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ʈʦʟʨʦʙʢʘ ʧʦʪʦʯʥʠʭ ʨʦʙʽʪ ʟʘ ʥʘʧʨʷʤʦʤ ʙʘʛʘʪʦʙʣʦʯʥʦʛʦ ʽʤʦʚʽʨʥʽʩʥʦʛʦ ʘʥʘʣʽʟʫ ʙʝʟʧʝʢʠ 

(ɯɸɹ) ʟʫʤʦʚʣʝʥʘ ʥʝʦʙʭʽʜʥʽʩʪʶ ʚʽʜʦʙʨʘʞʝʥʥʷ ʤʦʞʣʠʚʦʾ ʨʝʘʢʮʽʾ ʤʘʡʜʘʥʯʠʢʫ ʟ ʜʝʢʽʣʴʢʦʤʘ 

ʝʥʝʨʛʦʙʣʦʢʘʤʠ ʥʘ ʚʧʣʠʚʠ (ʚʢʣʶʯʘʶʯʠ ʚʧʣʠʚ ʘʚʘʨʽʾ ʥʘ ʦʜʥʦʤʫ ʙʣʦʮʽ ʥʘ ʽʥʰʽ ʙʣʦʢʠ 

ʤʘʡʜʘʥʯʠʢʘ ʘʙʦ ʦʜʥʦʯʘʩʥʽ ʧʦʜʽʾ, ʚʠʢʣʠʢʘʥʽ ʟʦʚʥʽʰʥʽʤʠ ʘʙʦ ʚʥʫʪʨʽʰʥʽʤʠ ʽʥʽʮʽʘʪʦʨʘʤʠ). 

ɿ 1980-ʭ ʨʦʢʽʚ ʧʫʙʣʽʢʫʚʘʣʠʩʷ ʪʝʭʥʽʯʥʽ ʜʦʢʫʤʝʥʪʠ ʱʦʜʦ ʙʘʛʘʪʦʙʣʦʯʥʦʾ ʽʤʦʚʽʨʥʽʩʥʦʾ 

ʦʮʽʥʢʠ ʙʝʟʧʝʢʠ. ʆʜʥʘʢ ʣʠʰʝ ʧʽʩʣʷ ʘʚʘʨʽʾ ʥʘ ɸɽʉ ʌʫʢʫʩʽʤʘ ʙʫʣʦ ʧʨʠʩʢʦʨʝʥʦ ʪʘ ʧʦʩʠʣʝʥʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟʘ ʥʘʧʨʷʤʦʤ ɯɸɹ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʚʩʴʦʛʦ ʤʘʡʜʘʥʯʠʢʫ. ʈʦʟʛʣʷʜ ʟʘʟʥʘʯʝʥʦʛʦ 

ʧʠʪʘʥʥʷ ʥʝʦʙʭʽʜʥʠʡ ʟ ʦʛʣʷʜʫ ʥʘ ʪʝ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʤʘʡʜʘʥʯʠʢʽʚ ʩʫʯʘʩʥʠʭ ɸɽʉ ʤʽʩʪʠʪʴ ʙʽʣʴʰʝ 

ʥʽʞ ʦʜʠʥ ʝʥʝʨʛʦʙʣʦʢ, ʱʦ ʟʫʤʦʚʣʝʥʦ ʧʨʘʛʥʝʥʥʷʤ ʝʢʦʥʦʤʽʯʥʦʾ ʚʠʛʽʜʥʦʩʪʽ. ɺ ʩʚʦʶ ʯʝʨʛʫ, 

ʘʥʘʣʽʟʠ ʙʝʟʧʝʢʠ, ʱʦ ʧʨʦʚʦʜʷʪʴʩʷ ʥʘ ɸɽʉ, ʜʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʾʭ ʥʘʣʝʞʥʦʛʦ ʨʽʚʥʷ ʙʝʟʧʝʢʠ, 

ʧʨʦʚʦʜʷʪʴʩʷ ʚ ʢʦʥʪʝʢʩʪʽ ʢʦʞʥʦʛʦ ʦʢʨʝʤʦʛʦ ʝʥʝʨʛʦʙʣʦʢʫ. ʇʨʠ ʮʴʦʤʫ ʧʦʚʥʦʮʽʥʥʠʭ ʤʝʪʦʜʠʢ 

ʟ ʦʮʽʥʢʠ ʨʠʟʠʢʫ ʤʘʡʜʘʥʯʠʢʫ ʥʘ ʜʘʥʠʡ ʯʘʩ ʥʝ ʽʩʥʫʻ. ʊʦʤʫ ʣʦʛʽʯʥʦʶ ʩʪʘʣʘ ʧʦʷʚʘ ʪʝʥʜʝʥʮʽʾ ʟ 

ʨʦʟʨʦʙʢʠ ʧʽʜʭʦʜʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʪʴ ʦʮʽʥʠʪʠ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ ʤʘʡʜʘʥʯʠʢʘ ʚ ʮʽʣʦʤʫ. 

ʄɸɻɸʊɽ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʪʘ ʦʧʫʙʣʽʢʦʚʘʥʽ ʤʝʪʦʜʦʣʦʛʽʯʥʽ ʜʦʢʫʤʝʥʪʠ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʾ 

[1, 2] ʱʦʜʦ ʚʨʘʭʫʚʘʥʥʷ ʟʦʚʥʽʰʥʽʭ ʥʝʙʝʟʧʝʢ ʪʘ ʪʝʭʥʽʯʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʽʤʦʚʽʨʥʽʩʥʽʡ ʦʮʽʥʮʽ 

ʙʝʟʧʝʢʠ ʜʣʷ ʜʝʢʽʣʴʢʦʭ ʙʣʦʢʽʚ ɸɽʉ. 

ʈʦʟʛʣʷʜ ʽʩʥʫʶʯʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʚ ʥʘʩʪʫʧʥʝ: ʚʠʩʫʥʫʪʦ ʧʨʦʧʦʟʠʮʽʾ ʱʦʜʦ ʨʦʟʨʦʙʢʠ 

ʣʦʛʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʙʘʛʘʪʦʙʣʦʯʥʦʛʦ ɯɸɹ [3]; ʨʦʟʨʦʙʣʶʻʪʴʩʷ ʤʝʪʦʜʦʣʦʛʽʷ ʦʮʽʥʢʠ ʨʠʟʠʢʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʨʘʜʠʮʽʡʥʦʾ ʪʘ ʨʦʟʧʦʚʩʶʜʞʝʥʦʾ ʤʝʪʦʜʦʣʦʛʽʾ ɯɸɹ. ʈʦʟʨʦʙʣʝʥʽ ʜʝʢʽʣʴʢʘ ʙʽʣʴʰ 

ʜʝʪʘʣʴʥʠʭ ʧʽʜʭʦʜʽʚ, ʟʘʩʪʦʩʦʚʥʠʭ ʜʦ ɯɸɹ 1-ʛʦ ʪʘ 2-ʛʦ ʨʽʚʥʽʚ ʜʣʷ ʤʘʡʜʘʥʯʠʢʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʜʦ 

ʰʝʩʪʠ ʙʣʦʢʽʚ [4, 5], ʷʢʽ ʪʘʢʦʞ ʤʘʶʪʴ ʨʷʜ ʢʦʥʩʝʨʚʘʪʠʚʥʠʭ ʧʨʠʧʫʱʝʥʴ ʪʘ ʦʙʤʝʞʝʥʴ, ʘʣʝ 

ʟʘʜʘʶʪʴ ʥʘʧʨʷʤʦʢ ʜʣʷ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜʦʣʦʛʽʾ. ɼʣʷ ʮʽʣʝʡ ʪʘʢʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʨʦʙʣʷʶʪʴʩʷ 

ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʢʽʣʴʢʽʩʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪ ʘʚʘʨʽʡʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ 

[6]. 

ɺ ʧʝʨʝʚʘʞʥʽʡ ʙʽʣʴʰʦʩʪʽ ʩʫʯʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʠʡʥʷʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ [7] ʩʭʝʤʘ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʘ ʷʢʦʶ ʧʦʜʽʾ ʥʘ ʜʝʢʽʣʴʢʦʭ ʝʥʝʨʛʦʙʣʦʢʘʭ ʙʫʣʦ ʚʽʜʩʦʨʪʦʚʘʥʦ ʟʘ ʰʽʩʪʴʤʘ 

ʢʘʪʝʛʦʨʽʷʤʠ: ʽʥʽʮʽʶʶʯʽ ʧʦʜʽʾ, ʩʧʽʣʴʥʽ ʟôʻʜʥʘʥʥʷ, ʽʜʝʥʪʠʯʥʽ ʢʦʤʧʦʥʝʥʪʠ, ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ 

ʙʣʠʟʴʢʦʩʪʽ, ʣʶʜʩʴʢʠʡ ʬʘʢʪʦʨ ʪʘ ʦʨʛʘʥʽʟʘʮʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ [8]. ʆʢʨʝʤʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʧʦʥʫʶʪʴ ʧʽʜʭʦʜʠ ʟʘ ʢʦʞʥʦʶ ʟ ʢʘʪʝʛʦʨʽʡ. ʆʜʥʘʢ ʧʽʜʩʫʤʢʦʤ ʾʭ ʨʝʟʫʣʴʪʘʪʽʚ ʻ ʥʘʷʚʥʽʩʪʴ 

ʢʦʥʩʝʨʚʘʪʠʚʥʠʭ ʚʽʜʩʪʫʧʽʚ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʥʘ ʨʝʘʣʽʩʪʠʯʥʠʡ ʧʽʜʭʽʜ. 

ʇʨʠ ʦʮʽʥʮʽ ʨʠʟʠʢʫ ʥʝʦʙʭʽʜʥʦ ʧʨʘʛʥʫʪʠ ʜʦ ʨʝʘʣʽʩʪʠʯʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʜʥʘʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ, ʷʢ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʦʮʽʥʮʽ ʚʽʜʤʦʚ ʟ ʟʘʛʘʣʴʥʠʭ ʧʨʠʯʠʥ (ɺɿʇ) [4], 

ʢʦʥʩʝʨʚʘʪʠʚʥʠʭ ʧʽʜʭʦʜʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʪʨʘʪʠ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʙʘʛʘʪʦʙʣʦʯʥʦʛʦ ɯɸɹ 

ʨʝʘʣʽʩʪʠʯʥʦʩʪʽ. ɿʚʽʜʩʠ ʪʘʢʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʽʜʭʦʜʽʚ. 

ɿʘʛʘʣʦʤ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʙʘʛʘʪʦʙʣʦʯʥʦʛʦ ɯɸɹ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʪʘʪʠʯʥʠʡ ʘʙʦ 

ʜʠʥʘʤʽʯʥʠʡ ʧʽʜʭʽʜ. ʊʘʢ, ʄɸɻɸʊɽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʨʦʩʪʠʡ ʪʘ ʧʨʘʢʪʠʯʥʠʡ ʧʽʜʭʽʜ ʜʦ 

ʩʪʘʪʠʯʥʦʛʦ ʙʘʛʘʪʦʙʣʦʯʥʦʛʦ ɯɸɹ [9], ʟʛʽʜʥʦ ʷʢʦʛʦ ʣʦʛʽʢʘ ʦʜʥʦʙʣʦʯʥʦʛʦ ɯɸɹ ʩʧʨʦʱʫʻʪʴʩʷ, 

ʧʽʩʣʷ ʯʦʛʦ ʜʝʢʽʣʴʢʘ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʽʥʪʝʛʨʫʶʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʨʘʜʠʮʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ 

ʟ ʟʘʛʘʣʴʥʠʭ ʧʨʠʯʠʥ ʦʜʥʦʛʦ ʙʣʦʢʫ ʜʣʷ ʦʙʨʦʙʢʠ ʟʘʣʝʞʥʦʩʪʝʡ ʜʝʢʽʣʴʢʦʭ ʙʣʦʢʽʚ. ɺ ʧʨʦʪʠʚʘʛʫ 

ʧʨʦʧʦʥʫʶʪʴʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʙʽʣʴʰ ʩʢʣʘʜʥʽ ʪʘ ʨʝʘʣʽʩʪʠʯʥʽ ʤʝʪʦʜʦʣʦʛʽʾ [8], ʟʘʩʥʦʚʘʥʽ ʥʘ 

ʜʠʥʘʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ, ʤʝʪʦʶ ʷʢʠʭ ʻ ʦʮʽʥʢʘ ʧʦʢʘʟʥʠʢʽʚ ʨʠʟʠʢʫ ʧʨʦʮʝʩʽʚ ʚ ʜʠʥʘʤʽʮʽ, ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʯʘʩʦʚʦʛʦ ʬʘʢʪʦʨʫ. 

ʆʧʠʨʘʶʯʠʩʴ ʥʘ ʨʦʟʛʣʷʥʫʪʽ ʧʨʦʬʽʣʽ ʨʠʟʠʢʫ ʜʣʷ ʜʝʢʽʣʴʢʦʭ ʝʥʝʨʛʦʙʣʦʢʽʚ, ʤʦʞʥʘ 

ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ɺɿʇ, ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʚʽʜʤʦʚ ʧʝʨʩʦʥʘʣʫ ʪʘ ʽʤʦʚʽʨʥʽʩʪʴ ʩʝʡʩʤʽʯʥʦʾ 

ʚʨʘʟʣʠʚʦʩʪʽ ʩʪʘʥʦʚʣʷʪʴ ʜʦʤʽʥʫʶʯʫ ʯʘʩʪʠʥʫ ʚʥʝʩʢʫ ʧʨʠ ʦʮʽʥʮʽ ʙʘʛʘʪʦʙʣʦʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 
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ʨʠʟʠʢʫ. ʆʪʞʝ, ʧʦʜʘʣʴʰʽ ʟʫʩʠʣʣʷ ʧʦ ʫʜʦʩʢʦʥʘʣʝʥʥʶ ʤʝʪʦʜʦʣʦʛʽʾ ʙʘʛʘʪʦʙʣʦʯʥʦʛʦ ɯɸɹ 

ʧʦʚʠʥʥʽ ʙʫʪʠ ʟʦʩʝʨʝʜʞʝʥʥʽ ʥʘ ʨʦʟʨʦʙʮʽ ʜʦʜʘʪʢʦʚʠʭ ʨʝʢʦʤʝʥʜʘʮʽʾ ʧʦ ʟʘʟʥʘʯʝʥʠʤ ʥʘʧʨʷʤʘʤ. 

ʉʧʝʮʠʬʽʢʘ ʪʘ ʯʘʩ ʩʪʘʥʦʚʣʷʪʴ ʦʩʥʦʚʥʽ ʟʤʽʥʥʽ ʬʫʥʢʮʽʾ ʽʤʦʚʽʨʥʦʩʪʽ ʧʦʤʠʣʢʠ ʧʝʨʩʦʥʘʣʫ, 

ʦʮʽʥʢʘ ʷʢʠʭ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʘʥʘʣʽʟʫ ʥʘʜʽʡʥʦʩʪʽ ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʫ. ɺ ʮʴʦʤʫ ʩʝʥʩʽ, ʦʢʨʽʤ 

ʟʘʣʝʞʥʠʭ ʚʽʜʤʦʚ ʙʣʦʢʘ ʪʘ ʚʽʜʤʦʚ ʟ ʟʘʛʘʣʴʥʠʭ ʧʨʠʯʠʥ, ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʻ ʘʥʘʣʽʟ ʜʽʡ 

ʧʝʨʩʦʥʘʣʫ. 

ɼʝʪʘʣʴʥʦʤʫ ʘʥʘʣʽʟʫ ʧʦʚʠʥʥʽ ʧʽʜʣʷʛʘʪʠ ʘʚʘʨʽʡʥʽ ʽʥʩʪʨʫʢʮʽʾ ʪʘ ʢʝʨʽʚʥʠʮʪʚʘ, ʾʭ 

ʟʘʩʪʦʩʦʚʥʽʩʪʴ ʫ ʚʠʧʘʜʢʫ ʚʧʣʠʚʽʚ ʟ ʘʚʘʨʽʷʤʠ ʥʘ ʜʝʢʽʣʴʢʦʭ ʝʥʝʨʛʦʙʣʦʢʘʭ ɸɽʉ, ʜʦʩʪʫʧʥʽʩʪʴ 

ʨʝʩʫʨʩʽʚ ʚ ʦʙʤʝʞʝʥʠʭ ʫʤʦʚʘʭ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʜʫʨʥʠʭ ʜʽʡ ʟʘ ʚʽʜʧʦʚʽʜʥʠʭ 

ʦʙʩʪʘʚʠʥ. ʊʦʤʫ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʢʦʨʝʢʪʥʦʛʦ ʚʨʘʭʫʚʘʥʥʷ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʝʡ, ʱʦ 

ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʘʚʘʨʽʡʥʠʭ ʧʨʦʮʝʩʘʭ, ʥʘʧʨʠʢʣʘʜ, ʚʧʣʠʚʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʘʞʢʦʾ ʘʚʘʨʽʾ ʥʘ 

ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʥʘ ʩʫʩʽʜʥʽʭ ʙʣʦʢʘʭ, ʜʽʾ ʛʨʫʧʠ ʽʥʞʝʥʝʨʥʦʾ 

ʧ̔ ʜʪʨʠʤʢʠ ʧʨʠ ʢʝʨʫʚʘʥʥʽ ʚʘʞʢʠʤʠ ʘʚʘʨʽʷʤʠ ʥʘ ʜʝʢʽʣʴʢʦʭ ʝʥʝʨʛʦʙʣʦʢʘʭ ʦʜʥʦʯʘʩʥʦ, ʨʝʘʢʮʽʷ 

ʥʘ ʢʦʤʙʽʥʘʮʽʾ ʚʧʣʠʚʽʚ ʪʦʱʦ. ʇʨʠ ʮʴʦʤʫ ʚʠʥʠʢʘʶʪʴ ʧʨʦʮʝʜʫʨʥʽ ʥʝʜʦʪʨʠʤʘʥʥʷ ʪʘ ʧʦʩʪʘʻ 

ʧʠʪʘʥʥʷ ʜʦʩʪʘʪʥʦʩʪʽ ʽʩʥʫʶʯʠʭ ʧʨʠʧʠʩʽʚ. 

ɸʥʘʣʽʟ ʟʘ ʜʘʥʠʤ ʥʘʧʨʷʤʦʤ ʪʘ ʨʦʟʨʦʙʢʘ ʧʨʦʧʦʟʠʮʽʡ ʟ ʚʨʘʭʫʚʘʥʥʷ ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʫ 

ʜʦʮʽʣʴʥʽ ʟ ʪʦʯʢʠ ʟʦʨʫ, ʱʦ ʦʢʨʽʤ ʦʮʽʥʢʠ ʩʘʤʦʛʦ ʨʠʟʠʢʫ, ʚʘʞʣʠʚʠʤ ʧʠʪʘʥʥʷʤ ʻ ʢʝʨʫʚʘʥʥʷ 

ʨʠʟʠʢʦʤ ʥʘ ʤʘʡʜʘʥʯʠʢʫ. ʉʘʤʝ ʪʦʤʫ ʥʝʦʙʭʽʜʥʠʡ ʜʝʪʘʣʴʥʠʡ ʨʦʟʛʣʷʜ ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʫ ʚ 

ʢʦʥʪʝʢʩʪʽ ʚʧʣʠʚʽʚ ʥʘ ʤʘʡʜʘʥʯʠʢ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʠʥʘʤʽʯʥʦʛʦ ʧʽʜʭʦʜʫ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʤʝʪʦʜʽʚ ʢʝʨʫʚʘʥʥʷ ʪʘ ʣʽʢʚʽʜʘʮʽʾ ʘʚʘʨʽʡ. 
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ʈɽɿʋʃʔʊɸʊʀ ɽʂʉʇɽʈʊʅʆɰ ʆʎɯʅʂʀ ʇʆʊʆʏʅʆɻʆ ɯ ʇʈʆɻʅʆɿʆɺɸʅʆɻʆ 

ʈɯɺʅʗ ʇɯɼʂʈʀʊʀʏʅʆʉʊɯ ʗɼɽʈʅʆ-ʅɽɹɽɿʇɽʏʅʆɻʆ ʉʂʋʇʏɽʅʅʗ 

ʇɸʃʀɺʆɺʄɯʉʅʀʍ ʄɸʊɽʈɯɸʃɯɺ ɺʉɽʈɽɼʀʅɯ ʆʋ 

ʗʜʝʨʥʘ ʙʝʟʧʝʢʘ ʢʦʞʥʦʛʦ ʩʢʫʧʯʝʥʥʷ ʚ ʦʙ'ʻʢʪʽ çʋʢʨʠʪʪʷè (ʆʋ) ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʽʣʴʢʠ ʷʢ 

ʜʦʚʝʜʝʥʘ ʛʘʨʘʥʪʽʷ ʚʽʜʩʫʪʥʦʩʪʽ (ʘʙʦ ʤʦʞʣʠʚʦʩʪʽ ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʠʢʣʶʯʝʥʥʷ) ʫʤʦʚ 

ʚʠʥʠʢʥʝʥʥʷ ʩʘʤʦʧʽʜʪʨʠʤʫʚʘʥʦʾ ʣʘʥʮʶʛʦʚʦʾ ʨʝʘʢʮʽʾ ʧʦʜʽʣʫ (ʉʃʈ). ʇʽʩʣʷ ʫʩʪʘʥʦʚʢʠ ʥʦʚʦʛʦ 

ʙʝʟʧʝʯʥʦʛʦ ʢʦʥʬʘʡʤʝʥʪʫ (ʅɹʂ) ʽ ʧʨʠʧʠʥʝʥʥʷ ʜʦʩʪʫʧʫ ʚ ʆʋ ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ ʚʩʽ 

ʧʨʠʤʽʱʝʥʥʷ, ʚ ʷʢʠʭ ʚʠʷʚʣʝʥʽ ʩʢʫʧʯʝʥʥʷ ʧʘʣʠʚʦʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʟʥʘʥʽ 

ʷʜʝʨʥʦ-ʙʝʟʧʝʯʥʠʤʠ ʟʘ ʚʠʥʷʪʢʦʤ ʧʽʚʜʝʥʥʦ-ʩʭʽʜʥʦʾ ʯʘʩʪʠʥʠ ʧʽʜʨʝʘʢʪʦʨʥʦʛʦ ʧʨʠʤ. 305/2, 

ʤʽʩʮʷ ʫʪʚʦʨʝʥʥʷ ʽ ʚʠʭʦʜʫ ʧʦʪʦʢʽʚ ʯʦʨʥʠʭ ʣʘʚʦʧʦʜʽʙʥʠʭ ʧʘʣʠʚʦʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʃʇɺʄ). 

ʊʫʪ ʚ ʟʦʥʽ ʧʨʦʧʣʘʚʣʝʥʥʷ 2-ʭ ʤʝʪʨʦʚʦʛʦ ʤʦʥʦʣʽʪʫ ʟʘʣʽʟʦʙʝʪʦʥʫ ʦʧʦʨʥʦʾ ʧʣʠʪʠ ʰʘʭʪʠ 

ʨʝʘʢʪʦʨʫ (ʆʇ) ʟʥʘʭʦʜʠʪʴʩʷ ʷʜʝʨʥʦ-ʥʝʙʝʟʧʝʯʥʝ ʩʢʫʧʯʝʥʥʷ (ʗʅʉ), ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ 

ʉʃʈ ʚ ʷʢʦʤʫ ʥʝ ʤʦʞʝ ʙʫʪʠ ʚʠʢʣʶʯʝʥʘ [1]. 

ɺ ʜʘʥʠʡ ʯʘʩ ʧʽʩʣʷ ʥʘʩʫʚʘʥʥʷ ʅɹʂ ʪʘ ʧʨʠʧʠʥʝʥʥʷ ʜʦʩʪʫʧʫ ʚʦʜʠ ʚ ʆʋ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʧʦʩʪʽʡʥʝ ʟʨʦʩʪʘʥʥʷ ʥʝʡʪʨʦʥʥʦʾ ʘʢʪʠʚʥʦʩʪʽ, ʷʢʝ ʤʦʞʝ ʙʫʪʠ ʚʠʢʣʠʢʘʥʝ ʚʚʝʜʝʥʥʷʤ ʧʦʟʠʪʠʚʥʦʾ 

ʨʝʘʢʪʠʚʥʦʩʪʽ ʧʨʠ ʚʠʭʦʜʽ ʚʦʜʠ ʟ ʧʝʨʝʟʚʦʣʦʞʝʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʗʅʉ.  ʈʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ 

ʢʦʥʪʨʦʣʶ ʩʪʘʥʫ ʧʽʜʢʨʠʪʠʯʥʦʩʪʽ ʗʅʉ ʻ ʘʢʪʫʘʣʴʥʠʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʜʝʨʥʦʾ ʙʝʟʧʝʢʠ 

ʢʦʤʧʣʝʢʩʫ ʅɹʂ ʆʋ. ɿ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʜʝʨʥʦʾ ʙʝʟʧʝʢʠ ʪʘ ʥʝʜʦʧʫʱʝʥʥʷ ʚʠʥʠʢʥʝʥʥʷ 

ʉʃʈ ʥʝʦʙʭʽʜʥʦ ʦʮʽʥʠʪʠ ʥʝʡʪʨʦʥʥʦ-ʬʽʟʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʗʅʉ. ʏʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʜʦʩʪʫʧʫ 

ʜʦ ʨʦʟʤʥʦʞʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʘ ʪʘʢʦʞ ʥʝʤʦʞʣʠʚʦʩʪʽ ʚʽʜʙʦʨʫ ʧʨʦʙ ʟ ʦʛʣʷʜʫ ʥʘ ʾʭ ʚʠʩʦʢʫ 

ʘʢʪʠʚʥʽʩʪʴ, ʮʽ ʦʮʽʥʢʠ ʤʦʞʥʘ ʚʠʢʦʥʘʪʠ ʪʽʣʴʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʶʚʘʥʥʷ. 

ɼʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʱʽʣʴʥʦʩʪʽ ʧʦʪʦʢʫ ʥʝʡʪʨʦʥʽʚ (ʑʇʅ), ʨʝʻʩʪʨʦʚʘʥʦʾ 

ʜʘʪʯʠʢʘʤʠ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʷʜʝʨʥʦʾ ʙʝʟʧʝʢʠ (ʉʂʗɹ), ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʩʪʚʦʨʠʪʠ 

ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ, ʱʦ ʚʠʟʥʘʯʘʣʘ ʙ ʧʨʦʛʥʦʟʦʚʘʥʠʡ ʪʨʝʥʜ ʑʇʅ, ˇʨʫʥʪʫʶʯʠʩʴ ʥʘ 

ʨʝʻʩʪʨʦʚʘʥʽʡ ʜʠʥʘʤʽʮʽ ʽ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʟʘʣʝʞʥʦʩʪʷʭ ʝʬʝʢʪʠʚʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʨʦʟʤʥʦʞʝʥʥʷ 

ʥʝʡʪʨʦʥʽʚ (Kʝʬ) ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʦʜʠ (Kʝʬ(C)) [2]. 

ʄʝʪʦʜ ʛʨʫʥʪʫʻʪʴʩʷ: ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʦʟʨʘʭʫʥʢʦʚʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ 

Kʝʬ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʦʜʠ (ʦʪʨʠʤʘʥʠʭ ʜʣʷ ʚʝʨʩʽʡ ʤʘʪʝʨʽʘʣʴʥʠʭ ʤʦʜʝʣʝʡ ʰʘʨʫ ʯʦʨʥʠʭ ʃʇɺʄ 

ʽ ʢʨʠʪʠʯʥʦʾ ʤʘʩʠ (ʂʄ)) ʚ ʨʦʟʤʥʦʞʫʶʯʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʽ ʥʘ ʟʚ'ʷʟʢʫ ʥʘʩʪʫʧʥʠʭ ʜʠʥʘʤʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʚ ʪʦʯʢʦʚʽʡ ʤʦʜʝʣʽ ʧʽʜʢʨʠʪʠʯʥʦʾ ʨʦʟʤʥʦʞʫʶʯʦʾ ʩʠʩʪʝʤʠ: 

•ᴼὲᴼ ᴼ
̆̕
ᴼ ᴼὑ̞ ὸ̕ᴼ•ὸ, 

ʜʝ: • ̎Ⱦ̒ Ͻ̍̒   ʑʇʅ, ʱʦ ʨʝʻʩʪʨʫʻʪʴʩʷ; ὲ ̎Ⱦ̒  ̍   ʱʽʣʴʥʽʩʪʴ ʥʝʡʪʨʦʥʽʚ ʚ 

ʩʠʩʪʝʤʽ; # ̄Ⱦ̒  ̍   ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʦʜʠ ʚ ʨʦʟʤʥʦʞʫʶʯʦʤʫ ʩʝʨʝʜʦʚʠʱʽ;   ʰʚʠʜʢʽʩʪʴ 

ʥʘʨʦʩʪʘʥʥʷ ʱʽʣʴʥʦʩʪʽ ʥʝʡʪʨʦʥʽʚ; 
̆̕

  ʰʚʠʜʢʽʩʪʴ ʚʚʝʜʝʥʥʷ ʨʝʘʢʪʠʚʥʦʩʪʽ;   ʰʚʠʜʢʽʩʪʴ 

ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʦʜʠ ʚ ʧʨʦʮʝʩʽ ʟʥʝʚʦʜʥʝʥʥʷ ʗʅʉ. 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʑʇʅ, ʱʦ ʨʝʻʩʪʨʫʻʪʴʩʷ ʙʣʦʢʦʤ ʜʝʪʝʢʪʫʚʘʥʥʷ 

(ɹɼ) ˉ3 ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 1, ʜʝ: űi ï ʱʽʣʴʥʽʩʪʴ ʥʝʡʪʨʦʥʽʚ ʚʠʪʦʢʫ, ʱʦ ʨʝʻʩʪʨʫʻʪʴʩʷ ɹɼ ʥʘ 
ʧʦʯʘʪʢʫ ʽ-ʛʦ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ, [ʥ/(ʩʤ2Āʩ)]; űi+1 ï ʱʽʣʴʥʽʩʪʴ ʥʝʡʪʨʦʥʽʚ ʚʠʪʦʢʫ, ʱʦ 

ʨʝʻʩʪʨʫʻʪʴʩʷ ɹɼ ʚ ʢʽʥʮʽ ʽ-ʛʦ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ, [ʥ/(ʩʤ2Āʩ)]; VCʃi ï ʰʚʠʜʢʽʩʪʴ 

ʟʤʝʥʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʦʜʠ ʚ ʨʦʟʤʥʦʞʫʶʯʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʯʦʨʥʠʭ ʃʇɺʄ ʥʘ ʽ-ʤʫ 

ʽʥʪʝʨʚʘʣʽ, [ʛ/(ʩʤ3Āʩ)]; VCʂi ï ʰʚʠʜʢʽʩʪʴ ʟʤʝʥʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʦʜʠ ʚ ʨʦʟʤʥʦʞʫʶʯʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʇɺʄ ʟ ʚʠʩʦʢʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʧʘʣʠʚʘ ʽ-ʤʫ ʽʥʪʝʨʚʘʣʽ, [ʛ/(ʩʤ3Āʩ)]; Kʝʬʂʄi ï 

ʝʬʝʢʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʤʥʦʞʝʥʥʷ ʥʝʡʪʨʦʥʽʚ ʚ ʩʝʨʝʜʦʚʠʱʽ ʇɺʄ ʟ ʚʠʩʦʢʦʶ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʫʨʘʥʫ ʚ ʢʽʥʮʽ ʽ-ʛʦ ʽʥʪʝʨʚʘʣʫ; Kʝʬʃi ï ʝʬʝʢʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʤʥʦʞʝʥʥʷ 

ʥʝʡʪʨʦʥʽʚ ʚ ʩʝʨʝʜʦʚʠʱʽ ʯʦʨʥʠʭ ʃʇɺʄ ʚ ʢʽʥʮʽ ʽ-ʛʦ ʽʥʪʝʨʚʘʣʫ; Cʂʄ ̔ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʦʜʠ ʚ 
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ʩʝʨʝʜʦʚʠʱʽ ʇɺʄ ʟ ʚʠʩʦʢʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʫʨʘʥʫ ʚ ʢʽʥʮʽ ʽ-ʛʦ ʽʥʪʝʨʚʘʣʫ, [ʛ/ʩʤ3]; Cʃ ̔ ï 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʦʜʠ ʚ ʩʝʨʝʜʦʚʠʱʽ ʯʦʨʥʠʭ ʃʇɺʄ ʚ ʢʽʥʮʽ ʽ-ʛʦ ʽʥʪʝʨʚʘʣʫ, [ʛ/ʩʤ3]; dɟi/dt ï 

ʰʚʠʜʢʽʩʪʴ ʚʚʝʜʝʥʥʷ ʧʦʟʠʪʠʚʥʦʾ ʨʝʘʢʪʠʚʥʦʩʪʽ ʚ ʨʦʟʤʥʦʞʫʶʯʝ ʩʝʨʝʜʦʚʠʱʝ ʇɺʄ ʟ ʚʠʩʦʢʦʶ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʫʨʘʥʫ, ʫʩʝʨʝʜʥʝʥʝ ʧʦ ʽ-ʤʫ ʽʥʪʝʨʚʘʣʫ, [ɓ/c]. 

ɻʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʤʦʜʝʣʴʥʦʾ ʜʠʥʘʤʽʢʠ ʑʇʅ, ʱʦ ʨʝʻʩʪʨʫʻʪʴʩʷ, ʪʘ ʾʾ ʧʨʦʛʥʦʟʥʘ 

ʜʠʥʘʤʽʢʘ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩʫʥʢʫ 1. 

 

 
ʈʠʩʫʥʦʢ 1 - ɿʤʦʜʝʣʴʦʚʘʥʘ ʜʠʥʘʤʽʢʘ ʑʇʅ, ʱʦ ʨʝʻʩʪʨʫʻʪʴʩʷ ɹɼ ˉ3 

 

ʊʘʙʣʠʮʷ 1 - ʈʦʟʨʘʭʫʥʢʦʚʽ ʽ ʧʨʦʛʥʦʟʥʽ ʟʥʘʯʝʥʥʷ ʩʫʤʘʨʥʦʾ ʑʇʅ, ʂʝʬʂʄ ʪʘ ʰʚʠʜʢʦʩʪʽ 

ʚʠʭʦʜʫ ʚʦʜʠ ʟ ʂʄ  

Ѕ 
ͤͭ͜Φ 

i˒, 
ͤκόͫͣ2ϊͫ ύ 

i˒+1, 
ͤκόͫͣ2ϊͫ ύ 

VC˶ i, 
͎κόͫͣ3ϊͫ ύ 

VCKi, 
͎κόͫͣ3ϊͫ ύ 

K͔ ͺ˴˸i K͔ ͺ˶i C˴ ˸,͜ 
͎κͫͣ3 

C˶ ,͜ 
͎κͫͣ3 

Ř í/dt, 
ʲκŎ 

1 45.5988 55.2122 3E-09 1.801E-09 0.9346 0.3205 0.4889 0.6383 1.47E-7 

2 55.2122 60.0340 3E-09 1.010E-09 0.9404 0.3279 0.4763 0.6008 7.30E-8 

3 60.0340 64.7019 3E-09 5.357E-10 0.9450 0.3403 0.4657 0.5415 3.66E-8 

4 64.7019 68.5500 3E-09 2.499E-10 0.9483 0.3612 0.4581 0.4500 1.64E-8 

5 68.5500 75.8700 3E-09 4.082E-10 0.9535 0.3829 0.4451 0.3546 2.51E-8 

6 75.8700 84.0437 3E-09 4.082E-10 0.9586 0.4052 0.4317 0.2560 2.40E-8 

 

ʈʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ ʦʮʽʥʢʠ ʂʝʬ ʜʦʟʚʦʣʠʚ ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʧʦʜʘʣʴʰʫ ʜʠʥʘʤʽʢʫ ʟʤʽʥʠ 

ʥʝʡʪʨʦʥʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʗʅʉ ʚ ʧʨʠʤʽʱʝʥʥʽ 305/2. ʇʨʠʧʫʩʢʘʶʯʠ ʥʝʟʤʽʥʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ 

ʟʤʝʥʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʦʜʠ ʚ ʨʦʟʤʥʦʞʫʶʯʦʤʫ ʩʝʨʝʜʦʚʠʱʽ  ʩʢʫʧʯʝʥʥʷ ʢʦʥʩʝʨʚʘʪʠʚʥʘ 

ʦʮʽʥʢʘ ʰʚʠʜʢʦʩʪʽ ʚʚʝʜʝʥʥʷ ʧʦʟʠʪʠʚʥʦʾ ʨʝʘʢʪʠʚʥʦʩʪʽ (ʟʘ ʧʦʪʦʯʥʦʶ ʜʠʥʘʤʽʢʦʶ ʑʇʅ ʚʠʪʦʢʫ 

ʥʘ ʽʥʪʝʨʚʘʣʘʭ ʩʧʦʩʪʝʨʝʞʝʥʥʷ) ʥʝ ʧʝʨʝʚʠʱʠʣʘ 10-7 ɓ/ʩ. ʊʘʢʠʤ ʯʠʥʦʤ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ 

ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʽʡ ʰʚʠʜʢʦʩʪʽ ʚʚʝʜʝʥʥʷ ʨʝʘʢʪʠʚʥʦʩʪʽ ʧʦʪʦʯʥʠʡ ʧʝʨʽʦʜ ʧʦʜʚʦʻʥʥʷ ʑʇʅ ʥʝ 

ʤʝʥʰʝ 2-ʭ ʨʦʢʽʚ. 

 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

 

1. ɺʳʩʦʪʩʢʠʡ ɽ.ɼ., ʂʣʶʯʥʠʢʦʚ ɸ.ɸ., ʂʨʘʩʥʦʚ ɺ.ɸ. ʃʦʢʘʣʠʟʘʮʠʷ ʷʜʝʨʥʦ-

ʦʧʘʩʥʳʭ ʩʢʦʧʣʝʥʠʡ ʪʦʧʣʠʚʦʩʦʜʝʨʞʘʱʠʭ ʤʘʪʝʨʠʘʣʦʚ // ʇʨʦʙʣʝʤʠ ʙʝʟʧʝʢʠ ʘʪʦʤʥʠʭ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʽ ʏʦʨʥʦʙʠʣʷ. - 2007. ï ɺʠʧ. 7. ï ʉ. 66 ï 75. 

2. ɽ.ɼ. ɺʳʩʦʪʩʢʠʡ. ɸʣʛʦʨʠʪʤ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʧʦʜʢʨʠʪʠʯʥʦʩʪʠ ʩʢʦʧʣʝʥʠʷ ʷʜʝʨʥʦ-

ʦʧʘʩʥʳʭ ʜʝʣʷʱʠʭʩʷ ʤʘʪʝʨʠʘʣʦʚ, ʣʦʢʘʣʠʟʦʚʘʥʥʦʛʦ ʚʥʫʪʨʠ ʆʋ / ɭ.ɼ. ɺʳʩʦʪʩʢʠʡ, ʈ.ʃ. ɻʦʜʫʥ, 

ʂ.ʆ. ʉʫʱʝʥʢʦ // Nuclear Power and the Environment. ï 2020. ï ʉ. 49 ï 56. 
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ʉʪʫʜʝʥʪ 3 ʢʫʨʩʫ, ʛʨ. ʊʗ-81 ɼʟʝʨʫʥ ʄ.ʉ. 

ɼʦʮ., ʢ.ʪ.ʥ. ʃʝʱʝʥʢʦ  ɹ.ʖ. 

ʌɸɹʈʀʂɸ ʅɽʁʊʈʆʅɯɺ  

 ɼʞʝʨʝʣʦ ʥʝʡʪʨʦʥʽʚ ʧʨʦʧʦʥʫʻʪʴʩʷ ʥʘ ʦʙô̒ ʜʥʘʥʥʽ ʨʷʜʫ ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʠʭ 

ʧʨʠʩʢʦʨʶʚʘʯʽʚ ʽ ʜʦʩʣʽʜʥʦʛʦ ʨʝʘʢʪʦʨʘ ʟ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤ ʩʧʝʢʪʨʦʤ (ADS). ʅʘ ñʅʝʡʪʨʦʥʥʽʡ 

ʬʘʙʨʠʮʽò ʦʯʽʢʫʻʪʴʩʷ, ʱʦ ʧʨʠʩʢʦʨʶʚʘʯʽ ʽ ʨʝʘʢʪʦʨ ʤʦʞʫʪʴ ʝʢʩʧʣʫʘʪʫʚʘʪʠʩʷ ʷʢ ʩʘʤʦʩʪʽʡʥʦ ʪʘʢ 

ʽ ʚ ʧʦʻʜʥʘʥʥʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ñʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʥʝʡʪʨʦʥʽʚò ʚ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʪʘ 

ʯʘʩʦʚʦʤʫ ʧʨʦʩʪʦʨʘʭ [1]. ʎʝʡ ʧʨʦʝʢʪ ʧʨʦʧʦʥʫʻʪʴʩʷ ʨʝʘʣʽʟʫʚʘʪʠ ʥʘ ʙʘʟʽ ʧʨʠʩʢʦʨʶʚʘʯʽʚ ʪʘ 

ʜʦʩʣʽʜʥʠʮʴʢʦʛʦ ʨʝʘʢʪʦʨʘ ʫʥʽʚʝʨʩʠʪʝʪʘ ʂʽʦʪʦ, ʗʧʦʥʽʷ. 

 ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʦʨʠʛʽʥʘʣʴʥʦʛʦ ʧʣʘʥʫ ñ ʅʝʡʪʨʦʥʥʦʾ ʬʘʙʨʠʢʠò [2] ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 

1. ɼʝʡʪʨʦʥʠ ʘʙʦ ʤʦʣʝʢʫʣʠ ʚʦʜʥʶ ʟ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʧʫʯʢʘ 100 ʤɸ, ʜʦʙʫʪʽ ʟ ʜʞʝʨʝʣʘ ʽʦʥʽʚ, 

ʧʨʠʩʢʦʨʶʶʪʴʩʷ ʜʦ 400 ʢʝɺ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʰʦʛʦ ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ ʧʨʠʩʢʦʨʶʚʘʯʘ (RFQ). 

ɼʨʫʛʠʡ RFQ ʧʽʜʚʠʱʫʻ ʝʥʝʨʛʽʶ ʧʫʯʢʘ ʜʦ 2 ʄʝɺ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʽʣʴʢʠ 10% ʧʦʯʘʪʢʦʚʦʛʦ 

ʩʪʨʫʤʫ (10 ʤɸ). ʅʘʩʪʫʧʥʠʡ ʣʽʥʽʡʥʠʡ ʧʨʠʩʢʦʨʶʚʘʯ ʥʘ ʦʩʥʦʚʽ ʜʨʝʡʬʦʚʠʭ ʪʨʫʙʦʢ (DTL) 

ʧʨʘʮʶʻ ʟ ʨʦʙʦʯʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 1% (ʩʪʨʫʤ 1 ʤɸ), ʱʦʙ ʦʪʨʠʤʘʪʠ ʝʥʝʨʛʽʶ ʧʫʯʢʘ 20 ʄʝɺ. 

ʇʝʨʝʜ ʚʭʦʜʦʤ ʚ ʥʘʩʪʫʧʥʠʡ ʧʨʠʩʢʦʨʶʚʘʯ ʤʦʣʝʢʫʣʠ  ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ çʩʪʨʽʧʦʚʠʡè 

ʧʨʠʩʪʨʽʡ, ʷʢʠʡ ʧʝʨʝʪʚʦʨʶʻ ʤʦʣʝʢʫʣʷʨʥʠʡ ʧʫʯʦʢ ʚ ʧʫʯʦʢ ʧʨʦʪʦʥʽʚ (ʧʨʠʩʢʦʨʝʥʥʷ ʧʨʦʪʦʥʽʚ ʻ 

ʝʢʦʥʦʤʽʯʥʠʤ ʜʣʷ ʝʥʝʨʛʽʡ ʙʽʣʴʰʝ 20 ʄʝɺ), ʟ ʧʦʜʘʣʴʰʠʤ ʧʨʠʩʢʦʨʝʥʥʷʤ ʾʭ ʜʦ ʝʥʝʨʛʽʾ 100 

ʄʝɺ, ʅʘʨʝʰʪʽ, ʧʨʦʪʦʥʥʠʡ ʧʫʯʦʢ 300 ʄʝɺ ʽ 0,3 ʤɸ ʦʪʨʠʤʫʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʽʥʽʡʥʦʛʦ 

ʧʨʠʩʢʦʨʶʚʘʯʘ (DAW). ʎʝʡ ʧʨʦʪʦʥʥʠʡ ʧʫʯʦʢ ʧʨʷʤʫʻ ʜʦ ʤʽʰʝʥʽ, ʷʢʘ ʨʦʟʤʽʱʝʥʘ ʚ ʮʝʥʪʨʽ 

ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʜʦʩʣʽʜʥʠʮʴʢʦʛʦ ʨʝʘʢʪʦʨʘ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʧʽʜʢʨʠʪʠʯʥʦʤʫ ʩʪʘʥʽ. ɯʤʧʫʣʴʩ 

ʧʨʦʪʦʥʽʚ ʽʟ ʧʨʠʩʢʦʨʶʚʘʯʘ ʛʝʥʝʨʫʻ ʚʝʣʠʢʠʡ ʧʦʪʽʢ ʥʝʡʪʨʦʥʽʚ ʽʟ ʤʽʰʝʥʽ ʽ ʧʝʨʝʚʦʜʠʪʴ ʨʝʘʢʪʦʨ 

ʚ ʨʦʙʦʯʠʡ ʩʪʘʥ. ʇʦʪʽʢ ʥʝʡʪʨʦʥʽʚ ʚ ʨʝʞʠʤʽ ADS ʤʦʞʝ ʟʨʦʩʪʘʪʠ ʜʦ 20-40% ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʨʦʙʦʪʦʶ ʨʝʘʢʪʦʨʘ ʙʝʟ ʢʝʨʫʚʘʥʥʷ ʧʨʠʩʢʦʨʶʚʘʯʝʤ. ɽʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʨʝʘʢʪʦʨʥʠʭ 

ʥʝʡʪʨʦʥʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʝʢʪʨʘ ʥʝʡʪʨʦʥʽʚ, ʱʦ ʧʝʨʝʚʦʜʠʪʴ ʨʝʘʢʪʦʨ ʽʟ ʧʽʜʢʨʠʪʠʯʥʥʦʛʦ ʚ 

ʨʦʙʦʯʠʡ ʩʪʘʥ. 

 ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʝʡʪʨʦʥʠ ʟ ʝʥʝʨʛʽʻʶ 400 ʢʵɺ ʟ ʧʝʨʰʦʛʦ RFQ, ʽʥʪʝʥʩʠʚʥʽ ʥʝʡʪʨʦʥʠ 

14 ʄʝɺ ʤʦʞʫʪʴ ʛʝʥʝʨʫʚʘʪʠʩʷ ʯʝʨʝʟ D-T ʨʝʘʢʮʽʶ. ʎʽ ʥʝʡʪʨʦʥʠ ʧʨʠʜʘʪʥʽ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ   

ʤʘʪʝʨʽʘʣʽʚ ʪʝʨʤʦʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʚʘʞʣʠʚʦ ʚʠʨʽʰʠʪʠ ʧʨʦʙʣʝʤʫ, ʧʦʚôʷʟʘʥʫ ʟ 

ʦʪʨʠʤʘʥʥʷʤ ʪʘ ʦʙʨʦʙʢʦʶ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʪʨʠʪʽʶ. ʅʝʡʪʨʦʥʠ ʟ ʝʥʝʨʛʽʻʶ 3 ʄʝɺ ʤʦʞʫʪʴ 

ʛʝʥʝʨʫʚʘʪʠʩʷ ʯʝʨʝʟ ʨʝʘʢʮʽʶ D-Be ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʝʡʪʨʦʥʽʚ ʟ ʝʥʝʨʛʽʻʶ 2 ʄʝɺ ʟ ʜʨʫʛʦʛʦ 

RFQ. ʎʽ ʥʝʡʪʨʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʩʧʦʚʽʣʴʥʝʥʽ ʜʦ ʝʧʽʪʝʨʤʘʣʴʥʠʭ ʥʝʡʪʨʦʥʽʚ, ʷʢʽ ʚʚʘʞʘʶʪʴʩʷ 

ʝʬʝʢʪʠʚʥʠʤʠ ʚ ʤʝʜʠʮʠʥʽ ʜʣʷ ʪʝʨʘʧʽʾ ʤʝʪʦʜʦʤ ʙʦʨʥʦʛʦ ʥʝʡʪʨʦʥʥʦʛʦ ʟʘʭʦʧʣʝʥʥʷ (BNCT). 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ 20 ʄʝɺ ʜʝʡʪʨʦʥʠ ʟ ʧʝʨʰʦʛʦ DTL, ʙʣʠʟʴʢʦ 10 ʄʝɺ ʥʝʡʪʨʦʥʽʚ ʤʦʞʥʘ 

ʛʝʥʝʨʫʚʘʪʠ ʯʝʨʝʟ ʨʝʘʢʮʽʶ D-Be. ʎʽ ʥʝʡʪʨʦʥʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʥʝʡʪʨʦʥʥʽʡ 

ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʤʝʪʦʜʦʤ ʯʘʩʫ ʧʨʦʣʴʦʪʫ.  

 ʇʨʦʪʦʥʠ ʟ ʝʥʝʨʛʽʻʶ 100 ʄʝɺ ʤʦʞʫʪʴ ʛʝʥʝʨʫʚʘʪʠ ʥʝʡʪʨʦʥʠ ʟ ʚʠʱʦʶ ʝʥʝʨʛʽʻʶ, ʥʽʞ 

ʚʠʱʝʟʘʟʥʘʯʝʥʽ, ʷʢʽ ʧʨʠʜʘʪʥʽ ʜʣʷ ʬʽʟʠʢʠ ʥʝʡʪʨʦʥʽʚ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʦʪʦʥʠ ʟ ʝʥʝʨʛʽʻʶ 300 

ʄʝɺ ʚʽʜ ʢʽʥʮʝʚʦʛʦ DAW, ʚʝʣʠʢʽ ʧʦʪʦʢʠ ʥʝʡʪʨʦʥʽʚ ʤʦʞʫʪʴ ʛʝʥʝʨʫʚʘʪʠʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʝʘʢʮʽʾ 

ʨʦʟʱʝʧʣʝʥʥʷ. ʎʽ ʥʝʡʪʨʦʥʠ ʧʨʠʜʘʪʥʽ ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ ʨʦʟʩʽʶʚʘʥʥʷ ʥʝʡʪʨʦʥʽʚ, ʜʣʷ ʘʥʘʣʽʟʫ 

ʩʪʨʫʢʪʫʨʠ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʅʘʨʝʰʪʽ, ʽʥʪʝʥʩʠʚʥʽ ʥʝʡʪʨʦʥʠ, ʱʦ ʛʝʥʝʨʫʶʪʴʩʷ ʚ ADS, ʤʦʞʫʪʴ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʨʽʟʥʠʭ ʛʘʣʫʟʝʡ ʜʦʩʣʽʜʞʝʥʴ ʥʝʡʪʨʦʥʥʦʾ ʥʘʫʢʠ. 

 ʊʘʢʦʞ ʻ ʫʜʦʩʢʦʥʘʣʝʥʽ ʩʭʝʤʠ [1, 2], ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2. ʂʽʥʮʝʚʘ ʝʥʝʨʛʽʷ ʧʨʦʪʦʥʥʦʛʦ 

ʧʫʯʢʘ ʙʫʣʘ ʧʽʜʚʠʱʝʥʘ ʜʦ 500 ʄʝɺ. ɺʽʜ ʧʨʠʩʢʦʨʝʥʥʷ ʜʝʡʪʨʦʥʘ ʙʫʣʦ ʚʽʜʤʦʚʣʝʥʦ, ʦʩʢʽʣʴʢʠ 

ʽʩʥʫʻ ʩʠʣʴʥʠʡ ʟʘʧʠʪ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ P-Li ʨʝʘʢʮʽʾ ʥʘ ʫʪʚʦʨʝʥʥʷ ʝʧʽʪʝʨʤʘʣʴʥʠʭ ʥʝʡʪʨʦʥʽʚ 

ʜʣʷ ʤʝʜʠʯʥʠʭ ʮʽʣʝʡ ʽ, ʩʭʦʞʝ, ʻ ʙʝʟʥʘʜʽʡʥʦ ʦʙʨʦʙʣʷʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʪʨʠʪʽʶ. ʈʦʟʛʣʷʥʝʤʦ 

ʜʚʘ ʧʣʘʥʠ. ʉʠʩʪʝʤʘ ʣʽʥʽʡʥʠʭ ʧʨʠʩʢʦʨʶʚʘʯʽʚ (ʧʣʘʥ 1), ʘ ʽʥʰʘ ï ʯʘʩʪʢʦʚʦ ʟʘʩʥʦʚʘʥʘ ʥʘ 

ʢʽʣʴʮʝʚʽʡ ʮʠʢʣʦʪʨʦʥʥʽʡ ʩʠʩʪʝʤʽ ʜʣʷ ʧʨʠʩʢʦʨʝʥʥʷ ʚʠʱʦʾ ʝʥʝʨʛʽʾ ʧʨʦʪʦʥʘ (ʧʣʘʥ 2). 

2H+
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ʂʆʅʎɽʇʎɯʗ ʉʇʈʗɾɽʅʆɻʆ ʈʆɿʈɸʍʋʅʂʋ ʇʆʃɽʁ ʈɸɼɯɸʎɯʁʅʆɻʆ 

ɽʅɽʈɻʆɺʀɼɯʃɽʅʅʗ ʊɸ ʊɽʄʇɽʈɸʊʋʈʀ ɿ ʋʈɸʍʋɺɸʅʅʗʄ ʆʉʆɹʃʀɺʆʉʊɽʁ 

ʌʆʈʄʆɿʄɯʅʀ ɺʀɻʆʈʆɼʂʀ ɺɺɽʈ-1000 

 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚʠʛʦʨʦʜʢʘ ʨʝʘʢʪʦʨʘ ɺɺɽʈ-1000 ʻ ʦʩʥʦʚʥʠʤ ʣʽʤʽʪʫʶʯʠʤ 

ʬʘʢʪʦʨʦʤ ʧʦʥʘʜ ʧʨʦʝʢʪʥʦʛʦ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʇʝʨʝʦʮʽʥʢʘ ʨʝʩʫʨʩʫ ʚʠʛʦʨʦʜʢʠ ʻ 

ʢʦʤʧʣʝʢʩʥʦʶ ʟʘʜʘʯʝʶ, ʷʢʘ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʧʦʪʨʝʙʫʻ ʘʥʘʣʽʪʠʯʥʠʭ ʦʙˇʨʫʥʪʫʚʘʥʴ ʟʦʥʠ 

ʧʝʨʽʦʜʠʯʥʠʭ ʥʘʪʫʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʘ ʪʘʢʦʞ ʧʦʚʥʦʛʦ ʘʥʘʣʽʟʫ ʧʨʦʛʥʦʟʥʦʛʦ ʩʪʘʥʫ. ʇʨʦʚʝʩʪʠ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʘ ʦʪʞʝ ʽ ʦʪʨʠʤʘʪʠ ʚʝʨʠʬʽʢʘʮʽʡʥʽ ʨʝʟʫʣʴʪʘʪʠ ʥʝʤʦʞʣʠʚʦ ʜʣʷ çʛʘʨʷʯʦʛʦè ʩʪʘʥʫ 

ʨʝʘʢʪʦʨʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʘʜʽʘʮʽʡʥʦʛʦ ʧʦʣʷ. ɭʜʠʥʠʡ ʩʧʦʩʽʙ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ 

ʛʝʦʤʝʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʛʦʨʦʜʢʠ ï ʮʝ ʜʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥʠ ʛʝʦʤʝʪʨʽʾ ʫ ʭʦʣʦʜʥʦʤʫ ʩʪʘʥʽ, 

ʘ ʧʦʪʽʤ ʮʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʥʽ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʥʘ çʨʦʙʦʪʫ ʥʘ ʧʦʪʫʞʥʦʩʪʽè. ʗʢʽʩʪʴ 

ʧʨʦʛʥʦʟʫ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʩʪʘʥʫ ʚʠʛʦʨʦʜʢʠ ʧʨʠ ʨʦʙʦʪʽ ʥʘ ʥʦʤʽʥʘʣʴʥʽʡ ʧʦʪʫʞʥʦʩʪʽ ʦʯʝʚʠʜʥʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʽʟʠʯʥʦʾ ʦʙˇʨʫʥʪʦʚʘʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ. ɺʟʘʛʘʣʽ, ʚʩʽ ʤʘʪʝʤʘʪʠʯʥʽ 

ʤʦʜʝʣʽ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʮʽʥʢʠ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʥʽ, ʷʢʽ ʫʟʘʛʘʣʴʥʝʥʽ ʥʝʷʚʥʠʤʠ ʬʫʥʢʮʽʷʤʠ. ʉʫʯʘʩʥʘ ʧʨʦʮʝʜʫʨʘ 

ʧʝʨʝʦʮʽʥʢʠ ʩʪʘʥʫ ʚʠʛʦʨʦʜʢʠ ʧʦʩʣʽʜʦʚʥʘ ʽ ʙʘʟʫʻʪʴʩʷ ʥʘ ʪʨʴʦʭ ʦʩʥʦʚʥʠʭ ʢʨʦʢʘʭ: ʨʦʟʨʘʭʫʥʦʢ 

ʨʘʜʽʘʮʽʡʥʦʛʦ ʝʥʝʨʛʦʚʠʜʽʣʝʥʥʷ ʽ ʧʦʰʢʦʜʞʫʚʘʥʦʩʪʽ [1], ʨʦʟʨʘʭʫʥʦʢ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ [2] 

ʪʘ ʦʮʽʥʢʘ ʬʦʨʤʦʟʤʽʥʠ [3]. ʈʝʟʫʣʴʪʘʪʠ, ʷʢʽ ʦʪʨʠʤʘʥʽ ʧʦʩʣʽʜʦʚʥʠʤ ʘʥʘʣʽʟʦʤ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, 

ʱʦ ʧʦʯʠʥʘʶʯʠ ʟ 20-25 ʢʘʤʧʘʥʽʾ ʚʥʘʩʣʽʜʦʢ ʜʝʛʨʘʜʘʮʽʾ ʛʝʦʤʝʪʨʽʾ ʤʦʞʫʪʴ ʟôʷʚʣʷʪʠʩʷ ʨʘʜʽʘʣʴʥʽ 

ʧʝʨʝʪʦʢʠ ʽʟ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʫ ʥʘʧʨʷʤʢʫ ʚʥʫʪʨʽʰʥʴʦʢʦʨʧʫʩʥʦʾ  ʰʘʭʪʠ ʨʝʘʢʪʦʨʫ ʟ 

ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʝʢʚʽʚʘʣʝʥʪʥʦʶ ʧʨʦʝʢʪʥʦʤʫ ʙʘʡʧʘʩʫ ʪʝʧʣʦʥʦʩʽʷ (~1% ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʾ 

ʚʠʪʨʘʪʠ). ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʣʦʢʘʣʴʥʦ ʟʤʽʥʶʶʪʴʩʷ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʢʪʠʚʥʦʾ 

ʟʦʥʠ, ʘ ʦʪʞʝ ʽ ʟôʷʚʣʷʻʪʝʩʷ ʟʚʦʨʦʪʥʽʡ ʟʚ'ʷʟʦʢ, ʧʨʠʥʘʡʤʥʽ ʤʽʞ ʜʨʫʛʠʤ ʪʘ ʪʨʝʪʽʤ ʢʨʦʢʦʤ 

ʧʦʩʣʽʜʦʚʥʦʾ ʧʨʦʮʝʜʫʨʠ. 

ɿ ʤʝʪʦʶ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʪʝʧʣʦʚʽʜʚʦʜʫ ʚʽʜ ʚʠʛʦʨʦʜʢʠ ʧʨʠ ʟʤʽʥʽ ʫʤʦʚ 

ʦʭʦʣʦʜʞʝʥʥʷ (ʢʦʥʪʘʢʪʥʘ ʟʘʜʘʯʘ) ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʩʧʝʮʽʘʣʴʥʘ, ʟʥʦʚʫ ʞ ʪʘʢʠ, ʧʦʩʣʽʜʦʚʥʘ 

ʤʝʪʦʜʠʢʘ, ʷʢʘ ʜʦʟʚʦʣʠʣʘ ʦʮʽʥʠʪʠ ʚʣʠʚ ʢʦʥʪʘʢʪʥʦʾ ʟʘʜʘʯʽ, ʘ ʪʘʢʦʞ ʚʝʨʭʥʶ ʤʝʞʫ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʘʜʽʘʣʴʥʦʛʦ ʧʝʨʝʪʦʢʫ, ʷʢʘ ʩʢʣʘʣʘ ~5õ7%. ʅʘʜʠʚʣʷʯʠʩʴ ʥʘ ʪʝ, ʱʦ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʩʪʘʥʫ ʧʨʠ ʨʦʙʦʪʽ ʥʘ ʥʦʤʽʥʘʣʴʥʦʤʫ ʨʽʚʥʽ ʧʦʪʫʞʥʦʩʪʽ 

ʢʨʠʪʠʯʥʠʭ ʟʤʽʥ ʧʘʨʘʤʝʪʨʽʚ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʥʝ ʚʠʷʚʣʝʥʦ, ʚʩʝ ʦʜʥʦ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʧʝʨʝʦʮʽʥʢʠ 

ʘʚʘʨʽʡʥʠʭ ʨʝʞʠʤʽʚ ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʟʘʧʘʩʦʤ ʜʦ ʢʨʠʟʠ ʪʝʧʣʦʦʙʤʽʥʫ. ʊʘʢʠʤ ʯʠʥʦʤ ʧʦʩʣʽʜʦʚʥʘ 

ʤʝʪʦʜʠʢʘ ʢʦʥʪʘʢʪʥʦʾ ʟʘʜʘʯʽ ʚʠʤʘʛʘʻ ʘʥʘʣʽʟʫ ʩʠʩʪʝʤʥʦʛʦ ʚʧʣʠʚʫ ʈʋ ʥʘ ʘʢʪʠʚʥʫ ʟʦʥʫ, ʱʦ ʻ 

ʜʦʩʠʪʴ ʩʢʣʘʜʥʦʶ ʨʦʟʨʘʭʫʥʢʦʚʦʶ ʧʨʦʙʣʝʤʦʶ. ɼʦ ʪʦʛʦ ʞ, ʚ ʟʘʧʨʦʧʦʥʦʚʘʥʽʡ ʤʝʪʦʜʠʮʽ 

ʨʘʜʽʘʮʽʡʥʽ ʝʥʝʨʛʦʚʠʜʽʣʝʥʥʷ ʧʨʠʡʤʘʶʪʴʩʷ ʷʢ ʚʭʽʜʥʽ ʜʘʥʥʽ.  

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʦʧʠʩʫʻʪʴʩʷ ʢʦʥʮʝʧʮʽʷ ʬʦʨʤʫʚʘʥʥʷ ʧʦʣʽʚ ʨʘʜʽʘʮʽʡʥʦʛʦ ʝʥʝʨʛʦʚʠʜʽʣʝʥʥʷ 

ï ʪʝʤʧʝʨʘʪʫʨʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʘʜʽʘʣʴʥʦʛʦ ʧʝʨʝʪʦʢʫ ʬʽʢʩʦʚʘʥʦʾ ʬʦʨʤʠ. ʈʦʟʨʘʭʫʥʦʢ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʛʦʨʦʜʢʠ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ CFX, ʘ ʧʦʣʝ ʨʘʜʽʘʮʽʡʥʦʛʦ 

ʝʥʝʨʛʦʚʠʜʽʣʝʥʥʷ ï MCNXP2.6. ɼʣʷ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʤʽʞ ʢʦʜʘʤʠ ʨʦʟʨʦʙʣʝʥʠʡ ʩʧʝʮʽʘʣʴʥʠʡ 

ʽʥʪʝʨʬʝʡʩ ʟʘ ʜʦʧʦʤʦʛʦʶ MATLAB, ʧʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʷʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩ. 1. ɿʘ 

ʜʦʧʦʤʦʛʦʶ MATLAB ʦʨʛʘʥʽʟʦʚʘʥʘ ʩʧʝʮʽʘʣʴʥʘ ʬʫʥʢʮʽʷ, ʷʢʘ ʥʘ ʦʩʥʦʚʽ ʢʦʨʠʩʪʫʚʘʮʴʢʠʭ 

ʥʘʣʘʰʪʫʚʘʥʴ ʪʘ ʜʘʥʠʭ (ʪʝʤʧʝʨʘʪʫʨʘ, ʛʫʩʪʠʥʘ), ʘʚʪʦʤʘʪʠʯʥʦ ʛʝʥʝʨʫʻ ʚʭʽʜʥʠʡ ʬʘʡʣ ʜʣʷ 

MCNPX2.6. ɺʩʴʦʛʦ ʽʥʪʝʨʬʝʡʩ ʚʢʣʶʯʘʻ ʚ ʩʦʙʽ ʪʨʠ ʥʘʧʝʨʝʜ ʟʘʜʘʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʤʦʜʝʣʽ: 

ʚʠʛʦʨʦʜʢʘ ʪʘ ʾʾ ʢʨʽʧʠʣʴʥʽ ʝʣʝʤʝʥʪʠ, ʘ ʪʘʢʦʞ ʰʘʭʪʘ (CFX, 3D; ʧʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ ʟ 

ʤʦʥʦʣʽʪʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʚʠʛʦʨʦʜʢʠ (MCNPX2.6, 2D); ʧʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ ʫ ʤʽʩʮʽ ʨʦʟʢʨʠʪʪʷ 

(MCNPX2.6, 2D). ʆʩʪʘʥʥʷ ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʚ ʫʤʦʚʥʦʤʫ ʧʦʧʝʨʝʯʥʦʤʫ ʧʝʨʝʨʽʟʽ ʚʠʛʦʨʦʜʢʠ 

ʟʘʜʘʚʘʪʠ ʨʦʟʧʦʜʽʣ ʛʦʤʦʛʝʥʽʟʦʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 08ʍ18ʅ10ʊ ï ʚʦʜʘ. ʄʦʞʣʠʚʽʩʪʴ ʬʦʨʤʫʚʘʪʠ 

ʨʦʟʧʦʜʽʣ ʤʘʪʝʨʽʘʣʫ, ʛʫʩʪʠʥʠ, ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʧʦʧʝʨʝʯʥʦʤʫ ʧʝʨʝʨʽʟʫ ʚʠʛʦʨʦʜʢʠ ʚ 
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MCNPX2.6 ʟʘʙʝʟʧʝʯʝʥʘ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʯʘʨʫʥʢʦʚʦʛʦ ʦʧʠʩʫ ʛʝʦʤʝʪʨʽʾ 

(ʘʥʘʣʦʛ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʚ CFX). ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʾ ʪʝʭʥʦʣʦʛʽʾ ʤʘʻ ʜʚʘ ʩʫʪʪʻʚʽ ʥʝʜʦʣʽʢʠ ï 

ʥʝʤʦʞʣʠʚʽʩʪʴ ʧʘʨʘʣʝʣʴʥʦ ʨʦʟʽʛʨʫʚʘʪʠ ʽʩʪʦʨʽʾ, ʘ ʪʘʢʦʞ ʧʽʜʚʠʱʝʥʽ ʚʠʤʦʛʠ ʜʦ ʦʙôʻʤʫ 

ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤôʷʪʽ.  ʇʝʨʰʘ ʧʨʦʙʣʝʤʘ ʚʠʨʽʰʫʻʪʴʩʷ ʢʦʥʮʝʧʮʽʻʶ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʦʜʥʽʡ 

ʽʪʝʨʘʮʽʾ (ʈʠʩ.2), ʜʨʫʛʘ ï ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ Linux.  

 

 
ʈʠʩʫʥʦʢ 1 ï ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʚʟʘʻʤʦʜʽʾ MATLAB-CFX [4] 

 

 
ʈʠʩʫʥʦʢ 2 ï  ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʩʧʨʷʞʝʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʧʦʣʽʚ ʝʥʝʨʛʦʚʠʜʽʣʝʥʥʷ ʪʘ 

ʪʝʤʧʝʨʘʪʫʨʠ 

 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. ʈʘʩʯʝʪ ʬʣʶʝʥʩʘ ʥʝʡʪʨʦʥʦʚ ʠ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʚ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʵʣʝʤʝʥʪʘʭ 

ʨʝʘʢʪʦʨʘ ɺɺʕʈ-100 0 ʤʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ / ɸ.ɸʙʜʫʣʣʘʝʚ, ʉ. ʉʦʣʜʘʪʦʚ, ɺ. ɻʘʥʥ, ʉ. 

ʏʝʨʥʠʮʢʠʡ. // ʗʜʝʨʥʘ ʪʘ ʨʘʜʽʘʮʽʡʥʘ ʙʝʟʧʝʢʘ. ï 2018. ï ˉ1. ï ʉ. 11ï16. 

2. Dybuk Y. Swelling of the WWER-1000 Reactor Core Baffle / Y. Dybuk, V. Filonov, Y. 

Filonova. // IASMiRT. ï 2019. 

3. Improved Computational Fluid Dynamics Framework for Reactor Core Baffle Swelling 

Assessment / Y.Filonova, Y. Dubyk, V. Filonov, V. Kondratjuk. // ournal of Nuclear 

Engineering and Radiation Science. ï 2021. ï ˉ1. ï ʉ. 1ï10. 

4. ʌʽʣʦʥʦʚ ɺ. ɺ. ʇʨʠʤʝʥʝʥʠʝ ʩʚʷʟʢʠ MATLAB + FORTRAN ɼʃʗ ʨʘʩʰʠʨʝʥʠʷ 

ʨʘʩʯʝʪʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ANSYS CFX / ɺ. ɺ. ʌʽʣʦʥʦʚ, ʆ. ɺ. ʂʦʚʘʣʝʥʢʦ, ʖ. ʉ. 

ʌʽʣʦʥʦʚʘ. // ʪʝʟʠʩʳ VII ʄʅʇʂ "ʂʦʤʧʴʶʪʝʨʥʘʷ ʛʠʜʨʦʤʝʭʘʥʠʢʘ". ï 2020. 
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ʋɼʂ 621.039.53 

ʉʪʫʜʝʥʪ 4 ʢʫʨʩʫ, ʛʨ. ʊʗ-71 ɸʙʨʘʤʦʚ ʖ.ʖ. 

ɼʦʮ., ʢ.ʪ.ʥ. ʂʣʝʚʮʦʚ ʉ.ɺ. 

ɺʇʈʆɺɸɼɾɽʅʅʗ ʆɹʃɸɼʅɸʅʅʗ ɼʃʗ ʋɼʆʉʂʆʅɸʃɽʅʅʗ ʋʑɯʃʔʅɽʅʅʗ 

ɻʆʃʆɺʅʆɻʆ ʈʆɿ'ɭʄʋ ʈɽɸʂʊʆʈɸ ʊʀʇʋ ɺɺɽʈ-1000 

 

ʈʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʢʦʥʪʨʦʣʶ ʫʱʽʣʴʥʝʥʴ ʨʦʟʥʽʤʥʠʭ ʟ'ʻʜʥʘʥʴ ʨʝʘʢʪʦʨʥʠʭ ʫʩʪʘʥʦʚʦʢ 

(ʈʋ) ʟ ɺɺɽʈ-1000. ʇʦʨʫʰʝʥʥʷ ʛʝʨʤʝʪʠʯʥʦʩʪʽ ʨʦʟʥʽʤʥʠʭ ʟ'ʻʜʥʘʥʴ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ 

ʘʚʘʨʽʡ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʚʠʭʦʜʦʤ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ ʟʘ ʤʝʞʽ ʚʽʜʧʦʚʽʜʥʦʛʦ ʢʦʥʪʫʨʫ ʈʋ, 

ʘ ʪʘʢ ʩʘʤʦ ʚʠʢʣʠʢʘʪʠ ʢʦʨʦʟʽʡʥʝ ʫʰʢʦʜʞʝʥʥʷ (ʘʙʦ ʨʫʡʥʫʚʘʥʥʷ) ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʈʋ.  

ɿ 1985 ʨʦʢʫ, ʥʘ ʫʱʽʣʴʥʶʚʘʣʴʥʽʡ ʧʦʚʝʨʭʥʽ ʽ ʚ ʢʘʥʘʚʢʘʭ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʫʢʣʘʜʘʥʥʷ ʚ ʥʠʭ ʧʨʫʪʢʦʚʠʭ ʥʽʢʝʣʝʚʠʭ ʧʨʦʢʣʘʜʦʢ ʟ ʤʝʪʦʶ ʫʱʽʣʴʥʝʥʥʷ ʛʦʣʦʚʥʦʛʦ ʨʦʟôʻʤʫ 

ʨʝʘʢʪʦʨʘ (ɻʈʈ), ʩʪʘʣʠ ʚʠʷʚʣʷʪʠʩʷ ʤʽʢʨʦʪʨʽʱʠʥʠ, ʚʤôʷʪʠʥʠ, ʟʘʙʦʾʥʠ ʽ ʽʥʰʽ ʜʝʬʝʢʪʠ. 

ʇʨʠʯʠʥʦʶ ʾʭ ʫʪʚʦʨʝʥʥʷ ʻ ʢʦʨʦʟʽʡʥʝ ʨʦʟʪʨʽʩʢʫʚʘʥʥʷ ʤʝʪʘʣʫ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ ʥʘʧʨʫʛʦʶ, 

ʥʘʷʚʥʽʩʪʴ ʘʛʨʝʩʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʬʣʘʥʮʽ ʢʦʨʧʫʩʫ ʨʝʘʢʪʦʨʘ, ʘ ʪʘʢʦʞ ʯʝʨʝʟ ʥʠʟʴʢʫ 

ʢʫʣʴʪʫʨʫ ʚʠʨʦʙʥʠʮʪʚʘ, ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʨʝʤʦʥʪʫ ɻʈʈ [1]. 

ʇʨʠ ʟʘʪʷʛʫʚʘʥʥʽ ʰʧʠʣʴʦʢ ɻʈʈ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʣʘʩʪʠʯʥʘ ʜʝʬʦʨʤʘʮʽʷ ʧʨʦʢʣʘʜʦʢ ʽʟ 

ʟʘʧʦʚʥʝʥʥʷʤ ʦʙʩʷʛʫ ʫʱʽʣʴʥʶʶʯʠʭ ʢʘʥʘʚʦʢ, ʧʨʠ ʧʨʠʢʣʘʜʘʥʥʽ ʙʽʣʴʰʦʾ ʩʠʣʠ ʜʣʷ ʟʘʪʷʛʫʚʘʥʥʷ 

ʰʧʠʣʴʦʢ ʥʽʞ ʧʦʪʨʽʙʥʦ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʘʢʦʞ ʜʝʬʦʨʤʘʮʽʷ ʫʱʽʣʴʥʶʶʯʠʭ ʢʘʥʘʚʦʢ ʪʘ 

ʚʠʪʷʛʫʚʘʥʥʷ ʨʽʟʴʙʠ ʰʧʠʣʴʦʢ, ʽ ʩʘʤʝ ʮʝʡ ʧʨʦʮʝʩ ʙʽʣʴʰʝ ʚʩʴʦʛʦ ʚʧʣʠʚʘʻ ʥʘ ʟʥʦʰʝʥʥʷ 

ʫʱʽʣʴʥʝʥʥʷ ɻʈʈ, ʽ ʪʦʤʫ ʢʦʥʪʨʦʣʴ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʧʦʚʠʥʝʥ ʙʫʪʠ ʷʢʦʤʦʛʘ ʙʽʣʴʰ ʷʢʽʩʥʠʤ. ɯ ʩʘʤʝ 

ʮʽʻʶ ʚʠʤʦʛʦʶ ʦʙʫʤʦʚʣʝʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʤʘʻ ʙʽʣʴʰʫ 

ʪʦʯʥʽʩʪʴ ʚʠʢʦʥʫʚʘʥʥʷ ʩʚʦʻʾ ʬʫʥʢʮʽʾ [2].  

ʇʦʚʠʥʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʩʧʝʮʽʘʣʴʥʝ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ 

ʫʱʣ̔ʴʥʝʥʥʷ ɻʈʈ ʟ ʧʨʦʚʝʜʝʥʥʷʤ ʚʠʤʽʨʽʚ ʧʘʨʘʤʝʪʨʽʚ ʫʱʽʣʴʥʝʥʥʷ, ʘ ʪʘʢʦʞ ʟ ʘʚʪʦʤʘʪʠʯʥʠʤ 

ʦʙʯʠʩʣʝʥʥʷʤ ʽ ʬʽʢʩʘʮʽʻʶ ʜʘʥʠʭ: 

- ʧʨʠʪʠʩʢʥʠʡ ʧʨʠʩʪʨʽʡ ʜʣʷ ʧʨʦʢʣʘʜʦʢ, ʜʣʷ ʷʢʽʩʥʦʾ ʽ ʥʘʜʽʡʥʦʾ ʫʩʪʘʥʦʚʢʠ (ʫʢʣʘʜʘʥʥʷ) 

ʧʨʦʢʣʘʜʦʢ ʚ ʪʨʠʢʫʪʥʽ ʢʘʥʘʚʢʠ ʬʣʘʥʮʷ ʢʦʨʧʫʩʫ ʨʝʘʢʪʦʨʘ, ʱʦ ʙ ʫʥʠʢʥʫʪʠ "ʚʠʩʢʘʢʫʚʘʥʥʷ" ʟ 

ʢʘʥʘʚʢʠ, ʽ ʷʢ ʥʘʩʣʽʜʦʢ ʾʭ ʧʝʨʝʪʠʩʢʫ ʚʝʨʭʥʽʤ ʙʣʦʢʦʤ; 

- ʧʨʠʩʪʨʽʡ ʜʣʷ ʤʦʥʪʘʞʫ ʚʝʨʭʥʴʦʛʦ ʙʣʦʢʫ, ʜʣʷ ʪʦʯʥʦʛʦ ʧʦʻʜʥʘʥʥʷ ʚʝʨʭʥʴʦʛʦ ʙʣʦʢʫ ʟ 

ʬʣʘʥʮʝʤ ʢʦʨʧʫʩʫ ʨʝʘʢʪʦʨʘ ʧʦ ʦʪʚʦʨʘʭ ʧʽʜ ʰʧʠʣʴʢʠ ʽ ʧʘʪʨʫʙʢʠ ʟ ʜʦʪʨʠʤʘʥʥʷʤ ʩʧʽʚʚʽʩʥʦʩʪʽ 

ʧʦ ʢʘʥʘʣʘʭ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʽ ʟʘʭʠʩʪʫ ʨʝʘʢʪʦʨʘ (ʉʋɿ) ʽ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʫʩʪʘʥʦʚʢʠ 

ʚʝʨʭʥʴʦʛʦ ʙʣʦʢʫ ʙʝʟ ʧʝʨʝʢʦʩʫ; 

- ʧʨʠʩʪʨʽʡ ʜʣʷ ʢʦʥʪʨʦʣʶ ʧʨʦʬʽʣʶ ʢʘʥʘʚʦʢ ɻʈʈ, ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʦʬʽʣʶ ʢʘʥʘʚʦʢ, 

ʡʦʛʦ ʜʦʧʫʩʪʠʤʦʛʦ ʘʙʦ ʥʝʧʨʠʧʫʩʪʠʤʦʛʦ ʚʽʜʭʠʣʝʥʥʷ. ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʚʘʨʽʘʥʪʦʤ ʻ ʩʠʩʪʝʤʘ 

ʢʦʥʪʨʦʣʶ ʫʱʽʣʴʥʶʶʯʠʭ ʧʦʚʝʨʭʦʥʴ (ʉʂʋʇ) ɻʈʈ, ʱʦ ʦʩʥʦʚʘʥʠʡ ʥʘ ʦʧʪʠʯʥʦʤʫ ʤʝʪʦʜʽ 

ʟʘʤʽʩʪʴ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʾ ʢʘʣʽʙʨʦʚʘʥʦʾ ʢʫʣʴʢʠ; 

- ʛʘʡʢʦʚʝʨʪ ʜʣʷ ʦʜʥʦʯʘʩʥʦʾ ʟʘʪʷʞʢʠ ʚʩʽʭ ʰʧʠʣʴʦʢ ɻʈʈ; 

- ʤʘʰʠʥʘ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʜʽʾ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʾ ʧʨʦʚʦʜʠʪʴʩʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʜʝʬʝʢʪʽʚ ʥʘ ʫʱʽʣʴʥʶʶʯʠʭ ʧʦʚʝʨʭʥʷʭ ɻʈʈ, ʾʭ ʰʣʽʬʦʚʢʘ, ʦʙʨʦʙʢʘ ʤʝʪʘʣʫ ʬʣʘʥʮʷ ʢʦʨʧʫʩʫ 

ʛʦʩʪʨʽʥʥʷʤ, ʬʨʝʟʝʨʫʚʘʥʥʷʤ, ʚʠʨʦʙʥʠʮʪʚʦ ʟʚʘʨʶʚʘʣʴʥʠʭ ʨʦʙʽʪ ʧʨʠ ʚʠʧʨʘʚʣʝʥʥʽ ʷʢ 

ʣʦʢʘʣʴʥʠʭ ʜʝʬʝʢʪʽʚ, ʪʘʢ ʽ ʧʦʚʥʦʛʦ ʟʥʷʪʪʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʤʝʪʘʣʫ ʥʘ ʥʝʦʙʭʽʜʥʫ ʛʣʠʙʠʥʫ 

[1]. 

ʉʚʦʻʯʘʩʥʝ ʚʠʷʚʣʝʥʥʷ ʽ ʫʩʫʥʝʥʥʷ ʜʝʬʝʢʪʽʚ ʫʱʽʣʴʥʶʶʯʦʾ ʧʦʚʝʨʭʥʽ ʤʦʞʝ ʧʦʧʝʨʝʜʠʪʠ 

ʩʠʪʫʘʮʽʶ, ʢʦʣʠ ʯʝʨʝʟ ʮʽ ʜʝʬʝʢʪʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʝʨʤʝʪʠʯʥʦʩʪʽ ʜʦʚʦʜʠʪʴʩʷ ʟʙʽʣʴʰʫʚʘʪʠ 

ʩʠʣʫ ʦʙʪʠʩʢʫ ʧʨʦʢʣʘʜʦʢ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʫʱʽʣʴʥʶʶʯʦʾ 

ʧʨʦʢʣʘʜʢʠ, ʬʣʘʥʮʽʚ ʽ ʰʧʠʣʴʦʢ, ʽ ʷʢ ʥʘʩʣʽʜʦʢ ʾʭ ʢʘʧʽʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʫ ʯʠ ʟʘʤʽʥʠ ʟ 

ʧʦʜʘʣʴʰʠʤʠ ʢʘʧʽʪʘʣʴʥʠʤʠ ʚʠʪʨʘʪʘʤʠ. 

ʂʦʥʪʨʦʣʴ ʱʽʣʴʥʦʩʪʽ ʨʦʟ'ʻʤʫ ʨʝʘʢʪʦʨʘ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʚʝʨʜʣʽʥʥʷ ʚ 

ʧʦʨʦʞʥʠʥʽ ʤʽʞ ʧʨʦʢʣʘʜʢʘʤʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʽʞʧʨʦʢʣʘʜʦʯʥʘ ʧʦʨʦʞʥʠʥʘ ʧʽʜʢʣʶʯʝʥʘ ʜʦ 

ʜʘʪʯʠʢʘ ʪʠʩʢʫ. ʇʨʠ ʧʦʷʚʽ ʥʝʱʽʣʴʥʦʩʪʽ ʚʥʫʪʨʽʰʥʴʦʾ ʧʨʦʢʣʘʜʢʠ ʽ ʧʽʜʚʠʱʝʥʥʽ ʪʠʩʢʫ ʚ 
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ʤʽʞʧʨʦʢʣʘʜʦʯʥʽʡ ʧʦʨʦʞʥʠʥʽ ʧʝʨʩʦʥʘʣ ʙʣʦʯʥʦʛʦ ʱʠʪʘ ʫʧʨʘʚʣʽʥʥʷ (ɹʑʋ) ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʜʠʩʪʘʥʮʽʡʥʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʧʨʦʮʝʩ ʟʘʪʷʛʫʚʘʥʥʷ ʰʧʠʣʴʦʢ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʙʽʣʴʰʦʾ ʩʠʣʠ 

ʟʘʪʷʛʫʚʘʥʥʷ ʚ ʧʨʦʙʣʝʤʥʦʤʫ ʤʽʩʮʽ ʽ ʷʢ ʥʘʩʣʽʜʦʢ ʫʩʫʥʝʥʥʷ ʥʝʱʽʣʴʥʦʩʪʽ [3]. 

ʆʩʢʽʣʴʢʠ ʟʥʘʯʥʫ ʨʦʣʴ ʫ ʱʽʣʴʥʦʩʪʽ ɻʈʈ ʚʽʜʽʛʨʘʻ ʛʝʦʤʝʪʨʠʯʥʘ ʮʽʣʽʩʥʽʩʪʴ ʫʱʽʣʴʥʶʶʯʠʭ 

ʧʦʚʝʨʭʦʥʴ, ʪʦ ʜʣʷ ʾʭ ʢʦʥʪʨʦʣʶ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠʩʪʨʽʡ ʜʣʷ ʢʦʥʪʨʦʣʶ ʫʱʽʣʴʥʶʶʯʠʭ 

ʢʘʥʘʚʦʢ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʤʽʨʶʚʘʥʥʽ ʚʽʜʩʪʘʥʽ (ʚʠʩʪʫʧʫ) ʢʘʣʽʙʨʦʚʘʥʦʾ ʢʫʣʴʢʠ, ʧʦʤʽʱʝʥʦʾ ʚ 

ʢʘʥʘʚʢʫ, ʚʽʜʥʦʩʥʦ ʫʱʽʣʴʥʶʚʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʬʣʘʥʮʷ ʢʦʨʧʫʩʫ ʨʝʘʢʪʦʨʘ. 

ʇʝʨʩʧʝʢʪʠʚʥʠʡ ʚʘʨʽʘʥʪ ʉʂʋʇ ɻʈʈ ʟʘʩʥʦʚʫʻʪʴʩʷ ʥʘ ʪʽʥʴʦʚʦʤʫ ʤʝʪʦʜʽ. ʊʽʥʴʦʚʠʡ 

ʤʝʪʦʜ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʩʚʽʪʣʦ ʜʞʝʨʝʣʘ ʧʘʜʘʻ ʥʘ ʩʧʝʮʽʘʣʴʥʠʡ ʙʘʨ'ʻʨ, ʷʢʠʡ ʬʦʨʤʫʻ ʟʘʪʽʥʝʥʫ 

ʦʙʣʘʩʪʴ ʚ ʢʘʥʘʚʮʽ, ʚ ʪʦʯʥʦʩʪʽ ʧʦʚʪʦʨʶʻ ʾʾ ʧʨʦʬʽʣʴ, ʷʢʘ ʚ ʩʚʦʶ ʯʝʨʛʫ ʨʝʻʩʪʨʫʻʪʴʩʷ 

ʚʽʜʝʦʢʘʤʝʨʦʶ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʘʜʠʮʽʡʥʦʛʦ ʤʝʪʦʜʫ ʚʠʤʽʨʶʚʘʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʻ ʧʣʦʱʘ 

ʧʝʨʝʪʠʥʫ ʫʱʽʣʴʥʶʚʘʣʴʥʦʾ ʢʘʥʘʚʢʠ ʽ ʥʘʤôʷʪʠʥʠ [3]. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘʢʦʞ ʜʘʻ ʧʝʚʥʽ ʧʝʨʝʚʘʛʠ: 

- ʫ ʛʘʡʢʦʚʝʨʪʽʚ ʦʩʪʘʥʥʽʭ ʧʦʢʦʣʽʥʴ ʦʜʥʦʯʘʩʥʘ ʛʽʜʨʘʚʣʽʯʥʘ ʚʠʪʷʞʢʘ ʽ ʚʽʜʢʨʫʯʫʚʘʥʥʷ 

ʰʧʠʣʴʦʢ ʻ ʣʠʰʝ ʦʜʥʽʻʶ ʟ ʙʘʛʘʪʴʦʭ ʬʫʥʢʮʽʡ. ʋ ʩʠʩʪʝʤʫ ʟʘʨʘʟ ʽʥʪʝʛʨʦʚʘʥʽ ʥʝ ʪʽʣʴʢʠ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʨʝʘʢʪʦʨʥʠʭ ʰʧʠʣʴʦʢ ʽ ʛʘʡʦʢ ʢʨʠʰʢʠ, ʘ ʡ ʚʠʤʽʨ, ʟʙʽʨ ʽ ʨʝʻʩʪʨʘʮʽʷ ʚʩʽʭ 

ʚʽʜʧʦʚʽʜʥʠʭ ʨʦʙʽʪ ʽ ʧʘʨʘʤʝʪʨʽʚ. ʊʘʢ ʥʘʧʨʠʢʣʘʜ, ʧʽʜ ʯʘʩ ʧʨʦʮʝʩʫ ʚʠʪʷʞʢʠ ʰʧʠʣʴʦʢ ʧʨʠ 

ʫʱʽʣʴʥʝʥʥʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʝʣʝʢʪʨʦʥʥʘ ʨʝʻʩʪʨʘʮʽʷ ʬʘʢʪʠʯʥʦʛʦ ʧʦʜʦʚʞʝʥʥʷ ʚʩʽʭ ʨʝʘʢʪʦʨʥʠʭ 

ʰʧʠʣʴʦʢ, ʚʠʩʥʦʚʦʢ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʝʢʨʘʥ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʫʣʴʪʘ ʛʘʡʢʦʚʝʨʪʘ, ʽ ʚʚʝʜʝʥʥʷ ʚ 

ʧʘʤ'ʷʪʴ ʇʂ. ʊʘʢʠʤ ʯʠʥʦʤ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʧʨʦʮʝʩʫ ʚʠʪʷʞʢʠ ʰʧʠʣʴʦʢ ʧʨʠ ʫʱʽʣʴʥʝʥʥʽ ʻ 

ʤʦʞʣʠʚʽʩʪʴ ʜʦʢʫʤʝʥʪʘʣʴʥʦʛʦ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʥʘʣʝʞʥʦʛʦ ʫʱʽʣʴʥʝʥʥʷ ʢʦʨʧʫʩʫ ʨʝʘʢʪʦʨʘ. 

ʊʘʢʦʞ ʥʦʚʽ ʛʘʡʢʦʚʝʨʪʠ ʣʝʛʰʽ ʽ ʤʦʙʽʣʴʥʽʰʽ, ʢʝʨʫʚʘʥʥʷ ʥʠʤʠ ʜʠʩʪʘʥʮʽʡʥʝ, ʘ ʦʪʞʝ ʽ ʢʽʣʴʢʽʩʪʴ 

ʨʘʜʽʘʮʽʡʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʧʝʨʩʦʥʘʣ ʤʝʥʰʘ, ʘ ʢʽʣʴʢʽʩʪʴ ʟʘʜʽʷʥʠʭ ʧʨʘʮʽʚʥʠʢʽʚ ʤʝʥʰʘ; 

- ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʘ ʤʘʰʠʥʘ, ʧʨʠʢʣʘʜʦʤ ʷʢʦʾ ʤʦʞʝ ʙʫʪʠ ʜʽʶʯʘ ʥʘʨʘʟʽ ʚ ʋʢʨʘʾʥʽ 

US-3000R, ʧʨʦʩʪʦ ʥʝʦʙʭʽʜʥʘ ʧʨʠ ʨʝʤʦʥʪʽ ɻʈʈ, ʙʦ ʚʦʥʘ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ ʪʘʢʽ ʦʧʝʨʘʮʽʾ ʷʢ 

ʚʠʜʘʣʝʥʥʷ ʫʪʚʦʨʝʥʦʛʦ ʜʝʬʝʢʪʫ ʥʘ ʫʱʽʣʴʥʶʶʯʠʡ ʧʦʚʝʨʭʥʽ, ʦʙʨʦʙʢʘ ʥʘʧʣʘʚʣʝʥʦʾ ʧʦʚʝʨʭʥʽ ʽ 

ʚʽʜʥʦʚʣʝʥʥʷ ʢʘʥʘʚʢʠ ʥʘ ʫʱʽʣʴʥʶʶʯʽʡ ʧʦʚʝʨʭʥʽ, ʟ ʜʫʞʝ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʧʨʦʚʝʜʝʥʥʷ 

ʦʧʝʨʘʮʽʡ, ʘ ʪʘʢʦʞ ʚ ʜʠʩʪʘʥʮʽʡʥʦʤʫ ʨʝʞʠʤʽ, ʱʦ ʟʤʝʥʰʫʻ ʦʪʨʠʤʘʥʫ ʜʦʟʫ ʦʧʨʦʤʽʥʝʥʥʷ 

ʧʝʨʩʦʥʘʣʦʤ. ʉʘʤʝ ʟʘʚʜʷʢʠ ʪʘʢʽʡ ʤʘʰʠʥʽ ʤʦʞʣʠʚʝ ʧʦʚʥʝ ʚʽʜʥʦʚʣʝʥʥʷ ɻʈʈ. 

ʆʪʞʝ, ʩʫʯʘʩʥʝ ʦʙʣʘʜʥʘʥʥʷ ʽʟ ʩʠʩʪʝʤʘʤʠ ʢʦʥʪʨʦʣʶ ʚʠʢʦʥʘʥʥʷ ʧʨʦʮʝʩʽʚ ʩʧʨʠʷʻ 

ʦʧʪʠʤʽʟʘʮʽʾ ʯʘʩʫ ʥʘ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ ʤʘʡʞʝ ʚ ʜʚʘ ʨʘʟʠ ʪʘ ʟʥʘʯʥʦ ʟʤʝʥʰʫʻ ʟʥʦʩ ʝʣʝʤʝʥʪʽʚ, 

ʱʦ ʥʘʣʝʞʘʪʴ ʜʦ ɻʈʈ. ɸ ʩʘʤʝ ʦʙʣʘʜʥʘʥʥʷ ʧʦʚʥʽʩʪʶ ʢʦʥʪʨʦʣʴʦʚʘʥʝ ʪʘ ʧʨʦʩʪʝ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. 
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ʉʪʫʜʝʥʪ 4 ʢʫʨʩʫ, ʛʨ. ʊʗ-72 ɹʦʥʜʘʨʫʢ ʄ.ɺ. 

ɼʦʮ., ʢ.ʪ.ʥ. ʂʦʥʴʰʠʥ ɺ.ɯ. 

ʆʏʀʑɽʅʅʗ ʊɽʇʃʆʅʆʉɯʗ 1-ɻʆ ʂʆʅʊʋʈʋ ɽʅɽʈɻʆɹʃʆʂʋ ɿ ɺɺɽʈ-440 

 

ʅʘ ɸɽʉ ʚʝʣʠʢʫ ʨʦʣʴ ʚ ʥʘʜʽʡʥʦʩʪʽ ʾʾ ʨʦʙʦʪʠ ʚʽʜʽʛʨʘʻ ʚʦʜʥʦ-ʭʽʤʽʯʥʠʡ ʨʝʞʠʤ ( ɺʍʈ ). 

ʎʝʡ ʨʝʞʠʤ ʻ ʦʩʥʦʚʦʶ ʧʽʜʪʨʠʤʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʥʦʨʤ ʷʢʦʩʪʝʡ ʪʝʧʣʦʥʦʩʽʷ 1-ʛʦ ʢʦʥʪʫʨʫ, ʜʦ 

ʷʢʦʛʦ ʚʠʩʫʚʘʻʪʴʩʷ ʨʷʜ ʚʠʤʦʛ. ɺ ʷʢʦʩʪʽ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʙʣʦʢʘʭ ʪʠʧʫ ɺɺɽʈ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʚʦʜʘ. ʎʝ ʟʫʤʦʚʣʝʥʦ ʾʾ ʬʽʟʠʯʥʦ-ʷʜʝʨʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘ ʜʦʩʪʫʧʥʽʩʪʶ ʚ ʧʨʠʨʦʜʽ. 

ʇʨʠ ʪʨʠʚʘʣʽʡ ʨʦʙʦʪʽ ʪʝʧʣʦʥʦʩʽʡ 1-ʛʦ ʢʦʥʪʫʨʫ ʧʽʜʜʘʻʪʴʩʷ ʟʥʘʯʥʦʤʫ ʟʘʙʨʫʜʥʝʥʥʶ, ʷʢʝ 

ʚʠʢʣʠʢʘʥʝ ʢʦʨʦʟʽʻʶ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʧʦʩʠʣʝʥʥʷʤ 

ʢʦʨʦʟʽʡʥʦʾ ʘʛʨʝʩʠʚʥʦʩʪʽ ʪʝʧʣʦʥʦʩʽʷ ʚʥʘʩʣʽʜʦʢ ʙʦʨʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʨʝʘʢʪʠʚʥʦʩʪʽ. ɼʦʤʽʰʢʠ 

ʚ ʪʝʧʣʦʥʦʩʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʷʢ ʚ ʨʦʟʯʠʥʝʥʦʤʫ ʩʪʘʥʽ, ʪʘʢ ʽ ʚ ʥʝ ʨʦʟʯʠʥʝʥʦʤʫ. ʆʯʠʱʝʥʥʷ 

ʪʝʧʣʦʥʦʩʽʷ 1-ʛʦ ʢʦʥʪʫʨʫ ʚʽʜ ʥʝʨʦʟʯʠʥʥʠʭ ʟʘʙʨʫʜʥʝʥʴ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʤʝʭʘʥʽʯʥʠʭ ʬʽʣʴʪʨʽʚ, ʧʝʨʝʜʙʘʯʝʥʠʭ ʩʠʩʪʝʤʦʶ ʦʯʠʱʝʥʥʷ. ɺ ʽʦʥʦʦʙʤʽʥʥʠʭ ʬʽʣʴʪʨʘʭ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʽʦʥʦʦʙʤʽʥʥʽ ʩʤʦʣʠ çʷʜʝʨʥʦʛʦè ʢʣʘʩʫ ʚʠʩʦʢʦʾ ʯʠʩʪʦʪʠ [1]. 

ʅʘ ɺɺɽʈ-440, ʟʘʟʚʠʯʘʡ, ʫʩʪʘʥʦʚʢʠ ʚʦʜʦʦʯʠʱʝʥʥʷ ʤʘʶʪʴ ʜʚʘ ʽʦʥʦʦʙʤʽʥʥʠʭ ʬʽʣʴʪʨʘ, 

ʨʦʟʨʘʭʦʚʘʥʠʭ ʥʘ ʨʦʙʦʪʫ ʙʝʟ ʩʢʠʜʘʥʥʷ ʪʠʩʢʫ (ʨʠʩ. 1). ɿʘ ʧʨʦʝʢʪʦʤ ʦʜʠʥ ʟ ʬʽʣʴʪʨʽʚ ʧʦʚʠʥʝʥ 

ʟʘʚʘʥʪʘʞʫʚʘʪʠʩʷ ʢʘʪʽʦʥʽʪʦʤ (ʩʤʦʣʘ ʂʋ-2-8 ʯʩ), ʽʥʰʠʡ - ʘʥʽʦʥʠʽʦʤ (ʩʤʦʣʘ ɸɺ-18-8 ʯʩ). 

 

 
1 - ʪʨʫʙʦʧʨʦʚʽʜ 1-ʛʦ ʢʦʥʪʫʨʫ; 2 - ʛʦʣʦʚʥʠʡ ʮʠʨʢʫʣʷʮʽʡʥʠʡ ʥʘʩʦʩ; 3 - ʨʝʛʝʥʝʨʘʪʠʚʥʠʡ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢ; 4 - ʜʦʦʭʦʣʦʜʞʫʚʘʯ ʧʨʦʜʫʚʢʠ; 5 - ʢʘʪʽʦʥʽʪʦʚʠʡ ʬʽʣʴʪʨ ʚ ʂ+ - NH- ʬʦʨʤʽ;          

ʙ - ʘʥʽʦʥʽʪʦʚʠʡ ʬʽʣʴʪʨ ʚ ʆʅï  ʬʦʨʤʽ 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ  ʦʯʠʱʝʥʥʷ ʧʨʦʜʫʚʦʯʥʦʾ ʚʦʜʠ ʥʘ ɸɽʉ ʟ ɺɺɽʈ-440 [2] 

 

  ɿ ʯʘʩʦʤ ʩʪʘʣʦ ʟʨʦʟʫʤʽʣʦ, ʱʦ ʜʚʦʭ ʬʽʣʴʪʨʽʚ ʜʣʷ ʧʽʜʪʨʠʤʘʥʥʷ ɺʍʈ ʧʨʠ ʧʝʨʝʭʽʜʥʠʭ 

ʧʨʦʮʝʩʘʭ  ʥʝʜʦʩʪʘʪʥʴʦ. ʋ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʘʭ ʚʥʘʩʣʽʜʦʢ ʟʤʽʥʠ ʟʘʧʘʩʫ ʨʝʘʢʪʠʚʥʦʩʪʽ, 

ʧʦʚ'ʷʟʘʥʦʛʦ ʟ ʚʧʣʠʚʦʤ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʝʬʝʢʪʽʚ ʽ çʦʪʨʫʻʥʥʷè, ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʦʧʝʨʘʪʠʚʥʦʾ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʦʨʥʦʾ ʢʠʩʣʦʪʠ. ʊʦʤʫ ʧʨʠʡʰʣʠ ʚʠʩʥʦʚʢʫ, ʱʦ ʥʘʡʙʽʣʴʰ 

ʚʜʘʣʠʤ ʨʽʰʝʥʥʷʤ ʙʫʜʝ ʚʽʜʚʝʜʝʥʥʷ ʦʢʨʝʤʦʛʦ ʘʥʽʦʥʽʪʦʚʦʛʦ ʬʽʣʴʪʨʫ ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʦʨʥʦʾ ʢʠʩʣʦʪʠ. ʎʝʡ ʬʽʣʴʪʨ ʧʨʠ ʩʪʘʮʽʦʥʘʨʥʽʡ ʨʦʙʦʪʽ ʨʝʘʢʪʦʨʘ ʚʽʜʢʣʶʯʘʻʪʴʩʷ 

ʚʽʜ 1-ʛʦ ʢʦʥʪʫʨʫ ʽ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ ʥʴʦʛʦ ʪʽʣʴʢʠ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʤʝʥʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʨʽʜʢʦʛʦ ʧʦʛʣʠʥʘʯʘ ʥʝʡʪʨʦʥʽʚ. ʊʘʢʦʞ, ʚ ɺɺɽʈ-440 ʚʠʷʚʠʣʦʩʴ ʤʦʞʣʠʚʠʤ ʟʘʧʦʚʥʠʪʠ ʦʜʠʥ ʟ 

ʜʚʦʭ ʬʽʣʴʪʨʽʚ ʩʫʤʽʰʰʶ ʢʘʪʽʦʥʽʪʘ ʪʘ ʘʥʽʦʥʽʪʘ ( ʚ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 1:1 ).  ʇʨʠ ʩʪʘʮʽʦʥʘʨʥʦʤʫ 

ʨʝʞʠʤʽ ʨʦʙʦʪʠ ʨʝʘʢʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ ʦʯʠʱʝʥʥʷ ʪʝʧʣʦʥʦʩʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʣʠʰʝ ʥʘ ʮʴʦʤʫ 
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ʬʽʣʴʪʨʽ, ʷʢʠʡ ʦʪʨʠʤʘʚ ʥʘʟʚʫ ʌɿɼ ( ʬʽʣʴʪʨ ʟʤʽʰʘʥʦʾ ʜʽʾ ). ɼʨʫʛʠʡ ʞ ʬʽʣʴʪʨ ʟʘʚʘʥʪʘʞʫʚʘʚʩʷ 

ʘʥʽʦʥʽʪʦʤ ʪʘ ʩʣʫʛʫʚʘʚ ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʦʨʥʦʛʦ ʨʦʟʯʠʥʫ ʢʠʩʣʦʪʠ [2]. 

ɼʣʷ ʚʠʜʘʣʝʥʥʷ ʨʦʟʯʠʥʥʠʭ ʜʦʤʽʰʦʢ ( ʨʽʜʢʠʭ ) ʪʘ ʾʭ ʧʦʜʘʣʴʰʦʾ ʧʝʨʝʨʦʙʢʠ  ʧʝʨʝʜʙʘʯʝʥʘ 

ʩʠʩʪʝʤʘ, ʱʦ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʩʽʤ ʚʠʜʽʚ ʩʧʝʮʽʘʣʴʥʦʛʦ ʚʦʜʦʦʯʠʱʝʥʥʷ ( ʉɺʆ ). ʏʘʩʪʠʥʘ  ʩʠʩʪʝʤʠ 

ʉɺʆ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʫʩʪʘʥʦʚʦʢ ʨʝʘʢʪʦʨʥʦʛʦ ʚʽʜʜʽʣʝʥʥʷ ( ʉɺʆ-1 ʪʘ ʉɺʆ-2 ), ʘ ʽʥʰʘ ʯʘʩʪʠʥʘ 

ï ʜʦ ʫʩʪʘʥʦʚʦʢ ʩʧʝʮʢʦʨʧʫʩʫ ( ʉɺʆ-3, ʉɺʆ-4, ʉɺʆ-5, ʉɺʆ-6 ʪʘ ʉɺʆ-7 ) [3]. ʂʦʞʥʘ 

ʫʩʪʘʥʦʚʢʘ ʚʦʜʦʦʯʠʱʝʥʥʷ ʤʘʻ ʩʚʦʻ ʧʨʠʟʥʘʯʝʥʥʷ:  

1. ʉɺʆ-1 ï ʦʯʠʩʪʢʘ ʧʨʦʜʫʚʥʦʾ ʚʦʜʠ ʪʝʧʣʦʥʦʩʽʷ 1-ʛʦ ʢʦʥʪʫʨʫ ʚʽʜ ʧʨʦʜʫʢʪʽʚ ʢʦʨʦʟʽʾ ʚ 

ʜʠʩʧʝʨʩʥʽʡ ʬʦʨʤʽ; 

2. ʉɺʆ-2 ï ʦʯʠʩʪʢʘ ʦʨʛʘʥʽʟʦʚʘʥʠʭ ʧʨʦʪʽʯʦʢ ʠ ʧʨʦʜʫʚʥʦʾ ʚʦʜʠ 1-ʛʦ ʢʦʥʪʫʨʫ ʚʽʜ 

ʭʽʤʽʯʥʠʭ ʪʘ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʟʘʙʨʫʜʥʝʥʴ ʚ ʧʝʨʽʦʜ ʥʦʨʤʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʨʝʘʢʪʦʨʫ; ʦʯʠʩʪʢʘ ʪʝʧʣʦʥʦʩʽʷ ʧʨʠ ʚʩʽʭ ʦʧʝʨʘʮʽʷʭ, ʟʚôʷʟʘʥʠʭ ʟ ʟʤʽʥʥʦʶ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʦʨʥʦʾ ʢʠʩʣʦʪʠ ʚ 1-ʦʤʫ ʢʦʥʪʫʨʽ, ʛʘʟʦʚʠʜʘʣʝʥʥʷ, ʧʨʠ ʨʦʟʽʛʨʽʚʽ 1-ʛʦ 

ʢʦʥʪʫʨʫ ʧʽʜ ʯʘʩ ʧʫʩʢʫ, ʧʨʠ ʦʧʦʨʦʞʥʝʥʥʽ ʧʝʪʝʣʴ ʯʠ ʢʦʥʪʫʨʫ ʚ ʧʝʨʽʦʜ ʨʝʤʦʥʪʫ; 

3. ʉɺʆ-3 ï ʦʯʠʩʪʢʘ ʪʨʘʧʥʠʭ ʚʦʜ: ʥʝʦʨʛʘʥʽʟʦʚʘʥʽ ʧʨʦʪʽʯʢʠ 1-ʛʦ ʢʦʥʪʫʨʫ, 

ʥʝʦʨʛʘʥʽʟʦʚʘʥʽ ʧʨʦʪʽʯʢʠ ʟ ʩʠʩʪʝʤʠ ʪʝʭʥʽʯʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʩʧʝʮʢʦʨʧʫʩʫ ʽ 

ʨʝʘʢʪʦʨʥʠʭ ʚʽʜʜʽʣʝʥʴ; ʚʦʜʠ ʜʝʟʘʢʪʠʚʘʮʽʾ; ʨʝʛʝʥʝʨʘʮʽʡʥʽ ʚʦʜʠ ʉɺʆ;  

4. ʉɺʆ-4 ï ʦʯʠʩʪʢʘ ʚʦʜʠ ʙʘʩʝʡʥʽʚ ʚʠʪʨʠʤʢʠ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʧʘʣʠʚʘ, ʚʦʜʠ ʙʘʢʽʚ 

ʘʚʘʨʽʡʥʦʛʦ ʟʘʧʘʩʫ ʨʦʟʯʠʥʫ ʙʦʨʥʦʾ ʢʠʩʣʦʪʠ, ʙʘʢʽʚ ʟʣʠʚʽʚ ʙʘʩʝʡʥʽʚ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ; 

5. ʉɺʆ-5 ï ʦʯʠʩʪʢʘ ʧʨʦʜʫʚʥʦʾ ʚʦʜʠ ʧʘʨʦʛʝʥʝʨʘʪʦʨʽʚ  

6. ʉɺʆ-6 ï ʦʯʠʩʪʢʘ ʚʦʜ ʟ ʚʤʽʩʪʦʤ ʙʦʨʫ ʟ ʦʜʥʦʯʘʩʥʦʾ ʨʝʛʝʥʝʨʘʮʽʻʶ ʙʦʨʥʦʾ ʢʠʩʣʦʪʠ; 

7. ʉɺʆ-7 ï ʦʯʠʩʪʢʘ ʚʦʜ ʩʧʝʮʧʘʨʘʣʴʥʽ. 

ɿʘʛʘʣʦʤ ʨʽʜʢʽ ʨʘʜʽʦʘʢʪʠʚʥʽ ʚʽʜʭʦʜʠ ʥʘ ɸɽʉ ʨʦʟʙʠʪʽ ʥʘ ʯʦʪʠʨʠ ʛʨʫʧʠ: 

- ʛʨʫʧʧʘ I ï ʟʥʝʩʦʣʝʥʥʽ ʚʦʜʠ ʦʨʛʘʥʽʟʦʚʘʥʠʭ ʧʨʦʪʽʯʦʢ, ʚʦʜʠ ʨʦʟʧʫʰʫʚʘʥʥʷ ʽʦʥʽʪʦʚʠʭ 

ʬʽʣʴʪʨʽʚ; 

- ʛʨʫʧʘ II ï ʪʨʘʧʥʽ ʚʦʜʠ; 

- ʛʨʫʧʘ III  ï ʩʦʣʴʦʚʽ ʚʽʜʭʦʜʠ, ʜʦ ʷʢʠʭ ʚʭʦʜʷʪʴ ʚʦʜʠ ʨʝʛʝʥʝʨʘʮʽʾ, ʨʝʛʝʥʘʨʘʮʽʡʥʽ 

ʨʦʟʯʠʥʠ, ʚʦʜʠ ʣʘʙʦʨʘʪʦʨʽʡ; 

- ʛʨʫʧʘ IV ï ʽʥʰʽ ʚʽʜʭʦʜʠ. 

ʇʨʠʟʥʘʯʝʥʥʷ ʩʠʩʪʝʤ ʧʦʚʦʜʞʝʥʥʷ ʟ ʨʽʜʢʠʤʠ ʨʘʜʽʦʘʢʪʠʚʥʠʤʠ ʚʽʜʭʦʜʘʤʠ ʧʦʣʷʛʘʻ ʚ 

ʣʦʢʘʣʽʟʘʮʽʾ, ʧʝʨʝʨʦʙʮʽ ʪʘ ʟʘʪʚʝʨʜʽʥʥʶ ʮʠʭ ʚʽʜʭʦʜʽʚ ʜʣʷ ʥʘʩʪʫʧʥʦʛʦ ʾʭ ʟʙʝʨʽʛʘʥʥʷ [4]. 

ʄʦʞʥʘ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʘʩʦʙʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʦʜʥʦ-ʭʽʤʽʯʥʦʛʦ ʨʝʞʠʤʫ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʧʽʜʪʨʠʤʢʫ ʥʦʨʤʦʚʘʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʪʝʧʣʦʥʦʩʽʷ ʽ ʜʦʧʫʩʪʠʤʠʡ ʩʪʘʥ ʚʥʫʪʨʽʰʥʽʭ 

ʧʦʚʝʨʭʦʥʴ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʦʩʥʦʚʥʦʛʦ ʢʦʥʪʫʨʫ, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʻ ʚʘʞʣʠʚʦʶ 

ʣʘʥʢʦʶ ʚ ʟʘʙʝʟʧʝʯʝʥʥʽ ʙʝʟʧʝʯʥʦʛʦ ʨʝʞʠʤʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘ ɸɽʉ. 

 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. ɻʦʩʪʢʦʚ ɺ.ɺ. (1999). ʈʝʞʠʤʳ ʠ ʥʦʨʤʳ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ ʭʠʤʠʢʦ-

ʨʘʜʠʦʘʢʪʠʚʥʦʤʫ ʮʝʭʫ ɸʕʉ. ʀʚʘʥʦʚʦ: ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ. 258 ʩ. 

2. ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʝʞʠʤʳ ʚʦʜʦ-ʚʦʜʷʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʘʢʪʦʨʦʚ ï ʦʯʠʩʪʢʘ 

ʚʦʜʳ 1-ʛʦ ʢʦʥʪʫʨʘ. URL: https://leg.co.ua/arhiv/generaciya/ekspluatacionnye-

rezhimy-vodo-vodyanyh-energeticheskih-reaktorov-23.html (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 

12.03.2020). 

3. ʂʦʧʳʣʦʚ ɸ. ʉ. çʉʧʝʮʚʦʜʦʦʯʠʩʪʢʘ ʥʘ ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭè/ ʂʦʧʳʣʦʚ ɸ. ʉ. 
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ʉʪʫʜʝʥʪ 4 ʢʫʨʩʫ, ʛʨ. ʊʗ-72 ɺʽʛʦʨ ʗ.ʇ. 

ɸʩʠʩʪ. ʆʩʪʘʧʝʥʢʦ ɯ.ɸ. 

ɸʅɸʃɯɿ ɺʇʃʀɺʋ ʈɸɼɯɸʎɯʁʅʆɻʆ ɺʀʇʈʆʄɯʅʖɺɸʅʅʗ ʅɸ ʄɯʎʅɯʉʊʔ 

ʂʆʈʇʋʉɯɺ ʈɽɸʂʊʆʈɯɺ ʊʀʇʋ ɺɺɽʈ-1000 

 

ʄʘʢʩʠʤʘʣʴʥʠʡ ʚʧʣʠʚ ʥʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʝʪʘʣʫ ʢʦʨʧʫʩʫ ʚ ʧʨʦʮʝʩʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘʜʘʻ ʥʝʡʪʨʦʥʥʝ ʦʧʨʦʤʽʥʝʥʥʷ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʨʘʜʽʘʮʽʡʥʦʛʦ ʦʢʨʠʭʯʫʚʘʥʥʷ. 

ʆʩʥʦʚʥʠʤ ʬʘʢʪʦʨʦʤ, ʱʦ ʚʠʟʥʘʯʘʻ ʟʤʽʥʫ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ (ʢʨʠʪʠʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʢʨʠʭʢʦʩʪʽ, ʤʝʞʽ ʪʝʢʫʯʦʩʪʽ ʪʘ ʽʥʰʠʭ) ʧʽʜ ʦʧʨʦʤʽʥʝʥʥʷʤ, ʻ ʚʝʣʠʯʠʥʘ ʬʣʶʝʥʩʘ ʰʚʠʜʢʠʭ 

ʥʝʡʪʨʦʥʽʚ. ʂʨʽʤ ʪʦʛʦ, ʚʽʜʦʤʦ, ʱʦ ʟʤʽʥʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʪʘʣʽ ʧʽʜ ʦʧʨʦʤʽʥʝʥʥʷʤ ʻ ʨʝʟʫʣʴʪʘʪʦʤ 

ʚʧʣʠʚʫ ʮʽʣʦʛʦ ʨʷʜʫ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ ʛʨʫʧʠ: 

¶ ʬʘʢʪʦʨʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʩʘʤʠʭ ʤʘʪʝʨʽʘʣʽʚ, - ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʽ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ ʩʪʘʣʽ;  

¶ ʬʘʢʪʦʨʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʫʤʦʚʘʤʠ ʦʧʨʦʤʽʥʝʥʥʷ, - ʪʝʤʧʝʨʘʪʫʨʘ ʦʧʨʦʤʽʥʝʥʥʷ, ʬʦʨʤʘ 

ʩʧʝʢʪʨʘ ʽ ʱʽʣʴʥʽʩʪʴ ʧʦʪʦʢʫ ʥʝʡʪʨʦʥʽʚ.  

ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʟʨʘʟʢʽʚ-ʩʚʽʜʢʽʚ ʻ ʧʽʜʩʪʘʚʦʶ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʬʘʢʪʠʯʥʠʭ 

ʟʤʽʥ ʤʝʪʘʣʫ ʢʦʨʧʫʩʽʚ-ʩʚʽʜʢʽʚ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ɸɽʉ ʽ ʧʦʚʠʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʝʩʫʨʩʫ ʨʦʙʦʪʠ ʢʦʨʧʫʩʽʚ-ʨʝʘʢʪʦʨʽʚ (ʂʈ), ʟ ʪʦʯʢʠ ʟʦʨʫ ʦʧʦʨʫ ʢʨʠʭʢʦʤʫ 

ʨʫʡʥʫʚʘʥʥʶ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʟʘʭʽʜʥʠʭ ʧʨʦʛʨʘʤ ʟʨʘʟʢʽʚ-ʩʚʽʜʢʽʚ, ʚ ʋʢʨʘʾʥʽ, ʪʘʢ ʩʘʤʦ ʷʢ ʽ ʚ ʈʦʩʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʚʦʧʦʚʝʨʭʦʚʘ ʫʩʪʘʥʦʚʢʘ ʟʨʘʟʢʽʚ-ʩʚʽʜʢʽʚ. ʅʝʡʪʨʦʥʥʠʡ ʧʦʪʽʢ, ʧʘʜʘʶʯʠʡ ʥʘ 

ʟʨʘʟʢʠ ʚʝʨʭʥʴʦʛʦ ʨʷʜʫ, ʧʨʠʙʣʠʟʥʦ ʜʦʨʽʚʥʶʻ ʥʝʡʪʨʦʥʥʦʤʫ ʧʦʪʦʢʫ, ʧʘʜʘʶʯʦʤʫ ʥʘ ʚʥʫʪʨʽʰʥʶ 

ʧʦʚʝʨʭʥʶ ʢʦʨʧʫʩʫ ʨʝʘʢʪʦʨʘ ʧʨʦʪʠ ʮʝʥʪʨʫ ʘʢʪʠʚʥʦʾ ʟʦʥʠ. ɿʨʘʟʢʠ ʥʠʞʥʴʦʛʦ ʨʷʜʫ ʩʧʨʠʡʤʘʶʪʴ 

ʜʝʱʦ ʙʽʣʴʰʠʡ (ʧʨʠʙʣʠʟʥʦ ʚ 2,5 ʨʘʟʠ) ʧʦʪʽʢ ʰʚʠʜʢʠʭ ʥʝʡʪʨʦʥʽʚ ʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʪʘʥʫ ʤʝʪʘʣʫ ʢʦʨʧʫʩʫ ʨʝʘʢʪʦʨʘ ʥʘ ʥʘʡʙʣʠʞʯʽ 5 ʘʙʦ 10 ʨʦʢʽʚ. ʂʨʽʤ 

ʦʧʨʦʤʽʥʶʶʯʠʭ ʟʨʘʟʢʽʚ ʧʽʜ ʢʨʠʰʢʦʶ ʢʦʨʧʫʩʫ ʨʝʘʢʪʦʨʘ ʟʥʘʭʦʜʷʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʥʽ ʟʨʘʟʢʠ. 

ɺʦʥʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʽʜʜʽʣʝʥʥʷ ʟʤʽʥ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʝʪʘʣʫ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʪʝʤʧʝʨʘʪʫʨʥʠʤ 

ʩʪʘʨʽʥʥʷʤ, ʚʽʜ ʟʤʽʥ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʜʽʻʶ ʨʘʜʽʘʮʽʾ (ʨʠʩ.1) [1]. 

 
ʈʠʩʫʥʦʢ 1 - ʊʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʫʜʘʨʥʦʾ ʚ'ʷʟʢʦʩʪʽ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʚʠʧʨʦʙʫʚʘʥʴ ʟʨʘʟʢʽʚ-ʩʚʽʜʢʽʚ ʤʝʪʘʣʫ ʟʚʘʨʥʦʛʦ ʰʚʘ (ʈ-0,005%, ʉʽ- 0,06%, Ni-1,72%) ʧʽʩʣʷ 5 

ʨʦʢʽʚ ʦʧʨʦʤʽʥʝʥʥʷ: ʥʝʦʧʨʦʤʽʥʝʥʽ ʟʨʘʟʢʠ (ƺ), ʪʝʨʤʽʯʥʽ ʟʨʘʟʢʠ (Ƹ) ʽ ʦʧʨʦʤʽʥʝʥʽ ʟʨʘʟʢʠ (Ǐ). 

 

ʂʦʨʧʫʩʠ ʨʝʘʢʪʦʨʽʚ ʪʠʧʫ ɺɺɽʈ-1000 ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʟʽ ʩʪʘʣʽ ʧʝʨʣʽʪʥʦʛʦ ʢʣʘʩʫ ʪʠʧʫ 

15ʍ2ʅʄʌɸɸ. ʂʦʥʮʝʥʪʨʘʮʽʷ ʥʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʠʭ ʟ ʪʦʯʢʠ ʟʦʨʫ ʨʘʜʽʘʮʽʡʥʦʛʦ 

ʦʢʨʠʭʯʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ - ʬʦʩʬʦʨʫ ʽ ʤʽʜʽ ʦʙʤʝʞʝʥʘ: ʬʦʩʬʦʨʫ - ʤʝʞʝʶ 0,010%, ʤʽʜʽ - 0,1%, 

ʘ ʩʫʤʘ ʢʦʥʮʝʥʪʨʘʮʽʡ ʬʦʩʬʦʨʫ, ʩʫʨʤʠ ʽ ʦʣʦʚʘ - ʨʽʚʥʝʤ 0,013%. ɿ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ 
ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʦʙʠʯʘʡʦʢ ʚ ʩʪʘʣʴ ʜʦʜʘʥʠʡ ʚʘʥʘʜʽʡ (ʥʝ ʙʽʣʴʰʝ 0,1%), ʘ ʪʘʢʦʞ 

ʥʽʢʝʣʴ ʷʢ ʝʣʝʤʝʥʪ, ʟʤʽʮʥʶʶʯʠʡ ʬʝʨʨʠʪ ʦʜʥʦʯʘʩʥʦ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʡʦʛʦ ʚ'ʷʟʢʦʩʪʽ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʨʘʜʽʘʮʽʡʥʦʛʦ ʦʢʨʠʭʯʫʚʘʥʥʷ [2] ʧʦʢʘʟʘʣʦ, ʱʦ ʜʣʷ ʤʘʪʝʨʽʘʣʽʚ ʟ ʧʽʜʚʠʱʝʥʠʤ 

ʚʤʽʩʪʦʤ ʥʽʢʝʣʶ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʟʥʘʯʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʚ ʜʦʟʦʚʽʡ ʟʘʣʝʞʥʦʩʪʽ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 
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ʜʘʥʽ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʥʽʢʝʣʴ ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʻ ʯʫʪʣʠʚʽʩʪʴ ʢʦʨʧʫʩʥʠʭ ʩʪʘʣʝʡ ʜʦ ʨʘʜʽʘʮʽʡʥʦʛʦ 

ʦʢʨʠʭʯʫʚʘʥʥʷ. ʋ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʘʭ, ʱʦ ʜʽʶʪʴ ʚ ʉʅɼ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ 

ʫʪʨʠʤʘʥʥʽ ʥʽʢʝʣʶ Ò 1,3 % ʉʪʫʧʽʥʴ ʨʘʜʽʘʮʽʡʥʦʛʦ ʦʢʨʠʭʯʫʚʘʥʥʷ ʦʮʽʥʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

Ў˟ ὃὊ . 

ɼʝ ʬʣʶʝʥʩ F ʚʠʨʘʞʝʥʠʡ ʚ ʦʜʠʥʠʮʷʭ ρπ
̎̆̊̓̑Ȣ

̒̍
 (ɽ Ó 0,5 ʄʝɺ), ʘ ʢʦʝʬʽʮʽʻʥʪ 

ʨʘʜʽʘʮʽʡʥʦʛʦ ʦʢʨʠʭʯʫʚʘʥʥʷ ὃ ʩʪʘʥʦʚʠʪʴ:  

ʜʣʷ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ ὃ = 23, Ὕ  <250ᴈ; 

ʜʣʷ ʤʝʪʘʣʫ ʟʚʘʨʥʦʛʦ ʰʚʘ ὃ = 20, Ὕ  <0ᴈ.  

ʆʩʢʽʣʴʢʠ ʚ ʢʦʨʧʫʩʥʠʭ ʩʪʘʣʷʭ ʫʢʨʘʾʥʩʴʢʠʭ ɸɽʉ ʚʤʽʩʪ ʤʽʜʽ ʽ ʬʦʩʬʦʨʫ ʜʫʞʝ ʥʠʟʴʢʠʡ ʽ 

ʜʣʷ ʚʩʽʭ ʙʣʦʢʽʚ ʜʫʞʝ ʙʣʠʟʴʢʠʡ, ʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʽʢʝʣʶ ʽʩʪʦʪʥʦ ʨʦʟʨʽʟʥʷʻʪʴʩʷ, ʪʦ ʝʬʝʢʪ 

ʟʤʽʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʢʨʠʭʢʦ-ʚôʷʟʢʦʛʦ ʧʝʨʝʭʦʜʫ ʧʽʜ ʜʽʻʶ ʦʧʨʦʤʽʥʝʥʥʷ ʤʦʞʥʘ ʧʦʚ'ʷʟʘʪʠ ʟ 

ʨʽʟʥʠʤ ʚʤʽʩʪʦʤ ʥʽʢʝʣʶ ʚ ʩʪʘʣʽ. ʄʦʥʦʪʦʥʥʝ ʟʙʽʣʴʰʝʥʥʷ ʨʘʜʽʘʮʽʡʥʦʛʦ ʦʢʨʠʭʯʫʚʘʥʥʷ ʟ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʥʽʢʝʣʶ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘ ʟʨʘʟʢʘʭ ʟʚʘʨʥʦʛʦ ʰʚʘ ʥʘ ʧʨʦʪʠʚʘʛʫ ʦʩʥʦʚʥʦʤʫ 

ʤʝʪʘʣʫ. ʅʘʢʦʧʠʯʝʥʠʡ ʜʦʩʚʽʜ ʧʦʢʘʟʘʚ, ʱʦ ʪʝʧʣʦʚʝ ʦʢʨʠʭʯʫʚʘʥʥʷ ʥʘʚʽʪʴ ʧʨʠ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʽʡ 

(ʜʦ 350Á ʉ) ʪʝʤʧʝʨʘʪʫʨʽ ʤʦʞʝ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʙʝʟʧʝʢʫ ʧʨʠ ʪʨʠʚʘʣʽʡ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʊʘʢ, 

ʟ ʤʝʪʦʶ ʟʘʧʦʙʽʛʘʥʥʷ ʦʢʨʠʭʯʫʚʘʥʥʷ ʪʝʧʣʦʩʪʽʡʢʠʭ ʭʨʦʤʦʤʦʣʽʙʜʝʥʦʚʠʭ ʩʪʘʣʝʡ ʧʨʠ ʚʽʜʧʫʩʪʮʽ 

ʽ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʤʘʪʝʨʽʘʣʽ ʤʘʻ ʙʫʪʠ ʦʙʤʝʞʝʥʦ ʚʤʽʩʪ ʬʦʩʬʦʨʫ, ʦʣʦʚʘ, ʩʫʨʤʠ, 

ʢʨʝʤʥʽʶ ʽ ʤʘʨʛʘʥʮʶ. ʆʙʤʝʞʝʥʥʷ ʮʠʭ ʜʦʤʽʰʦʢ ʚ ʤʝʪʘʣʽ ʰʚʘ ʚʨʘʭʦʚʫʶʪʴʩʷ ʢʨʠʪʝʨʽʻʤ 

ɹʨʫʩʢʘʪʦ X: 

ὢ ρυϽρπ, 

ʘ ʜʣʷ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ ï ʢʨʠʪʝʨʽʻʤ ɺʘʪʘʥʘʙʝ I: 

Ὅ ὓὲ ὛὭὖ ὛὲϽρπ ρυπ. 
ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʎʅɼɯ ʂʄ çʇʨʦʤʝʪʝʡè ʚ ʢʽʥʮʽ 1990-ʭ ʨʦʢʽʚ ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʟʚʘʨʶʚʘʥʥʷ ʩʪʘʣʽ 15ʍ2ʄʌɸ ʨʦʟʨʦʙʠʚ ʟʚʘʨʶʚʘʣʴʥʠʡ ʜʨʽʪ ʤʘʨʢʠ ʉʚ-10ʍ3ɻʄʌʊɸɺʇ ʠ 

ʬʣʶʩ ʌʇ-33, ʘ ʜʣʷ ʨʫʯʥʦʛʦ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʟʚʘʨʶʚʘʥʥʷ ʪʽʻʾ ʞ ʩʪʘʣʽ - ʝʣʝʢʪʨʦʜʠ ʤʘʨʢʠ ɽʇ-

35 (ʥʘ ʙʘʟʽ ʜʨʦʪʫ ʉʚ-10ʍ3ɻʄʌʊɸ-ɺʇ) [1]. ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤ ʨʘʥʽʰʝ 

ʜʨʦʪʦʤ ʉʚ10ʍʄʌʊʋ ʚ ʜʨʦʪʽ ʥʦʚʦʾ ʤʘʨʢʠ ʟʤʽʩʪ ʤʦʣʽʙʜʝʥʫ ʟʙʽʣʴʰʝʥʦ ʟ 0,4 ... 0,6 ʜʦ 0,6 ... 

0,8%, ʱʦ ʜʦʟʚʦʣʠʣʦ ʦʪʨʠʤʘʪʠ ʤʝʪʘʣ ʟʚʘʨʥʦʛʦ ʰʚʘ ʨʽʚʥʦʤʽʮʥʠʤ ʦʩʥʦʚʥʦʤʫ ʤʝʪʘʣʫ. 

ɿʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʭʨʦʤʫ ʟ 1,6 ... 1,8 ʜʦ 2,1 ... 2,5% ʟʘʙʝʟʧʝʯʠʣʦ ʦʪʨʠʤʘʥʥʷ ʤʝʪʘʣʫ ʣʠʪʦʛʦ 

ʰʚʘ ʟ ʙʽʣʴʰ ʚʫʟʴʢʦʶ ʩʪʨʫʢʪʫʨʦʶ. ɺʠʛʦʪʦʚʣʝʥʥʷ ʜʨʦʪʫ ʤʘʨʢʠ ʉʚ-10ʍ3ɻʄʌʊɸ-ɺʇ ʟʘʩʚʦʻʥʦ 

ʧʨʦʤʠʩʣʦʚʽʩʪʶ, ʚʦʥʘ ʚʠʧʣʘʚʣʷʻʪʴʩʷ ʥʘ ʦʩʦʙʣʠʚʦ ʯʠʩʪʦʾ ʰʠʭʪʽ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʚʘʢʫʫʤʥʦ-

ʽʥʜʫʢʮʽʡʥʦʾ ʽ ʚʘʢʫʫʤʥʦ-ʧʣʘʟʤʦʚʦʾ ʧʝʨʝʧʣʘʚʢʠ. ɺʽʜʤʽʥʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʬʣʶʩʫ ʤʘʨʢʠ ʌʇ-

33 ʻ ʤʝʥʰʠʡ ʚʤʽʩʪ ʚ ʥʴʦʤʫ ʪʘʢʠʭ ʘʢʪʠʚʥʠʭ ʦʢʩʠʜʽʚ, ʷʢʠʤ ʻ ʜʽʦʢʩʠʜ ʢʨʝʤʥʽʶ ʽ ʦʢʩʠʜ 

ʤʘʨʛʘʥʮʶ, ʘ ʪʘʢʦʞ ʥʘʷʚʥʽʩʪʴ ʜʽʦʢʩʠʜʫ ʪʠʪʘʥʫ. ʎʝ ʜʦʟʚʦʣʷʻ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʟʥʠʟʠʪʠ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʥʦʚʣʝʥʥʷ ʢʨʝʤʥʽʶ ʽ ʤʘʨʛʘʥʮʶ ʚ ʤʝʪʘʣʽ ʰʚʘ ʟ ʬʣʶʩʫ, ʱʦ ʩʧʨʠʷʻ 

ʧʽʜʚʠʱʝʥʥʶ ʦʧʦʨʫ ʪʝʧʣʦʚʦʤʫ ʦʢʨʠʭʯʫʚʘʥʥʶ.ʊʘʢ, ʛʘʨʘʥʪʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʤʝʞʽ ʪʝʢʫʯʦʩʪʽ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 350ᴈ ʩʪʘʥʦʚʠʪʴ ʥʝ ʤʝʥʰʝ 420 ʄʇʘ, ʘ ʢʨʠʪʠʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʢʨʠʭʢʦʩʪʽ ʥʝ 

ʧʝʨʝʚʠʱʫʻ -20ᴈ. ɼʦʩʣʽʜʞʝʥʥʷ ʩʭʠʣʴʥʦʩʪʽ ʜʦ ʪʝʧʣʦʚʦʛʦ ʦʢʨʠʭʯʫʚʘʥʥʷ ʤʝʪʘʣʫ ʰʚʘ ʜʘʥʦʾ 
ʢʦʤʧʦʟʠʮʽʾ ʧʦʢʘʟʘʣʦ, ʱʦ ʤʝʪʘʣ ʰʚʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʥʠʟʴʢʦʶ ʯʫʪʣʠʚʽʩʪʶ ʜʦ ʪʝʧʣʦʚʦʛʦ 

ʦʢʨʠʭʯʫʚʘʥʥʷ ʚ ʨʘʟʽ ʪʨʠʚʘʣʦʾ ʚʠʪʨʠʤʢʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʩʪʘʨʽʥʥʷ 350 ... 550ᴈ. 

 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀɽ ʄɸʊɽʈʀɸʃʆɺ ʀ ʊɽʍʅʆʃʆɻʀʀ ʉɺɸʈʂʀ ɼʃʗ 

ʇʆɺʓʐɽʅʀʗ ɹɽɿʆʇɸʉʅʆʉʊʀ ʀ ʈɽʉʋʈʉɸ ɸʕʉ ʉ ʈɽɸʂʊʆʈɸʄʀ ɺɺʕʈ / ʀ. 

ɺ.ɻʦʨʳʥʠʥ, ɻ. ʇ. ʂʘʨʟʦʚ, ɹ. ʊ. ʊʠʤʦʬʝʝʚ, ʉ. ʅ. ɻʘʣʷʪʢʠʥ. // ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ ɺʘʨʢʘ. ï 

2006. ï ʉ. 20. 

2. ʈɸɼʀɸʎʀʆʅʅʆɽ ʆʍʈʋʇʏʀɺɸʅʀɽ ʂʆʈʇʋʉʅʓʍ ʉʊɸʃɽʁ ʋʂʈɸʀʅʉʂʀʍ ɸʕʉ 

/ [ʀ. ʅ. ɺʠʰʥʝʚʩʢʠʡ, ʕ. ʋ. ɻʨʠʥʠʢ, ʃ. ʀ. ʏʠʨʢʦ ʪʘ ʽʥ.]. // ʅʘʫʯʥʳʡ ʮʝʥʪʨ "ʀʥʩʪʠʪʫʪ 

ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ"ʅɸʅ ʋʢʨʘʠʥʳ, ʛ.ʂʠʝʚ. ï 1997. ï ʉ. 20. 
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ʉʪʫʜʝʥʪ 4 ʢʫʨʩʫ, ʛʨ. ʊʗ-72 ɯʚʘʥʦʚ ɼ.ʉ. 

ɼʦʮ., ʢ.ʪ.ʥ. ʅʦʚʘʢʚ̔ʩɹʢʠʡ ɭ.ɺ. 

ʆʇʊʀʄɯɿɸʎɯʗ ʉʊʈɸʊɽɻɯʁ ʊɽʍʆɹʉʃʋɻʆɺʋɺɸʅʅʗ ɯ ʈɽʄʆʅʊ (ʋ ʊ.ʏ. ʅɸ 

ʆʉʅʆɺɯ ɯʄʆɺɯʈʅɯʉʅʀʍ ʇɯɼʍʆɼɯɺ) 

 

ɯʤʦʚʽʨʥʽʩʥʠʡ ʧʽʜʭʽʜ ʪʘ ʡʦʛʦ ʥʘʧʨʷʤʢʠ. 

 ʆʩʥʦʚʦʶ ʽʤʦʚʽʨʥʽʩʥʦʛʦ ʧʽʜʭʦʜʫ [1] ʻ ʩʠʩʪʝʤʥʠʡ ʢʽʣʴʢʽʩʥʠʡ ʘʥʘʣʽʟ ʤʠʩʣʠʤʠʭ 

ʩʮʝʥʘʨʽʾʚ ʘʚʘʨʽʡ (ʚʠʧʘʜʢʽʚ), ʘ ʪʘʢʦʞ ʧʦʩʣʽʜʦʚʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʞʥʦʛʦ ʚʠʧʘʜʢʫ, ʚʢʣʶʯʘʶʯʠ 

ʰʣʷʭʠ ʨʦʟʚʠʪʢʫ ʧʨʦʮʝʩʽʚ ʽ ʩʠʪʫʘʮʽʡ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʢʣʘʜʝʥʠʭ ʚʽʜʤʦʚ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ, 

ʤʘʩʰʪʘʙʫ ʥʘʩʣʽʜʢʽʚ, ʚʧʣʠʚʫ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ ʽ ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʫ. 

ʅʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʤʠ ʥʘʧʨʷʤʢʘʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʤʦʚʽʨʥʽʩʥʦʛʦ ʘʥʘʣʽʟʫ ʻ: 

Å ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʧʦ ʫʩʪʘʥʦʚʮʽ ʽ ʩʠʩʪʝʤʘʤ ʙʝʟʧʝʢʠ (ʡʤʦʚʽʨʥʽ 

ʦʮʽʥʢʠ ʜʦʟʚʦʣʷʶʪʴ ʟʨʦʙʠʪʠ ʦʙˇʨʫʥʪʦʚʘʥʠʡ ʚʠʙʽʨ ʤʽʞ ʢʦʥʢʫʨʫʶʯʠʤʠ ʨʽʰʝʥʥʷʤʠ, ʘ ʪʘʢʦʞ 

ʜʦʩʣʽʜʠʪʠ ʯʫʪʣʠʚʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦ ʟʤʽʥʠ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ); 

Å ʨʝʛʣʘʤʝʥʪʥʽ ʧʝʨʝʚʽʨʢʠ ʩʠʩʪʝʤ ʙʝʟʧʝʢʠ (ʢʽʣʴʢʽʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʫ ʧʝʨʽʦʜʠʯʥʽʩʪʴ ʧʝʨʝʚʽʨʦʢ); 

Å ʦʮʽʥʢʘ ʚʢʣʘʜʫ ʨʽʟʥʠʭ ʯʠʥʥʠʢʽʚ ʽ ʩʠʩʪʝʤ ʚ ʧʦʢʘʟʥʠʢʠ ʟʘʭʠʱʝʥʦʩʪʽ ʽ ʚʠʙʽʨ 

ʧʨʽʦʨʠʪʝʪʥʠʭ ʥʘʧʨʷʤʢʽʚ ʾʾ ʧʽʜʚʠʱʝʥʥʷ. 

 ɯʤʦʚʽʨʥʽʩʥʠʡ ʘʥʘʣʽʟ ʘʚʘʨʽʡ ʽ ʦʮʽʥʢʘ ʙʝʟʧʝʢʠ. 

ʂʦʤʧʣʝʢʩʥʠʡ ʘʥʘʣʽʟ ʙʝʟʧʝʢʠ [2] ʧʨʠʧʫʩʢʘʻ ʧʦʨʷʜ ʟ ʦʮʽʥʢʦʶ ʚʝʣʠʯʠʥʠ ʥʘʩʣʽʜʢʽʚ 

ʘʚʘʨʽʡ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ ʾʭ ʚʠʥʠʢʥʝʥʥʷ ʪʘ ʜʝʷʢʦʛʦ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʥʠʢʘ, ʱʦ ʚʨʘʭʦʚʫʻ 

ʦʙʠʜʚʘ ʟʘʟʥʘʯʝʥʽ ʯʠʥʥʠʢʠ.  ɺ ʷ ʢʦʩʪʽ ʪʘʢʦʛʦ ʧʦʢʘʟʥʠʢʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʠʟʠʢ. 

ʈʠʟʠʢ ʚʽʜ ɸʉ - ʮʝ ʤʽʨʘ ʧʦʪʝʥʮʽʡʥʫ ʥʝʙʝʟʧʝʢʫ ʘʪʦʤʥʦʾ ʩʪʘʥʮʽʾ, ʚʠʨʘʞʝʥʘ ʽʤʦʚʽʨʥʽʩʥʠʤ 

ʨʦʟʧʦʜʽʣʦʤ ʥʘʩʣʽʜʢʽʚ (ʩʪʫʧʽʥʶ ʫʨʘʞʝʥʥʷ ʣʶʜʝʡ, ʤʘʪʝʨʽʘʣʴʥʠʭ ʟʙʠʪʢʽʚ) ʘʚʘʨʽʡ ʥʘ ɸʉ ʘʙʦ 

ʜʝʷʢʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʟʘʟʥʘʯʝʥʦʛʦ ʨʦʟʧʦʜʽʣʫ.  ɺ ʷʢʦʩʪʽ ʪʘʢʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʯʘʩʪʦ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʥʘʩʣʽʜʢʽʚ.  ʊʘʢ ʷʢʱʦ ʈ - ʡʤʦʚʽʨʥʽʩʪʴ ʜʝʷʢʦʾ ʘʚʘʨʽʾ 

ʟ ʥʘʩʣʽʜʢʦʤ ʉ, ʪʦ ʩʢʣʘʜʦʚʘ ʨʠʟʠʢʫ ʚʽʜ ʜʘʥʦʾ ʘʚʘʨʽʾ ʟʘʧʠʰʝʪʴʩʷ ʫ ʚʠʛʣʷʜʽ R=ʈĀʉ. 

 ɯʤʦʚʽʨʥʽʩʪʴ ʈ ʚʠʟʥʘʯʘʻʪʴʩʷ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʡʤʦʚʽʨʥʽʩʪʶ ʚʠʥʠʢʥʝʥʥʷ ʚʠʭʽʜʥʦʛʦ 

ʧʦʜʽʾ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʦʟʛʣʷʥʫʪʦʾ ʘʚʘʨʽʾ, ʥʘʜʽʡʥʽʩʪʶ ʟʘʭʠʩʥʠʭ, ʣʦʢʘʣʽʟʫʶʯʠʭ, ʢʝʨʫʶʯʠʭ 

ʽ ʟʘʙʝʟʧʝʯʫʶʯʠʭ ʩʠʩʪʝʤ, ʚʠʢʦʥʫʶʯʠʭ ʬʫʥʢʮʽʡ ʙʝʟʧʝʢʠ ʧʨʠ ʜʘʥʽʡ ʘʚʘʨʽʾ, ʽʤʦʚʽʨʥʽʩʥʠʤ 

ʨʦʟʧʦʜʽʣʦʤ ʧʦʛʦʜʥʠʭ ʫʤʦʚ.  

ɺʝʣʠʯʠʥʘ ʥʘʩʣʽʜʢʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ ʨʝʘʢʪʦʨʘ, ʩʪʫʧʝʥʷ ʫʰʢʦʜʞʝʥʥʷ 

ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʽ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ, ʝʬʝʢʪʠʚʥʦʩʪʽ ʣʦʢʘʣʽʟʫʶʯʠʭ ʩʠʩʪʝʤ, ʭʘʨʘʢʪʝʨʫ 

ʨʦʟʩʽʶʚʘʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ ʨʷʜʫ ʽʥʰʠʭ ʯʠʥʥʠʢʽʚ.  

ɺʠʟʥʘʯʝʥʠʡ ʫ ʪʘʢʠʡ ʩʧʦʩʽʙ ʨʠʟʠʢ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʨʽʚʥʷ 

ʙʝʟʧʝʢʠ ʷʢ ʘʪʦʤʥʠʭ ʩʪʘʥʮʽʡ ʨʽʟʥʦʛʦ ʪʠʧʫ ʪʘ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ, ʪʘʢ ʽ ʨʽʚʥʷ ʥʝʙʝʟʧʝʢʠ ɸʉ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʝʙʝʟʧʝʢʦʶ ʥʝʷʜʝʨʥʠʭ ʝʥʝʨʛʦʜʞʝʨʝʣ, ʧʨʦʤʠʩʣʦʚʠʭ ʦʙ'ʻʢʪʽʚ, ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ, ʢʘʪʘʩʪʨʦʬʽʯʥʠʭ ʧʨʠʨʦʜʥʠʭ ʷʚʠʱ (ʟʝʤʣʝʪʨʫʩ, ʫʨʘʛʘʥʠ  ʽ ʽʥ.) ʽ ʧʦʙʫʜʦʚʠ ʥʘ ʮʽʡ ʦʩʥʦʚʽ 

ʽʤʦʚʽʨʥʽʩʥʦʛʦ ʢʨʠʪʝʨʽʷ ʙʝʟʧʝʢʠ.   

ʆʩʥʦʚʦʶ, ʦʨʛʘʥʽʟʫʶʯʠʤ ʧʦʯʘʪʢʦʤ ʽʤʦʚʽʨʥʽʩʥʦʛʦ ʘʥʘʣʽʟʫ ʘʚʘʨʽʡ ʻ ʛʨʘʬʦʘʥʘʣʽʪʠʯʥʠʡ 

ʤʝʪʦʜ "ʜʝʨʝʚʘ ʧʦʜʽʡ".  ɿʘ ʧʦʯʘʪʢʦʚʫ ʪʦʯʢʫ "ʜʝʨʝʚʘ ʧʦʜʽʡ" ʙʝʨʝʪʴʩʷ ʚʠʭʽʜʥʘ ʧʦʜʽʷ ʽ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʪʘʥʫ ʩʠʩʪʝʤ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʝʨʝʙʽʛ ʘʚʘʨʽʡʥʦʾ ʩʠʪʫʘʮʽʾ, ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʣʦʛʽʯʥʠʡ ʧʝʨʝʙʽʨ ʨʽʟʥʠʭ ʰʣʷʭʽʚ ʨʦʟ- ʢʫ ʘʚʘʨʽʾ ( "ʛʽʣʦʢ ʜʝʨʝʚʘ ʧʦʜʽʡ") ʽ ʩʝ ʥʘʩʣʽʜʢʽʚ.   

 ɼʣʷ ʧʦʙʫʜʦʚʠ "ʜʝʨʝʚʘ ʧʦʜʽʡ" ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ, ʷʢʽ ʩʠʩʪʝʤʠ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʨʘʟʚʠʪʦʢ ʘʚʘʨʽʾ.  ʊʘʢ, ʜʣʷ ʘʚʘʨʽʾ ʟ ʨʦʟʨʠʚʦʤ ʪʨʫʙʦʧʨʦʚʦʜʫ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ ʫʩʪʘʥʦʚʢʠ ʟ 

ɺɺɽʈ ʜʦ ʪʘʢʠʭ ʩʠʩʪʝʤ ʚʽʜʥʦʩʷʪʴʩʷ: ʩʠʩʪʝʤʘ ʥʘʜʽʡʥʦʛʦ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ʩʠʩʪʝʤʘ 

ʧʘʩʠʚʥʦʛʦ ʚʧʨʠʩʢʫʚʘʥʥʷ ʚʽʜ ʛʽʜʨʦʘʢʫʤʫʣʷʪʦʨʽʚ, ʩʠʩʪʝʤʘ ʘʢʪʠʥʫ ʫʧʨʠʩʢʫʚʘʥʥʷ ʥʠʟʴʢʦʛʦ 

ʪʠʩʢʫ, ʩʧʨʠʥʢʣʝʨʥʘ ʩʠʩʪʝʤʘ, ʩʠʩʪʝʤʘ ʣʦʢʘʣʽʟʘʮʽʾ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʧʨʦʜʫʢʪʽʚ ʚʩʝʨʝʜʠʥʽ 

ʛʝʨʤʝʪʠʯʥʠʭ ʧʨʠʤʽʱʝʥʴ ʘʙʦ ʟʘʭʠʩʥʦʾ ʦʙʦʣʦʥʢʠ.   
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 ʇʽʩʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʘʞʣʠʚʠʭ ʜʣʷ ʨʦʟʚʠʪʢʫ ʘʚʘʨʽʾ ʩʠʩʪʝʤ, ʚʦʥʠ ʨʘʩ ʧʦʢʣʘʜʘʶʪʴʩʷ ʚ 

ʧʦʨʷʜʢʫ ʟʘ ʯʘʩʦʤ ʜʽʾ ʾʭ ʥʘ ʧʝʨʝʙʽʛ ʨʝʞʠʤʫ. 

 

ɺʠʩʥʦʚʢʠ: 

 ʆʪʞʝ, ʽʤʦʚʽʨʥʦʩʥʠʡ ʧʽʜʭʽʜ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʽ ʧʦʻʜʥʘʪʠ ʟ ʪʝʭʦʙʩʣʫʛʦʚʫʚʘʥʥʷʤ ʪʘ 

ʨʝʤʦʥʪʦʤ. ɯ ʮʠʤ ʩʘʤʠʤ ʦʧʪʠʤʽʟʫʚʘʪʠ ʨʦʙʦʪʫ ʩʪʘʥʮʽʾ ʪʘ ʧʝʨʩʦʥʘʣʫ, ʧʽʜʚʠʱʠʪʠ ʙʝʟʧʝʢʫ ʪʘ 

ʩʢʦʨʦʪʠʪʠ ʢʽʣʴʢʽʩʪʴ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ. ɺ ʧʦʜʘʣʴʰʦʤʫ ʨʦʟʛʣʷʜʘʶʯʠ ʜʘʥʫ ʪʝʤʘʪʠʢʫ ʚ ʩʚʦʾʡ 

ʜʠʧʣʦʤʥʽʡ ʨʦʙʦʪʽ ʷ ʙʫʜʫ ʧʦʩʠʣʘʪʠʩʷ ʥʘ ʩʪʘʪʠʩʪʠʢʫ ʪʘ ʧʣʘʥʫ ʧʨʦʚʝʜʝʥʥʷ ʇʇʈ ʜʣʷ 

ʢʦʥʢʨʝʪʥʠʭ ʦʙôʻʢʪʽʚ ʪʘ ʩʠʩʪʝʤ, ʨʦʟʛʣʷʥʫ ʪʘ ʧʦʨʽʚʥʷʶ ʩʪʘʪʠʩʪʠʢʫ ʚʽʜʤʦʚ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ, ʮʠʤ ʩʘʤʠʤ ʩʧʽʚʩʪʘʚʣʶ ʩʪʘʪʠʩʪʠʢʫ ʚʽʜʤʦʚ ʪʘ ʩʪʚʦʨʝʥʥʷ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ. 

 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

 

1. ʅ.ʀ. ɻʝʨʘʩʢʠʥ, ʂʈʀʊɽʈʀʀ ɹɽɿʆʇɸʉʅʆʉʊʀ, ʆʎɽʅʂɸ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʀ 
ʈʀʉʂɸ ɺ ɿɸɼɸʏɸʍ ɿɸʑʀʊʓ ʗɼɽʈʅʓʍ ʆɹʒɽʂʊʆɺ ʀ ʄɸʊɽʈʀɸʃʆɺ, 

ʄʦʩʢʦʚʩʢʠʡ ʠʥʞʝʥʝʨʥʦ-ʬʠʟʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ). 

115409 ʄʦʩʢʚʘ, ʂʘʰʠʨʩʢʦʝ ʰʦʩʩʝ, 31  

2. ɸ.ʄ. ɹʘʭʤʝʪʴʝʚ, ʆ.ɹ.ʉʘʤʦʡʣʦʚ, ɻ.ɹ. ʋʩʳʥʠʥ, ʄʝʪʦʜʳ ʦʮʝʥʢʠ ʠ ʦʙʝʩʧʝʯʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʗʕʋ, ʄʦʩʢʚʘ ʕʥʝʨʛʦʘʪʦʤʠʟʜʘʪ 1988 
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ʉʪʫʜʝʥʪ 4 ʢʫʨʩʫ, ʛʨ. ʊʗ-71 ʂʚʷʪʢʦʚʩʴʢʠʡ  ɹ.ɹ. 

ʉʪ.ʚʠʢʣ., ʢ.ʪ.ʥ. ʉʝʤʝʥʷʢʦ ʆ.ɺ. 

ʄʆɼɽʈʅɯɿɸʎɯʗ ɸɺʊʆʄɸʊʀɿʆɺɸʅʀʍ ʉʀʉʊɽʄ ʈɸɼɯɸʎɯʁʅʆɻʆ ʂʆʅʊʈʆʃʖ 

ʅɸ ɸɽʉ 

 

ɿʛʽʜʥʦ ʟ ʟʘʢʦʥʦʜʘʚʩʪʚʦʤ ʋʢʨʘʾʥʠ, ʜʽʷʣʴʥʽʩʪʴ ʚ ʩʬʝʨʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʜʝʨʥʦʾ ʝʥʝʨʛʽʾ ʪʘ 

ʦʭʦʨʦʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʝʚʥʠʤ ʯʠʥʦʤ ʨʝʛʣʘʤʝʥʪʫʻʪʴʩʷ. ɼʣʷ ʮʴʦʛʦ ʥʘ ʢʦʞʥʽʡ 

ʘʪʦʤʥʽʡ ʝʣʝʢʪʨʠʯʥʽʡ ʩʪʘʥʮʽʾ (ɸɽʉ) ʧʝʨʝʜʙʘʯʝʥʦ ʩʪʚʦʨʝʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ 

ʨʘʜʽʘʮʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ (ɸʉʂʈʆ) , ʱʦ ʧʦʚʠʥʥʽ ʙʝʟʧʝʨʝʨʚʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ 

ʨʽʚʥʝʤ ʨʘʜʽʘʮʽʾ ʥʘ ʨʽʟʥʠʭ ʜʽʣʷʥʢʘʭ ʤʘʡʜʘʥʯʠʢʘ ɸɽʉ. ʈʘʜʽʘʮʽʡʥʠʡ ʬʦʥ ʚ ʨʘʡʦʥʽ ʨʦʟʤʽʱʝʥʥʷ 

ɸɽʉ ʥʝ ʧʦʚʠʥʝʥ ʧʝʨʝʚʠʱʫʚʘʪʠ ʟʥʘʯʝʥʥʷ, ʱʦ ʙʫʣʦ ʟʘʬʽʢʩʦʚʘʥʦ ʜʦ ʾʾ ʙʫʜʽʚʥʠʮʪʚʘ [1]. 

ɺʩʽ  ʩʠʩʪʝʤʠ ɸʉʂʈʆ ʧʦʚʠʥʥʽ ʙʝʟʧʝʨʝʨʚʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʢʦʥʪʨʦʣʴ ʨʘʜʽʘʮʽʡʥʦʛʦ ʬʦʥʫ  

ʪʘ ʧʦʚʠʥʥʽ ʙʝʟʧʝʨʝʨʚʥʦ ʧʝʨʝʙʫʚʘʪʠ ʚ ʨʦʙʦʯʦʤʫ ʩʪʘʥʽ. ʉʘʤʝ ʪʦʤʫ ʮʶ ʩʠʩʪʝʤʫ ʧʦʪʨʽʙʥʦ 

ʤʦʜʝʨʥʽʟʫʚʘʪʠ, ʱʦʙ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʭʦʜʫ ʾʾ ʟ ʣʘʜʫ ʙʫʣʘ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʴʦʶ [2]. ʊʘʢʦʞ 

ʚʘʞʣʠʚʠʤ ʧʘʨʘʤʝʪʨʦʤ ʻ ʧʨʘʚʠʣʴʥʽʩʪʴ ʧʦʢʘʟʥʠʢʽʚ ʜʘʪʯʠʢʽʚ ʮʽʻʾ ʩʠʩʪʝʤʠ. ɸʜʞʝ ɸɽʉ ʤʦʞʝ 

ʧʨʘʮʶʚʘʪʠ ʚ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ, ʽ ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʧʦʩʪʽʡʥʦ ʟʤʽʥʶʶʪʴʩʷ, ʪʦʤʫ 

ʚʨʘʭʫʚʘʥʥʷ ʚʩʽʭ ʯʠʥʥʠʢʽʚ ʻ ʚʘʞʣʠʚʠʤ. ʅʘ ʩʘʡʪʘʭ ʢʦʞʥʦʾ ɸɽʉ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ 

ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ ʨʽʚʝʥʴ ʨʘʜʽʘʮʽʡʥʦʛʦ ʬʦʥʫ ʪʘ ʤʝʪʝʦʜʘʥʽ [3]. 

ʋ ʚʠʧʘʜʢʫ ʬʘʢʝʣʫ ʚʠʢʠʜʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʥʘ ɸɽʉ, ʜʘʪʯʠʢʠ ʩʠʩʪʝʤʠ ɸʉʂʈʆ ʧʦʚʠʥʥʽ 

ʮʝ ʟʘʬʽʢʩʫʚʘʪʠ, ʧʨʦʪʝ ʟʘ ʧʝʚʥʠʭ ʫʤʦʚ ʮʝ ʤʦʞʝ ʥʝ ʚʽʜʙʫʪʠʩʴ, ʯʝʨʝʟ ʦʙʤʝʞʝʥʫ ʢʽʣʴʢʽʩʪʴ ʪʘ 

ʥʝʧʨʘʚʠʣʴʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʘʪʯʠʢʽʚ ɸʉʂʈʆ. ʊʦʤʫ ʜʘʪʠ ʦʙ'ʻʢʪʠʚʥʫ ʦʮʽʥʢʫ ʨʘʜʽʘʮʽʡʥʦʛʦ 

ʬʦʥʫ ʧʦʙʣʠʟʫ ʤʘʡʜʘʥʯʠʢʘ ɸɽʉ ʻ ʜʦʩʠʪʴ ʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ. ɼʣʷ ʢʦʞʥʦʾ ɸɽʉ ʽʩʥʫʶʪʴ 

ʚʠʤʦʛʠ ʉʪʘʥʜʘʨʪʫ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʤʝʨʝʞʽ ʨʦʟʤʽʱʝʥʥʷ ʜʘʪʯʠʢʽʚ ɸʉʂʈʆ, ʧʨʦʪʝ ʚ ʙʽʣʴʰʦʩʪʽ 

ʚʠʧʘʜʢʽʚ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʮʠʭ ʚʠʤʦʛ [4].  

ʅʘ ʜʘʥʠʡ ʯʘʩ ʻ ʚʘʞʣʠʚʦʶ ʤʦʜʝʨʥʽʟʘʮʽʷ ʨʦʟʤʽʱʝʥʥʷ ʧʦʩʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʨʘʜʽʘʮʽʡʥʦʛʦ 

ʢʦʥʪʨʦʣʶ, ʘʜʞʝ ʧʨʘʢʪʠʯʥʦ ʥʘ ʚʩʽʭ ɸɽʉ ʢʽʣʴʢʽʩʪʴ ʜʘʪʯʠʢʽʚ ʻ ʥʝʜʦʩʪʘʪʥʴʦʶ, ʪʦʤʫ ʧʨʠ ʬʘʢʝʣʽ 

ʚʠʢʠʜʫ ʧʨʠ ʧʝʚʥʦʤʫ ʥʘʧʨʷʤʢʫ ʪʘ ʩʠʣʽ ʚʽʪʨʫ ʜʘʪʯʠʢʠ ʤʦʞʫʪʴ ʥʽʯʦʛʦ ʥʝ ʟʘʨʝʻʩʪʨʫʚʘʪʠ [5]. 

ʄʦʜʝʨʥʽʟʘʮʽʷ ʧʦʣʷʛʘʻ ʚ ʚʠʟʥʘʯʝʥʥʽ ʾʭ ʦʧʪʠʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʪʘ ʧʨʘʚʠʣʴʥʦʤʫ ʾʭ ʨʦʟʤʽʱʝʥʥʽ, 

ʪʘʢ ʱʦʙ ʟʘ ʘʚʘʨʽʡʥʠʭ ʫʤʦʚ ʭʦʯʘ ʙ ʦʜʠʥ ʟʘʨʝʻʩʪʨʫʚʘʚ ʨʘʜʽʦʘʢʪʠʚʥʠʡ ʚʠʢʠʜ. 

ʂʽʣʴʢʽʩʪʴ ʜʘʪʯʠʢʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ, ʘʣʝ ʥʘʩʘʤʧʝʨʝʜ ʚʽʜ ʢʽʣʴʢʦʩʪʽ 

ʝʥʝʨʛʦʙʣʦʢʽʚ ʥʘ ɸɽʉ. ɺ ʟʦʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʾʭ ʧʦʚʠʥʥʦ ʥʘʣʽʯʫʚʘʪʠʩʴ ʙʣʠʟʴʢʦ 100. ʗʢʱʦ 

ɸɽʉ ʤʘʻ ʦʜʠʥ ʝʥʝʨʛʦʙʣʦʢ, ʪʦ ʥʘ ʧʨʦʤʠʩʣʦʚʦʤʫ ʤʘʡʜʘʥʯʠʢʫ ʪʘ ʥʘ ʩʘʥʽʪʘʨʥʦ-ʟʘʭʠʩʥʽʡ ʟʦʥʽ 

ʾʭ ʢʽʣʴʢʽʩʪʴ ʥʝ ʧʦʚʠʥʥʘ ʙʫʪʠ ʤʝʥʰʦʶ ʥʽʞ 25 ʰʪʫʢ, ʘ ʧʨʠ ʟʙʽʣʴʰʝʥʽ ʢʽʣʴʢʦʩʪʽ ʝʥʝʨʛʦʙʣʦʢʽʚ, 

ʾʭ ʢʽʣʴʢʽʩʪʴ ʙʫʜʝ ʪʽʣʴʢʠ ʟʙʽʣʴʰʫʚʘʪʠʩʴ [6]. 

ɺ ʥʘʡʙʽʣʴʰ ʧʨʦʩʪʦʤʫ ʚʘʨʽʘʥʪʽ, ʨʦʟʤʽʱʝʥʥʷ ʜʘʪʯʠʢʽʚ ʧʨʦʨʘʭʦʚʫʻʪʴʩʷ ʜʣʷ ʦʜʥʦʛʦ 

ʝʥʝʨʛʦʙʣʦʢʫ [7]. ɺ ʚʠʧʘʜʢʫ ʜʝʢʽʣʴʢʦʭ ʝʥʝʨʛʦʙʣʦʢʽʚ ʾʭ ʨʦʟʤʽʱʝʥʥʷ ʤʦʞʥʘ ʦʧʪʠʤʽʟʫʚʘʪʠ. ɼʣʷ 

ʮʴʦʛʦ ʙʫʜʫʶʪʴʩʷ ʩʧʽʨʘʣʽ ɸʨʭʽʤʝʜʘ. ɺʦʥʠ ʙʫʜʫʶʪʴʩʷ ʜʣʷ ʢʦʞʥʦʛʦ ʝʥʝʨʛʦʙʣʦʢʫ ʦʢʨʝʤʦ. 

ɿʥʘʭʦʜʷʪʴʩʷ ʪʦʯʢʠ ʧʝʨʝʪʠʥʫ ʧʨʷʤʠʭ, ʱʦ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʜʘʪʯʠʢʠ ʪʘ ʜʞʝʨʝʣʘ ʚʠʢʠʜʫ. ʊʦʯʢʠ 

ʱʦ ʜʫʙʣʶʶʪʴʩʷ, ʟ ʤʝʪʦʶ ʟʙʝʨʝʞʝʥʥʷ ʢʦʰʪʽʚ ʾʭ  ʤʦʞʥʘ ʚʽʜʢʠʥʫʪʠ. ʊʦʯʢʠ ʷʢʽ ʟʘʣʠʰʘʶʪʴʩʷ ʻ 

ʥʝʦʙʭʽʜʥʦʶ ʢʽʣʴʢʽʩʪʶ ʜʘʪʯʠʢʽʚ, ʱʦ ʨʦʟʤʽʱʫʶʪʴʩʷ ʤʽʞ ʙʣʦʢʘʤʠ ɸɽʉ. 

ʇʨʠ ʤʦʜʝʨʥʽʟʘʮʽʾ ʘʚʪʦʤʘʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʨʘʜʽʘʮʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ , ʨʦʟʤʽʱʝʥʥʷ ʚʞʝ 

ʚʩʪʘʥʦʚʣʝʥʠʭ ʜʘʪʯʠʢʽʚ ʧʦʪʨʽʙʥʦ ʦʧʪʠʤʽʟʫʚʘʪʠ ʚʨʘʭʦʚʫʶʯʠ ʨʦʟʤʽʱʝʥʥʷ ʧʦʙʣʠʟʫ ʥʘʩʝʣʝʥʠʭ 

ʧʫʥʢʪʽʚ, ʨʦʟʫ ʚʽʪʨʽʚ, ʨʝʣʴʻʬ ʤʽʩʮʝʚʦʩʪʽ, ʯʠʩʝʣʴʥʽʩʪʴ ʥʘʩʝʣʝʥʥʷ ʚ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʘʭ, 

ʤʦʞʣʠʚʽ ʜʞʝʨʝʣʘ ʚʠʢʠʜʫ, ʝʢʦʥʦʤʽʯʥʽ ʯʠʥʥʠʢʠ, ʬʽʟʠʢʦ-ʪʝʭʥʽʯʥʽ ʯʠʥʥʠʢʠ [7]. ɺʟʷʚʰʠ ʜʦ 

ʫʚʘʛʠ ʚʩʽ ʧʝʨʝʨʘʭʦʚʘʥʽ ʬʘʢʪʦʨʠ ʪʘ ʨʦʟʨʘʭʫʚʘʚʰʠ ʘʟʠʤʫʪʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ɔ-ʜʘʪʯʠʢʽʚ ʪʘ 

ʨʦʟʨʘʭʫʚʘʚʰʠ ʾʭ ʥʝʦʙʭʽʜʥʫ ʢʽʣʴʢʽʩʪʴ,  ʤʦʞʥʘ ʛʦʚʦʨʠʪʠ ʧʨʦ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʉʪʘʥʜʘʨʪʫ ʜʦ 

ʬʦʨʤʫʚʘʥʥʷ ʤʝʨʝʞʽ ʧʦʩʪʽʚ ʢʦʥʪʨʦʣʶ [8]. 

ʇʨʠ ʨʦʟʤʽʱʝʥʥʽ ʜʘʪʯʠʢʽʚ, ʱʦ ʤʦʞʫʪʴ ʟʘʨʝʻʩʪʨʫʚʘʪʠ ʬʘʢʝʣ ʚʠʢʠʜʫ, ʧʦʪʨʽʙʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʾʭ ʧʦʨʽʛ ʯʫʪʣʠʚʦʩʪʽ ʪʘ ʨʘʜʽʫʩ ʩʘʥʽʪʘʨʥʦ-ʟʘʭʠʩʥʦʾ ʟʦʥʠ (ʉɿɿ) [9].  

ɼʘʪʯʠʢʠ ʪʠʧʫ ɹɼʄɻ( ʙʣʦʢʠ ʜʝʪʝʢʪʫʚʘʥʥʷ ʛʘʤʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ) ʤʘʶʪʴ ʧʦʨʽʛ 
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ʯʫʪʣʠʚʦʩʪʽ ʥʘ ʨʽʚʥʽ 0,1 ʤʢɿʚ/ʛʦʜ, ʱʦ ʧʨʘʢʪʠʯʥʦ ʜʦʨʽʚʥʶʻ ʧʦʪʫʞʥʦʩʪʽ ʜʦʟʠ ʨʘʜʽʘʮʽʡʥʦʛʦ 

ʬʦʥʫ ʧʨʠʨʦʜʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ [10]. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʠʪʘʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʘ ʧʨʘʚʠʣʴʥʦʛʦ ʨʦʟʤʽʱʝʥʥʷ ʪʘʢʠʭ 

ʜʘʪʯʠʢʽʚ ʽʩʥʫʻ ʜʝʢʽʣʴʢʘ ʧʽʜʭʦʜʽʚ. ʇʨʦʪʝ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʨʦʟʤʽʱʝʥʥʷ ʧʦʩʪʽʚ ʢʦʥʪʨʦʣʶ 

ʧʨʠʥʮʠʧʠ ʾʭ ʨʦʟʤʽʱʝʥʥʷ ʧʦʚʠʥʥʽ ʚʽʜʨʽʟʥʷʪʠʩʷ ʜʣʷ ʧʨʦʤʤʘʡʜʘʥʯʠʢʫ, ʩʘʥʽʪʘʨʥʦ-ʟʘʭʠʩʥʦʾ 

ʟʦʥʠ ʪʘ ʟʦʥʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ [11]. 

ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʚʠʢʠʜʫ ʥʘ ʧʨʦʤʤʘʡʜʘʥʯʠʢʫ ʜʦʩʪʘʪʥʴʦ ʨʦʟʪʘʰʫʚʘʪʠ ʜʘʪʯʠʢʠ ʧʦ 

ʧʝʨʠʤʝʪʨʫ ʧʨʦʤʤʘʡʜʘʥʯʠʢʘ. ʈʦʟʪʘʰʫʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʡʤʦʚʽʨʥʽʩʪʴ 

ʟʘʬʽʢʩʫʚʘʪʠ ʚʠʢʠʜ ʙʫʣʘ ʤʘʢʩʠʤʘʣʴʥʦʶ. ɺ ʩʘʥʽʪʘʨʥʦ-ʟʘʭʠʩʥʽʡ ʟʦʥʽ ʚʠʩʫʚʘʶʪʴʩʷ ʚʠʤʦʛʠ, 

ʱʦʜʦ ʬʽʢʩʫʚʘʥʥʷ ʚʠʢʠʜʫ ʧʦʟʘ ʧʨʦʤʤʘʡʜʘʥʯʠʢʦʤ. ɺ ʟʦʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚʨʘʭʦʚʫʶʪʴ 

ʝʢʦʣʦʛʽʯʥʽ ʪʘ ʩʘʥʽʪʘʨʥʦ-ʛʽʛʽʻʥʽʯʥʽ ʧʽʜʭʦʜʠ. ɺʦʥʘ ʤʦʞʝ ʩʢʣʘʜʘʪʠ ʥʘ ʚʽʜʩʪʘʥʴ ʚʽʜ 3000 ʜʦ 

30000 ʤʝʪʨʽʚ [12].  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʟʤʽʱʝʥʥʷ ʜʘʪʯʠʢʽʚ ɸʉʂʈʆ ʪʘ ʚʨʘʭʫʚʘʥʥʷ ʚʩʽʭ ʬʘʢʪʦʨʽʚ 

ʥʘʡʙʽʣʴʰ ʜʦʩʪʦʚʽʨʥʫ ʽʥʬʦʨʤʘʮʽʶ ʙʫʜʝ ʦʪʨʠʤʘʥʦ ʧʨʠ ʨʦʟʤʽʱʝʥʥʽ ʜʘʪʯʠʢʽʚ ʨʽʚʥʦʤʽʨʥʦ ʟʘ 

ʘʟʠʤʫʪʦʤ, ʧʨʦʪʝ ʚʽʜʩʪʘʥʴ ʚʽʜ ʤʦʞʣʠʚʦʛʦ ʜʞʝʨʝʣʘ ʚʠʢʠʜʫ ʙʫʜʝ ʨʽʟʥʦʶ. ʊʘʢʦʞ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʙʽʣʴʰ ʪʦʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʢʽʣʴʢʽʩʪʴ ʜʘʪʯʠʢʽʚ ɸʉʂʈʆ ʧʦʚʠʥʥʘ ʙʫʪʠ ʟʙʽʣʴʰʝʥʘ  ʜʦ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʚʥʷ. 
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ʄʆɼɽʈʅɯɿɸʎɯʗ ʇɽʈɽɺɸʅʊɸɾʋɺɸʃʔʅʆɰ ʄɸʐʀʅʀ ʅɸ ɸɽʉ ɿ ɺɺɽʈ 1000 

 

ʄʝʪʘ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ï ʚʽʜʥʦʚʣʝʥʥʷ ʥʘʜʣʠʰʢʦʚʦʾ ʨʝʘʢʪʠʚʥʦʩʪʽ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʪʨʠʚʘʣʦʩʪʽ ʢʘʤʧʘʥʽʾ, ʧʨʦʚʝʜʝʥʥʷ ʂɻʆ ʊɺɽʃ ʊɺʉ ʽ ʬʽʟʠʯʥʦʾ 

ʽʥʚʝʥʪʘʨʠʟʘʮʽʾ ʧʘʣʠʚʘ.  

ʇʨʠʟʥʘʯʝʥʥʷ ʇʄ - ʚʠʢʦʥʫʚʘʪʠ ʪʨʘʥʩʧʦʨʪʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʧʝʨʘʮʽʾ ʟ ʷʜʝʨʥʠʤ 

ʧʘʣʠʚʦʤ. 

ʅʝʦʙʭʽʜʥʽʩʪʴ  ʤʦʜʝʨʥʽʟʘʮʽʾ ʚʠʢʣʠʢʘʥʘ ʤʦʨʘʣʴʥʠʤ ʽ ʬʽʟʠʯʥʠʤ ʟʥʦʩʦʤ 

ʧʝʨʝʚʘʥʪʘʞʫʚʘʣʴʥʦʾ ʤʘʰʠʥʠ. ɿʘ ʙʘʛʘʪʦ ʨʦʢʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʥʝʨʛʦʙʣʦʢʽʚ ʋʢʨʘʾʥʽ ʜʝʷʢʽ 

ʧʝʨʝʚʘʥʪʘʞʫʚʘʣʴʥʽ ʤʘʰʠʥʠ ʞʦʜʥʦʛʦ ʨʘʟʫ ʥʝ ʨʝʢʦʥʩʪʨʫʶʚʘʣʠʩʷ [1]. 

ʇʝʨʝʚʘʥʪʘʞʫʚʘʣʴʥʝ ʦʙʣʘʜʥʘʥʥʷ ʧʨʘʮʶʻ ʚ ʚʘʞʢʠʭ ʫʤʦʚʘʭ, ʧʽʜʜʘʶʯʠʩʴ ʚʧʣʠʚʫ 

ʥʝʡʪʨʦʥʥʦʛʦ ʽ g-ʚʠʧʨʦʤʽʥʶʚʘʥʴ, ʘ ʪʘʢʦʞ ʢʦʨʦʟʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʋ ʪʦʡ ʞʝ ʯʘʩ 

ʧʝʨʝʚʘʥʪʘʞʫʚʘʣʴʥʝ ʦʙʣʘʜʥʘʥʥʷ ʧʦʚʠʥʥʦ ʙʫʪʠ ʜʦʩʪʘʪʥʴʦ ʥʘʜʽʡʥʠʤ, ʪʘʢ ʷʢ ʚʠʭʽʜ ʡʦʛʦ ʟ ʣʘʜʫ 

ʧʽʜ ʯʘʩ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʘʙʦ ʜʦ ʘʚʘʨʽʾ, ʘʙʦ ʜʦ ʪʨʠʚʘʣʦʛʦ ʧʨʦʩʪʦʶ ʨʝʘʢʪʦʨʘ. 

ʊʘʢʦʞ ʚʘʞʣʠʚʠʤ ʧʘʨʘʤʝʪʨʦʤ ʻ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʊɺɿ.  

ʈʝʢʦʥʩʪʨʫʢʮʽʶ ʽ ʤʦʜʝʨʥʽʟʘʮʽʶ ʇʄ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʫʚʘʪʠ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʧʨʦʛʨʘʤʠ 

ʨʦʟʰʠʨʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʾ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ Westinghouse, ʘ ʪʘʢʦʞ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ 

ʧʦʚʦʜʞʝʥʥʷ ʟ ʚʽʜʧʨʘʮʴʦʚʘʥʠʤ ʷʜʝʨʥʠʤ ʧʘʣʠʚʦʤ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʢʦʥʪʝʡʥʝʨʽʚ ʢʦʤʧʘʥʽʾ 

HOLTEC. 

ʄʦʜʝʨʥʽʟʘʮʽʷ ʧʝʨʝʚʘʥʪʘʞʫʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʽ ʟʘʤʽʥʘ ʾʾ ʩʠʩʪʝʤ ʩʧʨʷʤʦʚʘʥʽ ʥʘ 

ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʽ ʥʘʜʽʡʥʦʩʪʽ ʨʦʙʦʪʠ ʝʥʝʨʛʦʙʣʦʢʫ [1].  

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʪʨʘʥʩʧʦʨʪʥʦ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʧʝʨʘʮʽʾ ʧʦ ʧʝʨʝʤʽʱʝʥʥʶ ʷʜʝʨʥʦʛʦ 

ʧʘʣʠʚʘ ʥʘ ʝʥʝʨʛʦʙʣʦʮʽ, ʻ ʦʜʥʠʤʠ ʟ ʥʘʡʙʽʣʴʰ ʷʜʝʨʥʦ-ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʨʦʙʽʪ, ʽ ʙʫʜʴ-ʷʢʝ 

ʧʦʨʫʰʝʥʥʷ ʪʘʢʦʾ ʪʝʭʥʦʣʦʛʽʾ ʻ ʥʝʧʨʠʧʫʩʪʠʤʠʤ. 

ʇʨʠ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʇʄ ʧʦʚʥʽʡ ʟʘʤʽʥʽ ʧʦʚʠʥʥʽ ʧʽʜʣʷʛʘʪʠ ʨʦʙʦʯʘ ʰʪʘʥʛʘ, ʧʨʠʚʦʜʠ 

ʧʝʨʝʤʽʱʝʥʥʷ, ʪʝʣʝʚʽʟʽʡʥʘ ʰʪʘʥʛʘ, ʚʩʽ ʢʘʙʝʣʴʥʽ ʩʧʦʣʫʯʝʥʥʷ. ʅʝʟʤʽʥʥʠʤʠ ʤʦʞʥʘ ʟʘʣʠʰʠʪʠ  

ʣʠʰʝ ʤʝʪʘʣʦʢʦʥʩʪʨʫʢʮʽʾ ʤʦʩʪʫ ʪʘ ʚʽʟʢʘ, ʱʦ ʧʝʨʝʩʫʚʘʻʪʴʩʷ ʧʦ ʥʴʦʤʫ, ʧʦʧʝʨʝʜʥʷ 

ʧʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʩʪʫʧʽʥʴ ʟʥʦʰʝʥʥʷ ʮʴʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ɿʦʢʨʝʤʘ ʤʦʜʝʨʥʽʟʘʮʽʶ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʝʚʘʥʪʘʞʫʚʘʣʴʥʦʶ 

ʤʘʰʠʥʦʶ ʩʣʽʜ ʙʫʜʫʚʘʪʠ ʥʘ ʧʨʠʥʮʠʧʘʭ ʚʠʩʦʢʦʾ ʥʘʜʽʡʥʦʩʪʽ, ʯʽʪʢʦʾ ʣʦʛʽʢʠ ʽ ʛʣʠʙʦʢʦʛʦ 

ʨʝʟʝʨʚʫʚʘʥʥʷ, ʱʦ  ʜʦʟʚʦʣʠʪʴ ʚʠʢʣʶʯʠʪʠ ʙʫʜʴ-ʷʢʽ ʧʦʤʠʣʢʦʚʽ ʜʽʾ ʦʧʝʨʘʪʦʨʽʚ, ʪʠʤ ʩʘʤʠʤ, 

ʛʘʨʘʥʪʫʶʯʠ ʥʘʜʚʠʩʦʢʫ ʥʘʜʽʡʥʽʩʪʴ ʨʦʙʦʪʠ ʧʝʨʝʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ [2]. 

ɺ ʨʘʤʢʘʭ ʤʦʜʝʨʥʽʟʘʮʽʾ ʧʝʨʝʚʘʥʪʘʞʫʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʥʝʦʙʭʽʜʥʦ ʦʥʦʚʠʪʠ ʚʩʽ 

ʧʽʜʰʠʧʥʠʢʠ, ʝʣʝʢʪʨʦʜʚʠʛʫʥʠ ʟ ʨʝʜʫʢʪʦʨʘʤʠ, ʧʨʠʚʦʜʠ ʨʦʙʦʯʦʾ ʪʘ ʪʝʣʝʚʽʟʽʡʥʦʾ ʰʪʘʥʛʠ, 

ʪʝʣʝʚʽʟʽʡʥʫ ʢʘʤʝʨʫ, ʚʩʶ ʢʘʙʝʣʴʥʫ ʧʨʦʜʫʢʮʽʶ ʪʘ ʜʘʪʯʠʢʠ ʢʦʥʪʨʦʣʶ.  

ʇʘʨʘʣʝʣʴʥʦ ʟ ʥʘʜʘʥʥʷʤ ʨʝʢʦʤʝʥʜʘʮʽʡ ʧʦ ʤʦʜʝʨʥʽʟʘʮʽʾ ʄʇ, ʚ ʨʦʙʦʪʽ ʥʘʜʘʶʪʴʩʷ 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʧʦ ʧʨʦʚʝʜʝʥʥʶ ʨʝʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʦʙʽʪ  ʟ ʤʝʭʘʥʽʯʥʦʾ ʯʘʩʪʠʥʠ 

ʧʝʨʝʚʘʥʪʘʞʫʚʘʣʴʥʦʾ ʤʘʰʠʥʠ, ʟʦʢʨʝʤʘ, ʧʽʜʚʠʱʝʥʷ ʪʦʯʥʦʩʪʽ ʮʝʥʪʨʫʚʘʥʥʷ ʰʪʘʥʛʠ, ʾʾ ʚʽʣʴʥʦʛʦ 

ʭʦʜʫ, ʪʦʯʥʦʩʪʽ ʚʠʾʟʜʫ ʥʘ ʢʦʦʨʜʠʥʘʪʫ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʘʣʠʚʥʦʾ ʢʘʩʝʪʠ. 

ʂʨʽʤ ʪʦʛʦ, ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ ʧʦʚʠʥʥʘ ʩʫʧʨʦʚʦʜʞʫʚʘʪʠʩʷ 

ʦʧʝʨʘʪʠʚʥʠʤ  ʢʦʥʪʨʦʣʝʤ ʛʝʨʤʝʪʠʯʥʦʩʪʽ ʦʙʦʣʦʥʦʢ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ, ʘʙʦ ʛʦʚʦʨʷʯʠ ʪʝʭʥʽʯʥʦʶ 

ʤʦʚʦʶ - ɦ ʽʣʴʥʦʩʪʽ ʪʝʧʣʦʚʠʜʽʣʷʶʯʠʭ ʝʣʝʤʝʥʪʽʚ, ʚ ʷʢʠʭ ʟʥʘʭʦʜʠʪʴʩʷ ʩʘʤʝ ʷʜʝʨʥʝ ʧʘʣʠʚʦ, ʪʘʢ 

ʟʚʘʥʠʡ "sipping ʢʦʥʪʨʦʣʴ" [3]. 

ɺʘʞʣʠʚʦʶ ʯʘʩʪʠʥʦʶ ʮʽʻʾ ʨʦʙʦʪʠ ʻ ʘʥʘʣʽʟ ʙʝʟʧʝʯʥʦʾ ʨʦʙʦʪʠ ʤʦʜʝʨʥʽʟʦʚʘʥʠʭ ʩʠʩʪʝʤ 

ʧʝʨʝʚʘʥʪʘʞʫʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʨʦʙʦʪʠ ʤʘʰʠʥʠ ʟ ʷʜʝʨʥʠʤ ʧʘʣʠʚʦʤ 

Westinghouse, ʥʘʜʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʟʘʤʽʥʠ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʪʘ ʝʣʝʢʪʦʨʦʦʙʣʘʜʥʘʥʥʷ 

ʇʄ. 
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ɺʘʞʣʠʚʦʶ ʦʙʩʪʘʚʠʥʦʶ ʚ ʫʤʦʚʘʭ ʤʦʜʝʨʥʽʟʘʮʽʾ ʧʝʨʝʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ɸɽʉ ʻ ʟʙʽʣʴʰʝʥʥʷ ʨʝʘʣʴʥʦ ʤʦʞʣʠʚʦʾ ʚʝʨʪʠʢʘʣʴʥʦʾ ʽ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʝʡ ʧʨʠ 

ʧʝʨʝʤʽʱʝʥʥʷʭ ʊɺʉ, ʇʉ ʉʋɿ ʘʙʦ ʉɺʇ, ʪʘʢʦʞ ʚʝʨʪʠʢʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʤʽʱʝʥʥʷ ʇʉ ʉʋɿ 

ʪʘ ʉɺʇ ʚ ʥʘʧʨʘʚʣʷʶʯʠʭ ʢʘʥʘʣʘʭ ʊɺʉʄ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʯʦʭʣʘ ʢʣʘʩʪʝʨʘ [4]. 

ʉʣʜ̔ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʧʝʨʝʚʘʥʪʘʞʫʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʚʘʞʣʠʚʫ ʨʦʣʴ 

ʚʽʜʽʛʨʘʶʪʴ ʪʨʦʩʠ, ʘ ʪʦʯʥʽʰʝ, ʢʨʽʧʣʝʥʥʷ ʽ ʧʝʨʝʤʽʱʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ ʩʝʢʮʽʾ ʨʦʙʦʯʦʾ ʰʪʘʥʛʠ, 

ʟʘʭʦʧʣʝʥʥʷ ʢʣʘʩʪʝʨʘ ʽ ʬʽʢʩʘʪʦʨʘ. ʉʘʤʝ ʮʽ ʤʝʭʘʥʽʟʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʙʝʟʧʝʯʥʝ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʧʘʣʠʚʘ. ʊʦʤʫ ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʦ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʚʠʙʨʘʢʫʚʘʥʥʷ ʪʨʦʩʽʚ ʨʽʟʥʦʛʦ ʜʽʘʤʝʪʨʫ. 

ʂʨʽʤ ʪʦʛʦ, ʙʫʜʴ-ʷʢʘ ʤʦʜʝʨʥʽʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʇʄ ʤʘʻ ʙʫʪʠ  ʩʫʤʽʩʥʘ ʟ ʙʫʜʴ-ʷʢʠʤʠ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʘʤʠ, ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʥʘ ʧʝʨʝʚʘʥʪʘʞʫʚʘʣʴʥʽʡ ʤʘʰʠʥʠ [5]. 

ʂʦʤʧʣʝʢʩʥʘ ʤʦʜʝʨʥʽʟʘʮʽʷ ʪʘ ʨʝʢʦʥʩʪʨʫʢʮʽʷ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʝʚʘʥʪʘʞʫʚʘʣʴʥʦʾ 

ʤʘʰʠʥʦʶ ʜʣʷ ʝʥʝʨʛʦʙʣʦʢʽʚ ɸɽʉ ʟ ɺɺɽʈ-1000 ʜʦʟʚʦʣʠʪʴ ʥʝ ʪʽʣʴʢʠ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʽ ʙʝʟʧʝʢʫ ʨʦʙʽʪ ʧʨʠ ʧʝʨʝʚʘʥʪʘʞʝʥʥʽ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ ʥʘ ʫʢʨʘʾʥʩʴʢʠʭ ɸɽʉ, ʘʣʝ ʽ ʚʠʨʽʰʠʪʠ 

ʧʠʪʘʥʥʷ ʧʨʦʜʦʚʞʝʥʥʷ ʨʝʩʫʨʩʫ ʝʥʝʨʛʦʙʣʦʢʽʚ ʫ ʧʦʥʘʜʧʨʦʝʢʪʥʠʡ ʩʪʨʦʢ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʥʦʚʦʾ ʩʫʯʘʩʥʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʝʚʘʥʪʘʞʫʚʘʣʴʥʦʾ ʤʘʰʠʥʥʦʾ ʟ ʪʨʠʚʘʣʠʤ ʪʝʨʤʽʥʦʤ 

ʥʘʜʽʡʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ [3]. 

ɺ ʤʝʞʘʭ ʜʘʥʦʾ ʨʦʙʦʪʠ ʦʧʠʩʘʥʦ ʧʨʘʢʪʠʯʥʽ ʥʘʧʨʘʮʶʚʘʥʥʷ ʪʘ ʥʘʙʫʪʠʡ ʫ ʧʨʦʮʝʩʽ  

ʤʦʜʝʨʥʽʟʘʮʽʾ ʜʦʩʚʽʜ ʪʘ ʦʙʛʨʫʥʪʦʚʘʥʘ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʦʚʘʥʥʷ ʡʦʛʦ ʧʽʜ ʯʘʩ ʘʥʘʣʦʛʽʯʥʠʭ 

ʨʦʙʽʪ ʥʘ ʫʩʽʭ ʝʥʝʨʛʦʙʣʦʢʘʭ ʋʢʨʘʾʥʠ. 
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ʉʪʫʜʝʥʪ 4 ʢʫʨʩʫ, ʛʨ. ʊʗ-71 ʂʦʨʯʫʥ ɺ.ʉ. 

ɸʩʠʩʪ. ʌʝʜʦʨʦʚ ɼ.ʆ. 

ʂɽʈʋɺɸʅʅʗ ʂʆʅʌɯɻʋʈɸʎɯɭʖ ʆɹʃɸɼʅɸʅʅʗ ɽʅɽʈɻʆɹʃʆʂʋ ɿ ʄɽʊʆʖ 

ʇɯɼɺʀʑɽʅʅʗ ʇʆʂɸɿʅʀʂɯɺ ʅɸɼɯʁʅʆʉʊɯ ɸɽʉ 

 

ʆʩʥʦʚʦʶ ʧʨʠʡʥʷʪʪʷ ʙʫʜʴ-ʷʢʦʛʦ ʨʽʰʝʥʥʷ ʟ ʨʝʛʫʣʶʚʘʥʥʷ ʙʝʟʧʝʢʠ ʷʜʝʨʥʠʭ ʫʩʪʘʥʦʚʦʢ 

 ̒ʦʮʽʥʢʘ ʚʧʣʠʚʫ ʥʘʩʣʽʜʢʽʚ ʧʨʠʡʥʷʪʦʛʦ ʨʽʰʝʥʥʷ ʥʘ ʙʝʟʧʝʢʫ. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʮʽ ʦʮʽʥʢʠ 

ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠʩʷ ʥʘ ʦʩʥʦʚʽ ʷʢ ʜʝʪʝʨʤʽʥʽʩʪʠʯʥʠʭ, ʪʘʢ ʽ ʽʤʦʚʽʨʥʽʩʥʠʭ ʤʝʪʦʜʽʚ. 

ɺʽʜʩʫʪʥʽʩʪʴ ʜʦʩʪʘʪʥʴʦʛʦ ʜʦʩʚʽʜʫ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʥʝʦʙʭʽʜʥʠʭ ʟʥʘʥʴ ʧʨʦ ʤʝʭʘʥʽʟʤʠ ʩʪʘʨʽʥʥʷ, 

ʚʜ̔ʤʦʚʠ ʪʘ ʟʥʦʩʫ ʦʙʣʘʜʥʘʥʥʷ ʪʦʱʦ ʻ ʧʨʠʯʠʥʦʶ ʪʦʛʦ, ʱʦ ʜʝʪʝʨʤʽʥʽʩʪʠʯʥʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ 

ʙʝʟʧʝʢʠ ʧʨʦʪʷʛʦʤ ʨʦʟʚʠʪʢʫ ʷʜʝʨʥʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʛʘʣʫʟʽ ʧʝʨʝʚʘʞʘʣʠ ʥʘʜ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʆʜʥʘʢ, ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʦʮʽʥʢʠ ʙʝʟʧʝʢʠ ʥʘ ʦʩʥʦʚʽ ʜʝʪʝʨʤʽʥʽʩʪʠʯʥʠʭ ʧʽʜʭʦʜʽʚ, ʚ ʜʝʷʢʠʭ 

ʚʠʧʘʜʢʘʭ ʚʝʜʫʪʴ ʜʦ ʟʘʡʚʦʛʦ ʢʦʥʩʝʨʚʘʪʠʟʤʫ ʧʨʠ ʧʨʠʡʥʷʪʪʽ ʨʝʛʫʣʶʶʯʠʭ ʨʽʰʝʥʴ. 

ʅʘʧʨʠʢʣʘʜ, ʜʦ ʥʝʚʠʧʨʘʚʜʘʥʦ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʽ ʟʘʚʠʱʝʥʦʾ ʧʝʨʽʦʜʠʯʥʦʩʪʽ ʢʦʥʪʨʦʣʶ, 

ʚʠʧʨʦʙʫʚʘʥʴ, ʧʝʨʝʚʽʨʦʢ ʽ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ɸɽʉ ʪʦʱʦ. ɿʘʡʚʠʡ 

ʢʦʥʩʝʨʚʘʪʠʟʤ ʚʠʤʦʛ ʯʘʩʪʦ ʧʨʠʟʚʦʜʠʪʴ ʽ ʜʦ ʥʝʛʘʪʠʚʥʠʭ ʷʚʠʱ ʟ ʪʦʯʢʠ ʟʦʨʫ ʙʝʟʧʝʢʠ - 

ʧʨʠʩʢʦʨʝʥʦʤʫ ʩʧʨʘʮʴʦʚʫʚʘʥʥʶ ʨʝʩʫʨʩʫ ʦʙʣʘʜʥʘʥʥʷ, ʟʙʽʣʴʰʝʥʥʷ ʜʦʟʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ 

ʧʝʨʩʦʥʘʣ, ʪʦʱʦ. 

ʋ ʧʨʘʢʪʠʮʽ ʘʥʘʣʽʟʫ ʙʝʟʧʝʢʠ ʷʜʝʨʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʚ ʩʚʽʪʽ ʰʠʨʦʢʦ ʦʩʚʦʶʶʪʴʩʷ ʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʽʤʦʚʽʨʥʽʩʥʽ ʤʝʪʦʜʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʦʙˇʨʫʥʪʦʚʘʥʦ ʢʦʥʮʝʥʪʨʫʚʘʪʠ ʟʫʩʠʣʣʷ 

ʽ ʢʦʰʪʠ ʩʘʤʝ ʚ ʪʠʭ ʦʙʣʘʩʪʷʭ, ʜʝ ʽʩʥʫʶʪʴ ʜʝʬʽʮʠʪʠ ʙʝʟʧʝʢʠ, ʘʙʦ ʷʢʽ ʤʘʶʪʴ ʥʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ 

ʥʘ ʙʝʟʧʝʢʫ ʷʜʝʨʥʠʭ ʫʩʪʘʥʦʚʦʢ. ʈʦʙʦʪʠ ʟ ʽʤʦʚʽʨʥʽʩʥʠʭ ʘʥʘʣʽʟʽʚ ʧʨʦʚʦʜʷʪʴʩʷ ʽ ʚ ʋʢʨʘʾʥʽ. 

ɿʦʢʨʝʤʘ, ʦʜʥʽʻʶ ʟ ʫʤʦʚ ʣʽʮʝʥʟʫʚʘʥʥʷ ʝʥʝʨʛʦʙʣʦʢʫ ɸɽʉ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ [1, 2], ʻ 

ʨʦʟʨʦʙʢʘ ʛʣʘʚʠ ʽʤʦʚʽʨʥʽʩʥʦʛʦ ʘʥʘʣʽʟʫ ʙʝʟʧʝʢʠ (ɯɸɹ) ʚ ʟʚʽʪʽ ʟ ʘʥʘʣʽʟʫ ʙʝʟʧʝʢʠ (ɿɸɹ). 

ʆʜʥʠʤ ʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʽʪ ʟ ɯɸɹ ʻ ʨʦʟʨʦʙʢʘ ʩʫʯʘʩʥʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʷʢʦʩʪʽ ʦʩʥʦʚʠ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʘʥʘʣʽʟʫ ʧʨʦʝʢʪʥʠʭ ʽ ʟʘʧʨʦʝʢʪʥʠʭ ʘʚʘʨʽʡ, ʜʣʷ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʽʥʩʪʨʫʢʮʽʡ ʟ ʣʽʢʚʽʜʘʮʽʾ ʘʚʘʨʽʡ ʪʘ ʽʥʰʠʭ ʘʥʘʣʽʟʽʚ. ʃʦʛʽʯʥʠʤ ʧʨʦʜʦʚʞʝʥʥʷʤ 

ʨʦʙʽʪ ʟ ɯɸɹ, ʚʠʢʦʥʘʥʠʭ ʚ ʨʘʤʢʘʭ ʦʮʽʥʢʠ ʙʝʟʧʝʢʠ, ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʠʟʠʢ-ʦʨʽʻʥʪʦʚʘʥʠʭ 

ʧʽʜʭʦʜʽʚ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ ʚ ʨʝʛʫʣʶʶʯʽʡ ʜʽʷʣʴʥʦʩʪʽ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʚ ʥʘʮʽʦʥʘʣʴʥʫ ʧʨʘʢʪʠʢʫ ʨʠʟʠʢ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦʟʚʦʣʠʪʴ: 

-  ʟʘʙʝʟʧʝʯʠʪʠ ʧʨʠʡʥʷʪʪʷ ʙʽʣʴʰ ʦʙˇʨʫʥʪʦʚʘʥʠʭ/ʟʙʘʣʘʥʩʦʚʘʥʠʭ ʨʽʰʝʥʴ ʟ ʧʠʪʘʥʴ 
ʙʝʟʧʝʢʠ ɸɽʉ; 

-  ʩʬʦʢʫʩʫʚʘʪʠ ʫʚʘʛʫ ʥʘ ʪʠʭ ʧʨʦʙʣʝʤʘʭ, ʷʢʽ ʧʦʚ'ʷʟʘʥʽ ʟ ʥʘʡʙʽʣʴʰʠʤ ʨʠʟʠʢʦʤ ʜʣʷ 

ʙʝʟʧʝʢʠ; 

-  ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʝʩʫʨʩʠ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʥʘʡʙʽʣʴʰ ʧʨʽʦʨʠʪʝʪʥʠʭ 
ʟʘʭʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ɸɽʉ; 

-  ʧʨʠʡʤʘʪʠ ʨʽʰʝʥʥʷ ʟ ʧʠʪʘʥʴ ʙʝʟʧʝʢʠ, ʢʽʣʴʢʽʩʥʦ ʦʮʽʥʶʶʯʠ ʽʤʦʚʽʨʥʽʩʥʠʤʠ 
ʤʝʪʦʜʘʤʠ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʷʢʽ ʥʝʤʦʞʣʠʚʦ ʦʮʽʥʠʪʠ ʜʝʪʝʨʤʽʥʽʩʪʠʯʥʠʤʠ 

ʤʝʪʦʜʘʤʠ; 

-  ʧʽʜʚʠʱʠʪʠ ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ ɸɽʉ, ʧʽʜʚʠʱʠʪʠ ʢʦʝʬʽʮʽʻʥʪ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʽ ʢʦʝʬʽʮʽʻʥʪ ʛʦʪʦʚʥʦʩʪʽ, ʱʦ ʜʦʟʚʦʣʠʪʴ 

ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 

 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʦ ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ, ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʫʤʦʚ ʙʝʟʧʝʯʥʦʾ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʥʝʨʛʦʙʣʦʢʘ ɸɽʉ ʚ ʯʘʩʪʠʥʠ ʜʦʧʫʩʪʠʤʦʛʦ ʯʘʩʫ ʨʦʙʦʪʠ ʥʘ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠ 

ʥʘʷʚʥʦʩʪʽ ʚʠʚʝʜʝʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʯʠ ʢʘʥʘʣʫ ʩʠʩʪʝʤʠ ʙʝʟʧʝʢʠ (ʉɹ), ʧʨʦʚʦʜʠʪʴʩʷ ʚʠʢʣʶʯʥʦ 

ʚʠʭʦʜʷʯʠ ʟ ʜʦʩʚʽʜʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʝʪʝʨʤʽʥʽʩʪʠʯʥʠʡ ʧʽʜʭʽʜ. 

ɯɸɹ ʥʘʜʘʻ ʥʝʦʙʭʽʜʥʫ ʽʥʬʦʨʤʘʮʽʶ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʦʾ ʟʥʘʯʠʤʦʩʪʽ ʦʙʣʘʜʥʘʥʥʷ 

ʝʥʝʨʛʦʙʣʦʢʫ ʟ ʧʦʛʣʷʜʫ ʨʠʟʠʢʫ. ʗʢʽʩʥʽ ʽ ʢʽʣʴʢʽʩʥʽ ʨʝʟʫʣʴʪʘʪʠ ɯɸɹ, ʥʘʧʨʠʢʣʘʜ, ʤʦʞʫʪʴ ʙʫʪʠ 
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ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʦʣʝʛʰʝʥʥʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʡ, ʩʠʩʪʝʤ ʪʘ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʤʘʶʪʴ 

ʥʠʟʴʢʽ ʟʥʘʯʠʤʦʩʪʽ ʟ ʧʦʛʣʷʜʫ ʨʠʟʠʢʫ. ʊʘʢʽ ʩʠʩʪʝʤʠ, ʦʙʣʘʜʥʘʥʥʷ ʽ ʢʦʥʩʪʨʫʢʮʽʾ ʻ ʢʘʥʜʠʜʘʪʘʤʠ 

ʥʘ ʟʥʠʞʝʥʥʷ ʚʠʤʦʛ ʧʨʦʛʨʘʤ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ɯɸɹ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʙʘʛʘʪʴʦʭ ʘʩʧʝʢʪʽʚ ʧʦʚôʷʟʘʥʠʭ ʟ ʨʝʤʦʥʪʦʤ ʪʘ ʦʧʪʠʤʽʟʘʮʽʻʶ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, 

ʥʘʧʨʠʢʣʘʜ: 

-  ʧʣʘʥʫʚʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷʤ; 

-  ʚʠʙʽʨ ʘʙʦ ʛʨʘʜʘʮʽʷ ʦʙʣʘʜʥʘʥʥʷ; 

-  ʨʽʰʝʥʥʷ ʧʦʚôʷʟʘʥʽ ʟ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʦʧʝʨʘʪʠʚʥʦʤʫ ʨʝʞʠʤʽ; 

-  ʢʦʥʪʨʦʣʴ ʟʘ ʢʦʥʬʽʛʫʨʘʮʽʻʶ ʧʽʜ ʯʘʩ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ; 

-  ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʚʧʣʠʚʦʤ ʨʠʟʠʢʫ ʥʘ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ; 

-  ʟʤʽʥʠ ʚ ʪʝʭʥʽʯʥʽʡ ʩʧʝʮʠʬʽʢʘʮʽʾ ʜʣʷ ʟʘʜʦʚʦʣʝʥʥʷ ʧʦʪʨʝʙ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʨʠʟʠʢ-ʦʨʽʻʥʪʦʚʘʥʠʭ ʧʽʜʭʦʜʽʚ [3] ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʦ ʦʧʪʠʤʽʟʘʮʽʾ 

ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʨʝʤʦʥʪʫ ʝʥʝʨʛʦʙʣʦʢʽʚ ɸɽʉ ʩʧʨʷʤʦʚʘʥʦ ʥʘ ʧʽʜʚʠʱʝʥʥʷ 

ʥʘʜʽʡʥʦʩʪʽ ʩʠʩʪʝʤ ʙʝʟʧʝʢʠ ʪʘ ʚʘʞʣʠʚʠʭ ʜʣʷ ʙʝʟʧʝʢʠ (ʉɺɹ), ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʾʭ ʪʝʭʥʽʯʥʝ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʟʥʠʞʝʥʥʷ ʽʤʦʚʽʨʥʦʩʪʽ ʧʦʤʠʣʦʢ ʧʝʨʩʦʥʘʣʫ, ʧʦʣʽʧʰʝʥʥʷ 

ʨʝʤʦʥʪʦʧʨʠʜʘʪʥʦʩʪʽ ʩʠʩʪʝʤ. 

ɿʙʽʣʴʰʝʥʥʷ ʧʝʨʽʦʜʠʯʥʦʩʪʽ ʧʣʘʥʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʢʘʥʘʣʽʚ ʉɹ ʧʨʠ ʨʦʙʦʪʽ ʨʝʘʢʪʦʨʥʦʾ 

ʫʩʪʘʥʦʚʢʠ ʥʘ ʧʦʪʫʞʥʦʩʪʽ ʽ ʦʙʣʘʜʥʘʥʥʷ ʉɺɹ ʜʦʟʚʦʣʷʻ: 

-  ʟʥʠʟʠʪʠ ʪʝʤʧʠ ʚʠʨʦʙʣʝʥʥʷ ʧʨʦʝʢʪʥʦʛʦ ʨʝʩʫʨʩʫ ʝʣʝʤʝʥʪʽʚ ʦʙʣʘʜʥʘʥʥʷ; 

-  ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʧʨʦʚʝʜʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʨʝʤʦʥʪʽʚ ʩʠʩʪʝʤ 
ʨʝʘʢʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ (ʈʋ). 

 

ɿʙʽʣʴʰʝʥʥʷ ʜʦʧʫʩʪʠʤʦʛʦ ʯʘʩʫ ʨʝʤʦʥʪʫ ʢʘʥʘʣʽʚ ʩʠʩʪʝʤ ʙʝʟʧʝʢʠ ʧʨʠ ʨʦʙʦʪʽ ʈʋ ʥʘ 

ʧʦʪʫʞʥʦʩʪʽ ʜʦʟʚʦʣʷʻ: 

-  ʩʢʦʨʦʪʠʪʠ ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʭʽʜʥʠʭ ʨʝʞʠʤʽʚ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʧʝʨʝʚʝʜʝʥʥʷʤ ʈʋ ʚ ʩʪʘʥ 
çʭʦʣʦʜʥʦʛʦ ʟʫʧʠʥʫè ʟ ʧʦʜʘʣʴʰʠʤ ʧʫʩʢʦʤ ʝʥʝʨʛʦʙʣʦʢʫ; 

-  ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʧʨʦʩʪʦʶ ʝʥʝʨʛʦʙʣʦʢʫ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʧʽʜʚʠʱʠʪʠ ʢʦʝʬʽʮʽʻʥʪ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. 

 

ʆʪʞʝ, ʧʽʩʣʷ ʨʝʘʣʽʟʘʮʽʾ ʨʠʟʠʢ-ʽʥʬʦʨʤʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʫ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʮʽ ʨʠʟʠʢʫ, 

ʧʦʚ'ʷʟʘʥʦʛʦ ʽʟ ʢʦʥʬʽʛʫʨʘʮʽʻʶ ʝʥʝʨʛʦʙʣʦʢʫ ɸɽʉ ʪʘ ʜʦʜʘʪʢʦʚʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʟʤʽʥ ʫ 

ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʨʝʛʣʘʤʝʥʪʽ ʙʝʟʧʝʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ (ʊʈɹɽ) [4], ʜʘʻ ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʪʘʢ 

ʟʚʘʥʠʡ ʘʣʴʪʝʨʥʘʪʠʚʥʠʡ ʨʝʛʣʘʤʝʥʪʥʠʡ ʜʦʢʫʤʝʥʪ. ɸ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʨʦʟʰʠʨʶʻ ʜʦʟʚʦʣʝʥʠʡ ʯʘʩ ʚʠʚʝʜʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʉɹ ʪʘ ʉɺɹ ʚ ʨʝʤʦʥʪ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʘʣʽʟʘʮʽʾ ʢʦʤʧʝʥʩʫʶʯʠʭ ʟʘʭʦʜʽʚ. ʇʨʠ ʮʴʦʤʫ ʩʪʨʫʢʪʫʨʘ ʜʽʶʯʠʭ ʊʈɹɽ ʥʝ 

ʟʤʽʥʶʻʪʴʩʷ; 

ʊʘʢʽ ʟʤʽʥʠ ʤʦʞʫʪʴ ʩʧʨʠʷʪʠ ʥʝ ʪʽʣʴʢʠ ʧʦʣʽʧʰʝʥʥʶ ʧʦʢʘʟʥʠʢʽʚ ʙʝʟʧʝʢʠ, ʘ ʡ 

ʢʦʤʧʣʝʢʩʥʠʤ ʧʦʢʘʟʥʠʢʘʤ ʥʘʜʽʡʥʦʩʪʽ ʝʥʝʨʛʦʙʣʦʢʫ ʚ ʮʽʣʦʤʫ. 
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ʢʦʤʽʪʝʪ ʷʜʝʨʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʋʢʨʘʾʥʠ, ʂʠʾʚ 2008; 

3. ʅʇ 306.2.217-2017. ɺʠʤʦʛʠ ʜʦ ʨʠʟʠʢ-ʽʥʬʦʨʤʦʚʘʥʦʛʦ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʟ 

ʙʝʟʧʝʢʠ ʘʪʦʤʥʠʭ ʩʪʘʥʮʽʡ 

4. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʨʝʛʣʘʤʝʥʪ ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʥʝʨʛʦʙʣʦʢʘ ˉ2 
ɿʘʧʦʨʦʞʩʢʦʡ ɸʕʉ, 02.ɻʊ.00.ʈɻ.01-14 
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ʉʪʫʜʝʥʪ 4 ʢʫʨʩʫ, ʛʨ. ʊʗ-71 ʂʫʟʴʤʝʥʢʦ ɺ.ʄ. 

ɸʩʠʩʪ. ʆʩʪʘʧʝʥʢʦ ɯ.ɸ. 

ɯʅʊɽɻʈɸʎɯʗ ɸʉʂʈʆ ɸɽʉ ɺ ɭɼʀʅʋ ɸɺʊʆʄɸʊʀɿʆɺɸʅʋ ʉʀʉʊɽʄʋ 

ʂʆʅʊʈʆʃʖ ʈɸɼɯɸʎɯʁʅʆɰ ʆɹʉʊɸʅʆɺʂʀ 

 

ʇʽʩʣʷ ʘʚʘʨʽʾ ʥʘ ɸɽʉ çʌʫʢʫʩʽʤʘ-1è, ʗʧʦʥʽʷ, ʥʘ ʟʘʩʽʜʘʥʥʽ ʈʘʜʠ ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ 

ʋʢʨʘʾʥʠ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ ʧʨʦ ʩʪʚʦʨʝʥʥʷ ɭʜʠʥʦʾ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ 

ʨʘʜʽʘʮʽʡʥʦʾ ʦʙʩʪʘʥʦʚʢʠ (ʜʘʣʽ - ɭɸʉʂʈʆ) ʚ ʋʢʨʘʾʥʽ. ʏʠʥʥʠʢʠ, ʷʢʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʨʝʘʣʽʟʘʮʽʾ ʟʘʭʦʜʫ [1]: 

1. ɺʠʤʦʛʠ ʥʦʨʤ, ʧʨʘʚʠʣ ʽ ʩʪʘʥʜʘʨʪʽʚ ʟ ʗʈɹ ʋʢʨʘʾʥʠ 

2. ʄʽʞʥʘʨʦʜʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ (ʄɸɻɸʊɽ, Pʽʩʢʘʫʜʽʪ) 

3. ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʽʚ ʙʝʟʧʝʢʠ 

4. ɺʠʤʦʛʠ / ʧʨʠʧʠʩʠ ʥʘʮʽʦʥʘʣʴʥʠʭ ʥʘʛʣʷʜʦʚʠʭ ʦʨʛʘʥʽʚ 

5. ʅʘʢʦʧʠʯʝʥʠʡ ʜʦʩʚʽʜ 

ɸʉʂʈʆ ɸɽʉ [2] ʟʘ ʚʠʜʦʤ ʜʽʷʣʴʥʦʩʪʽ ʻ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʶ ʩʠʩʪʝʤʦʶ ʙʝʟʧʝʨʝʨʚʥʦʛʦ 

ʢʦʥʪʨʦʣʶ ʨʘʜʽʘʮʽʡʥʦʾ ʦʙʩʪʘʥʦʚʢʠ ʪʘ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʧʨʦʤʤʘʡʜʘʥʯʠʢʫ, ʫ 

ʩʘʥʽʪʘʨʥʦ-ʟʘʭʠʩʥʽʡ ʟʦʥʽ ʪʘ ʚ ʟʦʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ɸɽʉ.  

ʄʝʪʦʶ ɸʉʂʈʆ ʻ ʦʮʽʥʢʘ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʘʜʽʘʮʽʡʥʦʾ ʦʙʩʪʘʥʦʚʢʠ ʚ ʨʝʞʠʤʽ 

ʥʦʨʤʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ɸɽʉ, ʧʨʦʝʢʪʥʠʭ ʽ ʟʘʧʨʦʝʢʪʥʠʭ ʘʚʘʨʽʷʭ, ʘ ʪʘʢʦʞ ʧʨʠ ʟʥʷʪʪʽ ɸɽʉ ʟ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɿʘ ʩʚʦʾʤ ʧʨʠʟʥʘʯʝʥʥʷʤ ʽ ʚʧʣʠʚʦʤ ʥʘ ʙʝʟʧʝʢʫ ʪʝʭʥʽʯʥʽ ʟʘʩʦʙʠ ɸʉʂʈʆ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ 

ʩʠʩʪʝʤ ʥʦʨʤʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʚʘʞʣʠʚʠʭ ʜʣʷ ʙʝʟʧʝʢʠ. 

ʊʝʭʥʽʯʥʠʤʠ ʟʘʩʦʙʘʤʠ ɸʉʂʈʆ [3] ʻ ʙʣʦʢʠ ʜʝʪʝʢʪʫʚʘʥʥʷ, ʧʨʠʩʪʨʦʾ ʜʝʪʝʢʪʫʚʘʥʥʷ, 

ʘʚʪʦʤʘʪʠʯʥʘ ʩʪʘʥʮʽʷ ʧʦʛʦʜʠ, ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʡ ʢʦʤʧʣʝʢʩ, ʨʘʜʽʦʢʘʥʘʣʠ, ʘʥʪʝʥʥʠ, ʛʨʦʟʦʟʘʭʠʩʪ 

ʪʘ ʛʝʥʝʨʘʪʦʨʠ. ɺʦʥʠ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʤʽʩʮʷʭ ʧʦʩʪʽʚ ʪʘ ʪʦʯʦʢ ʢʦʥʪʨʦʣʽʚ ɸʉʂʈʆ. 

ʉʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʨʘʜʽʘʮʽʡʥʦʶ ʦʙʩʪʘʥʦʚʢʦʶ ʚʝʜʫʪʴʩʷ ʙʝʟʧʝʨʝʨʚʥʦ ʚ ʘʚʪʦʤʘʪʠʯʥʦʤʫ 

ʨʝʞʠʤʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʧʝʨʘʪʠʚʥʦ ʦʪʨʠʤʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʟ ʧʦʩʪʽʚ ʢʦʥʪʨʦʣʶ, ʧʨʦʚʦʜʠʪʠ 

ʩʠʩʪʝʤʘʪʠʯʥʠʡ ʘʥʘʣʽʟ ʜʘʥʠʭ, ʚʠʢʦʥʫʚʘʪʠ ʧʨʦʛʥʦʟ ʨʘʜʽʘʮʽʡʥʦʾ ʦʙʩʪʘʥʦʚʢʠ ʜʣʷ ʚʩʽʭ 

ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ 30-ʪʠ ʢʽʣʦʤʝʪʨʦʚʦʾ ʟʦʥʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. ʇʦʩʪʘʤʠ ʢʦʥʪʨʦʣʶ ʚʠʤʽʨʶʻ 

ʛʘʟʦ-ʘʝʨʦʟʦʣʴʥʠʭ ʚʠʢʠʜʽʚ ʯʝʨʝʟ ʫʩʽ ʚʝʥʪʠʣʷʮʽʡʥʽ ʪʨʫʙʠ ʝʥʝʨʛʦʙʣʦʢʽʚ ɸɽʉ; ʨʽʜʢʠʭ ʩʢʠʜʽʚ 

ɸɽʉ; ʧʦʪʫʞʥʦʩʪʽ ʜʦʟʠ, ʢʦʥʮʝʥʪʨʘʮʽʾ ʡʦʜʫ ʽ ʘʝʨʦʟʦʣʽʚ ʥʘ ʧʨʦʤʤʘʡʜʘʥʯʠʢʫ ɸɽʉ ʽ ʚ ʥʘʩʝʣʝʥʠʭ 

ʧʫʥʢʪʘʭ ʟʦʥʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ɸɽʉ.  

ʋ ʩʢʣʘʜʽ ɸʉʂʈʆ [3] ̒  ʧʝʨʝʩʫʚʥʽ ʧʦʩʪʠ ʢʦʥʪʨʦʣʶ, ʦʙʣʘʜʥʘʥʠʭ ʥʘ ʘʚʪʦʤʦʙʽʣʷʭ ʚʠʩʦʢʦʾ 

ʧʨʦʭʽʜʥʦʩʪʽ. ʇʝʨʝʩʫʚʥʽ ʧʦʩʪʠ ʦʩʥʘʱʝʥʽ ʢʦʤʧʣʝʢʪʦʤ ʫʩʪʘʪʢʫʚʘʥʥʷ ʜʣʷ ʢʦʥʪʨʦʣʶ 

ʨʘʜʽʘʮʽʡʥʠʭ, ʭʽʤʽʯʥʠʭ ʽ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʘ ʪʘʢʦʞ ʦʙʣʘʜʥʘʥʥʷʤ ʜʣʷ ʚʽʜʙʦʨʫ 

ʧʨʦʙ, ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʽʚ ʚ ʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʚʪʦʥʦʤʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. 

ʇʝʨʝʩʫʚʥʽ ʧʦʩʪʠ ʟʘʙʝʟʧʝʯʝʥʽ ʦʙʣʘʜʥʘʥʥʷʤ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʥʘ ʤʽʩʮʝʚʦʩʪʽ ʽ 

ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʧʦ ʩʫʧʫʪʥʠʢʦʚʠʭ ʢʘʥʘʣʘʭ ʟʚ'ʷʟʢʫ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʚʦʥʠ ʤʦʞʫʪʴ 

ʧʨʘʮʶʚʘʪʠ ʚ ʙʫʜʴ-ʷʢʽʡ ʪʦʯʮʽ 30-ʪʠ ʢʽʣʦʤʝʪʨʦʚʦʾ ʟʦʥʠ ɸɽʉ, ʘ ʪʘʢʦʞ ʥʘʜʘʚʘʪʠ ʜʦʧʦʤʦʛʫ ʚ 

ʧʨʦʚʝʜʝʥʥʽ ʨʘʜʽʘʮʽʡʥʦʾ ʨʦʟʚʽʜʢʠ ʥʘ ʽʥʰʠʭ ɸɽʉ ʋʢʨʘʾʥʠ ʪʘ ʟʘ ʾʾ ʤʝʞʘʤʠ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʘʚʪʦʤʘʪʠʯʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʚʠʟʥʘʯʘʶʪʴʩʷ ʙʽʣʴʰ 30 ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ, ʚʢʣʶʯʘʶʯʠ ʱʽʣʴʥʽʩʪʴ ʧʦʪʦʢʫ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʙʘʣʘʥʩ ʧʨʠʭʦʜʠʪʴ ʽ 

ʤʠʥʘʻ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜ ʧʦʚʝʨʭʥʽ ʟʝʤʣʽ, ʜʘʣʴʥʽʩʪʴ ʚʠʜʠʤʦʩʪʽ ʽ ʩʪʘʥʫ ʧʦʛʦʜʠ ʟʘ ʢʦʜʘʤʠ 

ɺʩʝʩʚʽʪʥʴʦʾ ʤʝʪʝʦʨʦʣʦʛʽʯʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ. ʂʨʽʤ ʮʴʦʛʦ, ʢʦʤʧʣʝʢʩʠ ʟʜʽʡʩʥʶʶʪʴ ʜʠʩʪʘʥʮʽʡʥʝ 

ʟʦʥʜʫʚʘʥʥʷ ʘʪʤʦʩʬʝʨʠ ʜʦ ʚʠʩʦʪʠ 3000 ʤ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʽ ʥʘʧʨʷʤʫ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʚʽʪʨʫ, ʰʚʠʜʢʦʩʪʽ ʚʝʨʪʠʢʘʣʴʥʠʭ ʨʫʭʽʚ ʧʦʚʽʪʨʷ, ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʧʦ 

ʚʝʨʩʪʚʘʤ, ʢʘʪʝʛʦʨʽʾ ʩʪʽʡʢʦʩʪʽ ʘʪʤʦʩʬʝʨʠ. ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʤʝʪʝʦʨʦʣʦʛʽʯʥʫ ʦʙʩʪʘʥʦʚʢʫ ʽ 

ʨʘʜʽʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʘʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʧʣʝʢʩʽ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʧʨʦʛʥʦʟʫ ʨʘʜʽʘʮʽʡʥʦʾ ʦʙʩʪʘʥʦʚʢʠ ʚ ʟʦʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ɸɽʉ, ʨʦʟʨʦʙʣʝʥʦʛʦ ʽʥʩʪʠʪʫʪʦʤ 

ʨʘʜʽʘʮʽʡʥʦʛʦ ʟʘʭʠʩʪʫ ɸʊʅ ʋʢʨʘʾʥʠ. 
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ʈʦʟʨʘʭʫʥʢʦʚʠʡ ʢʦʤʧʣʝʢʩ ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʽʟ ʨʘʜʽʦʣʦʛʽʯʥʠʭ ʥʘʩʣʽʜʢʽʚ ʤʦʞʣʠʚʠʭ ʘʚʘʨʽʡ 

ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʧʨʦ ʟʘʭʠʩʥʽ ʢʦʥʪʨʟʘʭʦʜʠ ʧʨʠ 

ʚʠʥʠʢʥʝʥʥʽ ʘʚʘʨʽʡʥʦʾ ʩʠʪʫʘʮʽʾ ʘʙʦ ʨʘʜʽʘʮʽʡʥʦʾ ʘʚʘʨʽʾ ʥʘ ɸɽʉ ʜʣʷ ʧʝʨʩʦʥʘʣʫ ɸɽʉ ʽ ʜʣʷ 

ʞʠʪʝʣʽʚ ʫʩʽʭ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ 30-ʢʽʣʦʤʝʪʨʦʚʦʾ ʟʦʥʠ. ʄʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʢʦʤʧʣʝʢʩʫ 

ʫʟʛʦʜʞʝʥʽ ʟ ʄʽʥʽʩʪʝʨʩʪʚʦʤ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚ'ʷ ʋʢʨʘʾʥʠ. ɯʥʬʦʨʤʘʮʽʷ ʩʠʩʪʝʤʠ ɸʉʂʈʆ 

ʧʝʨʝʜʘʻʪʴʩʷ ʢʝʨʽʚʥʠʮʪʚʫ ɸɽʉ, ʚ ʅɸɽʂ çɽʥʝʨʛʦʘʪʦʤè ʽ ɼɯʗʈ ʋʢʨʘʾʥʠ, ʦʙʣʘʩʥʫ ɼʝʨʞʘʚʥʫ 

ʘʜʤʽʥʽʩʪʨʘʮʽʶ, ʦʙʣʘʩʥʽ ʫʧʨʘʚʣʽʥʥʷ ʄʅʉ ʪʘ ʝʢʦʣʦʛʽʾ. 

ʂʨʽʤ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʢʦʥʪʨʦʣʶ, ʚ ʙʫʜʽʚʣʽ ʎʇʂ ɸʉʂʈʆ ʧʨʦʚʦʜʷʪʴʩʷ ʨʦʙʦʪʠ 

ʟ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʢʦʥʪʨʦʣʶ ʨʘʜʽʘʮʽʡʥʦʛʦ ʚʧʣʠʚʫ ɸɽʉ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

ʃʘʙʦʨʘʪʦʨʥʠʡ ʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʢʦʥʪʨʦʣʽ ʻ ʚʟʘʻʤʦʜʦʧʦʚʥʶʶʯʠʤʠ, ʧʝʨʰʠʡ ʟ ʷʢʠʭ ʤʘʻ 

ʚʠʩʦʢʫ ʯʫʪʣʠʚʽʩʪʴ, ʘ ʜʨʫʛʠʡ ʦʧʝʨʘʪʠʚʥʽʩʪʶ. 

ʈʝʢʦʥʩʪʨʫʢʮʽʷ (ʤʦʜʝʨʥʽʟʘʮʽʷ) ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʨʘʜʽʘʮʽʡʥʦʾ 

ʦʙʩʪʘʥʦʚʢʠ ɸʉʂʈʆ ʚ ɼʇ ʅɸɽʂ çɽʥʝʨʛʦʘʪʦʤè ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʨʘʤʢʘʭ ʟʘʭʦʜʫ ˉ 14401, 24101 

çʄʦʜʝʨʥʽʟʘʮʽʷ ʩʠʩʪʝʤ ʨʘʜʽʘʮʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ (ʉʈʂ) ɸɽʉè ʥʘ ʤʘʡʜʘʥʯʠʢʘʭ ɺʇ ɿɸɽʉ, 

ʍɸɽʉ, ʖʋɸɽʉ. ʅʘ ɺʇ ʈɸɽʉ ɸʉʂʈʆ ʚʧʨʦʚʘʜʞʝʥʘ. ɼʣʷ ʽʥʪʝʛʨʘʮʽʾ ɸʉʂʈʆ ɸɽʉ ʚ 

ɽɸʉʂʈʆ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ [2]: 

- ʨʦʟʨʦʙʢʫ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ɽɸʉʂʈʆ ʧʦ ʧʣʘʥʫ ʨʝʘʣʽʟʘʮʽʾ ʪʝʭʥʽʯʥʦʛʦ ʧʨʦʝʢʪʫ ɽɸʉʂʈʆ 

- ʤʦʜʝʨʥʽʟʘʮʽʶ ɸʉʂʈʆ ʥʘ ɺʇ ɿɸɽʉ, ɺʇ ʍɸɽʉ, ɺʇ ʖʋɸɽʉ; 

- ɸʉʂʈʆ ɸɽʉ ʽʥʪʝʛʨʫʚʘʪʠ ʚ ɽɸʉʂʈʆ. 

ʆʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʽʯʥʽ ʟʘʭʦʜʠ ʱʦʜʦ ʽʥʪʝʛʨʘʮʽʾ ʩʠʩʪʝʤ ɸʉʂʈʆ ʚ ɽɸʉʂʈʆ ʙʫʜʫʪʴ 

ʚʠʟʥʘʯʝʥʽ ʧʽʩʣʷ ʧʽʜʛʦʪʦʚʢʠ ʪʝʭʥʽʯʥʦʛʦ ʧʨʦʝʢʪʫ ʻʜʠʥʦʾ ʩʠʩʪʝʤʠ. 

 ʅʝʦʙʭʽʜʥʦ ʟʘʤʽʥʠʪʠ ʪʝʭʥʽʯʥʽ ʟʘʩʦʙʠ ʥʘ ʥʦʚʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ ʪʘ 

ʨʝʘʣʽʟʫʶʪʴ ʬʫʥʢʮʽʾ ʩʠʩʪʝʤʠ ʨʘʜʽʘʮʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ: 

- ʨʘʜʽʘʮʽʡʥʠʡ ʢʦʥʪʨʦʣʴ ʪʝʧʣʦʥʦʩʽʷ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ; 

- ʨʘʜʽʘʮʽʡʥʠʡ ʢʦʥʪʨʦʣʴ ʩʠʩʪʝʤʠ ʘʚʘʨʽʡʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʟʦʥʠ (ʉɸʆɿ); 

- ʨʘʜʽʘʮʽʡʥʠʡ ʢʦʥʪʨʦʣʴ ʩʠʩʪʝʤʠ ʉɺʆ; 

- ʨʘʜʽʘʮʽʡʥʠʡ ʢʦʥʪʨʦʣʴ ʘʢʪʠʚʥʦʩʪʽ ʧʨʦʤʢʦʥʪʫʨʘ; 

- ʨʘʜʽʘʮʽʡʥʠʡ ʢʦʥʪʨʦʣʴ ʪʝʭʥʽʯʥʦʾ ʚʦʜʠ; 

- ʨʘʜʽʘʮʽʡʥʠʡ ʢʦʥʪʨʦʣʴ ʘʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ ʉɻʆ; 

- ʨʘʜʽʘʮʽʡʥʠʡ ʢʦʥʪʨʦʣʴ ʚʝʥʪʠʣʷʮʽʡʥʠʭ ʩʠʩʪʝʤ ʝʥʝʨʛʦʙʣʦʢʽʚ; 

- ʨʘʜʽʘʮʽʡʥʠʡ ʢʦʥʪʨʦʣʴ ɯʈɻ, ʘʝʨʦʟʦʣʽʚ, ʡʦʜʫ ʚ ʧʨʠʤʽʱʝʥʥʷʭ ʝʥʝʨʛʦʙʣʦʢʽʚ; 

- ʜʦʟʠʤʝʪʨʠʯʥʠʡ ʢʦʥʪʨʦʣʴ ʚ ʧʨʠʤʽʱʝʥʥʷʭ ʝʥʝʨʛʦʙʣʦʢʽʚ. 

- ʢʦʥʪʨʦʣʴ ʘʢʪʠʚʥʦʩʪʽ ʪʝʧʣʦʥʦʩʽʷ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ ʟʘ ʨʝʧʝʨʥʠʭ ʥʫʢʣʽʜʽʚ; 

- ʢʦʥʪʨʦʣʴ ʧʨʦʪʽʢʘʥʥʷ ʇɻ ʧʦ ʘʟʦʪʫ-16; 

- ʢʦʥʪʨʦʣʴ ʇɽɼ, ʦʙ'ʻʤʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ɯʈɻ ʽ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʡʦʜʫ ʚ ʛʝʨʤʦʦʙ'ʻʤʽ ʧʨʠ ʄʇɸ; 

- ʢʦʥʪʨʦʣʴ ʧʦʪʫʞʥʦʩʪʽ ʜʦʟʠ ʥʝʡʪʨʦʥʽʚ ʚ ʎɿ, ʩʭʦʚʠʱʝ ʉʗʇ; 

- ʤʦʜʝʨʥʽʟʘʮʽʷ ʈʂ ʟʘ ʥʝʨʦʟʧʦʚʩʶʜʞʝʥʥʷʤ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ; 

- ʤʦʜʝʨʥʽʟʘʮʽʷ ʈʂ ʤʝʨʝʞʥʦʾ ʚʦʜʠ; 

- ʢʦʥʪʨʦʣʴ ʇɽɼ ʥʘ ɹʑʋ, ʈʑʋ; 

- ʟʘʤʽʥʘ ʙʣʦʢʽʚ ʽ ʧʨʠʩʪʨʦʾʚ ʜʝʪʝʢʪʫʚʘʥʥʷ (ɹɼʄɻ, ʋɼɾɻ, ɹɼɸɹ, ʋɼɻɹ ʽ ʽʥ.) ʅʘ ʩʫʯʘʩʥʽ; 

- ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʡ ɸʉʂʈʆ; 

- ʚʧʨʦʚʘʜʞʝʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʦʙʣʽʢʫ ʜʦʟ ʦʧʨʦʤʽʥʝʥʥʷ ʽ ʢʦʥʪʨʦʣʶ 

ʧʝʨʝʙʫʚʘʥʥʷ ʧʝʨʩʦʥʘʣʫ ʚ ʢʦʥʪʨʦʣʴʦʚʘʥʽʡ ʟʦʥʽ (ɸʉ ʋʂʇ). 

 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. ʇʠʩʴʤʦ ɻʀʗʈʋʦʪ 16.02.2012 ˉ15-04/1094 çʇʨʦ ʟʘʭʦʜʠ ɭɸʉʂʈʆ ʜʦ ʟʘʭʦʜʽʚ ʂʟʇʇʨɹ 

ɸɽʉè 

2. https://www.rnpp.rv.ua/ru/askro.html 

3. ʀʕ.0.0026.0166 ɸʉʂʈʆ ɯʥʩʪʨʫʢʮʽʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʠʩʪʝʤʘ ʥʦʨʤʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ, 

ʚʘʞʣʠʚʘ ʜʣʷ ʙʝʟʧʝʢʠ 
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ʉʪʫʜʝʥʪ 4 ʢʫʨʩʫ, ʛʨ. ʊʗ-72 ʃʝʚʯʝʥʢʦ ʆ.ʖ. 

ɼʦʮ., ʢ.ʪ.ʥ. ʂʦʥʴʰʠʥ ɺ.ɯ. 

ʆʎɯʅʂɸ ʉʊɸʅʋ ʊʈʋɹʆʇʈʆɺʆɼɯɺ ʉɺʆ-5 ʗɽʋ ɿ ʈɽɸʂʊʆʈʆʄ ɺɺɽʈ-1000 ɿ 

ʄɽʊʆʖ ʇʈʆɼʆɺɾɽʅʅʗ ʉʊʈʆʂʋ ɽʂʉʇʃʋɸʊɸʎɯɰ ʋ ʇʆʅɸɼʇʈʆɽʂʊʅʀʁ 

ʇɽʈɯʆɼ 

ʆʩʢʽʣʴʢʠ ʫʩʪʘʪʢʫʚʘʥʥʷ ɸɽʉ ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ ʚ ʫʤʦʚʘʭ ʪʝʨʤʽʯʥʦʛʦ, ʤʝʭʘʥʽʯʥʦʛʦ, 

ʢʦʨʦʟʽʡʥʦʛʦ ʽ ʨʘʜʽʘʮʽʡʥʦʛʦ ʚʧʣʠʚʽʚ, ʪʦ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʚʧʣʠʚ ʥʘ ʟʤʽʥʫ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʤʝʪʘʣʫ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʧʨʦʛʥʦʟʫʚʘʪʠ ʾʭ 

ʟʤʽʥʫ ʥʘ ʧʨʦʜʦʚʞʫʚʘʥʠʡ ʩʪʨʦʢ ʩʣʫʞʙʠ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʯʥʦʾ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʢʪʫʘʣʴʥʠʤ ʩʪʘʻ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘ ʤʽʮʥʽʩʪʴ ʜʣʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ 

ʧʨʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʨʠʚʘʣʠʭ ʪʝʨʤʽʥʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ [1].  

ɺ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʘʨʦʛʝʥʝʨʘʪʦʨʽʚ (ʇɻ) ɸɽʉ ʚʠʥʠʢʘʻ ʧʨʦʙʣʝʤʘ ʜʝʛʨʘʜʘʮʽʾ 

ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʩʧʝʮʚʦʜʦʦʯʠʩʪʢʠ-5 (ʉɺʆ-5). ɺʩʪʘʥʦʚʣʶʚʘʪʠ ʥʦʚʽ ʪʨʫʙʦʧʨʦʚʦʜʠ ʜʫʞʝ 

ʢʦʰʪʦʚʥʦ. ɿ ʯʘʩʦʤ ʧʨʦʭʽʜʥʠʡ ʧʝʨʝʨʽʟ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʟʤʝʥʰʫʻʪʴʩʷ ʪʘ ʻ ʤʽʩʮʷ, ʜʝ ʪʨʫʙʢʠ 

ʧʦʰʢʦʜʞʫʶʪʴʩʷ, ʪʦʤʫ ʦʜʥʽʻʶ ʟ ʧʨʦʙʣʝʤ, ʱʦ ʧʦʪʨʝʙʫʻ ʚʠʨʽʰʝʥʥʷ, ʻ ʟʙʝʨʝʞʝʥʥʷ ʧʨʦʭʽʜʥʦʛʦ 

ʧʝʨʝʨʽʟʫ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʤʽʰʦʢ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʢʦʨʦʟʽʶ ʪʘ 

ʫʪʚʦʨʝʥʥʷ ʥʘʢʠʧʽʚ [2]. 

ʇʦʪʨʽʙʥʦ ʧʨʦʚʝʩʪʠ ʨʦʙʦʪʠ ʧʦ ʨʦʟʨʦʙʮʽ ʮʠʢʣʽʯʥʦʾ ʤʽʮʥʦʩʪʽ ʟʘ ʧʝʨʽʦʜ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ 

ʧʨʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʪʨʫʙʦʧʨʦʚʦʜʫ ʜʣʷ ʦʮʽʥʢʠ ʟʘʣʠʰʢʦʚʦʛʦ ʨʝʩʫʨʩʫ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ:  

- ʟʤʽʥʠ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ; 

- ʟʤʽʥʠ ʪʦʚʱʠʥʠ ʩʪʽʥʢʠ ʪʨʫʙʦʧʨʦʚʦʜʫ ʚʥʘʩʣʽʜʦʢ ʢʦʨʦʟʽʾ; 

- ʟʤʽʥʠ ʪʦʚʱʠʥʠ ʩʪʽʥʢʠ ʪʨʫʙʦʧʨʦʚʦʜʫ ʚʥʘʩʣʽʜʦʢ ʝʨʦʟʽʡʥʦ-ʢʦʨʦʟʽʡʥʦʛʦ ʟʥʦʩʫ; 

- ʚʧʣʠʚʫ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʟʘʨʦʜʞʝʥʥʷ ʽ ʨʦʟʚʠʪʦʢ ʪʨʽʱʠʥʦʧʦʜʽʙʥʠʭ ʜʝʬʝʢʪʽʚ; 

- ʤʘʢʩʠʤʘʣʴʥʠʭ ʚʽʜʭʠʣʝʥʴ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʟʚʘʨʶʶʪʴʩʷ ʚʽʜ 

ʥʦʤʽʥʘʣʴʥʠʭ; 

- ʚʧʣʠʚʫ ʢʦʥʮʝʥʪʨʘʪʦʨʽʚ ʥʘʧʨʫʞʝʥʴ ʟʚʘʨʥʠʭ ʟ'ʻʜʥʘʥʴ; 

- ʚʧʣʠʚʫ ʚʽʙʨʘʮʽʡʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. 

ʂʦʤʧʣʝʢʩ ʜʦʩʣʽʜʞʝʥʴ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʨʦʙʦʪʠ ʧʦ ʚʠʛʦʪʦʚʣʝʥʥʶ ʤʦʜʝʣʴʥʠʭ ʟʚʘʨʥʠʭ 

ʟ'ʻʜʥʘʥʴ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ɸɽʉ, ʨʦʟʛʣʷʜ ʤʦʜʝʣʴʥʠʭ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʚ ʩʪʘʥʽ ʨʽʟʥʠʭ ʪʝʨʤʽʥʽʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʚʠʧʨʦʙʫʚʘʥʥʶ ʟʨʘʟʢʽʚ ʚʠʛʦʪʦʚʣʝʥʠʭ ʟ ʤʦʜʝʣʴʥʠʭ ʟʚʘʨʥʠʭ ʟ'ʻʜʥʘʥʴ, 

ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ [3]. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʜʦʩʣʽʜʞʝʥʴ ʙʫʜʝ ʚʽʜʦʙʨʘʞʝʥʘ ʚ ʥʘʩʪʫʧʥʠʭ ʨʝʟʫʣʴʪʘʪʘʭ: 

1. ɺʩʪʘʥʦʚʣʝʥʥʷ ʢʨʠʪʝʨʽʾʚ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ɸɽʋ, 

ʚʠʛʦʪʦʚʣʝʥʠʭ ʟ ʢʦʨʦʟʽʡʥʦʩʪʽʡʢʠʭ ʩʪʘʣʝʡ ʘʫʩʪʝʥʽʪʥʦʛʦ ʢʣʘʩʫ, ʷʢʽ ʥʘʡʙʽʣʴʰʦʶ ʤʽʨʦʶ 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʟʤʽʥʠ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʝʪʘʣʫ ʟʚʘʨʥʠʭ ʟ'ʻʜʥʘʥʴ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʚ 

ʧʨʦʮʝʩʽ ʪʨʠʚʘʣʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ [3]. 

2. ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʫ ʦʮʽʥʢʠ ʧʽʜʨʦʩʪʘʥʥʷ ʪʨʽʱʠʥʦʧʦʜʽʙʥʠʭ ʜʝʬʝʢʪʽʚ ʚ ʧʨʦʮʝʩʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʟʤʽʥʠ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʠ ʪʨʠʚʘʣʠʭ ʪʝʨʤʽʥʘʭ ʩʣʫʞʙʠ ʽ ʧʦʙʫʜʦʚʠ ʧʦʣʷ 

ʨʦʟʧʦʜʽʣʫ ʰʚʠʜʢʦʩʪʽ ʨʦʩʪʫ ʪʨʽʱʠʥ, ʱʦ ʚʠʟʥʘʯʘʻ ʥʘʷʚʥʽʩʪʴ ʘʙʦ ʚʽʜʩʫʪʥʽʩʪʴ ʢʦʥʩʝʨʚʘʪʠʟʤʫ ʚ 

ʽʩʥʫʶʯʽʡ ʤʝʪʦʜʠʮʽ ʨʦʟʨʘʭʫʥʢʫ. 

3. ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʫ ʤʦʜʝʣʶʚʘʥʥʷ ʪʨʠʚʘʣʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʚʧʣʠʚʫ ʚ ʫʤʦʚʘʭ 

ʪʝʨʤʽʯʥʦʛʦ ʽ ʪʝʨʤʦʜʝʬʦʨʤʘʮʽʡʥʦʛʦ ʩʪʘʨʽʥʥʷ [3]. 

4. ɺʠʷʚʣʝʥʥʷ ʟʤʽʥʠ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ, ʱʦ ʦʙʫʤʦʚʣʶʶʪʴ ʟʤʽʥʫ ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʚʘʨʥʠʭ ʟ'ʻʜʥʘʥʴ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʚ ʧʨʦʮʝʩʽ ʪʨʠʚʘʣʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʮʽʥʢʠ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʪʘ ʟʘʣʠʰʢʦʚʦʛʦ ʨʝʩʫʨʩʫ ʪʨʫʙʦʧʨʦʚʦʜʫ 

ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʰʝʥʥʷ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʉɺʆ-5 

ʥʘ 10 ʨʦʢʽʚ ʧʨʠʡʥʷʪʦʾ ʤʦʜʝʣʽ ʝʢʩʧʣʫʘʪʘʮʽʾ. 
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1. ʆʪʯʝʪ ʦ ʅʀʈ "ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʦʩʪʦʷʥʠʷ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ ʠ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʧʝʨʚʦʛʦ ʙʣʦʢʘ ʉʤʦʣʝʥʩʢʦʡ ɸʕʉ ʧʦʩʣʝ 100 ʪʳʩʷʯ ʯʘʩʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ". ʄ., 

ɺʅʀʀɸʕʉ, ʅʀʂʀʕʊ, ʀʎʇ ʄɸʕ, 1999. 

2. "ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʧʦ ʩʚʘʨʢʝ ʠ ʥʘʧʣʘʚʢʝ ʫʟʣʦʚ ʠ ʢʦʥʩʪʨʫʢʮʠʡ ʘʪʦʤʥʳʭ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʦʧʳʪʥʳʭ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ ʠ ʫʩʪʘʥʦʚʦʢ" ʆʇ 1513-

72, ʄ., ʕʥʝʨʛʦʘʪʦʤʠʟʜʘʪ, 1985. 

3. "ʇʨʘʚʠʣʘ ʢʦʥʪʨʦʣʷ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʥʘʧʣʘʚʢʠ ʫʟʣʦʚ ʠ ʢʦʥʩʪʨʫʢʮʠʡ ʘʪʦʤʥʳʭ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʦʧʳʪʥʳʭ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ ʠ ʫʩʪʘʥʦʚʦʢ" ʇʂ 1514-

72, ʄ., ʕʥʝʨʛʦʘʪʦʤʠʟʜʘʪ, 1985. 
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ʋɼʂ 621.039.58 

ʉʪʫʜʝʥʪ 4 ʢʫʨʩʫ, ʛʨ. ʊʗ-71 ʇʽʜʧʘʣʠʡ ɼ.ɺ. 

ɼʦʮ., ʢ.ʪ.ʥ. ʂʦʥʴʰʠʥ ɺ.ɯ. 

ʇʈʀɺʆɼʀ ʆʈɻɸʅɯɺ ʈɽɻʋʃʖɺɸʅʅʗ ʉʀʉʊɽʄʀ ʋʇʈɸɺʃɯʅʅʗ ʊɸ ɿɸʍʀʉʊʋ 

 

ʇʨʠʚʦʜʠ ʦʨʛʘʥʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʟʘʭʠʩʪʫ 

ʂʦʤʧʣʝʢʩ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʽ ʟʘʭʠʩʪʫ ʨʝʘʢʪʦʨʘ (ʂɽ ʉʋɿ) 

ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ɸʉʋ ʊʇ ʝʥʝʨʛʦʙʣʦʢʘ ɸɽʉ ʽ ʷʚʣʷʻ ʩʦʙʦʶ ʽʩʪʦʨʠʯʥʦ ʩʬʦʨʤʦʚʘʥʫ 

ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʫ ʩʠʩʪʝʤʫ, ʧʨʠʟʥʘʯʝʥʫ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʨʝʘʢʪʠʚʥʽʩʪʶ ʽ ʧʦʪʫʞʥʽʩʪʶ 

ʨʝʘʢʪʦʨʘ, ʘ ʪʘʢʦʞ ʨʝʘʣʽʟʘʮʽʾ ʟʘʭʠʩʥʠʭ ʬʫʥʢʮʽʡ ʰʣʷʭʦʤ ʚʧʣʠʚʫ ʥʘ ʦʨʛʘʥʠ ʨʝʛʫʣʶʚʘʥʥʷ 

ʨʝʘʢʪʦʨʘ ʚ ʨʝʞʠʤʘʭ ʥʦʨʤʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ ʧʦʨʫʰʝʥʴ ʥʦʨʤʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ, 

ʧʨʦʝʢʪʥʠʭ ʘʚʘʨʽʡ [1]. 

ɼʦ ʦʩʥʦʚʥʠʭ ʬʫʥʢʮʽʡ ʂɽ ʉʋɿ ʚʽʜʥʦʩʷʪʴʩʷ: 

¶ ʫʧʨʘʚʣʽʥʥʷ ʧʦʪʫʞʥʽʩʪʶ ʨʝʘʢʪʦʨʘ ʽ ʝʥʝʨʛʦʨʦʟʧʦʜʽʣʫ ʚ ʘʢʪʠʚʥʽʡ ʟʦʥʽ ʫ ʚʩʽʭ ʨʝʞʠʤʘʭ 

ʨʦʙʦʪʠ ʈʋ; 

¶ ʨʝʘʣʽʟʘʮʽʷ ʟʘʭʠʩʥʠʭ ʬʫʥʢʮʽʡ; 

¶ ʘʚʪʦʤʘʪʠʯʥʝ ʽ ʜʠʩʪʘʥʮʽʡʥʝ ʢʝʨʫʚʘʥʥʷ ʛʨʫʧʘʤʠ ʆʈ, ʜʠʩʪʘʥʮʽʡʥʝ ʢʝʨʫʚʘʥʥʷ ʦʢʨʝʤʠʤʠ 
ʆʈ; 

¶ ʘʚʪʦʤʘʪʠʯʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʨʝʘʢʪʦʨʘ; 

¶ ʢʦʥʪʨʦʣʴ ʽ ʽʥʜʠʢʘʮʽʷ ʧʦʣʦʞʝʥʥʷ ʆʈ ʘʙʦ ʛʨʫʧ ʆʈ; 

¶ ʜʽʘʛʥʦʩʪʠʢʘ ʦʙʣʘʜʥʘʥʥʷ ʂɽ ʉʋɿ, ʧʨʠʚʦʜʽʚ ʽ ʜʘʪʯʠʢʽʚ ʧʦʣʦʞʝʥʥʷ ʆʈ; 

¶ ʫʧʨʘʚʣʽʥʥʷ ʧʨʠʚʦʜʘʤʠ ɿʈ ʥʘ ʩʪʝʥʜʽ ʚʝʨʪʠʢʘʣʴʥʦʤʫ. 

ɼʦ ʩʢʣʘʜʫ ʂɽ ʉʋɿ ʪʨʘʜʠʮʽʡʥʦ ʚʭʦʜʠʪʴ ʦʙʣʘʜʥʘʥʥʷ ʥʘʩʪʫʧʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʧʽʜʩʠʩʪʝʤ [1]: 

¶ ʚʠʢʦʥʘʚʯʦʾ ʯʘʩʪʠʥʠ ɸɿ-ʇɿ, ʱʦ ʟʜʽʡʩʥʶʻ ʨʝʘʣʽʟʘʮʽʶ ʘʚʘʨʽʡʥʦʛʦ ʪʘ 

ʧʦʧʝʨʝʜʞʫʚʘʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʨʝʘʢʪʦʨʘ; 

¶ ʛʨʫʧʦʚʦʛʦ ʪʘ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʦʨʛʘʥʘʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʨʝʘʢʪʦʨʘ, ʱʦ 
ʨʝʘʣʽʟʫʻ ʟʤʽʥʘ ʧʦʪʫʞʥʦʩʪʽ ʨʝʘʢʪʦʨʘ ʰʣʷʭʦʤ ʧʝʨʝʤʽʱʝʥʥʷ ʦʢʨʝʤʠʭ ɿʈ ʽ ʛʨʫʧ ʆʈ ʚ 

ʘʢʪʠʚʥʽʡ ʟʦʥʽ, ʘ ʪʘʢʦʞ ʢʦʥʪʨʦʣʴ ʧʦʣʦʞʝʥʥʷ ʚʩʽʭ ɿʈ ʨʝʘʢʪʦʨʘ; 

¶ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʨʝʘʢʪʦʨʘ, ʱʦ ʨʝʘʣʽʟʫʻ ʘʚʪʦʤʘʪʠʯʥʝ 

ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʨʝʘʢʪʦʨʘ ʟʘ ʟʘʜʘʥʠʤʠ ʧʨʦʛʨʘʤʘʤʠ ʰʣʷʭʦʤ ʧʽʜʪʨʠʤʢʠ 

ʟʘʜʘʥʠʭ ʟʥʘʯʝʥʴ ʨʝʛʫʣʴʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʈʋ (ʟʘʜʘʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʨʝʘʢʪʦʨʘ ʘʙʦ 

ʟʘʜʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʪʠʩʢʫ ʧʘʨʘ ʚ ʛʦʣʦʚʥʦʤʫ ʧʘʨʦʚʦʤʫ ʢʦʣʝʢʪʦʨʽ); 

¶ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʜʽʘʛʥʦʩʪʠʯʥʦʾ ʤʝʨʝʞʽ, ʱʦ ʟʜʽʡʩʥʶʻ ʟʙʽʨ, ʘʨʭʽʚʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʦ 

ʧʦʣʦʞʝʥʥʶ ʚʩʽʭ ɿʈ ʨʝʘʢʪʦʨʘ, ʩʪʘʥʦʤ ʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʶ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ ʉʋɿ, 

ʧʨʠʚʦʜʽʚ ʽ ʜʘʪʯʠʢʽʚ ʧʦʣʦʞʝʥʥʷ ʆʈ, ʧʝʨʝʜʘʯʫ ʽʥʬʦʨʤʘʮʽʾ ʚ ʩʫʤʽʞʥʽ ʩʠʩʪʝʤʠ ʽ ʉɺɹʋ, 

ʘ ʪʘʢʦʞ ʽʥʬʦʨʤʘʮʽʡʥʫ ʧʽʜʪʨʠʤʢʫ ʦʙʩʣʫʛʦʚʫʶʯʦʛʦ ʧʝʨʩʦʥʘʣʫ ʚ ʣʦʢʘʣʽʟʘʮʽʾ ʪʘ 

ʫʩʫʥʝʥʥʷ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʫʩʪʘʪʢʫʚʘʥʥʷ; 

¶ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʂɽ ʉʋɿ; 

¶ ʫʧʨʘʚʣʽʥʥʷ ʧʨʠʚʦʜʘʤʠ ɿʈ ʥʘ ʩʪʝʥʜʽ ʚʝʨʪʠʢʘʣʴʥʦʤʫ. 

ɿʘʛʘʣʴʥʽ ʚʠʤʦʛʠ, ʷʢʽ ʤʦʞʥʘ ʚʠʩʫʥʫʪʠ ʜʦ ʥʠʭ ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʩʪʫʧʥʽ: ʧʨʠʚʦʜʠ ʆʈ ʉʋɿ 

ʧʦʚʠʥʥʽ ʟʘʧʦʙʽʛʘʪʠ ʩʘʤʦʚʽʣʴʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʆʈ ʚ ʥʘʧʨʷʤʢʫ ʧʽʜʚʠʱʝʥʥʷ ʧʦʟʠʪʠʚʥʦʾ 

ʨʝʘʢʪʠʚʥʦʩʪʽ ʨʝʘʢʪʦʨʘ ʧʨʠ ʧʦʣʦʤʮʽ ʪʘ ʧʨʠʧʠʥʝʥʥʷ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʧʨʠʚʦʜʠ ʆʈ ʉʋɿ 

ʧʦʚʠʥʥʽ ʙʫʪʠ ʦʩʥʘʱʝʥʽ ʚʠʤʽʨʶʚʘʣʴʥʠʤʠ ʧʦʢʘʞʯʠʢʘʤʠ ʧʦʣʦʞʝʥʥʷ ʆʈ ʽ ʢʽʥʮʝʚʠʤʠ 

ʚʠʤʠʢʘʯʘʤʠ, ʷʢʽ ʢʝʨʫʶʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʆʈ.  

ɺ ʨʘʟʽ ʥʝʜʦʩʷʞʥʦʩʪʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʢʦʥʪʘʢʪʫ ʧʦʚʠʥʥʘ ʛʘʨʘʥʪʫʚʘʪʠʩʷ ʧʨʘʚʠʣʴʥʘ 

ʨʦʙʦʪʘ, ʟ ʤʦʞʣʠʚʽʩʪʶ ʯʘʩʪʢʦʚʦʛʦ ʢʦʥʪʨʦʣʶ. ɿʘʩʪʦʩʦʚʫʚʘʥʽ ʧʦʢʘʞʯʠʢʠ ʧʦʣʦʞʝʥʥʷ ʆʈ 

ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʩʪʦʚʽʨʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʦʣʦʞʝʥʥʷ ʆʈ ʽ ʚ ʨʘʟʽ, ʷʢʱʦ ʩʪʘʥʝʪʴʩʷ 

ʚʠʤʠʢʘʥʥʷ ʽ ʧʦʜʘʣʴʰʝ ʚʢʣʶʯʝʥʥʷ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ. ʆʜʥʦʯʘʩʥʦ ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʠʪʠ 

ʙʝʟʧʝʨʝʨʚʥʠʡ ʽ ʥʘʜʽʡʥʠʡ ʢʦʥʪʘʢʪ ʟ ʨʦʙʦʯʠʤʠ ʯʘʩʪʠʥʘʤʠ ʆʈ ʚ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʫʤʦʚʘʭ. 
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 ʋ ʪʝʭʥʽʯʥʠʭ ʫʤʦʚʘʭ ʚʠʢʦʥʘʥʥʷ ʆʈ ʧʦʚʠʥʥʽ ʙʫʪʠ ʥʘʚʝʜʝʥʽ ʢʦʥʢʨʝʪʥʽ ʯʠʩʣʦʚʽ 

ʟʥʘʯʝʥʥʷ ʥʘʩʪʫʧʥʠʭ ʚʝʣʠʯʠʥ: - ʨʦʙʦʯʘ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʆʈ ʟ ʜʦʟʚʦʣʝʥʠʤʠ 

ʜʦʧʫʩʢʘʤʠ, - ʯʘʩ ʧʘʜʽʥʥʷ ʆʈ ʚ ʘʢʪʠʚʥʫ ʟʦʥʫ ʚ ʨʝʞʠʤʽ ʘʚʘʨʽʡʥʦʛʦ ʟʘʭʠʩʪʫ ʘʙʦ ʰʚʠʜʢʽʩʪʴ 

ʧʝʨʝʤʽʱʝʥʥʷ ʚ ʨʝʞʠʤʽ ʘʚʘʨʽʡʥʦʛʦ ʟʘʭʠʩʪʫ, ʽʟ ʟʘʟʥʘʯʝʥʥʷʤ ʯʘʩʫ, ʟʘ ʷʢʝ ʜʘʥʘ ʰʚʠʜʢʽʩʪʴ 

ʜʦʩʷʛʘʻʪʴʩʷ, - ʜʦʩʷʛʘʻʪʴʩʷ ʪʦʯʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʧʦʣʦʞʝʥʥʷ ʆʈ, - ʨʦʙʦʯʠʡ ʭʽʜ ʆʈ ʜʣʷ 

ʦʢʨʝʤʠʭ ʧʨʠʚʦʜʽʚ ʆʈ ʉʋɿ ʧʦʚʠʥʥʽ ʙʫʪʠ ʩʧʝʮʠʬʽʢʦʚʘʥʽ ʚʠʤʦʛʠ ʧʦ ʨʝʤʦʥʪʦʧʨʠʜʘʪʥʦʩʪʽ ʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ɽʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʤʦʛʠ: ʟʘʟʚʠʯʘʡ v ~ 10 õ 30 mm.s-1 ʚ ʯʘʩʪʠʥʽ ʘʢʪʠʚʥʦʾ ʟʦʥʠ, ʜʝ ʆʈ 

ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʽ. ɿʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʢʦʥʩʪʨʫʢʮʽʾ ʆʈ, ʧʝʨʝʤʽʱʝʥʥʷ ʆʈ ʧʣʘʚʥʝ ʘʙʦ 

ʧʦʢʨʦʢʦʚʝ. ʈʦʟʤʽʨ ʢʨʦʢʫ ʚʠʟʥʘʯʝʥʦ ʜʘʥʠʤʠ ʢʨʦʢʦʤ ʨʝʘʢʪʠʚʥʦʩʪʽ.  

ʐʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʥʝ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ ʟʥʘʯʝʥʥʷ 0,07 ɓef, ʧʨʠʯʦʤʫ ʚʘʛʘ 1 ʢʨʦʢʫ 

ʥʝ ʧʦʚʠʥʝʥ ʧʝʨʝʚʠʱʫʚʘʪʠ 0,3 ɓef ʦʨʛʘʥʫ ʨʫʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʟ ʝʬʝʢʪʠʚʥʽʩʪʶ ʙʽʣʴʰʝ ʥʽʞ 

0,7 ɓef, ʪʦʯʥʽʩʪʴ ʜʦʩʷʛʥʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʥʝʦʙʭʽʜʥʘ 2.10-5 ŭk (ʚ ɺɺɽʈ -1000 + 10 

ʤʤ), ʢʦʥʪʨʦʣʴ ʧʦʣʦʞʝʥʥʷ ʆʈ, ʨʦʙʦʪʘ ʚ ʨʝʞʠʤʽ ʘʚʘʨʽʡʥʦʛʦ ʟʘʭʠʩʪʫ. 

ɺʠʤʦʛʠ ʱʦʜʦ ʜʦ ʷʜʝʨʥʦʾ ʙʝʟʧʝʢʠ. 

ʅʘʜʽʡʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʝʨʝʤʽʱʝʥʥʷ ʆʈ ʚ ʥʘʧʨʷʤʢʫ ʟʤʝʥʰʝʥʥʷ ʨʝʘʢʪʠʚʥʦʩʪʽ, 

ʦʙʤʝʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʚʥʦʩʠʪʴʩʷ ʨʝʘʢʪʠʚʥʽʩʪʶ, ʟʘʧʦʙʽʛʘʥʥʷ ʤʦʞʣʠʚʦʩʪʽ çʚʠʰʪʦʚʭʫʚʘʥʥʷè 

ʆʈ ʟ ɸɿ ɺɺɽʈ-440 - ʛʽʜʨʘʚʣʽʯʥʠʡ ʫʧʦʨ ɺɺɽʈ-1000 - ʟʘʢʨʠʪʪʷ ʟʘʩʫʚʦʢ çʚʠʧʣʠʚʘʥʥʷè ʟʘʤʠʢʘʻ 

ʽ ʬʽʢʩʫʶʯʠʭ ʤʘʛʥʽʪʽʚ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʰʚʠʜʢʦʾ ʨʝʘʢʮʽʾ ʆʈ ʧʨʠ ʚʠʥʠʢʥʝʥʥʽ ʩʠʛʥʘʣʫ ʘʚʘʨʽʡʥʦʛʦ 

ʟʘʭʠʩʪʫ ɺɺɽʈ- 440 - ʧʝʨʽʦʜ ʨʦʟʛʦʥʫ ʜʦ ʰʚʠʜʢʦʩʪʽ ʧʘʜʽʥʥʷ ɺɺɽʈ-1000 - ʯʘʩ ʚʽʜ ʧʦʜʘʯʽ 

ʩʠʛʥʘʣʫ ʜʦ ʧʦʯʘʪʢʫ ʨʫʭʫ ZT ʟ ʢʣʘʩʪʝʨʦʤ, ʥʘʜʽʡʥʝ ʟʚʽʣʴʥʝʥʥʷ ʆʈ ʧʨʠ ʡʦʛʦ ʚʚʝʜʝʥʥʽ ʚ ɸɿ ʚ 

ʨʘʟʽ ʚʠʥʠʢʥʝʥʥʷ ʘʚʘʨʽʡʥʦʾ ʩʠʪʫʘʮʽʾ, ʥʘʜʽʡʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʝʨʤʝʪʠʯʥʦʩʪʽ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ 

ʚ ʟ'ʻʜʥʘʥʥʷʭ ʆʈ ʫ ʚʩʽʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʽ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʷʭ, ʥʘʜʽʡʥʝ ʦʭʦʣʦʜʞʝʥʥʷ 

ʧʨʠʚʦʜʽʚ ʆʈ (ʷʢʱʦ ʮʝ ʥʝʦʙʭʽʜʥʦ, ʷʢ ʫ ɺɺɽʈ-440), ʥʘʜʽʡʥʝ ʟ'ʻʜʥʘʥʥʷ ʧʨʠʚʦʜʽʚ ʆʈ ʟ 

ʘʙʩʦʨʙʫʶʯʦʶ ʯʘʩʪʠʥʦʶ ʆʈ [2, 3]. 

ʇʨʠʚʦʜʠ ʆʈ ʉʋɿ ʻ ʩʢʣʘʜʦʚʦʶ ʯʘʩʪʠʥʦʶ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʽ ʫʧʨʘʚʣʽʥʥʷ ʨʝʘʢʪʦʨʘ 

ɺɺɽʈ-440 / ɺ213. ʋ ʨʝʘʢʪʦʨʽ ʧʨʘʮʶʻ 37 ʧʨʠʚʦʜʽʚ ʆʈ ʉʋɿ, ʷʢʽ ʨʦʟʜʽʣʝʥʽ ʧʦ ʬʫʥʢʮʽʾ ʚ ʉʋɿ 

ʥʘ 6 ʨʦʙʦʯʠʭ ʛʨʫʧ. ɿʘʙʝʟʧʝʯʫʶʪʴ ʥʘʩʪʫʧʥʽ ʬʫʥʢʮʽʾ [4]: 

- ʧʝʨʝʤʽʱʝʥʥʷ ʢʘʩʝʪʠ ɸʈʂ ʚ ʨʝʞʠʤʽ ʨʝʛʫʣʶʚʘʥʥʷ ʨʝʘʢʪʦʨʘ 

- ʫʪʨʠʤʫʚʘʥʥʷ ʢʘʩʝʪʠ ɸʈʂ ʚ ʟʘʜʘʥʦʤʫ ʧʦʣʦʞʝʥʥʽ 

- ʩʢʠʜʘʥʥʷ ʢʘʩʝʪʠ ɸʈʂ ʚ ʘʚʘʨʽʡʥʦʤʫ ʨʝʞʠʤʽ ʨʝʘʢʪʦʨʘ 

- ʢʦʥʪʨʦʣʴ ʬʘʢʪʠʯʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʢʘʩʝʪʠ ɸʈʂ 

- ʫʩʪʘʥʦʚʢʘ ʢʘʩʝʪʠ ɸʈʂ ʚ ʟʘʜʘʥʝ ʧʦʣʦʞʝʥʥʷ 
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ɸʅɸʃɯɿ ʇɸʉʀɺʅʀʍ ʉʀʉʊɽʄ ɹɽɿʇɽʂʀ, ʑʆ ɿɸɹɽɿʇɽʏʋʖʊʔ ʎɯʃɯʉʅɯʉʊʔ 

ɿɸʍʀʉʅʀʍ ʆɹʆʃʆʅʆʂ ʊɸ ʅɸɼɯʁʅʀʁ ɿɸʍʀʉʊ ɻɽʈʄʆʆɹ'ɭʄʋ ʅɸ 

ʈɽɸʂʊʆʈɸʍ ʅʆɺʀʍ ʇʆʂʆʃɯʅʔ 

 

ʆʜʥʽʻʶ ʟ ʥʘʡʛʦʣʦʚʥʽʰʠʭ ʧʨʦʙʣʝʤ ʘʪʦʤʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʚ 90-ʭ ʨʦʢʘʭ ʤʠʥʫʣʦʛʦ 

ʩʪʦʣʽʪʪʷ ʧʽʩʣʷ ʚʘʞʢʦʾ ʘʚʘʨʽʾ ʚ ʏʦʨʥʦʙʠʣʽ ʩʪʘʣʦ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʙʝʟʧʝʢʠ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʷʜʝʨʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʘʢʪʦʨʽʚ. ɿôʷʚʠʣʘʩʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʝʨʝʛʣʷʥʫʪʠ ʪʝʭʥʦʣʦʛʽʾ 

ʧʽʜʪʨʠʤʘʥʥʷ ʨʽʚʥʷ ʙʝʟʧʝʢʠ ʧʨʦʝʢʪʦʚʘʥʠʭ ʽ ʝʢʩʧʣʫʘʪʦʚʘʥʠʭ ʥʘ ɸɽʉ ʷʜʝʨʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʨʝʘʢʪʦʨʽʚ ʽ ʧʝʨʝʡʪʠ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʩʠʚʥʠʭ ʩʠʩʪʝʤ ʙʝʟʧʝʢʠ. ɼʘʥʽ ʩʠʩʪʝʤʠ ʬʫʥʢʮʽʦʥʫʶʪʴ 

ʚ ʦʩʥʦʚʥʦʤʫ ʟʘʚʜʷʢʠ ʧʨʠʨʦʜʥʠʤ ʩʠʣʘʤ ʪʘ ʪʘʢʠʤ ʷʚʠʱʘʤ, ʷʢ ʛʨʘʚʽʪʘʮʽʷ, ʧʨʠʨʦʜʥʷ ʢʦʥʚʝʢʮʽʷ, 

ʪʝʤʧʝʨʘʪʫʨʘ, ʪʠʩʢ ʪʘ ʽʥʰʽ, ʽ ʜʘʶʪʴ ʟʤʦʛʫ ʚʽʜʤʦʚʠʪʠʩʴ ʚʽʜ ʦʙʣʘʜʥʘʥʥʷ, ʚ ʨʦʙʦʪʽ ʷʢʦʛʦ 

ʤʦʞʣʠʚʽ ʚʽʜʤʦʚʠ. ɿʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʧʨʠʣʘʜʽʚ ʷʢ ʚʝʥʪʠʣʷʪʦʨʠ, ʥʘʩʦʩʠ, 

ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʠ ʪʘ ʽʥʰʠʭ ʤʝʭʘʥʽʟʤʽʚ ʟ ʯʘʩʪʠʥʘʤʠ, ʱʦ ʦʙʝʨʪʘʶʪʴʩʷ. ʊʘʢʦʞ ʧʘʩʠʚʥʽ 

ʩʠʩʪʝʤʠ ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʜʦʧʦʤʽʞʥʠʭ ʩʠʩʪʝʤ, ʜʣʷ ʨʦʙʦʪʠ ʩʠʩʪʝʤ ʙʝʟʧʝʢʠ 

ʩʪʘʶʪʴ ʥʝʧʦʪʨʽʙʥʠʤʠ ʤʝʨʝʞʽ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ, ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ ʚʦʜʠ ʡ ʩʝʡʩʤʦʩʪʽʡʢʽ 

ʙʫʜʽʚʣʽ ʜʣʷ ʾʭ ʨʦʟʤʽʱʝʥʥʷ. 

 ʅʘʡʛʦʣʦʚʥʽʰʘ ʧʝʨʝʚʘʛʘ ʧʘʩʠʚʥʠʭ ʩʠʩʪʝʤ ʮʝ ʤʦʞʣʠʚʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʮʽʣʽʩʥʦʩʪʽ ʽ 

ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʛʝʨʤʦʦʙ'ʻʤʫ ʨʝʘʢʪʦʨʘ ʙʝʟ ʧʦʪʨʝʙʠ ʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʘʜʞʝ ʛʝʨʤʦʦʙ'ʻʤ 

ʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ (ʢʦʥʪʝʡʥʤʝʥʪ) ʻ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʤ ʙʘʨ'ʻʨʦʤ ʧʨʦʪʠ ʚʠʢʠʜʫ 

ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʧʨʠ ʘʚʘʨʽʷʭ ʥʘ ʘʪʦʤʥʠʭ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ, ʪʦʤʫ ʨʦʟʨʦʙʢʘ ʥʘʜʽʡʥʦʾ ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ ʟʘʭʠʩʥʦʾ ʦʙʦʣʦʥʢʠ ʗʈ ʻ 

ʦʜʥʠʤ ʟ ʢʣʶʯʦʚʠʭ ʥʘʧʨʷʤʢʽʚ ʚ ʨʦʟʚʠʪʢʫ ʩʫʯʘʩʥʠʭ ʷʜʝʨʥʠʭ ʨʝʘʢʪʦʨʽʚ. 

 ʊʘʢʦʞ ʦʜʥʽʻʶ ʟ ʧʨʽʦʨʠʪʝʪʥʠʭ ʟʘʜʘʯ ʧʨʠ ʚʠʥʠʢʥʝʥʥʽ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ ʥʘ ɸɽʉ ʻ 

ʟʙʝʨʝʞʝʥʥʷ ʮʽʣʽʩʥʦʩʪʽ ʟʘʭʠʩʥʦʾ ʦʙʦʣʦʥʢʠ. ɿʆ ʨʝʘʢʪʦʨʽʚ ʚʩʽʭ ʪʠʧʽʚ ʤʘʶʪʴ ʧʝʚʥʽ ʧʨʦʝʢʪʥʽ 

ʦʙʤʝʞʝʥʥʷ ʧʦ ʚʥʫʪʨʽʰʥʽʤ ʧʘʨʘʤʝʪʨʘʤ, ʪʘʢʠʤ ʷʢ ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ ʪʠʩʢ, ʧʨʠ ʧʝʨʝʚʠʱʝʥʥʽ ʷʢʠʭ 

ʤʦʞʣʠʚʘ ʚʽʜʤʦʚʘ ɿʆ ʟ ʚʪʨʘʪʦʶ ʣʦʢʘʣʽʟʫʶʯʦʾ ʬʫʥʢʮʽʾ. ʅʘ ʩʫʯʘʩʥʠʭ ɸɽʉ ʧʽʜʪʨʠʤʘʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʚ ʟʘʜʘʥʠʭ ʤʝʞʘʭ ʨʝʘʣʽʟʫʻʪʴʩʷ ʘʢʪʠʚʥʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʜʣʷ ʧʽʜʪʨʠʤʘʥʥʷ 

ʥʦʨʤʘʣʴʥʦʾ ʨʦʙʦʪʠ ʷʢʠʭ ʥʝʦʙʭʽʜʥʝ ʟʦʚʥʽʰʥʻ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ. 

ʅʘ ɸɽʉ ʟ ɺɺɽʈ-1000, ʱʦ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʥʠʥʽ, ʥʝ ʧʝʨʝʜʙʘʯʝʥʽ ʪʝʭʥʽʯʥʽ ʟʘʩʦʙʠ ʜʣʷ 

ʟʘʧʦʙʽʛʘʥʥʷ ʧʦʰʢʦʜʞʝʥʴ ɿʆ ʚ ʫʤʦʚʘʭ ʘʚʘʨʽʡ ʟ ʧʦʚʥʠʤ ʜʦʚʛʠʤ ʟʥʝʩʪʨʫʤʣʝʥʥʷʤ. ɺ ʥʦʚʠʭ 

ʧʨʦʝʢʪʘʭ ʟʘʢʦʨʜʦʥʥʠʭ ɸɽʉ, ʘ ʪʘʢʦʞ ʚ ʝʚʦʣʶʮʽʡʥʠʭ ʧʨʦʝʢʪʘʭ ʈʋ ʟ ɺɺɽʈ, ʧʝʨʝʜʙʘʯʝʥʽ 

ʧʘʩʠʚʥʽ ʩʠʩʪʝʤʠ ʟʥʠʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʽʜ ɿʆ ʚ ʪʘʢʠʭ ʘʚʘʨʽʷʭ, ʧʨʦʪʝ ʚʩʽ ʮʽ ʩʠʩʪʝʤʠ ʤʘʶʪʴ 

ʥʠʟʢʫ ʥʝʜʦʣʽʢʽʚ. ʆʩʥʦʚʥʽ ʥʝʜʦʣʽʢʠ ï ʦʙʤʝʞʝʥʥʷ ʯʘʩʫ ʾʭ ʨʦʙʦʪʠ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʙʘʡ ʧʘʩʫʚʘʥʥʷ 

ɿʆ ʧʨʠ ʚʽʜʤʦʚʘʭ. ʊʦʤʫ ʘʢʪʫʘʣʴʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʉʇɺʊ (ʉʠʩʪʝʤʘ ʧʘʩʠʚʥʦʛʦ ʚʽʜʚʝʜʝʥʥʷ 

ʟʘʣʠʰʢʦʚʠʭ ʪʝʧʣʦʚʠʜʽʣʝʥʴ) ʛʝʨʤʦʦʙʦʣʦʥʢʠ ʪʘ ʾʭ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʘ ʜʽʶʯʠʭ ʝʥʝʨʛʦʙʣʦʢʘʭ 

ɸɽʉ ʻ ʙʝʟʧʝʨʝʯʥʦʶ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʟʥʘʯʝʥʦʛʦ ʟʘʚʜʘʥʥʷ ʧʨʦʧʦʥʫʻʪʴʩʷ ʩʭʝʤʘ ʉʇɺʊ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʚʠʧʘʨʥʦ-ʢʦʥʜʝʥʩʘʮʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ ʟʘʤʢʥʫʪʦʛʦ ʪʠʧʫ ï ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʢʽʣʴʮʝʚʠʭ 

ʜʚʦʬʘʟʥʠʭ ʪʝʨʤʦʩʠʬʦʥʽʚ (ɼʊʉ) [1]. ɼʊʉ ʟʘʙʝʟʧʝʯʫʻ ʝʬʝʢʪʠʚʥʝ ʚʽʜʚʝʜʝʥʥʷ ʪʝʧʣʦʪʠ ʚʽʜ 

ʘʪʤʦʩʬʝʨʠ ɻʆ ʜʦ ʢʽʥʮʝʚʦʛʦ ʧʦʛʣʠʥʘʯʘ ʟʘʚʜʷʢʠ ʧʝʨʝʥʦʩʫ ʧʨʠʭʦʚʘʥʦʾ ʪʝʧʣʦʪʠ ʧʘʨʦʫʪʚʦʨʝʥʥʷ 

ʩʚʦʛʦ ʧʨʦʤʽʞʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ. ɺʠʧʘʨʥʠʢ ʢʽʣʴʮʝʚʦʛʦ ɼʊʉ ʨʦʟʤʽʱʫʻʪʴʩʷ ʧʦʙʣʠʟʫ ʢʫʧʦʣʴʥʦʾ 

ʯʘʩʪʠʥʠ ɻʆ, ʢʦʥʜʝʥʩʘʪʦʨ ʚʠʚʦʜʠʪʴʩʷ ʟʘ ʤʝʞʽ ʛʝʨʤʦʦʙ'ʻʤʫ. ɺʠʧʘʨʥʠʢ ʽ ʢʦʥʜʝʥʩʘʪʦʨ 

ʧʦʚ'ʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʧʘʨʦʚʠʤ ʽ ʢʦʥʜʝʥʩʘʪʥʠʤ ʪʨʫʙʦʧʨʦʚʦʜʘʤʠ  (ʨʠʩ.1). 
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ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʘʚʪʦʥʦʤʥʦʾ ʉʇɺʊ 

 

ʊʝʧʣʦʚʽʜʚʝʜʝʥʥʷ ʚʽʜ ʘʪʤʦʩʬʝʨʠ ɿʆ 2 ʜʦ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʚʠʧʘʨʥʠʢʘ 4 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘʚʜʷʢʠ ʧʨʠʨʦʜʥʽʡ ʢʦʥʚʝʢʮʽʾ, ʘ ʧʦʪʽʤ ʚʽʜ ʚʠʧʘʨʥʠʢʘ - ʜʦ ʧʨʦʤʽʞʥʦʛʦ 

ʪʝʧʣʦʥʦʩʽʷ. ɿʘ ʨʘʭʫʥʦʢ ʟʦʚʥʽʰʥʴʦʛʦ ʧʽʜʚʝʜʝʥʥʷ ʪʝʧʣʦʪʠ ʧʨʦʤʽʞʥʠʡ ʪʝʧʣʦʥʦʩʽʡ ɼʊʉ 

ʚʠʧʘʨʦʚʫʻʪʴʩʷ, ʧʘʨ ʯʝʨʝʟ ʟʙʽʨʥʠʡ ʢʦʣʝʢʪʦʨ 9 ʥʘʜʭʦʜʠʪʴ ʚ ʧʘʨʦʚʠʡ ʪʨʫʙʦʧʨʦʚʽʜ 6, ʷʢʠʡ ʯʝʨʝʟ 

ʛʝʨʤʦʧʨʦʭʦʜʢʠ 8 ʚʠʚʦʜʠʪʴʩʷ ʟʘ ʤʝʞʽ ʟʘʭʠʩʥʦʾ ʦʙʦʣʦʥʢʠ 2 ʨʝʘʢʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ 1 ʽ 

ʟ'ʻʜʥʫʻʪʴʩʷ ʟ ʢʦʥʜʝʥʩʘʪʦʨʦʤ 5. ʂʦʥʜʝʥʩʘʪʦʨ 5 ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʧʦʪʦʢʦʤ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʧʦʚʽʪʨʷʥʠʡ ʢʘʥʘʣ 3, ʧʨʠ ʮʴʦʤʫ ʧʘʨ ʚ ʢʦʥʜʝʥʩʘʪʦʨʽ ʢʦʥʜʝʥʩʫʻʪʴʩʷ ʽ ʧʦ 

ʢʦʥʜʝʥʩʘʪʥʦʤʫ ʪʨʫʙʦʧʨʦʚʦʜʫ 7 ʪʘ ʨʦʟʜʘʶʯʦʤʫ ʢʦʣʝʢʪʦʨʫ 10 ʧʦʚʝʨʪʘʻʪʴʩʷ ʫ ʚʠʧʘʨʥʠʢ 4.  

ɺʩʽ ʝʣʝʤʝʥʪʠ ʚʠʧʘʨʥʠʢʘ ɼʊʉ ʚʠʢʦʥʘʥʽ ʟ ʧʣʘʩʪʠʥ ʽ ʨʦʟʪʘʰʦʚʘʥʽ ʧʦʙʣʠʟʫ ʚʥʫʪʨʽʰʥʴʦʾ 

ʧʦʚʝʨʭʥʽ ɿʆ. ɺʠʧʘʨʥʠʢʠ ʉʇɺʊ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʽʜʙʠʨʘʶʪʴ ʢʦʨʠʩʥʦʛʦ ʦʙôʻʤʫ ɿʆ.  

            ʊʝʧʣʦʚʽʜʚʽʜʥʘ ʟʜʘʪʥʽʩʪʴ ʉʇɺʊ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʪʘʢ, ʱʦʙ ʧʨʠ ʚʩʽʭ ʤʦʞʣʠʚʠʭ ʩʪʘʥʘʭ 

ʝʥʝʨʛʦʙʣʦʢʫ, ʚʢʣʶʯʘʶʯʠ ʟʘʧʨʦʝʢʪʥʽ ʘʚʘʨʽʾ ʟ ʨʦʟʨʠʚʘʤʠ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ ʽ 

ʧʘʨʦʧʨʦʚʦʜʽʚ ʛʦʩʪʨʦʛʦ ʧʘʨʫ ʧʨʠ ʨʦʙʦʪʽ ʥʘ ʧʦʪʫʞʥʦʩʪʽ, ʥʝ ʜʦʧʫʩʪʠʪʠ ʟʨʦʩʪʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʫ ɿʆ ʧʦʥʘʜ ʜʦʧʫʩʪʠʤʠʭ ʤʝʞ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ɿʆ ʈʋ ɺɺɽʈ-1000 - ʮʝ ʪʠʩʢ ʥʝ ʙʽʣʴʰʝ 5 ʙʘʨ 

(ʘʙʩ.) ɯ ʪʝʤʧʝʨʘʪʫʨʘ ʧʘʨʦʛʘʟʦʚʦʾ ʩʫʤʽʰʽ ʥʝ ʚʠʱʝ 150Á ʉ. ʇʨʠ ʮʴʦʤʫ ʪʝʤʧʝʨʘʪʫʨʘ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʧʨʠʡʤʘʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʶ ʜʣʷ ʤʘʡʜʘʥʯʠʢʘ ɸɽʉ, 

ʥʘʧʨʠʢʣʘʜ ʜʦ +45 Á ʉ.  

ʇʘʩʠʚʥʽ ʩʠʩʪʝʤʠ ʙʝʟʧʝʢʠ ʟʜʽʡʩʥʶʶʪʴ ʦʭʦʣʦʜʞʝʥʥʷ ʟʘʭʠʩʥʦʾ ʦʙʦʣʦʥʢʠ ʽ ʙʝʟʧʝʯʥʝ 

ʚʽʜʚʝʜʝʥʥʷ ʟʘʣʠʰʢʦʚʦʛʦ ʪʝʧʣʘ. ɺʩʽ ʩʠʩʪʝʤʠ ʩʧʨʦʝʢʪʦʚʘʥʽ ʪʘʢ, ʱʦʙ ʚʽʜʧʦʚʽʜʘʪʠ ʢʨʠʪʝʨʽʷʤ 

ʙʝʟʧʝʢʠ, ʚʠʨʦʙʣʝʥʠʤ ʢʦʥʪʨʦʣʶʶʯʠʤʠ ʦʨʛʘʥʘʤʠ ʪʘ ʢʦʤʽʩʽʷʤʠ ʟ ʷʜʝʨʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʟʘ 

ʦʜʠʥʠʯʥʠʤʠ ʚʽʜʤʦʚʘʤʠ.  

 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ:  

1. ʅʘʬʬʘʘ ʍ.ʄ., ɻʝʨʣʠʛʘ ɺ.ɸ., ʐʝʚʝʣʝʚ ɼ.ɺ., ɹʘʣʘʰʝʚʩʴʢʠʡ ɸ.ʉ. çʆʮʝʥʢʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ ʦʪʚʦʜʘ ʪʝʧʣʘ ʦʪ ʟʘʱʠʪʥʦʡ ʦʙʦʣʦʯʢʠ ʈʋ ʩ ɺɺʕʈ ʚ 

ʫʩʣʦʚʠʷʭ ʜʣʠʪʝʣʴʥʦʛʦ ʦʙʝʩʪʦʯʠʚʘʥʠʷè // ʗʜʝʨʥʘ ʪʘ ʨʘʜʽʘʮʽʡʥʘ ʙʝʟʧʝʢʘ. - 2013. - 

ɺʠʧ. 2. - ʉ. 27-31. - ʈʝʞʠʤ ʜʦʩʪʫʧʫ: http://nbuv.gov.ua/UJRN/ydpb_2013_2_8 



 

 34 

ʋɼʂ 621.311.25:039.58 

ʉʪʫʜʝʥʪ 4 ʢʫʨʩʫ, ʛʨ. ʊʗ-71 ʇʫʛʘʯʦʚ ʇ.ʆ. 

ɼʦʮ., ʢ.ʪ.ʥ. ʂʣʝʚʮʦʚ ʉ.ɺ. 

ɺʀʂʆʈʀʉʊɸʅʅʗ ɼʀɿɽʃʔ-ʇʈʀɺɯɼʅʆɻʆ ʅɸʉʆʉʋ ɼʃʗ ɸɺɸʈɯʁʅʆɻʆ 

ʇɯɼɾʀɺʃɽʅʅʗ ɯ ɹʆʈʖɺɸʅʅʗ 1-ɻʆ ʂʆʅʊʋʈʋ ɸɽʉ ɿ ɺɺɽʈ-1000/320 

ɸʚʘʨʽʷ ʥʘ ɸɽʉ "ʌʫʢʫʩʽʤʘ" ʧʦʢʘʟʘʣʘ, ʱʦ ʤʦʞʣʠʚʽ ʥʝ ʚʨʘʭʦʚʘʥʽ ʘʙʦ ʥʝʜʦʩʪʘʪʥʴʦ 

ʚʠʚʯʝʥʽ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ɸɽʉ, ʤʘʣʦʡʤʦʚʽʨʥʽ ʧʦʻʜʥʘʥʥʷ ʚʠʭʽʜʥʠʭ ʧʦʜʽʡ, ʷʢʽ ʤʦʞʫʪʴ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʪʨʘʪʠ ʟʦʚʥʽʰʥʴʦʛʦ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʩʪʘʥʮʽʾ ʽ ʦʜʥʦʯʘʩʥʦʾ ʚʽʜʤʦʚʠ ʚʩʽʭ 

ʜʞʝʨʝʣ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʩʠʩʪʝʤʠ ʘʚʘʨʽʡʥʦʛʦ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʝʥʝʨʛʦʙʣʦʢʫ, ʱʦ ʟʙʽʛʘʻʪʴʩʷ 

ʟ ʚʪʨʘʪʦʶ ʢʽʥʮʝʚʦʛʦ ʧʦʛʣʠʥʘʯʘ ʪʝʧʣʘ.  

ʇʨʦʧʦʥʫʻʪʴʩʷ ʨʽʰʝʥʥʷ ʟ ʤʝʪʦʶ ʚʠʨʦʙʣʝʥʥʷ ʪʘ ʨʝʘʣʽʟʘʮʽʾ ʻʜʠʥʦʾ ʜʣʷ ʝʥʝʨʛʦʙʣʦʢʽʚ ʟ 

ʨʝʘʢʪʦʨʥʘ ʫʩʪʘʥʦʚʢʘ ɺɺɽʈ-1000 (ɺ-320) ʩʪʨʘʪʝʛʽʾ ʣʽʢʚʽʜʘʮʽʾ ʟʘʧʨʦʝʢʪʥʦʾ ʘʚʘʨʽʾ, ʚʠʢʣʠʢʘʥʦʾ 

ʪʨʠʚʘʣʠʤ ʧʦʚʥʠʤ ʟʥʝʩʪʨʫʤʣʝʥʥʷʤ ʝʥʝʨʛʦʙʣʦʢʽʚ ʥʘ ʤʘʡʜʘʥʯʠʢʘʭ ɸɽʉ ʟ ʚʽʜʤʦʚʦʶ ʚʩʽʭ 

ʜʞʝʨʝʣ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʪʘ ʚʪʨʘʪʦʶ ʢʽʥʮʝʚʦʛʦ ʧʦʛʣʠʥʘʯʘ ʪʝʧʣʘ ʟ ʥʘʢʣʘʜʝʥʥʷʤ ʫʤʦʚ, ʧʨʠ 

ʷʢʠʭ ʥʘʷʚʥʽʩʪʴ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʽ ʦʭʦʣʦʜʞʫʚʘʣʴʥʦʾ ʚʦʜʠ ʥʝ ʜʦʟʚʦʣʠʪʴ ʚʠʢʦʥʘʪʠ 

ʧʽʜʞʠʚʣʝʥʥʷ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ.  

ʂʦʤʧʣʝʢʩ ʟʘʭʦʜʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʟʘʧʦʙʽʛʘʥʥʶ ʧʦʰʢʦʜʞʝʥʥʷ ʘʢʪʠʚʥʦʾ ʟʦʥʠ 

ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʠʟʝʣʴ-ʥʘʩʦʩʥʠʭ ʽ ʛʝʥʝʨʘʪʦʨʥʠʭ ʫʩʪʘʥʦʚʦʢ. 

ʅʘ ʦʜʠʥ ʝʥʝʨʛʦʙʣʦʢ ɺ-320, ʜʣʷ ʧʝʨʝʢʣʘʜʫ ʽ ʧʽʜʪʨʠʤʢʠ ʨʝʘʢʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ ʚ 

ʩʪʘʙʽʣʴʥʦʤʫ ʢʦʥʪʨʦʣʴʦʚʘʥʦʤʫ ʩʪʘʥʽ ʧʨʦʪʷʛʦʤ 72 ʛʦʜʠʥ, ʥʘ ʜʦʜʘʪʦʢ ʜʦ ʥʘʷʚʥʦʛʦ ʤʦʙʽʣʴʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ (ʤʦʙʽʣʴʥʘ ʥʘʩʦʩʥʘ ʫʩʪʘʥʦʚʢʘ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ, ʙʘʩʝʡʥ ʚʠʪʨʠʤʢʠ, ʙʨʠʟʛʘʣʴʥʠʡ 

ʙʘʩʝʡʥ ̔  ʤʦʙʽʣʴʥʘ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʥʘ ʩʪʘʥʮʽʷ 0,4 ʢɺ) ʥʝʦʙʭʽʜʥʦ ʽ ʜʦʩʪʘʪʥʴʦ ʤʘʪʠ ʜʦʜʘʪʢʦʚʫ 

ʥʘʩʦʩʥʫ ʫʩʪʘʥʦʚʢʫ ʧʽʜʞʠʚʣʝʥʥʷ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ ʜʣʷ ʧʽʜʞʠʚʣʝʥʥʷ ʪʘ ʙʦʨʶʚʘʥʥʷ ʧʝʨʰʦʛʦ 

ʢʦʥʪʫʨʫ [1]. 

ʋ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʩʮʝʥʘʨʽʷʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʥʘʩʦʩ CRN 95 ʚʠʨʦʙʥʠʮʪʚʘ 

çGrundfosè (ɼʘʥʽʷ) ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: 

- ʥʦʤʽʥʘʣʴʥʘ ʚʠʪʨʘʪʘ: 95 ʤ. ʢʫʙ./ʛʦʜ; 

- ʥʘʧʽʨ ʧʨʠ ʥʦʤʽʥʘʣʴʥʽʡ ʚʠʪʨʘʪʽ: 190 ʤ; 

- ʥʘʧʽʨ ʧʨʠ ʚʠʪʨʘʪʽ 50 ʤ3/ʛʦʜ: 220 ʤ; 

- ʨʦʙʦʯʠʡ ʽʥʪʝʨʚʘʣ ʚʠʪʨʘʪʠ: 45 õ 120 ʤ. ʢʫʙ./ʛʦʜ; 

- ʪʝʤʧʝʨʘʪʫʨʘ ʨʽʜʠʥʠ: -30 õ +120 Áʉ (ʟʘ ʦʢʨʝʤʠʤ ʟʘʧʠʪʦʤ ʚʠʨʦʙʥʠʢ ʤʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʫʚʘʪʠ ʚʽʜ -40 ʜʦ + 180 Áʉ); 

- ʪʠʧ ʨʽʜʠʥʠ: ʚʦʜʘ; 

- ʥʦʤʽʥʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ʜʚʠʛʫʥʘ: 55 ʢɺʪ; 

- ʢʣʘʩ ʽʟʦʣʷʮʽʾ: F; 

- ʚʠʢʦʥʘʥʥʷ: ʚʝʨʪʠʢʘʣʴʥʠʡ ʙʘʛʘʪʦʩʪʫʧʽʥʯʘʩʪʠʡ ʚʽʜʮʝʥʪʨʦʚʠʡ ʛʝʨʤʝʪʠʯʥʠʡ 
ʥʘʩʦʩ. 

ɸʚʘʨʽʾ ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ ʮʽʣʽʩʥʦʩʪʽ ʧʝʨʰʦʛʦ ʽ ʜʨʫʛʦʛʦ ʢʦʥʪʫʨʽʚ: 

ʈʝʢʦʤʝʥʜʦʚʘʥʽ ʧʝʨʰʦʯʝʨʛʦʚʽ ʜʽʾ ʩʪʨʘʪʝʛʽʾ ʧʦʚʠʥʥʽ ʙʫʪʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʬʫʥʢʮʽʡ ʙʝʟʧʝʢʠ çʧʽʜʢʨʠʪʠʯʥʽʩʪʴè ʽ çʪʝʧʣʦʚʽʜʚʽʜè ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʙʽʣʴʥʦʾ 

ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʥʦʾ ʩʪʘʥʮʽʾ, ʤʦʙʽʣʴʥʦʾ ʥʘʩʦʩʥʦʾ ʫʩʪʘʥʦʚʢʠ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ, ʤʦʙʽʣʴʥʦʾ 

ʥʘʩʦʩʥʦʾ ʫʩʪʘʥʦʚʢʠ ʙʨʠʟʛʘʣʴʥʠʭ ʙʘʩʝʡʥʽʚ. ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʜʣʷ ʜʘʥʦʛʦ ʩʮʝʥʘʨʽʶ ʻ ʧʝʨʝʢʣʘʜ 

ʨʝʘʢʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ ʚ ʩʪʘʙʽʣʴʥʠʡ ʩʪʘʥ ʟ ʥʠʟʴʢʠʤʠ ʊʝʧʣʦʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʘʨʘʤʝʪʨʘʤʠ 1-ʛʦ 

ʢʦʥʪʫʨʫ. 

ɸʚʘʨʽʾ ʟ ʥʘʢʣʘʜʝʥʥʷʤ ʚʽʜʤʦʚʠ ʫ ʚʠʛʣʷʜʽ ʚʪʨʘʪʠ ʪʝʧʣʦʥʦʩʽʷ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ 

ʚʥʘʩʣʽʜʦʢ ʪʝʯʽ ʟ ʝʢʚʽʚʘʣʝʥʪʥʠʤ ʜʽʘʤʝʪʨʦʤ ʥʝ ʙʽʣʴʰʝ 15 ʤʤ ʽ ʚʽʜʩʫʪʥʦʩʪʽ ʤʦʞʣʠʚʦʩʪʽ 

ʚʠʢʦʥʘʪʠ ʧʽʜʞʠʚʣʝʥʥʷ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ ʰʪʘʪʥʠʤʠ ʟʘʩʦʙʘʤʠ. 

ʉʪʨʘʪʝʛʽʷ ʫʧʨʘʚʣʽʥʥʷ ʟʘʧʨʦʝʢʪʥʦʾ ʘʚʘʨʽʻʶ ʘʥʘʣʦʛʽʯʥʘ ʟʘʟʥʘʯʝʥʦʾ ʚʠʱʝ. ʗʢ ʧʦʢʘʟʘʣʠ 

ʨʦʟʨʘʭʫʥʢʠ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʽʡ ʧʝʨʩʦʥʘʣʫ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʮʶ ʩʪʨʘʪʝʛʽʶ, 
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ʤʘʢʩʠʤʘʣʴʥʘ ʧʨʦʝʢʪʥʘ ʤʝʞʘ ʧʦʰʢʦʜʞʝʥʥʷ ʪʚʝʣʽʚ ʧʨʦʪʷʛʦʤ 72 ʛʦʜʠʥ ʟ ʧʦʯʘʪʢʫ ʘʚʘʨʽʾ ʥʝ 

ʜʦʩʷʛʘʻʪʴʩʷ 

ɸʚʘʨʽʾ ʟ ʥʘʢʣʘʜʝʥʥʷʤ ʚʽʜʤʦʚʠ ʫ ʚʠʛʣʷʜʽ ʚʪʨʘʪʠ ʪʝʧʣʦʥʦʩʽʷ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ 

ʚʥʘʩʣʽʜʦʢ ʪʝʯʽ ʟ ʝʢʚʽʚʘʣʝʥʪʥʠʤ ʜʽʘʤʝʪʨʦʤ ʚʽʜ 15 ʜʦ 100 ʤʤ ʽ ʚʽʜʩʫʪʥʦʩʪʽ ʤʦʞʣʠʚʦʩʪʽ 

ʚʠʢʦʥʘʪʠ ʧʽʜʞʠʚʣʝʥʥʷ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ ʰʪʘʪʥʠʤʠ ʟʘʩʦʙʘʤʠ. 

ʇʨʠ ʪʘʢʽʡ ʘʚʘʨʽʾ, ʥʘʡʧʨʠʡʥʷʪʥʽʰʠʤ ʚʘʨʽʘʥʪʦʤ ʫʥʠʢʥʫʪʠ ʚʘʞʢʦʛʦ ʧʦʰʢʦʜʞʝʥʥʷ 

ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʻ ʧʦʜʘʯʘ ʥʘʧʨʫʛʠ 6 ʢɺ ʥʘ ʦʜʠʥ ʟ ʢʘʥʘʣʽʚ ʩʠʩʪʝʤʠ ʙʝʟʧʝʢʠ ʜʣʷ ʤʦʞʣʠʚʦʩʪʽ 

ʚʽʜʥʦʚʣʝʥʥʷ ʦʭʦʣʦʜʞʝʥʥʷ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʨʝʘʢʪʦʨʘ ʟʘ ʧʨʦʝʢʪʥʦʶ ʩʭʝʤʦʶ. ʋ ʨʘʟʽ ʚʽʜʩʫʪʥʦʩʪʽ 

ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʥʘʪʠ ʧʽʜʞʠʚʣʝʥʥʷ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ ʰʪʘʪʥʠʤʠ ʟʘʩʦʙʘʤʠ, ʜʽʾ ʧʝʨʩʦʥʘʣʫ 

ʱʦʜʦ ʧʦʜʦʣʘʥʥʷ ʥʘʩʣʽʜʢʽʚ ʟʘʧʨʦʝʢʪʥʦʾ ʘʚʘʨʽʾ ʧʦʣʷʛʘʶʪʴ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʦʙʽʣʴʥʦʾ ʜʠʟʝʣʴ-

ʛʝʥʝʨʘʪʦʨʥʦʾ ʩʪʘʥʮʽʾ, ʤʦʙʽʣʴʥʦʾ ʥʘʩʦʩʥʦʾ ʫʩʪʘʥʦʚʢʠ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ, ʤʦʙʽʣʴʥʦʾ ʥʘʩʦʩʥʦʾ 

ʫʩʪʘʥʦʚʢʠ ʙʨʠʟʛʘʣʴʥʠʭ ʙʘʩʝʡʥʽʚ, ʘ ʪʘʢʦʞ ʜʦʜʘʪʢʦʚʦʾ ʥʘʩʦʩʥʦʾ ʫʩʪʘʥʦʚʢʠ, ʱʦ ʧʨʘʮʶʻ ʥʘ 

ʨʝʘʢʪʦʨ - ʜʦʜʘʪʢʦʚʦʾ ʥʘʩʦʩʥʦʾ ʫʩʪʘʥʦʚʢʠ ʧʽʜʞʠʚʣʝʥʥʷ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ 

ɸʚʘʨʽʾ ʟ ʪʝʯʝʶ ʪʝʧʣʦʥʦʩʽʷ ʟ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ ʨʝʘʢʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ ʚ ʜʨʫʛʠʡ (ʚʽʜ 

"ʤʘʣʠʭ" ʪʝʯʽʡ ʟ ʨʦʟʨʠʚʦʤ ʦʜʥʽʻʾ ʪʨʫʙʢʠ ʜʦ "ʚʝʣʠʢʠʭ" ʪʝʯʽʡ ʟ ʨʦʟʛʝʨʤʝʪʠʟʘʮʽʻʶ ʢʨʠʰʢʠ 

ʢʦʣʝʢʪʦʨʘ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ). 

ɼʣʷ ʘʚʘʨʽʡ ʟ ʪʘʢʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʜʽʾ ʧʝʨʩʦʥʘʣʫ ʧʦʚʠʥʥʽ ʙʫʪʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʽʜʢʨʠʪʠʯʥʦʩʪʽ ʨʝʘʢʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ, ʦʨʛʘʥʽʟʘʮʽʾ ʪʝʧʣʦʚʽʜʚʝʜʝʥʥʷ ʚʽʜ 

ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʽ ʤʽʥʽʤʽʟʘʮʽʾ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʚʧʣʠʚʫ 

ʎʝ ʜʦʟʚʦʣʠʪʴ ʚʠʨʽʰʠʪʠ ʥʘʩʪʫʧʥʽ ʧʨʦʙʣʝʤʠ: 

ʟʘʧʦʙʽʛʘʥʥʷ ʪʝʯʽʷʤ ʯʝʨʝʟ ʫʱʽʣʴʥʝʥʥʷ ʛʦʣʦʚʥʠʡ ʮʠʨʢʫʣʷʮʽʡʥʠʡ ʥʘʩʦʩ; 

ʙʦʨʶʚʘʥʥʷ ʪʝʧʣʦʥʦʩʽʷ 1-ʛʦ ʢʦʥʪʫʨʫ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʽʜʢʨʠʪʠʯʥʦʛʦ ʩʪʘʥʫ ʨʝʘʢʪʦʨʘ 

ʧʨʦʜʦʚʞ 72 ʛʦʜʠʥ; 

ʘʚʘʨʽʡʥʝ ʧʽʜʞʠʚʣʝʥʥʷ ʧʨʠ ʚʠʩʦʢʦʤʫ ʪʠʩʢʫ  1-ʛʦ ʢʦʥʪʫʨʫ ʫ ʨʘʟʽ ʚʽʜʤʦʚʠ ʩʠʩʪʝʤʠ 

ʘʚʘʨʽʡʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ ʧʨʠ ʪʝʯʽʷʭ 1-ʛʦ ʢʦʥʪʫʨʫ. 

ʂʨʽʤ ʪʦʛʦ, ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʪʨʘʪʝʛʽʾ ʫʧʨʘʚʣʽʥʥʷ ʜʘʥʦʶ ʘʚʘʨʽʻʶ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ 

ʥʘʩʪʫʧʥʝ: ʤʦʙʽʣʴʥʽ ʥʘʩʦʩʥʽ ʫʩʪʘʥʦʚʢʠ ʧʦʚʠʥʥʽ ʨʦʟʪʘʰʦʚʫʚʘʪʠʩʷ ʪʽʣʴʢʠ ʩʪʘʮʽʦʥʘʨʥʦ ʚ ʤʽʩʮʷʭ 

ʾʭ ʥʘʡʙʽʣʴʰ ʚʽʨʦʛʽʜʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʙʦ ʧʦʙʣʠʟʫ ʮʠʭ ʤʽʩʮʴ ʚ ʩʧʝʮʽʘʣʴʥʠʭ ʩʝʡʩʤʦʩʪʽʡʢʠʭ 

ʤʘʡʜʘʥʯʠʢʘʭ / ʧʨʠʤʽʱʝʥʥʷʭ, ʷʢʽ ʫʥʝʤʦʞʣʠʚʣʶʶʪʴ ʟʘʣʠʚʘʥʥʷ ʚʦʜʦʶ. 

ʄʽʩʮʷ ʚʨʽʟʢʠ ʙʫʣʠ ʦʙʨʘʥʽ ʚʠʭʦʜʷʯʠ ʟ ʪʦʛʦ, ʱʦ ʥʘʡʢʨʘʱʠʡ ʩʧʦʩʽʙ ʦʭʦʣʦʜʞʝʥʥʷ 

ʘʢʪʠʚʥʦʾ ʟʦʥʠ - ʮʝ ʧʦʜʘʯʘ ʚʦʜʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʨʝʘʢʪʦʨ, ʪʦʙʪʦ ʯʝʨʝʟ ʥʘʧʽʨʥʽ ʪʨʫʙʦʧʨʦʚʦʜʠ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʛʦ ʝʣʝʤʝʥʪʫ ʩʠʩʪʝʤʠ ʘʚʘʨʽʡʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʘʢʪʠʚʥʦʾ ʟʦʥʠ.  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʯʽʢʫʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʝʥʝʨʛʦʙʣʦʢʽʚ ʟʘ ʨʘʭʫʥʦʢ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʫʧʨʘʚʣʽʥʥʷ ʟʘʧʨʦʝʢʪʥʦʶ ʘʚʘʨʽʻʶ ʽ ʟʘʧʦʙʽʛʘʥʥʶ ʨʦʟʚʠʪʢʫ ʾʾ ʫ ʚʘʞʢʫ ʘʚʘʨʽʶ. ʈʽʰʝʥʥʷ 

ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʟʘʚʜʘʥʴ ʜʦʟʚʦʣʠʪʴ ʦʪʨʠʤʘʪʠ ʯʘʩ ʥʝ ʤʝʥʰʝ 72-ʭ ʛʦʜʠʥ ʜʣʷ ʧʦʚʥʦʛʦ 

ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʦʜʥʦʛʦ ʢʘʥʘʣʫ ʩʠʩʪʝʤʠ ʟʘʭʠʩʪʫ. ɺʧʣʠʚ ʤʦʙʽʣʴʥʠʭ ʛʝʥʝʨʘʪʦʨʥʠʭ 

ʽ ʥʘʩʦʩʥʠʭ ʫʩʪʘʥʦʚʦʢ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʦʙʤʝʞʝʥʘ ʣʠʰʝ ʚʠʢʠʜʦʤ ʚ ʘʪʤʦʩʬʝʨʫ 

ʚʠʭʣʦʧʥʠʭ ʛʘʟʽʚ ʜʠʟʝʣʴʥʠʭ ʤʦʪʦʨʽʚ ʚ ʨʘʟʽ ʘʚʘʨʽʾ ʥʘ ɸɽʉ, ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʷʢʦʾ ʜʫʞʝ 

ʤʘʣʘ [2]. 

 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. ʂʩʇɹ 13308 (ɿʚʽʪ_ˉ720_ɽʪʘʧ_1_ɿɸʕʉ) 

2. ʂʩʇɹ 13308 (ɿʚʽʪ_ˉ720_ɽʪʘʧ_2_ɿɸʕʉ) 
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ʉʪʫʜʝʥʪ 4 ʢʫʨʩʫ, ʛʨ. ʊʗ-71 ʈʦʞʥʴʦʚ ɯ.ɸ. 

ɼʦʮ., ʢ.ʪ.ʥ. ʈʦʛʘʯʦʚ ɺ.ɸ. 

ɸʅɸʃɯɿ ɺʇʃʀɺʋ ɻɯɼʈʆʋɼɸʈʋ ʅɸ ʌʋʅʂʎɯʆʅʋɺɸʅʅʗ ɹɿʆʂ 

 

ʉʠʩʪʝʤʘ çʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʭ ʟʘʧʦʨʥʦ-ʦʪʩʝʯʥʳʭ ʢʣʘʧʘʥʦʚè (ɹɿʆʂ) ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ 

ʽʟʦʣʷʮʽʾ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ (ʇɻ) ʧʦ ʧʘʨʽ ʰʣʷʭʦʤ ʚʽʜʩʽʢʘʥʥʷ ʧʘʨʦʧʨʦʚʦʜʽʚ ʥʘ ʜʽʣʷʥʮʽ ʤʽʞ ʇɻ ʽ 

ʛʦʣʦʚʥʠʤ ʧʘʨʦʚʠʤ ʢʦʣʝʢʪʦʨʦʤ (ɻʇʂ) ʟ ʤʝʪʦʶ: 

- ʚʠʢʣʶʯʝʥʥʷ ʘʚʘʨʽʡʥʦʛʦ ʨʦʟʭʦʣʦʜʞʫʚʘʥʥʷ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ ʧʨʠ ʘʚʘʨʽʷʭ ʟ 

ʨʦʟʨʠʚʦʤ ʚ ʩʠʩʪʝʤʽ ʧʘʨʦʧʨʦʚʦʜʽʚ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ; 

- ʦʙʤʝʞʝʥʥʷ ʧʦʪʨʘʧʣʷʥʥʷ ʪʝʧʣʦʥʦʩʽʷ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ ʚ ɻʇʂ ʧʨʠ ʘʚʘʨʽʷʭ ʟ ʪʝʯʝʶ 

ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ ʚ ʜʨʫʛʠʡ. 

ʋ ʤʝʞʽ ɹɿʆʂ ʚʢʣʶʯʝʥʽ ʥʘʩʪʫʧʥʽ ʝʣʝʤʝʥʪʠ - ʟʘʩʫʚʢʘ, ʝʣʝʢʪʨʦʜʚʠʛʫʥ, ʧʨʠʚʽʜ, ʣʘʥʮʶʛʠ 

ʩʠʣʦʚʦʛʦ ʞʠʚʣʝʥʥʷ ʟ ʩʠʣʦʚʠʤ ʚʠʤʠʢʘʯʝʤ, ʢʝʨʫʶʯʽ ʚʝʥʪʠʣʽ, ʧʘʨʦʧʨʦʚʦʜʠ ʦʙʚ'ʷʟʢʠ, ʣʘʥʮʶʛʠ 

ʩʠʣʦʚʦʛʦ ʞʠʚʣʝʥʥʷ ʢʝʨʫʶʯʠʭ ʚʝʥʪʠʣʽʚ. 

 

 
ʈʠʩʫʥʦʢ 1 - ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ɹɿʆʂ 

 

ɿʘʪʚʦʨ ʧʨʠʚʦʜʠʪʴʩʷ ʚ ʜʽʶ ʨʦʙʦʯʠʤ ʮʠʣʽʥʜʨʦʤ, ʷʢʠʡ ʢʝʨʫʻʪʴʩʷ ʚʽʜ ʚʣʘʩʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʘʙʦ ʚʽʜ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ. ʈʦʙʦʯʝ ʧʦʣʦʞʝʥʥʷ ʟʘʧʽʨʥʦʾ ʟʘʩʫʚʢʠ - ʚʽʜʢʨʠʪʝ, ʧʨʠ 

ʮʴʦʤʫ ʢʦʨʧʫʩ ʽ ʨʦʙʦʯʠʡ ʮʠʣʽʥʜʨ ʟʥʘʭʦʜʷʪʴʩʷ ʧʽʜ ʪʠʩʢʦʤ ʩʝʨʝʜʦʚʠʱʘ. ɺʽʜʢʨʠʪʪʷ ɹɿʆʂ ʧʨʠ 

ʥʘʷʚʥʦʩʪʽ ʧʝʨʝʧʘʜʫ ʪʠʩʢʫ ʈ>1 ʢʛʩ/ʩʤ2 ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʣʘʩʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ, ʧʨʠ ʈÒ1 ʢʛʩ/ʩʤ2 

ʚʽʜʢʨʠʪʪʷ ʤʦʞʝ ʧʨʦʚʦʜʠʪʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʙʫʜʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʽ ʘʚʪʦʤʘʪʠʯʥʦʾ 

ʤʫʬʪʠ. ʇʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʰʚʠʜʢʦʛʦ ʟʘʢʨʠʪʪʷ ɹɿʆʂ, ʤʫʬʪʘ ʘʚʪʦʤʘʪʠʯʥʦ ʜʝʙʣʦʢʫʻʪʴʩʷ. 

ʇʨʦʝʢʪʦʤ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʝ ʟʘʢʨʠʪʪʷ ɹɿʆʂ ʧʨʠ ʟʙʽʛʫ ʥʘʩʪʫʧʥʠʭ ʫʤʦʚ:  

ʘ) ʰʚʠʜʢʦʩʪʽ ʧʘʜʽʥʥʷ ʪʠʩʢʫ ʚ ʧʘʨʦʧʨʦʚʦʜʽ ʟʘ ʇɻ ʜʦ 0,5 ʢʛʩ/ʩʤ2/ʩ; 

ʙ) ʟʥʠʞʝʥʥʷ ʪʠʩʢʫ ʚ II ʢʦʥʪʫʨʽ (ʧʘʨʦʧʨʦʚʦʜʽ ʚʽʜ ʜʘʥʦʛʦ ʇɻ) ʜʦ 55 ʢʛʩ/ʩʤ2; 

ʘʙʦ: 

ʘ) ʟʥʠʞʝʥʥʷ ʪʠʩʢʫ ʚ ʧʘʨʦʧʨʦʚʦʜʽ ʚʽʜ ʜʘʥʦʛʦ ʇɻ ʥʠʞʯʝ 50 ʢʛʩ/ʩʤ2; 

ʙ) ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ ʥʘʩʠʯʝʥʥʷ I ʽ II ʢʦʥʪʫʨʽʚ (ʚ ʧʘʨʦʧʨʦʚʦʜʽ) ʙʽʣʴʰʝ 75 Áʉ; 

ʚ) ʪʝʤʧʝʨʘʪʫʨʽ I ʢʦʥʪʫʨʫ ʙʽʣʴʰʝ 200 Áʉ. 

ʇʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ɸɽʉ ʤʦʞʣʠʚʦ ʚʠʥʠʢʥʝʥʥʷ ʘʚʘʨʽʾ çʊʝʯʽʷ ʟ 1-ʛʦ ʢʦʥʪʫʨʫ ʚ 2-ʡè. 

ʅʘʩʣʽʜʢʦʤ ʘʚʘʨʽʾ ʻ ʟʘʧʦʚʥʝʥʥʷ ʧʘʨʦʧʨʦʚʦʜʫ ʘʚʘʨʽʡʥʦʛʦ ʇɻ ʧʘʨʦʚʦʜʷʥʦʶ ʩʫʤʽʰʰʶ ʘʙʦ 

ʥʘʩʠʯʝʥʦʶ ʚʦʜʦʶ. ɼʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʧʦʪʨʘʧʣʷʥʥʷ ʚʦʜʠ ʚ ɻʇʂ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʚʠʜʢʝ ʟʘʢʨʠʪʪʷ 

ɹɿʆʂ, ʷʢʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʛʽʜʨʦʫʜʘʨʫ ʥʘ ʟʘʩʫʚʢʫ. 
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ʈʦʟʨʽʟʥʷʶʪʴ ʜʝʢʽʣʴʢʘ ʤʝʭʘʥʽʟʤʽʚ ʬʽʟʠʯʥʠʭ ʷʚʠʱ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʛʽʜʨʦʫʜʘʨʽʚ: 

ʭʚʠʣʷ ʪʠʩʢʫ ʚ ʦʜʥʦʬʘʟʥʦʤʫ ʧʦʪʦʮʽ, ʧʨʠʩʢʦʨʝʥʥʷ ʧʨʦʙʢʠ ʚʦʜʠ ʚ ʧʘʨʦʧʨʦʚʦʜʽ, ʢʦʥʜʝʥʩʘʮʽʷ 

ʧʘʨʦʚʠʭ ʙʫʣʴʙʘʰʦʢ. 

ʋ ʜʘʥʠʭ ʫʤʦʚʘʭ ʤʘʻ ʩʝʥʩ ʨʦʟʛʣʷʜʘʪʠ ʪʽʣʴʢʠ ʦʜʠʥ - ʭʚʠʣʷ ʪʠʩʢʫ ʚ ʦʜʥʦʬʘʟʥʦʤʫ ʧʦʪʦʮʽ. 

ʎʝ ʢʣʘʩʠʯʥʝ ʷʚʠʱʝ ʛʽʜʨʦʫʜʘʨʫ (ɻʋ). ʈʽʟʢʘ ʟʤʽʥʘ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ 

ʩʧʨʘʮʴʦʚʫʚʘʥʥʽ ʰʚʠʜʢʦʜʽʶʯʦʾ ʘʨʤʘʪʫʨʠ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʭʚʠʣʽ ʪʠʩʢʫ, ʷʢʘ 

ʧʦʠhʨʶʻʪʴʩʷ ʚ ʨʽʜʠʥʽ.  

ɿʘʣʝʞʥʦ ʚʽʜ ʯʘʩʫ ʧʦʰʠʨʝʥʥʷ ʫʜʘʨʥʦʾ ʭʚʠʣʽ  ʽ ʯʘʩʫ ʧʝʨʝʢʨʠʪʪʷ ʟʘʩʫʚʢʠ (ʘʙʦ ʽʥʰʦʾ 

ʟʘʧʽʨʥʦʾ ʘʨʤʘʪʫʨʠ) t, ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʢʦʛʦ ʚʠʥʠʢ ʛʽʜʨʦʫʜʘʨ, ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ 2 ʚʠʜʠ ʫʜʘʨʽʚ: 

- ʧʦʚʥʠʡ (ʧʨʤ̫ʠʡ) ʛʽʜʨʘʚʣʽʯʥʠʡ ʫʜʘʨ, ʝʩʣʠ t < ; 

- ʥʝʧʦʚʥʠʡ (ʥʝʧʨʤ̫ʠʡ) ʛ̔ ʜʨʘʚʣʽʯʥʠʡ ʫʜʘʨ, ʝʩʣʠ t > . 

ʇʨʠ ʧʦʚʥʦʤʫ ʛʽʜʨʦʫʜʘʨʽ ʬʨʦʥʪ ʫʜʘʨʥʦʾ ʭʚʠʣʽ, ʱʦ ʚʠʥʠʢʣʘ, ʨʫʭʘʻʪʴʩʷ ʚ ʥʘʧʨʷʤʢʫ, 

ʧʨʦʪʠʣʝʞʥʦʤʫ ʧʝʨʚʠʥʥʦʤʫ ʥʘʧʨʷʤʫ ʨʫʭʫ ʨʽʜʠʥʠ ʚ ʪʨʫʙʦʧʨʦʚʦʜʽ. ʁʦʛʦ ʧʦʜʘʣʴʰʠʡ 

ʥʘʧʨʷʤʦʢ ʨʫʭʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʝʣʝʤʝʥʪʽʚ ʪʨʫʙʦʧʨʦʚʦʜʫ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʜʦ ʟʘʢʨʠʪʦʾ ʟʘʩʫʚʢʠ. 

ʄʦʞʣʠʚʦ ʽ ʧʦʚʪʦʨʥʝ ʥʝʦʜʥʦʨʘʟʦʚʝ ʧʨʦʭʦʜʞʝʥʥʷ ʬʨʦʥʪʫ ʭʚʠʣʽ ʚ ʧʨʷʤʦʤʫ ʽ ʟʚʦʨʦʪʥʦʤʫ 

ʥʘʧʨʷʤʢʘʭ. 

ʇʨʠ ʥʝʧʦʚʥʦʤʫ ʛʽʜʨʦʫʜʘʨʽ ʬʨʦʥʪ ʫʜʘʨʥʦʾ ʭʚʠʣʽ ʥʝ ʪʽʣʴʢʠ ʟʤʽʥʶʻ ʥʘʧʨʷʤʦʢ ʩʚʦʛʦ 

ʨʫʭʫ ʥʘ ʧʨʦʪʠʣʝʞʥʠʡ, ʘʣʝ ʽ ʯʘʩʪʢʦʚʦ ʧʨʦʭʦʜʠʪʴ ʜʘʣʽ ʢʨʽʟʴ ʥʝ ʜʦ ʢʽʥʮʷ ʟʘʢʨʠʪʫ ʟʘʩʫʚʢʫ. 

ɼʣʷ ʦʮʽʥʢʠ ʜʘʥʦʛʦ ʰʢʽʜʣʠʚʦʛʦ ʯʠʥʥʠʢʘ ʚ ʨʘʤʢʘʭ ʮʽʻʾ ʨʦʙʦʪʠ ʙʫʚ ʚʠʢʦʥʘʥʠʡ 

ʽʥʞʝʥʝʨʥʠʡ ʘʥʘʣʽʟ ʤʦʞʣʠʚʦʩʪʽ ʚʠʥʠʢʥʝʥʥʷ ʛʽʜʨʦʫʜʘʨʫ ʧʨʠ ʟʘʢʨʠʪʪʽ ɹɿʆʂ, ʷʢʠʡ ʥʘʚʝʜʝʥʠʡ 

ʚ [1]. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʢʦʜ RELAP5 ʽ ʤʘʪʝʨʽʘʣʠ ʟ ʨʦʟʨʘʭʫʥʢʫ 

ʛ̔ ʜʨʦʫʜʘʨʫ [2-3]. 

ʈʦʟʨʘʭʫʥʦʢ, ʚʠʢʦʥʘʥʠʡ ʚ [1] ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʢʦʜʫ RELAP5, ʤʘʚ ʥʘ 

ʤʝʪʽ ʚʠʟʥʘʯʠʪʠ ʜʠʥʘʤʽʢʫ ʟʘʧʦʚʥʝʥʥʷ ʚʦʜʦʶ ʧʘʨʦʧʨʦʚʦʜʫ ʧʝʨʝʜ ɹɿʆʂ, ʚʠʟʥʘʯʝʥʥʷ 

ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʪʦʢʫ ʩʝʨʝʜʦʚʠʱʘ ʯʝʨʝʟ ɹɿʆʂ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʽʥʞʝʥʝʨʥʦʤʫ ʨʦʟʨʘʭʫʥʢʫ ʛʽʜʨʦʫʜʘʨʫ. 

ɺ ʷʢʦʩʪʽ ʚʠʭʽʜʥʦʾ ʧʦʜʽʾ ʘʚʘʨʽʾ ʦʙʨʘʥʠʡ ʩʮʝʥʘʨʽʡ ʟ ʪʝʯʽʻʶ ʟ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ ʚ ʜʨʫʛʠʡ 

ɼʫ100 ʤʤ, ʚ ʷʢʦʩʪʽ ʦʜʠʥʠʯʥʦʾ ʚʽʜʤʦʚʠ ʢʦʥʩʝʨʚʘʪʠʚʥʦ ʦʙʨʘʥʘ ʚʽʜʤʦʚʘ ʨʝʛʫʣʷʪʦʨʘ ʞʠʚʠʣʴʥʦʾ 

ʚʦʜʠ ʥʘ ʘʚʘʨʽʡʥʦʤʫ ʇɻ (ʟʘʢʣʠʥʶʚʘʥʥʷ ʨʝʛʫʣʶʶʯʦʛʦ ʢʣʘʧʘʥʘ ʫ ʚʽʜʢʨʠʪʦʤʫ ʧʦʣʦʞʝʥʥʽ). 

ɼʘʥʘ ʚʽʜʤʦʚʘ ʟʘʙʝʟʧʝʯʫʻ ʤʘʢʩʠʤʘʣʴʥʦ ʰʚʠʜʢʝ ʟʘʧʦʚʥʝʥʥʷ ʧʘʨʦʧʨʦʚʦʜʫ ʚʦʜʦʶ ʽ ʥʘʡʙʽʣʴʰʫ 

ʰʚʠʜʢʽʩʪʴ ʩʝʨʝʜʦʚʠʱʘ ʚ ʥʴʦʤʫ. 

ʋ ʭʦʜʽ ʨʦʟʨʘʭʫʥʢʫ ʙʫʣʦ ʦʪʨʠʤʘʥʦ, ʱʦ ʛʽʜʨʦʫʜʘʨ ʥʘ ɹɿʆʂ ʻ ʥʝʧʦʚʥʠʤ ʽ ʚʽʥ ʩʪʚʦʨʶʻ 

ʜʦʜʘʪʢʦʚʠʡ ʪʠʩʢ, ʷʢʠʡ ʧʨʠʙʣʠʟʥʦ ʩʢʣʘʜʘʻ 1 ʢʛʩ/ʩʤ2. 

ɿʨʦʟʫʤʽʣʦ, ʱʦ ʧʨʠ ʪʠʩʢʫ ʚ ʧʘʨʦʧʨʦʚʦʜʽ  ʧʨʠʙʣʠʟʥʦ 60 ʢʛʩ/ʩʤ2 ʦʪʨʠʤʘʥʘ ʚʝʣʠʯʠʥʘ 

ʜʦʜʘʪʢʦʚʦʛʦ ʪʠʩʢʫ ʚʽʜ ʥʝʧʦʚʥʦʛʦ ʛʽʜʨʦʫʜʘʨʫ, ʱʦ ʜʦʨʽʚʥʶʻ ʧʨʠʙʣʠʟʥʦ 1 ʢʛʩ/ʩʤ2, ʥʝ ʧʨʠʟʚʝʜʝ 

ʜʦ ʧʦʰʢʦʜʞʝʥʥʷ ɹɿʆʂ. 

ʆʪʞʝ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʷʚʠʱʝ ʛʽʜʨʦʫʜʘʨʫ ʜʣʷ ɹɿʆʂ ʻ 

ʥʝʟʥʘʯʥʠʤ ʽ  ʚʦʥʦ ʥʝ ʟʜʘʪʥʝ ʧʦʰʢʦʜʠʪʠ ʩʘʤ ɹɿʆʂ ʘʙʦ ʚʠʢʣʠʢʘʪʠ ʚʽʜʤʦʚʫ ʥʘ ʡʦʛʦ ʟʘʢʨʠʪʪʷ. 

 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. ʊʝʭʥʠʯʝʩʢʠʡ ʦʪʯʸʪ: ɸʥʘʣʠʟ ʜʝʬʠʮʠʪʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʭ ʩ ɹɿʆʂ ʵʥʝʨʛʦʙʣʦʢʦʚ 

ɺɺʕʈ-1000 ʤʘʣʦʡ ʩʝʨʠʠ, ʂʠʝʚ, ʀʊʝʃ, 2014. ï ʉ. 21ï26. 

2. ʆʩʥʦʚʳ ʛʠʜʨʘʚʣʠʢʠ ʠ ʘʵʨʦʜʠʥʘʤʠʢʠ / ʂʘʣʠʮʫʥ ɺ. ʀ., ɼʨʦʟʜʦʚ ɽ. ɺ., ʂʦʤʘʨʦʚ ɸ. ʉ., ʏʠʞʠʢ 

ʂ. ʀ. , ʉʪʨʦʡʠʟʜʘʪ, 2001. - 296 ʩ. 

3. ʉʙʦʨʥʠʢ ʟʘʜʘʯ ʧʦ ʛʠʜʨʘʚʣʠʢʝ / ʇʦʜ ʨʝʜ. ɺ. ɸ. ɹʦʣʴʰʘʢʦʚʘ. - 4 ʠʟʜ. - ʂʠʝʚ: ɻʦʣʦʚʥʦʝ 

ʠʟʜʘʪʝʣʴʩʪʚʦ ʠʟʜʘʪʝʣʴʩʢʦʛʦ ʦʙʲʝʜʠʥʝʥʠʷ "ɺʠʱʘ ʰʢʦʣʘ", 1979.  - 337 ʩ. 
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ʉʪʫʜʝʥʪ 4 ʢʫʨʩʫ, ʛʨ. ʊʗ-72 ʉʦʨʦʢʘ ʖ.ʖ. 

ʇʨʦʬ., ʜ.ʪ.ʥ. ʂʨʘʚʝʮʴ ɺ.ʖ. 

ʆʇʊʀʄɯɿɸʎɯʗ ɺɯɼɺɽɼɽʅʅʗ ʊɽʇʃɸ ɺɯɼ ɹɸʉɽʁʅʋ ɺʀʊʈʀʄʂʀ ɿ ʄɽʊʆʖ 

ʅɽʇɽʈɽɺʀʑɽʅʅʗ ɽʂʉʇʃʋɸʊɸʎɯʁʅʀʍ ʄɽɾ 

 

ɸʪʦʤʥa ʝʥʝʨʛʝʪʠʢa ʚʽʜʽʛʨʘʻ ʚaʞʣʠʚʫ ʨʦʣʴ ʚ ʩʚʽʪʦʚʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʝʥʝʨʛʽʾ ʽ ʪaʢʦʞ 

ʧʨʠʚʝʨʪʘʻ ʫʚaʛʫ ʜʦ ʩʠʩʪʝʤʠ ʚʽʜʚʝʜʝʥʥʷ ʟaʣʠʰʢʦʚʦʛʦ ʪʝʧʣʘ ʚʽʜ ʙʘʩʝʡʥʫ ʚʠʪʨʠʤʢʠ , ʱʦ ʻ 

ʚaʞʣʠʚʦʶ ʯaʩʪʠʥʦʶ ʘʪʦʤʥʠʭ ʝʣʝʢʪʨʦʩʪaʥʮʽʡ ʟ ʪʦʯʢʠ ʟʦʨʫ ʟaʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ.  ɿ ʮʽʻʶ 

ʤʝʪʦʶ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʠʩʪʝʤʫ ʧaʩʠʚʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʷʜʝʨʥʦʛʦ ʧaʣʠʚʘ 

ʚ ʙʘʩʝʡʥʽ ʚʠʪʨʠʤʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʚʦʬaʟʥʠʭ ʪʝʨʤʦʩʠʬʦʥʽʚ (ʨʠʩʫʥʦʢ 1). ʇʘʩʠʚʥʝ 

ʦʭʦʣʦʜʞʝʥʥʷ ʙaʩʝʡʥʽʚ ʟ ʚʽʜʧʨʘʮʴʦʚʘʥʠʤ ʷʜʝʨʥʠʤ ʧaʣʠʚʦʤ ʻ ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʘʣʴʪʝʨʥaʪʠʚʦʶ 

aʢʪʠʚʥʦʤʫ ʦʭʦʣʦʜʞʝʥʥʶ, ʘ ʧʝʨʝʚʘʛʦʶ ʜʘʥʠʭ ʩʠʩʪʝʤ ʻ ʪʝ, ʱʦ ʚʦʥʠ ʧʨʘʮʶʶʪʴ ʟʘ ʨʘʭʫʥʦʢ 

ʧʨʠʨʦʜʥʦʾ ʢʦʥʚʝʢʮʽʾ, ʘ, ʚʽʜʧʦʚʽʜʥʦ, ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʞʠʚʣʝʥʥʷ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ 

ʩʪʚʦʨʶʻ ʱʝ ʦʜʠʥ ʜʦʜʘʪʢʦʚʠʡ ʙʘʨôʻʨ ʥʘʜʽʡʥʦʩʪʽ , ʘ ʪʘʢʽ ʩʠʩʪʝʤʠ ʧʨʘʮʶʶʪʴ ʥʘʚʽʪʴ ʫ 

ʢʨʠʪʠʯʥʠʭ ʜʣʷ ʙʝʟʧʝʢʠ ʩʠʪʫʘʮʽʷʭ ( ʟʥʝʩʪʨʫʤʣʝʥʥʷ ʩʪʘʥʮʽʾ ). 

ʊʝʨʤʦʩʠʬʦʥʥʠʡ ʤʦʜʫʣʴ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʤʝʪʘʣʝʚʠʡ ʧʨʷʤʦʢʫʪʥʠʡ ʪʨʫʙʯʘʪʠʡ 

ʢʦʨʦʙ, ʷʢʠʡ  ʟʘʧʦʚʥʝʥʠʡ ʚʦʜʦʶ. ɼʥʠʱʝ ʮʴʦʛʦ ʢʦʨʦʙʫ ʤʘʻ ʧʝʨʬʦʨʦʚʘʥʫ ʧʦʚʝʨʭʥʶ,  ʯʝʨʝʟ 

ʷʢʫ ʪʝʨʤʦʩʠʬʦʥʥʽ ʪʨʫʙʢʠ ʨʦʟʤʽʱʝʥʽ ʥʘ ʧʦʣʦʚʠʥʫ ʩʚʦʻʾ ʚʠʩʦʪʠ. ʎʷ ʟʦʥʘ ʥʘʟʠʚʘʻʪʴʩʷ ʟʦʥʦʶ 

ʢʦʥʜʝʥʩʘʮʽʾ, ʘ ʽʥʰʘ ʯʘʩʪʠʥʘ ʚʠʩʦʪʠ ʪʨʫʙʢʠ ʧʦʤʽʱʝʥʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʩʝʨʝʜʦʚʠʱʝ, ʚʽʜ ʷʢʦʛʦ 

ʧʦʪʨʽʙʥʦ ʚʽʜʚʦʜʠʪʠ ʪʝʧʣʦʪʫ. ʊʘʢʘ ʟʦʥʘ ʪʝʨʤʦʩʠʬʦʥʫ, ʥʘʟʠʚʘʻʪʴʩʷ ʟʦʥʦʶ ʥʘʛʨʽʚʫ. 

 
1 ï ʟʦʥʘ ʥʘʛʨʽʚʫ; 2 ï ʟʦʥʘ ʪʨʘʥʩʧʦʨʪʫ; 3 ï ʟʦʥʘ ʢʦʥʜʝʥʩʘʮʽʾ 

ʈʠʩʫʥʦʢ 1 - ɿʘʛʘʣʴʥʠʡ ʚʠʜ ʜʚʦʬʘʟʥʦʛʦ ʪʝʨʤʦʩʠʬʦʥʘ 

 

ɼʚʦʬʘʟʥʠʡ ʪʝʨʤʦʩʠʬʦʥ ʧʨʘʮʶʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ : ʧʨʠ ʧʽʜʚʝʜʝʥʥʽ ʪʝʧʣʦʪʠ ʜʦ ʟʦʥʠ 

ʥʘʛʨʽʚʫ ʪʝʧʣʦʥʦʩʽʡ ʧʦʯʠʥʘʻ ʢʠʧʽʪʠ , ʘ ʧʘʨʘ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ , ʨʫʭʘʻʪʴʩʷ ( ʧʽʜʽʡʤʘʻʪʴʩʷ ) ʚ 

ʢʦʥʜʝʥʩʘʪʦʨ ʽ ʢʦʥʜʝʥʩʫʻʪʴʩʷ ʥʘ ʡʦʛʦ ʚʥʫʪʨʽʰʥʽʭ ʩʪʽʥʢʘʭ, ʚʽʜʜʘʶʯʠ ʧʨʠ ʮʴʦʤʫ ʪʝʧʣʦʪʫ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʦʭʦʣʦʜʞʫʶʯʦʤʫ ʩʝʨʝʜʦʚʠʱʫ. ʇʨoʮʝʩʠ ʚ ʪʝʨʤoʩʠʬoʥʽ ʧʨoʪʽʢʘʶʪʴ 

ʥʝʧʝʨʝʨʚʥo, ʱʦ ʟaʙʝʟʧʝʯʫʻ ʧʝʨʝʜʘʯʫ ʪʝʧʣoʪʠ ʚʽʜ ʦʜʥʽʻʾ ʟʦʥʠ ʜʦ ʽʥʰoʾ. ʑʦ ʩʪoʩʫʻʪʴʩʷ ʟʦʥʠ 

ʪʨaʥʩʧoʨʪʫʚʘʥʥʷ, ʪʦ ʚ ʥʽʡ ʟaʟʚʠʯʘʡ ʩʪʚoʨʶʶʪʴʩʷ aʜʽaʙʘʪʥʽ ʫʤʦʚʠ, ʪʦʙʪʦ ʥa ʮʽʡ ʯʘʩʪʠʥʽ 

ʪʨʫʙʢʠ ʪʝʧʣoʪa ʥʝ ʧʽʜʚʦʜʠʪʴʩʷ ʪʘ ʥʝ ʚʽʜʚoʜʠʪʴʩʷ ( ʪʝʧʣʦʦʙʤʽʥ ʟ ʥaʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ 

ʚʽʜʩʫʪʥʽʡ ). 
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ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʫ ʟʘʧʦʚʥʝʥʥʷ ʪʝʨʤʦʩʠʬʦʥʘ, ʟʙʽʣʴʰʫʻʪʴʩʷ ʽ ʤʘʢʩʠʤʘʣʴʥʘ 

ʧʦʪʫʞʥʽʩʪʴ ʧʽʜʚʝʜʝʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ. ɸʣʝ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʪʝʨʤʦʩʠʬʦʥ ʟ ʤʝʥʰʠʤ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʟʘʧʦʚʥʝʥʥʷ ʤʦʞʝ ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʧʨʠ ʤʘʣʠʭ ʛʫʩʪʠʥʘʭ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʦ.  

ɹʘʩʝʡʥʠ ʚʠʪʨʠʤʢʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ (ʧʝʨʚʠʥʥʦʛʦ) 

çʛʘʨʷʯʦʛʦè ʧʘʣʠʚʘ, ʱʦ ʤʘʻ ʚʠʩʦʢʽ ʨʽʚʥʽ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʪʘ ʚʠʩʦʢʫ ʘʢʪʠʚʥʽʩʪʴ. ɿʘʣʠʰʢʦʚʘ  

ʪʝʤʧʝʨʘʪʫʨʘ ʚʽʜʚʦʜʠʪʴʩʷ ʟʘʚʜʷʢʠ ʧʨʠʨʦʜʥʽʡ ʮʠʨʢʫʣʷʮʽʾ ʨʽʜʠʥʠ. ɺ ʦʩʥʦʚʽ ʩʠʩʪʝʤʠ ʧʘʩʠʚʥʦʛʦ 

ʦʭʦʣʦʜʞʝʥʥʷ ʣʝʞʠʪʴ ʚʠʧʘʨʦʚʫʚʘʣʴʥʦ ï ʢʦʥʜʝʥʩʘʮʽʡʥʠʡ ʧʨʠʩʪʨʽʡ ʟʘʤʢʥʫʪʦʛʦ ʪʠʧʫ 

ʜʚʦʬʘʟʥʦʛʦ ʪʝʨʤʦʩʠʬʦʥʘ. ɿʘʚʜʷʢʠ ʮʽʡ ʫʩʪʘʥʦʚʮʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʦʨʛʘʥʽʟʘʮʽʷ ʧʘʩʠʚʥʦʛʦ 

ʚʽʜʚʦʜʫ ʟʘʣʠʰʢʦʚʠʭ ʪʝʧʣʦʚʠʜʽʣʝʥʴ ʟ ɺɺɽʈ.   

 
 

ʈʠʩʫʥʦʢ 2 - ʉʭʝʤʘ ʩʝʢʮʽʾ ʉʇɺʊ ɹɺ ʥʘ ʦʩʥʦʚʽ ʢʽʣʴʮʝʚʦʛʦ 

ʜʚʦʬʘʟʥʦʛʦ ʪʝʨʤʦʩʠʬʦʥʘ [1] 

 

ɿʘʣʠʰʢʦʚʽ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʚʽʜ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ ʚʽʜʚʦʜʷʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʧʨʠʨʦʜʥʦʾ ʢʦʥʚʝʢʮʽʾ ʚʦʜʦʶ ʙʘʩʝʡʥʘ ʚʠʪʨʠʤʢʠ. ʊʨʫʙʢʠ ʚʠʧʘʨʥʠʢʘ ʨʦʟʤʽʱʫʶʪʴʩʷ ʚ ʙʘʩʝʡʥʽ ʟ 

ʚʽʜʧʨʘʮʴʦʚʘʥʠʤ ʧʘʣʠʚʦʤ ʜʣʷ ʧʦʛʣʠʥʘʥʥʷ ʪʝʧʣʘ. ɺ ʜʚʦʬʘʟʥʽʡ ʧʝʪʣʽ ʪʝʨʤʦʩʠʬʦʥʘ ʪʝʧʣʦ 

ʧʝʨʝʜʘʻʪʴʩʷ ʚʽʜ ʩʝʢʮʽʾ ʚʠʧʘʨʥʠʢʘ ʜʦ ʩʝʢʮʽʾ ʢʦʥʜʝʥʩʘʪʦʨʘ. ɿʦʚʥʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʜʚʦʬʘʟʥʠʭ 

ʪʝʨʤʦʩʠʬʦʥʽʚ ʧʝʨʝʜʘʻʪʴʩʷ ʪʝʧʣʦʪʘ ʟ ʙʘʩʝʡʥʘ ʚʠʪʨʠʤʢʠ, ʘ ʪʝʧʣʦʥʦʩʽʡ ʪʝʨʤʦʩʠʬʦʥʘ 

ʚʠʧʘʨʦʚʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʦʚʥʽʰʥʴʦʛʦ ʧʽʜʚʦʜʫ ʪʝʧʣʦʪʠ. ɸʪʤʦʩʬʝʨʥʝ ʧʦʚʽʪʨʷ ʦʭʦʣʦʜʞʫʻ 

ʢʦʥʜʝʥʩʘʪʦʨ , ʘʣʝ ʡ ʩʘʤʘ ʧʘʨʘ ʢʦʥʜʝʥʩʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʤʘʩʦʚʠʭ ʩʠʣ, ʘ ʧʦʪʽʤ ʧʦʚʝʨʪʘʻʪʴʩʷ 

ʫ ʚʠʧʘʨʥʠʢ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʽʜʜʘʯʽ ʧʦʪʨʽʙʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʚʽʪʨʷʥʽ 

ʛʨʘʜʠʨʥʽ. 

ʇʽʜ ʯʘʩ ʥʦʨʤʘʣʴʥʦʾ ʨʦʙʦʪʠ ʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʠ ʚ ʙʘʩʝʡʥʽ ʟ ʚʽʜʧʨʘʮʴʦʚʘʥʠʤ 

ʧʘʣʠʚʦʤ ʥʠʞʯʘ, ʥʽʞ ʨʦʙʦʯʘ ʪʝʤʧʝʨʘʪʫʨʘ ʨʽʜʠʥʠ ʚ ʧʝʪʣʽ ʪʝʨʤʦʩʠʬʦʥʘ ʽ ʧʘʩʠʚʥʘ ʩʠʩʪʝʤʘ 

ʦʭʦʣʦʜʞʝʥʥʷ ʥʝ ʧʨʘʮʶʻ. ɸʣʝ ʷʢ ʪʽʣʴʢʠ ʪʨʘʧʣʷʻʪʴʩʷ ʘʚʘʨʽʷ, ʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʙʘʩʝʡʥʽ ʟ 

ʚʽʜʧʨʘʮʴʦʚʘʥʠʤ ʷʜʝʨʥʠʤ ʧʘʣʠʚʦʤ ʧʽʜʚʠʱʫʻʪʴʩʷ, ʪʠʤ ʩʘʤʠʤ ʩʪʚʦʨʶʻ ʟʘʧʫʩʢ ʧʘʩʠʚʥʦʾ 

ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ.  

 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. Wen Fu, Xiaowei Li , Xinxin Wu, Zhengming Zhang // Annals of Nuclear Energy. ï 2015. 

- ˉ85. ï ʩ. 346 - 356 
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ʉʪʫʜʝʥʪ 4 ʢʫʨʩʫ, ʛʨ. ʊʗ-71 ʉʦʨʦʢʘ ʆ.ɯ. 
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ɻɽʊɽʈʆɻɽʅʅɽ ʈʆɿɹɸɺʃɽʅʅʗ ɹʆʈʅʆɰ ʂʀʉʃʆʊʀ ɺ ʊɽʇʃʆʅʆʉɯɰ ʇɽʈʐʆɻʆ 

ʂʆʅʊʋʈʋ ɺɺɽʈ-1000 

ʋ ʚʦʜʦ-ʚʦʜʷʥʠʭ ʨʝʘʢʪʦʨʘʭ (ɺɺɽʈ) ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʙʦʨʥʝ ʨʝʛʫʣʶʚʘʥʥʷ. 

ʈʦʟʯʠʥʝʥʘ ʚ ʪʝʧʣʦʥʦʩʽʾ, ʙʦʨʥʘ ʢʠʩʣʦʪʘ ʷʚʣʷʻʪʴʩʷ ʧʦʛʣʠʥʘʯʝʤ ʥʝʡʪʨʦʥʽʚ. ɺ ʨʝʞʠʤʽ ʫʤʦʚ 

ʥʦʨʤʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʥʝʨʛʦʙʣʦʢʫ ʚʦʥʘ ʨʦʟʧʦʜʽʣʝʥʘ ʛʦʤʦʛʝʥʥʦ ʧʦ ʘʢʪʠʚʥʽʡ ʟʦʥʽ (ɸʢɿ). 

ɼʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʧʦʚʽʣʴʥʠʭ ʟʤʽʥ ʨʝʘʢʪʠʚʥʦʩʪʽ ʧʨʦʪʷʛʦʤ ʢʦʤʧʘʥʽʾ ʧʨʦʚʦʜʠʪʴʩʷ ʚʦʜʦʦʙʤʽʥ 

ʪʝʧʣʦʥʦʩʽʶ ʩʠʩʪʝʤʦʶ ʧʨʦʜʫʚʢʠ-ʧʽʜʞʠʚʣʝʥʥʷ ʽ ʙʦʨʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ [1]. 

ʋ ʚʠʧʘʜʢʫ ʥʝʥʘʚʤʠʩʥʦʛʦ ʨʦʟʙʘʚʣʝʥʥʷ ʪʝʧʣʦʥʦʩʽʷ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ ʜʝʙʦʨʦʚʘʥʦʶ 

ʚʦʜʦʶ, ʟʤʝʥʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʦʨʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʚʝʜʝʥʥʷ ʜʦʜʘʪʥʦʾ ʨʝʘʢʪʠʚʥʦʩʪʽ, ʱʦ 

ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʚʚʝʜʝʥʥʷ ʨʝʘʢʪʦʨʫ ʚ ʢʨʠʪʠʯʥʠʡ ʩʪʘʥ ʽ ʧʨʠ ʜʦʜʘʪʢʦʚʠʭ ʚʽʜʤʦʚʘʭ ʩʠʩʪʝʤ 

ʙʝʟʧʝʢʠ ʜʦ ʧʦʰʢʦʜʞʝʥʥʷ ɸʢɿ [2]. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ [3], ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʘʥʘʣʽʪʠʯʥʠʭ ʨʦʙʽʪ ʧʦ ʦʮʽʥʮʽ ʙʝʟʧʝʢʠ ɺɺɽʈ, 

ʘʥʘʣʽʟʫʶʪʴʩʷ ʧʦʨʫʰʝʥʥʷ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʢʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʽʚʥʦʤʽʨʥʝ ʟʤʝʥʰʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʦʨʥʦʾ ʢʠʩʣʦʪʠ ʚ ʪʝʧʣʦʥʦʩʽʾ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ. ʊʦʙʪʦ, ʧʨʠʡʤʘʶʪʴʩʷ 

ʨʽʟʥʦʧʣʘʥʦʚʽ ʚʽʜʤʦʚʠ ʚ ʩʠʩʪʝʤʘʭ ʥʦʨʤʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʨʝʘʢʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ (ʈʋ), ʢʦʣʠ 

ʽʟ-ʟʘ ʧʦʜʘʯʽ ʜʠʩʪʠʣʷʪʫ ʢʦʥʮʝʥʪʨʘʮʽʷ ʙʦʨʥʦʾ ʢʠʩʣʦʪʠ ʧʦʩʪʫʧʦʚʦ ʟʤʝʥʰʫʻʪʴʩʷ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ 

ʟʘʣʠʰʘʻʪʴʩʷ ʦʜʥʦʨʽʜʥʦʶ ʚ ʪʝʧʣʦʥʦʩʽʾ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ. 

ʉʫʯʘʩʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʽʥʩʪʨʫʤʝʥʪʠ ʘʥʘʣʽʟʫ [4] ʜʦʟʚʦʣʷʶʪʴ ʚʨʘʭʦʚʫʚʘʪʠ ʛʽʧʦʪʝʪʠʯʥʠʡ 

ʬʝʥʦʤʝʥ, ʧʨʠ ʷʢʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝʨʽʚʥʦʤʽʨʥʝ ʨʦʟʙʘʚʣʝʥʥʷ ʙʦʨʥʦʾ ʢʠʩʣʦʪʠ, ʢʦʣʠ ʚ ʦʢʨʝʤʠʭ 

ʜʽʣʷʥʢʘʭ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ ʬʦʨʤʫʻʪʴʩʷ ʧʨʦʙʢʘ ʜʝʙʦʨʦʚʘʥʦʾ ʚʦʜʠ, ʢʦʪʨʘ ʤʦʞʝ 

ʧʦʪʨʘʧʠʪʠ ʚ ʦʙ'ʻʤ ɸʢɿ ʨʝʘʢʪʦʨʫ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ, ʤʦʞʣʠʚʝ ʨʽʟʢʝ ʟʨʦʩʪʘʥʥʷ ʨʝʘʢʪʠʚʥʦʩʪʽ ʚ 

ʥʘʩʣʽʜʦʢ ʚʽʜʩʫʪʥʦʩʪʽ ʚ ʮʽʡ ʦʙʣʘʩʪʽ ʩʝʨʝʜʦʚʠʱʘ ʨʽʜʢʦʛʦ ʧʦʛʣʠʥʘʯʘ ʥʝʡʪʨʦʥʽʚ, ʡʦʛʦ ʣʦʢʘʣʴʥʠʡ 

ʧʝʨʝʛʨʽʚ ʽ ʧʦʰʢʦʜʞʝʥʥʷ ʪʝʧʣʦʚʠʜʽʣʷʶʯʠʭ ʟʙʽʨʦʢ (ʊɺɿ). 

ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʘ ʥʦʜʘʣʽʟʘʮʽʡʥʘ ʩʭʝʤʘ ʪʝʧʣʦʛʽʜʨʘʚʣʽʯʥʦʾ ʤʦʜʝʣʽ ʨʝʘʢʪʦʨʘ, ʜʣʷ 

ʪʝʧʣʦʛʽʜʨʘʚʣʽʯʥʦʛʦ ʢʦʜʫ RELAP5-3D ʷʢʘ ʙʫʜʘ ʟʘʩʪʦʩʦʚʘʥʘ ʫ ʨʦʟʨʘʭʫʥʢʘʭ ʥʘ ʧʽʜʪʨʠʤʢʫ 

ʧʨʦʝʢʪʫ ʧʦʛʣʠʙʣʝʥʦʛʦ ʘʥʘʣʽʟʫ ʙʝʟʧʝʢʠ ʝʥʝʨʛʦʙʣʦʢʫ ˉ 5 ɿʘʧʦʨʽʟʴʢʦʾ ɸɽʉ [5]. 

  
ʈʠʩʫʥʦʢ 1 - ʅʦʜʘʣʽʟʘʮʽʡʥʘ ʩʭʝʤʘ ʪʝʧʣʦʛʽʜʨʘʚʣʽʯʥʦʾ ʤʦʜʝʣʽ ʨʝʘʢʪʦʨʘ ɺɺɽʈ-1000 ʜʣʷ 

RELAP5-3D 
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ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʥʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʘʚʘʨʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʟ 

ʥʝʛʦʤʦʛʝʥʥʠʤ ʨʦʟʙʘʚʣʝʥʥʷʤ ʙʦʨʥʦʾ ʢʠʩʣʦʪʠ ʪʝʧʣʦʥʦʩʽʷ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ ʈʋ ʪʠʧʫ ɺɺɽʈ-

1000. ʅʘʩʪʫʧʥʽ ʧʨʝʜʩʪʘʚʥʠʮʴʢʽ ʩʮʝʥʘʨʽʾ ʜʣʷ ʚʠʧʘʜʢʫ ʢʽʥʮʷ ʧʘʣʠʚʥʦʾ ʢʦʤʧʘʥʽʾ ʟ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʚʠʭʽʜʥʠʤʠ ʧʦʜʽʷʤʠ (ɺʇɸ) ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʛʣʷʥʫʪʽ: 

- ɺʇɸ çʊʝʯʽʷ ʽʟ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ ʚ ʜʨʫʛʠʡè, ʟʘʢʣʠʥʶʚʘʥʥʷ ɿʂ ʂʊ, ʧʝʨʝʪʽʢ 
ʜʝʙʦʨʦʚʘʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʨʫʛʦʛʦ ʢʦʥʪʫʨʫ ʧʨʠ ʟʥʠʞʝʥʽ ʪʠʩʢʫ ʫ ʧʝʨʰʦʤʫ; 

- ɺʇɸ çʇʦʚʥʘ ʚʪʨʘʪʘ ʞʠʚʠʣʴʥʦʾ ʚʦʜʠ ʚ ʇɻè, ʪʨʠʚʘʣʝ ʢʠʧʽʥʥʷ ʪʝʧʣʦʥʦʩʽʷ ʫ ɸʢɿ ʪʘ 
ʢʦʥʜʝʥʩʘʮʽʷ ʥʘ ʪʨʫʙʯʘʪʮʽ .ʇɻ ʧʨʠ ʧʨʦʪʽʢʘʥʥʷ ʘʚʘʨʽʡʥʦʛʦ ʧʨʦʮʝʩʫ, ʫʪʚʦʨʝʥʥʷ 

ʧʨʦʙʢʠ ʯʠʩʪʦʛʦ ʢʦʥʜʝʥʩʘʪʫ ʚ U-ʧʦʜʽʙʥʽʡ ʯʘʩʪʠʥʽ ʪʨʫʙʦʧʨʦʚʦʜʫ ʭʦʣʦʜʥʦʾ ʥʠʪʢʠ 

ʮʠʨʢʫʣʷʮʽʡʥʦʾ ʧʝʪʣʽ;  

- ɺʇɸ çʄʘʣʘ ʪʝʯʽʷ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫè, ʫʪʚʦʨʝʥʥʷ ʧʨʦʙʢʠ ʯʠʩʪʦʛʦ ʢʦʥʜʝʥʩʘʪʫ ʫ 
ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʩʠʩʪʝʤʠ ʘʚʘʨʽʡʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ɸʢɿ ʚ ʥʘʩʣʽʜʦʢ ʥʝʛʝʨʤʝʪʠʯʥʦʩʪʽ 

ʟʚʦʨʦʪʥʠʭ ʢʣʘʧʘʥʽʚ; 

 

ɻʦʣʦʚʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʪʘʢʦʾ ʨʦʙʦʪʠ ʚʽʜ ʧʦʧʝʨʝʜʥʽʭ [6] ʧʦʣʷʛʘʻ ʫ ʧʦʩʪʘʥʦʚʮʽ ʚʠʨʽʰʝʥʥʷ 

ʟʘʜʘʯʽ, ʚ ʯʘʩʪʠʥʽ ʩʧʦʣʫʯʝʥʥʷ ʤʦʜʫʣʽʚ ʪʨʠʚʠʤʽʨʥʦʾ ʢʽʥʝʪʠʢʠ ʪʘ ʪʝʧʣʦʛʠʜʨʘʚʣʽʢʠ. ʈʝʟʫʣʴʪʘʪʠ 

ʪʘʢʦʾ ʨʦʙʦʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʢʦʨʠʩʥʠʤʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʝʥʝʨʛʦʙʣʦʢʫ ʫ 

ʯʘʩʪʠʥʽ ʚʥʝʩʝʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʾ ʚ ʜʽʾ ʩʪʨʘʪʝʛʽʡ ʧʨʦʪʠʘʚʘʨʽʡʥʠʭ ʧʨʦʮʝʜʫʨ ʉʆɸɯ ʪʘ ʂʋɺɸ  
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ʆʉʆɹʃʀɺɯʉʊʔ ʗɺʀʑɸ ʂʈʀʊʀʏʅʆɻʆ ɺʀʊʆʂʋ ʊɽʇʃʆʅʆʉɯʗ ʅɸ 

ʅɸɼʂʈʀʊʀʏʅʀʍ ʇɸʈɸʄɽʊʈɸʍ  

ɺ ʪʝʭʥʽʯʥʦʤʫ ʜʦʜʘʪʢʫ ʜʦ ʣʽʪʝʨʘʪʫʨʠ [1] ʧʨʝʜʩʪʘʚʣʝʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʢʨʠʪʠʯʥʽ 

ʤʦʜʝʣʽ ʪʝʯʽʾ ʜʣʷ ʦʜʥʦʬʘʟʥʠʭ ʽ ʜʚʦʬʘʟʥʠʭ ʧʦʪʦʢʽʚ. ɼʝʷʢʽ ʟ ʥʠʭ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʙʝʟ 

ʪʝʦʨʝʪʠʯʥʠʭ ʚʠʢʣʘʜʦʢ ʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʥʘʧʽʚʝʤʧʽʨʠʯʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ, ʱʦ 

ʟʚ'ʷʟʫʶʪʴ ʢʨʠʪʠʯʥʫ ʚʠʪʨʘʪʫ ʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʩʪʘʥʫ ʩʝʨʝʜʦʚʠʱʘ. ɼʣʷ ʫʟʛʦʜʞʝʥʥʷ 

ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʚʚʦʜʷʪʴʩʷ ʙʝʟʨʦʟʤʽʨʥʽ ʧʦʧʨʘʚʦʯʥʽ 

ʢʦʝʬʽʮʽʻʥʪʠ. 

ɯʥʰʽ ʤʦʜʝʣʽ, ʥʘʚʧʘʢʠ, ʦʪʨʠʤʫʶʪʴ ʰʣʷʭʦʤ ʚʠʨʽʰʝʥʥʷ ʥʘʙʦʨʫ ʜʚʦʭ ʽ ʙʽʣʴʰʝ 

ʙʘʣʘʥʩʦʚʠʭ ʨʽʚʥʷʥʴ, ʱʦ ʦʧʠʩʫʶʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʟʘʢʦʥʠ ʟʙʝʨʝʞʝʥʥʷ ʤʘʩʠ, ʽʤʧʫʣʴʩʫ ʽ 

ʝʥʝʨʛʽʾ ʜʣʷ ʢʦʞʥʦʾ ʬʘʟʠ ʦʢʨʝʤʦ ʘʙʦ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʛʦʤʦʛʝʥʥʦʾ ʩʫʤʽʰʽ. 

ʄʦʜʝʣʴ [2], ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʢʣʘʩʠʯʥʠʡ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʡ ʧʽʜʭʽʜ, ʧʨʠʡʥʷʪʦ ʥʘʟʠʚʘʪʠ 

ʛʦʤʦʛʝʥʥʦʶ ʨʽʚʥʦʚʘʞʥʦʶ ʤʦʜʝʣʣʶ (homogeneous equilibrium model) - HEM. ɺʦʥʘ ʩʧʦʯʘʪʢʫ 

ʨʦʟʛʣʷʜʘʣʘʩʷ ʜʣʷ ʩʝʨʝʜʦʚʠʱ ʚ ʧʦʩʫʜʠʥʘʭ ʧʽʜ ʪʠʩʢʦʤ ʧʨʠ ʘʥʘʣʽʟʽ ʚʠʪʽʢʘʥʥʷ ʯʝʨʝʟ ʪʨʫʙʫ, 

ʜʽʘʤʝʪʨ ʷʢʦʾ ʤʘʣʠʡ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʣʽʥʽʡʥʠʤ ʨʦʟʤʽʨʦʤ ʧʦʩʫʜʠʥʠ. ʎʝ ʥʘʡʙʽʣʴʰ ʧʨʦʩʪʠʡ 

ʧʽʜʭʽʜ, ʷʢʝ ʤʦʞʝ ʙʫʪʠ ʩʬʦʨʤʫʣʴʦʚʘʥʠʡ ʜʣʷ ʨʽʚʥʦʚʘʞʥʦʾ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʽ, ʧʨʠ ʷʢʦʤʫ 

ʚʠʜʽʣʷʶʪʴ ʥʘʩʪʫʧʥʽ ʧʨʠʧʫʱʝʥʥʷ: 

- ʦʜʥʦʨʽʜʥʽʩʪʴ ʩʝʨʝʜʦʚʠʱʘ (ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʦʶ ʟ 

ʫʩʝʨʝʜʥʝʥʠʤʠ ʧʦ ʤʘʩʦʚʦʤʫ ʚʤʽʩʪʫ ʪʝʧʣʦʬʽʟʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ); 

- ʧʨʦʮʝʩ ʚʠʪʽʢʘʥʥʷ ʩʝʨʝʜʦʚʠʱʘ ʫʩʪʘʣʝʥʠʡ ʽ ʽʟʦʝʥʪʨʦʧʽʡʥʠʡ; 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʘʥʘ ʤʦʜʝʣʴ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʾ ʚʠʪʨʘʪʠ 

ʜʚʦʬʘʟʥʦʾ ʩʫʤʽʰʽ, ʧʨʠʧʫʩʢʘʶʯʠ, ʱʦ ʤʽʞ ʬʘʟʘʤʠ ʥʝʤʘʻ ʧʨʦʢʦʚʟʫʚʘʥʥʷ. 

ʆʜʥʽʻʶ ʟ ʧʝʨʰʠʭ ʤʘʩʰʪʘʙʥʠʭ ʨʦʙʽʪ, ʧʦʚ'ʷʟʘʥʦʾ ʟ ʜʦʩʣʽʜʞʝʥʥʷʤ ʬʝʥʦʤʝʥʘ 

ʢʨʠʪʠʯʥʦʛʦ ʚʠʪʦʢʫ ʧʨʠ ʥʘʜʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʘʭ (ʅʂʇ), ʙʫʣʘ ʨʦʙʦʪʘ [3], ʜʝ ʧʝʨʝʜ 

ʘʚʪʦʨʘʤʠ ʚ ʭʦʜʽ ʧʨʦʚʝʜʝʥʥʷ ʯʠʩʣʝʥʥʦʾ ʩʝʨʽʾ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʣʦ ʧʦʩʪʘʚʣʝʥʦ ʜʚʘ ʟʘʚʜʘʥʥʷ. 

ʇʝʨʰʝ ʟʘʚʜʘʥʥʷ ʧʦʣʷʛʘʣʦ ʚ ʦʪʨʠʤʘʥʥʽ ʜʘʥʠʭ ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʦʮʽʥʢʠ ʟʘʩʪʦʩʦʚʥʦʩʪʽ 

ʽʩʥʫʶʯʠʭ, ʚʠʱʝʦʧʠʩʘʥʠʭ ʤʦʜʝʣʝʡ. ɼʨʫʛʘ ʤʝʪʘ ʧʦʣʷʛʘʣʘ ʚ ʦʪʨʠʤʘʥʥʽ ʜʘʥʠʭ ʧʦ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʜʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʜʝʷʢʠʭ ʽʩʥʫʶʯʠʭ ʢʦʨʝʣʷʮʽʡ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ. 

ɺʘʞʣʠʚʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʜʣʷ ʚʦʜʠ ʧʨʠ ʥʘʜʢʨʠʪʠʯʥʠʭ ʫʤʦʚʘʭ, ʙʫʣʠ ʧʨʦʪʝʩʪʦʚʘʥʽ ʪʽʣʴʢʠ HEM 

ʽ ʦʪʨʠʤʘʥʦ ʘʥʘʣʽʪʠʯʥʝ ʨʽʰʝʥʥʷ ʜʣʷ ʢʨʠʪʠʯʥʦʛʦ ʚʠʪʨʘʪʠ, ʯʝʨʝʟ ʨʽʚʥʷʥʥʷ ɹʝʨʥʫʣʣʽ. 

ɸʚʪʦʨʠ ʚʧʝʨʰʝ ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʢʦʨʝʣʷʮʽʶ ʜʣʷ ʦʮʽʥʢʠ ʧʩʝʚʜʦʢʨʠʪʠʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚʦʜʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʠʩʢʫ ʛʘʣʴʤʫʚʘʥʥʷ ʧʦʪʦʢʫ. ʇʽʜʭʽʜ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʘʥʘʣʦʛʽʯʥʠʤ 

ʢʦʥʮʝʧʮʽʾ ʥʝʜʦʛʨʽʪʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʾ ʜʣʷ ʢʠʧʣʷʯʠʭ ʨʽʜʠʥ ʧʨʠ 

ʥʘʜʢʨʠʪʠʯʥʠʭ ʪʠʩʢʘʭ. ɺ ʮʽʣʦʤʫ ʧʨʠ ʧʦʨʽʚʥʷʥʥʽ ʤʦʜʝʣʝʡ ʚ ʜʦʢʨʠʪʠʯʥʠʭ ʫʤʦʚʘʭ ʘʚʪʦʨʠ 

ʚʠʷʚʠʣʠ, ʱʦ HEM ʤʦʜʝʣʴ ʧʨʦʛʥʦʟʫʻ ʟʘʧʽʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʪʦʢʫ ʜʦʩʠʪʴ ʟʘʜʦʚʽʣʴʥʦ, ʚ 

ʪʦʡ ʯʘʩ ʷʢ ʽʥʰʽ ʤʦʜʝʣʽ ʜʝʤʦʥʩʪʨʫʶʪʴ ʜʝʱʦ ʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ.  

ʋ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽʡ ʧʨʘʮʽ [4,5] ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʛʦʤʦʛʝʥʥʦʾ ʨʽʚʥʦʚʘʞʥʦʾ ʤʦʜʝʣʽ 

ʘʚʪʦʨʘʤʠ ʙʫʣʘ ʚʠʢʦʥʘʥʘ ʜʽʘʛʨʘʤʘ ʨʝʞʠʤʫ ʚʠʪʽʢʘʥʥʷ ʧʨʠ ʨʽʟʢʽʡ ʨʦʟʛʝʨʤʝʪʠʟʘʮʽʾ ʧʝʪʣʽ ʟ 

ʪʝʧʣʦʥʦʩʽʻʤ ʧʨʠ ʅʂʇ. ɺʜʘʣʦʩʷ ʧʦʢʘʟʘʪʠ ʽ ʚʠʟʥʘʯʠʪʠ, ʱʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʢʨʠʪʠʯʥʦʛʦ ʚʠʪʦʢʫ 

ʙʘʛʘʪʦ ʚ ʯʦʤʫ, ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʫʤʦʚʥʠʤ ʛʝʦʤʝʪʨʠʯʥʠʤ ʩʧʦʣʫʯʝʥʥʷʤ ʩʝʨʝʜʦʚʠʱʘ ʟ ʨʽʟʥʠʤ 

ʬʽʟʠʯʥʠʤ ʩʪʘʥʦʤ ʪʝʧʣʦʥʦʩʽʷ (ʜʠʚ. ʨʠʩʫʥʦʢ 1): 

- ʢʨʠʪʠʯʥʝ ʩʝʨʝʜʦʚʠʱʝ (ʜʦ ʪʦʯʢʠ 22,1 ʄʇʘ ʧʦ ʪʨʘʢʪʫ ʧʘʜʽʥʥʷ ʪʠʩʢʫ ʟ ʪʝʯʽʾ); 

- ʧʝʨʝʛʨʽʪʘ ʧʘʨʘ (22,1 ʄʇʘ ʽ ʪʝʤʧʝʨʘʪʫʨʘ ʚʠʱʝ Ts); 

- ʧʝʨʝʛʨʽʪʘ ʨʽʜʠʥʘ ʟ ʧʦʜʘʣʴʰʠʤ ʚʠʙʫʭʦʚʠʤ ʩʢʠʧʘʥʥʷʤ (22,1 ʄʇʘ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʥʠʞʯʝ 647,3 ʂ);  

- ʜʚʦʬʘʟʥʘ ʩʫʤʽʰ (ʪʠʩʢ ʥʠʞʯʝ 22,1 ʄʇʘ, ʽ ʪʝʤʧʝʨʘʪʫʨʘ Ts ); 
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ʈʠʩʫʥʦʢ 1 - ʂʘʨʪʘ ʬʽʟʠʯʥʠʭ ʩʪʘʥʽʚ ʪʝʧʣʦʥʦʩʽʷ ʧʨʠ ʟʥʠʞʝʥʥʽ ʪʠʩʢʫ ʫ T-S ʜʽʘʛʨʘʤʽ 

 

ʇʦʜʘʣʴʰʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʥʘʣʽʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ ʜʣʷ ʚʠʚʯʝʥʥʷ ʧʠʪʘʥʥʷ ʢʨʠʪʠʯʥʦʛʦ 

ʚʠʪʦʢʫ ʧʨʠ ʅʂʇ ʜʦʟʚʦʣʠʣʦ ʚʠʷʚʠʪʠ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʦʮʽʥʢʘ ʢʨʠʪʠʯʥʦʾ ʚʠʪʨʘʪʠ ʜʦ 40% 

ʚʽʜ ʦʪʨʠʤʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. ɼʦ ʪʦʛʦ ʞ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʨʝʘʣʴʥʠʡ ʯʘʩ 

ʨʦʟʛʝʨʤʝʪʠʟʘʮʽʾ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʝ, ʥʽʞ ʤʦʞʝ ʙʫʪʠ ʦʮʽʥʝʥʠʡ HEM, ʜʝ ʨʦʟʰʠʨʝʥʥʷ 

ʧʦʩʪʫʣʶʻʪʴʩʷ ʷʢ ʽʟʦʝʥʪʨʦʧʽʡʥʠʡ ʧʨʦʮʝʩ. 

ʋ ʨʦʙʦʪʽ [6], ʘʚʪʦʨʦʤ ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʧʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʧʦʨʽʚʥʷʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʟ ʧʨʦʛʥʦʟʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʥʷ ɹʝʨʥʫʣʣʽ, HEM ʽ ʙʘʟʦʚʦʾ 

ʤʦʜʝʣʽ ʂʊ ʪʝʧʣʦʛʽʜʨʘʚʣʽʯʥʦʛʦ ʢʦʜʫ RELAP, ʱʦ ʫ ʚʩʽʭ ʚʠʧʘʜʢʘʭ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʨʠ ʅʂʇ 

ʩʪʠʢʘʻʪʴʩʷ ʟ ʽʩʪʦʪʥʦʶ ʧʦʭʠʙʢʦʶ 

ʆʪʞʝ, ʧʨʠ ʢʦʥʪʫʨʥʠʭ ʪʝʯʽʷʭ ʪʝʧʣʦʥʦʩʽʷ ʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʫ ʧʨʠ ʅʂʇ ʚʠʥʠʢʘʻ 

ʩʠʪʫʘʮʽʷ, ʢʦʣʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʚʠʪʽʢʘʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʘ ʪʘʢʦʞ ʩʧʦʩʽʙ ʦʧʠʩʫ 

ʧʨʦʮʝʩʫ ʚʠʪʽʢʘʥʥʷ ʚʠʤʘʛʘʶʪʴ ʟ'ʷʩʫʚʘʥʥʷ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʩʝʨʝʜʦʚʠʱʘ. ʅʝ ʤʝʥʰ ʟʥʘʯʫʱʦʶ 

ʩʢʣʘʜʥʽʩʪʶ ʻ ʤʽʞʬʘʟʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚ ʜʘʥʦʤʫ ʧʨʦʮʝʩʽ ʚ ʨʘʟʽ ʥʘʷʚʥʦʩʪʽ ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʽʚ 

ʧʦ ʪʨʘʢʪʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʷʚʠʱʝ ʢʨʠʟʠ ʪʝʯʽʾ ʧʨʠ ʅʂʇ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʦʩʣʽʜʦʚʥʦʶ ʟʤʽʥʦʶ 

ʜʚʦʭ ʽ ʙʽʣʴʰʝ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʩʪʘʥʽʚ ʩʝʨʝʜʦʚʠʱʘ ʧʦ ʪʨʘʢʪʫ ʧʨʦʭʦʜʞʝʥʥʷ ʪʝʧʣʦʥʦʩʽʷ ʚ 

ʪʝʯʽʶ. ʎʠʤ ʧʦʷʩʥʶʻʪʴʩʷ ʦʩʦʙʣʠʚʽʩʪʴ ʢʨʠʟʠ ʪʝʯʽʾ ʧʨʠ ʅʂʇ, ʦʩʢʽʣʴʢʠ ʛʝʦʤʝʪʨʠʯʥʘ ʧʦʟʠʮʽʷ 

ʧʝʨʝʭʦʜʫ ʚʽʜ ʅʂʇ ʜʦ ʙʫʜʴ-ʷʢʦʛʦ ʽʥʰʦʛʦ ʩʪʘʥʫ ʻ ʙʘʛʘʪʦʬʘʢʪʦʨʥʠʤ ʧʨʦʮʝʩʦʤ, ʜʣʷ ʷʢʦʛʦ 

ʮʽʣʽʩʥʦʾ ʤʦʜʝʣʽ ʥʝ ʽʩʥʫʻ. ɼʦ ʪʦʛʦ ʞ ʩʘʤʘ ʟʘʜʘʯʘ ʻ ʧʨʠʥʮʠʧʦʚʦ ʥʝʣʽʥʽʡʥʦʶ ʟ ʚʝʣʠʢʦʶ 

ʢʽʣʴʢʽʩʪʶ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ. 
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ʂʆʅʎɽʇʎʀʗ ʋʇʈɸɺʃɽʅʀʗ ɿɸʇʈʆɽʂʊʅʓʄʀ ɸɺɸʈʀʗʄʀ ʉʀʉʊɽʄʆʁ 

ɺʅɽʐʅɽɻʆ ʆʍʃɸɾɼɽʅʀʗ ʂʆʈʇʋʉɸ ʈɽɸʂʊʆʈɸ ʕʅɽʈɻʆɹʃʆʂʆɺ ˉ3 ʀ ˉ4 

ʍɸʕʉ 

 

ʅʘʯʠʥʘʷ ʩ 2030 ʧʦ 2040 ʤʳ ʥʘʯʥʸʤ ʧʦʩʪʝʧʝʥʥʦ ʚʳʚʦʜʠʪʴ ʵʥʝʨʛʦʙʣʦʢʠ ʠʟ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʮʠʢʣʘ ʩʦʦʨʫʞʝʥʠʷ ʵʥʝʨʛʦʙʣʦʢʘ ɸʕʉ ʩʦʩʪʘʚʣʷʝʪ 8-12 ʣʝʪ 

(ʘʢʪʠʚʥʘʷ ʬʘʟʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 6-7 ʣʝʪ), ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʞʝ 

ʩʝʡʯʘʩ ʟʘʥʠʤʘʪʴʩʷ ʟʘʤʝʱʝʥʠʝʤ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʦʱʥʦʩʪʝʡ. ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʥʦʚʳʭ 

ʵʥʝʨʛʦʙʣʦʢʦʚ ɸʕʉ, ʘ ʪʘʢʞʝ ʜʦʩʪʨʦʡʢʘ ʙʣʦʢʦʚ ˉ3 ʠ ˉ4 ʠʤʝʶʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʷ ʜʣʷ 

ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʠ ʦʙʝʩʧʝʯʝʥʠʶ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʋʢʨʘʠʥʳ, ʪʘʢ ʢʘʢ ʘʪʦʤʥʘʷ 

ʵʥʝʨʛʝʪʠʢʘ ʩʧʦʩʦʙʥʘ ʧʨʝʜʣʦʞʠʪʴ ʥʝ ʪʦʣʴʢʦ ʜʝʰʸʚʫʶ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ (ʚ ʫʩʣʦʚʠʷʭ ʨʘʩʪʫʱʠʭ 

ʮʝʥ ʥʘ ʥʝʬʪʴ, ʛʘʟ ʠ ʫʛʦʣʴ) ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʨʦʩʪʘ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʩʧʨʦʩʘ, ʥʦ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʫʶ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ ʜʣʷ ʙʦʨʴʙʳ ʩ ʠʟʤʝʥʝʥʠʝʤ ʢʣʠʤʘʪʘ. [1] ʀʤʝʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʳʩʠʪʴ ʦʙʱʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʵʥʝʨʛʦʙʣʦʢʦʚ ʙʣʘʛʦʜʘʨʷ ʚʥʝʜʨʝʥʠʶ ʥʦʚʳʭ 

ʩʠʩʪʝʤ ʚ ʧʨʦʝʢʪʳ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʪʷʞʝʣʳʤʠ ʟʘʧʨʦʝʢʪʥʳʤʠ ʘʚʘʨʠʷʤʠ ʪʘʢʠʤʠ ʢʘʢ ʨʘʩʧʣʘʚ 

ʘʢʪʠʚʥʦʡ ʟʦʥʳ, ʚ ʨʘʤʢʘʭ ʜʦʩʪʨʦʡʢʠ ʍɸɽʉ-3,4 ʚʦʟʥʠʢ ʟʘʧʨʦʩ ʦ ʪʦʤ, ʯʪʦʙʳ ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ 

ʧʨʦʝʢʪ ʩʦʜʝʨʞʘʣ ʠʟʤʝʥʝʥʠʷ, ʦʪʚʝʯʘʶʱʠʝ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʚʳʜʚʠʥʫʪʳʤ ʢ ʥʦʚʳʤ 

ʙʣʦʢʘʤ 3ʛʦ ʧʦʢʦʣʝʥʠʷ. 

ɽʩʣʠ ʜʝʪʘʣʴʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʵʥʝʨʛʦʙʣʦʢʠ ˉ3 ʠ ˉ4 ʍɸʕʉ, ʠʭ ʨʝʘʣʠʟʘʮʠʷ ʷʚʣʷʝʪʩʷ 

ʢʣʶʯʝʚʳʤ ʤʦʤʝʥʪʦʤ ʚ ʚʦʧʨʦʩʝ ʚʚʦʜʘ ʥʦʚʳʭ ʤʦʱʥʦʩʪʝʡ, ʪʘʢʞʝ ʜʦʩʪʨʦʡʢʘ ʵʪʠʭ ʜʚʫʭ 

ʵʥʝʨʛʦʙʣʦʢʦʚ ʧʨʠʥʝʩʸʪ ʙʦʣʴʰʫʶ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʚʳʛʦʜʫ ʢʘʢ ʋʢʨʘʠʥʝ ʚ ʮʝʣʦʤ ʚ ʚʠʜʝ 

ʧʦʩʪʫʧʣʝʥʠʡ ʚ ʛʦʩ. ʙʶʜʞʝʪ, ʪʘʢ ʠ ʜʣʷ ʨʝʛʠʦʥʘ, ʢʨʦʤʝ ʵʪʦʛʦ ʧʨʦʝʢʪ ʥʝʩʸʪ ʚʳʛʦʜʫ ʠ ʚ 

ʩʦʮʠʘʣʴʥʦʤ ʧʣʘʥʝ, ʪʘʢ ʢʘʢ ʜʣʷ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ ʙʫʜʝʪ ʩʦʟʜʘʥʦ ʤʥʦʛʦ ʥʦʚʳʭ ʨʘʙʦʯʠʭ ʤʝʩʪ 

(ʩʪʨʦʡʢʘ ʜʘʩʪ 5-8 ʪʳʩʷʯ ʨʘʙʦʯʠʭ ʤʝʩʪ, ʟʘʚʦʜʳ 15-20 ʪʳʩʷʯ) ʠ ʩʘʤʠ ʵʥʝʨʛʦʙʣʦʢʠ ʩʦʟʜʘʜʫʪ 

ʧʝʨʩʦʥʘʣʫ ɸʕʉ 2 ʪʳʩ. ʥʦʚʳʭ ʨʘʙʦʯʠʭ ʤʝʩʪ. ʅʘ ʤʦʤʝʥʪ 1990 ʛ. (ʧʨʠʦʩʪʘʥʦʚʣʝʥʠʷ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ) ʛʦʪʦʚʥʦʩʪʴ ʠʭ ʨʝʘʣʠʟʘʮʠʠ ʙʳʣʘ ʩʣʝʜʫʶʱʝʡ: 

-ʕʥʝʨʛʦʙʣʦʢ ˉ3 ï 75% ʛʦʪʦʚʥʦʩʪʴ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ (ʦʙʱʘʷ ï 28%) 

-ʕʥʝʨʛʦʙʣʦʢ ˉ4 ï 28% ʛʦʪʦʚʥʦʩʪʠ ʉʂ (ʦʙʱʘʷ ï 10%) 

            ɺʦʟʤʦʞʥʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʨʦʝʢʪʥʦʡ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ (ʩ ʫʯʸʪʦʤ ʧʨʦʚʝʜʝʥʠʷ ʢʦʤʧʣʝʢʩʘ 

ʨʝʤʦʥʪʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʘʙʦʪ) ʙʳʣʘ ʧʦʜʚʝʨʞʝʥʘ ʚ 2006-2009 ʛʦʜʘʭ, ʘ ʪʘʢʞʝ 

ʧʨʦʚʝʜʝʥʳ ʧʦʚʪʦʨʥʳʝ ʦʙʩʣʝʜʦʚʘʥʠʷ ʠ ʦʮʝʥʢʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ 2019 ʛʦʜʫ. [2] 

          ʈʘʩʧʦʨʷʞʝʥʠʝʤ ʦʪ 26.07.2018 ˉ579 ʂʘʙʠʥʝʪʦʤ ʄʠʥʠʩʪʨʦʚ ʋʢʨʘʠʥʳ ʙʳʣʦ ʦʜʦʙʨʝʥʦ 

ʊʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʵʥʝʨʛʦʙʣʦʢʦʚ ˉ3 ʠ ˉ4 ʍɸʕʉ, ʚ 

ʢʦʪʦʨʦʤ ʪʘʢʞʝ ʫʯʪʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʧʦʚʳʰʝʥʠʶ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʝ çʂʦʤʧʣʝʢʩʥʦʡ ʧʨʦʛʨʘʤʤʦʡ ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʥʘʜʸʞʥʦʩʪʠ ʜʝʡʩʪʚʫʶʱʠʭ ɸʕʉ ʋʢʨʘʠʥʳè, ʘ ʪʘʢʞʝ çɼʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʧʦ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʢ ʧʨʦʝʢʪʘʤ ʥʦʚʳʭ ʵʥʝʨʛʦʙʣʦʢʦʚ ɸʕʉè, ʧʨʠ ʧʦʤʦʱʠ ʀʗʀ ʈʞʝʞ. [3] 

           ʊʷʞʝʣʘʷ ʘʚʘʨʠʷ ï ʟʘʧʨʦʝʢʪʥʘʷ ʘʚʘʨʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʪʷʞʝʣʦʝ ʧʦʚʨʝʞʜʝʥʠʝ 

ʘʢʪʠʚʥʦʡ ʟʦʥʳ. [4] ʂʘʢ ʠ ʣʶʙʘʷ ʘʚʘʨʠʷ, ʊɸ ʭʘʨ. ʠʩʭʦʜʥʳʤ ʩʦʙʳʪʠʝʤ, ʧʫʪʷʤʠ ʧʨʦʪʝʢʘʥʠʷ ʠ 

ʧʦʩʣʝʜʩʪʚʠʷʤʠ. ɺ ʨʷʜʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʝʰʝʥʠʡ ʧʦ ʩʠʩʪʝʤʘʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʙʣʦʢʦʚ ˉ3 ʠ 

ˉ4 ʍɸʕʉ ʙʳʣʦ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʨʝʘʣʠʟʘʮʠʷ ʢʦʤʧʣʝʢʩʘ ʤʝʨʦʧʨʠʷʪʠʡ ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ 

ʩʦʭʨʘʥʷʪʴ ɻʆ ʩʚʦʠ ʣʦʢʘʣʠʟʠʨʫʶʱʠʝ ʬʫʥʢʮʠʠ ʧʨʠ ʘʚʘʨʠʷʭ, ʚʢʣʶʯʘʷ ʪʷʞʝʣʳʭ ʘʚʘʨʠʡ ʩ 

ʨʘʩʧʣʘʚʣʝʥʠʝʤ ʪʦʧʣʠʚʘ: 

-ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʠ ʫʜʘʣʝʥʠʷ ʚʦʜʦʨʦʜʘ (ʉʂʋɺ); 

-ʩʠʩʪʝʤʘ ʨʝʛʫʣʠʨʫʝʤʦʛʦ (ʬʠʣʴʪʨʫʝʤʦʛʦ) ʩʙʨʦʩʘ ʜʘʚʣʝʥʠʷ ʠʟ ɻʆ (ʉʈʌʉ); 

-ʩʠʩʪʝʤʘ ʩʥʠʞʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʧʝʨʚʦʤ ʢʦʥʪʫʨʝ; 
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-ʩʠʩʪʝʤʘ ʚʥʝʰʥʝʛʦ ʦʭʣʘʞʜʝʥʠʷ ʢʦʨʧʫʩʘ ʨʝʘʢʪʦʨʘ (ʉʆʂʈ) ; 

           ʉʪʨʘʪʝʛʠʷ ʫʧʨʘʚʣʝʥʠʷ ʪʷʞʸʣʦʡ ʘʚʘʨʠʝʡ ʜʣʷ ɸʕʉ ʩ ʨʝʘʢʪʦʨʦʤ ɺɺʕʈ-1000 ʥʘʟʳʚʘʝʪʩʷ 

çIn-Vessel Retentionè (IVR).[5] ʉʦʛʣʘʩʥʦ ʢʦʥʮʝʧʮʠʶ ʵʪʦʡ ʩʪʨʘʪʝʛʠʠ, ʥʝʦʙʭʦʜʠʤʦ 

ʦʙʝʩʧʝʯʠʪʴ ʦʭʣʘʞʜʝʥʠʝ ʢʦʨʠʫʤʘ ʚʥʫʪʨʠ ʢʦʨʧʫʩʘ ʨʝʘʢʪʦʨʘ ʩ ʚʥʝʰʥʝʡ ʩʪʦʨʦʥʳ. ɼʣʷ ʵʪʦʛʦ 

ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʟʘʪʦʧʣʝʥʠʝ ʰʘʭʪʳ ʨʝʘʢʪʦʨʘ (ʐʈ) ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ ʚ ʨʘʥʥʝʡ ʬʘʟʝ 

ʊɸ, ʦʙʝʩʧʝʯʝʥʠʝ ʧʝʨʝʥʦʩʘ ʪʝʧʣʘ ʦʪ ʨʘʩʧʣʘʚʘ ʢ ʪʝʧʣʦʥʦʩʠʪʝʣʶ ʯʝʨʝʟ ʢʦʨʧʫʩ ʨʝʘʢʪʦʨʘ, 

ʦʪʚʦʜʘ ʪʝʧʣʘ ʠʟ ʐʈ ʚ ʢʦʥʬʘʡʤʝʥʪ ʠ ʧʦʩʣʝʜʫʶʱʠʡ ʦʪʚʦʜ ʪʝʧʣʘ ʠʟ ʢʦʥʬʘʡʤʝʥʪʘ ʢ ʢʦʥʝʯʥʦʤʫ 

ʧʦʛʣʦʪʠʪʝʣʶ. ɺ ʨʘʤʢʘʭ ʩʚʦʝʡ ʜʠʧʣʦʤʥʦʡ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʧʨʠʚʝʜʝʥʥʦʡ ʩʪʨʘʪʝʛʠʠ ʷ ʨʝʰʠʣ 

ʩʜʝʣʘʪʴ ʙʦʣʴʰʝ ʘʢʮʝʥʪ ʥʘ ʨʘʩʩʤʦʪʨʝʥʠʠ ʉʆʂʈ, ʝʸ ʦʩʥʦʚʥʳʤʠ ʥʘʟʥʘʯʝʥʠʷʤʠ ʷʚʣʷʶʪʩʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʧʦʚʨʝʞʜʝʥʠʷ ʢʦʨʧʫʩʘ ʨʝʘʢʪʦʨʘ ʧʨʠ ʪʷʞʝʣʳʭ ʘʚʘʨʠʷʭ ʩ ʨʘʟʨʫʰʝʥʠʝʤ ɸɿ ʠ 

ʠʩʢʣʶʯʝʥʠʝ ʚʳʭʦʜʘ ʢʦʨʠʫʤʘ ʟʘ ʧʨʝʜʝʣʳ ʢʦʨʧʫʩʘ ʨʝʘʢʪʦʨʘ, ʘ ʪʘʢʞʝ ʩʦʭʨʘʥʝʥʠʝ 

ʣʦʢʘʣʠʟʠʨʫʶʱʠʭ ʩʚʦʡʩʪʚ ɿʆ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʤʠʥʠʤʠʟʘʮʠʶ ʨʘʜʠʘʮʠʦʥʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʘʩʝʣʝʥʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʊɸ ʩ ʨʘʩʧʣʘʚʣʝʥʠʝʤ ʪʦʧʣʠʚʘ. ɺ ʩʚʦʝʡ ʜʠʧʣʦʤʥʦʡ 

ʨʘʙʦʪʝ ʢʘʢ ʧʨʠʤʝʨ ʨʘʙʦʪʳ ʉʆʂʈ ʷ ʦʧʠʨʘʣʩʷ ʥʘ ʜʝʤʦʥʩʪʨʘʮʠʶ ʙʦʣʴʰʦʡ LOCA ʘʚʘʨʠʠ ʩ 

ʧʦʪʝʨʝʡ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʚʩʝʭ ʘʢʪʠʚʥʳʭ ʘʚʘʨʠʡʥʳʭ ʩʠʩʪʝʤ. ʉʆʂʈ ʩʦʩʪʦʠʪ ʠʟ: 

-ʙʘʟʦʚʳʡ ʟʘʧʘʩ ʦʭʣʘʞʜʘʶʱʝʡ ʚʦʜʳ; 

-ʢʦʥʪʫʨ ʝʩʪʝʩʪʚʝʥʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʦʭʣʘʞʜʝʥʠʷ ʢʦʨʧʫʩʘ ʨʝʘʢʪʦʨʘ; 

-ʧʘʩʩʠʚʥʘʷ ʯʘʩʪʴ; 

-ʘʢʪʠʚʥʘʷ ʯʘʩʪʴ; 

          ɺ ʜʠʧʣʦʤʥʦʡ ʨʘʙʦʪʝ ʜʝʪʘʣʴʥʦ ʨʘʩʧʠʩʘʥʳ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ 

ʢʦʨʧʫʩʘ ʨʝʘʢʪʦʨʘ, ʝʸ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʝʸ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʚʠʜʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ  ʜʘʥʥʳʭ ʠ ʨʘʩʯʸʪʥʳʭ. 

          ɺ ʟʘʢʣʶʯʝʥʠʝ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʤʝʨ ʧʦ ʧʦʚʳʰʝʥʠʶ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʝʡʩʪʚʫʶʱʠʭ ʵʥʝʨʛʦʙʣʦʢʦʚ, ʘ ʪʘʢʞʝ ʪʝʭ ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʚʚʝʜʝʥʳ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʶ ʚ ʙʫʜʫʱʝʤ. ʅʘʣʠʯʠʝ ʨʝʘʣʠʟʦʚʘʥʥʦʡ ʢʦʥʮʝʧʮʠʠ ʧʦ ʫʧʨʘʚʣʝʥʠʶ 

ʟʘʧʨʦʝʢʪʥʳʤʠ ʘʚʘʨʠʷʤʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʙʣʦʢʦʚ 

ˉ3 ʠ ˉ4 ʍɸʕʉ, ʥʦ ʠ ʜʨʫʛʠʭ ʙʣʦʢʦʚ ɺɺʕʈ-1000 ʠʣʠ ʜʨʫʛʠʭ ʚʦʜʦ-ʚʦʜʷʥʳʭ ʨʝʘʢʪʦʨʦʚ 

ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʩ ʠʭ ʧʦʤʦʱʴʶ ʧʦʣʫʯʠʪʩʷ ʥʝ ʪʦʣʴʢʦ ʠʟʙʝʞʘʪʴ ʧʦʩʣʝʜʩʪʚʠʡ ʊɸ, 

ʥʦ ʠ ʵʬʬʝʢʪʠʚʥʦ ʩʧʨʘʚʣʷʪʴʩʷ ʩ ʥʝʡ.  
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ʄʘʛʽʩʪʨʘʥʪ 5 ʢʫʨʩʫ, ʛʨ. ʊʗ-01ʤʥ ɸʥʶʰʢʽʥʘ ɸ.ɸ. 

ɼʦʮ., ʢ.ʪ.ʥ. ʂʦʥʴʰʠʥ ɺ.ɯ. 

ɹɽʊʆʅ ʗʂ ɹɯʆʃʆɻɯʏʅʀʁ ɿɸʍʀʉʊ ʗɼɽʈʅʀʍ ʈɽɸʂʊʆʈɯɺ 

 

ʉʢʣʘʜʦʚʦʶ ʯʘʩʪʠʥʦʶ ʙʫʜʴ-ʷʢʦʾ ʷʜʝʨʥʦʾ ʫʩʪʘʥʦʚʢʠ ʻ ʙʽʦʣʦʛʽʯʥʠʡ ʟʘʭʠʩʪ. ʆʩʥʦʚʥʝ 

ʧʨʠʟʥʘʯʝʥʥʷ ʙʽʦʣʦʛʽʯʥʦʛʦ ʟʘʭʠʩʪʫ ʨʝʘʢʪʦʨʘ ï ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʯʥʠʭ ʫʤʦʚ ʨʦʙʦʪʠ 

ʦʙʩʣʫʛʦʚʫʶʯʦʛʦ ʧʝʨʩʦʥʘʣʫ ʪʘ ʦʙʣʘʜʥʘʥʥʷ [1]. 

ɺʠʤʦʛʠ ʜʦ ʤʘʪʝʨʽʘʣʫ ʙʽʦʣʦʛʽʯʥʦʛʦ ʟʘʭʠʩʪʫ: 

- ʤʘʪʠ ʭʦʨʦʰʽ ʟʘʭʠʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ; 

- ʧʦʚʠʥʥʽ ʙʫʪʠ ʢʦʥʩʪʨʫʢʮʽʡʥʦ ʤʽʮʥʠʤʠ; 

- ʤʘʪʠ ʚʠʩʦʢʫ ʨʘʜʽʘʮʽʡʥʫ ʽ ʪʝʨʤʽʯʥʫ ʩʪʽʡʢʽʩʪʴ; 

- ʚʦʛʥʝʩʪʽʡʢʽ; 

- ʭʽʤʽʯʥʦ ʽʥʝʨʪʥʽ; 

- ʥʝ ʚʠʜʽʣʷʪʠ ʦʪʨʫʡʥʠʭ ʪʘ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʠʭ ʛʘʟʽʚ ʧʽʜ ʜʽʻʶ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ 

ʦʧʨʦʤʽʥʝʥʥʷ; 

- ʟʙʝʨʽʛʘʪʠ ʩʪʘʙʽʣʴʥʽ ʨʦʟʤʽʨʠ. 

ʋ ʧʨʠʨʦʜʽ ʥʝʤʘʻ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʽʜʨʘʟʫ ʚʩʽʤ ʚʠʤʦʛʘʤ. ʆʜʥʘʢ ʚ ʟʥʘʯʥʽʡ 

ʤʽʨʽ ʚʠʤʦʛʘʤ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʙʝʪʦʥʠ, ʦʩʦʙʣʠʚʦ, ʷʢʱʦ ʨʝʪʝʣʴʥʦ ʽ ʝʢʦʥʦʤʽʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʦ 

ʦʙʨʘʪʠ ʾʭ ʩʢʣʘʜ. 

ɿʘʟʚʠʯʘʡ ʟʘʭʠʩʥʠʤ ʰʘʨʦʤ ʙʝʪʦʥʫ ʦʪʦʯʫʻʪʴʩʷ ʘʢʪʠʚʥʘ ʟʦʥʘ ʨʝʘʢʪʦʨʘ ʽ ʚʩʷ ʩʠʩʪʝʤʘ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʻ ʜʞʝʨʝʣʦʤ ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ʢʦʥʪʫʨʠ ʟ 

ʪʝʧʣʦʥʦʩʽʻʤ, ʩʭʦʚʠʱʘ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʊɺɽʃ ʪʘ ʽʥʰʝ). 

ɿʘʚʜʘʥʥʷ ʧʨʦʝʢʪʫʚʘʣʴʥʠʢʽʚ ʧʦʣʷʛʘʻ ʫ ʧʨʘʚʠʣʴʥʦʤʫ ʚʠʙʦʨʽ ʩʢʣʘʜʫ ʽ ʪʦʚʱʠʥʠ 
ʙʝʪʦʥʥʦʛʦ ʟʘʭʠʩʪʫ, ʷʢʽ ʤʦʛʣʠ ʙ ʟʘʙʝʟʧʝʯʠʪʠ ʦʩʣʘʙʣʝʥʥʷ ʧʦʪʦʢʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʦ 

ʙʝʟʧʝʯʥʦʛʦ ʨʽʚʥʷ. 

ɹʝʪʦʥ ʟʥʘʡʰʦʚ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʷʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʙʽʦʣʦʛʽʯʥʦʛʦ ʟʘʭʠʩʪʫ 

ʷʜʝʨʥʠʭ ʨʝʘʢʪʦʨʽʚ ʟʘʚʜʷʢʠ ʭʦʨʦʰʠʤ ʟʘʭʠʩʥʠʤ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘ 

ʥʝʚʝʣʠʢʽʡ ʚʘʨʪʦʩʪʽ [2, 3]. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʙʝʪʦʥʫ ʜʘʻ ʜʚʽ ʚʝʣʠʢʽ ʧʝʨʝʚʘʛʠ: ʧʦ-ʧʝʨʰʝ, ʚʽʥ ʤʦʞʝ ʙʫʪʠ ʫʢʣʘʜʝʥʠʡ ʚ 

ʙʫʜʴ-ʷʢʫ ʥʝʦʙʭʽʜʥʫ ʬʦʨʤʫ ʽ ʧʦ-ʜʨʫʛʝ, ʟʘʭʠʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʙʝʪʦʥʫ ʤʦʞʥʘ ʟʤʽʥʶʚʘʪʠ ʚ ʜʦʩʠʪʴ 

ʰʠʨʦʢʠʭ ʤʝʞʘʭ ʰʣʷʭʦʤ ʧʽʜʙʦʨʫ ʡʦʛʦ ʩʢʣʘʜʫ. 

ʇʦʛʣʠʥʘʶʯʘ ʟʜʘʪʥʽʩʪʴ ʫ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʨʽʟʥʘ, ʘ ʦʪʞʝ, ʩʪʚʦʨʝʥʥʷ 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʦʛʦ ʙʽʦʣʦʛʽʯʥʦʛʦ ʟʘʭʠʩʪʫ ʤʦʞʣʠʚʝ ʪʽʣʴʢʠ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʚʽʜʧʦʚʽʜʥʠʭ 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʧʦʛʣʠʥʘʯʽʚ ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ɺʠʙʽʨ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʙʽʦʣʦʛʽʯʥʦʛʦ ʟʘʭʠʩʪʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʜʫ, ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʘ 

ʧʨʦʥʠʢʘʶʯʦʾ ʟʜʘʪʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ ɔ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʦʪʨʽʙʥʽ ʤʘʪʝʨʽʘʣʠ ʟ ʝʣʝʤʝʥʪʽʚ ʟ 

ʚʝʣʠʢʠʤ ʤʘʩʦʚʠʤ ʯʠʩʣʦʤ. ɿʘʭʠʩʪʦʤ ʚʽʜ Ŭ ʽ ɓ-ʯʘʩʪʠʥʦʢ ʩʣʫʛʫʶʪʴ ʪʦʥʢʽ ʝʢʨʘʥʠ, ʚʠʛʦʪʦʚʣʝʥʽ 

ʟ ʣʝʛʢʠʭ ʤʝʪʘʣʽʚ. ʅʘʡʩʢʣʘʜʥʽʰʠʤ ʻ ʟʘʭʠʩʪ ʚʽʜ ʥʝʡʪʨʦʥʽʚ.  

ʆʩʣʘʙʣʝʥʥʷ ʧʦʪʦʢʫ ʥʝʡʪʨʦʥʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʫʧʦʚʽʣʴʥʝʥʥʷ ʰʚʠʜʢʠʭ 

ʥʝʡʪʨʦʥʽʚ ʽ ʧʦʛʣʠʥʘʥʥʷ ʪʝʧʣʦʚʠʭ ʥʝʡʪʨʦʥʽʚ.  

ɽʣʝʤʝʥʪʠ ʚ ʚʠʩʦʢʠʤ ʘʪʦʤʥʠʤ ʥʦʤʝʨʦʤ ʤʘʶʪʴ ʚʠʩʦʢʠʡ ʧʝʨʝʨʽʟ ʧʨʫʞʥʦʛʦ ʨʦʟʩʽʷʥʥʷ 

ʥʝʡʪʨʦʥʽʚ. ɺ ʷʢʦʩʪʽ ʚʘʞʢʦʛʦ ʝʣʝʤʝʥʪʫ ʚ ʟʘʭʠʩʪʽ ʯʘʩʪʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʟʘʣʽʟʦ.  

ɼʣʷ ʟʙʽʣʴʰʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʟʘʭʦʧʣʝʥʥʷ ʪʝʧʣʦʚʠʭ ʥʝʡʪʨʦʥʽʚ ʙʘʞʘʥʦ ʚ ʙʝʪʦʥ ʚʚʝʩʪʠ 

ʙʦʨ ʫ ʚʠʛʣʷʜʽ ʤʘʣʦʨʦʟʯʠʥʥʠʭ ʫ ʚʦʜʽ ʩʧʦʣʫʢ. 

ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʩʧʦʚʽʣʴʥʶʚʘʯʝʤ ʪʝʧʣʦʚʠʭ ʥʝʡʪʨʦʥʽʚ ʻ ʚʦʜʝʥʴ, ʦʩʢʽʣʴʢʠ 

ʟʤʝʥʰʝʥʥʷ ʝʥʝʨʛʽʾ ʥʝʡʪʨʦʥʽʚ ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʜʥʦʛʦ ʟʽʪʢʥʝʥʥʷ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʦ ʤʘʩʽ 

ʯʘʩʪʠʥʦʢ, ʱʦ ʩʪʠʢʘʶʪʴʩʷ. ɺʥʘʩʣʽʜʦʢ ʨʽʚʥʦʩʪʽ ʤʘʩ ʥʝʡʪʨʦʥʘ ʽ ʷʜʨʘ ʚʦʜʥʶ ï ʚ ʦʜʥʦʤʫ ʘʢʪʽ 

ʨʦʟʩʽʶʚʘʥʥʷ ʥʝʡʪʨʦʥʘ ʥʘ ʚʦʜʥʽ ʚ ʩʝʨʝʜʥʴʦʤʫ ʚʪʨʘʯʘʻʪʴʩʷ ʧʦʣʦʚʠʥʘ ʝʥʝʨʛʽʾ ʥʝʡʪʨʦʥʘ. 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʡ ʤʘʪʝʨʽʘʣ ʟʘʭʠʩʪʫ ʨʝʘʢʪʦʨʘ ʧʦʚʠʥʝʥ ʤʘʪʠ ʚ ʩʚʦʻʤʫ 

ʩʢʣʘʜʽ ʚʦʜʥʝʚʤʽʩʥʽ ʨʝʯʦʚʠʥʠ ʽ ʚʘʞʢʽ ʝʣʝʤʝʥʪʠ, ʘ ʪʘʢʦʞ ʙʦʨ. ɺʩʽ ʮʽ ʨʝʯʦʚʠʥʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʟʘʩʪʦʩʦʚʘʥʽ ʚ ʟʘʭʠʩʪʽ ʷʢ ʰʘʨʠ, ʱʦ ʯʝʨʛʫʶʪʴʩʷ, ʘʣʝ ʢʨʘʱʝ ʫ ʚʠʛʣʷʜʽ ʨʽʚʥʦʤʽʨʥʦʾ ʩʫʤʽʰʽ. 

ɹʝʪʦʥ ʷʚʣʷʻ ʩʦʙʦʶ ʩʘʤʝ ʪʘʢʫ ʨʽʚʥʦʤʽʨʥʫ ʩʫʤʽʰ ʟ ʝʣʝʤʝʥʪʽʚ ʟ ʨʽʟʥʠʤʠ ʤʘʩʦʚʠʤʠ ʯʠʩʣʘʤʠ.  

ɺʦʜʥʝʚʤʽʩʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʚ ʙʝʪʦʥʽ ʻ ʚʦʜʘ, ʭʽʤʽʯʥʦ ʟʚôʷʟʘʥʘ ʚ ʮʝʤʝʥʪʽ. ɺʘʞʢʽ 

ʤʘʪʝʨʽʘʣʠ ʚʚʦʜʷʪʴʩʷ ʫ ʙʝʪʦʥ ʫ ʚʠʛʣʷʜʽ ʚʘʞʢʦʛʦ ʮʝʤʝʥʪʫ, ʘʙʦ ʫ ʚʠʛʣʷʜʽ ʨʫʜ ʯʠ ʤʝʪʘʣʝʚʠʭ 

ʥʘʧʦʚʥʶʚʘʯʽʚ [4]. 

ɹʝʪʦʥ ʧʦʻʜʥʫʻ ʫ ʩʦʙʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʷʢʽ ʨʦʙʣʷʪʴ ʡʦʛʦ ʝʬʝʢʪʠʚʥʠʤ ʚ ʙʫʜʽʚʥʠʮʪʚʽ 

ʙʽʦʣʦʛʽʯʥʦʛʦ ʟʘʭʠʩʪʫ. 

ɹʽʦʣʦʛʽʯʥʠʡ ʟʘʭʠʩʪ ʷʜʝʨʥʠʭ ʫʩʪʘʥʦʚʦʢ ʤʘʻ ʚʝʣʠʢʠʡ ʦʙôʻʤ ʽ ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ, ʪʦʤʫ 

ʧʨʘʚʠʣʴʥʠʡ, ʪʝʭʥʽʯʥʦ ʽ ʝʢʦʥʦʤʽʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʠʡ ʚʠʙʽʨ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʮʴʦʛʦ ʟʘʭʠʩʪʫ ʤʘʻ 

ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʙʝʟʧʝʯʥʦʾ ʨʦʙʦʪʠ ʧʝʨʩʦʥʘʣʫ ʽ ʦʙʣʘʜʥʘʥʥʷ [5]. 
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ʆʎɯʅʂɸ ʊɽʍʅɯʏʅʆɻʆ ʉʊɸʅʋ ʊɸ ʈɽʉʋʈʉʋ ʂʆʈʇʋʉʋ ʈɽɸʂʊʆʈɸ ʇɯɼ ʏɸʉ 

ɽʂʉʇʃʋɸʊɸʎɯɰ ɸɽʉ

ɺ ʥʘʰʽʡ ʢʨʘʾʥʽ ɸɽʉ ʚʠʨʦʙʣʷʶʪʴ ʙʣʠʟʴʢʦ 45% ʚʽʜ ʫʩʽʻʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʘʣʝ, ʥʘʞʘʣʴ, 

ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʽʣʴʰʦʩʪʽ ʟ ʥʠʭ ʧʽʜʭʦʜʠʪʴ ʜʦ ʢʽʥʮʷ. ʉʘʤʝ ʪʦʤʫ ʽʥʞʝʥʝʨʠ ʥʘʰʦʾ ʢʨʘʾʥʠ 

ʰʫʢʘʶʪʴ ʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ, ʘʜʞʝ ʟʫʧʠʥ ʦʜʥʦʛʦ ʝʥʝʨʛʦʙʣʦʢʫ ɸɽʉ ʥʝʩʝ ʟʘ ʩʦʙʦʶ ʚʝʣʠʢʽ 

ʟʙʠʪʢʠ. ɼʘʥʘ ʧʨʦʙʣʝʤʘ ʻ ʘʢʪʫʘʣʴʥʦʶ ʚ ʥʘʰʽʡ ʢʨʘʾʥʽ, ʘʜʞʝ ʙʽʣʴʰʽʩʪʴ ʪʝʧʣʦʚʠʭ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʪʘʢʦʞ ʟʘʢʽʥʯʫʶʪʴ ʩʚʽʡ ʪʝʨʤʽʥ ʩʣʫʞʙʠ, ʘ ʪʘʢ ʟʚʘʥʘ ʟʝʣʝʥʘ ʛʝʥʝʨʘʮʽʷ ʥʘ ʜʘʥʠʡ 

ʤʦʤʝʥʪ ʥʝ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʜʦʙʫʪʦʢ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʪʘʢʠʭ ʦʙôʻʤʘʭ ʷʢ ʥʘ ɸɽʉ. ʊʦʤʫ, ʥʘ 

ʤʦʶ ʜʫʤʢʫ, ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʝʩʫʨʩ ʝʥʝʨʛʦʙʣʦʢʽʚ ɸɽʉ ʧʦ ʤʘʢʩʠʤʫʤʫ ʪʦʤʫ, ʱʦ 

ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʝʢʦʥʦʤʽʢʘ ʢʨʘʾʥʠ ʥʝ ʜʦʟʚʦʣʠʪʴ ʥʘʤ ʙʫʜʫʚʘʪʠ ʥʦʚʽ ʝʥʝʨʛʦʙʣʦʢʠ ʘʙʦ 

ʟʘʤʽʥʶʚʘʪʠ ʥʘʜʟʚʠʯʘʡʥʦ ʜʦʨʦʛʽ ʝʣʝʤʝʥʪʠ ɸɽʉ. ʆʩʥʦʚʥʠʤ ʥʝʟʘʤʽʥʥʠʤ ʝʣʝʤʝʥʪʦʤ, ʚʽʜ ʷʢʦʛʦ 

ʟʘʣʝʞʠʪʴ ʧʦʜʘʣʴʰʘ ʥʘʜʽʡʥʘ ʨʦʙʦʪʘ ʝʥʝʨʛʦʙʣʦʢʫ ʚ ʮʽʣʦʤʫ ʻ ʢʦʨʧʫʩ ʨʝʘʢʪʦʨʘ. ɿʘʤʽʥʘ ʜʘʥʦʛʦ 

ʝʣʝʤʝʥʪʘ ʻ ʝʢʦʥʦʤʽʯʥʦ ʥʝ ʚʠʧʨʘʚʜʘʥʦʶ ʟʘʪʨʘʪʦʶ, ʪʦʤʫ ʧʨʦʚʦʜʷʪʴ ʨʷʜ ʟʘʭʦʜʽʚ ʱʦʜʦ 

ʧʨʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʫ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʾ [1]. 

ɼʣʷ ʧʨʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʣʝʤʝʥʪʽʚ ʝʥʝʨʛʦʙʣʦʢʫ, ʘ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ 

ʩʘʤʝ ʢʦʨʧʫʩʫ ʨʝʘʢʪʦʨʘ, ʧʨʦʚʦʜʷʪʴ ʦʮʽʥʢʫ ʡʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʪʘ ʟʘʣʠʰʢʦʚʦʛʦ ʨʝʩʫʨʩʫ. 

ɼʘʥʘ ʧʨʦʛʨʘʤʘ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʠʪʘʥʥʷ ʱʦʜʦ ʧʨʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʫ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʨʧʫʩʽʚ ʨʝʘʢʪʦʨʽʚ, ʘʜʞʝ ʚ ʥʘʰʽʡ ʜʝʨʞʘʚʽ ʟʘʢʽʥʯʫʶʪʴʩʷ ʪʝʨʤʽʥʠ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʙʣʦʢʽʚ ɺɺɽʈ-1000, ʘ ʟʘʤʽʥʘ ʢʦʨʧʫʩʽʚ ʻ ʝʢʦʥʦʤʽʯʥʦ ʟʘʪʨʘʪʥʠʤʠ ʟʘʭʦʜʘʤʠ [1]. 

ʅʘ ʧʦʯʘʪʢʫ ʧʨʦʚʦʜʷʪʴ ʧʦʧʝʨʝʜʥʶ ʦʮʽʥʢʫ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʢʦʨʧʫʩʫ ʨʝʘʢʪʦʨʘ ʪʘ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʟʨʘʟʢʽʚ-ʩʚʽʜʢʽʚ ʥʘ ʦʜʥʦʦʩʴʦʚʠʡ, ʧʦʟʘʮʝʥʪʨʦʚʠʡ ʨʦʟʪʷʛ ʪʘ ʥʘ ʫʜʘʨʥʠʡ ʚʠʛʠʥ.  

ɻʦʣʦʚʥʦʶ ʤʝʪʦʶ ʧʦʧʝʨʝʜʥʴʦʾ ʦʮʽʥʢʠ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʻ ʧʦʨʽʚʥʷʥʠʡ ʘʥʘʣʽʟ 

ʬʘʢʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʘʪʝʨʽʘʣʽʚ ʢʦʨʧʫʩʫ, ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʚʽʜʭʠʣʝʥʴ ʚʽʜ ʥʦʨʤ, ʘ ʪʘʢʦʞ 

ʘʥʘʣʽʟ ʜʝʬʝʢʪʽʚ ʪʘ ʧʦʰʢʦʜʞʝʥʴ ʟ ʧʨʦʝʢʪʥʠʤʠ ʚʠʤʦʛʘʤʠ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʽʯʥʦʾ 

ʜʦʢʫʤʝʥʪʘʮʽʾ. ʊʘʢʦʞ ʚʘʞʣʠʚʠʤ ʧʠʪʘʥʥʷʤ ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʩʪʘʨʽʥʥʷ, ʘʜʞʝ ʚ 

ʩʫʢʫʧʥʦʩʪʽ ʚʦʥʠ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʤʽʥʠ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʨʦʟʪʨʽʩʢʫʚʘʥʥʷ ʪʘ 

ʨʫʡʥʫʚʘʥʥʷ ʤʝʪʘʣʫ [2]. 

ʇʨʦʛʨʘʤʘ ʟʨʘʟʢʽʚ-ʩʚʽʜʢʽʚ [3] ʧʝʨʝʜʙʘʯʘʻ ʢʦʥʪʨʦʣʴ ʟʤʽʥʠ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʝʪʘʣʫ 

ʢʦʨʧʫʩʫ. ɿʨʘʟʢʠ-ʩʚʽʜʢʠ ʚʠʛʦʪʦʚʣʷʶʪʴ ʥʘ ʪʦʤʫ ʩʘʤʦʤʫ ʟʘʚʦʜʽ ʜʝ ʚʠʛʦʪʦʚʣʷʶʪʴ ʢʦʨʧʫʩ, 

ʧʨʠʪʨʠʤʫʶʯʠʩʴ ʫʩʽʭ ʪʝʭʥʦʣʦʛʽʡ ʚʠʛʦʪʦʚʣʝʥʥʷ. ɺʦʥʠ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʟ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ 

(ʤʝʪʘʣʫ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘʚʧʨʦʪʠ ʘʢʪʠʚʥʦʾ ʟʦʥʠ), ʤʝʪʘʣʫ ʟʚʘʨʥʦʛʦ ʰʚʫ ʪʘ ʤʝʪʘʣʫ ʟʦʥʠ 

ʪʝʨʤʽʯʥʦʛʦ ʚʧʣʠʚʫ. ɿʨʘʟʢʠ-ʩʚʽʜʢʠ ʚʠʧʨʦʙʦʚʫʶʪʴ ʥʘ ʨʦʟʪʷʛ, ʫʜʘʨʥʠʡ ʚʠʛʠʥ, ʨʦʟʚʠʪʦʢ ʪʨʽʱʠʥ 

ʪʘ ʤʘʣʦʮʠʢʣʽʯʥʫ ʚʪʦʤʫ. 

ɺʩʽ ʟʘʚʘʥʪʘʞʝʥʽ ʚ ʨʝʘʢʪʦʨ ʟʨʘʟʢʠ ʫʢʦʤʧʣʝʢʪʦʚʫʶʪʴ ʚ ʢʦʥʪʝʡʥʝʨʠ. ʂʦʥʪʝʡʥʝʨʥʽ 

ʟʙʽʨʢʠ, ʱʦ ʦʧʨʦʤʽʥʶʶʪʴʩʷ, ʚʩʪʘʥʦʚʣʶʶʪʴ ʚ ʧʨʦʩʪʽʨ ʤʽʞ ʚʝʨʭʥʽʤ ʪʦʨʮʝʤ ʚʠʛʦʨʦʜʢʠ ʽ 

ʥʠʞʥʽʤ ʪʦʨʮʝʤ ʙʣʦʢʫ ʟʘʭʠʩʥʠʭ ʪʨʫʙ ʚ ʩʧʝʮʽʘʣʴʥʠʭ ʪʨʫʙʘʭ, ʧʨʠʚʘʨʝʥʠʭ ʜʦ ʚʝʨʭʥʴʦʛʦ ʪʦʨʮʷ 

ʚʠʛʦʨʦʜʢʠ.  

ʂʦʤʧʣʝʢʪʠ, ʱʦ ʦʧʨʦʤʽʥʶʶʪʴʩʷ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʧʽʣʴʥʦʛʦ ʚʧʣʠʚʫ 

ʦʧʨʦʤʽʥʝʥʥʷ ʪʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʧʣʠʚʫ. ʊʝʤʧʝʨʘʪʫʨʥʽ ʢʦʤʧʣʝʢʪʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʠʷʚʣʝʥʥʷ 

ʪʝʧʣʦʚʦʛʦ ʩʪʘʨʽʥʥʷ ʤʘʪʝʨʽʘʣʫ. 

ʄʦʜʝʨʥʽʟʘʮʽʷ ʢʦʥʪʝʡʥʝʨʥʠʭ ʟʙʽʨʦʢ ʧʦʣʷʛʘʻ ʚ ʟʤʽʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ 

ʟʘʙʝʟʧʝʯʠʪʠ ʦʧʨʦʤʽʥʝʥʥʷ ʟʨʘʟʢʽʚ ʚ ʢʦʥʪʝʡʥʝʨʽ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʠʤ ʧʦʪʦʢʦʤ ʥʝʡʪʨʦʥʽʚ. 

ʄʦʜʝʨʥʽʟʦʚʘʥʘ ʢʦʥʪʝʡʥʝʨʥʘ ʟʙʽʨʢʘ ʚʤʽʱʫʻ ʚ ʩʝʙʝ ʟʨʘʟʢʠ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʦʜʥʦʚʽʩʥʠʡ, 

ʧʦʟʘʮʝʥʪʨʦʚʠʡ ʨʦʟʪʷʛ ʪʘ ʫʜʘʨʥʠʡ ʚʠʛʠʥ. ɼʘʣʽ ʧʨʦʚʦʜʷʪʴ ʪʝʧʣʦʛʽʜʨʘʚʣʽʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ 

(ʤʝʪʦʶ ʷʢʦʛʦ ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʘʡʙʽʣʴʰ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʧʦʜʽʡ), ʨʦʟʨʘʭʫʥʦʢ ʥʘ ʤʽʮʥʽʩʪʴ 

(ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʦʢʘʟʥʠʢʠ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʤʘʪʝʨʽʘʣ) ʪʘ ʨʦʟʨʘʭʫʥʦʢ ʥʘ 

ʩʝʡʩʤʽʯʥʠʡ ʚʧʣʠʚ [4].  
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ɸʥʘʣʽʟ ʫʤʦʚ ʦʧʦʨʫ ʢʨʠʭʢʦʤʫ ʨʫʡʥʫʚʘʥʥʶ ʚʠʢʦʥʫʻʪʴʩʷ ʟ ʤʝʪʦʶ ʪʦʛʦ, ʱʦ ʫ ʚʩʽʭ 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʪʦʯʢʘʭ ʪʨʽʱʠʥʠ ʚ ʤʘʪʝʨʽʘʣʽ, ʧʦʩʪʫʣʴʦʚʘʥʦʾ ʚ ʢʨʠʪʠʯʥʠʭ ʟʦʥʘʭ ʢʦʨʧʫʩʫ, ʧʨʠ 

ʫʩʽʭ ʨʝʞʠʤʘʭ ʽ ʧʨʦʝʢʪʥʠʭ ʘʚʘʨʽʡ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʧʨʫʞʝʥʥʷ ʥʝ ʧʝʨʝʚʠʱʠʪʴ ʜʦʧʫʩʪʠʤʝ 

ʟʥʘʯʝʥʥʷ. ɿʘ ʜʘʥʠʤ ʢʨʠʪʝʨʽʻʤ ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʨʧʫʩʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʧʝʨʽʦʜ ʯʘʩʫ, 

ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʝ ʜʦʩʷʛʥʝ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʢʨʠʭʢʦʩʪʽ 

ʤʘʪʝʨʽʘʣʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʚʚʘʞʘʻʪʴʩʷ ʟʘʙʝʟʧʝʯʫʶʯʠʤ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ 

ʢʦʨʧʫʩʫ, ʷʢʱʦ ʟʥʘʯʝʥʥʷ ʚʠʟʥʘʯʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʝ ʜʦʩʷʛʘʶʪʴ ʛʨʘʥʠʯʥʦ-ʜʦʧʫʩʪʠʤʠʭ 

ʟʥʘʯʝʥʴ.  

ʅʝʦʙʭʽʜʥʦ ʱʦʙ ʢʦʨʧʫʩ ʟʘʙʝʟʧʝʯʫʚʘʚ ʮʽʣʽʩʥʽʩʪʴ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʚʩʽʭ ʨʦʙʦʯʠʭ 

ʬʫʥʢʮʽʡ. ʇʨʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʦʞʣʠʚʝ ʥʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ 

ʚʠʧʨʦʙʫʚʘʥʴ ʪʘ ʨʦʟʨʘʭʫʥʢʽʚ, ʥʘʢʦʧʠʯʝʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʤʘʪʝʨʽʘʣʫ ʢʦʨʧʫʩʫ 

ʥʘ ʧʝʨʽʦʜ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʾ. 
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ʌʆʈʄʋɺɸʅʅʗ ɺʀʍɯɼʅʀʍ ɼɸʅʀʍ ɼʃʗ ɯʄʆɺɯʈʅɯʉʊʅʆɻʆ ɸʅɸʃɯɿʋ 

ɹɽɿʇɽʂʀ ɺɯɼ ʉɽʁʉʄɯʏʅʀʍ ɺʇʃʀɺɯɺ 

ʆʜʥʠʤ ʟ ʝʪʘʧʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʥʘ ʘʪʦʤʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʩʪʘʥʮʽʷʭ ʻ ʧʨʦʚʝʜʝʥʥʷ 

ʘʥʘʣʽʟʫ ʙʝʟʧʝʢʠ ʷʢ ʽ ʥʘ ʩʪʘʜʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʪʘʢ ʽ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʥʝʨʛʦʙʣʦʢʫ. ɸʥʘʣʽʟ 

ʙʝʟʧʝʢʠ ʘʪʦʤʥʠʭ ʩʪʘʥʮʽʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʦʻʜʥʘʥʥʽ ʜʝʪʝʨʤʽʥʽʩʪʠʯʥʦʛʦ ʪʘ ʽʤʦʚʽʨʥʽʩʪʥʦʛʦ 

ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʙʝʟʧʝʢʠ [1]. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʥʘʡʙʽʣʴʰ ʪʦʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʝʨʝʣʽʢ ʚʠʭʽʜʥʠʭ 

ʧʦʜʽʡ ʜʣʷ ʘʥʘʣʽʟʫ ʙʝʟʧʝʢʠ ʤʘʻ ʚʢʣʶʯʘʪʠ ʚʩʽ ʤʦʞʣʠʚʽ ʚʥʫʪʨʽʰʥʽ ʪʘ ʟʦʚʥʽʰʥʽ ʧʦʜʽʾ, ʘ ʪʘʢʦʞ ʾʭ 

ʤʦʞʣʠʚʽ ʢʦʤʙʽʥʘʮʽʾ. 

ɼʣʷ ʨʦʟʨʦʙʢʠ ʧʦʚʥʦʛʦ ʽʤʦʚʽʨʥʽʩʥʦʛʦ ʘʥʘʣʽʟʫ ʙʝʟʧʝʢʠ ʧʝʨʰʦʛʦ ʨʽʚʥʷ ʥʝʦʙʭʽʜʥʝ 

ʚʠʢʦʥʘʥʥʷ ʽʤʦʚʽʨʥʽʩʥʦʛʦ ʘʥʘʣʽʟʫ ʙʝʟʧʝʢʠ ʚʽʜ ʩʝʡʩʤʽʯʥʠʭ ʚʧʣʠʚʽʚ ʜʣʷ ʚʩʽʭ ʢʘʪʝʛʦʨʽʡ 

ʚʠʭʽʜʥʠʭ ʧʦʜʽʡ ʪʘ ʜʣʷ ʚʩʽʭ ʤʦʞʣʠʚʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʩʪʘʥʽʚ ʙʣʦʢʽʚ ʘʪʦʤʥʠʭ ʩʪʘʥʮʽʡ, ʱʦ 

ʧʨʦʝʢʪʫʶʪʴʩʷ, ʩʧʦʨʫʜʞʫʶʪʴʩʷ ʘʙʦ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ. 

ɼʝʪʘʣʴʥʽʩʪʴ ʪʘ ʛʣʠʙʠʥʘ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʝ ʟʘʣʝʞʘʪʠ ʚʽʜ ʩʘʤʦʾ ʮʽʣʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʨʽʚʥʷ ʩʝʡʩʤʽʯʥʦʩʪʽ ʥʘ ʤʽʩʮʝʚʦʩʪʽ. ɼʦʩʣʽʜʞʝʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʚʩʽʭ 

ʪʠʧʘʭ ʨʝʘʢʪʦʨʽʚ. 

ɺ ʩʚʦʶ ʯʝʨʛʫ, ʽʤʦʚʽʨʥʽʩʥʠʡ ʘʥʘʣʽʟ ʙʝʟʧʝʢʠ ʚʽʜ ʩʝʡʩʤʽʯʥʠʭ ʚʧʣʠʚʽʚ ʤʦʞʝ 

ʚʠʢʦʥʫʚʘʪʠʩʷ ʜʣʷ [2]: 

¶ ɿʘʙʝʟʧʝʯʝʥʥʷ ʚʠʢʦʥʘʥʥʷ ʥʦʨʤʘʪʠʚʥʠʭ ʚʠʤʦʛ ʱʦʜʦ ʣʽʮʝʥʟʫʚʘʥʥʷ ʝʥʝʨʛʦʙʣʦʢʽʚ; 

¶ ʇʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʩʝʡʩʤʽʯʥʦʾ ʙʝʟʧʝʢʠ; 

¶ ʉʧʨʠʷʥʥʷ ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʧʨʦʛʨʘʤʠ ʧʦ ʫʧʨʘʚʣʽʥʥʶ ʨʠʟʠʢʘʤʠ; 

¶ ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʙʝʟʧʝʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʥʝʨʛʦʙʣʦʢʽʚ ʫ ʧʦʥʘʜʧʨʦʝʢʪʥʠʡ 

ʪʝʨʤʽʥ. 

ɯʤʦʚʽʨʥʽʩʥʠʡ ʘʥʘʣʽʟ ʙʝʟʧʝʢʠ ʚʽʜ ʩʝʡʩʤʽʯʥʠʭ ʚʧʣʠʚʽʚ ʻ ʜʦʩʪʘʪʥʴʦ ʥʦʚʠʤ ʥʘʧʨʷʤʦʤ ʚ 

ʋʢʨʘʾʥʽ. ʅʘ ʨʘʟʽ ʨʦʙʦʪʠ ʟ ʚʠʢʦʥʘʥʥʷ ʽʤʦʚʽʨʥʽʩʥʦʛʦ ʘʥʘʣʽʟʫ ʙʝʟʧʝʢʠ ʚʽʜ ʩʝʡʩʤʽʯʥʠʭ ʚʧʣʠʚʽʚ 

ʨʦʟʧʦʯʘʪʦ ʣʠʰʝ ʜʣʷ ʦʢʨʝʤʠʭ ʝʥʝʨʛʦʙʣʦʢʽʚ ɿʘʧʦʨʽʟʴʢʦʾ ɸɽʉ. ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʪʘʢʠʭ ʨʦʙʽʪ 

ʚʽʪʯʠʟʥʷʥʽ ʬʘʭʽʚʮʽ ʦʧʠʨʘʶʪʴʩʷ ʥʘ ʧʝʨʝʜʦʚʠʡ ʜʦʩʚʽʜ ʧʨʦʚʽʜʥʠʭ ʟʘʨʫʙʽʞʥʠʭ ʥʘʫʢʦʚʠʭ 

ʫʩʪʘʥʦʚ ʪʘ ʤʽʞʥʘʨʦʜʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ. 

ʋ ʜʦʧʦʚʽʜʽ ʚʠʢʦʥʫʻʪʴʩʷ ʘʥʘʣʽʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʠʢʦʥʘʥʥʷ ʽʤʦʚʽʨʥʽʩʥʦʛʦ ʘʥʘʣʽʟʫ 

ʙʝʟʧʝʢʠ ʚʽʜ ʩʝʡʩʤʽʯʥʠʭ ʚʧʣʠʚʽʚ. 

ʆʩʦʙʣʠʚʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʽʤʦʚʽʨʥʽʩʥʦʛʦ ʘʥʘʣʽʟʫ ʙʝʟʧʝʢʠ ʚʽʜ ʩʝʡʩʤʽʯʥʠʭ ʚʧʣʠʚʽʚ 

ʧʦʚôʷʟʘʥʘ ʟ ʫʥʽʢʘʣʴʥʠʤ ʭʘʨʘʢʪʝʨʦʤ ʜʽʾ ʩʝʡʩʤʽʯʥʦʛʦ ʨʠʟʠʢʫ. ɿʝʤʣʝʪʨʫʩ ʚʠʢʣʠʢʘʻ ʦʜʥʦʯʘʩʥʽ 

ʤʦʞʣʠʚʽ ʚʽʜʤʦʚʠ ʦʙʣʘʜʥʘʥʥʷ ʟ ʟʘʛʘʣʴʥʠʭ ʧʨʠʯʠʥ ʪʘ ʜʽʻ ʥʘ ʚʝʩʴ ʤʘʡʜʘʥʯʠʢ ʘʪʦʤʥʦʾ ʩʪʘʥʮʽʾ, 

ʪʦʙʪʦ ʚʩʝ ʦʙʣʘʜʥʘʥʥʷ ʧʨʠʧʘʜʘʻ ʧʽʜ ʜʽʶ ʟʝʤʣʝʪʨʫʩʫ. ʊʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʥʘʜʽʡʥʦʩʪʽ ʷʢ ʫ ʪʠʧʦʚʦʤʫ ʽʤʦʚʽʨʥʽʩʥʦʤʫ ʘʥʘʣʽʟʽ ʙʝʟʧʝʢʠ ʚʽʜ ʽʥʰʠʭ ʥʝʙʝʟʧʝʢ 

ʻ ʥʝʝʬʝʢʪʠʚʥʠʤ ʪʘ ʥʝ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʢʦʨʝʢʪʥʠʡ ʨʝʟʫʣʴʪʘʪ. ɺ ʽʤʦʚʽʨʥʽʩʥʦʤʫ ʘʥʘʣʽʟʽ 

ʙʝʟʧʝʢʠ ʚʽʜ ʩʝʡʩʤʽʯʥʠʭ ʚʧʣʠʚʽʚ ʚ ʷʢʦʩʪʽ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫʤʦʚʥʘ 

ʽʤʦʚʽʨʥʽʩʪʴ ʚʽʜʤʦʚʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʽʚʥʷ ʩʝʡʩʤʽʯʥʦʛʦ ʚʧʣʠʚʫ. ʎʽ ʟʥʘʯʝʥʥʷ ʫʤʦʚʥʦʾ 

ʽʤʦʚʽʨʥʦʩʪʽ ʚʽʜʤʦʚʠ ʦʪʨʠʤʫʶʪʴ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʢʦʥʘʥʥʷ ʪʘʢʠʭ ʘʥʘʣʽʟʽʚ ʷʢ [3]: 

¶ ɸʥʘʣʽʟ ʩʝʡʩʤʽʯʥʦʾ ʥʝʙʝʟʧʝʢʠ ʤʘʡʜʘʥʯʠʢʫ ɸɽʉ; 

¶ ɸʥʘʣʽʟ ʧʦʰʢʦʜʞʫʚʘʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʝʥʝʨʛʦʙʣʦʢʫ. 

ɻʦʣʦʚʥʦʶ ʤʝʪʦʶ ʘʥʘʣʽʟʫ ʩʝʡʩʤʽʯʥʦʾ ʥʝʙʝʟʧʝʢʠ ʤʘʡʜʘʥʯʠʢʫ ʘʪʦʤʥʦʾ ʩʪʘʥʮʽʾ ʻ 

ʚʠʟʥʘʯʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʯʘʩʪʦʪʠ ʟʝʤʣʝʪʨʫʩʫ ʚʽʜ ʨʽʚʥʷ ʧʽʢʦʚʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ˇʨʫʥʪʫ, ʪʦʙʪʦ 

ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ ʽʥʽʮʽʶʚʘʥʥʷ ʩʝʡʩʤʽʯʥʦʾ ʧʦʜʽʾ. ʏʘʩʪʦʪʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʦʮʽʥʝʥʽ ʧʦ ʚʩʴʦʤʫ 

ʜʽʘʧʘʟʦʥʫ ʤʦʞʣʠʚʠʭ ʩʝʡʩʤʽʯʥʠʭ ʨʽʚʥʽʚ. ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʡʩʤʽʯʥʦʛʦ ʨʫʭʫ ʟʘʟʚʠʯʘʡ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢʠʡ ʧʘʨʘʤʝʪʨ ʷʢ ʧʽʢʦʚʝ ʧʨʠʩʢʦʨʝʥʥʷ ˇʨʫʥʪʫ. 
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 ɿʝʤʣʝʪʨʫʩʠ ʨʽʟʥʠʭ ʨʽʚʥʽʚ ʪʘ ʨʽʟʥʠʭ ʜʞʝʨʝʣ ʥʘʚʢʦʣʦ ʜʽʣʷʥʢʠ ʤʘʡʜʘʥʯʠʢʫ ɸɽʉ ʤʦʞʫʪʴ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʦʜʥʦʛʦ ʽ ʪʦʛʦ ʞ ʨʫʭʫ ˇʨʫʥʪʫ ʥʘ ʤʘʡʜʘʥʯʠʢʫ ɸɽʉ. ɸʥʘʣʽʟ ʩʝʡʩʤʽʯʥʦʾ ʥʝʙʝʟʧʝʢʠ 

ʤʘʡʜʘʥʯʠʢʫ ʘʪʦʤʥʦʾ ʩʪʘʥʮʽʾ ʤʘʻ ʚʨʘʭʦʚʫʚʘʪʠ ʚʩʽ ʜʞʝʨʝʣʘ ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʛʨʫʧʫʚʘʪʠ ʾʭ ʧʽʜ ʯʘʩ 

ʦʮʽʥʢʠ ʯʘʩʪʦʪʠ ʚʠʥʠʢʥʝʥʥʷ ʜʣʷ ʢʦʞʥʦʛʦ ʨʽʚʥʷ ʧʽʢʦʚʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ˇʨʫʥʪʫ. 

 ɺʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʫ ʚʠʢʦʥʘʥʥʽ ʽʤʦʚʽʨʥʽʩʥʦʛʦ ʘʥʘʣʽʟʫ ʚʽʜ ʩʝʡʩʤʽʯʥʠʭ ʚʧʣʠʚʽʚ ʻ 

ʘʥʘʣʽʟ ʧʦʰʢʦʜʞʫʚʘʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʝʥʝʨʛʦʙʣʦʢʫ. ʄʝʪʦʶ ʘʥʘʣʽʟʫ ʧʦʰʢʦʜʞʫʚʘʥʦʩʪʽ 

ʝʣʝʤʝʥʪʽʚ ʝʥʝʨʛʦʙʣʦʢʫ ʻ ʦʮʽʥʢʘ ʩʪʽʡʢʦʩʪʽ ʚʘʞʣʠʚʠʭ ʝʣʝʤʝʥʪʽʚ ʦʙʣʘʜʥʘʥʥʷ ʘʙʦ ʩʠʩʪʝʤ ʯʝʨʝʟ 

ʪʘʢʠʡ ʧʘʨʘʤʝʪʨ ʷʢ ʧʽʢʦʚʝ ʧʨʠʩʢʦʨʝʥʥʷ ˇʨʫʥʪʫ. ʇʦʰʢʦʜʞʫʚʘʥʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʦʙʣʘʜʥʘʥʥʷ ʘʙʦ 

ʩʠʩʪʝʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʨʠʚʦʶ, ʟʘ ʷʢʦʶ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʫʤʦʚʥʫ ʽʤʦʚʽʨʥʽʩʪʴ ʚʽʜʤʦʚʠ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ ʧʽʢʦʚʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ˇʨʫʥʪʫ.  

 ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʚ ʮʽʣʦʤʫ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʽʜʭʦʜʫ ʜʦ ʚʠʢʦʥʘʥʥʷ 

ʘʥʘʣʽʟʫ ʧʦʰʢʦʜʞʫʚʘʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʝʥʝʨʛʦʙʣʦʢʫ.  

 ʆʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʨʦʙʦʪʠ ʻ ʧʦʙʫʜʦʚʘ ʢʨʠʚʦʾ ʟʘʣʝʞʥʦʩʪʽ ʫʤʦʚʥʦʾ ʽʤʦʚʽʨʥʦʩʪʽ 

ʚʽʜʤʦʚʠ ʦʙʣʘʜʥʘʥʥʷ ʝʥʝʨʛʦʙʣʦʢʫ ʚʽʜ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ ʧʽʢʦʚʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ˇʨʫʥʪʫ. ɼʣʷ 

ʚʠʢʦʥʘʥʥʷ ʜʘʥʦʛʦ ʟʘʚʜʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʜʦʩʣʽʜʠʪʠ ʪʘ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʧʨʠʡʥʷʪʽ ʽʥʦʟʝʤʥʠʤʠ 

ʬʘʭʽʚʮʷʤʠ ʧʽʜʭʦʜʠ ʜʦ ʘʥʘʣʽʟʫ ʧʦʰʢʦʜʞʫʚʘʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʝʥʝʨʛʦʙʣʦʢʫ, ʚʩʪʘʥʦʚʠʪʠ ʻʜʠʥʠʡ 

ʧʽʜʭʽʜ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʙʫʜʝ ʚʠʢʦʥʫʚʘʪʠʩʷ ʧʦʙʫʜʦʚʘ ʢʨʠʚʦʾ ʧʦʰʢʦʜʞʫʚʘʥʦʩʪʽ, ʪʘ 

ʧʨʦʚʝʩʪʠ ʟʙʽʨ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʥʝʦʙʭʽʜʥʽ ʚʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʦʙʨʘʥʦʛʦ ʧʽʜʭʦʜʫ. 
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ɸʅɸʃɯɿ ʇɯɼʍʆɼɯɺ ɼʆ ɿɸɹɽɿʇɽʏɽʅʅʗ ʑɯʃʔʅʆʉʊɯ ɻʆʃʆɺʅʆɻʆ ʈʆɿ'ɭʄʋ 

ʈɽɸʂʊʆʈɸ ɺɺɽʈ-1000 

 

 

ʈʝʘʢʪʦʨ ʻ ʢʣʶʯʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʝʥʝʨʛʦʙʣʦʢʫ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʟʘʤʽʥʽ ʥʝ ʧʽʜʣʷʛʘʻ, ʘ ʡʦʛʦ 

ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʻ ʦʜʥʠʤ ʽʟ ʚʠʨʽʰʘʣʴʥʠʭ ʬʘʢʪʦʨʽʚ ʧʨʦʜʦʚʞʝʥʥʷ ʝʢʩʧʫʘʪʘʮʽʾ ʝʥʝʨʛʦʙʣʦʢʫ. 

ɻʝʨʤʝʪʠʯʥʽʩʪʴ ʫʩʽʻʾ ʢʦʥʩʪʨʫʢʮʽʾ ʨʝʘʢʪʦʨʘ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʛʦʣʦʚʥʠʤ ʨʦʟôʻʤʦʤ, ʷʢʠʡ ʻ ʦʜʥʠʤ 

ʟ ʥʘʡʙʽʣʴʰ ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʚʫʟʣʽʚ. ʁʦʛʦ ʨʦʙʦʯʠʡ ʩʪʘʥ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʡ ʜʣʷ ʙʝʟʧʝʢʠ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʨʝʘʢʪʦʨʘ ʽ ʘʪʦʤʥʦʾ ʩʪʘʥʮʽʾ ʚ ʮʽʣʦʤʫ. ʆʧʝʨʘʮʽʾ ʨʝʤʦʥʪʫ ʫʱʽʣʴʥʶʶʯʠʭ ʧʦʚʝʨʭʦʥʴ 

ʢʨʠʰʢʠ ʚʝʨʭʥʴʦʛʦ ʙʣʦʢʫ ʽ ʛʦʣʦʚʥʦʛʦ ʨʦʟ'ʻʤʫ ʢʦʨʧʫʩʫ ʨʝʘʢʪʦʨʘ ʻ ʫʥʽʢʘʣʴʥʠʤʠ, ʪʦʤʫ ʱʦ 

ʧʨʦʚʦʜʷʪʴʩʷ ʙʝʟ ʜʝʤʦʥʪʘʞʫ ʦʩʥʦʚʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ. 

ʂʦʞʥʘ ʨʦʟʛʝʨʤʝʪʠʟʘʮʽʷ ʨʝʘʢʪʦʨʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʬʽʟʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʜʝʬʦʨʤʘʮʽʾ 

ʢʦʤʧʦʥʝʥʪʽʚ ɻʈʈ. ʊʦʤʫ, ʧʽʩʣʷ ʨʦʟʛʝʨʤʝʪʠʟʘʮʽʾ ʚ ʦʙʦʚôʷʟʢʦʚʦʤʫ ʧʦʨʷʜʢʫ ʧʨʦʚʦʜʠʪʴʩʷ 

ʢʦʥʪʨʦʣʴ ʜʝʬʝʢʪʽʚ ɻʈʈ. ɿʘ ʫʤʦʚʠ, ʱʦ ʟʥʘʡʜʝʥʽ ʜʝʬʝʢʪʠ ʻ ʢʨʠʪʠʯʥʠʤʠ, ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ 

ʨʝʤʦʥʪ. ʆʩʢʽʣʴʢʠ ʧʨʦʮʝʜʫʨʘ ʨʝʤʦʥʪʫ ʻ ʜʦʨʦʛʦʶ ʽ ʩʢʣʘʜʥʦʶ, ʟʙʽʣʴʰʝʥʥʷ ʪʝʨʤʽʥʫ 

ʙʝʟʚʽʜʤʦʚʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʤʧʦʥʝʥʪʽʚ ɻʈʈ ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ. 

ʅʘʢʦʧʠʯʝʥʠʡ ʜʦʩʚʽʜ ʝʢʩʧʣʫʘʪʘʮʽʾ ʨʝʘʢʪʦʨʥʠʭ ʫʩʪʘʥʦʚʦʢ (ʈʋ) ʟ ɺɺɽʈ ʧʦʢʘʟʘʚ, ʱʦ ʚ 

ʮʽʣʦʤʫ ʧʨʠʡʥʷʪʘ ʚ ʧʨʦʝʢʪʘʭ ʈʋ ʟ ɺɺɽʈ ʢʦʥʩʪʨʫʢʮʽʷ ʚʫʟʣʘ ʫʱʽʣʴʥʝʥʥʷ ʛʦʣʦʚʥʦʛʦ ʨʦʟ'ʻʤʫ 

ʨʝʘʢʪʦʨʘ (ɻʈʈ) ʟʘʙʝʟʧʝʯʫʻ ʥʘʜʽʡʥʫ ʨʦʙʦʪʫ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʮʝ, ʧʦʯʠʥʘʶʯʠ ʟ 1985 ʨʦʢʫ, ʥʘ 

ʫʱʽʣʴʥʶʶʯʽʡ ʧʦʚʝʨʭʥʽ ʽ ʚ ʢʘʥʘʚʢʘʭ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʫʢʣʘʜʘʥʥʷ ʚ ʥʠʭ ʧʨʫʪʢʦʚʠʭ 

ʥʽʢʝʣʝʚʠʭ ʧʨʦʢʣʘʜʦʢ ʟ ʤʝʪʦʶ ʫʱʽʣʴʥʝʥʥʷ ɻʈʈ, ʩʪʘʣʠ ʚʠʷʚʣʷʪʠʩʷ ʤʽʢʨʦʪʨʽʱʠʥʠ, ʟʘʙʦʾʥʠ ʪʘ 

ʽʥʰʽ ʜʝʬʝʢʪʠ. ɸʥʘʣʽʟ ʮʠʭ ʜʝʬʝʢʪʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʧʨʠʯʠʥʦʶ ʾʭ ʫʪʚʦʨʝʥʥʷ ʻ ʢʦʨʦʟʽʡʥʝ 

ʨʦʟʪʨʽʩʢʫʚʘʥʥʷ ʤʝʪʘʣʫ (ʥʘʧʣʘʚʣʝʥʦʾ ʧʦʚʝʨʭʥʽ) ʚʥʘʩʣʽʜʦʢ ʥʘʧʨʫʞʝʥʴ, ʚʠʢʣʠʢʘʥʠʭ ʥʘʷʚʥʽʩʪʶ 

ʘʛʨʝʩʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʬʣʘʥʮʽ ʢʦʨʧʫʩʫ ʨʝʘʢʪʦʨʘ, ʘ ʪʘʢʦʞ ʥʠʟʴʢʦʾ ʢʫʣʴʪʫʨʠ ʚʠʢʦʥʘʥʥʷ 

ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʨʝʤʦʥʪʫ ʦʙʣʘʜʥʘʥʥʷ ʈʋ, ʚ ʪʦʤʫ ʯʠʩʣʽ ɻʈʈ [1]. 

 ɺ ʜʦʧʦʚʽʜʽ ʧʨʦʚʦʜʠʪʴʩʷ ʘʥʘʣʽʟ ʤʦʞʣʠʚʦʩʪʽ ʧʦʢʨʘʱʝʥʥʷ ʧʨʦʮʝʜʫʨʠ ʚʽʜʥʦʚʣʝʥʥʷ 

ʱʽʣʴʥʦʩʪʽ ɻʈʈ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʚʛʦʪʨʠʚʘʣʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʡʦʛʦ ʢʦʤʧʦʥʝʥʪʽʚ ʙʝʟ 

ʧʦʛʽʨʰʝʥʥʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʚʪʨʘʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ. 

 ɸʥʘʣʽʟʫʶʪʴʩʷ ʽʩʥʫʶʯʽ ʧʨʦʮʝʜʫʨʠ ʚʽʜʥʦʚʣʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ɻʈʈ. ɺʦʥʠ ʧʝʨʝʜʙʘʯʘʶʪʴ 

ʘʙʦ ʨʫʯʥʫ ʚʠʙʽʨʢʫ ʜʝʬʝʢʪʥʠʭ ʫʯʘʩʪʢʽʚ ʪʘ ʾʭ ʧʦʜʘʣʴʰʝ ʟʘʧʣʘʚʣʝʥʥʷ, ʘʙʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʧʝʮʽʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ UR-3000R ʟʽ ʟʤʽʥʥʠʤʠ ʤʦʜʫʣʷʤʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʥʫʚʘʪʠ 

ʬʨʝʟʝʨʥʽ, ʪʦʢʘʨʥʽ, ʟʚʘʨʶʚʘʣʴʥʽ, ʩʚʝʨʣʠʣʴʥʽ ʪʘ ʰʣʽʬʦʚʘʣʴʥʽ ʨʦʙʦʪʠ. ʇʦʢʘʟʘʥʦ, ʱʦ ʰʚʠʜʢʽʩʪʴ 

ʥʘʢʦʧʠʯʝʥʥʷ ʜʝʬʝʢʪʽʚ ʥʘ ʤʝʪʘʣʽ ɻʈʈ, ʯʝʨʝʟ ʷʢʽ ʚʪʨʘʯʘʻʪʴʩʷ ʾʾ ʱʽʣʴʥʽʩʪʴ, ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʧʨʦʮʝʜʫʨʠ ʥʘʧʣʘʚʢʠ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʨʦʙʽʪ ʟ ʚʽʜʥʦʚʣʝʥʥʷ ʱʽʣʴʥʦʩʪʽ [2]. 

ɿ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʚʫʟʣʘ ʫʱʽʣʴʥʝʥʥʷ ɻʈʈ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʽʜ ʯʘʩ ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ ʪʝʭʥʦʣʦʛʽʶ CMT (Cold Metal Transfer ï ʭʦʣʦʜʥʠʡ 

ʧʝʨʝʥʦʩ ʤʝʪʘʣʫ). CMT ʧʨʦʮʝʩ - ʮʝ MIG / MAG ʧʨʦʮʝʩ, ʷʢʠʡ ʤʘʻ ʘʙʩʦʣʶʪʥʦ ʥʦʚʠʡ ʪʠʧ 

ʚʽʜʨʠʚʫ ʢʨʘʧʣʽ [3]. ɿ ʥʘʟʚʠ ʟʨʦʟʫʤʽʣʦ, ʱʦ ʧʨʦʮʝʩ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ çʭʦʣʦʜʥʠʡè ʧʝʨʝʥʦʩ 

ʤʝʪʘʣʫ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʘʙʦ ʧʘʡʮʽ. ʋ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʟʚʠʯʘʡʥʠʤ MIG / MAG ʧʨʦʮʝʩʦʤ, ʪʫʪ 

ʚʢʣʘʜʘʻʪʴʩʷ ʟʥʘʯʥʦ ʤʝʥʰʝ ʪʝʧʣʘ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʘʩʪʦʩʦʚʫʚʘʪʠ CMT ʧʨʦʮʝʩ ʪʘʤ, ʜʝ ʨʘʥʽʰʝ 

ʪʝʭʥʦʣʦʛʽʾ MIG/MAG ʟʚʘʨʶʚʘʥʥʷ ʙʫʣʦ ʚʢʨʘʡ ʚʘʞʢʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ.  

ʉʘʤ ʧʨʦʮʝʩ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʟʚʘʨʶʚʘʥʥʽ ʢʦʨʦʪʢʠʤ ʟʘʤʠʢʘʥʥʷʤ. ʇʽʜ ʯʘʩ ʪʘʢʦʛʦ ʧʨʦʮʝʩʫ 

ʫʪʚʦʨʝʥʥʷ ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʥʘʯʥʠʤ ʧʽʜʚʠʱʝʥʥʷʤ ʩʪʨʫʤʫ (ʨʽʟʢʠʤ 

ʟʥʠʞʝʥʥʷʤ ʥʘʧʨʫʛʠ ʽ ʧʽʜʚʠʱʝʥʥʷʤ ʦʧʦʨʫ), ʱʦ ʥʝʦʜʤʽʥʥʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ 

ʪʝʧʣʦʚʢʣʘʜʝʥʥʷ ʚ ʦʩʥʦʚʥʠʡ ʤʝʪʘʣ. ɯʟ CMT ʜʫʛʦʶ ʩʠʪʫʘʮʽʷ ʽʥʰʘ, ʧʨʠ ʧʝʨʰʦʤʫ ʚʠʷʚʣʝʥʥʽ 

ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ ʩʪʨʫʤ ʟʥʠʞʫʻʪʴʩʷ ʜʦ ʤʽʥʽʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʟʥʘʯʝʥʥʷ, ʚ ʪʦʡ ʞʝ ʯʘʩ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜʨʠʚ ʢʨʘʧʣʽ ʟʘ ʨʘʭʫʥʦʢ ʟʚʦʨʦʪʥʦʛʦ ʨʫʭʫ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʜʨʦʪʫ [4]. 
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ʇʨʦʮʝʩ CMT ʷʚʣʷʻ ʩʦʙʦʶ ʧʨʦʩʪʠʡ ʚ ʟʘʩʪʦʩʫʚʘʥʥʽ ʩʧʦʩʽʙ ʟ'ʻʜʥʘʥʥʷ ʩʪʘʣʽ ʟ ʘʣʶʤʽʥʽʻʤ. 

ɸʥʘʣʽʟ ʧʦʢʘʟʘʚ, ʱʦ ʮʝʡ ʧʨʦʮʝʩ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʠʡ ʥʘ ʙʘʟʽ ʫʩʪʘʥʦʚʢʠ ʚʽʜʥʦʚʣʝʥʥʷ 

ʱʽʣʴʥʦʩʪʽ ɻʈʈ UR-3000R ʰʣʷʭʦʤ ʟʘʤʽʥʠ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʤʦʜʫʣʷ. ʇʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ ʫʩʪʘʥʦʚʢʠ UR-3000R ʧʦʪʨʝʙʫʻ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʜʫʨʠ ʚʽʜʥʦʚʣʝʥʥʷ 

ʱʽʣʴʥʦʩʪʽ ɻʈʈ, ʩʝʨʝʜ ʽʥʰʦʛʦ ï ʩʪʦʩʦʚʥʦ ʧʽʜʚʠʱʝʥʥʷ ʚʠʤʦʛ ʜʦ ʢʫʣʴʪʫʨʠ ʚʠʢʦʥʘʥʥʷ ʷʢ 

ʙʝʟʧʦʩʝʨʝʜʥʽʭ ʧʨʦʮʝʜʫʨ, ʪʘʢ ʽ ʨʦʙʽʪ ʟ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʨʝʤʦʥʪʫ ɻʈʈ ʟʘʛʘʣʦʤ. 

ɺ ʭʦʜʽ ʜʦʩʣʽʜʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ ʫʩʪʘʥʦʚʢʠ UR-3000R ʙʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʝʘʣʽʟʦʚʘʥʽ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʜʦʟʚʦʣʷʶʪʴ: 

1. ɿʙʽʣʴʰʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʥʘʧʣʘʚʢʠ ʚ 2 ʨʘʟʠ ʧʽʜ ʯʘʩ ʚʽʜʥʦʚʣʝʥʥʷ ʫʱʽʣʴʥʶʶʯʦʾ 

ʧʦʚʝʨʭʥʽ ʚʝʨʭʥʴʦʛʦ ʙʣʦʢʫ ʪʘ ʚ 3 ʨʘʟʠ ʧʽʜ ʯʘʩ ʚʽʜʥʦʚʣʝʥʥʷ ʫʱʽʣʴʥʶʶʯʦʾ ʧʦʚʝʨʭʥʽ 

ʬʣʘʥʮʷ ʢʦʨʧʫʩʫ ʨʝʘʢʪʦʨʘ. 

2. ɿʤʝʥʰʠʪʠ ʪʝʧʣʦʚʠʡ ʚʧʣʠʚ ʥʘ ʤʝʪʘʣ ɻʈʈ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʨʝʤʦʥʪʥʦ-

ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʨʦʙʽʪ, ʱʦ ʧʦʟʠʪʠʚʥʦ ʚʽʜʦʙʨʘʟʠʪʴʩʷ ʥʘ ʪʝʨʤʽʥʽ ʡʦʛʦ 

ʙʝʟʚʽʜʤʦʚʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʊʘʢʦʞ ʧʝʨʝʚʘʛʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ ʫʩʪʘʥʦʚʢʠ UR-3000R ʜʣʷ ʨʦʙʽʪ ʟ 

ʚʽʜʥʦʚʣʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ɻʈʈ ̒  ʪʝ, ʱʦ ʚʠʢʦʥʘʥʥʷ ʟʚʘʨʶʚʘʣʴʥʠʭ ʨʦʙʽʪ ʟ ʾʾ ʜʦʧʦʤʦʛʦʶ ʧʦʪʨʝʙʫʻ 

ʟʥʘʯʥʦ ʤʝʥʰʦʛʦ ʯʘʩʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʟʥʠʟʠʪʠ ʜʦʟʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʝʨʩʦʥʘʣ, ʷʢʠʡ 

ʧʨʠʡʤʘʻ ʫʯʘʩʪʴ ʫ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʨʦʙʦʪʘʭ. ʆʪʞʝ, ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʚ ʨʦʙʦʪʽ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʧʨʦʮʝʜʫʨ ʽ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ɻʈʈ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʢʦʤʝʥʜʦʚʘʥʽ ʜʦ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʘ ʚʩʽʭ ʝʥʝʨʛʦʙʣʦʢʘʭ ɸɽʉ ʋʢʨʘʾʥʠ. 
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1. ʂʦʤʧʣʝʢʩʥʘʷ (ʩʚʦʜʥʘʷ) ʧʨʦʛʨʘʤʤʘ ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʵʥʝʨʛʦʙʣʦʢʦʚ ɸʕʉ 
ʋʢʨʘʠʥʳ. ï 2010. ï ʉ. 227 

2. ʆʧʪʠʤʠʟʘʮʠʷ ʧʣʘʥʦʚʳʭ ʨʝʤʦʥʪʦʚ ʵʥʝʨʛʦʙʣʦʢʦʚ ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʩ 
ɺɺʕʈ : ʤʦʥʦʛʨʘʬʠʷ / ɺ. ɯ. ʉʢʘʣʦʟʫʙʦʚ, ʖ. ʃ. ʂʦʚʨʠʞʢʽʥ, ɺ. ʄ. ʂʦʣʠʭʘʥʦʚ; ʅɸʅ 

ʋʢʨʘʾʥʠ, ɯʥ-ʪ ʧʨʦʙʣʝʤ ʙʝʟʧʝʢʠ ɸɽʉ. - ʏʦʨʥʦʙʠʣʴ (ʂʠʾʚ. ʦʙʣ.) : - ɯʥ-ʪ ʧʨʦʙʣʝʤ 

ʙʝʟʧʝʢʠ ɸɽʉ, 2008. - 496 ʩ. 

3. ʆʪʯʝʪ ɻʈʈ ʍɸʕʉ 2018 [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï 2018. 

4. CMT [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: 

http://tctena.ru/texnologii/cmt. 
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ʄʘʛʽʩʪʨʘʥʪ 5 ʢʫʨʩʫ, ʛʨ. ʊʗ-ʤʥ ʄʫʰʪʫʢ ʇ.ʄ.;  

ʤʘʛʽʩʪʨʘʥʪ 5 ʢʫʨʩʫ, ʛʨ. ʊʗ-ʤʥ ʇʘʣʘʤʘʨʯʫʢ ʄ.ʄ. 

ʂ.ʬ.-ʤ.ʥ. ʍʘʣʽʤʦʥʯʫʢ ɺ.ɸ. 

ʈʆɿʈʆɹʂɸ ɸʃɻʆʈʀʊʄʋ ʊɸ ʇʈʆɻʈɸʄʀ ʈʆɿʈɸʍʋʅʂʆɺʆɻʆ ɼʆʉʃɯɼɾɽʅʅʗ 

ʂʉɽʅʆʅʆɺʀʍ ɸʂʉɯɸʃʔʅʀʍ ʂʆʃʀɺɸʅʔ ʇʆʊʋɾʅʆʉʊɯ ɺ ʈɽɸʂʊʆʈɸʍ  

ɺɺɽʈ-1000 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʤʘʥʝʚʨʝʥʠʭ ʨʝʞʠʤʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ɺɺɽʈ-1000 ʥʘ ɸɽʉ ʋʢʨʘʾʥʠ ʻ 

ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʙʦʪʠ ʻʜʠʥʦʾ ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʟ ʭʘʨʘʢʪʝʨʥʠʤʠ ʜʣʷ ʥʝʾ 

ʜʦʙʦʚʠʤʠ ʢʦʣʠʚʘʥʥʷʤʠ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ʈʦʙʦʪʘ ʚ ʻʜʠʥʽʡ ʝʥʝʨʛʦʩʠʩʪʝʤʽ, ʟʽ 

ʟʥʘʯʥʦʶ ʯʘʩʪʢʦʶ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʱʦ ʚʠʨʦʙʣʷʻʪʴʩʷ ʥʘ ɸɽʉ, ʚʠʤʘʛʘʻ ʧʨʦʪʷʛʦʤ ʜʦʙʠ 

ʧʝʨʽʦʜʠʯʥʦʛʦ ʟʥʠʞʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʨʝʘʢʪʦʨʘ ʟ ʥʦʤʽʥʘʣʴʥʦʛʦ ʨʽʚʥʷ ʜʦ ~75õ80% ʚʽʜ 

ʥʦʤʽʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘ ʯʘʩ ~6õ8 ʛʦʜʠʥ ʟ ʧʦʜʘʣʴʰʠʤ ʚʽʜʥʦʚʣʝʥʥʷʤ ʚʠʭʽʜʥʦʛʦ 

ʟʥʘʯʝʥʥʷ [1]. 

ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʨʝʞʠʤ ʤʘʥʝʚʨʫʚʘʥʥʷ ʧʦʪʫʞʥʽʩʪʶ ʷʚʣʷʻ ʩʦʙʦʶ ʪʠʧʦʚʠʡ 

ʢʩʝʥʦʥʦʚʠʡ ʧʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ. ɺʽʜʦʤʦ, ʱʦ ʚ ʪʝʧʣʦʚʦʤʫ ʨʝʘʢʪʦʨʽ ʧʨʠ ʜʦʩʠʪʴ ʚʠʩʦʢʠʭ 

ʟʥʘʯʝʥʥʷʭ ʱʽʣʴʥʦʩʪʽ ʧʦʪʦʢʫ ʥʝʡʪʨʦʥʽʚ ʽʩʥʫʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʣʦʢʘʣʴʥʠʭ ʢʦʣʠʚʘʥʴ 

ʧʦʪʫʞʥʦʩʪʽ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʧʝʨʽʦʜʠʯʥʠʤ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʤ ʧʝʨʝʨʦʟʧʦʜʽʣʦʤ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʢʩʝʥʦʥʫ ʚ ʦʙËʻʤʽ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʯʝʨʝʟ ʣʦʢʘʣʴʥʝ ʟʙʫʨʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʧʦʪʦʢʫ ʥʝʡʪʨʦʥʽʚ. ʊʘʢʽ 

ʢʦʣʠʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʟ ʧʝʨʽʦʜʦʤ ʙʣʠʟʴʢʠʤ ʜʦ ʧʝʨʽʦʜʫ ʥʘʧʽʚʨʦʟʧʘʜʫ 135I. ɼʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʤʘʥʝʚʨʝʥʠʭ ʨʝʞʠʤʽʚ ʥʝʦʙʭʽʜʥʦ ʦʙˇʨʫʥʪʫʚʘʪʠ ʾʭ ʪʝʭʥʦʣʦʛʽʯʥʫ ʤʦʞʣʠʚʽʩʪʴ ʽ 

ʙʝʟʧʝʢʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʥʠʢʘʶʯʠʭ ʧʨʠ ʮʴʦʤʫ ʢʩʝʥʦʥʦʚʠʭ ʢʦʣʠʚʘʥʴ ʧʦʪʫʞʥʦʩʪʽ [2]. ʏʠ 

ʙʫʜʫʪʴ ʮʽ ʢʦʣʠʚʘʥʥʷ ʤʘʪʠ ʟʘʪʫʭʘʶʯʠʡ ʘʙʦ ʟʨʦʩʪʘʶʯʠʡ ʭʘʨʘʢʪʝʨ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʽʚʥʷ ʧʦʪʦʢʫ 

ʚ ʨʝʘʢʪʦʨʽ, ʚʝʣʠʯʠʥʠ ʽ ʟʥʘʢʫ ʢʦʝʬʽʮʽʻʥʪʘ ʨʝʘʢʪʠʚʥʦʩʪʽ ʟʘ ʧʦʪʫʞʥʽʩʪʶ, ʘ ʪʘʢʦʞ ʨʷʜʫ ʽʥʰʠʭ 

ʬʘʢʪʦʨʽʚ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʚʝʣʠʢʦʛʦ ʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʥʦʛʦ ʯʘʩʫ ʢʩʝʥʦʥʦʚʠʭ ʧʝʨʝʭʽʜʥʠʭ 

ʧʨʦʮʝʩʽʚ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʦʶ ʧʨʘʢʪʠʢʦʶ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʾʭ ʤʦʜʝʣʶʚʘʥʥʷ ʘʜʽʘʙʘʪʠʯʥʦʛʦ 

ʥʘʙʣʠʞʝʥʥʷ. ʉʫʪʴ ʮʴʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʨʦʩʪʦʨʦʚʘ ʩʢʣʘʜʦʚʘ ʱʽʣʴʥʦʩʪʽ 

ʧʦʪʦʢʽʚ ʥʝʡʪʨʦʥʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʨʽʰʝʥʥʷ ʩʪʘʮʽʦʥʘʨʥʠʭ ʨʽʚʥʷʥʴ ʪʨʘʥʩʧʦʨʪʫ ʥʝʡʪʨʦʥʽʚ, ʘ 

ʯʘʩʦʚʘ ʟʘʣʝʞʥʽʩʪʴ ʟʚʦʜʠʪʴʩʷ ʜʦ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ (ʧʝʨʝʨʽʟʽʚ ʚʟʘʻʤʦʜʽʾ ʥʝʡʪʨʦʥʽʚ) ʨʽʚʥʷʥʴ 

ʪʨʘʥʩʧʦʨʪʫ ʥʝʡʪʨʦʥʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʤʽʥ ʢʦʥʮʝʥʪʨʘʮʽʡ 135Xe, ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ʪʘ 

ʧʘʣʠʚʘ. 

ʆʩʢʽʣʴʢʠ ʚ ʨʦʙʦʪʽ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʪʠ ʦʜʥʦʚʠʤʽʨʥʫ (ʘʢʩʽʘʣʴʥʫ) ʤʦʜʝʣʴ ʚ 

ʜʚʦʛʨʫʧʦʚʦʤʫ ʜʠʬʫʟʽʡʥʦʤʫ ʥʘʙʣʠʞʝʥʥʽ, ʪʦ ʚʽʜʧʦʚʽʜʥʽ ʩʪʘʮʽʦʥʘʨʥʽ ʨʽʚʥʷʥʥʷ ʤʘʶʪʴ 

ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

 

ᶯ$ᶯה ɫה В ʉɫה ʉɫה π.    (1) 

ᶯ$ᶯה ɫ ה ɫᴼ ה π 
 

ʇʦʟʥʘʯʝʥʥʷ ʥʝʡʪʨʦʥʥʦ-ʬʽʟʠʯʥʠʭ ʢʦʥʩʪʘʥʪ ʚ ʮʠʭ ʨʽʚʥʷʥʥʷʭ ʻ ʟʘʛʘʣʴʥʦ ʧʨʠʡʥʷʪʠʤʠ ʚ 

ʣʽʪʝʨʘʪʫʨʽ ʟ ʬʽʟʠʢʠ ʨʝʘʢʪʦʨʽʚ [3].  

ɿʚʦʨʦʪʥʽʡ ʟʚôʷʟʦʢ ʟʘ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 135ʍʝ ʚ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʪʘ ʥʝʩʪʘʮʽʦʥʘʨʥʦʤʫ ʩʪʘʥʘʭ 

ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʚʨʘʭʦʚʫʚʘʪʠ ʥʘ ʦʩʥʦʚʽ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ 135ʍʝ ʚ ʢʦʞʥʽʡ ʘʢʩʽʘʣʴʥʽʡ ʥʦʜʽ ʪʘ 

ʚʠʢʦʥʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʢʦʨʠʛʫʚʘʥʥʷ ʤʘʢʨʦʩʢʦʧʽʯʥʦʛʦ ʧʝʨʝʪʠʥʫ ʧʦʛʣʠʥʘʥʥʷ ʮʠʭ ʥʦʜ ʫ 

ʚʠʛʣʷʜʽ: 

 

ɫ ɫ „̖Ͻs ὸ, 
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ʜʝ ɫ ï ʤʘʢʨʦʩʢʦʧʽʯʥʠʡ ʧʝʨʝʪʠʥ ʧʦʛʣʠʥʘʥʥʷ ʥʝʡʪʨʦʥʽʚ ʪʝʧʣʦʚʦʾ ʛʨʫʧʠ ʚ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʥʦʜʽ 
ʙʝʟ ʢʦʥʮʝʥʪʨʘʮʽʾ ʷʜʝʨ 135ʍʝ, ůʭʝ ïʤʽʢʨʦʩʢʦʧʽʯʥʠʡ ʧʝʨʝʨʽʟ ʧʦʛʣʠʥʘʥʥʷ ʥʝʡʪʨʦʥʽʚ ʦʜʥʠʤ 

ʷʜʨʦʤ ʢʩʝʥʦʥʫ, ʘ ʍ(t) ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʷʜʝʨ ʢʩʝʥʦʥʫ ʜʣʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʤʦʤʝʥʪʫ ʯʘʩʫ ʚ 

ʧʝʨʝʭʽʜʥʦʤʫ ʧʨʦʮʝʩʽ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʦʶ ʟ ʨʽʚʥʷʥʴ ʢʽʥʝʪʠʢʠ ʢʩʝʥʦʥʫ: 

 

ʇ)Ô ɾɫɮ ʇ8Ô ʎ̖ˢÔɮ     (2) 

Ä)Ô

ÄÔ
ɾɫɮ ʇ)Ô 

, 

ʜʝ ʍ ʽ I - ʢʦʥʮʝʥʪʨʘʮʽʾ ʷʜʝʨ ʽʟʦʪʦʧʽʚ 135ʍe ʽ 135ɯ; ɚ=̔ 2.9Ŀ10-5 ʩ-1 ʽɚʭ= 2.11Ŀ10
-5ʩ -1 - ʧʦʩʪʽʡʥʽ 

ʨʦʟʧʘʜʫ 135ʍe ʽ 135ɯ; = 0.056 ʠ = 0.003 - ʚʽʨʦʛʽʜʥʦʩʪʽ ʧʦʷʚʠ ʷʜʝʨ 135ʍe ʽ 135ɯ ʥʘ ʦʜʠʥ ʘʢʪ 

ʜʽʣʝʥʥʷ. 

ʋ ʮʠʭ ʨʽʚʥʷʥʥʷʭ ʚʠʢʦʨʠʩʪʘʥʦ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ 135ɯ ʤʘʻ ʤʘʣʠʡ ʧʝʨʝʨʽʟ ʧʦʛʣʠʥʘʥʥʷ ʽ ʪʠʤ 

ʩʘʤʠʤ ʡʦʛʦ ʚʠʛʦʨʘʥʥʷʤ ʥʝʭʪʫʻʪʴʩʷ. ʂʨʽʤ ʪʦʛʦ, ʧʨʠʡʥʷʪʦ, ʱʦ 135ɯ ʻ ʙʝʟʧʦʩʝʨʝʜʥʽʤ ʧʨʦʜʫʢʪʦʤ 

ʜʽʣʝʥʥʷ, ʭʦʯʘ ʥʘʩʧʨʘʚʜʽ ʚʽʥ ʟ'ʷʚʣʷʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ  

ɓ-ʨʦʟʧʘʜʫ ʽʟʦʪʦʧʫ 135ʊe, ʱʦ ʻ ʡʦʛʦ ʧʦʧʝʨʝʜʥʠʢʦʤ. ɺʠʧʨʘʚʜʘʥʥʷʤ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʻ ʜʫʞʝ 

ʤʘʣʠʡ ʯʘʩ ʞʠʪʪʷ 135ʊe, ʱʦ ʩʢʣʘʜʘʻ 2 ʭʚʠʣʠʥʠ. 

ɼʣʷ ʚʨʘʭʫʚʘʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ʟʘ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʪʝʧʣʦʥʦʩʽʷ ʪʘ ʧʘʣʠʚʘ, ʘ ʪʘʢʦʞ 

ʛʫʩʪʠʥʦʶ ʪʝʧʣʦʥʦʩʽʷ ʙʫʜʫʪʴ ʨʦʟʨʦʙʣʝʥʽ ʩʧʝʮʽʘʣʴʥʽ ʪʝʧʣʦʛʽʜʨʘʚʣʽʯʥʽ ʤʦʜʫʣʽ ʧʨʦʛʨʘʤʠ.  

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʨʽʚʥʷʥʴ (1) ʙʫʜʝ ʚʠʢʦʨʠʩʪʘʥʦ ʢʽʥʮʝʚʦ-ʨʽʟʥʠʮʝʚʠʡ ʧʝʨʝʭʽʜ ʜʦ ʩʠʩʪʝʤʠ 

ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ ʽ ʾʭ ʨʦʟʚôʷʟʦʢ ʽʪʝʨʘʮʽʡʥʠʤ ʩʧʦʩʦʙʦʤ ʟ ʨʦʟʧʦʜʽʣʦʤ ʽʪʝʨʘʮʽʡ ʥʘ 

ʚʥʫʪʨʽʰʥʽ ʪʘ ʟʦʚʥʽʰʥʽ. ʅʝʡʪʨʦʥʥʦ-ʬʽʟʠʯʥʽ ʢʦʥʩʪʘʥʪʠ ʢʦʞʥʦʛʦ ʘʢʩʽʘʣʴʥʦʛʦ ʩʣʦʶ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʫʩʝʨʝʜʥʝʥʥʷʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʪʘ ʪʠʧʽʚ ʊɺɿ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʘʢʪʠʚʥʦʾ ʟʦʥʠ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ. ʂʦʥʩʪʘʥʪʠ ʪʠʧʽʚ ʊɺɿ ʻ ʧʦʧʝʨʝʜʥʴʦ 

ʨʦʟʨʘʭʦʚʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʜʽʚ. ʈʦʟʚôʷʟʦʢ ʨʽʚʥʷʥʴ (2) ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ 

ʘʥʘʣʽʪʠʯʥʠʤ ʩʧʦʩʦʙʦʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʧʠʩʘʥʠʡ ʘʣʛʦʨʠʪʤ ʙʫʜʝ ʨʝʘʣʽʟʦʚʘʥʦ ʚ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʧʨʦʛʨʘʤʽ ʥʘ 

ʘʣʛʦʨʠʪʤʽʯʥʽʡ ʤʦʚʽ ʌʆʈʊʈɸʅ, ʚʠʢʦʥʘʥʦ ʪʝʩʪʦʚʽ ʨʦʟʨʘʭʫʥʢʠ ʪʘ ʥʝʦʙʭʽʜʥʽ ʜʦʦʧʨʘʮʶʚʘʥʥʷ 

ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʧʨʦʛʨʘʤʠ ʚ ʷʢʦʩʪʽ ʤʝʪʦʜʠʯʥʦʛʦ ʧʦʩʽʙʥʠʢʘ ʚ ʦʩʚʽʪʥʴʦʤʫ 

ʧʨʦʮʝʩʽ ʟ ʘʥʘʣʽʟʫ ʘʢʩʽʘʣʴʥʠʭ ʢʩʝʥʦʥʦʚʠʭ ʢʦʣʠʚʘʥʴ ʧʦʪʫʞʥʦʩʪʽ ʚ ɺɺɽʈ-1000 ʪʘ ʨʦʟʨʦʙʮʽ 

ʘʣʛʦʨʠʪʤʽʚ ʙʝʟʧʝʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʨʝʞʠʤʽʚ ʤʘʥʝʚʨʫʚʘʥʥʷ ʧʦʪʫʞʥʽʩʪʶ ʥʘ ʙʣʦʢʘʭ ɸɽʉ ʋʢʨʘʾʥʠ 

ʟ ɺɺɽʈ-1000. 
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ɸʅɸʃɯɿ ɹɽɿʇɽʂʀ ʈʆɹʆʊʀ ʈʋ ɺɺɽʈ-1000 ʅɸ ʇʆʊʋɾʅʆʉʊʅʆʄʋ ɽʌɽʂʊɯ 

ʈɽɸʂʊʀɺʅʆʉʊɯ ɹɯʃʔʐɽ 30 ɼɯɹ 

 

ʈʦʙʦʪʘ ʨʝʘʢʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ (ʈʋ) ʥʘ ʟʥʠʞʝʥʥʦʤʫ ʨʽʚʥʽ ʧʦʪʫʞʥʦʩʪʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʦʪʫʞʥʦʩʪʥʦʛʦ ʝʬʝʢʪʫ ʨʝʘʢʪʠʚʥʦʩʪʽ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʧʨʦʜʦʚʞʝʥʥʷ ʧʘʣʠʚʥʦʾ 

ʢʘʤʧʘʥʽʾ ʈʋ ʽ ʷʢ ʥʘʩʣʽʜʦʢ ʜʦʜʘʪʢʦʚʦʛʦ ʚʠʨʦʙʣʝʥʥʷ ʝʥʝʨʛʽʾ ʟ ʪʠʤ ʞʝ ʟʘʚʘʥʪʘʞʝʥʥʷʤ ʧʘʣʠʚʘ. 

ʇʦ ʜʦʩʷʛʥʝʥʥʶ ʨʝʘʢʪʦʨʦʤ ʢʽʥʮʷ ʢʘʤʧʘʥʽʾ ʥʘ ʥʦʤʽʥʘʣʴʥʦʤʫ ʨʽʚʥʽ ʧʦʪʫʞʥʦʩʪʽ ʚʽʥ ʤʦʞʝ ʙʫʪʠ 

ʚʠʚʝʜʝʥʠʡ ʚ ʨʝʞʠʤ, ʩʘʤʦʨʝʛʫʣʶʚʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʧʦʜʘʣʴʰʝ ʚʠʛʦʨʷʥʥʷ ʧʘʣʠʚʘ ʽ 

ʧʽʜʪʨʠʤʘʥʥʷ ʢʨʠʪʠʯʥʦʩʪʽ ʨʝʘʢʪʦʨʘ ʡʜʝ ʟʘ ʨʘʭʫʥʦʢ ʧʦʩʪʫʧʦʚʦʛʦ ʩʘʤʦʚʽʣʴʥʦʛʦ ʟʤʝʥʰʝʥʥʷ 

ʧʦʪʫʞʥʦʩʪʽ, ʽ ʚʠʚʽʣʴʥʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ ʨʝʘʢʪʠʚʥʦʩʪʽ, ʟʫʤʦʚʣʝʥʦʾ ʚʽʜôʻʤʥʠʤ ʧʦʪʫʞʥʦʩʪʥʠʤ 

ʢʦʝʬʽʮʽʻʥʪʦʤ [2]. 

ɽʬʝʢʪ ʧʨʦʜʦʚʞʝʥʥʷ ʢʘʤʧʘʥʽʾ ʟ ʤʠʤʦʚʽʣʴʥʠʤ ʟʥʠʞʝʥʥʷʤ ʧʦʪʫʞʥʦʩʪʽ ʥʠʞʯʝ 

ʥʦʤʽʥʘʣʴʥʦʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘ ʘʪʦʤʥʽʡ ʝʣʝʢʪʨʠʯʥʽʡ ʩʪʘʥʮʽʾ (ɸɽʉ) ʟ ʚʦʜʦ-ʚʦʜʷʥʠʤ 

ʝʥʝʨʛʝʪʠʯʥʠʤ ʨʝʘʢʪʦʨʦʤ (ɺɺɽʈ). ʅʘʷʚʥʠʡ ʜʦʩʚʽʜ ʨʦʙʦʪʠ ʚ ʮʴʦʤʫ ʨʝʞʠʤʽ ʧʦʢʘʟʫʻ, ʱʦ 

ʢʘʤʧʘʥʽʷ ʤʦʞʝ ʙʫʪʠ ʧʨʦʜʦʚʞʝʥʘ ʥʝ ʙʽʣʴʰʝ ʥʽʞ ʥʘ 30 ʝʬ. ʜʽʙ. ɽʣʝʢʪʨʠʯʥʘ ʧʦʪʫʞʥʽʩʪʴ ʙʣʦʢʫ 

ʟʘ ʮʝʡ ʯʘʩ ʟʤʝʥʰʫʻʪʴʩʷ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʦʤʽʥʘʣʴʥʦʶ ʧʨʠʙʣʠʟʥʦ ʥʘ 30%, ʘ ʪʝʤʧʝʨʘʪʫʨʥʠʡ 

ʨʽʚʝʥʴ ʪʝʧʣʦʥʦʩʽʷ ʚ ʧʝʨʰʦʤʫ ʢʦʥʪʫʨʽ ʧʨʠʙʣʠʟʥʦ ʥʘ 5%. ʄʦʞʥʘ ʧʦʤʽʪʠʪʠ, ʱʦ ʦʜʥʦʯʘʩʥʦ ʡʜʝ 

ʟʥʠʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʘʨʘ, ʱʦ ʚʠʨʦʙʣʷʻʪʴʩʷ ʥʘ ʪʫʨʙʽʥʫ ʽ ʷʢ ʥʘʩʣʽʜʦʢ ʟʤʝʥʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪ 

ʢʦʨʠʩʥʦʾ ʜʽʾ ʙʣʦʢʫ [2]. 

ʇʨʠ ʨʦʙʦʪʽ ʈʋ ʥʘ ʟʥʠʞʝʥʦʤʫ ʨʽʚʥʽ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʤʦʤʝʥʪ ʜʦʩʷʛʥʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ 

ʪʨʠʚʘʣʦʩʪʽ ʧʦʯʘʪʢʫ ʨʦʙʦʪʠ ʥʘ ʧʦʪʫʞʥʦʩʪʥʦʤʫ ʝʬʝʢʪʽ ʨʝʘʢʪʠʚʥʦʩʪʽ, ʚʢʘʟʘʥʦʾ ʚ ʅʌʍ 

(ʥʝʡʪʨʦʥʥʦ-ʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ), ʜʦʧʫʩʢʘʻʪʴʩʷ ʧʨʦʜʦʚʞʝʥʥʷ ʨʦʙʦʪʠ ʥʘ ʮʴʦʤʫ ʨʽʚʥʽ 

ʧʦʪʫʞʥʦʩʪʽ ʜʦ ʤʦʤʝʥʪʫ ʜʦʩʷʛʥʝʥʥʷ ʟʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʦʨʥʦʾ ʢʠʩʣʦʪʠ ʚ ʊʇʂ 

(ʪʝʧʣʦʥʦʩʽʡ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ) ʥʝ ʤʝʥʰʝ 0,1 ʛ / ʜʤ3 ʽ ʥʝ ʤʦʞʣʠʚʦʩʪʽ ʧʦʜʘʣʴʰʦʾ ʧʽʜʪʨʠʤʢʠ 

ʮʴʦʛʦ ʨʽʚʥʷ ʧʦʪʫʞʥʦʩʪʽ. ɿʘʛʘʣʴʥʘ ʪʨʠʚʘʣʽʩʪʴ ʧʘʣʠʚʥʦʾ ʢʘʤʧʘʥʽʾ ʝʥʝʨʛʦʙʣʦʢʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʨʦʙʦʪʠ ʥʘ ʤʦʱʥʦʩʪʥʦʤ ʝʬʝʢʪʽ ʨʝʘʢʪʠʚʥʦʩʪʽ ʥʝ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ ʪʨʠʚʘʣʦʩʪʽ, 

ʟʘʟʥʘʯʝʥʦʾ ʚ ʅʌʍ (ʥʝʡʪʨʦʥʥʦ-ʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʭʠʙʢʠ 

ʨʦʟʨʘʭʫʥʢʫ. 

ʄʦʞʣʠʚʽʩʪʴ ʨʦʙʦʪʠ ʝʥʝʨʛʦʙʣʦʢʫ (ɽɹ) ʚ ʨʝʞʠʤʽ ʧʨʦʜʦʚʞʝʥʥʷ ʢʘʤʧʘʥʽʾ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʪʫʞʥʦʩʪʥʦʛʦ ʝʬʝʢʪʫ ʨʝʘʢʪʠʚʥʦʩʪʽ ʜʦʟʚʦʣʷʻʪʴʩʷ ʪʽʣʴʢʠ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, 

ʷʢʱʦ ʥʝ ʧʦʨʫʰʫʶʪʴʩʷ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ, ʧʝʨʝʜʙʘʯʝʥʽ ʚ ʢʘʪʘʣʦʞʥʦʤʫ 

ʦʧʠʩʽ ʽ ʚ ʧʨʦʝʢʪʽ ʈʋ. ʋ ʨʘʟʽ ʧʦʨʫʰʝʥʴ ʮʠʭ ʚʠʤʦʛ, ʚʠʤʦʛ ʜʦ ʪʨʠʚʘʣʦʩʪʽ ʨʦʙʦʪʠ ʥʘ 

ʧʦʪʫʞʥʦʩʪʥʦʤʫ ʝʬʝʢʪʽ ʨʝʘʢʪʠʚʥʦʩʪʽ, ʚʠʤʦʛ ʜʦ ʧʦʨʷʜʢʫ ʟʤʽʥʠ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠ ʨʦʙʦʪʽ ʥʘ 

ʧʦʪʫʞʥʦʩʪʥʦʤʫ ʝʬʝʢʪʽ ʨʝʘʢʪʠʚʥʦʩʪʽ ʜʦʟʚʽʣ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʶ ʝʥʝʨʛʦʙʣʦʢʫ ʚ ʨʝʞʠʤʽ 

ʧʨʦʜʦʚʞʝʥʥʷ ʢʘʤʧʘʥʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʪʫʞʥʦʩʪʥʦʛʦ ʝʬʝʢʪʫ ʨʝʘʢʪʠʚʥʦʩʪʽ ʟ ʟʘʟʥʘʯʝʥʠʤʠ 

ʚʽʜʩʪʫʧʘʤʠ ʦʬʦʨʤʣʷʻʪʴʩʷ ʪʝʭʥʽʯʥʠʤ ʨʽʰʝʥʥʷʤ, ʷʢʝ ʧʦʚʠʥʥʝ ʙʫʪʠ ʧʦʛʦʜʞʝʥʝ ʟ 

ɼʝʨʞʘʪʦʤʨʝʛʫʣʶʚʘʥʥʷʤ ʋʢʨʘʾʥʠ [1]. 

ɼʦ ʧʦʯʘʪʢʫ ʨʦʙʦʪʠ ɽɹ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʪʫʞʥʦʩʪʥʦʛʦ ʝʬʝʢʪʫ ʨʝʘʢʪʠʚʥʦʩʪʽ ʧʦʚʠʥʥʽ 

ʙʫʪʠ ʚʠʢʦʥʘʥʽ ʽ ʫʟʛʦʜʞʝʥʽ ʨʦʟʨʘʭʫʥʢʠ ʥʝʡʪʨʦʥʥʦ-ʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʅʌʍ) [3]. 

ʗʢʱʦ ʜʦ ʤʦʤʝʥʪʫ ʧʦʯʘʪʢʫ ʨʦʙʦʪʠ ʝʥʝʨʛʦʙʣʦʢʫ ʥʘ ʝʪʘʧʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʦʪʫʞʥʦʩʪʥʦʛʦ ʝʬʝʢʪʫ ʨʝʘʢʪʠʚʥʦʩʪʽ ʈʋ ʝʢʩʧʣʫʘʪʫʚʘʣʘʩʷ ʥʘ ʨʽʚʥʽ ʧʦʪʫʞʥʦʩʪʽ ʙʽʣʴʰʝ ʚʽʜ 

ʥʦʤʽʥʘʣʴʥʦʛʦ, ʟʤʽʥʘ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠ ʨʦʙʦʪʽ ɽɹ ʚ ʨʝʞʠʤʽ ʧʨʦʜʦʚʞʝʥʥʷ ʢʘʤʧʘʥʽʾ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʪʫʞʥʦʩʪʥʦʛʦ ʝʬʝʢʪʫ ʨʝʘʢʪʠʚʥʦʩʪʽ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

- ʧʦʪʫʞʥʽʩʪʴ ʨʝʘʢʪʦʨʘ ʧʦʚʠʥʥʘ ʟʥʠʞʫʚʘʪʠʩʷ ʩʪʫʧʝʥʷʤʠ, ʧʝʨʝʤʽʱʝʥʥʷʤ ʚʥʠʟ 

ʨʝʛʫʣʶʶʯʦʾ ʛʨʫʧʠ ʆʈ ʉʋɿ (ʦʨʛʘʥʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʟʘʭʠʩʪʫ) ʟ 

ʧʦʜʘʣʴʰʠʤ ʧʝʨʝʤʽʱʝʥʥʷʤ ʨʝʛʫʣʶʶʯʦʾ ʛʨʫʧʠ ʚʛʦʨʫ ʜʦ ʧʦʯʘʪʢʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ ʜʣʷ 

ʢʦʤʧʝʥʩʘʮʽʾ ʚʠʛʦʨʷʥʥʷ ʧʘʣʠʚʘ. 
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- ʚʠʪʷʛ ʨʝʛʫʣʶʶʯʦʾ ʛʨʫʧʠ ʆʈ ʉʋɿ (ʦʨʛʘʥʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʪʘ 

ʟʘʭʠʩʪʫ) ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʥʘ ʍʝ ʤʘʻ ʙʫʪʠ ʥʘ ʚʝʣʠʯʠʥʫ ʥʝ ʙʽʣʴʰʝ 5% 

ʚʠʩʦʪʠ ʘʢʪʠʚʥʦʾ ʟʦʥʠʚ ʧʨʦʪʷʛʦʤ ʜʦʙʠ; 

- ʟʘʛʘʣʴʥʝ ʟʥʠʞʝʥʥʷ ʪʝʧʣʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ ʨʝʘʢʪʦʨʘ ʧʨʠ ʨʦʙʦʪʽ ʥʘ ʧʦʪʫʞʥʦʩʪʥʦʤʫ 

ʝʬʝʢʪʽ ʨʝʘʢʪʠʚʥʦʩʪʽ ʥʝ ʧʦʚʠʥʥʦ ʙʫʪʠ ʙʽʣʴʰʝ 30% ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʛʦ ʨʽʚʥʷ. 

ɿʛʽʜʥʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʝʛʣʘʤʝʥʪʫ ʙʝʟʧʝʢʠ ʝʥʝʨʛʦʙʣʦʢʫ (ʊʈɹɽ) ʝʢʩʧʣʫʘʪʘʮʽʷ ɽɹ ʥʘ 

ʧʦʪʫʞʥʦʩʪʥʦʤʫ ʝʬʝʢʪʽ ʨʝʘʢʪʠʚʥʦʩʪʽ ʜʦʟʚʦʣʷʻʪʴʩʷ ʥʝ ʙʽʣʴʰʝ 30 ʜʽʙ [4].  

ʄʝʪʘ ʮʽʻʾ ʨʦʙʦʪʠ - ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʈʋ ɺɺɽʈ-1000 ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʪʫʞʥʦʩʪʥʦʛʦ ʝʬʝʢʪʫ ʨʝʘʢʪʠʚʥʦʩʪʽ ʪʨʠʚʘʣʽʩʪʶ ʙʽʣʴʰʝ 30 ʜʽʙ ʪʘ 

ʦʙˇʨʫʥʪʫʚʘʪʠ ʙʝʟʧʝʢʫ ʨʝʘʣʽʟʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʨʝʞʠʤʫ. ɼʣʷ ʘʥʘʣʽʟʫ ʙʫʣʦ ʦʙʨʘʥʦ ɽɹ ˉ1 

ɿɸɽʉ 

ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʙʝʟʧʝʢʠ ʙʫʜʝ ʚʠʢʦʥʘʥʦ ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʘʥʘʣʽʟʫ ʅʌʍ ʚ 

ʢʽʥʮʽ ʧʘʣʠʚʥʦʾ ʢʘʤʧʘʥʽʾ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʘʣʠʚʥʦʾ ʢʘʤʧʘʥʽʾ, 

ʨʝʘʣʽʟʦʚʘʥʦʾ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʧʦʪʦʯʥʦʶ ʧʨʘʢʪʠʢʦʶ ʬʦʨʤʫʚʘʥʥʷ ʧʘʣʠʚʥʠʭ ʟʘʚʘʥʪʘʞʝʥʴ 

ɺɺɽʈ-1000. 

ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʘʥʘʣʽʟʫ ʙʫʜʫʪʴ ʚʨʘʭʦʚʫʚʘʪʠʩʷ ʚʠʤʦʛʠ ʜʦ ʨʦʙʦʪʠ ʝʥʝʨʛʦʙʣʦʢʘ ʫ 

ʨʝʞʠʤʽ ʧʨʦʜʦʚʞʝʥʥʷ ʢʘʤʧʘʥʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʙʦʪʠ ʥʘ ʧʦʪʫʞʥʦʩʪʥʦʤʫ ʝʬʝʢʪʽ 

ʨʝʘʢʪʠʚʥʦʩʪʽ ʚʠʢʣʘʜʝʥʽ ʫ ʊʈɹɽ [4]. ɺ ʭʦʜʽ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʨʦʟʛʣʷʥʫʪʠ 

ʨʦʙʦʪʫ ʥʘ ʧʦʩʪʽʡʥʦʤʫ ʟʥʠʞʝʥʦʤʫ ʨʽʚʥʽ ʧʦʪʫʞʥʦʩʪʽ, ʷʢʘ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʝʞʠʤʦʤ ʩʪʫʧʝʥʝʚʦʛʦ 

ʟʥʠʞʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʻ ʙʽʣʴʰ ñʱʘʜʥʠʤò ʨʝʞʠʤʦʤ ʟ ʪʦʯʢʠ ʟʦʨʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʘʣʠʚʘ. 
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ɸʅɸʃɯɿ ʅɸɼɯʁʅʆʉʊɯ ʐʈʋ-ɸ ɺ ʋʄʆɺɸʍ ʊɽʏɯ ʊɽʇʃʆʅʆʉɯʗ ɿ 1-ɻʆ ɺ 2-ʁ 

ʂʆʅʊʋʈ 

 

ʐʈʋ-ɸ (ʰʚʠʜʢʦʜʽʶʯʘ ʨʝʜʫʢʮʽʡʥʘ ʫʩʪʘʥʦʚʢʘ) ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʟʘʭʠʩʥʠʭ ʩʠʩʪʝʤ 

ʙʝʟʧʝʢʠ ʪʘ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʩʢʠʜʘʥʥʷ ʥʘʜʣʠʰʢʦʚʦʾ ʧʘʨʠ ʽ ʧʽʜʪʨʠʤʘʥʥʷ ʟʘʜʘʥʦʛʦ ʪʠʩʢʫ ʚ ʇɻ 

(ʧʘʨʦʛʝʥʝʨʘʪʦʨʽ) ʚ ʘʚʘʨʽʡʥʠʭ ʨʝʞʠʤʘʭ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʟʭʦʣʦʜʞʝʥʥʷ ʈʋ (ʨʝʘʢʪʦʨʥʦʾ 

ʫʩʪʘʥʦʚʢʠ) ʟ ʟʘʜʘʥʦʶ ʰʚʠʜʢʽʩʪʶ ʧʨʠ ʟʫʧʠʥʮʽ ʝʥʝʨʛʦʙʣʦʢʫ. ɿʘʛʘʣʦʤ, ʐʈʋ-ɸ ʚʩʪʘʥʦʚʣʝʥʦ 

ʥʘ ʛʦʣʦʚʥʦʤʫ ʧʘʨʦʧʨʦʚʦʜʽ ʢʦʞʥʦʛʦ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ ʥʘ ʥʝʚʽʜʩʽʯʥʽʡ ʜʽʣʷʥʮʽ ʽ ʻ 

ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʚʠʢʦʥʘʚʯʠʤ ʦʨʛʘʥʦʤ. ɺ ʦʜʥʦʤʫ ʚʠʧʘʜʢʫ ʚʦʥʘ ʻ ʨʝʛʫʣʶʶʯʠʤ 

ʟʘʧʦʙʽʞʥʠʤ ʧʨʠʩʪʨʦʻʤ, ʽ ʡʦʛʦ ʬʫʥʢʮʽʷ ʧʦʣʷʛʘʻ ʫ ʚʽʜʚʝʜʝʥʥʽ ʥʘʜʣʠʰʢʽʚ ʧʘʨʘ ʟ 

ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ ʚ ʘʪʤʦʩʬʝʨʫ, ʪʦʙʪʦ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʚʦʥʦ ʻ ʚʠʢʦʥʘʚʯʠʤ ʦʨʛʘʥʦʤ 

ʨʝʛʫʣʷʪʦʨʘ ʪʠʩʢʫ ʧʘʨʘ ʚ ʧʘʨʦʛʝʥʝʨʘʪʦʨʽ. ɺ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ʚʦʥʦ ʻ ʚʠʢʦʥʘʚʯʠʤ ʦʨʛʘʥʦʤ 

ʨʝʛʫʣʷʪʦʨʘ ʰʚʠʜʢʦʩʪʽ ʨʦʟʭʦʣʦʜʞʫʚʘʥʥʷ ʨʝʘʢʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ. ʇʨʠ ʮʴʦʤʫ ʰʚʠʜʢʽʩʪʴ 

ʨʦʟʭʦʣʦʜʞʫʚʘʥʥʷ ʟʘʜʘʻʪʴʩʷ ʦʧʝʨʘʪʦʨʦʤ [1].  

ɺʠʨʦʙʥʠʢʦʤ ʐʈʋ-ɸ, ʚʩʪʘʥʦʚʣʝʥʠʭ ʥʘ ɸɽʉ ʋʢʨʘʾʥʠ, ʥʝ ʙʫʣʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʾʭ 

ʢʚʘʣʽʬʽʢʘʮʽʶ ʥʘ ʨʝʞʠʤʠ ʟ ʚʠʪʦʢʦʤ ʚʦʜʠ ʪʘ ʧʘʨʦʚʦʜʷʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʱʦ ʚʠʥʠʢʘʻ ʧʽʜ ʯʘʩ 

ʨʦʟʨʠʚʫ ʧʘʨʦʧʨʦʚʦʜʫ. 

 ɺʽʜʩʫʪʥʽʩʪʴ ʢʚʘʣʽʬʽʢʘʮʽʾ ʐʈʋ-ɸ ʜʣʷ ʨʦʙʦʪʠ ʥʘ ʚʦʜʽ ʘʙʦ ʧʘʨʦʚʦʜʷʥʦʾ ʩʫʤʽʰʽ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʨʦʟʛʣʷʜʫ ʤʦʞʣʠʚʠʭ ʧʨʠʯʠʥ ʚʽʜʤʦʚʠ ʐʈʋ-ɸ ʫ ʚʽʜʢʨʠʪʦʤʫ 

ʧʦʣʦʞʝʥʥʽ ʧʨʠ ʘʚʘʨʽʡʥʦʤʫ ʨʦʟʭʦʣʦʜʞʫʚʘʥʥʽ ʘʙʦ ʧʨʠ ʪʝʯʽ ʪʝʧʣʦʥʦʩʽʷ ʟ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ ʚ 

ʜʨʫʛʠʡ. ʊʦʤʫ ʚʠʥʠʢʘʻ ʧʠʪʘʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʽ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʐʈʋ-ɸ ʚ ʪʘʢʠʭ ʨʝʞʠʤʘʭ. 

ʆʩʦʙʣʠʚʦ ʚʘʞʣʠʚʠʤ ʻ ʚʽʜʤʦʚʘ ʥʘ ʟʘʢʨʠʪʪʷ ʨʝʜʫʢʮʽʡʥʦʾ ʫʩʪʘʥʦʚʢʠ ʾʾ ʧʽʩʣʷ ʚʽʜʢʨʠʪʪʷ, ʷʢʘ 

ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ: 

- ʚʠʢʠʜʫ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʧʨʦʜʫʢʪʽʚ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ; 

- ʥʝʢʝʨʦʚʘʥʦʤʫ ʨʦʟʭʦʣʦʜʞʫʚʘʥʥʷ ʈʋ ʽ ʚʠʥʠʢʥʝʥʥʷ ʧʦʚʪʦʨʥʦʾ ʢʨʠʪʠʯʥʦʩʪʽ; 

- ʥʝʧʦʧʨʘʚʥʦʾ ʚʪʨʘʪʠ ʪʝʧʣʦʥʦʩʽʷ [2]. 

ɺ ʦʩʪʘʥʥʽʭ ʜʚʦʭ ʚʠʧʘʜʢʘʭ ʟ ʚʝʣʠʢʦʶ ʽʤʦʚʽʨʥʽʩʪʶ ʤʦʞʝ ʚʽʜʙʫʪʠʩʷ ʧʦʰʢʦʜʞʝʥʥʷ ʘʢʪʠʚʥʦʾ 

ʟʦʥʠ ʟ ʧʝʨʝʚʠʱʝʥʥʷʤ ʧʨʦʝʢʪʥʠʭ ʤʝʞ. 

ʊʠʧʦʚʠʤ ʨʽʰʝʥʥʷʤ ʪʘʢʦʾ ʪʝʭʥʽʯʥʦʾ ʧʨʦʙʣʝʤʠ ʻ: 

- ʟʘʤʽʥʘ ʜʽʶʯʦʾ ʘʨʤʘʪʫʨʠ ʐʈʋ-ɸ ʥʘ ʘʨʤʘʪʫʨʫ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʻ ʯʠʥʥʠʤ ʧʨʘʚʠʣʘʤ 

ʽ ʥʦʨʤʘʤ ʟ ʙʝʟʧʝʢʠ ʚ ʘʪʦʤʥʽʡ ʝʥʝʨʛʝʪʠʮʽ;  

- ʤʦʜʝʨʥʽʟʘʮʽʷ ʐʈʋ-ɸ ʰʣʷʭʦʤ ʟʘʤʽʥʠ ʚʠʡʤʘʣʴʥʠʭ ʯʘʩʪʠʥ ʽ ʧʨʠʚʦʜʽʚ ʘʨʤʘʪʫʨʠ ʥʘ 

ʚʠʡʤʘʣʴʥʽ ʯʘʩʪʠʥʠ ʽ ʧʨʠʚʦʜʠ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʯʠʥʥʠʤ ʧʨʘʚʠʣʘʤ ʽ ʥʦʨʤʘʤ ʟ 

ʙʝʟʧʝʢʠ ʚ ʘʪʦʤʥʽʡ ʝʥʝʨʛʝʪʠʮʽ.  

 ʈʘʟʦʤ ʟ ʪʠʤ ʤʦʜʝʨʥʽʟʘʮʽʷ ʘʙʦ ʟʘʤʽʥʘ ʜʽʶʯʠʭ ʢʣʘʧʘʥʽʚ ʚʠʤʘʛʘʻ ʟʥʘʯʥʠʭ ʤʘʪʝʨʽʘʣʴʥʠʭ 

ʚʠʪʨʘʪ. ʊʦʤʫ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʪʨʘʪ ʽ ʜʦʪʨʠʤʫʶʯʠʩʴ ʧʨʠʥʮʠʧʫ ALARA (ʧʽʜʚʠʱʝʥʥʷ 

ʙʝʟʧʝʢʠ ʥʘʩʪʽʣʴʢʠ, ʥʘ ʩʢʽʣʴʢʠ ʮʝ ʤʦʞʣʠʚʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʭʥʽʯʥʠʭ, ʝʢʦʥʦʤʽʯʥʠʭ ʽ 

ʩʦʮʽʘʣʴʥʠʭ ʬʘʢʪʦʨʽʚ) ʥʝʦʙʭʽʜʥʦ ʩʧʦʯʘʪʢʫ ʚʠʚʯʠʪʠ ʧʠʪʘʥʥʷ ʧʨʦ ʚʥʝʩʦʢ ʤʦʞʣʠʚʦʾ ʚʽʜʤʦʚʠ 

ʐʈʋ-ɸ ʧʨʠ ʨʦʙʦʪʽ ʥʘ ʧʘʨʦʚʦʜʷʥʽʡ ʩʫʤʽʰʽ ʚ ʟʘʛʘʣʴʥʠʡ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ ɸɽʉ. 

ʗʢʱʦ ʢʦʥʩʝʨʚʘʪʠʚʥʦ ʧʦʩʪʫʣʶʚʘʪʠ ʦʙʦʚ'ʷʟʢʦʚʫ ʚʽʜʤʦʚʫ ʐʈʋ-ɸ ʧʨʠ ʧʦʧʘʜʘʥʥʽ ʚ 

ʥʴʦʛʦ ʧʘʨʦʚʦʜʷʥʦʾ ʩʫʤʽʰʽ, ʪʦ ʽʤʦʚʽʨʥʽʩʪʴ ʡʦʛʦ ʚʽʜʤʦʚʠ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʽʤʦʚʽʨʥʽʩʪʶ 

ʧʦʧʘʜʘʥʥʷ ʚ ʥʴʦʛʦ ʧʘʨʦʚʦʜʷʥʦʾ ʩʫʤʽʰʽ ʘʙʦ ʚʦʜʠ ʟ ʥʘʢʣʘʜʝʥʥʷʤ ʫʤʦʚ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ 

ʪʠʩʢʫ ʚ ʧʘʨʦʚʦʤʫ ʢʦʣʝʢʪʦʨʽ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ  ʜʦ ʫʩʪʘʚʦʢ ʚʽʜʢʨʠʪʪʷ ʐʈʋ-ɸ. ʆʮʽʥʢʫ 

ʽʤʦʚʽʨʥʦʩʪʽ ʚʠʥʠʢʥʝʥʥʷ ʟʘʟʥʘʯʝʥʦʛʦ ʩʮʝʥʘʨʽʶ ʤʦʞʣʠʚʦ ʧʨʦʚʝʩʪʠ ʥʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ 

ʧʦʛʣʠʙʣʝʥʦʛʦ ʘʥʘʣʽʟʫ ʙʝʟʧʝʢʠ ɸɽʉ ʟ ɺɺɽʈ 1000/ɺ-320 ʚ ʷʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʨʦʪʽʢʘʥʥʷ ʘʚʘʨʽʾ, ʧʦʚ`ʷʟʘʥʦʾ ʟ ʪʝʯʝʶ ʪʝʧʣʦʥʦʩʽʷ ʟ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ ʚ ʜʨʫʛʠʡ [2]. 
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ʆʪʞʝ, ʧʠʪʘʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʐʈʋ-ɸ ʥʘ ʧʘʨʦʚʦʜʷʥʽʡ ʩʫʤʽʰʽ ʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʤʦʞʣʠʚʦʩʪʽ ʡʦʛʦ ʥʘʜʽʡʥʦʾ ʨʦʙʦʪʠ ʚ ʪʘʢʠʭ ʨʝʞʠʤʘʭ ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ.  

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ: 

- ʚʠʢʦʥʘʪʠ ʨʦʟʨʘʭʫʥʢʦʚʦ-ʘʥʘʣʽʪʠʯʥʠʡ ʘʥʘʣʽʟ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ; 

- ʟʘʙʝʟʧʝʯʠʪʠ ʢʚʘʣʽʬʽʢʘʮʽʶ ʐʈʋ-ɸ ʪʘ ʡʦʛʦ ʢʦʤʧʦʥʝʥʪʽʚ ʥʘ ʩʝʡʩʤʽʯʥʽ ʚʧʣʠʚʠ ʪʘ 

ñʞʦʨʩʪʢʽò ʫʤʦʚʠ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʤʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ ʚʥʘʩʣʽʜʦʢ ʨʦʟʨʠʚʫ 

ʧʘʨʦʧʨʦʚʦʜʫ. 

 ʅʝʦʙʭʽʜʥʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʬʫʥʢʮʽʡ ʙʝʟʧʝʢʠ 

ʐʈʋ-ɸ ʚ ʨʝʞʠʤʘʭ ʚʠʪʦʢʫ ʧʘʨʦʚʦʜʷʥʦʾ ʩʫʤʽʰʽ ʻ ʦʙʦʚ'ʷʟʢʦʚʦʶ ʫʤʦʚʦʶ ʧʽʜʚʠʱʝʥʥʷ 

ʥʘʜʽʡʥʦʩʪʽ ʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʟʘʧʨʦʝʢʪʥʠʤʠ ʘʚʘʨʽʷʤʠ ʟ ʤʽʞʢʦʥʪʫʨʥʠʤʠ ʪʝʯʘʤʠ. 

 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 
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ʄʘʛʽʩʪʨʘʥʪ 5 ʢʫʨʩʫ, ʛʨ. ʊʗ-ʤʥ ʗʢʠʤʯʫʢ ɸ.ʆ. 

ʉʪ. ʚʠʢʣ., ʢ.ʪ.ʥ. ɹʽʙʽʢ  ʊ.ɺ. 

ʄʆɼɽʃʖɺɸʅʅʗ ɸʂʊʀɺʅʆɰ ɿʆʅʀ ʈɽɸʂʊʆʈɸ ɼʃʗ ʆʇɽʈɸʊʀɺʅʆɻʆ 

ɺʀɿʅɸʏɽʅʅʗ ʅɽʁʊʈʆʅʅʆ-ʌɯɿʀʏʅʀʍ ʇɸʈɸʄɽʊʈɯɺ ʗɼɽʈʅʆɰ ʋʉʊɸʅʆɺʂʀ 

ɿɸ ɼʆʇʆʄʆɻʆʖ ʂʆɼʋ SERPENT 

 

ɺʘʞʣʠʚʽʩʪʴ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʘʢʪʠʚʥʦʶ ʟʦʥʦʶ ʨʝʘʢʪʦʨʘ ʻ ʦʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ 

ʧʨʦʙʣʝʤ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚʩʽ ʝʥʝʨʛʝʪʠʯʥʽ ʫʩʪʘʥʦʚʢʠ ʪʠʧʫ ɺɺɽʈ 

ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʩʠʩʪʝʤʘʤʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʨʝʘʢʪʦʨʥʦʛʦ ʢʦʥʪʨʦʣʶ, ʦʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʷʢʠʭ 

ʻ ʦʪʨʠʤʘʥʥʷ ʝʥʝʨʛʦʨʦʟʧʦʜʽʣʫ ʚ ɸʢɿ ʥʘ ʦʩʥʦʚʽ ʧʦʢʘʟʘʥʴ ʜʘʪʯʠʢʽʚ ʧʨʷʤʦʛʦ ʟʘʨʷʜʫ. 

ʉʘʤʝ ʚʠʤʦʛʠ ʜʦ ʰʚʠʜʢʦʩʪʽ ʨʦʟʨʘʭʫʥʢʫ ʧʦʣʷ ɽɺ ʟʘ ʧʦʢʘʟʘʤʠ ɼʇɿ ʥʝ ʜʦʟʚʦʣʷʶʪʴ 

ʧʨʦʚʦʜʠʪʠ ʥʘ ʜʽʶʯʦʤʫ ʝʥʝʨʛʦʙʣʦʮʽ ʚʘʞʢʽ ʘʥʘʣʽʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʟʘʣʝʞʥʦʩʪʽ ɽɺ ʚʽʜ 

ʚʝʣʠʯʠʥʠ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʜʝʪʝʢʪʦʨʘ [ʤʢɸ] ʚ ʧʨʦʮʝʩʽ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ɸʢɿ. ɼʣʷ 

ʚʠʨʽʰʝʥʥʷ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ ʧʨʦʚʦʜʷʪʴʩʷ ʧʦʧʝʨʝʜʥʽ ʚʠʩʦʢʦʪʦʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʪʘ ʬʦʨʤʫʚʘʥʥʷ 

ʪʘʢ ʟʚʘʥʦʾ ʙʽʙʣʽʦʪʝʢʠ ʥʝʡʪʨʦʥʥʦ-ʬʽʟʠʯʥʠʭ ʢʦʥʩʪʘʥʪ ɼʇɿ. ɿʘʚʜʘʥʥʷ ʙʽʙʣʽʦʪʝʢʠ ʧʦʣʷʛʘʻ ʫ 

ʦʧʠʩʽ ʛʦʣʦʚʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʥʝʡʪʨʦʥʥʦ-ʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɼʇɿ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ 

ʩʝʨʝʜʦʚʠʱʘ ʚ ɸʢɿ ʘʧʨʦʢʩʠʤʘʮʽʡʥʠʤʠ ʬʫʥʢʮʽʷʤʠ, ʢʦʝʬʽʮʽʻʥʪʠ ʷʢʠʭ ʷʢʨʘʟ ʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ 

ʩʦʙʦʶ ʥʘʧʦʚʥʝʥʥʷ ʚʠʱʝʟʛʘʜʘʥʦʾ ʙʽʙʣʽʦʪʝʢʠ ʅʌʍ. ʇʦʜʽʙʥʠʡ ʧʽʜʭʽʜ ʚ ʧʨʦʛʨʘʤʥʽʡ ʨʝʘʣʽʟʘʮʽʾ 

ʜʦʟʚʦʣʷʻ ʟʘ ʜʦʣʽ ʩʝʢʫʥʜʠ ʚʠʟʥʘʯʘʪʠ ʢʦʝʬʽʮʽʻʥʪʠ ʜʣʷ ʧʝʨʝʨʘʭʫʥʢʫ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʠʛʥʘʣʫ 

ɼʇɿ ʚ ʣʽʥʽʡʥʝ ɽɺ. 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʚʝʨʠʬʽʢʘʮʽʷ ʥʦʚʦʛʦ ʄʦʥʪʝ-ʂʘʨʣʦ ʢʦʜʫ Serpent [1] ʜʣʷ 

ʧʽʜʛʦʪʦʚʢʠ ʥʝʡʪʨʦʥʥʦ-ʬʽʟʠʯʥʦʛʦ ʢʦʥʩʪʘʥʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ɼʇɿ. 

ɿʘʚʜʘʥʥʷʤ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʦʪʨʠʤʘʪʠ ʜʠʥʘʤʽʢʫ ʚʠʛʦʨʷʥʥʷ ʝʤʽʪʝʨʘ ɼʇɿ ʪʘ ʨʦʟʧʦʜʽʣ 

ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ ʧʦʛʣʠʥʘʥʥʷ ʥʝʡʪʨʦʥʽʚ ʷʜʨʘʤʠ 103Rh ʚ ʦʙôʻʤʽ ʝʤʽʪʝʨʘ ɼʇɿ; ʚʽʜʥʦʩʥʫ 

ʩʫʤʘʨʥʫ ʧʦʪʫʞʥʽʩʪʴ 6-ʪʠ ʮʝʥʪʨʘʣʴʥʠʭ ʪʝʧʣʦʚʠʜʽʣʷʶʯʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʦʪʦʯʫʶʪʴ 

ʮʝʥʪʨʘʣʴʥʠʡ ʢʘʥʘʣ ʥʝʡʪʨʦʥʥʦ-ʬʽʟʠʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʚ ʪʝʧʣʦʚʠʜʽʣʷʶʯʽʡ ʟʙʽʨʮʽ. ʆʪʨʠʤʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʪʠ ʟʽ ʟʥʘʯʝʥʥʷʤʠ ʦʪʨʠʤʘʥʠʤʠ ʽʥʰʠʤ ʩʧʝʢʪʨʘʣʴʥʠʤ ʢʦʜʦʤ ï MCU [2] ʽ 

ʧʨʝʜʩʪʘʚʣʝʥʠʤʠ ʚ ʜʦʢʫʤʝʥʪʽ [1]. 

ɺ ʨʘʤʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʨʦʙʦʪʠ, ʟʛʽʜʥʦ ʜʦʢʫʤʝʥʪʫ [1], ʟʘʩʦʙʘʤʠ ʄʦʥʪʝ-ʂʘʨʣʦ ʢʦʜʫ 

Serpent [3] ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʤʦʜʝʣʴ ʊɺɿ ʟ ʫʨʘʥ-ʛʘʜʦʣʽʥʽʻʚʠʤ ʧʘʣʠʚʦʤ, ʫ ʮʝʥʪʨʘʣʴʥʽʡ ʪʨʫʙʮʽ 

ʷʢʦʾ ʨʦʟʤʽʱʝʥʦ ɼʇɿ. ɺʽʜʪʚʦʨʝʥʘ ʢʦʥʬʽʛʫʨʘʮʽʷ ʧʘʣʠʚʥʦʾ ʨʝʰʽʪʢʠ ʊɺɿ ʟ 12-ʪʴʤʘ ʫʨʘʥ-

ʛʘʜʦʣʽʥʽʻʚʠʤʠ ʚʠʛʦʨʷʶʯʠʤʠ ʧʦʛʣʠʥʘʯʘʤʠ (ʨʠʩʫʥʦʢ 1). 

ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ ʫ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʄʦʥʪʝ-ʂʘʨʣʦ 

ʢʦʜʽ Serpent ʪʘ ʜʘʥʠʭ, ʷʢʽ ʥʘʚʝʜʝʥʽ ʫ ʜʦʢʫʤʝʥʪʽ [1]. ɼʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʤʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ 

ʚʽʜʪʚʦʨʝʥʦ 5Ā108 ʥʝʡʪʨʦʥʥʠʭ ʽʩʪʦʨʽʡ [4, 5]. ɻʝʦʤʝʪʨʽʷ, ʤʘʪʝʨʽʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ 

ʧʘʨʘʤʝʪʨʠ ʚʠʛʦʨʘʥʥʷ ʙʫʣʠ ʟʤʦʜʝʣʴʦʚʘʥʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ [1]. 

ɿʛʽʜʥʦ ʨʦʟʨʘʭʫʥʢʽʚ ʤʘʢʩʠʤʘʣʴʥʝ ʟʘ ʤʦʜʫʣʝʤ ʚʽʜʥʦʩʥʝ ʚʽʜʭʠʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ Serpent 

ʚʽʜ MCU ʚ [7-10] ʩʢʣʘʜʘʻ: 

1) 4,85% ï ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʷʜʝʨʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ 103Rh; 

2) 6,28% ï ʧʨʠ ʚʠʟʥʘʯʝʥʽ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʡ ʧʦʛʣʠʥʘʥʥʷ ʥʝʡʪʨʦʥʽʚ; 

3) 0,42% ï ʧʨʠ ʚʠʟʥʘʯʝʥʽ ʧʦʪʫʞʥʦʩʪʽ ʰʝʩʪʠ ʮʝʥʪʨʘʣʴʥʠʭ ʊɺɽʃ. 

ʉʝʨʝʜʥʻ ʚʽʜʥʦʩʥʝ ʚʽʜʭʠʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ Serpent ʚʽʜ MCU ʥʘ ʚʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʛʣʠʙʠʥʠ ʚʠʛʦʨʘʥʥʷ ʧʘʣʠʚʘ ʩʢʣʘʜʘʻ: 

1) 1,02% ï ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʷʜʝʨʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ 103Rh; 

2) -0,46% ï ʧʨʠ ʚʠʟʥʘʯʝʥʽ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʡ ʧʦʛʣʠʥʘʥʥʷ ʥʝʡʪʨʦʥʽʚ; 

3) 0,09% ï ʧʨʠ ʚʠʟʥʘʯʝʥʽ ʧʦʪʫʞʥʦʩʪʽ ʰʝʩʪʠ ʮʝʥʪʨʘʣʴʥʠʭ ʊɺɽʃ. 
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ʉʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ Serpent ʚʽʜ MCU ʥʘ ʚʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʛʣʠʙʠʥʠ ʚʠʛʦʨʘʥʥʷ ʧʘʣʠʚʘ ʩʢʣʘʜʘʻ: 

1) 0,94% ï ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʷʜʝʨʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ 103Rh; 

2) 3,73% ï ʧʨʠ ʚʠʟʥʘʯʝʥʽ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʡ ʧʦʛʣʠʥʘʥʥʷ ʥʝʡʪʨʦʥʽʚ; 

3) 0,31% ï ʧʨʠ ʚʠʟʥʘʯʝʥʽ ʧʦʪʫʞʥʦʩʪʽ ʰʝʩʪʠ ʮʝʥʪʨʘʣʴʥʠʭ ʊɺɽʃ. 

ɺʘʨʪʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʨʝʟʫʣʴʪʘʪʠ Serpent ʨʦʟʨʘʭʫʥʢʫ ʚ ʮʽʣʦʤʫ ʥʝʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ 

ʚʽʜ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ MCU. ʄʘʢʩʠʤʘʣʴʥʝ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʧʨʠ 

ʚʠʟʥʘʯʝʥʽ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʡ ʧʦʛʣʠʥʘʥʥʷ ʥʝʡʪʨʦʥʽʚ ʥʘ ʚʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʛʣʠʙʠʥʠ ʚʠʛʦʨʘʥʥʷ 

ʧʘʣʠʚʘ ʩʢʣʘʜʘʻ ʣʠʰʝ 3,73%. ʇʦʜʽʙʥʝ ʷʚʠʱʝ ʤʦʞʣʠʚʝ ʟʘ ʨʘʭʫʥʦʢ ʩʪʦʭʘʩʪʠʯʥʦʾ ʧʨʠʨʦʜʠ 

ʨʦʟʨʘʭʫʥʢʫ ʤʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʪʦʯʥʦʩʪʽ (ʢʽʣʴʢʦʩʪʽ 

ʥʝʡʪʨʦʥʥʠʭ ʽʩʪʦʨʽʡ) ʟ ʚʝʣʠʢʦʶ ʚʽʨʦʛʽʜʥʽʩʪʶ ʟʤʝʥʰʠʪʴ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʦʭʠʙʢʠ, 

ʦʜʥʘʢ ʚʘʨʪʦ ʟʚʘʞʘʪʠ ʥʘ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʨʦʟʨʘʭʫʥʢʫ. 

ʉʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʽ ʚʽʜʭʠʣʝʥʥʷ ʧʨʠ ʚʠʟʥʘʯʝʥʽ ʰʚʠʜʢʦʩʪʝʡ ʨʝʘʢʮʽʡ ʧʦʛʣʠʥʘʥʥʷ 

ʥʝʡʪʨʦʥʽʚ ʪʘ ʩʫʤʘʨʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʰʝʩʪʠ ʮʝʥʪʨʘʣʴʥʠʭ ʊɺɽʃ ʤʝʥʰʽ ʦʜʥʦʛʦ ʚʽʜʩʦʪʢʘ, ʱʦ 

ʧʦʢʘʟʫʻ ʜʦʩʪʘʪʥʶ ʟʙʽʞʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ Serpent ʪʘ MCU ʽ ʤʦʞʝ ʩʣʫʛʫʚʘʪʠ 

ʧʽʜʩʪʘʚʦʶ ʜʣʷ ʨʝʢʦʤʝʥʜʫʚʘʥʥʷ Serpent ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʠʱʝ ʚʢʘʟʘʥʠʭ ʚʝʣʠʯʠʥ ʧʨʠ 

ʧʽʜʛʦʪʦʚʮʽ ʙʽʙʣʽʦʪʝʢʠ ʥʝʡʪʨʦʥʥʦ-ʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɼʇɿ. 

ʅʝʦʙʭʽʜʥʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʙʫʜʴ-ʷʢʘ ʽʥʞʝʥʝʨʥʘ ʤʝʪʦʜʠʢʘ ʟʘʚʞʜʠ ʟʘʣʠʰʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʜʣʷ ʩʚʦʛʦ ʨʦʟʚʠʪʢʫ, ʧʦʚ'ʷʟʘʥʦʛʦ ʟ ʨʦʟʚʠʪʢʦʤ ʽ ʧʦʣʽʧʰʝʥʥʷʤ ʟʥʘʥʴ ʟ ʧʨʝʜʤʝʪʫ, 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʘʧʘʨʘʪʫ, ʧʦʯʠʥʘʶʯʠ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʠʭ ʙʽʙʣʽʦʪʝʢ 

ʦʮʽʥʝʥʠʭ ʷʜʝʨʥʠʭ ʜʘʥʠʭ ʪʘ ʟʘʚʝʨʰʫʶʯʠ ʤʘʢʩʠʤʘʣʴʥʦʶ ʜʝʪʘʣʽʟʘʮʽʻʶ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʦʙ'ʻʢʪʽʚ. 
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ʂɺɸʃɯʌɯʂɸʎɯʗ ʈʆɿʈɸʍʋʅʂʆɺʆɻʆ ʄʆʅʊɽ-ʂɸʈʃʆ ʂʆɼʋ SERPENT ɼʃʗ 

ɼʀʌʋɿɯʁʅʆɻʆ ʈʆɿʈɸʍʋʅʂʋ ʈɽɸʂʊʆʈɯɺ ɺɺɽʈ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ, ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʝʢʦʥʦʤʽʯʥʦʩʪʽ ɸɽʉ, ʻ ʚʘʞʣʠʚʠʤ 

ʟʘʚʜʘʥʥʷʤ. ʆʪʨʠʤʘʥʥʷ ʧʦʣʷ ʝʥʝʨʛʦʚʠʜʽʣʝʥʥʷ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ï ʩʢʣʘʜʥʝ ʟʘʚʜʘʥʥʷ. ʇʦ ʧʦʣʶ 

ʝʥʝʨʛʦʚʠʜʽʣʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʙʽʣʴʰʽʩʪʴ ʬʫʥʢʮʽʦʥʘʣʽʚ, ʢʦʥʪʨʦʣʴ ʷʢʠʭ ʟʘʙʝʟʧʝʯʫʻ 

ʟʙʝʨʝʞʝʥʥʷ ʧʘʣʠʚʘ ʚ ʘʢʪʠʚʥʽʡ ʟʦʥʽ ʧʨʠ ʩʪʘʮʽʦʥʘʨʥʠʭ ʽ ʧʝʨʝʭʽʜʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ ʈʋ. 

ʆʩʥʦʚʦʶ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʥʽʚ ʨʝʘʢʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ ʻ 

ʦʪʨʠʤʘʥʥʷ ʦʮʽʥʢʠ ʩʪʘʥʫ ʨʝʘʢʪʦʨʘ ʥʘ ʟʘʜʘʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ. ɺʠʭʽʜʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʪʘʢʦʾ ʦʮʽʥʢʠ ʻ ʩʠʛʥʘʣʠ ʜʘʪʯʠʢʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʢʦʥʪʨʦʣʶ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʚʽʜ 

ʘʧʘʨʘʪʫʨʠ ʉɺʈʂ ʽ ʽʥʰʠʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʦʞ ʤʘʪʝʤʘʪʠʯʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʱʦ ʦʧʠʩʫʶʪʴ 

ʝʚʦʣʶʮʽʶ ʟʤʽʥʥʠʭ ʩʪʘʥʫ ʨʝʘʢʪʦʨʘ ʽ ʟʚ'ʷʟʦʢ ʤʽʞ ʥʠʤʠ. 

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʩʪʘʥʫ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʧʨʘʢʪʠʯʥʦ ʦʙʤʝʞʫʶʪʴʩʷ ʥʝʧʦʚʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʬʫʥʢʮʽʡ ʨʦʟʧʦʜʽʣʫ ʨʷʜʫ ʢʦʤʧʦʥʝʥʪʽʚ ʘʢʪʠʚʥʦʾ ʟʦʥʠ, ʪʘʢʠʭ ʷʢ ʧʘʣʠʚʦ, 

ʩʧʦʚʽʣʴʥʶʚʘʯ-ʪʝʧʣʦʥʦʩʽʡ, ʧʦʛʣʠʥʘʯʽ, ʦʪʨʫʡʥʠʢʠ, ʰʣʘʢʠ. 

ɿʘʚʜʘʥʥʷ ʧʽʜʛʦʪʦʚʢʠ ʝʬʝʢʪʠʚʥʠʭ ʧʝʨʝʪʠʥʽʚ, ʧʽʜʛʦʪʦʚʢʘ ʛʦʤʦʛʝʥʽʟʦʚʘʥʠʭ ʧʝʨʝʪʠʥʽʚ ʽ 

ʾʭ ʟʤʽʥʘ ʚ ʧʨʦʮʝʩʽ ʚʠʛʦʨʷʥʥʷ ʧʘʣʠʚʘ, ʤʦʞʫʪʴ ʨʦʟʛʣʷʜʘʪʠʩʷ ʦʢʨʝʤʦ ʚʽʜ ʟʘʚʜʘʥʥʷ ʨʦʟʨʘʭʫʥʢʫ 

ʨʝʘʢʪʦʨʘ. 

ɺ ʨʘʤʢʘʭ ʮʴʦʛʦ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʨʦʟʨʘʭʫʥʢʠ ʢʦʜʦʤ Serpent ʥʝʡʪʨʦʥʥʦ-ʬʽʟʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʧʣʦʚʠʜʽʣʷʶʯʦʾ ʟʙʽʨʢʠ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʤʠ ʚ ʜʦʢʫʤʝʥʪʽ [1, 2]. 

ʎʝ ʄʦʥʪʝ-ʂʘʨʣʦ ʢʦʜ, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʥʝʡʪʨʦʥʥʦ-ʬʽʟʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʘʢʪʠʚʥʦʾ ʟʦʥʠ 

ʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ [3, 4], ʧʨʠ ʮʴʦʤʫ ʚʽʥ ʚʠʢʦʨʠʩʪʦʚʫʻ ʙʝʟʧʝʨʝʨʚʥʽ ʟʘ ʝʥʝʨʛʽʻʶ ʙʽʙʣʽʦʪʝʢʠ 

ʦʮʽʥʝʥʠʭ ʷʜʝʨʥʠʭ ʜʘʥʠʭ. 

ʋ ʢʦʜʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʽʜʭʽʜ, ʘʥʘʣʦʛʽʯʥʠʡ ʧʽʜʭʦʜʫ, ʚʠʢʦʨʠʩʪʘʥʦʤʫ ʚ MCNP ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʨʦʟʤʥʦʞʝʥʥʷ ʥʝʡʪʨʦʥʽʚ. ɺʽʜʤʽʥʥʽʩʪʴ ʢʦʜʫ Serpent ʚʽʜ MCNP 

ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʪʦʜʫ çɼʝʣʴʪʘ-ʪʨʝʢʽʥʛʫ ɺʫʜʢʦʢʘè (Woodcock delta-tracking 

method) [5, 6] ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʥʦʩʫ ʥʝʡʪʨʦʥʽʚ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʘʜʠʮʽʡʥʦʛʦ ʜʣʷ ʢʦʜʽʚ 

ʄʦʥʪʝ-ʂʘʨʣʦ çʄʝʪʦʜʫ ʪʨʝʢʽʥʛʫ ʧʨʦʤʝʥʽʚè (Surface-to-surface ray-tracing method). ʆʩʥʦʚʥʦʶ 

ʧʝʨʝʚʘʛʦʶ ʤʝʪʦʜʫ çɼʝʣʴʪʘ ʪʨʝʢʽʥʛʫ ɺʫʜʢʦʢʘè ʻ ʪʝ, ʱʦ ʚʽʥ ʟʥʘʯʥʦ ʩʧʨʦʱʫʻ ʦʙʨʦʙʢʫ 

ʛʝʦʤʝʪʨʽʾ ʧʽʜ ʯʘʩ ʨʦʟʨʘʭʫʥʢʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ ʤʦʜʝʣʶʚʘʥʥʷ, ʦʩʦʙʣʠʚʦ 

ʜʣʷ ʩʢʣʘʜʥʠʭ ʛʝʦʤʝʪʨʽʡ. 

Serpent ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʦʜʠʪʠ ʨʦʟʨʘʭʫʥʦʢ ʚʠʛʦʨʷʥʥʷ ʟʘ ʤʝʪʦʜʦʤ ʧʨʝʜʠʢʪʦʨ-

ʢʦʨʝʢʪʦʨ (predictor-corrector method) [7] ʜʣʷ ʢʦʞʥʦʛʦ ʢʨʦʢʫ ʚʠʛʦʨʷʥʥʷ, ʱʦ ʟʙʽʣʴʰʫʻ 

ʪʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʫ. ʅʘ ʜʦʜʘʪʦʢ ʜʦ ʪʨʘʜʠʮʽʡʥʦʛʦ ʤʝʪʦʜʫ ʧʨʝʜʠʢʪʦʨ-ʢʦʨʝʢʪʦʨ, ʟʘʩʥʦʚʘʥʦʤʫ 

ʥʘ ʣʽʥʽʡʥʽʡ ʽʥʪʝʨʧʦʣʷʮʽʾ, Serpent  ʧʨʦʧʦʥʫʻ ʨʽʟʥʽ ʚʜʦʩʢʦʥʘʣʝʥʽ ʤʝʪʦʜʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʚʠʛʦʨʷʥʥʷ (ʥʘʧʨʠʢʣʘʜ, ʝʪʘʧʠ ʚʠʛʦʨʷʥʥʷ ʜʽʣʷʪʴʩʷ ʥʘ ʧʽʜʝʪʘʧʠ, ʷʢʽ ʚʠʨʽʰʫʶʪʴʩʷ ʧʦʩʣʽʜʦʚʥʦ) 

[8], [9]. 

ɺ ʨʘʤʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʟʚʽʪʫ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʨʦʟʨʘʭʫʥʢʠ ʜʣʷ ʊɺɿ ʟ 12 ʊɺɽɻʘʤʠ. 

ʊʘʢʘ ʢʦʥʬʽʛʫʨʘʮʽʷ ʊɺɿ ʫ ʜʦʢʫʤʝʥʪʽ [1] ʧʦʟʥʘʯʝʥʘ ʷʢ UGD assembly configuration. ʎʷ ʊɺɿ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ 300 ʪʝʧʣʦʚʠʜʽʣʷʶʯʠʭ ʝʣʝʤʝʥʪʽʚ (ʜʘʣʽ ï ʊɺɽʃ) ʟ ʷʢʠʭ 12 ʊɺɽɻʽʚ ʥʘ ʦʩʥʦʚʽ 

ʩʫʤʽʰʽ ʜʽʦʢʩʠʜʫ ʫʨʘʥʫ ʪʘ ʜʽʦʢʩʠʜʫ ʛʘʜʦʣʽʥʽʶ (Gd2O3), 18 ʥʘʧʨʘʚʣʷʶʯʠʭ ʢʘʥʘʣʽʚ ʪʘ 

ʮʝʥʪʨʘʣʴʥʦʾ ʪʨʫʙʢʠ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʊɺɿ ʪʘ ʧʦʪʚʝʣʴʥʽ ʨʦʟʨʘʭʫʥʢʠ ʚʠʢʦʥʫʚʘʣʠʩʴ ʜʣʷ ʜʝʢʽʣʴʢʦʭ ʩʪʘʥʽʚ, ʱʦ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʦʶ ʧʘʣʠʚʘ, ʪʝʤʧʝʨʘʪʫʨʦʶ ʦʙʦʣʦʥʢʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʪʝʧʣʦʥʦʩʽʷ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʰʣʘʢʽʚ ʪʘ ʦʪʨʫʶʚʘʯʽʚ. ʋʩʽ ʦʙʯʠʩʣʝʥʥʷ ʧʨʦʚʦʜʷʪʴʩʷ ʧʨʠ 

ʜʟʝʨʢʘʣʴʥʠʭ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚʘʭ (ʥʝʩʢʽʥʯʝʥʥʘ ʊɺɿ ʨʝʰʽʪʢʘ). 

ʅʝʡʪʨʦʥʥʦ-ʬʽʟʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʫʣʠ ʧʦʨʘʭʦʚʘʥʽ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʙʽʙʣʽʦʪʝʢʠ 

ʦʮʽʥʝʥʠʭ ʷʜʝʨʥʠʭ ʜʘʥʠʭ ENDF/B-VII.  
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 ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʊɺɿ ʟ ʛʘʜʦʣʽʥʽʻʚʠʤ ʧʦʛʣʠʥʘʯʝʤ ʧʦʢʘʟʘʣʠ: 

- ʄʘʢʩʠʤʘʣʴʥʝ ʘʙʩʦʣʶʪʥʝ ʚʽʜʭʠʣʝʥʥʷ ʢʨʠʪʠʯʥʦʩʪʽ ʊɺɿ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʽʚʥʷ 

ʚʠʛʦʨʷʥʥʷ, ʦʪʨʠʤʘʥʦʛʦ ʢʦʜʘʤʠ HELIOS ʪʘ MCNP, ʩʢʣʘʣʦ 0,0039; 

- ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ Serpent ʨʦʟʨʘʭʫʥʢʫ ʚʽʜʥʦʩʥʠʭ ʧʦʪʚʝʣʴʥʠʭ 

ʰʚʠʜʢʦʩʪʝʡ ʨʝʘʢʮʽʾ ʧʦʜʽʣʫ ʚ ʨʽʟʥʠʭ ʩʪʘʥʘʭ ʊɺɿ ʥʝ ʧʝʨʝʚʠʱʫʻ 0,008;  

- ɹʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʨʦʟʤʥʦʞʝʥʥʷ ʜʣʷ ʨʽʟʥʠʭ ʩʪʘʥʽʚ ʊɺɿ ʧʨʠ ʨʽʟʥʽʡ 

ʛʣʠʙʠʥʽ ʚʠʛʦʨʷʥʥʷ, ʷʢʽ ʚ ʮʽʣʦʤʫ ʚʽʜʧʦʚʽʜʘʶʪʴ ʘʥʘʣʦʛʽʯʥʠʤ ʨʦʟʨʘʭʫʥʢʘʤ ʽʥʰʠʤʠ ʢʦʜʘʤʠ; 

- ʈʝʟʫʣʴʪʘʪʠ Serpent ʨʦʟʨʘʭʫʥʢʽʚ ʦʩʝʨʝʜʥʝʥʠʭ ʧʦ ʊɺɿ ʢʦʥʮʝʥʪʨʘʮʽʡ ʥʫʢʣʽʜʽʚ, ʘ 

ʪʘʢʦʞ ʢʦʥʮʝʥʪʨʘʮʽʡ ʥʫʢʣʽʜʽʚ ʫ ʯʘʨʫʥʢʘʭ 1 ʪʘ 24 ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʪʨʠʤʘʥʠʤʠ 

ʚ ʽʥʰʠʭ ʢʦʜʘʭ; 

- ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʨʦʟʤʥʦʞʝʥʥʷ ʢʦʜʦʤ Serpent ʧʦʢʘʟʫʶʪʴ 

ʜʦʩʪʘʪʥʽʡ ʨʽʚʝʥʴ ʢʦʨʝʣʷʮʽʾ ʟ ʽʥʰʠʤʠ ʢʦʜʘʤʠ ʪʘ ʦʪʨʠʤʘʥʽ ʚʽʜʭʠʣʝʥʥʷ ʟʘʜʦʚʦʣʴʥʷʶʪʴ 

ʧʨʠʡʥʷʪʦʤʫ ʢʨʠʪʝʨʽʶ ʧʨʠʡʥʷʪʥʦʩʪʽ. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ (ʟʘʣʝʞʥʽʩʪʴ ʝʬʝʢʪʠʚʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ 
ʨʦʟʤʥʦʞʝʥʥʷ ʥʝʡʪʨʦʥʽʚ ʂʝʬ ʚʽʜ ʛʣʠʙʠʥʠ ʚʠʛʦʨʷʥʥʷ; ʟʘʣʝʞʥʽʩʪʴ ʩʝʨʝʜʥʴʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʥʫʢʣʽʜʽʚ ʚʽʜ ʛʣʠʙʠʥʠ ʚʠʛʦʨʷʥʥʷ; ʟʘʣʝʞʥʦʩʪʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʫʢʣʽʜʽʚ ʚ ʧʘʣʠʚʽ ʦʢʨʝʤʠʭ ʊɺɽʃ 

ʪʘ ʊɺɽɻ ʚʽʜ ʛʣʠʙʠʥʠ ʚʠʛʦʨʷʥʥʷ; ʝʬʝʢʪʠ ʨʝʘʢʪʠʚʥʦʩʪʽ ʜʣʷ ʨʽʟʥʠʭ ʩʪʘʥʽʚ ʊɺɿ ʧʨʠ ʨʽʟʥʽʡ 

ʛʣʠʙʠʥʽ ʚʠʛʦʨʷʥʥʷ; ʚʽʜʥʦʩʥʽ ʧʦʪʚʝʣʴʥʽ ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ ʧʦʜʽʣʫ ʚ ʨʽʟʥʠʭ ʩʪʘʥʘʭ ʊɺɿ), ʘ 

ʪʘʢʦʞ ʾʭ ʧʦʨʽʚʥʷʥʥʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʪʨʠʤʘʥʠʤʠ ʽʥʰʠʤʠ ʢʦʜʘʤʠ, ʜʦʟʚʦʣʷʶʪʴ 

ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʪʘ ʢʚʘʣʽʬʽʢʫʚʘʪʠ ʢʦʜ Serpent ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʢʦʥʩʪʘʥʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ 

ʜʠʬʫʟʽʡʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʨʝʘʢʪʦʨʽʚ ʪʠʧʫ ɺɺɽʈ ʪʘ ʧʦʪʚʝʣʴʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʊɺɿ. 
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ɸʅɸʃɯɿ ɺʀʂʆʈʀʉʊɸʅʅʗ ʂʃɸʉʊɽʈɯɺ ʉʋɿ ɺ ʈʆɿʈʆɹʎɯ ʈɽɸʂʊʆʈɯɺ 

ʄʆɼʋʃʔʅʆɻʆ ʊʀʇʋ ʊɸ ʉʋʏɸʉʅɯ ʇɯɼʍʆɼʀ ɼʆ ʈʆɿʈʆɹʂʀ ʇɸʉʀɺʅʀʍ 

ʉʀʉʊɽʄ ɿɸʍʀʉʊʋ ɺ ʈɽɸʂʊʆʈɸʍ ɺɺɽʈ 

 

 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʧʠʪʘʥʥʷ ʙʫʜʽʚʥʠʮʪʚʘ ʥʦʚʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʚ ʋʢʨʘʾʥʽ ʩʪʘʻ ʚʩʝ 

ʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʤ. ʅʠʥʽ ʘʪʦʤʥʠʤʠ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʤʠ ʥʘʰʦʾ ʜʝʨʞʘʚʠ ʚʠʨʦʙʣʷʻʪʴʩʷ ʙʽʣʴʰʝ 

50% ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ʆʩʢʽʣʴʢʠ ʚ ʧʝʨʽʦʜ ʟ 2030 ʧʦ 2040 ʨʦʢʠ ʟʘʚʝʨʰʫʶʪʴʩʷ ʧʨʦʜʦʚʞʝʥʽ 

ʩʪʨʦʢʠ ʝʢʩʧʣʫʘʪʘʮʽʾ 12 ʝʥʝʨʛʦʙʣʦʢʽʚ ʟ 15, ʘʢʪʫʘʣʴʥʠʤ ʩʪʘʻ ʧʠʪʘʥʥʷ ʟʘʤʽʱʝʥʥʷ ʚʠʚʝʜʝʥʠʭ ʟ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʣʦʢʽʚ ʨʝʘʢʪʦʨʘʤʠ ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ (ʤʦʜʫʣʴʥʽ ʝʥʝʨʛʦʙʣʦʢʠ). ʊʘʢʠʡ ʧʽʜʭʽʜ ʚ 

ʜʘʥʠʡ ʯʘʩ ʻ ʧʦʧʫʣʷʨʥʠʤ ʪʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʧʝʨʩʧʝʢʪʠʚʥʠʡ. ʂʨʽʤ ʮʴʦʛʦ, ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʾ ʤʘʣʠʭ ʤʦʜʫʣʴʥʠʭ ʨʝʘʢʪʦʨʽʚ ʤʦʞʝ ʜʦʚʦʣʽ ʰʚʠʜʢʦ ʚʠʨʽʰʠʪʠ ʧʠʪʘʥʥʷ ʨʝʛʫʣʶʚʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʚʠʥʠʢʣʠ ʯʝʨʝʟ ʩʪʨʽʤʢʝ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʪʢʠ "ʟʝʣʝʥʦʾ" ʛʝʥʝʨʘʮʽʾ ʫ 

ʝʥʝʨʛʦʩʠʩʪʝʤʽ, ʟʦʢʨʝʤʘ, ʚʦʥʠ ʟʜʘʪʥʽ ʟʘʜʦʚʦʣʴʥʷʪʠ ʧʦʪʨʝʙʫ ʚ ʛʥʫʯʢʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʜʣʷ ʩʘʤʠʭ ʨʽʟʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ ʟʘʩʪʦʩʫʚʘʥʴ ʪʘ ʟʘʤʽʥʠʪʠ ʩʪʘʨʽʶʯʽ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʦʨʛʘʥʽʯʥʦʤʫ ʧʘʣʠʚʽ. ɺʦʥʠ ʪʘʢʦʞ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʙʽʣʴʰ 

ʥʠʟʴʢʠʤʠ ʧʦʯʘʪʢʦʚʠʤʠ ʢʘʧʽʪʘʣʴʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʽ ʧʨʠʜʘʪʥʽ ʜʣʷ ʢʦʛʝʥʝʨʘʮʽʾ ʪʘ ʟʘʩʪʦʩʫʚʘʥʴ, 

ʥʝ ʧʦʚ'ʷʟʘʥʠʭ ʟ ʚʠʨʦʙʥʠʮʪʚʦʤ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ʂʨʽʤ ʪʦʛʦ, ʚʦʥʠ ʻ ʚʘʨʽʘʥʪʘʤʠ ʙʝʟʧʝʯʥʦʾ ʪʘ 

ʜʝʰʝʚʦʾ ʝʥʝʨʛʽʾ, ʧʨʠʜʘʪʥʠʤʠ ʜʣʷ ʚʽʜʜʘʣʝʥʠʭ ʨʝʛʽʦʥʽʚ ʟ ʤʝʥʰ ʨʦʟʚʠʥʝʥʦʶ ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ 

ʽ ʚʽʜʢʨʠʚʘʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʩʪʚʦʨʝʥʥʷ ʩʠʥʝʨʛʝʪʠʯʥʠʭ ʛʽʙʨʠʜʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ, ʱʦ 

ʧʦʻʜʥʫʶʪʴ ʷʜʝʨʥʽ ʪʘ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ, ʚʢʣʶʯʘʶʯʠ ʧʦʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ 

ʝʥʝʨʛʽʾ [1]. 

ɿʚʘʞʘʶʯʠ ʥʘ ʮʝ ʚ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʘ ʤʦʞʣʠʚʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘʢʦʛʦ ʨʝʘʢʪʦʨʘ ʥʘ 

ʦʩʥʦʚʽ ʢʚʘʜʨʘʪʥʦʾ ʊɺɿ ʟ ʨʝʰʽʪʢʦʶ ʪʚʝʣʽʚ ʪʘ ʢʦʥʩʪʨʫʢʮʽʻʶ ʢʣʘʩʪʝʨʘ ʉʋɿ ʘʥʘʣʦʛʽʯʥʦʶ ʪʽʡ, 

ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʨʝʘʢʪʦʨʘʭ ɺɺɽʈ-1000. ʅʘ ʦʩʥʦʚʽ ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʦʛʦ 

ʘʣʛʦʨʠʪʤʫ ʪʘ ʧʨʦʛʨʘʤʠ ʨʦʟʨʘʭʫʥʢʫ ʜʦʩʣʽʜʞʝʥʘ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʩʥʫʶʯʦʾ ʨʝʰʽʪʢʠ 

ʪʚʝʣʽʚ ʪʘ ʢʣʘʩʪʝʨʘ ʉʋɿ ɺɺɽʈ-1000 ʥʘ ʤʘʣʠʭ ʘʢʪʠʚʥʠʭ ʟʦʥʘʭ, ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʤʦʜʫʣʴʥʠʭ 

ʨʝʘʢʪʦʨʽʚ. ɺʘʨʽʘʥʪʥʠʤʠ ʨʦʟʨʘʭʫʥʢʘʤʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘʢʦʛʦ ʢʣʘʩʪʝʨʫ ʚ 

ʤʦʜʫʣʴʥʦʤʫ ʨʝʘʢʪʦʨʽ ʩʫʪʪʻʚʦ ʟʨʦʩʪʘʻ. ʎʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʨʫʰʝʥʥʷ (ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ 

ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʤʽʱʝʥʥʷ ʆʈ ʉʋɿ ɺɺɽʈ-1000) ʜʦʧʫʩʪʠʤʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘ ʤʘʢʩʠʤʘʣʴʥʫ 

ʰʚʠʜʢʽʩʪʴ ʚʚʝʜʝʥʥʷ ʨʝʘʢʪʠʚʥʦʩʪʽ, ʱʦ ʨʝʛʣʘʤʝʥʪʫʻʪʴʩʷ ʇɹʗ ʋʢʨʘʾʥʠ. ʂʨʽʤ ʮʴʦʛʦ, ʟʨʦʩʪʘʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʣʘʩʪʝʨʘ ʉʋɿ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʙʽʣʴʰ ʪʷʞʢʦʛʦ ʧʨʦʪʽʢʘʥʥʷ ʨʝʘʢʪʠʚʥʽʩʥʠʭ 

ʘʚʘʨʽʡ, ʟʦʢʨʝʤʘ, ʧʨʦʝʢʪʥʦʾ ʘʚʘʨʽʾ, ʧʦʚôʷʟʘʥʦʾ ʟ ʚʠʢʠʜʦʤ ʢʣʘʩʪʝʨʘ ʉʋɿ ʟ ʘʢʪʠʚʥʦʾ ʟʦʥʠ [2]. 

 ʈʦʟʛʣʷʥʫʚʰʠ ʘʚʘʨʽʶ, ʷʢʘ ʧʦʚôʷʟʘʥʘ ʟ ʚʠʢʠʜʦʤ ʢʣʘʩʪʝʨʘ ʉʋɿ ʟ ʘʢʪʠʚʥʦʾ ʟʦʥʠ 

ʨʝʘʢʪʦʨʘ, ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʥʘʡʙʽʣʴʰ ʥʝʛʘʪʠʚʥʽ ʰʣʷʭʠ ʧʨʦʪʽʢʘʥʥʷ ʪʘʢʦʾ ʧʦʜʽʾ, ʷʢʽ ʧʦʚôʷʟʘʥʽ 

ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʝʬʝʢʪʠʚʥʦʩʪʽ ʆʈ ʉʋɿ. ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʙʫʣʦ ʦʙˇʨʫʥʪʦʚʘʥʦ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʘʩʠʚʥʠʭ ʩʠʩʪʝʤ ʟʘʭʠʩʪʫ ʜʣʷ ʨʝʘʢʪʦʨʽʚ ɺɺɽʈ, ʟʦʢʨʝʤʘ ʦʩʥʦʚʥʘ ʫʚʘʛʘ ʚʧʘʣʘ 

ʥʘ ʩʠʩʪʝʤʫ ʧʘʩʠʚʥʦʛʦ ʚʽʜʚʝʜʝʥʥʷ ʪʝʧʣʦʪʠ ʚʽʜ ʧʘʨʦʛʝʥʝʨʘʪʦʨʽʚ, ʷʢʘ ʧʨʠ ʚʠʥʠʢʥʝʥʥʽ 

ʨʝʘʢʪʠʚʥʽʩʥʠʭ ʘʚʘʨʽʡ ʤʦʞʝ ʧʽʜʪʨʠʤʫʚʘʪʠ ʙʝʟʧʝʯʥʠʡ ʢʦʥʪʨʦʣʴʦʚʘʥʠʡ ʩʪʘʥ ʨʝʘʢʪʦʨʘ 

ʚʧʨʦʜʦʚʞ ʜʝʢʽʣʴʢʦʭ ʜʽʙ. ʗʢ ʚʽʜʦʤʦ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʝʘʢʪʠʚʥʽʩʥʠʭ ʘʚʘʨʽʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʽʟʢʘ 

ʟʤʽʥʘ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʫ, ʷʢʘ ʻ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʘ, ʥʽʞ ʟʤʽʥʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ. ʎʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʽʟʢʦʛʦ ʦʩʫʰʝʥʥʷ ʇɻ, ʽ ʷʢ ʨʝʟʫʣʴʪʘʪ - ʜʦ ʦʛʦʣʝʥʥʷ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʨʝʘʢʪʦʨʘ. 

 ʈʦʟʛʣʷʥʫʪʘ ʚ ʨʦʙʦʪʽ ʩʠʩʪʝʤʘ ʧʘʩʠʚʥʦʛʦ ʚʽʜʚʝʜʝʥʥʷ ʪʝʧʣʦʪʠ ʚʽʜ ʧʘʨʦʛʝʥʝʨʘʪʦʨʽʚ 

ʚʠʢʣʶʯʘʻ ʤʦʞʣʠʚʽʩʪʴ ʰʚʠʜʢʦʛʦ ʧʦʚʥʦʛʦ ʦʩʫʰʝʥʥʷ ʇɻ ʪʘ ʜʦʟʚʦʣʷʻ ʧʽʜʪʨʠʤʫʚʘʪʠ 

ʥʝʦʙʭʽʜʥʠʡ ʚʘʛʦʚʠʡ ʨʽʚʝʥʴ ʚ ʨʝʘʢʪʦʨʽ [3]. 

ʉʭʝʤʘʪʠʯʥʦ ʥʘ ʨʠʩʫʥʢʫ 1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʠʩʪʝʤʫ ʧʘʩʠʚʥʦʛʦ ʚʽʜʚʝʜʝʥʥʷ ʪʝʧʣʦʪʠ ʚʽʜ 

ʧʘʨʦʛʝʥʝʨʘʪʦʨʽʚ. 
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ʇʆɺʆɼɾɽʅʅʗ ɿ ɺʀʉʆʂʆɸʂʊʀɺʅʀʄʀ ɺɯɼʍʆɼɸʄʀ ʅɸ ɸɽʉ ʋʂʈɸɯɰʅʀ. 

ʉʍʆɺʀʑɽ ɺɸɺ ʅɸ ʊɽʈʀʊʆʈɯɰ ʏʆʈʅʆɹʀʃʔʉʔʂʆɰ ɸɽʉ. 

 

ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ, ʫ ʩʧʝʮʽʘʣʽʩʪʽʚ ʟʽ ʩʬʝʨʠ ʘʪʦʤʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʜʫʞʝ ʨʦʟʧʦʚʩʶʜʞʝʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʪʝʨʤʽʥʽʚ, ʷʢ ʥʠʟʴʢʦʘʢʪʠʚʥʽ ʚʽʜʭʦʜʠ, ʚʽʜʭʦʜʠ ʩʝʨʝʜʥʴʦʾ ʘʙʦ ʧʨʦʤʽʞʥʦʾ 

ʘʢʪʠʚʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʚʠʩʦʢʦʘʢʪʠʚʥʽ ʚʽʜʭʦʜʠ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʘʢʽ ʪʝʨʤʽʥʠ, ʚʦʥʠ ʤʘʶʪʴ ʥʘ 

ʫʚʘʟʽ ʥʘʷʚʥʽʩʪʴ ʨʽʟʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʨʘʜʽʦʽʟʦʪʦʧʽʚ ʯʠ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʩʘʤʠʭ ʚʽʜʭʦʜʽʚ. ʂʦʣʠ 

ʪʽʣʴʢʠ ʚʚʦʜʠʣʠʩʷ ʮʽ ʧʦʥʷʪʪʷ, ʪʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʚ ʮʽʣʷʭ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʽ ʟʘʟʚʠʯʘʡ 

ʚʢʘʟʫʚʘʣʠ ʥʘ ʪʝ, ʷʢ ʧʦʚʦʜʷʪʴʩʷ ʟ ʚʽʜʭʦʜʘʤʠ, ʚ ʜʘʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʫʤʦʚʘʭ ʥʘ ʧʝʚʥʽʡ 

ʧʣʦʱʘʜʮʽ, ʘʣʝ ʥʝ ʩʣʫʛʫʚʘʣʠ ʜʣʷ ʪʦʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ [1,2]. 

ɺʠʩʦʢʦʘʢʪʠʚʥʽ ʚʽʜʭʦʜʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʘʣʝ 

ʥʘʡʛʦʣʦʚʥʽʰʦʶ ʡʦʛʦ ʚʽʜʤʽʥʥʽʩʪʶ ʻ ʪʝ, ʱʦ ʚʦʥʠ ʚʠʤʘʛʘʶʪʴ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʦʚʦʜʞʝʥʥʷ ʽ 

ʟʘʭʦʜʽʚ, ʷʢ ʥʘʧʨʠʢʣʘʜ, ʧʦʪʫʞʥʽʡ ʙʽʦʣʦʛʽʯʥʠʡ ʟʘʭʠʩʪ, ʘ ʪʘʢʦʞ ʦʩʦʙʣʠʚʫ ʩʠʩʪʝʤʫ 

ʦʭʦʣʦʜʞʝʥʥʷ ʽ ʟʚôʷʟʘʥʦ ʮʝ ʟ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷʤ ʧʽʜ ʯʘʩ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʨʦʟʧʘʜʫ. ʆʩʥʦʚʥʘ 

ʫʚʘʛʘ ʧʨʠ ʧʦʚʦʜʞʝʥʥʽ ʟ ʚʠʩʦʢʦʘʢʪʠʚʥʠʤʠ ʚʽʜʭʦʜʘʤʠ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ ʽʟʦʣʷʮʽʾ 

ʚʽʜ ʙʽʦʩʬʝʨʠ ʽ ʚʠʢʣʶʯʝʥʥʷ ʙʫʜʴ-ʷʢʦʛʦ ʟʥʘʯʥʦʛʦ ʚʠʢʠʜʫ ʨʘʜʽʦʽʟʦʪʦʧʽʚ, ʧʨʠʥʘʡʤʥʽ ʚ 

ʥʝʙʝʟʧʝʯʥʠʭ ʜʣʷ ʣʶʜʠʥʠ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʫʧʨʦʜʦʚʞ ʪʨʠʚʘʣʠʭ ʧʝʨʽʦʜʽʚ ʯʘʩʫ, ʢʦʣʠ ʪʘʢʘ 

ʤʦʞʣʠʚʽʩʪʴ ʽʩʥʫʻ. ɽʢʩʧʝʨʪʠ ʧʦ ʧʦʚʦʜʞʝʥʥʶ ʟ ʷʜʝʨʥʠʤʠ ʚʽʜʭʦʜʘʤʠ ʚ ʮʽʣʦʤʫ ʟʛʦʜʥʽ ʟ ʪʠʤ, 

ʱʦ ʟʘʜʦʚʽʣʴʥʘ ʩʭʝʤʘ ʧʦʚʦʜʞʝʥʥʷ ʟ ʚʠʩʦʢʦʘʢʪʠʚʥʠʤʠ ʚʽʜʭʦʜʘʤʠ ʤʦʞʝ ʙʫʪʠ ʦʙˇʨʫʥʪʦʚʘʥʘ ʥʘ 

ʪʘʢʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʦʧʝʨʘʮʽʡ : 

- ʧʨʦʤʽʞʥʝ ʟʙʝʨʽʛʘʥʥʷ ʚ ʨʽʜʢʽʡ ʬʦʨʤʽ (ʷʢʱʦ ʚʽʜʭʦʜʠ ʨʽʜʢʽ);  

- ʟʘʪʚʝʨʜʽʥʥʷ (ʷʢʱʦ ʚʽʜʭʦʜʠ ʨʽʜʢʽ) ʽ ʧʘʢʫʚʘʥʥʷ ʚʽʜʭʦʜʽʚ;  

- ʟʙʝʨʽʛʘʥʥʷ ʪʚʝʨʜʠʭ ʚʽʜʭʦʜʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ; 

- ʟʘʭʦʨʦʥʝʥʥʷ ʪʚʝʨʜʠʭ ʚʽʜʭʦʜʽʚ ʚ ʛʝʦʣʦʛʽʯʥʠʭ ʬʦʨʤʘʮʽʷʭ (ʥʘ ʩʫʰʽ ʘʙʦ ʧʽʜ ʜʥʦʤ 

ʦʢʝʘʥʫ). 

ɿʛʽʜʥʦ ʟ ʽʩʥʫʶʯʦʶ ʥʠʥʽ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʦʶ ʜʫʤʢʦʶ ʢʦʥʮʝʥʪʨʘʪʠ ʚʠʩʦʢʦʘʢʪʠʚʥʠʭ 

ʨʽʜʢʠʭ ʚʽʜʭʦʜʽʚ, ʧʝʨʝʨʦʙʢʠ ʧʘʣʠʚʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʘʢʪʦʨʽʚ, ʱʦ ʟ'ʷʚʣʷʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ, 

ʧʦʚʠʥʥʽ ʟʙʝʨʽʛʘʪʠʩʷ ʚ ʢʠʩʣʦʪʥʦʤʫ ʚʠʜʽ ʫ ʚʠʩʦʢʦʤʽʮʥʠʭ ʙʘʢʘʭ ʟ ʥʝʨʞʘʚʽʶʯʦʾ ʩʪʘʣʽ.  

ʂʦʥʪʝʡʥʝʨʠ ʜʣʷ ʚʽʜʭʦʜʽʚ (ʙʘʢʠ) ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʚ ʪʦʚʩʪʦʩʪʽʥʥʠʭ ʙʝʪʦʥʥʠʭ 

ʦʩʝʨʝʜʢʘʭ ʘʙʦ ʧʽʜʟʝʤʥʠʭ ʢʘʤʝʨʘʭ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝʦʙʭʽʜʥʠʡ ʟʘʭʠʩʪ, ʽ ʤʘʶʪʴ ʘʙʦ ʧʦʜʚʽʡʥʽ 

ʩʪʽʥʢʠ, ʘʙʦ ʚʥʫʪʨʽʰʥʶ ʩʪʘʣʝʚʫ ʦʙʦʣʦʥʢʫ ʜʣʷ ʚʠʢʣʶʯʝʥʥʷ ʷʢʠʭ-ʥʝʙʫʜʴ ʚʠʪʦʢʽʚ ʟ ʦʩʥʦʚʥʠʭ 

ʢʦʥʪʝʡʥʝʨʽʚ (ʢʦʥʪʝʡʥʝʨʘ). ɼʣʷ ʚʽʜʚʝʜʝʥʥʷ ʪʝʧʣʘ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʧʨʠ ʨʦʟʧʘʜʽ, ʧʝʨʝʜʙʘʯʝʥʽ 

ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ (ʚʦʜʷʥʽ) ʟ ʨʝʟʝʨʚʥʠʤʠ ʫʩʪʘʥʦʚʢʘʤʠ ʘʚʘʨʽʡʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ. 

ʉʠʩʪʝʤʠ ʙʘʢʽʚ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ (ʙʘʢʦʚʽ ʩʭʦʚʠʱʘ) ʧʦʚʠʥʥʽ ʪʘʢʦʞ ʧʝʨʝʜʙʘʯʘʪʠ ʧʝʨʝʤʽʰʫʚʘʥʥʷ 

ʫ ʙʘʢʘʭ, ʚʝʥʪʠʣʷʮʽʶ, ʢʦʥʪʨʦʣʴ, ʧʝʨʝʢʘʯʫʚʘʥʥʷ ʨʦʟʯʠʥʫ ʷʢ ʟ ʚʥʫʪʨʽʰʥʽʭ, ʪʘʢ ʽ ʽʟ ʟʦʚʥʽʰʥʽʭ 

ʢʦʥʪʝʡʥʝʨʽʚ, ʢʦʥʜʝʥʩʘʮʽʶ ʧʘʨʠ, ʚʠʜʘʣʝʥʥʷ ʛʘʟ, ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʨʘʜʽʦʣʽʟ, ʽ ʬʽʣʴʪʨʘʮʽʷ 

ʚʠʭʦʜʠʪʴ ʛʘʟ. 

ʇʨʠ ʟʙʝʨʽʛʘʥʥʽ ʢʠʩʣʦʪʥʠʭ ʚʽʜʭʦʜʽʚ ʫ ʙʘʢʘʭ ʟ ʥʝʨʞʘʚʽʶʯʦʾ ʩʪʘʣʽ, ʷʢʽ ʚʚʘʞʘʶʪʴʩʷ ʥʠʥʽ 

ʙʝʟʧʝʯʥʠʤʠ ʽ ʟʨʫʯʥʠʤʠ, ʥʝ ʚʠʥʠʢʘʣʦ ʚʠʪʽʢʘʥʥʷ ʘʙʦ ʽʥʰʠʭ ʩʝʨʡʦʟʥʠʭ ʧʨʦʙʣʝʤ. ʎʝ 

ʟʘʙʝʟʧʝʯʫʻ ʛʥʫʯʢʽʩʪʴ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ ʚʽʜʢʨʠʚʘʻ ʥʘ ʤʘʡʙʫʪʥʻ ʰʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ ʤʦʞʣʠʚʠʭ 

ʚʘʨʽʘʥʪʽʚ ʧʝʨʝʨʦʙʢʠ ʚʽʜʭʦʜʽʚ. ʊʘʢʽ ʙʘʢʠ ʤʦʞʫʪʴ ʪʘʢʦʞ ʚʠʷʚʠʪʠʩʷ ʟʘʜʦʚʽʣʴʥʠʤʠ ʚʧʨʦʜʦʚʞ 

ʪʨʠʚʘʣʠʭ ʧʝʨʽʦʜʽʚ ʯʘʩʫ. ʇʨʦʪʝ ʙʘʢʠ ʜʣʷ ʚʽʜʭʦʜʽʚ ʥʘʩʧʨʘʚʜʽ ʤʘʶʪʴ ʦʙʤʝʞʝʥʠʡ ʪʝʨʤʽʥ ʩʣʫʞʙʠ 

ʽ ʚʠʤʘʛʘʶʪʴ ʨʦʙʦʪʠ ʩʠʩʪʝʤ ʚʽʜʚʝʜʝʥʥʷ ʪʝʧʣʘ ʽ ʽʥʰʠʭ ʜʦʧʦʤʽʞʥʠʭ ʩʠʩʪʝʤ. ɺ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ 

ʧʦʚʠʥʥʝ ʟʘʙʝʟʧʝʯʫʚʘʪʠʩʷ ʥʝʦʙʭʽʜʥʝ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʽ ʧʝʨʝʜʙʘʯʘʪʠʩʷ ʥʘʷʚʥʽʩʪʴ ʨʝʟʝʨʚʥʠʭ 

ʙʘʢʽʚ ʜʣʷ ʚʠʧʘʜʢʽʚ ʥʝʩʧʦʜʽʚʘʥʠʭ ʚʽʜʤʦʚ. ʋ ʨʘʟʽ ʪʨʠʚʘʣʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʢʽʚ ʾʭ ʢʽʥʝʮʴ 

ʢʽʥʮʝʤ ʥʝʦʙʭʽʜʥʦ ʙʫʜʝ ʟʘʤʽʥʶʚʘʪʠ [3]. 

ʇʨʦʪʝ ʟʘʟʚʠʯʘʡ ʤʘʻʪʴʩʷ ʥʘ ʫʚʘʟʽ, ʱʦ ʟʙʝʨʽʛʘʥʥʷ ʚʠʩʦʢʦʘʢʪʠʚʥʠʭ ʚʽʜʭʦʜʽʚ ʚ ʨʽʜʢʽʡ 

ʬʦʨʤʽ ʤʘʻ ʙʫʪʠ ʣʠʰʝ ʧʨʦʤʽʞʥʦʶ ʤʽʨʦʶ ʽ ʱʦ ʪʘʤ, ʜʝ ʮʝ ʧʨʘʢʪʠʯʥʦ ʟʜʽʡʩʥʝʥʦ, ʧʦʚʠʥʥʝ 
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ʨʦʙʠʪʠʩʷ ʟʘʪʚʝʨʜʽʥʥʷ ʚʽʜʭʦʜʽʚ. ɿʘʪʚʝʨʜʽʥʥʷ ʟʥʠʞʫʻ ʨʫʭʣʠʚʽʩʪʴ ʚʽʜʭʦʜʽʚ ʽ ʤʦʞʣʠʚʽʩʪʴ ʾʭ 

ʨʦʟʩʽʷʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʪʚʝʨʜʘ ʬʦʨʤʘ ʟʨʫʯʥʽʰʘ ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʟʙʝʨʽʛʘʥʥʷ ʽ (ʯʠ) 

ʧʦʭʦʚʘʥʥʷ. 

ʆʩʢʽʣʴʢʠ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʽʩʥʫʻ ʚʝʣʠʯʝʟʥʘ ʢʽʣʴʢʽʩʪʴ ʟʘʙʨʫʜʥʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʪʘʢʠʭ 

ʷʢ: ʤʝʪʘʣʝʚʽ ʚʽʜʭʦʜʠ, ʢʘʙʝʣʴʥʘ ʧʨʦʜʫʢʮʽʷ, ʙʝʪʦʥʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʪʦ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʧʝʚʥʦʾ ʢʽʣʴʢʦʩʪʽ ʜʦʜʘʪʢʦʚʠʭ ʜʽʣʷʥʦʢ, ʧʝʚʥʠʭ ʫʩʪʘʥʦʚʦʢ ʪʘ ʦʙôʻʢʪʽʚ, ʟʘʜʣʷ ʾʭ 

ʧʝʨʚʠʥʥʦʾ ʦʙʨʦʙʢʠ ʪʘ ʟʙʝʨʽʛʘʥʥʷ.  

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʩʪʚʦʨʝʥʥʷ ʪʘʢʦʛʦ ʦʙôʻʢʪʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʜʣʷ 

ʧʦʚʦʜʞʝʥʥʷ ʟ ʈɸɺ, ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʚʞʝ ʽʩʥʫʶʯʫ ʩʧʦʨʫʜʫ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ 

ʤʘʡʜʘʥʯʠʢʫ ʏɸɽʉ. ɼʣʷ ʮʽʻʾ ʨʦʣʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʨʝʢʦʥʩʪʨʫʢʮʽʷ ʯʘʩʪʠʥʠ ʤʘʰʠʥʥʦʛʦ ʟʘʣʫ 1ʛʦ 

ʝʥʝʨʛʦʙʣʦʢʫ ʏɸɽʉ. ʉʭʦʚʠʱʝ, ʧʦʙʫʜʦʚʘʥʝ ʪʘʤ, ʙʫʜʝ ʤʘʪʠ ʧʨʠʟʥʘʯʝʥʥʷ ʪʠʤʯʘʩʦʚʦʛʦ 

ʟʙʝʨʽʛʘʥʥʷ ɺɸɺ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʧʽʜ ʯʘʩ ʟʥʷʪʪʷ ʩʪʘʥʮʽʡ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ ʜʣʷ ʚʽʜʭʦʜʽʚ, ʷʢʽ 

ʫʪʚʦʨʶʶʪʴʩʷ ʧʽʩʣʷ ʧʝʨʝʨʦʙʢʠ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ ʥʘ ʨʝʘʢʪʦʨʘʭ ɺɺɽʈ. 

ʆʯʽʢʫʻʪʴʩʷ, ʱʦ ʪʘʢʘ ʽʥʽʮʽʘʪʠʚʘ ɼʉʇ ʏɸɽʉ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʽʩʥʫʶʯʠʭ ʙʫʜʽʚʝʣʴ ʽ 

ʩʧʦʨʫʜ ʜʦʧʦʤʦʞʝ ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʠ ʥʝ ʪʽʣʴʢʠ ʟʘʛʘʣʴʥʽ ʚʠʪʨʘʪʠ ʥʘ ʙʫʜʽʚʥʠʮʪʚʦ, ʘʣʝ ʡ 

ʪʝʨʤʽʥʠ ʚʚʝʜʝʥʥʷ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʥʦʚʠʭ ʥʝʦʙʭʽʜʥʠʭ ʦʙ'ʻʢʪʽʚ, ʘ ʪʘʢʦʞ ʩʧʨʠʷʪʠʤʝ 

ʟʙʝʨʝʞʝʥʥʶ ʧʨʦʬʝʩʽʡʥʦʛʦ ʧʝʨʩʦʥʘʣʫ ʩʪʘʥʮʽʾ. 

ɼʣʷ ʪʦʛʦ ʱʦʙ ʟʨʦʙʠʪʠ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʨʝʢʦʥʩʪʨʫʢʮʽʷ ʯʘʩʪʠʥʠ ʤʘʰʠʥʥʦʛʦ ʟʘʣʫ 1ʛʦ 

ʝʥʝʨʛʦʙʣʦʢʫ ʏɸɽʉ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʧʨʦʚʝʩʪʠ ʜʝʷʢʽ ʘʥʘʣʽʟʠ, ʧʽʩʣʷ ʷʢʠʾ ʷʢʠʭ ʤʠ ʦʪʨʠʤʘʣʠ ʪʘʢʽ 

ʨʝʟʫʣʴʪʘʪʠ: 

1.       ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʫʻ, ʱʦ ʩʪʘʥ 

ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʢʘʨʢʘʩʘ ʤʘʰʠʥʥʦʛʦ ʟʘʣʫ ɯ ʯʝʨʛʠ ʏɸɽʉ, ʚ ʷʢʦʤʫ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ 

ʩʪʚʦʨʝʥʥʷ ʪʠʤʯʘʩʦʚʦʛʦ ʩʭʦʚʠʱʘ ɺɸɺ, ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʟʘʜʦʚʽʣʴʥʦʤʫ ʩʪʘʥʽ. ʇʽʩʣʷ ʚʠʢʦʥʘʥʥʷ 

ʚʽʜʥʦʩʥʦ ʤʘʣʦʚʠʪʨʘʪʥʠʭ ʨʝʤʦʥʪʥʦʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʨʦʙʽʪ ʙʫʜʽʚʣʷ ʧʨʠʜʘʪʥʘ ʜʦ 

ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʟ ʧʦʜʘʣʴʰʦʶ ʝʢʩʧʣʫʘʪʘʮʽʻʶ ʪʝʨʤʽʥʦʤ ʥʝ ʤʝʥʰʝ 50 ʨʦʢʽʚ. 

2. ʈʘʜʽʘʮʽʡʥʘ ʦʙʩʪʘʥʦʚʢʘ ʫ ɿɺʈ ʟ ʙʫʜʽʚʥʠʮʪʚʘ ʩʭʦʚʠʱʘ ɺɸɺ ʫ ʮʽʣʦʤʫ ʚʽʜʧʦʚʽʜʘʻ 
ʫʤʦʚʘʤ ʧʨʠʤʽʱʝʥʴ 3-ʾ ʟʦʥʠ (ʧʨʠʤʽʱʝʥʥʷ, ʱʦ ʦʙʩʣʫʛʦʚʫʶʪʴʩʷ). ʇʨʠ ʮʴʦʤʫ ʟʘʭʦʜʠ ʧʦ 

ʟʘʙʝʟʧʝʯʝʥʥʶ ʜʦʩʪʘʪʥʴʦʛʦ ʨʽʚʥʷ ʨʘʜʽʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʻ ʪʠʧʦʚʠʤʠ ʜʣʷ ɼʉʇ ʏɸɽʉ, ʱʦ ʥʝ 

ʧʝʨʝʜʙʘʯʘʻ ʩʫʪʪʻʚʠʭ ʜʦʜʘʪʢʦʚʠʭ ʚʠʪʨʘʪ [4]. 

3.  ɸʥʘʣʽʟ ʚʠʪʨʘʪ ʥʘ ʩʪʚʦʨʝʥʥʷ ʦʙôʻʢʪʘ ʧʦ ʧʦʚʦʜʞʝʥʥʶ ʟ ʈɸɺ ʫ ʧʨʠʤʽʱʝʥʥʷʭ 

ʽʩʥʫʶʯʦʾ ʩʧʦʨʫʜʠ ʏɸɽʉ (ʧʽʩʣʷ ʾʭʥʴʦʾ ʚʽʜʧʦʚʽʜʥʦʾ ʨʝʢʦʥʩʪʨʫʢʮʽʾ) ʧʦʢʘʟʫʻ, ʱʦ ʚʠʪʨʘʪʠ 

ʙʫʜʫʪʴ ʟʥʘʯʥʦ ʤʝʥʰʠʤʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʪʨʘʪʘʤʠ ʥʘ ʙʫʜʽʚʥʠʮʪʚʦ ʪʘʢʦʛʦ ʞ ʦʙôʻʢʪʘ ʥʘ 

ʥʦʚʦʤʫ ʤʽʩʮʽ, ʱʦ ʜʦʚʦʜʠʪʴ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʩʥʫʶʯʠʭ ʩʧʦʨʫʜ ʜʣʷ ʨʦʟʰʠʨʝʥʥʷ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʧʦ ʧʦʚʦʜʞʝʥʥʶ ʟ ʈɸɺ ʫ ɼʉʇ ʏɸɽʉ. 
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ʉʀʉʊɽʄɸ ʈɸɼɯɸʎɯʁʅʆɻʆ ʂʆʅʊʈʆʃʖ ʎɽʅʊʈɸʃɯɿʆɺɸʅʆɻʆ ʉʍʆɺʀʑɸ 

ɺɯɼʇʈɸʎʔʆɺɸʅʆɻʆ ʗɼɽʈʅʆɻʆ ʇɸʃʀɺɸ 

 

 ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʘʢʪʠʚʥʠʭ ʟʦʥʘʭ ʨʝʘʢʪʦʨʽʚ ʚʽʜʧʨʘʮʴʦʚʘʥʝ ʷʜʝʨʥʝ 

ʧʘʣʠʚʦ (ʥʘʜʘʣʽ ð ɺʗʇ) ʚʠʚʘʥʪʘʞʫʻʪʴʩʷ ʚ ʧʨʠʨʝʘʢʪʦʨʥʽ ʙʘʩʝʡʥʠ ʚʠʪʨʠʤʢʠ, ʜʝ ʟʙʝʨʽʛʘʻʪʴʩʷ 

ʚʧʨʦʜʦʚʞ 4-5 ʨʦʢʽʚ ʜʣʷ ʟʥʠʞʝʥʥʷ ʟʘʣʠʰʢʦʚʦʛʦ ʝʥʝʨʛʦʚʠʜʽʣʝʥʥʷ.  

ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʥʘʫʢʠ ʪʘ ʪʝʭʥʽʢʠ ʥʝ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʦʩʪʘʪʦʯʥʽ ʚʠʩʥʦʚʢʠ ʱʦʜʦ ʧʦʜʘʣʴʰʦʛʦ 

ʧʦʚʦʜʞʝʥʥʷ ʟ ɺʗʇ, ʪʦʤʫ ʫ ʩʚʽʪʦʚʽʡ ʧʨʘʢʪʠʮʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʢʽʣʴʢʘ ʧʽʜʭʦʜʽʚ ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʟʘʟʥʘʯʝʥʦʛʦ ʧʠʪʘʥʥʷ: 

- ʇʝʨʝʨʦʙʢʘ (ʈʦʩʽʷ, ɺʝʣʠʢʦʙʨʠʪʘʥʽʷ, ʌʨʘʥʮʽʷ, ʗʧʦʥʽʷ). 

- ɿʘʭʦʨʦʥʝʥʥʷ ð ʧʝʨʝʜʙʘʯʘʻ ʚʠʪʨʠʤʢʫ ɺʗʇ ʽ ʡʦʛʦ ʟʘʭʦʨʦʥʝʥʥʷ ʚ ʛʣʠʙʦʢʠʭ 

ʛʝʦʣʦʛʽʯʥʠʭ ʬʦʨʤʘʮʽʷʭ (ʉʐɸ, ʌʽʥʣʷʥʜʽʷ, ʐʚʝʮʽʷ). 

- ɺʽʜʢʣʘʜʝʥʝ ʨʽʰʝʥʥʷ ð ʧʝʨʝʜʙʘʯʘʻ ʜʦʚʛʦʩʪʨʦʢʦʚʝ ʟʙʝʨʽʛʘʥʥʷ ɺʗʇ, ʱʦ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʧʨʠʡʥʷʪʠ ʨʽʰʝʥʥʷ ʩʪʦʩʦʚʥʦ ʧʦʜʘʣʴʰʦʛʦ ʧʦʚʦʜʞʝʥʥʷ ʟ ɺʗʇ, ʙʝʨʫʯʠ ʜʦ ʫʚʘʛʠ 

ʤʘʡʙʫʪʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʝʢʦʥʦʤʽʯʥʽ ʯʠʥʥʠʢʠ. ʐʣʷʭʦʤ ʚʽʜʢʣʘʜʝʥʦʛʦ ʨʽʰʝʥʥʷ ʦʙʨʘʣʠ ʪʘʢʽ 

ʢʨʘʾʥʠ, ʷʢ ɸʨʛʝʥʪʠʥʘ, ɼʘʥʽʷ, ɯʩʧʘʥʽʷ, ʂʘʥʘʜʘ, ʃʠʪʚʘ, ʅʽʤʝʯʯʠʥʘ, ʅʦʨʚʝʛʽʷ, ʇʽʚʜʝʥʥʘ ʂʦʨʝʷ, 

ʇʦʣʴʱʘ, ʉʣʦʚʘʯʯʠʥʘ, ʋʛʦʨʱʠʥʘ, ʏʝʭʽʷ, ʍʦʨʚʘʪʽʷ.  

 ɿ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʟʘʣʝʞʥʦʩʪʽ ʫ ʧʠʪʘʥʥʽ ʧʦʚʦʜʞʝʥʥʷ ʟ ɺʗʇ ʪʘ ʟʛʽʜʥʦ ʟ 

çɽʥʝʨʛʝʪʠʯʥʦʶ ʩʪʨʘʪʝʛʽʻʶ ʋʢʨʘʾʥʠ ʥʘ ʧʝʨʽʦʜ ʜʦ 2030 ʨʦʢʫè ʙʫʚ ʫʢʣʘʜʝʥʠʡ ʢʦʥʪʨʘʢʪ ʥʘ 

ʙʫʜʽʚʥʠʮʪʚʦ ʚ ʋʢʨʘʾʥʽ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ  ʩʭʦʚʠʱʘ ʜʣʷ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ 

(ʎʉɺʗʇ) [1]. 

 ʎʉɺʗʇ ï ʮʝ ʘʚʪʦʥʦʤʥʘ ʷʜʝʨʥʘ ʫʩʪʘʥʦʚʘ, ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʪʨʠʚʘʣʦʛʦ ʟʙʝʨʽʛʘʥʥʷ 

ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ ʟ ʜʽʶʯʠʭ ʝʥʝʨʛʦʙʣʦʢʽʚ ʈɸɽʉ, ʍɸɽʉ ʪʘ ʖʋɸɽʉ ʉʭʦʚʠʱʝ 

ʨʦʟʨʘʭʦʚʘʥʦ ʥʘ ʚʩʪʘʥʦʚʣʝʥʥʷ 458 ʢʦʥʪʝʡʥʝʨʽʚ ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ ʟʙʝʨʽʛʘʥʥʷ HI-STORM 

ʘʤʝʨʠʢʘʥʩʴʢʦʾ ʢʦʤʧʘʥʽʾ Holtec International, ʚ ʷʢʠʭ ʧʨʦʪʷʛʦʤ 100 ʨʦʢʽʚ ʙʫʜʫʪʴ ʟʙʝʨʽʛʘʪʠʩʴ 

ʊɺɿ ʟ ɺʗʇ. 

 ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ ʙʝʟʧʝʢʠ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʩʠʩʪʝʤʫ 

ʨʘʜʽʘʮʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ ʜʣʷ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʩʭʦʚʠʱʘ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ 

(ʉʈʂ ʎʉɺʗʇ). 

 ʉʈʂ ʟʜʽʡʩʥʶʻ ʟʙʽʨ, ʦʙʨʦʙʢʫ ʪʘ ʧʦʜʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʨʘʜʽʘʮʽʡʥʫ ʦʙʩʪʘʥʦʚʢʫ ʚ 

ʧʨʠʤʽʱʝʥʥʷʭ ʙʫʜʽʚʣʽ ʧʨʠʡʤʘʥʥʷ ʎʉɺʗʇ, ʥʘ ʤʘʡʜʘʥʯʠʢʫ ʟʙʝʨʽʛʘʥʥʷ ʢʦʥʪʝʡʥʝʨʽʚ ʽ ʥʘ 

ʧʨʦʤʤʘʡʜʘʥʯʠʢʫ ʎʉɺʗʇ, ʧʨʦ ʨʘʜʽʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʜʦʟʠ ʦʧʨʦʤʽʥʝʥʥʷ 

ʧʝʨʩʦʥʘʣʫ, ʧʨʦ ʚʝʣʠʯʠʥʫ ʛʘʟʦʘʝʨʦʟʦʣʴʥʠʭ ʚʠʢʠʜʽʚ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ [2]. ʆʩʥʦʚʥʦʶ 

ʤʝʪʦʶ ʉʈʂ ʻ ʜʦʩʷʛʥʝʥʥʷ ʪʘʢʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ, ʱʦʙ ʝʢʚʽʚʘʣʝʥʪʘ ʜʦʟʘ ʜʽʶʯʘ ʥʘ ʧʝʨʩʦʥʘʣ ʥʝ 

ʧʝʨʝʚʠʱʫʚʘʣʘ ʛʨʘʥʠʮʴ ʟʛʽʜʥʦ ʅʈɹʋ-97/ɼ 2000 [3]. ʄʝʪʦʶ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʠ ʻ 

ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʠʯʥʠʭ ʪʘ ʪʝʭʥʽʯʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤʠ ʨʘʜʽʘʮʽʡʥʦʛʦ 

ʢʦʥʪʨʦʣʶ ʎʉɺʗʇ. 

 ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ: 

1. ʈʦʟʨʘʭʫʚʘʪʠ ʜʦʟʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʢʦʥʪʝʡʥʝʨʽʚ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ HI-

STAR ʪʘ ʢʦʥʪʝʡʥʝʨʽʚ ʟʙʝʨʽʛʘʥʥʷ HI-STORM.  

2. ʇʨʦʘʥʘʣʽʟʫʚʘʪʠ ʧʨʦʮʝʩ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ɺʗʇ ʟ ʢʦʥʪʝʡʥʝʨʘ HI-STAR ʚ ʢʦʥʪʝʡʥʝʨ 

HI-STORM ʪʘ ʚʽʜʤʽʪʠʪʠ ʥʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʽ ʦʧʝʨʘʮʽʾ ʧʨʠ ʧʝʨʝʚʘʥʪʘʞʝʥʥʽ. 

3. ʇʽʜʽʙʨʘʪʠ ʙʣʦʢʠ ʜʝʪʝʢʪʫʚʘʥʥʷ ʛʘʤʤʘ ʪʘ ʥʝʡʪʨʦʥʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ 
ʜʦ ʨʦʟʨʘʭʦʚʘʥʠʭ ʟʥʘʯʝʥʴ ʜʦʟ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʢʦʥʪʝʡʥʝʨʽʚ. 

4. ʇʽʜʽʙʨʘʪʠ ʤʽʩʮʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʘʪʯʠʢʽʚ ʟ ʥʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʠʤʠ ʦʧʝʨʘʮʽʷʤʠ ʧʨʠ 
ʧʦʚʦʜʞʝʥʥʽ ʟ ɺʗʇ ʅɸ ʎʉɺʗʇ. 
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ɿ ʦʛʣʷʜʫ ʥʘ ʪʝ, ʱʦ ʧʽʩʣʷ ʟʥʘʪʪʷ ʢʨʠʰʢʠ ʟ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ HI STAR, ʦʧʝʨʘʮʽʷ 

ʚʠʚʘʥʪʘʞʝʥʥʷ ɹʎʂ ʟ HI STAR 190 ʪʘ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚ HI STORM ʚʠʢʦʥʫʻʪʴʩʷ ʧʝʨʩʦʥʘʣʦʤ 

ʜʠʩʪʘʥʮʽʡʥʦ, ʘ ʦʪʞʝ ʥʝ ʥʝʩʝ ʜʦʜʘʪʢʦʚʦʛʦ ʜʦʟʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʪʦ ʙʫʣʦ ʚʠʨʽʰʝʥʦ 

ʚʠʢʦʥʘʪʠ ʨʦʟʨʘʭʫʥʦʢ ʙʽʦʣʦʛʽʯʥʦʛʦ ʟʘʭʠʩʪʫ ʢʦʥʪʝʡʥʝʨʽʚ HI STAR ʪʘ HI-STORM ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʨʽʚʥʽʚ ʨʘʜʽʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʧʝʨʩʦʥʘʣ ʧʽʜ 

ʯʘʩ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʧʦʚʦʜʞʝʥʥʷ ʟ ɺʗʇ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʢʦʜʫ MCNP5 ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʜʝʪʘʣʴʥʽ ʪʨʠʚʠʤʽʨʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʩʭʝʤʠ 

ʢʦʥʪʝʡʥʝʨʽʚ HI-STAR ʽ ʤʦʜʫʣʷ ʟʙʝʨʽʛʘʥʥʷ HI STORM 190.  

ʊʦʯʢʠ ʨʦʟʨʘʭʫʥʢʫ ʧʦʪʫʞʥʦʩʪʽ ʜʦʟʠ, ʥʘ ʧʦʚʝʨʭʥʽ ʽ ʨʽʟʥʦʤʫ ʚʽʜʜʘʣʝʥʥʽ ʚʽʜ ʢʦʥʪʝʡʥʝʨʘ, 

ʚʠʙʠʨʘʣʠʩʷ ʚʠʭʦʜʷʯʠ ʟ ʛʝʦʤʝʪʨʠʯʥʠʭ ʬʘʢʪʦʨʽʚ ʤʘʢʩʠʤʘʣʴʥʦʾ ʜʦʟʠ ʚ ʤʽʩʮʷʭ ʤʦʞʣʠʚʦʛʦ 

ʧʝʨʝʙʫʚʘʥʥʷ ʧʝʨʩʦʥʘʣʫ ʧʨʠ ʧʦʚʦʜʞʝʥʥʽ ʟ ʢʦʥʪʝʡʥʝʨʘʤʠ ʘʙʦ ʚʠʢʦʥʘʥʥʽ ʨʝʛʣʘʤʝʥʪʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ [4]. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʙʽʦʣʦʛʽʯʥʦʛʦ ʟʘʭʠʩʪʫ ʢʦʥʪʝʡʥʝʨʽʚ ʜʘʶʪʴ ʟʤʦʛʫ ʦʙʨʘʪʠ 

ʥʝʦʙʭʽʜʥʠʡ ʜʽʘʧʘʟʦʥ ʚʠʤʽʨʶʚʘʥʥʷ ʙʣʦʢʽʚ ʜʝʪʝʢʪʫʚʘʥʥʷ ʛʘʤʤʘ ʽ ʥʝʡʪʨʦʥʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ 

ʪʘ ʾʭ ʤʽʩʮʝ ʨʦʟʪʘʰʫʚʘʥʥʷ. ɹʣʦʢʠ ʜʝʪʝʢʪʫʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʜʦʟʠ ʛʘʤʤʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ 

ʜʽʘʧʘʟʦʥʦʤ ʚʠʤʽʨʶʚʘʥʥʷ 5Ĭ10-8 ï 2Ĭ10-3 ɿʚ/ʛʦʜ ʪʘ ʙʣʦʢʠ ʜʝʪʝʢʪʫʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʜʦʟʠ 

ʥʝʡʪʨʦʥʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʜʽʘʧʘʟʦʥʦʤ ʚʠʤʽʨʶʚʘʥʥʷ 10-7 ï 10-1 ɿʚ/ʛʦʜ ʟ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʙʽʣʷ ʚʫʟʣʘ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʢʦʥʪʝʡʥʝʨʽʚ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʤʦʥʽʪʦʨʠʥʛ ʥʘʜ ʥʝ 

ʧʝʨʝʚʠʱʝʥʥʷʤ ʜʦʟʚʦʣʝʥʦʾ ʜʦʟʠ ʦʧʨʦʤʽʥʝʥʥʷ. 
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ʄʘʛʽʩʪʨʘʥʪ 6 ʢʫʨʩʫ, ʛʨ. ʊʗ-91ʤʥ ʃʝʱʝʥʢʦ ɼ.ɺ. 

ɼʦʮ., ʢ.ʪ.ʥ. ʌʽʣʘʪʦʚ ɺ.ɯ. 

ʈɽɸʃɯɿɸʎɯʗ ʊɽʍʅɯʏʅʀʍ ʈɯʐɽʅʔ ɿ ʈɽɸʃɯɿɸʎɯɰ ʉɸɼɯɰ ʆʉʊɸʊʆʏʅʆɻʆ 

ɿɸʂʈʀʊʊʗ, ɿʅʗʊʊʗ ɿ ɽʂʉʇʃʋɸʊɸʎɯɰ ɽʅɽʈɻʆɹʃʆʂʋ ɸɽʉ ɿ ʈɽɸʂʊʆʈʅʆʖ 

ʋʉʊɸʅʆɺʂʆʖ ʊʀʇʋ ɺɺɽʈ-1000 

 

ʅʘ ʜʽʶʯʠʭ ɸɽʉ ʋʢʨʘʾʥʠ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʥʘʭʦʜʷʪʴʩʷ 15 ʝʥʝʨʛʦʙʣʦʢʽʚ: 13- ʟ ʈʋ ʪʠʧʫ 

ɺɺɽʈ-1000 ʽ 2 ï ʟ ɺɺɽʈ-440. 

ʅʘ ʩʴʦʛʦʜʥʽ ʚʩʪʘʥʦʚʣʝʥʘ ʧʦʪʫʞʥʽʩʪʴ ʜʽʶʯʠʭ ɸɽʉ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 26% ʚʽʜ 

ʟʘʛʘʣʴʥʦʾ ʚʩʪʘʥʦʚʣʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʋʢʨʘʾʥʠ (52,9 ʤʣʥ 

ʢɺʪ). ʇʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʧʝʨʽʦʜʫ ʷʜʝʨʥʦ-ʝʥʝʨʛʝʪʠʯʥʠʡ ʢʦʤʧʣʝʢʩ ʟʘʙʝʟʧʝʯʫʻ ʽʩʪʦʪʥʫ 

ʯʘʩʪʠʥʫ ʟʘʛʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʋʢʨʘʾʥʽ ( ʙʽʣʴʰʝ 40%), ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ 

ʩʪʘʙʽʣʴʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʘʞʣʠʚʦʶ ʫʤʦʚʦʶ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʝʢʦʥʦʤʽʢʠ ʚʩʽʻʾ ʢʨʘʾʥʠ. 

ɺ ʩʝʨʝʜʥʴʦʤʫ ʧʦ ʚʩʽʭ ʘʪʦʤʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʤ ʚʽʜʧʨʘʮʴʦʚʘʥʦ ʙʽʣʴʰʝ 95% ʪʝʨʤʽʥʫ, 

ʧʝʨʝʜʙʘʯʝʥʦʛʦ ʚʠʭʽʜʥʠʤʠ ʧʨʦʝʢʪʘʤʠ. ʏʝʨʝʟ ʪʨʠʚʘʣʠʡ ʽʥʚʝʩʪʠʮʽʡʥʠʡ ʮʠʢʣ ʙʫʜʽʚʥʠʮʪʚʘ 

ʥʦʚʠʭ ʝʥʝʨʛʦʙʣʦʢʽʚ 80% ʽʩʥʫʶʯʠʭ ʝʥʝʨʛʦʙʣʦʢʽʚ ɸɽʉ ʋʢʨʘʾʥʠ ʚʞʝ ʧʦʜʦʚʞʠʣʠ ʩʚʽʡ ʪʝʨʤʽʥ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʦʜʘʪʢʦʚʦ ʥʘ 20 ʨʦʢʽʚ. ɼʘʥʘ ʧʨʦʮʝʜʫʨʘ ʥʝ ʚʠʨʽʰʫʻ ʧʨʦʙʣʝʤʫ ɿɽ, ʘ ʣʠʰʝ 

ʚʽʜʢʣʘʜʘʻ ʾʾ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʜʘʻ ʯʘʩ ʥʘ ʨʦʟʨʦʙʢʫ ʥʦʚʠʭ ʧʦʪʫʞʥʦʩʪʝʡ, ʘ ʪʘʢʦʞ ʥʘ 

ʙʫʜʽʚʥʠʮʪʚʦ ʚ ʋʢʨʘʾʥʽ ʦʙôʻʢʪʽʚ ʧʦʚʦʜʞʝʥʥʷ ʟ ɺʗʇ ʪʘ ʈɸʆ. 

ɽʢʩʧʣʫʘʪʫʶʯʦʶ ʦʨʛʘʥʽʟʘʮʽʻʶ ʚʩʽʭ ʜʽʶʯʠʭ ɸɽʉ ʻ ɼʇ çʅɸɽʂ çɽʥʝʨʛʦʘʪʦʤèè. ʉʘʤʝ 

ʜʘʥʘ ʦʨʛʘʥʽʟʘʮʽʷ ʧʦʚʠʥʥʘ ʧʣʘʥʦʚʦ ʟʜʽʡʩʥʶʚʘʪʠ ʟʥʷʪʪʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʥʝʨʛʦʙʣʦʢʽʚ ɸɽʉ 

ʋʢʨʘʾʥʠ. 

ɼʣʷ ɸɽʉ ʟ ʈʋ ʪʠʧʫ ɺɺɽʈ ʨʦʟʨʦʙʣʝʥʦ çʂʦʥʮʝʧʮʽʶ ɿɽ ɸɽʉ ʋʢʨʘʾʥʠè [1], ʘ ʪʘʢʦʞ 

ʢʦʥʮʝʧʮʽʾ ɿɽ ʜʣʷ ʢʦʞʥʦʾ ɸɽʉ ʱʦ ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ. 

ɿʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ʢʦʥʮʝʧʮʽʷʤʠ ʙʫʣʦ ʦʙʨʘʥʦ ʩʪʨʘʪʝʛʽʶ ʚʽʜʢʣʘʜʝʥʦʛʦ ʜʝʤʦʥʪʘʞʫ, ʟʛʽʜʥʦ 

ʟ ʷʢʦʶ ʚʠʜʽʣʷʶʪʴ ʥʘʩʪʫʧʥʽ ʯʦʪʠʨʠ ʝʪʘʧʠ: 

Å ʦʩʪʘʪʦʯʥʦʛʦ ʟʘʢʨʠʪʪʷ; 

Å ʢʦʥʩʝʨʚʘʮʽʾ; 

Å ʚʠʪʨʠʤʢʠ; 

Å ʜʝʤʦʥʪʘʞʫ. 

ʎʽʣʣʶ ɿɽ ï ʻ ʚʠʚʽʣʴʥʝʥʥʷ ʤʘʡʜʘʥʯʠʢʘ ʝʥʝʨʛʦʙʣʦʢʫ ʚʽʜ ʚʩʽʭ ʚʠʜʽʚ ʽʦʥʽʟʫʶʯʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʧʝʨʩʦʥʘʣʫ, ʥʘʩʝʣʝʥʥʷ ʪʘ ʜʦʚʢʽʣʣʷ. 

ɺʽʜʢʣʘʜʝʥʠʡ ʜʝʤʦʥʪʘʞ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʥʫʪʠ ʟʤʝʥʰʝʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʧʨʠʨʦʜʥʦʛʦ ʨʦʟʧʘʜʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʱʦ ʟ ʧʦʜʘʣʴʰʦʶ 

ʜʝʟʘʢʪʠʚʘʮʽʻʶ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʈɸɺ. 

ɿʥʷʪʪʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʥʝʨʛʦʙʣʦʢʫ ɸɽʉ ʧʦʯʠʥʘʻʪʴʩʷ ʧʽʩʣʷ ʚʠʜʘʣʝʥʥʷ ʟ ʪʝʨʠʪʦʨʽʾ 

ʝʥʝʨʛʦʙʣʦʢʫ ɺʗʇ, ʘ ʪʘʢʦʞ ʚʩʽʭ ʨʦʙʦʯʠʭ ʩʝʨʝʜʦʚʠʱ. ʉʘʤʝ ʪʦʤʫ ʧʽʩʣʷ ʝʪʘʧʫ ʦʩʪʘʪʦʯʥʦʛʦ 

ʟʫʧʠʥʫ ʚʩʽ ʜʞʝʨʝʣʘ ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʪʚʝʨʜʦʤʫ ʘʛʨʝʛʘʪʥʦʤʫ 

ʩʪʘʥʽ. ɺʩʽ ʚʠʩʦʢʦʘʢʪʠʚʥʽ ʪʚʝʨʜʽ ʚʽʜʭʦʜʠ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʥʘ ʝʥʝʨʛʦʙʣʦʮʽ ï ʟʥʘʭʦʜʷʪʴʩʷ ʚ 

ʤʝʞʘʭ ɻʆ, ʪʦʤʫ ʩʘʤʠʤ ʦʧʪʠʤʘʣʴʥʠʤ ʤʽʩʮʝʤ ʜʣʷ ʢʦʥʩʝʨʚʘʮʽʾ ɺɸɺ, ʉɸɺ ʪʘ ʅɸɺ, ʱʦ ʥʝ 

ʧʽʜʜʘʶʪʴʩʷ ʜʝʟʘʢʪʠʚʘʮʽʾ, ʻ ʛʝʨʤʦʦʙʦʣʦʥʢʘ ʨʝʘʢʪʦʨʥʦʛʦ ʚʽʜʜʽʣʫ ʝʥʝʨʛʦʙʣʦʢʫ [2, 3]. 

ɿʛʽʜʥʦ ʟ çʂʦʥʮʝʧʮʽʻʶ ɿɽ ɸɽʉ ʋʢʨʘʾʥʠè, ʘ ʪʘʢʦʞ ʢʦʥʮʝʧʮʽʡ ɿɽ ʜʣʷ ʢʦʞʥʦʾ ɸɽʉ ʱʦ 

ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʮʽʣʣʶ ʝʪʘʧʫ ʦʩʪʘʪʦʯʥʦʛʦ ʟʘʢʨʠʪʪʷ ʻ ʧʨʠʚʝʜʝʥʥʷ 

ʝʥʝʨʛʦʙʣʦʢʫ ʚ ʩʪʘʥ, ʷʢʠʡ ʚʠʢʣʶʯʘʻ ʤʦʞʣʠʚʽʩʪʴ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʮʽʣʷʭ, ʜʣʷ ʷʢʠʭ 

ʝʥʝʨʛʦʙʣʦʢ ʙʫʚ ʧʦʙʫʜʦʚʘʥʠʡ. ɸ ʮʽʣʣʶ ʝʪʘʧʫ ʢʦʥʩʝʨʚʘʮʽʾ ʻ ʧʨʠʚʝʜʝʥʥʷ ʝʥʝʨʛʦʙʣʦʢʫ ʚ ʩʪʘʥ, 

ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʙʝʟʧʝʯʥʦʛʦ ʟʙʝʨʝʞʝʥʥʷ ʧʨʦʪʷʛʦʤ ʧʝʚʥʦʛʦ ʧʝʨʽʦʜʫ ʯʘʩʫ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʡʦʛʦ 

ʤʝʞʘʭ ʜʞʝʨʝʣ ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ʆʩʢʽʣʴʢʠ ʮʽʣʽ ʮʠʭ ʜʚʦʭ ʝʪʘʧʽʚ ʩʭʦʞʽ ʽ ʥʘʧʨʘʚʣʝʥʽ ʥʘ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʧʦ ʜʝʟʘʢʪʠʚʘʮʽʾ 

ʽ ʧʦʜʘʣʴʰʽʡ ʢʦʥʩʝʨʚʘʮʽʾ ʦʙʣʘʜʥʘʥʥʷ, ʩʠʩʪʝʤ, ʧʨʠʤʽʱʝʥʴ ʽ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʝʥʝʨʛʦʙʣʦʢʫ, ʣʦʢʘʣʽʟʘʮʽʾ ʚʠʩʦʢʦʘʢʪʠʚʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʚ ʧʨʠʤʽʱʝʥʥʷʭ ʨʝʘʢʪʦʨʥʦʛʦ 
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ʚʽʜʜʽʣʝʥʥʷ ʙʣʦʢʫ ʥʘ ʧʝʨʽʦʜ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʇʨʦʝʢʪʦʤ ʚʠʚʝʜʝʥʥʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʣʦʢʫ 

ɸɽʉ, ʪʦʤʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʦʙôʻʜʥʘʥʥʷ ʜʘʥʠʭ ʝʪʘʧʽ ʚ ʦʜʠʥ ʝʪʘʧ ï çʇʽʜʛʦʪʦʚʢʘ ʝʥʝʨʛʦʙʣʦʢʫ 

ɸɽʉ ʜʦ ʚʠʪʨʠʤʢʠè [4, 5]. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʤʠ ʟʤʦʞʝʤʦ ʩʧʨʦʩʪʠʪʠ ʚʠʙʨʘʥʫ ʩʪʨʘʪʝʛʽʶ 

ʚʽʜʢʣʘʜʝʥʦʛʦ ʜʝʤʦʥʪʘʞʫ. 

 

 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

 

1 ʂʦʥʮʝʧʮʠʷ ʩʥʷʪʠʷ ʩ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʝʡʩʪʚʫʶʱʠʭ ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʋʢʨʘʠʥʳ. 

ʋʪʚʝʨʞʜʝʥʘ ʧʨʠʢʘʟʦʤ ʄʠʥʠʩʪʝʨʩʪʚʘ ʪʦʧʣʠʚʘ ʠ ʵʥʝʨʛʝʪʠʢʠ ʋʢʨʘʠʥʳ ʦʪ 10.12.2015 ˉ 798. 

2. ʆʙʱʠʝ ʧʦʣʦʞʝʥʠʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ  ʧʨʠ ʩʥʷʪʠʠ ʩ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʪʦʤʥʳʭ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ. ʋʪʚʝʨʞʜʝʥʳ 

ʄʠʥʵʢʦʙʝʟʦʧʘʩʥʦʩʪʠ ʋʢʨʘʠʥʳ, 1998. ʅʇ 306.2.02/1.004-98. 

3. ʅʇ 306.2.141-2008. ɿʘʛʘʣʴʥʽ ʧʦʣʦʞʝʥʥʷ ʙʝʟʧʝʢʠ ʘʪʦʤʥʠʭ ʩʪʘʥʮʽʡ. ɻʂʗʈ ʋʢʨʘʠʥʳ, 2008. 

4. ʏʦʨʥʦʙʣrʴʩʢʘ ̫ɸʕʉ.ʉʪʨʘʪʝʛʠ̫ ʩʥʷʪʠʷ  ʩ ʵʢʩʧʣʫʘʪʘʮʠʠ.  https://chnpp.gov.ua/ru/80-2011-

06-10-13-28-26/2011-06-15-09-38-43/531-2012-02-02-08-30-29531 

5. ɽʣʠʩʝʡ  ʍʦʣʦʜʦʚʩʠʡ. ʉʥʷʪʠʝ ʩ  ʵʢʩʧʣʫʘʪʘʮʠʠ ɸʕʉ 

https://petrimazepa.com/nuclearpowerplant.html 
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ʋɼʂ 62.629.039.58 

ʄʘʛʽʩʪʨʘʥʪ 6 ʢʫʨʩʫ, ʛʨ. ʊʗ-91ʤʥ ʄʠʢʠʪʶʢ ɯ.ʆ. 

ɼʦʮ., ʢ.ʪ.ʥ. ʂʦʥʴʰʠʥ ɺ.ɯ. 

ʆʎɯʅʂɸ ʊɽʍʅɯʏʅʆɻʆ ʉʊɸʅʋ ʌɯʃʔʊʈɸ-ɻɯɼʈʆʎʀʂʃʆʅɸ ɻʈʋɹʆɰ ʆʏʀʉʊʂʀ 

ʗɽʋ ɿ ʈɽɸʂʊʆʈʆʄ ɺɺɽʈ-1000 ɿ ʄɽʊʆʖ ʇʆɼʆɺɾɽʅʅʗ ʊɽʈʄɯʅʋ 

ɽʂʉʇʃʋɸʊɸʎɯɰ 

ʌʽʣʴʪʨ-ʛʽʜʨʦʮʠʢʣʦʥ ʛʨʫʙʦʾ ʦʯʠʩʪʢʠ ʘʚʪʦʥʦʤʥʦʛʦ ʢʦʥʪʫʨʘ ʛʦʣʦʚʥʦʛʦ ʮʠʨʢʫʣʷʮʽʡʥʦʛʦ 

ʥʘʩʦʩʫ (ɻʎʅ) ʻ ʦʜʥʽʻʶ ʽʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʡʦʛʦ ʜʦʧʦʤʽʞʥʠʭ ʩʠʩʪʝʤ. 

ɽʣʝʤʝʥʪʠ ʬʽʣʴʪʨʘ-ʛʽʜʨʦʮʠʢʣʦʥʘ ʧʽʜʜʘʶʪʴʩʷ ʧʦʩʪʫʧʦʚʦʤʫ ʜʝʩʪʘʙʽʣʽʟʘʮʽʡʥʦʤʫ ʚʧʣʠʚʫ 

ʟʦʚʥʽʰʥʽʭ ʽ ʚʥʫʪʨʽʰʥʽʭ ʬʘʢʪʦʨʽʚ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʧʦʯʘʪʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʝʣʝʤʝʥʪʽʚ, ʽ ʚ ʢʽʥʮʝʚʦʤʫ ʧʽʜʩʫʤʢʫ - ʜʦ ʚʽʜʤʦʚʠ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʧʨʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʜʝʨʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ, ʱʦ ʚʽʜʧʨʘʮʶʚʘʣʠ 

ʩʚʦʶ ʝʢʩʧʣʫʘʪʘʮʽʡʥʫ ʤʦʞʣʠʚʽʩʪʴ, ʦʙ'ʻʢʪʽʚ ʧʨʠ ʯʘʩʪʢʦʚʽʡ ʟʘʤʽʥʽ ʽ ʨʝʤʦʥʪʽ ʦʙʣʘʜʥʘʥʥʷ ʩʪʘʻ 

ʝʢʦʥʦʤʽʯʥʦ ʽ ʪʝʭʥʽʯʥʦ ʜʦʮʽʣʴʥʠʤ ʩʧʦʩʦʙʦʤ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʧʦʪʝʥʮʽʘʣʫ. ʆʜʥʘʢ 

ʜʣʷ ʦʙʛʨʫʥʪʫʚʘʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʢʦʞʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʦʙ'ʻʢʪʘ 

ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʨʝʪʝʣʴʥʠʡ ʘʥʘʣʽʟ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʾʭ ʙʝʟʧʝʢʫ, ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ 

ʽ ʜʦʚʛʦʚʽʯʥʽʩʪʴ.  

ɺ ʜʦʧʦʚʽʜʽ ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʚʽʨʦʯʥʦʛʦ ʨʦʟʨʘʭʫʥʦʢʫ ʬʽʣʴʪʨʘ-ʛʽʜʨʦʮʠʢʣʦʥʘ 

ʛʨʫʙʦʾ ʦʯʠʩʪʢʠ ʘʚʪʦʥʦʤʥʦʛʦ ʢʦʥʪʫʨʘ ɻʎʅ ʟ ʤʝʪʦʶ ʦʙʛʨʫʥʪʫʚʘʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʜʦʚʞʝʥʥʷ  

ʪʝʨʤʽʥʫ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʇʦʚʽʨʦʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʚʢʣʶʯʘʻ ʪʘʢʽ ʝʪʘʧʠ: ʚʠʢʦʥʘʥʥʷ 

ʨʦʟʨʘʭʫʥʢʽʚ ʥʘ ʩʪʘʪʠʯʥʫ ʤʽʮʥʽʩʪʴ, ʮʠʢʣʽʯʥʫ ʪʘ ʩʝʡʩʤʽʯʥʫ ʩʪʽʡʢʽʩʪʴ [1].  

ʈʦʟʨʘʭʫʥʦʢ ʥʘ ʩʪʘʪʠʯʥʫ ʤʽʮʥʽʩʪʴ ʚʢʣʶʯʘʚ ʧʦʙʫʜʦʚʫ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ ʚ 

ʩʝʨʝʜʦʚʠʱʽ APM Structure, ʷʢʘ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 1, ʨʦʟʨʘʭʫʥʦʢ ʧʨʠ ʧʘʨʘʤʝʪʨʘʭ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʦʨʤʘʣʴʥʠʤ ʫʤʦʚʘʤ ʝʢʩʧʣʫʘʪʘʮʽʾ (ʅʋɽ) ʪʘ ʛʽʜʨʦʚʠʧʨʦʙʫʚʘʥʥʷʤ (ɻɺ). ʉʽʪʢʘ 

ʬʽʣʴʪʨʘ-ʛʽʜʨʦʮʠʢʣʦʥʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 86260 ʚʫʟʣʽʚ ʪʘ 329849 ʦʙôʻʤʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʪʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʤʽʮʥʽʩʪʴ 

ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʨʦʟʨʘʭʦʚʘʥʠʭ ʥʘʧʨʫʞʝʥʴ ʜʦʧʫʩʪʠʤʠʤ ʥʘʧʨʫʞʝʥʥʷʤ, ʱʦ 

ʟʘʟʥʘʯʝʥʽ ʚ [2]. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʩʪʘʪʠʯʥʫ ʤʽʮʥʽʩʪʴ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 1. 

   
 

ʈʠʩʫʥʦʢ 1 ï ʄʦʜʝʣʴ ʬʽʣʴʪʨʘ-ʛʽʜʨʦʮʠʢʣʦʥʘ ʙʝʟ ʧʽʜôʻʜʥʘʥʠʭ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʪʘ ʟ 

ʪʨʫʙʦʧʨʦʚʦʜʘʤʠ 
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ʊʘʙʣʠʮʷ 1 ð ʅʘʧʨʫʞʝʥʥʷ ʚ ʝʣʝʤʝʥʪʘʭ ʬʽʣʴʪʨʘ ʧʨʠ ʅʋɽ ʠ ɻɺ, ʄʇʘ. 

ɽʣʝʤʝʥʪ (s)2 ʅʋɽ 
ɼʦʧʫʩʪʠʤʝ 

ʥʘʧʨʫʞʝʥʥʷ 1,3[ů] 
(s)2 ɻɺ 

ɼʦʧʫʩʪʠʤʝ 

ʥʘʧʨʫʞʝʥʥʷ 

1,7[s]Th 

ʂʦʨʧʫʩ 67,8 144,7 79,7 222,1 

ɺʝʨʭʥʽʡ ʧʘʪʨʫʙʦʢ 68,2 144,7 75,2 222,1 

ɹʦʢʦʚʠʡ ʧʘʪʨʫʙʦʢ 71,2 144,7 91,2 222,1 

ʅʠʞʥʽʡ ʧʘʪʨʫʙʦʢ 140,7 144,7 170,2 222,1 

 

ʈʦʟʨʘʭʫʥʦʢ ʥʘ ʩʝʡʩʤʽʯʥʫ ʩʪʽʡʢʽʩʪʴ ʧʨʦʚʦʜʠʚʩʷ  ʚʽʜʧʦʚʽʜʥʦ ʜʦ [3] ʜʣʷ ʢʦʤʙʽʥʘʮʽʾ 

ʧʘʨʘʤʝʪʨʽʚ ʅʋɽ ʪʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʟʝʤʣʝʪʨʫʩʫ (ʄʈɿ), ʪʦʤʫ ʱʦ ʬʽʣʴʪʨ-

ʛʽʜʨʦʮʠʢʣʦʥ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ I ʢʘʪʝʛʦʨʽʾ ʩʝʡʩʤʦʩʪʽʡʢʦʩʪʽ. ʆʩʢʽʣʴʢʠ ʧʝʨʰʘ ʬʦʨʤʘ ʚʣʘʩʥʠʭ 

ʢʦʣʠʚʘʥʴ ʤʘʻ ʯʘʩʪʦʪʫ ʙʽʣʴʰʝ 20 ɻʮ, ʪʦ ʨʦʟʨʘʭʫʥʦʢ ʥʘ ʩʝʡʩʤʽʯʥʽ ʚʧʣʠʚʠ ʚʠʢʦʥʫʚʘʚʩʷ 

ʩʪʘʪʠʯʥʠʤ ʤʝʪʦʜʦʤ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ [2], ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʥʠʭ ʱʦʜʦ ʧʨʠʩʢʦʨʝʥʥʷ ˇʨʫʥʪʫ 

ʜʣʷ ʧʦʟʥʘʯʦʢ: + 26,700; + 26,000; + 25,200; + 20,400; + 19,500; + 16,800. ɿʛʽʜʥʦ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʽʶʯʽ ʥʘʧʨʫʞʝʥʥʷ ʚʽʜ ʩʝʡʩʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʚ 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʟʦʥʘʭ ʢʦʥʩʪʨʫʢʮʽʡ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ ʜʦʧʫʩʪʠʤʽ ʥʘʧʨʫʞʝʥʥʷ.  

ʈʦʟʨʘʭʫʥʦʢ ʥʘ ʮʠʢʣʽʯʥʫ ʩʪʽʡʢʽʩʪʴ ʧʨʦʚʝʜʝʥʦ ʥʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʮʠʢʣʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʬʽʣʴʪʨʘ-ʛʽʜʨʦʮʠʢʣʦʥʘ ʛʨʫʙʦʾ ʦʯʠʩʪʢʠ ʘʚʪʦʥʦʤʥʦʛʦ ʢʦʥʪʫʨʘ ɻʎʅ ʧʨʦʪʷʛʦʤ ʚʩʴʦʛʦ ʪʝʨʤʽʥʫ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ çʤʝʪʦʜʫ ʜʦʱʫè ʜʣʷ ʩʭʝʤʘʪʠʟʘʮʽʾ ʮʠʢʣʽʚ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. ʈʝʟʫʣʴʪʘʪʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ çʤʝʪʦʜʫ ʜʦʱʫè ʻ ʤʘʩʠʚ ʮʠʢʣʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ (

, ʜʝ - ʥʘʡʤʝʥʰʝ ʥʘʧʨʫʞʝʥʥʷ ʟʘ ʮʠʢʣ, ʘ  - ʥʘʡʙʽʣʴʰʝ), ʦʪʨʠʤʘʥʠʡ ʥʘ 

ʦʩʥʦʚʽ ʟʘʜʘʥʦʛʦ ʛʨʘʬʽʢʘ ʥʘʚʝʜʝʥʠʭ ʥʘʧʨʫʞʝʥʴ. ʈʦʟʨʘʭʫʥʦʢ ʚʜ̔ʙʫʚʘʻʪʴʩʷ ʜʣʷ ʪʨʴʦʭ ʩʪʘʥʽʚ ʚ 

ʷʢʠʭ ʤʦʞʝ ʟʥʘʭʦʜʠʪʠʩʷ ʬʽʣʴʪʨ: ʧʦʯʘʪʢʦʚʠʡ ʩʪʘʥ, ʨʦʙʦʯʠʡ ʩʪʘʥ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʠʩʢʦʤ 

ʛʽʜʨʘʚʣʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʘʥʽʚ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 2. ɺʩʪʘʥʦʚʣʝʥʦ 

ʧʨʦʛʥʦʟʦʚʘʥʫ ʢʽʣʴʢʽʩʪʴ ʮʠʢʣʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʦ ʩʫʤʘʨʥʫ ʧʦʰʢʦʜʞʫʚʘʥʽʩʪʴ 

ʝʣʝʤʝʥʪʽʚ ʬʽʣʴʪʨʘ-ʛʽʜʨʦʮʠʢʣʦʥʘ ʟʘ ʧʝʨʽʦʜ 60 ʨʦʢʽʚ, ʜʘʥʠʡ ʧʘʨʘʤʝʪʨ ʟʘʜʦʚʦʣʴʥʷʻ 

ʜʦʧʫʩʪʠʤʦʤʫ ʟʥʘʯʝʥʥʶ. ʊʘʢʠʤ ʯʠʥʦʤ ʮʠʢʣʽʯʥʘ ʤʽʮʥʽʩʪʴ ʥʘ ʧʨʦʛʥʦʟʦʚʘʥʠʡ ʧʝʨʽʦʜ 

ʟʘʙʝʟʧʝʯʝʥʘ.  

 

ʊʘʙʣʠʮʷ 2 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʪʘʥʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʬʽʣʴʪʨʘ-ʛʽʜʨʦʮʠʢʣʦʥʘ 

ʉʪʘʥ ʬʽʣʴʪʨʘ: T, ÁC P, ʄʇʘ 

ʇʦʯʘʪʢʦʚʠʡ 20 17,6 

ʈʦʙʦʯʠʡ 350 17,6 

ʅʘʚʘʥʪʘʞʝʥʥʷ ʪʠʩʢʦʤ ɻɺ 20 24,5 

 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ:  

1. ʇʄ-ʊ.0.08.163-05. ʊʠʧʦʚʘ ʧʨʦʛʨʘʤʘ ʦʮʽʥʢʠ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʪʘ ʧʝʨʝʧʨʠʟʥʘʯʝʥʥʷ 

ʨʝʩʫʨʩʫ / ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʧʦʩʫʜʠʥ.  

2. ʇʅɸʕ ɻ-7-002-86. ʅʦʨʤʳ ʨʘʩʯʝʪʘ ʥʘ ʧʨʦʯʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ 

ʘʪʦʤʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ, ɺʳʩʰʘʷ ʰʢʦʣʘ, ʄ., 1989ʨ.  

3. ʇʅɸʕ ɻ-5-006-87. ʅʦʨʤʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʝʡʩʤʦʩʪʦʡʢʠʭ ʘʪʦʤʥʳʭ ʩʪʘʥʮʠʡ, 

ɺʳʩʰʘʷ ʰʢʦʣʘ, ʄ., 1989ʨ. 
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ʋɼʂ 621.039 

ʄʘʛʽʩʪʨʘʥʪ 6 ʢʫʨʩʫ, ʛʨ. ʊʗ-91ʤʥ ʄʠʨʦʥʝʥʢʦ ʄ.ʆ. 

ɼʦʮ., ʢ.ʪ.ʥ. ʌʽʣʘʪʦʚ ɺ.ɯ. 

ʇʈʆɼʆɺɾɽʅʅʗ ɽʂʉʇʃʋɸʊɸʎɯɰ ʇɸʈʆɻɽʅɽʈɸʊʆʈɸ ʇɻɺ-1000ʄ. 

ʋʇʈɸɺʃɯʅʅʗ ʉʊɸʈɯʅʅʗʄ 

 

 ʄʝʪʦʶ ʧʨʦʚʝʜʝʥʥʷ ʨʦʙʽʪ ʧʦ ʫʧʨʘʚʣʽʥʥʶ ʩʪʘʨʽʥʥʷʤ ʝʣʝʤʝʥʪʽʚ ʝʥʝʨʛʦʙʣʦʢʫ ɸɽʉ ʻ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ ʙʝʟʧʝʢʠ ʧʨʦʪʷʛʦʤ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʥʝʨʛʦʙʣʦʢʫ (ʚ ʪʦʤʫ 

ʯʠʩʣʽ ʧʦʥʘʜʧʨʦʝʢʪʥʦʛʦ), ʘ ʪʘʢʦʞ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʰʣʷʭʦʤ ʦʨʛʘʥʽʟʘʮʽʾ ʚʠʢʦʥʘʥʥʷ ʟʘʭʦʜʽʚ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʩʚʦʻʯʘʩʥʝ ʚʠʷʚʣʝʥʥʷ ʽ ʧʽʜʪʨʠʤʢʠ ʚ 

ʧʨʠʡʥʷʪʥʠʭ ʤʝʞʘʭ ʜʝʛʨʘʜʘʮʽʾ, ʚʠʢʣʠʢʘʥʦʾ ʩʪʘʨʽʥʥʷʤ ʝʣʝʤʝʥʪʽʚ, ʜʣʷ ʛʘʨʘʥʪʽʾ ʚʧʝʚʥʝʥʦʩʪʽ ʚ 

ʾʭ ʮʽʣʽʩʥʦʩʪʽ ʽ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ. ʈʝʟʫʣʴʪʘʪʦʤ ʪʘʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʻ ʨʦʟʨʦʙʢʘ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʪʝʭʥʽʯʥʦ ʽ ʝʢʦʥʦʤʽʯʥʦ ʜʦʮʽʣʴʥʠʭ ʟʘʭʦʜʽʚ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʧʦʧʝʨʝʜʞʝʥʥʷ ʚʽʜʤʦʚ ʝʣʝʤʝʥʪʽʚ 

ʝʥʝʨʛʦʙʣʦʢʫ ɸɽʉ ʟ ʧʨʠʯʠʥ, ʚʠʢʣʠʢʘʥʠʭ ʧʨʦʮʝʩʘʤʠ ʩʪʘʨʽʥʥʷ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʮʠʭ 

ʝʣʝʤʝʥʪʘʭ [1]. 

 ʅʘʜʽʡʥʘ ʨʦʙʦʪʘ ʧʘʨʦʛʝʥʝʨʘʪʦʨʽʚ ʻ ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʟʘʚʜʘʥʥʷʤ ʜʣʷ ɸɽʉ ʫ ʚʩʴʦʤʫ 

ʩʚʽʪʽ. ɺ ʜʘʥʠʡ ʯʘʩ ʚ ʩʚʽʪʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ 28 ʙʣʦʢʽʚ ʟ ɺɺɽʈ-1000, ʟ ʷʢʠʭ ʚ ʋʢʨʘʾʥʽ 

ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ 2 ʙʣʦʢʠ ɸɽʉ ʟ ɺɺɽʈ-440 ʽ 13 ʙʣʦʢʽʚ ɸɽʉ ʟ ɺɺɽʈ-1000. 

 ʇʘʨʦʛʝʥʝʨʘʪʦʨʠ ɸɽʉ ʟ ɺɺɽʈ-1000 ʤʦʞʫʪʴ ʝʢʩʧʣʫʘʪʫʚʘʪʠʩʷ ʚ ʩʢʣʘʜʽ ʝʥʝʨʛʦʙʣʦʢʫ 

ʧʨʠ ʜʦʪʨʠʤʘʥʥʽ ʥʘʩʪʫʧʥʠʭ ʚʠʤʦʛ: 

- ʝʣʝʤʝʥʪʠ ʪʘ ʚʫʟʣʠ ʇɻ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʚʠʤʦʛʘʤ ʧʦ ʩʪʘʪʠʯʥʦʾ ʤʽʮʥʦʩʪʽ; 

- ʝʣʝʤʝʥʪʠ ʪʘ ʚʫʟʣʠ ʇɻ ʟʜʘʪʥʽ ʯʠʥʠʪʠ ʦʧʽʨ ʢʨʠʭʢʦʤʫ ʨʫʡʥʫʚʘʥʥʶ; 

- ʝʣʝʤʝʥʪʠ ʪʘ ʚʫʟʣʠ ʇɻ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʚʠʤʦʛʘʤ ʧʦ ʮʠʢʣʽʯʥʦʾ ʤʽʮʥʦʩʪʽ; 

- ʢʽʣʴʢʽʩʪʴ ʧʨʘʮʝʟʜʘʪʥʠʭ ʪʨʫʙ ʧʦʚʠʥʥʦ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʝʢʩʧʣʫʘʪʘʮʽʾ 
ʧʘʨʘʤʝʪʨʠ ʝʥʝʨʛʦʙʣʦʢʫ, ʧʨʠ ʮʴʦʤʫ ʢʽʣʴʢʽʩʪʴ ʚʠʙʫʣʠʭ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʪʨʫʙ ʧʦʚʠʥʥʦ ʙʫʪʠ ʦʙʛʨʫʥʪʦʚʘʥʦ ʚʽʜʧʦʚʽʜʥʠʤʠ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ 

ʘʥʘʣʽʟʘʤʠ ʪʝʧʣʦʛʽʜʨʘʚʣʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʇɻ ʽ ʈʋ. 

 ɼʦʩʚʽʜ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʘʨʦʛʝʥʝʨʘʪʦʨʽʚ ʇɻɺ-1000ʤ ʧʦʢʘʟʫʻ, ʱʦ ʦʩʥʦʚʥʽ 

ʫʰʢʦʜʞʝʥʥʷ ʥʘ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘʭ ʥʦʩʷʪʴ ʢʦʨʦʟʽʡʥʠʡ, ʘʙʦ ʢʦʨʦʟʽʡʥʦ-ʤʝʭʘʥʽʯʥʠʡ ʭʘʨʘʢʪʝʨ, ʥʝ 

ʧʽʜʜʘʻʪʴʩʷ ʦʙˇʨʫʥʪʫʚʘʥʥʶ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ ʤʝʭʘʥʽʢʠ ʨʫʡʥʫʚʘʥʥʷ. 

 ɼʦ ʪʘʢʠʭ ʫʰʢʦʜʞʝʥʴ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʥʘʩʪʫʧʥʽ: 

- ʫʰʢʦʜʞʝʥʥʷ ʥʘ ʭʦʣʦʜʥʠʭ ʢʦʣʝʢʪʦʨʘʭ ʧʘʨʦʛʝʥʝʨʘʪʦʨʽʚ ʇɻɺ-1000ʤ ʚ ʚʠʛʣʷʜʽ 

ʪʨʽʱʠʥ ʚ ʨʘʡʦʥʽ ʧʝʨʝʤʠʯʦʢ; 

- ʪʨʽʱʠʥʠ ʚ ʨʘʡʦʥʽ ʰʚʽʚ ˉ111; 

- ʢʦʨʦʟʽʡʥʘ ʜʝʛʨʘʜʘʮʽʷ ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʪʨʫʙ [1]. 

ʉʪʘʥʦʤ ʣʠʰʝ ʥʘ 1998 ʨʽʢ, ʥʘ 25-ʪʠ ʇɻ, ʷʢʽ ʝʢʩʧʣʫʘʪʫʚʘʣʠʩʷ ʥʘ ɸɽʉ ʟ ɺɺɽʈ-1000 

ʚʽʜʙʫʣʦʩʷ ʨʦʟʪʨʽʩʢʫʚʘʥʥʷ ʭʦʣʦʜʥʠʭ ʢʦʣʝʢʪʦʨʽʚ. ʋ ʪʨʴʦʭ ʚʠʧʘʜʢʘʭ ʧʦʰʢʦʜʞʝʥʥʷ ʮʽʣʽʩʥʦʩʪʽ 

ʧʝʨʝʤʠʯʦʢ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʧʦ ʧʽʜʚʠʱʝʥʥʶ ʘʢʪʠʚʥʦʩʪʽ ʚʦʜʠ ʇɻ ʯʝʨʝʟ ʧʨʦʪʽʢʘʥʥʷ ʟ ʧʝʨʰʦʛʦ 

ʢʦʥʪʫʨʫ ʚ ʜʨʫʛʠʡ. ʋ ʚʩʽʭ ʽʥʰʠʭ ʚʠʧʘʜʢʘʭ ʧʦʰʢʦʜʞʝʥʥʷ ʚʠʷʚʣʝʥʽ ʚ ʧʨʦʮʝʩʽ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ ʥʘ ʇʇʈ [2]. 

ʅʘʷʚʥʽʩʪʴ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʪʨʽʱʠʥ ʚ ʟʦʥʽ, ʱʦ ʧʨʠʤʠʢʘʻ ʜʦ ʟʚʘʨʥʦʛʦ ʰʚʘ ˉ111 

ʧʨʠʚʘʨʢʠ ʛʘʨʷʯʦʛʦ ʢʦʣʝʢʪʦʨʘ ʜʦ ʧʘʪʨʫʙʢʫ ɼʫ1200 ʢʦʨʧʫʩʫ, ʟʘʬʽʢʩʦʚʘʥʦ ʥʘ ʯʦʪʠʨʴʦʭ ʇɻɺ-

1000 - ʇɻ-1 ʥʘ 5 ʙʣʦʮʽ ʅɺɸɽʉ - ʞʦʚʪʝʥʴ 1998 ʨ., ʣʠʧʝʥʴ 2004 ʨ.; ʇɻ-1 ʥʘ 1 ʙʣʦʮʽ ʖʋɸɽʉ 

ï ʯʝʨʚʝʥʴ 2001ʨ.; ʇɻ-2 ʥʘ 1 ʙʣʦʮʽ ʖʋɸɽʉ - ʣʠʧʝʥʴ 2001ʨ.; ʇɻ-3 ʥʘ 5 ʙʣʦʮʽ ʅɺɸɽʉ - 

ʞʦʚʪʝʥʴ 2001ʨ [3]. 

ʇʦhʢʦʜʞʝʥʴ ʭʦʣʦʜʥʠʭ ʢʦʣʝʢʪʦʨʽʚ ʇɻ ʟ ʧʦʯʘʪʢʫ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʽʩʣʷ ʟʘʤʽʥʠ ʚ 1990 

ʨʦʮʽ ʥʝ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ, ʱʦ ʛʦʚʦʨʠʪʴ ʧʨʦ ʜʦʩʪʘʪʥʽʩʪʴ ʨʝʘʣʽʟʦʚʘʥʠʭ ʥʘ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘʭ 

çʨʝʘʙʽʣʽʪʫʶʯʠʭè ʟʘʭʦʜʽʚ. ʂʨʽʤ ʪʦʛʦ, ʥʘ ʚʠʧʘʜʦʢ ʧʦʰʢʦʜʞʝʥʴ ʢʦʣʝʢʪʦʨʽʚ ʨʦʟʨʦʙʣʝʥʦ 

ʪʝʭʥʦʣʦʛʽʶ ʾʭ ʨʝʤʦʥʪʫ. 
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ʉʧʝʮʠʬʽʢʘ ʤʝʭʘʥʽʟʤʽʚ ʨʫʡʥʫʚʘʥʥʷ ʢʦʣʝʢʪʦʨʽʚ ʚ ʟʦʥʽ ʟʚʘʨʥʠʭ ʟ'ʻʜʥʘʥʴ ˉ111 ʥʝ ʜʦʟʚʦʣʷʻ 

ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʥʘʜʽʡʥʽ ʤʝʪʦʜʠʢʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʾʭ ʩʪʘʥʫ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʥʘʷʚʥʽʩʪʴ ʩʠʩʪʝʤ 

ʥʝʨʫʡʥʽʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʢʨʠʪʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʦʟʚʦʣʷʻ ʩʚʦʻʯʘʩʥʦ ʚʠʷʚʠʪʠ 

ʫʪʚʦʨʝʥʽ ʜʝʬʝʢʪʠ, ʧʨʦʚʝʩʪʠ, ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ, ʨʝʤʦʥʪ ʨʦʟʛʣʷʥʫʪʦʛʦ ʚʫʟʣʘ ʟʘ ʨʦʟʨʦʙʣʝʥʦʶ 

ʪʝʭʥʦʣʦʛʽʻʶ ʽ, ʪʠʤ ʩʘʤʠʤ, ʟʘʙʝʟʧʝʯʠʪʠ ʚ ʧʦʜʘʣʴʰʦʤʫ ʙʝʟʧʝʯʥʫ ʝʢʩʧʣʫʘʪʘʮʽʶ ʇɻ. 

ʆʪʞʝ, ʷʢʱʦ ʧʨʦʙʣʝʤʘ ʧʦʰʢʦʜʞʝʥʥʷ ʢʦʣʝʢʪʦʨʽʚ ʚʞʝ ʥʝ ʚʽʜʽʛʨʘʻ ʩʫʪʪʻʚʦʾ ʨʦʣʽ, ʘ 

ʧʦʰʢʦʜʞʝʥʥʷ ʟʚʘʨʥʠʭ ʰʚʽʚ ʥʦʩʠʪʴ ʚʠʙʽʨʢʦʚʠʡ ʭʘʨʘʢʪʝʨ, ʪʦ ʧʨʦʙʣʝʤʘ ʮʽʣʽʩʥʦʩʪʽ 

ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʪʨʫʙ ʟʘʣʠʰʘʻʪʴʩʷ ʚʘʞʣʠʚʦʶ ʜʣʷ ʚʩʽʭ ʧʘʨʦʛʝʥʝʨʘʪʦʨʽʚ ɸɽʉ ʟ ɺɺɽʈ-1000 [4]. 

ɿʦʢʨʝʤʘ, ʮʷ ʧʨʦʙʣʝʤʘ ʻ ʜʫʞʝ ʘʢʪʫʘʣʴʥʦʶ ʜʣʷ ʙʣʦʢʽʚ ʖʞʥʦ-ʋʢʨʘʾʥʩʴʢʦʾ ɸɽʉ. 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʾ ʨʦʙʦʪʠ ʊʆʊ ʧʘʨʦʛʝʥʝʨʘʪʦʨʽʚ ʻ ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʟʘʚʜʘʥʥʷʤ ʜʣʷ 

ɸɽʉ ʟ ɺɺɽʈ ʚ ʫʩʴʦʤʫ ʩʚʽʪʽ. ʏʝʨʝʟ ʧʦʰʢʦʜʞʝʥʥʷ ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʪʨʫʙ ʜʦ ʚʠʨʦʙʣʝʥʥʷ 

ʧʨʦʝʢʪʥʦʛʦ ʨʝʩʫʨʩʫ ʟʘʤʽʥʝʥʽ ʘʙʦ ʚʠʚʝʜʝʥʽ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʘʢʪʠʯʥʦ ʚʩʽ ʚʝʨʪʠʢʘʣʴʥʽ ʇɻ 

ʧʝʨʰʦʛʦ ʧʦʢʦʣʽʥʥʷ ʟ ʪʨʫʙʘʤʠ ʟʽ ʩʧʣʘʚʫ 600ʤɸ. ʇʦʰʢʦʜʞʝʥʥʷ ʪʝʧʣʦʦʙʤʽʥʥʦʛʦ ʧʫʯʢʘ ʤʘʶʪʴ 

ʤʽʩʮʝ ʚ ʨʽʟʥʦʤʫ ʩʪʫʧʝʥʽ ʥʘ ʚʩʽʭ ʙʣʦʢʘʭ ɸɽʉ ʽ ʻ ʚ ʜʘʥʠʡ ʯʘʩ ʦʩʥʦʚʥʠʤ ʬʘʢʪʦʨʦʤ, ʱʦ ʚʠʟʥʘʯʘʻ 

ʟʘʣʠʰʢʦʚʠʡ ʨʝʩʫʨʩ ʇɻ. ɿʘʤʽʥʘ ʧʘʨʦʛʝʥʝʨʘʪʦʨʽʚ ɸɽʉ ʟ ɺɺɽʈ ʧʦ ʧʨʠʯʠʥʠ ʢʦʨʦʟʽʾ 

ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʪʨʫʙ ʧʨʦʚʝʜʝʥʘ ʪʽʣʴʢʠ ʥʘ ʜʨʫʛʦʤʫ ʙʣʦʮʽ ɹʘʣʘʢʦʚʩʴʢʦʾ ɸɽʉ ʽ ʜʚʘ ʇɻ ʟ ʮʽʻʾ 

ʧʨʠʯʠʥʠ ʟʘʤʽʥʝʥʽ ʥʘ ʖʞʥʦ-ʋʢʨʘʾʥʩʴʢʽʡ ɸɽʉ [4]. 

ʅʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʠʤʠ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʦʞʣʠʚʠʭ ʧʨʦʪʽʢʘʥʴ, ʻ ʢʦʨʦʟʽʡʥʽ ʚʠʨʘʟʢʠ. ɰʭ 

ʤʦʞʥʘ ʚʽʜʨʽʟʥʠʪʠ ʚ ʤʘʩʠʚʽ ʜʘʥʠʭ ɺʉʂ ʟʘ ʩʠʛʥʘʣʘʤʠ ʟ ʚʝʣʠʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʘʤʧʣʽʪʫʜʠ. ʅʘ 

ʖʋ ɸɽʉ ʢʦʨʦʟʽʡʥʽ ʚʠʨʘʟʢʠ ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ ʚ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʥʘ ʬʨʘʛʤʝʥʪʘʭ ʊʆʊ, 

ʚʠʨʽʟʘʥʠʭ ʟ ʥʠʞʥʽʭ ʨʷʜʽʚ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʚ ʟʦʥʽ ʰʣʘʤʦʚʠʭ ʚʽʜʢʣʘʜʝʥʴ (ʇɻ-1, ʧʝʨʰʠʡ ʙʣʦʢ). 

ʇʦʜʽʙʥʽ ʜʝʬʝʢʪʠ ʧʦʨʫʰʫʶʪʴ ʛʝʨʤʝʪʠʯʥʽʩʪʴ ʢʦʥʪʫʨʫ ʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʨʦʪʽʢʘʥʥʷ ʪʝʧʣʦʥʦʩʽʷ. 

ʊʝʧʣʦʦʙʤʽʥʥʽ ʪʨʫʙʠ ʟ ʪʘʢʠʤʠ ʜʝʬʝʢʪʘʤʠ ʧʽʜʣʷʛʘʶʪʴ ʛʣʫʰʽʥʥʶ [5]. 

ɿʘʭʦʜʠ ʱʦʜʦ ʫʧʨʘʚʣʽʥʥʷ ʩʪʘʨʽʥʥʷʤ ʝʣʝʤʝʥʪʽʚ ʧʘʨʦʛʝʥʝʨʘʪʦʨʽʚ ʇɻɺ-1000ʤ ʧʦʚʠʥʥʽ 

ʙʫʪʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ: 

- ʟʤʝʥʰʝʥʥʷ ʚʠʥʦʩʽʚ ʧʨʦʜʫʢʪʽʚ ʢʦʨʦʟʽʾ ʟ ʢʦʥʜʝʥʩʘʪʥʦ-ʞʠʚʠʣʴʥʦʛʦ ʪʨʘʢʪʫ; 

- ʚʜʦʩʢʦʥʘʣʝʥʥʷ ɺʍʈ ʜʨʫʛʦʛʦ ʢʦʥʪʫʨʫ; 

- ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽ ʨʦʟʚʠʪʦʢ ʟʘʩʦʙʽʚ ɺCʂ; 

- ʜʦʩʣʽʜʞʝʥʥʷ ʜʝʬʝʢʪʥʠʭ ʊʆʊ ʇɻ [6]. 
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ʆʎɯʅʂɸ ɹɽɿʇɽʂʀ ʇɽʈʉʆʅɸʃʋ ɸɽʉ ʋ ɺʀʇɸɼʂʋ ɸɺɸʈɯʁʅʆɻʆ ɺʀʂʀɼʋ 

ʊʆʂʉʀʏʅʀʍ ʍɯʄɯʏʅʀʍ ʈɽʏʆɺʀʅ 

 

ɹʘʟʦʚʦʶ ʤʝʪʦʶ ʙʝʟʧʝʢʠ ɸɽʉ ʻ ʟʘʭʠʩʪ ʧʝʨʩʦʥʘʣʫ, ʥʘʩʝʣʝʥʥʷ ʽ   ʥʘʚʢʦʣʠʰʥʴʦʛʦ   

ʧʨʠʨʦʜʥʦʛʦ   ʩʝʨʝʜʦʚʠʱʘ   ʚʽʜ   ʥʝʧʨʠʧʫʩʪʠʤʦʛʦ ʨʘʜʽʘʮʽʡʥʦʛʦ  ʚʧʣʠʚʫ  ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ,  

ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ ʟʥʷʪʪʽ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ɸɽʉ [1]. 

ɽʬʝʢʪʠʚʥʠʡ ʢʦʥʪʨʦʣʴ ʘʚʘʨʽʡ ʽ ʣʽʢʚʽʜʘʮʽʷ ʥʘʩʣʽʜʢʽʚ ʚʠʤʘʛʘʻ, ʱʦʙ ʦʧʝʨʘʪʠʚʥʠʡ 

ʧʝʨʩʦʥʘʣ ʽ ʧʝʨʩʦʥʘʣ ʘʚʘʨʽʡʥʦʛʦ ʨʝʘʛʫʚʘʥʥʷ ʤʘʣʠ ʜʦʩʪʫʧ ʜʦ ʧʝʚʥʠʭ çʞʠʪʪʻʚʦ ʚʘʞʣʠʚʠʭ 

ʜʽʣʷʥʦʢè ʫʩʪʘʥʦʚʢʠ ʽ, ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ, ʤʦʛʣʠ ʟʘʣʠʰʘʪʠʩʷ ʚ ʥʠʭ. ʎʽ ʟʦʥʠ ʚʢʣʶʯʘʶʪʴ, 

ʟʦʢʨʝʤʘ, ʙʣʦʯʥʠʡ ʱʠʪ ʫʧʨʘʚʣʽʥʥʷ (ɹʑʋ), ʨʝʟʝʨʚʥʠʡ ʱʠʪ ʫʧʨʘʚʣʽʥʥʷ (ʈʑʋ) ʪʘ ʢʨʠʟʦʚʽ 

ʮʝʥʪʨʠ, ʟʘʩʦʙʠ ʘʚʘʨʽʡʥʦʛʦ ʨʝʘʛʫʚʘʥʥʷ, ʣʘʙʦʨʘʪʦʨʥʽ ʧʨʠʤʽʱʝʥʥʷ ʪʘ ʰʣʷʭʠ ʜʦʩʪʫʧʫ ʜʦ ʮʠʭ 

ʟʦʥ ʽ ʤʽʞ ʥʠʤʠ. 

ɿʛʽʜʥʦ ʟ ʚʠʤʦʛʘʤʠ ɿʘʛʘʣʴʥʠʭ ʧʦʣʦʞʝʥʴ ʙʝʟʧʝʢʠ ʘʪʦʤʥʠʭ ʩʪʘʥʮʽʡ: çʇʨʦʝʢʪʦʤ 

ʧʝʨʝʜʙʘʯʝʥʽ ʟʘʩʦʙʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʞʠʚʫʯʦʩʪʽ ʽ ʞʠʪʪʻʟʘʙʝʟʧʝʯʝʥʥʷ ɹʑʋ ʧʨʠ ʟʘʟʥʘʯʝʥʠʭ 

ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ɸɽʉ. ɿʘʙʝʟʧʝʯʝʥʦ ʘʚʪʦʥʦʤʥʽʩʪʴ ʚʽʜ ɹʑʋ ʽ ʜʦʩʪʘʪʥʷ ʞʠʚʫʯʽʩʪʴ ʪʘ 

ʞʠʪʪʻʟʘʙʝʟʧʝʯʝʥʥʷ ʨʝʟʝʨʚʥʦʛʦ ʱʠʪʘ ʢʝʨʫʚʘʥʥʷ ʜʣʷ ʛʘʨʘʥʪʦʚʘʥʦʛʦ ʧʨʠʚʝʜʝʥʥʷ ʚ ʜʽʶ ʩʠʩʪʝʤ 

ʙʝʟʧʝʢʠ ʪʘ ʦʜʝʨʞʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʪʘʥ ʨʝʘʢʪʦʨʘè [2]. 

ʃʽʮʝʥʟʽʘʪʠ ʧʦʚʠʥʥʽ ʛʘʨʘʥʪʫʚʘʪʠ, ʱʦ ʩʠʩʪʝʤʠ ʚʠʨʦʙʥʠʯʠʭ ʧʨʠʤʽʱʝʥʴ ʧʨʘʮʶʚʘʪʠʤʫʪʴ 

ʟʘ ʙʫʜʴ-ʷʢʠʭ ʧʦʩʪʫʣʴʦʚʘʥʠʭ ʫʤʦʚ ʧʨʦʝʢʪʥʠʭ ʘʚʘʨʽʡ, ʱʦʙ ʜʦʟʚʦʣʠʪʠ ʦʧʝʨʘʪʦʨʘʤ ɹʑʋ 

ʟʘʣʠʰʘʪʠʩʷ ʫ ʚʠʨʦʙʥʠʯʦʤʫ ʧʨʠʤʽʱʝʥʥʽ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʜʽʡ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ 

ʢʝʨʫʚʘʥʥʷ ʘʚʘʨʽʻʶ.  

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʚʠʢʦʥʘʥʥʷ ʮʠʭ ʚʠʤʦʛ ʚ ɿʚʽʪʽ ʟ ʘʥʘʣʽʟʫ ʙʝʟʧʝʢʠ ʧʨʦʚʦʜʠʪʴʩʷ ɸʥʘʣʽʟ 

ʧʨʠʜʘʪʥʦʩʪʽ ɹʑʋ ʽ ʈʑʋ ʚ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚʘʭ, ʱʦ ʚʠʢʣʠʢʘʥʽ ʚʠʭʽʜʥʠʤʠ ʧʦʜʽʷʤʠ. ʇʨʦʪʝ, 

ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ, ʚ ʘʥʘʣʽʟʽ  ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʣʠʰʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤ 

ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ ʪʘ ʚʝʥʪʠʣʷʮʽʾ ʟʛʽʜʥʦ ʟ ʾʭ ʪʝʭʥʽʯʥʠʤ  ʟʘʚʜʘʥʥʷʤ.  

ʋ ʤʘʛʽʩʪʝʨʩʴʢʽʡ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʜʦʧʦʚʥʠʪʠ ʮʝʡ ʘʥʘʣʽʟ ʨʦʟʨʘʭʫʥʢʦʤ 

ʞʠʪʪʻʟʜʘʪʥʦʩʪʽ ʧʨʠʤʽʱʝʥʴ ɹʑʋ ʰʣʷʭʦʤ ʚʠʢʦʥʘʥʥʷ ʘʥʘʣʽʟʫ ʢʦʥʮʝʥʪʨʘʮʽʡ ʰʢʽʜʣʠʚʠʭ 

ʨʝʯʦʚʠʥ ʚ ʧʨʠʤʽʱʝʥʥʷʭ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ ɸɽʉ ʫ ʚʠʧʘʜʢʫ ʘʚʘʨʽʡʥʦʾ ʩʠʪʫʘʮʽʾ ʟ ʚʠʢʠʜʦʤ 

ʪʦʢʩʠʯʥʠʭ ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ.    

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʨʦʟʨʘʭʫʥʢʫ ʫ ʤʘʛʽʩʪʝʨʩʴʢʽʡ ʨʦʙʦʪʽ ʙʫʣʦ ʦʙʨʘʥʦ ʧʨʦʛʨʘʤʥʠʡ ʧʘʢʝʪ 

HABIT. ʎʝʡ ʢʦʜ ʤʦʞʝ ʤʦʜʝʣʶʚʘʪʠ ʡʤʦʚʽʨʥʽ ʚʠʢʠʜʠ ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ, ʷʢ ʚ ʛʘʟʦʧʦʜʽʙʥʦʤʫ 

ʩʪʘʥʽ, ʪʘʢ ʽ ʚ ʨʽʜʢʦʤʫ. ʎʝ ʜʦʟʚʦʣʷʻ, ʚʠʢʦʥʫʚʘʪʠ ʦʮʽʥʢʫ ʜʣʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʘʚʘʨʽʡʥʠʭ 

ʩʠʪʫʘʮʽʡ. 

ʇʨʦʛʨʘʤʥʠʡ ʧʘʢʝʪ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧ'ʷʪʠ ʤʦʜʫʣʽʚ, ʟ ʷʢʠʭ ʜʚʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʦʙʯʠʩʣʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʦʢʩʠʯʥʠʭ ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ ʫ ʧʨʠʤʽʱʝʥʽ. ʇʝʨʰʠʡ - EXTRAN, 

ʷʢʠʡ ʨʦʟʨʘʭʦʚʫʻ ʰʚʠʜʢʽʩʪʴ ʚʠʢʠʜʫ ʭʽʤʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ʫ ʨʘʟʽ ʚʠʧʘʜʢʦʚʦʛʦ ʚʠʢʠʜʫ ʯʝʨʝʟ 

ʚʠʪʦʢʠ ʘʙʦ ʨʦʟʨʠʚʠ ʨʝʟʝʨʚʫʘʨʽʚ ʜʣʷ ʨʽʜʠʥʠ ʘʙʦ ʛʘʟʫ. ɼʨʫʛʠʡ ʢʦʜ, CHEM, ʤʦʜʝʣʶʻ 

ʨʦʟʯʠʥʝʥʥʷ ʭʽʤʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʘʭʫʥʢʽʚ ʙʘʣʘʥʩʫ ʤʘʩʠ ʫ ʧʨʠʤʽʱʝʥʥʽ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʧʨʠʜʘʪʥʽʩʪʴ ʧʨʠʤʽʱʝʥʥʷ, ʧʦʚ'ʷʟʘʥʫ ʟ ʦʧʨʦʤʽʥʝʥʥʷʤ ʧʝʨʩʦʥʘʣʫ. ɯʥʰʽ ʪʨʠ 

ʤʦʜʫʣʽ TACT5, FPFP_2 ʪʘ CONHAB ʦʮʽʥʶʶʪʴ ʜʦʟʫ ʫ ʧʨʠʤʽʱʝʥʥʽ ʯʝʨʝʟ ʚʠʧʘʜʢʦʚʠʡ ʚʠʢʠʜ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ [3]. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʧʦʩʪʫʣʶʻʪʴʩʷ ʛʽʧʦʪʝʪʠʯʥʠʡ ʩʮʝʥʘʨʽʡ ʘʚʘʨʽʡʥʦʾ ʩʠʪʫʘʮʽʾ.  

ʉʮʝʥʘʨʽʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʘʚʘʨʽʾ ʧʦʪʷʛʫ ʟ ʚʠʢʠʜʦʤ ʪʦʢʩʠʯʥʦʾ ʨʝʯʦʚʠʥʠ ʙʽʣʷ ʘʪʦʤʥʦʾ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ. ʇʦʯʘʪʢʦʚʠʡ ʨʘʡʦʥ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʤʝʞʝʥʠʡ ʦʢʨʫʞʥʽʩʪʶ ʨʘʜʽʫʩʦʤ 8 ʢʤ. 

ʇʦʩʪʫʣʴʦʚʘʥʘ ʘʚʘʨʽʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʧʘʜʢʦʚʦʛʦ ʚʠʢʠʜʫ 50 ʪʦʥʥ ʭʣʦʨʫ. ɻʘʟʦʧʦʜʽʙʥʠʡ ʭʣʦʨ 

ʤʦʞʥʘ ʩʪʠʩʥʫʪʠ ʽ ʦʭʦʣʦʜʠʪʠ, ʱʦʙ ʧʝʨʝʪʚʦʨʠʪʠ ʡʦʛʦ ʚ ʨʽʜʠʥʫ, ʱʦʙ ʡʦʛʦ ʤʦʞʥʘ ʙʫʣʦ 

ʪʨʘʥʩʧʦʨʪʫʚʘʪʠ ʽ ʟʙʝʨʽʛʘʪʠ. ʂʦʣʠ ʨʽʜʢʠʡ ʭʣʦʨ ʚʠʜʽʣʷʻʪʴʩʷ, ʚʽʥ ʰʚʠʜʢʦ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʛʘʟ, 

ʷʢʠʡ ʟʘʣʠʰʘʻʪʴʩʷ ʙʣʠʟʴʢʦ ʜʦ ʟʝʤʣʽ ʽ ʰʚʠʜʢʦ ʧʦʰʠʨʶʻʪʴʩʷ. ʅʝʙʝʟʧʝʯʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʭʣʦʨʫ 
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ʚʠʟʥʘʯʝʥʘ ʅʘʮʽʦʥʘʣʴʥʠʤ ʽʥʩʪʠʪʫʪʦʤ ʦʭʦʨʦʥʠ ʧʨʘʮʽ  (NIOSH) ʩʪʘʥʦʚʠʪʴ 10 ppm ʥʘ ʧʽʜʩʪʘʚʽ 

ʜʘʥʠʭ ʧʨʦ ʛʦʩʪʨʫ ʽʥʛʘʣʷʮʽʡʥʫ ʪʦʢʩʠʯʥʽʩʪʴ ʫ ʣʶʜʝʡ. 

ʈʦʟʨʘʭʫʥʦʢ ʧʨʦʚʦʜʠʪʴʩʷ ʜʣʷ ɹʑʋ ʦʙôʻʤʦʤ 1727,3 ʤ3. ʉʠʩʪʝʤʘ ʚʝʥʪʠʣʷʮʽʾ ʤʘʻ 

ʚʠʪʨʘʪʫ ʚʽʜ ʥʝʬʽʣʴʪʨʦʚʘʥʦʛʦ ʜʞʝʨʝʣʘ ʚʩʤʦʢʪʫʚʘʥʥʷ 6,6 ʤ3/ʩ. ʂʨʽʤ ʪʦʛʦ, ʚʦʥʘ ʤʘʻ 

ʚʽʜʬʽʣʴʪʨʦʚʘʥʝ ʧʽʜʞʠʚʣʶʶʯʝ ʧʦʚʽʪʨʷ 0,29 ʤ3/ʩ ʽ ʘʚʘʨʽʡʥʝ ʚʽʜʬʽʣʴʪʨʦʚʘʥʝ ʨʝʮʠʨʢʫʣʷʮʽʡʥʝ 

ʧʦʚʽʪʨʷ ʽʟ ʟʦʚʥʽʰʥʽʤ ʧʨʠʧʣʠʚʦʤ 2,88e-2 ʤ3/ʩ .ʊʘʢʦʞ, ʚʦʥʘ ʤʘʻ ʩʠʩʪʝʤʫ ʙʘʣʦʥʥʦʛʦ ʧʦʚʽʪʨʷ ʟ 

ʚʠʪʨʘʪʦʶ 6,6 ʤ3/ʩ. 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠʚʝʜʝʥʽ ʥʘ ʈʠʩ.1. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɻʨʘʬʽʢ ʢʦʥʮʝʥʪʨʘʮʽʡ 

 

ɼʣʷ ʜʝʪʘʣʴʥʦʾ ʦʮʽʥʢʠ ʞʠʪʪʻʟʜʘʪʥʦʩʪʽ ɹʑʋ ʧʽʜ ʯʘʩ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ, ʧʦʚôʷʟʘʥʠʭ ʟ 

ʥʝʙʝʟʧʝʯʥʠʤ ʭʽʤʽʯʥʠʤ ʚʠʢʠʜʦʤ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ  ʧʦʢʘʟʥʠʢ ʤʘʢʩʠʤʘʣʴʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʭʽʤʽʯʥʦʾ ʨʝʯʦʚʠʥʠ (ʤʝʞʘ ʪʦʢʩʠʯʥʦʩʪʽ), ʷʢʫ ʤʦʞʥʘ ʜʦʧʫʩʪʠʪʠ ʙʝʟ ʬʽʟʠʯʥʦʾ ʥʝʜʽʻʟʜʘʪʥʦʩʪʽ 

ʦʧʝʨʘʪʦʨʘ ɹʑʋ. ʈʝʟʫʣʴʪʘʪʠ ʜʣʷ ʤʠʪʪʻʚʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʛʽʧʦʪʝʪʠʯʥʦʾ ʘʚʘʨʽʡʥʦʾ ʩʠʪʫʘʮʽʾ 

ʧʦʢʘʟʫʶʪʴ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʪʦʢʩʠʯʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʭʣʦʨʫ 10 ppm ʜʦʩʷʛʘʶʪʴʩʷ 

ʥʘ 7,3 ʭʚ ʜʦʩʣʽʜʞʝʥʥʷ ʪʨʠʚʘʣʽʩʪʶ ʙʣʠʟʴʢʦ 2 ʭʚ. ʊʦʤʫ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʧʨʠ ʜʘʥʽʡ 

ʩʠʪʫʘʮʽʾ ʢʦʥʮʝʥʪʨʘʮʽʷ ʭʣʦʨʫ ʧʝʨʝʚʠʱʫʻ ʪʦʢʩʠʯʥʠʡ ʣʽʤʽʪ ʽ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʝʜʽʻʟʜʘʪʥʦʩʪʽ 

ʧʝʨʩʦʥʘʣʫ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʧʨʦʛʨʘʤʥʠʡ ʧʘʢʝʪ HABIT 

ʻ ʝʬʝʢʪʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʘʥʘʣʽʟʫ ʞʠʚʫʯʦʩʪʽ ʪʘ ʧʨʠʜʘʪʥʦʩʪʽ ʧʨʠʤʽʱʝʥʴ ɹʑʋ ʧʨʠ 

ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʷʭ ʽ ʤʦʞʝ ʙʫʪʠ ʨʝʢʦʤʝʥʜʦʚʘʥʠʡ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ ʘʥʘʣʽʟʽ ʙʝʟʧʝʢʠ 

ɸɽʉ. 
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ɸʩʧʽʨʘʥʪ ʆʥʠʱʫʢ ʖ.ɸ. 

ɼʦʮ., ʢ.ʪ.ʥ. ʂʣʝʚʮʦʚ ʉ.ɺ. 

ʄʆɼɽʃʖɺɸʅʅʗ ʇʈʆʎɽʉʋ ɼɽɻʈɸɼɸʎɯɰ ʂʆʈʇʋʉʋ ʈɽɸʂʊʆʈʋ ʇʈʀ ɺɸɾʂɯʁ 

ɸɺɸʈɯɰ ʅɸ ɸɽʉ 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʢʦʨʧʫʩʫ ʨʝʘʢʪʦʨʫ ʧʨʠ ʧʨʦʪʽʢʘʥʥʽ 

ʚʘʞʢʦʾ ʘʚʘʨʽʾ ʥʘ ɸɽʉ ʤʘʻ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ, ʷʢ ʟ ʪʦʯʢʠ ʟʦʨʫ ʦʩʥʦʚʥʦʾ ʮʽʣʽ ʙʝʟʧʝʢʠ ï 

ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʛʦ ʟʥʠʞʝʥʥʷ ʨʘʜʽʘʮʽʡʥʠʭ ʥʘʩʣʽʜʢʽʚ ʜʣʷ ʧʝʨʩʦʥʘʣʫ, ʥʘʩʝʣʝʥʥʷ ʪʘ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʪʘʢ ʽ ʟ ʪʦʯʢʠ ʟʦʨʫ ʫʧʨʘʚʣʽʥʥʷ ʚʘʞʢʦʶ ʘʚʘʨʽʻʶ. 

ʇʨʝʜʤʝʪʦʤ ʘʢʪʠʚʥʦʛʦ ʚʠʚʯʝʥʥʷ ʫ ʚʽʪʯʠʟʥʷʥʠʭ ʪʘ ʟʘʨʫʙʽʞʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʟ 

ʧʦʚʝʜʽʥʢʠ ʽ ʨʫʡʥʫʚʘʥʥʷ ʨʝʘʢʪʦʨʽʚ ʢʦʨʧʫʩʥʦʛʦ ʪʠʧʫ ʻ ʧʨʦʙʣʝʤʘ ʚʟʘʻʤʦʜʽʾ ʨʦʟʧʣʘʚʫ ʧʘʣʠʚʘ ʟ 

ʜʥʠʱʝʤ ʢʦʨʧʫʩʫ ʨʝʘʢʪʦʨʘ [1, 2, 3]. ʆʩʢʽʣʴʢʠ ʧʨʦʮʝʩ ʜʝʛʨʘʜʘʮʽʾ ʧʦʰʢʦʜʞʝʥʦʾ ʜʽʣʷʥʢʠ 

ʢʦʨʧʫʩʫ ʤʦʞʝ ʰʚʠʜʢʦ ʧʨʦʛʨʝʩʫʚʘʪʠ, ʩʧʨʠʷʶʯʠ ʰʚʠʜʢʦʤʫ ʚʠʭʦʜʫ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʧʘʣʠʚʘ ʚ 

ʧʽʜʨʝʘʢʪʦʨʥʠʡ ʧʨʦʩʪʽʨ, ʪʦ ʜʦʩʣʽʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʫ ʨʫʡʥʫʚʘʥʥʷ ʢʦʨʧʫʩʫ ʨʝʘʢʪʦʨʫ ʽ ʜʠʥʘʤʽʢʘ 

ʟʤʽʥʠ ʛʝʦʤʝʪʨʽʾ ʩʪʽʥʢʠ ʚ ʧʨʦʮʝʩʽ ʨʦʟʚʠʪʢʫ ʚʘʞʢʦʾ ʘʚʘʨʽʾ ʻ ʚʘʞʣʠʚʠʤ ʥʘʧʨʷʤʦʤ ʚ ʧʽʜʚʠʱʝʥʥʽ 

ʟʘʛʘʣʴʥʦʛʦ ʨʽʚʥʷ ʙʝʟʧʝʢʠ ɸɽʉ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʚ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʢʦʨʧʫʩʫ ʨʝʘʢʪʦʨʘ, ʧʦʚôʷʟʘʥʠʭ ʟ 

ʥʘʜʭʦʜʞʝʥʥʷʤ ʪʫʜʠ ʤʘʪʝʨʽʘʣʽʚ ʟʨʫʡʥʦʚʘʥʦʾ ʘʢʪʠʚʥʦʾ ʟʦʥʠ, ʘ ʪʘʢʦʞ ʟ ʡʦʛʦ ʧʦʜʘʣʴʰʠʤ 

ʨʦʟʽʛʨʽʚʦʤ ʽ ʩʫʧʫʪʥʽʤʠ ʧʨʠ ʮʴʦʤʫ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʤʠ ʬʽʟʠʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ 

(ʧʣʘʚʣʝʥʥʷ, ʢʦʥʚʝʢʮʽʷ, ʪʝʧʣʦʦʙʤʽʥ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ, ʪʝʧʣʦʚʝ ʨʫʡʥʫʚʘʥʥʷ ʪʘ ʽʥ.) ʚʠʤʘʛʘʻ 

ʚʩʝʙʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʚʨʘʭʫʚʘʥʥʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʩʢʣʘʜʥʠʭ ʪʘ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʚʯʝʥʠʭ 

ʪʝʧʣʦʛʽʜʨʘʚʣʽʯʥʠʭ, ʪʝʨʤʦʤʝʭʘʥʽʯʥʠʭ, ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʨʦʮʝʩʽʚ ʽ ʷʚʠʱ, ʧʦʯʠʥʘʶʯʠ ʟ ʤʦʤʝʥʪʫ 

ʚʠʥʠʢʥʝʥʥʷ ʚʠʭʽʜʥʦʾ ʧʦʜʽʾ ʘʚʘʨʽʾ ʽ ʟʘʢʽʥʯʫʶʯʠ ʨʫʡʥʫʚʘʥʥʷʤ ʢʦʨʧʫʩʫ ʨʝʘʢʪʦʨʫ. ɼʣʷ 

ʨʝʘʢʪʦʨʽʚ ʪʠʧʫ ɺɺɽʈ ʜʘʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʪʨʠ ʦʩʥʦʚʥʽ ʬʘʟʠ [4]: 

- ʨʘʥʥʷ ʬʘʟʘ ï ʦʩʫhʝʥʥʷ ʪʘ ʧʦʯʘʪʢʦʚʠʡ ʨʦʟʽʛʨʽʚ ʝʣʝʤʝʥʪʽʚ ʘʢʪʠʚʥʦʾ ʟʦʥʠ, çʟʜʫʪʪʷè, ʨʦʟʨʠʚ 

ʮʠʨʢʦʥʽʻʚʠʭ ʦʙʦʣʦʥʦʢ ʪʚʝʣ ʪʘ ʙʣʦʢʫʚʘʥʥʷ ʤʽʞʪʚʝʣʴʥʦʛʦ ʧʨʦʩʪʦʨʫ, ʨʦʟʽʛʨʽʚ ʝʣʝʤʝʥʪʽʚ 

ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʚʥʘʩʣʽʜʦʢ ʧʦʛʽʨʰʝʥʥʷ ʪʝʧʣʦʚʽʜʜʘʯʽ ʽ ʧʘʨʦ-ʮʠʨʢʦʥʽʻʚʦʾ ʨʝʘʢʮʽʾ; 

- ʬʘʟʘ ʧʦʰʢʦʜʞʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʪʘ ʚʪʨʘʪʘ ʾʭ ʛʝʦʤʝʪʨʽʾ ï ʧʣʘʚʣʝʥʥʷ 

ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ ʘʢʪʠʚʥʦʾ ʟʦʥʠ, ʬʦʨʤʫʚʘʥʥʷ ʟʥʘʯʥʠʭ ʙʣʦʢʘʜ ʪʘ ʫʪʚʦʨʝʥʥʷ 

ʣʦʢʘʣʴʥʠʭ ʚʘʥ ʨʦʟʧʣʘʚʫ, ʾʭ ʧʝʨʝʤʽʱʝʥʥʷ, ʟʘʪʚʝʨʜʽʥʥʷ, ʧʦʚʪʦʨʥʝ ʧʣʘʚʣʝʥʥʷ; 

- ʧʽʟʥʷ ʬʘʟʘ ï ʥʘʜʭʦʜʞʝʥʥʷ ʽ ʧʨʦʩʪʦʨʦʚʠʡ ʨʦʟʧʦʜʽʣ ʨʦʟʧʣʘʚʫ ʚ ʥʠʞʥʶ ʢʘʤʝʨʫ ʟʤʽʰʫʚʘʥʥʷ, 

ʩʪʨʘʪʠʬʽʢʘʮʽʷ ʨʦʟʧʣʘʚʫ, ʢʦʥʚʝʢʪʠʚʥʠʡ ʪʝʧʣʦʦʙʤʽʥ ʪʘ ʪʝʧʣʦʦʙʤʽʥ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ, 

ʧʣʘʚʣʝʥʥʷ ʜʥʠʱʘ ʨʝʘʢʪʦʨʫ ʟ ʧʦʜʘʣʴʰʦʶ ʡʦʛʦ ʤʝʭʘʥʽʯʥʦʶ ʚʽʜʤʦʚʦʶ. 

ʅʘ ʨʘʥʥʽʡ ʬʘʟʽ ʚʘʞʣʠʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʶʪʴ ʪʝʧʣʦʛʽʜʨʘʚʣʽʯʥʽ ʧʨʦʮʝʩʠ, ʷʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʘʚʘʨʽʡʥʠʡ ʨʝʞʠʤ. ʗʢ ʧʨʘʚʠʣʦ, ʚ ʧʨʦʮʝʩʽ ʨʦʟʚʠʪʢʫ ʚʘʞʢʦʾ ʘʚʘʨʽʾ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʪʨʘʪʘ ʪʝʧʣʦʥʦʩʽʷ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ (ʚ ʨʝʟʫʣʴʪʘʪʽ ʪʝʯʽ ʘʙʦ ʨʦʙʦʪʠ ɯɿʇ ʂʊ). 

ʆʩʢʽʣʴʢʠ ʪʝʧʣʦʛʽʜʨʘʚʣʽʯʥʘ ʧʦʚʝʜʽʥʢʘ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʜʫʞʝ ʯʫʪʣʠʚʘ ʜʦ ʚʧʣʠʚʫ ʩʠʩʪʝʤ ʽ 

ʢʦʤʧʦʥʝʥʪʽʚ ʈʋ, ʘ ʪʘʢʦʞ ʟʦʚʥʽʰʥʽʭ ʧʦʜʽʡ, ʪʘʢʠʭ ʷʢ ʜʽʾ ʦʧʝʨʘʪʦʨʘ, ʪʦ ʟʜʘʪʥʽʩʪʴ ʪʦʯʥʦ 

ʧʨʦʛʥʦʟʫʚʘʪʠ ʟʘʛʘʣʴʥʫ ʪʝʧʣʦʛʽʜʨʘʚʣʽʯʥʫ ʧʦʚʝʜʽʥʢʫ ʻ ʦʜʥʠʤ ʟ ʽʩʪʦʪʥʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʻ 

ʥʘ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʜʘʣʴʰʦʛʦ ʧʨʦʪʽʢʘʥʥʷ ʚʘʞʢʦʾ ʘʚʘʨʽʾ. ʊʦʤʫ ʜʣʷ ʚʨʘʭʫʚʘʥʥʷ ʮʴʦʛʦ 

ʧʨʦʚʦʜʠʪʴʩʷ ʨʦʟʨʦʙʢʘ ʽʥʪʝʨʬʝʡʩʫ ʩʧʨʷʞʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ ʟ ʩʠʩʪʝʤʥʠʤ 

ʪʝʧʣʦʛʽʜʨʘʚʣʽʯʥʠʤ ʢʦʜʦʤ. 

ʇʨʠ ʚʟʘʻʤʦʜʽʾ ʨʦʟʧʣʘʚʫ ʧʘʣʠʚʘ ʟ ʢʦʨʧʫʩʦʤ ʨʝʘʢʪʦʨʫ ʚʢʣʘʜ ʚ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʫ ʡʦʛʦ 

ʜʝʛʨʘʜʘʮʽʾ ʚʥʦʩʷʪʴ ʥʘʩʪʫʧʥʽ ʤʝʭʘʥʽʟʤʠ: 

- ʪʝʧʣʦʚʝ ʨʫʡʥʫʚʘʥʥʷ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʤ ʨʦʟʧʦʜʽʣʦʤ ʪʝʤʧʝʨʘʪʫʨʠ 

ʪʘ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ʚ ʢʦʨʧʫʩʽ ʨʝʘʢʪʦʨʫ; 

- ʜʝʬʦʨʤʘʮʽʷ ʪʘ ʤʝʭʘʥʽʯʥʝ ʨʫʡʥʫʚʘʥʥʷ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʘʩʠ ʨʦʟʧʣʘʚʫ ʥʘ ʜʥʠʱʽ, ʤʘʩʠ 

ʩʘʤʦʛʦ ʜʥʠʱʘ ʪʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʥʘʜʣʠʰʢʦʚʦʛʦ ʪʠʩʢʫ ʚ ʨʝʘʢʪʦʨʽ. 

ʇʦʯʘʪʢʦʚʽ ʜʝʬʦʨʤʘʮʽʾ ʢʦʨʧʫʩʫ ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʪʝʧʣʦʚʦʛʦ ʨʦʟʰʠʨʝʥʥʷ. ɼʘʣʽ 

ʧʦ ʤʽʨʽ ʨʦʟʽʛʨʽʚʘʥʥʷ ʽ ʧʦʯʘʪʢʫ ʧʣʘʚʣʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ 
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ʢʦʨʧʫʩʫ ʪʘ ʡʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ, ʱʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʤʝʭʘʥʽʯʥʦʛʦ 

ʨʫʡʥʫʚʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʦʩʥʦʚʥʠʡ ʚʥʝʩʦʢ ʚ ʦʩʪʘʥʥʽʡ ʤʝʭʘʥʽʟʤ ʨʫʡʥʫʚʘʥʥʷ ʚʥʦʩʷʪʴ ʤʘʩʘ 

ʜʥʠʱʘ ʢʦʨʧʫʩʫ ʪʘ ʤʘʩʘ ʨʦʟʧʣʘʚʫ ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʥʴʦʤʫ. ʊʦʤʫ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʘʩʠ, 

ʩʢʣʘʜʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʧʝʨʝʤʽʱʫʶʪʴʩʷ ʚ ʥʠʞʥʶ ʢʘʤʝʨʫ ʟʤʽʰʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ 

ʯʘʩʫ ʾʭ ʧʝʨʝʤʽʱʝʥʥʷ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʟʥʴʦʾ ʬʘʟʠ ʚʘʞʢʦʾ ʘʚʘʨʽʾ. 

ʊʘʢʦʞ, ʦʩʢʽʣʴʢʠ ʚ ʧʨʦʮʝʩʽ ʧʨʦʪʽʢʘʥʥʷ ʚʘʞʢʦʾ ʘʚʘʨʽʾ ʤʦʞʫʪʴ ʟʥʘʯʥʦ ʟʤʽʥʶʚʘʪʠʩʷ ʫʤʦʚʠ 

ʨʦʙʦʪʠ ʢʦʤʧʦʥʝʥʪʽʚ ʧʝʨʰʦʛʦ ʪʘ ʜʨʫʛʦʛʦ ʢʦʥʪʫʨʫ, ʪʦ ʚ ʧʝʚʥʠʭ ʘʚʘʨʽʡʥʠʭ ʩʮʝʥʘʨʽʷʭ 

ʚʥʫʪʨʽʰʥʽʡ ʪʠʩʢ ʚ ʨʝʘʢʪʦʨʽ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠ ʟʥʘʯʥʠʡ ʚʢʣʘʜ ʚ ʤʝʭʘʥʽʯʥʝ ʨʫʡʥʫʚʘʥʥʷ 

ʢʦʨʧʫʩʫ ʟʘ ʨʘʭʫʥʦʢ ʨʘʜʽʘʣʴʥʠʭ (çʚʠʜʫʚʘʥʥʷè ʤʘʪʝʨʽʘʣʫ ʢʦʨʧʫʩʫ ʚ ʤʽʩʮʽ ʧʨʦʧʣʘʚʣʝʥʥʷ) ʪʘ 

ʦʩʴʦʚʠʭ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʢʦʤʧʣʝʢʩʥʦʾ ʤʝʪʦʜʠʢʠ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ ʜʣʷ 

ʢʽʣʴʢʽʩʥʦʛʦ ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʫ ʜʝʛʨʘʜʘʮʽʾ ʢʦʨʧʫʩʫ ʨʝʘʢʪʦʨʫ ʧʨʠ ʧʨʦʪʽʢʘʥʥʷ ʚʘʞʢʦʾ ʘʚʘʨʽʾ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʩʠʩʪʝʤʥʦʛʦ ʚʧʣʠʚʫ. ɺʠʢʦʥʘʥʥʷ ʜʘʥʦʛʦ ʟʘʚʜʘʥʥʷ ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ 

ʚʠʨʽʰʝʥʥʷ ʥʘʩʪʫʧʥʠʭ ʧʽʜʟʘʚʜʘʥʴ: 

- ʨʦʟʨʦʙʢʘ ʤʘʪʨʠʮʽ ʚʘʣʽʜʘʮʽʾ ʢʦʜʫ CFX ʥʘ ʦʩʥʦʚʽ ʛʦʣʦʚʥʠʭ ʬʝʥʦʤʝʥʽʚ ʚʘʞʢʠʭ ʘʚʘʨʽʡ; 

- ʘʜʘʧʪʘʮʽʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ; 

- ʨʦʟʨʦʙʢʘ ʽʥʪʝʨʬʝʡʩʫ ʩʧʨʷʞʝʥʥʷ RELAP5 - CFX; 

- ʨʦʟʨʦʙʢʘ ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʦʾ ʧʨʦʮʝʜʫʨʠ ʜʝʛʨʘʜʘʮʽʾ ʛʝʦʤʝʪʨʽʾ ʢʦʨʧʫʩʫ ʨʝʘʢʪʦʨʘ; 

- ʚʘʣʽʜʘʮʽʷ ʩʧʨʷʞʝʥʦʾ ʤʦʜʝʣʽ ʥʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ; 

- ʧʨʦʚʝʜʝʥʥʷ ʧʦʢʘʟʦʚʠʭ ʨʦʟʨʘʭʫʥʢʽʚ. 

ɿʘʛʘʣʴʥʘ ʘʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʧʣʠʚʘʻ ʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʨʦʚʝʜʝʥʥʷ 

ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʘʥʘʣʽʟʫ ʚʘʞʢʠʭ ʘʚʘʨʽʡ ʧʨʠ ʨʦʟʨʦʙʮʽ ʪʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʧʽʜʪʨʠʤʮʽ 

ʩʪʨʘʪʝʛʽʡ ʟ ʫʧʨʘʚʣʽʥʥʷ ʜʘʥʠʤʠ ʘʚʘʨʽʷʤʠ ʪʘ ʧʨʠ ʦʙˇʨʫʥʪʫʚʘʥʥʽ ʙʝʟʧʝʢʠ ʘʪʦʤʥʠʭ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ, ʷʢ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʥʦʚʠʭ, ʪʘʢ ʽ ʧʨʠ ʧʨʦʜʦʚʞʝʥʥʽ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʜʽʶʯʠʭ. 
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ʆʎɯʅʂɸ ʈɯɺʅʗ ɹɽɿʇɽʂʀ ɽʅɽʈɻʆɹʃʆʂɸ ɸɽʉ ʇʈʀ ɺʇʈʆɺɸɼɾɽʅʅɯ 

ɿɸʍʆɼɯɺ, ʑʆ ʂʆʄʇɽʅʉʋʖʊʔ ʇʆɺʅɽ ʊʈʀɺɸʃɽ ʁʆɻʆ ɿʅɽʉʊʈʋʄʃɽʅʅʗ 

 

 

ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʧʦʟʘʯʝʨʛʦʚʦʾ ʮʽʣʴʦʚʦʾ ʧʝʨʝʦʮʽʥʢʠ ʙʝʟʧʝʢʠ ʝʥʝʨʛʦʙʣʦʢʽʚ ɸɽʉ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʜʽʡ 2011 ʨʦʢʫ ʥʘ ɸɽʉ çʌʫʢʫʩʽʤʘ - ɼʘʾʯʽè ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʜʝʬʽʮʠʪʠ ʙʝʟʧʝʢʠ, 

ʧʦʚ'ʷʟʘʥʽ ʟ ʜʦʚʛʦʪʨʠʚʘʣʦʶ ʚʽʜʩʫʪʥʽʩʪʶ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʪʘ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ. ʆʜʥʠʤ ʟ ʢʣʶʯʦʚʠʭ ʟʘʚʜʘʥʴ ʧʨʠ ʘʚʘʨʽʾ ʟ ʧʦʚʥʠʤ ʟʥʝʩʪʨʫʤʣʝʥʥʷʤ ɸɽʉ ʽ 

ʚʪʨʘʪʦʶ ʧʨʦʝʢʪʥʠʭ ʜʞʝʨʝʣ ʦʭʦʣʦʜʞʝʥʥʷ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʚʦʜʫ ʟʘʣʠʰʢʦʚʠʭ ʪʝʧʣʦʚʠʜʽʣʝʥʴ 

ʚʽʜ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʨʝʘʢʪʦʨʘ. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ ʦʙʫʤʦʚʣʝʥʘ ʧʽʜʪʨʠʤʢʦʶ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ ʙʝʟʧʝʢʠ ʚ ʫʤʦʚʘʭ 

ʪʨʠʚʘʣʦʛʦ ʧʦʚʥʦʛʦ ʟʥʝʩʪʨʫʤʣʝʥʥʷ ɸɽʉ. 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʘʥʘʣʽʟ ʨʽʚʥʷ ʙʝʟʧʝʢʠ ʧʨʠ ʦʨʛʘʥʽʟʘʮʽʾ ʚʽʜʚʦʜʫ ʟʘʣʠʰʢʦʚʠʭ 

ʪʝʧʣʦʚʠʜʽʣʝʥʴ ʚʽʜ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʨʝʘʢʪʦʨʘ ʚ ʫʤʦʚʘʭ ʪʨʠʚʘʣʦʛʦ ʧʦʚʥʦʛʦ ʟʥʝʩʪʨʫʤʣʝʥʥʷ ɸɽʉ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʚʧʝʨʰʝ ʜʘʶʪʴ ʨʦʟʨʘʭʫʥʢʦʚʫ ʦʮʽʥʢʫ ʨʽʚʥʷ ʙʝʟʧʝʢʠ ʧʨʠ ʚʧʨʦʚʘʜʞʝʥʥʽ ʟʘʭʦʜʽʚ, ʱʦ 

ʢʦʤʧʝʥʩʫʶʪʴ ʧʦʚʥʝ ʜʦʚʛʦʪʨʠʚʘʣʝ ʟʥʝʩʪʨʫʤʣʝʥʥʷ ʝʥʝʨʛʦʙʣʦʢʫ. 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʠʡ ʦʧʠʩ ʦʩʥʦʚʥʠʭ ʢʨʠʪʝʨʽʾʚ ʧʨʠʡʥʷʪʥʦʩʪʽ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʮʽʥʢʠ ʨʽʚʥʷ ʙʝʟʧʝʢʠ ʝʥʝʨʛʦʙʣʦʢʽʚ ɸɽʉ. 

ɯʤʦʚʽʨʥʽʩʥʠʡ ʘʥʘʣʽʟ ʙʝʟʧʝʢʠ ï ʤʝʪʦʜ ʢʽʣʴʢʽʩʥʦʾ ʪʘ ʷʢʽʩʥʦʾ ʦʮʽʥʢʠ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʣʷ ʘʥʘʣʽʟʫ ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʥʠʢʥʝʥʥʷ ʪʘ ʰʣʷʭʽʚ ʨʦʟʚʠʪʢʫ ʘʚʘʨʽʡ, ʘ ʪʘʢʦʞ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʯʘʩʪʦʪʠ ʧʦʰʢʦʜʞʝʥʥʷ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʨʝʘʢʪʦʨʘ ʽ ʛʨʘʥʠʯʥʦʛʦ ʘʚʘʨʽʡʥʦʛʦ ʚʠʢʠʜʫ ʽ ʦʮʽʥʢʠ 

ʨʘʜʽʘʮʽʡʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʥʘʩʝʣʝʥʥʷ [1]. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʫʨʦʢʽʚ, ʦʪʨʠʤʘʥʠʭ ʟ ʘʚʘʨʽʾ ʥʘ ɸɽʉ çʌʫʢʫʩʽʤʘ-ɼʘʾʯʽè, ʨʦʟʛʣʷʜʘʣʠʩʷ 

ʚʠʭʽʜʥʽ ʧʦʜʽʾ, ʧʦʚ'ʷʟʘʥʽ ʽʟ ʟʦʚʥʽʰʥʽʤʠ ʚʧʣʠʚʘʤʠ, ʚʥʘʩʣʽʜʦʢ ʷʢʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʝʚʦʜʥʝʥʥʷ 

ʙʨʠʟʢʘʣʴʥʠʭ ʙʘʩʝʡʥʽʚ ʟ ʥʘʩʪʫʧʥʦʶ ʥʝʧʨʘʮʝʟʜʘʪʥʽʩʪʶ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʽʚ ʈɼɽʉ ʽ ʚʽʜʤʦʚʦʶ 

ʩʠʩʪʝʤ ʙʝʟʧʝʢʠ. ɼʽʾ ʧʝʨʩʦʥʘʣʫ ʧʦʚʠʥʥʽ ʙʫʪʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʚʝʜʝʥʥʷ 

ʟʘʣʠʰʢʦʚʠʭ ʪʝʧʣʦʚʠʜʽʣʝʥʴ ʚʽʜ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʨʝʘʢʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ. ʎʝ ʤʦʞʣʠʚʦ ʚʠʢʦʥʘʪʠ 

ʟʘ ʨʘʭʫʥʦʢ ʦʨʛʘʥʽʟʘʮʽʾ ʧʦʜʘʯʽ ʪʝʭʥʽʯʥʦʾ ʚʦʜʠ ʥʘ ʩʧʦʞʠʚʘʯʽʚ ʩʠʩʪʝʤ ʙʝʟʧʝʢʠ ʚʽʜ ʄʅʋ ɹɹ ʘʙʦ 

ʧʽʜʞʠʚʣʝʥʥʷ ʧʘʨʦʛʝʥʝʨʘʪʦʨʽʚ ʚʽʜ ʄʅʋ ʇɻ. ʊʘʢʦʞ, ʚ ʨʘʤʢʘʭ ʤʘʛʽʩʪʝʨʩʴʢʦʾ ʜʠʩʝʨʪʘʮʽʾ 

ʨʦʟʛʣʷʥʫʪʠʡ ʟʘʭʽʜ ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʚʘʨʽʡʥʦʛʦ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʚ ʫʤʦʚʘʭ 

ʪʨʠʚʘʣʦʛʦ ʧʦʚʥʦʛʦ ʟʥʝʩʪʨʫʤʣʝʥʥʷ ɸɽʉ ʟʘ ʜʦʧʦʤʦʛʦʶ ʄɼɻʉ.  

ɺ ʘʥʘʣʽʟʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʤʘʣʠʭ ʜʝʨʝʚ ʧʦʜʽʡ ʪʘ ʚʝʣʠʢʠʭ ʜʝʨʝʚ ʚʽʜʤʦʚ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʟʘʭʠʩʥʠʤʠ ʽ ʟʘʙʝʟʧʝʯʫʶʯʠʤʠ ʩʠʩʪʝʤʘʤʠ ʚ ʷʚʥʦʤʫ ʚʠʛʣʷʜʽ 

ʤʦʜʝʣʶʶʪʴʩʷ ʪʽʣʴʢʠ ʥʘ ʨʽʚʥʽ ʜʝʨʝʚ ʚʽʜʤʦʚ. ʅʘ ʨʽʚʥʽ ʜʝʨʝʚ ʧʦʜʽʡ ʚ ʷʚʥʦʤʫ ʚʠʛʣʷʜʽ 

ʤʦʜʝʣʶʶʪʴʩʷ ʪʽʣʴʢʠ ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʽ ʘʙʦ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʜʘʥʦʛʦ 

ʤʝʪʦʜʫ ʩʧʦʯʘʪʢʫ ʨʦʟʨʦʙʣʝʥʽ ʜʝʨʝʚʘ ʧʦʜʽʡ ʟ ʬʫʥʢʮʽʷʤʠ ʙʝʟʧʝʢʠ ʚ ʷʢʦʩʪʽ ʚʝʨʭʥʽʭ ʧʦʜʽʡ. ʇʦʪʽʤ 

ʜʝʨʝʚʘ ʧʦʜʽʡ ʤʦʜʠʬʽʢʫʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʪʦʛʦ, ʱʦ ʟʘʤʽʩʪʴ ʬʫʥʢʮʽʡ ʙʝʟʧʝʢʠ, ʷʢ ʚʝʨʭʥʽʭ ʧʦʜʽʡ, 

ʚʢʘʟʫʶʪʴʩʷ ʢʦʥʢʨʝʪʥʽ ʟʘʭʠʩʥʽ ʩʠʩʪʝʤʠ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʫʩʧʽʭʫ. ɼʣʷ ʟʘʟʥʘʯʝʥʠʭ 

ʟʘʭʠʩʥʠʭ ʩʠʩʪʝʤ ʨʦʟʨʦʙʣʝʥʽ ʜʝʨʝʚʘ ʚʽʜʤʦʚ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʣʦʛʽʯʥʫ ʬʦʨʤʫ 

ʥʝʚʠʢʦʥʘʥʥʷ ʫʤʦʚ ʥʝʦʙʭʽʜʥʦʛʦ ʢʨʠʪʝʨʽʶ ʫʩʧʽʭʫ. ʉʪʫʧʽʥʴ ʜʝʪʘʣʽʟʘʮʽʾ ʜʝʨʝʚʘ ʚʽʜʤʦʚ ʟʘʭʠʩʥʠʭ 

ʩʠʩʪʝʤ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʚʩʽʭ ʢʨʠʪʠʯʥʠʭ ʛʨʫʧ ʦʙʣʘʜʥʘʥʥʷ ʮʠʭ 

ʩʠʩʪʝʤ, ʘ ʪʘʢʦʞ ʚʟʘʻʤʦʜʽʾ ʮʴʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʟʘʙʝʟʧʝʯʫʶʯʠʤʠ, ʢʝʨʫʶʯʠʤʠ ʪʘ 

ʽʥʰʠʤʠ ʩʠʩʪʝʤʘʤʠ. ɼʝʨʝʚʘ ʚʽʜʤʦʚ ʜʣʷ ʮʠʭ ʩʠʩʪʝʤ ʟʤʦʜʝʣʴʦʚʘʥʽ ʦʢʨʝʤʦ. ɼʣʷ ʨʦʟʨʦʙʢʠ ʜʝʨʝʚ 

ʧʦʜʽʡ ʪʘ ʜʝʨʝʚ ʚʽʜʤʦʚ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʢʦʜ SAPHIRE 8 [2, 3]. 

ʇʦʙʫʜʦʚʘ ʜʝʨʝʚʘ ʚʽʜʤʦʚ ʧʦʯʠʥʘʻʪʴʩʷ ʧʽʩʣʷ ʦʪʨʠʤʘʥʥʷ ʜʝʪʘʣʴʥʦʛʦ ʨʦʟʫʤʽʥʥʷ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʜʘʥʦʾ ʩʠʩʪʝʤʠ ʽ ʦʩʦʙʣʠʚʦ ʨʦʟʫʤʽʥʥʷ ʪʦʛʦ, ʷʢ ʩʠʩʪʝʤʘ ʙʝʨʝ ʫʯʘʩʪʴ ʫ ʚʩʽʭ 

ʘʚʘʨʽʡʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʷʭ. ɼʣʷ ʦʢʨʝʤʠʭ ʩʠʩʪʝʤ ʤʦʞʝ ʟʥʘʜʦʙʠʪʠʩʷ ʧʦʙʫʜʦʚʘ ʜʝʢʽʣʴʢʦʭ 
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ʜʝʨʝʚ ʚʽʜʤʦʚ ʚ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʢʨʠʪʝʨʽʾ ʫʩʧʽʭʫ ʜʣʷ ʩʠʩʪʝʤʠ ʨʽʟʥʽ ʜʣʷ ʨʽʟʥʠʭ ʚʠʭʽʜʥʠʭ 

ʧʦʜʽʡ. ʇʨʦʮʝʜʫʨʘ ʧʦʙʫʜʦʚʠ ʜʝʨʝʚʘ ʚʽʜʤʦʚ ï ʮʝ ʜʝʜʫʢʪʠʚʥʠʡ ʧʦʚʪʦʨʶʚʘʥʠʡ ʘʥʘʣʽʟ ʧʨʠʯʠʥ. 

ʇʦʯʠʥʘʶʯʠ ʟ ʚʝʨʭʥʴʦʾ ʧʦʜʽʾ ʜʝʨʝʚʘ ï ʚʽʜʤʦʚʠ ʩʠʩʪʝʤʠ, ʜʣʷ ʢʦʞʥʦʾ ʨʦʟʛʣʷʥʫʪʦʾ ʧʦʜʽʾ 

ʚʠʷʚʣʷʶʪʴʩʷ ʧʦʜʽʾ, ʷʢʽ ʻ ʙʝʟʧʦʩʝʨʝʜʥʽʤʠ ʾʾ ʧʨʠʯʠʥʘʤʠ. ʇʨʦʮʝʜʫʨʘ ʟʘʢʽʥʯʫʻʪʴʩʷ ʚ ʤʽʨʫ 

ʜʦʩʷʛʥʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ ʜʝʪʘʣʽʟʘʮʽʾ. ʊʘʢʠʡ ʨʽʚʝʥʴ ʜʝʪʘʣʽʟʘʮʽʾ ʜʦʩʷʛʘʻʪʴʩʷ ʪʦʜʽ, ʢʦʣʠ 

ʧʽʜ ʣʦʛʽʯʥʠʤʠ ʦʧʝʨʘʪʦʨʘʤʠ ʟʥʘʭʦʜʷʪʴʩʷ ʪʽʣʴʢʠ ʙʘʟʠʩʥʽ ʧʦʜʽʾ [4].  

ɺ ʨʦʙʦʪʽ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʜʦʦʧʨʘʮʶʚʘʥʥʷ ʽʤʦʚʽʨʥʽʩʥʦʾ ʤʦʜʝʣʽ. ɼʣʷ ʚʨʘʭʫʚʘʥʥʷ 

ʤʦʜʠʬʽʢʘʮʽʡ ʙʫʣʦ ʦʙʨʘʥʦ ʚʠʭʽʜʥʫ ʧʦʜʽʶ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʟʘʭʦʜʠ ʧʦ ʟʘʙʝʟʧʝʯʝʥʥʶ ʧʽʜʞʠʚʣʝʥʥʷ 

ʇɻ, ʧʦʜʘʯʽ ʦʭʦʣʦʜʞʫʶʯʦʾ ʚʦʜʠ ʜʦ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʩʧʦʞʠʚʘʯʽʚ ʩʠʩʪʝʤʠ ʪʝʭʥʽʯʥʦʾ ʚʦʜʠ 

ʚʽʜ ʄʅʋ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʚʽʜ ʄɼɻʉ, ʘ ʩʘʤʝ ʚʠʭʽʜʥʫ ʧʦʜʽʶ çɿʥʝʩʪʨʫʤʣʝʥʥʷ 

ʚʩʽʭ ʩʝʢʮʽʡ ʥʦʨʤʘʣʴʥʦʛʦ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ʱʦ ʽʥʽʮʽʡʦʚʘʥʝ ʟʦʚʥʽʰʥʽʤ ʝʢʩʪʨʝʤʘʣʴʥʠʤ 

ʚʧʣʠʚʦʤè. ɹʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʥʝʦʙʭʽʜʥʽ ʜʝʨʝʚʘ ʚʽʜʤʦʚ, ʚʠʢʦʥʘʥʦ ʦʮʽʥʢʫ ʧʘʨʘʤʝʪʨʽʚ 

ʥʘʜʽʡʥʦʩʪʽ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʘʥʘʣʽʟ ʥʘʜʽʡʥʦʩʪʽ ʧʝʨʩʦʥʘʣʫ. 

ɼʣʷ ʚʨʘʭʫʚʘʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʧʽʜʞʠʚʣʝʥʥʷ ʇɻ ʟʘ ʜʦʧʦʤʦʛʦʶ ʄʅʋ ʜʦ ʜʝʨʝʚʘ ʚʽʜʤʦʚ 

ʽʤʦʚʽʨʥʽʩʥʦʾ ʤʦʜʝʣʽ ʙʫʣʠ ʜʦʜʘʥʽ ʙʘʟʦʚʽ ʧʦʜʽʾ, ʱʦ ʤʦʜʝʣʶʶʪʴ ʚʽʜʤʦʚʫ ʧʽʜʞʠʚʣʝʥʥʷ ʇɻ ʚʽʜ 

ʄʅʋ ï MPS-RU-SUP-F, ʘ ʪʘʢʦʞ ʧʦʤʠʣʢʠ ʧʝʨʩʦʥʘʣʫ ʧʦ ʧʽʜʞʠʚʣʝʥʥʶ ʇɻ ʚʽʜ ʄʅʋ ï HEP2-

SF3-E1-C ʪʘ HEP2-P-E1-C. 

ɼʣʷ ʚʨʘʭʫʚʘʥʥʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʩʧʦʞʠʚʘʯʽʚ ʩʠʩʪʝʤʠ ʪʝʭʥʽʯʥʦʾ ʚʦʜʠ 

ʛʨʫʧʠ çɸè ʚ ʨʘʟʽ ʟʥʝʚʦʜʥʝʥʥʷ ʙʨʠʟʢʘʣʴʥʠʭ ʙʘʩʝʡʥʽʚ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʥʦʚʽ ʜʝʨʝʚʘ ʚʽʜʤʦʚ, 

ʱʦ ʤʦʜʝʣʶʶʪʴ ʧʽʜʢʣʶʯʝʥʥʷ ʄʅʋ ɹɹ ʜʦ ʢʦʥʪʫʨʫ ʦʭʦʣʦʜʞʝʥʥʷ ʥʘʩʦʩʽʚ. ɯʤʦʚʽʨʥʽʩʪʴ ʚʽʜʤʦʚʠ 

ʄʅʋ ɹɹ ʤʦʜʝʣʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʘʟʦʚʦʾ ʧʦʜʽʾ MPS-BB-SUP-F, ʪʘʢʦʞ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ 

ʚʨʘʭʦʚʫʻʪʴʩʷ ʽʤʦʚʽʨʥʽʩʪʴ ʧʦʤʠʣʢʠ ʧʝʨʩʦʥʘʣʫ. 

ɼʣʷ ʚʨʘʭʫʚʘʥʥʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʚʘʨʽʡʥʦʛʦ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʚ ʫʤʦʚʘʭ ʪʨʠʚʘʣʦʛʦ 

ʧʦʚʥʦʛʦ ʟʥʝʩʪʨʫʤʣʝʥʥʷ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʜʝʨʝʚʦ ʚʽʜʤʦʚ ʉV-ʉW-ʉX, ʷʢʝ ʚʨʘʭʦʚʫʻ ʚʽʜʤʦʚʫ 

ʚ ʨʦʙʦʪʽ ʄɼɻʉ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʦʪʨʠʤʘʥʦ ʨʝʟʫʣʴʪʘʪ, ʷʢʠʡ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʨʝʘʣʽʟʦʚʘʥʽ 

ʤʦʜʠʬʽʢʘʮʽʾ ʜʦʟʚʦʣʷʶʪʴ ʥʘ ʜʚʘ ʧʦʨʷʜʢʠ ʟʥʠʟʠʪʠ ʏʇɸɿ ʧʨʠ ʚʠʥʠʢʥʝʥʥʽ ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ 

ʧʦʚʥʦʛʦ ʟʥʝʩʪʨʫʤʣʝʥʥʷ ʝʥʝʨʛʦʙʣʦʢʘ ʚʠʢʣʠʢʘʥʦʛʦ ʟʦʚʥʽʰʥʽʤ ʝʢʩʪʨʝʤʘʣʴʥʠʤ ʚʧʣʠʚʦʤ ʽ, 

ʚʽʜʧʦʚʽʜʥʦ, ʟʥʠʟʠʪʠ ʩʫʤʘʨʥʫ ʏʇɸɿ. 
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ʆɹɻʈʋʅʊʋɺɸʅʅʗ ɿɸʉʊʆʉʋɺɸʅʅʗ ʄʅʋ ɼʃʗ ɹɽɿʇɽʂʀ ɸɽʉ ɺ ʋʄʆɺɸʍ 

ʊʈʀɺɸʃʆɻʆ ɯ ʇʆɺʅʆɻʆ ɿʅɽʉʊʈʋʄʃɽʅʅʗ 

 

ʇʽʩʣʷ ʘʚʘʨʽʾ ʥʘ ɸɽʉ ʌʫʢʫʩʽʤʘ-1 ʽʥʽʮʽʡʦʚʘʥʽ ʨʦʙʦʪʠ ʧʦ ʨʝʘʣʽʟʘʮʽʾ ʜʦʜʘʪʢʦʚʠʭ ʟʘʭʦʜʽʚ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ ʚʠʢʦʥʘʥʥʷ ʬʫʥʢʮʽʡ ʙʝʟʧʝʢʠ ʧʨʠ ʟʘʧʨʦʝʢʪʥʽʡ ʘʚʘʨʽʾ ʟ 

ʧʦʚʥʠʤ ʟʥʝʩʪʨʫʤʣʝʥʥʷʤ ʝʥʝʨʛʦʙʣʦʢʽʚ ʤʘʡʜʘʥʯʠʢʘ ɸɽʉ ʽ ʚʪʨʘʪʦʶ ʚʽʜʚʝʜʝʥʥʷ ʪʝʧʣʘ ʜʦ 

ʢʽʥʮʝʚʦʛʦ ʧʦʛʣʠʥʘʯʘ. 

ʂʦʤʧʣʝʢʩ ʪʝʭʥʽʯʥʠʭ ʽ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʟʘʭʦʜʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʘʧʦʙʽʛʘʥʥʷ ʧʦʰʢʦʜʞʝʥʥʷ 

ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ ʚ ʘʢʪʠʚʥʽʡ ʟʦʥʽ ʽ ɹɺ ʧʨʠ ʟʘʧʨʦʝʢʪʥʽʡ ʘʚʘʨʽʾ, ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʰʪʘʪʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʘ ʪʘʢʦʞ ʤʦʙʽʣʴʥʠʭ ʥʘʩʦʩʥʠʭ ʽ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʥʠʭ ʫʩʪʘʥʦʚʦʢ. 

ʄʝʪʦʶ ʨʦʟʨʦʙʢʠ ʜʘʥʦʾ ʜʠʧʣʦʤʥʦʾ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʩʪʨʘʪʝʛʽʡ ʫʧʨʘʚʣʽʥʥʷ 

ʟʘʧʨʦʝʢʪʥʦʶ ʘʚʘʨʽʻʶ çʊʨʠʚʘʣʝ ʧʦʚʥʝ ʟʥʝʩʪʨʫʤʣʝʥʥʷ ʤʘʡʜʘʥʯʠʢʘ ɸɽʉ ʟ ʚʪʨʘʪʦʶ ʢʽʥʮʝʚʦʛʦ 

ʧʦʛʣʠʥʘʯʘ ʪʝʧʣʘè, ʧʦʧʝʨʝʜʥʻ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʾʭ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʨʦʟʛʣʷʜ ʧʠʪʘʥʴ 

ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʩʪʨʘʪʝʛʽʡ (ʨʦʟʤʽʱʝʥʥʷ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʩʭʝʤʠ ʧʽʜʢʣʶʯʝʥʥʷ 

ʤʦʙʽʣʴʥʠʭ ʫʩʪʘʥʦʚʦʢ ʽ ʪ.ʜ.). 

ʇʨʠʡʥʷʪʽ ʥʘʩʪʫʧʥʽ ʧʽʜʭʦʜʠ ʽ ʜʦʧʫʱʝʥʥʷ [1]: 

- ɼʣʷ ʮʽʣʝʡ ʘʥʘʣʽʟʫ ʚ ʷʢʦʩʪʽ ʚʠʭʽʜʥʦʾ ʧʦʜʽʾ ʘʚʘʨʽʾ ʧʦʩʪʫʣʴʦʚʘʥʦ ʧʦʻʜʥʘʥʥʷ 

ʟʝʤʣʝʪʨʫʩʫ ʽ ʩʤʝʨʯʫ, ʷʢʽ ʥʘʢʣʘʜʘʶʪʴ ʥʘʡʙʽʣʴʰ ʢʦʤʧʣʝʢʩʥʠʡ ʚʧʣʠʚ ʥʘ ʙʫʜʽʚʣʽ, ʩʧʦʨʫʜʠ ʪʘ 

ʦʙʣʘʜʥʘʥʥʷ ɸɽʉ. ʇʨʠ ʮʴʦʤʫ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʙʫʜʽʚʣʽ, ʩʧʦʨʫʜʠ, ʦʙʣʘʜʥʘʥʥʷ ʚʽʜʥʝʩʝʥʽ ʜʦ 

I ʢʘʪʝʛʦʨʽʾ ʩʝʡʩʤʦʩʪʽʡʢʦʩʪʽ ʧʨʦʤʤʘʡʜʘʥʯʠʢʘ, ʢʚʘʣʽʬʽʢʦʚʘʥʽ ʥʘ 0,1 g, ʟʙʝʨʽʛʘʶʪʴ ʩʚʦʶ 

ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ. 

- ʇʨʠʡʥʷʪʦ ʜʦʧʫʱʝʥʥʷ, ʱʦ ʚʠʢʦʥʘʥʥʷ ʧʨʦʪʠʘʚʘʨʽʡʥʠʭ ʜʽʡ ʟʘʙʝʟʧʝʯʝʥʦ 

ʧʽʜʛʦʪʦʚʣʝʥʠʤ ʧʝʨʩʦʥʘʣʦʤ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʧʨʦʤʤʘʡʜʘʥʯʠʢʫ ʍɸɽʉ, ʽʥʩʪʨʫʤʝʥʪʦʤ, 

ʟʘʩʦʙʘʤʠ ʟʚ'ʷʟʢʫ ʪʘ ʚʽʜʧʦʚʽʜʥʠʤʠ ʧʨʦʮʝʜʫʨʘʤʠ. ɺʽʜʤʦʚʘ ʧʝʨʩʦʥʘʣʫ ʥʝ ʨʦʟʛʣʷʜʘʻʪʴʩʷ (ʧʽʜ 

ʧʝʨʩʦʥʘʣʦʤ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʨʦʟʫʤʽʻʪʴʩʷ ʦʧʝʨʘʪʠʚʥʠʡ ʧʝʨʩʦʥʘʣ, ʘʚʘʨʽʡʥʽ ʙʨʠʛʘʜʠ, ʯʣʝʥʠ 

ʰʪʘʙʫ ʂɸʈʇ, ʛʨʫʧʘ ʽʥʞʝʥʝʨʥʦʾ ʧʽʜʪʨʠʤʢʠ ʰʪʘʙʫ ʂɸʈʇ). 

- ʇʦʩʪʫʣʶʻʪʴʩʷ ʚʽʜʤʦʚʘ ʦʜʥʽʻʾ ʤʦʙʽʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ, ʚʢʣʶʯʘʶʯʠ ʛʥʫʯʢʽ 

ʪʨʫʙʦʧʨʦʚʦʜʠ, ʪʠʤʯʘʩʦʚʽ ʢʘʙʝʣʴʥʽ ʪʨʘʩʠ ʽ ʪ.ʜ., ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʨʝʟʝʨʚʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ 

ʬʫʥʢʮʽʡ ʙʝʟʧʝʢʠ ʨʽʟʥʠʤ ʥʘʙʦʨʦʤ ʤʦʙʽʣʴʥʠʭ ʫʩʪʘʥʦʚʦʢ (ʥʘʧʨʠʢʣʘʜ, ʧʝʨʝʜʙʘʯʝʥʘ ʤʦʞʣʠʚʽʩʪʴ 

ʧʦʧʝʨʝʤʽʥʥʦʾ ʧʦʜʘʯʽ ʚʦʜʠ ʚʽʜ ʦʜʥʽʻʾ ʤʦʙʽʣʴʥʦʾ ʥʘʩʦʩʥʦʾ ʫʩʪʘʥʦʚʢʠ ʚ ʇɻ ʽ ɹɺ) 

- ʅʝ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʥʘʢʣʘʜʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʚʽʜʤʦʚ ʧʨʦʝʢʪʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ɸɽʉ 

(ʥʘʧʨʠʢʣʘʜ, ʪʝʯʽ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ ʯʝʨʝʟ ʧʦʰʢʦʜʞʝʥʥʷ ʪʨʫʙʦʧʨʦʚʦʜʽʚ, ʨʫʡʥʫʚʘʥʥʷ 

ʢʦʣʝʢʪʦʨʘ ʇɻ ʽ ʪ.ʜ.), ʷʢʱʦ ʚʦʥʠ ʥʝ ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʝʤʠʥʫʯʝ ʚ ʭʦʜʽ ʨʦʟʚʠʪʢʫ ʘʚʘʨʽʾ 

(ʥʘʧʨʠʢʣʘʜ, ʤʘʣʘ ʪʝʢʪʠ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ ʯʝʨʝʟ ʪʝʨʤʽʯʥʦ ʧʦʰʢʦʜʞʝʥʽ ʫʱʽʣʴʥʝʥʥʷ ɻʎʅ, ʽ 

ʪ.ʧ.) 

- ʅʝ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʦʚʥʝ ʙʣʦʢʫʚʘʥʥʷ ʚʩʽʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʰʣʷʭʽʚ ʧʦ ʰʣʷʭʫ 

ʧʨʦʭʦʜʞʝʥʥʷ ʤʦʙʽʣʴʥʠʭ ʫʩʪʘʥʦʚʦʢ ʚʽʜ ʤʽʩʮʷ ʟʙʝʨʽʛʘʥʥʷ ʜʦ ʤʽʩʮʷ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʷʢʱʦ ʻ, 

ʷʢ ʤʽʥʽʤʫʤ, ʜʚʘ ʤʘʨʰʨʫʪʠ. 

ʆʩʥʦʚʥʠʤ ʢʨʠʪʝʨʽʻʤ ʷʜʝʨʥʦʾ ʙʝʟʧʝʢʠ ʜʣʷ ʩʠʩʪʝʤ ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʧʦʚʦʜʞʝʥʥʷ ʟ 

ʚʽʜʧʨʘʮʴʦʚʘʥʠʤ ʧʘʣʠʚʦʤ ʻ ʚʠʤʦʛʘ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʋʢʨʘʾʥʠ, ʟʛʽʜʥʦ ʟ ʷʢʠʤ 

ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʤʥʦʞʝʥʥʷ ʥʝʡʪʨʦʥʽʚ ʧʦʚʠʥʝʥ ʟʘʜʦʚʦʣʴʥʷʪʠ ʫʤʦʚʽ kʝʬʬ<0.95 ʧʨʠ 

ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ ʧʨʠ ʧʨʦʝʢʪʥʠʭ ʘʚʘʨʽʷʭ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʥʩʝʨʚʘʪʠʚʥʦ 

ʦʙʨʘʥʠʭ ʧʦʯʘʪʢʦʚʠʭ ʽ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ, ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʜʦʧʫʩʢʽʚ [2, 3, 4]. 

ɺ ʨʝʞʠʤʘʭ ʟ ʚʽʜʤʦʚʦʶ ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ ɹɺ ɺʗʇ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ 

ʱʽʣʴʥʦʩʪʽ ʪʝʧʣʦʥʦʩʽʷ ʚ ʚʽʜʩʽʢʘʭ ʙʘʩʝʡʥʫ ʟʘ ʨʘʭʫʥʦʢ ʡʦʛʦ ʨʦʟʽʛʨʽʚʫ ʽ / ʘʙʦ ʟʘʢʠʧʘʥʥʷ, ʱʦ 

ʦʙʫʤʦʚʣʶʻ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʟʤʽʥʘ ʚʦʜʦ-ʫʨʘʥʦʚʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʽ, ʟ ʽʥʰʦʛʦ ʙʦʢʫ, 

ʟʤʝʥʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʦʨʥʦʾ ʢʠʩʣʦʪʠ ʥʘ ʦʜʠʥʠʮʶ ʦʙ'ʻʤʫ ɹɺ. ʇʨʠ ʜʦʩʷʛʥʝʥʥʽ 
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ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʦʜʦ-ʫʨʘʥʦʚʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʽ ʟʥʠʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʦʨʥʦʾ ʢʠʩʣʦʪʠ 

ʤʦʞʣʠʚʝ ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʤʥʦʞʫʶʯʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʝʨʝʜʦʚʠʱʘ. 

 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ 

1. ʊʝʭʥʽʯʥʠʡ ʟʚʽʪ. ʍʤʝʣʴʥʠʮʴʢʘ ɸɽʉ. ɽʥʝʨʛʦʙʣʦʢʠ ˉ 1,2. ʆʙˇʨʫʥʪʫʚʘʥʥʷ 

ʤʦʞʣʠʚʦʩʪʽ ʧʽʜʞʠʚʣʝʥʥʷ ɹɺ ɺʗʇ ʚʽʜ ʜʞʝʨʝʣ ʙʦʨʦʚʘʥʦʾ ʽ ʥʝʙʦʨʦʚʘʥʦʾ ʚʦʜʠ (ʨʦʟʛʣʷʜʘʶʪʴʩʷ 

ʚʘʨʽʘʥʪʠ ʟ ʨʦʟʚʝʜʝʥʥʷʤ ɻɸ201 ʟʘ ʨʘʭʫʥʦʢ ʢʦʥʜʝʥʩʘʮʽʾ ʧʘʨʠ ʟ ɹɺ / ɹʄʇ, ʚʘʨʽʘʥʪʠ ʟ 

ʧʨʠʧʠʥʝʥʥʷʤ ʚʽʜʚʦʜʫ ʪʝʧʣʘ ʚʽʜ ʊɺʉ ʯʝʨʝʟ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʙʦʨʫ ʚ ɹɺ ɺʗʇ). 

2. ʅʇ 306.2.141-2008 çɿʘʛʘʣʴʥʽ ʧʦʣʦʞʝʥʥʷ ʙʝʟʧʝʢʠ ʘʪʦʤʥʠʭ ʩʪʘʥʮʽʡè. 

3. ʅʇ 306.2.106-2005 çɺʠʤʦʛʠ ʜʦ ʧʨʦʚʝʜʝʥʥʷ ʤʦʜʠʬʽʢʘʮʽʡ ʷʜʝʨʥʠʭ ʫʩʪʘʥʦʚʦʢ 

ʪʘ ʧʦʨʷʜʢʫ ʦʮʽʥʢʠ ʾʭ ʙʝʟʧʝʢʠè. 

4. ʅʇ 306.2.162-2010 çɺʠʤʦʛʠ ʜʦ ʦʮʽʥʢʠ ʙʝʟʧʝʢʠ ʘʪʦʤʥʠʭ ʩʪʘʥʮʽʡè. 
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ʋɼʂ 621.039.58 

ʄʘʛʽʩʪʨʘʥʪ 6 ʢʫʨʩʫ, ʛʨ. ʊʗ-91ʤʥ ʈʠʞʢʦ ɸ.ɺ. 

ʉʪ. ʚʠʢʣ., ʢ.ʪ.ʥ. ʉʘʭʥʦ ʆ.ɺ. 

ɼʆʉʃɯɼɾɽʅʅʗ ʉʊʈɸʊɽɻɯɰ ʃʆʂɸʃɯɿɸʎɯɰ ʈʆɿʇʃɸɺʋ ʂʆʈɯʋʄʋ ɺʉɽʈɽɼʀʅɯ 

ʂʆʈʇʋʉʋ ʈɽɸʂʊʆʈʋ ɼʃʗ ʈʋ ʊʀʇʋ ɺɺɽʈ-440 

 

ʈʝʘʢʪʦʨʠ ʪʠʧʫ ɺɺɽʈ 440/ɺ213 ʙʫʣʠ ʩʧʨʦʝʢʪʦʚʘʥʽ ʚ 70-ʪʽ ʨʦʢʠ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʜʽʶʯʠʤʠ ʥʘ ʪʦʡ ʯʘʩ ʚ ʘʪʦʤʥʽʡ ʝʥʝʨʛʝʪʠʮʽ ʩʪʘʥʜʘʨʪʘʤʠ ʚ ʦʙʣʘʩʪʽ ʙʝʟʧʝʢʠ 

ɸɽʉ. ʄʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʩʮʝʥʘʨʽʶ ʚʘʞʢʦʾ ʘʚʘʨʽʾ (ɺɸ), ʧʨʠ ʷʢʦʤʫ ʙʫʜʝ ʚʽʜʙʫʚʘʪʠʩʷ 

ʧʣʘʚʣʝʥʥʷ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʟ ʧʝʨʝʨʦʩʪʘʥʥʷʤ ɺɸ ʫ ʟʦʚʥʽʰʥʴʦʢʦʨʧʫʩʥʫ ʬʘʟʫ, ʥʝ ʨʦʟʛʣʷʜʘʚʩʷ. 

ʆʜʥʘʢ, ʧʽʩʣʷ ʚʘʞʢʦʾ ʘʚʘʨʽʾ ʥʘ ɸɽʉ ʌʫʢʫʩʽʤʘ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʢʦʾ ʙʫʣʠ ʦʜʥʦʯʘʩʥʦ ʚʪʨʘʯʝʥʽ ʪʨʠ 

ʥʝʟʘʣʝʞʥʽ ʢʘʥʘʣʠ ʩʠʩʪʝʤ ʙʝʟʧʝʢʠ, ʜʣʷ ʝʥʝʨʛʦʙʣʦʢʽʚ ɺʇ ʈɸɽʉ ʙʫʣʘ ʚʠʢʦʥʘʥʘ ʜʦʜʘʪʢʦʚʘ 

ʮʽʣʴʦʚʘ ʧʝʨʝʦʮʽʥʢʘ ʙʝʟʧʝʢʠ [1].  

ʍʘʨʘʢʪʝʨʥʠʤʠ ɺɸ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʢʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʫʡʥʫʚʘʥʥʷ ʽ ʨʦʟʧʣʘʚʣʝʥʥʷ 

ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʟ ʫʪʚʦʨʝʥʥʷʤ ʚ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʢʦʨʧʫʩʫ ʨʝʘʢʪʦʨʘ ʙʘʩʝʡʥʫ ʟ ʢʦʨʽʫʤʫ (ʨʦʟʧʣʘʚʫ 

ʧʘʣʠʚʘ ʽ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʘʢʪʠʚʥʦʾ ʟʦʥʠ), ʻ ɺɸ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʢʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʦʚʥʝ, ʪʨʠʚʘʣʝ ʟʥʝʩʪʨʫʤʣʝʥʥʷ ʝʥʝʨʛʦʙʣʦʢʫ (ʚʽʜʤʦʚʘ ʘʢʪʠʚʥʠʭ ʩʠʩʪʝʤ ʙʝʟʧʝʢʠ).  

ɿ ʧʨʠʯʠʥʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ɺɺɽʈ 440/ɺ-213 ʧʨʠ ɺɸ ʟ ʧʦʚʥʠʤ 

ʟʥʝʩʪʨʫʤʣʝʥʠʤʠ ʝʥʝʨʛʦʙʣʦʢʫ ʽ ʧʝʨʝʭʦʜʦʤ ʘʚʘʨʽʾ ʥʘ ʟʦʚʥʽʰʥʴʦʢʦʨʧʫʩʥʫ ʬʘʟʫ ʨʦʟʚʠʪʢʫ ɺɸ, 

ʚʪʨʘʪʘ ʮʽʣʽʩʥʦʩʪʽ ɻʆ ʚʠʥʠʢʘʻ ʥʝ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ ʚ ɻʆ, ʘ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʧʨʦʧʣʘʚʣʝʥʥʷ ʙʝʪʦʥʥʦʾ ʧʣʠʪʠ ɻʆ ʢʦʨʽʫʤʦʤ [2]. ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʟʘʚʜʘʥʴ ʟ ʫʧʨʘʚʣʽʥʥʷ 

ʪʘʢʦʛʦ ʨʦʜʫ ɺɸ ʻ ʣʦʢʘʣʽʟʘʮʽʷ ʢʦʨʽʫʤʫ ʚ ʢʦʨʧʫʩʽ ʨʝʘʢʪʦʨʘ. ɼʣʷ ʟʙʝʨʝʞʝʥʥʷ ʩʪʨʫʢʪʫʨʥʦʾ 

ʮʽʣʽʩʥʦʩʪʽ ʂʈ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʦʭʦʣʦʜʞʝʥʥʷ ʡʦʛʦ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ. 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʟʘʪʦʧʣʝʥʥʷ ʧʨʠʤʽʱʝʥʥʷ ʰʘʭʪʠ ʨʝʘʢʪʦʨʫ (ʐʈ) 

ʪʝʧʣʦʥʦʩʽʻʤ ʽ ʩʪʚʦʨʝʥʥʷ ʟʘʤʢʥʫʪʦʾ ʧʝʪʣʽ ʮʠʨʢʫʣʷʮʽʾ ʪʝʧʣʦʥʦʩʽʷ ʜʣʷ ʚʽʜʚʦʜʫ ʝʥʝʨʛʽʾ 

ʟʘʣʠʰʢʦʚʦʛʦ ʝʥʝʨʛʦʚʠʜʽʣʝʥʥʷ ʯʝʨʝʟ ʟʦʚʥʽʰʥʶ ʧʦʚʝʨʭʥʶ ʢʦʨʧʫʩʫ ʨʝʘʢʪʦʨʘ. ʊʘʢʠʤ ʯʠʥʦʤ 

ʩʪʚʦʨʶʻʪʴʩʷ ʟʘʤʢʥʫʪʘ ʧʝʪʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʢʦʨʧʫʩʫ ʨʝʘʢʪʦʨʫ ʟ ʧʘʩʠʚʥʠʤ ʨʫʭʦʤ ʪʝʧʣʦʥʦʩʽʷ 

[3]. 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʘʪʥʴʦʛʦ ʡ ʝʬʝʢʪʠʚʥʦʛʦ ʚʽʜʚʦʜʫ ʪʝʧʣʘ ʟʘʣʠʰʢʦʚʦʛʦ 

ʝʥʝʨʛʦʚʠʜʽʣʝʥʥʷ ʚʽʜ ʢʦʨʽʫʤʫ ʯʝʨʝʟ ʟʦʚʥʽʰʥʶ ʧʦʚʝʨʭʥʶ ʂʈ ʜʦʟʚʦʣʠʪʴ ʟʙʝʨʝʛʪʠ ʥʝʦʙʭʽʜʥʫ 

ʪʦʚʱʠʥʫ ʩʪʽʥʢʠ ʂʈ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʥʝʧʨʠʧʫʩʪʠʤʠʭ ʜʝʬʦʨʤʘʮʽʡ ʂʈ. 

ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʘʥʘʣʽʟʫ ʧʝʨʝʜʙʘʯʘʻ ʧʦʩʣʽʜʦʚʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʜʝʢʽʣʴʢʦʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʢʦʜʽʚ (ʈʠʩʫʥʦʢ 1). ɿʘʛʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʽ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ, 

ʜʥʠʱʘ ʂʈ ʽ ɻʆ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚ ʨʦʟʨʘʭʫʥʢʫ ʢʦʜʦʤ MELCOR. ʅʘ ʧʽʜʩʪʘʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʜʘʥʦʛʦ 

ʨʦʟʨʘʭʫʥʢʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʤʦʜʝʣʽ ʢʦʜʫ RELAP. ʄʦʜʝʣʴ ʢʦʜʫ 

RELAP ʷʚʣʷʻ ʩʦʙʦʶ ʚʠʜʽʣʝʥʠʡ ʢʦʥʪʫʨ ʮʠʨʢʫʣʷʮʽʾ.  

 
ʈʠʩʫʥʦʢ 1 ï ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʘʥʘʣʽʟʫ 
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ʅʘ ʧʽʜʩʪʘʚʽ ʨʦʟʨʘʭʫʥʢʫ RELAP ʽ MELCOR ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʘʥʘʣʽʟʫ 

ʤʽʮʥʦʩʪʽ. ʋ ʩʚʦʶ ʯʝʨʛʫ ʘʥʘʣʽʟ ʤʽʮʥʦʩʪʽ ʜʘʻ ʧʝʨʝʤʽʱʝʥʥʷ ʜʥʠʱʘ ʂʈ, ʷʢʽ ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʚʨʘʭʦʚʘʥʽ ʚ ʤʦʜʝʣʽ RELAP. ʆʩʢʽʣʴʢʠ ʜʘʥʠʡ ʧʨʦʮʝʩ ʥʝ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʦʜʥʦʯʘʩʥʦ ʤʽʞ 

ʦʙʨʘʥʠʤʠ ʢʦʜʘʤʠ, ʪʦ ʚʠʙʠʨʘʶʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʽ ʧʝʨʝʤʽʱʝʥʥʷ, ʷʢʽ ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʤʦʜʝʣʽ RELAP. 

ʅʘ ʧʽʜʩʪʘʚʽ ʜʘʥʠʭ ʧʦ ʤʽʮʥʦʩʪʽ ʨʦʙʠʪʴʩʷ ʚʠʩʥʦʚʦʢ ʧʨʦ ʫʩʧʽʰʥʽʩʪʴ ʧʨʦʮʝʩʫ 

ʦʭʦʣʦʜʞʝʥʥʷ ʂʈ. 

ʈʝʘʣʽʟʘʮʽʷ ʟʦʚʥʽʰʥʴʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʂʈ (ɿʆʂʈ) ʧʦʣʷʛʘʻ ʚ ʩʪʚʦʨʝʥʥʽ ʟʘʤʢʥʫʪʦʾ ʧʝʪʣʽ 

ʦʭʦʣʦʜʞʝʥʥʷ, ʷʢʘ ʙʫʜʝ ʚʽʜʚʦʜʠʪʠ ʪʝʧʣʦ ʚʽʜ ʂʈ ʚ ʨʝʞʠʤʽ ʧʨʠʨʦʜʥʦʾ ʮʠʨʢʫʣʷʮʽʾ. ɼʣʷ ʮʴʦʛʦ 

ʥʝʦʙʭʽʜʥʦ ʦʨʛʘʥʽʟʫʚʘʪʠ ʧʦʜʘʯʫ ʦʭʦʣʦʜʞʫʶʯʦʾ ʚʦʜʠ ʚ ʧʽʜʨʝʘʢʪʦʨʥʝ ʧʨʠʤʽʱʝʥʥʷ ʐʈ (ɸ004) 

ʟ ʧʨʠʤʽʱʝʥʥʷ ʙʦʢʩʽʚ ʇɻ (ɸ201) ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʢʦʨʧʫʩ ʨʝʘʢʪʦʨʘ ʙʫʚ ʟʘʥʫʨʝʥʠʡ ʫ ʚʦʜʫ ʜʦ 

ʦʧʦʨʥʠʭ ʟʘʢʣʘʜʥʠʭ, ʽ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʭʽʜ ʫʪʚʦʨʶʚʘʥʦʾ ʧʘʨʠ ʯʝʨʝʟ ʟʘʟʦʨ ʤʽʞ ʂʈ ʽ ʦʧʦʨʥʦʶ 

ʬʝʨʤʦʶ, ʯʝʨʝʟ ʪʝʭʥʦʣʦʛʽʯʥʽ ʱʽʣʠʥʠ ʚ ʪʝʧʣʦʚʦʾ ʽʟʦʣʷʮʽʾ ʪʘ ʙʽʦʣʦʛʽʯʥʠʡ ʟʘʭʠʩʪ ʟʦʥʠ ʧʘʪʨʫʙʢʽʚ 

ʨʝʘʢʪʦʨʘ ʽ ʜʘʣʽ ʚ ʧʨʠʤ. ɸ201, ʜʝ ʙʫʜʝ ʚʽʜʙʫʚʘʪʠʩʷ ʢʦʥʜʝʥʩʘʮʽʷ ʧʘʨʠ ʟʘ ʨʘʭʫʥʦʢ ʦʭʦʣʦʜʞʝʥʥʷ 

ʥʘ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ. ɼʘʣʽ, ʢʦʥʜʝʥʩʘʪ ʦʩʽʜʘʻ ʥʘ ʧʽʜʣʦʛʫ ʧʨʠʤʽʱʝʥʥʷ ʙʦʢʩʫ ʇɻ 

(ɸ201) ʽ ʧʦʚʝʨʪʘʻʪʴʩʷ ʚ ʟʘʤʢʥʫʪʫ ʧʝʪʣʶ ʦʭʦʣʦʜʞʝʥʥʷ ɿʆʂʈ. ʊʘʢʠʤ ʯʠʥʦʤ ʟʘʢʨʠʪʫ 

ʮʠʨʢʫʣʷʮʽʡʥʫ ʧʝʪʣʶ ʧʨʠʨʦʜʥʦʾ ʮʠʨʢʫʣʷʮʽʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʚʝʜʝʥʥʷ ʟʘʣʠʰʢʦʚʦʛʦ ʪʝʧʣʘ ʟ 

ʂʈ, ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

¶ ʥʘ ʧʦʯʘʪʢʦʚʽʡ ʬʘʟʽ ɺɸ ʥʘ ʥʠʞʥʽʡ ʧʦʟʥʘʯʮʽ ɻʆ (ʙʦʢʩʠ ʇɻ) ʬʦʨʤʫʻʪʴʩʷ ʙʘʩʝʡʥ 
ʟ ʙʦʨʦʚʤʽʩʥʦʶ ʚʦʜʦʶ; 

¶ ʧʽʩʣʷ ʚʽʜʢʨʠʪʪʷ ʩʧʝʮʽʘʣʴʥʦʛʦ ʢʣʘʧʘʥʘ ʚʦʜʘ ʟ ʥʠʞʥʴʦʾ ʧʦʟʥʘʯʢʠ ɻʆ ʧʦ 
ʚʝʥʪʠʣʷʮʽʡʥʠʭ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʨʝʮʠʨʢʫʣʷʮʽʡʥʦʶ ʩʠʩʪʝʤʠ ʚʝʥʪʠʣʷʮʽʾ, 

ʥʘʜʭʦʜʠʪʴ ʚ ʧʨʠʤʽʱʝʥʥʷ ʐʈ ʽ ʟʘʪʦʧʣʶʻ ʐʈ ʟ ʨʝʘʢʪʦʨʦʤ; 

¶ ʥʘʛʨʽʚʘʶʯʠʩʴ ʚʽʜ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʂʈ, ʚʦʜʘ ʚʠʧʘʨʦʚʫʻʪʴʩʷ ʽ ʧʽʜʥʽʤʘʻʪʴʩʷ 
ʧʦ çʢʠʧʣʷʯʦʤʫ ʢʘʥʘʣʫè ʽ ʜʘʣʽ ʧʘʨ ʽʜʝ ʚ ʙʦʢʩʠ ʇɻ ʯʝʨʝʟ ʟʘʟʦʨʠ ʚ ʨʘʡʦʥʽ 

ʦʧʦʨʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʂʈ; 

¶ ʚ ɻʆ ʥʘ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ, ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʘʭ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʢʦʥʜʝʥʩʘʮʽʷ ʧʘʨʘ, ʢʦʥʜʝʥʩʘʪ ʧʦʚʝʨʪʘʻʪʴʩʷ ʥʘʟʘʜ ʚ ʙʘʩʝʡʥ ʥʘ ʧʽʜʣʦʛʫ ʙʦʢʩʽʚ 

ʇɻ ʽ ʜʘʣʽ ʧʦ ʚʝʥʪʠʣʷʮʽʡʥʠʭ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʨʝʮʠʨʢʫʣʷʮʽʡʥʦʶ ʩʠʩʪʝʤʠ 

ʚʝʥʪʠʣʷʮʽʾ ʐʈ ʧʦʚʝʨʪʘʻʪʴʩʷ ʚ ʧʨʠʤʽʱʝʥʥʷ ʐʈ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʘ ʧʽʜʪʚʝʨʜʞʝʥʘ ʩʪʨʘʪʝʛʽʷ ʫʪʨʠʤʘʥʥʷ ʨʦʟʧʣʘʚʫ ʢʦʨʽʫʤʫ 

ʚ ʤʝʞʘʭ ʂʈ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʮʽʣʽʩʥʦʩʪʽ ʂʈ ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʨʘʢʪʠʯʥʽ ʟʘʭʦʜʠ ʱʦʜʦ 

ʨʝʘʣʽʟʘʮʽʾ ʮʽʻʾ ʩʪʨʘʪʝʛʽʾ. 
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ɸʩʧʽʨʘʥʪ ʌʽʣʦʥʦʚ ɺ.ɺ. 

ʇʨʦʬ., ʜ.ʪ.ʥ. ʇʠʩʴʤʝʥʥʠʡ ɭ.ʄ. 

ʇʈʆʉʊɸ ɸɼɸʇʊɸʎɯʗ "ʂʃɸʉʀʏʅʀʍ"  ʇʈʀʉʊɯʅʂʆɺʀʍ ʌʋʅʂʎɯʁ 

ʊɽʄʇɽʈɸʊʋʈʀ ɼʃʗ ʈʆɿʈɸʍʋʅʂʋ ʊɽʇʃʆʆɹʄɯʅʋ ʇʈʀ ʅɸɼʂʈʀʊʀʏʅʀʍ 

ʇɸʈɸʄɽʊʈɸʍ  

ʋʥʽʚʝʨʩʘʣʴʥʽ ʧʨʠʩʪʽʥʢʦʚʽ ʬʫʥʢʮʽʾ (ʋʇʌ) ʻ ʜʫʞʝ ʧʦʪʫʞʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʚ ʽʥʞʝʥʝʨʥʽʡ 

ʧʨʘʢʪʠʮʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ CFD. ʌʘʢʪʠʯʥʦ, ʮʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʠʪʴ ʧʨʦʩʪʦ 

çʧʨʦʝʢʪʫʚʘʪʠè ʟʥʘʯʝʥʥʷ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʥʘ ʩʪʽʥʮʽ ʜʦ ʥʘʡʙʣʠʞʯʦʛʦ ʧʦ ʥʦʨʤʘʣʽ ʚʫʟʣʘ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ. ʋʇʌ ʜʝʢʽʣʴʢʦʭ ʪʠʧʽʚ, ʷʢʽ ʤʦʞʥʘ ʫʤʦʚʥʦ ʧʦʜʽʣʠʪʠ ʥʘ ʛʨʫʧʠ ʟʛʽʜʥʦ ʟ 

ʨʽʚʥʷʥʥʷʤ ʧʝʨʝʥʦʩʫ ʜʦ ʷʢʦʛʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʠʩʪʽʥʢʦʚʘ ʬʫʥʢʮʽʷ (ʩʠʣʦʚʽ ï ʰʚʠʜʢʽʩʪʴ; 

ʪʝʧʣʦʚʽ ï ʪʝʤʧʝʨʘʪʫʨʘ/ʝʥʪʘʣʴʧʽʷ; ʪʫʨʙʫʣʝʥʪʥʽ ï ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ/ʜʠʩʠʧʘʪʠʚʥʘ ʬʫʥʢʮʽʷ). ʆʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʧʝʨʝʚʘʛ ʟʘʩʪʦʩʫʚʘʥʥʷ ʋʇʌ ï 

ʤʝʥʰ ʞʦʨʩʪʢʽ ʫʤʦʚʠ ʜʣʷ ʜʠʩʢʨʝʪʠʟʘʮʽʾ  ʨʘʟʨʘʭʫʢʦʚʦʾ ʩʽʪʢʠ ʙʽʣʷ ʩʪʽʥʢʠ. ɼʦ ʪʦʛʦ ʞ, ʷʢʱʦ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʋʇʌ ʜʣʷ ʟʘʜʘʯ, ʜʣʷ ʷʢʠʭ ʚʦʥʠ ʚʣʘʩʥʝ ʢʦʥʩʪʨʫʶʚʘʣʠʩʷ ʽ ʢʘʣʽʙʨʫʚʘʣʠʩʷ, ʪʦ 

ʟʜʝʙʽʣʴʰʦʛʦ ʚʜʘʻʪʴʩʷ ʦʪʨʠʤʘʪʠ ʫʟʛʦʜʞʝʥʥʷ ʤʽʞ ʨʦʟʨʘʭʫʥʢʦʤ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʦʤ ʟ ʪʦʯʢʠ 

ʟʦʨʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʝʧʣʦʦʙʤʽʥʫ/ʜʠʩʠʧʘʮʽʾ (ʷʢ ʣʦʢʘʣʴʥʦ, ʪʘʢ ʽ ʫʩʝʨʝʜʥʝʥʦ). ʆʜʥʠʤ ʟ 

ʥʝʜʦʣʽʢʽʚ ʤʝʪʦʜʫ ʋʇʌ ʻ ʪʝ, ʱʦ ʚʦʥʠ ʥʝʷʚʥʽ, ʘ ʦʪʞʝ ʧʦʪʨʝʙʫʶʪʴ ʩʧʝʮʽʘʣʴʥʦʾ ʽʤʧʣʝʤʝʥʪʘʮʽʾ. 

ʉʫʯʘʩʥʽ ʧʨʠʩʪʽʥʢʦʚʽ ʬʫʥʢʮʽʾ ʫʟʘʛʘʣʴʥʝʥʽ ʥʘ ʚʩʶ ʪʦʚʱʠʥʫ ʧʨʠʤʝʞʦʚʦʛʦ ʰʘʨʫ, ʘ ʪʘʢʦʞ 

ʚʨʘʭʦʚʫʶʪʴ ʥʝʽʟʦʪʝʨʤʽʯʥʽʩʪʴ ʪʝʯʽʾ (ʫʟʘʛʘʣʴʥʝʥʥʷ ʂʘʜʝʨʘ). ʂʦʥʮʝʧʮʽʷ ʥʝʨʽʚʥʦʚʘʞʥʠʭ 

ʧʨʠʩʪʽʥʢʦʚʠʭ ʬʫʥʢʮʽʡ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʨʘʭʦʚʫʚʘʪʠ ʧʦʟʜʦʚʞʥʽʡ ʛʨʘʜʽʻʥʪ ʪʠʩʢʫ ʚ 

ʧʨʠʤʝʞʦʚʦʤʫ ʰʘʨʽ.  

ʊʠʤ ʥʝ ʤʝʥʰ, ʜʣʷ çʥʝʣʽʥʽʡʥʠʭè ʟʘʜʘʯ ʪʝʧʣʦʦʙʤʽʥʫ, ʚ ʷʢʠʭ ʻ ʩʫʪʪʻʚʘ ʟʤʽʥʘ 

ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʘ ʪʘʢʦʞ ʚʧʣʠʚ ʧʨʠʨʦʜʥʴʦʾ ʢʦʥʚʝʢʮʽʾ ʋʇʌ ʬʘʢʪʠʯʥʦ ʥʝ 

ʧʨʘʮʶʶʪʴ. ʊʦʙʪʦ ʧʨʦʛʥʦʟʥʠʡ ʧʨʦʬʽʣʴ ʪʝʤʧʝʨʘʪʫʨʠ ʩʪʽʥʢʠ ʧʨʠ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚʘʭ ʜʨʫʛʦʛʦ 

ʨʦʜʫ ʽ ʢʽʣʴʢʽʩʥʦ ʽ ʷʢʽʩʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʋʇʌ ʥʝʤʦʞʣʠʚʝ ʜʣʷ ʨʝʞʠʤʽʚ ʧʦʛʽʨʰʝʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʧʨʠ ʥʘʜʢʨʠʪʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʘʭ ʪʝʧʣʦʥʦʩʽʷ. ʉʪʚʦʨʝʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʧʨʠʩʪʽʥʢʦʚʠʭ ʬʫʥʢʮʽʡ (ʉʇʌ) ʧʦʪʨʝʙʫʻ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʪʨʫʢʪʫʨʠ ʧʦʪʦʢʫ ʪʝʧʣʦʥʦʩʽʷ ʧʨʠ ʧʦʛʽʨʰʝʥʽ ʪʝʧʣʦʦʙʤʽʥʫ.  

ʇʝʨʰʠʤ ʝʪʘʧʦʤ ʩʪʚʦʨʝʥʥʷ ʉʇʌ ʻ ʘʜʘʧʪʘʮʽʷ ʽʩʥʫʶʯʠʭ ʋʇʌ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʦʩʥʦʚʽ 

ʢʦʤʧʣʝʢʩʥʠʭ ʟʦʥʜʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘʜʢʨʠʪʠʯʥʦʛʦ ʧʦʪʦʢʫ ʉʆ2 [1]. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, 

ʘ ʪʘʢʦʞ ʫʟʘʛʘʣʴʥʝʥʴ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʧʨʠ ʩʫʪʪʻʚʦʤʫ ʚʧʣʠʚʽ ʧʣʘʚʫʯʦʩʪʽ ʪʘ ʟʤʽʥʠ 

ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʦʬʽʣʽ ʰʚʠʜʢʦʩʪʽ U+  ʪʘ h+ ʧʦʜʽʙʥʽ ʤʽʞ ʩʦʙʦʶ (DHT, ʈʠʩ 1).. 

ɿʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʧʨʠ çʣʽʥʽʡʥʦʤʫè ʪʝʧʣʦʦʙʤʽʥʽ ʧʨʦʬʽʣʽ U+, h+ ʪʘ T+ ʤʽʞ ʩʦʙʦʶ ʧʦʜʽʙʥʽ 

(NORM, ʈʠʩ. 1), ʘ ʪʘʢʦʞ ʥʘ ʪʝ, ʱʦ ʚ ʩʫʯʘʩʥʠʭ ʢʦʜʘʭ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʢʦʤʙʽʥʘʮʽʾ U+- T+, ʙʫʣʘ 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʜʦʩʠʪʴ ʧʨʦʩʪʘ ʤʦʜʠʬʽʢʘʮʽʷ ʧʨʠʩʪʽʥʢʦʚʦʾ ʬʫʥʢʮʽʾ ʪʝʤʧʝʨʘʪʫʨʠ:  

  (1) 

- ʩʝʨʝʜʥʷ ʽʟʦʙʘʨʥʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʥʘ ʧʨʦʤʽʞʢʫ y+ ʚ̔ ʜ 0 ʜʦ ʣʦʢʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ, - 

ʦʜʠʥ ʽʟ ʋʇʌ, ʅʂʇ ïʥʘʜʢʨʠʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʂʃ ï ʢʣʘʩʠʯʥʘ. 

 

ʅʦʨʤʘʣʴʥʠʡ (çʣʽʥʽʡʥʠʡè) ʪʝʧʣʦʦʙʤʽʥ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʝʟʥʘʯʥʠʤ ʚʧʣʠʚʦʤ 

ʪʝʨʤʽʯʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʚʽʜʩʫʪʥʽ ʟʥʘʯʥʽ ʛʨʘʜʽʻʥʪʠ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʘ 

ʦʪʞʝ ʽ ʧʣʘʚʫʯʦʩʪʽ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ , ʪʦʙʪʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʋʇʌ ʤʦʞʥʘ 

ʦʪʨʠʤʘʪʠ ʟʘʜʦʚʽʣʴʥʝ ʫʟʛʦʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ CFD ʟ ʝʢʩʧʝʨʠʤʝʥʪʦʤ (ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ low-Re 

ʝʬʝʢʪʽʚ) .  
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ʈʠʩʫʥʦʢ 1 - ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʋʇʌ  (NORM ï ʥʦʨʤʘʣʴʥʠʡ,DHT ʧʦʛʽʨʰʝʥʠʡ ʪʝʧʣʦʦʙʤʽʥ) 

 

ɺ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʩʪʨʫʢʪʫʨʫ ʜʚʦʟʦʥʥʦʾ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʋʇʌ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʷʢ:  

    (2) 

 

ʌʫʥʢʮʽʷ  ʭʘʨʘʢʪʝʨʠʟʫʻ ʜʦʜʘʪʢʦʚʠʡ ʪʝʨʤʽʯʥʠʡ ʦʧʽʨ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʧʨʠʤʝʞʦʚʦʛʦ ʰʘʨʫ. ɿʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ çʧʨʠʥʮʠʧʦʚʦè ʧʨʦʬʽʣʴ ʰʚʠʜʢʦʩʪʽ ʥʝ ʟʤʽʥʶʻʪʴʩʷ 

ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ ʥʦʨʤʘʣʴʥʦʛʦ ʚ ʧʦʛʽʨʰʝʥʠʡ ʪʝʧʣʦʦʙʤʽʥ, ʪʦ ʚ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʽ, ʤʦʞʥʘ 

ʦʮʽʥʠʪʠ ʚʧʣʠʚ ʤʦʜʠʬʽʢʘʮʽʾ  ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʫ ʋʇʌ. ɼʣʷ ʜʝʤʦʥʩʪʨʘʮʽʾ 

ʨʝʟʫʣʴʪʘʪʽʚ ʘʧʨʽʦʨʥʦʾ ʦʮʽʥʢʠ (ʈʠʩ.2) ʙʫʣʘ ʦʙʨʘʥʘ ʢʣʘʩʠʯʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘ ʋʇʌ ʂʘʜʝʨʘ. 

 
ʈʠʩʫʥʦʢ 2 - ɸʜʘʧʪʦʚʘʥʽ ʋʇʌ (ʉʇʌ)  (ST ï ʩʪʘʥʜʘʨʪʥʘ, ALL  ï ʘʜʘʧʪʘʮʽʷ (1), TR ï 

ʘʜʘʧʪʘʮʽʷ ʪʝʨʤʽʯʥʦʛʦ ʦʧʦʨʫ ) 

 

ʉʪʨʦʛʦ ʢʘʞʫʯʠ, ʦʪʨʠʤʘʥʘ ʤʦʜʠʬʽʢʘʮʽʷ ʥʝ ʻ ʫʥʽʚʝʨʩʘʣʴʥʦʶ ʫ ʩʝʥʩʽ ʋʇʌ, ʧʨʦʪʝ ʽʟ-ʟʘ 

ʪʦʛʦ, ʱʦ ʤʝʪʦʜ ʧʨʠʩʪʽʥʢʦʚʦʾ ʬʫʥʢʮʽʾ ʽʪʝʨʘʪʠʚʥʠʡ, ʧʨʠʥʮʠʧʦʚʦ ʦʨʛʘʥʽʟʘʮʽʷ ʨʦʟʨʘʭʫʥʢʽʚ ʥʝ 

ʟʤʽʥʶʻʪʴʩʷ.  

 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1) ɺ.ɸ. ʂʫʨʛʘʥʦʚ, ʖ.ɸ. ɿʘʡʛʘʨʥʠʢ ʠ ʜʨ. / ñʊʝʧʣʦʦʙʤʝʥ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚ ʪʨʫʙʘʭ ʧʨʠ 

ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʭ ʜʘʚʣʝʥʠʷʭ ʪʝʧʣʦʥʦʩʠʪʝʣʷ: ʠʪʦʛʠ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠò, ʄʦʩʢʚʘ,  2018.  
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ʉʪʫʜʝʥʪ 4 ʢʫʨʩʫ, ʛʨ. ʊʗ-72 ʇʝʪʨʫʢ ɺ.ʈ. 

ʇʨʦʬ., ʜ.ʪ.ʥ. ʂʨʘʚʝʮʴ  ɺ.ʖ. 

ɿʅʀɾɽʅʅʗ ʈʀɿʀʂʋ ʇʆʐʂʆɼɾɽʅʅʗ ɸʂʊʀɺʅʆɰ ɿʆʅʀ ɺ ʉʊɸʅɯ ʈʋ 

"ʇɽʈɽɿɸɺɸʅʊɸɾɽʅʅʗ ʇɸʃʀɺɸ" 

ɹʘʟʦʚʦʶ ʤʝʪʦʶ ʙʝʟʧʝʢʠ ʘʪʦʤʥʦʾ ʩʪʘʥʮʽʾ ʻ ʟʘʭʠʩʪ ʧʝʨʩʦʥʘʣʫ, ʥʘʩʝʣʝʥʥʷ ʽ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʽʜ ʥʝʧʨʠʧʫʩʪʠʤʦʛʦ ʨʘʜʽʘʮʽʡʥʦʛʦ ʚʧʣʠʚʫ ʧʨʠ 

ʚʚʝʜʝʥʥʽ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ, ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ ʟʥʷʪʪʽ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ.  

ʆʜʥʠʤ ʽʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʝʪʘʧʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʪʦʤʥʦʾ ʩʪʘʥʮʽʾ ʻ ʧʨʦʮʝʩ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʧʘʣʠʚʘ. ʇʦʨʷʜʦʢ ʧʨʦʚʝʜʝʥʥʷ ʪʘ ʧʨʠʩʪʨʦʾ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ 

ʚʩʪʘʥʦʚʣʝʥʦ ʧʨʘʚʠʣʘʤʠ ʷʜʝʨʥʦʾ ʙʝʟʧʝʢʠ ʨʝʘʢʪʦʨʥʠʭ ʫʩʪʘʥʦʚʦʢ ʘʪʦʤʥʠʭ ʩʪʘʥʮʽʡ ʟ 

ʨʝʘʢʪʦʨʘʤʠ ʟ ʚʦʜʦʶ ʧʽʜ ʪʠʩʢʦʤ [1]. ʇʝʨʝʚʘʥʪʘʞʝʥʥʷ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ, ʧʨʦʛʨʘʤ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ , ʨʦʙʦʯʠʭ ʛʨʘʬʽʢʽʚ , ʢʘʨʪʦʛʨʘʤ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ 

[2]. 

 ɯʤʦʚʽʨʥʽʩʥʠʡ ʘʥʘʣʽʟ ʙʝʟʧʝʢʠ (ɯɸɹ) ʧʝʨʰʦʛʦ ʨʽʚʥʷ [3] ʜʣʷ ʨʦʙʦʪʠ ʥʘ ʟʥʠʞʝʥʦʤʫ ʨʽʚʥʽ 

ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʟʫʧʠʥʝʥʦʛʦ ʝʥʝʨʛʦʙʣʦʢʫ, ʚʠʢʦʥʘʥʠʡ ʜʣʷ ɸɽʉ ʧʦʢʘʟʫʻ, ʱʦ ʥʝʛʦʪʦʚʥʽʩʪʴ 

ʩʠʩʪʝʤʠ ʧʽʜʞʠʚʣʝʥʥʷ-ʧʨʦʜʫʚʢʠ 1 ʢʦʥʪʫʨʫ ʪʘ ʙʦʨʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʊʂ ʽ ʩʠʩʪʝʤʠ ʚʚʦʜʫ 

ʙʦʨʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʫ ʊɺ10 ʧʨʠ ʟʫʧʠʥʮʽ ʙʣʦʢʫ ʥʘ ʧʣʘʥʦʚʦ-ʧʦʧʝʨʝʜʞʫʚʘʣʴʥʠʡ ʨʝʤʦʥʪ ʇʇʈ, 

ʚʥʦʩʷʪʴ ʟʥʘʯʥʠʡ ʚʢʣʘʜ ʚ ʯʘʩʪʦʪʫ ʧʦʰʢʦʜʞʝʥʥʷ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʏʇɸɿ . ɿ ʘʥʘʣʽʟʫ ʚʠʧʣʠʚʘʻ, 

ʱʦ ʚ ʥʘʩʣʽʜʦʢ ʥʝʛʦʪʦʚʥʽʩʪʴ ʩʠʩʪʝʤ ʊʂ ʽ ʊɺ10 ʙʣʦʢ ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ ʚ ʩʪʘʥʽ, ʧʨʠ ʷʢʦʤʫ 

ʥʝʤʦʞʣʠʚʝ ʚʠʢʦʥʘʥʥʷ ʬʫʥʢʮʽʾ ʙʝʟʧʝʢʠ.  

ʉʠʩʪʝʤʘ ʊʂ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ: 

ʟʘʧʦʚʥʝʥʥʷ ʽ ʧʽʜʞʠʚʣʝʥʥʷ 1 ʢʦʥʪʫʨʫ ʪʝʧʣʦʥʦʩʽʻʤ; 

ʟʘʧʦʚʥʝʥʥʷ ɻɭ ʉɸʆɿ; 

ʧʽʜʪʨʠʤʘʥʥʷ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʙʘʣʘʥʩʫ ʪʝʧʣʦʥʦʩʽʷ 1 ʢʦʥʪʫʨʫ; 

ʧʽʜʪʨʠʤʘʥʥʷ ʟʘʜʘʥʦ ʾʢʦʥʮʝʥʪʨʘʮʽʾ ʙʦʨʥʦʾ ʢʠʩʣʦʪʠ ʚ 1 ʢʦʥʪʫʨʽ; 

ʧʣʘʥʦʚʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʨʝʘʢʪʦʨʘ; 

ʊʘʢʦʞ ʟ ɯɸɹ ʚʠʧʣʠʚʘʻ, ʱʦ ʥʝʜʦʩʪʫʧʥʽʩʪʴ ʙʘʢʘ-ʧʨʠʷʤʢʘ ʯʝʨʝʟ ʨʝʤʦʥʪ ʷʚʣʷʻʪʴʩʷ 

ʢʨʠʪʠʯʥʦʶ, ʪʦʤʫ ʱʦ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʝʤʦʞʣʠʚʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʷʚʥʽ ʢʘʥʘʣʠ ʩʠʩʪʝʤʠ 

ʘʚʘʨʽʡʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʉɸʆɿ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ ʅʊ ʽ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ ɺʊ ʜʣʷ 

ʚʽʜʚʦʜʫ ʪʝʧʣʘ ʚ ʨʝʞʠʤ ʨʝʮʠʨʢʫʣʷʮʽʾ ʯʝʨʝʟ ʙʘʢ-ʧʨʠʷʤʦʢ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʫ ʧʦʰʢʦʜʞʝʥʥʷ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʧʨʠ ʧʝʨʝʚʘʥʪʘʞʝʥʥʽ 

ʧʘʣʠʚʘ ʟ ʮʽʣʣʶ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

 

 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ:  

1. ʅʇ 306.2.145-2008 çʇʨʘʚʠʣʘ ʷʜʝʨʥʦʾ ʙʝʟʧʝʢʠ ʨʝʘʢʪʦʨʥʠʭ ʫʩʪʘʥʦʚʦʢ ʩʪʘʥʮʽʡ ʟ 

ʨʝʘʢʪʦʨʘʤʠ ʟ ʚʦʜʦʶ ʧʽʜ ʪʠʩʢʦʤè.  

2. ʉʆʋ ʅɸɽʂ 064:2013 çʇʝʨʝʚʘʥʪʘʞʝʥʥʷ ʧʘʣʠʚʘ ʚ ʨʝʘʢʪʦʨʽ ɺɺɽʈ-1000. 

ʅʦʤʝʥʢʣʘʪʫʨʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʽʚè. 

3. ɿʚʽʪ ʟ ʘʥʘʣʽʟʫ ʙʝʟʧʝʢʠ. ɯʤʦʚʽʨʥʽʩʥʠʡ ʘʥʘʣʽʟ ʙʝʟʧʝʢʠ. ɼʦʜʘʪʦʢ II. ɺʠʭʽʜʥʽ ʧʦʜʽʾ 

ʘʚʘʨʽʡ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʩʪʘʥʫ. ɸʊ ʂɯɽʇ 
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ʉʪʫʜʝʥʪ 4 ʢʫʨʩʫ, ʛʨ. ʊʗ-72 ɿʽʥʯʝʥʢʦ ɸ.ɼ. 

ʇʨʦʬ., ʜ.ʪ.ʥ. ʂʨʘʚʝʮʴ  ɺ.ʖ. 

ʉʀʉʊɽʄɸ ʇʈʀʄʋʉʆɺʆɻʆ ʉʂʀɼɸʅʅʗ ʊʀʉʂʋ ɿ ʉʀʉʊɽʄʀ ɻɽʈʄɽʊʀʏʅʆɻʆ 

ʆɻʆʈʆɼɾɽʅʅʗ ʈɽɸʂʊʆʈʅʆɰ ʋʉʊɸʅʆɺʂʀ 

ɺʠʚʯʝʥʥʷ ʩʚʽʪʦʚʦʛʦ ʜʦʩʚʽʜʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ɸɽʉ, ʚ ʪʦʤʫ ʯʠʩʣʽ ɸɽʉ ʌʫʢʫʩʽʤʘ, ʪʘ 

ʚʨʘʭʫʚʘʥʥʷ ʤʦʞʣʠʚʠʭ ʨʠʟʠʢʽʚ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʽʜ ʯʘʩ ʚʘʞʢʠʭ 

ʘʚʘʨʽʡ ʩʧʦʥʫʢʘʣʦ ʜʦ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʾ ʬʽʣʴʪʨʫʶʯʦʛʦ ʚʠʢʠʜʫ. ʉʠʩʪʝʤʘ ʧʨʠʤʫʩʦʚʦʛʦ 

ʬʽʣʴʪʨʦʚʘʥʦʾ ʩʢʠʜʘʥʥʷ ʧʘʨʦʛʘʟʦʚʦʾ ʩʫʤʽʰʽ ʟ ʛʝʨʤʦʦʙʦʣʦʯʢʠ ʧʽʜʚʠʱʫʻ ʙʝʟʧʝʢʫ ʝʥʝʨʛʦʙʣʦʢʫ. 

ʎʷ ʩʠʩʪʝʤʘ ʪʠʩʢʫ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʦʛʦ ʦʯʠʱʝʥʥʷ ʧʘʨʦʛʘʟʦʚʦʾ ʩʫʤʽʰʽ, ʱʦ 

ʥʘʜʭʦʜʠʪʴ ʟ ʉɻʆ ʫ ʧʨʦʮʝʩʽ ʘʚʘʨʽʡʥʦʾ ʚʝʥʪʠʣʷʮʽʾ, ʘ ʪʘʢʦʞ ʜʣʷ ʟʘʭʠʩʪʫ ʛʝʨʤʝʪʠʯʥʦʛʦ 

ʦʛʦʨʦʜʞʝʥʥʷ, ʷʢʘ ʻ ʦʩʪʘʥʥʽʤ ʙʘʨôʻʨʦʤ ʙʝʟʧʝʢʠ ʚʽʜ ʚʪʨʘʪʠ ʮʽʣʽʩʥʦʩʪʽ. 

 ʉʠʩʪʝʤʘ ʧʨʠʤʫʩʦʚʦʛʦ ʩʢʠʜʘʥʥʷ ʪʠʩʢʫ ʟ ʉɻʆ ʨʦʟʨʦʙʣʝʥʘ ʥʘ ʦʩʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ 

ʬʨʘʥʮʫʟʴʢʦʾ ʢʦʤʧʘʥʽʾ AREVA, ʷʢʘ ʜʽʻ ʥʘ 50-ʪʠ ʝʥʝʨʛʦʙʣʦʢʘʭ ʩʚʽʪʫ ʽ ʦʙ'ʻʜʥʫʻ ʚ ʩʚʦʾʡ 

ʢʦʥʮʝʧʮʽʾ ʜʚʘ ʤʝʪʦʜʠ ʬʽʣʴʪʨʘʮʽʾ - çʤʦʢʨʠʡè (1 ʩʪʘʜʽʷ) ʽ çʩʫʭʠʡè (2 ʩʪʘʜʽʷ) ï ʨʠʩʫʥʦʢ 1.  

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʩʠʩʪʝʤʠ ʧʨʠʤʫʩʦʚʦʛʦ ʩʢʠʜʘʥʥʷ ʪʠʩʢʫ 

 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʪʘʢʦʾ ʪʝʭʥʦʣʦʛʽʾ ʜʦʚʝʜʝʥʘ ʨʦʢʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʽ ʚʠʧʨʦʙʫʚʘʥʴ, ʚ ʪʦʤʫ 

ʯʠʩʣʽ ʥʝʟʘʣʝʞʥʠʤʠ ʤʽʞʥʘʨʦʜʥʠʤʠ ʪʝʩʪʘʤʠ. ɿʘʚʜʷʢʠ ʜʚʦʩʪʫʧʝʥʝʚʦʤʫ ʦʯʠʱʝʥʥʽ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʠʩʦʢʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʤʽʩʪʫ ʘʝʨʦʟʦʣʽʚ, ʘ ʪʘʢʦʞ ʚʠʢʣʶʯʘʻʪʴʩʷ ʥʝʙʝʟʧʝʢʘ 

ʟʘʙʠʚʘʥʥʷ ʽ ʦʧʣʘʚʣʝʥʥʷ ʘʝʨʦʟʦʣʽʚ ʚ ʤʝʪʘʣʦ-ʚʦʣʦʢʦʥʥʦʤʫ ʬʽʣʴʪʨʽ.  

ʉɻʆ ʻ ʦʩʪʘʥʥʽʤ ʙʘʨôʻʨʦʤ ʥʘ ʰʣʷʭʫ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʚʽʜ 

ʟʨʫʡʥʦʚʘʥʦʾ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʨʝʘʢʪʦʨʘ(ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʘʞʢʦʾ ʘʚʘʨʽʾ). ʆʩʥʦʚʥʘ ʤʝʪʘ ʜʣʷ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʧʨʠʤʫʩʦʚʦʛʦ ʩʢʠʜʘʥʥʷ ʪʠʩʢʫ ʟ ʢʦʥʪʘʡʥʤʝʥʪʘ (ʉʇʉʊ) ʻ 

ʧʦʧʝʨʝʜʞʝʥʥʷ ʨʫʡʥʫʚʘʥʥʷ ʉɻʆ ʧʽʜ ʯʘʩ ʚʘʞʢʦʾ ʘʚʘʨʽʾ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʪʠʩʢʫ ʚ ʝʧʽʮʝʥʪʨʽ ʘʚʘʨʽʾ 

ʚʠʱʝ ʤʝʞʽ ʙʝʟʧʝʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ [1]. ʂʦʥʩʪʨʫʢʮʽʻʶ ʉʇʉʊ ʧʝʨʝʜʙʘʯʝʥʦ ʧʦʚʝʨʥʝʥʥʷ ʚ ʟʦʥʫ 

ʣʦʢʘʣʽʟʘʮʽʾ ʘʚʘʨʽʾ ʫʪʨʠʤʘʥʠʭ ʩʠʩʪʝʤʦʶ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʮʠʢʣʽʚ 

ʩʢʠʜʘʥʥʷ ʩʝʨʝʜʦʚʠʱʘ ʽʟ ʟʦʥʠ ʣʦʢʘʣʽʟʘʮʽʾ ʘʚʘʨʽʾ [2]. 

ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʨʦʙʦʪʠ ʉʇʉʊ, ʚʽʜʬʽʣʴʪʨʦʚʘʥʽ ʨʘʜʽʦʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ ʟʘʣʠʰʘʪʴʩʷ 

ʚ ʤʝʞʘʭ ʦʩʪʘʥʥʴʦʛʦ ʙʘʨôʻʨʘ ʟʘʭʠʩʪʫ. 

 ʉʠʩʪʝʤʘ ʧʨʠʤʫʩʦʚʦʛʦ ʩʢʠʜʘʥʥʷ ʪʠʩʢʫ ʧʨʠ ʚʘʞʢʠʭ ʘʚʘʨʽʷʭ ʟ ʧʦʰʢʦʜʞʝʥʥʷʤ ʢʦʨʧʫʩʫ 

ʨʝʘʢʪʦʨʘ ʽ ʚʠʭʦʜʦʤ ʨʦʟʧʣʘʚʫ ʚ ʰʘʭʪʫ ʨʝʘʢʪʦʨʘ [3]: 

Á ʧʦʧʝʨʝʜʞʫʻ ʨʫʡʥʫʚʘʥʥʷ ʛʝʨʤʝʪʠʯʥʦʛʦ ʦʛʦʨʦʜʞʝʥʥʷ ʚʽʜ ʧʝʨʝʚʠʱʝʥʥʷ ʪʠʩʢʫ ʚ ʟʦʥʽ 

ʣʦʢʘʣʽʟʘʮʽʾ ʘʚʘʨʽʾ ʚʠʱʝ ʧʨʦʝʢʪʥʦʛʦ ʟʥʘʯʝʥʥʷ ʪʠʩʢʫ; 
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Á ʦʙʤʝʞʫʻ ʚʠʢʠʜʠ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ; 

Á ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʚʝʜʝʥʥʷ ʽʟ ʟʦʥʠ ʣʦʢʘʣʽʟʘʮʽʾ ʘʚʘʨʽʾ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ 

ʪʝʧʣʦʪʠ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʧʨʠ ʧʨʦʪʽʢʘʥʥʽ ʘʚʘʨʽʾ; 

Á ʟʘʙʝʟʧʝʯʫʻ ʙʝʟʧʝʯʥʝ ʩʢʠʜʘʥʥʷ ʚʦʜʥʶ ʟ ʝʧʽʮʝʥʪʨʫ ʘʚʘʨʽʾ ʚ ʩʢʣʘʜʽ ʧʘʨʦ-ʛʘʟʦʚʦʾ 

ʩʫʤʽʰʽ; 

Á ʚʠʢʦʥʫʻ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʝ ʦʯʠʱʝʥʥʷ ʧʘʨʦʛʘʟʦʚʦʾ ʩʫʤʽʰʽ, ʱʦ ʚʠʭʦʜʠʪʴ ʟ 

ʛʝʨʤʦʦʙʦʣʦʥʢʠ. 

 

ɻʦʣʦʚʥʠʡ ʝʣʝʤʝʥʪ ʩʠʩʪʝʤʠ ʧʨʠʤʫʩʦʚʦʛʦ ʬʽʣʴʪʨʦʚʘʥʦʾ ʩʢʠʜʘʥʥʷ - ʫʥʽʢʘʣʴʥʠʡ 

ʘʝʨʦʟʦʣʴʥʦ-ʡʦʜʥʠʡ ʬʽʣʴʪʨ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʟʘʪʨʠʤʢʫ 99,9% ʘʝʨʦʟʦʣʽʚ ʽ 99% ʛʘʟʦʧʦʜʽʙʥʦʛʦ 

ʡʦʜʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʦʾ ʬʽʣʴʪʨʘʮʽʾ ʟʚʦʜʠʪʴ ʜʦ ʤʽʥʽʤʫʤʫ ʚʠʢʠʜ 

ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʚ ʘʪʤʦʩʬʝʨʫ [4]. 

ɿʘʨʷʜ ʘʢʫʤʫʣʷʪʦʨʽʚ ʩʠʩʪʝʤ ʩʢʠʜʘʥʥʷ ʨʦʟʨʘʭʦʚʘʥʠʡ ʥʘ 10 ʜʽʙ, ʪʦʤʫ ʧʨʠ ʧʦʚʥʦʤʫ 

ʘʚʘʨʽʡʥʦʤʫ ʟʥʝʩʪʨʫʤʣʝʥʥʽ ʫ ʘʪʦʤʥʠʢʽʚ ʙʫʜʝ ʜʦʜʘʪʢʦʚʠʡ ʯʘʩ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ 

ʨʽʰʝʥʴ ʽ ʟʘʧʦʙʽʛʘʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʨʘʞʝʥʥʷ. 

ɿʘ ʨʦʟʨʘʭʫʥʢʘʤʠ ʬʘʭʽʚʮʽʚ, ʤʦʞʣʠʚʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʪʠʩʢʫ, ʟʜʘʪʥʦʛʦ ʥʘʚʽʪʴ ʧʨʠ 

ʚʘʞʢʠʭ ʘʚʘʨʽʷʭ ʟʨʫʡʥʫʚʘʪʠ ʛʝʨʤʦʦʙʦʣʦʥʢʫ ʨʝʘʢʪʦʨʽʚ ʪʠʧʫ ɺɺɽʈ, ʱʦ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʚ 

ʋʢʨʘʾʥʽ, ʤʽʟʝʨʥʘ. ʇʨʦʪʝ, ɽʥʝʨʛʦʘʪʦʤ ʧʨʠʡʥʷʚ ʨʽʰʝʥʥʷ ʚʩʪʘʥʦʚʠʪʠ ʩʠʩʪʝʤʠ ʘʚʘʨʽʡʥʦʛʦ 

ʩʢʠʜʘʥʥʷ ʧʘʨʦʛʘʟʦʚʦʾ ʩʫʤʽʰʽ ʟ ʢʦʥʪʘʡʥʤʝʥʪʫ ʝʥʝʨʛʦʙʣʦʢʫ ʥʘ ʚʩʽʭ ʚʽʪʯʠʟʥʷʥʠʭ ʘʪʦʤʥʠʭ 

ʩʪʘʥʮʽʷʭ. 

 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ:  

1. URL: https://www.rnpp.rv.ua/vprovadzhennya-sistemi-primusovogo-skidannya-tisku-

vazhlivij-element-zaxistu-raes.html 

2. URL:http://reform.energy/news/na-raes-predstavili-kontseptsiyu-sistemy-

prinuditelnogo-sbrosa-davleniya-5008 

3. URL:https://ekb.com.ua/noviny/ʥʘ-ʵʥʝʨʛʦʙʣʦʢʝ-ˉ2-ʶʞʥʦ-ʫʢʨʘʠʥʩʢʦʡ-ʘʵʩ-2.html 

4. URL: https://ae24.ru/news/show?id=237 
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ʉʪʫʜʝʥʪ 4 ʢʫʨʩʫ, ʛʨ. ʊʗ-72 ɸʨʪʶʰʠʢ ɼ.ɺ. 

ʇʨʦʬ., ʜ.ʪ.ʥ. ʂʨʘʚʝʮʴ ɺ.ʖ.  

  

ʄʆɼɽʈʅɯɿɸʎɯʗ ʉʊɽʃɸɾɯɺ ɼʃʗ ʂʈɯʇʃɽʅʅʗ ɺɯɼʇʈɸʎʔʆɺɸʅʀʍ ʊɺɿ ɺ 

ɹɸʉɽʁʅɯ ɺʀʊʈʀʄʂʀ 

 

 

ɸʪʦʤʥʘ ʝʥʝʨʛʝʪʠʢʘ  ʩʢʣʘʜʥʠʡ ʚʠʨʦʙʥʠʯʠʡ ʢʦʤʧʣʝʢʩ, ʜʣʷ ʥʘʜ̔ʡʥʦʛʦ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʷʢʦʛʦ ʥʝʦʙʭʜ̔ʥʦ ʷʢ̔ʩʥʝ, ʚ̔ʜʧʦʚʜ̔ʘʣʴʥʝ ʽ ʧʨʦʜʫʤʘʥʝ ʫʧʨʘʚʣʥ̔ʥʷ, 

ʚʠʩʦʢʦʢʚʘʣʬ̔̔ʢʦʚʘʥʠʡ ʧʝʨʩʦʥʘʣ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚ̔ʪʥ̔ʭ ʪʝʭʥʦʣʦʛʡ̔. ɿ ʢʦʞʥʠʤ ʨʦʢʦʤ 

ʜʦʩʣʜ̔ʞʫʶʪʴʩʷ ʽ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʥʦʚ̔ ʝʣʝʤʝʥʪʠ ʤʦʜʝʨʥʟ̔ʘʮ̔ʾ  ʦʙʣʘʜʥʘʥʥʷ ʥʘ ɸɽʉ. 

ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʦʜʝʨʥʽʟʘʮ̔ʡ ʜʣʷ ʦʙʣʘʜʥʘʥʥʷ - ʮʝ ʟʙ̔ʣʴʰʝʥʥʷ ʪʝʨʤʥ̔ʫ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʯʠ ʟʙ̔ʣʴʰʝʥʥʷ ʂʂɼ ʜʣʷ ̔ ʩʥʫʶʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ.  

ɿʥʘʯʥʫ ʫʚʘʛʫ ʥʘ ɸɽʉ ʧʨʠʜʽʣʷʶʪʴ ʙʘʩʝʡʥʫ ʚʠʪʨʠʤʢʠ. ɹʘʩʝʡʥ ʚʠʪʨʠʤʢʠ ʧʨʠʟʥʘʯʝʥʠʡ 

ʜʣʷ ʥʘʩʪʫʧʥʦʛʦ: ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ ʨʦʟʤʽʱʝʥʥʷ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʧʘʣʠʚʘ, ʚʠʪʨʠʤʢʘ 

ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʧʘʣʠʚʘ ʜʦ ʡʦʛʦ ʚʠʚʝʟʝʥʥʷ ʟ ʨʝʘʢʪʦʨʥʦʛʦ ʚʽʜʜʽʣʫ, ʘ ʪʘʢʦʞ ʜʣʷ ʪʠʤʯʘʩʦʚʦʛʦ 

ʟʙʝʨʽʛʘʥʥʷ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʩʪʨʠʞʥʽʚ ʟ ʧʦʛʣʠʥʘʯʦʤ, ʱʦ ʚʠʛʦʨʘʻ. ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʩʪʘʥʫ ʙʘʩʝʡʥʫ ʚʠʪʨʠʤʢʠ ʚʨʘʭʦʚʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʘʩʧʝʢʪʠ: ʨʝʞʠʤ ʨʦʙʦʪʠ 

ʙʘʩʝʡʥʫ ʚʠʪʨʠʤʢʠ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʙʦʨʥʦʾ ʢʠʩʣʦʪʠ, ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʠ, ʨʽʚʝʥʴ ʚʦʜʠ ʚ ʙʘʩʝʡʥʽ 

ʚʠʪʨʠʤʢʠ, ʢʽʣʴʢʽʩʪʴ ʊɺɿ ʫ ʙʘʩʝʡʥʽ ʚʠʪʨʠʤʢʠ, ʛʦʪʦʚʥʽʩʪʴ ʽ ʢʦʥʬʽʛʫʨʘʮʽʷ ʩʠʩʪʝʤ ʙʝʟʧʝʢʠ ʽ 

ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ ʙʘʩʝʡʥʫ ʚʠʪʨʠʤʢʠ [1]. 

ʆʧʨʦʤʽʥʝʥʝ ʷʜʝʨʥʝ ʧʘʣʠʚʦ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʩʚʽʞʦʛʦ, ʤʘʻ ʟʥʘʯʥʫ ʨʘʜʽʦʘʢʪʠʚʥʽʩʪʴ ʯʝʨʝʟ 

ʚʤʽʩʪ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʧʨʦʜʫʢʪʽʚ ʧʦʜʽʣʫ ʽ ʤʘʻ ʚʣʘʩʪʠʚʽʩʪʴ ʩʘʤʦʥʘʛʨʽʚʘʪʠʩʴ ʥʘ ʧʦʚʽʪʨʽ ʜʦ 

ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʇʽʩʣʷ ʚʠʣʫʯʝʥʥʷ ʊɺɿ ʟ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʨʝʘʢʪʦʨʘ ʟʙʽʨʢʘ ʚʠʪʨʠʤʫʻʪʴʩʷ 

2 ð 5 ʨʦʢʽʚ ʫ ʙʘʩʝʡʥʽ ʚʠʪʨʠʤʢʠ. ɹʘʩʝʡʥ ʚʠʪʨʠʤʢʠ ʻ ʧʨʷʤʦʢʫʪʥʠʤ  ʨʝʟʝʨʚʫʘʨʦʤ  ʟʽ  

ʩʪʝʣʘʞʘʤʠ  ð  ʦʢʨʝʤʠʤʠ ʤʝʪʘʣʝʚʠʤʠ ʢʦʥʩʪʨʫʢʮʽʷʤʠ ʚʝʨʪʠʢʘʣʴʥʦʾ ʧʨʷʤʦʢʫʪʥʦʾ ʬʦʨʤʠ, 

ʧʨʠʟʥʘʯʝʥʠʤʠ ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʪʝʧʣʦʚʠʜʽʣʴʥʠʭ ʟʙʽʨʦʢ. ɹʘʩʝʡʥ ʚʠʪʨʠʤʢʠ 

ʧʨʠʤʠʢʘʻ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ ʰʘʭʪʠ ʨʝʘʢʪʦʨʘ, ʟôʻʜʥʘʥʠʤ ʟ ʥʝʶ ʧʝʨʝʚʘʥʪʘʞʫʚʘʣʴʥʠʤ ʢʘʥʘʣʦʤ 

ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʧʘʣʠʚʥʦʾ ʟʙʽʨʢʠ (ʨʠʩʫʥʦʢ 1). 

 
1 ï ʰʘʭʪʘ ʨʝʚʽʟʽʾ ɹɿʊ; 2 ïh ʘʭʪʘ ʨʝʚʽʟʽʾ ɺʂʋ; 3 ï ʨʝʘʢʪʦʨ; 

4 - ʧʝʨʝʚʘʥʪʘʞʫʚʘʣʴʥʘ ʤʘʰʠʥʘ; 5 - ʛʝʨʤʦʧʝʥʘʣ; 6- ʧʝʥʘʣ ʂɻʆ; 

 7- ʩʪʝʣʘʞ ʙʘʩʝʡʥʘ ʚʠʪʨʠʤʢʠ; 8- ʪʨʘʥʩʧʦʨʪʥʠʡ ʢʦʥʪʝʡʥʝʨ 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʨʦʟʤʽʱʝʥʥʷ ʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʊɺɿ  

  ʋ ʙʘʩʝʡʥʽ ʚʠʪʨʠʤʢʠ ʜʽʻ ʨʘʜʽʘʮʽʡʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʦʤʫ, ʧʨʠʜʽʣʷʶʪʴ ʟʥʘʯʥʫ ʫʚʘʛʫ 
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ʜʣʷ ʤʘʪʝʨʽʘʣʽʚ ʟ ʷʢʠʭ ʚʠʛʦʪʦʚʣʷʶʪʴ  ʩʪʝʣʘʞʽ ʽ ʜʣʷ ʢʦʥʩʪʨʫʢʮʽʾ ʩʪʝʣʘʞʽʚ ʱʦʙ ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʧʝʚʥʽ ʚʠʟʥʘʯʝʥʽ ʫʤʦʚʠ. ʂʦʥʩʪʨʫʢʮʽʷ ʩʪʝʣʘʞʽʚ ʟʘʙʝʟʧʝʯʫʻ[2] : 

¶ ɺʝʨʪʠʢʘʣʴʥʽʩʪʴ ʫʩʪʘʥʦʚʣʝʥʠʭ ʚ ʥʴʦʤʫ ʟʙʽʨʦʢ ʽ ʛʝʨʤʝʪʠʯʥʠʭ ʧʝʥʘʣʽʚ; 

¶ ʋʥʠʢʥʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʧʦʰʢʦʜʞʝʥʴ ʟʦʚʥʽʰʥʽʭ ʧʦʚʝʨʭʦʥʴ ʟʙʽʨʦʢ ʧʨʠ ʾʭ 

ʫʩʪʘʥʦʚʮʽ/ʚʠʣʫʯʝʥʽ ʽʟ ʯʘʨʫʥʦʢ ʩʪʝʣʘʞʘ; 

¶ ʌʽʢʩʘʮʽʶ ʚʩʪʘʥʦʚʣʶʚʘʥʠʭ ʚ ʩʪʝʣʘʞ ʧʘʣʠʚʥʠʭ ʟʙʽʨʦʢ ʽ ʛʝʨʤʝʪʠʯʥʠʭ ʧʝʥʘʣʽʚ; 

¶ ʅʘʜʽʡʥʝ ʚʽʜʚʝʜʝʥʥʷ ʟʘʣʠʰʢʦʚʦʛʦ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʊɺɿ; 

¶ ʈʦʟʤʽʱʝʥʥʷ ʯʘʨʫʥʦʢ ʧʦ ʨʽʚʥʦʩʪʦʨʦʥʥʴʦʤʫ ʪʨʠʢʫʪʥʠʢʫ ʧʨʠ ʷʢʦʤʫ ʧʽʜʢʨʠʪʠʯʥʽʩʪʴ 

ʙʽʣʴʰʝ 0,05; 

¶ ʇʦʣʦʞʝʥʥʷ ʢʘʩʝʪ ʥʘ ʦʜʥʦʤʫ ʨʽʚʥʽ. 

 

ʊʦʤʫ, ʤʦʜʝʨʥʽʟʘʮʽʷ ʩʪʝʣʘʞʽʚ ʜʣʷ ʢʨʽʧʣʝʥʥʷ ʊɺɿ ʚ ʙʘʩʝʡʥʽ ʚʠʪʨʠʤʢʠ ʧʨʦʚʦʜʠʪʴʩʷ ʟ 

ʤʝʪʦʶ ʧʦʢʨʘʱʝʥʥʷ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʢʦʥʩʪʨʫʢʮʽʾ ʩʪʝʣʘʞʽʚ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʘʩʝʡʥʘ ʚʠʪʨʠʤʢʠ . 
 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. ʆʢʦʥʯʘʪʝʣʴʥʳʡ ʦʪʯʝʪ ʧʦ ʘʥʘʣʠʟʫ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʊʦʤ 19. ɻʣʘʚʘ 19 ɺʝʨʦʷʪʥʦʩʪʥʳʡ ʘʥʘʣʠʟ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. ʍʤʝʣʴʥʠʮʢʘʷ ɸʕʉ. ʕʥʝʨʛʦʙʣʦʢ ˉ2. ʇɸʆʂʀɽʇ. 

2.  ʂʦʥʮʝʨʥ óóʈʦʩʻʥʝʨʛʦʘʪʦʤôô. ɹʘʣʘʢʦʚʩʢʘʷ ʘʪʦʤʥʘʷ ʝʣʝʢʪʨʦʩʪʘʥʮʠʷ. óóʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʩʠʩʪʝʤʳ ʨʝʘʢʪʦʨʥʦʛʦ ʦʪʜʝʣʝʥʠʷôô,- ʯʘʩʪʴ 2. 
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ʄʘʛʽʩʪʨʘʥʪ 5 ʢʫʨʩʫ, ʛʨ. ʊʗ-ʤʧ ɹʘʜʘʢʘ ɼ.ɺ. 

ɸʩʠʩʪ. ʌʝʜʦʨʦʚ ɼ.ʆ. 

ʈʆɿʈʆɹʂɸ ʆʇʊʀʄɯɿɸʎɯɰ ʊɽʍʅɯʏʅʆɻʆ ʆɹʉʃʋɻʆɺʋɺɸʅʅʗ ʊɸ ʈɽʄʆʅʊɯɺ 

ʉʀʉʊɽʄ ɺɸɾʃʀɺʀʍ ɼʃʗ ɹɽɿʇɽʂʀ ʅɸ ʆʉʅʆɺɯ ʈʀɿʀʂʆ-ɯʅʌʆʈʄʆɺɸʅʆɻʆ 

ʇɯɼʍʆɼʋ ʅɸ ɽʅɽʈɻʆɹʃʆʎɯ ɿɸɽʉ ˉ2 

 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʨʠʟʠʢ-ʽʥʬʦʨʤʦʚʘʥʠʭ ʧʽʜʭʦʜʽʚ ʫ ʧʨʦʮʝʜʫʨʫ ʬʦʨʤʫʚʘʥʥʷ ʫʤʦʚ 

ʙʝʟʧʝʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʥʝʨʛʦʙʣʦʢʽʚ ˉ1 ʪʘ ˉ2 ʥʘ ʘʪʦʤʥʽʡ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ (ɸɽʉ) çʂʘʥʴʡʦʥ 

ɼʽʘʙʣʦè (ʘʥʛʣʽʡʩʴʢʦʶ Diablo Canyon Power Plant) ʜʘʚ ʫʥʽʢʘʣʴʥʠʡ ʜʦʩʚʽʜ ʜʣʷ ʷʜʝʨʥʦʾ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʛʘʣʫʟʽ. 

ʎʝ ʜʦʟʚʦʣʠʣʦ ʧʦʢʨʘʱʠʪʠ ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʟʘ 

ʨʘʭʫʥʦʢ ʩʢʦʨʦʯʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʧʣʘʥʦʚʦ-ʧʦʧʝʨʝʜʞʫʚʘʣʴʥʠʭ ʨʝʤʦʥʪʽʚ (ʇʇʈ), ʧʦʣʽʧʰʠʪʠ 

ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ ɸɽʉ ʚ ʮʽʣʦʤʫ. ʊʘʢʦʞ, ʧʽʜʚʠʱʠʪʠ ʨʽʚʝʥʴ ʢʫʣʴʪʫʨʠ ʙʝʟʧʝʢʠ 

ʧʝʨʩʦʥʘʣʫ, ʯʝʨʝʟ ʚʽʟʫʘʣʽʟʘʮʽʶ ʨʝʟʫʣʴʪʘʪʽʚ ʽʤʦʚʽʨʥʽʩʥʦʛʦ ʘʥʘʣʽʟʫ ʙʝʟʧʝʢʠ [1]: 

- ʧʦʛʣʠʙʠʪʠ ʨʦʟʫʤʽʥʥʷ ʚʘʞʣʠʚʦʩʪʽ ʥʘʜʽʡʥʦʾ ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ 

- ʟʥʘʯʠʤʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʥʢʨʝʪʥʠʭ ʧʦʪʦʯʥʠʭ ʫʤʦʚ 

 

ɿʛʽʜʥʦ ʟ ʧʨʦʝʢʪʦʤ ʷʜʝʨʥʦʾ ʫʩʪʘʥʦʚʢʠ (ʗʋ) ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʨʝʛʣʘʤʝʥʪʦʤ ʙʝʟʧʝʯʥʦʾ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʧʨʠ ʨʦʙʦʪʽ ʝʥʝʨʛʦʙʣʦʢʘ ʥʘ ʧʦʪʫʞʥʦʩʪʽ ʩʠʩʪʝʤʠ ʚʘʞʣʠʚʽ ʜʣʷ ʙʝʟʧʝʢʠ (ʉɺɹ) 

ʤʦʞʫʪʴ ʧʝʨʝʙʫʚʘʪʠ ʫ ʥʝʧʨʘʮʝʟʜʘʪʥʦʤʫ ʩʪʘʥʽ ʧʨʦʪʷʛʦʤ ʢʦʥʢʨʝʪʥʦ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʯʘʩʫ. 

ʇʨʦʪʝ, ʧʨʠ ʨʦʟʨʦʙʮʽ ʧʨʦʝʢʪʫ ʗʋ, ʮʝʡ ʯʘʩʦʚʠʡ ʽʥʪʝʨʚʘʣ ʙʫʚ ʚʩʪʘʥʦʚʣʝʥʠʡ ʥʘ ʧʽʜʩʪʘʚʽ 

ʜʝʪʝʨʤʽʥʽʩʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ (ʙʝʟ ʘʥʘʣʽʟʫ ʡʤʦʚʽʨʥʽʩʥʠʤʠ ʤʝʪʦʜʘʤʠ), ʪʦʤʫ ʦʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ 

ʚʢʣʶʯʘʣʠ ʧʝʚʥʫ ʜʦʣʶ ʢʦʥʩʝʨʚʘʪʠʟʤʫ.  

ɺʽʜʩʫʪʥʽʩʪʴ ʜʦʩʪʘʪʥʴʦʛʦ ʜʦʩʚʽʜʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʥʝʦʙʭʽʜʥʠʭ ʟʥʘʥʴ ʧʨʦ ʤʝʭʘʥʽʟʤʠ 

ʩʪʘʨʽʥʥʷ ʽ ʟʥʦʩʫ ʦʙʣʘʜʥʘʥʥʷ ʩʪʘʣʦ ʧʨʠʯʠʥʦʶ ʪʦʛʦ, ʱʦ ʜʝʪʝʨʤʽʥʽʩʪʠʯʥʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ 

ʙʝʟʧʝʢʠ ʧʝʨʝʚʘʞʘʣʠ ʥʘʜ ʡʤʦʚʽʨʥʽʩʥʠʤʠ. ɺʪʽʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʡʤʦʚʽʨʥʽʩʥʠʭ ʤʝʪʦʜʽʚ ʜʦʟʚʦʣʷʻ 

ʦʙˇʨʫʥʪʦʚʘʥʦ ʢʦʥʮʝʥʪʨʫʚʘʪʠ ʟʫʩʠʣʣʷ ʪʘ ʢʦʰʪʠ ʩʘʤʝ ʫ ʪʠʭ ʦʙʣʘʩʪʷʭ, ʜʝ ʽʩʥʫʶʪʴ ʜʝʬʽʮʠʪʠ 

ʙʝʟʧʝʢʠ, ʘʙʦ ʫ ʪʠʭ, ʱʦ ʥʘʡʙʽʣʴʰʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʙʝʟʧʝʢʫ ʷʜʝʨʥʠʭ ʫʩʪʘʥʦʚʦʢ. 

ʈʦʟʨʦʙʢʘ ʜʘʥʦʛʦ ʧʨʦʝʢʪʫ ʜʦʟʚʦʣʠʪʴ: 

- ʧʨʦʚʝʜʝʥʥʷ ʨʝʤʦʥʪʫ ʯʘʩʪʠʥʠ ʩʠʩʪʝʤ ʘʙʦ ʦʙʣʘʜʥʘʥʥʷ, ʚʘʞʣʠʚʠʭ ʜʣʷ ʙʝʟʧʝʢʠ, 

ʱʦ ʚʠʢʦʥʫʶʪʴʩʷ ʚ ʇʇʈ ʧʨʠ ʨʦʙʦʪʽ ʝʥʝʨʛʦʙʣʦʢʫ ʥʘ ʥʦʤʽʥʘʣʴʥʦʤʫ ʨʽʚʥʽ 

ʧʦʪʫʞʥʦʩʪʽ, ʷʢ ʥʘʩʣʽʜʦʢ - ʦʮʽʥʦʯʥʦ ʟʤʝʥʰʝʥʥʷ ʇʇʈ ʥʘ 8 -20 ʜʽʙ, ʧʨʠ ʧʝʨʚʽʩʥʽʡ 

ʜʦʚʞʠʥʽ ʇʇʈ 60 ï 70 ʜʽʙ, ʟʥʠʞʝʥʥʷ ʜʦ 30 - 40 ʜʽʙ. ʆʨʽʻʥʪʦʚʥʦ - ʜʦʜʘʪʢʦʚʘ 

ʨʦʙʦʪʘ 1-ʛʦ ʝʥʝʨʛʦʙʣʦʢʫ ʧʨʦʪʷʛʦʤ 10 - 20 ʜʽʙ (ʜʦ 120 ʜʽʙ ʜʦʜʘʪʢʦʚʦ ʧʨʠ ʨʦʙʦʪʽ 

ʰʝʩʪʠ ʝʥʝʨʛʦʙʣʦʢʽʚ ɿɸɽʉ); 

- ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʟʙʽʣʴʰʝʥʥʷ ʜʦʟʚʦʣʝʥʦʛʦ ʯʘʩʫ ʚʠʚʝʜʝʥʥʷ ʚ ʨʝʤʦʥʪ ʦʙʣʘʜʥʘʥʥʷ 
ʪʘ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʟʫʧʠʥʦʢ ʝʥʝʨʛʦʙʣʦʢʫ ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʝʦʮʽʥʢʠ 
ʚʩʪʘʥʦʚʣʝʥʠʭ ʚ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʨʝʛʣʘʤʝʥʪʽ ʙʝʟʧʝʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʙʤʝʞʝʥʴ 

ʟʘ ʯʘʩʦʤ ʥʝʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʩʠʩʪʝʤ ʪʘ ʦʙʣʘʜʥʘʥʥʷ, ʷʢ ʥʘʩʣʽʜʦʢ ï ʦʮʽʥʦʯʥʝ, 

ʟʤʝʥʰʝʥʥʷ ʥʘ ʦʜʠʥ ʟʫʧʠʥ ʝʥʝʨʛʦʙʣʦʢʽʚ ʚ ʨʽʢ ʜʣʷ 6-ʪʠ ʝʥʝʨʛʦʙʣʦʢʽʚ, 

ʦʨʽʻʥʪʦʚʥʦ - ʜʦʜʘʪʢʦʚʘ ʨʦʙʦʪʘ ʦʜʥʦʛʦ ʝʥʝʨʛʦʙʣʦʢʫ ʧʨʦʪʷʛʦʤ 6 ʜʽʙ. 

- ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʤʽʞ ʦʧʨʦʙʫʚʘʥʥʷʤʠ ʪʘ ʤʽʞʨʝʤʦʥʪʥʦʛʦ ʽʥʪʝʨʚʘʣʫ ʜʣʷ ʩʠʩʪʝʤ, 
ʚʘʞʣʠʚʠʭ ʜʣʷ ʙʝʟʧʝʢʠ, ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʥʝʦʙʭʽʜʥʦʾ ʥʘʜʽʡʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ 

ʬʫʥʢʮʽʡ, ʷʢ ʥʘʩʣʽʜʦʢ - ʟʥʠʞʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʦʧʝʨʘʮʽʡ ʽʟ ʦʙʣʘʜʥʘʥʥʷʤ ï ʤʝʥʰʘ 

ʜʝʛʨʘʜʘʮʽʷ ʉɺɹ [2]. 

 

ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʨʝʤʦʥʪʽʚ ʉɺɹ ʧʨʠ ʨʦʙʦʪʽ 

ʝʥʝʨʛʦʙʣʦʢʫ ʥʘ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʜʦʟʚʦʣʝʥʦʛʦ ʯʘʩʫ ʚʠʚʝʜʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʚ ʨʝʤʦʥʪ 
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ʨʝʘʣʽʟʫʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʠʟʠʢ-ʤʦʥʽʪʦʨʫ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

RiskSpectrum, RiskWatcher, [3] ʘ ʟʙʽʣʴʰʝʥʥʷ ʽʥʪʝʨʚʘʣʫ ʧʝʨʽʦʜʠʯʥʦʩʪʽ ʦʧʨʦʙʫʚʘʥʴ ʉɺɹ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʽ ʽʤʦʚʽʨʥʽʩʥʠʡ ʘʥʘʣʽʟ ʙʝʟʧʝʢʠ ʚ ʢʦʜʽ RiskSpectrum PSA, SAPHIRE 8 

[4]. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʘʥʠʡ ʧʨʦʝʢʪ ʥʘ ɿʘʧʦʨʽʟʴʢʽʡ ʘʪʦʤʥʽʡ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ (ɿɸɽʉ) ʻ 

ʧʽʣʦʪʥʠʤ. ʆʪʞʝ ʧʨʦʪʷʛʦʤ ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʾ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʫʪʦʯʥʝʥʥʷ ʧʦʣʦʞʝʥʴ ʪʝʭʥʽʯʥʦʛʦ 

ʢʝʨʽʚʥʠʮʪʚʘ [5] ʜʣʷ ʚʨʘʭʫʚʘʥʥʷ ʧʨʘʢʪʠʯʥʦʛʦ ʜʦʩʚʽʜʫ ʚʠʢʦʥʘʥʥʷ. ʆʯʽʢʫʻʪʴʩʷ, ʱʦ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘ ʘʧʨʦʙʘʮʽʾ ʧʽʣʦʪʥʦʛʦ ʧʨʦʝʢʪʫ ñʆʧʪʠʤʽʟʘʮʽʾ ʪʝʭʥʽʯʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʨʝʤʦʥʪʫ ʥʘ ʝʥʝʨʛʦʙʣʦʮʽ ˉ2 ɿɸɽʉò, ʪʝʭʥʽʯʥʝ ʢʝʨʽʚʥʠʮʪʚʦ [5] ʙʫʜʝ 

ʧʝʨʝʛʣʷʥʫʪʝ ʪʘ ʜʦʦʧʨʘʮʴʦʚʘʥʝ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʽʥʰʠʭ ʝʥʝʨʛʦʙʣʦʢʘʭ 

ʫʢʨʘʾʥʩʴʢʠʭ ɸɽʉ. 

 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

 

1. Diablo Canyon Power Plant. Interdepartmental Administrative Procedure. AD7.ID14. Rev. 

16. Assessment of Integrated Risk. 

2. ʂʦʥʮʝʧʪʫʘʣʴʥʝ ʨʽʰʝʥʥʷ 02.ɸɹ.00.ʈʐ.828-18 çɺʧʨʦʚʘʜʞʝʥʥʷ ʨʠʟʠʢ-ʽʥʬʦʨʤʦʚʘʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʢʦʥʬʽʛʫʨʘʮʽʻʶ ɸɽʉ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ 

ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʨʝʤʦʥʪʫ ʩʠʩʪʝʤ ʚʘʞʣʠʚʠʭ ʜʣʷ ʙʝʟʧʝʢʠè. 

3. ʂʦʤʧʣʝʢʪ ʢʝʨʽʚʥʠʮʪʚ RiskWatcher: The RiskWatcher Scenario Tagging Tool, 

Introducing RiskSpectrumÈ RiskWatcher, The RiskWatcher Model Compiler, 

RiskWatcher Main Application, Using RiskSpectrum PSA to Prepare RiskWatcher Data, 

RiskSpectrum Analysis Tools (RSAT). 

4. Smith, Curtis. SAPHIRE 8 ñNew Features and Capabilitiesò. USA: N. p., 2008. 

5. ʊʝʭʥʽʯʥʝ ʢʝʨʽʚʥʠʮʪʚʦ ʧʦ ʇʨʦʝʢʪʫ ʦʧʪʠʤʽʟʘʮʽʾ ʪʝʭʥʽʯʥʦʛʦ-ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ 

ʨʝʤʦʥʪʽʚ ʩʠʩʪʝʤ, ʚʘʞʣʠʚʠʭ ʜʣʷ ʙʝʟʧʝʢʠ, ʥʘ ʦʩʥʦʚʽ ʨʠʟʠʢ ï ̔ ʥʬʦʨʤʦʚʘʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʢʦʥʬʽʛʫʨʘʮʽʻʶ ɸɽʉ (ʝʥʝʨʛʦʙʣʦʢ ˉ2 ɿɸɽʉ). 21.2.OOP.2.5.ʆɼ.02. 
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ʄʘʛʽʩʪʨʘʥʪ 5 ʢʫʨʩʫ, ʛʨ. ʊʗ-01ʤʧ ʏʘʛʫʨ ɸ.ʄ. 

ɼʦʮ., ʢ.ʪ.ʥ. ʂʦʥʴʰʠʥ  ɺ.ɯ. 

ʇɯɼɺʀʑɽʅʅʗ ʅɸɼɯʁʅʆʉʊɯ ʈʆɹʆʊʀ ʉʀʉʊɽʄʀ ɸɺɸʈɯʁʅʆɻʆ ɿɸʍʀʉʊʋ 

ʈɽɸʂʊʆʈɸ ɺɺɽʈ-1000 ʐʃʗʍʆʄ ʄʆɼɽʈʅɯɿɸʎɯɰ ʇʈʀɺʆɼɯɺ ʆʈ ʉʋɿ 

 

ʋʧʨʘʚʣʽʥʥʷ ʧʦʪʫʞʥʽʩʪʶ ʨʝʘʢʪʦʨʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʩʦʥʘʣʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʽ ʛʨʫʧʦʚʦʛʦ ʫʧʨʘʚʣʽʥʥʷ (ʉɯɻʋ) ʘʙʦ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʧʦʪʫʞʥʦʩʪʽ 

(ɸʈʇ), ʚ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʜʽʻʶ ʥʘ ʦʨʛʘʥʠ ʨʝʛʫʣʶʚʘʥʥʷ (ʆʈ) ʉʋɿ. ʋ ʨʘʟʽ ʚʠʭʦʜʫ ʛʨʫʧʠ ʆʈ ʉʋɿ 

ʧʨʠ ʨʝʛʫʣʶʚʘʥʥʽ ʟ ʨʝʛʣʘʤʝʥʪʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʧʦʣʦʞʝʥʴ, ʟʘʣʝʞʥʦʛʦ ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ ʨʝʘʢʪʦʨʘ, 

ʚ ʧʝʨʰʦʤʫ ʢʦʥʪʫʨʽ ʟʤʽʥʶʶʪʴ ʢʦʥʮʝʥʪʨʘʮʽʶ ʙʦʨʥʦʾ ʢʠʩʣʦʪʠ ʽ ʧʨʠʚʦʜʷʪʴ ʧʦʛʣʠʥʘʶʯʽ ʩʪʝʨʞʥʽ 

ʚ ʥʦʨʤʘʣʴʥʝ ʧʦʣʦʞʝʥʥʷ. ʗʢ ʨʝʛʫʣʴʦʚʘʥʘ ʚʝʣʠʯʠʥʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʘʙʦ ʥʝʡʪʨʦʥʥʘ 

ʧʦʪʫʞʥʽʩʪʴ, ʘʙʦ ʪʠʩʢ ʚ ʛʦʣʦʚʥʦʤʫ ʧʘʨʦʚʦʤʫ ʢʦʣʝʢʪʦʨʽ ʜʨʫʛʦʛʦ ʢʦʥʪʫʨʘ, ʘʙʦ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ 

ʚʠʭʦʜʽ ʟ ʘʢʪʠʚʥʦʾ ʟʦʥʠ. ʋ ʨʘʟʽ ʚʠʥʠʢʥʝʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʟ ʨʘʧʪʦʚʠʤ ʚʽʜʢʣʶʯʝʥʥʷʤ 

ʫʩʪʘʪʢʫʚʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʦʜʥʦʛʦ ʟ ʛʦʣʦʚʥʠʭ ʮʠʨʢʫʣʷʮʽʡʥʠʭ ʥʘʩʦʩʽʚ, ʩʧʝʮʽʘʣʴʥʠʡ ʨʝʛʫʣʷʪʦʨ 

ʦʙʤʝʞʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ (ʈʆʇ) ʧʣʘʚʥʦ ʟʥʠʞʫʻ ʧʦʪʫʞʥʽʩʪʴ ʨʝʘʢʪʦʨʘ ʜʦ ʨʦʙʦʪʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʥʦʚʦʤʫ ʨʝʞʠʤʫ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʽʾ ʥʘ ʨʝʛʫʣʶʶʯʫ ʛʨʫʧʫ ʆʈ ʉʋɿ. ʗʢʱʦ ʧʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ 

ʜʫʞʝ ʩʝʨʡʦʟʥʠʡ, ʥʘʧʨʠʢʣʘʜ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʽʟʢʝ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʘ, ʩʧʨʘʮʴʦʚʫʻ 

ʘʣʛʦʨʠʪʤ ʧʨʠʩʢʦʨʝʥʦʛʦ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʙʣʦʢʫ (ʇʈɹ), ʷʢʠʡ ʩʢʠʜʘʥʥʷʤ ʩʧʝʮʽʘʣʴʥʦ ʚʠʜʽʣʝʥʦʾ 

ʜʣʷ ʮʠʭ ʮʽʣʝʡ ʛʨʫʧʠ ʆʈ ʉʋɿ ʟʥʠʞʫʻ ʧʦʪʫʞʥʽʩʪʴ ʚʽʜʨʘʟʫ ʥʘ 50 % ʟʘ ʯʘʩ ʙʣʠʟʴʢʦ 5 ʩ. 

ʇʨʠ ʩʧʨʘʮʴʦʚʫʚʘʥʥʽ ʘʚʘʨʽʡʥʦʛʦ ʟʘʭʠʩʪʫ ʚʽʜʢʣʶʯʘʻʪʴʩʷ ʞʠʚʣʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʽʚ 

ʧʨʠʚʦʜʽʚ ʉʋɿ, ʽ ʫʩʽ ʧʦʛʣʠʥʘʶʯʽ ʩʪʝʨʞʥʽ ʧʽʜ ʚʣʘʩʥʦʶ ʚʘʛʦʶ ʧʘʜʘʶʪʴ ʚ ʘʢʪʠʚʥʫ ʟʦʥʫ, 

ʧʝʨʝʚʦʜʷʯʠ ʨʝʘʢʪʦʨ ʚ ʧʽʜʢʨʠʪʠʯʥʠʡ ʩʪʘʥ ʤʘʢʩʠʤʫʤ ʟʘ ʯʘʩ ʙʣʠʟʴʢʦ 10 ʩʝʢʫʥʜ. 

ʅʘ ʝʥʝʨʛʦʙʣʦʮʽ ʖʋɸɽʉ-3 ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʠʚʦʜʠ ʉʋɿ ʐɽʄ-3. ɼʣʷ ʨʦʙʦʪʠ ʟ 

ʧʨʠʚʦʜʘʤʠ ʆʈ ʉʋɿ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫʩʪʘʪʢʫʚʘʥʥʷ ʉɯɻʋ, ʷʢʝ ʚ ʜʘʥʠʡ ʤʦʤʝʥʪ ʤʦʜʝʨʥʽʟʫʻʪʴʩʷ 

ʥʘ ʧʨʦʛʨʘʤʥʦ-ʪʝʭʥʽʯʥʽ ʢʦʤʧʣʝʢʩʠ ʱʦ ʤʘʶʪʴ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʷʢ ʧʦ ʩʘʤʦʜʽʘʛʥʦʩʪʠʮʽ ʪʘʢ 

ʽ ʧʦ ʜʽʘʛʥʦʩʪʠʮʽ ʟʚ'ʷʟʘʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ. ɼʣʷ ʧʨʠʚʦʜʽʚ ʉʋɿʀ ʐɽʄ ʽʩʥʫʻ ʨʷʜ ʥʝʜʦʣʽʢʽʚ [1, 

2]:  

- ʢʦʥʩʪʨʫʢʮʽʷ ʧʨʠʚʦʜʫ ʥʝ ʜʦʟʚʦʣʷʻ ʚʚʝʩʪʠ ʛʣʠʙʦʢʫ ʜʽʘʛʥʦʩʪʠʢʫ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ 

ʩʧʽʣʴʥʦ ʟ ʫʩʪʘʪʢʫʚʘʥʥʷʤ ʉɯɻʋ;  

- ʚʽʜʩʫʪʥʻ ʨʝʟʝʨʚʫʚʘʥʥʷ ʧʦ ʝʣʝʤʝʥʪʘʭ ʱʦ ʚʠʟʥʘʯʘʻ ʧʦʣʦʞʝʥʥʷ ʧʨʠʚʦʜʫ ʚ ʘʢʪʠʚʥʽʡ 

ʟʦʥʽ;  

- ʥʝ ʜʦʩʠʪʴ ʪʦʯʥʝ ʚʠʟʥʘʯʝʥʥʷ ʧʦʣʦʞʝʥʥʷ ʯʝʨʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝ ʩʫʯʘʩʥʠʭ 

ʢʦʤʧʣʝʢʪʫʶʯʠʭ ʚʠʨʦʙʽʚ;  

- ʟʘʩʪʘʨʽʣʘ ʷʢʽʩʪʴ ʢʦʤʧʣʝʢʪʫʶʯʠʭ ʟʘʩʪʦʩʦʚʘʥʠʭ ʧʨʠ ʨʦʟʨʦʙʮʽ ʚʠʨʦʙʫ; 

ʇʨʠʚʦʜʠ ʉʋɿ ʐɽʄ 1160.94.00.000, ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʷʢʠʭ ʥʝʦʜʥʦʨʘʟʦʚʦ 

ʧʦʜʦʚʞʫʚʘʚʩʷ, ʚʽʜʩʫʪʥʽʡ ɿɯʇ, ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʨʦʩʪʝ ʪʨʝʥʜ ʚʽʜʤʦʚ, ʟʥʘʯʥʦ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ 

ʥʘ ʙʝʟʧʝʯʥʫ ʽ ʥʘʜʽʡʥʫ ʨʦʙʦʪʫ ɸɽʉ. 

ɿ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʘʚʘʨʽʡʥʦʛʦ ʟʘʭʠʩʪʫ ʨʝʘʪʦʨʘ ɺɺɽʈ-

1000 ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʦʜʝʨʥʽʟʫʚʘʪʠ ʧʨʠʚʦʜʠ ʆʈ ʉʋɿ [3]. 

ʇʨʠʚʽʜ ʉʋɿ ʐɽʄ 1160.94.00.000 ʢʦʤʧʣʝʢʪʫʻʪʴʩʷ ʪʨʴʦʤʘ ʝʣʝʤʝʥʪʘʤʠ: ʤʝʭʘʥʽʯʥʽʡ 

ʯʘʩʪʠʥʽ ʧʨʠʚʦʜʫ ʟ ʧʨʦʝʢʪʥʠʤ ʪʝʨʤʽʥʦʤ ʩʣʫʞʙʠ 20 ʨʦʢʽʚ, ʙʣʦʢʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʽʚ (ɹɽʄ) ʟ 

ʧʨʦʝʢʪʥʠʤ ʪʝʨʤʽʥʦʤ ʩʣʫʞʙʠ 8 ʨʦʢʽʚ ʽ ʜʘʪʯʠʢʦʤ ʧʦʣʦʞʝʥʥʷ ʧʨʠʚʦʜʽʚ (ɼʇʇ) ʟ ʧʨʦʝʢʪʥʠʤ 

ʪʝʨʤʽʥʦʤ ʩʣʫʞʙʠ 5 ʨʦʢʽʚ. ʇʨʦʚʦʜʠʪʠ ʟʘʤʽʥʫ ʧʨʠʚʦʜʫ ʯʘʩʪʠʥʘʤʠ, ʟ ʨʽʟʥʠʤʠ ʪʝʨʤʽʥʘʤʠ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʥʝʜʦʮʽʣʴʥʦ ʚʨʘʭʦʚʫʶʯʠ ʽ ʪʝ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʠʭ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ 

ʧʨʠʚʦʜʫ ʥʝ ʧʨʠʚʝʜʝ ʜʦ ʫʩʫʥʝʥʥʷ ʫʩʽʭ ʥʝʜʦʣʽʢʽʚ.  

ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ ʧʨʦʚʦʜʠʪʠ ʟʘʤʽʥʫ ʧʨʠʚʦʜʽʚ ʆʈ ʉʋɿ ʥʘ ʫʩʪʘʪʢʫʚʘʥʥʷ ʟ ʦʜʥʠʤ 

ʪʝʨʤʽʥʦʤ ʩʣʫʞʙʠ ʜʣʷ ʫʩʽʭ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʽ ʱʦ ʤʘʻ ʥʘʩʪʫʧʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [4]:  

- ʧʽʜʚʠʱʝʥʦʶ ʥʘʜʽʡʥʽʩʪʶ, ʧʦʣʽʧʰʝʥʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʟʘ 
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ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ;  

- ʪʨʠʚʘʣʠʤ ʪʝʨʤʽʥʦʤ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʦ 30 ʨʦʢʽʚ;  

- ʤʦʞʣʠʚʽʩʪʶ ʧʨʦʚʝʜʝʥʥʷ ʜʽʘʛʥʦʩʪʠʢʠ ʝʣʝʤʝʥʪʽʚ ʧʨʠʚʦʜʫ;  

- ʨʝʟʝʨʚʫʚʘʥʥʷʤ ʝʣʝʤʝʥʪʽʚ ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʧʦʣʦʞʝʥʥʷ ʧʨʠʚʦʜʫ ʆʈ ʉʋɿ;  

- ʪʦʯʥʽʰʠʤ ʚʠʟʥʘʯʝʥʥʷʤ ʧʦʣʦʞʝʥʥʷ ʧʨʠʚʦʜʫ. 
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ASSESSMENT OF THE PERFORMANCE OF THE PHYSICAL PROTECTION SYSTEM  

 

For an objective assessment of the suitability of any system for performing the tasks 

assigned to it, it is necessary to have a method for assessing the effectiveness of this system. Such 

methods can be qualitative, but it is better if they are based on quantitative indicators that allow 

comparing different versions of the system [1]. 

The effectiveness of the physical protection system is a property of the system, which 

consists in the ability of the physical protection system to withstand the actions of the intruder in 

relation to nuclear materials, nuclear installations, other vulnerabilities of a nuclear facility, taking 

into account the threats and models of the intruder identified in the analysis of the vulnerability of 

a nuclear facility. 

The purpose of assessing the effectiveness of the physical protection system is to assess 

the ability of the physical protection system to suppress unauthorized actions of the offender. 

The term ñsuppressionò means the timely exit of the security forces to the lines of 

neutralization of the offender [2]. 

The objectives of evaluating the effectiveness are: 

- identification of elements of the physical protection system, overcoming which, the 

intruder has the highest probability of committing sabotage or theft of nuclear materials; 

- consideration and identification of the most probable scenarios for the violator's 

actions to commit sabotage or theft of nuclear materials; 

- identification of vulnerabilities in existing physical protection systems that formally 

meet the requirements established in regulatory documents; 

- analysis of the reasons for the emergence of vulnerabilities in the physical 

protection system; 

- assessment of the likelihood of suppressing certain actions of the intruder by 

security forces acting on an alarm signal in the event of an external and internal threat; 

- selection of optimal design solutions at the stage of creation and modernization of 

the physical protection system; 

Function test [3] 

The assessment program confirms the compliance of the nuclear material accounting and 

control system and its elements with the requirements, and the performance verification program 

goes one step further, attempting to overcome the system. 

Functional check creates or introduces contingencies or simulated contingencies in 

carefully controlled circumstances in order to verify their detection by the nuclear materials 

accounting and control system; 

Functional test objectives: 

Ensuring that the system, measure or element under test is capable of fulfilling its nuclear 

security purpose, that is, capable of detecting the unauthorized removal of nuclear material; 

- Confirming or providing information for the assessment process; 

- During the preparation and conduct of the verification, no violation of nuclear 

materials control is allowed. 

As a conclusion, I can say that the assessment of the effectiveness of the physical protection 

system is mandatory at the design stage of the physical protection system during its creation or 

improvement. 

Ensuring the required level of efficiency of the physical protection system should provide 

for a set of work to monitor and analyze the performance of the physical protection system of the 

tasks assigned to it to ensure physical protection and determine ways to increase the effectiveness 

of the physical protection system or maintain it at the required level. 
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Performance verification is particularly important to ensure that nuclear security objectives 

are met [2]. 
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SYNERGY OF CULTURE OF SECURITY AND CULTURE OF SECURITY  

 

 An important task today is to ensure nuclear safety and nuclear security, which is aimed at 

achieving the safety of a nuclear installation or any facility that uses nuclear materials, radioactive 

materials, and other sources of ionizing radiation. This area of activity is to protect people from 

the environment from dangerous levels of radiation exposure. 

When considering the relationship between nuclear safety and nuclear security [1], special 

attention should be paid to identifying the point of conflict between the culture of safety and the 

culture of security. It is also important to identify the interface between the two areas of safety and 

to define the general principles for the development of nuclear safety and security measures.  

The object of my work is the influence of safety culture on the physical protection of nuclear 

installations and facilities that use nuclear materials, radioactive materials and other sources of 

ionizing radiation in their work. The subject is the study of methodology and the development of 

a procedure for improving the relationship between security culture and security culture. 

The synergy of security and physical security includes, for example: regulatory infrastructure; 

engineering and technical solutions in the design and construction (construction) of nuclear 

facilities and other facilities; measures to control access to nuclear facilities and other facilities; 

categorization of radioactive sources; development of source designs; ensuring physical safety 

when handling radioactive sources and radioactive material; emergency response plans; and 

radioactive waste management. 

For a general understanding of the phenomenon of synergy between a culture of security and a 

culture of security, we give the definition of these concepts [2]: 

- Synergy is a joint action to achieve a common goal, based on the principle that the 

whole is something more than the sum of its parts. Synergism means the excess of the total result 

of the sum of its factors. This concept is also called the synergistic effect (effect 2 + 2 = 5). 

- Safety culture is a set of characteristics and features of the activities of organizations 

and the behavior of individuals, which establishes that the safety issues of nuclear power plants, 

as having a higher priority, is given attention, determined by their importance. 

- The culture of security is a characteristic of the activities of organizations and the 

behavior of individuals, which indicates that the security of nuclear facilities, nuclear materials, 

radioactive waste, other sources of ionizing radiation should be taken into account [3]. 

Security is an important factor in any activity and a transparent and probabilistic analysis of 

security issues is used to achieve a high level of security. Physical security depends on many 

factors, ensuring physical security is related to the prevention of malicious acts, the definition of 

which is confidential, and to address them use conclusions based on the threat assessment [4]. 

In general, nuclear safety and nuclear security are often considered separately. The interface 

between nuclear safety and nuclear security is limited only by the requirement that there be no 

negative impact of physical protection measures on the implementation of actions aimed at 

ensuring nuclear safety, and vice versa. According to the IAEA recommendations [5], each of the 

security areas should not only not interfere with the provision of the other, but also mutually 

reinforce the effect of the measures taken. It is necessary to ensure synergies in the areas of nuclear 

safety and nuclear security. 

To achieve the synergy of security culture and safety culture at nuclear facilities and enterprises 

that use nuclear materials, radioactive materials and other sources of ionizing radiation, it is 

necessary to set tasks, the solution of which will lead to the elimination of the problem. 
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The first step is to study the experience of countries in the development of nuclear energy on the 

culture of security and safety culture, to analyze the legislative and legal aspects that exist in 

foreign colleagues, and how the legal aspect is embodied in the work of enterprises. 

The second step is to study the legal framework of Ukraine on the culture of security and culture 

of security, search for "weaknesses" in legal regulation, analysis of the implementation of laws in 

enterprises. 

The third step will be a comparative analysis of foreign experience with the Ukrainian and making 

proposals to change the situation for the better for Ukraine, borrowing foreign experience. 

The next step is to find places where a culture of security and a culture of security collide; 

develop proposals for ways to improve the quality of staff understanding of the concept of security 

culture and communicate the difference between the two cultures and their synergy to staff. 
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CREATION OF A COMPLEX OF ENGINEERING AND TECHNICAL MEANS ON A 

HYPOTHETICAL INSTALLATION DISPENSARY  

 

 With the development of modernity, the international community is forced to pay more 

and more attention to the fight against nuclear terrorism and the strengthening of measures for the 

physical protection of nuclear facilities, nuclear materials, radioactive waste and other sources of 

ionizing radiation. Ukraine is currently in a complex socio-economic and political transformation 

in the country, which is associated with Russia's aggression on the territorial integrity of our state 

and the probable facts that could pose a threat to Ukraine's nuclear energy.  

 However, problems such as the fight against nuclear blackmail and terrorism, sabotage of 

nuclear installations, and the prevention of unauthorized acts on nuclear materials, radiation 

sources and radioactive substances can become real. The trend in Ukraine is to strengthen the 

regime of physical protection, accounting and control of nuclear materials, appeal to the policy of 

the IAEA and other international organizations in order to learn from the experience and 

implement physical protection systems taking into account the IAEA recommendations.  

 The system of physical protection of nuclear facilities, nuclear materials, radioactive waste, 

other sources of ionizing radiation is a set of organizational, legal and engineering measures taken 

to create conditions aimed at minimizing the possibility of sabotage, theft, or any other illegal 

seizure of radioactive materials and strengthening of the nuclear non-proliferation regime [1]. 

According to the current legislation [1, 2, 3], the facility that handles IRS must define a 

system of physical protection. The definition of a physical protection system is to establish the 

initial data on [4]: 

- tasks of a specific system of physical protection; 

- system configurations; 

- functions of the physical protection unit and the security unit; 

- list and content of physical protection procedures; 

- system efficiency criteria. 

After that, the developed project of the IRS physical protection system is checked by the 

licensee for compliance with the technical task and in case of its compliance is approved by the 

head of the relevant enterprise, institution or organization that deals with IRS. The approved 

project is sent to the SNRCU for state examination. The state examination is carried out by the 

SNRCU with the involvement of the Security Service of Ukraine and central executive bodies that 

carry out law enforcement activities. 

Creation of the system of physical protection of IRS the licensee begins only after receiving 

positive conclusions of the state examination of physical protection. 

Complex of engineering and technical means (CETM) of the physical protection system as 

an integral part of the physical protection system of the object. CETM provides the maximum 

possible reduction of the human factor on the efficiency of the system's performance of its tasks. 

Defining a physical protection system is impossible without defining a CETM. 

CETM consists of: 

- technical means; 

- central physical protection panel (CPFP); 

- software. 

The aim of the work is to develop a CETM for the hypothetical facility "Oncology Center" 

(Figure 1), taking into account the requirements of the current legal framework for physical 

protection, accounting and control of nuclear materials, radioactive materials and other sources of 

ionizing radiation. 
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Figure 3.4 - Hypothetical oncology center 

 

The object of work is the protection of a hypothetical object that handles IRS -  category. 

The subject is a set of engineering and technical measures of the physical protection 

system. 

In order to successfully create a hypothetical Oncodispensary facility, I need to perform an 

algorithm of actions. 

First, it is necessary to study the regulatory framework of Ukrainian legislation in the field 

of physical protection, accounting and control of nuclear materials, radioactive materials and other 

sources of ionizing radiation and in the rules of construction of KITZ for facilities handling IRS -

 category. 

Secondly, it is necessary to develop a KITZ SPZ of a hypothetical object: to determine the 

types, number and locations of detection, television surveillance and access control. 

The final stage will be to assess the vulnerability of the created complex of engineering 

and technical means of the physical protection system. 
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ɯʅʌʆʈʄɸʎɯʁʅɸ ɹɽɿʇɽʂɸ ʂʆʄʇ'ʖʊɽʈʀɿʆɺɸʅʀʍ ʉʀʉʊɽʄ ʆɹʃɯʂʋ ɯ 

ʂʆʅʊʈʆʃʖ ʗɼɽʈʅʀʍ ʄɸʊɽʈɯɸʃɯɺ  

 

ʄʽʞʥʘʨʦʜʥʝ ʘʛʝʥʪʩʪʚʦ ʟ ʘʪʦʤʥʦʾ ʝʥʝʨʛʽʾ, ʥʘʮʽʦʥʘʣʴʥʽ ʦʨʛʘʥʠ ʨʝʛʫʣʶʚʘʥʥʷ ʷʜʝʨʥʦʾ ʪʘ 

ʨʘʜʽʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʨʽʟʥʠʭ ʢʨʘʾʥ ʪʘ ʽʥʰʽ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʠʜʽʣʷʶʪʴ ʟʥʘʯʥʫ ʫʚʘʛʫ ʧʠʪʘʥʥʷʤ 

ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʨʝʛʫʣʶʚʘʥʥʷ ʢʦʤʧôʶʪʝʨʥʦʾ ʙʝʟʧʝʢʠ ɸɽʉ. ʎʝ ʚʠʢʣʠʢʘʥʦ ʪʨʴʦʤʘ ʦʩʥʦʚʥʠʤʠ 

ʬʘʢʪʦʨʘʤʠ [1]: 

1) ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʠʡ ʧʝʨʝʭʦʜʦʤ ʚʽʜ ʘʥʘʣʦʛʦʚʠʭ ʩʠʩʪʝʤ ʜʦ ʮʠʬʨʦʚʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʽ ʢʝʨʫʶʯʠʭ ʩʠʩʪʝʤ (ɯʂʉ) ɸɽʉ; 

2) ʚʨʘʟʣʠʚʽʩʪʴ ʪʘʢʠʭ ʩʠʩʪʝʤ ʜʦ ʢʽʙʝʨʥʝʪʠʯʥʠʭ ʟʘʛʨʦʟ; 

3) ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʚʠʧʘʜʢʽʚ ʟʣʦʯʠʥʥʦʛʦ ʚʪʨʫʯʘʥʥʷ ʚ ʨʦʙʦʪʫ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʟ ʩʝʨʡʦʟʥʠʤʠ ʥʘʩʣʽʜʢʘʤʠ. 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʢʦʤʧôʶʪʝʨʥʦʾ ʙʝʟʧʝʢʠ ï ʟʘʚʜʘʥʥʷ ʚʘʞʣʠʚʝ, ʦʩʢʽʣʴʢʠ ʢʽʙʝʨʥʝʪʠʯʥʽ 

ʘʪʘʢʠ ʤʦʞʫʪʴ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʪʠ ʷʢ ʥʘ ʬʽʟʠʯʥʫ, ʪʘʢ ʽ ʥʘ ʷʜʝʨʥʫ ʪʘ ʨʘʜʽʘʮʽʡʥʫ ʙʝʟʧʝʢʫ ɸɽʉ 

ʪʘ ʽʥʰʠʭ ʷʜʝʨʥʠʭ ʫʩʪʘʥʦʚʦʢ [2].  

ɺ ʋʢʨʘʾʥʽ ʜʘʥʽʡ ʧʨʦʙʣʝʤʽ ʥʝ ʧʨʠʜʽʣʷʻʪʴʩʷ ʜʦʩʪʘʪʥʴʦ ʫʚʘʛʠ ʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽʩʪʦʪʥʝ 

ʚʽʜʩʪʘʚʘʥʥʷ ʚ ʧʠʪʘʥʥʷʭ ʥʦʨʤʘʪʠʚʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʟʘʭʦʜʽʚ 

ʟʘʭʠʩʪʫ ʚʽʜ ʢʦʤʧôʶʪʝʨʥʠʭ ʟʘʛʨʦʟ. ʈʦʙʦʪʠ, ʱʦ ʧʨʦʚʦʜʷʪʴʩʷ ɸɽʉ ʽ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ-

ʨʦʟʨʦʙʥʠʢʘʤʠ ɯʂʉ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʤʧôʶʪʝʨʥʦʾ ʙʝʟʧʝʢʠ, ʥʝ ʥʦʩʷʪʴ ʩʠʩʪʝʤʥʦʛʦ 

ʭʘʨʘʢʪʝʨʫ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʻʜʠʥʠʭ ʧʽʜʭʦʜʽʚ, ʤʝʪʦʜʽʚ ʽ ʥʦʨʤʘʪʠʚʥʦʾ ʙʘʟʠ. 

ɿʘʛʨʦʟʘʤʠ ʽʥʬʦʨʤʘʮʽʡʥʽʡ ʙʝʟʧʝʮʽ ʥʘʟʠʚʘʶʪʴʩʷ ʬʘʢʪʦʨʠ, ʷʢʽ ʧʨʘʛʥʫʪʴ ʧʦʨʫʰʠʪʠ 

ʥʦʨʤʘʣʴʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ. ɿʘʛʨʦʟʠ ʤʦʞʫʪʴ ʙʫʪʠ ʷʢ ʮʽʣʝʩʧʨʷʤʦʚʘʥʽ (ʩʫʙôʻʢʪʠʚʥʽ), 

ʪʘʢ ʽ ʚʠʧʘʜʢʦʚʽ (ʦʙôʻʢʪʠʚʥʽ). ʅʘʧʨʠʢʣʘʜ, ʧʦʨʫʰʝʥʥʷ ʮʽʣʽʩʥʦʩʪʽ ʜʘʥʠʭ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʥʝʷʢʽʩʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʙʘʟʠ ʜʘʥʠʭ ʤʦʞʝ ʟʚʝʩʪʠ ʮʽʥʥʽʩʪʴ ʥʘʢʦʧʠʯʝʥʠʭ ʜʘʥʠʭ ʜʦ ʥʫʣʷ. 

ɸʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ ʤʦʞʣʠʚʘ ʧʦʚʥʘ ʚʪʨʘʪʘ ʽʥʬʦʨʤʘʮʽʾ ʚ ʨʝʟʫʣʴʪʘʪʽ ʘʧʘʨʘʪʥʦʾ ʘʚʘʨʽʾ, ʷʢʱʦ 

ʥʝ ʨʦʙʠʣʠʩʷ ʩʧʝʮʽʘʣʴʥʽ ʟʘʭʦʜʠ ʧʦ ʾʾ ʘʨʭʽʚʘʮʽʾ ʪʘ ʜʫʙʣʶʚʘʥʥʶ. 

ʄʦʞʥʘ ʚʠʜʽʣʠʪʠ ʪʨʠ ʰʠʨʦʢʠʭ ʢʣʘʩʠ ʚʠʜʽʚ ʟʘʛʨʦʟ [2]: 

- ʟʘʛʨʦʟʠ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ; 

- ʟʘʛʨʦʟʠ ʮʽʣʽʩʥʦʩʪʽ; 

- ʟʘʛʨʦʟʠ ʚʽʜʤʦʚʠ ʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ. 

ʇʨʦʪʠʜʽʷ ʦʙôʻʢʪʠʚʥʠʤ ʟʘʛʨʦʟʘʤ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʧʠʪʘʥʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ 

ʩʠʩʪʝʤʠ. ʇʨʦʪʠʜʽʷ ʩʫʙôʻʢʪʠʚʥʠʤ ʟʘʛʨʦʟʘʤ ʻ ʦʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ.  

ɹʘʟʦʚʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʟʣʦʯʠʥʥʠʭ ʜʽʡ, ʩʢʦʻʥʠʭ ʱʦʜʦ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʽ ʷʢʽ 

ʟʘʯʽʧʘʶʪʴ ʬʽʟʠʯʥʫ, ʷʜʝʨʥʫ ʪʘ ʨʘʜʽʘʮʽʡʥʫ ʙʝʟʧʝʢʫ [1]: 

- ʘʪʘʢʠ ʜʣʷ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ ʟ ʤʝʪʦʶ ʧʣʘʥʫʚʘʥʥʷ ʽ ʟʜʽʡʩʥʝʥʥʷ ʧʦʜʘʣʴʰʠʭ 

ʟʣʦʯʠʥʥʠʭ ʜʽʡ; 

- ʘʪʘʢʠ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʚʽʜʢʣʶʯʝʥʥʷ ʘʙʦ ʧʦʛʽʨʰʝʥʥʷ ʨʦʙʦʪʠ ʦʜʥʦʛʦ ʘʙʦ 

ʜʝʢʽʣʴʢʦʭ ʢʦʤʧôʶʪʝʨʽʚ (ɯʂʉ, ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ), ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʭ ʜʣʷ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ 

ʘʙʦ ʙʝʟʧʝʢʠ ʷʜʝʨʥʠʭ ʫʩʪʘʥʦʚʦʢ; 

- ʧʦʨʫʰʝʥʥʷ ʥʦʨʤʘʣʴʥʦʾ ʨʦʙʦʪʠ ʦʜʥʦʛʦ ʘʙʦ ʜʝʢʽʣʴʢʦʭ ʢʦʤʧôʶʪʝʨʽʚ (ɯʂʉ, 

ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ) ʩʧʽʣʴʥʦ ʟ ʽʥʰʠʤʠ ʧʘʨʘʣʝʣʴʥʠʤʠ ʨʝʞʠʤʘʤʠ ʘʪʘʢʠ, ʪʘʢʠʤʠ ʷʢ ʬʽʟʠʯʥʝ 

ʚʪʦʨʛʥʝʥʥʷ ʥʘ ʷʜʝʨʥʫ ʫʩʪʘʥʦʚʢʫ. 

ʇʠʪʘʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʚʽʜʤʦʚʦʩʪʽʡʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʧʦʨʷʜ ʟ ʧʠʪʘʥʥʷʤʠ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ ʻ ʚʠʟʥʘʯʘʣʴʥʠʤʠ ʚ ʩʧʨʘʚʽ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ. 
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ʇʽʜʧʨʠʻʤʩʪʚʘ, ʱʦ ʤʘʶʪʴ ʚ ʦʙʽʛʫ ʷʜʝʨʥʽ ʤʘʪʝʨʽʘʣʠ, ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʨʠʪʠʯʥʠʭ ʩʠʩʪʝʤ. 

ʇʦʚʥʘ ʚʪʨʘʪʘ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʷʜʝʨʥʽ ʤʘʪʝʨʽʘʣʠ ʧʦʚʠʥʥʘ ʙʫʪʠ ʚʠʢʣʶʯʝʥʘ ʟʽ ʩʪʦʚʽʜʩʦʪʢʦʚʦʶ 

ʛʘʨʘʥʪʽʻʶ. 

ɼʣʷ ʚʠʢʣʶʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʧʦʚʥʦʾ ʚʪʨʘʪʠ ʽʥʬʦʨʤʘʮʽʾ ʚ ʫʤʦʚʘʭ ʥʦʨʤʘʣʴʥʦʾ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʧʨʠ ʧʨʦʝʢʪʥʠʭ ʘʚʘʨʽʷʭ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʜʙʘʯʘʪʠ ʩʠʩʪʝʤʫ ʟʙʝʨʽʛʘʥʥʷ ʽ 

ʚʽʜʥʦʚʣʝʥʥʷ ʜʘʥʠʭ. ʎʷ ʩʠʩʪʝʤʘ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʥʘʩʪʫʧʥʽ ʝʣʝʤʝʥʪʠ: 

- ʜʫʙʣʶʚʘʥʥʷ ʩʝʨʚʝʨʘ ʘʙʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʫʙʣʶʚʘʥʥʷ ʥʘ ʞʦʨʩʪʢʠʭ ʤʘʛʥʽʪʥʠʭ 

ʜʠʩʢʘʭ (RAID-ʪʝʭʥʦʣʦʛʽʷ); 

- ʟʙʝʨʽʛʘʥʥʷ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʜʠʩʪʨʠʙʫʪʠʚʥʠʭ ʢʦʧʽʡ ʷʢ ʙʘʟʦʚʦʛʦ, ʪʘʢ ʽ 

ʧʨʠʢʣʘʜʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ; 

- ʟʙʝʨʽʛʘʥʥʷ ʨʝʟʝʨʚʥʠʭ ʢʦʧʽʡ ʙʘʟ ʜʘʥʠʭ. ʅʝʦʙʭʽʜʥʦ ʤʘʪʠ ʥʝ ʤʝʥʰʝ ʜʚʦʭ ʥʘʙʦʨʽʚ, 

ʧʦ ʯʝʨʟʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʟʦʚʥʽʰʥʽʭ ʥʦʩʽʾʚ ʨʝʟʝʨʚʥʠʭ ʢʦʧʽʡ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʟʙʝʨʽʛʘʪʠ 

ʦʢʨʝʤʦ ʘʙʦ ʚ ʩʭʦʚʠʱʝ ʬʘʡʣʽʚ, ʘʙʦ ʧʽʩʣʷ ʜʦʩʷʛʥʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ ʜʦʤʦʚʣʝʥʦʩʪʽ ʚ ʽʥʰʦʤʫ 

ʢʦʤʧôʶʪʝʨʥʦʤʫ ʮʝʥʪʨʽ. 

ʇʝʨʝʨʘʭʦʚʘʥʽ ʧʫʥʢʪʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʚʠʙʦʨʫ ʩʪʨʘʪʝʛʽʾ ʨʝʟʝʨʚʫʚʘʥʥʷ ʬʫʥʢʮʽʡ ʪʘ 

ʽʥʬʦʨʤʘʮʽʾ. 

ʇʨʠ ʚʠʙʦʨʽ ʩʪʨʘʪʝʛʽʾ ʨʝʟʝʨʚʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʦʮʽʥʶʚʘʪʠ ʚʠʤʦʛʠ ʜʦ ʩʠʩʪʝʤʠ ʚ ʦʙʣʘʩʪʽ 

ʧʽʜʪʨʠʤʢʠ ʾʾ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ. ʊʨʝʙʘ ʧʘʤôʷʪʘʪʠ, ʱʦ ʨʝʟʝʨʚʫʚʘʥʥʷ ʬʫʥʢʮʽʡ ʟʜʦʨʦʞʫʻ ʚʩʶ 

ʩʠʩʪʝʤʫ. ʇʨʘʛʥʝʥʥʷ ʙʘʛʘʪʦʨʘʟʦʚʦ ʽ ʥʘʜʽʡʥʦ ʨʝʟʝʨʚʫʚʘʪʠ ʬʫʥʢʮʽʾ ʩʠʩʪʝʤʠ ʚʩʪʫʧʘʻ ʚ 

ʧʨʦʪʠʨʽʯʯʷ ʜʚʦʭ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʽʥʞʝʥʝʨʥʠʭ ʧʨʠʥʮʠʧʘʤ: ʧʦ-ʧʝʨʰʝ, ʥʘʜʽʡʥʽʩʪʴ ʩʠʩʪʝʤʠ 

ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʘ ʢʽʣʴʢʦʩʪʽ ʩʢʣʘʜʦʚʠʭ ʾʾ ʢʦʤʧʦʥʝʥʪ, ʧʦ-ʜʨʫʛʝ, ʥʘʜʽʡʥʽʩʪʴ ʩʠʩʪʝʤʠ ʥʝ 

ʤʦʞʝ ʙʫʪʠ ʚʠʱʝ, ʥʽʞ ʫ ʥʘʡʤʝʥʰ ʥʘʜʽʡʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ.  

ɺ ʨʝʘʣʴʥʦʩʪʽ ʉʆʽʂ ʗʄ ʥʝ ʚʠʤʘʛʘʶʪʴ ʪʘʢʠʭ ʞʦʨʩʪʢʠʭ ʥʦʨʤʘʪʠʚʽʚ. ɻʘʣʫʟʝʚʠʡ 

ʩʪʘʥʜʘʨʪ ʚʩʪʘʥʦʚʣʶʻ ʤʘʢʩʠʤʘʣʴʥʠʡ ʯʘʩ ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʉʆʽʂ ʗʄ ï ʥʝ ʙʽʣʴʰʝ 

10 ʛʦʜʠʥ [3]. ʇʽʜʢʨʝʩʣʶʶ, ʱʦ ʮʝʡ ʥʦʨʤʘʪʠʚ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʜʣʷ ʢʦʞʥʦʾ ʢʦʥʢʨʝʪʥʦʾ 

ʧʽʜʩʠʩʪʝʤʠ ʥʘ ʩʪʘʜʽʾ ʨʦʟʨʦʙʢʠ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʦʾ ʉʆʽʂ ʗʄ. 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʢʦʤʧôʶʪʝʨʥʦʾ ʙʝʟʧʝʢʠ ɯʂʉ ɸɽʉ, ʘ ʪʘʢʦʞ ʨʦʟʨʦʙʢʘ ʚʽʜʧʦʚʽʜʥʦʾ 

ʥʦʨʤʘʪʠʚʥʦʾ ʙʘʟʠ ʘʢʪʫʘʣʴʥʽ ʚ ʙʘʛʘʪʴʦʭ ʢʨʘʾʥʘʭ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʚ ʋʢʨʘʾʥʽ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʤʘʻ 

ʙʫʪʠ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʘʩʧʝʢʪʽʚ ʢʦʤʧôʶʪʝʨʥʦʾ ʙʝʟʧʝʢʠ. ʇʝʨʰʠʤ 

ʢʨʦʢʦʤ ʚ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ ʩʪʘʣʦ ʚʠʚʯʝʥʥʷ ʤʦʞʣʠʚʠʭ ʢʽʙʝʨʥʝʪʠʯʥʠʭ ʟʘʛʨʦʟ. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʚʠʜʽʚ ʢʽʙʝʨʥʝʪʠʯʥʠʭ ʟʘʛʨʦʟ ʧʦʢʘʟʫʻ, ʱʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʢʦʤʧôʶʪʝʨʥʦʾ ʙʝʟʧʝʢʠ ï ʩʢʣʘʜʥʝ ʢʦʤʧʣʝʢʩʥʝ ʟʘʚʜʘʥʴ, ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʷʢʦʛʦ ʪʨʝʙʘ 

ʚʨʘʭʦʚʫʚʘʪʠ ʙʝʟʣʽʯ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʬʘʢʪʦʨʽʚ ʽ ʨʽʟʥʠʭ ʚʠʜʽʚ ʢʦʤʧôʶʪʝʨʥʠʭ ʘʪʘʢ. ɸʜʝʢʚʘʪʥʽ 

ʟʘʭʠʩʥʽ ʟʘʭʦʜʠ ʧʦʚʠʥʥʽ ʦʭʦʧʣʶʚʘʪʠ ʚʩʽ ʝʪʘʧʠ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ɯʂʉ ɸɽʉ ʽ ʧʝʨʝʜʙʘʯʘʪʠ 

ʢʦʤʧʣʝʢʩ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ, ʪʝʭʥʽʯʥʠʭ ʽ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ. 
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ʇʆɼʆʃɸʅʅʗ ɸɺɸʈɯʁʅʀʍ ʊɸ ʂʈʀɿʆɺʀʍ ʉʀʊʋɸʎɯʁ ɿɸ ɼʆʇʆʄʆɻʆʖ 

ʈʆɹʆʊʀɿʆɺɸʅʀʍ ʂʆʄʇʃɽʉɯɺ 

 

ʄʝʪʘ ʜʘʥʦʾ ʩʪʚʦʨʠʪʠ ʟʘʭʠʩʪ ʨʦʙʦʪʠʟʦʚʘʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʚʽʜ ʽʦʥʽʟʫʶʯʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʟʘʜʣʷ ʤʦʞʣʠʚʦʩʪʽ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʤʽʩʮʷʭ ʟ ʧʽʜʚʠʱʝʥʠʤ ʨʽʚʥʝʤ ʨʘʜʽʘʮʽʾ, 

ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʙʝʟʧʝʢʫ ʞʠʪʪʷ ʪʘ ʟʜʦʨʦʚôʷ ʧʝʨʩʦʥʘʣʫ ʧʨʠ ʧʦʜʦʣʘʥʥʽ ʘʚʘʨʽʡʥʠʭ ʪʘ ʢʨʠʟʦʚʠʭ 

ʩʠʪʫʘʮʽʡ. 

ɺ ʜʞʝʨʝʣʘʭ [1, 2, 3] ʦʧʠʩʘʥʦ, ʱʦ ʜʦʩʚʽʜ ʧʦʜʦʣʘʥʥʷ ʏʦʨʥʦʙʠʣʴʩʴʢʦʾ ʪʘ ʌʫʢʫʩʽʤʩʴʢʦʾ 

ʘʚʘʨʽʡ ʧʦʢʘʟʫʻ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʶʜʝʡ ʜʣʷ ʧʦʜʦʣʘʥʥʷ ʥʘʩʣʽʜʢʽʚ ʘʚʘʨʽʾ ʜʘʣʝʢʦ ʥʝ ʟʘʚʞʜʠ 

ʜʦʮʽʣʴʥʦ, ʚ ʟʚôʷʟʢʫ ʟ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʨʘʜʽʘʮʽʾ, ʷʢʘ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʟʜʦʨʦʚôʷ ʧʝʨʩʦʥʘʣʫ. 

ʊʦʤʫ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʦʙʦʪʠʟʦʚʘʥʽ ʢʦʤʧʣʝʢʩʠ, ʷʢʽ ʟʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠ 

ʨʘʜʽʘʮʽʡʥʦ ʥʝʙʝʟʧʝʯʥʽ ʟʘʜʘʯʽ. 

ʆʜʥʽʻʶ ʟ ʥʘʡʛʦʣʦʚʥʽʰʠʭ ʟʘʜʘʯ ʨʦʙʦʪʽʚ ʧʨʠ ʧʦʜʦʣʘʥʥʽ ʘʚʘʨʽʡʥʠʭ ʪʘ ʢʨʠʟʦʚʠʭ 

ʩʠʪʫʘʮʽʡ ʧʦʚôʷʟʘʥʠʭ ʟ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʨʘʜʽʘʮʽʾ ʻ ʨʦʟʚʽʜʢʘ ʤʽʩʮʝʚʦʩʪʽ. ʅʘ ʥʠʭ ʚʩʪʘʥʦʚʣʶʶʪʴ 

ʜʦʟʠʤʝʪʨʠ, ʛʘʤʤʘ-ʢʘʤʝʨʠ, ʜʘʪʯʠʢʠ ʪʠʩʢʫ, ʪʝʤʧʝʨʘʪʫʨʠ, ʚʦʣʦʛʦʩʪʽ ʪʘ ʽʥʰʽ. ɯʥʰʦʶ ʚʘʞʣʠʚʦʶ 

ʟʘʜʘʯʝʶ ʻ ʨʦʟʙʽʨ ʟʘʚʘʣʽʚ ʜʣʷ ʨʦʟʯʠʱʝʥʥʷ ʧʨʦʭʦʜʽʚ ʚʽʜ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʫʣʘʤʢʽʚ. 

ɸʣʝ ʚʩʽ ʮʽ ʨʦʙʦʪʠʟʦʚʘʥʽ ʢʦʤʧʣʝʢʩʠ ʤʘʶʪʴ ʦʜʠʥ ʩʧʽʣʴʥʠʡ ʥʝʜʦʣʽʢ. ʎʝ ʥʝʛʘʪʠʚʥʠʡ 

ʚʧʣʠʚ ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʾʭ ʤʽʢʨʦʩʭʝʤʠ, ʷʢʽ ʟ ʯʘʩʦʤ ʚʠʭʦʜʷʪʴ ʟ ʣʘʜʫ. 

ʄʽʢʨʦʩʭʝʤʠ ʯʫʪʣʠʚʽ ʜʦ ʜʽʾ ʽʦʥʽʟʫʶʯʦʾ ʨʘʜʽʘʮʽʾ. ʈʘʜʽʘʮʽʡʥʽ ʝʬʝʢʪʠ ʚ ʧʨʦʷʚʣʷʶʪʴʩʷ ʷʢ 

ʟʙʦʾ ʽ ʚʽʜʤʦʚʠ, ʷʢʽ ʩʣʽʜ ʨʦʟʜʽʣʷʪʠ ʥʘ ʜʚʘ ʚʠʜʠ: ʧʘʨʘʤʝʪʨʠʯʥʽ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽ.  

 ɼʦ ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʚʽʜʤʦʚʠ, ʧʦʚ'ʷʟʘʥʽ ʟʽ ʟʤʽʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʪʨʘʥʟʠʩʪʦʨʽʚ. ʇʘʨʘʤʝʪʨʠʯʥʽ ʚʽʜʤʦʚʠ ʤʘʶʪʴ ʨʫʡʥʽʚʥʠʡ ʭʘʨʘʢʪʝʨ ʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʥʝʟʚʦʨʦʪʥʠʭ ʝʬʝʢʪʽʚ ʚ ʩʪʨʫʢʪʫʨʽ ʤʽʢʨʦʩʭʝʤ. ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʮʠʬʨʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʚ ʫʤʦʚʘʭ 

ʚʘʞʢʦʾ ʨʘʜʽʘʮʽʡʥʦʾ ʦʙʩʪʘʥʦʚʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʧʝʮʽʘʣʴʥʽ ʤʽʢʨʦʩʭʝʤʠ, ʱʦ ʤʘʶʪʴ 

ʧʽʜʚʠʱʝʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʭʠʩʪʫ ʚʽʜ ʨʘʜʽʘʮʽʾ, ʘ ʪʘʢʦʞ ʨʽʟʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ-ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʤʝʪʦʜʠ, ʥʘʧʨʠʢʣʘʜ ʝʢʨʘʥʫʚʘʥʥʷ. 

ɼʦ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʟʙʦʾʚ ʪʘ ʚʽʜʤʦʚ ʚʽʜʥʦʩʷʪʴ ʪʘʢʽ ʧʦʜʽʾ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʘʙʦ 

ʧʦʪʝʥʮʽʡʥʦ ʤʦʞʫʪʴ ʚʧʣʠʥʫʪʠ ʥʘ ʨʦʙʦʪʫ ʦʢʨʝʤʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʙʣʦʢʫ ʘʙʦ ʧʨʠʣʘʜʫ ʚ 

ʮʽʣʦʤʫ. ʋ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʩʘʤʝ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʚʽʜʤʦʚʠ ʚʠʟʥʘʯʘʶʪʴ ʨʽʚʝʥʴ ʨʘʜʽʘʮʽʡʥʦʾ 

ʩʪʽʡʢʦʩʪʽ ʢʦʤʝʨʮʽʡʥʠʭ ʤʽʢʨʦʩʭʝʤ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʬʫʥʢʮʽʦʥʘʣʴʥʦʶ ʩʢʣʘʜʥʽʩʪʶ ʤʽʢʨʦʩʭʝʤ ʽ 

ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʶ ʙʣʦʢʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʾʾ ʩʢʣʘʜʫ. ʎʽ ʟʙʦʾ ʤʘʶʪʴ ʦʙʦʨʦʪʥʠʡ ʭʘʨʘʢʪʝʨ, ʪʦʙʪʦ 

ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʧʨʘʚʣʝʥʥʷ ʮʽʻʾ ʧʦʤʠʣʢʠ ʘʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʠʤʠ ʤʝʪʦʜʘʤʠ ʙʝʟ ʚʽʜʢʣʶʯʝʥʥʷ 

ʞʠʚʣʝʥʥʷ ʤʽʢʨʦʩʭʝʤʠ. 

ʂʣʘʩʠʬʽʢʫʚʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʰʣʷʭʠ ʧʽʜʚʠʱʝʥʥʷ ʨʘʜʽʘʮʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʤʽʢʨʦʩʭʝʤ 

ʤʦʞʣʠʚʦ ʟʘ ʥʘʩʪʫʧʥʦʶ ʩʭʝʤʦʶ (ʈʠʩ.1) 
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ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʙʫʜʝ ʧʦʩʣʘʙʠʪʠ ʚʧʣʠʚ ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʰʣʷʭʦʤ 

ʩʪʚʦʨʝʥʥʷ ʟʘʭʠʩʥʦʛʦ ʝʢʨʘʥʫ, ʷʢʠʡ ʧʣʘʥʫʻʪʴʩʷ ʚʠʛʦʪʦʚʠʪʠ ʟ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʚ ʘʝʨʦʢʦʩʤʽʯʥʽʡ ʪʝʭʥʽʮʽ [4], ʷʢʽ ʟʘʭʠʱʘʶʪʴ ʾʭ ʚʽʜ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ ʪʘʢʠʭ ʷʢ ʧʦʣʽʝʪʠʣʝʥ [5], ʷʢʽ ʜʦʙʨʝ ʧʦʛʣʠʥʘʶʪʴ ʨʘʜʽʘʮʽʶ. ʆʢʨʝʤʦ ʮʽ 

ʤʘʪʝʨʽʘʣʠ ʧʦʛʘʥʦ ʧʦʛʣʠʥʘʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʝ ʽʦʥʽʟʫʶʯʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʪʦʤʫ ʟʘʭʠʩʥʠʡ 

ʝʢʨʘʥ ʧʣʘʥʫʻʪʴʩʷ ʚʠʛʦʪʦʚʠʪʠ ʟʘ ʙʘʛʘʪʦʰʘʨʦʚʦʶ ʩʭʝʤʦʶ, ʱʦʙ ʧʦʩʪʫʧʦʚʦ ʟʤʽʥʶʚʘʪʠ  ʝʥʝʨʛʽʶ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽ ʨʦʙʠʪʠ ʾʾ ʙʽʣʴʰ ʧʽʜʜʘʪʣʠʚʦʶ ʜʦ ʧʦʛʣʠʥʝʥʥʷ. ɽʢʨʘʥ ʧʣʘʥʫʻʪʴʩʷ ʟʨʦʙʠʪʠ 

ʟʘ ʥʘʩʪʫʧʥʦʶ ʩʭʝʤʦʶ: ʧʝʨʰʠʡ ʰʘʨ, ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʧʦʚʽʣʴʥʝʥʥʷ ʰʚʠʜʢʠʭ ʥʝʡʪʨʦʥʽʚ, 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʝʣʝʤʝʥʪʽʚ ʟ ʤʘʣʦʶ ʘʪʦʤʥʦʶ ʤʘʩʦʶ: ʚʦʜʠ, ʧʘʨʘʬʽʥʫ, ʧʦʣʽʝʪʠʣʝʥʫ, ʙʝʪʦʥʫ, 

ʛʽʜʨʠʜʽʚ ʤʝʪʘʣʽʚ. ɼʨʫʛʠʡ ʰʘʨ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʧʦʛʣʠʥʘʥʥʷ ʧʦʚʽʣʴʥʠʭ ʥʝʡʪʨʦʥʽʚ. ɺʽʥ 

ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʪʘʢʽ ʝʣʝʤʝʥʪʠ, ʷʢ ʙʦʨ, ʢʘʜʤʽʡ, ʛʘʬʥʽʡ, ʻʚʨʦʧʽʡ. ʇʨʦʮʝʩ ʧʦʛʣʠʥʘʥʥʷ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʛʘʤʤʘ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ. ɯ ʜʣʷ ʡʦʛʦ ʦʩʣʘʙʣʝʥʥʷ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʪʨʝʪʽʡ 

ʰʘʨ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʘʙʦ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʾʤ ʤʘʪʝʨʽʘʣʽʚ. 
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ɸʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʽ ʂʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ 

ɽʢʨʘʥʫʚʘʥʥʷ ʈʝʟʝʨʚʫʚʘʥʥʷ 

ʂʦʜʫʚʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ 

ʈʝʢʦʥʬʽʛʫʨʘʮʽʷ 

ʇʽʜʚʠʱʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʡ 

ʚʠʨʦʙʥʠʮʪʚʘ 

ʤʽʢʨʦʩʭʝʤ 

ʄʝʪʦʜʠ ʧʽʜʚʠʱʝʥʥʷ ʨʘʜʽʘʮʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʤʽʢʨʦʩʭʝʤ 



 

 108 

ʋɼʂ 621.039-78 

ʄʘʛʽʩʪʨʘʥʪ 5 ʢʫʨʩʫ, ʛʨ. ʊɿ-01ʤʧ ʂʘʧʽʥʦʩ ʅ.ʆ. 

ʉʪ. ʚʠʢʣ., ʢ.ʪ.ʥ. ɹʽʙʽʢ ʊ.ɺ. 

ʄɽʊʆɼʆʃʆɻɯʗ ʉɺʆɭʏɸʉʅʆɻʆ ɺʀʗɺʃɽʅʅʗ ɺʅʋʊʈɯʐʅʔʆɻʆ 

ʇʈɸɺʆʇʆʈʋʐʅʀʂɸ 

 

 

ʌʽʟʠʯʥʘ ʷʜʝʨʥʘ ʙʝʟʧʝʢʘ ʟʘʚʞʜʠ ʙʫʣʘ ʪʘ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʚʽʜôʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ɸʪʦʤʥʦʾ 

ʝʥʝʨʛʝʪʠʢʠ, ʙʦ ʷʢ ʚʽʜʦʤʦ ï ʷʜʝʨʥʠʡ ʤʘʪʝʨʽʘʣ ʤʦʞʝ ʩʪʘʥʦʚʠʪʠ ʚʝʣʠʢʫ ʟʘʛʨʦʟʫ ʜʣʷ ʣʶʜʝʡ, 

ʷʢʱʦ ʧʦʪʨʘʧʠʪʴ ʥʝ ʚ ʪʽ ʨʫʢʠ.  

ɿʘ ʦʩʪʘʥʥʽ ʨʦʢʠ ʟʘʢʦʥʦʜʘʚʯʘ ʙʘʟʘ ʬʽʟʠʯʥʦʾ ʷʜʝʨʥʦʾ ʙʝʟʧʝʢʠ ʜʦʧʦʚʥʶʚʘʣʘʩʴ ʪʘ 

ʢʦʨʝʛʫʚʘʣʘʩʴ ʙʝʟʣʽʯ ʨʘʟʽʚ, ʜʘʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʥʠʢʘʣʘ ʟ ʨʷʜʫ ʨʽʟʥʠʭ, ʙʫʜʴ-ʪʦ ʧʦʣʽʪʠʯʥʠʭ, 

ʝʢʦʥʦʤʽʯʥʠʭ ʧʨʠʯʠʥ, ʪʘ ʪʝʭʥʦʛʝʥʥʠʭ ʽʥʥʦʚʘʮʽʡ, ʪʝʞ ʩʘʤʝ ʩʪʦʩʫʻʪʴʩʷ ʪʝʭʥʽʯʥʠʭ ʧʦʩʽʙʥʠʢʽʚ 

ʪʘ ʧʦʩʘʜʦʚʠʭ ʽʥʩʪʨʫʢʮʽʾ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ ʥʘ ɸɽʉ [1]. ɸʣʝ ʪʘʢ ʯʠ ʽʥʘʢʰʝ, 

ʥʝʤʦʞʣʠʚʦ ʧʝʨʝʜʙʘʯʠʪʠ ʚʩʽ ʤʦʞʣʠʚʽ ʚʘʨʽʘʥʪʠ ʨʦʟʚʠʪʢʫ ʧʦʜʽʡ, ʷʢʽ ʤʦʞʫʪʴ ʚʽʜʙʫʪʠʩʷ ʥʘ 

ʦʙôʻʢʪʘʭ ʟ ʷʜʝʨʥʠʤ ʤʘʪʝʨʽʘʣʦʤ, ʥʘʧʨʠʢʣʘʜ: ʥʝʧʝʨʝʜʙʘʯʝʥʽ ʘʚʘʨʽʾ, ʘʢʪ ʧʨʘʚʦʧʦʨʫʰʝʥʥʷ ʟ 

ʤʝʪʦʶ ʢʨʘʜʽʞʢʠ ʯʠ ʜʠʚʝʨʩʽʾ, ʚʠʪʽʢ ʚʘʞʣʠʚʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʪʦʱʦ. ɺ ʢʦʞʥʽʡ ʟ ʮʠʭ ʧʦʜʽʡ 

ʥʘʡʛʦʣʦʚʥʽʰʠʤʠ ʧʫʥʢʪʘʤʠ ʚʽʜ ʷʢʠʭ, ʟʜʝʙʽʣʴʰʦʛʦ, ʟʘʣʝʞʠʪʴ ʫʩʧʽʭ ʫʩʫʥʝʥʥʷ ʪʽʻʾ ʯʠ ʽʥʰʦʾ 

ʧʨʦʙʣʝʤʠ, ʙʫʜʫʪʴ ï ʣʶʜʩʴʢʠʡ ʬʘʢʪʦʨ ʪʘ ʯʘʩ. ʏʘʩ ï ʮʝ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʠʡ ʨʝʩʫʨʩ ʫ ʚʠʧʘʜʢʫ, 

ʢʦʣʠ ʘʢʪ ʟʣʦʯʠʥʫ ʙʫʚ ʫʩʧʽʰʥʦ ʟʘʚʝʨʰʝʥʠʡ. ʏʠʤ ʙʽʣʴʰʝ ʯʘʩʫ ʧʨʦʡʰʣʦ ʧʽʩʣʷ ʟʣʦʯʠʥʫ ʪʠʤ 

ʤʝʥʰʽ ʰʘʥʩʠ ʩʧʽʡʤʘʪʠ ʟʣʦʯʠʥʮʷ(ʽʚ). 

ɻʦʣʦʚʥʘ ʤʝʪʘ ʜʘʥʦʛʦ ʤʝʪʦʜʦʣʦʛʽʾ ʩʚʦʻʯʘʩʥʦʛʦ ʚʠʷʚʣʝʥʥʷ, ʧʦʣʷʛʘʻ ʫ ʩʪʚʦʨʝʥʽ 

ʝʬʝʢʪʠʚʥʦʛʦ ʤʝʪʦʜʫ ʦʪʨʠʤʘʥʥʷ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʷʜʝʨʥʦʾ 

ʪʘ ʨʘʜʽʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʧʽʜ ʯʘʩ ʩʧʽʣʢʫʚʘʥʥʷ ʟ ʥʦʩʽʻʤ, ʷʢʠʡ ʤʘʻ ʧʨʷʤʫ ʘʙʦ ʥʝ ʧʨʷʤʫ 

ʧʨʠʯʝʪʥʽʩʪʴ ʜʦ ʘʢʪʫ ʧʨʘʚʦʧʦʨʫʰʝʥʥʷ ʥʘ ʦʙ'ʻʢʪʽ ʟ ʗʄ, ʥʘ ʦʩʥʦʚʽ ʢʨʠʤʽʥʘʣʽʩʪʠʯʥʦʾ ʪʝʦʨʽʾ ʪʘ 

ʧʨʘʢʪʠʢʠ, ʘ ʪʘʢʦʞ ʥʦʚʽʪʥʽʭ ʜʦʩʷʛʥʝʥʴ ʚ ʛʘʣʫʟʽ ʧʩʠʭʦʣʦʛʽʾ. 

ʄʝʪʦʜʦʣʦʛʽʯʥʫ ʦʩʥʦʚʫ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʬʦʨʤʫʻ ʟʘʛʘʣʴʥʽ ʤʝʪʦʜʠ  ʚʝʨʙʘʣʴʥʦʛʦ ʪʘ 

ʥʝʚʝʨʙʘʣʴʥʦʛʦ ʢʦʥʪʘʢʪʫ ʟ ʥʦʩʽʻʤ ʢʦʨʠʩʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʪʘʢʽ ʷʢ: ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʜʝʪʘʣʴʥʦʛʦ 

ʦʧʠʩʫ ʧʦʜʽʡ, ʧʦʨʽʚʥʷʥʥʷ, ʤʽʤʽʢʨʽʷ ʪʘ ʽʥʰʽ. ʊʘʢʦʞ ʚ ʤʝʪʦʜʠʮʽ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʥʘʫʢʦʚʽ ʤʝʪʦʜʠ ʢʨʠʤʽʥʘʣʽʩʪʠʯʥʦ-ʧʩʠʭʦʣʦʛʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʥʦʩʽʷ: 

ʢʨʠʤʽʥʘʣʽʩʪʠʯʥʘ ʜʽʘʛʥʦʩʪʠʢʘ ʧʦʚʝʜʽʥʢʠ, ʩʠʪʫʘʣʦʛʽʾ, ʤʦʜʝʣʶʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʦʛʣʷʜ 

ʢʨʠʤʽʥʘʣʽʩʪʠʯʥʦʾ ʪʘ ʧʩʠʭʦ-ʘʥʘʣʽʪʠʯʥʦʾ ʣʽʪʝʨʘʪʫʨʠ, ʷʢʘ ʧʨʠʩʚʷʯʝʥʘ ʜʘʥʽʡ ʪʝʤʘʪʠʮʽ. 

ɺʘʞʣʠʚʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʘʥʘ ʤʝʪʦʜʠʢʘ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʙʫʜʝ ʥʦʩʠʪʠ ʩʫʪʪʻʚʦ 

ʨʝʢʦʤʝʥʜʘʮʽʡʥʠʡ ʭʘʨʘʢʪʝʨ, ʷʢ ʤʦʞʣʠʚʽʩʪʴ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʦʩʥʦʚʽ 

ʧʨʦʮʝʩʫ ʜʦʧʠʪʫ ʧʽʜ ʯʘʩ ʨʦʟʩʣʽʜʫʚʘʥʥʷ, ʘʣʝ ʜʦ ʾʾ ʩʢʣʘʜʫ ʥʝ ʙʫʜʝ ʚʢʣʶʯʘʪʠʩʴ ʪʽ ʦʢʨʝʤʽ 

ʧʩʠʭʦʣʦʛʽʯʥʽ ʧʨʠʡʦʤʠ, ʷʢʽ ʤʦʞʫʪʴ ʧʝʨʝʚʠʱʫʚʘʪʠ ʧʦʚʥʦʚʘʞʝʥʥʷ ʧʝʨʩʦʥʘʣʫ ʬʽʟʠʯʥʦʛʦ 

ʟʘʭʠʩʪʫ ʥʘ ɸɽʉ. ʏʘʩʪʢʦʚʽ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʥʽ ʚ ʪʘʢʠʭ ʜʠʩʝʨʪʘʮʽʡʥʠʭ 

ʨʦʙʦʪʘʭ ʷʢ: çʂʨʠʤʽʥʘʣʽʩʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʥʝʚʽʜʦʤʦʛʦ ʟʣʦʯʠʥʮʷ ʟʘ ʦʟʥʘʢʘʤʠ ʪʘ 

ʚʣʘʩʪʠʚʦʩʪʷʤ ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʫ ʟʣʦʯʠʥʽè, ʊʠʤʦʬʽʾʚʥʘ ɻ. ɺ [2]. ʪʘ çɸʥʪʨʦʧʦʜʞʝʨʝʣʴʥʘ 

ʥʝʚʝʨʙʘʣʴʥʘ ʽʥʬʦʨʤʘʮʽʷ ʚ ʢʨʠʤʽʥʘʣʴʥʦʤʫ ʧʦʚʦʜʞʝʥʥʽè, ɺʘʱʫʢ ʆ. ʇ [3]. 

ɼʣʷ ʙʽʣʴʰ ʟʨʫʯʥʦʛʦ ʦʩʚʦʻʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʾ ʤʝʪʦʜʦʣʦʛʽʾ [3, 4] ʦʩʥʦʚʥʽ 

ʧʩʠʭʦʣʦʛʽʯʥʽ ʧʨʠʡʦʤʠ ʙʫʜʫʪʴ ʦʬʦʨʤʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʩʭʝʤʠ, ʧʨʠʢʣʘʜ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 1. 
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ʈʠʩʫʥʦʢ 1 ï ʇʣʘʥ ʩʭʝʤʘ ʧʨʦʮʝʩʫ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

 

ɿʘʚʜʷʢʠ ʜʘʥʽʡ ʤʝʪʦʜʦʣʦʛʽʾ ʟʘʛʘʣʴʥʘ ʙʝʟʧʝʢʘ ʥʘ ɸɽʉ ʟʙʽʣʴʰʠʪʴʩʷ ʫ ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ, ʘ 

ʯʘʩ ʚʠʷʚʣʝʥʥʷ ʧʨʘʚʦʧʦʨʫʰʥʠʢʽʚ ʟʤʝʥʰʠʪʴʩʷ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʧʽʜʚʠʱʠʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʧʽʜʨʦʟʜʽʣʫ ʟ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ. 
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ɸʩʠʩʪʝʥʪ ʆʩʪʘʧʝʥʢʦ ɯ.ɸ. 

ʉʀʅɽʈɻɯʗ ʂʋʃʔʊʋʈʀ ɿɸʍʀʑɽʅʆʉʊɯ ʊɸ ʂʋʃʔʊʋʈʀ ɹɽɿʇɽʂʀ 

 

 ɿʘʙʝʟʧʝʯʝʥʥʷ ʷʜʝʨʥʦʾ ʙʝʟʧʝʢʠ ʪʘ ʷʜʝʨʥʦʾ ʟʘʭʠʱʝʥʦʩʪʽ ʻ ʚʘʞʣʠʚʦʶ ʪʘ 

ʚʟʘʻʤʦʜʦʧʦʚʥʶʶʯʦʶ ʟʘʜʘʯʝʶ, ʷʢʘ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʜʦʩʷʛʥʝʥʥʷ ʙʝʟʧʝʢʠ ʷʜʝʨʥʦʾ ʫʩʪʘʥʦʚʢʠ 

ʘʙʦ ʙʫʜʴ ï ̫ ʢʦʛʦ ʦʙ'ʻʢʪʫ, ʜʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʜʝʨʥʽ ʤʘʪʝʨʽʘʣʠ, ʨʘʜʽʦʘʢʪʠʚʥʽ ʤʘʪʝʨʽʘʣʠ, ʪʘ 

ʽʥʰʽ ʜʞʝʨʝʣʘ ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʎʷ ʩʬʝʨʘ ʜʽʷʣʴʥʦʩʪʽ ʧʦʣʷʛʘʻ ʫ ʟʘʭʠʩʪʽ ʣʶʜʝʡ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʽʜ ʥʝʙʝʟʧʝʯʥʦʛʦ ʨʽʚʥʷ ʨʘʜʽʘʮʽʡʥʦʛʦ ʚʧʣʠʚʫ. 

ʇʽʜ ʯʘʩ ʨʦʟʛʣʷʜʫ ʧʠʪʘʥʥʷ ʩʠʥʝʨʛʽʾ ʤʽʞ ʷʜʝʨʥʦʶ ʙʝʟʧʝʢʦʶ ʪʘ ʷʜʝʨʥʦʾ ʟʘʭʠʱʝʥʽʩʪʶ [1] 

ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʥʝʦʙʭʽʜʥʦ ʧʨʠʜʽʣʠʪʠ ʚʠʷʚʣʝʥʥʶ ʪʦʯʢʠ ʜʝ ʢʫʣʴʪʫʨʘ ʙʝʟʧʝʢʠ ʪʘ ʢʫʣʴʪʫʨʘ 

ʟʘʭʠʱʝʥʦʩʪʽ ʚʭʦʜʷʪʴ ʚ ʢʦʣʽʟʽʶ ʪʘ ʧʨʦʪʠʨʽʯʘʪʴ ʦʜʥʘ ʦʜʥʽʡ. ʊʘʢʦʞ ʚʘʞʣʠʚʠʤ ʻ ʧʠʪʘʥʥʷ 

ʚʠʷʚʣʝʥʥʶ ʽʥʪʝʨʬʝʡʩʫ ʤʽʞ ʜʚʦʤʘ ʩʬʝʨʘʤʠ ʙʝʟʧʝʢʠ ʡ ʚʠʟʥʘʯʝʥʥʶ ʟʘʛʘʣʴʥʠʭ ʧʨʠʥʮʠʧʽʚ 

ʨʦʟʨʦʙʢʠ ʟʘʭʦʜʽʚ ʷʜʝʨʥʦʾ ʙʝʟʧʝʢʠ ʪʘ ʷʜʝʨʥʦʾ ʟʘʭʠʱʝʥʦʩʪʽ.  

ʆʙôʻʢʪʦʤ ʤʦʻʾ ʨʦʙʦʪʠ ʻ ʚʧʣʠʚ ʢʫʣʴʪʫʨʠ ʟʘʭʠʱʝʥʦʩʪʽ ʥʘ ʬʽʟʠʯʥʠʡ ʟʘʭʠʩʪ ʷʜʝʨʥʠʭ ʫʩʪʘʥʦʚʦʢ 

ʪʘ ʦʙ'ʻʢʪʽʚ, ʷʢʽ ʚ ʩʚʦʾʡ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʜʝʨʥʽ ʤʘʪʝʨʽʘʣʠ, ʨʘʜʽʦʘʢʪʠʚʥʽ ʤʘʪʝʨʽʘʣʠ ʪʘ 

ʽʥʰʽ ʜʞʝʨʝʣʘ ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʇʨʝʜʤʝʪʦʤ ʻ ʚʠʚʯʝʥʥʷ ʤʝʪʦʜʦʣʦʛʽʾ ʪʘ ʨʦʟʨʦʙʢʘ 

ʧʨʦʮʝʜʫʨʠ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʤʽʞ ʢʫʣʴʪʫʨʦʶ ʙʝʟʧʝʢʠ ʪʘ ʢʫʣʴʪʫʨʦʶ ʟʘʭʠʱʝʥʦʩʪʽ. 

ʉʠʥʝʨʛʽʟʤ ʙʝʟʧʝʢʠ ʽ ʬʽʟʠʯʥʦʾ ʙʝʟʧʝʢʠ ʦʭʦʧʣʶʻ, ʥʘʧʨʠʢʣʘʜ: ʨʝʛʫʣʶʶʯʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ; 

ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʽ ʙʫʜʽʚʥʠʮʪʚʽ (ʩʧʦʨʫʜʞʝʥʥʽ) ʷʜʝʨʥʠʭ ʦʙ'ʻʢʪʽʚ 

ʪʘ ʽʥʰʠʭ ʦʙ'ʻʢʪʽʚ; ʟʘʭʦʜʠ ʢʦʥʪʨʦʣʶ ʟʘ ʜʦʩʪʫʧʦʤ ʜʦ ʷʜʝʨʥʠʭ ʦʙ'ʻʢʪʽʚ ʪʘ ʽʥʰʠʭ ʦʙ'ʻʢʪʽʚ; 

ʢʘʪʝʛʦʨʠʟʘʮʽʶ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʜʞʝʨʝʣ; ʨʦʟʨʦʙʢʫ ʢʦʥʩʪʨʫʢʮʽʡ ʜʞʝʨʝʣ; ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʽʟʠʯʥʦʾ 

ʙʝʟʧʝʢʠ ʧʨʠ ʧʦʚʦʜʞʝʥʥʽ ʟ ʨʘʜʽʦʘʢʪʠʚʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʽ ʨʘʜʽʦʘʢʪʠʚʥʠʤ ʤʘʪʝʨʽʘʣʦʤ; ʧʣʘʥʠ 

ʘʚʘʨʽʡʥʦʛʦ ʨʝʘʛʫʚʘʥʥʷ; ʽ ʧʦʚʦʜʞʝʥʥʷ ʟ ʨʘʜʽʦʘʢʪʠʚʥʠʤʠ ʚʽʜʭʦʜʘʤʠ. 

ɼʣʷ ʙʽʣʴʰʦʛʦ ʨʦʟʫʤʽʥʥʷ ʩʠʥʝʨʛʽʾ ʤʽʞ ʢʫʣʴʪʫʨʦʶ ʙʝʟʧʝʢʦʶ ʽ ʢʫʣʴʪʫʨʦʶ ʟʘʭʠʱʝʥʦʩʪʽ 

ʧʨʠʚʝʜʝʤʦ ʚʠʟʥʘʯʝʥʥʷ ʮʠʭ ʧʦʥʷʪʴ [2]: 

- ʉʠʥʝʨʛʽʟʤ (synergy) ï ʩʧʽʣʴʥʘ ʜʽʷ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʤʝʪʠ, ʟʘʩʥʦʚʘʥʘ ʥʘ 

ʧʨʠʥʮʠʧʽ, ʱʦ ʮʽʣʝ ʧʨʝʜʩʪʘʚʣʷʻ ʱʦʩʴ ʙʽʣʴʰʝ, ʥʽʞ ʩʫʤʘ ʡʦʛʦ ʯʘʩʪʠʥ. ʉʠʥʝʨʛʽʟʤ ʦʟʥʘʯʘʻ 

ʧʝʨʝʚʠʱʝʥʥʷ ʩʫʢʫʧʥʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʩʫʤʠ, ʱʦ ʩʢʣʘʜʘʶʪʴ ʡʦʛʦ ʯʠʥʥʠʢʠ. ɼʘʥʝ ʧʦʥʷʪʪʷ ʪʘʢʦʞ 

ʥʘʟʠʚʘʻʪʴʩʷ ʩʠʥʝʨʛʝʪʠʯʥʠʤ ʝʬʝʢʪʦʤ (ʝʬʝʢʪʦʤ 2+2=5). 

- ʂʫʣʴʪʫʨʘ ʙʝʟʧʝʢʠ ï ʮʝ ʪʘʢʠʡ ʥʘʙʽʨ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʦʩʦʙʣʠʚʦʩʪʝʡ ʜʽʷʣʴʥʦʩʪʽ 

ʦʨʛʘʥʽʟʘʮʽʡ ʽ ʧʦʚʝʜʽʥʢʠ ʦʢʨʝʤʠʭ ʦʩʽʙ, ʷʢʠʡ ʚʩʪʘʥʦʚʣʶʻ, ʱʦ ʧʨʦʙʣʝʤʘʤ ʙʝʟʧʝʢʠ ɸɽʉ, ʷʢ 

ʪʘʢʠʤ, ʱʦ ʤʘʶʪʴ ʚʠʱʠʡ ʧʨʽʦʨʠʪʝʪ, ʧʨʠʜʽʣʷʻʪʴʩʷ ʫʚʘʛʘ, ʚʠʟʥʘʯʝʥʘ ʾʭ ʟʥʘʯʫʱʽʩʪʶ. 

- ʂʫʣʴʪʫʨʘ ʟʘʭʠʱʝʥʦʩʪi ï ʮʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜiʷʣʴʥʦʩʪi ʦʨʛʘʥiʟʘʮiʡ ʪʘ 

ʧʦʚʝʜiʥʢʠ ʦʢʨʝʤʠʭ ʦʩiʙ, ʷʢʘ ʩʚiʜʯʠʪʴ, ʱʦ ʟʘʭʠʱʝʥʦʩʪi ʷʜʝʨʥʠʭ ʫʩʪʘʥʦʚʦʢ, ʷʜʝʨʥʠʭ 

ʤʘʪʝʨiʘʣiʚ, ʨʘʜiʦʘʢʪʠʚʥʠʭ ʚiʜʭʦʜiʚ, iʥʰʠʭ ʜʞʝʨʝʣ iʦʥiʟʫʶʯʦʛʦ ʚʠʧʨʦʤiʥʶʚʘʥʥʷ 

ʧʨʠʜiʣʷʪʴʩʷ ʫʚʘʛʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʥʘʯʫʱʦʩʪi ʪʘʢʦʾ ʟʘʭʠʱʝʥʦʩʪi ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʜʝʨʥʦʾ ʪʘ 

ʨʘʜiʘʮiʡʥʦʾ ʙʝʟʧʝʢʠ [3]. 

ɹʫʜʴ ï ʷʢʠʡ ʚʠʜ ʜʽʷʣʴʥʦʩʪʽ ʧʦʪʨʝʙʫʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ, ʽ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʥʘʣʝʞʥʦʛʦ 

ʨʽʚʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʨʦʟʦʨʠʡ ʽ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʡʤʦʚʽʨʥʽʩʥʦʤʫ ʧʽʜʭʦʜʽ ʘʥʘʣʽʟ ʧʠʪʘʥʴ ʙʝʟʧʝʢʠ. 

ʌʽʟʠʯʥʘ ʙʝʟʧʝʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʽʟʠʯʥʦʾ ʙʝʟʧʝʢʠ ʧʦʚ'ʷʟʘʥʝ 

ʽʟ ʟʘʧʦʙʽʛʘʥʥʷʤ ʟʣʦʚʤʠʩʥʠʭ ʜʽʡ, ʚʠʟʥʘʯʝʥʥʷ ʷʢʠʭ ʤʘʶʪʴ ʢʦʥʬʽʜʝʥʮʽʡʥʠʡ ʭʘʨʘʢʪʝʨ, ʽ ʜʣʷ ʾʭ 

ʚʠʨʽʰʝʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴ ʚʠʩʥʦʚʢʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʦʮʽʥʮʽ ʟʘʛʨʦʟʠ [4]. 

ʗʜʝʨʥʘ ʙʝʟʧʝʢʘ ʽ ʷʜʝʨʥʘ ʟʘʭʠʱʝʥʽʩʪʴ ʥʘʡʯʘʩʪʽʰʝ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʦʢʨʝʤʦ. ɯʥʪʝʨʬʝʡʩ ʤʽʞ 

ʷʜʝʨʥʦʶ ʙʝʟʧʝʢʦʶ ʽ ʷʜʝʨʥʦʶ ʟʘʭʠʱʝʥʽʩʪʶ ʦʙʤʝʞʝʥʠʡ ʪʽʣʴʢʠ ʚʠʤʦʛʦʶ ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʟʘʭʦʜʽʚ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ ʥʘ ʨʝʘʣʽʟʘʮʽʶ ʜʽʡ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʜʝʨʥʦʾ ʙʝʟʧʝʢʠ, ʽ ʥʘʚʧʘʢʠ. ɿʛʽʜʥʦ ʟ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ ʄɸɻɸʊɽ [5], ʢʦʞʥʘ ʟ 

ʦʙʣʘʩʪʝʡ ʙʝʟʧʝʢʠ ʧʦʚʠʥʥʘ ʥʝ ʪʽʣʴʢʠ ʥʝ ʧʝʨʝʰʢʦʜʞʘʪʠ ʟʘʙʝʟʧʝʯʝʥʥʶ ʽʥʰʠʡ, ʘʣʝ ʡ ʚʟʘʻʤʥʦ 
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ʧʽʜʩʠʣʶʚʘʪʠ ʝʬʝʢʪ ʚʞʠʪʠʭ ʟʘʭʦʜʽʚ. ʇʦʪʨʽʙʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʥʝʨʛʽʾ ʚ ʦʙʣʘʩʪʷʭ ʜʽʷʣʴʥʦʩʪʽ 

ʧʦ ʟʘʙʝʟʧʝʯʝʥʥʶ ʷʜʝʨʥʦʾ ʙʝʟʧʝʢʠ ʽ ʷʜʝʨʥʦʾ ʟʘʭʠʱʝʥʦʩʪʽ ɸɽʉ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʩʠʥʝʨʛʽʾ ʢʫʣʴʪʫʨʠ ʟʘʭʠʱʝʥʦʩʪʽ ʪʘ ʢʫʣʴʪʫʨʠ ʙʝʟʧʝʢʠ ʥʘ ʷʜʝʨʥʠʭ ʫʩʪʘʥʦʚʢʘʭ 

ʪʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ, ʜʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʜʝʨʥʽ ʤʘʪʝʨʽʘʣʠ, ʨʘʜʽʦʘʢʪʠʚʥʽ ʤʘʪʝʨʽʘʣʠ ʪʘ ʽʥʰʽ 

ʜʞʝʨʝʣʘ ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʥʝʦʙʭʽʜʥʦ ʧʦʩʪʘʚʠʪʠ ʟʘʜʘʯʽ, ʚʠʨʽʰʝʥʥʷ ʷʢʠʭ 

ʧʨʠʚʝʜʝ ʜʦ ʫʩʫʥʝʥʥʷ ʧʨʦʙʣʝʤʠ: 

ʅʘ ʧʝʨʰʦʤʫ ʢʨʦʮʽ ʥʝʦʙʭʽʜʥʦ ʜʦʩʣʽʜʠʪʠ ʜʦʩʚʽʜ ʢʨʘʾʥ ʩʚʽʪʫ ʫ ʨʦʟʚʠʪʢʫ ʷʜʝʨʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʟ 

ʧʠʪʘʥʴ ʢʫʣʴʪʫʨʠ ʟʘʭʠʱʝʥʦʩʪʽ ʪʘ ʢʫʣʴʪʫʨʠ ʙʝʟʧʝʢʠ, ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʟʘʢʦʥʦʜʘʚʯʽ 

ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʽ ʘʩʧʝʢʪʠ, ʷʢʽ ʽʩʥʫʶʪʴ ʫ ʟʘʨʫʙʽʞʥʠʭ ʢʦʣʝʛ, ʪʘ ʷʢ ʶʨʠʜʠʯʥʠʡ ʘʩʧʝʢʪ 

ʚʪʽʣʶʻʪʴʩʷ ʚ ʧʨʘʮʶ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ. 

ɼʨʫʛʠʤ ʢʨʦʢʦʤ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʢʦʥʦʜʘʚʯʦʾ ʙʘʟʠ ʋʢʨʘʾʥʠ ʟ ʧʠʪʘʥʴ ʢʫʣʴʪʫʨʠ ʙʝʟʧʝʢʠ ʪʘ 

ʢʫʣʴʪʫʨʠ ʟʘʭʠʱʝʥʦʩʪʽ, ʧʦʰʫʢ çʩʣʘʙʢʠʭè ʤʽʩʮʴ ʚ ʶʨʠʜʠʯʥʦʤʫ ʨʝʛʫʣʶʚʘʥʥʽ, ʘʥʘʣʽʟ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʢʦʥʽʚ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ. 

ʊʨʝʪʽʤ ʢʨʦʢʦʤ ʙʫʜʝ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʟʘʨʫʙʽʞʥʦʛʦ ʜʦʩʚʽʜʫ ʟ ʫʢʨʘʾʥʩʴʢʠʤ ʪʘ ʚʠʥʝʩʝʥʥʷ 

ʧʨʦʧʦʟʠʮʽʡ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʩʠʪʫʘʮʽʾ ʚ ʋʢʨʘʾʥʽ. 

ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʤʽʩʮʷ, ʜʝ ʢʫʣʴʪʫʨʘ ʟʘʭʠʱʝʥʦʩʪʽ ʪʘ ʢʫʣʴʪʫʨʘ 

ʙʝʟʧʝʢʠ ʚʭʦʜʷʪʴ ʚ ʢʦʣʽʟʽʶ; ʨʦʟʨʦʙʠʪʠ ʧʨʦʧʦʟʠʮʽʾ ʱʦʜʦ ʰʣʷʭʽʚ ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ 

ʧʦʨʦʟʫʤʽʥʥʷ ʧʝʨʩʦʥʘʣʦʤ ʧʦʥʷʪʪʷ ʢʫʣʴʪʫʨʠ ʟʘʭʠʱʝʥʦʩʪʽ ʪʘ ʜʦʥʝʩʝʥʥʷ ʨʽʟʥʠʮʽ ʜʚʦʭ ʢʫʣʴʪʫʨ 

ʪʘ ʾʭ ʩʠʥʝʨʛʽʾ ʜʦ ʧʝʨʩʦʥʘʣʫ. 
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ʉʊɺʆʈɽʅʅʗ ʂʆʄʇʃɽʂʉʋ ɯʅɾɽʅɽʈʅʆ - ʊɽʍʅɯʏʅʀʍ ɿɸʉʆɹɯɺ ʅɸ 

ɻɯʇʆʊɽʊʀʏʅɯʁ ʋʉʊɸʅʆɺʎɯ ʆʅʂʆɼʀʉʇɸʅʉɽʈʋ  

 

 ʉʫʯʘʩʥʽʩʪʴ ʨʦʟʚʠʚʘʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʤʽʞʥʘʨʦʜʥʝ ʩʧʽʚʪʦʚʘʨʠʩʪʚʦ ʚʠʤʫʰʝʥʦ 

ʧʨʠʜʽʣʷʪʠ ʚʩʝ ʙʽʣʴʰʝ ʫʚʘʛʠ ʧʠʪʘʥʥʷʤ ʙʦʨʦʪʴʙʠ ʟ ʷʜʝʨʥʠʤ ʪʝʨʦʨʠʟʤʦʤ ʪʘ ʧʦʩʠʣʝʥʥʷʤ 

ʟʘʭʦʜʽʚ ʱʦʜʦ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ ʷʜʝʨʥʠʭ ʫʩʪʘʥʦʚʦʢ, ʷʜʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʨʘʜʽʦʘʢʪʠʚʥʠʭ 

ʚʽʜʭʦʜʽʚ, ʽʥʰʠʭ ʜʞʝʨʝʣ ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʅʘ ʩʴʦʛʦʜʥʽ ʋʢʨʘʾʥʘ ʟʥʘʭʦʜʠʪʴʩʷ ʫ 

ʩʢʣʘʜʥʠʭ ʫʤʦʚʘ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʡ ʧʦʣʽʪʠʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʚ ʢʨʘʾʥʽ, ʷʢʽ ʧʦʚ'ʷʟʘʥʽ ʟ 

ʘʛʨʝʩʽʻʶ ʈʦʩʽʾ ʥʘ ʪʝʨʠʪʦʨʽʘʣʴʥʫ ʮʽʣʽʩʥʽʩʪʴ ʥʘʰʦʾ ʜʝʨʞʘʚʠ ʪʘ ʟ ʚʽʨʦʛʽʜʥʠʤʠ ʬʘʢʪʘʤʠ, ʷʢʽ 

ʤʦʞʫʪʴ ʩʪʚʦʨʠʪʠ ʟʘʛʨʦʟʫ ʚ ʦʙʣʘʩʪʽ ʘʪʦʤʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʋʢʨʘʾʥʠ.  

 ɸʣʝ ʧʨʠ ʮʴʦʤʫ ʨʝʘʣʴʥʠʤʠ ʤʦʞʫʪʴ ʩʪʘʪʠ ʪʘʢʽ ʧʨʦʙʣʝʤʠ, ʷʢ ʙʦʨʦʪʴʙʘ ʟ ʷʜʝʨʥʠʤ 

ʰʘʥʪʘʞʝʤ ʽ ʪʝʨʦʨʠʟʤʦʤ, ʜʠʚʝʨʩʽʷʤʠ ʥʘ ʷʜʝʨʥʠʭ ʫʩʪʘʥʦʚʢʘʭ, ʟʘʧʦʙʽʛʘʥʥʷ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʠʭ 

ʜʽʡ ʚʽʜʥʦʩʥʦ ʷʜʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʨʘʜʽʘʮʽʡʥʠʭ ʜʞʝʨʝʣ ʽ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ. ʊʝʥʜʝʥʮʽʷ ʚ 

ʋʢʨʘʾʥʽ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʟʤʽʮʥʝʥʥʷ ʨʝʞʠʤʫ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ, ʦʙʣʽʢʫ ʪʘ ʢʦʥʪʨʦʣʶ ʷʜʝʨʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʟʚʝʨʥʝʥʥʷ ʜʦ ʧʦʣʽʪʠʢʠ ʄɸɻɸʊɽ ʪʘ ʽʥʰʠʭ ʤʽʞʥʘʨʦʜʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ ʟ ʪʠʤ, ʱʦʙ 

ʧʝʨʝʡʥʷʪʠ ʜʦʩʚʽʜ ʪʘ ʚʧʨʦʚʘʜʠʪʠ ʩʠʩʪʝʤʠ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʨʝʢʦʤʝʥʜʘʮʽʡ 

ʄɸɻɸʊɽ.  

 ʉʠʩʪʝʤʘ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ ʷʜʝʨʥʠʭ ʫʩʪʘʥʦʚʦʢ, ʷʜʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʨʘʜʽʦʘʢʪʠʚʥʠʭ 

ʚʽʜʭʦʜʽʚ, ʽʥʰʠʭ ʜʞʝʨʝʣ ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ - ʮʝ ʩʫʢʫʧʥʽʩʪʴ ʦʨʛʘʥʽʟʘʮʽʡʥʦ- 

ʧʨʘʚʦʚʠʭ ʪʘ ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʠʭ ʟʘʭʦʜʽʚ, ʱʦ ʟʜʽʡʩʥʶʶʪʴʩʷ ʟ ʤʝʪʦʶ ʩʪʚʦʨʝʥʥʷ ʫʤʦʚ, 

ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʤʽʥʽʤʽʟʘʮʽʶ ʤʦʞʣʠʚʦʩʪʽ ʚʯʠʥʝʥʥʷ ʜʠʚʝʨʩʽʾ, ʢʨʘʜʽʞʢʠ, ʘʙʦ ʙʫʜʴ-ʷʢʦʛʦ 

ʽʥʰʦʛʦ ʥʝʧʨʘʚʦʤʽʨʥʦʛʦ ʚʠʣʫʯʝʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʟʤʽʮʥʝʥʥʷ ʨʝʞʠʤʫ 

ʥʝʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʷʜʝʨʥʦʾ ʟʙʨʦʾ [1]. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʯʠʥʥʦʛʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ [1, 2, 3] ʦʙôʻʢʪ, ʱʦ ʟʜʽʡʩʥʶʻ ʧʦʚʦʜʞʝʥʥʷ ʟ ɼɯɺ 

ʤʘʻ ʚʠʟʥʘʯʠʪʠ ʩʠʩʪʝʤʫ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ. ɺʠʟʥʘʯʝʥʥʷ ʩʠʩʪʝʤʠ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ ʧʦʣʷʛʘʻ 

ʫ ʚʩʪʘʥʦʚʣʝʥʥʽ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʱʦʜʦ [4]: 

  ʟʘʚʜʘʥʴ ʢʦʥʢʨʝʪʥʦʾ ʩʠʩʪʝʤʠ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ; 

  ʢʦʥʬʽʛʫʨʘʮʽʾ ʩʠʩʪʝʤʠ;  

 ʬʫʥʢʮʽʡ ʧʽʜʨʦʟʜʽʣʫ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ ʪʘ ʧʽʜʨʦʟʜʽʣʫ ʟ ʦʭʦʨʦʥʠ; 

  ʧʝʨʝʣʽʢʫ ʪʘ ʟʤʽʩʪʫ ʧʨʦʮʝʜʫʨ ʟ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ; 

  ʢʨʠʪʝʨʽʾʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ.  

ʇʽʩʣʷ ʮʴʦʛʦ ʨʦʟʨʦʙʣʝʥʠʡ ʧʨʦʝʢʪ ʩʠʩʪʝʤʠ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ ɼɯɺ ʧʝʨʝʚʽʨʷʻʪʴʩʷ 

ʣʽʮʝʥʟʽʘʪʦʤ ʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʪʝʭʥʽʯʥʦʤʫ ʟʘʚʜʘʥʥʶ ʽ ʚ ʨʘʟʽ ʡʦʛʦ ʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʟʘʪʚʝʨʜʞʫʻʪʴʩʷ ʢʝʨʽʚʥʠʢʦʤ ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʫʩʪʘʥʦʚʠ ʘʙʦ ʦʨʛʘʥʽʟʘʮʽʾ, ʷʢʽ 

ʟʜʽʡʩʥʶʶʪʴ ʧʦʚʦʜʞʝʥʥʷ ʟ ɼɯɺ.  ɿʘʪʚʝʨʜʞʝʥʠʡ ʧʨʦʝʢʪ ʥʘʜʩʠʣʘʻʪʴʩʷ ɼʝʨʞʘʪʦʤʨʝʛʫʣʶʚʘʥʥʶ 

ʋʢʨʘʾʥʠ ʥʘ ʜʝʨʞʘʚʥʫ ʝʢʩʧʝʨʪʠʟʫ. ɼʝʨʞʘʚʥʘ ʝʢʩʧʝʨʪʠʟʘ ʧʨʦʚʦʜʠʪʴʩʷ 

ɼʝʨʞʘʪʦʤʨʝʛʫʣʶʚʘʥʥʷʤ ʋʢʨʘʾʥʠ ʽʟ ʟʘʣʫʯʝʥʥʷʤ ʉʣʫʞʙʠ ʙʝʟʧʝʢʠ ʋʢʨʘʾʥʠ ʪʘ ʮʝʥʪʨʘʣʴʥʠʭ 

ʦʨʛʘʥʽʚ ʚʠʢʦʥʘʚʯʦʾ ʚʣʘʜʠ, ʷʢʽ ʟʜʽʡʩʥʶʶʪʴ ʧʨʘʚʦʦʭʦʨʦʥʥʫ ʜʽʷʣʴʥʽʩʪʴ.  

ʉʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ ɼɯɺ ʣʽʮʝʥʟʽʘʪ ʨʦʟʧʦʯʠʥʘʻ ʪʽʣʴʢʠ ʧʽʩʣʷ 

ʦʪʨʠʤʘʥʥʷ ʧʦʟʠʪʠʚʥʠʭ ʚʠʩʥʦʚʢʽʚ ʜʝʨʞʘʚʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ. 

ʂʦʤʧʣʝʢʩ ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ (ʂɯʊɿ) ʩʠʩʪʝʤʠ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ ʷʢ 

ʩʢʣʘʜʦʚʘ ʯʘʩʪʠʥʘ ʩʠʩʪʝʤʠ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ ʦʙ'ʻʢʪʘ. ʂɯʊɿ ʟʘʙʝʟʧʝʯʫʻ ʤʘʢʩʠʤʘʣʴʥʦ 

ʤʦʞʣʠʚʝ ʟʤʝʥʰʝʥʥʷ ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʫ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʩʠʩʪʝʤʦʶ ʩʚʦʾʭ 

ʟʘʚʜʘʥʴ. ɺʠʟʥʘʯʝʥʥʷ ʩʠʩʪʝʤʠ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ ʥʝʤʦʞʣʠʚʝ ʙʝʟ ʚʠʟʥʘʯʝʥʥʷ ʂɯʊɿ.  

ɼʦ ʩʢʣʘʜʫ ʂɯʊɿ ʚʭʦʜʷʪʴ:  

- ʪʝʭʥʽʯʥʽ ʟʘʩʦʙʠ;  

- ʮʝʥʪʨʘʣʴʥʠʡ ʧʫʣʴʪ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ (ʎʇʌɿ);  
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- ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ.  

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʂɯʊɿ ʜʣʷ ʛʽʧʦʪʝʪʠʯʥʦʛʦ ʦʙôʻʢʪʫ çʆʥʢʦʜʠʩʧʘʥʩʝʨè 

(ʨʠʩʫʥʦʢ 1) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʤʦʛ ʯʠʥʥʦʾ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʾ ʙʘʟʠ ʟ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ, 

ʦʙʣʽʢʫ ʪʘ ʢʦʥʪʨʦʣʶ ʷʜʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʽʥʰʠʭ ʜʞʝʨʝʣ 

ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

 

 
ʈʠʩʫʥʦʢ 3.4 ï ɻʽʧʦʪʝʪʠʯʥʠʡ ʦʥʢʦʜʠʩʧʘʥʩʝʨ 

 

ʆʙôʻʢʪʦʤ ʨʦʙʦʪʠ ʻ ʟʘʭʠʱʝʥʽʩʪʴ ʛʽʧʦʪʝʪʠʯʥʦʛʦ ʦʙôʻʢʪʫ, ʷʢʠʡ ʟʜʽʡʩʥʶʻ ʧʦʚʦʜʞʝʥʥʷ ʟ 
ɼɯɺ -  ʢʘʪʝʛʦʨʽʾ. 

ʇʨʝʜʤʝʪʦʤ ʻ ʢʦʤʧʣʝʢʩ ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʠʭ ʟʘʭʦʜʽʚ ʩʠʩʪʝʤʠ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ. 

ɼʣʷ ʫʩʧʽʰʥʦʛʦ ʩʪʚʦʨʝʥʥʷ ʂɯʊɿ ʉʌɿ ʛʽʧʦʪʝʪʠʯʥʦʛʦ ʦʙôʻʢʪʫ çʆʥʢʦʜʠʩʧʘʥʩʝʨè ʤʝʥʽ 

ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʘʣʛʦʨʠʪʤ ʜʽʡ.  

ʇʦ-ʧʝʨʰʝ ʥʝʦʙʭʽʜʥʦ ʜʦʩʣʽʜʠʪʠ ʥʦʨʤʘʪʠʚʥʦʛʦ-ʧʨʘʚʦʚʫ ʙʘʟʫ ʫʢʨʘʾʥʩʴʢʦʛʦ 

ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʚ ʦʙʣʘʩʪʽ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ, ʦʙʣʽʢʫ ʪʘ ʢʦʥʪʨʦʣʶ ʷʜʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʽʥʰʠʭ ʜʞʝʨʝʣ ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʚ ʧʨʘʚʠʣʘʭ 

ʧʦʙʫʜʦʚʠ ʂɯʊɿ ʜʣʷ ʦʙôʻʢʪʽʚ, ʷʢʽ ʟʜʽʡʩʥʶʶʪʴ ʧʦʚʦʜʞʝʥʥʷ ʟ ɼɯɺ -  ʢʘʪʝʛʦʨʽʾ.  

ʇʦ-ʜʨʫʛʝ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʂɯʊɿ ʉʌɿ ʛʽʧʦʪʝʪʠʯʥʦʛʦ ʦʙôʻʢʪʫ: ʚʠʟʥʘʯʠʪʠ ʪʠʧʠ, 

ʢʽʣʴʢʽʩʪʴ ʪʘ ʤʽʩʮʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʩʦʙʽʚ ʚʠʷʚʣʝʥʥʷ, ʪʝʣʝʚʽʟʽʡʥʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʪʘ 

ʢʦʥʪʨʦʣʶ ʽ ʫʧʨʘʚʣʽʥʥʷ ʜʦʩʪʫʧʦʤ. 

ɿʘʚʝʨʰʘʣʴʥʠʤ ʝʪʘʧʦʤ ʙʫʜʝ ʧʨʦʚʝʜʝʥʥʷ ʦʮʽʥʢʠ ʚʨʘʟʣʠʚʦʩʪʽ ʩʪʚʦʨʝʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 

ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʩʠʩʪʝʤʠ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ. 

 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

 

1. ʇʨʦ ʬʽʟʠʯʥʠʡ ʟʘʭʠʩʪ ʷʜʝʨʥʠʭ ʫʩʪʘʥʦʚʦʢ, ʷʜʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʨʘʜʽʦʘʢʪʠʚʥʠʭ 
ʚʽʜʭʦʜʽʚ, ʽʥʰʠʭ ʜʞʝʨʝʣ ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ: ʟʘʢʦʥ ʋʢʨʘʾʥʠ ʚʽʜ 19 ʞʦʚʪʥʷ 2000 ʨ. 

ˉ2064-Iɯɯ// ɺʽʜʦʤʦʩʪʽ ɺʝʨʭʦʚʥʦʾ ʈʘʜʠ ʋʢʨʘʾʥʠ. ï 2001. N 1. ʉʪ.1. 

2. ʂʦʥʚʝʥʮʽʷ ʧʨʦ ʬʽʟʠʯʥʠʡ ʟʘʭʠʩʪ ʷʜʝʨʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʷʜʝʨʥʠʭ ʫʩʪʘʥʦʚʦʢ ʚʽʜ 26 
ʞʦʚʪʥʷ 1979 ʨ. / ʆʬʽʮʽʡʥʠʡ ʩʘʡʪ ɺʝʨʭʦʚʥʦʾ ʈʘʜʠ ʋʢʨʘʾʥʠ. - [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʫ: http://zakon5.rada.gov.ua/laws/show/995_024. 

3. ʇʦʧʨʘʚʢʘ ʜʦ ʂʦʥʚʝʥʮʽʾ ʧʨʦ ʬʽʟʠʯʥʠʡ ʟʘʭʠʩʪ ʷʜʝʨʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʽʜ 08 ʣʠʧʥʷ 2008 

ʨ. / ʆʬʽʮʽʡʥʠʡ ʩʘʡʪ ɺʝʨʭʦʚʥʦʾ ʈʘʜʠ ʋʢʨʘʾʥʠ. - [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

http://zakon5.rada.gov.ua/laws/show/951_013. 

4. ʇʨʦ ʟʘʪʚʝʨʜʞʝʥʥʷ ʇʦʨʷʜʢʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʜʝʨʞʘʚʥʦʾ ʩʠʩʪʝʤʠ ʬʽʟʠʯʥʦʛʦ 

ʟʘʭʠʩʪʫ: ʧʦʩʪʘʥʦʚʘ ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ʚʽʜ 21 ʛʨʫʜʥʷ 2011 ʨ. ˉ1337// ʆʬʽʮʽʡʥʠʡ 

ʚʽʩʥʠʢ ʋʢʨʘʾʥʠ. ï 2011. - ˉ100 ï ʩʪʦʨ.11 ï ʉʪ. 3661. 
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ʋɼʂ 621.039 

ʄʘʛʽʩʪʨʘʥʪ 5 ʢʫʨʩʫ, ʛʨ. ʊɿ-01ʤʧ ʂʦʣʦʜʽʡʯʫʢ ʆ.ʃ. 

ɸʩʠʩʪ. ʉʝʨʘʬʠʥ ʈ.ɯ. 

ɸʂʊʋɸʃʔʅɯʉʊʔ ʈʆɿʈʆɹʂʀ ʄɽʊʆɼʀʂʀ ʆʎɯʅʂʀ ɺʈɸɿʃʀɺʆʉʊɯ ɼɾɽʈɽʃ 

ɯʆʅɯɿʋʖʏʆɻʆ ɺʀʇʈʆʄɯʅʖɺɸʅʅʗ ʄɽɼʀʏʅʆɻʆ ʇʈʀɿʅɸʏɽʅʅʗ 

ʄʝʜʠʮʠʥʘ ï ʦʜʥʘ ʟ ʥʘʡʙʽʣʴʰʠʭ ʛʘʣʫʟʝʡ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʞʝʨʝʣ ʽʦʥʽʟʫʶʯʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ɼɯɺ) ʚ ʋʢʨʘʾʥʽ. ɿʛʽʜʥʦ ʟ [1] ʜʦ 40% ʣʽʮʝʥʟʽʘʪʽʚ ʫ ʩʬʝʨʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʷʜʝʨʥʦʾ ʝʥʝʨʛʽʾ ï ʟʘʢʣʘʜʠ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ ʨʽʟʥʠʭ ʬʦʨʤ ʚʣʘʩʥʦʩʪʽ. 

ʋ 2020 ʨʦʮʽ ʚ ɼʝʨʞʘʚʥʦʤʫ ʨʝʛʽʩʪʨʽ ɼɯɺ ʟʘʨʝʻʩʪʨʦʚʘʥʦ 450 ʨʘʜʽʦʥʫʢʣʽʜʥʠʭ ɼɯɺ, 

ʚʚʝʟʝʥʦ ʥʘ ʪʝʨʠʪʦʨʽʶ ʋʢʨʘʾʥʠ 117 ʨʘʜʽʦʥʫʢʣʽʜʥʠʭ ɼɯɺ, ʧʦʜʦʚʞʝʥʦ 1610 ʨʘʜʽʦʥʫʢʣʽʜʥʠʭ 

ʜʞʝʨʝʣ ʫ ʚʩʪʘʥʦʚʣʝʥʦʤʫ ʟʘʢʦʥʦʜʘʚʩʪʚʦʤ ʧʦʨʷʜʢʫ. 

ʅʘ ʩʴʦʛʦʜʥʽ, ʟʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ʋʧʨʘʚʣʽʥʥʷ ʨʘʜʽʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ɼʝʨʞʘʚʥʦʾ ʽʥʩʧʝʢʮʽʾ 

ʷʜʝʨʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʋʢʨʘʾʥʠ, ʚ ʤʝʜʠʮʠʥʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 45 ʘʧʘʨʘʪʽʚ ʜʠʩʪʘʥʮʽʡʥʦʾ 

ʛʘʤʤʘ-ʪʝʨʘʧʽʾ, 34 ʘʧʘʨʘʪʠ ʙʨʘʭʽʦʪʝʨʘʧʽʾ, 27 ʣʽʥʽʡʥʠʭ ʧʨʠʩʢʦʨʶʚʘʯʽʚ ʪʘ 51 ʨʝʥʪʛʝʥ-

ʪʝʨʘʧʝʚʪʠʯʥʠʡ ʘʧʘʨʘʪ. ɹʽʣʴʰʽʩʪʴ ʮʠʭ ʘʧʘʨʘʪʽʚ ʤʽʩʪʷʪʴ ɼɯɺ ɯ-ɯɯ ʢʘʪʝʛʦʨʽʾ (ʽʟ ʉʦ-60 ʪʘ  

Ir-192, ʱʦ ʻ ʜʞʝʨʝʣʘʤʠ ɔ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ). 

ʈʽʚʝʥʴ ʥʝʙʝʟʧʝʢʠ ʜʣʷ ʣʶʜʠʥʠ ʚʽʜ ɼɯɺ ɯ ʪʘ ɯɯ ʢʘʪʝʛʦʨʽʾ ʜʫʞʝ ʚʠʩʦʢʠʡ. ʊʘʢʽ ʜʞʝʨʝʣʘ ʟʘ 

ʨʘʭʫʥʦʢ ʥʝʥʘʣʝʞʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʟʙʝʨʽʛʘʥʥʷ ʯʠ ʧʨʦʪʠʧʨʘʚʥʠʭ ʜʽʡ ʤʦʞʫʪʴ ʩʧʨʠʯʠʥʠʪʠ 

ʧʝʨʤʘʥʝʥʪʥʫ ʰʢʦʜʫ ʦʨʛʘʥʽʟʤʫ ʣʶʜʠʥʠ ʧʨʠ ʢʦʥʪʘʢʪʽ ʙʝʟ ʥʝʦʙʭʽʜʥʦʛʦ ʟʘʭʠʩʪʫ ʚʞʝ ʟʘ ʢʽʣʴʢʘ 

ʭʚʠʣʠʥ ʜʣʷ ɼɯɺ ɯ ʢʘʪʝʛʦʨʽʾ ʪʘ ʚʽʜ ʢʽʣʴʢʦʭ ʭʚʠʣʠʥ ʜʦ ʜʝʢʽʣʴʢʦʭ ʛʦʜʠʥ ʜʣʷ ɼɯɺ ɯɯ ʢʘʪʝʛʦʨʽʾ. 

ʇʨʠ ʧʝʨʝʙʫʚʘʥʥʽ ʙʽʣʷ ʥʝʟʘʭʠʱʝʥʦʛʦ ʜʞʝʨʝʣʘ ʣʶʜʠʥʘ ʤʦʞʝ ʦʪʨʠʤʘʪʠ ʩʤʝʨʪʝʣʴʥʽ ʜʦʟʠ 

ʦʧʨʦʤʽʥʝʥʥʷ ʧʨʦʪʷʛʦʤ ʯʘʩʫ ʚʽʜ ʢʽʣʴʢʦʭ ʭʚʠʣʠʥ ʜʦ ʛʦʜʠʥʠ ʜʣʷ ɼɯɺ ɯ ʢʘʪʝʛʦʨʽʾ, ʪʘ ʚʽʜ ʢʽʣʴʢʦʭ 

ʛʦʜʠʥ ʜʦ ʜʥʽʚ ʜʣʷ ɼɯɺ ɯɯ ʢʘʪʝʛʦʨʽʾ. ʊʘʢʦʞ ɼɯɺ ʟʘʟʥʘʯʝʥʠʭ ʢʘʪʝʛʦʨʽʡ ʥʝʩʫʪʴ ʚʠʩʦʢʫ ʟʘʛʨʦʟʫ ʫ 

ʨʘʟʽ ʾʭ ʜʠʩʧʝʨʛʫʚʘʥʥʷ.  

ɼʣʷ ɼɯɺ ʤʝʜʠʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʷʢʽ ʤʽʩʪʷʪʴ ʨʘʜʽʦʘʢʪʠʚʥʽ ʤʘʪʝʨʽʘʣʠ, ʩʪʚʦʨʝʥʽ 

ʜʦʢʫʤʝʥʪʠ ʣʠʰʝ ʫ ʩʬʝʨʽ ʨʘʜʽʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ, ʚ ʷʢʠʭ ʧʨʦʧʠʩʘʥʽ ʚʠʤʦʛʠ ʜʦ ʙʫʜʽʚʣʽ, ʧʨʘʚʠʣʘ 

ʧʦʚʦʜʞʝʥʥʷ ʟ ʥʠʤʠ ʪʘ ʫʤʦʚʠ ʥʦʨʤʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʮʠʭ ʧʨʠʣʘʜʽʚ, ʥʘʧʨʠʢʣʘʜ, ʫ ʇʨʘʚʠʣʘʭ 

ʨʘʜʽʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʞʝʨʝʣ ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʙʨʘʭʽʪʝʨʘʧʽʾ [2] 

ʘʙʦ ɿʘʛʘʣʴʥʠʭ ʧʨʘʚʠʣʘʭ ʨʘʜʽʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʞʝʨʝʣ ʽʦʥʽʟʫʶʯʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʫ ʤʝʜʠʮʠʥʽ [3]. 

ʇʨʦʪʠʧʨʘʚʥʽ ʜʽʾ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ɼɯɺ ʤʝʜʠʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ 

ʜʦ ʥʝʧʨʠʡʥʷʪʥʠʭ ʥʘʩʣʽʜʢʽʚ. ɿʦʢʨʝʤʘ, ʧʨʠ ʦʪʨʠʤʘʥʥʽ ʝʬʝʢʪʠʚʥʦʾ ʜʦʟʠ ʜʦ 1 ɿʚ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʟʤʽʥʠ ʧʦʢʘʟʥʠʢʽʚ ʢʨʦʚʽ, ʚʽʜ 1 ʜʦ 2 ɿʚ ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ ʛʦʩʪʨʘ ʧʨʦʤʝʥʝʚʘ 

ʭʚʦʨʦʙʘ. ɿʘʛʨʦʟʘ ʞʠʪʪʶ ʚʠʥʠʢʘʻ ʧʨʠ ʦʪʨʠʤʘʥʥʽ ʝʬʝʢʪʠʚʥʦʾ ʜʦʟʠ ʙʣʠʟʴʢʦ 4 ɿʚ ʽ ʙʽʣʴʰʝ. ɼʦ 

ʦʩʥʦʚʥʠʭ ʧʨʦʪʠʧʨʘʚʥʠʭ ʜʽʡ ʩʪʦʩʦʚʥʦ ɼɯɺ ʚʽʜʥʦʩʷʪʴʩʷ: ʥʘʚʤʠʩʥʽ ʟʣʦʯʠʥʥʽ ʜʽʾ ʟʦʚʥʽʰʥʽʭ ʯʠ 

ʚʥʫʪʨʽʰʥʽʭ ʧʨʘʚʦʧʦʨʫʰʥʠʢʽʚ, ʟʦʢʨʝʤʘ, ʢʨʘʜʽʞʢʘ, ʪʘʢʦʞ ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʧʫʱʝʥʽ ʧʦʤʠʣʢʠ 

ʧʝʨʩʦʥʘʣʫ ʯʝʨʝʟ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʢʫʣʴʪʫʨʠ ʙʝʟʧʝʢʠ ʥʘ ʦʙôʻʢʪʽ, ʪʘʢʽ ʷʢ ʦʜʠʥʦʯʥʠʡ ʧʨʦʧʫʩʢ 

ʘʣʛʦʨʠʪʤʫ ʜʽʾ ʘʙʦ ʦʜʠʥʠʯʥʘ ʥʝʧʨʘʚʠʣʴʥʘ ʜʽʷ ʧʽʜ ʯʘʩ ʫʧʨʘʚʣʽʥʥʷ, ʨʝʤʦʥʪʫ ʘʙʦ ʟʘʤʽʥʠ 

ʦʙʣʘʜʥʘʥʥʷ ʟ ɼɯɺ.  

ɼɯɺ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʘʚʦʧʦʨʫʰʥʠʢʘʤʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ ʯʠ çʙʨʫʜʥʦʾè ʙʦʤʙʠ. ɿʦʢʨʝʤʘ, ʜʣʷ ʚʝʣʠʢʠʭ ɼɯɺ ɯ ʢʘʪʝʛʦʨʽʾ 

ʪʝʨʠʪʦʨʽʷ, ʷʢʫ ʧʦʪʨʽʙʥʦ ʙʫʜʝ ʦʯʠʩʪʠʪʠ ʧʽʩʣʷ ʚʠʙʫʭʫ ʤʦʞʝ ʙʫʪʠ ʧʦʨʷʜʢʫ ʢʚʘʜʨʘʪʥʦʛʦ 

ʢʽʣʦʤʝʪʨʘ ʽ ʙʽʣʴʰʝ, ʘ ʜʣʷ ɼɯɺ ɯɯ ʢʘʪʝʛʦʨʽʾ ï ʜʦ ʢʚʘʜʨʘʪʥʦʛʦ ʢʽʣʦʤʝʪʨʘ. ʊʦʤʫ ʢʨʘʾʥʠ, ʚ ʷʢʠʭ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʜʽʷʣʴʥʽʩʪʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɼɯɺ, ʧʦʚʠʥʥʽ ʟʜʽʡʩʥʶʚʘʪʠ ʦʮʽʥʢʫ ʧʦʪʝʥʮʽʡʥʠʭ 

ʟʘʛʨʦʟ ʽ ʚʨʘʟʣʠʚʦʩʪʽ ɼɯɺ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʥʠʭ, ʪʘ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʟʥʘʯʝʥʦʛʦ, 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʾʭ ʟʘʭʠʱʝʥʽʩʪʴ ʪʘ ʟʙʝʨʝʞʝʥʥʷ.  

ɼʣʷ ʮʴʦʛʦ ʚ ʜʝʨʞʘʚʽ ʥʝʦʙʭʽʜʥʦ ʩʪʚʦʨʠʪʠ ʜʽʻʚʫ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʫ ʙʘʟʫ ʟ ʬʽʟʠʯʥʦʛʦ 

ʟʘʭʠʩʪʫ ɼɯɺ. ʅʘʩʘʤʧʝʨʝʜ ʮʝ ʧʦʚʠʥʥʽ ʙʫʪʠ ʇʨʘʚʠʣʘ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ ʜʞʝʨʝʣ ʽʦʥʽʟʫʶʯʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʚ ʷʢʠʭ ʤʘʶʪʴ ʙʫʪʠ ʧʨʦʧʠʩʘʥʽ ʚʠʤʦʛʠ ʜʦ ʩʠʩʪʝʤ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ ɼɯɺ. 
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ʂʨʽʤ ʪʦʛʦ, ʥʝʦʙʭʽʜʥʦ ʦʮʽʥʠʪʠ ʨʽʚʝʥʴ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʨʦʙʣʝʥʦʾ ʯʠ ʽʩʥʫʶʯʦʾ ʩʠʩʪʝʤʠ 

ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ ɼɯɺ. ɿʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʥʘ ʩʴʦʛʦʜʥʽ ʚ ʋʢʨʘʾʥʽ ʨʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ 

ʦʮʽʥʢʠ ʚʨʘʟʣʠʚʦʩʪʽ ʪʽʣʴʢʠ ʜʣʷ ʷʜʝʨʥʠʭ ʫʩʪʘʥʦʚʦʢ ʽ ʷʜʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [4], ʘʢʪʫʘʣʴʥʠʤ ʻ 

ʧʠʪʘʥʥʷ ʨʦʟʨʦʙʢʠ ʪʘʢʦʾ ʤʝʪʦʜʠʢʠ ʽ ʜʣʷ ɼɯɺ, ʟʦʢʨʝʤʘ ʤʝʜʠʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ [5].  

ʋ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʦʮʽʥʢʠ ʩʪʘʥʫ ʥʦʨʤʘʪʠʚʥʦʾ ʙʘʟʠ ʋʢʨʘʾʥʠ ʚ ʯʘʩʪʠʥʽ 

ʚʠʤʦʛ ʜʦ ɼɯɺ, ʚʠʟʥʘʯʝʥʦ ʧʦʪʝʥʮʽʡʥʽ ʥʘʧʨʷʤʢʠ ʾʾ ʨʦʟʚʠʪʢʫ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ, ʚʩʪʘʥʦʚʣʝʥʦ 

ʥʘʧʨʷʤʢʠ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʠʢʠ ʜʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ ɼɯɺ. 
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ɺɼʆʉʂʆʅɸʃɽʅʅʗ ʄɽʊʆɼʀʂʀ ʆʎɯʅʂʀ ɯʄʆɺɯʈʅʆʉʊɯ ʅɽʁʊʈɸʃɯɿɸʎɯɰ 

ʇʈɸɺʆʇʆʈʋʐʅʀʂɸ 

 

 ɸɽʉ ʥʘʣʝʞʘʪʴ ʜʦ ʦʙôʻʢʪʽʚ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʻ ʩʪʨʘʪʝʛʽʯʥʦ ʚʘʞʣʠʚʠʤʠ ʜʣʷ 

ʝʢʦʥʦʤʽʢʠ ʢʨʘʾʥʠ. ɽʢʩʧʣʫʘʪʘʮʽʷ ɸɽʉ ʧʦʚ'ʷʟʘʥʘ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʷʜʝʨʥʠʭ ʪʘ ʨʘʜʽʦʘʢʪʠʚʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʠʭ ʫ ʟʣʦʯʠʥʥʠʭ ʮʽʣʷʭ ʤʦʞʝ ʩʪʚʦʨʠʪʠ ʟʘʛʨʦʟʫ ʜʣʷ ʟʜʦʨʦʚôʷ 

ʣʶʜʝʡ, ʝʢʦʣʦʛʽʾ, ʘ ʪʘʢʦʞ ʩʫʩʧʽʣʴʩʪʚʘ ʟʘʛʘʣʦʤ. ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ ʚʘʞʣʠʚʦ ʟʘʙʝʟʧʝʯʠʪʠ 

ʝʬʝʢʪʠʚʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ ʥʘ ʟʘʟʥʘʯʝʥʠʭ ʦʙ'ʻʢʪʘʭ, ʱʦ ʫ ʩʚʦʶ 

ʯʝʨʛʫ ʧʦʪʨʝʙʫʻ ʷʢʽʩʥʦʾ ʪʘ ʚʩʝʦʩʷʞʥʦʾ ʦʮʽʥʢʠ ʚʨʘʟʣʠʚʦʩʪʽ ʾʾ ʩʢʣʘʜʦʚʠʭ ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʪʘ 

ʫʩʫʥʝʥʥʷ ʥʝʜʦʣʽʢʽʚ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʝʣʝʤʝʥʪʽʚ: ʩʪʨʠʤʫʚʘʥʥʷ, ʟʘʪʨʠʤʢʠ, ʚʠʷʚʣʝʥʥʷ ʪʘ 

ʨʝʘʛʫʚʘʥʥʷ. 

 ʋ ʨʘʟʽ ʚʯʠʥʝʥʥʷ ʘʪʘʢʠ ʧʨʘʚʦʧʦʨʫʰʥʠʢʦʤ ʥʘ ʦʙ'ʻʢʪ, ʧʽʩʣʷ ʟʜʽʡʩʥʝʥʥʷ ʧʝʨʝʨʠʚʘʥʥʷ 

ʡʦʛʦ ʜʽʡ ʚ ʧʨʦʮʝʩʽ ʨʝʘʛʫʚʘʥʥʷ, ʢʣʶʯʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʻ ʟʜʽʡʩʥʝʥʥʷ ʫʩʧʽʰʥʦʾ ʪʘ ʝʬʝʢʪʠʚʥʦʾ 

ʥʝʡʪʨʘʣʽʟʘʮʽʾ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʜʦʩʷʛʥʝʥʥʷ ʧʨʘʚʦʧʦʨʫʰʥʠʢʦʤ ʩʚʦʾʭ ʮʽʣʝʡ [1, 2]. 

ʅʝʡʪʨʘʣʽʟʘʮʽʷ ʧʨʘʚʦʧʦʨʫʰʥʠʢʘ ʧʦʣʷʛʘʻ ʫ ʨʝʘʣʽʟʘʮʽʾ ʩʫʢʫʧʥʦʩʪʽ ʜʽʡ ʩʠʩʪʝʤʠ ʬʽʟʠʯʥʦʛʦ 

ʟʘʭʠʩʪʫ ʱʦʜʦ ʧʨʘʚʦʧʦʨʫʰʥʠʢʘ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʢʠʭ ʚʽʥ ʚʪʨʘʯʘʻ ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʷʛʪʠ ʩʚʦʻʾ 

ʤʝʪʠ.  

ɽʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʜʽʡ ʟ ʥʝʡʪʨʘʣʽʟʘʮʽʾ ʟʘʣʝʞʘʪʴ ʚ ʪʦʤʫ ʯʠʩʣʽ ʡ ʚʽʜ ʷʢʦʩʪʽ ʪʘ 

ʧʦʚʥʦʪʠ ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʫ ʥʝʡʪʨʘʣʽʟʘʮʽʾ ʧʽʜ ʯʘʩ ʦʮʽʥʢʠ ʚʨʘʟʣʠʚʦʩʪʽ ʩʠʩʪʝʤʠ ʬʽʟʠʯʥʦʛʦ 

ʟʘʭʠʩʪʫ, ʦʜʥʽʻʶ ʟʽ ʩʢʣʘʜʦʚʠʭ ʷʢʦʛʦ ʻ ʚʠʟʥʘʯʝʥʥʷ ʽʤʦʚʽʨʥʦʩʪʽ ʥʝʡʪʨʘʣʽʟʘʮʽʾ ʧʨʘʚʦʧʦʨʫʰʥʠʢʘ 

(PN). ɿʛʽʜʥʦ ʟ "ʇʦʨʷʜʢʦʤ ʧʨʦʚʝʜʝʥʥʷ ʦʮʽʥʢʠ ʚʨʘʟʣʠʚʦʩʪʽ ʷʜʝʨʥʠʭ ʫʩʪʘʥʦʚʦʢ ʪʘ ʷʜʝʨʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ" [3], ʽʤʦʚʽʨʥʽʩʪʴ ʥʝʡʪʨʘʣʽʟʘʮʽʾ (PN) ʟʘʣʝʞʠʪʴ ʚʽʜ: ʯʠʩʝʣʴʥʦʩʪʽ ʦʟʙʨʦʻʥʥʷ ʪʘ 

ʦʩʥʘʱʝʥʥʷ ʧʨʘʚʦʧʦʨʫʰʥʠʢʽʚ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʽ ʚʠʟʥʘʯʝʥʽ ʚ ʩʮʝʥʘʨʽʾ ʾʭ ʜʽʡ; ʨʽʚʥʷ 

ʧʽʜʛʦʪʦʚʢʠ   ʧʨʘʚʦʧʦʨʫʰʥʠʢʽʚ,   ʥʘʷʚʥʦʩʪʽ ʟʤʦʚʠ ʟ ʚʥʫʪʨʽʰʥʽʤʠ ʧʨʘʚʦʧʦʨʫʰʥʠʢʘʤʠ; 

ʯʠʩʝʣʴʥʦʩʪʽ ʪʘ ʨʽʚʥʷ ʧʽʜʛʦʪʦʚʢʠ ʩʠʣ ʨʝʘʛʫʚʘʥʥʷ; ʘʜʝʢʚʘʪʥʦʩʪʽ ʦʟʙʨʦʻʥʥʷ  ʪʘ ʦʩʥʘʱʝʥʥʷ ʩʠʣ 

ʨʝʘʛʫʚʘʥʥʷ ʦʟʙʨʦʻʥʥʶ ʪʘ ʦʩʥʘʱʝʥʥʶ ʧʨʘʚʦʧʦʨʫʰʥʠʢʽʚ; ʡʤʦʚʽʨʥʦʩʪʽ ʦʧʦʚʽʱʝʥʥʷ ʩʠʣ 

ʨʝʘʛʫʚʘʥʥʷ; ʯʘʩʫ ʨʦʟʛʦʨʪʘʥʥʷ  ʩʠʣ  ʨʝʘʛʫʚʘʥʥʷ  ʧʽʩʣʷ  ʾʭ  ʦʧʦʚʽʱʝʥʥʷ  ʧʨʦ ʪʨʠʚʦʛʫ.  ʇʨʠ 

ʚʠʟʥʘʯʝʥʥʽ  ʽʤʦʚʽʨʥʦʩʪʽ  ʥʝʡʪʨʘʣʽʟʘʮʽʾ  ʚʨʘʭʦʚʫʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪ  V,  ʷʢʠʡ  ʟʘʣʝʞʠʪʴ  ʚʽʜ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʯʠʩʝʣʴʥʦʩʪʽ ʩʠʣ ʨʝʘʛʫʚʘʥʥʷ ʪʘ ʯʠʩʝʣʴʥʦʩʪʽ ʧʨʘʚʦʧʦʨʫʰʥʠʢʽʚ.  

ʅʘʚʝʜʝʥʠʡ ʧʽʜʭʽʜ ʤʦʞʝ ʙʫʪʠ ʜʝʪʘʣʽʟʦʚʘʥʠʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʠʟʢʠ ʽʩʥʫʶʯʠʭ ʧʽʜʭʦʜʽʚ 

ʦʩʥʦʚʥʽ ʟ ʷʢʠʡ ʚʢʣʶʯʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ [1]: 

 ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ; 

 ʟʘʢʦʥʽʚ ʃʘʥʯʝʩʪʝʨʘ; 

 ʤʝʪʦʜʫ ʄʦʥʪʝ-ʂʘʨʣʦ; 

 ʣʘʥʮʶʛʽʚ ʄʘʨʢʦʚʘ; 

 ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʤʫʣʷʮʽʾ ʙʦʶ. 

 ʄʝʪʦʜ ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ ï ʜʘʥʠʡ ʤʝʪʦʜ ʧʝʨʝʜʙʘʯʘʻ ʟʘʣʫʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ 

ʝʢʩʧʝʨʪʽʚ ʜʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʣ ʨʝʘʛʫʚʘʥʥʷ. ʉʘʤʽ ʝʢʩʧʝʨʪʠ ʤʘʶʪʴ ʚʽʜʧʦʚʽʜʥʠʡ ʜʦʩʚʽʜ  

ʽ ʤʦʞʫʪʴ ʦʮʽʥʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʣ ʨʝʘʛʫʚʘʥʥʷ ʫ ʚʽʜʥʦʰʝʥʥʽ ʜʦ ʧʨʘʚʦʧʦʨʫʰʥʠʢʽʚ ʽʟ 

ʟʘʜʘʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ.  

ɿʘʢʦʥʠ ʃʘʥʯʝʩʪʝʨʘ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʠʩʪʝʤʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʱʦ ʦʧʠʩʫʶʪʴ 

ʚʪʨʘʪʠ ʧʨʦʪʠʙʦʨʥʠʭ ʩʪʦʨʽʥ ʟ ʧʣʠʥʦʤ ʯʘʩʫ [4]. ɺʦʥʠ ʟʥʘʡʰʣʠ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠ 

ʤʦʜʝʣʶʚʘʥʥʷ ʙʦʡʦʚʠʭ ʟʽʪʢʥʝʥʴ. 

 ʄʝʪʦʜ ʄʦʥʪʝ-ʂʘʨʣʦ ï ʟʘʛʘʣʴʥʘ ʥʘʟʚʘ ʛʨʫʧʠ ʯʠʩʣʦʚʠʭ ʤʝʪʦʜʽʚ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ 
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ʦʜʝʨʞʘʥʥʽ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʨʝʘʣʽʟʘʮʽʡ ʩʪʦʭʘʩʪʠʯʥʦʛʦ (ʚʠʧʘʜʢʦʚʦʛʦ) ʧʨʦʮʝʩʫ, ʷʢʠʡ 

ʬʦʨʤʫʻʪʴʩʷ ʫ ʪʦʡ ʩʧʦʩʽʙ, ʱʦʙ ʡʦʛʦ ʽʤʦʚʽʨʥʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʙʽʛʘʣʠʩʷ ʟ ʘʥʘʣʦʛʽʯʥʠʤʠ 

ʚʝʣʠʯʠʥʘʤʠ ʟʘʜʘʯʽ, ʷʢʫ ʧʦʪʨʽʙʥʦ ʨʦʟʚ'ʷʟʘʪʠ [5]. 

 ʃʘʥʮʶʛʠ ʄʘʨʢʦʚʘ ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʨʦʟʧʦʚʩʶʜʞʝʥʽʰʠʭ ʤʝʪʦʜʽʚ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʨʝʘʣʴʥʠʭ ʩʠʩʪʝʤ ʽ ʧʨʦʮʝʩʽʚ ʟʘʚʜʷʢʠ ʧʨʦʩʪʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʘʥʠʭ (ʫ ʚʠʛʣʷʜʽ 

ʤʘʪʨʠʮʽ ʧʝʨʝʭʽʜʥʠʭ ʽʤʦʚʽʨʥʦʩʪʝʡ) ʽ ʣʝʛʢʦʩʪʽ ʾʭ ʦʙʨʦʙʢʠ [6]. 

 ʂʦʤʧôʶʪʝʨʥʘ ʩʠʤʫʣʷʮʽʷ ï ʧʽʜʭʽʜ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʷʢʦʛʦ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʧʠʩʘʥʠʭ ʚʠʱʝ ʤʝʪʦʜʽʚ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʙʦʡʦʚʠʭ ʟʽʪʢʥʝʥʴ ʟ ʤʝʪʦʶ ʾʭ ʦʮʽʥʢʠ ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ.  

 ɺ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʽʤʦʚʽʨʥʦʩʪʽ 

ʥʝʡʪʨʘʣʽʟʘʮʽʾ ʪʘ ʚʠʟʥʘʯʝʥʦ ʰʣʷʭʠ ʟ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʽʜʭʦʜʫ, ʱʦ ʥʘʨʘʟʽ ʚʩʪʘʥʦʚʣʝʥʦ ʫ 

"ʇʦʨʷʜʢʫ ʧʨʦʚʝʜʝʥʥʷ ʦʮʽʥʢʠ ʚʨʘʟʣʠʚʦʩʪʽ ʷʜʝʨʥʠʭ ʫʩʪʘʥʦʚʦʢ ʪʘ ʷʜʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ" [3]. 
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pdf. 
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ʇɯɼɺʀʑɽʅʅʗ ʈɯɺʅʗ ʌɯɿʀʏʅʆɻʆ ɿɸʍʀʉʊʋ ʗɼɽʈʅʆɰ ʋʉʊɸʅʆɺʂʀ ɿɸ 

ʈɸʍʋʅʆʂ ɺʇʈʆɺɸɼɾɽʅʅʗ ʉʀʉʊɽʄʀ ʄɸʈʐʈʋʊʀɿɸʎɯɰ ʇɽʈʉʆʅɸʃʋ 

 

 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ ʷʜʝʨʥʦʾ ʫʩʪʘʥʦʚʢʠ, ʟʘʜʣʷ 

ʧʦʧʝʨʝʜʞʝʥʥʷ ʤʦʞʣʠʚʠʭ ʧʨʦʪʠʧʨʘʚʥʠʭ ʜʽʡ ʚʥʫʪʨʽʰʥʽʭ ʧʨʘʚʦʧʦʨʫʰʥʠʢʽʚ. 

ʗʢ ʧʦʢʘʟʫʻ ʧʨʘʢʪʠʢʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʷʜʝʨʥʦʛʦ ʦʙôʻʢʪʘ, ʣʶʜʩʴʢʠʡ ʬʘʢʪʦʨ ʻ ʥʝʚʽʜôʻʤʥʦʶ 

ʯʘʩʪʠʥʦʶ, ʷʢʫ ʧʦʪʨʽʙʥʦ ʧʨʠ ʧʣʘʥʫʚʘʥʥʽ ʬʽʟʠʯʥʦʛʦ ʟʘʭʠʩʪʫ ʷʜʝʨʥʦʾ ʫʩʪʘʥʦʚʢʠ. ʋ ʬʽʟʟʘʭʠʩʪʽ 

ʧʨʠʡʥʷʪʦ ʚʠʜʽʣʷʪʠ ʜʚʘ ʪʠʧʠ ʧʨʘʚʦʧʦʨʫʰʥʠʢʽʚ ï ʟʦʚʥʽʰʥʽʡ ʪʘ ʚʥʫʪʨʽʰʥʽʡ. ʇʨʦʪʠʜʽʷ 

ʟʦʚʥʽʰʥʴʦʤʫ ʧʨʘʚʦʧʦʨʫʰʥʠʢʫ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʚʠʩʦʢʦʤʫ ʨʽʚʥʽ, ʟʛʽʜʥʦ ʜʽʶʯʦʛʦ 

ʟʘʢʦʥʦʜʘʚʩʪʚʘ. ɻʦʣʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ ʉʌɿ ʗʋ, ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ, ʚʚʘʞʘʻʪʴʩʷ ʟʘʧʦʙʽʛʘʥʥʷ 

ʟʣʦʯʠʥʥʠʭ ʜʽʡ ʟ ʙʦʢʫ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʨʘʚʦʧʦʨʫʰʥʠʢʘ. 

ɼʣʷ ʧʦʧʝʨʝʜʞʝʥʥʷ ʧʨʦʪʠʧʨʘʚʥʠʭ ʜʽʡ ʯʠ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʥʝʦʙʭʽʜʥʦ ʚʠʷʚʠʪʠ 

ʧʨʠʯʝʪʥʠʭ ʣʶʜʝʡ ʜʦ ʩʢʦʻʥʦʛʦ ʟʣʦʯʠʥʫ, ʝʬʝʢʪʠʚʥʠʤ ʟʘʭʦʜʦʤ ʤʦʞʝ ʙʫʪʠ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʩʠʩʪʝʤʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʝʨʩʦʥʘʣʫ ʗʋ. 

ʆʧʝʨʫʶʯʠ ʪʠʤ, ʱʦ ʥʘ ʟʘʢʦʥʦʜʘʚʯʦʤʫ ʨʽʚʥʽ ʙʫʣʦ ʚʢʘʟʘʥʦ ʥʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʠ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʚʠʩʦʢʦʷʢʽʩʥʦʾ ʉʌɿ ʷʜʝʨʥʦʾ ʫʩʪʘʥʦʚʢʠ, ʙʫʣʦ ʧʨʠʡʥʷʪʦ 

ʨʽʰʝʥʥʷ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʪʘ ʟʽʩʪʘʚʠʪʠ ʥʘʷʚʥʽ ʝʬʝʢʪʠʚʥʽ ʩʠʩʪʝʤʠ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʝʨʩʦʥʘʣʫ. 

ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ, ʽʩʥʫʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʪʘʢʠʭ ʩʠʩʪʝʤ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʘ ʚ ʜʘʥʽʡ 

ʨʦʙʦʪʽ ʙʫʜʫʪʴ ʨʦʟʛʣʷʥʫʪʽ ʩʠʩʪʝʤʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʘʩʪʫʧʥʽ ʪʝʭʥʦʣʦʛʽʾ: 

- çɹʝʟʢʦʥʪʘʢʪʥʽ ʩʤʘʨʪ-ʢʘʨʪʢʠè; 

- ʂʘʤʝʨʠ ʟ ʩʠʩʪʝʤʦʶ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʣʠʯʴ; 

- RFID-ʙʨʘʩʣʝʪʠ. 

ʈʦʟʛʣʷʥʝʤʦ ʢʦʞʥʫ ʟ ʪʝʭʥʦʣʦʛʽʡ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ.  

 

çɹʝʟʢʦʥʪʘʢʪʥʽ ʩʤʘʨʪ-ʢʘʨʪʢʠè  

ʎʝ ʩʤʘʨʪ-ʢʘʨʪʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʘʜʽʦʯʘʩʪʦʪʫ (RFID) ʜʣʷ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʤʽʞ 

ʢʘʨʪʢʦʶ ʽ ʟʯʠʪʫʚʘʯʝʤ ʙʝʟ ʬʽʟʠʯʥʦʛʦ ʢʦʥʪʘʢʪʫ ʯʽʧʫ ʢʘʨʪʠ ʽ ʟʯʠʪʫʚʘʯʘ. 

ɺ ʦʩʥʦʚʽ ʙʫʜʴ-ʷʢʦʾ ʙʝʟʢʦʥʪʘʢʪʥʦʾ ʢʘʨʪʠ ʣʝʞʠʪʴ ʝʣʝʤʝʥʪ, ʱʦ ʽ ʫ ʥʘʡʧʨʦʩʪʽʰʦʛʦ 

ʜʝʪʝʢʪʦʨʥʦʛʦ ʧʨʠʡʤʘʯʘ - ʢʦʣʠʚʘʣʴʥʠʡ ʢʦʥʪʫʨ, ʙʘʟʦʚʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʷʢʦʛʦ ʻ ʢʦʥʜʝʥʩʘʪʦʨ 

ʽ ʢʦʪʫʰʢʘ ʽʥʜʫʢʪʠʚʥʦʩʪʽ. 

ɿʯʠʪʫʚʘʯ ʚʠʧʨʦʤʽʥʶʻ ʟʤʽʥʥʝ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʧʦʣʝ ʩʪʘʥʜʘʨʪʥʦʾ ʯʘʩʪʦʪʠ, ʱʦ ʟʙʫʜʞʫʻ 

ʟʤʽʥʥʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ ʚ ʢʦʪʫʰʮʽ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʽ ʚ ʢʦʣʠʚʘʣʴʥʦʤʫ ʢʦʥʪʫʨʽ ʢʘʨʪʠ. ʎʝʡ 

ʩʪʨʫʤ ʧʝʨʝʪʚʦʨʠʪʴʩʷ ʚ ʧʦʩʪʽʡʥʠʡ ʽ ʟʘʨʷʜʞʘʻ ʢʦʥʜʝʥʩʘʪʦʨ ʜʦʩʪʘʪʥʴʦʾ ʻʤʥʦʩʪʽ, ʷʢʠʡ ʞʠʚʠʪʴ 

ʯʽʧ. ʆʙʤʽʥ ʽʥʬʦʨʤʘʮʽʻʶ ʤʽʞ ʢʘʨʪʦʶ ʽ ʟʯʠʪʫʚʘʯʝʤ ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ ʮʶ ʞ ʢʦʪʫʰʢʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʦʜʫʣʷʮʽʾ ʢʦʣʠʚʘʥʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʧʨʠʩʪʨʦʶ. 

ʋ ʥʘʡʧʨʦʩʪʽʰʦʤʫ ʚʠʧʘʜʢʫ ʢʘʨʪʘ ʮʠʢʣʽʯʥʦ ʙʝʟʧʝʨʝʨʚʥʦ ʧʝʨʝʜʘʻ ʪʽʣʴʢʠ ʩʚʽʡ 

ʫʥʽʢʘʣʴʥʠʡ ʥʦʤʝʨ. ʋ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤʘʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʚʦʩʪʦʨʦʥʥʽʡ ʦʙʤʽʥ 

ʽʥʬʦʨʤʘʮʽʻʶ ʟʘ ʧʨʠʥʮʠʧʦʤ ʟʘʧʠʪ-ʚʽʜʧʦʚʽʜʴ. ʏʘʩʪʦ ʢʘʨʪʠ ʤʘʶʪʴ ʥʝʚʝʣʠʢʫ ʬʣʝʰ-ʧʘʤ'ʷʪʪʶ ʽ 

ʤʦʞʫʪʴ ʟʘʧʘʤ'ʷʪʦʚʫʚʘʪʠ ʧʝʚʥʠʡ ʦʙʩʷʛ ʽʥʬʦʨʤʘʮʽʾ, ʥʘʧʨʠʢʣʘʜ, ʟʤʽʥʶʚʘʪʠ ʩʪʘʥ ʣʽʯʠʣʴʥʠʢʘ 

ʘʙʦ ʟʙʝʨʽʛʘʪʠ ʜʦʚʽʣʴʥʝ ʯʠʩʣʦ [1]. 

ɼʘʥʥʽ ʢʘʨʪʠ ʤʘʶʪʴ ʦʩʥʦʚʥʽ ʪʨʠ ʪʠʧʠ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʦʛʦ, ʥʘ ʷʢʽʡ ʯʘʩʪʦʪʽ ʧʨʘʮʶʶʪʴ, 

ʘ ʩʘʤʝ ï ʥʠʟʴʢʦʯʘʩʪʦʪʥʽ (125 ʢɻʮ), ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ (13,56 ʄɻʮ ʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʪʘʥʜʘʨʪʫ ISO 

18000-3 [2]), ʪʘ ʢʘʨʪʢʠ ʥʘʜʚʠʩʦʢʠʭ ʯʘʩʪʦʪ (433 ʄɻʮ ï 2,4 ɻɻʮ). ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ ʢʘʨʪʢʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʪʘʥʜʘʨʪʫ ISO 18000-3. 

 

ʂʘʤʝʨʠ ʟ ʩʠʩʪʝʤʦʶ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʣʠʯʴ 
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ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʦʩʽʙ - ʮʝ ʦʜʥʽ ʟ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʙʽʦʤʝʪʨʠʯʥʦʾ 

ʙʝʟʢʦʥʪʘʢʪʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʣʶʜʠʥʠ ʧʦ ʦʙʣʠʯʯʶ. 

ʉʠʩʪʝʤʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ï ʧʨʦʮʝʩ ʟʽʩʪʘʚʣʝʥʥʷ ʦʩʽʙ, ʷʢʽ ʧʦʪʨʘʧʠʣʠ ʚ ʦʙ'ʻʢʪʠʚ ʢʘʤʝʨʠ ʟ 

ʙʘʟʦʶ ʜʘʥʠʭ ʨʘʥʽʰʝ ʟʙʝʨʝʞʝʥʠʭ ʽ ʽʜʝʥʪʠʬʽʢʦʚʘʥʠʭ ʟʦʙʨʘʞʝʥʴ ʦʩʽʙ ʝʪʘʣʦʥʽʚ. 

ɿʘ ʩʪʨʫʢʪʫʨʥʦʶ ʨʝʘʣʽʟʘʮʽʻʶ ʩʠʩʪʝʤʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʩʽʙ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʪʨʠ 

ʥʘʡʧʦʰʠʨʝʥʽʰʽ ʩʭʝʤʠ. 

1. ɸʥʘʣʽʟ ʚʽʜʝʦʧʦʪʦʢʫ ʥʘ ʩʝʨʚʝʨʽ 

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʘ ʩʭʝʤʘ ʨʝʘʣʽʟʘʮʽʾ - IP-ʢʘʤʝʨʘ ʧʝʨʝʜʘʻ ʚʽʜʝʦʧʦʪʽʢ ʥʘ ʩʝʨʚʝʨ, ʜʝ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʢʦʥʫʻ ʘʥʘʣʽʟ ʚʽʜʝʦʧʦʪʦʢʫ ʽ ʧʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ 

ʟʦʙʨʘʞʝʥʴ ʦʩʽʙ, ʟ ʙʘʟʦʶ ʦʩʽʙ ʝʪʘʣʦʥʽʚ. 

2. ɸʥʘʣʽʟ ʚʽʜʝʦʧʦʪʦʢʫ ʥʘ IP-ʢʘʤʝʨʽ 

ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʘʥʘʣʽʟ ʟʦʙʨʘʞʝʥʥʷ ʙʫʜʝ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʩʘʤʽʡ ʢʘʤʝʨʽ, ʘ ʥʘ ʩʝʨʚʝʨ 

ʙʫʜʫʪʴ ʧʝʨʝʜʘʚʘʪʠʩʷ ʦʙʨʦʙʣʝʥʽ ʤʝʪʘʜʘʥʽ. 

3. ɸʥʘʣʽʟ ʚʽʜʝʦʧʦʪʦʢʫ ʥʘ ʧʨʠʩʪʨʦʾ ʢʦʥʪʨʦʣʶ ʜʦʩʪʫʧʫ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʝʨʰʠʭ ʜʚʦʭ ʩʭʝʤ ʜʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ IP-ʢʘʤʝʨʠ, ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ 

ʢʘʤʝʨʘ ʚʙʫʜʦʚʘʥʘ ʚ ʧʨʠʩʪʨʽʡ ʢʦʥʪʨʦʣʶ ʜʦʩʪʫʧʫ, ʷʢʝ ʢʨʽʤ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʩʦʙʠ ʷʢʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʧʨʠʩʪʨʦʾ, ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʜʦʩʪʫʧʦʤ ʯʝʨʝʟ ʪʫʨʥʽʢʝʪ ʘʙʦ 

ʝʣʝʢʪʨʦʟʘʤʦʢ ʚʩʪʘʥʦʚʣʝʥʠʡ ʥʘ ʜʚʝʨʽ. ɹʘʟʘ ʜʘʥʠʭ ʦʩʽʙ ʝʪʘʣʦʥʽʚ ʟʙʝʨʽʛʘʻʪʴʩʷ ʥʘ ʧʨʠʩʪʨʦʾ, ʽ ʷʢ 

ʧʨʘʚʠʣʦ ʚʞʝ ʥʝ ʫ ʚʠʛʣʷʜʽ ʬʦʪʦʟʦʙʨʘʞʝʥʴ. 

 

RFDI-ʙʨʘʩʣʝʪʠ 

ʊʘʢʘ ʢʦʥʩʪʨʫʢʮʽʷ ʙʫʣʘ ʚʧʝʨʰʝ ʟʘʩʪʦʩʦʚʘʥʘ ʥʘ ʧʦʯʘʪʢʫ 90-ʭ ʨʦʢʽʚ ʘʚʩʪʨʽʡʩʴʢʦʶ 

ʬʽʨʤʦʶ SkiDada ʽ ʩʧʦʯʘʪʢʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʚ ʷʢʦʩʪʽ ʧʨʦʧʫʩʢʫ ʥʘ ʛʽʨʩʴʢʦʣʠʞʥʽ ʪʨʘʩʠ. 

ʇʨʦʪʷʛʦʤ ʜʝʷʢʦʛʦ ʯʘʩʫ ʧʦʜʽʙʥʽ ʪʨʘʥʩʧʦʥʜʝʨʠ ʥʘʙʫʣʠ ʰʠʨʦʢʦʛʦ ʧʦʰʠʨʝʥʥʷ, ʽ ʧʝʨʰ ʟʘ ʚʩʝ ʚ 

ʩʠʩʪʝʤʘʭ ʢʦʥʪʨʦʣʶ ʜʦʩʪʫʧʫ ʪʘ ʧʣʘʪʽʞʥʦ-ʧʨʦʧʫʩʢʥʠʭ ʩʠʩʪʝʤʘʭ. 

ʋʩʝʨʝʜʠʥʽ ʪʘʢʦʛʦ ʙʨʘʩʣʝʪʘ ʟʥʘʭʦʜʠʪʴʩʷ ʪʦʥʢʘ ʧʣʘʪʘ, ʥʘ ʧʦʚʝʨʭʥʽ ʷʢʦʾ ʨʦʟʪʘʰʦʚʘʥʽ 

ʜʦʨʽʞʢʠ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʨʘʤʢʦʚʫ ʘʥʪʝʥʫ ʟ ʥʝʚʝʣʠʢʠʤ ʯʠʩʣʦʤ ʚʠʪʢʽʚ. 

ɼʣʷ ʪʦʛʦ ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʡʙʽʣʴʰʫ ʜʘʣʴʥʽʩʪʴ ʜʽʾ, ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʘʥʪʝʥʫ ʷʢʦʤʦʛʘ ʙʽʣʴʰʦʾ ʧʣʦʱʽ, ʪʦʤʫ ʚʦʥʘ ʟʘʡʤʘʻ ʤʘʡʞʝ ʚʝʩʴ ʦʙʩʷʛ ʚʩʝʨʝʜʠʥʽ ʢʦʨʧʫʩʫ [3]. 

ʇʝʨʝʜʘʯʘ ʜʘʥʠʭ ʚ ʮʠʭ ʙʨʘʩʣʝʪʘʭ ʽʜʝʥʪʠʯʥʘ ʪʽʡ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʙʝʟʢʦʥʪʘʢʪʥʠʭ 

ʢʘʨʪʢʘʭ, ʘ ʦʪʞʝ ʡ ʚʽʜʧʦʚʽʜʘʻ ʚʠʱʝ ʟʘʟʥʘʯʝʥʠʤ ʩʪʘʥʜʘʨʪʘʤ ISO. 

 

ʇʦʜʘʣʴʰʝ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʜʝ ʥʘʧʨʘʚʣʝʥʝ ʥʘ ʧʦʨʽʚʥʷʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʧʝʨʩʦʥʘʣʫ, ʦʩʥʦʚʘʥʠʭ ʥʘ ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʱʝ ʪʝʭʥʦʣʦʛʽʷʭ, ʚ ʫʤʦʚʘʭ ʷʜʝʨʥʦʾ 

ʫʩʪʘʥʦʚʢʠ, ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʜʦʚʛʦʩʪʨʦʢʦʚʦʾ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʉʌɿ ʦʙôʻʢʪʫ, ʟ ʤʝʪʦʶ 

ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʚʝʜʝʥʥʷ ʜʘʥʦʾ ʩʠʩʪʝʤʠ. 

 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. ʉʤʘʨʪ-ʢʘʨʪʳ: ʩʘʤʦʝ ʧʦʜʨʦʙʥʦʝ ʨʫʢʦʚʦʜʩʪʚʦ ʧʦ ʚʳʙʦʨʫ: ʚʝʙ-ʩʘʡʪ. URL: 

https://securityrussia.com/blog/smart-karty.html; 

2. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ï ʈʘʜʠʦʯʘʩʪʦʪʥʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʝʜʤʝʪʘʤʠ ï ʏʘʩʪʴ 3: ʇʘʨʘʤʝʪʨʳ ʨʘʜʠʦʠʥʪʝʨʬʝʡʩʘ ʜʣʷ ʩʚʷʟʠ ʥʘ ʯʘʩʪʦʪʝ 13,56 ʄɻʮ. 

ɼʦʩʪʫʧ ʢ ʜʦʢʫʤʝʥʪʫ: http://www.gpntb.ru/rfid/pdf-doc/1.pdf; 

3. ʊʝʭʥʦʣʦʛʠʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ ʦʪ çɸè ʜʦ çʗè: ʚʝʙ-ʩʘʡʪ. URL: 

https://securityrussia.com/blog/face-recognition.html#1; 

RFID ʤʝʪʢʠ ï ʫʣʴʪʠʤʘʪʠʚʥʳʡ ʛʘʡʜ ʧʦ ʚʳʙʦʨʫ: ʚʝʙ-ʩʘʡʪ. URL: 

https://securityrussia.com/blog/rfid-metki.html. 
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ʇɽʈɽɺɸɻʀ ɯ ʅɽɼʆʃɯʂʀ ʈʋʁʅɯɺʅʆɻʆ ɸʅɸʃɯɿʋ ʗɼɽʈʅʀʍ ʄɸʊɽʈɯɸʃɯɺ 

 

ʈʫʡʥʽʚʥʠʡ ʘʥʘʣʽʟ (ʈɸ) ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʴʶ ʨʝʟʫʣʴʪʘʪʽʚ, ʱʦ ʜʫʞʝ 

ʚʘʞʣʠʚʦ ʟ ʪʦʯʢʠ ʟʦʨʫ ʩʠʩʪʝʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ. ʆʜʥʘʢ ʚʠʢʦʥʘʥʥʷ ʪʘʢʦʛʦ ʘʥʘʣʽʟʫ 

ʜʦʩʠʪʴ ʪʨʠʚʘʣʘ ʪʘ ʜʦʨʦʛʘ ʧʨʦʮʝʜʫʨʘ ɼʦ ʪʦʛʦ ʞ ʘʥʘʣʽʟ ʟʨʘʟʢʽʚ ʗʄ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʧʨʦʙʣʝʤʦʶ 

ʾʭ ʧʦʢʘʟʥʦʩʪʽ [1]. 

ɿʘʟʚʠʯʘʡ ʨʫʡʥʽʚʥʠʡ ʘʥʘʣʽʟ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʝʪʘʧʠ ʚʽʜʙʦʨʫ ʧʨʦʙʠ, ʭʽʤʽʯʥʘ ʧʽʜʛʦʪʦʚʢʘ 

ʟʨʘʟʢʽʚ ʽ ʩʘʤʽ ʚʠʤʽʨʶʚʘʥʥʷ. ʂʦʥʪʨʦʣʴʦʚʘʥʽ ʤʘʪʝʨʽʘʣʠ ʤʦʞʫʪʴ ʧʝʨʝʙʫʚʘʪʠ ʷʢ ʚ ʰʪʫʯʥʠʭ 

ʦʜʠʥʠʮʷʭ (ʦʙʣʽʢʦʚʽ ʦʜʠʥʠʮʽ), ʪʘʢ ʽ ʚ ʙʘʣʢ-ʬʦʨʤʽ. ʈʝʟʫʣʴʪʘʪʠ ʨʫʡʥʽʚʥʦʛʦ ʘʥʘʣʽʟʫ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ, ʷʢ ʧʨʘʚʠʣʦ, ʙʽʣʴʰ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ, ʥʽʞ ʧʨʠ ʥʝʨʫʡʥʽʚʥʠʭ ʚʠʤʽʨʘʭ. ʆʜʥʘʢ 

ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʽ ʚʘʨʪʽʩʪʴ ʈɸ ʚʠʱʝ, ʥʽʞ ʥʝʨʫʡʥʽʚʥʠʭ ʘʥʘʣʽʟʘʭ. 

ʈʫʡʥʽʚʥʠʡ ʘʥʘʣʽʟ ʧʨʦʚʦʜʷʪʴ ʚ ʥʘʩʪʫʧʥʠʭ ʚʠʧʘʜʢʘʭ 

- ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʥʝʨʫʡʥʽʚʥʠʭ ʚʠʤʽʨʶʚʘʥʴ; 

- ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʠʭ ʢʦʥʪʨʦʣʴʥʠʭ ʚʠʤʽʨʶʚʘʥʴ; 

- ɼʣʷ ʘʪʝʩʪʘʮʽʾ ʝʪʘʣʦʥʽʚ. 

ʊʘʢʠʡ ʘʥʘʣʽʟ ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʫ ʰʣʷʭʦʤ ʚʟʷʪʪʷ ʽ 

ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ ʡʦʛʦ ʧʨʦʙʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʮʝʡ ʚʠʜ ʚʠʤʽʨʶʚʘʥʴ ʧʝʨʝʜʙʘʯʘʻ 

ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʜʦʩʪʫʧ ʜʦ ʤʘʪʝʨʽʘʣʫ. ʊʘʢʽ ʤʝʪʦʜʠ ʻ ʦʩʥʦʚʥʠʤʠ ʜʣʷ ʦʙʣʽʢʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ 

ʧʣʫʪʦʥʽʶ ʽ ʫʨʘʥʫ ʥʘ ʷʜʝʨʥʠʭ ʫʩʪʘʥʦʚʢʘʭ. ʈɸ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʝʣʝʤʝʥʪʘ 

ʘʙʦ ʡʦʛʦ ʽʟʦʪʦʧʥʠʡ ʩʢʣʘʜ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ. 

ʄʝʪʦʜʠ ʈɸ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘ ʟʘʚʦʜʘʭ ʟ ʚʠʨʦʙʥʠʮʪʚʘ ʛʝʢʩʘʬʪʦʨʠʜʫ ʫʨʘʥʫ 

(UF6), ʧʦʜʽʣʫ ʽʟʦʪʦʧʽʚ ʫʨʘʥʫ, ʧʦ ʚʠʛʦʪʦʚʣʝʥʥʶ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ. ʅʘ ʨʘʜʽʦʭʽʤʽʯʥʠʭ ʟʘʚʦʜʘʭ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʈɸ ʚʠʟʥʘʯʘʶʪʴ ʢʦʥʮʝʥʪʨʘʮʽʾ ʫʨʘʥʫ ʽ ʧʣʫʪʦʥʽʶ ʚ ʧʨʦʤʽʞʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʩʝʨʝʜʦʚʠʱʘʭ, ʢʽʥʮʝʚʠʭ ʧʨʦʜʫʢʪʘʭ (ʨʝʛʝʥʝʨʦʚʘʥʽ ʫʨʘʥ ʽ ʧʣʫʪʦʥʽʡ) ʽ ʚʽʜʭʦʜʘʭ. 

ʆʜʥʘ ʟ ʦʩʥʦʚʥʠʭ ʧʨʦʮʝʜʫʨ ʈɸ - ʚʽʜʙʽʨ ʧʨʦʙ. ʇʨʦʙʣʝʤʘ ʚ ʮʽʡ ʧʨʦʮʝʜʫʨʽ ʧʦʣʷʛʘʻ ʚ 

ʪʦʤʫ, ʱʦʙ ʧʨʦʙʘ ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʘ ʦʙ'ʻʢʪ ʷʢ ʮʽʣʝ. ɿʜʽʡʩʥʠʪʠ ʚʽʜʙʽʨ ʧʨʦʙ ʟ ʨʽʜʠʥ ʽ ʛʘʟʽʚ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʻ ʚʝʣʠʢʠʭ ʪʨʫʜʥʦʱʽʚ, ʧʦʪʨʽʙʥʦ ʣʠʰʝ ʭʦʨʦʰʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ. ɺʽʜʙʽʨ ʟʨʘʟʢʦʚʠʭ 

ʧʨʦʙ ʜʣʷ ʪʚʝʨʜʠʭ ʽ ʩʠʧʫʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ ʙʽʣʴʰ ʩʢʣʘʜʥʦʶ ʩʧʨʘʚʦʶ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʟ 

ʪʚʝʨʜʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʤʽʩʪʠʪʴ ʗʄ, ʧʨʦʙʫ ʪʨʝʙʘ ʚʠʩʚʝʨʜʣʶʚʘʪʠ, ʘ ʤʘʪʝʨʽʘʣ ʤʦʞʝ ʙʫʪʠ 

ʥʝʦʜʥʦʨʽʜʥʠʤʠ. ʉʠʧʫʯʽ ʤʘʪʝʨʽʘʣʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʛʘʥʦ ʧʝʨʝʤʽʰʘʥʽ, ʥʝʦʜʥʦʨʽʜʥʝ ʤʽʩʪʠʪʠ 

ʚʦʣʦʛʫ ʚʩʝʨʝʜʠʥʽ ʩʝʙʝ ʽ ʪ. ʜ. ɼʣʷ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʦʙʠ ʢʦʥʪʨʦʣʶʶʪʴʩʷ ʨʦʟʧʦʜʽʣʦʤ ʪʦʯʦʢ 

ʚʽʜʙʦʨʫ. 

ʉʝʨʝʜ ʤʝʪʦʜʽʚ ʨʫʡʥʽʚʥʦʛʦ ʘʥʘʣʽʟʫ ʨʦʟʛʣʷʥʝʤʦ ʪʘʢʽ ʤʝʪʦʜʠ [2]: 

- ʄʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʽʟʦʪʦʧʥʦʛʦ ʩʢʣʘʜʫ ʫʨʘʥʫ ʽ ʧʣʫʪʦʥʽʶ. 
ʉʝʨʝʜʥʷ ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ ~ 0,1% (ʧʽʜʚʠʱʝʥʘ ʧʦʭʠʙʢʘ ʜʣʷ U234 ʽ U236). ɺ ʨʘʤʢʘʭ ʮʠʭ 

ʤʝʪʦʜʽʚ ʈɸ ʦʪʨʠʤʫʶʪʴ ʽʦʥʠ, ʷʢʽ ʧʦʜʽʣʷʶʪʴ ʚ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʷʭ, ʩʪʘʚʣʝʥʥʷ ʟʘʨʷʜʫ ʜʦ 

ʤʘʩʠ ʫ ʥʠʭ ʧʦ-ʨʽʟʥʦʤʫ. ʄʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʽ ʤʝʪʦʜʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʦ ʤʘʪʝʨʽʘʣʽʚ ʚ ʨʽʟʥʠʭ 

ʬʦʨʤʘʭ ʦʢʩʠʜʠ ʫʨʘʥʫ ʽ ʧʣʫʪʦʥʽʶ; ʤʝʪʘʣʠ; ʥʽʪʨʘʪʥʽ ʨʦʟʯʠʥʠ; ʧʘʣʠʚʥʽ ʤʘʪʝʨʽʘʣʠ ʽ ʽʥʰʽ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʧʨʠʣʘʜʫ: ʟʘʣʝʞʠʪʴ ʚʽʜ ʘʛʨʝʛʘʪʥʦʛʦ ʩʪʘʥʫ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ. ɼʣʷ ʛʘʟʦʚʦʾ ʬʦʨʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʛʘʟʦʚʽ ʤʘʩ ʩʧʝʢʪʨʦʤʝʪʨʠ, ʥʘʧʨʠʢʣʘʜ ʤʘʨʢʠ 

ʄɯ-12-01-ɸɻ (ʉʫʤʩʴʢʝ ʚʠʨʦʙʥʠʯʝ ʦʙ'ʻʜʥʘʥʥʷ). ɼʣʷ ʪʚʝʨʜʦʾ ʬʘʟʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʪʝʨʤʦʝʤʽʩʽʡʥʽ ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʠ, ʥʘʧʨʠʢʣʘʜ, ʤʘʨʢʠ F1NNIGANʄɸʊ262 

- ʊʠʪʨʠʤʝʪʨʠʯʥʽ ʤʝʪʦʜʠ. ʆʩʥʦʚʘ - ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʘʢʮʽʡ ʦʢʠʩʣʝʥʥʷ-

ʚʽʜʥʦʚʣʝʥʥʷ ʫʨʘʥʫ ʽ ʧʣʫʪʦʥʽʶ. ʋ ʧʨʦʮʝʩʽ ʪʠʪʨʫʚʘʥʥʷ ʧʦ ɽʈʉ ʚʠʟʥʘʯʘʶʪʴ ʪʦʯʢʫ 

ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ, ʜʝ ʢʽʣʴʢʽʩʪʴ ʛʨʘʤ-ʝʢʚʽʚʘʣʝʥʪʽʚ ʪʠʪʨʘʪʫ ʜʦʨʽʚʥʶʻ ʯʠʩʣʫ ʛʨʘʤ-ʝʢʚ̔ʚʘʣʝʥʪʽʚ 

ʨʝʯʦʚʠʥʠ. ʐʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʠʪʨʦʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ ɼʝʚʽʩʘ-ɻʨʝʷ. ɺʽʜʧʦʚʽʜʥʘ 

ʘʚʪʦʤʘʪʠʯʥʘ ʩʠʩʪʝʤʘ ɼʝʚʽʩʘ-ɻʨʝʷ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʨʝʟʫʣʴʪʘʪ ʟ ʪʦʯʥʽʩʪʶ ~ 0,3% ʟʘ 10 ... 
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20 ʭʚ. 

- ɻʨʘʚʽʤʝʪʨʠʯʥʠʡ ʤʝʪʦʜ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʽ ʜʦʩʪʦʚʽʨʥʽʩʪʶ 
ʨʝʟʫʣʴʪʘʪʽʚ. ɺʽʥ ʧʦʣʷʛʘʻ ʫ ʚʠʤʽʨʶʚʘʥʥʽ ʤʘʩʠ ʯʠʩʪʦʛʦ ʨʝʯʦʚʠʥʠ ʚʽʜʦʤʦʛʦ ʩʢʣʘʜʫ, 

ʦʪʨʠʤʘʥʦʛʦ ʟ ʧʨʦʙʠ ʦʩʘʜʞʝʥʥʷʤ. ʄʝʪʦʜ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʫʨʘʥʫ ʚ ʩʧʣʘʚʘʭ, 

ʦʢʠʩʣʘʭ, ʩʦʣʷʭ, ʨʦʟʯʠʥʘʭ. ʆʩʘʜʞʝʥʥʷ ʫʨʘʥʫ ʚʽʜ ʜʦʤʽʰʦʢ - ʥʘʡʩʢʣʘʜʥʽʰʘ ʧʨʦʮʝʜʫʨʘ ʚ 

ʤʝʪʦʜʽ. ɿʚʘʞʫʚʘʥʥʷ ʯʠʩʪʦʛʦ ʨʝʯʦʚʠʥʠ ʟʜʽʡʩʥʶʶʪʴ ʥʘ ʝʣʝʢʪʨʦʥʥʠʭ ʚʘʛʘʭ. ʇʦʭʠʙʢʘ 

ʚʠʤʽʨʶʚʘʥʴ ~ 0,05%. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʥʝʨʫʡʥʽʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʤʦʞʥʘ ʧʨʦʚʦʜʠʪʠ ʘʥʘʣʽʟ ʦʙ'ʻʢʪʽʚ ʥʝ ʪʽʣʴʢʠ 

ʧʨʠ ʾʭ ʟʜʘʯʽ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʘʙʦ ʚʠʧʫʩʢʫ ʧʨʦʜʫʢʮʽʾ. ʊʨʘʜʠʮʽʡʥʦ ʯʘʩʪʦ ʧʨʘʢʪʠʢʫʻʪʴʩʷ ʱʝ 

ʦʜʠʥ ʩʧʦʩʽʙ (ʩʢʦʨʽʰʝ ʥʘʚʽʪʴ çʨʝʞʠʤè) ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʣʘʜʽʚ ʥʝʨʫʡʥʽʚʥʦʛʦ ʢʦʥʪʨʦʣʶ - 

ʙʝʟʧʝʨʝʨʚʥʠʡ ʢʦʥʪʨʦʣʴ. ɿʦʢʨʝʤʘ, ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʥʘ ɸɽʉ ʪʘ ʽʥʰʠʭ ʦʙ'ʻʢʪʽʚ. 

 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

 

1. ʆʩʥʦʚʳ ʫʯʝʪʘ, ʢʦʥʪʨʦʣʷ ʠ ʬʠʟʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʷʜʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ï ʫʯʝʙʥʦʝ 

ʧʦʩʦʙʠʝ/ ʧʦʜ ʨʝʜ. ʕ.ʌ. ʂʨʶʯʢʦʚʘ. ï ʄ., ʄʀʌʀ, 2007, 543 ʩ. 

2.  [1977] ɸʙʨʘʤʦʚ ɸ.ʀ., ʂʘʟʘʥʩʢʠʡ ʖ.ɸ., ʄʘʪʫʩʝʚʠʯ ɽ.ʉ. - ʆʩʥʦʚʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ - 2-e, ʧʝʨʝʨ. ʠ ʜʦʧ. - ʄ.: ɸʪʦʤʠʟʜʘʪ, 

1977. - 528 c. 
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ʋɼʂ 536.248.2 

ʄʦʣ. ʚʯʝʥʠʡ ɹʝʭʤʘʨʜ ɻ.. 

ʇʨʦʬ., ʜ.ʪ.ʥ. ʂʨʘʚʝʮʴ ɺ.ʖ. 

ʊɽʇʃʆʇɽʈɽɼɸʖʏɯ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʄɯʅɯɸʊʖʈʅʀʍ ɼɺʆʌɸɿʅʀʍ 

ʊɽʈʄʆʉʀʌʆʅɯɺ 

 

ʉʫʯʘʩʥʘ ʪʝʥʜʝʥʮʽʷ ʟʤʝʥʰʝʥʥʷ ʤʘʩʦ ʛʘʙʘʨʠʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʟ ʦʜʥʦʯʘʩʥʠʤ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ, ʱʦ ʚʠʜʽʣʷʶʪʴʩʷ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʽ ʤʽʥʽʘʪʶʨʠʟʘʮʽʾ ʩʠʩʪʝʤ ʦʭʦʣʦʜʞʝʥʥʷ ʟ ʧʽʜʚʠʱʝʥʠʤʠ 

ʪʝʧʣʦʧʝʨʝʜʘʶʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʆʜʥʠʤ ʟ ʚʘʞʣʠʚʠʭ ʚʠʤʦʛ ʜʦ ʪʘʢʠʭ ʩʠʩʪʝʤ ʻ ʟʜʘʪʥʽʩʪʴ 

ʧʝʨʝʜʘʚʘʪʠ ʟʥʘʯʥʽ ʧʠʪʦʤʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʟʘʜʘʥʠʭ ʨʦʙʦʯʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʝʣʝʤʝʥʪʽʚ ʧʨʠʣʘʜʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʚʽʜʚʦʜʫ ʪʝʧʣʦʪʠ 

ʧʨʠʩʪʨʦʾʚ, ʚ ʦʩʥʦʚʽ ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʠʧʘʨʥʦ-ʢʦʥʜʝʥʩʘʮʽʡʥʠʡ ʮʠʢʣ, ʜʦʟʚʦʣʠʚ ʧʝʚʥʦʶ 

ʤʽʨʦʶ ʚʠʨʽʰʠʪʠ ʮʶ ʧʨʦʙʣʝʤʫ. ʑʝ ʦʜʥʠʤ ʟ ʚʘʞʣʠʚʠʭ ʯʠʥʥʠʢʽʚ ʻ ʧʨʦʩʪʦʪʘ ʚʠʛʦʪʦʚʣʝʥʥʷ. 

ɺʩʽʤ ʮʠʤ ʷʢʦʩʪʷʤ ʚʽʜʧʦʚʽʜʘʶʪʴ ʜʚʦʬʘʟʥʽ ʪʝʨʤʦʩʠʬʦʥʠ, ʷʢʽ ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʨʽʟʥʠʭ ʦʙʣʘʩʪʷʭ ʪʝʭʥʽʢʠ, ʽ ʤʘʶʪʴ ʧʝʨʝʚʘʛʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʚʠʜʘʤʠ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤ 

ʦʭʦʣʦʜʞʝʥʥʷ [1, 2]. ɽʢʚʽʚʘʣʝʥʪʥʘ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʪʝʨʤʦʩʠʬʦʥʽʚ  lʝʢʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʛʘʙʘʨʠʪʽʚ ʽ ʚʠʜʫ ʪʝʧʣʦʥʦʩʽʷ ʤʦʞʝ ʧʝʨʝʚʠʱʫʚʘʪʠ 100000 ɺʪ/ʤ ʂ, ʱʦ ʥʘ ʪʨʠ ʧʦʨʷʜʢʠ ʚʠʱʝ 

ʽʩʥʫʶʯʠʭ ʥʘʡʪʝʧʣʦʧʨʦʚʽʜʥʽʰʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʤʽʜʴ, ʩʨʽʙʣʦ, ʘʣʤʘʟ ʚʟʜʦʚʞ ʦʧʪʠʯʥʦʾ ʦʩʽ). ʆʜʥʘʢ 

ʩʢʣʘʜʥʽʩʪʴ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʠ ʧʝʨʝʜʘʯʽ ʪʝʧʣʦʪʠ ʚʩʝʨʝʜʠʥʽ ʪʝʨʤʦʩʠʬʦʥʽʚ 

(ʢʠʧʽʥʥʷ, ʢʦʥʜʝʥʩʘʮʽʷ, ʧʝʨʝʤʽʱʝʥʥʷ ʧʘʨʠ ʽ ʨʽʜʠʥʠ), ʘ ʦʩʦʙʣʠʚʦ ʚ ʤʽʥʽʘʪʶʨʥʠʭ 

ʪʝʨʤʦʩʠʬʦʥʘʭ (ʚʧʣʠʚ ʦʙʤʝʞʝʥʠʭ ʫʤʦʚ) ʥʝ ʜʦʟʚʦʣʷʻ ʘʥʘʣʽʪʠʯʥʦ ʚʠʨʽʰʠʪʠ ʟʘʜʘʯʫ 

ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʦʩʥʦʚʥʠʭ ʪʝʧʣʦʧʝʨʝʜʘʶʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʜʦ ʷʢʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʢʨʽʤ 

ʤʽʥʽʤʘʣʴʥʦʛʦ ʪʝʨʤʽʯʥʦʛʦ ʦʧʦʨʫ Rmin ʽ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ Qmax ʽ ʝʢʚʽʚʘʣʝʥʪʥʘ 

ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ lʝʢʚ. 

ɺʧʣʠʚ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʮʽ ʧʦʢʘʟʥʠʢʠ ʰʠʨʦʢʦ ʨʦʟʛʣʷʜʘʚʩʷ ʚ ʣʽʪʝʨʘʪʫʨʽ [1, 3, 4, 5], 

ʦʜʥʘʢ ʩʠʩʪʝʤʘʪʠʟʘʮʽʷ ʜʘʥʠʭ ʧʦʢʠ ʚʽʜʩʫʪʥʷ. ʂʨʽʤ ʚʩʽʭ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ ʚ ʤʽʥʽʘʪʶʨʥʠʭ 

ʪʝʨʤʦʩʠʬʦʥʘʭ ʥʘ ʧʨʦʮʝʩʠ ʧʝʨʝʜʘʯʽ ʪʝʧʣʦʪʠ ʚʧʣʠʚʘʶʪʴ ʾʭ ʛʝʦʤʝʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʇʝʨʰ ʟʘ ʚʩʝ, ʮʝ ʚʥʫʪʨʽʰʥʽʡ ʜʽʘʤʝʪʨ ʧʘʨʦʚʦʛʦ ʧʨʦʩʪʦʨʫ, ʟʥʠʞʝʥʥʷ ʷʢʦʛʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʨʦʩʪʘʥʥʷ ʚʧʣʠʚʫ ʢʘʧʽʣʷʨʥʠʭ ʩʠʣ ʽ ʩʠʣ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʥʘ ʧʨʦʮʝʩʠ ʧʘʨʦʫʪʚʦʨʝʥʥʷ, 

ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʨʫʭʫ ʜʚʦʬʘʟʥʦʛʦ ʧʦʪʦʢʫ ʽ ʢʦʥʜʝʥʩʘʮʽʾ [5]. ʂʨʠʪʝʨʽʻʤ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʚʟʘʻʤʦʜʽʶ ʩʠʣ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʟ ʛʨʘʚʽʪʘʮʽʡʥʠʤʠ ʩʠʣʘʤʠ, ʤʦʞʝ ʩʣʫʞʠʪʠ ʯʠʩʣʦ ɹʦʥʜʘ (

, ʜʝ dʧʧ ï ʜ̔ʘʤʝʪʨ ʧʘʨʦʚʦʛʦ ʧʨʦʩʪʦʨʫ, ʘ  - ʢʘʧʽʣʷʨʥʘ ʩʪʘʣʘ ʃʘʧʣʘʩʘ) [1]. 

ʋ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʧʣʠʚ ʜʽʘʤʝʪʨʘ ʧʘʨʦʚʦʛʦ ʧʨʦʩʪʦʨʫ dʧʧ ʥʘ lʝʢʚ. 
ɹʫʣʠ ʦʙʨʘʥʽ ʪʝʨʤʦʩʠʬʦʥʠ ʟ ʚʥʫʪʨʽʰʥʽʤʠ ʜʽʘʤʝʪʨʘʤʠ dʧʧ = 3Å10

-3ʤ; 5Å10-3ʤ ʽ 9Å10-3ʤ, 

ʜʦʚʞʠʥʦʶ 0,7ʤ. ɺ ʷʢʦʩʪʽ ʪʝʧʣʦʥʦʩʽʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ: ʚʦʜʘ, ʤʝʪʘʥʦʣ ʽ ʬʨʝʦʥ113. 

ɼʦʚʞʠʥʘ ʟʦʥ ʥʘʛʨʽʚʫ ʽ ʢʦʥʜʝʥʩʘʮʽʾ ʙʫʣʘ 0,2ʤ. ʂʦʝʬʽʮʽʻʥʪ ʟʘʧʦʚʥʝʥʥʷ ʂʟ, ʨʽʚʥʠʡ ʚʽʜʥʦʰʝʥʥʶ 

ʦʙôʻʤʫ, ʟʘʡʤʘʥʦʛʦ ʪʝʧʣʦʥʦʩʽʻʤ Vʨ ʜʦ ʦʙôʻʤʫ ʚʩʽʻʾ ʟʦʥʠ ʥʘʛʨʽʚʫ Vʟʥ, ʟʤʽʥʶʚʘʚʩʷ ʚʽʜ 

0,44.°0,03 ʜʦ 1,93°0,03. ɺʽʜʚʝʜʝʥʥʷ ʪʝʧʣʦʪʠ ʚʽʜ ʟʦʥʠ ʢʦʥʜʝʥʩʘʮʽʾ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʚʦʜʦʶ ʟ 

ʪʝʤʧʝʨʘʪʫʨʦʶ 200ʉ ʽ ʧʦʩʪʽʡʥʦʶ ʚʠʪʨʘʪʦʶ 4,9Å10-3ʢʛ/ʩ. ʈʦʟʪʘʰʫʚʘʥʥʷ ʚ ʧʨʦʩʪʦʨʽ - 

ʚʝʨʪʠʢʘʣʴʥʝ ʧʦ ʩʠʣʘʤ ʪʷʞʽʥʥʷ.  

ɼʣʷ ʢʦʞʥʦʛʦ ʪʝʨʤʦʩʠʬʦʥʘ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʪʝʧʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʥʘʯʝʥʥʷ lʝʢʚ 

ʤʦʥʦʪʦʥʥʦ ʟʙʽʣʴʰʫʶʪʴʩʷ ʜʦ ʜʝʷʢʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʷʢʝ ʚʽʜʧʦʚʽʜʘʻ 

ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʪʝʧʣʦʚʦʤʫ ʧʦʪʦʢʫ. ʈʦʟʰʘʨʫʚʘʥʥʷ ʢʨʠʚʠʭ ʥʘ ʨʠʩ.1 ʚ ʦʩʥʦʚʥʦʤʫ ʧʦʚ'ʷʟʘʥʦ ʟ 

ʚʧʣʠʚʦʤ ʜʽʘʤʝʪʨʘ ʧʘʨʦʚʦʛʦ ʧʨʦʩʪʦʨʫ, ʘ ʚʝʣʠʯʠʥʘ lʝʢʚ ʧʨʠʙʣʠʟʥʦ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʦʜʥʦʤʫ 

ʨʽʚʥʽ. ɼʣʷ ʪʝʨʤʦʩʠʬʦʥʘ ʟ dʧʧ = 5Å10
-3ʤ ʽ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʠʤ ʟʥʘʯʝʥʥʷʤ ʂʟ ʚʠʜ ʪʝʧʣʦʥʦʩʽʷ 

ʚʧʣʠʚʘʻ ʪʽʣʴʢʠ ʥʘ ʚʝʣʠʯʠʥʫ lʝʢʚ (ʨʠʩ.2). ɼʘʥʽ ʧʦ lʝʢʚ ʧʨʦʧʦʨʮʽʡʥʽ Q
0.85. 

ɸʥʘʣʽʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʧʦʢʘʟʘʚ, ʱʦ ʽʩʥʫʻ ʟʘʣʝʞʥʽʩʪʴ: 

, ʜʝ Re = Wdʧʧ / ɜ - ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ; (W - ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʧʘʨʠ, ʤ/ʩ; 

ʧʧ ʢBo d l=
ʢl

(Re; ; )eʢʚ ʟf Bo Kl =
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ɜ - ʢʽʥʝʤʘʪʠʯʥʘ ʚ'ʷʟʢʽʩʪʴ ʧʘʨʠ, ʤ2/ʩ). ɼʘʥʽ ʜʣʷ ʪʝʨʤʦʩʠʬʦʥʽʚ ʟ dʧʧ = 5Å10
-3ʤ ʚ ʜʽʘʧʘʟʦʥʽ ʂʟ ʚʽʜ 

0,44 ʜʦ 1,93 ʫʟʘʛʘʣʴʥʶʶʪʴʩʷ ʟʘʣʝʞʥʽʩʪʶ (ʨʠʩ. 3): 

                 (1) 

ʷʢʘ ʩʧʨʘʚʝʜʣʠʚʘ ʧʨʠ ReÒ1000. 

 

ʇʨʠ ReÓ1000 ʜʘʥʽ ʫʟʘʛʘʣʴʥʶʶʪʴʩʷ ʟʘʣʝʞʥʽʩʪʶ: 

                (2) 

 

 

ʈʠʩʫʥʦʢ 1 - ɺʧʣʠʚ dʧʧ ʥʘ ʚʝʣʠʯʠʥʫ lʝʢʚ (ʪʝʧʣʦʥʦʩʽʡ- ʚʦʜʘ) 

 

ɿʘʣʝʞʥʦʩʪʽ (1) ʽ (2) ʩʧʨʘʚʝʜʣʠʚʽ ʚ ʜʽʘʧʘʟʦʥʽ ʯʠʩʝʣ ɺʦ ʚʽʜ 1 ʜʦ 4 ʽ ʚʠʙʨʘʥʠʭ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʪʝʨʤʦʩʠʬʦʥʽʚ, ʜʣʷ ʪʝʧʣʦʥʦʩʽʾʚ ʚʦʜʘ, ʤʝʪʘʥʦʣ ʽ ʬʨʝʦʥ-113. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʦ, ʱʦ ʝʢʚʽʚʘʣʝʥʪʥʫ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʤʽʥʽʘʪʶʨʥʠʭ 

ʪʝʨʤʦʩʠʬʦʥʽʚ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʧʦ ʟʘʣʝʞʥʦʩʪʷʤ (1) ʽ (2). 
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ʈʠʩʫʥʦʢ 2 - ɺʧʣʠʚ ʚʠʜʫ ʪʝʧʣʦʥʦʩʽʷ ʥʘ 

ʚʝʣʠʯʠʥʫ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 

lʝʢʚ (dʧʧ=5Ŀ10
-3ʤ) 

ʈʠʩʫʥʦʢ 3 - ʋʟʘʛʘʣʴʥʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʜʣʷ 

ʪʝʨʤʦʩʠʬʦʥʘ ʟ ʚʥʫʪʨʽʰʥʽʤ ʜʽʘʤʝʪʨʦʤ dʧʧ 

=5Ŀ10-3ʤ 
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INFLUENCE OF PHP CHANNEL DESIGN ON START -UP AND GRAVITY: A 

REVIEW  

 

Pulsating heat pipe (PHP), a novel idea proposed by Akachi [1] in 1990, seems to fulfil all 

existing cooling requirements. Unlike conventional heat pipes, pulsating heat pipe have got simple 

structure and are completely free from the wick, which provides an advantage over the 

manufacturing aspect of it. PHP is made of a long capillary tube, which is bent into many turns. 

Key benefits of PHP are, its quick-thermal response, compact size, and simple construction. 

However, one downside of PHP is that it does not function effectively at all orientations. In order 

to increase its prospects in space applications many researchers investigated the impact of major 

parameters on PHP thermal performance. Out of all major parameters such as inner diameter, 

number of turns, cross section, working fluid, channel design, filling ratio (FR), heat input, and 

orientation, in this paper impact of channel design on PHP thermal performance is reviewed in 

terms of start-up and gravity influence.  

The use of uneven capillary forces was initially attempted experimentally to improve flow 

circulation, and ultimately to increase heat transfer with the aid of channel diameter variation [2]. 

Investigation by Chien et al. [3] found that when square channels of alternate sizes were used in 

PHP instead of a uniform square channel structure, the PHP framework could work in a horizontal 

position. In support of these results Tseng et al. [4] came out with a strategy to make closed loop 

PHP in horizontal operation. Comparative analysis was conducted between standard tube diameter 

and alternative tube diameter (alternative tubes were flattened to oval shape with a 1.5 mm minor 

diameter). When operated in horizontal operation, the alternate channel layout can be initiated at 

a fairly low heat input and also resulted in much lower thermal resistance compared to the uniform. 

Sedighi et al. [5], recently fabricated PHP with an additional branch (AB-PHP; Fig. 1(a)) on pyrex 

glass and compared it to standard flat plate PHP (FP-PHP). As a result of the extra branches, 

thermal resistance decreased by 11% to 20% at different FRs, and flow circulation improved. 

 

 
 

 Figure 1 - Different channel design configurations ((a) [5] (b) [6] (c) [7] (d) [8] 

 

 Even after using many turns and geometric modifications, the PHP device can operate 

horizontally but fails to work in top heated position. To refine this problem, Tseng et al. [6] 

suggested a novel design using a mix of alternate double-pipe tube diameters with extra open 
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connections between the dual pipe, as shown in the Fig. 1(b). This novel design could allow PHP 

to operate in both top and bottom heated positions by adding an "extra unbalanced pressure force" 

for fluid circulation. When the findings of this new design were compared to those of Tseng et al. 

[4], it was found that thermal resistance was reduced to 0.0729 K/W, as opposed to 0.17 K/W with 

standard CLPHP. The use of asymmetric PHP like one shown in Fig. 1(c) showed 45% decrease 

in thermal resistance compared to symmetric PHP. Although the PHP model tested by Kwon and 

Kim [7] was verified for one turn, but it was confirmed that increase in the number of turns could 

allow asymmetric PHP work without gravity influence. Therefore, it was clearly stated that even 

in the case of horizontal operation, the use of non-uniformity in the channel layout could improve 

flow circulation. So in order to measure the effect of channel layout on thermal performance, the 

concept of effective dissimilarity as shown in Fig. 1(d) was first introduced recently by Lim and 

Kim [8] and experimented micro pulsating heat pipe with HFE-7000 as a working fluid (50% FR) 

at various values of effective dissimilarity. Effective dissimilarity is a ratio between how far the 

channel layout differs from the uniformly organized channel layout to how far it differs from the 

decreasing channel layout. The channel with maximum effective dissimilarity reported 32% higher 

thermal conductance than channel with minimum effective dissimilarity in horizontal operation. 

Gravity has a significant impact on PHP's heat transfer efficiency. According to current 

studies, reducing the inner diameter, increasing the amount of turns, configuring PHP channels in 

three dimensions and applying of different channel design configuration to create extra unbalanced 

pressure forces inside the channels can be effective ways to reduce gravity's impact. Recent 

research on novel channel design suggests that it has a lot of potential towards operating PHP in 

any orientation with less start-up time, but further testing is required in terms of PHP design 

effects, along with all other important parameters, in order to run PHP independent of gravity. 
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ʄʦʣ. ʚʯʝʥʠʡ, ʢ.ʪ.ʥ. ʂʦʟʘʢ ɼ.ɺ. 

ʇʨ. ʥ. ʩʧʽʚ., ʜ.ʪ.ʥ. ʅʽʢʦʣʘʻʥʢʦ ʖ.ɭ. 

ɺʀɿʅɸʏɽʅʅʗ ɺʅʋʊʈɯʐʅʔʆɻʆ ɼɯɸʄɽʊʈʋ ʇʋʃʔʉɸʎɯʁʅʀʍ ʊɽʇʃʆɺʀʍ 

ʊʈʋɹ ɿ ʅʀɿʔʂʆʊɽʄʇɽʈɸʊʋʈʅʀʄʀ ʊɽʇʃʆʅʆʉɯʗʄʀ 

 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʧʦʪʫʞʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʧʨʠʡʤʘʣʴʥʦ-ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʤʦʜʫʣʽʚ ʘʥʪʝʥʥʠʭ ʩʠʩʪʝʤ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʪʘʥʮʽʡ ʚ [1]  

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʫʣʴʩʘʮʽʡʥʽ ʪʝʧʣʦʚʽ ʪʨʫʙʠ (ʇʊʊ). ʆʩʢʽʣʴʢʠ ʜʽʘʧʘʟʦʥ 

ʪʝʤʧʝʨʘʪʫʨ ʝʢʩʧʣʫʘʪʘʮʽʾ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʪʘʥʮʽʡ ʤʦʞʝ ʙʫʪʠ ʜʫʞʝ ʰʠʨʦʢʠʤ, ʥʘʧʨʠʢʣʘʜ, ʚʽʜ 

ï 50 Áʉ ʜʦ +50 Áʉ, ʪʦ ʜʣʷ ʇʊʊ ʧʨʠʡʤʘʣʴʥʦ-ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʤʦʜʫʣʽʚ ʥʝʦʙʭʽʜʥʦ ʦʙʠʨʘʪʠ 

ʪʝʧʣʦʥʦʩʽʾ ʟ ʥʠʟʴʢʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʧʣʘʚʣʝʥʥʷ. ʊʘʢʠʤʠ ʪʝʧʣʦʥʦʩʽʷʤʠ ʤʦʞʫʪʴ ʙʫʪʠ, 

ʟʦʢʨʝʤʘ, ʬʨʝʦʥʠ (ʜʠʚ. ʪʘʙʣʠʮʶ).  

ʊʘʙʣʠʮʷ - ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʞʣʠʚʠʭ ʬʨʝʦʥʽʚ ʜʣʷ ʇʊʊ, 

ʱʦ ʧʨʘʮʶʶʪʴ ʧʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ [2] 

ʊʝʧʣʦʥʦʩʽʡ ʌʨʝʦʥ 123 ʌʨʝʦʥ 134ʘ ʌʨʝʦʥ 141b ʌʨʝʦʥ 142b 

ʌʦʨʤʫʣʘ C2HCl2F3 C2HF4 C2H3Cl2F C2H3ClF2 

ʊʝʤʧʝʨʘʪʫʨʘ ʢʠʧʽʥʥʷ, Áʉ 27,82 ï26,07 32,05 ï9,15 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʥʷ, Áʉ ï107,15 ï103,30 ï103,30 ï130,43 

  

ʆʩʢʽʣʴʢʠ ʚ ʣʽʪʝʨʘʪʫʨʽ ʚʽʜʩʫʪʥʽ ʜʘʥʽ ʱʦʜʦ ʨʦʙʦʪʠ ʇʊʊ ʟ ʪʘʢʠʤʠ ʪʝʧʣʦʥʦʩʽʷʤʠ ʧʨʠ 

ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʽʥʬʦʨʤʘʮʽʷ ʱʦʜʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʇʊʊ ʜʣʷ ʚʽʜʧʦʚʽʜʥʠʭ 

ʫʤʦʚ, ʤʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʚʠʟʥʘʯʠʪʠ ʜʽʘʧʘʟʦʥ ʟʥʘʯʝʥʴ ʚʥʫʪʨʽʰʥʴʦʛʦ ʜʽʘʤʝʪʨʫ ʇʊʊ ʟ 

ʬʨʝʦʥʘʤʠ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʊʝʧʣʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʇʊʊ ʟʘʣʝʞʘʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ, ʟʦʢʨʝʤʘ, ʚʽʜ ʾʾ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʜʽʘʤʝʪʨʫ ʪʘ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʝʧʣʦʥʦʩʽʷ. ɺ [3] ʧʦʢʘʟʘʥʦ, ʱʦ 

ʚʥʫʪʨʽʰʥʽʡ ʜʽʘʤʝʪʨ D ʇʊʊ ʧʦʚʠʥʝʥ ʚʽʜʧʦʚʽʜʘʪʠ ʫʤʦʚʽ: 

                                   

                                                         (1) 

 

ʜʝ ů ï ʢʦʝʬʽʮʽʻʥʪ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ, ʅ/ʤ; g ï 9,81 ʤ/ʩ2; ɟl ʪʘ ɟɡ ï ʛʫʩʪʠʥʘ ʨʽʜʠʥʠ ʪʘ ʧʘʨʠ 

ʪʝʧʣʦʥʦʩʽʷ ʚʽʜʧʦʚʽʜʥʦ, ʢʛ/ʤ3. ɺ [4] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʦʙʠʨʘʪʠ ʙʽʣʴʰ ʚʫʟʴʢʠʡ ʜʽʘʧʘʟʦʥ ʟʥʘʯʝʥʴ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʜʽʘʤʝʪʨʫ ʇʊʊ, ʘ ʩʘʤʝ ï ʚʽʜ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ  Dmax ʜʦ ʤʽʥʽʤʘʣʴʥʦʛʦ 

Dmin, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢ: 

 

                                                                                        (2) 

 

                                                       (3) 

 

ʋʨʘʭʦʚʫʶʯʠ ʟʘʣʝʞʥʽʩʪʴ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ů, ɟl ʪʘ ɟɡ ʪʝʧʣʦʥʦʩʽʷ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʥʘʤʠ ʟʘ ʬʦʨʤʫʣʘʤʠ (2) ʪʘ (3) ʧʦʙʫʜʦʚʘʥʦ ʥʝʦʙʭʽʜʥʽ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʇʊʊ 

ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʜʽʘʤʝʪʨʫ ʇʊʊ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ 

ʰʠʨʦʢʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʜʽʘʧʘʟʦʥʽ (ʨʠʩ. 1). ʈʦʟʰʠʨʝʥʥʷ ʚʝʨʭʥʴʦʛʦ ʜʽʘʧʘʟʦʥʫ ʪʝʤʧʝʨʘʪʫʨ 

ʜʦ +100 Áʉ ʥʘ ʛʨʘʬʽʢʘʭ ʦʙʫʤʦʚʣʝʥʦ ʤʦʞʣʠʚʽʩʪʶ ʜʦʩʷʛʥʝʥʥʷ ʪʘʢʠʭ ʟʥʘʯʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ 
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ʧʘʨʦʶ ʪʝʧʣʦʥʦʩʽʷ ʧʨʠ ʨʦʙʦʪʽ ʇʊʊ ʧʽʜ ʪʝʧʣʦʚʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

ʦʪʦʯʫʶʯʦʛʦ ʧʦʚʽʪʨʷ +50 Áʉ. 

 

  

ʌʨʝʦʥ 123 ʌʨʝʦʥ 134ʘ 

 

  
ʌʨʝʦʥ 141 b ʌʨʝʦʥ 142 b 

 

ʈʠʩʫʥʦʢ 1 ï  ɿʘʣʝʞʥʽʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʛʦ Dmax ʪʘ ʤʽʥʽʤʘʣʴʥʦʛʦ Dmin ʟʥʘʯʝʥʴ ʜʽʘʤʝʪʨʘ 

ʇʊʊ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʩʠʯʝʥʦʾ ʧʘʨʠ ʪʝʧʣʦʥʦʩʽʷ ʜʣʷ  ʜʝʷʢʠʭ ʬʨʝʦʥʽʚ 

 

ʅʘʚʝʜʝʥʽ ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʚʠʙʦʨʫ ʜʽʘʤʝʪʨʫ ʇʊʊ 

ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʠʩʪʝʤ ʦʭʦʣʦʜʞʝʥʥʷ ʧʨʠʡʤʘʣʴʥʦ-ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʤʦʜʫʣʽʚ ʘʥʪʝʥʥʠʭ 

ʩʠʩʪʝʤ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʪʘʥʮʽʡ. 

 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. ʂʦʨʧʫʩ ʤʦʜʫʣʷ ʘʥʪʝʥʥʦʾ ʨʝʰʽʪʢʠ: ʧʘʪ. 145511 ʋʢʨʘʾʥʘ: ʄʇʂ 

(2020.01) H01Q 21/00, F28D 15/02 (2006.01), H05K 7/20 (2006.01); ʦʧʫʙʣ. 10.12.2020, ɹʶʣ. 

 ̄23. 8 ʩ. 

2. ɹʝʟʨʦʜʥʳʡ ʄ.ʂ., ʇʠʦʨʦ ʀ.ʃ., ʂʦʩʪʶʢ ʊ.ʆ. ʇʨʦʮʝʩʩʳ ʧʝʨʝʥʦʩʘ ʚ ʜʚʫʭʬʘʟʥʳʭ 

ʪʝʨʤʦʩʠʬʦʥʥʳʭ ʩʠʩʪʝʤʘʭ. ʊʝʦʨʠʷ ʠ ʧʨʘʢʪʠʢʘ: ʂʠʝʚ: ʌʘʢʪ, 2005. 704 ʩ. 

3. Khandekar, S., Groll, M. An Insight Into Thermo-Hydrodynamic Coupling in Closed 

Loop Pulsating Heat Pipes. International Thermal Sciences. 2004. Vol. 43. pp. 13ï20. 

4. Lin, Y.H., Kang, S.W.,Wu, T.Y. Fabrication of Polydimethylsiloxane (PDMS) 

Pulsating Heat Pipe. Appl. Therm. Eng. 2009. Vol. 29. pp. 573ï580. 
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ʋɼʂ 536.24 

ʄʦʣ. ʚʯʝʥʠʡ ʄʝʣʴʥʠʢ ʈ.ʉ.; ʤʘʛʽʩʪʨʘʥʪ 6 ʢʫʨʩʫ, ʛʨ. ʊʌ-61ʤʥ ʃʽʧʥʽʮʴʢʠʡ ʃ.ɺ. 

ʇʨʦʬ., ʜ.ʪ.ʥ. ʂʨʘʚʝʮʴ ɺ.ʖ. 

ɺʇʃʀɺ ʇɸʈɸʄɽʊʈɯɺ ʇʆʈʀʉʊʀʍ ʉʊʈʋʂʊʋʈ ʅɸ ɻʈɸʅʀʏʅɯ ʊɽʇʃʆɺɯ 

ʇʆʊʆʂʀ 

 

ʗʚʠʱʘ ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ, ʦʩʦʙʣʠʚʦ ʧʨʦʮʝʩʠ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʪʘ ʢʦʥʜʝʥʩʘʮʽʾ. ʅʘʡʙʽʣʴʰʝ ʮʝ ʩʪʦʩʫʻʪʴʩʷ 

ʨʽʟʥʦʤʘʥʽʪʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʊʘʢʦʞ, ʥʘ ʦʩʥʦʚʽ ʮʠʭ ʧʨʦʮʝʩʽʚ ʬʫʥʢʮʽʦʥʫʶʪʴ 

ʜʚʦʬʘʟʥʽ ʪʝʧʣʦʧʝʨʝʜʘʶʯʽ ʩʠʩʪʝʤʠ, ʷʢ ʪʝʧʣʦʚʽ ʪʨʫʙʠ ʯʠ ʧʘʨʦʚʽ ʢʘʤʝʨʠ. ʆʜʥʘʢ, ʜʽʘʧʘʟʦʥ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʩʠʩʪʝʤ ʦʙʤʝʞʫʻʪʴʩʷ ʢʨʠʪʠʯʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʪʝʧʣʦʚʠʭ 

ʧʦʪʦʢʽʚ. ɼʣʷ ʟʙʽʣʴʰʝʥʥʷ ʮʠʭ ʟʥʘʯʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʦʤʘʥʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʦʜʥʽʻʶ ʟ 

ʷʢʠʭ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʨʠʩʪʠʭ ʧʦʢʨʠʪʪʽʚ. ʑʦ ʞ ʩʪʦʩʫʻʪʴʩʷ ʜʚʦʬʘʟʥʠʭ ʧʨʠʩʪʨʦʾʚ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ, ʪʦ ʚ ʥʠʭ ʧʦʨʠʩʪʽ ʩʪʨʫʢʪʫʨʠ ʚʠʢʦʥʫʶʪʴ ʪʘʢʦʞ ʪʨʘʥʩʧʦʨʪʥʫ ʬʫʥʢʮʽʶ [1]. ɿʘ 

ʜʦʧʦʤʦʛʦʶ ʧʦʨʠʩʪʠʭ ʩʪʨʫʢʪʫʨ ʤʦʞʣʠʚʦ ʟʙʽʣʴʰʠʪʠ ʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʠʭ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ 

ʜʦ 3-ʭ ʨʘʟʽʚ.  

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʚʠʚʯʘʚʩʷ ʚʧʣʠʚ ʧʘʨʘʤʝʪʨʽʚ ʤʝʪʘʣʦʚʦʣʦʢʥʠʩʪʠʭ ʧʦʨʠʩʪʠʭ ʩʪʨʫʢʪʫʨ ʥʘ 

ʛʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ. ɼʽʘʤʝʪʨʠ ʚʦʣʦʢʦʥ ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʧʨʠ 

ʚʠʛʦʪʦʚʣʝʥʥʽ ʟʨʘʟʢʽʚ ʟʥʘʭʦʜʠʣʠʩʴ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 10 ʜʦ 50 ʤʢʤ. ɼʦʚʞʠʥʘ ʚʦʣʦʢʦʥ ʫ ʚʩʽʭ 

ʚʠʧʘʜʢʘʭ ʜʦʨʽʚʥʶʚʘʣʘ 3ʤʤ. ʊʦʚʱʠʥʠ ʟʨʘʟʢʽʚ ʙʫʣʠ ʧʨʠʡʥʷʪʽ 0.3 ʪʘ 0.5ʤʤ. ɼʽʘʧʘʟʦʥ 

ʧʦʨʠʩʪʦʩʪʝʡ ʟʥʘʭʦʜʠʚʩʷ ʚ ʤʝʞʘʭ 65é85%. ʂʨʽʤ ʪʦʛʦ, ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʨʽʟʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘʩʠʯʝʥʥʷ, ʘ ʩʘʤʝ 50, 65 ʪʘ 100Áʉ. ɺʩʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʫʤʦʚʘʭ 

ʢʘʧʽʣʷʨʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʨʽʜʠʥʠ, ʱʦ ʥʘʙʣʠʞʘʻ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦ ʫʤʦʚ ʨʝʘʣʴʥʦʛʦ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʜʚʦʬʘʟʥʠʭ ʪʝʧʣʦʧʝʨʝʜʘʶʯʠʭ ʩʠʩʪʝʤ. ʈʦʙʦʯʘ ʨʽʜʠʥʘ ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ 

ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ ï ʜʠʩʪʠʣʴʦʚʘʥʘ ʚʦʜʘ, ʙʫʣʘ ʦʙʨʘʥʘ ʷʢ ʥʘʡʨʦʟʧʦʚʩʶʜʞʝʥʽʰʠʡ ʪʝʧʣʦʥʦʩʽʡ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʜʽʘʧʘʟʦʥʽ. ʂʨʽʤ ʪʦʛʦ, ʜʣʷ ʚʦʜʠ ʯʠʩʣʦ ʄʝʨʽʪʘ [2] 

ʤʘʻ ʥʘʡʚʠʱʝ ʟʥʘʯʝʥʥʷ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʾʾ ʷʢ ʪʝʧʣʦʥʦʩʽʡ ʟ ʥʘʡʚʠʱʦʶ ʪʝʧʣʦʪʨʘʥʩʧʦʨʪʥʦʶ 

ʟʜʘʪʥʽʩʪʶ. 

ʈʝʟʫʣʴʪʘʪʠ ʱʦ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʩʚʽʜʯʘʪʴ, ʱʦ 

ʚʝʣʠʯʠʥʘ ʟʥʘʯʝʥʴ ʢʨʠʪʠʯʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʟʘʣʝʞʠʪʴ ʥʝ ʩʪʽʣʴʢʠ ʚʽʜ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʧʝʚʥʦʾ ʧʦʨʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ, ʩʢʽʣʴʢʠ ʚʽʜ ʟʥʘʯʝʥʴ ʝʬʝʢʪʠʚʥʦʛʦ ʜʽʘʤʝʪʨʫ ʧʦʨ. 

(ʨʠʩ.1), ʷʢʽ ʜʣʷ ʨʽʟʥʠʭ ʩʪʨʫʢʪʫʨ ʟ ʨʽʟʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʧʦʨʠʩʪʦʩʪʽ ʤʦʞʫʪʴ ʥʘʙʫʚʘʪʠ 

ʦʜʥʘʢʦʚʠʭ ʟʥʘʯʝʥʴ. ɺʘʞʣʠʚʦ ʥʘʛʦʣʦʩʠʪʠ, ʱʦ ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʟʨʘʟʢʠ ʟ 

ʦʜʥʘʢʦʚʦʶ ʜʦʚʞʠʥʦʶ ʚʦʣʦʢʦʥ, ʽ ʚʧʣʠʚ ʮʴʦʛʦ ʧʘʨʘʤʝʪʨʫ ʦʢʨʝʤʦ ʥʝ ʜʦʩʣʽʜʞʫʚʘʚʩʷ. 

 

  
ʘ) ʙ) 

ʈʠʩʫʥʦʢ 1 ï ʟʘʣʝʞʥʽʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚʽʜ ʝʬʝʢʪʠʚʥʦʛʦ 

ʜʽʘʤʝʪʨʫ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨ ʥʘʩʠʯʝʥʥʷ ʘ) 100Áʉ ʪʘ ʙ) 65Áʉ. 
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ɿ ʛʨʘʬʽʢʽʚ ʚʠʜʥʦ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ʟʥʘʭʦʜʷʪʴʩʷ  ʚ ʦʙʣʘʩʪʽ 

ʝʬʝʢʪʠʚʥʠʭ ʜʽʘʤʝʪʨʽʚ ʚʦʣʦʢʦʥ ʚʽʜ 60 ʜʦ 80 ʤʢʤ. ʂʨʽʤ ʪʦʛʦ, ʟʽ ʟʥʠʞʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ 

ʥʘʩʠʯʝʥʥʷ ʮʷ ʪʝʥʜʝʥʮʽʷ ʩʪʘʻ ʚʩʝ ʙʽʣʴʰ ʷʚʥʦʶ, ʱʦ ʦʩʦʙʣʠʚʦ ʜʦʙʨʝ ʚʠʜʥʦ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʥʘʩʠʯʝʥʥʷ 50Áʉ (ʨʠʩ.2). ʅʘ ʛʨʘʬʽʢʘʭ ʪʘʢʦʞ, ʜʦʙʨʝ ʚʠʜʥʦ, ʷʢ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʠʭ 

ʧʦʪʦʢʽʚ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʩʠʯʝʥʥʷ. ʊʘʢ, ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʩʠʯʝʥʥʷ 100Áʉ, 

ʪʝʧʣʦʚʠʡ ʤʘʢʩʠʤʘʣʴʥʠʡ ʧʦʪʽʢ ʟʥʘʭʦʜʠʚʩʷ ʥʘ ʨʽʚʥʽ 140 ɺʪ/ʩʤ2, ʚ ʪʦʤʫ ʞ ʜʽʘʧʘʟʦʥʽ 

ʝʬʝʢʪʠʚʥʠʭ ʜʽʘʤʝʪʨʽʚ ʧʦʨ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 65Áʉ ʮʝ ʟʥʘʯʝʥʥʷ ʟʥʠʟʠʣʦʩʴ ʜʦ 110 ɺʪ/ʩʤ2. ʑʦ 

ʞ ʩʪʦʩʫʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʩʠʯʝʥʥʷ 50Áʉ, ʪʦ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ, ʟʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʱʝ ʙʽʣʴʰʝ ʟʤʝʥʰʠʣʦʩʴ, ʽ ʩʪʘʣʦ ʥʘ ʨʽʚʥʽ 100 ɺʪ/ʩʤ2. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʟʘʣʝʞʥʽʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚʽʜ ʝʬʝʢʪʠʚʥʦʛʦ 

ʜʽʘʤʝʪʨʫ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʩʠʯʝʥʥʷ 50Áʉ. 

 

ɿʥʠʞʝʥʥʷ ʟʥʘʯʝʥʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʟʤʝʥʰʝʥʥʷʤ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʪʝʧʣʦʚʽʜʜʘʯʽ ʧʨʠ ʟʥʠʞʝʥʥʽ ʪʠʩʢʫ ʥʘʩʠʯʝʥʥʷ, ʯʝʨʝʟ ʟʨʦʩʪʘʥʥʷ ʚʽʜʨʠʚʥʦʛʦ ʜʽʘʤʝʪʨʫ ʧʘʨʦʚʦʶ 

ʙʫʣʴʙʘʰʢʠ, ʱʦ ʧʦʯʠʥʘʻ ʦʭʦʧʣʶʚʘʪʠ ʙʽʣʴʰʫ ʧʣʦʱʫ ʚʠʧʘʨʦʚʫʚʘʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ 

ʟʤʝʥʰʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʘʢʪʠʚʥʠʭ ʮʝʥʪʨʽʚ ʧʘʨʦʫʪʚʦʨʝʥʥʷ. ʑʦ ʞ ʩʪʦʩʫʻʪʴʩʷ ʤʘʢʩʠʤʫʤʫ ʚ 

ʧʝʚʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʝʬʝʢʪʠʚʥʠʭ ʜʽʘʤʝʪʨʽʚ, ʮʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʪʨʘʥʩʧʦʨʪʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦʨʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ, ʘ ʩʘʤʝ ʧʨʦʥʠʢʥʽʩʪʶ ʪʘ ʢʘʧʽʣʷʨʥʠʤ ʥʘʧʦʨʦʤ, ʷʢʽ ʧʦ 

ʩʚʦʾʡ ʩʫʪʽ ʻ ʧʨʦʪʠʣʝʞʥʠʤʠ ʷʚʠʱʘʤʠ. ʇʨʠ ʟʤʝʥʰʝʥʥʽ ʝʬʝʢʪʠʚʥʠʭ ʜʽʘʤʝʪʨʽʚ ʧʦʨ, ʟʨʦʩʪʘʻ 

ʟʥʘʯʝʥʥʷ ʢʘʧʽʣʷʨʥʦʛʦ ʪʠʩʢʫ, ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʧʨʦʥʠʢʥʦʩʪʽ ʥʘʚʧʘʢʠ ʟʤʝʥʰʫʶʪʴʩʷ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʜʣʷ ʫʤʦʚ ʧʨʦʚʝʜʝʥʥʷ ʜʘʥʦʛʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʥʘʡʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʠʤʠ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʛʨʘʥʠʯʥʦʛʦ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʻ ʧʘʨʘʤʝʪʨʠ ʩʪʨʫʢʪʫʨ, ʧʨʠ ʷʢʠʭ ʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʜʽʘʤʝʪʨʽʚ ʧʦʨ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 60ʜʦ 80 ʤʢʤ. ʊʦʙʪʦ ʚ ʮʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʟʥʘʯʝʥʴ ʝʬʝʢʪʠʚʥʠʭ 

ʜʽʘʤʝʪʨʽʚ ʧʦʨ ʟʥʘʭʦʜʠʪʴʩʷ ʦʧʪʠʤʘʣʴʥʘ ʪʨʘʥʩʧʦʨʪʥʘ ʟʜʘʪʥʽʩʪʴ ʧʦʨʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ. 

 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 
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ʐɺʀɼʂʆɿʅɯʄʅʀʁ ʅɸɻʈɯɺɸʃʔʅʀʁ ʄʆɼʋʃʔ ɼʃʗ ʊɽʇʃʆɺʀʍ ɼʆʉʃɯɼɾɽʅʔ 

ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆɰ ʇɸʈʊɯɰ ʊɽʇʃʆɺʀʍ ʊʈʋɹ  

 

ʈʦʟʚʠʪʦʢ ʨʽʟʥʦʤʘʥʽʪʥʦʛʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʨʦʟʰʠʨʝʥʥʷʤ  

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʝʣʝʢʪʨʦʥʥʦʾ ʘʧʘʨʘʪʫʨʠ, ʧʽʜʚʠʱʝʥʥʷʤ ʱʽʣʴʥʦʩʪʽ ʢʦʤʧʦʥʦʚʢʠ,  

ʟʤʝʥʰʝʥʥʷʤ ʤʘʩʦ-ʛʘʙʘʨʠʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʧʽʜʚʠʱʝʥʥʷʤ ʟʥʘʯʝʥʴ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ, ʱʦ 

ʚʠʜʽʣʷʶʪʴʩʷ ʚ ʦʜʠʥʠʮʽ ʦʙôʻʤʫ ʘʧʘʨʘʪʫʨʠ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʚ ʧʦʣʦʪʥʽ ʩʫʯʘʩʥʠʭ ʘʢʪʠʚʥʠʭ 

ʬʘʟʦʚʘʥʠʭ ʘʥʪʝʥʥʠʭ ʨʝʰʽʪʦʢ ʥʘʣʽʯʫʻʪʴʩʷ ʽʥʦʜʽ ʜʝʢʽʣʴʢʘ ʪʠʩʷʯ ʧʦʪʫʞʥʠʭ ʧʨʠʡʤʘʣʴʥʦ-

ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʤʦʜʫʣʽʚ, ʘ ʢʨʦʢ ʾʭ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʝ ʧʦʚʠʥʝʥ ʧʝʨʝʚʠʱʫʚʘʪʠ ʧʦʣʦʚʠʥʫ 

ʜʦʚʞʠʥʠ ʭʚʠʣʽ. ɿʘʟʥʘʯʝʥʽ ʦʙʩʪʘʚʠʥʠ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʫʩʢʣʘʜʥʝʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ 

ʱʦʜʦ ʚʽʜʚʝʜʝʥʥʷ ʪʝʧʣʦʪʠ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʦʨʤʘʣʴʥʠʭ ʪʝʧʣʦʚʠʭ ʨʝʞʠʤʽʚ ʪʝʧʣʦʚʠʜʽʣʷʶʯʠʭ 

ʘʢʪʠʚʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. ɺ ʧʦʜʽʙʥʠʭ ʫʤʦʚʘʭ ʜʣʷ ʝʬʝʢʪʠʚʥʦʾ ʧʝʨʝʜʘʯʽ ʪʝʧʣʦʪʠ ʟ 

ʦʜʥʦʯʘʩʥʦʶ ʪʨʘʥʩʬʦʨʤʘʮʽʻʶ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚʩʝ ʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʚʦʬʘʟʥʽ 

ʪʝʧʣʦʧʝʨʝʜʘʚʘʣʴʥʽ ʧʨʠʩʪʨʦʾ ï ʪʝʧʣʦʚʽ ʪʨʫʙʠ ʪʘ ʪʝʨʤʦʩʠʬʦʥʠ [1, 2].  

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʪʝʧʣʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʧʣʦʚʠʭ ʪʨʫʙ ʪʘ ʪʝʨʤʦʩʠʬʦʥʽʚ 

ʧʨʠ ʾʭ ʨʦʟʨʦʙʮʽ ʘʙʦ ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʧʘʨʪʽʡ ʧʦʜʽʙʥʠʭ 

ʪʝʧʣʦʧʝʨʝʜʘʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʪʫʞʥʽ ʥʘʛʨʽʚʘʣʴʥʽ ʤʦʜʫʣʽ ʜʣʷ 

ʧʽʜʚʝʜʝʥʥʷ ʪʝʧʣʦʪʠ ʜʦ ʾʭʥʽʭ ʟʦʥ ʚʠʧʘʨʦʚʫʚʘʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʥʘʛʨʽʚʘʯʽʚ ʫ 

ʚʠʛʣʷʜʽ ʚʠʩʦʢʦʦʤʥʦʛʦ ʜʨʦʪʫ, ʥʘʤʦʪʘʥʦʛʦ ʥʘ ʟʦʥʫ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʪʝʧʣʦʚʦʾ ʪʨʫʙʠ, ʥʝ 

ʜʦʟʚʦʣʷʻ ʰʚʠʜʢʦ ʧʝʨʝʚʩʪʘʥʦʚʣʶʚʘʪʠ ʥʘʛʨʽʚʘʯ ʟ ʦʜʥʦʛʦ ʪʝʧʣʦʧʝʨʝʜʘʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ ʥʘ 

ʽʥʰʠʡ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʜʦʩʣʽʜʞʝʥʴ. ʂʨʽʤ ʪʦʛʦ, ʚ ʨʷʜʽ ʚʠʧʘʜʢʽʚ, 

ʟʚʠʯʘʡʥʽ ʥʽʭʨʦʤʦʚʽ ʥʘʛʨʽʚʘʯʽ ʥʝ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʪʨʽʙʥʫ ʛʫʩʪʠʥʫ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʘ 

ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʩʪʨʫʤʫ ʞʠʚʣʝʥʥʷ ʤʦʞʫʪʴ ʚʠʡʪʠ ʟ ʣʘʜʫ ʯʝʨʝʟ ʧʝʨʝʛʨʽʚ. ʊʦʤʫ ʨʦʟʨʦʙʢʘ ʪʘ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʰʚʠʜʢʦʟʥʽʤʥʠʭ ʥʘʛʨʽʚʘʣʴʥʠʭ ʤʦʜʫʣʽʚ ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ. 

ʆʩʥʦʚʥʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ ʧʦʜʽʙʥʠʭ ʥʘʛʨʽʚʘʣʴʥʠʭ ʤʦʜʫʣʽʚ ʻ ʧʨʦʩʪʦʪʘ ʤʦʥʪʘʞʫ ʥʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʟʨʘʟʦʢ ʪʝʧʣʦʚʦʾ ʪʨʫʙʠ, ʚʠʩʦʢʘ ʧʦʪʫʞʥʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʧʨʠ ʨʦʙʦʪʽ ʥʘ 

ʧ̔ ʜʚʠʱʝʥʠʭ ʩʪʨʫʤʘʭ ʞʠʚʣʝʥʥʷ. ʆʜʥʠʤ ʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʦʪʫʞʥʠʭ 

ʥʘʛʨʽʚʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʻ ʤʝʪʦʜ ʚʘʢʫʫʤʥʦʛʦ ʧʣʘʟʤʦʚʦʛʦ ʦʩʘʜʞʝʥʥʷ ʘʣʤʘʟʦʧʦʜʽʙʥʠʭ 

ʨʝʟʠʩʪʠʚʥʠʭ ʧʦʢʨʠʪʪʽʚ ʥʘ ʧʽʜʢʣʘʜʢʠ ʟ ʢʝʨʘʤʽʯʥʠʭ ʪʝʧʣʦʧʨʦʚʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [3]. ʉʘʤʝ 

ʪʘʢʠʤ ʤʝʪʦʜʦʤ ʙʫʣʦ ʚʠʛʦʪʦʚʣʝʥʦ ʥʘʛʨʽʚʘʣʴʥʽ ʝʣʝʤʝʥʪʠ ʤʦʜʫʣʽʚ, ʱʦ ʦʧʠʩʫʶʪʴʩʷ ʚ ʜʘʥʽʡ 

ʨʦʙʦʪʽ.  

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʪʝʧʣʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʧʘʨʪʽʡ ʮʠʣʽʥʜʨʠʯʥʠʭ 

ʪʝʧʣʦʚʠʭ ʪʨʫʙ ʜʽʘʤʝʪʨʘʤʠ 12 ʤʤ, 10 ʤʤ ʪʘ 8 ʤʤ ʙʫʣʦ ʚʠʛʦʪʦʚʣʝʥʦ ʨʦʟʥʽʤʥʽ ʥʘʛʨʽʚʘʣʴʥʽ 

ʤʦʜʫʣʽ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʜʽʘʤʝʪʨʘʤʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʦʪʚʦʨʫ. ɺʠʩʦʪʘ ʚʩʽʭ ʥʘʛʨʽʚʘʣʴʥʠʭ ʤʦʜʫʣʽʚ 

ʦʜʥʘʢʦʚʘ ï 40 ʤʤ. ʂʦʥʩʪʨʫʢʮʽʷ ʥʘʛʨʽʚʘʣʴʥʠʭ ʤʦʜʫʣʽʚ ʜʣʷ ʮʠʣʽʥʜʨʠʯʥʠʭ ʪʝʧʣʦʚʠʭ ʪʨʫʙ 

(ʨʠʩ.1) ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʧʝʨʝʭʽʜʥʫ ʪʦʥʢʦʩʪʽʥʥʫ ʚʪʫʣʢʫ ʟ ʘʣʶʤʽʥʽʻʚʦʛʦ ʩʧʣʘʚʫ ɸɼ31ʊ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʯʘʩʪʠʥ. ʅʘ ʨʦʟʥʽʤʥʠʭ ʯʘʩʪʠʥʘʭ ʚʪʫʣʢʠ ʚʠʢʦʥʘʥʦ ʧʦ ʜʚʽ ʧʣʦʩʢʽ ʛʨʘʥʽ, ʥʘ 

ʷʢʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʦʥʢʦʛʦ (ʜʦ 0,15 ʤʤ) ʰʘʨʫ ʪʝʨʤʦʢʣʝʶ RTV-904 ʢʨʽʧʣʷʪʴʩʷ ʥʘʛʨʽʚʘʣʴʥʽ 

ʝʣʝʤʝʥʪʠ (ʨʠʩ. 2). ʈʦʟʤʽʨʠ ʥʘʛʨʽʚʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ 25 ʤʤ ʭ 7 ʤʤ ʭ 1 ʤʤ. ʂʽʣʴʢʽʩʪʴ 

ʥʘʛʨʽʚʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʥʘ ʦʜʥʦʤʫ ʥʘʛʨʽʚʘʣʴʥʦʤʫ ʤʦʜʫʣʽ ï 4. ʄʘʪʝʨʽʘʣ ʦʩʥʦʚʠ 

ʥʘʛʨʽʚʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʫ ïʢʝʨʘʤʽʢʘ ɺʂ 94 ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 25 ɺʪ/(ʤĿÁʉ). ʅʘ 

ʥʘʛʨʽʚʘʣʴʥʠʭ ʝʣʝʤʝʥʪʘʭ ʧʝʨʝʜʙʘʯʝʥʦ ʢʦʥʪʘʢʪʥʽ ʧʣʦʱʘʜʢʠ, ʜʦ ʷʢʠʭ ʧʨʠʧʘʷʥʦ ʧʨʦʚʦʜʠ 

ʄɻʊʌ (ʨʠʩ. 2) ʟ ʧʦʧʝʨʝʯʥʠʤ ʧʝʨʝʪʠʥʦʤ 0,3 ʤʤ2. ɼʣʷ ʧʘʡʢʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʧʨʠʧʽʡ ʇʉʨ-

2,5 ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʣʽʢʚʽʜʫʩʘ 300 Áʉ. ɺʠʙʽʨ ʪʠʧʫ ʧʨʦʚʦʜʽʚ ʛʨʫʥʪʫʚʘʚʩʷ ʥʘ ʥʘʷʚʥʦʩʪʽ 

ʜʦʩʪʘʪʥʴʦʾ ʛʥʫʯʢʦʩʪʽ ʪʘ ʪʝʨʤʦʩʪʽʡʢʦʩʪʽ ʽʟʦʣʷʮʽʾ, ʘʜʞʝ ʧʨʠ  ʜʦʩʣʽʜʞʝʥʥʷʭ ʟʦʥʘ ʥʘʛʨʽʚʫ 

ʪʝʧʣʦʽʟʦʣʶʻʪʴʩʷ ʙʘʟʘʣʴʪʦʚʠʤ ʚʦʣʦʢʥʦʤ, ʽ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʙʣʠʟʫ ʥʘʛʨʽʚʘʯʘ ʤʦʞʫʪʴ 
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ʜʦʩʷʛʘʪʠ ʙʣʠʟʴʢʦ 150-250 Áʉ. ʅʘʛʨʽʚʘʣʴʥʽ ʝʣʝʤʝʥʪʠ ʢʦʞʥʦʛʦ ʤʦʜʫʣʷ ʟôʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ ʚ 

ʝʣʝʢʪʨʠʯʥʝ ʢʦʣʦ. 

 

       

         ɸ-ɸ 

 

    

         

               (a)           (ʙ)            (ʚ) 

ʘ ï ʚʪʫʣʢʘ ʟ ʭʦʤʫʪʘʤʠ ; ʙ ï  ʚʠʛʣʷʜ ʟ ʪʦʨʮʷ; ʚ ï ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʤʦʜʫʣʷ 

ʈʠʩʫʥʦʢ 1 ï ʂʦʥʩʪʨʫʢʮʽʷ ʥʘʛʨʽʚʘʣʴʥʦʛʦ ʤʦʜʫʣʷ ʜʣʷ ʪʝʧʣʦʚʦʾ ʪʨʫʙʠ ʜʽʘʤʝʪʨʦʤ 12 ʤʤ 

 

ʅʘʛʨʽʚʘʣʴʥʠʡ ʤʦʜʫʣʴ ʚ ʟʦʥʽ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʪʝʧʣʦʚʦʾ ʪʨʫʙʠ ʢʨʽʧʠʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʭʦʤʫʪʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʰʚʠʜʢʝ ʧʝʨʝʚʩʪʘʥʦʚʣʝʥʥʷ ʡʦʛʦ ʟ ʦʜʥʽʻʾ ʪʝʧʣʦʚʦʾ ʪʨʫʙʠ ʥʘ 

ʽʥʰʫ. ʋ ʚʪʫʣʮʽ ʥʘʛʨʽʚʘʣʴʥʦʛʦ ʤʦʜʫʣʷ ʧʝʨʝʜʙʘʯʝʥʦ ʧʘʟ, ʚ ʷʢʦʤʫ ʧʽʜ ʯʘʩ ʤʦʥʪʘʞʫ ʤʦʜʫʣʷ 

ʨʦʟʪʘʰʦʚʫʶʪʴ ʧʨʦʚʦʜʠ ʪʝʨʤʦʧʘʨ, ʟʘʢʨʽʧʣʝʥʠʭ ʚ ʟʦʥʽ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʪʝʧʣʦʚʦʾ ʪʨʫʙʠ. 

 

 

ʈʠʩʫʥʦʢ 2 ï ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʥʘʛʨʽʚʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʝʣʝʢʪʨʠʯʥʠʤ ʦʧʦʨʦʤ 66 

ʆʤ 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʚʠʛʦʪʦʚʣʝʥʠʭ ʥʘʛʨʽʚʘʣʴʥʠʭ ʤʦʜʫʣʽʚ ʤʦʞʥʘ ʜʦʩʷʛʘʪʠ ʟʥʘʯʝʥʴ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚ ʟʦʥʽ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʪʝʧʣʦʚʦʾ ʪʨʫʙʠ ʜʦ 264 ɺʪ. ʊʘʢʽ ʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʠʭ 

ʧʦʪʦʢʽʚ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʦʜʠʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʧʣʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʧʘʨʪʽʡ ʪʝʧʣʦʚʠʭ ʪʨʫʙ ʜʣʷ ʩʠʩʪʝʤ ʦʭʦʣʦʜʞʝʥʥʷ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʧʦʪʫʞʥʠʭ ʧʨʠʡʤʘʣʴʥʦ-

ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʤʦʜʫʣʽʚ ʘʢʪʠʚʥʠʭ ʬʘʟʦʚʘʥʠʭ ʘʥʪʝʥʥʠʭ ʨʝʰʽʪʦʢ ʟʽ ʟʤʝʥʰʝʥʠʤ ʯʘʩʦʤ ʧʨʦʮʝʩʫ 

ʜʦʩʣʽʜʞʝʥʥʷ. 
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ʇʆʈɯɺʅʗʅʅʗ ʊɽʇʃʆɺʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ɼɺʆʍ ɺɸʈɯɸʅʊɯɺ ʂʆʈʇʋʉɯɺ 

ʇʈʀʁʄɸʃʔʅʆ-ʇɽʈɽɼɸɺɸʃʔʅʀʍ ʄʆɼʋʃɯɺ 

 

ʅʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ ʩʧʦʩʦʙʦʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʫ ʘʢʪʠʚʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʣʘʜʽʚ, ʱʦ ʚʠʜʽʣʷʶʪʴ ʪʝʧʣʦʪʫ, ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤ 

ʦʭʦʣʦʜʞʝʥʥʷ, ʧʦʙʫʜʦʚʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʦʨʝʙʨʝʥʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʷʢʽ ʦʙʜʫʚʘʶʪʴʩʷ 

ʧʦʚʽʪʨʷʤ. ʆʜʥʠʤʠ ʟ ʟʘʩʪʦʩʫʚʘʥʴ ʪʘʢʠʭ ʩʠʩʪʝʤ ʦʭʦʣʦʜʞʝʥʥʷ ʻ ʧʨʠʡʤʘʣʴʥʦ-ʧʝʨʝʜʘʚʘʣʴʥʾ 

ʤʦʜʫʣʽ (ʇʇʄ) ʘʢʪʠʚʥʠʭ ʬʘʟʦʚʘʥʠʭ ʘʥʪʝʥʥʠʭ ʨʝʰʽʪʦʢ (ɸʌɸʈ). ɻʘʙʘʨʠʪʥʽ ʨʦʟʤʽʨʠ ʇʇʄ 

ʜʝʷʢʠʭ ʩʫʯʘʩʥʠʭ ɸʌɸʈ ʩʢʣʘʜʘʶʪʴ, ʥʘʧʨʠʢʣʘʜ, ʙʣʠʟʴʢʦ 490 ʤʤ ʭ 275ʤʤ ʭ 52 ʤʤ [1]. ʆʜʥʘ 

ʧʦʚʝʨʭʥʷ ʢʦʨʧʫʩʫ ʇʇʄ ʻ ʤʦʥʪʘʞʥʦʶ, ʜʨʫʛʘ ï ʪʝʧʣʦʦʙʤʽʥʥʦʶ. ʆʩʥʦʚʥʠʤʠ 

ʪʝʧʣʦʚʠʜʽʣʷʶʯʠʤʠ ʘʢʪʠʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʻ ʥʘʜʚʠʩʦʢʦʯʘʩʪʦʪʥʽ ʪʨʘʥʟʠʩʪʦʨʠ ʧʽʜʩʠʣʶʚʘʯʘ 

ʧʦʪʫʞʥʦʩʪʽ. ʇʦʪʫʞʥʽʩʪʴ ʢʦʞʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ï 28 ɺʪ. ʈʦʟʤʽʨʠ ʢʦʥʪʘʢʪʥʦʾ ʧʦʚʝʨʭʥʽ ʦʩʥʦʚʠ 

ʪʨʘʥʟʠʩʪʦʨʘ ï 10 ʤʤ ʭ 10 ʤʤ. ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʪʨʘʥʟʠʩʪʦʨʽʚ ï 8. ʊʨʘʥʟʠʩʪʦʨʠ ʟʤʦʥʪʦʚʘʥʦ 

ʥʘ ʯʦʪʠʨʴʦʭ ʤʽʜʥʠʭ ʧʣʘʩʪʠʥʘʭ ʟ ʨʦʟʤʽʨʘʤʠ 51 ʤʤ ʭ 36 ʤʤ ʭ 5 ʤʤ, ʷʢʽ ʨʦʟʤʽʱʝʥʦ ʧʨʠʙʣʠʟʥʦ 

ʧʦʩʝʨʝʜʠʥʽ ʜʦʚʞʠʥʠ ʇʇʄ. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʨʦʟʤʽʨʠ ʦʨʝʙʨʝʥʦʾ ʪʝʧʣʦʦʙʤʽʥʥʦʾ ʧʦʚʝʨʭʥʽ 

ʢʦʨʧʫʩʫ ʇʇʄ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʶʪʴ ʨʦʟʤʽʨʠ ʧʦʪʫʞʥʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ, ʘ ʩʘʤʽ ʇʇʄ ʤʘʶʪʴ 

ʜʦʩʠʪʴ ʱʽʣʴʥʫ ʢʦʤʧʦʥʦʚʢʫ ʥʘ ʧʦʣʦʪʥʽ ɸʌɸʈ, ʧʨʦʙʣʝʤʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʦʭʦʣʦʜʞʝʥʥʷ ʪʨʘʥʟʠʩʪʦʨʽʚ ʻ ʚʠʟʥʘʯʘʣʴʥʦʶ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʾ ʨʦʙʦʪʠ ʚʠʭʽʜʥʠʭ 

ʧʽʜʩʠʣʶʚʘʯʽʚ ʧʦʪʫʞʥʦʩʪʽ ʇʇʄ ʽ ɸʌɸʈ ʚ ʮʽʣʦʤʫ. 

ɺ [2] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʚʙʫʜʦʚʫʚʘʪʠ ʚ 

ʦʩʥʦʚʫ ʢʦʨʧʫʩʫ ʇʇʄ ʧʣʦʩʢʽ ʪʝʧʣʦʚʽ ʪʨʫʙʠ (ʊʊ) ʟʽ ʩʧʝʯʝʥʦʶ ʧʦʨʦʰʢʦʚʦʶ ʘʙʦ 

ʤʝʪʘʣʦʚʦʣʦʢʥʝʚʦʶ ʢʘʧʽʣʷʨʥʦʶ ʩʪʨʫʢʪʫʨʦʶ. ɸʣʝ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘʢʠʭ ʊʊ ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʨʦʮʝʩʫ ʩʧʽʢʘʥʥʷ. ɹʽʣʴʰ ʧʨʦʩʪʠʤʠ ʫ ʚʠʛʦʪʦʚʣʝʥʥʽ ʻ 

ʪʝʧʣʦʚʽ ʪʨʫʙʠ ʟ ʨʽʟʴʙʦʚʦʶ ʢʘʧʽʣʷʨʥʦʶ ʩʪʨʫʢʪʫʨʦʶ. ɿʘʜʘʯʝʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʚʠʟʥʘʯʝʥʥʷ 

ʤʝʪʦʜʦʤ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʨʧʫʩʫ ʇʇʄ ʙʝʟ ʊʊ ʪʘ ʟ 

ʚʙʫʜʦʚʘʥʠʤʠ ʚ ʡʦʛʦ ʦʩʥʦʚʫ ʧʣʦʩʢʠʤʠ ʊʊ ʟ ʨʽʟʴʙʦʚʦʶ ʢʘʧʽʣʷʨʥʦʶ ʩʪʨʫʢʪʫʨʦʶ.  

ʄʦʜʝʣʶʚʘʥʥʷ ʚʠʢʦʥʘʥʦ ʜʣʷ ʜʚʦʭ ʚʘʨʽʘʥʪʽʚ ʪʝʧʣʦʦʙʤʽʥʥʦʾ ʧʦʚʝʨʭʥʽ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʟ 

ʨʽʟʥʠʭ ʽʩʥʫʶʯʠʭ ʥʘ ʨʠʥʢʫ ʘʣʶʤʽʥʽʻʚʠʭ ʨʘʜʽʘʪʦʨʥʠʭ ʧʨʦʬʽʣʽʚ (ʨʠʩ. 1). ʈʘʜʽʘʪʦʨʥʽ ʧʨʦʬʽʣʽ 

ʟʽʙʨʘʥʽ ʤʝʪʦʜʦʤ ʟʚʘʨʶʚʘʥʥʷ ʫ ʩʫʮʽʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʨʧʫʩʫ ʇʇʄ (ʨʠʩ. 2). ʄʝʪʦʜʦʤ 

ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʤʘʢʩʠʤʘʣʴʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʪʨʘʥʟʠʩʪʦʨʽʚ ʧʨʠ 

ʟʥʘʯʝʥʥʷʭ ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʫ ʢʘʥʘʣʘʭ ʦʭʦʣʦʜʞʝʥʥʷ ʚʽʜ 1 ʤ/ʩ ʜʦ 30 ʤ/ʩ ʪʘ 

ʪʝʤʧʝʨʘʪʫʨʽ ʧʦʚʽʪʨʷ ʥʘ ʚʭʦʜʽ 20 ʦʉ. 

 

  
      a)            ʙ) 

a ï ʪʝʧʣʦʦʙʤʽʥʥʘ ʧʦʚʝʨʭʥʷ ʪʠʧʫ 1 (47 ʨʝʙʝʨ); ʙ ï ʪʝʧʣʦʦʙʤʽʥʥʘ ʧʦʚʝʨʭʥʷ ʪʠʧʫ 2 (33 ʨʝʙʨʘ) 

ʈʠʩʫʥʦʢ 1 ï  ɻʝʦʤʝʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʧʦʚʝʨʭʦʥʴ. 
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a) ʙ) 

ʘ - ʙʝʟ ʪʝʧʣʦʚʠʭ ʪʨʫʙ; ʙ ï ʟ ʪʝʧʣʦʚʠʤʠ ʪʨʫʙʘʤʠ 

ʈʠʩʫʥʦʢ 2 ï ʄʦʥʪʘʞʥʘ ʧʦʚʝʨʭʥʷ ʦʩʥʦʚʠ ʢʦʨʧʫʩʫ ʇʇʄ ɸʌɸʈ ʟ ʩʠʩʪʝʤʦʶ ʦʭʦʣʦʜʞʝʥʥʷ:    

1 ï ʦʩʥʦʚʘ ʢʦʨʧʫʩʫ, 2 ï ʤʽʜʥʘ ʧʣʘʩʪʠʥʘ, 3 ï ʪʨʘʥʟʠʩʪʦʨ, 4 ï ʊʊ 

 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ (ʨʠʩ. 3) ʧʦʢʘʟʫʶʪʴ, ʱʦ ʫʜʦʩʢʦʥʘʣʝʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʩʠʩʪʝʤʠ 

ʦʭʦʣʦʜʞʝʥʥʷ ʇʇʄ ʟ ʊʊ  ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʡʙʽʣʴʰ ʥʘʛʨʽʪʦʛʦ ʪʨʘʥʟʠʩʪʦʨʫ ʥʘ 

23,1..10 Áʉ ʜʣʷ ʪʝʧʣʦʦʙʤʽʥʥʦʾ ʧʦʚʝʨʭʥʽ ʪʠʧʫ 1 ʪʘ ʥʘ 16,2..6,4 Áʉ ï ʜʣʷ ʧʦʚʝʨʭʥʽ ʪʠʧʫ 2 ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷ. ʊʝʧʣʦʦʙʤʽʥʥʘ ʧʦʚʝʨʭʥʷ ʪʠʧʫ 1 ʟʘʙʝʟʧʝʯʫʻ ʪʝʤʧʝʨʘʪʫʨʫ 

ʪʨʘʥʟʠʩʪʦʨʽʚ 60 ʦʉ ʚʞʝ ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʧʦʚʽʪʨʷ 1,2 ʤ/ʩ, ʱʦ ʧʨʠʥʘʡʤʥʽ ʫ 4 ʨʘʟʠ ʥʠʞʯʝ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʩʠʩʪʝʤʦʶ ʦʭʦʣʦʜʞʝʥʥʷ ʙʝʟ ʊʊ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʦʦʙʤʽʥʥʦʾ ʧʦʚʝʨʭʥʽ ʪʠʧʫ 2 

ʜʝʱʦ ʤʝʥʰ ʝʬʝʢʪʠʚʥʝ, ʢʨʽʤ ʪʦʛʦ, ʧʽʜʚʠʱʫʻ ʤʘʩʫ ʢʦʨʧʫʩʫ ʥʘ 0,3 ʢʛ. ʧʦʪʦʢʫ ʧʦʚʽʪʨʷ ɡ ʚ 

ʢʘʥʘʣʘʭ ʤʽʞ ʨʝʙʨʘʤʠ ʪʝʧʣʦʦʙʤʽʥʥʦʾ ʧʦʚʝʨʭʥʽ ʪʠʧʫ 1 (1 ʪʘ 2) ʪʘ ʪʠʧʫ 2 (3 ʪʘ 4) ʙʝʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʊʊ (1 ʪʘ 3) ʪʘ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʊʊ (2 ʪʘ 4) 

 

 
ʈʠʩʫʥʦʢ 3 ï ɿʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ t ʥʘʡʙʽʣʴʰ ʥʘʛʨʽʪʦʛʦ ʪʨʘʥʟʠʩʪʦʨʫ ʚʽʜ  ʰʚʠʜʢʦʩʪʽ 

 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. ʅʽʢʦʣʘʻʥʢʦ ʖ.ɭ., ɹʘʨʘʥʶʢ ʆ.ɺ., ʈʝʚʘ ʉ.ɸ., ʈʦʛʘʯʦʚ ɺ.ɸ. CFD ï ʤʦʜʝʣʶʚʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʢʦʨʧʫʩʘ-ʨʘʜʽʘʪʦʨʘ ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ ʤʦʜʫʣʷ ɸʌɸʈ ʟ ʧʦʚʽʪʨʷʥʠʤ 

ʦʭʦʣʦʜʞʝʥʥʷʤ. ʊʂʕɸ. 2019. ˉ 1-2. ʉ. 27-33. 

2. ʂʦʨʧʫʩ ʤʦʜʫʣʷ ʘʢʪʠʚʥʦʾ ʬʘʟʦʚʘʥʦʾ ʘʥʪʝʥʥʦʾ ʨʝʰʽʪʢʠ: ʧʘʪ. 139015. ʋʢʨʘʾʥʘ.  ʄʇʂ 

H01Q21/00, H05K7/20, F28D15/02. ˉ 201906967; ʟʘʷʚʣ. 21.06.2019; ʦʧʫʙʣ. 10.12.2019, ɹʶʣ. 

ˉ23. 7 ʩ. 

 

ʈʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʟʘ ʧʽʜʪʨʠʤʢʠ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʬʦʥʜʫ ʜʦʩʣʽʜʞʝʥʴ ʋʢʨʘʾʥʠ, ʧʨʦʝʢʪ   ˉ 
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ʄʦʣ. ʚʯʝʥʠʡ, ʜʦʢʪʦʨʘʥʪ, ʢ.ʪ.ʥ. ʉʦʣʦʤʘʭʘ ɸ.ʉ. 

ʇʨ. ʥ. ʩʧʽʚ., ʜ.ʪ.ʥ. ʅʽʢʦʣʘʻʥʢʦ ʖ.ɭ. 

ʉʊɸʅ ʊɸ ʇɽʈʉʇɽʂʊʀɺʀ ʈʆɿɺʀʊʂʋ ʇʆɺɯʊʈʗʅʀʍ ʉʀʉʊɽʄ 

ʆʍʆʃʆɼɾɽʅʅʗʄ ʇʈʀʁʄɸʃʔʅʆ-ʇɽʈɽɼɸɺɸʃʔʅʀʍ ʄʆɼʋʃɯɺ 

ʆʩʥʦʚʥʠʤ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʚʫʟʣʦʤ ʘʢʪʠʚʥʠʭ ʬʘʟʦʚʘʥʠʭ ʘʥʪʝʥʥʠʭ ʨʝʰʽʪʦʢ (ɸʌɸʈ), 

ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʪʘʥʮʽʷʭ (ʈʃʉ), ʻ ʧʨʠʡʤʘʣʴʥʦ-ʧʝʨʝʜʘʚʘʣʴʥʠʡ 

ʤʦʜʫʣʴ (ʇʇʄ). ʉʫʯʘʩʥʽ ɸʌɸʈ ʤʽʩʪʷʪʴ ʜʦ ʜʝʢʽʣʴʢʦʭ ʪʠʩʷʯ ʇʇʄ (ʜʠʚ. ʨʠʩ.1). ɹʣʠʟʴʢʦ 70% 

ʝʥʝʨʛʽʾ, ʱʦ ʩʧʦʞʠʚʘʶʪʴ ʇʇʄ, ʨʦʟʩʽʶʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʪʝʧʣʦʪʠ ʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʛʽʨʰʝʥʥʷ 

ʨʦʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʟʥʠʞʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʩʠʩʪʝʤʠ. ɼʣʷ ʥʦʨʤʘʣʴʥʦʾ ʨʦʙʦʪʠ ʥʝʦʙʭʽʜʥʦ 

ʧʽʜʪʨʠʤʫʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʢʨʠʩʪʘʣʘ ʘʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚʠʭʽʜʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʇʇʄ ʥʝ 

ʚʠʱʝ 150 Áʉ, ʘ ʪʝʤʧʝʨʘʪʫʨʫ ʡʦʛʦ ʢʦʨʧʫʩʫ ï ʥʝ ʚʠʱʝ 70 Áʉ; ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ 

ʇʇʄ ʚ ʩʢʣʘʜʽ ɸʌɸʈ ʥʝ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ 10 Áʉ [2].  

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʩʧʦʩʦʙʦʤ 

ʚʽʜʚʝʜʝʥʥʷ ʪʝʧʣʦʪʠ ʟʘʚʞʜʠ ʙʫʣʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʦʚʽʪʨʷ. 

ʇʨʦʪʝ ʩʫʯʘʩʥʠʡ ʨʦʟʚʠʪʦʢ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ 

ʪʝʭʥʽʢʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʤʽʥʽʘʪʶʨʠʟʘʮʽʾ 

ʇʇʄ ʪʘ ʩʫʪʪʻʚʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʪʝʧʣʦʚʠʭ 

ʧʦʪʦʢʽʚ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʚʽʜʚʦʜʠʪʠ 

ʩʠʩʪʝʤʦʶ ʦʭʦʣʦʜʞʝʥʥʷ, ʘ ʩʧʨʦʤʦʞʥʦʩʪʽ 

ʧʨʠʤʫʩʦʚʠʭ ʧʦʚʽʪʨʷʥʠʭ ʩʠʩʪʝʤ 

ʦʭʦʣʦʜʞʝʥʥʷ ʜʝʱʦ ʦʙʤʝʞʝʥʽ ʽ ʥʝ 

ʜʦʟʚʦʣʷʶʪʴ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʟʘʜʘʥʠʡ 

ʪʝʧʣʦʚʠʡ ʨʝʞʠʤ ʥʘʡʙʽʣʴʰ  

ʪʝʧʣʦʚʠʜʽʣʷʶʯʠʭ ʝʣʝʤʝʥʪʽʚ.  

ʋ ʟʚôʷʟʢʫ ʟ ʟʘʟʥʘʯʝʥʠʤ, ʘʢʪʫʘʣʴʥʠʤ ʥʘʫʢʦʚʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʦʚʽʪʨʷʥʠʭ ʩʠʩʪʝʤ ʦʭʦʣʦʜʞʝʥʥʷ, ʷʢʽ ʙʫʣʠ ʙ ʟʜʘʪʥʽ ʚʽʜʚʦʜʠʪʠ ʟʥʘʯʥʽ ʧʠʪʦʤʽ ʪʝʧʣʦʚʽ ʧʦʪʦʢʠ 

ʟ ʦʜʥʦʯʘʩʥʠʤ ʧʽʜʪʨʠʤʘʥʥʷʤ ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʫʩʽʡ ʩʠʩʪʝʤʽ.  

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʽʩʥʫʶʯʽ ʢʦʥʩʪʨʫʢʮʽʾ ʧʦʚʽʪʨʷʥʠʭ ʩʠʩʪʝʤ ʦʭʦʣʦʜʞʝʥʥʷ 

ʇʇʄ. ʆʜʥʠʤ ʟ ʰʣʷʭʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʽʜʚʝʜʝʥʥʷ ʪʝʧʣʦʪʠ ʚʽʜ ʪʝʧʣʦʚʠʜʽʣʷʶʯʠʭ 

ʝʣʝʤʝʥʪʽʚ ʇʇʄ ʟ ʧʦʚʽʪʨʷʥʠʤ ʦʭʦʣʦʜʞʝʥʥʷʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʪʨʫʙ. ʊʝʧʣʦʚʽ ʪʨʫʙʠ 

ʮʽʣʢʦʤ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʚʢʘʟʘʥʽ ʚʠʤʦʛʠ, ʦʜʥʘʢ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʾʭ ʜʽʘʤʝʪʨʫ ʮʽ ʧʦʢʘʟʥʠʢʠ 

ʟʥʘʯʥʦ ʟʥʠʞʫʶʪʴʩʷ. ʊʦʤʫ ʧʦʩʪʽʡʥʦ ʡʜʝ ʧʦʰʫʢ ʢʦʥʩʪʨʫʢʮʽʡ, ʷʢʽ ʙ ʧʨʠ ʤʘʣʠʭ ʛʘʙʘʨʠʪʘʭ ʪʘ 

ʧʨʠ ʤʽʥʽʤʘʣʴʥʦʤʫ ʪʝʨʤʽʯʥʦʤʫ ʦʧʦʨʽ ʙʫʣʠ ʩʧʨʦʤʦʞʥʽ ʚʽʜʚʦʜʠʪʠ ʟʥʘʯʥʽ ʪʝʧʣʦʚʽ ʧʦʪʦʢʠ. 

ʅʝʦʙʭʽʜʥʦ ʪʘʢʦʞ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʯʘʩʪʦ ʪʘʢʽ ʪʝʧʣʦʚʽ ʪʨʫʙʠ ʧʦʚʠʥʥʽ ʧʨʘʮʶʚʘʪʠ ʚ ʫʤʦʚʘʭ ʜʽʾ 

ʚʽʜʮʝʥʪʨʦʚʦʾ ʩʠʣʠ, ʷʢʱʦ ʈʃʉ ʦʙʝʨʪʘʻʪʴʩʷ ʥʘʚʢʦʣʦ ʩʚʦʻʾ ʦʩʽ. 

ʆʜʥʘ ʟ ʚʽʜʦʤʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʩʠʩʪʝʤ ʦʭʦʣʦʜʞʝʥʥʷ ʇʇʄ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʘʩʠʚʫ 

ʚʽʜʥʦʩʥʦ ʜʦʚʛʠʭ (ʜʦʚʞʠʥʦʶ ʧʦʥʘʜ 1 ʤ) ʪʝʧʣʦʚʠʭ ʪʨʫʙ ʟ ʧʨʠʤʫʩʦʚʠʤ ʧʦʚʽʪʨʷʥʠʤ 

ʦʭʦʣʦʜʞʝʥʥʷʤ ʦʨʝʙʨʝʥʠʭ ʟʦʥ ʢʦʥʜʝʥʩʘʮʽʾ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ ʚʝʨʭʥʽʭ ʯʘʩʪʠʥʘʭ ʪʝʧʣʦʚʠʭ ʪʨʫʙ. 

ʊʘʢʽ ʪʝʧʣʦʚʽ ʪʨʫʙʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʧʣʦʩʢʠʭ ʟʦʥ ʪʝʧʣʦʧʽʜʚʝʜʝʥʥʷ. ɰʭ 

ʟʘʚʜʘʥʥʷʤ ʻ ʥʝ ʣʠʰʝ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʝʧʣʘ, ʘ ʽ ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʪʝʧʣʘ ʪʘ 

ʟʛʣʘʜʞʫʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ [2]. ɺ ʨʦʙʦʪʘʭ [2-5] ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʝʨʝʚʽʨʷʣʦʩʷ ʤʦʞʣʠʚʽʩʪʴ 

ʧʦʢʨʘʱʝʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘʢʠʭ ʪʝʧʣʦʚʠʭ ʪʨʫʙ ʟʘ ʨʘʭʫʥʦʢ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʝʢʮʽʾ 

ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʧʽʜ ʨʽʟʥʠʤʠ ʢʫʪʘʤʠ, ʟʤʽʥʠ ʢʽʣʴʢʦʩʪʽ ʟʘʧʨʘʚʢʠ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʧʣʦʚʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʽʥ. ɹʫʣʠ ʦʪʨʠʤʘʥʽ ʥʝʧʦʛʘʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʧʨʦʪʝ ʚ ʨʦʙʦʪʘʭ ʥʝ ʚʢʘʟʫʻʪʴʩʷ, ʷʢ ʪʘʢʽ 

ʢʦʥʩʪʨʫʢʮʽʾ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʨʝʘʣʴʥʠʭ ʈʃʉ.  

ɺ ʨʦʙʦʪʽ [6] ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʟ ʢʘʩʢʘʜʥʠʤʠ ʙʘʩʝʡʥʘʤʠ (ʨʠʩ. 2). ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʢʣʘʩʠʯʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʚ ʪʝʧʣʦʚʽʡ ʪʨʫʙʽ ʚʽʜʥʦʩʥʦ ʜʦʚʛʘ ʜʽʣʷʥʢʘ ʩʝʢʮʽʾ ʚʠʧʘʨʦʚʫʚʘʥʥʷ 

ʧʦʨʽʚʥʷʥʦ ʟ ʘʜʽʘʙʘʪʠʯʥʦʶ ʪʘ ʢʦʥʜʝʥʩʘʪʦʨʥʦʶ ʩʝʢʮʽʷʤʠ, ʘ ʥʘʷʚʥʽʩʪʴ ʜʝʢʽʣʴʢʦʭ ʢʘʩʢʘʜʥʠʭ 

  
ʈʠʩʫʥʦʢ 1 ï ɸʌɸʈ ʜʣʷ ʚʽʜʩʪʝʞʝʥʥʷ ʨʘʢʝʪ 
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ʙʘʩʝʡʥʽʚ ʜʦʟʚʦʣʷʻ ʤʽʥʽʤʽʟʫʚʘʪʠ ʧʝʨʝʧʘʜ ʪʘ ʢʦʣʠʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʚʩʽʡ ʜʦʚʞʠʥʽ ʟʦʥʠ 

ʥʘʛʨʽʚʫ. ɺ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʦʥʠ ʧʦʢʘʟʘʣʠ ʯʫʜʦʚʽ ʨʝʟʫʣʴʪʘʪʠ, ʧʨʦʪʝ ʾʭ 

ʚʠʩʦʢʘ ʩʢʣʘʜʥʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʥʠʟʴʢʘ ʥʘʜʽʡʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʥʝ ʜʦʟʚʦʣʷʻ ʩʧʦʜʽʚʘʪʠʩʷ 

ʥʘ ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ.  

         

ʈʠʩʫʥʦʢ 2 ï ʄʦʜʝʣʴ ʪʝʨʤʦʩʠʬʦʥʫ ʟ ʧʨʦʤʽʞʥʠʤʠ ʙʘʩʝʡʥʘʤʠ ʪʘ ʬʦʪʦ ʢʦʥʩʪʨʫʢʮʽʾ ʦʜʥʦʛʦ 

ʙʘʩʝʡʥʫ [6] 

ʊʘʢʠʤ ʯʠʥʦʤ, ʪʝʥʜʝʥʮʽʻʶ ʨʦʟʚʠʪʢʫ ʧʦʚʽʪʨʷʥʠʭ ʩʠʩʪʝʤ ʦʭʦʣʦʜʞʝʥʥʷ ʇʇʄ ʻ 

ʚʙʫʜʦʚʫʚʘʥʥʷ ʚ ʾʭʥʶ ʢʦʥʩʪʨʫʢʮʽʶ ʪʝʧʣʦʚʠʭ ʪʨʫʙ. ɹʘʞʘʥʦ ʧʨʠ ʮʴʦʤʫ, ʱʦʙ ʪʝʧʣʦʚʽ ʪʨʫʙʠ 

ʤʘʣʠ ʷʢ ʤʦʞʥʘ ʧʨʦʩʪʽʰʫ ʢʦʥʩʪʨʫʢʮʽʶ ʽ ʙʫʣʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʫ ʚʠʛʦʪʦʚʣʝʥʥʽ. 

ɺ ʨʘʤʢʘʭ ʚʠʢʦʥʘʥʥʷ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʠ ʟʘ ʧʨʦʝʢʪʦʤ ˉ 2020.02/0357 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʬʦʥʜʫ ʜʦʩʣʽʜʞʝʥʴ ʋʢʨʘʾʥʠ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʫ ʧʝʨʩʧʝʢʪʠʚʥʫ 

ʢʦʥʩʪʨʫʢʮʽʶ ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ ʇʇʄ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʩʥʦ ʢʦʨʦʪʢʠʭ (ʜʦʚʞʠʥʦʶ ʙʽʣʷ 250 

ʤʤ) ʧʣʦʩʢʠʭ ʪʝʧʣʦʚʠʭ ʪʨʫʙ ʟ ʨʽʟʴʙʦʚʦʶ ʢʘʧʽʣʷʨʥʦʶ ʩʪʨʫʢʪʫʨʦʶ. ʇʝʨʝʚʘʛʦʶ ʨʦʟʨʦʙʣʝʥʠʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ, ʧʦʨʽʚʥʷʥʦ ʟ ʽʩʥʫʶʯʠʤʠ ʘʥʘʣʦʛʘʤʠ, ʻ ʪʝ, ʱʦ ʜʣʷ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʝ 

ʧʦʪʨʽʙʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʽ ʧʨʦʮʝʩʠ ʩʧʽʢʘʥʥʷ ʪʘ ʝʢʩʪʨʫʟʽʾ, ʱʦ ʩʧʨʦʱʫʻ 

ʽ ʟʜʝʰʝʚʣʶʻ ʢʦʥʩʪʨʫʢʮʽʶ ʪʝʧʣʦʚʠʭ ʪʨʫʙ ʽ ʩʠʩʪʝʤ ʦʭʦʣʦʜʞʝʥʥʷ ʥʘ ʾʭ ʦʩʥʦʚʽ ʪʘ ʚʽʜʢʨʠʚʘʻ 

ʨʝʘʣʴʥʽ ʧʝʨʩʧʝʢʪʠʚʠ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʾʭ ʜʣʷ ʧʨʠʡʤʘʣʴʥʦ-ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʤʦʜʫʣʽʚ ɸʌɸʈ. 

ʆʩʦʙʣʠʚʦ ʚʘʞʣʠʚʠʤ ʻ ʡ ʪʝ, ʱʦ ʨʦʟʨʦʙʣʝʥʽ ʟʘʩʦʙʠ ʦʭʦʣʦʜʞʝʥʥʷ ʜʦʟʚʦʣʷʪʴ ʟʜʽʡʩʥʶʚʘʪʠ 

ʤʦʜʝʨʥʽʟʘʮʽʶ ʽʩʥʫʶʯʠʭ ʟʨʘʟʢʽʚ ʈʃʉ, ʦʩʢʽʣʴʢʠ ʚʚʝʜʝʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ ʊʊ ʚ ʩʢʣʘʜ ʽʩʥʫʶʯʠʭ 

ʇʇʄ ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʾʭʥʽʭ ʨʦʟʤʽʨʽʚ ʪʘ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʧʨʠʻʜʥʘʥʥʷ ʇʇʄ ʜʦ 

ʧʦʣʦʪʥʘ ɸʌɸʈ. 
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ɸʅɸʃʀɿ ʎɽʃɽʉʆʆɹʈɸɿʅʆʉʊʀ ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʊɽʇʃʆʅʆʉʀʊɽʃɽʁ ʅɸ 

ɹɸɿɽ ʅɸʅʆɾʀɼɽʆʉʊɽʁ ɼʃʗ ʄʀʅʀɸʊʖʈʅʓʍ ʀʉʇɸʈʀʊɽʃʔʅʆ-

ʂʆʅɼɽʅʉɸʎʀʆʅʅʓʍ ʉʀʉʊɽʄ 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʘʩʩʠʚʥʳʝ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ, ʙʘʟʠʨʫʶʱʠʝʩʷ ʥʘ ʠʩʧʘʨʠʪʝʣʴʥʦ-

ʢʦʥʜʝʥʩʘʮʠʦʥʥʦʤ ʮʠʢʣʝ, ʧʦʣʫʯʠʣʠ ʦʛʨʦʤʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʠʩʪʝʤʘʭ ʦʭʣʘʞʜʝʥʠʷ. ʆʩʦʙʦ 

ʞʝʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʩʝʢʪʦʨʝ ʦʭʣʘʞʜʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʯʪʦ 

ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʧʣʦʚʳʭ ʤʦʱʥʦʩʪʝʡ ʥʘ ʝʜʠʥʠʮʫ ʧʦʚʝʨʭʥʦʩʪʠ. 

 ʆʯʝʥʴ ʚʘʞʥʳʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʪʝʧʣʦʧʝʨʝʜʘʶʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʜʚʫʭʬʘʟʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʧʦʜʙʦʨ ʪʝʧʣʦʥʦʩʠʪʝʣʷ. ʆʥ ʧʨʦʚʦʜʠʪʩʷ ʩ ʫʯʝʪʦʤ ʪʨʝʙʫʝʤʦʛʦ 

ʨʘʙʦʯʝʛʦ ʜʠʘʧʘʟʦʥʘ, ʤʘʢʩʠʤʘʣʴʥʦ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ, ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʠ ʧʨʦʯʠʭ ʬʘʢʪʦʨʦʚ.  

 ɺ ʧʦʩʣʝʜʥʠʝ 10 ʣʝʪ ʚʩʝ ʙʦʣʴʰʝ ʥʘʙʠʨʘʶʪ ʧʦʧʫʣʷʨʥʦʩʪʴ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ, ʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʭ ʥʘʨʘʙʦʪʦʢ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʚʦ ʤʥʦʛʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʚ ʩʠʩʪʝʤʘʭ ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ ʠ ʦʭʣʘʞʜʝʥʠʷ. ʆʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʨʝʠʤʫʱʝʩʪʚ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʩʠʩʪʝʤ ʦʭʣʘʞʜʝʥʠʷ ï ʧʨʠʤʝʥʝʥʠʝ ʥʘʥʦʞʠʜʢʦʩʪʠ (ʅɾ) ʚ 

ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʡ ʩʨʝʜʳ (ʪʝʧʣʦʥʦʩʠʪʝʣʷ) ʜʣʷ ʪʝʧʣʦʚʳʭ ʪʨʫʙ (ʊʊ) ʠ ʪʝʨʤʦʩʠʬʦʥʦʚ (ʊʉ).  

ʅʝʩʤʦʪʨʷ ʥʘ ʧʦʧʫʣʷʨʥʦʩʪʴ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʥʳʭ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠʤʝʶʪ ʥʝʦʜʥʦʟʥʘʯʥʳʡ ʠ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʭʘʨʘʢʪʝʨ ï ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ 

ʘʢʪʫʘʣʴʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ [1,2]. 

 ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʦʧʨʝʜʝʣʷʶʱʠʭ ʬʘʢʪʦʨʦʚ, ʚʠʣʷʶʱʠʭ ʥʘ 

ʪʝʧʣʦʧʝʨʝʜʘʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʠʥʠʘʪʶʨʥʳʭ ʠʩʧʘʨʠʪʝʣʴʥʦ-ʢʦʥʜʝʥʩʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, 

ʚ ʢʘʯʝʩʪʚʝ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʢʦʪʦʨʳʭ ʚʳʩʪʫʧʘʶʪ ʅɾ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʨʢʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ ʪʘʢʦʛʦ ʪʠʧʘ.  

 ɺ ʨʦʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʚʳʩʪʫʧʘʣʠ ʊʉ ʩʦ ʩʣʝʜʫʶʱʝʡ ʛʝʦʤʝʪʨʠʝʡ: dʚʥ=5 

ʤʤ, lʦʙ=ɦ 700 ʤʤ, lɿʂ=200 ʤʤ, ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʦʣʥʝʥʠʷ (ʂʟ) =0,44é1,66. 

 ʀʩʩʣʝʜʫʝʤʳʝ ʪʝʧʣʦʥʦʩʠʪʝʣʠ: 

- ʚʦʜʥʘʷ ʅɾ ˉ1 ʥʘ ʙʘʟʝ ʧʨʠʨʦʜʥʦʡ ʩʤʝʩʠ ʘʣʶʤʦʩʠʣʠʢʘʪʦʚ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ ʠ 

ʘʪʪʘʧʫʣʴʛʠʪʘ; 

- ʚʦʜʥʘʷ ʅɾ ˉ2 ʥʘ ʙʘʟʝ ʘʪʪʘʧʫʣʴʛʠʪʘ; 

- ʚʦʜʥʘʷ ʅɾ ˉ3 ʥʘ ʙʘʟʝ ʘʪʪʘʧʫʣʴʛʠʪʘ ʠ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ (ʋʅ); 

- ʚʦʜʥʘʷ ʅɾ ˉ4 ʥʘ ʙʘʟʝ ʋʅ; 

- ʚʦʜʥʘʷ ʅɾ ˉ5 ʥʘ ʙʘʟʝ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʣʤʘʟʘ; 

-ʚʦʜʥʘʷ ʅɾ ˉ6 ʥʘ ʙʘʟʝ ʘʤʦʨʬʥʦʛʦ ʫʛʣʝʨʦʜʘ. 

 ɼʥʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʠ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥ ʩʪʝʥʜ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ (ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 1). 

 ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʠ ʦʪʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩ.2 ʚ ʚʠʜʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ (ʂʟ=0,44), ʘ 

ʪʘʢʞʝ ʚ ʪʘʙʣ. 1 ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʚʦʩʧʨʠʷʪʠʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʅɾ ʧʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʫʣʫʯʰʝʥʠʝ ʪʝʧʣʦʧʝʨʝʜʘʶʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʘʥʘʣʦʛʠʯʥʦʡ ʩʠʩʪʝʤʦʡ 

ʦʭʣʘʞʜʝʥʠʷ ʩ ʚʦʜʥʳʤ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ.  ʅʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʩʝʙʷ 

ʚʦʜʥʳʡ ʪʝʧʣʦʥʦʩʠʪʝʣʴ ʩ ʋʅ, ʤʘʢʩʠʤʘʣʴʥʦ ʧʝʨʝʜʘʚʘʝʤʳʡ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢʘ ʜʣʷ ʥʝʛʦ ʚ    2,57 

ʨʘʟ ʙʦʣʴʰʝ, ʯʝʤ ʜʣʷ ʚʦʜʳ. ɺ ʩʣʫʯʘʝ ʞʝ, ʝʩʣʠ ʦʧʪʠʤʠʟʘʮʠʷ ʜʠʟʘʡʥʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦ 

ʤʠʥʠʤʘʣʴʥʦʤʫ ʪʝʨʤʠʯʝʩʢʦʤʫ ʩʦʧʨʦʪʠʚʣʝʥʠʶ (ʠʣʠ ʩʦʧʨʦʪʠʚʣʝʥʠʶ ʠ ʧʝʨʝʜʘʚʘʝʤʦʤʫ 

ʪʝʧʣʦʚʦʤʫ ʧʦʪʦʢʫ ʢʦʤʧʣʝʢʩʥʦ) ï ʪʦ ʥʘʠʣʫʯʰʠʤ ʚʘʨʠʘʥʪʦʤ ʠʟ ʧʨʦʚʝʨʝʥʥʳʭ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʅɾ ʩ ʩʠʥʪʝʪʠʯʝʩʢʠʤ ʘʣʤʘʟʦʤ. 
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ɺʩʝ ʠʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ ʧʦʢʘʟʘʣʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʣʫʯʰʝʥʠʝ ʧʝʨʝʜʘʶʱʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʯʪʦ ʜʦʢʘʟʳʚʘʝʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ ʪʘʢʦʛʦ ʪʠʧʘ. 

  

 
ʈʠʩʫʥʦʢ 1 - ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʘ: 1 - ʪʝʨʤʦʩʠʬʦʥ; 2 - ʥʘʛʨʝʚʘʪʝʣʴ; 3 - 

ʢʦʥʜʝʥʩʘʪʦʨ; 4.11 - ʨʝʛʫʣʷʪʦʨ ʥʘʧʨʷʞʝʥʠʷ (ʣʘʙʦʨʘʪʦʨʥʳʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ); 5.12 - 

ʩʪʘʙʠʣʠʟʘʪʦʨ ʥʘʧʨʷʞʝʥʠʷ; 6 - ʚʘʪʪʤʝʪʨ; 7- ʥʘʧʦʨʥʳʡ ʙʘʢ; 8.13 - ʢʣʘʧʘʥ; 9 - ʩʣʠʚʥʦʡ 

ʧʘʪʨʫʙʦʢ; 10 - ʧʦʜʦʛʨʝʚʘʪʝʣʴ ʦʭʣʘʞʜʘʶʱʝʡ ʚʦʜʳ; 14 - ʨʘʩʭʦʜʦʤʝʨ; 15 - ɸʎʇ; 16 - ʇʂ 

 

 
ʈʠʩʫʥʦʢ 2 ï ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʨʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʝʨʤʦʩʠʬʦʥʘ ʦʪ 

ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ 

 

ʊʘʙʣʠʮʘ 1  

ʊʝʧʣʦʥʦʩʠʪʝʣʴ ʅɾ ˉ1 ʅɾ ˉ2 ʅɾ ˉ3 ʅɾ ˉ4 ʅɾ ˉ5 ʅɾ ˉ6 ɺʦʜʘ 

Rmin, ʂ/ɺʪ 0.23 0.17 0.16 0.18 0.14 0.2 0.18 

Qmax, ɺʪ 117.8 127 143 180 140 107 70 

 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. Liu Z., Yang X., Wang G., Guo G. Influence of carbon nanotube suspension on the 

thermal performance of a miniature thermosyphon. International Journal of Heat and Mass 

Transfer. 2010. Vol. 53. P. 1914ï1920.  

2. Khandekar S., Joshi Y. M. Thermal performance of two-phase thermosyphon using 

nanofluids. International Journal of Thermal Sciences. 2008. Vol. 47. P.  659ï667. 
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ʋɼʂ 536.24 

ʄʘʛʽʩʪʨʘʥʪ 2 ʢʫʨʩʫ, ʛʨ. ʊʌ-91ʤʥ ʃʽʧʥʽʮʴʢʠʡ ʃ.ɺ.; ʤʦʣ. ʚʯʝʥʠʡ ʄʝʣʴʥʠʢ ʈ.ʉ. 

ɼʦʮ., ʢ.ʪ.ʥ. ʃʝʙʝʜʴ ʅ.ʃ. 

ɯʅʊɽʅʉʀɺʅɯʉʊʔ ʊɽʇʃʆʆɹʄɯʅʋ ʇʈʀ ʂʆʅɼɽʅʉɸʎɯɰ ʅɸ ɻʆʈʀɿʆʅʊɸʃʔʅɯʁ 

ʆɹɽʈʅɽʅɯʁ ɺʅʀɿ ʇʆʈʀʉʊɯʁ ʇʆɺɽʈʍʅɯ 

ʅʘ ʜʘʥʠʡ ʯʘʩ, ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʦʭʦʣʦʜʞʝʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʻ ʩʠʩʪʝʤʠ ʥʘ ʙʘʟʽ ʪʝʧʣʦʚʠʭ ʪʨʫʙ ʪʘ ʧʘʨʦʚʠʭ ʢʘʤʝʨ. ɼʦʩʣʽʜʞʝʥʥʶ ʮʠʭ ʧʨʠʩʪʨʦʾʚ 

ʧʨʠʩʚʷʯʝʥʦ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʨʦʙʽʪ [1], ʧʨʦʪʝ ʚʦʥʠ ʫ ʧʝʨʝʚʘʞʥʽʡ ʙʽʣʴʰʦʩʪʽ ʧʨʠʩʚʷʯʝʥʽ 

ʜʦʩʣʽʜʞʝʥʥʶ ʪʝʨʤʽʯʥʦʛʦ ʦʧʦʨʫ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʝʧʣʦʚʽʜʜʘʯʽ ʚ ʟʦʥʽ ʥʘʛʨʽʚʫ.  

ɺʽʜʩʫʪʥʽʩʪʴ ʜʦʩʪʘʪʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʨʦʮʝʩʠ ʢʦʥʜʝʥʩʘʮʽʾ ʚ ʪʘʢʠʭ 

ʩʠʩʪʝʤʘʭ  ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʝʧʣʦʦʙʤʽʥʫ ʧʨʠ 

ʢʦʥʜʝʥʩʘʮʽʾ ʥʘ ʧʦʨʠʩʪʠʭ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʧʦʚʝʨʭʥʷʭ, ʱʦ ʟʚʝʨʥʝʥʽ ʨʦʙʦʯʦʶ ʧʦʚʝʨʭʥʝʶ ʚʥʠʟ 

ʦʩʢʽʣʴʢʠ ʪʘʢʽ ʫʤʦʚʠ ʥʘʡʙʽʣʴʰ ʥʘʙʣʠʞʝʥʽ ʜʦ ʫʤʦʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʘʨʦʚʠʭ ʢʘʤʝʨ. ʊʦʤʫ 

ʧʨʦʚʝʜʝʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʘʢʪʫʘʣʴʥʠʤ ʽ, ʫ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ, ʥʘʜʘʻ ʟʤʦʛʫ ʦʮʽʥʠʪʠ ʚʧʣʠʚ 

ʥʘʷʚʥʦʩʪʽ ʧʦʨʠʩʪʦʛʦ ʧʦʢʨʠʪʪʷ ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʫ ʢʦʥʜʝʥʩʘʮʽʾ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʫʩʪʘʥʦʚʢʘ ʧʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʷʢʦʾ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʫʩʪʘʥʦʚʢʘ ʷʚʣʷʻ ʩʦʙʦʶ ʛʝʨʤʝʪʠʯʥʠʡ ʩʦʩʫʜ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʠʧʘʨʥʠʢʘ ɺ, ʚʩʝʨʝʜʠʥʫ ʷʢʦʛʦ ʨʦʟʪʘʰʦʚʘʥʦ ʝʣʝʢʪʨʦʥʘʛʨʽʚʘʯ ɽʅ ʦʩʥʦʚʥʦʾ 

ʢʘʤʝʨʠ ʪʘ ʜʦʜʘʪʢʦʚʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ ɼʂ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʥʦʩʽʷ ʚ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽʡ ʫʩʪʘʥʦʚʮʽ). ɼʦʜʘʪʢʦʚʠʡ ʢʦʥʜʝʥʩʘʪʦʨ ʷʚʣʷʻ ʩʦʙʦʶ ʪʝʧʣʦʦʙʤʽʥʥʠʢ ʪʠʧʫ 

ʪʨʫʙʘ ʚ ʪʨʫʙʽ. ʋ ʚʥʫʪʨʽʰʥʽʡ ʪʨʫʙʮʽ ʢʦʥʜʝʥʩʫʻʪʴʩʷ ʚʦʜʷʥʘ ʧʘʨʘ, ʫ ʢʽʣʴʮʝʚʦʤʫ ʢʘʥʘʣʽ 

ʨʫʭʘʻʪʴʩʷ ʚʦʜʘ, ʱʦ ʧʽʜʽʛʨʽʚʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʪʦʯʥʦʛʦ ʚʦʜʦʧʽʜʽʛʨʽʚʘʯʘ ʇɺʇ. ʊʘʢʘ 

ʩʭʝʤʘ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʧʦʩʪʽʡʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʩʠʯʝʥʥʷ (ʪʠʩʢʫ) ʚʩʝʨʝʜʠʥʽ 

ʨʦʙʦʯʦʛʦ ʦʙôʻʤʫ. ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʨʘʟʢʘʭ ʧʦʨʠʩʪʦʾ 

ʩʪʨʫʢʪʫʨʠ ʟ ʥʘʩʪʫʧʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʜʽʘʤʝʪʨ ʚʦʣʦʢʥʘ dʚ = 20ʤʢʤ, ʜʦʚʞʠʥʘ  

ʚʦʣʦʢʥʘ lʚ = 3ʤʤ, ʪʦʚʱʠʥʘ ʢʘʧʽʣʷʨʥʦ-ʧʦʨʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ ŭ = 0,22é0,23ʤʤ,  

ʧʦʨʠʩʪʽʩʪʴ ʇ = 52%, 80%. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ 
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ʆʮʽʥʢʘ ʧʦʭʠʙʦʢ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʘ, ʱʦ 

ʚʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʪʝʧʣʦʚʽʜʜʘʯʽ ʩʢʣʘʜʘʻ Ñ7,5%. 

ɺʝʨʠʬʽʢʘʮʽʷ ʫʩʪʘʥʦʚʢʠ ʙʫʣʘ ʚʠʢʦʥʘʥʘ ʰʣʷʭʦʤ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʘʥʠʭ ʽ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʧʦ ʪʝʦʨʝʪʠʯʥʽʡ ʟʘʣʝʞʥʦʩʪʽ [2]: 

 

 
 

ʈʝʟʫʣʴʪʘʪʠ ʚʝʨʠʬʽʢʘʮʽʾ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 2. 

 
1 ï ŭʂʇʉ =0,22ʤʤ, ʇ = 80% 

2 ï ŭʂʇʉ =0,23ʤʤ, ʇ = 52% 

ʈʠʩʫʥʦʢ 2 ï ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʽʜʜʘʯʽ ʧʨʠ ʢʦʥʜʝʥʩʘʮʽʾ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ 

ʦʙʝʨʥʝʥʠʭ ʚʥʠʟ ʧʦʚʝʨʭʥʷʭ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʥʘʧʦʨʫ 

 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʚ: 

1) ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʝʧʣʦʦʙʤʽʥʫ ʧʨʠ ʢʦʥʜʝʥʩʘʮʽʾ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʦʙʝʨʥʝʥʽʡ ʚʥʠʟ 

ʧʦʨʠʩʪʽʡ ʧʦʚʝʨʭʥʽ ʧʨʠ ʪʠʭ ʞʝ ʫʤʦʚʘʭ ʟʥʠʞʫʻʪʴʩʷ ʚʽʜʥʦʩʥʦ ʛʣʘʜʢʦʾ ʧʦʚʝʨʭʥʽ, ʱʦ ʟʫʤʦʚʣʝʥʦ 

ʜʦʜʘʪʢʦʚʠʤ ʪʝʨʤʽʯʥʠʤ ʦʧʦʨʦʤ, ʷʢʠʡ ʚʥʦʩʠʪʴ ʢʘʧʽʣʷʨʥʦ-ʧʦʨʠʩʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʧʦʚʝʨʭʥʽ; 

2) ʘʥʘʣʽʟ ʟʘʣʝʞʥʦʩʪʝʡ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 2, ʧʦʢʘʟʫʻ, ʱʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʪʝʧʣʦʚʽʜʚʦʜʫ ʧʦʨʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ (ʟʨʘʟʦʢ ˉ1) ʥʠʞʯʝ ʥʘ 24% ʥʽʞ ʥʘ ʛʣʘʜʢʽʡ ʧʦʚʝʨʭʥʽ; 

ʚʽʜʧʦʚʽʜʥʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʝʧʣʦʚʽʜʚʦʜʫ ʧʦʨʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ (ʟʨʘʟʦʢ ˉ2) ʥʠʞʯʘ ʥʘ 37,5%; 

3) ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʨʠʩʪʠʭ ʧʦʚʝʨʭʦʥʴ ʟʥʠʞʫʻ ʟʘʣʝʞʥʽʩʪʴ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʝʧʣʦʧʝʨʝʜʘʯʽ 

ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʥʘʧʦʨʫ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʽʩʥʫʚʘʥʥʷʤ ʧʣʽʚʢʠ, ʷʢʘ ʫʪʚʦʨʶʻʪʴʩʷ ʥʘ 

ʧʦʚʝʨʭʥʽ ʤʝʪʘʣʦ-ʚʦʣʦʢʥʠʩʪʦʾ ʢʘʧʽʣʷʨʥʦ-ʧʦʨʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ ʽ ʩʪʚʦʨʶʻ ʜʦʜʘʪʢʦʚʠʡ 

ʪʝʨʤʽʯʥʠʡ ʦʧʽʨ, ʱʦ ʧʨʦʧʦʨʮʽʡʥʦ ʟʤʝʥʰʝʥʥʶ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʝʧʣʦʦʙʤʽʥʫ ʽ ʥʝ ʻ ʧʦʩʪʽʡʥʠʤ 

ʧʨʠ ʟʤʽʥʥʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʥʘʧʦʨʽ. 

 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. Meng-Chang Tsai, Shing-Wen Kang, Kleber Vieira de Paiva Experimental studies of thermal 

resistance in a vapor chamber heat spreader. Applied Thermal Engineering 2013. ˉ56. 38ï

44ʩ. 

2. ʂʫʪʘʪʝʣʘʜʟʝ ʉ. ʉ. ʆʩʥʦʚʳ ʪʝʦʨʠʠ ʪʝʧʣʦʦʙʤʝʥʘ. ʄʦʩʢʚʘ: ɸʪʦʤʠʟʜʘʪ, 1979. 416 ʩ. 
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ʋɼʂ 536.422 

ʄʘʛʽʩʪʨʘʥʪ 2 ʢʫʨʩʫ, ʛʨ. ʊʌ-91ʤʥ ʃʽʧʥʽʮʴʢʠʡ ʃ.ɺ.; ʤʦʣ. ʚʯʝʥʠʡ ʄʝʣʴʥʠʢ ʈ.ʉ. 

ʇʨ. ʥ. ʩʧʽʚ., ʜ.ʪ.ʥ. ʅʽʢʦʣʘʻʥʢʦ ʖ.ɭ. 

ʂʆʅʉʊʈʋʂʎɯʗ ʊɽʇʃʆɺʆɰ ʊʈʋɹʀ ɿ ʈɯɿʔɹʆɺʆʖ ʂɸʇɯʃʗʈʅʆʖ 

ʉʊʈʋʂʊʋʈʆʖ ɿɯ ɿʄɯʅʅʀʄ ʂʆɽʌɯʎɯɭʅʊʆʄ ɿɸʇʆɺʅɽʅʅʗ 

 

ʊʝʨʤʦʩʠʬʦʥʠ ʪʘ ʛʨʘʚʽʪʘʮʽʡʥʽ ʪʝʧʣʦʚʽ ʪʨʫʙʠ (ɻʈʊʊ) ʻ ʝʬʝʢʪʠʚʥʠʤʠ ʜʚʦʬʘʟʥʠʤʠ 

ʪʝʧʣʦʧʝʨʝʜʘʚʣʴʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ, ʷʢʽ ʨʦʟʨʘʭʦʚʘʥʽ ʥʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʠ ʚʝʨʪʠʢʘʣʴʥʽʡ  

ʦʨʽʻʥʪʘʮʽʾ ʘʙʦ ʧʨʠ ʦʨʽʻʥʪʘʮʽʾ ʧʽʜ ʢʫʪʦʤ ʥʘʭʠʣʫ ʟ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʟʦʥʠ ʢʦʥʜʝʥʩʘʮʽʾ ʚʠʱʝ ʟʦʥʠ 

ʚʠʧʘʨʦʚʫʚʘʥʥʷ. ʇʦʚʝʨʥʝʥʥʷ ʪʝʧʣʦʥʦʩʽʷ ʟ ʟʦʥʠ ʢʦʥʜʝʥʩʘʮʽʾ ʜʦ ʟʦʥʠ ʚʠʧʘʨʦʚʫʚʘʥʥʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʣʠʰʝ ʟʘ ʨʘʭʫʥʦʢ ʛʨʘʚʽʪʘʮʽʡʥʠʭ ʩʠʣ. ɺʽʜʤʽʥʥʽʩʪʴ ɻʈʊʊ ʚʽʜ ʪʝʨʤʦʩʠʬʦʥʫ 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʚ ʟʦʥʽ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʛʨʘʚʽʪʘʮʽʡʥʦʾ ʪʝʧʣʦʚʦʾ ʪʨʫʙʠ ʻ ʢʘʧʽʣʷʨʥʘ ʩʪʨʫʢʪʫʨʘ 

ʜʣʷ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʫ ʪʝʧʣʦʦʙʤʽʥʫ. ɿʘʚʜʷʢʠ ʚʠʩʦʢʽʡ ʪʝʧʣʦʧʝʨʝʜʘʚʘʣʴʥʽʡ ʟʜʘʪʥʦʩʪʽ ʪʘ 

ʚʣʘʩʪʠʚʦʩʪʽ ʦʜʥʦʯʘʩʥʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʪʝʨʤʦʩʠʬʦʥʠ ʪʘ ɻʈʊʊ ʟʥʘʭʦʜʷʪʴ 

ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʩʠʩʪʝʤʘʭ ʦʭʦʣʦʜʞʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʣʘʜʽʚ. 

ɿʦʢʨʝʤʘ, ʚʦʥʠ ʟʥʘʭʦʜʷʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʩʠʩʪʝʤʘʭ ʦʭʦʣʦʜʞʝʥʥʷ ʧʨʠʡʤʘʣʴʥʦ-ʧʝʨʝʜʘʚʘʣʴʥʠʭ 

ʤʦʜʫʣʽʚ ʘʢʪʠʚʥʠʭ ʬʘʟʦʚʘʥʠʭ ʘʥʪʝʥʥʠʭ ʨʝʰʽʪʦʢ [1, 2].     

ɺʠʢʦʨʠʩʪʘʥʥʷ ʚ ʟʦʥʽ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʛʨʘʚʽʪʘʮʽʡʥʠʭ ʪʝʧʣʦʚʠʭ ʪʨʫʙ ʥʘʡʙʽʣʴʰ 

ʧʦʰʠʨʝʥʠʭ ʩʧʝʯʝʥʠʭ ʧʦʨʦʰʢʦʚʦʾ ʘʙʦ ʤʝʪʘʣʦʚʦʣʦʢʥʝʚʦʾ ʢʘʧʽʣʷʨʥʠʭ ʩʪʨʫʢʪʫʨ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʫʩʢʣʘʜʥʝʥʥʷ ʪʘ, ʷʢ ʥʘʩʣʽʜʦʢ, ʟʜʦʨʦʞʯʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʪʝʧʣʦʚʦʾ ʪʨʫʙʠ. ʊʦʤʫ ʚ [3] ʙʫʣʘ 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʙʽʣʴʰ ʧʨʦʩʪʘ ʢʦʥʩʪʨʫʢʮʽʷ ɻʈʊʊ ʟ ʨʽʟʴʙʦʚʦʶ ʢʘʧʽʣʷʨʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʚ ʟʦʥʽ 

ʚʠʧʘʨʦʚʫʚʘʥʥʷ. ʅʘʷʚʥʽʩʪʴ ʨʽʟʴʙʠ ʟ ʜʨʽʙʥʠʤ ʢʨʦʢʦʤ ʚ ʟʦʥʽ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʟʙʽʣʴʰʫʻ 

ʝʬʝʢʪʠʚʥʫ ʧʦʚʝʨʭʥʶ ʪʝʧʣʦʦʙʤʽʥʫ ʽ ʢʽʣʴʢʽʩʪʴ ʮʝʥʪʨʽʚ ʧʘʨʦʫʪʚʦʨʝʥʥʷ ʪʘ ʧʽʜʚʠʱʫʻ ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʧʣʦʚʽʜʜʘʯʽ ʫ ʟʘʟʥʘʯʝʥʽʡ ʦʙʣʘʩʪʽ ʪʘ ʟʥʠʞʫʻ ʪʝʨʤʽʯʥʠʡ ʦʧʽʨ ʪʝʧʣʦʚʦʾ ʪʨʫʙʠ [4]. 

ʆʩʢʽʣʴʢʠ ʪʝʧʣʦʧʝʨʝʜʘʚʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɻʈʊʊ ʟ ʨʽʟʴʙʦʚʦʶ ʢʘʧʽʣʷʨʥʦʶ 

ʩʪʨʫʢʪʫʨʦʶ, ʷʢ ʽ ʪʝʨʤʦʩʠʬʦʥʽʚ ʚʟʘʛʘʣʽ, ʟʘʣʝʞʘʪʴ ʚʽʜ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ, 

ʟʦʢʨʝʤʘ, ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʫ ʟʘʧʦʚʥʝʥʥʷ ʪʝʧʣʦʥʦʩʽʻʤ, ʘ ʪʘʢʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ɻʈʊʊ ʟ ʨʽʟʴʙʦʚʦʶ 

ʢʘʧʽʣʷʨʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʚ ʣʽʪʝʨʘʪʫʨʽ ʥʝ ʚʠʷʚʣʝʥʦ, ʪʦ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʦʙôʻʤʫ 

ʟʘʧʦʚʥʝʥʥʷ ʜʣʷ ʪʘʢʠʭ ʪʝʧʣʦʚʠʭ ʪʨʫʙ ʻ ʥʘ ʜʘʥʠʡ ʯʘʩ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ ʩʧʦʩʦʙʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʦʙôʻʤʫ ʟʘʧʦʚʥʝʥʥʷ, ʷʢʽ 

ʚʠʢʦʥʫʚʘʣʠʩʴ ʥʘ ʚʽʜʧʦʚʽʜʥʽʡ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʧʝʨʝʜʘʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʟ ʨʽʟʥʠʤ ʦʙôʻʤʦʤ 

ʪʝʧʣʦʥʦʩʽʷ, ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʨʦʟʨʦʙʣʝʥʘ ʥʦʚʘ ʢʦʥʩʪʨʫʢʮʽʷ ɻʈʊʊ (ʨʠʩ. 1), ʷʢʘ ʜʦʟʚʦʣʷʻ 

ʜʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʦʙôʻʤʫ ʟʘʧʦʚʥʝʥʥʷ ʪʘ ʪʝʧʣʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʠʰʝ ʦʜʥʽʻʾ 

ʪʝʧʣʦʚʦʾ ʪʨʫʙʠ ʪʘ ʦʜʥʦʛʦ ʧʨʦʮʝʩʫ ʚʘʢʫʫʤʫʚʘʥʥʷ, ʟʘʧʦʚʥʝʥʥʷ ʽ ʛʝʨʤʝʪʠʟʘʮʽʾ. ʂʨʽʤ 

ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʜʦʩʣʽʜʞʝʥʴ ʧʝʨʝʚʘʛʦʶ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʩʧʦʩʦʙʫ ʻ ʡ ʪʝ, ʱʦ ʚʽʥ ʜʦʟʚʦʣʷʻ 

ʫʥʠʢʥʫʪʠ ʧʝʚʥʦʾ ʥʝ ʽʜʝʥʪʠʯʥʦʩʪʽ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʚ ʟʦʥʽ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʪʘ ʩʪʫʧʝʥʷ 

ʚʘʢʫʫʤʫʚʘʥʥʷ ʧʝʨʝʜ ʟʘʧʦʚʥʝʥʥʷʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʨʘʟʢʽʚ ʪʝʧʣʦʥʦʩʽʻʤ. 

ɻʈʊʊ ʟ ʨʽʟʴʙʦʚʦʶ ʢʘʧʽʣʷʨʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʯʘʩʪʠʥ. ʇʝʨʰʘ ʯʘʩʪʠʥʘ 

ʷʚʣʷʻ ʩʦʙʦʶ ʜʦʩʣʽʜʞʫʚʘʥʫ ʜʽʣʷʥʢʫ ʜʽʘʤʝʪʨʦʤ 12 ʤʤ ʟ ʪʦʚʱʠʥʦʶ ʩʪʽʥʢʠ 1 ʤʤ, ʜʦʚʞʠʥʦʶ 

235 ʤʤ, ʥʘ ʷʢʫ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʝʣʝʢʪʨʦʥʘʛʨʽʚʘʯ ʚʠʩʦʪʦʶ 40 ʤʤ ʽ ʢʦʥʜʝʥʩʘʪʦʨ ʜʦʚʞʠʥʦʶ 80 

ʤʤ. ɼʨʫʛʘ ʯʘʩʪʠʥʘ ï ʪʨʫʙʢʘ ʟ ʚʥʫʪʨʽʰʥʽʤ ʜʽʘʤʝʪʨʦʤ 5 ʤʤ, ʪʦʚʱʠʥʦʶ ʩʪʽʥʢʠ 0,5 ʤʤ, 

ʜʦʚʞʠʥʦʶ 350 ʤʤ. ʄʽʞ ʩʦʙʦʶ ʪʨʫʙʢʠ ʟôʻʜʥʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʡʢʠ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʤ 

ʧʨʠʧʦʻʤ ʇʉʨ-45, ʱʦ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʚʘʢʫʫʤʥʦʾ ʱʽʣʴʥʦʩʪʽ ʟôʻʜʥʘʥʥʷ. ɿʦʥʘ ʚʠʧʘʨʦʚʫʚʘʥʥʷ 

ʟʘʧʦʚʥʝʥʘ ʪʝʧʣʦʥʦʩʽʻʤ ʟ ʧʝʚʥʠʤ ʧʝʨʝʚʠʱʝʥʥʷʤ ʢʨʘʶ ʥʘʛʨʽʚʘʯʘ, ʥʘʧʨʠʢʣʘʜ, ʥʘ 5 ʤʤ. ʎʝ 

ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʟ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʟʘʧʦʚʥʝʥʥʷ ʙʽʣʴʰʝ 1,0. 

ʇʨʦʮʝʩ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʚʧʣʠʚʫ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʧʦʚʥʝʥʥʷ ʪʘ ʪʝʧʣʦʚʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɻʈʊʊ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʻ ʥʘʩʪʫʧʥʠʡ. ʈʝʪʝʣʴʥʦ 

ʪʝʧʣʦʽʟʦʣʶʪʴ ʪʨʫʙʢʫ ʤʝʥʰʦʛʦ ʜʽʘʤʝʪʨʫ ʜʣʷ ʫʥʠʢʥʝʥʥʷ ʚ ʥʽʡ ʧʨʦʮʝʩʫ ʢʦʥʜʝʥʩʘʮʽʾ ʧʘʨʠ                

ʽ  ʜʦʩʣʽʜʞʫʶʪʴ  ʪʝʧʣʦʚʽ  ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  ɻʈʊʊ  ʟ  ʚʠʭʽʜʥʠʤ  ʦʙôʻʤʦʤ  ʪʝʧʣʦʥʦʩʽʷ. 
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                                                   ʘ)   ʙ) 

ʘ) ʩʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ; ʙ) ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ 

ʈʠʩʫʥʦʢ 1 ï ʂʦʥʩʪʨʫʢʮʽʷ ʛʨʘʚʽʪʘʮʽʡʥʦʾ ʪʝʧʣʦʚʦʾ ʪʨʫʙʠ ʟʽ ʟʤʽʥʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʟʘʧʦʚʥʝʥʥʷ 

 

ʇʦʪʽʤ ʧʦʩʪʫʧʦʚʦ ʟʤʝʥʰʫʶʪʴ ʡʦʛʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʣʠʚʫ ʚ ʪʨʫʙʢʫ ʤʝʥʰʦʛʦ ʜʽʘʤʝʪʨʫ 

ʪʘ ʚʽʜʩʽʢʘʥʥʷ ʧʝʚʥʦʾ ʯʘʩʪʠʥʠ ʾʾ ʜʦʚʞʠʥʠ, ʟʘʧʦʚʥʝʥʦʾ ʪʝʧʣʦʥʦʩʽʻʤ (ʜʠʚ. ʨʠʩ. 1,ʘ). ɼʣʷ 

ʟʤʝʥʰʝʥʥʷ ʚʠʩʦʪʠ ʪʝʧʣʦʥʦʩʽʷ ʫ ʟʦʥʽ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʥʘ 5 ʤʤ ʥʝʦʙʭʽʜʥʦ ʚʽʜʩʽʢʪʠ ʜʽʣʷʥʢʫ 

ʪʨʫʙʢʠ ʤʝʥʰʦʛʦ ʜʽʘʤʝʪʨʫ ʜʦʚʞʠʥʦʶ 20 ʤʤ. ɼʘʣʽ ʧʨʦʚʦʜʷʪʴ ʧʦʚʪʦʨʥʝ  ʜʦʩʣʽʜʞʝʥʥʷ 

ʪʝʧʣʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʟʥʦʚʫ ʟʤʝʥʰʫʶʪʴ ʦʙôʻʤ ʟʘʧʦʚʥʝʥʥʷ ʥʘ ʟʘʜʘʥʫ ʚʝʣʠʯʠʥʫ ʽ ʪʘʢ ʜʘʣʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʨʷʜ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʱʦʜʦ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʟʘʧʦʚʥʝʥʥʷ ʪʘ ʚʽʜʧʦʚʽʜʥʠʭ ʥʠʤ ʪʝʧʣʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʧʣʦʚʦʾ ʪʨʫʙʠ, ʟʘ ʷʢʠʤʠ ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʢʦʝʬʽʮʽʻʥʪʠ ʟʘʧʦʚʥʝʥʥʷ ɻʈʊʊ ʪʝʧʣʦʥʦʩʽʻʤ, ʜʣʷ ʷʢʠʭ ʪʝʨʤʽʯʥʠʡ ʦʧʽʨ ʙʫʜʝ 

ʤʽʥʽʤʘʣʴʥʠʤ, ʪʘ ʧʨʠ ʷʢʠʭ ʙʫʜʝ ʦʪʨʠʤʘʥʦ ʛʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ. 

 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. Wessel W. Wits, Gert Jan te Riele Modelling and performance of heat pipes with long 

evaporator sections. Heat Mass Transfer. 2017. ˉ53. 3341ï3351 ʩ. 

2. S. Siedel, A.J. Robinson, R. Kempers, S. Kerslake Development of a naturally aspired 

thermosyphon for power amplifier cooling. Journal of Physics: Conference Series. 2014. ˉ525. 

3. ɻʨʘʚʽʪʘʮʽʡʥʘ ʪʝʧʣʦʚʘ ʪʨʫʙʘ: ʧʘʪ. 109840 ʋʢʨʘʾʥʘ: ʄʇʂ: F28D 15/02. ˉ109840 

ʦʧʫʙʣ. 12.09.2016, ʙʶʣ. ˉ 17. 

4. ʅʠʢʦʣʘʝʥʢʦ ʖ.ɽ, ʂʦʟʘʢ ɼ.ɺ. ʊʝʨʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʘʣʶʤʠʥʠʝʚʦʡ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʪʝʧʣʦʚʦʡ ʪʨʫʙʳ ʩ ʨʝʟʴʙʦʚʦʡ ʢʘʧʠʣʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʊʝʭʥʦʣʦʛʠʷ ʠ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʚ ʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʝ. 2017. ˉ 4-5. 24ï31ʩ. 

 

ʈʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʟʘ ʧʽʜʪʨʠʤʢʠ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʬʦʥʜʫ ʜʦʩʣʽʜʞʝʥʴ ʋʢʨʘʾʥʠ, ʧʨʦʝʢʪ                    

ˉ 2020.02/0357. 

 



 

 143 

ʋɼʂ 536.248.2 

ʉʪʫʜʝʥʪ 4 ʢʫʨʩʫ, ʛʨ. ʊʌ-71 ɹʫʛʘʡʦʚ ɯ.ɺ. 

ɼʦʮ., ʢ.ʪ.ʥ. ʃʝʙʝʜʴ ʅ.ʃ. 

ɼʆʉʃɯɼɾɽʅʅʗ ʊɽʇʃʆʇʈʆɺɯɼʅʆʉʊɯ ʇʆʈʀʉʊʀʍ ʄɸʊɽʈɯɸʃɯɺ 

ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ - ʮʝ ʬʽʟʠʯʥʘ ʚʣʘʩʪʠʚʽʩʪʴ ʨʝʯʦʚʠʥʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʟʜʘʪʥʽʩʪʴ ʧʝʨʝʜʘʚʘʪʠ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ. ʉʧʝʮʠʬʽʢʘ ʽ ʩʢʣʘʜʥʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʝʬʝʢʪʠʚʥʦʾ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʧʦʨʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ ʦʙʫʤʦʚʣʝʥʘ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ 

ʥʠʟʴʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʽ ʩʫʪʪʻʚʦ ʥʝʣʽʥʽʡʥʠʤ ʭʘʨʘʢʪʝʨʦʤ ʟʘʣʝʞʥʦʩʪʽ ʝʬʝʢʪʠʚʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʪʠʩʢʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʊʦʤʫ ʚʠʟʥʘʯʝʥʥʷ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʧʦʨʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ ʩʢʣʘʜʥʦʶ, ʘʣʝ ʚʦʜʥʦʯʘʩ ʚʘʞʣʠʚʦʶ ʟʘʜʘʯʝʶ. ɼʘʥʘ 

ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʦʧʠʩʫ ʽ ʘʥʘʣʽʟʫ ʤʝʪʦʜʽʚ ʽ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 

ʧʦʨʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ.   

ʅʘ ʨʠʩ.1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʧʦʨʠʩʪʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ 300Üʉ [1].  

 

 
 

ʈʠʩʫʥʦʢ 1 - ʉʭʝʤʘ ʜʦʩʣʽʜʥʦʾ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 

ʤʝʪʦʜʦʤ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʰʘʨʫ [1] 

 

ʋʩʪʘʥʦʚʢʘ ʷʚʣʷʻ ʩʦʙʦʶ ʤʝʪʘʣʝʚʫ ʪʨʫʙʫ 1, ʥʘ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʷʢʦʾ ʨʦʟʤʽʱʫʻʪʴʩʷ 

ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʰʘʨ ʤʘʪʝʨʽʘʣʫ 2. ɼʦʚʞʠʥʘ ʪʨʫʙʠ ʩʪʘʥʦʚʠʪʴ 1490 ʤʤ, ʮʠʣʽʥʜʨʠʯʥʠʡ ʰʘʨ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʤʘʻ ʚʥʫʪʨʽʰʥʽʡ ʜʽʘʤʝʪʨ 29 ʤʤ, ʟʦʚʥʽʰʥʽʡ - (ʟ ʩʪʨʫʤʦʧʽʜʚʦʜʘʤʠ 

4) 53 ʤʤ. ʋʩʝʨʝʜʠʥʽ ʪʨʫʙʠ ʟʘʢʣʘʜʝʥʦ ʦʩʴʦʚʦʾ ʝʣʝʢʪʨʠʯʥʠʡ ʥʘʛʨʽʚʘʯ 3, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʨʽʚʥʦʤʽʨʥʠʡ ʦʙʽʛʨʽʚ. ʉʪʨʫʤ ʨʝʛʫʣʶʻʪʴʩʷ ʣʘʙʦʨʘʪʦʨʥʠʤ ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʦʤ, ʘ ʧʦʪʫʞʥʽʩʪʴ 

ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʚʘʪʤʝʪʨʦʤ. ʊʝʤʧʝʨʘʪʫʨʠ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʠʤʽʨʶʶʪʴʩʷ 

ʪʝʨʤʦʧʘʨʘʤʠ, ʛʘʨʷʯʽ ʩʧʘʾ ʷʢʠʭ ʟʘʢʣʘʜʝʥʽ ʥʘ ʟʦʚʥʽʰʥʽʡ (6, 7, 8) ʽ ʥʘ ʚʥʫʪʨʽʰʥʽʡ (9, 10, 11) 

ʧʦʚʝʨʭʥʷʭ ʽʟʦʣʷʮʽʡʥʦʛʦ ʰʘʨʫ. ʐʘʨ ʽʟʦʣʷʮʽʾ ʱʽʣʴʥʦ ʧʨʠʣʷʛʘʻ ʜʦ ʧʦʚʝʨʭʥʽ ʪʨʫʙʠ, ʪʦʤʫ 

ʪʝʨʤʦʧʘʨʠ, ʷʢʠʤʠ ʚʠʤʽʨʶʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʰʘʨʫ, ʟʘʢʣʘʜʘʶʪʴʩʷ ʥʘ 

ʧʦʚʝʨʭʥʽ ʪʨʫʙʠ. ɽʈʉ ʪʝʨʤʦʧʘʨ ʚʠʤʽʨʶʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʪʝʥʮʽʦʤʝʪʨʘ. ʆʜʥʦʤʽʨʥʽʩʪʴ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʠʙʦʨʦʤ ʜʦʚʞʠʥʠ ʪʨʫʙʠ, ʷʢʘ ʟʥʘʯʥʦ ʙʽʣʴʰʝ, ʥʽʞ ʾʾ 

ʟʦʚʥʽʰʥʽʡ ʜʽʘʤʝʪʨ. ʂʨʽʤ ʪʦʛʦ, ʪʦʨʮʽ ʪʨʫʙʠ ʟʘʭʠʱʝʥʽ ʪʝʧʣʦʚʦʶ ʽʟʦʣʷʮʽʻʶ 12, ʘ ʚʠʤʽʨʶʚʘʣʴʥʽ 

ʪʝʨʤʦʧʘʨʠ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʚ ʩʝʨʝʜʥʽʡ ʯʘʩʪʠʥʽ ʧʦ ʜʦʚʞʠʥʽ ʪʨʫʙʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʦʩʴ 

ʚ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ 0é300 oC. ʂʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʦʙʯʠʩʣʶʻʪʴʩʷ 

ʟʘ ʨʽʚʥʷʥʥʷʤ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ʷʢʝ ʚ ʨʦʟʛʦʨʥʫʪʽʡ ʬʦʨʤʽ ʤʘʻ ʚʠʛʣʷʜ [1]:  

 
ʜʝ Q  ʧʦʪʫʞʥʽʩʪʴ ʥʘʛʨʽʚʘʯʘ; ,   ʩʝʨʝʜʥʴʦʘʨʠʬʤʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ ʽ 

ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ ʚʽʜʧʦʚʽʜʥʦ. 

ʅʘ ʨʠʩ.2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʨʦʙʦʯʦʾ ʜʽʣʷʥʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʧʦʨʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ (-193..207) ʦʉ 
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ʘʙʩʦʣʶʪʥʠʤ ʤʝʪʦʜʦʤ [2]. ʉʫʪʥʽʩʪʴ ʘʙʩʦʣʶʪʥʦʛʦ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ 

ʧʝʨʝʜʘʻʪʴʩʷ ʚʟʜʦʚʞ ʟʨʘʟʢʘ ʰʣʷʭʦʤ ʧʨʦʧʫʩʢʘʥʥʷ ʯʝʨʝʟ ʥʴʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʨʦʙʦʯʦʾ ʜʽʣʷʥʢʠ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʘʙʩʦʣʶʪʥʠʤ ʤʝʪʦʜʦʤ [2] 

 

ʄʽʞ ʚʠʤʽʨʶʚʘʣʴʥʠʤʠ ʟʨʘʟʢʘʤʠ 6 ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘʛʨʽʚʥʠʢ 1 ʟ ʧʣʦʱʝʶ ʧʦʧʝʨʝʯʥʦʛʦ 

ʧʝʨʝʨʽʟʫ, ʨʽʚʥʦʶ ʧʣʦʱʽ ʧʝʨʝʨʽʟʫ ʟʨʘʟʢʽʚ. ʇʦʪʫʞʥʽʩʪʴ ʥʘʛʨʽʚʥʠʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʰʣʷʭʦʤ 

ʚʠʤʽʨʶʚʘʥʥʷ ʨʽʟʥʠʮʽ ʧʦʪʝʥʮʽʘʣʽʚ ʥʘ ʡʦʛʦ ʢʽʥʮʷʭ (ʧʨʦʚʽʜʥʠʢ 3) ʽ ʩʠʣʠ ʩʪʨʫʤʫ (ʧʨʦʚʽʜʥʠʢ 2). 

ɿʨʘʟʢʠ ʽ ʥʘʛʨʽʚʥʠʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʣʴʬʦʥʫ 8 ʧʨʠʪʠʩʥʫʪʽ ʜʦ ʬʣʘʥʮʶ 5. ɺʝʩʴ ʧʨʠʩʪʨʽʡ 

ʟʘʢʨʠʪʠʡ ʛʝʨʤʝʪʠʯʥʠʤ ʢʦʚʧʘʢʦʤ 7. ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʶʚʘʥʴ ʫʩʪʘʥʦʚʢʘ ʚʽʜʢʘʯʫʻʪʴʩʷ ʜʦ 

ʪʠʩʢʫ (4é10) ʤʤ.ʨʪ.ʩʪ. ʈʽʟʥʠʮʷ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʟʨʘʟʢʫ ʚʠʤʽʨʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʜʴ-

ʢʦʥʩʪʘʥʪʘʥʦʚʠʭ ʪʝʨʤʦʧʘʨ ʜʽʘʤʝʪʨʦʤ 0,15 ʤʤ, ʧʨʠʧʘʷʥʠʭ ʜʦ ʩʨʽʙʥʠʭ ʰʪʠʬʪʽʚ 4, ʱʦ 

ʚʩʪʘʚʣʝʥʽ ʚ ʦʪʚʦʨʠ ʤʘʪʝʨʽʘʣʫ. 

 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ 
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ʉʪʫʜʝʥʪ 4 ʢʫʨʩʫ, ʛʨ. ʊʌ-71 ɺʘʣʴʯʫʢ ʉ.ɸ.; ʤʘʛʽʩʪʨʘʥʪ 2 ʢʫʨʩʫ, ʛʨ. ʊʌ-91ʤʥ ʃʽʧʥʽʮʴʢʠʡ 

ʃ.ɺ. 

ɸʩʠʩʪ. ɸʣʝʢʩʝʾʢ ʆ.ʉ. 

ɺɯɿʋɸʃɯɿɸʎɯʗ ʇʈʆʎɽʉɯɺ, ʑʆ ɺɯɼɹʋɺɸʖʊʔʉʗ ɺ ʊɽʇʃʆɺɯʁ ʊʈʋɹɯ 

 

ʊʝʧʣʦʚʘ ʪʨʫʙʘ ï ʮʝ ʮʠʨʢʫʣʷʮʽʡʥʘ ʟʘʤʢʥʝʥʘ ʩʠʩʪʝʤʘ, ʱʦ ʩʣʫʛʫʻ ʜʣʷ ʷʢʦʤʦʛʘ 

ʰʚʠʜʰʦʛʦ ʨʦʟʧʦʜʽʣʫ ʪʝʧʣʦʪʠ ʧʦ ʫʩʽʡ ʩʚʦʾʡ ʧʦʚʝʨʭʥʽ. ʊʝʧʣʦʚʽ ʪʨʫʙʠ ʚʠʛʦʪʦʚʣʷʶʪʴ ʟ ʜʦʙʨʝ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʪʘʢʦʛʦ ʷʢ ʤʽʜʴ, ʘʣʶʤʽʥʽʡ ʪʘ ʽʥ. ɺʩʝʨʝʜʠʥʽ ʪʨʫʙʠ ʟʥʘʭʦʜʠʪʴʩʷ 

ʢʘʧʽʣʷʨʥʦ-ʧʦʨʠʩʪʘ ʩʪʨʫʢʪʫʨʘ, ʪʦʚʱʠʥʘ ʷʢʦʾ ʟʘʟʚʠʯʘʡ ʚ ʤʝʞʘʭ 1 ʤʤ, ʟʘʣʝʞʥʦ ʚʽʜ ʨʦʟʤʽʨʫ 

ʪʨʫʙʠ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʦʛʦ ʜʝ ʪʨʫʙʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ, ʾʾ ʟʘʧʦʚʥʶʶʪʴ ʪʝʧʣʦʥʦʩʽʻʤ, ʱʦ ʢʠʧʠʪʴ 

ʧʨʠ ʜʘʥʠʭ ʫʤʦʚʘʭ. ʏʘʩʪʦ ʜʣʷ ʪʝʧʣʦʚʠʭ ʪʨʫʙ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ ʩʝʨʝʜʥʴʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʮʝ ʚʦʜʘ, ʩʧʠʨʪ, ʘʤʽʘʢ. ʊʝʧʣʦʚʘ ʪʨʫʙʘ ʫʤʦʚʥʦ ʜʽʣʠʪʴʩʷ ʥʘ 3 ʟʦʥʠ. ɺ ʧʝʨʰʽʡ ʯʘʩʪʠʥʽ, 

ʱʦ ʟʘʟʥʘʻ ʪʝʧʣʦʚʦʛʦ ʚʧʣʠʚʫ (ʟʦʥʘ ʥʘʛʨʽʚʫ), ʪʝʧʣʦʥʦʩʽʡ ʟʘʢʠʧʘʻ, ʪʠʩʢ ʧʘʨʠ ʧʽʜʚʠʱʫʻʪʴʩʷ ʽ 

ʚʦʥʘ ʧʦʯʠʥʘʻ ʨʫʭʘʪʠʩʷ ʚ ʧʨʦʪʠʣʝʞʥʫ ʯʘʩʪʠʥʫ, ʜʝ ʪʠʩʢ ʤʝʥʰʠʡ (ʟʦʥʘ ʢʦʥʜʝʥʩʘʮʽʾ). ɺ 

ʦʩʪʘʥʥʽʡ ʯʘʩʪʠʥʽ ʧʘʨʘ ʢʦʥʜʝʥʩʫʻʪʴʩʷ, ʚʠʜʽʣʷʶʯʠ ʪʝʧʣʦʪʫ ʽ ʧʦʪʨʘʧʣʷʻ ʥʘʟʘʜ ʚ ʟʦʥʫ ʥʘʛʨʽʚʫ, 

ʨʫʭʘʶʯʠʩʴ ʧʦ ʢʘʧʽʣʷʨʥʽʡ ʩʪʨʫʢʪʫʨʽ. ʏʘʩʪʠʥʘ ʧʦ ʷʢʽʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʣʠʰʝ ʧʝʨʝʥʝʩʝʥʥʷ ʧʘʨʠ 

ʪʘ ʪʝʧʣʦʥʦʩʽʷ ï ʪʨʘʥʩʧʦʨʪʥʘ [1-3].  

ʊʝʧʣʦʚʽ ʪʨʫʙʠ ʙʫʚʘʶʪʴ ʨʽʟʥʠʭ ʪʠʧʽʚ: ʧʫʣʴʩʘʮʽʡʥʽ, ʢʦʥʪʫʨʥʽ, ʜʽʦʜʥʽ, ʢʘʥʘʚʯʘʩʪʽ, 

ʮʝʥʪʨʦʙʽʞʥʽ, ʛʘʟʦʨʝʛʫʣʶʶʯʽ, ʟ ʧʦʨʦʰʢʦʚʦʶ ʘʙʦ ʤʝʪʘʣʦʚʦʣʦʢʥʠʩʪʦʶ ʩʪʨʫʢʪʫʨʦʶ, 

ʪʝʨʤʦʩʠʬʦʥʠ, ʤʽʥʽʘʪʶʨʥʽ, ʤʽʢʨʦʪʨʫʙʠ ʪʘ ʧʣʘʩʢʽ ʪʨʫʙʠ. ʇʦ ʜʽʘʧʘʟʦʥʫ ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ʾʭ 

ʧʦʜʽʣʷʶʪʴ ʥʘ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʽ, ʩʝʨʝʜʥʴʦʪʝʤʧʝʨʘʪʫʨʥʽ, ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʽ ʪʘ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʽ ʟ ʪʫʛʦʧʣʘʚʢʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʆʢʨʽʤ ʩʪʘʥʜʘʨʪʥʠʭ ʮʠʣʽʥʜʨʠʯʥʦʾ ʽ ʧʣʦʩʢʦʾ 

ʬʦʨʤʠ, ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʪʘʢʦʞ ʢʽʣʴʮʝʚʽ, ʟʽʨʢʦʧʦʜʽʙʥʽ, ʛʥʫʯʢʽ, ʩʧʽʨʘʣʴʥʽ ʪʘ ʽʥ. ɿʘ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʝʧʣʦʚʽ ʪʨʫʙʠ ʧʦʜʽʣʷʶʪʴ ʥʘ ʪʘʢʽ ʛʨʫʧʠ: ʟ ʚʠʩʦʢʦʶ ʝʬʝʢʪʠʚʥʦʶ 

ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ, ʪʘʢʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʽʟʦʪʝʨʤʽʯʥʽʩʪʴ ʧʦʚʝʨʭʥʽ ʪʨʫʙʠ, ʪʨʘʥʩʬʦʨʤʘʮʽʶ 

ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ, ʪʝʧʣʦʚʽ ʪʨʫʙʠ ʜʣʷ ʪʝʨʤʦʨʝʛʫʣʶʚʘʥʥʷ ʪʘ ʪʝʨʤʦʩʪʘʪʫʚʘʥʥʷ, ʽʥʰʝ. ɺ 

ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʪʝʧʣʦʚʽ ʪʨʫʙʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʩʠʩʪʝʤʘʭ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʫ 

ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʾ ʘʧʘʨʘʪʫʨʠ, ʚ ʩʠʩʪʝʤʘʭ ʦʭʦʣʦʜʞʝʥʥʷ ʧʨʘʢʪʠʯʥʦ ʚʩʽʭ ʢʦʤʧôʶʪʝʨʥʠʭ 

ʩʠʩʪʝʤʘʭ, ʚ ʩʚʽʪʦʜʽʦʜʥʠʭ ʣʘʤʧʘʭ  ʪʘ ʩʦʥʷʯʥʽʡ ʝʥʝʨʛʝʪʠʮʽ [4-6].  

ɺ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʧʨʦʮʝʩʽʚ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʚ ʧʣʘʩʢʽʡ ʪʝʧʣʦʚʽʡ ʪʨʫʙʽ. ʇʦʟʘʷʢ 

ʧʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʥʝ ʪʽʣʴʢʠ ʚ ʥʘʫʢʦʚʠʭ ʢʦʣʘʭ, ʘʣʝ ʡ ʚ ʱʦʜʝʥʥʦʤʫ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʣʶʜʠʥʦʶ ʪʝʭʥʽʢʠ, ʢʦʥʬʽʛʫʨʘʮʽʷ ʷʢʦʾ ʚʢʣʶʯʘʻ ʪʝʧʣʦʚʽ ʪʨʫʙʠ, ʘʢʪʫʘʣʴʥʦʶ 

ʧʨʦʙʣʝʤʦʶ ʻ ʛʣʠʙʦʢʝ ʦʟʥʘʡʦʤʣʝʥʥʷ ʪʘ ʚʠʚʯʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ 

ʧʨʠ ʨʦʙʦʪʽ ʪʝʧʣʦʚʦʾ ʪʨʫʙʠ. ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʷʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʷʢʽʩʥʝ ʪʘ 

ʜʦʮʽʣʴʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʪʨʫʙ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʘ ʪʘʢʦʞ ʩʧʨʠʷʪʠʤʫʪʴ ʚʠʥʘʡʜʝʥʥʶ 

ʥʦʚʠʭ, ʟ ʙʽʣʴʰ ʚʠʩʦʢʠʤʠ ʪʝʧʣʦʧʝʨʝʜʘʶʯʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʅʝ ʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʥʘ 

ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʟ ʧʣʘʩʢʠʤʠ ʪʝʧʣʦʚʠʤʠ 

ʪʨʫʙʘʤʠ [7-9], ʽʩʥʫʶʪʴ ʧʝʚʥʽ ʧʨʦʙʣʝʤʠ, ʟʥʘʡʪʠ ʨʽʰʝʥʥʷ ʜʣʷ ʷʢʠʭ ʜʦʟʚʦʣʷʶʪʴ ʤʝʪʦʜʠ 

ʽʥʞʝʥʝʨʥʦʛʦ ʪʘ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽʡ ʫʩʪʘʥʦʚʮʽ, ʩʭʝʤʘ ʷʢʦʾ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. ʆʩʥʦʚʥʠʤ ʝʣʝʤʝʥʪʦʤ ʙʫʣʘ ʚʣʘʩʥʝ ʧʣʘʩʢʘ ʪʝʧʣʦʚʘ ʪʨʫʙʘ ʊʊ, 

ʚʠʛʦʪʦʚʣʝʥʘ ʟ ʣʘʪʫʥʽ. ɰɰ ʥʠʞʥʷ ʧʦʚʝʨʭʥʷ ʙʫʣʘ ʚʢʨʠʪʘ ʤʝʪʘʣʦ-ʚʦʣʦʢʥʠʩʪʦʶ ʢʘʧʽʣʷʨʥʦ-

ʧʦʨʠʩʪʦʶ ʩʪʨʫʢʪʫʨʦʶ ʟ ʧʦʨʠʩʪʽʩʪʶ ʙʣʠʟʴʢʦ 82%. ɿ ʧʨʦʪʠʣʝʞʥʦʛʦ ʙʦʢʫ ʙʫʣʘ ʚʩʪʘʥʦʚʣʝʥʘ 

ʽʟʦʣʴʦʚʘʥʘ ʩʢʣʦʤ ʧʨʦʟʦʨʘ ʜʽʣʷʥʢʘ ʉ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʢʠʧʽʥʥʷ ʪʘ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʥʘ 

ʢʘʧʽʣʷʨʥʽʡ ʩʪʨʫʢʪʫʨʽ. ʉʢʣʦ ʧʨʠʻʜʥʫʚʘʣʦʩʴ ʜʦ ʢʦʨʧʫʩʫ ʪʨʫʙʠ ʩʠʣʽʢʦʥʦʚʠʤ ʛʝʨʤʝʪʠʢʦʤ. 

ɺʩʝʨʝʜʠʥʽ ʪʨʫʙʠ ʩʪʚʦʨʶʚʘʚʩʷ ʚʘʢʫʫʤ ʽ ʧʽʩʣʷ ʮʴʦʛʦ ʚʦʥʘ ʟʘʧʦʚʥʶʚʘʣʘʩʴ ʜʦʩʣʽʜʥʦʶ 

ʨʝʯʦʚʠʥʦʶ ï ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ. ʊʘʢʦʞ ʫʩʪʘʥʦʚʢʘ ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʝ ʢʦʥʜʝʥʩʘʪʦʨ ʂ ʪʘ 

ʥʘʛʨʽʚʘʯ ɽʅ. ɺ ʟʦʥʘʭ ʪʝʧʣʦʚʦʾ ʪʨʫʙʠ, ʜʝ ʟʥʘʭʦʜʠʣʠʩʷ ʢʦʥʜʝʥʩʘʪʦʨ ʪʘ ʥʘʛʨʽʚʘʯ ʙʫʣʠ 

ʨʦʟʪʘʰʦʚʘʥʽ ʤʽʜʴ-ʢʦʥʩʪʘʥʪʘʥʦʚʽ ʪʝʨʤʦʧʘʨʠ, ʩʠʛʥʘʣ ʟ ʷʢʠʭ ʧʨʠʡʤʘʣʠʩʷ ʤʦʜʫʣʝʤ ʟʙʦʨʫ 
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ʜʘʥʠʭ ʄɿɹ, ʷʢʠʡ ʯʝʨʝʟ ʧʝʨʝʪʚʦʨʶʚʘʯ ʽʥʪʝʨʬʝʡʩʫ ʇɯ ʧʽʜʢʣʶʯʘʚʩʷ ʜʦ ʧʝʨʩʦʥʘʣʴʥʦʛʦ 

ʢʦʤʧôʶʪʝʨʘ ʇʂ. 

 

 
ʊʊ ï ʪʝʧʣʦʚʘ ʪʨʫʙʘ; ʉ ï ʩʢʣʦ; ɽʅ ï ʝʣʝʢʪʨʦʥʘʛʨʽʚʘʯ; ʂ ï ʢʦʥʜʝʥʩʘʪʦʨ; ʃɸʊʈ ï 

ʣʘʙʦʨʘʪʦʨʥʠʡ ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨ; ʄɿɼ ï ʤʦʜʫʣʴ ʟʙʦʨʫ ʜʘʥʠʭ; ʇɯ ï ʧʝʨʝʪʚʦʨʶʚʘʯ 

ʽʥʪʝʨʬʝʡʩʽʚ; ʇʂ ï ʧʝʨʩʦʥʘʣʴʥʠʡ ʢʦʤʧôʁ ʪʝʨ 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ 

 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʽʟʫʘʣʴʥʦ ʙʫʚ ʚʠʷʚʣʝʥʠʡ ʨʦʟʧʦʜʽʣ ʬʨʦʥʪʫ 

ʨʽʜʠʥʠ ʚ ʧʦʨʠʩʪʽʡ ʩʪʨʫʢʪʫʨʽ ʧʽʜ ʯʘʩ ʢʨʠʟʦʚʠʭ ʷʚʠʱ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ. ɿ 

ʚʨʘʭʫʚʘʥʥʷʤ ʧʦʢʘʟʘʥʴ ʪʝʨʤʦʧʘʨ ʚ ʤʦʤʝʥʪ ʢʨʠʟʠ ʽ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ 

ʧʨʦʘʥʘʣʽʟʫʚʘʣʠ ʤʝʭʘʥʽʟʤ ʢʨʠʟʠ ʚ ʪʝʧʣʦʚʽʡ ʪʨʫʙʽ. 
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ɼʆʉʃɯɼɾɽʅʅʗ ʊɽʇʃʆɭʄʅʆʉʊɯ ʇʆʈʀʉʊʀʍ ʄɸʊɽʈɯɸʃɯɺ 

 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ, ʘ ʪʘʢʦʞ ʧʨʦʮʝʜʫʨʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʪʝʧʣʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ  ʤʘʪʝʨʽʘʣʽʚ ʽ ʩʝʨʝʜʦʚʠʱ. 

ʊʝʧʣʦʻʤʥʽʩʪʶ ʥʘʟʠʚʘʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʧʽʜʚʝʩʪʠ ʜʦ ʦʜʠʥʠʮʽ ʢʽʣʴʢʦʩʪʽ 

ʨʝʯʦʚʠʥʠ (ʘʙʦ ʚʽʜʚʝʩʪʠ), ʱʦʙ ʧʽʜʚʠʱʠʪʠ (ʘʙʦ ʧʦʥʠʟʠʪʠ) ʾʾ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ ʦʜʠʥ ʛʨʘʜʫʩ. 

ʈʦʟʨʽʟʥʷʶʪʴ ʦʙôʻʤʥʫ, ʤʘʩʦʚʫ ʪʘ ʤʦʣʷʨʥʫ ʪʝʧʣʦʻʤʥʦʩʪʽ. ɿʥʘʯʝʥʥʷ ʪʝʧʣʦʻʤʥʦʩʪʽ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʪʠʩʢʫ ʽ ʩʢʣʘʜʫ ʨʝʯʦʚʠʥʠ. [1]  ɿʘʣʝʞʥʽʩʪʴ ʪʝʧʣʦʻʤʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʽʜʝʘʣʴʥʠʭ ʛʘʟʽʚ ʟ ʜʦʩʪʘʪʥʴʦʶ ʪʦʯʥʽʩʪʶ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʘ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʰʣʷʭʦʤ. ɼʣʷ 

ʨʝʘʣʴʥʠʭ ʨʝʯʦʚʠʥ ʧʨʠʡʥʷʪʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʣʠʰʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ 

ʰʣʷʭʦʤ. ɯʩʥʫʻ ʪʨʠ ʤʝʪʦʜʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʻʤʥʦʩʪʽ: ʤʝʪʦʜ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʥʘʛʨʽʚʫ, ʤʝʪʦʜ ʟʤʽʰʫʚʘʥʥʷ, ʤʝʪʦʜ ʧʨʦʪʦʢʫ [1].  ʇʨʦʮʝʩ ʪʝʧʣʦʦʙʤʽʥʫ ʫ 

ʧʦʨʠʩʪʠʭ ʤʘʪʝʨʽʘʣʘʭ ʧʦʚôʷʟʘʥʦ ʟʽ ʩʢʣʘʜʥʠʤʠ ʧʨʦʮʝʩʘʤʠ: ʧʝʨʝʜʘʯʘ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʟʘ 

ʨʘʭʫʥʦʢ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ, ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʧʦʚʽʪʨʷ ʚ ʧʦʨʘʭ ʪʘ ʢʦʥʚʝʢʪʠʚʥʦʛʦ 

ʧʝʨʝʥʦʩʫ ʚ ʢʘʥʘʣʴʥʠʭ ʧʦʨʘʭ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʚʝʜʝʥʠʭ ʧʨʦʮʝʩʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʧʣʦʬʽʟʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʘʨʢʘʩʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʨʽʜʠʥʠ, ʷʢʘ ʟʘʧʦʚʥʶʻ ʧʦʨʠ, ʾʭ ʨʦʟʤʽʨʽʚ ʪʘ ʢʽʣʴʢʦʩʪʽ. 

ʊʦʤʫ, ʩʪʚʦʨʝʥʥʷ ʫʩʪʘʥʦʚʢʠ ʽ ʤʝʪʦʜʠʢʠ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʧʣʦʻʤʥʦʩʪʽ ʧʦʨʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʧʦʪʨʝʙʫʻ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦʛʦ ʽ ʦʙˇʨʫʥʪʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ. 

ʋ ʨʦʙʦʪʽ [2] ʧʨʝʜʩʪʘʚʣʝʥʘ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʧʣʦʻʤʥʦʩʪʽ ʧʦʨʠʩʪʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʌʇʊ 1-8 (ʨʠʩ.1).  ʅʘ ʨʠʩ. 2 ʟʦʙʨʘʞʝʥʘ ʧʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʦʩʥʦʚʥʦʛʦ ʝʣʝʤʝʥʪʫ 

ʫʩʪʘʥʦʚʢʠ  ʌʇʊ 1-8  ʢʘʣʦʨʠʤʝʪʨʘ, ʷʢʠʡ ʷʚʣʷʻ ʩʦʙʦʶ ʣʘʪʫʥʥʠʡ ʢʦʨʧʫʩ ʟ ʢʦʥʽʯʥʠʤ ʦʪʚʦʨʦʤ 

ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ. ʅʘ ʟʦʚʥʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʢʦʨʧʫʩʫ ʢʘʣʦʨʠʤʝʪʨʘ, ʚ 

ʩʧʝʮʽʘʣʴʥʠʭ ʧʘʟʘʭ ʨʦʟʤʽʱʫʻʪʴʩʷ ʩʧʽʨʘʣʴ ʥʘʛʨʽʚʫ. ɿʦʚʥʽ ʢʦʨʧʫʩ ʢʘʣʦʨʠʤʝʪʨʘ 

ʪʝʧʣʦʽʟʦʣʴʦʚʘʥʠʡ ʰʘʨʘʤʠ ʘʟʙʝʩʪʫ ʽ ʩʢʣʦʚʦʣʦʢʥʘ ʪʘ ʟʘʢʨʠʪʠʡ ʘʣʶʤʽʥʽʻʚʠʤ ʢʦʞʫʭʦʤ. 

ʂʘʣʦʨʠʤʝʪʨ ʟʘʢʨʠʚʘʻʪʴʩʷ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʶ ʢʨʠʰʢʦʶ. ʊʝʤʧʝʨʘʪʫʨʘ ʢʘʣʦʨʠʤʝʪʨʘ 

ʚʠʤʽʨʶʻʪʴʩʷ ʪʝʨʤʦʧʘʨʦʶ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʢʦʨʧʫʩʽ ʢʘʣʦʨʠʤʝʪʨʘ. ʅʘʧʨʫʛʘ ʽ ʩʪʨʫʤ ʚ 

ʣʘʥʮʶʟʽ ʥʘʛʨʽʚʘʯʘ ʚʠʤʽʨʶʻʪʴʩʷ ʚʦʣʴʪʤʝʪʨʦʤ ʽ ʘʤʧʝʨʤʝʪʨʦʤ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʧʝʨʝʜʥʽʡ 

ʧʘʥʝʣʽ ʙʣʦʢʫ ʧʨʠʣʘʜʽʚ. ʏʘʩ ʥʘʛʨʽʚʫ ʢʘʣʦʨʠʤʝʪʨʫ ʚʠʤʽʨʶʻʪʴʩʷ ʩʝʢʫʥʜʦʤʽʨʦʤ, ʨʦʟʪʘʰʦʚʘʥʠʤ 

ʚ ʙʣʦʮʽ ʧʨʠʣʘʜʽʚ.  

 
1 ï ʙʣʦʢ ʧʨʠʣʘʜʫ, 2 ï ʙʣʦʢ ʨʦʙʦʯʦʛʦ ʝʣʝʤʝʥʪʫ, 3 ï ʩʪʽʡʢʘ, 4 ï ʥʘʛʨʽʚʘʯ, 

5 ï ʬʽʢʩʘʪʦʨ 

ʈʠʩʫʥʦʢ 1 ï ɺʠʜ ʟʘʛʘʣʴʥʠʡ ʫʩʪʘʥʦʚʢʠ ʌʇʊ 1-8  [2] 
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1 - ʟʨʘʟʦʢ, 2 - ʢʦʨʧʫʩ, 3 ï ʘʟʙʝʩʪ, 4 ï ʢʦʞʫʭ, 5 ï ʨʫʢʦʷʪʢʘ,  6 ï ʩʢʣʦʚʦʣʦʢʥʦ, 

7 ï ʛʚʠʥʪ, 8 ï ʪʝʨʤʦʧʘʨʘ, 9 ï ʥʘʛʨʽʚʘʯ, 10 ï ʢʨʠʰʢʘ 

ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʢʘʣʦʨʠʤʝʪʨʘ [2] 

 

ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʧʦʣʷʛʘʻ ʫ ʥʘʩʪʫʧʥʦʤʫ. ʇʦʨʦʞʥʽʡ ʢʘʣʦʨʠʤʝʪʨ 

ʟʘʢʨʠʚʘʻʪʴʩʷ ʢʨʠʰʢʦʶ ʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʡʦʛʦ ʤʦʥʦʪʦʥʥʠʡ ʧʨʦʛʨʽʚ ʜʦ ʟʘʜʘʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠ 

ʧʦʩʪʽʡʥʦʤʫ ʟʥʘʯʝʥʽ ʥʘʧʨʫʛʠ ʥʘ ʥʘʛʨʽʚʘʯʽ. ʇʽʜ ʯʘʩ ʧʨʦʛʨʽʚʫ ʚʠʢʦʥʫʻʪʴʩʷ 7é10 ʚʠʤʽʨʶʚʘʥʴ 

ʫ ʯʘʩʽ ʥʘʛʨʽʚʫ ʧʦʨʦʞʥʴʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʯʝʨʝʟ ʽʥʪʝʨʚʘʣ ʚ 1 0ʉ. ʇʽʩʣʷ ʮʴʦʛʦ ʥʘʛʨʽʚʘʯ 

ʢʘʣʦʨʠʤʝʪʨʘ ʚʠʤʠʢʘʻʪʴʩʷ ʽ ʧʨʠʩʪʨʽʡ ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʦʪʦʯʫʶʯʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. ʇʽʩʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʢʘʣʦʨʠʤʝʪʨʘ ʚ ʡʦʛʦ ʢʘʤʝʨʽ ʨʦʟʤʽʱʫʶʪʴ ʜʦʩʣʽʜʥʠʡ ʟʨʘʟʦʢ. 

ɺʤʠʢʘʻʪʴʩʷ ʥʘʛʨʽʚʘʯ ʢʘʣʦʨʠʤʝʪʨʘ, ʥʘʧʨʫʛʘ ʥʘ ʷʢʦʤʫ ʚʽʜʧʦʚʽʜʘʻ ʟʥʘʯʝʥʥʶ ʥʘʧʨʫʛʠ ʧʨʠ 

ʥʘʛʨʽʚʘʥʥʽ ʧʫʩʪʦʛʦ ʢʘʣʦʨʠʤʝʪʨʘ. ʌʽʢʩʫʻʪʴʩʷ ʯʘʩ ʤʦʥʦʪʦʥʥʦʛʦ ʧʨʦʛʨʽʚʫ ʜʦ ʟʘʜʘʥʦʾ. ʇʨʠ 

ʥʘʛʨʽʚʽ ʢʘʣʦʨʠʤʝʪʨʘ ʟ ʜʦʩʣʽʜʥʠʤ ʟʨʘʟʢʦʤ ʪʘʢʦʞ ʚʠʢʦʥʫʻʪʴʩʷ 7é10 ʚʠʤʽʨʶʚʘʥʴ ʫ ʯʘʩʽ ʯʝʨʝʟ 

ʽʥʪʝʨʚʘʣ ʚ 1 0ʉ.  

ʇʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʟʨʘʟʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

ʜʝ ʂa  ʢʫʪʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʟʘʣʝʞʥʦʩʪʽ ʨʽʟʥʠʮʽ ʯʘʩʫ ʥʘʛʨʽʚʫ ʧʦʨʦʞʥʴʦʛʦ ʢʘʣʦʨʠʤʝʪʨʫ 

ʽ ʢʘʣʦʨʠʤʝʪʨʫ ʟʽ ʟʨʘʟʢʦʤ ʚʽʜ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʘ; m  ʤʘʩʘ ʜʦʩʣʽʜʥʦʛʦ 

ʟʨʘʟʢʘ; I, u  ʩʠʣʘ ʩʪʨʫʤʫ ʽ ʥʘʧʨʫʛʘ ʥʘ ʥʘʛʨʽʚʘʯʽ. 

ʇʨʝʜʩʪʘʚʣʝʥʽ ʫʩʪʘʥʦʚʢʘ ʽ ʤʝʪʦʜʠʢʘ ʜʦʟʚʦʣʷʻ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʚʠʟʥʘʯʘʪʠ 

ʪʝʧʣʦʻʤʥʽʩʪʴ ʧʦʨʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ ʢʘʣʦʨʠʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ. 

 

 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ 

 

1. ʀʩʘʯʝʥʢʦ ɺ.ʇ., ʆʩʠʧʦʚʘ ɺ.ɸ., ʉʫʢʦʤʝʣ ɸ.ʉ. ʊʝʧʣʦʧʝʨʝʜʘʯʘ. ʄʦʩʢʚʘ: 

ʕʥʝʨʛʠʷ, 1975. 488 ʩ. 

2. ʆʧʨʝʜʝʣʝʥʠʝ ʪʝʧʣʦʸʤʢʦʩʪʠ ʪʚʸʨʜʳʭ ʪʝʣ: ʤʝʪʦʜ.ʚʢʘʟʽʚʢʠ ʜʣʷ ʩʪʫʜʝʥʪʽʚ ʪʝʭʥ. 

ʩʧʝʮ. ʚʫʟʽʚ ɯɯɯ ɯV ʨʽʚʥʽʚ ʘʢʨʝʜʠʪʘʮʽʾ. URL: https://docplayer.ru/30689544-Opredelenie-

teploemkosti-tverdyh-tel.html (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 25.03.2021). 
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ʋɼʂ 66.047.4/.5 

ʉʪʫʜʝʥʪ 4 ʢʫʨʩʫ, ʛʨ. ʊʌ-71 ʅʝʚʯʘʩ ɼ.ʄ. 

ʇʨʦʬ., ʜ.ʪ.ʥ. ʉʦʨʦʢʦʚʘ ʅ.ʄ. 

ʂʆʄʇ'ʖʊɽʈʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʊɽʇʃʆɺʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ɺʋɿʃɸ 

ʇɯɼɯɻʈɯɺʋ ʉʋʐʀʃʔʅʆɻʆ ɸɻɽʅʊʋ ɼʃʗ ɹɸʈɸɹɸʅʅʆɰ ʉʋʐʀʃʔʅʆɰ 

ʋʉʊɸʅʆɺʂʀ 

ɹʘʨʘʙʘʥʥʽ ʩʫʰʠʣʴʥʽ ʫʩʪʘʥʦʚʢʠ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʝʥʝʨʛʝʪʠʯʥʽʡ, ʭʽʤʽʯʥʽʡ, 

ʙʫʜʽʚʝʣʴʥʽʡ, ʭʘʨʯʦʚʽʡ, ʜʝʨʝʚʦʦʙʨʦʙʥʽʡ ʪʘ ʽʥʰʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʜʣʷ ʟʥʝʚʦʜʥʝʥʥʷ 

ʜʠʩʧʝʨʩʥʠʭ ʧʦʨʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʨʷʜʦʤ ʧʝʨʝʚʘʛ: ʰʚʠʜʢʽʩʪʶ ʩʫʰʽʥʥʷ, 

ʚʠʩʦʢʠʤ ʪʝʨʤʽʯʥʠʤ ʂʂɼ, ʚʽʜʥʦʩʥʦʶ ʧʨʦʩʪʦʪʦʶ ʢʦʥʩʪʨʫʢʮʽʾ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʧʦʤʽʨʥʦʶ 

ʚʘʨʪʽʩʪʶ.  

ɿʘ ʩʧʦʩʦʙʦʤ ʧʽʜʚʝʜʝʥʥʷ ʪʝʧʣʦʪʠ ʙʘʨʘʙʘʥʥʽ ʩʫʰʘʨʢʠ ʧʦʜʽʣʷʶʪʴ ʥʘ ʢʦʥʚʝʢʪʠʚʥʽ 

(ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʽ), ʢʦʥʪʘʢʪʥʽ ʽ ʢʦʤʙʽʥʦʚʘʥʽ [1]. ʂʦʥʪʘʢʪʥʽ ʧʨʘʮʶʶʪʴ ʷʢ ʧʨʠ ʘʪʤʦʩʬʝʨʥʠʭ 

ʪʠʩʢʘʭ, ʪʘʢ ʽ ʚ ʫʤʦʚʘʭ ʚʘʢʫʫʤʫ (ʜʣʷ ʩʫʰʽʥʥʷ ʪʝʨʤʦʯʫʪʪʻʚʠʭ ʘʙʦ ʪʦʢʩʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ).  

ɻʦʣʦʚʥʘ ʯʘʩʪʠʥʘ ʙʘʨʘʙʘʥʥʦʾ ʩʫʰʘʨʢʠ ï ʛʦʨʠʟʦʥʪʘʣʴʥʠʡ ʯʠ ʣʝʜʴ ʥʘʭʠʣʝʥʠʡ 

ʮʠʣʽʥʜʨʠʯʥʠʡ ʙʘʨʘʙʘʥ (ʨʠʩ.1), ʱʦ ʦʙʝʨʪʘʻʪʴʩʷ ʟʽ ʰʚʠʜʢʽʩʪʶ 2 ï 6 ʦʙ/ʭʚ. ɺʩʝʨʝʜʠʥʽ ʙʘʨʘʙʘʥʘ 

ʧʦ ʡʦʛʦ ʜʦʚʞʠʥʽ ʧʝʨʝʤʽʰʫʻʪʴʩʷ ʡ ʦʜʥʦʯʘʩʥʦ ʩʫʰʠʪʴʩʷ ʩʠʧʫʯʠʡ ʤʘʪʝʨʽʘʣ. ʅʘʭʠʣ ʙʘʨʘʙʘʥʘ 

ʱʦʜʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʦʩʽ ʧʝʨʝʜʙʘʯʝʥʠʡ ʜʣʷ ʧʦʩʪʫʧʦʚʦʛʦ ʧʝʨʝʩʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʚʽʜ ʦʜʥʦʛʦ 

ʢʽʥʮʷ ʜʦ ʽʥʰʦʛʦ ʽ ʩʢʣʘʜʘʻ ʟʚʠʯʘʡʥʦ ʜʦ 6Á-8Á. ɺ ʜʝʷʢʠʭ ʩʫʰʘʨʢʘʭ ʟ ʤʝʪʦʶ ʨʝʛʫʣʶʚʘʥʥʷ ʾʾ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʤʦʞʣʠʚʘ ʟʤʽʥʘ ʢʫʪʘ ʥʘʭʠʣʫ ʙʘʨʘʙʘʥʫ [2]. ʆʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʙʘʨʘʙʘʥʥʦʛʦ 

ʩʫʰʽʥʥʷ ʻ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʜʦʩʷʛʥʝʥʥʷ ʯʘʩʪʠʥʢʘʤʠ ʤʘʪʝʨʽʘʣʫ ʢʽʥʮʝʚʦʛʦ ʚʦʣʦʛʦʚʤʽʩʪʫ. ʊʦʤʫ 

ʚʩʝʨʝʜʠʥʽ ʙʘʨʘʙʘʥʘ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʪʨʫʢʪʫʨʠ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʧʽʜʣʷʛʘʻ 

ʩʫʰʽʥʥʶ, ʚʩʪʘʥʦʚʣʶʶʪʴ ʨʽʟʥʽ ʥʘʩʘʜʢʠ ʯʠ ʧʦʟʜʦʚʞʥʽ ʣʦʧʘʪʠïʤʽʰʘʣʢʠ, ʱʦ ʧʦʢʨʘʱʫʶʪʴ 

ʢʦʥʪʘʢʪ ʯʘʩʪʠʥʦʢ ʽʟ ʩʫʰʠʣʴʥʠʤ ʘʛʝʥʪʦʤ ʽ ʽʥʪʝʥʩʠʬʽʢʫʶʪʴ ʧʨʦʮʝʩ [1,3]. 

 

 
 

ʈʠʩʫʥʦʢ 1 - ɹʘʨʘʙʘʥʥʘ ʩʫʰʘʨʢʘ. 1 - ʙʘʨʘʙʘʥ; 2 ï ʦʪʚʽʨ ʜʣʷ ʚʠʚʘʥʪʘʞʝʥʥʷ, 3 - 

ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʠʡ ʦʪʚʽʨ; 4 ï ʦʩʥʦʚʘ; 5,7 ï ʦʧʦʨʥʽ ʢʦʣʝʩʘ; 6 ï ʧʨʠʚʽʜʥʝ ʢʦʣʝʩʦ 

ɺʘʞʣʠʚʠʤʠ ʧʠʪʘʥʥʷʤʠ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʪʝʭʥʦʣʦʛʽʡ ʽ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʢʦʥʚʝʢʪʠʚʥʦʛʦ 

ʩʫʰʽʥʥʷ ʻ ʚʠʙʽʨ ʩʫʰʠʣʴʥʦʛʦ ʘʛʝʥʪʫ, ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʟʥʘʯʝʥʴ ʚʠʭʽʜʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʘʛʝʥʪʫ, ʪʘʢʠʭ ʷʢ ʪʝʤʧʝʨʘʪʫʨʘ, ʚʦʣʦʛʦʚʤʽʩʪ, ʚʠʪʨʘʪʘ, ʱʦ ʟʘʙʝʟʧʝʯʘʪʴ ʝʬʝʢʪʠʚʥʝ 

ʧʨʦʭʦʜʞʝʥʥʷ ʧʨʦʮʝʩʫ, ʪʘ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʪʝʧʣʦʦʙʤʽʥʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʥʘʜʘʥʥʷ ʘʛʝʥʪʫ 

ʟʘʟʥʘʯʝʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʎʽ ʧʠʪʘʥʥʷ ʻ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʤʠ ʽ ʟʘʚʞʜʠ ʚʠʨʽʰʫʶʪʴʩʷ ʢʦʤʧʣʝʢʩʥʦ. 
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ɺ ʷʢʦʩʪʽ ʩʫʰʠʣʴʥʦʛʦ ʘʛʝʥʪʫ ʥʝʨʽʜʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʦʧʢʦʚʽ ʛʘʟʠ, ʱʦ ʤʘʶʪʴ 

ʚʠʩʦʢʫ ʪʝʤʧʝʨʘʪʫʨʫ, ʽʥʪʝʥʩʠʬʽʢʫʶʪʴ ʧʨʦʮʝʩ ʪʘ ʟʜʝʰʝʚʣʶʶʪʴ ʡʦʛʦ, ʦʩʦʙʣʠʚʦ, ʷʢʱʦ ʻ 

ʤʦʞʣʠʚʽʩʪʴ ʟʘʣʫʯʠʪʠ ʚʽʜʧʨʘʮʴʦʚʘʥʽ ʛʘʟʠ. ʆʜʥʘʢ ʪʝʥʜʝʥʮʽʻʶ ʩʴʦʛʦʜʝʥʥʷ ʻ ʥʝ ʪʽʣʴʢʠ 

ʟʤʝʥʰʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ, ʘ ʽ ʧʨʘʛʥʝʥʥʷ ʦʪʨʠʤʘʥʥʷ ʷʢʽʩʥʦʛʦ ʪʘ 

ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʦʛʦ ʧʨʦʜʫʢʪʫ. ɼʣʷ ʜʝʷʢʠʭ ʛʘʣʫʟʝʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ (ʭʘʨʯʦʚʦʾ, ʧʝʣʝʪʥʦʾ) ʮʝ 

ʧʨʦʧʠʩʘʥʦ ʥʘ ʟʘʢʦʥʦʜʘʚʯʦʤʫ ʨʽʚʥʽ [4].  

ʊʦʤʫ ʚʩʝ ʯʘʩʪʽʰʝ ʚʠʨʦʙʥʠʢʠ ʩʭʠʣʷʶʪʴʩʷ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʦʧʢʦʚʠʭ ʛʘʟʽʚ, ʱʦ ʤʽʩʪʷʪʴ 

ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʪʦʢʩʠʯʥʠʭ ʨʝʯʦʚʠʥ, ʚ ʷʢʦʩʪʽ ʪʝʧʣʦʥʦʩʽʷ ʜʣʷ ʥʘʛʨʽʚʫ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʚ ʷʢʦʩʪʽ ʩʫʰʠʣʴʥʦʛʦ ʘʛʝʥʪʫ ʥʘʛʨʽʪʦʛʦ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʚʠʢʣʶʯʘʻ 

ʟʘʙʨʫʜʥʝʥʥʷ ʚʠʩʫʰʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʰʢʽʜʣʠʚʠʤʠ ʜʦʤʽʰʢʘʤʠ.  

ɺ ʨʦʙʦʪʽ ʜʣʷ ʧʽʜʽʛʨʽʚʫ ʧʦʚʽʪʨʷ ʜʠʤʦʚʠʤʠ ʛʘʟʘʤʠ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʙʘʛʘʪʦʪʨʫʙʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʪʠʧʫ çʛʘʟ-ʛʘʟè. ʁʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʦʚôʷʟʘʥʦ ʟ ʚʠʙʦʨʦʤ 

ʜʞʝʨʝʣʘ ʦʪʨʠʤʘʥʥʷ ʜʠʤʦʚʠʭ ʛʘʟʽʚ. ɿʘʟʚʠʯʘʡ ʜʣʷ ʮʴʦʛʦ ʙʫʜʫʶʪʴ ʩʧʝʮʽʘʣʴʥʽ ʪʦʧʦʯʥʽ ʧʨʠʩʪʨʦʾ 

ʚ ʷʢʠʭ ʩʧʘʣʶʶʪʴ ʨʽʟʥʽ ʛʦʨʶʯʽ ʛʘʟʠ, ʨʽʜʢʝ ʧʘʣʠʚʦ ʘʙʦ ʚʽʜʭʦʜʠ ʚʠʨʦʙʥʠʮʪʚʘ (ʚʽʜʭʦʜʠ 

ʣʽʩʦʟʘʛʦʪʽʚʣʽ ʪʘ ʜʝʨʝʚʦʦʙʨʦʙʢʠ, ʚʽʜʭʦʜʠ ʟʝʨʥʦʧʝʨʝʨʦʙʥʠʭ ʚʠʨʦʙʥʠʮʪʚ, ʥʝʟʝʨʥʦʚʘ ʯʘʩʪʠʥʘ 

ʚʨʦʞʘʶ ʟʝʨʥʦʚʠʭ ʪʘ ʽʥ. ʢʫʣʴʪʫʨ, ʪʦʱʦ) [5]. ʆʜʥʘʢ ʥʘʙʘʛʘʪʦ ʩʫʯʘʩʥʽʰʠʤ ʪʘ ʨʘʮʽʦʥʘʣʴʥʽʰʠʤ 

ʤʝʪʦʜʦʤ ʙʫʜʝ ʫʪʠʣʽʟʘʮʽʷ ʜʠʤʦʚʠʭ ʛʘʟʽʚ  ʟ ʪʦʧʦʢ ʚʠʨʦʙʥʠʯʠʭ ʢʦʪʝʣʝʥʴ, ʢʦʪʣʽʚ ʊɽʉ, 

ʧʣʘʚʠʣʴʥʠʭ, ʚʠʧʘʣʶʚʘʣʴʥʠʭ ʘʙʦ ʧʽʜʽʛʨʽʚʘʣʴʥʠʭ ʧʝʯʝʡ.  

ʈʦʟʨʘʭʫʥʦʢ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʩʫʰʠʣʴʥʦʛʦ ʘʛʝʥʪʫ ʜʣʷ 

ʙʘʨʘʙʘʥʥʦʾ ʩʫʰʘʨʢʠ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʫʰʘʨʢʠ ʧʦ ʚʠʩʫʰʝʥʦʤʫ 

ʧʨʦʜʫʢʪʫ, ʧʦʯʘʪʢʦʚʠʡ ʽ ʢʽʥʮʝʚʠʡ ʚʦʣʦʛʦʚʤʽʩʪ ʤʘʪʝʨʽʘʣʫ, ʧʦʯʘʪʢʦʚʽ ʪʝʤʧʝʨʘʪʫʨʘ ʽ 

ʚʦʣʦʛʦʚʤʽʩʪ ʩʫʰʠʣʴʥʦʛʦ ʘʛʝʥʪʫ, ʚʠʪʨʘʪʘ ʩʫʰʠʣʴʥʦʛʦ ʘʛʝʥʪʫ ʥʘ 1 ʢʛ ʚʠʧʘʨʝʥʦʾ ʟ ʤʘʪʝʨʽʘʣʫ 

ʚʦʣʦʛʠ, ʪʝʤʧʝʨʘʪʫʨʘ ʽ ʚʠʪʨʘʪʘ ʛʦʨʶʯʠʭ ʛʘʟʽʚ ʥʘ ʚʭʦʜʽ ʚ ʪʝʧʣʦʦʙʤʽʥʥʠʢ. ɿʤʽʥʘ ʨʝʞʠʤʽʚ 

ʨʦʙʦʪʠ ʩʫʰʘʨʢʠ ʧʨʠ ʧʝʨʝʭʦʜʽ ʜʦ ʽʥʰʦʛʦ ʤʘʪʝʨʽʘʣʫ ʘʙʦ ʽʥʰʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʝʨʝʜʙʘʯʘʻ 

ʧʦʚʪʦʨʥʝ ʧʨʦʚʝʜʝʥʥʷ ʛʨʦʤʽʟʜʢʠʭ ʦʙʨʘʭʫʚʘʥʴ. 

ɺ ʨʦʙʦʪʽ ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ, ʱʦ ʚʢʣʶʯʘʻ ʨʦʟʨʘʭʫʥʢʠ ʪʝʧʣʦʚʦʛʦ ʽ 

ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʙʘʣʘʥʩʽʚ ʜʣʷ ʙʘʨʘʙʘʥʥʦʾ ʩʫʰʘʨʢʠ, ʚ ʦʩʥʦʚʽ ʷʢʠʭ ʣʝʞʘʪʴ ʟʘʢʦʥʠ ʟʙʝʨʝʞʝʥʥʷ 

ʝʥʝʨʛʽʾ ʽ ʤʘʩʠ ʨʝʯʦʚʠʥʠ, ʛʝʦʤʝʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʘʨʘʙʘʥʫ ʪʘ ʪʝʧʣʦʽʟʦʣʷʮʽʾ, ʘ ʪʘʢʦʞ 

ʪʝʧʣʦʚʦʛʦ ʩʪʘʥʫ ʽ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʙʘʛʘʪʦʪʨʫʙʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ, ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʥʝʦʙʭʽʜʥʠʭ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʫʰʠʣʴʥʦʛʦ ʘʛʝʥʪʫ.  

ʉʪʚʦʨʝʥʠʡ ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ ʻ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʜʣʷ ʩʫʰʠʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦʾ ʙʫʜʦʚʠ ʽ ʝʬʝʢʪʠʚʥʠʤ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʝʞʠʤʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠ ʧʫʩʢʦ-

ʥʘʣʘʜʞʫʚʘʣʴʥʠʭ ʨʦʙʦʪʘʭ ʥʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʘʙʦ ʧʨʠ ʤʦʜʝʨʥʽʟʘʮʽʾ ʽʩʥʫʶʯʦʾ, ʧʨʠ ʧʝʨʝʭʦʜʽ ʥʘ 

ʽʥʰʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʘʙʦ ʽʥʰʠʡ ʚʦʣʦʛʠʡ ʤʘʪʝʨʽʘʣ. 
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ɼʀʉʇɽʈʉʅʓʍ ʉʀʉʊɽʄ ɺ ʂɸʏɽʉʊɺɽ 

ʊɽʇʃʆʅʆʉʀʊɽʃɽʁ ɺ ʊɽʈʄʆʉʀʌʆʅɸʍ 

ʊʝʨʤʦʩʠʬʦʥ ï ʪʝʧʣʦʧʝʨʝʜʘʶʱʠʡ ʵʣʝʤʝʥʪ ʥʘ ʦʩʥʦʚʝ ʠʩʧʘʨʠʪʝʣʴʥʦ-

ʢʦʥʜʝʥʩʘʮʠʦʥʥʦʛʦ ʮʠʢʣʘ, ʥʘʰʝʣ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ 

ʪʝʧʣʦʦʙʤʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɽʛʦ ʦʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʝʧʣʦʦʪʜʘʯʠ ʚ ʦʙʣʘʩʪʷʭ ʧʦʜʚʦʜʘ ʠ ʦʪʚʦʜʘ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ. ʕʪʦʛʦ 

ʜʦʙʠʚʘʶʪʩʷ ʧʫʪʸʤ ʠʟʤʝʥʝʥʠʷ ʘʛʨʝʛʘʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʝʱʝʩʪʚʘ (ʪʝʧʣʦʥʦʩʠʪʝʣʷ), 

ʥʘʭʦʜʷʱʝʛʦʩʷ ʚʥʫʪʨʠ ʟʘʤʢʥʫʪʦʛʦ ʦʙʲʝʤʘ. ɺ ʟʦʥʝ ʧʦʜʚʦʜʘ ʪʝʧʣʦʪʳ - ʵʪʦ ʧʨʦʮʝʩʩ ʛʝʥʝʨʘʮʠʠ 

ʧʘʨʦʚʦʡ ʬʘʟʳ (ʢʠʧʝʥʠʝ), ʘ ʚ ʟʦʥʝ ʦʪʚʦʜʘ ʪʝʧʣʦʪʳ - ʦʙʨʘʪʥʳʡ ʧʨʦʮʝʩʩ (ʢʦʥʜʝʥʩʘʮʠʷ) [1]. 

ʉʝʛʦʜʥʷ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʬʝʨ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʜʚʫʭʬʘʟʥʳʭ 

ʪʝʨʤʦʩʠʬʦʥʦʚ. ʀʭ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʜʣʷ ʧʝʨʝʜʘʯʠ ʪʝʧʣʦʪʳ ʚ ʩʦʣʥʝʯʥʳʭ 

ʢʦʣʣʝʢʪʦʨʘʭ, ʪʘʢ ʠ ʜʣʷ ʩʠʩʪʝʤ ʦʭʣʘʜʞʝʥʥʷ ʨʘʟʥʦʦʙʨʘʟʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ [2]. 

ʊʝʧʣʦʧʝʨʝʜʘʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʨʤʦʩʠʬʦʥʦʚ ʟʘʚʠʩʷʪ ʢʘʢ ʦʪ ʨʝʞʠʤʥʠʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢ ʠ ʦʪ ʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ 

ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ ʥʘ ʨʘʙʦʪʫ ʜʚʫʭʬʘʟʥʦʛʦ ʪʝʨʤʦʩʠʬʦʥʘ (ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨ 6 ʤʤ, ʜʣʠʥʥʦʡ 

700ʤ, ʨʘʩʭʦʜ ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ 4.9Ŀ10-3 ʢʛ/ʩ). ɼʣʷ ʠʟʫʯʝʥʠʷ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ ʠ ʠʭ ʩʚʦʡʩʪʚ ʚʳʙʨʘʥʦ 3 ʯʠʩʪʳʭ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, ʘ ʠʤʝʥʥʦ: ʚʦʜʘ, ʩʧʠʨʪ, ʚʦʜʦ-

ʩʧʠʨʪʦʚʦʡ ʨʘʩʪʚʦʨ (ʩʧʠʨʪ ʠ ʚʦʜʘ ʩʤʝʰʘʥʳ ʚ ʧʨʦʧʦʨʮʠʠ 50/50 ʧʦ ʤʘʩʩʝ) ʠ 3 ʜʠʩʧʝʨʩʥʳʭ 

ʩʠʩʪʝʤʳ, ʘ ʠʤʝʥʥʦ: ʚʦʜʦʛʨʘʬʠʪʦʚʘʷ, ʩʧʠʨʪʦ-ʛʨʘʬʠʪʦʚʘʷ, ʚʦʜʦ-ʩʧʠʨʪʦ-ʛʨʘʬʠʪʦʚʘʷ ʩʠʩʪʝʤʘ. 

ɼʠʩʧʝʨʩʥʘʷ ʩʠʩʪʝʤʘ ʦʙʨʘʟʦʚʘʥʘ ʠʟ ʜʚʫʭ ʠʣʠ ʙʦʣʝʝ ʢʦʣʠʯʝʩʪʚʘ ʬʘʟ, ʢʦʪʦʨʳʝ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʤʝʰʠʚʘʶʪʩʷ ʠ ʥʝ ʨʝʘʛʠʨʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʠʩʧʝʨʩʥʘʷ 

ʩʠʩʪʝʤʘ ʩʯʠʪʘʝʪʩʷ ɾ/ʊ (ʞʠʜʢʘʷ ʠ ʪʚʝʨʜʘʷ ʬʘʟʘ). ɾʠʜʢʘʷ ʬʘʟʘ ʙʳʣʘ ʩʤʝʰʘʥʘ ʩ 

ʠʟʤʝʣʴʯʝʥʥʳʤ ʛʨʘʬʠʪʦʤ, ʢʦʪʦʨʳʡ ʙʳʣ ʧʦʣʫʯʝʥ ʩ ʧʦʤʦʱʴʶ ʰʘʨʦʚʦʡ ʙʘʨʘʙʘʥʥʦʡ ʤʝʣʴʥʠʮʳ 

(ʐɹʄ), ʠ ʦʪʩʪʘʠʚʘʣʩʷ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ. 

ɼʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤ ʠ ʯʠʩʪʠʭ ʩʨʘʚʥʠʪʝʣʴʥʳʭ 

ʦʙʨʘʟʮʦʚ ʙʳʣʘ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʫʩʪʘʥʦʚʢʘ, ʩʭʝʤʘ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʘ  

ʥʘ ʨʠʩ. 1. 

 ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʪʝʨʤʦʩʠʬʦʥ ʟʘʢʨʝʧʣʷʣʩʷ ʚ ʪʨʝʭ ʧʦʣʦʞʝʥʠʷʭ. ʂ ʟʦʥʝ 

ʠʩʧʘʨʝʥʠʷ ʪʝʨʤʦʩʠʬʦʥʘ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʧʦʜʚʦʜʠʣʩʷ ʩ ʧʦʤʦʱʴʶ ʥʘʛʨʝʚʘʪʝʣʷ (ɽʅ),  

ʧʦʜʢʣʶʯʸʥʥʦʛʦ ʢ ʣʘʙʦʨʘʪʦʨʥʦʤʫ ʪʨʘʥʩʬʦʨʤʘʪʦʨʫ (ʃɸʊʈ). ʂʦʥʪʨʦʣʴ ʚʝʣʠʯʠʥʳ ʪʝʧʣʦʚʦʡ 

ʥʘʛʨʫʟʢʠ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩ ʧʦʤʦʱʴʶ ʚʘʪʪʤʝʪʨʘ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʦ ʚʩʝʡ ʜʣʠʥʝ ʪʝʨʤʦʩʠʬʦʥʘ ʠʟʤʝʨʷʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʤʝʜʴ-

ʢʦʥʩʘʥʪʘʥʦʚʳʭ ʪʝʨʤʦʧʘʨ ʊʇ. ʉʠʛʥʘʣ ʦʪ ʪʝʨʤʦʧʘʨ ʧʝʨʝʜʘʚʘʣʩʷ ʥʘ ʤʦʜʫʣʴ ʩʙʦʨʘ ʜʘʥʥʳʭ 

(ʄɿɼ) ʠ ʜʘʣʝʝ ʥʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʠʥʪʝʨʬʝʡʩʘ ʇI, ʘ ʧʦʪʦʤ - ʥʘ ʧʝʨʩʦʥʘʣʴʥʳʡ ʢʦʧʴʶʪʝʨ 

(ʇʂ) 

ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʪʝʨʤʦʩʠʬʦʥ ʧʦʣʥʦʩʪʴʶ 

ʪʝʧʣʦʠʟʦʣʠʨʦʚʘʣʩʷ ʙʘʟʘʣʴʪʦʚʳʤ ʚʦʣʦʢʥʦʤ ʩ ʢʦʵʬʠʮʠʝʪʦʤ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 0.04 ɺʪ/(ʤĿʂ). 
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ʅɹ ï ʥʘʧʦʨʥʳʡ ʙʘʢ, ʈ ï ʨʦʪʘʤʝʪʨ; ʊ ï ʪʝʨʤʦʩʪʘʪ; ʂ ï ʢʦʥʜʝʥʩʘʪʦʨ; ɽʅ ï 

ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʴ; ʃɸʊʈ ï ʣʘʙʦʨʘʪʦʣʨʥʳʡ ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨ; ʊʇ ï ʪʝʨʤʦʧʘʨʳ; ʄɿɼ ï 

ʤʦʜʫʣʴ ʩʙʦʨʘ ʜʘʥʥʳʭ; ɹɾ ï ʙʣʦʢ ʧʠʪʘʥʠʷ; ʇɯ ï ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʠʥʪʝʨʬʝʡʩʦʚ; ʇʂ ï 

ʧʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ 

 

ʆʪʚʦʜ ʪʝʧʣʦʪʳ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʪʝʨʤʦʩʠʬʦʥʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʢʦʥʜʝʥʩʘʪʦʨʘ ʪʠʧʘ çʪʨʫʙʘ ʚ ʪʨʫʙʝè (ʂ). ɿʦʥʘ ʢʦʥʜʝʥʩʘʮʠʠ ʦʤʳʚʘʣʘʩʴ ʚʦʜʦʡ ʩ ʨʘʩʭʦʜʦʤ 

4.9Ŀ10-3 ʢʛ/ʩ, ʢʦʪʦʨʳʡ ʧʦʜʜʝʨʞʠʚʘʣʩʷ ʧʦʩʪʦʷʥʥʳʤ ʩ ʧʦʤʦʱʴʶ ʥʘʧʦʨʥʦʛʦ ʙʘʢʘ (ʅɹ) ʠ 

ʢʦʥʪʨʦʣʠʨʦʚʘʣʩʷ ʨʦʪʘʤʝʪʨʦʤ (ʈ). ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʭʦʜʝ ʚ ʢʦʥʜʝʥʩʘʪʦʨ ʠ ʥʘ ʚʳʭʦʜʝ ʠʟ ʥʝʛʦ 

ʠʟʤʝʨʷʣʘʩʴ ʪʝʨʤʦʧʘʨʘʤʠ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʠʣʠʩʴ ʚ ʛʠʣʴʟʘʭ ʩ ʛʣʠʮʝʨʠʥʦʤ. ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ 

ʥʘ ʚʭʦʜʝ ʚ ʢʦʥʜʝʥʩʘʪʦʨ ʚʦ ʚʨʝʤʷ ʵʢʩʧʝʨʝʤʝʥʪʘ ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ ʧʦʩʪʦʷʥʥʦʡ ʩ ʧʦʤʦʱʴʶ 

ʪʝʨʤʦʩʪʘʪʘ (ʊ). 

ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʪʝʧʣʦʧʝʨʝʜʘʶʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʨʤʦʩʠʬʦʥʦʚ ʩ 

ʨʘʟʣʠʯʥʽʤʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷʤʠ ʠ ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ, ʢʘʢʠʝ ʠʟ ʥʠʭ ʣʫʯʰʝ ʠʣʠ ʭʫʞʝ ʨʘʙʦʪʘʶʪ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ, ʘ ʠʤʝʥʥʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ ʥʘʢʣʦʥʘ ʪʝʨʤʦʩʠʬʦʥʘ. 
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ʌɯɿʀʏʅɸ ʄʆɼɽʃʔ ʉʀʉʊɽʄʀ ʆʍʆʃʆɼɾɽʅʅʗ ʄɯʂʈʆʇʈʆʎɽʉʆʈɸ ʅɸ 

ʆʉʅʆɺɯ ɼɺʆʌɸɿʅʆɻʆ ʊɽʈʄʆʉʀʌʆʅɸ 

 

ɿ ʢʦʞʥʠʤ ʨʦʢʦʤ ʤʽʢʨʦʧʨʦʮʝʩʦʨʠ ʥʘʙʫʚʘʶʪʴ ʚʩʝ ʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʷʢ ʚ ʧʦʙʫʪʦʚʽʡ 

ʝʣʝʢʪʨʦʥʽʮʽ, ʪʘʢ ʽ ʫ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʭ ʩʠʩʪʝʤʘʭ. ɿ ʤʝʪʦʶ ʥʘʜʘʪʠ ʢʦʨʠʩʪʫʚʘʯʫ ʪʦʚʘʨ, 

ʢʦʪʨʠʡ ʚʽʜʧʦʚʽʜʘʻ ʩʫʯʘʩʥʦʤʫ ʨʽʚʥʶ ʧʦʪʨʝʙ, ʚʠʨʦʙʥʠʢʠ ʤʽʢʨʦʧʨʦʮʝʩʦʨʽʚ ʧʦʩʪʽʡʥʦ 

ʟʙʽʣʴʰʫʶʪʴ ʾʭ ʦʙʯʠʩʣʶʚʘʣʴʥʫ ʧʦʪʫʞʥʽʩʪʴ.  

ʊʘʢʠʡ ʨʝʟʫʣʴʪʘʪ ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ ʨʦʟʤʽʱʝʥʥʷ ʥʘ ʢʨʠʩʪʘʣʽ ʤʽʢʨʦʧʨʦʮʝʩʦʨʘ 

ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʝʣʝʤʝʥʪʽʚ. ɿʙʽʣʴʰʝʥʥʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ 

ʝʣʝʤʝʥʪʽʚ ʙʝʟ ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʢʨʠʩʪʘʣʘ ʤʽʢʨʦʧʨʦʮʝʩʦʨʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʚʝʣʠʯʠʥʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʟ ʦʜʠʥʠʮʽ ʧʦʚʝʨʭʥʽ ʤʽʢʨʦʧʨʦʮʝʩʦʨʘ. ʇʦʩʪʘʻ 

ʟʘʜʘʯʘ ʚʽʜʚʦʜʫ ʟʥʘʯʥʠʭ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ʚʽʜ ʤʽʢʨʦʧʨʦʮʝʩʦʨʘ [1]. 

ɺ ʭʦʜʽ ʜʘʥʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʬʽʟʠʯʥʫ ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ 

ʤʽʢʨʦʧʨʦʮʝʩʦʨʘ ʥʘ ʦʩʥʦʚʽ ʜʚʦʬʘʟʥʦʛʦ ʪʝʨʤʦʩʠʬʦʥʘ, ʷʢʫ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʈʠʩ.1. ʊʘʢʘ 

ʩʠʩʪʝʤʘ ʦʭʦʣʦʜʞʝʥʥʷ ʻ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʦʶ ʽ ʜʦʟʚʦʣʷʻ ʚʽʜʚʦʜʠʪʠ ʟʥʘʯʥʦ ʙʽʣʴʰʽ ʪʝʧʣʦʚʽ 

ʧʦʪʦʢʠ ʚʽʜ ʤʽʢʨʦʧʨʦʮʝʩʦʨʘ, ʧʦʨʽʚʥʷʥʦ ʟ ʽʩʥʫʶʯʠʤʠ ʩʠʩʪʝʤʘʤʠ ʦʭʦʣʦʜʞʝʥʥʷ [2]. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʄʦʜʝʣʴ ʜʚʦʬʘʟʥʦʛʦ ʪʝʨʤʦʩʠʬʦʥʘ 

 

ɺ ʭʦʜʽ ʜʘʥʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʢʠ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʦʨʝʙʨʝʥʥʷ ʟʦʥʠ 

ʢʦʥʜʝʥʩʘʮʽʾ ʜʚʦʬʘʟʥʦʛʦ ʪʝʨʤʦʩʠʬʦʥʘ, ʘ ʪʘʢʦʞ ï ʜʣʷ ʨʽʟʥʠʭ ʫʤʦʚ ʚʽʜʚʦʜʫ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ 

ʚʽʜ ʟʦʥʠ ʢʦʥʜʝʥʩʘʮʽʾ.  

ʈʦʟʛʣʷʜʘʣʦʩʴ ʦʨʝʙʨʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʧʘʶʚʘʥʥʷ ʚʠʪʢʽʚ ʤʽʜʥʦʛʦ ʜʨʦʪʫ ʚ ʟʦʥʽ 

ʢʦʥʜʝʥʩʘʮʽʾ ʪʝʨʤʦʩʠʬʦʥʘ. ɺ ʭʦʜʽ ʨʦʟʨʘʭʫʥʢʫ ʪʘʢʠʡ ʪʠʧ ʦʨʝʙʨʝʥʥʷ ʚʠʷʚʠʚʩʷ 

ʥʠʟʴʢʦʝʬʝʢʪʠʚʥʠʤ ʚ ʫʤʦʚʘʭ ʟʘʜʘʯʽ ʦʭʦʣʦʜʞʝʥʥʷ ʤʽʢʨʦʧʨʦʮʝʩʦʨʘ.  

ɺ ʷʢʦʩʪʽ ʦʨʝʙʨʝʥʥʷ ʟʦʥʠ ʢʦʥʜʝʥʩʘʮʽʾ ʪʝʨʤʦʩʠʬʦʥʘ ʙʫʣʦ ʚʠʨʽʰʝʥʦ ʚʠʢʦʨʠʩʪʘʪʠ 

ʨʘʜʽʘʪʦʨ ʟ ʘʣʶʤʽʥʽʻʚʠʤʠ ʩʧʽʨʘʣʝʧʦʜʽʙʥʠʤʠ ʨʝʙʨʘʤʠ ʽʟ ʤʽʜʥʦʶ ʩʝʨʮʝʚʠʥʦʶ ʜʣʷ ʢʨʘʱʦʛʦ 

ʨʦʟʧʦʜʽʣʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʧʦ ʚʠʩʦʪʽ ʨʘʜʽʘʪʦʨʘ. ʄʦʜʝʣʴ ʜʘʥʦʛʦ ʨʘʜʽʘʪʦʨʘ ʟʦʙʨʘʞʝʥʦ ʥʘ 

ʈʠʩ.2. 
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ʈʠʩʫʥʦʢ 2 ï ʄʦʜʝʣʴ ʨʘʜʽʘʪʦʨʘ ʟʦʥʠ ʢʦʥʜʝʥʩʘʮʽʾ ʜʚʦʬʘʟʥʦʛʦ ʪʝʨʤʦʩʠʬʦʥʘ 

 

ɺ ʷʢʦʩʪʽ ʫʤʦʚ ʚʽʜʚʦʜʫ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚʽʜ ʟʦʥʠ ʢʦʥʜʝʥʩʘʮʽʾ ʨʦʟʛʣʷʜʘʣʠʩʴ ʜʚʘ 

ʚʘʨʽʘʥʪʠ: ʚʽʣʴʥʘ ʢʦʥʚʝʢʮʽʷ ʽ ʚʠʤʫʰʝʥʘ ʢʦʥʚʝʢʮʽʷ. ɺ ʭʦʜʽ ʨʦʟʨʘʭʫʥʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʣʴʥʦʾ 

ʢʦʥʚʝʢʮʽʾ ʚ ʫʤʦʚʘʭ ʜʘʥʦʾ ʟʘʜʘʯʽ ʚʠʷʚʠʣʦʩʴ ʥʠʟʴʢʦʝʬʝʢʪʠʚʥʠʤ. 

ʗʢ ʨʝʟʫʣʴʪʘʪ ʨʦʟʨʘʭʫʥʢʫ ʚʠʨʽʰʝʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʚʽʜʚʦʜʫ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ 

ʚʽʜ ʟʦʥʠ ʢʦʥʜʝʥʩʘʮʽʾ ʪʝʨʤʦʩʠʬʦʥʘ ʫʤʦʚʠ ʚʠʤʫʰʝʥʦʾ ʢʦʥʚʝʢʮʽʾ ʟ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʪʝʧʣʦʦʙʤʽʥʫ 

75 [ɺʪ/ʤ2 ʂ]. 

ɺ ʢʦʥʩʪʨʫʢʮʽʾ ʪʝʨʤʦʩʠʬʦʥʘ ʧʝʨʝʜʙʘʯʝʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʚʦʭ ʨʘʜʽʘʪʦʨʽʚ ʟ 

ʘʣʶʤʽʥʽʻʚʠʤʠ ʩʧʽʨʘʣʝʧʦʜʽʙʥʠʤʠ ʨʝʙʨʘʤʠ ʽʟ ʤʽʜʥʦʶ ʩʝʨʮʝʚʠʥʦʶ, ʤʽʞ ʷʢʠʤʠ ʚʧʘʷʥʘ ʤʽʜʥʘ 

ʪʨʫʙʢʘ ʽʟ ʚʥʫʪʨʽʰʥʽʤ ʜʽʘʤʝʪʨʦʤ 0,03 [ʤ]. ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʚʦʭ ʨʘʜʽʘʪʦʨʽʚ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ 

ʚʽʜʚʦʜʠʪʠ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʷʢ ʚʽʜ ʟʦʥʠ ʢʦʥʜʝʥʩʘʮʽʾ ʪʝʨʤʦʩʠʬʦʥʘ, ʪʘʢ ʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʽʜ ʟʦʥʠ 

ʥʘʛʨʽʚʫ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʤʽʜʥʘ ʩʝʨʮʝʚʠʥʘ ʨʘʜʽʘʪʦʨʘ, ʨʦʟʤʽʱʝʥʦʛʦ ʚ ʟʦʥʽ ʥʘʛʨʽʚʫ, 

ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʧʝʨʝʜʘʚʘʪʠ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʚʽʜ ʤʽʢʨʦʧʨʦʮʝʩʦʨʘ ʜʦ ʨʦʙʦʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʜʚʦʬʘʟʥʦʛʦ ʪʝʨʤʦʩʠʬʦʥʘ.  ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʟʙʽʣʴʰʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ 

ʜʚʦʬʘʟʥʦʛʦ ʪʝʨʤʦʩʠʬʦʥʘ. 

ɺ ʷʢʦʩʪʽ ʨʦʙʦʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʠʨʽʰʝʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʠʣʦʚʠʡ ʩʧʠʨʪ. ɿʘʚʜʷʢʠ 

ʡʦʛʦ ʪʝʧʣʦʬʽʟʠʯʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ ʩʪʘʻ ʤʦʞʣʠʚʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ 

ʜʚʦʬʘʟʥʦʛʦ ʪʝʨʤʦʩʠʬʦʥʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʤʽʢʨʦʧʨʦʮʝʩʦʨʘ 35 [Áʉ]. ʊʘʢʽ ʫʤʦʚʠ ʨʦʙʦʪʠ 

ʜʚʦʬʘʟʥʦʛʦ ʪʝʨʤʦʩʠʬʦʥʘ ʜʦʟʚʦʣʷʶʪʴ ʧʽʜʪʨʠʤʫʚʘʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʜʣʷ ʨʦʙʦʪʠ 

ʤʽʢʨʦʧʨʦʮʝʩʦʨʘ ʜʽʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ [3]. 

ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʧʨʦʚʝʜʝʥʥʷ ʬʽʟʠʯʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟ ʤʝʪʦʶ 

ʚʠʟʥʘʯʝʥʥʷ ʧʦʭʠʙʢʠ ʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʜʚʦʬʘʟʥʦʛʦ ʪʝʨʤʦʩʠʬʦʥʘ ʤʽʞ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ 

ʜʘʥʠʤʠ ʪʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʘʥʠʭ ʬʽʟʠʯʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ. ɸʥʘʣʽʟ ʮʠʭ ʜʘʥʠʭ ʜʦʟʚʦʣʠʪʴ 

ʦʧʪʠʤʽʟʫʚʘʪʠ ʨʝʞʠʤ ʨʦʙʦʪʠ ʜʚʦʬʘʟʥʦʛʦ ʪʝʨʤʦʩʠʬʦʥʘ ʚ ʫʤʦʚʘʭ ʟʘʜʘʯʽ ʦʭʦʣʦʜʞʝʥʥʷ 

ʤʽʢʨʦʧʨʦʮʝʩʦʨʘ.  
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ʌɯɿʀʏʅɸ ʄʆɼɽʃʔ ʅɸʅʆʉʋʇʋʊʅʀʂɸ POLYITAN-4-BIO  

 

ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʫ ʩʚʽʪʦʚʦʤʫ ʤʘʩʰʪʘʙʽ ʘʢʪʠʚʥʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʘʝʨʦʢʦʩʤʽʯʥʘ ʩʬʝʨʘ. ʎʝ 

ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʟʘ ʥʝʚʝʣʠʢʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʧʦʪʨʝʙʠ ʣʶʜʩʪʚʘ ʟʥʘʯʥʦ ʟʙʽʣʴʰʠʣʠʩʴ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʨʦʟʚʠʪʢʫ ʘʝʨʦʢʦʩʤʽʯʥʦʾ ʩʬʝʨʠ ʻ ʤʦʞʣʠʚʽʩʪʴ ʢʦʨʠʩʪʫʚʘʥʥʷ ʤʦʙʽʣʴʥʠʤ ʟʚôʷʟʢʦʤ, 

ʦʪʨʠʤʘʥʥʷ ʟʥʽʤʢʽʚ ʘʪʤʦʩʬʝʨʠ ʪʘ ʧʦʚʝʨʭʥʽ ʧʣʘʥʝʪʠ ʟ ʦʨʙʽʪʠ, ʜʝʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ 

ʢʦʩʤʽʯʥʦʛʦ ʧʨʦʩʪʦʨʫ ʪʘ ʙʘʛʘʪʦ ʽʥʰʦʛʦ.  

ʆʜʥʘʢ, ʦʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʧʨʦʙʣʝʤ ʮʴʦʛʦ ʥʘʧʨʷʤʢʫ ʻ ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʧʦʩʪʘʯʘʥʥʷ 

ʧʨʝʜʤʝʪʽʚ ʧʦʙʫʪʫ ʪʘ ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ ʥʘ ʦʨʙʽʪʫ. ɺʽʜʦʤʦ, ʱʦ ʥʘ ʄʽʞʥʘʨʦʜʥʽʡ ʢʦʩʤʽʯʥʽʡ 

ʩʪʘʥʮʽʾ (ʄʂʉ) ʧʨʦʚʦʜʠʣʠʩʴ ʝʢʩʧʝʨʠʤʝʥʪʠ ʟ ʚʠʨʦʱʫʚʘʥʥʷ ʨʦʩʣʠʥ. ʇʨʦʪʝ, ʪʘʢʠʡ ʧʽʜʭʽʜ 

ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʦʛʦ ʯʘʩʫ ʥʘ ʜʦʛʣʷʜ ʟʘ ʨʦʟʚʠʪʢʦʤ ʨʦʩʣʠʥ, ʷʢʠʡ ʢʦʩʤʦʥʘʚʪʠ ʤʦʞʫʪʴ ʚʠʪʨʘʯʘʪʠ 

ʥʘ ʚʠʢʦʥʘʥʥʷ ʽʥʰʦʾ ʨʦʙʦʪʠ [1]. 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʘʚʪʦʥʦʤʥʦʛʦ ʚʠʨʦʱʫʚʘʥʥʷ  ʪʘ 

ʧʦʩʪʘʯʘʥʥʷ ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ ʥʘ ʦʨʙʽʪʫ, ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʥʦʩʫʧʫʪʥʠʢʽʚ (ʅʉ) 

ʬʦʨʤ-ʬʘʢʪʦʨʫ CubeSat. 

ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʅʘʮʽʦʥʘʣʴʥʠʤ ʫʧʨʘʚʣʽʥʥʷʤ ʟ ʘʝʨʦʥʘʚʪʠʢʠ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ 

ʢʦʩʤʽʯʥʦʛʦ ʧʨʦʩʪʦʨʫ (ʅɸʉɸ), ʂʘʣʽʬʦʨʥʽʡʩʴʢʠʤ ʧʦʣʽʪʝʭʥʽʯʥʠʤ ʽʥʩʪʠʪʫʪʦʤ ʪʘ 

ʉʪʝʥʬʦʨʜʩʴʢʠʤ ʫʥʽʚʝʨʩʠʪʝʪʦʤ ʫ 2010 ʨʦʮʽ ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʽʥʽʮʽʘʪʠʚʘ ʱʦʜʦ ʟʘʧʫʩʢʫ ʅʉ 

ʬʦʨʤʘʪʫ CubeSat,. ʎʷ ʽʥʽʮʽʘʪʠʚʘ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʥʝʢʦʤʝʨʮʽʡʥʠʤ ʦʨʛʘʥʽʟʘʮʽʷʤ ʪʘ ʦʩʚʽʪʥʽʤ 

ʫʩʪʘʥʦʚʘʤ ʟʘʧʫʩʢʫ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʭ ʩʫʧʫʪʥʠʢʽʚ. 

ʇʝʨʝʚʘʛʘʤʠ ʅʉ ʬʦʨʤʘʪʫ CubeSat ʻ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʘ ʚʘʨʪʽʩʪʴ (ʜʝʢʽʣʴʢʘ ʜʝʩʷʪʢʽʚ 

ʪʠʩʷʯ USD), ʤʘʩʘ (ʜʦ 10 ʢʛ) ʪʘ ʛʘʙʘʨʠʪʠ, ʷʢʽ ʟʤʽʥʶʶʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ100x100x100 ʤʤ ʜʦ 

100ʭ100ʭ600 ʤʤ. ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʦʮʽʥʢʦʶ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʽʚ ʥʘ ʄʂʉ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʅʉ 

ʽʩʪʦʪʥʦ ʩʧʨʦʱʫʻ ʽ ʟʜʝʰʝʚʣʶʻ ʙʽʦʝʢʩʧʝʨʠʤʝʥʪʠ [2] ʚ ʫʤʦʚʘʭ ʢʦʩʤʽʯʥʦʛʦ ʧʨʦʩʪʦʨʫ, 

ʅʘʨʘʟʽ ʚ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʨʦʟʨʦʙʢʘ ʅʉ PolyITAN-4-Bio, ʷʢʠʡ 

ʟʦʙʨʘʞʝʥʦ ʥʘ ʈʠʩ.1.  

 

 
ʈʠʩʫʥʦʢ 1 ï ʄʦʜʝʣʴ ʅʉ PolyITAN-4-Bio 

 

ɻʦʣʦʚʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ PolyITAN-4-Bio ʻ ʩʧʝʮʽʘʣʴʥʦ ʩʢʦʥʩʪʨʫʡʦʚʘʥʘ ʛʝʨʤʝʪʠʯʥʘ 

ʙʽʦʢʘʧʩʫʣʘ, ʷʢʫ ʟʦʙʨʘʞʝʥʦ ʥʘ ʈʠʩ.2. ɹʽʦʢʘʧʩʫʣʫ ʨʦʟʨʦʙʣʝʥʦ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ 

ʨʦʩʣʠʥ ʚ ʫʤʦʚʘʭ ʚʧʣʠʚʫ ʢʦʩʤʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʤʽʢʨʦʛʨʘʚʽʪʘʮʽʾ. 
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ʈʠʩʫʥʦʢ 2 ï ɹʽʦʢʘʧʩʫʣʘ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʨʦʩʣʠʥ ʚ ʫʤʦʚʘʭ ʚʧʣʠʚʫ 

ʢʦʩʤʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʤʽʢʨʦʛʨʘʚʽʪʘʮʽʾ 

 

ɻʦʣʦʚʥʘ ʦʩʦʙʣʠʚʽʩʪʴ ʜʘʥʦʾ ʨʦʙʦʪʠ ï ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʚʪʦʥʦʤʥʦʛʦ ʨʦʟʚʠʪʢʫ ʨʦʩʣʠʥ ʚ 

ʫʤʦʚʘʭ ʚʧʣʠʚʫ ʢʦʩʤʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʤʽʢʨʦʛʨʘʚʽʪʘʮʽʾ. 

ɿ ʮʽʻʶ ʤʝʪʦʶ ʅʉ ʟʘʙʝʟʧʝʯʝʥʦ ʜʘʪʯʠʢʘʤʠ ʢʠʩʥʶ, ʜʘʪʯʠʢʘʤʠ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ, 

ʜʘʪʯʠʢʘʤʠ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʦʣʦʛʦʩʪʽ ʚʥʫʪʨʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʙʽʦʢʘʧʩʫʣʠ, ʜʘʪʯʠʢʘʤʠ 

ʚʦʣʦʛʦʩʪʽ ʢʦʨʝʥʝʚʦʛʦ ʩʫʙʩʪʨʘʪʫ ʨʦʩʣʠʥʠ, ʜʘʪʯʠʢʘʤʠ ʨʽʚʥʷ ʦʩʚʽʪʣʝʥʦʩʪʽ. 

ɼʣʷ ʚʽʜʪʚʦʨʝʥʥʷ ʩʧʨʠʷʪʣʠʚʠʭ ʫʤʦʚ ʨʦʟʚʠʪʢʫ ʨʦʩʣʠʥʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʽʪʦ 

ʩʚʽʪʣʦʜʽʦʜʽʚ ʤʦʜʝʣʶʶʪʴʩʷ ʫʤʦʚʠ ʜʥʷ ʽ ʥʦʯʽ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʟʘʙʝʟʧʝʯʫʻ ʧʦʚʪʦʨʥʝ ʚʽʜʥʦʚʣʝʥʥʷ 

ʢʠʩʥʶ ʪʘ ʧʦʛʣʠʥʘʥʥʷ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʚ ʧʨʦʮʝʩʽ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʨʦʩʣʠʥʠ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʬʽʪʦ ʩʚʽʪʣʦʜʽʦʜʽʚ ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʪʚʦʨʝʥʥʷ ʟʝʤʥʦʛʦ ʨʦʟʚʠʪʢʫ ʨʦʩʣʠʥʠ. 

ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʬʽʪʦ ʩʚʽʪʣʦʜʽʦʜʠ ʚʠʧʨʦʤʽʥʶʶʪʴ ʩʚʽʪʣʦ ʚ ʯʘʩʪʦʪʥʦʤʫ ʜʽʘʧʘʟʦʥʽ, 

ʧʦʜʽʙʥʦʤʫ ʜʦ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢ 

ʨʦʩʣʠʥʠ. 

ɺ ʢʦʥʩʪʨʫʢʮʽʾ ʅʉ ʧʝʨʝʜʙʘʯʝʥʦ ʥʘʷʚʥʽʩʪʴ ʤʘʣʦʧʦʪʫʞʥʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ. ʎʝ ʩʧʨʠʷʪʠʤʝ 

ʧʝʨʝʤʽʰʫʚʘʥʥʶ ʧʦʚʽʪʨʷʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ ʟʘʙʝʟʧʝʯʠʪʴ ʢʦʥʚʝʢʪʠʚʥʠʡ ʪʝʧʣʦʦʙʤʽʥ ʚʩʝʨʝʜʠʥʽ 

ʙʽʦʢʘʧʩʫʣʠ ʟ ʽʥʪʝʥʩʠʚʥʽʩʪʶ 5-7 ɺʪ/ʤ2 K. 

ɺʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʩʪʘʥʫ ʅʉ [3]. 

ʉʧʨʠʷʪʣʠʚʠʤʠ ʫʤʦʚʘʤʠ ʜʣʷ ʨʦʟʚʠʪʢʫ ʨʦʩʣʠʥʠ ʻ ʪʝʤʧʝʨʘʪʫʨʘ 17-24 Áʉ.  

ɿ ʤʝʪʦʶ ʨʦʟʨʘʭʫʥʢʫ ʟʦʚʥʽʰʥʴʦʛʦ ʪʝʧʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ  ʚ 

ʧʨʦʛʨʘʤʥʦʤʫ ʧʘʢʝʪʽ Siemens NX Space Systems Thermal, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʝʪʦʜʽ 

ʟʦʩʝʨʝʜʞʝʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʪʝʧʣʦʚʘ ʤʦʜʝʣʴ ʅʉ PolyITAN-4-Bio. ʆʪʨʠʤʘʥʥʽ 

ʜʘʥʽ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʜʝʢʚʘʪʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʅʉ ʧʨʠ 

ʤʦʜʝʣʶʚʘʥʥʽ ʪʝʧʣʦʚʦʛʦ ʩʪʘʥʫ ʫ ʪʝʨʤʦʚʘʢʫʫʤʥʽʡ ʢʘʤʝʨʽ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʫʪʦʯʥʠʪʠ ʨʝʟʫʣʴʪʘʪʠ 

ʢʦʤʧôʶʪʝʨʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ. 

 

 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ:  

1 Enright. J.P., Sedwick R.J., Miller D.W. High-Fidelity Simulation for Spacecraft 

Autonomy Development. Canadian Aeronautics and Space Journal 1, 2002, P. 35-41. 

2. Hines J. Nanosatellite Biological Missions and Technology at NASA's Ames Research 

Center, NASA Ames Research Center (ARC), Moffett Field, California, USA, 2015, P. 78-84.  

3. Whitney Q. Lohmeyer, Dr. Kerri Cahoy Space weather radiation effects on geostationary 

satellite solid-state power amplifiers. AGU Space Weather, 2013, P. 54-59. 

 



 

 157 

ʋɼʂ 536.248.2 

ʄʘʛʽʩʪʨʘʥʪ 6 ʢʫʨʩʫ, ʛʨ. ʊʌ-91ʤʥ ɺʘʩʠʣʴʻʚʘ ɸ.ɼ.; ʧʨʦʬ., ʜ.ʪ.ʥ. ʂʨʘʚʝʮʴ ɺ.ʖ. 

ɼʦʮ., ʢ.ʪ.ʥ. ʐʝʚʝʣʴ ɭ.ɺ. 

ʄɸʂʉʀʄɸʃʔʅɸ ʊɽʇʃʆʇɽʈɽɼɸɺɸʃʔʅɸ ɿɼɸʊʅɯʉʊʔ ʇʃɸʉʂʀʍ ʊɽʇʃʆɺʀʍ 

ʊʈʋɹ ɿ ʄɽʊɸʃʆɺʆʃʆʂʅʀʉʊʆʖ ʂɸʇɯʃʗʈʅʆʖ ʉʊʈʋʂʊʋʈʆʖ 

 

ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʧʨʦʛʨʝʩ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʪʚʦʨʝʥʥʷʤ ʥʦʚʠʭ ʪʘ ʙʽʣʴʰ 

ʚʜʦʩʢʦʥʘʣʝʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ ʨʽʟʥʠʭ ʨʦʟʤʽʨʽʚ. ʎʝ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʩʪʚʦʨʝʥʥʷ ʙʽʣʴʰ ʧʦʪʫʞʥʠʭ ʩʠʩʪʝʤ ʦʭʦʣʦʜʞʝʥʥʷ, ʟʜʘʪʥʠʭ ʚʽʜʚʦʜʠʪʠ ʚʝʣʠʢʽ 

ʪʝʧʣʦʚʽ ʧʦʪʦʢʠ ʧʨʠ ʤʽʥʽʤʘʣʴʥʠʭ ʚʪʨʘʪʘʭ. ɺ ʷʢʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʪʝʧʣʦʚʽʜʚʦʜʫ ʪʘʢʠʭ ʩʠʩʪʝʤ 

ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʧʣʘʩʢʽ ʪʝʧʣʦʚʽ ʪʨʫʙʠ. ɺʦʥʠ ʟʜʘʪʥʽ ʦʭʦʣʦʜʞʫʚʘʪʠ ʷʢ ʚʝʣʠʢʽ 

ʧʦʚʝʨʭʥʽ, ʥʘʧʨʠʢʣʘʜ, ʚ ʝʣʝʤʝʥʪʘʭ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʾ ʘʧʘʨʘʪʫʨʠ, ʷʢ ʦʧʠʩʘʥʦ ʚ ʨʦʙʦʪʽ [1], ʪʘʢ 

ʽ ʤʽʥʽʘʪʶʨʥʽ ʧʨʠʩʪʨʦʾ ï ʩʤʘʨʪʬʦʥʠ, ʧʣʘʥʰʝʪʠ, ʥʦʫʪʙʫʢʠ [2]. ɿʘʚʜʷʢʠ ʬʦʨʤʽ ʩʚʦʛʦ ʢʦʨʧʫʩʫ, 

ʧʣʘʩʢʽ ʪʝʧʣʦʚʽ ʪʨʫʙʠ ʤʘʢʩʠʤʘʣʴʥʦ ʱʽʣʴʥʦ ʧʨʠʣʷʛʘʶʪʴ ʜʦ ʝʣʝʤʝʥʪʽʚ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ 

ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʥʘʯʥʦ ʟʤʝʥʰʫʻʪʴʩʷ ʪʝʨʤʽʯʥʠʡ ʦʧʽʨ ʤʽʞ ʢʦʨʧʫʩʦʤ 

ʪʝʧʣʦʚʦʾ ʪʨʫʙʠ ʽ ʜʞʝʨʝʣʦʤ ʪʝʧʣʦʪʠ. ʇʨʦʪʝ ʧʣʘʩʢʽ ʪʝʧʣʦʚʽ ʪʨʫʙʠ, ʷʢ ʽ ʢʨʫʛʣʽ, ʤʘʶʪʴ ʧʝʚʥʽ 

ʦʙʤʝʞʝʥʥʷ ʩʚʦʻʾ ʪʝʧʣʦʧʝʨʝʜʘʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ, ʘ ʩʘʤʝ: 

¶ ʛʽʜʨʦʜʠʥʘʤʽʯʥʝ ʦʙʤʝʞʝʥʥʷ, ʱʦ ʚʠʥʠʢʘʻ ʚʥʘʩʣʽʜʦʢ ʧʝʨʝʚʠʱʝʥʥʷ ʩʫʤʘʨʥʠʭ ʚʪʨʘʪ 
ʪʠʩʢʫ ʥʘ ʧʝʨʝʤʽʱʝʥʥʷ ʪʘ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʪʝʧʣʦʥʦʩʽʷ ʥʘʜ ʟʘʛʘʣʴʥʠʤ ʢʘʧʽʣʷʨʥʠʤ 

ʥʘʧʦʨʦʤ; 

¶ ʦʙʤʝʞʝʥʥʷ ʧʦ ʢʠʧʽʥʥʶ, ʩʧʨʠʯʠʥʝʥʝ ʧʦʷʚʦʶ ʧʣʽʚʢʦʚʦʛʦ ʢʠʧʽʥʥʷ ʪʝʧʣʦʥʦʩʽʷ ʧʨʠ 
ʧʝʚʥʠʭ ʟʥʘʯʝʥʥʷʭ ʧʽʜʚʝʜʝʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ; 

¶ ʟʚʫʢʦʚʝ ʦʙʤʝʞʝʥʥʷ, ʱʦ ʩʧʨʠʯʠʥʝʥʝ ʟʘʧʠʨʘʥʥʷʤ ʧʦʪʦʢʫ ʧʘʨʠ ʚʥʘʩʣʽʜʦʢ ʡʦʛʦ 
ʥʘʙʣʠʞʝʥʥʷ ʜʦ ʰʚʠʜʢʦʩʪʽ ʟʚʫʢʫ ʥʘ ʚʠʭʦʜʽ ʽʟ ʟʦʥʠ ʥʘʛʨʽʚʫ; 

¶ ʦʙʤʝʞʝʥʥʷ, ʩʧʨʠʯʠʥʝʥʝ ʚʠʥʝʩʝʥʥʷʤ ʧʦʪʦʢʫ ʨʽʜʠʥʠ ʟʫʩʪʨʽʯʥʠʤ ʧʦʪʦʢʦʤ ʧʘʨʠ. 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʨʽʟʥʠʭ ʚʠʜʽʚ ʦʙʤʝʞʝʥʴ ʥʘ 

ʤʘʢʩʠʤʘʣʴʥʠʡ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ, ʱʦ ʤʦʞʝ ʧʽʜʚʦʜʠʪʠʩʴ ʜʦ ʧʣʘʩʢʠʭ ʪʝʧʣʦʚʠʭ ʪʨʫʙ ʟ 

ʤʝʪʘʣʦʚʦʢʥʠʩʪʦʶ ʢʘʧʽʣʷʨʥʦ-ʧʦʨʠʩʪʦʶ ʩʪʨʫʢʪʫʨʦʶ. ʉʭʝʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ, 

ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʚ ʩʝʨʽʾ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 

 

 

ɼʦʩʣʽʜʞʫʚʘʥʠʤ ʝʣʝʤʝʥʪʦʤ ʙʫʣʘ ʤʽʜʥʘ ʧʣʘʩʢʘ ʪʝʧʣʦʚʘ ʪʨʫʙʘ, ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʷʢʦʾ 

ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩ. 2. 

1 ï ʧʣʘʩʢʘ ʪʝʧʣʦʚʘ ʪʨʫʙʘ;  

2 ï ʥʘʛʨʽʚʘʯ ʚ ʟʦʥʽ ʥʘʛʨʽʚʫ; 

3 ï ʚʘʪʤʝʪʨ;  

 4 - ʣʘʙʦʨʘʪʦʨʥʠʡ 

ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨ;  

5 ï ʩʪʘʙʽʣʽʟʘʪʦʨ ʥʘʧʨʫʛʠ;  

6 - ʪʝʨʤʦʩʪʘʪ;  

7 ï ʢʦʥʜʝʥʩʘʪʦʨ;  

8 ï ʧʝʨʩʦʥʘʣʴʥʠʡ 

ʢʦʤʧôʶʪʝʨ; 9 ï ʘʥʘʣʦʛʦ-

ʮʠʬʨʦʚʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ; 

10 ï ʤʽʜʴ-ʢʦʥʩʪʘʥʪʘʥʦʚʽ 

ʪʝʨʤʦʧʘʨʠ (8 ʰʪʫʢ) 

ʈʠʩʫʥʦʢ 1 - ʉʭʝʤʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ 

ʫʩʪʘʥʦʚʢʠ 
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ʈʠʩʫʥʦʢ 2 - ʇʣʘʩʢʘ ʪʝʧʣʦʚʘ ʪʨʫʙʘ (ʬʦʪʦ) 

 

ʊʦʚʱʠʥʠ ʩʪʽʥʢʠ ʪʨʫʙʠ ʪʘ ʢʘʧʽʣʷʨʥʦ-ʧʦʨʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ ʩʪʘʥʦʚʠʣʠ ʧʦ 0,5 ʤʤ, 

ʪʦʚʱʠʥʘ ʧʘʨʦʚʦʛʦ ʧʨʦʩʪʦʨʫ 0,8 ʤʤ (ʨʠʩ. 3). ʇʣʘʩʢʘ ʪʝʧʣʦʚʘ ʪʨʫʙʘ ʚʠʛʦʪʦʚʣʷʣʘʩʷ ʤʝʪʦʜʦʤ 

ʧʨʝʩʫʚʘʥʥʷ ʟ ʢʨʫʛʣʦʾ ʪʝʧʣʦʚʦʾ ʪʨʫʙʠ 

ʜʽʘʤʝʪʨʦʤ 5 ʤʤ, ʟʘʛʘʣʴʥʦʶ ʜʦʚʞʠʥʦʶ 

224 ʤʤ, ʜʦʚʞʠʥʦʶ ʟʦʥʠ ʥʘʛʨʽʚʫ 40 ʤʤ 

ʪʘ ʟʦʥʠ ʢʦʥʜʝʥʩʘʮʽʾ 65 ʤʤ. ɼʦʚʞʠʥʘ 

ʚʦʣʦʢʦʥ ʢʘʧʽʣʷʨʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʩʪʘʥʦʚʠʣʘ 3 ʤʤ, ʜʽʘʤʝʪʨ ʚʦʣʦʢʦʥ 50 

ʤʢʤ, ʧʦʨʠʩʪʽʩʪʴ 75 %. 

ʇʽʜʚʽʜ ʽ ʚʽʜʚʽʜ ʪʝʧʣʦʪʠ ʚʽʜ 

ʧʣʘʩʢʦʾ ʪʝʧʣʦʚʦʾ ʪʨʫʙʠ ʙʫʣʦ 

ʦʨʛʘʥʽʟʦʚʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʣʘʩʢʦʛʦ 

ʥʘʛʨʽʚʘʯʘ ʪʘ ʧʣʘʩʢʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ 

ʚʽʜʧʦʚʽʜʥʦ. ʊʨʫʙʘ ʧʨʠʪʠʩʢʘʣʘʩʴ ʜʦ ʥʠʭ, 

ʘ ʤʽʞ ʧʦʚʝʨʭʥʝʶ ʪʨʫʙʠ ʪʘ ʧʦʚʝʨʭʥʷʤʠ 

ʥʘʛʨʽʚʘʯʘ ʪʘ ʢʦʥʜʝʥʩʘʪʦʨʘ ʙʫʚ ʰʘʨ ʪʝʧʣʦʧʨʦʚʽʜʥʦʾ ʧʘʩʪʠ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʢʦʥʪʘʢʪʥʦʛʦ 

ʪʝʨʤʽʯʥʦʛʦ ʦʧʦʨʫ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʦ, ʱʦ ʚ 

ʦʩʥʦʚʥʽʡ ʯʘʩʪʠʥʽ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʜʽʘʧʘʟʦʥʫ 

ʪʝʤʧʝʨʘʪʫʨ ʛʽʜʨʦʜʠʥʘʤʽʯʥʝ 

ʦʙʤʝʞʝʥʥʷ ʻ ʥʘʡʙʽʣʴʰ 

ʢʨʠʪʠʯʥʠʤ ʽ ʷʢʱʦ ʚʦʥʦ ʥʝ 

ʜʦʩʷʛʘʻʪʴʩʷ, ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ 

ʢʘʧʽʣʷʨʥʠʡ ʥʘʧʽʨ ʢʘʧʽʣʷʨʥʦ-

ʧʦʨʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ ʧʝʨʝʚʠʱʫʻ 

ʩʫʤʘʨʥʽ ʚʪʨʘʪʠ ʥʘ ʧʨʦʭʽʜ ʨʽʜʢʦʾ 

ʪʘ ʧʘʨʦʚʦʾ ʬʘʟʠ, ʪʦʜʽ ʽʥʰʽ 

ʦʙʤʝʞʝʥʥʷ ʥʝ ʙʫʜʫʪʴ 

ʜʦʩʷʛʘʪʠʩʴ ʘʚʪʦʤʘʪʠʯʥʦ, ʽ 

ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʧʣʘʩʢʦʾ ʪʝʧʣʦʚʦʾ 

ʪʨʫʙʠ ʙʫʜʝ ʟʙʝʨʽʛʘʪʠʩʴ (ʨʠʩ. 4). 
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ʈʠʩʫʥʦʢ 3 - ʇʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ ʧʣʘʩʢʦʾ 

ʪʝʧʣʦʚʦʾ ʪʨʫʙʠ (ʨʦʟʤʽʨʠ ʚ ʤʤ) 
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ʋɼʂ 536.24 

ʄʘʛʽʩʪʨʘʥʪ 6 ʢʫʨʩʫ, ʛʨ. ʊʌ-91ʤʥ ʂʦʥʴʢʦ ɼ.ɺ. 

ɼʦʮ., ʢ.ʪ.ʥ. ɹʘʨʘʥʶʢ ʆ.ɺ. 

ʊɽʇʃʆʄɸʉʆʆɹʄɯʅ ʊɸ ɸɽʈʆɼʀʅɸʄɯʂɸ ʂʆʄʇʆɿʀʎɯʁʅʀʍ 

ʇʃʆʉʂʆʆɺɸʃʔʅʀʍ ʊʈʋɹ ɿ ʅɽʇʆɺʅʀʄ ɻʆʌʈʆɺɸʅʀʄ ʆʈɽɹʈɽʅʅʗʄ 

ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʝʧʣʦʝʥʝʨʛʝʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʻ ʚʘʞʣʠʚʠʤ ʚ ʘʢʪʫʘʣʴʥʠʤ 

ʥʘʧʨʷʤʢʦʤ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ. ɺ ʧʝʨʰʫ ʯʝʨʛʫ ʚʦʥʘ ʩʪʦʩʫʻʪʴʩʷ ʨʦʟʨʦʙʢʠ ʽ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʚʠʜʽʚ ʢʦʥʚʝʢʪʠʚʥʠʭ ʪʨʫʙʯʘʩʪʠʭ ʧʦʚʝʨʭʦʥʴ ʪʝʧʣʦʦʙʤʽʥʫ, ʷʢʽ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʠʩʦʢʦʶ ʪʝʧʣʦʘʝʨʦʜʠʥʘʤʽʯʥʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ. ɺʘʞʣʠʚʠʤ ʢʨʦʢʦʤ ʫ ʮʴʦʤʫ 

ʥʘʧʨʷʤʽ ʻ ʩʪʚʦʨʝʥʥʷ, ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʪʝʥʩʠʬʽʢʦʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ 

ʥʘʛʨʽʚʘʥʥʷ ʽʟ ʨʽʟʥʠʭ ʪʠʧʽʚ ʪʨʫʙ. ɺʽʜʦʤʦ, ʱʦ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʘʧʘʨʘʪʽʚ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʝʥʝʨʛʝʪʠʮʽ, ʤʘʶʪʴ ʪʝʧʣʦʦʙʤʽʥʥʫ ʩʝʢʮʽʶ, ʱʦ ʚʠʛʦʪʦʚʣʝʥʘ ʟ ʛʣʘʜʢʠʭ 

ʮʠʣʽʥʜʨʠʯʥʠʭ ʪʨʫʙ. ʎʽ ʪʨʫʙʠ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʧʦʣʽʧʰʝʥʥʷ ʾʭ ʪʝʧʣʦʚʠʭ ʽ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʩʝʙʝ ʧʨʘʢʪʠʯʥʦ ʚʠʯʝʨʧʘʣʠ, ʪʦʤʫ ʩʪʘʻ ʘʢʪʫʘʣʴʥʠʤ 

ʧʠʪʘʥʥʷ ʾʭ ʧʦʚʥʦʮʽʥʥʦʾ ʟʘʤʽʥʠ.  

ʊʝʧʣʦʦʙʤʽʥʥʽ ʧʦʚʝʨʭʥʽ, ʷʢʽ ʤʘʶʪʴ ʧʨʠʡʪʠ ʥʘ ʟʤʽʥʫ ʢʨʫʛʣʠʤ ʪʨʫʙʘʤ ʧʦʚʠʥʥʽ ʚʦʣʦʜʽʪʠ 

ʚʠʩʦʢʠʤʠ ʪʝʧʣʦʧʝʨʝʜʘʚʘʣʴʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʥʠʟʴʢʠʤ ʘʝʨʦʜʠʥʘʤʽʯʥʠʤ ʦʧʦʨʦʤ, ʘ 

ʪʘʢʦʞ ʪʝʭʥʦʣʦʛʽʯʥʽʩʪʶ ʽ ʥʝʚʠʩʦʢʦʶ ʚʘʨʪʽʩʪʶ ʚʠʨʦʙʥʠʮʪʚʘ. ʊʘʢʠʤʠ ʧʦʚʝʨʭʥʷʤʠ 

ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʧʨʠʩʪʨʦʾʚ ʤʦʞʫʪʴ ʙʫʪʠ ʧʘʢʝʪʠ ʟ ʪʨʫʙ ʟʨʫʯʥʦʦʙʪʽʯʥʦʾ ʬʦʨʤʠ: ʦʚʘʣʴʥʦʾ, 

ʧʣʦʩʢʦ-ʦʚʘʣʴʥʦʾ, ʢʨʘʧʣʝʧʦʜʽʙʥʦʾ ʪʦʱʦ. ʎʽ ʪʨʫʙʠ ʷʢʽ ʤʘʶʪʴ ʨʷʜ ʽʩʪʦʪʥʠʭ ʧʨʝʚʘʛ ʧʝʨʝʜ 

ʪʨʫʙʘʤʠ ʢʨʫʛʣʦʛʦ ʧʨʦʬʽʣʶ ʽ ʚʧʝʨʰ ʟʘ ʚʩʝ ʚ 2-3 ʨʘʟʠ ʤʝʥʰʠʤ ʘʝʨʦʜʠʥʘʤʽʯʥʠʤ ʦʧʦʨʦʤ ʧʨʠ 

ʧʨʘʢʪʠʯʥʦ ʦʜʥʘʢʦʚʠʭ ʪʝʧʣʦʧʝʨʝʜʘʚʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ [1, 2]. 

ɺ çʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè ʨʦʟʨʦʙʣʝʥʽ ʽ ʧʨʦʪʝʩʪʦʚʘʥʽ ʪʝʧʣʦʦʙʤʽʥʥʽ ʧʦʚʝʨʭʥʽ ʫ 

ʚʠʛʣʷʜʽ ʧʣʦʩʢʦ-ʦʚʘʣʴʥʠʭ ʪʨʫʙ (ʨʠʩ. 1ʘ), ʱʦ ʧʦʢʘʟʘʣʠ ʩʚʦʶ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚ ʰʠʨʦʢʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ ʨʝʞʠʤʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʦʪʦʢʫ, ʛʝʦʤʝʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʫʙ ʽ ʾʭ ʧʘʢʝʪʽʚ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʨʦʟʨʘʭʫʥʢʦʚʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʧʣʦʦʙʤʽʥʫ 

ʧʨʠ ʧʦʧʝʨʝʯʥʦʤʫ ʾʭ ʦʤʠʚʘʥʥʷ ʧʦʚʽʪʨʷʥʠʤ ʧʦʪʦʢʦʤ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʩʤʽʣʠʚʦ 

ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʧʣʦʩʢʦ-ʦʚʘʣʴʥʽ ʪʨʫʙʠ ʟ ʥʝʧʦʚʥʠʤ ʦʨʝʙʨʝʥʥʷʤ ʻ ʝʣʝʤʝʥʪʥʦʶ ʦʩʥʦʚʦʶ ʜʣʷ 

ʰʠʨʦʢʦʛʦ ʢʣʘʩʫ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʛʽʣʢʘʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʝʥʝʨʛʝʪʠʢʠ. 

 
ʘ)     ʙ) 

ʈʠʩʫʥʦʢ 1 ï ʇʣʦʩʢʦ-ʦʚʘʣʴʥʽ ʪʨʫʙʠ (ʘ) ʪʘ ʢʦʤʧʦʟʠʮʽʡʥʽ ʧʣʦʩʢʦ-ʦʚʘʣʴʥʽ ʪʨʫʙʠ ʟ 

ʥʝʧʦʚʥʠʤ ʛʦʬʨʦʚʘʥʠʤ ʦʨʝʙʨʝʥʥʷʤ (ʙ) 

 

ɸʙʩʦʣʶʪʥʦ ʥʦʚʠʤ ʢʨʦʢʦʤ ʚ ʨʦʟʚʠʪʢʫ ʽʜʝʾ ʧʣʦʩʢʦ-ʦʚʘʣʴʥʠʭ ʪʨʫʙ ʟ ʥʝʧʦʚʥʠʤ 

ʦʨʝʙʨʝʥʥʷʤ ʩʪʘʚ ʧʨʦʝʢʪ, ʱʦ ʙʫʜʝ ʜʦʩʣʽʜʞʫʚʘʪʠʩʴ ʚ ʨʘʤʢʘʭ ʜʘʥʦʾ ʨʦʙʦʪʠ ï ʢʦʤʧʦʟʠʮʽʡʥʽ 

ʧʣʦʩʢʦ-ʦʚʘʣʴʥʽ ʪʨʫʙʠ ʟ ʥʝʧʦʚʥʠʤ ʛʦʬʨʦʚʘʥʠʤ ʦʨʝʙʨʝʥʥʷʤ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʦʛʦ ʪʠʧʫ 

ʦʨʝʙʨʝʥʥʷ (ʨʠʩ. 1ʙ) ʜʣʷ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʧʦʚʝʨʭʦʥʴ ʧʦʪʨʝʙʫʻ 

ʜʦʩʣʽʜʞʝʥʴ ʽ ʦʪʨʠʤʘʥʥʷ ʥʘʜʽʡʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʪʝʧʣʦʦʙʤʽʥʫ. ʇʦʩʪʘʻ ʟʘʜʘʯʘ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʧʣʦʦʙʤʽʥʫ ʪʘ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
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ʧʣʦʩʢʦʦʚʘʣʴʥʦʾ ʪʨʫʙʠ ʟ ʥʝʧʦʚʥʠʤ ʛʦʬʨʦʚʘʥʠʤ ʦʨʝʙʨʝʥʥʷʤ. ɼʣʷ ʧʦʧʝʨʝʜʥʴʦʾ ʦʮʽʥʢʠ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʘʥʦʛʦ ʪʠʧʫ ʦʨʝʙʨʝʥʥʷ ʙʫʚ ʦʙʨʘʥʠʡ ʤʝʪʦʜ CFD-ʤʦʜʝʣʶʚʘʥʥʷ. 

ʇʦʩʪʘʚʣʝʥʫ ʟʘʜʘʯʫ ʚʠʨʽʰʫʚʘʣʠ ʚ ʩʪʘʮʽʦʥʘʨʥʽʡ ʧʦʩʪʘʥʦʚʮʽ ʟ ʜʦʪʨʠʤʘʥʥʷʤ ʚʠʤʦʛʠ 

ʜʦʩʷʛʥʝʥʥʷ ʥʝʟʘʣʝʞʥʦʩʪʽ ʨʽʰʝʥʥʽ ʚʽʜ ʱʽʣʴʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ. ɺ ʷʢʦʩʪʽ ʛʨʘʥʠʯʥʠʭ 

ʫʤʦʚ ʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʧʝʨʝʧʘʜ ʪʠʩʢʫ ʯʝʨʝʟ ʪʨʫʙʫ ʟ ʜʦʪʨʠʤʘʥʥʷʤ ʚʠʟʥʘʯʝʥʦʾ ʚ 

ʥʘʣʘʛʦʜʞʫʚʘʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʩʝʨʝʜʥʴʦʚʠʪʨʘʪʥʦʾ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ. ɺʠʟʥʘʯʝʥʦ, ʱʦ 

ʨʝʞʠʤ ʪʝʯʽʾ ʧʦʪʦʢʫ, ʱʦ ʤʘʻ ʤʽʩʮʝ ʧʨʠ ʦʤʠʚʘʥʥʽ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʣʦʩʢʦ-ʦʚʘʣʴʥʠʭ ʪʨʫʙ ʟ 

ʥʝʧʦʚʥʠʤ ʛʦʬʨʦʚʘʥʠʤ ʦʨʝʙʨʝʥʥʷʤ ï ʪʫʨʙʫʣʝʥʪʥʠʡ. ɺ ʷʢʦʩʪʽ ʭʘʨʘʢʪʝʨʥʦʛʦ ʨʦʟʤʽʨʫ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʚʠʟʥʘʯʘʣʠʩʴ ʩʝʨʝʜʥʽ ʯʠʩʣʘ ʅʫʩʝʣʴʪʘ ʪʘ ʈʝʡʥʦʣʴʜʩʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ 

ʛʽʜʨʘʚʣʽʯʥʠʡ ʜʽʘʤʝʪʨ. ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʜʦʚʠʭ ʪʝʥʟʦʨʘ ʥʘʧʨʫʞʝʥʴ ʈʝʡʥʦʣʴʜʩʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʤʦʜʝʣʴ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʄʝʥʪʝʨʘ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʜʦʩʪʘʪʥʴʦ ʪʦʯʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʷʢ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʪʝʯʽʡ ʟ ʚʝʣʠʢʦʶ ʢʨʠʚʠʟʥʦʶ ʣʽʥʽʡ ʪʦʢʫ ʽ ʟʘʢʨʫʯʫʚʘʥʥʷʤ ʪʝʯʽʾ 

ʪʘ ʽ ʪʝʯʽʡ ʙʝʟ ʚʽʜʨʠʚʫ ʧʨʠʤʝʞʦʚʦʛʦ ʰʘʨʫ. ʂʝʨʫʶʯʽ ʨʽʚʥʷʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʪʫʨʙʫʣʝʥʪʥʦʾ ʪʝʯʽʾ, ʱʦ ʤʘʻ ʤʽʩʮʝ ʚ ʮʽʡ ʟʘʜʘʯʽ, ʧʨʠʚʝʜʝʥʽ ʚ ʚʽʜʦʤʠʭ ʧʽʜʨʫʯʥʠʢʘʭ ʟ ʯʠʩʝʣʴʥʠʭ 

ʤʝʪʦʜʽʚ ʚ ʛʽʜʨʦʜʠʥʘʤʽʮʽ.  

ʈʝʟʫʣʴʪʘʪʠ CFD-ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʟʘʣʝʞʥʦʩʪʝʡ Nu = f(Re) ʪʘ 

Eu = f(Re) (ʨʠʩ. 2 ʘ,ʙ). ɼʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʧʣʦʩʢʦ-ʦʚʘʣʴʥʠʭ ʪʨʫʙ ʟ 

ʥʝʧʦʚʥʠʤ ʛʦʬʨʦʚʘʥʠʤ ʦʨʝʙʨʝʥʥʷʤ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦʨʽʚʥʷʥʥʷ ʾʭ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʝʧʣʦʦʙʤʽʥʫ ʽ 

ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ ʟ ʚʽʜʦʤʠʤʠ ʝʤʧʽʨʠʯʥʠʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ ʨʦʟʨʘʭʫʥʢʫ ʛʣʘʜʢʠʭ 

ʮʠʣʽʥʜʨʠʯʥʠʭ ʪʨʫʙ  ̔ʪʨʫʙ ʟ ʩʧʽʨʘʣʴʥʠʤ ʦʨʝʙʨʝʥʥʷʤ [3]. ɿ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʜʥʦ, ʱʦ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʝʧʣʦʚʽʜʜʘʯʽ ʜʦʩʣʽʜʥʠʭ ʧʦʚʝʨʭʦʥʴ ʪʝʧʣʦʦʙʤʽʥʫ ʚʠʱʘ. 

 

  
ʘ)       ʙ) 

ʈʠʩʫʥʦʢ 2 ï ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʝʧʣʦʦʙʤʽʥʫ (ʘ) ʪʘ 

ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ (ʙ) 

 

ʊʘʢʠʡ ʨʝʟʫʣʴʪʘʪ ʤʦʞʝ ʙʫʪʠ ʧʦʷʩʥʝʥʦ ʪʠʤ, ʱʦ ʬʦʨʤʘ ʨʝʙʨʘ ʥʘ ʧʦʚʝʨʭʥʽ ʪʨʫʙʠ ʥʝ 

ʪʽʣʴʢʠ ʩʧʨʠʷʻ ʟʙʽʣʴʰʝʥʥʶ ʧʦʚʝʨʭʥʽ ʦʨʝʙʨʝʥʥʷ, ʘ ʽ ʩʪʚʦʨʶʶʪʴʩʷ ʫʤʦʚʠ ʱʦʜʦ ʟʤʝʥʰʝʥʥʷ 

ʪʦʚʱʠʥʠ ʧʨʠʤʝʞʦʚʦʛʦ ʰʘʨʫ ʽ ʜʦʩʪʫʧʫ ʦʭʦʣʦʜʞʫʶʯʦʛʦ ʧʦʚʽʪʨʷ ʜʦ ʥʘʛʨʽʪʦʾ ʩʪʽʥʢʠ ʪʨʫʙʠ. 
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ɽʌɽʂʊ ʊɽʇʃʆɺʆɻʆ ʂʃʖʏɸ ɺ ɺʀʇɸʈʅʆ-ʂʆʅɼɽʅʉɸʎɯʁʅʀʍ ʉʀʉʊɽʄɸʍ 

ʆʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʧʝʨʝʚʘʛ ʪʝʧʣʦʚʠʭ ʪʨʫʙ ʻ ʾʭ ʚʠʩʦʢʘ ʪʝʧʣʦʚʘ ʧʨʦʚʽʜʥʽʩʪʴ. ʆʜʥʘʢ 

ʜʫʞʝ ʯʘʩʪʦ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʝʛʫʣʶʚʘʪʠ ʮʶ ʧʨʦʚʽʜʥʽʩʪʴ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʟʤʽʥʶʚʘʪʠ 

ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʜʘʥʦʛʦ ʪʨʫʙʦʶ ʪʝʧʣʘ, ʘʙʦ ʧʽʜʪʨʠʤʫʚʘʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʨʽʚʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ 

ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʝʧʣʦʚʽ ʪʨʫʙʠ 

ʟʤʽʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ, ʥʘʡʧʦʰʠʨʝʥʽʰʽ ʢʦʥʩʪʨʫʢʮʽʾ ʷʢʠʭ (ʨʠʩ. 1): ʟ ʥʝʦʜʥʦʨʽʜʥʦʶ ʢʘʧʽʣʷʨʥʦʶ 

ʩʪʨʫʢʪʫʨʦʶ (ʂʉ); ʙʝʟ ʂʉ ʚ ʟʦʥʽ ʪʝʧʣʦʚʽʜʚʦʜʫ; ʟ ʧʘʩʪʢʦʶ ʜʣʷ ʨʽʜʠʥʠ; ʟʽ ʟʙʽʨʥʠʢʦʤ 

ʢʦʥʜʝʥʩʘʪʫ; ʟ ʙʣʦʢʫʚʘʥʥʷʤ ʧʦʚʝʨʭʥʽ ʥʘʛʨʽʚʫ ʨʽʜʠʥʦʶ [1]. ɺʠʛʦʪʦʚʣʝʥʥʷ ʮʠʭ ʪʝʧʣʦʚʠʭ 

ʢʣʶʯʽʚ ʫʩʢʣʘʜʥʝʥʝ ʟʘ ʨʘʭʫʥʦʢ ʥʘʷʚʥʦʩʪʽ ʜʦʜʘʪʢʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʊʦʤʫ 

ʤʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʢʣʶʯʘ ʙʝʟ ʪʘʢʠʭ ʝʣʝʤʝʥʪʽʚ. 

 
ʈʠʩʫʥʦʢ 1 - ʉʭʝʤʠ ʪʝʧʣʦʚʠʭ ʜʽʦʜʽʚ: ʘ) ʟ ʥʝʦʜʥʦʨʽʜʥʦʶ ʢʘʧʽʣʷʨʥʦʶ ʩʪʨʫʢʪʫʨʦʶ; ʙ) ʙʝʟ 

ʢʘʧʽʣʷʨʥʦʾ ʩʪʨʫʢʪʫʨʠ ʚ ʟʦʥʽ ʪʝʧʣʦʚʽʜʚʦʜʫ; ʚ); ʟ ʧʘʩʪʢʦʶ ʜʣʷ ʨʽʜʠʥʠ; ʛ) ʟʽ ʟʙʽʨʥʠʢʦʤ 

ʢʦʥʜʝʥʩʘʪʫ; ʜ) ʟ ʙʣʦʢʫʚʘʥʥʷʤ ʧʦʚʝʨʥʠ ʥʘʛʨʽʚʫ ʨʽʜʠʥʦʶ [1] 

 ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʩʝʨʽʶ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ U 

ʧʦʜʽʙʥʦʾ ʪʝʧʣʦʚʦʾ ʪʨʫʙʠ ʟʤʽʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ, ʨʠʩʫʥʦʢ 2. 

 
ʈʠʩʫʥʦʢ 2 ï ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʪʝʧʣʦʚʦʛʦ ʢʣʶʯʘ. 

ʊʝʧʣʦʚʠʡ ʢʣʶʯ ʧʦʚʠʥʝʥ ʧʨʘʮʶʚʘʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ʇʨʠ ʧʽʜʚʝʜʝʥʽ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʫ ʫ ʟʦʥʽ ʥʘʛʨʽʚʫ, ʨʽʜʠʥʘ ʚʠʧʘʨʦʚʫʻʪʴʩʷ ʽʟ ʢʘʧʽʣʷʨʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʩʪʚʦʨʶʻ 

ʥʘʜʣʠʰʢʦʚʠʡ ʪʠʩʢ. ʎʝʡ ʪʠʩʢ ʧʦʚʠʥʝʥ ʧʨʦʰʪʦʚʭʥʫʪʠ ʨʽʜʠʥʫ ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʟʦʥʽ 

ʪʨʘʥʩʧʦʨʪʫ. ʄʝʪʘʣʦʚʦʣʦʢʥʠʩʪʘ ʩʪʨʫʢʪʫʨʘ ʟʘ ʨʘʭʫʥʦʢ ʢʘʧʽʣʷʨʥʠʭ ʩʠʣ ʧʽʜʢʘʯʫʻ ʥʘʜʣʠʰʦʢ 

ʨʽʜʠʥʠ ʜʦ ʟʦʥʠ ʥʘʛʨʽʚʫ, ʪʠʤ ʩʘʤʠʤ ʟʤʝʥʰʫʶʯʠ ʡʦʛʦ ʢʽʣʴʢʽʩʪʴ ʚ ʟʦʥʽ ʪʨʘʥʩʧʦʨʪʫ. ʋ ʮʴʦʤʫ 
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ʨʘʟʽ ʪʠʩʢ ʧʘʨʠ ʫ ʟʦʥʽ ʥʘʛʨʽʚʫ ʪʝʧʣʦʚʦʾ ʪʨʫʙʠ ʩʪʘʻ ʜʦʩʪʘʪʥʽʤ ʜʣʷ ʧʨʦʰʪʦʚʭʫʚʘʥʥʷ ʨʽʜʠʥʠ, ʷʢʘ 

ʟʘʣʠʰʠʣʘʩʷ ʚ ʟʦʥʽ ʪʨʘʥʩʧʦʨʪʫ. ʇʨʠ ʮʴʦʤʫ ʪʠʩʢ, ʷʢʠʡ ʩʪʚʦʨʝʥʠʡ ʧʘʨʦʶ ʧʦʚʠʥʝʥ 

ʧʝʨʝʚʠʱʫʚʘʪʠ ʢʘʧʽʣʷʨʥʽ, ʚôʷʟʢʦʩʪʽ ʪʘ ʛʨʘʚʽʪʘʮʽʡʥʽ ʩʠʣʠ. ʊʦʜʽ ʨʽʜʠʥʘ ʟ ʟʦʥʠ ʪʨʘʥʩʧʦʨʪʫ 

ʧʨʦʰʪʦʚʭʫʻʪʴʩʷ ʜʦ ʟʦʥʠ ʢʦʥʜʝʥʩʘʮʽʾ ʽ ʪʘʢʠʤ ʯʠʥʦʤ ʪʝʨʤʽʯʥʠʡ ʦʧʽʨ ʪʝʧʣʦʚʦʾ ʪʨʫʙʠ ʨʽʟʢʦ 

ʟʤʝʥʰʫʻʪʴʩʷ. ʇʽʩʣʷ ʮʴʦʛʦ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʟʦʥʽ ʥʘʛʨʽʚʫ ʽ ʪʠʩʢ ʟʤʝʥʰʫʶʪʴʩʷ ʽ ʨʽʜʠʥʘ 

ʧʦʚʝʨʪʘʻʪʴʩʷ ʚ ʟʦʥʫ ʪʨʘʥʩʧʦʨʪʫ. ʇʨʦʮʝʩ, ʱʦ ʦʧʠʩʘʥʠʡ ʚʠʱʝ, ʧʦʚʪʦʨʶʻʪʴʩʷ ʽ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʪʘʢ ʟʚʘʥʽ çʧʫʣʴʩʘʮʽʡʥʽ ʝʬʝʢʪʠè. 

ʉʝʨʽʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʦʢʘʟʘʣʘ, ʱʦ ʜʣʷ ʪʝʧʣʦʚʦʛʦ ʢʣʶʯʘ ʟ ʧʘʨʘʤʝʪʨʘʤʠ: ʧʦʨʠʩʪʽʩʪʴ, 

ʇ 86%,  ʪʘ ʜʽʘʤʝʪʨʦʤ ʪʨʫʙʠ 6 ʤʤ, ʢʘʧʽʣʷʨʥʦʛʦ ʪʠʩʢʫ ʜʣʷ ʧʽʜʢʘʯʢʠ ʨʽʜʠʥʠ ʧʨʦʪʠ ʩʠʣ ʪʷʞʽʥʥʽ 

ʥʝ ʚʠʩʪʘʯʘʻ. ɸʣʝ ʧʨʠ ʟʤʽʥʽ ʢʦʥʬʽʛʫʨʘʮʽʾ ʟ U- ʧʦʜʽʙʥʦʾ ʥʘ ɻ-ʧʦʜʽʙʥʫ, ʜʝ ʟʦʥʠ ʥʘʛʨʽʚʫ ʽ 

ʢʦʥʜʝʥʩʘʮʽʾ ʨʦʟʪʘʰʦʚʘʥʽ ʧʽʜ ʢʫʪʦʤ 90 ʛʨʘʜʫʩʽʚ ʚʽʜʥʦʩʥʦ ʦʜʥʘ ʦʜʥʦʾ, ʧʨʠ ʮʴʦʤʫ ʟʦʥʘ ʥʘʛʨʽʚʫ 

ʨʦʟʪʘʰʦʚʫʚʘʣʘʩʴ ʛʦʨʠʟʦʥʪʘʣʴʥʦ, ʘ ʟʦʥʘ ʢʦʥʜʝʥʩʘʮʽʾ ï ʚʝʨʪʠʢʘʣʴʥʦ. ʊʦʜʽ ʪʨʫʙʘ ʧʨʘʮʶʚʘʣʘ ʚ 

ʷʢʦʩʪʽ ʪʝʧʣʦʚʦʛʦ ʢʣʶʯʘ, ʨʠʩʫʥʦʢ 3,4. 

ʉʧʦʯʘʪʢʫ ʤʘʻʤʦ ʚʝʣʠʢʠʡ ʪʝʨʤʽʯʥʠʡ ʦʧʽʨ. ʇʨʠ ʜʦʩʷʛʘʥʥʽ ʧʝʚʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ 

ʪʠʩʢ ʧʘʨʠ ʚ ʟʦʥʽ ʥʘʛʨʽʚʫ ʟʨʦʩʪʘʻ ʽ ʪʦʜʽ ʫʤʦʚʠ ʜʣʷ ʧʨʦʰʪʦʚʭʫʚʘʥʥʷ ʨʽʜʠʥʠ ʽʟ ʟʦʥʠ ʪʨʘʥʩʧʦʨʪʫ 

ʜʦ ʟʦʥʠ ʢʦʥʜʝʥʩʘʮʽʾ ʧʦʣʽʧʰʫʶʪʴʩʷ. ʈʽʟʥʠʮʷ ʪʝʤʧʝʨʘʪʫʨ ʤʽʞ ʟʦʥʦʶ ʥʘʛʨʽʚʫ ʽ ʢʦʥʜʝʥʩʘʮʽʾ 

ʨʽʟʢʦ ʧʘʜʘʻ ʪʘ ʪʝʨʤʽʯʥʠʡ ʦʧʽʨ ʟʤʝʥʰʫʻʪʴʩʷ (ʨʠʩ. 3). 

 
ʈʠʩʫʥʦʢ 3 ï ɿʘʣʝʞʥʽʩʪʴ ʪʝʨʤʽʯʥʦʛʦ ʦʧʦʨʫ ʫ ʯʘʩʽ ʜʣʷ ʪʝʧʣʦʚʦʛʦ ʢʣʶʯʘ 

 
ʈʠʩʫʥʦʢ 4 ï ɿʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʫ ʯʘʩʽ ʜʣʷ ʪʝʧʣʦʚʦʛʦ ʢʣʶʯʘ 

ʊʘʢʠʤ ʯʠʥʦʤ ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʪʘʢʘ ʢʦʥʩʪʨʫʢʮʽʷ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʚ 

ʘʧʘʨʘʪʘʭ ʜʣʷ ʪʝʨʤʦʩʪʘʙʽʣʽʟʘʮʽʾ ʦʙôʻʢʪʽʚ ʦʭʦʣʦʜʞʝʥʥʷ ʷʢ ʚʠʤʠʢʘʯ ʯʠ ʚʤʠʢʘʯ ʚʽʜʚʦʜʫ 

ʪʝʧʣʦʪʠ. 

 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. ʄ. ʅ. ʀʚʘʥʦʚʩʢʠʡ, ɺ. ʇ. ʉʦʨʦʢʠʥ, ɹ. ɸ. ʏʫʣʢʦʚ, ʀ. ɺ. ʗʛʦʜʢʠʥ, ɺ. ɽ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠ ʦʩʥʦʚʳ ʪʝʧʣʦʚʳʭ ʪʨʫʙ. ʄ.: ɸʪʦʤʠʟʜʘʪ, 1980 ʛ., 256 ʩ. 
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ʉɽʂʎɯʗ ˉ4 

ʊʝʧʣʦʛʽʜʨʘʚʣʽʯʥʽ 

ʧʨʦʮʝʩʠ ʚ ʪʝʧʣʦ- ̔ 

ʧʘʨʦʛʝʥʝʨʫʶʯʠʭ 

ʫʩʪʘʥʦʚʢʘʭ  
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ʋɼʂ 662.9 

ɸʩʧʽʨʘʥʪ ʅʝʜʽʣʴʢʦ ɸ.ɺ. 

ɼʦʮ., ʢ.ʪ.ʥ. ʅʦʚʘʢʽʚʩʴʢʠʡ ɭ.ɺ. 

ɿɸʉʊʆʉʋɺɸʅʅʗ ʂʆʅɼɽʅʉɸʎɯʁʅʀʍ ɽʂʆʅʆʄɸʁɿɽʈɯɺ ʅɸ ɽʅɽʈɻɽʊʀʏʅʀʍ 

ʅɸ ɻɸɿʆɺʀʍ ɽʅɽʈɻɽʊʀʏʅʀʍ ʊɸ ɺʆɼʆɻʈɯʁʅʀʍ ʂʆʊʃɸʍ  

 

ʄʝʪʘ ʪʘ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ: 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ  ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʦʨʛʘʥʽʯʥʽ ʧʘʣʠʚʘ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʜʝʥʩʘʮʽʡʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ɼʣʷ 

ʜʦʩʷʛʥʝʥʥʷ  ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚʠʨʽʰʝʥʥʷ ʥʘʩʪʫʧʥʦʾ ʟʘʜʘʯʽ: 

- ʅʘ ʧʽʜʩʪʘʚʽ ʦʛʣʷʜʫ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʽ ʽʩʥʫʶʯʠʭ ʩʧʦʩʦʙʽʚ ʽ ʟʘʩʦʙʽʚ ʫʪʠʣʽʟʘʮʽʾ 

ʪʝʧʣʘ ʚ ʢʦʥʜʝʥʩʘʮʽʡʥʠʭ ʫʩʪʘʥʦʚʢʘʭ, ʙʫʜʫʪʴ ʚʠʷʚʣʝʥʽ ʥʘʧʨʷʤʢʠ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʾʭ 

ʨʦʙʦʪʠ; 

- ʊʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʪʝʧʣʦʦʙʤʽʥʥʫ ʚ ʢʦʥʜʝʥʩʘʮʽʡʥʦʤʫ ʝʢʦʥʦʤʘʡʟʝʨʽ ʧʨʠ 

ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʘʭ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ; 

- ɹʫʜʫʪʴ ʧʨʦʚʝʜʝʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʧʨʘʮʶʶʯʦʤʫ ʢʦʥʜʝʥʩʘʮʽʡʥʦʤʫ ʝʥʝʨʛʝʪʠʯʥʦʤʫ 

ʦʙʣʘʜʥʘʥʥʽ. 

ʈʝʟʫʣʴʪʘʪ ʣʽʪʝʨʘʪʫʨʥʦʛʦ ʦʛʣʷʜʫ 

ʅʠʟʴʢʦ ʧʦʪʝʥʮʽʡʥʘ ʪʝʧʣʦʪʘ, ʦʪʨʠʤʘʥʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʫʪʠʣʽʟʘʮʽʾ ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʟʘʟʚʠʯʘʡ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ  ʜʣʷ ʥʘʛʨʽʚʫ ʩʠʨʦʾ ʚʦʜʠ ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ ʞʠʚʠʣʴʥʦʾ ʽ ʧʽʜʞʠʚʣʶʚʘʣʴʥʦʾ ʚʦʜʠ 

ʜʣʷ ʢʦʪʣʽʚ ʽ ʪʝʧʣʦʚʠʭ ʤʝʨʝʞ. ʊʘʢʦʞ ʚʦʜʠ ʜʣʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʦʪʨʝʙ ʧʨʦʤʠʩʣʦʚʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ, ʤʝʨʝʞʥʦʾ ʚʦʜʠ ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ ʪʘ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ. ʈʽʜʰʝ ï ʜʣʷ  

ʧʽʜʽʛʨʽʚʫ ʧʦʚʽʪʨʷ ʚ ʦʧʘʣʶʚʘʣʴʥʦ-ʚʝʥʪʠʣʷʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ. [1, 3]. ɼʣʷ ʥʘʛʨʽʚʫ ʭʦʣʦʜʥʦʾ 

ʧʽʜʞʠʚʣʶʚʘʣʴʥʦʾ ʚʦʜʠ ʧʘʨʦʚʠʭ ʢʦʪʣʽʚ ʽ ʩʠʩʪʝʤ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʧʦʪʨʽʙʥʦ ʽʩʪʦʪʥʦ ʙʽʣʴʰʘ 

ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʥʽʞ ʾʾ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʦ ʚ ʧʨʦʮʝʩʽ ʫʪʠʣʽʟʘʮʽʾ [1]. ʊʦʤʫ ʙʽʣʴʰ 

ʧʨʠʚʘʙʣʠʚʦʶ ʻ ʽʜʝʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ ʧʽʜʞʠʚʣʶʚʘʣʴʥʦʾ ʚʦʜʠ ʢʦʥʜʝʥʩʘʪʫ, ʷʢʠʡ 

ʫʪʚʦʨʶʻʪʴʩʷ ʟ ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʷʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ, ʘʣʝ ʜʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ ʟʘʜʽʷʪʠ ʟʥʘʯʥʫ 

ʢʽʣʴʢʽʩʪʴ ʨʝʩʫʨʩʫ, ʪʘʢ ʷʢ ʢʦʥʜʝʥʩʘʪ ʻ ʢʦʨʦʟʽʡʥʦ ʘʢʪʠʚʥʠʤ [2]. ɺʠʢʦʨʠʩʪʘʥʥʷ ʫʪʠʣʽʟʘʮʽʡʥʦʾ 

ʪʝʧʣʦʪʠ ʚ ʩʠʩʪʝʤʘʭ ʦʧʘʣʝʥʥʷ ʦʙʤʝʞʫʻʪʴʩʷ ʧʦʧʝʨʝʜʥʽʤ ʧʽʜʽʛʨʽʚʦʤ ʤʝʨʝʞʥʦʾ ʚʦʜʠ ʧʝʨʝʜ 

ʧʦʜʘʯʝʶ ʾʾ ʚ ʚʦʜʦʛʨʽʡʥʠʡ ʢʦʪʝʣ, ʘ ʪʘʢʦʞ ʧʝʨʽʦʜʠʯʥʽʩʪʶ ʨʦʙʦʪʠ ʪʝʧʣʦʚʠʭ ʤʝʨʝʞ. ʇʨʠ ʮʴʦʤʫ 

ʂʂɼ ʫʪʠʣʽʟʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʧʽʜʚʠʱʫʻʪʴʩʷ ʥʝʟʥʘʯʥʦ (ʥʘ 3 - 6%). ɹʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʻ ʥʘʛʨʽʚ 

ʚʦʜʠ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ 5 - 15 Áʉ ʚ ʩʠʩʪʝʤʘʭ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʘʣʝ ʟʚʦʨʦʪʥʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʜʦʩʷʛʘʻ 20-70 Áʉ. ɼʣʷ ʫʩʫʥʝʥʥʷ ʜʦʙʦʚʦʾ ʧʝʨʽʦʜʠʯʥʦʩʪʽ ʩʧʦʞʠʚʘʥʥʷ ʚʦʜʠ ʜʦʩʠʪʴ 

ʝʬʝʢʪʠʚʥʠʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʘʢʽʚ-ʘʢʫʤʫʣʷʪʦʨʽʚ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʽʜʚʠʱʝʥʥʷ ʂʂɼ ʩʠʩʪʝʤʠ 

ʤʦʞʝ ʩʪʘʥʦʚʠʪʠ 10 - 15%. ɸʣʴʪʝʨʥʘʪʠʚʥʠʤ ʚʘʨʽʘʥʪʦʤ ʻ ʧʽʜʚʠʱʝʥʥʷ ʂʂɼ ʧʘʨʦʚʦʛʦ ʢʦʪʣʘ ʜʦ 

10% ʰʣʷʭʦʤ ʧʽʜʽʛʨʽʚʫ ʩʘʤʝ ʦʨʛʘʥʽʯʥʦ ʪʽʣʘ ʽ ʚʠʨʦʙʣʝʥʥʷ ʙʽʣʴʰ ʮʽʥʥʦʛʦ ʨʝʩʫʨʩʫ ï 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʥʘ ʪʫʨʙʽʥʽ ʟ ʦʨʛʘʥʽʯʥʠʤ ʪʝʧʣʦʥʦʩʽʻʤ. 

ʆʧʠʩ ʨʦʙʦʪʠ ʫʩʪʘʥʦʚʢʠ 

ɸʚʪʦʨʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʘ  ʜʣʷ ʫʪʠʣʽʟʘʮʽʾ ʪʝʧʣʦʪʠ ʚʽʜʭʽʜʥʠʭ ʛʘʟʽʚ 

ʢʦʪʣʘ, ʱʦ  ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʦʥʜʝʥʩʘʮʽʡʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ (ʂʊ), ʪʫʨʙʽʥʠ ʟ ʦʨʛʘʥʽʯʥʠʤ 

ʪʝʧʣʦʥʦʩʽʻʤ, ʞʠʚʠʣʴʥʠʤ ʥʘʩʦʩʦʤ, ʢʦʥʜʝʥʩʘʪʦʨʦʤ ʪʘ ʧʘʨʦʧʝʨʝʛʨʽʚʘʯʝʤ. ɼʘʥʘ ʫʩʪʘʥʦʚʢʘ 

ʨʦʟʨʘʭʦʚʘʥʘ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʘ ʂʠʾʚʩʴʢʽʡ ʊɽʎ-5, ʙʣʦʢʫ ˉ1 ʧʦʪʫʞʥʽʩʪʶ 100 ʄɺʪ. ʂʊ 

ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʟʘ ʨʝʛʝʥʝʨʘʪʠʚʥʠʤʠ ʧʦʚʽʪʨʷ-ʧʽʜʽʛʨʽʚʘʯʘʤʠ (ʨʠʩʫʥʦʢ 1) ʪʘ ʧʝʨʝʜ ʜʠʤʦʩʦʩʦʤ. 

ɺʽʥ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʧʽʜʽʛʨʽʚʫ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʩʠʯʝʥʥʷ [4]. ɺ ʷʢʦʩʪʽ 

ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʙʫʣʦ ʦʙʨʘʥʦ ʘʤʽʘʢ, ʷʢʠʡ ʤʘʻ ʚʠʩʦʢʫ ʪʝʧʣʦʪʫ ʧʘʨʦʫʪʚʦʨʝʥʥʷ, ʥʫʣʴʦʚʠʡ 

ʧʦʪʝʥʮʽʘʣ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʽʥʥʷ, ʘ ʪʘʢʦʞ ʥʠʟʴʢʫ ʚʘʨʪʽʩʪʴ [5]. ʎʠʢʣ ʨʦʙʦʪʠ ʨʦʙʦʯʦʛʦ ʪʽʣʘ 

ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩʫʥʢʫ 2. ʇʘʨʘʤʝʪʨʠ ʚ ʢʣʶʯʦʚʠʭ ʪʦʯʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ. 
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ʈʠʩʫʥʦʢ 1 - ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʢʦʥʜʝʥʩʘʮʽʡʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʟ 

ʪʫʨʙʽʥʦʶ ʥʘ ʦʨʛʘʥʽʯʥʦʤʫ ʮʠʢʣʽ. 

1- ʢʦʪʝʣ, 2- ʨʝʛʝʥʝʨʘʪʠʚʥʠʡ ʧʦʚʽʪʨʷ 

ʧʽʜʽʛʨʽʚʘʯ, 3-ʂʊ, 4- ʜʠʤʦʩʦʩ, 5- ʜʠʤʦʚʘ 

ʪʨʫʙʘ, 6- ʧʘʨʦʚʠʡ ʪʝʧʣʦʦʙʤʽʥʥʠʢ, 7- 

ʪʫʨʙʽʥʘ, 8- ʛʝʥʝʨʘʪʦʨ, 9- ʢʦʥʜʝʥʩʘʪʦʨ, 

10- ʥʘʩʦʩ, 11- ʪʝʧʣʦʛʝʥʝʨʘʪʦʨ 

 

ʈʠʩʫʥʦʢ 2 ï ʎʠʢʣ ʨʦʙʦʪʠ ʘʤʽʘʢʫ ʥʘ ʊS ʜʽʘʛʨʘʤʽ 

1-2-ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ʥʘʩʦʩʦʤ, 2-3- ʥʘʛʨʽʚʘʥʥʷ ʚ 

ʂʊ, 3-4 ʢʠʧʽʥʥʷ ʨʦʙʦʯʦʛʦ ʪʽʣʘ , 4-5- ʧʝʨʝʛʨʽʚʘʥʥʷ 

ʨʦʙʦʯʦʛʦ ʪʽʣʘ, 5-6-ʨʦʟʰʠʨʝʥʥʷ ʧʘʨʠ ʚ ʪʫʨʙʽʥʽ, 6-

1- ʢʦʥʜʝʥʩʘʮʽʷ ʨʦʙʦʯʦʛʦ ʪʽʣʘ 

ɼʘʥʘ ʫʩʪʘʥʦʚʢʘ ʜʦʟʚʦʣʷʻ ʚʠʨʦʙʣʷʪʠ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʦʪʣʘ (ʧʘʨʦʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʢʦʪʣʘ 240 - 480 ʪ/ʛ) ʚʽʜ 177 ʢɺʪ ʜʦ 398 ʢɺʪ. 

ʊʝʧʣʦʚʘ ʧʦʪʫʞʥʽʩʪʴ ʂʊ ʩʪʘʥʦʚʠʪʴ ʚʽʜ 14 ʄɺʪ ʜʦ 32 ʄɺʪ. ʊʝʧʣʦʚʘ ʧʦʪʫʞʥʽʩʪʴ 

ʧʘʨʦʧʝʨʝʛʨʽʚʥʠʢʘ ʩʪʘʥʦʚʠʪʴ ʚʽʜ 2,5 ʄɺʪ ʜʦ 5,5 ʄɺʪ, ʢʦʥʜʝʥʩʘʪʦʨʫ ʚʽʜ 15,3 ʄɺʪ ʜʦ 34,5 

ʄɺʪ. ɺ ʷʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʪʨʫʙ ʜʣʷ ʂʊ ʙʫʚ ʦʙʨʘʥʠʡ ʙʽʤʝʪʘʣ. ʏʝʨʝʟ ʚʠʩʦʢʫ ʢʦʨʦʟʽʡʥʫ 

ʘʢʪʠʚʥʽʩʪʴ ʢʦʥʜʝʥʩʘʪʫ ʧʦʚʝʨʭʥʷ ʪʨʫʙʠ ʚʠʢʦʥʘʥʘ ʽʟ ʤʘʪʝʨʽʘʣʫ ʩʪʘʣʴ 20. ɿʘʜʣʷ ʟʙʽʣʴʰʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʫ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʧʦʚʝʨʭʥʷ ʪʨʫʙʠ ʦʨʝʙʨʝʥʘ, ʘ ʟʽ ʩʪʦʨʦʥʠ ʨʦʙʦʯʦʛʦ ʪʽʣʘ 

ʧʦʚʝʨʭʥʷ ʚʠʢʦʥʘʥʘ ʽʟ ʘʣʶʤʽʥʽʶ.    ʆʩʥʦʚʥʠʤ ʦʙʤʝʞʝʥʥʷʤ ʛʣʠʙʦʢʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʜʠʤʦʚʠʭ 

ʛʘʟʽʚ ʻ ʢʦʥʜʝʥʩʘʮʽʷ ʚʦʜʷʥʦʾ ʧʘʨʠ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʫ ʧʨʦʜʫʢʪʘʭ ʟʛʦʨʘʥʥʷ ʥʘ ʛʘʟʦʭʦʜʘʭ, 

ʜʠʤʦʩʦʩʘʭ ʪʘ ʜʠʤʦʚʽʡ ʪʨʫʙʽ, ʪʦʤʫ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʠʭʦʜʽ ʟ ʂʊ ʟʘʚʠʱʝʥʘ, ʪʘʢʦʞ ʚ 

ʨʦʟʨʘʭʫʥʢʘʭ ʚʨʘʭʦʚʘʥʦ ʧʽʜʤʽʰʫʚʘʥʥʷ ʛʘʨʷʯʠʭ ʜʠʤʦʚʠʭ ʛʘʟʽʚ.  
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ɸʩʧʽʨʘʥʪ ʈʷʙʮʫʥ ʈ.ʉ. 

ʉʪ. ʚʠʢʣ., ʢ.ʪ.ʥ. ɺʦʨʦʙʡʦʚ ʄ.ɺ. 

 

ɽʅɽʈɻʆʊɽʍʅʆʃʆɻɯʏʅɯ ʆʉʆɹʃʀɺʆʉʊɯ ɺʀʂʆʈʀʉʊɸʅʅʗ ɺʆɼʅɽɺʀʍ 

ʊɽʍʅʆʃʆɻɯʁ ɺ ʇʈʆʄʀʉʃʆɺʆʉʊɯ ɯ ʂʆʄʋʅɸʃʔʅʆ-ʇʆɹʋʊʆɺʆʄʋ ʉɽʂʊʆʈɯ 

ʄʝʪʘ ʨʦʙʦʪʠ: ʚʠʚʯʝʥʥʷ ʧʨʦʮʝʩʽʚ ʷʢʽ ʧʨʦʪʽʢʘʶʪʴ ʝʥʝʨʛʝʪʠʯʥʠʭ ʫʩʪʘʥʦʚʢʘʭ ʧʨʠ 

ʜʦʜʘʚʘʥʥʽ ʚʦʜʥʶ ʚ ʪʝʭʥʦʣʦʛʽʯʥʝ ʧʘʣʠʚʦ ʟ ʤʝʪʦʶ ʦʧʪʠʤʽʟʘʮʽʾ ʾʭ ʝʥʨʛʦʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ. 

 

ɿʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʴ: 

- ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʽʥʝʪʠʢʠ ʛʦʨʽʥʥʷ ʧʘʣʠʚ ʟ ʜʦʜʘʚʘʥʥʷʤ ʚʦʜʥʶ; 

- ʚʠʟʥʘʯʝʥʥʷ ʛʨʘʥʠʯʥʦ-ʤʦʞʣʠʚʦʛʦ ʚʤʽʩʪʫ ʜʦʜʘʚʘʥʥʷ ʚʦʜʥʶ ʚ ʧʘʣʠʚʦ; 

- ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʦʪʝʭʥʦʣʛʽʯʥʠʭ ʪʘ ʝʢʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʭʥʦʣʦʛʽʯʥʠʭ  

ʫʩʪʘʥʦʚʦʢ ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ ʟʙʘʛʘʯʝʥʠʭ ʚʦʜʥʝʤ ʧʘʣʠʚ;  

 

ɺʽʜʦʤʦ, ʱʦ ʚʦʜʝʥʴ ï ʥʘʡʣʝʛʰʠʡ, ʤʦʣʝʢʫʣʷʨʥʦ- ʥʘʡʧʨʦʩʪʽʰʠʡ ʪʘ ʥʘʡʧʦʰʠʨʝʥʽʰʠʡ 

ʝʣʝʤʝʥʪ ʫ ɺʩʝʩʚʽʪʽ, ʘ ʚʦʜʘ, ʷʢʘ ʻ ʜʞʝʨʝʣʦʤ ʞʠʪʪʷ ʥʘ ɿʝʤʣʽ, ʥʘ 11 % ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʦʜʥʶ. 

ʊʘʢʦʞ ʚʦʜʝʥʴ ʤʘʻ ʦʜʥʫ ʟ ʥʘʡʚʠʱʠʭ ʪʝʤʧʝʨʘʪʫʨ ʛʦʨʽʥʥʷ ʩʝʨʝʜ ʛʦʨʶʯʠʭ ʛʘʟʽʚ ʪʘ 

ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʥʘʜʟʚʠʯʘʡʥʦ-ʚʠʩʦʢʦʶ ʨʝʘʢʮʽʡʥʽʩʪʶ (ʰʚʠʜʢʽʩʪʶ ʛʦʨʽʥʥʷ). ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʚʦʜʥʶ, ʷʢ ʧʘʣʠʚʘ, ʚʽʜʩʫʪʥʽ ʚʠʢʠʜʠ ʚʫʛʣʝʢʠʩʣʦʪʠ (ʉʆ2), ʘ ʮʝ ʚ ʩʚʦʶ ʯʝʨʛʫ ʥʽʚʝʣʶʻ 

ʧʘʨʥʠʢʦʚʠʡ ʝʬʝʢʪ ʥʘ ɿʝʤʣʽ. 

ɺ ʨʦʟʚʠʥʫʪʠʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ ʘʢʪʠʚʥʦ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʪʝʭʥʦʣʦʛʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʥʶ 

ʷʢ ʤʦʪʦʨʥʦʛʦ ʧʘʣʠʚʘ, ʪʘ ʷʢ ʧʘʣʠʚʘ ʚ ʝʥʝʨʛʝʪʠʮʽ ʽ ʢʦʤʫʥʘʣʴʥʦ-ʧʦʙʫʪʦʚʦʤʫ ʩʝʢʪʦʨʽ. ʈʘʥʽʰʝ 

ʚʦʜʝʥʴ ʤʘʡʞʝ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʷʢ ʧʘʣʠʚʦ, ʦʩʢʽʣʴʢʠ ʚ ʯʠʩʪʦʤʫ ʚʠʛʣʷʜʽ ʥʘ ɿʝʤʣʽ ʚʽʥ 

ʤʘʡʞʝ ʥʝ ʟʫʩʪʨʽʯʘʻʪʴʩʷ, ʘ ʟʘʪʨʘʪʠ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʧʨʠ ʝʣʝʢʪʨʦʣʽʟʽ ʚʦʜʠ ʜʣʷ ʡʦʛʦ 

ʦʜʝʨʞʘʥʥʷ ʙʫʣʠ ʩʧʽʚʨʦʟʤʽʨʥʽ ʟ ʦʪʨʠʤʘʥʦʶ ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ ʚʦʜʥʶ ʝʥʝʨʛʽʻʶ. ʅʘ 

ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚʞʝ ʩʪʚʦʨʝʥʽ ʤʝʪʦʜʠ ʦʜʝʨʞʘʥʥʷ çʜʝʰʝʚʦʛʦè ʚʦʜʥʶ ʟʘ ʨʘʭʫʥʦʢ 

ʤʝʤʙʨʘʥʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʱʦ ʽ ʜʘʣʦ ʧʦʰʪʦʚʭ ʜʦ ʨʦʟʚʠʪʢʫ ʩʚʽʪʦʚʦʾ ʚʦʜʥʝʚʦʾ ʝʥʝʨʛʝʪʠʢʠ. 

ɺ ʻʚʨʦʧʝʡʩʴʢʠʭ ʢʨʘʾʥʘʭ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʥʶ ʷʢ ʢʦʤʧʦʥʝʥʪʘ, ʱʦ ʜʦʜʘʻʪʴʩʷ  

ʜʦ ʦʨʛʘʥʽʯʥʦʛʦ ʧʘʣʠʚʘ, ʥʘʩʘʤʧʝʨʝʜ ï ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ, ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ 

ʘʪʤʦʩʬʝʨʠ ʪʘ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʥʘ ʛʣʦʙʘʣʴʥʽ ʢʣʽʤʘʪʠʯʥʽ ʟʤʽʥʠ ʰʣʷʭʦʤ ʩʢʦʨʦʯʝʥʥʷ ʚʠʢʠʜʽʚ 

ʉʆ2 ʟ ʧʨʦʜʫʢʪʘʤʠ ʟʛʦʨʷʥʥʷ. ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ ʅ2 ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʩʘʤʝ ʷʢ çʟʝʣʝʥʠʡ ʚʦʜʝʥʴè, 

ʷʢʠʡ ʦʜʝʨʞʫʶʪʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ çʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʦʾè ʝʥʝʨʛʽʾ (ʩʦʥʷʯʥʦʾ, ʚʽʪʨʷʥʦʾ).  

ʅʘʨʘʟʽ ʚ ʩʚʽʪʽ ʚʽʜʦʤʦ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 2 ʧʨʠʥʮʠʧʦʚʦ  ʨʽʟʥʽ ʪʠʧʠ ʪʝʭʥʦʣʦʛʽʡ 

ʦʜʝʨʞʘʥʥʷ ʤʝʪʘʥʦ-ʚʦʜʥʝʚʠʭ ʩʫʤʽʰʝʡ:  

- ʧʘʣʠʚʦ ʦʪʨʠʤʫʶʪʴ ʰʣʷʭʦʤ  ʟʤʽʰʫʚʘʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʟ ʚʦʜʥʝʤ, ʱʦ ʚʠʨʦʙʣʷʻʪʴʩʷ 

ʝʣʝʢʪʨʦʣʽʟʦʤ ʚʦʜʠ; 

- ʪʝʭʥʦʣʦʛʽʷ ɸʂʄ (ʘʜʽʘʙʘʪʠʯʥʘ ʢʦʥʚʝʨʩʽʷ ʤʝʪʘʥʫ), ʱʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʙʝʟ ʩʪʦʨʦʥʥʽʭ  

ʝʥʝʨʛʦʥʦʩʽʾʚ; ʩʠʨʦʚʠʥʘ ʧʨʠ ʮʴʦʤʫ ï ʧʨʠʨʦʜʥʠʡ ʛʘʟ, ʝʥʝʨʛʦʥʦʩʽʡ ï ʧʨʦʜʫʢʪʠ ʟʛʦʨʷʥʥʷ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ.   

ʆʮʽʥʶʻʪʴʩʷ, ʱʦ ʚʘʨʪʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ 1 ʢɺʪ ï ʛʦʜʠʥʠ ʝʥʝʨʛʽʾ ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ ʚʦʜʥʶ 

ʚ ʤʽʩʮʽ ʚʠʨʦʙʥʠʮʪʚʘ ʅ2  ʩʢʣʘʜʘʻ 0,1 ɭʚʨʦ,  ʚ ʪʦʡ ʞʝ ʯʘʩ ʚʘʨʪʽʩʪʴ 1 ʢɺʪ ï ʛʦʜʠʥʠ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʋʢʨʘʾʥʽ ʩʢʣʘʜʘʻ 1,68 ʛʨʥ (0,05 ɭʚʨʦ), ʪʦʙʪʦ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ 

ʚʠʨʦʙʥʠʮʪʚʦ ʚʦʜʥʶ ʻ ʥʝʨʝʥʪʘʙʝʣʴʥʠʤ, ʧʨʦʪʝ ʚ ʤʘʡʙʫʪʥʴʦʤʫ ʧʨʠ ʟʜʝʰʝʚʣʝʥʥʽ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʩʠʪʫʘʮʽʷ ʤʦʞʝ ʟʤʽʥʠʪʠʩʷ.  

ɼʣʷ ʦʙʽʛʨʽʚʫ ʧʨʠʤʽʱʝʥʴ çʟʝʣʝʥʠʤè  ʚʦʜʥʝʤ ʧʦʪʨʽʙʥʦ ʚ 5 ʨʘʟʽʚ ʙʽʣʴʰʝ ʝʥʝʨʛʽʾ ʚʽʪʨʫ 

ʪʘ/ʘʙʦ ʩʦʥʮʷ ʥʽʞ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʬʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ ʜʣʷ ʧʦʪʨʝʙ ʪʝʧʣʦ ʘʙʦ 

ʝʣʝʢʪʨʠʬʽʢʘʮʽʾ. ʏʝʨʝʟ ʤʘʣʫ ʛʫʩʪʠʥʫ ʚʦʜʥʶ ʡʦʛʦ ʦʙ'ʻʤʥʘ ʯʘʩʪʠʥʘ ʚ ʩʪʝʭʽʦʤʝʪʨʠʯʥʽʡ ʩʫʤʽʰʽ 
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ʟ ʧʦʚʽʪʨʷʤ ʩʪʘʥʦʚʠʪʴ 29,6% (ʜʣʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ - 9%),  ʪʦʤʫ ʪʝʧʣʦʪʘ ʟʛʦʨʷʥʥʷ 

ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʾ ʩʫʤʽʰʽ ʚʦʜʥʶ ʟ ʧʦʚʽʪʨʷʤ ʥʘ 6% ʤʝʥʰʝ ʪʝʧʣʦʪʠ ʟʛʦʨʘʥʥʷ ʩʫʤʽʰʽ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ. 

ʇʽʜʪʨʠʤʢʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʪʘʨʠʭ ʛʘʟʦʚʠʭ ʤʘʛʽʩʪʨʘʣʝʡ ʧʦʪʨʝʙʫʻ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʽ ʻ 

ʩʫʤʥʽʚʥʦʶ ʯʝʨʝʟ ʚʦʜʥʝʚʝ ʦʭʨʫʧʯʫʚʘʥʥʷ ʟʚʘʨʥʠʭ ʰʚʽʚ. 

ɺ ʷʢʦʩʪʽ ʤʽʨʠ ʛʦʨʶʯʠʭ ʪʘ ʚʠʙʫʭʦʚʠʭ (ʜʝʪʦʥʘʮʽʡʥʠʭ) ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʥʪʨʦʣʴʥʦʾ ʧʘʣʠʚʦ-

ʦʢʠʩʣʶʚʘʣʴʥʦʾ ʩʫʤʽʰʽ ʥʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ ʪʝʦʨʽʾ ʛʦʨʽʥʥʷ ʪʘ ʚʠʙʫʭʫ ʤʦʞʝ 

ʨʦʟʛʣʷʜʘʪʠʩʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʛʦʨʶʯʠʭ ʛʘʟʽʚ ï ʰʚʠʜʢʽʩʪʴ ʣʘʤʽʥʘʨʥʦʛʦ 

ʛʦʨʽʥʥʷ, ʷʢʘ ʱʝ ʧʦʰʠʨʝʥʘ ʧʽʜ ʥʘʟʚʦʶ çʰʚʠʜʢʽʩʪʴ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʧʦʣʫʤôʷè.  

ɺ ʨʦʙʦʪʽ ɯʩʝʨʣʽʥʘ ɸ.ʉ. [1] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʠʥʮʠʧ ʘʜʠʪʠʚʥʦʩʪʽ ʚʠʟʥʘʯʘʪʠ 

ʥʦʨʤʘʣʴʥʫ ʰʚʠʜʢʽʩʪʴ ʧʦʰʠʨʝʥʥʷ ʧʦʣʫʤ'ʷ ʧʨʠ ʛʦʨʽʥʥʽ ʩʫʤʽʰʝʡ ʛʘʟʽʚ ʟ ʧʦʚʽʪʨʷʤ: 

                                 (1) 

 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʽʜʦʤʽ ʣʽʪʝʨʘʪʫʨʥʽ ʜʘʥʽ ʟ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʛʦʨʽʥʥʷ 

ʦʢʨʝʤʠʭ ʛʘʟʦʚʠʭ ʧʘʣʠʚ ʉʧʝʡʰʝʨ ɺ.ɸ. [2] ʪʘ ʨʽʚʥʷʥʥʷ (1) ʦʪʨʠʤʘʥʦ  ʟʘʣʝʞʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ 

ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʧʦʣʫʤôʷ ʜʣʷ ʤʝʪʘʥʦ-ʚʦʜʥʝʚʭ ʩʫʤʽʰʝʡ (ʨʠʩ.1).  

 

 
ʈʠʩʫʥʦʢ - ɿʘʣʝʞʥʽʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʣʘʤʽʥʘʨʥʦʛʦ ʛʦʨʽʥʥʷ  ʤʝʪʘʥʦ-ʚʦʜʥʝʚʦʾ 

ʩʫʤʽʰʽ ʚ ʫʤʦʚʘʭ ʛʦʨʽʥʥʷ ʛʘʟʫ ʚ ʧʦʚʽʪʨʽ ʚʽʜ ʚʤʽʩʪʫ [H2] ʚ ʛʘʟʽ 

 

ʈʦʟʛʣʷʜ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʜʘʥʠʭ ʜʝʤʦʥʩʪʨʫʻ ʜʦʩʠʪʴ ʧʦʚʽʣʴʥʝ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ 

ʛʦʨʽʥʥʷ ʚʽʜ ʚʤʽʩʪʫ ʚʦʜʥʶ ʚ ʩʫʤʽʰʝʚʦʤʫ ʛʘʟʽ ʚ ʜʽʘʧʘʟʦʥʽ ʢʦʥʮʝʥʪʨʘʮʽʡ [ʅ2] ʚʽʜ 0% ʜʦ 50% 

(ʦʙ.) ʟ ʥʘʩʪʫʧʥʠʤ ʨʽʟʢʠʤ ʟʨʦʩʪʘʥʥʷʤ, ʱʦ ʜʘʻ ʚʠʩʥʦʚʦʢ ʧʨʦ ʜʦʧʫʩʪʠʤʝ ʟʥʘʯʝʥʥʷ ʚʦʜʥʶ ʚ 

ʩʫʤʽʰʽ ʟ ʧʨʠʨʦʜʥʽʤ ʛʘʟʦʤ ʚ 50 %. 

 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. ʀʩʩʝʨʣʠʥ ɸ.ʉ. ʆʩʥʦʚʳ ʩʞʠʛʘʥʠʷ ʛʘʟʦʚʦʛʦ ʪʦʧʣʠʚʘ/ ɸ.ʉ.ʀʩʩʝʨʣʠʥ.-ʄ.: ʅʝʜʨʘ, -1980. ï 

271 ʩ. 

2. ʉʧʝʡʰʝʨ ɺ.ɸ. ʉʞʠʛʘʥʠʝ ʛʘʟʘ ʥʘ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ ʠ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ2-ʝ ʠʟʜ., ð ʄ.: 

ʕʥʝʨʛʠʷ, 1967. ð 253 ʩ.: ʠʣ. 
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ʋɼʂ 662.73 

ʉʪʫʜʝʥʪ 3 ʢʫʨʩʫ, ʛʨ. ʊʂ-ʧ81 ɹʫʪʦʢ ʆ.ɺ. 

ɼʦʮ., ʢ.ʪ.ʥ. ʅʦʚʘʢʽʚʩʴʢʠʡ ɭ.ɺ. 

ʆʈɽɹʈɽʅʅʗ ʇɸʈʆʇɽʈɽɻʈɯɺɸʏɸ 

ʆʩʥʦʚʥʝ ʦʙʣʘʜʥʘʥʥʷ ʙʘʛʘʪʴʦʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʤʦʨʘʣʴʥʦ ʽ ʬʽʟʠʯʥʦ ʟʘʩʪʘʨʽʣʦ, 

ʟʥʠʟʠʣʘʩʴ ʥʘʜʽʡʥʽʩʪʴ ʡʦʛʦ ʨʦʙʦʪʠ, ʟʙʽʣʴʰʠʣʠʩʷ ʚʠʪʨʘʪʠ ʥʘ ʨʝʤʦʥʪʠ. ʋʩʪʘʪʢʫʚʘʥʥʷ ʪʝʧʣʦʚʠʭ 

ʝʣʝʢʪʨʠʯʥʠʭ ʩʪʘʥʮʽʡ ʧʝʨʝʩʪʘʻ ʟʘʜʦʚʦʣʴʥʷʪʠ ʟʨʦʩʪʘʶʯʠʤ ʝʢʦʣʦʛʽʯʥʠʤ ʚʠʤʦʛʘʤ, ʧʦʪʨʽʙʥʦ 

ʚʩʝ ʙʽʣʴʰʝ ʢʦʰʪʽʚ ʥʘ ʟʘʭʠʩʪ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʽʜ ʰʢʽʜʣʠʚʠʭ ʚʠʢʠʜʽʚ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ. ʅʘʟʨʽʚʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʚʝʜʝʥʥʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʽʣʴʰʦʾ ʯʘʩʪʠʥʠ 

ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʟʘʤʽʥʠ ʡʦʛʦ ʥʦʚʠʤ, ʙʽʣʴʰ ʝʢʦʥʦʤʽʯʥʠʤ, ʤʦʜʝʨʥʽʟʫʚʘʪʠ ʜʽʶʯʽ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ. ʇʨʠ ʚʠʨʽʰʝʥʥʽ ʮʠʭ ʟʘʚʜʘʥʴ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʥʘʩʪʫʧʥʽ ʟʤʽʥʠ ʚ 

ʧʘʣʠʚʦʧʦʩʪʘʯʘʥʥʷ ʽ ʚʘʨʪʦʩʪʽ ʝʥʝʨʛʦʦʙʣʘʜʥʘʥʥʷ: ʛʘʟʦʤʘʟʫʪʥʽ ʙʣʦʢʠ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʙʫʜʫʪʴ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠʩʷ ʛʘʟʦʤ, ʦʩʢʽʣʴʢʠ ʧʦʩʪʘʚʢʠ ʤʘʟʫʪʫ ʚ ʝʥʝʨʛʝʪʠʢʫ ʟʥʘʯʥʦ ʩʢʦʨʦʯʫʶʪʴʩʷ. 

ɺʽʜʦʤʦ, ʱʦ ʢʦʰʪʽʚ ʜʣʷ ʟʥʘʯʥʦʛʦ ʚʚʝʜʝʥʥʷ ʥʦʚʠʭ ʧʦʪʫʞʥʦʩʪʝʡ, ʟʘʨʘʟ ʚ ʢʨʘʾʥʽ ʥʝʤʘʻ. ʋ ʮʠʭ 

ʫʤʦʚʘʭ ʜʫʞʝ ʚʠʧʨʘʚʜʘʥʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʘʣʦʚʠʪʨʘʪʥʦʶ ʤʦʜʝʨʥʽʟʘʮʽʾ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʙʘʟʽ 

ʙʣʦʢʽʚ ʧʽʜʚʠʱʝʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ (ɹʇɽ). ɺ ʷʢʦʩʪʽ ʪʘʢʠʭ ʝʥʝʨʛʦʙʣʦʢʽʚ ʨʦʟʛʣʷʜʘʻʪʴʩʷ 

ʝʥʝʨʛʦʙʣʦʢ, ʜʦ ʩʢʣʘʜʫ ʷʢʦʛʦ ʚʭʦʜʠʪʴ ʢʦʪʝʣ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʦʨʝʙʨʝʥʠʭ ʧʦʚʝʨʭʦʥʴ ʥʘʛʨʽʚʫ 

[1ï3]. 

ʍʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʧʦʪʫʞʥʠʭ ʝʥʝʨʛʦʙʣʦʢʽʚ ʟ ʧʨʦʤʽʞʥʠʤ ʧʝʨʝʛʨʽʚʦʤ ʻ 

ʥʠʟʴʢʠʡ ʛʽʜʨʘʚʣʽʯʥʠʡ ʦʧʽʨ ʚ ʦʙʣʘʩʪʽ ʧʨʦʤʽʞʥʦʛʦ ʧʘʨʦʧʝʨʝʛʨʽʚʘʯʘ. ʎʝ ʦʙʤʝʞʫʻ ʤʘʩʦʚʫ 

ʰʚʠʜʢʽʩʪʴ ʧʘʨʘ ʧʨʠ ʚʝʣʠʢʦʤʫ ʡʦʛʦ ʦʙʩʷʟʽ, ʽ ʚʠʤʘʛʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʨʫʙ ʚʝʣʠʢʦʛʦ ʜʽʘʤʝʪʨʫ, 

ʱʦ ʟʥʠʞʫʻ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʩʪʽʥʮʽ. ʅʠʟʴʢʽ ʟʥʘʯʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʽʜʜʘʯʽ Ŭ2 ʧʨʠ ʽʥʪʝʥʩʠʚʥʦʤʫ ʟʦʚʥʽʰʥʴʦʤʫ ʦʙʽʛʨʽʚʽ ʧʦʚʝʨʭʥʽ 

ʧʘʨʦʧʝʨʝʛʨʽʚʘʯʘ, ʦʩʦʙʣʠʚʦ ʫ ʚʠʭʽʜʥʠʡ ʡʦʛʦ ʯʘʩʪʠʥʠ, ʚʠʢʣʠʢʘʻ ʟʙʽʣʴʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʩʪʽʥʢʠ ʪʨʫʙʠ. ɿʤʝʥʰʠʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʩʪʽʥʢʠ ʪʘʢʦʛʦ ʧʘʨʦʧʝʨʝʛʨʽʚʘʯʘ ʤʦʞʥʘ, ʨʦʟʪʘʰʫʚʘʚʰʠ 

ʡʦʛʦ ʚ ʟʦʥʽ ʧʦʤʽʨʥʦʛʦ ʦʙʽʛʨʽʚʫ, ʘʣʝ ʮʝ ʩʧʨʦʚʦʢʫʻ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʥʘʧʦʨʫ ʽ 

ʟʥʘʯʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʡʦʛʦ ʧʦʚʝʨʭʥʽ ʥʘʛʨʽʚʘʥʥʷ. ɯʥʪʝʥʩʠʬʽʢʫʚʘʪʠ ʚʥʫʪʨʽʰʥʽʡ ʪʝʧʣʦʦʙʤʽʥ 

ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʨʫʙ ʟ ʨʽʟʥʠʤʠ ʢʦʥʩʪʨʫʢʮʽʷʤʠ ʦʨʝʙʨʝʥʥʷ: ʟʦʚʥʽʰʥʻ ʧʣʘʚʥʠʢʦʚʽ ʨʝʙʨʘ; 

ʟʦʚʥʽʰʥʻ ʧʦʧʝʨʝʯʥʦ ʢʽʣʴʮʝʚʝ ʨʝʙʨʘ ʽ ʚʥʫʪʨʽʰʥʻ ʧʦʟʜʦʚʞʥʻ ʨʝʙʨʘʤʠ (ʨʠʩ. 1). 

ʅʘʡʙʽʣʴʰ ʝʢʦʥʦʤʽʯʥʦʶ ʜʣʷ ʧʘʨʦʧʝʨʝʛʨʽʚʘʯʘ ʻ ʢʦʥʩʪʨʫʢʮʽʷ ʟ ʚʥʫʪʨʽʰʥʽʤ ʧʦʟʜʦʚʞʥʽʤ 

ʦʨʝʙʨʝʥʥʷʤ (ʨʠʩ. 1, ʚ). ʊʘʢʘ ʢʦʥʩʪʨʫʢʮʽʷ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʠʡ ʚʽʜʚʝʜʝʥʥʷ ʪʝʧʣʦʪʠ ʜʦ ʧʘʨʫ 

ʽ ʟʤʝʥʰʫʻ ʪʝʤʧʝʨʘʪʫʨʫ ʩʪʽʥʢʠ. 

ʇʨʠ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʨʝʞʠʤʽ ʩʪʚʦʨʶʻʪʴʩʷ ʪʝʨʤʦʩʪʽʡʢʠʡ ʰʘʨ. ʎʝʡ ʰʘʨ 

ʧʦʚʝʨʭʥʽ ʧʦʢʨʠʚʘʶʪʴʩʷ ʦʢʠʩʦʤ ʤʘʛʥʽʶ. ʇʽʩʣʷ ʚʽʜʧʘʣʫ ʚʦʥʠ ʦʪʨʠʤʫʶʪʴ: ʟʙʽʣʴʰʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʽ; ʚʠʩʦʢʫ ʦʧʽʨʥʽʩʪʴ ʜʦ ʢʦʨʦʟʽʾ; ʪʨʠʚʘʣʠʡ ʪʝʨʤʽʥ ʩʣʫʞʙʠ; 

ʧʽʜʚʠʱʝʥʫ ʩʪʽʡʢʽʩʪʴ ʜʦ ʧʝʨʝʧʘʜʫ ʪʝʤʧʝʨʘʪʫʨ; ʚʽʜʩʫʪʥʽʩʪʴ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚ ʩʧʝʮʽʘʣʴʥʦʤʫ 

ʚʽʜʭʦʜʽ, ʚʦʥʠ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʚ ʙʫʜʴ-ʷʢʠʭ ʫʤʦʚʘʭ; ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʝʙʨʠʩʪʽ ʧʦʚʝʨʭʥʽ ʥʘʛʨʽʚʘʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ 

ʪʝʧʣʦʦʙʤʽʥ ʚʽʜʙʫʚʘʻʪʴʩʷ ʤʽʞ ʜʚʦʤʘ ʪʝʧʣʦʥʦʩʽʷʤʠ ʟ ʚʝʣʠʢʠʤ ʽ ʤʘʣʠʤ ʢʦʝʬʽʮʽʻʥʪʘʤʠ 

ʪʝʧʣʦʚʽʜʜʘʯʽ. ɿʙʽʣʴʰʫʶʯʠ ʧʦʚʝʨʭʥʶ ʪʝʧʣʦʦʙʤʽʥʫ ʟ ʙʦʢʫ ʪʝʧʣʦʥʦʩʽʷ ʟ ʤʘʣʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʪʝʧʣʦʚʽʜʜʘʯʽ ʰʣʷʭʦʤ ʾʾ ʦʨʝʙʨʝʥʥʷ, ʟʙʽʣʴʰʫʶʪʴ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʘ, ʧʝʨʝʜʘʥʦʛʦ ʚʽʜ ʛʨʽʶʯʦʛʦ 

ʪʝʧʣʦʥʦʩʽʷ ʜʦ  ʥʘʛʨʽʚʘʻʤʦʛʦ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʪʦʚʱʠʥʠ ʨʝʙʨʘ ʟʥʠʞʫʻʪʴʩʷ ʘʙʩʦʣʶʪʥʘ ʢʽʣʴʢʽʩʪʴ 

ʪʝʧʣʦʪʠ Qʨʩ, ʦʜʥʘʢ ʧʠʪʦʤʘ ʪʝʧʣʦʚʘ ʧʦʪʫʞʥʽʩʪʴ ʨʝʙʨʘ ʟʨʦʩʪʘʻ (ʨʠʩ. 2) [1]. 
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ʈʠʩʫʥʦʢ 1 -  ʊʨʫʙʠ ʧʘʨʦʧʝʨʝʛʨʽʚʘʯʘ ʟ ʨʽʟʥʦʶ 

ʩʠʩʪʝʤʦʶ ʦʨʝʙʨʝʥʥʷ: ʘ) ʧʣʘʚʥʠʢʦʚʽ; ʙ) ʟ ʧʦʧʝʨʝʯʥʦ 

ʢʽʣʴʮʝʚʠʭ ʨʝʙʨʘʤʠ; ʚ) ʟ ʚʥʫʪʨʽʰʥʽʤ ʧʦʟʜʦʚʞʥʽʤ 

ʦʨʝʙʨʝʥʥʷʤ. 

 

ʈʠʩʫʥʦʢ 2 - ɿʘʣʝʞʥʽʩʪʴ 

ʘʙʩʦʣʶʪʥʦʾ ʽ ʧʠʪʦʤʦʾ ʢʽʣʴʢʦʩʪʽ 

ʪʝʧʣʦʪʠ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʨʝʙʝʨ ʧʨʠ 

ʨʽʟʥʽʡ ʪʦʚʱʠʥʽ. 

 

ʆʩʥʦʚʥʠʤʠ ʜʦʩʪʦʾʥʩʪʚʘʤʠ ʦʨʝʙʨʝʥʥʷ ʧʘʨʦʧʝʨʝʛʨʽʚʘʯʘ ʻ: ʧʽʜʚʠʱʝʥʥʷ ʂʂɼ ʢʦʪʝʣʴʥʦʾ 

ʫʩʪʘʥʦʚʢʠ; ʟʙʽʣʴʰʝʥʥʷ ʙʽʣʴʰʝ 50% ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʽ; ʩʢʦʨʦʯʝʥʥʷ ʚʠʪʨʘʪ ʪʨʫʙʠ ʜʦ 

40%; ʟʥʠʞʝʥʥʷ ʥʘ 30-40%; ʟʘʛʘʣʴʥʦʾ ʚʘʛʠ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ; ʟʙʽʣʴʰʝʥʥʷ ʚ 2-3 ʨʘʟʠ ʨʝʩʫʨʩʫ 

ʨʦʙʦʪʠ ʧʦʚʝʨʭʥʽ ʥʘʛʨʽʚʫ. 
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2. ɿʤʝʥʰʫʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʽʜʭʽʜʥʠʭ ʛʘʟʽʚ ʽ ʚʪʨʘʪʠ ʪʝʧʣʦʪʠ ʟ ʛʘʟʘʤʠ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʂʂɼ ʢʦʪʣʦʘʛʨʝʛʘʪʫ ʪʘ ʟʥʠʞʫʻʪʴʩʷ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ.  
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ɻɸɿʀʌʀʂɸʎʀʗ ɹʋʈʆɻʆ ʋɻʃʗ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʚʷʟʠ ʩ ʪʨʫʜʥʦʩʪʷʤʠ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʋʢʨʘʠʥʳ ʥʝʬʪʴʶ ʠ ʛʘʟʦʤ 

ʧʨʦʷʚʣʷʝʪʩʷ ʠʥʪʝʨʝʩ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ð ʚʝʪʨʘ, 

ʩʦʣʥʮʘ, ʙʠʦʛʘʟʘ. ʆʜʥʘʢʦ ʢʦʨʝʥʥʳʤ ʦʙʨʘʟʦʤ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʩʪʨʘʥʳ ʤʦʞʥʦ ʧʫʪʝʤ ʛʘʟʠʬʠʢʘʮʠʠ ʫʛʣʷ. 

ɼʣʷ ʛʘʟʠʬʠʢʘʮʠʠ [1, 2] ʙʫʨʳʡ ʫʛʦʣʴ ʠʟʤʝʣʴʯʘʶʪ, ʘ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʦʙʝʟʚʦʞʠʚʘʶʪ. ʆʯʝʥʴ ʚʘʞʥʦ ʧʨʠʚʝʩʪʠ ʢ ʥʝʦʙʭʦʜʠʤʦʡ ʢʨʫʧʥʦʩʪʠ ʙʫʨʳʡ ʫʛʦʣʴ ʧʝʨʝʜ 

ʛʘʟʠʬʠʢʘʮʠʝʡ - ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʛʘʟʠʬʠʢʘʮʠʷ ʢʫʩʢʦʚʦʛʦ (> 3ʤʤ), ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʡ-ʛʦ (1-

3ʤʤ) ʠ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʛʦ (<0,1 ʤʤ) ʫʛʣʷ. ɽʩʣʠ ʤʝʩʪʦ, ʛʜʝ ʜʦʙʳʚʘʶʪ ʙʫʨʳʡ ʫʛʦʣʴ ʥʘʭʦʜʠʪʩʷ 

ʥʘ ʙʦʣʴʰʦʤ ʨʘʩʩʪʦʷʥʠʠ ʪʦ ʝʛʦ ʙʨʠʢʝʪʠʨʫʶʪ ʠ ʦʪʧʨʘʚʣʷʶʪ ʚ ʤʝʩʪʘ ʛʜʝ ʧʨʦʚʦʜʠʪʩʷ 

ʛʘʟʠʬʠʢʘʮʠʷ. ʂʣʘʩʩʠʯʝʩʢʠʡ ʧʨʠʤʝʨ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ ʚ ʢʦʪʦʨʦʤ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʦʮʝʩʩ 

ʛʘʟʠʬʠʢʘʮʠʠ ʢʨʫʧʥʦʛʨʫʜʢʦʚʦʛʦ ʪʦʧʣʠʚʘ - ʘʛʨʝʛʘʪ ʬʠʨʤʳ ʃʫʨʛʠ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʛʘʟʠʬʠʢʘʪʦʨʘ ï ʪʦʧʣʠʚʦ ʤʝʜʣʝʥʥʦ ʦʧʫʩʢʘʝʪʩʷ ʧʦ ʝʛʦ ʰʘʭʪʝ. ɺ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʥʘʭʦʜʠʪʩʷ ʟʘʛʨʫʟʦʯʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʘ ʚʥʠʟʫ - ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʫʜʘʣʝʥʠʷ ʟʦʣʳ. 

ʅʘʚʩʪʨʝʯʫ ʪʦʧʣʠʚʫ ʧʦʜʘʝʪʩʷ ʯʝʨʝʟ ʢʦʣʦʩʥʠʢʦʚʫʶ ʨʝʰʝʪʢʫ (ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʫʶ ʛʦʣʦʚʢʫ) 

ʜʫʪʴʷ ʛʘʟʘ-ʦʢʠʩʣʠʪʝʣʷ. ʇʨʦʮʝʩʩ ʚʢʣʶʯʘʝʪ ʩʪʘʜʠʠ ʛʦʨʝʥʠʷ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ, ʧʦʣʫʢʦʢʩʦʚʘʥʠʷ 

ʠ ʩʫʰʢʠ. ʐʘʨʦʚʳʝ ʛʘʟʦʛʝʥʝʨʘʪʦʨʳ ʤʦʛʫʪ ʙʳʪʴ ʘʚ-ʪʦʪʝʨʤʠʯʥʠʤʳ, ʢʦʛʜʘ ʟʦʥʘ ʦʢʠʩʣʝʥʠʷ 

ʥʘʭʦʜʠʪʩʷ ʚ ʩʘʤʦʤ ʘʛʨʝʛʘʪʝ ʠ ʘʣʦʪʝʨʤʠʯʥʠʤʳ, ʢʦʛʜʘ ʪʝʧʣʦ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʨʝʘʢʮʠʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʧʨʠʚʥʦʩʠʪʩʷ ʠʟʚʥʝ ʛʘʟʦʦʙʨʘʟʥʳʤ ʠʣʠ ʪʚʝʨʜʳʤ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ. ʂʦʛʜʘ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʳ ʠ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʥʘʭʦʜʷʪʩʷ ʧʦʙʣʠʟʦʩʪʠ, ʪʦ ʠʩʭʦʜʥʦʝ ʙʫʨʳʡ ʫʛʦʣʴ 

ʠʟʤʝʣʴʯʘʶʪ ʜʦ ʢʨʫʧʥʦʩʪʠ 1-3 ʤʤ ʠ ʩʞʠʛʘʶʪ. 

ʋʢʨʘʠʥʘ ʦʙʣʘʜʘʝʪ ʜʦʩʪʘʪʦʯʥʳʤʠ ʟʘʧʘʩʘʤʠ ʫʛʣʷ ʥʘ ʜʦʣʛʦʩʨʦʯʥʫʶ ʧʝʨʩʧʝʢʪʠʚʫ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʙʫʨʦʛʦ. ʉʧʝʮʠʘʣʠʩʪʳ ʩʯʠʪʘʶʪ, ʯʪʦ ʩʫʤʤʘʨʥʳʝ ʟʘʧʘʩʳ ʙʫʨʦʛʦ ʫʛʣʷ ʠ ʩʣʘʥʮʝʚ 

ʩʦʩʪʘʚʣʷʶʪ ʧʦʨʷʜʢʘ 8 ʤʣʨʜ. ʪʦʥʥ, ʜʦʩʪʦʚʝʨʥʳʝ ʟʘʧʘʩʳ ʙʫʨʦʛʦ ʫʛʣʷ - 2 ʤʣʨʜ. ʪʦʥʥ, ʠʟ 

ʢʦʪʦʨʳʭ ʙʦʣʝʝ 1 ʤʣʨʜ. ʪʦʥʥ ʤʦʞʥʦ ʜʦʙʳʚʘʪʴ ʙʝʟʦʧʘʩʥʳʤ ʠ ʜʝʰʝʚʳʤ ʦʪʢʨʳʪʳʤ ʩʧʦʩʦʙʦʤ. 

ʆʩʥʦʚʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʙʫʨʳʭ ʫʛʣʝʡ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʂʠʨʦʚʦʛʨʘʜʩʢʦʡ, 

ɼʥʝʧʨʦʧʝʪʨʦʚʩʢʦʡ ʠ ʍʘʨʴʢʦʚʩʢʦʡ ʦʙʣʘʩʪʷʭ. 

ʉʣʦʞʠʚʰʘʷʩʷ ʧʨʘʢʪʠʢʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʫʨʦʛʦ ʫʛʣʷ ʚ ʋʢʨʘʠʥʝ ʥʝʨʘʮʠʦʥʘʣʴʥʘ, ʪʘʢ 

ʢʘʢ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʧʨʷʤʦʝ ʩʞʠʛʘʥʠʝ ʝʛʦ ʥʘ ʪʝʧʣʦʚʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ, ʯʪʦ ʫʭʫʜʰʘʝʪ 

ʵʢʦʣʦʛʠʶ, ʩʚʷʟʘʥʦ ʩ ʚʳʙʨʦʩʘʤʠ ʚ ʘʪʤʦʩʬʝʨʫ ʧʳʣʠ, ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʠ ʩʝʨʳ. 

ɺ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʙʫʨʳʝ ʫʛʣʠ ʧʝʨʝʨʘʙʘʪʳʚʘʶʪ ʧʦ ʥʦʚʳʤ ʵʬʬʝʢʪʠʚʥʳʤ 

ʪʝʭʥʦʣʦʛʠʷʤ ʩ ʧʦʣʫʯʝʥʠʝʤ ʛʦʨʶʯʠʭ ʛʘʟʦʚ, ʞʠʜʢʦʛʦ ʪʦʧʣʠʚʘ, ʫʜʦʙʨʝʥʠʡ ʠ ʜʨʫʛʠʭ ʧʨʦʜʫʢʪʦʚ 

ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. 

ʅʘʠʙʦʣʝʝ ʧʦʣʥʦ ʩʳʨʴʝʚʦʡ ʨʝʩʫʨʩ ʫʛʣʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʠ ʢʦʤʧʣʝʢʩʥʦʡ 

ʧʝʨʝʨʘʙʦʪʢʝ. ʇʨʠ ʵʪʦʤ ʚ ʫʛʣʝʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʦʣʫʯʘʶʪ ʙʦʣʝʝ 170 

ʥʘʠʤʝʥʦʚʘʥʠʡ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ. ɺʘʞʥʳʤ ʟʚʝʥʦʤ ʚ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ ʫʛʣʷ 

ʷʚʣʷʝʪʩʷ ʛʘʟʠʬʠʢʘʮʠʷ [3]. 

ɻʘʟʠʬʠʢʘʮʠʷ ʫʛʣʷ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʣʘʩʴ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚʧʣʦʪʴ ʜʦ 50-ʭ ʛʦʜʦʚ 

ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ. ʊʦʣʴʢʦ ʚ ʉʉʉʈ ʵʢʩʧʣʫʘʪʠʨʦʚʘʣʦʩʴ ʩʚʳʰʝ 350 ʛʘʟʦʛʝʥʝʨʘʪʦʨʥʳʭ 

ʩʪʘʥʮʠʡ, ʥʘ ʢʦʪʦʨʳʭ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʦʢʦʣʦ 2500 ʛʘʟʦʛʝʥʝʨʘʪʦʨʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʨʘʟʥʳʭ 

ʚʠʜʘʭ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ. ɿʘʪʝʤ ʛʘʟʠʬʠʢʘʮʠʷ ʫʪʨʘʪʠʣʘ ʩʚʦʝ ʟʥʘʯʝʥʠʝ ʚʩʣʝʜʩʪʚʠʝ ʙʫʨʥʦʛʦ 

ʨʘʟʚʠʪʠʷ ʥʝʬʪʷʥʦʡ ʠ ʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʢʘʟʘʣʘʩʴ 

ʤʘʣʦʧʨʠʛʦʜʥʦʡ ʚ ʩʚʷʟʠ ʩ ʥʠʟʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠ ʥʝʵʢʦʥʦʤʠʯʥʦʩʪʴʶ. ʉʫʱʝʩʪʚʫʶʱʠʝ 

ʩʪʘʨʳʝ ʪʝʭʥʦʣʦʛʠʠ ʛʘʟʠʬʠʢʘʮʠʠ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʠ ʥʝ 

ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʰʠʨʦʢʦʛʦ ʚʥʝʜʨʝʥʠʷ [4]. 

ʀʥʪʝʨʝʩ ʢ ʛʘʟʠʬʠʢʘʮʠʠ ʫʛʣʷ ʧʝʨʠʦʜʠʯʝʩʢʠ ʚʦʟʨʘʩʪʘʝʪ ʚ ʩʚʷʟʠ ʩ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ 

ʢʨʠʟʠʩʘʤʠ. ɽʚʨʦʧʝʡʩʢʠʡ ʉʦʶʟ ʧʨʠʥʷʣ ʨʝʰʝʥʠʝ ʦ ʩʪʨʦʠʪʝʣʴʩʪʚʝ 12 ʠʩʧʳʪʘʪʝʣʴʥʳʭ ʟʘʚʦʜʦʚ, 



 

 171 

ʥʘ ʢʦʪʦʨʳʭ ʙʫʜʫʪ ʪʝʩʪʠʨʦʚʘʪʴ ʥʦʚʳʝ ʫʛʣʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ (çɿʝʨʢʘʣʦ 

ʥʝʜʝʣʠè, ˉ15 ʦʪ 21 ʘʧʨʝʣʷ 2007 ʛ.). 

ɺʳʙʦʨ ʥʘʧʨʘʚʣʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʙʫʨʳʭ ʫʛʣʝʡ ʚ ʋʢʨʘʠʥʝ ʧʨʝʜʣʦʞʝʥ 

ʨʷʜʦʤ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠʥʩʪʠʪʫʪʦʚ. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʷʚʣʷʝʪʩʷ 

ʪʝʭʥʦʣʦʛʠʷ ʠʭ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ɼʦʥʝʮʢʠʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ 

ʪʝʭʥʠʯʝʩʢʠʤ ʫʥʠʚʝʨʩʠʪʝʪʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʮʝʩʩʦʚ ʧʦʣʫʢʦʢʩʦʚʘʥʠʷ, ʧʝʨʝʨʘʙʦʪʢʠ 

ʩʤʦʣʳ, ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʜʩʦʨʙʝʥʪʦʚ ʠ ʛʘʟʠʬʠʢʘʮʠʠ ʧʦʣʫʢʦʢʩʘ. 

ɸʆ çʅʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʪʨʘʥʩʢʨʠʧʮʠʠ, ʪʨʘʥʩʣʷʮʠʠ ʠ ʨʝʧʣʠʢʘʮʠʠè 

ʫʣʫʯʰʝʥʘ ʩʭʝʤʘ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʙʫʨʳʭ ʫʛʣʝʡ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʤʘʨʰʨʫʪʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʜʚʠʞʝʥʠʷ ʧʦʣʫʢʦʢʩʦʚʦʛʦ ʛʘʟʘ ʠ ʧʨʠʤʝʥʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʛʘʟʠʬʠʢʘʮʠʠ ʫʛʣʷ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʛʘʟʠʬʠʢʘʮʠʠ ʙʫʨʦʛʦ ʫʛʣʷ ʷʚʣʷʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ 

ʩʣʦʝʚʦʡ, ʧʦʪʦʯʥʦʡ ʛʘʟʠʬʠʢʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʣʘʟʤʳ, ʢʦʪʦʨʳʝ 

ʟʘʧʘʪʝʥʪʦʚʘʥʳ ʚ ʋʢʨʘʠʥʝ. ɻʘʟʠʬʠʢʘʮʠʷ ʫʛʣʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʣʘʟʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʨʝʘʢʪʦʨʘ (ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ), ʨʝʛʫʣʠʨʦʚʘʪʴ 

ʪʝʤʧʝʨʘʪʫʨʫ ʧʨʦʮʝʩʩʘ ʠ ʪʝʤ ʩʘʤʳʤ ʨʝʛʫʣʠʨʦʚʘʪʴ ʩʦʩʪʘʚ ʩʠʥʪʝʟ-ʛʘʟʘ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʥʫʞʜ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʢʘʯʝʩʪʚʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʛʘʟʘ ʜʣʷ ʚʳʨʘʙʦʪʢʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʛʘʟʦʚ, ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʳʭ ʢʘʢ ʭʠʤʠʯʝʩʢʦʝ ʩʳʨʴʝ. 

ʇʨʠ ʛʘʟʠʬʠʢʘʮʠʠ ʫʛʣʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʣʘʟʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʠʥʪʝʟ-ʛʘʟʝ 

ʩʦʜʝʨʞʘʥʠʝ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʘ ʛʦʨʶʯʝʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ð ʚʳʰʝ, ʯʝʤ 

ʚ ʦʙʳʯʥʳʭ ʧʨʦʮʝʩʩʘʭ ʛʘʟʠʬʠʢʘʮʠʠ, ʯʪʦ ʙʣʘʛʦʧʨʠʷʪʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʠ 

ʚʘʞʥʦ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʂʠʦʪʩʢʦʛʦ ʧʨʦʪʦʢʦʣʘ. 

ɺʳʩʦʢʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʛʘʟʠʬʠʢʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʣʘʟʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʦʧʨʝʜʝʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʨʘʙʦʪʢʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʩʳʨʴʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʙʫʨʦʛʦ ʫʛʣʷ. ɺ 

ʗʧʦʥʠʠ, ʥʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʘʟʠʬʠʢʘʮʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʣʘʟʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ 

ʧʝʨʝʨʘʙʦʪʢʠ ʙʳʪʦʚʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʠʥʪʝʟ-

ʛʘʟʘ ʜʣʷ ʦʪʦʧʣʝʥʠʷ ʛʦʨʦʜʦʚ, ʩʦʟʜʘʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʣʫʯʝʥʠʷ ʤʝʪʘʣʣʦʚ. ʀ 

ʧʨʠ ʵʪʦʤ ʵʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟʦʪʭʦʜʥʘʷ ʪʝʭʥʦʣʦʛʠʷ. 

ɼʣʷ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʛʘʟʠʬʠʢʘʮʠʶ ʚ ʧʦʪʦʢʝ ʧʳʣʝʚʠʜʥʦʛʦ ʙʫʨʦʫʛʦʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʣʘʟʤʳ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʩʠʥʪʝʟ-ʛʘʟʘ, ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 

ʩʪʨʦʠʪʝʣʴʥʦʡ ʠʥʜʫʩʪʨʠʠ, ʘ ʪʘʢʞʝ ʞʝʣʝʟʘ, ʧʦ ʩʦʩʪʘʚʫ ʙʣʠʟʢʦʛʦ ʢ ʣʠʪʝʡʥʦʤʫ ʯʫʛʫʥʫ ʠ 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʯʫʛʫʥʦʣʠʪʝʡʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɿʘʩʣʫʞʠʚʘʝʪ ʚʥʠʤʘʥʠʷ ʦʧʳʪ ʖɸʈ. ʂʦʛʜʘ ʤʠʨʦʚʦʝ ʩʦʦʙʱʝʩʪʚʦ ʦʙʲʷʚʠʣʦ ʵʤʙʘʨʛʦ ʥʘ 

ʧʦʩʪʘʚʢʫ ʚ ʵʪʫ ʩʪʨʘʥʫ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʪʘʤ ʨʝʰʠʣʠ ʧʨʦʙʣʝʤʫ ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʷ 

ʧʫʪʝʤ ʛʘʟʠʬʠʢʘʮʠʠ ʫʛʣʷ, ʧʦʣʫʯʠʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʛʘʟ, ʤʦʪʦʨʥʦʝ ʪʦʧʣʠʚʦ, ʠ ʪʝʤ ʩʘʤʳʤ 

ʫʙʝʨʝʛʣʠ ʵʢʦʥʦʤʠʢʫ ʦʪ ʢʦʣʣʘʧʩʘ. 

ʋʢʨʘʠʥʘ, ʨʘʩʧʦʣʘʛʘʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʥʘʫʯʥʳʤ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʠ 

ʧʨʠʚʣʝʢʘʷ ʠʥʦʩʪʨʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠ ʠʥʚʝʩʪʦʨʦʚ, ʠʤʝʝʪ ʨʝʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʰʠʪʴ 

ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʧʨʦʙʣʝʤʫ ʧʫʪʝʤ ʛʘʟʠʬʠʢʘʮʠʠ ʙʫʨʦʛʦ ʫʛʣʷ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʚʳʚʝʩʪʠ 

ʩʪʨʘʥʫ ʠʟ ʨʘʟʨʷʜʘ ʵʥʝʨʛʦʜʝʬʠʮʠʪʥʳʭ. 
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ʉʪʫʜʝʥʪ 4 ʢʫʨʩʫ, ʛʨ. ʊʂ-71 ɻʦʣʦʚʯʝʥʢʦ ɸ.ɺ. 

ʉʪ. ʚʠʢʣ., ʢ.ʪ.ʥ. ɺʦʨʦʙʡʦʚ ʄ.ɺ. 

ʉʋʄɯʉʅɽ ʉʇɸʃʖɺɸʅʅʗ ɺʋɻɯʃʃʗ ʊɸ ɹɯʆʄɸʉʀ ɺ ʂʆʊʃɯ 

 ʎʽʢʘʚʽʩʪʴ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʝʥʝʨʛʝʪʠʮʽ ʙʽʦʤʘʩʠ ʦʩʪʘʥʥʽ ʜʝʢʽʣʴʢʘ ʨʦʢʽʚ ʚʠʨʦʩʣʘ. ʉʣʽʜ 

ʪʘʢʦʞ ʟʘʟʥʘʯʠʪʠ,ʱʦ ʤʦʜʝʨʥʽʟʘʮʽʷ ʚʽʪʯʠʟʥʷʥʠʭ ʝʥʝʨʛʦʙʣʦʢʽʚ ʊɽʉ ʪʘ ʊɽʎ ʧʽʜ ʩʧʽʣʴʥʝ 

ʩʧʘʣʶʚʘʥʥʷ ʚʫʛʽʣʣʷ ʪʘ ʙʽʦʤʘʩʠ ʻ ʜʝʰʝʚʰʦʶ ʟʘ ʩʧʦʨʫʜʞʝʥʥʷ ʥʦʚʠʭ ʝʥʝʨʛʦʙʣʦʢʽʚ. ɼʣʷ 

ʙʽʦʤʘʩʠ ʟʘʟʚʠʯʘʡ ʭʘʨʘʢʪʝʨʥʽ ʥʘʩʪʫʧʥʽ ʦʩʦʙʣʠʚʦʩʪʽ: 

- ʰʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ ʟʤʽʥʠ ʪʝʧʣʦʚʦʾ ʟʜʘʪʥʦʩʪʽ; 

- ʟʥʘʯʥʠʡ ʚʠʭʽʜ ʣʝʪʢʠʭ (60-80%); 

- ʥʠʟʴʢʘ ʟʦʣʴʥʽʩʪʴ ʥʘ ʨʦʙʦʯʫ ʤʘʩʫ(< 0.1-0.12%) 

ʉʧʘʣʶʚʘʥʥʷ ʙʽʦʤʘʩʠ ʮʽʢʘʚʝ ʪʠʤ , ʱʦ ʟʘʨʘʟ ʨʦʩʪʫʪʴ ʮʽʥʠ ʥʘ ʧʝʨʚʠʥʥʽ ʝʥʝʨʛʦʥʦʩʽʾ ʪʘ 

ʙʽʣʴʰ ʩʫʚʦʨʠʤʠ ʝʢʦʣʦʛʽʯʥʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ. ʉʫʤʽʩʥʝ ʩʧʘʣʶʚʘʥʥʷ ʟʘʚʞʜʠ ʤʘʻ ʧʝʨʝʚʘʛʠ 

ʧʝʨʝʜ ʩʧʘʣʶʚʘʥʥʷʤ ʪʽʣʴʢʠ ʚʫʛʽʣʣʷ ʯʠ ʪʽʣʴʢʠ ʙʽʦʤʘʩʠ [1].  

1) ʇʨʠ ʩʫʤʽʩʥʦʤʫ ʩʧʘʣʶʚʘʥʥʽ ʚʫʛʽʣʣʷ ʪʘ ʙʽʦʤʘʩʠ: 

- ʟʤʝʥʰʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʰʢʽʜʣʠʚʠʭ ʚʠʢʠʜʽʚ; 

- ʟʤʝʥʰʫʻʪʴʩʷ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʚʘʧʥʷʢʫ, ʪʘʢ ʷʢ ʣʫʞʥʽ ʝʣʝʤʝʥʪʠ ʙʽʦʤʘʩʠ ʤʦʞʫʪʴ ʙʨʘʪʠ ʫʯʘʩʪʴ 

ʚ ʧʨʦʮʝʩʽ ʟʚ'ʷʟʫʚʘʥʥʷ ʩʽʨʢʠ; 

- ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ ʙʽʦʤʘʩʠ ʟ ʚʫʛʽʣʣʷʤ, ʱʦ ʤʽʩʪʠʪʴ ʩʽʨʢʫ, ʟʥʘʯʥʦ ʟʥʠʞʫʻʪʴʩʷ ʨʠʟʠʢ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʢʦʨʦʟʽʾ; 

- ʧʨʠ ʩʧʽʣʴʥʦʤʫ ʩʧʘʣʶʚʘʥʥʽ ʟʥʠʞʫʻʪʴʩʷ ʨʠʟʠʢ ʘʛʣʦʤʝʨʘʮʽʾ (ʟʣʠʧʘʥʥʷ) ʰʘʨʫ; 

2) ɺʠʢʦʨʠʩʪʘʥʥʷ ʙʽʦʤʘʩʠ ʷʢ ʦʩʥʦʚʥʦʛʦ ʧʘʣʠʚʘ: 

- ʥʝʦʙʭʽʜʥʠʡ ʨʝʟʝʨʚʥʠʡ ʟʘʧʘʩ ʚʫʛʽʣʣʷ, ʚ ʨʘʟʽ ʥʝʟʘʜʦʚʽʣʴʥʦʾ ʷʢʦʩʪʽ ʙʽʦʤʘʩʠ ʘʙʦ ʟʙʦʾʚ ʾʾ 

ʧʦʩʪʘʚʢʠ; 

- ʙʽʦʤʘʩʘ ʤʽʩʪʠʪʴ ʚ ʩʦʙʽ ʙʽʣʴʰʝ ʭʣʦʨʫ ʽ ʣʫʛʠ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʢʣʠʢʘʪʠ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʫ 

ʢʦʨʦʟʽʶ ʧʦʚʝʨʭʦʥʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʤʝʪʘʣʫ ʧʦʥʘʜ 450 Á ʉ. 

ʇʦʜʘʯʘ ʙʘʟʦʚʦʛʦ ʧʘʣʠʚʘ ʩʫʤʽʩʥʦ ʟ ʙʽʦʤʘʩʦʶ, ʤʦʞʣʠʚʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʧʘʣʴʥʠʢ. ɼʣʷ 

ʪʦʛʦ ʱʦʙ ʦʨʛʘʥʽʟʫʚʘʪʠ ʧʦʜʘʯʫ ʙʽʦʤʘʩʠ, ʥʝʦʙʭʽʜʥʘ ʦʨʛʘʥʽʟʘʮʽʷ ʦʢʨʝʤʦʛʦ ʧʘʣʠʚʦʛʦʩʧʦʜʘʨʩʪʚʘ 

ʥʘ ʪʝʧʣʦʚʽʡ ʩʪʘʥʮʽʾ (ʨʠʩ.1). ɿʘʟʥʘʯʝʥʘ ʩʭʝʤʘ [2] ʻ ʢʦʤʙʽʥʘʮʽʻʶ ʪʨʘʜʠʮʽʡʥʦʾ ʩʭʝʤʠ 

ʧʘʣʠʚʦʧʦʜʘʯʽ ʟ ʝʣʝʤʝʥʪʘʤʠ, ʱʦ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʜʦ ʩʧʘʣʶʚʘʥʥʷ ʽ ʧʦʜʘʯʽ ʚ ʧʠʣʦʚʽ 

ʙʫʥʢʝʨʠ ʙʽʦʤʘʩʠ. ɼʦ ʪʘʢʠʭ ʝʣʝʤʝʥʪʽʚ ʚʽʜʥʦʩʷʪʴʩʷ: ʙʫʥʢʝʨ ʩʠʨʦʛʦ ʧʘʣʠʚʘ ʙʽʦʤʘʩʠ, 

ʩʪʨʽʯʢʦʚʠʡ ʞʠʚʠʣʴʥʠʢ ʙʽʦʤʘʩʠ, ʚʝʥʪʠʣʷʪʦʨ, ʤʦʣʦʪʢʦʚʠʡ ʤʣʠʥ, ʧʠʣʦʧʨʦʚʦʜʠ ʜʦ ʧʘʣʴʥʠʢʽʚ. 

ʊʘʢʦʞ ʤʦʞʣʠʚʝ ʽ ʩʫʤʽʩʥʝ ʩʧʘʣʶʚʘʥʥʷ (ʨʠʩ. 2) ʛʘʟʫ, ʚʫʛʽʣʣʷ ʽ ʙʽʦʤʘʩʠ [3]. ʇʨʠ 

ʜʦʜʘʚʘʥʥʽ ʜʦʣʽ ʙʽʦʤʘʩʠ, ʷʢ ʚʽʜʭʦʜʽʚ ʢʫʢʫʨʫʜʟʠ ʪʘʢ ʽ ʜʝʨʝʚʠʥʠ, ʟʨʦʩʪʘʻ ʥʝ ʪʽʣʴʢʠ ʝʢʦʥʦʤʽʷ ʫ 

ʧʘʣʠʚʽ, ʘʣʝ ʡ ʜʝʷʢʽ ʪʝʭʥʽʯʥʽ ʧʦʢʘʟʥʠʢʠ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʂʂɼ ʢʦʪʣʘ ʟʨʦʩʪʘʻ ʚʽʜ 0,05% ʜʦ 

0,28%, ʘʣʝ ʚʪʨʘʪʠ ʪʝʧʣʘ ʟ ʤʝʭʘʥʽʯʥʠʤ ʥʝʜʦʧʘʣʦʤ ʪʘ ʚʪʨʘʪʠ ʪʝʧʣʘ ʽʟ-ʟʘ ʚʠʜʘʣʝʥʥʷ ʟʦʣʠ ʽ 

ʰʣʘʢʫ ʫ ʪʦʧʮʽ ʟʤʝʥʰʫʶʪʴʩʷ, ʱʦ ʧʨʠʟʚʝʜʝ ʜʦ ʟʤʝʥʰʝʥʥʷ ʧʨʦʮʝʩʽʚ ʰʣʘʢʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ 

ʪʦ ʙʽʣʴʰʦʛʦ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʯʘʩʪʢʠ ʧʘʣʠʚʘ ʟ ʚʝʣʠʢʠʤ ʚʠʭʦʜʦʤ ʣʝʪʶʯʠʭ 

ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʚʽʨʦʛʽʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʽʜʩʚʽʪʢʠ ʪʦʧʢʠ ʧʨʠʨʦʜʥʠʤ ʛʘʟʦʤ ʧʨʠ ʟʥʠʞʝʥʥʽ 

ʷʢʦʩʪʽ ʦʩʥʦʚʥʦʛʦ ʧʘʣʠʚʘ. ʆʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʩʧʽʣʴʥʦʛʦ ʩʧʘʣʶʚʘʥʥʷ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʞʝ 

ʽʩʥʫʶʯʦʛʦ ʢʦʪʝʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʊʝʭʥʦʣʦʛʽʷ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʻ ʛʥʫʯʢʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ, 

ʜʦʟʚʦʣʷʻ ʫʪʠʣʽʟʫʚʘʪʠ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʙʽʦʤʘʩʠ, ʯʘʩʪʢʦʚʦ ʟʘʤʽʩʪʠʪʠ ʚʠʢʦʧʥʝ ʧʘʣʠʚʦ 

ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʤ (ʟʘʟʚʠʯʘʡ ʜʦ 20% ʧʦ ʤʘʩʽ) ʉʆ2 ʥʝʡʪʨʘʣʴʥʠʤ ʧʘʣʠʚʦʤ, ʘ ʪʘʢʦʞ ʟʥʠʟʠʪʠ 

ʚʠʢʠʜʠ ʧʘʣʠʚʥʠʭ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʽ ʦʢʩʠʜʽʚ ʩʽʨʢʠ (ʚʤʽʩʪ ʩʽʨʢʠ ʽ ʘʟʦʪʫ ʚ ʪʚʝʨʜʽʡ ʙʽʦʤʘʩʽ ʚ 

ʩʝʨʝʜʥʴʦʤʫ ʚ 10 ʨʘʟʽʚ ʥʠʞʯʝ ʥʽʞ ʫ ʚʫʛʽʣʣʽ). 
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1 ï ʙʫʥʢʝʨ ʩʠʨʦʛʦ ʚʫʛʽʣʣʷ; 2 ï ʩʪʨʽʯʢʦʚʠʡ ʞʠʚʠʣʴʥʠʢ ʩʠʨʦʛʦ ʚʫʛʽʣʣʷ; 3 ï ʤʣʠʥ; 4 ï 

ʩʝʧʘʨʘʪʦʨ; 5 ï ʮʠʢʣʦʥ; 6 ï ʙʫʥʢʝʨ ʧʠʣʫ; 7 ï ʚʦʣʦʛʦʚʽʜʩʤʦʢ ʟ ʙʫʥʢʝʨʘ ʧʠʣʫ; 8 ï ʤʣʠʥʦʚʠʡ 

ʚʝʥʪʠʣʷʪʦʨ; 9 ï ʣʽʥʽʷ ʨʝʮʠʨʢʫʣʷʮʽʾ; 10 ï ʙʘʡʧʘʩ ʧʠʣʦʩʠʩʪʝʤʠ; 11 ï ʛʘʨʷʯʝ ʧʦʚʽʪʨʷ ʧʽʩʣʷ 

ʧʦʚʽʪʨʷʧʽʜʽʛʨʽʚʘʯʘ; 12 ï ʧʨʠʩʘʜʢʘ ʭʦʣʦʜʥʦʛʦ ʧʦʚʽʪʨʷ ʚʽʜ ʜʫʪʪʴʦʚʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ; 13 ï ʛʘʨʷʯʽ 

ʜʠʤʦʚʽ ʛʘʟʠ ʟ ʛʘʟʦʭʦʜʫ ʧʽʩʣʷ ʚʦʜʷʥʦʛʦ ʝʢʦʥʦʤʘʡʟʝʨʘ ʚʽʜ ʜʠʤʦʩʤʦʢʫ ʨʝʮʠʨʢʫʣʷʮʽʾ ʛʘʟʽʚ; 14 ï 

ʭʦʣʦʜʥʽ ʜʠʤʦʚʽ ʛʘʟʠ ʟ ʛʘʟʦʭʦʜʫ ʧʽʩʣʷ ʦʩʴʦʚʦʛʦ ʜʠʤʦʩʤʦʢʫ ʢʦʪʣʘ ʚʽʜ ʜʠʤʦʩʤʦʢʫ ʧʨʠʩʘʜʢʠ 

ʛʘʟʽʚ; 15 ï ʙʫʥʢʝʨ ʩʠʨʦʛʦ ʧʘʣʠʚʘ ʙʽʦʤʘʩʠ; 16 ï ʩʪʨʽʯʢʦʚʠʡ ʞʠʚʠʣʴʥʠʢ ʙʽʦʤʘʩʠ; 17 ï 

ʜʫʪʪʴʦʚʠʡ ʚʝʥʪʠʣʷʪʦʨ; 18 ï ʤʦʣʦʪʢʦʚʠʡ ʤʣʠʥ ʟ ʩʝʧʘʨʘʪʦʨʦʤ ; 19 ï ʧʠʣʦʧʨʦʚʦʜʠ ʜʦ 

ʧʘʣʴʥʠʢʽʚ. 

ʈʠʩʫʥʦʢ 1 ï ʉʠʩʪʝʤʘ ʧʠʣʦʧʨʠʛʦʪʫʚʘʥʥʷ ʢʦʪʣʘ: 

  

 
ʈʠʩʫʥʦʢ 2 - ʉʭʝʤʘ ʩʫʤʽʩʥʦʛʦ ʩʧʘʣʶʚʘʥʥʷ 
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1. ʅ. ɯ. ɼʫʥʘʻʚʩʴʢʘ, ʊ.ʉ.  ʑʫʜʣʦ, ɼ.ʃ. ɹʦʥʜʟʠʢ/ ʉʧʽʣʴʥʝ ʩʧʘʣʶʚʘʥʥʷ ʙʽʦʤʘʩʠ ʪʘ 

ʘʥʪʨʘʮʠʪʫ ʚ ʧʠʣʦʚʫʛʽʣʴʥʠʭ ʢʦʪʣʦʘʛʨʝʛʘʪʘʭ.  ʕʢʦʣʦʛʠʷ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ˉ4, 2016. ï ʉ. 

87 ï 96. 

2. ʆ. ʖ. ʄʘʡʩʪʨʝʥʢʦ,  ʅ. ɯ.ɼʫʥʘʻʚʩʴʢʘ, ʗ. ɯ. ɿʘʩʷʜʴʢʦ, ɼ. ʃ. ɹʦʥʜʟʠʢ, ʊ. ʉ.ʑʫʜʣʦ, 

ɺʠʬʘʪʥʶʢ ɺ. ɻ.  ʊʝʭʥʦʣʦʛʽʷ ʪʘ ʧʘʣʴʥʠʢ ʜʣʷ ʩʧʘʣʶʚʘʥʥʷ ʙʽʦʤʘʩʠ ʷʢ ʜʦʧʦʤʽʞʥʦʛʦ ʧʘʣʠʚʘ ʚ 

ʬʘʢʝʣʴʥʠʭ ʢʦʪʣʦʘʛʨʝʛʘʪʘʭ. ʅʘʫʢʘ ʪʘ ʽʥʥʦʚʘʮʽʾ, ˉ4, 2012. ï ʉ. 83ï88. 

3. ɼʫʥʘʻʚʩʴʢʘ ʅ.ɯ., ɿʘʩʷʜʴʢʦ ʗ.ɯ., ʐʫʧʽʢ I.ʉ., ʑʫʜʣʦ T.ʉ. ʆʛʣʷʜ ʪʝʭʥʦʣʦʛʽʡ ʩʧʽʣʴʥʦʛʦ 

ʩʧʘʣʶʚʘʥʥʷ ʙʽʦʤʘʩʠ ʽ ʚʫʛʽʣʣʷ ʚ ʧʠʣʦʚʫʛʽʣʴʥʠʭ ʪʦʧʢʘʭ. ʕʥʝʨʛʦʪʝʭʥʦʣʦʛʠʠ ʠ 

ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʝ, ˉ 3, 2007. ï ʉ. 3 ï 8.  
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ʉʪʫʜʝʥʪ 4 ʢʫʨʩʫ, ʛʨ. ʊʂ-71ʤʧ ɼʫʜʥʠʢ ɸ.ɸ. 

ɼʦʮ., ʢ.ʪ.ʥ. ʄʘʨʠʥʝʥʢʦ ɺ.ɯ. 

ɿʅʀɾɽʅʅʗ ɺʄɯʉʊʋ ʆʂʉʀɼɯɺ ɸɿʆʊʋ ɺ ʇʈʆɼʋʂʊɸʍ ɿɻʆʈɸʅʅʗ ɿɸ 

ɼʆʇʆʄʆɻʆʖ ʄɽʊʆɼʋ ʈɽʎʀʈʂʋʃʗʎɯɰ ɼʀʄʆɺʀʍ ɻɸɿɯɺ

ɿ ʫʩʽʭ ʚʠʢʠʜʽʚ ʚ ʘʪʤʦʩʬʝʨʫ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ ʥʘʡʙʽʣʴʰ ʪʦʢʩʠʯʥʽ 

ʦʢʩʠʜʠ ʩʽʨʢʠ, ʦʢʩʠʜʠ ʘʟʦʪʫ ʽ ʢʘʥʮʝʨʦʛʝʥʥʽ ʨʝʯʦʚʠʥʠ. ɿʛʫʙʥʽʩʪʴ ʚʧʣʠʚʫ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʥʘ 

ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʽ ʚ ʦʩʪʘʪʦʯʥʦʤʫ ʧʽʜʩʫʤʢʫ ʥʘ ʣʶʜʠʥʫ ʚʝʣʠʢʘ. ʊʨʠʚʘʣʘ ʜʽʷ ʥʘʚʽʪʴ 

ʧʦʨʽʚʥʷʥʦ ʥʝʚʝʣʠʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ NOx ʚ ʧʦʚʽʪʨʽ ʟʙʽʣʴʰʫʻ ʢʽʣʴʢʽʩʪʴ ʛʦʩʪʨʠʭ ʽ ʭʨʦʥʽʯʥʠʭ 

ʨʝʩʧʽʨʘʪʦʨʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ, ʘ ʪʘʢʦʞ ʥʝʛʘʪʠʚʥʦ ʜʽʻ ʥʘ ʨʦʩʣʠʥʥʠʡ ʪʘ ʪʚʘʨʠʥʥʠʡ ʩʚʽʪ.      

ʌʘʢʪʠʯʥʦ ʩʪʚʦʨʝʥʥʷ Nʆx ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʷʜʫ ʣʘʥʮʶʛʦʚʠʭ ʨʝʘʢʮʽʡ. ʅʘʡʙʽʣʴʰʠʡ 

ʚʧʣʠʚ ʥʘ ʩʪʚʦʨʝʥʥʷ ʦʢʩʠʜʫ ʘʟʦʪʫ ʯʠʥʠʪʴ ʪʝʤʧʝʨʘʪʫʨʘ. ɿ ʾʾ ʟʨʦʩʪʘʥʥʷʤ ʚʽʜ 1500 ʜʦ 2200 ʂ 

ʚʠʭʽʜ ʦʢʩʠʜʫ ʘʟʦʪʫ ʟʨʦʩʪʘʻ ʧʨʠʙʣʠʟʥʦ ʚ 10 ʨʘʟʽʚ, ʫ ʪʦʡ ʯʘʩ ʷʢ ʧ'ʷʪʠʢʨʘʪʥʝ ʟʙʽʣʴʰʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʥʶ ʧʽʜʚʠʱʫʻ ʚʠʭʽʜ NOx ʣʠʰʝ ʚ 2 ʨʘʟʠ [1]. 

ʄʝʭʘʥʽʟʤ ʫʪʚʦʨʝʥʥʷ ʪʘ ʨʦʟʢʣʘʜʘʥʥʷ ʦʢʩʠʜʫ ʘʟʦʪʫ ʚʧʝʨʰʝ ʙʫʚ ʜʦʩʣʽʜʞʝʥʠʡ ʗ.ɹ. 

ɿʝʣʴʜʦʚʠʯʝʤ .  ʋ ʜʘʥʠʡ ʯʘʩ ʧʨʠʡʥʷʪʦ ʚʚʘʞʘʪʠ, ʱʦ ʦʢʩʠʜʠ ʘʟʦʪʫ ʧʨʠ ʛʦʨʽʥʥʽ ʫ ʢʦʪʝʣʴʥʠʭ 

ʫʩʪʘʥʦʚʢʘʭ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ 3 ʦʩʥʦʚʥʠʭ ʤʝʭʘʥʽʟʤʽʚ: çʪʝʨʤʽʯʥʦʛʦè ; çʰʚʠʜʢʦʛʦè; 

çʧʘʣʠʚʥʦʛʦè. 

ɺ ʪʝʧʝʨʰʥʽʡ ʯʘʩ, ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʨʝʘʣʽʟʦʚʘʥʠʭ ʟʘʭʦʜʽʚ ʧʦ ʟʥʠʞʝʥʥʶ ʦʢʩʠʜʽʚ ʘʟʦʪʫ 

ʚ ʜʠʤʦʚʠʭ ʛʘʟʘʭ ʢʦʪʝʣʴʥʠʭ ʫʩʪʘʥʦʚʦʢ  ʻ  ʤʝʪʦʜ ʨʝʮʠʨʢʫʣʷʮʽʾ ʜʠʤʦʚʠʭ ʛʘʟʽʚ. ɿʘʟʚʠʯʘʡ ʜʠʤʦʚʽ 

ʛʘʟʠ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ 300ï400Áʉ ʚʽʜʙʠʨʘʶʪʴʩʷ ʧʝʨʝʜ ʧʦʚʽʪʨʦʧʽʜʽʛʨʽʚʥʠʢʦʤ ʪʘ ʩʧʝʮʽʘʣʴʥʠʤ 

ʨʝʮʠʨʢʫʣʷʮʽʡʥʠʤ ʜʠʤʦʩʦʩʦʤ ʧʦʜʘʶʪʴʩʷ ʚ ʪʦʧʢʦʚʫ ʢʘʤʝʨʫ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʤʘʢʩʠʤʘʣʴʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʪʦʧʮʽ ʟʥʠʞʫʻʪʴʩʷ ʥʘ 120ï130 Áʉ ʪʘ ʧʘʜʘʻ ʢʦʥʮʝʥʪʨʘʮʽʷ ʢʠʩʥʶ ʚ ʟʦʥʽ ʛʦʨʽʥʥʷ, 

ʱʦ ʪʘʢʦʞ ʟʤʝʥʰʫʻ ʫʪʚʦʨʝʥʥʷ ʧʘʣʠʚʥʠʭ NOx. ʇʨʠ ʮʴʦʤʫ ʂ.ʂ.ɼ. ʢʦʪʣʘ ʟʥʠʞʫʻʪʴʩʷ ʧʦʨʽʚʥʷʥʦ 

ʤʘʣʦ (0,01ï0,03% ʥʘ 1% ʨʝʮʠʨʢʫʣʷʮʽʡʥʠʭ ʛʘʟʽʚ).  

ʇʦʨʷʜ ʟ ʷʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ, ʜʦ ʷʢʠʭ ʚʽʜʥʦʩʷʪʴʩʷ: ʟʘʭʠʩʪ ʪʦʧʢʦʚʠʭ ʝʢʨʘʥʽʚ ʚʽʜ 

ʧʝʨʝʛʨʽʚʫ; ʨʝʛʫʣʶʚʘʥʥʷ ʧʝʨʝʛʨʽʚʫ ʧʘʨʠ; ʤʦʞʣʠʚʽʩʪʴ ʫʥʽʬʽʢʘʮʽʾ ʢʦʪʣʽʚ ʟʘ ʧʘʣʠʚʦʤ;  

ʤʦʞʣʠʚʽʩʪʴ ʟʥʠʞʝʥʥʷ ʚʠʥʠʢʥʝʥʥʷ ʦʢʩʠʜʽʚ ʘʟʦʪʫ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʨʝʮʠʨʢʫʣʷʮʽʾ 

ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʧʦʚ'ʷʟʘʥʝ ʟ ʧʝʚʥʠʤʠ ʥʝʜʦʣʽʢʘʤʠ, ʷʢʽ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʨʘʭʦʚʘʥʽ. ɻʦʣʦʚʥʠʡ 

ʥʝʜʦʣʽʢ ʮʝ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʩʧʝʮʽʘʣʴʥʦʤʫ ʨʝʮʠʨʢʫʣʷʮʽʡʥʦʤʫ ʚʝʥʪʠʣʷʪʦʨʽ ʪʘ ʚ ʛʘʟʦʭʦʜʘʭ. ʂʨʽʤ 

ʪʦʛʦ, ʨʝʮʠʨʢʫʣʷʮʽʷ ʚʠʢʣʠʢʘʻ ʧʽʜʚʠʱʝʥʥʷ ʦʧʦʨʫ ʧʦʚʽʪʨʷʥʦʛʦ ʪʨʘʢʪʫ ʪʘ ʤʦʞʣʠʚʽʩʪʴ 

ʧʦʨʫʰʝʥʥʷ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʦʣʫʤôʷ.  

ʊʝʭʥʽʯʥʦ ʤʦʞʣʠʚʦ ʟʘʙʝʟʧʝʯʠʪʠ ʨʝʮʠʨʢʫʣʷʮʽʶ ʽ ʙʝʟ ʩʧʝʮʽʘʣʴʥʦʛʦ ʨʝʮʠʨʢʫʣʷʮʽʡʥʦʛʦ 

ʜʠʤʦʩʦʩʫ. ɼʣʷ ʮʴʦʛʦ ʚ ʜʠʤʦʭʦʜʽ ʢʦʪʣʘ ʧʦʙʣʠʟʫ ʜʠʤʦʩʦʩʫ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʩʧʝʮʽʘʣʴʥʠʡ 

ʰʠʙʝʨ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʨʝʛʫʣʴʦʚʘʥʦ ʚʽʜʙʠʨʘʪʠ ʙʣʠʟʴʢʦ 20% ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʪʘ ʥʘʧʨʘʚʣʷʪʠ ʾʭ 

ʥʘ ʚʭʽʜ ʜʫʪʪʴʦʚʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ. ɿʘ ʪʘʢʦʶ ʩʭʝʤʦʶ ɯʥʩʪʠʪʫʪʦʤ ʛʘʟʫ ʅɸʅʋ ʪʘ ʽʥʰʠʤʠ 

ʦʨʛʘʥʽʟʘʮʽʷʤʠ ʦʙʣʘʜʥʘʥʦ ʨʷʜ ʢʦʪʣʽʚ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 10ï220 ʪ /ʛʦʜ ʧʘʨʠ ʚ ʋʢʨʘʾʥʽ. 

ʈʦʟʨʘʭʫʥʦʢ ʩʝʨʝʜʥʴʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʠʢʠʜʽʚ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʙʝʟ ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʝʜʝʪʴʩʷ 

ʟʘ ʬʦʨʤʫʣʦʶ ʉʽʛʘʣʘ ɯ.ʗ. [1] : 

CNOx = Ade
0.8qm

0,5 Ŭm
3 =0.17Ŀ6.0170,8Ŀ1750,5Ŀ1.23 = 16.320 ʛ/ʤ3 , 

ʘ ʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ ʟʘ ʬʦʨʤʫʣʦʶ:  

CNOx = Ade
0.8qm

0,5 Ŭm(1- Krr)  =0.17Ŀ6.0170,8Ŀ1750,5Ŀ1.2(1- 0Ŀ 0.1)=11.334 ʛ/ʤ3 . 

 

ɸʚʪʦʨʠ ʧʨʦʚʝʣʠ ʨʦʟʨʘʭʫʥʢʠ ʩʝʨʝʜʥʴʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʠʢʠʜʽʚ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʧʨʠ 

ʥʘʷʚʥʦʩʪʽ ʨʝʮʠʨʢʫʣʷʮʽʾ ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʚ ʪʦʧʢʫ ʢʦʪʣʘ ʂ-50-40/14 ʟ ʩʪʝʧʝʥʝʤ ʨʝʮʠʨʢʫʣʷʮʽʾ 

r=0.1 ʪʘ ʢʦʝʬʽʮʽʻʥʪʦʤ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʮʠʨʢʫʣʷʮʽʾ Kr, ʱʦ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 0 ʜʦ 0.5. ʈʝʟʫʣʴʪʘʪʠ 

ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʬʦʨʤʫʣʦʶ ɯ.ʗ. ʉʽʛʘʣʘ ʟ ʨʝʮʠʨʢʫʣʷʮʽʻʶ ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʟʚʝʜʝʥʽ ʪʘʙʣʠʮʶ 1.  
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ʊʘʙʣʠʮʷ 1 -  ʉʝʨʝʜʥʷ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʠʢʠʜʽʚ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʟʘ  ʨʝʮʠʨʢʫʣʷʮʽʻʶ.   

ʂʦʝʬʽʮʽʻʥʪ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʨʝʮʠʨʢʫʣʷʮʽʾ, Kr 
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ʂʦʥʮʝʥʪʨʘʮʽʷ ʦʢʩʠʜʽʚ  
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ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʧʦʢʘʟʘʣʠ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʩʪʝʧʝʥʷ ʨʝʮʠʨʢʫʣʷʮʽʾ ʪʘ ʢʦʝʬʽʮʽʻʥʪʫ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʮʠʨʢʫʣʷʮʽʾ ʢʦʥʮʝʥʪʨʘʮʽʷ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʟʤʝʥʰʫʻʪʴʩʷ.  

 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

 

1. ʉʠʛʘʣ ʀ.ʗ. ɿʘʱʠʪʘ ʚʦʟʜʫʰʥʦʛʦ ʙʘʩʩʝʡʥʘ ʧʨʠ ʩʞʠʛʘʥʠʠ ʪʦʧʣʠʚʘ. / ʀ.ʗ. ʉʠʛʘʣ - ʃ.: çʅʝʜʨʘè, 

1988 ʛ. - 312 ʩ.: ʠʣ. 
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ʋɼʂ 620.9 

ʉʪʫʜʝʥʪ 4 ʢʫʨʩʫ, ʛʨ. ʊʂ-71 ʅʦʚʦʩʘʜ ʖ.ɯ. 

ʉʪ. ʚʠʢʣ., ʢ.ʪ.ʥ. ɺʦʨʦʙʡʦʚ ʄ.ɺ. 

ɺʀʂʆʈʀʉʊɸʅʅʗ ɹɯʆɻɸɿʋ ɺ ʂʆʊʃɸʍ ɼʃʗ ɿɸʄɯʑɽʅʅʗ ʇʈʀʈʆɼʅʆɻʆ ɻɸɿʋ 

ɹʽʦʛʘʟ ʫʪʚʦʨʶʻʪʴʩʷ ʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʦʤʫ ʨʦʟʢʣʘʜʘʥʥʽ ʙʨʦʜʽʥʥʷʤ 

ʙʽʦʤʘʩʠ ʯʠ ʙʽʦʚʽʜʭʦʜʽʚ (ʨʦʟʢʣʘʜʘʥʥʷ ʙʽʦʤʘʩʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʪʨʴʦʭ ʚʠʜʽʚ 

ʙʘʢʪʝʨʽʡ), ʪʚʝʨʜʠʭ ʽ ʨʽʜʢʠʭ ʦʨʛʘʥʽʯʥʠʭ ʚʽʜʭʦʜʽʚ: ʥʘ ʟʚʘʣʠʱʘʭ, ʢʘʥʘʣʽʟʘʮʽʾ, ʚʠʛʨʽʙʥʠʭ ʷʤʘʭ 

ʪʦʱʦ. ɼʦʙʫʚʘʶʪʴ ʟ ʚʽʜʭʦʜʽʚ ʪʚʘʨʠʥʥʠʮʪʚʘ, ʭʘʨʯʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʩʪʽʯʥʠʭ ʚʦʜ ʪʘ ʪʚʝʨʜʠʭ 

ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ (ʚʽʜʩʦʨʪʦʚʘʥʠʭ, ʙʝʟ ʥʝʦʨʛʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ, ʪʘ ʜʦʤʽʰʦʢ ʥʝʧʨʠʨʦʜʥʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ). ʇʨʦʮʝʩʠ ʫʪʚʦʨʝʥʥʷ ʙʽʦʛʘʟʫ ʧʝʨʝʙʽʛʘʶʪʴ ʫ ʪʘʢ ʟʚʘʥʠʭ ʤʝʪʘʥʪʝʥʢʘʭ (ʨʠʩ. 1). 

 
ʈʠʩʫʥʦʢ 1 -  ɹʽʦʛʘʦʚʘ ʫʩʪʘʥʦʚʢʘ 

 

ʊʦʙʪʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʦʞʥʘ ʙʫʜʴ-ʷʢʽ ʤʽʩʮʝʚʽ ʧʨʠʨʦʜʥʽ ʨʝʩʫʨʩʠ. ʆʩʥʦʚʥʠʤ 

ʩʢʣʘʜʥʠʢʦʤ ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʧʘʣʠʚʘ ʧʨʠ ʧʝʨʝʨʦʙʮʽ ʙʽʦʤʘʩʠ(ʤʝʪʘʥʫ ʫ ʷʢʽʡ ʩʷʛʘʻ 50-85%) ʻ 

ʙʽʦʛʘʟ. ɽʥʝʨʛʽʷ, ʱʦ ʦʪʨʠʤʫʻʪʴʩʷ ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ ʙʽʦʛʘʟʫ, ʤʦʞʝ ʜʦʩʷʛʘʪʠ 60 ï 90 % ʚʽʜ ʪʽʻʾ, 

ʷʢʦʶ ʚʦʣʦʜʽʻ ʚʠʭʽʜʥʠʡ ʤʘʪʝʨʽʘʣ. ʉʝʨʝʜ ʫʩʽʭ ʧʦʥʦʚʣʶʚʘʥʠʭ ʝʥʝʨʛʽʡ ʙʽʦʛʘʟ ʤʘʻ ʦʩʦʙʣʠʚʠʡ 

ʩʪʘʪʫʩ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʟʥʘʭʦʜʠʪʴ ʨʽʟʥʦʤʘʥʽʪʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʩʬʝʨʘʭ ʝʥʝʨʛʝʪʠʢʠ, ʘ ʚ ʫʤʦʚʘʭ 

ʋʢʨʘʾʥʠ ʡʦʛʦ ʚʠʨʦʙʥʠʮʪʚʦ ʤʦʞʝ ʙʫʪʠ ʥʘʡʜʝʰʝʚʰʠʤ [1, 2]. ɹʽʦʤʝʪʘʥ ï ʦʯʠʱʝʥʠʡ ʙʽʦʛʘʟ ï ʻ 

ʚʽʜʥʦʚʣʶʚʘʥʦʶ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʧʨʠʨʦʜʥʦʤʫ ʛʘʟʫ. ʁʦʛʦ ʯʠʩʣʝʥʥʽ ʧʨʦʛʨʘʤʠ ʚʢʣʶʯʘʶʪʴ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʜʣʷ ʥʘʰʠʭ ʙʫʜʽʚʝʣʴ ʪʘ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʘ ʪʘʢʦʞ 

ʚʠʨʦʙʥʠʮʪʚʦ ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ ʧʘʣʠʚʘ ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʝʢʪʦʨʫ, ʦʩʦʙʣʠʚʦ ʚʘʞʢʠʭ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʪʘ ʩʫʜʝʥ. ʆʩʪʘʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʙʽʦʤʝʪʘʥ ʻ ʝʬʝʢʪʠʚʥʠʤ 

ʩʧʦʩʦʙʦʤ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʚʽʜ ʪʨʘʥʩʧʦʨʪʫ. 

ʉʢʣʘʜ ʛʘʟʫ ʥʝʩʪʘʙʽʣʴʥʠʡ ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ: ʢʫʨʷʯʠʡ ʧʦʩʣʽʜ, 

ʢʦʨʦʚ'ʷʯʠʡ ʪʘ ʩʚʠʥʷʯʠʡ ʛʥʽʡ ʤʘʶʪʴ ʚ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʙʘʢʪʝʨʽʡ ʟʜʘʪʥʠʭ ʧʽʜʪʨʠʤʫʚʘʪʠ ʤʝʪʘʥʦʚʝ 

ʙʨʦʜʽʥʥʷ, ʘʣʝ ʟʘʣʠʰʢʦʚʠʡ ʤʘʪʝʨʽʘʣ ʥʝ ʩʧʨʠʷʻ ʦʩʦʙʣʠʚʦ ʚʠʩʦʢʦʤʫ ʚʤʽʩʪʫ ʤʝʪʘʥʫ. ɹʽʣʴʰʠʡ 

ʚʤʽʩʪ ʤʝʪʘʥʫ ʤʦʞʝ ʜʘʪʠ ʚʚʝʜʝʥʥʷ ʚ ʨʦʟʢʣʘʜʫʚʘʥʫ ʩʫʤʽʰ ʚʽʜʭʦʜʽʚ ʙʦʻʥʴ, ʦʩʦʙʣʠʚʦ ʷʢʱʦ ʚʦʥʠ 

ʤʽʩʪʷʪʴ ʞʠʨ. ʇʦʩʣʽʜ ʪʘ ʛʥʽʡ ʤʦʞʝ ʙʫʪʠ ʣʠʰʝ ʜʞʝʨʝʣʦʤ ʙʘʢʪʝʨʽʡ, ʦʩʥʦʚʥʠʤ ʤʘʪʝʨʽʘʣʦʤ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʽʜʭʦʜʠ ʜʝʨʝʚʦʦʙʨʦʙʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʯʠ ʦʧʘʣʝ ʣʠʩʪʷ, ʘʣʝ ʚʦʥʠ ʙʽʜʥʽ ʥʘ 

ʟʚ'ʷʟʘʥʠʡ ʘʟʦʪ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʨʦʟʚʠʪʢʫ ʙʘʢʪʝʨʽʡ (ʤʦʞʝ ʙʫʪʠ ʚʥʝʩʝʥʠʡ ʽʟ ʩʝʯʝʶ). 

ɼʣʷ ʤʘʩʰʪʘʙʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʙʽʦʣʦʛʽʯʥʦʛʦ ʛʘʟʫ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʦʧʘʣʝʥʥʷ ʭʦʣʜʠʥʛʫ 

ʘʙʦ ʩʝʣʘ, ʥʝʦʙʭʽʜʥʦ ʥʘʣʘʛʦʜʠʪʠ ʩʧʽʚʧʨʘʮʶ ʟ ʬʝʨʤʝʨʘʤʠ, ʷʢʽ ʙʫʜʫʪʴ ʧʦʩʪʘʯʘʪʠ ʚʘʤ ʛʥʽʡ ʘʙʦ 

ʢʫʨʷʯʠʡ ʧʦʩʣʽʜ, ʽ ʟʘʣʠʰʢʠ ʨʦʩʣʠʥ ʜʣʷ ʧʝʨʝʨʦʙʢʠ ʾʭ ʚ ʧʦʜʘʣʴʰʦʤʫ. ʆʮʽʥʦʯʥʠʡ ʧʦʪʝʥʮʽʘʣ 

ʦʪʨʠʤʘʥʥʷ ʙʽʦʛʘʟʫ [2] ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2. 
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ʈʠʩʫʥʦʢ 2 - ʆʮʽʥʦʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʦʪʨʠʤʘʥʥʷ ʙʽʦʛʘʟʫ ʚ ʋʢʨʘʾʥʽ. 

 

ɺʘʞʣʠʚʦ ʚʨʘʭʫʚʘʪʠ, ʱʦ ʚʠʧʨʘʚʜʘʥʝ ʧʣʝʯʝ ʜʦʩʪʘʚʢʠ ʚ ʩʝʨʝʜʥʴʦʤʫ - ʜʦ 20 ʢʤ ʜʣʷ 

ʨʽʜʢʦʛʦ ʩʠʨʦʚʠʥʠ, ʜʦ 50 ʢʤ - ʜʣʷ ʩʫʭʠʭ ʚʽʜʭʦʜʽʚ. ʂʨʽʤ ʪʦʛʦ, ʙʽʦʛʘʟʦʚʽ ʫʩʪʘʥʦʚʢʠ ʚʠʤʘʛʘʶʪʴ 

ʜʫʞʝ ʙʘʛʘʪʦ ʩʠʨʦʚʠʥʠ. ɯ ʟʙʠʨʘʪʠ ʡʦʛʦ ʧʨʠʧʘʜʝ ʜʦ ʬʝʨʤʝʨʘʤ ʽ ʘʛʨʦʧʽʜʧʨʠʻʤʩʪʚʘʤ. ʊʫʪ ʱʝ 

ʪʨʝʙʘ ʨʦʟʫʤʽʪʠ, ʱʦ ʥʘ ʙʫʜʴ-ʷʢʦʤʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʤʫ ʧʽʜʧʨʠʻʤʩʪʚʽ ʽʩʥʫʶʪʴ ʚʽʜʭʦʜʠ, 

ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʫʪʠʣʽʟʫʚʘʪʠ, ʽ ʙʽʦʛʘʟʦʚʘ ʫʩʪʘʥʦʚʢʘ ʤʦʞʝ ʜʦʟʚʦʣʠʪʠ ʟʘʦʱʘʜʠʪʠ ʥʘ ʫʪʠʣʽʟʘʮʽʾ / 

ʪʝʧʣʽ / ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʽ ʥʘʚʽʪʴ, ʥʘ ʦʨʛʘʥʽʯʥʠʭ ʜʦʙʨʠʚʘʭ, ʘʜʞʝ ʧʝʨʝʨʦʙʣʝʥʠʡ ʛʥʽʡ ʚ ʧʝʨʝʛʥʽʡ 

ʟʥʘʯʥʦ ʧʦʢʨʘʱʫʻ ʷʢʽʩʪʴ ˇʨʫʥʪʫ, ʘ ʦʪʞʝ, ʽ ʢʽʣʴʢʽʩʪʴ ʚʨʦʞʘʶ.  

ɺʠʨʦʙʥʠʮʪʚʦ ʙʽʦʛʘʟʫ ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ ʢʽʣʴʢʽʩʪʴ ʚʠʢʠʜʽʚ ʤʝʪʘʥʫ ʚ ʘʪʤʦʩʬʝʨʫ. 

ʄʝʪʘʥ ʚʥʦʩʠʪʴ ʩʝʨʡʦʟʥʽ ʢʦʨʝʢʪʠʚʠ ʜʦ ʩʪʘʥʫ ʘʪʤʦʩʬʝʨʠ ɿʝʤʣʽ. ʌʦʨʤʫʻʪʴʩʷ ʪʘʢ ʟʚʘʥʘ çʣʽʥʟʘè 

ʟʽ ʚʩʽʣʷʢʠʭ ʛʘʟʽʚ ʽ ʦʩʦʙʣʠʚʦ ʟ'ʻʜʥʘʥʴ ʚʫʛʣʝʮʶ, ʷʢʘ ʧʝʨʝʰʢʦʜʞʘʻ ʚʠʭʦʜʫ ʪʝʧʣʘ ʚ ʢʦʩʤʽʯʥʠʡ 

ʧʨʦʩʪʽʨ. ʊʘʢʠʤ ʯʠʥʦʤ, ʪʝʧʣʦ ʢʦʥʮʝʥʪʨʫʻʪʴʩʷ ʚ ʩʘʤʽʡ ʘʪʤʦʩʬʝʨʽ, ʽ ʥʘ ʧʣʘʥʝʪʽ ʩʪʘʻ ʚʩʝ 

ʩʧʝʢʦʪʥʽʰʝ ʽ ʩʧʝʢʦʪʥʽʰʝ. ɺ ʮʴʦʤʫ ʧʨʦʮʝʩʽ ʤʝʪʘʥ ʤʘʻ ʚ 21 ʨʘʟ ʩʠʣʴʥʽʰʠʡ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ, 

ʥʽʞ ʜʚʦʦʢʠʩ ʚʫʛʣʝʮʶ. ʊʘʢʠʤ ʯʠʥʦʤ ʚʠʨʦʙʥʠʮʪʚʦ ʙʽʦʛʘʟʫ ʽ ʧʦʜʘʣʴʰʝ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʪʝʧʣʘ ʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʻ ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʤ ʟʘʩʦʙʦʤ ʙʦʨʦʪʴʙʠ ʟ ʛʣʦʙʘʣʴʥʠʤ 

ʧʦʪʝʧʣʽʥʥʷʤ. ɹʽʦʤʘʩʘ, ʷʢʘ ʟʘʣʠʰʘʻʪʴʩʷ ʧʽʩʣʷ ʧʝʨʝʨʦʙʢʠ ʚʽʜʭʦʜʽʚ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ 

ʚ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ ʷʢ ʜʦʙʨʠʚʦ. ʇʨʠʯʦʤʫ ʪʘʢʽ ʜʦʙʨʠʚʘ ʟʥʘʯʥʦ ʢʨʘʱʝ ʽ ʝʬʝʢʪʠʚʥʽʰʝ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ˇʨʫʥʪ, ʥʘ ʨʦʟʚʠʪʦʢ ʨʦʩʣʠʥ ʪʘ ʥʘ ˇʨʫʥʪʦʚʽ ʚʦʜʠ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʰʪʫʯʥʠʭ ʜʦʙʨʠʚ. 
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ʅʀɿʔʂʆʊɽʄʇɽʈɸʊʋʈʅɸ ʂʆʈʆɿɯʗ ʇʆɺɯʊʈʆʇɯɼɯɻʈɯɺɸʏɸ ʂʆʊʃɸ ɻʄ-50

ʅʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʘ ʢʦʨʦʟʽʷ ʚʠʥʠʢʘʻ ʧʨʠ ʢʦʥʜʝʥʩʘʮʽʾ ʥʘ ʧʦʚʝʨʭʥʽ ʥʘʛʨʽʚʫ ʚʦʜʷʥʦʾ 

ʧʘʨʠ ʽ ʫʪʚʦʨʝʥʥʽ ʨʽʜʢʦʾ ʧʣʽʚʢʠ, ʱʦ ʻ ʝʣʝʢʪʨʦʣʽʪʦʤ. ʂʦʥʜʝʥʩʘʮʽʷ ʚʦʜʷʥʦʾ ʧʘʨʠ ʚʠʥʠʢʘʻ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ ʧʦʚʝʨʭʥʽ ʥʘʛʨʽʚʫ ʥʠʞʯʝ ʟʘ ʪʝʤʧʝʨʘʪʫʨʫ ʪʦʯʢʠ ʨʦʩʠ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʧʘʨʮʽʘʣʴʥʠʤ ʪʠʩʢʦʤ ʚʦʜʷʥʦʾ ʧʘʨʠ ʚ ʧʨʦʜʫʢʪʘʭ ʟʛʦʨʘʥʥʷ. ʊʘʢʠʡ ʪʠʩʢ ʧʽʜʚʠʱʫʻʪʴʩʷ ʽʟ 

ʟʙʽʣʴʰʝʥʥʷʤ ʚʦʣʦʛʦʩʪʽ ʧʘʣʠʚʘ ʽ ʚʤʽʩʪʫ ʚ ʥʴʦʤʫ ʚʦʜʥʶ. ʅʘʧʨʠʢʣʘʜ, ʪʝʤʧʝʨʘʪʫʨʘ ʪʦʯʢʠ ʨʦʩʠ 

ʚ ʧʨʦʜʫʢʪʘʭ ʟʛʦʨʘʥʥʷ ʚʫʛʽʣʣʷ ɸʐ ʩʢʣʘʜʘʻ (27-28) ʦʉ, ʙʫʨʦʛʦ ʚʫʛʽʣʣʷ ( 45-55) ʦʉ, ʤʘʟʫʪʫ (44 

ï 45) ʦʉ ʽ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ (54 -55) ʦʉ. ʅʘʷʚʥʽʩʪʴ ʚ ʧʨʦʜʫʢʪʘʭ ʟʛʦʨʘʥʥʷ Sʆ2 ʽ Sʆ3 ʧʽʜʚʠʱʫʻ 

ʪʝʤʧʝʨʘʪʫʨʫ ʪʦʯʢʠ ʨʦʩʠ ʜʦ (100 -110) ʦʉ (ʨʠʩ. 1). ɼʣʷ ʦʩʦʙʣʠʚʦ ʩʽʨʯʠʩʪʠʭ ʧʘʣʠʚ 

ʪʝʤʧʝʨʘʪʫʨʘ ʪʦʯʢʠ ʨʦʩʠ ʤʦʞʝ ʧʽʜʚʠʱʫʚʘʪʠʩʴ ʜʦ 150 ʦʉ. ɿʘ ʥʘʷʚʥʦʩʪʽ ʚʦʜʷʥʦʾ ʧʘʨʠ ʽ 

ʩʽʨʯʠʩʪʠʭ ʟ'ʻʜʥʘʥʴ ʚ ʧʨʦʜʫʢʪʘʭ ʟʛʦʨʘʥʥʷ ʫʪʚʦʨʶʻʪʴʩʷ ʧʘʨʦʧʦʜʽʙʥʘ ʩʠʩʪʝʤʘ ʅ2ʆ-ʅ2 Sʆ4. 

ʊʝʤʧʝʨʘʪʫʨʘ ʢʦʥʜʝʥʩʘʮʽʾ ʚʦʜʷʥʦʾ ʧʘʨʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʧʘʨʮʽʘʣʴʥʠʤ ʪʠʩʢʦʤ ʧʘʨʠ ʚ 

ʧʨʦʜʫʢʪʘʭ ʟʛʦʨʘʥʥʷ: 

                                              tk=f( RH2OĿp),                                    (1)  

 

ʜʝ RH2O= VH2O/Vʛ  ï ʯʘʩʪʢʘ ʚʦʜʷʥʦʾ ʧʘʨʠ ʚ ʧʨʦʜʫʢʪʘʭ ʟʛʦʨʘʥʥʷ; ʨ ï ʪʠʩʢ ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʘʥʥʷ, 

ʄʇʘ. 

 

 

 
 

ʈʠʩʫʥʦʢ 2 - ʐʚʠʜʢʽʩʪʴ ʢʦʨʦʟʽʾ ʚʽʜ PH 

ʥʘʚʢʦʣʠʰʥʝʛʦ ʩʝʨʝʜʦʚʠʱʷ  [2] 

 

 

  

          ʅʘʡʙʽʣʴʰ ʘʢʪʠʚʥʦ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʘ ʢʦʨʦʟʽʷ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʧʦʚʽʪʨʦʧʽʜʽʛʨʽʚʥʠʢʘʭ 

ʪʘ ʝʢʦʥʦʤʘʡʟʝʨʘʭ ʧʘʨʦʚʠʭ ʢʦʪʣʽʚ ʽ ʦʩʪʘʥʥʽʭ ʢʦʥʚʝʢʪʠʚʥʠʭ ʧʫʯʢʘʭ ʚʦʜʦʛʨʽʡʥʠʭ ʢʦʪʣʽʚ. ʊʘʤ 

ʤʘʶʪʴ ʤʽʩʮʝ ʥʘʡʥʠʞʯʽ ʪʝʤʧʝʨʘʪʫʨʠ ʛʨʽʡʥʦʛʦ ʽ ʥʘʛʨʽʚʘʥʦʛʦ ʪʝʧʣʦʥʦʩʽʾʚ. 

ʅʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʘ ʢʦʨʦʟʽʷ ʧʦʚʝʨʭʥʽ ʥʘʛʨʽʚʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʫʤʦʚʠ 

                                                     

                                                         tʩʪ<tʨ+(5-20) ʦC.                                     (2) 

          

           ʊʝʤʧʝʨʘʪʫʨʘ ʩʪʽʥʢʠ ʪʨʫʙʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʙʘʣʘʥʩʫ ʪʝʧʣʦʪʠ ʚʥʫʪʨʽʰʥʴʦʾ ʽ ʟʦʚʥʽʰʥʴʦʾ 

ʾʾ ʧʦʚʝʨʭʥʽ, 

                                            tʩʪ=tʪʤ +tʛītʪʥ1 +Ŭʪʥ /Ŭʛ =tʛīk (tʛītʪʥ ),                   (3)  

   

ʜʝ tʛ, tʪʥ ï ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʽʚ ʥʘ ʚʠʭʦʜʽ ʽ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʭʦʜʽ ʚ ʝʣʝʤʝʥʪ ʢʦʪʣʘ,  

Ŭʛ , Ŭʪʥ , k ï ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʧʣʦʚʽʜʜʘʯʽ ʟ ʙʦʢʫ ʛʘʟʽʚ ʽ ʪʝʧʣʦʥʦʩʽʷ ʽ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ. 

 

ʈʠʩʫʥʦʢ 1 -   ɿʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ 

ʪʦʯʢʠ ʨʦʩʠ ʚʽʜ ʚʤʽʩʪʫ Sʆ3 

ʚ ʧʨʦʜʫʢʪʘʭ ʟʛʦʨʘʥʥʷ [1] 
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ɿ ʚʠʨʘʟʫ  ʚʠʭʦʜʠʪʴ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʫ ʩʪʽʥʢʠ ʤʦʞʥʘ ʧʽʜʚʠʱʠʪʠ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʭʦʜʽ ʽ ʟʤʝʥʰʝʥʥʷ Ŭʪʥ. ɿʤʝʥʰʝʥʥʷ Ŭʪʥ  ʻ ʥʝʝʬʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ, 

ʦʩʢʽʣʴʢʠ ʚʠʤʘʛʘʻ ʟʙʽʣʴʰʝʥʥʷ ʧʣʦʱʽ ʧʦʚʝʨʭʥʽ ʥʘʛʨʽʚʫ ʽ ʥʝ ʚʠʧʨʘʚʜʦʚʫʻʪʴʩʷ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɺ ʭʦʜʽ ʜʘʥʦʾ ʨʦʙʦʪʠ ʨʦʟʛʣʷʥʫʪʦ ʦʩʥʦʚʥʽ ʤʝʪʦʜʠ ʟʥʠʞʝʥʥʷ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ 

ʢʦʨʦʟʽʾ ʧʦʚʽʪʨʦʧʽʜʽʛʨʽʚʘʯʘ ʥʘ ʧʨʠʢʣʘʜʽ ʢʦʪʣʘ ɻʄ-50, ʱʦ ʧʨʘʮʶʻ ʥʘ ʤʘʟʫʪʽ ʪʘ ʜʝʪʘʣʴʥʦ 

ʦʧʠʩʘʥʦ ʥʘʡʝʬʝʢʪʠʚʥʽʰʽ ʟ ʥʠʭ ʪʘʢʦʞ ʚʠʚʯʝʥʦ ʪʘ ʦʙʨʘʥʦ ʩʭʝʤʫ ʧʽʜʽʛʨʽʚʫ ʧʦʚʽʪʨʷ.   

ʂʦʨʦʟʽʷ ʧʨʠʟʚʦʜʠʪʴ ʱʦʨʽʯʥʦ ʜʦ ʤʽʣʴʷʨʜʥʠʭ ʟʙʠʪʢʽʚ, ʽ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʻ ʚʘʞʣʠʚʠʤ 

ʟʘʚʜʘʥʥʷʤ. ʆʩʥʦʚʥʠʡ ʟʙʠʪʦʢ, ʱʦ ʟʘʧʦʜʽʶʻʪʴʩʷ ʢʦʨʦʟʽʻʶ ʢʦʪʝʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʧʦʣʷʛʘʻ ʥʝ 

ʣʠʰʝ ʫ ʚʪʨʘʪʽ ʤʝʪʘʣʫ, ʷʢ ʪʘʢʦʛʦ, ʘ ʫ ʚʝʣʠʯʝʟʥʽʡ ʚʘʨʪʦʩʪʽ ʦʙʣʘʜʥʝʥʥʷ, ʱʦ ʨʫʡʥʫʶʪʴʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʢʦʨʦʟʽʻʶ. ʆʩʴ ʯʦʤʫ ʱʦʨʽʯʥʽ ʚʪʨʘʪʠ ʚʽʜ ʥʝʾ ʚ ʧʨʦʤʠʩʣʦʚʦ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥʘʭ 

ʥʘʩʪʽʣʴʢʠ ʚʝʣʠʢʽ. 
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ɿɸʄɯʑɽʅʅʗ ʇʈʀʈʆɼʅʔʆɻʆ ɻɸɿʋ ɺ ʂʆʊʃɯ ɹʂɿ-75-39 ʅɸ ɹɯʆʄɸʉʋ  

 

ɺ ʥʠʥʽʰʥʽʭ ʫʤʦʚʘ ʧʠʪʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʥʝʟʘʣʝʞʥʦʩʪʽ ʻ ʘʢʪʫʘʣʴʥʠʤ ʷʢ ʜʣʷ ʂʠʾʚʩʴʢʦʾ 

ʦʙʣʘʩʪʽ, ʪʘʢ ʽ ʜʣʷ ʋʢʨʘʾʥʠ ʚʮʽʣʦʤʫ. ɺʩʝ ʙʽʣʴʰʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʶ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʤʽʩʮʝʚʠʭ ʚʠʜʽʚ ʧʘʣʠʚʘ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʣʫʰʧʠʥʥʷ ʽ ʟʘʛʘʣʦʤ 

ʙʽʦʧʘʣʠʚʘ ʻ ʚʘʞʣʠʚʠʤ ʯʠʥʥʠʢʦʤ ʧʦʜʦʣʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ, ʟʘʤʽʱʝʥʥʷ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʚ ʧʘʣʠʚʥʦʤʫ ʙʘʣʘʥʩʽ ʢʨʘʾʥʠ ʪʘ ʟʤʽʥʠ ʩʪʨʫʢʪʫʨʠ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ 

ʙʣʠʞʯʝ ʜʦ ʤʦʜʝʣʽ ʩʪʘʣʦʾ ʝʥʝʨʛʝʪʠʢʠ. 

ʋ 2017 ʨʦʮʽ ʩʚʽʪʦʚʽ ʧʦʩʽʚʠ ʩʦʥʷʰʥʠʢʫ ʜʦʩʷʛʣʠ ʥʦʚʠʭ ʤʘʢʩʠʤʫʤʽʚ. ɿʦʢʨʝʤʘ ʚ ʋʢʨʘʾʥʽ 

ʙʫʣʦ ʟʘʩʽʷʥʦ 5,4 ʤʣʥ ʛʘ. ɿʘʚʜʷʢʠ ʟʙʽʣʴʰʝʥʥʶ ʧʦʩʽʚʥʠʭ ʧʣʦʱ ʧʽʜ ʩʦʥʷʰʥʠʢʦʤ ʦʯʽʢʫʻʪʴʩʷ, ʱʦ 

ʫ 2018 ʨʦʮʽ ʚ ʋʢʨʘʾʥʽ ʪʘ ʽʥʰʠʭ ʢʨʘʾʥʘʭ ʩʚʽʪʦʚʝ ʚʠʨʦʙʥʠʮʪʚʦ ʫ 2018/19 ʚʠʨʦʩʪʝ ʜʦ ʨʝʢʦʨʜʥʠʭ 

50,42 ʤʣʥ ʪ, ʽʟ ʥʠʭ 30% ʧʨʠʭʦʜʠʪʴʩʷ ʥʘ ʋʢʨʘʾʥʫ. ʇʨʦʛʥʦʟ ʚʠʨʦʙʥʠʮʪʚʘ ʟʙʽʣʴʰʝʥʦ ʜʣʷ 

ʋʢʨʘʾʥʠ ʥʘ 7,5% ʜʦ 14,5 ʤʣʥ. ʪ, ʯʦʤʫ ʩʧʨʠʷʻ ʥʝ ʪʽʣʴʢʠ ʟʨʦʩʪʘʶʯʠʡ ʧʦʧʠʪ, ʘʣʝ ʽ ʚʽʜʩʫʪʥʽʩʪʴ 

ʦʙʤʝʞʝʥʴ ʥʘ ʝʢʩʧʦʨʪ ʧʨʦʜʫʢʪʽʚ ʧʝʨʝʨʦʙʢʠ ʩʦʥʷʰʥʠʢʫ ʥʘ ʟʦʚʥʽʰʥʴʦʤʫ ʨʠʥʢʫ. ɺ ʋʢʨʘʾʥʽ 

ʥʘʨʘʭʦʚʫʻʪʴʩʷ ʙʽʣʴʰʝ 300 ʦʣʽʻʝʢʩʪʨʘʮʽʡʥʠʭ ʢʦʤʙʽʥʘʪʽʚ, ʦʣʽʻʞʠʨʢʦʤʙʽʥʘʪʽʚ ʪʘ 

ʤʘʩʣʦʚʠʨʦʙʥʠʮʪʚ. ʇʨʠ ʮʴʦʤʫ ʚʠʭʽʜ ʣʫʰʧʠʥʥʷ ʩʢʣʘʜʘʻ 11- 20% ʚʽʜ ʤʘʩʠ ʩʦʥʷʰʥʠʢʦʚʦʛʦ 

ʥʘʩʽʥʥʷ. ɺʠʚʽʟ ʽ ʰʪʨʘʬʠ ʟʘ ʩʢʣʘʜʫʚʘʥʥʷ ʣʫʰʧʠʥʥʷ ʚʠʤʘʛʘʶʪʴ ʟʥʘʯʥʠʭ ʚʠʪʨʘʪ. ʋ ʪʦʡ ʞʝ ʯʘʩ 

ʣʫʰʧʠʥʥʷ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʦ ʫ ʷʢʦʩʪʽ ʢʦʪʝʣʴʥʦʛʦ ʧʘʣʠʚʘ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʧʘʨʠ, 

ʛʘʨʷʯʦʾ ʚʦʜʠ ʪʘ ʪʝʧʣʦʪʠ ʜʣʷ ʚʣʘʩʥʠʭ ʧʦʪʨʝʙ ʧʦʜʽʙʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ. ɿʘ ʥʘʷʚʥʦʩʪʽ ʪʘʢʦʾ 

ʢʽʣʴʢʦʩʪʽ ʚʽʜʭʦʜʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʢʦʪʝʣʴʥʠʭ ʪʨʘʜʠʮʽʡʥʠʭ ʜʦʨʦʛʠʭ ʪʘ ʜʝʬʽʮʠʪʥʠʭ ʚʠʜʽʚ 

ʧʘʣʠʚʘ ï ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʪʘ ʤʘʟʫʪʫ ï ʥʝ ʻ ʜʦʮʽʣʴʥʠʤ [1]. 

 ʇʦʚʥʘ ʘʙʦ ʯʘʩʪʢʦʚʘ ʟʘʤʽʥʘ ʮʠʭ ʧʘʣʠʚ ʥʘ ʣʫʰʧʠʥʥʷ ʜʦʟʚʦʣʠʪʴ ʥʝ ʪʽʣʴʢʠ ʫʪʠʣʽʟʫʚʘʪʠ 

ʡʦʛʦ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ, ʘ ʡ ʦʪʨʠʤʘʪʠ ʟʥʘʯʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ. ʅʘ ʩʴʦʛʦʜʥʽ ʙʽʣʴʰʝ 

ʧʦʣʦʚʠʥʠ ʨʽʯʥʦʛʦ ʦʙʩʷʛʫ ʫʪʚʦʨʝʥʦʛʦ ʣʫʰʧʠʥʥʷ ʩʧʘʣʶʻʪʴʩʷ ʚ ʢʦʪʣʘʭ ʟ ʤʝʪʦʶ ʚʠʨʦʙʥʠʮʪʚʘ 

ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ (ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʘʨʠ, ʛʘʨʷʯʦʾ ʚʦʜʠ), ʙʣʠʟʴʢʦ 22% ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʛʨʘʥʫʣ ʽ ʙʨʠʢʝʪʽʚ, ʜʦʩʠʪʴ ʚʝʣʠʢʘ ʯʘʩʪʢʘ (ʜʦ 80 ʪʠʩ. ʪ/ʨʽʢ) ʚʠʚʦʟʠʪʴʩʷ ʥʘ 

ʩʤʽʪʥʠʢʠ, ʧʝʚʥʘ ʢʽʣʴʢʽʩʪʴ ʧʨʦʜʘʻʪʴʩʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʤ ʧʽʜʧʨʠʻʤʩʪʚʘʤ ʽ ʥʘʩʝʣʝʥʥʶ 

ʜʣʷ ʛʦʩʧʦʜʘʨʩʴʢʠʭ ʧʦʪʨʝʙ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ɯʥʩʪʨʫʢʮʽʾ ɼʝʨʞʘʚʥʦʛʦ ʢʦʤʽʪʝʪʫ ʩʪʘʪʠʩʪʠʢʠ 

ʋʢʨʘʾʥʠ (ˉ1280/11560 ʚʽʜ 27.10.05), ʧʽʜʧʨʠʻʤʩʪʚʘ, ʟʦʙʦʚ'ʷʟʘʥʽ ʟʚʽʩʪʢʠ ʦʙʣʽʢ ʫʪʚʦʨʝʥʦʾ 

ʣʫʰʧʠʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʣʫʰʧʠʥʥʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘ ʧʘʣʠʚʥʽ ʧʦʪʨʝʙʠ, ʚʚʘʞʘʻʪʴʩʷ 

ʚʪʦʨʠʥʥʠʤ ʨʝʩʫʨʩʦʤ, ʘ ʽʥʰʝ ï ʚʽʜʭʦʜʘʤʠ. ʃʫʰʧʠʥʥʷ ʚʽʜʜʽʣʷʻʪʴʩʷ ʚʽʜ ʥʘʩʽʥʥʷ ʚ ʧʨʦʮʝʩʽ 

ʧʽʜʛʦʪʦʚʢʠ ʜʦ ʦʪʨʠʤʘʥʥʷ ʦʣʽʾ. ʉʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʣʫʰʧʠʥʥʷ ʩʦʥʷʰʥʠʢʘ ʚʘʨʽʶʻʪʴʩʷ ʚ ʤʝʞʘʭ: 

ʜʦʚʞʠʥʘ ï 4,8 ʤʤ, ʰʠʨʠʥʘ ï 1,5-3 ʤʤ. ʄʽʩʪʠʪʴ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʧʝʥʪʦʟʘʥʽʚ ï 23,6-28,0%, 

ʢʣʽʪʯʘʪʢʠ ï 52,0-66,0%, ʣʽʛʥʽʥʫ ï 24,8-29,6%, ʮʝʣʶʣʦʟʠ ï 31,0-42,4%. ɿʘʚʜʷʢʠ ʚʠʩʦʢʦʤʫ 

ʚʠʭʦʜʫ ʣʝʪʶʯʠʭ, ʱʦ ʜʦʭʦʜʠʪʴ ʜʦ 80%, ʥʝʟʥʘʯʥʦʤʫ ʙʘʣʘʩʪʫ ʪʘ ʛʘʨʥʦʾ ʧʘʨʫʩʥʦʩʪʽ ʣʫʰʧʠʥʥʷ 

ʷʢ ʧʘʣʠʚʦ ʤʦʞʝ ʙʫʪʠ ʚʽʜʥʝʩʝʥʠʤ ʜʦ ʢʘʪʝʛʦʨʽʾ ʣʝʛʢʦʟʘʡʤʠʩʪʠʭ ʧʘʣʠʚ. ʉʝʨʝʜʥʽʡ ʩʢʣʘʜ ʩʫʭʦʾ 

ʤʘʩʠ ʣʫʰʧʠʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʪʘʙʣʠʮʽ 1. 

 

ʊʘʙʣʠʮʷ 1 ï ʉʝʨʝʜʥʽʡ ʩʢʣʘʜ ʩʫʭʦʾ ʤʘʩʠ ʣʫʰʧʠʥʥʷ 

 
 

 

ʃʫʰʧʠʥʥʷ, ʷʢ ʧʘʣʠʚʦ, ʟʘ ʩʚʦʾʤ ʩʢʣʘʜʦʤ ʛʦʨʶʯʦʾ ʤʘʩʠ ʪʘ ʟʦʣʠ ʻ ʜʫʞʝ ʙʣʠʟʴʢʠʤ ʜʦ 

ʜʝʨʝʚʠʥʠ. ʇʦʨʽʚʥʷʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʫʰʧʠʥʥʷ ʽʟ ʽʥʰʠʤʠ ʚʠʜʘʤʠ ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘ 

ʧʨʠʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 2. 
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ʊʘʙʣʠʮʷ 2ï ʇʦʨʽʚʥʷʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʫʰʧʠʥʥʷ ʩʦʥʷʰʥʠʢʘ ʟ ʽʥʰʠʤʠ ʚʠʜʘʤʠ 

ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘ 

 
ʆʜʥʘʢ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʜʝʨʝʚʠʥʠ ʚ ʩʢʣʘʜʽ ʟʦʣʠ ʣʫʟʛʠ ʚʪʨʠʤʫʻʪʴʩʷ ʧʽʜʚʠʱʝʥʘ ʢʽʣʴʢʽʩʪʴ 

ʦʢʩʠʜʽʚ ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ, ʦʢʩʠʜʽʚ ʢʘʣʴʮʽʶ (Ca), ʢʨʝʤʥʽʶ (Sʽ2) ʪʘ ʽʥ. ʋ ʪʦʧʢʦʚʦʤʫ ʧʨʦʮʝʩʽ ʧʽʜ 

ʚʧʣʠʚʦʤ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʽ ʛʘʟʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʩʢʣʘʜʦʚʽ ʟʦʣʠ ʚʟʘʻʤʦʜʽʶʪʴ ʦʜʠʥ ʽʟ 

ʦʜʥʠʤ, ʫʪʚʦʨʶʶʯʠ ʩʫʤʽʰ ʢʦʤʧʦʥʝʥʪʽʚ, ʪʝʤʧʝʨʘʪʫʨʘ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʷʢʦʾ ʻ ʥʠʞʯʦʶ. ʘʥʽʞ 

ʪʝʤʧʝʨʘʪʫʨʘ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʦʢʨʝʤʠʭ ʾʾ ʢʦʤʧʦʥʝʥʪʽʚ (ʝʚʪʝʢʪʠʢʘ). ʆʩʦʙʣʠʚʦ ʣʝʛʢʦʧʣʘʚʢʽ 

ʝʚʪʝʢʪʠʢʠ ʫʪʚʦʨʷʪʴʩʷ ʥʘ ʦʩʥʦʚʽ Sʽ2 ʡ Nʘ2O. ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʥʷ ʮʠʭ ʝʚʪʝʢʪʠʢʽʚ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʽ ʤʦʞʝ ʩʪʘʥʦʚʠʪʠ 800 Áʉ ʽ ʥʠʞʯʝ. ʅʘʷʚʥʽʩʪʴ ʫ ʧʠʣʝʚʠʥʦʩʽ 

ʡ ʰʣʘʢʘʭ ʥʘʩʪʽʣʴʢʠ ʣʝʛʢʦʧʣʘʚʢʠʭ ʝʚʪʝʢʪʠʢʽʚ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʧʦʩʠʣʝʥʝ ʰʣʘʢʫʚʘʥʥʷ ʷʢ 

ʨʘʜʽʘʮʽʡʥʠʭ, ʪʘʢ ʽ ʢʦʥʚʝʢʪʠʚʥʠʭ ʧʦʚʝʨʭʦʥʴ ʥʘʛʨʽʚʘʥʥʷ ʢʦʪʣʘ, ʱʦ ʥʘʢʣʘʜʘʻ ʩʝʨʡʦʟʥʽ 

ʦʙʤʝʞʝʥʥʷ ʥʘ ʦʨʛʘʥʽʟʘʮʽʶ ʡ ʧʘʨʘʤʝʪʨʠ ʪʦʧʢʦʚʦʛʦ ʧʨʦʮʝʩʫ [2]. 

ɺ ʧʽʜʩʫʤʢʫ ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʋʢʨʘʾʥʘ ʤʘʻ ʜʦʩʠʪʴ ʥʝʧʦʛʘʥʽ ʧʝʨʩʧʝʢʪʠʚʠ ʜʣʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʩʧʦʞʠʚʘʥʥʷ ʙʽʦʣʦʛʽʯʥʠʭ ʚʠʜʽʚ ʧʘʣʠʚʘ. ɹʽʦʧʘʣʠʚʦ, ʦʩʦʙʣʠʚʦ ʚ ʩʴʦʛʦʜʥʽʰʥʽʭ 

ʩʢʣʘʜʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʫʤʦʚʘʭ, ʤʘʻ ʜʫʞʝ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʩʪʽʡʢʦʛʦ ʨʦʟʚʠʪʢʫ 

ʚʽʪʯʠʟʥʷʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʝʢʪʦʨʘ.  
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ɺʀʂʆʈʀʉʊɸʅʅʗ ɸʃʔʊɽʈʅɸʊʀɺʅʀʍ ɺʀɼɯɺ ʇɸʃʀɺɸ ʇʈʀ ʈʆɹʆʊɯ 

ʇɸʈʆɺʆɻʆ ʂʆʊʃɸ 

  

ɺ ʥʘʰ ʯʘʩ, ʚ ʯʘʩ ʢʦʣʠ ʧʨʘʮʶʶʪʴ ʟʘʚʦʜʠ, ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʜʦʙʫʚʘʶʪʴ ʰʣʷʭʦʤ 

ʩʧʘʣʶʚʘʥʥʷ ʚʠʢʦʧʥʦʛʦ ʧʘʣʠʚʘ, ʪʘʢʦʛʦ ʷʢ ʚʫʛʽʣʣʷ ʯʠ ʛʘʟ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʚʪʦʤʦʙʽʣʽ, ʱʦ 

ʧʨʘʮʶʶʪʴ ʟʘ ʨʘʭʫʥʦʢ ʩʧʘʣʶʚʘʥʥʷ ʜʠʟʝʣʴʥʦʛʦ ʯʠ ʙʝʥʟʠʥʦʚʦʛʦ ʧʘʣʠʚʘ, ʝʢʦʣʦʛʽʯʥʝ ʧʠʪʘʥʥʷ 

ʩʪʦʾʪʴ ʜʦʚʦʣʽ ʛʦʩʪʨʦ [1 ï 3]. ʇʝʨʝʭʽʜ ʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʜʞʝʨʝʣʘ ʜʦʙʫʪʢʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, 

ʪʘʢʠʭ ʷʢ, ʥʘʧʨʠʢʣʘʜ, ʚʽʪʨʷʢʠ ʯʠ ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʶ, ʯʘʩʪʢʦʚʦ ʧʦʢʨʘʱʫʶʪʴ ʩʠʪʫʘʮʽʶ, 

ʦʩʢʽʣʴʢʠ ʰʢʽʜʣʠʚʽ ʚʠʢʠʜʠ ʪʘʢʠʭ ʩʪʘʥʮʽʡ ʨʽʚʥʽ ʥʫʣʶ. ʇʨʦʪʝ, ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʘʢʠʭ ʩʪʘʥʮʽʡ 

ʚʠʥʠʢʘʶʪʴ ʽʥʰʽ ʧʨʦʙʣʝʤʠ. ʋ ʚʠʧʘʜʢʫ ʚʽʪʨʷʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ, ʰʫʤ ʚʽʜ ʚʽʪʨʷʢʽʚ ʟʘʚʘʞʘʻ 

ʣʶʜʷʤ, ʷʢʽ ʧʨʦʞʠʚʘʶʪʴ ʥʝʧʦʜʘʣʽʢ ʩʪʘʥʮʽʾ, ʧʦʨʫʰʫʻʪʴʩʷ ʧʨʠʨʦʜʥʽʡ ʧʦʪʽʢ ʚʽʪʨʫ, ʱʦ ʚ ʩʚʦʶ 

ʯʝʨʛʫ ʤʦʞʝ ʤʘʪʠ ʢʣʽʤʘʪʠʯʥʠʡ ʚʧʣʠʚ ʥʘ ɿʝʤʣʶ, ʪʘʢʦʞ ʧʪʘʭʠ ʚʨʽʟʘʶʯʠʩʴ ʚ ʣʦʧʘʪʽ ï ʛʠʥʫʪʴ. 

ʅʘʧʨʠʢʣʘʜ, ʽʩʧʘʥʩʴʢʝ ʦʨʥʽʪʦʣʦʛʽʯʥʝ ʩʫʩʧʽʣʴʩʪʚʦ ʧʨʠʟʚʦʜʠʪʴ ʞʘʭʣʠʚʽ ʮʠʬʨʠ: ʱʦʨʦʢʫ 18 ʪʠʩ. 

ʤʽʩʮʝʚʠʭ ʚʽʪʨʷʢʽʚ çʩʪʨʘʯʫʶʪʴè 6-18 ʤʣʥ ʧʪʘʭʽʚ ʽ ʢʘʞʘʥʽʚ, ʚʽʜ 300 ʜʦ 1000 ʞʝʨʪʚ ʥʘ ʢʦʞʝʥ 

ʘʛʨʝʛʘʪ ʱʦʨʦʢʫ [3]. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʡ, ʟʤʽʥʶʻʪʴʩʷ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ 

ʨʽʯʦʢ, ʟʤʽʥʶʻʪʴʩʷ ʨʽʚʝʥʴ ʚʦʜʠ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʪʘʢʦʞ ʥʝʩʝ ʥʝʛʘʪʠʚʥʽ ʥʘʩʣʽʜʢʠ ʥʘ ʤʽʩʮʝʚʫ 

ʬʣʦʨʫ ʪʘ ʬʘʫʥʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʦʥʷʯʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʪʘʢʦʞ ʥʝ ʻ ʚʠʭʦʜʦʤ ʟ ʩʠʪʫʘʮʽʾ, 

ʦʩʢʽʣʴʢʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʪʨʽʙʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʦʥʠ ʟʘʡʤʘʶʪʴ ʙʘʛʘʪʦ ʧʣʦʱʽ, ʧʦʨʽʚʥʷʥʦ ʟ 

ʊɽʎ, ʪʘʢʦʞ ʾʭ ʨʦʙʦʪʘ ʜʫʞʝ ʟʘʣʝʞʥʘ ʚʽʜ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʪʘ ʯʘʩʫ ʜʦʙʠ , ʦʩʢʽʣʴʢʠ ʟʘ 

ʚʽʜʩʫʪʥʦʩʪʽ ʩʦʥʷʯʥʦʛʦ ʩʚʽʪʣʘ, ʥʘʧʨʠʢʣʘʜ ʚʥʦʯʽ ï ʚʦʥʠ ʥʝ ʧʨʘʮʶʶʪʴ, ʪʘʢʦʞ ʾʭ ʧʦʪʫʞʥʽʩʪʴ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʛʦʜʠ, ʷʢʱʦ ʧʦʭʤʫʨʦ, ʪʦ ʚʦʥʠ ʚʠʜʘʶʪʴ ʥʠʟʴʢʫ ʧʦʪʫʞʥʽʩʪʴ [4]. ɺʠʨʦʙʥʠʮʪʚʦ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚ ʋʢʨʘʾʥʽ ʟʘ 2020ʨ. ʩʪʘʥʦʚʠʪʴ 148,8 ʤʣʨʜ ʢɺʪ-ʛʦʜ. ɸɽʉ ʟʛʝʥʝʨʫʚʘʣʠ 76,2 
ʤʣʨʜ ʢɺʪ-ʛʦʜ (51,2% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʠʨʦʙʣʝʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ), ʊɽʉ ʪʘ ʊɽʎ 

ʩʫʤʘʨʥʦ ʚʠʨʦʙʠʣʠ 52,34 ʤʣʨʜ ʢɺʪ-ʛʦʜ (35,2%). ɺ ʩʚʦʶ ʯʝʨʛʫ, ʉɽʉ ʪʘ ɺɽʉ ï 10,84 ʤʣʨʜ. 

ʢɺʪ-ʛʦʜ (7,3%), ɻɽʉ ʪʘ ɻɸɽʉ - 7,58 ʤʣʨʜ. ʢɺʪ-ʛʦʜ (5,1%) [5].  
ʉʤʽʪʪʷ ï ʮʝ ʧʨʦʜʫʢʪ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ. ɼʝ ʞʠʚʫʪʴ ʣʶʜʠ, ʪʘʤ ʙʫʜʫʪʴ ʽ ʧʦʙʫʪʦʚʽ 

ʚʽʜʭʦʜʠ. ʇʠʪʘʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʧʣʘʥʝʪʠ ʩʤʽʪʪʷʤ ʥʝ ʤʝʥʰ ʘʢʪʫʘʣʴʥʝ ʚʽʜ ʧʠʪʘʥʥʷ ʰʢʽʜʣʠʚʠʭ 

ʚʠʢʠʜʽʚ ʚʽʜ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʯʠ ʘʚʪʦʤʦʙʽʣʽʚ. 

ʈʦʟʚʠʥʝʥʽ ʢʨʘʾʥʠ, ʥʘʧʨʠʢʣʘʜ ʐʚʝʮʽʷ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʙʫʪʦʚʝ ʩʤʽʪʪʷ ʷʢ ʧʘʣʠʚʦ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʚʦʥʠ ʚʠʨʽʰʫʶʪʴ ʜʚʽ ʧʨʦʙʣʝʤʠ ʦʜʨʘʟʫ. ʇʦ-ʧʝʨʰʝ, ʫʪʠʣʽʟʫʶʪʴ ʧʦʙʫʪʦʚʽ 

ʚʽʜʭʦʜʠ, ʧʦ-ʜʨʫʛʝ, ʟʘʤʽʱʘʶʪʴ ʟʚʠʯʥʝ ʚʠʢʦʧʥʝ ʧʘʣʠʚʦ ʥʘ ʪʝʧʣʦʝʣʝʢʪʨʦʩʪʘʥʮʽʷʭ. ʇʦʩʪʘʻ 

ʧʠʪʘʥʥʷ ʩʢʣʘʜʫ ʩʤʽʪʪʷ, ʘ ʩʘʤʝ ʡʦʛʦ ʛʦʨʶʯʦʛʦ ʩʢʣʘʜʫ. 

 

ʊʘʙʣʠʮʷ 1 ï ʉʝʨʝʜʥʽʡ ʤʦʨʬʦʣʦʛʽʯʥʠʡ ʩʢʣʘʜ ʊʇɺ ʜʝʷʢʠʭ ʤʽʩʪ ʋʢʨʘʾʥʠ 

ʄʽʩʪʦ 
ɺʠʜ ʚʽʜʭʦʜʽʚ 

ʆʨʛʘʥʽ- 

ʢʘ 

ʇʘʧʽʨ ʇʦʣʽʤʝ-

ʨʠ 

ʉʢʣʦ ɼʝʨʝʚʠʥʘ ʄʝʪʘ-

ʣʠ 

ʊʝʢʩ-

ʪʠʣʴ 

ɯʥʰʽ 

ɺʽʥʥʠʮʷ 32% 24% 6% 6% 1,5% 4% 3% 23,5% 

ʍʤʽʣʴʥʠʢ 25% 20% 21% 6,5% ï 5% ï 22,5% 

ʄʦʛʠʣʽʚ- 

ʇʦʜʽʣʴʩʴ-

ʢʠʡ 

40% 22% 20% 5% ï 3% ï 10% 

ʇʽʩʣʷ ʩʦʨʪʫʚʘʥʥʷ, ʩʤʽʪʪʷ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʧʘʣʠʚʦ. ʅʘʡʧʨʦʩʪʽʰʠʤ 

ʩʧʦʩʦʙʦʤ ʩʧʘʣʶʚʘʥʥʷ ʧʘʣʠʚʘ ʪʘʢʦʛʦ ʪʠʧʫ ʻ ʧʦʜʘʯʘ ʡʦʛʦ ʚ ʪʦʧʢʫ ʥʘ ʢʦʣʝʩʥʠʢʦʚʽʡ ʨʝʰʽʪʮʽ. 

ʇʨʦʪʝ, ʮʝʡ ʩʧʦʩʽʙ ʥʝ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʟ ʛʘʟʦʤʘʟʫʪʥʠʤʠ ʢʦʪʣʘʤʠ, ʦʩʢʽʣʴʢʠ ʚ ʢʦʪʣʘʭ 

ʪʘʢʦʛʦ ʪʠʧʫ ʧʦʜʘʯʘ ʧʘʣʠʚʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʧʘʣʴʥʠʢʠ. 
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ʑʝ ʦʜʥʠʤ ʚʘʨʽʘʥʪʦʤ ʻ ʧʝʨʝʭʽʜ ʥʘ ʙʽʦʤʘʩʫ. ɹʽʦʤʘʩʘ ï ʮʝ ʦʨʛʘʥʽʯʥʘ ʤʘʪʝʨʽʷ, ʱʦ 

ʫʪʚʦʨʶʻʪʴʩʷ ʞʠʚʠʤʠ ʦʨʛʘʥʽʟʤʘʤʠ ʚ ʧʝʚʥʠʭ ʧʨʦʩʪʦʨʦʚʠʭ ʪʘ ʯʘʩʦʚʠʭ ʤʝʞʘʭ, ʪʘ ʻ ʤʽʨʦʶ 

ʙʽʦʣʦʛʽʯʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. ʎʝ ʤʘʩʘ ʤʘʪʝʨʽʾ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʚ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʘʭ ʘʙʦ 

ʨʦʩʣʠʥʘʭ. ʆʩʥʦʚʘ ʙʽʦʤʘʩʠ ï ʦʨʛʘʥʽʯʥʽ ʩʧʦʣʫʢʠ ʚʫʛʣʝʮʶ, ʷʢʽ ʚ ʧʨʦʮʝʩʽ ʟôʻʜʥʘʥʥʷ ʟ ʢʠʩʥʝʤ 

ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ ʚʠʜʽʣʷʶʪʴ ʪʝʧʣʦ. ʇʦʭʦʜʞʝʥʥʷ ʙʽʦʤʘʩʠ ʤʦʞʝ ʙʫʪʠ ʜʦʩʠʪʴ ʨʽʟʥʦʤʘʥʽʪʥʠʤ, 

ʧʦʯʠʥʘʶʯʠ ʟ ʚʽʜʭʦʜʽʚ ʪʘ ʟʘʣʠʰʢʽʚ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ, ʭʘʨʯʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, 

ʜʦʤʘʰʥʴʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʽ ʟʘʢʽʥʯʫʶʯʠ ʚʽʜʭʦʜʘʤʠ ʢʦʤʫʥʘʣʴʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ. 

 

ʊʘʙʣʠʮʷ 2 - ɽʥʝʨʛʝʪʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʙʽʦʤʘʩʠ ʚ ʋʢʨʘʾʥʽ 

ɺʠʜ ʙʽʦʤʘʩʠ ʊʝʦʨʝʪʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ, 

ʤʣʥ. ʪ 

ɽʢʦʥʦʤʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ, ʤʣʥ. ʪ 

ʫ.ʧ. 

ʉʦʣʦʤʘ  ʟʝʨʥʦʚʠʭ 

ʢʫʣʴʪʫʨ 

30,6 4,54 

ɺʽʜʭʦʜʠ ʚʠʨʦʙʥʠʮʪʚʘ 

ʩʦʥʷʰʥʠʢʘ 

20,9 1,72 

ɼʝʨʝʚʥʘ ʙʽʦʤʘʩʘ 4,6 1,97 

ɹʽʦʜʠʟʝʣʴ (ʟ ʨʽʧʘʢʫ) - 0,47 

ɹʽʦʝʪʘʥʦʣ (ʟ ʢʫʢʫʨʫʜʟʠ 

ʽ ʮʫʢʨʦʚʦʛʦ ʙʫʨʷʢʘ) 

- 0,99 

ɹʽʦʛʘʟ ʟ ʚʽʜʭʦʜʽʚ ʪʘ 

ʧʦʙʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ 

ɸʇʂ 

1,6 ʤʣʨʜ. ʤ3 ʤʝʪʘʥʫ (ʉʅ4) 0,97 

ɹʽʦʛʘʟ ʟ ʧʦʣʽʛʦʥʽʚ ʊʇɺ 0,6 ʤʣʨʜ. ʤ3 CH4 0,26 

ɹʽʦʛʘʟ ʟʽ ʩʪʽʯʥʠʭ ʚʦʜ 1,0 ʤʣʨʜ. ʤ3 CH4 

 

1,0 ʤʣʨʜ. ʤ3 CH4 

ʂʫʢʫʨʫʜʟʘ (ʙʽʦʛʘʟ) 3,3 ʤʣʨʜ. ʤ3 CH4 3,68 

 

 
ʈʠʩʫʥʦʢ 1 ï ɺʠʭʽʜʥʘ ʚʘʨʪʽʩʪʴ ɻʢʘʣ ʟ ʧʘʣʠʚʘ, ʪʠʩ. ʛʨʥ. [5]  

ʆʪʞʝ, ʧʝʨʝʭʽʜ ʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʠʡ ʚʠʜ ʧʘʣʠʚʘ, ʪʘʢʠʡ ʷʢ ʙʽʦʧʘʣʦʚʦ  ʻ ʜʦʩʪʘʪʥʴʦ 

ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʠʤ. ʆʩʢʽʣʴʢʠ ʧʦʧʨʠ ʝʢʦʥʦʤʽʶ ʚʠʢʦʧʥʦʛʦ ʧʘʣʠʚʘ, ʷʢʦʛʦ ʟ ʢʦʞʥʠʤ ʨʦʢʦʤ 

ʩʪʘʻ ʚʩʝ ʤʝʥʰʝ ʡ ʤʝʥʰʝ, ʤʠ ʤʦʞʝʤʦ ʱʝ ʡ ʦʪʨʠʤʫʚʘʪʠ ʧʨʠʙʫʪʦʢ ʟʘ ʨʘʭʫʥʦʢ ʫʪʠʣʽʟʘʮʽʾ 

ʙʽʦʣʦʛʽʯʥʦʛʦ ʩʤʽʪʪʷ, ʘʣʝ ʙʫʜʫʪʴ ʟʥʘʯʥʽ ʚʠʪʨʘʪʠ ʥʘ ʦʯʠʱʝʥʥʷ ʜʠʤʦʚʠʭ ʛʘʟʽʚ. 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ:  

1. ɿʘʤʽʱʝʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʘʣʴʪʝʨʥʘʪʠʚʥʠʤʠ ʧʘʣʠʚʘʤʠ / ɯ. ʄ. ʂʘʨʧ, ɭ. ɭ. ʅʽʢʽʪʽʥ, ʂ. 

ɭ. ʇôʷʥʠʭ, ʂ. ʂ. ʇôʷʥʠʭ ; ʅɸʅ ʋʢʨʘʾʥʠ, ɯʥ-ʪ ʛʘʟʫ. ï ʂʠʾʚ : ʅʘʫʢ. ʜʫʤʢʘ, 2019. ï 230 ʩ. ï 

(ʇʨʦʝʢʪ ñʅʘʫʢʦʚʘ ʢʥʠʛʘò) 

2. http://avdvca.gov.ua/avdiivka/enerhozberezhennia/1184-biomasa-v-ukraini.html 

3. http://www.rbcu.ru/news/22815/ 

4. çʇʽʜʛʦʪʦʚʢʘ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʦʝʢʪʽʚ ʟʘʤʽʱʝʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʙʽʦʤʘʩʦʶ ʧʨʠ 

ʚʠʨʦʙʥʠʮʪʚʽ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʚ ʋʢʨʘʾʥʽè. ʇʨʘʢʪʠʯʥʠʡ ʧʦʩʽʙʥʠʢ/ɿʘ ʨʝʜ. ɻ. ɻʝʣʝʪʫʭʘ. ï ʂ.: 

çʇʦʣʽʛʨʘʬ ʧʣʶʩè, 2015. 

5. http://ukrmap.org.ua/Pages/Ukraine_elektroenergetika.html 

https://expro.com.ua/novini/virobnictvo-elektroenerg-v-ukran-protyagom-2020r-znizilos-na-33-
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ʄʘʛʽʩʪʨʘʥʪ 6 ʢʫʨʩʫ, ʛʨ. ʊʂ-91ʤʧ ʃʦʛʚʠʥʶʢ ʄ.ʆ. 

ɼʦʮ., ʢ.ʪ.ʥ. ʅʦʚʘʢʽʚʩʴʢʠʡ ɭ.ɺ. 

CFD - ʄʆɼɽʃʔ ʉʊʋʇɽʅɽɺʆɻʆ ʉʇɸʃʖɺɸʅʅʗ ʇɸʃʀɺɸ

 ɽʢʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʠ, ʟʦʢʨʝʤʘ ʢʦʥʮʝʥʪʨʘʮʽʾ NOx, ʻ ʥʝʚʽʜôʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʟʘʭʦʜʽʚ 

ʧʨʠ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʽʩʥʫʶʯʠʭ ʘʙʦ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʢʦʪʣʦʘʛʨʝʛʘʪʽʚ  ʥʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʦʙôʻʢʪʘʭ 

[1], ʪʦʤʫ ʚ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʧʦʪʨʽʙʥʦ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʢʦʥʪʨʦʣʶʚʘʪʠ ʪʘ ʚʧʣʠʚʘʪʠ ʥʘ 

ʧʨʦʮʝʩʠ ʫʪʚʦʨʝʥʥʷ ʦʢʩʠʜʽʚ ʘʟʦʪʫ. ʅʘ ʩʴʦʛʦʜʥʽ ʟʛʽʜʥʦ ʜʠʨʝʢʪʠʚʠ ɭʉ ʤʘʢʩʠʤʘʣʴʥʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ NOx ʜʣʷ ʢʦʪʣʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʛʘʟʦ-ʤʘʟʫʪʥʦʤʫ ʧʘʣʠʚʽ ʩʢʣʘʜʘʻ 250 ʤʛ/ʤ3 

ʧʨʠ ʢʦʝʬʽʮʽʻʥʪʽ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ ʥʘ ʚʠʭʦʜʽ ʟ ʢʦʪʣʘ 1,4 [2].  

ʅʘ ʧʨʘʢʪʠʮʽ ʙʽʣʴʰʽʩʪʴ ʢʦʪʝʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʮʽ 

ʧʦʢʘʟʥʠʢʠ ʧʝʨʝʚʠʱʫʻ. ʉʝʨʝʜ ʤʝʪʦʜʽʚ ʟʥʠʞʝʥʥʷ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʻ ʦʩʥʦʚʥʽ ʤʝʪʦʜʠ: 

1) ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʘʣʦʪʦʢʩʠʯʥʠʭ ʧʘʣʴʥʠʢʽʚ. 

2) ʈʝʮʠʨʢʫʣʷʮʽʷ ʜʠʤʦʚʠʭ ʛʘʟʽʚ. 

3) ɼʚʦ-, ʪʨʠʩʪʫʧʝʥʝʚʝ ʩʧʘʣʶʚʘʥʥʷ ʧʘʣʠʚʘ. 

4) ʍʽʤʽʯʥʝ ʚʽʜʥʦʚʣʝʥʥʷ NOx ʜʦ N2. 

ʅʘ ʧʨʠʢʣʘʜʽ ʢʦʪʣʦʘʛʨʝʛʘʪʫ ɽ-58-18-280 ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʤʽʥʠʪʠ ʩʪʘʥʜʘʨʪʥʽ 

ʧʘʣʴʥʠʢʠ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʜʚʘ ʷʨʫʩʠ (ʜʣʷ ʛʘʟʦʤʘʟʫʪʥʦʛʦ ʧʘʣʠʚʘ) ʘʙʦ ʦʜʥʦʷʨʫʩʥʝ ʜʣʷ 

ʪʚʝʨʜʦʛʦ, ʥʘ ʧʨʠʩʪʨʦʾ ʤʝʥʰʦʾ ʧʦʪʫʞʥʦʩʪʽ  ʘʣʝ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʾʭ ʢʽʣʴʢʽʩʪʴ ʪʘ ʨʦʟʪʘʰʫʚʘʪʠ 

ʧʦ ʢʫʪʘʭ ʪʦʧʢʠ ʚ ʯʦʪʠʨʠ ʷʨʫʩʠ. ʊʘʢʝ ʨʽʰʝʥʥʷ ʜʦʟʚʦʣʷʻ ʨʦʟʪʷʛʥʫʪʠ ʟʦʥʫ ʘʢʪʠʚʥʦʛʦ ʛʦʨʽʥʥʷ 

ʧʦ ʚʠʩʦʪʽ ʪʦʧʢʠ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʧʨʠʟʚʝʜʝ ʜʦ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʝʥʥʷ ʪʝʧʣʦʚʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʝʢʨʘʥʥʽ ʪʨʫʙʠ ʧʦ ʚʠʩʦʪʽ ʪʦʧʢʠ, ʟʦʢʨʝʤʘ ʚ ʟʦʥʽ ʘʢʪʠʚʥʦʛʦ ʛʦʨʽʥʥʷ. ʅʘ 

ʨʠʩʫʥʢʫ  ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʦʟʙʠʪʪʷ ʪʦʧʢʠ ʥʘ ʟʦʥʠ ʛʦʨʽʥʥʷ [1,3]. ʅʘ ʨʠʩʫʥʢʫ 1 ʥʘʚʝʜʝʥʦ 

ʨʦʟʙʠʪʪʷ ʪʦʧʢʠ ʥʘ ʟʦʥʠ ʛʦʨʽʥʥʷ. 

ʈʠʩʫʥʦʢ 1 ï ʈʦʟʙʠʪʪʷ ʪʦʧʢʠ ʥʘ ʟʦʥʠ ʛʦʨʽʥʥʷ 

 

 ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʟʤʽʥʠ ʣʦʢʘʣʴʥʠʭ ʪʝʧʣʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʧʦ ʚʠʩʦʪʽ ʪʦʧʢʠ ʟʤʽʥʶʻʪʴʩʷ ʽ 

ʪʝʤʧʝʨʘʪʫʨʘ ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʧʦ ʚʠʩʦʪʽ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ ʤʦʞʥʘ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʨʽʰʝʥʥʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʝʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʩʧʘʣʶʚʘʥʥʷ ʚ ʥʘʰʽʡ ʜʝʨʞʘʚʽ, ʪʘʢʽ ʷʢ ʩʭʝʤʘ 

çReburningè ʘʙʦ ʩʪʫʧʝʥʝʚʝ ʩʧʘʣʶʚʘʥʥʷ, ʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʟʘʢʦʨʜʦʥʦʤ [4]. 

 ɺʽʜʧʦʚʽʜʥʦ ʜʦ [2] ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʧʦ 

ʚʠʩʦʪʽ ʪʦʧʢʠ ʢʦʪʣʘ ʧʨʠ ʨʽʟʥʠʭ ʢʦʝʬʽʮʽʻʥʪʘʭ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ ʚ ʢʦʞʥʽʡ ʟʦʥʽ ʧʨʠ ʨʽʚʥʦʤʽʨʥʦʾ 

ʧʦʜʘʯʽ ʧʘʣʠʚʘ ʧʦ ʷʨʫʩʘʤ ʧʘʣʴʥʠʢʽʚ. ɿʘ ʜʦʧʦʤʦʛʦʶ  ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ [5] ʙʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ ʦʧʪʠʤʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʧʦʚʽʪʨʷ ʧʦ ʷʨʫʩʘʤ ʧʘʣʴʥʠʢʽʚ ʧʨʠ ʷʢʦʤʫ ʙʫʜʝ ʤʽʥʽʤʘʣʴʥʝ 

ʩʫʤʘʨʥʝ ʫʪʚʦʨʝʥʥʷ ʦʢʩʠʜʽʚ ʘʟʦʪʫ. ʅʘ ʨʠʩʫʥʢʫ 2 ʥʘʚʝʜʝʥʦ ʫʪʚʦʨʝʥʥʷ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʧʦ ʷʨʫʩʘʤ 

ʧʘʣʴʥʠʢʽʚ ʚ ʟʦʥʽ ʘʢʪʠʚʥʦʛʦ ʛʦʨʽʥʥʷ (ɿɸɻ) ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤʫ ʨʦʟʧʦʜʽʣʫ ʧʦʚʽʪʨʷ [5]. ɺ 

ʪʘʙʣʠʮʽ 1 ʥʘʚʝʜʝʥʦ ʦʩʥʦʚʥʽ ʜʘʥʽ ʨʦʟʨʘʭʫʥʢʫ. 
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ʊʘʙʣʠʮʷ 1 ï ʆʩʥʦʚʥʽ ʜʘʥʽ ʨʦʟʨʘʭʫʥʢʫ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʪʣʘ 

Bp, % 100 80 60 40 

NOʭ, ʤʛ/ʤ
3 284 249 217 190 

q3, % 0,92 0,83 0,74 0,64 

ʂʦʝʬʽʮʽʻʥʪ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ ʧʦ ʷʨʫʩʘʤ 

Ŭ 1,05 1,05 0,7 1,4 

 ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʭʽʤʽʯʥʦʛʦ ʥʝʜʦʧʘʣʫ ʧʨʠ ʨʽʟʥʠʭ ʨʦʟʧʦʜʽʣʘʭ ʢʦʝʬʽʮʽʻʥʪʘ ʥʘʜʣʠʰʢʫ 

ʧʦʚʽʪʨʷ ʧʦ ʷʨʫʩʘʤ ʧʘʣʴʥʠʢʽʚ ʧʨʠ ʨʽʟʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʢʦʪʣʘ (ʧʦ ʚʠʩʦʪʽ ʟʦʥʠ ʘʢʪʠʚʥʦʛʦ 

ʛʦʨʽʥʥʷ) ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʟʤʽʥʫ ʚʽʜʥʦʰʝʥʥʷ ʰʚʠʜʢʦʩʪʝʡ ʧʝʨʚʠʥʥʦʛʦ ʪʘ ʚʪʦʨʠʥʥʦʛʦ 

ʧʦʚʽʪʨʷ ʜʣʷ ʢʦʞʥʦʛʦ ʷʨʫʩʘ ʧʘʣʴʥʠʢʽʚ ʧʨʠ ʨʽʟʥʽʡ ʧʦʪʫʞʥʦʩʪʽ. ɯʟ ʜʦʩʚʽʜʫ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʧʦʜʽʙʥʠʭ ʢʦʪʣʽʚ ʧʨʠ ʨʝʛʫʣʶʚʘʥʥʽ ʢʦʪʣʽʚ ʪʘ ʟʤʝʥʰʝʥʥʽ ʧʦʪʫʞʥʦʩʪʽ ʧʘʣʴʥʠʢʽʚ ʚ ʧʝʨʰʫ ʯʝʨʛʫ 

ʟʤʝʥʰʫʶʪʴ ʚʠʪʨʘʪʫ ʚʪʦʨʠʥʥʦʛʦ ʧʦʚʽʪʨʷ, ʧʨʠ ʧʦʩʪʽʡʥʽʡ ʚʠʪʨʘʪʽ ʧʝʨʚʠʥʥʦʛʦ ʧʦʚʽʪʨʷ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʜʘʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʟʤʽʥʫ ʭʽʤʽʯʥʦʛʦ ʥʝʜʦʧʘʣʫ ʧʦ ʚʠʩʦʪʽ ɿɸɻ 

[5], ʱʦ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 3.  

  

ʈʠʩʫʥʦʢ 2 ï ʂʦʥʮʝʥʪʨʘʮʽʷ NOx ʧʦ ʚʠʩʦʪʽ ʈʠʩʫʥʦʢ 3 ï ʍʽʤʽʯʥʠʡ ʥʝʜʦʧʘʣ ʧʦ ʚʠʩʦʪʽ 

  ɺʠʩʥʦʚʢʠ: ʢʦʪʝʣ ʜʦ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʚʽʜʧʦʚʽʜʘʻ ʝʢʦʣʦʛʽʯʥʠʤ ʥʦʨʤʘʤ ʱʦ ʜʦ ʚʠʢʠʜʽʚ  

NOʭ ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ ʜʦ 40%, ʧʽʩʣʷ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʧʦʪʫʞʥʽʩʪʴ ʤʦʞʥʘ ʟʙʽʣʴʰʠʪʠ ʜʦ 80% 

ʣʠʰʝ ʟʘ ʨʘʭʫʥʦʢ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʪʦʧʦʯʥʦʾ ʢʘʤʝʨʠ ʪʘ ʟʤʽʥʠ ʧʦʚʽʪʨʦʧʨʦʚʦʜʽʚ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ ʜʦ 

ʧʘʣʴʥʠʢʽʚ. ʇʦʭʠʙʢʘ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʩʢʣʘʣʘ ʙʣʠʟʴʢʦ 10%. ɺʪʨʘʪʠ ʟ 

ʭʽʤʽʯʥʠʤ ʥʝʜʦʧʘʣʦʤ ʟʨʦʩʣʠ  ʟ 0,15% (ʜʦ ʨʝʢʦʥʩʪʨʫʢʮʽʾ) ʜʦ 0,92% (ʧʽʩʣʷ ʨʝʢʦʥʩʪʨʫʢʮʽʾ), ʱʦ 

ʢʦʤʧʝʥʩʫʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷʤ ʚʪʨʘʪ ʟ ʧʦʚʝʨʭʥʽ ʢʦʪʣʘ ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʧʦʪʫʞʥʦʩʪʽ ʢʦʪʣʘ. 
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ʊɽʇʃʆʅɸʇʈʋɾɽʅʀʁ ʉʊɸʅ ʊʈʋɹ ʇʃʆʉʂʆʆɺɸʃʔʅʆɰ ʌʆʈʄʀ  

 

ʇʦʰʫʢ ʨʘʮʽʦʥʘʣʴʥʠʭ ʩʧʦʩʦʙʽʚ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʽʚ ʧʝʨʝʜʘʯʽ ʪʝʧʣʘ ʻ ʦʜʥʠʤ ʟ 

ʛʦʣʦʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʘʧʘʨʘʪʽʚ. ʆʩʦʙʣʠʚʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ 

ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʥʘʙʫʚʘʻ ʚ ʫʤʦʚʘʭ ʧʽʜʚʠʱʝʥʥʷ ʂʂɼ ʧʨʦʤʠʩʣʦʚʠʭ ʢʦʪʣʽʚ, ʟʦʢʨʝʤʘ, 

ʟʘʤʽʥʦʶ ʧʦʚʝʨʭʦʥʴ ʥʘʛʨʽʚʫ ʥʘ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʽ. ʆʜʥʠʤ ʽʟ ʪʘʢʠʭ ʨʽʰʝʥʴ ʻ ʟʙʽʣʴʰʝʥʥʷ ʧʣʦʱʽ 

ʧʦʚʝʨʭʦʥʴ ʥʘʛʨʽʚʫ ʟʘ ʨʘʭʫʥʦʢ ʦʨʝʙʨʝʥʥʷ ʪʘ ʧʦʣʽʧʰʝʥʥʷ ʾʾ ʦʙʪʽʯʥʦʩʪʽ. ɸʣʝ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʧʫʯʢʽʚ ʪʨʫʙ ʟ ʦʨʝʙʨʝʥʥʷʤ ʟʘʤʽʩʪʴ ʪʠʧʦʚʠʭ ʝʢʦʥʦʤʘʡʟʝʨʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟ ʛʣʘʜʢʠʭ ʪʨʫʙ, 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʾʾ ʤʝʪʘʣʦʻʤʥʦʩʪʽ, ʘ ʪʘʢʦʞ, ʟʥʘʯʥʦʾ ʚʠʪʨʘʪʠ ʤʝʪʘʣʫ ʥʘ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʽ ʚʩʪʘʥʦʚʣʝʥʥʷ ʫ ʛʘʟʦʭʽʜ ʢʦʪʣʘ. 

ʅʘ ʩʴʦʛʦʜʥʽ ʜʦʙʨʝ ʩʝʙʝ ʟʘʨʝʢʦʤʝʥʜʫʚʘʣʠ ʪʨʫʙʠ ʧʣʦʩʢʦʦʚʘʣʴʥʦʾ ʬʦʨʤʠ ʙʝʟ ʨʝʙʝʨ 

(ʨʠʩ. 1ʘ) ʽ ʧʣʦʩʢʦʦʚʘʣʴʥʽ ʪʨʫʙʠ ʟ ʥʝʧʦʚʥʠʤ ʧʦʧʝʨʝʯʥʠʤ ʦʨʝʙʨʝʥʥʷʤ (ʨʠʩ. 1ʙ), ʯʝʨʝʟ ʩʚʦʶ 

ʟʨʫʯʥʦʦʙʪʽʯʥʫ ʬʦʨʤʫ. ɰʭ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʚ ʷʢʦʩʪʽ ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʧʦʚʝʨʭʦʥʴ ʚ ʫʪʠʣʽʟʘʪʦʨʘʭ 

ʪʝʧʣʦʪʠ ʚʽʜʭʽʜʥʠʭ ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʧʘʣʠʚʦʚʠʢʦʨʠʩʪʦʚʫʶʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʘʧʘʨʘʪʘʭ 

ʧʦʚʽʪʨʷʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ, çʩʫʭʠʭè ʛʨʘʜʠʨʥʷʭ [1]. 

 
ʘ)       ʙ) 

ʈʠʩʫʥʦʢ 1 ï ʊʨʫʙʠ ʟʨʫʯʥʦʦʙʪʽʯʥʦʾ ʬʦʨʤʠ: ʘ) ʧʣʦʩʢʦʦʚʘʣʴʥʽ ʛʣʘʜʢʽ; ʙ) ʧʣʦʩʢʦʦʚʘʣʴʥʽ ʟ 

ʥʝʧʦʚʥʠʤ ʧʦʧʝʨʝʯʥʠʤ ʦʨʝʙʨʝʥʥʷʤ 

 

ʇʣʦʩʢʦʦʚʘʣʴʥʽ ʪʨʫʙʠ ʟʘʚʜʷʯʫʶʪʴ ʪʘʢʦʾ ʫʚʘʛʠ ʩʚʦʾʡ ʟʫʨʽʥʯʦʦʙʪʽʯʥʽʡ ʬʦʨʤʽ. 

ɼʦʩʣʽʜʞʝʥʥʷ [2] ʧʦʢʘʟʘʣʠ, ʱʦ ʜʘʥʽ ʪʨʫʙʠ ʤʘʶʪʴ ʚʽʜʤʽʥʥʫ ʪʝʧʣʦʘʝʨʦʜʠʥʘʤʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʪʨʫʙʘʤʠ ʢʨʫʛʣʦʾ ʬʦʨʤʠ. ɺ ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʠʭ ʪʠʧʦʨʦʟʤʽʨʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʪʘʢʠʭ ʪʨʫʙ ʚ ʷʢʦʩʪʽ ʝʢʦʥʦʤʘʡʟʝʨʥʠʭ ʧʦʚʝʨʭʦʥʴ ʥʘʛʨʽʚʫ ʢʦʪʣʘ ʻ ʯʫʜʦʚʦʶ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʥʘ 

ʰʣʷʭʫ ʧʽʜʚʠʱʝʥʥʷ ʂʂɼ ʘʛʨʝʛʘʪʫ. 

ʅʝ ʤʝʥʰ ʚʘʞʣʠʚʠʤ ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʧʦʚʝʨʭʥʽ ʥʘʛʨʽʚʫ ʻ ʦʮʽʥʢʘ ʾʾ ʙʝʟʘʚʘʨʽʡʥʦʾ 

ʜʦʚʛʦʪʨʠʚʘʣʦʾ ʨʦʙʦʪʠ, ʪʦʙʪʦ, ʨʦʟʨʘʭʫʥʦʢ ʝʣʝʤʝʥʪʽʚ ʥʘ ʤʽʮʥʽʩʪʴ. ʆʜʥʘʢ, ʥʝ ʪʽʣʴʢʠ ʚ ʋʢʨʘʾʥʽ, 

ʘ ʡ ʫ ʩʚʽʪʽ ʧʠʪʘʥʥʷ ʪʝʧʣʦʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʪʨʫʙ ʧʣʦʩʢʦʦʚʘʣʴʥʦʾ ʬʦʨʤʠ ʥʝ ʜʦʩʣʽʜʞʝʥʦ.  

ʎʝ ʧʠʪʘʥʥʷ ʛʦʩʪʨʦ ʩʪʦʾʪʴ ʷʢʱʦ ʙʨʘʪʠ ʜʦ ʫʚʘʛʠ, ʱʦ ʝʢʦʥʦʤʘʡʟʝʨʥʽ ʧʦʚʝʨʭʥʽ ʥʘʛʨʽʚʫ 

ʧʘʨʦʚʠʭ ʽ ʚʦʜʦʛʨʽʡʥʠʭ ʢʦʪʣʽʚ, ʷʢʽ ʚʠʢʦʥʘʥʽ ʽʟ ʤʝʪʘʣʽʚ, ʟʥʘʭʦʜʷʪʴʩʷ ʧʽʜ ʜʽʻʶ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʤʧʦʥʦʚʢʠ ʢʦʪʣʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʦʙʪʽʢʘʻ ʟʟʦʚʥʽ, 

ʚ ʤʝʞʘʭ ʝʢʦʥʦʤʘʡʟʝʨʥʦʾ ʧʦʚʝʨʭʥʽ ʨʽʚʥʘ 400-600 Üʉ ʘʙʦ ʞ 150-300 Üʉ ʷʢʱʦ ʧʝʨʰʠʤ ʧʦ ʭʦʜʫ 

ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʚ ʢʦʥʚʝʢʪʠʚʥʽʡ ʰʘʭʪʽ ʡʜʝ ʝʢʦʥʦʤʘʡʟʝʨ ʘʙʦ ʧʦʚʽʪʨʦʧʽʜʽʛʨʽʚʥʠʢ ʚʽʜʧʦʚʽʜʥʦ. 

ʊʘʢʦʞ ʪʨʫʙʠ ʟʥʘʭʦʜʷʪʴ ʧʽʜ ʜʽʻʶ ʤʝʭʘʥʽʯʥʠʭ ʥʘʧʨʫʞʝʥʴ, ʚʧʣʠʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʠʩʢʫ ʨʽʜʠʥʠ, 

ʱʦ ʪʝʯʝ ʧʦ ʪʨʫʙʘʤ. ʊʠʩʢ, ʱʦ ʜʽʻ ʟ ʚʥʫʪʨʽʰʥʴʦʾ ʩʪʦʨʦʥʠ ʪʨʫʙʠ ʤʦʞʝ ʙʫʪʠ ʨʽʚʥʠʤ ʧʘʨʽ 

ʘʪʤʦʩʬʝʨ ʽ ʜʦʭʦʜʠʪʠ ʜʦ ʜʝʢʽʣʴʢʦʭ ʜʝʩʷʪʢʽʚ ʽ ʩʦʪʝʥʴ. ɺʩʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ ʢʦʪʣʘ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʪʷʞʢʠʭ ʫʤʦʚ ʨʦʙʦʪʠ ʚ ʜʝʪʘʣʷʭ ʚʠʥʠʢʘʶʪʴ ʚʥʫʪʨʽʰʥʽ ʥʘʧʨʫʞʝʥʥʷ. ɺʥʫʪʨʽʰʥʽ 

ʥʘʧʨʫʞʝʥʥʷ ʦʙʫʤʦʚʣʝʥʽ ʥʝʨʽʚʥʦʤʽʨʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ. 
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ɺʥʫʪʨʽʰʥʽ ʥʘʧʨʫʞʝʥʥʷ ʫʤʦʚʥʦ ʨʦʟʜʽʣʷʶʪʴ ʥʘ ʟʘʣʠʰʢʦʚʽ ʽ ʪʝʤʧʝʨʘʪʫʨʥʽ. ɿʘʣʠʰʢʦʚʝ 

ʥʘʧʨʫʞʝʥʥʷ ʧʨʦʷʚʣʷʻʪʴʩʷ ʥʘ ʩʪʘʜʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʯʠ ʤʦʥʪʘʞʫ. ʊʝʤʧʝʨʘʪʫʨʥʽ ʥʘʧʨʫʞʝʥʥʷ 

ʚʠʥʠʢʘʶʪʴ ʚ ʪʦʚʱʽ ʤʝʪʘʣʫ ʧʨʠ ʥʝʨʽʚʥʦʤʽʨʥʦʤʫ ʦʙʽʛʨʽʚʫ ʜʝʪʘʣʝʡ.  

ʄʽʮʥʽʩʪʴ ʩʪʘʣʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʯʘʩʦʤ ʩʫʧʨʦʪʠʚʫ ʨʦʟʨʠʚʫ ʽ ʤʝʞʝʶ ʪʝʢʫʯʦʩʪʽ. ʄʝʞʘ 

ʪʝʢʫʯʦʩʪʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʪʘʢʠʤ ʥʘʧʨʫʞʝʥʥʷʤ, ʧʨʠ ʷʢʦʤʫ ʧʦʯʠʥʘʻʪʴʩʷ ʧʣʘʩʪʠʯʥʘ 

ʜʝʬʦʨʤʘʮʽʷ. ʊʦʤʫ ʩʪʘʣʽ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʢʦʪʣʦʙʫʜʫʚʘʥʥʽ, ʧʦʚʠʥʥʽ ʤʘʪʠ ʚʠʩʦʢʫ 

ʧʣʘʩʪʠʯʥʽʩʪʴ, ʪʦʙʪʦ ʤʘʪʠ ʟʜʘʪʥʽʩʪʴ ʩʧʨʠʡʤʘʪʠ ʙʝʟ ʨʫʡʥʫʚʘʥʥʷ ʟʘʣʠʰʢʦʚʫ ʜʝʬʦʨʤʘʮʽʶ.  

ɺ ʢʽʥʮʝʚʦʤʫ ʨʝʟʫʣʴʪʘʪʽ ʦʙʠʨʘʻʪʴʩʷ ʤʘʪʝʨʽʘʣ ʪʨʫʙʠ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʪʠʤʝ ʚʠʱʝ ʚʢʘʟʘʥʽ ʫʤʦʚʠ 

ʽ ʜʣʷ ʢʽʥʮʝʚʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʦʚʱʠʥʘ ʩʪʽʥʢʠ ʪʨʫʙʠ. ʊʦʤʫ ʧʝʨʝʜ 

ʘʚʪʦʨʘʤʠ ʩʪʦʾʪʴ ʟʘʚʜʘʥʥʷ ʫ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʤʽʮʥʽʩʪʴ ʪʨʫʙ ʧʣʦʩʢʦʦʚʘʣʴʥʦʾ 

ʬʦʨʤʠ.  

ɼʘʥʘ ʟʘʜʘʯʘ ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʽ ʭʘʨʘʢʪʝʨʫ ʥʘʧʨʫʞʝʥʴ. ɿʥʘʭʦʜʞʝʥʥʷ ʛʨʘʥʠʯʥʠʭ 

ʟʥʘʯʝʥʴ ʤʽʮʥʦʩʪʽ, ʪʝʢʫʯʦʩʪʽ, ʧʨʫʞʥʦʩʪʽ, ʪʨʠʚʘʣʦʾ ʤʽʮʥʦʩʪʽ ʽ ʚʠʪʨʠʚʘʣʦʩʪʽ ʜʣʷ ʪʨʫʙ 

ʧʣʩʦʢʦʦʚʘʣʴʥʦʾ ʬʦʨʤʠ ʚ ʟʘʜʘʥʠʭ ʫʤʦʚʘʭ.  

ɺ ʧʨʦʤʠʩʣʦʚʠʭ ʤʘʩʰʪʘʙʘʭ ʧʣʦʩʢʦʦʚʘʣʴʥʽ ʪʨʫʙʠ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʥʘ ʩʪʘʥʢʫ ʽʟ 

ʣʠʩʪʦʚʦʛʦ ʤʝʪʘʣʫ. ʆʪʨʠʤʘʥʘ ʟʘʛʦʪʦʚʢʘ ʤʘʻ ʧʦʚʟʜʦʚʞʥʽʡ ʰʦʚ. ʋ ʤʽʩʮʽ ʰʚʘ ʚʠʥʠʢʘʶʪʴ 

ʜʦʜʘʪʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ, ʱʦ ʜʽʶʪʴ ʥʘ ʜʝʪʘʣʴ: ʧʦʚʟʜʦʚʞʥʽ (1) ʽ ʧʦʧʝʨʝʯʥʽ (2), ʨʠʩʫʥʦʢ 2. ʉʘʤ 

ʰʦʚ ʷʚʣʷʻ ʩʦʙʦʶ ʢʦʥʮʝʥʪʨʘʪʦʨ ʥʘʧʨʫʞʝʥʴ (ʨʠʩʫʥʦʢ 3), ʜʝ ʟʦʩʝʨʝʜʞʝʥʽ ʤʘʢʩʠʤʫʤʠ. 

 

  
ʈʠʩʫʥʦʢ 2 ï ʅʘʧʨʫʞʝʥʥʷ ʚ ʩʪʠʢʦʚʦʤʫ 

ʟôʻʜʥʘʥʥʽ 

ʈʠʩʫʥʦʢ 3 ï ʉʭʝʤʘ ʨʦʟʧʦʜʽʣʫ ʟʘʣʠʰʢʦʚʠʭ 

ʥʘʧʨʫʞʝʥʴ ʚ ʟʚʘʨʥʦʤʫ ʰʚʫ: ʘ ï ʟʚʘʨʥʝ 

ʟôʻʜʥʘʥʥʷ; ʙ ï ʝʧʶʨʘ ʥʘʧʨʫʞʝʥʴ 

 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʙʫʣʦ ʦʙʨʘʥʦ ʤʦʜʝʣʴʥʠʡ ʧʨʦʩʪʽʨ ʥʘ ʙʘʟʽ çAnsysè. 

ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢʠ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʩʫʮʽʣʴʥʠʭ ʪʨʫʙ 

ʧʣʦʩʢʦʦʚʘʣʴʥʦʾ ʬʦʨʤʠ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ ʨʽʟʥʠʭ ʪʝʧʣʦʛʽʜʨʘʚʣʽʯʥʠʭ ʫʤʦʚʘʭ. ʇʦʜʘʣʴʰʘ ʟʘʜʘʯʘ 

ʟʚʝʜʝʥʘ ʜʦ ʤʽʥʽʤʽʟʘʮʽʾ ʚʽʜʭʠʣʝʥʥʷ ʤʦʜʝʣʽ ʚʽʜ ʨʝʘʣʴʥʦʾ, ʪʦʤʫ ʥʝ ʤʝʥʰ ʚʘʞʣʠʚʠʤ ʻ ʚʨʘʭʫʚʘʥʥʷ 

ʥʘʧʨʫʞʝʥʴ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʦʙʣʘʩʪʽ ʟʚʘʨʥʦʛʦ ʟôʻʜʥʘʥʥʷ.  

 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. Analysis and generalization of the experimental data on heat transfer in the staggered 

bundles of flat-oval pipes V.Kondratyuk, A.Terekh, V.Rogachev, A.Baranyuk, A.Rudenko 

International Journal of Energy for a Clean Environment 2017,V.18,N3,P.189-202; DOI - 

https://dx.doi.org/10.1615/InterJEnerCleanEnv. 2017021912. 

2. ʇʠʩʴʤʝʥʥʳʡ ɽ.ʅ., ʈʦʛʘʯʝʚ ɺ.ɸ., ɹʘʨʘʥʶʢ ɸ.ɺ., ʉʝʤʝʥʷʢʦ ɸ.ɺ., ɺʦʟʥʶʢ ʄ.ʄ. CFD-

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʦʙʤʝʥʘ ʪʨʫʙ ʫʜʦʙʦʦʙʪʝʢʘʝʤʦʡ ʬʦʨʤʳ ʩ ʥʝʧʦʣʥʳʤ 

ʧʦʧʝʨʝʯʥʳʤ ʦʨʝʙʨʝʥʠʝʤ. ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ. ˉ1(20), 

2014, ʯʘʩʪʴ1, ʩ. 30-36. 
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ʉʪʫʜʝʥʪ 4 ʢʫʨʩʫ, ʛʨ. ʊʂ-71 ʇʠʨʦʛʦʚ ʂ.ʉ. 

ɼʦʮ., ʢ.ʪ.ʥ. ʅʦʚʘʢʽʚʩʴʢʠʡ ɭ.ɺ. 

 

ɽʃɽʊʈʆʌɯʃʔʊʈʀ  

 

ɽʣʝʢʪʨʦʩʪʘʪʠӢʯʥʠʡ ʬʽʣʴʪʨ ʘʙʦ ʝʣʝʢʪʨʦʬʽӢʣʴʪʨ ð ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʘʧʘʨʘʪ ʜʣʷ 

ʚʣʦʚʣʶʚʘʥʥʷ ʪʘ ʚʠʜʘʣʝʥʥʷ ʧʠʣʫ, ʟʘʚʠʩʣʦʛʦ ʫ ʛʘʟʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ɽʣʝʢʪʨʦʬʽʣʴʪʨʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʫʣʦʚʣʶʚʘʥʥʷ ʧʠʣʫ ʟ ʨʦʟʤʽʨʘʤʠ ʯʘʩʪʦʢ ʜʦ 0,1 ʤʢʤ ʟ 

ʧʦʚʽʪʨʷ ʽ ʛʘʟʽʚ ʨʽʟʥʦʛʦ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ, ʚʦʣʦʛʦʩʪʽ ʽ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʅʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʪʠʧʦʤ ʟʦʣʦʫʣʦʚʣʶʚʘʯʽ ʜʣʷ ʚʝʣʠʢʠʭ ʊɽʉ ʻ ʝʣʝʢʪʨʦʬʽʣʴʪʨʠ, 

ʷʢʽ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ ʩʪʫʧʽʥʴ ʦʯʠʱʝʥʥʷ ʛʘʟʽʚ ʧʨʠ ʘʝʨʦʜʠʥʘʤʽʯʥʦʤʫ ʩʫʧʨʦʪʠʚʽ ʥʝ 

ʙʽʣʴʰʝ 150 ʇʘ ʧʨʘʢʪʠʯʥʦ ʙʝʟ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʙʝʟ ʟʚʦʣʦʞʝʥʥʷ ʜʠʤʦʚʠʭ ʛʘʟʽʚ [1, 2]. 

ɺ ʝʣʝʢʪʨʦʬʽʣʴʪʨʘʭ ʟʘʧʠʣʝʥʠʡ ʛʘʟ ʨʫʭʘʻʪʴʩʷ ʚ ʢʘʥʘʣʘʭ, ʷʢʽ ʩʪʚʦʨʝʥʽ ʫʩʘʜʢʦʚʠʤʠ 

ʝʣʝʢʪʨʦʜʘʤʠ. ʉʫʪʥʽʩʪʴ ʧʨʦʮʝʩʫ ʝʣʝʢʪʨʠʯʥʦʾ ʦʯʠʩʪʢʠ ʛʘʟʽʚ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ. 

ɿʘʧʠʣʝʥʥʠʡ ʛʘʟ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʩʠʩʪʝʤʫ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ iʟ ʟʘʟʝʤʣʝʥʠʭ ʦʩʘʜʞʫʚʘʣʴʥʠʭ 

ʝʣʝʢʪʨʦʜʽʚ ʷʢʽ ʨʦʟʤʽʱʝʥʽ ʥʘ ʜʝʷʢʽʡ ʚʽʜʩʪʘʥʽ (ʪʘʢ ʟʚʘʥʦʤʫ ʤʽʞʝʣʝʢʪʨʦʥʥʠʤ ʧʨʦʤʽʞʢʦʤ) 

ʢʦʨʦʥʠʨʫʶʯʠʭ ʝʣʝʢʪʨʦʜʽʚ, ʜʦ ʷʢʠʭ ʧʽʜʚʦʜʠʪʴʩʷ ʧʦʩʪʽʡʥʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ ʚʠʩʦʢʦʾ 

ʥʘʧʨʫʛʠ ʟ ʥʝʛʘʪʠʚʥʠʤ ʟʥʘʢʦʤ. ʇʨʠ ʜʫʞʝ ʚʠʩʦʢʽʡ ʥʘʧʨʫʟʽ, ʷʢʘ ʧʨʦʭʦʜʠʪʴ ʤʽʞʝʣʝʢʪʨʦʜʥʦʤʫ 

ʧʨʦʤʽʞʢʫ, ʫ ʧʦʚʝʨʭʥʽ ʢʦʨʦʥʫʶʯʦʛʦ ʝʣʝʢʪʨʦʜʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʘ ʫʜʘʨʥʘ ʽʦʥʽʟʘʮʽʷ 

ʛʘʟʽʚ, ʩʫʧʨʦʚʦʜʞʫʚʘʪʠʩʷ ʚʠʥʠʢʥʝʥʥʷʤ ʢʦʨʦʥʥʦʛʦ ʨʦʟʨʷʜʫ. ɻʘʟʦʚʽ ʽʦʥʠ ʨʽʟʥʦʾ ʧʦʣʷʨʥʦʩʪʽ, ʱʦ 

ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʟʦʥʽ ʩʠʣ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʨʫʭʘʶʪʴʩʷ ʜʦ ʨʽʟʥʦʽʤʝʥʥʠʭ ʝʣʝʢʪʨʦʜʽʚ, 

ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʚ ʧʨʦʤʽʞʢʫ ʙʫʜʝ ʟôʷʚʣʷʪʠʩʷ ʪʦʢ ʢʦʨʦʥʠ. ʏʘʩʪʠʥʢʠ ʟʦʣʠ ʯʝʨʝʟ ʘʜʩʦʨʙʮʽʾ ʥʘ ʾʭ 

ʧʦʚʝʨʭʥʽ ʽʦʥʽʚ ʥʘʙʫʚʘʶʪʴ ʚ ʤʽʞʝʣʝʢʪʨʦʜʥʦʤʫ ʧʨʦʤʽʞʢʫ ʝʣʝʢʪʨʠʯʥʠʡ ʟʘʨʷʜ ʽ ʧʽʜ ʚʧʣʠʚʦʤ 

ʨʫʭʘʶʪʴʩʷ ʜʦ ʝʣʝʢʪʨʦʜʽʚ, ʦʩʽʜʘʶʯʠ ʥʘ ʥʠʭ. ʆʩʥʦʚʥʘ ʢʽʣʴʢʽʩʪʴ ʯʘʩʪʠʥʦʢ ʦʩʽʜʘʻ ʥʘ ʨʦʟʚʠʥʝʥʽʡ 

ʧʦʚʝʨʭʥʽ ʦʩʘʜʞʫʚʘʣʴʥʠʭ ʝʣʝʢʪʨʦʜʽʚ, ʤʝʥʰʘ ʾʭ ʯʘʩʪʠʥʘ ʚʠʧʘʜʘʻ ʥʘ ʢʦʨʦʥʫʶʯʽ ʝʣʝʢʪʨʦʜʠ. 

ʇʨʦʮʝʩ ʝʣʝʢʪʨʦʛʘʟʦʦʯʽʩʪʢʽ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʥʘʩʪʫʧʥʽ ʩʪʘʜʽʾ: ʟʘʨʷʜʢʘ ʟʚʘʞʝʥʠʭ ʚ ʛʘʟʽ 

ʯʘʩʪʠʥʦʢ, ʨʫʭ ʟʘʨʷʞʝʥʠʭ ʯʘʩʪʠʥʦʢ ʜʦ ʝʣʝʢʪʨʦʜʽʚ, ʮʠʭ ʯʘʩʪʠʥʦʢ ʟ ʝʣʝʢʪʨʦʥʽʚ. 

ʂʦʨʦʥʥʠʡ ʨʦʟʨʷʜ ʚʠʥʠʢʘʻ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʧʝʚʥʦʾ ʥʘʧʨʫʞʝʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ, 

ʟʚʘʥʦʾ ʢʨʠʪʠʯʥʦʾ ʘʙʦ ʧʦʯʘʪʢʦʚʦʾ, ʷʢʘ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʧʦʚʽʪʨʷ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤʫ ʪʠʩʢʫ ʽ 

ʪʝʤʧʝʨʘʪʫʨʽ 20Á ʉ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 15 ʢɺ/ʩʤ. ɼʦ ʢʦʨʦʥʫʶʯʠʭ ʝʣʝʢʪʨʦʜʽʚ ʧʽʜʚʦʜʠʪʴʩʷ 

ʥʝʛʘʪʠʚʥʠʡ ʟʘʨʷʜ, ʪʘʢ ʷʢ ʨʫʭʣʠʚʽʩʪʴ ʥʝʛʘʪʠʚʥʠʭ ʽʦʥʽʚ ʚʠʱʝ ʧʦʟʠʪʠʚʥʠʭ.  

ʂʨʽʤ ʪʦʛʦ, ʧʨʠ ʥʝʛʘʪʠʚʥʽʡ ʢʦʨʦʥʽ ʚʜʘʻʪʴʩʷ ʧʽʜʪʨʠʤʘʪʠ ʙʽʣʴʰ ʚʠʩʦʢʫ ʥʘʧʨʫʛʫ ʙʝʟ 

ʽʩʢʨʦʚʦʛʦ ʧʨʦʙʦʶ ʤʽʞ ʝʣʝʢʪʨʦʜʘʤʠ. ʈʦʙʦʯʘ ʯʘʩʪʠʥʘ ʝʣʝʢʪʨʦʬʽʣʴʪʨʫ, ʚ ʷʢʽʡ ʽʩʥʫʻ 

ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʥʘʟʠʚʘʻʪʴʩʷ ʘʢʪʠʚʥʦʶ ʟʦʥʦʶ. ɽʣʝʢʪʨʦʬʽʣʴʪʨʠ ʙʫʚʘʶʪʴ ʦʜʥʦʧʦʣʴʥʠʤʠ ʽ 

ʙʘʛʘʪʦʧʽʣʴʥʠʤʠ.  

ɽʣʝʢʪʨʠʯʥʽ ʧʦʣʷ ʤʘʶʪʴ ʩʘʤʦʩʪʽʡʥʝ ʞʠʚʣʝʥʥʷ ʽ ʩʠʩʪʝʤʫ ʩʪʨʫʰʫʚʘʥʥʷ. ʋ ʧʝʨʰʦʤʫ 

ʧʦʣʽ ʦʩʽʜʘʻ ʥʘʡʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʟʦʣʠ, ʚ ʦʩʪʘʥʥʴʦʤʫ-ʤʽʥʽʤʘʣʴʥʝ. 

 ɺʘʞʣʠʚʦʶ ʫʤʦʚʦʶ, ʱʦ ʚʠʟʥʘʯʘʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʬʽʣʴʪʨʫ, ʻ ʘʛʨʝʛʘʪ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʞʠʚʣʝʥʥʷ. 

ʂʦʞʥʠʡ ʘʛʨʝʛʘʪ ʦʙʩʣʫʛʦʚʫʻ ʦʜʥʝ ʧʦʣʝ (ʘʙʦ ʧʦʣʦʚʠʥʫ ʧʦʣʷ), ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ 

ʚʫʟʣʽʚ: ʧʽʜʚʠʱʫʚʘʣʴʥʠʭ-ʚʠʧʨʷʤʥʦʛʦ ʙʣʦʢʫ ʨʦʟʧʦʜʽʣʴʥʠʤ ʧʨʠʩʪʨʦʻʤ, ʙʣʦʢʫ ʤʘʛʥʽʪʥʠʭ 

ʧʽʜʩʠʣʶʚʘʯʽʚ, ʜʨʦʩʝʣʽʚ ʽ ʢʫʣʴ ʪʘ ʫʧʨʘʚʣʽʥʥʷ.  ɼʣʷ ʧʽʜʪʨʠʤʢʠ ʥʘʧʨʫʛʠ ʚ ʙʫʜʴ-ʷʢʠʡ ʤʦʤʝʥʪ 

ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʬʽʣʴʪʨʘ ʥʘ ʤʝʞʽ ʧʨʦʙʠʚʥʦʾ, ʢʦʣʠ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʥʘʡʢʨʘʱʘ ʽʦʥʽʟʘʮʽʷ ʛʘʟʽʚ, 

ʟʘʩʪʦʩʦʚʘʥʘ ʘʚʪʦʤʘʪʠʯʥʘ ʩʭʝʤʘ ʨʝʛʫʣʶʚʘʥʥʷ. 

ʆʩʥʦʚʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʰʚʠʜʢʽʩʪʴ ʜʨʝʡʬʘ ʻ ʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʧʠʣʦʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʽ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʟʦʣʠ.  ʅʘ ʨʠʩ.1-ʘ, ʧʦʢʘʟʘʥʘ 

ʟʘʣʝʞʥʽʩʪʴ ʧʠʪʦʤʦʾ ʦʧʦʨʫ ʣʝʪʶʯʦʾ ʟʦʣʴ ʈ, ʆʤ-ʤ, ʧʨʠ ʨʦʙʦʪʽ ʝʣʝʢʪʨʦʬʽʣʴʪʨʫ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ. ʄʘʢʩʠʤʫʤ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʟʦʣʠ ʚʽʜʧʦʚʽʜʘʻ ʪʝʤʧʝʨʘʪʫʨʽ 100 ï 130Á ʉ. 

ʅʘʡʙʽʣʴʰʘ ʨ ʤʘʻ ʟʦʣʘ ʚʫʛʽʣʣʷ ʟ ʤʘʣʠʤ ʚʤʽʩʪʦʤ ʛʦʨʶʯʠʭ ʚ ʚʽʜʥʝʩʝʥʥʽ, ʽ ʚʦʣʦʛʠ ʚ ʧʘʣʠʚʽ.  ɼʦ 

ʚʫʛʽʣʣʷ, ʟʦʣʘ ʷʢʠʭ ʤʘʻ ʥʘʡʙʽʣʴʰ ʚʠʩʦʢʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ, ʚʽʜʥʦʩʷʪʴʩʷ ʝʢʽʙʘʩʪʫʟʴʢʝ ʽ 
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ʂʫʟʥʝʮʴʢʝ ʢʘʤ'ʷʥʝ ʚʫʛʽʣʣʷ.  ʅʘ ʨʠʩ.  1-ʙ ʧʦʢʘʟʘʥʦ ʟʤʽʥʘ ʰʚʠʜʢʦʩʪʽ ʜʨʝʡʬʫ  ʚʽʜ ʧʠʪʦʤʦʛʦ 

ʦʧʦʨʫ ʨ.  ɺ ʦʙʣʘʩʪʽ p ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʽʟʢʝ ʧʘʜʽʥʥʷ ʰʚʠʜʢʦʩʪʽ ʜʨʝʡʬʫ 

  
ʘ) ʟʘʣʝʞʥʽʩʪʴ ʧʠʪʦʤʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʦʧʦʨʫ ʣʝʪʶʯʦʾ ʟʦʣʠ ʧʨʠ ʨʦʙʦʪʽ 

ʝʣʝʢʪʨʦʬʽʣʴʪʨʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʙ) ʟʘʣʝʞʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʦʩʘʜʞʝʥʥʷ ʚʽʜ 

ʧʠʪʦʤʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʧʠʣʫ(1- 

ʮʝʤʝʥʪʥʘ ʧʠʣʴ,2-ʟʦʣʘ ʚʠʥʦʩʫ ʢʦʪʣʽʚ). 

ʈʠʩʫʥʦʢ 1 - ɺʧʣʠʚ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʣʝʪʶʯʦʾ ʟʦʣʠ ʥʘ ʨʦʙʦʪʫ ʝʣʝʢʪʨʦʬʽʣʴʪʨʫ 

 

ɸʥʘʣʽʟ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʬʽʣʴʪʨʽʚ ʥʘ ʊɽʉ ʧʦʢʘʟʘʚ, ʱʦ ʦʩʥʦʚʥʘ ʧʨʠʯʠʥʘ ʤʝʥʰ 

ʝʬʝʢʪʠʚʥʦʛʦ ʦʯʠʱʝʥʥʷ ʧʦʣʷʛʘʻ ʚʠʩʦʢʫ ʧʠʪʦʤʦʤʫ ʝʣʝʢʪʨʠʯʥʦʤʫ ʦʧʦʨʽ (ʋɽʉ) ʚ ʰʘʨʽ ʟʦʣʠ, 

ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʥʘ ʝʣʝʢʪʨʦʬʽʣʴʪʨʫ. ɺʥʘʩʣʽʜʦʢ ʚʠʩʦʢʦʛʦ ʋɽʉ ʧʨʦʚʽʜʥʽʩʪʴ ʰʘʨʫ ʧʠʣʫ 

ʟʤʝʥʰʫʻʪʴʩʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʧʦʪʝʥʮʽʘʣʫ ʧʦʚʝʨʭʥʽ ʰʘʨʫ, ʟʙʽʣʴʰʝʥʥʷ ʧʘʜʽʥʥʷ 

ʥʘʧʨʫʛʠ ʚ ʩʣʦʾ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʡʦʛʦ ʟʤʝʥʰʝʥʥʽ ʚ ʛʘʟʦʚʦʤʫ ʧʨʦʤʽʞʢʫ.  

ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʨʽʟʥʠʮʽ ʧʦʪʝʥʮʽʘʣʽʚ ʤʽʞ ʧʦʚʝʨʭʥʝʶ ʰʘʨʫ ʪʘ ʟʘʟʝʤʣʝʥʠʤ ʝʣʝʢʪʨʦʜʦʤ 

ʜʦ ʟʥʘʯʝʥʥʷ, ʜʦʩʪʘʪʴʥʴʦʛʦ ʜʣʷ ʧʨʦʙʦʶ ʛʘʟʽʚ, ʥʘ ʜʝʷʢʠʭ ʜʽʣʷʥʢʘʭ ʧʦʚʝʨʭʥʽ ʩʣʦʷ ʚʠʥʠʢʘʶʪʴ 

ʚʽʜʥʦʩʥʦ ʩʪʘʙʽʣʴʥʽ ʤʽʩʮʝʚʽ ʨʦʟʨʷʜʠ. ʎʝ ʷʚʠʱʝ, ʱʦ ʚʠʢʣʠʢʘʻ ʫʪʚʦʨʝʥʥʷ ʽ ʚʠʢʠʜ ʚ 

ʤʽʞʝʣʝʢʪʨʦʥʥʠʡ ʧʨʦʩʪʽʨ ʽʦʥʽʚ ʟʽ ʟʥʘʢʦʤ, ʟʚʦʨʦʪʥʠʤ ʟʥʘʢʦʤ ʽʦʥʽʚ, ʚʠʥʠʢʘʶʯʠʭ ʚ ʦʩʥʦʚʥʦʤʫ 

ʧʨʦʮʝʩʽ, ʧʨʠʡʥʷʪʦ ʥʘʟʠʚʘʪʠ ʢʦʨʦʥʦʶ. ʇʦʟʠʪʠʚʥʽ ʽʦʥʠ, ʱʦ ʫʪʚʦʨʠʣʠʩʷ ʚ ʟʦʥʽ  ʢʦʨʦʥʠ, ʧʽʜ 

ʜʽʻʶ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʨʫʭʘʶʪʴʩʷ ʜʦ ʢʦʨʦʥʦʨʫʶʰʝʤʫ ʝʣʝʢʪʨʦʜʫ, ʟʫʩʪʨʽʯʘʶʪʴ ʥʘ ʩʚʦʻʤʫ 

ʰʣʷʭʫ ʯʘʩʪʠʥʢʠ ʟʦʣʠ, ʟʘʨʷʜʞʝʥʽ ʥʝʛʘʪʠʚʥʦ, ʽ ʥʝʡʪʨʘʣʽʟʫʶʪʴ ʚ ʨʝʟʫʣʴʪʘʪʽ  ʮʴʦʛʦ 

ʧʨʠʧʠʥʷʻʪʴʩʷ ʨʫʭ ʟʦʣʦʚʠʭ ʯʘʩʪʠʥʦʢ ʪʘ ʥʝʡʪʨʘʣʽʟʫʻ ʮʝʡ  ʟʘʨʷʜ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʟʥʠʞʫʻʪʴʩʷ 

ʩʪʫʧʽʥʴ ʦʯʠʱʝʥʥʷ ʛʘʟʽʚ ʚ ʝʣʝʢʪʨʦʬʽʣʴʪʨʽʚ. 

ɺʠʩʥʦʚʢʠ: ɼʣʷ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʬʽʣʴʪʨʦʚ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʧʠʪʦʤʠʡ ʦʧʽʨ 

ʟʦʣʠ, ʪʝʤʧʝʨʘʪʫʨʫ ʜʠʤʦʚʠʭ ʛʘʟʽʚ (ʟʦʣʠ) ʪʘ ʥʘʧʨʫʞʝʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ. 

 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ 

1. ʆʭʦʨʦʥʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʊɽʉ ʽ ɸɽʉ:ɾʘʙʦ ɺ.ɺ. ʇʽʜʨʫʯʥʠʢ 

ʜʣʷ ʪʝʭʥʽʢʫʤʽʚ. ï ʄ.: ɽʥʝʨʛʦʘʪʦʤʚʠʜʘʚ. 1992. ï 240 ʩ.: ʽʣ 

2. ʊʝʧʣʦʚʽ ʝʣʝʢʪʨʠʯʥʽ ʩʪʘʥʮʽʾ: ʇʽʜʨʫʯʥʠʢ ʜʣʷ ʚʫʟʽʚ / ʇʽʜ ʨʝʜ. ɺ.ʗ.ɻʠʨʰʬʝʣʴʜʘ. ï 

3-ʪʻ ʚʠʜʘʥʥʷ., ʧʝʨʝʨʦʙ. ɯ ʜʦʧ. ï ʄ.: ɽʥʝʨʛʦʘʪʦʤʚʠʜʘʚ, 1987. ï 328 ʩ,: (ʈʠʞʢʠʥ ɺ.ʗ.) 
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ʋɼʂ 621.43.056:632.15 

ʄʘʛʽʩʪʨʘʥʪ 5 ʢʫʨʩʫ, ʛʨ. ʊʂ-91ʤʧ ʇʽʚʪʦʨʘʮʴʢʠʡ ɺ.ɺ. 

ɼʦʮ., ʢ.ʪ.ʥ. ʄʘʨʠʥʝʥʢʦ ɺ.ɯ. 

ʈɽʂʆʅʉʊʈʋʂʎɯʗ ʇɸʃʔʅʀʂɯɺ ʂʆʊʃɸ ʊʇ-15 

 

 ʆʜʥʘ ʟ ʛʦʣʦʚʥʠʭ ʧʨʦʙʣʝʤ ʚʫʛʽʣʴʥʠʭ ʝʥʝʨʛʦʙʣʦʢʽʚ ï ʧʦʛʽʨʰʝʥʘ ʷʢʽʩʪʴ ʪʚʝʨʜʦʛʦ ʧʘʣʠʚ, 

ʷʢʘ ʩʪʘʻ ʧʨʠʯʠʥʦʶ ʟʙʽʣʴʰʝʥʥʷ ʚʠʪʨʘʪʠ ʛʘʟʫ ʪʘ ʤʘʟʫʪʫ ʜʣʷ ʧʽʜʩʚʽʯʫʚʘʥʥʷ ʧʘʣʠʚʘ. ɺ ʧʝʨʰʫ 

ʯʝʨʛʫ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʥʠʟʴʢʦ ʨʝʘʢʮʽʡʥʦʛʦ ʚʫʛʽʣʣʷ ɸʐ. 

 ʅʘ ʧʦʚʥʦʪʫ ʟʛʦʨʷʥʥʷ ʚʫʛʽʣʣʷ ʚʧʣʠʚʘʶʪʴ ʜʚʘ ʦʩʥʦʚʥʠʭ ʬʘʢʪʦʨʘ: ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʮʝʩʫ 

ʪʘ ʯʘʩ ʧʝʨʝʙʫʚʘʥʥʷ ʧʘʣʠʚʘ ʚ ʟʦʥʽ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʷʢʠʭ ʟʤʝʥʰʫʶʪʴʩʷ 

ʚʪʨʘʪʠ ʧʘʣʠʚʘ ʟ ʤʝʭʘʥʽʯʥʠʤ ʥʝʜʦʧʘʣʦʤ. ɼʣʷ ɸʐ ʚʪʨʘʪʘ ʟ ʤʝʭʘʥʽʯʥʠʤ ʥʝʜʦʧʘʣʦʤ ʻ 

ʦʩʥʦʚʥʦʶ. ɺʠʩʦʢʘ ʟʦʣʴʥʽʩʪʴ, ʤʘʣʠʡ ʚʠʭʽʜ ʣʝʪʶʯʠʭ ʨʝʯʦʚʠʥ ï 2 ï 7 % (ʪʘʙʣ.1) ʫ ʧʦʨʽʚʥʷʥʥʽ 

ʟ ʽʥʰʠʤʠ ʚʠʜʘʤʠ ʚʫʛʽʣʣʷ ʚʠʟʥʘʯʘʶʪʴ  ʥʠʟʴʢʫ ʨʝʘʢʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʽ ʧʦʛʽʨʰʝʥʽ ʢʽʥʝʪʠʯʥʽ 

ʧʦʢʘʟʥʠʢʠ ʧʨʦʮʝʩʫ ʛʦʨʽʥʥʷ ʚʫʛʽʣʣʷ ɸʐ [1]. 

ʊʘʙʣʠʮʷ 1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘ 

ɺʠʜ ʚʫʛʽʣʣʷ 
ɺʠʭʽʜ ʣʝʪʶʯʠʭ 

Vʛ, % 

ɺʤʽʩʪ ʚʫʛʣʝʮʶ 

ʉʛ, % 

ʊʝʧʣʦʪʚʦʨʥʘ ʟʜʘʪʥʽʩʪʴ Qʥ
ʩ, 

ʄɼʞ/ʢʛ 

ɹʫʨʝ ʚʫʛʽʣʣʷ  40 ï 50 65 ï 68 6.28 ï 16.75 

ʂʘʤôʷʥʝ ʚʫʛʽʣʣʷ 20 ï 40 78 ï 83 16.75 ï 28.05 

ʇʽʩʥʝ ʚʫʛʽʣʣʷ 10 ï 20 84 ï 90 25.12 ï 27.21 

ɸʥʪʨʘʮʠʪ 2 ï 7 89 ï 96 25.12 ï 27.21 

 ʇʽʜ ʯʘʩ ʩʧʘʣʶʚʘʥʥʷ ɸʐ ʚʠʥʠʢʘʻ ʮʽʣʠʡ ʨʷʜ ʟʘʚʜʘʥʴ, ʷʢʽ ʧʦʪʨʽʙʥʦ ʚʠʢʦʥʫʚʘʪʠ: 

1. ɹʝʟʧʝʨʝʙʽʡʥʘ ʨʦʙʦʪʘ ʩʠʩʪʝʤʠ ʨʽʜʢʦʛʦ ʰʣʘʢʦʚʠʜʘʣʝʥʥʷ; 

2. ʉʪʽʡʢʝ ʛʦʨʽʥʥʷ ʚ ʪʦʧʮʽ ʢʦʪʣʘ; 

3. ɼʦʪʨʠʤʘʥʥʷ ʟʘʜʦʚʽʣʴʥʦʾ ʧʦʚʥʦʪʠ ʟʛʦʨʷʥʥʷ ʧʘʣʠʚʘ. 

 ʉʧʘʣʶʚʘʥʥʷ ʚʫʛʽʣʣʷ ɸʐ ʥʝʤʦʞʣʠʚʦ ʙʝʟ ʧʽʜʩʚʽʯʫʚʘʥʥʷ ʬʘʢʝʣʘ ʚʠʩʦʢʦ ʨʝʘʢʮʽʡʥʠʤ 

ʧʘʣʠʚʦʤ (ʛʘʟ, ʤʘʟʫʪ). ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʨʠʨʦʜʥʴʦʛʦ ʛʘʟʫ ʡʦʛʦ ʧʦʜʘʶʪʴ ʚ ʦʢʨʝʤʠʡ ʛʘʟʦʚʠʡ 

ʧʘʣʴʥʠʢ. ʇʽʜ ʯʘʩ ʨʦʙʦʪʠ ʧʘʣʴʥʠʢʘ, ʱʦ ʚʩʪʘʥʦʚʣʝʥʠʡ ʫ ʢʦʪʝʣ ʊʇ-15,  ʛʘʟʦʧʦʚʽʪʨʷʥʘ ʩʫʤʽʰ ʽ 

ʘʝʨʦʩʫʤʽʰ ʧʦʜʘʶʪʴʩʷ ʜʦ ʪʦʧʢʠ ʜʚʦʤʘ ʩʫʧʫʪʥʽʤʠ ʧʦʪʦʢʘʤʠ. ʊʘʢʽʡ ʩʭʝʤʽ ʧʦʜʘʯʽ ʧʘʣʠʚʘ ʥʘ 

ʧʽʜʩʚʽʯʫʚʘʥʥʷ ʚʣʘʩʪʠʚʽ ʥʝʜʦʣʽʢʠ, ʚʽʜ ʷʢʠʭ ʥʝʤʦʞʣʠʚʦ ʧʦʟʙʫʪʠʩʷ ʙʝʟ ʨʝʢʦʥʩʪʨʫʶʚʘʥʥʷ 

ʧʘʣʴʥʠʢʘ: 

1. ɼʦʜʘʪʢʦʚʝ ʧʘʣʠʚʦ ʧʝʨʝʤʽʰʫʻʪʴʩʷ ʪʽʣʴʢʠ ʟ ʚʪʦʨʠʥʥʠʤ ʧʦʚʽʪʨʷʤ;  

2. ɿʥʘʯʥʘ ʧʝʨʝʚʠʪʨʘʪʘ ʜʦʜʘʪʢʦʚʦʛʦ ʧʘʣʠʚʘ;  

3. ɿʨʦʩʪʘʥʥʷ ʚʽʜʥʦʩʥʦʾ ʚʠʪʨʘʪʠ ʜʦʜʘʪʢʦʚʦʛʦ ʧʘʣʠʚʘ ʟʽ ʟʥʠʞʝʥʥʷʤ ʪʝʧʣʦʚʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʦʪʣʘ. 

 ɼʣʷ ʫʩʫʥʝʥʥʷ  ʥʝʜʦʣʽʢʽʚ ʧʨʦʧʦʥʫʻʪʴʩʷ ʨʝʢʦʥʩʪʨʫʢʮʽʷ ʧʘʣʴʥʠʢʘ ʢʦʪʣʘ ʊʇ-15 ʟ 

ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʛʘʟʦʚʦʛʦ ʧʘʣʴʥʠʢʘ ʪʘ ʩʪʘʙʽʣʽʟʘʪʦʨʘ ʧʦʣʫʤôʷ ʚ ʢʘʥʘʣʽ ʘʝʨʦʩʫʤʽʰʽ. 

 ɺʩʪʘʥʦʚʣʝʥʥʷ ʪʘʢʦʛʦ ʧʘʣʴʥʠʢʘ ʜʦʟʚʦʣʠʪʴ: 

1. ʇʦʜʘʚʘʪʠ ʜʦʜʘʪʢʦʚʠʡ ʛʘʟ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʧʠʣʦ-ʧʦʚʽʪʨʷʥʫ ʩʫʤʽʰ; 

2. ʆʧʪʠʤʘʣʴʥʦ ʦʨʛʘʥʽʟʫʚʘʪʠ ʨʦʟʤʽʱʝʥʥʷ ʟʦʥ ʟʘʧʘʣʶʚʘʥʥʷ ʧʠʣʦ-ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ, ʱʦ 

ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʴ ʚʠʪʨʘʪʫ ʜʦʜʘʪʢʦʚʦʛʦ ʧʘʣʠʚʘ; 

3. ɺʩʪʘʥʦʚʣʝʥʥʷ ʩʪʘʙʽʣʽʟʘʪʦʨʘ ʧʦʣʫʤôʷ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʧʽʜʪʨʠʤʫʚʘʪʠ ʦʧʪʠʤʘʣʴʥʫ 

ʚʠʪʨʘʪʫ ʜʦʜʘʪʢʦʚʦʛʦ ʧʘʣʠʚʘ ʥʘ ʚʩʽʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʢʦʪʣʘ; 

4. ʇʽʜʚʠʱʠʪʠ ʩʪʽʡʢʽʩʪʴ ʧʨʦʮʝʩʫ ʛʦʨʽʥʥʷ ʚ ʪʦʧʢʦʚʽʡ ʢʘʤʝʨʽ ʟʘ ʨʘʭʫʥʦʢ ʩʪʚʦʨʝʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʾ ʨʝʮʠʨʢʫʣʷʮʽʾ ʪʦʧʢʦʚʠʭ ʛʘʟʽʚ ʜʦ ʟʦʥ ʟʘʧʘʣʝʥʥʷ ʫ ʬʘʢʝʣʽ. 

 ʇʨʦʝʢʪ ʤʦʜʝʨʥʽʟʘʮʽʾ ʧʘʣʴʥʠʢʘ ʢʦʪʣʘ ʊʇ-15 ʧʝʨʝʜʙʘʯʘʻ ʧʦʜʘʯʫ ʛʘʟʫ ʧʽʜʩʚʽʯʫʚʘʥʥʷ ʚ 

ʢʘʥʘʣ ʧʠʣʦ-ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ. ʎʝ ʧʦʢʨʘʱʠʪʴ ʫʤʦʚʠ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʩʫʤʽʰʽ ʧʠʣʫ ʟ ʛʘʟʦʤ, ʱʦ 

ʜʦʟʚʦʣʠʪʴ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʫ ʛʘʟʫ ʪʘ ʜʦʩʷʛʪʠ ʙʽʣʴʰ ʛʣʠʙʦʢʦʛʦ ʚʠʛʦʨʷʥʥʷ ʚʫʛʽʣʴʥʦʛʦ ʧʠʣʫ. 

ɯʥʩʪʠʪʫʪʦʤ ʛʘʟʫ ʥʘ ɼʘʨʥʠʮʴʢʽʡ ʊɽʎ ˉ4 ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʧʨʘʢʪʠʯʥʽ ʜʦʩʣʽʜʠ: 
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1. ʂʦʪʝʣ ʧʨʘʮʶʻ ʥʘ ʰʪʘʪʥʠʭ ʚʫʛʽʣʴʥʠʭ ʪʘ ʛʘʟʦʚʠʭ ʧʘʣʴʥʠʢʘʭ, ʪʨʘʜʠʮʽʡʥʘ ʩʭʝʤʘ 

ʧʽʜʩʚʽʪʢʠ ʬʘʢʝʣʫ ï ʛʘʟ ʧʦʜʘʻʪʴʩʷ ʚ ʢʘʥʘʣ ʚʪʦʨʠʥʥʦʛʦ ʧʦʚʽʪʨʷ. 

2. ɺʢʣʶʯʝʥʦ ʜʦʜʘʪʢʦʚʽ ʛʘʟʦʚʽ ʧʘʣʴʥʠʢʠ, ʚʩʪʘʥʦʚʣʝʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʤʦʜʝʨʥʽʟʘʮʽʾ, ʱʦ 

ʧʦʜʘʶʪʴ ʛʘʟ ʧʽʜʩʚʽʪʢʠ ʚ ʢʘʥʘʣ ʧʠʣʦ-ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ. ɺʠʪʨʘʪʘ ʛʘʟʫ ʥʝʟʤʽʥʥʘ. 

ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ ʥʝʜʦʧʘʣʫ ʚʫʛʽʣʣʷ, ʧʽʜʚʠʱʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʂʂɼ ʢʦʪʣʘ. 

3. ɺʠʢʣʶʯʝʥʦ ʰʪʘʪʥʽ ʛʘʟʦʚʽ ʧʘʣʴʥʠʢʠ. ɻʘʟ ʧʽʜʩʚʽʪʢʠ ʧʦʜʘʻʪʴʩʷ ʚ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ ʚ 

ʢʘʥʘʣ ʧʠʣʦ-ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ. ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʘʯʥʝ ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪʠ ʛʘʟʫ, ʧʨʠ 

ʩʪʘʙʽʣʴʥʦʤʫ ʛʦʨʽʥʥʽ ʚ ʪʦʧʮʽ ʢʦʪʣʘ ʽ ʥʝʟʥʘʯʥʝ ʟʥʠʞʝʥʥʷ ʂʂɼ ʧʦʨʽʚʥʷʥʦ ʟ ʜʨʫʛʠʤ ʜʦʩʣʽʜʦʤ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʽʚ, ʱʦ ʧʨʦʚʝʜʝʥʽ ɯʥʩʪʠʪʫʪʦʤ ʛʘʟʫ ʥʘ ʢʦʪʣʘʭ ʊʇ-15 ʥʘʚʝʜʝʥʽ ʫ 

ʪʘʙʣʠʮʽ 2. 

 

ʊʘʙʣʠʮʷ 2 ï ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʇʘʨʘʤʝʪʨ ˉ ʜʦʩʣʽʜʫ 

1 2 3 

ɺʠʪʨʘʪʘ ʛʘʟʫ ʥʘ ʧʽʜʩʚʽʪʢʫ ʤ3/ʛʦʜ 4100 4100 2150 

ɿʥʠʞʝʥʥʷ ʚʠʪʨʘʪʠ ʛʘʟʫ ʤ3/ʛʦʜ  0 0 1950 

ɺʪʨʘʪʠ ʪʝʧʣʘ ʟ ʜʠʤʦʚʠʤʠ ʛʘʟʘʤʠ ʱʦ ʚʽʜʭʦʜʷʪʴ q2, % 5,76 5,75 5,57 

ɺʪʨʘʪʠ ʪʝʧʣʘ ʟ ʤʝʭʘʥʽʯʥʠʤ ʥʝʜʦʧʘʣʦʤ q4, % 9,59 4,76 7,37 

ɿʘʛʘʣʴʥʠʡ ʂʂɼ ʢʦʪʣʘ ʙʨʫʪʪʦ, % 83,95 88,82 86,38 

ɿʙʽʣʴʰʝʥʥʷ ʂʂɼ ʢʦʪʣʘ 0 4,87 2,43 

ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʽʚ ɯʥʩʪʠʪʫʪʦʤ ʛʘʟʫ ʙʫʣʠ ʧʦʢʨʘʱʝʥʽ ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ ʢʦʪʣʘ: 

ʧʽʜʚʠʱʝʥʦ ʂʂɼ, ʟʥʠʞʝʥʦ ʢʽʣʴʢʽʩʪʴ ʛʘʟʫ ʜʣʷ ʧʽʜʩʚʽʪʢʠ, ʧʦʢʨʘʱʝʥʦ ʧʦʢʘʟʥʠʢʠ ʚʠʢʠʜʽʚ 

ʜʠʤʦʚʠʭ ʛʘʟʽʚ. 

ɸʚʪʦʨʠ ʪʝʟ ʧʨʦʚʝʜʫʪʴ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʨʦʟʨʘʭʫʥʢʠ, ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʦʜʝʨʥʽʟʦʚʘʥʦʛʦ ʛʘʟʦʚʦʛʦ ʧʘʣʴʥʠʢʘ  ʜʣʷ ʢʦʪʣʘ ʊʇ-15 ʽ ʚʠʟʥʘʯʘʪʴ ʩʪʨʦʢ ʡʦʛʦ ʦʢʫʧʥʦʩʪʽ ʧʽʩʣʷ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʘ ʢʦʪʣʫ. 

 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. ʃʠʧʦʚ ʖ.ʄ., ʊʨʝʪʴʷʢʦʚ ʄ.ɺ. ʂʦʪʝʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ ʠ ʧʘʨʦʛʝʥʝʨʘʪʦʨʳ ï ʄʦʩʢʚʘ-

ʀʞʝʚʩʢ: ʅʀʎ çʈʝʛʫʣʷʨʥʘʷ ʠ ʭʘʦʪʠʯʝʩʢʘʷ ʜʠʥʘʤʠʢʘè, 2003. ï 592 ʩ. 
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ʄʘʛʽʩʪʨʘʥʪ 5 ʢʫʨʩʫ,ʛʨ. ʊʂ-01 ʤʧ ʉʦʙʢʦ ʃ.ɺ. 

ɼʦʮ., ʢ.ʪ.ʥ. ʈʦʛʘʯʦʚ ɺ.ɸ. 

ʇʆɺɯʊʈʆʇɯɼɯɻʈɯɺʅʀʂ ɿ ʊʈʋɹ ʇʃʆʉʂʆʆɺɸʃʔʅʆɰ  ʌʆʈʄʀ ɼʃʗ ʂʆʊʃɸ 

 ɻʄ-50-14 

ɺ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʥʘ ʊɽʉ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʪʝʧʣʦʦʙʤʽʥʥʽ 

ʘʧʘʨʘʪʠ ʚ ʷʢʠʭ ʢʦʥʚʝʢʪʠʚʥʽ ʧʦʚʝʨʭʥʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʧʘʢʝʪʽʚ ʢʨʫʛʣʠʭ ʪʨʫʙ [1]. 

 ʊʨʫʙʠ ʢʨʫʛʣʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʧʦʢʨʘʱʝʥʥʷ ʩʚʦʾʭ 

ʪʝʧʣʦʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʥʘ ʩʴʦʛʦʜʥʽ, ʧʨʘʢʪʠʯʥʦ ʚʠʯʝʨʧʘʣʠ ʩʚʦʾ ʤʦʞʣʠʚʦʩʪʽ. 

ɺʽʜʩʫʪʥʽʩʪʴ ʜʦʩʪʘʪʥʴʦ ʥʘʜʽʡʥʠʭ ʪʘ ʪʦʯʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʪʝʧʣʦʘʝʨʦʜʠʥʘʤʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʦʥʴ ʫ ʚʠʛʣʷʜʽ ʧʘʢʝʪʽʚ ʟ ʪʨʫʙ ʟʨʫʯʥʦʦʙʪʽʯʥʦʾ ʬʦʨʤʠ, ʩʪʨʠʤʫʻ ʾʭ 

ʧʦʜʘʣʴʰʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ ʧʨʦʤʠʩʣʦʚʽʩʪʴ. 

          ʇʦʚʽʪʨʦʧʽʜʽʛʨʽʚʘʯ (ʨʠʩ.1) ʧʨʘʮʶʻ ʚ ʫʤʦʚʘʭ , ʱʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʨʦʙʦʪʠ 

ʝʢʦʥʦʤʘʡʟʝʨʘ ʽ ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ ʚʦʜʦ-ʧʘʨʦʚʦʛʦ ʪʨʘʢʪʫ. ʅʘʡʤʝʥʰʠʡ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʥʘʧʽʨ 

ʤʽʞ ʛʨʽʶʯʠʤʠ ʧʨʦʜʫʢʪʘʤʠ ʟʛʦʨʘʥʥʷ ʽ ʪʠʭ ʱʦ ʥʘʛʨʽʚʘʶʪʴʩʷ ʧʦʚʽʪʨʷʤ ʽ ʩʘʤʠʡ ʥʠʟʴʢʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ. ʊʦʤʫ ʡʦʛʦ ʧʦʚʝʨʭʥʷ ʥʘʛʨʽʚʫ ʧʝʨʝʚʠʱʫʻ ʩʫʤʘʨʥʫ ʧʦʚʝʨʭʥʶ 

ʥʘʛʨʽʚʫ ʚʩʽʭ ʝʣʝʤʝʥʪʽʚ ʚʦʜʦ-ʧʘʨʦʚʦʛʦ ʪʨʘʢʪʫ ʽ ʜʣʷ ʢʦʪʣʘ ʧʦʪʫʞʥʦʛʦ ʙʣʦʢʫ ʜʦʩʷʛʘʻ ʜʝʩʷʪʢʽʚ 

ʽ ʩʦʪʝʥʴ ʪʠʩʷʯ ʢʚʘʜʨʘʪʥʠʭ ʤʝʪʨʽʚ. 

  

 
1 - ʩʪʘʣʝʚʽ ʪʨʫʙʠ; 2,6 - ʚʝʨʭʥʷ ʪʘ ʥʠʞʥʷ ʪʨʫʙʥʽ ʜʦʰʢʠ;3 - ʢʦʤʧʝʥʩʘʪʦʨ ʪʝʧʣʦʚʠʭ 

ʨʦʟʰʠʨʝʥʴ;4 - ʧʦʚʽʪʨʦʧʝʨʝʧʫʩʢʥʘ ʢʦʨʦʙʢʘ;5 - ʧʨʦʤʽʞʥʘ ʪʨʫʙʥʘ ʜʦʰʢʘ; 

7,8 - ʦʧʦʨʥʽ ʢʦʣʦʥʠ ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʙʘʣʢʠ. 

ʈʠʩʫʥʦʢ 1 - ʂʦʥʩʪʨʫʢʮʽʷ ʪʨʫʙʯʘʩʪʦʛʦ ʧʦʚʽʪʨʦʧʽʜʽʛʨʽʚʘʯʘ ʢʦʪʣʘ ʩʝʨʝʜʥʴʦʾ ʧʦʪʫʞʥʦʩʪʽ [1]. 
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  ʇʦʚʽʪʨʦʧʽʜʽʛʨʽʚʘʯ ï ʦʙʦʚôʷʟʢʦʚʠʡ ʝʣʝʤʝʥʪ ʩʫʯʘʩʥʠʭ ʧʘʨʦʚʠʭ ʢʦʪʣʽʚ . ʈʦʣʴ 

ʧʦʚʽʪʨʦʧʽʜʽʛʨʽʚʘʯʘ ʟʨʦʩʪʘʻ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʧʦʪʫʞʥʦʩʪʽ ʘʛʨʝʛʘʪʫ . ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʘʥʥʷ ʟʘ ʝʢʦʥʦʤʘʡʟʝʨʦʤ ʟʥʘʯʥʘ (350-400 ) Áʉ. ʋʪʠʣʽʟʘʮʽʷ ʮʽʻʾ 

ʪʝʧʣʦʪʠ ʚ ʧʦʚʽʪʨʦʧʽʜʽʛʨʽʚʘʯʽ ʟʥʠʞʘʻ ʪʝʤʧʝʨʘʪʫʨʫ ʚʽʜʭʽʜʥʠʭ ʛʘʟʽʚ ʜʦ (120-160) Áʉ . ʇʽʜʽʛʨʽʚ 

ʧʦʚʽʪʨʷ ʟʙʽʣʴʰʫʻ ʂʂɼ ʢʦʪʣʘ. 

 ɿʘʟʚʠʯʘʡ, ʚʩʝʨʝʜʠʥʽ ʪʨʫʙ ʧʦʚʽʪʨʦʧʽʜʽʛʨʽʚʥʠʢʘ ʧʨʦʭʦʜʷʪʴ ʧʨʦʜʫʢʪʠ ʩʧʘʣʶʚʘʥʥʷ  

(ʧʦʚʟʜʦʚʞʥʻ ʦʤʠʚʘʥʥʷ),ʪʝʧʣʦ ʷʢʠʭ ʧʝʨʝʜʘʻʪʴʩʷ ʧʦʚʽʪʨʶ,ʱʦ ʨʫʭʘʻʪʴʩʷ ʤʽʞ 

ʪʨʫʙʘʤʠ(ʧʦʧʝʨʝʯʥʝ ʦʤʠʚʘʥʥʷ). ɼʣʷ ʚʠʥʠʢʥʝʥʥʷ ʧʝʨʝʭʨʝʩʥʦʛʦ ʧʦʪʦʢʫ ʧʦʚʽʪʨʷ ʪʨʫʙʥʫ 

ʩʠʩʪʝʤʫ ʧʦ ʚʠʩʦʪʽ ʧʦʜʽʣʷʶʪʴ ʥʘ ʜʝʢʽʣʴʢʘ ʭʦʜʽʚ ʧʨʦʤʽʞʥʠʤʠ ʧʝʨʝʛʦʨʦʜʢʘʤʠïʜʦʰʢʘʤʠ ; ʚ 

ʤʽʩʮʷʭ  ʧʦʚʦʨʦʪʫ ʚʩʪʘʥʦʚʣʝʥʽ  ʧʦʚʽʪʨʷʥʽ ʧʝʨʝʧʫʩʢʥʽ ʢʦʨʦʙʠ.  

 ʇʦʚʽʪʨʦʧʽʜʽʛʨʽʚʘʯ ʟ ʙʦʢʽʚ ʤʘʻ ʟʦʚʥʽʰʥʽ ʩʪʘʣʝʚʽ ʤʽʮʥʽ ʩʪʽʥʢʠ, ʥʠʞʥʷ ʪʨʫʙʥʘ ʜʦʰʢʘ 

ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʤʝʪʘʣʽʯʥʫ ʨʘʤʫ , ʧʦʚôʷʟʘʥʫ ʟ ʢʘʨʢʘʩʦʤ ʢʦʪʣʘ [2]. 

ʊʨʫʙʠ ʢʨʫʛʣʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʧʦʢʨʘʱʝʥʥʷ ʩʚʦʾʭ 

ʪʝʧʣʦʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʥʘ ʩʴʦʛʦʜʥʽ, ʧʨʘʢʪʠʯʥʦ ʚʠʯʝʨʧʘʣʠ ʩʚʦʾ ʤʦʞʣʠʚʦʩʪʽ. 

ʇʨʦʪʝ, ʫ ʩʚʽʪʽ ʚʽʜʦʤʽ ʪʨʫʙʠ ʟʨʫʯʥʦʦʙʪʽʯʥʦʛʦ ʧʨʦʬʽʣʶ: ʦʚʘʣʴʥʽ, ʢʨʘʧʣʝʧʦʜʽʙʥʽ, 

ʧʣʦʩʢʦʦʚʘʣʴʥʽ ʪʘ ʽʥʰʽ, ʷʢʽ ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʫʙʘʤʠ ʢʨʫʛʣʦʛʦ ʧʨʦʬʽʣʶ, ʤʘʶʪʴ ʩʫʪʪʻʚʦ ʤʝʥʰʠʡ 

ʘʝʨʦʜʠʥʘʤʽʯʥʠʡ ʦʧʽʨ ʧʨʠ ʾʭ ʦʜʥʘʢʦʚʠʭ ʪʝʧʣʦʧʝʨʝʜʘʚʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ. ɺʽʜʩʫʪʥʽʩʪʴ 

ʜʦʩʪʘʪʥʴʦ ʥʘʜʽʡʥʠʭ ʪʘ ʪʦʯʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʪʝʧʣʦʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʦʚʝʨʭʦʥʴ ʫ ʚʠʛʣʷʜʽ ʧʘʢʝʪʽʚ ʟ ʪʨʫʙ ʟʨʫʯʥʦʦʙʪʽʯʥʦʾ ʬʦʨʤʠ, ʩʪʨʠʤʫʻ ʾʭ ʧʦʜʘʣʴʰʝ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ ʧʨʦʤʠʩʣʦʚʽʩʪʴ. 

 ɿ ʧʣʦʩʢʦʦʚʘʣʴʥʠʭ ʪʨʫʙ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʨʘʜʽʘʪʦʨʠ ʨʽʟʥʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʩʠʩʪʝʤ. 

ʊʨʫʙʘ ʪʝʭʥʦʣʦʛʽʯʥʘ ʚ ʦʙʨʦʙʮʽ: ʣʝʛʢʦ ʧʽʜʜʘʻʪʴʩʷ ʜʝʬʦʨʤʘʮʽʾ ʽ ʟʚʘʨʶʚʘʥʥʷ, ʪʦʤʫ ʚʦʥʘ ʻ 

ʥʝʟʘʤʽʥʥʦʶ ʩʠʨʦʚʠʥʦʶ ɿ ʣʝʛʢʦʛʦ, ʘʣʝ, ʪʠʤ ʥʝ ʤʝʥʰ, ʤʽʮʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ 

ʨʦʙʦʯʽ ʽʥʩʪʨʫʤʝʥʪʠ, ʧʦʙʫʪʦʚʘ ʪʝʭʥʽʢʘ ʪʘ ʦʙʣʘʜʥʘʥʥʷ.  

 ʋ ʩʚʽʪʽ ʚʽʜʦʤʽ ʪʨʫʙʠ ʟʨʫʯʥʦʦʙʪʽʯʥʦʛʦ ʧʨʦʬʽʣʶ: ʦʚʘʣʴʥʽ, ʢʨʘʧʣʝʧʦʜʽʙʥʽ, 

ʧʣʦʩʢʦʦʚʘʣʴʥʽ ʪʘ ʽʥʰʽ, ʷʢʽ ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʫʙʘʤʠ ʢʨʫʛʣʦʛʦ ʧʨʦʬʽʣʶ, ʤʘʶʪʴ ʩʫʪʪʻʚʦ ʤʝʥʰʠʡ 

ʘʝʨʦʜʠʥʘʤʽʯʥʠʡ ʦʧʽʨ ʧʨʠ ʾʭ ʦʜʥʘʢʦʚʠʭ ʪʝʧʣʦʧʝʨʝʜʘʚʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ.     

 ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʧʝʨʰʝ ʦʪʨʠʤʘʥʽ ʽʥʞʝʥʝʨʥʽ 

ʤʝʪʦʜʠʢʠ ʪʝʧʣʦʚʦʛʦ ʡ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʚʝʨʭʦʥʴ ʟ ʩʢʣʘʜʥʦʧʨʦʬʽʣʴʦʚʘʥʥʠʭ 

ʧʣʦʩʢʦʦʚʘʣʴʥʠʭ ʪʨʫʙ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʨʦʙʣʷʪʠ ʥʦʚʽ ʪʠʧʠ ʨʝʢʫʧʝʨʘʪʠʚʥʠʭ ʪʨʫʙʯʘʩʪʠʭ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ ʥʘ ʥʦʚʽʡ ʝʣʝʤʝʥʪʥʽʡ ʙʘʟʽ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʚʘʨʽʶʚʘʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʪʨʫʙ ʽ ʾʭ ʤʘʩʠʚʽʚ ʟ ʚʽʜʥʦʩʥʠʤ ʧʦʜʦʚʞʝʥʥʷʤ ʧʨʦʬʽʣʶ ʪʨʫʙʠ ʚʽʜ 2 ʜʦ 5, ʚʽʜʥʦʩʥʠʤ 

ʧʦʧʝʨʝʯʥʠʤ ʽ ʧʦʟʜʦʚʞʥʽʤ ʢʨʦʢʘʤʠ ʤʽʞ ʪʨʫʙʘʤʠ ʫ ʧʫʯʢʘʭ, ʚʽʜʧʦʚʽʜʥʦ ʚʽʜ 2 ʜʦ 3,5 ʽ ʚʽʜ 2 ʜʦ 

5,5 , ʚ ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʝʡ ʧʦʪʦʢʫ ʚʽʜ 2 ʤ/ʩ ʜʦ 20 ʤ/ʩ. 

 ʈʝʟʫʣʴʪʘʪʠ ʪʝʧʣʦʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʢʘʟʘʣʠ, ʱʦ ʫ ʧʦʚʽʪʨʦʧʽʜʽʛʨʽʚʘʯʘ, 

ʚʠʢʦʥʘʥʦʛʦ ʟ ʧʣʦʩʢʦʦʚʘʣʴʥʠʭ ʪʨʫʙ, ʤʘʩʦʛʘʙʘʨʠʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ (20-30%) ʤʝʥʰʝ ʥʽʞ 

ʫ ʧʦʚʽʪʨʦʧʽʜʽʛʨʽʚʘʯʽʚ, ʚʠʢʦʥʘʥʠʭ ʟ ʪʨʫʙ ʪʨʘʜʠʮʽʡʥʦʾ ʢʨʫʛʣʦʾ ʬʦʨʤʠ ʧʨʠ ʦʜʥʘʢʦʚʽʡ ʪʝʧʣʦʚʽʾ 

ʧʦʪʫʞʥʦʩʪʽ ʘʧʘʨʘʪʽʚ. 
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ʋɼʂ 661.98 

ɸʩʧʽʨʘʥʪ 1 ʢʫʨʩʫ, ʛʨ. ʊʉ-01ʬ ʂʦʙʠʣʷʥʩʴʢʘ ʆ.ʆ. 

ɼʦʮ., ʢ.ʪ.ʥ. ʉʽʨʠʡ ʆ.ɸ. 

ɸʅɸʃɯɿ ɺʇʃʀɺʋ ʆʉʅʆɺʅʀʍ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇɸʈɸʄɽʊʈɯɺ ʂʆʊɽʃʔʅʆɻʆ 

ʆɹʃɸɼʅɸʅʅʗ ʅɸ ɽʄɯʉɯʖ ʆʂʉʀɼɯɺ ɸɿʆʊʋ  

ʋ ʍʍɯ ʩʪʦʣʽʪʪʷ ʣʶʜʩʪʚʦ ʟʥʘʯʥʦ ʧʦʯʘʣʦ ʚʽʜʯʫʚʘʪʠ ʥʘ ʩʦʙʽ ʥʘʩʣʽʜʢʠ ʛʣʦʙʘʣʴʥʠʭ ʟʤʽʥ 

ʢʣʽʤʘʪʫ. ʋʢʨʘʾʥʘ ʩʝʨʝʜ ʻʚʨʦʧʝʡʩʴʢʠʭ ʜʝʨʞʘʚ ʤʘʻ ʥʘʡʚʠʱʠʡ ʽʥʪʝʛʨʘʣʴʥʠʡ ʧʦʢʘʟʥʠʢ 

ʥʝʛʘʪʠʚʥʠʭ ʪʝʭʥʦʛʝʥʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ ʧʨʘʢʪʠʯʥʦ ʥʘ 

ʚʩʽʡ ʩʚʦʾʡ ʪʝʨʠʪʦʨʽʾ. ɺʽʜʦʤʦ, ɦ ʦ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʜʞʝʨʝʣ ʟʘʙʨʫʜʥʝʥʥʷ ʦʪʦʯʫʶʯʦʛʦ ʧʦʚʽʪʨʷ 

ʚʩʝ ʱʝ ʟʘʣʠʰʘʻʪʴʩʷ ʝʥʝʨʛʝʪʠʢʘ. ʊʦʤʫ ʨʦʟʫʤʽʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʫʪʚʦʨʝʥʥʷ ʰʢʽʜʣʠʚʠʭ 

ʨʝʯʦʚʠʥ i ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʾʭ ʝʤʽʩʽʾ ʻ ʦʜʥʠʤʠ ʟ ʦʩʥʦʚʥʠʭ ʧʠʪʘʥʴ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʦʨʤ ʦʭʦʨʦʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ [1]. 

ɺʽʜʦʤʦ, ʱʦ ʜʦ ʦʩʥʦʚʥʠʭ ʰʢʽʜʣʠʚʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʚʠʜʽʣʷʶʪʴʩʷ ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʚʽʜʥʦʩʷʪʴʩʷ ʦʢʩʠʜʠ ʘʟʦʪʫ ʪʘ ʚʫʛʣʝʮʶ. ʆʢʩʠʜʠ ʘʟʦʪʫ ʻ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʘʪʤʦʩʬʝʨʠ. ɸʣʝ ʧʘʨʥʠʢʦʚʘ ʘʢʪʠʚʥʽʩʪʴ ʟʘʢʠʩʫ ʘʟʦʪʫ ʚ 298 ʨʘʟʽʚ ʚʠʱʝ, ʥʽʞ ʫ ʚʫʛʣʝʢʠʩʣʦʛʦ 

ʛʘʟʫ. ɻʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʽʦʢʩʠʜʫ ʘʟʦʪʫ ʇɼʂNOʭ ʚ ʧʨʠʟʝʤʥʦʤʫ ʰʘʨʽ ʧʦʚʽʪʨʷ 

ʩʪʘʥʦʚʠʪʴ 0,085 ʤʛ/ʤ3, ʚ ʪʦʡ ʯʘʩ ʷʢ ʜʣʷ NO ʇɼʂNO=0,6 ʤʛ/ʤ3 [2].  

ɿʥʠʞʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʝʤʽʩʽʾ NOx ʜʦʩʷʛʘʻʪʴʩʷ ʜʚʦʤʘ ʰʣʷʭʘʤʠ. ʇʝʨʰʠʡ ʟ ʷʢʠʭ 

ʧʦʚ'ʷʟʘʥʠʡ ʟ ʙʝʟʧʦʩʝʨʝʜʥʽʤ ʚʜʦʩʢʦʥʘʣʝʥʥʷʤ ʧʨʦʮʝʩʫ ʛʦʨʽʥʥʷ (ʪʘʢ ʟʚʘʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʤʝʪʦʜʠ), ʘ ʜʨʫʛʠʡ ï h ʣʷʭʦʤ ʦʯʠʱʝʥʥʷ ʚʽʜʭʽʜʥʠʭ ʛʘʟʽʚ. ʇʠʪʘʥʥʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʤʝʪʦʜʽʚ ʧʨʠʛʥʽʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ NOx ʧʘʣʠʚʦʩʧʘʣʶʶʯʠʤʠ ʫʩʪʘʥʦʚʢʘʤʠ ʻ 

ʧʝʨʰʦʯʝʨʛʦʚʠʤʠ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʚʝʜʝʥʥʷ ʤʦʜʝʨʥʽʟʘʮʽʾ 

ʜʽʶʯʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ.  

ʈʝʟʫʣʴʪʘʪʠ ʨʘʥʽʰʝ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, ʱʦ ʥʘ ʚʠʥʠʢʥʝʥʥʷ ʦʢʩʠʜʽʚ 

ʘʟʦʪʫ (NOx) ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʟʜʽʡʩʥʶʶʪʴ ʢʦʝʬʽʮʽʻʥʪ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ ʚ ʪʦʧʮʽ (Ŭʪ), 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ  (D0) ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ (N=(D/D0)*100%) ʢʦʪʣʘ [3]. ʅʘ ʚʠʥʠʢʥʝʥʥʷ ʦʢʩʠʜʽʚ 

ʚʫʛʣʝʮʶ ʚʧʣʠʚʘʻ ʧʦʛʘʥʘ ʦʨʛʘʥʽʟʘʮʽʷ ʩʧʘʣʶʚʘʥʥʷ ʧʘʣʠʚʘ, ʪʦʙʪʦ ʥʘʷʚʥʽ ʥʝʜʦʧʘʣʠ. 

ʅʘ ʨʠʩ. 1 ʥʘʚʝʜʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʚʽʜ ʦʩʥʦʚʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʢʦʪʝʣʴʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ ʤʦʜʝʨʥʽʟʦʚʘʥʦʤʫ ʉʅʊ. ɿ ʪʦʯʢʠ ʟʦʨʫ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʤʽʩʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʤʘʶʪʴ ʥʦʨʤʦʚʘʥʽ ʧʦʢʘʟʥʠʢʠ 

ʦʢʩʠʜʽʚ ʘʟʦʪʫ NOx
ʥʦʨʤ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʚʩʽʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʧʣʠʚʽʚ, ʧʨʠ 

Ŭ=1,0. ɿʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʛʦ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ Ŭʢʨ1>1,0 (ʜʘʣʽ ʧʨʦʩʪʦ Ŭʢʨ) ʻ ʚʠʟʥʘʯʘʣʴʥʠʤ 

ʧʘʨʘʤʝʪʨʦʤ ʧʽʜ ʯʘʩ ʧʨʦʤʠʩʣʦʚʦʛʦ ʥʘʣʘʛʦʜʞʝʥʥʷ ʢʦʪʝʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ [4]. 

 

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʥʠʭ ʨʦʙʦʪʠ [5] ʪʘ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʇʇ 

ʉʅʊ ʧʨʝʜʩʪʘʚʣʝʥʦ ʝʤʽʩʽʡʥʽ ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʨʥʽʟʦʚʘʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʫ ʪʘʙʣ. 1. 

 
ʘ) 

 
ʙ) 

ʈʠʩʫʥʦʢ 1 ï ɿʘʣʝʞʥʽʩʪʴ ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʚʽʜ ʦʩʥʦʚʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ 

ʢʦʪʝʣʴʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ ʟ ʉʅʊ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʫ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ (ʘ): 

1 ï ʇʊɺʄ 30, 2 ï ɼʂɺʈ-10, 3 ï ʂɺɻʄ-20; 

ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʦʪʣʘ (ʙ): 1 ï ʂɺɻʄ-20, 2 ï ʊɺɻ-8, 3 ï ʂɺɻ-7,56 



 

 196 

ɿ ʨʠʩ. 1 ʚʠʜʥʦ, ʱʦ ʽʩʥʫʻ ʢʦʨʝʣʷʮʽʷ ʝʤʽʩʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʽʜ ʨʝʞʠʤʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʡʦʛʦ ʪʝʧʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɿ ʪʘʙʣʠʮʽ 1 ʚʠʜʥʦ, ʱʦ ʪʘʢʦʞ ʽʩʥʫʻ 

ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʥʦʨʤʘʣʽʟʦʚʘʥʦʶ ʪʘ ʤʘʢʩʠʤʘʣʴʥʠʤʠ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʦʢʩʠʜʽʚ ʘʟʦʪʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʨʝʞʠʤʘʭ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ Nʆx
ʥʦʨʤ ʬʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽʡ ʭʽʤʽʯʥʠʡ ʥʝʜʦʧʘʣ 

ʟʘ ʨʘʭʫʥʦʢ ʤʘʢʩʠʤʘʣʴʥʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʱʦ ʟ ʽʥʰʦʛʦ ʙʦʢʫ ʧʽʜʚʠʱʫʻ ʝʤʽʩʽʶ ʦʢʩʠʜʽʚ ʘʟʦʪʫ. ɿ 

ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʜʘʥʠʭ ʪʘʢʦʞ ʚʠʜʥʦ, ʱʦ ʤʘʻ ʤʽʩʮʝ ʩʫʪʪʻʚʝ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʘʟʦʪʫ ʷʢ 

ʤʘʢʩʠʤʘʣʴʥʠʭ (Nʆx
max) ʪʘʢ ʽ ʥʦʨʤʘʣʽʟʦʚʘʥʠʭ (Nʆx

ʥʦʨʤ ) ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʝʧʣʦʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʢʦʪʣʽʚ (D0). 

ʊʘʙʣʠʮʷ 1 ï ɽʤʽʩʽʡʥʽ ʧʦʢʘʟʥʠʢʠ ʢʦʪʝʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʤʘʣʦʾ ʪʘ ʩʝʨʝʜʥʴʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

[5] 

ʊʠʧ ʢʦʪʣʘ 

ʊʝʧʣʦʚʘ 

ʧʦʪʫʞ-

ʥʽʩʪʴ, 

ʄɺʪ 

Ŭʢʨ 

Nʆxmax Nʆxʥʦʨʤ 

Nʆx
ʥʦʨʤ/ 

Nʆx
max

 ʚʠʤʽʨʠ 

ʜʦʩʣʽʜ 

ʧʨʠʚ. ʜʦ 

Ŭ=1 

ʨʦʟʨʘʭʫ

ʥʦʢ 
ʜʦʩʣʽʜ 

ʨʦʟʨʘ-

ʭʫʥʦʢ 

ʅʀʀʉʊʋ-5 0,5 1,45 130 69,89 73,50 66 61 0,95 

ɼʂɺʈ-10 9,2 1,17 280 200,00 186,21 161 142 0,81 

ʂɺɻʄ-20 23,2 1,14 295 268,18 234,19 194 171 0,72 

ʇʊɺʄ-50 58,2 1,17 350 304,35 296,74 209 219 0,69 

 

ɺʧʣʠʚ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ D0 ʥʘ ʝʤʽʩʽʶ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʜʽʻʶ ʤʘʩʰʪʘʙʥʦʛʦ 

ʝʬʝʢʪʫ, ʚʧʣʠʚ ʛʘʙʘʨʠʪʽʚ ʢʦʪʣʘ ʥʘ ʨʽʚʝʥʴ ʝʤʽʩʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʜʘʥʠʤʠ 

ʫʟʘʛʘʣʴʥʝʥʴ ʫ ʨʦʙʦʪʽ [4]. 

ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʝʤʽʩʽʡʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʢʦʪʣʽʚ ʥʝʚʝʣʠʢʦʾ ʧʦʪʫʞʥʦʩʪʽ (D0<10 ɻʢʘʣ) ʥʘ 

ʧʨʠʨʦʜʥʦʤʫ ʛʘʟʽ ʚʠʢʦʥʘʥʦ ʟʘ ʜʘʥʠʤʠ ʥʘʚʝʜʝʥʠʤʠ ʚ [3]. ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʮʠʭ ʟʘʣʝʞʥʦʩʪʝʡ 

ʦʪʨʠʤʘʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʥʘʯʝʥʥʷ ʫ ʪʘʙʣ. 1. 

ʈʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʥʥʷ ʜʦʩʣʽʜʥʠʭ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʟʥʘʯʝʥʴ ʭʘʨʘʢʪʝʨʥʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʦʢʩʠʜʽʚ ʘʟʦʪʫ (ʨʠʩ. 1 ʪʘ ʪʘʙʣ. 1). ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʜʦʩʪʘʪʥʽʡ ʨʽʚʝʥʴ ʾʭ 

ʩʧʽʚʧʘʜʽʥʥʷ. ɺʽʜʭʠʣʝʥʥʷ, ʱʦ ʤʘʶʪʴ ʤʽʩʮʝ ʚ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʥʝ ʪʽʣʴʢʠ 

ʧʦʭʠʙʢʘʤʠ ʚʠʤʽʨʶʚʘʥʥʷ, ʘʣʝ ʡ ʨʷʜʦʤ ʥʝʚʨʘʭʦʚʘʥʠʭ ʬʘʢʪʦʨʽʚ, ʪʘʢʠʭ ʷʢ: ʬʘʢʪʠʯʥʠʡ ʪʝʨʤʽʥ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʙôʻʢʪʫ, ʦʩʦʙʣʠʚʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʪʦʧʢʦʚʦʾ ʢʘʤʝʨʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʧʨʘʢʪʠʮʽ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ Nʆx ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ ʚʧʣʠʚ 

ʦʩʥʦʚʥʠʭ ʚʧʣʠʚʦʚʠʭ ʬʘʢʪʦʨʽʚ, ʫ ʟʘʣʝʞʥʦʩʪʽ (1) ʚʦʥʠ ʚʨʘʭʦʚʫʶʪʴʩʷ ʢʦʤʧʣʝʢʩʥʠʤ 

ʝʤʧʽʨʠʯʥʠʤ ʧʘʨʘʤʝʪʨʦʤ Kd: 

, (1) 

ʜʝ Kd ï ʧʘʨʘʤʝʪʨ ʜʠʩʢʨʝʪʥʠʭ ʚʧʣʠʚʽʚ, .ï ʧʘʨʘʤʝʪʨ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. Clean tecnnology center, Nitrogen Oxides (NOx), Why and How They Are Controlled, 

EPA-456/F-99-006R, November 1999. INTERNET / World Wide Web Home Page, 

http://www.epa.gov/ttn/catc. 

2. ɼʠʤʠʪʨʦʚ ʆ.ɼ. ʊʝʦʨʽʷ ʛʦʨʽʥʥʷ ʦʨʛʘʥʽʯʥʦʛʦ ʧʘʣʠʚʘ / ɼʠʤʠʪʨʦʚ ʆ.ɼ., ʂʣʠʤʯʫʢ ʆ.ɸ. ï

ʆʜʝʩʘ: ʅʘʫʢʘ ʽ ʪʝʭʥʽʢʘ, 2006 ʨ. 

3. ʃʶʙʯʠʢ ɻ.ʅ. ʕʢʦʣʦʛʠʯʝʩʢʠʡ ʘʫʜʠʪ ʛʘʟʦʛʦʨʝʣʦʯʥʳʭ ʫʩʪʨʦʡʩʪʚ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ 

ʤʝʪʦʜʘ ʙʘʟʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʤʠʩʩʠʠ NOx ʠ CO / ɻ.ʅ. ʃʶʙʯʠʢ, ʈ.ʄ. ɻʦʚʜʷʢ, 

ɻ.ɸ. ʄʠʢʫʣʠʥ, ɹ.ʀ. ʐʝʣʢʦʚʩʢʠʡ, ɸ.ɸ. ɿʘʨʠʮʢʠʡ // ʕʢʦʪʝʭʥʦʣʦʛʠʠ ʠ ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʝ. ï 

2007. ï ˉ4. ï ʩ. 64ï70. 

4. ʃʶʙʯʠʢ ɻ.ʄ. ʪʘ ʽʥ.. ɺʧʣʠʚ ʢʦʝʬʽʮʽʻʥʪʫ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʦʢʘʟʥʠʢʠ ʝʤʽʩʽʾ ʦʢʩʠʜʽʚ ʘʟʦʪʫ, ɽʥʝʨʛʝʪʠʢʘ: ʝʢʦʥʦʤʽʢʘ, ʪʝʭʥʦʣʦʛʽʾ, 

ʝʢʦʣʦʛʽʷ, ˉ1, 2002 ʨ. 
5. ɸʙʜʫʣʽʥ ʄ.ɿ. ɺʽʪʯʠʟʥʷʥʽ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ ï ʟʘʧʦʨʫʢʘ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʙʝʟʧʝʢʠ ʜʝʨʞʘʚʠ / ʄ.ɿ. ɸʙʜʫʣʽʥ, ʆ.ɸ. ʉʽʨʠʡ // ʂʦʣʝʢʪʠʚʥʘ ʤʦʥʦʛʨʘʬʽʷ. ï ʂʇɯ, 2013. ï ʩ. 224ï
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ʉʪʫʜʝʥʪ 2 ʢʫʨʩʫ, ʛʨ. ʊʉ-ʧ91 ɹʫʜʷ ʖ.ʉ.; ʤʦʣ. ʚʯʝʥʠʡ ʐʝʣʝʰʝʡ ʊ.ɺ. 

ɸʩʠʩʪ. ɹʝʜʥʘʨʩʴʢʘ ɯ.ʉ. 

ɸʅɸʃʀɿ ɺʓɹʈʆʉʆɺ ʊɺɽʈɼʓʍ ʃɽʊʋʏʀʍ ʏɸʉʊʀʎ ʇʈʀ ʈɸɿʃʀʏʅʓʍ 

ʊɽʍʅʆʃʆɻʀʗʍ ʉɻʆʈɸʅʀʗ 

 

ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʦʪʨʘʩʣʝʡ ʚ ʣʶʙʦʡ ʩʪʨʘʥʝ ʷʚʣʷʝʪʩʷ ʵʥʝʨʛʝʪʠʢʘ. ʕʪʦ 

ʟʘʚʠʩʠʪ ʦʪ ʦʩʥʦʚʥʳʭ ʘʩʧʝʢʪʦʚ ʯʝʣʦʚʝʯʝʩʢʦʡ ʞʠʟʥʠ ï ʨʘʙʦʪʳ ʚʩʝʭ ʧʨʝʜʧʨʠʷʪʠʡ 

(ʩʦʮʠʘʣʴʥʳʭ, ʙʘʥʢʦʚʩʢʠʭ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ, ʯʘʩʪʥʳʭ ʫʯʨʝʞʜʝʥʠʡ ʠ ʪ.ʜ.), ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

(ʦʩʚʝʱʝʥʠʝ, ʵʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪ ʠ ʪ.ʜ.) ʠ ʙʳʪʦʚʳʭ ʥʫʞʜ. 

ʊʝʧʣʦʚʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ (ʊʕʉ) ʧʨʦʠʟʚʦʜʷʪ ʵʥʝʨʛʠʶ ʟʘ ʩʯʝʪ ʩʞʠʛʘʥʠʷ ʠʩʢʦʧʘʝʤʦʛʦ 

ʪʦʧʣʠʚʘ ï ʫʛʣʷ, ʤʘʟʫʪʘ, ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ. ʆʩʥʦʚʥʳʤ ʪʦʧʣʠʚʦʤ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʪʝʧʣʦʚʳʭ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ ʷʚʣʷʝʪʩʷ ʫʛʦʣʴ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʩʞʠʛʘʥʠʠ ʪʚʝʨʜʦʛʦ 

ʪʦʧʣʠʚʘ ʚ ʘʪʤʦʩʬʝʨʫ ʧʦʧʘʜʘʝʪ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʨʫʛʠʭ ʚʠʜʦʚ ʪʦʧʣʠʚʘ. ʆʙʲʝʤ ʵʪʠʭ ʚʳʙʨʦʩʦʚ, ʚʢʣʶʯʘʷ ʟʥʘʯʠʪʝʣʴʥʫʶ ʜʦʣʶ 

ʣʝʪʫʯʠʭ ʪʚʝʨʜʳʭ ʚʝʱʝʩʪʚ (ʟʦʣʳ), ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʤʦʱʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʪʠʧʘ ʩʞʠʛʘʝʤʦʛʦ ʪʦʧʣʠʚʘ ʠ ʪʘʢ ʜʘʣʝʝ. 

ʉʪʦʠʪ ʫʯʠʪʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʛʦʨʝʥʠʷ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʬʘʟʦʚʳʤ ʩʦʩʪʦʷʥʠʝʤ ʫʜʘʣʝʥʠʷ ʰʣʘʢʘ ʠʟ ʪʦʧʢʠ ʠʤʝʶʪʩʷ ʢʦʪʣʳ ʩ ʪʚʝʨʜʳʤ ʠ ʞʠʜʢʠʤ 

ʫʜʘʣʝʥʠʝʤ. ɺ ʢʦʪʣʘʭ ʩ ʪʚʝʨʜʳʤ ʫʜʘʣʝʥʠʝʤ, ʰʣʘʢ ʫʜʘʣʷʝʪʩʷ ʠʟ ʪʦʧʢʠ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ, 

ʘ ʚ ʢʦʪʣʘʭ ʩ ʞʠʜʢʠʤ ʫʜʘʣʝʥʠʝʤ ʰʣʘʢʘ ï ʚ ʨʘʩʧʣʘʚʣʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʇʨʠ ʫʜʘʣʝʥʠʠ ʞʠʜʢʦʛʦ 

ʰʣʘʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʢʦʪʝʣʴʥʦʡ ʜʦʣʞʥʘ ʧʦʜʜʝʨʞʠʚʘʪʴʩʷ ʥʘ ʫʨʦʚʥʝ, ʧʨʝʚʳʰʘʶʱʝʤ 

ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʠʷ ʰʣʘʢʘ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʝʤ ʠʭ ʫʜʘʣʝʥʠʝ ʠʟ ʪʦʧʢʠ ʚ ʞʠʜʢʦʤ 

ʩʦʩʪʦʷʥʠʠ. ʇʨʝʠʤʫʱʝʩʪʚʦ ʫʜʘʣʝʥʠʷ ʞʠʜʢʦʛʦ ʰʣʘʢʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʵʪʦʤ ʤʝʪʦʜʝ 

ʟʦʣʳ ʫʭʚʘʪʳʚʘʝʪʩʷ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ ʫʜʘʣʝʥʠʠ ʪʚʝʨʜʦʛʦ ʰʣʘʢʘ, ʢʦʛʜʘ ʟʥʘʯʠʪʝʣʴʥʘʷ 

ʯʘʩʪʴ ʟʦʣʳ ʧʝʨʝʥʦʩʠʪʩʷ ʫʭʦʜʷʱʠʤʠ ʛʘʟʘʤʠ. 

ɺ ʮʠʢʣʦʥʥʳʭ ʪʦʧʢʘʭ ʧʝʨʚʠʯʥʳʡ ʚʦʟʜʫʭ ʚʤʝʩʪʝ ʩ ʪʦʧʣʠʚʦʤ ʧʝʨʝʤʝʰʠʚʘʝʪʩʷ ʠ 

ʧʦʜʘʝʪʩʷ ʚ ʧʦʩʣʝʜʥʶʶ ʛʦʨʝʣʢʫ, ʘ ʚʪʦʨʠʯʥʳʡ ï ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʯʝʨʝʟ ʱʝʣʠ. ɺʳʩʦʢʘʷ 

ʩʢʦʨʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʩʝʜʘʥʠʝ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ ʥʘ ʩʪʝʥʘʭ ʠ ʩʦʭʨʘʥʝʥʠʝ ʠʭ ʚ ʧʦʪʦʢʝ 

ʮʠʢʣʦʥʘ ʜʦ ʧʦʣʥʦʛʦ ʧʦʤʦʣʘ. 

ɼʚʫʭʢʘʤʝʨʥʳʝ ʪʦʧʢʠ ʙʦʣʝʝ ʩʣʦʞʥʳ ʧʦ ʬʦʨʤʝ ʠ ʜʦʨʦʞʝ ʦʜʥʦʢʘʤʝʨʥʳʭ, ʩʪʝʥʳ 

ʢʦʪʦʨʦʡ ʦʙʨʘʟʫʶʪʩʷ ʵʢʨʘʥʥʳʤʠ ʪʨʫʙʘʤʠ ʧʨʦʩʪʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ. ɼʚʫʭʢʘʤʝʨʥʘʷ ʪʦʧʦʯʥʘʷ 

ʢʘʤʝʨʘ ʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʘ ʜʣʷ ʢʦʪʣʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʧʦʥʠʞʝʥʥʳʭ ʥʘʛʨʫʟʢʘʭ ʠ ʩʞʠʛʘʥʠʷ 

ʚʣʘʞʥʦʛʦ ʫʛʣʷ. 

ɺ ʪʦʧʢʘʭ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʩʣʦʝʤ ʪʦʧʣʠʚʦ, ʩʚʦʙʦʜʥʦ ʣʝʞʘʱʝʝ ʥʘ ʨʝʰʝʪʢʘʭ, 

ʩʜʫʚʘʝʪʩʷ ʩʥʠʟʫ ʚʦʟʜʫʭʦʤ. ʉʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ ʚ ʩʣʦʝ ʪʘʢʦʚʘ, ʯʪʦ ʝʛʦ ʧʣʘʚʫʯʝʩʪʴ 

ʤʝʥʴʰʝ ʚʝʩʘ ʯʘʩʪʠʮ ʪʦʧʣʠʚʘ. ʊʦʧʢʠ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʩʣʦʝʤ ʦʙʦʨʫʜʦʚʘʥʳ ʚ ʦʩʥʦʚʥʦʤ ʚ 

ʢʦʤʤʫʥʘʣʴʥʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʢʦʪʝʣʴʥʳʭ. 

ɺ ʪʦʧʢʘʭ ʩ ʢʠʧʷʱʠʤ ʩʣʦʝʤ ʥʝʪ ʩʠʣʴʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʘʯʝʩʪʚʫ ʪʦʧʣʠʚʘ: ʪʘʤ 

ʜʦʚʦʣʴʥʦ ʫʩʧʝʰʥʦ ʩʞʠʛʘʝʪʩʷ ʫʛʦʣʴ ʠ ʫʛʣʝʨʦʜʠʩʪʳʝ ʦʪʭʦʜʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʟʦʣʳ ʜʦ 70% ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʟʦʣʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʚʣʘʛʠ ʜʦ 60%. ɿʘ ʨʫʙʝʞʦʤ ʪʦʧʢʠ ʩ 

ʢʠʧʷʱʠʤ ʩʣʦʝʤ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʥʘ ʛʦʨʷʯʝʡ ʚʦʜʝ ʠ ʧʘʨʦʚʳʭ ʢʦʪʣʘʭ ʤʦʱʥʦʩʪʴʶ ʜʦ 

100 ʪ/ʯ. 

ʊʦʧʢʠ ʩ ʮʠʨʢʫʣʠʨʫʶʱʠʤ ʢʠʧʷʱʠʤ ʩʣʦʝʤ ʥʝ ʠʤʝʶʪ ʙʦʣʝʝ ʩʪʨʦʛʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʢʘʯʝʩʪʚʫ ʪʦʧʣʠʚʘ, ʯʝʤ ʩ ʞʠʜʢʠʤ ʩʣʦʝʤ, ʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ ʥʘʤʥʦʛʦ ʚʳʰʝ. 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ ʚ ʘʪʤʦʩʬʝʨʫ ʪʚʝʨʜʳʭ ʣʝʪʫʯʠʭ ʯʘʩʪʠʮ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʛʦʨʘʥʠʷ. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [1], ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʧʘʨʘʤʝʪʨʳ ʚʳʙʨʦʩʦʚ 

ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ. ɺʳʰʝʫʧʦʤʷʥʫʪʳʝ ʪʝʭʥʦʣʦʛʠʠ ʛʦʨʝʥʠʷ, ʢʦʪʦʨʳʝ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 
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ʚ ʋʢʨʘʠʥʝ, ʙʳʣʠ ʫʯʪʝʥʳ ʧʨʠ ʨʘʩʯʝʪʝ (ʪʘʙʣʠʮʘ 1). 

 

ʊʘʙʣʠʮʘ 1 ï ɼʦʣʷ ʣʝʪʫʯʠʭ ʟʦʣ ʚ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʩʞʠʛʘʥʠʷ ʪʦʧʣʠʚʘ [1] 

 

ʊʝʭʥʦʣʦʛʠʷ ʩʞʠʛʘʥʠʷ ɸʚʠʥ 

ʉ ʪʚʝʨʜʳʤ (ʩʫʭʠʤ) ʫʜʘʣʝʥʠʝʤ ʰʣʘʢʘ 0,95 

ʆʪʢʨʳʪʘʷ ʪʦʧʢʘ ʩ ʫʜʘʣʝʥʠʝʤ ʞʠʜʢʦʛʦ ʰʣʘʢʘ 0,80 

ʇʦʣʫʦʪʢʨʳʪʘʷ ʪʦʧʢʘ ʩ ʫʜʘʣʝʥʠʝʤ ʞʠʜʢʦʛʦ ʰʣʘʢʘ 0,70 

ɼʚʫʭʢʘʤʝʨʥʳʡ ʩʣʦʡ: 0,55 

        ʩ ʚʝʨʪʠʢʘʣʴʥʳʤ ʧʦʜʦʛʨʝʚʦʤ 0,30 

        ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʮʠʢʣʦʥ 0,15 

ʉ ʮʠʨʢʫʣʠʨʫʶʱʠʤ ʢʠʧʷʱʠʤ ʩʣʦʝʤ 0,50 

ʉ ʧʫʟʳʨʴʢʦʚʳʤ ʢʠʧʷʱʠʤ ʩʣʦʝʤ 0,20 

ʉ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʩʣʦʝʤ 0,15 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

 

ʊʘʙʣʠʮʘ 2 ï ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ 
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ɸʚʠʥ 0,95 0,8 0,7 0,55 0,3 0,15 0,5 0,2 0,15 

Kʪʚ 180,2 151,8 132,8 104,3 56,9 28,5 94,9 37,9 28,5 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 2, ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʳʙʨʦʩʦʚ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ 

ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʩʞʠʛʘʥʠʠ ʩ ʫʜʘʣʝʥʠʝʤ ʪʚʝʨʜʦʛʦ ʰʣʘʢʘ, ʘ ʩʘʤʦʝ ʥʠʟʢʦʝ ï 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʪʣʘ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʩʣʦʝʤ ʠ ʜʚʫʭʢʘʤʝʨʥʳʤ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ 

ʮʠʢʣʦʥʦʤ. ʄʳ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʤ ʥʝʙʦʣʴʰʦʡ ʠʥʜʝʢʩ Kʪʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʚʫʭʢʘʤʝʨʥʦʡ 

ʧʝʯʠ ʩ ʚʝʨʪʠʢʘʣʴʥʳʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʧʦʜʦʛʨʝʚʦʤ ʠ ʧʝʯʠ ʩ ʞʠʜʢʠʤ ʧʫʟʳʨʴʢʦʚʳʤ ʩʣʦʝʤ. 

ɺʳʚʦʜʳ. ɹʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʛʦʨʝʥʠʷ, ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʋʢʨʘʠʥʝ. ʈʘʩʩʯʠʪʘʥʳ ʚʳʙʨʦʩʳ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʳʙʨʦʩʦʚ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 

ʩʞʠʛʘʥʠʠ ʪʦʧʣʠʚʘ ʩ ʫʜʘʣʝʥʠʝʤ ʪʚʝʨʜʦʛʦ ʰʣʘʢʘ, ʘ ʥʘʠʤʝʥʴʰʝʝ ï ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʝʯʠ ʩ 

ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʩʣʦʝʤ ʠ ʜʚʫʭʢʘʤʝʨʥʳʤ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʮʠʢʣʦʥʦʤ. ʄʘʣʦʝ ʟʥʘʯʝʥʠʝ Kʪʚ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʚʫʭʢʘʤʝʨʥʦʡ ʧʝʯʠ ʩ ʚʝʨʪʠʢʘʣʴʥʳʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ 

ʧʦʜʦʛʨʝʚʦʤ.  

ʇʝʨʝʯʝʥʴ ʩʩʳʣʦʢ: 

1. ɻʂɼ 34.02.305-2002. ɺʳʙʨʦʩʳ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʫ ʩ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ. ʄʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ. ï ʂʠʝʚ, 2002. 
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ʄʘʛʽʩʪʨʘʥʪ 2 ʢʫʨʩʫ, ʛʨ. ʊʉ-91ʤʥ ʂʨʠʚʝʥʮʦʚ ʆ.ʆ. 

ɼʦʮ., ʢ.ʪ.ʥ. ʉʽʨʠʡ ʆ.ɸ. 

ɼʆʉʃɯɼɾɽʅʅʗ ɿʈʀɺʋ ʇʆʃʋʄ ʗ ʇʈʀ ʉʇɸʃʖɺɸʅʅɯ ʉʋʄɯʐɯ ʄɽʊɸʅʋ ʊɸ 

ɺʆɼʅʖ 

ɻʘʟʦʪʫʨʙʽʥʥʽ ʜʚʠʛʫʥʠ (ɻʊɼ) ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʥʘ ʨʝʞʠʤʘʭ ʫ ʟʦʥʽ ʟʙʽʜʥʝʥʦʾ ʧʘʣʴʥʦʾ 

ʩʫʤʽʰʽ, ʪʘʢʠʤ ʯʠʥʦʤ ʟʥʠʞʫʻʪʴʩʷ ʪʝʨʤʽʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʥʘʡʙʽʣʴʰ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ 

ʝʣʝʤʝʥʪʘʭ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʤʽʥʽʤʽʟʫʻʪʴʩʷ ʪʦʢʩʠʯʥʽʩʪʴ ʚʠʢʠʜʽʚ. ɼʦʜʘʚʘʥʥʷ ʚʦʜʥʶ ʜʦ 

ʩʫʤʽʰʽ ʟʥʘʯʥʦ ʨʦʟʰʠʨʶʻ ʤʝʞʽ ʩʪʽʡʢʦʛʦ ʛʦʨʽʥʥʷ ʤʝʪʘʥʦʚʦʛʦ ʧʘʣʠʚʘ. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 1, ʢʦʞʥʽ 

ʜʦʜʘʪʢʦʚʽ 10 ʦʙôʻʤʥʠʭ ʚʽʜʩʦʪʢʽʚ ʚʦʜʥʶ ʟʤʽʱʫʶʪʴ ʤʝʞʫ ʙʽʜʥʦʛʦ ʟʨʠʚʫ ʬʘʢʝʣʫ ʥʘ 10ï15%. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ʧʘʣʴʥʦʾ ʩʫʤʽʰʽ ʜʝʱʦ ʟʚʫʞʫʻ ʟʦʥʫ ʩʪʘʣʦʛʦ 

ʛʦʨʽʥʥʷ (ʨʠʩ. 1) [1]. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʄʝʞʽ çʙʽʜʥʦʛʦè ʟʨʠʚʫ ʧʦʣʫʤôʷ ʤʝʪʘʥʦ-ʚʦʜʥʝʚʦʾ ʩʫʤʽʰʽ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʦʜʥʶ ʽ ʾʾ ʚʠʪʨʘʪʠ ʥʘ ʧʘʣʴʥʠʢʫ 

 

ʋ ʨʝʞʠʤʽ ʟʘʡʤʘʥʥʷ ʬʘʢʝʣʫ ʟʨʠʚ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʢʦʣʠ ʣʦʢʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʧʦʣʫʤ'ʷ 

ʤʝʥʰʝ, ʥʽʞ ʰʚʠʜʢʽʩʪʴ ʟʫʩʪʨʽʯʥʦʾ ʨʽʜʠʥʠ ʫ ʙʫʜʴ-ʷʢʽʡ ʪʦʯʮʽ ʬʘʢʝʣʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʝʭʘʥʽʟʤ 

ʩʪʘʙʽʣʽʟʘʮʽʾ ʬʘʢʝʣʫ ʜʣʷ ʧʦʜʽʙʥʦʛʦ ʨʝʞʠʤʫ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʭʘʨʘʢʪʝʨʽ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ 

ʬʨʦʥʪʫ ʧʦʣʫʤôʷ. ʊʫʨʙʫʣʝʥʪʥʘ ʰʚʠʜʢʽʩʪʴ ʧʦʣʫʤ'ʷ ʯʘʩʪʦ ʚʠʨʘʞʘʻʪʴʩʷ ʯʝʨʝʟ ʣʘʤʽʥʘʨʥʫ 

ʰʚʠʜʢʽʩʪʴ ʧʦʤʥʦʞʝʥʫ ʥʘ ʬʫʥʢʮʽʶ, ʷʢʘ ʟʘʣʝʞʠʪʴ ʷʢ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʪʘʢ ʽ 

ʚʽʜ ʛʝʦʤʝʪʨʽʾ ʧʘʣʴʥʠʢʘ. ɼʣʷ ʚʩʽʭ ʫʤʦʚ, ʟʘ ʷʢʠʭ ʚʠʧʨʦʙʫʚʘʣʘʩʷ ʣʘʙʦʨʘʪʦʨʥʘ ʢʘʤʝʨʘ ʟʛʦʨʷʥʥʷ, 

ʛʝʦʤʝʪʨʽʷ ʻ ʬʽʢʩʦʚʘʥʦʶ, ʪʦʤʫ ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʨʘʭʦʚʘʥʽ ʧʨʠ ʢʦʨʝʣʷʮʽʾ ʧʦʚʝʜʽʥʢʠ ʟʨʠʚʫ 

ʧʦʣʫʤôʷ. ʇʨʠʧʫʩʢʘʶʯʠ, ʱʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʧʦʜʽʙʥʽ, ʷʢ ʥʘʙʣʠʞʝʥʥʷ ʧʝʨʰʦʛʦ 

ʧʦʨʷʜʢʫ, ʧʘʨʘʤʝʪʨ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ ʯʝʨʝʟ ʰʚʠʜʢʽʩʪʴ ʣʘʤʽʥʘʨʥʦʛʦ ʧʦʣʫʤ'ʷ 

ʧʘʣʠʚʥʦʾ ʩʫʤʽʰʽ. ɼʣʷ ʜʚʦʧʘʣʠʚʥʦʾ ʩʫʤʽʰʽ ʰʚʠʜʢʽʩʪʴ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʧʦʣʫʤ'ʷ ʚʠʨʘʞʘʻʪʴʩʷ 

ʷʢ ʩʫʤʘ ʰʚʠʜʢʦʩʪʝʡ ʧʦʣʫʤôʷ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʢʦʤʧʦʥʝʥʪʽʚ, ʟʚʘʞʝʥʫ ʟʘ ʤʦʣʷʨʥʠʤʠ ʯʘʩʪʢʘʤʠ: 

, 

ʜʝ C ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʢʦʤʧʦʥʝʥʪʫ, SL ï ʰʚʠʜʢʽʩʪʴ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʧʦʣʫʤôʷ ʢʦʤʧʦʥʝʥʪʫ. 

ɺʠʨʘʟ ʷʚʣʷʻ ʩʦʙʦʶ ʥʘʧʽʚʝʤʧʽʨʠʯʥʝ ʥʘʙʣʠʞʝʥʥʷ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʪʘ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ. ʈʝʟʫʣʴʪʘʪʠ ʟʘ ʨʽʚʥʷʥʥʷʤ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ. 
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ʊʘʙʣʠʮʷ 1 ï ʃʘʤʽʥʘʨʥʘ ʰʚʠʜʢʽʩʪʴ ʧʦʣʫʤ'ʷ (ʚ ʤ/ʩ) CH4/H2 ʩʫʤʽʰʽ ʧʨʠ ʪʠʩʢʫ 1 ʘʪ. 

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ ʪʘ ʦʙôʻʤʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʦʜʥʶ [1] 

Ŭ 

ʉʅ2, % 
0,7 0,8 0,9 1,0 

0 0,2 0,27 0,33 0,4 

10 0,38 0,44 0,5 0,56 

20 0,56 0,62 0,66 0,72 

30 0,74 0,79 0,83 0,88 

40 0,92 0,96 1,0 1,04 

50 1,1 1,14 1,17 1,2 

 

ɺʘʨʪʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʪʝʦʨʝʪʠʯʥʘ ʦʮʽʥʢʘ ʧʨʦʜʫʢʪʽʚ ʩʧʘʣʶʚʘʥʥʷ ʧʦʢʘʟʫʻ ʟʥʘʯʥʠʡ 

ʚʧʣʠʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʤʽʰʢʠ ʚʦʜʥʶ ʜʦ ʤʝʪʘʥʦʚʤʽʩʥʠʭ ʧʘʣʠʚ. ʊʘʢ, ʪʝʦʨʝʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ 

ʧʨʦʮʝʩʫ ʛʦʨʽʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʟ ʚʤʽʩʪʦʤ ʤʝʪʘʥʫ 96%, ʜʝ ʚ ʷʢʦʩʪʽ ʦʢʠʩʥʠʢʘ ʦʙʨʘʥʦ ʧʦʚʽʪʨʷ 

ʧʦʢʘʟʫʶʪʴ, ʱʦ ʫ ʧʨʦʜʫʢʪʘʭ ʨʝʘʢʮʽʾ ʟʤʝʥʰʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ  ʤʘʡʞʝ ʥʘ 

40% ʧʨʠ ʩʧʽʚʨʦʟʤʽʨʥʦʤʫ ʚʤʽʩʪʽ ʚʦʜʥʶ ʫ ʧʦʯʘʪʢʦʚʽʡ ʩʫʤʽʰʽ. ɿʘʛʘʣʴʥʝ ʟʥʠʞʝʥʥʷ ʦʙôʻʤʫ 

ʧʨʦʜʫʢʪʽʚ ʩʧʘʣʶʚʘʥʥʷ ʩʪʘʥʦʚʠʪʴ ʫ ʩʝʨʝʜʥʴʦʤʫ 30%. ʊʝʦʨʝʪʠʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʽʥʥʷ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʝ ʩʫʪʪʻʚʦ (ʜʠʚ. ʨʠʩ. 2). 

 

 
ʈʠʩʫʥʦʢ 2 ï ʆʙôʻʤ ʧʨʦʜʫʢʪʽʚ ʩʧʘʣʶʚʘʥʥʷ ʪʘ ʪʝʦʨʝʪʠʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʽʥʥʷ ʩʫʤʽʰʽ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʟ ʚʦʜʥʝʤ 

1 ï ʦʙôʻʤ ʚʦʣʦʛʠʭ ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʷʥʥʷ, 2 ï ʦʙôʻʤ ʩʫʭʠʭ ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʷʥʥʷ, 

3 ï ʦʙôʻʤ ʚʦʜʷʥʦʾ ʧʘʨʠ, 4 ï ʜʽʦʢʩʠʜ ʚʫʛʣʝʮʶ, 5 ï ʪʝʦʨʝʪʠʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʽʥʥʷ 

 

ɿ ʽʥʰʦʾ ʩʪʦʨʦʥʠ ʚʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʚʦʜʥʶ ʟʤʝʥʰʫʻ ʥʠʞʯʫ 

ʪʝʧʣʦʪʫ ʟʛʦʨʷʥʥʷ. ɺʠʟʥʘʯʝʥʦ, ʱʦ ʧʨʠ ʚʤʽʩʪʽ 40,01% ʚʦʜʥʶ,  ʩʪʘʥʦʚʠʪʴ 26,38 ʄɼʞ/ʢʛ, 

ʱʦ ʤʝʥʰʝ ʥʘ 27% ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʨʠʨʦʜʥʠʤ ʛʘʟʦʤ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʟ ʤʝʪʘʥʫ. 

ʂʨʽʤ ʪʦʛʦ, ʜʦʤʽʰʢʠ ʚʦʜʥʶ ʘʢʪʠʚʫʶʪʴ ʝʤʽʩʽʶ ʦʢʩʠʜʽʚ ʘʟʦʪʫ [2]. 

ʋ ʩʚʽʪʣʽ ʩʫʯʘʩʥʠʭ ʪʝʥʜʝʥʮʽʡ ʜʦ ʧʝʨʝʭʦʜʫ ʥʘ ʙʝʟʚʫʛʣʝʮʝʚʫ ʝʥʝʨʛʝʪʠʢʫ, ʧʠʪʘʥʥʷ 

ʟʘʤʽʱʝʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʚʠʢʦʧʥʠʭ ʧʘʣʠʚ ʘʣʴʪʝʨʥʘʪʠʚʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʝʥʝʨʛʽʾ ʙʫʜʫʪʴ 

ʚʠʟʥʘʯʘʣʴʥʠʤʠ ʫ ʥʘʡʙʣʠʞʯʠʭ ʧʝʨʩʧʝʢʪʠʚʘʭ ʨʦʟʚʠʪʢʫ ʢʨʘʾʥʠ ʽ ʩʚʽʪʫ. ʏʘʩʪʢʦʚʘ ʟʘʤʽʥʘ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʚʞʝ ʩʴʦʛʦʜʥʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʢʨʦʢʽʚ ʨʝʘʣʽʟʘʮʽʾ ʝʥʝʨʛʝʪʠʢʠ 

ʤʘʡʙʫʪʥʴʦʛʦ. 

 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. https://doi.org/10.1016/j.ijhydene.2021.01.087; 499-500 

2. Zhang Q, Noble DR, Meyers A, Xu K, Lieuwen T. Characterization of fuel 

composition effects in H2/CO/CH4 mixtures upon lean blowout. ASME Paper No: GT2005-68907. 

Journal of Engineering for Gas Turbines and Power, 2007, ï 129: 688ï94. 
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ɸʩʧʽʨʘʥʪ ʄʦʨʦʟ ʆ.ʉ.; ʤʘʛʽʩʪʨʘʥʪ 2 ʢʫʨʩʫ, ʛʨ. ʊʉ-91ʤʥ ɺʦʣʠʥʝʮʴ ɸ.ʄ. 

ɼʦʮ., ʢ.ʪ.ʥ. ɻʨʘʥʦʚʩʴʢʘ ʆ.ʆ. 

ɼʆʉʃɯɼɾɽʅʅʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ɼʀʉʂʆɺʆɻʆ ʉʊɸɹɯʃɯɿɸʊʆʈʅʆɻʆ 

ʇɸʃʔʅʀʂʆɺʆɻʆ ʇʈʀʉʊʈʆʖ 

ʊʝʧʣʦʝʥʝʨʛʝʪʠʯʥʘ ʛʘʣʫʟʴ ʋʢʨʘʾʥʠ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʽʤʧʦʨʪʫ ʧʘʣʠʚʦ-

ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ, ʟʦʢʨʝʤʘ, ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʧʘʣʠʚʘ ï ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ. ʆʜʥʠʤ ʟ 

ʥʘʧʨʷʤʢʽʚ ʟʤʝʰʝʥʥʷ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʻ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʅʘ 

ʮʴʦʤʫ ʰʣʷʭʫ ʚ ʩʚʽʪʦʚʽʡ ʧʨʘʢʪʠʮʽ ʥʘʭʦʜʷʪʴ ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʘʟʦʪʫʨʙʽʥʥʽ ʫʩʪʘʥʦʚʢʠ. 

ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʛʘʟʦʪʫʨʙʽʥʥʦʾ ʫʩʪʘʥʦʚʢʠ ʤʦʞʣʠʚʝ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ 

ʛʘʟʽʚ ʧʝʨʝʜ ʛʘʟʦʚʦʶ ʪʫʨʙʽʥʥʦʶ. ʊʘʢ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʛʘʟʽʚ ʚ ʤʝʞʘʭ 1410ï1430 ʉ̄ ʢʦʝʬʽʮʽʻʥʪ 

ʢʦʨʠʩʥʦʾ ʜʽʾ ʛʘʟʦʪʫʨʙʽʥʥʦʛʦ ʮʠʢʣʫ ʜʦʭʦʜʠʪʴ ʜʦ 40%, ʱʦ ʤʘʡʞʝ ʜʦʨʽʚʥʶʻ ʂʂɼ 

ʧʘʨʦʪʫʨʙʽʥʥʦʛʦ ʮʠʢʣʫ [1]. ʇʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʟʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ ʟʤʝʥʰʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʫ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ ʚ ʢʘʤʝʨʽ ʟʛʦʨʷʥʥʷ ʜʦ ŬÒ2,0, ʱʦ ʤʦʞʣʠʚʦ ʨʝʘʣʽʟʦʚʘʪʠ ʧʨʠ 

ʦʨʛʘʥʽʟʘʮʽʾ ʛʦʨʽʥʥʷ ʛʦʤʦʛʝʥʥʦʾ ʧʘʣʠʚʦ-ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʥʘ ʨʝʞʠʤʘʭ ʧʫʩʢʫ, 

ʟʫʧʠʥʢʠ ʽ ʨʦʙʦʪʠ ʟ ʯʘʩʪʢʦʚʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʜʽʡʥʫ ʽ ʝʬʝʢʪʠʚʥʫ 

ʨʦʙʦʪʫ ʧʨʠ Ŭ>10,0. ʊʘʢʽ ʨʝʞʠʤʠ ʤʦʞʣʠʚʦ ʨʝʘʣʽʟʦʚʘʪʠ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʠʬʫʟʽʡʥʦʛʦ 

ʤʝʪʦʜʫ ʩʧʘʣʶʚʘʥʥʷ ʧʘʣʠʚʘ. ɿʘʟʚʠʯʘʡ, ʨʝʘʣʽʟʘʮʽʷ ʨʦʙʦʪʠ ʢʘʤʝʨʠ ʟʛʦʨʷʥʥʷ ʚ ʰʠʨʦʢʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʨʝʞʠʤʽʚ ʚʠʢʦʥʫʻʪʴʩʷ ʰʣʷʭʦʤ ʢʦʤʙʽʥʘʮʽʾ ʩʭʝʤ ʟ ʢʽʥʝʪʠʯʥʠʤ ʽ ʜʠʬʫʟʽʡʥʠʤ 

ʛʦʨʽʥʥʷʤ ʧʘʣʠʚʘ, ʱʦ ʧʦʪʨʝʙʫʻ, ʷʢ ʧʨʘʚʠʣʦ, ʦʢʨʝʤʠʭ ʣʽʥʽʡ ʧʽʜʚʦʜʫ ʧʘʣʠʚʘ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʦʜʘʪʢʦʚʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʽʩʪʦʪʥʦ ʫʩʢʣʘʜʥʶʻ ʩʠʩʪʝʤʫ ʨʝʛʫʣʶʚʘʥʥʷ ʙʣʦʢʫ. 

ʆʜʥʠʤ ʟ ʧʽʜʭʦʜʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʝʬʝʢʪʠʚʥʦʾ ʽ ʥʘʜʽʡʥʦʾ ʨʦʙʦʪʠ ʢʘʤʝʨʠ 

ʟʛʦʨʷʥʥʷ ɻʊʋ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʨʝʞʠʤʽʚ, ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʢʨʦʜʠʬʫʟʽʡʥʦʛʦ ʧʨʠʥʮʠʧʫ 

ʩʧʘʣʶʚʘʥʥʷ ʛʘʟʫ ʟʘ ʧʦʛʘʥʦ ʦʙʪʽʢʘʻʤʠʤʠ ʪʽʣʘʤʠ ï ʩʪʘʙʽʣʽʟʘʪʦʨʘʤʠ  ʧʨʠ ʧʦʜʘʯʽ ʛʘʟʫ ʚ ʟʦʥʫ 

ʨʝʮʠʨʢʫʣʷʮʽʾ ʟʘ ʩʪʘʙʽʣʽʟʘʪʦʨʦʤ [1]. ʇʨʠ ʨʦʙʦʪʽ ʢʘʤʝʨʠ ʟʘ ʪʘʢʦʶ ʩʭʝʤʦʶ ʛʘʟʦʨʦʟʜʘʯʽ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʟʘʻʤʦʜʽʷ ʤʽʞ ʛʘʟʦʚʠʤʠ ʩʪʨʫʤʝʥʷʤʠ, ʱʦ ʚʠʭʦʜʷʪʴ ʽʟ ʩʪʘʙʽʣʽʟʘʪʦʨʘ, ʽ ʟʚʦʨʦʪʥʽʤ 

ʪʦʢʦʤ ʟʦʥʠ ʨʝʮʠʨʢʫʣʷʮʽʾ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʙʫʣʦ ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʫ ʚʟʘʻʤʦʜʽʾ ʛʘʟʦʚʠʭ ʩʪʨʫʤʝʥʽʚ ʽ ʟʚʦʨʦʪʥʽʭ 

ʪʦʢʽʚ ʟʦʥʠ ʨʝʮʠʨʢʫʣʷʮʽʾ ʽ ʤʦʞʣʠʚʦʩʪʽ ʧʽʜʚʠʱʝʥʥʷ ʩʪʘʣʦʩʪʽ ʛʦʨʽʥʥʷ ʧʨʠ ʟʙʽʣʴʰʝʥʽ ʚʠʪʨʘʪʠ 

ʧʘʣʠʚʘ. ɺʠʧʨʦʙʫʚʘʥʥʷ ʚʠʢʦʥʫʚʘʣʠʩʴ ʥʘ ʜʦʩʣʽʜʥʦʤʫ ʩʪʝʥʜʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʠʩʢʦʚʦʛʦ 

ʩʪʘʙʽʣʽʟʘʪʦʨʘ ʜʽʘʤʝʪʨʦʤ 50 ʤʤ, ʱʦ ʚʩʪʘʥʦʚʣʶʚʘʚʩʷ ʚ ʨʦʙʦʯʽʡ ʜʽʣʷʥʮʽ ʜʽʘʤʝʪʨʦʤ 410 ʤʤ. 

ɺʘʨʽʘʥʪʠ ʩʪʘʙʽʣʽʟʘʪʦʨʘ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 1. ɿʘ ʚʘʨʽʘʥʪʦʤ ʨʠʩ. 1, ʘ ʧʘʣʠʚʦ ʧʦʜʘʚʘʣʦʩʴ ʚ ʟʦʥʫ 

ʨʝʮʠʨʢʫʣʷʮʽʾ ʯʝʨʝʟ ʦʪʚʦʨʠ ʜʽʘʤʝʪʨʦʤ 3,0ï5,0 ʤʤ. ɿʘ ʚʘʨʽʘʥʪʦʤ ʨʠʩ. 1, ʙ ʥʘ ʰʣʷʭʫ ʛʘʟʦʦʛʦ 

ʩʪʨʫʤʝʥʷ ʥʘ ʚʽʜʩʪʘʥʽ 15 ʤʤ ʚʩʪʘʥʦʚʣʶʚʘʚʩʷ ʦʙʤʝʞʫʶʯʠʡ ʜʠʩʢ ʜʽʘʤʝʪʨʦʤ 15,0 ʤʤ. 

 
ʘ)                                                              ʙ) 

ʈʠʩʫʥʦʢ 1 ï ɺʘʨʽʘʥʪʠ ʩʭʝʤʠ ʧʦʜʘʯʽ ʛʘʟʫ ʟʘ  ʜʠʩʢʦʚʠʤ ʩʪʘʙʽʣʽʟʘʪʦʨʦʤ: 

ʘ) ï ʩʪʨʫʤʝʥʝʚʘ ʧʦʜʘʯʘ ʛʘʟʫ ʚ ʟʦʥʫ ʨʝʮʠʨʢʫʣʷʮʽʾ; ʙ) ï ʚʘʨʽʘʥʪ ʟ ʦʙʤʝʞʫʶʯʠʤ ʜʠʩʢʦʤ 

 

ɺʥʘʩʣʽʜʦʢ ʪʦʛʦ, ʱʦ ʩʪʘʣʽʩʪʴ ʛʦʨʽʥʥʷ ʟʘ ʩʪʘʙʽʣʽʟʘʪʦʨʦʤ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʟʘʣʝʞʽʪʴ ʚʽʜ 

ʨʦʟʤʽʨʽʚ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʦʥʠ ʨʝʮʠʨʢʫʣʷʮʽʾ, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʟʦʥʠ ʨʝʮʠʨʢʫʣʷʮʽʾ, ʟʦʢʨʝʤʘ, ʾʾ ʨʦʟʤʽʨʫ ʚ ʽʟʦʪʝʨʤʽʯʥʠʭ ʫʤʦʚʘʭ ʪʘ ʧʨʠ ʛʦʨʽʥʥʽ ʛʘʟʫ. 
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ʈʠʩʫʥʦʢ 2 ï ɺʧʣʠʚ ʚʠʪʨʘʪʠ ʛʘʟʫ ʥʘ ʜʦʚʞʠʥʫ 

ʟʦʥʠ ʟʚʦʨʦʪʥʠʭ ʪʦʢʽʚ ʟʘ ʜʠʩʢʦʚʠʤ 

ʩʪʘʙʽʣʽʟʘʪʦʨʦʤ ʜʽʘʤʝʪʨʦʤ 50 ʤʤ ʧʨʠ 

ʽʟʦʪʝʨʤʽʯʥʠʭ ʧʨʦʜʫʚʢʘʭ ʪʘ ʚʦʛʥʝʚʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ (dʛ=5,0 ʤʤ) ǒ, ƺ ï Wʧ = 17 ʤ/ʩ; ȹ, 

ƶ ï 23 ʤ/ʩ; ƴ, Ǐ ï 33 ʤ/ʩ 

 ʋ ʚʠʧʘʜʢʫ ʧʦʜʘʯʽ ʛʘʟʫ ʚ ʘʝʨʦʜʠʥʘʤʽʯʥʠʡ 

ʩʣʽʜ ʟʘ ʩʪʘʙʽʣʽʟʘʪʦʨʦʤ ʚ ʽʟʦʪʝʨʤʽʯʥʠʭ ʫʤʦʚʘʭ ʽ 

ʧʨʠ ʛʦʨʽʥʥʽ ʜʦʚʞʠʥʘ ʟʦʥʠ ʟʚʦʨʦʪʥʠʭ ʪʦʢʽʚ 

ʩʧʦʯʘʪʢʫ ʧʦʩʪʫʧʦʚʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʽʟ-ʟʘ 

ʟʤʝʥʰʝʥʥʷ ʨʦʟʨʽʜʞʝʥʥʷ ʚ ʟʦʥʽ ʨʝʮʠʨʢʫʣʷʮʽʾ. 

ʇʦʪʽʤ, ʧʽʩʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʝʚʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚʠʪʨʘʪʠ ʛʘʟʫ (Gʛ) ʜʦʚʞʠʥʘ ʟʦʥʠ ʟʚʦʨʦʪʥʠʭ ʪʦʢʽʚ 

ʧʦʩʪʫʧʦʚʦ ʟʤʝʥʰʫʻʪʴʩʷ, ʜʦʩʷʛʘʶʯʠ ʟʥʘʯʝʥʴ, ʷʢʽ ʤʝʥʰʝ ʜʦʚʞʠʥ ʟʦʥʠ ʟʚʦʨʦʪʥʠʭ ʪʦʢʽʚ ʧʨʠ 

ʽʟʦʪʝʨʤʽʯʥʠʭ ʧʨʦʜʫʚʢʘʭ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʧʦʜʘʯʽ ʧʘʣʠʚʘ (Gʛ=0) (ʨʠʩ. 2). ɸʥʘʣʽʟ ʢʦʥʮʝʥʪʨʘʮʽʡ 

ʤʝʪʘʥʫ ʚ ʟʦʥʽ ʨʝʮʠʨʢʫʣʷʮʽʾ ʧʦʢʘʟʫʻ, ʱʦ ʧʽʜ ʯʘʩ ʚʟʘʻʤʦʜʽʾ ʧʘʣʠʚʥʦʛʦ ʩʪʨʫʤʝʥʷ ʟ ʟʦʥʦʶ 

ʨʝʮʠʨʢʫʣʷʮʽʾ ʤʘʻ ʤʽʩʮʝ ʜʚʘ ʩʫʪʪʻʚʦ ʨʽʟʥʠʭ ʚʠʧʘʜʢʠ: ʧʨʠ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʦʤʫ ʟʥʘʯʝʥʥʽ 

ʢʽʣʴʢʦʩʪʽ ʨʫʭʫ ʧʘʣʠʚʘ (ʧʨʠ ʟʤʝʥʰʝʥʠʭ ʚʠʪʨʘʪʘʭ ʛʘʟʫ), ʱʦ ʧʦʜʘʻʪʴʩʷ ʚ ʟʦʥʫ, ʚʦʥʦ 

ʨʦʟʩʽʶʻʪʴʩʷ ʚ ʤʝʞʘʭ ʮʽʻʾ ʟʦʥʠ ʟʚʦʨʦʪʥʠʭ ʪʦʢʽʚ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʚ ʮʴʦʤʫ ʨʘʟʽ 

ʧʽʜʚʠʱʫʻʪʴʩʷ ʪʠʩʢ ʚ ʟʦʥʽ, ʟʨʦʩʪʘʶʪʴ ʾʾ ʨʦʟʤʽʨʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʘʛʘʯʝʥʥʷ ʩʫʤʽʰʽ. ʇʽʩʣʷ 

ʪʦʛʦ, ʷʢ ʧʽʜʚʠʱʝʥʘ ʜʘʣʝʢʦʙʽʡʥʽʩʪʴ ʧʘʣʠʚʥʦʛʦ ʩʪʨʫʤʝʥʷ ʜʦʩʷʛʘʻ ʟʥʘʯʝʥʥʷ Lʩʪʨ > Lʟʦʪ, ʛʘʟʦʚʠʡ 

ʩʪʨʫʤʽʥʴ ñʧʨʦʙʠʚʘʻò ʟʦʥʫ ʨʝʮʠʨʢʫʣʷʮʽʾ.  

ʋ ʚʘʨʽʘʥʪʽ (ʨʠʩ. 1, ʙ), ʜʣʷ ʦʙʤʝʞʝʥʥʷ ʜʘʣʝʢʦʙʽʡʥʦʩʪʽ ʛʘʟʦʚʦʛʦ ʩʪʨʫʤʝʥʷ ʧʨʠ ʜʽʘʤʝʪʨʽ 

ʦʪʚʦʨʫ dʛ=3,0 ʤʤ ʥʘ ʚʽʜʩʪʘʥʽ 15 ʤʤ ʚʽʜ ʩʦʧʣʦʚʦʛʦ ʦʪʚʦʨʫ ʚʩʪʘʥʦʚʣʝʥʦ ʜʠʩʢʦʚʠʡ ʢʦʟʠʨʦʢ 

ʜʽʘʤʝʪʨʦʤ 15 ʤʤ. ʅʘʷʚʥʽʩʪʴ ʦʙʤʝʞʫʶʯʦʛʦ ʢʦʟʠʨʢʘ ʧʨʠʟʚʦʜʠʪʴ  ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʟʦʥʠ 

ʨʝʮʠʨʢʫʣʷʮʽʾ, ʛʦʨʽʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʚ ʦʩʥʦʚʥʦʤʫ, ʧʦ ʚʩʽʡ ʰʠʨʠʥʽ ʩʣʽʜʫ ʟʘ ʩʪʘʙʽʣʽʟʘʪʦʨʦʤ, 

ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʟʥʘʯʥʦʛʦ ʟʤʝʥʰʝʥʥʷ ʜʦʚʞʠʥʠ ʬʘʢʝʣʫ (ʨʠʩ. 3). 

 

ʈʠʩʫʥʦʢ 3 ï ɿʘʣʝʞʥʽʩʪʴ ʜʦʚʞʠʥʠ ʬʘʢʝʣʫ ʟʘ 

ʜʠʩʢʦʚʠʤ ʩʪʘʙʽʣʽʟʘʪʦʨʦʤ  ʚʽʜ ʚʠʪʨʘʪʠ ʛʘʟʫ ʧʨʠ 

ʥʘʷʚʥʦʩʪʽ (1) ʽ ʚʽʜʩʫʪʥʦʩʪʽ ʚʽʜʙʠʚʥʦʛʦ ʢʦʟʠʨʢʘ 

(2)        (dʛ = 3,0 ʤʤ; Wʧ = 17,0 ʤ/ʩ) 

 ʇʨʠ ʫʩʪʘʥʦʚʮʽ ʜʠʩʢʦʚʦʛʦ ʢʦʟʠʨʢʘ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʧʝʨʝʤʽʰʫʚʘʥʥʷ 

ʧʘʣʠʚʘ ʚ ʦʙôʻʤʽ ʟʦʥʠ ʨʝʮʠʨʢʫʣʷʮʽʾ ʫ ʧʦʨʽʚʥʷʥʥʽ 

ʟ ʩʪʨʫʤʝʥʝʚʦʶ ʧʦʚʟʜʦʚʞʥʴʦʶ ʧʦʜʘʯʝʶ ʛʘʟʫ. ɿ 

ʚʠʢʦʥʘʥʦʾ ʨʦʙʦʪʠ ʤʦʞʣʠʚʦ ʟʨʦʙʠʪʠ ʪʘʢʽ 

ʚʠʩʥʦʚʢʠ, ʱʦ  ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʟ 

ʜʠʩʢʨʝʪʥʦʶ ʧʦʜʘʯʝʶ ʧʘʣʠʚʘ ʚ ʟʦʥʫ ʟʚʦʨʦʪʥʠʭ 

ʪʦʢʽʚ ñʙʘʛʘʪʠʡò ʟʨʠʚ ʬʘʢʝʣʫ ʻ ʟʘ ʩʚʦʻʶ ʧʨʠʨʦʜʦʶ ʙʽʜʥʠʤ. ʇʽʜʚʠʱʝʥʥʷ ʩʪʘʣʦʩʪʽ ʛʦʨʽʥʥʷ ʥʘ 

ʙʘʛʘʪʽʡ ʤʝʞʽ ʤʦʞʣʠʚʦ ʨʝʘʣʽʟʫʚʘʪʠ ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʦʙʽʚ, ʷʢʽ ʦʙʤʝʞʫʶʪʴ ʜʘʣʝʢʦʙʽʡʥʽʩʪʴ 

ʧʘʣʠʚʥʦʛʦ ʩʪʨʫʤʝʥʷ, ʘ ʩʘʤʝ: ʟʙʽʣʴʰʝʥʥʷ ʜʽʘʤʝʪʨʫ (ʧʣʦʱʠʥʠ) ʧʘʣʠʚʥʠʭ ʦʪʚʦʨʽʚ; ʦʙʤʝʞʝʥʥʷ 

ʜʘʣʝʢʦʙʽʡʥʦʩʪʽ ʩʪʨʫʤʝʥʷ ʤʝʭʘʥʽʯʥʠʤ (ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʦʟʠʨʢʘ, ʧʦʜʘʯʘ ʛʘʟʫ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʤʠ ʩʪʨʫʤʝʥʷʤʠ), ʘʝʨʦʜʠʥʘʤʽʯʥʠʤ (ʟʘʢʨʫʪʢʘ ʛʘʟʦʚʦʛʦ ʩʪʨʫʤʝʥʷ) ʘʙʦ 

ʽʥʰʠʤʠ ʟʘʩʦʙʘʤʠ. ɿʙʽʣʴʰʝʥʥʷ ʜʽʘʤʝʪʨʘ ʛʘʟʦʧʦʜʘʶʯʠʭ ʦʪʚʦʨʽʚ dʛ ʽ ʧʦʩʪʘʥʦʚʢʘ ʢʦʟʠʨʢʘ 

ʦʜʥʦʯʘʩʥʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʢʨʘʱʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʘʣʦʩʪʽ ʬʘʢʝʣʫ ʥʘ ʙʘʛʘʪʽʡ ʤʝʞʽ ʽ ʜʦ 

ʧʦʛʽʨʰʝʥʥʷ ʩʪʘʣʦʩʪʽ ʬʘʢʝʣʫ ʥʘ ʙʽʜʥʽʡ ʤʝʞʽ. 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. ʂʦʛʝʥʝʨʘʮʠʦʥʥʦ-ʫʪʠʣʠʟʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʙʘʟʝ ʛʘʟʦʪʫʨʙʠʥʥʳʭ 

ʫʩʪʘʥʦʚʦʢ: ʤʦʥʦʛʨʘʬʠʷ / ʃʶʙʯʠʢ ɻ.ʅ., ʏʘʙʘʥʦʚʠʯ ʃ.ɹ., ɻʦʚʜʷʢ ʈ.ʄ. ʠ ʜʨ.; ʧʦʜ ʦʙʱ. ʈʝʜ. 

ɻ.ʅ. ʃʶʙʯʠʢʘ ʠ ʃ.ɹ. ʏʘʙʘʥʦʚʠʯʘ. ï ʂ.: ɺʘʨʪʘ. ï 188 ʩ. 
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ʄʘʛʽʩʪʨʘʥʪ 2 ʢʫʨʩʫ, ʛʨ. ʊʉ-91ʤʥ ʅʦʩʘʣʴ ʆ.ʖ. 

ʇʨʦʬ., ʜ.ʪ.ʥ. ɹʦʚʩʫʥʦʚʩʴʢʠʡ ɸ.ʇ. 

ɺʇʃʀɺ ʊʈɯʑʀʅ ʅɸ ɺʃɸʉʅɯ ʏɸʉʊʆʊʀ ʂʆʃʀɺɸʅʔ ʉʊʋʇɯʅʏɸʉʊʀʍ ɺɸʃɯɺ 

ʇɸʈʆɺʀʍ ʊʋʈɹɯʅ 

ʆʜʥʠʤ ʽʟ ʩʧʦʩʦʙʽʚ ʟʘʧʦʙʽʛʘʥʥʷ ʘʚʘʨʽʡ ʥʘ ʪʫʨʙʽʥʘʭ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʙʨʘʮʽʡʥʦʛʦ 

ʜʽʘʛʥʦʩʪʠʢʠ ʫʰʢʦʜʞʝʥʴ, ʟʘʩʥʦʚʘʥʦʾ ʥʘ ʟʤʽʥʽ ʚʣʘʩʥʠʭ ʯʘʩʪʦʪ ʽ ʬʦʨʤ ʢʦʣʠʚʘʥʴ [1], ʘ ʪʘʢʦʞ ʥʘ 

ʥʝʣʽʥʽʡʥʠʭ ʝʬʝʢʪʘʭ [2]. ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʽʙʨʦʜʽʘʛʥʦʩʪʠʢʠ ʧʦʰʢʦʜʞʝʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʷʜʫ 

ʬʘʢʪʦʨʽʚ, ʩʝʨʝʜ ʷʢʠʭ ʧʽʜʜʘʪʣʠʚʽʩʪʴ ʚʘʣʫ, ʪʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʽ ʽʥ. 

ɼʦʜʘʪʢʦʚʠʤ ʬʘʢʪʦʨʦʤ, ʷʢʠʡ ʫʩʢʣʘʜʥʶʻ ʚʽʙʨʦʜʽʘʛʥʦʩʪʠʢʫ ʪʨʽʱʠʥ ʚ ʚʘʣʘʭ ʪʫʨʙʽʥʠ, ʻ ʟʤʽʥʥʘ 

ʧʦ ʜʦʚʞʠʥʽ ʞʦʨʩʪʢʽʩʪʴ. 

ʊʦʤʫ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʘ ʧʦʨʽʚʥʷʣʴʥʘ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʽʙʨʘʮʽʡʥʦʛʦ 

ʜʽʘʛʥʦʩʪʠʢʠ ʪʨʽʱʠʥ ʨʽʟʥʦʛʦ ʪʠʧʫ ʧʨʠ ʨʽʟʥʠʭ ʚʠʜʘʭ ʢʦʣʠʚʘʥʴ ʩʪʫʧʽʥʯʘʩʪʠʭ ʚʘʣʽʚ ʪʫʨʙʽʥ. ɺ 

ʷʢʦʩʪʽ ʚʽʙʨʘʮʽʡʥʦʛʦ ʤʝʪʦʜʫ ʜʽʘʛʥʦʩʪʠʢʠ ʧʦʰʢʦʜʞʝʥʥʷ ʨʦʟʛʣʷʜʘʣʦʩʷ ʟʤʽʥʘ ʚʣʘʩʥʠʭ ʯʘʩʪʦʪ 

ʢʦʣʠʚʘʥʴ ʚʘʣʦʧʨʦʚʦʜʫ ʪʫʨʙʽʥʠ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʧʽʜʜʘʪʣʠʚʦʩʪʽ ʧʝʨʝʨʽʟʫ ʟ ʪʨʽʱʠʥʦʶ ʟʘʩʥʦʚʘʥʝ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʝʦʨʝʤʠ 

ʂʘʩʪʽʣʴʷʥʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʰʚʠʜʢʽʩʪʶ ʚʠʚʽʣʴʥʝʥʥʷ ʝʥʝʨʛʽʾ ʜʝʬʦʨʤʘʮʽʾ ʽ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ [3]. ʊʘʢʘ ʤʦʜʝʣʴ ʪʨʽʱʠʥʠ ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ 

ʤʘʩʠ ʦʙ'ʻʢʪʘ ʜʽʘʛʥʦʩʪʠʢʠ, ʥʘʙʘʛʘʪʦ ʙʽʣʴʰ ʪʦʯʥʦ ʧʨʦʛʥʦʟʫʻ ʟʤʽʥʫ ʚʣʘʩʥʠʭ ʯʘʩʪʦʪ ʽ ʬʦʨʤ 

ʢʦʣʠʚʘʥʴ, ʦʩʦʙʣʠʚʦ ʚ ʨʘʟʽ ʧʦʰʢʦʜʞʝʥʥʷ ʪʠʧʫ ʪʨʽʱʠʥ ʚʪʦʤʠ. 

ɼʣʷ ʢʨʘʡʦʚʦʾ ʪʨʽʱʠʥʠ ʟ ʧʨʷʤʠʤ ʬʨʦʥʪʦʤ ʧʨʠ ʟʛʠʥʽ ʚʘʣʫ ʚʠʨʘʟ ʜʣʷ ʟʤʽʥʠ ʧʦʜʘʪʣʠʚʦʩʪʽ 

ʧʝʨʝʨʽʟʫ ʟ ʪʨʽʱʠʥʦʶ ʤʘʻ ʚʠʛʣʷʜ: 

‏ ‎ȟὒ
τπωφẗ‎ ρ ’ ὥὈ ὥ

“ẗὉẗὈ
 

πȟφρφρȟωφρ‎ τȟωρτ‎ φȟπσρ‎ υȟσωφ‎ ẗὓ ὒ ȟ 

ʜʝ a ï ʛʣʠʙʠʥʘ ʪʨʽʱʠʥʠ; D ï ʜʽʘʤʝʪʨ ʚʘʣʫ; g=a/D; E ʠ n - ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʽ ʢʦʝʬʽʮʽʻʥʪ 

ʇʫʘʩʩʦʥʘ ʤʘʪʝʨʽʘʣʫ, ʚʽʜʧʦʚʽʜʥʦ; Lc ï ʤʽʩʮʝʧʦʣʦʞʝʥʥʷ ʪʨʽʱʠʥʠ; ὓ ὒ  ï ʥʦʨʤʦʚʘʥʝ 

ʟʥʘʯʝʥʥʷ ʟʛʠʥʘʣʴʥʦʛʦ ʤʦʤʝʥʪʫ ʜʣʷ i-ʾ ʬʦʨʤʠ ʢʦʣʠʚʘʥʴ ʥʝʫʰʢʦʜʞʝʥʦʛʦ ʚʘʣʘ ʜʣʷ ʧʝʨʝʨʽʟʫ ʟ 

ʪʨʽʱʠʥʦʶ (ʥʦʨʤʫʚʘʥʥʷ ʬʫʥʢʮʽʾ ʨʦʟʫʤʽʻʪʴʩʷ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʟʥʘʯʝʥʴ ʬʫʥʢʮʽʾ ʜʦ ʾʾ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʚʝʣʠʯʠʥʠ). 

ʋ ʨʘʟʽ ʨʦʟʪʷʛʫ ʚʘʣʫ (ʪʦʙʪʦ ʧʨʠ ʧʦʟʜʦʚʞʥʽʭ ʢʦʣʠʚʘʥʥʷʭ) ʟ ʢʨʘʡʦʚʦʶ ʧʦʧʝʨʝʯʥʦʶ 

ʥʘʧʽʚʝʣʽʧʪʠʯʥʦʶ ʪʨʽʱʠʥʦʶ ʥʦʨʤʘʣʴʥʦʛʦ ʚʽʜʨʠʚʫ ʟʤʽʥʘ ʧʽʜʜʘʪʣʠʚʦʩʪʽ ʧʝʨʝʪʠʥʫ ʟ ʪʨʽʱʠʥʦʶ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ: 

‏ ‎ȟὒ
φτẗὧẗ‎ ρ ’

“ẗὉẗὈ
πȟσρχφπȟσπψωυτ‎ πȟςυσψφω‎  

ςȟφπυστυ‎ ρȟφφυυυ‎ πȟωυτυωσ‎ χȟχςχππψ‎ ẗὖ ὒ ȟ 

ʜʝ ὖ ὒ  ï ʥʦʨʤʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʧʦʟʜʦʚʞʥʴʦʾ ʩʠʣʠ ʜʣʷ i-ʾ ʬʦʨʤʠ ʢʦʣʠʚʘʥʴ ʚʘʣʫ ʚ ʧʝʨʝʨʽʟʽ ʟ 

ʪʨʽʱʠʥʦʶ. 

ʋ ʨʘʟʽ ʢʨʫʪʠʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʚʘʣʫ ʟ ʢʨʘʡʦʚʦʶ ʧʦʧʝʨʝʯʥʦʶ ʥʘʧʽʚʝʣʽʧʪʠʯʥʦʶ 

ʪʨʽʱʠʥʦʶ ʟʤʽʥʘ ʧʽʜʜʘʪʣʠʚʦʩʪʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʨʽʚʥʷʥʥʷʤ: 

‏ ὥȟὒ
ẗ ẗ

ẗẗ
ρ ’ Ὡ ρ ’Ὡ ẗὓ̋ ὒ̑  . 

ʂʦʝʬʽʮʽʻʥʪʠ ʝ1 ̔  ʝ2 ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ.  

ʇʨʠ ʢʨʫʯʝʥʥʽ ʚʘʣʫ ʟ ʢʨʘʡʦʚʦʾ ʧʦʟʜʦʚʞʥʴʦʶ ʪʨʽʱʠʥʦʶ ʜʦʚʞʠʥʦʶ q ʨʽʚʥʷʥʥʷ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʟʤʽʥʠ ʧʽʜʜʘʪʣʠʚʦʩʪʽ ʤʘʻ ʚʠʛʣʷʜ: 

‏ ‗ȟὒ
υσȟσσẗήẗ‗

ὉẗὈ
ρ ’ ρ ’  

πȟπρυπȟρυψ‗ πȟτρυ‗ πȟσρσ‗ ρȟφσχ‗ ρȟπτ‗ πȟσστ‗ ẗὓ ὒ ȟ 

ʜʝ l=2a/(D-d); d ï ʚʥʫʪʨʽʰʥʽʡ ʜʽʘʤʝʪʨ ʚʘʣʫ. 
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ʊʘʙʣʠʮʷ 1 ï ʂʦʝʬʽʮʽʻʥʪʠ ʘʧʨʦʢʩʠʤʘʮʽʡʥʠʭ ʬʫʥʢʮʽʡ 

a/D k1 k2 p0 p1 p2 e1 e2 

0.1 

0.2 

0.4 

0.6 

0,8426 

0,8536 

0,8563 

0,7586 

0,5911 

0,7143 

0,8821 

1,3143 

0,6532 

0,5948 

0,5349 

0,4875 

-0,383 

-0,2525 

-0,0371 

-0,2421 

0 

0,1125 

0,2714 

1,0732 

0,5556 

0,6498 

0,7777 

1,0358 

0,2254 

0,2649 

0,3757 

0,6533 

 

ʆʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʽʙʨʦʜʽʘʛʥʦʩʪʠʢʠ ʧʦʰʢʦʜʞʝʥʥʷ ʚʠʢʦʥʘʥʘ ʥʘ ʧʨʠʢʣʘʜʽ 

ʚʘʣʦʧʨʦʚʦʜʫ ʧʘʨʦʚʦʾ ʪʫʨʙʽʥʠ K-200-130. 

ʊʝʦʨʽʷ ʨʦʟʨʘʭʫʥʢʫ ʚʣʘʩʥʠʭ ʯʘʩʪʦʪ ʽ ʬʦʨʤ ʢʦʣʠʚʘʥʴ ʩʪʫʧʽʥʯʘʩʪʦʛʦ ʚʘʣʫ ʻ ʙʽʣʴʰ 

ʩʢʣʘʜʥʦʶ, ʥʽʞ ʚ ʨʘʟʽ ʦʜʥʦʨʽʜʥʦʛʦ ʚʘʣʫ. ʆʜʥʘʢ ʚ ʧʨʠʧʫʱʝʥʥʽ ʤʘʣʦʩʪʽ ʩʧʦʪʚʦʨʝʥʥʷ ʬʦʨʤ 

ʢʦʣʠʚʘʥʴ ʯʝʨʝʟ ʨʦʟʢʨʠʪʪʷ ʪʨʽʱʠʥʠ ʚʽʜʥʦʩʥʘ ʟʤʽʥʘ ʚʣʘʩʥʠʭ ʯʘʩʪʦʪ ʢʦʣʠʚʘʥʴ, ʦʙʫʤʦʚʣʝʥʝ 

ʪʨʽʱʠʥʦʶ, ʤʦʞʥʘ ʚʠʟʥʘʯʘʪʠ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

 ,                   , 

ʛʜʝ f ʠ d ï ʚʣʘʩʥʘ ʯʘʩʪʦʪʘ ʽ ʧʽʜʜʘʪʣʠʚʽʩʪʴ ʥʝʫʰʢʦʜʞʝʥʦʛʦ ʚʘʣʫ, ʚʽʜʧʦʚʽʜʥʦ; fc ʽ fo ï ʚʣʘʩʥʘ 

ʯʘʩʪʦʪʘ ʚʘʣʫ ʟ ʪʨʽʱʠʥʦʶ, ʱʦ ʟʘʢʨʠʚʘʻʪʴʩʷ, ʽ ʚʽʜʢʨʠʪʦʶ ʪʨʽʱʠʥʦʶ, ʚʽʜʧʦʚʽʜʥʦ 

ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʯʫʪʣʠʚʦʩʪʽ ʟʤʽʥʠ ʚʣʘʩʥʠʭ ʯʘʩʪʦʪ ʜʦ ʥʘʷʚʥʦʩʪʽ ʪʨʽʱʠʥʠ, 

ʨʦʟʪʘʰʦʚʘʥʦʾ ʚ ʩʝʨʝʜʥʽʡ ʯʘʩʪʠʥʽ ʨʦʪʦʨʘ, ʧʨʠ ʨʽʟʥʠʭ ʚʠʜʘʭ ʢʦʣʠʚʘʥʴ ʧʦʢʘʟʘʚ, ʱʦ ʧʦʧʝʨʝʯʥʘ 

ʪʨʽʱʠʥʘ ʥʘʡʟʥʘʯʥʽʰʝ ʧʨʦʷʚʣʷʻ ʩʝʙʝ ʧʨʠ ʟʛʠʥʘʣʴʥʠʭ ʢʦʣʠʚʘʥʥʷʭ, ʟʥʘʯʥʦ ʩʣʘʙʢʽʰʝ ï ʧʨʠ 

ʧʦʟʜʦʚʞʥʽʭ, ʽ ʧʨʘʢʪʠʯʥʦ ʥʝ ʧʨʦʷʚʣʷʻ ʩʝʙʝ ʧʨʠ ʢʨʫʪʠʣʴʥʠʭ ʢʦʣʠʚʘʥʥʷʭ. ʇʦʟʜʦʚʞʥʷ ʪʨʽʱʠʥʘ 

ʤʦʞʝ ʙʫʪʠ ʚʠʷʚʣʝʥʘ ʪʽʣʴʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʨʫʪʠʣʴʥʠʭ ʢʦʣʠʚʘʥʴ. ɺʧʣʠʚ ʧʦʟʜʦʚʞʥʴʦʾ 

ʪʨʽʱʠʥʠ ʥʘ ʚʣʘʩʥʫ ʯʘʩʪʦʪʫ ʢʨʫʪʠʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʨʦʪʦʨʘ ʻ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʠʤ, ʥʽʞ 

ʧʦʧʝʨʝʯʥʦʾ. 

ʈʦʟʨʘʭʫʥʢʠ, ʚʠʢʦʥʘʥʽ ʩʪʦʩʦʚʥʦ ʨʦʪʦʨʽʚ ʽ ʚʘʣʦʧʨʦʚʦʜʫ ʧʘʨʦʚʦʾ ʪʫʨʙʽʥʠ ʂ-200-130 

ʧʦʢʘʟʘʚ, ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʽʙʨʦʜʽʘʛʥʦʩʪʠʢʠ ʪʨʽʱʠʥʠ ʦʙʝʨʥʝʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʽʜʜʘʪʣʠʚʦʩʪʽ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʧʨʷʤʦ ï ʚʽʜ ʨʽʚʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʝʨʝʨʽʟʫ ʟ ʪʨʽʱʠʥʦʶ ʽ ʜʽʘʤʝʪʨʘ ʧʦʰʢʦʜʞʝʥʦʾ 

ʩʪʫʧʝʥʽ, ʘ ʪʘʢʦʞ ʚʽʜ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʩʠʩʪʝʤʠ ʚʠʤʽʨʶʚʘʥʥʷ. ʆʩʦʙʣʠʚʽʩʪʶ 

ʚʽʙʨʦʜʽʘʛʥʦʩʪʠʢʠ ʩʪʫʧʽʥʯʘʩʪʠʭ ʚʘʣʽʚ ʻ ʪʝ, ʱʦ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʣʝʛʰʝ ʚʠʷʚʠʪʠ ʪʨʽʱʠʥʠ ʚ 

ʧʦʤʽʨʥʦ ʥʘʚʘʥʪʘʞʝʥʽʡ ʩʪʫʧʝʥʽ ʨʦʪʦʨʘ, ʷʢʘ ʤʘʻ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʠʡ ʜʽʘʤʝʪʨ, ʥʽʞ ʚ ʟʥʘʯʥʦ 

ʥʘʚʘʥʪʘʞʝʥʦʾ ʩʪʫʧʝʥʽ ʟ ʚʝʣʠʢʠʤ ʜʽʘʤʝʪʨʦʤ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʽʙʨʦʜʽʘʛʥʦʩʪʠʢʠ ʧʦʰʢʦʜʞʝʥʥʷ ʚʘʣʽʚ ʪʠʤ ʚʠʱʝ, ʯʠʤ ʚʦʥʠ ʞʦʨʩʪʢʽʰʝ. 

ɺʽʙʨʦʜʠʘʛʥʦʩʪʠʢʘ ʚʘʣʦʧʨʦʚʦʜʫ ʧʨʠ ʧʦʟʜʦʚʞʥʽʭ ʽ ʢʨʫʪʠʣʴʥʠʭ ʢʦʣʠʚʘʥʥʷʭ ʜʝʤʦʥʩʪʨʫʻ 

ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʫ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʥʘʷʚʥʦʩʪʽ ʪʨʽʱʠʥʠ. ɿʤʽʥʘ ʚʣʘʩʥʠʭ ʯʘʩʪʦʪ ʢʨʫʪʠʣʴʥʠʭ 

ʢʦʣʠʚʘʥʴ ʜʦʟʚʦʣʷʻ ʚʠʷʚʣʷʪʠ ʧʦʧʝʨʝʯʥʫ ʪʨʽʱʠʥʫ ʧʦʙʣʠʟʫ ʦʧʦʨ, ʘ ʪʘʢʦʞ ʧʦʜʦʚʞʥʶ ʪʨʽʱʠʥʫ, 

ʜʦ ʷʢʠʭ ʟʛʠʥʘʣʴʥʽ ʢʦʣʠʚʘʥʥʷ ʥʝʯʫʪʣʠʚʽ. 

 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. Bovsunovskii A.P., Chernousenko O.Yu., Shtefan E.V., Bashta D.A. Fatigue damage and 

failure of steam turbine rotors by torsional vibrations. Strength of Materials. 2010. ï ̄ 1. ï P. 108ï

113. 

2. Bovsunovsky A., Surace C. Non-linearities in the vibrations of elastic structures with a 

closing crack: A state of the art review. Mechanical Systems and Signal Processing. 2015. ï ̄ 62ï

63. ï P. 129ï148. 

3. Chondros T.G., Dimarogonas A.D. Dynamic sensitivity of structures to cracks. Journal 

of Vibration, Acoustics, Stress, and Reliability in Design. 1989. ï ˉV.111. ï P. 251-256. 
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ʄʘʛʽʩʪʨʘʥʪ 2 ʢʫʨʩʫ, ʛʨ. ʊʉ-01ʤʧ ʉʠʪʥʠʢ ɺ.ʆ. 

ɼʦʮ., ʢ.ʪ.ʥ. ʅʽʢʫʣʝʥʢʦʚʘ ʊ.ɺ. 

ʉʇʆʉʆɹʀ ʇɯɼɺʀʑɽʅʅʗ ʂʆɽʌɯʎɯɭʅʊʋ ʂʆʈʀʉʅʆɰ ɼɯɰ ʅɸ ʊɽʇʃʆɺɯʁ 

ɽʃɽʂʊʈʆʉʊɸʅʎɯɰ 

 

ɽʥʝʨʛʝʪʠʯʥʘ ʥʝʟʘʣʝʞʥʽʩʪʴ ʻ ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʾ ʥʝʟʘʣʝʞʥʦʩʪʽ ʜʝʨʞʘʚʠ. ʊʝʧʣʦʚʽ 

ʝʣʝʢʪʨʠʯʥʽ ʩʪʘʥʮʽʾ ʟʘʡʤʘʶʪʴ ʚʘʞʣʠʚʫ ʥʽʰʫ ʚ ʛʝʥʝʨʘʮʽʾ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚ ʝʥʝʨʛʦʩʠʩʪʝʤʽ 

ʋʢʨʘʾʥʠ. ɸʣʝ ʩʝʨʝʜ ʚʩʽʭ ʝʣʝʢʪʨʠʯʥʠʭ ʩʪʘʥʮʽʡ, ʪʝʧʣʦʚʽ ʤʘʶʪʴ ʦʜʠʥ ʟ ʥʘʡʥʠʞʯʠʭ ʂʂɼ 36ï

41%. ʎʝ ʧʦ ʧʨʠ ʪʝ ʱʦ ʚ ʧʦʨʽʚʥʷʥʽ ʟ ʽʥʰʠʤʠ ʝʣʝʢʪʨʠʯʥʠʤʠ ʩʪʘʥʮʽʷʤʠ, ʪʝʧʣʦʚʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʢ ʜʞʝʨʝʣʦ ʝʥʝʨʛʽʾ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ. ʊʦʤʫ ʧʽʜʚʠʱʝʥʥʷ 

ʂʂɼ ʻ ʚʘʞʣʠʚʠʤ ʷʢ ʽ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʩʪʘʥʮʽʾ ʪʘʢ ʽ ʜʣʷ ʟʤʝʥʰʝʥʥʷ 

ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʧʨʦʙʣʝʤʠ. ʅʘʡʙʽʣʴʰʫ ʧʠʪʦʤʫ ʚʘʛʫ ʚ ʩʦʙʽʚʘʨʪʦʩʪʽ ʦʜʥʦʛʦ ʢɺʪÖʛʦʜ ʥʘ 

ʪʝʧʣʦʚʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʩʪʘʥʮʽʷʭ ʩʪʘʥʦʚʣʷʪʴ ʚʠʪʨʘʪʠ ʥʘ ʧʘʣʠʚʦ, ʙʣʠʟʴʢʦ 50ï80%. ɺʘʨʪʽʩʪʴ 

ʷʢʦʛʦ ʟʙʽʣʴʰʠʣʘʩʴ ʚ ʦʩʪʘʥʥʽ ʧʘʨʫ ʨʦʢʽʚ ʟʥʘʯʥʦ ʟʙʽʣʴʰʠʣʘʩʴ ʚ ʥʘʩʣʽʜʦʢ ʦʢʫʧʘʮʽʾ ʜʦʥʝʮʴʢʦʾ 

ʪʘ ʣʫʛʘʥʩʴʢʦʾ ʦʙʣʘʩʪʽ, ʜʝ ʟʥʘʭʦʜʠʣʘʩʴ ʙʽʣʴʰʘ ʯʘʩʪʠʥʘ ʨʝʩʫʨʩʽʚ ʜʣʷ ʪʝʧʣʦʚʠʭ ʩʪʘʥʮʽʡ ʪʘ 

ʧʘʜʽʥʥʷ ʚʘʣʶʪʠ ʚʽʜʥʦʩʥʦ ʘʤʝʨʠʢʘʥʩʴʢʦʛʦ ʜʦʣʘʨʫ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʧʦʩʪʘʻ ʧʠʪʘʥʥʷ 

ʝʬʝʢʪʠʚʥʽʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʠʭ ʨʝʩʫʨʩʽʚ, ʷʢʽ ʤʠ ʥʘʨʘʟʽ ʤʘʻʤʦ. ʇʽʜʚʠʱʫʶʯʠ ʂʂɼ, ʤʠ 

ʟʤʝʥʰʠʤʦ ʢʽʣʴʢʽʩʪʴ ʧʘʣʠʚʘ, ʱʦ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʪʽʻʾ ʞ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʚʦʾ ʪʘ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. 

ʋʢʨʘʾʥʘ ʩʴʦʛʦʜʥʽ ʻ ʥʘʡʙʽʣʴʰ ʝʥʝʨʛʦʻʤʥʦʶ ʢʨʘʾʥʦʶ ʚ ɭʚʨʦʧʽ. ʅʠʟʴʢʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ, ʧʝʨʝʚʘʞʥʦ 

ʝʥʝʨʛʦʻʤʥʠʭ ʛʘʣʫʟʝʡ ʪʘ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʠ ʫ ʩʪʨʫʢʪʫʨʽ ʝʢʦʥʦʤʽʢʠ, ʧʦʜʘʣʴʰʝ ʟʨʦʩʪʘʥʥʷ 

ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʟʫʤʦʚʣʶʻ ʟʙʝʨʝʞʝʥʥʷ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʝʥʝʨʛʦʻʤʥʦʩʪʽ 

ɺɺʇ ʚ ʋʢʨʘʾʥʽ. [1] 

ʋ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥʘʭ ʨʦʟʨʦʙʣʝʥʦ ʽ ʨʝʘʣʽʟʫʶʪʴʩʷ ʜʦʨʦʞʥʽ ʢʘʨʪʠ ʨʦʟʚʠʪʢʫ 

çɽʢʦʣʦʛʽʯʥʦ ʯʠʩʪʦʾ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʝʪʠʢʠ ʚʠʩʦʢʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽè. 

 

ʊʘʙʣʠʮʷ ˉ1 ï ʊʝʭʥʦʣʦʛʽʾ çɽʢʦʣʦʛʽʯʥʦ ʯʠʩʪʦʾ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʝʪʠʢʠ ʚʠʩʦʢʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽè 

[1] 

ʅʘʟʚʘ ʪʝʭʥʦʣʦʛʽʾ 
ʄʘʢʩʠʤʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ ʂʂɼ, % 

ɻʘʟʦʪʫʨʙʽʥʥʽ ʫʩʪʘʥʦʚʢʠ (ɻʊʋ) ʽ ʧʘʨʦʛʘʟʦʚʽ ʫʩʪʘʥʦʚʢʠ (ʇɻʋ) 

ʧʦʪʫʞʥʽʩʪʶ ʜʦ 1000 ʄɺʪ 
60 

ɺʫʛʽʣʴʥʽ ʝʥʝʨʛʦʙʣʦʢʠ ʥʘ ʩʫʧʝʨ ʥʘʜʢʨʠʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ (ʉʅʂʇ) 

ʧʘʨʠ ʦʜʠʥʠʯʥʦʶ ʧʦʪʫʞʥʽʩʪʶ 330ï660ï800 ʄɺʪ 
44ï47 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʘ ʫʣʴʪʨʘ ʥʘʜʢʨʠʪʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʘʭ ʧʘʨʠ (35 ʄʇʘ, 700/720 Áʉ) 
51ï53 

ɺʫʛʽʣʴʥʽ ʊɽʎ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ ʦʜʠʥʠʯʥʦʶ ʧʦʪʫʞʥʽʩʪʶ 100ï200 ï

300 ʄɺʪ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʩʧʘʣʶʚʘʥʥʷ ʚʫʛʽʣʣʷ 
48 

ɺʠʨʦʙʥʠʮʪʚʦ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʪʝʧʣʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʇɻʋ ʟ 

ʚʥʫʪʨʽʰʥʴʦ ʮʠʢʣʦʚʦʶ ʛʘʟʠʬʽʢʘʮʽʻʶ ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘ ʦʜʠʥʠʯʥʦʶ 

ʧʦʪʫʞʥʽʩʪʶ 200ï400 ʄɺʪ 

60ï70 
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ʇʦʪʝʥʮʽʘʣ ʧʦʜʘʣʴʰʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʊɽʉ ʻ ʱʝ ʜʦʩʠʪʴ ʚʝʣʠʢʠʤ. 

ɺʝʣʠʢʦʤʘʩʰʪʘʙʥʽ ʪʝʭʥʦʣʦʛʽʾ ʟʘʣʠʰʘʶʪʴʩʷ ʦʩʥʦʚʦʶ ʥʘʮʽʦʥʘʣʴʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʠ ʟ 

ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʝʢʦʥʦʤʽʯʥʦʩʪʽ, ʥʘʜʽʡʥʦʩʪʽ ʽ ʧʨʠʡʥʷʪʥʠʤʠ ʝʢʦʣʦʛʽʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ. 

ʄʘʩʰʪʘʙʥʽ ʟʘʚʜʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʧʝʨʝʦʟʙʨʦʻʥʥʷ ʚʫʛʽʣʴʥʠʭ ʊɽʉ ʋʢʨʘʾʥʠ ʟʘ ʥʘʣʝʞʥʦʾ 

ʦʨʛʘʥʽʟʘʮʽʾ ʨʦʙʽʪ ʤʦʞʥʘ ʫʩʧʽʰʥʦ ʚʠʨʽʰʫʚʘʪʠ ʩʠʣʘʤʠ ʚʽʪʯʠʟʥʷʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʥʘ ʚʩʽʭ 

ʝʪʘʧʘʭ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʝʢʪʽʚ. ɺ ʋʢʨʘʾʥʽ ʩʴʦʛʦʜʥʽ ʻ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʩʠʣʘʤʠ ʚʽʪʯʠʟʥʷʥʠʭ 

ʬʘʭʽʚʮʽʚ ʧʦʚʥʦʛʦ ʮʠʢʣʫ ʨʦʙʽʪ ʚʽʜ ʽʥʞʠʥʽʨʠʥʛʫ ʜʦ ʫʚʝʜʝʥʥʷ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʤʦʜʝʨʥʽʟʦʚʘʥʦʛʦ 

ʫʩʪʘʪʢʫʚʘʥʥʷ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʡ ʟʘ ʥʦʚʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ. ɺɸʊ çʂʦʪʣʦʪʫʨʙʦʧʨʦʤè ʘʢʪʠʚʥʦ 

ʚʠʢʦʥʫʻ ʨʦʙʦʪʠ ʟ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʦʩʥʦʚʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʝʥʝʨʛʦʙʣʦʢʽʚ 200 ʽ 300 ʄɺʪ ʥʘ 

ʟʘʤʦʚʣʝʥʥʷ ʝʥʝʨʛʦʢʦʤʧʘʥʽʡ ɼʊɽʂ, çɼʦʥʙʘʩʝʥʝʨʛʦè ʽ çʎʝʥʪʨʝʥʝʨʛʦè. ʈʦʟʨʦʙʣʝʥʥʷ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʜʣʷ ʊɽʉ, ʚʠʢʦʥʫʶʪʴ ʧʽʜʧʨʠʻʤʩʪʚʘ çʍʘʨʊɽʇè ʽ 

çʀʧʨʘ-ʉʦʬʪè [2]. 

ʆʩʥʦʚʥʠʤʠ ʧʨʽʦʨʠʪʝʪʘʤʠ ʨʝʬʦʨʤ ʚ ʝʥʝʨʛʝʪʠʮʽ ʤʘʻ ʙʫʪʠ: ʧʽʜʚʠʱʝʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʡ ʟʤʝʥʰʝʥʥʷ ʦʙʩʷʛʽʚ ʩʧʦʞʠʚʘʥʥʷ ʛʘʟʫ; ʜʠʚʝʨʩʠʬʽʢʘʮʽʷ ʧʦʩʪʘʚʦʢ 

ʝʥʝʨʛʦʥʦʩʽʾʚ ʽ ʦʜʥʦʯʘʩʥʝ ʥʘʨʦʱʫʚʘʥʥʷ ʚʣʘʩʥʦʛʦ ʚʠʜʦʙʫʪʢʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ; 

ʤʦʜʝʨʥʽʟʘʮʽʷ ʪʘ ʨʝʢʦʥʩʪʨʫʢʮʽʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ; ʩʢʦʨʦʯʝʥʥʷ ʚʧʣʠʚʫ ʰʢʽʜʣʠʚʠʭ 

ʚʠʢʠʜʽʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ; ʧʨʠʚʝʜʝʥʥʷ ʧʨʘʚʠʣ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʝʥʝʨʛʦʨʠʥʢʫ ʫ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʽʟ ʻʚʨʦʧʝʡʩʴʢʠʤʠ ʧʨʘʚʠʣʘʤʠ ʪʘ ʟʘʢʦʥʘʤʠ ʪʦʱʦ. 
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ʄʘʛʽʩʪʨʘʥʪ 2 ʢʫʨʩʫ, ʛʨ. ʊʉ-91ʤʥ ʍʨʠʩʪʘʥ ʆ.ʄ. 
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ʈʆɿʈʆɹʂɸ ʈɽʉʋʈʉʆɿɹɽʈɯɻɸʖʏʆɰ ʉʊʈɸʊɽɻɯɰ ɽʂʉʇʃʋɸʊɸʎɯɰ 

ʇʀʃʆɺʋɻɯʃʔʅʀʍ ɽʅɽʈɻʆɹʃʆʂɯɺ ʊɽʉ 

ɺʽʜʩʫʪʥʽʩʪʴ ʧʽʢʦʚʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʻ ʦʩʥʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ 

ʪʘʢʠʭ ʢʨʘʾʥ ʷʢ ɸʨʛʝʥʪʠʥʘ, ʇʽʚʜʝʥʥʘ ɸʬʨʠʢʘ ʪʘ ʢʨʘʾʥ, ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ɭʚʨʦʧʠ ʡ ʢʦʣʠʰʥʽʭ 

ʢʨʘʾʥ ʉʅɼ. ɺʽʜʧʦʚʽʜʥʦ, ʘʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʤʠ ʧʝʨʝʜʙʘʯʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʟʘʣʫʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʪʘ ʥʘʧʽʚʙʘʟʦʚʠʭ ʝʥʝʨʛʦʙʣʦʢʽʚ ʊɽʉ ʜʦ ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʚ 

ʝʣʝʢʪʨʦʤʝʨʝʞʽ. 

ʅʘʷʚʥʽʩʪʴ ʙʘʟʦʚʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʥʘ ʨʽʚʥʽ 50ï55%, ʥʘʧʽʚʧʽʢʦʚʠʭ ï ʙʣʠʟʴʢʦ 30ï35%, ʘ 

ʧʽʢʦʚʠʭ ï ʥʝ ʤʝʥʰʝ 15% ʻ ʥʝʦʙʭʽʜʥʠʤʠ ʥʦʨʤʘʤʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʾ ʨʦʙʦʪʠ 

ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʚ ʩʪʨʫʢʪʫʨʥʦʤʫ ʙʘʣʘʥʩʽ ʝʥʝʨʛʦʛʝʥʝʨʫʶʯʠʭ ʧʦʪʫʞʥʦʩʪʝʡ. 

ɽʥʝʨʛʝʪʠʯʥʠʡ ʩʝʢʪʦʨ ʙʘʛʘʪʴʦʭ ʢʨʘʾʥ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʰʚʠʜʢʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʯʘʩʪʢʠ 

ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ, ʷʢ ʟ ʝʢʦʥʦʤʽʯʥʠʭ ʧʨʠʯʠʥ, ʪʘʢ ʽ ʟ 

ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ. 

ʇʨʦʪʝ, ʚʘʨʪʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʪʘʢʠʭ ʝʥʝʨʛʦʧʦʪʫʞʥʦʩʪʝʡ ʻ ʜʦʩʠʪʴ 

ʥʝʨʽʚʥʦʤʽʨʥʠʤʠ ʧʨʦʪʷʛʦʤ ʜʦʙʠ. ʅʘʧʨʠʢʣʘʜ, ʟʛʽʜʥʦ ʜʦ ʜʦʙʦʚʦʛʦ ʛʨʘʬʽʢʫ ʩʧʦʞʠʚʘʥʥʷ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʆɽʉ ʋʢʨʘʾʥʠ ʚʽʜ 07.04.2020 , ʧʦʪʫʞʥʽʩʪʴ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ 

(ɺɼɽ) ʥʘ ʧʝʨʽʦʜ ʯʘʩʫ ʟ 10:00 ʜʦ 16:00 ʩʪʘʥʦʚʠʣʘ ʙʣʠʟʴʢʦ 2,5ï3,3 ɻɺʪ, ʘ ʥʘ ʚʝʯʽʨʥʴʦ-ʥʽʯʥʠʡ 

ʧʝʨʽʦʜ ʟʤʝʥʰʠʣʘʩʴ ʜʦ 220 ʄɺʪ. ʊʘʢʝ ʢʦʣʠʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʚ ʟʘʛʘʣʴʥʦʤʫ ʙʘʣʘʥʩʽ ʧʨʠʟʚʝʣʦ 

ʜʦ ʧʨʠʤʫʩʦʚʦʛʦ ʦʙʤʝʞʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʊɽʉ, ʘʙʦ ʜʦ ʾʭʥʴʦʾ ʟʫʧʠʥʢʠ. 

ɿ ʦʛʣʷʜʫ ʥʘ ʚʠʱʝʚʠʢʣʘʜʝʥʝ, ʝʥʝʨʛʝʪʠʯʥʽ ʩʠʩʪʝʤʠ ʙʘʛʘʪʴʦʭ ʻʚʨʦʧʝʡʩʴʢʠʭ ʢʨʘʾʥ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʝʨʝʤʽʱʝʥʥʷʤ ʥʘʧʽʚʙʘʟʦʚʠʭ ʝʥʝʨʛʦʙʣʦʢʽʚ ʊɽʉ ʫ ʥʘʧʽʚʧʽʢʦʚʫ ʪʘ ʧʽʢʦʚʫ 

ʯʘʩʪʠʥʫ ʛʨʘʬʽʢʫ ʝʣʝʢʪʨʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. 

ɺʘʨʪʦ ʚʽʜʤʽʪʠʪʠ ʜʘʥʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʘʚʪʦʨʘʤʠ ʥʘʫʢʦʚʦʾ ʨʦʙʦʪʠ. ɺʽʜʤʽʯʝʥʦ, ʱʦ 

ʟʨʦʩʪʘʶʯʘ ʯʘʩʪʢʘ ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʧʨʠʧʘʜʘʻ ʥʘ  ʚʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ, 

ʜʠʢʪʫʻ ʥʝʨʝʛʫʣʷʨʥʽʩʪʴ ʨʦʙʦʪʠ ʪʝʧʣʦʝʥʝʨʛʝʪʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ 

ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʝʥʝʨʛʦʚʠʨʦʙʽʪʢʫ ʚʽʜʥʦʚʣʶʚʘʥʠʤʠ ʜʞʝʨʝʣʘʤʠ. ʗʢ ʥʘʩʣʽʜʦʢ, ʯʝʨʝʟ 

ʪʝʨʤʦʤʝʭʘʥʽʯʥʫ ʚʪʦʤʫ, ʧʦʚʟʫʯʽʩʪʴ ʪʘ ʢʦʨʦʟʽʶ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʢʦʨʦʯʝʥʥʷ ʪʝʨʤʽʥʫ ʨʦʙʦʪʠ 

ʚʫʟʣʽʚ ʝʥʝʨʛʦʙʣʦʢʽʚ. 

ɺ ʷʢʦʩʪʽ ʙʘʟʠ ʜʣʷ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤʠ ʦʮʽʥʢʠ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ (ʉʆʇ) ʙʫʣʦ 

ʚʠʢʦʨʠʩʪʘʥʦ ʧʽʜʭʽʜ ʦʩʥʦʚʘʥʠʡ ʥʘ: çʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ ï ʽʥʪʝʣʝʢʪʫʘʣʴʥʘ ʝʢʩʧʝʨʪʥʘ 

ʩʠʩʪʝʤʘ ï ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʦʮʽʥʢʠ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. 

ɿ ʦʧʨʘʮʴʦʚʫʚʘʥʴ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ, ʱʦ ʉʆʇ ʨʦʟʛʣʷʜʘʻ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʫ ʚʠʛʣʷʜʽ 

ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʦʾ ʩʠʩʪʝʤʠ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ ʦʙôʻʢʪʽʚ ʜʦʩʣʽʜʞʝʥʴ: ʝʣʝʤʝʥʪʠ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʪʝʧʣʦʥʦʩʽʡ, ʤʝʭʘʥʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʽʥ. 

ɿʘ ʧʝʨʽʦʜ ʟ 2004 ʧʦ 2019 ʨʦʢʠ, ʧʨʦʚʝʜʝʥʦ ʟʥʘʯʥʫ ʨʦʙʦʪʫ ʟ ʥʘʢʦʧʠʯʝʥʥʷ ʪʘ 

ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʧʦ ʥʘʧʨʘʮʶʚʘʥʥʶ ʢʦʥʢʨʝʪʥʠʭ ʝʥʝʨʛʦʙʣʦʢʽʚ ʊɽʉ ʋʢʨʘʾʥʠ. 

ʈʦʟʨʘʭʫʥʢʠ ʩʫʤʘʨʥʦʾ ʧʨʦʛʥʦʟʦʚʘʥʦʾ ʪʘ ʥʘʷʚʥʦʾ ʧʦʰʢʦʜʞʫʚʘʥʦʩʪʽ (ʩʪʘʪʠʯʥʦʾ, 

ʮʠʢʣʽʯʥʦʾ), ʘ ʪʘʢʦʞ ʟʘʣʠʰʢʦʚʦʛʦ ʨʝʩʫʨʩʫ ʧʨʦʚʝʜʝʥʽ ʜʣʷ ʩʮʝʥʘʨʽʾʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʙʣʘʜʥʘʥʥʷ 

ʚ ʙʘʟʦʚʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ ʪʘ ʧʦʪʝʥʮʽʡʥʦ ʥʘʡʙʽʣʴʰ ʚʘʞʢʦʤʫ ʤʘʥʝʚʨʝʥʦʤʫ (ʱʦʜʝʥʥʠʡ ʧʫʩʢï

ʟʫʧʠʥʢʘ).  

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʘʡʙʽʣʴʰʫ ʜʦʣʶ ʚ ʧʦʰʢʦʜʞʫʚʘʥʦʩʪʽ ʨʦʪʦʨʽʚ ʪʘʢ ʢʦʨʧʫʩʽʚ 

ʧʘʨʦʚʠʭ ʪʫʨʙʽʥ ʚʥʦʩʷʪʴ ʧʫʩʢʠ ʟ ʛʘʨʷʯʦʛʦ (ɻʉ) ʪʘ ʭʦʣʦʜʥʦʛʦ ʩʪʘʥʽʚ (ʍʉ). ʅʘʡʤʝʥʰʫ ʜʦʣʶ ʚ 

ʧʦʰʢʦʜʞʫʚʘʥʽʩʪʴ ʨʦʪʦʨʽʚ ʜʦʜʘʶʪʴ ʧʫʩʢʠ ʟ ʥʝʦʩʪʠʛʣʦʛʦ ʩʪʘʥʫ ʅʉï1 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʤʝʪʘʣʫ 

ʥʘ ʧʦʯʘʪʢʫ ʧʫʩʢʫ 250 Áʉ. 

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʙʫʣʦ ʟôʷʩʦʚʘʥʦ, ʱʦ ʥʘʚʽʪʴ ʟʘ ʟʥʠʞʝʥʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʘʧʘʩʫ ʤʽʮʥʦʩʪʽ, ʧʦʰʢʦʜʞʫʚʘʥʽʩʪʴ ʝʥʝʨʛʦʙʣʦʢʽʚ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 0,67ï

0,85. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʜʫʞʝ ʦʙʤʝʞʝʥʫ ʤʦʞʣʠʚʽʩʪʴ ʝʥʝʨʛʦʙʣʦʢʽʚ ʧʦʪʫʞʥʽʩʪʶ 200 ʄɺʪ ʜʦ 
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ʨʝʛʫʣʶʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʤʝʨʝʞʽ. ʇʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʮʠʭ ʙʣʦʢʽʚ ʫ ʤʘʥʝʚʨʦʚʠʭ ʨʝʞʠʤʘʭ, 

ʘ ʦʩʦʙʣʠʚʦ ʫ ʨʝʞʠʤʽ ʱʦʜʝʥʥʦʛʦ ʧʫʩʢʫïʟʫʧʠʥʢʠ, ʾʭ ʟʘʣʠʰʢʦʚʠʡ ʨʝʩʫʨʩ ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʴʩʷ. 

ʇʦʜʘʣʴʰʘ ʝʢʩʧʣʫʘʪʘʮʽʷ ʚ ʪʘʢʠʭ ʫʤʦʚʘʭ ʧʦʪʨʝʙʫʻ ʦʧʪʠʤʽʟʘʮʽʾ ʢʽʣʴʢʦʩʪʽ ʧʫʩʢʽʚ ʟ ʨʽʟʥʠʭ 

ʪʝʧʣʦʚʠʭ ʩʪʘʥʽʚ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʠʩʪʝʤʫ ʦʮʽʥʢʠ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʘʮʽʦʥʘʣʴʥʠʭ ʨʝʞʠʤʽʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʙʫʣʠ ʚʠʢʦʥʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʜʝʷʢʦʛʦ 

ʪʠʧʦʚʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʊɽʉ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʨʘʥʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʝʥʝʨʛʦʙʣʦʢʘ 

ʧʦʪʫʞʥʽʩʪʶ 200 ʄɺʪ, ʱʦ ʚʠʯʝʨʧʘʚ ʩʚʽʡ ʧʨʦʝʢʪʥʠʡ ʨʝʩʫʨʩ 220 ʪʠʩ. ʛʦʜ. ʇʨʠ ʮʴʦʤʫ ʯʠʩʣʦ 

ʧʫʩʢʽʚ ʫʩʪʘʪʢʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʘʻ ʧʘʨʢʦʚʦʤʫ ʟʥʘʯʝʥʥʶ ï 800, ʟ ʷʢʠʭ 50 % ï ʧʫʩʢʠ ʟ ʛʘʨʷʯʦʛʦ 

ʩʪʘʥʫ ʤʝʪʘʣʫ, 20 % ï ʟ ʥʝʦʩʪʠʛʣʦʛʦ, 30 % ï ʟ ʭʦʣʦʜʥʦʛʦ.  

ɼʣʷ ʨʦʪʦʨʘ ʩʝʨʝʜʥʴʦʛʦ ʪʠʩʢʫ ʪʫʨʙʽʥʠ ʂ-200-130 ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʠʤ ʨʝʞʠʤʦʤ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʱʦ ʟʜʘʪʥʠʡ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʡʚʠʱʫ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʽ ʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ ʻ 

ʥʘʧʽʚʙʘʟʦʚʠʡ ʨʝʞʠʤ. ʈʘʮʽʦʥʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʢʣʘʜʘʶʪʴ: ʯʠʩʣʦ 

ʛʦʜʠʥ ʨʦʙʦʪʠ ʥʘ ʨʽʢ ï 3000ï4400 ʛʦʜ, ʯʠʩʣʦ ʧʫʩʢʽʚ-ʟʫʧʠʥʦʢ ʧʨʦʪʷʛʦʤ ʨʦʢʫ ï 48ï64, ʟ 

ʜʦʣʴʦʚʠʤ ʨʦʟʧʦʜʽʣʦʤ ʟʘ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ: ʟ ʍʉ ï 28ï52%, ʅʉ ï 0ï20%, ɻʉ ï 28ï48%. ʇʨʠ 

ʮʴʦʤʫ, ʯʽʪʢʦ ʧʨʦʩʣʽʜʢʦʚʫʻʪʴʩʷ ʦʧʪʠʤʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʨʝʞʠʤʥʠʭ ʧʘʨʘʤʝʪʨʽʚ: 3660 ʛʦʜʠʥ 

ʨʦʙʦʪʠ ʥʘ ʨʽʢ ʧʨʠ 57 ʧʫʩʢʘʭ, ʟ ʷʢʠʭ 40 % ï ʟ ʭʦʣʦʜʥʦʛʦ ʩʪʘʥʫ, 60 % ï ʟ ʛʘʨʷʯʦʛʦ [1]. 

ʇʝʚʥʝ ʦʙʣʘʜʥʘʥʥʷ ʤʘʻ ʜʝʢʽʣʴʢʘ ʜʽʘʧʘʟʦʥʽʚ ʨʘʮʽʦʥʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ. ʎʝ 

ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʫʩʪʘʪʢʫʚʘʥʥʷ ʷʢʝ ʦʜʥʘʢʦʚʦ ʩʠʣʴʥʦ ʧʦʰʢʦʜʞʫʻʪʴʩʷ ʷʢ ʟʘ ʤʝʭʘʥʽʟʤʦʤ 

ʚʠʯʝʨʧʘʥʥʷ ʜʦʚʛʦʪʨʠʚʘʣʦʾ ʤʽʮʥʦʩʪʽ, ʪʘʢ ʽ ʚʽʜ ʥʘʢʦʧʠʯʝʥʥʷ ʤʘʣʦʮʠʢʣʦʚʦʾ ʚʪʦʤʠ. ʊʘʢ, 

ʥʘʧʨʠʢʣʘʜ ʙʘʨʘʙʘʥ ʢʦʪʣʘ ʊʇ-109 ʤʘʻ ʜʚʽ ʨʘʮʽʦʥʘʣʴʥʽ ʦʙʣʘʩʪʽ ʨʝʞʠʤʥʠʭ ʧʘʨʘʤʝʪʨʽʚ (ʨʠʩ. 1).  

 

ʈʠʩʫʥʦʢ 1 ï ɼʽʘʛʨʘʤʘ ʟʘʣʠʰʢʦʚʦʛʦ ʨʝʩʫʨʩʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʜʣʷ ʙʘʨʘʙʘʥʘ ʢʦʪʣʘ ʊʇ-109, ʱʦ ʚʠʯʝʨʧʘʚ ʩʚʽʡ ʧʘʨʢʦʚʠʡ ʨʝʩʫʨʩ 

 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. Chernousenko, O., Rindyuk, D., Peshko, V., Chernov, O., & Goryazhenko, V. (2020). 

Development of a system for estimating and forecasting the rational resource-saving operating 

modes of TPP. Eastern-European Journal of Enterprise Technologies, 3(8 (105), 14ï23. 

https://doi.org/10.15587/1729-4061.2020.204505. 
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ʄʘʛʽʩʪʨʘʥʪ 2 ʢʫʨʩʫ, ʛʨ. ʊʉ-ʟ01ʤʧ ʗʨʦʰʝʥʢʦ ɺ.ʌ. 

ʉʪ. ʚʠʢʣ. ʄʝʨʝʥʛʝʨ ʇ.ʇ. 

ɺʃʀʗʅʀɽ ɿʆʃʔʅʆʉʊʀ ʋɻʃɽʁ ʅɸ ʊɽʇʃʆʊɽʍʅʀʏɽʉʂʀɽ ʇʆʂɸɿɸʊɽʃʀ 

ʈɸɹʆʊʓ ʆɹʆʈʋɼʆɺɸʅʀʗ  

ɺ ʵʥʝʨʛʝʪʠʢʝ ʧʦʩʣʝʜʥʠʝ 50 ʣʝʪ ʰʣʠ ʧʦʠʩʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʞʠʛʘʥʠʷ 

ʨʷʜʦʚʳʭ ʫʛʣʝʡ ʰʘʭʪʥʦʡ ʜʦʙʳʯʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʦʮʝʥʠʚʘʣʠʩʴ ʧʦ ʫʜʝʣʴʥʳʤ ʨʘʩʭʦʜʘʤ ʪʦʧʣʠʚʘ, 

ʧʦʪʝʨʷʤ ʪʝʧʣʘ ʤʝʭʘʥʠʯʝʩʢʠʤ ʥʝʜʦʞʦʛʦʤ (q4) ʠ ʩ ʫʭʦʜʷʱʠʤʠ ʛʘʟʘʤʠ (q2). 

ʈʘʙʦʪʫ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʠ ʠʭ ʦʩʥʦʚʥʦʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʧʦʢʘʟʘʪʝʣʴ ï ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ 

ʪʦʧʣʠʚʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʪʘʙʣʠʮʘ 1 ʠ ʪʘʙʣʠʮʘ 2. 

 

ʊʘʙʣʠʮʘ 1 ï ɺʣʠʷʥʠʝ ʟʦʣʴʥʦʩʪʠ ʫʛʣʝʡ ʥʘ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʙʦʪʳ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ 

ɿʦʣʴʥʦʩʪʴ 

ʫʛʣʷ, % 

ʂʇɼ ʢʦʪʣʦ-

ʘʛʨʝʛʘʪʦʚ, % 

ʅʦʨʤʳ ʨʘʩʭʦʜʘ 
ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪ

ʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʦʱʥʦʩʪʠ, ʯ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ 

ʥʫʞʜʳ, % 

ʫʩʣʦʚʥʦʛʦ 

ʪʦʧʣʠʚʘ ʥʘ 

1 ʢɺʪÖʯ, ʛ 

20 92,7 3,93 326 6950 

30 92,4 4,03 328 6750 

40 91,0 4,30 331 6550 

50 87,8 4,61 349 6350 

 

ʊʘʙʣʠʮʘ 2 ï ɺʣʠʷʥʠʝ ʟʦʣʴʥʦʩʪʠ ʫʛʦʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʥʘ ʠʪʦʛʦʚʳʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʨʘʟʣʠʯʥʦʡ ʤʦʱʥʦʩʪʠ 

ʇʦʢʘʟʘʪʝʣʴ 

ɿʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʧʨʠ 

ʩʞʠʛʘʥʠʠ ʫʛʣʝʡ ʥʘ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ 

ʤʦʱʥʦʩʪʴʶ, ʪʳʩ.ʢɺʪ-ʯ 

1200 600 

ʧʨʠ ʟʦʣʴʥʦʩʪʠ, % 

35 20 35 20 

ʇʨʠʙʳʣʴ, ʋ.ʝ./1000 ʢɺʪÖʯ 143 145 132 133 

ʉʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʡ, ʛ 4,3 4,0 5,4 4,9 

ʋʨʦʚʝʥʴ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ, % 23,0 25,0 18,0 20,0 

 

ɺ 1950-ʭ ʛʦʜʘʭ ʚ ɽʚʨʦʧʝ ʥʘ ʚʳʨʘʙʦʪʢʫ ʦʜʥʦʛʦ ʢɺʪ-ʯ ʪʨʝʙʦʚʘʣʦʩʴ 700 ʛ  ʫʛʣʷ [2], ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʩʝʛʦʜʥʷ ʪʨʝʙʫʝʪʩʷ ʫʞʝ 300 ʛ, ʵʪʦ ʧʨʠʤʝʨ ʜʦʧʦʣʥʷʶʱʠʡ ʪʘʙʣʠʮʫ, ʛʜʝ ʚʠʜʥʦ, ʯʪʦ 

ʊʕʉ ʠʤʝʶʪ ʨʝʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʩʥʠʟʠʪʴ ʧʦʪʨʝʙʣʝʥʠʝ ʪʦʧʣʠʚʘ ʥʘ 20 ʛ/ʢɺʪ-ʯ, ʝʩʣʠ ʙʫʜʫʪ 

ʣʠʢʚʠʜʠʨʦʚʘʥʳ ʥʝʛʘʪʠʚʥʳʝ ʬʘʢʪʦʨʳ ʚ ʊʕʂʝ ʠ ʧʨʦʙʣʝʤʳ ʪʦʧʣʠʚʥʦʛʦ ʙʘʣʘʥʩʘ ʙʫʜʫʪ 

ʨʝʰʘʪʴʩʷ ʥʝ ʦʙʲʝʤʦʤ ʜʦʙʳʪʦʡ ʛʦʨʥʦʡ ʤʘʩʩʳ, ʘ ʢʘʣʦʨʠʷʤʠ. ɺʳʨʘʙʦʪʢʘ 1 ʄɺʪÖʯ ʥʘ ʫʛʦʣʴʥʦʡ 

ʊʕʉ ʤʦʞʝʪ ʩʪʦʠʪʴ ʥʘ 20 ʜʦʣʣʘʨʦʚ ʥʠʞʝ ʧʦʢʘʟʘʪʝʣʷ ʚʳʨʘʙʦʪʢʠ ʥʘ ʥʝʬʪʠ (ʤʘʟʫʪʝ), ʛʜʝ ʵʪʦʪ 

ʧʦʢʘʟʘʪʝʣʴ ʜʦʩʪʠʛʘʝʪ ʫʞʝ ʟʥʘʯʝʥʠʡ 37,7 ʜʦʣ./ʄɺʪ-ʯ. 

ʅʝ ʨʝʰʠʚ ʚʦʧʨʦʩʳ ʨʘʩʢʨʳʪʠʷ ʠ ʦʯʠʩʪʢʠ ʫʛʦʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʫʛʣʝʡ (ɸʐ, ʊ) ʤʳ 

ʦʪʧʨʘʚʠʣʠ ʚ ʦʪʚʘʣʳ ʜʦ 70 ʤʣʥ.ʪ ʫʛʣʝʨʦʜʘ. ɿʘʜʘʯʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʟʤʦʣʘ ʫʛʣʷ 

ʩʪʘʚʠʣʠ ʚʦʧʨʦʩʳ ʚʥʝʜʨʝʥʠʷ ʨʘʟʦʤʢʥʫʪʳʭ ʧʳʣʝʩʠʩʪʝʤ, ʩʪʦʡʢʦʩʪʠ ʙʨʦʥʠ, ʰʘʨʦʚ ʠ ʚʳʩʦʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʩʫʰʠʣʴʥʦ-ʚʝʥʪʠʣʷʮʠʦʥʥʦʛʦ ʘʛʝʥʪʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 
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ʅʀʈ ʠ ʇʂʈ ʧʨʦʮʝʩʩ ʚʥʝʜʨʝʥʠʷ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʪʦʧʣʠʚʦʧʦʜʛʦʪʦʚʢʠ 

ʨʘʩʪʷʥʫʣʩʷ ʥʘ ʤʥʦʛʠʝ ʛʦʜʳ. ʈʘʙʦʪʘʤʠ ʨʷʜʘ ʫʯʥyrʭ ʙʳʣʘ ʜʘʥʘ ʦʮʝʥʢʘ ʵʚʦʣʶʮʠʦʥʥʦʛʦ 

ʨʘʟʚʠʪʠʷ ʨʘʟʤʦʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʧʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʦʯʥʦʩʪʝʡ ʠʟʤʝʣʴʯʘʝʤʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʠ ʩʪʦʠʤʦʩʪʝʡ ʠʟʤʝʣʴʯʝʥʠʷ ʧʦ ʩʪʘʜʠʷʤ. ɺʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʩʦʚʝʨʰʝʥʩʪʚʘ ʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʤʝʣʴʥʠʮ ʩ ʤʝʣʶʱʠʤʠ ʪʝʣʘʤʠ ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʥʠʞʝʥʠʷ ʠʭ ʫʜʝʣʴʥʦʛʦ ʠʟʥʦʩʘ. ʅʝʦʙʭʦʜʠʤ ʧʝʨʝʭʦʜ ʢ ʥʦʚʦʤʫ ʤʝʪʦʜʫ ʠʟʤʝʣʴʯʝʥʠʷ ʥʘ 

ʩʪʘʜʠʷʭ ʪʦʥʢʦʛʦ ʠ ʩʚʝʨʭʪʦʥʢʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʩʘʤʦʠʟʤʝʣʴʯʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʝʤʫ 

ʩʥʠʟʠʪʴ ʫʜʝʣʴʥʳʡ ʠʟʥʦʩ ʥʘ ʧʦʨʷʜʦʢ [1]. 

ʉʠʩʪʝʤʳ ʧʳʣʝʧʨʠʛʦʪʦʚʣʝʥʠʷ ʊʕʉ ʩʦʟʜʘʚʘʣʠʩʴ ʢʘʢ ʢʦʤʧʘʢʪʥʳʝ ʦʙʲʝʢʪʳ ʚ ʷʯʝʡʢʝ 

ʛʣʘʚʥʦʛʦ ʢʦʨʧʫʩʘ ʤʝʞʜʫ ʢʦʪʝʣʴʥʳʤ ʠ ʪʫʨʙʠʥʥʳʤ ʦʪʜʝʣʝʥʠʝʤ. ʕʥʝʨʛʝʪʠʢʠ ʠʤʝʶʪ, ʠʩʭʦʜʷ 

ʠʟ ʪʨʝʙʦʚʘʥʠʡ ʢ ʦʙʦʛʘʱʝʥʠʶ ʫʛʣʷ, ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʛʜʝ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ 

ʦʧʝʨʘʮʠʠ ʩʫʰʢʠ, ʨʘʟʤʦʣʘ, ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʧʦʩʣʝ ʪʦʛʦ ʢʘʢ ʫʛʦʣʴ ʛʦʪʦʚ ʢ ʜʘʣʴʥʝʡʰʠʤ 

ʦʧʝʨʘʮʠʷʤ ʧʦ ʦʙʦʛʘʱʝʥʠʶ ʝʛʦ ʦʪʧʨʘʚʣʷʶʪ ʚ ʪʦʧʢʠ, ʥʝ ʟʘʚʝʨʰʠʚ ʧʨʦʮʝʩʩ ʦʯʠʩʪʢʠ. 

ɼʦʣʷ ʛʦʨʷʯʝʛʦ ʚʦʟʜʫʭʘ ʥʘ ʩʫʰʢʫ ʫʛʣʷ ʦʪ ʦʙʱʝʛʦ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ ʩʦʩʪʘʚʣʷʝʪ (ʧʨʠ 

Wʈ~15%) ʚ ʧʨʝʜʝʣʘʭ 0,17ï0,29 ʚ ʦʙʲʝʤʝ ʩʫʰʢʠ ʜʦ 200 ʪ ʫ.ʪ./ʯ ʠ ʎʆʌ ʪʨʫʜʥʦ ʢʦʥʢʫʨʠʨʦʚʘʪʴ 

ʩ ʊʕʉ ʧʦ ʢʘʧʚʣʦʞʝʥʠʷʤ ʚ ʩʫʰʢʫ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʤʥʦʛʠʝ ʛʦʜʳ ʫʛʦʣʴʥʘʷ ʧʳʣʴ ʥʝ 

ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʢʘʢ ʦʙʲʝʢʪ ʦʙʦʛʘʱʝʥʠʷ. ʀʤʝʥʥʦ ʟʘʤʦʨʘʞʠʚʘʥʠʝ ʨʘʙʦʪ ʧʦ ʨʘʩʢʨʳʪʠʶ 

ʫʛʦʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʦʩʚʦʙʦʞʜʝʥʠʷ ʝʛʦ ʦʪ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ 

ʚʳʥʫʞʜʘʣʦ ʢʦʥʩʪʨʫʢʪʦʨʦʚ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʪʦʧʢʠ ʩ ʜʣʠʪʝʣʴʥʳʤ ʮʠʢʣʦʤ ʧʨʝʙʳʚʘʥʠʷ ʯʘʩʪʠʮ 

ʪʦʧʣʠʚʘ ʚ ʟʦʥʝ ʚʳʛʦʨʘʥʠʷ ʠʣʠ ʠʭ ʨʝʮʠʨʢʫʣʷʮʠʠ (ʪʦʧʢʠ ʩ ʮʠʨʢʫʣʠʨʫʶʱʠʤ ʢʠʧʷʱʠʤ ʩʣʦʝʤ). 

ʅʦ ʢʘʢʠʝ ʙʳ ʥʝ ʧʨʝʜʣʘʛʘʣʠʩʴ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟʚʣʝʯʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠʟ 

ʠʩʢʦʧʘʝʤʦʛʦ ʪʦʧʣʠʚʘ ʚʩʝ ʨʘʚʥʦ ʧʝʨʝʨʘʙʦʪʢʘ ʤʠʥʝʨʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

830ï1700 ʉ̄ ʷʚʣʷʝʪʩʷ ʨʝʩʫʨʩʦʨʘʩʪʦʯʠʪʝʣʴʥʦʡ ʯʘʩʪʴʶ ʠʟʚʝʩʪʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʩʞʠʛʘʥʠʷ ʫʛʣʷ. 

ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʦʛʨʘʥʠʯʝʥʠʷ ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ SO2 ʠ ʠʭ ʩʣʘʙʦʝ 

ʩʚʷʟʳʚʘʥʠʝ ʚ ʪʦʧʦʯʥʦʤ ʧʨʦʮʝʩʩʝ ʚʳʥʫʜʠʣʦ ʤʠʨʦʚʦʝ ʩʦʦʙʱʝʩʪʚʦ ʠʩʢʘʪʴ ʨʝʰʝʥʠʷ 

ʦʛʨʘʥʠʯʝʥʠʷ ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ ʜʦ ʩʞʠʛʘʥʠʷ ʫʛʣʷ. [2] 

ɺ ʧʦʩʣʝʜʥʠʝ 40 ʣʝʪ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ɸʥʛʣʠʠ, ʅʠʜʝʨʣʘʥʜʘʭ, 

ɻʝʨʤʘʥʠʠ, ʉʐɸ, ʈʦʩʩʠʠ, ʏʝʭʠʠ, ʋʢʨʘʠʥʝ ʧʦ ʚʦʟʤʦʞʥʦʩʪʷʤ ʦʯʠʩʪʢʠ ʫʛʦʣʴʥʦʡ ʧʳʣʠ ʦʪ 

ʚʨʝʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ (FeS2, FeS) ʜʦ ʩʞʠʛʘʥʠʷ ʪʦʧʣʠʚʘ. ʀʩʩʣʝʜʦʚʘʣʠʩʴ ʭʠʤʠʯʝʩʢʠʝ ʠ 

ʬʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʟʚʣʝʯʝʥʠʷ ʩʝʨʥʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɽʩʣʠ ʩʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʠʟʚʣʝʯʝʥʠʷ 

ʦʜʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʚ ʩʣʫʯʘʝ ʦʯʠʩʪʢʠ ʫʛʣʷ ʦʪ ʧʠʨʠʪʘ, ʪʦ ʩʦʜʝʨʞʘʥʠʝ ʧʠʨʠʪʘ ʨʘʩʪʝʪ ʚ ʤʝʣʢʠʭ 

ʬʨʘʢʮʠʷʭ. ʄʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʧʠʨʠʪʘ (ʧʘʨʘʤʘʛʥʝʪʠʢ) ʧʦʣʦʞʠʪʝʣʴʥʘ, ʘ ʫʛʣʝʨʦʜʘ ï 

ʦʪʨʠʮʘʪʝʣʴʥʘ, ʦʥ ʜʠʘʤʘʛʥʝʪʠʢ. ɼʣʷ ʠʟʚʣʝʯʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʦ ʩʣʘʙʦʡ 

ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴʶ ʪʨʝʙʫʝʪʩʷ ʩʦʟʜʘʥʠʝ ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ. ɺ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʧʦʣʝ ʙʦʣʝʝ 0,1 ʊʝʩʣʘ ʨʝʘʣʠʟʫʷ ʨʝʞʠʤʳ 

ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ ʧʨʠ ʢʨʠʦʛʝʥʥʦʤ ʦʭʣʘʞʜʝʥʠʠ ʦʙʤʦʪʦʢ [3]. 
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ʆʉʆɹʃʀɺʆʉʊɯ ʄʆɼɽʃʖɺɸʅʅʗ ɺ FLOWVISION 

 

ɿʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʝʧʣʦʚʠʭ ʪʘ ʘʪʦʤʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ 

ʩʪʘʥʮʽʡ ʚʞʝ ʜʦʩʷʛʣʘ ʢʽʥʮʷ ʧʘʨʢʦʚʦʛʦ ʨʝʩʫʨʩʫ. ɺ ʪʝʧʝʨʽʰʥʽʭ ʫʤʦʚʘʭ, ʢʦʣʠ ʥʝʤʘʻ ʢʦʰʪʽʚ ʥʘ 

ʥʦʚʝ ʦʙʣʘʜʥʘʥʥʷ, ʚʘʨʪʦ ʦʮʽʥʶʚʘʪʠ ʩʪʘʥ ʩʪʘʨʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʨʦʙʠʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ 

ʤʦʞʣʠʚʦʛʦ ʧʦʜʦʚʞʝʥʥʷ ʡʦʛʦ ʨʝʩʫʨʩʫ. ʅʘʡʙʽʣʴʰʘ ʯʘʩʪʢʘ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʚ ʋʢʨʘʾʥʽ ï ʯʘʩʪʢʘ 

ʘʪʦʤʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ (ʧʨʠʙʣʠʟʥʦ 50%). ʆʜʥʠʤ ʽʟ ʚʘʞʣʠʚʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ 

ʫʚʘʛʠ, ʻ ʩʠʩʪʝʤʘ ʧʘʨʦʨʦʟʧʦʜʽʣʝʥʥʷ, ʜʦ ʷʢʦʾ ʚʽʜʥʦʩʷʪʴʩʷ ʨʝʛʫʣʶʶʯʽ, ʩʪʦʧʦʨʥʽ ʢʣʘʧʘʥʠ ʪʘ 

ʛʦʣʦʚʥʽ ʧʘʨʦʧʨʦʚʦʜʠ. ʉʢʣʘʜʥʽʩʪʴ ʾʭʥʴʦʾ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʘʪʦʤʥʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ 

ʤʘʶʪʴ ʥʘʙʘʛʘʪʦ ʥʠʞʥʽ ʧʘʨʘʤʝʪʨʠ ʛʦʩʪʨʦʾ ʧʘʨʠ, ʥʽʞ ʪʝʧʣʦʚʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ. ʅʘ ɸɽʉ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʦʣʦʛʘ ʥʘʩʠʯʝʥʘ ʧʘʨʘ, ʷʢʘ ʤʘʻ ʩʪʝʧʽʥʴ ʩʫʭʦʩʪʽ ʭ=0,995, ʘ, ʦʪʞʝ, ʚ ʧʦʪʦʮʽ ʧʘʨʠ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʯʘʩʪʦʯʢʠ ʚʦʣʦʛʠ,  ʱʦ ʫʩʢʣʘʜʥʶʶʪʴ ʨʦʟʨʘʭʫʥʢʠ ʪʝʧʣʦʚʦʛʦ ʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ. 

ɿʘʜʣʷ ʪʦʯʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʠ ʧʦʜʦʚʞʝʥʥʽ ʨʝʩʫʨʩʫ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʚʘʨʪʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʘʝʨʦ- ʽ ʛʽʜʨʦʜʠʥʘʤʽʢʠ 

FlowVision, ʱʦ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʽʟʥʠʭ ʬʽʟʠʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʽ ʦʙ'ʻʢʪʽʚ [1]. 

ɹʫʜʴ-ʷʢʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʥʘʷʚʥʽʩʪʴ ʤʦʜʝʣʽ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʥʝʦʙʭʽʜʥʘ 

ʛʝʦʤʝʪʨʠʯʥʘ ʦʙʣʘʩʪʴ ʢʣʘʧʘʥʘ ʪʘ ʧʘʨʦʧʨʦʚʦʜʽʚ, ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʫʭ ʧʘʨʦʚʦʜʷʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. ɺʦʥʘ ʩʪʚʦʨʶʻʪʴʩʷ ʚ ʧʘʢʝʪʘʭ ʪʨʠʚʠʤʽʨʥʦʛʦ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʩʪʦʨʦʥʥʽʭ ʚʠʨʦʙʥʠʢʽʚ (ʚ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʚ SolidWorks). ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʚʣʘʩʥʦʛʦ 

ʨʝʜʘʢʪʦʨʘ ʛʝʦʤʝʪʨʽʾ ʚ ʩʝʨʝʜʦʚʠʱʽ FlowVision ʥʝʤʘʻ. ɿ ʯʠʩʣʝʥʥʠʭ ʧʽʜʪʨʠʤʫʚʘʥʠʭ ʬʦʨʤʘʪʽʚ 

ʜʘʥʠʭ ʥʘʡʢʨʘʱʠʡ ʬʦʨʤʘʪ Virtual Reality Modeling Language (VRML), ʷʢʠʡ ʜʦʟʚʦʣʷʻ 

ʟʙʝʨʝʛʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʢʦʣʽʨ ʦʢʨʝʤʠʭ ʧʦʚʝʨʭʦʥʴ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ FlowVision ʜʦʟʚʦʣʷʻ 

ʟʘʜʘʚʘʪʠ ʨʽʟʥʽ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʥʘ ʧʦʚʝʨʭʥʷʭ, ʱʦ ʤʘʶʪʴ ʨʽʟʥʠʡ ʢʦʣʽʨ. ʋ ʙʘʛʘʪʴʦʭ ʟʘʚʜʘʥʥʷʭ 

ʪʘʢʠʡ ʩʧʦʩʽʙ ʟʘʜʘʥʥʷ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʚʠʷʚʣʷʻʪʴʩʷ ʥʘʡʙʽʣʴʰ ʰʚʠʜʢʠʤ ʽ ʟʨʫʯʥʠʤ. 

ʑʦʜʦ ʟʘʚʜʘʥʥʷ ʛʝʦʤʝʪʨʽʾ, ʪʦ ʥʝʦʙʭʽʜʥʦ ʩʪʚʦʨʶʚʘʪʠ ʥʝ ʤʦʜʝʣʴ ʪʚʝʨʜʠʭ ʪʽʣ, ʷʢ ʮʝ 

ʟʘʟʚʠʯʘʡ ʨʦʙʠʪʴʩʷ ʚ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʽʡ ʧʨʘʢʪʠʮʽ ʽ ʟʘʚʜʘʥʥʷʭ ʤʽʮʥʦʩʪʽ, ʘ ʛʝʦʤʝʪʨʠʯʥʫ ʤʦʜʝʣʴ 

ʪʨʠʚʠʤʽʨʥʦʛʦ ʧʨʦʩʪʦʨʫ ʤʽʞ ʥʠʤʠ, ʷʢʝ ʙʫʜʝ ʟʘʧʦʚʥʝʥʝ ʧʘʨʦʚʦʜʷʥʦʶ ʩʫʤʽʰʰʶ.  

ɼʣʷ ʪʝʧʣʦʚʠʭ ʟʘʜʘʯ FlowVision ʜʦʟʚʦʣʷʻ ʟʘʜʘʚʘʪʠ ʽ ʪʚʝʨʜʽ ʪʽʣʘ, ʷʢʱʦ ʥʝʦʙʭʽʜʥʦ 

ʜʦʩʣʽʜʞʫʚʘʪʠ ʧʦʚ'ʷʟʘʥʠʡ ʪʝʧʣʦʦʙʤʽʥ çʨʽʜʠʥʘ ï ʪʚʝʨʜʝ ʪʽʣʦè. FlowVision ʜʦʙʨʝ 

ʫʢʦʤʧʣʝʢʪʦʚʘʥʠʡ ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʩʥʘʱʝʥʥʷ: ʤʦʜʝʣʴ ʣʘʤʽʥʘʨʥʦʾ ʨʽʜʠʥʠ, k-

ʤʦʜʝʣʽ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʨʫʭʫ ʥʝʩʪʠʩʣʠʚʦʾ, ʩʣʘʙʢʦʩʪʠʩʣʠʚʦʾ, ʧʦʚʥʽʩʪʶ ʩʪʠʩʣʠʚʦʾ ʨʽʜʠʥʠ, 

ʤʦʜʝʣʽ ʨʫʭʫ ʚ ʟʘʟʦʨʘʭ, ʚ ʧʦʨʠʩʪʠʭ ʩʝʨʝʜʦʚʠʱʘʭ, ʤʦʜʝʣʽ ʛʦʨʽʥʥʷ ʧʘʣʠʚʘ; ʤʦʜʝʣʴ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʚ ʪʚʝʨʜʠʭ ʪʽʣʘʭ ʽ ʪ.ʜ. 

ʇʝʨʝʤʠʢʘʥʥʷ ʤʦʜʝʣʝʡ ʟ ʦʜʥʽʻʾ ʥʘ ʽʥʰʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʜʫʞʝ ʧʨʦʩʪʦ ï ʚ ʜʝʨʝʚʽ 

ʧʨʝʧʨʦʮʝʩʦʨʘ ʚʽʜʧʦʚʽʜʥʦʾ ʧʽʜʦʙʣʘʩʪʽ ʚʠʢʣʠʢʘʻʪʴʩʷ ʚʽʢʥʦ ʚʣʘʩʪʠʚʦʩʪʝʡ. ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ 

ʤʦʜʝʣʝʡ ʜʦʧʦʚʥʶʻʪʴʩʷ ʚʝʣʠʢʦʶ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʶ ʩʧʦʩʦʙʽʚ ʟʘʜʘʥʥʷ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ. 

ʇʨʦʛʨʘʤʘ ʤʘʻ ʽʩʪʠʥʥʦ Windows-ʽʥʪʝʨʬʝʡʩ, ʘ ʥʝ ʻ ʢʦʥʚʝʨʩʽʻʶ ʟ ʽʥʰʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʧʣʘʪʬʦʨʤ. ɺʠʙʽʨ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ, ʟʘʚʜʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʛʨʘʥʠʯʥʠʭ ʽ ʧʦʯʘʪʢʦʚʠʭ 

ʫʤʦʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʜʝʨʝʚʽ ʧʨʝʧʨʦʮʝʩʦʨʘ. ɸʥʘʣʦʛʽʯʥʦ, ʧʦʩʪʧʨʦʮʝʩʦʨ ʪʘʢʦʞ ʤʘʻ ʩʚʦʻ ʜʝʨʝʚʦ 

ʚʠʜʽʚ, ʦʙ'ʻʢʪʽʚ, ʚʠʜʽʚ, ʰʘʨʽʚ.  

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 1ï3. 
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ʈʠʩʫʥʦʢ 1 ï ʈʦʟʧʦʜʽʣ ʰʚʠʜʢʦʩʪʝʡ ʚ ʩʠʩʪʝʤʽ ʧʘʨʦʨʦʟʧʦʜʽʣʝʥʥʷ ʘʪʦʤʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʟ 

ʪʫʨʙʽʥʦʶ ʂ-1000/60-3000 

 
ʈʠʩʫʥʦʢ 2 ï ʈʦʟʧʦʜʽʣ ʪʠʩʢʫ ʚ ʩʠʩʪʝʤʽ ʧʘʨʦʨʦʟʧʦʜʽʣʝʥʥʷ ʘʪʦʤʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʟ ʪʫʨʙʽʥʦʶ 

ʂ-1000/60-3000 

 
ʈʠʩʫʥʦʢ 3 ï ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨ ʚ ʩʠʩʪʝʤʽ ʧʘʨʦʨʦʟʧʦʜʽʣʝʥʥʷ ʘʪʦʤʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʟ 

ʪʫʨʙʽʥʦʶ ʂ-1000/60-3000 

ɺ ʧʨʦʮʝʩʽ ʤʦʜʝʣʶʚʘʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʙʽʙʣʽʦʪʝʮʽ FlowVision ʥʝʤʘʻ ʪʘʢʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʷʢ çʧʘʨʘè ʟ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʚʦʣʦʛʦʾ ʥʘʩʠʯʝʥʦʾ ʧʘʨʠ, ʷʢʘ ʧʦʜʘʻʪʴʩʷ ʩʠʩʪʝʤʦʶ 

ʧʘʨʦʨʦʟʧʦʜʽʣʝʥʥʷ ʜʦ ʪʫʨʙʽʥʠ. ʇʨʦʪʝ ʤʦʞʥʘ ʧʦʪʨʽʙʥʝ ʩʝʨʝʜʦʚʠʱʝ ʟʘʚʜʘʪʠ ʚʨʫʯʥʫ, ʟʤʽʰʘʚʰʠ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʬʘʟʠ ʚʦʜʠ, ʷʢʽ ʻ ʥʘʷʚʥʽ ʚ FlowVision. [2] 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. ɾʘʨʢʦʚʘ ɺ.ɺ., ʑʝʣʷʝʚ ɸ.ɽ., ɼʷʜʴʢʠʥ ɸ.ɸ., ʇʘʚʣʦʚ ɸ.ʆ., ʉʠʤʘʢʦʚʘ ʊ.ɺ. ʈʘʩʯʝʪ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʚʦʟʚʨʘʱʘʝʤʳʡ ʘʧʧʘʨʘʪ ʧʨʠ ʧʦʩʘʜʢʝ ʥʘ ʚʦʜʫ // 

ʂʦʤʧʴʶʪʝʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, 2017. ï ʪ. 9. ï ˉ 1. ï ʩ. 37ï46. 

2. FlowVision. ʈʫʢʦʚʦʜʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʷ. ð ʄ.: ʆʆʆ çʊɽʉʀʉè, 2016. 

FlowVision. Userôs guide. ð Moscow: Ltd. ñTESISò, 2016 (in Russian). 
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ʉʪʫʜʝʥʪ 3 ʢʫʨʩʫ, ʛʨ. ʊʉ-81 ɹʝʜʥʘʨʩʴʢʘ ʗ.ʉ.; ʤʦʣ. ʚʯʝʥʠʡ ɹʝʜʥʘʨʩʴʢʘ ɯ.ʉ. 

ʉʪ. ʚʠʢʣ. ʐʝʣʝʰʝʡ ʊ.ɺ. 

ɼʆʉʃɯɼɾɽʅʅʗ ɺʇʃʀɺʋ ʉʂʃɸɼʋ ʊɺɽʈɼʆɻʆ ʇɸʃʀɺɸ ʅɸ ɽʄɯʉɯɰ 

ʐʂɯɼʃʀɺʀʍ ʈɽʏʆɺʀʅ ɺ ɸʊʄʆʉʌɽʈʋ 

 

ʇʨʘʛʥʝʥʥʷ ʜʠʚʝʨʩʠʬʽʢʫʚʘʪʠ ʰʣʷʭʠ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʪʘʢʦʞ ʭʘʨʘʢʪʝʨʥʽ 

ʚʠʨʦʙʥʠʮʪʚʫ ʪʘ ʚʠʚʝʜʝʥʥʶ ʚʠʨʦʙʥʠʮʪʚʘ ʝʥʝʨʛʽʾ ʥʘ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʠʡ ʨʽʚʝʥʴ ʨʦʟʚʠʪʢʫ ʜʣʷ 

ʋʢʨʘʾʥʠ [1, 2]. ʆʜʥʘʢ ʩʪʨʫʢʪʫʨʘ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʟʘʣʠʰʘʻʪʴʩʷ ʧʨʘʢʪʠʯʥʦ 

ʥʝʟʤʽʥʥʦʶ. ɰʾ ʤʘʢʩʠʤʘʣʴʥʘ ʯʘʩʪʠʥʘ ʧʦʚ'ʷʟʘʥʘ ʟ ʘʪʦʤʥʠʤʠ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʤʠ (ʙʣʠʟʴʢʦ 55%). 

ʏʘʩʪʢʘ ʪʝʧʣʦʚʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʪʘʢʦʞ ʚʠʩʦʢʘ (35%). ʉʪʨʫʢʪʫʨʘ ʚʠʨʦʙʥʠʮʪʚʘ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʋʢʨʘʾʥʽ ʩʚʽʜʯʠʪʴ ʧʨʦ ʩʧʨʷʤʦʚʘʥʽʩʪʴ ʥʘ ʪʨʘʜʠʮʽʡʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʪʝʧʣʦʚʠʤʠ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʤʠ (ʊɽʉ). ʎʝ ʚʠʨʦʙʥʠʮʪʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʘʙʽʣʴʥʠʭ ʧʦʩʪʘʚʦʢ ʚʫʛʽʣʣʷ. 

ʈʦʟʚʠʪʦʢ ʪʝʧʣʦʝʥʝʨʛʝʪʠʢʠ ʚʠʤʘʛʘʻ ʧʨʘʚʠʣʴʥʦʾ ʦʮʽʥʢʠ ʤʦʞʣʠʚʦʩʪʝʡ ʾʾ ʨʦʟʚʠʪʢʫ, 

ʚʽʜʥʦʚʣʝʥʥʷ ʪʘ ʡʦʛʦ ʧʦʜʘʣʴʰʽ ʧʝʨʩʧʝʢʪʠʚʠ ʚ ʫʤʦʚʘʭ ʟʤʽʥʠ ʝʢʦʥʦʤʽʯʥʦʛʦ, ʧʨʦʤʠʩʣʦʚʦʛʦ ʪʘ 

ʧʨʠʨʦʜʥʦʛʦ ʧʦʪʝʥʮʽʘʣʽʚ. 

ʊʝʧʣʦʚʽ ʝʥʝʨʛʝʪʠʯʥʽ ʫʩʪʘʥʦʚʢʠ ʧʨʘʮʶʶʪʴ ʥʘ ʚʫʛʽʣʣʽ, ʛʘʟʽ, ʘʙʦ ʤʘʟʫʪʽ. ɸʣʝ ʚ 

ʦʩʥʦʚʥʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʚʝʨʜʝ ʧʘʣʠʚʦ, ʪʦʤʫ ʱʦ ʛʘʟ ï ʥʝʜʝʰʝʚʝ ʟʘʜʦʚʦʣʝʥʥʷ. ʉʪʘʥʦʤ ʥʘ 

ʩʴʦʛʦʜʥʽ ʛʘʟ ʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʣʠʰʝ ʜʣʷ ʟʘʧʘʣʶʚʘʥʥʷ ʢʦʪʣʘ, ʘ ʥʝ ʷʢ ʝʥʝʨʛʝʪʠʯʥʝ 

ʧʘʣʠʚʦ. ɹʣʠʟʴʢʦ 45% ʝʥʝʨʛʦʙʣʦʢʽʚ ʫʢʨʘʾʥʩʴʢʠʭ ʊɽʉ (ʟʘ ʚʩʪʘʥʦʚʣʝʥʦʶ ʧʦʪʫʞʥʽʩʪʶ) 

ʧʨʘʮʶʶʪʴ ʥʘ ʚʫʛʽʣʣʽ ʘʥʪʨʘʮʠʪʦʚʦʾ ʛʨʫʧʠ, ʙʣʠʟʴʢʦ 35% ï ʥʘ ʚʫʛʽʣʣʽ ʛʘʟʦʚʦʾ ʛʨʫʧʠ, ʪʘ ʙʣʠʟʴʢʦ 

20% (ʚ ʂʠʻʚʽ ʪʘ ʍʘʨʢʦʚʽ) ï ʥʘ ʧʨʠʨʦʜʥʦʤʫ ʛʘʟʽ [3]. ʊʘʢʦʞ ʻ ʩʪʘʥʮʽʾ ʟ ʤʦʞʣʠʚʽʩʪʶ ʨʦʙʦʪʠ ʥʘ 

ʙʫʨʦʤʫ ʚʫʛʽʣʣʽ. ʆʩʥʦʚʥʫ ʯʘʩʪʠʥʫ ʟʘʧʘʩʽʚ ʪʘʢʦʛʦ ʚʫʛʽʣʣʷ ʜʦʙʫʚʘʶʪʴ ʥʘ ʆʣʝʢʩʘʥʜʨʽʡʩʴʢʦʤʫ 

ʙʫʨʦʚʫʛʽʣʴʥʦʤʫ ʢʦʤʧʣʝʢʩʽ. 

ʇʨʠ ʟʛʦʨʘʥʥʽ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʘʣʠʚʘ ʚ ʘʪʤʦʩʬʝʨʫ ʧʦʪʨʘʧʣʷʻ ʚʝʣʠʯʝʟʥʘ ʢʽʣʴʢʽʩʪʴ 

ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ, ʪʘʢʠʭ ʷʢ ʩʽʨʯʠʩʪʠʡ ʘʥʛʽʜʨʠʜ ʪʘ ʦʢʩʠʜʠ ʘʟʦʪʫ, ʚʘʞʢʽ ʤʝʪʘʣʠ ʽ ʪʚʝʨʜʽ 

ʯʘʩʪʢʠ [4]. ʊʘʢʦʞ ʚ ʧʦʚʽʪʨʷ ʧʦʪʨʘʧʣʷʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ, ʷʢʠʡ, ʷʢ ʚʩʽʤ 

ʚʽʜʦʤʦ, ʚʧʣʠʚʘʻ ʥʘ ʪʝʧʣʦʚʠʡ ʙʘʣʘʥʩ ʧʣʘʥʝʪʠ ʽ ʩʪʚʦʨʶʻ ʧʘʨʥʠʢʦʚʠʡ ʝʬʝʢʪ. ʅʝ ʤʦʞʥʘ 

ʟʘʙʫʚʘʪʠ ʡ ʧʨʦ ʰʢʽʜʣʠʚʽ ʨʝʯʦʚʠʥʠ, ʷʢʽ ʧʦʪʨʘʧʣʷʶʪʴ ʚ ʟʝʤʣʶ ʽ ʧʘʧʣʶʞʘʪʴ ʧʨʠʨʦʜʥʽʡ 

ʣʘʥʜʰʘʬʪ.  

ʆʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʰʢʽʜʣʠʚʠʭ ʚʠʢʠʜʽʚ ʚ ʘʪʤʦʩʬʝʨʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʢʣʘʜʫ ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘ. ɺ ʭʦʜʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ [5] ʨʦʟʨʘʭʦʚʘʥʽ ʧʦʢʘʟʥʠʢʠ ʝʤʽʩʽʾ ʦʢʩʠʜʽʚ ʚʫʛʣʝʮʶ ʪʘ ʘʟʦʪʫ, 

ʩʽʨʯʠʩʪʦʛʦ ʘʥʛʽʜʨʠʜʫ ʪʘ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʟʚʝʜʝʥʽ ʜʦ ʪʘʙʣʠʮʽ 1. 

 

ʊʘʙʣʠʮʷ 1 ï ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ 

 

ɹʘʩʝʡʥ ʄʘʨʢʘ 

ʇʦʢʘʟʥʠʢ ʝʤʽʩʽʾ ʚʠʢʠʜʽʚ 

ʪʚʝʨʜʽ 

ʯʘʩʪʠʥʢʠ 
ʉʆ2 Sʆ2 Nʆʭ 

ɼʦʥʝʮʴʢʠʡ ɸʐ 5472,01 91315,59 3751,23 116,05 

ɼʦʥʝʮʴʢʠʡ ɻ 3934,99 97700,7 1402,73 116,05 

ɼʦʥʝʮʴʢʠʡ ɼ 3473,64 102827,7 1187,06 116,05 

ɸʣʝʢʩʘʥʜʨʽʡʩʴʢʠʡ ɹ 14501,16 111153,9 7149,06 116,05 

ʊʨʦʩʪʷʥʝʮʴʢʠʡ  13259,1 101332,7 6752,22 116,05 

ʂʦʣʦʤʠʡʩʴʢʠʡ  11943,86 96396,56 4789,92 116,05 

ʄʫʢʘʯʝʚʩʴʢʠʡ  28064,28 112778 1210,19 116,05 

ʃʴʚʽʚʩʴʢʦ-ɺʦʣʠʥʩʴʢʠʡ  7682,81 95163,97 916,99 116,05 

 



 

 214 

ɿ ʦʛʣʷʜʫ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʢʣʘʜ ʧʘʣʠʚʘ ʥʘ ʚʠʢʠʜʠ ʦʢʩʠʜʽʚ 

ʘʟʦʪʫ ʥʝ ʚʧʣʠʚʘʻ. ʆʩʥʦʚʥʠʤ ʯʠʥʥʠʢʦʤ ʚʧʣʠʚʫ ʥʘ ʧʦʢʘʟʥʠʢ ʝʤʽʩʽʾ ʩʽʨʯʠʩʪʦʛʦ ʘʥʛʽʜʨʠʜʫ ʻ 

ʚʽʜʩʦʪʢʦʚʠʡ ʚʤʽʩʪ ʩʽʨʢʠ ʚ ʝʣʝʤʝʥʪʘʨʥʦʤʫ ʩʢʣʘʜʽ ʧʘʣʠʚʘ: ʥʘʡʙʽʣʴʰʝ ʰʢʽʜʣʠʚʠʭ ʚʠʢʠʜʽʚ 

ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ ʆʣʝʢʩʘʥʜʨʽʡʩʴʢʦʛʦ ʙʫʨʦʛʦ ʚʫʛʽʣʣʷ ʪʘ ʚʫʛʽʣʣʷ ʽʟ 

ʊʨʦʩʪʷʥʝʮʴʢʦʛʦ ʙʘʩʝʡʥʫ. ʅʘ ʚʠʢʠʜʠ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʚʧʣʠʚʘʻ 

ʚʤʽʩʪ ʟʦʣʠ ʚ ʧʘʣʠʚʽ: ʥʘʡʤʝʥʰʠʡ  ʧʦʢʘʟʥʠʢ ʝʤʽʩʽʾ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ 

ɼʦʥʝʮʴʢʦʛʦ ʜʦʚʛʦʧʦʣʫʤʝʥʝʚʦʛʦ ʪʘ ʘʥʪʨʘʮʠʪʦʚʦʛʦ ʰʪʠʙʫ ɼʦʥʝʮʴʢʦʛʦ ʙʘʩʝʡʥʫ. 

ʊʘʢʦʞ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰʫ ʯʘʩʪʢʫ ʩʝʨʝʜ ʨʦʟʨʘʭʦʚʘʥʠʭ ʚʠʱʝ ʨʝʯʦʚʠʥ, 

ʩʪʘʥʦʚʣʷʪʴ ʚʠʢʠʜʠ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ. ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ, ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ ʧʨʦʚʝʩʪʠ 

ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʩʢʣʘʜʫ ʧʘʣʠʚʘ ʥʘ ʚʠʢʠʜʠ ʉʆ2. ʆʩʥʦʚʥʠʤʠ ʯʠʥʥʠʢʘʤʠ ʚʧʣʠʚʫ ʥʘ ʚʠʢʠʜʠ 

ʜʘʥʦʛʦ ʛʘʟʫ ʻ ʚʤʽʩʪ ʚʫʛʣʝʮʶ ʽ ʟʦʣʠ ʚ ʧʘʣʠʚʽ. ʊʦʤʫ ʜʦʮʽʣʴʥʠʤ ʻ ʚʩʪʘʥʦʚʠʪʠ ʚʧʣʠʚ 

ʚʠʱʝʚʢʘʟʘʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʥʘ ʢʽʣʴʢʽʩʪʴ ʚʠʢʠʜʫ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʚ ʘʪʤʦʩʬʝʨʫ ʟʘʣʝʞʥʦ ʚʽʜ 

ʚʠʜʫ ʧʘʣʠʚʘ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʟʦʣʠ ʚ 

ʧʘʣʠʚʽ ʟʦʚʩʽʤ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʤʽʩʽʾ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ. ʇʨʦʪʝ, ʥʘ 

ʟʥʘʯʝʥʥʷ k(CO2) ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʢʽʣʴʢʽʩʪʴ ʚʫʛʣʝʮʶ ʚ ʝʣʝʤʝʥʪʘʨʥʦʤʫ ʩʢʣʘʜʽ ʧʘʣʠʚʘ.  

ʆʪʞʝ, ʦʩʥʦʚʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ: 

1. ʉʢʣʘʜ ʧʘʣʠʚʘ ʥʘ ʚʠʢʠʜʠ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʥʝ ʚʧʣʠʚʘʻ. 

2. ʅʘʡʙʽʣʴʰʝ ʰʢʽʜʣʠʚʠʭ ʚʠʢʠʜʽʚ ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ 

ʆʣʝʢʩʘʥʜʨʽʡʩʴʢʦʛʦ ʙʫʨʦʛʦ ʚʫʛʽʣʣʷ ʪʘ ʚʫʛʽʣʣʷ ʽʟ ʊʨʦʩʪʷʥʝʮʴʢʦʛʦ ʙʘʩʝʡʥʫ. 

3. ʅʘʡʤʝʥʰʠʡ ʧʦʢʘʟʥʠʢ ʝʤʽʩʽʾ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ ɼʦʥʝʮʴʢʦʛʦ 

ʜʦʚʛʦʧʦʣʫʤʝʥʝʚʦʛʦ ʪʘ ʘʥʪʨʘʮʠʪʦʚʦʛʦ ʰʪʠʙʫ ɼʦʥʝʮʴʢʦʛʦ ʙʘʩʝʡʥʫ. 

4. ʂʽʣʴʢʽʩʪʴ ʟʦʣʠ ʚ ʧʘʣʠʚʽ ʟʦʚʩʽʤ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʤʽʩʽʾ 

ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ. ʇʨʦʪʝ, ʥʘ ʟʥʘʯʝʥʥʷ k(CO2) ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʢʽʣʴʢʽʩʪʴ ʚʫʛʣʝʮʶ ʚ 

ʝʣʝʤʝʥʪʘʨʥʦʤʫ ʩʢʣʘʜʽ ʧʘʣʠʚʘ. 

5. ʅʘʡʤʝʥʰʝ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʝʤʽʩʽʾ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʘʥʪʨʘʮʠʪʦʚʦʛʦ ʰʪʠʙʫ ɼʦʥʝʮʴʢʦʛʦ ʙʘʩʝʡʥʫ (ʪʘʙʣ. 1). 

6. ʅʘʡʚʠʱʽ ʟʥʘʯʝʥʥʷ k(CO2) ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʆʣʝʢʩʘʥʜʨʽʡʩʴʢʦʛʦ ʙʫʨʦʛʦ ʚʫʛʽʣʣʷ ʪʘ ʚʫʛʽʣʣʷ ʽʟ ʄʫʢʘʯʝʚʩʴʢʦʛʦ ʙʘʩʝʡʥʫ. 
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ʉʪʫʜʝʥʪ 3 ʢʫʨʩʫ, ʛʨ. ʊʉ-ʧ81 ʃʠʪʚʠʥʝʥʢʦ ʆ.ɺ.; ʤʦʣ. ʚʯʝʥʠʡ ʐʝʣʝʰʝʡ ʊ.ɺ. 

ɸʩʠʩʪ., ɹʝʜʥʘʨʩʴʢʘ ɯ.ʉ. 

ʂɯʃʔʂɯʉʅɯ ʇʆʂɸɿʅʀʂʀ ɺʀʂʀɼɯɺ ʉʋʉʇɽʅɼʆɺɸʅʀʍ ʊɺɽʈɼʀʍ ʏɸʉʊʀʅʆʂ 

ʇʈʀ ʈɯɿʅʀʍ ʊɽʍʅʆʃʆɻɯʗʍ ʉʇɸʃʖɺɸʅʅʗ 

 

ʆʜʥʽʻʶ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʛʘʣʫʟʝʡ ʚ ʙʫʜʴ-ʷʢʽʡ ʢʨʘʾʥʽ ʻ ʝʥʝʨʛʝʪʠʢʘ. ʎʝ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʦʩʥʦʚʥʠʭ ʘʩʧʝʢʪʽʚ ʣʶʜʩʴʢʦʛʦ ʞʠʪʪʷ ï ʨʦʙʦʪʠ ʚʩʽʭ ʧʽʜʧʨʠʻʤʩʪʚ (ʩʦʮʽʘʣʴʥʠʭ, ʙʘʥʢʽʚʩʴʢʠʭ, 

ʜʝʨʞʘʚʥʠʭ, ʧʨʠʚʘʪʥʠʭ ʫʩʪʘʥʦʚ ʪʦʱʦ), ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ (ʦʩʚʽʪʣʝʥʥʷ, ʝʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪ ʪʦʱʦ) 

ʪʘ ʧʦʙʫʪʦʚʠʭ ʧʦʪʨʝʙ. 

ʊʝʧʣʦʚʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ (ʊɽʉ) ʚʠʨʦʙʣʷʶʪʴ ʝʥʝʨʛʽʶ, ʩʧʘʣʶʶʯʠ ʚʠʢʦʧʥʝ ʧʘʣʠʚʦ ï 

ʚʫʛʽʣʣʷ, ʤʘʟʫʪ, ʧʨʠʨʦʜʥʠʡ ʛʘʟ. ʆʩʥʦʚʥʠʤ ʧʘʣʠʚʦʤ ʥʘ ʚʽʪʯʠʟʥʷʥʠʭ ʪʝʧʣʦʚʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʭ 

ʻ ʚʫʛʽʣʣʷ ʨʽʟʥʠʭ ʚʠʜʽʚ. ʗʢ ʚʽʜʦʤʦ, ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ ʪʚʝʨʜʠʭ ʧʘʣʠʚ ʚʠʨʦʙʣʷʻʪʴʩʷ ʥʘʡʙʽʣʴʰʘ 

ʢʽʣʴʢʽʩʪʴ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʚ ʘʪʤʦʩʬʝʨʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʰʠʭ ʚʠʜʽʚ 

ʧʘʣʠʚʘ. ʂʽʣʴʢʽʩʪʴ ʮʠʭ ʚʠʢʠʜʽʚ, ʚʢʣʶʯʘʶʯʠ ʚʝʣʠʢʫ ʯʘʩʪʢʫ ʩʫʩʧʝʥʜʦʚʘʥʠʭ ʪʚʝʨʜʠʭ ʨʝʯʦʚʠʥ 

(ʟʦʣʠ), ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ ʦʙʣʘʜʥʘʥʥʷ, ʧʦʪʫʞʥʦʩʪʽ ʫʩʪʘʥʦʚʢʠ, ʚʠʜʫ ʩʧʘʣʝʥʦʛʦ ʧʘʣʠʚʘ ʪʦʱʦ 
[1]. 

ɺʘʨʪʦ ʨʦʟʛʣʷʥʫʪʠ ʨʽʟʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʛʦʨʽʥʥʷ. ɿʘ ʬʘʟʦʚʠʤ ʩʪʘʥʦʤ ʚʠʜʘʣʝʥʥʷ 

ʰʣʘʢʫ ʟ ʪʦʧʢʠ ʨʦʟʨʽʟʥʷʶʪʴ ʢʦʪʣʠ ʟ ʪʚʝʨʜʠʤ ʽ ʨʽʜʢʠʤ ʰʣʘʢʦʚʽʜʚʦʜʦʤ. ʋ ʢʦʪʣʘʭ ʟ ʪʚʝʨʜʠʤ 

ʰʣʘʢʦʚʽʜʚʦʜʦʤ ʰʣʘʢ ʚʠʜʘʣʷʻʪʴʩʷ ʟ ʪʦʧʢʠ ʚ ʪʚʝʨʜʦʤʫ ʩʪʘʥʽ, ʘ ʚ ʢʦʪʣʘʭ ʟ ʨʽʜʢʠʤ 

ʰʣʘʢʦʚʽʜʚʦʜʦʤ ï ʫ ʨʦʟʧʣʘʚʣʝʥʦʤʫ ʩʪʘʥʽ. ʇʨʠ ʚʠʜʘʣʝʥʥʽ ʨʽʜʢʦʛʦ ʰʣʘʢʫ ʪʝʤʧʝʨʘʪʫʨʫ ʚ 

ʢʘʤʝʨʽ ʢʦʪʣʘ ʥʝʦʙʭʽʜʥʦ ʧʽʜʪʨʠʤʫʚʘʪʠ ʥʘ ʨʽʚʥʽ, ʱʦ ʧʝʨʝʚʠʱʫʻ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʥʷ ʰʣʘʢʫ 

ʽ ʟʘʙʝʟʧʝʯʫʻ ʾʭ ʚʠʚʝʜʝʥʥʷ ʟ ʪʦʧʢʠ ʚ ʨʽʜʢʦʤʫ ʩʪʘʥʽ. ʇʝʨʝʚʘʛʘ ʨʽʜʢʦʛʦ ʚʠʜʘʣʝʥʥʷ ʰʣʘʢʫ 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʨʠ ʮʴʦʤʫ ʩʧʦʩʦʙʽ ʟʦʣʘ ʟʘʭʦʧʣʶʻʪʴʩʷ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʝ, ʥʽʞ ʧʨʠ ʪʚʝʨʜʦʤʫ 

ʚʠʜʘʣʝʥʥʽ ʰʣʘʢʫ, ʢʦʣʠ ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʟʦʣʠ ʧʝʨʝʥʦʩʠʪʴʩʷ ʜʠʤʦʚʠʤʠ ʛʘʟʘʤʠ. 

ʋ ʮʠʢʣʦʥʥʠʭ ʪʦʧʢʘʭ ʧʝʨʚʠʥʥʝ ʧʦʚʽʪʨʷ ʨʘʟʦʤ ʟ ʧʘʣʠʚʦʤ ʩʢʨʫʯʫʻʪʴʩʷ ʽ ʧʦʜʘʻʪʴʩʷ ʚ 

ʧʘʣʴʥʠʢ, ʘ ʚʪʦʨʠʥʥʝ - ʧʦ ʜʦʪʠʯʥʽʡ ʯʝʨʝʟ ʱʽʣʠʥʠ. ɺʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ ʟʘʙʝʟʧʝʯʫʻ ʚʠʜʘʣʝʥʥʷ 

ʚʝʣʠʢʠʭ ʯʘʩʪʠʥʦʢ ʟʽ ʩʪʽʥ ʽ ʫʪʨʠʤʘʥʥʷ ʾʭ ʫ ʧʦʪʦʮʽ ʮʠʢʣʦʥʫ ʜʦ ʧʦʚʥʦʛʦ ʟʛʦʨʷʥʥʷ. 

ɼʚʦʢʘʤʝʨʥʘ ʪʦʧʢʘ ʙʽʣʴʰ ʩʢʣʘʜʥʘ ʟʘ ʬʦʨʤʦʶ ʽ ʜʦʨʦʞʯʘ ʟʘ ʦʜʥʦʢʘʤʝʨʥʫ ʪʦʧʢʘ, ʩʪʽʥʢʠ 

ʷʢʦʾ ʫʪʚʦʨʝʥʽ ʩʽʪʯʘʩʪʠʤʠ ʪʨʫʙʘʤʠ ʧʨʦʩʪʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ. ɼʚʦʢʘʤʝʨʥʘ ʪʦʧʢʘ ʙʽʣʴʰ 

ʩʧʨʠʷʪʣʠʚʘ ʜʣʷ ʢʦʪʣʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ ʨʝʞʠʤʽ ʨʦʙʦʪʠ ʧʨʠ ʟʥʠʞʝʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʽ 

ʩʧʘʣʶʚʘʥʥʽ ʚʦʣʦʛʦʛʦ ʚʫʛʽʣʣʷ. 

ʋ ʪʦʧʢʘʭ ʽʟ ʥʝʨʫʭʦʤʠʤ ʰʘʨʦʤ, ʧʘʣʠʚʦ, ʱʦ ʚʽʣʴʥʦ ʣʝʞʠʪʴ ʥʘ ʨʝʰʽʪʢʘʭ , 

ʧʨʦʜʫʚʘʻʪʴʩʷ ʟʥʠʟʫ ʧʦʚʽʪʨʷʤ. ʐʚʠʜʢʽʩʪʴ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʚ ʰʘʨʽ ʪʘʢʘ, ʱʦ ʡʦʛʦ ʧʣʘʚʫʯʽʩʪʴ 

ʤʝʥʰʝ ʚʘʛʠ ʯʘʩʪʠʥʦʢ ʧʘʣʠʚʘ. ʊʦʧʢʠ ʟ ʥʝʨʫʭʦʤʠʤ ʰʘʨʦʤ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʚ 

ʢʦʤʫʥʘʣʴʥʠʭ ʪʘ ʧʨʦʤʠʩʣʦʚʠʭ ʢʦʪʝʣʴʥʷʭ. 

ʂʠʧʣʷʯʠʡ ʰʘʨ ʥʝʚʠʙʘʛʣʠʚʠʡ ʜʦ ʷʢʦʩʪʽ ʧʘʣʠʚʘ: ʚʽʥ ʜʦʩʠʪʴ ʫʩʧʽʰʥʦ ʩʧʘʣʶʻ ʚʫʛʽʣʣʷ ʪʘ 

ʚʫʛʣʝʮʝʚʽ ʚʽʜʭʦʜʠ ʽʟ ʚʤʽʩʪʦʤ ʟʦʣʠ ʜʦ 70% ʪʘ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʠʤ ʚʤʽʩʪʦʤ ʟʦʣʠ ʽʟ ʚʤʽʩʪʦʤ 

ʚʦʣʦʛʠ ʜʦ 60%. ɿʘ ʢʦʨʜʦʥʦʤ ʪʦʧʢʠ ʟ ʢʠʧʣʷʯʠʤ ʰʘʨʦʤ ʰʠʨʦʢʦ ʧʦʰʠʨʶʶʪʴʩʷ ʥʘ 

ʚʦʜʦʛʨʽʡʥʠʭ ʪʘ ʧʘʨʦʚʠʭ ʢʦʪʣʘʭ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʜʦ 100 ʪ/ʛʦʜ. 

ʎʠʨʢʫʣʷʮʽʡʥʽ ʪʦʧʢʠ ʟ ʢʠʧʣʷʯʠʤ ʰʘʨʦʤ ʥʝ ʤʘʶʪʴ ʙʽʣʴʰ ʩʫʚʦʨʠʭ ʚʠʤʦʛ ʜʦ ʷʢʦʩʪʽ 

ʧʘʣʠʚʘ, ʥʽʞ ʢʠʧʣʷʯʠʡ ʰʘʨ, ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʛʦʨʷʥʥʷ ʧʘʣʠʚʘ ʥʘʙʘʛʘʪʦ ʚʠʱʘ. 

ʋ ʢʘʤʝʨʥʠʭ ʪʦʧʢʘʭ ʧʘʣʠʚʦ ʽ ʧʦʚʽʪʨʷ ʧʦʜʘʶʪʴʩʷ ʚ ʪʦʧʢʫ ʧʨʷʤʠʤʠ ʘʙʦ ʟʘʢʨʫʯʝʥʠʤʠ 

ʧʦʪʦʢʘʤʠ ʯʝʨʝʟ ʧʘʣʴʥʠʢʠ, ʩʧʘʣʘʭʫʶʪʴ ʟʘ ʨʘʭʫʥʦʢ ʧʨʦʤʝʥʠʩʪʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʟ ʩʝʨʜʝʯʥʠʢʦʤ 

ʧʘʣʴʥʠʢʘ ʽ ʛʘʨʷʯʠʤʠ ʩʪʽʥʢʘʤʠ, ʚʠʢʠʜʘʶʪʴʩʷ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʤʠ ʧʨʦʜʫʢʪʘʤʠ ʟʛʦʨʷʥʥʷ 

ʜʦ ʢʦʨʝʥʷ ʬʘʢʝʣʘ ʽ ʟʛʦʨʷʶʪʴ ʫ ʬʘʢʝʣʽ ʚʟʜʦʚʞ ʧʦʪʦʢʫ. ɻʘʟʦʧʦʜʽʙʥʝ, ʨʽʜʢʝ ʪʘ ʪʚʝʨʜʝ ʧʘʣʠʚʦ, 

ʧʦʜʨʽʙʥʝʥʝ ʜʦ ʧʠʣʦʧʦʜʽʙʥʦʛʦ ʩʪʘʥʫ, ʧʨʠʜʘʪʥʝ ʜʣʷ ʩʧʘʣʶʚʘʥʥʷ, ʘʣʝ ʯʝʨʝʟ ʨʽʟʥʫ ʧʠʪʦʤʫ 

ʰʚʠʜʢʽʩʪʴ ʛʦʨʽʥʥʷ (ʨʝʘʢʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ) ʦʩʪʘʥʥʻ ʚʠʤʘʛʘʻ ʙʽʣʴʰ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ ʛʦʨʽʥʥʷ. 

ʆʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʰʢʽʜʣʠʚʠʭ 
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ʚʠʢʠʜʽʚ ʚ ʘʪʤʦʩʬʝʨʫ ʪʚʝʨʜʠʭ ʟʚʘʞʝʥʠʭ ʯʘʩʪʠʥʦʢ ʟʘʣʝʞʥʦ ʚʽʜ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʛʦʨʷʥʥʷ [2, 

3]. 

ɺ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʧʘʨʘʤʝʪʨʠ ʚʠʢʠʜʽʚ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ. 

ɿʘʟʥʘʯʝʥʽ ʪʝʭʥʦʣʦʛʽʾ ʟʛʦʨʷʥʥʷ, ʷʢʽ ʥʘʡʯʘʩʪʽʰʝ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʋʢʨʘʾʥʽ, ʙʫʣʠ ʚʨʘʭʦʚʘʥʽ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ (ʨʠʩ. 1). 

 

 
ʈʠʩʫʥʦʢ 1 ï ɿʘʣʝʞʥʽʩʪʴ ʧʦʢʘʟʥʠʢʘ ʝʤʽʩʽʾ kʪʚ ʩʫʩʧʝʥʜʦʚʘʥʠʭ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʚʽʜ 

ʧʦʢʘʟʥʠʢʘ ʘʚʠʥ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʩʧʘʣʶʚʘʥʥʷ 

 

ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 1, ʥʘʡʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʚʠʢʠʜʽʚ ʫ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ 

ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ ʧʘʣʠʚʘ ʟ ʪʚʝʨʜʠʤ ʚʠʜʘʣʝʥʥʷʤ ʰʣʘʢʫ, ʘ 

ʥʘʡʤʝʥʰʘ ï ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʦʧʢʠ ʟ ʥʝʨʫʭʦʤʠʤ ʰʘʨʦʤ ʪʘ ʜʚʦʢʘʤʝʨʥʦʾ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ 

ʮʠʢʣʦʥʥʦʾ ʪʦʧʢʠ. ʄʠ ʪʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʻʤʦ ʥʝʚʝʣʠʢʠʡ ʧʦʢʘʟʥʠʢ kʪʚ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʜʚʦʢʘʤʝʨʥʦʾ ʪʦʧʢʠ ʟ ʚʝʨʪʠʢʘʣʴʥʦʶ ʧʦʧʝʨʝʜʥʴʦʶ ʪʦʧʢʦʶ ʪʘ ʪʦʧʢʦʶ ʟ ʢʠʧʣʷʯʠʤ ʰʘʨʦʤ. 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ: 

1. ʈʦʟʛʣʷʥʫʪʦ ʨʽʟʥʽ ʪʝʭʥʦʣʦʛʽʾ ʟʛʦʨʷʥʥʷ, ʷʢʽ ʥʘʡʯʘʩʪʽʰʝ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʋʢʨʘʾʥʽ. 

2. ʈʦʟʨʘʭʦʚʘʥʦ ʚʠʢʠʜʠ ʪʚʝʨʜʠʭ ʩʫʩʧʝʥʜʦʚʘʥʠʭ ʯʘʩʪʠʥʦʢ . 

3. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʚʠʢʠʜʽʚ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʫ ʥʘʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ ʬʘʢʝʣʽʚ ʽʟ ʪʚʝʨʜʠʤ ʚʠʜʘʣʝʥʥʷʤ ʰʣʘʢʫ, ʘ 

ʥʘʡʤʝʥʰʘ ï ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʦʧʢʠ ʟ ʥʝʨʫʭʦʤʠʤ ʰʘʨʦʤ ʪʘ ʜʚʦʢʘʤʝʨʥʦʾ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ 

ʮʠʢʣʦʥʥʦʾ ʪʦʧʢʠ. 

4. ʅʝʚʝʣʠʢʝ ʯʠʩʣʦ kʪʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʚʦʢʘʤʝʨʥʦʾ ʪʦʧʢʠ ʟ 

ʚʝʨʪʠʢʘʣʴʥʠʤ ʨʦʟʽʛʨʽʚʦʤ ʽ ʪʦʧʢʠ ʟ ʢʠʧʣʷʯʠʤ ʰʘʨʦʤ [4]. 
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ɸʅɸʃɯɿ ɺʇʃʀɺʋ ʉʂʃɸɼʋ ʊɺɽʈɼʆɻʆ ʇɸʃʀɺɸ ʅɸ ʂɯʃʔʂɯʉʅɯ 

ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ɺʀʂʀɼɯɺ ɺɸɾʂʀʍ ʄɽʊɸʃɯɺ 

 

ʑʦʨʦʢʫ ʫ ʩʚʽʪʽ ʩʪʘʻ ʚʩʝ ʙʽʣʴʰʝ ʣʶʜʝʡ, ʢʦʪʨʽ ʧʝʨʝʡʤʘʶʪʴʩʷ ʝʢʦʣʦʛʽʯʥʠʤ ʩʪʘʥʦʤ 

ʧʣʘʥʝʪʠ. ɺʦʥʠ ʧʨʘʮʶʶʪʴ ʥʘʜ ʪʠʤ, ʱʦʙ ʚ ʫʩʽʭ ʩʬʝʨʘʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʣʶʜʠ ʩʪʘʣʠ ʟʚʝʨʪʘʪʠ 

ʙʽʣʴʰʝ ʫʚʘʛʠ ʥʘ ʝʢʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ, ʱʦʙ ʟʥʠʟʠʪʠ ʰʢʦʜʫ, ʱʦ ʥʘʥʦʩʠʪʴʩʷ 

ʧʣʘʥʝʪʽ. ʆʩʦʙʣʠʚʦ ʛʦʩʪʨʦ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʩʬʝʨʠ ʝʥʝʨʛʝʪʠʢʠ. ʎʷ ʛʘʣʫʟʴ ʦʜʥʘ ʟ ʥʘʡʙʽʣʴʰʠʭ ʧʦ 

ʝʢʦʣʦʛʽʯʥʦʤʫ ʚʧʣʠʚʫ ʫ ʩʚʽʪʽ. ʇʨʦʪʝ, ʩʫʯʘʩʥʠʡ ʩʚʽʪ ʥʝʤʦʞʣʠʚʦ ʫʷʚʠʪʠ ʙʝʟ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 

ɽʣʝʢʪʨʠʢʘ ʧʝʨʝʩʣʽʜʫʻ ʣʶʜʠʥʫ ʧʦʚʩʶʜʥʦ: ʚ ʧʦʙʫʪʽ, ʫ ʥʘʚʯʘʥʥʽ, ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʪʘ ʥʘʚʽʪʴ ʥʘ 

ʚʽʜʧʦʯʠʥʢʫ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʮʴʦʛʦ ʚʘʞʣʠʚʦʛʦ ʝʣʝʤʝʥʪʘ ʩʫʯʘʩʥʦʛʦ ʞʠʪʪʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʨʽʟʥʽ ʜʞʝʨʝʣʘ, ʪʘʢʽ ʷʢ: ʪʝʧʣʦʚʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʘʪʦʤʥʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʪʘ 

ʚʽʜʥʦʚʣʶʚʘʣʴʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ. ʅʘ ʪʝʧʣʦʚʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʧʨʠʭʦʜʠʪʴ ʚʝʣʠʢʠʡ ʚʽʜʩʦʪʦʢ 

ʦʜʝʨʞʫʚʘʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ʇʘʣʠʚʦʤ ʜʣʷ ʪʝʧʣʦʚʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʩʣʫʞʠʪʴ: ʚʫʛʽʣʣʷ ʨʽʟʥʠʭ 

ʤʘʨʦʢ, ʧʨʠʨʦʜʥʠʡ ʛʘʟ ʪʘ ʤʘʟʫʪ. ʇʨʠ ʩʧʘʣʶʚʘʥʥʽ ʦʨʛʘʥʽʯʥʠʭ ʧʘʣʠʚ ʪʘʢʦʞ ʤʦʞʣʠʚʠʡ ʚʠʢʠʜ 

ʜʽʦʢʩʠʥʽʚ [1, 2]. 

ʇʝʨʰʽ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʪʝ, ʱʦ ʤʦʞʣʠʚʠʡ ʚʠʢʠʜ ʜʽʦʢʩʠʥʽʚ ʽʟ ʩʝʢʪʦʨʫ ʚʠʨʦʙʥʠʮʪʚʘ 

ʪʝʧʣʘ ʪʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʩʪʦʩʫʶʪʴʩʷ ʧʦʯʘʪʢʫ 1980-ʭ ʨʦʢʽʚ. ɼʝʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʚʝʣʠ, ʱʦ 

ʚʠʢʠʜʠ ʜʽʦʢʩʠʥʽʚ ʤʦʞʫʪʴ ʚʽʜʙʫʚʘʪʠʩʷ ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ ʢʘʤôʷʥʦʛʦ ʚʫʛʽʣʣʷ, ʙʫʨʦʛʦ ʚʫʛʽʣʣʷ ʪʘ 

ʧʽʯʥʦʛʦ ʤʘʩʣʘ, ʘ ʪʘʢʦʞ ʢʦʢʩʦʚʦʛʦ ʛʘʟʫ. ɺʠʢʠʜ ʜʽʦʢʩʠʥʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ 

ʜʝʨʝʚʠʥʠ; ʜʝʨʝʚʠʥʘ, ʷʢʘ ʻ ʯʠʩʪʦʶ ʽ ʨʦʟʫʤʽʻʪʴʩʷ ʷʢ ʙʽʦʤʘʩʘ; ʘʙʦ, ʟʦʢʨʝʤʘ, ʜʝʨʝʚʥʽ ʚʽʜʭʦʜʠ. 

ʇʦʣʽʭʣʦʨʦʚʘʥʽ ʜʠʙʝʥʟʦ-ʨ-ʜʽʦʢʩʠʥʠ (ʇʍɼɼ) ʪʘ ʧʦʣʽʭʣʦʨʦʚʘʥʽ ʜʠʙʝʥʟʦʬʫʨʘʥʠ 

(ʇʍɼʌ), ʷʢʽ ʢʦʨʦʪʢʦ ʥʘʟʠʚʘʶʪʴ ʜʽʦʢʩʠʥʘʤʠ ʪʘ ʬʫʨʘʥʘʤʠ, ʰʠʨʦʢʦ ʚʚʘʞʘʶʪʴʩʷ ʦʜʥʠʤʠ ʟ 

ʥʘʡʥʝʙʝʟʧʝʯʥʽʰʠʭ ʦʪʨʫʪ ʫ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʆʜʥʘʢ ʣʽʪʝʨʘʪʫʨʥʽ ʜʘʥʽ ʚʢʘʟʫʶʪʴ, 

ʱʦ ʭʦʯʘ ʜʽʦʢʩʠʥʠ ʥʝ ʚʠʷʚʣʷʶʪʴ ʥʽ ʛʦʩʪʨʦʾ ʪʦʢʩʠʯʥʦʩʪʽ, ʥʽ ʢʘʥʮʝʨʦʛʝʥʥʦʩʪʽ ʱʦʜʦ ʣʶʜʩʴʢʠʭ 

ʦʨʛʘʥʽʟʤʽʚ, ʷʢ ʮʝ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʚʘʣʦʩʷ ʚ 1970-ʭ ʨʦʢʘʭ, ʜʽʦʢʩʠʥʠ ʥʝ ʻ ʥʝʡʪʨʘʣʴʥʠʤʠ ʜʣʷ 

ʚʩʽʭ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ, ʚʢʣʶʯʘʶʯʠ ʣʶʜʝʡ. ɺʦʥʠ ʚʽʜʥʝʩʝʥʽ ʜʦ ʛʨʫʧʠ ʪʘʢ ʟʚʘʥʠʭ 

"ʝʥʜʦʢʨʠʥʥʠʭ ʨʫʡʥʽʚʥʠʢʽʚ" ï ʨʝʯʦʚʠʥ, ʱʦ ʧʦʨʫʰʫʶʪʴ ʩʝʢʨʝʮʽʶ ʛʦʨʤʦʥʽʚ ʚʥʫʪʨʽʰʥʴʦʾ 

ʩʝʢʨʝʮʽʾ, ï ʽ ʯʝʨʝʟ ʮʝ ʾʭ ʚʠʢʠʜʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʟʤʝʥʰʝʥʽ. 

ʅʘ ʪʣʽ ʚʽʜʦʤʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʙʽʣʴʰ ʥʽʞ 20-ʨʽʯʥʦʛʦ ʨʦʟʩʣʽʜʫʚʘʥʥʷ ʧʦʚʽʜʦʤʣʷʻʪʴʩʷ, ʱʦ 

ʜʽʦʢʩʠʥʠ (ʇʍɼɼ) ʪʘ ʬʫʨʘʥʠ (ʇʍɼʌ) ʫʪʚʦʨʶʶʪʴʩʷ ʷʢ ʥʝʙʘʞʘʥʠʡ ʧʦʙʽʯʥʠʡ ʧʨʦʜʫʢʪ 

ʧʨʘʢʪʠʯʥʦ ʫ ʚʩʽʭ ʧʨʦʮʝʩʘʭ ʛʦʨʽʥʥʷ (ʚʢʣʶʯʘʶʯʠ ʧʨʦʮʝʩʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʽʜ ʯʘʩ 

ʢʦʤʫʥʘʣʴʥʦʛʦ , ʧʨʦʤʠʩʣʦʚʦʛʦ, ʣʽʢʘʨʩʴʢʦʛʦ ʘʙʦ ʩʧʘʣʝʥʥʷ ʰʣʘʤʫ ʩʪʽʯʥʠʭ ʚʦʜ, ʘ ʪʘʢʦʞ ʧʽʜ ʯʘʩ 

ʩʧʘʣʶʚʘʥʥʷ ʤʽʥʝʨʘʣʴʥʦʛʦ ʧʘʣʠʚʘ, ʪʦʙʪʦ ʢʘʤôʷʥʦʛʦ ʚʫʛʽʣʣʷ, ʢʘʤôʷʥʦʛʦ ʚʫʛʽʣʣʷ ʪʘ ʩʧʘʣʝʥʥʷ 

ʙʽʦʤʘʩʠ) ʧʝʚʥʽ ʚʠʨʦʙʥʠʯʽ ʧʨʦʤʠʩʣʦʚʽ ʧʨʦʮʝʩʠ (ʥʘʧʨʠʢʣʘʜ, ʚʠʨʦʙʥʠʮʪʚʦ ʧʝʩʪʠʮʠʜʽʚ, ʧʘʧʝʨʫ 

ʪʘ ʮʝʣʶʣʦʟʠ), ʘ ʪʘʢʦʞ ʤʝʪʘʣʫʨʛʽʡʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʪʘ ʢʦʣʴʦʨʦʚʘ ʤʝʪʘʣʫʨʛʽʷ. ʋ 1970ï80-ʭ 

ʨʦʢʘʭ ʦʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʚʠʢʠʜʽʚ PCDD/F ʫ ʙʽʣʴʰʦʩʪʽ ʢʨʘʾʥ ʩʚʽʪʫ ʙʫʣʠ ʩʧʘʣʶʚʘʣʴʥʽ 

ʩʧʦʨʫʜʠ ʜʣʷ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ. ɺ ʜʘʥʠʡ ʯʘʩ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʦʩʠʣʝʥʥʷ ʥʦʨʤ ʚʠʢʠʜʽʚ, 

ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʛʦʨʷʥʥʷ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʩʠʩʪʝʤ ʦʯʠʱʝʥʥʷ 

ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʩʠʪʫʘʮʽʷ ʟʤʽʥʠʣʘʩʷ, ʽ ʩʫʯʘʩʥʽ ʩʧʘʣʶʚʘʣʴʥʽ ʫʩʪʘʥʦʚʢʠ ʚʠʜʽʣʷʶʪʴ ʜʠʤʦʚʽ ʛʘʟʠ, 

ʱʦ ʤʽʩʪʷʪʴ ʜʽʦʢʩʠʥʠ ʪʘ ʬʫʨʘʥʠ, ʫ ʢʦʥʮʝʥʪʨʘʮʽʾ, ʧʦʜʽʙʥʽʡ ʜʦ ʪʦʛʦ, ʱʦ ʟʘʟʚʠʯʘʡ ʪʨʘʧʣʷʻʪʴʩʷ 

ʚ ʟʘʙʨʫʜʥʝʥʦʤʫ ʧʦʚʽʪʨʽ ʤʽʩʪ. ʑʝ ʦʜʥʠʤ ʚʘʞʣʠʚʠʤ ʜʞʝʨʝʣʦʤ ʚʠʢʠʜʽʚ PCDD/F ʻ ʥʝʚʝʣʠʢʽ 

ʩʧʘʣʶʚʘʣʴʥʽ ʩʧʦʨʫʜʠ ʜʣʷ ʤʝʜʠʯʥʠʭ (ʣʽʢʘʨʥʷʥʠʭ) ʚʽʜʭʦʜʽʚ. ʎʝ ʩʧʨʠʯʠʥʠʣʦ ʚʠʢʠʜʠ 

ʧʨʠʙʣʠʟʥʦ 200ï400 ʛ ʝʢʚʽʚʘʣʝʥʪʽʚ ʪʦʢʩʠʯʥʦʩʪʽ (TEQ) ʥʘ ʨʽʢ (Ḑ10% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ) 
ʚ ɭʚʨʦʧʽ ʚ 2001 ʨʦʮʽ, ʘʣʝ ʧʽʩʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ɼʠʨʝʢʪʠʚʠ ʧʨʦ ʩʧʘʣʶʚʘʥʥʷ ʚʽʜʭʦʜʽʚ ʫ ʢʨʘʾʥʘʭ 

ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ (ɭʉ) ʚʠʢʠʜʠ ʜʽʦʢʩʠʥʫ ʚʽʜ ʮʽ ʨʦʩʣʠʥʠ ʰʚʠʜʢʦ ʚʧʘʣʠ. ɿʥʘʯʥʠʤ 

ʜʞʝʨʝʣʦʤ ʩʴʦʛʦʜʥʽ ʚ ʇʦʣʴʱʽ ʪʘ ʙʘʛʘʪʴʦʭ ʻʚʨʦʧʝʡʩʴʢʠʭ ʢʨʘʾʥʘʭ ʻ ʝʥʝʨʛʝʪʠʯʥʠʡ ʪʘ 

ʤʝʪʘʣʫʨʛʽʡʥʠʡ ʩʝʢʪʦʨʠ, ʱʦ ʦʭʦʧʣʶʻ ʤʝʪʘʣʫʨʛʽʡʥʫ ʧʨʦʤʠʩʣʦʚʽʩʪʴ, ʢʦʣʴʦʨʦʚʫ ʤʝʪʘʣʫʨʛʽʶ ʪʘ 
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ʚʪʦʨʠʥʥʫ ʧʝʨʝʨʦʙʢʫ ʙʨʫʭʪʫ. ʆʜʥʘʢ ʜʫʞʝ ʚʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʻ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʝ 

ʩʧʘʣʶʚʘʥʥʷ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ ʫ ʧʦʙʫʪʦʚʠʭ ʧʝʯʘʭ ʪʘ ʩʧʘʣʶʚʘʥʥʷ ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘ ʥʠʟʴʢʦʾ 

ʷʢʦʩʪʽ (ʚʢʣʶʯʘʶʯʠ ʢʘʤôʷʥʝ ʪʘ ʙʫʨʝ ʚʫʛʽʣʣʷ) ʫ ʥʝʚʝʣʠʢʠʭ, ʟʘʩʪʘʨʽʣʠʭ ʪʘ ʥʘʜʤʽʨʥʦ 

ʝʢʩʧʣʫʘʪʦʚʘʥʠʭ ʤʽʩʮʝʚʠʭ ʢʦʪʝʣʴʥʷʭ, ʚ ʷʢʠʭ ʫʤʦʚʠ ʩʧʘʣʝʥʥʷ ʪʘ ʛʦʨʽʥʥʷ ʜʫʞʝ ʥʝʛʘʪʠʚʥʽ ʟ 

ʪʦʯʢʠ ʟʦʨʫ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʪʘ ʭʽʤʽʾ ʛʦʨʽʥʥʷ ʪʘ ʩʧʘʣʶʚʘʥʥʷ. ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʮʝ ʦʩʥʦʚʥʽ 

ʜʞʝʨʝʣʘ ʚʠʢʠʜʽʚ ʜʽʦʢʩʠʥʫ ʚ ʧʦʚʽʪʨʷ ʚ ʙʽʣʴʰʦʩʪʽ ʻʚʨʦʧʝʡʩʴʢʠʭ ʢʨʘʾʥ, ʚʢʣʶʯʘʶʯʠ ʇʦʣʴʱʫ. 

ʉʴʦʛʦʜʥʽ, ʟʚʘʞʘʶʯʠ ʥʘ ʙʘʛʘʪʫ ʧʨʝʜʤʝʪʥʫ ʣʽʪʝʨʘʪʫʨʫ, ʤʦʞʥʘ ʚʠʟʥʘʪʠ, ʱʦ ʦʩʥʦʚʥʠʤʠ 

ʜʞʝʨʝʣʘʤʠ ʚʠʢʠʜʽʚ ʜʽʦʢʩʠʥʫ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʻ ʥʘʩʘʤʧʝʨʝʜ ʪʝʧʣʦʚʽ ʧʨʦʮʝʩʠ, 

ʚʢʣʶʯʘʶʯʠ ʧʨʦʮʝʩʠ ʛʦʨʽʥʥʷ ʪʘ ʽʥʰʽ (ʥʘʧʨʠʢʣʘʜ, ʤʝʪʘʣʫʨʛʽʡʥʽ) ʧʨʦʮʝʩʠ. 

ʂʽʣʴʢʽʩʪʴ ʚʠʢʠʜʽʚ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʤʽʩʪʫ ʮʠʭ ʤʝʪʘʣʽʚ ʚ ʝʥʝʨʛʝʪʠʯʥʦʤʫ 

ʧʘʣʠʚʽ. ʂʦʞʥʝ ʧʘʣʠʚʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʣʠʰʝ ʚʤʽʩʪʦʤ ʨʪʫʪʽ ʪʘ ʩʚʠʥʮʶ. ʊʦʤʫ ʜʦʮʽʣʴʥʦ ʟʚʝʨʥʫʪʠ 

ʫʚʘʛʫ ʥʘ ʮʽ ʜʚʘ ʝʣʝʤʝʥʪʠ. ɺ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʟʛʽʜʥʦ ʟ [3], ʨʦʟʨʘʭʦʚʫʚʘʣʠʩʷ ʧʦʢʘʟʥʠʢʠ 

ʚʠʢʠʜʽʚ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʙʨʘʣʠʩʷ ʜʦ ʫʚʘʛʠ ʪʠʧʠ ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘ, ʱʦ 

ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʋʢʨʘʾʥʽ ʥʘ ʪʝʧʣʦʚʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʭ. ʅʘ ʨʠʩʫʥʢʫ 1 

ʧʦʢʘʟʘʥʦ ʟʘʣʝʞʥʽʩʪʴ ʝʤʽʩʽʡ ʨʪʫʪʽ ʽ ʩʚʠʥʮʶ ʚʽʜ ʾʭʥʴʦʛʦ ʚʤʽʩʪʫ ʚ ʧʘʣʠʚʽ[4]. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɿʘʣʝʞʥʽʩʪʴ ʝʤʽʩʽʡ ʨʪʫʪʽ ʽ ʩʚʠʥʮʶ ʚʽʜ ʾʭʥʴʦʛʦ ʚʤʽʩʪʫ ʚ ʧʘʣʠʚʽ 

 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʘ, ʥʘʡʙʽʣʴʰʝ ʚʠʢʠʜʽʚ ʨʪʫʪʽ ʽ ʩʚʠʥʮʶ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ 

ʩʧʘʣʶʚʘʥʥʽ ʘʥʪʨʘʮʠʪʫ, ʘ ʥʘʡʤʝʥʰʝ ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ ʦʣʝʢʩʘʥʜʨʽʡʩʴʢʦʛʦ ʙʫʨʦʛʦ. 
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ʋɼʂ 662.767 

ʉʪʫʜʝʥʪ 3 ʢʫʨʩʫ, ʛʨ. ʊʉ-81 ʆʣʽʡʥʠʢ ɺ.ʆ. 

ɼʦʮ., ʢ.ʪ.ʥ. ʉʽʨʠʡ ʆ.ɸ. 

ʇɽʈʉʇɽʂʊʀɺʀ ɺʀʂʆʈʀʉʊɸʅʅʗ ʇʈʀʈʆɼʅʆɻʆ ɻɸɿʋ ʂʈɸɰʅɸʄʀ ɭɺʈʆʇʀ 

ɼʆ 2050 ʈʆʂʋ 

ɺ ʢʦʥʪʝʢʩʪʽ ʧʝʨʝʭʦʜʫ ɭʉ ʜʦ ʥʠʟʴʢʦʚʫʛʣʝʮʝʚʦʾ ʝʢʦʥʦʤʽʢʠ ʛʘʟʦʚʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʟʘʟʥʘʻ 

ʟʥʘʯʥʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʧʨʦʪʷʛʦʤ ʥʘʩʪʫʧʥʠʭ ʜʝʩʷʪʠʣʽʪʴ. ʅʘ ʧʝʨʽʦʜ ʜʦ 2030 ʨʦʢʫ 

ʧʨʦʛʥʦʟʫʻʪʴʩʷ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʟʘʣʠʰʘʪʠʤʝʪʴʩʷ ʩʪʘʙʽʣʴʥʠʤ ʘʙʦ ʜʝʱʦ 

ʟʤʝʥʰʠʪʴʩʷ [1]. ʇʝʨʝʭʽʜ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʧʨʠʨʦʜʥʠʡ ʛʘʟ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʴ ʢʦʨʦʪʢʦ ʪʘ ʩʝʨʝʜʥʴʦʩʪʨʦʢʦʚʦʶ ʧʝʨʩʧʝʢʪʠʚʦʶ ʜʣʷ ʢʨʘʾʥ, 

ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʬʘʟʽ ʧʦʩʪʫʧʦʚʦʛʦ ʧʨʠʧʠʥʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʫʛʽʣʣʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʛʘʟʫ 

ʧʦʢʨʘʱʫʻ çʤʘʥʝʚʨʝʥʽʩʪʴè ʝʥʝʨʛʦʩʠʩʪʝʤʠ, ʱʦ ʻ ʥʝʦʙʭʽʜʥʠʤ ʧʨʠ ʧʝʨʝʭʦʜʽ ʥʘ ʚʽʜʥʦʚʣʶʚʘʥʽ 

ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ, ʪʘʢʽ ʷʢ ʚʽʪʨʦʚʘ ʪʘ ʩʦʥʷʯʥʘ. ɿʘ ʦʩʥʦʚʥʠʤ ʩʮʝʥʘʨʽʻʤ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ 

ʧʦʧʠʪ ʥʘ ʧʨʠʨʦʜʥʠʡ ʛʘʟ ʙʫʜʝ ʟʥʠʞʫʚʘʪʠʩʴ. ʂʨʽʤ ʪʦʛʦ ʦʯʽʢʫʻʪʴʩʷ, ʱʦ ʚʦʜʝʥʴ ʪʘ ʩʠʥʪʝʪʠʯʥʠʡ 

ʤʝʪʘʥ ʟ ʯʘʩʦʤ ʟʘʤʽʥʷʪʴ ʧʨʠʨʦʜʥʠʡ ʛʘʟ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʙʽʦʛʘʟ ʪʘ ʙʽʦʤʝʪʘʥ ʻ ʚ ʜʘʥʠʡ ʯʘʩ 

ʥʘʡʙʽʣʴʰ ʢʦʤʝʨʮʽʡʥʦ ʚʠʛʽʜʥʦʶ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʽ ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʟʥʘʯʥʦʾ 

ʤʦʜʠʬʽʢʘʮʽʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʧʨʠ ʾʭ ʚʧʨʦʚʘʜʞʝʥʥʽ. ʆʜʥʘʢ ʚʠʨʦʙʥʠʮʪʚʦ ʟʘʟʥʘʯʝʥʠʭ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʛʘʟʽʚ ʟʘʚʞʜʠ ʙʫʜʝ ʦʙʤʝʞʫʚʘʪʠʩʴ ʥʘʷʚʥʽʩʪʶ ʩʠʨʦʚʠʥʠ ʪʘ ʦʩʦʙʣʠʚʦʩʪʷʤʠ 

ʨʦʟʚʠʪʢʫ ʨʝʛʽʦʥʘʣʴʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ʆʯʝʚʠʜʥʦ, ʱʦ ʜʦʩʪʘʚʢʘ ʚʝʣʠʢʠʭ ʦʙôʻʤʽʚ ʽ ʨʦʟʚʠʪʦʢ 

ʧʦʚʥʦʮʽʥʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʥʝʤʦʞʣʠʚʠʡ ʙʝʟ ʪʘʢ ʟʚʘʥʦʛʦ çʩʠʥʴʦʛʦè ʚʦʜʥʶ, ʷʢʠʡ 

ʚʠʨʦʙʣʷʻʪʴʩʷ ʟ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʽ ʤʘʻ ʥʘ ʫʚʘʟʽ ʦʙʦʚôʷʟʢʦʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ 

ʟʘʭʦʧʣʝʥʥʷ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʚʫʛʣʝʮʶ (CCS). ʉʠʥʽʡ ʚʦʜʝʥʴ ʜʦʧʦʤʦʞʝ ʫ ʥʘʨʦʱʫʚʘʥʥʽ 

ʚʠʨʦʙʥʠʮʪʚʘ ʚʦʜʥʶ ʚ ʧʦʯʘʪʢʦʚʽʡ ʬʘʟʽ, ʦʜʥʘʢ ʡʦʛʦ ʚʠʨʦʙʥʠʮʪʚʦ ʫ ʢʽʥʮʝʚʦʤʫ ʨʝʟʫʣʴʪʘʪʽ ʥʝ ʻ 

ʥʝʡʪʨʘʣʴʥʠʤ ʙʝʟʚʫʛʣʝʮʝʚʠʤ ʧʨʦʮʝʩʦʤ, ʥʘʚʽʪʴ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʽʜʧʨʘʮʴʦʚʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 

ʝʢʦʣʦʛʽʯʥʦʾ ʜʦ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. çɿʝʣʝʥʠʡè ʚʦʜʝʥʴ ʚʠʨʦʙʣʷʻʪʴʩʷ ʟ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʽ ʪʦʤʫ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʠʭ ʦʙôʻʤʽʚ ʜʦʩʪʫʧʥʦʾ ʚʽʜʥʦʚʣʶʚʘʥʦʾ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʽ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʝʣʝʢʪʨʦʣʽʟʝʨʥʫ ʪʝʭʥʦʣʦʛʽʶ. 

ʇʦʧʠʪ ʥʘ ʛʘʟʦʧʦʜʽʙʥʝ ʧʘʣʠʚʦ ʟ ʥʠʟʴʢʠʤ ʪʘ ʥʫʣʴʦʚʠʤ ʨʽʚʥʝʤ ʚʫʛʣʝʮʶ ʙʫʜʝ ʟʘʣʝʞʘʪʠ ʚʽʜ ʾʭ 

ʢʽʥʮʝʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʝʥʝʨʛʝʪʠʮʽ, ʧʦʙʫʪʽ, ʧʨʦʤʠʩʣʦʚʦʤʫ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʩʝʢʪʦʨʘʭ ʽ 

ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʚʠʪʨʘʪʘʤʠ, ʟʨʫʯʥʽʩʪʶ ʽ ʜʦʩʪʫʧʥʽʩʪʶ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʚʦʜʥʝʚʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʤʘʪʠʤʝ ʥʘʩʣʽʜʢʠ ʜʣʷ ʽʩʥʫʶʯʠʭ ʛʘʟʦʚʠʭ ʤʝʨʝʞ ʪʘ ʾʭʥʽʭ ʦʧʝʨʘʪʦʨʽʚ, ʙʽʣʴʰʦʩʪʽ 

ʟ ʥʠʭ ʧʨʠʡʜʝʪʴʩʷ ʦʥʦʚʣʶʚʘʪʠ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ.  

ʋ ʣʠʩʪʦʧʘʜʽ 2018 ʨʦʢʫ ɭʚʨʦʧʝʡʩʴʢʘ ʂʦʤʽʩʽʷ ʦʧʨʠʣʶʜʥʠʣʘ ʩʚʦʶ ɼʦʚʛʦʩʪʨʦʢʦʚʫ 

ʩʪʨʘʪʝʛʽʶ, ʷʢʘ ʧʨʝʜʩʪʘʚʣʷʻ ʥʘʙʽʨ ʩʮʝʥʘʨʽʾʚ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ ʢʨʘʾʥ 

ɭʉ ʫ ʧʝʨʽʦʜ ʜʦ 2050 ʨʦʢʫ [2]. ʊʘʢ, ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʚʽʜʥʠʭ 

ʻʚʨʦʧʝʡʩʴʢʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʧʽʣʴʥʦʪ: Commission, IEA, TYNDP, Trinomics, BP, Shell, 

Equinor, Eurogas ʪʘ ʽʥ. ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʝʢʽʣʴʢʘ ʨʽʟʥʠʭ ʩʮʝʥʘʨʽʾʚ ʩʧʦʞʠʚʘʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ 

ʥʘ ʧʝʨʽʦʜ ʜʦ 2050 ʨʦʢʫ. ʈʦʟʨʦʙʣʝʥʽ ʩʪʨʘʪʝʛʽʾ, ʨʽʟʥʷʪʴʩʷ ʟʘ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʚʦʜʥʶ, ʘ ʪʘʢʦʞ ʚʽʜʩʦʪʢʦʤ ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʟʘʭʦʜʽʚ. ɺʠʜʥʦ, 

ʱʦ ʘʙʩʦʣʶʪʥʘ ʙʽʣʴʰʽʩʪʴ ʧʨʦʛʥʦʩʪʠʯʥʠʭ ʦʮʽʥʦʢ ʧʝʨʝʜʙʘʯʘʻ ʟʥʠʞʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʫ ʥʘʡʙʣʠʞʯʽ 30 ʨʦʢʽʚ, ʘʣʝ ʮʷ ʪʝʥʜʝʥʮʽʷ ʥʘʙʫʜʝ ʪʘʢʦʛʦ ʭʘʨʘʢʪʝʨʫ ʪʽʣʴʢʠ 

ʧʽʩʣʷ 2030 ʨʦʢʫ, ʘ ʦʪ ʥʘ ʥʘʡʙʣʠʞʯʝ ʜʝʩʷʪʠʣʽʪʪʷ ʩʧʘʜ ʩʧʦʞʠʚʘʥʥʷ ʥʝ ʧʝʨʝʚʠʱʫʚʘʪʠʤʝ 15ï

20%, ʘ ʟʘ ʜʝʷʢʠʤʠ ʦʮʽʥʢʘʤʠ ʥʘʚʽʪʴ ʟʙʽʣʴʰʠʪʴʩʷ (ʜʠʚ. ʨʠʩ. 1). 
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ʨʦʢʠ 

 
ʈʠʩʫʥʦʢ 1 ï ʇʨʦʛʥʦʟ ʩʧʦʞʠʚʘʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʢʨʘʾʥʘʤʠ ɭʚʨʦʩʦʶʟʫ ʥʘ ʧʝʨʽʦʜ ʜʦ 

2050 ʤʣʨʜ. ʤ3 

 

ʆʩʢʽʣʴʢʠ ʧʦʧʠʪ ʥʘ ʧʨʠʨʦʜʥʠʡ ʛʘʟ ʜʦ 2030 ʨʦʢʫ ʚʚʘʞʘʻʪʴʩʷ ʩʪʘʙʽʣʴʥʠʤ, ʪʦʤʫ ʚʠʙʽʨ 

ʘʣʴʪʝʨʥʘʪʠʚʠ ʩʘʤʝ ʫ ʥʘʡʙʣʠʞʯʽ ʢʽʣʴʢʘ ʨʦʢʽʚ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠ ʤʘʡʙʫʪʥʻ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʜʦ 

2050 ʨʦʢʫ ʽ ʜʘʣʽ. ʆʯʝʚʠʜʥʦ, ʱʦ ʛʘʟʠ ʟ ʥʠʟʴʢʠʤ ʪʘ ʥʫʣʴʦʚʠʤ ʨʽʚʥʝʤ ʚʫʛʣʝʮʶ ʚʽʜʽʛʨʘʚʘʪʠʤʫʪʴ 

ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʧʝʨʽʦʜ ʧʽʩʣʷ 2030 ʨʦʢʫ, ʪʦʤʫ ʨʦʙʦʪʠ ʱʦʜʦ ʧʦʰʫʢʫ ʘʣʴʪʝʨʥʘʪʠʚʠ ʥʘʡʙʽʣʴʰ 

ʝʢʦʣʦʛʽʯʥʦʤʫ ʚʠʢʦʧʥʦʤʫ ʧʘʣʠʚʫ ʘʢʪʠʚʽʟʫʶʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝ ʪʘʢ ʙʘʛʘʪʦ ʯʘʩʫ 

ʱʦʙ ʩʪʘʪʠ ʛʦʪʦʚʠʤʠ ʜʦ ʫʤʦʚ ʨʠʥʢʫ  [3]. 

 

ʇʝʨʝʣʽʢ ʧʦʩʠʣʘʥʴ: 

1. https://www.ceps.eu/ceps-publications/the-future-of-gas-in-europe/ 

2. https://www.iea.org/fuels-and-technologies/gas 

3. Eurostat (2018)óStatistical pocketbook 2018ô, 

https://publications.europa.eu/en/publication-detail/-/publication/99fc30eb-c06d-11e8-9893-

01aa75ed71a1/language-en/format-PDF/source-77059768. 
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ʉʪʫʜʝʥʪ 3 ʢʫʨʩʫ, ʛʨ. ʊʉ-81 ʇ'ʷʪʘʯʫʢ ɺ.ʉ.; ʤʦʣ. ʚʯʝʥʠʡ ʐʝʣʝʰʝʡ ʊ.ɺ. 

ɸʩʠʩʪ. ɹʝʜʥʘʨʩʴʢʘ ɯ.ʉ. 

ɸʅɸʃʀɿ ʇʈʀʄɽʅɽʅʀʗ ɻɸɿʆʄɸɿʋʊʅʓʍ ɹʃʆʂʆɺ ʉ ʎɽʃʔʖ ʋʄɽʅʔʐɽʅʀʗ 

ɺʓɹʈʆʉʆɺ ʆʂʉʀɼʆɺ ɺɸʅɸɼʀʗ 

ʇʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ ʩʚʷʟʘʥʦ ʩʦ ʚʩʝʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʯʝʣʦʚʝʢʘ, ʢʦʪʦʨʫʶ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʦʥ ʧʦʣʫʯʘʝʪ ʦʪ ʵʥʝʨʛʦʩʠʩʪʝʤʳ. ɺ ʵʥʝʨʛʦʩʠʩʪʝʤʫ ʋʢʨʘʠʥʳ ʚʭʦʜʷʪ ʊʕʉ, ɸʕʉ, ɻɸʕʉ, 

ɻʕʉ, ʉʕʉ, ɺʕʉ ʠ ʜʨ. ɼʦʣʷ ʪʝʧʣʦʚʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘ, ʠ ʩʦʩʪʘʚʣʷʝʪ 35%. 

ʕʣʝʢʪʨʦʵʥʝʨʛʠʷ ʥʘ ʪʝʧʣʦʚʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ ʧʨʦʠʟʚʦʜʠʪʩʷ ʟʘ ʩʯʝʪ ʩʞʠʛʘʥʠʷ ʠʩʢʦʧʘʝʤʦʛʦ 

ʪʦʧʣʠʚʘ (ʫʛʦʣʴ, ʧʨʠʨʦʜʥʳʡ ʛʘʟ, ʤʘʟʫʪ). ɺ ʋʢʨʘʠʥʝ ʯʘʱʝ ʚʩʪʨʝʯʘʶʪʩʷ ʧʳʣʝʫʛʦʣʴʥʳʝ 

ʩʪʘʥʮʠʠ, ʛʜʝ ʦʩʥʦʚʥʳʤ ʪʦʧʣʠʚʦʤ ʷʚʣʷʝʪʩʷ ʫʛʦʣʴ, ʘ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥ ʤʘʟʫʪ, ʢʦʪʦʨʳʡ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʨʝʟʝʨʚʥʳʡ ʪʦʧʣʠʚʦ. ʇʦʩʢʦʣʴʢʫ ʤʘʟʫʪ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦ ʚʩʝʭ ʪʝʧʣʦʚʳʭ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ, ʩʪʦʠʪ ʦʙʨʘʪʠʪʴ ʥʘ ʵʪʦ ʚʥʠʤʘʥʠʝ ʠ ʠʟʫʯʠʪʴ ʝʛʦ ʚʣʠʷʥʠʝ ʥʘ ʩʨʝʜʫ [1]. 

ʉʦʝʜʠʥʝʥʠʷ ʚʘʥʘʜʠʷ ï ʦʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʤʘʟʫʪʘ, ʟʦʣʳ, ʧʦʵʪʦʤʫ ʢʦʣʠʯʝʩʪʚʦ ʚʳʙʨʦʩʦʚ 

ʚʘʥʘʜʠʷ ʧʨʠʥʠʤʘʝʪʩʷ ʟʘ ʢʦʥʪʨʦʣʴʥʳʡ ʧʘʨʘʤʝʪʨ ʚʨʝʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʤʘʟʫʪʘ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʦʧʣʠʚʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, ʩʞʠʛʘʶʱʠʝ ʤʘʟʫʪ ʥʝ 

ʦʩʥʘʱʝʥʳ ʩʦʚʨʝʤʝʥʥʳʤ ʧʳʣʝʫʣʘʚʣʠʚʘʶʱʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ [2]. 

ʇʦ ʚʣʠʷʥʠʶ ʥʘ ʯʝʣʦʚʝʢʘ ʠ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʧʷʪʠʦʢʠʩʴ ʚʘʥʘʜʠʷ ʦʪʥʦʩʠʪʩʷ ʢ 

ʧʝʨʚʦʤʫ ʢʣʘʩʩʫ ʦʧʘʩʥʦʩʪʠ, ʦʩʪʘʪʢʠ ʟʦʣʳ ʪʝʧʣʦʚʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʛʦʨʷʱʠʡ ʤʘʟʫʪ - ʢʦ 

ʚʪʦʨʦʤʫ ʢʣʘʩʩʫ ʦʧʘʩʥʦʩʪʠ. ʇʦʧʘʜʘʷ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʭʠʤʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʚʘʥʘʜʠʷ 

ʩʦʝʜʠʥʝʥʠʷ ʤʦʛʫʪ ʦʩʪʘʚʘʪʴʩʷ ʚ ʥʝʤ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ, ʥʘʢʘʧʣʠʚʘʪʴʩʷ, ʚʩʪʫʧʘʪʴ ʚ 

ʭʠʤʠʯʝʩʢʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʙʠʦʩʬʝʨʳ, ʚʣʠʷʶʪ ʥʘ ʬʘʫʥʫ, 

ʬʣʦʨʫ ʠ ʣʶʜʝʡ. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʠ ʫʪʠʣʠʟʘʮʠʠ ʟʦʣʦʰʣʘʢʦʚʳʭ ʦʩʪʘʪʢʦʚ ʊʕʉ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʠʭ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʚʘʥʘʜʠʡʩʦʜʝʨʞʘʱʝʛʦ 

ʩʳʨʴʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺʦ ʤʥʦʛʠʭ ʦʪʨʘʩʣʷʭ ʚʘʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʦʦʪʥʦʰʝʥʠʝ ʚʘʥʘʜʠʷ ʚ 

ʨʘʟʥʳʭ ʚʠʜʘʭ ʦʪʭʦʜʦʚ ʠ ʢʦʣʠʯʝʩʪʚʦ ʢʘʞʜʦʛʦ ʚʠʜʘ ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ [3]. 

ʅʘ ʊʕʉ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʘʟʫʪ ʨʘʟʣʠʯʥʳʭ ʤʘʨʦʢ, ʩʦʩʪʘʚ ʢʦʪʦʨʳʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1. 

ʊʘʙʣʠʮʘ 1 ï ʉʦʩʪʘʚ ʤʘʟʫʪʘ [4] 

͔͔̏ͣͤͭͤ͡·͚ ͍ͫͦͫͭ͊ ͙͍ͭͦͨ͊͡ 

˸͊ͪ͊͟ ͣ͊ͯͭ͊͘ 

ͫ ͍·͙ͫͦͣ͟ ͔͙͔ͫͦ͒ͪ͗͊ͤͣ 
͔ͫͪ· 

ͫ ͙͙ͤͣ͘͟ ͔͙͔ͫͦ͒ͪ͗͊ͤͣ 
͔ͫͪ· 

40 100 200 40 100 

Sdaf, % 2,50 2,70 3,00 0,40 0,40 

Cdaf, % 85,50 85,70 85,90 87,50 87,50 

Hdaf, % 11,20 10,60 10,20 11,50 11,10 

(O+N)daf, % 0,80 1,00 0,90 0,60 1,00 

v ŘŀŦΣ ˸˨͗κ͎͟ 40,40 40,03 39,77 41,24 40,82 

Ad, % 0,15 0,15 0,30 0,15 0,15 

͙͍́ͦͨͤ͊͡Ύ ͦ͊͘͡ όV2O5ύΣ ͎ͣκ͎͟ 600 600 1200 600 600 

W r, % 2,00 2,00 1,00 2,00 2,00 
 

ɺʘʣʦʚʳʝ ʚʳʙʨʦʩʳ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʠ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʦʧʨʝʜʝʣʷʶʪ 

ʦʪʨʘʩʣʝʚʦʡ ʢʦʥʪʨʦʣʴʥʳʡ ʜʦʢʫʤʝʥʪ [4] ʧʫʪʝʤ ʥʝʧʨʝʨʳʚʥʳʭ ʠʟʤʝʨʝʥʠʡ ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʚʝʱʝʩʪʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʜʳʤʦʚʳʭ ʛʘʟʘʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʠ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ 

ʧʦ ʨʘʩʭʦʜʫ ʪʦʧʣʠʚʘ ʠ ʩʦʩʪʘʚʫ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʵʥʝʨʛʦ- ʠ ʛʘʟʦʦʯʠʩʪʢʠ ʨʘʩʪʝʥʠʷ. ʉʦʛʣʘʩʥʦ 

ʚʳʰʝʫʢʘʟʘʥʥʦʤʫ ʜʦʢʫʤʝʥʪʫ, ʥʘ ʠʥʜʝʢʩ ʵʤʠʩʩʠʠ ʚʘʥʘʜʠʷ ʚʣʠʷʶʪ: ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʳ ʤʘʟʫʪʘ 

(V2O5) ʚ ʤʘʟʫʪʝ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʦʣʦʫʣʦʚʠʪʝʣʷ. 



 

 222 

ʂ ʦʩʥʦʚʥʳʤ ʟʦʣʦʫʣʦʚʠʪʝʣʷʤ ʦʪʥʦʩʷʪʩʷ: ʵʣʝʢʪʨʦʬʠʣʴʪʨ, ʤʦʢʨʳʡ ʩʢʨʫʙʙʝʨ ʠ 

ʙʘʪʘʨʝʡʥʳʡ ʮʠʢʣʦʥ. ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʬʠʣʴʪʨ ʠʣʠ ʵʣʝʢʪʨʦʬʠʣʴʪʨ ï ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ 

ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʫʣʘʚʣʠʚʘʥʠʷ ʠ ʫʜʘʣʝʥʠʷ ʧʳʣʠ, ʚʟʚʝʰʝʥʥʦʡ ʚ ʛʘʟʦʚʦʡ ʩʨʝʜʝ. ʉʫʪʴ ʧʨʦʮʝʩʩʘ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʛʘʟʦʚ ʦʩʥʦʚʘʥ ʥʘ ʠʦʥʠʟʘʮʠʠ ʛʘʟʘ, ʪ.ʝ. ʨʘʩʱʝʧʣʝʥʠʝ ʝʛʦ ʤʦʣʝʢʫʣ 

ʥʘ ʧʦʣʦʞʠʪʝʣʴʥʦ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ ʠʦʥʳ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʦʛʣʘʩʥʦ [4], 

ʟʥʘʯʝʥʠʷ ʵʤʠʩʩʠʠ ʚʘʥʘʜʠʷ ʩʦʩʪʘʚ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʨʠ ʩʞʠʛʘʥʠʠ ʚʳʩʦʢʦʩʝʨʥʠʩʪʦʛʦ ʤʘʟʫʪʘ 

ʤʘʨʦʢ 100 ʠ 200 ʩ ʫʯʝʪʦʤ, ʯʪʦ ʵʪʠ ʜʚʘ ʪʠʧʘ ʞʠʜʢʦʛʦ ʪʦʧʣʠʚʘ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʩʦʜʝʨʞʘʥʠʶ 

ʤʘʟʫʪʘ, ʘ ʚʩʝ ʜʨʫʛʠʝ ʩʦʨʪʘ ʠʤʝʶʪ ʪʘʢʦʝ ʞʝ ʩʦʜʝʨʞʘʥʠʝ, ʢʘʢ ʠ ʤʘʟʫʪ ʚʳʩʦʢʦʩʝʨʥʠʩʪʳʡ ʤʘʨʢʠ 

100. ʊʘʢʞʝ ʜʣʷ ʨʘʩʯʝʪʘ ʫʯʠʪʳʚʘʣʠʩʴ ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚʳʰʝʫʢʘʟʘʥʥʳʝ ʟʦʣʦʫʣʦʚʠʪʝʣʠ, 

ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

 

ʊʘʙʣʠʮʘ 2 ï ɿʥʘʯʝʥʠʷ ʵʤʧʠʨʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ fV ʜʣʷ ʨʘʩʯʝʪʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʫʣʘʚʣʠʚʘʥʠʷ ʚʘʥʘʜʠʷ [4] 

͍̂ͫͭ͊ͤͦ͊͟ ͍͙͔ͦͦͯͦͭ͘͡͡͡Ύ ͙͙̏ͣͨͪ;͔͙͚ͫ͟ 
ͦ͟Ήͺͺ͙ͼ͙͔ͤͭ 

͔͙̏ͭͪͦͫͭ͊ͭ͟͡;͔͙͚ͫ͟ ͺ͙͡Έͭͪ 0,6 

˸ͦͪ͟·͚ ͔ͫͪͯ͋͋ͪ͟ 0,5 

ˣ͔͚͊ͭ͊ͪͤ·͚ ͼ͙ͦͤ͟͡ 0,4 
 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3. 

 

ʊʘʙʣʠʮʘ 3 ï ɺʝʣʠʯʠʥʘ ʚʳʙʨʦʩʦʚ ʚʘʥʘʜʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʨʢʠ ʤʘʟʫʪʘ ʠ ʟʦʣʳ 

˸͊ͪ͊͟ ͣ͊ͯͭ͊͘ 
 

͍̂ͫͭ͊ͤͦ͊͟ ͍͙͔ͦͦͯͦͭ͘͡͡͡Ύ 

˿ ͍·͙ͫͦͣ͟ ͔͙͔ͫͦ͒ͪ͗͊ͤͣ 
͔ͫͪ· млл 

˿ ͍·͙ͫͦͣ͟ ͔͙͔ͫͦ͒ͪ͗͊ͤͣ 
͔ͫͪ· нлл 

͔͙̏ͭͪͦͫͭ͊ͭ͟͡;͔͙͚ͫ͟ ͺ͙͡Έͭͪ 15,099664 30,3967589 

˸ͦͪ͟·͚ ͔ͫͪͯ͋͋ͪ͟ 27,87630277 56,1170933 

ˣ͔͚͊ͭ͊ͪͤ·͚ ͼ͙ͦͤ͟͡ 34,84537847 70,1463666 
 

ɺʳʚʦʜʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʥʦʚʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ: 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʚʳʙʨʦʩʦʚ ʚʘʥʘʜʠʷ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʧʨʠ ʩʞʠʛʘʥʠʠ ʪʦʧʣʠʚʘ 

ʤʘʩʣʘ ʟʘʚʠʩʷʪ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʟʦʣʳ ʤʘʟʫʪʘ (V2O5) ʚ ʤʘʟʫʪʝ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʦʣʦʫʣʦʚʠʪʝʣʷ. 

ʅʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʠʥʜʝʢʩʘ ʚʳʙʨʦʩʦʚ ʧʨʠ ʩʞʠʛʘʥʠʠ ʤʘʟʫʪʘ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʩʝʨʳ ʤʘʨʢʘ 100 ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʬʠʣʴʪʨʘ. ʉʘʤʳʝ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʚʳʙʨʦʩʦʚ ʚʘʥʘʜʠʷ 

ʧʦʣʫʯʝʥʳ ʧʨʠ ʩʞʠʛʘʥʠʠ ʚʳʩʦʢʦʩʝʨʥʠʩʪʦʛʦ ʤʘʟʫʪʘ ʤʘʨʢʠ 200 ʠ ʫʩʪʘʥʦʚʢʘ ʥʘ ʊʕʎ ʪʘʢʦʛʦ 

ʟʦʣʦʫʣʦʚʠʪʝʣʷ, ʢʘʢ ʙʘʪʘʨʝʡʥʳʡ ʮʠʢʣʦʥ. 
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ʉʪʫʜʝʥʪ 3 ʢʫʨʩʫ, ʛʨ. ʊʉ-81 ʈʫʜʠʢ ʄ.ɸ.; ʤʦʣ. ʚʯʝʥʠʡ ʐʝʣʝʰʝʡ ʊ.ɺ. 

ɸʩʠʩʪ. ɹʝʜʥʘʨʩʴʢʘ ɯ.ʉ. 

ɺʃʀʗʅʀɽ ʉʆʉʊɸɺɸ ʊʆʇʃʀɺɸ ʅɸ ʇʆʂɸɿɸʊɽʃʔ ʕʄʀʉʉʀʀ ʉʆ2 

 

ʇʨʠ ʩʞʠʛʘʥʠʠ ʠʩʢʦʧʘʝʤʦʛʦ ʪʦʧʣʠʚʘ ʚ ʘʪʤʦʩʬʝʨʫ ʧʦʧʘʜʘʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʘʤʦʝ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ. ɼʚʫʦʢʠʩʴ 

ʫʛʣʝʨʦʜʘ (CO2) ʦʪʥʦʩʠʪʩʷ ʢ ʪʨʝʭʘʪʦʤʥʳʤ ʛʘʟʘʤ, ʦʙʳʯʥʦ ʥʘʟʳʚʘʝʤʳʤ ʧʘʨʥʠʢʦʚʳʤʠ ʛʘʟʘʤʠ. 

ʇʘʨʥʠʢʦʚʳʝ ʛʘʟʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʦʛʣʦʱʘʪʴ ʠʥʬʨʘʢʨʘʩʥʦʝ ʠʟʣʫʯʝʥʠʝ. 

ʀʤʝʥʥʦ ʠʟ-ʟʘ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚʦʟʥʠʢʘʝʪ ʧʘʨʥʠʢʦʚʳʡ 

ʵʬʬʝʢʪ, ʪ.ʝ. ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥ ʩ ʛʣʦʙʘʣʴʥʳʤ ʧʦʪʝʧʣʝʥʠʝʤ, ʵʪʦʪ ʛʘʟ ʚʥʦʩʠʪ 

ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʩʦʭʨʘʥʝʥʠʝ ʪʝʧʣʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ [1]. 

ʇʦʩʣʝʜʩʪʚʠʷ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ ʤʳ ʤʦʞʝʤ ʥʘʙʣʶʜʘʪʴ ʩʝʛʦʜʥʷ: ʚ ʋʢʨʘʠʥʝ ʟʠʤʘ 

2019ï2020 ʛʦʜʘ ʧʨʦʰʣʘ ʩʦ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʦʡ +2 ʛʨʘʜʫʩʘ ʧʦ ʎʝʣʴʩʠʶ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʧʨʝʚʳʰʝʥʠʝʤ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʥʦʨʤ ʥʘ 6 ʛʨʘʜʫʩʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦ ʜʘʥʥʳʤ ʉʣʫʞʙʳ ʧʦ 

ʠʟʤʝʥʝʥʠʶ ʢʣʠʤʘʪʘ Copernicus, ʚ ʧʝʨʠʦʜ ʩ ʜʝʢʘʙʨʷ 2019 ʛʦʜʘ ʧʦ ʬʝʚʨʘʣʴ 2020 ʛʦʜʘ ʤʠʨʦʚʳʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʙʳʣʠ ʥʘ 3,4 ʛʨʘʜʫʩʘ ʚʳʰʝ, ʯʝʤ ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ 1981ï2010 ʛʦʜʘʭ. 

ɻʣʦʙʘʣʴʥʦʝ ʧʦʪʝʧʣʝʥʠʝ ʜʘʚʥʦ ʧʝʨʝʩʪʘʣʦ ʙʳʪʴ ʤʠʬʦʤ, ʧʦʩʢʦʣʴʢʫ ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʧʦʚʳʰʘʝʪʩʷ ʢʘʞʜʳʡ ʛʦʜ, ʯʪʦ ʥʝʠʟʙʝʞʥʦ ʩʢʘʞʝʪʩʷ ʥʘ ʥʘʟʝʤʥʳʭ 

ʵʢʦʩʠʩʪʝʤʘʭ, ʚʢʣʶʯʘʷ ʪʘʢʠʝ ʵʢʦʩʠʩʪʝʤʳ, ʢʘʢ ʪʫʥʜʨʘ, ʤʘʥʛʨʦʚʳʝ ʟʘʨʦʩʣʠ ʠ ʢʦʨʘʣʣʦʚʳʝ 

ʨʠʬʳ. 

ɺ ʪʝʯʝʥʠʝ ʤʠʣʣʠʦʥʦʚ ʣʝʪ ʥʘ ɿʝʤʣʝ ʩʫʱʝʩʪʚʦʚʘʣ ʝʩʪʝʩʪʚʝʥʥʳʡ ʙʘʣʘʥʩ ʫʛʣʝʢʠʩʣʦʛʦ 

ʛʘʟʘ ʚ ʘʪʤʦʩʬʝʨʝ, ʩʝʛʦʜʥʷ ʵʪʦʪ ʙʘʣʘʥʩ ʟʥʘʯʠʪʝʣʴʥʦ ʥʘʨʫʰʝʥ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʠʟ-ʟʘ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. 

ʉʞʠʛʘʥʠʝ ʠʩʢʦʧʘʝʤʦʛʦ ʪʦʧʣʠʚʘ ʙʫʜʝʪ ʦʩʥʦʚʦʡ ʤʠʨʦʚʦʡ ʵʥʝʨʛʝʪʠʢʠ ʢʘʢ ʤʠʥʠʤʫʤ ʥʘ 

ʙʣʠʞʘʡʰʠʝ 30 ʣʝʪ. ɿʘ ʵʪʦ ʚʨʝʤʷ ʨʦʩʪ ʩʦʜʝʨʞʘʥʠʷ ʉʆ2 ʥʝ ʦʩʪʘʥʦʚʠʪʩʷ, ʘ ʫʚʝʣʠʯʠʪʩʷ ʚ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟ. 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʝʢʪʦʨʘ ʦʩʥʦʚʘʥʘ ʥʘ ʩʞʠʛʘʥʠʠ ʠʩʢʦʧʘʝʤʦʛʦ ʪʦʧʣʠʚʘ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʫʛʣʷ, ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʠ ʤʘʟʫʪʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʋʢʨʘʠʥʝ 18 ʪʝʧʣʦʚʳʭ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʠ ʤʥʦʞʝʩʪʚʦ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʤʘʟʫʪ ʚ 

ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʠ ʨʝʟʝʨʚʥʦʛʦ ʪʦʧʣʠʚʘ. ʇʦʩʢʦʣʴʢʫ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʥʳʝ ʚʠʜʳ ʤʘʟʫʪʘ, 

ʩʪʦʠʪ ʠʟʫʯʠʪʴ, ʢʘʢʦʡ ʠʟ ʥʠʭ ʤʝʥʝʝ ʦʧʘʩʝʥ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ [2, 3]. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [4] ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʟʥʘʯʝʥʠʷ ʚʳʙʨʦʩʦʚ 

ʦʢʩʠʜʦʚ ʫʛʣʝʨʦʜʘ ʠ ʘʟʦʪʘ, ʜʠʦʢʩʠʜʘ ʩʝʨʳ ʠ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ. ʇʨʠ ʨʘʩʯʝʪʝ ʫʯʠʪʳʚʘʣʠʩʴ ʚʠʜʳ 

ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ, ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʋʢʨʘʠʥʝ ʥʘ ʪʝʧʣʦʚʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ 

(ʪʘʙʣʠʮʘ 1). 

 

ʊʘʙʣʠʮʘ 1 ï ʉʦʩʪʘʚ ʤʘʟʫʪʘ [2] 

 

ʄʘʨʢʘ ʤʘʟʫʪʘ 

ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʩʝʨʳ 

ʩ ʥʠʟʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ 

40 100 200 40 100 

 Sdaf, % 2,50 2,70 3,00 0,40 0,40 

 Cdaf, % 85,50 85,70 85,90 87,50 87,50 

 Hdaf, % 11,20 10,60 10,20 11,50 11,10 

 (O + N)daf, % 0,80 1,00 0,90 0,60 1,00 

 Q 
daf, ʤɼʞ/ʢʛ 40,40 40,03 39,77 41,24 40,82 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 
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ʊʘʙʣʠʮʘ 2 ï ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ 

 

ʄʘʨʢʘ ʤʘʟʫʪʘ 

ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ 
ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʩʝʨʳ 

40 100 200 40 100 

k(C02) 76998,0042 77892,3908 78534,2928 77192,1102 77987,3409 

 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʳʩʦʢʦʩʝʨʥʠʩʪʦʛʦ ʤʘʟʫʪʘ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʚʳʙʨʦʩʦʚ ʉʆ2 ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʨʦʜʘ ʚ 

ʵʣʝʤʝʥʪʘʨʥʦʤ ʩʦʩʪʘʚʝ ʪʦʧʣʠʚʘ. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ k (CO2) ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʥʠʟʢʦʩʝʨʥʠʩʪʳʭ ʤʘʟʫʪʦʚ ʥʘ ʪʝʧʣʦʚʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ ʠ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʘʭ. ʇʦʵʪʦʤʫ ʞʝʣʘʪʝʣʴʥʦ ʫʩʪʘʥʦʚʠʪʴ ʝʱʝ ʦʜʠʥ ʬʘʢʪʦʨ, ʚʣʠʷʶʱʠʡ ʥʘ 

ʧʦʢʘʟʘʪʝʣʠ ʚʳʙʨʦʩʦʚ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ. ɺ ʭʦʜʝ ʨʘʩʯʝʪʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʪʦʪ ʬʘʢʪʦʨ 

ʦʧʨʝʜʝʣʠʣ ʤʝʥʴʰʫʶ ʪʝʧʣʦʪʫ ʩʛʦʨʘʥʠʷ [5, 6]. 

ʉʘʤʳʝ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʚʳʙʨʦʩʦʚ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ ʩʞʠʛʘʥʠʠ 

ʤʘʟʫʪʘ ʤʘʨʢʠ 200 ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ, ʘ ʩʘʤʳʝ ʥʠʟʢʠʝ - ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʘʟʫʪʘ 

ʤʘʨʢʠ 40 ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ. 

ɺʳʚʦʜʳ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʘʟʫʪʘ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʨʦʜʘ ʚ ʵʣʝʤʝʥʪʘʨʥʦʤ ʩʦʩʪʘʚʝ ʪʦʧʣʠʚʘ ʥʘ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʚʳʙʨʦʩʦʚ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ 

ʤʘʟʫʪʦʚ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ k (CO2) ʥʝ ʤʝʥʷʝʪʩʷ. ɼʣʷ ʚʩʝʭ ʚʠʜʦʚ ʤʘʟʫʪʘ ʭʘʨʘʢʪʝʨʥʘ 

ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʜʝʢʩʘ ʚʳʙʨʦʩʦʚ ʉʆ2 ʦʪ ʥʠʞʥʝʡ ʪʝʧʣʦʪʳ 

ʩʛʦʨʘʥʠʷ. ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʥʠʞʥʝʡ ʪʝʧʣʦʪʳ ʩʛʦʨʘʥʠʷ ʚʳʙʨʦʩʳ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ 

ʫʤʝʥʴʰʘʶʪʩʷ. 

ʉʘʤʳʝ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʚʳʙʨʦʩʦʚ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ ʩʞʠʛʘʥʠʠ 

ʤʘʟʫʪʘ ʤʘʨʢʠ 200 ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ, ʘ ʩʘʤʳʝ ʥʠʟʢʠʝ ï ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʘʟʫʪʘ 

ʤʘʨʢʠ 40 ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ [7, 8]. 
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ʉʪʫʜʝʥʪ 4 ʢʫʨʩʫ, ʛʨ. ʊʉ-71 ɻʦʥʯʘʨʝʥʢʦ ʄ.ʆ. 

ʉʪ. ʚʠʢʣ. ʄʝʨʝʥʛʝʨ ʇ.ʇ. 

ʄɽʊʆɼʀ ʂʆʅʊʈʆʃʖ ɺʀʊʈɸʊʀ ɺʋɻɯʃʔʅʆɻʆ ʇʀʃʋ ʅɸ ʇɸʃʔʅʀʂʀ ʂʆʊʃɯɺ 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʩʧʘʣʶʚʘʥʥʷ ʚʫʛʽʣʴʥʦʛʦ ʧʠʣʫ ʚ ʢʦʪʣʘʭ ʊɽʉ (ʪʝʧʣʦʚʠʭ ʝʣʝʢʪʨʠʯʥʠʭ 

ʩʪʘʥʮʽʡ) ʽʩʪʦʪʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʡʦʛʦ ʧʦ ʧʘʣʴʥʠʢʘʭ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʧʫʣʴʩʘʮʽʡ ʪʠʩʢʫ, ʥʝʤʦʞʣʠʚʦʩʪʽ ʧʽʜʪʨʠʤʢʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ çʧʘʣʠʚʦ-ʧʦʚʽʪʨʷè. 

ɿʙʫʨʶʚʘʥʥʷ ʚ ʩʠʩʪʝʤʽ ʧʠʣʦʧʦʜʘʯʽ ʚʠʢʣʠʢʘʶʪʴ ʢʦʣʠʚʘʥʥʷ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ ʚ ʧʘʣʴʥʠʢʘʭ, 

ʧʽʜʚʠʱʝʥʥʷ ʫʪʚʦʨʝʥʥʷ ʦʢʩʠʜʽʚ ʩʽʨʢʠ ʽ ʘʟʦʪʫ, ʽʥʪʝʥʩʠʬʽʢʫʶʪʴ ʧʨʦʮʝʩʠ ʰʣʘʢʫʚʘʥʥʷ ʪʘ 

ʘʙʨʘʟʠʚʥʦ-ʢʦʨʦʟʽʡʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʝʢʨʘʥʥʠʭ ʧʦʚʝʨʭʦʥʴ ʥʘʛʨʽʚʘʥʥʷ, ʧʦʛʽʨʰʫʶʪʴ ʨʽʜʢʝ 

ʰʣʘʢʦʚʠʜʘʣʝʥʥʷ, ʪʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʚʫʛʽʣʴʥʦʛʦ ʧʠʣʫ ʻ ʟʘʜʘʯʝʶ 

ʧʝʨʰʦʯʝʨʛʦʚʦʾ ʚʘʞʣʠʚʦʩʪʽ [1]. 

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʴ ʢʘʬʝʜʨʦʶ ʊɽʋ ʊ ʽ ɸɽʉ, ʱʦ ʦʙˇʨʫʥʪʫʚʘʣʠ ʤʝʪʦʜʠ ʢʦʥʪʨʦʣʶ 

ʚʠʪʨʘʪ ʚʫʛʽʣʴʥʦʛʦ ʧʠʣʫ ʥʘ ʧʘʣʴʥʠʢʠ ʜʽʶʯʦʛʦ ʜʚʦʢʦʨʧʫʩʥʦʛʦ ʢʦʪʣʘ ʊʇʇ-210ɸ ʝʥʝʨʛʦʙʣʦʢʫ 

300 ʄɺʪ ʧʨʠ ʪʨʘʜʠʮʽʡʥʦʤʫ ʧʥʝʚʤʦʪʨʘʥʩʧʦʨʪʽ (m=0,5 ʢʛ/ʢʛ, Dʫ-500 ʤʤ) ʽ 

ʚʠʩʦʢʦʢʦʥʮʝʥʪʨʦʚʘʥʽʡ ʧʠʣʦʧʦʜʘʯʽ (m=(70ï200) ʢʛ/ʢʛ, Dʫ-80 ʤʤ). ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ 

ʧʨʠ ʪʨʘʜʠʮʽʡʥʦʤʫ ʧʥʝʚʤʦʪʨʘʥʩʧʦʨʪʽ ʚ ʜʽʘʧʘʟʦʥʽ ʥʘʚʘʥʪʘʞʝʥʴ ʝʥʝʨʛʦʙʣʦʢʫ Nʝ =(240ï

300) ʄɺʪ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʧʘʣʠʚʘ ʧʦ ʧʘʣʴʥʠʢʘʭ ʜʦʩʷʛʘʻ 60%, ʘ ʢʦʥʪʨʦʣʴ ʚʠʪʨʘʪʠ 

ʧʘʣʠʚʘ ʟ ʤʝʪʦʶ ʫʩʫʥʝʥʥʷ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʤʦʞʣʠʚʦ ʟʜʽʡʩʥʶʚʘʪʠ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʤ ʽ 

ʪʝʧʣʦʚʠʤ ʤʝʪʦʜʘʤʠ. ʄʝʪʦʜʠ ʜʘʶʪʴ ʜʦʩʪʘʪʥʶ ʪʦʯʥʽʩʪʴ, ʥʘʜʽʡʥʽʩʪʴ, ʟ ʧʨʦʩʪʠʤ ʧʨʠʣʘʜʦʚʠʤ 

ʦʩʥʘʱʝʥʥʷʤ, ʥʝʟʥʘʯʥʠʤʠ ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʥʷʤʠ ʽ ʤʦʞʣʠʚʽʩʪʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʫʤʦʚʘʭ 

ʧʨʦʤʠʩʣʦʚʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʪʣʽʚ ʊɽʉ. 

ɻʽʜʨʦʜʠʥʘʤʽʯʥʠʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʚʠʪʨʘʪʫ ʚʫʛʽʣʴʥʦʛʦ ʧʠʣʫ ʟʘ 

ʘʝʨʦʜʠʥʘʤʽʯʥʠʤ ʦʧʦʨʦʤ ʜʽʣʷʥʦʢ ʧʠʣʦʧʨʦʚʦʜʽʚ ʽ ʟʚʦʜʠʪʴʩʷ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʚʠʪʨʘʪʠ 

ʧʠʣʦʧʦʜʽʙʥʦʛʦ ʧʘʣʠʚʘ ʟʘ ʬʦʨʤʫʣʦʶ [1]: 

,                                                                             (1) 

ʜʝ  ï ʚʠʪʨʘʪʘ ʧʝʨʚʠʥʥʦʛʦ ʧʦʚʽʪʨʷ ʥʘ ʧʘʣʴʥʠʢ, ʢʛ/ʩ;  ï ʤʘʩʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʫʛʽʣʴʥʦʛʦ 

ʧʠʣʫ ʚ ʧʦʪʦʮʽ ʧʦʚʽʪʨʷ, ʢʛ/ʢʛ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʚʫʛʽʣʴʥʦʛʦ ʧʠʣʫ ʚ ʧʠʣʦʧʨʦʚʦʜʽ ʚʠʪʨʘʪʠ ʧʝʨʚʠʥʥʦʛʦ ʧʦʚʽʪʨʷ 

ʽ ʚʫʛʽʣʴʥʦʛʦ ʧʠʣʫ ʟʤʽʥʶʶʪʴʩʷ ʚ ʧʨʦʪʠʬʘʟʽ ʪʘ ʧʨʦ ʚʠʪʨʘʪʫ ʧʘʣʠʚʘ ʤʦʞʥʘ ʩʫʜʠʪʠ ʧʦ ʚʠʪʨʘʪʽ 

ʧʝʨʚʠʥʥʦʛʦ ʧʦʚʽʪʨʷ ʷʢʠʡ ʪʨʘʥʩʧʦʨʪʫʻ ʧʠʣ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʶ ʚʠʪʨʘʪʠ 

ʧʝʨʚʠʥʥʦʛʦ ʧʦʚʽʪʨʷ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʠʣʫ (ʨʠʩ. 1). 

 

 

ʈʠʩʫʥʦʢ 1 ï ɿʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʚʽʜʥʦʩʥʦʾ ʚʠʪʨʘʪʠ ʧʝʨʚʠʥʥʦʛʦ ʧʦʚʽʪʨʷ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʠʣʫ 

(ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ), ʜʝ  ï ʚʠʪʨʘʪʘ ʧʝʨʚʠʥʥʦʛʦ ʧʦʚʽʪʨʷ ʥʘ ʧʘʣʴʥʠʢ ʙʝʟ ʧʘʣʠʚʘ 

(ʯʠʩʪʝ ʧʦʚʽʪʨʷ 
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