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ɺ ʤʘʪʝʨʠʘʣʘʭ ʩʙʦʨʥʠʢʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʚʦʜʦʝʤʘʭ ʠ ʚʦʜʦʪʦʢʘʭ ʉʠʙʠʨʠ 

ʠ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʚ ʫʩʣʦʚʠʷʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʪʦʢʘ, ʜʚʠʞʝʥʠʝʤ ʚʦʜʳ ʚ 

ʩʠʩʪʝʤʘʭ ʨʫʩʝʣ ʢʨʫʧʥʳʭ ʨʝʢ, ʨʫʩʣʦʚʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠ ʵʢʩʪʨʝʤʘʣʴʥʳʤʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʤʠ 

ʷʚʣʝʥʠʷʤʠ. ʇʨʠʚʦʜʷʪʩʷ ʥʦʚʳʝ ʩʚʝʜʝʥʠʷ ʦ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʚ 

ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ ʠ ʠʭ ʚʦʜʦʩʙʦʨʘʭ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʢʘʯʝʩʪʚʦ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʘʙʦʪ ʧʦʩʚʷʱʝʥʘ 

ʠʟʫʯʝʥʠʶ ʚʦʜʥʳʭ ʙʠʦʮʝʥʦʟʦʚ (ʬʠʪʦʧʣʘʥʢʪʦʥʘ, ʟʦʦʧʣʘʥʢʪʦʥʘ, ʟʦʦʙʝʥʪʦʩʘ, ʤʘʢʨʦʬʠʪʦʚ ʠ ʨʳʙ). 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʚʦʧʨʦʩʘʤ ʦʮʝʥʢʠ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ 

ʉʠʙʠʨʠ ʠ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ, ʪʨʘʥʩʛʨʘʥʠʯʥʳʤ ʚʦʜʥʳʤ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʙʣʝʤʘʤ ʥʘ ʜʘʥʥʦʡ 

ʪʝʨʨʠʪʦʨʠʠ. ʇʨʦʙʣʝʤʳ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʠ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ, 

ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ ʧʨʠʨʦʜʥʳʭ ʠ ʧʨʠʨʦʜʥʦ-ʪʝʭʥʦʛʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʦʤʧʣʝʢʩʥʦ ʩ ʫʯʝʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ ʠ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ 

ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʚ ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʠʙʠʨʠ ʠ ɸʨʢʪʠʢʠ, ʘ ʪʘʢʞʝ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʩʪʨʘʪʝʛʠʡ ʧʦ ʫʣʫʯʰʝʥʠʶ ʚʦʜʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ ʨʝʛʠʦʥʘʭ 

ʉʠʙʠʨʠ ʠ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʜʘʥʥʳʝ ʧʦ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʧʦʩʣʝʜʩʪʚʠʷʤ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ (ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʫʛʣʝʜʦʙʳʚʘʶʱʝʡ ʠ 

ʛʦʨʥʦʨʫʜʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʛʠʜʨʦʩʪʨʦʠʪʝʣʴʩʪʚʘ) ʠ ʧʨʠʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ (ʥʘʚʦʜʥʝʥʠʷ, 

ʤʘʣʦʚʦʜʴʷ, ʟʘʩʫʭʠ, ʘʨʠʜʠʟʘʮʠʷ). 
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ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ɹʘʡʢʘʣʴʩʢʦʡ ʧʨʠʨʦʜʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. ʅʘ ʧʨʠʤʝʨʝ ʧʨʦʙʣʝʤʳ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʨʝʜʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʜʠʘʧʘʟʦʥʘ ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ ʦʟʝʨʘ ɹʘʡʢʘʣ ʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʛʨʘʥʠʮ ʟʦʥ ʟʘʪʦʧʣʝʥʠʷ ʟʘʩʪʨʦʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʚ ʥʠʞʥʝʤ ʙʴʝʬʝ ʀʨʢʫʪʩʢʦʡ ɻʕʉ ʧʦʢʘʟʘʥʘ 

ʩʣʦʞʥʦʩʪʴ ʨʝʰʝʥʠʷ ʵʪʠʭ ʜʚʫʭ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʟʘʜʘʯ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʘʞʥʝʡʰʝʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʧʨʠʥʠʤʘʝʤʳʭ ʚ ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʷʶʱʠʭʩʷ ʪʨʝʙʦʚʘʥʠʡ 

ʢ ʨʝʞʠʤʫ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʷʚʣʷʝʪʩʷ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʫʯʝʪʘ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʇʨʘʚʠʪʝʣʴʩʪʚʦʤ 

ʈʌ ʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʦʟ. ɹʘʡʢʘʣ ʠ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʘʷ 

ʟʘʩʪʨʦʡʢʘ ʥʠʞʥʝʛʦ ʙʴʝʬʘ ʀʨʢʫʪʩʢʦʡ ɻʕʉ. 

ʉʬʦʨʤʫʣʠʨʦʚʘʥʥʳʝ ʚ ʪʝʢʩʪʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʡ ʙʘʟʳ 

ʜʦʣʞʥʳ ʩʦʩʪʘʚʠʪʴ ʦʩʥʦʚʫ ʧʝʨʝʯʥʷ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʭ ʘʢʪʦʚ ʚ 

ʨʘʤʢʘʭ ʌʝʜʝʨʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ ʧʦ ʩʦʭʨʘʥʝʥʠʶ ʦʟʝʨʘ ɹʘʡʢʘʣ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʟʝʨʦ ɹʘʡʢʘʣ, ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʝ, ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ, ʘʥʪʨʦʧʦʛʝʥʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ, ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ 

1. ʆʟʝʨʦ ɹʘʡʢʘʣ ï ʫʥʠʢʘʣʴʥʳʡ ʧʨʠʨʦʜʥʳʡ ʦʙʲʝʢʪ, ʥʝ ʠʤʝʶʱʠʡ ʨʘʚʥʳʭ ʥʘ 

ʧʣʘʥʝʪʝ ɿʝʤʣʷ ʧʦ ʮʝʣʦʤʫ ʨʷʜʫ ʧʘʨʘʤʝʪʨʦʚ. ɽʛʦ ʠʩʢʣʶʯʠʪʝʣʴʥʘʷ ʵʢʦʣʦʛʠʯʝʩʢʘʷ 

ʮʝʥʥʦʩʪʴ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ 

ɹʘʡʢʘʣʴʩʢʦʡ ʧʨʠʨʦʜʥʦʡ ʪʝʨʨʠʪʦʨʠʠ (ɹʇʊ) ï ʩ ʜʨʫʛʦʡ, ʚʩʪʫʧʘʶʪ ʚ ʦʩʪʨʦʝ 

ʧʨʦʪʠʚʦʨʝʯʠʝ. ʉʦʭʨʘʥʝʥʠʝ ʦʟʝʨʘ ʩ ʝʛʦ ʵʢʦʩʠʩʪʝʤʦʡ ʠ ʚʩʝʛʦ ʙʘʩʩʝʡʥʘ ɹʘʡʢʘʣʘ 

ʪʨʝʙʫʶʪ ʚʝʩʴʤʘ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ɹʇʊ, 

ʪʦ ʝʩʪʴ ʦʪʢʘʟʘ ʦʪ ʧʦʣʫʯʝʥʠʷ ʙʦʣʴʰʦʡ ʯʘʩʪʠ ʪʦʡ ʚʳʛʦʜʳ, ʢʘʢʫʶ ʤʦʛʣʘ ʙʳ ʜʘʪʴ 

ʵʢʩʧʣʫʘʪʘʮʠʷ ʵʪʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʙʦʛʘʪʩʪʚʘ. ʅʦ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ɹʘʡʢʘʣʘ 

ʥʝ ʩʚʦʜʷʪʩʷ ʢ ʫʧʫʱʝʥʥʦʡ ʚʳʛʦʜʝ, ʢʘʢ ʙʳ ʚʝʣʠʢʘ ʦʥʘ ʥʠ ʙʳʣʘ, ʘ ʪʨʝʙʫʶʪ ʠ 

ʦʛʨʦʤʥʳʭ ʧʨʷʤʳʭ ʟʘʪʨʘʪ ʜʣʷ ʩʚʦʝʛʦ ʨʝʰʝʥʠʷ. ʀ ʵʪʦ ï ʧʨʦʙʣʝʤʘ ʥʝ ʪʦʣʴʢʦ ʜʣʷ 

ʤʝʩʪʥʦʛʦ ʥʘʩʝʣʝʥʠʷ, ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʈʦʩʩʠʠ, ʥʦ, ʧʦʩʢʦʣʴʢʫ ʤʘʩʰʪʘʙ ɹʘʡʢʘʣʘ 

ʦʙʷʟʳʚʘʝʪ ʛʦʚʦʨʠʪʴ ʦ ʥʝʤ ʢʘʢ ʦ ʛʣʦʙʘʣʴʥʦʤ ʦʙʲʝʢʪʝ, ï ʧʨʦʙʣʝʤʘ 

ʦʙʱʝʮʠʚʠʣʠʟʘʮʠʦʥʥʘʷ. 

2. ɺ ʦʙʰʠʨʥʦʤ ʩʧʠʩʢʝ ʦʙʲʝʢʪʦʚ ɺʩʝʤʠʨʥʦʛʦ ʢʫʣʴʪʫʨʥʦʛʦ ʠ ʧʨʠʨʦʜʥʦʛʦ 
ʥʘʩʣʝʜʠʷ ʖʅɽʉʂʆ ɹʘʡʢʘʣ ʨʝʟʢʦ ʚʳʜʝʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʩʚʦʠʤ ʤʘʩʰʪʘʙʦʤ, ʥʦ ʠ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦʡ ʪʨʫʜʥʦʩʪʴʶ ʧʨʦʙʣʝʤ ʝʛʦ ʦʭʨʘʥʳ, ʦʪʥʶʜʴ ʥʝ ʩʚʦʜʷʱʝʡʩʷ ʪʦʣʴʢʦ 

ʢ ʬʠʥʘʥʩʦʚʦʤʫ ʘʩʧʝʢʪʫ. ɺʘʞʥʝʡʰʘʷ ʠʟ ʵʪʠʭ ʧʨʦʙʣʝʤ ï ʥʘʫʯʥʘʷ. ʆʩʪʘʶʪʩʷ 

ʩʦʚʝʨʰʝʥʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʩʩʣʝʜʦʚʘʥʥʳʤʠ ʚʘʞʥʝʡʰʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ, 

ʝʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʳʝ ʚʦʧʨʦʩʳ, ʦʪ ʨʝʰʝʥʠʷ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʚʳʙʦʨ ʤʝʨ, 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʵʢʦʩʠʩʪʝʤ ʦʟʝʨʘ ʠ ʝʛʦ ʚʦʜʦʩʙʦʨʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. 

ʇʨʝʞʜʝ ʚʩʝʛʦ ʵʪʠ ʚʦʧʨʦʩʳ ʢʘʩʘʶʪʩʷ ʨʝʘʢʮʠʡ ʵʢʦʩʠʩʪʝʤ ʥʘ ʘʥʪʨʦʧʦʛʝʥʥʳʝ 

ʚʦʟʜʝʡʩʪʚʠʷ. ɹʝʟ ʷʩʥʳʭ ʥʘʫʯʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦʙ ʵʪʠʭ ʨʝʘʢʮʠʷʭ, ʠʭ ʦʧʠʩʘʥʠʷ 
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ʧʦʩʨʝʜʩʪʚʦʤ ʵʢʦʣʦʛʠʯʝʩʢʠʭ, ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ, ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ, 

ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʥʝʣʴʟʷ ʥʝ ʪʦʣʴʢʦ ʥʘʜʝʷʪʴʩʷ ʥʘ ʦʧʪʠʤʘʣʴʥʦʩʪʴ 

ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʤʝʨ ʧʦ ʦʭʨʘʥʝ ɹʘʡʢʘʣʘ ʠ ɹʇʊ, ʥʦ ʜʘʞʝ ʙʳʪʴ ʚʧʦʣʥʝ ʫʚʝʨʝʥʥʳʤ 

ʚ ʠʭ ʜʝʡʩʪʚʝʥʥʦʩʪʠ. ɺ ʵʪʠʭ ʦʯʝʥʴ ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ ʦʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʪʨʝʙʫʝʪ 

ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ ʚ ʩʬʝʨʝ ʦʭʨʘʥʳ ʦʟ. ɹʘʡʢʘʣ. ɺʚʦʜʷ ʥʦʚʳʝ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʝ 

ʘʢʪʳ ʚ ʵʪʦʡ ʩʬʝʨʝ ʠ ʠʟʤʝʥʷʷ ʜʝʡʩʪʚʫʶʱʠʝ, ʥʝʦʙʭʦʜʠʤʦ ʨʫʢʦʚʦʜʩʪʚʦʚʘʪʴʩʷ 

ʧʨʠʥʮʠʧʦʤ ɻʠʧʧʦʢʨʘʪʘ: ʥʝ ʥʘʚʨʝʜʠ. 

3. ʇʦʩʣʝ 1999 ʛ. ʚ ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ ˉ 94-ʌɿ "ʆʙ ʦʭʨʘʥʝ ʦʟʝʨʘ ɹʘʡʢʘʣ" 

ʥʝʦʜʥʦʢʨʘʪʥʦ ʚʥʦʩʠʣʠʩʴ ʠʟʤʝʥʝʥʠʷ, ʧʨʠʥʠʤʘʣʠʩʴ ʨʘʟʚʠʚʘʚʰʠʝ ʝʛʦ ʧʦʜʟʘʢʦʥʥʳʝ 

ʘʢʪʳ ʠ ʜʨʫʛʠʝ ʅʇɸ, ʥʦ ʧʦʯʪʠ ʚʩʝ ʦʥʠ (ʠʩʢʣʶʯʝʥʠʝ ï ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ ʦʪ 

31.07.2020 ˉ 254-ʌɿ "ʆʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʦʪʥʦʰʝʥʠʡ ʚ 

ʮʝʣʷʭ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ ʨʘʩʰʠʨʝʥʠʷ ʤʘʛʠʩʪʨʘʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʦ ʚʥʝʩʝʥʠʠ 

ʠʟʤʝʥʝʥʠʡ ʚ ʦʪʜʝʣʴʥʳʝ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʝ ʘʢʪʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ", ʢʦʪʦʨʳʡ 

ʦʩʣʘʙʣʷʣ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʚ ʩʚʷʟʠ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʨʘʩʰʠʨʝʥʠʷ ɹʘʡʢʘʣʦ-ɸʤʫʨʩʢʦʡ ʠ ʊʨʘʥʩʩʠʙʠʨʩʢʦʡ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ 

ʤʘʛʠʩʪʨʘʣʝʡ) ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʫʩʠʣʝʥʠʝ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨ ʣʠʙʦ 

ʢʦʥʢʨʝʪʠʟʠʨʦʚʘʣʠ ʠʭ. ɹʦʣʝʝ ʪʦʛʦ, ʠʟʫʯʝʥʠʝ ʧʨʦʪʦʢʦʣʦʚ ʩʥʘʯʘʣʘ 

ʄʝʞʚʝʜʦʤʩʪʚʝʥʥʦʡ, ʘ ʟʘʪʝʤ ʇʨʘʚʠʪʝʣʴʩʪʚʝʥʥʦʡ ʢʦʤʠʩʩʠʠ ʧʦ ʚʦʧʨʦʩʘʤ ʦʭʨʘʥʳ 

ʦʟʝʨʘ ɹʘʡʢʘʣ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʭ ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʛʜʝ ʦʪʨʘʞʝʥʳ ʜʠʩʢʫʩʩʠʠ ʧʦ 

ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʤ ʧʨʦʙʣʝʤʘʤ ɹʘʡʢʘʣʘ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʝ ʙʳʣʦ ʜʘʞʝ ʧʦʧʳʪʦʢ 

ʚʥʦʩʠʪʴ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʦʩʣʘʙʣʝʥʠʶ ʙʘʡʢʘʣʴʩʢʦʛʦ ʧʨʠʨʦʜʦʦʭʨʘʥʥʦʛʦ 

ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ. 

4. ʉʫʱʝʩʪʚʫʶʱʘʷ ʩʝʛʦʜʥʷ ʚ ʈʦʩʩʠʠ ʩʠʩʪʝʤʘ ʅʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʭ ʘʢʪʦʚ 

(ʅʇɸ), ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʦʭʨʘʥʫ ʦʟ. ɹʘʡʢʘʣ, ʦʭʚʘʪʳʚʘʝʪ ʙʦʣʴʰʠʥʩʪʚʦ 

ʥʘʧʨʘʚʣʝʥʠʡ ʵʪʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʆʜʥʘʢʦ ʵʪʘ ʩʠʩʪʝʤʘ, ʥʝʩʦʤʥʝʥʥʦ, ʥʫʞʜʘʝʪʩʷ ʚ 

ʨʘʟʚʠʪʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʨʘʩʰʠʨʝʥʠʠ ʦʙʣʘʩʪʠ ʨʝʛʫʣʠʨʫʝʤʳʭ ʦʪʥʦʰʝʥʠʡ, 

ʫʪʦʯʥʝʥʠʠ ʠ ʢʦʥʢʨʝʪʠʟʘʮʠʠ ʨʷʜʘ ʠʤʝʶʱʠʭʩʷ ʚ ʥʝʡ ʧʦʣʦʞʝʥʠʡ, ʧʝʨʝʩʤʦʪʨʝ 

ʟʥʘʯʝʥʠʡ ʨʷʜʘ ʥʦʨʤ ʠ ʪ.ʧ. ʅʦ, ʧʦʞʘʣʫʡ, ʛʣʘʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤʳ 

ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʧʦ ʦʭʨʘʥʝ ʦʟ. ɹʘʡʢʘʣ ʠ ɹʇʊ ʩʣʝʜʫʝʪ ʩʚʷʟʘʪʴ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʫʩʠʣʝʥʠʷ ʧʨʘʚʦʧʨʠʤʝʥʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʥʳʥʝ ʜʝʡʩʪʚʫʶʱʠʭ 

ʅʇɸ. ɼʝʣʦ ʥʝ ʪʦʣʴʢʦ ʚ ʪʦʤ, ʯʪʦ ʅʇɸ ʥʝʨʝʜʢʦ ʧʦʧʨʦʩʪʫ ʠʛʥʦʨʠʨʫʶʪʩʷ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʦʨʛʘʥʘʤʠ ʚʣʘʩʪʠ ʩʫʙʲʝʢʪʦʚʦʛʦ ʠ ʤʫʥʠʮʠʧʘʣʴʥʦʛʦ ʫʨʦʚʥʝʡ, ʥʝ ʛʦʚʦʨʷ ʫʞʝ 

ʦ ʙʠʟʥʝʩ-ʩʪʨʫʢʪʫʨʘʭ ʠ ʛʨʘʞʜʘʥʘʭ ï çʬʠʟʠʯʝʩʢʠʭ ʣʠʮʘʭè, ʘ ʢʦʥʪʨʦʣʠʨʫʶʱʠʝ 

ʦʨʛʘʥʳ ʧʨʝʜʧʦʯʠʪʘʶʪ ʥʝ ʟʘʤʝʯʘʪʴ ʵʪʦʛʦ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʦ ʢʦʨʨʫʧʮʠʦʥʥʳʤ 

ʧʨʠʯʠʥʘʤ). ʊʘʢʦʝ ʧʦʣʦʞʝʥʠʝ ʚʝʱʝʡ ʯʘʩʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʦʪʩʫʪʩʪʚʠʝʤ 

ʚʦʟʤʦʞʥʦʩʪʠ ʪʦʯʥʦ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦ ʚʳʧʦʣʥʠʪʴ ʪʨʝʙʦʚʘʥʠʷ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʯʘʩʪʠ ʢʦʥʪʨʦʣʴʥʳʭ ʬʫʥʢʮʠʡ: ʜʣʷ ʵʪʦʛʦ ʧʨʦʩʪʦ ʥʝ ʭʚʘʪʘʝʪ 

ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʜʨʦʚ, ʠʥʬʦʨʤʘʮʠʠ (ʩʣʠʰʢʦʤ ʜʦʨʦʛʦʡ ʠʣʠ ʚ ʧʨʠʥʮʠʧʝ 

ʦʪʩʫʪʩʪʚʫʶʱʝʡ), ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ (ʥʘʧʨʠʤʝʨ, ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ 

ʧʨʠʙʦʨʦʚ) ʠ ʪ.ʧ. ʇʦʵʪʦʤʫ ʦʩʦʙʝʥʥʦ ʚʘʞʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʚʳʧʦʣʥʝʥʠʷ ʢʦʥʪʨʦʣʴʥʳʭ ʬʫʥʢʮʠʡ. ʏʪʦʙʳ ʩʦʭʨʘʥʠʪʴ ɹʘʡʢʘʣ, ʥʝʦʙʭʦʜʠʤ 

ʙʝʩʢʦʤʧʨʦʤʠʩʩʥʳʡ, ʯʸʪʢʠʡ, ʧʦʩʪʦʷʥʥʳʡ ʢʦʥʪʨʦʣʴ ʟʘ ʩʦʙʣʶʜʝʥʠʝʤ 
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ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʧʦ ʝʛʦ ʦʭʨʘʥʝ. ɺʚʝʜʝʥʠʝ ʢʘʞʜʦʡ ʥʦʨʤʳ ʜʦʣʞʥʦ 

ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʫʢʘʟʘʥʠʝʤ ʥʘ ʩʧʦʩʦʙ ʢʦʥʪʨʦʣʷ ʝʸ ʚʳʧʦʣʥʝʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʝʤ 

ʩʘʥʢʮʠʡ ʟʘ ʥʝʚʳʧʦʣʥʝʥʠʝ. ʄʥʦʛʦʚʝʢʦʚʦʡ ʧʦʨʷʜʦʢ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʩʪʨʦʛʦʩʪʴ 

ʨʦʩʩʠʡʩʢʠʭ ʟʘʢʦʥʦʚ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʥʝʦʙʷʟʘʪʝʣʴʥʦʩʪʴʶ ʠʭ ʠʩʧʦʣʥʝʥʠʷ, ʜʦʣʞʝʥ 

ʦʩʪʘʪʴʩʷ ʚ ʧʨʦʰʣʦʤ. 

5.  ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ, 

ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʠ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʚ ɸʥʛʘʨʩʢʦ-ɹʘʡʢʘʣʴʩʢʦʡ 

ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʝ ʩʣʦʞʠʣʘʩʴ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʘʷ ʩʠʪʫʘʮʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʀʨʢʫʪʩʢʦʛʦ ʛʠʜʨʦʫʟʣʘ ʫʨʦʚʝʥʴ ʚʦʜʳ ʚ ɹʘʡʢʘʣʝ 

ʚʳʨʦʩ ʧʨʠʤʝʨʥʦ ʥʘ 80 ʩʤ, ʯʪʦ ʚ ʧʝʨʚʳʝ ʜʝʩʷʪʠʣʝʪʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʙʝʨʝʛʦʚ ʠ ʜʨʫʛʠʭ 

ʣʠʪʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʟʘʪʦʧʣʝʥʠʶ ʨʷʜʘ ʪʝʨʨʠʪʦʨʠʡ, ʫʩʠʣʝʥʠʶ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚʦʜ ʥʘ ʦʙʲʝʢʪʳ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ. 

ʕʪʠ ʧʨʦʮʝʩʩʳ ʩ ʨʘʟʥʦʡ ʩʪʝʧʝʥʴʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʜʦʣʞʘʶʪʩʷ ʜʦ ʩʠʭ ʧʦʨ. ɺ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʪʘʢʞʝ ʦʪʤʝʯʘʶʪʩʷ ʩʣʫʯʘʠ ʧʨʦʷʚʣʝʥʠʷ ʥʝʛʘʪʠʚʥʳʭ ʚʦʜʥʦ-

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʩʦʢʨʘʱʝʥʠʝ ʧʦʧʫʣʷʮʠʠ 

ʦʤʫʣʷ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʧʠʨʦʛʠʨʳ ʠ ʧʨʦʯʠʝ ʷʚʣʝʥʠʷ, ʥʝʦʙʦʩʥʦʚʘʥʥʦ 

ʫʚʷʟʳʚʘʝʤʳʝ ʩ ʧʦʩʣʝʜʩʪʚʠʷʤʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʪʦʢʘ ʨ. ɸʥʛʘʨʳ ʀʨʢʫʪʩʢʦʡ ɻʕʉ. 

ʇʨʘʚʠʪʝʣʴʩʪʚʦ ʈʌ ʧʨʝʜʧʨʠʥʠʤʘʝʪ ʧʦʧʳʪʢʠ ʫʣʫʯʰʠʪʴ ʩʠʪʫʘʮʠʶ ʧʫʪʝʤ 

ʠʟʜʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʥʦʨʤʘʪʠʚʥʳʭ ʘʢʪʦʚ ʚ ʨʘʟʚʠʪʠʝ ʧʦʣʦʞʝʥʠʡ ʌʝʜʝʨʘʣʴʥʦʛʦ 

ʟʘʢʦʥʘ çʆʙ ʦʭʨʘʥʝ ʦʟʝʨʘ ɹʘʡʢʘʣè [15-18]. ʆʜʥʦʚʨʝʤʝʥʥʦ ʧʝʨʝʨʘʙʘʪʳʚʘʶʪʩʷ ʠ 

ʦʪʨʘʩʣʝʚʳʝ ʥʦʨʤʘʪʠʚʥʳʝ ʜʦʢʫʤʝʥʪʳ, ʨʝʛʫʣʠʨʫʶʱʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜʥʳʭ 

ʨʝʩʫʨʩʦʚ, ʥʦ ʦʩʥʦʚʳʚʘʶʱʠʝʩʷ ʥʘ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʘʭ ʠ ʧʦʜʭʦʜʘʭ ʢ ʧʨʠʥʷʪʠʶ 

ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʝʰʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʝʪ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʪʨʝʙʦʚʘʥʠʡ 

ɺʦʜʥʦʛʦ ʂʦʜʝʢʩʘ, ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʥʦʨʤʘʪʠʚʥʦ ʧʨʘʚʦʚʦʡ ʙʘʟʝ ʚ 

ʦʙʣʘʩʪʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʚʩʪʫʧʘʶʪ ʚ ʧʨʦʪʠʚʦʨʝʯʠʝ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʚ ʇʦʩʪʘʥʦʚʣʝʥʠʷʭ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʠ ʨʝʰʝʥʠʷʭ ʦʨʛʘʥʦʚ 

ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ ʚʣʘʩʪʠ ʩʫʙʲʝʢʪʦʚ ʌʝʜʝʨʘʮʠʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ɹʘʡʢʘʣʴʩʢʦʛʦ ʨʝʛʠʦʥʘ. 

6. ʂ ʯʠʩʣʫ ʦʩʦʙʦ ʚʘʞʥʳʭ ʥʘ ʩʝʛʦʜʥʷ ʟʘʜʘʯ, ʥʝ ʫʨʝʛʫʣʠʨʦʚʘʥʥʳʭ ʚ ʨʘʤʢʘʭ 
ʜʝʡʩʪʚʫʶʱʝʛʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʠ ʪʨʝʙʫʶʱʠʭ ʩʝʨʴʝʟʥʦʛʦ ʥʘʫʯʥʦʛʦ 

ʦʙʦʩʥʦʚʘʥʠʷ, ʦʪʥʦʩʷʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʧʨʝʜʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʜʠʘʧʘʟʦʥʘ 

ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ ʦʟʝʨʘ ɹʘʡʢʘʣ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʛʨʘʥʠʮ ʟʦʥ ʟʘʪʦʧʣʝʥʠʷ 

ʟʘʩʪʨʦʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʚ ʥʠʞʥʝʤ ʙʴʝʬʝ ʀʨʢʫʪʩʢʦʡ ɻʕʉ. ʉʣʦʞʥʦʩʪʴ ʨʝʰʝʥʠʷ 

ʪɻʠʭ ʜʚʫʭ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʟʘʜʘʯ ʩʦʩʪʦʠʪ ʚ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ 

ʫʯʝʪʘ ʧʨʠʨʦʜʥʳʭ ʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʵʪʦ ʙʦʣʴʰʘʷ 

ʝʩʪʝʩʪʚʝʥʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʚʦʟʥʠʢʘʶʱʘʷ ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʩʚʷʟʠ ʩ ʧʨʦʠʩʭʦʜʷʱʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʢʣʠʤʘʪʘ. ʂ 

ʦʩʦʙʝʥʥʦʩʪʷʤ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʧʨʠʥʠʤʘʝʤʳʭ ʚ ʫʩʣʦʚʠʷʭ 

ʠʟʤʝʥʷʶʱʠʭʩʷ ʪʨʝʙʦʚʘʥʠʡ ʢ ʨʝʞʠʤʫ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʦʪʥʦʩʷʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʇʨʘʚʠʪʝʣʴʩʪʚʦʤ ʈʌ ʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʦʟ. ɹʘʡʢʘʣ ʠ 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʘʷ ʟʘʩʪʨʦʡʢʘ ʥʠʞʥʝʛʦ ʙʴʝʬʘ ʀʨʢʫʪʩʢʦʡ ɻʕʉ.  
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7. ɺʘʞʥʝʡʰʝʡ ʥʦʨʤʘʪʠʚʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʘʥʘʣʠʟʝ ʩʠʪʫʘʮʠʠ ʚ 

ɹʘʡʢʘʣʴʩʢʦʤ ʨʝʛʠʦʥʝ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʟʦʥ ʟʘʪʦʧʣʝʥʠʷ ʚ ʚʝʨʭʥʝʤ ʠ ʥʠʞʥʝʤ 

ʙʴʝʬʘʭ ʀʨʢʫʪʩʢʦʛʦ ʛʠʜʨʦʫʟʣʘ, ʦʩʥʦʚʳʚʘʶʱʝʝʩʷ ʥʘ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ <ʦʟ. ɹʘʡʢʘʣ ï ʨ. ɸʥʛʘʨʘ>. 

ʈʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʥʘʧʨʷʤʫʶ ʫʚʷʟʳʚʘʝʪʩʷ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʢʦʩʠʩʪʝʤʳ ɹʘʡʢʘʣʘ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʪʦʣʴʢʦ 

ʧʨʠ ʢʦʤʧʣʝʢʩʥʦʤ ʘʥʘʣʠʟʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ ʚ 

ʮʝʣʦʤ, ʚʢʣʶʯʘʷ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʩʦʭʨʘʥʝʥʠʶ ʵʢʦʩʠʩʪʝʤʳ ʦʟʝʨʘ. ʉʣʦʞʥʦʩʪʴ ʟʘʜʘʯʠ 

ʟʦʥʠʨʦʚʘʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʣʠʪʝʙʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʀʨʢʫʪʩʢʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, 

ʯʪʦ ʩʫʤʤʘʨʥʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʀʨʢʫʪʩʢʦʛʦ ʛʠʜʨʦʫʟʣʘ ʧʨʠ ʧʨʦʧʫʩʢʝ 

ʨʘʩʯʝʪʥʦʛʦ ʧʘʚʦʜʢʘ ʠ ʧʨʠ ʧʦʣʥʦʤ ʦʪʢʨʳʪʠʠ ʚʩʝʭ ʦʪʚʝʨʩʪʠʡ ʩʦʩʪʘʚʣʷʝʪ 7040 ʤ3/c, 

ʦʜʥʘʢʦ ʟʘʪʦʧʣʝʥʠʝ ʧʦʡʤʝʥʥʦʡ ʯʘʩʪʠ ʛ. ʀʨʢʫʪʩʢʘ ʧʨʦʠʩʭʦʜʠʪ ʫʞʝ ʧʨʠ 

ʧʨʝʚʳʰʝʥʠʠ ʩʫʤʤʘʨʥʳʤ ʨʘʩʭʦʜʦʤ ʨ. ʀʨʢʫʪ ʠ ʀʨʢʫʪʩʢʦʡ ɻʕʉ ʚʝʣʠʯʠʥʳ 3200 

ʤ3/ʩ. 

ʆʩʥʦʚʥʦʡ ʚʳʚʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʷ ʦ 

ʥʘʟʥʘʯʝʥʠʠ ʨʘʟʤʝʨʦʚ ʟʦʥʳ ʟʘʪʦʧʣʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʟʘʩʪʨʦʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʛ. 

ʀʨʢʫʪʩʢʘ ʚ ʥʠʞʥʝʤ ʙʴʝʬʝ ʀʨʢʫʪʩʢʦʡ ɻʕʉ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʚ ʫʚʷʟʢʝ ʩ 

ʦʩʥʦʚʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʪʦʢʘ ʩʠʩʪʝʤʦʡ <ʦʟ. ɹʘʡʢʘʣ ï 

ʀʨʢʫʪʩʢʘʷ ɻʕʉ>, ʦʙʦʩʥʦʚʘʥʥʳʤʠ ʚ ʇʨʘʚʠʣʘʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ 

ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʢʦʪʦʨʳʝ ʥʝ ʙʫʜʫʪ ʧʨʦʪʠʚʦʨʝʯʠʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ɿʘʢʦʥʘ çʆʙ 

ʦʭʨʘʥʝ ʦʟʝʨʘ ɹʘʡʢʘʣè. 

8. ɿʘʜʘʯʘ ʫʩʪʘʥʦʚʣʝʥʠʷ ʥʦʨʤʘʪʠʚʦʚ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʚʦʟʜʝʡʩʪʚʠʡ 
ʥʘ ʫʥʠʢʘʣʴʥʫʶ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʦʟ. ɹʘʡʢʘʣ ʜʣʷ ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʩʧʝʮʠʬʠʯʥʦʡ. ɺʘʞʥʝʡʰʠʝ ʠʟ ʵʪʠʭ 

ʠʩʪʦʯʥʠʢʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠ ʦʮʝʥʠʚʘʶʪʩʷ ʚ ʫʚʷʟʢʝ ʩ ʦʩʥʦʚʥʳʤʠ ʦʪʨʘʩʣʷʤʠ 

ʭʦʟʷʡʩʪʚʘ ʠ ʩʝʣʠʪʝʙʥʳʤʠ ʪʝʨʨʠʪʦʨʠʷʤʠ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʘʪʴʝʡ 14 ʌɿ çʆʙ ʦʭʨʘʥʝ ʦʟ. ɹʘʡʢʘʣè ʧʨʝʜʝʣʴʥʦ 

ʜʦʧʫʩʪʠʤʳʡ ʦʙʲʝʤ ʩʙʨʦʩʦʚ ʠ ʚʳʙʨʦʩʦʚ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩ 

ʫʯʝʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʝʞʝʛʦʜʥʦ ʧʦʜʣʝʞʠʪ ʦʙʷʟʘʪʝʣʴʥʦʤʫ 

ʧʝʨʝʩʤʦʪʨʫ ʚ ʮʝʣʷʭ ʝʛʦ ʫʤʝʥʴʰʝʥʠʷ ʩ ʫʯʝʪʦʤ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ɹʘʡʢʘʣʴʩʢʦʡ ʧʨʠʨʦʜʥʦʡ ʪʝʨʨʠʪʦʨʠʠ (ɹʇʊ). ʆʜʥʘʢʦ ʩ ʫʯʝʪʦʤ ʧʨʠʙʣʠʞʝʥʥʦʛʦ 

ʭʘʨʘʢʪʝʨʘ ʧʦʣʫʯʝʥʥʳʭ ʦʮʝʥʦʢ ʧʝʨʝʩʤʘʪʨʠʚʘʪʴ ʠʭ ʚ ʮʝʣʷʭ ʫʤʝʥʴʰʝʥʠʷ 

ʜʦʧʫʩʪʠʤʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚʝʱʝʩʪʚ ʚ ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʧʨʠ ʠʭ ʩʙʨʦʩʝ ʚ ʦʟ. ɹʘʡʢʘʣ ʠ 

ʚ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ ʚ ʧʨʝʜʝʣʘʭ ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʙʫʬʝʨʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʟʦʥ ɹʇʊ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʝʚʦʟʤʦʞʥʳʤ ʧʦ ʧʨʠʯʠʥʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʝʞʝʛʦʜʥʦʛʦ 

ʧʝʨʝʩʤʦʪʨʘ ʥʦʨʤʘʪʠʚʘ ʜʦʧʫʩʪʠʤʦʛʦ ʩʙʨʦʩʘ (ʅɼʉ), ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ ʩ ʫʯʝʪʦʤ ʤʝʭʘʥʠʟʤʘ ʩʦʛʣʘʩʦʚʘʥʠʡ ʠ ʫʪʚʝʨʞʜʝʥʠʷ ʅɼʉ 

ʚ ʯʝʪʳʨʝʭ ʬʝʜʝʨʘʣʴʥʳʭ ʚʝʜʦʤʩʪʚʘʭ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʫʪʚʝʨʞʜʝʥʥʳʤʠ ʇʨʠʢʘʟʦʤ ʄʠʥʧʨʠʨʦʜʳ ʈʦʩʩʠʠ ʦʪ 12.12.2007 ˉ 328 

ʄʝʪʦʜʠʯʝʩʢʠʤʠ ʫʢʘʟʘʥʠʷʤʠ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʥʦʨʤʘʪʠʚʦʚ ʜʦʧʫʩʪʠʤʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʥʘ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ, ʥʦʨʤʘʪʠʚʳ ʜʦʧʫʩʪʠʤʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʧʝʨʠʦʜ ʥʝ ʤʝʥʝʝ 15 ʣʝʪ, ʠʩʭʦʜʷ ʠʟ ʩʦʩʪʦʷʥʠʷ ʢʘʞʜʦʛʦ 

ʢʦʥʢʨʝʪʥʦʛʦ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʭʦʜʝ ʨʘʟʨʘʙʦʪʢʠ ʪʘʢʠʭ 
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ʥʦʨʤʘʪʠʚʦʚ. ʂʦʨʨʝʢʪʠʨʦʚʢʫ ʥʦʨʤʘʪʠʚʦʚ ʜʦʧʫʩʪʠʤʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʚʦʜʥʳʝ 

ʦʙʲʝʢʪʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʢʦʥʪʨʦʣʷ ʠ ʥʘʜʟʦʨʘ ʟʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠ ʦʭʨʘʥʦʡ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʥʝ ʯʘʱʝ 

ʦʜʥʦʛʦ ʨʘʟʘ ʚ 5 ʣʝʪ. 

9. ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʀʨʢʫʪʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʚ 1961 ʛʦʜʫ 
ʙʳʣʘ ʠ ʦʩʪʘʝʪʩʷ ʩʝʛʦʜʥʷ ʚʳʨʘʙʦʪʢʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʜʥʦʛʦ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ 

ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʩʣʝʜʫʶʱʝʛʦ ʤʘʩʰʪʘʙʥʦʛʦ 

ʛʠʜʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚʦʟʥʠʢ ɸʥʛʘʨʦ-ɽʥʠʩʝʡʩʢʠʡ ʢʘʩʢʘʜ 

ʚʦʜʦʭʨʘʥʠʣʠʱ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʵʥʝʨʛʦʙʝʟʦʧʘʩʥʦʩʪʴ ʩʪʨʘʥʳ, ʥʦ ʪʘʢʞʝ 

ʧʨʠʚʝʜʰʠʡ ʢ ʩʫʱʝʩʪʚʝʥʥʳʤ ʥʝʛʘʪʠʚʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʦʢʨʫʞʘʶʱʝʡ ʧʨʠʨʦʜʥʦʡ 

ʩʨʝʜʳ, ʢ ʧʦʪʝʨʝ ʟʝʤʝʣʴ ʩʝʣʴʭʦʟʥʘʟʥʘʯʝʥʠʷ ʠ ʣʝʩʥʦʛʦ ʬʦʥʜʘ ʠ ʧʨʦʯʠʤ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ ʩʦʮʠʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʪʦʢʘ ʚʦʜʦʭʨʘʥʠʣʠʱʘʤʠ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ɺʦʜʥʳʤ ʢʦʜʝʢʩʦʤ ʈʌ, ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʫʪʝʤ ʨʘʟʨʘʙʦʪʢʠ ʇʨʘʚʠʣ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. ʇʨʠ ʵʪʦʤ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʟʘʜʘʯʘ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʨʝʰʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʜʦʩʪʠʞʝʥʠʝ ʟʘʷʚʣʝʥʥʳʭ ʮʝʣʝʡ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ 

ʦʙʲʝʤʝ ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ. ʆʯʝʚʠʜʥʦ, ʯʪʦ, ʥʘʧʨʠʤʝʨ, ʪʨʝʙʦʚʘʥʠʷ 

ʚʦʜʦʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʫʩʣʦʚʠʷ ʩʦʭʨʘʥʝʥʠʷ ʵʢʦʩʠʩʪʝʤ ʧʨʦʪʠʚʦʨʝʯʠʚʳ, ʠ ʥʘʡʪʠ 

ʝʜʠʥʩʪʚʝʥʥʦʝ ʦʧʪʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʥʝʚʦʟʤʦʞʥʦ ʚ ʩʠʣʫ ʮʝʣʦʛʦ ʨʷʜʘ ʧʨʠʯʠʥ. 

ʅʘʫʯʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʨʝʞʠʤʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʨʫʧʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʩʪʦʢʘ 

ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʨʝʰʝʥʠʠ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʟʘʜʘʯʠ ʦʧʠʩʘʥʠʷ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʢʘʢ 

ʧʨʠʨʦʜʥʦʛʦ ʨʝʩʫʨʩʘ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ ʵʪʠʤ ʨʝʩʫʨʩʦʤ, 

ʦʩʫʱʝʩʪʚʣʷʝʤʦʛʦ ʚ ʨʘʟʣʠʯʥʳʭ ʮʝʣʷʭ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɺʦʜʥʳʤ ʂʦʜʝʢʩʦʤ ʈʌ, ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ 

ʚʥʦʩʷʪʩʷ ʚ ʇʨʘʚʠʣʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ (ʇʀɺʈ), ʘ ʜʣʷ ɹʘʡʢʘʣʘ ʤʝʨʳ 

ʧʦ ʦʭʨʘʥʝ ʧʨʠʙʨʝʞʥʳʭ ʵʢʦʩʠʩʪʝʤ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʟʨʘʙʦʪʘʥʳ ʩ ʫʚʷʟʢʦʡ 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʪʦʢʫ ʚ ʥʠʞʥʝʤ ʙʴʝʬʝ, ʢ ʫʨʦʚʥʷʤ ʦʟʝʨʘ ɹʘʡʢʘʣ ʠ ʚʦʜʦʭʨʘʥʠʣʠʱ 

ʢʘʩʢʘʜʘ ɻʕʉ ʥʘ ɸʥʛʘʨʝ. ʇʦʥʷʪʥʦ, ʯʪʦ ʚʳʜʝʨʞʘʪʴ ʘʙʩʦʣʶʪʥʦ ʝʩʪʝʩʪʚʝʥʥʳʡ ʨʝʞʠʤ 

ʥʝʚʦʟʤʦʞʥʦ, ʧʦʩʢʦʣʴʢʫ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʦʢʘ ʤʝʞʜʫ ʩʝʟʦʥʘʤʠ ʛʦʜʘ ʠ ʛʦʜʘʤʠ ʚ ʮʝʣʷʭ 

ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʨʘʟʣʠʯʥʳʭ 

ʚʦʜʦʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʜʘ ʝʱʝ ʠ ʩ ʧʨʦʪʠʚʦʨʝʯʠʚʳʤʠ ʠʥʪʝʨʝʩʘʤʠ. ʇʦʵʪʦʤʫ ʧʨʠ 

ʥʘʟʥʘʯʝʥʠʠ ʚʝʣʠʯʠʥ ʩʨʘʙʦʪʢʠ (ʥʘʧʦʣʥʝʥʠʷ) ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʥʘ ʨʘʩʯʝʪʥʳʡ 

ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʩ ʫʯʝʪʦʤ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘʜʦ ʠʩʭʦʜʠʪʴ ʠʟ ʪʝʭ 

ʧʘʨʘʤʝʪʨʦʚ ʨʝʞʠʤʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʚ ʜʘʥʥʦʡ ʜʠʩʧʝʪʯʝʨʩʢʦʡ ʩʭʝʤʝ 

ʨʝʘʣʠʟʦʚʘʥʳ. ɸʤʧʣʠʪʫʜʘ ʛʦʜʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ ʚʦʜʳ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

çʵʢʦʣʦʛʠʯʥʦʡè, ʥʦ ʝʝ ʠ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʦ ʚʳʜʝʨʞʘʪʴ, ʧʦʩʢʦʣʴʢʫ ʜʦʣʛʦʩʨʦʯʥʳʡ 

ʧʨʦʛʥʦʟ ʧʨʠʪʦʢʘ ʚʦʜʳ ʚ ʦʟʝʨʦ ɹʘʡʢʘʣ ʥʝʠʟʙʝʞʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʯʝʥʴ ʙʦʣʴʰʦʡ 

ʧʦʛʨʝʰʥʦʩʪʴʶ. ʈʝʢʦʤʝʥʜʘʮʠʠ ʟʜʝʩʴ ʩʚʦʜʷʪʩʷ ʢ ʪʦʤʫ, ʯʪʦ ʧʨʠ ʥʘʣʠʯʠʠ ʜʠʘʧʘʟʦʥʘ 

ʦʪʜʘʯʠ ʚ ʧʨʝʜʝʣʘʭ ʘʢʪʫʘʣʴʥʦʡ ʟʦʥʳ ʜʠʩʧʝʪʯʝʨʩʢʦʛʦ ʛʨʘʬʠʢʘ ʢʦʥʢʨʝʪʥʫʶ 

ʚʝʣʠʯʠʥʫ ʦʪʜʘʯʠ ʥʘʜʦ ʥʘʟʥʘʯʘʪʴ ʩ ʫʯʝʪʦʤ ʦʧʪʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʥʘʧʦʣʥʝʥʠʷ 
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ʚʦʜʦʝʤʘ ʚ ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʜʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʜʥʦʡ ʵʢʦʩʠʩʪʝʤʳ ʧʝʨʠʦʜ. ɺ 

ʥʘʰʝʤ ʩʣʫʯʘʝ ʵʪʦ ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ ʧʦʜʲʝʤʘ ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʦʟʝʨʝ. 

ɺʳʚʦʜ ʧʦ ʨʘʟʜʝʣʫ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʜʦʩʪʠʞʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʚʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʦʟʝʨʘ ɹʘʡʢʘʣ ʚʦʟʤʦʞʥʦ, ʥʦ ʵʪʦ ʧʦʪʨʝʙʫʝʪ 

ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ 

ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʠ ʚʦʜʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ. 

10. ʉʣʦʞʥʘʷ ʵʢʦʩʠʩʪʝʤʘ ɹʘʡʢʘʣʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʙʠʣʠʝʤ ʨʘʟʣʠʯʥʳʭ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʥʠʰ ʠ ʩʣʦʞʥʳʤ ʙʠʦʮʝʥʦʪʠʯʝʩʢʠʤʠ ʦʪʥʦʰʝʥʠʷʤʠ. ɼʣʷ ʘʥʘʣʠʟʘ 

ʧʦʩʣʝʜʩʪʚʠʡ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʪʦʢʘ ʠ ʚ ʮʝʣʦʤ ʜʣʷ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʵʢʦʩʠʩʪʝʤʳ 

ʦʟʝʨʘ ʥʘʠʙʦʣʝʝ ʧʦʢʘʟʘʪʝʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʧʨʦʤʳʩʣʦʚʳʡ ʦʙʲʝʢʪ 

ʧʝʣʘʛʠʘʣʠ ʦʟʝʨʘ ï ʦʤʫʣʴ, ʟʘʥʠʤʘʶʱʠʡ ʦʜʠʥ ʠʟ ʚʳʩʰʠʭ ʫʨʦʚʥʝʡ ʧʨʦʜʫʢʮʠʦʥʥʦʡ 

ʮʝʧʠ ʵʢʦʩʠʩʪʝʤʳ. ɸʥʘʣʠʟ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʦʟʝʨʥʦʡ ʵʢʦʩʠʩʪʝʤʝ ʚ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦʙ ʠʟʤʝʥʝʥʠʷʭ ʝʝ ʩʪʨʫʢʪʫʨʳ ʠ ʬʫʥʢʮʠʡ, 

ʦʙʲʷʩʥʠʪʴ ʢʦʪʦʨʳʝ ʪʦʣʴʢʦ ʝʩʪʝʩʪʚʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʴʶ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠ 

ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩʣʦʞʥʦ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʨʘʟʚʠʚʘʝʪʩʷ 

ʵʚʪʨʦʬʠʨʦʚʘʥʠʝ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʘʢʚʘʪʦʨʠʠ, ʦʩʦʙʝʥʥʦ ʧʨʠʤʳʢʘʶʱʠʭ 

ʢ ʫʩʪʴʷʤ ʢʨʫʧʥʳʭ ʨʝʢ, ʘ ʪʘʢʞʝ ʚ ʟʦʥʘʭ ʨʝʢʨʝʘʮʠʦʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, 

ʧʦʷʚʣʷʶʪʩʷ ʥʦʚʳʝ ʚʠʜʳ ʚʦʜʦʨʦʩʣʝʡ ʠ ʜʨʫʛʠʝ ʚʩʝʣʝʥʮʳ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʦʟʝʨʝ ɹʘʡʢʘʣ ʨʝʘʣʠʟʫʝʪʩʷ ʙʦʣʴʰʦʡ ʦʙʲʝʤ 

ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʨʘʙʦʪ, ʥʦ ʩʣʦʞʥʝʝ ʦʙʩʪʦʠʪ ʜʝʣʦ ʩ ʙʠʦʪʠʯʝʩʢʦʡ 

ʢʦʤʧʦʥʝʥʪʦʡ, ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʦʙʩʪʚʝʥʥʦ ʵʢʦʩʠʩʪʝʤʫ. ʅʝʦʙʭʦʜʠʤ ʙʦʣʴʰʦʡ ʦʙʲʝʤ 

ʠʥʬʦʨʤʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʦʙʲʷʩʥʷʪʴ (ʤʦʜʝʣʠʨʦʚʘʪʴ) ʜʠʥʘʤʠʢʫ ʙʠʦʪʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʢʘʢ ʦʪ ʘʙʠʦʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʪʘʢ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ 

ʩʦʙʩʪʚʝʥʥʳʝ ʚʥʫʪʨʠʩʠʩʪʝʤʥʳʝ ʧʨʦʮʝʩʩʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ çʞʠʚʦʡè 

ʢʦʤʧʦʥʝʥʪʳ. ʊʘʢʦʛʦ ʨʦʜʘ ʤʦʜʝʣʠ ʜʣʷ ɹʘʡʢʘʣʘ ʩʝʛʦʜʥʷ ʦʪʩʫʪʩʪʚʫʶʪ.  

11. ɺʘʞʥʫʶ ʨʦʣʴ ʚ ʩʦʭʨʘʥʝʥʠʠ ʵʢʦʩʠʩʪʝʤʳ ʚ ʧʨʝʜʝʣʘʭ ɹʇʊ ʠʛʨʘʶʪ 

ʟʘʱʠʪʥʳʝ ʣʝʩʘ. ʉʦʛʣʘʩʥʦ ʃʝʩʥʦʤʫ ʂʦʜʝʢʩʫ ʈʌ, ʢ ʟʘʱʠʪʥʳʤ ʣʝʩʘʤ ʦʪʥʦʩʷʪʩʷ: 

ʣʝʩʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʟʝʤʣʷʭ ʆʆʇʊ; ʚʦʜʦʦʭʨʘʥʥʳʝ ʣʝʩʘ; ʣʝʩʘ, ʚʳʧʦʣʥʷʶʱʠʝ 

ʬʫʥʢʮʠʠ ʟʘʱʠʪʳ ʧʨʠʨʦʜʥʳʭ ʠ ʠʥʳʭ ʦʙʲʝʢʪʦʚ; ʮʝʥʥʳʝ ʣʝʩʘ. ʆʪʩʫʪʩʪʚʠʝ 

ʢʨʠʪʝʨʠʝʚ ʠ ʥʦʨʤʘʪʠʚʦʚ ʧʦ ʦʪʜʝʣʴʥʳʤ ʢʘʪʝʛʦʨʠʷʤ ʟʘʱʠʪʥʳʭ ʣʝʩʦʚ ʠ ʚʠʜʘʤ 

ʦʩʦʙʦ ʟʘʱʠʪʥʳʭ ʫʯʘʩʪʢʦʚ ʣʝʩʦʚ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʢʘʯʝʩʪʚʝ 

ʣʝʩʦʫʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʟʘʱʠʪʥʳʭ ʣʝʩʦʚ.  

ʉʦʛʣʘʩʥʦ ʣʝʩʥʦʤʫ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʫ, ʟʘʱʠʪʥʳʝ ʣʝʩʘ ʧʦʜʣʝʞʘʪ ʦʩʚʦʝʥʠʶ ʚ 

ʮʝʣʷʭ ʩʦʭʨʘʥʝʥʠʷ ʩʨʝʜʦʦʙʨʘʟʫʶʱʠʭ, ʚʦʜʦʦʭʨʘʥʥʳʭ, ʟʘʱʠʪʥʳʭ, ʩʘʥʠʪʘʨʥʦ-

ʛʠʛʠʝʥʠʯʝʩʢʠʭ, ʦʟʜʦʨʦʚʠʪʝʣʴʥʳʭ ʠ ʠʥʳʭ ʧʦʣʝʟʥʳʭ ʬʫʥʢʮʠʡ ʣʝʩʦʚ (ʩʪ. 12 ʃʂ 

ʈʌ). ɺʤʝʩʪʝ ʩ ʪʝʤ, ʚ ʩʚʷʟʠ ʩ ʠʩʪʦʱʝʥʠʝʤ ʵʢʦʥʦʤʠʯʝʩʢʠ ʜʦʩʪʫʧʥʳʭ ʠ ʫʜʦʙʥʳʭ 

ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʝʩʥʳʭ ʨʝʩʫʨʩʦʚ, ʦʩʦʙʝʥʥʦ ʚ ʨʘʡʦʥʘʭ ʪʨʘʜʠʮʠʦʥʥʦʛʦ 

ʣʝʩʦʧʦʣʴʟʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʚ ʤʝʩʪʘʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʣʝʩʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʟʘʱʠʪʥʳʝ ʣʝʩʘ ʚʩʝ ʙʦʣʴʰʝ ʩʪʘʥʦʚʷʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʠʭ 

ʩʳʨʴʝʚʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʟʘʱʠʪʥʳʭ ʣʝʩʦʚ ʩʝʛʦʜʥʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʠʩʪʦʯʥʠʢ 

ʜʣʷ ʟʘʛʦʪʦʚʢʠ ʜʨʝʚʝʩʠʥʳ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʩʝʛʦʜʥʷ ʚ ʤʠʨʦʚʦʡ ʧʦʚʝʩʪʢʝ ʜʥʷ ʩʪʦʷʪ 
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ʚʦʧʨʦʩʳ ʩʦʭʨʘʥʝʥʠʷ ʣʝʩʦʚ, ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʥʝʥʠʷ ʣʝʩʘʤʠ 

ʬʫʥʢʮʠʡ ʩʦʭʨʘʥʝʥʠʷ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ. ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʠ ʩʨʝʜʦʩʪʘʙʠʣʠʟʠʨʫʶʱʘʷ 

ʨʦʣʴ ʣʝʩʦʚ ʫʞʝ ʚ ʙʣʠʞʘʡʰʝʡ ʧʝʨʩʧʝʢʪʠʚʝ ʩʪʘʥʝʪ ʧʨʝʜʤʝʪʦʤ ʨʳʥʦʯʥʳʭ 

ʦʪʥʦʰʝʥʠʡ. ʊʨʝʙʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʣʝʩʘʤʠ ʜʦʣʞʥʦ ʦʩʪʘʚʘʪʴʩʷ 

ʮʝʥʪʨʘʣʴʥʳʤ ʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ. ʇʨʠʥʮʠʧʳ ʩʦʭʨʘʥʝʥʠʷ ʣʝʩʦʚ, 

ʥʝʠʩʪʦʱʠʤʦʩʪʠ ʣʝʩʦʧʦʣʴʟʦʚʘʥʠʷ, ʟʘʣʦʞʝʥʥʳʝ ʧʘʪʨʠʘʨʭʘʤʠ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ 

ʣʝʩʦʚʦʜʩʪʚʘ, ʜʦʣʞʥʳ ʙʳʪʴ ʫʚʷʟʘʥʳ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʠ ʠʥʪʝʨʝʩʘʤʠ ʥʘʰʝʛʦ ʛʦʩʫʜʘʨʩʪʚʘ. ʀ ʧʨʝʞʜʝ ʚʩʝʛʦ ʥʘʜʦ ʜʦʙʠʪʴʩʷ 

ʵʪʦʛʦ ʠʤʝʥʥʦ ʥʘ ɹʇʊ. 
ʅʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʠ ʧʨʠʥʷʪʴ ʥʦʨʤʘʪʠʚʥʳʝ ʧʨʘʚʦʚʳʝ ʘʢʪʳ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʦʙʷʟʘʪʝʣʴʥʦʝ ʩʦʭʨʘʥʝʥʠʝ ʩʪʘʨʦʚʦʟʨʘʩʪʥʳʭ ʣʝʩʦʚ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʙʘʩʩʝʡʥʝ ʦʟ. ɹʘʡʢʘʣ ʠ ʚ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʟʦʥʝ ʦʭʨʘʥʳ.  

ʆʩʥʦʚʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʩʪʨʫʢʪʫʨʝ ʠ ʨʘʟʚʠʪʠʶ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʠ 

ʧʨʦʯʠʭ ʚʠʜʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ ʦʭʨʘʥʝ ʦʟ. 

ɹʘʡʢʘʣ 

1. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʵʢʦʩʠʩʪʝʤʫ ʦʟʝʨʘ ʠ 

ɹʇʊ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʨʷʜ ʤʝʪʦʜʠʯʝʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ ʠ ʥʘ ʠʭ ʦʩʥʦʚʝ ʚʥʝʩʪʠ 

ʜʦʧʦʣʥʝʥʠʷ ʚ ʌɿ 234 çʆʙ ʦʭʨʘʥʝ ʦʟʝʨʘ ɹʘʡʢʘʣè, ʟʘʢʣʶʯʘʶʱʠʝʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 
ʘ)  ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʵʢʦʣʦʛʠʠ ʈʌ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʧʦʨʷʜʦʢ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʨʦʚʝʥʥʦʛʦ ʨʝʞʠʤʘ, ʜʦʧʫʩʪʠʤʳʭ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʚʣʠʷʥʠʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʚʤʝʩʪʝ ʩʦ ʩʨʦʢʦʤ ʜʝʡʩʪʚʠʷ ʥʝ ʤʝʥʝʝ ʯʝʤ 10 ʣʝʪ;  

ʙ)  ʇʦʩʪʘʥʦʚʣʝʥʠʝʤ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʨʝʜʝʣʳ 

ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʥʘ ʩʨʦʢ ʜʝʡʩʪʚʠʷ, ʦʧʨʝʜʝʣʝʥʥʳʡ ʩʦʛʣʘʩʥʦ 

ʧ. ʘ); 

ʚ)   ʅʘ ʦʩʥʦʚʝ ʧʦʩʪʘʥʦʚʣʝʥʠʷ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʌʝʜʝʨʘʣʴʥʳʤ ʘʛʝʥʪʩʪʚʦʤ 

ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʠ ʩʦʛʣʘʩʦʚʘʥʠʝ ʇʨʘʚʠʣ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ (ʇʀɺʈ) ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʀʨʢʫʪʩʢʦʡ ɻʕʉ, ʩ ʫʯʝʪʦʤ 

ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʩʦʭʨʘʥʝʥʠʶ ʵʢʦʩʠʩʪʝʤʳ ʦʟʝʨʘ, ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʠʥʪʝʨʝʩʦʚ ʜʨʫʛʠʭ ʚʦʜʦʧʦʪʨʝʙʠʪʝʣʝʡ ʠ 

ʚʦʜʦʧʦʣʴʟʦʚʘʪʝʣʝʡ; 

ʛ)  ʋʧʨʘʚʣʝʥʠʝ ʚʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʈʦʩʚʦʜʨʝʩʫʨʩʘʤʠ ʥʘ 

ʦʩʥʦʚʝ ʩʦʛʣʘʩʦʚʘʥʥʳʭ ʇʀɺʈ. 

2. ʇʦʜʜʝʨʞʘʪʴ ʟʘʢʦʥʦʧʨʦʝʢʪ ˉ 62502-8 çʆ ʚʥʝʩʝʥʠʠ ʠʟʤʝʥʝʥʠʡ ʚ ʩʪʘʪʴʶ 

6 ʌʝʜʝʨʘʣʴʥʦʛʦ ʟʘʢʦʥʘ "ʆʙ ʦʭʨʘʥʝ ʦʟʝʨʘ ɹʘʡʢʘʣ"è. ɼʘʥʥʳʤ ʟʘʢʦʥʦʧʨʦʝʢʪʦʤ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʠ ʙʫʬʝʨʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʟʦʥʘʭ ɹʘʡʢʘʣʴʩʢʦʡ 

ʧʨʠʨʦʜʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʟʘʧʨʝʱʘʝʪʩʷ ʨʦʟʥʠʯʥʘʷ ʧʨʦʜʘʞʘ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʤʦʶʱʠʭ 

ʩʨʝʜʩʪʚ ʠ ʧʨʦʜʫʢʮʠʠ (ʪʦʚʘʨʦʚ) ʙʳʪʦʚʦʡ ʭʠʤʠʠ, ʧʦʜʣʝʞʘʱʠʭ ʩʘʥʠʪʘʨʥʦ-

ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʤʫ ʢʦʥʪʨʦʣʶ (ʥʘʜʟʦʨʫ), ʧʨʠ ʥʘʣʠʯʠʠ ʚ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʡ 

ʤʘʨʢʠʨʦʚʢʝ ʚ ʧʝʨʝʯʥʝ ʠʥʛʨʝʜʠʝʥʪʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʪʘʢʦʡ ʧʨʦʜʫʢʮʠʠ 

(ʪʦʚʘʨʦʚ), ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʜʝʨʞʘʥʠʠ 5 ʠ ʙʦʣʝʝ ʧʨʦʮʝʥʪʦʚ ʬʦʩʬʘʪʦʚ, 

ʬʦʩʬʘʥʘʪʦʚ.  

3. ʇʨʠʤʝʥʷʝʤʳʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʱʠʭ ʜʦʧʫʩʪʠʤʳʭ ʫʣʦʚʦʚ (ʆɼʋ) 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʫʯʠʪʳʚʘʶʪ ʵʢʦʩʠʩʪʝʤʥʳʝ ʵʬʬʝʢʪʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʝ ʠʩʧʦʣʴʟʫʶʪ 

ʧʨʦʛʥʦʟʦʚ ʠʟʤʝʥʝʥʠʡ ʚ ʪʨʦʬʠʯʝʩʢʠʭ ʮʝʧʷʭ ʚʩʣʝʜʩʪʚʠʝ ʧʨʝʜʚʠʜʠʤʳʭ 
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ʥʝʠʟʙʝʞʥʳʭ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ. ʅʝʦʙʭʦʜʠʤʦ ʚʚʝʜʝʥʠʝ ʥʦʚʳʭ ʅʇɸ ʧʦ 

ʫʩʪʘʥʦʚʣʝʥʠʶ ʆɼʋ. 

4. ʅʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʅʇɸ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʦʙʷʟʘʪʝʣʴʥʦʝ 

ʩʦʭʨʘʥʝʥʠʝ ʩʪʘʨʦʚʦʟʨʘʩʪʥʳʭ ʣʝʩʦʚ (ʉɺʃ), ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʙʘʩʩʝʡʥʝ ʦʟ. ɹʘʡʢʘʣ 

ʠ ʚ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʟʦʥʝ (ɿʉɺʃ) ʟʘ ʧʨʝʜʝʣʘʤʠ ʙʘʩʩʝʡʥʘ (ʧʨʠʩʚʦʝʥʠʝ ʠʤ ʩʪʘʪʫʩʘ 

ʆʆʇʊ). ʅʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʚʦʟʨʘʩʪ, ʥʘʯʠʥʘʷ ʩ ʢʦʪʦʨʦʛʦ ʣʝʩ ʩʯʠʪʘʝʪʩʷ 

ʩʪʘʨʦʚʦʟʨʘʩʪʥʳʤ, ʠʣʠ ʩʠʩʪʝʤʫ ʧʨʠʟʥʘʢʦʚ ʜʣʷ ʪʘʢʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ ʠ ʛʨʘʥʠʮʳ 

ɿʉɺʃ. ʊʨʝʙʫʝʪʩʷ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʛʨʘʥʠʮ ʚʦʜʦʦʭʨʘʥʥʳʭ ʟʦʥ ʠ ʟʦʥ ʩʘʥʠʪʘʨʥʦʡ 

ʦʭʨʘʥʳ (ɿʉʆ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ 

ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ ʠ ʠʭ ʙʘʩʩʝʡʥʳ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʜʠʬʬʫʟʥʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ. ʋʪʦʯʥʝʥʠʶ ʧʦʜʣʝʞʘʪ ʠ ʧʨʘʚʠʣʘ ʚʝʜʝʥʠʷ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʠ ʠʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʪʘʢʠʭ ʟʦʥʘʭ. 

5. ʆʛʨʘʥʠʯʝʥʠʷ ʧʦʯʪʠ ʧʦ ʚʩʝʤ ʛʨʫʧʧʘʤ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʪʦʡ 

ʠʣʠ ʠʥʦʡ ʤʝʨʝ ʫʩʪʘʥʦʚʣʝʥʳ ʜʝʡʩʪʚʫʶʱʠʤʠ ʅʇɸ, ʥʦ, ʚʦ-ʧʝʨʚʳʭ, ʠʭ 

çʥʦʤʝʥʢʣʘʪʫʨʘè ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʩʰʠʨʝʥʘ, ʚʦ-ʚʪʦʨʳʭ, ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʪʨʝʙʫʝʪʩʷ 

ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʟʥʘʯʝʥʠʡ ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʥʦʨʤʘʪʠʚʦʚ, ʚ-ʪʨʝʪʴʠʭ, ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʫʩʠʣʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʟʘ ʩʦʙʣʶʜʝʥʠʝʤ ʵʪʠʭ 

ʦʛʨʘʥʠʯʝʥʠʡ, ʚ-ʯʝʪʚʝʨʪʳʭ, ʟʥʘʯʝʥʠʷ ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʥʦʨʤʘʪʠʚʦʚ ʥʝ ʩʣʝʜʫʝʪ 

çʟʘʤʦʨʘʞʠʚʘʪʴè ʥʘ ʤʥʦʛʠʝ ʛʦʜʳ ï ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʥʠ ʜʦʣʞʥʳ 

ʢʦʨʨʝʢʪʠʨʦʚʘʪʴʩʷ. 

6. ʅʝʦʙʭʦʜʠʤʦ ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʥʦʨʤʠʨʦʚʘʥʠʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʯʘʩʪʠʯʥʦʝ ʠʣʠ ʧʦʣʥʦʝ ʦʩʚʦʙʦʞʜʝʥʠʝ ʦʪ ʧʣʘʪʳ ʟʘ 

ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʧʣʘʪʝʣʴʱʠʢʦʤ 

ʧʨʦʰʝʜʰʝʛʦ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʵʢʩʧʝʨʪʠʟʫ ʧʨʠʨʦʜʦʦʭʨʘʥʥʦʛʦ ʧʨʦʝʢʪʘ (ʦʙʲʸʤʳ 

ʟʘʪʨʘʪ, ʩʨʦʢ ʜʝʡʩʪʚʠʷ ʠ ʧʨʦʯʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʜʝʪʘʣʠ ʟʜʝʩʴ ʥʝ ʨʘʩʢʨʳʚʘʶʪʩʷ). 

7. ʅʝʦʙʭʦʜʠʤʦ ʨʘʟʚʠʪʠʝ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʬʦʨʤʘ ʤʦʥʠʪʦʨʠʥʛʘ: ʩʦʟʜʘʥʠʝ 

ɹʘʡʢʘʣʴʩʢʦʛʦ ʮʝʥʪʨʘ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʢʦʥʪʨʦʣʷ (ɹʎʕʄʂ) ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʠ ʭʠʤʠʢʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʦʮʝʥʢʠ 

ʚʦʟʜʝʡʩʪʚʠʷ ʩʫʙʲʝʢʪʦʚ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠ ʠʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ (ʚʢʣʶʯʘʷ ʠʩʪʦʯʥʠʢʠ ʜʠʬʬʫʟʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ), ʧʨʦʛʥʦʟʘ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʜʠʥʘʤʠʢʠ ʠ ʵʢʦʣʦʛʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ. 

ɹʎʕʄʂ ï ʩʪʨʫʢʪʫʨʘ ʄʠʥʠʩʪʝʨʩʪʚʘ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʵʢʦʣʦʛʠʠ ʈʌ. 

8. ʋʥʠʢʘʣʴʥʦʩʪʴ ʦʟ. ɹʘʡʢʘʣ ʠ ʝʛʦ ʠʩʢʣʶʯʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʘʢ 

ʧʨʠʨʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ʦʙʷʟʳʚʘʶʪ ʢ ʨʘʟʨʘʙʦʪʢʝ ʜʣʷ ʥʝʛʦ ʩʧʝʮʠʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

ʫʧʨʘʚʣʷʶʱʠʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʩʪʘʚʦʢ ʥʘʣʦʛʦʚ ʠ ʩʙʦʨʦʚ, ʢʫʨʦʨʪʥʦʛʦ 

ʩʙʦʨʘ ʠ ʧʨ.) ʠ ʧʨʦʮʝʜʫʨ ʧʨʠʥʷʪʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʨʝʰʝʥʠʡ ʥʘ ʬʝʜʝʨʘʣʴʥʦʤ, 

ʩʫʙʲʝʢʪʦʚʦʤ ʠ ʤʫʥʠʮʠʧʘʣʴʥʦʤ ʫʨʦʚʥʷʭ. ʄʝʞʩʫʙʲʝʢʪʦʚʳʡ ʠ, ʪʝʤ ʙʦʣʝʝ, 

ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʭʘʨʘʢʪʝʨ ɹʘʡʢʘʣʴʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʪʨʝʙʫʝʪ ʫʩʠʣʝʥʠʷ ʨʦʣʠ ʠ 

ʨʘʩʰʠʨʝʥʠʷ ʬʫʥʢʮʠʡ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʫʧʨʘʚʣʝʥʠʷ ʟʘ ʩʯʸʪ ʠʭ ʩʦʢʨʘʱʝʥʠʷ ʥʘ 

ʩʫʙʲʝʢʪʦʚʦʤ ʫʨʦʚʥʝ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʨʝʙʫʝʪʩʷ ʠ ʤʝʞʜʫ 

ʩʫʙʲʝʢʪʦʚʳʤ ʠ ʤʫʥʠʮʠʧʘʣʴʥʳʤ ʫʨʦʚʥʷʤʠ. 

9. ʉʣʝʜʫʝʪ ʫʯʨʝʜʠʪʴ ɹʘʡʢʘʣʴʩʢʠʡ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʬʦʥʜ (ɹʕʌ) ï ʩʪʨʫʢʪʫʨʫ 

ʚ ʩʠʩʪʝʤʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʵʢʦʣʦʛʠʠ ʈʌ ï ʮʝʣʝʚʦʡ 
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ʙʶʜʞʝʪʥʳʡ ʬʦʥʜ, ʩʨʝʜʩʪʚʘ ʢʦʪʦʨʦʛʦ ʥʘʧʨʘʚʣʷʶʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ 

ʨʝʘʣʠʟʘʮʠʶ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʥʘ ɹʘʡʢʘʣʴʩʢʦʡ ʧʨʠʨʦʜʥʦʡ 

ʪʝʨʨʠʪʦʨʠʠ (ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ, ʥʘʫʯʥʳʭ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ, ʢʦʥʪʨʦʣʴʥʳʭ ʠ ʧʨ.), 

ʥʠ ʚ ʢʦʝʤ ʩʣʫʯʘʝ ʥʝ ʥʘ ʟʘʨʘʙʦʪʥʫʶ ʧʣʘʪʫ, ʧʨʝʤʠʠ ʠ ʪ.ʧ. ʨʘʙʦʪʥʠʢʦʚ 

ʧʨʠʨʦʜʦʦʭʨʘʥʥʦʡ ʩʠʩʪʝʤʳ. ʉʨʝʜʩʪʚʘ ɹʕʌ ʬʦʨʤʠʨʫʶʪʩʷ ʠʟ ʧʦʩʪʫʧʣʝʥʠʡ ʦʪ 

ʢʫʨʦʨʪʥʦʛʦ ʩʙʦʨʘ, ʧʣʘʪʳ ʟʘ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, 

ʰʪʨʘʬʦʚ ʟʘ ʥʘʨʫʰʝʥʠʝ ʧʨʠʨʦʜʦʦʭʨʘʥʥʦʛʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʠ ʪ.ʧ. 

10. ʅʝʦʙʭʦʜʠʤʘ ʩʠʩʪʝʤʘ ʅʇɸ, ʦʭʚʘʪʳʚʘʶʱʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦ ʚʥʝʜʨʝʥʠʶ 

ʥʦʚʳʭ ʩʪʘʥʜʘʨʪʦʚ ʦʙʨʘʟʦʚʘʥʠʷ, ʧʦʜʜʝʨʞʢʠ ʢʦʤʧʣʝʢʩʘ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ 

ʧʦʚʳʰʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʛʨʘʤʦʪʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ, ʨʘʩʰʠʨʝʥʠʶ ʚʦʣʦʥʪʝʨʩʢʦʛʦ 

ʜʚʠʞʝʥʠʷ, ʨʘʩʰʠʨʝʥʠʶ ʜʦʩʪʫʧʘ ʢ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʧʨʠʨʦʜʥʳʭ 

ʦʙʲʝʢʪʦʚ, ʚʦʚʣʝʯʝʥʠʶ ʥʘʩʝʣʝʥʠʷ ʚ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦ ʩʦʭʨʘʥʝʥʠʶ ʧʨʠʨʦʜʥʦʡ 

ʩʨʝʜʳ, ʥʝʜʦʧʫʩʪʠʤʦʩʪʠ ʙʨʘʢʦʥʴʝʨʩʪʚʘ, ʧʨʝʜʥʘʤʝʨʝʥʥʦʛʦ ʥʘʥʝʩʝʥʠʷ ʫʱʝʨʙʘ 

ʧʨʠʨʦʜʥʳʤ ʨʝʩʫʨʩʘʤ. 

11. ʉʣʝʜʫʝʪ ʚʚʝʩʪʠ ʚ ʧʨʘʚʦʚʦʝ ʧʦʣʝ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʝʤ ʂɺʅ, 

ʧʦʣʦʞʝʥʠʝ ʦ ʩʪʨʘʪʝʛʠʯʝʩʢʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʵʢʩʧʝʨʪʠʟʝ (ʉʕʕ) ʧʨʦʝʢʪʦʚ ʠ 

ʨʝʘʣʠʟʦʚʘʪʴ ʝʛʦ, ʥʘʯʠʥʘʷ ʩ ʧʨʦʙʣʝʤʳ ʤʦʥʛʦʣʴʩʢʠʭ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ 

ʩʦʦʨʫʞʝʥʠʡ ʚ ʙʘʩʩʝʡʥʝ ʦʟ. ɹʘʡʢʘʣ. ɺ ʨʦʩʩʠʡʩʢʦʤ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʝ ʧʦʥʷʪʠʝ ʉʕʕ 

ʦʪʩʫʪʩʪʚʫʝʪ. ʀʟʫʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʚʣʝʯʝʥʠʷ ʵʢʩʧʝʨʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʖʅɽʉʂʆ ʜʣʷ ʘʥʘʣʠʟʘ ʩʠʪʫʘʮʠʠ ʠ ʚʳʨʘʙʦʪʢʠ ʨʝʛʫʣʷʪʠʚʥʳʭ ʥʦʨʤ ʥʘ ʦʩʥʦʚʝ 

ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʦʧʳʪʘ ʨʝʰʝʥʠʷ ʩʭʦʜʥʳʭ ʟʘʜʘʯ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʵʢʩʧʝʨʪʠʟ 

ʧʨʦʝʢʪʦʚ. 

ʆʩʥʦʚʥʳʝ ʚʳʚʦʜʳ: 
ï ʩʫʱʝʩʪʚʫʶʱʘʷ ʥʦʨʤʘʪʠʚʥʘʷ ʙʘʟʘ ʚ ʦʙʣʘʩʪʠ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʠ ʦʭʨʘʥʳ 

ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ɹʘʡʢʘʣʴʩʢʦʡ ʧʨʠʨʦʜʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʪʨʝʙʫʝʪ 

ʨʘʟʚʠʪʠʷ ʧʦ ʨʷʜʫ ʥʘʧʨʘʚʣʝʥʠʡ; 

ï ʧʨʠʥʷʪʳʝ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʝ ʘʢʪʳ ʬʝʜʝʨʘʣʴʥʦʛʦ 

ʫʨʦʚʥʷ ʥʝ ʩʦʜʝʨʞʘʪ ʧʦʣʦʞʝʥʠʡ, ʨʝʘʣʠʟʘʮʠʷ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʠ ʦʛʨʘʥʠʯʝʥʠʡ, 

ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ɹʘʡʢʘʣʴʩʢʦʡ ʧʨʠʨʦʜʥʦʡ ʪʝʨʨʠʪʦʨʠʠ; 

ï ʚʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʜʝʡʩʪʚʫʶʱʝʛʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʚ 

ʦʙʣʘʩʪʠ ʦʭʨʘʥʳ ʦʟ. ɹʘʡʢʘʣ ʷʚʣʷʝʪʩʷ ʫʩʠʣʝʥʠʝ ʢʦʥʪʨʦʣʷ ʟʘ ʚʳʧʦʣʥʝʥʠʝʤ 

ʥʦʨʤ ʠ ʧʨʘʚʠʣ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠ ʠʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ɹʘʡʢʘʣʴʩʢʦʡ 

ʧʨʠʨʦʜʥʦʡ ʪʝʨʨʠʪʦʨʠʠ; 

ï ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʧʦʜʭʦʜʦʚ ʢ ʦʧʪʠʤʘʣʴʥʦʤʫ ʵʬʬʝʢʪʠʚʥʦʤʫ 
ʫʧʨʘʚʣʝʥʠʶ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʠʭ ʦʭʨʘʥʝ, ʜʦʣʞʥʳ 

ʦʩʥʦʚʳʚʘʪʴʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʢʦʥʢʨʝʪʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʡ 

ʦʙʣʘʩʪʠ. 

ʉʬʦʨʤʫʣʠʨʦʚʘʥʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʡ 

ʙʘʟʳ ʜʦʣʞʥʳ ʩʦʩʪʘʚʠʪʴ ʦʩʥʦʚʫ ʧʝʨʝʯʥʷ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʥʦʨʤʘʪʠʚʥʦ-

ʧʨʘʚʦʚʳʭ ʘʢʪʦʚ ʚ ʨʘʤʢʘʭ ʌʝʜʝʨʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ ʧʦ ʩʦʭʨʘʥʝʥʠʶ ʦʟʝʨʘ ɹʘʡʢʘʣ. 

ʆʙʩʫʞʜʘʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ ʯʘʩʪʠʯʥʦ ʧʦʣʫʯʝʥʳ ʚ ʨʘʤʢʘʭ ʪʝʤʳ ɻʦʩʟʘʜʘʥʠʷ ʀɺʇ ʈɸʅ. 

ʐʠʬʨ ʪʝʤʳ: FMWZ-2022-0003; ˉ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ: 122041100259-3. 



˽͔ͤ͊ͪͤ͡·͔ ͒ͦ͊͒͟͡· 

12 

ʉʀʉʊɽʄʅʓʁ ʇʆɼʍʆɼ ɺ ʇʈʀʈʆɼʆʇʆʃʔɿʆɺɸʅʀʀ 

ɺʠʥʦʢʫʨʦʚ ʖ.ʀ., ʂʨʘʩʥʦʷʨʦʚʘ ɹ.ɸ. 

ʀʥʩʪʠʪʫʪ ʚʦʜʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʉʆ ʈɸʅ, ɹʘʨʥʘʫʣ, ʈʦʩʩʠʷ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʀɺʕʇ ʉʆ ʈɸʅ 

ʚ ʦʙʣʘʩʪʠ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʉʠʙʠʨʠ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʨʝʘʣʠʟʘʮʠʠ ʣʘʥʜʰʘʬʪʥʦʛʦ ʧʦʜʭʦʜʘ ʢʘʢ ʦʩʥʦʚʳ 

ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ, ʠʟʫʯʝʥʠʶ ʪʨʘʥʩʛʨʘʥʠʯʥʳʭ 

ʧʨʦʙʣʝʤ ʠ ʨʝʘʣʠʟʘʮʠʠ ʠʜʝʦʣʦʛʠʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʚ ʨʝʛʠʦʥʘʭ ʩ ʨʘʟʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʠ 

ʪʨʘʝʢʪʦʨʠʷʤʠ ʨʘʟʚʠʪʠʷ.   

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ɻʠʜʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʦʩʚʦʝʥʠʝ, ʣʘʥʜʰʘʬʪʥʳʡ ʧʦʜʭʦʜ, ʫʩʪʦʡʯʠʚʦʝ 

ʨʘʟʚʠʪʠʝ, ʤʝʜʠʢʦ-ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ, ʪʨʘʥʩʛʨʘʥʠʯʥʳʝ ʨʝʛʠʦʥʳ 

ʀʥʩʪʠʪʫʪ ʚʦʜʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʉʆ ʈɸʅ (ʉʆɸʅ ʉʉʉʈ) ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʪʚʝʨʞʜʝʥʥʳʤʠ ʝʤʫ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʟʘʜʘʯʘʤʠ ʩ ʩʘʤʦʛʦ 

ʤʦʤʝʥʪʘ ʩʚʦʝʛʦ ʩʦʟʜʘʥʠʷ ʚʩʝʛʜʘ ʨʘʙʦʪʘʣ ʧʦ ʜʚʫʤ ʥʘʫʯʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ, 

ʢʦʪʦʨʳʝ ʥʝʩʢʦʣʴʢʦ ʤʦʜʠʬʠʮʠʨʦʚʘʣʠʩʴ ʧʦ ʤʝʨʝ ʥʦʚʳʭ ʛʣʦʙʘʣʴʥʳʭ ʠ 

ʥʘʮʠʦʥʘʣʴʥʳʭ ʚʳʟʦʚʦʚ, ʵʪʦ, ʚʦ-ʧʝʨʚʳʭ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ 

ʠʟʫʯʝʥʠʝ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ, ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʠ ʠʥʳʭ ʧʨʠʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʉʠʙʠʨʠ ï ʟʦʥʳ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʥʘʰʝʛʦ ʠʥʩʪʠʪʫʪʘ; ʨʘʟʨʘʙʦʪʢʘ 

ʥʘʫʯʥʳʭ ʦʩʥʦʚ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ  

ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ, ʚʦ-ʚʪʦʨʳʭ. 

ɺ ʩʚʦʝʤ ʜʦʢʣʘʜʝ ʤʳ ʦʩʪʘʥʦʚʠʤʩʷ ʥʘ ʨʘʟʚʠʪʠʠ ʠʤʝʥʥʦ ʚʪʦʨʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ 

ʠ ʦʩʥʦʚʥʳʭ ʨʝʟʫʣʴʪʘʪʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʤʢʘʭ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ. 

ʂʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʛʠʜʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʩʚʦʝʥʠʷ ʪʝʨʨʠʪʦʨʠʠ 

ʉʠʙʠʨʠ. ʇʝʨʚʳʡ ʢʨʫʧʥʳʡ ʧʨʦʝʢʪ, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʠʥʩʪʠʪʫʪʦʤ, ʵʪʦ ʦʮʝʥʢʘ 

ʚʦʟʜʝʡʩʪʚʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʂʘʪʫʥʩʢʦʡ ɻʕʉ (ʠ ʝʝ ʜʘʣʴʥʝʡʰʠʭ ʤʦʜʠʬʠʢʘʮʠʡ 

ɸʣʪʘʡʩʢʘʷ, ʏʝʤʘʣʴʩʢʘʷ ɻʕʉ), ʘ ʟʘʪʝʤ ʠ ʤʥʦʞʝʩʪʚʘ ʤʘʣʳʭ ɻʕʉ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʈʝʩʧʫʙʣʠʢʠ ɸʣʪʘʡ ʠ ʚ ɸʣʪʘʡʩʢʦʤ ʢʨʘʝ, ʚ ʵʢʦʣʦʛʠʯʝʩʢʦʤ ʩʦʧʨʦʚʦʞʜʝʥʠʠ ʢʦʪʦʨʳʭ 

ʢʦʣʣʝʢʪʠʚ ʠʥʩʪʠʪʫʪʘ ʧʨʠʥʠʤʘʣ ʫʯʘʩʪʠʝ. ʀʥʩʪʠʪʫʪ ʪʘʢʞʝ ʧʨʦʚʦʜʠʣ ʵʢʩʧʝʨʪʠʟʳ 

ʧʨʦʝʢʪʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʕʚʝʥʢʠʡʩʢʦʡ ɻʕʉ, ʂʨʘʧʠʚʠʥʩʢʦʛʦ ʛʠʜʨʦʫʟʣʘ ʠ ʜʨ. 

ɸʢʮʝʥʪ ʜʝʣʘʣʩʷ ʥʝ ʪʦʣʴʢʦ ʥʘ ʠʟʤʝʥʝʥʠʠ ʥʝ ʪʦʣʴʢʦ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʠ 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʦʜʦʪʦʢʦʚ, ʥʦ ʠ ʨʝʞʠʤʘ ʟʘʪʦʧʣʝʥʠʷ ʧʦʡʤ, 

ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʦʙʱʝʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ. 

ʆʜʥʠʤ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʩʚʦʝʥʠʷ 

ʪʝʨʨʠʪʦʨʠʠ ɸʣʪʘʷ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʠʩʩʝʨʪʘʮʠʶ ɽʧʠʰʝʚʘ ʂ.ʄ. ʧʦ ʪʝʤʝ 

çʀʥʪʝʛʨʘʣʴʥʘʷ ʦʮʝʥʢʘ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʛʦʨʥʦʛʦ ʨʝʛʠʦʥʘ (ʥʘ 

ʧʨʠʤʝʨʝ ʈʝʩʧʫʙʣʠʢʠ ɸʣʪʘʡ)è.  

ʃʘʥʜʰʘʬʪʥʦ-ʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ ʪʝʨʨʠʪʦʨʠʠ. ɺʠʟʠʪʥʦʡ ʢʘʨʪʦʯʢʦʡ 

ʠʥʩʪʠʪʫʪʘ ʚʩʝʛʜʘ ʙʳʣʘ ʣʘʥʜʰʘʬʪʥʘʷ ʦʩʥʦʚʘ ʥʘʰʠʭ ʥʘʟʝʤʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɹʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʣʘʥʜʰʘʬʪʥʳʝ ʢʘʨʪʳ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ ʠ ʈʫʩʩʢʦʛʦ ɸʣʪʘʷ, 

ʧʨʦʚʝʜʝʥʦ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʨʘʡʦʥʠʨʦʚʘʥʠʝ ʆʙʴ-ʀʨʪʳʰʩʢʦʛʦ ʨʝʯʥʦʛʦ 

ʙʘʩʩʝʡʥʘ, ʧʦʜʛʦʪʦʚʣʝʥʳ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʢʨʫʧʥʦʛʦ ʠ ʤʝʣʢʦʛʦ 
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ʤʘʩʰʪʘʙʘ ʜʣʷ ʢʣʶʯʝʚʳʭ ʪʝʨʨʠʪʦʨʠʡ ʢʦʥʢʨʝʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʚ ʨʘʟʚʠʪʠʝ 

ʫʯʝʥʠʷ ʦ ʣʘʥʜʰʘʬʪʘʭ ʙʳʣʠ ʟʘʱʠʱʝʥʳ ʪʨʠ ʜʦʢʪʦʨʩʢʠʝ ʜʠʩʩʝʨʪʘʮʠʠ ï 

ɺʠʥʦʢʫʨʦʚʳʤ ʖ.ʀ., ɹʫʣʘʪʦʚʳʤ ɺ.ʀ., ʏʝʨʥʳʭ ɼ.ɺ.). ʎʠʬʨʦʚʠʟʘʮʠʷ 

ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʠʟʚʝʜʝʥʠʡ ʧʦʟʚʦʣʠʣʘ ʩʦʟʜʘʪʴ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʦʮʝʥʢʠ ʧʨʠʨʦʜʥʦʛʦ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʨʘʟʚʠʪʠʷ 

ʘʛʨʘʨʥʦʛʦ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ (ʢʘʥʜʠʜʘʪʩʢʘʷ ʜʠʩʩʝʨʪʘʮʠʷ  ʂʨʘʩʥʦʷʨʦʚʦʡ ɹ.ɸ.) 

ʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʣʘʥʜʰʘʬʪʦʚ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ (ʢʘʥʜʠʜʘʪʩʢʘʷ 

ʜʠʩʩʝʨʪʘʮʠʷ  ʈʦʪʘʥʦʚʦʡ ʀ.ʅ.), ʛʠʜʨʦʤʝʣʠʦʨʘʪʠʚʥʦʛʦ ʦʩʚʦʝʥʠʷ ʟʝʤʝʣʴ 

ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ (ʆʨʣʦʚʘ ʀ.ɺ.), ʧʦʩʪʨʦʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʢʘʨʢʘʩʘ ʪʝʨʨʠʪʦʨʠʠ 

(ʢʘʥʜʠʜʘʪʩʢʘʷ ʜʠʩʩʝʨʪʘʮʠʷ ʉʪʦʷʱʝʚʦʡ ʅ.ɺ.), ʧʨʦʚʝʜʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ 

ʟʦʥʠʨʦʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʡ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʨʘʡʦʥʦʚ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʜʦʢʫʤʝʥʪʦʚ 

ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʪ.ʧ. ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʄʝʜʠʢʦ-ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ.  ʂʦʣʣʝʢʪʠʚ ʠʥʩʪʠʪʫʪʘ ʧʨʠʥʠʤʘʣ 

ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʚ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʉʝʤʠʧʘʣʘʪʠʥʩʢʦʡ ʧʨʦʛʨʘʤʤʝ, 

ʦʮʝʥʢʝ ʟʘʛʨʷʟʥʝʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ɸʣʪʘʡʩʢʠʭ ʨʝʛʠʦʥʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʷʜʝʨʥʳʭ 

ʠʩʧʳʪʘʥʠʡ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʍʍ ʩʪʦʣʝʪʠʷ, ʨʘʟʨʘʙʦʪʢʝ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ 

ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʪʝʨʨʠʪʦʨʠʠ ʠ ʨʝʢʦʥʚʘʣʝʩʮʝʥʮʠʠ ʥʘʩʝʣʝʥʠʷ. ɹʳʣʘ ʧʦʜʛʦʪʦʚʣʝʥʘ 

ʩʝʨʠʷ ʢʘʨʪ ʤʝʜʠʢʦ-ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ, ʚʳʷʚʣʝʥʳ ʧʨʠʨʦʜʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʧʨʠʨʦʜʥʦ-ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʠ. ʇʦʜʛʦʪʦʚʣʝʥʳ 

ʜʦʢʪʦʨʩʢʠʝ ʜʠʩʩʝʨʪʘʮʠʠ ʍʣʝʙʦʚʠʯʝʤ ʀ.ɸ. ʠ ʄʘʣʴʛʠʥʳʤ ʄ.ɸ., ʢʘʥʜʠʜʘʪʩʢʠʝ 

ʜʠʩʩʝʨʪʘʮʠʠ ʂʫʨʝʧʠʥʦʡ ʅ.ʖ. ʠ ʇʫʪʠʣʦʚʦʡ ɸ.ɸ.  

ʇʨʦʙʣʝʤʳ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ. ɹʦʣʴʰʦʡ ʮʠʢʣ ʨʘʙʦʪ ʙʳʣ ʚʳʧʦʣʥʝʥ ʚ 

ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʠʜʝʦʣʦʛʠʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ, ʨʘʙʦʪʳ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʙʳʣʠ ʠʥʠʮʠʠʨʦʚʘʥʳ ʘʢʘʜʝʤʠʢʦʤ ɺ.ɸ. ʂʦʧʪʶʛʦʤ. ʅʘʤʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʠ 

ʨʝʘʣʠʟʦʚʘʥ ʨʝʛʠʦʥʘʣʴʥʳʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʥʘ ʧʨʠʤʝʨʝ 

ʂʝʤʝʨʦʚʩʢʦʡ ʦʙʣʘʩʪʠ (ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ, ʢʘʥʜʠʜʘʪʩʢʘʷ ʜʠʩʩʝʨʪʘʮʠʷ 

ʆʚʜʝʝʥʢʦ ɺ.ʀ.), ʈʝʩʧʫʙʣʠʢʠ ɸʣʪʘʡ (ʵʢʦʣʦʛʠʯʝʩʢʠ ʧʨʠʝʤʣʝʤʳʡ ʧʦʜʭʦʜ, 

ʢʘʥʜʠʜʘʪʩʢʘʷ ʜʠʩʩʝʨʪʘʮʠʷ ʉʫʨʘʟʘʢʦʚʦʡ ʉ.ʇ.), ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ 

(ʧʦʜʜʝʨʞʠʚʘʝʤʳʡ ʧʦʜʭʦʜ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʥʘ ʧʦʜʜʝʨʞʢʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ 

ʘʛʨʘʨʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʨʝʛʠʦʥʘ). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʜʝʪ ʨʘʟʨʘʙʦʪʢʘ 

ʢʣʘʩʪʝʨʥʦ-ʩʝʪʝʚʦʡ ʤʦʜʝʣʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʈʝʩʧʫʙʣʠʢʠ ʊʳʚʘ, 

ʫʯʠʪʳʚʘʶʱʘʷ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠʨʦʜʥʦʛʦ ʠ ʵʪʥʦʢʫʣʴʪʫʨʥʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʠ 

ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ. ɺ ʨʘʤʢʘʭ ʠʜʝʦʣʦʛʠʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ 

ʨʘʟʨʘʙʦʪʘʥʳ ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʘʛʨʘʨʥʦʛʦ 

ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʉʠʙʠʨʩʢʠʭ ʨʝʛʠʦʥʦʚ, ʘ ʪʘʢʞʝ ʤʦʜʝʣʠ ʨʘʟʚʠʪʠʷ ʦʪʜʝʣʴʥʳʭ 

ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʫʩʠʣʝʥʠʷ ʪʨʘʥʩʬʦʨʤʘʮʠʦʥʥʳʭ 

(ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʭ, ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ) 

ʧʨʦʮʝʩʩʦʚ ʚ ʦʙʣʘʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ (ʢʘʥʜʠʜʘʪʩʢʠʝ 

ʜʠʩʩʝʨʪʘʮʠʠ ʆʨʣʦʚʦʡ ʀ.ɺ., ʐʘʨʘʙʘʨʠʥʦʡ ʉ.ʅ. ʠ ʇʣʫʪʘʣʦʚʦʡ ʊ.ɻ.). ɺ ʧʦʩʣʝʜʥʠʝ 

ʛʦʜʳ ʘʢʮʝʥʪ ʩʜʝʣʘʥ ʥʘ ʨʘʟʚʠʪʠʝ ʟʝʣʝʥʦʡ ʵʢʦʥʦʤʠʢʠ, ʠʟʫʯʝʥʠʝ ʠ ʦʮʝʥʢʫ 

ʵʢʦʩʠʩʪʝʤʥʳʭ ʫʩʣʫʛ, ʚ ʪʦ ʤ ʯʠʩʣʝ ʧʨʝʜʣʦʞʝʥ ʘʣʛʦʨʠʪʤ ʤʦʥʝʪʘʨʥʦʡ ʦʮʝʥʢʠ 

ʵʢʦʩʠʩʪʝʤʥʳʭ ʫʩʣʫʛ ʠ ʦʙʦʩʥʦʚʘʥʠʷ ʚʳʙʦʨʘ ʩʮʝʥʘʨʠʝʚ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʠʩʪʝʤ 

ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ ʚ ʮʝʣʷʭ ʝʛʦ ʦʧʪʠʤʠʟʘʮʠʠ (ʨʘʙʦʪʳ ʅʘʟʘʨʝʥʢʦ ɸ.ɽ.). ɺ ʨʘʙʦʪʘʭ 
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ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠ ʜʠʩʪʘʥʮʠʦʥʥʳʝ ʤʝʪʦʜʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʧʨʘʢʪʠʢʠ ʣʘʥʜʰʘʬʪʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ 

ʵʢʦʩʠʩʪʝʤʥʦʛʦ ʨʘʟʚʠʪʠʷ. 

ʇʨʦʙʣʝʤʳ ɸʣʪʘʷ. ɹʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʚ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʫʜʝʣʷʣʦʩʴ 

ɸʣʪʘʶ, ʢʘʢ ʛʦʨʥʦʡ ʩʪʨʘʥʝ, ɸʣʪʘʡʩʢʠʤ ʨʝʛʠʦʥʘʤ ʈʌ, ʢʘʢ ʧʨʠʛʨʘʥʠʯʥʳʤ 

ʩʫʙʲʝʢʪʘʤ ʈʌ, ʠ ɹʦʣʴʰʦʤʫ ɸʣʪʘʶ, ʢʘʢ ʪʨʘʥʩʛʨʘʥʠʯʥʦʤʫ ʧʨʠʨʦʜʥʦʤʫ ʠ 

ʛʝʦʧʦʣʠʪʠʯʝʩʢʦʤʫ ʦʙʨʘʟʦʚʘʥʠʷ. ʉ ɸʣʪʘʝʤ ʩʚʷʟʘʥʳ ʤʥʦʛʠʝ ʨʘʟʨʘʙʦʪʢʠ 

ʛʝʦʧʦʣʠʪʠʯʝʩʢʦʛʦ (ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʪʨʘʩʩʳ ʂʦʰ-ɸʛʘʯ ï ʂʘʥʘʩ, 

ʕʢʩʧʝʨʪʥʘʷ ʦʮʝʥʢʘ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʪʨʘʥʩʛʨʘʥʠʯʥʦʡ ʙʠʦʩʬʝʨʥʦʡ 

ʪʝʨʨʠʪʦʨʠʠ (ʊɹʊ çɸʣʪʘʡè, ʛʘʟʦʧʨʦʚʦʜ çɸʣʪʘʡè ʠ ʜʨ.) ʠ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

(ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʏʫʡʩʢʦʛʦ ʪʨʘʢʪʘ, ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʝʢʪʦʚ 

ʚʦʜʦʦʭʨʘʥʥʳʭ ʟʦʥ ʨʝʢ ʂʘʪʫʥʠ, ɹʠʠ, ʦʟʝʨʘ ʊʝʣʝʮʢʦʝ ʠ ʪ.ʧ.) ʭʘʨʘʢʪʝʨʘ. ʅʝ ʤʝʥʝʝ 

ʚʘʞʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʧʦʜʜʝʨʞʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʵʪʥʦʢʫʣʴʪʫʨʥʦʛʦ 

ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ, ʢʘʢ ʚʘʞʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤ 

ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ ʤʘʣʳʭ ʵʪʥʦʩʦʚ. ɺ ʟʦʥʝ ʧʨʠʩʪʘʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʦʩʪʘʝʪʩʷ ʠ 

ʪʫʨʠʟʤ, ʠʤʝʶʱʠʡ ʚʦʟʨʘʩʪʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʚ ʨʝʛʠʦʥʘʭ ɸʣʪʘʷ, ʢʘʢ ʚ ʩʚʷʟʠ ʩ 

ʠʟʤʝʥʝʥʠʝʤ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʚ ʦʙʣʘʩʪʠ ʨʝʞʠʤʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʪʘʢ ʠ ʚ ʩʚʷʟʠ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʚ 

ʩʬʝʨʝ ʚʳʝʟʜʥʦʛʦ ʪʫʨʠʟʤʘ ʠ ʫʩʠʣʝʥʠʷ ʪʫʨʠʩʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʨʝʢʨʝʘʮʠʦʥʥʳʝ 

ʦʙʲʝʢʪʳ ʥʘʰʝʡ ʩʪʨʘʥʳ. ʀ ʚ ʵʪʦʤ ʢʣʶʯʝ ɸʣʪʘʡ ʟʘʥʠʤʘʝʪ ʦʜʥʦ ʠʟ ʚʝʜʫʱʠʭ ʤʝʩʪ 

ʧʦ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʠ ʨʘʟʥʦʦʙʨʘʟʠʶ ʧʨʝʜʣʘʛʘʝʤʳʭ ʨʝʢʨʝʘʮʠʦʥʥʳʭ ʫʩʣʫʛ. 

ɼʘʥʥʳʝ ʨʘʙʦʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʠ ʚʳʧʦʣʥʷʶʪʩʷ ʢʘʢ ʚ ʨʘʤʢʘʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʧʨʦʝʢʪʦʚ ɻʕʌ, ʇʈʆʆʅ ʠ ʜʨ., ʪʘʢ ʠ ʧʦ ʟʘʢʘʟʫ ʧʨʘʚʠʪʝʣʴʩʪʚʘ ʈʝʩʧʫʙʣʠʢʠ ɸʣʪʘʡ, 

ʦʪʜʝʣʴʥʳʭ ʤʠʥʠʩʪʝʨʩʪʚ, ʚʝʜʦʤʩʪʚ, ʘ ʪʘʢʞʝ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʢʘʟʘ ʠ 

ʠʥʪʝʛʨʘʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ ʈɸʅ ʠ ʉʆ ʈɸʅ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʦ-ʯʘʩʪʥʦʛʦ 

ʧʘʨʪʥʝʨʩʪʚʘ. ɺ ʨʘʙʦʪʘʭ ʧʨʠʥʠʤʘʣʠ ʫʯʘʩʪʠʝ ʩʦʪʨʫʜʥʠʢʠ ɻʦʨʥʦ-ɸʣʪʘʡʩʢʦʛʦ 

ʬʠʣʠʘʣʘ ʀɺʕʇ ʉʆ ʈɸʅ ʠ ɻʦʨʥʦ-ɸʣʪʘʡʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 

ʂʘʪʫʥʩʢʦʛʦ ʙʠʦʩʬʝʨʥʦʛʦ ʟʘʧʦʚʝʜʥʠʢʘ. 

ʊʨʘʥʩʛʨʘʥʠʯʥʳʝ ʙʘʩʩʝʡʥʳ. ɺ ʨʘʤʢʘʭ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ 

ʙʦʣʴʰʦʡ ʮʠʢʣ ʨʘʙʦʪ ʩʚʷʟʘʥ ʩ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʪʨʘʥʩʛʨʘʥʠʯʥʦʛʦ ʙʘʩʩʝʡʥʘ ʨʝʢʠ 

ʀʨʪʳʰ ï ʩʘʤʦʛʦ ʢʨʫʧʥʦʛʦ ʨʝʯʥʦʛʦ ʧʨʠʪʦʢʘ ʥʝ ʪʦʣʴʢʦ ʆʙʠ, ʥʦ ʠ ʚ ʤʠʨʝ. ɹʘʩʩʝʡʥ 

ʨʘʩʧʦʣʦʞʝʥ ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʪʨʝʭ ʩʪʨʘʥ ï ʂʠʪʘʷ, ʂʘʟʘʭʩʪʘʥʘ ʠ ʈʦʩʩʠʠ, 

ʠ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʜʣʷ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʢʘʞʜʦʡ ʠʟ ʵʪʠʭ ʩʪʨʘʥ. ʀʤʝʝʪʩʷ ʨʷʜ 

ʚʦʧʨʦʩʦʚ, ʪʨʝʙʫʶʱʠʭ ʩʦʚʤʝʩʪʥʦʛʦ ʨʝʰʝʥʠʷ, ʤʥʦʛʠʝ ʠʟ ʥʠʭ ʥʦʩʷʪ 

ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʚ ʩʚʷʟʠ ʩ ʥʝʟʘʚʝʨʰʝʥʥʦʩʪʴʶ ʨʘʟʨʘʙʦʪʢʠ 

ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʭ ʦʩʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘ ʥʘʮʠʦʥʘʣʴʥʦʤ ʠ 

ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʫʨʦʚʥʝ. ʕʪʠ ʚʦʧʨʦʩʳ ʪʨʝʙʫʶʪ ʧʨʠʩʪʘʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʢʘʢ ʣʠʮ, 

ʧʨʠʥʠʤʘʶʱʠʭ ʨʝʰʝʥʠʝ, ʪʘʢ ʠ ʫʯʝʥʳʭ ʚʩʝʭ ʩʪʨʘʥ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʥʠ ʥʘʭʦʜʷʪʩʷ ʚ 

ʟʦʥʝ ʧʦʩʪʦʷʥʥʦʛʦ ʚʥʠʤʘʥʠʷ ʥʘʰʝʛʦ ʥʘʫʯʥʦʛʦ ʢʦʣʣʝʢʪʠʚʘ. ʇʦʜʛʦʪʦʚʣʝʥʳ ʨʷʜ 

ʢʦʣʣʝʢʪʠʚʥʳʭ ʤʦʥʦʛʨʘʬʠʡ ʠ ʩʙʦʨʥʠʢʦʚ ʧʦ ʪʨʘʥʩʛʨʘʥʠʯʥʳʤ ʧʨʦʙʣʝʤʘʤ 

ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʚ ʙʘʩʩʝʡʥʝ ʨ. ʀʨʪʳʰ ʠ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʨʠʛʨʘʥʠʯʥʳʭ 

ʨʝʛʠʦʥʘʭ ʖʞʥʦʡ ʉʠʙʠʨʠ. 
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Abstract. The paper presents major research topics of IWEP SB RAS in the field of environmental 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʠʙʨʝʞʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʦʟ. ɹʘʡʢʘʣ ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ ʢʦʣʝʙʘʥʠʡ 

ʫʨʦʚʥʷ ʚʦʜʦʝʤʘ, ʧʦʜʚʝʨʞʝʥʳ ʧʨʦʮʝʩʩʘʤ ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʚʝʜʫʱʠʤ ʢ ʥʝʦʙʨʘʪʠʤʳʤ 

ʠʟʤʝʥʝʥʠʷʤ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʠ ʵʣʝʤʝʥʪʦʚ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʦʙʝʨʝʞʴʷ. 

ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʡ ʧʨʠʨʦʜʥʦʡ ʠ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʡ ʥʘ ʧʨʠʣʝʛʘʶʱʠʭ 

ʪʝʨʨʠʪʦʨʠʷʭ ʦʧʨʝʜʝʣʠʣ ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʦʟʤʦʞʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʠ ʫʱʝʨʙʦʚ ʜʣʷ ʪʝʨʨʠʪʦʨʠʠ 

ʚʣʠʷʥʠʷ ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ ʦʟ. ɹʘʡʢʘʣ, ʧʦʢʘʟʘʣ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʝʪʘ ʚʩʝʭ ʬʘʢʪʦʨʦʚ ʠ 

ʧʨʦʮʝʩʩʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʦʙʲʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ ʠ ʨʘʟʨʘʙʦʪʢʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʤʠʥʠʤʠʟʘʮʠʠ 

ʧʦʩʣʝʜʩʪʚʠʡ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʋʨʦʚʝʥʴ ʚʦʜʳ ʦʟ. ɹʘʡʢʘʣ, ʧʨʠʨʦʜʥʘʷ ʩʨʝʜʘ, ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʘʷ 

ʩʠʩʪʝʤʘ  

ɺʚʝʜʝʥʠʝ 

ɺʦʧʨʦʩ ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ ʦʟ. ɹʘʡʢʘʣ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʝʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ ʩ ʤʦʤʝʥʪʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʀʨʢʫʪʩʢʦʡ ɻʕʉ ʩ 1960 ʛ. 

ʋʨʦʚʝʥʴ ʦʟʝʨʘ ʧʦʜʥʷʣʩʷ ʥʘ 80 ʩʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʝʩʪʝʩʪʚʝʥʥʳʤ; ʠʟʤʝʥʠʣʘʩʴ 

ʛʦʜʦʚʘʷ ʘʤʧʣʠʪʫʜʘ ʝʛʦ ʢʦʣʝʙʘʥʠʡ; ʩʤʝʩʪʠʣʠʩʴ ʥʘ ʙʦʣʝʝ ʧʦʟʜʥʠʡ ʧʝʨʠʦʜ ʩʨʝʜʥʠʝ 

ʩʨʦʢʠ ʜʦʩʪʠʞʝʥʠʷ ʩʝʟʦʥʥʳʭ ʤʠʥʠʤʘʣʴʥʳʭ ʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʫʨʦʚʥʝʡ. ɺ 

ʤʥʦʛʦʚʦʜʥʳʝ ʛʦʜʳ (1983-1995 ʛʛ.) ʫʨʦʚʝʥʴ ʚʦʜʳ ʚ ʦʟʝʨʝ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʣ 

ʩʨʝʜʥʶʶ ʦʪʤʝʪʢʫ ʅʇʋ (457 ʤ ʊʆ), ʘ ʚ ʧʝʨʠʦʜʳ ʤʘʣʦʚʦʜʴʷ ʙʳʣ ʩʫʱʝʩʪʚʝʥʥʦ 

ʥʠʞʝ ʵʪʦʡ ʦʪʤʝʪʢʠ. ʅʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʠʣʝʛʘʶʱʠʝ ʪʝʨʨʠʪʦʨʠʠ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʥʘ ʧʦʥʠʞʝʥʥʳʝ ʧʨʠʙʨʝʞʥʳʝ ʨʘʡʦʥʳ ʈʝʩʧʫʙʣʠʢʠ ɹʫʨʷʪʠʠ, ʦʙʫʩʣʦʚʠʣʠ 

ʧʨʠʥʷʪʠʝ ʇʦʩʪʘʥʦʚʣʝʥʠʷ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ˉ 234 ʦʪ 26.03.2001 ʛ. çʆ 

ʧʨʝʜʝʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʦʟʝʨʝ ɹʘʡʢʘʣ ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ 

ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʠ ʠʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠè [1]. ʇʦʩʪʘʥʦʚʣʝʥʠʝ ʦʛʨʘʥʠʯʠʣʦ ʢʦʣʝʙʘʥʠʷ 

ʫʨʦʚʥʷ ʦʟʝʨʘ ʤʝʪʨʦʚʳʤ ʜʠʘʧʘʟʦʥʦʤ ï 456,00 ʠ 457,00 ʤ ʊʆ, ʯʪʦ ʚ ʜʚʘ ʨʘʟʘ ʤʝʥʴʰʝ 

ʝʩʪʝʩʪʚʝʥʥʦʡ ʘʤʧʣʠʪʫʜʳ.  

ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʧʦʩʣʝʜʥʝʛʦ ʜʝʩʷʪʠʣʝʪʠʷ - ʥʠʟʢʠʡ ʧʨʠʪʦʢ ʚ ɹʘʡʢʘʣ 

ʚ ʤʘʣʦʚʦʜʥʳʡ ʧʝʨʠʦʜ 2014-2017 ʛʛ. ʠ ʝʛʦ ʨʝʟʢʦʝ ʧʦʚʳʰʝʥʠʝ ʚ 2020 ʠ 2021 ʛʛ. 

ʧʦʢʘʟʘʣʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ ʥʘ ʧʨʠʣʝʛʘʶʱʠʝ 

ʪʝʨʨʠʪʦʨʠʠ ʠ ʫʯʝʪ ʵʪʠʭ ʧʦʩʣʝʜʩʪʚʠʡ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʤʥʦʛʠʭ ʣʝʪ ʚʦʧʨʦʩʳ ʚʣʠʷʥʠʷ ʠʟʤʝʥʝʥʠʡ ʫʨʦʚʥʷ ʥʘ ʵʢʦʩʠʩʪʝʤʫ ʚʦʜʦʝʤʘ ʠ 

ʧʦʙʝʨʝʞʴʷ, ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ ʜʣʷ ʧʨʠʣʝʛʘʶʱʠʭ 

ʪʝʨʨʠʪʦʨʠʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ.  

ʎʝʣʴ ʠ ʩʦʜʝʨʞʘʥʠʝ ʨʘʙʦʪʳ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ (2021 ï 2023 ʛʛ.) ʚʝʜʫʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ 

ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ ʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʵʢʦʩʠʩʪʝʤʳ ʦʟʝʨʘ ʠ ʵʣʝʤʝʥʪ rʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʦʙʝʨʝʞʴʷ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʀʥʩʪʠʪʫʪʘ ʛʝʦʛʨʘʬʠʠ ʉʆ 
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ʈɸʅ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʠʟʤʝʥʝʥʠʡ ʫʨʦʚʥʷ ʦʟʝʨʘ ɹʘʡʢʘʣ ʥʘ ʧʨʠʙʨʝʞʥʫʶ 

ʪʝʨʨʠʪʦʨʠʶ ʚ ʛʨʘʥʠʮʘʭ ʀʨʢʫʪʩʢʦʡ ʦʙʣʘʩʪʠ.  

ʆʩʥʦʚʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ ʧʨʠ ʠʟʤʝʥʝʥʠʷʭ ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʚʦʜʦʝʤʝ ʜʣʷ 

ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʧʦʙʝʨʝʞʴʷ ʷʚʣʷʶʪʩʷ ʘʙʨʘʟʠʦʥʥʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳ ʚ 

ʙʝʨʝʛʦʚʦʡ ʟʦʥʝ, ʜʝʛʨʘʜʘʮʠ ̫ ʧʦʯʚʝʥʥʦ-ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ, ʧʦʪʝʨʠ 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʠ ʢʨʘʩʥʦʢʥʠʞʥʳʭ ʚʠʜʦʚ. ʉʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʧʨʠʙʨʝʞʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʚ ʧʨʦʮʝʩʩʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʠ ʧʨʷʤʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʦʙʲʝʢʪʳ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʠʩʧʳʪʳʚʘʝʪ ʩʥʠʞʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʠ ʨʝʢʨʝʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ, 

ʘ ʪʘʢʞʝ ʥʝʩʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʝ ʧʦʪʝʨʠ (ʫʱʝʨʙʳ) ʧʨʠ ʟʘʪʦʧʣʝʥʠʠ/ʧʦʜʪʦʧʣʝʥʠʠ 

ʠ ʦʩʫʰʝʥʠʠ ʪʝʨʨʠʪʦʨʠʠ. 

ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ 

ʧʦʙʝʨʝʞʴʷ ʦʟ. ɹʘʡʢʘʣ ʚ ʛʨʘʥʠʮʘʭ ʀʨʢʫʪʩʢʦʡ ʦʙʣʘʩʪʠ ʧʦʟʚʦʣʠʣ ʚʳʜʝʣʠʪʴ 

ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʝ ʤʦʤʝʥʪʳ ʚʣʠʷʥʠʷ ʠʟʤʝʥʝʥʠʡ ʫʨʦʚʥʷ ʚʦʜʦʝʤʘ ʥʘ 

ʧʦʙʝʨʝʞʴʝ.  

1. ʆʨʦʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʤʦʨʬʦʩʪʨʫʢʪʫʨʳ ɹʘʡʢʘʣʴʩʢʦʡ 

ʨʠʬʪʦʚʦʡ ʟʦʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʨʦʚʥʷ ʦʟʝʨʘ ʦʧʨʝʜʝʣʷʝʪ ʫʯʘʩʪʢʠ ʧʦʙʝʨʝʞʴʷ ʩ 

ʨʘʟʣʠʯʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚʦʟʜʝʡʩʪʚʠʷ ʫʨʦʚʝʥʥʦʛʦ ʬʘʢʪʦʨʘ. ʄʦʨʬʦʛʠʥʝʪʠʯʝʩʢʠʡ 

ʪʠʧ ʧʦʙʝʨʝʞʴʷ ʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʨʝʣʴʝʬʦʦʙʨʘʟʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ 

ʚʳʜʝʣʠʪʴ ʫʯʘʩʪʢʠ ʩ ʨʘʟʣʠʯʥʦʡ ʨʝʘʢʮʠʝʡ ʤʦʨʬʦʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ 

ʚʦʟʤʦʞʥʳʝ ʢʦʣʝʙʘʥʠʷ ʫʨʦʚʥʷ ʚʦʜʳ ʚʦʜʦʝʤʘ [2]. ʅʘʠʙʦʣʝʝ ʫʷʟʚʠʤʳʤʠ ʷʚʣʷʶʪʩʷ 

ʫʩʪʴʝʚʳʝ ʩʠʩʪʝʤʳ ʧʨʠʪʦʢʦʚ ʠ ʦʪʜʝʣʴʥʳʝ ʧʦʥʠʞʝʥʥʳʝ ʟʦʥʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ 

ʵʨʦʟʠʦʥʥʳʤʠ, ʘʢʢʫʤʫʣʷʪʠʚʥʳʤʠ ʠ ʵʨʦʟʠʦʥʥʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. 

2. ʅʘʧʨʘʚʣʝʥʥʦʩʪʴ ʠ ʤʘʩʰʪʘʙ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʣʘʥʜʰʘʬʪʦʚ 

ʧʦʙʝʨʝʞʴʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʟʘʚʠʩʷʪ ʦʪ ʩʝʟʦʥʘ, 

ʯʘʩʪʦʪʳ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʦʟ. ɹʘʡʢʘʣ. ʆʩʥʦʚʥʳʤ 

ʧʘʨʘʤʝʪʨʦʤ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʨʠʨʦʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʝʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʘ ̫

ʫʩʪʦʡʯʠʚʦʩʪʴ ʣʘʥʜʰʘʬʪʦʚ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʚʦʡʩʪʚʘʤʠ ʦʪʜʝʣʴʥʳʭ 

ʧʨʠʨʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʩʚʷʟʳʚʘʶʱʠʤʠ ʠʭ ʧʨʦʮʝʩʩʘʤʠ. ʋʯʝʪ ʨʝʛʠʦʥʘʣʴʥʦʛʦ 

ʣʘʥʜʰʘʬʪʥʦʛʦ ʬʦʥʘ, ʦʩʦʙʝʥʥʦʩʪʝʡ ʣʘʥʜʰʘʬʪʥʦʛʦ ʩʦʩʝʜʩʪʚʘ ʥʘ ʣʦʢʘʣʴʥʦʤ 

ʫʨʦʚʥʝ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʣʘʥʜʰʘʬʪʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʫʷʟʚʠʤʳʤʠ ʷʚʣʷʶʪʩʷ ʫʩʪʴʝʚʳʝ 

ʫʯʘʩʪʢʠ ʧʨʠʪʦʢʦʚ, ʥʝʙʦʣʴʰʠʝ ʨʘʩʧʘʜʢʠ ʠ ʦʪʜʝʣʴʥʳʝ ʧʦʥʠʞʝʥʥʳʝ ʫʯʘʩʪʢʠ 

ʧʦʙʝʨʝʞʴʷ.  

3. ɼʣʷ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʧʦʙʝʨʝʞʴʷ ʦʟʝʨʘ ɹʘʡʢʘʣ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳ 

ʧʨʦʮʝʩʩʳ ʵʨʦʟʠʠ ʠ ʟʘʙʦʣʘʯʠʚʘʥʠʷ, ʧʨʦʷʚʣʷʶʱʠʝʩʷ ʧʨʠ ʢʦʣʝʙʘʥʠʷʭ ʫʨʦʚʥʷ 

ʚʦʜʦʝʤʘ. ɺ ʟʦʥʘʭ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʟʘʪʦʧʣʝʥʠʷ ʠ ʧʦʜʪʦʧʣʝʥʠʷ ʚʦʟʤʦʞʥʦ ʨʘʟʚʠʪʠʝ 

ʛʣʝʝʚʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʥʘʢʦʧʣʝʥʠʝ ʪʦʨʬʘ, ʦʩʣʘʙʣʝʥʠʝ ʧʦʜʟʦʣʠʩʪʦʛʦ ʠ ʫʩʠʣʝʥʠʝ 

ʜʝʨʥʦʚʦʛʦ ʧʨʦʮʝʩʩʦʚ, ʦʣʫʛʦʚʝʥʠʝ (ʜʣʷ ʧʦʜʟʦʣʠʩʪʳʭ ʧʦʯʚ) ʠ ʨʘʩʩʦʣʝʥʠʝ (ʜʣʷ 

ʯʝʨʥʦʟʝʤʦʚ). ʅʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʛʠʜʨʦʛʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʥʘ ʧʦʙʝʨʝʞʴʝ ʦʟ. 

ɹʘʡʢʘʣ ʙʫʜʫʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʩʫʭʠʝ ʧʦʯʚʳ ʩʪʝʧʥʳʭ ʠ ʣʝʩʦʩʪʝʧʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. 

4. ɺʣʠʷʥʠʝ ʠʟʤʝʥʝʥʠʡ ʫʨʦʚʥʷ ʦʟʝʨʘ ʥʘ ʩʪʨʫʢʪʫʨʫ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʥʘʠʙʦʣʝʝ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚ ʫʩʪʴʝʚʳʭ ʠ ʧʦʥʠʞʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ʧʦʙʝʨʝʞʴʷ, ʢʦʪʦʨʳʝ 
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ʧʨʝʜʩʪʘʚʣʝʥʳ ʣʫʛʦʚʦ-ʙʦʣʦʪʥʳʤʠ, ʨʝʜʢʦʣʝʩʥʳʤʠ ʠ ʩʪʝʧʥʳʤʠ ʩʦʦʙʱʝʩʪʚʘʤʠ. ʅʘ 

ʫʯʘʩʪʢʘʭ ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʦʜʚʝʨʞʝʥʥʳʭ ʢʦʣʝʙʘʥʠʷʤ ʫʨʦʚʥʷ ʚʳʷʚʣʝʥʦ ʙʦʣʝʝ 20 

ʚʠʜʦʚ ʬʣʦʨʳ, ʟʘʥʝʩʝʥʥʳʭ ʚ ʂʨʘʩʥʫʶ ʢʥʠʛʫ ʀʨʢʫʪʩʢʦʡ ʦʙʣʘʩʪʠ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʠʟʤʝʥʝʥʠʝ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʷʚʣʷʝʪʩʷ ʥʝʛʘʪʠʚʥʳʤ ʬʘʢʪʦʨʦʤ [3]. 

ɿʥʘʯʠʪʝʣʴʥʳʡ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʠʤʝʝʪ ʧʦʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʚʦʜʳ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʦʩʫʰʝʥʠʝʤ ʪʝʨʨʠʪʦʨʠʡ, ʯʪʦ ʩʦʟʜʘʝʪ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ 

ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʟʚʠʪʠʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ.  

5. ɿʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʫʨʦʚʥʷ ʦʟ. ɹʘʡʢʘʣ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʩʦʢʨʘʱʝʥʠʝ 

ʧʣʦʱʘʜʠ ʤʝʩʪʦʦʙʠʪʘʥʠʡ ʠ ʩʥʠʞʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʦʢʦʣʦʚʦʜʥʳʭ ʧʪʠʮ ʠ 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ. ɿʘʪʦʧʣʝʥʠʝ ʠʣʠ ʦʩʫʰʝʥʠʝ ʧʨʠʙʨʝʞʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʧʨʠ 

ʢʦʣʝʙʘʥʠʷʭ ʫʨʦʚʥʷ ʫʭʫʜʰʘʝʪ ʟʘʱʠʪʥʦ-ʛʥʝʟʜʦʚʳʝ ʬʫʥʢʮʠʠ ʙʠʦʮʝʥʦʟʦʚ, ʩʥʠʞʘʝʪ 

ʨʘʟʤʥʦʞʝʥʠʝ, ʚʝʜʝʪ ʢ ʧʦʣʥʦʡ ʠʣʠ ʯʘʩʪʠʯʥʦʡ ʧʦʪʝʨʝ ʢʦʨʤʦʚʳʭ ʨʝʩʫʨʩʦʚ. ʅʘ 

ʫʯʘʩʪʢʘʭ ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʦʜʚʝʨʞʝʥʥʳʭ ʚʣʠʷʥʠʶ ʠʟʤʝʥʝʥʠʡ ʫʨʦʚʥʷ ʦʪʤʝʯʝʥʳ 16 

ʚʠʜʦʚ ʞʠʚʦʪʥʳʭ, ʚʥʝʩʝʥʥʳʭ ʚ ʂʨʘʩʥʳʝ ʢʥʠʛʠ ʀʨʢʫʪʩʢʦʡ ʦʙʣʘʩʪʠ, ʯʴʠ ʤʝʩʪʘ 

ʦʙʠʪʘʥʠʷ ʧʨʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʛʫʪ ʩʦʢʨʘʪʠʪʴʩʷ ʠʣʠ ʧʦʣʥʦʩʪʴʶ 

ʠʩʯʝʟʥʫʪʴ [3].  

ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʦʮʠʘʣʴʥʦ-ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ 

ʧʨʠʙʨʝʞʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʚʳʧʦʣʥʝʥ ʧʦ ʦʩʥʦʚʥʳʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʙʣʦʢʘʤ ʠ ʚ 

ʨʘʟʨʝʟʝ ʢʘʪʝʛʦʨʠʡ ʟʝʤʝʣʴ ʧʦ ʭʦʟʷʡʩʪʚʝʥʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ. ʈʝʟʫʣʴʪʘʪʳ 

ʚʳʷʚʠʣʠ ʪʝʨʨʠʪʦʨʠʠ ʠ ʦʪʨʘʩʣʠ ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʟʦʥʝ 

ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʨʠʩʢʘ ʟʘʪʦʧʣʝʥʠʷ/ʧʦʜʪʦʧʣʝʥʠʷ ʠʣʠ ʦʩʫʰʝʥʠʷ ʧʨʠ ʢʦʣʝʙʘʥʠʷʭ 

ʫʨʦʚʥʷ ʦʟʝʨʘ. 

1. ɺ ʩʪʨʫʢʪʫʨʝ ʟʝʤʝʣʴʥʦʛʦ ʬʦʥʜʘ ʧʦ ʦʩʥʦʚʥʳʤ ʢʘʪʝʛʦʨʠʷʤ ʟʝʤʝʣʴ ʥʘ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ ʢ ʟʘʪʦʧʣʝʥʠʶ/ʧʦʜʪʦʧʣʝʥʠʶ ʪʝʨʨʠʪʦʨʠʷʭ ʧʨʝʦʙʣʘʜʘʶʪ 

ʟʝʤʣʠ ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʳʭ ʪʝʨʨʠʪʦʨʠʡ ʠ ʦʙʲʝʢʪʦʚ. ʇʦ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʤ ʨʘʡʦʥʘʤ 

ʟʝʤʣʠ ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʳʭ ʪʝʨʨʠʪʦʨʠʡ ʠ ʦʙʲʝʢʪʦʚ ʜʦʤʠʥʠʨʫʶʪ ʚ ʆʣʴʭʦʥʩʢʦʤ 

ʨʘʡʦʥʝ ʀʨʢʫʪʩʢʦʡ ʦʙʣʘʩʪʠ, ʛʜʝ ʫʜʝʣʴʥʳʡ ʚʝʩ ʜʘʥʥʦʡ ʢʘʪʝʛʦʨʠʠ ʦʪ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʦʧʘʩʥʳʭ ʢ ʟʘʪʦʧʣʝʥʠʶ/ʧʦʜʪʦʧʣʝʥʠʶ ʪʝʨʨʠʪʦʨʠʡ ʨʘʡʦʥʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 90%.  

2. ɺ ʨʘʟʨʝʟʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘʠʙʦʣʝʝ ʧʦʜʚʝʨʞʝʥʥʳʤʠ ʚʣʠʷʥʠʶ ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ ʷʚʣʷʶʪʩʷ 

ʦʙʲʝʢʪʳ ʥʝʢʦʤʤʝʨʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ - ʩʘʜʦʚʦʜʯʝʩʢʠʝ ʠ ʦʛʦʨʦʜʥʠʯʝʩʢʠʝ 

ʪʦʚʘʨʠʱʝʩʪʚʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʝ ʦʟʝʨʘ ʚ ʆʣʴʭʦʥʩʢʦʤ ʠ 

ʉʣʶʜʷʥʩʢʦʤ ʨʘʡʦʥʘʭ ʀʨʢʫʪʩʢʦʡ ʦʙʣʘʩʪʠ. 

3. ʆʙʲʝʢʪʳ ʨʝʢʨʝʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʦʭʨʘʥʷʝʤʳʭ ʪʝʨʨʠʪʦʨʠʷʭ, ʟʘʥʠʤʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʧʣʦʱʘʜʠ ʥʘ ʟʝʤʣʷʭ ʧʦʜʚʝʨʞʝʥʥʳʭ ʚʣʠʷʥʠʶ ʫʨʦʚʥʷ ʦʟ. ɹʘʡʢʘʣ ʥʘ ʟʘʧʘʜʥʦʤ 

ʧʦʙʝʨʝʞʴʝ ʦʟʝʨʘ. 

4. ʇʘʤʷʪʥʠʢʠ ʢʫʣʴʪʫʨʳ ʚ ʆʣʴʭʦʥʩʢʦʤ (ʘʨʭʝʦʣʦʛʠʯʝʩʢʠʝ ʧʘʤʷʪʥʠʢʠ) ʠ 

ʉʣʶʜʷʥʩʢʦʤ (ʠʩʪʦʨʠʢʦ-ʢʫʣʴʪʫʨʥʳʡ ʢʦʤʧʣʝʢʩ ʂʨʫʛʦʙʘʡʢʘʣʴʩʢʦʡ ʞʝʣʝʟʥʦʡ 

ʜʦʨʦʛʠ) ʨʘʡʦʥʘʭ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʳ ʥʘ ʧʨʠʙʨʝʞʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʦʟ. ɹʘʡʢʘʣ ʚ 

ʟʦʥʝ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʦʡ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʵʨʦʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ/ʠʣʠ 

ʟʘʪʦʧʣʝʥʠʶ [4].  
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5. ɿʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʲʝʢʪʦʚ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ʨʘʟʣʠʯʥʦʛʦ ʫʨʦʚʥʷ ʥʘʭʦʜʷʪʩʷ ʚ ʦʧʘʩʥʦʡ ʢ ʟʘʪʦʧʣʝʥʠʶ ʟʦʥʝ ʚ ʉʣʶʜʷʥʩʢʦʤ ʨʘʡʦʥʝ 

ʀʨʢʫʪʩʢʦʡ ʦʙʣʘʩʪʠ. ʆʙʲʝʢʪʳ ʚʦʜʥʦʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ - ʧʨʠʯʘʣʳ ʠ 

ʧʦʨʪʦʚʳʝ ʢʦʤʧʣʝʢʩʳ, ʘ ʪʘʢʞʝ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʝ ʙʝʨʝʛʦʚʳʝ ʩʦʦʨʫʞʝʥʠʷ 

ʥʘʠʙʦʣʝʝ ʫʷʟʚʠʤʳ ʢ ʢʦʣʝʙʘʥʠʷʤ ʫʨʦʚʥʷ ʦʟ. ɹʘʡʢʘʣ. 

ɺʳʚʦʜ r

ɸʥʘʣʠʟ ʩʠʪʫʘʮʠʠ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ, ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʦʟ. ɹʘʡʢʘʣ ʟʘ ʧʦʩʣʝʜʥʠʝ 

ʜʝʩʷʪʠʣʝʪʠʷ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʝʨʠʦʜʳ ʤʘʣʦʚʦʜʠʡ ʠ ʤʥʦʛʦʚʦʜʠʡ ʷʚʣʷʶʪʩʷ ʟʘʚʝʜʦʤʦ 

ʦʧʘʩʥʳʤʠ ʷʚʣʝʥʠʷʤʠ, ʚʳʟʳʚʘʶʱʠʤʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ 

ʠʟʤʝʥʝʥʠʷ ʠ ʫʱʝʨʙʳ ʜʣʷ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ.  

ʇʨʦʚʦʜʠʤʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʮʝʥʢʝ ʧʦʩʣʝʜʩʪʚʠʡ ʜʣʷ ʧʨʠʙʨʝʞʥʳʭ 

ʪʝʨʨʠʪʦʨʠʡ ʧʨʝʜʩʪʘʚʣʷʶʪ ʤʘʩʰʪʘʙʥʫʶ ʟʘʜʘʯʫ ʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʨʝʞʠʤʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʀʨʢʫʪʩʢʦʡ ɻʕʉ ʧʨʠ ʫʩʣʦʚʠʠ 

ʤʠʥʠʤʠʟʘʮʠʠ ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʜʣʷ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʠ ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʦʙʝʨʝʞʴʷ.  
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Abstract. The coastal areas of lake Baikal, located in the zone of influence of level fluctuations, are 

subject to transformation processes leading to irreversible changes in the natural environment and 

elements of the socio-economic system of the coast. The analysis of the current natural and socio-

economic situation in the coastal areas has determined the totality of possible consequences and 

damages for the territory of the influence of level fluctuations of Baikal, showed the need to take 

into account all factors and processes to conduct an objective assessment and to develop 

recommendations to minimize the consequences. 
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ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʊʝʣʝʮʢʦʤ 

ʦʟʝʨʝ, ʚʳʧʦʣʥʝʥʥʳʭ ʩʦʪʨʫʜʥʠʢʘʤʠ ʀɺʕʇ ʉʆ ʈɸʅ. ɼʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʚ ʥʘʪʫʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʘʭ ʧʦ 

ʢʦʤʧʴʶʪʝʨʥʳʤ ʤʦʜʝʣʷʤ ʪʝʨʤʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʨʘʟʣʠʯʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ. 

ɺʳʧʦʣʥʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʷʟʘʥʳ ʩ ʦʧʠʩʘʥʠʝʤ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝʤ ʪʝʨʤʠʯʝʩʢʦʛʦ ʠ 

ʣʝʜʦʚʦʛʦ ʨʝʞʠʤʦʚ ʛʣʫʙʦʢʠʭ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʉʠʙʠʨʠ ʠ 

ʩʦʟʜʘʥʠʝʤ ʫʪʦʯʥʝʥʥʦʡ ʤʦʜʝʣʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʢʘʨʢʘʩʘ ʵʢʦʩʠʩʪʝʤʳ ʊʝʣʝʮʢʦʛʦ ʦʟʝʨʘ. ɼʘʥ 

ʩʦʧʦʩʪʘʚʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʘʚʪʦʨʘʤʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ 

ʧʨʠʤʝʨʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʝʩʝʥʥʝ-ʣʝʪʥʝʛʦ ʪʝʨʤʦʙʘʨʘ ʚ ʊʝʣʝʮʢʦʤ ʦʟʝʨʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʊʝʣʝʮʢʦʝ ʦʟʝʨʦ, ʪʝʨʤʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʥʘʪʫʨʥʳʝ 

ʥʘʙʣʶʜʝʥʠʷ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʪʝʨʤʦʙʘʨ 

ɺʚʝʜʝʥʠʝ 

ʅʘʪʫʨʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʊʝʣʝʮʢʦʤ ʦʟʝʨʝ ʥʘʯʘʣʠʩʴ ʚ ʀɺʕʇ ʉʆ ʈɸʅ ʩ ʢʦʥʮʘ 

80-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ. ɺ ʵʪʦ ʚʨʝʤʷ ʀʥʩʪʠʪʫʪʦʤ ʚʳʧʦʣʥʷʣʠʩʴ ʢʦʤʧʣʝʢʩʥʳʝ 

ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ ʂʘʪʫʥʩʢʦʡ ɻʕʉ. ʊʝʣʝʮʢʦʝ 

ʦʟʝʨʦ ʙʳʣʦ ʚʳʙʨʘʥʦ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʚʦʜʦʝʤʦʚ-ʘʥʘʣʦʛʦʚ 

ʧʨʦʝʢʪʠʨʦʚʘʚʰʝʛʦʩʷ ʚʦʜʦʭʨʘʥʠʣʠʱʘ. ɼʘʣʝʝ ʜʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʊʝʣʝʮʢʦʛʦ ʦʟʝʨʘ ʙʳʣʦ ʧʨʦʜʦʣʞʝʥʦ ʚ ʨʘʤʢʘʭ ʜʨʫʛʠʭ ʧʨʦʝʢʪʦʚ. ɺ 

ʜʦʢʣʘʜʝ ʜʘʥ ʢʨʘʪʢʠʡ ʦʙʟʦʨ ʥʘʫʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩʦʪʨʫʜʥʠʢʘʤʠ 

ʀʥʩʪʠʪʫʪʘ ʧʨʠ ʠʟʫʯʝʥʠʠ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʊʝʣʝʮʢʦʤ ʦʟʝʨʝ.  

ʎʝʣʴʁ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʤʧʣʝʢʩʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʊʝʣʝʮʢʦʤ ʦʟʝʨʝ, ʚʳʧʦʣʥʝʥʥʳʭ 

ʩʦʪʨʫʜʥʠʢʘʤʠ ʀɺʕʇ ʉʆ ʈɸʅ ʚ ʧʝʨʠʦʜ 1987-2022 ʛʛ. ʠ ʠʭ ʩʦʧʦʩʪʘʚʠʪʝʣʴʥʳʡ 

ʘʥʘʣʠʟ.  

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʊʝʣʝʮʢʦʝ ʦʟʝʨʦ ï ʵʪʦ ʩʘʤʳʡ ʛʣʫʙʦʢʠʡ ʚʦʜʥʳʡ ʦʙʲʝʢʪ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ, 

ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʚʳʩʦʪʝ 434 ʤ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ. ʆʟʝʨʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʨʦʪʦʯʥʳʡ ʚʦʜʦʝʤ ʚʳʪʷʥʫʪʦʡ ʬʦʨʤʳ, ʝʛʦ ʜʣʠʥʘ ʨʘʚʥʘ 77,8 ʢʤ, ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʛʣʫʙʠʥʘ ï 323 ʤ, ʤʘʢʩʠʤʘʣʴʥʘ ʰʠʨʠʥʘ ï 5,2 ʢʤ, ʦʙʲʝʤ ï 41,1 ʢʤ3. ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ʧʨʠʪʦʯʥʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʨʝʢʦʡ ʏʫʣʳʰʤʘʥ (70-75%) ʚ ʶʞʥʦʡ ʦʢʦʥʝʯʥʦʩʪʠ 

ʦʟʝʨʘ, ʠʟ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʦʟʝʨʘ ʚʳʪʝʢʘʝʪ ʨ. ɹʠʷ [1]. ʇʦ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʡ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʊʝʣʝʮʢʦʝ ʦʟʝʨʦ ʷʚʣʷʝʪʩʷ ʚʦʜʦʝʤʦʤ ʜʠʤʠʢʪʠʯʝʩʢʦʛʦ ʪʠʧʘ; 

ʩʚʦʝʦʙʨʘʟʠʝ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ ʦʧʨʝʜʝʣʷʝʪ ʩʣʦʞʥʳʡ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʡ ʨʝʞʠʤ 

ʵʪʦʛʦ ʛʦʨʥʦʛʦ ʦʟʝʨʘ. 
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ɼʣʷ ʠʟʫʯʝʥʠʷ ʪʝʨʤʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ (ʊɻɼ) ʧʨʦʮʝʩʩʦʚ ʚ ʛʣʫʙʦʢʦʤ 

ʊʝʣʝʮʢʦʤ ʦʟʝʨʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʧʠʩʘʪʴ 

ʚʥʫʪʨʠʛʦʜʦʚʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʥʦʡ (ʪʝʨʤʠʯʝʩʢʦʡ) 

ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʚ ʛʣʫʙʦʢʠʭ ʚʦʜʦʝʤʘʭ. ɺ ʠʭ ʯʠʩʣʦ ʚʭʦʜʷʪ ʤʦʜʝʣʠ ʨʘʟʣʠʯʥʦʡ 

ʨʘʟʤʝʨʥʦʩʪʠ: ʦʜʥʦʤʝʨʥʳʝ ʚʝʨʪʠʢʘʣʴʥʳʝ (1DV), ʜʚʫʤʝʨʥʳʝ ʚʝʨʪʠʢʘʣʴʥʳʝ (2DV) 

ʠ ʪʨʝʭʤʝʨʥʳʝ (3D) ʤʦʜʝʣʠ. ʇʦʤʠʤʦ ʦʮʝʥʢʠ ʨʦʣʠ ʨʘʟʤʝʨʥʦʩʪʠ ʠʟʫʯʘʣʦʩʴ ʚʣʠʷʥʠʝ 

ʫʯʝʪʘ ʬʘʢʪʦʨʦʚ (ʢ ʧʨʠʤʝʨʫ, ʩʞʠʤʘʝʤʦʩʪʠ ʚʦʜʳ) ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ 

ʨʘʩʯʝʪʦʚ. ʄʥʦʛʦʣʝʪʥʠʝ ʥʘʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʦʟʝʨʘ ʚ 

ʨʘʟʣʠʯʥʳʝ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʧʝʨʠʦʜʳ ʧʦʟʚʦʣʠʣʠ ʥʝ ʪʦʣʴʢʦ ʚʳʧʦʣʥʠʪʴ 

ʩʦʧʦʩʪʘʚʠʪʝʣʴʥʳʡ ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʦʛʦ 

(ʢʦʤʧʴʶʪʝʨʥʦʛʦ) ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʥʦ ʠ ʚʳʷʚʠʪʴ ʥʦʚʳʝ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʝ 

ʵʬʬʝʢʪʳ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʏʠʩʣʝʥʥʘʷ 1DV-ʤʦʜʝʣʴ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʊʝʣʝʮʢʦʛʦ ʦʟʝʨʘ ʧʦʩʪʨʦʝʥʘ 

ʥʘ ʦʩʥʦʚʝ 1DV-ʤʦʜʝʣʠ ʛʣʫʙʦʢʦʛʦ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ [2]. ɺ 

ʨʘʙʦʪʘʭ ɺ.ʀ. ʂʚʦʥʘ ʙʳʣʘ ʨʘʟʚʠʪʘ ʧʨʦʜʦʣʴʥʦ-ʚʝʨʪʠʢʘʣʴʥʘʷ (2DV) ʤʦʜʝʣʴ ʊɻɼ-

ʧʨʦʮʝʩʩʦʚ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʜʣʷ ʛʣʫʙʦʢʠʭ ʦʟʝʨ [3]. ɼʘʥʥʘʷ ʤʦʜʝʣʴ 

ʘʜʘʧʪʠʨʦʚʘʥʘ ʜʣʷ ʊʝʣʝʮʢʦʛʦ ʦʟʝʨʘ. ɼʣʷ ʫʪʦʯʥʝʥʥʦʛʦ (3D) ʦʧʠʩʘʥʠʷ ʊɻɼ 

ʧʨʦʮʝʩʩʦʚ ʚ ʛʣʫʙʦʢʦʤ ʊʝʣʝʮʢʦʤ ʦʟʝʨʝ ʧʨʠʤʝʥʝʥ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʩ 

ʦʪʢʨʳʪʳʤ ʢʦʜʦʤ Delft3d [4]. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʤʦʜʝʣʝʡ ʨʘʟʣʠʯʥʦʡ 

ʨʘʟʤʝʨʥʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʘʥʥʳʝ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʩʪʘʥʮʠʠ 

ʗʡʣʶ (ʩʘʡʪ rp5.ru) ʠ ʜʘʥʥʳʝ ʈʦʩʛʠʜʨʦʤʝʪʘ ʜʣʷ ʟʘʜʘʥʠʷ ʚʭʦʜʥʦʡ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. 

ʀʟʤʝʨʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʨʦʬʠʣʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ, ʨʘʩʪʚʦʨʝʥʥʦʛʦ 

ʢʠʩʣʦʨʦʜʘ ʚ ʧʝʨʠʦʜʳ ʚʝʩʝʥʥʝʛʦ ʠ ʣʝʪʥʝʛʦ ʥʘʛʨʝʚʘʥʠʷ ʠ ʦʩʝʥʥʝʛʦ ʦʭʣʘʞʜʝʥʠʷ 

ʚʳʧʦʣʥʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʬʠʣʦʛʨʘʬʦʚ SeaCat SBE-19plus, SeaCat SBE-

25plus ʠ ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʟʦʥʜʘ YSI6600v2 (2010-2022 ʛʛ.). ɼʘʥʥʳʝ ʧʦ 

ʫʨʦʚʥʷʤ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʊʝʣʝʮʢʦʛʦ ʦʟʝʨʘ ʧʦʣʫʯʝʥʳ ʥʘ ʪʨʝʭ ʫʨʦʚʥʝʤʝʨʥʳʭ 

ʧʦʩʪʘʭ ʀɺʕʇ ʉʆ ʈɸʅ (ʢʦʨ. ɹʘʡʛʘʟʘʥ, ʧ. ʗʡʣʶ, ʢʦʨ. ʏʠʨʠ). 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ɺ ʨʘʤʢʘʭ ʨʘʙʦʪ ʧʦ ʂʘʪʫʥʩʢʦʤʫ ʧʨʦʝʢʪʫ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ 1DV-ʤʦʜʝʣʴ 

ʊɻɼ-ʧʨʦʮʝʩʩʦʚ ʚ ʛʣʫʙʦʢʦʤ ʩʣʘʙʦʧʨʦʪʦʯʥʦʤ ʟʘʤʝʨʟʘʶʱʝʤ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʩ 

ʫʪʦʯʥʝʥʥʳʤ ʦʧʠʩʘʥʠʝʤ ʧʦʣʷ ʩʢʦʨʦʩʪʠ ʚʳʪʝʢʘʶʱʝʡ ʩʪʨʫʠ ʙʝʟ ʫʯʝʪʘ 

ʩʞʠʤʘʝʤʦʩʪʠ ʚʦʜʳ [1]. ʇʝʨʚʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʣʝʜʦʪʝʨʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʊʝʣʝʮʢʦʛʦ ʦʟʝʨʘ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʧʫʪʝʤ ʘʜʘʧʪʘʮʠʠ 

ʜʘʥʥʦʡ 1DV-ʤʦʜʝʣʠ, ʧʦʩʪʨʦʝʥʥʦʡ ʧʫʪʝʤ ʦʩʨʝʜʥʝʥʠʷ ʦʧʨʝʜʝʣʷʶʱʝʡ ʩʠʩʪʝʤʳ 

ʫʨʘʚʥʝʥʠʡ ʪʝʨʤʦʛʠʜʨʦʜʠʥʘʤʠʢʠ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʩʝʯʝʥʠʷʤ ʚʦʜʦʝʤʘ [5,6]. 

ʇʨʠʤʝʨʥʦ ʚ ʵʪʦ ʞʝ ʚʨʝʤʷ ʙʳʣʘ ʘʜʘʧʪʠʨʦʚʘʥʘ 2DV-ʤʦʜʝʣʴ (ʦʩʨʝʜʥʝʥʠʝ ʧʦ 

ʰʠʨʠʥʝ ʚʦʜʦʝʤʘ) ʜʣʷ ʦʧʠʩʘʥʠʷ ʊɻɼ-ʧʨʦʮʝʩʩʦʚ ʚ ʊʝʣʝʮʢʦʤ ʦʟʝʨʝ ʩ ʫʯʝʪʦʤ 

ʵʬʬʝʢʪʘ ʩʞʠʤʘʝʤʦʩʪʠ [7,8]. ʇʦ 2DV-ʚʳʧʦʣʥʝʥʳ ʨʘʩʯʝʪʳ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʊʝʣʝʮʢʦʛʦ ʦʟʝʨʘ ʚ ʚʝʩʝʥʥʝ-ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʩ ʫʯʝʪʦʤ 

ʩʪʦʢʦʚʦʛʦ ʪʝʯʝʥʠʷ ʠ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ 
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ʩʞʠʤʘʝʤʦʩʪʠ ʚʦʜʳ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ. ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

2DV-ʤʦʜʝʣʴ ʦʧʠʩʳʚʘʝʪ ʦʩʥʦʚʥʳʝ ʯʝʨʪʳ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʚʦʜʦʝʤʘ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʢʘʨʪʠʥʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʧʨʦʜʦʣʴʥʦʛʦ ʪʝʨʤʦʙʘʨʘ ʚ ʩʦʛʣʘʩʠʠ ʩ 

ʜʘʥʥʳʤʠ ʥʘʙʣʶʜʝʥʠʡ [1]. 

ɺ ʨʘʙʦʪʝ [9] ʧʦʩʪʨʦʝʥʘ ʥʝʛʠʜʨʦʩʪʘʪʠʯʝʩʢʘʷ 2DV-ʤʦʜʝʣʴ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʮʝʥʘʨʠʝʚ ʚ ʶʞʥʦʡ ʦʢʦʥʝʯʥʦʩʪʠ ʊʝʣʝʮʢʦʛʦ ʦʟʝʨʘ 

ʚ ʨʘʡʦʥʝ ʫʩʪʴʷ ʨ. ʏʫʣʳʰʤʘʥ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʫʩʪʦʡʯʠʚʦʡ 

ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʚʦʜʦʝʤʘ ʩʪʨʫʢʪʫʨʘ ʪʝʯʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦʡ ʠ 

ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʪʴʩʷ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʨʝʯʥʦʡ ʚʦʜʳ ʠ ʥʘʧʨʘʚʣʝʥʠʷʭ 

ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ.  

ɼʘʥʥʳʝ ʧʝʨʚʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʊʝʣʝʮʢʦʛʦ ʦʟʝʨʘ ʦʪʨʘʞʝʥʳ ʚ 

ʤʦʥʦʛʨʘʬʠʠ [1]. ʆʪʜʝʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʦʥʜʘ STD-12 ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚ 90-ʭ ʛʦʜʘʭ 

ʧʨʠ ʫʯʘʩʪʠʠ ʩʦʪʨʫʜʥʠʢʦʚ ʀʥʩʪʠʪʫʪʘ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʂʠʨʠʣʣʦʚʘ ɺ.ɺ. ʚ 

ʩʦʚʤʝʩʪʥʳʭ ʨʘʙʦʪʘʭ ʩ ʠʥʦʩʪʨʘʥʥʳʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ [10]. ʈʝʛʫʣʷʨʥʳʝ 

ʥʘʙʣʶʜʝʥʠʷ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʊʝʣʝʮʢʦʛʦ ʦʟʝʨʘ ʚʳʧʦʣʥʷʶʪʩʷ 

ʩʦʪʨʫʜʥʠʢʘʤʠ ʣʘʙʦʨʘʪʦʨʠʠ ʛʠʜʨʦʣʦʛʠ ʠ ʛʝʦʠʥʬʦʨʤʘʪʠʢʠ ʩ 2010 ʛ., ʢʦʛʜʘ ʙʳʣʠ 

ʥʘʯʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʙʣʠʟʢʠʭ ʢ ʪʝʤʧʝʨʘʪʫʨʝ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʧʣʦʪʥʦʩʪʠ. ɼʘʥʥʳʝ ʥʘʙʣʶʜʝʥʠʡ ʚʝʨʪʠʢʘʣʴʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʦʢʘʟʘʣʠ ʨʘʟʣʠʯʥʳʡ ʚʢʣʘʜ ʚʝʪʨʦʚʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʘʨʪʠʥʳ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʚʦʜʦʝʤʘ, ʩʚʷʟʘʥʥʳʡ ʩ 

ʫʩʠʣʝʥʠʝʤ ʩʠʣʳ ʚʝʪʨʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʶʞʥʦʡ ʦʢʦʥʝʯʥʦʩʪʠ ʦʟʝʨʘ ʢ ʩʝʚʝʨʥʦʡ. 

ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʚʘʞʥʳ ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʊɻɼ-ʤʦʜʝʣʝʡ ʦʟʝʨʘ, 

ʦʧʠʩʳʚʘʶʱʠʭ ʦʩʦʙʝʥʥʦʩʪʠ ʝʛʦ ʧʣʦʪʥʦʩʪʥʦʡ ʩʪʨʘʪʠʬʠʢʘʮʠʠ. ɺ ʨʘʙʦʪʝ [11] 

ʚʳʧʦʣʥʝʥ ʩʦʧʦʩʪʘʚʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ 

ʊʝʣʝʮʢʦʛʦ ʦʟʝʨʘ ʧʦ 1DV-ʤʦʜʝʣʠ ʠ ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ 2010 ʛ., ʢʦʪʦʨʳʡ ʧʦʢʘʟʘʣ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʯʠʩʣʝʥʥʦʝ ʦʧʠʩʘʥʠʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʚ ʣʝʪʥʝ-ʦʩʝʥʥʠʡ ʧʝʨʠʦʜ (ʛʣʫʙʠʥʘ ʧʝʨʝʤʝʰʘʥʥʦʛʦ ʩʣʦʷ, ʭʦʜ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʚʦʜʳ). ʊʘʢʞʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʩʞʠʤʘʝʤʦʩʪʴ ʚʦʜʳ ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʧʝʨʝʥʦʩʘ ʪʝʧʣʘ ʚ ʧʨʠʜʦʥʥʦʡ ʯʘʩʪʠ ʦʟʝʨʘ, ʯʪʦ ʙʳʣʦ ʨʝʘʣʠʟʦʚʘʥʦ ʚ [12].  

ɺ 2012 ʛ. ʥʘʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʊʝʣʝʮʢʦʛʦ ʦʟʝʨʘ ʚ ʧʝʨʠʦʜ ʣʝʪʥʝʛʦ ʥʘʛʨʝʚʘʥʠʷ 

ʚʳʷʚʠʣʠ ʚ ʛʣʫʙʠʥʥʳʭ ʩʣʦʷʭ ʚʦʜʦʝʤʘ ʫʩʪʦʡʯʠʚʳʝ ʩʪʨʫʢʪʫʨʳ (ʣʠʥʟʳ) ʩ 

ʦʪʣʠʯʘʶʱʠʤʠʩʷ ʦʪ ʙʣʠʟʣʝʞʘʱʠʭ ʚʦʜʥʳʭ ʤʘʩʩ ʩʚʦʡʩʪʚʘʤʠ (ʪʝʤʧʝʨʘʪʫʨʦʡ, 

ʩʦʣʝʥʦʩʪʴʶ, ʧʨʦʟʨʘʯʥʦʩʪʴʶ). ʕʪʦ ʷʚʣʝʥʠʝ ʩʚʷʟʘʥʦ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʨʠʪʦʢʦʤ 

ʨʝʯʥʳʭ ʚʦʜ, ʧʣʦʪʥʦʩʪʴ ʢʦʪʦʨʳʭ ʚʳʰʝ ʧʣʦʪʥʦʩʪʠ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʦʟʝʨʘ, 

ʘ ʧʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʠʤʝʶʪʩʷ ʦʪʣʠʯʠʷ ʦʪ ʧʨʠʜʦʥʥʳʭ ʦʟʝʨʥʳʭ ʚʦʜ 

[13,14]. ʊʘʢʞʝ ʚ 2012 ʛ. ʚ ʧʝʨʠʦʜ ʚʝʩʝʥʥʝʛʦ ʥʘʛʨʝʚʘʥʠʷ ʚ ʶʞʥʦʡ ʦʢʦʥʝʯʥʦʩʪʠ 

ʦʟʝʨʘ ʙʳʣ ʟʘʬʠʢʩʠʨʦʚʘʥ ʪʝʨʤʦʙʘʨ. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʦʤʧʴʶʪʝʨʥʦʡ 3D-ʤʦʜʝʣʠ ʊɻɼ-ʧʨʦʮʝʩʩʦʚ ʚ ʊʝʣʝʮʢʦʤ 

ʦʟʝʨʝ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ (ʇʂ) ʩ ʦʪʢʨʳʪʳʤ ʢʦʜʦʤ Delft3D 
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[4]. ɺ ʦʩʥʦʚʝ ʇʂ ʣʝʞʠʪ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ, ʟʘʧʠʩʘʥʥʳʭ ʚ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ; ʪʫʨʙʫʣʝʥʪʥʘʷ ʚʷʟʢʦʩʪʴ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ (k-Ů)-ʤʦʜʝʣʠ. ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʦʧʨʝʜʝʣʷʣʠʩʴ ʨʘʩʭʦʜʘʤʠ 

ʧʨʠʪʦʢʦʚ ʠ ʫʨʦʚʥʝʤ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʨʘʡʦʥʝ ʠʩʪʦʢʘ ʨ. ɹʠʷ. ʄʦʜʠʬʠʢʘʮʠʷ 

ʇʂ ʚʳʧʦʣʥʝʥʘ ʧʫʪʝʤ ʟʘʤʝʥʳ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʬʦʨʤʫʣʦʡ TEOS-10, ʚ 

ʢʦʪʦʨʦʡ ʧʣʦʪʥʦʩʪʴ ʚʦʜʳ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʦʣʝʥʦʩʪʠ ʠ ʜʘʚʣʝʥʠʷ. 

ʇʦ 3D-ʤʦʜʝʣʠ ʚʳʧʦʣʥʝʥʳ ʨʘʩʯʝʪʳ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʪʨʘʪʠʬʠʢʘʮʠʠ 

ʊʝʣʝʮʢʦʛʦ ʦʟʝʨʘ ʚ ʙʝʟʣʝʜʦʩʪʘʚʥʳʡ ʧʝʨʠʦʜ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʨʝʜʥʝʩʫʪʦʯʥʳʭ 

ʤʝʪʝʦʜʘʥʥʳʭ ʧʦ ʤ/ʩʪʘʥʮʠʠ ʗʡʣʶ ʜʣʷ 2010 ʛ.; ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʥʘʭʦʜʷʪʩʷ ʚ 

ʭʦʨʦʰʝʤ ʩʦʛʣʘʩʠʠ ʩ ʜʘʥʥʳʤʠ ʥʘʙʣʶʜʝʥʠʡ ʜʣʷ 2010 ʛ. [15]. 

ʇʨʦʬʠʣʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʚ ʩʘʤʦʡ ʛʣʫʙʦʢʦʡ ʯʘʩʪʠ ʊʝʣʝʮʢʦʛʦ ʦʟʝʨʘ ï ʚ 

ʨʘʡʦʥʝ ʫʩʪʴʷ ʨ. ʂʦʨʙʫ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ 3D-ʤʦʜʝʣʠ, ʭʦʨʦʰʦ ʩʦʚʧʘʜʘʶʪ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʯʝʪʦʚ ʧʦ 1DV-ʤʦʜʝʣʠ, ʫʯʠʪʳʚʘʶʱʝʡ ʩʞʠʤʘʝʤʦʩʪʴ ʚʦʜʳ. 

ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ 1DV-ʤʦʜʝʣʴ ʊɻɼ-ʧʨʦʮʝʩʩʦʚ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʦʚʝʨʥʦ 

ʦʧʠʩʳʚʘʪʴ ʚʥʫʪʨʠʛʦʜʦʚʫʶ ʢʘʨʪʠʥʫ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʊʝʣʝʮʢʦʛʦ 

ʦʟʝʨʘ, ʘ 3D-ʤʦʜʝʣʴ ʜʦʧʦʣʥʷʝʪ ʝʝ ʜʝʪʘʣʠʟʘʮʠʝʡ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʫ.  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʊɻɼ-ʧʨʦʮʝʩʩʦʚ ʚ ʟʘʤʝʨʟʘʶʱʝʤ ʊʝʣʝʮʢʦʤ ʦʟʝʨʝ ʚ 

ʤʘʩʰʪʘʙʘʭ ʛʦʜʘ 3D-ʤʦʜʝʣʴ ʙʳʣʘ ʜʦʧʦʣʥʝʥʘ ʧʣʘʥʦʚʦʡ (2DH) ʤʦʜʝʣʴʶ ʨʦʩʪʘ-

ʪʘʷʥʠʷ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ. ɺʳʧʦʣʥʝʥʥʳʝ ʨʘʩʯʝʪʳ ʜʠʥʘʤʠʢʠ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ ʜʣʷ 

ʟʠʤʥʠʭ ʫʩʣʦʚʠʡ 2013-2014 ʛʛ. (ʠʤʝʣʠʩʴ ʥʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʣʴʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʟʝʨʘ ʥʘ ʤʘʨʪ 2014 ʛ.) ʧʦʢʘʟʘʣʠ ʜʦʩʪʘʪʦʯʥʦ 

ʭʦʨʦʰʝʝ ʩʦʚʧʘʜʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʠ ʥʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦ ʧʦʣʦʞʝʥʠʶ ʛʨʘʥʠʮʳ 

ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ ʥʝ ʚʩʝʛʜʘ ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʨʟʘʶʱʝʛʦ ʚ ʧʝʨʠʦʜ ʣʝʜʦʩʪʘʚʘ 

ʊʝʣʝʮʢʦʛʦ ʦʟʝʨʘ [16,17].  

ɺ ʥʘʯʘʣʝ 2010-ʭ ʛʦʜʦʚ ʩʦʪʨʫʜʥʠʢʠ ʌɻɹʋ çʉʠʙʅʀɻʄʀè ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ 

ʇʫʰʠʩʪʦʚʘ ʇ.ʖ. ʚʳʧʦʣʥʠʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʢʦʤʧʴʶʪʝʨʥʦʡ 2DV-

ʤʦʜʝʣʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʦʚ ʊʝʣʝʮʢʦʛʦ ʦʟʝʨʘ. ʇʦʩʢʦʣʴʢʫ 

ʜʘʥʥʳʝ ʩʧʝʮʠʘʣʠʩʪʳ ʘʢʪʠʚʥʦ ʩʦʪʨʫʜʥʠʯʘʣʠ ʩ ʀɺʕʇ ʉʆ ʈɸʅ, ʫʤʝʩʪʥʦ 

ʫʧʦʤʷʥʫʪʴ ʧʨʦ ʧʦʣʫʯʝʥʥʳʝ ʠʤʠ ʨʝʟʫʣʴʪʘʪʳ. ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʊʝʣʝʮʢʦʛʦ ʦʟʝʨʘ ʚʳʧʦʣʥʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʧʨʦʜʫʢʪʘ CE-QUAL-W2. ɺ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʨʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʨʝʢʠ ʏʫʣʳʰʤʘʥ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʚʝʩʝʥʥʝʛʦ 

ʪʝʨʤʦʙʘʨʘ, ʜʚʠʞʫʱʝʛʦʩʷ ʠʟ ʶʞʥʦʡ ʦʢʦʥʝʯʥʦʩʪʠ ʦʟʝʨʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʦʙʦʙʱʝʥʳ ʚ ʤʦʥʦʛʨʘʬʠʠ [18]. ɺ ʦʪʣʠʯʠʝ ʦʪ ʙʦʣʝʝ ʨʘʥʥʠʭ ʨʘʙʦʪ ʧʦ ʨʘʩʯʝʪʘʤ 

ʪʝʨʤʦʙʘʨʘ ʚ ʊʝʣʝʮʢʦʤ ʦʟʝʨʝ [7,8], ʧʦ ʦʪʜʝʣʴʥʦ ʧʦʩʪʨʦʝʥʥʳʤ ʢʦʤʧʴʶʪʝʨʥʳʤ 

ʤʦʜʝʣʷʤ ʨʘʩʩʤʦʪʨʝʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʣʦʢʘʣʴʥʳʭ ʪʝʨʤʦʙʘʨʦʚ ʚ ʂʳʛʠʥʩʢʦʤ ʠ 

ʂʘʤʛʠʥʩʢʦʤ ʟʘʣʠʚʘʭ [ʇʫʰʠʩʪʦʚ ʠ ʜʨ., 2016]. ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ 

ʙʳʣʠ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʥʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ɺ.ɺ. ʉʝʣʝʛʝʝʤ ʚ 1968 

ʛ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʣʦʪʥʦʩʪʥʦʛʦ ʪʝʯʝʥʠʷ ʚ ʨʘʡʦʥʝ ʫʩʪʴʷ ʨ. ʏʫʣʳʰʣʘʥ [18] 

ʜʦʧʦʣʥʷʶʪ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ [9]. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʘʤʢʘʭ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʚʝʩʝʥʥʝʛʦ 

(ʦʩʝʥʥʝʛʦ) ʪʝʨʤʦʙʘʨʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʧʦ ʦʜʥʦʡ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ.  
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ɺʣʠʷʥʠʝ ʛʣʦʙʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʥʘ ʪʝʨʤʠʯʝʩʢʠʡ ʨʝʞʠʤ 

ʢʨʫʧʥʳʭ ʠ ʛʣʫʙʦʢʠʭ ʚʦʜʦʝʤʦʚ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʠʟ ʘʥʘʣʠʟʘ ʢʘʨʪʠʥr ʠʭ ʛʦʜʦʚʦʡ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʪʨʘʪʠʬʠʢʘʮʠʠ. ɺ ʊʝʣʝʮʢʦʤ ʦʟʝʨʝ - ʪʠʧʠʯʥʦʤ ʜʠʤʠʢʪʠʯʝʩʢʦʤ 

ʚʦʜʦʝʤʝ ʧʝʨʝʭʦʜ ʦʪ ʩʦʩʪʦʷʥʠʷ ʚʝʩʝʥʥʝʡ (ʦʩʝʥʥʝʡ) ʛʦʤʦʪʝʨʤʠʠ ʢ ʧʨʷʤʦʡ 

(ʦʙʨʘʪʥʦʡ) ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʜʚʠʞʝʥʠʠ ʪʝʨʤʦʙʘʨʘ 

ʦʪ ʧʨʠʙʨʝʞʥʳʭ ʤʝʣʢʦʚʦʜʥʳʭ ʫʯʘʩʪʢʦʚ ʢ ʛʣʫʙʦʢʦʚʦʜʥʳʤ.  

ɺ ʣʝʪʥʠʡ ʧʝʨʠʦʜ 2018 ʛ. ʜʣʷ ʊʝʣʝʮʢʦʛʦ ʦʟʝʨʘ ʚʧʝʨʚʳʝ ʚʳʧʦʣʥʝʥʳ 

ʜʝʪʘʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʜʚʠʞʝʥʠʷ ʪʝʨʤʦʙʘʨʘ ʦʪ ʫʩʪʴʷ ʨ. ʏʫʣʳʰʤʘʥ ʚ ʩʪʦʨʦʥʫ 

ʧ. ʗʡʣʶ ï ʩʘʤʦʡ ʛʣʫʙʦʢʦʚʦʜʥʦʡ ʯʘʩʪʠ ʚʦʜʦʝʤʘ. ʇʦʣʫʯʝʥʳ ʚʝʨʪʠʢʘʣʴʥʳʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʜʥʦʡ ʤʘʩʩʳ ʚ ʦʢʨʝʩʪʥʦʩʪʠ 

ʪʝʨʤʦʙʘʨʘ, ʫʩʪʘʥʦʚʣʝʥʳ ʨʘʟʤʝʨʳ ʵʪʦʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʨʦʥʪʘ. 

ɼʣʷ ʫʪʦʯʥʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʜʚʠʞʝʥʠʷ ʪʝʨʤʦʙʘʨʘ ʙʳʣʘ 

ʧʨʦʚʝʜʝʥʘ ʨʘʙʦʪʘ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʴʶʪʝʨʥʦʡ 3D ʤʦʜʝʣʠ ʥʘ ʧʦʜʨʦʙʥʳʭ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʩʝʪʢʘʭ (ʜʦ 10 ʤʠʣʣʠʦʥʦʚ ʷʯʝʝʢ). ʉ ʧʨʠʤʝʥʝʥʠʝʤ 

ʜʦʨʘʙʦʪʘʥʥʦʡ 3D ʊɻɼ ʤʦʜʝʣʠ ʊʝʣʝʮʢʦʛʦ ʦʟʝʨʘ ʠ ʬʘʢʪʠʯʝʩʢʠʭ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ 

ʜʣʷ 2018 ʛ. ʚʳʧʦʣʥʝʥʳ ʨʘʩʯʝʪʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʝʩʝʥʥʝ-ʣʝʪʥʝʛʦ ʪʝʨʤʦʙʘʨʘ; 

ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʳʤʠ 

ʥʘʙʣʶʜʝʥʠʡ [19]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʬʨʦʥʪʘ 

ʪʝʨʤʦʙʘʨʘ ʤʦʞʝʪ ʙʳʪʴ ʘʜʝʢʚʘʪʥʦ ʚʦʩʧʨʦʠʟʚʝʜʝʥʦ ʪʦʣʴʢʦ ʚ ʨʘʤʢʘʭ 3D ʦʧʠʩʘʥʠʷ. 

ɺ ʜʘʣʴʥʝʡʰʠʭ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʚʳʷʚʣʝʥʳ ʧʨʠʯʠʥʳ ʥʘʢʣʦʥʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʬʨʦʥʪʘ ʪʝʨʤʦʙʘʨʘ, ʬʦʨʤʠʨʫʶʱʝʛʦʩʷ ʚ ʶʞʥʦʡ ʦʢʦʥʝʯʥʦʩʪʠ 

ʊʝʣʝʮʢʦʛʦ ʦʟʝʨʘ, ʢ ʝʛʦ ʜʠʥʘʤʠʯʝʩʢʦʡ ʦʩʠ. 

ʂʦʤʧʴʶʪʝʨʥʘʷ 3D-ʤʦʜʝʣʴ ʊɻɼ ʧʨʦʮʝʩʩʦʚ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʘʥʘʣʠʟʘ 

ʜʘʥʥʳʭ ʦʟʝʨʥʳʭ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʧʦʩʪʦʚ ʧʝʨʚʦʛʦ ʨʘʟʨʷʜʘ (ʆɻʇ1) ʧʦ ʫʨʦʚʥʷʤ 

ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʢʨʳʪʦʛʦ ʧʨʦʪʦʯʥʦʛʦ ʚʦʜʦʝʤʘ, ʢʘʢʠʤ ʷʚʣʷʝʪʩʷ ʊʝʣʝʮʢʦʝ 

ʦʟʝʨʦ [20]. ɼʣʷ ʠʟʫʯʝʥʠʷ ʵʬʬʝʢʪʘ ʵʧʠʟʦʜʠʯʝʩʢʠ ʥʘʙʣʶʜʘʝʤʳʭ çʦʙʨʘʪʥʳʭè 

ʫʢʣʦʥʦʚ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʥʘʙʣʶʜʝʥʠʡ ʀʥʩʪʠʪʫʪʘ ʥʘ ʫʨʦʚʥʝʤʝʨʥʳʭ ʧʦʩʪʘʭ 

ʫ ʢʦʨ. ʏʠʨʠ ʠ ʧ. ʗʡʣʶ. ɹʳʣʠ ʚʳʧʦʣʥʝʥʳ ʨʘʩʯʝʪʳ ʫʨʦʚʥʷ ʚʦʜʳ ʧʨʠ ʩʛʦʥʥʦ-

ʥʘʛʦʥʥʳʭ ʷʚʣʝʥʠʷʭ ʠ ʩʝʡʰʝʚʳʭ ʢʦʣʝʙʘʥʠʷʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʥʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ, ʯʪʦ ʦʙʲʷʩʥʷʝʪ ʧʨʠʨʦʜʫ ʥʘʙʣʶʜʘʝʤʦʛʦ 

ʵʬʬʝʢʪʘ. 

ɺʳʚʦʜʳ 

ɿʘ ʪʨʠ ʩ ʧʦʣʦʚʠʥʦʡ ʜʝʩʷʪʠʣʝʪʠʷ ʚ ʀɺʕʇ ʉʆ ʈɸʅ ʙʳʣ ʚʳʧʦʣʥʝʥ ʙʦʣʴʰʦʡ 

ʦʙʲʝʤ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʥʘʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʊʝʣʝʮʢʦʤ ʦʟʝʨʝ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩʚʷʟʘʥʳ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʢʨʫʧʥʳʭ ʠ ʛʣʫʙʦʢʠʭ 

ʚʦʜʦʭʨʘʥʠʣʠʱ ɻʕʉ ʠ ʛʠʜʨʦʫʟʣʦʚ ʚ ʫʩʣʦʚʠʷʭ ʉʠʙʠʨʠ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʣʫʯʝʥʘ ʚ ʨʘʙʦʪʘʭ ʧʦ ʠʟʫʯʝʥʠʶ ʛʠʜʨʦʬʠʟʠʢʠ 

ʊʝʣʝʮʢʦʛʦ ʦʟʝʨʘ ʢʘʢ ʦʯʝʥʴ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʢʨʫʧʥʦʛʦ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ. ʕʪʠ 

ʨʝʟʫʣʴʪʘʪʳ ʚʘʞʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʵʢʦʩʠʩʪʝʤʳ ʊʝʣʝʮʢʦʛʦ 

ʦʟʝʨʘ ʜʣʷ ʦʧʠʩʘʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʩʣʝʜʩʪʚʠʡ ʚʣʠʷʥʠʷ ʥʘ ʚʦʜʦʝʤ 

ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʪʫʨʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʥʘ ʊʝʣʝʮʢʦʤ ʦʟʝʨʝ ʩʚʷʟʘʥʳ ʩ 

ʫʪʦʯʥʝʥʠʝʤ ʝʛʦ ʙʘʪʠʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʠʩʩʣʝʜʦʚʘʥʠʝʤ 

ʚʥʫʪʨʠʩʫʪʦʯʥʦʡ ʜʠʥʘʤʠʢʠ ʝʛʦ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʨʘʪʠʬʠʢʘʮʠʠ, ʧʦʣʫʯʝʥʠʝʤ 

ʢʦʤʧʣʝʢʩʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʘʧʨʦʙʘʮʠʠ ʠ ʢʘʣʠʙʨʦʚʢʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʤʦʜʝʣʝʡ. 

ʏʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʠ 

ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʣʦʪʥʦʩʪʥʳʭ ʪʝʯʝʥʠʡ ʚ ʚʦʜʦʝʤʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ 

ʨʘʡʦʥʝ ʫʩʪʴʷ ʨ. ʏʫʣʳʰʤʘʥ, ʥʘ ʫʪʦʯʥʝʥʥʦʝ ʦʧʠʩʘʥʠʝ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʝʨʝʥʦʩʘ ʠ ʢʘʨʪʠʥʳ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʚ ʤʘʩʰʪʘʙʘʭ 

ʛʦʜʘ. ʆʩʦʙʝʥʥʦ ʚʘʞʥʳ ʵʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʦʧʠʩʘʥʠʷ ʦʩʝʥʥʝ-

ʟʠʤʥʝʛʦ ʦʭʣʘʞʜʝʥʠʷ ʊʝʣʝʮʢʦʛʦ ʦʟʝʨʘ, ʚ ʪʦʤ ʯʠʩʣʝ, ʚ ʫʩʣʦʚʠʷʭ ʥʝʧʦʣʥʦʛʦ 

ʣʝʜʦʩʪʘʚʘ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʳ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʀɺʕʇ ʉʆ ʈɸʅ.  
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Abstract. The paper presents the IWEP SB RAS findings of hydrophysical processes in Lake 

Teletskoye obtained during field studies with the use of modern equipment and numerical calculations 

based on computer models for thermo-hydrodynamic processes of different dimension. The 

performed investigations deal with the description and prediction of thermal and ice regimes of deep 

stratified water bodies of Siberia as well as with the creation of a refined model for a hydrological 

framework of the Lake Teletskoye ecosystem. A comparative analysis of the results obtained by other 

authors, including by the example of spring-summer thermobar formation in Lake Teletskoye, is 

given. 

Keywords: Lake Teletskoye, thermo-hydrodynamic processes, field observations, modeling, 

thermobar 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʘʥʘʣʠʟʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʨʘʩʩʤʦʪʨʝʥʳ ʩʦʚʨʝʤʝʥʥʳʝ 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʙʘʩʩʝʡʥʘ ʆʙʠ, ʜʘʥ ʧʨʦʛʥʦʟ ʥʘ ʧʝʨʠʦʜ ʜʦ 2030 

ʛ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʆʙʴ-ʀʨʪʳʰʩʢʠʡ ʙʘʩʩʝʡʥ, ʨ. ʆʙʴ, ʦʧʘʩʥʳʝ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ, 

ʚʦʜʥʳʝ ʧʨʦʙʣʝʤʳ, ʧʨʦʛʥʦʟʳ, ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ, ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʝ, ʢʘʯʝʩʪʚʦ ʚʦʜ, 

ʚʦʜʥʳʝ ʵʢʦʩʠʩʪʝʤʳ 

ʆʙʴ ï ʦʜʥʘ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʨʝʢ ʚ ʤʠʨʝ, ʟʘʥʠʤʘʝʪ ʧʝʨʚʦʝ ʤʝʩʪʦ ʚ ʈʦʩʩʠʠ ʧʦ 

ʚʦʜʦʩʙʦʨʥʦʡ ʧʣʦʱʘʜʠ ʠ ʪʨʝʪʴʝ ʧʦ ʚʦʜʥʦʤʫ ʩʪʦʢʫ. ʇʦʚʝʨʭʥʦʩʪʴ ʆʙʴ-ʀʨʪʳʰʩʢʦʛʦ 

ʙʘʩʩʝʡʥʘ ʜʨʝʥʠʨʫʝʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʨʝʢʘʤʠ, ʦʙʱʘʷ ʜʣʠʥʘ ʢʦʪʦʨʳʭ 

ʧʨʝʚʳʰʘʝʪ 250 ʪʳʩ. ʢʤ. ɼʣʷ ʙʘʩʩʝʡʥʘ ʭʘʨʘʢʪʝʨʥʳ ʨʘʟʣʠʯʥʳʝ ʧʨʦʙʣʝʤʳ 

ʚʦʜʦʦʙʝʩʧʝʯʝʥʠʷ ʠ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ [2, 9-12,13-14]. 

ɺʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʧʨʦʙʣʝʤʳ 

ɺʦʜʦʜʝʬʠʮʠʪʥʳʝ ʨʘʡʦʥʳ ʙʘʩʩʝʡʥʘ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠʫʨʦʯʝʥʳ ʢ ʝʛʦ ʩʪʝʧʥʦʡ 

ʯʘʩʪʠ ï ʦʙʣʘʩʪʠ ʟʘʤʢʥʫʪʦʛʦ ʩʪʦʢʘ ʆʙʴ-ʀʨʪʳʰʩʢʦʛʦ ʤʝʞʜʫʨʝʯʴʷ ʠ ʥʝʩʢʦʣʴʢʠʤ 

ʥʝʙʦʣʴʰʠʤ, ʥʦ ʦʩʚʦʝʥʥʳʤ ʚʦʜʦʩʙʦʨʘʤ ʚʦʩʪʦʯʥʦʛʦ ʩʢʣʦʥʘ ʋʨʘʣʴʩʢʠʭ ʛʦʨ. ɺ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʵʪʦʤʫ ʚ ʨʷʜʝ ʨʝʛʠʦʥʦʚ ʙʘʩʩʝʡʥʘ ɺʝʨʭʥʝʡ ʆʙʠ ʘʢʪʫʘʣʴʥʳ 

ʧʨʦʙʣʝʤʳ ʧʦʜʪʦʧʣʝʥʠʡ ʠ ʥʘʚʦʜʥʝʥʠʡ, ʦʩʦʙʝʥʥʦ ʚ ʙʘʩʩʝʡʥʘʭ ʛʦʨʥʳʭ ʠ 

ʧʨʝʜʛʦʨʥʳʭ ʧʨʠʪʦʢʦʚ [14]. ɼʣʷ ʪʨʘʥʩʛʨʘʥʠʯʥʦʡ ʨʝʢʠ ʀʨʪʳʰ ʧʨʦʙʣʝʤʳ 

ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʩʚʷʟʘʥʳ ʩ ʩʦʚʤʝʩʪʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʝʝ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ 

ʂʠʪʘʝʤ, ʂʘʟʘʭʩʪʘʥʦʤ ʠ ʈʦʩʩʠʝʡ [12].  

ɼʣʷ ʘʥʘʣʠʟʘ ʠʟʤʝʥʝʥʠʷ ʩʪʦʢʘ ʦʩʥʦʚʥʳʭ ʨʝʢ ʆʙʴ-ʀʨʪʳʰʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʥʘ 

ʬʦʥʝ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʠ ʚʳʧʦʣʥʝʥʠʝ ʧʨʦʛʥʦʟʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʝʞʝʛʦʜʥʠʢʦʚ ʦ ʩʪʦʢʝ 35 ʨʝʢ ʧʦ 69 ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʤ ʧʦʩʪʘʤ 

ɺʝʨʭʥʝʛʦ ʠ ʉʨʝʜʥʝʛʦ ʪʝʯʝʥʠʷ ʆʙʠ, ʘ ʪʘʢʞʝ ʜʘʥʥʳʝ ʟʘ ʧʦʩʣʝʜʥʠʝ 15 ʣʝʪ ʎʝʥʪʨʘ 

ʨʝʛʠʩʪʨʘ ʠ ʢʘʜʘʩʪʨʘ.  

ɼʣʷ ʧʨʦʛʥʦʟʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʦʣʫʯʝʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʣʠʥʝʡʥʳʭ ʪʨʝʥʜʦʚ ʚ 

ʨʷʜʘʭ ʩʨʝʜʥʝʛʦʜʦʚʳʭ ʨʘʩʭʦʜʦʚ. ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʧʨʦʛʥʦʟʥʳʤ ʟʥʘʯʝʥʠʷʤ ʥʦʨʤ 

ʩʪʦʢʘ ʨʝʢ ʙʘʩʩʝʡʥʘ ʨ. ʆʙʠ ʧʨʦʛʥʦʟʳ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʦʙʲʝʤʳ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ 

ʦʩʥʦʚʥʳʭ ʨʝʢ ʆʙʴ-ʀʨʪʳʰʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʢ 2020, 2030 ʛʛ. (ʪʘʙʣʠʮʘ 1) [5]. 

ɺ ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ, ʫ ʨʝʢ ɺʝʨʭʥʝʡ, ʉʨʝʜʥʝʡ ʠ ʅʠʞʥʝʡ ʆʙʠ 

ʠʤʝʝʪʩʷ ʩʣʘʙʘʷ ʪʝʥʜʝʥʮʠʷ ʢʘʢ ʢ ʫʚʝʣʠʯʝʥʠʶ, ʪʘʢ ʠ ʢ ʫʤʝʥʴʰʝʥʠʶ ʚʦʜʥʦʩʪʠ. ʋ 

ʦʩʥʦʚʥʳʭ ʨʝʢ ʆʙʴ-ʀʨʪʳʰʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʘ ʩʪʦʢʘ 

ʣʝʞʠʪ ʚ ʧʨʝʜʝʣʘʭ ʦʪ ï1,67 ʜʦ +3,67 ʢʤ3/ʛʦʜ ʟʘ 10 ʣʝʪ. ɺ ʙʘʩʩʝʡʥʝ ʀʨʪʳʰʘ ʠ ʆʙʠ 
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ʫʚʝʣʠʯʝʥʠʝ ʩʪʦʢʘ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʧʨʠʪʦʢʦʚ ʩ ʟʘʣʝʩʸʥʥʳʤʠ ʠ ʟʘʙʦʣʦʯʝʥʥʳʤʠ 

ʚʦʜʦʩʙʦʨʘʤʠ. 

ɸʥʘʣʠʟ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʩʪʘʪʠʩʪʠʢʠ ʌʝʜʝʨʘʣʴʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʚʦʜʥʳʭ 

ʨʝʩʫʨʩʦʚ ʈʦʩʩʠʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʤʥʦʛʦʣʝʪʥʝʡ ʜʠʥʘʤʠʢʝ ʦʙʲʝʤʳ 

ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ ʚ ʨʝʛʠʦʥʘʭ ʆʙʴ-ʀʨʪʳʰʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʧʘʜʘʶʪ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʚ 

ʮʝʣʦʤ ʧʦ ʩʪʨʘʥʝ. ʅʘʧʨʠʤʝʨ, ʟʘ 1995-2017 ʛʛ. ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʝ ʨʝʛʠʦʥʦʚ 

ʩʦʢʨʘʪʠʣʦʩʴ ʥʘ 17% ʧʨʠ ʩʨʝʜʥʝʨʦʩʩʠʡʩʢʦʤ ï ʥʘ 30%.  ʇʨʠ ʵʪʦʤ ʚ ʈʝʩʧʫʙʣʠʢʝ 

ɸʣʪʘʡ ʩʥʠʞʝʥʠʝ ʩʦʩʪʘʚʠʣʦ 72%, ʘ ʚ ʂʝʤʝʨʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ï 22%. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʚ ʜʚʫʭ ʩʫʙʲʝʢʪʘʭ ʨʝʛʠʩʪʨʠʨʦʚʘʣʩʷ ʨʦʩʪ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ: ʚ ʊʦʤʩʢʦʡ ʠ 

ʊʶʤʝʥʩʢʦʡ ʦʙʣʘʩʪʷʭ ï ʚ 2,1 ʠ 2,7 ʨʘʟʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʨʘʩʰʠʨʝʥʠʝʤ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʜʦʙʳʚʘʶʱʠʭ ʦʪʨʘʩʣʝʡ), ʘ ʪʘʢʞʝ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʝʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʪʯʝʪʥʦʩʪʠ ʢʨʫʧʥʳʭ ʚʦʜʦʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʨʘʥʝʝ 

çʟʘʢʨʳʪʳʭè ʧʨʝʜʧʨʠʷʪʠʡ. ʆʪʤʝʯʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʦʙʲʝʤʦʚ 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚʦʜ ʚ ʮʝʣʷʭ ʦʨʦʰʝʥʠʷ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ, 

ʢʦʪʦʨʦʝ ʜʣʷ ʈʦʩʩʠʠ ʩʦʩʪʘʚʠʣʦ 52%, ʚ ʨʝʛʠʦʥʘʭ ʙʘʩʩʝʡʥʘ ï ʦʪ 73% ʚ ʊʦʤʩʢʦʡ ʜʦ 

95% ʚ ʂʝʤʝʨʦʚʩʢʦʡ ʠ ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʦʙʣʘʩʪʷʭ, ɸʣʪʘʡʩʢʦʤ ʢʨʘʝ. 

ɺʦʜʦʧʦʪʨʝʙʣʝʥʠʝ ʥʘ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʧʠʪʴʝʚʳʝ ʥʫʞʜʳ ʫʤʝʥʴʰʠʣʦʩʴ, ʥʦ ʥʝ ʩʪʦʣʴ 

ʟʥʘʯʠʪʝʣʴʥʦ: ʚ ʈʦʩʩʠʠ ï ʥʘ 46%, ʚ ʨʝʛʠʦʥʘʭ ʆʙʴ-ʀʨʪʳʰʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ï ʚ 

ʩʨʝʜʥʝʤ ʥʘ 42%. ʇʝʨʝʣʦʤʥʳʡ ʤʦʤʝʥʪ ʩʚʷʟʘʥ ʩ ʚʩʪʫʧʣʝʥʠʝʤ ʚ ʩʠʣʫ ʌɿ-

ˉ 261 çʆʙ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʠ ʠ ʦ ʧʦʚʳʰʝʥʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠè, 

ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʩʪʘʣʘ ʦʙʷʟʘʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʘ ʧʨʠʙʦʨʦʚ ʫʯʝʪʘ ʠ ʢʦʥʪʨʦʣʷ 

ʨʘʩʭʦʜʘ ʚʦʜʳ [15]. 

ʊʘʙʣʠʮʘ 1 ï ʇʨʦʛʥʦʟʳ ʦʙʲʝʤʦʚ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʦʩʥʦʚʥʳʭ ʨʝʢ ʆʙʴ-ʀʨʪʳʰʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʢ 

2020, 2030 ʛʛ.  
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ʢʤ3/ʛʦʜ ʢʤ3/ʛʦʜ ʢʤ3/ʛʦʜ ʢʤ3/ʛʦʜ % ʢ 2010 ʛ. 

ʆʙʴ ʌʦʤʠʥʩʢʦʝ 35,82 35,65 35,48 ï0,15 ï0,42 

ʆʙʴ ɹʘʨʥʘʫʣ 46,76 47,02 47,27 +0,23 +0,49 

ʆʙʴ  ʂʘʤʝʥʴ-ʥʘ-ʆʙʠ 51,02 51,36 51,64 +0,31 +0,61 

ʆʙʴ ʂʦʣʧʘʰʝʚʦ 122,85 121,01 119,17 ï1,67 ï1,36 

ʆʙʴ ʉʘʣʝʭʘʨʜ 396,28 398,38 400,48 +1,91 +0,48 

ɹʠʷ ɹʠʡʩʢ 14,94 14,93 14,91 ï0,01 ï0,07 

ʂʘʪʫʥʴ ʉʨʦʩʪʢʠ 21,18 19,88 18,57 ï1,19 ï5,62 

ʊʦʤʴ ʅʦʚʦʢʫʟʥʝʮʢ 20,56 20,60 20,63 +0,03 +0,15 

ʊʦʤʴ ʊʦʤʩʢ 33,50 33,22 32,95 ï0,25 ï0,75 

ʏʫʣʳʤ ɹʘʪʫʨʠʥʦ 24,74 24,64 24,54 ï0,09 ï0,36 

ʂʝʪʴ ʄʘʢʩʠʤʢʠʥ ʗʨ 7,65 7,67 7,69 +0,02 +0,26 

ɺʘʩʶʛʘʥ ɺʘʩʶʛʘʥ 5,04 5,05 5,05 0,00 0,00 

ɺʘʩʶʛʘʥ ʅ. ɺʘʩʶʛʘʥ 2,76 2,84 2,92 +0,07 +2,54 

ʊʳʤ ʅʘʧʘʩ 6,2 6,24 6,28 +0,04 +0,65 

ʀʨʪʳʰ ʅʦʚʘʷ ʉʪʘʥʠʮʘ 25,16 26,20 27,25 +0,95 +3,78 

ʀʨʪʳʰ ʆʤʩʢ 27,41 27,13 26,86 ï0,25 ï0,91 

ʀʨʪʳʰ ʋʩʪʴ-ʀʰʠʤ 34,90 33,54 32,18 ï1,24 ï3,55 

ʀʨʪʳʰ ʊʦʙʦʣʴʩʢ 67,92 67,82 67,72 ï0,09 ï0,13 

ʀʨʪʳʰ ʍʘʥʪʳ-ʄʘʥʩʠʡʩʢ 92,58 96,62 100,66 +3,67 +3,96 
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ʢʤ3/ʛʦʜ ʢʤ3/ʛʦʜ ʢʤ3/ʛʦʜ ʢʤ3/ʛʦʜ % ʢ 2010 ʛ. 

ɼʝʤʴʷʥʢʘ ʖʨʪʳ ʃʠʤʢʦʝʚʩʢʠʡ 5,71 6,02 6,32 +0,28 +4,90 

ʂʦʥʜʘ ɹʦʣʯʘʨʳ 10,38 10,63 10,88 +0,23 +2,22 

ʂʦʥʜʘ ɸʣʪʘʡ 11,20 11,57 11,93 +0,33 +2,95 

ʉʦʩʴʚʘ ʉʦʩʴʚʘ 4,22 4,30 4,38 +0,07 +1,66 

ʊʫʨʘ ʊʶʤʝʥʴ 6,62 6,79 6,96 +0,16 +2,42 

ʊʦʙʦʣ ʃʠʧʦʚʢʘ 26,54 26,79 27,03 +0,22 +0,83 

 

ʉʦʚʨʝʤʝʥʥʳʡ ʧʝʨʠʦʜ (2013-2020 ʛʛ.) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ 

ʜʠʥʘʤʠʢʦʡ ï ʦʪʤʝʯʘʝʪʩʷ ʨʦʩʪ ʦʙʲʝʤʦʚ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ. ɺ ʙʘʩʩʝʡʥʝ ʆʙʠ ʦʥ 

ʩʦʩʪʘʚʣʷʝʪ 2036,65 ʤʣʥ ʤ3 ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚʦʜ ʠʣʠ ʧʦʯʪʠ 30% ʢ ʫʨʦʚʥʶ 2013 

ʛʦʜʘ. ʅʘʠʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚʦʜ (ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʧʦʜʟʝʤʥʳʭ) 

ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʚ ʊʶʤʝʥʩʢʦʡ ʦʙʣʘʩʪʠ, ʍʘʥʪʳ-ʄʘʥʩʠʡʩʢʦʤ ɸʆ ʠ ʂʝʤʝʨʦʚʩʢʦʡ 

ʦʙʣʘʩʪʠ ï ʩʫʤʤʘʨʥʦ 84% ʦʙʱʝʛʦ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ ʚ ʙʘʩʩʝʡʥʝ ʆʙʠ. ʇʨʠ ʵʪʦʤ ʨʦʩʪ 

ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ ʦʪʤʝʯʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʜʚʫʭ ʩʫʙʲʝʢʪʘʭ ï ʊʶʤʝʥʩʢʦʡ ʦʙʣʘʩʪʠ ʠ 

ʍʄɸʆ, ʦʜʥʘʢʦ ʦʥ ʥʘʩʪʦʣʴʢʦ ʟʥʘʯʠʪʝʣʝʥ, ʯʪʦ ʧʝʨʝʢʨʳʚʘʝʪ ʩʦʚʦʢʫʧʥʳʡ ʩʧʘʜ 

ʦʙʲʝʤʦʚ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚʦʜ ʚ ʦʩʪʘʣʴʥʳʭ ʩʫʙʲʝʢʪʘʭ. ʆʙʲʝʤʳ ʩʪʦʯʥʳʭ ʚʦʜ 

ʧʨʦʜʦʣʞʘʶʪ ʩʦʢʨʘʱʘʪʴʩʷ: ʚ ʮʝʣʦʤ ʜʣʷ ʙʘʩʩʝʡʥʘ ʥʘ 721,54 ʤʣʥ ʤ3 ʠʣʠ ʥʘ 14%. 

ʈʦʩʪ ʦʙʲʝʤʘ ʩʙʨʘʩʳʚʘʝʤʳʭ ʚʦʜ ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʗʅɸʆ (ʥʘ 6,76 ʤʣʥ ʤ3 ʟʘ 

2013-2020 ʛ.). 

ʊʝʥʜʝʥʮʠʠ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʚʦʜʥʦʩʪʠ ʚ ʙʘʩʩʝʡʥʝ ʆʙʠ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʶʪʩʷ ʥʘ ʚʦʜʦʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʡ. ʉʣʝʜʫʝʪ 

ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʨʝʛʠʦʥʦʚ ʙʘʩʩʝʡʥʘ ʆʙʠ ʥʝ 

ʷʚʣʷʶʪʩʷ ʣʠʤʠʪʠʨʫʶʱʠʤ ʬʘʢʪʦʨʦʤ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʣʦʢʘʣʴʥʳʡ ʚʦʜʦʜʝʬʠʮʠʪ ʚʝʨʦʷʪʝʥ ʚ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʷʭ 

ʂʝʤʝʨʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʜʣʷ ʢʦʪʦʨʦʡ ʭʘʨʘʢʪʝʨʥʘ ʥʠʟʢʘʷ ʩʪʝʧʝʥʴ ʨʘʟʚʝʜʘʥʥʦʩʪʠ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʧʠʪʴʝʚʦʛʦ ʢʘʯʝʩʪʚʘ ʠ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ; ʚ ʙʝʩʩʪʦʯʥʦʡ ʦʙʣʘʩʪʠ ʆʙʴ-ʀʨʪʳʰʩʢʦʛʦ 

ʤʝʞʜʫʨʝʯʴʷ, ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ, ʨʘʡʦʥʳ 

ʢʦʪʦʨʳʭ ʧʦ ʧʨʠʨʦʜʥʳʤ ʧʨʠʯʠʥʘʤ ʥʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʥʳʝ 

ʠʩʪʦʯʥʠʢʠ ʠ ʦʛʨʘʥʠʯʝʥʥʦ ʠʩʧʦʣʴʟʫʶʪ ʨʝʩʫʨʩʳ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʠʟ-ʟʘ ʠʭ 

ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʪʨʝʙʦʚʘʥʠʷʤ ʧʠʪʴʝʚʦʛʦ ʢʘʯʝʩʪʚʘ. ʂʨʦʤʝ ʵʪʦʛʦ, ʚʳʜʝʣʷʶʪʩʷ 

ʫʯʘʩʪʢʠ ʨʝʢ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʘ ʠʤʝʥʥʦ ʧʨʷʤʳʭ ʠ 

ʢʦʩʚʝʥʥʳʭ ʥʘʛʨʫʟʦʢ ʥʘ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʲʷʪʠʷ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʠʣʠ 

ʧʦʩʪʫʧʣʝʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʩ ʚʦʜʦʩʙʦʨʘ ʠʣʠ ʧʫʪʝʤ ʪʨʘʥʩʛʨʘʥʠʯʥʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ, ʯʪʦ ʪʘʢʞʝ ʩʣʫʞʠʪ ʧʨʝʜʧʦʩʳʣʢʘʤʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʚʦʜʦʜʝʬʠʮʠʪʥʳʭ ʩʠʪʫʘʮʠʡ, ʥʘʧʨʠʤʝʨ, ʚ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʷʭ ʊʦʤʩʢʦʡ 

ʠ ʶʛʘ ʊʶʤʝʥʩʢʦʡ ʦʙʣʘʩʪʝʡ. ɺ ʮʝʣʦʤ ʞʝ ʚʦʜʦʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʠʤʝʝʪ ʚʳʩʦʢʠʝ 

ʫʨʦʚʥʠ, ʜʦʩʪʠʛʘʷ ʠʥʪʝʨʚʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 15-20 ʪʳʩ. ʤ3/ʯʝʣ. ʚ ʛʦʜ.  

ʇʨʦʛʥʦʟʠʨʫʝʤʦʝ ʠʟʤʝʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʠ ʢʘʯʝʩʪʚʘ ʨʝʩʫʨʩʦʚ ʨʝʯʥʦʛʦ ʩʪʦʢʘ 

ʙʘʩʩʝʡʥʘ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʠ ʜʘʣʝʝ ʧʨʦʙʣʝʤʳ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ 

ʚʦʜʦʦʙʝʩʧʝʯʝʥʠʷ ʥʘʩʝʣʝʥʠʷ ʠ ʵʢʦʥʦʤʠʢʠ ʢʦʩʥʫʪʩʷ ʣʠʰʴ ʦʛʨʘʥʠʯʝʥʥʳʝ 
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ʦʙʨʘʟʦʚʘʥʠʷ.   

ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ 

ʄʥʦʛʦʣʝʪʥʝʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʚ ʙʘʩʩʝʡʥʘʭ ʨʝʢ ʆʙʠ ʠ ʀʨʪʳʰʘ 

ʢʨʫʧʥʝʡʰʠʭ ʚ ʈʦʩʩʠʠ ʨʘʜʠʦʭʠʤʠʯʝʩʢʠʭ, ʫʛʣʝʜʦʙʳʚʘʶʱʠʭ, ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ, 

ʥʝʬʪʝʭʠʤʠʯʝʩʢʠʭ, ʥʝʬʪʝ- ʠ ʛʘʟʦʜʦʙʳʚʘʶʱʠʭ ʧʨʦʠʟʚʦʜʩʪʚ ʣʦʢʘʣʴʥʦ ʧʨʠʚʝʣʦ ʢ 

ʨʘʜʠʦʘʢʪʠʚʥʦʤʫ, ʭʠʤʠʯʝʩʢʦʤʫ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʤʫ ʟʘʛʨʷʟʥʝʥʠʶ ʚʦʜ ʠ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʨʝʢ, ʦʟʝʨ, ʙʦʣʦʪ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʚʦʜʦʝʤʦʚ, ʧʦʜʟʝʤʥʳʭ ʛʦʨʠʟʦʥʪʦʚ. 

ʇʨʦʙʣʝʤʳ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʢʨʫʧʥʳʭ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʮʝʥʪʨʦʚ, ʚʦʜʦʩʥʘʙʞʝʥʠʝ ʢʦʪʦʨʳʭ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ʈʘʟʥʦʦʙʨʘʟʠʝ 

ʧʨʠʨʦʜʥʳʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ 

ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʩʦʜʝʨʞʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ 

ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ (ʦʪ ʥʠʟʢʦʛʦ, ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʜʣʷ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʜʦ 

ʧʨʝʚʳʰʘʶʱʝʛʦ ʇɼʂ) [1-4].  

ʅʘʧʨʠʤʝʨ, ʧʦ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʚ ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ ʜʘʥʥʳʤ ʈʦʩʛʠʜʨʦʤʝʪʘ 

[6-7] ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʚ ʙʘʩʩʝʡʥʝ ʨ. ʆʙʴ ʚ 2020 ʛ. ʚʳʧʦʣʥʷʣʠʩʴ ʥʘ 

158 ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ, ʚ 244 ʧʫʥʢʪʘʭ ʠ 351 ʩʪʚʦʨʝ ʥʘʙʣʶʜʝʥʠʡ. ʆʩʥʦʚʥʳʝ 

ʟʘʛʨʷʟʥʷʶʱʠʝ ʚʝʱʝʩʪʚʘ ʚʦʜʳ ʨ. ʆʙʴ: ʩʦʝʜʠʥʝʥʠʷ ʞʝʣʝʟʘ, ʤʝʜʠ, ʮʠʥʢʘ, ʤʘʨʛʘʥʮʘ; 

ʚ ʦʪʜʝʣʴʥʳʭ ʩʪʚʦʨʘʭ ʢ ʥʠʤ ʜʦʙʘʚʣʷʣʠʩʴ ʥʝʬʪʝʧʨʦʜʫʢʪʳ, ʬʝʥʦʣʳ, ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʚʝʱʝʩʪʚʘ (ʧʦ ʍʇʂ ʠ ɹʇʂ5), ʥʠʪʨʠʪʥʳʡ ʘʟʦʪ.  

ɺ 2020 ʛ. ʚʦʜʘ ʨ. ʆʙʴ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʪʚʦʨʦʚ ʦʮʝʥʠʚʘʣʘʩʴ 4-ʤ ʢʣʘʩʩʦʤ 

ʢʘʯʝʩʪʚʘ, ʨʘʟʨʷʜʘʤʠ "ʘ" ʠ "ʙ" ("ʛʨʷʟʥʘʷ") ï ʚ 60 %; ʨʘʟʨʷʜʦʤ "ʚ" ("ʦʯʝʥʴ ʛʨʷʟʥʘʷ") 

ï ʚ 10 % ʠ 3-ʤ ʢʣʘʩʩʦʤ ʢʘʯʝʩʪʚʘ ʨʘʟʨʷʜʘʤʠ "ʘ" ʠ "ʙ" ("ʟʘʛʨʷʟʥʝʥʥʘʷ", "ʦʯʝʥʴ 

ʟʘʛʨʷʟʥʝʥʥʘʷ") ï ʚ 30 % ʩʪʚʦʨʦʚ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʠʤ ʛʦʜʦʤ ʚ 2020 ʛ. ʚ 

66 % ʩʪʚʦʨʦʚ ʨ. ʆʙʴ ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʥʝ ʧʨʝʪʝʨʧʝʣʦ ʠʟʤʝʥʝʥʠʡ; ʫʭʫʜʰʝʥʠʝ 

ʦʪʤʝʯʝʥʦ ʚ 10 % ʩʪʚʦʨʦʚ, ʚ 24 % ʩʪʚʦʨʦʚ ʧʨʦʠʟʦʰʣʦ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʚʦʜʳ 

(ʪʘʙʣʠʮʘ 2). ɺʝʣʠʯʠʥʘ ʋʂʀɿɺ ʚ ʚʦʜʝ ʨ. ʆʙʴ ʩʦʩʪʘʚʣʷʣʘ 2,6-5,8; ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʚ 2020 ʛʦʜʫ, ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʥʠʞʥʝʤ ʪʝʯʝʥʠʠ ʨ. ʆʙʴ ʚ ʯʝʨʪʝ ʩ. ʄʫʞʠ.  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʠʙʦʣʝʝ ʟʘʛʨʷʟʥʝʥʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʙʘʩʩʝʡʥʘ ʨ. ʆʙʴ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ 

ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 2 ʨʝʢ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʋʨʘʣʴʩʢʦʤ ʬʝʜʝʨʘʣʴʥʦʤ ʦʢʨʫʛʝ ʠ 

ʦʪʥʦʩʠʪʩʷ ʢ ʧʨʠʪʦʢʘʤ ʀʨʪʳʰʘ ʨʘʟʣʠʯʥʳʭ ʧʦʨʷʜʢʦʚ. 

ʊʘʙʣʠʮʘ 2 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ (ʚ %) ʩʪʚʦʨʦʚ ʧʦ ʢʣʘʩʩʘʤ ʢʘʯʝʩʪʚʘ ʚʦʜʳ  

ɺʦʜʥʳʡ ʦʙʲʝʢʪ 

ʂʣʘʩʩʳ ʢʘʯʝʩʪʚʘ ʚʦʜʳ 

1 2 

3 4 

5 ʈʘʟʨʷʜ 

"ʘ" 

ʈʘʟʨʷʜ 

"ʙ" 

ʈʘʟʨʷʜ 

"ʘ" 

ʈʘʟʨʷʜ 

"ʙ" 

ʈʘʟʨʷʜ 

"ʚ" 

ʈʘʟʨʷʜ 

"ʛ" 

ʨ. ʆʙʴ   10 20 25 35 10 1  

ʨ. ʀʨʪʳʰ  17 50 11 17 5    

ʨ. ʊʦʙʦʣ     100     

ɹʘʩʩʝʡʥ ʨ. ʊʦʙʦʣ   6,4 28 44,2 13,5 5,5  2,4 

ɹʘʩʩʝʡʥ ʨ. ʀʨʪʳʰ  1,7 11,5 25,9 42,5 12,6 4  1,8 
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ʊʘʙʣʠʮʘ 3 ï ʅʘʠʙʦʣʝʝ ʟʘʛʨʷʟʥʝʥʥʳʝ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ ʙʘʩʩʝʡʥʘ ʨ. ʆʙʴ 

ɺʦʜʥʳʡ ʦʙʲʝʢʪ ʇʫʥʢʪ, ʩʪʚʦʨ 

ʂʘʪʝʛʦʨ

ʠʷ 

ʚʦʜʥʦʛʦ 

ʦʙʲʝʢʪʘ 

ʆʩʥʦʚʥʳʝ 

ʟʘʛʨʷʟʥʷʶʱʠʝ 

ʚʝʱʝʩʪʚʘ 

 ʋʂʀɿɺ  ʂʣʘʩʩ 

ʢʘʯʝʩ-

ʪʚʘ 

ʚʦʜʳ ʚ 

2020 ʛ. 

ʊʝʥʜʝʥʮʠʷ 

ʠʟʤʝʥʝʥʠʷ 

ʢʘʯʝʩʪʚʘ 

ʚʦʜʳ 

2018 ʛ. 2019 ʛ. 2020 ʛ. 

ʨ. ʆʙʴ ʛ. ʉʘʣʝʭʘʨʜ, 4 ʢʤ ʢ 

ʖɿ ʦʪ ʛʦʨʦʜʘ 

ʙʦʣʴʰʘʷ ʞʝʣʝʟʦ, ʤʘʨʛʘʥʝʮ, 

ʮʠʥʢ, ʬʝʥʦʣʳ, ʤʝʜʴ, 

ɹʇʂ5, ʍʇʂ 

6,14 5,70 4,61 4ɹ ʩʪʘʙʠʣʠ-

ʟʘʮʠʷ 

ʨ. ʂʘʤʝʥʢʘ ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, 0,5 

ʢʤ ʚʳʰʝ ʚʧʘʜʝʥʠʷ 

ʚ ʨ. ʆʙʴ 

ʤʘʣʘʷ ɹʇʂ5, ʍʇʂ, 

ʥʝʬʪʝʧʨʦʜʫʢʪʳ, 

ʘʤʤʦʥʠʡʥʳʡ ʠ 

ʥʠʪʨʠʪʥʳʡ ʘʟʦʪ, 

ʤʝʜʴ, ʮʠʥʢ, 

ʤʘʨʛʘʥʝʮ, ʬʝʥʦʣʳ, 

ʘʣʶʤʠʥʠʡ 

5,91 6,50 6,45 4ɺ ʩʪʘʙʠʣʠ-

ʟʘʮʠʷ 

ʨ. ʇʦʣʫʡ ʛ. ʉʘʣʝʭʘʨʜ, 6 ʢʤ 

ʚʳʰʝ ʛ/ʧʦʩʪʘ ʥʘ 

ʨ.ʆʙʴ 

ʩʨʝʜʥʷʷ ʞʝʣʝʟʦ, ʤʝʜʴ, ʮʠʥʢ, 

ʤʘʨʛʘʥʝʮ, 

ʘʤʤʦʥʠʡʥʳʡ ʘʟʦʪ, 

ʍʇʂ 

6,35 6,01 

 

4,46 4ɸ ʩʪʘʙʠʣʠ-

ʟʘʮʠʷ 

ʨ. ʊʦʙʦʣ ʛ. ʗʣʫʪʦʨʦʚʩʢ, 2,5 

ʢʤ ʥʠʞʝ ʛʦʨʦʜʘ 

ʙʦʣʴʰʘʷ ʥʝʬʪʝʧʨʦʜʫʢʪʳ, 

ʤʘʨʛʘʥʝʮ, ʞʝʣʝʟʦ, 

ʥʠʪʨʠʪʥʳʡ ʘʟʦʪ, 

ʤʝʜʴ, ʍʇʂ, ɹʇʂ5, 

ʩʫʣʴʬʘʪʳ, ʬʝʥʦʣ  r

4,91 4,91 4,85 4ɸ ʩʪʘʙʠʣʠ-

ʟʘʮʠʷ 

ʨ. ʀʩʝʪʴ ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, ʚ 7 

ʢʤ ʥʠʞʝ ʛʦʨʦʜʘ 

ʤʘʣʘʷ ɹʇʂ5, ʍʇʂ, ʤʝʜʴ, 

ʮʠʥʢ, ʘʤʤʦʥʠʡʥʳʡ ʠ 

ʥʠʪʨʠʪʥʳʡ ʘʟʦʪ, 

ʬʦʩʬʦʨ ʬʦʩʬʘʪʦʚ, 

ʤʘʨʛʘʥʝʮ, 

ʥʝʬʪʝʧʨʦʜʫʢʪʳ 

7,42 6,29 7,07 5 ʩʪʘʙʠʣʠ-

ʟʘʮʠʷ 

ʨ. ʄʠʘʩʩ ʛ. ʏʝʣʷʙʠʥʩʢ, 6,6 ʢʤ 

ʥʠʞʝ ʛʦʨʦʜʘ 

ʩʨʝʜʥʷʷ ɹʇʂ5, ʍʇʂ, ʤʝʜʴ, 

ʤʘʨʛʘʥʝʮ, ʬʦʩʬʦʨ 

ʬʦʩʬʘʪʦʚ, 

ʥʠʪʨʠʪʥʳʡ ʘʟʦʪ, 

ʥʝʬʪʝʧʨʦʜʫʢʪʳ, 

ʮʠʥʢ 

5,74 5,59 5,44 4ɹ ʩʪʘʙʠʣʠ-

ʟʘʮʠʷ  ̫

ʨ. ʇʳʰʤʘ ʛ. ɹʝʨʝʟʦʚʩʢʠʡ, 13,1 

ʢʤ ʚʳʰʝ ʛʦʨʦʜʘ 

ʤʘʣʘʷ ʤʝʜʴ, ʤʘʨʛʘʥʝʮ, 

ʥʠʢʝʣʴ, ʥʠʪʨʠʪʥʳʡ ʠ 

ʘʤʤʦʥʠʡʥʳʡ ʘʟʦʪ, 

ʞʝʣʝʟʦ, ʍʇʂ, ʮʠʥʢ, 

ʬʦʩʬʦʨ ʬʦʩʬʘʪʦʚ, 

ɹʇʂ5, ʤʳʰʴʷʢ, 

ʛʣʫʙʦʢʠʡ ʜʝʬʠʮʠʪ 

ʨʘʩʪʚʦʨʝʥʥʦʛʦ 

ʚ ʚʦʜʝ ʢʠʩʣʦʨʦʜʘ 

7,53 6,93 6,95 5 ʩʪʘʙʠʣʠ-

ʟʘʮʠʷ 

ʨ. ʊʘʛʠʣ ʛ. ʅʠʞʥʠʡ ʊʘʛʠʣ, 

23 ʢʤ ʥʠʞʝ ʛʦʨʦʜʘ 

ʤʘʣʘʷ ʤʝʜʴ, ʤʘʨʛʘʥʝʮ, 

ʘʤʤʦʥʠʡʥʳʡ ʘʟʦʪ, 

ʮʠʥʢ, ʞʝʣʝʟʦ, ʍʇʂ, 

ʬʝʥʦʣʳ, 

ʥʝʬʪʝʧʨʦʜʫʢʪʳ 

4,82 3,86 4,81 4ɸ ʫʣʫʯʰʝʥʠʝ 

ʨ. ʅʝʡʚʘ ʛ. ʅʝʚʴʷʥʩʢ, 

17 ʢʤ ʚʳʰʝ ʛʦʨʦʜʘ 

ʤʘʣʘʷ ʄʝʜʴ, ʤʘʨʛʘʥʝʮ, 

ʘʤʤʦʥʠʡʥʳʡ ʘʟʦʪ, 

ʮʠʥʢ, ʬʝʥʦʣʳ, 

ɹʇʂ5, ʍʇʂ, 

ʩʫʣʴʬʘʪʳ, ʥʝʬʪʝʧʨʦ-

ʜʫʢʪʳ 

6,98 6,75 6,55 4ɺ ʩʪʘʙʠʣʠ-

ʟʘʮʠʷ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʢʘʯʝʩʪʚʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ 

ʙʘʩʩʝʡʥʘ ʨ. ʆʙʴ ʥʝ ʧʨʦʠʩʭʦʜʠʪ.  

ʋʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ 3-ʤ ʢʣʘʩʩʦʤ ʢʘʯʝʩʪʚʘ ʨʘʟʨʷʜʦʚ "ʘ" ʠ "ʙ" 

("ʟʘʛʨʷʟʥʝʥʥʘʷ" ʠʣʠ "ʦʯʝʥʴ ʟʘʛʨʷʟʥʝʥʥʘʷ") ʦʮʝʥʠʚʘʝʪʩʷ ʚʦʜʘ ʈʝʩʧʫʙʣʠʢ ɸʣʪʘʡ 

(22,3 %), ʊʳʚʘ (50,0 %), ʍʘʢʘʩʠʷ (33,0 %); ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ ï 89,6 % ʦʙʣʘʩʪʝʡ 

ʂʝʤʝʨʦʚʩʢʦʡ ï 59,0 %, ʆʤʩʢʦʡ ï 67,0 % ʩʪʚʦʨʦʚ.  

ʅʘʠʙʦʣʝʝ ʥʠʟʢʠʤ ʢʘʯʝʩʪʚʦʤ ʚʦʜʳ ʦʮʝʥʠʚʘʶʪʩʷ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ 

ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʠ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʝʡ, ʛʜʝ ʯʠʩʣʦ ʩʪʚʦʨʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ 4-ʤʫ 

ʢʣʘʩʩʫ ʨʘʟʨʷʜʦʚ "ʘ", "ʙ", "ʚ" ʠ "ʛ" ("ʛʨʷʟʥʘʷ" ʠʣʠ "ʦʯʝʥʴ ʛʨʷʟʥʘʷ" ʚʦʜʘ), ʩʦʩʪʘʚʠʣʦ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 75,0 % ʠ 70,0 %. ɺ ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʦʙʣʘʩʪʠ ʚʦʜʘ ʨ. ʂʘʨʛʘʪ, ʩ. 

ɿʜʚʠʥʩʢ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 5-ʤ ʢʣʘʩʩʦʤ ʢʘʯʝʩʪʚʘ ("ʵʢʩʪʨʝʤʘʣʴʥʦ ʛʨʷʟʥʘʷ").  

ʍʦʨʦʰʠʤ ʢʘʯʝʩʪʚʦʤ ʚʦʜʳ 1-ʛʦ ʢʣʘʩʩʘ ("ʫʩʣʦʚʥʦ ʯʠʩʪʘʷ") ʠ 2-ʛʦ ʢʣʘʩʩʘ 

("ʩʣʘʙʦ ʟʘʛʨʷʟʥʝʥʥʘʷ") ʦʮʝʥʠʚʘʝʪʩʷ ʙʦʣʴʰʠʥʩʪʚʦ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢ ɸʣʪʘʡ, ʊʳʚʘ, ʍʘʢʘʩʠʷ; 36 % ʩʪʚʦʨʦʚ ʚ ʂʝʤʝʨʦʚʩʢʦʡ 

ʦʙʣʘʩʪʠ, ʠʟ ʥʠʭ 8 % ʚʦʜʦʡ 1-ʛʦ ʢʣʘʩʩʘ ("ʫʩʣʦʚʥʦ ʯʠʩʪʘʷ"); ʚ ʆʤʩʢʦʡ ʦʙʣʘʩʪʠ 

ʫʚʝʣʠʯʠʣʦʩʴ ʯʠʩʣʦ ʩʪʚʦʨʦʚ 2-ʛʦ ʢʣʘʩʩʘ ʢʘʯʝʩʪʚʘ ("ʩʣʘʙʦ ʟʘʛʨʷʟʥʝʥʥʘʷ" ʚʦʜʘ) ʦʪ 7 

% ʜʦ 11 %.  

ʃʝʚʳʝ ʧʨʠʪʦʢʠ ʨ. ʆʙʴ, ʧʨʦʪʝʢʘʶʱʠʝ ʧʦ ʪʝʨʨʠʪʦʨʠʠ ʋʨʘʣʴʩʢʦʛʦ 

ʬʝʜʝʨʘʣʴʥʦʛʦ ʦʢʨʫʛʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʤ ʥʘʣʠʯʠʝʤ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʦʢʨʫʛʘ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. ɹʦʣʴʰʠʥʩʪʚʦ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʚ 2020 ʛ., ʢʘʢ ʠ ʚ 

ʧʨʝʜʳʜʫʱʠʝ ʛʦʜʳ, ʦʮʝʥʠʚʘʶʪʩʷ 4-ʤ ʢʣʘʩʩʦʤ ʢʘʯʝʩʪʚʘ ʚ ʜʠʘʧʘʟʦʥʝ ʨʘʟʨʷʜʦʚ "ʘ" 

ʠ "ʙ", "ʚ" ʠ "ʛ" ("ʛʨʷʟʥʘʷ" ʠ "ʦʯʝʥʴ ʛʨʷʟʥʘʷ"): ʂʫʨʛʘʥʩʢʘʷ ʦʙʣʘʩʪʴ ï 93%, 

ʉʚʝʨʜʣʦʚʩʢʘʷ ʦʙʣʘʩʪʴ ï 50%, ʊʶʤʝʥʩʢʘʷ ï 81%, ʏʝʣʷʙʠʥʩʢʘʷ ï 37,7%; ʚ ʍʘʥʪʳ-

ʄʘʥʩʠʡʩʢʦʤ ʠ ʗʤʘʣʦ-ʅʝʥʝʮʢʦʤ ʘʚʪʦʥʦʤʥʳʭ ʦʢʨʫʛʘʭ ï100 %. ʂʨʘʡʥʝ ʥʠʟʢʠʤ 

ʢʘʯʝʩʪʚʦʤ ʚʦʜʳ 5-ʛʦ ʢʣʘʩʩʘ ("ʵʢʩʪʨʝʤʘʣʴʥʦ ʛʨʷʟʥʘʷ") ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʦʜʥʳʝ 

ʦʙʲʝʢʪʳ: ʨ. ʀʩʝʪʴ, ʨ. ʇʳʰʤʘ, ʨ. ʋʚʝʣʴʢʘ. ʉʨʝʜʠ ʨʝʢ, ʧʨʦʪʝʢʘʶʱʠʭ ʧʦ ʵʪʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ʦʪʩʫʪʩʪʚʫʶʪ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ 1-ʛʦ ʢʣʘʩʩʘ ("ʫʩʣʦʚʥʦ ʯʠʩʪʘʷ" ʚʦʜʘ) ʠ 

2-ʛʦ ʢʣʘʩʩʘ ("ʩʣʘʙʦ ʟʘʛʨʷʟʥʝʥʥʘʷ" ʚʦʜʘ). 

ʆʮʝʥʢʘ ʵʬʬʝʢʪʘ ʜʝʢʘʧʣʠʥʛʘ, ʦʪʨʘʞʘʶʱʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪ ʧʘʨʥʦʡ 

ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʚʘʣʦʚʳʤ ʨʝʛʠʦʥʘʣʴʥʳʤ ʧʨʦʜʫʢʪʦʤ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʤʠ 

ʟʘʛʨʷʟʥʝʥʠʷʤʠ ʟʘ 2015-2019 ʛʦʜʳ ʧʦ ʨʝʛʠʦʥʘʤ ʉʌʆ ʠ ʊʶʤʝʥʩʢʦʡ ʦʙʣʘʩʪʠ ʧʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʚʝʞʝʡ ʚʦʜʳ,1 ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʨʝʛʠʦʥʦʚ ʦʪʤʝʯʘʝʪʩʷ 

ʨʦʩʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʩʥʠʞʝʥʠʠ ʦʙʲʝʤʦʚ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ. 

ʀʩʢʣʶʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʊʶʤʝʥʩʢʘʷ ʦʙʣʘʩʪʴ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷʩʷ ʫʚʝʣʠʯʝʥʠʝʤ 

ʦʙʲʝʤʦʚ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ. ʊʘʢʞʝ ʵʬʬʝʢʪ ʜʝʢʘʧʣʠʥʛʘ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʧʦʢʘʟʘʪʝʣʷʭ 

ʩʙʨʦʩʘ ʟʘʛʨʷʟʥʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʚ ʠʥʜʫʩʪʨʠʘʣʴʥʦ ʨʘʟʚʠʪʳʭ ʨʝʛʠʦʥʘʭ ʉʠʙʠʨʠ: 

ʀʨʢʫʪʩʢʦʡ, ʂʝʤʝʨʦʚʩʢʦʡ, ʆʤʩʢʦʡ ʦʙʣʘʩʪʷʭ, ʂʨʘʩʥʦʷʨʩʢʦʤ ʢʨʘʝ ʠ ʈʝʩʧʫʙʣʠʢʝ 

ʍʘʢʘʩʠʷ, ʯʪʦ, ʥʝʩʦʤʥʝʥʥʦ, ʦʪʨʘʞʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʪʨʝʥʜ. ɸ ʚʦʪ ʧʦ ʚʳʙʨʦʩʘʤ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʩʠʪʫʘʮʠʷ ʥʝ ʩʪʦʣʴ ʦʜʥʦʟʥʘʯʥʘ. 

                                                 
1 ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʩʤ. ʚ ʩʪʘʪʴʝ ʂʨʘʩʥʦʷʨʦʚʦʡ ɹ.ɸ., ʐʘʨʘʙʘʨʠʥʦʡ ʉ.ʅ. ɺʦʜʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʜʝʢʘʧʣʠʥʛ ʨʘʟʚʠʪʠʷ 

ʨʝʛʠʦʥʦʚ ʉʠʙʠʨʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʦʢʨʫʛʘ (ʪ.3 ʤʘʪʝʨʠʘʣʦʚ ʜʘʥʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ)  



ˤͦ͒ͤ·͔ ͙ Ή͎͙ͦͦ͟͡;͔͙͔ͫ͟ ͔ͨͪͦ͋ͣ͡· ˿͙͙͙͋ͪ ͙ ͔̇ͤͭͪ͊͡Έ͚ͤͦ ˢ͙͙͘  

33 

ʃʠʰʴ ʚ ʯʝʪʳʨʝʭ ʨʝʛʠʦʥʘʭ ʨʦʩʪ ɺʈʇ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝʤ ʚʳʙʨʦʩʦʚ, ʚ 

ʦʩʪʘʣʴʥʳʭ ï ʪʘʢʦʡ ʩʚʷʟʠ ʥʝ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ.  

ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʤʦʞʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʩʦʭʨʘʥʝʥʠʝ ʵʬʬʝʢʪʘ ʜʝʢʘʧʣʠʥʛʘ ʧʨʠ 

ʩʦʭʨʘʥʝʥʠʠ ʢʘʢ ʤʠʥʠʤʫʤ ʩʣʦʞʠʚʰʠʭʩʷ ʪʝʤʧʦʚ ʠʥʚʝʩʪʠʮʠʡ ʚ ʧʨʠʨʦʜʦʦʭʨʘʥʥʫʶ 

ʩʬʝʨʫ ʠ ʥʘʤʝʪʠʚʰʠʭʩʷ ʩʜʚʠʛʦʚ ʦʪʨʘʩʣʝʚʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ 

ʩʠʙʠʨʩʢʠʭ ʨʝʛʠʦʥʘʭ ʚ ʩʪʦʨʦʥʫ ʨʦʩʪʘ ʜʦʣʠ ʦʪʨʘʩʣʝʡ ʦʙʨʘʙʘʪʳʚʘʶʱʝʡ ʩʬʝʨʳ.  

ʉʣʦʞʥʦʩʪʴ ʵʢʦʣʦʛʦ-ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʙʘʩʩʝʡʥʘ ʆʙʠ ʚʦ 

ʤʥʦʛʦʤ ʦʙʫʩʣʦʚʣʝʥʘ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʠ ʣʘʥʜʰʘʬʪʥʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚʩʣʝʜʩʪʚʠʝ ʟʦʥʘʣʴʥʦʩʪʠ ʥʘ ʨʘʚʥʠʥʝ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʧʦʷʩʥʦʩʪʠ ʚ ʛʦʨʘʭ, ʟʥʘʯʠʪʝʣʴʥʦʡ ʘʛʨʘʨʥʦʡ ʥʘʛʨʫʟʢʦʡ, ʧʨʦʮʝʩʩʘʤʠ 

ʦʧʫʩʪʳʥʠʚʘʥʠʷ, ʥʘʣʠʯʠʝʤ ʠ ʨʘʟʨʘʙʦʪʢʦʡ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, 

ʚʳʙʨʦʩʘʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʮʚʝʪʥʦʡ ʠ ʯʝʨʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ, ʭʠʤʠʯʝʩʢʦʡ ʠ 

ʫʛʣʝʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚʣʠʷʥʠʝʤ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. ʇʦʩʪʫʧʣʝʥʠʝ ʪʦʢʩʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʦʯʚ, ʜʝʛʨʘʜʘʮʠʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ, ʠʟʤʝʥʝʥʠʶ ʢʘʯʝʩʪʚʘ 

ʧʦʜʟʝʤʥʳʭ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ. 

ʀʟ ʚʩʝʡ ʛʘʤʤʳ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʙʘʩʩʝʡʥʝ ʆʙʠ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 

ʧʨʠʚʣʝʢʘʶʪ P, I, F, Hg, Sb, As, Pb, Cu, Zn, Cd, 137Cs ʠ 90Sr. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ 

ʥʘ ʙʦʣʴʰʦʡ ʯʘʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʚ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜʘʭ, ʧʦʯʚʘʭ, ʧʨʠʨʦʜʥʳʭ 

ʚʦʜʘʭ, ʘ ʚ ʩʚʷʟʠ ʩ ʥʠʤʠ ʚ ʨʘʩʪʝʥʠʷʭ, ʤʝʩʪʥʳʭ ʢʦʨʤʘʭ ʠ ʧʨʦʜʫʢʪʘʭ ʧʠʪʘʥʠʷ 

ʚʳʷʚʣʝʥ ʩʝʨʴʝʟʥʳʡ ʜʝʬʠʮʠʪ P, I ʠ F, ʚ ʨʘʡʦʥʘʭ ʨʪʫʪʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, 

ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ ʠ ʦʨʝʦʣʘʭ ʠʭ ʨʘʩʩʝʷʥʠʷ ï ʠʟʙʳʪʦʢ Hg, Sb ʠ As, ʚ ʢʦʤʧʦʥʝʥʪʘʭ 

ʣʘʥʜʰʘʬʪʦʚ ʨʘʡʦʥʦʚ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʜʦʙʳʯʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ 

ʨʫʜ ï ʠʟʙʳʪʦʢ Pb, Cu, Zn ʠ Cd [7]; ʚ ʩʚʷʟʠ ʩ ʤʥʦʛʦʣʝʪʥʠʤʠ ʠʩʧʳʪʘʥʠʷʤʠ ʷʜʝʨʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʥʘ ʉʝʤʠʧʘʣʘʪʠʥʩʢʦʤ ʧʦʣʠʛʦʥʝ ʠ ʧʝʨʝʥʦʩʦʤ ʩ ʚʦʟʜʫʰʥʳʤʠ ʤʘʩʩʘʤʠ 

ʧʨʦʜʫʢʪʦʚ ʨʘʩʧʘʜʘ ʚʦ ʤʥʦʛʠʭ ʤʝʩʪʘʭ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʦʙʥʘʨʫʞʝʥ 

ʧʦʚʳʰʝʥʥʳʡ ʨʘʜʠʘʮʠʦʥʥʳʡ ʬʦʥ (ʚʳʰʝ ʛʣʦʙʘʣʴʥʦʛʦ) ʟʘ ʩʯʝʪ ʜʦʣʛʦʞʠʚʫʱʠʭ 

ʥʫʢʣʠʜʦʚ 137Cs ʠ 90Sr. 

ʈʪʫʪʴ ï ʦʜʠʥ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʵʣʝʤʝʥʪʦʚ-ʪʦʢʩʠʢʘʥʪʦʚ ʚ ʙʠʦʩʬʝʨʝ. ʇʦʯʚʳ 

ʥʘʜ ʨʪʫʪʥʳʤʠ ʠ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ ʥʘʩʣʝʜʫʶʪ ʘʥʦʤʘʣʴʥʦ 

ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʘ. ɺʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʪʫʪʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʯʚʳ ʚ ʧʨʝʜʝʣʘʭ ʦʨʝʦʣʘ ʨʘʩʩʝʷʥʠʷ ʍʦʚʫ-ɸʢʩʠʥʩʢʦʛʦ 

ʢʦʙʘʣʴʪʦʥʠʢʝʣʝʚʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʘ ʩʝʚʝʨʥʦʤ ʤʘʢʨʦʩʢʣʦʥʝ ɿʘʧʘʜʥʦʛʦ ʊʘʥʥʫ-

ʆʣʘ (ʈʝʩʧʫʙʣʠʢʘ ʊʳʚʘ), ʧʦʯʚʳ ʂʫʨʘʡʩʢʦʡ ʨʪʫʪʥʦʡ ʟʦʥʳ (ʈʝʩʧʫʙʣʠʢʘ ɸʣʪʘʡ). 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʦʯʚʳ ʩʦʧʨʷʞʸʥʥʳʭ ʩ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ ʣʘʥʜʰʘʬʪʥʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʧʦʜ ʩʝʥʦʢʦʩʘʤʠ, ʧʘʰʥʝʡ ʠ ʧʘʩʪʙʠʱʘʤʠ ʥʝ ʟʘʛʨʷʟʥʝʥʳ 

ʨʪʫʪʴʶ ʠ ʩʦʜʝʨʞʘʪ ʝʸ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ ʇɼʂ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʢʦʤʧʦʥʝʥʪʦʚ ʵʢʦʩʠʩʪʝʤ ʙʘʩʩʝʡʥʘ 

ɺʝʨʭʥʝʡ ʆʙʠ ʦʪʤʝʯʘʝʪʩʷ ʜʝʬʠʮʠʪ ʞʠʟʥʝʥʥʦ ʥʝʦʙʭʦʜʠʤʳʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ. 

ʎʝʥʪʨʘʣʴʥʦ-ʘʟʠʘʪʩʢʦʝ ʚʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪ ʜʝʬʠʮʠʪ 

ʡʦʜʘ ï ʥʝʟʘʤʝʥʠʤʦʛʦ ʤʠʢʨʦʵʣʝʤʝʥʪʘ ʜʣʷ ʞʠʚʦʪʥʳʭ ʠ ʯʝʣʦʚʝʢʘ ï ʚ ʢʦʤʧʦʥʝʥʪʘʭ 

ʵʢʦʩʠʩʪʝʤ, ʦʩʦʙʝʥʥʦ ʛʦʨʥʳʭ ʨʘʡʦʥʦʚ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʠʪʩʷ ʶʞʥʘʷ ʯʘʩʪʴ 

ʙʘʩʩʝʡʥʘ ʆʙʠ. ʃʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʚ ʩʪʝʧʥʳʭ ʠ ʩʫʭʦʩʪʝʧʥʳʭ 
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ʛʦʨʥʳʭ ʢʦʪʣʦʚʠʥʘʭ ʥʘ ʬʦʥʝ ʦʯʝʥʴ ʥʠʟʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʡʦʜʘ (ʯʘʩʪʦ ʤʝʥʝʝ 2 ʤʛ/ʢʛ 

ʧʦʯʚʳ) ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʚ ʦʨʛʘʥʠʟʤ ʞʠʚʦʪʥʳʭ ʠ 

ʯʝʣʦʚʝʢʘ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʵʥʜʝʤʠʯʝʩʢʠʤ 

ʟʦʙʦʤ.  

ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʵʢʦʩʠʩʪʝʤʳ 

ʧʦʢʘʟʘʣʦ ʦʪʩʫʪʩʪʚʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʨʘʢʝʪʥʳʭ ʪʦʧʣʠʚ (ʅɼʄɻ ʠ ʢʝʨʦʩʠʥʘ ʊ1) ʠ ʠʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʚ ʧʦʯʚʘʭ ʠ ʨʘʩʪʝʥʠʷʭ ʩʝʣʴʭʦʟʫʛʦʜʠʡ, ʣʝʩʦʚ, ʩʝʣʠʪʝʙʥʳʭ 

ʪʝʨʨʠʪʦʨʠʡ. 

ɹʘʩʩʝʡʥʳ ʢʨʫʧʥʳʭ ʩʠʙʠʨʩʢʠʭ ʨʝʢ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʟʦʣʠʨʦʚʘʥʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ 

ʠ ʦʪ ʙʘʩʩʝʡʥʦʚ ʝʚʨʦʧʝʡʩʢʠʭ ʨʝʢ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʯʠʩʣʦ ʯʫʞʝʨʦʜʥʳʭ ʚʠʜʦʚ ʚ 

ʩʠʙʠʨʩʢʠʭ ʚʦʜʦʝʤʘʭ ʠ ʟʘʭʚʘʯʝʥʥʘʷ ʠʤʠ ʧʣʦʱʘʜʴ ʧʦʩʪʦʷʥʥʦ ʫʚʝʣʠʯʠʚʘʶʪʩʷ. ɺ 

ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ ʙʘʩʩʝʡʥʘ ʨ. ʆʙʴ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ 21 

ʯʫʞʝʨʦʜʥʳʡ ʚʠʜ ʤʘʢʨʦʙʝʩʧʦʟʚʦʥʦʯʥʳʭ, ʧʨʦʰʝʜʰʠʭ ʩʪʘʜʠʶ ʥʘʪʫʨʘʣʠʟʘʮʠʠ 

(ʨʠʩ. 1). ʊʦʣʴʢʦ 7 ʚʠʜʦʚ ʠʟ ʵʪʦʛʦ ʩʧʠʩʢʘ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʚʩʝʣʷʣʠʩʴ ʚ ʚʦʜʦʝʤʳ ʚ 

ʮʝʣʷʭ ʧʦʚʳʰʝʥʠʷ ʢʦʨʤʦʚʦʡ ʙʘʟʳ ʨʳʙ, ʠ ʘʨʝʘʣʳ ʦʙʠʪʘʥʠʷ ʣʠʰʴ ʜʚʫʭ ʚʠʜʦʚ ʥʝ 

ʚʳʭʦʜʷʪ ʟʘ ʧʨʝʜʝʣʳ ʚʦʜʦʝʤʦʚ, ʚ ʢʦʪʦʨʳʝ ʠʭ ʚʩʝʣʠʣʠ. ɹʦʣʝʝ 90% ʯʫʞʝʨʦʜʥʳʭ ʜʣʷ 

ʬʘʫʥʳ ʚʦʜʦʝʤʦʚ ʙʘʩʩʝʡʥʘ ʨ. ʆʙʴ ʚʠʜʦʚ ʧʦʧʘʣʠ ʚ ʚʦʜʦʝʤʳ ʩʣʫʯʘʡʥʦ ʣʠʙʦ 

ʨʘʩʰʠʨʠʣʠ ʩʚʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʟʘ ʛʨʘʥʠʮʳ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʝ 

ʠʥʪʨʦʜʫʢʮʠʦʥʥʳʤʠ ʤʝʨʦʧʨʠʷʪʠʷʤʠ. ɺʝʜʫʱʠʤ ʬʘʢʪʦʨʦʤ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʯʫʞʝʨʦʜʥʳʭ ʚʠʜʦʚ ʚ ʆʙʴ-ʀʨʪʳʰʩʢʦʤ ʙʘʩʩʝʡʥʝ ʩʪʘʣʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚʦʜʦʭʨʘʥʠʣʠʱ. 

 
ʈʠʩʫʥʦʢ 1 ï ʆʮʝʥʢʘ ʫʨʦʚʥʷ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʚʩʝʣʝʥʠʝʤ 

ʯʫʞʝʨʦʜʥʳʭ ʚʠʜʦʚ ʤʘʢʨʦʙʝʩʧʦʟʚʦʥʦʯʥʳʭ 
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ʉʘʤʦʦʯʠʱʝʥʠʝ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ  

ʕʢʦʩʠʩʪʝʤʳ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʦʙʣʘʜʘʶʪ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ 

ʩʘʤʦʦʯʠʱʝʥʠʷ ʦʪ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʟʚʝʰʝʥʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ. ʉʘʤʦʦʯʠʱʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʚʳʥʦʩʘ ʟʘ ʧʨʝʜʝʣʳ ʚʦʜʥʦʛʦ 

ʦʙʲʝʢʪʘ ʠ ʚ ʧʨʦʮʝʩʩʝ ʭʠʤʠʯʝʩʢʦʡ ʠ ʙʠʦʪʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʠ, ʠ ʧʨʠ 

ʩʝʜʠʤʝʥʪʘʮʠʠ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ. ɺʦʜʥʳʝ ʦʨʛʘʥʠʟʤʳ ʘʢʪʠʚʥʦ ʬʠʣʴʪʨʫʶʪ 

ʚʦʜʫ, ʦʙʝʩʧʝʯʠʚʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʶ ʠ ʩʝʜʠʤʝʥʪʘʮʠʶ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ ʠ 

ʦʩʫʱʝʩʪʚʣʷʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʮʝʩʩ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʘʤʦʦʯʠʱʝʥʠʷ ʚʦʜ. ʉʘʤʳʝ 

ʩʦʚʨʝʤʝʥʥʳʝ ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʥʝ ʤʦʛʫʪ ʩʨʘʚʥʠʪʴʩʷ ʥʠ ʧʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, 

ʥʠ ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩ ʵʪʠʤ ʧʨʠʨʦʜʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ 

ʛʠʜʨʦʙʠʦʥʪʘʤʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ (ʬʦʥʦʚʳʝ) ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʠ 

ʩʦʩʪʦʷʥʠʝ ʚʩʝʡ ʵʢʦʩʠʩʪʝʤʳ. 

ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦ ʤʥʦʛʦʣʝʪʥʠʤ ʜʘʥʥʳʤ ʟʘ 200 ʜʥʝʡ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ 

ʧʝʨʠʦʜʘ ʠʟ ʪʦʣʱʠ ʚʦʜʳ ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʪʦʣʴʢʦ ʬʠʣʴʪʨʫʶʱʠʤʠ 

ʦʨʛʘʥʠʟʤʘʤʠ ʟʦʦʧʣʘʥʢʪʦʥʘ ʠʟʳʤʘʝʪʩʷ ʝʞʝʛʦʜʥʦ ʜʦ 3630 ʪʳʩ. ʪ ʚʟʚʝʰʝʥʥʦʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (ʩʳʨʦʡ ʚʝʩ). ɿʘ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʩʝʟʦʥ ʟʦʦʧʣʘʥʢʪʦʥ 

ʚʥʦʩʠʪ ʚ ʜʦʥʥʳʝ ʦʩʘʜʢʠ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʚʦʜʦʭʨʘʥʠʣʠʱʘ 7ï14 ʢʛ/ʤ2 ʧʝʣʣʝʪʥʦʡ 

ʤʘʩʩʳ, ʪ.ʝ. ʩʢʦʨʦʩʪʴ ʧʨʠʨʦʩʪʘ ʪʦʣʴʢʦ ʧʝʣʣʝʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 6ï12 

ʤʤ ʝʞʝʛʦʜʥʦ.  

ʇʦ ʧʦʢʘʟʘʪʝʣʷʤ ʟʦʦʧʣʘʥʢʪʦʥʘ ʚʦʜʘ ʨʝʢʠ ʆʙʠ ʥʘ ʚʩʝʭ ʦʙʩʣʝʜʦʚʘʥʥʳʭ 

ʫʯʘʩʪʢʘʭ ʦʪ ʧʣʦʪʠʥʳ ɻʕʉ ʜʦ ʩ. ɼʫʙʨʦʚʠʥʦ ʦʪʥʦʩʠʪʩʷ ʢ ɓ-ʤʝʟʦʩʘʧʨʦʙʥʦʤʫ ʢʣʘʩʩʫ, 

ʫʤʝʨʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʘʷ. ʇʨʦʩʣʝʞʠʚʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʫʤʝʥʴʰʝʥʠʷ ʫʨʦʚʥʷ 

ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʨʝʢʠ ʚ ʤʥʦʛʦʣʝʪʥʝʤ ʨʷʜʫ. ɺʦʟʨʘʩʪʘʝʪ ʚʠʜʦʚʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʛʠʜʨʦʙʠʦʥʪʦʚ. ɺʦʟʤʦʞʥʦ ʦʜʥʠʤ ʠʟ ʬʘʢʪʦʚ, ʦʙʲʷʩʥʷʶʱʠʭ ʵʪʫ ʪʝʥʜʝʥʮʠʶ, 

ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʢʦʥʮʝ 90-ʭ ï ʥʘʯʘʣʝ 2000-ʭ ʛʦʜʦʚ, ʘ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʥʠʞʝʥʠʝ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʵʢʦʩʠʩʪʝʤʫ ʨʝʢʠ. ʅʘʠʙʦʣʝʝ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʥʘʧʨʷʞʝʥʥʳʝ ʫʯʘʩʪʢʠ ʚ ʘʢʚʘʪʦʨʠʠ ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ 

ʚʦʜʦʭʨʘʥʠʣʠʱʘ ï ɹʝʨʜʩʢʠʡ ʠ ʆʨʜʳʥʩʢʠʡ ʟʘʣʠʚʳ. ʅʘ ʫʯʘʩʪʢʝ ʉʨʝʜʥʝʡ ʆʙʠ ʨʦʩʪ 

ʪʨʦʬʥʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʟʦʥʘʭ ʩʣʠʷʥʠʷ ʩ ʨʨ. ʊʦʤʴ, ʏʫʣʳʤ, ɺʘʩʶʛʘʥ. 

ɺ ʮʝʣʦʤ ʤʦʞʥʦ ʨʝʟʶʤʠʨʦʚʘʪʴ, ʯʪʦ ʧʦ ʫʩʣʦʚʠʷʤ ʩʘʤʦʦʯʠʱʝʥʠʷ ʟʘ ʩʯʝʪ 

ʨʘʟʙʘʚʣʷʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʚʝʱʝʩʪʚ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʮʚʝʪʥʦʩʪʠ ʚʦʜʳ, ʫʨʦʚʥʷ ʨʘʟʚʠʪʠʷ ʧʣʘʥʢʪʦʥʘ ʠ ʙʝʥʪʦʩʘ, 

ʘ ʪʘʢʞʝ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ʚʦʜʝ ʢʠʩʣʦʨʦʜʘ, ʙʠʦʛʝʥʥʳʭ ʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʨʝʟʫʣʴʪʘʪʘʤ ʙʠʦʠʥʜʠʢʘʮʠʠ ʨ. ʆʙʴ ʚ ʧʝʨʠʦʜ ʦʪʢʨʳʪʦʡ 

ʚʦʜʳ ʥʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤʠ ʧʦʪʝʥʮʠʘʣʦʤ ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʩʘʤʦʦʯʠʱʝʥʠʷ. ʉʥʠʞʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʘʤʦʦʯʠʱʝʥʠʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʧʦʜʣʝʜʥʳʡ ʧʝʨʠʦʜ, ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʜ ʩ 

ʟʘʙʦʣʦʯʝʥʥʦʛʦ ʚʦʜʦʩʙʦʨʘ ʥʘ ʫʯʘʩʪʢʝ ʉʨʝʜʥʝʡ ʆʙʠ. ɺ ʮʝʣʦʤ ʚ ʆʙʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʚʳʩʦʢʠʡ ʪʨʦʬʠʯʝʩʢʠʡ ʩʪʘʪʫʩ ʠ ʩʧʦʩʦʙʥʦʩʪʴ 

ʨʝʢʠ ʢ ʩʘʤʦʦʯʠʱʝʥʠʶ [ʇʫʟʘʥʦʚ ʠ ʜʨ., 2017]. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʦʙʱʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʤʥʦʛʦʣʝʪʥʠʭ ʢʦʤʧʣʝʢʩʥʳʭ ʚʦʜʥʦ-

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʀɺʕʇ ʉʆ ʈɸʅ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʜʣʷ ʪʝʨʨʠʪʦʨʠʠ ʆʙʴ-

ʀʨʪʳʰʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʧʨʠʩʫʱʠ ʪʘʢʠʝ ʧʨʦʙʣʝʤʳ ʠ ʩʠʪʫʘʮʠʠ, ʢʘʢ ʥʘʚʦʜʥʝʥʠʷ, 

ʧʦʜʪʦʧʣʝʥʠʷ, ʤʘʣʦʚʦʜʴʷ, ʥʝʛʘʪʠʚʥʳʝ ʨʫʩʣʦʚʳʝ ʠ ʙʝʨʝʛʦʚʳʝ ʧʨʦʮʝʩʩʳ, 

ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʜ. ɺʳʷʚʣʝʥʘ ʘʩʩʠʤʝʪʨʠʷ ʚʦʜʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, ʢʦʛʜʘ ʜʣʷ 

ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʙʘʩʩʝʡʥʘ ʭʘʨʘʢʪʝʨʝʥ ʜʝʬʠʮʠʪ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ (ʆʙʴ-

ʀʨʪʳʰʩʢʦʝ ʤʝʞʜʫʨʝʯʴʝ ʠ ʥʝʢʦʪʦʨʳʝ ʥʝʙʦʣʴʰʠʝ, ʥʦ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʦʩʚʦʝʥʥʳʝ 

ʤʘʣʳʝ ʚʦʜʦʩʙʦʨʳ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʙʘʩʩʝʡʥʘ), ʜʣʷ ʜʨʫʛʠʭ ï ʧʨʠ ʠʟʙʳʪʢʝ ʚʦʜʥʳʭ 

ʨʝʩʫʨʩʦʚ - ʘʢʪʫʘʣʴʥʳ ʨʝʛʫʣʷʨʥʦ ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʧʨʦʮʝʩʩʳ ʚʝʩʝʥʥʠʭ 

ʧʦʜʪʦʧʣʝʥʠʡ ʠ ʥʘʚʦʜʥʝʥʠʡ. ɺ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʩʠʪʫʘʮʠʶ ʚ 

ʆʙʴ-ʀʨʪʳʰʩʢʦʤ ʙʘʩʩʝʡʥʝ ʦʩʣʦʞʥʷʝʪ ʪʨʘʥʩʛʨʘʥʠʯʥʳʡ ʭʘʨʘʢʪʝʨ ʀʨʪʳʰʘ ʠ ʝʛʦ 

ʧʨʠʪʦʢʦʚ ï ʀʰʠʤʘ ʠ ʊʦʙʦʣʘ. 

ʋʯʠʪʳʚʘʷ ʧʣʘʥʳ ʧʦ ʨʦʩʪʫ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʜʦʙʳʯʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʢ 2030 ʛ. 

ʧʦʚʳʰʝʥʠʝ ʦʙʲʝʤʦʚ ʟʘʛʨʷʟʥʠʪʝʣʝʡ, ʦʙʨʘʟʫʝʤʳʭ ʚ ʙʘʩʩʝʡʥʝ ʨ. ʆʙʠ, ʯʪʦ ʪʘʢʞʝ 

ʦʪʨʘʟʠʪʩʷ ʥʘ ʚʦʜʦʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʨʝʛʠʦʥʦʚ. ʇʨʠʯʝʤ ʧʨʦʛʥʦʟʠʨʫʝʤʦʝ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʚʦʜʥʦʩʪʠ ʠ ʚʦʜʦʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʢ 2030 ʛ. ʚ ʙʘʩʩʝʡʥʝ 

ʯʘʩʪʠʯʥʦ ʤʦʞʝʪ ʙrʪɹ ʧʝʨʝʢʨʳʪʦ ʧʦʚʳʰʝʥʠʝʤ ʟʘʙʦʨʘ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʧʨʠʪʦʢʝ 

ʆʙʠ ï ʨ. ʀʨʪʳʰ ʜʣʷ ʙʝʟʚʦʟʚʨʘʪʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ (ʦʨʦʰʝʥʠʷ) ʠ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠ ̫ʩʪʦʢʘ ʚ ʜʨʫʛʠʝ ʚʦʜʥʳʝ ʙʘʩʩʝʡʥʳ, ʢʘʢ ʚ ʂʠʪʘʝ ʠʟ ʨ. ʂʘʨʘ-

ʀʨʪʳʰʘ, ʪʘʢ ʠ ʚ ʂʘʟʘʭʩʪʘʥʝ ʧʦ ʢʘʥʘʣʫ çʀʨʪʳʰ ï ʂʘʨʘʛʘʥʜʘ ï ʅʫʨ-ʉʫʣʪʘʥè ʜʣʷ 

ʫʚʝʣʠʯʝʥʠʷ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʘʢʪʠʚʥʦ ʨʘʩʪʫʱʝʡ ʥʦʚʦʡ ʢʘʟʘʭʩʪʘʥʩʢʦʡ ʩʪʦʣʠʮʳ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʛʥʦʟʠʨʫʝʤʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʦʩʪʫʧʣʝʥʠʷ ʩʪʦʯʥʳʭ ʚʦʜ ʠ 

ʩʦʢʨʘʱʝʥʠʝ ʚʦʜʥʦʛʦ ʩʪʦʢʘ ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʬʠʟʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩʘʤʦʦʯʠʱʝʥʠʷ (ʨʘʟʙʘʚʣʷʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ) ʠ ʧʦʚʳʰʝʥʠʶ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʚʦʜʳ ʨ. ʆʙʠ. ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʤʦʝ 

ʩʠʣʴʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʣʝʛʢʦʦʢʠʩʣʷʝʤʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʚʝʱʝʩʪʚʘʤʠ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʠ, 

ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʩʥʠʞʝʥʠʶ ʭʠʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩʘʤʦʦʯʠʱʝʥʠʷ, ʘ 

ʟʘʛʨʷʟʥʝʥʠʝ ʪʦʢʩʠʯʥʳʤʠ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ ʩʥʠʞʘʝʪ ʧʦʪʝʥʮʠʘʣ 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʘʤʦʦʯʠʱʝʥʠʷ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ. ɺʩʸ ʵʪʦ ʤʦʞʝʪ ʦʙʫʩʣʘʚʣʠʚʘʪʴ 

ʜʝʛʨʘʜʘʮʠʶ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ, ʩʥʠʞʝʥʠʝ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ 

ʫʭʫʜʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 
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ʌʝʥʥʦʩʢʘʥʜʠʥʘʚʩʢʦʛʦ (ɹʘʣʪʠʡʩʢʦʛʦ) ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʱʠʪʘ ʠ ʈʫʩʩʢʦʡ 

ʧʣʘʪʬʦʨʤʳ, ʯʪʦ ʦʧʨʝʜʝʣʠʣʦ ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʨʝʣʴʝʬʘ, ʦʯʝʨʪʘʥʠʡ ʠ ʨʘʟʤʝʨʘ. 

ʇʦʤʠʤʦ ʠʭ ʩʭʦʜʥʳʭ ʛʝʦʣʦʛʦ-ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʦʝʥʠʷ ʠ 

ʧʦʣʦʞʝʥʠʷ, ʃʘʜʦʞʩʢʦʝ ʠ ʆʥʝʞʩʢʦʝ ʦʟʝʨʘ ʠʤʝʣʠ ʠ ʦʜʠʥʘʢʦʚʳʝ 

ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʨʘʟʚʠʪʠʷ, ʩʚʷʟʘʥʥʳʭ ʢʘʢ ʩ ʤʝʞʣʝʜʥʠʢʦʚʳʤʠ ʠ 

ʣʝʜʥʠʢʦʚʳʤʠ ʧʝʨʠʦʜʘʤʠ.  

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʘʢʪʠʚʠʟʠʨʦʚʘʣʠʩʴ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʠ ʛʝʦʣʦʛʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʃʘʜʦʞʩʢʦʛʦ ʠ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨ ʚ ʨʘʤʢʘʭ ʨʘʟʣʠʯʥʳʭ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʧʨʦʝʢʪʦʚ ʠ ʧʦʣʫʯʝʥ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʥʦʚʳʭ ʜʘʥʥʳʭ, 

ʚʢʣʶʯʘʶʱʠʭ ʜʘʥʥʳʝ ʦ ʣʠʪʦʩʪʨʘʪʠʛʨʘʬʠʠ ʦʪʣʦʞʝʥʠʡ, ʛʝʦʭʠʤʠʠ ʠ ʤʠʥʝʨʘʣʦʛʠʠ, 

ʠʩʪʦʯʥʠʢʘʭ ʧʦʩʪʫʧʣʝʥʠʷ ʚʝʱʝʩʪʚʘ, ʧʘʣʝʦʛʝʦʛʨʘʬʠʠ.  

ʃʠʪʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʝ ʠ ʚʘʨʚʦʭʨʦʥʦʣʦʛʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ 

ʧʦʟʜʥʝʣʝʜʥʠʢʦʚʳʭ ʣʝʥʪʦʯʥʳʭ ʛʣʠʥ ɹʘʣʪʠʡʩʢʦʛʦ ʣʝʜʥʠʢʦʚʦʛʦ ʦʟʝʨʘ (ʢʦʪʣʦʚʠʥʘ 

ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʚʦ ʚʨʝʤʷ, ʧʦʩʣʝ ʪʘʷʥʠʷ ʣʴʜʦʚ ʧʦʩʣʝʜʥʝʛʦ ʚʘʣʜʘʡʩʢʦʛʦ 

ʦʣʝʜʝʥʝʥʠʷ, ʙʳʣʘ ʟʘʧʦʣʥʝʥʘ ʚʦʜʘʤʠ ɹʘʣʪʠʡʩʢʦʛʦ ʣʝʜʥʠʢʦʚʦʛʦ ʦʟʝʨʘ) ʧʦʢʘʟʘʣʦ, 

ʯʪʦ ʦʟʝʨʥʦ-ʣʝʜʥʠʢʦʚʳʝ ʫʩʣʦʚʠʷ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʩʫʱʝʩʪʚʦʚʘʣʠ ʜʦ 11400 ʣʝʪ 

ʥʘʟʘʜ (ʣ.ʥ.) ʥʘ ʧʨʦʪʷʞʝʥʠʠ 2500-3000 ʣʝʪ, ʠ ʙʳʣʠ ʧʨʝʨʚʘʥʳ ʚ ʩʚʷʟʠ ʩʦ ʩʧʫʩʢʦʤ 

ʚʦʜ ɹʘʣʪʠʡʩʢʦʛʦ ʣʝʜʥʠʢʦʚʦʛʦ ʦʟʝʨʘ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʟʘ ʵʪʠʤ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʤ 

ʩʦʙʳʪʠʝʤ ʠʟʦʣʷʮʠʝʡ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʦʪ ɹʘʣʪʠʢʠ. ʇʦʩʣʝʜʫʶʱʠʡ, ʧʦʯʪʠ 100-

ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʧʝʨʝʭʦʜʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʦʪ 

ʦʟʝʨʥʦ-ʣʝʜʥʢʠʦʚʳʭ ʢ ʦʟʝʨʥʳʤ, ʚʦ ʚʨʝʤʷ ʢʦʪʦʨʦʛʦ ʬʦʨʤʠʨʫʶʪʩʷ ʛʦʤʦʛʝʥʥʳʝ 

ʛʣʠʥʳ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. ʆʢʦʣʦ 10300 ʣ.ʥ. ʚ 

ʃʘʜʦʞʩʢʦʤ ʦʟʝʨʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʦʟʝʨʥʳʝ ʫʩʣʦʚʠʷ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʨʦʣʠ ʘʚʪʦʭʪʦʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʥʘʜ ʘʣʣʦʭʪʦʥʥʳʤ, 

ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʠ ʠʭ 

ʨʦʣʠ ʚ ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ, ʜʠʘʛʝʥʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ, ʯʪʦ ʦʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ, 

ʢʘʢ ʠ ʚ ʃʘʜʦʞʩʢʦʤ ʦʟʝʨʝ, ʣʝʜʥʠʢʦʚʳʤʠ, ʦʟʝʨʥʦ-ʣʝʜʥʠʢʦʚʳʤʠ ʠ ʦʟʝʨʥʳʤʠ 

ʪʠʧʘʤʠ ʦʩʘʜʢʦʚ. ʂʦʪʣʦʚʠʥʘ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ ʠ ʧʨʠʣʝʛʘʶʱʠʝ ʪʝʨʨʠʪʦʨʠʠ ʥʘʯʘʣʠ 

ʦʩʚʦʙʦʞʜʘʪʴʩʷ ʦʪʦ ʣʴʜʘ ʦʢʦʣʦ 14500 ʣ.ʥ., ʘ ʤʘʢʩʠʤʘʣʴʥʳʭ ʨʘʟʤʝʨʦʚ 
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ʧʨʠʣʝʜʥʠʢʦʚʳʡ ʚʦʜʦʝʤ ʜʦʩʪʠʛ ʦʢʦʣʦ 13300 ʣ.ʥ. ɺ ʵʪʦʪ ʧʝʨʠʦʜ ʟʘ ʩʯʝʪ ʩʪʦʢʘ 

ʪʘʣʳʭ ʚʦʜ ʠʟ-ʧʦʜ ʣʝʜʥʠʢʘ, ʥʘ ʜʥʝ ʚʦʜʦʝʤʘ ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʣʝʥʪʦʯʥʳʝ ʛʣʠʥʳ. 

ʇʦʩʣʝ ʧʦʪʝʨʠ ʩʚʷʟʠ ʩ ʣʝʜʥʠʢʦʤ (ʦʢʦʣʦ 13200 ʣ.ʥ.) ʚ ʭʦʣʦʜʥʳʭ ʫʩʣʦʚʠʷʭ 

ʧʦʩʣʝʣʝʜʥʠʢʦʚʴʷ ʚ ʚʦʜʦʝʤʝ ʩʪʘʣʠ ʦʩʘʞʜʘʪʴʩʷ ʤʠʢʨʦʩʣʦʠʩʪʳʝ ʣʝʥʪʦʯʥʳʝ ʛʣʠʥʳ, 

ʘ ʟʘʪʝʤ (ʦʢʦʣʦ 12000 ʣ.ʥ.) ð ʛʦʤʦʛʝʥʥʳʝ ʛʣʠʥʳ. ʅʘʢʦʧʣʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠʣʦʚ 

ʥʘʯʘʣʦʩʴ ʦʢʦʣʦ 10000 ʣ.ʥ.  

 ʆʟʝʨʥʦ-ʣʝʜʥʠʢʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 1150-1300 

ʣʝʪ ʚʦ ʚʨʝʤʷ ʜʝʛʣʷʮʠʘʮʠʠ ʦʥʝʞʩʢʦʡ ʢʦʪʣʦʚʠʥʳ, ʟʘʧʦʣʥʝʥʥʦʡ ʚʦʜʘʤʠ ʆʥʝʞʩʢʦʛʦ 

ʧʨʠʣʝʜʥʠʢʦʚʦʛʦ ʦʟʝʨʘ (ʆʇʆ) ʚʦ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ 14500-13000 ʣ.ʥ.. 

ʆʥʝʞʩʢʦʝ ʧʨʠʣʝʜʥʠʢʦʚʦʝ ʦʟʝʨʦ (ʢʘʢ ʠ ɹʘʣʪʠʡʩʢʦʝ ʣʝʜʥʠʢʦʚʦʝ ʦʟʝʨʦ) ʙʳʣʦ 

ʫʣʪɹʨʘ ʦʣʠʛʦʪʨʦʬʥʳʤ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠ ʩ ʤʘʣʦʡ 

ʙʠʦʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ. ɺ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʠʛʨʘʣʦ 

ʘʣʣʦʭʪʦʥʥʦʝ ʚʝʱʝʩʪʚʦ, ʧʦʩʪʫʧʘʚʰʝʝ (1) ʩʦ ʩʪʦʢʦʤ ʚ ʚʠʜʝ ʦʙʣʦʤʦʯʥʦʛʦ ʠ 

ʚʟʚʝʰʝʥʥʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʪʘʶʱʝʛʦ ʣʝʜʥʠʢʘ ʠ ʩ ʚʦʜʦʩʙʦʨʥʦʛʦ 

ʙʘʩʩʝʡʥʘ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʜʝʥʫʜʘʮʠʷ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʈʫʩʩʢʦʡ ʧʣʠʪʳ), ʠ (2) ʚ 

ʚʠʜʝ ʵʦʣʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʚʠʜʫ ʦʪʢʨʳʪʦʩʪʠ ʦʛʨʦʤʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʧʦʩʣʝ 

ʦʪʩʪʫʧʣʝʥʠʷ ʣʝʜʥʠʢʘ ʠ ʦʪʩʫʪʩʪʚʠʷ ʧʦʯʚʝʥʥʦʛʦ ʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʦʚ. ɺ 

ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʦʢʘ ʤʠʥʝʨʘʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʢʦʪʣʦʚʠʥʫ ʆʇʆ ʥʘ 

ʚʦʜʦʩʙʦʨʝ ʧʨʝʚʘʣʠʨʦʚʘʣʠ ʵʨʦʟʠʦʥʥʳʝ ʠ ʵʦʣʦʚʳʝ ʧʨʦʮʝʩʩʳ. ʇʦʩʪʫʧʣʝʥʠʝ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʚʦʜʦʩʙʦʨʥʦʛʦ ʙʘʩʩʝʡʥʘ 

ʧʨʠʚʦʜʠʣʦ ʢ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʟʚʝʰʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʚʦʜʥʦʡ ʪʦʣʱʝ 

ʆʇʆ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʩʣʘʙʦʡ ʧʨʦʟʨʘʯʥʦʩʪʠ ʚʦʜʳ, ʚʳʩʦʢʠʤ (çʫʨʘʛʘʥʥʳʤè) 

ʩʢʦʨʦʩʪʷʤ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʘʥʪʠʤʝʪʨʦʚ ʚ ʛʦʜ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ 

ʨʘʡʦʥʘʭ ʦʟʝʨʘ ʠ ʜʦ ʜʝʩʷʪʢʦʚ ʩʘʥʪʠʤʝʪʨʦʚ ʚ ʛʦʜ. ɽʱʝ ʦʜʥʦʡ ʚʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʙʳʣʘ ʝʛʦ ʮʠʢʣʠʯʥʦʩʪʴ, ʚʳʨʘʞʘʚʰʘʷʩʷ ʚ ʧʦʩʪʫʧʣʝʥʠʠ ʙʦʣʝʝ 

ʛʨʫʙʦʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʚʝʩʝʥʥʝ-ʣʝʪʥʠʡ ʧʝʨʠʦʜ, ʠ ʙʦʣʝʝ ʪʦʥʢʦʛʦ, 

ʛʣʠʥʠʩʪʦʛʦ, - ʚ ʦʩʝʥʥʝ-ʟʠʤʥʠʡ ʧʝʨʠʦʜ. ʎʠʢʣʠʯʥʦʩʪʴ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʚ 

ʫʩʣʦʚʠʷʭ ʧʨʠʣʝʜʥʠʢʦʚʦʛʦ ʦʟʝʨʘ ʧʨʦʷʚʠʣʘʩʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʣʝʥʪʦʯʥʳʭ ʛʣʠʥ, 

ʩʦʩʪʦʷʱʠʭ ʠʟ ʧʘʨʳ ʩʣʦʝʚ ï ʚʘʨʚ, ʫʩʣʦʚʥʦ çʣʝʪʥʝʛʦè ï ʛʨʫʙʦʟʝʨʥʠʩʪʦʛʦ 

ʩʚʝʪʣʦʦʢʨʘʰʝʥʥʦʛʦ, ʠ ʫʩʣʦʚʥʦ çʟʠʤʥʝʛʦè - ʪʦʥʢʦʟʝʨʥʠʩʪʦʛʦ ʪʝʤʥʦʦʢʨʘʰʝʥʥʦʛʦ. 

ʍʦʪʷ ʝʩʪʴ ʠʩʢʣʶʯʝʥʠʷ ʜʣʷ ʦʪʣʦʞʝʥʠʡ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ ʚ ʩʝʚʝʨʥʳʭ ʝʛʦ ʨʘʡʦʥʘʭ, 

ʛʜʝ çʣʝʪʥʠʝè ʩʣʦʠ ʩʣʦʞʝʥʳ ʧʝʨʝʦʪʣʦʞʝʥʥʳʤ ʰʫʥʛʠʪʦʤ, ʠʤʝʶʱʠʡ ʯʝʨʥʳʡ ʮʚʝʪ. 

ʃʝʜʥʠʢʦʚʦ-ʦʟʝʨʥʳʝ ʦʪʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʛʣʠʥʘʤʠ, 

ʘʣʝʚʨʠʪʘʤʠ ʠ ʧʝʩʢʘʤʠ ʨʘʟʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ. ɺ ʚʠʜʫ ʥʠʟʢʦʡ ʙʠʦʧʨʦʜʫʢʪʠʚʥʦʩʪʠ 

ʵʢʦʩʠʩʪʝʤʳ (ʫʛʥʝʪʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʵʢʦʩʠʩʪʝʤʳ ʚʚʠʜʫ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ: 

ʭʦʣʦʜ, ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʟʚʝʰʝʥʥʦʛʦ ʚ ʚʦʜʥʦʡ ʪʦʱʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ) 

ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʦʩʪʫʧʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʩ ʚʦʜʦʩʙʦʨʘ ʚ 

ʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʣʝʜʥʠʢʦʚʦ-ʦʟʝʨʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʥʘʙʣʶʜʘʝʪʩʷ ʵʢʩʪʨʝʤʘʣʴʥʦ 

ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (ʥʝ ʧʨʝʚʳʰʘʝʪ 1 ʧʨʦʮʝʥʪʘ) ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʦʪʩʫʪʩʪʚʠʝ ʚ ʣʝʥʪʦʯʥʳʭ ʛʣʠʥʘʭ ʘʫʪʠʛʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ, 

ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʧʨʠ ʫʯʘʩʪʠʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ (ʥʘʧʨʠʤʝʨ, ʚʠʚʠʘʥʠʪ).  

ɼʣʷ ʢʣʶʯʝʚʳʭ ʠʩʪʦʨʠʯʝʩʢʠʭ ʧʝʨʠʦʜʦʚ ʨʘʟʚʠʪʠʷ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ, ʥʘʯʠʥʘʷ 

ʩ 14500 ʣ.ʥ. ʜʦ ʘʪʣʘʥʪʠʯʝʩʢʦʛʦ ʧʝʨʠʦʜʘ ʛʦʣʦʮʝʥʘ ʧʨʦʚʝʜʝʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʷ 
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ʣʠʥʠʡ ʩʪʦʢʘ ʦʩʥʦʚʥʳʭ ʨʝʢ, ʚʧʘʜʘʚʰʠʭ ʚ ʧʘʣʝʦʚʦʜʦʝʤ, ʦʧʨʝʜʝʣʝʥʳ ʢʦʥʪʫʨʳ ʠ 

ʧʣʦʱʘʜʠ ʚʦʜʦʩʙʦʨʥʦʛʦ ʙʘʩʩʝʡʥʘ, ʦʧʨʝʜʝʣʝʥʳ ʧʣʦʱʘʜʠ ʠ ʦʙʲʝʤʳ ʆʥʝʞʩʢʦʛʦ 

ʦʟʝʨʘ ʚ ʧʨʦʰʣʦʤ ʧʦ ʤʦʜʝʣʠ Ice6G. ʈʝʢʦʥʩʪʨʫʢʮʠʠ ʧʨʦʚʝʜʝʥʳ ʩ ʚʨʝʤʝʥʥʳʤ 

ʰʘʛʦʤ ʚ 500 ʣʝʪ ʩ ʤʦʤʝʥʪʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʆʥʝʞʩʢʦʛʦ ʧʨʠʣʝʜʥʠʢʦʚʦʛʦ ʚʦʜʦʸʤʘ 

(14500 ʣ.ʥ.) ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ. ʆʮʝʥʢʘ ʧʣʦʱʘʜʠ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ ʥʘ ʨʘʟʥʳʭ 

ʵʪʘʧʘʭ ʝʛʦ ʨʘʟʚʠʪʠʷ ʠ ʩʨʝʜʥʝʡ ʛʣʫʙʠʥ r ʚʨʝʟʘʥʠʷ ʨʝʢ ʧʦʟʚʦʣʠʣʠ ʚʧʝʨʚʳʝ 

ʨʘʩʩʯʠʪʘʪʴ ʦʙʲʝʤ ʚʳʥʦʩʘ ʦʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʝʛʦ ʚʦʜʦʩʙʦʨʥʦʛʦ ʙʘʩʩʝʡʥʘ ʚ 

ʨʘʟʣʠʯʥʳʝ ʧʝʨʠʦʜʳ (ʦʪ 13,4 ʜʦ 49,4 ʢʤ3). ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ 

ʚʨʝʟʘʥʠʝ ʨʝʢ ʧʨʦʠʩʭʦʜʠʣʦ ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʟʝʨʘ. ʕʪʦʤʫ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʩʣʘʙʦʝ ʟʘʢʨʝʧʣʝʥʠʝ ʛʨʫʥʪʦʚ ʚʩʣʝʜʩʪʚʠʝ ʥʝʨʘʟʚʠʪʦʩʪʠ ʧʦʯʚʝʥʥʦ-

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ, ʪʘʷʥʠʝ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ, ʘ ʪʘʢʞʝ 

ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʧʦʥʠʞʝʥʠʷ ʙʘʟʠʩʘ ʵʨʦʟʠʠ ʚʩʣʝʜʩʪʚʠʝ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʧʘʜʝʥʠʡ 

ʫʨʦʚʥʷ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʙʦʣʴʰʘʷ 

ʯʘʩʪʴ ʤʘʪʝʨʠʘʣʘ ʙʳʣʘ ʚʳʥʝʩʝʥʘ ʩ ʚʦʜʦʩʙʦʨʥʦʛʦ ʙʘʩʩʝʡʥʘ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ 

ʠʤʝʥʥʦ ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘ ʨʫʙʝʞʝ ʧʦʟʜʥʝʛʦ 

ʥʝʦʧʣʝʡʩʪʦʮʝʥʘ ʠ ʛʦʣʦʮʝʥʘ, ʘ ʦʙʲʝʤ ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʩʪʫʧʠʚʰʝʛʦ ʚ 

ʦʟʝʨʦ ʜʦʣʞʝʥ ʧʨʠʙʣʠʞʘʪʴʩʷ ʢ ʦʪʤʝʪʢʝ ʚ 49 ʢʤ3. ɺʳʧʦʣʥʝʥʥʳʝ ʥʘʤʠ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʚʳʷʚʠʣʠ, ʯʪʦ ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʨʘʟʚʠʪʠʷ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ 

ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʝʛʦ ʚʦʜʦʩʙʦʨʘ ʥʘʭʦʜʠʣʘʩʴ ʥʘʤʥʦʛʦ ʶʞʥʝʝ, ʥʝ ʥʘ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʱʠʪʝ, ʘ ʚ ʧʨʝʜʝʣʘʭ ʈʫʩʩʢʦʡ ʧʣʠʪʳ. ɺʳʧʦʣʥʝʥʥʳʝ ʨʘʩʯʝʪʳ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʦʙʲʝʤʳ ʚʳʥʦʩʘ ʤʘʪʝʨʠʘʣʘ ʩ ʫʯʘʩʪʢʘ ʚʦʜʦʩʙʦʨʘ ʚ ʧʨʝʜʝʣʘʭ 

ʦʩʘʜʦʯʥʦʡ ʧʣʠʪʳ ʙʦʣʝʝ ʯʝʤ ʚ 3 ʨʘʟʘ ʧʨʝʚʳʰʘʶʪ ʦʙʲʝʤʳ ʚʳʥʦʩʘ ʩ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʱʠʪʘ. ʕʪʦ ʥʘʰʣʦ ʦʪʨʘʞʝʥʠʝ ʚ ʦʩʦʙʝʥʥʦʩʪʷʭ ʩʪʨʦʝʥʠʷ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ, ʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʚ ʫʩʣʦʚʠʷʭ 

ʧʨʠʣʝʜʥʠʢʦʚʦʛʦ ʦʟʝʨʘ. ʈʝʟʫʣʴʪʘʪʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʛʠʧʦʪʝʟʫ ʦ ʩʫʱʝʩʪʚʝʥʥʦʤ ʧʝʨʝʬʦʨʤʘʪʠʨʦʚʘʥʠʠ ʚʦʜʦʩʙʦʨʥʦʛʦ 

ʙʘʩʩʝʡʥʘ ʩʦ ʚʨʝʤʝʥʠ ʜʝʛʣʷʮʠʘʮʠʠ ʢʦʪʣʦʚʠʥʳ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ ʠ ʩʫʱʝʩʪʚʝʥʥʦʡ 

ʨʦʣʠ ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʝʛʦ ʨʘʟʚʠʪʠʷ ʚ ʧʨʦʮʝʩʩʘʭ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ 

ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʦʩʪʫʧʘʚʰʝʛʦ ʩ ʶʞʥʦʡ ʯʘʩʪʠ ʚʦʜʦʩʙʦʨʘ, ʢʦʪʦʨʳʡ ʤʦʛ 

ʧʨʦʩʪʠʨʘʪʴʩʷ ʜʘʣʝʢʦ ʥʘ ʶʛ ʚʧʣʦʪʴ ʜʦ ʩʦʚʨʝʤʝʥʥʦʛʦ ʈʳʙʠʥʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʦʚ ʈʅʌ (18-17-00176 ʇ), ʈʌʌʀ (19-

05-50014) ʠ ɻʦʩʟʘʜʘʥʠʷ ʄʠʥʠʩʪʝʨʩʪʚʘ ʧʨʦʩʚʝʱʝʥʠʷ ʈʌ (FSZNï2020ï0016). 
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ɹʀʆɻɽʆʍʀʄʀʏɽʉʂʀɽ ʇʈʆʎɽʉʉʓ ɺ ʈʀʌʊʆɻɽʅʅʆʄ ʆɿɽʈɽ 

ɹɸʁʂɸʃ 

ʉʫʪʫʨʠʥ ɸ.ʅ. 

ʃʠʤʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʉʆ ʈɸʅ, ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ 

e-mail: san@lin.irk.ru 

ɸʥʥʦʪʘʮʠʷ. ɹʘʡʢʘʣʴʩʢʠʡ ʪʠʧ ʨʠʬʪʦʛʝʥʥʳʭ ʦʟʝʨʥʳʭ ʢʦʪʣʦʚʠʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʧʨʠʫʨʦʯʝʥʥʦʩʪʴʶ ʢ ʥʦʚʝʡʰʠʤ ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʜʚʠʞʝʥʠʷʤ, ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʚ ʢʨʫʪʳʭ ʙʦʨʪʘʭ 

ʜʨʝʚʥʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʜ, ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʜʣʠʥʳ ʥʘʜ ʰʠʨʠʥʦʡ, ʙʦʣʴʰʦʡ ʛʣʫʙʠʥʦʡ, 

ʥʘʣʠʯʠʝʤ ʦʙʠʣʴʥʦʛʦ ʨʝʯʥʦʛʦ ʧʠʪʘʥʠʷ ʠ ʨʝʛʫʣʷʨʥʦʛʦ ʩʪʦʢʘ. ʆʣʠʛʦʪʨʦʬʥʦʩʪʴ ʦʩʥʦʚʥʦʛʦ ʦʙʲʝʤʘ 

ʨʠʬʪʦʛʝʥʥʳʭ ʦʟʝʨ ʩʦʯʝʪʘʝʪʩʷ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʝʤ ʠ ʙʠʦʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ 

ʣʠʪʦʨʘʣʴʥʦʡ ʟʦʥʳ. ɺ ʙʠʦʛʝʮʝʥʦʟʘʭ ʣʠʪʦʨʘʣʠ ʠʜʝʪ ʧʦʩʪʦʷʥʥʦʝ ʚʦʩʧʦʣʥʝʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʘʢʚʘʣʴʥʳʭ ʙʠʦʛʝʦʮʝʥʦʟʦʚ ʦʨʛʘʥʦʛʝʥʦʚ (C, H, O, N, P, S), ʥʫʪʨʠʝʥʪʦʚ (ʂ, 

Na, C, Mg, Mn, Fe, Co, Cu, Zn, Mo), ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ-ʥʝʤʝʪʘʣʣʦʚ (Cl, Br, Si, As) ʠ ʤʝʪʘʣʣʦʚ 

(Li , Sn, Ti, V, Cr). ʏʝʤ ʰʠʨʝ ʛʝʦʭʠʤʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʧʦʨʦʜ, ʪʝʤ ʚʳʰʝ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʝ ʠ 

ʙʠʦʧʨʦʜʫʢʪʠʚʥʦʩʪʴ. ʈʠʬʪ ʷʚʣʷʝʪʩʷ ʟʦʥʦʡ ʛʣʫʙʠʥʥʦʡ ʜʝʛʘʟʘʮʠʠ, ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʧʦʩʪʫʧʘʶʪ 

ʵʥʜʦʛʝʥʥʳʝ ʧʦʪʦʢʠ ʚʦʜʦʨʦʜʘ, ʤʝʪʘʥʘ, ʘʟʦʪʘ ʠ ʛʝʣʠʷ.  

ʃʠʪʦʨʘʣʴ ʦʟʝʨʘ ɹʘʡʢʘʣ ʩ ʝʸ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʝʤ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʧʦʜʚʝʨʞʝʥʘ 

ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ, ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʧʦʣʠʵʣʝʤʝʥʪʥʳʝ ʧʦʪʦʢʠ ʠ 

ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʟʘʛʨʷʟʥʝʥʠʷ ʚʳʪʝʩʥʷʶʪ ʣʠʪʦʬʠʣʴʥʳʝ ʣʠʪʦʨʘʣʴʥʳʝ ʩʦʦʙʱʝʩʪʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʆʟʝʨʦ ɹʘʡʢʘʣ, ʨʠʬʪʦʛʝʥʝʟ, ʙʠʦʛʝʦʭʠʤʠʷ, ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʝ. 

ʀʩʪʦʨʠʷ ʩʪʘʥʦʚʣʝʥʠʷ ɹʘʡʢʘʣʴʩʢʦʡ ʚʧʘʜʠʥʳ ʧʦ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʥʘʯʠʥʘʝʪʩʷ 

ʩ ʢʦʥʮʘ ʚʝʨʭʥʝʛʦ ʤʝʣ-ʧʘʣʝʦʮʝʥʘ. ʅʝʢʦʤʧʝʥʩʠʨʫʝʤʦʝ ʧʦʛʨʫʞʝʥʠʝ ʙʘʡʢʘʣʴʩʢʦʡ 

ʚʧʘʜʠʥʳ ʧʨʠʚʝʣʦ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʘʤʦʛʦ ʛʣʫʙʦʢʦʛʦ ʠ ʩʘʤʦʛʦ ʝʤʢʦʛʦ ʨʝʟʝʨʚʫʘʨʘ 

ʧʨʝʩʥʦʡ ʚʦʜʳ. ʅ.ɸ. ʌʣʦʨʝʥʩʦʚ [1] ʩʨʝʜʠ ʦʟʝʨʥʳʭ ʢʦʪʣʦʚʠʥ ʶʞʥʦʡ ʉʠʙʠʨʠ 

ʚʳʜʝʣʠʣ ʨʠʬʪʦʛʝʥʥʳʡ ʙʘʡʢʘʣʴʩʢʠʡ ʪʠʧ ʠ ʚʧʝʨʚʳʝ ʧʦʢʘʟʘʣ ʚʣʠʷʥʠʝ ʛʝʥʝʟʠʩʘ ʥʘ 

ʤʥʦʛʠʝ ʧʘʨʘʤʝʪʨʳ ʦʟʝʨ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ: ʧʨʠʫʨʦʯʝʥʥʦʩʪʴ ʢʦʪʣʦʚʠʥʳ ʢ 

ʥʦʚʝʡʰʠʤ ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʜʚʠʞʝʥʠʷʤ, ʨʘʩʧʦʣʦʞʝʥʠʝ ʚ ʢʨʫʪʳʭ ʙʦʨʪʘʭ ʜʨʝʚʥʠʭ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʜ, ʧʨʝʦʙʣʘʜʘʥʠʝ ʜʣʠʥʳ ʥʘʜ ʰʠʨʠʥʦʡ ʠ ʙʦʣʴʰʘʷ ʛʣʫʙʠʥʘ, 

ʥʘʣʠʯʠʝ ʦʙʠʣʴʥʦʛʦ ʨʝʯʥʦʛʦ ʧʠʪʘʥʠʷ ʠ ʨʝʛʫʣʷʨʥʳʡ ʩʪʦʢ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ ʥʦʚʳʝ ʩʚʝʜʝʥʠʷ ʦ 

ʚʣʠʷʥʠʠ ʨʠʬʪʦʛʝʥʝʟʘ ʥʘ ʣʠʤʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʟʝʨʘ. ʈʠʬʪʦʛʝʥʥʳʝ ʦʟʝʨʘ 

ʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʟʝʨʦ ɹʘʡʢʘʣ ʠʤʝʶʪ ʤʥʦʛʦʤʠʣʣʠʦʥʥʳʡ ʚʦʟʨʘʩʪ. 

ʈʘʟʜʚʠʞʝʥʠʝ ʙʦʨʪʦʚ ʨʠʬʪʦʚʦʡ ʚʧʘʜʠʥʳ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʝʸ ʦʙʲʝʤʘ, 

ʢʦʤʧʝʥʩʠʨʫʶʱʝʝ ʧʦʩʪʫʧʣʝʥʠʝ ʦʩʘʜʢʦʚ. ʕʪʠʤ ʦʙʫʩʣʦʚʣʝʥʘ ʜʣʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ 

ʨʠʬʪʦʛʝʥʥʳʭ ʦʟʝʨ. 

ɿʘʧʦʣʥʝʥʠʝ ʚʦʜʦʡ ʙʘʡʢʘʣʴʩʢʠʭ ʢʦʪʣʦʚʠʥ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʟʘ 

ʩʯʝʪ ʪʘʷʥʠʷ ʣʝʜʥʠʢʦʚ ʠ ʧʦʩʪʫʧʣʝʥʠʷ ʩʣʘʙʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʡ ʚʦʜʳ ʨʝʢ. 

ʉʦʭʨʘʥʝʥʠʝ ʦʣʠʛʦʪʨʦʬʥʦʩʪʠ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʤʠʢʨʦʙʦ-ʬʠʪʦ ï ʠ ʟʦʦʧʣʘʥʢʪʦʥ 

ʬʦʪʦʪʨʦʬʥʦʡ ʟʦʥʳ ʦʪʢʨʳʪʦʛʦ ɹʘʡʢʘʣʘ ʷʚʣʷʶʪʩʷ ʦʨʛʘʥʠʟʤʘʤʠ ï ʬʠʣʴʪʨʘʪʦʨʘʤʠ, 

ʤʥʦʛʦʢʨʘʪʥʦ ʧʨʦʧʫʩʢʘʶʱʠʤʠ ʯʝʨʝʟ ʩʝʙʷ ʚʦʜʥʫʶ ʤʘʩʩʫ. ɺ ʧʣʘʥʢʪʦʥʝ ʦʩʪʘʶʪʩʷ 

ʚʩʝ ʧʦʩʪʫʧʘʶʱʠʝ ʠʟʚʥʝ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʧʨʠ ʦʪʤʠʨʘʥʠʠ 

ʦʨʛʘʥʠʟʤʦʚ ʦʧʫʩʢʘʶʪʩʷ ʥʘ ʜʥʦ ʚ ʚʠʜʝ çʤʦʨʩʢʦʛʦ ʩʥʝʛʘè, ʧʝʣʝʪ ʟʦʦʧʣʘʥʢʪʦʥʘ, 

ʩʪʚʦʨʦʢ ʜʠʘʪʦʤʦʚʳʭ. ɺʣʠʷʥʠʝ ʨʝʢ ʥʘ ʩʦʩʪʘʚ ʚʦʜʳ ʦʟʝʨʘ ɹʘʡʢʘʣʘ ʦʛʨʘʥʠʯʝʥʦ 
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ʫʩʪʴʝʚʳʤʠ ʟʦʥʘʤʠ. ɺ ʵʪʠʭ ʫʯʘʩʪʢʘʭ ʢʨʦʤʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʦʩʘʞʜʝʥʠʝ ʠʟ ʨʝʯʥʳʭ ʚʦʜ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ, ʩʚʦʶ ʨʦʣʴ 

ʠʛʨʘʝʪ ʢʠʩʣʦʨʦʜʥʳʡ ʛʝʦʭʠʤʠʯʝʩʢʠʡ ʙʘʨʴʝʨ, ʥʘ ʢʦʪʦʨʦʤ ʚʳʧʘʜʘʶʪ 

ʧʦʣʠʚʘʣʝʥʪʥʳʝ ʵʣʝʤʝʥʪʳ, ʪʘʢʠʝ ʢʘʢ Fe ʠ Mn, ʫʚʣʝʢʘʶʱʠʝ ʟʘ ʩʦʙʦʡ ʚ ʦʩʘʜʦʢ 

ʤʥʦʛʠʝ ʧʨʠʥʦʩʠʤʳʝ ʩ ʨʝʯʥʦʡ ʚʦʜʦʡ ʤʝʪʘʣʣʳ. ʉʫʱʝʩʪʚʝʥʥʦʝ ʜʣʷ ʦʟʝʨʘ ɹʘʡʢʘʣ 

ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʡ ʜʦʣʝ ʧʦʙʝʨʝʞʴʷ ʢʘʤʝʥʥʦʡ 

ʣʠʪʦʨʘʣʠ c ʵʬʬʝʢʪʠʚʥʳʤ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʤ ʙʘʨʴʝʨʦʤ, ʦʭʨʘʥʷʶʱʠʤ 

ʦʣʠʛʦʪʨʦʬʥʫʶ ʟʦʥʫ ʦʟʝʨʘ. ɿʜʝʩʴ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʘʷ ʯʝʨʪʘ 

ʙʦʣʴʰʠʥʩʪʚʘ ʨʠʬʪʦʛʝʥʥʳʭ ʦʟʝʨ, ʚ ʢʦʪʦʨʳʭ ʦʣʠʛʦʪʨʦʬʥʦʩʪʴ ʧʝʣʘʛʠʘʣʠ 

ʩʦʯʝʪʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʩ ʙʦʣʴʰʠʤ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʝʤ ʣʠʪʦʨʘʣʴʥʦʡ ʟʦʥʳ, ʥʦ ʠ ʩ 

ʚʳʩʦʢʦʡ ʝʸ ʙʠʦʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ [2] ʆʪʩʫʪʩʪʚʠʝ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʚʦʜ 

ʨʠʬʪʦʛʝʥʥʳʭ ʦʟʝʨ ʉʝʚʝʨʥʦʛʦ ʧʦʣʫʰʘʨʠʷ ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʦʭʦʞʜʝʥʠʝʤ ʚʝʨʭʥʝʛʦ 

ʬʦʪʦʪʨʦʬʥʦʛʦ ʩʣʦʷ ʚʦʜʳ ʦʟʝʨ ʯʝʨʝʟ ʪʝʤʧʝʨʘʪʫʨʫ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ 4ƺ ʉ. 

ɹʦʣʝʝ ʪʷʞʝʣʘʷ ʚʦʜʘ, ʥʘʩʳʱʝʥʥʘʷ ʢʠʩʣʦʨʦʜʦʤ, ʧʦʩʪʫʧʘʝʪ ʥʘ ʜʥʦ, ʠ ʭʦʣʦʜʥʘʷ ʚʦʜʘ 

ʩʦ ʜʥʘ ʧʦʜʥʠʤʘʝʪʩʷ ʢ ʧʦʚʝʨʭʥʦʩʪʠ.  

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʧʦʙʝʨʝʞʴʷ ʦʟʝʨʘ ɹʘʡʢʘʣ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʣʠʬʘʤʠ, 

ʩʣʦʞʝʥʥʳʤʠ ʜʨʝʚʥʠʤʠ ʠʟʚʝʨʞʝʥʥʳʤʠ ʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʤʠ ʧʦʨʦʜʘʤʠ, 

ʧʦʜʚʝʨʞʝʥʥʳʤʠ ʢʘʪʘʢʣʘʟʫ ʠ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤ. ʈʠʬʪʦʛʝʥʥʦʝ 

ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʦʟʝʨʘ ʠ ʩʝʡʩʤʦʘʢʪʠʚʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʶʪ ʘʙʨʘʟʠʶ ʙʝʨʝʛʦʚ ʠ 

ʧʦʩʪʦʷʥʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʢʣʘʩʪʦʛʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʚʦʜʥʫʶ ʩʠʩʪʝʤʫ (ʝʞʝʛʦʜʥʦ 

ʩʚʳʰʝ 1.5 ʤʣʥ. ʤ3). 

ɺ ʣʠʪʦʨʘʣʴʥʦʡ ʟʦʥʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʣʦʞʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʤʝʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʘʪʤʦʩʬʝʨʳ ʠ ʛʠʜʨʦʩʬʝʨʳ ʩ ʘʢʪʠʚʥʳʤʠ ʫʯʘʩʪʠʝʤ ʙʝʥʪʦʩʥʳʭ ʠ 

ʧʣʘʥʢʪʦʥʥʳʭ ʦʨʛʘʥʠʟʤʦʚ. ʊʦʣʴʢʦ ʟʘ ʩʯʝʪ ʵʪʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʜʝʪ ʧʦʩʪʦʷʥʥʦʝ 

ʚʦʩʧʦʣʥʝʥʠʝ ʵʣʝʤʝʥʪʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʘʢʚʘʣʴʥʳʭ 

ʙʠʦʛʝʦʮʝʥʦʟʦʚ. ʆʩʥʦʚʦʡ ʞʠʚʳʭ ʩʠʩʪʝʤ, ʢʨʦʤʝ ʦʨʛʘʥʦʛʝʥʦʚ C, H, O, N, P, S, 

ʷʚʣʷʶʪʩʷ ʥʫʪʨʠʝʥʪʳ K, Na, ʉ, Mg, Mn, Fe, Co, Cu, Zn, Mo, ʙʠʦʛʝʥʥʳʝ ʵʣʝʤʝʥʪʳ-

ʥʝʤʝʪʘʣʣʳ Cl, Br, Si, As ʠ ʤʝʪʘʣʣʳ Li, Sn, Ti, V, Cr. ʄʝʪʘʣʣʳ, ʙʣʘʛʦʜʘʨʷ ʠʭ 

ʚʳʩʦʢʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ 

ʤʝʪʘʣʣʦʬʝʨʤʝʥʪʦʚ ʠ ʜʨʫʛʠʭ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʠʭ ʙʠʦʤʦʣʝʢʫʣ.  ɺʘʞʥʝʡʰʫʶ ʨʦʣʴ 

ʤʝʪʘʣʣʦʚ, ʢʘʢ ʧʝʨʚʠʯʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʚ ʩʪʘʥʦʚʣʝʥʠʠ ʠ ʵʚʦʣʶʮʠʠ 

ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʤʠʥʝʨʘʣʴʥʳʝ ʠʩʪʦʯʥʠʢʠ ʤʝʪʘʣʣʦʚ ʦʪʤʝʯʘʝʪ ʚ ʩʚʦʠʭ 

ʨʘʙʦʪʘʭ ʄ.ɸ. ʌʝʜʦʥʢʠʥ [3,4]. ʆʥ ʩʯʠʪʘʝʪ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʵʚʦʣʶʮʠʠ ɿʝʤʣʠ 

ʧʨʦʠʩʭʦʜʠʪ ʩʫʞʝʥʠʝ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʙʘʟʠʩʘ ʞʠʟʥʠ. ɿʘʭʦʨʦʥʝʥʠʝ ʥʘ ʩʪʘʙʠʣʴʥʳʭ 

ʢʦʥʪʠʥʝʥʪʘʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʟʳʤʘʥʠʝ ʠʭ ʠʟ 

ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ. ɺ ʨʠʬʪʦʚʳʭ ʟʦʥʘʭ ʠ ʥʘ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʦʢʨʘʠʥʘʭ 

ʢʦʥʪʠʥʝʥʪʦʚ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʧʝʨʚʠʯʥʳʝ ʧʨʦʮʝʩʩʳ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚʦʜʳ ʠ ʙʠʦʪʳ ʩ ʜʨʝʚʥʠʤʠ ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʤʠ 

ʧʦʨʦʜʘʤʠ. ɼʦʩʪʫʧʥʦʩʪʴ ʙʠʦʬʠʣʴʥʳʭ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʦʧʨʝʜʝʣʷʝʪ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʝ ʚ ʙʝʨʝʛʦʚʦʡ ʟʦʥʝ. ʂʘʤʝʥʥʘʷ ʣʠʪʦʨʘʣʴ ʦʟʝʨʘ 

ɹʘʡʢʘʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʥʠʢʘʣʴʥʳʡ ʦʙʲʝʢʪ ʠʟʫʯʝʥʠʷ 

ʧʨʦʪʦʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʚʳʷʚʣʝʥʠʷ ʨʦʣʠ ʙʠʦʪʳ ʚ ʚʦʚʣʝʯʝʥʠʠ 

ʤʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʡ ʢʨʫʛʦʚʦʨʦʪ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʠ 
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ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʤʝʞʜʫ ʛʦʨʥʳʤʠ ʧʦʨʦʜʘʤʠ, ʙʝʥʪʦʩʥʳʤʠ ʠ ʧʣʘʥʢʪʦʥʥʳʤʠ 

ʦʨʛʘʥʠʟʤʘʤʠ ʠ ʚʦʜʦʡ [5,6]. 

ɼʣʷ ʫʣʴʪʨʘʦʣʠʛʦʪʨʦʬʥʳʭ ʦʟʝʨ, ʢʘʢʦʚʳʤ ʷʚʣʷʝʪʩʷ ʦʟʝʨʦ ɹʘʡʢʘʣ, 

ʧʦʩʪʫʧʣʝʥʠʝ ʙʠʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʪʦʣʴʢʦ ʠʟ ʚʦʜʥʦʡ ʩʨʝʜʳ ʦʛʨʘʥʠʯʝʥʦ. 

ʇʨʦʮʝʩʩʳ ʨʘʟʣʦʞʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʩʦʚʝʨʰʘʶʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʙʘʡʢʘʣʴʩʢʦʡ 

ʚʦʜʳ, ʘʛʨʝʩʩʠʚʥʦʩʪʴ ʢʦʪʦʨʦʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʙʦʣʴʰʠʥʩʪʚʫ ʤʠʥʝʨʘʣʦʚ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʜʦʥʘʩʳʱʝʥʥʦʩʪʴʶ ʧʦ ʙʦʣʴʰʠʥʩʪʚʫ ʠʦʥʦʚ ʠ ʢʘʪʠʦʥʦʚ, ʥʘʣʠʯʠʝʤ 

ʨʘʩʪʚʦʨʝʥʥʳʭ ʢʠʩʣʦʨʦʜʘ, ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠ ʘʟʦʪʘ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʪʦʨʳʭ 

ʤʝʥʷʶʪʩʷ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ (ʨʅ ï 7.4 ʜʦ 8.5, ʢʠʩʣʦʨʦʜ ï ʦʪ 87 ʜʦ 117% ʥʘʩʳʱʝʥʠʷ) 

ʠ ʚʦʟʜʝʡʩʪʚʠʝʤ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ [5]. 

ʅʘ ʙʝʥʯʝ ʩʦʟʜʘʶʪʩʷ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʦʨʠʛʠʥʘʣʴʥʳʭ ʘʢʚʘʣʴʥʳʭ ʙʠʦʛʝʦʮʝʥʦʟʦʚ: ʯʠʩʣʝʥʥʦʩʪʴ ʜʦʥʥʳʭ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ 

ʩʦʩʪʘʚʣʷʝʪ 10ï44 ʪʳʩ. ʵʢʟʝʤʧʣʷʨʦʚ ʥʘ 1 ʤ2. 

ɹʠʦʣʦʛʠʯʝʩʢʦʝ ʚʳʚʝʪʨʠʚʘʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʬʠʟʠʯʝʩʢʦʝ ʠ ʭʠʤʠʯʝʩʢʦʝ 

ʠʟʤʝʥʝʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʤʠʥʝʨʘʣʦʚ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʛʠʜʨʦʙʠʦʥʪʦʚ ʠ 

ʧʨʦʜʫʢʪʦʚ ʠʭ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ. ʆʨʛʘʥʠʟʤʳ ʠʟʚʣʝʢʘʶʪ ʠʟ ʧʦʨʦʜʳ 

ʤʠʥʝʨʘʣʴʥʳʝ ʚʝʱʝʩʪʚʘ, ʘʢʢʫʤʫʣʠʨʫʶʪ ʠʭ, ʧʝʨʝʚʦʜʷ ʠʟʙʳʪʦʯʥʫʶ ʯʘʩʪʴ ʚ 

ʨʘʩʪʚʦʨ. ʌʠʪʦʙʝʥʪʦʩʥʳʝ ʦʨʛʘʥʠʟʤʳ ʦʙʨʘʟʫʶʪ ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʠʩʣʦʪʳ 

(ʱʘʚʝʣʝʚʫʶ, ʣʠʤʦʥʥʫʶ, ʷʙʣʦʯʥʫʶ, ʷʥʪʘʨʥʫʶ), ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ 

ʨʘʟʨʫʰʘʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʤʠʥʝʨʘʣʳ. ʅʠʪʨʠʬʠʢʘʪʦʨʳ ʦʙʨʘʟʫʶʪ ʘʟʦʪʥʫʶ 

ʢʠʩʣʦʪʫ, ʩʝʨʦʙʘʢʪʝʨʠʠ ʠ ʪʠʦʥʦʚʳʝ ʙʘʢʪʝʨʠʠ ï ʩʝʨʥʫʶ. ʃʠʰʘʡʥʠʢʠ, ʚʳʜʝʣʷʷ 

ʫʛʣʝʢʠʩʣʦʪʫ ʠ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʢʠʩʣʦʪʳ, ʨʘʟʨʫʰʘʶʪ ʧʦʨʦʜʫ, ʢʘʢ ʭʠʤʠʯʝʩʢʠ, ʪʘʢ ʠ 

ʤʝʭʘʥʠʯʝʩʢʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʛʠʬ ʧʦ ʧʣʦʩʢʦʩʪʷʤ ʩʧʘʡʥʦʩʪʠ 

ʧʝʨʚʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ. 

ʉʪʝʧʝʥʴ ʚʳʚʝʪʨʝʣʦʩʪʠ, ʢʘʪʘʢʣʘʟ ʧʦʨʦʜ ʠʤʝʶʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʨʘʟʚʠʪʠʷ ʙʝʥʪʦʩʥʳʭ ʚʦʜʦʨʦʩʣʝʡ, ʵʧʠʣʠʪʥʳʭ ʥʘʢʠʧʥʳʭ ʣʠʰʘʡʥʠʢʦʚ ʠ ʛʫʙʦʢ. 

ɹʦʣɹh ʘʷ ʧʦʨʠʩʪʦʩʪʴ ʚʥʝʰʥʝʡ ʦʙʦʣʦʯʢʠ ʢʘʤʥʝʡ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʨʘʟʣʦʞʝʥʠʝ 

ʧʝʨʚʠʯʥʳʭ ʧʦʨʦʜ ʦʙʝʩʧʝʯʠʚʘʶʪ ʣʫʯʰʫʶ ʧʨʠʢʨʝʧʣʝʥʥʦʩʪʴ ʛʠʜʨʦʙʠʦʥʪʦʚ ʠ 

ʦʙʣʝʛʯʝʥʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠʟ ʧʦʨʦʜ. ɼʘʞʝ ʚ 

ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʢʘʤʥʷ ʚʠʜʥʦ ʨʘʟʣʠʯʠʝ ʚ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʠʥʝʨʘʣʦʚ ʭʠʤʠʯʝʩʢʦʤʫ 

ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʤʫ ʨʘʟʣʦʞʝʥʠʶ. ʂʚʘʨʮʝʚʳʝ ʟʝʨʥʘ, ʛʨʘʥʘʪʦʚʳʝ ʧʨʦʞʠʣʢʠ, 

ʘʣʴʙʠʪʦʚʳʝ ʩʪʷʞʝʥʠʷ ʦʩʪʘʶʪʩʷ ʩʚʝʞʠʤʠ, ʠ ʥʝ ʟʘʥʷʪʳʤʠ ʣʠʰʘʡʥʠʢʘʤʠ, 

ʚʦʜʦʨʦʩʣʷʤʠ ʠ ʢʦʨʢʦʚʳʤʠ ʛʫʙʢʘʤʠ. ʆʩʦʙʫʶ ʨʦʣʴ ʚ ʨʘʟʨʫʰʝʥʠʠ ʘʣʶʤʦʩʠʣʠʢʘʪʦʚ 

ʠʛʨʘʶʪ ʜʠʘʪʦʤʦʚʳʝ ʚʦʜʦʨʦʩʣʠ. ʉʠʤʙʠʦʪʠʯʝʩʢʠʝ ʦʨʛʘʥʠʟʤʳ: ʣʠʰʘʡʥʠʢʠ ʠ ʛʫʙʢʠ 

ʚ ʙʠʦʛʝʦʮʝʥʦʟʘʭ ʢʘʤʝʥʥʦʡ ʣʠʪʦʨʘʣʠ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ. ʆʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʠʟʚʣʝʯʝʥʠʝ ʠʟ ʧʦʨʦʜ ʬʦʩʬʦʨʘ ʠ ʬʠʢʩʘʮʠʶ ʘʟʦʪʘ. ʉʠʤʙʠʦʥʪʥʦʝ ʩʦʦʙʱʝʩʪʚʦ ʛʨʠʙʘ 

ʩ ʚʦʜʦʨʦʩʣʷʤʠ: ʟʝʣʝʥʳʤʠ ʠ ʩʠʥʝ-ʟʝʣʝʥʳʤʠ, ʚʢʣʶʯʘʝʪ ʪʘʢʞʝ ʠ ʘʟʦʪʦʙʘʢʪʝʨ. 

ʍʝʣʘʪʠʨʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʧʨʦʮʝʩʩʦʤ ʜʝʟʠʥʪʝʛʨʘʮʠʠ ʧʦʨʦʜ ʠ 

ʠʟʚʣʝʯʝʥʠʷ ʣʠʰʘʡʥʠʢʘʤʠ ʤʝʪʘʣʣʦʚ, ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ. 

ɺ ʣʠʪʦʨʘʣʴʥʦʡ ʟʦʥʝ ʧʦʙʝʨʝʞʴʷ ɹʘʡʢʘʣʘ ʬʦʨʤʠʨʫʶʪʩʷ ʙʠʦʛʝʦʮʝʥʦʟʳ, ʚ 

ʢʦʪʦʨʳʭ ʧʦʜʩʪʠʣʘʶʱʠʡ ʢʘʤʝʥʥʳʡ ʩʫʙʩʪʨʘʪ ʩʣʫʞʠʪ ʠʩʪʦʯʥʠʢʦʤ ʙʠʦʬʠʣʴʥʳʭ 

ʣɻʝʤʝʥʪʦʚ ʜʣʷ ʟʦʦ- ʠ ʬʠʪʦʙʝʥʪʦʩʘ. ʇʦʩʪʫʧʣʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʠʪʘʪʝʣʴʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʙʝʥʪʦʩʥʳʡ ʙʠʦʮʝʥʦʟ ʠʜʝʪ ʢʘʢ ʟʘ ʩʯʝʪ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ 
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ʚʦʜʦʡ ʠʟ ʧʦʨʦʜ, ʪʘʢ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʩʠʤʙʠʦʥʪʥʳʭ ʦʨʛʘʥʠʟʤʦʚ. 

ɺʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʙʠʦʛʝʦʮʝʥʦʟʦʚ ʠ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʠʤʝʝʪ 

ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʡ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʢʘʤʝʥʥʦʛʦ ʩʫʙʩʪʨʘʪʘ. 

ɹʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʥʘ ʢʘʤʝʥʥʦʡ ʣʠʪʦʨʘʣʠ ʦʟ. ɹʘʡʢʘʣ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʝ ʠ ʙʠʦʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʙʝʥʪʦʩʥʳʭ ʛʠʜʨʦʙʠʦʥʪʦʚ [7]. ʇʨʦʮʝʩʩ 

ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʠʟ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠʤʝʝʪ 

ʩʭʦʜʥʳʝ ʯʝʨʪʳ ʜʣʷ ʢʘʤʝʥʥʦʡ ʣʠʪʦʨʘʣʠ ʦʢʝʘʥʦʚ ʠ ʨʠʬʪʦʛʝʥʥʳʭ ʦʟʝʨ. 

ɽʱʸ ʦʜʥʘ ʧʨʠʯʠʥʘ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʠ ʙʠʦʧʨʦʜʫʢʪʠʚʥʦʩʪʠ 

ʣʠʪʦʨʘʣʠ ʦʟʝʨʘ ɹʘʡʢʘʣ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʨʠʬʪ ʷʚʣʷʝʪʩʷ ʟʦʥʦʡ ʛʣʫʙʠʥʥʦʡ 

ʜʝʛʘʟʘʮʠʠ. ʏʝʨʝʟ ʩʠʩʪʝʤʫ ʧʣʘʥʝʪʘʨʥʳʭ ʨʘʟʣʦʤʦʚ (ʨʠʬʪʦʚ) ʧʦʩʪʫʧʘʶʪ 

ʵʥʜʦʛʝʥʥʳʝ ʧʦʪʦʢʠ ʚʦʜʦʨʦʜʘ, ʤʝʪʘʥʘ, ʘʟʦʪʘ ʠ ʛʝʣʠʷ. ʎʝʥʪʨ ʚʦʜʦʨʦʜʥʦ-ʤʝʪʘʥʦʚʦʡ 

ʜʝʛʘʟʘʮʠʠ ʚ ɹʘʡʢʘʣʴʩʢʦʤ ʨʠʬʪʝ ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʤʦʱʥʳʭ ʚ ʤʠʨʝ. ʂʘʢ ʦʪʤʝʯʘʝʪ 

ʄ.ɸ. ʌʝʜʦʥʢʠʥ [3] ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʞʠʚʦʛʦ ʷʚʣʷʝʪʩʷ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʦʥʥʳʭ ʛʨʘʜʠʝʥʪʦʚ ʠ ʧʝʨʝʥʦʩ ʵʣʝʢʪʨʦʥʘ ʦʪ ʜʦʥʦʨʘ ʢ ʘʢʮʝʧʪʦʨʫ. 

ɺʦʜʦʨʦʜ ʙʳʣ ʠ ʦʩʪʘʝʪʩʷ ʛʣʘʚʥʳʤ ʩʫʙʩʪʨʘʪʦʤ ʤʠʢʨʦʙʥʦʡ ʞʠʟʥʠ ʠ ʦʩʥʦʚʦʡ 

ʵʥʝʨʛʝʪʠʢʠ ʤʝʪʘʙʦʣʠʟʤʘ. ʅʘʯʘʣʴʥʳʤ ʵʪʘʧʦʤ ʟʘʩʝʣʝʥʠʷ ʢʘʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʷʚʣʷʶʪʩʷ ʣʠʪʦʬʠʣʴʥʳʝ ʙʘʢʪʝʨʠʠ, ʨʘʟʚʠʪʠʝ ʢʦʪʦʨʳʭ ʩʪʠʤʫʣʠʨʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʚ 

ʘʢʚʘʣʴʥʳʭ ʙʠʦʥʦʮʝʥʦʟʘʭ ʩʚʦʙʦʜʥʦʛʦ ʚʦʜʦʨʦʜʘ. ɺʪʦʨʳʤ ʧʦ ʤʦʱʥʦʩʪʠ ʧʦʪʦʢʦʤ ʚ 

ʨʠʬʪʦʚʳʭ ʟʦʥʘʭ ʷʚʣʷʝʪʩʷ ʤʝʪʘʥ. ʅʘ ɹʘʡʢʘʣʝ ʠʤʝʝʪʩʷ ʤʝʪʘʥ ʚʩʝʭ ʠʟʚʝʩʪʥʳʭ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʠʧʦʚ (ʙʘʢʪʝʨʠʘʣʴʥʳʡ, ʪʝʨʤʦʛʝʥʥʳʡ ʠ ʵʥʜʦʛʝʥʥʳʡ). ʕʥʜʦʛʝʥʥʳʡ 

ʤʝʪʘʥ, ʦʙʦʛʘʱʝʥʥʳʡ ʪʷʞʝʣʳʤ ʠʟʦʪʦʧʦʤ ʫʛʣʝʨʦʜʘ, ʟʘʬʠʢʩʠʨʦʚʘʥ ʚ ʪʝʨʤʘʣʴʥʳʭ 

ʠʩʪʦʯʥʠʢʘʭ ʥʘ ʧʦʙʝʨʝʞʴʝ, ʪʝʨʤʦʛʝʥʥʳʡ ʤʝʪʘʥ ʩʦʜʝʨʞʠʪ ʫʛʣʝʨʦʜ, 

ʟʘʠʤʩʪʚʦʚʘʥʥʳʡ ʠʟ ʦʟʝʨʥʳʭ ʦʩʘʜʢʦʚ. ɺ ʛʘʟʘʭ ʧʨʠʙʨʝʞʥʳʭ ʘʟʦʪʥʳʭ ʪʝʨʤ 

ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʘʥʘ ʧʝʨʚʳʝ ʧʨʦʮʝʥʪʳ, ʦʩʥʦʚʥʘʷ ʠʭ ʤʘʩʩʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʤʠʤʦ 

ʘʟʦʪʘ, ʚʦʜʦʨʦʜʦʤ ʠ ʛʝʣʠʝʤ. ʀʟʫʯʘʷ ʧʨʦʮʝʩʩʳ ʚ ʙʝʨʝʛʦʚʳʭ ʟʦʥʘʭ ɹʘʡʢʘʣʘ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʨʦʣʴ ʙʠʦʛʝʥʥʦʛʦ ʫʛʣʝʨʦʜʘ ʠ ʶʚʝʥʠʣʴʥʦʛʦ ʚʦʜʦʨʦʜʘ ʚ ʤʝʪʘʥʦ- ʠ 

ʥʝʬʪʝʦʙʨʘʟʦʚʘʥʠʠ. ɹʠʦʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʣʠʪʦʨʘʣʠ ʠ ʩʥʦʩ ʦʨʛʘʥʠʢʠ ʧʦ ʩʢʣʦʥʫ ʠ 

ʚʳʥʦʩ ʧʦ ʨʘʟʣʦʤʥʳʤ ʟʦʥʘʤ ʶʚʝʥʠʣʴʥʦʛʦ ʚʦʜʦʨʦʜʘ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʯʠʥʦʡ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʘʟʦʚʳʭ ʠ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʢʦʪʦʨʳʝ ʚʩʸ ʯʘʱʝ 

ʚʩʢʨʳʚʘʶʪʩʷ ʚ ʨʠʬʪʦʚʳʭ ʟʦʥʘʭ. 

ʈʘʟʨʫʰʝʥʠʝ ʫʥʠʢʘʣʴʥʦʩʪʠ ʦʟʝʨʘ ɹʘʡʢʘʣ ï ʵʪʦ ʨʘʟʚʠʪʠʝ ʩʪʨʘʪʠʬʠʢʘʮʠʠ. 

ʆʥʦ ʚʦʟʤʦʞʥʦ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʝʨʝʭʦʜʘ ʚ ʚʝʩʝʥʥʠʡ ʠ ʦʩʝʥʥʠʡ ʧʝʨʠʦʜʳ ʯʝʨʝʟ 

ʪʝʤʧʝʨʘʪʫʨʳ 4ʉ̄. ɺ ʦʙʦʟʨʠʤʦʤ ʙʫʜʫʱʝʤ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʪʨʝʥʜʳ ʜʣʷ ʉʠʙʠʨʠ 

ʪʘʢʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝ ʧʨʝʜʧʦʣʘʛʘʶʪ.  

ʃʠʪʦʨʘʣʴ ʦʟʝʨʘ ɹʘʡʢʘʣ ʩ ʝʸ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʝʤ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ, ʘʥʪʨʦʧʦʛʝʥʥʳʝ 

ʧʦʣʠʵʣʝʤʝʥʪʥʳʝ ʧʦʪʦʢʠ ʠ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʟʘʛʨʷʟʥʝʥʠʷ ʚʳʪʝʩʥʷʶʪ 

ʣʠʪʦʬʠʣʴʥʳʝ ʣʠʪʦʨʘʣʴʥʳʝ ʩʦʦʙʱʝʩʪʚʘ. ɺ ʵʪʦʤ ʧʨʠʯʠʥʘ ʥʘʙʣʶʜʘʶʱʝʛʦʩʷ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʝʩʩʘ ʚ ʣʠʪʦʨʘʣʠ ʦʟʝʨʘ ɹʘʡʢʘʣ [8]. 
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ɸʥʥʦʪʘʮʠʷ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʟʘ 2016ï2021 ʛʛ. ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ 

ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ (ʌɸʈ) ʚ ʚʦʜʝ ʢʨʫʧʥʦʛʦ ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ ʦʣʠʛʦʪʨʦʬʥʦʛʦ ʦʟʝʨʘ ʊʝʣʝʮʢʦʝ 

(ʈʝʩʧʫʙʣʠʢʘ ɸʣʪʘʡ). ʅʘ ʧʨʠʤʝʨʝ ʜʚʫʭ ʩʪʘʥʮʠʡ ʥʘ ʚʦʜʦʸʤʝ ʚ ʧʝʣʘʛʠʘʣʴʥʦʡ ʟʦʥʝ ʨʝʢ ʏʫʣʳʰʤʘʥ 

ʠ ʂʦʢʰʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʌɸʈ ʤʦʥʦʪʦʥʥʦ ʫʙʳʚʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʛʣʫʙʠʥʳ ʚ ʦʟʝʨʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʘ ʥʫʣʶ ʚ ʨʘʟʣʠʯʥʳʝ ʛʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ 

ʛʦʨʠʟʦʥʪʘʭ ʦʪ 3 ʜʦ 14,8 ʤ. ɺ ʚʝʨʭʥʝʤ ʩʣʦʝ ʚʦʜʳ ʚ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ ʟʥʘʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ 

ʧʦʪʦʢʘ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʩʦʩʪʘʚʠʣʠ 27ï1000 ʤʢʤʦʣʴ/(ʤ2Ŀʩ). ɺ 

ʊʝʣʝʮʢʦʤ ʦʟʝʨʝ ʛʣʫʙʠʥʘ ʬʦʪʠʯʝʩʢʦʡ ʟʦʥʳ (ʥʘ ʫʨʦʚʥʝ ʦʜʥʦʧʨʦʮʝʥʪʥʦʡ ʦʩʚʝʱʸʥʥʦʩʪʠ) ʥʘ 

ʩʪʘʥʮʠʠ ʨ. ʏʫʣʳʰʤʘʥ ʜʦʩʪʠʛʘʣʘ ʚ ʩʦʣʥʝʯʥʳʝ ʜʥʠ 14,8 ʤ, ʥʘ ʩʪʘʥʮʠʠ ʨ. ʂʦʢʰʠ ï 11,7 ʤ. ʇʦ 

ʜʘʥʥʳʤ ʠʟʤʝʨʝʥʠʡ ʌɸʈ ʦʮʝʥʝʥʳ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʦʩʣʘʙʣʝʥʠʷ (ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʵʢʩʪʠʥʢʮʠʠ) ʧʦ ʚʝʨʪʠʢʘʣʠ, ʢʦʪʦʨʳʝ ʚ ʧʝʨʠʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʠʣʠ 0,1ï2,6 ʤï1. 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʨʦʟʨʘʯʥʦʩʪʴ ʧʦ ʙʝʣʦʤʫ ʜʠʩʢʫ ʉʝʢʢʠ ʥʘ ʠʩʩʣʝʜʫʝʤʳʭ ʩʪʘʥʮʠʷʭ ʚʘʨʴʠʨʦʚʘʣʘ ʚ 

ʧʨʝʜʝʣʘʭ ʦʪ 1,3 ʜʦ 5,3 ʤ (ʩʪʘʥʮʠʷ ʨ. ʏʫʣʳʰʤʘʥ) ʠ ʦʪ 2,4 ʜʦ 6,5 ʤ (ʩʪʘʥʮʠʷ ʨ. ʂʦʢʰʠ).  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠ ʘʢʪʠʚʥʘʷ ʨʘʜʠʘʮʠʷ (ʌɸʈ), ʧʦʢʘʟʘʪʝʣʴ ʦʩʣʘʙʣʝʥʠʷ, 

ʧʨʦʟʨʘʯʥʦʩʪʴ, ʧʝʨʠʦʜ ʦʪʢʨʳʪʦʡ ʚʦʜʳ, ʢʨʫʧʥʦʝ ʦʟʝʨʦ 

ɺʚʝʜʝʥʠʝ 

ʀʟʚʝʩʪʥʦ [1, 2], ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ 

ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ (ʌɸʈ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʪʦʢ ʵʥʝʨʛʠʠ ʬʦʪʦʥʦʚ ʚ 

ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ 400 ʜʦ 700 ʥʤ, ʧʘʜʘʶʱʠʡ ʥʘ 1 ʤ2 ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

[1, 2]. ʈʘʟʤʝʨʥʦʩʪʴ ʚʝʣʠʯʠʥʳ ʌɸʈ ʚ ʩʠʩʪʝʤʝ ʉʀ ï ʤʢʤʦʣʴ/(ʤ2Ŀʩ) ʠʣʠ ɺʪ/ʤ2. 

ʇʨʠʯʸʤ, ʚ ʜʠʘʧʘʟʦʥʝ ʠʟʣʫʯʝʥʠʡ, ʦʪʥʦʩʠʤʳʭ ʢ ʌɸʈ, ʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʰʠʨʦʪʘ ʠ 

ʚʳʩʦʪʘ ʩʦʣʥʮʘ, ʷʚʣʷʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʡ, ʧʘʜʘʶʱʝʛʦ ʚ ʚʦʜʥʫʶ ʩʨʝʜʫ [3]. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʨʘʩʯʸʪʘ ʌɸʈ ʩʫʤʤʘʨʥʫʶ ʵʥʝʨʛʠʶ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ 

ʚʳʰʝʫʢʘʟʘʥʥʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʧʨʠ ʧʝʨʝʚʦʜʥʦʤ ʢʦʵʬʬʠʮʠʝʥʪʝ 0,46 [4]. ʅʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʌɸʈ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 40% ʦʪ ʦʙʱʝʡ ʧʨʠʭʦʜʷʱʝʡ ʩʦʣʥʝʯʥʦʡ 

ʵʥʝʨʛʠʠ, ʝʸ ʧʦʪʝʨʠ ʥʘ ʦʪʨʘʞʝʥʠʝ ï ʦʢʦʣʦ 10% [5].  
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ɺ ʧʝʨʠʦʜ ʦʪʢʨʳʪʦʡ ʚʦʜʳ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʌɸʈ ʧʦ ʛʣʫʙʠʥʝ ʚʦʜʦʸʤʘ ʟʘʚʠʩʠʪ, 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʦʪ ʧʨʦʟʨʘʯʥʦʩʪʠ ʚʦʜʳ. ʊʘʢ, ʩ ʧʦʤʦʱʴʶ ʧʦʢʘʟʘʪʝʣʷ ʦʩʣʘʙʣʝʥʠʷ 

(ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʢʩʪʠʥʢʮʠʠ) kw, ʢʦʪʦʨʳʡ ʦʙʳʯʥʦ ʠʟʤʝʨʷʝʪʩʷ ʚ ʦʙʨʘʪʥʳʭ ʤʝʪʨʘʭ 

(ʤï1), ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʩʪʝʧʝʥʴ ʦʩʣʘʙʣʝʥʠʷ ʧʦʪʦʢʘ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ 

Ed ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʚʦʜʥʦʡ ʩʨʝʜʝ, ʚ ʪ.ʯ. ʠ ʧʦʩʣʦʡʥʦ. ʇʦ ʦʮʝʥʢʘʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ 

ʚ ʨʘʙʦʪʝ [6], ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʢʩʪʠʥʢʮʠʠ ʧʦ ʚʝʨʪʠʢʘʣʠ 

ʤʝʣʢʦʚʦʜʥʦʛʦ ʢʘʨʝʣʴʩʢʦʛʦ ʤʝʟʦʪʨʦʬʥʦʛʦ ʦʟʝʨʘ ɺʝʥʜʶʨʩʢʦʝ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʦʩʴ 

ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ kw ʚ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʦʩʪʦʷʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ, ʙʣʠʟʢʠʤʠ ʢ ʝʜʠʥʠʮʝ, ʛʣʫʙʞʝ 1ï1,5 ʤ. ʄʘʢʩʠʤʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ kw ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʤʝʪʨʦʚʦʤ ʩʣʦʝ ʚʦʜʥʦʡ ʤʘʩʩʳ ʦʟʝʨʘ ʚ 

ʤʘʝ (1,9ï2,1 ʤï1) ʠ ʠʶʥʝ (1,5ï1,75 ʤï1) 2013 ʛ., ʢʦʛʜʘ ʧʨʦʟʨʘʯʥʦʩʪʴ ʚʦʜʥʦʡ ʪʦʣʱʠ 

ʙʳʣʘ ʤʠʥʠʤʘʣʴʥʦʡ. ɻʣʫʙʞʝ 1,5 ʤ ʟʥʘʯʝʥʠʷ kw ʠʟʤʝʥʷʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0,9 ʜʦ 

1,25 ʤï1. ɺ ʨʘʙʦʪʝ [7], ʢʦʵʬʬʠʮʠʝʥʪ ʵʢʩʪʠʥʢʮʠʠ ʨʘʟʥʦʪʠʧʥʳʭ ʦʟʸʨ ʕʩʪʦʥʠʠ 

ʠʟʤʝʥʷʣʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0,5 (ʦʟʝʨʦ  ntu Sinijªrv) ʜʦ 28 ʤï1 (ʦʟʝʨʦ Harku), ʧʨʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʨʦʟʨʘʯʥʦʩʪʠ ʧʦ ʜʠʩʢʫ ʉʝʢʢʠ ʦʪ 13 ʜʦ 0,35 ʤ. ɺ ʜʨʫʛʦʡ ʨʘʙʦʪʝ [8] 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ kw ʜʣʷ ʥʝʵʚʪʨʦʬʠʨʦʚʘʥʥʳʭ ʦʟʸʨ ʫʤʝʨʝʥʥʦʡ 

ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʟʦʥʳ, ʛʜʝ ʚʝʣʠʯʠʥʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʢʩʪʠʥʢʮʠʠ ʠʟʤʝʥʷʣʘʩʴ ʚ 

ʧʨʝʜʝʣʘʭ 0,1ï5,6 ʤï1.  ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʜʚʫʭ ʩʝʚʝʨʦʘʤʝʨʠʢʘʥʩʢʠʭ ʦʟʸʨ Pend 

Oreille (ʰʪʘʪ ɸʡʜʘʭʦ) ʠ Castle (ʂʘʣʠʬʦʨʥʠʷ) ʟʥʘʯʝʥʠʷ kw ʩʦʩʪʘʚʠʣʠ 0,1 ʤ
ï1, ʜʣʷ 

ʢʘʥʘʜʩʢʠʭ ʦʟʸʨ ï York University ʠ Louise ï 2,6 ʤï1 ʠ 5,6 ʤï1, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʮʝʣʷʭ ʨʘʩʰʠʨʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʩʚʝʪʘ ʚ ʛʣʫʙʦʢʦʚʦʜʥʦʤ ʚʦʜʦʸʤʝ ʚ ʫʩʣʦʚʠʷʭ ʦʪʢʨʳʪʦʡ ʚʦʜʳ ʥʘʤʠ 

ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʦʣʝʚʳʝ ʠʟʤʝʨʝʥʠʷ ʌɸʈ ʚ ʚʦʜʝ ʢʨʫʧʥʦʛʦ ʦʟʝʨʘ ʊʝʣʝʮʢʦʝ 

(ʈʝʩʧʫʙʣʠʢʘ ɸʣʪʘʡ, ʈʦʩʩʠʷ). ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʠʟʫʯʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʚʨʝʤʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʌɸʈ ʠ ʧʦʢʘʟʘʪʝʣʷ ʦʩʣʘʙʣʝʥʠʷ ʩʚʝʪʘ 

ʚʦʜʦʡ ʚ ʧʝʨʠʦʜ ʣʝʪʥʝʛʦ ʥʘʛʨʝʚʘʥʠʷ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʚʳʙʨʘʥʦ ʦʟʝʨʦ ʊʝʣʝʮʢʦʝ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɻʦʨʥʦʛʦ ɸʣʪʘʷ ʥʘ ʚʳʩʦʪʝ 434 ʤ ʥʘʜ 

ʫʨʦʚʥʝʤ ʤʦʨʷ [9]. ʊʝʣʝʮʢʦʝ ʦʟʝʨʦ ï ʧʨʝʩʥʦʚʦʜʥʳʡ, ʩʣʘʙʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʡ, 

ʙʦʛʘʪʳʡ ʢʠʩʣʦʨʦʜʦʤ, ʭʦʣʦʜʥʦʚʦʜʥʳʡ, ʧʨʦʪʦʯʥʳʡ ʛʦʨʥʳʡ ʚʦʜʦʸʤ ʩʦ ʩʥʝʛʦʚʳʤ, 

ʜʦʞʜʝʚʳʤ ʠ ʧʦʜʟʝʤʥʳʤ ʧʠʪʘʥʠʝʤ. ʆʩʥʦʚʥʳʝ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʜʣʠʥʘ ï 77,8 ʢʤ, ʰʠʨʠʥʘ ï 0,6ï5,2 ʢʤ, ʧʣʦʱʘʜʴ ʘʢʚʘʪʦʨʠʠ ï 

223 ʢʤ2, ʦʙʲʸʤ ï 41,1 ʢʤ3, ʥʘʠʙʦʣʴʰʘʷ ʛʣʫʙʠʥʘ ï 323 ʤ, ʩʨʝʜʥʷʷ ʛʣʫʙʠʥʘ ï 174 ʤ, 

ʧʣʦʱʘʜʴ ʚʦʜʦʩʙʦʨʘ ï 19500 ʢʤ2. ɺ ʦʟʝʨʦ ʚʧʘʜʘʝʪ 70 ʨʝʢ ʠ ʦʢʦʣʦ 150 ʚʨʝʤʝʥʥʳʭ 

ʚʦʜʦʪʦʢʦʚ, ʥʦ ʙʦʣʝʝ 70% ʚʩʝʡ ʧʦʩʪʫʧʘʶʱʝʡ ʚʦʜʳ ʜʘʸʪ ʨʝʢʘ ʏʫʣʳʰʤʘʥ [10]. ʂʘʢ 

ʠʟʚʝʩʪʥʦ [12], ʥʘʠʙʦʣʝʝ ʫʷʟʚʠʤʳ ʢ ʚʥʝʰʥʝʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʵʢʦʩʠʩʪʝʤʳ 

ʭʦʣʦʜʥʦʚʦʜʥʳʭ ʦʣʠʛʦʪʨʦʬʥʳʭ ʦʟʸʨ. ʅʝʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʛʠʜʨʦʙʠʦʥʪʦʚ 

ʚ ʧʦʜʦʙʥʳʭ ʚʦʜʦʸʤʘʭ ʦʧʨʝʜʝʣʷʝʪ ʥʠʟʢʠʡ ʧʦʪʝʥʮʠʘʣ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʘʤʦʦʯʠʱʝʥʠʷ ʜʣʷ ʧʦʩʪʫʧʘʶʱʠʭ ʩ ʚʦʜʦʩʙʦʨʘ ʚʟʚʝʰʝʥʥʳʭ, ʩʣʘʙʦʨʘʩʪʚʦʨʠʤʳʭ ʠ 

ʨʘʩʪʚʦʨʸʥʥʳʭ ʚ ʚʦʜʝ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʪʴ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʥʫʪʨʠʚʦʜʦʸʤʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʢʘʯʝʩʪʚʦ ʚʦʜʳ. ʕʪʦ ʦʧʨʝʜʝʣʷʝʪ 
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ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ ʨʝʞʠʤʥʳʭ ʜʦʣʛʦʩʨʦʯʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʦʟʝʨʝ, ʘ 

ʪʘʢʞʝ ʜʦʣʞʥʦ ʫʯʠʪʳʚʘʪʴʩʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʳ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ. ʇʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʍʘʪʯʠʥʩʦʥʘ ʊʝʣʝʮʢʦʝ ʦʟʝʨʦ ʦʪʥʦʩʠʪʩʷ ʢ 

ʜʠʤʠʢʪʠʯʝʩʢʠʤ (ʜʚʫʢʨʘʪʥʦ ʧʝʨʝʤʝʰʠʚʘʶʱʠʤʩʷ) ʚʦʜʦʸʤʘʤ ʫʤʝʨʝʥʥʦʡ ʧʦʣʦʩʳ, 

ʢʦʪʦʨʳʤ ʩʚʦʡʩʪʚʝʥʥʳ ʚʝʩʝʥʥʷʷ ʛʦʤʦʪʝʨʤʠʷ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʚʦʜʥʦʡ ʤʘʩʩʳ, 

ʣʝʪʥʷʷ ʧʨʷʤʘʷ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʩʪʨʘʪʠʬʠʢʘʮʠʷ, ʦʩʝʥʥʷʷ ʛʦʤʦʪʝʨʤʠʷ, ʚʪʦʨʦʝ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʚʦʜ ʟʘ ʛʦʜ, ʟʠʤʥʷʷ ʦʙʨʘʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʩʪʨʘʪʠʬʠʢʘʮʠʷ [13]. 

ɺ ʠʟʤʝʥʝʥʠʠ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʊʝʣʝʮʢʦʛʦ ʦʟʝʨʘ 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʯʝʪʳʨʝ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʧʝʨʠʦʜʘ, ʘ ʠʤʝʥʥʦ: ʚʝʩʝʥʥʝʝ ʠ ʣʝʪʥʝʝ 

ʥʘʛʨʝʚʘʥʠʝ, ʦʩʝʥʥʝʝ ʦʭʣʘʞʜʝʥʠʝ ʠ ʟʠʤʥʠʡ ʤʠʥʠʤʫʤ [14]. 

ʅʘʢʦʧʣʝʥʥʳʝ ʜʘʥʥʳʝ ʣʝʪʥʠʭ ʥʘʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʦʟʝʨʝ ʊʝʣʝʮʢʦʝ ʚ 

2016ï2021 ʛʛ. ʧʦʩʣʫʞʠʣʠ ʦʩʥʦʚʦʡ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ 

ʠʟʤʝʥʯʠʚʦʩʪʠ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʦʚ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʨʘʜʠʘʮʠʠ ʠ 

ʜʠʥʘʤʠʢʠ ʧʦʢʘʟʘʪʝʣʷ ʦʩʣʘʙʣʝʥʠʷ ʥʘ ʚʦʜʦʸʤʝ. ʂʦʦʨʜʠʥʘʪʳ ʩʪʘʥʮʠʡ ʠʟʤʝʨʝʥʠʡ ʠ 

ʦʪʙʦʨʘ ʚʦʜʥʳʭ ʧʨʦʙ ʧʦʜʨʦʙʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʙʦʪʝ [15]. ʀʩʩʣʝʜʦʚʘʥʠʷ ʥʘ 

ʦʟʝʨʝ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʢʦʥʮʝ ʠʶʥʷ (2016, 2018 ʠ 2020 ʛ.), ʠʶʣʷ (2017, 2019 ʠ 

2021 ʛ.), ʢʦʛʜʘ ʜʣʷ ʚʦʜʦʸʤʘ ʭʘʨʘʢʪʝʨʥʘ ʫʩʪʦʡʯʠʚʘʷ ʧʨʷʤʘʷ ʣʝʪʥʷʷ 

ʩʪʨʘʪʠʬʠʢʘʮʠʷ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʧʨʠʙʦʨʦʚ ʩ 

ʫʢʘʟʘʥʠʝʤ ʜʠʘʧʘʟʦʥʘ, ʧʦʛʨʝʰʥʦʩʪʠ ʠ ʨʘʟʨʝʰʝʥʠʷ. 

ʊʘʙʣʠʮʘ 1ïʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʧʨʠʙʦʨʦʚ 
ʇʨʠʙʦʨ ʇʘʨʘʤʝʪʨ ʏʘʩʪʦʪʘ 

ʩʙʦʨʘ ʜʘʥʥʳʭ 

ɼʠʘʧʘʟʦʥ ʇʦʛʨʝʰʥʦʩʪʴ ʈʘʟʨʝʰʝʥʠʝ 

ɼʘʪʯʠʢ ʌɸʈ Satlanic PAR ʚ 

ʩʦʩʪʘʚʝ CTD ʟʦʥʜʘ SBE 25plus 

ʌɸʈ, 

ʤʢʤʦʣʴ/(ʤ2Ŀʩ) 

16 ɻʮ 0.1ï5000 Ñ0.5% 0.1 

ɼʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ SBE 3F ʚ 

ʩʦʩʪʘʚʝ CTD ʟʦʥʜʘ SBE 25plus 

ʊʝʤʧʝʨʘʪʫʨʘ, 

Áʉ 

16 ɻʮ ï5 ï +35 Ñ0.002 0.003 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʀʟʤʝʨʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʩʦʣʥʝʯʥʦʡ 

ʨʘʜʠʘʮʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʨʘʟʥʳʝ ʜʘʪʳ ʣʝʪʥʠʭ ʤʝʩʷʮʝʚ 2016ï2021 ʛʛ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʥʘ ʧʨʠʤʝʨʝ ʜʚʫʭ ʩʪʘʥʮʠʡ: 002 ï ʧʝʣʘʛʠʘʣʴ ʨ. 

ʏʫʣʳʰʤʘʥ (N 51.377979Á, E 87.785950Á) ʠ 021 ï ʧʝʣʘʛʠʘʣʴ ʨ. ʂʦʢʰʠ 

(N 51.566719Á, E 87.667690Á) ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1.  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘ ʜʚʫʭ ʩʪʘʥʮʠʷʭ ʚ ʧʝʣʘʛʠʘʣʴʥʦʡ ʟʦʥʝ ʨʝʢ ʏʫʣʳʰʤʘʥ 

(ʨʠʩ. 1, ʘ) ʠ ʂʦʢʰʠ (ʨʠʩ. 1, ʙ), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʝʣʠʯʠʥʘ ʌɸʈ ʤʦʥʦʪʦʥʥʦ 

ʫʙʳʚʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʛʣʫʙʠʥʳ ʚ ʦʟʝʨʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʦʡ ʥʫʣʶ 

ʚ ʨʘʟʣʠʯʥʳʝ ʛʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʛʦʨʠʟʦʥʪʘʭ ʦʪ 3 ʜʦ 6 ʤ. ɺ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ 

ʚʦʜʳ ʚ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ ʟʥʘʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʌɸʈ ʩʦʩʪʘʚʠʣʠ 48ï

300 ʤʢʤʦʣʴ/(ʤ2Ŀʩ) ʥʘ ʩʪʘʥʮʠʠ 002 ʠ 27ï1000 ʤʢʤʦʣʴ/(ʤ2Ŀʩ) ʥʘ ʩʪʘʥʮʠʠ 021. 

ɻʣʫʙʠʥʘ ʬʦʪʠʯʝʩʢʦʡ ʟʦʥʳ Z1% (ʥʘ ʫʨʦʚʥʝ ʦʜʥʦʧʨʦʮʝʥʪʥʦʡ ʦʩʚʝʱʸʥʥʦʩʪʠ, ʪ.ʝ. 

ʨʘʚʥʦʡ 0,01 ʌɸʈ) ʥʘ ʩʪʘʥʮʠʠ ʨ. ʏʫʣʳʰʤʘʥ ʜʦʩʪʠʛʘʣʘ ʚ ʩʦʣʥʝʯʥʳʝ ʜʥʠ 14,8 ʤ, ʥʘ 

ʩʪʘʥʮʠʠ ʨ. ʂʦʢʰʠ ï 11,7 ʤ. ɺʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʧʦʣʝʚʳʭ ʠʟʤʝʨʝʥʠʡ 

ʧʦʚʝʨʭʥʦʩʪʴ ʦʟʝʨʘ ʙʳʣʘ ʟʝʨʢʘʣʴʥʦ-ʛʣʘʜʢʦʡ, ʪ.ʝ. ʩʦʚʝʨʰʝʥʥʦ ʩʧʦʢʦʡʥʦʡ. ʊʦʣʴʢʦ 

ʚ 2019 ʛ. ʥʘʙʣʶʜʘʣʦʩʴ ʩʣʘʙʦʝ ʚʦʣʥʝʥʠʝ ʩ ʢʦʨʦʪʢʠʤʠ ʚʦʣʥʘʤʠ ʠ ʛʨʝʙʥʷʤʠ. ʉʠʣʘ 
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ʚʝʪʨʘ ʥʘ ʚʳʩʦʪʝ 4,7 ʤ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʦʜʳ ʠʟʤʝʥʷʣʘʩʴ ʚ ʧʝʨʠʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʥʘ ʩʪʘʥʮʠʠ ʨ. ʏʫʣʳʰʤʘʥ ʚ ʧʨʝʜʝʣʘʭ 0ï5,8 ʤĿʩï1, ʨ. ʂʦʢʰʠ ï 0,5ï5,8 ʤĿʩï1, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 
ʈʠʩʫʥʦʢ 1 ï ʇʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʌɸʈ ʥʘ ʨʘʟʥʳʭ ʛʣʫʙʠʥʘʭ ʜʚʫʭ ʩʪʘʥʮʠʡ ʊʝʣʝʮʢʦʛʦ ʦʟʝʨʘ, ʘ ï 

ʩʪʘʥʮʠʷ 002, ʙ ï ʩʪʘʥʮʠʷ 021 

ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʳ ʨʘʩʯʸʪʳ ʜʦʣʠ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʌɸʈ ʚ ʧʨʦʮʝʥʪʘʭ ʥʘ 

ʨʘʟʥʳʭ ʛʣʫʙʠʥʘʭ ʦʟʝʨʘ ʦʪ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʌɸʈ, ʧʘʜʘʶʱʝʛʦ ʥʘ ʚʦʜʥʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ. 

ɿʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʦʩʣʘʙʣʝʥʠʷ (ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʢʩʪʠʥʢʮʠʠ), ʧʦʣʫʯʝʥʥʳʝ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʝʚʳʭ ʠʟʤʝʨʝʥʠʡ, ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʌɸʈ ʥʘ ʦʧʨʝʜʝʣʸʥʥʦʡ 

ʛʣʫʙʠʥʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ. ʇʦʢʘʟʘʪʝʣʴ ʦʩʣʘʙʣʝʥʠʷ ʨʘʩʩʯʠʪʳʚʘʣʩʷ 

ʧʦ ʬʦʨʤʫʣʝ [16] 

Ὧ ᾀȟᾀ ὰὲ , (1) 

ʛʜʝ z ʠ z1 ï ʥʠʞʥʠʡ ʠ ʚʝʨʭʥʠʡ ʛʦʨʠʟʦʥʪʳ ʠʟʤʝʨʝʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʤʝʪʨʘʭ, Ed 

ï ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʧʘʜʘʶʱʝʡ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, ʚ ʤʢʤʦʣʴ/(ʤ2Ŀʩ). 

ʏʘʩʪʦ ʚ ʟʘʜʘʯʘʭ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʥʫʪʨʠʚʦʜʦʸʤʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʩʨʝʜʥʸʥʥʳʝ ʟʥʘʯʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ [8]. ɺ 

ʥʘʰʝʡ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʚʝʣʠʯʠʥʳ ʧʦʢʘʟʘʪʝʣʷ ʦʩʣʘʙʣʝʥʠʷ ʩʚʝʪʘ kw ʧʦʩʣʦʡʥʦ ʚ 

ʧʨʝʜʝʣʘʭ ʛʣʫʙʠʥ ʬʦʪʠʯʝʩʢʦʛʦ ʩʣʦʷ, ʧʦ ʢʦʪʦʨʳʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʩʨʝʜʥʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʜʘʥʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʈʘʩʩʯʠʪʘʥʥʳʝ ʥʘʤʠ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʦʩʣʘʙʣʝʥʠʷ ʧʦ ʚʝʨʪʠʢʘʣʠ 

(ʧʦʩʣʦʡʥʦ) ʜʣʷ ʜʚʫʭ ʩʪʘʥʮʠʡ ʦʟʝʨʘ ʊʝʣʝʮʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 3. 

 



ˤͦ͒ͤ·͔ ͙ Ή͎͙ͦͦ͟͡;͔͙͔ͫ͟ ͔ͨͪͦ͋ͣ͡· ˿͙͙͙͋ͪ ͙ ͔̇ͤͭͪ͊͡Έ͚ͤͦ ˢ͙͙͘  

51 

 
ʈʠʩʫʥʦʢ 2 ï ɼʦʣʷ (ʘ, %) ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʌɸʈ ʥʘ ʨʘʟʥʳʭ ʛʣʫʙʠʥʘʭ ʊʝʣʝʮʢʦʛʦ ʦʟʝʨʘ ʥʘ 

ʧʨʠʤʝʨʝ ʜʚʫʭ ʩʪʘʥʮʠʡ, ʘ ï ʩʪʘʥʮʠʷ 002, ʙ ï ʩʪʘʥʮʠʷ 021 

 
ʈʠʩʫʥʦʢ 3 ï ɼʠʥʘʤʠʢʘ ʧʦʢʘʟʘʪʝʣʷ ʦʩʣʘʙʣʝʥʠʷ kw ʦʪ ʛʣʫʙʠʥʳ ʅ ʥʘ ʦʟʝʨʝ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ 

2016ï2021 ʛʛ. 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʦʩʣʘʙʣʝʥʠʷ ʥʘʙʣʶʜʘʣʠʩʴ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʪʨʸʭʤʝʪʨʦʚʦʤ ʩʣʦʝ ʦʟʝʨʘ ʚ ʠʶʥʝ 2016 ʛ. ʥʘ ʩʪʘʥʮʠʠ ʨ. ʏʫʣʳʰʤʘʥ 

ï 1,8ï2,6 ʤï1, ʛʣʫʙʞʝ 3 ʤ ʚʝʣʠʯʠʥʳ ʚʘʨʴʠʨʦʚʘʣʠ ʚ ʧʨʝʜʝʣʘʭ 0,1ï1,9 ʤï1 (ʈʠʩ. 3, ʘ). 
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ʅʘ ʩʪʘʥʮʠʠ ʨ. ʂʦʢʰʠ ʟʥʘʯʝʥʠʷ kw ʠʟʤʝʥʷʣʠʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,1 ʜʦ 1,6 ʤï1 (ʈʠʩ. 

3, ʙ). ʇʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʦʩʣʘʙʣʝʥʠʷ kw ʧʦ ʜʘʥʥʳʤ 

ʠʟʤʝʨʝʥʠʡ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʦʚ ʌɸʈ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʜʘʥʥʳʤʠ 

ʠʟʤʝʨʝʥʠʡ ʧʦ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʧʦʢʘʟʘʪʝʣʶ ʦʩʣʘʙʣʝʥʠʷ ʩʚʝʪʘ Ң(ɚ), ʧʘʨʘʣʣʝʣʴʥʦ 

ʚʳʧʦʣʥʝʥʥʳʭ ʥʘ ʦʟʝʨʝ. ʅʘʧʨʠʤʝʨ, ʚ 2018 ʛ. ʚʝʣʠʯʠʥʳ Ң(ɚ) ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 550 ʥʤ 

ʥʘʭʦʜʠʣʠʩʴ ʚ ʜʠʘʧʘʟʦʥʝ 0,4ï2,3 ʤï1 (ʨʘʩʩʯʠʪʘʥʳ ʧʨʠ ʥʘʪʫʨʘʣʴʥʦʤ ʦʩʥʦʚʘʥʠʠ 

ʣʦʛʘʨʠʬʤʘ) [13]. 

ʀʟʤʝʥʯʠʚʦʩʪʴ ʧʦʢʘʟʘʪʝʣʷ ʦʩʣʘʙʣʝʥʠʷ kw ʚ ʧʝʨʠʦʜ ʦʪʢʨʳʪʦʡ ʚʦʜʳ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʨʦʟʨʘʯʥʦʩʪʠ Z (ʤ). ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʨʦʟʨʘʯʥʦʩʪʴ ʦʟʸʨ, ʢʘʢ ʠ ʝʸ ʜʠʥʘʤʠʢʘ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ ʟʘʚʠʩʷʪ ʦʪ 

ʨʷʜʘ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʧʦʩʪʫʧʘʶʱʠʭ ʩ ʚʦʜʦʩʙʦʨʘ ʚʟʚʝʰʝʥʥʳʭ ʠ 

ʨʘʩʪʚʦʨʸʥʥʳʭ ʚʝʱʝʩʪʚ, ʩʝʟʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʢʣʝʪʦʢ ʚʦʜʦʨʦʩʣʝʡ ʬʠʪʦʧʣʘʥʢʪʦʥʘ. 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʟʨʘʯʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʙʝʣʦʛʦ ʜʠʩʢʘ ʉʝʢʢʠ ʚ ʠʶʥʝ-ʠʶʣʝ ʚ 2016ï

2021 ʛʛ. ʥʘ ʨʘʟʥʳʭ ʩʪʘʥʮʠʷʭ ʦʟʝʨʘ ʊʝʣʝʮʢʦʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʧʨʦʟʨʘʯʥʦʩʪʴ ʚʦʜʳ ʫʚʝʣʠʯʠʣʘʩʴ ʦʪ 1,3 ʜʦ 5,3 ʤ ʜʣʷ ʩʪʘʥʮʠʠ 002 ʠ ʦʪ 2,4 ʜʦ 6,5 ʤ 

ʜʣʷ ʩʪʘʥʮʠʠ 021. ʄʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʫʤʝʥʴʰʠʣʦʩʴ ʢʦʣʠʯʝʩʪʚʦ 

ʨʘʩʪʚʦʨʸʥʥʦʛʦ ʠ ʚʟʚʝʰʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʧʦʩʪʫʧʘʚʰʝʛʦ ʚ ʦʟʝʨʦ ʩ ʚʦʜʦʩʙʦʨʘ ʚʦ 

ʚʨʝʤʷ ʚʝʩʝʥʥʝʛʦ ʪʘʷʥʠʷ. 

ʀʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʧʦ ʛʣʫʙʠʥʝ ʦʟʝʨʘ (ʦʪ 0 ʜʦ 60 ʤ) ʚʳʧʦʣʥʝʥʳ 

ʩ ʧʦʤʦʱʴʶ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʳ SBE 3F ʚ ʩʦʩʪʘʚʝ CTD ʟʦʥʜʘ SBE 25plus, 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 4. 

 
ʈʠʩʫʥʦʢ 4 ï ɺʝʨʪʠʢʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ t ʚ ʊʝʣʝʮʢʦʤ ʦʟʝʨʝ 
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ɺʠʜʥʦ, ʯʪʦ ʚʝʨʪʠʢʘʣʴʥʳʝ ʧʨʦʬʠʣʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʚ ʠʶʥʝ-ʠʶʣʝ ʥʘ 

ʦʟʝʨʝ, ʷʚʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʧʨʷʤʦʡ ʣʝʪʥʝʡ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʚʦʜʦʸʤʘ. ʍʦʜ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ, 

ʩʚʷʟʘʥʥʳʤʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ: ʨʝʟʢʠʝ ʧʦʚʳʰʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ï ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʞʘʨʢʦʡ ʰʪʠʣʝʚʦʡ ʧʦʛʦʜʳ, ʧʦʥʠʞʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ï ʚʦʣʥʦʚʳʤ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʠ ʚʨʝʤʝʥʥʳʤʠ ʧʦʭʦʣʦʜʘʥʠʷʤʠ. 

ɺʳʚʦʜʳ 

ʇʦ ʜʘʥʥʳʤ ʧʦʣʝʚʳʭ ʠʟʤʝʨʝʥʠʡ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʠ 

ʘʢʪʠʚʥʦʡ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʚ ʚʦʜʝ ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ ʦʣʠʛʦʪʨʦʬʥʦʛʦ ʦʟʝʨʘ 

ʊʝʣʝʮʢʦʝ ʚ ʧʝʨʠʦʜ ʦʪʢʨʳʪʦʡ ʚʦʜʳ ʠʟʫʯʝʥʳ ʠ ʦʮʝʥʝʥʳ ʝʛʦ ʦʧʪʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʅʘ ʧʨʠʤʝʨʝ ʜʚʫʭ ʩʪʘʥʮʠʡ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʳ ʌɸʈ 

ʤʦʥʦʪʦʥʥʦ ʫʙʳʚʘʶʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʛʣʫʙʠʥʳ ʚ ʦʟʝʨʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʩʪʘʥʦʚʷʪʩʷ 

ʨʘʚʥʳʝ ʥʫʣʶ ʚ ʨʘʟʣʠʯʥʳʝ ʛʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʛʦʨʠʟʦʥʪʘʭ ʦʪ 3 ʜʦ 14,8 ʤ. 

ʇʦʣʫʯʝʥʥʳʝ ʚʝʣʠʯʠʥʳ ʧʦʢʘʟʘʪʝʣʝʡ ʦʩʣʘʙʣʝʥʠʷ ʥʘ ʦʟʝʨʝ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʯʠʩʣʝʥʥʳʭ ʤʦʜʝʣʷʭ ʧʨʠ ʠʟʫʯʝʥʠʠ ʪʝʨʤʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ. 

ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʩʪ. ʥʘʫʯ. ʩʦʪʨʫʜʥʠʢʫ ʣʘʙʦʨʘʪʦʨʠʠ ʛʠʜʨʦʙʠʦʣʦʛʠʠ 

ɽ.ʖ. ʄʠʪʨʦʬʘʥʦʚʦʡ ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝ ʜʘʥʥʳʝ ʠʟʤʝʨʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʨʦʟʨʘʯʥʦʩʪʠ ʠ 

ʦʪʙʦʨ ʧʨʦʙ ʚʦʜʳ ʥʘ ʦʟʝʨʝ ʚ ʧʝʨʠʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
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PHOTOSYNTHETIC ACTIVE SOLAR RADIATION IN THE WATER OF LARGE DEEP -

WATER LAKE TELETSKOYE DURING THE OPEN WATER PERIOD  

Akulova O.B., Bukaty V.I., Vagner A.A., Dyachenko A.V., Kolomeytsev A.A., Zinoviev A.T. 

Institute for Water and Environmental Problems SB RAS, Barnaul, ul. Molodezhnaya 1, Russia 

 

Absract. Spatial and temporal variability of flux density of photosynthetic active solar radiation 

(PAR) in the water of large deep-water oligotrophic Lake Teletskoye (Republic of Altai) is considered 

based on the analyzed experimental data for 2016ï2021. According to the data from two weather 

stations at the reservoir, i.e. in the pelagic zone of rivers Chulyshman and Kokshi, PAR magnitude 

monotonically decreased with lake depth increase and practically became zero in various years of the 

study at horizons from 3 to 14.8 m. During the observation period, flux density of photosynthetical 

active solar radiation in the upper layer made up 27ï1000 Õmol/(m2Ŀs). The photic depth zone (at one 

percent irradiation) in Lake Teletskoye at the Chulyshman station on sunny days reached 14.8 m, 

while at the Kokshi one ï 11.7 m. According to PAR measurements, the attenuation coefficient 

(extinction coefficient) along the vertical was estimated as 0.1ï2.6 mï1. At the Chulyshman and 

Kokshi stations, relative transparency of the Secchi white disk ranged as 1.3ï5.3 and 2.4ï6.5 m, 

respectively.  

Keywords: photosynthetic active radiation (PAR), attenuation coefficient, transparency, open water 

period, large lakes.  

 



ˤͦ͒ͤ·͔ ͙ Ή͎͙ͦͦ͟͡;͔͙͔ͫ͟ ͔ͨͪͦ͋ͣ͡· ˿͙͙͙͋ͪ ͙ ͔̇ͤͭͪ͊͡Έ͚ͤͦ ˢ͙͙͘  

55 

ʆʇʊʀʄʀɿɸʎʀʗ ʏɸʉʊʆʊʓ ʀɿʄɽʈɽʅʀʁ ʈɸʉʍʆɼʆɺ ɺʆɼʓ  

ɼʃʗ ʇʆʃʋʏɽʅʀʗ ʈɸʉʏɪʊʅʓʍ ɿɸɺʀʉʀʄʆʉʊɽʁ 

ɻʀɼʈʆʄɽʊʈʀʏɽʉʂʆɻʆ ʋʏɪʊɸ ʉʊʆʂɸ 

ɸʢʩʷʥʦʚ ʊ.ʄ. 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

e-mail: aragon1982@mail.ru 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʠʟʣʦʞʝʥʳ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʭʦʜʦʚ ʦʪ ʫʨʦʚʥʝʡ ʚʦʜʳ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʷʝʪ ʚʳʙʨʘʪʴ 

ʦʧʪʠʤʘʣʴʥʫʶ ʘʧʧʨʦʢʩʠʤʘʮʠʶ ʢʨʠʚʦʡ ʨʘʩʭʦʜʦʚ ʚʦʜʳ ʩ ʫʯʝʪʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʯʝʩʪʚʘ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʠ ʫʤʝʥʴʰʠʪʴ ʰʠʨʠʥʫ ʧʦʣʦʩʳ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʨʘʩʯʝʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʚʳʙʦʨʝ ʦʧʪʠʤʘʣʴʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʢʨʠʚʦʡ ʨʘʩʭʦʜʦʚ 

ʢʦʣʠʯʝʩʪʚʦ ʠʟʤʝʨʝʥʥʳʭ ʨʘʩʭʦʜʦʚ ʚʦʜʳ ʜʣʷ ʝʝ ʦʙʦʩʥʦʚʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʩʦʢʨʘʱʝʥʦ ʚ ʜʚʘïʪʨʠ 

ʨʘʟʘ ʙʝʟ ʫʱʝʨʙʘ ʪʦʯʥʦʩʪʠ ʨʘʩʯʝʪʘ ʝʞʝʜʥʝʚʥʳʭ ʨʘʩʭʦʜʦʚ ʚʦʜʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʀʟʤʝʨʝʥʥʳʝ ʨʘʩʭʦʜʳ ʚʦʜʳ, ʫʯʸʪ ʩʪʦʢʘ, ʦʮʝʥʢʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, 

ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʭʦʜʦʚ ʦʪ ʫʨʦʚʥʝʡ 

ʀʟʤʝʨʝʥʠʝ ʨʘʩʭʦʜʦʚ ʚʦʜʳ (ʀʈɺ) ʦʪʥʦʩʠʪʩʷ ʢ ʥʘʠʙʦʣʝʝ ʪʨʫʜʦʸʤʢʦʤʫ ʠ 

ʟʘʪʨʘʪʥʦʤʫ ʚʠʜʫ ʥʘʙʣʶʜʝʥʠʡ ʚ ʛʠʜʨʦʣʦʛʠʠ. ʇʦ ʜʘʥʥʳʤ ʥʘ ʢʦʥʝʮ 2021 ʛʦʜʘ ʥʘ 

ʧʦʩʪʘʭ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʡ ʩʝʪʠ ʈʦʩʛʠʜʨʦʤʝʪʘ ʚ ʩʨʝʜʥʝʤ ʚ ʛʦʜʫ ʠʟʤʝʨʷʝʪʩʷ 34 

ʨʘʩʭʦʜʘ ʚʦʜʳ. ʅʘ ʧʦʩʪʘʭ ʥʘ ʢʦʪʦʨʳʭ ʦʪʩʫʪʩʪʚʫʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʩʭʦʜʦʚ ʦʪ ʫʨʦʚʥʷ 

ʚʦʜʳ ʢʦʣʠʯʝʩʪʚʦ ʀʈɺ ʚ ʛʦʜʫ ʤʦʞʝʪ ʜʦʭʦʜʠʪʴ ʜʦ 100 ʠ ʙʦʣʝʝ ʚ ʛʦʜ [1]. ʅʦ ʢʘʢ 

ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ ʜʣʷ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʭʦʜʦʚ 

ʦʪ ʫʨʦʚʥʝʡ Q(H) (ʢʨʠʚʦʡ ʨʘʩʭʦʜʦʚ (ʂʈ)), ʥʘ ʙʦʣʴʰʠʥʩʪʚʝ ʨʝʢ, ʪʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʀʈɺ ʙʳʚʘʝʪ ʠʟʙʳʪʦʯʥʳʤ, ʘ ʜʣʷ ʧʨʘʚʠʣʴʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʂʈ ʥʝʦʙʭʦʜʠʤʦ, ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʦʧʪʠʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʀʈɺ ʧʦ ʚʩʝʤʫ ʜʠʘʧʘʟʦʥʫ 

ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʚʦʜʳ.  

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩ ʮʝʣʴʶ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʣʠʯʝʩʪʚʘ ʀʈɺ, ʙʳʣʠ 

ʚʳʧʦʣʥʝʥʳ ʯʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝ. 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʫʯʝʪʘ ʩʪʦʢʘ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʠ ʩʨʦʯʥʳʭ ʠ ʝʞʝʜʥʝʚʥʳʭ 

ʟʥʘʯʝʥʠʡ ʨʘʩʭʦʜʦʚ ʚʦʜʳ ʧʦ ʜʘʥʥʳʤ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʫʨʦʚʥʝʤ ʚʦʜʳ ʠ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʀʈɺ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʘʤʠ ʛʠʜʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʫʯʝʪʘ ʩʪʦʢʘ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʚ ɻɻʀ [2] ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʟʥʘʯʝʥʠʶ ʨʘʩʭʦʜʘ 

ʚʦʜʳ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʫʨʦʚʥʝ ʧʨʠʥʠʤʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʨʘʩʭʦʜʘ ʚʦʜʳ, 

ʧʦʣʫʯʝʥʥʦʝ ʧʦ ʦʧʦʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʭʦʜʦʚ ʦʪ ʫʨʦʚʥʝʡ ʚʦʜʳ (ʂʈ) Q(Ht) ʜʣʷ 

ʪʝʢʫʱʝʛʦ ʫʨʦʚʥʷ ʚʦʜʳ Ht. 

ɼʣʷ ʫʜʦʙʩʪʚʘ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʩʪʘʚʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ 

ʚ ʚʠʜʝ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʚʳʨʘʞʝʥʠʷ, ʪʦ ʝʩʪʴ ʚʳʧʦʣʥʠʪʴ ʘʧʧʨʦʢʩʠʤʘʮʠʶ 

ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʭʦʜʦʚ ʦʪ ʫʨʦʚʥʝʡ ʚʦʜʳ Q(H). ɸʥʘʣʠʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʭʦʜʦʚ ʦʪ ʫʨʦʚʥʝʡ Q(H) ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʦʮʝʥʢʠ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ ʥʘ ʦʩʥʦʚʝ ʢʨʠʚʳʭ ʨʘʩʭʦʜʦʚ ʜʘʥʥʳʭ ʨʘʩʯʝʪʘ 

ʝʞʝʜʥʝʚʥʳʭ ʠʣʠ ʩʨʦʯʥʳʭ ʨʘʩʭʦʜʦʚ ʚʦʜʳ. 

ʆʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ʨʝʢʦʤʝʥʜʫʝʤʳʭ ʩʧʦʩʦʙʦʚ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʂʈ ʵʪʦ ʧʨʝʜʣʦʞʝʥʥʘʷ ɺ. ɻ. ɻʣʫʰʢʦʚʳʤ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʬʦʨʤʘ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʂʈ, ʠʤʝʶʱʘʷ ʚʠʜ 
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Q(H) = ʘ (ʅ ï ʅ0)
b, (1) 

ʛʜʝ Q ï ʨʘʩʭʦʜ ʚʦʜʳ, ʤ3/ʩ;  

ʅ ï ʥʘʙʣʶʜʝʥʥʳʡ ʫʨʦʚʝʥʴ ʚʦʜʳ, ʤ;  

ʅ0 ï ʫʨʦʚʝʥʴ, ʧʨʠ ʢʦʪʦʨʦʤ ʨʘʩʭʦʜ ʚʦʜʳ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʛʠʜʨʦʩʪʚʦʨʝ ʨʘʚʝʥ 

ʥʫʣʶ, ʤ; 

a ʠ b ï ʧʘʨʘʤʝʪʨʳ ʋʈ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʧʦ ʜʘʥʥʳʤ ʠʟʤʝʨʝʥʠʡ. 

ɺʪʦʨʦʡ ʩʧʦʩʦʙ ï ʤʝʪʦʜ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ, ʪ. ʝ. ʧʦʣʫʯʝʥʠʝ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ (ʋʈ) ʚ ʚʠʜʝ ʧʦʣʠʥʦʤʘ 

Q = a0 + a1H + a2H
2 + ... + amHm, (2) 

ʛʜʝ a0, é, am ï ʧʘʨʘʤʝʪʨʳ ʋʈ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʧʦ ʜʘʥʥʳʤ ʠʟʤʝʨʝʥʠʡ. 

ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʦʜʙʠʨʘʝʪʩʷ ʧʦʣʠʥʦʤ ʚʪʦʨʦʡ ʠʣʠ ʪʨʝʪʴʝʡ ʩʪʝʧʝʥʠ, ʨʝʜʢʦ 

ʯʝʪʚʝʨʪʦʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʂʈ ʩʪʝʧʝʥʝʡ ʧʦʣʠʥʦʤʘ ʚʠʜʘ (2) 

ʚʳʰʝ 4-ʦʡ ʧʨʠʚʦʜʠʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʢ ʧʣʦʭʦʡ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʤʘʪʨʠʮʳ (H, Hm), 

ʯʪʦ ʤʥʦʛʦʢʨʘʪʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʧʦʛʨʝʰʥʦʩʪʠ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʋʈ [2].  

ʇʘʨʘʤʝʪʨʳ ʋʈ ʚʠʜʘ (2) ʦʧʨʝʜʝʣʷʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ (ʄʅʂ) ʜʣʷ ʧʦʣʠʥʦʤʦʚ 2, 3, 4-ʡ ʩʪʝʧʝʥʠ, ʘ ʪʘʢʞʝ 

ʥʝʧʦʣʥʳʭ ʤʥʦʛʦʯʣʝʥʦʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʋʈ ʜʣʷ ʣʠʥʠʠ (ʧʦʚʝʨʭʥʦʩʪʠ) 

ʨʝʛʨʝʩʩʠʠ, ʢʦʪʦʨʘʷ ʧʦʣʫʯʘʝʪʩʷ ʧʫʪʝʤ ʫʩʨʝʜʥʝʥʠʷ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʷ ʠ, ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ, ʩʚʦʙʦʜʥʘ ʦʪ ʩʣʫʯʘʡʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ, ʧʨʠʩʫʱʠʭ 

ʠʩʧʦʣʴʟʫʝʤʦʤʫ ʤʝʪʦʜʫ ʠʟʤʝʨʝʥʠʷ. ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʩʣʫʯʘʡʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʥʝ 

ʫʩʪʨʘʥʷʶʪʩʷ ʧʦʣʥʦʩʪʴʶ, ʘ ʣʠʰʴ ʫʤʝʥʴʰʘʶʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʥʦʝ ʯʠʩʣʦ ʨʘʟ. 

ʇʦʵʪʦʤʫ ʧʦʣʫʯʘʝʤʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ (ʢʘʢ ʧʦʩʨʝʜʩʪʚʦʤ 

ʛʨʘʬʠʯʝʩʢʠʭ ʧʦʩʪʨʦʝʥʠʡ, ʩʧʦʩʦʙʦʤ ʤʝʜʠʘʥ, ʪʘʢ ʠ ʄʅʂ) ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʭʨʘʥʷʝʪ 

ʥʝʢʦʪʦʨʫʶ ʧʦʣʦʩʫ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʭʦʪʷ ʠ ʙʦʣʝʝ ʫʟʢʫʶ (ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʦʥʘ 

ʦʙʦʩʥʦʚʘʥʘ ʜʦʩʪʘʪʦʯʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʠʟʤʝʨʝʥʠʡ), ʯʝʤ ʧʦʣʦʩʘ ʨʘʩʩʝʷʥʠʷ 

ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʐʠʨʠʥʘ ʧʦʣʦʩʳ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʘʤ, ʚ ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ ʪʘʢʠʝ ʚʝʣʠʯʠʥʳ, ʢʘʢ ʧʦʛʨʝʰʥʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʋʈ, 

ʦʙʲʝʤ ʠʩʭʦʜʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʜʘʥʥʳʭ ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ 

ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʚʭʦʜʷʱʠʭ ʚ ʋʈ. ɼʣʷ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ 

ʥʝʟʘʚʠʩʠʤʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ ʦʢʘʟʳʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʪʝʧʝʥʠ ʧʝʨʝʤʝʥʥʦʡ 

ʫʨʦʚʝʥʴ ʚʦʜʳ H, ʚʳʩʦʢʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʘʥʥʦʩʪʴ ʢʦʪʦʨʳʭ ʦʯʝʚʠʜʥʘ. 

ʅʘʠʤʝʥʴʰʫʶ ʧʦʣʦʩʫ ʨʘʩʩʝʷʥʠʷ ʠʤʝʝʪ ʧʨʦʩʪʘ ̫ ʣʠʥʝʡʥʘ ̫ ʨʝʛʨʝʩʩʠʷ. 

ʇʦʛʨʝʰʥʦʩʪʴ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʣʠʥʝʡʥʦʡ ʤʦʜʝʣʠ ʦʢʘʟʳʚʘʝʪʩʷ ʥʘʠʤʝʥʴʰʝʡ ʚ ʪʦʯʢʝ 

ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʪ. ʝ. ʚ ʪʦʯʢʝ (Qcp, Hcp) ʠ ʨʘʚʥʘ 
„

Ѝὲ
. ɿʜʝʩʴ „ï

ʩʪʘʥʜʘʨʪ ʨʘʩʩʝʷʥʠʷ ʂʈ, n ï ʜʣʠʥʘ ʠʩʭʦʜʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʜʘʥʥʳʭ. ʇʦ ʤʝʨʝ 

ʫʜʘʣʝʥʠʷ ʦʪ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʚ ʦʙʝ ʩʪʦʨʦʥʳ ʦʥʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʚ ʣʶʙʦʡ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʝ ʝʝ ʜʠʩʧʝʨʩʠʷ ʨʘʚʥʘ  

„ = s2 q /(n-2) + s2
ʘ1 (Ht - H)2 (3) 

ʆʮʝʥʢʘ ʦʨʜʠʥʘʪʳ ʣʠʥʠʠ ʨʝʛʨʝʩʩʠʠ ʚ ʢʘʢʦʡ-ʥʠʙʫʜʴ ʟʘʜʘʥʥʦʡ ʪʦʯʢʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ [3] 
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ώ ὥᶻ ὥᶻὢ ὼӶ ὸ
ᶻ

Ѝ
ρ

Ӷ
, (4) 

ʛʜʝ tp ï ʧʘʨʘʤʝʪʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʉʪʴʶʜʝʥʪʘ ʩ ʜʣʷ p-ʧʨʦʮʝʥʪʥʦʛʦ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ 

ʠʥʪʝʨʚʘʣʘ; s1 ï ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʧʝʨʝʤʝʥʥʦʡ X. 

ɼʣʷ ʤʥʦʛʦʤʝʨʥʦʡ ʨʝʛʨʝʩʩʠʠ ʬʦʨʤʫʣʘ (3) ʟʘʧʠʰʝʪʩʷ ʚ ʚʠʜʝ: 

ʎςὗὴὌὸ
ʎςήȾὲ ὴ ʎςὥὭʎ

ς
ὥὮ
ὌὭὸ ὌὭ

ςὌὮὸ ὌὮ
ςȢ

ά

ὭȟὮρ

 (5) 

ʛʜʝ  

H1 = ʅ; H2  = ʅ
2; H3 = ʅ

3 ʠ ʪ.ʜ.; 

p ï ʯʠʩʣʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ; 

ůai
2, ůaj

2 ï ʜʠʩʧʝʨʩʠʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ai ʠ aj. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ Y(X1,..,Xm) ʚʦʩʧʨʦʠʟʚʦʜʠʪ Y ʩ 

ʧʦʛʨʝʰʥʦʩʪʴʶ ʧʨʠʙʣʠʞʝʥʠʷ sʧʨ, ʢʦʪʦʨʘʷ ʚʳʨʘʞʘʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ 

ʩʫʤʤʠʨʦʚʘʥʠʷ ʜʠʩʧʝʨʩʠʡ ʧʦʛʨʝʰʥʦʩʪʝʡ ʧʘʨʘʤʝʪʨʦʚ ʨʝʛʨʝʩʩʠʠ ʘ0, ʘ1,..., ʘm (2.5) 

[3, 4].  

ʆʮʝʥʢʘ ʦʨʜʠʥʘʪʳ ʧʦʚʝʨʭʥʦʩʪʠ ʤʥʦʛʦʤʝʨʥʦʡ ʨʝʛʨʝʩʩʠʠ ʚ ʢʘʢʦʡ-ʥʠʙʫʜʴ 

ʟʘʜʘʥʥʦʡ ʪʦʯʢʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ [4] 

ώ ὥᶻ В ὥᶻὢ ὼӶ ὸ
ᶻ

Ѝ
ρ В ȟ

ὢ ὼӶὢ ὼӶȟ . (6) 

ʏʝʨʝʟ L ʠ Li,j ï ʜʝʪʝʨʤʠʥʘʥʪ ʠ ʝʛʦ ʜʦʧʦʣʥʝʥʠʷ ʤʘʪʨʠʮʳ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. 

ʇʘʨʘʤʝʪʨ tp ʜʣʷ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ ʥʝ ʧʨʝʚʳʰʝʥʠʷ 

95% ʨʘʚʝʥ ʜʣʷ ʟʘʚʠʩʠʤʦʩʪʝʡ ʩ ʜʚʫʤʷ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ 2,92, ʩ ʪʨʝʤʷ ʩʪʝʧʝʥʷʤʠ 

ʩʚʦʙʦʜʳ ï 2,35. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʛʨʝʰʥʦʩʪʠ ʫʯʝʪʘ ʩʪʦʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʥʦʟʥʘʯʥʦʡ 

ʂʈ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʮʝʥʢʘʤʠ ʧʦʣʦʩʳ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ 

ʣʠʥʠʠ ʠʣʠ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʛʨʝʩʩʠʠ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʪʘʢʘʷ ʧʦʣʦʩʘ ʙʫʜʝʪ ʥʘʠʙʦʣʝʝ ʫʟʢʦʡ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʣʠʥʝʡʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʠʥʝʘʨʠʟʘʮʠʷ ʫʨʘʚʥʝʥʠʡ, 

ʘ ʟʘʪʝʤ ʧʦ ʄʅʂ ʥʘʭʦʜʷʪʩʷ ʠʭ ʧʘʨʘʤʝʪʨʳ. 

ʇʨʠ ʧʦʜʙʦʨʝ ʫʨʘʚʥʝʥʠʝ ʚ ʚʠʜʝ (1) ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ a ʠ b 

ʚʳʨʘʞʝʥʠʝ (1) ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʢ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤʫ ʚʠʜʫ 

Ln(Q) = Ln(a) + b Ln(H ï H0). (7) 

ʇʘʨʘʤʝʪʨʳ Ln(a) ʠ b ʫʨʘʚʥʝʥʠʷ (7) ʧʦʣʫʯʘʶʪ ʄʅʂ ʥʘ ʦʩʥʦʚʝ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʀʈɺ. ʂ ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʤ ʧʝʨʝʤʝʥʥʳʤ Y = Ln(Q) ʠ X = (H - H0) ʧʦʜʙʠʨʘʝʪʩʷ 

ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʡ ʧʦʣʠʥʦʤ ʧʝʨʚʦʡ ʩʪʝʧʝʥʠ ʚ ʚʠʜʝ 

Y = a0 + a1X. (8) 

ɿʘʪʝʤ ʫʨʘʚʥʝʥʠʝ ʚʥʦʚʴ ʧʨʝʦʙʨʘʟʫʶʪ ʢ ʚʠʜʫ (1), ʚ ʢʦʪʦʨʦʤ ʧʘʨʘʤʝʪʨ a = 

exp(a0), ʘ ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ b = a1. ɿʜʝʩʴ a0 ʠ a1 ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʨʘʚʥʝʥʠʷ (8), 

ʧʦʣʫʯʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʄʅʂ. 

ɺ ɻɻʀ ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ [2, 3], ʚ ʢʦʪʦʨʦʡ ʟʘ ʩʯʝʪ 
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ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʧʦ ʄʅʂ ʧʦʜʙʠʨʘʝʪʩʷ ʧʦʣʠʥʦʤ ʥʘ ʦʜʥʫ ʩʪʝʧʝʥʴ ʤʝʥʴʰʝ, 

ʯʝʤ ʢʦʥʝʯʥʦʝ ʨʘʩʯʝʪʥʦʝ ʫʨʘʚʥʝʥʠʝ. 

ɸʧʧʨʦʢʩʠʤʠʨʫʶʱʘʷ ʬʫʥʢʮʠʷ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʘʷ ʟʘʜʘʥʥʳʤ ʦʛʨʘʥʠʯʝʥʠʷʤ, 

ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ [2] 

Q(H- ʅʥʠʟʰ) = m(H) + n(H) g(H- ʅʥʠʟʰ), (9) 

ʛʜʝ m(H) ï ʧʦʣʠʥʦʤ, ʦʪʚʝʯʘʶʱʠʡ ʟʘʜʘʥʥʳʤ ʦʛʨʘʥʠʯʝʥʠʷʤ; 

n(H) ï ʟʘʥʫʣʷʶʱʠʡ ʧʦʣʠʥʦʤ, ʛʘʨʘʥʪʠʨʫʶʱʠʡ ʚʳʧʦʣʥʝʥʠʝ ʟʘʜʘʥʥʳʭ 

ʦʛʨʘʥʠʯʝʥʠʡ;  

g(H) ï ʧʦʣʠʥʦʤ, ʧʦʜʙʠʨʘʝʤʳʡ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ. 
ɺ ʧʦʨʷʜʢʝ ʧʝʨʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʧʝʨʚʳʤ ʜʚʫʤ ʧʦʣʠʥʦʤʘʤ ʧʨʠʜʘʝʪʩʷ ʚʠʜ 

m(H) = Q(ʅʥʠʟʰ) = const,  (10) 

n(H) = H - Hʥʠʟʰ.  (11) 

ʇʦʜʙʦʨ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʬʦʨʤʳ ʧʦʣʠʥʦʤʘ g(H) ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʄʅʂ ʩ ʫʯʝʪʦʤ ʢʨʠʪʝʨʠʝʚ ʢʘʯʝʩʪʚʘ ʘʧʧʨʦʢʩʠʤʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʦʙ ʀʈɺ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 

Yi =
Q
ʠi
 - Q(Hʥʠʟ)h

Hʠi - Hʥʠʟʰ
 , (12) 

ʛʜʝ Qʠi ï i-ʪʳʡ ʠʟʤʝʨʝʥʥʳʡ ʨʘʩʭʦʜ ʚʦʜʳ;  

Hʠi ï ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʝʤʫ ʫʨʦʚʝʥʴ ʚʦʜʳ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʕɺʄ ʚʚʦʜʠʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚ ʚʠʜʝ Yi 

ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʫʨʦʚʥʝʡ (ʅʠi- Hʥʠʟʰ). 

ʇʦʩʣʝ ʧʦʜʙʦʨʘ ʧʦʣʠʥʦʤ g(H) ʧʨʠʦʙʨʝʪʘʝʪ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʚʠʜ ʫʨʘʚʥʝʥʠʷ 

ʜʣʷ ʚʩʝʛʦ ʜʠʘʧʘʟʦʥʘ ʫʨʦʚʥʝʡ ʚʦʜʳ 

Q(H) = Q(Hʥʠʟʰ) + (H - Hʥʠʟʰ)(a0 + a1(H - Hʥʠʟʰ)+ a2(H - Hʥʠʟʰ)
2 +...+ 

am(H - Hʥʠʟʰ)
m). 

(13) 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʢʦʥʝʯʥʦʝ ʋʈ ʚ ʚʠʜʝ ʧʦʣʠʥʦʤʘ ʚʪʦʨʦʡ 

ʩʪʝʧʝʥʠ ʢ ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʤ ʜʘʥʥʳʤ ʧʦ ʄʅʂ ʧʦʜʙʠʨʘʝʪʩʷ ʣʠʥʝʡʥʦʝ ʋʈ ʚ ʚʠʜʝ 

Yi  = a0 + a1(H - Hʥʠʟʰ). (14) 

ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʢʦʥʝʯʥʦʝ ʋʈ ʚ ʚʠʜʝ ʧʦʣʠʥʦʤʘ ʪʨʝʪʴʝʡ ʩʪʝʧʝʥʠ ʢ 

ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʤ ʜʘʥʥʳʤ ʧʦ ʄʅʂ ʧʦʜʙʠʨʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝ ʚ ʚʠʜʝ ʧʦʣʠʥʦʤʘ 

ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ 

Yi  = a0 + a1(H - Hʥʠʟʰ))+ a2(H - Hʥʠʟʰ)
2. (15) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʚʝʜʝʥʠʝ ʦʛʨʘʥʠʯʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʥʘ ʝʜʠʥʠʮʫ 

ʩʪʝʧʝʥʴ ʧʦʣʠʥʦʤʘ, ʢʦʪʦʨʳʡ ʧʦʜʙʠʨʘʝʪʩʷ ʧʨʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʂʈ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʄʅʂ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʧʘʨʘʤʝʪʨʳ ʢʦʥʝʯʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʩ ʤʝʥʴʰʠʤʠ ʧʦʛʨʝʰʥʦʩʪʷʤʠ. 

ɺʳʙʦʨ ʥʘʠʣʫʯʰʝʛʦ (ʦʧʪʠʤʘʣʴʥʦʛʦ) ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʭʦʜʦʚ ʦʪ ʫʨʦʚʥʝʡ ʚʦʜʳ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʨʘʚʥʝʥʠʷ 

ʩʣʝʜʫʶʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʯʝʩʪʚʘ ʘʧʧʨʦʢʩʠʤʘʮʠʠ: 

ï ʩʨʝʜʥʠʭ ʘʙʩʦʣʶʪʥʳʭ (mq) ʠ ʩʨʝʜʥʠʭ ʦʪʥʦʩʠʪʝʣʴʥʳʭ (mqӉ) ʟʥʘʯʝʥʠʡ 

ʦʪʢʣʦʥʝʥʠʡ ʀʈɺ ʦʪ ʣʠʥʠʠ (ʧʦʚʝʨʭʥʦʩʪʠ) ʨʝʛʨʝʩʩʠʠ; 
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ï ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʭ ʘʙʩʦʣʶʪʥʳʭ (sq) ʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʭ 

ʦʪʥʦʩʠʪʝʣʴʥʳʭ (sqӉ) ʟʥʘʯʝʥʠʡ ʦʪʢʣʦʥʝʥʠʡ ʀʈɺ ʦʪ ʣʠʥʠʠ (ʧʦʚʝʨʭʥʦʩʪʠ) 

ʨʝʛʨʝʩʩʠʠ; 

ï ʘʥʘʣʠʟʘ ʛʨʘʬʠʢʦʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʀʈɺ ʦʪ ʫʨʦʚʥʷ ʚʦʜʳ q̼(H). 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ [2] ʚ ʢʘʯʝʩʪʚʝ ʥʘʠʣʫʯʰʝʡ (ʦʧʪʠʤʘʣʴʥʦʡ) 

ʚʳʙʠʨʘʝʪʩʷ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʘʷ ʟʘʚʠʩʠʤʦʩʪʴ, ʠʤʝʶʱʘʷ ʩʣʝʜʫʶʱʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʯʝʩʪʚʘ ʘʧʧʨʦʢʩʠʤʘʮʠʠ: 

ï ʟʥʘʯʝʥʠʷ mq ʠ mqӉ ʙʣʠʟʢʠ ʢ ʥʫʣʶ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʪʢʣʦʥʝʥʠʡ ʀʈɺ ʦʪ ʣʠʥʠʠ 

(ʧʦʚʝʨʭʥʦʩʪʠ) ʨʝʛʨʝʩʩʠʠ; 

ï ʟʥʘʯʝʥʠʷ sq ʠ sq̼ ʠʤʝʶʪ ʥʘʠʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ 

ʘʣʛʦʨʠʪʤʘʤʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ; 

ï ʪʦʯʢʠ ʥʘ ʛʨʘʬʠʢʝ q̼(H) ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʨʠʤʝʨʥʦ ʩʠʤʤʝʪʨʠʯʥʳʤʠ 

ʧʦʣʦʩʘʤʠ ʩʚʝʨʭʫ ʠ ʩʥʠʟʫ ʦʪ ʣʠʥʠʠ ʥʫʣʝʚʦʡ ʦʨʜʠʥʘʪʳ (q̼=0), ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩʫʥʢʝ 1.  

ʂʨʦʤʝ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʚʳʙʦʨʝ ʥʘʠʣʫʯʰʝʡ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʫʯʠʪʳʚʘʝʪʩʷ ʪʘʢʞʝ ʰʠʨʠʥʘ ʧʦʣʦʩʳ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ 

ʧʦʣʫʯʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ. ʆʥʘ ʜʦʣʞʥʘ ʙʳʪʴ ʥʘʠʤʝʥʴʰʝʡ. 
 

 
ʈʠʩʫʥʦʢ 1 ï ɻʨʘʬʠʢ q̼(H) ʧʦ ʜʘʥʥʳʤ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʂʈ ʚ ʬʦʨʤʝ (1),  

ɻʇ ʨ. ʏʫʤʳʰ ï ʩ. ʊʘʣʴʤʝʥʢʘ, 2020 ʛ. 

ɿʘʚʠʩʠʤʦʩʪʠ ʨʘʩʭʦʜʦʚ ʚʦʜʳ ʦʪ ʫʨʦʚʥʝʡ ʩ ʦʪʦʙʨʘʞʝʥʥʳʤʠ ʛʨʘʥʠʮʘʤʠ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʧʦ ɻʇ ʨ. ʏʫʤʳʰ ï ʩ. ʊʘʣʴʤʝʥʢʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 2 ʠ 3. 
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ʈʠʩʫʥʦʢ 2 ï ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʩʭʦʜʦʚ ʦʪ ʫʨʦʚʥʝʡ ʚʦʜʳ Q (H ʩ ʛʨʘʥʠʮʘʤʠ ʠʥʪʝʨʚʘʣʦʚ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦ ʤʝʪʦʜʫ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ 2-ʡ ʩʪʝʧʝʥʠ,  

ɻʇ ʨ. ʏʫʤʳʰ ï ʩ. ʊʘʣʴʤʝʥʢʘ ʧʦ ʜʘʥʥʳʤ ʀʈɺ ʟʘ 2001 ʛʦʜ 

 

 
ʈʠʩʫʥʦʢ 3 ï ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʩʭʦʜʦʚ ʦʪ ʫʨʦʚʥʝʡ ʚʦʜʳ Q(H) ʩ ʛʨʘʥʠʮʘʤʠ ʠʥʪʝʨʚʘʣʦʚ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦ ʧʘʨʘʙʦʣʝ ɻʣʫʰʢʦʚʘ, ɻʇ ʨ. ʏʫʤʳʰ ï ʩ. ʊʘʣʴʤʝʥʢʘ ʧʦ 

ʜʘʥʥʳʤ ʀʈɺ ʟʘ 2001 ʛʦʜ 

ʉ ʧʦʤʦʱʴʶ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʯʠʩʣʝʥʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʠʟʤʝʨʝʥʠʡ ʨʘʩʭʦʜʦʚ ʚʦʜʳ. ɹʳʣʠ ʨʘʩʩʯʠʪʘʥʳ 

ʟʘʚʠʩʠʤʦʩʪʠ ʂʈ ʧʦ ʩʦʢʨʘʱʝʥʥʳʤ ʚ ʜʚʘ ʠ ʪʨʠ ʨʘʟʘ ʩʦʚʦʢʫʧʥʦʩʪʷʤ ʀʈɺ. ʇʨʠʤʝʨ 

ʨʝʟʫʣʴʪʘʪʘ ʨʘʩʯʝʪʦʚ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ 1. 
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ʊʘʙʣʠʮʘ 1 ï ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʨʘʩʭʦʞʜʝʥʠʡ ʀʈɺ ʩ ʦʜʥʦʟʥʘʯʥʦʡ ʢʨʠʚʦʡ Q(H), ʚʳʯʠʩʣʝʥʥʳʭ 

ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʦ ɻʇ ʨ. ʏʫʤʳʰ ï ʩ. ʊʘʣʴʤʝʥʢʘ 

ʄʝʪʦʜ 

ʨʘʩʯʝʪʘ 

ɽʈɺ 

ʏ
ʠ
ʩ
ʣ
ʦ
 
ʀ
ʈ
ɺ

 

H0 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʦʪʥʦʩʠʪʝʣʴʥʳʭ 

ʦʪʢʣʦʥʝʥʠʡ 

ʀʈɺ ʦʪ ʂʈ 
qӉmax+ qӉmax- 

ʉ
ʨ
ʝ
ʜ
ʥ
ʝ
ʢ
ʚ
ʘ
ʜ
ʨ
ʘ
ʪ
ʠ
ʯ
ʝ
ʩ
ʢ
ʦ
ʝ
 

ʦ
ʪ
ʢ
ʣ
ʦ
ʥ
ʝ
ʥ
ʠ
ʝ
 
ʚ
 
ʩ
ʨ
ʘ
ʚ
ʥ
ʝ
ʥ
ʠ
ʠ
 
ʩ
 

ʧ
ʦ
ʣ
ʥ
ʳ
ʤ
 
ʀ
ʈ
ɺ

 

ɻ
ʨ
ʘ
ʥ
ʠ
ʮ
ʳ
 

ʧ
ʦ
ʣ
ʦ
ʩ
ʳ
 

ʥ
ʝ
ʦ
ʧ
ʨ
ʝ
ʜ
ʝ
ʣ
ʝ
ʥ
ʥ

ʦ
ʩ
ʪ
ʠ
,
 
%

 

ʉ
ʨ
ʝ
ʜ
ʥ
ʝ

 

ʢ
ʚ
ʘ
ʜ
ʨ
ʘ
ʪ
ʠ

-

ʯ
ʝ
ʩ
ʢ
ʦ
ʝ

 

ʩ
ʨ
ʝ
ʜ
ʥ
ʝ
ʝ

 

ʥ
ʠ
ʟ
 
ʂ
ʈ

 

ʚ
ʝ
ʨ
ʭ
 
ʂ
ʈ

 

ʧʦʣʠʥʦʤ 2-

ʡ ʩʪʝʧʝʥʠ 

25 4.00 0.05 0.01 0.093 -0.099   169 12.2 

13 4.00 0.05 0.01 0.093 -0.091 0.013 237 13.9 

7 4.00 0.03 0.003 0.031 -0.028 0.017 140 9.0 

ʧʘʨʘʙʦʣʘ 

ɻʣʫʰʢʦʚʘ 

25 4.00 0.04 0.001 0.062 -0.080   3.5 4.3 

13 4.00 0.04 0.001 0.051 -0.068 0.016 5.8 5.4 

7 4.00 0.02 0.0001 0.034 -0.025 0.021 3.0 4.4 

ʧʦʣʠʥʦʤ 3-

ʡ ʩʪʝʧʝʥʠ 

25 2.70 0.04 0.003 0.083 -0.083   113 10.3 

13 2.70 0.04 0.003 0.068 -0.068 0.013 168 12.5 

7 2.70 0.03 0.002 0.034 -0.036 0.025 105 8.9 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮ, ʧʦ ʫʢʘʟʘʥʥʳʤ ʚʳʰʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʜʣʷ ɻʇ 

ʨ. ʏʫʤʳʰ ʩ. ʊʘʣʴʤʝʥʢʘ ʚ ʢʘʯʝʩʪʚʝ ʦʧʪʠʤʘʣʴʥʦʡ ʚʳʙʨʘʥʘ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʂʈ ʚ 

ʬʦʨʤʝ (1) ï ʧʘʨʘʙʦʣʳ ɻʣʫʰʢʦʚʘ, ʘ ʦʧʪʠʤʘʣʴʥʦ ʧʦʜʦʙʨʘʥʥʳʡ ʤʝʪʦʜ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʢʨʠʚʦʡ ʨʘʩʭʦʜʦʚ ʚʦʜʳ, ʩ ʫʯʝʪʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʀʈɺ ʧʦ ʚʩʝʤʫ 

ʜʠʘʧʘʟʦʥʫ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʚʦʜʳ, ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʘ ʀʈɺ ʧʦʯʪʠ 

ʚ ʯʝʪʳʨʝ ʨʘʟʘ ʩ 25 ʜʦ 7. ʇʨʠ ʵʪʦʤ ʧʦʛʨʝʰʥʦʩʪʴ ʨʘʩʯʝʪʘ ʝʞʝʜʥʝʚʥʳʭ ʨʘʩʭʦʜʦʚ 

ʚʦʜʳ ʦʩʪʘʥʝʪʩʷ ʚ ʜʦʧʫʩʪʠʤʳʭ ʧʨʝʜʝʣʘʭ.  

ɺʳʚʦʜʳ 

ʀʟʤʝʨʝʥʠʷ ʨʘʩʭʦʜʦʚ ʚʦʜʳ ʢʘʢ ʥʘʠʙʦʣʝʝ ʪʨʫʜʦʝʤʢʠʡ ʠ ʟʘʪʨʘʪʥʳʡ ʚʠʜ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ, ʧʫʪʝʤ ʩʦʢʨʘʱʝʥʠʷ 

ʠʭ ʢʦʣʠʯʝʩʪʚʘ. ɸʥʘʣʠʟ ʤʘʪʝʨʠʘʣʦʚ ʥʘʙʣʶʜʝʥʠʡ ʧʨʝʜʳʜʫʱʠʭ ʣʝʪ ʠ ʦʧʪʠʤʘʣʴʥʦ 

ʧʦʜʦʙʨʘʥʥʳʡ ʤʝʪʦʜ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʢʨʠʚʦʡ ʨʘʩʭʦʜʦʚ ʚʦʜʳ ʥʘ ʢʘʞʜʦʤ 

ʢʦʥʢʨʝʪʥʦʤ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʤ ʧʦʩʪʫ, ʧʦʟʚʦʣʷʶʪ ʩʦʢʨʘʪʠʪʴ ʚ ʜʚʘ ʠʣʠ ʜʘʞʝ ʪʨʠ 

ʨʘʟʘ ʢʦʣʠʯʝʩʪʚʦ ʠʟʤʝʨʝʥʥʳʭ ʨʘʩʭʦʜʦʚ ʙʝʟ ʫʱʝʨʙʘ ʪʦʯʥʦʩʪʠ ʨʘʩʯʝʪʘ ʝʞʝʜʥʝʚʥʳʭ 

ʨʘʩʭʦʜʦʚ ʚʦʜʳ. 
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Abstract. The paper outlines various methods of analytical representation of discharge dependence 

on water levels, the use of which allows choosing the optimal approximation of the water discharge 

curve taking into account the quality characteristics of the approximation and reducing the uncertainty 

bandwidth of the calculated dependence. The study shows that by selecting the optimal approximation 

of the discharge curve the number of measured water discharges for its justification can be reduced 

by a factor of two or three without compromising the accuracy of the daily water discharge 

calculation. 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɺʆʃʅ ʇʆʃʆɺʆɼʀʁ ʀ ʇɸɺʆɼʂʆɺ ɺ ʅʀɾʅɽʄ 

ɹʔɽʌɽ ʅʆɺʆʉʀɹʀʈʉʂʆɻʆ ɻʀɼʈʆʋɿʃɸ 

ɸʪʘʚʠʥ ɸ.ɸ., ʆʚʯʠʥʥʠʢʦʚʘ ʊ.ʕ. 

ʀʥʩʪʠʪʫʪ ʚʦʜʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʉʆ ʈɸʅ, ɹʘʨʥʘʫʣ, ʈʦʩʩʠʷ 

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʨ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʭʦʞʜʝʥʠʷ ʚʦʣʥʳ 

ʧʘʚʦʜʢʘ ʥʘ ʫʯʘʩʪʢʝ ʚʝʨʭʥʝʡ ʠ ʩʨʝʜʥʝʡ ʆʙʠ ʥʠʞʝ ʧʣʦʪʠʥʳ ʅʦʚʦʩʠʙʠʨʩʢʦʡ ɻʕʉ. ʈʘʩʯʝʪʳ 

ʚʳʧʦʣʥʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ ʧʦʣʦʚʦʜʠʡ ʠ ʧʘʚʦʜʢʦʚ 

ʚ ʩʠʩʪʝʤʝ ʨʫʩʝʣ STREAM, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ ʀɺʕʇ ʉʆ ʈɸʅ. ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʫʯʘʩʪʢʘ 

ʩʦʩʪʘʚʣʷʝʪ 1210 ʢʤ. ʋʯʠʪʳʚʘʶʪʩʷ ʨʘʩʭʦʜʳ ʥʝʩʢʦʣʴʢʠʭ ʧʨʠʪʦʢʦʚ. ʄʦʜʝʣʴ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʫʩʪʦʡʯʠʚʫʶ ʨʘʙʦʪʫ ʚ ʫʩʣʦʚʠʷʭ ʢʨʫʧʥʦʛʦ ʦʪʢʨʳʪʦʛʦ ʨʝʯʥʦʛʦ ʨʫʩʣʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʟʚʝʪʚʣʝʥʥʘʷ ʩʠʩʪʝʤʘ ʨʫʩʝʣ, ʧʘʚʦʜʦʢ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʦʣʥʳ 
 

ɺʚʝʜʝʥʠʝ 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ ʧʘʚʦʜʢʦʚ ʚ ʩʠʩʪʝʤʝ ʦʪʢʨʳʪʳʭ 

ʨʫʩʝʣ ʨʘʟʨʘʙʦʪʘʥʘ ʯʠʩʣʝʥʥʘʷ ʤʦʜʝʣʴ STREAM, ʧʦʟʚʦʣʷʶʱʘʷ ʦʧʠʩʳʚʘʪʴ ʪʝʯʝʥʠʷ 

ʚ ʩʠʩʪʝʤʝ ʨʫʩʝʣ [1]. ʉʠʩʪʝʤʘ ʨʫʩʝʣ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ 

ʛʨʘʬʘ ʪʠʧʘ çʜʝʨʝʚʦè [2], ʪ. ʝ. ʤʥʦʞʝʩʪʚʦ ʚʝʨʰʠʥ, ʩʦʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ 

ʦʪʨʝʟʢʘʤʠ, ʜʣʠʥʳ ʢʦʪʦʨʳʭ ʨʘʚʥʳ ʜʣʠʥʘʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʯʘʩʪʢʦʚ ʨʫʩʣʘ, ʠ 

ʜʣʷ ʢʦʪʦʨʳʭ ʫʢʘʟʘʥʘ ʥʘʯʘʣʴʥʘʷ ʠ ʢʦʥʝʯʥʘʷ ʚʝʨʰʠʥʳ (ʣʝʚʳʡ ʠ ʧʨʘʚʳʡ ʢʦʥʝʮ). ɺ 

ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʛʨʘʬʳ, ʚ ʢʦʪʦʨʳʭ ʠʟ ʢʘʞʜʦʡ ʚʝʨʰʠʥʳ (ʢʨʦʤʝ 

ʢʦʥʝʯʥʦʡ) ʙʫʜʝʪ ʚʳʭʦʜʠʪʴ ʨʦʚʥʦ ʦʜʠʥ ʦʪʨʝʟʦʢ, ʘ ʚʭʦʜʠʪʴ ʤʦʞʝʪ ʥʝʩʢʦʣʴʢʦ. 

ʇʨʦʩʪʝʡʰʠʡ ʧʨʠʤʝʨ ʪʘʢʦʛʦ ʛʨʘʬʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 1. ʄʝʪʦʜ ʥʫʤʝʨʘʮʠʠ 

ʚʝʨʰʠʥ ʠ ʫʯʘʩʪʢʦʚ ʨʫʩʣʘ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥ ʚ [1].  
 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʧʨʦʩʪʦʛʦ ʨʘʟʚʝʪʚʣʝʥʥʦʛʦ ʨʫʩʣʘ 

ʆʧʠʩʘʥʠʝ ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʠ 

ʋʯʘʩʪʢʠ ʨʫʩʣʘ ʦʧʠʩʳʚʘʶʪʩʷ ʦʜʥʦʤʝʨʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʉʝʥ-ɺʝʥʘʥʘ. 

ʇʫʩʪʴ ὼ ï ʨʘʩʩʪʦʷʥʠʝ ʚʜʦʣʴ ʦʩʠ ʨʫʩʣʘ (ʧʦ ʪʘʣʴʚʝʛʫ); ὸï ʚʨʝʤʷ; ᾀὼȟὸï ʦʨʜʠʥʘʪʘ 
ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʚ ʘʙʩʦʣʶʪʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ (ʥʘʧʨʠʤʝʨ, ʚ 

ɹʘʣʪʠʡʩʢʦʡ); ᾀ ὼï ʦʪʤʝʪʢʘ ʜʥʘ ʚ ʵʪʦʡ ʞʝ ʩʠʩʪʝʤʝ; Ὤὼȟὸ ᾀὼȟὸ ᾀ ὼï 
ʛʣʫʙʠʥʘ ʧʦʪʦʢʘ; ὦὼȟʊï ʰʠʨʠʥʘ ʨʫʩʣʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʊ ʦʪ ʜʥʘ;ὄ ὦὼȟᾀ ï 

ʰʠʨʠʥʘ ʨʫʩʣʘ ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʩʝʯʝʥʠʠ ὼ; ὗὼȟὸï ʨʘʩʭʦʜ ʚʦʜʳ ʯʝʨʝʟ 
ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʨʫʩʣʘ. ɺ ʵʪʠʭ ʦʙʦʟʥʘʯʝʥʠʷʭ ʫʨʘʚʥʝʥʠʷ ʠʤʝʶʪ ʚʠʜ [3, 4]: 

ὄ
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ɿʜʝʩʴ ʖ ὼȟᾀ ᷿ὦὼȟʊ Ὠʊ ï ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ; ὺ ὗȾʖï 

ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ; ήz ὼȟὸȟὬï ʨʘʩʭʦʜ ʧʫʪʝʚʦʛʦ ʧʨʠʪʦʢʘ ʥʘ ʝʜʠʥʠʮʫ 
ʜʣʠʥʳ ʨʫʩʣʘ; ὺzï ʧʨʦʝʢʮʠʷ ʩʢʦʨʦʩʪʠ ʧʫʪʝʚʦʛʦ ʧʨʠʪʦʢʘ ʥʘ ʦʩʴ ὕὢ (ʦʙʳʯʥʦ 
ʩʯʠʪʘʶʪ ὺz π); ὑ ὅʖ ὙȾï ʤʦʜʫʣʴ ʨʘʩʭʦʜʘ; ὅï ʢʦʵʬʬʠʮʠʝʥʪ ʐʝʟʠ (ʚ 
ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʦʨʤʫʣʘ ʄʘʥʥʠʥʛʘ ὅ ὙȾȾʆ, ʆï ʢʦʵʬʬʠʮʠʝʥʪ 
ʰʝʨʦʭʦʚʘʪʦʩʪʠ); Ὑï ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʨʘʜʠʫʩ (ʦʪʥʦʰʝʥʠʝ ʖ  ὼȟᾀ ʢ ʩʤʦʯʝʥʥʦʤʫ 

ʧʝʨʠʤʝʪʨʫ ʔὼȟᾀ) [5]. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ ʥʘ ʨʘʟʚʝʪʚʣʝʥʥʦʤ ʨʫʩʣʝ ʜʦʙʘʚʣʷʶʪʩʷ 

ʫʩʣʦʚʠʷ ʩʦʧʨʷʞʝʥʠʷ ʫʯʘʩʪʢʦʚ ʚ ʚʝʨʰʠʥʘʭ ʛʨʘʬʘ. ɺʦʟʤʦʞʥʦ ʥʘʣʠʯʠʝ ʥʝʩʢʦʣʴʢʠʭ 

ʥʘʯʘʣʴʥʳʭ ʚʝʨʰʠʥ, ʚ ʢʦʪʦʨʳʝ ʥʝ ʚʭʦʜʠʪ ʥʠ ʦʜʠʥ ʦʪʨʝʟʦʢ (çʚʠʩʷʯʠʝ ʚʝʨʰʠʥʳè). 

ɺ ʢʦʥʝʯʥʫʶ ʚʝʨʰʠʥʫ ʦʪʨʝʟʢʠ ʪʦʣʴʢʦ ʚʭʦʜʷʪ. ɼʣʷ ὴ-ʦʡ ʚʝʨʰʠʥʳ ʙʫʜʝʤ 
ʦʙʦʟʥʘʯʘʪʴ ʯʝʨʝʟ ɾ ʤʥʦʞʝʩʪʚʦ ʥʦʤʝʨʦʚ ʦʪʨʝʟʢʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʵʪʫ ʚʝʨʰʠʥʫ, ʘ 

ʯʝʨʝʟ ɾ  ʤʥʦʞʝʩʪʚʦ ʥʦʤʝʨʦʚ ʚʩʝʭ ʧʨʠʤʳʢʘʶʱʠʭ ʢ ʥʝʡ ʦʪʨʝʟʢʦʚ.  

ʇʨʠ ʦʧʠʩʘʥʠʠ ʫʩʣʦʚʠʡ ʥʘ ʢʦʥʮʘʭ ʦʪʨʝʟʢʦʚ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʦʙʦʟʥʘʯʝʥʠʷ: άï ʥʦʤʝʨ ʦʪʨʝʟʢʘ (ʥʠʞʥʠʡ ʠʥʜʝʢʩ); ὴï ʥʦʤʝʨ ʚʝʨʰʠʥʳ (ʚʝʨʭʥʠʡ 
ʠʥʜʝʢʩ); ὗ ȟ   ᾀï ʨʘʩʭʦʜ ʠ ʫʨʦʚʝʥʴ ʥʘ ʢʦʥʮʝ ά-ʛʦ ʦʪʨʝʟʢʘ, ʧʨʠʤʳʢʘʶʱʝʛʦ ʢ ὴ-
ʦʡ ʚʝʨʰʠʥʝ; ὗ ὸȟᾀ ὸï ʨʘʩʭʦʜ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʛʦ ʧʨʠʪʦʢʘ ʚ ʚʝʨʰʠʥʫ ὴ ʠ 
ʫʨʦʚʝʥʴ ʚ ʵʪʦʡ ʚʝʨʰʠʥʝ. 

ɺ ʚʝʨʰʠʥʘʭ ʩʪʘʚʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ ʩʦʧʨʷʞʝʥʠʷ: 

ɹʘʣʘʥʩ ʨʘʩʭʦʜʦʚ: 

В ʂὗ ὗ ɱᶰ . (3) 

ɿʜʝʩʴ  

ʂ ρʜʣʷ ʣʝʚʦʛʦ ʢʦʥʮʘ ʦʪʨʝʟʢʘ ʠ ʂ ρ ʜʣʷ ʧʨʘʚʦʛʦ ʢʦʥʮʘ ʦʪʨʝʟʢʘ; 

ɱ ᾀ ï ʧʣʦʱʘʜʴ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʝʤʢʦʩʪʠ ʚ ὴ-ʦʡ ʚʝʨʰʠʥʝ (ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʝʤʢʦʩʪʠ =0). 

ʉʚʷʟʴ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʚ ʚʝʨʰʠʥʝ: 

Ὣ ᾀȟὗ ȟὸ π. (4) 

ʅʘʧʨʠʤʝʨ, 0=pQ  ï ʧʨʠʪʦʢ ʦʪʩʫʪʩʪʚʫʝʪ; ()tQQp =  ï ʧʨʠʪʦʢ ʝʩʪʴ ʬʫʥʢʮʠʷ ʚʨʝʤʝʥʠ; 

ὗ ὗᾀ ï ʦʪʪʦʢ ʠʟ ʚʝʨʰʠʥʳ. 

ʋʩʣʦʚʠʷ ʧʨʠʤʳʢʘʥʠʷ: 

Ὢ ᾀȟὗ ȟὸ πȟ     άᶰɾ.  (5) 

ʆʜʥʠʤ ʠʟ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚʘʨʠʘʥʪʦʚ ʫʩʣʦʚʠʷ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʦʡ ʧʦʜʭʦʜ 

ʢ ʚʝʨʰʠʥʝ: 

ᾀά
ὴ ᾀὴ.  (6) 

ɺ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʜʦʣʞʥʳ ʙʳʪʴ ʟʘʜʘʥʳ  

ᾀάὼȟὸπȟὗάὼȟὸπȟᶅ άȠ     ᾀ
ὴὸπȟᶅ ὴ. (7) 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (1) ï (2) ʧʨʠʚʦʜʠʪʩʷ ʢ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʬʦʨʤʝ, 

ʢʦʪʦʨʘʷ ʚ ʚʝʢʪʦʨʥʦʡ ʟʘʧʠʩʠ ʠʤʝʝʪ ʚʠʜ [1]: 

Ὓ
Ћ ό

Ћ ὸ
ɤὛ
Ћ ό

Ћ ὼ
Ὂ,  (8) 



ˤͦ͒ͤ·͔ ͙ Ή͎͙ͦͦ͟͡;͔͙͔ͫ͟ ͔ͨͪͦ͋ͣ͡· ˿͙͙͙͋ͪ ͙ ͔̇ͤͭͪ͊͡Έ͚ͤͦ ˢ͙͙͘  

65 

ʛʜʝ  

ό
ᾀ
ὗ ȟ     Ὓ

Ӷ ὄẗὺ ὧ ρ
ὄẗὺ ὧ ρ

 ȟ    ɤ
ὺ ὧ π
π ὺ ὧ

 ȟ     ὧ , 

Ὂ
ὺ

 

 
ὄ
 

 
Ὣʖ

ȿȿ
ήzẗὺz ὺ ὧ

ὺ
 

 
ὄ
 

 
Ὣʖ

ȿȿ
ήzẗὺz ὺ ὧ

ḳ
Ὂ Ἵ

Ὂ Ἵ
. 

 

ʋʨʘʚʥʝʥʠʷ (7) ʚʤʝʩʪʝ ʩ ʫʩʣʦʚʠʷʤʠ ʩʦʧʨʷʞʝʥʠʷ (3)ï(5) ʦʙʨʘʟʫʶʪ ʟʘʤʢʥʫʪʫʶ 

ʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ ʧʦʩʣʝ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʜʘʝʪ ʩʠʩʪʝʤʫ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ 

ʫʨʘʚʥʝʥʠʡ. ɼʠʩʢʨʝʪʠʟʘʮʠʷ ʟʘʜʘʯʠ ʨʝʘʣʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [1]. 

ʐʘʛ ʧʦ ʚʨʝʤʝʥʠ ʐ ʟʘʜʘʝʪʩʷ ʦʜʠʥʘʢʦʚʳʤ ʜʣʷ ʚʩʝʭ ʦʪʨʝʟʢʦʚ, ʥʦ ʤʦʞʝʪ 

ʤʝʥʷʪʴʩʷ ʚ ʧʨʦʜʦʣʞʝʥʠʝ ʨʘʩʯʝʪʘ; Ὧï ʥʦʤʝʨ ʰʘʛʘ. 

ɼʣʷ m-ʛʦ ʦʪʨʝʟʢʘ ʟʘʜʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʰʘʛʦʚ ʧʦ x ὔ  ʠ ʩʪʨʦʠʪʩʷ ʨʘʚʥʦʤʝʨʥʘʷ 

ʩʝʪʢʘ ʫʟʣʦʚ ʩ ʰʘʛʦʤ Ὤὼ ὒ ὔϳ . ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʝʪʦʯʥʳʝ ʚʝʢʪʦʨ-ʬʫʥʢʮʠʠ 

ʥʘ ʦʪʨʝʟʢʝ 

ɮ  ɮὸȟὼ  ȟ     ὸ ὸ В ʐ ȟ    ὼ ὲẗὬὼ ȟ      ɮ όȟὊȟὛӶȟɤȟ    ὲ

πȟρȟȣȟὔ . 

ɼʘʣʝʝ ʩʪʨʦʠʪʩʷ ʩʠʩʪʝʤʘ ʨʘʟʥʦʩʪʥʳʭ ʫʨʘʚʥʝʥʠʡ. ɺʦ ʚʥʫʪʨʝʥʥʠʭ ʪʦʯʢʘʭ 

ʦʪʨʝʟʢʦʚ ʦʥʘ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ὛӶ ẗ
  ɤὛӶ ẗ

  Ὂ 
 

 
ẗό  ό  , (9) 

ά ρȟȣȟὓȟ   ὲ ρȟȣὔ ρ. 

ɺʳʨʘʞʝʥʠʝ (9) ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʢ ʚʠʜʫ: 
 

ὃӶ ẗό  ό  ὅӶ ẗό  Ὀ  , (10) 

ʛʜʝ  

ὃӶ  
ɤ ὛӶ ;  ὅӶ ὛӶ ʐ

 

  
;  Ὀ  ʐὊ ὅӶ  ό  , 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʢʚʦʟʥʦʡ ʩʭʝʤʳ ʨʘʩʯʝʪʘ ʧʦ ʚʩʝʤ ʫʯʘʩʪʢʘʤ ʚ ʚʝʨʰʠʥʘʭ 

ʣʠʥʝʘʨʠʟʫʶʪʩʷ ʫʩʣʦʚʠʷ ʩʦʧʨʷʞʝʥʠʷ ʠ ʚʢʣʶʯʘʶʪʩʷ ʚ ʯʠʩʣʝʥʥʳʡ ʘʣʛʦʨʠʪʤ [1]. 

ʇʨʠ ʨʝʰʝʥʠʠ ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʷʚʥʳʡ ʤʝʪʦʜ ʀʥʩʪʠʪʫʪʘ 

ʛʠʜʨʦʜʠʥʘʤʠʢʠ [4]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʝʣʠ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʣʴʥʦʛʦ ʨʫʩʣʘ. ʈʝʟʫʣʴʪʘʪʳ 

ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʫʯʘʩʪʦʢ ʚʝʨʭʥʝʡ ʠ ʩʨʝʜʥʝʡ 

ʆʙʠ (ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 1210 ʢʤ) ʦʪ ʧʣʦʪʠʥʳ ʅʦʚʦʩʠʙʠʨʩʢʦʡ ɻʕʉ (ʩʪʚʦʨ ʅɹ) ʜʦ 

ʩʪʚʦʨʘ ʚ ʩ. ɸʣʝʢʩʘʥʜʨʦʚʩʢʦʝ (ʢʦʥʮʝʚʘʷ ʚʝʨʰʠʥʘ ʛʨʘʬʘ, ʨʠʩ. 2). ʄʦʜʝʣʴ ʨʫʩʣʘ 

ʚʢʣʁʯʘʝʪ 13 ʩʪʚʦʨʦʚ (ʊʘʙʣ. 1), ʚ ʪʦʤ ʯʠʩʣʝ ï ʤʝʩʪʘ ʚʧʘʜʝʥʠʷ ʰʝʩʪʠ ʥʘʠʙʦʣʝʝ 

ʢʨʫʧʥʳʭ ʧʨʠʪʦʢʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʨʘʬ ʩʦʩʪʦʠʪ ʠʟ 12 ʦʪʨʝʟʢʦʚ. ʇʨʠʪʦʢʠ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʢʘʢ 

ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʩ ʟʘʜʘʥʥʳʤʠ ʨʘʩʭʦʜʘʤʠ ʚʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʙʦʣʝʝ 

ʧʦʜʨʦʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 
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ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʫʯʘʩʪʢʘ ʨ. ʆʙʴ ʩ ʫʢʘʟʘʥʠʝʤ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʩʪʚʦʨʘʤʠ ʚ ʢʤ 

ʊʘʙʣʠʮʘ 1 ï ʉʧʠʩʦʢ ʩʪʚʦʨʦʚ (ʅɹ ï ʧʣʦʪʠʥʘ ɻʕʉ) 
ˉ ʅʘʠʤʝʥʦʚʘʥʠʝ ʈʘʩʩʪ. ʦʪ ʅɹ, ʢʤ 

1 ʅɹ 0 

2 ʅʦʚʦʩʠʙʠʨʩʢ (ʧʨʠʪʦʢ ʀʥʷ) 23 

3 ɼʫʙʨʦʚʠʥʦ 110 

4 ɹʨʘʛʠʥʦ 302 

5 ʊʦʤʴ (ʧʨʠʪʦʢ) 310 

6 ʅʦʚʦʠʛʣʦʚʩʢ 316 

7 ʅʠʢʦʣʴʩʢʦʝ 360 

8 ʏʫʣʳʤ (ʧʨʠʪʦʢ) 465 

9 ʂʝʪʴ (ʧʨʠʪʦʢ) 776 

10 ʂʘʨʛʘʩʦʢ 834 

11 ɺʘʩʶʛʘʥ (ʧʨʠʪʦʢ) 860 

12 ʊʳʤ (ʧʨʠʪʦʢ) 924 

13 ɸʣʝʢʩʘʥʜʨʦʚʩʢʦʝ 1210 

 

ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ ʩʦʧʨʷʞʝʥʠʷ. 

ɼʣʷ ʚʩʝʭ ʚʝʨʰʠʥ ï ʙʘʣʘʥʩ ʨʘʩʭʦʜʦʚ (4). 

ɼʣʷ ʚʝʨʰʠʥʳ 1 ʟʘʜʘʥ ʨʘʩʭʦʜ ὗ ὗὸ (ʧʦʩʢʦʣʴʢʫ ʚʝʨʰʠʥʘ ʷʚʣʷʝʪʩʷ ʥʘʯʘʣʴʥʦʡ, 

ʜʦʩʪʘʪʦʯʥʦ ʦʜʥʦʛʦ ʫʩʣʦʚʠʷ). 

ɼʣʷ ʚʝʨʰʠʥ ʩ ʧʨʠʪʦʢʘʤʠ ʟʘʜʘʥʳ ʫʩʣʦʚʠʷ ὗ ὗὸ ʠ ʫʩʣʦʚʠʝ ʧʨʦʩʪʦʛʦ ʧʦʜʭʦʜʘ 

(6); ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʭʦʜ ʧʨʠʪʦʢʘ ʨʝʘʣʠʟʫʝʪʩʷ ʯʝʨʝʟ ʙʘʣʘʥʩ ʨʘʩʭʦʜʦʚ ʚ ʫʟʣʝ.  

ɼʣʷ ʚʥʫʪʨʝʥʥʠʭ ʚʝʨʰʠʥ ʙʝʟ ʧʨʠʪʦʢʦʚ ʩʪʘʚʷʪʩʷ ʫʩʣʦʚʠʷ ὗ π ʠ ʫʩʣʦʚʠʝ 
ʧʨʦʩʪʦʛʦ ʧʦʜʭʦʜʘ (6). 

ɼʣʷ ʢʦʥʮʝʚʦʡ ʚʝʨʰʠʥʳ 13 ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʩʣʦʚʠʝ ὗ ὗᾀ , ʛʜʝ ὗᾀ  

ʢʨʠʚʘʷ ʩʚʷʟʠ ʜʣʷ ʢʦʥʮʝʚʦʡ ʚʝʨʰʠʥʳ. ʂʨʠʚʳʝ ʨʘʩʭʦʜʦʚ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ 

ʨʘʩʯʝʪʘʭ ʥʝʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʪʝʯʝʥʠʡ ʚ ʨʫʩʣʘʭ [5]. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʦʚ 

ʧʦʩʪʨʦʝʥʘ ʢʨʠʚʘʷ ʩʚʷʟʠ ʨʘʩʭʦʜʦʚ ʠ ʫʨʦʚʥʝʡ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ, ʠʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʝʞʝʛʦʜʥʠʢʦʚ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʛʦʜʘʤ (ʨʠʩ. 3). 
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ʈʠʩʫʥʦʢ 3 ï ʂʨʠʚʘʷ ʨʘʩʭʦʜʦʚ ὗᾀ. ʇʦʩʪ ʥʘʙʣʶʜʝʥʠʷ ï ʩ. ɸʣʝʢʩʘʥʜʨʦʚʩʢʦʝ 

ʈʘʩʯʝʪʳ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʜʣʷ ʤʥʦʛʦʚʦʜʥʦʛʦ 2014 ʛ. ʈʘʩʯʝʪʥʳʡ ʧʝʨʠʦʜ 

ʩʦʩʪʘʚʣʷʣ 4 ʤʝʩʷʮʘ (ʤʘʡ ï ʘʚʛʫʩʪ). ʇʨʠ ʩʙʦʨʝ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʜʣʷ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʳ ɸʀʉ ɻɺʄʆ. 

ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʪʘʢʞʝ ʟʘʜʘʚʘʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ɸʀʉ ɻɺʄʆ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʟʘʜʘʚʘʣʩʷ ʦʜʠʥʘʢʦʚʳʤ ʜʣʷ ʚʩʝʛʦ ʨʫʩʣʘ: ʆ πȟπρυ. 
ʄʦʨʬʦʤʝʪʨʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʩʪʚʦʨʘʤ 1-3 ʧʦʩʪʨʦʝʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʦʮʤʘʥʩʢʦʡ ʢʘʨʪʳ. ɼʣʷ ʩʪʚʦʨʦʚ 4, 6, 7, 10, 13 ʛʝʦʤʝʪʨʠʷ 

ʧʦʩʪʨʦʝʥʘ ʧʦ ʵʢʩʧʝʜʠʮʠʦʥʥʳʤ ʜʘʥʥʳʤ. ɺ ʚʝʨʰʠʥʘʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʩʪʴʷʤ 

ʧʨʠʪʦʢʦʚ, ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦʣʫʯʝʥʘ ʠʥʪʝʨʧʦʣʷʮʠʝʡ ʧʦ 

ʙʣʠʞʘʡʰʠʤ ʩʪʚʦʨʘʤ ʩ ʟʘʜʘʥʥʳʤʠ ʜʘʥʥʳʤʠ ʠʟʤʝʨʝʥʠʡ (ʚʚʠʜʫ ʩʣʦʞʥʦʩʪʠ 

ʧʦʣʫʯʝʥʠʷ ʥʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʚ ʪʘʢʠʭ ʧʫʥʢʪʘʭ). 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ 

ʨʘʩʭʦʜʦʚ ʠ ʫʨʦʚʥʝʡ ʚʜʦʣʴ ʨʫʩʣʘ. ʉʢʘʯʢʠ ʨʘʩʭʦʜʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʝʩʪʘʤ ʚʧʘʜʝʥʠʷ 

ʧʨʠʪʦʢʦʚ. 

ʅʘ ʨʠʩʫʥʢʘʭ 5, 6 ʧʦʢʘʟʘʥʘ ʜʠʥʘʤʠʢʘ ʫʨʦʚʥʝʡ ʠ ʨʘʩʭʦʜʦʚ ʚ c. ɼʫʙʨʦʚʠʥʦ 

(ʚʝʨʰʠʥʘ 3) ʠ ʩ. ɸʣʝʢʩʘʥʜʨʦʚʩʢʦʝ (ʢʦʥʮʝʚʘʷ ʚʝʨʰʠʥʘ 13), ʧʦʣʫʯʝʥʥʘʷ ʧʦ 

ʥʘʪʫʨʥʳʤ ʥʘʙʣʶʜʝʥʠʷʤ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʦʚ ʥʘ ʢʦʥʝʮ ʨʘʩʯʝʪʥʦʛʦ ʧʝʨʠʦʜʘ. 

 

 
ʈʠʩʫʥʦʢ 4 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʩʭʦʜʘ ʠ ʫʨʦʚʥʷ ʧʦ ʜʣʠʥʝ ʥʘ ʢʦʥʝʮ ʨʘʩʯʝʪʥʦʛʦ ʧʝʨʠʦʜʘ ʨʘʩʯʝʪʘ 

ʧʦ ʜʘʥʥʳʤ 2014 ʛ. 1: ʫʨʦʚʝʥʴ; 2: ʨʘʩʭʦʜ 

ʉʨʘʚʥʝʥʠʝ ʜʘʥʥʳʭ ʚ ʩ. ɼʫʙʨʦʚʠʥʦ ʧʦʢʘʟʳʚʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʝʝ 

ʩʦʛʣʘʩʦʚʘʥʠʝ. ʅʘ ʵʪʦʤ ʫʯʘʩʪʢʝ ʥʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʨʠʪʦʢʦʚ. ɺ ʨʘʩʯʝʪʘʭ 

ʫʯʠʪʳʚʘʝʪʩʷ ʪʦʣʴʢʦ ʨ. ʀʥʷ, ʥʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʥʝʦʙʭʦʜʠʤʳ ʙʦʣʝʝ ʪʦʯʥʳʝ ʜʘʥʥʳʝ 
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ʦ ʨʘʩʭʦʜʘʭ ʧʫʪʝʚʳʭ ʧʨʠʪʦʢʦʚ. ʂʦʣʠʯʝʩʪʚʝʥʥʦ ʨʘʩʯʝʪʥʳʝ ʜʘʥʥʳʝ ʩʠʣʴʥʝʝ 

ʦʪʢʣʦʥʷʶʪʩʷ ʦʪ ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʚ ʩʝʨʝʜʠʥʝ ʨʘʩʯʝʪʥʦʛʦ ʧʝʨʠʦʜʘ.  

ɼʘʥʥʳʝ ʧʦʩʪʘ ʥʘʙʣʶʜʝʥʠʷ ʚ ʩ. ɸʣʝʢʩʘʥʜʨʦʚʩʢʦʝ ʧʦʢʘʟʳʚʘʶʪ ʙʦʣʝʝ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʩʭʦʞʜʝʥʠʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʯʝʪʦʚ, ʦʩʦʙʝʥʥʦ ʚ ʚʝʣʠʯʠʥʝ 

ʨʘʩʭʦʜʦʚ. ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʢ ʠʥʬʦʨʤʘʮʠʠ ʧʦ 

ʧʨʠʪʦʢʘʤ.  

ʉʢʘʯʦʢ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʨʘʩʭʦʜʦʚ ʠ ʫʨʦʚʥʝʡ ʚ ʩʪʚʦʨʘʭ ʚ ʥʘʯʘʣʝ ʧʝʨʠʦʜʘ 

ʥʫʞʜʘʝʪʩʷ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʠʟʫʯʝʥʠʠ. ɺʝʣʠʯʠʥʘ ʩʢʘʯʢʘ ʥʘʨʘʩʪʘʝʪ ʧʦ ʤʝʨʝ 

ʫʜʘʣʝʥʠʷ ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʩʪʚʦʨʘ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʡ 

ʠ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

 
ʈʠʩʫʥʦʢ 5 ï ɼʠʥʘʤʠʢʘ ʫʨʦʚʥʝʡ ʠ ʨʘʩʭʦʜʦʚ ʚ ʩ. ɼʫʙʨʦʚʠʥʦ; 1 ï ʫʨʦʚʝʥʴ, ʥʘʙʣʶʜʝʥʠʷ; 2 ï 

ʫʨʦʚʝʥʴ, ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ; 3 ï ʨʘʩʭʦʜ, ʥʘʙʣʶʜʝʥʠʷ; 4 ï ʨʘʩʭʦʜ, ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ 

 
ʈʠʩʫʥʦʢ 6. ï ɼʠʥʘʤʠʢʘ ʫʨʦʚʥʝʡ ʠ ʨʘʩʭʦʜʦʚ ʚ ʩ. ɸʣʝʢʩʘʥʜʨʦʚʩʢʦʝ; 1 ï ʫʨʦʚʝʥʴ, ʥʘʙʣʶʜʝʥʠʷ; 2 

ï ʫʨʦʚʝʥʴ, ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ; 3 ï ʨʘʩʭʦʜ, ʥʘʙʣʶʜʝʥʠʷ; 4 ï ʨʘʩʭʦʜ, ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ 

ɿʘʢʣʶʯʝʥʠʝ 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʩ ʥʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʧʨʠʝʤʣʝʤʫʶ ʩʪʝʧʝʥʴ ʩʦʛʣʘʩʦʚʘʥʠʷ ʠ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʨʝʜʣʘʛʘʝʤʦʡ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʠ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʧʦʣʦʚʦʜʠʡ ʥʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ʨ. ʆʙʴ ʦʪ ʩʪʚʦʨʘ ʅɻʕʉ ʜʦ ʫʩʪʴʷ. ʇʨʦʛʨʘʤʤʘ 
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ʫʩʪʦʡʯʠʚʦ ʨʘʙʦʪʘʝʪ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʣʴʥʦʛʦ ʨʫʩʣʘ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ 

ʚʨʝʤʝʥʠ. 

ʈʘʩʭʦʞʜʝʥʠʷ ʤʝʞʜʫ ʨʘʩʯʝʪʥʳʤʠ ʠ ʥʘʙʣʶʜʘʝʤʳʤʠ ʜʘʥʥʳʤʠ ʤʦʞʥʦ 

ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʥʬʦʨʤʘʮʠʷ ʧʦ 

ʧʨʠʪʦʢʘʤ ʙʳʣʘ ʥʝʜʦʩʪʘʪʦʯʥʦʡ (ʨʷʜ ʧʨʠʪʦʢʦʚ ʥʝ ʫʯʪʝʥ ʚʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʜʘʥʥʳʭ). 

ɼʣʷ ʙʦʣʝʝ ʪʦʯʥʦʡ ʨʘʙʦʪʳ ʤʦʜʝʣʠ ʥʫʞʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʨʘʩʭʦʜʘʭ 

ʧʫʪʝʚʳʭ ʧʨʠʪʦʢʦʚ ʠʣʠ ʫʜʝʣʴʥʦʤ ʨʘʩʭʦʜʝ ʥʘ ʝʜʠʥʠʮʫ ʜʣʠʥʳ ʨʫʩʣʘ, ʘ ʪʘʢʞʝ 

ʫʪʦʯʥʝʥʠʝ ʢʨʠʚʦʡ ʨʘʩʭʦʜʦʚ ʜʣʷ ʢʦʥʝʯʥʦʛʦ ʩʪʚʦʨʘ. 
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MODELING  OF FLOOD WAVES AND FLOODS IN THE LOWER POOL OF THE 

NOVOSIBIRSK HYDRAULIC POWER STATION  

Atavin A.A., Ovchinnikova T.E. 

Institute for Water and Envinroment Problem of the Siberian Branch of Russian Academy of 

Sciences, Barnaul, Russia 

Abstract. An example of numerical simulation of the passage of a flood wave in the upper and middle 

Ob area below the dam of the Novosibirsk HPP is considered. The calculations were performed using 

a numerical model of the propagation of flood waves and floods in the channel system STREAM 

developed in the IWEP SB RAS. The length of the section is 1210 km. The discharges of several 

tributaries are taken into account. The model demonstrates stable operation in conditions of a large 

open riverbed. 

Keywords: branched river channel, flood, wave propagation 
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ɻʀɼʈʆʃʆɻʀʏɽʉʂʀʁ ʈɽɾʀʄ ʈɽʂ ʅʆʈʀʃʆ-ʇʗʉʀʅʉʂʆʁ ʆɿɪʈʅʆ-

ʈɽʏʅʆʁ ʉʀʉʊɽʄʓ (ʂʈɸʉʅʆʗʈʉʂʀʁ ʂʈɸʁ) ɺ 2021 ɻʆɼʋ 

ɹʝʟʤʘʪʝʨʥʳʭ ɼ.ʄ., ɻʫʙʘʨʝʚ ʄ.ʉ., ɼʴʷʯʝʥʢʦ ɸ.ɺ., ʉʚʠʨʠʜʦʚ ʈ.ʂ., ɺʘʛʥʝʨ ɸ.ɸ. 

ʀʥʩʪʠʪʫʪ ʚʦʜʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʉʆ ʈɸʅ, ɹʘʨʥʘʫʣ, Russia 

e-mail: bezmater@iwep.ru  

ɸʥʥʦʪʘʮʠʷ. ʇʨʠʚʦʜʷʪʩʷ ʥʘʪʫʨʥʳʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʚʦʜʦʪʦʢʦʚ ʅʦʨʠʣʦ-ʇʷʩʠʥʩʢʦʡ ʦʟʝʨʥʦ-ʨʝʯʥʦʡ ʩʠʩʪʝʤʳ ʚ ʭʦʜʝ 3 ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʚʳʝʟʜʦʚ ʚ 

ʠʶʥʝïʠʶʣʝ, ʠʶʣʝïʘʚʛʫʩʪʝ ʠ ʩʝʥʪʷʙʨʝ 2021 ʛ. ʀʟʫʯʝʥ ʚʦʜʥʳʡ ʩʪʦʢ ʥʘ 11 ʩʪʚʦʨʘʭ 4 ʚʦʜʦʪʦʢʦʚ 

(ʨʫʯ. ʙʝʟʳʤʷʥʥʳʡ, ʨ.ɼʘʣʜʳʢʘʥ, ʨ. ɸʤʙʘʨʥʘʷ, ʨ. ʇʷʩʠʥʘ). ʈʘʩʯʝʪ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʠʟʚʝʜʝʥ ʤʝʪʦʜʦʤ ʩʢʦʨʦʩʪʴ-ʧʣʦʱʘʜʴ ʩ ʧʦʤʦʱʴʶ ʪʦʯʝʯʥʦʛʦ ʩʧʦʩʦʙʘ. ʊʘʢʞʝ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʤʥʦʛʦʣʝʪʥʠʝ ʜʘʥʥʳʝ ʈʦʩʛʠʜʨʦʤʝʪʘ ʧʦ ʨ. ʅʦʨʠʣʴʩʢʦʡ ʟʘ ʧʝʨʠʦʜ ʩ 1939 ʧʦ 

1999 ʛ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɸʤʙʘʨʥʘʷ, ʅʦʨʠʣʢʘ, ʇʷʩʠʥʘ, ɼʘʣʜʳʢʘʥ, ʨʝʢʠ, ʨʫʯʝʡ, ʅʦʨʠʣʴʩʢ, ʨʘʩʭʦʜʳ 

ʚʦʜʳ, ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʡ ʨʝʞʠʤ 

ʄʥʦʛʠʝ ʦʟʝʨʘ ʠ ʨʝʢʠ ʚ ʧʨʝʜʝʣʘʭ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ ʈʦʩʩʠʠ ʩʣʘʙʦ ʠʟʫʯʝʥʳ 

ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʢʘ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʧʦʩʪʦʚ ʠ ʪʨʫʜʥʦʜʦʩʪʫʧʥʦʩʪʠ. ʅʦʨʠʣʦ-

ʇʷʩʠʥʩʢʘʷ ʦʟʝʨʥʦ-ʨʝʯʥʘʷ ʩʠʩʪʝʤʘ (ʅʇʆʈʉ) ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʧʨʝʜʝʣʘʭ 

ʊʘʡʤʳʨʩʢʦʛʦ ɼʦʣʛʘʥʦ-ʅʝʥʝʮʢʦʛʦ ʤʫʥʠʮʠʧʘʣʴʥʦʛʦ ʨʘʡʦʥʘ ʠ ʛʦʨʦʜʩʢʦʛʦ ʦʢʨʫʛʘ 

ʅʦʨʠʣʴʩʢ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ. ʆʥʘ ʷʚʣʷʝʪʩʷ ʫʥʠʢʘʣʴʥʳʤ ʘʟʦʥʘʣʴʥʳʤ 

ʚʦʜʦʩʙʦʨʦʤ ʘʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ ʈʦʩʩʠʠ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʝʪʴ ʦʟʝʨ, 

ʩʦʝʜʠʥʝʥʥʳʭ ʚʦʜʦʪʦʢʘʤʠ.  

ʕʪʘ ʦʟʝʨʥʦ-ʨʝʯʥʘʷ ʩʠʩʪʝʤʘ ʥʘʭʦʜʠʪʩʷ ʚ ʟʦʥʝ ʪʫʥʜʨʳ ʠ ʣʝʩʦʪʫʥʜʨʳ [1]. 

ɺʝʨʭʦʚʴʷ ʅʇʆʈʉ ʥʘʭʦʜʷʪʩʷ ʚ ʛʦʨʘʭ ʇʫʪʦʨʘʥʘ. ɹʘʩʩʝʡʥ ʅʇʆʈʉ ʨʘʩʧʦʣʦʞʝʥ ʚ 

ʟʦʥʝ ʩʧʣʦʰʥʦʛʦ ʨʘʟʚʠʪʠʷ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʧʦʨʦʜ, ʤʦʱʥʦʩʪʴ ʢʦʪʦʨʳʭ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʶʛʘ ʥʘ ʩʝʚʝʨ ʙʘʩʩʝʡʥʘ ʦʪ 30 ʤ ʜʦ 1000 ʠ ʙʦʣʝʝ ʤʝʪʨʦʚ. ʈʝʣʴʝʬ 

ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʙʘʩʩʝʡʥʘ ʨʘʚʥʠʥʥʳʡ, ʥʘʨʫʰʘʝʤʳʡ ʥʝʚʳʩʦʢʠʤʠ (200ï240 ʤ) 

ʫʚʘʣʘʤʠ ʠ ʭʦʣʤʠʩʪʳʤʠ ʛʨʷʜʘʤʠ.  

ʇʷʩʠʥʦ ï ʦʟʝʨʦ ʣʝʜʥʠʢʦʚʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʧʨʠʤʝʨʥʦ ʚ 20 ʢʤ ʦʪ 

ʅʦʨʠʣʴʩʢʘ. ʆʟʝʨʦ ʠʤʝʝʪ ʧʣʦʱʘʜʴ 735 ̋  ̍ʠ ʩʨʝʜʥʶʶ ʛʣʫʙʠʥʫ 4 ʤ, ʷʚʣʷʝʪʩʷ 

ʧʨʦʪʦʯʥʳʤ ʠ ʤʝʣʢʦʚʦʜʥʳʤ [2]. ɺʳʩʦʪʘ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ ï 28 ʤ. ʀʟ ʦʟʝʨʘ 

ʚʳʪʝʢʘʝʪ ʝʜʠʥʩʪʚʝʥʥʘʷ ʨ. ʇʷʩʠʥʘ, ʦʩʥʦʚʥʦʡ ʧʨʠʪʦʢ ï ʨ. ʅʦʨʠʣʴʩʢʘʷ, ʢʦʪʦʨʳʡ 

ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʚʝʨʭʥʠʤ ʪʝʯʝʥʠʝʤ ʨ. ʇʷʩʠʥʘ. ʈʝʢʘ ʅʦʨʠʣʴʩʢʘʷ ʧʨʠ ʚʧʘʜʝʥʠʠ ʚ 

ʦʟʝʨʦ ʦʙʨʘʟʫʝʪ ʨʝʯʥʫʶ ʜʝʣʴʪʫ, ʯʘʩʪʴʶ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʨ. ɸʤʙʘʨʥʘʷ. 

ɼʨʫʛʠʝ ʧʨʠʪʦʢʠ ʦʟʝʨʘ ʥʝʟʥʘʯʠʪʝʣʴʥʳ. ʇʣʦʱʘʜʴ ʚʦʜʦʩʙʦʨʘ 24000 ʢʤ2. ʆʟʝʨʦ 

ʩʦʙʠʨʘʝʪ ʚʦʜʳ ʢʨʫʧʥʳʭ ʦʟʝʨ ï ʃʘʤʘ, ʂʝʪʘ ʠ ɻʣʫʙʦʢʦʝ ʚ ʛʦʨʘʭ ʇʫʪʦʨʘʥʘ [3]. 

ʈʝʢʘ ʇʷʩʠʥʘ ʚʧʘʜʘʝʪ ʚ ʇʷʩʠʥʩʢʠʡ ʟʘʣʠʚ ʂʘʨʩʢʦʛʦ ʤʦʨʷ. ɼʣʠʥʘ ʝʝ 818 ʢʤ, 

ʧʣʦʱʘʜʴ ʙʘʩʩʝʡʥʘ ʨʝʢʠ, ʛʜʝ ʨʘʩʧʦʣʦʞʝʥʦ ʩʚʳʰʝ 60 ʪʳʩ. ʦʟʝʨ ʦʙʱʝʡ ʧʣʦʱʘʜʴʶ 

10,45 ʪʳʩ. ̋ ,̍ ʩʦʩʪʘʚʣʷʝʪ 182 ʪʳʩ. ̋ .̍ ʉʨʝʜʥʝʤʥʦʛʦʣʝʪʥʠʡ ʨʘʩʭʦʜ ʚʦʜʳ ʚ 

ʠʩʪʦʢʝ ʨʝʢʠ ʧʨʠ ʚʳʭʦʜʝ ʠʟ ʦʟʝʨʘ ʇʷʩʠʥʦ ʩʦʩʪʘʚʣʷʝʪ 560 ʤ3/ʩ, ʚ ʫʩʪʴʝ ï 2600 ʤ3/ʩ 

[3].  

ʈʝʢʘ ɸʤʙʘʨʥʘʷ ï ʠʤʝʝʪ ʜʣʠʥʫ 60 ʢʤ, ʚʦʜʦʩʙʦʨʥʘʷ ʧʣʦʱʘʜʴ 428 ̋ .̍ ɹʝʨʝʪ 

ʠʩʪʦʢ ʠʟ ʦʟ. ɸʤʙʘʨʥʦʝ, ʚʧʘʜʘʝʪ ʚ ʦʟ. ʇʷʩʠʥʦ [4].  
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ʈʝʢʘ ɼʘʣʜʳʢʘʥ ï ʧʨʠʪʦʢ ʨ. ɸʤʙʘʨʥʦʡ. ʈʝʢʘ ɼʘʣʜʳʢʘʥ (ɼʦʣʜʳʢʘʥ) ʙʝʨʝʪ 

ʥʘʯʘʣʦ ʫ ʧʦʜʥʦʞʴʷ ʛ. ʆʙʨʳʚ ʚ 8 ʢʤ ʦʪ ʧʣʦʱʘʜʢʠ. ʆʙʱʘʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ï ʦʢʦʣʦ 

30 ʢʤ, ʧʣʦʱʘʜʴ ʚʦʜʦʩʙʦʨʘ ï 97 ʢʤ2. 

ʈʫʯ. ʙʝʟʳʤʷʥʥʳʡ (ʅʘʜʝʞʜʠʥʩʢʠʡ) ï ʧʨʘʚʦʙʝʨʝʞʥʳʡ ʧʨʠʪʦʢ ʨ. ɼʘʣʜʳʢʘʥ. 

ɹʝʨʝʪ ʩʚʦʝ ʥʘʯʘʣʦ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʩʢʣʦʥʘ ʛ. ʉʠʜʝʣʴʥʠʢʦʚʘ, ʚ ʙʣʠʟʠ ʦʪ ʪʝʨʨʠʪʦʨʠʠ 

ʅʘʜʝʞʜʝʥʩʢʦʛʦ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʟʘʚʦʜʘ. ʆʙʱʘʷ ʜʣʠʥʘ ʨʫʯʴʷ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 

6 ʢʤ. 

ʆʩʥʦʚʥʦʡ ʠʩʪʦʯʥʠʢ ʚʦʜʥʦʛʦ ʧʠʪʘʥʠʷ ʨʝʢ ï ʪʘʣʳʝ ʩʥʝʛʦʚʳʝ ʚʦʜʳ (60%) 

ʦʙʱʝʛʦ ʛʦʜʦʚʦʛʦ ʩʪʦʢʘ; ʧʨʠʤʝʨʥʦ ʧʦ 20% ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʜʦʞʜʝʚʦʝ ʠ ʧʦʜʟʝʤʥʦʝ 

ʧʠʪʘʥʠʝ [3]. 

ɺ 2020 ʛ. ʚʦʟʨʦʩ ʠʥʪʝʨʝʩ ʢ ʅʇʆʈʉ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ 29 ʤʘʷ ʧʨʦʠʟʦʰʣʘ 

ʪʝʭʥʦʛʝʥʥʘʷ ʢʘʪʘʩʪʨʦʬʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ 20 ʪʳʩ. ʪʦʥʥ ʜʠʟʪʦʧʣʠʚʘ ʧʦʧʘʣʠ ʚ 

ʨʫʯ. ʙʝʟʳʤʷʥʥʳʡ ʠ ʨʘʩʧʨʦʩʪʨʘʥʠʣʠʩʴ ʚʥʠʟ ʧʦ ʪʝʯʝʥʠʶ. ɺ ʩʚʷʟʠ ʩ ʯʝʤ ʚ 2020ï

2021 ʛ. ʙʳʣʘ ʦʨʛʘʥʠʟʦʚʘʥʘ ɹʦʣʴʰʘʷ ʥʦʨʠʣʴʩʢʘʷ ʵʢʩʧʝʜʠʮʠʷ ʉʆ ʈɸʅ [5]. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʕʢʩʧʝʜʠʮʠʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ 3 ʨʘʟʘ ʚ ʧʝʨʠʦʜ ʩ ʠʶʥʷ ʧʦ 

ʩʝʥʪʷʙʨʴ 2021 ʛ. ʀʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʪʝʯʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʛʠʜʨʦʤʝʪʨʠʯʝʩʢʦʡ 

ʚʝʨʪʫʰʢʦʡ ɻʄʎʄ-1. ʀʟʤʝʨʝʥʠʷ ʛʣʫʙʠʥ ʚ ʜʘʥʥʳʭ ʩʪʚʦʨʘʭ ʧʨʦʚʦʜʠʣʠʩʴ 

ʛʠʜʨʦʤʝʪʨʠʯʝʩʢʦʡ ʰʪʘʥʛʦʡ ɻʈ-56ʄ. ʈʘʩʯʝʪ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʨʦʚʦʜʠʣʠ ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʤ ʤʝʪʦʜʠʢʘʤ [6]. ɺ ʩʪʚʦʨʘʭ 06, 07 ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʪʝʯʝʥʠʷ ʠ ʛʣʫʙʠʥ ʚ ʮʝʣʷʭ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʭʦʜʦʚ ʚʦʜʳ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʬʠʨʤʳ Sontek, ʢʦʪʦʨʳʡ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʘʢʫʩʪʠʯʝʩʢʠʡ ʜʦʧʣʝʨʦʚʩʢʠʡ ʠʟʤʝʨʠʪʝʣʴ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ 

Sontek ADP M9, ʘ ʪʘʢʞʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʘʧʧʘʨʘʪʫʨʦʡ, 

ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ Sontek RiverSurveyor Live.  

ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʨʦʚʝʜʝʥʘ ʚ ʧʘʢʝʪʘʭ 

ʧʨʦʛʨʘʤʤ MS Excel-2016 ʠ Statistica 10. ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʧʝʨʠʦʜʦʚ ʢʦʣʝʙʘʥʠʡ 

ʤʥʦʛʦʣʝʪʥʠʭ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʜʥʦʤʝʨʥʳʡ ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʌʫʨʴʝ [7]. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʪʘʙʣʠʮ 1ï3, ʤʘʢʩʠʤʫʤ r ʨʘʩʭʦʜʦʚ ʚʦʜʳ 

ʦʪʤʝʯʝʥʳ ʚ ʢʦʥʮʝ ʠʶʥʷ ï ʥʘʯʘʣʝ ʠʶʣʷ, ʘ ʤʠʥʠʤʘʣʴʥʳʝ ʨʘʩʭʦʜʳ ʟʘʬʠʢʩʠʨʦʚʘʥʳ 

ʚ ʩʝʥʪʷʙʨʝ. ɺ ʯʘʩʪʥʦʩʪʠ, ʤʘʢʩʠʤʘʣʴʥʳʝ ʨʘʩʭʦʜʳ ʨ. ɸʤʙʘʨʥʦʡ (ʚʳʰʝ ʫʩʪʴʷ 

ɼʘʣʜʳʢʘʥʘ) ʟʘʬʠʢʩʠʨʦʚʘʥʳ 03.07.2021 ʛ. ï 14,3 ʤ3/ʩ, 31.07.2021 ʦʥ ʩʥʠʟʠʣʩʷ ʜʦ 

6,91, ʘ 11.09.2021 ʫʞʝ ʩʦʩʪʘʚʣʷʣ 4,74 ʤ3/ʩ.  

ʊʘʙʣʠʮʘ 1 ï ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦʜʦʪʦʢʦʚ ʚ ʨʘʡʦʥʝ 

ʛ. ʅʦʨʠʣʴʩʢ ʟʘ ʧʝʨʠʦʜ 29 ʠʶʥʷ ï 6 ʠʶʣʷ 2021 ʛ. 
ɼʘʪʘ ɺʦʜʦʪʦʢ ˉ ʩʪʚʦʨʘ ʉʨʝʜʥʷʷ 

ʛʣʫʙʠʥʘ, ʤ 

ʉʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ 

ʪʝʯʝʥʠʷ, ʤ/ʩ 

ʇʣʦʱʘʜʴ ʞʠʚʦʛʦ 

ʩʝʯʝʥʠʷ, ʤ2 

ʈʘʩʭʦʜ, 

ʤ3/ʩ 

29.06.2021 ʨʫʯʝʡ ʙʝʟʳʤʷʥʥʳʡ 01 0,13 0,60 1,58 0,95 

30.06.2021 ʨʫʯʝʡ ʙʝʟʳʤʷʥʥʳʡ 02 0,35 0,39 2,62 1,02 

30.06.2021 ʨʝʢʘ ɼʘʣʜʳʢʘʥ 03 0,29 0,74 4,67 3,45 

02.07.2021 ʨʝʢʘ ɼʘʣʜʳʢʘʥ 04 0,60 1,27 11,04 14,02 

03.07.2021 ʨʝʢʘ ɸʤʙʘʨʥʘʷ 06 1,09 0,75 19,01 14,3 

03.07.2021 ʨʝʢʘ ɼʘʣʜʳʢʘʥ 07 0,42 0,53 7,55 4,01 

05.07.2021 ʨʝʢʘ ɼʘʣʜʳʢʘʥ 05 0,36 0,59 4,9 2,87 
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ʈʠʩʫʥʦʢ 1 ï ʈʘʩʧʦʣʦʞʝʥʠʝ ʚʨʝʤʝʥʥʳʭ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʩʪʚʦʨʦʚ ʥʘ ʚʦʜʦʪʦʢʘʭ ʅʦʨʠʣʦ-

ʇʷʩʠʥʩʢʦʡ ʚʦʜʥʦʡ ʩʠʩʪʝʤ rʚ 2021 ʛ. 

ʊʘʙʣʠʮʘ 2 ï ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦʜʦʪʦʢʦʚ ʚ ʨʘʡʦʥʝ ʛ. 

ʅʦʨʠʣʴʩʢ ʟʘ ʧʝʨʠʦʜ 27 ʠʶʣʷ ï 4 ʘʚʛʫʩʪʘ 2021 ʛ. 
ɼʘʪʘ ɺʦʜʦʪʦʢ ˉ 

ʩʪʚʦʨʘ 

ʉʨʝʜʥʷʷ 

ʛʣʫʙʠʥʘ, ʤ 

ʉʨʝʜʥʷʷ 

ʩʢʦʨʦʩʪʴ 

ʪʝʯʝʥʠʷ, ʤ/ʩ 

ʇʣʦʱʘʜʴ 

ʞʠʚʦʛʦ 

ʩʝʯʝʥʠʷ, ʤ2 

ʈʘʩʭʦʜ, 

ʤ3/ʩ 

27.07.2021 ʨʫʯʝʡ ʙʝʟʳʤʷʥʥʳʡ 01 0,10 0,46 1,40 0,64 

27.07.2021 ʨʫʯʝʡ ʙʝʟʳʤʷʥʥʳʡ 02 0,28 0,29 2,16 0,62 

28.07.2021 ʨʝʢʘ ɼʘʣʜʳʢʘʥ 03 0,15 0,41 2,88 1,19 

27.07.2021 ʨʝʢʘ ɼʘʣʜʳʢʘʥ 04 0,33 0,59 3,40 2,00 

28.07.2021 ʨʝʢʘ ɼʘʣʜʳʢʘʥ 05 0,28 0,41 4,32 1,77 

29.07.2021 ʨʝʢʘ ɸʤʙʘʨʥʘʷ 06 0,79 0,27 12,38 3,34 

29.07.2021 ʈʝʢʘ ɼʘʣʜʳʢʘʥ 07 0,44 0,26 4,80 1,25 

29.07.2021 ʨʝʢʘ ɸʤʙʘʨʥʘʷ 08 0,78 0,34 13,02 4,43 

31.07.2021 ʨʝʢʘ ɸʤʙʘʨʥʘʷ 09 1,67 0,05 130,92 6,91 

02.08.2021 ʨʝʢʘ ʅʦʨʠʣʴʩʢʘʷ 20 3,52 0,47 1923,35 908,97 

04.08.2021 ʨʝʢʘ ʇʷʩʠʥʘ 19 5,82 1,06 1180,49 1246,08 

ʈʘʩʭʦʜʳ ʚʦʜʳ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚʦʜʦʪʦʢʦʚ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʟʘʚʠʩʝʣʠ ʦʪ 

ʪʝʢʫʱʝʡ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʠ ʢʦʣʠʯʝʩʪʚʘ ʚʳʧʘʚʰʠʭ ʚʦ ʚʨʝʤʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʚʦʜʦʩʙʦʨʝ ʦʩʘʜʢʦʚ. ʊʘʢ, ʥʘ ʟʥʘʯʝʥʠʝ ʨʘʩʭʦʜʘ ʨʫʯʴʷ ɼʘʣʜʳʢʘʥ 

ʦʢʘʟʘʣ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʧʘʚʦʜʦʢ 2 ʠʶʣʷ 2021 ʛ, 
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ʚʳʟʚʘʥʥʳʡ ʧʨʦʰʝʜʰʠʤ ʚ ʵʪʠ ʩʫʪʢʠ ʣʠʚʥʝʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʨʘʩʭʦʜ ʨʫʯʴʷ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʦ ʫʚʝʣʠʯʠʣʩʷ ʙʦʣʝʝ ʯʝʤ ʚ ʪʨʠ ʨʘʟʘ. 

ʊʘʙʣʠʮʘ 3 ï ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦʜʦʪʦʢʦʚ ʚ ʨʘʡʦʥʝ ʛ. 

ʅʦʨʠʣʴʩʢ ʟʘ ʧʝʨʠʦʜ 8 ʩʝʥʪʷʙʨʷ ï 11 ʩʝʥʪʷʙʨʷ 2021 ʛ. 
ɼʘʪʘ ɺʦʜʦʪʦʢ ˉ 

ʩʪʚʦʨʘ 

ʉʨʝʜʥʷʷ 

ʛʣʫʙʠʥʘ, ʤ 

ʉʨʝʜʥʷʷ 

ʩʢʦʨʦʩʪʴ 

ʪʝʯʝʥʠʷ, ʤ/ʩ 

ʇʣʦʱʘʜʴ 

ʞʠʚʦʛʦ 

ʩʝʯʝʥʠʷ, ʤ2 

ʈʘʩʭʦʜ, ʤ3/ʩ 

10.09.2021 ʨʫʯʝʡ ʙʝʟʳʤʷʥʥʳʡ 01 0,07 0,37 0,99 0,37 

10.09.2021 ʨʫʯʝʡ ʙʝʟʳʤʷʥʥʳʡ 02 0,26 0,18 2,06 0,38 

10.09.2021 ʨʝʢʘ ɼʘʣʜʳʢʘʥ 03 0,14 0,32 2,55 0,83 

10.09.2021 ʨʝʢʘ ɼʘʣʜʳʢʘʥ 04 0,32 0,42 3,14 1,31 

10.09.2021 ʨʝʢʘ ɼʘʣʜʳʢʘʥ 05 0,27 0,34 3,89 1,32 

11.09.2021 ʨʝʢʘ ɸʤʙʘʨʥʘʷ 06 - - - 4,74 

10.09.2021 ʨʝʢʘ ɼʘʣʜʳʢʘʥ 07 0,39 0,35 3,94 1,39 

11.09.2021 ʨʝʢʘ ɸʤʙʘʨʥʘʷ 08 0,45 0,54 11,42 6,13 

9.09.2021 ʨʝʢʘ ɸʤʙʘʨʥʘʷ 09 0,95 0,08 61,6 5,04 

8.09.2021 ʨʝʢʘ ʅʦʨʠʣʴʩʢʘʷ 20 2,80 0,46 1614,70 750,55 

ʇʦ ʜʠʥʘʤʠʢʝ ʚʝʣʠʯʠʥ ʨʘʩʭʦʜʘ ʚʦʜʳ ʠʟʫʯʝʥʥʳʝ ʚʦʜʦʪʦʢʠ ʷʚʣʷʶʪʩʷ 

ʪʠʧʠʯʥʳʤʠ ʜʣʷ ʩʝʚʝʨʘ ʉʠʙʠʨʠ, ʩ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʥʝʛʦʚʳʤ ʧʠʪʘʥʠʝʤ (ʙʦʣʝʝ 50% 

ʩʪʦʢʘ). ɻʠʜʨʦʛʨʘʬ ʪʘʢʠʭ ʨʝʢ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʟʜʥʠʤ ʧʦʣʦʚʦʜʴʝʤ, ʟʘʭʚʘʪʳʚʘʶʱʠʤ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʣʝʪʥʝʛʦ ʩʝʟʦʥʘ [3].  

ʇʦ ʜʘʥʥʳʤ ʈʦʩʛʠʜʨʦʤʝʪʘ ʠʟʫʯʝʥ ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʠʡ (1938ï1999 ʛʛ.) ʨʘʩʭʦʜ 

ʨ. ʅʦʨʠʣʴʩʢʦʡ ʚ ʩʪʚʦʨʝ çɺʘʣʸʢè (ʚ 21 ʢʤ ʦʪ ʫʩʪʴʷ). ʇʦʣʦʚʦʜʴʝ ʚ ʵʪʦʤ ʩʪʚʦʨʝ 

ʧʨʦʜʦʣʞʘʝʪʩʷ ʩ ʠʶʥʷ ʧʦ ʘʚʛʫʩʪ, ʜʘʣʝʝ ʥʘʙʣʶʜʘʝʪʩʷ ʝʛʦ ʩʧʘʜ. ʄʘʢʩʠʤʫʤ ʧʦʣʦʚʦʜʴʷ 

ʥʘ ʨʝʢʝ ʧʨʠʫʨʦʯʝʥ ʢ ʢʦʥʮʫ ʠʶʥʷ ï ʥʘʯʘʣʫ ʠʶʣʷ. ʉ ʩʝʥʪʷʙʨʷ-ʦʢʪʷʙʨʷ ʤʦʞʥʦ 

ʛʦʚʦʨʠʪʴ ʦ ʥʘʯʘʣʝ ʦʩʝʥʥʝ-ʟʠʤʥʝʡ ʤʝʞʝʥʠ. ʉ ʥʦʷʙʨʷ ʧʦ ʘʧʨʝʣʴ ʨʝʢʘ ʧʦʢʨʳʪʘ ʣʴʜʦʤ 

[3]. 

 
ʈʠʩʫʥʦʢ 2 ï ʉʨʝʜʥʝʤʥʦʛʦʣʝʪʥʠʡ ʨʘʩʭʦʜ ʚʦʜʳ ʨ. ʅʦʨʠʣʴʩʢʦʡ ʚ ʩʪʚʦʨʝ çɺʘʣʸʢè (ʚ 21 ʢʤ ʦʪ 

ʫʩʪʴʷ) ʟʘ 1938ï1999 ʛʛ. (ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʈʦʩʛʠʜʨʦʤʝʪʘ) 

ʅʘ ʨʠʩ. 3. ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʜʥʦʤʝʨʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʌʫʨʴʝ-

ʘʥʘʣʠʟʘ, ʢʦʪʦʨʳʡ ʙʳʣ ʚʳʧʦʣʥʝʥ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʢʦʣʝʙʘʥʠʡ 

ʤʥʦʛʦʣʝʪʥʠʭ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʤʥʦʛʦʣʝʪʥʝʡ 

ʜʠʥʘʤʠʢʠ ʨʘʩʭʦʜʦʚ ʚʦʜʳ ʨ. ʅʦʨʠʣʴʩʢʦʡ ʭʘʨʘʢʪʝʨʥʘ ʩʣʦʞʥʘʷ ʮʠʢʣʠʯʥʦʩʪʴ (18 ʠ 10,8 

ʣʝʪ ʠ, ʚʦʟʤʦʞʥʦ, ʙʦʣʝʝ ʢʦʨʦʪʢʠʝ ʠ ʜʣʠʥʥʳʝ ʮʠʢʣʳ), ʢʦʪʦʨʘʷ, ʚʝʨʦʷʪʥʦ, ʟʘʚʠʩʠʪ ʦʪ 

ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʠʟʤʝʥʝʥʠʝʤ 

ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʩʦʣʥʝʯʥʳʡ ʮʠʢʣ ʩ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʦʢʦʣʦ 11 ʣʝʪ ï çʮʠʢʣ 

ʐʚʘʙʝè ʠ 22-ʣʝʪʥʠʡ ï çʮʠʢʣ ʍʝʡʣʘè). ʇʦʜʦʙʥʳʝ ʮʠʢʣʳ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ 

ʫʚʣʘʞʥʝʥʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʡ ʠ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʮʠʢʣʦʚ 

(ʥʘʧʨʠʤʝʨ, ʚʦʜʥʦʩʪʠ ʦʟʝʨ ʟʘʤʢʥʫʪʦʛʦ ʩʪʦʢʘ), ʚ ʪʦʤ ʯʠʩʣʝ ʛʣʦʙʘʣʴʥʳʭ [8]. 
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Spectral analysis: VAR1

No. of cases: 54
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ʈʠʩʫʥʦʢ 3 ï ʈʝʟʫʣʴʪʘʪ ʌʫʨʴʝ-ʘʥʘʣʠʟʘ ʛʦʜʦʚʦʛʦ ʨʘʩʭʦʜʘ ʨ. ʅʦʨʠʣʴʩʢʦʡ ʚ ʩʪʚʦʨʝ çɺʘʣʸʢè, ʚ 21 

ʢʤ ʦʪ ʫʩʪʴʷ (1938ï1999 ʛʛ.) 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 
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HYDROLOGICAL REGIME OF THE RIVERS FROM NORILO -PYASINSK LAKE -

RIVER SYSTEM (KRASNOYARSK TERRITORY) IN 2021  
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Abstract. The field data obtained during hydrological studies of the watercourses of the Noril-

Pyasinsk lakeïriver system during 3 expedition trips in JuneïJuly, July-August and September 2021 

are given. The water flow at 11 channels of 4 watercourses (nameless creek, Daldykan river, 

Ambarnaya River, Pyasina river) is studied. The calculation of hydrological characteristics was 

carried out by the velocity-area method using the point method. The long-term data of Roshydromet 

on the Norilsk river for the period from 1939 to 1999 are also analyzed. 

Keywords: Ambarnaya, Norilka, Pyasina, Daldykan, rivers, stream, Norilsk, water discharges, 

hydrological regime. 
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ʆʇʓʊ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʉʆɺʈɽʄɽʅʅʓʍ ʉʈɽɼʉʊɺ ʀɿʄɽʈɽʅʀʁ 

ʇʈʀ ʈɽʐɽʅʀʀ ɸʂʊʋɸʃʔʅʓʍ ɿɸɼɸʏ ʆɹɽʉʇɽʏɽʅʀʗ 

ʋʉʊʆʁʏʀɺʆɻʆ ɺʆɼʆʇʆʃʔɿʆɺɸʅʀʗ 

ɹʦʛʦʤʦʣʦʚ ɸ.ɺ., ʃʝʧʠʭʠʥ ɸ.ʇ., ʃʫʯʥʠʢʦʚ ɸ.ʀ., ʃʷʭʠʥ ʖ.ʉ. 

ɻʦʨʥʳʡ ʠʥʩʪʠʪʫʪ ʋʨʆ ʈɸʅ, 614007 ʇʝʨʤʴ ʈʦʩʩʠʷ 

e-mail: lepihin49@mail.ru 

ɸʥʥʦʪʘʮʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʚʷʟʠ ʩ ʦʯʝʥʴ ʙʳʩʪʨʳʤ ʨʘʟʚʠʪʠʝʤ ʩʠʩʪʝʤ ʠʟʤʝʨʝʥʠʷ, 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʧʨʦʠʩʭʦʜʠʪ ʨʘʜʠʢʘʣʴʥʘʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʠʩʪʝʤ 

ʠʟʤʝʨʝʥʠʡ ʠ ʚ ʛʠʜʨʦʣʦʛʠʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠ ʚ ʨʘʙʦʪʝ ʦʙʩʫʞʜʘʝʪʩʷ ʦʧʳʪ ʧʨʠʤʝʥʝʥʠʷ ʥʝʢʦʪʦʨʳʭ 

ʩʦʚʨʝʤʝʥʥʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʠ ʨʝʰʝʥʠʠ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʚʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, 

ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʛʦ, ʫʩʪʦʡʯʠʚʦʛʦ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʝʰʝʥʠʝ 

ʪʨʝʭ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ: ʦʮʝʥʢʘ ʭʘʨʘʢʪʝʨʘ ʠ ʤʘʩʰʪʘʙʦʚ ʪʝʯʝʥʠʡ ʬʦʨʤʠʨʫʝʤʳʭ ʚ ʚʝʨʭʥʠʭ 

ʙʴʝʬʘʭ ʢʨʫʧʥʳʭ ʛʠʜʨʦʫʟʣʦʚ ʧʨʠ ʚʥʫʪʨʠ ʩʫʪʦʯʥʦʡ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʠʭ ʨʘʙʦʪʳ; ʧʨʠʤʝʥʝʥʠʝ 

ʤʘʣʳʭ ɹʇʃɸ ʧʨʠ ʦʮʝʥʢʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʜʠʬʬʫʟʠʠ ʥʘ ʥʝ ʙʦʣʴʰʠʭ ʦʟʝʨʘʭ ʠ 

ʚʦʜʦʭʨʘʥʠʣʠʱ; ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʥʥʳʭ 

ʧʨʦʬʠʣʦʛʨʘʬʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ, ʩʦʚʨʝʤʝʥʥʳʝ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʡ, ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʪʫʨʙʫʣʝʥʪʥʦʡ ʜʠʬʬʫʟʠʠ, ʜʦʥʥʳʡ ʧʨʦʬʠʣʦʛʨʘʬ 

ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʚʷʟʠ ʩ ʦʯʝʥʴ ʙʳʩʪʨʳʤ ʨʘʟʚʠʪʠʝʤ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʷ, 

ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʦʠʩʭʦʜʷʪ ʨʘʜʠʢʘʣʴʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠʟʤʝʨʝʥʠʡ ʚ ʛʠʜʨʦʣʦʛʠʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠ ʥʘʤ ʭʦʪʝʣʦʩʴ 

ʧʦʢʘʟʘʪʴ ʠ ʦʙʩʫʜʠʪʴ ʦʧʳʪ ʧʨʠʤʝʥʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʧʨʠ ʨʝʰʝʥʠʠ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʚʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʦʙʝʩʧʝʯʝʥʠʷ 

ʥʘʜʝʞʥʦʛʦ, ʫʩʪʦʡʯʠʚʦʛʦ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ. ɺ ʨʘʙʦʪʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʝʰʝʥʠʝ ʪʨʝʭ ʦʪʜʝʣʴʥʳʭ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ ʨʝʰʝʥʥʳʭ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʇʝʨʚʘʷ ʟʘʜʘʯʘ - ʦʮʝʥʢʘ ʭʘʨʘʢʪʝʨʘ ʠ 

ʤʘʩʰʪʘʙʦʚ ʪʝʯʝʥʠʡ, ʬʦʨʤʠʨʫʝʤʳʭ ʚ ʚʝʨʭʥʠʭ ʙʴʝʬʘʭ ʢʨʫʧʥʳʭ ʛʠʜʨʦʫʟʣʦʚ, 

ʧʦʣʫʯʝʥʥʘʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ MIDAS ECM 

(Valeport). ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʚʥʫʪʨʠ ʩʫʪʦʯʥʦʡ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʨʘʙʦʪʳ ɻʕʉ 

ʨʘʩʩʤʦʪʨʝʥʘ ʧʨʠʤʝʨʝ ʚʝʨʭʥʝʛʦ ʙʴʝʬʘ ʂʘʤʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ. ɼʘʥʥʳʡ 

ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʚʝʩʴʤʘ ʵʬʬʝʢʪʠʚʥʳʝ ʦʮʝʥʢʠ 

ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ʪʦʣʴʢʦ ʪʦʯʝʯʥʦ, ʪ.ʝ. ʥʘ ʢʦʥʢʨʝʪʥʦʤ ʛʦʨʠʟʦʥʪʝ ʥʘ 

ʟʘʜʘʥʥʦʡ ʚʝʨʪʠʢʘʣʠ. ʆʜʥʘʢʦ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʫʩʪʦʡʯʠʚʦʛʦ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ 

ʚʝʩʴʤʘ ʯʘʩʪʦ ʚʦʟʥʠʢʘʝʪ ʚʪʦʨʘʷ ʟʘʜʘʯʘ ï ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦ ʘʢʚʘʪʦʨʠʠ ʚʦʜʥʦʛʦ 

ʦʙʝ̡ʢʪʘ. ʊʘʢʘʷ ʟʘʜʘʯʘ ʥʘ ʥʝʙʦʣʴʰʠʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ ʤʦʞʝʪ ʵʬʬʝʢʪʠʚʥʦ 

ʨʝʰʘʪʴʩʷ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʝ ʤʘʣʳʭ ɹʇʃɸ. ɽʝ ʨʝʰʝʥʠʝ ʨʘʩʩʤʦʪʨʝʥʦ ʥʘ 

ʧʨʠʤʝʨʝ, ʦʮʝʥʢʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʪʫʨʙʫʣʝʥʪʥʦʡ ʜʠʬʬʫʟʠʠ ʥʘ 

ɺʝʨʭʥʝïɿʳʨʷʥʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʷʚʣʷʶʱʠʤʩʷ ʦʜʥʠʤ ʠʟ ʢʨʫʧʥʝʡʰʠʭ 

ʠʩʪʦʯʥʠʢʦʚ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ. ʉʦʩʪʦʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʡ ʨʝʞʠʤ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʝʛʦ 

ʛʠʜʨʦʜʠʥʘʤʠʢʦʡ, ʥʦ ʠ ʭʘʨʘʢʪʝʨʦʤ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ. ʅʘʠʙʦʣʴʰʫʶ 
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ʩʣʦʞʥʦʩʪʴ ʚ ʦʧʠʩʘʥʠʷ ʠ ʦʮʝʥʢʠ ʧʨʝʜʩʪʘʚʣʷʶ ʥʝ ʪʦʯʝʯʥʳʝ ʜʝʢʣʘʨʠʨʫʝʤʳʝ 

ʠʩʪʦʯʥʠʢʠ, ʘ ʨʘʩʩʨʝʜʦʪʦʯʝʥʥʳʝ, ʜʠʬʬʫʟʥʳʝ, ʦʙʫʩʣʘʚʣʠʚʘʝʤʳ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʪʝʭʥʦʛʝʥʥʳʤʠ ʜʦʥʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʦʮʝʥʢʠ ʤʦʱʥʦʩʪʴ, 

ʩʪʨʫʢʪʫʨ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʩʪʘʣʠ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʦʚʳʝ ʩʨʝʜʩʪʚʘ 

ʠʟʤʝʨʝʥʠʡ - ʜʦʥʥʳʝ ʧʨʦʬʠʣʦʛʨʘʬʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠ ʤʳ ʧʦʩʯʠʪʘʣʠ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ 

ʨʘʩʩʤʦʪʨʝʪʴ ʦʧʳʪ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʧʨʠʤʝʨʝ ɸʨʛʘʟʠʥʩʢʦʛʦ ʠ ʂʘʤʩʢʦʛʦ 

ʚʦʜʦʭʨʘʥʠʣʠʱ.  

ʆʮʝʥʢʘ ʭʘʨʘʢʪʝʨʘ ʠ ʤʘʩʰʪʘʙʦʚ ʚʪʦʨʠʯʥʳʭ ʪʝʯʝʥʠʡ ʚ ʚʝʨʭʥʠʭ ʙʴʝʬʘʭ 

ʛʠʜʨʦʫʟʣʦʚ 

ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ɻʕʉ, ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʧʝʨʘʪʠʚʥʦʛʦ, ʦʯʝʥʴ ʙʳʩʪʨʦʛʦ ʠʟʤʝʥʝʥʠʷ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʠʭ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʩʥʷʪʠʷ ʩʫʪʦʯʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ. ɺʥʫʪʨʠ ʩʫʪʦʯʥʘʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʧʦʪʨʝʙʥʦʩʪʴ ʚ   

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʧʨʝʜʝʣʷʝʪ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴʶ ʩʙʨʦʩʘ ʚʦʜʳ ʠʟ ʚʝʨʭʥʝʛʦ ʙʴʝʬʘ 

ɻʕʉ ʚ ʥʠʞʥʠʡ. ʈʝʟʢʠʝ ʠʟʤʝʥʝʥʠʷ ʨʘʩʭʦʜʦʚ ʩʙʨʦʩʦʚ ʚʦʜʳ ʯʝʨʝʟ ʧʣʦʪʠʥʫ 

ʛʠʜʨʦʫʟʣʦʚ ɻʕʉ ʦʪʨʘʞʘʶʪʩʷ ʥʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʚʦʜʦʭʨʘʥʠʣʠʱ.  

ɻʠʜʨʦʜʠʥʘʤʠʢʘ ʚʝʨʭʥʝʛʦ ʙʴʝʬʘ ʂʘʤʩʢʦʡ ɻʕʉ ʠʤʝʝʪ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʧʠʪʴʝʚʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʛ. ʇʝʨʤʠ, ʪʘʢ ʢʘʢ ʦʥʘ ʩʧʦʩʦʙʥʘ ʠʟʤʝʥʷʪʴ 

ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʝ ʩʚʦʡʩʪʚʘ ʟʘʙʠʨʘʝʤʦʡ ʥʘ ʚʦʜʦʟʘʙʦʨʘʭ ʚʦʜʳ. ʇʝʨʚʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠ ̫ ʩʪʨʫʢʪʫʨʳ ʪʝʯʝʥʠʡ, ʬʦʨʤʠʨʫʝʤʳʭ ʚ ʚʝʨʭʥʝʤ ʙʴʝʬʝ ʂʘʤʩʢʦʛʦ 

ʛʠʜʨʦʫʟʣʘ, ʚ ʨʘʤʢʘʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ [1]. 

ɺʣʠʷʥʠʝ ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʨʝʞʠʤʘ ʩʙʨʦʩʦʚ ʚʦʜʳ ʥʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤ 

ʚʦʜʦʭʨʘʥʠʣʠʱ ʠʩʩʣʝʜʦʚʘʣʩʷ ʪʘʢ ʞʝ ʚ [2, 3] ʆʩʥʦʚʥʳʤ ʣʠʤʠʪʠʨʫʶʱʠʤ 

ʧʦʢʘʟʘʪʝʣʝʤ ʢʘʯʝʩʪʚʘ ʚʦʜʳ, ʟʘʙʠʨʘʝʤʦʡ ʥʘ ʦʩʥʦʚʥʦʤ ʚʦʜʦʟʘʙʦʨʝ ʛʦʨʦʜʘ ʇʝʨʤʠ ï 

ʏʆʉ (ʏʫʩʦʚʩʢʠʭ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʷʭ) ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʷʚʣʷʝʪʩʷ ʞʝʩʪʢʦʩʪʴ 

ʚʦʜʳ. ɺ ʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʚʦʜʦʟʘʙʦʨ ʥʘʭʦʜʠʪʩʷ ʥʠʞʝ ʩʣʠʷʥʠʷ ʜʚʫʭ ʨʝʢ: ʉʳʣʚʳ ʠ 

ʏʫʩʦʚʦʡ, ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʢʦʪʦʨʳʭ ʦʯʝʥʴ ʨʘʟʣʠʯʥʦ, ʚ ʧʝʨʠʦʜ ʟʠʤʥʝʡ ʤʝʞʝʥʠ ʚ 

ʨʘʡʦʥʝ ʦʛʦʣʦʚʢʦʚ ʚʦʜʦʟʘʙʦʨʘ ʬʦʨʤʠʨʫʝʪʩʷ ʫʩʪʦʡʯʠʚʘʷ ʚʝʨʪʠʢʘʣʴʥʘʷ 

ʩʪʨʘʪʠʬʠʢʘʮʠʷ. ʅʘʠʙʦʣʝʝ ʞʝʩʪʢʠʝ ʚʦʜʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʧʨʠʜʦʥʥʦʡ ʦʙʣʘʩʪʠ, 

ʙʦʣʝʝ ʤʷʛʢʠʝ ʙʣʠʞʝ ʢ ʧʦʚʝʨʭʥʦʩʪʠ. ʉ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ 

ʩʝʣʝʢʪʠʚʥʦʛʦ ʦʪʙʦʨʘ ʤʝʥʝʝ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʡ, ʩ ʤʝʥʴʰʝʡ ʞʝʩʪʢʦʩʪʴʶ ʚʦʜʳ 

ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʠ ʨʝʘʣʠʟʦʚʘʥʦ ʩʦʟʜʘʥʠʝ ʜʦʥʥʳʭ ʙʘʨʴʝʨʦʚ ʫ ʚʦʜʦʟʘʙʦʨʥʳʭ 

ʦʛʦʣʦʚʢʦʚ. ɺʣʠʷʥʠʝ ʩʝʣʝʢʪʠʚʥʦʛʦ ʦʪʙʦʨʘ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʩʪʨʫʢʪʫʨ ʚ ʚʦʜʦʭʨʘʥʠʣʠʱʘʭ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʚ [3]. ɻʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʨʝʞʠʤ ʚ 

ʨʘʡʦʥʝ ʏʆʉ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʚʦʜʦʟʘʙʦʨʘ. C ʚʚʝʜʝʥʠʝʤ ʚ 2020ʛ. ʚ ʨʝʞʠʤ 

ʧʦʩʪʦʷʥʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ 3-ʶ ʦʯʝʨʝʜʴ ʏʆʉ, ʚʢʣʶʯʘʶʱʠʭ ʜʦʥʥʳʝ ʙʘʨʴʝʨʳ, 

ʚʝʩʴʤʘ ʦʩʪʨʦ ʩʪʘʣ ʚʦʧʨʦʩ ʦ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʳ ʪʝʯʝʥʠʡ, ʬʦʨʤʠʨʫʝʤʳʭ 

ʚʩʣʝʜʩʪʚʠʝ ʩʫʱʝʩʪʚʝʥʥʦʡ ʚʥʫʪʨʠ ʩʫʪʦʯʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʨʝʞʠʤʦʚ ʩʙʨʦʩʦʚ ʚʦʜʳ 

ʥʘ ʂʘʤɻʕʉ.  

ʊʨʘʜʠʮʠʦʥʥʳʝ ʩʧʦʩʦʙʳ ʠʟʤʝʨʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʛʠʜʨʦʤʝʪʨʠʯʝʩʢʠʭ ʚʝʨʪʫʰʝʢ 

ʤʘʣʦ ʵʬʬʝʢʪʠʚʥʳ, ʪʘʢ ʢʘʢ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʪʨʝʙʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʢʘʢ ʤʠʥʠʤʫʤ 
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ʩʫʪʦʯʥʳʭ ʠʟʤʝʨʝʥʠʡ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʚʥʫʪʨʠ ʩʫʪʦʯʥʦʡ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴʶ, ʘ ʩ 

ʜʨʫʛʦʡ, ʠʟʤʝʨʷʝʤʳʝ ʧʦʪʦʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʤʘʣʳʤʠ ʩʢʦʨʦʩʪʷʤʠ 

ʪʝʯʝʥʠʷʤʠ ~ 0,05-0.001 ʤ/c, ʥʦ ʠ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʪʝʯʝʥʠʝ 

ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ.  

ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʨʘʙʦʯʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʙʳʣ ʚʳʙʨʘʥ 

ʠʟʤʝʨʠʪʝʣʴ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ MIDAS ECM ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʧʘʥʠʠ Valeport. 

ɼʘʥʥʳʡ ʧʨʠʙʦʨ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʠʟʤʝʨʠʪʝʣʝʤ ʧʘʨʘʤʝʪʨʦʚ ʪʝʯʝʥʠʷ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʜʣʷ ʜʣʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʠ ʧʨʦʩʪʦʛʦ ʨʘʟʚʝʨʪʳʚʘʥʠʷ. ɼʘʥʥʳʡ 

ʧʨʠʙʦʨ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʢʘʢ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩ ʧʦʤʦʱʴʶ ʦʯʝʥʴ 

ʜʣʠʥʥʦʛʦ ʢʘʙʝʣʷ (ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʪʳʩʷʯ ʤʝʪʨʦʚ), ʪʘʢ ʠ ʚ ʫʩʣʦʚʠʷʭ ʧʦʣʥʦʡ 

ʘʚʪʦʥʦʤʥʦʩʪʠ ʥʘ ʟʘʜʘʥʥʦʡ ʛʣʫʙʠʥʝ. ɼʠʘʧʘʟʦʥ ʠʟʤʝʨʷʝʤʳʭ ʩʢʦʨʦʩʪʝʡ ʧʦʪʦʢʘ ʜʣʷ 

ʜʘʥʥʦʛʦ ʧʨʠʙʦʨʘ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0,001 ʤ/ʩ ʜʦ 5 ʤ/ʩ. ʇʨʠʙʦʨ ʷʚʣʷʝʪʩʷ 

ʠʟʤʝʨʠʪʝʣʝʤ ʩʢʦʨʦʩʪʝʡ ʧʦʪʦʢʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʪʠʧʘ, ʙʘʟʠʨʫʶʱʠʤʩʷ ʥʘ 

ʧʨʠʥʮʠʧʝ ʌʘʨʘʜʝʷ. ʊʘʢ ʢʘʢ ʧʨʦʚʦʜʥʠʢ (ʚʦʜʘ) ʜʚʠʞʝʪʩʷ ʯʝʨʝʟ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ 

ʧʦʣʝ (ʛʝʥʝʨʠʨʫʝʤʦʝ ʜʘʪʯʠʢʦʤ), ʦʥ ʛʝʥʝʨʠʨʫʝʪ ʥʘʧʨʷʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʠʟʤʝʨʷʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʜʥʦʛʦ ʜʘʪʯʠʢʘ. ɺʝʣʠʯʠʥʘ ʩʦʟʜʘʚʘʝʤʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʟʥʘʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʚʦʜʳ. ɼʘʥʥʳʡ ʧʨʠʙʦʨ ʧʦʟʚʦʣʷʝʪ 

ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʪʴ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʦʜʥʦʡ ʤʘʩʩʳ: ʵʣʝʢʪʨʠʯʝʩʢʫʶ 

ʧʨʦʚʦʜʠʤʦʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʫ, ʜʘʚʣʝʥʠʝ, ʤʫʪʥʦʩʪʴ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ: ʦʧʨʝʜʝʣʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʜʠʥʘʤʠʯʝʩʢʠʭ (ʩʢʦʨʦʩʪʠ ʠ 

ʥʘʧʨʘʚʣʝʥʠʷ ʪʝʯʝʥʠʡ) ʠ ʬʠʟʠʯʝʩʢʠʭ (ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ) 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʪʦʢʘ ʚ ʨʘʡʦʥʝ ʦʛʦʣʦʚʢʘ ʏʫʩʦʚʩʢʠʭ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʛ. 

ʇʝʨʤʠ ʙʳʣʠ ʦʨʛʘʥʠʟʦʚʘʥʳ ʥʘʪʫʨʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʠʥʩʪʨʫʤʝʥʪʘ 

ʠʟʤʝʨʠʪʝʣʴ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ MIDAS ECM. ʇʨʠʙʦʨ ʙʳʣ ʥʘʩʪʨʦʝʥ ʥʘ 

ʘʚʪʦʥʦʤʥʫʶ ʨʘʙʦʪʫ ʠ ʧʦʛʨʫʞʝʥ ʛʣʫʙʠʥʫ 7 ʤ ï ʥʘ ʛʣʫʙʠʥʫ ʟʘʙʦʨʘ ʚʦʜʳ 

ʦʛʦʣʦʚʢʘʤʠ ʚʦʜʦʟʘʙʦʨʘ. ɺʨʝʤʷ ʘʚʪʦʥʦʤʥʦʡ ʨʘʙʦʪʳ ʧʨʠʙʦʨʘ ʩʦʩʪʘʚʠʣʦ 23 ʯʘʩʘ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥ ʩʢʦʨʦʩʪʝʡ ʠ 

ʥʘʧʨʘʚʣʝʥʠʡ ʪʝʯʝʥʠʡ ʠ ʫʜʝʣʴʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʧʦ ʚʨʝʤʝʥʠ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʚʝʣʠʯʠʥʳ ʧʨʝʪʝʨʧʝʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʦ ʚʨʝʤʝʥʠ 

ʥʘʙʣʶʜʝʥʠʡ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʨʝʞʠʤʦʤ ʩʙʨʦʩʥʳʭ ʨʘʩʭʦʜʦʚ 

ʂʘʤʩʢʦʡ ɻʕʉ. ɹʳʣʘ ʧʦʩʪʨʦʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʩʥʦʚʥʦʛʦ ʣʠʤʠʪʠʨʫʶʱʝʛʦ 

ʧʦʢʘʟʘʪʝʣʷ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʜʣʷ ʏʫʩʦʚʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ ï ʞʝʩʪʢʦʩʪʠ ʚʦʜʳ ʦʪ 

ʩʙʨʦʩʥʳʭ ʨʘʩʭʦʜʦʚ ʂʘʤʩʢʦʡ ɻʕʉ. ʇʨʦʩʣʝʞʠʚʘʝʪ ʦʯʝʥʴ ʪʝʩʥʘʷ ʩʚʷʟʴ, ʢʦʪʦʨʘʷ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʜʘʥʥʳʡ ʬʘʢʪʦʨ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʝʤ ʜʣʷ 

ʠʟʤʝʥʝʥʠʷ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʥʘ ʚʦʜʦʟʘʙʦʨʝ ʚ ʧʝʨʠʦʜ ʟʠʤʥʝʡ ʤʝʞʝʥʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʜʘʥʥʦʛʦ ʧʨʠʙʦʨʘ ʧʦʟʚʦʣʠʣʦ ʚʧʝʨʚʳʝ ʦʙʥʘʨʫʞʠʪʴ ʢʦʛʝʨʝʥʪʥʳʝ ʩʪʨʫʢʪʫʨʳ, 

ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʦʚ ʚʦʜʥʳʭ ʤʘʩʩ ʚ ʨʘʡʦʥʝ ʏʆʉ ʠ ʦʢʘʟʳʚʘʶʱʠʝ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʟʘʙʠʨʘʝʤʦʡ ʚʦʜʳ [5].  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʪʝʯʝʥʠʡ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʡ ʜʠʬʬʫʟʠʠ 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʝ ʦʟʝʨʘ ʠ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʪʝʤ ʙʦʣʝʝ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʟʦʥʘʭ ʘʢʪʠʚʥʦʛʦ ʪʝʭʥʦʛʝʥʝʟʘ, ʧʦʜʚʝʨʛʘʶʪʩʷ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, 

ʨʠʩʢʫ ʨʘʟʣʠʯʥʳʭ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ. ʉʦʚʨʝʤʝʥʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ 
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ʪʝʭʥʦʣʦʛʠʠ, ʚʢʣʶʯʘʶʱʠʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʨʘʩʯʸʪʥʳʝ ʤʦʜʫʣʠ, ʧʦʟʚʦʣʷʶʪ 

ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʦ ʦʮʝʥʠʚʘʪʴ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠʭ ʧʦʩʣʝʜʩʪʚʠʷ ʩ ʮʝʣʴʶ 

ʤʠʥʠʤʠʟʘʮʠʠ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʆʜʥʘʢʦ, ʵʪʠ ʤʦʜʝʣʠ ʪʨʝʙʫʶʪ ʟʘʜʘʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʜʠʬʬʫʟʠʠ. ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʵʪʠʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʦʙʲʝʢʪʘʭ ʠʟ-ʟʘ ʠʭ ʩʧʝʮʠʬʠʢʠ ʚʝʩʴʤʘ ʟʘʪʨʫʜʥʝʥ. ɺ 

ʪʦʞʝ ʚʨʝʤʷ, ʢʘʢ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ, ʪʘʢ ʠ ʟʘ ʨʫʙʝʞʦʤ, ʦʯʝʥʴ ʤʘʣʦ 

ʢɻʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʸʥʥʳʭ ʦʮʝʥʢʝ ʵʪʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʜʘʞʝ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʠʭ ʦʜʥʦʨʦʜʥʦʩʪʠ ʠ ʠʟʦʪʨʦʧʥʦʩʪʠ. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʠʟʤʝʨʝʥʠʡ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ 

(ɹʇʃɸ), ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʩʪʠʪʴ ʧʨʦʚʝʜʝʥʠʝ ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʥʘʤʠ ʜʣʷ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ 

ʙʝʨʝʛʦʚʳʭ ʧʦʣʦʩ [4]  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʫʱʝʩʪʚʝʥʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʧʳʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʧʨʠʤʝʨʝ ɺʝʨʭʥʝ-ɿʳʨʷʥʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, 

ʷʚʣʷʶʱʝʛʦʩʷ ʚʘʞʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʪʝʭʥʠʯʝʩʢʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʡ 

ʛ. ɹʝʨʝʟʥʠʢʠ.  
ɺʝʨʭʥʝ-ɿʳʨʷʥʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʦʙʨʘʟʦʚʘʥʦ ʥʠʟʢʦʥʘʧʦʨʥʦʡ ʧʣʦʪʠʥʦʡ, 

ʚʦʜʦʩʙʨʦʩʦʤ (ʚʦʜʦʩʣʠʚʦʤ ʩ ʰʠʨʦʢʠʤ ʧʦʨʦʛʦʤ) ʠ ʷʚʣʷʝʪʩʷ ʚʦʜʦʭʨʘʥʠʣʠʱʝʤ 

ʩʝʟʦʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʪʦʢʘ. ɺʚʝʜʝʥʦ ʚ ʧʦʩʪʦʷʥʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʚ 1969 ʛʦʜʫ. 

ʇʣʦʱʘʜʴ ʝʛʦ ʘʢʚʘʪʦʨʠʠ ʧʨʠ ʅʇʋ ʩʦʩʪʘʚʣʷʝʪ 3,5 ʢʤ2, ʝʛʦ ʦʙʲʝʤ 12.7 ʤʣʥ ʤ3, ʜʣʠʥʘ 

ʚʦʜʦʭʨʘʥʠʣʠʱʘ 6.8 ʢʤ, ʩʨʝʜʥʷʷ ʛʣʫʙʠʥʘ 3.65ʤ, ʘ ʤʘʢʩʠʤʘʣʴʥʘʷ 11.2 ʤ.  

ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʛʦ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ 

ʩʫʱʝʩʪʚʝʥʥʦʡ ʚʝʨʪʠʢʘʣʴʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚʦʜʥʳʭ ʤʘʩʩ. ʅʘʣʠʯʠʝ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʚʦʜʥʳʭ ʤʘʩʩ ʜʘʥʥʦʛʦ ʚʦʜʦʝʤʘ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʪʨʫʜʥʷʝʪ ʦʙʝʩʧʝʯʝʥʠʝ 

ʫʩʪʦʡʯʠʚʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠʟ ʚʦʜʦʝʤʘ [5]. 

ɺ ʨʘʙʦʪʝ ʙʳʣʘ ʩʜʝʣʘʥʘ ʧʦʧʳʪʢʘ ʦʮʝʥʢʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʜʠʬʬʫʟʠʠ, ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɹʇʃɸ. ɺ ʢʘʯʝʩʪʚʝ ɹʇʃɸ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 

ʢʚʘʜʨʦʢʦʧʪʝʨ DJI Phanton 4 Pro (2 ʢʦʤʧʣʝʢʪʘ). ɺʩʧʦʤʦʛʘʪʝʣʴʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ 

ʷʚʣʷʣʠʩʴ ʧʦʨʪʘʪʠʚʥʘʷ ʤʝʪʝʦʩʪʘʥʮʠʷ Kestrel 4500, ʧʦʧʣʘʚʢʠ (9 ʰʪ), ʙʫʡʢʠ (4 ʰʪ). 

ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ ʧʦʨʪʘʪʠʚʥʘʷ ʤʝʪʝʦʩʪʘʥʮʠʷ Kestrel ʫʩʪʘʥʘʚʣʠʚʘʣʘʩʴ ʥʘ ʙʝʨʝʛʫ 

ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʚ ʨʘʡʦʥʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʬʠʢʩʠʨʦʚʘʣʘ ʠʟʤʝʥʝʥʠʷ 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ɺʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘʙʣʶʜʘʣʩʷ 

ʚʝʩʴʤʘ ʩʣʘʙʳʡ ʚʝʪʝʨ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ~ 250Á, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʝʚʝʨʦ-

ʚʦʩʪʦʯʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʚʝʪʨʘ. ʉʢʦʨʦʩʪʴ ʚʝʪʨʘ ʚ ʧʝʨʠʦʜ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʠʟʤʝʥʷʣʘʩʴ ʦʪ ʥʫʣʷ ʜʦ ʜʚʫʭ ʤʝʪʨʦʚ ʚ ʩʝʢʫʥʜʫ. 

ʇʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ɹʇʃɸ ʥʘʜ ʠʩʩʣʝʜʫʝʤʦʡ ʘʢʚʘʪʦʨʠʝʡ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʟʘʧʫʩʢ 

ʧʦʧʣʘʚʢʦʚ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʥʝʧʨʝʨʳʚʥʦʛʦ ʦʪʩʣʝʞʠʚʘʥʠʷ ʪʨʘʝʢʪʦʨʠʡ ʧʦʧʣʘʚʢʦʚ 

ʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 70 ʤʠʥʫʪ.  

ʀʩʧʦʣʴʟʫʝʤʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ɹʇʃɸ ʧʦʟʚʦʣʷʶʪ ʚʳʧʦʣʥʠʪʴ 

ʦʮʠʬʨʦʚʢʫ ʤʘʨʰʨʫʪʦʚ ʧʝʨʝʤʝʱʝʥʠʷ ʢʘʞʜʦʛʦ ʧʦʧʣʘʚʢʘ ʚ ʬʠʢʩʠʨʫʝʤʳʝ ʤʦʤʝʥʪʳ 

ʚʨʝʤʝʥʠ ʩ ʰʘʛʦʤ ʥʝʩʢʦʣʴʢʦ ʩʝʢʫʥʜ ʠ ʘʙʩʦʣʶʪʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ ʦʧʨʝʜʝʣʝʥʠʷ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʤʝʥʝʝ 0.1 ʤ. ʕʪʦ ʟʥʘʯʠʤʦ ʤʝʥʴʰʝ ʨʘʟʤʝʨʘ ʩʘʤʦʛʦ ʧʦʧʣʘʚʢʘ. 
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ʇʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʪʨʘʩʩʳ ʧʝʨʝʤʝʱʝʥʠʷ 

ʦʪʜʝʣʴʥʳʭ ʤʘʨʢʝʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. 
 

 
ʈʠʩʫʥʦʢ 1 ï ʂʘʨʪʦʩʭʝʤʘ ʠʟʤʝʥʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʧʦʧʣʘʚʢʦʚ ʧʦ ʘʢʚʘʪʦʨʠʠ ɺʝʨʭʥʝ-ɿʳʨʷʥʩʢʦʛʦ 

ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʟʘ 70 ʤʠʥ 

ʅʘ ʵʪʘʧʝ ʢʘʤʝʨʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʤʠʛʨʘʮʠʠ ʧʦʧʣʘʚʢʦʚ ʙʳʣʘ ʦʮʝʥʝʥʘ 

ʜʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʡ ʜʠʩʧʝʨʩʠʠ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʧʦʧʣʘʚʢʘʤʠ. 

ɼʘʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʤʝʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɼʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʦʥʳ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʥʝʦʙʭʦʜʠʤ 

ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ. 

ʆʮʝʥʢʘ ʜʠʩʧʝʨʩʠʠ ʧʦʧʣʘʚʢʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʦʩʥʦʚʝ ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʭʝʤʳ 

ʧʦ ʈʠʯʘʨʜʩʦʥʫ [8] 

ʎ
ρ

. ρ
 Ø Ø Ù Ù Ƞ 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʠʥʘʤʠʢʝ 

ʜʠʩʧʝʨʩʠʡ ʧʦʧʣʘʚʢʦʚ ʜʦʩʪʘʪʦʯʥʦ ʦʪʯʝʪʣʠʚʦ ʚʳʜʝʣʷʝʪʩʷ ʜʚʘ ʣʠʥʝʡʥʳʭ ʫʯʘʩʪʢʘ ʩ 

ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʱʠʤʠʩʷ ʟʥʘʯʝʥʠʷʤʠ ʫʛʣʦʚ ʥʘʢʣʦʥʦʚ. ʇʨʠ ʵʪʦʤ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ ʜʣʷ ʢʘʞʜʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ 

ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ: Ð ȟ . 

ɼʣʷ ʧʝʨʚʦʛʦ ʫʯʘʩʪʢʘ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʦʪ 0ï1500 ʩʝʢ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

ʧʦʢʘʟʘʪʝʣʷ ʨ ~ 0.043, ʘ ʜʣʷ ʚʪʦʨʦʛʦ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʦʪ 1500 ʜʦ 4200 ï ʨ ~ 0.011.  

ʊʘʢ ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʜʠʬʬʫʟʠʠ, ʩʦʛʣʘʩʥʦ ʩʭʝʤʳ 

ʈʠʯʘʨʜʩʦʥʘ [6] ὑͯ ᶻ ʎ.ʜʣʷ ʧʝʨʚʦʛʦ ʫʯʘʩʪʢʘ ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ 

ʩʦʩʪʘʚʣʷʝʪ K1 ~ 0.023 ʤ2/ʩ, ʜʣʷ ʚʪʦʨʦʛʦ ï ʂ2 ~ 0.005 ʤ2/ʩ, ʘ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʟʘ 

ʚʝʩʴ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ Kʩʨ ~ 0.012 ʤ2/ʩ. 
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ɸʥʘʣʠʟ ʭʘʨʘʢʪʝʨʘ ʠ ʩʪʨʫʢʪʫʨʳ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ 
ɼʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʷʚʣʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʩʚʦʝʦʙʨʘʟʥʦʡ ʧʘʤʷʪʴʶ ʚʦʜʥʳʭ 

ʦʙʲʝʢʪʦʚ, ʥʦ ʠ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʝʛʦ ʢʘʢ 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʡ, ʪʘʢ ʠ ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʡ ʨʝʞʠʤ, ʪʝʤ ʙʦʣʝʝ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ 

ʟʦʥʘʭ ʘʢʪʠʚʥʦʛʦ ʪʝʭʥʦʛʝʥʝʟʘ. ʇʦʵʪʦʤʫ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʘʷ ʠ ʦʙʲʝʢʪʠʚʥʘʷ ʦʮʝʥʢʘ ʠʭ 

ʩʦʩʪʦʷʥʠʷ, ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʠ ʦʙʷʟʘʪʝʣʴʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʵʪʠʭ ʦʙʲʝʢʪʦʚ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʩʪʘʥʜʘʨʪʥʳʝ ʤʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʦʜʠʪʩʷ ʢ 

ʪʦʯʝʯʥʦʤʫ ʦʧʨʦʙʦʚʘʥʠʶ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʨʘʟʣʠʯʥʳʤʠ ʧʦ ʢʦʥʩʪʨʫʢʮʠʠ 

ʛʨʫʥʪʦʚʳʤʠ ʪʨʫʙʢʘʤʠ ʠ ʜʥʦʯʝʨʧʘʪʝʣʷʤʠ. ʍʦʪʷ ʜʘʥʥʳʡ ʤʝʪʦʜ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʚ ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʦʜʥʘʢʦ ʦʥ ʧʨʠ ʵʪʦʤ ʠʤʝʝʪ ʨʷʜ ʩʫʱʝʩʪʚʝʥʥʳʭ 

ʥʝʜʦʩʪʘʪʢʦʚ. ɺʦ-ʧʝʨʚʳʭ, ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʘʟʤʝʨʘʭ ʠʟʫʯʘʝʤʦʛʦ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ 

ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʪʘʥʮʠʡ ʦʧʨʦʙʦʚʘʥʠʷ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʪʦʯʝʢ, 

ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʙʦʣʴʰʠʤʠ ʚʨʝʤʝʥʥʳʤʠ ʠ ʪʨʫʜʦʟʘʪʨʘʪʘʤʠ. ɺʦ-ʚʪʦʨʳʭ, ʜʘʞʝ ʧʨʠ 

ʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʪʦʯʝʢ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʪʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ 

ʘʢʚʘʪʦʨʠʠ ʥʝʦʭʚʘʯʝʥʥʘʷ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ. ʇʨʠ ʩʣʦʞʥʦʤ ʜʦʥʥʦʤ ʨʝʣʴʝʬʝ, ʥʘʣʠʯʠʠ 

ʧʦʛʨʝʙʝʥʥʳʭ ʨʫʩʣʦʚʳʭ ʠ ʧʦʡʤʝʥʥʳʭ ʬʦʨʤ ʵʪʦ ʩʦʟʜʘʝʪ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʥʝʜʦʫʯʝʪʘ 

ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʪʦʯʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʫʶ 

ʚʘʞʥʦʩʪʴ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʠ ʨʘʩʯʝʪʝ ʩʪʦʠʤʦʩʪʠ ʨʘʙʦʪ, ʥʘʧʨʠʤʝʨ, ʧʨʠ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʨʝʘʙʠʣʠʪʘʮʠʠ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʧʨʘʢʪʠʢʝ ʧʨʦʚʝʜʝʥʠʷ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʩʪʘʣʠ ʧʨʠʤʝʥʷʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʩʥʦʚʘʥʥʳʝ 

ʥʘ ʛʝʥʝʨʘʮʠʠ ʩʠʛʥʘʣʦʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʯʘʩʪʦʪʳ ʠ ʤʦʱʥʦʩʪʠ, ʠʭ ʧʦʩʣʝʜʫʶʱʝʡ 

ʨʝʛʠʩʪʨʘʮʠʠ, ʦʙʨʘʙʦʪʢʠ. ʀʭ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʥʝʧʨʝʨʳʚʥʳʝ 

ʜʘʥʥʳʝ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ 

ʜʦʥʥʦʝ ʘʢʫʩʪʠʯʝʩʢʦʝ ʧʨʦʬʠʣʠʨʦʚʘʥʠʝ. 

ɸʢʫʩʪʠʯʝʩʢʦʝ (ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʦʝ) ʧʨʦʬʠʣʠʨʦʚʘʥʠʝ (ʚ ʘʥʛʣʠʡʩʢʦʤ ʚʘʨʠʘʥʪʝ 

sub-bottom profiling) ʢʘʢ ʛʝʦʬʠʟʠʯʝʩʢʠʡ ʤʝʪʦʜ ʜʘʚʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʤʦʨʩʢʦʡ 

ʛʝʦʬʠʟʠʢʝ ʚ ʚʘʨʠʘʥʪʘʭ ʙʫʢʩʠʨʫʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɼʣʷ ʚʥʫʪʨʝʥʥʠʭ ʚʦʜʦʝʤʦʚ ʠ 

ʤʘʣʦʤʝʨʥʳʭ ʩʫʜʦʚ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʡ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘʙʦʨʪʥʳʝ ʚʘʨʠʘʥʪʳ 

ʨʘʟʤʝʱʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʧʨʦʩʪʦʪʦʡ, ʢʦʤʧʘʢʪʥʦʩʪʴʶ ʫʩʪʘʥʦʚʢʠ ʠ 

ʤʘʣʳʤ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ. 

ɼʦʥʥʳʝ ʧʨʦʬʠʣʦʛʨʘʬʳ ʨʘʙʦʪʘʶʪ ʥʘ ʙʦʣʝʝ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ, ʥʝʞʝʣʠ 

ʧʨʦʤʝʨʥʳʝ ʵʭʦʣʦʪʳ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʥʠʢʘʪʴ ʘʢʫʩʪʠʯʝʩʢʦʡ ʚʦʣʥʝ ʚ ʙʦʣʝʝ ʛʣʫʙʦʢʠʝ 

ʛʦʨʠʟʦʥʪʳ. ʇʨʦʥʠʢʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʛʝʥʝʨʠʨʫʝʤʳʭ ʚʦʣʥ ʟʘʚʠʩʠʪ ʦʪ ʯʘʩʪʦʪʳ 

ʩʠʛʥʘʣʘ (ʩʢʠʥ-ʵʬʬʝʢʪ) ʠ ʝʛʦ ʜʣʠʪʝʣʴʥʦʩʪʠ. ʇʨʠʙʦʨʳ ʩ ʙʦʣʝʝ ʥʠʟʢʦʡ ʯʘʩʪʦʪʦʡ 

ʘʥʪʝʥʥʦʛʦ ʙʣʦʢʘ, ʧʦʟʚʦʣʷʶʪ ʚʳʧʦʣʥʷʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʙʦʣʴʰʫʶ ʛʣʫʙʠʥʫ, ʦʜʥʘʢʦ 

ʧʨʠ ʵʪʦʤ ʩʥʠʞʘʝʪʩʷ ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠʙʦʨʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ 

CHIRP (ʣʠʥʝʡʥʦʡ ʯʘʩʪʦʪʥʦʡ ʤʦʜʫʣʷʮʠʠ ʩʠʛʥʘʣʘ) ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʚʘʪʴ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ ʠ ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʴʰʝʝ ʨʘʟʨʝʰʝʥʠʝ ʧʦ ʨʘʟʨʝʟʫ ʜʥʘ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʝʪʦʜʘ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ, ʪʘʢʞʝ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʝʤʦʛʦ ʜʣʷ ʦʙʩʣʝʜʦʚʘʥʠʷ ʜʥʘ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʘʢʫʩʪʠʯʝʩʢʦʛʦ 

ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʠʟʥʘʯʘʣʴʥʦ ʧʨʝʜʥʘʟʥʘʯʘʣʦʩʴ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʦʝʥʠʷ ʜʥʘ 

ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʜʣʷ ʧʦʠʩʢʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʛʘʟʦʛʠʜʨʘʪʦʚ ʥʘ 

ʰʝʣʴʬʝ ʤʦʨʝʡ. ʅʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʜʦʥʥʳʡ 
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ʧʨʦʬʠʣʦʛʨʘʬ SyQwest Stratabox HD, ʨʘʙʦʪʘʶʱʠʡ ʥʘ ʯʘʩʪʦʪʝ 10ʢɻʮ, ʧʦʟʚʦʣʷʝʪ 

ʚʳʧʦʣʥʷʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʛʣʫʙʠʥʫ ʦʩʘʜʦʯʥʦʡ ʪʦʣʱʠ ʜʦ 40 ʤ ʧʨʠ ʛʣʫʙʠʥʝ 

ʚʦʜʦʝʤʘ ʜʦ 150 ʤ. ʇʨʠ ʵʪʦʤ ʝʛʦ ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 

6 ʩʤ. 
ʇʨʝʠʤʫʱʝʩʪʚʘ ʧʨʠʤʝʥʝʥʠʷ ʜʦʥʥʦʛʦ ʧʨʦʬʠʣʦʛʨʘʬʘ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʥʝʧʨʝʨʳʚʥʳʭ ʧʣʦʱʘʜʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʨʦʝʥʠʷ ʠ ʤʦʱʥʦʩʪʠ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʚʳʩʦʢʘʷ 

ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʧʨʦʬʠʣʦʛʨʘʤʤ, ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʥʘ ʦʩʥʦʚʘʥʠʠ ʙʘʟʳ ʜʘʥʥʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʥʥʳʭ ʧʨʦʬʠʣʦʛʨʘʬʦʚ ʥʝ ʦʪʤʝʥʷʝʪ ʧʨʠʤʝʥʝʥʠʝ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʨʦʙʦʦʪʙʦʨʥʠʢʦʚ, ʧʦʩʢʦʣʴʢʫ, ʢʘʢ ʠ ʜʣʷ ʣʶʙʦʛʦ ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ 

ʤʝʪʦʜʘ, ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʜʘʥʥʳʭ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʪʨʝʙʫʝʪ çʧʨʠʚʷʟʢʠè 

ʢ ʢʦʥʢʨʝʪʥʳʤ ʬʠʟʠʯʝʩʢʠʤ ʩʣʦʷʤ ʦʩʘʜʢʦʚ. ʆʜʥʘʢʦ ʧʨʦʬʠʣʦʛʨʘʬʳ ʧʦʟʚʦʣʷʶʪ 

ʩʦʢʨʘʱʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʨʘʟʳ, ʧʨʠ ʵʪʦʤ ʟʘʢʨʳʚʘʷ çʙʝʣʳʝ ʧʷʪʥʘè 

ʤʝʞʜʫ ʩʪʘʥʮʠʷʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʊʝʦʨʝʪʠʯʝʩʢʠ, ʚʦʟʤʦʞʥʦʩʪʠ ʘʧʧʘʨʘʪʫʨʳ 

ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʥʝʧʨʝʨʳʚʥʳʝ ʧʨʦʬʠʣʠ ʣʶʙʦʡ ʜʣʠʥʳ. ʂʦʦʨʜʠʥʘʪʥʘʷ ʧʨʠʚʷʟʢʘ 

ʧʨʦʬʠʣʦʛʨʘʤʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚ ʧʨʦʮʝʩʩʝ ʩʲʝʤʢʠ ʩ ʧʦʤʦʱʴʶ GPS-

ɻʃʆʅɸʉʉ-ʧʨʠʝʤʥʠʢʘ. ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʘʭ Stratabox HD, SonarWiz ʠ HyPack ʚʩʪʨʦʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʫʤʝʥʴʰʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ʰʫʤ/ʧʦʣʝʟʥʳʡ ʩʠʛʥʘʣ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʯʘʩʪʦʪʥʦʡ 

ʬʠʣʴʪʨʘʮʠʠ.  

ɺʝʨʠʬʠʢʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʦʜʠʪʩʷ ʧʫʪʝʤ ʩʦʧʦʩʪʘʚʣʝʥʠʷ 

ʨʘʩʯʝʪʥʳʭ ʠ ʥʘʙʣʶʜʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ 

ʧʨʦʠʩʭʦʜʠʪ ʚʳʜʝʣʝʥʠʝ ʩʣʦʝʚ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʧʨʦʬʠʣʦʛʨʘʤʤʝ ʠ ʩʨʘʚʥʝʥʠʝ ʠʭ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʙʦʦʪʙʦʨʘ. ɿʘʪʝʤ ʧʨʦʠʩʭʦʜʠʪ 

ʫʚʷʟʢʘ ʵʪʠʭ ʚʝʣʠʯʠʥ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʥʥʦʛʦ ʧʨʦʬʠʣʦʛʨʘʬʘ SyQwest Stratabox HD, ʤʦʛʫʪ ʙʳʪʴ 

ʧʦʩʪʨʦʝʥʳ ʢʘʢ ʢʘʨʪʦʩʭʝʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʱʥʦʩʪʠ ʜʘʥʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʪʘʢ ʠ 

ʧʦʧʝʨʝʯʥʳʝ ʧʨʦʬʠʣʠ ʧʦ ʟʘʜʘʥʥʳʤ ʩʪʚʦʨʘʤ. ʕʪʠ ʤʘʪʝʨʠʘʣʳ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʦʮʝʥʢʠ ʧʨʦʮʝʩʩʦʚ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʠ 

ʧʨʠʥʷʪʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ɸʧʨʦʙʘʮʠʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʙʳʣʘ ʥʘʤʠ ʧʨʦʚʝʜʝʥʘ ʥʘ ɸʨʛʘʟʠʥʩʢʦʤ ʠ ʂʘʤʩʢʦʤ 

ʚʦʜʦʭʨʘʥʠʣʠʱʘʭ [7], ʷʚʣʷʶʱʠʭʩʷ ʚʘʞʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʧʠʪʴʝʚʦʛʦ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʏʝʣʷʙʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ ʧʦʢʘʟʘʣʘ 

ʝʛʦ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ.  

ɿʘʢʣʶʯʝʥʠʝ 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʠʟʤʝʨʝʥʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʧʨʘʢʪʠʢʝ ʧʦʣʝʚʳʭ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʯʝʥʴ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʢʘʢ 

ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʧʨʠʥʮʠʧʘʤʠ ʠʟʤʝʨʝʥʠʡ, ʪʘʢ ʠ ʩʘʤʠʤʠ 

ʠʟʤʝʨʷʝʤʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ. ɺ ʪʦʞʝ ʚʨʝʤʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʩʣʝʜʫʶʱʠʤʠ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ:  

ï ʘʚʪʦʥʦʤʥʦʩʪʴ ʨʘʙʦʪʳ;  

ï ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʟʠʨʦʚʘʥʠʝ; 



˥͙͎͙͒ͪͦͦ͡;͔͙͔ͫ͟ ͙ ͎͙͒ͪͦͺ͙͙͘;͔͙͔ͫ͟ ͨͪͦͼ͔ͫͫ· ͍ ͍ͦ͒ͤ·ͻ ͦ͋Ά͔ͭ͊͟ͻ ͙ ͙ͻ ͍ͦ͒ͦͫ͋ͦͪ͊ͻ  
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ï ʥʘʢʦʧʣʝʥʠʝ, ʭʨʘʥʝʥʠʝ ʠ ʧʝʨʚʠʯʥʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥ ʦʧʳʪ ʧʨʠʤʝʥʝʥʠʷ ʵʪʠ ʩʠʩʪʝʤ ʠʟʤʝʨʝʥʠʡ ʥʘ ʪʨʝʭ 

ʢʦʥ ʨʝʥʪʥʳʭ ʧʨʠʤʝʨʘʭ ʨʝʰʝʥʠʷ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʘʜʘʯ. ʈʘʩʩʤʦʪʨʝʥʥʳʝ 

ʩʨʝʜʩʪʚʘ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʦʙʲʝʢʪʠʚʥʦ ʠ 

ʧʦʣʥʦ ʧʨʦʚʦʜʠʪʴ ʦʮʝʥʢʫ ʠ ʦʧʠʩʘʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ 

ʠ ʧʨʦʮʝʩʩʦʚ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʠʭ ʫʪʦʯʥʝʥʠʷ ʠ ʜʝʪʘʣʠʟʘʮʠʠ, ʥʦ ʠ 

ʚʳʷʚʣʷʪʴ ʠʭ ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʝ ʘʩʧʝʢʪʳ. 

 ɺ ʩʚʷʟʠ ʩ ʵʪʠ, ʫʯʠʪʳʚʘʷ ʚʝʩʴʤʘ ʙʳʩʪʨʦʝ ʚʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʨʘʢʪʠʯʝʩʢʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʜʣʷ ʪʦʛʦ ʯʪʦ ʙʳ ʦʙʝʩʧʝʯʠʪʴ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʛʠʜʨʦʣʦʛʠʠ, ʥʝʦʙʭʦʜʠʤʦ ʘʢʪʠʚʥʦ 

ʚʥʝʜʨʷʪʴ ʦʟʥʘʢʦʤʣʝʥʠʝ ʩ ʵʪʠʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʚ ʫʯʝʙʥʳʝ ʧʣʘʥʳ ɺʋɿʦʚ, 

ʟʘʥʠʤʘʶʱʠʭʩʷ ʧʦʜʛʦʪʦʚʢʦʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ.  
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Abstract. Currently, due to the very rapid development of measurement systems, computational 

complexes, there is a radical transformation of traditional measurement systems in hydrology. In this 

regard, the work discusses the experience of using some modern measuring systems in solving urgent 

problems of water management, ensuring reliable, sustainable water use. The work considers the 

solution of three specific problems: - assessment of the nature and scale of currents formed in the 

upper pools of large hydroelectric units at the inside of the daily unevenness of their operation; the 

use of small unmanned aerial vehicles in assessing horizontal diffusion coefficients on non-large lakes 

and reservoirs; study of bottom sediment structure using bottom profilographs. 
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ɸʥʥʦʪʘʮʠʷ. ɺʩʣʝʜʩʪʚʠʝ ʧʦʪʝʧʣʝʥʠʷ ʢʣʠʤʘʪʘ ʧʨʦʠʩʭʦʜʷʪ ʫʩʪʦʡʯʠʚʳʝ ʠʟʤʝʥʝʥʠʷ ʨʝʯʥʦʛʦ 

ʩʪʦʢʘ ʙʦʣʴʰʠʥʩʪʚʘ ʨʝʢ ɽʚʨʦʧʝʡʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ. ɺʦʟʨʘʩʪʘʶʱʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʚʦʜʥʳʭ 

ʨʝʩʫʨʩʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʨʠʩʢʠ ʚ ʫʧʨʘʚʣʝʥʠʠ ʚʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʚʦʜʦʭʨʘʥʠʣʠʱ. ʅʘ 

ʧʨʠʤʝʨʝ ʩʠʩʪʝʤʳ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʛ. ʄʦʩʢʚʳ ʦʙʩʫʞʜʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʚʦʜʥʳʤʠ 

ʨʝʩʫʨʩʘʤʠ ʥʘ ʬʦʥʝ ʤʝʥʷʶʱʝʡʩʷ ʜʠʥʘʤʠʢʠ ʤʥʦʛʦʣʝʪʥʠʭ ʢʦʣʝʙʘʥʠʡ ʩʪʦʢʘ ʚ ʙʘʩʩʝʡʥʝ ɺʝʨʭʥʝʡ 

ɺʦʣʛʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʠʟʦʰʝʜʰʠʝ ʠʟʤʝʥʝʥʠʷ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʧʨʠʚʦʜʷʪ ʢ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʤʝʨ ʧʦ ʘʜʘʧʪʘʮʠʠ ʚʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʨʝʛʠʦʥʘ ʢ ʩʦʚʨʝʤʝʥʥʳʤ 

ʫʩʣʦʚʠʷʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʦʢʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ, ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʴ, ʨʝʯʥʦʡ ʩʪʦʢ, ʨʝʛʫʣʠʨʦʚʘʥʠʝ 

ʩʪʦʢʘ, ʚʦʜʦʭʨʘʥʠʣʠʱʝ, ʄʦʩʢʚʦʨʝʮʢʘʷ ʚʦʜʥʘʷ ʩʠʩʪʝʤʘ, ɺʘʟʫʟʩʢʘʷ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ  

ʋʧʨʘʚʣʝʥʠʝ ʚʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʩʝʨʴʝʟʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ 

ʠʟ-ʟʘ ʨʘʩʪʫʱʝʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʚʳʟʚʘʥʥʦʡ ʚ ʯʠʩʣʝ ʧʨʦʯʠʭ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ 

ʠʟʤʝʥʝʥʠʷʤʠ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʧʦʷʚʣʷʝʪʩʷ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʟʘʧʨʦʩʦʚ 

ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʜʦʡ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʘʚʷʪʩʷ ʧʦʜ 

ʚʦʧʨʦʩ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʪʨʘʪʝʛʠʠ ʫʧʨʘʚʣʝʥʠʷ ʚʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ ʟʘʜʘʯʘ ʦʮʝʥʢʠ ʨʠʩʢʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʜʦʭʨʘʥʠʣʠʱ ʚ ʥʦʚʳʭ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʠ ʧʨʦʙʣʝʤʘ ʘʜʘʧʪʘʮʠʠ ʧʨʘʚʠʣ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʚʦʜʦʭʨʘʥʠʣʠʱ ʢ ʠʟʤʝʥʝʥʠʶ ʢʣʠʤʘʪʘ ʥʝ ʪʦʣʴʢʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʘʫʯʥʳʡ ʠʥʪʝʨʝʩ, 

ʥʦ ʩʪʘʥʦʚʷʪʩʷ ʯʘʩʪʴʶ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʠ. 

ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʚʦʦʙʱʝ ʣʶʙʳʭ ʚʦʜʥʦ-ʨʝʩʫʨʩʥʳʭ ʩʠʩʪʝʤ ʚ ʮʝʣʦʤ, ʠ 

ʩʠʩʪʝʤʳ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʄʦʩʢʚʳ ʚ ʯʘʩʪʥʦʩʪʠ, ʥʘʭʦʜʠʪʩʷ ʚ ʪʝʩʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʨʝʢ, ʧʠʪʘʶʱʠʭ ʵʪʠ ʩʠʩʪʝʤʳ. ɿʘʜʘʯʘ ʦʮʝʥʢʠ 

ʧʝʨʩʧʝʢʪʠʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʩʚʷʟʘʥʘ ʥʝ ʪʦʣʴʢʦ ʩʦ ʩʮʝʥʘʨʠʷʤʠ 

ʨʘʟʚʠʪʠʷ ʵʢʦʥʦʤʠʢʠ ʠ ʧʨʦʛʥʦʟʘʤʠ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ, ʥʦ ʠ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʫʯʝʪʘ ʠʟʤʝʥʝʥʠʡ ʢʣʠʤʘʪʘ. ʇʦʜʦʙʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʩʢʘʟʳʚʘʷʩʴ ʥʘ ʫʩʣʦʚʠʷʭ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʦʢʘ, ʩʧʦʩʦʙʥʳ ʧʨʠʚʦʜʠʪʴ ʢ ʩʫʱʝʩʪʚʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ. ʀ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʨʘʩʯʝʪʳ ʥʝ ʤʦʛʫʪ 

ʚʳʧʦʣʥʷʪʴʩʷ ʚ ʨʘʤʢʘʭ ʛʠʧʦʪʝʟʳ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʚ ʨʷʜʘʭ ʩʪʦʢʘ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʟʘʜʘʥʠʝ ʧʨʦʝʢʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʚʦʜʥʦ-ʨʝʩʫʨʩʥʳʭ ʩʠʩʪʝʤ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʥʘ ʤʦʤʝʥʪ ʠʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚ ʩʝʨʝʜʠʥʝ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʠ ʦʧʠʨʘʣʦʩʴ ʥʘ ʜʦʩʪʫʧʥʳʝ ʚ ʪʦʪ ʤʦʤʝʥʪ 

ʜʘʥʥʳʝ ʤʥʦʛʦʣʝʪʥʠʭ ʥʘʙʣʶʜʝʥʠʡ. ʕʪʦ ʦʪʥʦʩʠʪʩʷ ʠ ʢ ʚʦʜʦʭʨʘʥʠʣʠʱʘʤ ʩʠʩʪʝʤʳ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʛ. ʄʦʩʢʚʳ, ʢʦʪʦʨʳʝ ʧʨʦʝʢʪʠʨʦʚʘʣʠʩʴ ʚ ʧʝʨʠʦʜ ʩ 1934 ʧʦ 1974 ʛʛ. 

ɺ ʪʦ ʚʨʝʤʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʡ ʠ 

ʙʘʟʦʚʦʡ ʛʠʧʦʪʝʟʳ ʙʳʣʘ ʧʨʠʥʷʪʘ ʛʠʧʦʪʝʟʘ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʤʥʦʛʦʣʝʪʥʠʭ 

ʢʦʣʝʙʘʥʠʡ ʩʪʦʢʘ. ʆʜʥʘʢʦ, ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʧʨʠʚʝʣʠ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʥʘʨʫʰʝʥʠʷʤ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʨʝʢ ʥʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʝʚʨʦʧʝʡʩʢʦʡ 
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ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ [1]. ʄʘʩʰʪʘʙʳ ʵʪʠʭ ʠʟʤʝʥʝʥʠʡ ʠ ʭʘʨʘʢʪʝʨ ʚʳʷʚʣʷʝʤʦʡ 

ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʪʦʢʘ, ʥʦ ʩʘʤʦ ʥʘʣʠʯʠʝ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʨʷʜʦʚ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʡ 

ʧʨʘʢʪʠʢʠ, ʪʨʝʙʫʝʪ ʧʝʨʝʩʤʦʪʨʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʠʢ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʨʘʩʯʝʪʦʚ. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʥʘ ʧʨʠʤʝʨʝ ʩʠʩʪʝʤʳ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʛ. ʄʦʩʢʚʳ ʧʦʢʘʟʘʪʴ, 

ʢʘʢʠʝ ʧʨʦʙʣʝʤʳ ʚʦʟʥʠʢʘʶʪ ʚ ʫʧʨʘʚʣʝʥʠʠ ʚʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɺʦʜʦʩʥʘʙʞʝʥʠʝ ʛ. ʄʦʩʢʚʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʨʝʢ 

ʄʦʩʢʚʳ ʠ ɺʦʣʛʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʣʦʞʥʘʷ ʪʝʭʥʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ 

ʤʝʞʜʫ ʩʦʙʦʡ ʢʦʤʧʦʥʝʥʪ (ʨʠʩ. 1). ʉʪʦʢ ʨ. ʄʦʩʢʚʳ ʠ ʝʝ ʧʨʠʪʦʢʦʚ ʨʝʛʫʣʠʨʫʝʪʩʷ 

ʚʦʜʦʭʨʘʥʠʣʠʱʘʤʠ ʄʦʩʢʚʦʨʝʮʢʦʡ ʚʦʜʥʦʡ ʩʠʩʪʝʤʳ (ʄɺʉ) ï ʀʩʪʨʠʥʩʢʠʤ, 

ʄʦʞʘʡʩʢʠʤ, ʈʫʟʩʢʠʤ ʠ ʆʟʝʨʥʠʥʩʢʠʤ, ʚʦʜʘ ʠʟ ʢʦʪʦʨʳʭ ʧʦʩʪʫʧʘʝʪ ʧʦ ʨ. ʄʦʩʢʚʝ ʢ 

ʈʫʙʣʝʚʩʢʦʤʫ ʛʠʜʨʦʫʟʣʫ. ɺʘʟʫʟʩʢʦʝ, ʗʫʟʩʢʦʝ ʠ ɺʝʨʭʥʝ-ʈʫʟʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʚ 

ʩʦʩʪʘʚʝ ɺʘʟʫʟʩʢʦʡ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ (ɺɻʉ) ʦʩʫʱʝʩʪʚʣʷʶʪ ʤʥʦʛʦʣʝʪʥʝʝ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʩʪʦʢʘ ʨ. ɺʘʟʫʟʳ, ʧʨʠʪʦʢʘ ɺʦʣʛʠ. ʆʥʠ ʨʘʙʦʪʘʶʪ ʚ ʨʝʞʠʤʝ 

ʢʦʤʧʝʥʩʠʨʦʚʘʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʪʦʢʘ ʙʦʢʦʚʦʡ ʧʨʠʪʦʯʥʦʩʪʠ ʨ. ʄʦʩʢʚʳ ʤʝʞʜʫ 

ʈʫʙʣʝʚʩʢʠʤ ʛʠʜʨʦʫʟʣʦʤ ʠ ʀʩʪʨʠʥʩʢʠʤ, ʄʦʞʘʡʩʢʠʤ, ʈʫʟʩʢʠʤ ʠ ʆʟʝʨʥʠʥʩʢʠʤ 

ʛʠʜʨʦʫʟʣʘʤʠ. ʀʚʘʥʴʢʦʚʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ï ʢʨʫʧʥʝʡʰʠʡ ʫʟʝʣ 

ɺʝʨʭʥʝʚʦʣʞʩʢʦʡ ʚʦʜʥʦʡ ʩʠʩʪʝʤʳ ï ʨʝʛʫʣʠʨʫʝʪ ʩʪʦʢ ʨ. ɺʦʣʛʘ ʫ ʛ. ɼʫʙʥʘ 

(ʩ. ʀʚʘʥʴʢʦʚʦ). 

ʀʩʭʦʜʥʘʷ ʛʠʜʨʦʣʦʛʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ï ʜʘʥʥʳʝ ʧʦ ʧʨʠʪʦʢʫ ʩ ʧʷʪʠ 

ʚʦʜʦʩʙʦʨʥʳʭ ʫʯʘʩʪʢʦʚ ʢ ʚʦʜʦʭʨʘʥʠʣʠʱʘʤ ʄɺʉ ʠ ɺɻʉ ʟʘ ʧʝʨʠʦʜ 1914-2018 ʛʛ. ʠ 

ʢ ʀʚʘʥʴʢʦʚʩʢʦʤʫ ʚʦʜʦʭʨʘʥʠʣʠʱʫ ï ʟʘ ʧʝʨʠʦʜ 1918-2011 ʛʛ. ɼʘʥʥʳʝ 

ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʄʦʩʚʦʜʦʢʘʥʘʣʦʤ ʜʣʷ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʨʠʪʦʢ ʢ ʗʫʟʩʢʦʤʫ 

ʠ ɺʝʨʭʥʝʨʫʟʩʢʦʤʫ ʚʦʜʦʭʨʘʥʠʣʠʱʘʤ ʥʝ ʘʥʘʣʠʟʠʨʦʚʘʣʩʷ ʧʦ ʧʨʠʯʠʥʝ ʠʭ 

ʥʝʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʚʩʝʡ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʩʠʩʪʝʤʳ.  

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʩʠʩʪʝʤʳ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʛ. ʄʦʩʢʚʳ 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʘʥʘʣʠʟʫ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʫʩʣʦʚʠʷʭ ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ, 

 

ʄʦʞʘʡʩʢʦʝ ʚʜʭʨ. 

ʀʚʘʥʴʢʦʚʩʢʦʝ ʚʜʭʨ. 

ʨ. ʄʦʩʢʚʘ 

ʄʆʉʂɺɸ 

ʀʩʪʨʠʥʩʢʦʝ ʚʜʭʨ. 

ʆʟʝʨʥʠʥʩʢʦʝ ʚʜʭʨ. 

ʈʫʟʩʢʦʝ ʚʜʭʨ. 

ɺʝʨʭ. ʈʫʟʩʢʦʝ ʚʜʭʨ. 

ɺʘʟʫʟʩʢʦʝ ʚʜʭʨ. 

ʗʫʟʩʢʦʝ ʚʜʭʨ. 

ʨ. ʄʦʩʢʚʘ 

ʂ
ʘ
ʥ
ʘ
ʣ
 
ʠ
ʤ
.
 
ʄ
ʦ
ʩ
ʢ
ʚ
ʳ

 

ʨ. ɺʦʣʛʘ ʨ. ɺʦʣʛʘ ʨ. ɺʦʣʛʘ 
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ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʪʦʤ, ʯʪʦ ʚʨʝʤʝʥʥʳʝ ʨʷʜʳ ʩʪʦʢʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʞʥʦ 

ʨʘʟʜʝʣʠʪʴ ʥʘ ʦʜʥʦʨʦʜʥʳʝ ʚʳʙʦʨʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʫʩʪʦʡʯʠʚʳʤ ʩʦʩʪʦʷʥʠʷʤ 

ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʦʢʘ. ʌʦʨʤʘʣʴʥʦ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʠʤʝʶʱʠʡʩʷ 

ʚʨʝʤʝʥʥʦʡ ʨʷʜ ʜʝʣʠʪʩʷ ʚ ʪʦʯʢʝ ʥʘʨʫʰʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ (ʪʦʯʢʝ ʧʝʨʝʣʦʤʘ) ʥʘ 

ʜʚʘ ʩʪʘʮʠʦʥʘʨʥʳʭ ʫʯʘʩʪʢʘ (ʧʝʨʠʦʜʘ): 1) ʙʘʟʦʚʳʡ ʧʝʨʠʦʜ, ʢʦʛʜʘ ʝʱʝ ʥʝ ʧʨʦʠʟʦʰʣʦ 

ʟʘʤʝʪʥʳʭ ʠʟʤʝʥʝʥʠʡ ʩʪʦʢʘ, ʠ 2) ʩʦʚʨʝʤʝʥʥʳʡ (ʠʣʠ ʪʝʢʫʱʠʡ) ʧʝʨʠʦʜ ï ʦʪ ʥʘʯʘʣʘ 

ʥʦʚʦʛʦ ʫʩʪʦʡʯʠʚʦʛʦ ʫʩʣʦʚʥʦ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʦ ʪʝʢʫʱʝʛʦ ʛʦʜʘ.  

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʚ ʛʠʜʨʦʣʦʛʠʠ ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʯʢʠ 

ʥʘʨʫʰʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ï ʤʝʪʦʜ ʨʘʟʥʦʩʪʥʳʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʢʨʠʚʳʭ. ʆʜʥʘʢʦ, 

ʝʩʣʠ ʜʠʩʧʝʨʩʠʷ ʢʦʣʝʙʘʥʠʡ ʩʪʦʢʘ ʚʳʩʦʢʘ (ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʩʪʦʢʘ ʚ 

ʩʦʚʨʝʤʝʥʥʳʡ ʧʝʨʠʦʜ), ʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʰʠʙʢʠ ʥʘʟʥʘʯʝʥʠʷ ʪʦʯʢʠ 

ʥʘʨʫʰʝʥʠʷ ʩʠʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ï ʦʜʠʥ ʛʣʫʙʦʢʠʡ ʤʠʥʠʤʫʤ ʚ ʭʨʦʥʦʣʦʛʠʯʝʩʢʦʤ 

ʛʨʘʬʠʢʝ ʤʦʞʝʪ ʩʤʝʩʪʠʪʴ ʪʦʯʢʫ ʥʘʯʘʣʘ ʥʘʧʨʘʚʣʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʚʳʜʝʣʷʝʤʫʶ ʥʘ 

ʨʘʟʥʦʩʪʥʦʡ ʠʥʪʝʛʨʘʣʴʥʦʡ ʢʨʠʚʦʡ. ʇʦʪʦʤʫ ʧʘʨʘʣʣʝʣʴʥʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʯʢʠ 

ʥʘʨʫʰʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʙʦʣʝʝ 

ʦʙʲʝʢʪʠʚʥʦ ʦʧʨʝʜʝʣʷʝʪ ʪʦʯʢʫ ʠʟʤʝʥʝʥʠʡ ʚ ʭʘʨʘʢʪʝʨʝ ʩʪʦʢʘ. ɺ ʦʩʥʦʚʝ ʤʝʪʦʜʘ 

ʣʝʞʠʪ ʙʘʡʝʩʦʚʩʢʘʷ ʦʮʝʥʢʘ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʪʦʯʢʠ ʥʘʨʫʰʝʥʠʷ ʨʝʞʠʤʘ 

(ʪʦʯʢʠ ʩʤʝʥʳ ʩʦʩʪʦʷʥʠʷ) [2]. 

ʏʪʦʙʳ ʦʮʝʥʠʪʴ, ʢʘʢ ʚʣʠʷʝʪ ʫʯʝʪ ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʥʘ 

ʫʧʨʘʚʣʝʥʠʝ ʚʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʚʦʜʦʭʨʘʥʠʣʠʱ, ʧʨʠʤʝʥʷʣʩʷ ʤʝʪʦʜ 

ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʦʚʤʝʩʪʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ 

ʚʦʜʦʭʨʘʥʠʣʠʱ ʧʦ ʜʝʡʩʪʚʫʶʱʠʤ ʧʨʘʚʠʣʘʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʩ 

ʦʙʝʩʧʝʯʝʥʠʝʤ ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥʷ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ ʦʪʜʘʯʠ [3]. ʇʨʠ ʵʪʦʤ ʚ 

ʢʘʯʝʩʪʚʝ ʧʨʠʪʦʢʘ ʢ ʚʦʜʦʭʨʘʥʠʣʠʱʘʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘʙʣʶʜʝʥʥʳʝ ʨʷʜʳ ʧʨʠʪʦʢʘ, 

ʦʪʨʘʞʘʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʚ ʫʩʣʦʚʠʷʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʠʟʤʝʥʝʥʠʡ ʥʘ ʚʦʜʦʩʙʦʨʝ.  

ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʪʝʣʠ 

ʥʘʜʝʞʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʜʦʭʨʘʥʠʣʠʱ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ 

ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʚʦʜʦʦʪʜʘʯʠ ï ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʩʧʝʨʝʙʦʡʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʠ 

ʙʝʩʧʝʨʝʙʦʡʥʳʭ ʣʝʪ, ʘ ʪʘʢʞʝ ʜʝʬʠʮʠʪʳ ʚʦʜʦʦʪʜʘʯʠ ʠ ʦʙʲʝʤ rʧʦʣʝʟʥʦʡ ʝʤʢʦʩʪʠ 

ʚʦʜʦʭʨʘʥʠʣʠʱ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ ʦʪʜʘʯʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ 

ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʪʦʢʘ. ʀʟʤʝʥʝʥʠʝ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʙʘʟʦʚʦʤʫ ʧʝʨʠʦʜʫ ʦʪʨʘʞʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚ 

ʩʦʚʨʝʤʝʥʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ɺ ʙʘʩʩʝʡʥʝ ɺʝʨʭʥʝʡ ɺʦʣʛʠ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ 

ʥʘʨʫʰʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʨʷʜʦʚ ʩʪʦʢʘ, ʢʦʪʦʨʳʝ ʧʨʦʠʩʭʦʜʠʣʠ ʩʠʥʭʨʦʥʥʦ ʥʘ 

ʙʦʣʴʰʠʭ ʪʝʨʨʠʪʦʨʠʷʭ [4,5]. ʅʘ ʬʦʥʝ ʫʚʝʣʠʯʝʥʠʷ ʤʝʞʝʥʥʦʛʦ ʩʪʦʢʘ ʠ ʩʦʢʨʘʱʝʥʠʷ 

ʩʪʦʢʘ ʚʝʩʝʥʥʝʛʦ ʧʦʣʦʚʦʜʴʷ ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʛʦʜʦʚʦʛʦ ʩʪʦʢʘ, ʯʪʦ ʝʩʪʝʩʪʚʝʥʥʳʤ 

ʦʙʨʘʟʦʤ ʚʣʠʷʝʪ ʠ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʚʦʜʦʭʨʘʥʠʣʠʱ. ʉʚʷʟʘʥʳ ʵʪʠ 

ʩʢʘʯʢʦʦʙʨʘʟʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚʦʜʥʦʩʪʠ ʨʝʢ ʩ ʠʟʤʝʥʝʥʠʝʤ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ.  
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ɼʣʷ ʙʘʩʩʝʡʥʦʚ ʆʢʠ ʠ ɺʝʨʭʥʝʡ ɺʦʣʛʠ ʩʤʝʥʘ ʫʩʣʦʚʥʦ ʦʜʥʦʨʦʜʥʳʭ ʨʝʞʠʤʦʚ 

ʚʦʜʥʦʩʪʠ ʜʣʷ ʤʠʥʠʤʘʣʴʥʦʛʦ ʩʪʦʢʘ ʩʦʩʪʦʷʣʘʩʴ ʚ 1978 ʛ. [6]. ʅʘ ʬʦʥʝ 

ʧʨʦʜʦʣʞʘʶʱʠʭʩʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʙʘʩʩʝʡʥʝ ɺʝʨʭʥʝʡ ɺʦʣʛʠ ʨʦʩʪ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʩʪʦʢʘ ʩʪʘʥʦʚʠʪʩʷ ʝʱʝ ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʧʝʨʠʦʜʫ ʜʦ 1978 ʛ. (ʨʠʩ. 2). ɼʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʛʦ ʩʨʝʜʥʝʤʝʩʷʯʥʦʛʦ 

ʩʪʦʢʘ ʟʠʤʥʝʡ ʤʝʞʝʥʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʙʘʟʦʚʦʤʫ ʧʝʨʠʦʜʫ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 1,3 ʜʦ 2,3. 

ʅʘʠʙʦʣʴʰʠʝ ʠʟʤʝʥʝʥʠʷ ʚ 2,9 ʨʘʟ ʧʨʦʠʟʦʰʣʠ ʚ ʙʘʩʩʝʡʥʝ ʨ. ɺʳʰʠ (ʧʨʘʚʳʡ ʧʨʠʪʦʢ 

ʎʥʳ). 
ʘ ʙ 

  
ʈʠʩʫʥʦʢ 2 ï ʄʠʥʠʤʘʣʴʥʳʡ ʩʨʝʜʥʝʤʝʩʷʯʥʳʡ ʩʪʦʢ ʟʠʤʥʝʡ ʤʝʞʝʥʠ:  

ʨ. ʆʢʘ ï ʛ. ɹʝʣʝʚ (ʘ), ʨ. ʋʛʨʘ ï ʧʛʪ. ʊʦʚʘʨʢʦʚʦ (ʙ) 

ɺ ʵʪʦʪ ʞʝ ʧʝʨʠʦʜ ʥʘʯʘʣ ʥʘʙʣʶʜʘʪʴʩʷ ʫʩʪʦʡʯʠʚʳʡ ʨʦʩʪ ʩʨʝʜʥʝʛʦ ʛʦʜʦʚʦʛʦ 

ʩʪʦʢʘ (ʨʠʩ. 3). ɺʝʣʠʯʠʥʳ ʛʦʜʦʚʦʛʦ ʩʪʦʢʘ ʠʟʤʝʥʠʣʠʩʴ ʚ ʩʨʝʜʥʝʤ ʥʘ 20%, ʥʦ ʵʪʦʪ 

ʪʨʝʥʜ ʭʘʨʘʢʪʝʨʝʥ ʪʦʣʴʢʦ ʜʣʷ ʯʘʩʪʠ ʨʝʢ. ɺ [7] ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʪʨʝʥʜ ʫʚʝʣʠʯʝʥʠʷ 

ʛʦʜʦʚʦʛʦ ʩʪʦʢʘ ʨʝʢ ɺʝʨʭʥʝʡ ɺʦʣʛʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʥʝ ʟʘ ʩʯʝʪ ʧʦʣʦʚʦʜʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ, ʘ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʜʦʣʠ ʧʘʚʦʜʦʯʥʦʛʦ ʩʪʦʢʘ.  

ʘ ʙ 

  
ʈʠʩʫʥʦʢ 3 ï ʉʨʝʜʥʠʡ ʛʦʜʦʚʦʡ ʩʪʦʢ: ʨ. ʏʘʛʦʜʦʱʘ ï ʩ. ʄʝʛʨʠʥʦ (ʘ), ʨ. ʋʥʞʘ ï ʛ. ʄʘʢʘʨʴʝʚ (ʙ) 

ʊʨʝʥʜ, ʚʳʷʚʣʝʥʥʳʡ ʜʣʷ ʨʝʢ ʙʘʩʩʝʡʥʘ ɺʝʨʭʥʝʡ ɺʦʣʛʠ, ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʠ ʜʣʷ 

ʧʨʠʪʦʢʘ ʢ ʚʦʜʦʭʨʘʥʠʣʠʱʘʤ ʩʠʩʪʝʤʳ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʄʦʩʢʚʳ ʟʘ ʨʘʟʣʠʯʥʳʝ 

ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ (ʛʦʜ, ʤʝʩʷʮ, ʜʝʢʘʜʳ, ʣʠʤʠʪʠʨʫʶʱʠʝ ʧʝʨʠʦʜʳ ï ʣʝʪʥʷʷ ʠ 

ʟʠʤʥʷʷ ʤʝʞʝʥʴ).  

ʈʝʞʠʤ ʩʨʝʜʥʝʛʦ ʛʦʜʦʚʦʛʦ ʧʨʠʪʦʢʘ ʢʦ ʚʩʝʤ ʚʦʜʦʭʨʘʥʠʣʠʱʘʤ ʧʦʜʚʝʨʛʩʷ 

ʠʟʤʝʥʝʥʠʷʤ ʚ ʨʘʡʦʥʝ 1978 ʛ. ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ 

ʚʦʜʥʦʩʪʠ. ʀʩʢʣʶʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʈʫʟʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ, ʩʨʝʜʥʠʡ ʛʦʜʦʚʦʡ 

ʧʨʠʪʦʢ ʢ ʢʦʪʦʨʦʤʫ ʦʩʪʘʝʪʩʷ ʚ ʨʘʤʢʘʭ ʛʠʧʦʪʝʟʳ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ.  

ɸʥʘʣʠʟ ʧʨʠʪʦʢʘ ʢ ʚʦʜʦʭʨʘʥʠʣʠʱʘʤ ʧʦʢʘʟʘʣ, ʯʪʦ ʛʠʧʦʪʝʟʘ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ 

ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ ʢʘʢ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟʫʯʘʝʤʳʭ ʩʨʝʜʥʝʤʝʩʷʯʥʳʭ, ʪʘʢ ʠ ʜʣʷ 

ʩʨʝʜʥʠʭ ʛʦʜʦʚʳʭ ʨʷʜʦʚ ʧʨʠʪʦʢʘ. ʅʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʧʨʠʪʦʢʘ ʚ ʧʝʨʠʦʜ 
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ʟʠʤʥʝʡ ʠ ʣʝʪʥʝʡ ʤʝʞʝʥʠ, ʠ ʫʤʝʥʴʰʝʥʠʝ ʚ ʧʝʨʠʦʜ ʧʦʣʦʚʦʜʴʷ. ʅʘʠʙʦʣʴʰʠʝ 

ʠʟʤʝʥʝʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʧʝʨʠʦʜ ʟʠʤʥʝʡ ʤʝʞʝʥʠ. ʇʨʠʤʝʨ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʚʥʫʪʨʠʛʦʜʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʠʪʦʢʘ ʥʘʛʣʷʜʥʦ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 3 ʚ ʚʠʜʝ 

ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʝ ʧʨʠʪʦʢʘ ʚ ʧʝʨʠʦʜ ʧʦʣʦʚʦʜʴʷ, ʟʠʤʥʝʡ ʠ ʣʝʪʥʝ-ʦʩʝʥʥʝʡ 

ʤʝʞʝʥʠ ʚ ʛʦʜʦʚʦʤ ʧʨʠʪʦʢʝ ʟʘ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʡ ʛʦʜ. 

ʘ ʙ ʚ 

   
ʈʠʩʫʥʦʢ 4 ï ɺʥʫʪʨʠʛʦʜʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʠʪʦʢʘ ʢ ʚʦʜʦʭʨʘʥʠʣʠʱʘʤ: ɺʘʟʫʟʩʢʦʝ (ʘ), 

ʄʦʞʘʡʩʢʦʝ (ʙ), ʀʩʪʨʠʥʩʢʦʝ (ʚ) 

ʇʦʭʦʞʘʷ ʩʠʪʫʘʮʠʷ ʩʢʣʘʜʳʚʘʝʪʩʷ ʚ ʙʘʩʩʝʡʥʘʭ ʙʦʣʴʰʠʥʩʪʚʘ ʨʝʢ 

ɽʚʨʦʧʝʡʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ, ʛʜʝ ʚ ʧʦʩʣʝʜʥʠʝ 40 ʣʝʪ ʥʘʙʣʶʜʘʶʪʩʷ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʠʟʤʝʥʝʥʠʷ ʩʪʦʢʘ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʠʟʤʝʥʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʠ ʦʩʘʜʢʦʚ. ʇʨʦʠʩʭʦʜʷʱʠʝ ʠʟʤʝʥʝʥʠʷ ʦʪʨʘʞʘʶʪʩʷ ʥʘ 

ʚʦʜʥʦʤ ʭʦʟʷʡʩʪʚʝ ʨʝʛʠʦʥʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʥʘ ʫʧʨʘʚʣʝʥʠʠ ʚʦʜʦʭʨʘʥʠʣʠʱʘʤʠ. ʀ 

ʘʢʪʫʘʣʴʥʳʤ ʚʦʧʨʦʩʦʤ ʩʪʘʥʦʚʠʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʢʨʠʪʝʨʠʝʚ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʘʜʘʧʪʘʮʠʠ ʚʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʢ ʥʦʚʳʤ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ. ɺ ʢʘʯʝʩʪʚʝ 

ʪʘʢʠʭ ʢʨʠʪʝʨʠʝʚ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʫʩʣʦʚʠʝ ʥʝʫʭʫʜʰʝʥʠʷ ʦʩʥʦʚʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʚʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʟʘ ʧʝʨʠʦʜ ʧʦʩʣʝ 

1978 ʛ. ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʭ ʟʥʘʯʝʥʠʡ ʜʦ 1978 ʛ. 

ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʣʷ ʩʠʩʪʝʤʳ ʚʦʜʦʭʨʘʥʠʣʠʱ ʚʦʜʦʩʥʘʙʞʝʥʠʷ 

ʛ.  ʄʦʩʢʚʳ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʪʨʘʜʠʮʠʦʥʥʳʝ ʜʣʷ ʦʪʝʯʝʩʪʚʝʥʥʦʡ 

ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʠ ʧʦʢʘʟʘʪʝʣʠ ʥʘʜʝʞʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʜʦʭʨʘʥʠʣʠʱ ï ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʯʠʩʣʘ ʙʝʩʧʝʨʝʙʦʡʥʳʭ ʠʥʪʝʨʚʘʣʦʚ 

ʠ ʯʠʩʣʘ ʙʝʩʧʝʨʝʙʦʡʥʳʭ ʣʝʪ, ʘ ʪʘʢʞʝ ʜʝʬʠʮʠʪʳ ʚʦʜʦʦʪʜʘʯʠ ʠ ʦʙʲʝʤ rʧʦʣʝʟʥʦʡ 

ʝʤʢʦʩʪʠ ʚʦʜʦʭʨʘʥʠʣʠʱ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ ʦʪʜʘʯʠ (ʨʠʩ. 5, 6). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʥʘ ʬʦʥʝ ʧʨʦʠʟʦʰʝʜʰʠʭ 

ʠʟʤʝʥʝʥʠʡ ʚ ʭʘʨʘʢʪʝʨʝ ʧʨʠʪʦʢʘ ʢ ʩʠʩʪʝʤʝ ʚʦʜʦʭʨʘʥʠʣʠʱ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʫʧʨʘʚʣʝʥʠʷ ʚʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʠʟʤʝʥʠʣʘʩʴ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ ʫʚʝʣʠʯʝʥʠʷ 

ʩʫʤʤʘʨʥʳʭ ʧʦʣʝʟʥʳʭ ʦʙʲʝʤʦʚ ʥʘ ʚʩʝʭ ʨʘʩʯʝʪʥʳʭ ʠʥʪʝʨʚʘʣʘʭ ʚʦ ʚʪʦʨʦʤ ʧʝʨʠʦʜʝ 

(ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʘʟʦʚʳʤ ʧʝʨʠʦʜʦʤ) ʚ ʮʝʣʦʤ (ʨʠʩ. 5), ʦʙʲʝʤʳ ʜʝʬʠʮʠʪʦʚ 

ʩʦʢʨʘʪʠʣʠʩʴ ʥʘ ʚʩʝʭ ʚʦʜʦʭʨʘʥʠʣʠʱʘʭ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ. ʊʝʤ ʥʝ ʤʝʥʝʝ 

ʛʨʫʧʧʠʨʦʚʢʠ ʤʘʣʦʚʦʜʥʳʭ ʣʝʪ ʧʨʦʜʦʣʞʘʶʪ ʥʘʙʣʶʜʘʪʴʩʷ ʠ ʦʙʫʩʣʘʚʣʠʚʘʶʪ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʝʨʝʙʦʝʚ ʚ ʄɺʉ ʠ ɺʘʟʫʟʩʢʦʤ ʚʦʜʦʭʨʘʥʠʣʠʱʝ (ʨʠʩ. 6). ɺ 

ʀʚʘʥʴʢʦʚʩʢʦʤ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʜʝʬʠʮʠʪʦʚ ʚʦʜʳ 

ʟʘ ʨʘʩʯʝʪʥʳʡ ʧʝʨʠʦʜ (ʨʠʩ. 6).  
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ʘ ʙ ʚ 

   
ʈʠʩʫʥʦʢ 5 ï ɺʥʫʪʨʠʛʦʜʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʨʝʜʥʝʛʦ ʧʦʣʝʟʥʦʛʦ ʦʙʲʝʤʘ ʚʦʜʦʭʨʘʥʠʣʠʱ ʩʠʩʪʝʤʳ ʚʦʜʦʦʙʝʩʧʝʯʝʥʠʷ ʛ. ʄʦʩʢʚʳ ʟʘ ʜʚʘ ʧʝʨʠʦʜʘ: 

1 ï ʜʦ 1978 ʛ., 2 ï ʩ 1979 ʛ. (ʄɺʉ (ʘ), ɺʘʟʫʟʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ (ʙ), ʀʚʘʥʴʢʦʚʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ (ʚ)) 

 

ʘ ʙ ʚ 

   

ʈʠʩʫʥʦʢ 6 ï ʉʫʤʤʘʨʥʳʡ ʛʦʜʦʚʦʡ ʜʝʬʠʮʠʪ ʚʦʜʳ ʚ ʚʦʜʦʭʨʘʥʠʣʠʱʘʭ ʩʠʩʪʝʤʳ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʄʦʩʢʚʳ ʟʘ ʜʚʘ ʧʝʨʠʦʜʘ: 1 ï ʜʦ 1978 ʛ., 2 ï ʩ 

1979 ʛ. (ʄɺʉ (ʘ), ɺʘʟʫʟʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ (ʙ), ʀʚʘʥʴʢʦʚʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ (ʚ)) 
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ɺʳʚʦʜʳ 

ʀʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ, ʥʘʙʣʶʜʘʶʱʠʝʩʷ ʚ ɽʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ, 

ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʴ ʩʪʦʢʘ ʥʘ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ, ʚʢʣʶʯʘʷ ʧʨʠʪʦʢ ʢʦ 

ʚʩʝʤ ʦʩʥʦʚʥʳʤ ʚʦʜʦʭʨʘʥʠʣʠʱʘʤ, ʚʭʦʜʷʱʠʤ ʚ ʩʠʩʪʝʤʫ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʛ. 

ʄʦʩʢʚʳ. ɺʳʷʚʣʝʥʳ ʠʟʤʝʥʝʥʠʷ ʧʨʠʪʦʢʘ ʚ ʤʥʦʛʦʣʝʪʥʝʤ ʨʘʟʨʝʟʝ, ʚʳʨʘʞʘʶʱʠʝʩʷ ʚ 

ʫʚʝʣʠʯʝʥʠʠ ʚʦʜʥʦʩʪʠ ʚ ʣʠʤʠʪʠʨʫʶʱʠʝ ʧʝʨʠʦʜʳ ʠ ʩʥʠʞʝʥʠʠ ʚ 

ʥʝʣʠʤʠʪʠʨʫʶʱʠʝ. ʉʫʱʝʩʪʚʝʥʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʦʪʨʘʞʘʝʪʩʷ ʥʘ 

ʚʦʜʥʦʤ ʭʦʟʷʡʩʪʚʝ ʨʝʛʠʦʥʘ ʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʤʝʨ ʧʦ ʝʛʦ 

ʘʜʘʧʪʘʮʠʠ ʢ ʩʦʚʨʝʤʝʥʥʳʤ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʪʝʤʳ ˉ FMWZ-2022-0001 ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ 

ʀɺʇ ʈɸʅ, ˉ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ: 122041100222-7. 
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NON-STATIONARY RIVER FLOW AND PROBLEMS OF RESERVOIR MANAGEMENT (CASE 

STUDY OF THE MOSCOW WATER SUPPLY SYSTEM) 

Bolgov M.V., Korobkina E.A., Filippova I.A.  

Water Problems Institute, Russian Academy of Sciences, Moscow, Russia 

e-mail: elenakorobkina@mail.ru 

Abstract. Due to climate warming, there are steady changes in the river flow of most rivers of the European 

territory of Russia. The increasing variability of water resources significantly increases the risks in the 

management of water resources of reservoirs. On the example of the Moscow water supply system, the 

effectiveness of water resources management is discussed against the background of the changing dynamics 

of long-term fluctuations in the runoff in the Upper Volga basin. It is shown that the changes in the hydrological 

regime that have occurred lead to the need to develop measures to adapt the water sector of the region to 

modern conditions of runoff formation. 

Keywords: climate change, non-stationarity, river runoff, runoff regulation, reservoir, Moskvoretskaya water 

system, Vazuza hydrotechnical system 
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ʊɽʍʅʆʃʆɻʀʀ ʇʆʉʊʈʆɽʅʀʗ, ʈɽɿʋʃʔʊɸʊʓ 

ɹʦʣʛʦʚ ʄ.ɺ.1, ʃʝʧʠʭʠʥ ɸ.ʇ.2 

1 ʀʥʩʪʠʪʫʪ ʚʦʜʥʳʭ ʧʨʦʙʣʝʤ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 e-mail: bolgovmv@mail.ru 
2 ɻʦʨʥʳʡ ʠʥʩʪʠʪʫʪ ʋʨʆ ʈɸʅ, ʇʝʨʤʴ, ʈʦʩʩʠʷ  

e-mail: lepihin49@mail.ru 

ɸʥʥʦʪʘʮʠʷ. ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʤʦʜʝʣʝʡ ʚ 

ʛʠʜʨʦʣʦʛʠʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ, ʨʘʩʰʠʨʷʶʱʠʝʩʷ ʚ ʩʚʷʟʠ ʩ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʥʦʚʳʭ ʠ ʨʘʟʚʠʪʠʝʤ ʫʞʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ ʧʦʩʪʘʥʦʚʦʢ. ʂʣʘʩʩʠʯʝʩʢʠʝ 

ʧʦʜʭʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʦʩʪʨʦʝʥʠʠ ʦʜʥʦ- ʠ ʜʚʫʤʝʨʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ, ʫʩʣʦʞʥʷʶʪʩʷ ʧʨʠ 

ʧʦʧʳʪʢʘʭ ʦʧʠʩʳʚʘʪʴ ʧʨʦʮʝʩʩʳ ʩ ʷʚʥʳʤ ʥʘʨʫʰʝʥʠʝʤ ʦʜʥʦʨʦʜʥʦʩʪʠ. ʈʘʟʣʠʯʥʳʝ ʟʘʜʘʯʠ 

ʛʠʜʨʦʬʠʟʠʢʠ, ʛʠʜʨʦʭʠʤʠʠ, ʵʢʦʣʦʛʠʠ ʚʦʜʥʳʭ ʩʠʩʪʝʤ ʯʘʩʪʦ ʥʝ ʫʢʣʘʜʳʚʘʶʪʩʷ ʚ ʨʘʤʢʠ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʦʜʭʦʜʦʚ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʦʙʩʫʞʜʘʶʪʩʷ ʥʦʚʳʝ ʠʜʝʠ ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ ʘʥʘʣʠʟʘ. ɺ 

ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʝʢʦʪʦʨʳʝ, ʥʝ ʪʨʘʜʠʮʠʦʥʥʳʝ ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʟʘʜʘʯʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʤʦʜʝʣʠ, ʥʝʦʜʥʦʨʦʜʥʳʝ ʨʷʜʳ, 

çʪʷʞʝʣʳʝ ʭʚʦʩʪʳè 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʝʪʦʜʳ ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘʰʣʠ ʦʯʝʥʴ 

ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʛʠʜʨʦʣʦʛʠʠ. ɽʩʪʝʩʪʚʝʥʥʦ, ʚ ʦʜʥʦʤ ʜʦʢʣʘʜʝ ʥʝʚʦʟʤʦʞʥʦ 

ʦʩʚʝʪʠʪʴ ʚʩʝ ʘʩʧʝʢʪʳ, ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠ 

ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʤʦʜʝʣʝʡ, ʧʦʵʪʦʤʫ ʭʦʪʝʣʠ ʙʳ ʦʩʪʘʥʦʚʠʪʴʩʷ ʥʘ ʥʝʩʢʦʣʴʢʠʭ, 

ʜʦʩʪʘʪʦʯʥʦ ʥʦʚʳʭ ʠ ʠʥʪʝʨʝʩʥʳʭ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʥʘʧʨʘʚʣʝʥʠʷʭ.  

ʇʨʦʙʣʝʤʳ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʛʠʜʨʦʣʦʛʠʠ (ʪʝʦʨʠʠ ʢʦʣʝʙʘʥʠʡ ʩʪʦʢʘ) ʤʦʞʥʦ 

ʨʘʟʜʝʣʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʛʨʫʧʧ [14]: 

ï ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʘʷ ʧʨʦʙʣʝʤʘ ï ʤʦʞʥʦ ʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʦʣʝʙʘʥʠʷ 

ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠ ʩʣʫʯʘʡʥʳʭ 

ʧʨʦʮʝʩʩʦʚ?  

ï ʦʜʥʦʤʝʨʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ï ʝʩʪʴ ʣʠ ʧʨʦʛʨʝʩʩ ʠ ʥʦʚʳʝ 

ʤʦʜʝʣʠ? 

ï ʤʝʪʦʜʳ ʦʮʝʥʠʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ï ʟʘ ʩʯʝʪ ʢʘʢʠʭ ʠʜʝʡ ʠ ʛʠʧʦʪʝʟ ʤʦʞʥʦ 

ʨʝʟʢʦ ʫʚʝʣʠʯʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ? 

ï ʩʣʫʯʘʡʥʳʝ ʧʨʦʮʝʩʩʳ: ʜʦʩʪʘʪʦʯʥʦ ʣʠ ʤʘʨʢʦʚʩʢʦʡ ʛʠʧʦʪʝʟʳ ʠʣʠ ʥʫʞʥʳ 

ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʤʦʜʝʣʠ ʩ çʜʣʠʥʥʦʡè ʧʘʤʷʪʴʶ? 

ï ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʴ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ: ʝʩʪʴ ʣʠ 

ʧʨʦʛʨʝʩʩ ʚ ʧʦʥʠʤʘʥʠʠ ʧʦʜʭʦʜʦʚ ʢ ʚʝʨʦʷʪʥʦʩʪʥʳʤ ʧʨʦʛʥʦʟʘʤ? 

ʊʨʘʜʠʮʠʦʥʥʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʚ ʛʠʜʨʦʣʦʛʠʠ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ 

ʧʦʩʪʨʦʝʥʠʝ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʦʮʝʥʦʢ ʩʪʦʢʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʠʭ 

ʘʧʨʠʦʨʥʦ ʥʝʠʟʚʝʩʪʥʳʭ ʬʫʥʢʮʠʷʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʥʳʭ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʚʳʙʦʨʢʘʭ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʯʝʪʘ ʚʥʫʪʨʠʨʷʜʥʦʡ ʩʚʷʟʥʦʩʪʠ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ.  

ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʝʪ ʠ ʜʨʫʛʘʷ ʦʙʣʘʩʪʴ ʛʠʜʨʦʣʦʛʠʠ, ʛʜʝ ʵʪʠ ʤʝʪʦʜʳ ʘʢʪʠʚʥʦʛʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ, ʥʦ, ʢ ʩʦʞʘʣʝʥʠʶ, ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʦʩʚʝʱʘʶʪʩʷ ʚ ʥʘʫʯʥʦʡ 
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ʣʠʪʝʨʘʪʫʨʝ. ʕʪʦ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʟʘʜʘʯʠ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʚʦʜʳ, ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʪʨʘʥʩʧʦʨʪʘ ʥʘʥʦʩʦʚ, ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʩʪʦʢʘ. ʕʪʠ, ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʱʠʝʩʷ 

ʟʘʜʘʯʠ, ʪʨʝʙʫʶʪ ʠ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ. ʅʘʯʥʝʤ ʩ ʥʝʢʦʪʦʨʳʭ ʟʘʜʘʯ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʛʠʜʨʦʭʠʤʠʠ ʠ ʛʠʜʨʦʬʠʟʠʢʠ.  

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʥʫʪʨʠʚʦʜʦʸʤʥʳʭ ʧʨʦʮʝʩʩʦʚ ʯʘʩʪʦ ʚʦʟʥʠʢʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʚ ʥʝʣʠʥʝʡʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʥʦ ʠ ʠʭ ʩʚʝʨʢʝ (ʩʣʦʞʝʥʠʝ, ʫʤʥʦʞʝʥʠʝ, ʜʝʣʝʥʠʝ). ʂ ʩʦʞʘʣʝʥʠʶ, ʵʪʠ ʘʩʧʝʢʪʳ 

ʪʝʦʨʠʠ ʩʣʫʯʘʡʥʳʭ ʬʫʥʢʮʠʡ ʚ ʛʠʜʨʦʣʦʛʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʝʝ ʠʩʧʦʣʴʟʫʝʤʳ. ʊʘʢ 

ʢʘʢ ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʛʠʜʨʦʣʦʛʠʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳ, ʧʦʵʪʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʧʝʨʘʮʠʡ ʩʣʦʞʝʥʠʡ 

ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ ʥʝ ʘʢʪʫʘʣʴʥʳʤ, ʪʘʢ ʢʘʢ ʠʭ ʩʫʤʤʳ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʤʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʩʦʚʤʝʩʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʚʝʨʦʷʪʥʦʩʪʝʡ ʜʚʫʭ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳʭ ʩʣʫʯʘʡʥʳʭ 

ʚʝʣʠʯʠʥ P(ὢȟȢȢὢȟȢȢὢ ὖ ὢ ȣz ὖz ὢ ȣz ὖz ὢ , ʧʦʵʪʦʤʫ, ʟʥʘʷ 

ʟʘʢʦʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ ʧʨʠ ʠʭ ʩʪʘʪʠʯʝʩʢʦʡ 

ʥʝʟʘʚʠʩʠʤʦʩʪʠ, ʥʝʩʣʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʭ ʠʥʪʝʛʨʘʣʴʥʫʶ ʦʮʝʥʢʫ, ʥʘʧʨʠʤʝʨ ʧʨʠ 

ʧʦʩʪʨʦʝʥʠʠ ʬʫʥʢʮʠʠ ʧʨʘʚʜʦʧʦʜʦʙʠʷ. 

ʉʠʪʫʘʮʠʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʤʝʥʷʝʪʩʷ, ʢʦʛʜʘ ʩʣʫʯʘʡʥʳʝ ʧʝʨʝʤʝʥʥʳʝ 

ʚʢʣʶʯʘʶʪʩʷ ʚ ʟʥʘʤʝʥʘʪʝʣʴ ʨʘʩʯʝʪʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ. ʈʘʩʩʤʦʪʨʠʤ, ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʦʩʪʝʡʰʝʛʦ ʧʨʠʤʝʨʘ, ʩʠʪʫʘʮʠʶ ʧʨʠ ʦʮʝʥʢʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʩʪʚʦʨʝ ʧʦʣʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʧʨʠ ʥʫʣʝʚʦʡ ʬʦʥʦʚʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ.  

ʀʩʭʦʜʷ ʠʟ ʵʣʝʤʝʥʪʘʨʥʳʭ ʙʘʣʘʥʩʦʚʳʭ ʩʦʦʪʥʦʰʝʥʠʡ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʠʤʝʝʤ: 

˞ὸ ̒̂ ᶻ , ʛʜʝ ʉ(t) ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʠʥʛʨʝʜʠʝʥʪʘ ʚ 

ʩʪʚʦʨʝ ʧʦʣʥʦʛʦ ʩʤʝʰʝʥʠʷ, ʉʩʙ(t) ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʠʥʛʨʝʜʠʝʥʪʘ 

ʚ ʦʪʚʦʜʠʤʳʭ ʩʪʦʢʘʭ, Q(t), q(t) ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʘʩʭʦʜʳ ʚʦʜʳ ʚ ʚʦʜʦʪʦʢʝ-

ʧʨʠʝʤʥʠʢʝ ʠ ʦʪʚʦʜʠʤʳʭ ʩʪʦʢʘʭ. ʇʨʠ ʵʪʦʤ, ʢʘʢ ʤʠʥʠʤʫʤ, ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʪʨʠ 

ʯʘʩʪʥʳʭ ʩʣʫʯʘʷ. 

ɺ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʠʟʤʝʥʯʠʚʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ 

ʟʘʛʨʷʟʥʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʢʦʣʝʙʘʥʠʡ ʨʘʩʭʦʜʦʚ ʚʦʜʳ ʚ ʚʦʜʦʪʦʢʝ-

ʧʨʠʝʤʥʠʢʝ, ʪ.ʝ. ʉv(Ccʙ*q)<<ʉvQ., ʪʦ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʉʩʙ*q ~ const, ʘ ʭʘʨʘʢʪʝʨ 

ʢʦʣʝʙʘʥʠʡ C(t) ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ Q(t). ɺ ʵʪʦʤ ʩʣʫʯʘʝ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʤʝʝʤ ὖ ὅ ὖ  
ᶻ
ᶻ

ᶻ
, ʛʜʝ ʈQ ï ʬʫʥʢʮʠʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʩʭʦʜʦʚ ʚʦʜʳ ʚ ʚʦʜʦʪʦʢʝ-ʧʨʠʝʤʥʠʢʝ. ɽʩʣʠ ʚ ʢʘʯʝʩʪʚʝ ʜʘʥʥʦʡ 

ʬʫʥʢʮʠʠ ʧʨʠʥʠʤʘʝʪʩʷ ʪʨʘʜʠʮʠʦʥʥʦʝ ʜʣʷ ʛʠʜʨʦʣʦʛʠʠ ɻʘʤʤʘ-ʨʘʩʧʨʝʜʝʣʝʥʠʝ: 

˝ὗ
ᶻ

ᶻː
, ʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʈʩ(ʉ) ʙʫʜʝʪ ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʡ ʚʠʜ : 

ὖ̒ ὅ

ὅzπ
ᶻ
ᶻ

ᶻ

ᶻː
ᶻ

ᶻ
  (1)  

ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ, ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʠʩ. 1 

ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʫ ʥʠʭ çʪʷʞʝʣʳʭ ʭʚʦʩʪʦʚè.  
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ʈʠʩʫʥʦʢ 1 ï ʉʦʚʤʝʱʝʥʥʳʝ ʛʨʘʬʠʢʠ ʧʣʦʪʥʦʩʪʠ ɻʘʤʤʘ-ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʈ(ʉ). 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: P2(x) ï ɻʘʤʤʘ-ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʈ3(x) ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʣʝʙʘʥʠʡ 

ʢʦʥʮʝʥʪʨʘʮʠʡ (1) 

ʇʨʦʙʣʝʤʘ çʪʷʞʝʣʳʭ ʭʚʦʩʪʦʚè ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʨʘʩʩʤʦʪʨʝʥʘ ʚ [1]. 

ɽʩʣʠ ʜʦʩʪʘʪʦʯʥʦ ʩʪʘʙʠʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʠʥʛʨʝʜʠʝʥʪʘ ʚ ʦʪʚʦʜʠʤʳʭ ʩʪʦʢʘʭ, ʘ ʠʟʤʝʥʯʠʚʦʩʪʴ ʨʘʩʭʦʜʦʚ 

ʩʙʨʦʩʘ ʩʪʦʯʥʳʭ ʚʦʜ ή̒  ̂ὸ ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʠʟʤʝʥʯʠʚʦʩʪʴʶ ʨʘʩʭʦʜʦʚ ʚʦʜʳ 

ʚʦʜʦʪʦʢʘ-ʧʨʠʝʤʥʠʢʘ ὗὸ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʙʫʜʝʤ ʠʤʝʪʴ  

˞̒̂

̒ ̂

̒̂
  (2) 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʦʣʝʙʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ X(t)=C(t)/Ccʙ 

ʙʫʜʫʪ ʠʟʤʝʥʷʪʴʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 0<X(t)<1. ʇʨʠ ʵʪʦʤ, ʝʩʣʠ ʨʘʩʭʦʜ ʢʘʢ ʦʪʚʦʜʠʤʳʭ 

ʩʪʦʯʥʳʭ ʚʦʜ, ʪʘʢ ʠ ʨʘʩʭʦʜ ʚʦʜʦʪʦʢʘ-ʧʨʠʝʤʥʠʢʘ, ʦʧʠʩʳʚʘʝʪʩʷ ɻʘʤʤʘ-

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ, ʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ X(t), ʜʦʣʞʥʦ ʦʧʠʩʳʚʘʪʴʩʷ ɹʝʪʘ-

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʝʨʚʦʛʦ ʨʦʜʘ P(X)=1/B(Ŭ,ɓ)*(ὢ ᶻρ ὢ , ʛʜʝ B(Ŭ,ɓ) ï 

ɹʝʪʘ-ʬʫʥʢʮʠʷ. [2], ʇʨʠ ʵʪʦʤ B(Ŭ,ɓ)=ɻ(Ŭ)*ɻ(ɓ)/(ɻ(Ŭ+ɓ), ʛʜʝ Ŭ ʠ ɓ ï ʟʘʜʘʚʘʝʤʳʝ 

ʧʘʨʘʤʝʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ɻ(x) ï ɻʘʤʤʘ-ʬʫʥʢʮʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʘʨʛʫʤʝʥʪʘ.  

ʇʨʠ ʟʥʘʯʠʪʝʣʴʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʟʘʛʨʷʟʥʝʥʠʷ, 

ʩʦʧʦʩʪʘʚʠʤʦʡ ʩ ʢʦʣʝʙʘʥʠʷʤʠ ʨʘʩʭʦʜʦʚ ʚʦʜʳ ʚʦʜʦʪʦʢʘ-ʧʨʠʝʤʥʠʢʘ, ʪ.ʝ. 

ʉv(Ccʙ*q)~CvQ, ʘ ʩʘʤʠ ʨʘʩʭʦʜʳ ʦʪʚʦʜʠʤʳʭ ʩʪʦʢʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ 

ʨʘʩʭʦʜʦʚ ʚʦʜʦʪʦʢʘ-ʧʨʠʝʤʥʠʢʘ Q(t)>>q(t), ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʠʤʝʝʤ ˞ὸ
˞̒̂z ̂

. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʉ(t) ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʥʝ ʪʦʣʴʢʦ ʦʪ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʝʛʣʘʤʝʥʪʠʨʫʝʤʦʛʦ ʠʥʛʨʝʜʠʝʥʪʘ ʚ 

ʠʩʪʦʯʥʠʢʝ ʟʘʛʨʷʟʥʝʥʠʷ, ʥʦ ʠ ʦʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʩʭʦʜʘ ʚ ʚʦʜʦʪʦʢʝ-ʧʨʠʝʤʥʠʢʝ 

Q(t), ʥʦ, ʯʪʦ ʦʯʝʥʴ ʚʘʞʥʦ, ʦʪ ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʘʨʠʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʉ(t) 

ʠ Q(t).  

ɺ ʷʚʥʦʤ ʚʠʜʝ ʵʪʦʪ ʵʬʬʝʢʪ ʜʦʩʪʘʪʦʯʥʦ ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ, ʝʩʣʠ 

ʧʨʠʥʷʪʴ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ˞̒ὸ̂ ̉ ὗὸ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʦ ʢ 

ʥʦʨʤʘʣʴʥʦʤʫ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ [2], ʨʘʩʧʨʝʜʝʣʝʥʠʝ ὖ˞̃  ̋ʙʫʜʝʪ 

ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

ὴὤ̒
ὦ̒ẗὨ̒

ὥσ̒
ẗ

ρ

Ѝς“ẗ„ὼẗ„ώ
ɮ
ὦ̒

ὥ̒
ɮ

ὦ̒

ὥ̒

ρ

ὥς̒ẗ“ẗ„ήẗ„ὗ
Ὡ
ὴ
ς, (3) 
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ʛʜʝ ὥ̒ ̒ ,   ὦᾀ ᾀ ,   ὴ , 

Ὠὧ Ὡ
ẗ

, ɮὸ ᷿
Ѝ
Ὡ Ὠό. 

ʀʟ (3) ʥʝʩʣʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʘʨʠʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ˞̒ὸ̂ ̉ ὗὸ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʉ(t) ʙʫʜʝʪ 

ʩʪʨʝʤʠʪʩʷ ʢ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʂʦʰʠ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʚʩʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʦʮʝʥʢʠ ʥʝ 

ʩʦʩʪʦʷʪʝʣʴʥʳ. ʇʨʦʚʝʜʝʥʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ [1] ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʜʘʞʝ ʦʮʝʥʢʠ ʩʨʝʜʥʠʭ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ ʉʨ(t) ʥʝ ʷʚʣʷʶʪʩʷ ʫʩʪʦʡʯʠʚʳʤʠ 

ʧʨʠ ʉv>1.5-2. ɸʥʘʣʦʛʠʯʥʘʷ ʩʠʪʫʘʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ, ʝʩʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʩʭʦʜʘ 

ʚʦʜʳ ʚʦʜʦʪʦʢʘ-ʧʨʠʝʤʥʠʢʘ ʦʧʠʩʳʚʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʥʦʨʤʘʣʴʥʳʤ, ʥʦ ʠ ɻʘʤʤʘ, ʃʦʛ-

ʥʦʨʤʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ. 

ɼʘʥʥʘʷ ʦʮʝʥʢʘ ʠʤʝʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʘʢ ʧʨʠ ʘʥʘʣʠʟʝ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘʙʣʶʜʝʥʠʡ, ʪʘʢ ʠ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʭʝʤ ʨʝʛʣʘʤʝʥʪʘʮʠʠ ʪʝʭʥʦʛʝʥʥʳʭ 

ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ. ʇʦʵʪʦʤʫ ʧʨʦʙʣʝʤʳ ʥʝ ʪʦʣʴʢʦ, ʠ ʜʘʞʝ ʥʝ 

ʩʪʦʣʴʢʦ, ʚ ʢʦʥʢʨʝʪʥʦʤ ʭʘʨʘʢʪʝʨʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʬʫʥʢʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʡ, ʘ ʚ 

ʪʦʤ, ʯʪʦ ʦʥʠ ʚʝʩʴʤʘ ʯʘʩʪʦ ʩʪʘʥʦʚʷʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠ ʩ çʪʷʞʝʣʳʤʠ ʭʚʦʩʪʘʤʠè, 

ʜʣʷ ʢʦʪʦʨʳʭ ʦʮʝʥʢʠ ʭʘʨʘʢʪʝʨʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʠʭ 

ʚʝʣʠʯʠʥ ʥʝ ʪʦʣʴʢʦ ʥʝ ʵʬʬʝʢʪʠʚʥʳ, ʥʦ ʠ ʥʝ ʩʦʩʪʦʷʪʝʣʴʥʳ. ʇʦʵʪʦʤʫ ʧʨʠ ʘʥʘʣʠʟʝ 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʭʦʜʠʪʴ ʥʘ ʜʨʫʛʠʝ ʙʦʣʝʝ 

ʥʘʜʝʞʥʳʝ ʦʮʝʥʢʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʤʝʜʠʘʥʳ.  

ʇʨʦʙʣʝʤʘ ʧʦʩʪʨʦʝʥʠʷ ʢʦʨʨʝʢʪʥʳʭ ʦʮʝʥʦʢ ʭʘʨʘʢʪʝʨʥʳʭ ʟʥʘʯʝʥʠʡ, ʢʦʛʜʘ ʚ 

ʟʥʘʤʝʥʘʪʝʣʴ ʨʘʩʯʝʪʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʚʢʣʶʯʘʶʪ ʩʣʫʯʘʡʥʳʝ ʧʝʨʝʤʝʥʥʳʝ, 

ʭʘʨʘʢʪʝʨʥʘ ʠ ʘʢʪʫʘʣʴʥʘ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʟʘʜʘʯ ʦʮʝʥʢʠ ʠ ʨʝʛʣʘʤʝʥʪʘʮʠʠ ʢʘʯʝʩʪʚʘ 

ʚʦʜ, ʥʦ ʠ ʚ ʦʧʠʩʘʥʠʠ ʪʨʘʥʩʧʦʨʪʘ ʥʘʥʦʩʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʩʪʨʘʥʠʮʘʭ 

ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʦʚ ʧʨʦʭʦʜʷʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʜʠʩʢʫʩʩʠʠ ʧʦ ʭʘʨʘʢʪʝʨʫ ʠ 

ʢʦʨʨʝʢʪʥʦʩʪʠ ʨʘʩʯʝʪʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʪʨʘʥʩʧʦʨʪʘ ʥʘʥʦʩʦʚ [3, 4, 5 ʠ ʜʨ.]. ʆʜʠʥ 

ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʪʨʘʥʩʧʦʨʪʘ ʥʘʥʦʩʦʚ ʂ.ɺ. ɻʨʠʰʘʥʠʥ [5] 

ʧʠʩʘʣ: çʉʝʛʦʜʥʷ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʬʦʨʤʫʣ ʨʘʩʭʦʜʘ ʚʣʝʢʦʤʳʭ ʥʘʥʦʩʦʚ ʢ 

ʝʩʪʝʩʪʚʝʥʥʳʤ ʧʦʪʦʢʘʤ ʧʨʠʭʦʜʠʪʩʷ ʚʩʪʨʝʯʘʪʴʩʷ ʩ ʦʰʠʙʢʘʤʠ, ʠʩʯʠʩʣʷʝʤʳʤʠ 

ʜʝʩʷʪʢʘʤʠ, ʘ ʠʥʦʛʜʘ ʠ ʩʦʪʥʷʤʠ ʧʨʦʮʝʥʪʦʚè  

ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʧʨʦʙʣʝʤʘ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʤʝʨʝ 

ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʧʦʢʘʟʘʪʝʣʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʯʘʩʪʠʮʳ ʥʘ ʜʥʝ ʧʦʪʦʢʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʨʦʙʴ, ʚ ʯʠʩʣʠʪʝʣʴ ʠ ʟʥʘʤʝʥʘʪʝʣʴ ʢʦʪʦʨʦʡ ʚʭʦʜʷʪ ʩʣʫʯʘʡʥʳʝ 

ʟʥʘʯʝʥʠʷ, ʵʬʬʝʢʪʠʚʥʳʝ ʦʮʝʥʢʠ ʢʦʪʦʨʳʭ ʜʘʣʝʢʦ ʥʝ ʦʯʝʚʠʜʥʳ. ɽʩʣʠ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʝ ʦʯʝʥʴ ʤʝʣʢʠʝ ʯʘʩʪʠʮʳ, ʢʣʶʯʝʚʳʤ ʧʦʢʘʟʘʪʝʣʝʤ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ ʧʦʚʝʜʝʥʠʝ ʯʘʩʪʠʮ ʥʘʥʦʩʦʚ ʚ ʧʦʪʦʢʝ, ʷʚʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ 

ʜʚʫʭ ʩʠʣ: ʧʦʜʲʝʤʥʦʡ, ʦʧʨʝʜʝʣʷʶʱʝʡʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʪʫʨʙʫʣʝʥʪʥʳʭ 

ʧʫʣʴʩʘʮʠʡ, ʠ ʩʠʣʳ ʪʷʞʝʩʪʠ, ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʯʘʩʪʠʮʫ ὸ ̐̏̅

̠̓̇
, ʛʜʝ Fʧʦʜ(t) ï 

ʧʦʜʲʝʤʥʘʷ ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʯʘʩʪʠʮʫ ʚ ʧʦʪʦʢʝ, Fʪʷʞ(t) ï ʩʠʣʘ ʪʷʞʝʩʪʠ. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʧʦʜʲʝʤʥʘʷ ʩʠʣʘ ʧʨʠ ʢʚʘʜʨʘʪʠʯʥʦʤ ʛʠʜʨʘʚʣʠʯʝʩʢʦʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʚʘʜʨʘʪʫ ʢʘʢ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ, ʪʘʢ ʠ ʨʘʟʤʝʨʫ 
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ʯʘʩʪʠʮ, ʘ ʩʠʣʘ ʪʷʞʝʩʪʠ ï ʤʘʩʩʝ ʯʘʩʪʠʮʳ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʝʝ ʢʫʙʫ ʨʘʟʤʝʨʘ, 

ʧʦʵʪʦʤʫ ʧʦʢʘʟʘʪʝʣʴ ὸ ʦʮʝʥʠʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ὸ
Ǭ

ᶻ
 

ɼʘʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʷʚʣʷʝʪʩʷ ʙʘʟʦʚʤr ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʭʝʤʝ ʪʨʘʥʩʧʦʨʪʘ 

ʥʘʥʦʩʦʚ, ʧʨʝʜʣʦʞʝʥʥʦʡ ɻ.ɸ. ʕʡʥʰʪʝʡʥʦʤ [6]. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, 

ʯʪʦ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝ ʪʦʣʴʢʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʫʨʙʫʣʝʥʪʥʳʭ ʧʫʣʴʩʘʮʠʡ ὺǬ, ʥʦ ʠ 

ʩʘʤʠ ʨʘʟʤʝʨʳ ʯʘʩʪʠʮ d(t), ʧʨʠ ʕʡʣʝʨʦʚʦʤ ʦʧʠʩʘʥʠʠ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ. ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʜʣʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦʛʦ ʫʧʨʦʱʝʥʠʷ 

ʨʘʩʯʝʪʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʧʨʠʥʠʤʘʝʪʩʷ, ʯʪʦ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʳʝ ʯʘʩʪʠʮʳ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʜʠʥʘʢʦʚʳʤʠ ʨʘʟʤʝʨʘʤʠ, ʧʨʠ ʵʪʦʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ  

#ÖὺǬḻ#ÖÄ (4) 

ɼʘʥʥʦʝ ʫʧʨʦʱʝʥʠʝ ʧʨʠ ʘʥʘʣʦʛʠʯʥʳʭ ʦʮʝʥʢʘʭ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʠ 

ʄ.ɸ. ɺʝʣʠʢʘʥʦʚʳʤ [7]. ʆʜʥʘʢʦ ʜʦʧʫʱʝʥʠʝ (4) ʢʦʨʨʝʢʪʥʦ ʠ ʚʳʧʦʣʥʠʤʦ ʪʦʣʴʢʦ 

ʜʣʷ ʭʦʨʦʰʦ ʦʪʩʦʨʪʠʨʦʚʘʥʥʳʭ ʯʘʩʪʠʮ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʣʦʪʢʦʚ. ʈʝʘʣʴʥʳʝ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʝʩʴʤʘ 

ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʨʘʟʤʝʨʦʚ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʳʭ ʯʘʩʪʠʮ, ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʮʝʥʦʢ, ʧʦʩʪʨʦʝʥʥʳʭ ʪʦʣʴʢʦ ʥʘ ʦʩʥʦʚʝ ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʠʭ 

ʟʥʘʯʝʥʠʡ, ʩʪʘʥʦʚʷʪʩʷ ʥʝʢʦʨʨʝʢʪʥʳʤʠ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ [8, 9, 10 ʠ ʜʨ.], ʧʨʘʢʪʠʯʝʩʢʠ 

ʚʩʝ ʫʥʠʤʦʜʘʣʴʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʜʨʦʙʣʝʥʠʠ, ʤʦʛʫʪ 

ʙʳʪʴ ʦʧʠʩʘʥʳ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ: ʦʙʦʙʱʝʥʥʦʛʦ ɻʘʤʤʘ-

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʃʦʛʥʦʨʤʘʣʴʥʦʛʦ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʦʩʥʦʚʝ ʃʦʛʥʦʨʤʘʣʴʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʣʝʞʠʪ ʠʥʚʘʨʠʘʥʪʥʦʩʪʴ ʜʨʦʙʣʝʥʠʷ, ʪ.ʝ. çʥʝʟʘʚʠʩʠʤʦʩʪʠ 

ʚʝʨʦʷʪʥʦʩʪʠ ʜʨʦʙʣʝʥʠʷ ʯʘʩʪʠʮ ʟʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʥʘ ʪʦ ʠʣʠ ʠʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʯʘʩʪʝʡ ʦʪ ʨʘʟʤʝʨʦʚ ʠʩʭʦʜʥʦʡ ʯʘʩʪʠʮʳ [8]è, ʧʦ ʦʮʝʥʢʘʤ [10] ʦʥʦ ʠʤʝʝʪ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʦʙʱʝʥʥʳʤ ɻʘʤʤʘ-ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ. ʊʘʢ ʢʘʢ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʫʨʙʫʣʝʥʪʥʳʭ ʧʫʣʴʩʘʮʠʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʥʠʤʘʝʪʩʷ, ʯʪʦ ʦʥʠ 

ʦʧʠʩʳʚʘʶʪʩʷ ʥʦʨʤʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʭ ʢʚʘʜʨʘʪ ʜʦʣʞʝʥ 

ʦʧʠʩʳʚʘʪʴʩʷ  ס ˜̉̑̒̏̎́Ȣ ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ὸ ʜʦʣʞʥʦ 
ʦʧʠʩʳʚʘʪʴʩʷ ʩʚʸʨʪʢʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ס ʩ ʃʦʛ-ʥʦʨʤʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʠʣʠ ʩ 

ʦʙʦʙʱʝʥʥʳʤ ɻʘʤʤʘ-ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ. ɺ ʦʙʱʝʤ ʚʠʜʝ ʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʚʝʩʴʤʘ 

ʛʨʦʤʦʟʜʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ. ʆʜʥʘʢʦ, ʜʣʷ ʨʝʰʝʥʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ 

ʜʦʩʪʘʪʦʯʥʘ ʪʦʣʴʢʦ ʵʬʬʝʢʪʠʚʥʘʷ ʦʩʨʝʜʥʝʥʥʘʷ ʦʮʝʥʢʘ <ὸ>. ʇʨʠ ʵʪʦʤ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʦʮʝʥʢʠ ὸ> ʥʘ ʦʩʥʦʚʝ ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʠʭ 

ʟʥʘʯʝʥʠʡ ʥʝ ʪʦʣʴʢʦ ʥʝ ʵʬʬʝʢʪʠʚʥʳ ʧʨʠ ʉvd>>1, ʥʦ ʠ ʜʘʞʝ ʥʝ ʩʦʩʪʦʷʪʝʣʴʥʳ. 

ʇʨʦʩʪʝʡʰʝʡ ʵʬʬʝʢʪʠʚʥʦʡ ʦʮʝʥʢʦʡ ὸ> ʷʚʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ [2] 

ὸ>~E(ὺǬ ȾὌὨ, ʛʜʝ E(ὺǬ  - ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʢʚʘʜʨʘʪʘ ʧʫʣʴʩʘʮʠʡ 

ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ, ʛʜʝ H(d)=
В

, ï ʩʨʝʜʥʝʝ ʛʘʨʤʦʥʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʠʘʤʝʪʨʦʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʯʘʩʪʠʮ. ʊʘʢ ʢʘʢ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʯʝʤ ʙʦʣʴʰʝ ʉvd, ʪʝʤ ʙʦʣʴʰʝ 

ʦʪʥʦʰʝʥʠʝ E(d)/H(d) ʠ ʪʦʣʴʢʦ ʧʨʠ Ö˞Ä O  π ɽ(d)~H(d). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʝ 

ʦʮʝʥʢʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʝʩʴʤʘ ʥʠʟʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʩʯʝʪʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ 

ʧʦ ʦʮʝʥʢʝ ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚʦʜʦʪʦʢʦʚ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʷʚʣʷʝʪʩʷ 
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ʩʣʝʜʩʪʚʠʝʤ ʥʝ ʫʯʝʪʘ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʭʘʨʘʢʪʝʨʥʳʭ ʜʠʘʤʝʪʨʦʚ 

ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʳʭ ʯʘʩʪʠʮ.  

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʢʦʣʝʙʘʥʠʡ ʩʪʦʢʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʙʣʝʤʳ 

ʧʦʩʪʨʦʝʥʠʷ ʦʜʥʦʤʝʨʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʧʝʨʝʯʠʩʣʝʥʥʳʤʠ ʟʘʜʘʯʘʤʠ ʥʝ 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ. ʋʧʦʤʷʥʫʪʘʷ ʚʳʰʝ ʟʘʜʘʯʘ ʧʦʣʫʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʦʮʝʥʦʢ 

ʧʘʨʘʤʝʪʨʦʚ ʩʪʠʤʫʣʠʨʦʚʘʣʘ ʨʘʟʚʠʪʠʝ ʧʦʜʭʦʜʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʢʦʤʙʠʥʘʮʠʠ 

ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ (ʩʤʝʩʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʡ), ʥʘ ʫʩʝʯʝʥʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ, ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʤʝʪʦʜʦʚ ʧʦʨʷʜʢʦʚʳʭ ʩʪʘʪʠʩʪʠʢ, ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʘʡʝʩʦʚʩʢʠʭ ʧʦʜʭʦʜʦʚ ʢ ʦʮʝʥʠʚʘʥʠʶ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ. 
ɺ ʢʘʯʝʩʪʚʝ ʩʤʝʩʠ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʣʶʙʘʷ ʢʦʤʙʠʥʘʮʠʷ ʧʣʦʪʥʦʩʪʝʡ ʚʝʨʦʷʪʥʦʩʪʠ 

ʧʨʠ ʫʩʣʦʚʠʠ ʝʝ ʥʝ ʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ ʠ ʨʘʚʝʥʩʪʚʝ ʝʜʠʥʠʮʝ ʠʥʪʝʛʨʘʣʘ ʧʦ ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ. 

ʆʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠ ̫ʩʤʝʩʠ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʚ [16]. ʈʘʩʩʤʦʪʨʝʥʘ 

ʩʤʝʩʴ ʜʚʫʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ: ʥʦʨʤʘʣʴʥʦʛʦ ʠ ʩʪʝʧʝʥʥʦʛʦ (ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʇʘʨʝʪʦ). ɺ ʢʘʯʝʩʪʚʝ 

ʧʝʨʚʦʡ ʢʦʤʧʦʥʝʥʪʳ ʩʤʝʩʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʩ ʥʫʣʝʚʳʤ ʩʨʝʜʥʠʤ ʠ ʩ ʥʝʠʟʚʝʩʪʥʦʡ ʜʠʩʧʝʨʩʠʝʡʎ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʚʪʦʨʦʡ ï çʪʷʞʝʣʦʭʚʦʩʪʦʚʦʝè 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʇʘʨʝʪʦ. ʇʣʦʪʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʩʤʝʩʠ ʠʤʝʝʪ ʚʠʜ: 

ʕὼȟʇȟʎȟɼ ʇ Ὡ ρ ʇ  , 0²x  

ʛʜʝ ʎȟɼȟʇ ï ʧʘʨʘʤʝʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ, Q- ʤʝʜʠʘʥʘ ʠʩʭʦʜʥʦʡ 

ʚʳʙʦʨʢʠ. ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʩʪʦʢʫ ʇʨʠʤʦʨʴʷ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʩʦʙʦ 

çʪʷʞʝʣʦʭʚʦʩʪʦʚʳʭè ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʥʝ ʫʜʘʣʦʩʴ ʦʙʥʘʨʫʞʠʪʴ. 

ʊʘʢʞʝ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʢʦʤʙʠʥʘʮʠ ʁ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʂʦʰʠ (ʧʩʝʚʜʦʨʘʩʧʨʝʜʝʣʝʥʠʝ ʌʦʡʛʪʘ), ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ 

ʦʧʠʩʳʚʘʶʱʝʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʷʜʘ ʛʦʜʦʚʳʭ ʤʘʢʩʠʤʫʤʦʚ ʫʨʦʚʥʝʡ ʚʦʜʳ ʨ. ʅʠʣ. 

ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʥʥʦʛʦ ʨʷʜʘ ʥʘʙʣʶʜʝʥʠʡ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 1300 ʣʝʪ, ʷʚʣʷʝʪʩʷ ʝʛʦ ʦʯʝʥʴ ʚʳʩʦʢʠʡ ʵʢʩʮʝʩʩ ɽʭ ~ 8.5 ʧʨʠ 

ʚʝʩʴʤʘ ʤʘʣʦʡ ʘʩʠʤʤʝʪʨʠʠ Cs ~ 0.16. ʊʘʢʦʡ ʚʳʩʦʢʠʡ ʵʢʩʮʝʩʩ ʧʨʠʜʘʝʪ ʦʩʦʙʳʡ 

ʭʘʨʘʢʪʝʨ ʧʣʦʪʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ï ʥʘʣʠʯʠʝ ʦʯʝʥʴ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʠʟʛʠʙʘ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʧʝʨʠʬʝʨʠʠ ʢ ʮʝʥʪʨʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 

ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʝ ʦʙʣʘʜʘʶʪ 

ʪʘʢʠʤʠ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ, ʚ ʪʦʞʝ ʚʨʝʤʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʌʦʡʛʪʘ 

ʜʦʩʪʘʪʦʯʥʦ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʳʚʘʝʪ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʨʷʜ ʥʘʙʣʶʜʝʥʠʡ. 

ɽʱʝ ʦʜʠʥ ʚʘʨʠʘʥʪ ʧʦʩʪʨʦʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʤʦʜʝʣʠ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʨʘʟʜʝʣʝʥʠʝ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʷʜʘ ʥʘ ʥʝʩʢʦʣʴʢʦ (ʜʚʘ, ʢʘʢ ʤʠʥʠʤʫʤ) ʚʨʝʤʝʥʥʳʭ 

ʫʯʘʩʪʢʦʚ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʟʥʘʯʝʥʠʡ ʷʚʣʷʝʪʩʷ 

ʩʪʘʮʠʦʥʘʨʥʦʡ. ʀ ʝʩʣʠ ʜʣʠʥʘ ʚʩʝʛʦ ʨʷʜʘ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʚʝʣʠʯʠʥʦʡ ʩʪʦʢʘ x 

ʩʦʩʪʘʚʣʷʝʪ n ʟʥʘʯʝʥʠʡ, ʜʣʠʥʘ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʚʨʝʤʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ïὲʠ ὲ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʦʧʫʩʪʠʤ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʠ 

ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʚ ʙʫʜʫʱʝʤ ʤʦʞʝʪ ʧʦʚʪʦʨʠʪʴʩʷ ʣʶʙʘʷ ʩʠʪʫʘʮʠʷ ʠʟ ʧʨʦʰʣʦʛʦ. 

ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ ʥʘʟʥʘʯʠʪʴ ʚʝʨʦʷʪʥʦʩʪʠ, ʩ ʢʦʪʦʨʳʤʠ ʙʫʜʫʪ 

ʨʝʘʣʠʟʦʚʘʥʳ ʵʪʠ ʩʪʘʮʠʦʥʘʨʥʳʝ ʩʦʩʪʦʷʥʠʷ. ɽʩʣʠ ʵʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʟʘʜʘʪʴ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʜʣʠʥʘʤ ʠʤʝʶʱʠʭʩʷ ʩʪʘʮʠʦʥʘʨʥʳʭ ʯʘʩʪʝʡ ʨʷʜʘ, ʪʦ ʧʨʠʝʤʣʝʤ 

ʠʟʚʝʩʪʥʳʡ ʧʦʜʭʦʜ ʢ ʨʘʩʯʝʪʫ ʢʨʠʚʦʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʩʤʝʩʠ ʢʨʠʚʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ  
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ὖ ,  (6) 

ʛʜʝ ὖȟϷ ï ʝʞʝʛʦʜʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʝʚʳʰʝʥʠʷ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

21,nn ï ʯʠʩʣʦ ʯʣʝʥʦʚ ʩʪʘʮʠʦʥʘʨʥʳʭ ʚʳʙʦʨʦʢ. 

ɺ ʥʝʩʪʘʮʠʦʥʘʨʥʦʤ ʩʣʫʯʘʝ ʠʤʝʁʪʩʷ ʜʚʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʩʣʫʯʘʡʥʳʝ 

ʚʝʣʠʯʠʥʳ ὼ ʠ ὼ ʩ ʧʣʦʪʥʦʩʪʷʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ • ὼ ʠ • ὼ, ʥʝʦʛʨʘʥʠʯʝʥʥʳʝ 

ʩʚʝʨʭʫ ʠ ʠʤʝʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʡ. ʀʤʝʝʪʩʷ ʚʳʙʦʨʢʘ, ʚ ʢʦʪʦʨʦʡ ʤʦʛʫʪ 

ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠ •  ʠ • . ʈʘʩʧʨʝʜʝʣʝʥʠʝ 

ʚʝʣʠʯʠʥ ʚ ʚʳʙʦʨʢʝ ʙʫʜʝʪ ʦʧʠʩʳʚʘʪʴʩʷ ʩʤʝʩʴʶ ʨʘʩʧʨʝʜʝʣʝʥʠʡ, ʠ ʝʸ ʟʘʢʦʥ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʧʠʰʝʤ ʢʘʢ 

Ὢὼ ‌• ὼ ρ ‌• ὼ (7) 

ʛʜʝ ‌ ï ʚʝʩ ʢʦʤʧʦʥʝʥʪʳ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ • ὼ, ρ ‌ ï ʚʝʩ ʢʦʤʧʦʥʝʥʪʳ ʩ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ • ὼȟ‌ ρ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ  ‌ . 

ɺʦʟʥʠʢʘʶʱʘʷ ʧʨʦʙʣʝʤʘ ʦʧʠʩʘʥʠʷ ʨʷʜʦʚ ʩ ʥʘʨʫʰʝʥʥʳʤ ʚʩʣʝʜʩʪʚʠʝ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʨʝʞʠʤʦʤ ʩʪʦʢʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʥʘ ʦʩʥʦʚʝ 

ʧʨʠʤʝʥʝʥʠʷ ʩʤʝʩʠ (7). ɺ ʥʝʩʪʘʮʠʦʥʘʨʥʦʤ ʩʣʫʯʘʝ, ʜʣʷ ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ ʦʧʠʩʘʥʠʷ 

ʠ ʧʨʦʛʥʦʟʘ ʧʨʠʪʦʢʘ ʥʘ ʜʣʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʷʪʴ ʛʠʧʦʪʝʟʫ ʦ 

ʭʘʨʘʢʪʝʨʝ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʤʥʦʛʦʣʝʪʥʠʭ ʢʦʣʝʙʘʥʠʡ ʩʪʦʢʘ. ʇʨʠʝʤʣʝʤʦʡ 

ʠʜʝʝʡ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʨʘʟʙʠʝʥʠʝ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʥʘ ʫʩʣʦʚʥʦ ʦʜʥʦʨʦʜʥʳʝ 

ʫʯʘʩʪʢʠ, ʛʠʧʦʪʝʟʘ çʧʦʣʫʤʘʨʢʦʚʩʢʦʛʦè ʧʨʦʮʝʩʩʘ, ʥʦ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ 

ʚʳʜʝʣʝʥʠʷ ʪʘʢʠʭ ʫʯʘʩʪʢʦʚ, ʠʣʠ, ʠʥʘʯʝ ʛʦʚʦʨʷ, ʧʦʠʩʢ ʪʦʯʢʠ ʠʟʤʝʥʝʥʠʷ. 

ʇʨʠ ʩʪʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, 

ʥʘʨʫʰʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʢʦʪʦʨʳʭ ʦʙʫʩʣʦʚʣʝʥʳ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ 

ʠʟʤʝʥʝʥʠʷʤʠ, ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʯʝʢ ʚʦ ʚʨʝʤʝʥʥʦʤ ʨʷʜʫ, ʚ ʢʦʪʦʨʳʝ 

ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʥʘ ʩʦʩʪʦʷʥʠʷ ʧʨʦʮʝʩʩʘ (ʪʦʯʢʘ ʠʟʤʝʥʝʥʠʷ ʉʈD ʠʣʠ change point 

detection). ɼʣʷ ʘʥʘʣʠʟʘ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʚ ʥʝʩʪʘʮʠʦʥʘʨʥʦʤ ʩʣʫʯʘʝ ʠʟʚʝʩʪʝʥ 

ʧʦʜʭʦʜ [16], ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦ ʪʦʤ, ʯʪʦ ʚ ʦʧʨʝʜʝʣʝʥʥʳʝ ʤʦʤʝʥʪʳ 

ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʥʘ ʩʦʩʪʦʷʥʠʷ ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʘ ʥʘʙʣʶʜʘʝʤʘʷ ʚʳʙʦʨʢʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʙʦʨ ʦʜʥʦʨʦʜʥʳʭ ʚʨʝʤʝʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, 

ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʡ ʩʣʫʯʘʡʥʦʡ ʩʤʝʥʦʡ ʩʦʩʪʦʷʥʠʡ. ʈʘʩʩʤʦʪʨʠʤ ʜʘʣʝʝ ʩʣʫʯʘʡ, ʢʦʛʜʘ 

ʠʟʚʝʩʪʥʳ ʧʘʨʘʤʝʪʨʳ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʦʜʥʦʨʦʜʥʳʭ (ʩʪʘʮʠʦʥʘʨʥʳʭ) 

ʫʯʘʩʪʢʦʚ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʝʤʦʡ ɹʘʡʝʩʘ, ʝʩʣʠ ʟʘʜʘʥʳ Ū1 ʠ Ū2, ʘʧʦʩʪʝʨʠʦʨʥʘʷ 

ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʯʢʠ ʠʟʤʝʥʝʥʠʷ ʜʣʷ ʠʤʝʶʱʠʭʩʷ ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ 

ʭ1, », ʭn ʦʧʨʝʜʝʣʠʤ ʠʩʭʦʜʷ ʠʟ ʦʙʱʝʡ ʬʦʨʤʫʣʳ ʧʦʣʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ (ʬʦʨʤʫʣʳ 

ɹʘʡʝʩʘ): 

ɟ( Ὸȿὼ) = 
ȿסּ Ͻ 

סּ
, (8) 

ʛʜʝ ɟ( ὼȿῸ) ï ʧʨʘʚʜʦʧʦʜʦʙʠʝ ʜʘʥʥʳʭ ʭ ʧʨʠ ʟʘʜʘʥʥʦʤ ʟʥʘʯʝʥʠʠ ʧʘʨʘʤʝʪʨʘ Ū :  

ɟ( ὼȿῸ) =  
Ὥρ

ὲ
”ρὼὭ| Ū ) (9) 

ʘ ”ּס ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʫʨʘʚʥʝʥʠʶ: 

” ὼ  ᷿ ɪὼȿῸ Ͻ ”ῸὨῸ (10) 
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ʠ ʠʛʨʘʝʪ ʨʦʣʴ ʥʦʨʤʠʨʫʶʱʝʛʦ ʤʥʦʞʠʪʝʣʷ.  

ʃʶʙʦʧʳʪʝʥ ʨʝʟʫʣʴʪʘʪ ʧʨʠʤʝʥʝʥʠʷ ʬʦʨʤʫʣʳ (8) ʢ ʨʷʜʫ ʚʝʣʠʯʠʥ ʧʦʣʝʟʥʦʛʦ 

ʧʨʠʪʦʢʘ ʢ ʦʟʝʨʫ ɹʘʡʢʘʣ. ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʘʧʦʩʪʝʨʠʦʨʥʘʷ ʧʣʦʪʥʦʩʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʯʢʠ ʩʤʝʥʳ ʩʦʩʪʦʷʥʠʷ (ʛʦʜʘ ʩʤʝʥʳ ʩʦʩʪʦʷʥʠʷ). ʀʟʚʝʩʪʥʦ, ʯʪʦ 

ʧʨʠʤʝʨʥʦ ʩ 1995 ʛʦʜʘ ʚ ʙʘʩʩʝʡʥʝ ɹʘʡʢʘʣʘ ʥʘʙʣʶʜʘʣʩʷ çʤʷʛʢʠʡè, ʥʦ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʤʘʣʦʚʦʜʴʷ, ʢʦʪʦʨʳʡ ʚ 2014 ʛʦʜʫ ʩʤʝʥʠʣʩʷ ʛʣʫʙʦʢʠʤ 

ʤʘʣʦʚʦʜʴʝʤ, ʧʨʦʜʦʣʞʘʚʰʠʤʩʷ 4 ʛʦʜʘ. ɻʠʧʦʪʝʟʘ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʠʥʪʝʨʝʩʦʚʘʪʴ 

ʛʠʜʨʦʣʦʛʦʚ ï ʤʦʞʥʦ ʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʵʪʠ ʯʘʩʪʠ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʨʘʟʜʝʣʴʥʦ, ʠ 

ʢʘʢ ʧʨʠʤʝʥʷʪʴ ʧʦʣʫʯʝʥʥʳʝ ʚʳʚʦʜʳ ʚ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʘʩʯʝʪʘʭ. ʆʙʩʫʜʠʤ ʵʪʦʪ 

ʚʦʧʨʦʩ ʥʘ ʧʨʠʤʝʨʝ ʦʧʨʝʜʝʣʝʥʠʷ ʤʥʦʛʦʣʝʪʥʝʡ ʝʤʢʦʩʪʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʪʦʢʘ. 

ɺʳʧʦʣʥʠʤ ʦʮʝʥʢʫ ʥʘʜʝʞʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ 

ʦʟʝʨʦ ɹʘʡʢʘʣ ï ʀʨʢʫʪʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʚ ʫʩʣʦʚʠʷʭ ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʠ 

ʤʥʦʛʦʣʝʪʥʝʛʦ ʨʷʜʘ ʧʨʠʪʦʢʘ ʚʦʜʳ. 

 
ʈʠʩʫʥʦʢ 2 ï ɸʧʦʩʪʝʨʠʦʨʥʘʷ ʧʣʦʪʥʦʩʪʴ (ʙʘʡʝʩʦʚʩʢʘʷ ʦʮʝʥʢʘ) ʪʦʯʢʠ ʧʝʨʝʣʦʤʘ (ʩʤʝʥʳ 

ʩʦʩʪʦʷʥʠʷ) ʚʦ ʚʨʝʤʝʥʥʦʤ ʭʦʜʝ ʧʦʣʝʟʥʦʛʦ ʧʨʠʪʦʢʘ ʢ ʦʟ. ɹʘʡʢʘʣ[17]. ʅʘ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ï 

ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʧʨʦʮʝʥʪʘʭ 

ɿʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ ʦʪʜʘʯʠ (ʠʣʠ ʥʝʦʙʭʦʜʠʤʦʡ ʝʤʢʦʩʪʠ) 

ʧʨʠ ʤʥʦʛʦʣʝʪʥʝʤ ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʩʪʦʢʘ ʩʚʦʜʠʪʩʷ ʢ ʧʦʩʪʨʦʝʥʠʶ ʬʫʥʢʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʥʘʧʦʣʥʝʥʠʷ ʚʦʜʦʭʨʘʥʠʣʠʱʘ. ɸʙʩʮʠʩʩʘ ʢʨʠʚʦʡ 

ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʧʫʩʪʦʤʫ ʚʦʜʦʭʨʘʥʠʣʠʱʫ, ʙʫʜʝʪ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʥʘʜʝʞʥʦʩʪʴ (ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ) ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ ʦʪʜʘʯʠ. ɼʣʷ 

ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʧʦʣʫʯʠʤ ʢʨʠʚʳʝ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʥʘʧʦʣʥʝʥʠʷ 

ʚʦʜʦʭʨʘʥʠʣʠʱʘ (ʦʟ. ɹʘʡʢʘʣ) ʜʣʷ ʜʚʫʭ ʥʘʙʦʨʦʚ ʧʘʨʘʤʝʪʨʦʚ ʛʦʜʦʚʦʛʦ ʩʪʦʢʘ (ʜʦ 

1995 ʛ. ʠ ʧʦʩʣʝ). ʅʝʦʙʭʦʜʠʤʳʝ ʢʨʠʚʳʝ ʦʙʝʩʧʝʯʝʥʥʦʩʪʝʡ ʧʦʣʫʯʠʤ ʠʟʚʝʩʪʥʳʤ 

ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ, ʦʩʥʦʚʘʥʥʦʤ ʥʘ ʢʦʤʧʦʟʠʮʠʠ ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʥʘʧʦʣʥʝʥʠʷ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʠ ʧʦʣʝʟʥʦʛʦ ʧʨʠʪʦʢʘ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʥʦʛʦʣʝʪʥʝʡ 

ʝʤʢʦʩʪʠ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʩʚʦʜʠʪʩʷ ʢ ʨʝʰʝʥʠʶ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ [13]: 

ū (x) = ū (ɓ) F (Ŭ ï ɓ +  x) + [1ⱷ ū(o)]Ā F (Ŭ +  x) ī᷿   (y) F (Ŭ ï y +  x) dy (11) 

ɿʜʝʩʴ Ŭ ʠ ɓ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʪʜʘʯʘ ʠ ʝʤʢʦʩʪʴ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʚ ʜʦʣʷʭ ʦʪ 

ʛʦʜʦʚʦʛʦ ʩʪʦʢʘ, F(z) ï ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʛʦʜʦʚʦʛʦ ʩʪʦʢʘ, ū (x) ï ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ 

ʟʘʧʦʣʥʝʥʠʷ ʚʦʜʦʭʨʘʥʠʣʠʱʘ. ʋʨʘʚʥʝʥʠʝ (11) ʷʚʣʷʝʪʩʷ ʠʥʪʝʛʨʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ 

ʌʨʝʜʛʦʣʴʤʘ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʛʦ ʧʦʣʫʯʘʝʤ ʠʪʝʨʘʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ.  
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ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʥʦʛʦʣʝʪʥʝʡ ʝʤʢʦʩʪʠ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʧʫʪʝʤ 

ʨʝʰʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʌʨʝʜʛʦʣʴʤʘ ʨʘʩʩʤʦʪʨʠʤ ʜʣʷ ʯʝʪʳʨʝʭ ʥʘʙʦʨʦʚ 

ʧʘʨʘʤʝʪʨʦʚ (ʪʘʙʣʠʮʘ 1): 

ʇʘʨʘʤʝʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʩʪʦʢʘ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʫʩʣʦʚʥʦ-ʩʪʘʮʠʦʥʘʨʥʳʭ 

ʯʘʩʪʝʡ ʨʷʜʘ ʧʨʠʪʦʢʘ, ʘ ʪʘʢʞʝ ʚʩʝʛʦ ʨʷʜʘ, ʧʨʝʥʝʙʨʝʛʘʷ ʥʘʨʫʰʝʥʠʷʤʠ 

ʦʜʥʦʨʦʜʥʦʩʪʠ, ʠ ʩʣʫʯʘʡ ʫʤʝʥʴʰʝʥʥʦʡ ʚ ʜʚʘ ʨʘʟʘ ʤʥʦʛʦʣʝʪʥʝʡ ʝʤʢʦʩʪʠ. 

ɻʘʨʘʥʪʠʨʦʚʘʥʥʘʷ ʦʪʜʘʯʘ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʚʦ ʚʩʝʭ ʯʝʪʳʨʝʭ ʩʣʫʯʘʷʭ ʧʦʣʘʛʘʝʪʩʷ 

ʧʦʩʪʦʷʥʥʦʡ. 

ʈʘʩʯʝʪʳ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ (ʥʘʜʝʞʥʦʩʪʠ) ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʨʝʟʫʣʴʪʘʪʳ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʶʪʩʷ (ʈʠʩʫʥʦʢ 3 ʠ ʊʘʙʣʠʮʘ 1). 

ʊʘʙʣʠʮʘ 1 ï ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ ʦʪʜʘʯʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ 
 ̄ ʇʨʠʥʷʪʳʝ ʧʘʨʘʤʝʪʨʳ (ʧʝʨʠʦʜʳ ʚʦʜʥʦʩʪʠ) ʆʙʝʩʧʝʯʝʥʥʦʩʪʴ 

ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ 

ʦʪʜʘʯʠ, % 

1 ʇʝʨʠʦʜ 1900-1995 ʛ.ʛ. 99.9 

2 ʇʝʨʠʦʜ 1996-2018 ʛ.ʛ. 95.2 

3 ɺʝʩʴ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ 1900-2018 ʛ.ʛ. 99.5 

4 ʉʦʢʨʘʱʝʥʥʘʷ ʤʥʦʛʦʣʝʪʥʷʷ ʝʤʢʦʩʪʴ ʜʣʷ 

ʚʪʦʨʦʛʦ ʧʝʨʠʦʜʘ 

86.7 

 

 
ʈʠʩʫʥʦʢ 3 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʝʡ ʥʘʧʦʣʥʝʥʠʷ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʧʨʠ ʤʥʦʛʦʣʝʪʥʝʤ 

ʨʝʛʫʣʠʨʦʚʘʥʠʠ (ʫʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʚ ʪʝʢʩʪʝ) 

ʈʠʩʫʥʦʢ 3 ʠʣʣʶʩʪʨʠʨʫʝʪ ʦʩʥʦʚʥʫʶ ʚʝʨʦʷʪʥʦʩʪʥʫʶ ʧʨʦʙʣʝʤʫ 

ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʘʩʯʝʪʦʚ: ʢʘʢ ʦʮʝʥʠʚʘʪʴ ʩʪʝʧʝʥʴ ʛʘʨʘʥʪʠʠ ʚʦʜʦʧʦʜʘʯʠ ʧʨʠ 

ʟʘʜʘʥʥʳʭ ʝʤʢʦʩʪʠ ʠ ʦʪʜʘʯʝ, ʝʩʣʠ ʨʷʜ ʧʨʠʪʦʢʘ ʥʝ ʩʪʘʮʠʦʥʘʨʝʥ. ʂ ʧʦʣʫʯʝʥʥʳʤ 

ʢʨʠʚʳʤ (ʬʫʥʢʮʠʷʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʦʣʥʝʥʠʷ ʚʦʜʦʭʨʘʥʠʣʠʱʘ) ʤʦʞʥʦ 

ʧʨʠʤʝʥʠʪʴ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʜʝʝ ʩʦʩʪʘʚʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ (ʠʣʠ 

ʙʘʡʝʩʦʚʩʢʠʡ ʤʝʪʦʜ), ʠ ʪʦʛʜʘ ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪʦ ʦʜʥʦʟʥʘʯʥʦʝ ʨʝʰʝʥʠʝ, ʥʦ ʚ ʮʝʣʦʤ 
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ʥʘʜʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʦʧʨʦʩ ʫʯʝʪʘ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʧʨʠ ʨʘʩʯʝʪʘʭ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʪʦʢʘ ʥʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʝ ʙʫʜʫʱʝʝ ʧʦʢʘ ʦʩʪʘʝʪʩʷ ʥʝʨʝʰʝʥʥʳʤ.  

ɿʘʢʣʶʯʝʥʠʝ 

ʆʮʝʥʠʚʘʷ ʚ ʮʝʣʦʤ ʧʨʦʙʣʝʤʫ ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ ʘʥʘʣʠʟʘ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʨʝʰʘʶʪʩʷ ʟʘʜʘʯʠ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʵʤʧʠʨʠʯʝʩʢʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʠʩʩʣʝʜʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦʜʥʦʛʦ 

ʨʝʞʠʤʘ, ʠʱʫʪʩʷ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʩ ʥʘʠʤʝʥʴʰʝʡ 

ʧʦʛʨʝʰʥʦʩʪʴʶ. ɹʦʣʝʝ ʩʣʦʞʥʳʝ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯ ʪʨʝʙʫʶʪ ʫʩʣʦʞʥʝʥʠʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʥʫʞʜʘʶʪʩʷ ʚ ʦʙʦʩʥʦʚʘʥʠʠ ʧʨʠʤʝʥʠʤʦʩʪʠ 

ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʧʦʜʭʦʜʦʚ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʪʘʢʠʭ ʧʦʜʭʦʜʦʚ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʩʪʘʪʴʝ, 

ʥʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʨʘʩʩʤʦʪʨʝʥ ʜʘʣʝʢʦ ʥʝ ʧʦʣʥʳʡ ʧʝʨʝʯʝʥʴ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʚ ʨʘʤʢʘʭ ʪʝʤ: ɻʦʩʟʘʜʘʥʠʷ ʀɺʇ ʈɸʅ. ʐʠʬʨ ʪʝʤʳ: FMWZ-2022-

0003; ˉ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ: 122041100259-3, ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ɻʀ ʋʨʦ 

ʈɸʅ 075-03-2021-374 (  ̄ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ 122012000402-4). 
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Abstract. The field of application of statistical methods and probabilistic models in hydrology 

includes various areas that are expanding due to the emergence of new and the development of already 

formulated productions. Classical approaches based on the construction of one- and two-dimensional 

distributions are complicated when trying to describe processes with a clear violation of homogeneity. 

Various problems of hydrophysics, hydrochemistry, ecology of water systems often do not fit into 

the framework of traditional approaches, in connection with which new ideas of probabilistic analysis 

are discussed. The paper examines some, not traditional, probabilistic hydrological problems. 
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ɸʥʥʦʪʘʮʠʷ. ʇʦʩʪʨʦʝʥʠʝ ʙʘʪʠʤʝʪʨʠʯʝʩʢʠʭ ʢʘʨʪ ʠ ʤʦʜʝʣʝʡ ʦʟ. ɹʘʡʢʘʣ ʥʘ ʦʩʥʦʚʝ ʘʢʫʩʪʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʩʚʷʟʘʥʦ ʩ ʙʦʣʴʰʠʤʠ ʟʘʪʨʘʪʘʤʠ ʩʠʣ, ʩʨʝʜʩʪʚ, ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʪʨʫʜʘ. ɺ ʢʘʯʝʩʪʚʝ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʚʘʨʠʘʥʪʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ 

ɿʝʤʣʠ. ʅʘ ʦʩʥʦʚʝ ʦʙʱʝʜʦʩʪʫʧʥʳʭ ʜʘʥʥʳʭ GEBCO, ʦʙʥʦʚʣʝʥʥʳʭ ʚ 2021 ʛ. ʩ SRTM15+, 

ʧʦʩʪʨʦʝʥʘ ʙʘʪʠʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʦʟ. ɹʘʡʢʘʣ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʪʦʯʥʦʩʪʴʶ 30 ʤ ʠ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʪʦʯʥʦʩʪʴʶ 1 ʤ. ʇʨʦʚʝʜʝʥʦ ʚʠʟʫʘʣʴʥʦʝ ʩʨʘʚʥʝʥʠʝ ʠʟʦʣʠʥʠʡ ʧʦʣʫʯʝʥʥʦʡ ʤʦʜʝʣʠ 

ʠ ʧʨʝʜʳʜʫʱʝʡ ʤʦʜʝʣʠ INTAS 1999 ʛ., ʩʜʝʣʘʥ ʚʳʚʦʜ ʦʙ ʠʜʝʥʪʠʯʥʦʩʪʠ. ʄʦʜʝʣʴ ʥʘ ʦʩʥʦʚʝ 

ʜʘʥʥʳʭ GEBCO ʧʦʟʚʦʣʠʪ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʜʠʥʘʤʠʢʫ ʙʝʨʝʛʦʚ ʦʟ. ɹʘʡʢʘʣ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʚʦʜʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʘʪʠʤʝʪʨʠʷ, ɹʘʡʢʘʣ, GEBCO, INTAS 

ʂʦʣʝʙʘʥʠʷ ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʦʟ. ɹʘʡʢʘʣ ʧʨʠʚʦʜʷʪ ʢʦ ʤʥʦʞʝʩʪʚʫ ʧʨʦʙʣʝʤ ʜʣʷ 

ʬʣʦʨʳ ʠ ʬʘʫʥʳ ʦʟʝʨʘ, ʘ ʪʘʢʞʝ ʣʶʜʝʡ, ʞʠʚʫʱʠʭ ʧʦ ʝʛʦ ʙʝʨʝʛʘʤ. ɺʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʷ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʧʦʟʚʦʣʠʪ ʧʨʠʥʠʤʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ 

ʨʝʰʝʥʠʷ ʧʦ ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʫʨʦʚʥʷ ʚʦʜʳ. 

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʮʝʣʴ ʧʦʜʦʙʨʘʪʴ ʨʘʟʣʠʯʥʳʝ 

ʙʘʪʠʤʝʪʨʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʣʷ ʦʮʝʥʢʠ ʠʟʤʝʥʝʥʠʷ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʦʟ. ɹʘʡʢʘʣ ʠ 

ʠʟʤʝʥʝʥʠʷ ʧʣʦʱʘʜʠ ʘʢʚʘʪʦʨʠʠ. 

ɼʦ 1999 ʛ. ʥʘʠʙʦʣʝʝ ʥʘʜʝʞʥʦʡ ʙʘʪʠʤʝʪʨʠʯʝʩʢʦʡ ʢʘʨʪʦʡ ʦʟʝʨʘ ɹʘʡʢʘʣ ʙʳʣʘ 

ʙʘʪʠʤʝʪʨʠʯʝʩʢʘʷ ʢʘʨʪʘ ʦʟʝʨʘ ɹʘʡʢʘʣ, ʠʟʜʘʥʥʘʷ ɻʋʅʀʆ ʚ 1992. ɹʘʪʠʤʝʪʨʠʷ 

ʦʩʥʦʚʘʥʘ ʪʦʣʴʢʦ ʥʘ ʯʘʩʪʠ ʠʤʝʶʱʠʭʩʷ ʦʨʠʛʠʥʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʩ 

ʧʦʤʦʱʴʶ ʵʭʦʣʦʪʘ, ʢʦʥʪʫʨʳ ʠʟʦʙʘʪ ʧʦʣʫʯʝʥʳ ʚʨʫʯʥʫʶ, ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʠʥʪʝʨʚʘʣʘʤʠ ʯʝʨʝʟ 100 ʤ ʜʣʷ ʛʣʫʙʠʥ ʜʦ 1000 ʤ ʠ ʯʝʨʝʟ 500 ʤ ʜʣʷ ʛʣʫʙʠʥ ʙʦʣʝʝ 

1000 ʤ, ʝʩʪʴ ʪʝʭʥʠʯʝʩʢʠʝ ʧʦʛʨʝʰʥʦʩʪʠ. 

ɺ 1999 ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ INTAS (ʄʝʞʜʫʥʘʨʦʜʥʘʷ ɸʩʩʦʮʠʘʮʠʷ ʜʣʷ 

ʩʦʜʝʡʩʪʚʠʷ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʩ ʫʯʝʥʳʤʠ ʦʪ ʅʦʚʳʭ ʅʝʟʘʚʠʩʠʤʳʭ ʛʦʩʫʜʘʨʩʪʚ 

ʧʨʝʞʥʝʛʦ ʉʦʚʝʪʩʢʦʛʦ ʉʦʶʟʘ) ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʙʦʣʝʝ ʪʦʯʥʘʷ ʙʘʪʠʤʝʪʨʠʯʝʩʢʘʷ 

ʢʘʨʪʘ ʦʟ.ɹʘʡʢʘʣ ʥʘ ʦʩʥʦʚʝ ʧʝʨʝʩʥʷʪʳʭ ʠ ʠʩʧʨʘʚʣʝʥʥʳʭ ʵʭʦʣʦʪʥʳʭ ʜʘʥʥʳʭ ʦ 

ʛʣʫʙʠʥʘʭ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʙʘʪʠʤʝʪʨʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʝʡ 

(ʥʘʧʨʠʤʝʨ, ʦʪ ʵʭʦʣʦʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ). [1, 2]. 

ʅʘ ʧʦʣʫʯʝʥʥʳʭ ʢʘʨʪʘʭ ʚʝʨʪʠʢʘʣʴʥʘʷ ʪʦʯʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 50 ʤ. 

ɼʘʥʥʳʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʜʦʧʦʣʥʠʪʴ ʵʪʠ ʜʘʥʥʳʝ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʘʪʠʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʨʦʝʢʪʘ GEBCO (The General 

Bathymetric Chart of the Oceans, ʦʙʱʝʜʦʩʪʫʧʥʘʷ ʙʘʪʠʤʝʪʨʠʯʝʩʢʘʷ ʢʘʨʪʘ ʤʠʨʦʚʦʛʦ 

ʦʢʝʘʥʘ) [3] ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʪʦʯʥʫʶ ʤʦʜʝʣʴ ʛʣʫʙʠʥ ʦʟ. ɹʘʡʢʘʣ. 

ʇʦʚʝʨʭʥʦʩʪʴ ʦʢʝʘʥʘ ʠʤʝʝʪ ʰʠʨʦʢʠʝ ʚʳʩʪʫʧʳ ʠ ʧʨʦʚʘʣʳ, ʢʦʪʦʨʳʝ 

ʠʤʠʪʠʨʫʶʪ ʪʦʧʦʛʨʘʬʠʶ ʦʢʝʘʥʩʢʦʛʦ ʜʥʘ. ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ 

ʧʨʠʪʷʞʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʦʨʩʢʦʛʦ ʜʥʘ, ʪʘʢʠʭ ʢʘʢ ʧʦʜʚʦʜʥʳʝ ʛʦʨʳ, ʚʳʟʳʚʘʝʪ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩʠʣʳ ʪʷʞʝʩʪʠ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʳʟʳʚʘʶʪ 
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ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʚʳʩʦʪʳ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʘ (ʨʠʩ. 1). ʂʘʢʠʤʠ ʙʳ 

ʢʨʦʰʝʯʥʳʤʠ ʦʥʠ ʥʠ ʢʘʟʘʣʠʩʴ, ʵʪʠ ʥʝʨʦʚʥʦʩʪʠ ʠ ʧʨʦʚʘʣʳ ʤʦʞʥʦ ʥʘʥʝʩʪʠ ʥʘ ʢʘʨʪʫ 

ʩ ʧʦʤʦʱʴʶ ʦʯʝʥʴ ʪʦʯʥʦʛʦ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʚʳʩʦʪʦʤʝʨʘ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ 

ʩʧʫʪʥʠʢʝ. ɺ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʙʘʩʩʝʡʥʘʭ ʦʢʝʘʥʘ, ʛʜʝ ʦʪʣʦʞʝʥʠʷ ʪʦʥʢʠʝ, ʘ ʛʝʦʣʦʛʠʷ 

ʤʦʨʩʢʦʛʦ ʜʥʘ ʧʨʦʩʪʘ, ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʙʘʪʠʤʝʪʨʠʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʜʘʥʥʳʝ ʢʦʩʤʠʯʝʩʢʠʭ ʨʘʜʘʨʦʚ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʜʘʥʥʳʝ ʩʧʫʪʥʠʢʦʚʦʛʦ ʘʣʴʪʠʤʝʪʨʘ 

ʜʦʢʘʟʘʣʠ ʦʩʫʱʝʩʪʚʠʤʦʩʪʴ ʵʪʦʛʦ ʤʝʪʦʜʘ ʠ ʚʳʷʚʠʣʠ ʦʙʱʠʝ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ 

ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʦʢʝʘʥʩʢʠʭ ʙʘʩʩʝʡʥʦʚ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɹʘʪʠʤʝʪʨʠʷ, ʧʦʣʫʯʝʥʥʘʷ ʩʦ ʩʧʫʪʥʠʢʦʚ 

A. ʈʘʜʘʨ, ʥʘʭʦʜʷʱʠʡʩʷ ʥʘ ʦʢʦʣʦʟʝʤʥʦʡ ʦʨʙʠʪʝ ʚ ʢʦʩʤʦʩʝ, ʥʝ ʤʦʞʝʪ ʚʠʜʝʪʴ ʜʥʦ ʦʢʝʘʥʘ, ʥʦ ʦʥ 

ʤʦʞʝʪ ʠʟʤʝʨʷʪʴ ʠʟʤʝʥʝʥʠʷ ʚʳʩʦʪʳ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʘ, ʚʳʟʚʘʥʥʳʝ ʪʦʧʦʛʨʘʬʠʝʡ ʜʥʘ ʦʢʝʘʥʘ. 

ɻʦʨʘ ʥʘ ʜʥʝ ʦʢʝʘʥʘ ʫʩʠʣʠʚʘʝʪ ʧʨʠʪʷʞʝʥʠʝ ɿʝʤʣʠ ʠ ʩʣʝʛʢʘ ʤʝʥʷʝʪ ʩʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚʦʢʨʫʛ ʛʦʨʳ ʩʢʘʧʣʠʚʘʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʚʦʜʘ. ʅʘʧʨʠʤʝʨ, ʛʦʨʘ ʥʘ ʜʥʝ ʦʢʝʘʥʘ 

ʚʳʩʦʪʦʡ 2000 ʤ ʦʙʨʘʟʫʝʪ ʚʳʩʪʫʧ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ ʚʳʩʦʪʦʡ ʚʩʝʛʦ 20 ʩʤ. ʍʦʪʷ ʵʪʦ ʤʘʣʦ, ʵʪʦ 

ʤʦʞʥʦ ʠʟʤʝʨʠʪʴ ʠʟ ʢʦʩʤʦʩʘ. ʆʢʦʥʯʘʪʝʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʵʪʦʛʦ ʤʝʪʦʜʘ ʦʛʨʘʥʠʯʝʥʦ 

ʨʝʛʠʦʥʘʣʴʥʦʡ ʛʣʫʙʠʥʦʡ ʦʢʝʘʥʘ. 

B. ʅʘʢʣʦʥ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩʠʣʳ ʪʷʞʝʩʪʠ, ʥʘʟʳʚʘʝʤʳʡ çʦʪʢʣʦʥʝʥʠʝʤ ʚʝʨʪʠʢʘʣʠè, ʨʘʚʝʥ ʥʘʢʣʦʥʫ 

ʤʦʨʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʠʟʤʝʨʷʝʪʩʷ ʚ ʤʠʢʨʦʨʘʜʠʘʥʘʭ. ʆʜʠʥ ʤʠʢʨʦʨʘʜ ʦʪʢʣʦʥʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʟʤʝʥʝʥʠʶ ʚʳʩʦʪʳ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ ʥʘ 1 ʤʤ ʥʘ 1 ʢʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

ʨʘʩʩʪʦʷʥʠʷ [5] 

ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʪ ʥʝʢʦʪʦʨʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ 

ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤʠ ʠ ʙʘʪʠʤʝʪʨʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ. ʅʘ ʵʪʦ ʤʦʞʝʪ ʚʣʠʷʪʴ 

ʛʝʦʣʦʛʠʷ ʤʦʨʩʢʦʛʦ ʜʥʘ ʠ ʚʘʨʠʘʮʠʠ ʪʦʣʱʠʥʳ ʦʪʣʦʞʝʥʠʡ, ʪ.ʝ. ʧʝʨʚʦʥʘʯʘʣʴʥʘʷ 

ʬʦʨʤʘ ʤʦʨʩʢʦʛʦ ʜʥʘ ʙʳʣʘ ʧʦʛʨʝʙʝʥʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʢʦʧʣʝʥʠʷ ʦʪʣʦʞʝʥʠʡ. 

ʋʯʘʩʪʢʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʢʨʳʪʳ ʦʪʣʦʞʝʥʠʷʤʠ, ʘ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʤʦʛʫʪ 

ʦʪʨʘʞʘʪʴ çʧʦʛʨʝʙʝʥʥʫʶè ʤʝʩʪʥʦʩʪʴ. 

ɹʦʣʝʝ ʜʣʠʥʥʦʚʦʣʥʦʚʘʷ ʙʘʪʠʤʝʪʨʠʷ ʦʛʨʘʥʠʯʝʥʘ ʠʟʦʩʪʘʟʠʝʡ, ʘ ʙʦʣʝʝ 

ʢʦʨʦʪʢʘʷ ʜʣʠʥʘ ʚʦʣʥʳ - ʧʨʦʜʦʣʞʝʥʠʝʤ ʚʚʝʨʭ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʨʨʝʣʷʮʠʷ ʩʠʣʴʥʝʝ ʧʦ ʥʝʨʦʚʥʦʡ ʪʦʧʦʛʨʘʬʠʠ ʚ ʙʦʣʝʝ 

ʛʣʫʙʦʢʠʭ ʩʣʦʷʭ ʦʢʝʘʥʘ, ʛʜʝ ʦʩʘʜʦʯʥʳʡ ʧʦʢʨʦʚ ʪʦʥʴʰʝ ʠ ʩʣʘʙʝʝ ʥʘ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʢʨʘʠʥʘʭ ʠ ʘʙʠʩʩʘʣʴʥʳʭ ʨʘʚʥʠʥʘʭ. 

ɺ ʨʘʡʦʥʘʭ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ ʦʭʚʘʪʦʤ ʜʘʥʥʳʤʠ ʟʦʥʜʠʨʦʚʘʥʠʷ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʩʦ ʩʧʫʪʥʠʢʘ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʯʪʦʙʳ ʧʦʤʦʯʴ 

ʤʦʜʝʣʠʨʦʚʘʪʴ ʬʦʨʤʫ ʜʥʘ ʦʢʝʘʥʘ, ʩʦʟʜʘʚʘʷ ʩʝʪʢʫ çʧʨʦʛʥʦʟʠʨʫʝʤʦʡè ʙʘʪʠʤʝʪʨʠʠ. 

ʉʝʪʢʘ GEBCO_2021 ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʣʦʙʘʣʴʥʦʝ ʧʦʢʨʳʪʠʝ ʜʘʥʥʳʭ ʦ ʚʳʩʦʪʝ ʚ 

ʤʝʪʨʘʭ ʥʘ ʩʝʪʢʝ ʩ ʰʘʛʦʤ 15 ʫʛʣʦʚʳʭ ʩʝʢʫʥʜ [4].  

ɼʘʥʥʳʝ ʧʦ ʦʟ. ɹʘʡʢʘʣ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʩʚʝʥʥʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ, ʘ ʠʤʝʥʥʦ 

ʙʘʪʠʤʝʪʨʠʯʝʩʢʠʤ ʟʦʥʜʠʨʦʚʘʥʠʝʤ: ʟʥʘʯʝʥʠʝ ʛʣʫʙʠʥʳ ʚ ʵʪʦʤ ʤʝʩʪʝ ʦʛʨʘʥʠʯʝʥʦ 

ʙʘʪʠʤʝʪʨʠʯʝʩʢʠʤ ʟʦʥʜʠʨʦʚʘʥʠʝʤ ʚ ʥʘʙʦʨʝ ʜʘʥʥʳʭ ʩ ʢʦʦʨʜʠʥʘʪʥʦʡ ʩʝʪʢʦʡ, ʛʜʝ 

ʠʥʪʝʨʧʦʣʷʮʠʷ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʟʦʥʜʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤʠ 

ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʩʦ ʩʧʫʪʥʠʢʘ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ SRTM15+ [6]. 

ʉʝʪʴ GEBCO ʟʘʧʨʝʱʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʥʘʚʠʛʘʮʠʠ ʠʣʠ ʜʣʷ ʣʶʙʳʭ 

ʜʨʫʛʠʭ ʮʝʣʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʥʘ ʤʦʨʝ. 

ʀʪʦʛʦʚʘʷ ʪʦʯʥʦʩʪʴ ʜʣʷ ʦʟ. ɹʘʡʢʘʣ: ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ï 30 ʤ, ʚʝʨʪʠʢʘʣʴʥʘʷ ï 1 

ʤ. 

ɼʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩ ʜʘʥʥʳʤʠ 1999 ʛ. ʧʨʦʝʢʪʘ INTAS ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ 

ʩʭʦʞʘʷ ʢʘʨʪʘ ʛʣʫʙʠʥ ʧʦ ʜʘʥʥʳʤ GEBCO 2021 (ʨʠʩʫʥʦʢ 3). 

ʉʨʘʚʥʝʥʠʝ ʠʟʦʣʠʥʠʡ ʥʘ ʢʘʨʪʝ INTAS 1999 ʛ. ʠ ʧʦ ʜʘʥʥʳʤ GEBCO 2021 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 4. 
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ɸ  

B   

ʈʠʩʫʥʦʢ 2 ï ɹʘʪʠʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʛʣʫʙʠʥ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ GEBCO 2021. ɸ ï ʦʙʱʠʡ ʚʠʜ. 

ɺ ï ʬʨʘʛʤʝʥʪʳ 
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ʈʠʩʫʥʦʢ 3 ï ʂʘʨʪʘ ʛʣʫʙʠʥ ʧʦ ʜʘʥʥʳʤ GEBCO 2021 

  

ʈʠʩʫʥʦʢ 4 ï ʉʨʘʚʥʝʥʠʝ ʠʟʦʣʠʥʠʡ ʩ ʠʥʪʝʨʚʘʣʦʤ 50 ʤ ʥʘ ʢʘʨʪʝ INTAS 1999 ʛ. (ʧʠʢʩʝʣʴʥʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ) ʠ ʠʟʦʣʠʥʠʡ ʩ ʠʥʪʝʨʚʘʣʦʤ 50 ʤ ʧʦ ʜʘʥʥʳʤ GEBCO 2021 (ʚʝʢʪʦʨʥʳʝ ʣʠʥʠʠ) 

ʇʦʣʫʯʝʥʥʫʶ ʙʘʪʠʤʝʪʨʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʷ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʫʨʦʚʥʷ ʦʟ. ɹʘʡʢʘʣ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʮʝʥʘʨʥʳʭ ʨʘʩʯʝʪʦʚ ʫʨʦʚʥʷ ʚʦʜʳ ʦʟʝʨʥʦʡ 

ʩʠʩʪʝʤʳ ɸʡʜʘʨʢʫʣʴ-ʊʫʟʢʘʥ ʥʘ ʧʝʨʩʧʝʢʪʠʚʫ. ʅʦʚʝʡʰʠʝ ʠʟʤʝʥʝʥʠʷ ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ ʜʘʥʥʦʛʦ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʦʙʲʝʢʪʘ ʜʝʣʘʶʪ ʘʢʪʫʘʣʴʥʳʤ ʧʨʦʛʥʦʟ ʝʛʦ ʫʨʦʚʝʥʥʦʛʦ ʨʝʞʠʤʘ ʚ ʩʚʷʟʠ ʩʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ ɸʨʥʘʩʩʘʡʩʢʦʡ ʧʣʦʪʠʥʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʘʭ ʧʨʠʪʦʢʘ ʢʦʣʣʝʢʪʦʨʥʦ-

ʜʨʝʥʘʞʥʳʭ ʚʦʜ. ɿʘʜʘʯʘ ʨʝʰʘʣʘʩʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ ʦʟʝʨʥʦʡ ʩʠʩʪʝʤʳ. ɺ ʩʮʝʥʘʨʠʠ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʲʝʤʘ ʛʦʜʦʚʦʛʦ ʧʨʠʪʦʢʘ ʢʦʣʣʝʢʪʦʨʥʦ-ʜʨʝʥʘʞʥʳʭ ʚʦʜ ʚ ʧʝʨʩʧʝʢʪʠʚʝ 

ʨʘʚʥʦʚʝʩʥʳʡ ʫʨʦʚʝʥʴ ʚʦʜʳ ʧʦʥʠʟʠʪʩʷ ʥʘ 6 ʤ ʜʦ ʦʪʤʝʪʢʠ ʦʢʦʣʦ 239 ʤ ʘʙʩ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʠʣʠ 

ʫʤʝʥʴʰʝʥʠʠ ʩʨʝʜʥʝʛʦ ʧʨʠʪʦʢʘ ʥʘ 0,5 ʢʤ3/ʛʦʜ ʫʨʦʚʝʥʴ ʚʦʜʳ ʦʧʫʩʪʠʪʩʷ ʜʦ ʨʘʚʥʦʚʝʩʥʳʭ ʦʪʤʝʪʦʢ 

243 ʠ 236 ʤ ʘʙʩ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʨʦʚʝʥʴ ʚʦʜʳ, ʚʦʜʥʳʡ ʙʘʣʘʥʩ, ʧʨʠʪʦʢ ʢʦʣʣʝʢʪʦʨʥʦ-ʜʨʝʥʘʞʥʳʭ ʚʦʜ 

ɺʚʝʜʝʥʠʝ 

ʍʦʟʷʡʩʪʚʝʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʯʝʣʦʚʝʢʘ ʧʨʠʚʝʣʘ ʥʝ ʪʦʣʴʢʦ ʢ ʜʝʛʨʘʜʘʮʠʠ 

ɸʨʘʣʴʩʢʦʛʦ ʤʦʨʷ, ʥʦ ʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʦʚʳʭ ʚʦʜʦʝʤʦʚ-ʥʘʢʦʧʠʪʝʣʝʡ ʜʨʝʥʘʞʥʦʛʦ 

ʠ ʩʙʨʦʩʥʦʛʦ ʩʪʦʢʘ ʠʟ-ʟʘ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʨʝʢ. ɼʘʥʥʘ ̫ʨʘʙʦʪʘ 

ʧʦʩʚʷʱʝʥʘ ʩʮʝʥʘʨʥʳʤ ʦʮʝʥʢʘʤ ʫʨʦʚʝʥʥʦʛʦ ʨʝʞʠʤʘ ʙʝʩʩʪʦʯʥʦʛʦ ʦʟʝʨʘ 

ɸʡʜʘʨʢʫʣʴ-ʊʫʟʢʘʥ ʚ ʙʘʩʩʝʡʥʝ ʨ. ʉʳʨʜʘʨʴʠ. ʂʨʫʧʥʝʡʰʘʷ ʚʦʜʥʘʷ ʩʠʩʪʝʤʘ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ ʥʘʯʘʣʘ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʩ 1957 ʛ. ʶʞʥʝʝ 

ʐʘʨʜʘʨʠʥʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʨʠʪʦʢʘ ʢʦʣʣʝʢʪʦʨʥʦ-

ʜʨʝʥʘʞʥʳʭ ʚʦʜ (ʂɼɺ). ʂʣʶʯʝʚʳʤ ʵʪʘʧʦʤ ʝʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʳʣ ʩʙʨʦʩ ʙʦʣʝʝ 

21 ʢʤ3 ʠʟ ʐʘʨʜʘʨʠʥʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʚ 1969 ʛ. ʇʦʩʣʝ ʟʘʪʦʧʣʝʥʠʷ ʫʨʦʚʝʥʴ 

ʚʦʜʳ ʚ ʦʟʝʨʥʦʡ ʩʠʩʪʝʤʝ ʤʝʜʣʝʥʥʦ ʧʦʥʠʞʘʣʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ 

ʚʦʜʳ [1]. ʉʣʝʜʫʶʱʘʷ ʬʘʟʘ ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʨʝʞʠʤʘ ʦʟʝʨʥʦʡ ʩʠʩʪʝʤʳ 

ʥʘʯʘʣʘʩʴ ʚ 1990-ʭ ʛʛ. ʧʨʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʫʩʣʦʚʠʡ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʊʦʢʪʦʛʫʣʴʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ. ʕʪʦ ʚʳʨʘʟʠʣʦʩʴ ʚ ʫʚʝʣʠʯʝʥʠʝ ʩʪʦʢʘ ʉʳʨʜʘʨʴʠ 

ʚ ʟʠʤʥʠʝ ʤʝʩʷʮʳ ʠ ʦʙʫʩʣʦʚʠʣʦ ʥʝʦʙʭʦʜʠʤʦʩʪ ɹʚʦʟʦʙʥʦʚʣʝʥʠʷ ʩʙʨʦʩʦʚ ʚʦʜʳ ʠʟ 

ʐʘʨʜʘʨʠʥʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʚ ɸʡʜʘʨ-ɸʨʥʘʩʩʘʡʩʢʫʶ ʚʦʜʥʫʶ ʩʠʩʪʝʤʫ. 

ʇʨʠʯʠʥʦʡ ʵʪʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʙʳʣʘ ʥʝʜʦʩʪʘʪʦʯʥʘ ̫ʧʨʦʧʫʩʢʥʘ ̫ʩʧʦʩʦʙʥʦʩʪ ɹ

ʐʘʨʜʘʨʴʠʥʩʢʦʛʦ ʛʠʜʨʦʫʟʣʘ ʠ ʨʫʩʣʘ ʉʳʨʜʘʨʴʠ ʚ ʝʝ ʥʠʞʥʝʤ ʪʝʯʝʥʠʠ. ʆʯʝʨʝʜʥʦʡ 

ʵʪʘʧ ʠʟʤʝʥʝʥʠʡ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ ʦʟʝʨʥʦʡ ʩʠʩʪʝʤʳ ʥʘʯʘʣʩʷ ʚ 2005 ʛ. ʧʨʠ 

ʦʪʜʝʣʝʥʠʠ ʧʣʦʪʠʥʦʡ ɸʨʥʘʩʩʘʡʩʢʠʭ ʦʟʝʨ ʠ ʧʝʨʝʥʘʧʨʘʚʣʝʥʠʠ ʎʝʥʪʨʘʣʴʥʦʛʦ 

ɻʦʣʦʜʥʦʩʪʝʧʩʢʦʛʦ ʢʦʣʣʝʢʪʦʨʘ (ʎɻʂ) ʚ ʢʦʪʣʦʚʠʥʫ ʊʫʟʢʘʥʘ. ʉ 2005 ʛ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʚ ʦʩʪʘʚʰʫʶʩʷ ʩʠʩʪʝʤʫ ʦʟʝʨ ʧʨʝʩʥʘʷ ʚʦʜʘ, ʘʢʢʫʤʫʣʠʨʫʶʱʘʷʩʷ ʚ ɺʝʨʭʥʝ-

ɸʨʥʘʩʘʡʩʢʦʤ ʚʦʜʦʭʨʘʥʠʣʠʱʝ, ʩʙʨʘʩʳʚʘʝʪʩʷ ʵʧʠʟʦʜʠʯʝʩʢʠ: ʪʦʣʴʢʦ ʧʨʠ ʩʙʨʦʩʘʭ 

ʠʟ ʐʘʨʜʘʨʠʥʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʙʦʣʝʝ 0,5 ʢʤ3 [2]. ɸʢʪʫʘʣʴʥʦʩʪʴ ʦʮʝʥʢʠ 

ʠʟʤʝʥʝʥʠʡ ʫʨʦʚʥʷ ʦʟʝʨ ʦʙʫʩʣʦʚʣʝʥʘ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʤʠ 

ʬʘʢʪʦʨʘʤʠ, ʷʚʣʷʶʱʠʤʠʩʷ ʧʨʠʯʠʥʦʡ ʠʟʤʝʥʝʥʠʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ 
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ʦʟʝʨʘ, ʯʪʦ ʩ 2005 ʛ. ʫʞʝ ʧʨʠʚʝʣʦ ʢ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʠ ʫʚʝʣʠʯʝʥʠʶ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚʦʜʳ. ʕʪʘ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʚʳʟʳʚʘʝʪ ʦʧʘʩʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʟʘ 

ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʙʣʘʛʦʧʦʣʫʯʠʝ ʦʟʝʨʥʦʡ ʩʠʩʪʝʤʳ, ʩʪʘʚʰʝʡ ʧʨʠʨʦʜʦʦʙʨʘʟʫʶʱʝʡ ʜʣʷ 

ʧʨʠʣʝʛʘʶʱʠʭ ʪʝʨʨʠʪʦʨʠʡ, ʷʚʣʷʶʱʝʡʩʷ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʳʤ ʚʦʜʦʝʤʦʤ, ʥʦ ʠ ʟʘ 

ʫʩʣʦʚʠʷ ʜʣʷ ʞʠʟʥʠ ʠ ʭʦʟʷʡʩʪʚʘ ʚ ʨʝʛʠʦʥʝ. ɺʦʟʤʦʞʥʦʝ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʝ 

ʦʙʤʝʣʝʥʠʝ ʠ ʟʘʩʦʣʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʦʪʚʨʘʪʠʪʴ, ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦ ʧʦʜʛʦʪʦʚʠʚ 

ʧʨʦʝʢʪʳ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʜʣʷ 

ʧʨʠʨʦʜʳ ʠ ʭʦʟʷʡʩʪʚʘ. ɻʠʜʨʦʪʝʭʥʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʥʦʚʝʡʰʝʛʦ ʚʨʝʤʝʥʠ 

ʜʝʣʘʶʪ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʫ ʥʦʚʳʭ ʨʘʩʯʝʪʦʚ ʠ ʧʨʦʛʥʦʟʦʚ ʫʨʦʚʝʥʥʦʛʦ ʨʝʞʠʤʘ 

ʩʠʩʪʝʤʳ ʦʟʝʨ ɸʡʜʘʨʢʫʣʴ-ʊʫʟʢʘʥ, ʧʦʩʢʦʣʴʢʫ ʚʳʧʦʣʥʝʥʥʳʝ ʨʘʥʝʝ ʨʘʩʯʝʪʳ [1, 3, 4] 

ʙʦʣʝʝ ʥʝ ʘʢʪʫʘʣʴʥʳ.  

ʎʝʣʴ ʨʘʙʦʪʳ ï ʦʮʝʥʢʘ ʨʘʚʥʦʚʝʩʥʦʛʦ ʫʨʦʚʥʷ ʚʦʜʳ ʜʣʷ ʩʠʩʪʝʤʳ ʦʟʝʨ 

ɸʡʜʘʨʢʫʣʴ-ʊʫʟʢʘʥ ʩ ʫʯʝʪʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ɺʝʨʭʥʝ-ɸʨʥʘʩʘʡʩʢʦʛʦ 

ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʘʢʢʫʤʫʣʠʨʫʶʱʝʛʦ ʩʪʦʢ ʉʳʨʜʘʨʴʠ, ʢʦʪʦʨʳʡ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʦʧʫʱʝʥ ʯʝʨʝʟ ʐʘʨʜʘʨʠʥʩʢʠʡ ʛʠʜʨʦʫʟʝʣ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʄʦʥʪʝ-ʂʘʨʣʦ 

ʢ ʩʠʩʪʝʤʝ ʨʘʟʥʦʩʪʥʳʭ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ, ʦʙʨʘʟʫʶʱʠʭ ʜʠʥʘʤʠʢʦ-

ʩʪʦʭʘʩʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ ʚʦʜʳ.  

ʕʪʘʧʳ ʨʘʙʦʪʳ: ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ ʦʟʝʨʥʦʡ 

ʩʠʩʪʝʤʳ, ʩ ʫʯʝʪʦʤ ʦʟʝʨʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʘʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ; ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ 

ʨʘʩʯʝʪ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ ʦʟʝʨʥʦʡ ʩʠʩʪʝʤʳ ʟʘ ʧʝʨʠʦʜ 2007ī2018 ʛʛ. ʧʦʩʣʝ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ɺʝʨʭʥʝ-ɸʨʥʘʩʘʡʩʢʢʦʡ ʧʣʦʪʠʥʳ; ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʦʣʝʙʘʥʠʡ 

ʫʨʦʚʥʷ ʦʟʝʨʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʧʝʨʩʧʝʢʪʠʚʫ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʋʨʘʚʥʝʥʠʝ, ʦʧʠʩʳʚʘʶʱʝʝ ʢʦʣʝʙʘʥʠʝ ʫʨʦʚʥʷ ht  ʙʝʩʩʪʦʯʥʦʛʦ ʦʟʝʨʘ: 

Ὤ Ὤ ὴ Ὡ, (1) 

ʛʜʝ Ὂï ʧʣʦʱʘʜʴ ʘʢʚʘʪʦʨʠʠ ʦʟʝʨʘ,  ήï ʦʙʲʝʤ ʧʨʠʪʦʢʘ ʚ ʦʟʝʨʦ, ὴ ʠ Ὡ ï ʩʣʦʠ 

ʦʩʘʜʢʦʚ ʠ ʠʩʧʘʨʝʥʠʝ ʧʦ ʘʢʚʘʪʦʨʠʠ, t ï ʚʨʝʤʷ. ʇʦʜʟʝʤʥʳʡ ʚʦʜʦʦʙʤʝʥ ʚ ʨʘʙʦʪʝ ʥʝ 

ʫʯʠʪʳʚʘʣʩʷ, ʧʦʩʢʦʣʴʢʫ ʧʦ ʜʘʥʥʳʤ [4] ʧʨʠʭʦʜʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʧʦʜʟʝʤʥʦʛʦ 

ʧʨʠʪʦʢʘ ʢʦʤʧʝʥʩʠʨʫʶʪʩʷ ʧʦʜʟʝʤʥʳʤ ʦʪʪʦʢʦʤ. ʉʦʩʪʘʚʣʷʶʱʠʝ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ 

ʦʟʝʨʘ, ʚʭʦʜʷʱʠʝ ʚ (1) ʤʦʜʝʣʠʨʫʶʪʩʷ ʘʚʪʦʨʝʛʨʝʩʩʠʦʥʥʳʤʠ (ʤʘʨʢʦʚʩʢʠʤʠ) 

ʧʨʦʮʝʩʩʘʤʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ:  

ή ”ή ύ   (2) 

ὴ ”ὴ ύ  (3) 

Ὡ ”Ὡ ύ  (4) 

ʛʜʝ ”Ȣ ï ʧʘʨʘʤʝʪʨʳ ʘʚʪʦʨʝʛʨʝʩʩʠʠ, ύ
Ȣ
 ï ʙʝʣʳʝ ʰʫʤʳ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ʧʨʦʮʝʩʩʳ (2ī4), ʢʦʪʦʨʳʝ ʧʨʠʥʠʤʘʶʪʩʷ ʛʘʫʩʩʦʚʳʤʠ ʚ ʩʠʣʫ ʥʦʨʤʘʣʠʟʘʮʠʠ 

ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ ʙʝʩʩʪʦʯʥʦʛʦ ʚʦʜʦʝʤʘ ʩ ʤʘʣʳʤ ʧʘʨʘʤʝʪʨʦʤ ʠʥʝʨʮʠʦʥʥʦʩʪʠ [5], 

ʚʟʘʠʤʥʦ ʢʦʨʨʝʣʠʨʦʚʘʥʳ ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʢʦʨʨʝʣʷʮʠʠ ὶȟὶ  ʠ ὶ . 

ɿʘʚʠʩʠʤʦʩʪʴ ʧʣʦʱʘʜʠ ʦʟʝʨʘ ʦʪ ʫʨʦʚʥʷ ʚ ʧʨʝʜʝʣʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʠʥʪʝʨʚʘʣʘ 

ʢʦʣʝʙʘʥʠʡ ʜʦʧʫʩʢʘʝʪ ʣʠʥʝʡʥʫʶ ʘʧʧʨʦʢʩʠʤʘʮʠʶ. ʉʮʝʥʘʨʠʠ ʧʨʦʛʥʦʟʘ ʦʪʣʠʯʘʣʠʩʴ 
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ʟʥʘʯʝʥʠʷʤʠ ʧʨʠʪʦʢʘ ʂɼɺ: ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʝʛʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʩʦʚʧʘʜʘʝʪ ʩ 

ʬʘʢʪʠʯʝʩʢʠʤ ʟʘ 1995ī2017 ʛʛ., ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʚ ʤʦʜʝʣʴ ʟʘʣʦʞʝʥ ʧʨʠʨʦʩʪ 

ʧʨʠʪʦʢʘ ʂɼɺ ʥʘ 0,5 ʢʤ3/ʛʦʜ (ʥʘʧʨʠʤʝʨ, ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʦʨʦʰʘʝʤʳʭ 

ʧʣʦʱʘʜʝʡ), ʚ ʪʨʝʪʴʝʤ ï ʝʛʦ ʩʦʢʨʘʱʝʥʠʝ ʥʘ 0,5 ʢʤ3/ʛʦʜ (ʚʥʝʜʨʝʥʠʝ 

ʚʦʜʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʠʟʤʝʥʝʥʠʝ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʚʦʟʜʝʣʳʚʘʝʤʳʭ 

ʢʫʣʴʪʫʨ). ɺ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʧʝʨʩʧʝʢʪʠʚʘʤʠ ʨʘʟʚʠʪʠʷ ʦʨʦʰʝʥʠʷ ʚ ʜʘʥʥʦʤ ʨʘʡʦʥʝ 

ʩʙʨʦʩʳ ʯʝʨʝʟ ɺʝʨʭʥʝ-ɸʨʥʘʩʘʡʩʢʫʶ ʧʣʦʪʠʥʫ ʤʦʛʫʪ ʧʨʝʢʨʘʪʠʪʴʩʷ (ʟʘ ʧʝʨʠʦʜ ʧʦʩʣʝ 

ʚʦʟʚʝʜʝʥʠʷ ʧʣʦʪʠʥʳ ʚ 2007ī2017 ʛʛ. ʩʙʨʦʩʳ ʠʟʤʝʥʷʣʠʩʴ ʦʪ 28 ʜʦ 1918 ʤʣʥ ʤ3/ʛʦʜ 

ʠ ʠʤʝʣʠ ʤʝʩʪʦ ʥʝ ʝʞʝʛʦʜʥʦ), ʧʦʵʪʦʤʫ ʧʨʦʛʥʦʟʥʳʝ ʨʘʩʯʝʪʳ ʙʳʣʠ ʧʨʦʠʟʚʝʜʝʥʳ ʜʣʷ 

ʥʘʠʙʦʣʝʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʡ ï ʧʨʠ ʧʦʣʥʦʤ ʦʪʩʫʪʩʪʚʠʠ ʧʝʨʝʙʨʦʩʢʠ 

ʧʨʝʩʥʦʡ ʚʦʜʳ. ʅʘʯʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʫʨʦʚʥʷ ʧʨʠʥʷʪʦ ʨʘʚʥʳʤ ʩʨʝʜʥʝʛʦʜʦʚʦʤʫ ʥʘ 

2019 ʛ. 

ɼʣʷ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʘʚʪʦʨʝʛʨʝʩʩʠʠ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʚʳʧʦʣʥʠʪʴ 

ʧʨʦʚʝʨʢʫ ʢʘʯʝʩʪʚʘ ʨʘʩʯʝʪʘ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ ʧʦ ʠʤʝʶʱʠʤʩʷ ʨʷʜʘʤ ʜʘʥʥʳʭ ʟʘ 

ʧʝʨʠʦʜ 2007-2017 ʛʛ. 

ɺ ʨʘʩʧʦʨʷʞʝʥʠʠ ʘʚʪʦʨʦʚ ʠʤʝʣʠ ʨʷʜʳ ʝʞʝʜʥʝʚʥʳʭ ʩʫʤʤ ʦʩʘʜʢʦʚ ʟʘ ʧʝʨʠʦʜ 

1970ī1975 ʛʛ. ʧʦ ʤʝʪʝʦʩʪʘʥʮʠʷʤ ɻʘʣʣʷʘʨʘʣ (571 ʤ ʘʙʩ), ɼʞʠʟʘʢ (345 ʤ ʘʙʩ), 

ɼʫʩʪʣʠʢ (272 ʤ ʘʙʩ), ʗʥʛʠʢʠʰʣʘʢ (514 ʤ ʘʙʩ), ʠ ʩ 2012 ʛ. ʧʦ ʤʝʪʝʦʩʪʘʥʮʠʠ 

ɿʘʧʘʜʥʳʡ ɸʨʥʘʩʘʡ (250 ʤ ʘʙʩ) (ʨʠʩ. 1). ʕʪʦʪ ʧʫʥʢʪ ʠʤʝʝʪ ʚʝʩʴʤʘ ʫʜʘʯʥʦʝ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʥʘ ʛʣʫʙʦʢʦ ʚʜʘʶʱʝʤʩʷ ʚ ʚʦʜʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʳʩʫ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘʠʙʦʣʝʝ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʫʩʣʦʚʠʡ ʥʘʜ ʚʦʜʦʝʤʦʤ. 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʤʝʨʝʥʠʷʤʠ ʥʘ ʥʘʟʝʤʥʳʭ ʤʝʪʝʦʩʪʘʥʮʠʷʭ ʟʘ ʧʝʨʠʦʜ ʩʠʥʭʨʦʥʥʳʭ 

ʥʘʙʣʶʜʝʥʠʡ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʥʘ ʤʝʪʝʦʩʪʘʥʮʠʠ ɿʘʧʘʜʥʳʡ ɸʨʥʘʩʘʡ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʥʘ 

27ī42% ʤʝʥʴʰʝ. ɼʣʷ ʧʨʠʚʝʜʝʥʠʷ ʢ ʤʥʦʛʦʣʝʪʥʝʤʫ ʧʝʨʠʦʜʫ ʨʷʜʘ ʩʨʝʜʥʝʤʝʩʷʯʥʳʭ 

ʩʫʤʤ ʦʩʘʜʢʦʚ ɿʘʧʘʜʥʦʛʦ ɸʨʥʘʩʘʷ ʢ ʤʥʦʛʦʣʝʪʥʝʤʫ ʧʝʨʠʦʜʫ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʢʦʚ ʥʘ ʤʝʪʝʦʩʪʘʥʮʠʠ ʗʥʛʠʢʠʰʣʘʢ: 

y = 0,69x + 7,70 (r = 0,93, ʟʥʘʯʠʤ ʧʨʠ p = 0,05). ɼʣʷ ʦʩʪʘʣʴʥʳʭ ʤʝʪʝʦʩʪʘʥʮʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʥʝʟʥʘʯʠʤ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʨʷʜʘ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʘʪʝʨʠʘʣʳ ʠʟ [2], ʛʜʝ ʧʨʠʚʝʜʝʥʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʦʩʘʜʢʦʚ ʥʘ 

ʤʝʪʝʦʩʪʘʥʮʠʷʭ ʄʘʰʠʢʫʜʫʢ, ʅʫʨʦʪʘ, ɼʞʠʟʘʢ, ɼʫʩʪʣʠʢ ʠ ʗʥʛʠʢʠʰʣʘʢ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʵʪʠʭ ʜʘʥʥʳʭ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʨʷʜʘ ʧʦ ɿʘʧʘʜʥʦʤʫ 

ɸʨʥʘʩʘʶ ʩʦʩʪʘʚʠʣ 0,76, ʯʪʦ ʟʥʘʯʠʤʦ ʜʣʷ ʨ = 0,01. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʦʠʟʚʝʜʝʥʦ 

ʩʨʘʚʥʝʥʠʝ ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʠʭ ʟʥʘʯʝʥʠʡ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʨʷʜʘ ʠ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʠʟʦʛʠʝʪ [3]: ʵʪʠ ʟʥʘʯʝʥʠʷ ʩʦʩʪʘʚʠʣʠ 239 ʠ 234 ʤʤ, ʯʪʦ 

ʛʦʚʦʨʠʪ ʦ ʧʨʠʝʤʣʝʤʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʦʡ ʤʝʪʦʜʠʢʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʘʥʥʳʭ ʧʦ 

ɿʘʧʘʜʥʦʤʫ ɸʨʥʘʩʘʶ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʜʘʥʥʳʭ ʤʝʪʝʦʩʪʘʥʮʠʡ ʄʘʰʠʢʫʜʫʢ ʠ ʅʫʨʦʪʘ, 

ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʤʝʥʴʰʠʤʠ ʩʫʤʤʘʤʠ ʦʩʘʜʢʦʚ ʠʟ-ʟʘ ʙʦʣʝʝ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ 

ʢʣʠʤʘʪʘ ʢ ʟʘʧʘʜʫ ʦʪ ʦʟʝʨʥʦʡ ʩʠʩʪʝʤʳ. 

ʈʘʩʯʝʪ ʠʩʧʘʨʝʥʠʷ ʜʣʷ ʦʮʝʥʢʠ ʝʛʦ ʭʘʨʘʢʪʝʨʥʳʭ ʟʥʘʯʝʥʠʡ ʟʘ 

ʧʨʝʜʰʝʩʪʚʫʶʱʠʡ ʧʝʨʠʦʜ ʧʨʦʠʟʚʦʜʠʣʩʷ ʧʦ ʬʦʨʤʫʣʝ ɻɻʀ [6]. ʇʨʦʚʝʨʢʘ ʢʘʯʝʩʪʚʘ 

ʨʘʩʯʝʪʘ ʧʨʦʠʟʚʝʜʝʥʘ ʧʦ ʜʘʥʥʳʤ ʥʘʟʝʤʥʳʭ ʠʩʧʘʨʠʪʝʣʝʡ ʥʘ ʩʪʘʥʮʠʷʭ ɻʘʣʣʷʘʨʘʣ 

(1976ī2019), ɼʘʛʙʠʪ (1986ī2019), ʊʶʷʙʫʛʫʟ (1965ī2019) ʠ ʏʠʤʢʫʨʛʘʥ 

(1969ī2019). ɼʣʷ ʨʘʩʯʝʪʘ ʚ ʢʘʯʝʩʪʚʝ ʩʨʝʜʥʝʤʝʩʷʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʥʘʜ 
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ʚʦʜʦʝʤʦʤ ʧʨʠʥʷʪʘ ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʩʪʘʥʮʠʷʭ ɼʞʠʟʘʢ ʠ ɼʫʩʪʣʠʢ, 

ʧʦʩʢʦʣʴʢʫ ʵʪʠ ʟʥʘʯʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ ʩ ʠʟʤʝʨʝʥʥʳʤʠ ʥʘ ɿʘʧʘʜʥʦʤ 

ɸʨʥʘʩʘʝ (r  = 0,99, n = 91). ʉʢʦʨʦʩʪʴ ʚʝʪʨʘ ʧʨʠʥʷʪʘ ʧʦ ʩʪʘʥʮʠʠ ʗʥʛʠʢʠʰʣʘʢ 

(r = 0,4, n = 91), ʘ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ ʨʘʩʩʯʠʪʘʥʘ ʠʩʭʦʜʷ ʠʟ ʩʨʝʜʥʝʛʦ 

ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʥʘ ʩʪʘʥʮʠʷʭ ɻʘʣʣʷʘʨʘʣ, ʗʥʛʠʢʠʰʣʘʢ, 

ɼʞʠʟʘʢ ʠ ɼʫʩʪʣʠʢ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʩʪʘ ɿʘʧʘʜʥʳʡ 

ɸʨʥʘʩʘʡ ʩ ʚʚʝʜʝʥʠʝʤ ʧʦʧʨʘʚʦʢ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʚ ʋʢʘʟʘʥʠʷʭ [6]. ɿʘ ʧʝʨʠʦʜ 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʥʘ ɿʘʧʘʜʥʦʤ ɸʨʥʘʩʘʝ (2013ī2019) ʨʘʩʯʝʪʥʘʷ 

ʚʝʣʠʯʠʥʘ ʩʣʦʷ ʠʩʧʘʨʝʥʠʷ ʧʦ ʜʘʥʥʳʤ ʵʪʦʡ ʤʝʪʝʦʩʪʘʥʮʠʠ ʩʦʩʪʘʚʠʣʘ ʚ ʩʨʝʜʥʝʤ 

1098 ʤʤ, ʨʘʩʯʝʪ ʧʦ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʜʘʥʥʳʤ ï 1102 ʤʤ. ʇʦ ʜʘʥʥʳʤ ʠʟʤʝʨʝʥʠʡ 

ʚ ʠʩʧʘʨʠʪʝʣʷʭ ʥʘ ʩʪʘʥʮʠʷʭ ɻʘʣʣʷʘʨʘʣ, ɼʘʛʙʠʪ, ʊʶʷʙʫʛʫʟ ʠ ʏʠʤʢʫʨʛʘʥ ʠʩʧʘʨʝʥʠʝ 

ʩʦʩʪʘʚʠʣʦ 1284, 1167, 993 ʠ 1314 ʤʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʩʯʝʪʥʳʝ 

ʤʝʪʦʜʳ ʭʦʨʦʰʦ ʚʦʩʧʨʦʠʟʚʦʜʷʪ ʚʝʣʠʯʠʥʫ ʧʦʪʝʨʴ ʚʦʜʳ ʥʘ ʠʩʧʘʨʝʥʠʝ (ʧʦʚʳʰʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʥʘ ʧʦʩʣʝʜʥʝʡ ʩʪʘʥʮʠʠ ʩʚʷʟʘʥʦ ʩ ʝʝ ʙʦʣʴʰʦʡ ʫʜʘʣʝʥʥʦʩʪʴʶ ʢ ʶʛʫ ʦʪ 

ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ).  

ʇʨʠʪʦʢ ʚ ʦʟʝʨʥʫʶ ʩʠʩʪʝʤʫ ʧʦʣʫʯʝʥ ʧʦ ʠʟʤʝʨʝʥʠʷʤ ʚ ʟʘʤʳʢʘʶʱʠʭ ʩʪʚʦʨʘʭ 

ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ: ʎɻʂ, ʂʣʳ, ɸʢʙʫʣʘʢ ʠ ʇʦʛʨʘʥʠʯʥʳʡ; ʚ ʩʨʝʜʥʝʤ 

ʦʥ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 2,3 ʢʤ3. ɿʘʚʠʩʠʤʦʩʪʠ ʧʣʦʱʘʜʠ ʠ ʦʙʲʝʤʘ ʦʟʝʨʥʦʡ ʩʠʩʪʝʤʳ ʦʪ 

ʫʨʦʚʥʷ ʚʦʜʳ (ʧʦʩʪ ɿʘʧʘʜʥʳʡ ɸʨʥʘʩʘʡ) ʧʦʣʫʯʝʥʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʨʘʙʦʪʢʠ 

ʥʦʚʝʡʰʝʡ ʙʘʪʠʤʝʪʨʠʯʝʩʢʦʡ ʩʲʝʤʢʠ ʚ 2019 ʛ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʷʜr ʦʩʘʜʢʦʚ, ʧʨʠʪʦʢʘ, ʠʩʧʘʨʝʥʠʷ ʠ ʠʟʤʝʥʝʥʠʷ ʟʘʧʘʩʘ ʚʦʜʳ ʚ 

ʦʟʝʨʥʦʡ ʩʠʩʪʝʤʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʘʩʯʝʪʘ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ ʟʘ ʧʝʨʠʦʜ 

2007ī2018 ʛʛ. (ʪʘʙʣ. 1). ɺ ʩʨʝʜʥʝʤ ʟʘ ʧʝʨʠʦʜ ʥʝʚʷʟʢʘ ʩʦʩʪʘʚʣʷʝʪ 9,8%, 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʦʪʢʣʦʥʝʥʠʡ ʥʝ ʚʳʷʚʣʝʥʦ, ʧʨʠʯʠʥʘ ʙʦʣʴʰʠʭ ʥʝʚʷʟʦʢ ʚ 

ʦʪʜʝʣʴʥʳʝ ʛʦʜʳ ʩʢʦʨʝʝ ʚʩʝʛʦ ʩʚʷʟʘʥʘ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʧʝʨʝʪʦʢʘ ʚʦʜʳ ʯʝʨʝʟ 

ʧʣʦʪʠʥʫ ʠ ʧʦʛʨʝʰʥʦʩʪʷʭ ʫʯʝʪʘ ʂɼɺ. ɹʘʪʠʤʝʪʨʠʯʝʩʢʘʷ ʢʨʠʚʘʷ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʥʝʥʪ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ ʦʟʝʨʘ ɸʡʜʘʨʢʫʣʴ-ʊʫʟʢʘʥ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʥʩʘʤʙʣʷ ʨʝʘʣʠʟʘʮʠʡ 

ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ ʜʠʥʘʤʠʢʦ-ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ (1ī4). ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

ʧʨʠʪʦʢʘ, ʦʩʘʜʢʦʚ ʠ ʠʩʧʘʨʝʥʠʷ ʩʦʩʪʘʚʠʣʠ 2,2 ʢʤ3/ʛʦʜ, 0,2 ʤ/ʛʦʜ ʠ 1,3 ʤ/ʛʦʜ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʠʩʧʝʨʩʠʷ 0,2, 0, 0 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʦʵʬʬʠʮʠʝʥʪ 

ʘʚʪʦʢʦʨʨʝʣʷʮʠʠ 0,5, 0,1, 0,3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʇʨʠʤʝʥʝʥʥʳʡ ʤʝʪʦʜ ʚʳʜʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʦʜʦʚʳʭ ʚʝʣʠʯʠʥ ʧʨʠʪʦʢʘ 

ʂɼɺ, ʦʩʘʜʢʦʚ ʠ ʠʩʧʘʨʝʥʠʷ ʧʦ ʘʢʚʘʪʦʨʠʠ ʦʟʝʨʘ ʚ ʚʠʜʝ ʤʥʦʞʝʩʪʚʘ ʨʝʘʣʠʟʘʮʠʡ ʥʘ 

ʟʘʜʘʥʥʳʡ ʧʝʨʠʦʜ ʧʨʦʛʥʦʟʘ (ʚʳʙʨʘʥʦ 100 ʣʝʪ). ʕʪʠ ʩʤʦʜʝʣʠʨʦʚʘʥʥʳʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʤʝʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ ʦʟʝʨʘ, ʩʦʚʧʘʜʘʶʱʠʝ ʩ ʚʝʣʠʯʠʥʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʦ ʥʘʪʫʨʥʳʤ 

ʜʘʥʥʳʤ (ʩʤ. ʧʨʝʜʳʜʫʱʠʡ ʨʘʟʜʝʣ). 

ʇʦ ʜʘʥʥʳʤ ʤʝʪʝʦʩʪʘʥʮʠʡ ʩʪʘʪʠcʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʪʨʝʥʜ rʚ ʢʦʣʝʙʘʥʠʷʭ 

ʛʦʜʦʚʳʭ ʩʫʤʤ ʦʩʘʜʢʦʚ ʠ ʠʩʧʘʨʝʥʠʷ ʜʣʷ 1975ī2019 ʛʛ. ʦʪʩʫʪʩʪʚʫʪʁ. ʇʦʵʪʦʤʫ ʚ 

ʧʨʦʛʥʦʟ ʥʝ ʚʢʣʶʯʘʣʠ ʩʮʝʥʘʨʠʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʵʪʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ 
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ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ, ʘ ʦʛʨʘʥʠʯʠʣʠʩʴ ʨʘʩʯʝʪʦʤ ʠʭ ʨʝʘʣʠʟʘʮʠʡ [7]. ʅʘ ʨʠʩ. 2 

ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʫʨʦʚʥʷ ʚʦʜʳ ʩʠʩʪʝʤʳ ʦʟʝʨ ɸʡʜʘʨʢʫʣʴ-ʊʫʟʢʘʥ. 

ʉʨʘʚʥʝʥʠʝ ʛʨʘʬʠʢʦʚ ʫʩʣʦʚʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʞʠʜʘʥʠʡ ʫʨʦʚʥʷ ʥʘ ʨʠʩ. 2ɸ ʠ 

2ɹ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʝʰʘʶʱʝʤ ʚʣʠʷʥʠʠ ʠʟʤʝʥʝʥʠʡ ʚʝʣʠʯʠʥʳ ʧʨʠʪʦʢʘ ʚ ʦʟʝʨʦ 

ʥʘ ʝʛʦ ʫʨʦʚʝʥʴ. ʈʘʟʣʠʯʠʷ ʚ ʩʨʝʜʥʝʤ ʧʨʠʪʦʢʝ ʥʘ Ñ0,5 ʢʤ3/ʛʦʜ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʩʨʝʜʥʝʤʫ ʩʦʚʨʝʤʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ 2,23 ʢʤ3/ʛʦʜ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʥʠʮʝ ʚ ʫʨʦʚʥʷʭ ʥʘ 

2120 ʛ. ʥʘ 6,4 ʤ, ʧʨʠʯʝʤ ʧʦʣʦʞʝʥʠʝ ʫʨʦʚʥʷ ʤʦʞʝʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʝʛʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʥʘ ʚʝʣʠʯʠʥʫ ʜʦ 2 ʤ ʧʨʠ 90% ʜʦʚʝʨʠʪʝʣʴʥʦʤ 

ʠʥʪʝʨʚʘʣʝ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʧʨʠʤʝʨʘʤʠ ʥʝʢʦʪʦʨʳʭ ʨʝʘʣʠʟʘʮʠʡ. ɺʚʠʜʫ ʯʨʝʟʚʳʯʘʡʥʦʡ 

ʫʷʟʚʠʤʦʩʪʠ ʦʟʝʨʥʦʡ ʩʠʩʪʝʤʳ ʢ ʧʨʠʪʦʢʫ ʢʨʘʡʥʝ ʚʘʞʥʦ ʣʠʙʦ ʥʝ ʩʦʢʨʘʱʘʪʴ 

ʧʦʩʪʫʧʣʝʥʠʝ ʂɼɺ, ʣʠʙʦ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʧʨʠʪʦʢ ʠʥʦʡ ʧʦʜʧʠʪʢʦʡ.  

ɺʚʝʜʝʥʠʝ ʚʦʜʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʨʦʛʨʝʩʩʠʚʥʦʡ ʪʝʭʥʠʢʠ ʧʦʣʠʚʘ 

ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ (ʩʪ. 50 ɿʘʢʦʥʘ ʦ ɺʦʜʝ ʠ ɺʦʜʦʧʦʣʴʟʦʚʘʥʠʠ ʋʟʙʝʢʠʩʪʘʥʘ), 

ʟʘʤʝʥʘ ʧʨʦʠʟʚʦʜʠʤʳʭ ʢʫʣʴʪʫʨ c ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʥʝʩʦʤʥʝʥʥʦ ʧʦʣʝʟʥʳ ʜʣʷ 

ʵʢʦʥʦʤʠʢʠ, ʥʦ ʩ ʜʨʫʛʦʡ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʩʦʢʨʘʱʝʥʠʶ ʧʨʠʪʦʢʘ ʂɼɺ ʠ 

ʦʙʤʝʣʝʥʠʶ ʦʟʝʨʘ. ʇʦʩʣʝʜʩʪʚʠʝʤ ʦʙʤʝʣʝʥʠʷ ʤʦʞʝʪ ʩʪʘʪʴ ʦʙʩʳʭʘʥʠʝ ʙʝʨʝʛʦʚʦʡ 

ʟʦʥʳ cʦ ʚʩʝʤʠ ʥʝʛʘʪʠʚʥʳʤʠ ʧʦʩʣʝʜʩʪʚʠʷʤʠ, ʢʦʪʦʨʳʝ ʩʦʧʨʦʚʦʞʜʘʣʠ ʦʙʤʝʣʝʥʠʝ 

ɸʨʘʣʴʩʢʦʛʦ ʤʦʨʷ. ɼʣʷ ʚʦʩʧʦʣʥʝʥʠʷ ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʨʘʟʥʠʮʳ ʤʝʞʜʫ ʧʨʠʭʦʜʥʳʤʠ 

ʠ ʨʘʩʭʦʜʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ ʥʝʦʙʭʦʜʠʤʘ ʝʞʝʛʦʜʥʘʷ ʧʦʜʧʠʪʢʘ 

ʩʠʩʪʝʤʳ ʦʟʝʨ ɸʡʜʘʨʢʫʣʴ-ʊʫʟʢʘʥ ʦʙʲʝʤʦʤ ʚʦʜʳ ʥʝ ʤʝʥʝʝ 0,5 ʢʤ3/ʛʦʜ ʩ ʪʝʤ, ʯʪʦʙʳ 

ʫʨʦʚʝʥʴ ʚʦʜʳ ʦʩʪʘʣʩʷ ʚʙʣʠʟʠ ʩʦʚʨʝʤʝʥʥʦʡ ʦʪʤʝʪʢʠ. 

ɺʳʚʦʜʳ 

1. ʋʨʦʚʝʥʴ ʚʦʜʳ ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʦʟʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʦʟʝʨ ɸʡʜʘʨʢʫʣʴ-ʊʫʟʢʘʥ 

ʩ 2006 ʛ. ʥʘʭʦʜʠʪʩʷ ʚ ʨʝʛʨʝʩʩʠʚʥʦʡ ʬʘʟʝ ʠʟ-ʟʘ ɻʧʠʟʦʜʠʯʝʩʢʠʭ ʩʙʨʦʩʦʚ ʚʦʜʳ ʠʟ 

ʐʘʨʜʘʨʠʥʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ.  

2. ʇʨʠ ʩʦʭʨʘʥʝʥʠʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʲʝʤʘ ʧʨʠʪʦʢʘ ʂɼɺ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʢʣʠʤʘʪʘ ʪʝʨʨʠʪʦʨʠʠ (ʠʟʤʝʥʝʥʠʷ ʛʦʜʦʚʳʭ ʩʫʤʤ ʦʩʘʜʢʦʚ 

ʠ ʠʩʧʘʨʝʥʠʷ), ʟʘ 100-ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʩʥʠʞʝʥʠʝ 

ʨʘʚʥʦʚʝʩʥʦʛʦ ʫʨʦʚʥʷ ʜʦ ʦʪʤʝʪʢʠ ʦʢʦʣʦ 239 ʤ ʘʙʩ, ʯʪʦ ʦʟʥʘʯʘʝʪ ʩʦʢʨʘʱʝʥʠʝ 

ʧʣʦʱʘʜʠ ʦʟʝʨʘ ʥʘ 29% ʦʪ ʩʦʚʨʝʤʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ.   

3. ʉʮʝʥʘʨʥʳʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʨʠʪʦʢʘ ʂɼɺ ʥʘ 

0,5 ʢʤ3/ʛʦʜ ʨʘʚʥʦʚʝʩʥʳʡ ʫʨʦʚʝʥʴ ʦʧʫʩʪʠʪʩʷ ʚʩʝʛʦ ʥʘ 2 ʤ, ʘ ʧʣʦʱʘʜʴ ʦʟʝʨʘ 

ʩʦʢʨʘʪʠʪʩʷ ʥʝ ʙʦʣʝʝ, ʯʝʤ ʥʘ 10%, ʘ ʧʨʠ ʩʦʢʨʘʱʝʥʠʠ ʧʨʠʪʦʢʘ ʂɼɺ ʥʘ 0,5 ʢʤ3/ʛʦʜ 

ʨʘʚʥʦʚʝʩʥʳʡ ʫʨʦʚʝʥʴ ʦʧʫʩʪʠʪʩʷ ʥʘ 9 ʤ, ʘ ʧʣʦʱʘʜʴ ʦʟʝʨʘ ʩʦʢʨʘʪʠʪʩʷ ʥʘ 44%. 

4. ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʩʪʘʙʠʣʠʟʘʮʠʠ ʫʨʦʚʝʥʥʦʛʦ ʨʝʞʠʤʘ ʦʟʝʨʥʦʡ 

ʩʠʩʪʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʜʦʣʞʘʪʴ ʝʝ ʨʝʛʫʣʷʨʥʫʶ ʧʦʜʧʠʪʢʫ ʚʦʜʦʡ ʠʟ 

ʐʘʨʜʘʨʠʥʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʯʝʨʝʟ ɺʝʨʭʥʝ-ɸʨʥʘʩʘʡʩʢʫ  ʁʧʣʦʪʠʥʫ. 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

1. ɺʠʜʠʥʝʝʚʘ ɽ.ʄ. ɻʠʜʨʦʭʠʤʠʯʝʩʢʠʡ ʨʝʞʠʤ ʠ ʩʦʣʝʚʦʡ ʙʘʣʘʥʩ ʥʝʢʦʪʦʨʳʭ 

ʚʦʜʦʭʨʘʥʠʣʠʱ ʉʨʝʜʥʝʡ ɸʟʠʠ: ʜʠʩ. ... ʢʘʥʜ. ʛʝʦʛʨ. ʥʘʫʢ. ʊʘʰʢʝʥʪ: ʊʘʰɻʋ, 1974. 

188 ʩ 
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SCENARIO CALCULATIONS OF A LEVEL REGIME IN THE AIDARKUL -TUZKAN 

LAKE SYSTEM  
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Abstract. The paper presents the results of scenario calculations of the Aydarkul-Tuzkan lake system 

water level for the future. The latest changes in the water regime of this anthropogenic object make 

the forecast of its level regime relevant in connection with the construction of the Arnassay dam with 

various variants of the inflow of collector-drainage waters. The problem was solved using simulation 

modeling of the lake system water balance stochastic equation. In the scenario, while maintaining the 

current volume of annual inflow of collector and drainage waters in the future, the equilibrium water 

level will decrease by 6 m to about 239 m abs. With an increase or decrease in the average inflow by 

0.5 km3/year, the water level will drop to the equilibrium levels of 243 and 236 m abs, respectively. 

Keywords: water level, water balance, inflow of collector-drainage waters 
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ʅɸʊʋʈʅʓɽ ʅɸɹʃʖɼɽʅʀʗ ʀ ʂʆʄʇʔʖʊɽʈʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ 

ʄʆʈʌʆɼʀʅɸʄʀʂʀ ʈʋʉʃɸ ʈɽʂʀ ʆɹʔ ɺ ʈɸʁʆʅɽ ɹɸʈʅɸʋʃʔʉʂʆɻʆ 

ɺʆɼʆɿɸɹʆʈɸ ˉ2 

ɿʠʥʦʚʴʝʚ ɸ.ʊ., ɺʘʛʥʝʨ ɸ.ɸ., ɼʴʷʯʝʥʢʦ ɸ.ɺ., ʂʦʣʦʤʝʡʮʝʚ ɸ.ɸ., ʄʘʨʫʩʠʥ ʂ.ɺ. 

ʀʥʩʪʠʪʫʪ ʚʦʜʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈɸʅ, ɹʘʨʥʘʫʣ, ʈʦʩʩʠʷ 

e-mail: lgg-iwep@yandex.ru 

ɸʥʥʦʪʘʮʠʷ. ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʤʝʘʥʜʨʠʨʫʶʱʠʡ ʫʯʘʩʪʦʢ ʨʝʢʠ ʆʙʴ ʚ ʨʘʡʦʥʝ 

ɹʘʨʥʘʫʣʴʩʢʦʛʦ ʛʦʨʦʜʩʢʦʛʦ ʚʦʜʦʟʘʙʦʨʘ ˉ2. ʅʘ ʦʩʥʦʚʝ ʥʘʪʫʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʩ 

ʧʨʠʚʣʝʯʝʥʠʝʤ ʜʘʥʥʳʭ ʢʦʩʤʠʯʝʩʢʦʡ ʩʲʝʤʢʠ ʜʘʥʘ ʦʮʝʥʢʘ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʪʝʥʜʝʥʮʠʡ 

ʨʘʟʚʠʪʠʷ ʨʫʩʣʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʤʝʶʱʘʷʩʷ ʥʘ ʫʯʘʩʪʢʝ ʠʟʣʫʯʠʥʘ ʥʘʭʦʜʠʪʩʷ 

ʥʘ ʪʘʢʦʡ ʩʪʘʜʠʠ ʩʚʦʝʡ ʵʚʦʣʶʮʠʠ, ʟʘ ʢʦʪʦʨʦʡ ʩʣʝʜʫʝʪ ʝʸ ʩʧʨʷʤʣʝʥʠʝ. ʉʧʨʷʤʣʝʥʠʝ ʠʟʣʫʯʠʥʳ 

ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʧʦʣʥʦʡ ʢʘʪʘʩʪʨʦʬʦʡ ʜʣʷ ʚʦʜʦʟʘʙʦʨʘ. ɺʳʧʦʣʥʝʥʦ ʢʦʤʧʴʶʪʝʨʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʦʨʬʦʜʠʥʘʤʠʢʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʫʯʘʩʪʢʘ ʚ ʨʝʘʣʴʥʳʭ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʝʨʠʦʜʘ ʦʪʢʨʳʪʦʡ ʚʦʜʳ ï ʦʪ ʧʦʣʦʚʦʜʴʷ ʜʦ ʤʝʞʝʥʠ. ʈʝʟʫʣʴʪʘʪʳ 

ʨʘʩʯʝʪʦʚ ʨʫʩʣʦʚʳʭ ʜʝʬʦʨʤʘʮʠʡ ʚʝʨʠʬʠʮʠʨʦʚʘʣʠʩʴ ʜʘʥʥʳʤʠ ʥʘʪʫʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ. ɺ ʮʝʣʦʤ 

ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʜʘʥʥʳʤʠ 

ʥʘʙʣʶʜʝʥʠʡ, ʦʜʥʘʢʦ, ʥʝʢʦʪʦʨʳʝ ʩʫʱʝʩʪʚʝʥʥʳʝ ʜʝʪʘʣʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʠ ʧʣʘʥʦʚʳʭ ʜʝʬʦʨʤʘʮʠʡ 

ʨʫʩʣʘ ʥʝ ʚʦʩʧʨʦʠʟʚʦʜʷʪʩʷ ʢʦʨʨʝʢʪʥʦ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʫʩʣʦʚʦʡ ʧʨʦʮʝʩʩ, ʤʦʨʬʦʜʠʥʘʤʠʢʘ ʨʫʩʣʘ, ʥʘʪʫʨʥʳʝ ʥʘʙʣʶʜʝʥʠʷ, 

ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, Delft3D, ʨʝʢʘ ʆʙʴ, ɹʘʨʥʘʫʣ, ʛʦʨʦʜʩʢʦʡ ʚʦʜʦʟʘʙʦʨ 

ɺʚʝʜʝʥʠʝ 

ʄʦʨʬʦʜʠʥʘʤʠʢʘ ʨʝʯʥʦʛʦ ʨʫʩʣʘ, ʪ.ʝ. ʠʟʤʝʥʝʥʠʷ ʝʛʦ ʨʝʣʴʝʬʘ ʠ ʧʣʘʥʦʚʳʭ 

ʦʯʝʨʪʘʥʠʡ, ʦʙʫʩʣʦʚʣʝʥʳ ʧʝʨʝʤʝʱʝʥʠʝʤ (ʪʨʘʥʩʧʦʨʪʦʤ) ʚʦʜʥʳʤ ʧʦʪʦʢʦʤ ʨʳʭʣʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʩʣʘʛʘʶʱʝʛʦ ʨʫʩʣʦ (ʨʫʩʣʦʚʳʭ ʥʘʥʦʩʦʚ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʨʘʥʩʧʦʨʪʘ 

ʥʘʥʦʩʦʚ ʥʘ ʜʘʥʥʦʤ ʢʦʥʢʨʝʪʥʦʤ ʫʯʘʩʪʢʝ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʨʝʣʴʝʬʘ ʜʥʘ 

(ʛʣʫʙʠʥ) ï ʦʙʤʝʣʝʥʠʝ ʠʣʠ ʫʛʣʫʙʣʝʥʠʝ ʨʫʩʣʘ, ʨʘʟʤʳʚ ʙʝʨʝʛʦʚʦʛʦ ʩʢʣʦʥʘ, ʠʣʠ, 

ʥʘʦʙʦʨʦʪ, ʧʨʠʨʦʩʪ ʩʫʰʠ ʠ ʚʳʜʚʠʞʝʥʠʝ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ. 

ʈʘʟʨʫʰʝʥʠʷ ʙʝʨʝʛʦʚ ʨʝʢ ʠ ʠʟʤʝʥʝʥʠʷ ʨʝʣʴʝʬʘ ʠʭ ʜʥʘ (ʨʘʟʤʳʚ ʠ ʦʪʣʦʞʝʥʠʷ 

ʥʘʥʦʩʦʚ) ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʠ ʚʝʩʴʤʘ ʯʘʩʪʦ ʦʢʘʟʳʚʘʶʪ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʭʦʟʷʡʩʪʚʝʥʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʦʩʦʙʝʥʥʦ ʥʘ ʫʯʘʩʪʢʘʭ ʢʨʫʧʥʳʭ ʨʝʢ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ. ɺ ʯʘʩʪʥʦʩʪʠ, ʨʫʩʣʦʚʳʝ 

ʜʝʬʦʨʤʘʮʠʠ ʤʦʛʫʪ ʟʘʪʨʫʜʥʷʪʴ ʨʘʙʦʪʫ ʨʝʯʥʳʭ ʚʦʜʦʟʘʙʦʨʦʚ ʚʩʣʝʜʩʪʚʠʝ 

ʟʘʧʦʣʥʝʥʠʷ ʥʘʥʦʩʘʤʠ ʚʦʜʦʧʨʠʝʤʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠʣʠ ʩʦʟʜʘʥʠʷ ʧʨʝʧʷʪʩʪʚʠʡ ʜʣʷ 

ʜʦʩʪʫʧʘ ʨʝʯʥʦʛʦ ʧʦʪʦʢʘ ʢ ʥʠʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʝʜ ʫʯʝʥʳʤʠ ʠ ʠʥʞʝʥʝʨʘʤʠ ʩʪʦʷʪ ʟʘʜʘʯʠ ʧʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʨʫʩʣʦʚʳʭ ʜʝʬʦʨʤʘʮʠʡ ʥʘ ʨʘʟʣʠʯʥʳʝ ʩʨʦʢʠ (ʦʪ ʛʦʜʘ ʜʦ 

ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʠʣʝʪʠʡ) ʠ ʨʘʟʨʘʙʦʪʢʝ ʤʝʨ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʠʭ ʥʝʛʘʪʠʚʥʦʤʫ 

ʚʣʠʷʥʠʶ. ʆʜʥʠʤ ʠʟ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʵʪʠʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ 

ʢʦʤʧʴʶʪʝʨʥʦʝ (ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ) ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

ʎʝʣʴ ʨʘʙʦʪʳ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʦʡ ʠʟʣʘʛʘʶʪʩʷ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ, ʩʦʩʪʦʷʣʘ ʚ 

ʪʦʤ, ʯʪʦʙʳ ʧʦʩʪʨʦʠʪʴ ʢʦʤʧʴʶʪʝʨʥʫʶ ʤʦʜʝʣʴ ʤʦʨʬʦʜʠʥʘʤʠʢʠ ʫʯʘʩʪʢʘ ʢʨʫʧʥʦʡ 

ʨʝʢʠ ʩʦ ʩʣʦʞʥʳʤ ʨʝʣʴʝʬʦʤ ʨʫʩʣʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʦʙʦʟʥʘʯʝʥʥʘʷ ʚʳʰʝ ʧʨʦʙʣʝʤʘ 

ʩʪʦʠʪ ʜʦʩʪʘʪʦʯʥʦ ʦʩʪʨʦ. ɺʳʧʦʣʥʠʪʴ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʯʝʥʠʷ, 
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ʪʨʘʥʩʧʦʨʪʘ ʥʘʥʦʩʦʚ ʠ ʨʫʩʣʦʚʳʭ ʜʝʬʦʨʤʘʮʠʡ ʚ ʨʝʘʣʴʥʳʭ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ɺʝʨʠʬʠʮʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʜʘʥʥʳʤʠ ʥʘʪʫʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʪʘʢʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʝʨ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʥʝʛʘʪʠʚʥʦʤʫ ʭʦʜʫ ʨʫʩʣʦʚʦʛʦ 

ʧʨʦʮʝʩʩʘ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʩʦʙʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʪʘʪʴʝ ʧʨʠʤʝʥʷʝʪʩʷ ʫʩʣʦʚʥʘʷ ʩʠʩʪʝʤʘ 

ʚʳʩʦʪ (ʫʩʣ.), ʥʫʣʴ ʢʦʪʦʨʦʡ ʩʦʚʧʘʜʘʝʪ ʩ ʥʫʣʝʤ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʩʪʘ ɹʘʨʥʘʫʣ. 

ɺʩʝ ʧʨʠʚʦʜʠʤʳʝ ʜʘʣʝʝ ʚʝʨʪʠʢʘʣʴʥʳʝ ʦʪʤʝʪʢʠ ʫʨʦʚʥʷ ʚʦʜʳ, ʨʝʣʴʝʬʘ ʨʫʩʣʘ ʠ ʪ.ʧ., 

ʝʩʣʠ ʥʝ ʦʛʦʚʦʨʝʥʦ ʠʥʦʝ, ʜʘʥʳ ʚ ʤʝʪʨʘʭ ʚ ʵʪʦʡ ʫʩʣʦʚʥʦʡ ʩʠʩʪʝʤʝ (ʤ ʫʩʣ.). 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʆʙ̡ʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʫʯʘʩʪʦʢ ʨʝʢʠ ʆʙʴ ʚ ʨʘʡʦʥʝ ʛʦʨʦʜʩʢʦʛʦ 

ʨʝʯʥʦʛʦ ʚʦʜʦʟʘʙʦʨʘ ˉ2, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʥʘ ʶʞʥʦʡ ʦʢʨʘʠʥʝ ʛ.  ɹʘʨʥʘʫʣʘ. ʇʦ 

ʤʦʨʬʦʜʠʥʘʤʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʈ.ʉ. ʏʘʣʦʚʘ [1] ʨʫʩʣʦ ʨʝʢʠ ʥʘ ʜʘʥʥʦʤ 

ʫʯʘʩʪʢʝ ʦʙʨʘʟʫʝʪ ʩʠʩʪʝʤʫ ʜʚʫʭ ʩʦʧʨʷʞʝʥʥʳʭ ʠʟʣʫʯʠʥ: ʚʝʨʭʥʝʡ ï ʩʚʦʙʦʜʥʦʡ ʠ 

ʥʠʞʥʝʡ ï ʚʳʥʫʞʜʝʥʥʦʡ (ʨʠʩ. 1). ɺ ʚʳʥʫʞʜʝʥʥʦʡ ʠʟʣʫʯʠʥʝ ʧʨʘʚʳʡ ʧʦʡʤʝʥʥʳʡ 

ʙʝʨʝʛ ï ʚʳʧʫʢʣʳʡ, ʚʝʨʰʠʥʘ ʠʟʣʫʯʠʥʳ ʥʘʭʦʜʠʪʩʷ ʥʘʧʨʦʪʠʚ ʩʦʦʨʫʞʝʥʠʡ 

ʚʦʜʦʟʘʙʦʨʘ, ʣʝʚʳʡ ʙʝʨʝʛ ʚ ʥʠʞʥʝʤ ʝʸ ʢʨʳʣʝ ï ʪʨʫʜʥʦʨʘʟʤʳʚʘʝʤʳʡ ʢʦʨʝʥʥʦʡ 

ʩʢʣʦʥ ʜʦʣʠʥʳ ʨʝʢʠ. 

ʇʨʦʮʝʩʩ ʨʘʟʚʠʪʠʷ ʚʳʥʫʞʜʝʥʥʦʡ ʠʟʣʫʯʠʥʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʪʝʧʝʥʥʦʤ 

ʫʚʝʣʠʯʝʥʠʠ ʢʨʫʪʠʟʥʳ ʝʝ ʚʝʨʭʥʝʛʦ ʢʨʳʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʝʥʥʦʛʦ ʙʝʨʝʛʘ ʩ 

ʜʘʣʴʥʝʡʰʠʤ ʝʛʦ ʟʘʚʘʣʠʚʘʥʠʝʤ, ʠ, ʠʪʦʛʦʚʦʤ ʩʧʨʷʤʣʝʥʠʠ ʠʟʣʫʯʠʥʳ (ʨʠʩ. 2). 

ʇʨʠʯʝʤ ʚʦʟʤʦʞʥʦʩʪʴ ʪʘʢʦʛʦ ʩʧʨʷʤʣʝʥʠʷ ʚʦʟʥʠʢʘʝʪ ʫʞʝ ʥʘ ʪʨʝʪʴʝʡ ʩʪʘʜʠʠ ʝʝ 

ʨʘʟʚʠʪʠʷ, ʢʦʛʜʘ ʟʥʘʯʝʥʠʝ ʫʛʣʘ ʚʩʪʨʝʯʠ (Ŭ) ʧʨʝʚʳʰʘʝʪ 75.̄ 

ɺ 2018 ʛʦʜʫ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʨʝʪʨʦʩʧʝʢʪʠʚʥʳʭ ʜʘʥʥʳʭ ʠ ʦʮʝʥʢʠ 

ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʚʳʥʫʞʜʝʥʥʦʡ ʠʟʣʫʯʠʥʳ ʧʦ ʢʦʩʤʠʯʝʩʢʠʤ ʩʥʠʤʢʘʤ 

ʥʘʤʠ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʦʥʘ ʥʘʭʦʜʠʪʩʷ ʥʘ IV (ʧʨʝʜʧʦʩʣʝʜʥʝʡ) ʩʪʘʜʠʠ 

ʩʚʦʝʛʦ ʨʘʟʚʠʪʠʷ [2]. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʩʧʨʷʤʣʝʥʠʝ ʚʳʥʫʞʜʝʥʥʦʡ ʠʟʣʫʯʠʥʳ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʧʦʣʥʦʡ 

ʢʘʪʘʩʪʨʦʬʦʡ ʜʣʷ ʚʦʜʦʟʘʙʦʨʘ ˉ2, ʢʦʪʦʨʳʡ ʩʣʫʞʠʪ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ 

ʧʠʪʴʝʚʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʛʦʨʦʜʘ ɹʘʨʥʘʫʣʘ. ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʩʮʝʥʘʨʠʝʚ 

ʩʧʨʷʤʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʝʨʝʤʝʱʝʥʠʝ ʦʩʥʦʚʥʦʛʦ ʨʫʩʣʦʚʦʛʦ ʧʦʪʦʢʘ ʚ ʧʨʦʪʦʢʫ, 

ʙʝʨʫʱʫʶ ʥʘʯʘʣʦ ʚ ʢʦʥʮʝ ʥʠʞʥʝʛʦ ʢʨʳʣʘ ʩʚʦʙʦʜʥʦʡ ʠʟʣʫʯʠʥʳ ʥʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʫʯʘʩʪʢʝ. ʕʪʘ ʧʨʦʪʦʢʘ ʚʧʘʜʘʝʪ ʚ ʦʩʥʦʚʥʦʝ ʨʫʩʣʦ ʦʢʦʣʦ 

ʚʦʜʦʟʘʙʦʨʘ ˉ1 (ʨʠʩ. 1). ʇʨʠ ʨʘʟʤʳʚʝ ʧʦʡʤʝʥʥʦʛʦ ʤʘʩʩʠʚʘ ʚ ʭʦʜʝ ʨʘʟʨʘʙʦʪʢʠ 

ʧʨʦʪʦʢʠ ʙʫʜʫʪ ʚʳʩʚʦʙʦʞʜʘʪʴʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʦʙʲʝʤʳ ʥʘʥʦʩʦʚ. ʅʘʠʙʦʣʝʝ 

ʚʝʨʦʷʪʥʦʝ ʤʝʩʪʦ ʠʭ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʪʣʦʞʝʥʠʷ ï ʫʩʪʴʝ ʧʨʦʪʦʢʠ, ʪ.ʝ. ʨʘʡʦʥ 

ʚʦʜʦʟʘʙʦʨʘ ˉ1, ʢʦʪʦʨʳʡ ʠ ʙʝʟ ʵʪʦʛʦ ʠʩʧʳʪʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʪʨʫʜʥʦʩʪʠ ʚ 

ʩʚʦʝʡ ʨʘʙʦʪʝ [3]. 
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ʘ)  ʙ)  

ʈʠʩʫʥʦʢ 1 ï ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʨʫʩʣʘ 

ʨ. ʆʙʴ ʚ ʨʘʡʦʥʝ ɹʘʨʥʘʫʣʴʩʢʦʛʦ ʚʦʜʦʟʘʙʦʨʘ ˉ2: ʘ) ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʫʯʘʩʪʢʘ; ʙ) ʤʦʨʬʦʣʦʛʠʷ 

ʨʫʩʣʘ. ʇʦʜʣʦʞʢʘ ï ʩʥʠʤʦʢ ʩʧʫʪʥʠʢʘ ʈʝʩʫʨʩ-ʇ, ʜʘʪʘ ʩʲʝʤʢʠ ï 30.09.2018 ʛ. 

ʘ) 

 
 ʇʘʨʘʤʝʪʨʳ ʠʟʣʫʯʠʥʳ 

Ŭ ï ʫʛʦʣ ʚʩʪʨʝʯʠ ʧʦʪʦʢʘ ʩ ʢʦʨʝʥʥʳʤ ʙʝʨʝʛʦʤ; L ï ʰʘʛ ʠʟʣʫʯʠʥʳ, l ï ʜʣʠʥʘ ʠʟʣʫʯʠʥʳ;  

h ï ʩʪʨʝʣʘ ʧʨʦʛʠʙʘ ʠʟʣʫʯʠʥʳ; r ï ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʠʟʣʫʯʠʥʳ; ɺ ï h ʠʨʠʥʘ ʨʫʩʣʘ ʚ ʚʝʨʰʠʥʝ 

ʠʟʣʫʯʠʥʳ; l/L ï  ʩʪʝʧʝʥʴ ʚʳʨʘʞʝʥʥʦʩʪʠ ʠʟʣʫʯʠʥʳ 
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ʙ) 

  

 ɺʀ ï ʚʳʥʫʞʜʝʥʥʘʷ ʠʟʣʫʯʠʥʘ; ʉʀ ï ʩʚʦʙʦʜʥʘʷ ʠʟʣʫʯʠʥʘ; ʇʨ ï ʧʨʷʤʦʣʠʥʝʡʥʳʡ ʫʯʘʩʪʦʢ 

ʨʫʩʣʘ; 1 ï ʢʦʨʝʥʥʦʡ ʙʝʨʝʛ; 2 ï ʧʦʡʤʘ; 3 ï ʛʨʘʥʠʮʳ ʚʳʥʫʞʜʝʥʥʦʡ ʠʟʣʫʯʠʥʳ;  

4 ï ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʦʩʴ ʨʫʩʣʘ. 

ʈʠʩʫʥʦʢ 2 ï ʕʚʦʣʶʮʠʷ ʚʳʥʫʞʜʝʥʥʦʡ ʠʟʣʫʯʠʥʳ ʧʦ ʈ.ʉ. ʏʘʣʦʚʫ [1].  

ʘ) ʉʪʘʜʠʠ ʨʘʟʚʠʪʠʷ ʚʳʥʫʞʜʝʥʥʦʡ ʠʟʣʫʯʠʥʳ. 

ʙ) ʉʭʝʤʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʳʥʫʞʜʝʥʥʦʡ ʠʟʣʫʯʠʥʳ 

ʅʘʪʫʨʥʳʝ ʥʘʙʣʶʜʝʥʠʷ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʝʪʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʝʢʫʱʝʤ ʩʦʩʪʦʷʥʠʠ ʨʫʩʣʘ ʥʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʫʯʘʩʪʢʝ ʠ ʦʮʝʥʢʠ ʧʨʦʠʟʦʰʝʜʰʠʭ ʟʘ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ 

(ʩ 2018 ʛ.) ʠʟʤʝʥʝʥʠʡ ʝʛʦ ʨʝʣʴʝʬʘ ʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʚ 2019 ï 21 ʛʛ. ʙʳʣ ʧʨʦʚʝʜʝʥ 

ʢʦʤʧʣʝʢʩ ʥʘʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʥ ʚʢʣʶʯʘʣ ʚ ʩʝʙʷ ʨʝʢʦʛʥʦʩʮʠʨʦʚʦʯʥʳʝ 

ʦʙʩʣʝʜʦʚʘʥʠʷ, ʨʫʩʣʦʚʫʶ ʩʲʝʤʢʫ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʦʪʤʝʪʢʘʤʠ ʫʨʦʚʥʷ ʠ ʠʟʤʝʨʝʥʠʷ 

ʨʘʩʭʦʜʦʚ ʚʦʜʳ. 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʚʳʥʫʞʜʝʥʥʦʡ ʠʟʣʫʯʠʥʳ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʦ 

ʩʦʩʪʦʷʥʠʶ ʥʘ 2021 ʛʦʜ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. ɺ ʵʪʦʡ ʞʝ ʪʘʙʣʠʮʝ ʫʢʘʟʘʥʳ ʠʭ 

ʟʥʘʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʚ 2018 ʛ [2]. 

ʊʘʙʣʠʮʘ 1 ï ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʳʥʫʞʜʝʥʥʦʡ ʠʟʣʫʯʠʥʳ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ɹʘʨʥʘʫʣʴʩʢʦʛʦ 

ʚʦʜʦʟʘʙʦʨʘ ˉ2 ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 2018 ʠ 2021 ʛʛ. 
ɻʦʜ l, ʤ L, ʤ h, ʤ r, ʤ B, ʤ Ŭ̄ l/L l/h r/B 

2021 1504 967 529 483 266 108 1.56 2.84 1.82 

2018 1668 1102 595 639 350 104 1.51 2.80 1.83 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 1 ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ 

ʚʳʥʫʞʜʝʥʥʘʷ ʠʟʣʫʯʠʥʘ ʧʨʦʜʦʣʞʘʝʪ ʦʩʪʘʚʘʪʴʩʷ ʥʘ ʧʨʝʜʧʦʩʣʝʜʥʝʡ (IV) ʩʪʘʜʠʠ 

ʩʚʦʝʛʦ ʨʘʟʚʠʪʠʷ. ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʚʝʣʠʯʠʥʳ (l/L, l/h, r/B), ʦʧʨʝʜʝʣʷʶʱʠʝ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʵʪʦʡ ʩʪʘʜʠʠ, ʤʘʣʦ ʠʟʤʝʥʠʣʠʩʴ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ 

ʷʚʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʫʛʣʘ ʚʩʪʨʝʯʠ (Ŭ) ï ʟʘ ʪʨʠ ʛʦʜʘ (ʩ ʦʩʝʥʠ 2018 ʧʦ ʦʩʝʥʴ 2021 ʛ.) 

ʥʘ ʯʝʪʳʨʝ ʛʨʘʜʫʩʘ, ʪʦ ʝʩʪʴ ʧʨʦʮʝʩʩ çʟʘʚʘʣʠʚʘʥʠʷè ʚʝʨʭʥʝʛʦ ʢʨʳʣʘ ʠʟʣʫʯʠʥʳ, 

ʧʨʠʙʣʠʞʘʶʱʠʡ ʤʦʤʝʥʪ ʝʸ ʩʧʨʷʤʣʝʥʠʷ, ʧʨʦʜʦʣʞʘʝʪʩʷ. ʈʘʥʝʝ ʥʘʤʠ ʙʳʣʘ ʩʜʝʣʘʥʘ 

ʦʮʝʥʢʘ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʫʚʝʣʠʯʝʥʠʷ ʫʛʣʘ ʚʩʪʨʝʯʠ ʜʣʷ ʜʘʥʥʦʡ ʠʟʣʫʯʠʥʳ (1 

ʛʨʘʜʫʩ/ʛʦʜ) [2]. ʅʦʚʳʝ ʜʘʥʥʳʝ ʩ ʵʪʦʡ ʦʮʝʥʢʦʡ ʚʧʦʣʥʝ ʩʦʛʣʘʩʫʶʪʩʷ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚʦʟʨʘʩʪʘʥʠʝ ʟʥʘʯʝʥʠʝ ʫʛʣʘ ʚʩʪʨʝʯʠ (Ŭ) ʝʩʪʴ ʧʨʦʷʚʣʝʥʠʝ 

ʧʨʦʮʝʩʩʘ ʥʝʫʢʣʦʥʥʦʛʦ ʨʘʟʤʳʚʘ ʧʨʘʚʦʛʦ ʙʝʨʝʛʘ ʚ ʩʤʝʞʥʳʭ ʢʨʳʣʴʷʭ ʩʚʦʙʦʜʥʦʡ ʠ 

ʚʳʥʫʞʜʝʥʥʦʡ ʠʟʣʫʯʠʥ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʜʦʩʪʘʪʦʯʥʦ ʥʘʛʣʷʜʥʦ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ 

ʨʠʩʫʥʢʝ 3. ʀʟ ʵʪʦʛʦ ʨʠʩʫʥʢʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦʙ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʥʘʢʦʧʣʝʥʠʠ 

ʥʘʥʦʩʦʚ ʥʘ ʧʨʦʪʠʚʦʣʝʞʘʱʝʡ ʣʝʚʦʙʝʨʝʞʥʦʡ ʘʢʢʫʤʫʣʷʪʠʚʥʦʡ ʬʦʨʤʝ (ʧʦʙʦʯʥʝ). 
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ʊʦ, ʯʪʦ ʵʪʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʪʘʢ, ʧʦʢʘʟʳʚʘʝʪ ʨʠʩʫʥʦʢ 4. ʅʘ ʥʸʤ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʠʟʤʝʥʝʥʠʷ ʨʝʣʴʝʬʘ ʜʥʘ ʚ ʟʦʥʝ ʨʫʩʣʘ, ʦʭʚʘʪʳʚʘʶʱʝʡ ʚʝʨʰʠʥʫ ʣʝʚʦʙʝʨʝʞʥʦʛʦ 

ʧʦʙʦʯʥʷ, ʟʘ ʧʝʨʠʦʜ ʩ 2017 ʧʦ 2021 ʛ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 3 ʥʘʠʙʦʣʴʰʝʝ ʦʪʩʪʫʧʘʥʠʝ ʧʨʘʚʦʛʦ ʙʝʨʝʛʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʢʦʥʝʯʥʦʤ ʫʯʘʩʪʢʝ ʥʠʞʥʝʛʦ ʢʨʳʣʘ ʩʚʦʙʦʜʥʦʡ ʠʟʣʫʯʠʥʳ, 

ʧʨʠʣʝʛʘʶʱʝʤ ʢ ʛʨʘʥʠʮʝ ʩ ʚʳʥʫʞʜʝʥʥʦʡ ʠʟʣʫʯʠʥʦʡ. ɿʜʝʩʴ ʟʘ ʧʷʪʴ ʣʝʪ (2016 ï 

2021 ʛʛ.) ʙʝʨʝʛʦʚʘʷ ʣʠʥʠʷ ʩʤʝʩʪʠʣʘʩʴ ʚʛʣʫʙʴ ʧʦʡʤʳ ʥʘ 130 ʤ, ʯʪʦ ʜʘʝʪ 

ʩʨʝʜʥʝʛʦʜʦʚʫʶ ʩʢʦʨʦʩʪʴ ʦʪʩʪʫʧʘʥʠʷ 26 ʤ/ʛʦʜ. ɿʘ ʪʨʠ ʧʦʩʣʝʜʥʠʭ ʛʦʜʘ (2018 ï 2021 

ʛʛ.) ʦʪʩʪʫʧʘʥʠʝ ʙʝʨʝʛʘ ʩʦʩʪʘʚʠʣʦ 80 ʤ, ʧʨʠ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ 27 ʤ/ʛʦʜ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʚ ʩʝʨʝʜʠʥʝ ʚʝʨʭʥʝʛʦ ʢʨʳʣʘ ʚʳʥʫʞʜʝʥʥʦʡ ʠʟʣʫʯʠʥʳ ʟʘ ʪʝ ʞʝ ʧʷʪʴ ʣʝʪ ʙʝʨʝʛ 

ʦʪʩʪʫʧʠʣ ʥʘ 80 ʤ (16 ʤ/ʛʦʜ), ʧʨʠʯʝʤ ʟʘ 2018 ï 2021 ʛʛ. ï ʥʘ 40 ʤ (13 ʤ/ʛʦʜ). 
 

 
ʈʠʩʫʥʦʢ 3 ï ʂʦʥʬʠʛʫʨʘʮʠʷ ʨʫʩʣʘ ʨ. ʆʙʴ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʚʦʜʦʟʘʙʦʨʘ ˉ2  

ʚ 2016 (ʘ), 2018(ʙ) ʠ 2021 (ʚ) ʛʦʜʘʭ. 

ʇʦʜʣʦʞʢʘ ï ʢʦʩʤʠʯʝʩʢʠʡ ʩʥʠʤʦʢ ʠʟ ʢʦʣʣʝʢʮʠʠ Google Digital Globe, ʜʘʪʘ ʩʲʝʤʢʠ ï 

07.09.2016 ʛ. [4] (ʘ); ʩʥʠʤʦʢ ʩʧʫʪʥʠʢʘ ʈʝʩʫʨʩ-ʇ, ʜʘʪʘ ʩʲʝʤʢʠ ï 30.09.2018 ʛ. (ʙ); ʩʥʠʤʦʢ 

ʩʧʫʪʥʠʢʘ ʂʘʥʦʧʫʩ-ɺ5, ʜʘʪʘ ʩʲʝʤʢʠ ï03.09.2021 ʛ.(ʚ). 

ʆʪʤʝʪʢʠ ʫʨʦʚʥʷ ʚʦʜʳ ʥʘ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʤ ʧʦʩʪʫ ɹʘʨʥʘʫʣ ʥʘ ʜʘʪʳ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ 

(ʤ ʫʩʣ.): 07.09.2016 ï 1.36; 30.09.2018 ï 0.93; 03.09.2021 ï 0.71 [5] 

ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʦʪʤʝʯʝʥʥʳʤ ʚʳʰʝ ʬʘʢʪʦʤ 

çʟʘʚʘʣʠʚʘʥʠʷè ʚʝʨʭʥʝʛʦ ʢʨʳʣʘ ʚʳʥʫʞʜʝʥʥʦʡ ʠʟʣʫʯʠʥʳ, ʪ.ʝ. ʫʚʝʣʠʯʝʥʠʝʤ 

ʟʥʘʯʝʥʠʷ ʫʛʣʘ ʚʩʪʨʝʯʠ (Ŭ). ʇʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʧʦʢʘ ʨʘʥʦ ʛʦʚʦʨʠʪʴ ʦ ʚʦʟʨʘʩʪʘʥʠʠ 

ʩʢʦʨʦʩʪʠ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ, ʦʜʥʘʢʦ, ʤʦʞʥʦ ʚʧʦʣʥʝ 

ʦʧʨʝʜʝʣʝʥʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʦʥ ʧʨʦʜʦʣʞʘʝʪʩʷ, ʢʘʢ ʤʠʥʠʤʫʤ, ʩ ʧʨʝʞʥʝʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ. 

ʀʟ ʨʠʩʫʥʢʘ 4 ʭʦʨʦʰʦ ʚʠʜʥʦ, ʯʪʦ ʫʯʘʩʪʦʢ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʘʟʤʳʚʘ ʧʨʘʚʦʛʦ 

ʙʝʨʝʛʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʦʥʝ ʥʘʠʙʦʣʴʰʝʛʦ ʦʪʣʦʞʝʥʠʷ ʥʘʥʦʩʦʚ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ 

ʙʝʨʝʛʫ. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʥʘ ʜʘʥʥʦʤ ʨʠʩʫʥʢʝ 

ʣʝʚʦʙʝʨʝʞʥʦʡ ʦʙʣʘʩʪʠ ʨʫʩʣʘ, ʧʣʦʱʘʜʴ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʣʷʝʪ 15.6 ʛʘ, ʚ ʮʝʣʦʤ ʟʘ 

ʧʝʨʠʦʜ ʩ ʠʶʥʷ 2017 ʧʦ ʠʶʥʴ 2021 ʛ. ʙʳʣʦ ʥʘʢʦʧʣʝʥʦ 614 ʪʳʩ. ʤ3 ʥʘʥʦʩʦʚ. 
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ʈʠʩʫʥʦʢ 4 ï ʀʟʤʝʥʝʥʠʷ ʨʝʣʴʝʬʘ ʨʫʩʣʘ ʚ ʦʛʨʘʥʠʯʝʥʥʦʡ ʟʦʥʝ ʧʨʠ ʚʝʨʰʠʥʝ ʚʳʧʫʢʣʦʛʦ ʙʝʨʝʛʘ 

ʚʳʰʝ ʚʦʜʦʟʘʙʦʨʘ ˉ2 ʟʘ ʧʝʨʠʦʜ 2017 ï 2019 ʛʛ. (ʘ); 2019 ï 2021 ʛʛ. (ʙ); 2017 ï 2021 ʛʛ. (ʚ) 

ʇʦʜʣʦʞʢʘ ï ʩʥʠʤʦʢ ʩʧʫʪʥʠʢʘ ʂʘʥʦʧʫʩ-ɺ5, ʜʘʪʘ ʩʲʝʤʢʠ ï03.09.2021 ʛ. 

ʆʪʢʫʜʘ ʞʝ ʙʝʨʫʪʩʷ ʥʘʥʦʩʳ, ʩʢʘʧʣʠʚʘʶʱʠʝʩʷ ʥʘ ʣʝʚʦʙʝʨʝʞʥʦʤ ʧʦʙʦʯʥʝ ʚ 

ʦʢʨʝʩʪʥʦʩʪʠ ʚʦʜʦʟʘʙʦʨʘ ˉ2 ʚ ʩʪʦʣʴ ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʙʲʝʤʘʭ? ɺʨʷʜ ʣʠ ʦʥʠ 

ʧʦʩʪʫʧʘʶʪ ʩʶʜʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ ʨʘʟʤʳʚʘʝʤʦʛʦ ʙʝʨʝʛʘ. 

ʌʘʢʪ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʥʘ ʰʠʨʦʢʠʭ ʨʝʢʘʭ ʫʩʪʦʡʯʠʚʦʛʦ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʦʱʥʦʛʦ 

ʪʝʯʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʩʥʦʚʥʦʤʫ ʧʦʪʦʢʫ, ʚ ʥʘʫʯʥʦʡ 

ʣʠʪʝʨʘʪʫʨʝ ʧʦʢʘ ʥʝ ʧʨʠʟʥʘʥ. ʅʘʦʙʦʨʦʪ, ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʠʟʳʤʘʝʤʳʡ ʩ ʙʝʨʝʛʘ ʚ ʭʦʜʝ 

ʨʘʟʤʳʚʘ ʤʘʪʝʨʠʘʣ ʦʪʢʣʘʜʳʚʘʝʪʩʷ ʫ ʪʦʛʦ ʞʝ ʙʝʨʝʛʘ, ʥʦ ʥʠʞʝ ʧʦ ʪʝʯʝʥʠʶ [6, 7]. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʥʦʩʳ ʧʦʩʪʫʧʘʶʪ ʚ ʫʢʘʟʘʥʥʫʶ ʥʘ ʨʠʩʫʥʢʝ 4 ʟʦʥʫ ʩ 

ʚʳʰʝʣʝʞʘʱʝʛʦ ʫʯʘʩʪʢʘ ʨʝʢʠ. ɿʜʝʩʴ ʨʫʩʣʦ ʦʙʨʘʟʫʝʪ ʝʱʝ ʦʜʥʫ ʩʚʦʙʦʜʥʫʶ 

ʠʟʣʫʯʠʥʫ ʩ ʚʦʛʥʫʪʳʤ ʨʘʟʤʳʚʘʝʤʳʤ ʣʝʚʳʤ ʙʝʨʝʛʦʤ (ʨʠʩ. 1). ʇʨʦʮʝʩʩ ʵʚʦʣʶʮʠʠ 

ʵʪʦʡ ʠʟʣʫʯʠʥʳ ʦʪʨʘʞʝʥ ʥʘ ʨʠʩʫʥʢʝ 5. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 5, ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʠʟʣʫʯʠʥʝ ʣʝʚʳʡ ʙʝʨʝʛ ʚ ʝʝ 

ʚʝʨʠhʥʝ ʠ ʥʠʞʥʝʤ ʢʨʳʣʝ ʥʝʫʢʣʦʥʥʦ ʨʘʟʤʳʚʘʝʪʩʷ ʩʦ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʴʶ ʦʢʦʣʦ 

10 ʤ/ʛʦʜ. ɼʣʠʥʘ ʨʘʟʤʳʚʘʝʤʦʛʦ ʫʯʘʩʪʢʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 1900 ʤ. ʉ 2016 ʧʦ 2021 

ʛʦʜʳ ʙʝʨʝʛʦʚʘʷ ʣʠʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʵʪʦʛʦ ʫʯʘʩʪʢʘ ʦʪʩʪʫʧʠʣʘ ʚʛʣʫʙʴ ʩʫʰʠ ʚ ʩʨʝʜʥʝʤ 

ʥʘ 50 ʤ. ʉʨʝʜʥʷʷ ʚʳʩʦʪʘ ʙʝʨʝʛʦʚʦʛʦ ʩʢʣʦʥʘ, ʩ ʫʯʝʪʦʤ ʧʦʜʚʦʜʥʦʡ ʯʘʩʪʠ, 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 7 ʤ.  

ʊʦʛʜʘ ʩʫʤʤʘʨʥʳʡ ʦʙʲʝʤ ʤʘʪʝʨʠʘʣʘ, ʠʟʲʷʪʦʛʦ ʩ ʙʝʨʝʛʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʝʛʦ 

ʨʘʟʤʳʚʘ ʟʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʝʨʠʦʜ, ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʚ 665 ʪʳʩ. ʤ3, ʯʪʦ ʧʦ 

ʧʦʨʷʜʢʫ ʚʝʣʠʯʠʥʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʶ ʦʙʲʝʤʘ ʥʘʥʦʩʦʚ, ʥʘʢʦʧʣʝʥʥʳʭ ʥʘ 

ʣʝʚʦʙʝʨʝʞʥʦʤ ʧʦʙʦʯʥʝ ʫ ʚʦʜʦʟʘʙʦʨʘ ʧʨʠʤʝʨʥʦ ʟʘ ʪʦʪ ʞʝ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ. 
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ʈʠʩʫʥʦʢ 5 ï ʂʦʥʬʠʛʫʨʘʮʠʷ ʨʫʩʣʘ ʨ. ʆʙʴ ʚ ʩʚʦʙʦʜʥʦʡ ʠʟʣʫʯʠʥʝ, ʧʨʠʤʳʢʘʶʱʝʡ ʩʚʝʨʭʫ ʢ 

ʩʠʩʪʝʤʝ ʠʟʣʫʯʠʥ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʚʦʜʦʟʘʙʦʨʘ ˉ2, ʚ 2016 (ʘ), 2018(ʙ) ʠ 2021 (ʚ) ʛʦʜʘʭ 

ʂʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʤʦʨʬʦʜʠʥʘʤʠʢʠ ʨʫʩʣʘ 

ʂʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʤʦʨʬʦʜʠʥʘʤʠʢʠ ʨʫʩʣʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ 

ʦʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ: ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʪʦ ʝʩʪʴ ʩʠʩʪʝʤʘ ʦʧʨʝʜʝʣʷʶʱʠʭ 

ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʛʠʜʨʦʜʠʥʘʤʠʢʫ ʨʝʯʥʦʛʦ ʧʦʪʦʢʘ, ʪʨʘʥʩʧʦʨʪ ʥʘʥʦʩʦʚ ʠ 

ʨʫʩʣʦʚʳʝ ʜʝʬʦʨʤʘʮʠʠ; ʮʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʨʝʣʴʝʬʘ (ʎʄʈ) ʨʫʩʣʘ ʠ ʧʦʙʝʨʝʞʴʷ 

(ʧʦʡʤʳ) ʚ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ; ʨʘʩʯʝʪʥʘʷ ʩʝʪʢʘ, ʥʘ ʢʦʪʦʨʦʡ ʯʠʩʣʝʥʥʦ ʨʝʰʘʝʪʩʷ 

ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ; ʥʘʯʘʣʴʥʳʝ ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, 

ʢʦʪʦʨʳʝ ʟʘʜʘʶʪ ʠʩʭʦʜʥʳʝ ʟʥʘʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʫʩʣʦʚʦʛʦ ʧʦʪʦʢʘ ʠ 

ʦʧʠʩʳʚʘʶʪ ʠʭ ʠʟʤʝʥʝʥʠʷ ʥʘ ʛʨʘʥʠʮʘʭ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʟʘ ʚʝʩʴ ʨʘʩʯʝʪʥʳʡ 

ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ; ʥʘʙʦʨ ʟʥʘʯʝʥʠʡ ʨʷʜʘ ʬʠʟʠʯʝʩʢʠʭ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ; ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʩʯʝʪ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʷʣʦʩʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ 

ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ Delft3D [8]. 

ɺ ʨʘʤʢʘʭ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʦʧʠʩʘʥʠʷ ʛʠʜʨʦ- ʠ ʤʦʨʬʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʨʝʯʥʦʤ ʨʫʩʣʝ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʥʘ ʦʩʥʦʚʝ 

ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʪʨʝʭʤʝʨʥʳʭ (3D) ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʩʦʚʤʝʩʪʥʦ ʩ 

ʧʣʘʥʦʚʦʡ (2DH) ʤʦʜʝʣʴʶ ʪʨʘʥʩʧʦʨʪʘ ʨʫʩʣʦʚʳʭ ʥʘʥʦʩʦʚ. ɻʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʫʨʘʚʥʝʥʠʷʭ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʜʚʠʞʝʥʠʷ ʥʝʩʞʠʤʘʝʤʦʡ 

ʞʠʜʢʦʩʪʠ ʚ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʤ ʧʨʠʙʣʠʞʝʥʠʠ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʪʫʨʙʫʣʝʥʪʥʦʛʦ 

ʦʙʤʝʥʘ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʜʚʫʭʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ (k-Ů)-ʤʦʜʝʣʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ. 

ʈʘʩʭʦʜʳ ʚʟʚʝʰʝʥʥʳʭ ʠ ʚʣʝʢʦʤʳʭ ʥʘʥʦʩʦʚ ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʦ ʬʦʨʤʫʣʝ ɺʘʥ ʈʝʡʥʘ 

1984 ʛ. [9]. 
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ɺ ʧʨʠʥʷʪʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʨʫʩʣʦʚʦʛʦ ʧʦʪʦʢʘ ʚʦ 

ʚʭʦʜʥʦʤ ʩʪʚʦʨʝ ʜʦʣʞʥʳ ʟʘʜʘʚʘʪʴʩʷ ʨʘʩʭʦʜʳ ʚʦʜʳ, ʘ ʚ ʚʳʭʦʜʥʦʤ ʩʪʚʦʨʝ ï 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʵʪʠ ʨʘʩʭʦʜʘʤ ʟʥʘʯʝʥʠʷ ʫʨʦʚʥʷ ʚʦʜʳ, ʦʙʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʢ 

ʬʫʥʢʮʠʠ ʚʨʝʤʝʥʠ. 

ʇʦ ʠʪʦʛʘʤ ʩʦʙʩʪʚʝʥʥʳʭ ʥʘʪʫʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ 2020 ʛ. ʠʤʝʶʪʩʷ 

ʚʟʘʠʤʦʩʦʛʣʘʩʦʚʘʥʥʳʝ ʜʘʥʥʳʝ ʦʙ ʫʨʦʚʥʷʭ ʠ ʨʘʩʭʦʜʘʭ ʚʦʜʳ ʚ ʬʘʟʫ ʩʧʘʜʘ 

ʧʦʣʦʚʦʜʴʷ ʠ ʧʝʨʝʭʦʜʘ ʢ ʤʝʞʝʥʠ ʜʣ̫ ʩʪʚʦʨʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ 3 ʢʤ ʥʠʞʝ 

ʚʦʜʦʟʘʙʦʨʘ ˉ2 (ʨʠʩ. 6). ʕʪʦʪ ʩʪʚʦʨ ʠ ʙʳʣ ʧʨʠʥʷʪ ʚ ʢʘʯʝʩʪʚʝ ʥʠʞʥʝʡ (ʚʳʭʦʜʥʦʡ) 

ʛʨʘʥʠʮʳ ʦʙʣʘʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺʝʨʭʥʠʡ (ʚʭʦʜʥʦʡ) ʩʪʚʦʨ ʦʙʣʘʩʪʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʧʦʣʘʛʘʣʩʷ ʚʳʰʝ ʚʦʜʦʟʘʙʦʨʘ ˉ2 ʥʘ ʢʦʨʦʪʢʦʤ ʧʨʷʤʦʣʠʥʝʡʥʦʤ 

ʫʯʘʩʪʢʝ ʨʫʩʣʘ ʚ ʤʝʩʪʝ ʩʦʧʨʷʞʝʥʠʷ ʜʚʫʭ ʩʚʦʙʦʜʥʳʭ ʠʟʣʫʯʠʥ (ʨʠʩ. 6). ʆʙʱʘʷ 

ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʦʙʣʘʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʦʩʠ ʨʫʩʣʘ ʩʦʩʪʘʚʣʷʝʪ 

9,6 ʢʠʣʦʤʝʪʨʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʥʘʰʠʭ ʤʥʦʛʦʣʝʪʥʠʭ ʥʘʙʣʶʜʝʥʠʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʧʨʠ 

ʧʨʠʥʷʪʳʭ ʟʥʘʯʝʥʠʷʭ ʨʘʩʭʦʜʦʚ ʚʦʜʳ ʧʦʡʤʝʥʥʳʡ ʤʘʩʩʠʚ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ 

ʫʯʘʩʪʢʝ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦ ʥʝ ʟʘʪʘʧʣʠʚʘʝʪʩʷ [10, 11]. ʈʘʩʭʦʜʳ ʚʦʜʳ ʚ ʧʨʦʪʦʢʘʭ, 

ʧʨʦʣʝʛʘʶʱʠʭ ʧʦ ʧʦʡʤʝʥʥʦʤʫ ʤʘʩʩʠʚʫ, ʩʦʩʪʘʚʣʷʶʪ ʚ ʩʫʤʤʝ ʥʝ ʙʦʣʝʝ 2% ʦʪ 

ʨʘʩʭʦʜʦʚ ʚʦʜʳ ʦʩʥʦʚʥʦʛʦ ʨʫʩʣʘ ʨʝʢʠ [11]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʦʧʫʩʪʠʤʦ ʦʪʥʦʩʠʪʴ 

ʠʟʤʝʨʝʥʥʳʝ ʚ ʚʳʭʦʜʥʦʤ ʩʪʚʦʨʝ ʨʘʩʭʦʜʳ ʚʦʜʳ ʠ ʢ ʚʭʦʜʥʦʤʫ ʩʪʚʦʨʫ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʝ, ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 3.1, 

ʚʧʦʣʥʝ ʦʧʨʝʜʝʣʷʶʪ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʧʦʪʦʢʘ. 

ʎʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʨʝʣʴʝʬʘ ʨʫʩʣʘ ʩʪʨʦʠʣʘʩʴ ʧʦ ʜʘʥʥʳʤ ʩʦʙʩʪʚʝʥʥʳʭ 

ʨʫʩʣʦʚʳʭ ʩʲʝʤʦʢ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ 2019 ʛ. (ʨʠʩ. 7). ʈʘʟʫʤʝʝʪʩʷ, ʵʪʘ ʤʦʜʝʣʴ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʨʝʘʣʴʥʦʛʦ ʨʝʣʴʝʬʘ ʨʫʩʣʘ ʚ ʧʝʨʠʦʜ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʨʠʥʷʪʦʤʫ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʤʫ ʩʮʝʥʘʨʠʶ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦʥʘ ʦʪʨʘʞʘʝʪ ʦʩʥʦʚʥʳʝ ʯʝʨʪʳ 

ʤʦʨʬʦʣʦʛʠʠ ʨʫʩʣʘ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʫʯʘʩʪʢʝ. ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʧʨʦʤʝʨʳ ʛʣʫʙʠʥ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʩʪʨʦʠʣʘʩʴ ʤʦʜʝʣʴ, ʚʳʧʦʣʥʷʣʠʩʴ ʧʨʠ 

ʚʳʩʦʢʦʡ ʚʦʜʝ (ʚ ʤʘʝ ï ʠʶʥʝ). ʊʦ ʝʩʪʴ ʦʥʘ ʦʧʠʩʳʚʘʝʪ ʩʦʩʪʦʷʥʠʝ ʨʝʣʴʝʬʘ ʨʫʩʣʘ 

ʠʤʝʥʥʦ ʚ ʧʝʨʠʦʜ ʧʠʢʘ ʧʦʣʦʚʦʜʴʷ ʠ ʥʘʯʘʣʘ ʝʛʦ ʩʧʘʜʘ, ʠ, ʚ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ, 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʨʠʥʷʪʳʤ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʤ ʩʮʝʥʘʨʠʝʤ.  

ʇʦʩʢʦʣʴʢʫ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝ ʧʨʝʜʧʦʣʘʛʘʶʪ 

ʚʳʭʦʜ ʨʝʯʥʦʛʦ ʧʦʪʦʢʘ ʠʟ ʙʝʨʝʛʦʚ, ʨʝʣʴʝʬ ʧʦʡʤʝʥʥʦʛʦ ʤʘʩʩʠʚʘ ʦʪʨʘʞʝʥ ʚ ʤʦʜʝʣʠ 

ʚʝʩʴʤʘ ʩʭʝʤʘʪʠʯʥʦ. ʇʨʠʣʝʛʘʶʱʘʷ ʢ ʨʫʩʣʫ ʧʦ ʦʙʦʠʤ ʝʛʦ ʙʝʨʝʛʘʤ ʪʝʨʨʠʪʦʨʠʷ 

ʤʦʜʝʣʠʨʫʝʪʩʷ ʜʚʫʤʷ ʧʣʦʩʢʦʩʪʷʤʠ, ʢʦʪʦʨʳʝ ʧʦʩʪʝʧʝʥʥʦ ʧʦʥʠʞʘʶʪʩʷ ʚʥʠʟ ʧʦ 

ʪʝʯʝʥʠʶ ʠ ʠʤʝʶʪ ʤʘʣʳʡ ʥʘʢʣʦʥ ʦʪ ʙʦʢʦʚʦʡ ʛʨʘʥʠʮʳ ʦʙʣʘʩʪʠ ʢ ʙʨʦʚʢʝ ʙʝʨʝʛʘ. 

ʇʦʡʤʝʥʥʳʝ ʧʨʦʪʦʢʠ ʠ ʩʪʘʨʠʮʳ ʠʩʢʫʩʩʪʚʝʥʥʦ ʧʝʨʝʢʨʳʪʳ. ɺʳʩʦʪʥʳʝ ʦʪʤʝʪʢʠ 

ʙʨʦʚʢʠ ʙʝʨʝʛʘ, ʚ ʪʝʭ ʤʝʩʪʘʭ, ʛʜʝ ʦʥʠ ʥʝ ʙʳʣʠ ʠʟʚʝʩʪʥʳ, ʧʨʠʥʠʤʘʣʠʩʴ ʥʘ ʪʨʠ ʤʝʪʨʘ 

ʚʳʰʝ ʤʝʞʝʥʥʦʛʦ ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʜʘʥʥʦʤ ʤʝʩʪʝ. 
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ʘ)  

 

 
ʙ) 

 
ʈʠʩʫʥʦʢ 6 ï ɻʨʘʥʠʮʳ ʦʙʣʘʩʪʠ ʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʡ ʩʮʝʥʘʨʠʡ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʤʦʨʬʦʜʠʥʘʤʠʢʠ ʨʫʩʣʘ ʨ. ʆʙʴ ʚ ʨʘʡʦʥʝ ɹʘʨʥʘʫʣʴʩʢʦʛʦ ʚʦʜʦʟʘʙʦʨʘ ˉ2. 

ʘ) ɻʨʘʥʠʮʳ ʦʙʣʘʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʩʥʠʤʢʝ ʩʧʫʪʥʠʢʘ ʈʝʩʫʨʩ-ʇ, ʜʘʪʘ ʩʲʝʤʢʠ 30.09.2018  ʛ.; 

ʙ) ʈʘʩʭʦʜʳ ʠ ʫʨʦʚʥʠ ʚʦʜʳ ʚ ʚʳʭʦʜʥʦʤ ʩʪʚʦʨʝ ʟʘ ʧʝʨʠʦʜ 19 ʤʘʷ ï 04 ʦʢʪʷʙʨʷ 2020 ʛ. 

ɺ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ ʚ ʢʘʞʜʦʡ ʨʘʩʯʝʪʥʦʡ ʷʯʝʡʢʝ 

ʚʭʦʜʥʦʛʦ ʩʪʚʦʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʫʪʝʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʜʘʥʥʦʛʦ ʨʘʩʭʦʜʘ ʚ ʮʝʣʦʤ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʵʣʝʤʝʥʪʘʨʥʳʤ (ʚ ʧʨʝʜʝʣʘʭ ʷʯʝʡʢʠ) ʧʣʦʱʘʜʷʤ ʞʠʚʦʛʦ ʩʝʯʝʥʠʷ 

ʧʦʪʦʢʘ. ʈʘʟʫʤʝʝʪʩʷ, ʪʘʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʦʞʝʪ ʠ ʥʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʨʝʘʣʴʥʳʤ 

ʫʩʣʦʚʠʷʤ. ʂʨʦʤʝ ʪʦʛʦ, ʠʟʤʝʨʠʪʴ ʚ ʥʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʩʭʦʜ ʥʘʥʦʩʦʚ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ. ʃʠʰʴ ʚ ʥʝʢʦʪʦʨʳʭ ʩʠʪʫʘʮʠʷʭ ʦʥ ʪʦʯʥʦ ʠʟʚʝʩʪʝʥ. 

ʅʘʧʨʠʤʝʨ, ʚ ʥʠʞʥʝʤ ʙʴʝʬʝ ʛʠʜʨʦʫʟʣʘ ʝʛʦ ʤʦʞʥʦ ʧʦʣʘʛʘʪʴ ʨʘʚʥʳʤ ʥʫʣʶ, 

ʧʦʩʢʦʣʴʢʫ ʥʘʥʦʩʳ ʧʝʨʝʭʚʘʪʳʚʘʶʪʩʷ ʚ ʚʝʨʭʥʝʤ ʙʴʝʬʝ ʠ ʥʘ ʧʣʦʪʠʥʝ. ɺ ʦʩʪʘʣʴʥʳʭ 

ʩʣʫʯʘʷʭ ʧʨʠʭʦʜʠʪʩʷ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʚʦ ʚʭʦʜʥʦʤ ʩʪʚʦʨʝ ʨʫʩʣʦʚʦʡ ʧʦʪʦʢ 

ʷʚʣʷʝʪʩʷ ʧʦʣʥʦʩʪʴʶ ʥʘʩʳʱʝʥʥʳʤ ʥʘʥʦʩʘʤʠ, ʪ.ʝ. ʧʝʨʝʥʦʩʠʪ ʠʭ ʩʪʦʣʴʢʦ, ʩʢʦʣʴʢʦ 

ʤʦʞʝʪ ʬʠʟʠʯʝʩʢʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʪʴ ʚ ʜʘʥʥʳʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 

ʏʪʦʙʳ ʫʩʪʨʘʥʠʪʴ ʚʣʠʷʥʠʝ ʵʪʠʭ ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʚ ʦʧʠʩʘʥʠʠ ʛʨʘʥʠʯʥʳʭ 

ʫʩʣʦʚʠʡ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ, ʚʭʦʜʥʦʡ ʩʪʚʦʨ ʤʦʜʝʣʠ ʙʳʣ ʩʜʚʠʥʫʪ ʚʚʝʨʭ ʧʦ 

ʪʝʯʝʥʠʶ ʥʘ ʜʚʘ ʢʠʣʦʤʝʪʨʘ. ʎʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʨʝʣʴʝʬʘ ʨʫʩʣʘ ʚ ʵʪʦʡ 

ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʟʦʥʝ ʢʦʤʧʝʥʩʘʮʠʠ ʩʪʨʦʠʣʘʩʴ ʧʫʪʝʤ ʢʣʦʥʠʨʦʚʘʥʠʷ ʨʝʣʴʝʬʘ 

ʚʭʦʜʥʦʛʦ ʩʪʚʦʨʘ ʩ ʧʦʩʪʝʧʝʥʥʳʤ ʧʦʚʳʰʝʥʠʝʤ ʦʪʤʝʪʦʢ ʜʥʘ ʠʟ ʨʘʩʯʝʪʘ 5 

ʩʘʥʪʠʤʝʪʨʦʚ ʥʘ ʢʠʣʦʤʝʪʨ (ʨʠʩ. 7). 
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ʈʠʩʫʥʦʢ 7 ï ɺʠʟʫʘʣʠʟʘʮʠʷ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ (ʘ) ʠ ʬʨʘʛʤʝʥʪ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ (ʙ) ʜʣʷ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʨʬʦʜʠʥʘʤʠʢʠ ʨʫʩʣʘ ʨ. ʆʙʴ ʚ ʨʘʡʦʥʝ ʚʦʜʦʟʘʙʦʨʘ ˉ2 

ɿʘʜʘʯʘ ʨʝʰʘʣʘʩʴ ʚ ʪʨʝʭʤʝʨʥʦʡ (3D) ʧʦʩʪʘʥʦʚʢʝ. ʈʘʩʯʝʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʥʘ 

ʨʝʛʫʣʷʨʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʝʪʢʝ 774ʭ274ʭ5, ʧʦʩʪʨʦʝʥʥʦʡ ʩ ʫʯʝʪʦʤ ʮʠʬʨʦʚʦʡ 

ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ, ʩʦ ʩʨʝʜʥʠʤʠ ʨʘʟʤʝʨʘʤʠ ʷʯʝʡʢʠ ʚ ʧʣʘʥʝ 10 

ʥʘ 10 ʤʝʪʨʦʚ (ʨʠʩ. 7). 

ʆʙʱʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʧʝʨʠʦʜʘ ï 139 ʜʥʝʡ (19 ʤʘʷ ï 

04 ʦʢʪʷʙʨʷ). ʐʘʛ ʧʦ ʚʨʝʤʝʥʠ ʨʘʚʝʥ 6 ʩ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʘʩʯʝʪʘ ï 258 ʯʘʩʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʅʘ ʨʠʩʫʥʢʝ 8 ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʩʭʦʜʥʳʡ ʠ ʢʦʥʝʯʥʳʡ ʚʠʜ ʨʝʣʴʝʬʘ ʨʫʩʣʘ ʥʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʫʯʘʩʪʢʝ, ʘ ʪʘʢʞʝ ʢʘʨʪʠʥʘ ʝʛʦ ʠʟʤʝʥʝʥʠʡ ʟʘ ʤʦʜʝʣʠʨʫʝʤʳʡ 

ʧʝʨʠʦʜ. ʋʢʘʞʝʤ, ʯʪʦ ʥʘ ʨʠʩʫʥʢʝ ʦʪʦʙʨʘʞʝʥʘ ʣʠʰʴ ʪʘ ʦʙʣʘʩʪʴ, ʢʦʪʦʨʘʷ 

ʧʦʜʚʝʨʛʘʣʘʩʴ ʚʦʟʜʝʡʩʪʚʠʶ ʨʝʯʥʦʛʦ ʧʦʪʦʢʘ; ʧʘʩʩʠʚʥʳʝ, ʪ.ʝ. ʬʘʢʪʠʯʝʩʢʠ ʥʝ 

ʚʦʚʣʝʯʝʥʥʳʝ ʚ ʨʘʩʯʝʪ ʷʯʝʡʢʠ ʩʝʪʢʠ, ʥʝ ʧʦʢʘʟʘʥʳ. 

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʨʝʣʴʝʬ ʨʫʩʣʘ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʫʯʘʩʪʢʝ ʥʝ ʧʨʝʪʝʨʧʝʣ ʢʘʨʜʠʥʘʣʴʥʳʭ 

ʠʟʤʝʥʝʥʠʡ. ɺ ʥʸʤ ʩʦʭʨʘʥʠʣʠʩʴ ʚʩʝ ʦʩʥʦʚʥʳʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ 

(ʧʣʸʩʦʚʳʝ ʣʦʞʙʠʥʳ, ʧʝʨʝʢʘʪʳ, ʧʦʙʦʯʥʠ), ʢʦʪʦʨʳʝ ʠ ʚ ʥʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ 

ʷʚʣʷʶʪʩʷ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʫʩʪʦʡʯʠʚʳʤʠ. 

ɺʦ-ʚʪʦʨʳʭ, ʫʢʘʞʝʤ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʘʟʤʳʚ ʨʫʩʣʘ ʫ ʧʨʘʚʦʛʦ ʙʝʨʝʛʘ ʚ 

ʩʤʝʞʥʳʭ ʢʨʳʣʴʷʭ ʚʳʥʫʞʜʝʥʥʦʡ ʠ ʩʚʦʙʦʜʥʦʡ ʠʟʣʫʯʠʥ. ʈʘʩʩʤʦʪʨʠʤ ʵʪʦʪ ʫʯʘʩʪʦʢ 

ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʚ ʩʚʝʪʝ ʠʤʝʶʱʠʭʩʷ ʥʘʪʫʨʥʳʭ ʜʘʥʥʳʭ. ʈʠʩʫʥʦʢ 9 ʚʦʩʧʨʦʠʟʚʦʜʠʪ 

ʜʣʷ ʥʝʛʦ ʚ ʫʢʨʫʧʥʝʥʥʦʤ ʠ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʦʤ ʚʠʜʝ ʢʘʨʪʠʥʫ ʠʪʦʛʦʚʳʭ 

ʜʝʬʦʨʤʘʮʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʥʘ ʨʠʩʫʥʢʝ 8. ɿʜʝʩʴ ʞʝ ʦʙʦʟʥʘʯʝʥʳ ʣʠʥʠʠ, ʧʦ 

ʢʦʪʦʨʳʤ ʙʫʜʝʪ ʦʮʝʥʠʚʘʪʴʩʷ ʠʪʦʛʦʚʦʝ ʠʟʤʝʥʝʥʠʝ ʧʦʧʝʨʝʯʥʦʛʦ ʧʨʦʬʠʣʷ ʨʫʩʣʘ. 
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ʀʩʭʦʜʥʳʝ ʠ ʢʦʥʝʯʥʳʝ ʧʨʦʬʠʣʠ ʨʫʩʣʘ ʧʦ ʜʘʥʥʳʤ ʣʠʥʠʷʤ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 

10. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʦʚ 8 ï 10, ʤʦʜʝʣʴ ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʷʚʣʝʥʠʝ ʨʘʟʤʳʚʘ ʠ 

ʦʪʩʪʫʧʘʥʠʷ ʧʨʘʚʦʛʦ ʙʝʨʝʛʘ ʚ ʩʤʝʞʥʳʭ ʢʨʳʣʴʷʭ ʚʳʥʫʞʜʝʥʥʦʡ ʠ ʩʚʦʙʦʜʥʦʡ 

ʠʟʣʫʯʠʥ. ʆʜʥʘʢʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʘ ʥʘʠʙʦʣʴʰʝʝ ʩʤʝʱʝʥʠʝ ʙʨʦʚʢʠ ʙʝʨʝʛʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʚʝʨʭʥʝʤ ʢʨʳʣʝ ʚʳʥʫʞʜʝʥʥʦʡ ʠʟʣʫʯʠʥʳ; ʜʘʣʝʝ, ʚʚʝʨʭ ʧʦ ʪʝʯʝʥʠʶ 

ʦʥʦ ʚ ʮʝʣʦʤ ʫʤʝʥʴʰʘʝʪʩʷ, ʭʦʪʷ ʨʦʩʪ ʢʨʫʪʠʟʥʳ ʙʝʨʝʛʦʚʦʛʦ ʩʢʣʦʥʘ ʧʨʦʷʚʣʷʝʪʩʷ ʚʦ 

ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʧʨʦʬʠʣʷʭ. 

ʇʦ ʛʦʨʠʟʦʥʪʘʣʠ 4 ʤ ʫʩʣ. ʩʤʝʱʝʥʠʝ ʙʝʨʝʛʦʚʦʛʦ ʩʢʣʦʥʘ ʚ ʩʪʦʨʦʥʫ ʩʫʰʠ ʜʣʷ 

ʧʨʦʬʠʣʝʡ ˉˉ 1 ï 3 ʩʦʩʪʘʚʣʷʝʪ 4 ï 5 ʤ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ ʥʘʪʫʨʥʳʭ 

ʟʥʘʯʝʥʠʡ ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʩʢʦʨʦʩʪʠ ʦʪʩʪʫʧʘʥʠʷ ʙʨʦʚʢʠ ʙʝʨʝʛʘ ʚ ʵʪʦʤ ʤʝʩʪʝ (13 ï 

16 ʤ/ʛʦʜ). ɺ ʚʝʨʭʥʠʭ ʩʪʚʦʨʘʭ (ˉˉ 4 ï 6) ʟʥʘʯʝʥʠʝ ʦʪʩʪʫʧʘʥʠʷ ʙʝʨʝʛʘ ʦʩʪʘʝʪʩʷ ʥʘ 

ʪʦʤ ʞʝ ʫʨʦʚʥʝ ʠʣʠ ʤʝʥʴʰʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʟʘʜʘʥʥʦʤ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʤ ʩʮʝʥʘʨʠʠ ʨʝʟʫʣʴʪʘʪʳ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝ ʧʦʢʘʟʳʚʘʶʪ ʠʤʝʶʱʝʛʦ ʤʝʩʪʘ ʚ ʥʘʪʫʨʝ ʵʬʬʝʢʪʘ çʟʘʚʘʣʠʚʘʥʠʷè 

ʚʝʨʭʥʝʛʦ ʢʨʳʣʘ ʚʳʥʫʞʜʝʥʥʦʡ ʠʟʣʫʯʠʥʳ, ʪ.ʝ. ʫʩʠʣʝʥʥʦʛʦ ʨʘʟʤʳʚʘ ʙʝʨʝʛʘ ʚ 

ʦʢʨʝʩʪʥʦʩʪʠ ʩʪʚʦʨʦʚ ˉˉ 4 ï 6 (ʨʠʩ. 3, ʪʘʙʣ. 1.). ʅʘʦʙʦʨʦʪ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʬʦʢʫʩ 

(ʤʘʢʩʠʤʫʤ) ʨʘʟʨʫʰʝʥʠʷ ʩʜʚʠʥʫʪ ʚʥʠʟ ʧʦ ʪʝʯʝʥʠʶ ʙʣʠʞʝ ʢ ʚʝʨʰʠʥʝ 

ʚʳʥʫʞʜʝʥʥʦʡ ʠʟʣʫʯʠʥʳ. 
 

 
ʈʠʩʫʥʦʢ 8 ï ʈʝʟʫʣʴʪʘʪʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʨʬʦʜʠʥʘʤʠʢʠ ʨʫʩʣʘ ʨ. ʆʙʴ ʚ 

ʨʘʡʦʥʝ ʚʦʜʦʟʘʙʦʨʘ ˉ2: ʘ) ʠʩʭʦʜʥʳʡ ʨʝʣʴʝʬ ʨʫʩʣʘ; ʙ) ʨʝʣʴʝʬ ʨʫʩʣʘ ʚ ʢʦʥʮʝ ʤʦʜʝʣʠʨʫʝʤʦʛʦ 

ʧʝʨʠʦʜ; ʚ) ʠʟʤʝʥʝʥʠʝ ʨʝʣʴʝʬʘ ʨʫʩʣʘ ʟʘ ʧʝʨʠʦʜ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 



˥͙͎͙͒ͪͦͦ͡;͔͙͔ͫ͟ ͙ ͎͙͒ͪͦͺ͙͙͘;͔͙͔ͫ͟ ͨͪͦͼ͔ͫͫ· ͍ ͍ͦ͒ͤ·ͻ ͦ͋Ά͔ͭ͊͟ͻ ͙ ͙ͻ ͍ͦ͒ͦͫ͋ͦͪ͊ͻ 
 ͍  ͍͙ͯͫͦ͡Ύͻ ͎͔͊ͤͭͪͦͨͦͤͤ·ͻ ͍͔͚͍͙͚ͦ͒ͫͭ͘ ͙ ͙͙ͣ͊ͭ͟͡;͔͙ͫ͟ͻ ͙͔͔͙͚ͣͤͤ͘ 
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ʈʠʩʫʥʦʢ 9 ï ʀʪʦʛʦʚʳʝ ʠʟʤʝʥʝʥʠʷ ʨʝʣʴʝʬʘ ʨʫʩʣʘ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʚʦʜʦʟʘʙʦʨʘ ˉ2 ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʆʙʨʘʪʠʤʩʷ ʪʝʧʝʨʴ ʢ ʟʦʥʝ ʨʫʩʣʘ, ʦʭʚʘʪʳʚʘʶʱʝʡ ʯʘʩʪʴ ʚʳʧʫʢʣʦʛʦ ʣʝʚʦʛʦ 

ʙʝʨʝʛʘ (ʨʠʩ. 9). ʇʦ ʥʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʚ ʵʪʦʡ ʟʦʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʝ 

ʥʘʢʦʧʣʝʥʠʝ ʥʘʥʦʩʦʚ (ʨʠʩ. 4). ʆʙʱʠʡ ʦʙʲʝʤ ʘʢʢʫʤʫʣʷʮʠʠ ʟʘ ʯʝʪʳʨʝ ʛʦʜʘ (2017 - 

2021) ʩʦʩʪʘʚʠʣ 614 ʪʳʩ. ʤ3, ʪ.ʝ. 153.5 ʪʳʩ. ʤ3 ʚ ʛʦʜ. ʂʘʨʪʠʥʘ ʨʘʩʯʝʪʥʳʭ ʠʪʦʛʦʚʳʭ 

ʠʟʤʝʥʝʥʠʡ ʨʝʣʴʝʬʘ ʚ ʵʪʦʡ ʟʦʥʝ ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʨʠʩʫʥʢʘ 4. ɺ ʥʝʡ 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʘʢʢʫʤʫʣʷʮʠʷ, ʥʦ ʠ ʜʦʚʦʣʴʥʦ ʟʘʤʝʪʥʳʡ ʨʘʟʤʳʚ ʜʥʘ. ʊʝʤ 

ʥʝ ʤʝʥʝʝ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 11, ʚ ʮʝʣʦʤ ʧʦ ʟʦʥʝ ʧʨʦʮʝʩʩ ʘʢʢʫʤʫʣʷʮʠʠ 

ʘʙʩʦʣʶʪʥʦ ʜʦʤʠʥʠʨʫʝʪ. ɿʘ ʤʦʜʝʣʴʥʳʡ ʧʝʨʠʦʜ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʦʥʝ ʙʳʣʦ 

ʥʘʢʦʧʣʝʥʦ 28 ʪʳʩ. ʤ3 ʥʘʥʦʩʦʚ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʥʘʪʫʨʥʦʛʦ 

ʩʨʝʜʥʝʛʦʜʦʚʦʛʦ ʟʥʘʯʝʥʠʷ. ʆʪʤʝʪʠʤ, ʯʪʦ ʥʘ ʨʠʩʫʥʢʝ 11 ʷʚʥʦ ʚʠʜʥʘ ʩʚʷʟʴ ʩʢʦʨʦʩʪʠ 

ʘʢʢʫʤʫʣʷʮʠʠ ʥʘʥʦʩʦʚ (ʥʘʢʣʦʥʘ ʛʨʘʬʠʢʘ ʦʙʲʝʤʘ ʥʘʥʦʩʦʚ) ʩ ʨʘʩʭʦʜʘʤʠ ʚʦʜ, 

ʧʨʠʯʝʤ ʚ ʜʠʘʧʘʟʦʥʝ ʨʘʩʭʦʜʦʚ ʚʦʜʳ 2200 ï 1800 ʤ3/ʩ ʩʢʦʨʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʥʘʥʦʩʦʚ 

ʧʦʩʪʦʷʥʥʘ. 

ʀʟ ʨʠʩʫʥʢʘ 12, ʥʘ ʢʦʪʦʨʦʤ ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʨʝʣʴʝʬʘ 

ʨʫʩʣʘ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʧʨʦʮʝʩʩ ʨʘʟʤʳʚʘ ʫ ʧʨʘʚʦʛʦ ʙʝʨʝʛʘ, ʚ ʩʤʝʞʥʳʭ 

ʢʨʳʣʴʷʭ ʠʟʣʫʯʠʥ, ʧʨʦʜʦʣʞʘʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʩʥʠʞʝʥʠʝ ʨʘʩʭʦʜʘ ʚʦʜʳ, ʢʘʢ ʠ ʧʨʦʮʝʩʩ ʥʘʢʦʧʣʝʥʠʷ ʥʘʥʦʩʦʚ ʚ 

ʧʨʦʪʠʚʦʣʝʞʘʱʝʡ ʣʝʚʦʙʝʨʝʞʥʦʡ ʟʦʥʝ. ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʵʪʦʡ ʟʦʥʳ (ʚ ʚʝʨʰʠʥʝ 

ʠʟʛʠʙʘ ʝʸ ʬʦʨʤʳ ʚ ʧʣʘʥʝ) ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʩʩ ʧʦʩʪʦʷʥʥʦʛʦ ʨʘʟʤʳʚʘ ʜʥʘ, 

ʘ ʦʙʱʠʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʙʘʣʘʥʩ ʥʘʥʦʩʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʠʭ ʥʘʢʦʧʣʝʥʠʝʤ ʥʘ 

ʧʝʨʠʬʝʨʠʡʥʳʭ ʫʯʘʩʪʢʘʭ ʟʦʥʳ (ʢʨʳʣʴʷʭ ʠʟʛʠʙʘ). ʊʘʢʞʝ ʵʪʦʪ ʨʠʩʫʥʦʢ ʭʦʨʦʰʦ 



ˤͦ͒ͤ·͔ ͙ Ή͎͙ͦͦ͟͡;͔͙͔ͫ͟ ͔ͨͪͦ͋ͣ͡· ˿͙͙͙͋ͪ ͙ ͔̇ͤͭͪ͊͡Έ͚ͤͦ ˢ͙͙͘  
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ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʨʦʮʝʩʩ ʧʦʩʪʦʷʥʥʦʛʦ ʧʨʠʪʦʢʘ ʥʘʥʦʩʦʚ ʩ ʚʳʰʝʣʝʞʘʱʝʛʦ ʫʯʘʩʪʢʘ 

ʨʝʢʠ ʚ ʚʝʨʭʥʶʶ (ʧʦ ʪʝʯʝʥʠʶ) ʯʘʩʪʴ ʦʙʣʘʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 
 

 

ʘ) 

 

ʛ) 

 
ʙ) 

 

ʜ) 

 
ʚ) 

 

ʝ) 

 
ʈʠʩʫʥʦʢ 10 ï ʀʪʦʛʦʚʳʝ ʨʘʩʯʝʪʥʳʝ ʠʟʤʝʥʝʥʠʷ ʨʝʣʴʝʬʘ ʨʫʩʣʘ ʧʦ ʣʠʥʠʷʤ ʧʦʧʝʨʝʯʥʳʭ 

ʧʨʦʬʠʣʝʡ (ʨʠʩ. 9). ʘ ï ʚ) ʇʨʦʬʠʣʠ ˉ1 - ˉ3. ʛ ï ʝ) ʇʨʦʬʠʣʠ ˉ4 - ˉ6 

 

 

 
ʈʠʩʫʥʦʢ 11 ï ʆʙʲʝʤ ʥʘʥʦʩʦʚ, ʥʘʢʦʧʣʝʥʥʳʡ ʚ ʣʝʚʦʙʝʨʝʞʥʦʡ ʟʦʥʝ (ʩʤ. ʨʠʩ. 9) ʟʘ ʧʝʨʠʦʜ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ (19 ʤʘʷ ï 04 ʦʢʪʷʙʨʷ) 



˥͙͎͙͒ͪͦͦ͡;͔͙͔ͫ͟ ͙ ͎͙͒ͪͦͺ͙͙͘;͔͙͔ͫ͟ ͨͪͦͼ͔ͫͫ· ͍ ͍ͦ͒ͤ·ͻ ͦ͋Ά͔ͭ͊͟ͻ ͙ ͙ͻ ͍ͦ͒ͦͫ͋ͦͪ͊ͻ 
 ͍  ͍͙ͯͫͦ͡Ύͻ ͎͔͊ͤͭͪͦͨͦͤͤ·ͻ ͍͔͚͍͙͚ͦ͒ͫͭ͘ ͙ ͙͙ͣ͊ͭ͟͡;͔͙ͫ͟ͻ ͙͔͔͙͚ͣͤͤ͘ 
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ʅʘʢʦʥʝʮ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʚʦʙʦʜʥʦʡ ʠʟʣʫʯʠʥʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ 

ʥʘʯʘʣʝ ʫʯʘʩʪʢʘ, ʥʘʠʙʦʣʴʰʠʡ ʨʘʟʤʳʚ ʚʦʛʥʫʪʦʛʦ ʣʝʚʦʛʦ ʙʝʨʝʛʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʝʸ 

ʚʝʨʰʠʥʝ ʠ ʚʝʨʭʥʝʤ ʢʨʳʣʝ (ʨʠʩ. 8), ʘ ʥʝ ʚ ʥʠʞʥʝʤ ʢʨʳʣʝ, ʢʘʢ ʦ ʪʦʤ ʛʦʚʦʨʷʪ 

ʥʘʪʫʨʥʳʝ ʜʘʥʥʳʝ. 

ʂʘʢ ʥʘʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʫʢʘʟʘʥʥʳʝ ʚʳʰʝ ʦʪʣʠʯʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʦʪ 

ʥʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʦʙʫʩʣʦʚʣʝʥʳ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʚʳʙʨʘʥʥʳʤ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʤ 

ʩʮʝʥʘʨʠʝʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺ ʥʝʤ ʧʦʣʥʦʩʪʴʶ ʦʪʩʫʪʩʪʚʫʝʪ ʬʘʟʘ ʥʘʨʘʩʪʘʥʠʷ ʠ ʧʠʢʘ 

ʧʦʣʦʚʦʜʴʷ, ʘ ʨʘʩʭʦʜ ʚʦʜʳ ʥʝ ʧʨʝʚʳʰʘʝʪ ʫʨʦʚʥʷ 3000 ʤ3/ʩ. ʉʨʝʜʥʝʤʥʦʛʦʣʝʪʥʠʝ 

ʥʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʧʦ ʩʢʦʨʦʩʪʠ ʦʪʩʪʫʧʘʥʠʷ ʙʝʨʝʛʘ ʠ ʦʙʲʝʤʘʤ ʥʘʢʦʧʣʝʥʠʷ ʥʘʥʦʩʦʚ 

ʵʪʫ ʬʘʟʫ, ʙʝʟʫʩʣʦʚʥʦ, ʫʯʠʪʳʚʘʶʪ. ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʥʘʰʠ ʥʘʙʣʶʜʝʥʠʷ, ʜʘʞʝ ʧʨʠ 

ʥʝ ʦʯʝʥʴ ʤʦʱʥʦʤ ʚ ʤʥʦʛʦʣʝʪʥʝʤ ʧʣʘʥʝ ʧʦʣʦʚʦʜʴʝ, ʧʨʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʟʘʪʦʧʣʝʥʥʦʡ ʧʦʡʤʝ ʨʘʩʭʦʜ ʚʦʜʳ ʚ ʦʩʥʦʚʥʦʤ ʨʫʩʣʝ ʨʝʢʠ ʚ ʧʝʨʠʦʜ ʝʛʦ ʧʠʢʘ 

ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 4500 ʤ3/ʩ [10, 12]. ʇʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʵʪʦʡ 

ʬʘʟʳ ʚ ʩʮʝʥʘʨʠʡ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʩʫʱʝʩʪʚʝʥʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʟʥʘʯʝʥʠʡ ʨʘʩʭʦʜʘ 

ʚʦʜʳ ʚ ʧʝʨʠʦʜ ʤʘʢʩʠʤʫʤʘ ʧʦʣʦʚʦʜʴʷ (ʥʘ 1000 ï 1500 ʤ3/ʩ) ʠʪʦʛʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʨʘʩʯʝʪʘ ʨʫʩʣʦʚʳʭ ʜʝʬʦʨʤʘʮʠʡ ʙʫʜʫʪ ʣʫʯʰʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʥʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, 

ʢʘʢ ʧʦ ʧʦʨʷʜʢʫ ʚʝʣʠʯʠʥ, ʪʘʢ ʠ ʧʦ ʣʦʢʘʣʠʟʘʮʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

 
ʈʠʩʫʥʦʢ 12 ï ʈʘʩʯʝʪʥʳʝ ʠʪʦʛʦʚʳʝ ʠʟʤʝʥʝʥʠʷ ʨʝʣʴʝʬʘ ʨʫʩʣʘ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʚʦʜʦʟʘʙʦʨʘ ˉ2 ʩ 

ʤʦʤʝʥʪʘ ʥʘʯʘʣʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (19 ʤʘʷ) ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ ʘ) 06 ʠʶʥʷ; ʙ) 21 ʠʶʥʷ; ʚ) 15 ʠʶʣʷ; 

ʛ) 05 ʘʚʛʫʩʪʘ; ʜ) 04 ʦʢʪʷʙʨʷ 
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ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʦʣʫʯʝʥʥʳʝ ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʦʪʩʪʫʧʘʥʠʷ ʙʨʦʚʢʠ ʙʝʨʝʛʘ ʠ 

ʦʙʲʝʤʘ ʥʘʢʦʧʣʝʥʥʳʭ ʥʘʥʦʩʦʚ ʧʨʠ ʜʘʥʥʦʤ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʤ ʩʮʝʥʘʨʠʠ (ʪ.ʝ. ʜʣʷ 

ʧʝʨʠʦʜʘ ʩʧʘʜʘ ʧʦʣʦʚʦʜʴʷ ʠ ʧʝʨʝʭʦʜʘ ʢ ʤʝʞʝʥʠ) ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʚʧʦʣʥʝ 

ʨʝʘʣʠʩʪʠʯʥʳʤʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ çʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ 

ʦʧʘʩʥʳʭ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʩʠʪʫʘʮʠʡ ʥʘ ʫʯʘʩʪʢʘʭ ʨʝʯʥʳʭ ʚʦʜʦʟʘʙʦʨʦʚ ʥʘ ʦʩʥʦʚʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʥʘʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʫʩʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ (ʥʘ ʧʨʠʤʝʨʝ 

ʨʝʢʠ ʆʙʴ ʫ ʛ. ɹʘʨʥʘʫʣʘ)è (19-41-220001). 
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FIELD STUDY AND COMPUTER MODELING OF OB RIVER  MORPHODYNAMICS AT 

MUNICIPAL WATER INTAKE No2 OF BARNAUL CITY  

Alexander T. Zinoviev, Anna A. Vagner, Alexander V. Dyachenko, Andrej A. Kolomejcev, 

Konstantin V. Marusin 

Institute for Water and Environmental Problems SB RAS 

zinoviev@iwep.ru 

Abstract. The meandering section of Ob river at the Barnaul city municipal water intake No2 is 

investigated. Current state of the section and governing trends of its morphodynamics are evaluated 

using field data collected at the site for the past years. It is shown that now the section is at such a 

stage of its evolution after which the meander cutoff process would start. This process will be a real 

disaster for the water intake. Computer simulation of this section morphodynamics in real unsteady 

hydrological conditions is conducted. The time of modeling covers the period from the flood peak to 

the low water stage. The simulation is implemented by means of Delft3D program suite. The 

simulation results are verified by the field data. In general the results show acceptable agreement with 

the field observations. However some features of the sediment erosion\deposition process are not 

reproduced correctly. 

Keywords: river morphodynamics, river meanders, field observations, computer modeling, Delft3D, 

Ob river, Barnaul city, municipal water intake 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ 

ʙʝʩʩʪʦʯʥʦʛʦ ʦʟʝʨʘ ʏʘʥʳ ʜʣʷ ʧʝʨʠʦʜʘ ʦʪʢʨʳʪʦʡ ʚʦʜʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʚʫʤʝʨʥʦʡ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ (2DH) ʪʝʨʤʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ (ʊɻɼ) ʤʦʜʝʣʠ ʚʦʜʦʝʤʘ, ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ 

ʦʩʥʦʚʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ Delft3D. ʈʘʩʯʝʪ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʨʝʞʠʤʘ ʦʟ. ʏʘʥʳ ʚʳʧʦʣʥʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ 2018 ʛ. ʇʦʣʫʯʝʥʳ ʢʘʨʪʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʧʦ ʘʢʚʘʪʦʨʠʠ ʦʟʝʨʘ. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʩʪʨʦʝʥʥʘʷ 2DH ʤʦʜʝʣʴ ʦʟ. ʏʘʥʳ ʧʦʟʚʦʣʷʝʪ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʝʛʦ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʚ ʙʝʟʣʝʜʦʩʪʘʚʥʳʡ ʧʝʨʠʦʜ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʟʝʨʦ ʏʘʥʳ, ʪʝʨʤʠʯʝʩʢʠʡ ʨʝʞʠʤ, ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʧʝʨʠʦʜ 

ʦʪʢʨʳʪʦʡ ʚʦʜʳ 

ɺʚʝʜʝʥʠʝ 

ʊʝʨʤʠʯʝʩʢʠʡ ʨʝʞʠʤ ʚʦʜʦʝʤʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʥʝʰʥʠʤ ʪʝʧʣʦʦʙʤʝʥʦʤ ʩ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ï ʩ ʘʪʤʦʩʬʝʨʦʡ, ʜʦʥʥʳʤʠ ʛʨʫʥʪʘʤʠ, ʚʦʜʘʤʠ 

ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʦʡ ʩʝʪʠ, ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʪʝʧʣʘ ʚ ʚʦʜʥʦʡ ʪʦʣʱʝ 

ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʱʠʤʠ ʦʪ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ [1]. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʙʝʩʩʪʦʯʥʦʝ ʦʟʝʨʦ ʏʘʥʳ, ʢʨʫʧʥʝʡʰʠʡ ʧʦ 

ʧʣʦʱʘʜʠ ʝʩʪʝʩʪʚʝʥʥʳʡ ʚʦʜʦʝʤ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ, ʠʤʝʶʱʠʡ ʚʘʞʥʦʝ 

ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʦʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ [2]. ʇʨʠʨʦʜʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʦʟʝʨʘ ʏʘʥʳ ʷʚʣʷʝʪʩʷ ʮʠʢʣʠʯʥʦʩʪʴ ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ ʚʦʜʳ ʠ ʧʣʦʱʘʜʠ ʝʛʦ 

ʘʢʚʘʪʦʨʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʠʟʤʝʥʝʥʠʷʤʠ ʦʙʱʝʡ ʫʚʣʘʞʥʝʥʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ [2, 3]. 

ʇʣʦʱʘʜʴ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʟ. ʏʘʥʳ (ʧʦʩʣʝ ʦʪʜʝʣʝʥʠʷ ʖʜʠʥʩʢʦʛʦ ʧʣʝʩʘ ʚ 1971 ʛ.) ʚ 

ʩʨʝʜʥʝʤ ʟʘ ʧʝʨʠʦʜ 1972-2018 ʛʛ. ʩʦʩʪʘʚʠʣʘ 1580 ʢʤ2 (ʩ ʢʦʣʝʙʘʥʠʷʤʠ ʦʪ 1285 ʢʤ2 

ʜʦ 1925 ʢʤ2). ʇʣʦʱʘʜʴ ʚʦʜʦʩʙʦʨʥʦʛʦ ʙʘʩʩʝʡʥʘ ʦʟʝʨʘ ï 27 340 ʢʤ2. 

ʊʝʨʤʠʥ çʦʟʝʨʦ ʏʘʥʳè, ʢʘʢ ʠ ʚ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʨʘʙʦʪʘʭ (ʥʘʧʨʠʤʝʨ, ʚ [2-

6]), ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʏʘʥʦʚʩʢʦʡ ʦʟʝʨʥʦʡ ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ 

ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʪʝʡ, ʨʘʟʣʠʯʥʳʭ ʧʦ ʛʣʫʙʠʥʝ (ʪʘʙʣʠʮʘ 1, ʨʠʩʫʥʦʢ 1): ʦʟ. ʄʘʣʳʝ 

ʏʘʥʳ, ʦʟ. ʗʨʢʫʣʴ ʠ ʦʟ. ʏʘʥʳ (ɹʦʣʴʰʠʝ ʏʘʥʳ), ʚʢʣʶʯʘʶʱʝʛʦ ʗʨʢʦʚʩʢʠʡ, ʊʘʛʘʥʦ-

ʂʘʟʘʥʮʝʚʩʢʠʡ ʠ ʏʠʥʷʠʭʠʥʩʢʠʡ ʧʣʝʩʳ; ʧʦʩʣʝʜʥʠʡ ʩʦʝʜʠʥʝʥ ʢʘʥʘʣʘʤʠ ʩ 

ʦʟ. ʗʨʢʫʣʴ, ʠ ʧʨʦʪʦʢʦʡ ʂʦʞʫʨʣʘ c ʦʟ. ʄʘʣʳʝ ʏʘʥʳ [2, 3]. 

ʊʘʙʣʠʮʘ 1 ï ɻʣʫʙʠʥʘ ʚʦʜʳ ʚ ʦʪʜʝʣʴʥʳʭ ʦʟʝʨʘʭ ʧʣʝʩʘʭ ʠ [2, 4] 
ʆʟʝʨʦ, ʧʣʝʩ 

 

ɻʣʫʙʠʥʘ, ʤ 

ʩʨʝʜʥʷʷ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʦʟ. ʄʘʣʳʝ ʏʘʥʳ 1,40 2,0 

ʦʟ. ʏʘʥʳ, ʊʘʛʘʥʦ-ʂʘʟʘʥʮʝʚʩʢʠʡ ʧʣʝʩ 1,44 3,0 

ʦʟ. ʏʘʥʳ, ʏʠʥʷʠʭʠʥʩʢʠʡ ʧʣʝʩ 1,77 3,3 

ʦʟ. ʏʘʥʳ, ʗʨʢʦʚʩʢʠʡ ʧʣʝʩ 3,04 5,5 

ʦʟ. ʗʨʢʫʣʴ 4,80 9,0 
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ʇʦʩʪʫʧʣʝʥʠʝ ʚʦʜʳ ʚ ʦʟ. ʏʘʥʳ ʧʨʦʠʩʭʦʜʠʪ ʩ ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ ʠ 

ʧʨʠʪʦʢʦʤ ʨʝʢ ʂʘʛʘʪ ʠ ʏʫʣʳʤ, ʚʧʘʜʘʶʱʠʭ ʚ ʦʟ. ʄʘʣʳʝ ʏʘʥʳ; ʨʘʩʭʦʜʦʚʘʥʠʝ ʚʦʜʳ 

ʦʙʫʩʣʦʚʣʝʥʦ ʠʩʧʘʨʝʥʠʝʤ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʦʟʝʨʘ. ɼʣʷ ʙʝʩʩʪʦʯʥʳʭ ʤʝʣʢʦʚʦʜʥʳʭ 

ʦʟʝʨ, ʢʘʢʠʤ ʷʚʣʷʝʪʩʷ ʦʟ. ʏʘʥʳ, ʧʦʪʝʨʠ ʚʦʜʳ ʥʘ ʠʩʧʘʨʝʥʠʝ ʚʝʩʴʤʘ ʟʥʘʯʠʪʝʣʴʥʳ ʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ [2, 3]. ʉʣʦʞʥʦʝ 

ʩʪʨʦʝʥʠʝ ʢʦʪʣʦʚʠʥʳ ʦʟʝʨʘ ʏʘʥʳ ʠ ʥʠʟʢʠʡ ʚʦʜʦʦʙʤʝʥ ʤʝʞʜʫ ʝʛʦ ʯʘʩʪʷʤʠ [2, 3] 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʨʘʟʣʠʯʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʚ ʛʣʫʙʦʢʠʭ ʠ ʤʝʣʢʦʚʦʜʥʳʭ ʧʣʝʩʘʭ [2, 

4]. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʦʟ. ʏʘʥʳ ʚ ʙʝʟʣʝʜʦʩʪʘʚʥʳʡ ʧʝʨʠʦʜ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʜʚʫʤʝʨʥʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ (2DH) ʪʝʨʤʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ (ʊɻɼ) ʤʦʜʝʣʠ, 

ʧʦʟʚʦʣʷʶʱʝʡ ʫʯʝʩʪʴ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠ ̫ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʧʦ 

ʘʢʚʘʪʦʨʠʠ ʦʟʝʨʘ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ɼʚʫʤʝʨʥʘʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʊɻɼ-ʤʦʜʝʣʴ ʦʟʝʨʘ ʏʘʥʳ ʧʦʩʪʨʦʝʥʘ ʥʘ ʦʩʥʦʚʝ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ Delft3D [7]. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʦʚ ʧʦʜʛʦʪʦʚʣʝʥʘ ʙʘʟʘ ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʘʷ 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʩʦ ʩʪʘʥʮʠʡ ʚ ʨʘʡʦʥʝ ʦʟʝʨʘ [8] ʠ ʩʚʝʜʝʥʠʷ ʧʦ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʦʟ. ʏʘʥʳ ʠ ʚʧʘʜʘʶʱʠʭ ʚ ʥʝʛʦ ʨʝʢ ʂʘʨʛʘʪ ʠ 

ʏʫʣʳʤ [9-11]. ʀʥʬʦʨʤʘʮʠʷ ʜʦʣʞʥʳʤ ʦʙʨʘʟʦʤ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʘ ʠ ʟʘʛʨʫʞʝʥʘ ʚ 

ʨʝʣʷʮʠʦʥʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʉʋɹɼ PostgreSQL [12], ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʚʦʜʠʪʴ ʧʨʦʛʨʘʤʤʥʫʶ ʧʦʜʛʦʪʦʚʢʫ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʚʝʨʠʬʠʢʘʮʠʶ ʨʝʟʫʣʴʪʘʪʦʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʘʥʥʳʤʠ ʥʘʙʣʶʜʝʥʠʡ. ʆʩʥʦʚʦʡ ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʨʘʩʯʝʪʦʚ 

ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ (ʎʄʈ) ʢʦʪʣʦʚʠʥʳ ʦʟʝʨʘ ʏʘʥʳ ʧʦʩʣʫʞʠʣʘ ʎʄʈ, 

ʩʦʟʜʘʥʥʘʷ ʚ ʀɺʕʇ ʉʆ ʈɸʅ [5, 6]. ʇʦʩʣʝ ʚʳʯʝʪʘ ʯʘʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʖʜʠʥʩʢʦʤʫ ʧʣʝʩʫ, ʵʪʘ ʎʄʈ ʙʳʣʘ ʘʜʘʧʪʠʨʦʚʘʥʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʊɻɼ-ʤʦʜʝʣʠ ʦʟʝʨʘ ʏʘʥʳ (ʨʠʩʫʥʦʢ 1). 

 
ʈʠʩʫʥʦʢ 1 ï ʎʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʨʝʣʴʝʬʘ ʢʦʪʣʦʚʠʥʳ ʦʟ. ʏʘʥr ʜʦ ʦʪʤʝʪʦʢ ʚʳʩʦʪ 107,5 ʤ ɹʉ-77 ʠ 

ʩʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʫʥʢʪʦʚ ʥʘʙʣʶʜʝʥʠʡ 
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ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʈʘʩʯʝʪʳ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʦʟ. ʏʘʥʳ ʚʳʧʦʣʥʝʥʳ ʜʣʷ ʙʝʟʣʝʜʦʩʪʘʚʥʦʛʦ 

ʧʝʨʠʦʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ 2018 ʛʦʜʘ. ʅʘ ʧʦʩʪʘʭ ʧʦʣʥʦʝ 

ʦʯʠʱʝʥʠʝ ʦʟʝʨʘ ʦʪʦ ʣʴʜʘ ʧʨʦʠʟʦʰʣʦ 7 ʤʘʷ, ʧʝʨʚʳʝ ʦʩʝʥʥʠʝ ʣʝʜʦʚʳʝ ʷʚʣʝʥʠʷ 

ʥʘʙʣʶʜʘʣʠʩʴ 31 ʦʢʪʷʙʨʷ [11]. ʈʘʩʯʝʪʥʳʡ ʧʝʨʠʦʜ ʚʳʙʨʘʥ ʩ 13:00 ʯ. 15.05.2018 ʧʦ 

13:00 ʯ. 27.10.2018. 

ɼʣʷ ʚʩʝʛʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʝʨʠʦʜʘ ʟʘʜʘʚʘʣʠʩʴ ʩʨʝʜʥʝʩʫʪʦʯʥʳʝ ʨʘʩʭʦʜʳ 

ʚʦʜʳ ʠ ʩʨʝʜʥʝʜʝʢʘʜʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ rʚʦʜʳ ʨʝʢ ʂʘʨʛʘʪ ʠ ʏʫʣʳʤ ʧʦ 

ʧʦʩʪʘʤ ʩ. ɿʜʚʠʥʩʢ ʠ ʩ. ʉʪʘʨʦʛʦʨʥʦʩʪʘʣʝʚʦ [9-11] ʠ ʤʝʪʝʦʧʘʨʘʤʝʪʨʳ ʩ 

ʪʨʝʭʯʘʩʦʚʦʡ ʜʠʩʢʨʝʪʥʦʩʪʴʶ ʧʦ ʩʪʘʥʮʠʠ ʂʚʘʰʥʠʥʦ (ʩʢʦʨʦʩʪʴ ʠ ʥʘʧʨʘʚʣʝʥʠʝ 

ʚʝʪʨʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ, ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ, 

ʦʙʱʘʷ ʦʙʣʘʯʥʦʩʪʴ, ʘʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ) [8]. 

ɿʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʜʘʥʥʳʤʠ ʥʘʙʣʶʜʝʥʠʡ. ʅʘ ʨʠʩʫʥʢʘʭ 2, 3 ʧʨʠʚʝʜʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ 

ʨʘʩʩʯʠʪʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʩ ʜʘʥʥʳʤʠ ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʧʦʩʪʘʭ ʠ 

ʨʝʡʜʦʚʳʭ ʚʝʨʪʠʢʘʣʷʭ. ʉʭʝʤʘ ʧʫʥʢʪʦʚ ʥʘʙʣʶʜʝʥʠʡ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. ʅʘ 

ʦʟʝʨʥʳʭ ʧʦʩʪʘʭ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʠʟʤʝʨʷʝʪʩʷ ʫ ʙʝʨʝʛʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ 

ʪʦʣʱʠʥʦʡ 0,1-0,5 ʤ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʣʝʜʦʩʪʘʚʘ (ʚ [11] ʧʫʙʣʠʢʫʶʪʩʷ 

ʩʨʝʜʥʝʜʝʢʘʜʥʳʝ ʟʥʘʯʝʥʠʷ). ʅʘ ʨʝʡʜʦʚʳʭ ʚʝʨʪʠʢʘʣʷʭ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʥʘ 

ʨʘʟʥʳʭ ʛʣʫʙʠʥʘʭ: ʦʜʠʥ ʨʘʟ ʚ ʜʝʢʘʜʫ ʩ ʠʶʥʷ ʧʦ ʩʝʥʪʷʙʨʴ, ʚ ʦʩʪʘʣʴʥʦʝ ʚʨʝʤʷ ï ʦʜʠʥ 

ʨʘʟ ʚ ʤʝʩʷʮ, ʢʨʦʤʝ ʧʝʨʝʭʦʜʥʳʭ ʧʝʨʠʦʜʦʚ (ʘʧʨʝʣʴ, ʦʢʪʷʙʨʴ); ʣʠʙʦ ʦʜʠʥ ʨʘʟ ʚ ʤʝʩʷʮ 

ʚ ʧʝʨʠʦʜ ʦʪʢʨʳʪʦʡ ʚʦʜʳ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʜʣʷ ʧʨʠʤʝʨʘ ʧʦʢʘʟʘʥʦ ʩʨʘʚʥʝʥʠʝ ʩʨʝʜʥʠʭ ʜʝʢʘʜʥʳʭ 

ʨʘʩʩʯʠʪʘʥʥʳʭ ʠ ʥʘʙʣʶʜʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʧʦ ʧʦʩʪʘʤ ʂʚʘʰʥʠʥʦ 

ʠ ʊʘʛʘʥ. ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪ rʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʪʨʝʭʯʘʩʦʚʦʡ 

ʜʠʩʢʨʝʪʥʦʩʪʴʶ ʠ ʜʘʥʥʳʝ ʠʟʤʝʨʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʥʘ ʨʝʡʜʦʚʳʭ ʚʝʨʪʠʢʘʣʷʭ 

ʚ ʢʦʥʢʨʝʪʥʳʝ ʜʘʪʳ ʥʘ ʚʝʨʪʠʢʘʣʠ 1 (ʥʘ ʛʣʫʙʦʢʦʤ ʗʨʢʦʚʩʢʦʤ ʧʣʝʩʝ) ʠ ʚʝʨʪʠʢʘʣʠ 4 

(ʥʘ ʤʝʣʢʦʚʦʜʥʦʤ ʊʘʛʘʥʦ-ʂʘʟʘʥʮʝʚʩʢʦʤ ʧʣʝʩʝ). 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʦʚ ʧʦʩʪʨʦʝʥʳ ʢʘʨʪʳ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ, 

ʦʪʨʘʞʘʶʱʠʝ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʝʸ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʦʟʝʨʫ. ʅʘ ʨʠʩʫʥʢʝ 4 ʜʣʷ 

ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʝʥʳ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʜʣʷ ʜʚʫʭ ʜʘʪ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʧʝʨʠʦʜʘʤ 

ʚʝʩʝʥʥʝʛʦ ʥʘʛʨʝʚʘʥʠʷ ʠ ʦʩʝʥʥʝʛʦ ʦʭʣʘʞʜʝʥʠ.̫ ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʦʟ. ʗʨʢʫʣʴ ʠ 

ʗʨʢʦʚʩʢʦʤ ʧʣʸʩʝ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʚʝʩʥʦʡ ʥʠʞʝ, ʘ ʦʩʝʥʴʶ ʚʳʰʝ, ʯʝʤ ʚ 

ʤʝʣʢʦʚʦʜʥʳʭ ʧʣʝʩʘʭ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʟʘʤʝʜʣʝʥʥʳʤ ʧʨʦʛʨʝʚʘʥʠʝʤ ʠ 

ʦʭʣʘʞʜʝʥʠʝʤ ʠʭ ʚʦʜʥʦʡ ʤʘʩʩʳ, ʚʩʣʝʜʩʪʚʠʝ ʠʭ ʙʦʣʴʰʠʭ ʛʣʫʙʠʥ. 
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ʈʠʩʫʥʦʢ 2 ï ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʦʟ. ʏʘʥʳ (ʩʨʝʜʥʝʜʝʢʘʜʥʘʷ) ʧʦ ʧʦʩʪʘʤ ʜ. ʂʚʘʰʥʠʥʦ ʠ ʩ. ʊʘʛʘʥ: 

1 ï ʜʘʥʥʳʝ ʥʘʙʣʶʜʝʥʠʡ, 2 ï ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ 

 
ʈʠʩʫʥʦʢ 3 ï ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʦʟ. ʏʘʥʳ ʥʘ ʨʝʡʜʦʚʳʭ ʚʝʨʪʠʢʘʣʷʭ ˉ1 ʠ ˉ4: 

1 ï ʧʦ ʜʘʥʥʳʤ ʥʘʙʣʶʜʝʥʠʡ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ, 2 ï ʧʦ ʜʘʥʥʳʤ ʥʘʙʣʶʜʝʥʠʡ ʫ ʜʥʘ, 3 ï ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʦʚ 
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ʈʠʩʫʥʦʢ 4 ï ʂʘʨʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʦʟ. ʏʘʥʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ: ʘ ï 30.05.2018 ʛ. 13:00 ʯ.; ʙ ï 12.10.2018 ʛ. 13:00 ʯ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺʳʧʦʣʥʝʥʦ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʦʟʝʨʘ 

ʏʘʥʳ ʚ ʧʝʨʠʦʜ ʦʪʢʨʳʪʦʡ ʚʦʜʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʚʫʤʝʨʥʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʪʝʨʤʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚʦʜʦʝʤʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʭʦʜʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ 2018 ʛ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʨʘʩʩʯʠʪʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʦʜʳ ʦʟʝʨʘ ʩ ʜʘʥʥʳʤʠ ʥʘʙʣʶʜʝʥʠʡ, ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʦʩʪʨʦʝʥʥʘʷ 2DH-ʤʦʜʝʣ ɹʜʣʷ 

ʦʧʠʩʘʥʠʷ ʊɻɼ-ʧʨʦʮʝʩʩʦʚ ʚ ʚʦʜʦʝʤʝ ʘʜʝʢʚʘʪʥʦ ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʦʩʦʙʝʥʥʦʩʪʠ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʦʟ. ʏʘʥʳ ʚ ʙʝʟʣʝʜʦʩʪʘʚʥʳʡ ʧʝʨʠʦʜ. ʄʦʜʝʣʴ ʧʨʘʚʠʣʴʥʦ 

ʦʧʠʩʳʚʘʝʪ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʧʦ ʘʢʚʘʪʦʨʠʠ 

ʚʦʜʦʝʤʘ ʠ ʦʪʨʘʞʘʝʪ ʟʘʧʘʟʜʳʚʘʥʠʝ ʧʨʦʛʨʝʚʘ ʠ ʦʭʣʘʞʜʝʥʠʷ ʙʦʣʝʝ ʛʣʫʙʦʢʠʭ ʯʘʩʪʝʡ 

ʦʟʝʨʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʣʢʦʚʦʜʥʳʤʠ ʫʯʘʩʪʢʘʤʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʀʥʩʪʠʪʫʪʘ ʚʦʜʥʳʭ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʉʆ ʈɸʅ. 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

1. ʕʜʝʣʴʰʪʝʡʥ ʂ.ʂ. ʃʠʤʥʦʣʦʛʠʷ: ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʜʣʷ ʚʫʟʦʚ 2021. 2-ʝ ʠʟʜ., ʠʩʧʨ. ʠ 

ʜʦʧ. ï ʄʦʩʢʚʘ: ʖʨʘʡʪ, 2021. ï 386 ʩ. 

2. ʆʙʟʦʨ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʟʝʨʘ ʏʘʥʳ (ɿʘʧʘʜʥʘʷ ʉʠʙʠʨʴ) / ʆʪʚ. ʨʝʜ. ʆ.ʌ. 
ɺʘʩʠʣʴʝʚ, ʗ. ɺʝʡʥ. ï ʅʦʚʦʩʠʙʠʨʩʢ: ɸʢʘʜ. ʠʟʜ-ʚʦ çɻʝʦè, 2015. ï 255 ʩ. 

3. ʇʫʣʴʩʠʨʫʶʱʝʝ ʦʟʝʨʦ ʏʘʥʳ / ʇʦʜ ʨʝʜ. ʅ.ʇ. ʉʤʠʨʥʦʚʦʡ ʠ ɸ.ɺ. ʐʥʠʪʥʠʢʦʚʘ. ï ʃ.: 

ʅʘʫʢʘ. ʃʝʥʠʥʛʨ. ʦʪʜʝʣʝʥʠʝ, 1982. ï 304 ʩ. 

4. ɻʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʡ ʨʝʞʠʤ ʦʟʝʨ ʠ ʚʦʜʦʭʨʘʥʠʣʠʱ ʉʉʉʈ. ʅʦʚʦʩʠʙʠʨʩʢʦʝ 
ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʠ ʦʟʝʨʘ ʙʘʩʩʝʡʥʘ ʉʨʝʜʥʝʡ ʆʙʠ / ʇʦʜ ʨʝʜ. ɺ.ɸ. ɿʥʘʤʝʥʩʢʦʛʦ, ʄ.ʗ. 

ʂʫʥʷʚʩʢʦʛʦ. ï ʃ.: ɻʠʜʨʦʤʝʪʝʦʠʟʜʘʪ, 1979. ï 156 ʩ. 

5. ʉʘʚʢʠʥ ɺ. ʄ., ɼʚʫʨʝʯʝʥʩʢʘʷ ʉ. ʗ., ʉʘʧʨʳʢʠʥʘ ʗ. ɺ, ʄʘʨʫʩʠʥ ʂ. ɺ. ʆʩʥʦʚʥʳʝ 
ʛʠʜʨʦʣʦʛʦ-ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʟʝʨʘ ʏʘʥʳ // 

ʉʠʙʠʨʩʢʠʡ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʞʫʨʥʘʣ. ï 2005. ï ˉ 2. ï ʉ. 183ï192. 

6. ʂʦʥʜʘʢʦʚʘ ʆ.ɺ., ʉʘʚʢʠʥ ɺ.ʄ., ɼʚʫʨʝʯʝʥʩʢʘʷ ʉ.ʗ., ʄʘʨʫʩʠʥ ʂ.ɺ. ɺʦʜʥʳʡ ʙʘʣʘʥʩ ʠ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʙʝʩʩʪʦʯʥʦʛʦ ʦʟʝʨʘ ʏʘʥʳ // ɻʝʦʛʨʘʬʠʷ ʠ ʧʨʠʨʦʜʥʳʝ 

ʨʝʩʫʨʩʳ. ï 2020. ï ˉ 1. ï ʉ. 122-129. 



˥͙͎͙͒ͪͦͦ͡;͔͙͔ͫ͟ ͙ ͎͙͒ͪͦͺ͙͙͘;͔͙͔ͫ͟ ͨͪͦͼ͔ͫͫ· ͍ ͍ͦ͒ͤ·ͻ ͦ͋Ά͔ͭ͊͟ͻ ͙ ͙ͻ ͍ͦ͒ͦͫ͋ͦͪ͊ͻ 
 ͍  ͍͙ͯͫͦ͡Ύͻ ͎͔͊ͤͭͪͦͨͦͤͤ·ͻ ͍͔͚͍͙͚ͦ͒ͫͭ͘ ͙ ͙͙ͣ͊ͭ͟͡;͔͙ͫ͟ͻ ͙͔͔͙͚ͣͤͤ͘ 

134 

7. Delft3D 4 ï Open Source Community. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï URL: 

https://oss.deltares.nl/web/delft3d (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 15.06.2022). 

8. RP5.ru. ʈʘʩʧʠʩʘʥʠʝ ʧʦʛʦʜʳ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï URL: https://rp5.ru (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ 15.06.2022). 

9. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 
ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ (ɸʀʉ ɻʄɺʆ). [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï URL: 

https://gmvo.skniivh.ru/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 15.06.2022). 

10. ɽʞʝʛʦʜʥʳʝ ʜʘʥʥʳʝ ʦ ʨʝʞʠʤʝ ʠ ʨʝʩʫʨʩʘʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʩʫʰʠ. 2018 ʛʛ. ʏʘʩʪʴ 1. 

ʈʝʢʠ ʠ ʢʘʥʘʣʳ. ʊʦʤ 1. ɺʳʧʫʩʢ 10. ï ʅʦʚʦʩʠʙʠʨʩʢ, 2020ʘ. ï 304 c. 

11. ɽʞʝʛʦʜʥʳʝ ʜʘʥʥʳʝ ʦ ʨʝʞʠʤʝ ʠ ʨʝʩʫʨʩʘʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʩʫʰʠ. 2018 ʛʛ. ʏʘʩʪʴ 2. 

ʆʟʝʨʘ ʠ ʚʦʜʦʭʨʘʥʠʣʠʱʘ. ʊʦʤ 1. ɺʳʧʫʩʢ 10. ï ʅʦʚʦʩʠʙʠʨʩʢ, 2020ʙ. ï 92 c. 

12. ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ (ʉʋɹɼ) PostgreSQL. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï 

URL: https://www.postgresql.org (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 15.06.2022). 

 

MODELING OF THERMAL REGIME OF CLOSED LAKE CHANY  

A.T. Zinoviev, A.V. Dyachenko, O.V. Kondakova 

Institute for Water and Environmental Problems SB RAS, Barnaul,  

e-mail: zinoviev@iwep.ru 

Abstract. The results of computer modeling of thermal regime of closed Lake Chany for an open 

water period are presented. A computer two-dimensional horizontal (2DH) thermohydrodynamic 

(THD) model constructed on the base of the open software package Delft3D is implemented. 

ʉalculations of thermal regime of Lake Chany were performed using the input data for the year 2018. 

Based on simulation results, maps of water temperature distribution over the lake water area were 

constructed. The analysis of the findings proves the ability of the constructed 2DH computer model 

of Lake Chany to reproduce the features of its thermal regime for an ice-free period. 

Keywords: Lake Chany, thermal regime, computer modeling, open-water period 

 



ˤͦ͒ͤ·͔ ͙ Ή͎͙ͦͦ͟͡;͔͙͔ͫ͟ ͔ͨͪͦ͋ͣ͡· ˿͙͙͙͋ͪ ͙ ͔̇ͤͭͪ͊͡Έ͚ͤͦ ˢ͙͙͘  

135 

ʆʇɽʈɸʊʀɺʅʓʁ ʋʏɪʊ ʉʊʆʂɸ ʈɽʂʀ ʆɹʔ 

ɺ ʉʊɺʆʈɽ ɻʀɼʈʆʃʆɻʀʏɽʉʂʆɻʆ ʇʆʉʊɸ ɻ. ʂɸʄɽʅʔ-ʅɸ-ʆɹʀ 

ɺ ʋʉʃʆɺʀʗʍ ʇɽʈɽʄɽʅʅʆɻʆ ʇʆɼʇʆʈɸ 
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ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʪʦʜ ʚʳʯʠʩʣʝʥʠʷ ʦʧʝʨʘʪʠʚʥʳʭ ʨʘʩʭʦʜʦʚ ʚʦʜʳ ʨʝʢʠ ʆʙʠ ʚ 

ʫʩʣʦʚʠʷʭ ʧʝʨʝʤʝʥʥʦʛʦ ʧʦʜʧʦʨʘ ʥʘ ʫʯʘʩʪʢʝ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʩʪʘ ʛ. ʂʘʤʝʥʴ-ʥʘ-ʆʙʠ. ɿʘ 

ʦʩʥʦʚʫ ʨʘʩʯʸʪʘ ʧʨʠʥʠʤʘʝʪʩʷ ʦʧʦʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʩʭʦʜʦʚ ʚʦʜʳ ʚ ʨʘʩʯʝʪʥʦʤ ʩʪʚʦʨʝ ʦʪ 

ʫʨʦʚʥʝʡ ʚʦʜʳ ʠ ʫʢʣʦʥʦʚ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʪʨʘʞʘʶʱʠʭ ʧʝʨʝʤʝʥʥʳʡ ʧʦʜʧʦʨ ʥʘ ʫʯʘʩʪʢʝ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʩʪʘ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʩʯʝʪʥʳʭ ʫʨʘʚʥʝʥʠʡ ʠʩʩʣʝʜʫʝʪʩʷ ʯʝʪʳʨʝ ʚʘʨʠʘʥʪʘ 

ʨʘʟʣʠʯʥʳʭ ʩʦʯʝʪʘʥʠʡ ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʚʢʣʶʯʘʶʱʠʭ ʫʨʦʚʥʠ ʚʦʜʳ ʠ ʫʢʣʦʥʳ ʚʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʫʯʝʪʦʤ ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʧʦʩʪʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʳʰʝ ʠ 

ʥʠʞʝ ʨʘʩʯʝʪʥʦʛʦ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʩʪʘ. ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʨʘʩʭʦʜʦʚ ʚʦʜʳ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ 

ʦʧʦʨʥʳʤ ʟʘʚʠʩʠʤʦʩʪʷʤ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʧʨʘʚʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʵʢʩʪʨʘʧʦʣʷʮʠʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʤʝʥʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʨʫʩʣʘ ï ʨʷʜʦʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʦʪʢʣʦʥʝʥʠʡ 

ʨʘʩʭʦʜʦʚ ʚʦʜʳ, ʠʟʤʝʨʝʥʥʳʭ ʚ ʧʨʝʜʰʝʩʪʚʫʶʱʠʡ ʜʘʪʝ ʨʘʩʯʝʪʘ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ, ʦʪ 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʦʧʦʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ. ɿʥʘʯʝʥʠʷ ʝʞʝʜʥʝʚʥʳʭ ʦʧʝʨʘʪʠʚʥʳʭ ʨʘʩʭʦʜʦʚ ʚʦʜʳ 

ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʜʘʥʥʳʤʠ ʨʝʞʠʤʥʦʛʦ ʫʯʸʪʘ ʩʪʦʢʘ, ʜʝʣʘʝʪʩʷ ʚʳʚʦʜ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʯʸʪʘ ʩʪʦʢʘ ʚ ʫʩʣʦʚʠʷʭ ʧʝʨʝʤʝʥʥʦʛʦ ʧʦʜʧʦʨʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʧʝʨʘʪʠʚʥʳʡ ʫʯʸʪ ʩʪʦʢʘ, ʧʝʨʝʤʝʥʥʳʡ ʧʦʜʧʦʨ, ʨʘʩʭʦʜ ʚʦʜʳ, ʫʢʣʦʥ ʚʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʫʨʘʚʥʝʥʠʝ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʨʝʛʨʝʩʩʠʠ 

ɺʚʝʜʝʥʠʝ 

ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʛʠʜʨʦʤʝʪʨʠʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʚʦʩʧʨʦʠʟʚʝʩʪʠ 

ʛʠʜʨʦʛʨʘʬ ʩʪʦʢʘ ï ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʝʞʝʜʥʝʚʥʳʭ ʨʘʩʭʦʜʦʚ ʚʦʜʳ (ɽʈɺ) ʢʘʢ 

ʥʝʧʨʝʨʳʚʥʫʶ ʬʫʥʢʮʠʶ ʚʨʝʤʝʥʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʠʩʢʨʝʪʥʳʭ ʠʟʤʝʨʝʥʠʡ 

ʨʘʩʭʦʜʦʚ ʠ ʥʝʧʨʝʨʳʚʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʫʨʦʚʥʷʤʠ ʚʦʜʳ. 

ɺ ʨʝʞʠʤʥʦʤ ʚʘʨʠʘʥʪʝ ʫʯʸʪʘ ʩʪʦʢʘ ʨʘʩʯʸʪ ɽʈɺ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʠʩʪʝʯʝʥʠʠ 

ʛʦʜʘ, ʢʦʛʜʘ ʠʤʝʝʪʩʷ ʚʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʠ ʠʟʤʝʨʝʥʠʡ ʟʘ ʛʦʜ. ɺ 

ʦʧʝʨʘʪʠʚʥʦʤ ʚʘʨʠʘʥʪʝ ʫʯʸʪʘ ʩʪʦʢʘ ʨʘʩʯʸʪ ʟʥʘʯʝʥʠʡ ʨʘʩʭʦʜʦʚ ʚʦʜʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʚ ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʷʶʱʝʡʩʷ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʡ 

ʦʙʩʪʘʥʦʚʢʠ, ʧʨʠ ʵʪʦʤ ʠʤʝʶʪʩʷ ʜʘʥʥʳʝ ʠʟʤʝʨʝʥʠʡ ʠ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʧʨʦʰʣʳʝ ʛʦʜʳ 

ʠ ʥʝʧʦʣʥʘʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʜʘʥʥʳʭ ʟʘ ʪʝʢʫʱʠʡ ʛʦʜ. 

ɿʘʜʘʯʘ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʯʸʪʘ ʩʪʦʢʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʣʫʯʝʥʠʠ ʩʨʦʯʥʳʭ ʠ 

ʝʞʝʜʥʝʚʥʳʭ ʟʥʘʯʝʥʠʡ ʨʘʩʭʦʜʦʚ ʚʦʜʳ ʧʦ ʜʘʥʥʳʤ ʘʢʪʫʘʣʴʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʟʘ 

ʫʨʦʚʥʝʤ ʚʦʜʳ ʠ ʩʦʚʦʢʫʧʥʦʩʪʠ ʠʟʤʝʨʝʥʥʳʭ ʨʘʩʭʦʜʦʚ ʚʦʜʳ (ʀʈɺ), ʚʳʧʦʣʥʝʥʥʳʭ 

ʚ ʧʝʨʠʦʜ, ʧʨʝʜʰʝʩʪʚʫʶʱʠʡ ʤʦʤʝʥʪʫ ʨʘʩʯʸʪʘ. 

ʂʘʢ ʚ ʨʝʞʠʤʥʦʤ, ʪʘʢ ʠ ʚ ʦʧʝʨʘʪʠʚʥʦʤ ʚʘʨʠʘʥʪʝ ʫʯʝʪʘ ʩʪʦʢʘ ʚ ʢʘʯʝʩʪʚʝ 

ʧʝʨʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʟʥʘʯʝʥʠʶ ʨʘʩʭʦʜʘ ʚʦʜʳ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʫʨʦʚʥʝ 

ʧʨʠʥʠʤʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʨʘʩʭʦʜʘ ʚʦʜʳ, ʧʦʣʫʯʝʥʥʦʝ ʧʦ ʦʧʦʨʥʦʡ ʢʨʠʚʦʡ ʨʘʩʭʦʜʦʚ 

(ʂʈ) Q(H) ʜʣʷ ʨʘʩʯʝʪʥʦʛʦ ʫʨʦʚʥʷ ʚʦʜʳ Ht. ɺ ʢʘʯʝʩʪʚʝ ʦʧʦʨʥʦʡ ʂʈ ʜʣʷ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʯʝʪʘ ʩʪʦʢʘ ʧʨʠʥʠʤʘʝʪʩʷ ʂʈ, ʧʦʣʫʯʝʥʥʘʷ ʧʦ ʜʘʥʥʳʤ ʀʈɺ ʧʨʦʰʣʳʭ 

ʣʝʪ. 
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ʅʘʠʙʦʣʝʝ ʩʣʦʞʥʦʡ ʟʘʜʘʯʘ ʫʯʪyʘ ʩʪʦʢʘ ʩʪʘʥʦʚʠʪʩʷ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʦʜʥʦʟʥʘʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʭʦʜʦʚ ʦʪ ʫʨʦʚʥʝʡ ʚʦʜʳ, ʢʦʛʜʘ ʫʩʣʦʚʠ ̫ʧʨʦʪʝʢʘʥʠʷ 

ʧʦʪʦʢʘ ʠʟʤʝʥʷʶʪʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ï ʧʝʨʝʤʝʥʥʳʡ ʧʦʜʧʦʨ ʦʪ ʚʧʘʜʘʶʱʠʭ ʥʠʞʝ ʧʨʠʪʦʢʦʚ 

ʠʣʠ ʨʘʟʤʝʱʝʥʥʳʭ ʚ ʨʫʩʣʝ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ [1]. 

ʎʝʣʴ ʨʘʙʦʪʳ 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʘʧʨʦʙʘʮʠʷ ʤʝʪʦʜʘ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʯʸʪʘ 

ʩʪʦʢʘ ʨ. ʆʙʴ ʚ ʩʪʚʦʨʝ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʩʪʘ (ɻʇ) ʛ. ʂʘʤʝʥʴ-ʥʘ-ʆʙʠ ʚ ʫʩʣʦʚʠʷʭ 

ʧʝʨʝʤʝʥʥʦʛʦ ʧʦʜʧʦʨʘ ʦʪ ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʋʯʘʩʪʦʢ ɻʇ ʨ. ʆʙʴ ï ʛ. ʂʘʤʝʥʴ-ʥʘ-ʆʙʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʣʠʷʥʠʝʤ 

ʧʝʨʝʤʝʥʥʦʛʦ ʧʦʜʧʦʨʘ ʦʪ ʥʠʞʝʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ. 

ʈʫʩʣʦ ʥʘ ʫʯʘʩʪʢʝ ɻʇ ʧʦʜʚʝʨʞʝʥʦ ʜʝʬʦʨʤʘʮʠʷʤ, ʝʞʝʛʦʜʥʦ ʧʨʦʚʦʜʷʪʩʷ 

ʜʥʦʫʛʣʫʙʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ. 

ɼʣʷ ʨʘʩʯʪyʦʚ ɽʈɺ, ʧʫʙʣʠʢʫʝʤʳʭ ʚ ʩʧʨʘʚʦʯʥʠʢʘʭ çɽʞʝʛʦʜʥʳʝ ʜʘʥʥʳʝ ʦ 

ʨʝʞʠʤʝ ʠ ʨʝʩʫʨʩʘʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʩʫʰʠè (ɽɼʉ), ʧʨʠʤʝʥʷʶʪ ʤʝʪʦʜ ʧʨʦʩʪʦʡ 

ʠʥʪʝʨʧʦʣʷʮʠʠ ʤʝʞʜʫ ʀʈɺ. ʇʨʠ ʜʣʠʪʝʣʴʥʦʤ ʦʪʩʫʪʩʪʚʠʠ ʠʟʤʝʨʝʥʠʡ ʨʘʩʭʦʜʦʚ 

ʚʦʜʳ ʨʘʩʯʸʪ ɽʈɺ ʥʝ ʧʨʦʠʟʚʦʜʠʪʩʷ. 

ʇʝʨʝʤʝʥʥʳʡ ʧʦʜʧʦʨ ʧʨʦʷʚʣʷʝʪʩʷ ʨʘʟʙʨʦʩʦʤ ʪʦʯʝʢ ʀʈɺ ʥʘ ʟʘʚʠʩʠʤʦʩʪʠ 

Q(H). ʈʘʟʙʨʦʩ ʪʦʯʝʢ ʧʨʠ ʩʚʦʙʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʨʫʩʣʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʯʪʠ 

ʝʞʝʛʦʜʥʦ. ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʩʭʦʜʦʚ ʦʪ ʫʨʦʚʥʝʡ ʚʦʜʳ ʨ. ʆʙʴ ʚ 

ʛʠʜʨʦʩʪʚʦʨʝ ɻʇ ʛ. ʂʘʤʝʥʴ-ʥʘ-ʆʙʠ ʟʘ ʧʝʨʠʦʜ ʩ 2000 ʧʦ 2020 ʛʦʜʳ. 

 
ʈʠʩʫʥʦʢ 1 ï ʄʥʦʛʦʣʝʪʥʷʷ ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʩʭʦʜʦʚ ʦʪ ʫʨʦʚʥʝʡ ʚʦʜʳ ʨ. ʆʙʴ ï ʛ. ʂʘʤʝʥʴ-ʥʘ-ʆʙʠ 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʟʥʘʯʝʥʠʝ ʨʘʩʭʦʜʘ ʚʦʜʳ ʥʘ ʜʘʪʫ (ʩʨʦʢ) t Qʨt, ʤ
3/ʩ, 

ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ  

Q
ʨt 
 = Q(Ht)(1 + q

t
), (1) 

ʛʜʝ Q(Ht) ï ʟʥʘʯʝʥʠʝ ʨʘʩʭʦʜʘ ʚʦʜʳ, ʧʦʣʫʯʝʥʥʦʝ ʧʦ ʂʈ ʜʣʷ ʨʘʩʯʝʪʥʦʛʦ ʫʨʦʚʥʷ Ht, 

ʤ3/ʩ; 
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 q
t
 ï ʧʦʧʨʘʚʢʘ, ʫʯʠʪʳʚʘʶʱʘʷ ʠʟʤʝʥʝʥʠʝ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʨʫʩʣʘ (ʇʉʈ) ʥʘ 

ʤʦʤʝʥʪ ʨʘʩʯʸʪʘ t. 

ʆʪʢʣʦʥʝʥʠʷ ʀʈɺ ʦʪ ʂʈ ʦʙʫʩʣʦʚʣʝʥʳ ʜʚʫʤʷ ʧʨʠʯʠʥʘʤʠ: ʩʣʫʯʘʡʥʳʤʠ 

ʧʦʛʨʝʰʥʦʩʪʷʤʠ ʠʟʤʝʨʝʥʠʷ ʨʘʩʭʦʜʦʚ ʚʦʜʳ ʠ ʠʟʤʝʥʝʥʠʷʤʠ ʫʩʣʦʚʠʡ ʧʨʦʪʝʢʘʥʠʷ 

ʧʦʪʦʢʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. 

ʀʟʤʝʥʝʥʠʷ ʇʉʈ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʥʝʫʯʪʥyʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʚ ʘʣʛʦʨʠʪʤʘʭ ʫʯʝʪʘ 

ʩʪʦʢʘ ʚʦʜʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʩʣʫʯʘʡʥʘʷ ʬʫʥʢʮʠʷ ʚʨʝʤʝʥʠ ʠ ʦʮʝʥʠʚʘʶʪʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʤʝʥʝʥʠʷ ʇʉʈ ʚʦ ʚʨʝʤʝʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʀʈɺ q̼ʠ ʦʪ ʦʧʦʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ Q(H), ʢʦʪʦʨʳʝ 

ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

q
ʠ
 = 
Q
ʠ
 ï Q(Hʠ)

Q(Hʠ)
, (2) 

ʛʜʝ Qʠ ï ʠʟʤʝʨʝʥʥʳʡ ʨʘʩʭʦʜ ʚʦʜʳ, ʤ3/ʩ; 

Q(Hʠ) ï ʨʘʩʭʦʜ ʚʦʜʳ, ʧʦʣʫʯʝʥʥʳʡ ʧʦ ʂʈ Q(H) ʜʣʷ ʫʨʦʚʥʷ ʅʠ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʦʛʦ 

ʚʦ ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʷ ʨʘʩʭʦʜʘ ʚʦʜʳ Qʠ, ʤ
3/ʩ [2]. 

ʇʨʠ ʧʝʨʝʤʝʥʥʦʤ ʧʦʜʧʦʨʝ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʨʫʩʣʘ, ʦʪʥʝʩʥyʥʘʷ ʢ 

ʦʜʥʦʤʫ ʠ ʪʦʤʫ ʞʝ ʬʠʢʩʠʨʦʚʘʥʥʦʤʫ ʫʨʦʚʥʶ H, ʧʨʠ ʧʦʜʧʦʨʝ ʩʥʠʞʘʝʪʩʷ, ʘ ʧʨʠ 

ʩʧʘʜʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ ʚʝʣʠʯʠʥʫ ȹQ, ʢʦʪʦʨʘʷ ʩʚʷʟʘʥʘ ʩʣʦʞʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʩ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ. ɺ ʠʭ ʯʠʩʣʦ ʚʭʦʜʷʪ ʪʘʢʠʝ ʪʨʫʜʥʦʦʧʨʝʜʝʣʷʝʤʳʝ 

ʵʣʝʤʝʥʪʳ, ʢʘʢ ʫʢʣʦʥ ʪʨʝʥʠʷ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʨʫʩʣʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʚʩʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʨʫʩʣʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦʣʦʞʝʥʠʝʤ 

ʫʨʦʚʥʷ ʚ ʜʚʫʭ ʩʤʝʞʥʳʭ ʩʪʚʦʨʘʭ ï ʚʝʨʭʥʝʤ Hʚ ʠ ʥʠʞʥʝʤ Hʥ. ʋʨʦʚʥʠ Hʚ ʠ Hʥ 

ʧʨʠʥʠʤʘʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʘʨʛʫʤʝʥʪʦʚ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʨʘʩʭʦʜʘ ʚʦʜʳ, ʢʦʪʦʨʘʷ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʫʨʘʚʥʝʥʠʷ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʨʝʛʨʝʩʩʠʠ (ʋʄʈ) 

Q = a0 + a1Hʚ + a2Hʚ
2 + a3Hʥ, (3) 

ʛʜʝ a0, a1, a3 ï ʢʦʵʬʬʠʮʠʝʥʪʳ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʤʝʪʦʜʦʤ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʨʝʛʨʝʩʩʠʠ 

[3]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʘʨʘʤʝʪʨ Q(Ht) ʚ ʬʦʨʤʫʣʝ (1) ʧʨʠʥʠʤʘʝʪ ʚʠʜ Q(Ht, Ht
2, Xt), 

ʛʜʝ Xt ï ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʬʘʢʪʦʨ, ʚʢʣʶʯʝʥʥʳʡ ʚ ʋʄʈ. 

ɺ ʢʘʯʝʩʪʚʝ ʩʦʧʨʷʞʸʥʥʦʛʦ ʩʪʚʦʨʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʢʘʢ ʚʝʨʭʥʠʡ, ʪʘʢ 

ʠ ʥʠʞʥʠʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʩʯʝʪʥʦʤʫ ɻʇ. ʉʦʧʨʷʞʸʥʥʳʡ ɻʇ ʜʦʣʞʝʥ ʥʘʭʦʜʠʪʴʩʷ 

ʚʥʝ ʟʦʥʳ ʚʣʠʷʥʠʷ ʧʝʨʝʤʝʥʥʦʛʦ ʧʦʜʧʦʨʘ. ʋʨʦʚʥʠ ʚʦʜʳ ʥʘ ʩʦʧʨʷʞʥyʥʦʤ ɻʇ 

ʜʦʣʞʥʳ ʚʚʦʜʠʪʴʩʷ ʚ ʫʨʘʚʥʝʥʠʝ (3) ʩ ʫʯʝʪʦʤ ʚʨʝʤʝʥʠ ʜʦʙʝʛʘʥʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ ʫʨʘʚʥʝʥʠʷ (3) ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ 

ʫʨʦʚʥʠ, ʥʦ ʠ ʫʢʣʦʥʳ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʞʜʫ ʨʘʩʯʪyʥʳʤ ʠ ʩʦʧʨʷʞʥyʥʳʤ ɻʇ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʜʦʙʝʛʘʥʠʷ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ 

ʤʝʥʷʪʴʩʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʩʦʧʨʷʞʸʥʥʳʭ ʙʳʣʠ ʧʨʠʥʷʪʳ ʜʚʘ ɻʇ: 

ï ɺʝʨʭʥʠʡ ï ɻʇ ʨ. ʆʙʴ ï ʩ. ʐʝʣʘʙʦʣʠʭʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ 122 ʢʤ ʚʳʰʝ ɻʇ 

ʛ. ʂʘʤʝʥʴ-ʥʘ-ʆʙʠ; 

ï ʅʠʞʥʠʡ ï ʦʟʸʨʥʳʡ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʡ ʧʦʩʪ (ʆɻʇ) ʚʜʭʨ ʅʦʚʦʩʠʙʠʨʩʢʦʝ ï 

ʩ. ʉʧʠʨʠʥʦ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ 50 ʢʤ ʥʠʞʝ ɻʇ ʛ. ʂʘʤʝʥʴ-ʥʘ-ʆʙʠ. 
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ɹʳʣʦ ʩʦʩʪʘʚʣʝʥʦ ʯʝʪʳʨʝ ʚʘʨʠʘʥʪʘ ʨʘʩʯʝʪʥʳʭ ʫʨʘʚʥʝʥʠʡ: 

1. ʉ ʫʯʸʪʦʤ ʫʢʣʦʥʘ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʞʜʫ ʚʝʨʭʥʠʤ ɻʇ ʠ ʨʘʩʯʸʪʥʳʤ 

ɻʇ. 

Qʨ = a0 + a1Hʨ + a2Hʨ
2 + a3Iʚ-ʨ, (4) 

ʛʜʝ  Qʨ ï ʨʘʩʭʦʜ ʚʦʜʳ ʚ ʨʘʩʯʸʪʥʦʤ ʛʠʜʨʦʩʪʚʦʨʝ, ʤį/ʩ; 

 Hʨ ï ʫʨʦʚʝʥʴ ʚʦʜʳ ʥʘ ʨʘʩʯʸʪʥʦʤ ɻʇ, ʤ; 

 Iʚ-ʨ ï ʫʢʣʦʥ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʞʜʫ ʚʝʨʭʥʠʤ ʠ ʨʘʩʯʸʪʥʳʤ ɻʇ, ă, 

ʚʳʯʠʩʣʷʝʤʳʡ ʧʦ ʬʦʨʤʫʣʝ 

Iʚ-ʨ=
(Hʚ - Hʨ)

Lʚ-ʨ
 , (5) 

ʛʜʝ  Hʚ ï ʫʨʦʚʝʥʴ ʚʦʜʳ ʥʘ ʚʝʨʭʥʝʤ ɻʇ, ʤ; 

 Lʚ-ʨ ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʚʝʨʭʥʠʤ ʠ ʨʘʩʯʸʪʥʳʤ ɻʇ, ʢʤ. 

2. ʉ ʫʯʸʪʦʤ ʫʢʣʦʥʘ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʞʜʫ ʨʘʩʯʸʪʥʳʤ ɻʇ ʠ ʥʠʞʥʠʤ 

ɻʇ. 

Qʨ = a0 + a1Hʨ + a2Hʨ
2 + a3Iʨ-ʥ, (6) 

Iʨ-ʥ ï ʫʢʣʦʥ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʞʜʫ ʨʘʩʯʸʪʥʳʤ ʠ ʥʠʞʥʠʤ ɻʇ, ă, 

ʚʳʯʠʩʣʷʝʤʳʡ ʧʦ ʬʦʨʤʫʣʝ 

Iʨ-ʥ=
(Hʨ - Hʥ)

Lʨ-ʥ
 , (7) 

ʛʜʝ Hʥ ï ʫʨʦʚʝʥʴ ʚʦʜʳ ʥʘ ʥʠʞʥʝʤ ɻʇ, ʤ; 

 Lʨ-ʥ ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʨʘʩʯʸʪʥʳʤ ʠ ʥʠʞʥʠʤ ɻʇ, ʢʤ. 

3. ʉ ʫʯʸʪʦʤ ʫʢʣʦʥʘ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʞʜʫ ʚʝʨʭʥʠʤ ɻʇ ʠ ʥʠʞʥʠʤ ɻʇ. 

Qʨ = a0 + a1Hʨ + a2Hʨ
2 + a3Iʚ-ʥ, (8) 

Iʚ-ʥ ï ʫʢʣʦʥ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʞʜʫ ʚʝʨʭʥʠʤ ʠ ʥʠʞʥʠʤ ɻʇ, ă, ʚʳʯʠʩʣʷʝʤʳʡ 

ʧʦ ʬʦʨʤʫʣʝ 

Iʚ-ʥ=
(Hʚ - Hʥ)

Lʚ-ʥ
 , (9) 

Lʚ-ʥ ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʚʝʨʭʥʠʤ ʠ ʥʠʞʥʠʤ ɻʇ, ʢʤ. 

4. ʉ ʫʯʸʪʦʤ ʜʚʫʭ ʫʢʣʦʥʦʚ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ: ʤʝʞʜʫ ʚʝʨʭʥʠʤ ɻʇ ʠ 

ʨʘʩʯʸʪʥʳʤ ɻʇ, ʨʘʩʯʸʪʥʳʤ ɻʇ ʠ ʥʠʞʥʠʤ ɻʇ. 
 

Qʨ = a0 + a1Hʨ + a2Hʨ
2 + a3Iʚ-ʨ

 + a4Iʨ-ʥ. (10) 

ɸʧʨʦʙʘʮʠʷ ʤʝʪʦʜʘ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʥʘ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʝʨʠʦʜʦʚ 

ʩʚʦʙʦʜʥʦʛʦ ʨʫʩʣʘ ʩ 2010 ʧʦ 2020 ʛʦʜʳ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 2013 ʠ 2015 ʛʦʜʦʚ, ʪ.ʢ. ʚ 

ʵʪʠ ʛʦʜʳ ʦʪʩʫʪʩʪʚʦʚʘʣʠ ʀʈɺ ʚ ʧʝʨʠʦʜʳ ʩʚʦʙʦʜʥʦʛʦ ʨʫʩʣʘ. 

ʇʘʨʘʤʝʪʨʳ ʫʨʘʚʥʝʥʠʡ (4), (6), (8) ʠ (10) ʜʣʷ ʢʘʞʜʦʛʦ ʨʘʩʯʝʪʥʦʛʦ ʛʦʜʘ 

ʦʧʨʝʜʝʣʷʣʠʩʴ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʟʘ ʥʝʩʢʦʣʴʢʦ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʣʝʪ. 

ʆʧʝʨʘʪʠʚʥʳʝ ʨʘʩʭʦʜʳ ʚʦʜʳ ʚʳʯʠʩʣʷʣʠʩʴ ʧʦ ʫʨʘʚʥʝʥʠʷʤ (4), (6), (8) ʠ (10) ʜʣʷ 

ʩʨʦʯʥʳʭ ʫʨʦʚʥʝʡ ʚʦʜʳ. 

ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʦʧʝʨʘʪʠʚʥʳʭ ʨʘʩʭʦʜʦʚ ʚʦʜʳ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʋʈʄ (4), (6), 

(8) ʠ (10), ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʦʧʨʘʚʢʠ, ʚʳʯʠʩʣʷʝʤʳʝ ʥʘ ʜʘʪʳ ʀʈɺ ʧʦ ʬʦʨʤʫʣʝ (2). 
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ɿʥʘʯʝʥʠʷ ʧʦʧʨʘʚʦʢ ʵʢʩʪʨʘʧʦʣʠʨʦʚʘʣʠʩʴ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ ʜʘʪʳ ʧʦʩʣʝʜʥʝʛʦ 

ʠʟʤʝʨʝʥʠʷ ʨʘʩʭʦʜʘ ʚʦʜʳ ʜʦ ʨʘʩʯʝʪʥʦʡ ʜʘʪʳ ʧʦ ʜʘʥʥʳʤ ʦʜʥʦʛʦ ʠʣʠ ʜʚʫʭ 

ʧʦʩʣʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʧʦʧʨʘʚʦʢ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʚʫʭ ʧʦʩʣʝʜʥʠʭ ʟʥʘʯʝʥʠʡ 

ʧʦʧʨʘʚʦʢ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ ʜʘʪʳ ʧʦʩʣʝʜʥʝʛʦ ʠʟʤʝʨʝʥʠʷ ʨʘʩʭʦʜʘ ʚʦʜʳ ʜʦ ʨʘʩʯʝʪʥʦʡ 

ʜʘʪʳ ʵʢʩʪʨʘʧʦʣʠʨʦʚʘʣʦʩʴ ʠʭ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʅʘ ʦʩʥʦʚʝ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʦ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʝʪʦʜʠʢʝ ʩʨʦʯʥʳʭ ʦʧʝʨʘʪʠʚʥʳʭ 

ʨʘʩʭʦʜʦʚ ʚʦʜʳ ʚʳʯʠʩʣʷʣʠʩʴ ʦʧʝʨʘʪʠʚʥʳʝ ɽʈɺ, ʢʦʪʦʨʳʝ ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ 

ʨʝʞʠʤʥʳʤʠ ɽʈɺ, ʚʳʯʠʩʣʝʥʥʳʤʠ ʧʦ ʤʝʪʦʜʠʢʝ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ (ɻɻʀ), ʪ.ʢ. ʚ ʜʘʥʥʳʭ ɽʈɺ ʠʟ ɽɼʉ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʨʦʧʫʩʢʠ. 

ʈʘʩʭʦʞʜʝʥʠʷ ʤʝʞʜʫ ʨʝʞʠʤʥʳʤʠ ʠ ʦʧʝʨʘʪʠʚʥʳʤʠ ɽʈɺ ʦʮʝʥʠʚʘʣʠʩʴ ʧʦ 

ʬʦʨʤʫʣʝ 

ŭt = 
Q
ʦʧt
 - Q

ʨʝʞt

Q
ʨʝʞt

Ā100 % , (11) 

ʛʜʝ Qʨʝʞt ï ʨʝʞʠʤʥʳʡ ʨʘʩʭʦʜ ʚʦʜʳ ʥʘ ʜʘʪʫ t; 

Qʦʧt ï ʦʧʝʨʘʪʠʚʥʳʡ ʨʘʩʭʦʜ ʚʦʜʳ ʜʘʪʫ t. 

ʉʣʫʯʘʡʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʨʘʩʭʦʞʜʝʥʠʡ ʨʝʞʠʤʥʳʭ ʠ ʦʧʝʨʘʪʠʚʥʳʭ ɽʈɺ 

ʦʧʨʝʜʝʣʝʥʘ ʢʘʢ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʨʷʜʘ ʨʘʩʭʦʞʜʝʥʠʡ ʟʘ ʨʘʩʯʝʪʥʳʡ 

ʧʝʨʠʦʜ ʧʦ ʬʦʨʤʫʣʝ 
 

ů =
В ŭt 

2N
1

N - 1
 , (12) 

ʛʜʝ ὔ ï ʢʦʣʠʯʝʩʪʚʦ ʯʣʝʥʦʚ ʨʷʜʘ. 

ʉʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʨʘʩʭʦʞʜʝʥʠʡ ʨʝʞʠʤʥʳʭ ʠ ʦʧʝʨʘʪʠʚʥʳʭ 

ɽʈɺ ʚʳʯʠʩʣʷʣʠʩʴ ʢʘʢ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʧʦ ʚʩʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʳʭ 

ʨʘʩʭʦʞʜʝʥʠʡ ʟʘ ʨʘʩʯʝʪʥʳʡ ʧʝʨʠʦʜ 

ŭ ʩʨ=
В ŭi
n
i=1

N
 . (13) 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʧʦ ʤʦʜʫʣʶ ʟʥʘʯʝʥʠʷ ʨʘʩʭʦʞʜʝʥʠʡ ʨʝʞʠʤʥʳʭ ʠ 

ʦʧʝʨʘʪʠʚʥʳʭ ɽʈɺ ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʦ ʬʦʨʤʫʣʝ: 

ŭ max = maxȿŭt ȿ. (14) 

ʆʪ 80 ʜʦ 100 % ʚʩʝʭ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʨʘʩʭʦʞʜʝʥʠʡ ʦʢʘʟʘʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ 

ʜʦʧʫʩʪʠʤʳʭ 15 % ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʯʸʪʘ ʩʪʦʢʘ. ʉʣʫʯʘʡʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʚʝʣʠʯʠʥ ʨʘʩʭʦʞʜʝʥʠʡ ʨʝʞʠʤʥʳʭ ʠ ʦʧʝʨʘʪʠʚʥʳʭ ɽʈɺ ʚ ʩʨʝʜʥʝʤ ʦʢʘʟʘʣʠʩʴ 

ʨʘʚʥʳʤʠ 6,6ï7,6, ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʚʝʣʠʯʠʥ ʨʘʩʭʦʞʜʝʥʠʡ ʚ 

ʩʨʝʜʥʝʤ ʦʢʘʟʘʣʠʩʴ ʨʘʚʥʳʤʠ 1,3ï1,6.  

ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʩʭʦʞʜʝʥʠʷ ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʧʝʨʠʦʜʳ, ʢʦʛʜʘ 

ʠʟʤʝʨʝʥʠʷ ʨʘʩʭʦʜʦʚ ʚʦʜʳ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʨʝʜʢʦ ʠʣʠ ʦʪʩʫʪʩʪʚʦʚʘʣʠ (ʚ 2014 ï ʜʦ 

36 ʩʫʪ, ʚ 2018 ï ʜʦ 31 ʩʫʪ, ʚ 2019 ï ʜʦ 77 ʩʫʪ). ʄʘʢʩʠʤʘʣʴʥʳʝ ʨʘʩʭʦʞʜʝʥʠʷ ʚ 

ʦʪʜʝʣʴʥʳʝ ʜʥʠ ʵʪʠʭ ʣʝʪ ʜʦʩʪʠʛʘʶʪ 32ï58 %.  
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ɺ ʧʝʨʠʦʜʳ, ʢʦʛʜʘ ʨʘʩʭʦʜʳ ʚʦʜʳ ʠʟʤʝʨʷʣʠʩʴ ʨʝʛʫʣʷʨʥʦ, 98ï100 % ʚʩʝʭ 

ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʨʘʩʭʦʞʜʝʥʠʡ ʦʢʘʟʘʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ ʜʦʧʫʩʪʠʤʳʭ 15 %, ʩʣʫʯʘʡʥʳʝ 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʚʝʣʠʯʠʥ ʨʘʩʭʦʞʜʝʥʠʡ ʚ ʩʨʝʜʥʝʤ ʦʢʘʟʘʣʠʩʴ ʨʘʚʥʳʤʠ 5,3, 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʚʝʣʠʯʠʥ ʨʘʩʭʦʞʜʝʥʠʡ ʚ ʩʨʝʜʥʝʤ ʦʢʘʟʘʣʠʩʴ 

ʨʘʚʥʳʤʠ 0,3. 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʧʝʨʘʪʠʚʥʳʝ ʛʠʜʨʦʛʨʘʬʳ ʧʝʨʠʦʜʘ ʩʚʦʙʦʜʥʦʛʦ 

ʨʫʩʣʘ 2019 ʛ. ʨ. ʆʙʴ ʚ ʛʠʜʨʦʩʪʚʦʨʝ ɻʇ ʛ. ʂʘʤʝʥʴ-ʥʘ-ʆʙʠ, ʚʳʯʠʩʣʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ 

ʋʄʈ (4), (6), (8) ʠ (10) ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʨʝʞʠʤʥʳʤ ʛʠʜʨʦʛʨʘʬʦʤ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʚʝʣʠʯʠʥʳ ʨʘʩʭʦʞʜʝʥʠʡ ʨʝʞʠʤʥʳʭ ɽʈɺ ʠ 

ʦʧʝʨʘʪʠʚʥʳʭ ɽʈɺ, ʚʳʯʠʩʣʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʋʄʈ (8). 

 
1 ï ʀʈɺ; 2 ï ʨʝʞʠʤʥʳʝ ɽʈɺ; 3 ï ʦʧʝʨʘʪʠʚʥʳʝ ɽʈɺ, ʚʳʯʠʩʣʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʋʄʈ (4); 

4 ï ʦʧʝʨʘʪʠʚʥʳʝ ɽʈɺ, ʚʳʯʠʩʣʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʋʄʈ (5); 5 ï ʦʧʝʨʘʪʠʚʥʳʝ ɽʈɺ, ʚʳʯʠʩʣʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʋʄʈ (6); 

 6 ï ʦʧʝʨʘʪʠʚʥʳʝ ɽʈɺ, ʚʳʯʠʩʣʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʋʄʈ (7) 

ʈʠʩʫʥʦʢ 2 ï ɻʠʜʨʦʛʨʘʬ ʨ. ʆʙʴ ʚ ʛʠʜʨʦʩʪʚʦʨʝ ɻʇ ʛ. ʂʘʤʝʥʴ-ʥʘ-ʆʙʠ ʟʘ 2019 ʛʦʜ 

ʀʟ ʨʠʩ. 2 ʚʠʜʥʦ, ʯʪʦ ʚ ʧʝʨʠʦʜʳ, ʢʦʛʜʘ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʨʝʛʫʣʷʨʥʳʝ 

ʠʟʤʝʨʝʥʠʷ ʨʘʩʭʦʜʦʚ ʚʦʜʳ, ʦʧʝʨʘʪʠʚʥʳʝ ʠ ʨʝʞʠʤʥʳʡ ʛʠʜʨʦʛʨʘʬʳ ʜʦʩʪʘʪʦʯʥʦ 

ʙʣʠʟʢʠ, ʪʦʛʜʘ ʢʘ ʚ ʧʝʨʠʦʜʳ ʜʣʠʪʝʣʴʥʦʛʦ ʦʪʩʫʪʩʪʚʠʷ ʠʟʤʝʨʝʥʠʡ ʨʘʩʭʦʜʦʚ ʦʜʳ 

ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʩʭʦʞʜʝʥʠʝ ʨʝʞʠʤʥʦʛʦ ʠ ʦʧʝʨʘʪʠʚʥʳʭ ʛʠʜʨʦʛʨʘʬʦʚ. 

ʊʘʙʣʠʮʘ 1 ï ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʨʘʩʭʦʞʜʝʥʠʡ ʨʝʞʠʤʥʳʭ ʠ ʦʧʝʨʘʪʠʚʥʳʭ ɽʈɺ 

ɻʦʜ ů ŭʩʨ, % ŭmax, % |ŭt|Ò15%, % 

2010 5,4 -1,5 17,1 97,5 

2011 3,8 0,1 14,2 100 

2012 6,7 1,0 21,2 91,8 

2014 11,2 3,4 30,7 80,5 

2016 5,0 2,1 11,8 100 

2017 3,7 0,1 13,2 100 

2018 7,3 1,4 34,4 97,6 

2019 12,2 5,6 54,0 87,7 

2020 4,0 0,1 12,0 100 
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ɺʳʚʦʜʳ 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʤʝʪʦʜʠʢʘ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʯʝʪʘ ʩʪʦʢʘ ʨ. ʆʙʴ ʚ ʛʠʜʨʦʩʪʚʦʨʝ ɻʇ 

ʛ. ʂʘʤʝʥʴ-ʥʘ-ʆʙʠ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʨʘʩʭʦʞʜʝʥʠʷ ʤʝʞʜʫ ʨʝʞʠʤʥʳʤʠ ʠ 

ʦʧʝʨʘʪʠʚʥʳʤʠ ɽʈɺ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ (98-100%) ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

ʜʦʧʫʩʪʠʤʳʭ 15 % ʚ ʧʝʨʠʦʜʳ, ʢʦʛʜʘ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʨʝʛʫʣʷʨʥʳʝ ʠʟʤʝʨʝʥʠʷ 

ʨʘʩʭʦʜʦʚ ʚʦʜʳ. ʅʘʠʙʦʣʴʰʠʝ ʨʘʩʭʦʞʜʝʥʠʷ ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʧʝʨʠʦʜʳ ʜʣʠʪʝʣʴʥʦʛʦ 

ʦʪʩʫʪʩʪʚʠʷ ʠʟʤʝʨʝʥʠʡ ʨʘʩʭʦʜʦʚ ʚʦʜʳ. 

ʅʘʠʤʝʥʴʰʠʝ ʨʘʩʭʦʞʜʝʥʠʷ ʧʦʣʫʯʠʣʠʩʴ ʧʨʠ ʨʘʩʯʸʪʝ ʧʦ ʋʄʈ (8), ʚ ʢʦʪʦʨʦʝ 

ʚʢʣʶʯʝʥʳ ʟʥʘʯʝʥʠʷ ʫʢʣʦʥʘ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʞʜʫ ʚʝʨʭʥʠʤ ʠ ʥʠʞʥʠʤ ɻʇ.  

ʇʨʝʜʣʘʛʘʝʤʘʷ ʤʝʪʦʜʠʢʘ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʨʘʩʯʝʪʘ ʦʧʝʨʘʪʠʚʥʳʭ 

ʨʘʩʭʦʜʦʚ ʚʦʜʳ ʚ ʫʩʣʦʚʠʷʭ ʧʝʨʝʤʝʥʥʦʛʦ ʧʦʜʧʦʨʘ ʧʨʠ ʥʘʣʠʯʠʠ ʨʝʛʫʣʷʨʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʨʘʩʭʦʜʦʚ ʚʦʜʳ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʚʦ ʚʨʝʤʝʥʠ. 
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THE REAL -TIME WATER DISCHARGE ACCOUNTING OF THE OB RIVER AT THE 

STREAM GAUGE OF KAMEN -ON-OB IN THE CONDITIONS OF VARIABLE 

BACKWATER FROM THE NOVOSIBIRSK RESERVOIR  

Izyurova Yu.V. 
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Abstract. The method of real-time water discharge accounting of the Ob River at the stream gauge 

of Kamen-on-Ob in conditions of variable backwater is considered. The computation is based on the 

reference dependence of water discharge at the gaging section on water levels and river slopes, 

reflecting the variable backwater at the river stretch. To obtain the computation equations, four 

variants of various combinations of independent variables are researched, including water levels and 

river slopes, taking into account the observation data at the above and below located stream gauges. 

To clarify the water discharges obtained from the reference dependencies, the corrections obtained 

by extrapolating the characteristics of changes in the channel capacity ï a series of relative deviations 

of water discharges measured in the time period preceding the computation date from the reference 

dependence are used. The values of daily real-time water discharges are compared with the data of 

regime water discharges, it is concluded if the method can be used for real-time water discharge 

accounting in conditions of variable backwater. 

Keywords: real-time water discharge accounting, variable backwater, water discharge, river slope, 

multiple regression equation 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʧʦʩʣʝʜʩʪʚʠʡ ʝʩʪʝʩʪʚʝʥʥʦʡ ʧʨʠʨʦʜʥʦʡ ʠ 

ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʥʘ ʦʩʥʦʚʝ ʩʠʥʪʝʟʘ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʠ ʘʥʩʘʤʙʣʷ ʤʦʜʝʣʝʡ ʦʙʱʝʡ ʮʠʨʢʫʣʷʮʠʠ ʘʪʤʦʩʬʝʨʳ ʠ 

ʦʢʝʘʥʘ ʚ ʧʨʝʜʝʣʘʭ ʙʘʩʩʝʡʥʘ ʉʝʣʝʥʛʠ. ʋʩʧʝʰʥʦ ʧʨʦʡʜʝʥʘ ʚʝʨʠʬʠʢʘʮʠʷ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʧʨʠ ʨʘʩʯʝʪʝ ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ ʧʦ ʜʘʥʥʳʤ ʘʥʩʘʤʙʣʷ ʛʣʦʙʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

ʜʣʷ ʥʦʨʤʳ ʢʘʢ ʛʦʜʦʚʦʛʦ, ʪʘʢ ʠ ʩʨʝʜʥʝʤʝʩʷʯʥʦʛʦ ʩʪʦʢʘ ʟʘ ʠʩʪʦʨʠʯʝʩʢʠʡ ʧʝʨʠʦʜ. ɺ ʩʣʫʯʘʝ 

ʨʝʘʣʠʟʘʮʠʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʩʪʦʢ ʉʝʣʝʥʛʠ ʜʦʣʞʝʥ ʙʳʣ ʙʳ ʨʘʩʪʠ ʩ 1970-

ʭ ʛʦʜʦʚ, ʘ ʧʦʜ ʘʥʪʨʦʧʦʛʝʥʥʳʤ ʚʣʠʷʥʠʝʤ ʩ ʫʯʝʪʦʤ ʨʦʩʪʘ ʵʤʠʩʩʠʠ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʦʥ 

ʩʦʢʨʘʱʘʝʪʩʷ, ʦʩʦʙʝʥʥʦ ʩʠʣʴʥʦ ʚ 1990-ʭ ʛʦʜʘʭ ʚ ʩʚʷʟʠ ʩʦ ʩʥʠʞʝʥʠʝʤ ʣʝʪʥʠʭ ʦʩʘʜʢʦʚ ʚ ʙʘʩʩʝʡʥʝ, 

ʯʝʤ ʙʳʣ ʚʳʟʚʘʥ ʧʦʩʣʝʜʥʠʡ ʤʘʣʦʚʦʜʥʳʡ ʧʝʨʠʦʜ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʦʢʘ, ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ, ʘʥʪʨʦʧʦʛʝʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ, 

ʉʝʣʝʥʛʘ 

ɺʚʝʜʝʥʠʝ 

ʇʝʨʠʦʜ 1995ï2017 ʛʛ. ʧʦ ʩʪʦʢʫ ʨ. ʉʝʣʝʥʛʠ ʙʳʣ ʢʨʘʡʥʝ ʤʘʣʦʚʦʜʥʳʤ. ʕʪʦ 

ʩʪʘʣʦ ʧʨʠʯʠʥʦʡ ʤʘʩʩʳ ʛʠʜʨʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʦʟ. ɹʘʡʢʘʣ, ʧʦʩʢʦʣʴʢʫ 

ʉʝʣʝʥʛʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʢʦʣʦ ʧʦʣʦʚʠʥʳ ʧʨʠʪʦʢʘ ʨʝʯʥʳʭ ʚʦʜ ʚ ʦʟʝʨʦ. 

ʉʨʝʜʥʝʛʦʜʦʚʦʡ ʩʪʦʢ ʉʝʣʝʥʛʠ ʦʢʘʟʘʣʩʷ ʥʘ 27% ʤʝʥʴʰʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʠʦʜʘ ʦʪ 

ʥʘʯʘʣʘ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʥʘʙʣʶʜʝʥʠʡ. ʇʨʠʯʝʤ ʩʥʠʞʝʥʠʝ ʩʪʦʢʘ ʧʨʦʠʩʭʦʜʠʣʦ ʟʘ 

ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʩʪʦʢʘ ʟʘ ʪʝʧʣʳʡ ʧʝʨʠʦʜ ʛʦʜʘ ʩ ʤʘʷ ʧʦ ʦʢʪʷʙʨʴ. ʅʘ ʬʦʥʝ 

ʫʚʝʣʠʯʝʥʠʷ ʪʝʤʧʦʚ ʚʩʝʦʙʱʝʛʦ ʧʦʪʝʧʣʝʥʠʷ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʩʥʠʞʝʥʠʷ 

ʚʦʜʥʦʩʪʠ ʩʪʘʣʦ ʫʤʝʥʴʰʝʥʠʝ ʞʠʜʢʠʭ ʦʩʘʜʢʦʚ. ʇʨʠʯʠʥʦʡ ʪʘʢʠʭ ʠʟʤʝʥʝʥʠʡ ʤʦʛʫʪ 

ʙʳʪʴ ʛʣʦʙʘʣʴʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʦʪʨʘʞʘʶʱʠʝʩʷ ʥʘ ʢʦʣʠʯʝʩʪʚʝ 

ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʠ ʠʩʧʘʨʝʥʠʠ ʩ ʨʝʯʥʳʭ ʚʦʜʦʩʙʦʨʦʚ ʧʨʠ ʫʩʠʣʝʥʠʠ 

ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ.  

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʦʮʝʥʢʘ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʧʦʩʣʝʜʩʪʚʠʡ 

ʝʩʪʝʩʪʚʝʥʥʦʡ ʧʨʠʨʦʜʥʦʡ ʠ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʥʘ 

ʦʩʥʦʚʝ ʩʠʥʪʝʟʘ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʠ 

ʘʥʩʘʤʙʣʷ ʤʦʜʝʣʝʡ ʦʙʱʝʡ ʮʠʨʢʫʣʷʮʠʠ ʘʪʤʦʩʬʝʨʳ ʠ ʦʢʝʘʥʘ ʚ ʧʨʝʜʝʣʘʭ ʙʘʩʩʝʡʥʘ 

ʉʝʣʝʥʛʠ. ʇʦʜʦʙʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʨʘʩʯʝʪʳ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʧʦ 

ʜʘʥʥʳʤ ʘʥʩʘʤʙʣʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʨʠ ʜʚʫʭ ʩʮʝʥʘʨʠʷʭ: ʩ ʫʯʝʪʦʤ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʚʳʨʘʞʝʥʥʦʛʦ ʚ ʫʚʝʣʠʯʝʥʠʠ ʵʤʠʩʩʠʠ ʧʘʨʥʠʢʦʚʳʭ 

ʛʘʟʦʚ, ʠ ʩ ʫʯʝʪʦʤ ʪʦʣʴʢʦ ʢʦʣʝʙʘʥʠʡ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʠ ʚʥʝʰʥʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʦʜʝʣʴ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʉʝʣʝʥʛʠ [1] ʥʘ ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʤʦʜʝʣʠʨʫʶʱʝʛʦ ʢʦʤʧʣʝʢʩʘ ɽʉʆʄɸG (ECOlogical Model for Applied Geophysics). 
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ɼʣ̫ ʟʘʜʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʛʣʦʙʘʣʴʥʳʝ ʙʘʟʳ ʧʦʯʚ, ʣʘʥʜʰʘʬʪʦʚ ʠ ʨʝʣʴʝʬʘ. ʇʨʠ ʩʭʝʤʘʪʠʟʘʮʠʠ ʙʘʩʩʝʡʥʘ 

ʉʝʣʝʥʛʠ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ 469 ʯʘʩʪʥʳʭ ʨʝʯʥʳʭ ʚʦʜʦʩʙʦʨʦʚ ʩʦ ʩʨʝʜʥʝʡ ʧʣʦʱʘʜʴʶ 

970 ʢʤ2, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʨʘʩʯʝʪʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʤʦʜʝʣʠ. ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ 

ʤʦʜʝʣʠ, ʚʢʣʶʯʘʷ ʩʨʝʜʥʝʩʫʪʦʯʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ, 

ʢʦʣʠʯʝʩʪʚʘ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ, ʟʘʜʘʚʘʣʠʩʴ ʧʦ ʜʘʥʥʳʤ ʨʝʘʥʘʣʠʟʘ EWEMBI 

ʨʘʟʨʝʰʝʥʠʷ 0.5ÁĬ0.5Á, ʧʦʜʛʦʪʦʚʣʝʥʥʦʛʦ ʇʦʪʩʜʘʤʩʢʠʤ ʠʥʩʪʠʪʫʪʦʤ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʝ ʨʝʘʥʘʣʠʟʘ ERAïInterim [2].  

ɼʣʷ ʢʘʣʠʙʨʦʚʢʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʙʳʣ ʚʳʙʨʘʥ ʧʝʨʠʦʜ 1984ï1993 

ʛʛ., ʘ ʧʝʨʠʦʜ ʚʝʨʠʬʠʢʘʮʠʠ ʩ 1994 ʧʦ 2003 ʛʛ. ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʮʝʥʠʪʴ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʤʦʜʝʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʠʪʝʨʠʝʚ NSE ʠ PBIAS ʢʘʢ ʟʘ 

ʧʝʨʠʦʜ ʧʦʚʳʰʝʥʥʦʡ ʚʦʜʥʦʩʪʠ ʜʦ 1995 ʛ., ʪʘʢ ʠ ʟʘ ʧʦʩʣʝʜʫʶʱʠʡ ʤʘʣʦʚʦʜʥʳʡ 

ʧʝʨʠʦʜ.  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʧʨʝʜʝʣʘʭ ʙʘʩʩʝʡʥʘ 

ʉʝʣʝʥʛʠ ʙʳʣʠ ʧʨʠʚʣʝʯʝʥʳ ʜʘʥʥʳʝ ʘʥʩʘʤʙʣʷ ʛʣʦʙʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʢʣʠʤʘʪʘ 

GFDL-ESM2M, HadGEM2-ES, IPSL-CM5A-LR, MIROC5 ʧʨʦʝʢʪʘ ISIMIP (Inter-

Sectoral Impact Model Intercomparison Project) [3]. ɼʚʘ ʥʘʙʦʨʘ ʜʘʥʥʳʭ 

ʠʩʪʦʨʠʯʝʩʢʠʡ (ʩ ʫʯʝʪʦʤ ʵʤʠʩʩʠʠ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ) ʠ ʝʩʪʝʩʪʚʝʥʥʳʡ (ʩʮʝʥʘʨʠʡ 

ʙʝʟ ʫʯʝʪʘ ʵʤʠʩʩʠʠ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ) ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʛʨʘʥʠʯʥʳʭ 

ʫʩʣʦʚʠʡ ʚ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʙʘʩʩʝʡʥʘ ʉʝʣʝʥʛʠ, ʠ ʚ ʠʪʦʛʝ ʨʘʩʩʯʠʪʘʥ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʘʥʩʘʤʙʣʴ ʤʥʦʛʦʣʝʪʥʠʭ ʛʠʜʨʦʛʨʘʬʦʚ ʩʨʝʜʥʝʩʫʪʦʯʥʦʛʦ ʩʪʦʢʘ.  

ʉʦʛʣʘʩʥʦ [4] ʯʪʦʙʳ ʠʤʝʪʴ ʦʩʥʦʚʘʥʠʷ ʜʣʷ ʵʢʩʪʨʘʧʦʣʷʮʠʦʥʥʳʭ ʨʘʩʯʝʪʦʚ ʧʦ 

ʜʘʥʥʳʤ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʥʫʞʥʦ ʦʮʝʥʠʪʴ ʪʦʯʥʦʩʪʴ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʠʤʠ 

ʟʥʘʯʝʥʠʡ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʨʘʩʩʯʠʪʘʥʥʳʭ 

ʧʦ ʤʦʜʝʣʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʦʢʘ ʟʘ ʧʝʨʠʦʜ 1981ï2005 ʛʛ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʘ 

ʧʨʦʚʝʜʝʥʘ ʚʝʨʠʬʠʢʘʮʠʷ ʨʘʩʯʝʪʦʚ ʛʦʜʦʚʦʛʦ ʩʪʦʢʘ ʉʝʣʝʥʛʠ ʟʘ ʧʝʨʠʦʜ ʩ ʥʘʯʘʣʘ 

ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʛ/ʧ ʄʦʩʪʦʚʦʡ ʩ 1938 ʛ. ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʦ 2005 ʛ. ʧʦ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ 

ʘʥʩʘʤʙʣʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʛʣʘʞʠʚʘʥʠ ̫ ʨʷʜʦʚ 30-

ʣʝʪʥʠʤ ʩʢʦʣʴʟʷʱʠʤ ʩʨʝʜʥʠʤ. 

ɸʥʦʤʘʣʠʠ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦ ʥʘʙʦʨʫ 

ʝʩʪʝʩʪʚʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʢʣʠʤʘʪʘ ʦʮʝʥʠʚʘʣʠʩʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʘʟʦʚʦʛʦ 

ʧʝʨʠʦʜʘ 1970ï1999 ʛʛ. ɼʣʷ ʵʪʦʛʦ ʠʟ ʩʨʝʜʥʝʛʦʜʦʚʳʭ ʠ ʩʝʟʦʥʥʳʭ ʟʥʘʯʝʥʠʡ, 

ʨʘʩʩʯʠʪʘʥʥʳʭ ʟʘ ʢʘʞʜʳʡ ʛʦʜ, ʚʳʯʠʪʘʣʦʩʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʩʨʝʜʥʝʝ ʙʘʟʦʚʦʛʦ 

ʧʝʨʠʦʜʘ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʚʦʜʠʣʦʩʴ ʫʩʨʝʜʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʘʥʦʤʘʣʠʡ ʧʦ 30-

ʣʝʪʥʝʤʫ ʩʢʦʣʴʟʷʱʝʤʫ. ɸʥʦʤʘʣʠʠ ʤʝʪʝʦʵʣʝʤʝʥʪʦʚ ʠ ʩʪʦʢʘ ʧʦ ʘʥʪʨʦʧʦʛʝʥʥʦʤʫ 

ʥʘʙʦʨʫ ʦʮʝʥʠʚʘʣʠʩʴ ʧʫʪʝʤ ʚʳʯʠʪʘʥʠʷ ʠʟ ʟʥʘʯʝʥʠʷ ʧʦ ʠʩʪʦʨʠʯʝʩʢʦʤʫ ʥʘʙʦʨʫ ʜʣʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʛʦʜʘ ʚʝʣʠʯʠʥʳ ʧʦ ʥʘʙʦʨʫ ʝʩʪʝʩʪʚʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ 

ʢʣʠʤʘʪʘ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʚʦʜʠʣʦʩʴ ʫʩʨʝʜʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʘʥʦʤʘʣʠʡ ʧʦ 30-

ʣʝʪʥʝʤʫ ʩʢʦʣʴʟʷʱʝʤʫ. ʇʨʠ ʵʪʦʤ ʘʥʦʤʘʣʠʠ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʟʜʫʭʘ ʦʮʝʥʠʚʘʣʠʩʴ 

ʚ ʛʨʘʜʫʩʘʭ ʎʝʣʴʩʠʷ, ʘ ʧʦ ʦʩʘʜʢʘʤ ʠ ʨʝʯʥʦʤʫ ʩʪʦʢʫ ʚ ʧʨʦʮʝʥʪʘʭ.  
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ʈʝʟʫʣʴʪʘʪʳ 

ʈʝʟʫʣʴʪʘʪʳ ʥʘʩʪʨʦʡʢʠ ʤʦʜʝʣʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʦʢʘ ʧʦ ʜʘʥʥʳʤ ʨʝʘʥʘʣʠʟʘ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʩʪʚʦʨʘ ʄʦʩʪʦʚʦʡ ʟʘ ʧʝʨʠʦʜ ʢʘʣʠʙʨʦʚʢʠ ʩʨʝʜʥʝʩʫʪʦʯʥʳʡ ʩʪʦʢ 

ʚʦʩʧʨʦʠʟʚʦʜʠʪʩʷ ʩ NSE=0.84 ʠ PBIAS=11% ʠ ʟʘ ʧʝʨʠʦʜ ʚʝʨʠʬʠʢʘʮʠʠ ʤʦʜʝʣʠ ʩ 

NSE=0.80 ʠ PBIAS=-6%, ʯʪʦ ʩʦʛʣʘʩʥʦ [5] ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʭʦʨʦʰʝʤʫ ʢʘʯʝʩʪʚʫ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʇʦʛʨʝʰʥʦʩʪʴ ʨʘʩʯʝʪʘ ʩʨʝʜʥʝʡ ʧʦ ʙʘʩʩʝʡʥʫ ʉʝʣʝʥʛʠ ʩʨʝʜʥʝʛʦʜʦʚʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʧʦ ʜʘʥʥʳʤ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʘʥʥʳʤʠ 

ʨʝʘʥʘʣʠʟʘ ʩʦʩʪʘʚʠʣʘ 0.1ï0.2Áʉ, ʩʫʤʤʳ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʜʦ 3%, ʜʝʬʠʮʠʪʘ 

ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʜʦ 5%. ʇʦ ʦʩʘʜʢʘʤ ʦʪʤʝʯʝʥʦ ʟʘʚʳʰʝʥʠʝ ʥʘ 9% ʚ ʤʘʝ ʠ 

ʟʘʥʠʞʝʥʠʝ ʥʘ 5% ʚ ʠʶʣʝ, ʩʝʥʪʷʙʨʝ. ɺʝʣʠʯʠʥʘ ʜʝʬʠʮʠʪʘ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ 

ʟʘʚʳʰʝʥʘ ʚ ʥʘʠʙʦʣʝʝ ʪʝʧʣʳʝ ʤʝʩʷʮʳ (ʠʶʣʴ, ʘʚʛʫʩʪ) ʥʘ 4%. ʆʪʤʝʯʝʥʦ ʟʘʚʳʰʝʥʠʝ 

ʩʪʦʢʘ ʉʝʣʝʥʛʠ ʧʦ ʜʘʥʥʳʤ ʤʦʜʝʣʝʡ ʢʣʠʤʘʪʘ ʚ ʠʶʥʝ ʥʘ 16% ʠ ʟʘʥʠʞʝʥʠʝ ʩ ʘʚʛʫʩʪʘ 

ʧʦ ʦʢʪʷʙʨʴ ʥʘ 10% (ʨʠʩ. 1). ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʨʘʩʯʝʪʘ ʥʦʨʤʳ ʛʦʜʦʚʦʛʦ 

ʩʪʦʢʘ ʉʝʣʝʥʛʠ ʩʦʩʪʘʚʠʣʘ 5%. ʇʨʠ ʜʦʣʛʦʧʝʨʠʦʜʥʦʡ ʚʝʨʠʬʠʢʘʮʠʠ ʨʘʩʯʝʪʦʚ 

ʛʦʜʦʚʦʛʦ ʩʪʦʢʘ ʉʝʣʝʥʛʠ ʩ 1938 ʛ. ʧʦʛʨʝʰʥʦʩʪʴ ʥʝ ʧʨʝʚʳʩʠʣʘ 7%, ʧʦ ʜʘʥʥʳʤ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʥʝ ʙʳʣ ʚʦʩʧʨʦʠʟʚʝʜʝʥ ʤʘʣʦʚʦʜʥʳʡ ʧʝʨʠʦʜ 1976ï1982 

ʛʛ., ʥʦ ʟʘʪʦ ʫʩʧʝʰʥʦ ʚʦʩʧʨʦʠʟʚʝʜʝʥʘ ʪʝʥʜʝʥʮʠʷ ʩʥʠʞʝʥʠʷ ʩʪʦʢʘ ʟʘ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʤʘʣʦʚʦʜʥʳʡ ʧʝʨʠʦʜ, ʥʘʯʠʥʘʷ ʩ 1996 ʛ.  

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʝʩʪʝʩʪʚʝʥʥʦʡ ʠ 

ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʥʘ ʨʝʯʥʦʡ ʩʪʦʢ. ɺ ʫʩʣʦʚʠʷʭ 

ʪʦʣʴʢʦ ʝʩʪʝʩʪʚʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʢʣʠʤʘʪʘ ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ 

ʚ ʙʘʩʩʝʡʥʝ ʉʝʣʝʥʛʠ ʩʥʠʞʘʝʪʩʷ ʥʘ 0.1Áʉ, ʘ ʧʦ ʦʪʜʝʣʴʥʳʤ ʩʝʟʦʥʘʤ ʥʘ 0.2Áʉ ʟʘ 

ʧʝʨʠʦʜ ʨʘʩʯʝʪʘ ʩ 1861 ʧʦ 2005 ʛʛ. ɸʥʪʨʦʧʦʛʝʥʥʦʝ ʧʦʪʝʧʣʝʥʠʝ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʥʘʧʨʘʚʣʝʥʥʦʤ ʨʦʩʪʝ ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩ ʩʝʨʝʜʠʥʳ 1980-ʭ ʛʦʜʦʚ ʥʘ 

0.3Áʉ, ʦʩʦʙʝʥʥʦ ʣʝʪʦʤ ʠ ʦʩʝʥʴʶ. ɺ ʫʩʣʦʚʠʷʭ ʪʦʣʴʢʦ ʝʩʪʝʩʪʚʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ 

ʢʣʠʤʘʪʘ ʭʘʨʘʢʪʝʨʥʦ ʫʚʝʣʠʯʝʥʠʝ ʛʦʜʦʚʦʡ ʩʫʤʤʳ ʦʩʘʜʢʦʚ ʥʘ 3% ʚ ʧʦʩʣʝʜʥʠʝ ʜʚʘ 

ʜʝʩʷʪʠʣʝʪʠʷ XX ʚʝʢʘ ʟʘ ʩʯʝʪ ʨʦʩʪʘ ʣʝʪʥʠʭ ʦʩʘʜʢʦʚ, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʶʪ ʜʦ 70% 

ʦʪ ʛʦʜʦʚʦʛʦ ʢʦʣʠʯʝʩʪʚʘ.  ɸʥʪʨʦʧʦʛʝʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ, 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʧʦʩʪʝʧʝʥʥʦʤ ʫʤʝʥʴʰʝʥʠʠ ʛʦʜʦʚʦʡ ʠ ʦʩʦʙʝʥʥʦ 

ʣʝʪʥʝʡ ʩʫʤʤʳ ʦʩʘʜʢʦʚ ʚ ʙʘʩʩʝʡʥʝ ʉʝʣʝʥʛʠ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ 20 ʚʝʢʘ ʠ ʙʦʣʝʝ 

ʚʳʨʘʞʝʥʦ ʚ 1980-ʭ ʠ 1990-ʭ ʛʦʜʘʭ, ʜʦʩʪʠʛʘʷ 6%. 

ʉʪʦʢ ʉʝʣʝʥʛʠ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʯʪʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʜʦ ʥʘʯʘʣʘ 

1970-ʭ ʛʦʜʦʚ, ʧʦʩʣʝ ʯʝʛʦ ʷʚʥʦ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʨʦʩʪʘ ʩʪʦʢʘ ʚ ʩʚʷʟʠ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʢʦʚ. ɺ ʠʟʤʝʥʝʥʠʠ ʩʪʦʢʘ ʘʥʪʨʦʧʦʛʝʥʥʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʧʨʦʷʚʣʷʝʪʩʷ ʷʨʢʦ: ʜʦ ʥʘʯʘʣʘ 1970-ʭ ʛʦʜʦʚ 

ʩʪʦʢ, ʚʳʯʠʩʣʝʥʥʳʡ ʧʦ ʠʩʪʦʨʠʯʝʩʢʦʤʫ ʥʘʙʦʨʫ ʜʘʥʥʳʭ ʩ ʫʯʝʪʦʤ ʘʥʪʨʦʧʦʛʝʥʥʦʡ 

ʵʤʠʩʩʠʠ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ, ʚ ʩʨʝʜʥʝʤ ʚʳʰʝ ʥʘ 8%, ʯʝʤ ʨʘʩʩʯʠʪʘʥʥʳʡ ʚ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ʇʦʩʣʝ ʯʝʛʦ ʝʩʪʝʩʪʚʝʥʥʳʡ ʩʪʦʢ ʉʝʣʝʥʛʠ 

ʨʘʩʪʝʪ, ʘ ʩ ʫʯʝʪʦʤ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʢʣʠʤʘʪ ʥʘʦʙʦʨʦʪ ʫʤʝʥʴʰʘʝʪʩʷ ʚ 

ʩʨʝʜʥʝʤ ʥʘ 11% ʠ ʙʦʣʝʝ ʚʳʨʘʞʝʥʦ ʚ 1980-ʭ ʠ 1990-ʭ ʛʦʜʘʭ ʚ ʩʚʷʟʠ ʩʦ ʩʥʠʞʝʥʠʝʤ 

ʣʝʪʥʝʡ ʩʫʤʤʳ ʦʩʘʜʢʦʚ ʚ ʙʘʩʩʝʡʥʝ (ʨʠʩ. 2).  
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ʈʠʩʫʥʦʢ 1 ï ʉʨʝʜʥʝʤʥʦʛʦʣʝʪʥʠʡ ʩʝʟʦʥʥʳʡ ʭʦʜ ʫʩʨʝʜʥʝʥʥʳʭ ʧʦ ʧʣʦʱʘʜʠ ʙʘʩʩʝʡʥʘ ʉʝʣʝʥʛʠ 

ʚʝʣʠʯʠʥ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ, ʦʩʘʜʢʦʚ, ʜʝʬʠʮʠʪʘ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʠ ʨʝʯʥʦʛʦ ʩʪʦʢʘ, 

ʧʦʩʪʨʦʝʥʥʳʡ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʥʘʣʠʟʘ ʠ ʘʥʩʘʤʙʣʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ (GCMs) ʟʘ ʧʝʨʠʦʜ 1981ï2005 ʛʛ. 

 
ʈʠʩʫʥʦʢ 2 ï ɸʥʦʤʘʣʠʠ ʛʦʜʦʚʦʛʦ ʠ ʩʝʟʦʥʥʦʛʦ ʩʪʦʢʘ ʉʝʣʝʥʛʠ, ʚʳʯʠʩʣʝʥʥʳʝ ʧʦ ʥʘʙʦʨʫ 

ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʜʣʷ ʪʨʠʜʮʘʪʠʣʝʪʥʠʭ ʧʝʨʠʦʜʦʚ ʢʦʥʮʘ XIX , 

ʩʝʨʝʜʠʥʳ ʠ ʢʦʥʮʘ XX ʚʝʢʦʚ 

ɺʳʚʦʜ r

ɺ ʫʩʣʦʚʠʷʭ ʪʦʣʴʢʦ ʝʩʪʝʩʪʚʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʢʣʠʤʘʪʘ ʛʦʜʦʚʦʡ ʩʪʦʢ 

ʉʝʣʝʥʛʠ ʧʦʯʪʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʜʦ ʥʘʯʘʣʘ 1970-ʭ ʛʦʜʦʚ, ʧʦʩʣʝ ʯʝʛʦ ʷʚʥʦ 

ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʨʦʩʪʘ ʩʪʦʢʘ ʚ ʩʚʷʟʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ 

ʦʩʘʜʢʦʚ. ʅʘ ʠʟʤʝʥʝʥʠʷ ʩʪʦʢʘ ʉʝʣʝʥʛʠ ʠʥʪʝʥʩʠʚʥʦ ʚʣʠʷʝʪ ʘʥʪʨʦʧʦʛʝʥʥʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ. ʆʩʦʙʝʥʥʦ ʷʨʢʦ ʵʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʩ 1970-ʭ 

ʛʦʜʦʚ, ʢʦʛʜʘ ʚ ʩʣʫʯʘʝ ʨʝʘʣʠʟʘʮʠʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʩʪʦʢ 

ʜʦʣʞʝʥ ʙʳʣ ʙʳ ʨʘʩʪʠ, ʘ ʧʦʜ ʘʥʪʨʦʧʦʛʝʥʥʳʤ ʚʣʠʷʥʠʝʤ ʩ ʫʯʝʪʦʤ ʨʦʩʪʘ ʵʤʠʩʩʠʠ 


