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ʅʘʩʪʦʷʱʘʷ ʜʠʩʩʝʨʪʘʮʠʷ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ ʚʘʨʠʘʮʠʡ ʢʦʩʤʠʯʝʩʢʠʭ 

ʣʫʯʝʡ ʥʘ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʥʠʞʥʝʡ ʘʪʤʦʩʬʝʨʝ ɿʝʤʣʠ. ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ 

ʚʣʠʷʥʠʝ ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʳʭ ʚʘʨʠʘʮʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʛʘʣʘʢʪʠʯʝʩʢʠʭ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ 

(ɻʂʃ), ʠʟʚʝʩʪʥʳʭ ʢʘʢ ʬʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʷ, ʥʘ ʧʨʦʮʝʩʩʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ 

ʙʘʨʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʚ ʫʤʝʨʝʥʥʳʭ ʠ ʚʳʩʦʢʠʭ ʰʠʨʦʪʘʭ ʩʝʚʝʨʥʦʛʦ ʠ ʶʞʥʦʛʦ 

ʧʦʣʫʰʘʨʠʡ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʡ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚʦ ʚʨʝʤʷ 

ʬʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʡ ɻʂʃ; ʠʟʫʯʘʝʪʩʷ, ʢʘʢʠʤʠ ʘʪʤʦʩʬʝʨʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʦʙʫʩʣʦʚʣʝʥʳ 

ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ, ʥʘʙʣʶʜʘʝʤʳʝ ʚʦ ʚʨʝʤʷ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʙʳʪʠʡ. ʇʨʠʚʦʜʠʪʩʷ ʦʮʝʥʢʘ 

ʞʝʩʪʢʦʩʪʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʦʙʨʝʟʘʥʠʷ, ʘ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʠʥʠʤʘʣʴʥʳʝ ʵʥʝʨʛʠʠ 

ʚʳʩʳʧʘʶʱʠʭʩʷ ʢʦʩʤʠʯʝʩʢʠʭ ʯʘʩʪʠʮ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʵʚʦʣʶʮʠʶ 

ʚʥʝʪʨʦʧʠʯʝʩʢʠʭ ʙʘʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ ʦʙʣʘʩʪʷʭ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʵʬʬʝʢʪʦʚ ɻʂʃ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʤʘʢʨʦʩʠʥʦʧʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʚʷʟʠ ʩ 

ʚʘʨʠʘʮʠʷʤʠ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʩʦʣʥʝʯʥʦʛʦ ʠ ʛʘʣʘʢʪʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. 

ʇʨʦʚʦʜʠʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʦʪʢʣʠʢʘ ʥʠʞʥʝʡ ʘʪʤʦʩʬʝʨʳ ʥʘ ʚʪʦʨʞʝʥʠʷ ʩʦʣʥʝʯʥʳʭ 

ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʠ ʬʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʷ ʛʘʣʘʢʪʠʯʝʩʢʠʭ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ. 

ʆʙʩʫʞʜʘʶʪʩʷ ʚʦʟʤʦʞʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ ʚʣʠʷʥʠʷ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʥʠʞʥʝʡ ʘʪʤʦʩʬʝʨʝ. 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 

ɼʦʣʛʦʝ ʚʨʝʤʷ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʘʪʤʦʩʬʝʨʘ ɿʝʤʣʠ ʷʚʣʷʝʪʩʷ ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʦʡ 

ʩʠʩʪʝʤʦʡ, ʥʝ ʧʦʜʚʝʨʞʝʥʥʦʡ ʚʣʠʷʥʠʶ ʠʟʚʥʝ. ʆʜʥʘʢʦ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʚ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʘʣʠʯʠʠ ʟʘʤʝʪʥʦʛʦ ʦʪʢʣʠʢʘ 

ʘʪʤʦʩʬʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ [116, 117], ʧʣʦʘɦʜʴ ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʣʘʯʥʦʛʦ ʧʦʢʨʦʚʘ [150, 186, 187], ʪʝʤʧʝʨʘʪʫʨʘ ʪʨʦʧʦʩʬʝʨʳ [152, 153], ʘ 
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ʪʘʢʞʝ ʧʦʪʦʢʠ ʧʨʷʤʦʡ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ [149, 195-197], ʥʘ ʨʘʟʣʠʯʥʳʝ ʧʨʦʷʚʣʝʥʠʷ 

ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʨʘʙʦʪ, ʧʦʩʚʷʱʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʩʦʣʥʝʯʥʦ-ʘʪʤʦʩʬʝʨʥʳʭ ʩʚʷʟʝʡ, ʥʝʢʦʪʦʨʳʤʠ ʫʯʝʥʳʤʠ ʩʪʘʚʠʪʩʷ ʧʦʜ ʩʦʤʥʝʥʠʝ ʩʘʤ ʬʘʢʪ 

ʚʣʠʷʥʠʷ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʧʦʛʦʜʫ ʠ ʢʣʠʤʘʪ ɿʝʤʣʠ [44, 88, 147, 163, 171]. ʂʘʤʥʝʤ 

ʧʨʝʪʢʥʦʚʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʥʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʟʘʚʝʨʰʝʥʥʦʡ ʪʝʦʨʠʠ, ʷʩʥʦ ʠ 

ʧʦʣʥʦ ʦʧʠʩʳʚʘʶʱʝʡ ʬʠʟʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʩʦʣʥʝʯʥʦʛʦ ʚʦʟʤʫʱʝʥʠʷ ʚ 

ʘʪʤʦʩʬʝʨʫ ɿʝʤʣʠ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʨʘʟʣʠʯʥʳʤʠ ʘʚʪʦʨʘʤʠ ʧʨʝʜʣʦʞʝʥʳ ʪʘʢʠʝ 

ʬʠʟʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ ʩʦʣʥʝʯʥʦ-ʘʪʤʦʩʬʝʨʥʳʭ ʩʚʷʟʝʡ ʢʘʢ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʨʘʟʦʛʨʝʚ 

ʘʪʤʦʩʬʝʨʳ ʚ ʩʚʷʟʠ ʩ ʚʘʨʠʘʮʠʷʤʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʚʠʜʠʤʦʡ 

ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ (ʩʦʣʥʝʯʥʦʡ ʧʦʩʪʦʷʥʥʦʡ, S0); ʚʘʨʠʘʮʠʠ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʚ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ ʜʠʘʧʘʟʦʥʝ, ʚʣʠʷʶʱʠʝ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ ʩʪʨʘʪʦʩʬʝʨʥʦʛʦ ʦʟʦʥʘ ʠ 

ʩʚʷʟʘʥʥʳʝ ʩ ʵʪʠʤ ʠʟʤʝʥʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʡ ʪʨʦʧʦʩʬʝʨʥʦʡ 

ʮʠʨʢʫʣʷʮʠʠ [102, 103]; ʚʘʨʠʘʮʠʠ ʧʨʦʟʨʘʯʥʦʩʪʠ ʘʪʤʦʩʬʝʨʳ (ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʧʪʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʛʘʟʦʚ, ʘʵʨʦʟʦʣʝʡ) ʠ ʦʙʣʘʯʥʦʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷʤʠ ʩʢʦʨʦʩʪʠ 

ʠʦʥʠʟʘʮʠʠ ʚ ʥʠʞʥʝʡ ʘʪʤʦʩʬʝʨʝ ʚ ʩʚʷʟʠ ʩ ʚʘʨʠʘʮʠʷʤʠ ʧʦʪʦʢʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ [53, 

54, 92, 119]; ʤʦʜʫʣʷʮʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ ʘʪʤʦʩʬʝʨʳ ʚʩʣʝʜʩʪʚʠʝ ʝʸ ʠʦʥʠʟʘʮʠʠ 

ʢʦʩʤʠʯʝʩʢʠʤʠ ʣʫʯʘʤʠ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʠʟʤʝʥʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʦʢʦʚ ʚ ʛʣʦʙʘʣʴʥʦʡ 

ʪʦʢʦʚʦʡ ʮʝʧʠ [180-185]. ʆʜʥʘʢʦ ʥʠ ʦʜʠʥ ʠʟ ʧʨʝʜʣʦʞʝʥʥʳʭ ʚʳʰʝ ʬʠʟʠʯʝʩʢʠʭ 

ʤʝʭʘʥʠʟʤʦʚ ʚʣʠʷʥʠʷ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʩʦʩʪʦʷʥʠʝ ʥʠʞʥʝʡ ʘʪʤʦʩʬʝʨʳ ʥʝ 

ʧʨʝʪʝʥʜʫʝʪ ʥʘ ʚʩʝʦʙʲʝʤʣʶʱʝʝ ʠ ʟʘʚʝʨʰʝʥʥʦʝ ʦʧʠʩʘʥʠʝ ʧʨʦʙʣʝʤʳ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʛʝʥʪʘ, ʫʯʘʩʪʚʫʶʱʝʛʦ ʚ ʧʨʦʮʝʩʩʝ 

ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʩʦʣʥʝʯʥʦʛʦ ʚʦʟʤʫʱʝʥʠʷ ʚ ʘʪʤʦʩʬʝʨʫ ɿʝʤʣʠ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʢʦʩʤʠʯʝʩʢʠʝ ʣʫʯʠ ʩʦʣʥʝʯʥʦʛʦ (ʉʂʃ) ʠ ʛʘʣʘʢʪʠʯʝʩʢʦʛʦ (ɻʂʃ) ʧʨʦʠʩʭʦʞʜʝʥʠʷ. 

ʂʦʩʤʠʯʝʩʢʠʝ ʣʫʯʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʪʦʢʠ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʳʭ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʦʪʦʥʦʚ, ʩ ʵʥʝʨʛʠʷʤʠ ɽ ӱ103 - 1019 ʵɺ [ʥʘʧʨ., 60]. ʅʠʟʢʦʵʥʝʨʛʠʯʥʘʷ 

ʢʦʤʧʦʥʝʥʪʘ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ (ɽ ӱ105 - 109 ʵɺ), ʚʳʩʳʧʘʶʱʘʷʩʷ ʚ ʚʳʩʦʢʦʰʠʨʦʪʥʳʭ 

ʦʙʣʘʩʪʷʭ ɿʝʤʣʠ, ʤʦʞʝʪ ʧʨʦʥʠʢʘʪʴ ʚ ʘʪʤʦʩʬʝʨʫ ʜʦ ʚʳʩʦʪʳ ʩʪʨʘʪʦʩʬʝʨʳ ʠ ʚʝʨʭʥʠʭ ʩʣʦʝʚ 

ʪʨʦʧʦʩʬʝʨʳ, ʠ ʧʨʠ ʵʪʦʤ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ 

ʥʠʞʥʝʡ ʘʪʤʦʩʬʝʨʝ [151, 175, 178]. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʪʦʢʦʚ 

ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʩ ʫʢʘʟʘʥʥʳʤʠ ʵʥʝʨʛʠʷʤʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʤʦʜʫʣʠʨʫʝʪʩʷ 

ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ [ʥʘʧʨ., 81-83]. ʇʨʠ ʚʳʙʦʨʝ ʘʛʝʥʪʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʪʘʢʞʝ 
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ʙʳʣʦ ʫʯʪʝʥʦ, ʯʪʦ ʢʦʩʤʠʯʝʩʢʠʝ ʣʫʯʠ ʤʦʛʫʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʨʘʙʦʪʝ ʨʘʟʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ ʩʦʣʥʝʯʥʦ-ʟʝʤʥʳʭ ʩʚʷʟʝʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʧʪʠʯʝʩʢʦʛʦ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ. 

 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʨʷʜʝ ʨʘʙʦʪ ʠʤʝʝʪʩʷ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦʡ ʨʦʣʠ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʚ 

ʬʠʟʠʯʝʩʢʦʤ ʤʝʭʘʥʠʟʤʝ ʩʦʣʥʝʯʥʦ-ʘʪʤʦʩʬʝʨʥʳʭ ʩʚʷʟʝʡ. ʅʘʧʨʠʤʝʨ, ʦʙʥʘʨʫʞʝʥʦ 

ʧʦʥʠʞʝʥʠʝ ʟʦʥʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʧʦʷʩʝ ʰʠʨʦʪ ӱ 55ï70ÁN ʚ ʩʚʷʟʠ ʩ ʩʦʣʥʝʯʥʳʤʠ 

ʧʨʦʪʦʥʥʳʤʠ ʩʦʙʳʪʠʷʤʠ ʠ ʝʛʦ ʨʦʩʪ ʚ ʩʚʷʟʠ ʩ ʬʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʷʤʠ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ 

[148]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʩʧʣʝʩʢʠ ʉʂʃ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʨʦʩʪʦʤ ʮʠʢʣʦʥʠʯʝʩʢʦʡ 

ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʚ ʨʘʡʦʥʝ ʉʝʚʝʨʥʦʡ ɸʪʣʘʥʪʠʢʠ [17, 198, 199]. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ ʭʦʜʝ 

ʬʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʡ ɻʂʃ ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʠʥʜʝʢʩʘ ʮʠʢʣʦʥʠʯʝʩʢʦʡ 

ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʥʘʜ ʦʢʝʘʥʘʤʠ ʥʘ ʰʠʨʦʪʘʭ ӱ 40ï65ÁN [178]. ɺ ʨʘʙʦʪʘʭ ɺʝʨʝʪʝʥʝʥʢʦ ʠ 

ʊʘʡʣʘ [17, 198, 199] ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʝ ʚʘʨʠʘʮʠʠ ʧʦʪʦʢʦʚ ʢʦʩʤʠʯʝʩʢʠʭ 

ʣʫʯʝʡ ʚʦ ʚʨʝʤʷ ʩʦʣʥʝʯʥʳʭ ʧʨʦʪʦʥʥʳʭ ʩʦʙʳʪʠʡ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʵʚʦʣʶʮʠʶ 

ʩʝʚʝʨʦʘʪʣʘʥʪʠʯʝʩʢʠʭ ʮʠʢʣʦʥʦʚ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʚʘʨʠʘʮʠʡ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʥʘ ʩʦʩʪʦʷʥʠʝ 

ʥʠʞʥʝʡ ʘʪʤʦʩʬʝʨʳ ɿʝʤʣʠ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʩʦʣʥʝʯʥʦ-ʟʝʤʥʳʭ ʩʚʷʟʝʡ 

ʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʷʩʥʠʪʴ ʬʠʟʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ ʚʣʠʷʥʠʷ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ 

ʮʠʨʢʫʣʷʮʠʶ ʥʠʞʥʝʡ ʘʪʤʦʩʬʝʨʳ, ʧʦʛʦʜʫ ʠ ʢʣʠʤʘʪ ɿʝʤʣʠ. ʈʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʙʘʟʳ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʦʛʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ. 

 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʜʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʘʨʠʯʝʩʢʦʛʦ 

ʦʪʢʣʠʢʘ ʘʪʤʦʩʬʝʨʳ ʩʝʚʝʨʥʦʛʦ ʠ ʶʞʥʦʛʦ ʧʦʣʫʰʘʨʠʡ ʥʘ ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʳʝ ʚʘʨʠʘʮʠʠ 

ʧʦʪʦʢʦʚ ʛʘʣʘʢʪʠʯʝʩʢʠʭ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ (ʬʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʡ ɻʂʃ); ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʵʚʦʣʶʮʠʠ ʙʘʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ ʭʦʜʝ ʠʩʩʣʝʜʫʝʤʳʭ ʬʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʡ; ʦʮʝʥʢʘ ʵʥʝʨʛʠʡ 

ʢʦʩʤʠʯʝʩʢʠʭ ʯʘʩʪʠʮ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʫʯʘʩʪʠʝ ʚ ʧʨʦʮʝʩʩʘʭ, ʚʣʠʷʶʱʠʭ ʥʘ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠ ʚʨʝʤʷ ʞʠʟʥʠ ʜʘʥʥʳʭ ʙʘʨʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ; ʠʟʫʯʝʥʠʝ ʚʘʨʠʘʮʠʡ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʤʘʢʨʦʩʠʥʦʧʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʚʷʟʠ ʩʦ ʚʩʧʣʝʩʢʘʤʠ ʉʂʃ ʠ ʬʦʨʙʫʰ-

ʧʦʥʠʞʝʥʠʷʤʠ ɻʂʃ; ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʦʪʢʣʠʢʘ ʘʪʤʦʩʬʝʨʳ ʥʘ ʚʘʨʠʘʮʠʠ ʧʦʪʦʢʦʚ 

ʩʦʣʥʝʯʥʳʭ ʠ ʛʘʣʘʢʪʠʯʝʩʢʠʭ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ. 
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ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1. ɺ ʭʦʜʝ ʬʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʡ ɻʂʃ ʧʨʦʠʩʭʦʜʠʪ ʦʩʣʘʙʣʝʥʠʝ ʮʠʢʣʦʥʠʯʝʩʢʦʡ ʠ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʫʤʝʨʝʥʥʳʭ ʰʠʨʦʪʘʭ 

ʩʝʚʝʨʥʦʛʦ ʠ ʶʞʥʦʛʦ ʧʦʣʫʰʘʨʠʡ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʜʠʥʘʤʠʢʝ 

ʙʘʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʩʚʷʟʘʥʥʳʝ ʩ ʬʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʷʤʠ ɻʂʃ, ʥʘʙʣʶʜʘʶʪʩʷ ʚ 

ʨʘʡʦʥʘʭ ʘʨʢʪʠʯʝʩʢʠʭ, ʘʥʪʘʨʢʪʠʯʝʩʢʠʭ ʠ ʧʦʣʷʨʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʨʦʥʪʦʚ. 

2. ɺʩʧʣʝʩʢʠ ʩʦʣʥʝʯʥʳʭ ʧʨʦʪʦʥʦʚ ʠ ʬʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʷ ɻʂʃ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ 

ʚʣʠʷʥʠʝ ʥʘ ʜʣʠʪʝʣʴʥʦʩʪʴ ʵʣʝʤʝʥʪʘʨʥʳʭ ʩʠʥʦʧʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʦ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ɺʘʥʛʝʥʛʝʡʤʘ-ɻʠʨʩʘ. 

3. ʉʝʚʝʨʦʘʪʣʘʥʪʠʯʝʩʢʠʡ ʨʝʛʠʦʥ ʷʚʣʷʝʪʩʷ ʚʳʜʝʣʝʥʥʳʤ ʨʝʛʠʦʥʦʤ ʩʝʚʝʨʥʦʛʦ 

ʧʦʣʫʰʘʨʠʷ, ʛʜʝ ʩʢʣʘʜʳʚʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʵʬʬʝʢʪʦʚ 

ɻʂʃ ʚ ʵʚʦʣʶʮʠʠ ʚʥʝʪʨʦʧʠʯʝʩʢʠʭ ʙʘʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʚʳʩʳʧʘʥʠʝʤ ʚ 

ʜʘʥʥʦʤ ʨʝʛʠʦʥʝ ʥʠʟʢʦʵʥʝʨʛʠʯʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ɻʂʃ, ʢʦʪʦʨʘʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ 

ʤʦʜʫʣʠʨʫʝʪʩʷ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. 

4. ɺʘʨʠʘʮʠʠ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ, ʚʳʟʳʚʘʶʱʠʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʧʦ ʟʥʘʢʫ 

ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠʦʥʠʟʘʮʠʠ, ʧʨʠʚʦʜʷʪ ʢ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ ʧʦ ʟʥʘʢʫ 

ʚʘʨʠʘʮʠʷʤ ʜʘʚʣʝʥʠʷ ʚ ʫʤʝʨʝʥʥʳʭ ʰʠʨʦʪʘʭ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ 

ʙʘʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʪʠʧʦʚ. ɺʩʧʣʝʩʢʠ ʉʂʃ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ 

ʫʩʠʣʝʥʠʝʤ ʮʠʢʣʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʬʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʷ ɻʂʃ ʧʨʠʚʦʜʷʪ ʢ 

ʫʩʠʣʝʥʠʶ ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

1. ʀʩʩʣʝʜʦʚʘʥʳ ʠʟʤʝʥʝʥʠʷ ʚ ʵʚʦʣʶʮʠʠ ʚʥʝʪʨʦʧʠʯʝʩʢʠʭ ʙʘʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʩʝʚʝʨʥʦʛʦ ʠ ʶʞʥʦʛʦ ʧʦʣʫʰʘʨʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʩʚʷʟʠ ʩ ʬʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʷʤʠ 

ɻʂʃ. ʆʙʥʘʨʫʞʝʥʦ ʦʩʣʘʙʣʝʥʠʝ ʮʠʢʣʦʥʠʯʝʩʢʦʡ ʠ ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ 

ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʫʤʝʨʝʥʥʳʭ ʰʠʨʦʪʘʭ ʩʝʚʝʨʥʦʛʦ ʠ ʶʞʥʦʛʦ 

ʧʦʣʫʰʘʨʠʡ ʚ ʭʦʜʝ ʫʢʘʟʘʥʥʳʭ ʩʦʙʳʪʠʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ 

ʜʠʥʘʤʠʢʝ ʙʘʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ ʭʦʜʝ ʬʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʡ ɻʂʃ ʩʚʷʟʘʥʳ ʩ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʝʤ ʦʩʥʦʚʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʨʦʥʪʦʚ: ʘʨʢʪʠʯʝʩʢʠʭ, 

ʘʥʪʘʨʢʪʠʯʝʩʢʠʭ ʠ ʧʦʣʷʨʥʳʭ. 

2. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʬʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʷ ɻʂʃ ʠ ʩʦʣʥʝʯʥʳʝ ʧʨʦʪʦʥʥʳʝ ʩʦʙʳʪʠʷ ʤʦʛʫʪ 

ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʵʣʝʤʝʥʪʘʨʥʳʭ ʩʠʥʦʧʪʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ (ʕʉʇ), ʦʧʨʝʜʝʣʷʝʤʳʭ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ɺʘʥʛʝʥʛʝʡʤʘ-ɻʠʨʩʘ. 
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ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʭʦʜʝ ʬʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʡ ɻʂʃ ʫʤʝʥʴʰʘʝʪʩʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʕʉʇ 

ʟʘʧʘʜʥʦʛʦ ʠ ʚʦʩʪʦʯʥʦʛʦ ʪʠʧʦʚ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʕʉʇ 

ʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ ʪʠʧʘ. ʉʦʣʥʝʯʥʳʝ ʧʨʦʪʦʥʥʳʝ ʩʦʙʳʪʠʷ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝʤ ʕʉʇ ʟʘʧʘʜʥʦʛʦ ʠ ʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ ʪʠʧʦʚ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʕʉʇ 

ʚʦʩʪʦʯʥʦʛʦ ʪʠʧʘ ʧʨʠ ʵʪʦʤ ʥʝ ʤʝʥʷʝʪʩʷ. 

3. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʧʦ ʟʥʘʢʫ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠʦʥʠʟʘʮʠʠ 

ʘʪʤʦʩʬʝʨʳ ʚ ʩʚʷʟʠ ʩ ʚʘʨʠʘʮʠʷʤʠ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʧʨʠʚʦʜʷʪ ʢ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ ʧʦ ʟʥʘʢʫ ʠʟʤʝʥʝʥʠʷʤ ʜʘʚʣʝʥʠʷ ʚ ʫʤʝʨʝʥʥʳʭ ʰʠʨʦʪʘʭ, ʪ.ʝ. 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʙʘʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʪʠʧʦʚ. ʉʦʣʥʝʯʥʳʝ 

ʧʨʦʪʦʥʥʳʝ ʩʦʙʳʪʠʷ, ʚʳʟʳʚʘʶʱʠʝ ʫʚʝʣʠʯʝʥʠʝ ʠʦʥʠʟʘʮʠʠ ʘʪʤʦʩʬʝʨʳ, 

ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʫʩʠʣʝʥʠʝʤ ʮʠʢʣʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʬʦʨʙʫʰ-

ʧʦʥʠʞʝʥʠʷ ɻʂʃ, ʚʳʟʳʚʘʶʱʠʝ ʫʤʝʥʴʰʝʥʠʝ ʠʦʥʠʟʘʮʠʠ ʘʪʤʦʩʬʝʨʳ, ʧʨʠʚʦʜʷʪ ʢ 

ʫʩʠʣʝʥʠʶ ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʚ ʯʘʩʪʥʦʩʪʠ, ʚʦʟʨʘʩʪʘʝʪ ʯʘʩʪʦʪʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʣʦʢʠʨʫʶʱʠʭ ʘʥʪʠʮʠʢʣʦʥʦʚ ʚ ʩʝʚʝʨʦʘʪʣʘʥʪʠʯʝʩʢʦʤ ʨʝʛʠʦʥʝ). ʇʨʠ 

ʵʪʦʤ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʘʪʤʦʩʬʝʨʳ ʠ ʘʤʧʣʠʪʫʜʘ ʚʘʨʠʘʮʠʠ ʜʘʚʣʝʥʠʷ ʚ ʩʣʫʯʘʝ 

ʬʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʡ ɻʂʃ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʩʣʫʯʘʝ ʩʦʣʥʝʯʥʳʭ ʧʨʦʪʦʥʥʳʭ ʩʦʙʳʪʠʡ. 

4. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʉʝʚʝʨʥʘʷ ɸʪʣʘʥʪʠʢʘ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʨʝʛʠʦʥʦʤ 

ʩʝʚʝʨʥʦʛʦ ʧʦʣʫʰʘʨʠʷ ʜʣʷ ʧʨʦʷʚʣʝʥʠʷ ʵʬʬʝʢʪʦʚ ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʳʭ ʚʘʨʠʘʮʠʡ 

ʩʦʣʥʝʯʥʳʭ ʠ ʛʘʣʘʢʪʠʯʝʩʢʠʭ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʜʣʷ 

ʩʝʚʝʨʦʘʪʣʘʥʪʠʯʝʩʢʦʛʦ ʨʝʛʠʦʥʘ ʭʘʨʘʢʪʝʨʥʳ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʧʦʨʦʛʦʚʦʡ ʞʝʩʪʢʦʩʪʠ 

ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʦʙʨʝʟʘʥʠʷ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʠʟʢʠʝ ʵʥʝʨʛʠʠ ʚʳʩʳʧʘʶʱʠʭʩʷ 

ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʧʦʜʚʝʨʞʝʥʘ 

ʤʦʜʫʣʠʨʫʶʱʝʤʫ ʚʣʠʷʥʠʶ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʚʘʨʠʘʮʠʠ 

ʧʦʪʦʢʦʚ ʛʘʣʘʢʪʠʯʝʩʢʠʭ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʬʠʟʠʯʝʩʢʦʤ 

ʤʝʭʘʥʠʟʤʝ ʚʣʠʷʥʠʷ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʘʪʤʦʩʬʝʨʥʫʶ ʮʠʨʢʫʣʷʮʠʶ, ʧʦʛʦʜʫ ʠ 

ʢʣʠʤʘʪ, ʘ ʪʘʢʞʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʙʘʨʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʫʤʝʨʝʥʥʳʭ ʠ ʚʳʩʦʢʠʭ ʰʠʨʦʪ. ʋʯʝʪ ʚʣʠʷʥʠʷ ʚʘʨʠʘʮʠʡ ʧʦʪʦʢʦʚ ʢʦʩʤʠʯʝʩʢʠʭ 

ʣʫʯʝʡ ʥʘ ʜʣʠʪʝʣʴʥʦʩʪʴ ʤʘʢʨʦʩʠʥʦʧʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ 

ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʜʦʣʛʦʩʨʦʯʥʳʭ ʤʝʪʝʦʧʨʦʛʥʦʟʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ 

ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʜʘʥʥʦʡ ʪʝʤʘʪʠʢʝ. 
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ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

 

ɸʚʪʦʨ ʧʨʠʥʠʤʘʣ ʫʯʘʩʪʠʝ ʚ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ, ʦʪʙʦʨʝ ʠ ʦʙʨʘʙʦʪʢʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʨʝʘʣʠʟʘʮʠʠ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ, ʘʥʘʣʠʟʝ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ. ɺʩʝ ʠʟʣʦʞʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʘʚʪʦʨʦʤ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʠʣʠ ʥʘ ʨʘʚʥʳʭ ʧʨʘʚʘʭ ʩ ʩʦʘʚʪʦʨʘʤʠ. 

 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʠ ʥʘʫʯʥʘʷ ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʸʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʟʥʘʯʠʤʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, 

ʨʘʩʩʯʠʪʘʥʥʳʤ ʩ ʧʦʤʦʱʴʶ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ʆʙʥʘʨʫʞʝʥʥʳʝ ʚ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʦʙʲʷʩʥʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʨʘʥʝʝ ʧʨʦʚʝʜʸʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʸʥʥʳʭ ʠʟʫʯʝʥʠʶ ʚʘʨʠʘʮʠʡ ʩʨʝʜʥʝʟʦʥʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʭʦʜʝ 

ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʚʦʟʤʫʱʝʥʠʷ [52], ʚʘʨʠʘʮʠʡ ʠʥʜʝʢʩʘ ʟʦʥʘʣʴʥʦʡ ʮʠʨʢʫʣʷʮʠʠ [13], 

ʚʘʨʠʘʮʠʡ ʠʥʜʝʢʩʘ ʮʠʢʣʦʥʠʯʝʩʢʦʡ ʟʘʚʠʭʨʸʥʥʦʩʪʠ VAI  [178] ʠ ʠʟʤʝʥʝʥʠʡ 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʩʪʘʥʮʠʠ ʉʦʜʘʥʢʶʣʘ [153] ʚ ʭʦʜʝ ʬʦʨʙʫʰ-

ʧʦʥʠʞʝʥʠʡ ɻʂʃ. 

 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʨʘʙʦʪʝ, ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠ 

ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ ʥʘʫʯʥʳʭ ʩʝʤʠʥʘʨʘʭ ʢʘʬʝʜʨʳ ʬʠʟʠʢʠ ɿʝʤʣʠ ʉʇʙɻʋ, ʨʦʩʩʠʡʩʢʠʭ ʠ 

ʟʘʨʫʙʝʞʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʤʦʣʦʜʸʞʥʳʭ ʥʘʫʯʥʳʭ ʰʢʦʣʘʭ: 

1. IX ʇʫʣʢʦʚʩʢʘʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʬʠʟʠʢʝ ʉʦʣʥʮʘ çʉʦʣʥʝʯʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʢʘʢ ʬʘʢʪʦʨ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳè, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʇʫʣʢʦʚʦ, 2005. 

2. 30ʷ ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʢʦʩʤʠʯʝʩʢʠʤ ʣʫʯʘʤ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2008.  

3. 7th International Conference ñProblems of Geocosmosò, St.Petersburg State University, 

Saint-Petersburg, Petrodvorets, Russia, 2008. 

4. Space Climate Symposium III, Saariselka, Finland, 2009. 

5. XIII  ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʝʞʝʛʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʬʠʟʠʢʝ ʉʦʣʥʮʘ çɻʦʜ ʘʩʪʨʦʥʦʤʠʠ: 

ʉʦʣʥʝʯʥʘʷ ʠ ʩʦʣʥʝʯʥʦ-ʟʝʤʥʘʷ ʬʠʟʠʢʘ - 2009è, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʇʫʣʢʦʚʦ, 2009. 

6. XI ʂʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çɻʝʣʠʦ- ʠ ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷè ʚ 

ʨʘʤʢʘʭ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ɹʘʡʢʘʣʴʩʢʦʡ ʄʦʣʦʜʝʞʥʦʡ ʅʘʫʯʥʦʡ ʐʢʦʣʳ ʧʦ 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʌʠʟʠʢʝ, ʀʨʢʫʪʩʢ, 2009. 

7. ʅʘʫʯʥʘʷ ʰʢʦʣʘ çʅʝʣʠʥʝʡʥʳʝ ʚʦʣʥʳè, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ, 2010. 
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8. XIV  ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʰʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʉʦʩʪʘʚ ʘʪʤʦʩʬʝʨʳ. 

ɸʪʤʦʩʬʝʨʥʦʝ ʵʣʝʢʪʨʠʯʝʩʪʚʦ. ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳè, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, 2010. 

9. 8th International Conference çProblems of Geocosmosè, St.Petersburg State University, 

Saint-Petersburg, Petrodvorets, Russia, 2010. 

10. XIV  ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʝʞʝʛʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʬʠʟʠʢʝ ʉʦʣʥʮʘ çʉʦʣʥʝʯʥʘʷ ʠ 

ʩʦʣʥʝʯʥʦ-ʟʝʤʥʘʷ ʬʠʟʠʢʘ-2010è, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʇʫʣʢʦʚʦ, 2010. 

11. III ʄʦʣʦʜʝʞʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ɻɸʆ ʈɸʅ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʇʫʣʢʦʚʦ, 

2010. 

12. XII ʂʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʣʝʡ ʠ ʠʟʣʫʯʝʥʠʷ ʩ 

ʚʝʱʝʩʪʚʦʤè ʚ ʨʘʤʢʘʭ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ɹʘʡʢʘʣʴʩʢʦʡ ʄʦʣʦʜʝʞʥʦʡ ʅʘʫʯʥʦʡ ʐʢʦʣʳ 

ʧʦ ʌʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʌʠʟʠʢʝ, ʀʨʢʫʪʩʢ, 2011. 

13. XVI  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʉʦʩʪʘʚ ʘʪʤʦʩʬʝʨʳ. 

ɸʪʤʦʩʬʝʨʥʦʝ ʵʣʝʢʪʨʠʯʝʩʪʚʦ. ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳè, ɿʚʝʥʠʛʦʨʦʜ, 2012. 

14. 39th COSPAR Scientific Assembly, Mysore, India, 2012. 

15. 9th International Conference çProblems of Geocosmosè, St.Petersburg State University, 

Saint-Petersburg, Petrodvorets, Russia, 2012. 

16. 36th Annual Seminar çPhysics of Auroral Phenomenaè, ɸʧʘʪʠʪʳ, 2013. 

17. Sun2Climate School çImpact of solar variability on the Earth's climateè, Thessaloniki, 

Greece, 2013. 

18. ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʘʩʪʨʦʥʦʤʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʄʥʦʛʦʣʠʢʘʷ ɺʩʝʣʝʥʥʘʷè, ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ, 2013. 

19. 40th COSPAR Scientific Assembly, Moscow, 2014. 

20. 33ʷ ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʢʦʩʤʠʯʝʩʢʠʤ ʣʫʯʘʤ, ɼʫʙʥʘ, 2014. 

21. ʐʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʀʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

ʉʝʚʝʨʥʦʡ ɽʚʨʘʟʠʠ: ʘʥʘʣʠʟ, ʧʨʦʛʥʦʟ, ʘʜʘʧʪʘʮʠʷè, ʂʠʩʣʦʚʦʜʩʢ, 2014. 

 

ʇʫʙʣʠʢʘʮʠʠ ʧʦ ʪʝʤʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 

ʇʦ ʪʝʤʝ ʧʨʦʚʝʜʸʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʫʙʣʠʢʦʚʘʥʦ 14 ʨʘʙʦʪ, ʠʟ ʥʠʭ 5 ʩʪʘʪʝʡ ʚ 

ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ ʠ 9 ʩʪʘʪʝʡ ʚ ʩʙʦʨʥʠʢʘʭ ʪʨʫʜʦʚ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ 

ʠ ʤʦʣʦʜʸʞʥʳʭ ʥʘʫʯʥʳʭ ʰʢʦʣ. 
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ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʸʤ ʨʘʙʦʪʳ 

 

ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 4 ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ, 4 ʧʨʠʣʦʞʝʥʠʡ ʠ ʩʧʠʩʢʘ 

ʣʠʪʝʨʘʪʫʨʳ ʠʟ 207 ʥʘʠʤʝʥʦʚʘʥʠʡ, ʩʦʜʝʨʞʠʪ 160 ʩʪʨʘʥʠʮ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ, 

ʚʢʣʶʯʘʷ 45 ʨʠʩʫʥʢʦʚ ʠ 2 ʪʘʙʣʠʮʳ.  

 

ʇʦ ʪʝʤʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʫʙʣʠʢʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʨʘʙʦʪʳ 

ʇʫʙʣʠʢʘʮʠʠ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ 

 

1. Artamonova I.V., Veretenenko S.V. Galactic cosmic ray variation influence on baric 

system dynamics at middle latitudes // Journal of Atmospheric and Solar-Terrestrial Physics. - 

2011. - V. 73. - N 2-3. - P. 366-370. 

2. ɸʨʪʘʤʦʥʦʚʘ ʀ.ɺ., ɺʝʨʝʪʝʥʝʥʢʦ ʉ.ɺ. ɺʣʠʷʥʠʝ ʚʘʨʠʘʮʠʡ ʛʘʣʘʢʪʠʯʝʩʢʠʭ 

ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʥʘ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʥʠʞʥʝʡ ʘʪʤʦʩʬʝʨʝ // ɺʝʩʪʥʠʢ ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʉʝʨʠʷ 4: ʬʠʟʠʢʘ, ʭʠʤʠʷ. - 2011. -  ̄2. - ʉ. 15-23. 

3. ɸʨʪʘʤʦʥʦʚʘ ʀ.ɺ., ɺʝʨʝʪʝʥʝʥʢʦ ʉ.ɺ. ɺʣʠʷʥʠʝ ʚʘʨʠʘʮʠʡ ʩʦʣʥʝʯʥʳʭ ʠ 

ʛʘʣʘʢʪʠʯʝʩʢʠʭ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʥʘ ʜʣʠʪʝʣʴʥʦʩʪʴ ʤʘʢʨʦʩʠʥʦʧʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ // 

ɻʝʦʤʘʛʥʝʪʠʟʤ ʠ ʘʵʨʦʥʦʤʠʷ. - 2013. - ʊ. 53. - ˉ 1. - ʉ. 8-12. 
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ʉʆɼɽʈɾɸʅʀɽ ʈɸɹʆʊʓ 

 

ɺʦ ʚʚʝʜʝʥʠʠ ʦʙʦʩʥʦʚʘʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠ ʘʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʮʝʣʴ ʨʘʙʦʪʳ, ʦʙʦʟʥʘʯʝʥʳ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ, 

ʦʪʤʝʯʝʥʳ ʥʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ ʨʘʙʦʪʳ, ʢʨʘʪʢʦ ʠʟʣʦʞʝʥʦ 

ʩʦʜʝʨʞʘʥʠʝ ʨʘʙʦʪʳ. 

ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʠʚʦʜʠʪʩʷ ʦʙʟʦʨ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʦʣʥʝʯʥʦ-ʘʪʤʦʩʬʝʨʥʳʭ ʩʚʷʟʝʡ. 

ɺ ʨʘʟʜʝʣʝ 1.1 ʧʨʠʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ 

ʥʘʣʠʯʠʠ ʩʚʷʟʠ ʤʝʞʜʫ ʘʢʪʠʚʥʳʤʠ ʷʚʣʝʥʠʷʤʠ ʥʘ ʉʦʣʥʮʝ ʠ ʧʨʦʮʝʩʩʘʤʠ ʚ ʥʠʞʥʝʡ 

ʘʪʤʦʩʬʝʨʝ ɿʝʤʣʠ ʥʘ ʚʨʝʤʝʥʥʳʭ ʰʢʘʣʘʭ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʣʝʪ. 

ɺ ʨʘʟʜʝʣʝ 1.2 ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʟʤʦʞʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʘʛʝʥʪʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʧʝʨʝʜʘʯʫ ʵʥʝʨʛʠʠ ʩʦʣʥʝʯʥʦʛʦ ʚʦʟʤʫʱʝʥʠʷ ʚ ʥʠʞʥʶʶ ʘʪʤʦʩʬʝʨʫ ɿʝʤʣʠ ʠ ʩʚʷʟʘʥʥʳʝ ʩ 

ʵʪʠʤʠ ʘʛʝʥʪʘʤʠ ʤʝʭʘʥʠʟʤʳ ʚʣʠʷʥʠʷ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʧʦʛʦʜʫ ʠ ʢʣʠʤʘʪ ɿʝʤʣʠ. 

ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʚʘʨʠʘʮʠʡ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʠʟʦʙʘʨʠʯʝʩʢʦʤ ʫʨʦʚʥʝ 1000 ʛʇʘ 

ʚ ʩʝʚʝʨʥʦʤ ʠ ʶʞʥʦʤ ʧʦʣʫʰʘʨʠʷʭ ʚ ʩʚʷʟʠ ʩ ʬʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʷʤʠ ɻʂʃ. 

ɺ ʨʘʟʜʝʣʝ 2.1 ʜʘʥʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. 

ɺ ʨʘʟʜʝʣʝ 2.2 ʧʨʠʚʝʜʝʥʦ ʦʧʠʩʘʥʠʝ ʜʘʥʥʳʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʨʘʙʦʪʝ, ʠ ʤʝʪʦʜʦʣʦʛʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʬʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʷ ɻʂʃ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤʠ 

ʚʘʨʠʘʮʠʷʤʠ ʧʨʠʟʝʤʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʫʤʝʨʝʥʥʳʭ ʰʠʨʦʪʘʭ ʉʝʚʝʨʥʦʡ ʠ ʖʞʥʦʡ ɸʪʣʘʥʪʠʢʠ, 

ʘ ʪʘʢʞʝ ʚ ʖʞʥʦʤ ʦʢʝʘʥʝ. ʈʘʩʩʤʦʪʨʝʥʳ ʦʪʢʣʦʥʝʥʠʷ ʜʘʚʣʝʥʠʷ ʦʪ ʩʨʝʜʥʝʛʦ ʫʨʦʚʥʷ ʥʘ 4ʡ 

ʜʝʥʴ ʧʦʩʣʝ ʥʘʯʘʣʘ ʬʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʷ ɻʂʃ (ʜʝʥʴ ʤʘʢʩʠʤʫʤʘ ʦʙʥʘʨʫʞʝʥʥʦʛʦ ʵʬʬʝʢʪʘ). 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʣʘʩʪʠ ʨʦʩʪʘ ʜʘʚʣʝʥʠʷ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʨʘʡʦʥʘʭ ʩʨʝʜʥʝʛʦ ʤʥʦʛʦʣʝʪʥʝʛʦ 

ʧʦʣʦʞʝʥʠʷ ʦʩʥʦʚʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʨʦʥʪʦʚ: ʘʨʢʪʠʯʝʩʢʦʛʦ, ʘʥʪʘʨʢʪʠʯʝʩʢʦʛʦ ʠ 

ʧʦʣʷʨʥʦʛʦ. 

ɺ ʨʘʟʜʝʣʝ 2.3 ʜʘʥʘ ʦʮʝʥʢʘ ʞʝʩʪʢʦʩʪʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʦʙʨʝʟʘʥʠʷ ʠ ʤʠʥʠʤʘʣʴʥʳʭ 

ʵʥʝʨʛʠʡ ʯʘʩʪʠʮ, ʚʳʩʳʧʘʶʱʠʭʩʷ ʚ ʦʙʣʘʩʪʷʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʬʬʝʢʪʦʚ ʬʦʨʙʫʰ-

ʧʦʥʠʞʝʥʠʡ ɻʂʃ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʝʚʝʨʦʘʪʣʘʥʪʠʯʝʩʢʦʤ ʨʝʛʠʦʥʝ ʩʢʣʘʜʳʚʘʶʪʩʷ ʥʘʠʙʦʣʝʝ 

ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʚʦʟʜʝʡʩʪʚʠʷ ʚʘʨʠʘʮʠʡ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʥʘ 

ʚʥʝʪʨʦʧʠʯʝʩʢʠʝ ʙʘʨʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʤʝʥʴʰʠʤʠ ʧʦʨʦʛʘʤʠ 

ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʦʙʨʝʟʘʥʠʷ, ʯʝʤ ʚ ʪʠʭʦʦʢʝʘʥʩʢʦʤ ʩʝʢʪʦʨʝ. 
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ɺ ʨʘʟʜʝʣʝ 2.4 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʠʥʦʧʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʨʠʟʝʤʥʳʭ ʢʘʨʪ 

ʧʦʛʦʜʳ ʜʣʷ ʩʝʚʝʨʥʦʛʦ ʠ ʶʞʥʦʛʦ ʧʦʣʫʰʘʨʠʡ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʧʨʠʯʠʥʘʤʠ ʚʘʨʠʘʮʠʡ ʚ 

ʵʚʦʣʶʮʠʠ ʚʥʝʪʨʦʧʠʯʝʩʢʠʭ ʙʘʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʥʘʙʣʶʜʘʝʤʳʭ ʚ ʭʦʜʝ ʬʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʡ 

ɻʂʃ, ʷʚʣʷʝʪʩʷ ʦʩʣʘʙʣʝʥʠʝ ʮʠʢʣʦʥʠʯʝʩʢʦʡ ʠ ʫʩʠʣʝʥʠʝ ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʚ ʦʙʣʘʩʪʷʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʩʥʦʚʥʳʭ ʘʪʤʦʩʬʝʨʥʳʭ ʬʨʦʥʪʦʚ ʚ ʫʤʝʨʝʥʥʳʭ ʠ ʚʳʩʦʢʠʭ 

ʰʠʨʦʪʘʭ. ɺ ʨʘʟʜʝʣʝ ʪʘʢʞʝ ʦʙʩʫʞʜʘʶʪʩʷ ʚʦʟʤʦʞʥʳʝ ʧʨʠʯʠʥʳ ʨʝʛʠʦʥʘʣʴʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʬʬʝʢʪʦʚ ʬʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʡ ɻʂʃ: ʥʘʣʠʯʠʷ ʟʥʘʯʠʤʳʭ ʚʘʨʠʘʮʠʡ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʩʝʚʝʨʦʘʪʣʘʥʪʠʯʝʩʢʦʤ ʨʝʛʠʦʥʝ ʠ ʠʭ ʦʪʩʫʪʩʪʚʠʝ ʚ 

ʪʠʭʦʦʢʝʘʥʩʢʦʤ ʩʝʢʪʦʨʝ. 

ɺ ʨʘʟʜʝʣʝ 2.5 ʩʦʜʝʨʞʘʪʩʷ ʚʳʚʦʜʳ ʢ ʛʣʘʚʝ 2. 

ɺ ʪʨʝʪʴʝʡ ʛʣʘʚʝ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʚʘʨʠʘʮʠʠ ʜʘʚʣʝʥʠʷ ʚ ʥʠʞʥʝʡ ʪʨʦʧʦʩʬʝʨʝ 

ʩʝʚʝʨʦʘʪʣʘʥʪʠʯʝʩʢʦʛʦ ʨʝʛʠʦʥʘ. 

ɺ ʨʘʟʜʝʣʝ 3.1 ʜʘʥʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. 

ɺ ʨʘʟʜʝʣʝ 3.2 ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʚʘʨʠʘʮʠʡ ʜʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʥʳʭ 

ʠʟʦʙʘʨʠʯʝʩʢʠʭ ʫʨʦʚʥʷʭ (1000, 850, 700, 500, 300 ʠ 200 ʛʇʘ) ʚ ʭʦʜʝ ʬʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʡ 

ɻʂʃ ʚ ʦʙʣʘʩʪʠ, ʦʛʨʘʥʠʯʝʥʥʦʡ ʤʝʨʠʜʠʘʥʘʤʠ 90ÜE ʠ 90ÜW ʦʪ ʵʢʚʘʪʦʨʘ ʜʦ ʧʦʣʶʩʘ. 

ɺ ʨʘʟʜʝʣʝ 3.3 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʠʥʦʧʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʨʠʟʝʤʥʳʭ ʢʘʨʪ 

ʧʦʛʦʜʳ ʜʣʷ ʩʝʚʝʨʦʘʪʣʘʥʪʠʯʝʩʢʦʛʦ ʩʝʢʪʦʨʘ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʨʘʟʚʠʪʠʝ ʦʙʣʘʩʪʠ 

ʧʦʚʳʰʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘʜ ɺʦʩʪʦʯʥʦʡ ɸʪʣʘʥʪʠʢʦʡ, ɿʘʧʘʜʥʦʡ ɽʚʨʦʧʦʡ ʠ ʩʝʚʝʨʦʤ 

ʝʚʨʦʧʝʡʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʚ ʭʦʜʝ ʬʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʡ ɻʂʃ ʦʙʫʩʣʦʚʣʝʥʦ ʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʳʤ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʙʣʦʢʠʨʫʶʱʠʭ ʘʥʪʠʮʠʢʣʦʥʦʚ ʚ ʜʘʥʥʦʤ ʨʘʡʦʥʝ. ʇʨʠʚʝʜʸʥ 

ʧʨʠʤʝʨ ʩʠʥʦʧʪʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʜʣʷ ʬʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʷ, ʥʘʯʘʚʰʝʛʦʩʷ 13.01.1988 ʛ. 

ɺ ʨʘʟʜʝʣʝ 3.4 ʧʨʠʚʝʜʝʥʳ ʦʮʝʥʢʠ ʟʥʘʯʝʥʠʡ ʞʝʩʪʢʦʩʪʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʦʙʨʝʟʘʥʠʷ ʚ 

ʩʝʚʝʨʦʘʪʣʘʥʪʠʯʝʩʢʦʤ ʨʝʛʠʦʥʝ ʠ ʤʠʥʠʤʘʣʴʥʳʭ ʵʥʝʨʛʠʡ ʯʘʩʪʠʮ, ʢʦʪʦʨʳʝ ʚʳʩʳʧʘʶʪʩʷ ʚ 

ʦʙʣʘʩʪʷʭ ʦʙʥʘʨʫʞʝʥʥʦʛʦ ʵʬʬʝʢʪʘ ʬʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʡ ɻʂʃ ʠ ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʫʯʘʩʪʠʝ ʚ 

ʧʨʦʮʝʩʩʘʭ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʥʘʙʣʶʜʘʝʤʳʤ ʚʘʨʠʘʮʠʷʤ ʪʨʦʧʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʉʝʚʝʨʥʦʡ 

ɸʪʣʘʥʪʠʢʝ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ ʠʟʤʝʥʝʥʠʷʤ ʚ ʜʠʥʘʤʠʢʝ ʙʘʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ɺ ʨʘʟʜʝʣʝ 3.5 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʚʘʨʠʘʮʠʡ 

ʧʘʨʘʤʝʪʨʦʚ ʥʠʞʥʝʡ ʘʪʤʦʩʬʝʨʳ ʚ ʩʝʚʝʨʦʘʪʣʘʥʪʠʯʝʩʢʦʤ ʨʝʛʠʦʥʝ, ʥʘʙʣʶʜʘʝʤʳʭ ʚ ʭʦʜʝ 

ʬʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʡ ʛʘʣʘʢʪʠʯʝʩʢʠʭ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʠ ʩʦʣʥʝʯʥʳʭ ʧʨʦʪʦʥʥʳʭ 

ʩʦʙʳʪʠʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʧʦ ʟʥʘʢʫ ʚʘʨʠʘʮʠʠ ʩʢʦʨʦʩʪʠ ʠʦʥʠʟʘʮʠʠ 

ʘʪʤʦʩʬʝʨʳ ʢʦʩʤʠʯʝʩʢʠʤʠ ʣʫʯʘʤʠ ʧʨʠʚʦʜʷʪ ʢ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʙʘʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 
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ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʪʠʧʦʚ: ʩʦʣʥʝʯʥʳʝ ʧʨʦʪʦʥʥʳʝ ʩʦʙʳʪʠʷ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʨʝʛʝʥʝʨʘʮʠʝʡ 

ʮʠʢʣʦʥʦʚ, ʬʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʘʥʪʠʮʠʢʣʦʥʦʚ. ʇʨʠ ʵʪʦʤ 

ʨʝʘʢʮʠʷ ʘʪʤʦʩʬʝʨʳ ʥʘ ʩʦʣʥʝʯʥʳʝ ʧʨʦʪʦʥʥʳʝ ʩʦʙʳʪʠʷ ʠʤʝʝʪ ʤʝʥʴʰʝʝ ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʠ 

ʙʦʣʴʰʫʶ ʘʤʧʣʠʪʫʜʫ, ʯʝʤ ʚ ʩʣʫʯʘʝ ʬʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʡ ɻʂʃ. 

ɺ ʨʘʟʜʝʣʝ 3.6 ʦʙʩʫʞʜʘʝʪʩʷ ʚʦʟʤʦʞʥʳʡ ʬʠʟʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ ʚʣʠʷʥʠʷ 

ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʥʘ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʥʠʞʥʝʡ ʘʪʤʦʩʬʝʨʝ ɿʝʤʣʠ. 

ɺ ʨʘʟʜʝʣʝ 3.7 ʧʨʠʚʝʜʝʥʳ ʚʳʚʦʜʳ ʢ ʛʣʘʚʝ 3. 

ɺ ʯʝʪʚʝʨʪʦʡ ʛʣʘʚʝ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʩʠʥʦʧʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ (ʩʦʛʣʘʩʥʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ɺʘʥʛʝʥʛʝʡʤʘ-ɻʠʨʩʘ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʘʨʠʘʮʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ 

ʩʦʣʥʝʯʥʦʛʦ ʠ ʛʘʣʘʢʪʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ.  

ɺ ʨʘʟʜʝʣʝ 4.1 ʧʨʠʚʝʜʝʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʩʠʥʦʧʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

(ʕʉʇ) ʩʦʛʣʘʩʥʦ ʪʠʧʠʟʘʮʠʠ ɺʘʥʛʝʥʛʝʡʤʘ-ɻʠʨʩʘ. ʆʧʠʩʳʚʘʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʦʝ ʨʘʟʚʠʪʠʝ 

ʕʉʇ ʟʘʧʘʜʥʦʡ, ʤʝʨʠʜʠʦʥʘʣʴʥʦʡ ʠ ʚʦʩʪʦʯʥʦʡ ʬʦʨʤ ʘʪʤʦʩʬʝʨʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʚ 

ʦʪʩʫʪʩʪʚʠʠ ʚʦʟʤʫʱʘʶʱʝʛʦ ʚʣʠʷʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ. 

ɺ ʨʘʟʜʝʣʝ 4.2 ʜʘʥʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ (ʧʫʥʢʪ 4.2.1), ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʘʥʘʣʠʟʘ ʜʣʠʪʝʣʴʥʦʩʪʠ ʕʉʇ ʦʩʥʦʚʥʳʭ ʬʦʨʤ ʘʪʤʦʩʬʝʨʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʚ ʩʚʷʟʠ ʩ ʬʦʨʙʫʰ-

ʧʦʥʠʞʝʥʠʷʤʠ ɻʂʃ, ʠʤʝʶʱʠʤʠ ʘʤʧʣʠʪʫʜʫ ŭN/N > 2.5 %, ʠ ʚʩʧʣʝʩʢʘʤʠ ʉʂʃ ʩ ʵʥʝʨʛʠʷʤʠ 

ʧʨʦʪʦʥʦʚ ɽʨ > 90 ʄʵɺ (ʧʫʥʢʪ 4.2.2), ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʟʤʦʞʥʳʝ ʧʨʠʯʠʥʳ ʦʙʥʘʨʫʞʝʥʥʳʭ 

ʚʘʨʠʘʮʠʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʩʠʥʦʧʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ (ʧʫʥʢʪ 4.2.3). 

ɺ ʨʘʟʜʝʣʝ 4.3 ʧʨʠʚʝʜʝʥʳ ʚʳʚʦʜʳ ʢ ʛʣʘʚʝ 4. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʚ ʜʘʥʥʦʡ 

ʛʣʘʚʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʤʝʪʝʦʧʨʦʛʥʦʟʦʚ, 

ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʘʥʘʣʠʟʝ ʪʠʧʘ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʤʘʢʨʦʩʠʥʦʧʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. 

ɺ ʧʨʠʣʦʞʝʥʠʠ 1 ʧʨʠʚʝʜʝʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʠʥʜʝʢʩʘ ʟʘʚʠʭʨʝʥʥʦʩʪʠ VAI . 

ɺ ʧʨʠʣʦʞʝʥʠʠ 2 ʦʧʠʩʘʥʳ ʚʘʨʠʘʮʠʠ ʛʘʣʘʢʪʠʯʝʩʢʠʭ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʚʨʝʤʝʥʥʳʭ ʰʢʘʣʘʭ ʠ ʜʘʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʥʷʪʠʶ ʬʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʝ ɻʂʃ. 

ɺ ʧʨʠʣʦʞʝʥʠʠ 3 ʦʧʠʩʘʥʘ ʤʝʪʦʜʦʣʦʛʠʷ ʦʮʝʥʢʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ. 

ɺ ʧʨʠʣʦʞʝʥʠʠ 4 ʧʨʠʚʦʜʠʪʩʷ ʦʧʠʩʘʥʠʝ ʤʘʢʨʦʩʠʥʦʧʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩʦʛʣʘʩʥʦ 

ʪʠʧʠʟʘʮʠʠ ɺʘʥʛʝʥʛʝʡʤʘ-ɻʠʨʩʘ. 
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ɻʣʘʚʘ 1 

 

ʇʨʦʙʣʝʤʘ ʚʣʠʷʥʠʷ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʩʦʩʪʦʷʥʠʝ ʥʠʞʥʝʡ 

ʘʪʤʦʩʬʝʨʳ, ʧʦʛʦʜʫ ʠ ʢʣʠʤʘʪ ɿʝʤʣʠ 

 

 

 

1.1 ʀʩʪʦʨʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦ-ʘʪʤʦʩʬʝʨʥʳʭ ʩʚʷʟʝʡ 

 

ɺʦʧʨʦʩ ʦ ʚʦʟʤʦʞʥʦʤ ʚʣʠʷʥʠʠ ʨʘʟʣʠʯʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʘʢʪʠʚʥʦʩʪʠ ʉʦʣʥʮʘ ʥʘ 

ʩʦʩʪʦʷʥʠʝ ʥʠʞʥʝʡ ʘʪʤʦʩʬʝʨʳ, ʧʦʛʦʜʫ ʠ ʢʣʠʤʘʪ ɿʝʤʣʠ ʟʘʥʠʤʘʝʪ ʚʥʠʤʘʥʠʝ ʫʯʸʥʳʭ ʚ 

ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʣʝʪ. ʆʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʦʥ ʩʪʦʠʪ ʩʝʡʯʘʩ ʚ ʩʚʷʟʠ ʩ 

ʚʦʟʨʦʩʰʠʤ ʠʥʪʝʨʝʩʦʤ ʢ ʛʣʦʙʘʣʴʥʦʤʫ ʧʦʪʝʧʣʝʥʠʶ ʢʣʠʤʘʪʘ ʠ ʦʙʩʫʞʜʝʥʠʝʤ ʧʨʠʨʦʜʳ 

ʜʘʥʥʦʛʦ ʷʚʣʝʥʠʷ.  

ʂ ʦʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʨʘʙʦʪ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʫʶ ʪʝʤʫ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʘʥʛʣʠʡʩʢʦʛʦ ʫʯʸʥʦʛʦ ʋʠʣʴʷʤʘ ɻʝʨʰʝʣʷ (1738-1822), ʧʦʢʘʟʘʚʰʝʛʦ ʩʚʷʟʴ ʤʝʞʜʫ 

ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʥʝʫʨʦʞʘʷʤʠ ʠ ʩʪʦʠʤʦʩʪʴʶ ʧʰʝʥʠʮʳ ʥʘ ʙʠʨʞʝ [26, 27]. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʜʘʥʥʳʝ ʦ ʢʦʣʠʯʝʩʪʚʝ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ ʠ ʨʳʥʦʯʥʳʭ ʮʝʥʘʭ ʥʘ ʧʰʝʥʠʮʫ, 

ɻʝʨʰʝʣʴ ʦʙʥʘʨʫʞʠʣ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʥʠʤʠ: ʚ ʧʝʨʠʦʜʳ 

ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʉʦʣʥʮʘ ʥʘʙʣʶʜʘʣʠʩʴ ʦʙʠʣʴʥʳʝ ʫʨʦʞʘʠ, ʠ ʙʠʨʞʝʚʳʝ ʮʝʥʳ ʥʘ 

ʧʰʝʥʠʮʫ ʩʥʠʞʘʣʠʩʴ. 

ɼʘʣʝʝ, ʚ ʨʘʙʦʪʝ ʂʦʧʧʝʥʘ [120] ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ 11-ʣʝʪʥʷʷ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʚ 

ʚʘʨʠʘʮʠʷʭ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʚ ʉʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ, ʢʦʨʨʝʣʠʨʫʶʱʘʷ ʩ 11-

ʣʝʪʥʠʤʠ ʚʘʨʠʘʮʠʷʤʠ ʯʠʩʝʣ ɺʦʣʴʬʘ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʘʚʪʦʨʫ ʧʨʝʜʧʦʣʦʞʠʪʴ ʥʘʣʠʯʠʝ ʩʚʷʟʠ 

ʤʝʞʜʫ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʧʦʛʦʜʦʡ ʠ ʢʣʠʤʘʪʦʤ ɿʝʤʣʠ. 

ʇʠʦʥʝʨʦʤ ʨʦʩʩʠʡʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʘʥʥʦʛʦ ʚʦʧʨʦʩʘ ʩʪʘʣ ɸ.ʃ. ʏʠʞʝʚʩʢʠʡ (1897-

1964). ʈʝʟʫʣʴʪʘʪʳ ʩʚʦʠʭ ʨʘʙʦʪ ʦʥ ʠʟʣʦʞʠʣ ʚ ʤʦʥʦʛʨʘʬʠʠ çɿʝʤʥʦʝ ʵʭʦ ʩʦʣʥʝʯʥʳʭ ʙʫʨʴè 
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[73]. ɺ ʥʝʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʧʨʦʩ ʦ ʚʣʠʷʥʠʠ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʝ ʪʦʣʴʢʦ ʥʘ 

ʢʣʠʤʘʪ, ʥʦ ʠ ʥʘ ʨʘʟʣʠʯʥʳʝ ʷʚʣʝʥʠʷ ʚ ʩʦʮʠʘʣʴʥʦʡ ʩʬʝʨʝ, ʪʘʢʠʝ ʢʘʢ ʚʦʡʥʳ, ʨʝʚʦʣʶʮʠʠ, 

ʮʠʢʣʠʯʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʵʧʠʜʝʤʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʆʜʥʘʢʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʦʪʩʫʪʩʪʚʫʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʦʮʝʥʢʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʚʳʚʦʜʳ ʦ ʩʚʷʟʠ ʪʝʭ ʠʣʠ 

ʠʥʳʭ ʷʚʣʝʥʠʡ ʩ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʜʝʣʘʶʪʩʷ ʪʦʣʴʢʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʚʥʝʰʥʝʛʦ 

ʩʭʦʜʩʪʚʘ ʠʩʩʣʝʜʫʝʤʳʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ, ʧʦʵʪʦʤʫ ʜʘʥʥʫʶ ʨʘʙʦʪʫ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʢʦʨʝʝ 

ʦʧʠʩʘʪʝʣʴʥʦʡ. 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʧʨʦʚʝʜʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʧʦʢʘʟʘʚʰʠʭ, ʯʪʦ ʚʦʟʜʝʡʩʪʚʠʝ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʩʦʩʪʦʷʥʠʝ ʥʠʞʥʝʡ ʘʪʤʦʩʬʝʨʳ 

ʧʨʦʷʚʣʷʝʪʩʷ ʥʘ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʝ ʚʨʝʤʝʥʥʳʭ ʰʢʘʣ, ʥʘʯʠʥʘʷ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ ʠ 

ʟʘʢʘʥʯʠʚʘʷ ʚʝʢʦʚʳʤʠ ʚʘʨʠʘʮʠʷʤʠ ʢʣʠʤʘʪʘ ɿʝʤʣʠ.  

ɼʣʷ ʦʮʝʥʢʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʜʣʠʥʥʦʧʝʨʠʦʜʥʳʭ 

ʚʨʝʤʝʥʥʳʭ ʰʢʘʣʘʭ ʦʙʳʯʥʦ ʧʦʣʴʟʫʶʪʩʷ ʯʠʩʣʘʤʠ ɺʦʣʴʬʘ (W), ʷʚʣʷʶʱʠʤʠʩʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʢʦʣʠʯʝʩʪʚʘ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ ʥʘ ʉʦʣʥʮʝ. ʇʦʩʪʦʷʥʥʘʷ ʨʝʛʠʩʪʨʘʮʠʷ 

ʯʠʩʣʘ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ ʚʝʜʸʪʩʷ ʩ 1750 ʛ. ɼʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ 

ʙʦʣʝʝ ʨʘʥʥʠʝ ʧʝʨʠʦʜʳ ʠʩʧʦʣʴʟʫʶʪ ʜʘʥʥʳʝ ʧʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʩʤʦʛʝʥʥʳʭ ʠʟʦʪʦʧʦʚ 14ʉ 

ʫʛʣʝʨʦʜʘ ʠ 10ɺʝ ʙʝʨʠʣʣʠʷ ʚ ʠʩʢʦʧʘʝʤʦʡ ʜʨʝʚʝʩʠʥʝ ʠ ʢʝʨʥʘʭ ʣʴʜʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

[ʥʘʧʨ., 12, 77, 84, 94], ʘ ʪʘʢʞʝ ʜʨʫʛʠʭ ʧʨʠʨʦʜʥʳʭ ʘʨʭʠʚʘʭ. 

ɸʥʘʣʠʟ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʟʦʪʦʧʘ ʫʛʣʝʨʦʜʘ 14ʉ ʚ ʩʪʚʦʣʘʭ ʨʝʣʠʢʪʦʚʳʭ ʜʝʨʝʚʴʝʚ 

ʧʦʟʚʦʣʠʣ ɼʞ. ʕʜʜʠ [77, 94] ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʫʨʦʚʝʥʴ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʜʦ 1050 

ʛʦʜʘ (ʩʤ. ʨʠʩʫʥʦʢ 1.1) ʉʦʧʦʩʪʘʚʠʚ ʝʛʦ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʣʠʤʘʪʦʦʙʨʘʟʫʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ, 

ʕʜʜʠ ʫʩʪʘʥʦʚʠʣ, ʯʪʦ ʤʘʢʩʠʤʫʤʳ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ ʦʪʩʪʫʧʣʝʥʠʝʤ 

ʘʣʴʧʠʡʩʢʠʭ ʣʝʜʥʠʢʦʚ, ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʫʨʦʚʦʩʪʠ ʟʠʤ ʠ ʦʙʱʠʤ 

ʧʦʪʝʧʣʝʥʠʝʤ ʢʣʠʤʘʪʘ, ʘ ʧʝʨʠʦʜʘʤ ʤʠʥʠʤʫʤʦʚ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ 

ʛʣʦʙʘʣʴʥʳʝ ʧʦʭʦʣʦʜʘʥʠʷ. ʅʘʧʨʠʤʝʨ, ʤʘʣʳʡ ʣʝʜʥʠʢʦʚʳʡ ʧʝʨʠʦʜ (Little Ice Age, XVII  

ʚʝʢ) ʩʦʚʧʘʣ ʩ ʄʘʫʥʜʝʨʦʚʩʢʠʤ ʤʠʥʠʤʫʤʦʤ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (1645-1715 ʛʛ.), 

ʛʣʦʙʘʣʴʥʦʝ ʧʦʭʦʣʦʜʘʥʠʝ ʚ XV ʚʝʢʝ ï ʩ ʤʠʥʠʤʫʤʦʤ ʐʧʸʨʝʨʘ (1460-1550 ʛʛ.). ʊʘʢʞʝ ʚ 

ʨʘʙʦʪʝ ʕʜʜʠ [94] ʦʙʥʘʨʫʞʝʥʘ ʢʦʨʨʝʣʷʮʠʷ ʟʠʤʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚ ʮʝʥʪʨʝ ɽʚʨʦʧʳ (ʇʘʨʠʞʝ 

ʠ ʃʦʥʜʦʥʝ) ʩ ʚʝʢʦʚʳʤ ʮʠʢʣʦʤ ɻʣʘʡʩʙʝʨʛʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ ʠʟʤʝʥʝʥʠʝ ʘʤʧʣʠʪʫʜʳ 11-

ʣʝʪʥʠʭ ʩʦʣʥʝʯʥʳʭ ʮʠʢʣʦʚ.  

ɺ ʨʘʙʦʪʝ [129] ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʩʦʣʥʝʯʥʦʡ ʧʦʩʪʦʷʥʥʦʡ ʩ 1610 ʛ. ʜʦ 

ʢʦʥʮʘ ʍʍ ʚ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʜʦ 1800 ʛ. ʚʘʨʠʘʮʠʠ ʩʦʣʥʝʯʥʦʡ ʧʦʩʪʦʷʥʥʦʡ ʜʦʚʦʣʴʥʦ 
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ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʶʪ c ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ ʚ ʩʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ (r = 0.86), 

ʪʦʛʜʘ ʢʘʢ ʜʣʷ ʧʝʨʠʦʜʘ ʧʦʩʣʝ 1800 ʛ. ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ (r = 0.73). 

ɸʚʪʦʨʳ ʦʙʲʷʩʥʷʶʪ ʵʪʦ ʪʝʤ, ʯʪʦ ʜʦ 1800 ʛ. ʚʘʨʠʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʝʚʝʨʥʦʛʦ ʧʦʣʫʰʘʨʠʷ 

ʦʧʨʝʜʝʣʷʣʠʩʴ, ʚ ʦʩʥʦʚʥʦʤ, ʚʣʠʷʥʠʝʤ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɹʦʣʝʝ ʧʦʟʜʥʝʝ ʩʥʠʞʝʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʦ ʩ ʚʣʠʷʥʠʝʤ ʥʘ ʘʪʤʦʩʬʝʨʫ 

ʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʍʍ ʚʝʢʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʘ ʵʢʩʪʨʘʧʦʣʷʮʠʷ 

ʩʚʷʟʠ ʩʦʣʥʝʯʥʦʡ ʧʦʩʪʦʷʥʥʦʡ ʠ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʜʦʠʥʜʫʩʪʨʠʘʣʴʥʳʡ 

ʧʝʨʠʦʜ (ʨʘʥʝʝ 1860 ʛ.) ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʳʡ ʚ ʢʦʥʮʝ ʍʍ ʚʝʢʘ ʨʦʩʪ ʩʨʝʜʥʝʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʘʪʤʦʩʬʝʨʳ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ 1/3 ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʸʥ ʫʩʠʣʝʥʠʝʤ 

ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʥʘ 2/3 ʦʙʲʷʩʥʷʝʪʩʷ ʚʣʠʷʥʠʝʤ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʬʘʢʪʦʨʘ. 

 

 

ʈʠʩ. 1.1 ɺʘʨʠʘʮʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʟʦʪʦʧʘ ʫʛʣʝʨʦʜʘ 14ʉ (1050-1900 ʛʛ.), ʯʠʩʣʘ ɺʦʣʴʬʘ 

(1700-1900 ʛʛ.), ʢʦʵʬʬʠʮʠʝʥʪ ʩʫʨʦʚʦʩʪʠ ʟʠʤ ʚ ʇʘʨʠʞʝ ʠ ʃʦʥʜʦʥʝ; ʠʩʪʦʯʥʠʢ [94]. 

 

ɺ ʨʷʜʝ ʨʘʙʦʪ ʦʙʥʘʨʫʞʝʥʳ ʢʦʨʨʝʣʷʮʠʠ ʨʘʟʣʠʯʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩ 

ʚʝʢʦʚʳʤʠ ʮʠʢʣʘʤʠ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʈʘʩʧʦʧʦʚʳʤ ʠ ʜʨ. [58, 157, 158] ʥʘ ʦʩʥʦʚʝ 

ʘʥʘʣʠʟʘ ʧʘʣʝʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʥʘʣʠʯʠʝ ʨʝʛʠʦʥʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʦʪʢʣʠʢʘ ʚ ʚʘʨʠʘʮʠʷʭ ʣʝʪʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʘʭ ʟʝʤʥʦʛʦ 

ʰʘʨʘ ʥʘ 200-ʣʝʪʥʠʝ ʚʘʨʠʘʮʠʠ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʮʠʢʣ ɺʨʠʝʩʘ), ʧʨʠ ʵʪʦʤ ʥʘʠʙʦʣʝʝ 

ʩʪʘʙʠʣʴʥʳʡ ʘʪʤʦʩʬʝʨʥʳʡ ʦʪʢʣʠʢ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʨʘʡʦʥʘʭ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ, ɿʘʧʘʜʥʦʡ 

ʂʘʥʘʜʳ ʠ ɻʨʝʥʣʘʥʜʠʠ. 
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ɻʝʦʨʛʠʝʚʦʡ ʠ ʜʨ. [101] ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʟʘ ʧʦʩʣʝʜʥʠʝ 400 ʣʝʪ 

ʚʘʨʠʘʮʠʠ ʠʥʜʝʢʩʘ ʩʝʚʝʨʦʘʪʣʘʥʪʠʯʝʩʢʦʡ ʦʩʮʠʣʣʷʮʠʠ (ʠʥʜʝʢʩ NAO), ʷʚʣʷʶʱʝʛʦʩʷ 

ʢʦʩʚʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʟʦʥʘʣʴʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʚ ʫʤʝʨʝʥʥʳʭ 

ʰʠʨʦʪʘʭ ʩʝʚʝʨʥʦʛʦ ʧʦʣʫʰʘʨʠʷ. ɸʚʪʦʨʘʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʩʦʣʥʝʯʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʘʪʤʦʩʬʝʨʥʦʡ ʮʠʨʢʫʣʷʮʠʝʡ ʥʘ ʚʝʢʦʚʳʭ ʚʨʝʤʝʥʥʳʭ ʰʢʘʣʘʭ ʟʘʚʠʩʠʪ ʦʪ 

ʘʩʠʤʤʝʪʨʠʠ ʧʷʪʥʦʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʉʦʣʥʮʘ. ʇʨʠ ʙʦʣʝʝ ʘʢʪʠʚʥʦʤ ʩʝʚʝʨʥʦʤ 

ʧʦʣʫʰʘʨʠʠ ʉʦʣʥʮʘ ʨʦʩʪ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʭʦʜʝ ʚʝʢʦʚʦʛʦ ʮʠʢʣʘ ɻʣʘʡʩʙʝʨʛʘ 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʯʘʩʪʦʪʳ ʧʦʷʚʣʝʥʠʷ ʤʝʨʠʜʠʦʥʘʣʴʥʳʭ ʬʦʨʤ ʮʠʨʢʫʣʷʮʠʠ, ʧʨʠ 

ʙʦʣʝʝ ʘʢʪʠʚʥʦʤ ʶʞʥʦʤ ʧʦʣʫʰʘʨʠʠ ʨʦʩʪ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʟʦʥʘʣʴʥʳʭ ʬʦʨʤ. 

ɼʨʫʛʠʤʠ ʩʚʠʜʝʪʝʣʴʩʪʚʘʤʠ ʥʘʣʠʯʠʷ ʩʦʣʥʝʯʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʥʘ ʚʝʢʦʚʳʭ ʠ 

ʤʫʣʴʪʠʜʝʢʘʜʥʳʭ ʚʨʝʤʝʥʥʳʭ ʰʢʘʣʘʭ ʷʚʣʷʶʪʩʷ ʜʘʥʥʳʝ ʦ ʢʦʨʨʝʣʷʮʠʠ ʩʢʦʨʦʩʪʠ 

ʥʘʢʦʧʣʝʥʠʷ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ ʚ ʩʝʚʝʨʦʘʤʝʨʠʢʘʥʩʢʠʭ ʦʟʸʨʘʭ, ʠʤʝʶʱʠʝ ʧʝʨʠʦʜʳ ʚ 200, 40-

50 ʠ 20-25 ʣʝʪ, ʩ ʠʟʤʝʥʝʥʠʝʤ ʫʨʦʚʥʷ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ [78, 133]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʸʥʥʳʭ ʚʳʰʝ ʨʘʙʦʪ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʘʣʠʯʠʠ ʟʘʤʝʪʥʦʛʦ ʚʣʠʷʥʠʷ 

ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʘʪʤʦʩʬʝʨʥʳʝ ʧʨʦʮʝʩʩʳ ʥʘ ʜʣʠʪʝʣʴʥʳʭ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʘʭ 

(ʜʝʩʷʪʢʠ ʠ ʩʦʪʥʠ ʣʝʪ). 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʵʬʬʝʢʪʦʚ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʜʝʢʘʜʥʦʡ ʠ ʙʠʜʝʢʘʜʥʦʡ 

ʚʨʝʤʝʥʥʳʭ ʰʢʘʣʘʭ, ʨʷʜ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʤʥʦʛʠʝ ʘʪʤʦʩʬʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʣʫʯʰʝ ʢʦʨʨʝʣʠʨʫʶʪ ʩ 22-ʣʝʪʥʠʤ (ʭʝʡʣʦʚʩʢʠʤ) ʩʦʣʥʝʯʥʳʤ ʮʠʢʣʦʤ, ʯʝʤ ʩ 11-ʣʝʪʥʠʤ. 

ʎʠʢʣ ʍʝʡʣʘ ʦʙʫʩʣʦʚʣʝʥ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʵʚʦʣʶʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʉʦʣʥʮʘ: ʦʥ 

ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʠʟʤʝʥʝʥʠʠ ʥʘʧʨʘʚʣʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʝʜʫʱʠʭ ʧʷʪʝʥ ʛʨʫʧʧ ʢʘʞʜʳʝ 11 

ʣʝʪ ʠ ʩʦʩʪʘʚʣʷʝʪ 22 ʛʦʜʘ, ʚʢʣʶʯʘʷ ʚ ʩʝʙʷ ʜʚʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 11-ʣʝʪʥʠʭ ʮʠʢʣʘ. ɺʦ 

ʚʨʝʤʷ ʯʝʪʥʳʭ ʮʠʢʣʦʚ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʧʦ ʎʶʨʠʭʩʢʦʡ ʥʫʤʝʨʘʮʠʠ, ʩʦʛʣʘʩʥʦ 

ʢʦʪʦʨʦʡ 11-ʣʝʪʥʠʡ ʩʦʣʥʝʯʥʳʡ ʮʠʢʣ ʩ ʤʘʢʩʠʤʫʤʦʤ ʚ 1750ʛ. ʩʯʠʪʘʝʪʩʷ ʥʫʣʝʚʳʤ) ʚ 

ʤʝʞʧʣʘʥʝʪʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ (ʄʄʇ) ʩʦʟʜʘʸʪʩʷ ʧʘʨʘʣʣʝʣʴʥʘʷ ʤʘʛʥʠʪʥʦʤʫ ʧʦʣʶ ɿʝʤʣʠ 

ʩʝʚʝʨʥʘʷ ʢʦʤʧʦʥʝʥʪʘ, ʢʦʪʦʨʘʷ ʵʢʨʘʥʠʨʫʝʪ ʘʪʤʦʩʬʝʨʫ ʧʣʘʥʝʪʳ ʦʪ ʚʪʦʨʞʝʥʠʷ ʯʘʩʪʠʮ 

ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ. ɺ ʥʝʯʝʪʥʳʭ ʩʦʣʥʝʯʥʳʭ ʮʠʢʣʘʭ ʄʄʇ ʠʤʝʝʪ ʘʥʪʠʧʘʨʘʣʣʝʣʴʥʫʶ 

ʤʘʛʥʠʪʥʦʤʫ ʧʦʣʶ ɿʝʤʣʠ ʶʞʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ, ʥʘʣʠʯʠʝ ʢʦʪʦʨʦʡ ʫʚʝʣʠʯʠʚʘʝʪ 

ʚʝʨʦʷʪʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʝʨʝʩʦʝʜʠʥʝʥʠʷ ʥʘ ʤʘʛʥʠʪʦʧʘʫʟʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʯʘʩʪʦʪʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʛʝʦʤʘʛʥʠʪʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʠ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʤʫ 

ʧʨʦʥʠʢʥʦʚʝʥʠʶ ɻʂʃ ʚ ʘʪʤʦʩʬʝʨʫ [71]. ɺ ʢʘʯʝʩʪʚʝ ʠʣʣʶʩʪʨʘʮʠʠ ʥʘ ʨʠʩ. 1.2 ʠʟ ʨʘʙʦʪʳ 
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ʆʛʫʨʮʦʚʘ ʩ ʢʦʣʣʝʛʘʤʠ [143] ʧʨʠʚʝʜʝʥʘ ʚʘʨʠʘʮʠʷ ʩʢʦʨʦʩʪʠ ʩʯʝʪʘ ʥʝʡʪʨʦʥʥʦʛʦ ʤʦʥʠʪʦʨʘ ʚ 

ʂʣʘʡʤʘʢʩʝ ʟʘ ʧʝʨʠʦʜ 1953-2002 ʛʛ, ʘ ʪʘʢʞʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʪʦʢʦʚ ɻʂʃ, 

ʧʨʦʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʧʦ ʜʣʠʥʝ 11-ʣʝʪʥʠʭ ʮʠʢʣʦʚ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʂʘʢ ʚʠʜʥʦ ʠʟ 

ʨʠʩʫʥʢʘ, ʠʥʪʝʛʨʘʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʪʦʢʦʚ ɻʂʃ ʚ ʥʝʯʝʪʥʳʭ ʮʠʢʣʘʭ ʩʦʣʥʝʯʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ (ʠʤʝʶʱʠʭ ʬʦʨʤʫ ʧʣʘʪʦ) ʦʢʘʟʳʚʘʝʪʩʷ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʯʝʪʥʳʭ (ʠʤʝʶʱʠʭ 

ʧʠʢʦʦʙʨʘʟʥʫʶ ʬʦʨʤʫ).  

 

 

ʈʠʩ. 1.2 ʉʢʦʨʦʩʪʴ ʩʯʸʪʘ ʥʝʡʪʨʦʥʥʦʛʦ ʤʦʥʠʪʦʨʘ (ɸ) ʥʘ ʩʪ. ʂʣʘʡʤʘʢʩ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʧʦʪʦʢʦʚ ʂʃ, ʧʨʦʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʧʦ ʜʣʠʥʝ 11-ʣʝʪʥʝʛʦ ʮʠʢʣʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (ɺ) [143]. 

 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʠʤʝʝʪʩʷ ʨʷʜ ʨʘʙʦʪ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʭ ʦ ʥʘʣʠʯʠʠ ʚʘʨʠʘʮʠʡ 

ʨʘʟʣʠʯʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩ ʧʝʨʠʦʜʘʤʠ, ʙʣʠʟʢʠʤʠ ʢ 22 ʛʦʜʘʤ. ʅʘʧʨʠʤʝʨ, 22-

ʣʝʪʥʷʷ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʘ ʚ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʟʘʩʫʭ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʉʐɸ [43, 

47], ʚʘʨʠʘʮʠʷʭ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ɸʥʛʣʠʠ [88], ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʟʦʪʦʧʘ 

ʢʠʩʣʦʨʦʜʘ ʚ ʣʝʜʥʠʢʘʭ ɻʨʝʥʣʘʥʜʠʠ [108], ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ ʚ ʐʚʝʡʮʘʨʠʠ [55], 
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ʰʠʨʠʥʳ ʛʦʜʦʚʳʭ ʢʦʣʝʮ ʨʝʣʠʢʪʦʚʳʭ ʜʝʨʝʚʴʝʚ ʂʦʣʴʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ [156], ʯʘʩʪʦʪʳ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʫʨʘʛʘʥʦʚ ʥʘʜ ʊʠʭʠʤ ʠ ɸʪʣʘʥʪʠʯʝʩʢʠʤ ʦʢʝʘʥʘʤʠ [140]. 

ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʨʷʜʝ ʨʘʙʦʪ, ʚʣʠʷʥʠʝ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʯʝʪʥʳʭ ʠ 

ʥʝʯʝʪʥʳʭ 11-ʣʝʪʥʠʭ ʮʠʢʣʘʭ ʤʦʞʝʪ ʥʦʩʠʪʴ ʨʘʟʣʠʯʥʳʡ ʭʘʨʘʢʪʝʨ. ʊʘʢ, ɹʦʣʦʪʠʥʩʢʦʡ [6] 

ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʩʚʷʟʴ ʤʝʞʜʫ ʯʘʩʪʦʪʦʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʨʫʧʥʳʭ ʘʥʦʤʘʣʠʡ ʜʘʚʣʝʥʠʷ ʚ 

ɸʨʢʪʠʢʝ ʠ 22-ʣʝʪʥʠʤ ʮʠʢʣʦʤ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɺ ʥʝʯʝʪʥʳʭ ʮʠʢʣʘʭ ʵʪʠ ʧʘʨʘʤʝʪʨʳ 

ʠʟʤʝʥʷʶʪʩʷ ʚ ʬʘʟʝ, ʘ ʚ ʯʝʪʥʳʭ ʮʠʢʣʘʭ ï ʚ ʧʨʦʪʠʚʦʬʘʟʝ. ɺ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʙʦʪʘʭ 

ɹʦʣʦʪʠʥʩʢʦʡ [7] ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʥʘ ʬʦʥʝ ʨʦʩʪʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʯʝʪʥʳʭ 

ʮʠʢʣʘʭ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʟʦʥʘʣʴʥʳʭ ʬʦʨʤ ʘʪʤʦʩʬʝʨʥʦʡ 

ʮʠʨʢʫʣʷʮʠʠ, ʚ ʥʝʯʝʪʥʳʭ ʮʠʢʣʘʭ ï ʤʝʨʠʜʠʦʥʘʣʴʥʳʭ ʬʦʨʤ. ʂʘʨʢʣʠʥʳʤ [28], ʆʣʝʤ ʠ 

ʉʣʝʧʮʦʚʳʤ-ʐʝʣʝʚʠʯʝʤ [48] ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ ʢʦʣʝʙʘʥʠʡ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʫʤʝʨʝʥʥʳʭ ʠ ʚʳʩʦʢʠʭ ʰʠʨʦʪʘʭ ʩʝʚʝʨʥʦʛʦ ʧʦʣʫʰʘʨʠʷ ʚ ʭʦʜʝ 

ʯʝʪʥʳʭ ʠ ʥʝʯʝʪʥʳʭ 11-ʣʝʪʥʠʭ ʩʦʣʥʝʯʥʳʭ ʮʠʢʣʦʚ. ɺ ʤʘʢʩʠʤʫʤʘʭ ʥʝʯʝʪʥʳʭ ʮʠʢʣʦʚ 

ʥʘʙʣʶʜʘʣʦʩʴ ʧʦʥʠʞʝʥʠʝ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʫʤʝʨʝʥʥʳʭ ʰʠʨʦʪʘʭ ʠ ʝʛʦ 

ʧʦʚʳʰʝʥʠʝ ʚ ʚʳʩʦʢʠʭ ʰʠʨʦʪʘʭ. ɺ ʤʘʢʩʠʤʫʤʘʭ ʯʝʪʥʳʭ ʮʠʢʣʦʚ ʥʘʙʣʶʜʘʣʘʩʴ ʦʙʨʘʪʥʘʷ 

ʩʠʪʫʘʮʠʷ: ʚ ʧʦʷʩʝ ʫʤʝʨʝʥʥʳʭ ʰʠʨʦʪ ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ ʚʦʟʨʘʩʪʘʣʦ, ʘ ʚ ʥʠʟʢʠʭ 

ʰʠʨʦʪʘʭ ï ʧʦʥʠʞʘʣʦʩʴ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʥʝʢʦʪʦʨʳʭ ʘʪʤʦʩʬʝʨʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʤʦʛʫʪ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʧʨʦʩʣʝʞʠʚʘʪʴʩʷ ʜʝʢʘʜʥʳʝ ʠ ʙʠʜʝʢʘʜʥʳʝ ʮʠʢʣʳ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ ʇʫʜʦʚʢʠʥʘ ʠ 

ʃʶʙʯʠʯʘ [51] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʟʝʤʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ ʃʝʥʠʥʛʨʘʜʝ (60Ü N) 

ʥʘʨʷʜʫ ʩ 11-ʣʝʪʥʠʤʠ ʚʘʨʠʘʮʠʷʤʠ, ʠʩʧʳʪʳʚʘʝʪ ʪʘʢʞʝ ʠ 22-ʣʝʪʥʠʝ. ʈʝʟʫʣʴʪʘʪʳ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʯʠʩʝʣ ɺʦʣʴʬʘ, ʚʘʨʠʘʮʠʡ ʟʠʤʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ 

ʟʘ ʧʝʨʠʦʜ 1775-1982 ʛʛ. ʠ ʠʥʜʝʢʩʘ ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʉ9 ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 1.3. 

ʂʘʢ ʤʦʞʥʦ ʚʠʜʝʪʴ ʠʟ ʨʠʩʫʥʢʘ, ʚ ʩʧʝʢʪʨʘʭ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʠʥʜʝʢʩʘ ʛʝʦʤʘʛʥʠʪʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʉ9 ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʙʣʠʟʢʠʝ ʧʦ ʘʤʧʣʠʪʫʜʝ ʛʘʨʤʦʥʠʢʠ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 11 ʣʝʪ 

ʠ 22-23 ʛʦʜʘ. 

ʇʨʠʚʝʜʸʥʥʳʝ ʚʳʰʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʳʝ 22-ʣʝʪʥʠʝ 

ʚʘʨʠʘʮʠʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʛʫʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʚʘʨʠʘʮʠʷʤʠ ʧʦʪʦʢʦʚ ɻʂʃ ʠ ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ.  
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ʈʠʩ. 1.3. ʉʧʝʢʪʨʳ ʚʘʨʠʘʮʠʡ ʯʠʩʝʣ ɺʦʣʴʬʘ (W), ʟʠʤʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ 

(Dʊwinter) ʠ ʠʥʜʝʢʩʘ ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʉ9. ɺʝʨʪʠʢʘʣʴʥʳʤʠ ʢʨʘʩʥʳʤʠ ʣʠʥʠʷʤʠ ʦʪʤʝʯʝʥʳ 

ʛʘʨʤʦʥʠʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʝʨʠʦʜʘʤ 11 ʣʝʪ ʠ 22-23 ʛʦʜʘ. ʀʩʪʦʯʥʠʢ [51]. 

 

ɿʘʤʝʪʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʧʦʥʠʤʘʥʠʠ ʧʨʠʨʦʜʳ ʵʬʬʝʢʪʦʚ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ 

ʜʝʢʘʜʥʦʡ ʚʨʝʤʝʥʥʦʡ ʰʢʘʣʝ ʙʳʣ ʜʦʩʪʠʛʥʫʪ ʙʣʘʛʦʜʘʨʷ ʨʘʙʦʪʘʤ ʛʨʫʧʧʳ ʂ. ʃʘʙʠʮʢʝ [121-

126, 192-194]. ɺ ʜʘʥʥʳʭ ʨʘʙʦʪʘʭ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʪʢʣʠʢ ʘʪʤʦʩʬʝʨʳ ʥʘ 11-ʣʝʪʥʠʝ 

ʚʘʨʠʘʮʠʠ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʦʙʥʘʨʫʞʠʚʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʬʘʟʳ ʢʚʘʟʠʜʚʫʭʣʝʪʥʠʭ 

ʢʦʣʝʙʘʥʠʡ ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʩʪʨʘʪʦʩʬʝʨʝ (ʂɼʂ). 

ɺʧʝʨʚʳʝ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʬʘʟʳ ʂɼʂ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʃʘʙʠʮʢʝ ʧʨʠ ʘʥʘʣʠʟʝ 

ʚʘʨʠʘʮʠʡ ʟʠʤʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʦʣʷʨʥʦʡ ʩʪʨʘʪʦʩʬʝʨʳ (ʊ Üʉ) ʥʘ ʫʨʦʚʥʝ 30 ʤʙʘʨ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʦʢʘ ʩʦʣʥʝʯʥʦʛʦ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 

10,7 ʩʤ (F10,7) [121]. ɸʚʪʦʨʦʤ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ 
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ʠʩʩʣʝʜʫʝʤʳʤʠ ʨʷʜʘʤʠ ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ, ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʦʪʜʝʣʴʥʦ ʛʦʜʳ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʬʘʟʘʤʠ ʢʚʘʟʠʜʚʫʭʣʝʪʥʠʭ ʢʦʣʝʙʘʥʠʡ. ʂʚʘʟʠʜʚʫʭʣʝʪʥʠʝ ʢʦʣʝʙʘʥʠʷ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʘʨʠʘʮʠʠ ʩʢʦʨʦʩʪʠ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʟʦʥʘʣʴʥʦʛʦ ʚʝʪʨʘ ʚ 

ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʩʪʨʘʪʦʩʬʝʨʝ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʦʪ 22 ʜʦ 34 ʤʝʩʷʮʝʚ, ʩʨʝʜʥʷʷ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʂɼʂ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 28 ʤʝʩʷʮʝʚ. ɸʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʩʢʦʨʦʩʪʠ 

ʟʦʥʘʣʴʥʦʛʦ ʚʝʪʨʘ ʤʘʢʩʠʤʘʣʴʥʘ ʚ ʩʣʦʝ 19ï31 ʢʤ ʥʘʜ ʵʢʚʘʪʦʨʦʤ ʠ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 

ʦʢʦʣʦ +/-20 ʤ/ʩ [ʥʘʧʨ., 31, 69]. ʇʨʠʯʠʥʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʂɼʂ ʷʚʣʷʝʪʩʷ ʥʝʣʠʥʝʡʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʚʚʝʨʭ ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ ʩʦ 

ʩʨʝʜʥʠʤ ʟʦʥʘʣʴʥʳʤ ʧʦʪʦʢʦʤ [70, 109, 110, 159]. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʃʘʙʠʮʢʝ [121], ʧʨʠ ʟʘʧʘʜʥʦʡ ʬʘʟʝ ʂɼʂ ʢʦʵʬʬʠʮʠʝʥʪ 

ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ F10,7 ʜʦʩʪʠʛʘʝʪ 

ʚʝʣʠʯʠʥʳ r = 0,78 (ʟʥʘʯʠʤʦʩʪʴ 0.99), ʧʨʠ ʚʦʩʪʦʯʥʦʡ ʬʘʟʝ ʨʘʚʝʥ r = -0,34 ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʥʝʟʥʘʯʠʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʟʘ ʚʝʩʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʝʨʠʦʜ ʦʥ ʥʝ ʧʨʝʚʳʰʘʝʪ r = 0,14 (ʩʤ. 

ʨʠʩ. 1.4). ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ, ʧʨʦʚʝʜʸʥʥʳʝ ʛʨʫʧʧʦʡ ʃʘʙʠʮʢʝ [122-

124, 192] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʜʘʚʣʝʥʠʝ ʥʠʞʥʝʡ ʘʪʤʦʩʬʝʨʳ ʜʣʷ ʚʩʝʛʦ ʩʝʚʝʨʥʦʛʦ 

ʧʦʣʫʰʘʨʠʷ ʠʩʧʳʪʳʚʘʶʪ ʘʥʘʣʦʛʠʯʥʳʝ ʚʘʨʠʘʮʠʠ ʚ ʩʦʣʥʝʯʥʦʤ ʮʠʢʣʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʬʘʟʳ ʂɼʂ.  

ʇʦʜʦʙʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʪʘʢʞʝ ʧʨʠ ʘʥʘʣʠʟʝ ʜʨʫʛʠʭ 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʅʘʧʨʠʤʝʨ, ʊʠʥʩʣʠ ʠ ʜʨ. [176] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʩʤʝʱʝʥʠʝ ʢ ʩʝʚʝʨʫ ʪʨʘʝʢʪʦʨʠʡ ʩʝʚʝʨʦʘʪʣʘʥʪʠʯʝʩʢʠʭ ʮʠʢʣʦʥʦʚ ʚ ʤʠʥʠʤʫʤʘʭ ʩʦʣʥʝʯʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ (ʧʨʠ ʤʘʢʩʠʤʫʤʝ ʧʦʪʦʢʦʚ ɻʂʃ) ʙʦʣʝʝ ʚʳʨʘʞʝʥʦ ʧʨʠ ʟʘʧʘʜʥʦʡ ʬʘʟʝ ʂɼʂ. 

ʃʘʙʠʮʢʝ [123] ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʯʠʩʣʦ ʮʠʢʣʦʥʦʚ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʉʝʚʝʨʥʦʡ ɸʪʣʘʥʪʠʢʠ 

ʧʦʥʠʞʘʝʪʩʷ ʚ ʧʝʨʠʦʜʳ ʤʘʢʩʠʤʫʤʦʚ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʧʨʠ ʤʠʥʠʤʫʤʝ ʧʦʪʦʢʦʚ ɻʂʃ) 

ʪʘʢʞʝ ʧʨʠ ʟʘʧʘʜʥʦʡ ʬʘʟʝ ʂɼʂ. ʇʫʜʦʚʢʠʥʳʤ ʠ ɺʝʨʝʪʝʥʝʥʢʦ [151] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ 

ʟʘʧʘʜʥʦʡ ʬʘʟʝ ʂɼʂ ʣʫʯʰʝ ʚʳʨʘʞʝʥʘ ʩʚʷʟʴ ʤʝʞʜʫ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʟʦʥʘʣʴʥʦʡ 

ʮʠʨʢʫʣʷʮʠʠ ʠ ʚʘʨʠʘʮʠʷʤʠ ɻʂʃ. ɸʥʘʣʦʛʠʯʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʬʘʟʳ ʂɼʂ ʙʳʣʘ ʚʳʷʚʣʝʥʘ 

ʪʘʢʞʝ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʚʷʟʝʡ ʤʝʞʜʫ ʧʦʪʦʢʘʤʠ ʧʨʠʭʦʜʷʱʝʡ ʩʫʤʤʘʨʥʦʡ ʩʦʣʥʝʯʥʦʡ 

ʨʘʜʠʘʮʠʠ ʠ ʨʘʟʣʠʯʥʳʤʠ ʩʦʣʥʝʯʥʳʤʠ/ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʠʥʜʝʢʩʘʤʠ [16, 195, 197]. ɺ 

ʨʘʙʦʪʝ ɹʦʰʥʠʯʢʘ ʠ ʜʨ. [85] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʨʝʜʥʝʤʝʩʷʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʝʚʝʨʥʦʛʦ 

ʧʦʣʫʰʘʨʠʷ ʧʨʠ ʚʦʩʪʦʯʥʦʡ ʬʘʟʝ ʂɼʂ ʣʫʯʰʝ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, 

ʭʘʨʘʢʪʝʨʠʟʫʝʤʦʡ ʚʝʣʠʯʠʥʦʡ ʂʨ ʠʥʜʝʢʩʘ, ʘ ʧʨʠ ʟʘʧʘʜʥʦʡ ʬʘʟʝ ʂɼʂ ï ʩ ʯʠʩʣʘʤʠ ɺʦʣʴʬʘ.  
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ʈʠʩ. 1.4 ɺʘʨʠʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʣʷʨʥʦʡ ʩʪʨʘʪʦʩʬʝʨʳ ʥʘ ʠʟʦʙʘʨʠʯʝʩʢʦʤ ʫʨʦʚʥʝ 

30 ʤʙʘʨ, ʦʩʨʝʜʥʝʥʥʳʝ ʟʘ ʷʥʚʘʨʴ-ʬʝʚʨʘʣʴ 1956-1989 ʛʛ. (ʰʪʨʠʭʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ) ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʦʣʥʝʯʥʦʛʦ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 10,7 ʩʤ (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ). (a) ï ʙʝʟ 

ʨʘʟʜʝʣʝʥʠʷ ʧʦ ʬʘʟʘʤ ʂɼʂ (r = 0,13), (b) ï ʟʘʧʘʜʥʘʷ ʬʘʟʘ ʂɼʂ (r = 0,73), (c) ï ʚʦʩʪʦʯʥʘʷ ʬʘʟʘ 

ʂɼʂ (r = -0,44). ʀʩʪʦʯʥʠʢ [124]. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʯʝʪ ʬʘʟʳ ʢʚʘʟʠʜʚʫʭʣʝʪʥʠʭ ʢʦʣʝʙʘʥʠʡ ʘʪʤʦʩʬʝʨʳ ʧʦʟʚʦʣʠʣ 

ʚʳʷʚʠʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʵʬʬʝʢʪʳ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʤʘʩʰʪʘʙʝ 11-ʣʝʪʥʝʛʦ 

ʮʠʢʣʘ. ʈʝʟʫʣʴʪʘʪʳ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʨʘʙʦʪ ʧʦʢʘʟʳʚʘʶʪ, ʥʘʩʢʦʣʴʢʦ ʚʘʞʥʦ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʦʣʥʝʯʥʦ-ʟʝʤʥʳʭ ʩʚʷʟʝʡ ʫʯʠʪʳʚʘʪʴ ʚʥʫʪʨʠʘʪʤʦʩʬʝʨʥʳʝ ʧʨʦʮʝʩʩʳ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʡ ʦʪʢʣʠʢ ʩʦʣʥʝʯʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʚ ʚʘʨʠʘʮʠʷʭ ʘʪʤʦʩʬʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʫʯʝʥ ʥʘ ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʳʭ 

ʚʨʝʤʝʥʥʳʭ ʰʢʘʣʘʭ. ʄʫʩʪʝʣʝʤ ʠ ʝʛʦ ʛʨʫʧʧʦʡ [45, 46] ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚʘʨʠʘʮʠʠ 

ʧʨʠʟʝʤʥʦʛʦ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʭʦʜʝ ʛʝʦʤʘʛʥʠʪʥʳʭ ʚʦʟʤʫʱʝʥʠʡ. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʨʝʤʷ ʨʝʘʢʮʠʠ ʘʪʤʦʩʬʝʨʳ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 3 ʩʫʪʦʢ, ʧʨʠ ʵʪʦʤ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʚʳʩʦʢʦʰʠʨʦʪʥʦʤ ʧʦʷʩʝ ʚ ʟʠʤʥʠʡ 

ʧʝʨʠʦʜ (ʜʝʢʘʙʨʴ-ʬʝʚʨʘʣʴ). ɺʘʞʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʄʫʩʪʝʣʷ ʙʳʣʦ ʚʳʷʚʣʝʥʠʝ 

ʨʝʛʠʦʥʘʣʴʥʦʩʪʠ ʦʪʢʣʠʢʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʛʝʦʤʘʛʥʠʪʥʳʝ ʚʦʟʤʫʱʝʥʠʷ. 

ɺ ʨʘʙʦʪʘʭ ʐʫʫʨʤʘʥʩʘ ʠ ʆʨʪʘ [76, 166, 167] ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʵʬʬʝʢʪʳ 

ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ ʚ ʛʣʦʙʘʣʴʥʦʡ ʘʪʤʦʩʬʝʨʥʦʡ ʮʠʨʢʫʣʷʮʠʠ. ɸʚʪʦʨʳ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ 

ʧʦʩʣʝ ʩʠʣʴʥʳʭ ʚʩʧʳʰʝʢ ʥʘ ʉʦʣʥʮʝ ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʤʝʪʥʦʝ ʠʟʤʝʥʝʥʠʝ ʚʳʩʦʪ 

ʠʟʦʙʘʨʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ 500 ʤʙʘʨ ʚ ʫʤʝʨʝʥʥʳʭ ʠ ʚʳʩʦʢʠʭ ʰʠʨʦʪʘʭ ʩʝʚʝʨʥʦʛʦ ʧʦʣʫʰʘʨʠʷ. 

ʇʨʠ ʵʪʦʤ ʠʤʝʝʪ ʤʝʩʪʦ ʯʝʨʝʜʦʚʘʥʠʝ ʷʯʝʝʢ ʧʦʜʲʸʤʘ ʠ ʦʧʫʩʢʘʥʠʷ ʫʢʘʟʘʥʥʦʛʦ ʫʨʦʚʥʷ, ʯʪʦ 

ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʝʪ ʨʝʛʠʦʥʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʘʪʤʦʩʬʝʨʥʦʛʦ ʦʪʢʣʠʢʘ.  

ɺ ʨʘʙʦʪʘʭ ʄʘʢɼʦʥʘʣʴʜʘ ʠ ʈʦʙʝʨʪʩʘ [132], ʈʦʙʝʨʪʩʘ ʠ ʆʣʩʦʥʘ [161], ʠʩʩʣʝʜʦʚʘʣʦʩʴ 

ʚʣʠʷʥʠʝ ʛʝʦʤʘʛʥʠʪʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʥʘ ʨʘʟʚʠʪʠʝ ʪʨʦʧʦʩʬʝʨʥʳʭ ʮʠʢʣʦʥʦʚ ʚ ʩʝʚʝʨʥʦʡ 

ʯʘʩʪʠ ʊʠʭʦʛʦ ʦʢʝʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʜʝʢʩʘ ʮʠʢʣʦʥʠʯʝʩʢʦʡ ʟʘʚʠʭʨʝʥʥʦʩʪʠ VAI  (ʩʤ. 

ʇʨʠʣʦʞʝʥʠʝ 1). ɺ ʭʦʜʝ ʛʝʦʤʘʛʥʠʪʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʫʚʝʣʠʯʝʥʠʝ 

ʠʥʜʝʢʩʘ VAI, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʩʠʣʝʥʠʠ ʮʠʢʣʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʆʣʩʦʥʦʤ ʩ 

ʢʦʣʣʝʛʘʤʠ [144] ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚʘʨʠʘʮʠʠ ʠʥʜʝʢʩʘ VAI  ʥʘ ʫʨʦʚʥʝ 500 ʤʙʘʨ ʚ 

ʩʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ ʚ ʩʚʷʟʠ ʩ ʤʦʱʥʳʤʠ ʩʦʣʥʝʯʥʳʤʠ ʚʩʧʳʰʢʘʤʠ, ʚʳʟʳʚʘʶʱʠʤʠ 

ʛʝʦʤʘʛʥʠʪʥʳʝ ʚʦʟʤʫʱʝʥʠʷ. ɺ ʧʝʨʚʳʝ ʜʚʘ ʜʥʷ ʧʦʩʣʝ ʥʘʯʘʣʘ ʚʩʧʳʰʢʠ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ 

ʚʦʟʨʘʩʪʘʥʠʝ ʚʝʣʠʯʠʥʳ ʠʥʜʝʢʩʘ VAI  ʥʘ 5-10 %. ɼʘʣʝʝ, ʧʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ ʛʝʦʤʘʛʥʠʪʥʦʛʦ 

ʚʦʟʤʫʱʝʥʠʷ, ʠʥʜʝʢʩ VAI  ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ 5-10 % ʠ ʜʦʩʪʠʛʘʝʪ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘ 

3ʡ-4ʡ ʜʝʥʴ ʧʦʩʣʝ ʥʘʯʘʣʘ ʚʩʧʳʰʢʠ. 

ʕʬʬʝʢʪʳ ʛʝʦʤʘʛʥʠʪʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʪʘʢʞʝ ʚ ʨʘʙʦʪʘʭ ʇʫʜʦʚʢʠʥʘ 

ʠ ɹʘʙʫʰʢʠʥʦʡ [148]. ɸʚʪʦʨʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʭʦʜʝ ʠʥʪʝʥʩʠʚʥʳʭ ʛʝʦʤʘʛʥʠʪʥʳʭ 

ʙʫʨʴ (Sʂʨ ² 35) ʥʘʙʣʶʜʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʟʦʥʘʣʴʥʦʡ ʮʠʨʢʫʣʷʮʠʠ 
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ʘʪʤʦʩʬʝʨʳ (ʩʤ. ʨʠʩ. 1.5). ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʟʦʥʘʣʴʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʠʥʜʝʢʩʦʤ ɹʣʠʥʦʚʦʡ, ʢʦʪʦʨʳʡ ʟʘʧʠʩʳʚʘʝʪʩʷ ʢʘʢ: A = 103a/W, ʛʜʝ a - ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ʘʪʤʦʩʬʝʨʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ɿʝʤʣʠ ʚ ʰʠʨʦʪʥʦʤ ʧʦʷʩʝ 45-60ÜN, W - ʫʛʣʦʚʘʷ 

ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ [3]. ɺ ʨʘʙʦʪʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʟʦʥʘʣʴʥʘʷ ʮʠʨʢʫʣʷʮʠʷ 

ʪʨʦʧʦʩʬʝʨʳ ʥʘʯʠʥʘʝʪ ʫʩʠʣʠʚʘʪʴʩʷ ʟʘ ʜʚʘ ʜʥʷ ʜʦ ʥʘʯʘʣʘ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʚʦʟʤʫʱʝʥʠʷ ʠ 

ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʘ ʥʘ +1ʡ ʜʝʥʴ ʧʦʩʣʝ ʝʛʦ ʥʘʯʘʣʘ. ɺ ʧʦʩʣʝʜʫʶʱʠʝ ʜʥʠ ʥʘʙʣʶʜʘʝʪʩʷ 

ʦʩʣʘʙʣʝʥʠʝ ʮʠʨʢʫʣʷʮʠʠ ʩ ʤʠʥʠʤʫʤʦʤ ʥʘ 4ʡ-5ʡ ʜʝʥʴ. ɸʚʪʦʨʳ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʣʠ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ ʫʩʠʣʝʥʠʝ ʟʦʥʘʣʴʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʢʘʢ ʵʬʬʝʢʪ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ. 

ʇʦʩʣʝʜʫʶʱʝʝ ʦʩʣʘʙʣʝʥʠʝ ʮʠʨʢʫʣʷʮʠʠ ʦʙʲʷʩʥʷʣʦʩʴ ʚʣʠʷʥʠʝʤ ʬʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʡ 

ʛʘʣʘʢʪʠʯʝʩʢʠʭ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ, ʢʦʪʦʨʳʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʧʨʦʚʦʞʜʘʶʪ ʛʝʦʤʘʛʥʠʪʥʳʝ 

ʚʦʟʤʫʱʝʥʠʷ. 

 

 

ʈʠʩ. 1.5. ɺʘʨʠʘʮʠʠ ʠʥʜʝʢʩʘ ɹʣʠʥʦʚʦʡ ʥʘ ʠʟʦʙʘʨʠʯʝʩʢʠʭ ʫʨʦʚʥʷʭ 700, 500 ʠ 300 ʤʙʘʨ ʚ 

ʭʦʜʝ ʨʘʟʚʠʪʠʷ ʠʥʪʝʥʩʠʚʥʳʭ ʛʝʦʤʘʛʥʠʪʥʳʭ ʚʦʟʤʫʱʝʥʠʡ. ʀʩʪʦʯʥʠʢ [148]. 
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ʇʦʤʠʤʦ ʵʬʬʝʢʪʦʚ ʛʝʦʤʘʛʥʠʪʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʠ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ, ʚ ʨʷʜʝ ʨʘʙʦʪ 

ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʚʣʠʷʥʠʝ ʩʝʢʪʦʨʥʳʭ ʛʨʘʥʠʮ ʤʝʞʧʣʘʥʝʪʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʄʄʇ) 

ʥʘ ʚʘʨʠʘʮʠʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ [34, 35], ʠʥʜʝʢʩʘ ʮʠʢʣʦʥʠʯʝʩʢʦʡ ʟʘʚʠʭʨʝʥʥʦʩʪʠ 

VAI  [68, 201, 202] ʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʫʶ ʘʪʤʦʩʬʝʨʥʫʶ ʮʠʨʢʫʣʷʮʠʶ [32, 33]. ɸʚʪʦʨʳ 

[127] ʦʙʨʘʱʘʶʪ ʚʥʠʤʘʥʠʝ ʥʘ ʧʦʥʠʞʝʥʠʝ ʪʦʯʥʦʩʪʠ ʢʨʘʪʢʦʩʨʦʯʥʳʭ ʤʝʪʝʦʧʨʦʛʥʦʟʦʚ ʥʘ 

15% ʚ ʧʝʨʚʳʝ ʥʝʩʢʦʣʴʢʦ ʜʥʝʡ ʧʦʩʣʝ ʧʝʨʝʩʝʯʝʥʠʷ ɿʝʤʣʸʡ ʩʝʢʪʦʨʥʳʭ ʛʨʘʥʠʮ ʄʄʇ. ɺ 

ʨʘʙʦʪʝ ʉʳʪʠʥʩʢʦʛʦ ʠ ʜʨ. [65] ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ ʘʪʤʦʩʬʝʨʳ ʥʘ ʨʝʟʢʦʝ ʧʦʚʳʰʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʯʘʩʪʠʮ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʟʘʚʠʩʠʪ ʦʪ ʧʦʣʷʨʥʦʩʪʠ ʩʝʢʪʦʨʘ ʄʄʇ, ʚ ʢʦʪʦʨʦʤ 

ʥʘ ʤʦʤʝʥʪ ʚʦʟʤʫʱʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʧʣʘʥʝʪʘ. ʇʨʠ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʧʦʣʷʨʥʦʩʪʠ ʄʄʇ 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʩʠʣʝʥʠʝ ʟʦʥʘʣʴʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʘʪʤʦʩʬʝʨʳ ʩʝʚʝʨʥʦʛʦ ʧʦʣʫʰʘʨʠʷ ʥʘ 

ʠʟʦʙʘʨʠʯʝʩʢʦʤ ʫʨʦʚʥʝ 700 ʛʇʘ, ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʧʦʣʷʨʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʦʩʣʘʙʣʝʥʠʝ 

ʟʦʥʘʣʴʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʘʪʤʦʩʬʝʨʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʚʝʜʸʥʥʳʝ ʚʳʰʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʟʥʘʯʠʪʝʣʴʥʦʤ 

ʚʣʠʷʥʠʠ ʨʘʟʣʠʯʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʩʦʩʪʦʷʥʠʝ ʥʠʞʥʝʡ ʘʪʤʦʩʬʝʨʳ. 

ʆʪʢʣʠʢ ʨʘʟʣʠʯʥʳʭ ʘʪʤʦʩʬʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʚʘʨʠʘʮʠʠ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʝ ʚʨʝʤʝʥʥʳʭ ʰʢʘʣ, ʥʘʯʠʥʘʷ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ (ʧʦʛʦʜʘ) 

ʠ ʟʘʢʘʥʯʠʚʘʷ ʚʝʢʦʚʳʤʠ ʚʘʨʠʘʮʠʷʤʠ (ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ). ʇʨʠ ʵʪʦʤ ʛʝʦʤʘʛʥʠʪʥʳʝ ʙʫʨʠ, 

ʩʦʣʥʝʯʥʳʝ ʚʩʧʳʰʢʠ, ʬʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʷ ʠ ʩʝʢʪʦʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʄʄʇ ʦʢʘʟʳʚʘʶʪ 

ʚʣʠʷʥʠʝ ʥʘ ʩʦʩʪʦʷʥʠʝ ʥʠʞʥʝʡ ʘʪʤʦʩʬʝʨʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʢʦʨʦʪʢʠʭ ʚʨʝʤʝʥʥʳʭ 

ʰʢʘʣʘʭ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʣʥʝʯʥʦ-ʘʪʤʦʩʬʝʨʥʳʝ ʩʚʷʟʠ ʦʙʥʘʨʫʞʠʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʘ, ʚʦ-

ʧʝʨʚʳʭ, ʨʝʛʠʦʥʘʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʘʪʤʦʩʬʝʨʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʠ, ʚʦ-ʚʪʦʨʳʭ, 

ʚʣʠʷʥʠʝʤ ʩʦʙʩʪʚʝʥʥʳʭ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʜʚʠʞʝʥʠʡ ʘʪʤʦʩʬʝʨʳ, ʪʘʢʠʭ ʢʘʢ 

ʢʚʘʟʠʜʚʫʭʣʝʪʥʠʝ ʢʦʣʝʙʘʥʠʷ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʩʪʨʘʪʦʩʬʝʨʝ [121-123, 192] 

ʠ ʷʚʣʝʥʠʷ ʕʣʴ-ʅʠʥʦɹ [98, 138, 139, 207]. ɿʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʭʘʨʘʢʪʝʨ ʩʦʣʥʝʯʥʦ-

ʘʪʤʦʩʬʝʨʥʳʭ ʩʚʷʟʝʡ ʤʦʛʫʪ ʪʘʢʞʝ ʦʢʘʟʳʚʘʪʴ ʤʦʱʥʳʝ ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʠʟʚʝʨʞʝʥʠʷ, 

ʧʨʠʚʦʜʷʱʠʝ ʢ ʠʟʤʝʥʝʥʠʶ ʘʵʨʦʟʦʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʪʨʦʧʦʩʬʝʨʝ ʠ ʥʠʞʥʝʡ 

ʩʪʨʘʪʦʩʬʝʨʝ [80, 180, 207]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʙʣʝʤʘ ʚʣʠʷʥʠʷ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ 

ʩʦʩʪʦʷʥʠʝ ʥʠʞʥʝʡ ʘʪʤʦʩʬʝʨʳ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦʡ, ʥʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʦʥʘ 

ʜʘʣʝʢʘ ʦʪ ʟʘʚʝʨʰʝʥʠʷ ʠ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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1.2 ʌʠʟʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ ʚʦʟʜʝʡʩʪʚʠʷ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʧʦʛʦʜʫ ʠ ʢʣʠʤʘʪ 

ɿʝʤʣʠ 

 

ʀʤʝʷ ʚ ʚʠʜʫ ʤʥʦʛʦʦʙʨʘʟʠʝ ʧʨʦʷʚʣʝʥʠʡ ʩʦʣʥʝʯʥʦ-ʟʝʤʥʳʭ ʩʚʷʟʝʡ ʦʧʠʩʘʥʥʦʝ ʚ 

ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ ʜʘʥʥʦʡ ʛʣʘʚʳ, ʣʦʛʠʯʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʥʘʣʠʯʠʝ ʥʝʩʢʦʣʴʢʠʭ 

ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʚʣʠʷʥʠʷ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʩʦʩʪʦʷʥʠʝ ʥʠʞʥʝʡ ʘʪʤʦʩʬʝʨʳ. 

ʇʦ-ʚʠʜʠʤʦʤʫ, ʜʘʥʥʳʝ ʤʝʭʘʥʠʟʤʳ ʜʝʡʩʪʚʫʶʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘ ʨʘʟʥʳʭ ʚʨʝʤʝʥʥʳʭ 

ʰʢʘʣʘʭ ʠ ʚ ʨʘʟʥʳʭ ʨʝʛʠʦʥʘʭ ʟʝʤʥʦʛʦ ʰʘʨʘ, ʚʟʘʠʤʥʦ ʜʦʧʦʣʥʷʷ, ʣʠʙʦ ʢʦʤʧʝʥʩʠʨʫʷ ʜʨʫʛ 

ʜʨʫʛʘ.  

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʨʘʩʩʤʦʪʨʠʤ ʚʦʧʨʦʩ ʦ ʬʠʟʠʯʝʩʢʠʭ ʘʛʝʥʪʘʭ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʧʝʨʝʜʘʚʘʪʴ ʚʦʟʤʫʱʝʥʠʷ, ʩʦʟʜʘʚʘʝʤʳʝ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʠʟ ʤʝʞʧʣʘʥʝʪʥʦʡ ʩʨʝʜʳ ʚ 

ʥʠʞʥʶʶ ʘʪʤʦʩʬʝʨʫ. ɼʣʷ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʦʙʳʯʥʦ ʧʦʣʴʟʫʶʪʩʷ 

ʯʠʩʣʘʤʠ ɺʦʣʴʬʘ, ʷʚʣʷʶʱʠʤʠʩʷ ʯʠʩʣʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʢʦʣʠʯʝʩʪʚʘ ʘʢʪʠʚʥʳʭ 

ʦʙʣʘʩʪʝʡ ʥʘ ʉʦʣʥʮʝ, ʚ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʠ ʙʦʣʝʝ ʥʠʟʢʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʚ ʪʝʣʝʩʢʦʧ ʦʥʠ ʚʠʜʥʳ ʢʘʢ ʪʝʤʥʳʝ ʧʷʪʥʘ ʥʘ ʷʨʢʦʤ ʜʠʩʢʝ 

ʉʦʣʥʮʘ. ɺʘʨʠʘʮʠʷ ʯʠʩʝʣ ɺʦʣʴʬʘ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʦʪʨʘʞʘʝʪ ʠʟʤʝʥʝʥʠʷ ʩʦʣʥʝʯʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʚ ʭʦʜʝ 11-ʣʝʪʥʝʛʦ ʮʠʢʣʘ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʯʠʩʣʘ ɺʦʣʴʬʘ, ʢʦʪʦʨʳʝ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʨʘʥʥʠʭ ʨʘʙʦʪ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʧʦʠʩʢʘ ʢʦʨʨʝʣʷʮʠʡ ʤʝʞʜʫ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ 

ʩʦʩʪʦʷʥʠʝʤ ʥʠʞʥʝʡ ʘʪʤʦʩʬʝʨʳ, ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʪʦʣʴʢʦ ʜʣʷ ʦʮʝʥʢʠ ʦʙʱʝʛʦ ʫʨʦʚʥʷ 

ʘʢʪʠʚʥʦʩʪʠ ʉʦʣʥʮʘ ʚ 11-ʣʝʪʥʝʤ ʠ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʳʭ ʩʦʣʥʝʯʥʳʭ ʮʠʢʣʘʭ. ʂʦʣʠʯʝʩʪʚʦ 

ʵʥʝʨʛʠʠ, ʧʝʨʝʜʘʚʘʝʤʦʝ ʚ ʥʠʞʥʶʶ ʘʪʤʦʩʬʝʨʫ ɿʝʤʣʠ ʚ ʭʦʜʝ ʩʦʣʥʝʯʥʳʭ ʚʦʟʤʫʱʝʥʠʡ, ʥʝ 

ʩʚʷʟʘʥʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʧʷʪʝʥ ʥʘ ʉʦʣʥʮʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʠʩʣʘ ɺʦʣʴʬʘ 

ʥʝ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʬʠʟʠʯʝʩʢʠʡ ʘʛʝʥʪ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʧʝʨʝʜʘʶʱʠʡ 

ʚʦʟʤʫʱʝʥʠʝ ʚ ʥʠʞʥʶʶ ʘʪʤʦʩʬʝʨʫ. ʇʦʵʪʦʤʫ, ʛʦʚʦʨʷ ʦ ʤʝʭʘʥʠʟʤʘʭ ʩʦʣʥʝʯʥʦ-ʟʝʤʥʳʭ 

ʩʚʷʟʝʡ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʪʝ ʬʠʟʠʯʝʩʢʠʝ ʘʛʝʥʪʳ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʧʦʩʨʝʜʥʠʢʘʤʠ ʤʝʞʜʫ ʘʢʪʠʚʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʥʘ ʉʦʣʥʮʝ ʠ 

ʨʘʟʣʠʯʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʥʠʞʥʝʡ ʘʪʤʦʩʬʝʨʳ. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʠʭ ʘʛʝʥʪʦʚ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʚʠʜʠʤʦʡ ʠ ʙʣʠʞʥʝʡ 

ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʣʘʩʪʷʭ ʩʧʝʢʪʨʘ (ʩʦʣʥʝʯʥʘʷ ʧʦʩʪʦʷʥʥʘʷ S0, TSI ï total solar irradiance), 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʉʦʣʥʮʘ (UV ï ultra violet), ʧʦʪʦʢʠ 
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ʩʦʣʥʝʯʥʳʭ (ʉʂʃ) ʠ ʛʘʣʘʢʪʠʯʝʩʢʠʭ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ (ɻʂʃ) ʠ ʤʝʞʧʣʘʥʝʪʥʦʝ ʤʘʛʥʠʪʥʦʝ 

ʧʦʣʝ (ʄʄʇ).  

ʉ ʢʘʞʜʳʤ ʠʟ ʫʢʘʟʘʥʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ ʩʚʷʟʘʥ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ 

ʤʝʭʘʥʠʟʤʦʚ ʩʦʣʥʝʯʥʦ-ʟʝʤʥʳʭ ʩʚʷʟʝʡ, ʦʧʠʩʘʥʠʝ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʦ ʚ ʦʙʟʦʨʘʭ 

ɸʚʜʶʰʠʥʘ ʠ ɼʘʥʠʣʦʚʘ [1], ʇʫʜʦʚʢʠʥʘ [154]: 

1. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʨʘʟʦʛʨʝʚ ʘʪʤʦʩʬʝʨʳ ʚ ʩʚʷʟʠ ʩ ʚʘʨʠʘʮʠʷʤʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʚʠʜʠʤʦʡ ʠ ʙʣʠʞʥʝʡ ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʣʘʩʪʷʭ ʩʧʝʢʪʨʘ, 

ʢʦʪʦʨʳʝ ʦʙʫʩʣʦʚʣʝʥʳ ʠʟʤʝʥʝʥʠʷʤʠ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʜʦʣʛʦʧʝʨʠʦʜʥʳʭ 

ʚʨʝʤʝʥʥʳʭ ʰʢʘʣʘʭ; 

2. ɺʘʨʠʘʮʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʦʟʦʥʘ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʟʤʝʥʝʥʠʷʤʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ ʦʙʣʘʩʪʠ, ʚʣʠʷʶʱʠʝ ʥʘ 

ʪʝʧʣʦʚʦʡ ʙʘʣʘʥʩ ʩʪʨʘʪʦʩʬʝʨʳ ʠ ʝʸ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʫʶ ʮʠʨʢʫʣʷʮʠʶ; 

3. ɺʘʨʠʘʮʠʠ ʧʨʦʟʨʘʯʥʦʩʪʠ ʘʪʤʦʩʬʝʨʳ (ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʛʘʟʦʚ, 

ʘʵʨʦʟʦʣʝʡ) ʠ ʦʙʣʘʯʥʦʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷʤʠ ʩʢʦʨʦʩʪʠ ʠʦʥʠʟʘʮʠʠ ʚ 

ʥʠʞʥʝʡ ʘʪʤʦʩʬʝʨʝ ʚ ʩʚʷʟʠ ʩ ʚʘʨʠʘʮʠʷʤʠ ʧʦʪʦʢʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ; 

4. ʀʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʛʣʦʙʘʣʴʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ (ʧʦʪʝʥʮʠʘʣʘ ʠʦʥʦʩʬʝʨʳ, 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʘʪʤʦʩʬʝʨʥʳʭ ʪʦʢʦʚ) ʧʨʦʠʩʭʦʜʷʱʠʝ ʚʩʣʝʜʩʪʚʠʝ ʚʘʨʠʘʮʠʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʄʄʇ ʠ/ʠʣʠ ʧʦʪʦʢʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʠ ʧʨʠʚʦʜʷʱʠʝ ʢ 

ʠʟʤʝʥʝʥʠʷʤ ʩʢʦʨʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʦʙʣʘʢʦʚ. 

ʆʩʪʘʥʦʚʠʤʩʷ ʥʘ ʢʘʞʜʦʡ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʛʠʧʦʪʝʟ ʧʦʜʨʦʙʥʝʝ ʠ ʦʧʠʰʝʤ ʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʙʦʩʥʦʚʘʥʠʷ. 
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1.2.1 ɺʘʨʠʘʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ 

ʩʧʝʢʪʨʘ (ʩʦʣʥʝʯʥʦʡ ʧʦʩʪʦʷʥʥʦʡ, S0) 

 

ʆʙʱʠʡ ʧʦʪʦʢ ʚʦʣʥʦʚʦʡ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ, ʧʨʠʭʦʜʷʱʝʡ ʢ ɿʝʤʣʝ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʩʦʣʥʝʯʥʦʡ ʧʦʩʪʦʷʥʥʦʡ S0. ʀʟʣʫʯʝʥʠʝ, ʧʨʠʭʦʜʷʱʝʝ ʦʪ ʉʦʣʥʮʘ, ʦʙʫʩʣʘʚʣʠʚʘʝʪ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʨʘʟʦʛʨʝʚ ɿʝʤʣʠ ʠ ʘʪʤʦʩʬʝʨʳ, ʷʚʣʷʷʩʴ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ 

ʜʣʷ ʘʪʤʦʩʬʝʨʥʦʡ ʮʠʨʢʫʣʷʮʠʠ. ʉʧʫʪʥʠʢʦʚʳʝ ʠʟʤʝʨʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʩʧʝʢʪʨʘ (total solar irradiance - TSI) ʧʨʦʠʟʚʦʜʷʪʩʷ, 

ʥʘʯʠʥʘʷ ʩ 1978 ʛʦʜʘ. ʅʘ ʨʠʩ. 1.6 ʧʨʠʚʝʜʝʥʳ ʚʘʨʠʘʮʠʠ ʯʠʩʝʣ ɺʦʣʴʬʘ, ʘ ʪʘʢʞʝ ʚʘʨʠʘʮʠʠ 

S0, ʠʟʤʝʨʝʥʥʳʝ ʥʘ ʨʷʜʝ ʩʧʫʪʥʠʢʦʚ ʚ ʭʦʜʝ 11-ʣʝʪʥʝʛʦ ʮʠʢʣʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ.  

 

 

 

ʈʠʩ. 1.6 ʀʥʪʝʛʨʘʣʴʥʳʡ ʧʦʪʦʢ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʠʟʤʝʨʝʥʥʳʡ ʥʘ ʨʷʜʝ ʩʧʫʪʥʠʢʦʚ ʠ 

ʩʨʝʜʥʝʤʝʩʷʯʥʳʝ ʟʥʘʯʝʥʠʷ ʯʠʩʣʘ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ. ʇʦ ʜʘʥʥʳʤ ʨʘʙʦʪʳ [100]. 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʠʟʤʝʥʝʥʠʷ ʩʦʣʥʝʯʥʦʡ ʧʦʩʪʦʷʥʥʦʡ ʧʨʦʠʩʭʦʜʷʪ ʚ ʬʘʟʝ ʩ 11-

ʣʝʪʥʠʤʠ ʚʘʨʠʘʮʠʷʤʠ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʇʦ ʜʘʥʥʳʤ ʨʷʜʘ ʘʚʪʦʨʦʚ, ʩʦʣʥʝʯʥʘʷ 

ʧʦʩʪʦʷʥʥʘʷ ʠʩʧʳʪʳʚʘʝʪ ʪʘʢʞʝ ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʳʝ ʚʘʨʠʘʮʠʠ ʧʦʨʷʜʢʘ ʩʫʪʦʢ [204] ʠ 

ʥʝʩʢʦʣʴʢʠʭ ʥʝʜʝʣʴ [160]. ʇʨʠʯʠʥʦʡ ʚʘʨʠʘʮʠʡ ʩʚʝʪʠʤʦʩʪʠ ʉʦʣʥʮʘ ʷʚʣʷʝʪʩʷ 
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ʩʫʧʝʨʧʦʟʠʮʠʷ ʵʬʬʝʢʪʦʚ ʪʝʤʥʳʭ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ ʠ ʷʨʢʠʭ ʬʦʪʦʩʬʝʨʥʳʭ ʬʘʢʝʣʦʚ. 

ʉʦʣʥʝʯʥʳʝ ʧʷʪʥʘ ʷʚʣʷʶʪʩʷ ʘʢʪʠʚʥʳʤʠ ʦʙʣʘʩʪʷʤʠ ʥʘ ʉʦʣʥʮʝ, ʚ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʦʚʳʰʝʥʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʧʨʝʧʷʪʩʪʚʫʶʱʝʝ ʢʦʥʚʝʢʮʠʠ ʧʣʘʟʤʳ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ 

ʧʷʪʥʘ ʠʤʝʶʪ ʙʦʣʝʝ ʥʠʟʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʚʠʜʥʳ ʚ ʪʝʣʝʩʢʦʧ ʢʘʢ ʙʦʣʝʝ ʪʝʤʥʳʝ ʦʙʣʘʩʪʠ 

ʥʘ ʷʨʢʦʤ ʜʠʩʢʝ ʉʦʣʥʮʘ. ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʮʝʥʪʨʝ ʩʦʣʥʝʯʥʦʛʦ ʧʷʪʥʘ ʩʦʩʪʘʚʣʷʝʪ ~ 5420 ʂ, 

ʯʪʦ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ, ʯʝʤ ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʝʛʦ ʬʦʪʦʩʬʝʨʳ ~ 6050 ʂ. 

ʕʬʬʝʢʪʠʚʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʦʣʥʝʯʥʦʛʦ ʬʘʢʝʣʘ ʩʦʩʪʘʚʣʷʝʪ 6200 ʂ [131]. ʆʪʥʦʰʝʥʠʝ 

ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʉʦʣʥʮʘ, ʟʘʥʷʪʦʡ ʧʷʪʥʘʤʠ, ʢ ʩʫʤʤʘʨʥʦʡ ʧʣʦʱʘʜʠ ʬʘʢʝʣʦʚ 

ʦʩʪʘʸʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦʩʣʝʜʥʠʭ ʩʦʣʥʝʯʥʳʭ ʮʠʢʣʦʚ [ʥʘʧʨ., 91]. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʬʘʢʝʣʦʚ ʚʦʟʨʘʩʪʘʝʪ ʚ ʤʘʢʩʠʤʫʤʝ 11-ʣʝʪʥʝʛʦ ʮʠʢʣʘ ʩʦʣʥʝʯʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʦʙʱʠʡ ʚʢʣʘʜ ʷʨʢʠʭ ʬʘʢʝʣʦʚ ʚ ʩʚʝʪʠʤʦʩʪʴ ʉʦʣʥʮʘ ʚʜʚʦʝ 

ʧʨʝʚʳʰʘʝʪ ʚʢʣʘʜ ʪʝʤʥʳʭ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ [99, 128], ʠ ʚʝʣʠʯʠʥʘ S0 ʪʘʢʞʝ ʚʦʟʨʘʩʪʘʝʪ. ɺ 

ʩʚʷʟʠ ʩ ʪʝʤ ʯʪʦ, ʚʢʣʘʜ ʬʘʢʝʣʦʚ ʚ ʚʝʣʠʯʠʥʫ S0 ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʴʰʝ, ʢʦʛʜʘ ʦʥʠ 

ʨʘʩʧʦʣʦʞʝʥʳ ʙʣʠʞʝ ʢ ʣʠʤʙʫ [ʥʘʧʨ., 188], ʜʘʥʥʳʝ ʵʬʬʝʢʪʳ ʤʦʛʫʪ ʦʙʫʩʣʘʚʣʠʚʘʪʴ ʪʘʢʞʝ 

27-ʜʥʝʚʥʳʝ ʚʘʨʠʘʮʠʠ ʩʦʣʥʝʯʥʦʡ ʧʦʩʪʦʷʥʥʦʡ S0, ʩʚʷʟʘʥʥʳʝ ʩ ʚʨʘʱʝʥʠʝʤ ʉʦʣʥʮʘ ʚʦʢʨʫʛ 

ʩʚʦʝʡ ʦʩʠ. 

ɸʥʘʣʠʟ ʠʟʤʝʨʝʥʠʡ ʩʦʣʥʝʯʥʦʡ ʧʦʩʪʦʷʥʥʦʡ ʥʘ ʩʧʫʪʥʠʢʝ ʅʠʤʙʫʩ-7 ʟʘ ʧʝʨʠʦʜ ʩ 1978 

ʧʦ 1991 ʛʛ. ʧʦʢʘʟʘʣ, ʯʪʦ ʩʚʷʟʴ ʤʝʞʜʫ S0 ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ (W) ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʨʘʞʝʥʘ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʦʡ [112]. 

 

S0=1371.32 + (0.007°0.00069)ĀW                               (1.2.1) 

 

ʉʦʛʣʘʩʥʦ ʧʨʠʚʝʜʸʥʥʦʡ ʬʦʨʤʫʣʝ, ʚʘʨʠʘʮʠʠ ʩʦʣʥʝʯʥʦʡ ʧʦʩʪʦʷʥʥʦʡ ʚ ʭʦʜʝ 11-

ʣʝʪʥʝʛʦ ʩʦʣʥʝʯʥʦʛʦ ʮʠʢʣʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʯʠʩʣʘ ʧʷʪʝʥ ʦʪ 0 ʚ ʝʛʦ ʤʠʥʠʤʫʤʝ ʜʦ 200 ʚ 

ʤʘʢʩʠʤʫʤʝ, ʩʦʩʪʘʚʣʷʶʪ 1.46 ɺʪ/ʤ2, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ~0.1%. ʊʘʢʠʭ ʚʘʨʠʘʮʠʡ ʩʚʝʪʠʤʦʩʪʠ 

ʉʦʣʥʮʘ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʚʳʟʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʡ ʘʪʤʦʩʬʝʨʥʳʡ ʦʪʢʣʠʢ ʥʘ 

ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʳʭ ʠ ʜʝʢʘʜʥʳʭ ʚʨʝʤʝʥʥʳʭ ʰʢʘʣʘʭ. ʉʦʛʣʘʩʥʦ ʦʮʝʥʢʘʤ, ʧʨʠʚʝʜʸʥʥʳʤ ʚ 

ʨʘʙʦʪʝ [200], ʚʦʟʨʘʩʪʘʥʠʝ ʩʦʣʥʝʯʥʦʡ ʧʦʩʪʦʷʥʥʦʡ ʚ ʤʘʢʩʠʤʫʤʝ 11-ʣʝʪʥʝʛʦ ʮʠʢʣʘ 

ʧʨʠʚʦʜʠʪ ʢ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ ʨʦʩʪʫ ʛʣʦʙʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʘʪʤʦʩʬʝʨʳ Dʊ ~0.1%. ʊʝʤ 

ʥʝ ʤʝʥʝʝ, ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʨʘʟʦʛʨʝʚ ʘʪʤʦʩʬʝʨʳ ʚ ʦʩʥʦʚʥʦʤ 

ʧʨʦʠʩʭʦʜʠʪ ʙʣʘʛʦʜʘʨʷ ʧʦʛʣʦʱʝʥʠʶ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ɿʝʤʣʠ, ʢʦʪʦʨʘʷ 

ʟʘʪʝʤ ʧʝʨʝʠʟʣʫʯʘʝʪʩʷ ʚ ʚʠʜʝ ʠʥʬʨʘʢʨʘʩʥʦʡ ʨʘʜʠʘʮʠʠ, ʥʝʙʦʣʴʰʠʝ ʧʦ ʘʤʧʣʠʪʫʜʝ 
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ʚʘʨʠʘʮʠʠ ʩʦʣʥʝʯʥʦʡ ʧʦʩʪʦʷʥʥʦʡ ʤʦʛʫʪ ʜʘʚʘʪʴ ʟʘʤʝʪʥʳʝ ʵʬʬʝʢʪʳ ʚ ʤʘʩʰʪʘʙʝ ʚʝʢʦʚʦʛʦ 

ʮʠʢʣʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʉʚʠʜʝʪʝʣʴʩʪʚʦʤ ʚʣʠʷʥʠʷ ʚʘʨʠʘʮʠʡ ʧʦʣʥʦʛʦ ʧʦʪʦʢʘ 

ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʥʘ ʢʣʠʤʘʪ ɿʝʤʣʠ ʥʘ ʚʝʢʦʚʳʭ ʚʨʝʤʝʥʥʳʭ ʰʢʘʣʘʭ ʷʚʣʷʶʪʩʷ 

ʩʦʚʧʘʜʝʥʠʷ ʤʘʢʩʠʤʫʤʦʚ ʠ ʤʠʥʠʤʫʤʦʚ (ʵʢʩʪʨʝʤʫʤʦʚ) ʦʙʱʝʛʦ ʧʦʪʦʢʘ ʚʦʣʥʦʚʦʡ 

ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʩ ʧʝʨʠʦʜʘʤʠ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ ʠ ʧʦʭʦʣʦʜʘʥʠʷ (ʩʤ. ʨʠʩ. 1.1 ʠʟ 

ʨʘʙʦʪʳ ʕʜʜʠ [94]).  

ɺ ʨʘʙʦʪʝ [129] ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʩʦʣʥʝʯʥʦʡ ʧʦʩʪʦʷʥʥʦʡ ʩ 1610 ʛ. ʜʦ 

ʢʦʥʮʘ ʍʍ ʚʝʢʘ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʜʦ 1800 ʛ. ʚʘʨʠʘʮʠʠ ʩʦʣʥʝʯʥʦʡ ʧʦʩʪʦʷʥʥʦʡ ʜʦʚʦʣʴʥʦ 

ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ ʚ ʩʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ (r = 0.86), 

ʪʦʛʜʘ ʢʘʢ ʜʣʷ ʧʝʨʠʦʜʘ ʧʦʩʣʝ 1800 ʛ. ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ (r = 0.73). 

ɸʚʪʦʨʳ ʦʙʲʷʩʥʷʶʪ ʵʪʦ ʪʝʤ, ʯʪʦ ʜʦ 1800 ʛ. ʚʘʨʠʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʝʚʝʨʥʦʛʦ ʧʦʣʫʰʘʨʠʷ 

ʦʧʨʝʜʝʣʷʣʠʩʴ, ʚ ʦʩʥʦʚʥʦʤ, ʚʣʠʷʥʠʝʤ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɹʦʣʝʝ ʧʦʟʜʥʝʝ ʩʥʠʞʝʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʦ ʩ ʚʣʠʷʥʠʝʤ ʥʘ ʘʪʤʦʩʬʝʨʫ 

ʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʍʍ ʚʝʢʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʘ ʵʢʩʪʨʘʧʦʣʷʮʠʷ 

ʩʚʷʟʠ ʩʦʣʥʝʯʥʦʡ ʧʦʩʪʦʷʥʥʦʡ ʠ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʜʦʠʥʜʫʩʪʨʠʘʣʴʥʳʡ 

ʧʝʨʠʦʜ (ʨʘʥʝʝ 1860 ʛ.) ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʳʡ ʚ ʢʦʥʮʝ ʍʍ ʚʝʢʘ ʨʦʩʪ ʩʨʝʜʥʝʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʘʪʤʦʩʬʝʨʳ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ 1/3 ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʸʥ ʫʩʠʣʝʥʠʝʤ 

ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʥʘ 2/3 ʦʙʲʷʩʥʷʝʪʩʷ ʚʣʠʷʥʠʝʤ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʬʘʢʪʦʨʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʘʨʠʘʮʠʠ ʩʦʣʥʝʯʥʦʡ ʧʦʩʪʦʷʥʥʦʡ S0 ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʜʘʶʪ 

ʵʬʬʝʢʪʦʚ ʚ ʤʘʩʰʪʘʙʝ 11-ʣʝʪʥʝʛʦ ʩʦʣʥʝʯʥʦʛʦ ʮʠʢʣʘ, ʥʦ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʘʪʤʦʩʬʝʨʫ ʠ ʢʣʠʤʘʪ ɿʝʤʣʠ ʥʘ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʳʭ ʚʨʝʤʝʥʥʳʭ ʰʢʘʣʘʭ. 
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1.2.2 ɺʘʨʠʘʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ 

ʦʙʣʘʩʪʠ 

 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʩʧʫʪʥʠʢʦʚʳʝ ʠʟʤʝʨʝʥʠʷ, ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ʉʦʣʥʮʘ ʚ 

ʭʦʜʝ 11-ʣʝʪʥʝʛʦ ʮʠʢʣʘ ʠʩʧʳʪʳʚʘʝʪ ʙ·ʣʴʰʠʝ ʧʦ ʘʤʧʣʠʪʫʜʝ ʚʘʨʠʘʮʠʠ, ʯʝʤ ʠʟʣʫʯʝʥʠʝ ʚ 

ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ (ʩʤ. ʨʠʩ. 1.7). ʉʦʣʥʝʯʥʳʡ ʫʣʴʪʨʘʬʠʦʣʝʪ ʩ ʜʣʠʥʘʤʠ ʚʦʣʥ 

ɚ = 175-200 ʥʤ (ʧʦʣʦʩʳ ʐʫʤʘʥʘ-ʈʫʥʛʝ) ʠ ɚ = 180-240 ʥʤ (ʢʦʥʪʠʥʫʫʤ ɻʝʨʮʙʝʨʛʘ) 

ʚʳʟʳʚʘʝʪ ʬʦʪʦʜʠʩʩʦʮʠʘʮʠʶ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʩʪʨʘʪʦʩʬʝʨʥʦʛʦ ʦʟʦʥʘ. ʅʘʠʙʦʣʴʰʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʟʦʥʘ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʩʪʨʘʪʦʩʬʝʨʝ ʥʘ 

ʚʳʩʦʪʘʭ ʦʪ 15 ʜʦ 35 ʢʤ. ʆʟʦʥ ʷʚʣʷʝʪʩʷ ʤʘʣʦʡ ʛʘʟʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʢʦʪʦʨʘʷ 

ʵʬʬʝʢʪʠʚʥʦ ʧʦʛʣʦʱʘʝʪ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ ɚ = 220-290 ʥʤ 

(ʧʦʣʦʩʘ ʍʘʨʪʣʠ), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʦʛʨʝʚʫ ʚʝʨʭʥʝʡ ʠ ʩʨʝʜʥʝʡ ʩʪʨʘʪʦʩʬʝʨʳ [2]. 

 

 

ʈʠʩ. 1.7 ʉʧʝʢʪʨ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʚʝʨʭʥʷʷ ʧʘʥʝʣʴ), ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʘʨʠʘʮʠʠ 

ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʭʦʜʝ 11-ʣʝʪʥʝʛʦ ʮʠʢʣʘ (ʥʠʞʥʷʷ ʧʘʥʝʣʴ). ʀʩʪʦʯʥʠʢ [130]. 

 

ʉ ʚʘʨʠʘʮʠʷʤʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ ʦʙʣʘʩʪʠ 

ʩʚʷʟʘʥ ʦʟʦʥʥʳʡ ʤʝʭʘʥʠʟʤ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʚʘʨʠʘʮʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʟʦʥʘ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʜʝʡʩʪʚʠʝʤ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʉʦʣʥʮʘ, ʧʨʠʚʦʜʷʪ ʢ ʠʟʤʝʥʝʥʠʶ 
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ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʮʠʨʢʫʣʷʮʠʠ ʚ ʩʪʨʘʪʦʩʬʝʨʝ. ʇʝʨʚʦʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʜʘʥʥʦʛʦ 

ʤʝʭʘʥʠʟʤʘ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʚ ʨʘʙʦʪʝ ʈʘʢʠʧʦʚʦʡ [56], ʢʦʪʦʨʘʷ ʠʩʩʣʝʜʦʚʘʣʘ ʚʣʠʷʥʠʝ 

ʚʘʨʠʘʮʠʡ ʦʟʦʥʘ ʥʘ ʩʨʝʜʥʶʶ ʛʣʦʙʘʣʴʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʟʜʫʭʘ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ. 

ɺʧʦʩʣʝʜʩʪʚʠʠ ʦʟʦʥʥʳʡ ʤʝʭʘʥʠʟʤ ʨʘʟʚʠʚʘʣʩʷ ʚ ʨʘʙʦʪʘʭ ʂʝʣʣʠʩʘ ʠ ʅʠʣʠ [89], ɼʝʤʠʥʦʚʘ ʠ 

ʜʨ. [22, 23], ɹʨʘʩʩʝʨʘ ʠ ʉʠʤʦʥʘ [86], ʘ ʪʘʢʞʝ ɼʞ. ʍʘʡ [102-107] ʠ ʐʠʥʜʝʣʣʘ [164].  

ʉʦʛʣʘʩʥʦ ʪʝʦʨʠʠ, ʠʟʣʦʞʝʥʥʦʡ ʚ ʨʘʙʦʪʝ [102], ʦʙʨʘʟʦʚʘʥʠʝ ʩʪʨʘʪʦʩʬʝʨʥʦʛʦ ʦʟʦʥʘ 

ʚʳʟʳʚʘʝʪʩʷ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʤ ʠʟʣʫʯʝʥʠʝʤ ʉʦʣʥʮʘ ʩ ʙʦʣʝʝ ʢʦʨʦʪʢʠʤʠ ʜʣʠʥʘʤʠ ʚʦʣʥ, 

ʯʝʤ ʪʦ, ʢʦʪʦʨʦʝ ʦʪʚʝʪʩʪʚʝʥʥʦ ʟʘ ʨʘʟʨʫʰʝʥʠʝ ʦʟʦʥʘ. ʇʦʩʢʦʣʴʢʫ ʘʤʧʣʠʪʫʜʘ ʚʘʨʠʘʮʠʡ 

ʩʦʣʥʝʯʥʦʛʦ ʠʟʫʯʝʥʠʷ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ ʦʙʣʘʩʪʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʜʣʠʥʳ 

ʚʦʣʥʳ, ʩʢʦʨʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʦʟʦʥʘ ʤʦʜʫʣʠʨʫʝʪʩʷ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʦ, ʯʝʤ ʩʢʦʨʦʩʪʴ ʝʛʦ ʨʘʟʨʫʰʝʥʠʷ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʚ ʧʝʨʠʦʜʳ 

ʤʘʢʩʠʤʫʤʦʚ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʢʦʨʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʩʪʨʘʪʦʩʬʝʨʥʦʛʦ ʦʟʦʥʘ 

ʧʨʝʚʳʰʘʝʪ ʩʢʦʨʦʩʪʴ ʝʛʦ ʨʘʟʨʫʰʝʥʠʷ, ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʪʨʘʪʦʩʬʝʨʥʦʛʦ ʦʟʦʥʘ ʚʦʟʨʘʩʪʘʝʪ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʘʨʠʘʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʉʦʣʥʮʘ 

ʧʨʠʚʦʜʷʪ ʢ ʠʟʤʝʥʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʟʦʥʘ, ʦʪ ʢʦʪʦʨʦʡ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ 

ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʨʘʪʦʩʬʝʨʳ. ɺʘʨʠʘʮʠʠ ʩʪʨʘʪʦʩʬʝʨʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʧʨʠʚʦʜʷʪ ʢ ʠʟʤʝʥʝʥʠʷʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʘʪʤʦʩʬʝʨʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʧʦ ʚʩʝʤʫ ʟʝʤʥʦʤʫ 

ʰʘʨʫ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʤʦʜʝʣʴʥʳʝ ʨʘʩʯʝʪʳ, ʧʨʦʚʝʜʝʥʥʳʝ ʚ ʨʘʙʦʪʘʭ ɼʞ. ʍʘʡ [102-107], 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʦʝ ʚ ʛʦʜʳ ʤʘʢʩʠʤʫʤʦʚ 11-ʣʝʪʥʠʭ ʩʦʣʥʝʯʥʳʭ ʮʠʢʣʦʚ 

ʚʦʟʨʘʩʪʘʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʟʦʥʘ ʥʘ ~ 2-3% ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʪʨʘʪʦʩʬʝʨʳ ʥʘ ʥʝʩʢʦʣʴʢʦ ʛʨʘʜʫʩʦʚ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʟʦʥʘʣʴʥʦʛʦ 

ʚʝʪʨʘ, ʜʦʩʪʠʛʘʶʱʠʝ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʚʝʣʠʯʠʥʳ ~ 1 ʤ/ʩ. ʩʤ. ʨʠʩ. 1.8. 

ʉʦʛʣʘʩʥʦ ʠʤʝʶʱʠʤʩʷ ʜʘʥʥʳʤ, ʩʦʣʥʝʯʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʚ ʙʣʠʞʥʝʤ 

ʫʣʴʪʨʘʬʠʦʣʝʪʝ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʚʨʝʤʝʥʥʳʭ ʰʢʘʣʘʭ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʦʪ 27-ʜʥʝʡ 

(ʧʝʨʠʦʜ ʦʙʨʘʱʝʥʠʷ ʉʦʣʥʮʘ ʚʦʢʨʫʛ ʩʚʦʝʡ ʦʩʠ) ʜʦ 11 ʣʝʪ (ʜʣʠʪʝʣʴʥʦʩʪʴ ʦʩʥʦʚʥʦʛʦ ʮʠʢʣʘ 

ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʟʦʥʥʳʡ ʤʝʭʘʥʠʟʤ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʪʦʣʴʢʦ ʥʘ 

ʫʢʘʟʘʥʥʳʭ ʚʨʝʤʝʥʥʳʭ ʰʢʘʣʘʭ. ʅʝʚʦʟʤʦʞʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʦʷʚʣʝʥʠʷ ʜʝʡʩʪʚʠʷ 

ʜʘʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʥʘ ʢʦʨʦʪʢʠʭ ʚʨʝʤʝʥʥʳʭ ʰʢʘʣʘʭ ʦʙʫʩʣʦʚʣʝʥʘ ʦʪʩʫʪʩʪʚʠʝʤ ʩʫʪʦʯʥʳʭ 

ʚʘʨʠʘʮʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ [ʥʘʧʨ., 93], ʘ ʪʘʢʞʝ 

ʩʣʦʞʥʦʩʪʴʶ ʙʳʩʪʨʦʡ ʧʝʨʝʜʘʯʠ ʚʦʟʤʫʱʝʥʠʷ ʠʟ ʚʝʨʭʥʝʡ ʩʪʨʘʪʦʩʬʝʨʳ ʚ ʪʨʦʧʦʩʬʝʨʫ. 
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ʈʠʩ. 1.8. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʟʦʥʘʣʴʥʦʛʦ ʚʝʪʨʘ ʚ ʷʥʚʘʨʝ ʧʦ ʜʘʥʥʳʤ ʤʦʜʝʣʴʥʳʭ 

ʨʘʩʯʝʪʦʚ (ʘ), ʦʪʢʣʦʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʟʦʥʘʣʴʥʦʛʦ ʚʝʪʨʘ, ʚʳʟʚʘʥʥʳʝ ʚʘʨʠʘʮʠʷʤʠ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʚ ʩʦʣʥʝʯʥʦʤ ʮʠʢʣʝ (b). ʈʠʩʫʥʦʢ ʟʘʠʤʩʪʚʦʚʘʥ ʠʟ ʨʘʙʦʪʳ [107]. 

 

ʀʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʩʪʨʘʪʦʩʬʝʨʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʚʘʨʠʘʮʠʷʤ 

ʩʢʦʨʦʩʪʠ ʟʦʥʘʣʴʥʦʛʦ ʚʝʪʨʘ, ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʪʨʦʧʦʩʬʝʨʥʫʶ ʮʠʨʢʫʣʷʮʠʶ ʧʦʩʨʝʜʩʪʚʦʤ 

ʠʟʤʝʥʝʥʠʷ ʫʩʣʦʚʠʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʥʝʪʘʨʥʳʭ ʚʦʣʥ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʤʝʝʪʩʷ 

ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ. ɺ ʦʙʟʦʨʘʭ 

ɸʚʜʶʰʠʥʘ ʠ ɼʘʥʠʣʦʚʘ [1] ʠ ʇʫʜʦʚʢʠʥʘ [154] ʧʨʠʚʝʜʝʥʦ ʦʧʠʩʘʥʠʝ ʦʜʥʦʛʦ ʠʟ ʚʦʟʤʦʞʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ ʚʣʠʷʥʠʷ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʮʠʨʢʫʣʷʮʠʶ ʪʨʦʧʦʩʬʝʨʳ ʧʦʩʨʝʜʩʪʚʦʤ 

ʠʟʤʝʥʝʥʠʷ ʫʩʣʦʚʠʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʥʝʪʘʨʥʳʭ ʚʦʣʥ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʘʪʤʦʩʬʝʨʝ 

ʩʫʱʝʩʪʚʫʝʪ ʮʝʣʳʡ ʩʧʝʢʪʨ ʧʣʘʥʝʪʘʨʥʳʭ ʚʦʣʥ, ʦʙʣʘʜʘʶʱʠʭ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʦʡ 

ʘʤʧʣʠʪʫʜʦʡ. ʇʣʘʥʝʪʘʨʥʳʝ ʚʦʣʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ, ʬʘʢʪʠʯʝʩʢʠ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʚʦʟʤʫʱʝʥʠʷ ʚ ʧʦʣʷʭ ʪʝʤʧʝʨʘʪʫʨʳ ʠʣʠ ʜʘʚʣʝʥʠʷ ʚʜʦʣʴ ʰʠʨʦʪʳ. ʇʨʦʥʠʢʥʦʚʝʥʠʝ ʜʘʥʥʳʭ 

ʚʦʣʥ ʠʟ ʪʨʦʧʦʩʬʝʨʳ ʚ ʩʪʨʘʪʦʩʬʝʨʫ ʚ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʟʦʥʘʣʴʥʦʛʦ ʧʦʪʦʢʘ ʩʪʨʘʪʦʩʬʝʨʳ. ʇʨʠ ʩʢʦʨʦʩʪʠ ʟʘʧʘʜʥʦʛʦ ʧʝʨʝʥʦʩʘ ʚ ʩʪʨʘʪʦʩʬʝʨʝ, 

ʧʨʝʚʳʰʘʶʱʝʡ ʥʝʢʦʪʦʨʫʶ ʢʨʠʪʠʯʝʩʢʫʶ ʚʝʣʠʯʠʥʫ Vʢʨ., ʧʣʘʥʝʪʘʨʥʳʝ ʚʦʣʥʳ ñʟʘʧʠʨʘʶʪʩʷò 

ʚ ʪʨʦʧʦʩʬʝʨʝ ʠ ʥʝ ʧʨʦʥʠʢʘʶʪ ʚ ʚʝʨʭʥʠʝ ʩʣʦʠ ʘʪʤʦʩʬʝʨʳ. ʂʦʛʜʘ ʩʢʦʨʦʩʪʴ ʟʘʧʘʜʥʦʛʦ 

ʧʝʨʝʥʦʩʘ ʚ ʩʪʨʘʪʦʩʬʝʨʝ ʙʣʠʟʢʘ ʢ ʢʨʠʪʠʯʝʩʢʦʡ, ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʪʝʨʤʠʯʝʩʢʦʛʦ 
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ʨʝʞʠʤʘ ʩʪʨʘʪʦʩʬʝʨʳ ʚ ʩʚʷʟʠ ʩ ʚʘʨʠʘʮʠʷʤʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʉʦʣʥʮʘ ʠʣʠ ʜʨʫʛʠʭ ʢʦʩʤʦʬʠʟʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʩʢʦʨʦʩʪʠ 

ʟʦʥʘʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʚʳʰʝ Vʢʨ., ʯʪʦ ʙʫʜʝʪ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʧʣʘʥʝʪʘʨʥʳʭ 

ʚʦʣʥ ʚ ʚʝʨʭʥʠʝ ʩʣʦʠ ʘʪʤʦʩʬʝʨʳ. ñɿʘʧʠʨʘʥʠʝò ʧʣʘʥʝʪʘʨʥʳʭ ʚʦʣʥ ʚ ʪʨʦʧʦʩʬʝʨʝ ʧʨʠʚʦʜʠʪ 

ʢ ʜʠʩʩʠʧʘʮʠʠ ʠʭ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʦʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʘʛʨʝʚʦʤ ʪʨʦʧʦʩʬʝʨʳ ʠ ʠʟʤʝʥʝʥʠʝʤ 

ʪʦʧʦʛʨʘʬʠʠ ʝʸ ʙʘʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʇʨʠ ʵʪʦʤ ʵʥʝʨʛʠʷ ʬʦʨʤʠʨʫʝʤʳʭ ʙʘʨʠʯʝʩʢʠʭ 

ʦʙʨʘʟʦʚʘʥʠʡ ʤʦʞʝʪ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʨʝʚʳʰʘʪʴ ʵʥʝʨʛʠʶ, ʧʦʛʣʦʱʘʝʤʫʶ ʦʟʦʥʦʤ ʠʟ 

ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 
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1.2.3 ɺʘʨʠʘʮʠʠ ʧʨʦʟʨʘʯʥʦʩʪʠ ʘʪʤʦʩʬʝʨʳ ʠ ʩʦʩʪʦʷʥʠʷ ʦʙʣʘʯʥʦʩʪʠ 

 

ʇʦʩʢʦʣʴʢʫ ʤʦʜʫʣʷʮʠʷ ʧʦʩʪʫʧʘʶʱʝʡ ʚ ʥʠʞʥʶʶ ʘʪʤʦʩʬʝʨʫ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ 

ʦʙʫʩʣʦʚʣʝʥʘ ʠʟʤʝʥʝʥʠʷʤʠ ʝʸ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʪ.ʝ. ʚʘʨʠʘʮʠʷʤʠ ʧʨʦʟʨʘʯʥʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʩʦʩʪʦʷʥʠʝʤ ʦʙʣʘʯʥʦʛʦ ʧʦʢʨʦʚʘ, ʫʢʘʟʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ 

ʢʣʠʤʘʪʦʦʙʨʘʟʫʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ. ɺʘʨʠʘʮʠʠ ʧʨʦʟʨʘʯʥʦʩʪʠ ʘʪʤʦʩʬʝʨʳ ʤʦʛʫʪ ʙʳʪʴ 

ʩʚʷʟʘʥʳ ʢʘʢ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʝʸ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ (ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʤʘʣʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʘʪʤʦʩʬʝʨʳ H2O, O3, NO2 ʠ ʜʨ.), ʪʘʢ ʠ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ. ɺ ʢʘʯʝʩʪʚʝ ʘʛʝʥʪʘ, ʵʬʬʝʢʪʠʚʥʦ ʚʦʟʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʘʪʤʦʩʬʝʨʝ, ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʢʦʩʤʠʯʝʩʢʠʝ ʣʫʯʠ ʩʦʣʥʝʯʥʦʛʦ ʠ 

ʛʘʣʘʢʪʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʪʦʢʦʚ ʢʦʪʦʨʳʭ ʚ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ 

ʤʦʜʫʣʠʨʫʝʪʩʷ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. 

ɻʘʣʘʢʪʠʯʝʩʢʠʝ ʢʦʩʤʠʯʝʩʢʠʝ ʣʫʯʠ (ɻʂʃ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʳʝ ʟʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ, ʧʨʠʭʦʜʷʱʠʝ ʥʘ ɿʝʤʣʶ ʠʟ ʤʠʨʦʚʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ. ʆʢʦʣʦ 92% ʯʘʩʪʠʮ ɻʂʃ ʷʚʣʷʶʪʩʷ ʧʨʦʪʦʥʘʤʠ, ~ 6% ʩʦʩʪʘʚʣʷʶʪ ʷʜʨʘ 

ʘʪʦʤʦʚ ʛʝʣʠʷ, ~ 1% ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʜʦʣʶ ʙʦʣʝʝ ʪʷʞʸʣʳʭ ʘʪʦʤʥʳʭ ʷʜʝʨ ʠ ~ 1% 

ʩʦʩʪʘʚʣʷʶʪ ʵʣʝʢʪʨʦʥʳ. ʇʨʠʯʠʥʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ɻʂʃ ʷʚʣʷʶʪʩʷ ʚʩʧʳʰʢʠ ʩʚʝʨʭʥʦʚʳʭ 

ʟʚʸʟʜ. ʇʦʩʢʦʣʴʢʫ ʩʚʝʨʭʥʦʚʳʝ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʚ ʥʘʰʝʡ ʛʘʣʘʢʪʠʢʝ, ʧʦʪʦʢ ɻʂʃ, 

ʧʨʠʭʦʜʷʱʠʡ ʢ ɿʝʤʣʝ, ʠʟʦʪʨʦʧʝʥ ʠ ʥʝʧʨʝʨʳʚʝʥ. ɽʛʦ ʚʝʣʠʯʠʥʘ ʥʘ ʛʨʘʥʠʮʝ ʘʪʤʦʩʬʝʨʳ 

ɿʝʤʣʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʘ 1 ʯʘʩʪʠʮʝ ʥʘ 1 ʩʤ2 ʚ 1 ʩʝʢʫʥʜʫ. ʕʥʝʨʛʠʠ ɻʂʃ ʚʘʨʴʠʨʫʶʪʩʷ 

ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 107 ʜʦ 1020 ʵɺ [60]. ʅʘ ʜʣʠʥʥʦʧʝʨʠʦʜʥʳʭ ʚʨʝʤʝʥʥʳʭ ʰʢʘʣʘʭ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʪʦʢʦʚ ɻʂʃ ʤʝʥʷʝʪʩʷ ʚ ʧʨʦʪʠʚʦʬʘʟʝ ʩ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. 

ʋʤʝʥʴʰʝʥʠʝ ʧʦʪʦʢʘ ɻʂʃ ʚ ʤʘʢʩʠʤʫʤʝ 11-ʣʝʪʥʝʛʦ ʩʦʣʥʝʯʥʦʛʦ ʮʠʢʣʘ ʧʨʦʠʩʭʦʜʠʪ 

ʙʣʘʛʦʜʘʨʷ ʵʢʨʘʥʠʨʦʚʘʥʠʶ ɿʝʤʣʠ ʫʩʠʣʠʚʰʠʤʩʷ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ. 

ʂʨʘʪʢʦʚʨʝʤʝʥʥʦʝ ʨʝʟʢʦʝ ʦʩʣʘʙʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ɻʂʃ, ʩʚʷʟʘʥʥʦʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩ 

ʛʝʦʤʘʛʥʠʪʥʳʤ ʚʦʟʤʫʱʝʥʠʝʤ ʠ ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʧʨʦʭʦʞʜʝʥʠʝʤ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ 

ʧʦʪʦʢʘ, ʥʘʟʳʚʘʝʪʩʷ ʬʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʝʤ, ʧʦ ʠʤʝʥʠ ʘʤʝʨʠʢʘʥʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʷ 

ʉ. ʌʦʨʙʫʰʘ, ʚʧʝʨʚʳʝ ʦʪʢʨʳʚʰʝʛʦ ʜʘʥʥʦʝ ʷʚʣʝʥʠʝ ʚ 1937 ʛ. (ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ 

ʬʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʡ ʧʨʠʚʝʜʝʥʦ ʚ ʇʨʠʣʦʞʝʥʠʠ 2). 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʛʘʣʘʢʪʠʯʝʩʢʠʭ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ, ʩʦʣʥʝʯʥʳʝ ʢʦʩʤʠʯʝʩʢʠʝ ʣʫʯʠ 

(ʉʂʃ) ʧʨʦʷʚʣʷʶʪ ʩʝʙʷ ʵʧʠʟʦʜʠʯʝʩʢʠ, ʧʦʩʢʦʣʴʢʫ ʛʝʥʝʨʠʨʫʶʪʩʷ ʥʝ ʧʦʩʪʦʷʥʥʦ, ʘ ʣʠʰʴ ʚʦ 

ʚʨʝʤʷ ʤʦʱʥʳʭ ʭʨʦʤʦʩʬʝʨʥʳʭ ʚʩʧʳʰʝʢ. ʊʘʢʠʝ ʚʥʝʟʘʧʥʳʝ ʚʩʧʣʝʩʢʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʉʂʃ 
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ʥʘʙʣʶʜʘʶʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʧʝʨʠʦʜʳ ʥʘʠʙʦʣʴʰʝʡ ʘʢʪʠʚʥʦʩʪʠ ʉʦʣʥʮʘ ʠ ʥʘʟʳʚʘʶʪʩʷ 

ʩʦʣʥʝʯʥʳʤʠ ʧʨʦʪʦʥʥʳʤʠ ʩʦʙʳʪʠʷʤʠ (ʉʇʉ). ɺʝʣʠʯʠʥʘ ʧʦʪʦʢʘ ʉʂʃ ʚʦ ʚʨʝʤʷ ʩʦʣʥʝʯʥʦʡ 

ʚʩʧʳʰʢʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʚʝʣʠʯʠʥʳ 106 ʯʘʩʪʠʮ ʥʘ 1 ʩʤ2 ʟʘ 1 ʩʝʢʫʥʜʫ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʨʝʚʳʰʘʝʪ ʧʦʪʦʢʠ ɻʂʃ. ʆʪʣʠʯʘʶʪʩʷ ʉʂʃ ʪʘʢʞʝ ʠ ʧʦ ʩʦʩʪʘʚʫ, ʥʘ ~ 98-99% ʦʥʠ ʩʦʩʪʦʷʪ 

ʠʟ ʷʜʝʨ ʚʦʜʦʨʦʜʘ (ʧʨʦʪʦʥʦʚ), ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ~ 1-2% ʷʜʝʨ ʛʝʣʠʷ. ʉʂʃ 

ʪʘʢʞʝ ʠʤʝʶʪ ʙʦʣʝʝ ʤʷʛʢʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ɻʂʃ, ʠʭ ʵʥʝʨʛʠʷ 

ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 105 ʜʦ 1010 ʵɺ [60]. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʢʦʩʤʠʯʝʩʢʠʝ ʣʫʯʠ ʷʚʣʷʶʪʩʷ ʛʣʘʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʠʦʥʠʟʘʮʠʠ ʚ 

ʪʨʦʧʦʩʬʝʨʝ ʠ ʩʪʨʘʪʦʩʬʝʨʝ ʚ ʜʠʘʧʘʟʦʥʝ ʚʳʩʦʪ ʦʪ ~3-4 ʜʦ 50 ʢʤ [81-83]. ʄʘʢʩʠʤʫʤʳ 

ʠʦʥʠʟʘʮʠʠ ʛʘʣʘʢʪʠʯʝʩʢʠʤʠ ʠ ʩʦʣʥʝʯʥʳʤʠ ʢʦʩʤʠʯʝʩʢʠʤʠ ʣʫʯʘʤʠ ʥʘʙʣʶʜʘʶʪʩʷ ʥʘ 

ʚʳʩʦʪʘʭ 10-20 ʢʤ ʠ 20-60 ʢʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʩʤ. ʨʠʩ. 1.9 ʠʟ ʨʘʙʦʪʳ ɹʘʟʠʣʝʚʩʢʦʡ [82]). ɺ 

ʪʦ ʞʝ ʚʨʝʤʷ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʪʦʢʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ 

ʦʪ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

 

 

ʈʠʩ.1.9. ʉʢʦʨʦʩʪʴ ʠʦʥʠʟʘʮʠʠ ʚ ʧʦʣʷʨʥʦʡ ʘʪʤʦʩʬʝʨʝ ʚ ʭʦʜʝ ʩʦʣʥʝʯʥʦʛʦ ʧʨʦʪʦʥʥʦʛʦ 

ʩʦʙʳʪʠʷ 14.07.2000 [155] ʠ ʩʚʷʟʘʥʥʘʷ ʩ ʚʘʨʠʘʮʠʷʤʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʛʘʣʘʢʪʠʯʝʩʢʠʭ ʢʦʩʤʠʯʝʩʢʠʭ 

ʣʫʯʝʡ ʚ ʤʠʥʠʤʫʤʝ (1964) ʠ ʤʘʢʩʠʤʫʤʝ (1959) 11-ʣʝʪʥʝʛʦ ʩʦʣʥʝʯʥʦʛʦ ʮʠʢʣʘ [141]. ʈʠʩʫʥʦʢ 

ʟʘʠʤʩʪʚʦʚʘʥ ʠʟ ʨʘʙʦʪʳ [82]. 
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ʉ ʚʦʟʜʝʡʩʪʚʠʝʤ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʩʚʷʟʘʥ ʦʧʪʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ ʩʦʣʥʝʯʥʦ-

ʟʝʤʥʳʭ ʩʚʷʟʝʡ, ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʥʳʡ ʂʦʥʜʨʘʪʴʝʚʳʤ ʠ ʅʠʢʦʣʴʩʢʠʤ [119] ʠ 

ʚʧʦʩʣʝʜʩʪʚʠʠ ʨʘʟʚʠʪʳʡ ʇʫʜʦʚʢʠʥʳʤ ʠ ʈʘʩʧʦʧʦʚʳʤ [53, 54]. ʉʫʪʴ ʜʘʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ 

ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ. ɺʪʦʨʛʘʷʩʴ ʚ ʘʪʤʦʩʬʝʨʫ ɿʝʤʣʠ, ʢʦʩʤʠʯʝʩʢʠʝ ʣʫʯʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ 

ʤʦʣʝʢʫʣʘʤʠ ʛʘʟʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʘʪʤʦʩʬʝʨʫ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʤʦʣʝʢʫʣʘʤʠ ʢʠʩʣʦʨʦʜʘ O2 ʠ 

ʘʟʦʪʘ N2, ʚʳʟʳʚʘʷ ʠʭ ʜʠʩʩʦʮʠʘʮʠʶ ʠ ʠʦʥʠʟʘʮʠʶ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠʦʥʦʚ N2
+, O2

+, N+, O+, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʘʟʣʠʯʥʳʭ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ 

ʨʝʘʢʮʠʷʭ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʚʳʜʝʣʷʝʪʩʷ ʦʢʩʠʜ ʘʟʦʪʘ NO. ɼʘʣʝʝ ʦʢʩʠʜ ʘʟʦʪʘ NO ʠ 

ʘʪʦʤʘʨʥʳʡ ʢʠʩʣʦʨʦʜ O ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʨʘʟʨʫʰʘʶʪ ʤʦʣʝʢʫʣʳ ʦʟʦʥʘ ʆ3 ʚ ʭʦʜʝ ʭʠʤʠʯʝʩʢʠʭ 

ʨʝʘʢʮʠʡ: NO + O3  NO2 + O2, NO2 + O  NO + O2 [ʥʘʧʨ., 31]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʦʥʠʟʠʨʫʶʱʝʝ ʚʣʠʷʥʠʝ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʳʭ ʯʘʩʪʠʮ, ʚʪʦʨʛʘʶʱʠʭʩʷ 

ʚ ʘʪʤʦʩʬʝʨʫ ɿʝʤʣʠ, ʩʪʠʤʫʣʠʨʫʝʪ ʨʘʟʨʫʰʝʥʠʝ ʩʪʨʘʪʦʩʬʝʨʥʦʛʦ ʦʟʦʥʘ ʠ ʧʨʠʚʦʜʠʪ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʜʚʫʦʢʠʩʠ ʘʟʦʪʘ NO2. ʀʟʤʝʥʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʘʪʤʦʩʬʝʨʳ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʝʸ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʨʝʞʠʤʘ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʵʪʦʤ 

ʠʟʤʝʥʷʝʪʩʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʘʪʤʦʩʬʝʨʳ. ʈʘʟʨʫʰʝʥʠʝ ʦʟʦʥʘ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʧʦʪʦʢʘ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʉʦʣʥʮʘ ʚ ʥʠʞʥʝʡ ʘʪʤʦʩʬʝʨʝ ʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʚʩʣʝʜʩʪʚʠʝ ʫʤʝʥʴʰʝʥʠʷ ʝʛʦ ʧʦʛʣʦʱʝʥʠʷ ʦʟʦʥʦʤ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʧʦʪʦʢ ʨʘʜʠʘʮʠʠ ʚ ʩʠʥʝ-ʟʝʣʸʥʦʡ ʯʘʩʪʠ ʩʧʝʢʪʨʘ ʫʤʝʥʴʰʘʝʪʩʷ, ʧʦʩʢʦʣʴʢʫ ʚʦʟʨʘʩʪʘʝʪ ʝʛʦ 

ʧʦʛʣʦʱʝʥʠʝ ʜʚʫʦʢʠʩʴʶ ʘʟʦʪʘ NO2, ʦʙʣʘʜʘʶʱʝʡ ʰʠʨʦʢʦʡ ʧʦʣʦʩʦʡ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 

350-550 ʥʤ, ʛʜʝ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʦʢʦʣʦ 25% ʵʥʝʨʛʠʠ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʉʦʣʥʮʘ. 

ʀʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʘʪʤʦʩʬʝʨʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚʩʣʝʜʩʪʚʠʝ 

ʚʘʨʠʘʮʠʡ ʧʨʦʟʨʘʯʥʦʩʪʠ, ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʠʟʤʝʥʝʥʠʷʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʡ ʮʠʨʢʫʣʷʮʠʠ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚ ʨʘʙʦʪʝ ʇʫʜʦʚʢʠʥʘ ʠ ʈʘʩʧʦʧʦʚʘ [54] 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʦʟʦʥʘ, ʥʘʙʣʶʜʘʝʤʦʝ ʚ ʭʦʜʝ ʠʥʪʝʥʩʠʚʥʳʭ 

ʩʦʣʥʝʯʥʳʭ ʧʨʦʪʦʥʥʳʭ ʩʦʙʳʪʠʡ ʚ ʦʢʪʷʙʨʝ 1989 ʛ. ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʳʤʠ 

ʠʟʤʝʥʝʥʠʷʤʠ ʠʥʜʝʢʩʘ ʤʝʨʠʜʠʦʥʘʣʴʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʘʪʤʦʩʬʝʨʳ (ʩʤ. ʨʠʩ. 1.10 ʠʟ [54]). 
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ʈʠʩ. 1.10. (ʘ) ï ɺʘʨʠʘʮʠʷ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʦʟʦʥʘ (ʝʜ. ʜʦʙ.) ʥʘ ʩʪ. ʉʦʜʘʥʢʶʣʷ (1),  

ʩʪ. ʆʩʣʦ (2), ʩʪ. ɸʨʭʘʥʛʝʣʴʩʢ (3), ʩʪ. ʈʝʡʢʴʷʚʠʢ (4) ʚ ʦʢʪʷʙʨʝ 1989 ʛ.; (ʙ) ï ʚʘʨʠʘʮʠʷ ʠʥʜʝʢʩʘ 

ʤʝʨʠʜʠʦʥʘʣʴʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʘʪʤʦʩʬʝʨʳ; (ʚ) ïʜʘʥʥʳʝ ʥʝʡʪʨʦʥʥʦʛʦ ʤʦʥʠʪʦʨʘ ʩʪ. ɸʧʘʪʠʪʳ. 

ʀʩʪʦʯʥʠʢ [54]. 

 

ʇʝʨʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʜʝʡʩʪʚʠʷ ʦʧʪʠʯʝʩʢʦʛʦ 

ʬʠʟʠʯʝʩʢʦʛʦ ʤʝʭʘʥʠʟʤʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʂʦʥʜʨʘʪʴʝʚʳʤ ʠ ʅʠʢʦʣʴʩʢʠʤ [30, 118]. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʘʵʨʦʩʪʘʪʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʨʦʚʝʜʸʥʥʳʭ ʩ 1960-1970 ʛʛ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, 

ʯʪʦ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʘʷ ʩʦʣʥʝʯʥʘʷ ʧʦʩʪʦʷʥʥʘʷ (ʧʦʪʦʢ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʚ ʜʠʘʧʘʟʦʥʝ 

340-2400 ʥʤ, ʧʦʩʪʫʧʘʶʱʝʡ ʚ ʪʨʦʧʦʩʬʝʨʫ ʠ ʚʦʟʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʝʸ ʪʝʨʤʠʯʝʩʢʠʡ ʨʝʞʠʤ) 

ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʘ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʯʠʩʝʣ ɺʦʣʴʬʘ 50-70 ʠ ʫʤʝʥʴʰʘʝʪʩʷ, ʧʨʠ ʙʦʣʝʝ 

ʚʳʩʦʢʠʭ ʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ ʯʠʩʝʣ ɺʦʣʴʬʘ. ɺʧʦʩʣʝʜʩʪʚʠʠ ʘʚʪʦʨʘʤʠ ʙʳʣʦ 

ʧʨʝʜʧʦʣʦʞʝʥʦ, ʯʪʦ ʧʨʠʯʠʥʦʡ ʥʘʙʣʶʜʘʝʤʳʭ ʚʘʨʠʘʮʠʡ ʧʨʦʟʨʘʯʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʚʘʨʠʘʮʠʠ 

ʩʦʣʥʝʯʥʳʭ ʠ ʛʘʣʘʢʪʠʯʝʩʢʠʭ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ [119]. 

ɼʘʣʴʥʝʡʰʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʪʤʦʩʬʝʨʥʦʡ ʧʨʦʟʨʘʯʥʦʩʪʠ ʚ ʩʚʷʟʠ ʩ ʚʘʨʠʘʮʠʷʤʠ 

ʧʦʪʦʢʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʚ ʨʘʙʦʪʘʭ [59, 149]. ʂʘʢ ʧʦʢʘʟʘʣʠ 
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ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʭʦʜʝ ʨʘʟʚʠʪʠʷ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʚʦʟʤʫʱʝʥʠʷ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʛʦʩʷ 

ʧʦʥʠʞʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ɻʂʃ, ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʧʦʪʦʢʦʚ ʧʨʷʤʦʡ ʩʦʣʥʝʯʥʦʡ 

ʨʘʜʠʘʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʚ ʘʚʨʦʨʘʣʴʥʦʡ (65-75ÜN) ʠ ʩʫʙʘʚʨʦʨʘʣʴʥʦʡ ʟʦʥʘʭ (55-

62ÜN) ʥʘ 5-10% (ʩʤ. ʨʠʩ. 1.11 ʠʟ ʨʘʙʦʪʳ [149]). ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʨʝʟʫʣʴʪʘʪʳ 

ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʘʪʤʦʩʬʝʨʥʦʡ ʧʨʦʟʨʘʯʥʦʩʪʴʶ ʚ ʩʚʷʟʠ ʩ ʩʦʣʥʝʯʥʳʤʠ ʧʨʦʪʦʥʥʳʤʠ 

ʩʦʙʳʪʠʷʤʠ ʩ ʵʥʝʨʛʠʷʤʠ ʯʘʩʪʠʮ ɽ > 25 ʄʵɺ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʘʥʥʳʝ ʩʦʙʳʪʠʷ 

ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʥʠʞʝʥʠʝʤ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʨʦʟʨʘʯʥʦʩʪʠ ʥʘ ʜʣʠʥʝ 

ʚʦʣʥʳ ɚ = 344 ʥʤ ʥʘ ʚʳʩʦʢʦʰʠʨʦʪʥʳʭ ʩʪʘʥʮʠʷʭ (ɸʧʘʪʠʪʳ ʠ ʄʫʨʤʘʥʩʢ) (ʩʤ. ʨʠʩ. 1.12 ʠʟ 

ʨʘʙʦʪʳ [59]). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʚʝʜʸʥʥʳʝ ʚʳʰʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʢʦʩʤʠʯʝʩʢʠʝ ʣʫʯʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ 

ʢʘʯʝʩʪʚʝ ʘʛʝʥʪʘ, ʤʦʜʫʣʠʨʫʶʱʝʛʦ ʧʨʦʟʨʘʯʥʦʩʪʴ ʠ ʨʘʜʠʘʮʠʦʥʥʳʡ ʨʝʞʠʤ ʘʪʤʦʩʬʝʨʳ. 

 

.  

 

ʈʠʩ. 1.11. (ʘ) ï ɺʘʨʠʘʮʠʠ ʧʨʷʤʦʡ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, ʥʘʙʣʶʜʘʝʤʳʝ ʚ ʭʦʜʝ 

ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʚʦʟʤʫʱʝʥʠʷ, ʚ ʘʚʨʦʨʘʣʴʥʦʡ (1) ʠ ʩʫʙʘʚʨʦʨʘʣʴʥʦʡ (2) ʟʦʥʘʭ; (b) ï ʚʘʨʠʘʮʠʷ 

ʧʦʪʦʢʦʚ ɻʂʃ ʥʘ ʩʪ. ɸʧʘʪʠʪʳ j º 67̄  (1) ʠ ʩʪ. ʄʦʩʢʚʘ j º 55̄  (2), ʚʘʨʠʘʮʠʷ ʛʝʦʤʘʛʥʠʪʥʦʛʦ 

ʠʥʜʝʢʩʘ S8Kp (3). ʈʠʩʫʥʦʢ ʟʘʠʤʩʪʚʦʚʘʥ ʠʟ ʨʘʙʦʪʳ [149]. 
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   ʈɚ,% 

 

     t, days 

 

ʈʠʩ. 1.12. ɺʘʨʠʘʮʠʠ ʧʨʦʟʨʘʯʥʦʩʪʠ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ɚ = 344 ʥʤ ʚ ʩʚʷʟʠ ʩ ʠʥʪʝʥʩʠʚʥʳʤʠ 

ʩʦʣʥʝʯʥʳʤʠ ʧʨʦʪʦʥʥʳʤʠ ʩʦʙʳʪʠʷʤʠ. (1) ï ʩʪ. ʄʫʨʤʘʥʩʢ (30.04.1976 ʛ.); (2) ï ʩʪ. ɸʨʭʘʥʛʝʣʴʩʢ 

(03.04.1979 ʛ.); (3) ï ʩʪ. ɸʨʭʘʥʛʝʣʴʩʢ (17.08.1979 ʛ.). ʈʠʩʫʥʦʢ ʟʘʠʤʩʪʚʦʚʘʥ ʠʟ ʨʘʙʦʪʳ [59]. 

 

ɻʠʧʦʪʝʟʘ ʦʙ ʠʟʤʝʥʝʥʠʷʭ ʦʙʣʘʯʥʦʩʪʠ ʚ ʩʚʷʟʠ ʩ ʷʚʣʝʥʠʷʤʠ ʩʦʣʥʝʯʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʙʳʣʘ ʚʧʝʨʚʳʝ ʚʳʜʚʠʥʫʪʘ ʚ ʨʘʙʦʪʝ ʈʦʙʝʨʪʩʘ ʠ ʆʣʩʦʥʘ [161]. ɸʚʪʦʨʳ 

ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʪʦʨʤʦʟʥʦʝ ʨʝʥʪʛʝʥʦʚʩʢʦʝ ʠʟʣʫʯʝʥʠʝ, ʛʝʥʝʨʠʨʫʝʤʦʝ ʘʚʨʦʨʘʣʴʥʳʤʠ 

ʵʣʝʢʪʨʦʥʘʤʠ, ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʪʨʘʪʦʩʬʝʨʥʦʡ ʠʦʥʠʟʘʮʠʠ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʡ 

ʦʙʨʘʟʦʚʘʥʠʶ ʧʝʨʠʩʪʳʭ ʦʙʣʘʢʦʚ. ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʛʠʧʦʪʝʟʘ ʦ ʚʘʨʠʘʮʠʷʭ ʩʦʩʪʦʷʥʠʷ 

ʦʙʣʘʯʥʦʩʪʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ ʢʦʩʤʦʬʠʟʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʧʦʣʫʯʠʣʘ ʚ ʨʘʙʦʪʘʭ 

ɼʠʢʠʥʩʦʥʘ [92], ʖ ʠ ʊʫʨʢʦ [190, 205-207], ʘ ʪʘʢʞʝ ʊʠʥʩʣʠ ʠ ʜʨ. [177-180]. ɺ ʦʩʥʦʚʝ 

ʜʘʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʣʝʞʠʪ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʥʘʯʘʣʴʥʦʛʦ ʨʦʩʪʘ ʦʙʣʘʯʥʳʭ ʯʘʩʪʠʮ ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʧʝʥʠ ʠʦʥʠʟʘʮʠʠ ʘʪʤʦʩʬʝʨʳ. ɺ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʦʙʣʘʯʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʨʝʛʫʣʷʪʦʨʦʤ ʨʘʜʠʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʘʪʤʦʩʬʝʨʝ: ʦʪ ʩʦʩʪʦʷʥʠʷ ʦʙʣʘʯʥʦʛʦ ʧʦʢʨʦʚʘ ʟʘʚʠʩʷʪ ʢʘʢ ʧʦʪʦʢʠ ʧʨʠʭʦʜʷʱʝʡ, ʪʘʢ ʠ 

ʫʭʦʜʷʱʝʡ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʩʦʛʣʘʩʥʦ ʦʮʝʥʢʘʤ, ʩʜʝʣʘʥʥʳʤ ʚ ʨʘʙʦʪʝ 

ʐʥʝʡʜʝʨʘ [165], ʠʟʤʝʥʝʥʠʝ ʦʙʣʘʯʥʦʛʦ ʧʦʢʨʦʚʘ ʥʘ 8% ʨʘʚʥʦʩʠʣʴʥʦ ʠʟʤʝʥʝʥʠʶ 

ʩʦʣʥʝʯʥʦʡ ʧʦʩʪʦʷʥʥʦʡ S0 ʥʘ 2%. 

ʈʘʩʩʤʦʪʨʠʤ ʤʝʭʘʥʠʟʤʳ ʚʣʠʷʥʠʷ ʩʢʦʨʦʩʪʠ ʠʦʥʠʟʘʮʠʠ ʥʘ ʩʦʩʪʦʷʥʠʝ ʦʙʣʘʯʥʦʩʪʠ 

ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʘʵʨʦʟʦʣʷ ʚʢʣʶʯʘʝʪ 

ʚ ʩʝʙʷ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ. ʅʘ ʧʝʨʚʦʤ ʠʟ ʥʠʭ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʢʣʘʩʪʝʨʦʚ ʯʘʩʪʠʮ 
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ʜʠʘʤʝʪʨʦʤ ʦʢʦʣʦ 1 ʥʤ ʠʟ ʧʘʨʦʚ ʚʦʜʳ ʠ ʤʘʣʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʘʪʤʦʩʬʝʨʳ. ʉʦʛʣʘʩʥʦ 

ʤʝʭʘʥʠʟʤʫ, ʧʨʝʜʣʦʞʝʥʥʦʤʫ ɼʠʢʠʥʩʦʥʦʤ [92], ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʦʡ ʤʘʣʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʩʝʨʥʘʷ ʢʠʩʣʦʪʘ ʅ2S04, ʙʦʣʴʰʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ʢʦʪʦʨʦʡ ʦʙʥʘʨʫʞʝʥʳ ʚ ʥʠʞʥʝʡ ʩʪʨʘʪʦʩʬʝʨʝ ʥʘ ʚʳʩʦʪʝ ~ 12 ʢʤ ʚ ʧʦʣʷʨʥʳʭ ʰʠʨʦʪʘʭ ʠ 

ʚʳʰʝ ~ 18 ʢʤ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ. ɼʘʣʝʝ ʧʨʦʠʩʭʦʜʠʪ ʨʦʩʪ ʟʘʨʦʜʳʰʝʚʳʭ ʯʘʩʪʠʮ ʘʵʨʦʟʦʣʝʡ. 

ʉʥʘʯʘʣʘ ʦʥʠ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʷʜʨʘ ʢʦʥʜʝʥʩʘʮʠʠ ʩ ʜʠʘʤʝʪʨʦʤ ʜʦ 10 ʥʤ, ʟʘʪʝʤ, ʧʦ ʤʝʨʝ 

ʜʘʣʴʥʝʡʰʝʛʦ ʨʦʩʪʘ, ʚ ʘʵʨʦʟʦʣʴʥʳʝ ʯʘʩʪʠʮʳ, ʜʠʘʤʝʪʨ ʢʦʪʦʨʳʭ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʠ 

ʜʦʩʪʠʛʘʝʪ 0.5 ʤʢʤ. ɼʠʢʠʥʩʦʥ ʧʨʝʜʧʦʣʦʞʠʣ, ʯʪʦ ʜʘʥʥʳʝ ʧʨʦʮʝʩʩʳ ʧʨʦʪʝʢʘʶʪ ʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʦ, ʝʩʣʠ ʚ ʘʪʤʦʩʬʝʨʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʠʦʥʳ, ʠʩʪʦʯʥʠʢʦʤ ʢʦʪʦʨʳʭ ʩʣʫʞʘʪ 

ʢʦʩʤʠʯʝʩʢʠʝ ʣʫʯʠ. ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ, ʩʣʫʞʘʱʠʭ ʷʜʨʘʤʠ 

ʢʦʥʜʝʥʩʘʮʠʠ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʝʨʠʩʪʦʡ ʦʙʣʘʯʥʦʩʪʠ, ʚʣʠʷʶʱʝʡ ʥʘ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʫʭʦʜʷʱʝʡ ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ʨʘʜʠʘʮʠʠ, ʪʝʤ ʩʘʤʳʤ ʤʝʥʷʷ ʪʝʧʣʦʚʦʡ ʙʘʣʘʥʩ 

ʘʪʤʦʩʬʝʨʳ. ʉʦʛʣʘʩʥʦ ʦʮʝʥʢʘʤ, ʩʜʝʣʘʥʥʳʤ ɼʠʢʠʥʩʦʥʦʤ, ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʚʷʟʠ 

ʩ ʚʘʨʠʘʮʠʷʤʠ ʧʝʨʠʩʪʦʡ ʦʙʣʘʯʥʦʩʪʠ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʠʟʤʝʥʝʥʠʶ ʩʢʦʨʦʩʪʠ ʟʦʥʘʣʴʥʦʛʦ 

ʧʝʨʝʥʦʩʘ ʚ ʘʪʤʦʩʬʝʨʝ ʥʘ ~ 2 ʤ/ʩ. 

ʇʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʚʣʠʷʥʠʠ ʠʟʤʝʥʝʥʠʡ ʘʪʤʦʩʬʝʨʥʦʡ ʠʦʥʠʟʘʮʠʠ ʥʘ ʩʢʦʨʦʩʪʴ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʘʪʦʩʬʝʨʥʳʭ ʘʵʨʦʟʦʣʝʡ, ʩʧʦʩʦʙʥʳʭ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʷʜʝʨ 

ʢʦʥʜʝʥʩʘʮʠʠ ʜʣʷ ʦʙʣʘʯʥʳʭ ʯʘʩʪʠʮ, ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ, ʧʨʠʚʝʜʸʥʥʳʤ ʚ ʨʘʙʦʪʘʭ ʖ ʠ ʊʫʨʢʦ [190, 205-207], ʚʦʟʨʘʩʪʘʥʠʝ 

ʩʢʦʨʦʩʪʠ ʠʦʥʠʟʘʮʠʠ ʚ ʥʠʞʥʝʡ ʘʪʤʦʩʬʝʨʝ ʥʘ 20% ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʢʦʥʮʝʥʪʨʘʮʠʠ ʯʘʩʪʠʮ 

ʩ ʜʠʘʤʝʪʨʦʤ 3-10 ʥʤ ʥʘ 5-10%. ɺ ʨʷʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ ʪʘʢʞʝ ʦʙʥʘʨʫʞʝʥ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʘʵʨʦʟʦʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʚʳʩʦʪʘʭ: ~ 10 ʢʤ [41], ~ 10-

15 ʢʤ [170], ~ 10-14 ʢʤ ʠ ~ 18-22 ʢʤ [18], ~ 15-25 ʢʤ [57], ʘ ʪʘʢʞʝ ~ 45 ʢʤ [37], 

ʧʨʦʠʩʭʦʜʷʱʠʡ ʚ ʩʚʷʟʠ ʩ ʤʦʱʥʳʤʠ ʩʦʣʥʝʯʥʳʤʠ ʧʨʦʪʦʥʥʳʤʠ ʩʦʙʳʪʠʷʤʠ. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʦʩʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʘʵʨʦʟʦʣʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʫʩʠʣʝʥʠʝʤ 

ʠʦʥʠʟʘʮʠʠ ʘʪʤʦʩʬʝʨʳ, ʤʦʞʝʪ ʢʘʢ ʩʘʤ ʧʦ ʩʝʙʝ ʧʨʠʚʦʜʠʪʴ ʢ ʫʤʝʥʴʰʝʥʠʶ ʧʦʪʦʢʦʚ ʧʨʷʤʦʡ 

ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʟʘ ʩʯʝʪ ʝʸ ʨʘʩʩʝʷʥʠʷ ʥʘ ʯʘʩʪʠʮʘʭ ʘʵʨʦʟʦʣʷ, 

ʪʘʢ ʠ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʦʙʣʘʢʦʦʙʨʘʟʦʚʘʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʠʟʤʝʥʝʥʠʝʤ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʘʪʤʦʩʬʝʨʳ. 

ɺʧʝʨʚʳʝ ʨʘʙʦʪʘ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʘʨʠʘʮʠʡ ʦʙʣʘʯʥʦʩʪʠ ʚ ʩʚʷʟʠ ʩ ʷʚʣʝʥʠʷʤʠ 

ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ɼʤʠʪʨʠʝʚʳʤ ʠ ʃʦʤʘʢʠʥʦʡ [24]. ɸʚʪʦʨʘʤʠ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʩʧʣʝʩʢʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʉʦʣʥʮʘ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ 
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ʦʙʣʘʯʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʝ ʵʬʬʝʢʪʳ ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʫʤʝʨʝʥʥʳʭ 

ʰʠʨʦʪʘʭ ʩʝʚʝʨʥʦʛʦ ʧʦʣʫʰʘʨʠʷ. ɼʘʣʝʝ, ʚʘʨʠʘʮʠʠ ʦʙʱʝʡ ʦʙʣʘʯʥʦʩʪʠ ʚ ʩʚʷʟʠ ʩ 

ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʳʤʠ ʚʘʨʠʘʮʠʷʤʠ ʧʦʪʦʢʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ ʨʷʜʝ 

ʨʘʙʦʪ ʨʦʩʩʠʡʩʢʠʭ ʘʚʪʦʨʦʚ [14, 15]. ʊʘʢ, ʠʩʩʣʝʜʦʚʘʥʠʷ ɺʝʨʝʪʝʥʝʥʢʦ ʠ ʇʫʜʦʚʢʠʥʘ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʬʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʷ ʛʘʣʘʢʪʠʯʝʩʢʠʭ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ 

ʫʤʝʥʴʰʝʥʠʝʤ ʦʙʣʘʯʥʦʛʦ ʧʦʢʨʦʚʘ (ʩʤ. ʨʠʩ. 1.13 ʠʟ ʨʘʙʦʪʳ [14]), ʘ ʚʩʧʣʝʩʢʠ ʩʦʣʥʝʯʥʳʭ 

ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʩ ʵʥʝʨʛʠʷʤʠ ʯʘʩʪʠʮ Ep > 90 ʄʵɺ, ʥʘʧʨʦʪʠʚ, ʚʳʟʳʚʘʶʪ ʚʦʟʨʘʩʪʘʥʠʝ 

ʦʙʣʘʯʥʦʩʪʠ (ʩʤ. ʨʠʩ. 1.14 ʠʟ ʨʘʙʦʪʳ [15]). ʋʢʘʟʘʥʥʳʝ ʚʘʨʠʘʮʠʠ ʦʙʱʝʡ ʦʙʣʘʯʥʦʩʪʠ ʚ 

ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʧʦʷʩʝ ʫʤʝʨʝʥʥʳʭ ʠ ʚʳʩʦʢʠʭ ʰʠʨʦʪ j > 60ÜN, ʯʪʦ, 

ʚʝʨʦʷʪʥʦ, ʦʙʫʩʣʦʚʣʝʥʦ ʵʬʬʝʢʪʦʤ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʦʙʨʝʟʘʥʠʷ ʧʦʪʦʢʦʚ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʳʭ 

ʯʘʩʪʠʮ ʚ ʘʪʤʦʩʬʝʨʝ ɿʝʤʣʠ. ɺʘʨʠʘʮʠʠ ʦʙʣʘʯʥʦʛʦ ʧʦʢʨʦʚʘ ʚ ʭʦʜʝ ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʳʭ 

ʚʦʟʤʫʱʝʥʠʡ ʧʦʪʦʢʦʚ ɻʂʃ ʪʘʢʞʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ ʨʘʙʦʪʘʭ ʊʦʜʜʘ ʠ ʅʘʡʚʪʦʥʘ [117, 

186, 187], ʚʳʧʦʣʥʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ. ɺ ʯʘʩʪʥʦʩʪʠ, ʘʚʪʦʨʘʤʠ 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʬʦʨʙʫ -hʧʦʥʠʞʝʥʠʷ ɻʂʃ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʦʙʣʘʯʥʦʩʪʠ 

ʚʳʩʦʢʦʛʦ ʷʨʫʩʘ ʥʘʜ ɸʥʪʘʨʢʪʠʢʦʡ. 

 

ʈʠʩ. 1.13. ɺʘʨʠʘʮʠʠ ʦʙʱʝʡ ʦʙʣʘʯʥʦʩʪʠ ʚ ʭʦʜʝ ʬʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʡ ɻʂʃ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʰʠʨʦʪʥʳʭ ʧʦʷʩʦʚ ʚ ʪʝʯʝʥʠʝ ʟʠʤʥʝʛʦ (1) ʠ ʣʝʪʥʝʛʦ (2) ʧʝʨʠʦʜʦʚ. ʀʩʪʦʯʥʠʢ [14]. 
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ʈʠʩ. 1.14. ɺʘʨʠʘʮʠʠ ʦʙʱʝʡ ʦʙʣʘʯʥʦʩʪʠ ʥʘ ʯʝʪʳʨʸʭ ʚʳʩʦʢʦʰʠʨʦʪʥʳʭ ʩʪʘʥʮʠʷʭ  

(j > 60ÜN) ʚ ʭʦʜʝ ʚʩʧʣʝʩʢʦʚ ʉʂʃ ʩ ʵʥʝʨʛʠʷʤʠ ʯʘʩʪʠʮ Ep>90 ʄʵɺ (ʣʝʚʘʷ ʧʘʥʝʣʴ). ɿʘʚʠʩʠʤʦʩʪʴ 

ʘʤʧʣʠʪʫʜʳ ʵʬʬʝʢʪʘ ʦʪ ʛʝʦʤʘʛʥʠʪʥʦʡ ʰʠʨʦʪʳ ʩʪʘʥʮʠʠ (ʧʨʘʚʘʷ ʧʘʥʝʣʴ). ʀʩʪʦʯʥʠʢ [15]. 

 

ʕʬʬʝʢʪʳ ʚʘʨʠʘʮʠʡ ʧʦʪʦʢʦʚ ɻʂʃ ʥʘ ʩʦʩʪʦʷʥʠʝ ʦʙʣʘʯʥʦʩʪʠ ʚ ʛʣʦʙʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ 

ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ ʨʘʙʦʪʝ ʉʚʝʥʩʤʘʨʢʘ ʠ ʌʨʠʠʩʘ-ʂʨʠʩʪʝʥʩʝʥʘ [174]. ɸʚʪʦʨʘʤʠ ʙʳʣʘ 

ʦʙʥʘʨʫʞʝʥʘ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ (r = 0.8) ʤʝʞʜʫ ʘʥʦʤʘʣʠʷʤʠ ʦʙʣʘʯʥʦʛʦ ʧʦʢʨʦʚʘ 

ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʧʦʪʦʢʦʚ ɻʂʃ ʚ ʤʘʩʰʪʘʙʝ 11-ʣʝʪʥʝʛʦ ʮʠʢʣʘ ʜʣʷ ʧʝʨʠʦʜʘ 1983 -

 1995 ʛʛ., ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʘʷ ʚ ʧʦʷʩʝ ʫʤʝʨʝʥʥʳʭ ʰʠʨʦʪ ʥʘʜ ʦʢʝʘʥʘʤʠ. ɺ 

ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʙʦʪʘʭ ʄʘʨʰʝʤ ʠ ʉʚʝʥʩʤʘʨʢʦʤ [136, 137], ʘ ʪʘʢʞʝ ʇʘʣʝ ʠ ɹʘʪʣʝʨʦʤ 

[145] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩ ʚʘʨʠʘʮʠʷʤʠ ʧʦʪʦʢʦʚ ɻʂʃ ʣʫʯʰʝ ʚʩʝʛʦ ʢʦʨʨʝʣʠʨʫʶʪ 

ʘʥʦʤʘʣʠʠ ʦʙʣʘʯʥʦʩʪʠ ʥʠʞʥʝʛʦ ʷʨʫʩʘ (r = 0.63), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʚʝʨʭʥʝʡ ʠ ʩʨʝʜʥʝʡ 

ʦʙʣʘʯʥʦʩʪʠ ʪʘʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʝ ʥʘʙʣʶʜʘʣʘʩʴ (ʩʤ. ʨʠʩ. 1.15 ʠʟ ʨʘʙʦʪʳ [137]). 
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ʈʠʩ. 1.15. ʉʨʝʜʥʝʤʝʩʷʯʥʘʷ ʚʘʨʠʘʮʠʷ ʛʣʦʙʘʣʴʥʳʭ ʘʥʦʤʘʣʠʡ ʟʥʘʯʝʥʠʷ ʦʙʣʘʯʥʦʩʪʠ (a) - 

ʚʝʨʭʥʝʛʦ (h > 6.5 ʢʤ), (b) - ʩʨʝʜʥʝʛʦ (h < 6.5 ʠ h >3.2 ʢʤ) ʠ (c) - ʥʠʞʥʝʛʦ ʷʨʫʩʦʚ (h < 3.2 ʢʤ) 

(ʩʠʥʷʷ ʢʨʠʚʘʷ). ɺʘʨʠʘʮʠʷ ʧʦʪʦʢʦʚ ɻʂʃ ʥʘ ʩʪ. ʂʣʘʡʤʘʢʩ (ʢʨʘʩʥʘʷ ʢʨʠʚʘʷ). ʀʩʪʦʯʥʠʢ [137]. 

 

ɺ ʨʘʙʦʪʝ ʋʩʦʩʢʠʥʘ ʠ ʜʨ. [191] ʧʦʢʘʟʘʥ ʨʝʛʠʦʥʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʢʦʨʨʝʣʷʮʠʠ 

ʘʥʦʤʘʣʠʡ ʦʙʣʘʯʥʦʩʪʠ ʥʠʞʥʝʛʦ ʷʨʫʩʘ ʩ ʨʘʩʯʝʪʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʠʦʥʠʟʘʮʠʠ ʚ 

ʪʨʦʧʦʩʬʝʨʝ, ʠʥʜʫʮʠʨʫʝʤʦʡ ʢʦʩʤʠʯʝʩʢʠʤʠ ʣʫʯʘʤʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʦʪʜʝʣʴʥʳʭ ʘʚʪʦʨʦʚ ʥʝ ʧʦʜʪʚʝʨʜʠʣʠ ʧʨʠʚʝʜʸʥʥʳʝ ʚʳʰʝ ʨʝʟʫʣʴʪʘʪʳ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʫʩʦʤʥʠʪʴʩʷ ʚ ʥʘʣʠʯʠʠ ʚʣʠʷʥʠʷ ɻʂʃ ʥʘ ʩʦʩʪʦʷʥʠʝ ʦʙʣʘʯʥʦʛʦ ʧʦʢʨʦʚʘ [90, 95-97, 146, 

172]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʥʘʨʫʞʝʥʥʳʝ ʧʨʦʪʠʚʦʨʝʯʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʦʙʣʝʤʘ 

ʩʚʷʟʠ ʩʦʩʪʦʷʥʠʷ ʦʙʣʘʯʥʦʩʪʠ ʩ ʚʘʨʠʘʮʠʷʤʠ ʧʦʪʦʢʦʚ ɻʂʃ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦʡ ʠ 

ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  



 48 

1.2.4 ɺʘʨʠʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʛʣʦʙʘʣʴʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ 

 

ɼʘʥʥʳʡ ʤʝʭʘʥʠʟʤ ʚʣʠʷʥʠʷ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʩʦʩʪʦʷʥʠʝ ʥʠʞʥʝʡ 

ʘʪʤʦʩʬʝʨʳ ʩʚʷʟʘʥ ʩ ʚʘʨʠʘʮʠʷʤʠ ʧʘʨʘʤʝʪʨʦʚ ʛʣʦʙʘʣʴʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ (ɻʕʎ), 

ʧʨʦʠʩʭʦʜʷʱʠʤʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʦʪʦʢʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ, ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ ʠ 

ʧʝʨʝʩʝʯʝʥʠʝʤ ɿʝʤʣʝʡ ʩʝʢʪʦʨʥʳʭ ʛʨʘʥʠʮ ʤʝʞʧʣʘʥʝʪʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʉʦʛʣʘʩʥʦ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ [ʥʘʧʨ., 67] 

ʧʦʚʝʨʭʥʦʩʪʴ ɿʝʤʣʠ ʠ ʠʦʥʦʩʬʝʨʫ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʬʝʨʠʯʝʩʢʠʡ ʢʦʥʜʝʥʩʘʪʦʨ, 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʦʡ ʦʙʢʣʘʜʢʦʡ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʠʦʥʦʩʬʝʨʘ, ʘ ʦʪʨʠʮʘʪʝʣʴʥʦ 

ʟʘʨʷʞʝʥʥʦʡ ï ʧʦʚʝʨʭʥʦʩʪʴ ɿʝʤʣʠ. ʄʝʞʜʫ ʦʙʢʣʘʜʢʘʤʠ ʢʦʥʜʝʥʩʘʪʦʨʘ ɿʝʤʣʷ-ʠʦʥʦʩʬʝʨʘ 

ʥʘʭʦʜʠʪʩʷ ʩʣʘʙʦʧʨʦʚʦʜʷʱʘʷ ʘʪʤʦʩʬʝʨʘ, ʜʘʶʱʘʷ ʫʪʝʯʢʫ ʟʘʨʷʜʘ. ɺ ʦʙʣʘʩʪʷʭ ʩ ʷʩʥʦʡ 

ʧʦʛʦʜʦʡ ʧʨʦʪʝʢʘʶʪ ʪʦʢʠ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʢ ɿʝʤʣʝ, ʦʥʠ ʥʝʚʝʣʠʢʠ, ʥʦ ʦʭʚʘʪʳʚʘʶʪ ʙʦʣʴʰʫʶ 

ʧʣʦʱʘʜʴ, ʠ, ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʛʝʥʝʨʘʪʦʨʘ, ʧʦʜʜʝʨʞʠʚʘʶʱʝʛʦ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ɿʝʤʣʠ ʠ ʠʦʥʦʩʬʝʨʦʡ, ʵʪʠ ʪʦʢʠ ʟʘʪʫʭʣʠ ʙʳ ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʚʨʝʤʝʥʝʤ 

ʧʦʨʷʜʢʘ 15 ʤʠʥʫʪ [113, 114]. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʧʨʠʥʷʪʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʤʠʨʦʚʫʶ ʛʨʦʟʦʚʫʶ ʘʢʪʠʚʥʦʩʪʴ.  

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʩʦʛʣʘʩʥʦ ʪʝʦʨʠʠ, ʧʨʝʜʣʦʞʝʥʥʦʡ ɺʠʣʴʩʦʥʦʤ [203], ʧʣʘʥʝʪʘʨʥʘʷ 

ʛʣʦʙʘʣʴʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʮʝʧʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʢʦʥʪʫʨ, ʚ ʢʦʪʦʨʦʤ 

ʠʤʝʝʪʩʷ ʧʝʨʝʥʦʩ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʦʪ ʠʦʥʦʩʬʝʨʳ ʢ ɿʝʤʣʝ, ʩʪʨʝʤʷʱʠʡʩʷ 

ʥʝʡʪʨʘʣʠʟʦʚʘʪʴ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ ʥʠʤʠ. ʅʘʜ ʦʙʣʘʩʪʷʤʠ ʩ ʛʨʦʟʦʚʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʠʤʝʝʪʩʷ ʠʥʪʝʥʩʠʚʥʳʡ ʧʝʨʝʥʦʩ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʚʚʝʨʭ, 

ʢʦʤʧʝʥʩʠʨʫʶʱʠʡ ʥʘʧʨʘʚʣʝʥʥʳʡ ʚʥʠʟ ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ ʚ ʦʙʣʘʩʪʷʭ ʩ ʷʩʥʦʡ ʧʦʛʦʜʦʡ. 

ʊʝʦʨʠʷ ɺʠʣʴʩʦʥʘ ʜʦʩʪʘʪʦʯʥʦ ʫʙʝʜʠʪʝʣʴʥʘ, ʧʦʩʢʦʣʴʢʫ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʦʜʦʙʠʝʤ 

ʩʫʪʦʯʥʳʭ ʚʘʨʠʘʮʠʡ ʛʨʦʟʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʛʨʘʜʠʝʥʪʘ ʧʦʪʝʥʮʠʘʣʘ ʥʘʜ ʦʢʝʘʥʘʤʠ (ʩʤ. ʨʠʩ. 

1.16). 
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ʈʠʩ. 1.16. (ʘ) - ʉʫʪʦʯʥʘʷ ʚʘʨʠʘʮʠʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ɽz ʚ 

ʥʝʚʦʟʤʫʱʸʥʥʳʭ ʫʩʣʦʚʠʷʭ: (1) - ʥʘʜ ʉʝʚʝʨʥʳʤ ʃʝʜʦʚʠʪʳʤ ʦʢʝʘʥʦʤ, (2) - ʩʨʝʜʥʷʷ ʚʘʨʠʘʮʠʷ ʥʘʜ 

ʚʩʝʤʠ ʦʢʝʘʥʘʤʠ; (b) ï ʩʫʪʦʯʥʳʝ UT-ʚʘʨʠʘʮʠʠ ʧʣʦʱʘʜʠ, ʟʘʥʷʪʦʡ ʛʨʦʟʘʤʠ: (1) ï ʧʣʘʥʝʪʘʨʥʘʷ 

ʚʘʨʠʘʮʠʷ, (2) ï ʪʝʨʨʠʪʦʨʠʷ ɸʤʝʨʠʢʠ, (3) ï ʪʝʨʨʠʪʦʨʠʷ ɸʬʨʠʢʠ ʠ ɽʚʨʦʧʳ, (4) ï ʪʝʨʨʠʪʦʨʠʷ ɸʟʠʠ 

ʠ ɸʚʩʪʨʘʣʠʠ, (5) ï ʪʝʨʨʠʪʦʨʠʷ ʅʦʚʦʡ ɿʝʣʘʥʜʠʠ. 

 

ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʜʘʥʥʘʷ ʪʝʦʨʠʷ ʧʦʣʫʯʠʣʘ ʚ ʨʘʙʦʪʘʭ ʄʘʨʢʩʦʥʘ [38, 134, 135], 

ʧʨʝʜʣʦʞʠʚʰʝʛʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʛʣʦʙʘʣʴʥʫʶ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʮʝʧʴ ʢʘʢ ʥʘʙʦʨ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʸʥʥʳʭ ʘʢʪʠʚʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʠ ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ, ʢʦʪʦʨʳʤ 

ʷʚʣʷʝʪʩʷ ʧʣʘʥʝʪʘʨʥʘʷ ʛʨʦʟʦʚʘʷ ʘʢʪʠʚʥʦʩʪʴ (ʩʤ. ʨʠʩ. 1.17). ʉʦʛʣʘʩʥʦ ʦʮʝʥʢʘʤ, ʩʜʝʣʘʥʥʳʤ 

ʄʘʨʢʩʦʥʦʤ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʪʦʣʙʘ ʚʦʟʜʫʭʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʤʝʞʜʫ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝʡ 

ʛʨʦʟʦʚʳʭ ʦʙʣʘʢʦʚ (h å 13 ʢʤ) ʠ ʠʦʥʦʩʬʝʨʦʡ (h å 60 ʢʤ), ʩʦʩʪʘʚʣʷʝʪ 105-106 ʆʤ. 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʚ ʦʙʣʘʩʪʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʴʶ ɿʝʤʣʠ ʠ ʥʠʞʥʝʡ 

ʛʨʘʥʠʮʝʡ ʛʨʦʟʦʚʳʭ ʦʙʣʘʢʦʚ (h å 3-4 ʢʤ), ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ 104-105 ʆʤ. ɿʘʤʳʢʘʶʱʠʡ 

ʵʣʝʤʝʥʪ ʧʣʘʥʝʪʘʨʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ (ʦʙʣʘʩʪʠ ʩ ʷʩʥʦʡ ʧʦʛʦʜʦʡ) ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʥʘʙʦʨ ʧʘʨʘʣʣʝʣʴʥʦ ʩʦʝʜʠʥʸʥʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʠʥʪʝʛʨʘʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʘʪʤʦʩʬʝʨʳ ʚ ʦʙʣʘʩʪʠ ʪʦʢʦʚ ʟʘʤʳʢʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʚʝʣʠʢʦ ʠ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 230 ʆʤ [36]. ʇʦʚʝʨʭʥʦʩʪʴ ɿʝʤʣʠ ʠ ʠʦʥʦʩʬʝʨʘ ʚ ʜʘʥʥʦʡ 

ʤʦʜʝʣʠ ʩʯʠʪʘʶʪʩʷ ʧʨʦʚʦʜʥʠʢʘʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʱʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʣʘʥʝʪʘʨʥʦʛʦ 
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ʢʦʥʪʫʨʘ ʠ ʚʝʣʠʯʠʥʘ ʩʠʣʳ ʪʦʢʘ ʚ ʥʸʤ ʚ ʦʩʥʦʚʥʦʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʩʪʦʣʙʘ 

ʚʦʟʜʫʭʘ ʤʝʞʜʫ ʛʨʦʟʦʚʳʤ ʛʝʥʝʨʘʪʦʨʦʤ ʠ ʠʦʥʦʩʬʝʨʦʡ, ʪ.ʝ. ʥʘ ʚʳʩʦʪʘʭ 13-60 ʢʤ. 

ʀʦʥʠʟʘʮʠʷ ʚʦʟʜʫʭʘ ʚ ʥʠʞʥʝʡ ʘʪʤʦʩʬʝʨʝ ʚ ʦʩʥʦʚʥʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ ʚʣʠʷʥʠʝʤ 

ʵʥʝʨʛʠʯʥʳʭ ʯʘʩʪʠʮ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ. ɺ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʩʣʦʷʭ ʟʘ ʠʦʥʠʟʘʮʠʶ ʘʪʤʦʩʬʝʨʳ 

ʦʪʚʝʪʩʪʚʝʥʥʳ ʧʦʪʦʢʠ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʉʦʣʥʮʘ. 

ʄʘʢʩʠʤʫʤʳ ʠʦʥʠʟʘʮʠʠ ʢʦʩʤʠʯʝʩʢʠʤʠ ʣʫʯʘʤʠ ʥʘʙʣʶʜʘʶʪʩʷ ʥʘ ʚʳʩʦʪʘʭ ~ 10-20 ʢʤ 

(ɻʂʃ) ʠ ~ 20-80 ʢʤ (ʉʂʃ) [82], ʪ.ʝ. ʚ ʦʙʣʘʩʪʠ ʛʨʦʟʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʠ ʥʘʜ ʥʠʤ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚʘʨʠʘʮʠʠ ʧʦʪʦʢʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ 

ʥʘ ʧʨʦʚʦʜʠʤʦʩʪʴ ʩʪʦʣʙʘ ʚʦʟʜʫʭʘ ʤʝʞʜʫ ʛʨʦʟʦʚʳʤ ʛʝʥʝʨʘʪʦʨʦʤ ʠ ʠʦʥʦʩʬʝʨʦʡ ʠ ʪʝʤ 

ʩʘʤʳʤ ʤʦʜʫʣʠʨʦʚʘʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʚʦ ʚʩʸʤ ʧʣʘʥʝʪʘʨʥʦʤ ʢʦʥʪʫʨʝ 

ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʚ ʦʙʣʘʩʪʷʭ ʩ ʷʩʥʦʡ ʧʦʛʦʜʦʡ. 

 

 

 

ʈʠʩ. 1.17. ʉʭʝʤʘ ʛʣʦʙʘʣʴʥʦʡ ʪʦʢʦʚʦʡ ʮʝʧʠ [134]. 

 

ʉʦʛʣʘʩʥʦ ʤʝʭʘʥʠʟʤʫ ʄʘʨʢʩʦʥʘ [38, 134, 135], ʚʘʨʠʘʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʤʠʢʨʦʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ 

ʦʙʣʘʢʘʭ. ʋʩʠʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʦʙʣʘʩʪʷʭ ʩ ʭʦʨʦʰʝʡ ʧʦʛʦʜʦʡ (ʪ.ʝ. ʥʝ 

ʦʭʚʘʯʝʥʥʳʭ ʛʨʦʟʦʚʦʡ ʘʢʪʠʚʥʦʩʪʴʶ), ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʨʘʟʜʝʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʟʘʨʷʜʘ ʚʥʫʪʨʠ ʦʙʣʘʢʘ. ʕʣʝʢʪʨʠʟʘʮʠʷ ʦʙʣʘʢʘ ʩʪʠʤʫʣʠʨʫʝʪ ʨʘʟʚʠʪʠʝ ʧʨʦʮʝʩʩʦʚ 
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ʢʦʥʜʝʥʩʘʮʠʠ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʠ ʩʣʠʷʥʠʷ ʤʝʣʢʠʭ ʢʘʧʝʣʝʢ ʚʦʜʳ ʚ ʢʨʫʧʥʳʝ ʜʦʞʜʝʚʳʝ ʢʘʧʣʠ, 

ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʚʳʜʝʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʢʨʳʪʦʛʦ ʪʝʧʣʘ ʧʘʨʦʦʙʨʘʟʦʚʘʥʠʷ. ɽʩʣʠ 

ʜʦʞʜʝʚʳʝ ʢʘʧʣʠ ʥʝ ʫʩʧʝʚʘʶʪ ʠʩʧʘʨʠʪʴʩʷ, ʘ ʚʳʧʘʜʘʶʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ɿʝʤʣʠ ʚ ʚʠʜʝ 

ʦʩʘʜʢʦʚ, ʪʦ ʩʢʨʳʪʦʝ ʪʝʧʣʦ ʧʘʨʦʦʙʨʘʟʦʚʘʥʠʷ ʦʩʪʘʸʪʩʷ ʚ ʘʪʤʦʩʬʝʨʝ ʠ ʤʦʞʝʪ ʩʪʘʪʴ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʠʩʪʦʯʥʠʢʦʤ ʠʟʤʝʥʝʥʠʡ ʮʠʨʢʫʣʷʮʠʠ, ʩʚʷʟʘʥʥʳʭ ʩ ʩʦʣʥʝʯʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ. ʀʥʪʝʥʩʠʚʥʦʝ ʚʳʧʘʜʝʥʠʝ ʦʩʘʜʢʦʚ, ʩʦʧʨʦʚʦʞʜʘʝʤʦʝ ʚʳʜʝʣʝʥʠʝʤ ʩʢʨʳʪʦʛʦ 

ʪʝʧʣʘ ʧʘʨʦʦʙʨʘʟʦʚʘʥʠʷ, ʧʨʠʚʦʜʠʪ ʢ ʧʦʜʲʸʤʫ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʚ ʥʠʟʢʦʰʠʨʦʪʥʦʡ 

ʘʪʤʦʩʬʝʨʝ ʠ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʷʯʝʡʢʠ ʍʝʜʣʠ. ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ 

ʩʪʠʤʫʣʠʨʫʝʪ ʮʠʨʢʫʣʷʮʠʶ ʚ ʩʨʝʜʥʝʰʠʨʦʪʥʦʡ ʷʯʝʡʢʝ ʌʝʨʨʝʣʷ ʠ ʧʨʠʚʦʜʠʪ ʢ ʫʩʠʣʝʥʠʶ 

ʢʦʥʚʝʨʛʝʥʮʠʠ ʧʦʪʦʢʦʚ ʚʦʟʜʫʭʘ ʚ ʦʙʣʘʩʪʠ ʝʸ ʧʦʣʷʨʥʦʛʦ ʬʨʦʥʪʘ. ɺ ʠʪʦʛʝ ʚ ʧʦʷʩʝ 

ʫʤʝʨʝʥʥʳʭ ʰʠʨʦʪ ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʤʝʨʠʜʠʦʥʘʣʴʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʘʪʤʦʩʬʝʨʳ 

ʠ ʙʣʦʢʠʨʦʚʘʥʠʝ ʟʦʥʘʣʴʥʳʭ ʧʦʪʦʢʦʚ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʚʨʝʤʝʥʥʦʡ ʟʘʜʝʨʞʢʠ ʧʝʨʝʜʘʯʠ 

ʚʦʟʤʫʱʝʥʠʷ ʠʟ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʷʯʝʡʢʠ ʚ ʦʙʣʘʩʪʴ ʩʨʝʜʥʝʰʠʨʦʪʥʦʡ ʢʦʥʚʝʨʛʝʥʮʠʠ, ʪʦ 

ʨʘʩʯʝʪʳ, ʩʜʝʣʘʥʥʳʝ ʄʘʨʢʩʦʥʦʤ, ʦʮʝʥʠʚʘʶʪ ʝʸ ʜʣʠʪʝʣʴʥʦʩʪʴ ʚ 2-3 ʜʥʷ.  

ʄʦʜʝʣʴ ʄʘʨʢʩʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʝʩʦʤʥʝʥʥʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʪʝʤ ʥʝ 

ʤʝʥʝʝ, ʦʥʘ ʥʝ ʦʙʲʷʩʥʷʝʪ ʥʝʢʦʪʦʨʳʝ ʥʘʙʣʶʜʘʝʤʳʝ ʷʚʣʝʥʠʷ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʛʦ 

ʭʘʨʘʢʪʝʨʘ. ʅʘʧʨʠʤʝʨ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʵʬʬʝʢʪʳ 

ʚʘʨʠʘʮʠʡ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʚ ʥʠʞʥʝʡ ʘʪʤʦʩʬʝʨʝ ʥʦʩʷʪ ʰʠʨʦʪʥʳʡ ʭʘʨʘʢʪʝʨ, ʪ. ʝ. 

ʚʦʟʤʫʱʝʥʠʝ ʩʥʘʯʘʣʘ ʧʦʷʚʣʷʝʪʩʷ ʚ ʚʳʩʦʢʠʭ ʰʠʨʦʪʘʭ ʠ ʟʘʪʝʤ ʜʚʠʞʝʪʩʷ ʢ ʥʠʟʢʠʤ. ʊʘʢʞʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʚʷʟʘʥʥʳʝ ʩ ʚʘʨʠʘʮʠʷʤʠ ʧʦʪʦʢʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ 

ʚʦʟʤʫʱʝʥʠʷ ʚ ʥʠʞʥʝʡ ʘʪʤʦʩʬʝʨʝ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚ ʭʦʣʦʜʥʦʝ ʚʨʝʤʷ ʛʦʜʘ, ʚ 

ʪʦ ʚʨʝʤʷ ʢʘʢ ʛʨʦʟʦʚʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʫʤʝʨʝʥʥʳʭ ʰʠʨʦʪʘʭ ʤʘʢʩʠʤʘʣʴʥʘ ʚ ʪʝʧʣʦʝ 

ʧʦʣʫʛʦʜʠʝ. ʄʦʜʝʣʴ ʄʘʨʢʩʦʥʘ ʥʝ ʜʘʸʪ ʦʙʲʷʩʥʝʥʠʷ ʥʘʙʣʶʜʘʝʤʳʤ ʩʝʟʦʥʥʳʤ ʠ 

ʨʝʛʠʦʥʘʣʴʥʳʤ ʵʬʬʝʢʪʘʤ ʚʘʨʠʘʮʠʡ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʚ ʩʦʩʪʦʷʥʠʠ ʥʠʞʥʝʡ ʘʪʤʦʩʬʝʨʳ. 

ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʊʠʥʩʣʠ ʠ ɼʠʥʘ [178], ʧʦʩʚʷʱʝʥʥʦʡ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʘʨʠʘʮʠʡ ʠʥʜʝʢʩʘ VAI  ʚ ʭʦʜʝ ʬʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʡ ɻʂʃ, ʥʝ ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʛʠʧʦʪʝʟʫ ʄʘʨʢʩʦʥʘ, ʧʦʩʢʦʣʴʢʫ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʝ ʦʙʥʘʨʫʞʝʥʦ ʟʥʘʯʠʤʳʭ ʠʟʤʝʥʝʥʠʡ 

ʮʠʨʢʫʣʷʮʠʠ ʥʘ ʥʠʟʢʠʭ ʰʠʨʦʪʘʭ, ʥʘʧʨʦʪʠʚ, ʘʚʪʦʨʘʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʘʨʠʘʮʠʠ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʦʪʦʢʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʧʨʠʚʦʜʷʪ ʢ ʠʟʤʝʥʝʥʠʷʤ ʮʠʢʣʦʥʠʯʝʩʢʦʡ 

ʟʘʚʠʭʨʸʥʥʦʩʪʠ ʚ ʧʦʷʩʝ ʰʠʨʦʪ 40-65ÜN. 

ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ ʚʣʠʷʥʠʷ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ 

ʜʠʥʘʤʠʢʫ ʘʪʤʦʩʬʝʨʳ ʧʦʣʫʯʠʣ ʚ ʨʘʙʦʪʘʭ ʊʠʥʩʣʠ ʠ ʩʦʘʚʪʦʨʦʚ [177-185]. ɺ ʦʩʥʦʚʫ 
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ʜʘʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʧʦʣʦʞʝʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʦʙʣʘʩʪʷʭ ʩ ʷʩʥʦʡ ʧʦʛʦʜʦʡ ʤʦʜʫʣʠʨʫʝʪʩʷ ʢʘʢ ʩʢʦʨʦʩʪʴʶ 

ʠʦʥʠʟʘʮʠʠ ʘʪʤʦʩʬʝʨʳ, ʪʘʢ ʠ ʠʟʤʝʥʝʥʠʷʤʠ ʠʦʥʦʩʬʝʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ʀʩʪʦʯʥʠʢʘʤʠ 

ʠʦʥʠʟʘʮʠʠ ʘʪʤʦʩʬʝʨʳ ʩʣʫʞʘʪ ʛʘʣʘʢʪʠʯʝʩʢʠʝ ʢʦʩʤʠʯʝʩʢʠʝ ʣʫʯʠ, ʩʦʣʥʝʯʥʳʝ ʧʨʦʪʦʥʳ, 

ʵʣʝʢʪʨʦʥʳ ʠʟ ʨʘʜʠʘʮʠʦʥʥʳʭ ʧʦʷʩʦʚ ɿʝʤʣʠ. ʀʟʤʝʥʝʥʠʷ ʠʦʥʦʩʬʝʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʤʦʛʫʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʚʩʣʝʜʩʪʚʠʝ ʛʝʦʤʘʛʥʠʪʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʠ/ʠʣʠ ʧʝʨʝʩʝʯʝʥʠʡ ɿʝʤʣʸʡ 

ʩʝʢʪʦʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʄʄʇ ʚ ʭʦʜʝ ʝʸ ʦʨʙʠʪʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ. ʅʘ ʨʠʩ 1.18 ʠʟ ʨʘʙʦʪʳ 

[183] ʧʨʠʚʝʜʝʥʘ ʚʘʨʠʘʮʠʷ ʚʝʣʠʯʠʥʳ ʠʦʥʦʩʬʝʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʜʣʷ ʤʝʨʠʜʠʘʥʘ ñʫʪʨʦ-

ʚʝʯʝʨò ʚ ʩʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ ʧʨʠ ʟʥʘʯʝʥʠʠ Bz = -5.5 ʥʊ ʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ By = -

7/0/+7 ʥʊ, ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ñʫʪʨʦ-ʚʝʯʝʨò ʩʦʩʪʘʚʣʷʝʪ 80 ʢɺ.  

 

 
 

ʈʠʩ. 1.18. ɺʘʨʠʘʮʠʷ ʠʦʥʦʩʬʝʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ñʫʪʨʦ-ʚʝʯʝʨò ʚ ʩʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ ʧʨʠ 

Bz  < 0 ʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ Bʫ. ʈʠʩʫʥʦʢ ʚʟʷʪ ʠʟ ʨʘʙʦʪʳ [183]. 

 

ʋʢʘʟʘʥʥʳʝ ʚʘʨʠʘʮʠʠ ʠʦʥʦʩʬʝʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʘ ʪʘʢʞʝ ʩʢʦʨʦʩʪʠ ʠʦʥʠʟʘʮʠʠ 

ʘʪʤʦʩʬʝʨʳ ʧʨʠʚʦʜʷʪ ʢ ʠʟʤʝʥʝʥʠʶ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ 

ʪʦʢʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʦʙʣʘʩʪʷʭ ʩ ʭʦʨʦʰʝʡ ʧʦʛʦʜʦʡ. ɺʘʨʠʘʮʠʠ ʪʦʢʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ 

ʚʣʠʷʶʪ ʥʘ ʩʢʦʨʦʩʪʴ ʨʘʟʜʝʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʟʘʨʷʜʦʚ ʚ ʦʙʣʘʢʝ, ʦʪ ʢʦʪʦʨʦʡ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʟʘʚʠʩʠʪ ʧʨʦʪʝʢʘʥʠʝ ʨʷʜʘ ʤʠʢʨʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚʥʫʪʨʠ ʩʘʤʦʛʦ ʦʙʣʘʢʘ. ʂ 

ʵʪʠʤ ʧʨʦʮʝʩʩʘʤ, ʧʦ ʤʥʝʥʠʶ ʊʠʥʩʣʠ, ʦʪʥʦʩʷʪʩʷ ʵʣʝʢʪʨʦʟʘʤʝʨʟʘʥʠʝ ñelectrofreezingò 

[178], ʵʣʝʢʪʨʦʚʳʤʳʚʘʥʠʝ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ ñelectroscavengingò ʠ ʦʙʨʘʪʥʳʡ ʵʪʦʤʫ 

ʧʨʦʮʝʩʩ ñanti-electro-scavengingò [183-185]. ñElectrofreezingò ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʟʘʤʝʨʟʘʥʠʝ ʢʘʧʝʣʝʢ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʥʝʫʩʪʦʡʯʠʚʦʡ ʧʝʨʝʦʭʣʘʞʜʸʥʥʦʡ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 
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-5/-15Üʉ ʚʦʜʳ ʚ ʦʙʣʘʢʘʭ ʚʝʨʭʥʝʛʦ ʷʨʫʩʘ. ʉʢʦʨʦʩʪʴ ñʵʣʝʢʪʨʦʟʘʤʝʨʟʘʥʠʷò ʥʘʧʨʷʤʫʶ 

ʟʘʚʠʩʠʪ ʦʪ ʯʘʩʪʦʪʳ ʩʪʦʣʢʥʦʚʝʥʠʡ ʧʝʨʝʦʭʣʘʞʜʸʥʥʳʭ ʟʘʨʷʞʝʥʥʳʭ ʚʦʜʷʥʳʭ ʢʘʧʝʣʝʢ ʩ 

ʥʝʟʘʨʷʞʝʥʥʳʤʠ ʠʣʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʟʘʨʷʞʝʥʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʘʵʨʦʟʦʣʝʡ, ʘ ʟʥʘʯʠʪ, ʦʪ 

ʩʪʝʧʝʥʠ ʠʦʥʠʟʘʮʠʠ ʘʪʤʦʩʬʝʨʳ. ʇʨʦʮʝʩʩ ʚʳʤʳʚʘʥʠʷ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ ʠʟ ʦʙʣʘʢʘ 

ʧʘʜʘʶʱʠʤʠ ʟʘʨʷʞʝʥʥʳʤʠ ʚʦʜʥʳʤʠ ʢʘʧʣʷʤʠ, ʨʦʩʪ ʢʦʪʦʨʳʭ ʦʙʫʩʣʦʚʣʝʥ ʫʚʝʣʠʯʝʥʠʝʤ 

ʯʘʩʪʦʪʳ ʠʭ ʩʪʦʣʢʥʦʚʝʥʠʷ ʩ ʘʵʨʦʟʦʣʴʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʠ ñʩʣʠʧʘʥʠʷò ʚ ʢʦʥʛʣʦʤʝʨʘʪʳ, 

ʦʙʦʟʥʘʯʘʝʪʩʷ ʪʝʨʤʠʥʦʤ ñelectroscavengingò. ʆʙʨʘʪʥʳʡ ʵʪʦʤʫ ʧʨʦʮʝʩʩ ʩʦʭʨʘʥʝʥʠʷ ʠ 

ʥʘʢʦʧʣʝʥʠʷ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ ʚ ʦʙʣʘʢʝ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʯʘʩʪʦʪʳ ʩʪʦʣʢʥʦʚʝʥʠʡ, 

ñʢʦʵʬʬʠʮʠʝʥʪʘ ʩʣʠʧʘʥʠʷò ʠ ʚʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʤʝʨʦʚ ʚʦʜʥʳʭ ʢʘʧʝʣʝʢ 

ʥʘʟʳʚʘʝʪʩʷ ñanti-electro-scavengingò. 

ʅʘ ʨʠʩ. 1.19 ʠʟ ʨʘʙʦʪʳ ʊʠʥʩʣʠ [185] ʧʦʢʘʟʘʥʳ ʧʨʦʮʝʩʩʳ ʨʘʟʚʠʪʠʷ ʦʙʣʘʢʘ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʚʝʣʠʯʠʥʘʭ ʪʦʢʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʦʙʣʘʩʪʷʭ ʩ ʭʦʨʦʰʝʡ ʧʦʛʦʜʦʡ. ʇʨʠ ʚʳʩʦʢʠʭ 

ʟʥʘʯʝʥʠʷʭ ʪʦʢʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ ʨʘʟʚʠʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ñelectro-anti-scavengingò, 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʦʜʷʥʳʭ ʢʘʧʝʣʝʢ ʤʘʣʦʛʦ ʨʘʟʤʝʨʘ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʫʤʝʥʴʰʝʥʠʶ ʚʳʧʘʜʝʥʠʷ ʦʩʘʜʢʦʚ ʠʟ ʦʙʣʘʢʘ. ʂʘʧʣʠ ʤʘʣʦʛʦ ʨʘʟʤʝʨʘ ʧʦʜʥʠʤʘʶʪʩʷ 

ʚʦʩʭʦʜʷʱʠʤʠ ʧʦʪʦʢʘʤʠ ʚʦʟʜʫʭʘ ʚʳʰʝ ʫʨʦʚʥʷ ʟʘʤʝʨʟʘʥʠʷ, ʟʘʪʝʤ ʦʥʠ ʧʨʠʭʦʜʷʪ ʚ 

ʥʝʩʪʘʙʠʣʴʥʦʝ ʧʝʨʝʦʭʣʘʞʜʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ 

ñʵʣʝʢʪʨʦʟʘʤʝʨʟʘʥʠʷò ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʜʝʣʝʥʠʝʤ ʩʢʨʳʪʦʛʦ ʪʝʧʣʘ ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ ʚ 

ʦʙʣʘʢʘʭ ʚʳʩʦʢʦʛʦ ʷʨʫʩʘ, ʟʘ ʩʯʝʪ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʮʠʢʣʦʥʠʯʝʩʢʠʭ 

ʦʙʨʘʟʦʚʘʥʠʡ ʠ ʫʩʠʣʝʥʠʝ ʮʠʨʢʫʣʷʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʘʪʤʦʩʬʝʨʝ. 

 

 

 

ʈʠʩ. 1.19. ʇʨʦʮʝʩʩ ʨʘʟʚʠʪʠʷ ʦʙʣʘʢʘ ʧʨʠ ʥʠʟʢʠʭ (ʣʝʚʘʷ ʧʘʥʝʣʴ) ʠ ʚʳʩʦʢʠʭ (ʧʨʘʚʘʷ ʧʘʥʝʣʴ) 

ʟʥʘʯʝʥʠʷʭ ʪʦʢʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ [162, 185]. 
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ʇʨʠ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ ʪʦʢʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ ʨʘʟʚʠʚʘʝʪʩʷ ʧʨʦʮʝʩʩ 

ñelectroscavengingò, ʪ.ʝ. ʚʳʤʳʚʘʥʠʝ ʘʵʨʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ ʠʟ ʦʙʣʘʢʘ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ 

ʨʦʩʪ ʨʘʟʤʝʨʦʚ ʢʘʧʝʣʝʢ ʚʦʜʳ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʡ ʠʭ ʧʦʜʲʝʤʫ ʚʳʰʝ ʫʨʦʚʥʷ ʟʘʤʝʨʟʘʥʠʷ, ʯʪʦ 

ʜʝʣʘʝʪ ʥʝʚʦʟʤʦʞʥʳʤ ʨʘʟʚʠʪʠʝ ʧʨʦʮʝʩʩʘ ñelectrofreezingò, ʩʦʧʨʦʚʦʞʜʘʶʱʝʛʦʩʷ 

ʚʳʜʝʣʝʥʠʝʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʢʨʳʪʦʛʦ ʪʝʧʣʘ ʠ ʠʥʪʝʥʩʠʬʠʢʘʮʠʝʡ ʘʪʤʦʩʬʝʨʥʦʡ 

ʮʠʨʢʫʣʷʮʠʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ñelectroscavengingò ʪʘʢʞʝ ʩʚʷʟʘʥ ʩ ʚʳʜʝʣʝʥʠʝʤ 

ʩʢʨʳʪʦʛʦ ʪʝʧʣʘ, ʧʦʩʢʦʣʴʢʫ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʨʦʮʝʩʩʦʤ ʢʦʥʜʝʥʩʘʮʠʠ ʚʦʜʷʥʳʭ ʢʘʧʝʣʴ. 

ʆʜʥʘʢʦ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʧʨʦʪʝʢʘʝʪ ʚ ʦʙʣʘʢʘʭ ʩʨʝʜʥʝʛʦ ʷʨʫʩʘ ʠ, ʧʦ ʤʥʝʥʠʶ ʊʠʥʩʣʠ, 

ʵʥʝʨʛʠʠ ʚʳʜʝʣʷʶʱʝʡʩʷ ʚ ʭʦʜʝ ñelectroscavengingò ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʠʟʤʝʥʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʮʠʨʢʫʣʷʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʘʨʠʘʮʠʠ ʪʦʢʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʨʠʚʦʜʷʪ ʢ ʠʟʤʝʥʝʥʠʶ ʚʨʝʤʝʥʠ 

ʞʠʟʥʠ ʦʙʣʘʢʘ, ʢʦʣʠʯʝʩʪʚʫ ʚʳʧʘʜʘʶʱʠʭ ʠʟ ʥʝʛʦ ʦʩʘʜʢʦʚ ʠ ʩʢʦʨʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʣʝʜʷʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʦʙʣʘʢʘ. ʇʨʠ ʵʪʦʤ ʤʦʜʫʣʠʨʫʝʪʩʷ ʚʳʜʝʣʝʥʠʝ 

ʩʢʨʳʪʦʛʦ ʪʝʧʣʘ ʠ ʠʟʤʝʥʷʝʪʩʷ ʪʝʧʣʦʚʦʡ ʙʘʣʘʥʩ ʘʪʤʦʩʬʝʨʳ. ɺʘʨʠʘʮʠʠ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ 

ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʚʦʜʷʪ ʢ ʠʟʤʝʥʝʥʠʶ ʢʦʥʬʠʛʫʨʘʮʠʠ ʙʘʨʠʯʝʩʢʠʭ ʧʦʣʝʡ ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʮʠʨʢʫʣʷʮʠʠ ʘʪʤʦʩʬʝʨʳ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʨʝʘʣʴʥʦʩʪʠ ʬʠʟʠʯʝʩʢʦʛʦ ʤʝʭʘʥʠʟʤʘ, 

ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʊʠʥʩʣʠ, ʧʨʠʚʝʜʝʥʳ ʚ ʨʷʜʝ ʨʘʙʦʪ. ʊʘʢ, ʊʠʥʩʣʠ ʠ ɼʠʥʦʤ [178] ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʚ ʭʦʜʝ ʬʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʡ ɻʂʃ ʥʘʙʣʶʜʘʝʪʩʷ ʦʩʣʘʙʣʝʥʠʝ ʮʠʢʣʦʥʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʦʡ ʠʥʜʝʢʩʦʤ VAI  ʚ ʧʦʷʩʝ ʫʤʝʨʝʥʥʳʭ ʰʠʨʦʪ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘʜ ʦʢʝʘʥʘʤʠ. ʋʚʝʣʠʯʝʥʠʝ ʯʘʩʪʦʪʳ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʮʠʢʣʦʥʦʚ ʚ 

ʩʝʚʝʨʦʘʪʣʘʥʪʠʯʝʩʢʦʤ ʨʝʛʠʦʥʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ ʧʦʪʦʢʦʚ ɻʂʃ ʚ ʤʠʥʠʤʫʤʝ 

ʮʠʢʣʦʚ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ [123]. ɺʝʨʝʪʝʥʝʥʢʦ ʠ ʊʘʡʣʦʤ [198, 199] ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ 

ʧʦʥʠʞʝʥʠʝ ʜʘʚʣʝʥʠʷ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʫʩʠʣʝʥʠʝʤ ʮʠʢʣʦʥʠʯʝʩʢʦʡ ʟʘʚʠʭʨʸʥʥʦʩʪʠ, ʚ 

ʩʝʚʝʨʦʘʪʣʘʥʪʠʯʝʩʢʦʤ ʨʝʛʠʦʥʝ ʚ ʩʚʷʟʠ ʩ ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʳʤʠ ʚʩʧʣʝʩʢʘʤʠ ʩʦʣʥʝʯʥʳʭ 

ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʩ ʵʥʝʨʛʠʷʤʠ ʯʘʩʪʠʮ ɽ > 90 ʄʵɺ. ɸʚʪʦʨʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʥʘʙʣʶʜʘʝʤʳʝ ʵʬʬʝʢʪʳ ʦʙʫʩʣʦʚʣʝʥʳ ʫʩʠʣʝʥʠʝʤ ʨʝʛʝʥʝʨʘʮʠʠ ʮʠʢʣʦʥʦʚ ʫ ʶʛʦ-

ʚʦʩʪʦʯʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ɻʨʝʥʣʘʥʜʠʠ. 

ɺ ʨʘʙʦʪʝ ɹʸʨʥʩʘ ʩ ʢʦʣʣʝʛʘʤʠ [87] ʦʙʥʘʨʫʞʝʥʘ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ 

By-ʢʦʤʧʦʥʝʥʪʦʡ ʤʝʞʧʣʘʥʝʪʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʚʝʣʠʯʠʥʦʡ ʧʨʠʟʝʤʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ 

ʘʥʪʘʨʢʪʠʯʝʩʢʠʭ ʩʪʘʥʮʠʷʭ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ ʘʨʢʪʠʯʝʩʢʠʭ ʩʪʘʥʮʠʷʭ ʥʘʙʣʶʜʘʣʘʩʴ 

ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʫʢʘʟʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʅʘʙʣʶʜʘʝʤʘʷ ʘʩʠʤʤʝʪʨʠʷ 
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ʚʘʨʠʘʮʠʡ ʜʘʚʣʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤʠ ʧʦ ʟʥʘʢʫ ʠʟʤʝʥʝʥʠʷʤʠ 

ʠʦʥʦʩʬʝʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʧʨʦʠʩʭʦʜʷʱʠʤʠ ʚʩʣʝʜʩʪʚʠʝ ʚʘʨʠʘʮʠʡ ʤʝʞʧʣʘʥʝʪʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʊʨʦʰʠʯʝʚʳʤ ʩ ʢʦʣʣʝʛʘʤʠ [189] ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʚʘʨʠʘʮʠʠ 

ʨʘʟʣʠʯʥʳʭ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʦʙʣʘʯʥʦʩʪʠ, ʪʝʤʧʝʨʘʪʫʨʳ, ʩʢʦʨʦʩʪʠ ʠ 

ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ) ʥʘʜ ɸʥʪʘʨʢʪʠʢʦʡ ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ ʤʝʞʧʣʘʥʝʪʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʘʪʤʦʩʬʝʨʥʫʶ ʮʠʨʢʫʣʷʮʠʶ ʚ ʶʞʥʦʤ 

ʧʦʣʷʨʥʦʤ ʨʝʛʠʦʥʝ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʸʥʥʳʭ ʚʳʰʝ ʨʘʙʦʪ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʩʫʱʝʩʪʚʝʥʥʦʡ ʨʦʣʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʝʭʘʥʠʟʤʘ ʚ ʩʦʣʥʝʯʥʦ-ʘʪʤʦʩʬʝʨʥʳʭ ʩʚʷʟʷʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʛʣʦʙʘʣʴʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ, 

ʚʢʣʶʯʘʶʱʠʝ ʚ ʩʝʙʷ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠʦʥʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʧʦʪʝʥʮʠʘʣʘ ʠʦʥʦʩʬʝʨʳ ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʘʪʤʦʩʬʝʨʥʳʭ ʪʦʢʦʚ, ʢʦʪʦʨʳʝ ʧʨʦʠʩʭʦʜʷʪ ʚʩʣʝʜʩʪʚʠʝ 

ʚʘʨʠʘʮʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʄʄʇ ʠ/ʠʣʠ ʧʦʪʦʢʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ, ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʤʦʛʫʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʟʘʤʝʪʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʚ ʨʘʟʚʠʪʠʠ ʦʙʣʘʢʦʚ, ʪʘʢʠʤ ʢʘʢ ʚʨʝʤʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʩʘʤʦʛʦ ʦʙʣʘʢʘ, ʢʦʣʠʯʝʩʪʚʦ ʠ ʪʠʧ ʚʳʧʘʜʘʶʱʠʭ ʦʩʘʜʢʦʚ. ʉʦʩʪʦʷʥʠʝ ʦʙʣʘʯʥʦʛʦ ʧʦʢʨʦʚʘ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʜʠʘʮʠʦʥʥʳʡ ʙʘʣʘʥʩ ʘʪʤʦʩʬʝʨʳ, 

ʩʪʨʫʢʪʫʨʫ ʝʸ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʙʘʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʘʪʤʦʩʬʝʨʥʦʡ 

ʮʠʨʢʫʣʷʮʠʠ. 
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1.3 ɺʳʚʦʜʳ ʢ ʛʣʘʚʝ 1 

 

ʇʨʠʚʝʜʸʥʥʳʝ ʚʳʰʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʚʣʠʷʥʠʝ ʩʦʣʥʝʯʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʩʦʩʪʦʷʥʠʝ ʥʠʞʥʝʡ ʘʪʤʦʩʬʝʨʳ ʤʥʦʛʦʛʨʘʥʥʦ ʠ ʥʝ ʩʚʦʜʠʪʩʷ ʢ ʜʝʡʩʪʚʠʶ 

ʢʘʢʦʛʦ-ʣʠʙʦ ʦʜʥʦʛʦ ʬʘʢʪʦʨʘ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʧʨʝʜʣʦʞʝʥ ʨʷʜ ʚʦʟʤʦʞʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʘʛʝʥʪʘʤʠ (ʧʨʦʷʚʣʝʥʠʷʤʠ) ʩʦʣʥʝʯʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ, ʪʘʢʠʤʠ ʢʘʢ ʚʘʨʠʘʮʠʠ ʧʦʣʥʦʛʦ ʠ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʛʦ ʠʟʫʯʝʥʠʷ ʉʦʣʥʮʘ, 

ʚʘʨʠʘʮʠʠ ʧʦʪʦʢʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ, ʧʝʨʝʩʝʯʝʥʠʝ ʛʨʘʥʠʮ ʩʝʢʪʦʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʄʄʇ. 

ʋʢʘʟʘʥʥʳʝ ʤʝʭʘʥʠʟʤʳ ʩʦʣʥʝʯʥʦ-ʟʝʤʥʳʭ ʩʚʷʟʝʡ ʜʝʡʩʪʚʫʶʪ ʥʘ ʨʘʟʣʠʯʥʳʭ ʚʨʝʤʝʥʥʳʭ 

ʰʢʘʣʘʭ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʇʨʠ ʵʪʦʤ ʵʬʬʝʢʪʳ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʩʦʣʥʝʯʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʤʦʛʫʪ ʢʘʢ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ, ʪʘʢ ʠ ʫʩʠʣʠʚʘʪʴ ʜʨʫʛ ʜʨʫʛʘ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʥʝ ʧʨʠʰʣʠ ʢ ʝʜʠʥʦʤʫ ʤʥʝʥʠʶ ʠ ʜʦ ʩʠʭ ʧʦʨ ʥʝ 

ʨʘʟʨʘʙʦʪʘʥ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʬʠʟʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ, ʦʧʠʩʳʚʘʶʱʠʡ ʚ ʧʦʜʨʦʙʥʦʩʪʷʭ ʚʩʶ 

ʮʝʧʦʯʢʫ ʧʨʦʮʝʩʩʦʚ, ʩʚʷʟʳʚʘʶʱʠʭ ʚʦʟʤʫʱʝʥʠʷ ʥʘ ʉʦʣʥʮʝ ʠ ʦʪʢʣʠʢ ʥʘ ʥʠʭ ʚ ʚʘʨʠʘʮʠʷʭ 

ʧʘʨʘʤʝʪʨʦʚ ʥʠʞʥʝʡ ʘʪʤʦʩʬʝʨʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʤʝʶʱʠʝʩʷ ʥʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ 

ʬʠʟʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ ʩʦʣʥʝʯʥʦ-ʟʝʤʥʳʭ ʩʚʷʟʝʡ ʥʫʞʜʘʶʪʩʷ ʢʘʢ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ 

ʧʦʜʪʚʝʨʞʜʝʥʠʠ, ʪʘʢ ʠ ʚ ʩʫʱʝʩʪʚʝʥʥʦʡ ʜʦʨʘʙʦʪʢʝ. 

ʉ ʵʪʦʡ ʮʝʣʴʶ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʨʦʚʝʩʪʠ ʜʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʦʪʢʣʠʢʘ ʥʠʞʥʝʡ ʘʪʤʦʩʬʝʨʳ ʥʘ ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʳʝ ʚʘʨʠʘʮʠʠ ʛʘʣʘʢʪʠʯʝʩʢʠʭ ʢʦʩʤʠʯʝʩʢʠʭ 

ʣʫʯʝʡ. ɺ ʢʘʯʝʩʪʚʝ ʘʛʝʥʪʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʠʤʝʥʥʦ ʢʦʩʤʠʯʝʩʢʠʝ 

ʣʫʯʠ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʧʨʦʥʠʢʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʧʨʠ ʵʪʦʤ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠʩʧʳʪʳʚʘʶʪ ʚʘʨʠʘʮʠʠ ʥʘ ʚʨʝʤʝʥʥʳʭ ʰʢʘʣʘʭ, 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʪʳʩʷʯ ʣʝʪ. ɺʘʞʥʫʶ ʨʦʣʴ ʚ ʚʳʙʦʨʝ 

ʘʛʝʥʪʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠʛʨʘʝʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʢʦʩʤʠʯʝʩʢʠʝ ʣʫʯʠ ʤʦʛʫʪ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʨʘʙʦʪʝ ʥʝʩʢʦʣʴʢʠʭ ʤʝʭʘʥʠʟʤʦʚ ʩʦʣʥʝʯʥʦ-ʟʝʤʥʳʭ ʩʚʷʟʝʡ: 

ʦʧʪʠʯʝʩʢʦʛʦ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ.  

ɺ ʨʘʙʦʪʝ ʧʣʘʥʠʨʫʝʪʩʷ ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʚʦʟʤʫʱʝʥʠʝ ʮʠʨʢʫʣʷʮʠʠ ʥʠʞʥʝʡ 

ʘʪʤʦʩʬʝʨʳ ʠ ʵʚʦʣʶʮʠʠ ʙʘʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʫʤʝʨʝʥʥʳʭ ʠ ʚʳʩʦʢʠʭ ʰʠʨʦʪ ʩʝʚʝʨʥʦʛʦ ʠ 

ʶʞʥʦʛʦ ʧʦʣʫʰʘʨʠʷ ʚ ʩʚʷʟʠ ʩ ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʳʤʠ ʚʘʨʠʘʮʠʷʤʠ ʛʘʣʘʢʪʠʯʝʩʢʠʭ 

ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ (ʬʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʷʤʠ ɻʂʃ), ʘ ʪʘʢʞʝ ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ 

ʘʥʘʣʠʟ ʵʬʬʝʢʪʦʚ ʬʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʡ ɻʂʃ ʠ ʚʩʧʣʝʩʢʦʚ ʉʂʃ ʚ ʜʠʥʘʤʠʢʝ ʥʠʞʥʝʡ 

ʘʪʤʦʩʬʝʨʳ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʫʜʝʣʠʪʴ ʠʟʫʯʝʥʠʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 
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ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʦʪʢʣʠʢʘ ʥʘ ʫʢʘʟʘʥʥʳʝ ʬʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʷ ɻʂʃ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʠʯʠʥ ʨʝʛʠʦʥʘʣʴʥʦʩʪʠ ʵʬʬʝʢʪʦʚ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʩʠʥʦʧʪʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʧʨʠʟʝʤʥʳʭ ʢʘʨʪ ʧʦʛʦʜʳ. ʊʘʢʞʝ ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʦʚʝʩʪʠ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ 

ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʳʭ ʚʘʨʠʘʮʠʡ ʩʦʣʥʝʯʥʳʭ ʠ ʛʘʣʘʢʪʠʯʝʩʢʠʭ ʂʃ ʥʘ ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʤʘʢʨʦʩʠʥʦʧʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʜʦʣʛʦʩʨʦʯʥʳʭ ʤʝʪʝʦʧʨʦʛʥʦʟʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʧʣʘʥʠʨʫʝʤʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʤʦʛʫʪ ʧʨʦʷʩʥʠʪʴ ʬʠʟʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ ʚʦʟʜʝʡʩʪʚʠʷ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ 

ʥʠʞʥʶʶ ʘʪʤʦʩʬʝʨʫ ɿʝʤʣʠ, ʧʦʛʦʜʫ ʠ ʢʣʠʤʘʪ, ʘ ʪʘʢʞʝ ʧʦʩʣʫʞʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʙʘʟʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʦʛʦʜʥʳʭ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ. 
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ɻʣʘʚʘ 2 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʬʬʝʢʪʦʚ ɻʂʃ ʚ ʚʘʨʠʘʮʠʷʭ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ 

ʚ ʩʝʚʝʨʥʦʤ ʠ ʶʞʥʦʤ ʧʦʣʫʰʘʨʠʷʭ 

 

 

 

2.1 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʩʚʷʟʫʶʱʠʭ ʟʚʝʥʴʝʚ ʤʝʞʜʫ ʚʦʟʤʫʱʝʥʠʷʤʠ 

ʥʘ ʉʦʣʥʮʝ ʠ ʧʨʦʮʝʩʩʘʤʠ, ʧʨʦʠʩʭʦʜʷʱʠʤʠ ʚ ʘʪʤʦʩʬʝʨʝ ɿʝʤʣʠ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʦʪʦʢʠ 

ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʢʘʢ ʩʦʣʥʝʯʥʦʛʦ (ʉʂʃ), ʪʘʢ ʠ ʛʘʣʘʢʪʠʯʝʩʢʦʛʦ (ɻʂʃ) ʧʨʦʠʩʭʦʞʜʝʥʠʷ, 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʤʦʜʫʣʠʨʫʝʪʩʷ 

ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʇʦʜʨʦʙʥʦ ʚʦʧʨʦʩ ʦ ʚʣʠʷʥʠʠ ʨʘʟʣʠʯʥʳʭ ʢʦʩʤʦʬʠʟʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ ʥʘ ʥʠʞʥʶʶ ʘʪʤʦʩʬʝʨʫ ʨʘʩʩʤʦʪʨʝʥ ʚ ɻʣʘʚʝ 1. 

ʀʤʝʝʪʩʷ ʨʷʜ ʨʘʙʦʪ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʭ ʦ ʚʣʠʷʥʠʠ ʚʘʨʠʘʮʠʡ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ 

ʥʘ ʮʠʢʣʦʥʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʫʤʝʨʝʥʥʳʭ ʠ ʚʳʩʦʢʠʭ ʰʠʨʦʪʘʭ. ʅʘʧʨʠʤʝʨ, ʇʫʜʦʚʢʠʥʳʤ ʠ 

ɹʘʙʫʰʢʠʥʦʡ [148] ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʚʘʨʠʘʮʠʠ ʩʨʝʜʥʝʟʦʥʘʣʴʥʦʛʦ (ʦʩʨʝʜʥʸʥʥʦʛʦ ʧʦ 

ʰʠʨʦʪʝ) ʜʘʚʣʝʥʠʷ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʚʦʟʤʫʱʝʥʠʷ ʚ ʧʦʷʩʝ ʰʠʨʦʪ 55-70ÁN. 

ɺ ʭʦʜʝ ʘʥʘʣʠʟʘ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʧʦʥʠʞʝʥʠʝ ʟʦʥʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʩʚʷʟʠ ʩ ʩʦʣʥʝʯʥʳʤʠ 

ʧʨʦʪʦʥʥʳʤʠ ʩʦʙʳʪʠʷʤʠ ʠ ʝʛʦ ʨʦʩʪ ʚ ʩʚʷʟʠ ʩ ʬʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʷʤʠ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ. 

ɼʘʣʝʝ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʘʵʨʦʣʦʛʠʯʝʩʢʠʭ ʟʦʥʜʠʨʦʚʘʥʠʡ ʥʘ ʩʪʘʥʮʠʠ Sodankylª 

(ʌʠʥʣʷʥʜʠʷ, 67ÁN), ʇʫʜʦʚʢʠʥʳʤ ʠ ʜʨ. [153] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʬʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʷ 

ɻʂʃ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʤʝʜʣʝʥʥʳʤ ʨʦʩʪʦʤ ʜʘʚʣʝʥʠʷ ʩ ʤʘʢʩʠʤʫʤʦʤ ʥʘ 3-4 ʜʝʥʴ ʧʦʩʣʝ 

ʥʘʯʘʣʘ ʩʦʙʳʪʠʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ɺʝʨʝʪʝʥʝʥʢʦ ʠ ʊʘʡʣʦʤ [198] ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ 

ʧʦʥʠʞʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚʦ ʚʩʝʡ ʪʦʣʱʝ ʪʨʦʧʦʩʬʝʨʳ ʥʘ 1-2 ʜʝʥʴ ʧʦʩʣʝ ʥʘʯʘʣʘ ʩʦʙʳʪʠʷ ʥʘ 

ʩʪʘʥʮʠʷʭ Tasiilaq (ʶʛʦ-ʚʦʩʪʦʯʥʦʝ ʧʦʙʝʨʝʞʴʝ ɻʨʝʥʣʘʥʜʠʠ, 65.5ÁN, 38ÁW), Thorshavn 
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(ʌʘʨʝʨʩʢʠʝ ʦʩʪʨʦʚʘ, 62ÁN, 6.5ÁW), ʩʚʷʟʘʥʥʦʝ ʩ ʠʥʪʝʥʩʠʚʥʳʤʠ ʩʦʣʥʝʯʥʳʤʠ ʧʨʦʪʦʥʥʳʤʠ 

ʩʦʙʳʪʠʷʤʠ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʝ ʚʘʨʠʘʮʠʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʩʚʷʟʘʥʳ ʩ ʧʨʦʭʦʞʜʝʥʠʝʤ ʥʘʜ ʩʪʘʥʮʠʝʡ, ʚʝʜʫʱʝʡ ʠʟʤʝʨʝʥʠʷ, ʢʘʢʦʛʦ-ʣʠʙʦ 

ʙʘʨʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ, ʮʠʢʣʦʥʘ ʠʣʠ ʘʥʪʠʮʠʢʣʦʥʘ. ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʮʠʢʣʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʨʝʛʠʦʥʝ ʦʙʳʯʥʦ ʧʦʣʴʟʫʶʪʩʷ 

ʠʥʜʝʢʩʦʤ ʟʘʚʠʭʨʝʥʥʦʩʪʠ (Vorticity Area Index, VAI), ʦʧʨʝʜʝʣʷʝʤʳʤ ʢʘʢ ʩʫʤʤʘ 

ʧʣʦʱʘʜʝʡ, ʜʣʷ ʢʦʪʦʨʳʭ ʘʙʩʦʣʶʪʥʘʷ ʟʘʚʠʭʨʝʥʥʦʩʪʴ ʧʨʝʚʳʰʘʝʪ ʟʥʘʯʝʥʠʝ 20Ĭ10ī5 ʩʝʢ -1 ʠ 

24Ĭ10ī5 ʩʝʢ -1 [161, 202]. (ʆʧʠʩʘʥʠʝ ʠʥʜʝʢʩʘ ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʧʨʠʚʝʜʝʥʦ ʚ ʇʨʠʣʦʞʝʥʠʠ 1.) 

ɺ ʨʷʜʝ ʨʘʙʦʪ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʘʨʠʘʮʠʠ ʠʥʜʝʢʩʘ VAI  ʚ ʩʚʷʟʠ ʩ 

ʠʟʤʝʥʝʥʠʷʤʠ ʧʦʪʦʢʦʚ ʩʦʣʥʝʯʥʳʭ ʠ ʛʘʣʘʢʪʠʯʝʩʢʠʭ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ. ʈʝʟʫʣʴʪʘʪʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʊʠʥʩʣʠ ʠ ɼʠʥʦʤ [178], ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʫʤʝʥʴʰʝʥʠʠ ʠʥʜʝʢʩʘ 

ʮʠʢʣʦʥʠʯʝʩʢʦʡ ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʥʘ ʰʠʨʦʪʘʭ ~40-65ÁN (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘʜ ʦʢʝʘʥʘʤʠ) ʚ 

ʩʚʷʟʠ ʩ ʬʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʷʤʠ ʧʦʪʦʢʦʚ ɻʂʃ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ɺʝʨʝʪʝʥʝʥʢʦ ʠ ʊʘʡʣʦʤ 

[198] ʙʳʣ ʦʪʤʝʯʝʥ ʨʦʩʪ ʮʠʢʣʦʥʠʯʝʩʢʦʡ ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʚ ʨʘʡʦʥʝ ʉʝʚʝʨʥʦʡ ɸʪʣʘʥʪʠʢʠ 

(50-70ÁN, 0-40ÁW) ʚ ʩʚʷʟʠ ʩ ʚʪʦʨʞʝʥʠʝʤ ʩʦʣʥʝʯʥʳʭ ʧʨʦʪʦʥʦʚ ʩ ʵʥʝʨʛʠʷʤʠ Eʨ > 90 MeV. 

ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʝ ʚʘʨʠʘʮʠʠ ʧʦʪʦʢʦʚ 

ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚʦ ʚʨʝʤʷ ʩʦʣʥʝʯʥʳʡ ʧʨʦʪʦʥʥʳʭ ʩʦʙʳʪʠʡ ʠ ʬʦʨʙʫʰ-

ʧʦʥʠʞʝʥʠʡ, ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʵʚʦʣʶʮʠʶ ʮʠʢʣʦʥʦʚ ʠ ʘʥʪʠʮʠʢʣʦʥʦʚ ʚ 

ʫʢʘʟʘʥʥʳʭ ʨʝʛʠʦʥʘʭ.  

ʇʦʟʜʥʝʝ, ɺʝʨʝʪʝʥʝʥʢʦ ʠ ʊʘʡʣʦʤ [198, 199] ʙʳʣ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʦʪʢʣʠʢ ʥʠʞʥʝʡ 

ʘʪʤʦʩʬʝʨʳ ʚ ʩʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ ʥʘ ʚʪʦʨʞʝʥʠʝ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʳʭ ʩʦʣʥʝʯʥʳʭ 

ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ. ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʣʥʝʯʥʳʝ ʧʨʦʪʦʥʥʳʝ ʩʦʙʳʪʠʷ ʧʨʠʚʦʜʷʪ ʢ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʩʝʚʝʨʦʘʪʣʘʥʪʠʯʝʩʢʠʭ ʮʠʢʣʦʥʦʚ. ʈʦʩʪ ʮʠʢʣʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʨʘʡʦʥʝ ɻʨʝʥʣʘʥʜʠʠ ʥʘ ʩʣʝʜʫʶʱʠʡ ʜʝʥʴ ʧʦʩʣʝ ʥʘʯʘʣʘ 

ʩʦʙʳʪʠʷ. ʇʦʩʢʦʣʴʢʫ ʬʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʷ ʛʘʣʘʢʪʠʯʝʩʢʠʭ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ 

(ʫʤʝʥʴʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʦʢʘ ʂʃ) ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ, ʢʘʢ ʵʬʬʝʢʪ, 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ ʧʦ ʘʤʧʣʠʪʫʜʝ ʩʦʣʥʝʯʥʦʤʫ ʧʨʦʪʦʥʥʦʤʫ ʩʦʙʳʪʠʶ (ʨʦʩʪʫ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʦʢʘ ʂʃ), ʙʳʣʦ ʩʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʠ ʚ ʙʘʨʠʯʝʩʢʦʤ ʧʦʣʝ 

ʪʘʢʞʝ ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʵʬʬʝʢʪ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ ʧʦ ʘʤʧʣʠʪʫʜʝ, ʪ.ʝ. ʨʦʩʪ ʜʘʚʣʝʥʠʷ. 

ʆʜʥʘʢʦ ʚ ʩʣʫʯʘʝ ʬʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʷ ʦʪʢʣʠʢ ʥʠʞʥʝʡ ʘʪʤʦʩʬʝʨʳ ʤʦʞʝʪ ʦʪʣʠʯʘʪʴʩʷ ʧʦ 
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ʘʤʧʣʠʪʫʜʝ, ʣʦʢʘʣʠʟʘʮʠʠ ʵʬʬʝʢʪʘ ʠ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʘʪʤʦʩʬʝʨʳ ʥʘ ʚʦʟʤʫʱʘʶʱʝʝ 

ʚʣʠʷʥʠʝ ɻʂʃ.  

ʂʘʢ ʦʪʤʝʯʝʥʦ ʨʘʥʝʝ ʇʫʜʦʚʢʠʥʳʤ ʠ ʜʨ. [153], ʚ ʭʦʜʝ ʘʥʘʣʠʟʘ ʚʘʨʠʘʮʠʡ ʜʘʚʣʝʥʠʷ ʥʘ 

ʩʪʘʥʮʠʠ Sodankylª (ʌʠʥʣʷʥʜʠʷ, 67ÁN) ʚ ʩʚʷʟʠ ʩ ʬʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʷʤʠ ɻʂʃ ʥʘʙʣʶʜʘʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʜʘʚʣʝʥʠʷ ʚʦ ʚʩʝʡ ʪʦʣʱʝ ʪʨʦʧʦʩʬʝʨʳ ʠ ʥʠʞʥʝʡ ʩʪʨʘʪʦʩʬʝʨʝ. ʉʣʝʜʫʝʪ 

ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʫʢʘʟʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʪʦʣʴʢʦ ʜʣʷ ʦʜʥʦʡ ʚʳʩʦʢʦʰʠʨʦʪʥʦʡ 

ʩʪʘʥʮʠʠ.  

ɼʣʷ ʩʦʟʜʘʥʠʷ ʧʦʣʥʦʡ ʢʘʨʪʠʥʳ, ʦʧʠʩʳʚʘʶʱʝʡ ʨʝʘʢʮʠʶ ʥʠʞʥʝʡ ʘʪʤʦʩʬʝʨʳ ʥʘ 

ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʳʝ ʚʘʨʠʘʮʠʠ ɻʂʃ ʚ ʛʣʦʙʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ, ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ 

ʨʘʩʰʠʨʠʪʴ ʦʙʣʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʧʨʠʟʝʤʥʦʛʦ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʵʚʦʣʶʮʠʶ ʙʘʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ ʩʚʷʟʠ ʩ 

ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʳʤʠ ʚʘʨʠʘʮʠʷʤʠ ɻʂʃ ʢʘʢ ʚ ʩʝʚʝʨʥʦʤ, ʪʘʢ ʠ ʚ ʶʞʥʦʤ ʧʦʣʫʰʘʨʠʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʘʨʠʘʮʠʡ ʜʘʚʣʝʥʠʷ ʚ ʭʦʜʝ ʬʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʡ ɻʂʃ ʚ ʛʣʦʙʘʣʴʥʦʤ 

ʤʘʩʰʪʘʙʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ, ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʶʪ ʧʨʦʩʣʝʜʠʪʴ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʚʘʨʠʘʮʠʡ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʩʨʘʚʥʠʪʴ ʨʝʟʫʣʴʪʘʪʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʨʘʟʥʳʭ ʧʦʣʫʰʘʨʠʡ. 

 

2.2 ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʬʬʝʢʪʦʚ ʬʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʡ ɻʂʃ ʚ 

ʚʘʨʠʘʮʠʷʭ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʩʝʚʝʨʥʦʤ ʠ ʶʞʥʦʤ ʧʦʣʫʰʘʨʠʠ 

 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʨʝʜʥʝʩʫʪʦʯʥʳʝ ʟʥʘʯʝʥʠʷ ʛʝʦʧʦʪʝʥʮʠʘʣʴʥʳʭ ʚʳʩʦʪ 

ʠʟʦʙʘʨʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ 1000 ʛʇʘ ʧʦ ʜʘʥʥʳʤ ʨʝʘʥʘʣʠʟʘ NCEP/NCAR [115]. ɼʘʥʥʳʝ 

ʨʝʘʥʘʣʠʟʘ NCEP/NCAR ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩʥʳʡ ʘʨʭʠʚ ʜʘʥʥʳʭ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʪʤʦʩʬʝʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʛʣʦʙʘʣʴʥʦʤ ʠ 

ʨʝʛʠʦʥʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ. ɺ ʘʨʭʠʚʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʷ ʚʩʝʭ ʦʩʥʦʚʥʳʭ 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, 

ʪʘʢʠʭ ʢʘʢ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ, ʨʘʜʠʦʟʦʥʜʦʚʳʝ, ʩʘʤʦʣʸʪʥʳʝ, ʩʧʫʪʥʠʢʦʚʳʝ ʠ ʪ.ʜ. ʕʪʠ ʧʦʣʷ 

ʙʳʣʠ ʧʨʝʦʙʨʘʟʦʚʘʥʳ (ʘʩʩʠʤʠʣʠʨʦʚʘʥʳ) ʚ ʩʝʪʦʯʥʳʡ ʥʘʙʦʨ ʜʘʥʥʳʭ 2.5Ü ʭ 2.5Ü ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʝʡ ʦʙʱʝʡ ʮʠʨʢʫʣʷʮʠʠ ʘʪʤʦʩʬʝʨʳ. ʉʦʟʜʘʪʝʣʷʤʠ ʘʨʭʠʚʘ ʜʘʥʥʳʭ 

ʷʚʣʷʶʪʩʷ ʅʘʮʠʦʥʘʣʴʥʳʡ ʎʝʥʪʨ ʇʨʦʛʥʦʟʘ ʆʢʨʫʞʘʶʱʝʡ ʉʨʝʜʳ ʉʐɸ (NCEP) ʠ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʎʝʥʪʨ ɸʪʤʦʩʬʝʨʥʳʭ ʀʩʩʣʝʜʦʚʘʥʠʡ (NCAR).  
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʦʤ ʥʘʣʦʞʝʥʠʷ ʵʧʦʭ (ʄʅʕ) ʜʣʷ 48 ʬʦʨʙʫʰ-

ʧʦʥʠʞʝʥʠʡ ʩ ʘʤʧʣʠʪʫʜʦʡ ŭN/N > 2.5 %, ʦʪʦʙʨʘʥʥʳʭ ʟʘ ʧʝʨʠʦʜ 1980ï2006 ʛʛ. ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʥʝʡʪʨʦʥʥʦʛʦ ʤʦʥʠʪʦʨʘ ʩʪ. ɸʧʘʪʠʪʳ (67ÁN, 33ÁE, ʛʝʦʤʘʛʥʠʪʥʘʷ 

ʰʠʨʦʪʘ 63ÁN). ʅʫʣʝʚʦʡ ʜʝʥʴ ʜʣʷ ʘʥʘʣʠʟʘ ʄʅʕ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʜʥʶ ʥʘʯʘʣʘ ʬʦʨʙʫʰ-

ʧʦʥʠʞʝʥʠʷ. ʆʪʙʦʨ ʩʦʙʳʪʠʡ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʟʘ ʧʝʨʠʦʜ ʩ ʦʢʪʷʙʨʷ ʧʦ ʤʘʨʪ, ʢʦʪʦʨʳʡ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʭʦʣʦʜʥʦʤʫ ʧʦʣʫʛʦʜʠʶ ʚ ʩʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ, ʧʦʩʢʦʣʴʢʫ ʚ ʵʪʦʪ ʧʝʨʠʦʜ 

ʥʘʙʣʶʜʘʶʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʢʦʥʪʨʘʩʪʳ ʚ ʪʨʦʧʦʩʬʝʨʝ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ 

ʚʣʠʷʥʠʝʤ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʆʭʣʘʞʜʝʥʠʝ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʥʘʜ ʤʘʪʝʨʠʢʘʤʠ ʠ 

ʠʭ ʧʨʦʛʨʝʚ ʥʘʜ ʦʢʝʘʥʘʤʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʫʩʠʣʝʥʠʶ ʛʨʘʜʠʝʥʪʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʤʫ ʬʦʨʤʠʨʦʚʘʥʠʶ ʮʠʢʣʦʥʦʚ, ʧʦʩʢʦʣʴʢʫ ʧʝʨʝʤʝʱʝʥʠʝ 

ʚʥʝʪʨʦʧʠʯʝʩʢʠʭ ʮʠʢʣʦʥʦʚ ʷʚʣʷʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʚʳʨʘʚʥʠʚʘʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʢʦʥʪʨʘʩʪʦʚ ʚ ʘʪʤʦʩʬʝʨʝ [ʥʘʧʨ., 19, 40]. ɺ ʶʞʥʦʤ ʧʦʣʫʰʘʨʠʠ ʧʝʨʠʦʜ ʩ 

ʦʢʪʷʙʨʷ ʧʦ ʤʘʨʪ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʧʣʦʤʫ ʧʦʣʫʛʦʜʠʶ, ʦʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʩʦʭʨʘʥʷʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘʷ ʮʠʢʣʦʥʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʚʟʘʠʤʥʳʤ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʭʦʣʦʜʥʦʡ ʤʘʪʝʨʠʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ɸʥʪʘʨʢʪʠʜʳ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʧʣʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʖʞʥʦʛʦ ʆʢʝʘʥʘ [66]. 

ɺʘʞʥʳʤ ʢʨʠʪʝʨʠʝʤ ʦʪʙʦʨʘ ʙʳʣʦ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʝ ʚ ʧʝʨʠʦʜ Ñ 3 ʜʥʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʘʯʘʣʘ ʬʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʷ ʚʩʧʣʝʩʢʦʚ ʩʦʣʥʝʯʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 

ʚʳʰʝ I > 100 ʧʨʦʪʦʥĀʩʤī2ʩī1ʩʨī1 ʜʣʷ ʯʘʩʪʠʮ ʩ ʵʥʝʨʛʠʝʡ E > 10 ʄʵɺ. ʕʪʦ ʫʩʣʦʚʠʝ ʙʳʣʦ 

ʚʚʝʜʝʥʦ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʵʬʬʝʢʪʦʚ ʩʦʣʥʝʯʥʳʭ ʧʨʦʪʦʥʥʳʭ ʩʦʙʳʪʠʡ ʠ ʬʦʨʙʫʰ-ʧʦʥʠʞʝʥʠʡ 

ɻʂʃ ʚ ʚʘʨʠʘʮʠʷʭ ʜʘʚʣʝʥʠʷ ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ, ʧʨʝʜʣʦʞʝʥʥʦʡ ʚ ʨʘʙʦʪʝ [150]. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʜʘʪʴ ʧʨʘʚʠʣʴʥʫʶ ʦʮʝʥʢʫ ʥʝʚʦʟʤʫʱʝʥʥʳʤ ʫʩʣʦʚʠʷʤ ʚ ʘʪʤʦʩʬʝʨʝ, 

ʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʦʩʨʝʜʥʝʥʠʝʤ ʧʦ 10 ʜʥʷʤ, ʧʨʝʜʰʝʩʪʚʫʶʱʠʤ ʥʘʯʘʣʫ 

ʩʦʙʳʪʠʷ. ʊʘʢʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʝʨʠʦʜʘ ʦʩʨʝʜʥʝʥʠʷ ʙʳʣʘ ʚʳʙʨʘʥʘ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʦʥʘ 

ʧʝʨʝʢʨʳʚʘʝʪ ʧʦ ʚʨʝʤʝʥʠ 2-3 ʝʩʪʝʩʪʚʝʥʥʳʭ ʩʠʥʦʧʪʠʯʝʩʢʠʭ ʧʝʨʠʦʜʘ, ʩʨʝʜʥʷʷ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 3 ʜʦ 5 ʜʥʝʡ. (ʆʧʨʝʜʝʣʝʥʠʝ ʠ ʧʦʜʨʦʙʥʦʝ 

ʦʧʠʩʘʥʠʝ ʩʠʥʦʧʪʠʯʝʩʢʠʭ ʧʝʨʠʦʜʦʚ ʧʨʠʚʝʜʝʥʦ ʚ ʇʨʠʣʦʞʝʥʠʠ 4.) ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 10-

ʜʥʝʚʥʳʡ ʦʪʨʝʟʦʢ ʚʨʝʤʝʥʠ ʧʨʝʚʳʰʘʝʪ ʧʦ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʝʨʠʦʜ ʦʪʢʣʠʢʘ ʘʪʤʦʩʬʝʨʳ ʥʘ 

ʷʚʣʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʳʭ ʤʦʞʝʪ 

ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʦʪ 2-3 ʜʥʝʡ [198] ʜʦ 5ï6 ʜʥʝʡ [153]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʥʘʭʦʞʜʝʥʠʠ 

ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʫʨʦʚʥʷ ʙʳʣʠ ʫʯʪʝʥʳ ʢʘʢ ʝʩʪʝʩʪʚʝʥʥʳʝ ʚʘʨʠʘʮʠʠ ʘʪʤʦʩʬʝʨʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢ ʠ ʚʦʟʤʦʞʥʦʝ ʚʣʠʷʥʠʝ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 


