝʭʦʜʘ ʢ ʢʣʠʤʘʪʠʯʝʩʢʠ ʨʝʣʝʚʘʥʪʥʦʤʫ 

ʥʠʟʢʦʫʛʣʝʨʦʜʥʦʤʫ ʨʘʟʚʠʪʠʶ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʙʘʟʝ ʦʙʦʙʱʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʦʛʨʘʥʠʯʝʥʠʶ 

ʚʳʙʨʦʩʦʚ ʇɻ ʚ ʦʪʜʝʣʴʥʳʭ ʩʫʙʲʝʢʪʘʭ ʈʌ, ʧʨʦʚʦʜʠʤʦʛʦ ʥʘ ʙʘʟʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʌʝʜʝʨʘʣʴʥʦʛʦ ʟʘʢʦʥʘ N 34-ʌɿ ʦʪ 06.03.2022.  

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʪʝʧʝʥʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʚ ʵʢʦʥʦʤʠʢʫ ʠ ʭʘʨʘʢʪʝʨʘ 

ʧʨʠʤʝʥʷʝʤʳʭ ʩʪʠʤʫʣʦʚ ʬʦʨʤʠʨʫʝʤʳʡ ʚ ʈʦʩʩʠʠ ʨʝʛʫʣʷʪʦʨʥʳʡ ʨʝʞʠʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʘʢʪʠʚʥʳʤ ʫʯʘʩʪʠʝʤ ʛʦʩʫʜʘʨʩʪʚʘ ʧʨʠ ʩʦʛʣʘʩʦʚʘʥʠʠ ʚʚʦʜʠʤʳʭ ʚ ʩʪʨʘʥʝ ʤʝʭʘʥʠʟʤʦʚ ʩ 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʧʨʘʢʪʠʢʦʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʨʝʘʣʠʟʫʝʤʳʝ ʚ ʩʪʨʘʥʝ ʤʝʨʳ, ʢʘʢ 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʣʠʪʝʨʘʪʫʨʝ [360-361] ʠ ʧʦʜʪʚʝʨʞʜʝʥʦ ʚ ʜʘʥʥʦʤ ʦʪʯʝʪʝ, ʚʚʦʜʷʪʩʷ ʚʩʝ ʝʱʝ 

ʥʝ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ ʠ ʩ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʪʩʪʘʚʘʥʠʝʤ ʦʪ ʩʪʨʘʥ ʠ ʨʝʛʠʦʥʦʚ ʣʠʜʝʨʦʚ ʚ ʦʙʣʘʩʪʠ 

ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʯʪʦ ʥʝ ʤʦʞʝʪ ʥʝ ʦʩʣʘʙʣʷʪʴ ʚʚʦʜʠʤʳʡ ʠʤʠ ʵʬʬʝʢʪ ʩ 

ʧʦʟʠʮʠʠ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ, ʦʩʦʙʝʥʥʦ ʩʨʝʜʥʝ- ʠ ʜʦʣʛʦʩʨʦʯʥʦʡ. 

ɸʥʘʣʦʛʠʯʥʦ ʵʪʦ ʢʘʩʘʝʪʩʷ ʟʘʪʷʛʠʚʘʥʠʷ ʩ ʩʦʛʣʘʩʦʚʘʥʠʝʤ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʪʠʤʫʣʦʚ ʜʣʷ 

ʧʦʜʜʝʨʞʢʠ ʚʚʦʜʠʤʳʭ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʠ ʜʦʚʝʜʝʥʠʷ ʠʭ ʜʦ ʙʠʟʥʝʩʘ. ɺʤʝʩʪʝ 

ʩ ʪʝʤ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʫʯʘʩʪʠʝ ʙʠʟʥʝʩʘ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʨʷʜʘ ʧʘʨʘʤʝʪʨʦʚ ʚʚʦʜʠʤʦʛʦ ʤʝʭʘʥʠʟʤʘ 

ʢʚʦʪʠʨʦʚʘʥʠʷ ʚʳʙʨʦʩʦʚ ʇɻ, ʯʪʦ ʤʦʞʥʦ ʨʘʩʮʝʥʠʪʴ ʢʘʢ ʧʦʟʠʪʠʚʥʳʡ ʤʦʤʝʥʪ. ʊʘʢ, ʩʦʛʣʘʩʥʦ 

ʌʝʜʝʨʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ˉ34-ʌɿ ʚ ʩʪʘʪʴʝ 7, ʧ. 2 ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʫʯʘʩʪʠʝ ʨʝʛʠʦʥʘʣʴʥʳʭ 

ʨʝʛʫʣʠʨʫʝʤʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʚ ʦʙʱʝʩʪʚʝʥʥʳʭ ʩʣʫʰʘʥʠʷʭ ʧʦ ʧʦʜʛʦʪʦʚʢʝ ʧʨʦʛʨʘʤʤʳ 

ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʘ ʩʪʘʪʴʝʡ 8, ʧ. 1 ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʫʯʘʩʪʠʝ ʨʝʛʠʦʥʘʣʴʥʳʭ 



235 
 

ʨʝʛʫʣʠʨʫʝʤʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʚ ʦʙʱʝʩʪʚʝʥʥʦʤ ʦʙʩʫʞʜʝʥʠʠ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʢʚʦʪ ʥʘ ʚʳʙʨʦʩʳ 

ʇɻ. ʇʦʜʜʝʨʞʘʥʠʝ ʙʘʣʘʥʩʘ ʚʥʝʰʥʝʡ ʪʦʨʛʦʚʣʠ, ʩʦʭʨʘʥʝʥʠʝ ʧʦʟʠʮʠʡ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʨʳʥʢʘʭ, ʦʙʝʩʧʝʯʝʥʠʝ ʫʛʣʝʨʦʜʦʥʝʡʪʨʘʣʴʥʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʪʨʝʙʫʶʪ 

ʨʘʜʠʢʘʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʨʠʦʨʠʪʝʪʦʚ ʚ ʦʪʥʦʰʝʥʠʠ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʧʦʣʠʪʠʢʠ ʈʌ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʵʥʝʨʛʦʧʝʨʝʭʦʜʘ, ʩʪʠʤʫʣʠʨʦʚʘʥʠʝʤ 

ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʠ ʥʝʪʦʧʣʠʚʥʦʛʦ ʵʢʩʧʦʨʪʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʦʚʳʭ ʥʠʟʢʦʫʛʣʝʨʦʜʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ. 

 

10.1 ʀʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʝ ʨʝʞʠʤʳ ʫʛʣʝʨʦʜʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʷ 

ʥʠʟʢʦʫʛʣʝʨʦʜʥʳʭ ʩʪʨʘʪʝʛʠʡ ʧʨʠʦʨʠʪʝʪʥʳʭ ʩʝʢʪʦʨʦʚ ʨʦʩʩʠʡʩʢʦʛʦ ʙʠʟʥʝʩʘ 

ɺ ʫʩʣʦʚʠʷʭ ʛʝʦʧʦʣʠʪʠʯʝʩʢʦʡ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ, ʩʘʥʢʮʠʦʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ 

ʥʝʜʦʩʪʫʧʥʦʩʪʠ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʨʝʰʝʥʠʡ ʜʝʢʘʨʙʦʥʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʨʦʩʩʠʡʩʢʠʤ ʢʦʤʧʘʥʠʷʤ ʫʛʣʝʨʦʜʦʝʤʢʠʭ ʩʝʢʪʦʨʦʚ ʥʝʦʙʭʦʜʠʤʦ 

ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʧʨʦʘʢʪʠʚʥʳʝ ʩʪʨʘʪʝʛʠʠ ʜʦʩʪʠʞʝʥʠʷ ʫʛʣʝʨʦʜʥʦʡ ʥʝʡʪʨʘʣʴʥʦʩʪʠ ʜʣʷ 

ʩʦʭʨʘʥʝʥʠʷ ʜʦʣʛʦʩʨʦʯʥʦʡ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʨʳʥʢʘʭ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ, ʫʯʠʪʳʚʘʷ ʪʝʢʫʱʠʝ ʫʩʣʦʚʠʷ ʦʧʪʠʤʘʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʘʠʣʫʯʰʠʭ 

ʩʪʨʘʪʝʛʠʡ ʷʚʣʷʝʪʩʷ ʩʮʝʥʘʨʥʳʡ ʧʦʜʭʦʜ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʮʝʥʘʨʠʝʚ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʘʚʪʦʨʘʤʠ ʧʨʝʜʣʦʞʝʥʦ ʜʚʘ 

ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʘ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʚʣʠʷʪʴ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʩʪʨʘʪʝʛʠʠ ʜʝʢʘʨʙʦʥʠʟʘʮʠʠ 

ʨʦʩʩʠʡʩʢʠʭ ʫʛʣʝʨʦʜʦʝʤʢʠʭ ʩʝʢʪʦʨʦʚ ʵʢʦʥʦʤʠʢʠ ʚ ʩʨʝʜʥʝʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ ʥʘ ʧʝʨʠʦʜ ʜʦ 

2030 ʛ.: 

1) ʉʦʛʣʘʩʥʦ ʜʦʢʣʘʜʫ ʆʆʅ ʦ ʨʘʟʨʳʚʝ ʚ ʫʨʦʚʥʝ ʚʳʙʨʦʩʦʚ ʟʘ 2022 ʛ., ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʮʝʣʠ ʧʦ ʫʜʝʨʞʘʥʠʶ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ 1,5 ÁC ʩʪʨʘʥʘʤʠ ʜʦʣʞʥʳ ʙʳʪʴ 

ʧʝʨʝʩʤʦʪʨʝʥʳ ʧʦʢʘʟʘʪʝʣʠ ʩʦʢʨʘʱʝʥʠʷ ʚʳʙʨʦʩʦʚ ʇɻ ʩ 10 % ʚ ʩʨʝʜʥʝʤ ʜʦ 45 % ʢ 2030 ʛ. 

ʋʚʝʣʠʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʆʅʋɺ, ʢʦʪʦʨʦʝ ʧʨʦʠʟʦʰʣʦ ʚ 2025 ʛʦʜʫ, ʫʞʝʩʪʦʯʠʪ ʪʨʝʙʦʚʘʥʠʷ ʧʦ 

ʩʦʢʨʘʱʝʥʠʶ ʚʳʙʨʦʩʦʚ ʢʣʠʤʘʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʛʘʟʦʚ ʠ ʥʘʣʦʛʦʦʙʣʦʞʝʥʠʶ ʫʛʣʝʨʦʜʦʝʤʢʠʭ 

ʩʝʢʪʦʨʦʚ ʚ ʢʨʘʪʢʦʩʨʦʯʥʦʡ ʠ ʩʨʝʜʥʝʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʘʭ. ʊʘʢ, ʚ ʩʝʥʪʷʙʨʝ 2025 ʛʦʜʘ 

ʧʦʢʘʟʘʪʝʣʴ ʆʅʋɺ ʈʌ ʦʙʥʦʚʣʝʥ ʜʦ ʙʦʣʝʝ ʘʤʙʠʮʠʦʟʥʦʛʦ ʫʨʦʚʥʷ, ʪʘʢ ʩʦʢʨʘʱʝʥʠʝ ʚʳʙʨʦʩʦʚ 

ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʢ 2035 ʛʦʜʫ ʜʦʣʞʥʦ ʩʦʩʪʘʚʠʪʴ 65ï67% ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʨʦʚʥʷ 1990 ʛʦʜʘ. 

ɼʣʷ ʩʦʭʨʘʥʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʨʳʥʢʘʭ ʨʦʩʩʠʡʩʢʠʤ 

ʫʛʣʝʨʦʜʦʸʤʢʠʤ ʩʝʢʪʦʨʘʤ ʵʢʦʥʦʤʠʢʠ ʥʝʦʙʭʦʜʠʤʦ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʠʥʚʝʩʪʠʮʠʠ ʚ ʪʝʭʥʦʣʦʛʠʠ ʜʝʢʘʨʙʦʥʠʟʘʮʠʠ ʚ ʩʞʘʪʳʝ ʩʨʦʢʠ. ɽʩʣʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʆʅʋɺ ʩʪʨʘʥ 

ʦʩʪʘʥʫʪʩʷ ʥʘ ʧʨʝʞʥʝʤ ʫʨʦʚʥʝ ʠʣʠ ʙʫʜʫʪ ʩʦʢʨʘʱʘʪʴʩʷ, ʪʦ ʚ ʩʨʝʜʥʝʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʤʠʨʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʫʜʝʪ ʠʟʤʝʥʷʪʴʩʷ ʧʦʩʪʝʧʝʥʥʦ ʠ ʫ 

ʨʦʩʩʠʡʩʢʠʭ ʢʦʤʧʘʥʠʡ ʙʫʜʝʪ ʚʨʝʤʷ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʧʦʵʪʘʧʥʦʛʦ ʧʝʨʝʭʦʜʘ ʢ ʫʛʣʝʨʦʜʥʦʡ 
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ʥʝʡʪʨʘʣʴʥʦʩʪʠ, ʚʢʣʶʯʘʷ ʚʳʙʦʨ ʠ ʨʘʟʨʘʙʦʪʢʫ ʩʦʙʩʪʚʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ 

ʦʙʣʘʩʪʠ ʜʝʢʘʨʙʦʥʠʟʘʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʟʘʥʷʪʴ ʢʦʥʢʫʨʝʥʪʥʳʝ ʧʦʟʠʮʠʠ ʥʘ ʥʦʚʳʭ ʨʳʥʢʘʭ.  

2)  ɺʪʦʨʦʡ ʩʮʝʥʘʨʠʡ ʠʩʭʦʜʠʪ ʠʟ ʧʝʩʩʠʤʠʩʪʠʯʝʩʢʦʡ ʧʨʝʜʧʦʩʳʣʢʠ ʦ ʜʘʣʴʥʝʡʰʝʤ 

ʦʩʣʦʞʥʝʥʠʠ ʛʝʦʧʦʣʠʪʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʩʣʦʞʥʝʥʠʶ ʜʦʩʪʫʧʘ ʢ 

ʧʝʨʝʜʦʚʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʠ ʤʝʞʜʫʥʘʨʦʜʥʦʤʫ ʨʳʥʢʫ ʢʘʧʠʪʘʣʘ. ʇʘʜʝʥʠʝ ʩʧʨʦʩʘ ʥʘ ʨʦʩʩʠʡʩʢʠʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ ʩʦʢʨʘʪʠʪ ʵʢʩʧʦʨʪʥʳʝ ʜʦʭʦʜʳ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʜʝʢʘʨʙʦʥʠʟʘʮʠʠ 

ʜʨʫʛʠʭ ʫʛʣʝʨʦʜʦʝʤʢʠʭ ʩʝʢʪʦʨʦʚ ʵʢʦʥʦʤʠʢʠ. ʇʦʩʪʘʚʢʠ ʪʦʧʣʠʚʥʳʭ ʨʝʩʫʨʩʦʚ ʠʟ ʈʦʩʩʠʠ 

ʪʨʘʢʪʫʶʪʩʷ ʥʝʜʨʫʞʝʩʪʚʝʥʥʳʤʠ ʩʪʨʘʥʘʤʠ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʧʨʠʯʠʥ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʨʠʟʠʩʘ, ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʵʢʩʧʦʨʪʥʦ-ʠʤʧʦʨʪʥʳʭ 

ʦʧʝʨʘʮʠʡ ʩʪʨʘʥʳ ʙʫʜʫʪ ʠʟʙʝʛʘʪʴ ʥʦʚʳʭ ʫʷʟʚʠʤʳʭ ʤʝʩʪ, ʚʦʟʥʠʢʘʶʱʠʭ ʠʟ-ʟʘ ʚʳʩʦʢʠʭ ʠ 

ʥʝʫʩʪʦʡʯʠʚʳʭ ʮʝʥ ʥʘ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʝ ʨʝʩʫʨʩʳ. ʇʨʠ ʦʩʣʘʙʣʝʥʠʠ ʛʝʦʧʦʣʠʪʠʯʝʩʢʦʡ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʩʘʥʢʮʠʠ ʧʨʦʪʠʚ ʈʌ ʙʫʜʫʪ ʩʥʷʪʳ, ʚʦʟʦʙʥʦʚʷʪʩʷ ʟʘʨʫʙʝʞʥʳʝ ʧʦʩʪʘʚʢʠ ʪʝʭ 

ʥʘʠʣʫʯʰʠʭ ʜʦʩʪʫʧʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʝʢʘʨʙʦʥʠʟʘʮʠʠ, ʢʦʪʦʨʳʝ ʧʨʦʜʦʣʞʘʣʠ ʦʩʪʘʚʘʪʴʩʷ 

ʜʝʬʠʮʠʪʥʳʤʠ ʠ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʣʠʟʘʮʠʠ ʧʦʣʠʪʠʢʠ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ, ʨʦʩʩʠʡʩʢʠʝ 

ʢʦʤʧʘʥʠʠ ʚʥʦʚʴ ʦʙʨʝʪʫʪ ʢʦʥʢʫʨʝʥʪʥʦʝ ʧʦʣʦʞʝʥʠʝ ʥʘ ʨʳʥʢʝ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʠ ʩʪʘʥʫʪ 

ʘʢʪʠʚʥʳʤʠ ʠʛʨʦʢʘʤʠ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʨʳʥʢʘʭ ʫʛʣʝʨʦʜʥʳʭ ʝʜʠʥʠʮ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʜʚʫʭ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ, ʜʣʷ ʚʩʝʭ ʩʮʝʥʘʨʠʝʚ 

ʝʩʪʴ ʥʝʠʟʙʝʞʥʦʝ ʙʫʜʫʱʝʝ, ʢʦʪʦʨʦʝ ʩʚʷʟʘʥʦ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʘʢʪʫʘʣʴʥʦʩʪʠ ʟʘʜʘʯ 

ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʧʦʚʝʩʪʢʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʦʟʜʘʥʠʝʤ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʪʠʤʫʣʦʚ ʚ ʚʠʜʝ 

ʥʘʣʦʛʦʚʳʭ ʤʝʨ (ʧʨʠʤʝʥʝʥʠʝ ʥʫʣʝʚʦʡ ʩʪʘʚʢʠ ʧʦ ʥʘʣʦʛʫ ʥʘ ʧʨʠʙʳʣʴ ʠ ʅɼʉ ʚ ʦʪʥʦʰʝʥʠʠ 

ʪʦʨʛʦʚʣʠ ʋɽ), ʧʝʨʝʦʨʠʝʥʪʘʮʠʝʡ ʧʘʨʪʥʝʨʩʢʠʭ ʦʪʥʦʰʝʥʠʡ ʈʦʩʩʠʠ ʩ ʟʘʧʘʜʥʳʭ ʩʪʨʘʥ ʥʘ 

ʚʦʩʪʦʯʥʳʝ, ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʚ ʩʪʨʫʢʪʫʨʝ ʊʕʂ ʠʩʢʦʧʘʝʤʳʭ ʚʠʜʦʚ ʪʦʧʣʠʚʘ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ, ʘ ʪʘʢʞʝ ʧʨʠʦʨʠʪʝʪʦʤ ʨʘʟʚʠʪʠʷ ʟʘ ʩʯʝʪ ʚʥʫʪʨʝʥʥʠʭ ʩʳʨʴʝʚʳʭ, 

ʯʝʣʦʚʝʯʝʩʢʠʭ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ. ʀʟʤʝʥʝʥʠʝ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ 

ʠ ʥʝʠʟʙʝʞʥʦʝ ʙʫʜʫʱʝʝ ʠʛʨʘʶʪ ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʦʧʪʠʤʘʣʴʥʳʭ ʩʪʨʘʪʝʛʠʡ 

ʜʝʢʘʨʙʦʥʠʟʘʮʠʠ ʨʦʩʩʠʡʩʢʠʭ ʫʛʣʝʨʦʜʦʝʤʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ (ʈʠʩʫʥʦʢ 89). 
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ʈʠʩʫʥʦʢ 89 ï ʉʪʨʘʪʝʛʠʠ ʜʝʢʘʨʙʦʥʠʟʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʩʮʝʥʘʨʠʝʚ ʠʟʤʝʥʝʥʠʷ 

ʛʝʦʧʦʣʠʪʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʠ ʟʘʜʘʯ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʧʦʚʝʩʪʢʠ ʥʘ ʧʝʨʠʦʜ ʜʦ 2030 ʛ. 

 

ɺʘʞʥʦʡ ʷʚʣʷʝʪʩʷ ʘʢʪʠʚʥʘʷ ʧʦʣʠʪʠʢʘ ʛʦʩʫʜʘʨʩʪʚʘ ʚ ʦʙʣʘʩʪʠ ʥʘʩʪʨʦʡʢʠ ʨʝʛʫʣʷʪʦʨʥʳʭ 

ʨʝʞʠʤʦʚ, ʪ.ʢ. ʧʨʠ ʧʘʩʩʠʚʥʦʤ ʨʝʞʠʤʝ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ 

ʦʙʝʩʧʝʯʝʥʳ ʣʠʰʴ ʢʨʘʪʢʦʩʨʦʯʥʳʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʵʬʬʝʢʪʳ ʜʣʷ ʫʛʣʝʨʦʜʦʝʤʢʠʭ ʩʝʢʪʦʨʦʚ 

ʵʢʦʥʦʤʠʢʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʙʝʨʥʫʪʴʩʷ ʩʥʠʞʝʥʠʝʤ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ 

ʧʝʨʩʧʝʢʪʠʚʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʤʢʘʭ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʧʨʦʝʢʪʘ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʢʣʶʯʝʚʳʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʩʪʨʘʪʝʛʠʡ ʜʝʢʘʨʙʦʥʠʟʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʩʮʝʥʘʨʠʝʚ ʠʟʤʝʥʝʥʠʷ 

ʛʝʦʧʦʣʠʪʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʠ ʟʘʜʘʯ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʧʦʚʝʩʪʢʠ ʥʘ ʧʝʨʠʦʜ ʜʦ 2030 ʛ. 

 

10.2 ʌʠʥʘʥʩʦʚʳʝ ʤʦʜʝʣʠ ʫʛʣʝʨʦʜʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ: ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʧʨʘʢʪʠʢʘ ʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʚʥʝʜʨʝʥʠʷ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʂʘʢ ʧʦʢʘʟʘʣʦ ʧʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʬʠʥʘʥʩʦʚʘʷ ʤʦʜʝʣʴ ʫʛʣʝʨʦʜʥʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʘʭʦʜʠʪʩʷ ʥʘ ʨʘʥʥʝʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ, ʜʣʷ ʢʦʪʦʨʦʛʦ 

ʭʘʨʘʢʪʝʨʥʳ: ʦʧʨʝʜʝʣʷʶʱʝʝ ʟʥʘʯʝʥʠʝ ʠʥʠʮʠʘʪʠʚ ʛʦʩʫʜʘʨʩʪʚʘ ʠ ʢʨʫʧʥʦʛʦ ʙʠʟʥʝʩʘ; ʤʷʛʢʦʝ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʦʤ ʦʙʲʝʤʝ ʤʝʨ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ; 

ʩʠʩʪʝʤʦʦʙʨʘʟʫʶʱʘʷ ʨʦʣʴ ʫʛʣʝʨʦʜʥʦʛʦ ʨʳʥʢʘ; ʠʥʪʝʛʨʘʮʠʷ ʝʛʦ ʜʦʙʨʦʚʦʣʴʥʦʛʦ ʠ 

ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʩʝʛʤʝʥʪʦʚ; ʨʝʛʠʦʥʘʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʨʘʟʚʠʪʠʶ ʫʛʣʝʨʦʜʥʦʛʦ ʨʳʥʢʘ 






























































































































