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ɸʅʆʊɸʎɯʗ 

ɻʦʨʘʥʯʫʢ ɺ.ɺ. ʄʦʥʽʪʦʨʠʥʛ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ɺɺɽʈ-1000 ʤʝʪʦʜʘʤʠ ʥʝʡʪʨʦʥʥʦ-

ʰʫʤʦʚʦʾ ʜʽʘʛʥʦʩʪʠʢʠ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.14.14 çʊʝʧʣʦʚʽ ʪʘ ʷʜʝʨʥʽ ʝʥʝʨʛʦʫʩʪʘʥʦʚʢʠè (143 ï ɸʪʦʤʥʘ 

ʝʥʝʨʛʝʪʠʢʘ). ʈʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʚ ɯʥʩʪʠʪʫʪʽ ʧʨʦʙʣʝʤ ʙʝʟʧʝʢʠ (ɯʇɹ) ɸɽʉ ʅɸʅ 

ʋʢʨʘʾʥʠ. ɿʘʭʠʩʪ ʚʽʜʙʫʜʝʪʴʩʷ ʫ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽʡ ʚʯʝʥʽʡ ʨʘʜʽ ɯʇɹ ɸɽʉ ʅɸʅ ʋʢʨʘʾʥʠ, 

ʂʠʾʚ, 2019. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʚʠʨʽʰʝʥʥʶ ʘʢʪʫʘʣʴʥʦʛʦ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʦʛʦ ʟʘʚʜʘʥʥʷ: ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ɸɽʉ ʰʣʷʭʦʤ ʨʦʟʰʠʨʝʥʥʷ 

ʤʦʞʣʠʚʦʩʪʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʘʢʪʠʚʥʦʶ ʟʦʥʦʶ ʨʝʘʢʪʦʨʫ ʪʠʧʫ ɺɺɽʈ-1000, ʘ ʩʘʤʝ 

ʰʣʷʭʦʤ ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʦʥʽʪʦʨʠʥʛʫ ʟʘ ʚʽʙʨʦʩʪʘʥʦʤ ʚʥʫʪʨʽʰʥʴʦʢʦʨʧʫʩʥʠʭ 

ʧʨʠʩʪʨʦʾʚ (ɺʂʇ) ʽ ʪʝʧʣʦʚʠʜʽʣʴʥʠʭ ʟʙʽʨʦʢ (ʊɺɿ), ʘ ʪʘʢʦʞ ʤʦʥʽʪʦʨʠʥʛʫ ʟʘ 

ʚʘʞʣʠʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʘʢʠʤʠ ʷʢ ʧʦʢʘʥʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʪʝʧʣʦʥʦʩʽʷ, 

ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʨʝʘʢʪʠʚʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʰʣʷʭʦʤ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʫ ʧʨʘʢʪʠʢʫ ʨʝʘʢʪʦʨʽʚ ʪʠʧʫ ɺɺɽʈ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʥʝʡʪʨʦʥʥʦ-

ʰʫʤʦʚʦʾ ʜʽʘʛʥʦʩʪʠʢʠ. 

ɺʠʨʽʰʝʥʥʷ ʜʘʥʦʛʦ ʧʠʪʘʥʥʷ ʟʫʤʦʚʣʝʥʦ, ʟʦʢʨʝʤʘ, ʟʘʚʜʘʥʥʷʤ ʦʩʥʘʱʝʥʥʷ 

ʝʥʝʨʛʦʙʣʦʢʽʚ ɺɺɽʈ ʩʠʩʪʝʤʘʤʠ ʚʥʫʪʨʽʰʥʴʦʨʝʘʢʪʦʨʥʦʾ ʰʫʤʦʚʦʾ ʜʽʘʛʥʦʩʪʠʢʠ 

(ʉɺʈʐɼ), ʚ ʨʘʤʢʘʭ ʨʝʘʣʽʟʘʮʽʾ ʚʠʤʦʛ ʜʦ ʧʨʦʜʦʚʞʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʥʝʨʛʦʙʣʦʢʽʚ 

ɸɽʉ ʫ ʧʦʥʘʜʧʨʦʝʢʪʥʠʡ ʩʪʨʦʢ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʟʜʽʡʩʥʝʥʥʷ ʧʝʨʽʦʜʠʯʥʦʾ ʧʝʨʝʦʮʽʥʢʠ 

ʙʝʟʧʝʢʠ. ɺʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʜʦ ʧʦʯʘʪʢʫ ʨʦʙʽʪ ʟ ʧʨʦʜʦʚʞʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʝʥʝʨʛʦʙʣʦʢʽʚ ɸɽʉ ʫ ʧʦʥʘʜʧʨʦʝʢʪʥʠʡ ʩʪʨʦʢ ʩʠʩʪʝʤʠ ʥʝʡʪʨʦʥʥʦ-ʰʫʤʦʚʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ ʽ ʜʽʘʛʥʦʩʪʠʢʠ ɺɺɽʈ-1000 ʥʘ ɸɽʉ ʋʢʨʘʾʥʠ ʥʝ ʙʫʣʠ ʚʧʨʦʚʘʜʞʝʥʽ ʷʢ 

ʧʨʦʝʢʪʥʽ  ̔ ʜʣʷ ʾʭ ʨʝʘʣʽʟʘʮʽʾ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʜʦʜʘʪʢʦʚʦ ʧʨʦʚʝʩʪʠ ʥʘʫʢʦʚʽ ʪʘ 

ʽʥʞʝʥʝʨʥʽ ʜʦʩʣʽʜʞʝʥʥ.̫ 

ʋ ɺʩʪʫʧ ̔ʦʙˇʨʫʥʪʦʚʘʥʦ ʘʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ ʜʠʩʝʨʪʘʮʽʾ, ʚʽʜʦʙʨʘʞʝʥʦ ʾʾ ʟʚôʷʟʦʢ 

ʟ ʜʝʨʞʘʚʥʠʤʠ ʪʘ ʛʘʣʫʟʝʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʘ ʪʘʢʦʞ ʟ ʅɼʈ, ʱʦ ʚʠʢʦʥʫʚʘʣʠʩʴ ʚ ɯʇɹ 

ɸɽʉ ʅɸʅ ʋʢʨʘʾʥʠ. ɺʠʟʥʘʯʝʥʦ ʦʙôʻʢʪ ʪʘ ʧʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ, ʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʥʠʭ ï ʤʝʪʫ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʝʨʝʨʘʭʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʽ ʥʘʫʢʦʚʽ ʤʝʪʦʜʠ 
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ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʟʤʽʩʪʦʚʥʦ ʚʽʜʟʥʘʯʝʥʦ, ʱʦ ʩʘʤʝ ʜʦʩʣʽʜʞʫʚʘʣʦʩʴ ʢʦʞʥʠʤ ʤʝʪʦʜʦʤ. 

ʇʨʝʜʩʪʘʚʣʝʥʦ: ʥʘʫʢʦʚʫ ʥʦʚʠʟʥʫ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ 

ʟʜʦʙʫʚʘʯʘ, ʘʧʨʦʙʘʮʽʶ ʤʘʪʝʨʽʘʣʽʚ ʜʠʩʝʨʪʘʮʽʾ, ʘ ʪʘʢʦʞ ʩʪʨʫʢʪʫʨʫ ʪʘ ʦʙʩʷʛ 

ʜʠʩʝʨʪʘʮʽʾ. ʅʘʜʘʥʦ ʚʽʜʦʤʦʩʪʽ ʱʦʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʚʧʨʦʚʘʜʞʝʥʦ ʚ ʉɺʈʐɼ, ʷʢʘ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ 

ʢʦʤʧʣʝʢʩʥʦʾ ʩʠʩʪʝʤʠ ʜʽʘʛʥʦʩʪʠʢʠ (ʂʉɼ) ʝʥʝʨʛʦʙʣʦʢʽʚ ʟ ɺɺɽʈ-1000 ɸɽʉ ʋʢʨʘʾʥʠ, 

ʱʦ ʦʪʨʠʤʘʣʠ ʣʽʮʝʥʟʽʾ ʥʘ ʧʨʦʜʦʚʞʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʾ ʫ ʧʦʥʘʜʧʨʦʝʢʪʥʽ ʩʪʨʦʢʠ. 

ʋ ʇʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʚʠʩʚʽʪʣʝʥʦ ʩʪʘʥ ʧʨʦʙʣʝʤʠ ʪʘ ʚʠʢʦʥʘʥʦ ʧʦʩʪʘʥʦʚʢʫ 

ʟʘʚʜʘʥʴ ʜʦʩʣʽʜʞʝʥʥʷ. ɺʽʜʟʥʘʯʝʥʦ, ʱʦ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʨʝʘʢʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ 

(ʈʋ) ʚʘʞʣʠʚʦ ʟʘʙʝʟʧʝʯʠʪʠ ʾʾ ʧʨʦʝʢʪʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ, ʽ ʟʘʚʯʘʩʥʦ ʚʠʷʚʣʷʪʠ 

ʘʥʦʤʘʣʽʾ, ʱʦ ʤʦʞʫʪʴ ʚʧʣʠʥʫʪʠ ʥʘ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʈʋ. 

ɺʠʟʥʘʯʝʥʦ ʟʘʚʜʘʥʥʷ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʨʽʰʝʥʽ ʤʝʪʦʜʘʤʠ ʥʝʡʪʨʦʥʥʦ-

ʰʫʤʦʚʦʾ ʜʽʘʛʥʦʩʪʠʢʠ, ʘ ʩʘʤʝ: ʤʦʥʽʪʦʨʠʥʛ ʰʚʠʜʢʦʩʪʽ ʪʝʧʣʦʥʦʩʽʷ, ʚʽʙʨʦʩʪʘʥʫ ɺʂʇ ʽ 

ʊɺɿ, ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʨʝʘʢʪʠʚʥʦʩʪʽ (ʊʂʈ). 

ʈʦʟʛʣʷʥʫʪʦ ʽʩʪʦʨʽʶ ʜʦʩʣʽʜʞʝʥʴ ʥʝʡʪʨʦʥʥʠʭ ʰʫʤʽʚ ʥʘ ɸɽʉ ʟ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ 

ʈʋ, ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʩʠʩʪʝʤ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʜʽʘʛʥʦʩʪʠʢʠ ʥʘ 

ʟʘʢʦʨʜʦʥʥʠʭ ʝʥʝʨʛʦʙʣʦʢʘʭ, ʘ ʪʘʢʦʞ ʽ ʥʘ ɸɽʉ ʋʢʨʘʾʥʠ, ʫ ʷʢʠʭ ʘʚʪʦʨ ʜʠʩʝʨʪʘʮʽʾ 

ʙʨʘʚ ʙʝʟʧʦʩʝʨʝʜʥʶ ʫʯʘʩʪʴ. ɺ ʨʦʟʜʽʣʽ ʙʫʣʦ ʩʬʦʨʤʫʣʴʦʚʘʥʦ, ʘ ʫ ʧʦʩʣʽʜʫʶʯʠʭ 

ʚʠʨʽʰʝʥʦ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ: 

- ʘʥʘʣʽʟ, ʩʠʩʪʝʤʘʪʠʟʘʮʽʷ ʤʝʪʦʜʽʚ ʥʝʡʪʨʦʥʥʦ-ʰʫʤʦʚʦʾ ʜʽʘʛʥʦʩʪʠʢʠ, ʚʠʙʽʨ ʩʝʨʝʜ ʥʠʭ 

ʥʘʡʙʽʣʴʰ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʩʠʩʪʝʤʘʭ ʜʽʘʛʥʦʩʪʠʢʠ ʨʝʘʢʪʦʨʽʚ 

ʪʠʧʫ ɺɺɽʈ-1000; 

- ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʪʘ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ (ʇɿ) ʜʣʷ ʘʥʘʣʽʟʫ ʰʫʤʽʚ ʚʽʜ 

ʥʝʡʪʨʦʥʥʠʭ ʜʝʪʝʢʪʦʨʽʚ ʨʝʘʢʪʦʨʘ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʰʫʤʦʚʠʭ, ʘ ʪʘʢʦʞ ʚʝʨʠʬʽʢʘʮʽʷ ʽ 

ʚʘʣʽʜʘʮʽʷ ʨʦʟʨʦʙʣʝʥʦʛʦ ʇɿ; 

- ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʰʫʤʦʚʦʾ ʩʢʣʘʜʦʚʦʾ ʩʠʛʥʘʣʽʚ ʜʝʪʝʢʪʦʨʽʚ ʧʨʷʤʦʛʦ ʟʘʨʷʜʫ 

(ɼʇɿ) ʪʘ ʽʦʥʽʟʘʮʽʡʥʠʭ ʢʘʤʝʨ (ɯʂ), ʘ ʪʘʢʦʞ ʘʥʘʣʽʟ ʾʭ ʟʤʽʥʠ ʧʨʦʪʷʛʦʤ ʧʘʣʠʚʥʦʾ 

ʢʘʤʧʘʥʽʾ; 

- ʨʦʟʨʦʙʢʘ ʤʦʜʝʣʝʡ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʚʽʙʨʦʩʪʘʥʫ ɺʂʇ ʽ ʊɺɿ; 
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- ʚʠʟʥʘʯʝʥʥʷ ʣʦʢʘʣʴʥʦʾ ʯʫʪʣʠʚʦʩʪʽ ɼʇɿ, ʪʘ ʦʮʽʥʢʘ ʚʧʣʠʚʫ ʥʘ ʩʠʛʥʘʣ ʜʝʪʝʢʪʦʨʘ ʚʽʜ 

ʥʝʡʪʨʦʥʽʚ, ʟʛʝʥʝʨʦʚʘʥʠʭ ʚ ʊɺɿ, ʫ ʪʦʤʫ ʯʠʩʣʽ ï ʽ ʚ ʩʫʤʽʞʥʠʭ ʊɺɿ. 

- ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʚʽʜʥʦʚʣʝʥʥʷ ʩʠʛʥʘʣʽʚ ɼʇɿ, ʱʦ ʚʠʡʰʣʠ ʟ ʣʘʜʫ ʧʽʜ ʯʘʩ 

ʧʘʣʠʚʥʦʾ ʢʘʤʧʘʥʽʾ ʨʝʘʢʪʦʨʘ. 

ɺ ɼʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʘʥʘʣʽʟ ʪʘ ʩʠʩʪʝʤʘʪʠʟʘʮʽʶ ʤʝʪʦʜʽʚ 

ʥʝʡʪʨʦʥʥʦ-ʰʫʤʦʚʦʾ ʜʽʘʛʥʦʩʪʠʢʠ, ʚʠʢʦʥʘʥʦ ʚʠʙʽʨ ʥʘʡʙʽʣʴʰ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʟ ʥʠʭ 

ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʩʠʩʪʝʤʘʭ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʜʽʘʛʥʦʩʪʠʢʠ ɺɺɽʈ-1000. ɺʠʢʦʥʘʥʦ 

ʨʦʟʨʦʙʢʫ ʤʝʪʦʜʽʚ, ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʇɿ ʜʣʷ ʘʥʘʣʽʟʫ ʰʫʤʽʚ ʥʝʡʪʨʦʥʥʠʭ ʜʝʪʝʢʪʦʨʽʚ 

ʨʝʘʢʪʦʨʘ, ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʚʝʨʠʬʽʢʘʮʽʾ ʨʦʟʨʦʙʣʝʥʦʛʦ ʇɿ. ʆʪʨʠʤʘʥʦ 

ʨʝʟʫʣʴʪʘʪʠ, ʷʢʽ ʧʽʜʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʚʩʽ ʨʦʟʨʦʙʣʝʥʽ ʤʦʜʝʣʽ, ʘʣʛʦʨʠʪʤʠ ʪʘ ʇɿ 

ʨʝʘʣʽʟʦʚʘʥʽ ʙʝʟ ʧʦʤʠʣʦʢ. 

ɺ ʊʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʰʫʤʦʚʦʛʦ 

ʘʥʘʣʽʟʫ, ʟʦʢʨʝʤʘ ʚʠʢʦʥʘʥʦ ʦʮʽʥʢʫ ʯʘʩʫ ʟʘʧʽʟʥʝʥʥʷ ʧʨʦʭʦʜʞʝʥʥʷ ʬʣʫʢʪʫʘʮʽʾ 

ʧʘʨʘʤʝʪʨʽʚ ʪʝʧʣʦʥʦʩʽʷ ʚʟʜʦʚʞ ʊɺɿ, ʜʦʩʣʽʜʞʝʥʦ ʚʽʙʨʦʩʪʘʥ ɺʂʇ ʽ ʊɺɿ. ʇʨʦʚʝʜʝʥʦ 

ʚʘʣʽʜʘʮʽʶ ʇɿ ʥʘ ʜʘʥʠʭ ʩʠʛʥʘʣʽʚ ʥʝʡʪʨʦʥʥʠʭ ʜʝʪʝʢʪʦʨʽʚ ʖʋɸɽʉ ʪʘ ɿɸɽʉ. 

ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʰʫʤʦʚʦʾ ʩʢʣʘʜʦʚʦʾ ʩʠʛʥʘʣʽʚ ɼʇɿ ʪʘ ɯʂ. ɺʧʝʨʰʝ ʥʘ ʧʨʦʪʷʟʽ 

ʜʝʢʽʣʴʢʦʭ ʧʘʣʠʚʥʠʭ ʢʘʤʧʘʥʽʡ ʚʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʟʤʽʥʠ ʩʧʝʢʪʨʘʣʴʥʠʭ ʪʘ ʽʥʰʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʽʚ 245 ɼʇɿ ɺɺɽʈ-1000, ʟ ʙʽʣʴʰ ʚʠʩʦʢʦʶ, ʥʽʞ ʫ ʧʦʧʝʨʝʜʥʽʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ, ʯʘʩʪʦʪʦʶ ʜʠʩʢʨʝʪʠʟʘʮʽʾ, ʘ ʩʘʤʝ ï 436 ɻʮ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʚʠʟʥʘʯʠʪʠ 

ʜʦʜʘʪʢʦʚʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʯʘʩʪʦʪʠ ʚʽʙʨʘʮʽʡ. ɺʠʟʥʘʯʝʥʽ ʪʘ ʧʽʜʪʚʝʨʜʞʝʥʽ ʦʩʥʦʚʥʽ 

ʭʘʨʘʢʪʝʨʥʽ ʯʘʩʪʦʪʠ ʟʙʫʨʶʶʯʠʭ ʩʠʣ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʽʙʨʦʩʪʘʥ ɺʂʇ ʽ ʊɺɿ. 

ʈʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʽ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʚʽʙʨʦʩʪʘʥʫ ʪʘ ʜʽʘʛʥʦʩʪʠʯʥʽ ʧʦʨʦʛʠ ʟʘ 

ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʠʤ ʚʽʜʭʽʣʝʥʥʷʤ (ʉʂɺ) ʟʥʘʯʝʥʥʷ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʫ, ʘ ʪʘʢʦʞ 

ʟʘ ʩʧʝʢʪʨʘʣʴʥʠʤʠ ʦʙʨʘʟʘʤʠ ʥʝʡʪʨʦʥʥʠʭ ʰʫʤʽʚ (ʟʘ ʘʤʧʣʽʪʫʜʦʶ ʪʘ ʯʘʩʪʦʪʦʶ). 

ɺʠʢʦʥʘʥʦ ʦʮʽʥʢʫ ʯʘʩʫ ʟʘʧʽʟʥʝʥʥʷ ʧʨʦʭʦʜʞʝʥʥʷ ʬʣʫʢʪʫʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʪʝʧʣʦʥʦʩʽʷ 

ʚʟʜʦʚʞ ʊɺɿ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ. ʇʦʢʘʟʘʥʦ ʷʢʽ ʟ ʤʝʪʦʜʽʚ ʥʘʡʙʽʣʴʰ ʩʪʽʡʢʽ ʜʦ 

ʛʣʦʙʘʣʴʥʦʛʦ ʥʝʡʪʨʦʥʥʦʛʦ ʰʫʤʫ, ʪʘ ʰʣʷʭʠ ʧʦʢʨʘʱʝʥʥʷ ʦʮʽʥʢʠ ʯʘʩʫ ʟʘʧʽʟʥʝʥʥʷ. 

ʆʙˇʨʫʥʪʦʚʘʥʦ ʚʠʙʽʨ ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪ ʜʣʷ ʦʮʽʥʢʠ ʯʘʩʫ ʟʘʧʽʟʥʝʥʥʷ ʟ ʥʘʭʠʣʫ ʬʘʟʠ 

ʚʟʘʻʤʥʦʩʧʝʢʪʨʘʣʴʥʦʾ ʛʫʩʪʠʥʠ ʧʦʪʫʞʥʦʩʪʽ. ʇʦʢʘʟʘʥʘ ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ 
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ʦʧʝʨʘʪʠʚʥʦʛʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʊʂʈ ʚ ʩʢʣʘʜʽ ʉɺʈʐɼ ɺɺɽʈ-1000 ʧʨʠ 

ʜʦʩʪʫʧʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʪʝʨʤʦʧʘʨ ʥʘ ʚʠʭʦʜʽ ʟ ʊɺɿ. 

ɺ ʏʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ ʚʠʨʽʰʝʥʦ ʟʘʚʜʘʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ 

ʯʫʪʣʠʚʦʩʪʽ (ʣʦʢʘʣʴʥʦʩʪʽ) ɼʇɿ, ʘ ʩʘʤʝ ʚʠʟʥʘʯʝʥʦ, ʥʘ ʷʢʽʡ ʚʽʜʩʪʘʥʽ ʩʠʛʥʘʣ ɼʇɿ ʻ 

ʯʫʪʣʠʚʠʤ ʜʦ ʚʽʙʨʘʮʽʡʥʠʭ ʪʘ ʽʥʰʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʦʙʣʘʩʪʽ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ɼʇɿ, ʪʦʙʪʦ ʚʠʟʥʘʯʝʥʦ ʨʦʟʤʽʨʠ ʦʙʣʘʩʪʽ ʧʨʦʮʝʩʠ ʚ ʷʢʽʡ ʤʦʜʝʣʶʶʪʴ 

ʩʠʛʥʘʣ ɼʇɿ. ɺʠʟʥʘʯʝʥʦ ʚʥʝʩʦʢ ʪʚʝʣʽʚ ʚ ʩʠʛʥʘʣ ɼʇɿ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʾʭ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʚʽʜʥʦʩʥʦ ɼʇɿ, ʱʦ ʜʘʣʦ ʟʤʦʛʫ ʣʦʢʘʣʽʟʫʚʘʪʠ ʦʙʣʘʩʪʴ ʚʽʙʨʘʮʽʾ ʊɺɿ. 

ɺ ʇôʷʪʦʤʫ ʨʦʟʜʽʣʽ ʚʧʝʨʰʝ ʧʦʢʘʟʘʥʘ ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʥʦʚʣʝʥʥʷ ʩʠʛʥʘʣʽʚ ɼʇɿ, 

ʱʦ ʚʠʡʰʣʠ ʟ ʣʘʜʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. ʇʦʢʘʟʘʥʦ, ʱʦ ʚʽʜʥʦʚʣʝʥʥʷ 

ʩʠʛʥʘʣʽʚ ɼʇɿ ʤʦʞʣʠʚʝ ʟ ʧʦʭʠʙʢʦʶ ʥʝ ʙʽʣʴʰʝ 2 % ʟʘ ʫʤʦʚʠ ʥʘʚʯʘʥʥʷ ʥʘ ʰʠʨʦʢʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʜʘʥʠʭ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʢʦʥʪʨʦʣʴ ʝʥʝʨʛʦʨʦʟʧʦʜʽʣʫ ʚ ʊɺɿ ʟ 

ʜʘʥʠʤ ɼʇɿ. ʄʦʜʝʣʶʚʘʥʥʷ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʣʷ ʨʽʟʥʠʭ ɼʇɿ (ʷʢ ʟʘ ʨʦʢʦʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢ ʽ ʟʘ ʤʽʩʮʝʤ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚ ʘʢʪʠʚʥʽʡ ʟʦʥʽ), ʘ ʪʘʢʦʞ ʜʣʷ ʨʽʟʥʠʭ 

ʝʥʝʨʛʦʙʣʦʢʽʚ ʟ ɺɺɽʈ-1000. 

ɺʠʟʥʘʯʝʥʦ ʚʭʽʜʥʽ ʩʠʛʥʘʣʠ, ʱʦ ʜʘʶʪʴ ʥʘʡʤʝʥʰʫ ʧʦʭʠʙʢʫ ʨʦʟʨʘʭʫʥʢʫ 

ʚʽʜʥʦʚʣʝʥʥʦʛʦ ʩʠʛʥʘʣʫ ɼʇɿ, ʧʨʠʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʥʘʚʯʘʥʥʷ. 

ʇʦʢʘʟʘʥʘ ʚʘʞʣʠʚʽʩʪʴ ʚʠʙʦʨʫ ʜʣʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʪʘʢʠʭ ʚʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ, ʱʦ 

ʥʘʡʙʽʣʴʰʝ ʚʠʟʥʘʯʘʶʪʴ ʭʘʨʘʢʪʝʨ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ. ɺʠʟʥʘʯʝʥʘ ʥʘʡʢʨʘʱʘ, ʟ ʪʦʯʢʠ 

ʟʦʨʫ ʤʽʥʽʤʽʟʘʮʽʾ ʧʦʭʠʙʢʠ ʚʽʜʥʦʚʣʝʥʥʦʛʦ ʩʠʛʥʘʣʫ ɼʇɿ, ʘʨʭʽʪʝʢʪʫʨʘ ʥʝʡʨʦʥʥʦʾ 

ʤʝʨʝʞʽ. 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʦʨʝʣʷʮʽʡʥʠʭ ʪʘ ʩʧʝʢʪʨʘʣʴʥʠʭ ʬʫʥʢʮʽʡ, ʘ ʪʘʢʦʞ ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʨʦʟʨʦʙʣʝʥʦ ʚʽʜʧʦʚʽʜʥʝ ʇɿ ʥʘ ʤʦʚʽ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʉ#. ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʚʝʨʠʬʽʢʘʮʽʶ ʨʦʟʨʦʙʣʝʥʦʛʦ ʇɿ ʥʘ ʪʝʩʪʦʚʠʭ 

ʜʘʥʠʭ. ɺʩʽ ʨʦʟʨʦʙʣʝʥʽ ʤʦʜʝʣʽ ʪʘ ʘʣʛʦʨʠʪʤʠ ʧʦʢʘʟʘʣʠ ʢʦʨʝʢʪʥʫ ʨʦʙʦʪʫ. ɺʠʢʦʥʘʥʦ 

ʚʘʣʽʜʘʮʽʶ ʇɿ ʥʘ ʜʘʥʠʭ ʩʠʛʥʘʣʽʚ ʥʝʡʪʨʦʥʥʠʭ ʜʝʪʝʢʪʦʨʽʚ ʖʋɸɽʉ-1 ʪʘ ɿɸɽʉ-1. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʥʫʪʨʽʰʥʴʦʢʦʨʧʫʩʥʽ ʧʨʠʩʪʨʦʾ, ʪʝʧʣʦʚʠʜʽʣʴʥʘ ʟʙʽʨʢʘ, 

ʜʝʪʝʢʪʦʨ ʧʨʷʤʦʛʦ ʟʘʨʷʜʫ, ʩʠʩʪʝʤʘ ʤʦʥʽʪʦʨʠʥʛʫ, ʩʠʩʪʝʤʘ ʚʥʫʪʨʽʰʥʴʦʨʝʘʢʪʦʨʥʦʾ 

ʰʫʤʦʚʦʾ ʜʽʘʛʥʦʩʪʠʢʠ, ʯʘʩ ʟʘʧʽʟʥʝʥʥʷ, ʰʚʠʜʢʽʩʪʴ ʪʝʧʣʦʥʦʩʽʷ, ʚʽʙʨʘʮʽʾ, ʥʝʡʪʨʦʥʥʠʡ 

ʰʫʤ, ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ. 
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ʉʧʠʩʦʢ ʧʫʙʣʽʢʘʮʽʡ ʟʜʦʙʫʚʘʯʘ 

ʅʘʫʢʦʚʽ ʧʨʘʮʽ, ʚ ʷʢʠʭ ʦʧʫʙʣʽʢʦʚʘʥʽ ʦʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʾ 

1. ɹʦʨʠʩʝʥʢʦ ɺ.ʀ., ɻʦʨʘʥʯʫʢ ɺ.ɺ. ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʤʦʜʝʣʠ ʨʝʘʢʪʦʨʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ɺɺʕʈ-1000 // 

ʇʨʦʙʣʝʤʠ ʙʝʟʧʝʢʠ ʘʪʦʤʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʽ ʏʦʨʥʦʙʠʣʷ, ʚʠʧ. 20, ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʠʡ ʟʙʽʨʥʠʢ, ʤ.ʏʦʨʥʦʙʠʣʴ. 2013. ʉ. 28ï36. 

ɿʜʦʙʫʚʘʯʫ ʦʩʦʙʠʩʪʦ ʥʘʣʝʞʠʪʴ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ, ʨʦʟʨʦʙʢʘ ʤʦʜʝʣʽ, 

ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ, ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

2. ɹʦʨʠʩʝʥʢʦ ɺ.ʀ., ɻʦʨʘʥʯʫʢ ɺ.ɺ., ʂʨʫʰʠʥʩʢʠʡ ɸ.ɻ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʝʞʠʤʘ 

ʨʘʙʦʪʳ ɺɺʕʈ-1000 ʧʨʠ ʦʪʢʣʶʯʝʥʠʠ ʧʦʩʣʝʜʥʝʛʦ ʧʠʪʘʪʝʣʴʥʦʛʦ ʪʫʨʙʦʥʘʩʦʩʘ ʩ 

ʫʨʦʚʥʷ ʤʦʱʥʦʩʪʠ ʤʝʥʝʝ 25 % ʥʦʤʠʥʘʣʴʥʦʡ // ʇʨʦʙʣʝʤʠ ʙʝʟʧʝʢʠ ʘʪʦʤʥʠʭ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʽ ʏʦʨʥʦʙʠʣʷ, ʚʠʧ. 20, ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʟʙʽʨʥʠʢ, ʤ.ʏʦʨʥʦʙʠʣʴ. 

2013. ʉ. 37ï44. 

ɿʜʦʙʫʚʘʯʫ ʦʩʦʙʠʩʪʦ ʥʘʣʝʞʠʪʴ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ, ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ. 

3. ɹʦʨʠʩʝʥʢʦ ɺ.ʀ., ɺʦʣʦʭ ɸ.ʌ., ɻʦʨʘʥʯʫʢ ɺ.ɺ., ʉʠʜʦʨʫʢ ʅ.ʄ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʜʢʨʠʪʠʯʥʦʩʪʠ ʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ // ʗʜʝʨʥʘ 

ʬʽʟʠʢʘ ʪʘ ʝʥʝʨʛʝʪʠʢʘ. 2014. ʊ. 15. ˉ 1. ʉ. 35ï42. 

ɿʜʦʙʫʚʘʯʫ ʦʩʦʙʠʩʪʦ ʥʘʣʝʞʠʪʴ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʧʽʜʢʨʠʪʠʯʥʦʩʪʽ 

ɺɺʈ-ʄ, ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

4. ɹʦʨʠʩʝʥʢʦ ɺ.ʀ., ʇʠʦʥʪʢʦʚʩʢʠʡ ʖ.ʌ., ɻʦʨʘʥʯʫʢ ɺ.ɺ. ʄʦʜʝʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʠʛʥʘʣʘ ʚʥʫʪʨʠʟʦʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʥʝʡʪʨʦʥʦʚ // ʗʜʝʨʥʘ ʬʽʟʠʢʘ ʪʘ ʝʥʝʨʛʝʪʠʢʘ. 

2016. ʊ. 17. ˉ. 4. ʉ. 364ï373. 

ɿʜʦʙʫʚʘʯʫ ʦʩʦʙʠʩʪʦ ʥʘʣʝʞʠʪʴ ʘʥʘʣʽʟ ʪʝʭʥʽʯʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ, ʧʽʜʛʦʪʦʚʢʘ 

ʜʘʥʠʭ, ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

5. ɹʦʨʠʩʝʥʢʦ ɺ.ʀ., ɹʫʜʠʢ ɼ.ɺ., ɻʦʨʘʥʯʫʢ ɺ.ɺ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ 

ʰʫʤʽʚ ʫ ʩʠʩʪʝʤʘʭ ʜʽʘʛʥʦʩʪʠʢʠ ʨʝʘʢʪʦʨʽʚ ʪʠʧʫ ɺɺɽʈ // ʗʜʝʨʥʘ ʪʘ ʨʘʜʽʘʮʽʡʥʘ 

ʙʝʟʧʝʢʘ. 2017. ˉ1 (73). ʉ. 48ï53. 

ɿʜʦʙʫʚʘʯʫ ʦʩʦʙʠʩʪʦ ʥʘʣʝʞʠʪʴ ʘʥʘʣʽʟ ʪʘ ʚʠʙʽʨ ʘʣʛʦʨʠʪʤʽʚ ʰʫʤʦʚʦʾ 

ʜʽʘʛʥʦʩʪʠʢʠ, ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ, ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 
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6. ɹʦʨʠʩʝʥʢʦ ɺ.ʀ., ɻʦʨʘʥʯʫʢ ɺ.ɺ., ʇʠʦʥʪʢʦʚʩʢʠʡ ʖ.ʌ., ʉʘʧʦʥ ʅ.ʅ. ɺʳʙʦʨ 

ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʜʦʧʫʱʝʥʠʡ ʧʨʠ ʦʙʦʩʥʦʚʘʥʠʠ ʷʜʝʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʠʩʪʝʤ 

ʭʨʘʥʝʥʠʷ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ // ʗʜʝʨʥʘ ʪʘ ʨʘʜʽʘʮʽʡʥʘ ʙʝʟʧʝʢʘ. 

2017. ˉ2 (74). ʉ. 69ï73. 

ɿʜʦʙʫʚʘʯʫ ʦʩʦʙʠʩʪʦ ʥʘʣʝʞʠʪʴ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ, ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ, 

ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

7. ɹʦʨʠʩʝʥʢʦ ɺ.ʀ., ʇʠʦʥʪʢʦʚʩʢʠʡ ʖ.ʌ., ɻʦʨʘʥʯʫʢ ɺ.ɺ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʦʜʝʣʝʡ 

ʨʦʜʠʝʚʦʛʦ ʵʤʠʪʪʝʨʘ ʜʝʪʝʢʪʦʨʘ ʧʨʷʤʦʛʦ ʟʘʨʷʜʘ // ʇʨʦʙʣʝʤʠ ʙʝʟʧʝʢʠ ʘʪʦʤʥʠʭ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʽ ʏʦʨʥʦʙʠʣʷ, ʚʠʧ. 28, ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʟʙʽʨʥʠʢ, ʤ.ʏʦʨʥʦʙʠʣʴ. 

2017. ʉ. 25ï33. 

ɿʜʦʙʫʚʘʯʫ ʦʩʦʙʠʩʪʦ ʥʘʣʝʞʠʪʴ ʘʥʘʣʽʟ ʪʝʭʥʽʯʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ, ʧʽʜʛʦʪʦʚʢʘ 

ʜʘʥʠʭ, ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

8. ɹʦʨʠʩʝʥʢʦ ɺ.ɯ., ɻʦʨʘʥʯʫʢ ɺ.ɺ., ʇʽʦʥʪʢʦʚʩʴʢʠʡ ʖ.ʌ. ɺʠʟʥʘʯʝʥʥʷ 

ʢʦʥʩʝʨʚʘʪʠʚʥʠʭ ʧʨʠʧʫʱʝʥʴ ʧʨʠ ʦʙˇʨʫʥʪʫʚʘʥʥʽ ʷʜʝʨʥʦʾ ʙʝʟʧʝʢʠ ʩʠʩʪʝʤ 

ʟʙʝʨʽʛʘʥʥʷ ɺʊɺɿ ɺɺɽʈ-440 // ʅʘʫʢʦʚʦ-ʚʠʨʦʙʥʠʯʠʡ ʞʫʨʥʘʣ çʗʜʝʨʥʘ 

ʝʥʝʨʛʝʪʠʢʘ ʪʘ ʜʦʚʢʽʣʣʷè  ̄1 (9). 2017. ʉ. 13ï17. 

ɿʜʦʙʫʚʘʯʫ ʦʩʦʙʠʩʪʦ ʥʘʣʝʞʠʪʴ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ, ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ. 

9. ɹʦʨʠʩʝʥʢʦ ɺ.ɯ., ɻʦʨʘʥʯʫʢ ɺ.ɺ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʜʣʷ 

ʚʽʜʥʦʚʣʝʥʥʷ ʩʠʛʥʘʣʽʚ ʜʝʪʝʢʪʦʨʽʚ, ʷʢʽ ʚʠʡʰʣʠ ʟ ʣʘʜʫ // ʇʨʦʙʣʝʤʠ ʙʝʟʧʝʢʠ 

ʘʪʦʤʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʽ ʏʦʨʥʦʙʠʣʷ, ʚʠʧ. 30, ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʟʙʽʨʥʠʢ, 

ʤ.ʏʦʨʥʦʙʠʣʴ. 2018. ʉ. 17ï23. 

ɿʜʦʙʫʚʘʯʫ ʦʩʦʙʠʩʪʦ ʥʘʣʝʞʠʪʴ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʘʥʘʣʽʟ ʘʨʭʽʪʝʢʪʫʨ ʪʘ 

ʤʝʪʦʜʽʚ ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ, ʘʥʘʣʽʟ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʆʧʫʙʣʽʢʦʚʘʥʽ ʧʨʘʮʽ ʘʧʨʦʙʘʮʽʡʥʦʛʦ ʭʘʨʘʢʪʝʨʫ 

10. ɹʦʨʠʩʝʥʢʦ ɺ.ɯ., ɻʦʨʘʥʯʫʢ ɺ.ɺ. ʄʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʟʘʭʠʩʥʠʭ ʩʠʩʪʝʤ ʙʝʟʧʝʢʠ 

ɺɺɽʈ-1000 // ʊʝʟʠ ʜʦʧʦʚʽʜʝʡ. ɺʩʝʫʢʨʘʾʥʩʴʢʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ ʪʘ ʩʪʫʜʝʥʪʽʚ çɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʜʝʨʞʘʚʠè, 16ï18 ʢʚʽʪʥʷ 

2013 ʨ. ʉ. 53ï54. 

ɿʜʦʙʫʚʘʯʫ ʦʩʦʙʠʩʪʦ ʥʘʣʝʞʠʪʴ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ, ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ. 
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11. ɻʦʨʘʥʯʫʢ ɺ.ɺ., ɹʦʨʠʩʝʥʢʦ ɺ.ɯ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʰʫʤʦʚʦʾ ʜʽʘʛʥʦʩʪʠʢʠ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʙʝʟʧʝʢʠ ɺɺɽʈ // ʊʝʟʠ ʜʦʧʦʚʽʜʝʡ. XXIII ʱʦʨʽʯʥʘ 

ʥʘʫʢʦʚʘ ʢʦʥʬʝʨʝʥʮʽʷ ɯʥʩʪʠʪʫʪʫ ʷʜʝʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʅɸʅ ʋʢʨʘʾʥʠ. 1ï5 ʣʶʪʦʛʦ 

2016 ʨ. ʉ. 95. 

ɿʜʦʙʫʚʘʯʫ ʦʩʦʙʠʩʪʦ ʥʘʣʝʞʠʪʴ ʘʥʘʣʽʟ ʘʣʛʦʨʠʪʤʽʚ ʰʫʤʦʚʦʾ ʜʽʘʛʥʦʩʪʠʢʠ, 

ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ, ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

12. ɻʦʨʘʥʯʫʢ ɺ.ɺ., ɹʦʨʠʩʝʥʢʦ ɺ.ɯ. ɺʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʙʝʟʧʝʢʠ ɺɺɽʈ ʚ 

ʩʠʩʪʝʤʽ ʚʥʫʪʨʽʰʥʴʦʨʝʘʢʪʦʨʥʦʾ ʰʫʤʦʚʦʾ ʜʽʘʛʥʦʩʪʠʢʠ // ɿʙʽʨʥʠʢ ʜʦʧʦʚʽʜʝʡ. 

ʇôʷʪʘ ʤʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çɹʝʟʧʝʢʘ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʘʪʦʤʥʦʾ ʝʥʝʨʛʝʪʠʢʠè. ʆʜʝʩʘ, ʋʢʨʘʾʥʘ. 5ï9 ʚʝʨʝʩʥʷ 2016. ʉ. 25ï32. 

ɿʜʦʙʫʚʘʯʫ ʦʩʦʙʠʩʪʦ ʥʘʣʝʞʠʪʴ ʘʥʘʣʽʟ ʘʣʛʦʨʠʪʤʽʚ ʰʫʤʦʚʦʾ ʜʽʘʛʥʦʩʪʠʢʠ, 

ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ, ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

13. ɹʦʨʠʩʝʥʢʦ ɺ.ɯ., ɻʦʨʘʥʯʫʢ ɺ.ɺ., ʇʽʦʥʪʢʦʚʩʴʢʠʡ ʖ.ʌ., ʉʘʧʦʥ ʄ.ʄ. ɸʥʘʣʽʟ 

ʷʜʝʨʥʦʾ ʙʝʟʧʝʢʠ ʩʠʩʪʝʤ ʟʙʝʨʽʛʘʥʥʷ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ ɺɺɽʈ // 

ʊʝʟʠ ʜʦʧʦʚʽʜʝʡ. XʍIV ʱʦʨʽʯʥʘ ʥʘʫʢʦʚʘ ʢʦʥʬʝʨʝʥʮʽʷ ɯʥʩʪʠʪʫʪʫ ʷʜʝʨʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʅɸʅ ʋʢʨʘʾʥʠ. 10ï13 ʢʚʽʪʥʷ 2017. ʉ. 112ï113. 

ɿʜʦʙʫʚʘʯʫ ʦʩʦʙʠʩʪʦ ʥʘʣʝʞʠʪʴ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ, ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ. 

14. ɻʦʨʘʥʯʫʢ ɺ.ɺ., ɹʦʨʠʩʝʥʢʦ ɺ.ɯ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʟʘʜʘʯ ʜʽʘʛʥʦʩʪʠʢʠ ɼʇɿ ʟʘ ʜʘʥʠʤʠ ʉɺʈʂ // ʊʝʟʠ ʜʦʧʦʚʽʜʝʡ. XXV ʱʦʨʽʯʥʘ 

ʥʘʫʢʦʚʘ ʢʦʥʬʝʨʝʥʮʽʷ ɯʥʩʪʠʪʫʪʫ ʷʜʝʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʅɸʅ ʋʢʨʘʾʥʠ. 16ï20 

ʢʚʽʪʥʷ 2018 ʨ. ʉ. 91. 
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ANNOTATION  

Goranchuk V.V. Monitoring of VVER-1000 core by methods of neutron-noise 

diagnostic. ï Qualifying scientific work on the rights of manuscript. 

The thesis to gaining the scientific degree of the candidate of technical sciences in 

the specialty 05.14.14 "Thermal and nuclear power installation" (143 ï Atomic power). 

This work was performed in Institute for Safety Problems of Nuclear Power Plants of 

NAS of Ukraine. The defense of the thesis is expected to take place at the specialized 

scientific council of Institute for Safety Problems of Nuclear Power Plants of NAS of 

Ukraine, Kyiv, 2019. 

The thesis is devoted to the solution of an actual scientific and technical task: 

enhancement of the NPP operation safety by expanding the VVER-1000 core monitor 

ability, in particular, by implementing of: reactor internals and fuel assemblies vibration 

monitoring, as well as monitoring of important parameters, such as the local coolant 

velocity, moderator temperature coefficient of reactivity; and up-to-date neutron-noise 

diagnostics systems into the VVER operational practice. 

The solution of this issue is in particular due to the task of equipping VVER 

power units with in-core noise diagnostics systems, within the framework of meeting 

the requirements for NPP life extension beyond the design lifetime based on the results 

of a periodic safety revaluation. It should be noted that before the beginning of these 

works the systems of VVER-1000 neutron noise monitoring and diagnostics were not 

applied at NPPs of Ukraine, and additional research must be conducted for these 

systems implementation. 

In the Introduction  the topicality of this work is justified. The subject and the 

object of research are determined, and in accordance with them ï purpose and tasks of 

research. The used scientific research methods were listed and it was noted what was 

investigated by each method. The Introduction contains: scientific novelty of the results, 

personal contribution of applicant for a degree, approbation of materials of the thesis, 

connection of the thesis with research work, and also structure and volume of the thesis. 

The Introduction provides information about the practical application of research 

results. 
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The research results are implemented in the in-core noise diagnostic system, 

which is part of the complex diagnostic system of VVER-1000 power units, which 

received licenses for prolongation of operation beyond the design lifetime. 

In the Chapter one of the thesis the state of the problem is highlighted and the 

research tasks are set. It is noted that during the operation of the reactor plant it is 

important to ensure its design mode of operation, and to identify abnormalities that may 

affect the performance of the reactor plant in advance. 

Tasks that can be solved by methods of neutron noise diagnostics are defined, 

namely: coolant velocity monitoring, vibration monitoring of reactor internals and fuel 

assemblies, monitoring of moderator temperature coefficient of reactivity. 

The history of research on neutron noise at different NPPs and the 

implementation of appropriate monitoring and diagnostics systems at foreign power 

units as well as at Ukrainian NPPs, in which the author of the thesis was directly 

involved, is considered. 

Tasks that were formulated in the Chapter one and solved in the following 

chapters are: 

- analysis and systematization of methods of neutron-noise diagnostics, selection of 

the most informative for their application in diagnostic systems of VVER-1000 

reactors; 

- development of methods, algorithms and software for the noise analysis of reactor 

neutron detectors, as well as verification and validation of the developed software; 

- analysis of noise component of self-powered neutron detectors and ionization 

chambers, and analysis of their changes during the fuel campaign; 

- development of diagnostic models of reactor internals and fuel assemblies vibration. 

- determination of the local sensitivity of self-powered neutron detectors, and the 

effect of neutrons generated in neighboring fuel assemblies on its signals; 

- possibility study of signal restoration of failed self-powered neutron detectors; 

- possibility study of subcriticality determination of VVER. 
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The Chapter two presents the analysis and systematization of neutron-noise 

diagnostics methods as well as selection of the most informative ones of them for 

application at the VVER-1000 monitoring and diagnostics systems. The elaboration of 

methods, algorithms and software for the noise analysis of in-core neutron detectors is 

performed, the results of the developed software verification are presented. All 

developed models and algorithms showed the correct work. 

The Chapter three presents the results of the solution of noise analysis tasks, in 

particular, the estimation of the coolant fluctuation transit time along the fuel assembly 

was performed, the vibrations of reactor internals and fuel assemblies were investigated. 

Validation of software was carried out on data of signals of neutron detectors of 

South-Ukraine NPP and Zaporizhzhya NPP. 

The analysis of noise component of self-powered neutron detectors and ionization 

chambers has been carried out. For the first time during several fuel campaigns the 

analysis of spectral and other signal parameters of 245 self-powered neutron detectors 

of VVER-1000 was performed during several fuel campaigns with sampling rate 

436 Hz that is higher essentially than in previous studies. These aspects allowed to 

determine additional vibration frequencies. 

The main characteristic frequencies of disturbing forces that influence the 

vibrations of reactor internals and fuel assemblies are determined and proved. 

Vibrational diagnostic models and diagnostic thresholds have been developed for the 

root mean square deviation of neutron flux, as well as for signs of neutron noise. The 

estimation of the coolant fluctuations transit time of fluctuations of the coolant along the 

fuel assembly by various methods has been carried out. It was shown which of methods 

are the most resistant to global neutron noise, and the ways are determined to improve 

the estimation of the transit time. The selection of frequency range to estimate the 

transit time from the phase of cross power spectral density was justified. 

The possibility of realization of operative automated determination of moderator 

temperature coefficient of reactivity in the structure of in-core noise diagnostics system 

of VVER-1000 shown, providing availability of information from thermocouples at the 

exit from fuel assemblies. 
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In the Chapter four the problem of the self-powered neutron detector locality 

determination was solved, namely, by determining at what distance the signal of 

self-powered neutron detector is sensitive to the vibration and other processes that take 

place in the area of the self-powered neutron detector location and that modulate this 

signal. The contribution of fuel rods to the signal of self-powered neutron detector was 

determined in accordance with their location in regard to the self-powered neutron 

detector. This allowed to localize the fuel assemblies vibrations. 

In the Chapter five was first shown the possibility to restore the signal of the 

failed self-powered neutron detector by means of neural networks. It was demonstrated 

that the self-powered neutron detector signal recovery is possible with an inaccuracy not 

more than 2% under condition of neural network training in a wide range of data. This 

allows to provide the control of energy distribution in the fuel assembly, where the 

failed self-powered neutron detector is located. Modeling was carried out for different 

self-powered neutron detectors (differences are within a year these detectors using as 

well as in their location in the core), as well as for different power units. 

The input signals that give the a minimal inaccuracy were determined, the 

comparison of training algorithms was presented. The importance of such input signals 

selection for the neural network that determine the nature of the output signal most was 

stressed. The best architecture of the neural network was determined. 

Appropriate software was developed in the C# programming language to 

calculate the correlation and spectral functions, as well as to create artificial neural 

networks. Verification of the developed software with test data was carried out. All 

developed models and algorithms showed their correct work. Validation of software 

was carried out at signals from neutron detectors located in units of South-Ukraine NPP 

and Zaporizhzhya NPP. 

Keywords: reactor internals, fuel assembly, self-powered neutron detector, in-

core monitoring system, in-core noise diagnostic system, transit time, coolant velocity, 

vibration, neutron-noise, neural networks. 
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ɸʂʌ ï ʘʚʪʦʢʦʨʝʣʷʮʽʡʥʘ ʬʫʥʢʮʽʷ; 

ɸʉɻʇ ï ʘʚʪʦʩʧʝʢʪʨʘʣʴʥʘ ʛʫʩʪʠʥʘ ʧʦʪʫʞʥʦʩʪʽ; 

ɸʉʍ ï ʘʢʫʩʪʠʯʥʘ ʩʪʦʷʯʘ ʭʚʠʣʷ; 

ɸʎʇ ï ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ; 

ɹɿʊ ï ʙʣʦʢ ʟʘʭʠʩʥʠʭ ʪʨʫʙ; 

ɺɺɽʈ ï ʚʦʜʦ-ʚʦʜʷʥʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʨʝʘʢʪʦʨ; 

ɺɺʈ-ʄ ï ʚʦʜʦ-ʚʦʜʷʥʠʡ ʤʦʜʝʨʥʽʟʦʚʘʥʠʡ ʨʝʘʢʪʦʨ ʜʦʩʣʽʜʥʠʮʴʢʠʡ; 

ɺʂʇ ï ʚʥʫʪʨʽʰʥʴʦʢʦʨʧʫʩʥʽ ʧʨʠʩʪʨʦʾ; 

ɺʂʌ ï ʚʟʘʻʤʥʦ ʢʦʨʝʣʷʮʽʡʥʘ ʬʫʥʢʮʽʷ; 

ɺʉɻʇ ï ʚʟʘʻʤʥʦʩʧʝʢʪʨʘʣʴʥʘ ʛʫʩʪʠʥʘ ʧʦʪʫʞʥʦʩʪʽ; 

ɻʊ ï ʛʘʤʤʘ-ʪʝʨʤʦʤʝʪʨ; 

ɻʎʂ ï ʛʦʣʦʚʥʠʡ ʮʠʨʢʫʣʷʮʽʡʥʠʡ ʢʦʥʪʫʨ; 

ɻʎʅ ï ʛʦʣʦʚʥʠʡ ʮʠʨʢʫʣʷʮʽʡʥʠʡ ʥʘʩʦʩ; 

ɻʎʊ ï ʛʦʣʦʚʥʠʡ ʮʠʨʢʫʣʷʮʽʡʥʠʡ ʪʨʫʙʦʧʨʦʚʽʜ; 

ɼʇɿ ï ʜʝʪʝʢʪʦʨ ʧʨʷʤʦʛʦ ʟʘʨʷʜʫ; 

ɯʂ ï ʽʦʥʽʟʘʮʽʡʥʘ ʢʘʤʝʨʘ; 

ɯʇʌ ï ʽʤʧʫʣʴʩʥʘ ʧʝʨʝʭʽʜʥʘ ʬʫʥʢʮʽʷ; 

ʂʅɺ ï ʢʘʥʘʣ ʥʝʡʪʨʦʥʥʠʭ ʚʠʤʽʨʶʚʘʥʴ; 

ʂʉɼ ï ʢʦʤʧʣʝʢʩʥʘ ʩʠʩʪʝʤʘ ʜʽʘʛʥʦʩʪʠʢʠ; 

ʃɽɺ ï ʣʽʥʽʡʥʝ ʝʥʝʨʛʦʚʠʜʽʣʝʥʥʷ; 

ʅʊɼ ï ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʽʯʥʘ ʜʦʢʫʤʝʥʪʘʮʽʷ; 

ʆʈ ï ʦʨʛʘʥ ʨʝʛʫʣʶʚʘʥʥʷ; 

ʇɻ ï ʧʘʨʦʛʝʥʝʨʘʪʦʨ; 

ʇɿ ï ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ; 

ʇʅɺ ï ʧʫʩʢʦ-ʥʘʣʘʛʦʜʞʫʚʘʣʴʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ; 

ʈʋ ï ʨʝʘʢʪʦʨʥʘ ʫʩʪʘʥʦʚʢʘ; 

ʉɺʈʂ ï ʩʠʩʪʝʤʘ ʚʥʫʪʨʽʰʥʴʦʨʝʘʢʪʦʨʥʦʛʦ ʢʦʥʪʨʦʣʶ; 
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ʉɺʈʐɼ ï ʩʠʩʪʝʤʘ ʚʥʫʪʨʽʰʥʴʦʨʝʘʢʪʦʨʥʦʾ ʰʫʤʦʚʦʾ ʜʽʘʛʥʦʩʪʠʢʠ; 

ʉɺʐɼ ï ʩʠʩʪʝʤʘ ʚʽʙʨʦʰʫʤʦʚʦʾ ʜʽʘʛʥʦʩʪʠʢʠ; 

ʉɺʐʂ ï ʩʠʩʪʝʤʘ ʚʽʙʨʦʰʫʤʦʚʦʛʦ ʢʦʥʪʨʦʣʶ; 

ʉʂɺ ï ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʽʣʝʥʥʷ; 

ʉʋɿ ï ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʟʘʭʠʩʪʫ; 

ʪʚʝʣ ï ʪʝʧʣʦʚʠʜʽʣʴʥʠʡ ʝʣʝʤʝʥʪ; 

ʊɺɿ ï ʪʝʧʣʦʚʠʜʽʣʴʥʘ ʟʙʽʨʢʘ; 

ʊʂʈ ï ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʨʝʘʢʪʠʚʥʦʩʪʽ; 

ʐʇʌ ï ʰʚʠʜʢʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ; 

PWR (Pressurized Water Reactor) ï ʨʝʘʢʪʦʨ ʟ ʚʦʜʦʶ ʧʽʜ ʪʠʩʢʦʤ. 
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ɺʉʊʋʇ 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʨʦʙʦʪʠ. ʅʘʨʘʟʽ ʧʝʨʰʽ ʚʚʝʜʝʥʽ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʘʪʦʤʥʽ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ (ɸɽʉ) ʟ ʨʝʘʢʪʦʨʘʤʠ ʪʠʧʫ ɺɺɽʈ-1000 ʧʨʘʮʶʶʪʴ ʚʞʝ ʧʦʥʘʜ 

35 ʨʦʢʽʚ, ʧʨʠ ʮʴʦʤʫ ʛʝʥʝʨʘʣʴʥʠʤ ʢʦʥʩʪʨʫʢʪʦʨʦʤ ʪʘʢʦʾ ʨʝʘʢʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ (ʈʋ) 

ʙʫʚ ʚʠʟʥʘʯʝʥʠʡ ʧʨʦʝʢʪʥʠʡ ʨʝʩʫʨʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʫ 30 ʨʦʢʽʚ. ʋʩʝ ʮʝ ʜʘʻ ʧʽʜʩʪʘʚʠ ʜʣʷ 

ʧʦʜʘʣʴʰʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘʢʠʭ ʈʋ ʣʠʰʝ ʟʘ ʫʤʦʚʠ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʾʭ ʙʝʟʧʝʯʥʦʾ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʫ ʧʦʥʘʜʧʨʦʝʢʪʥʽ ʩʪʨʦʢʠ. ʋ ʧʠʪʘʥʥʽ ʧʦʜʦʚʞʝʥʥʷ ʩʪʨʦʢʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʷʜʝʨʥʠʭ ʝʥʝʨʛʦʙʣʦʢʽʚ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʠʤ ʻ ʟʘʚʜʘʥʥʷ ʨʦʟʨʦʙʢʠ ʪʘ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʜʽʘʛʥʦʩʪʠʢʠ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ, ʩʝʨʝʜ ʷʢʠʭ ʦʩʦʙʣʠʚʝ 

ʤʽʩʮʝ ʧʦʩʽʜʘʶʪʴ ʩʠʩʪʝʤʠ, ʨʦʟʨʦʙʣʝʥʽ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʽʚ ʥʝʡʪʨʦʥʥʦ-ʰʫʤʦʚʦʾ 

ʜʽʘʛʥʦʩʪʠʢʠ. [3, 92, 96, 101, 102, 113, 116]. ʊʘʢʦʞ ʙʽʣʴʰ ʚʠʩʦʢʽ ʚʠʤʦʛʠ 

ʚʩʪʘʥʦʚʣʶʶʪʴ ʜʦ ʥʘʜʽʡʥʦʩʪʽ ʢʦʥʪʨʦʣʶ ʟʘ ʧʦʪʦʯʥʠʤ ʩʪʘʥʦʤ ʦʙʣʘʜʥʘʥʥʷ ʫ ʟʚ'ʷʟʢʫ ʟ 

ʤʘʡʙʫʪʥʴʦʶ ʨʦʙʦʪʦʶ ʝʥʝʨʛʦʙʣʦʢʽʚ ʫ ʤʘʥʝʚʨʦʚʠʭ ʨʝʞʠʤʘʭ. 

ɿ ʦʛʣʷʜʫ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʧʦʙʽʛʘʥʥʷ ʧʦʷʚʠ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʚʽʙʨʘʮʽʡ 

ʦʙʣʘʜʥʘʥʥʷ ɸɽʉ ʟʘʜʣʷ ʙʝʟʧʝʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʩʪʘʥʥʽʭ, ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ 

ʧʨʠʜʽʣʷʶʪʴ ʤʦʥʽʪʦʨʠʥʛʫ ʚʽʙʨʘʮʽʡ ʦʙʣʘʜʥʘʥʥʷ ʈʋ ʷʢ ʥʘ ʩʪʘʜʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ 

ʩʪʝʥʜʦʚʦʛʦ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʦʙʣʘʜʥʘʥʥʷ, ʪʘʢ ʽ ʚ ʧʝʨʽʦʜ 

ʧʫʩʢʦʥʘʣʘʛʦʜʞʫʚʘʣʴʥʠʭ ʨʦʙʽʪ, ʘ ʟʛʦʜʦʤ ï ʽ ʧʨʦʪʷʛʦʤ ʝʢʩʧʣʫʘʪʘʮʽʾ ʷʜʝʨʥʠʭ 

ʝʥʝʨʛʦʙʣʦʢʽʚ [3]. 

ʗʢ ʫ ʚʽʪʯʠʟʥʷʥʽʡ, ʪʘʢ ʽ ʚ ʟʘʢʦʨʜʦʥʥʽʡ ʧʨʘʢʪʠʮʽ ʚ ʘʪʦʤʥʦ-ʝʥʝʨʛʝʪʠʯʥʽʡ ʛʘʣʫʟʽ 

ʟʥʘʯʥʫ ʯʘʩʪʢʫ ʚʽʜʤʦʚ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ, ʦʩʦʙʣʠʚʦ ʥʘ ʩʪʘʜʽʾ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ 

ʪʠʧʽʚ ʪʝʧʣʦʚʠʜʽʣʴʥʠʭ ʟʙʽʨʦʢ (ʊɺɿ), ʩʪʘʥʦʚʣʷʪʴ ʚʽʜʤʦʚʠ, ʟʫʤʦʚʣʝʥʽ ʚʽʙʨʘʮʽʻʶ ʊɺɿ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤ ʚʽʙʨʦʰʫʤʦʚʦʾ ʜʽʘʛʥʦʩʪʠʢʠ (ʉɺʐɼ) ʟʥʘʯʥʦ ʨʦʟʰʠʨʶʻ 

ʤʦʞʣʠʚʦʩʪʽ ʤʦʥʽʪʦʨʠʥʛʫ ʦʙ'ʻʢʪʘ (ʥʘʧʨʠʢʣʘʜ, ʊɺɿ) ʽ ʤʦʞʝ ʙʫʪʠ ʦʩʥʦʚʦʶ ʜʣʷ 

ʚʠʢʦʥʘʥʥʷ ʦʮʽʥʢʠ ʚʽʙʨʘʮʽʡʥʦʛʦ ʨʝʩʫʨʩʫ ʦʙʣʘʜʥʘʥʥʷ, ʟʦʢʨʝʤʘ ʽ ʟ ʧʦʜʦʚʞʝʥʠʤ 

ʩʪʨʦʢʦʤ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʑʝ ʦʜʥʠʤ ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʘʢʪʫʘʣʴʥʦʩʪʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʉɺʐɼ ʻ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ ʝʥʝʨʛʦʙʣʦʢʘʭ ɸɽʉ ʥʦʚʠʭ ʧʦʢʦʣʽʥʴ ʊɺɿ, ʫ ʪʦʤʫ ʯʠʩʣʽ, ʡ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʚʠʨʦʙʥʠʢʽʚ. 
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ʅʘ ʤʦʤʝʥʪ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʝʨʰʠʭ ʷʜʝʨʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʘʢʪʦʨʽʚ ʨʦʟʚʠʪʦʢ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʙʫʚ ʦʙʤʝʞʝʥʠʤ, ʪʦʤʫ ʜʽʘʛʥʦʩʪʠʯʥʽ ʩʠʩʪʝʤʠ ʥʝ ʙʫʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʧʨʦʝʢʪʽ ɺɺɽʈ, ʘ ʤʦʞʣʠʚʽʩʪʴ ʤʦʥʽʪʦʨʠʥʛʫ ʟʘ ʚʘʞʣʠʚʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʪʘʢʠʤʠ ʷʢ ʦʧʝʨʘʪʠʚʥʝ ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʪʝʧʣʦʥʦʩʽʷ, 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʘʢʪʠʚʥʦʩʪʽ, ʥʝ ʧʝʨʝʜʙʘʯʘʣʘʩʷ. ɼʣʷ ʥʦʚʠʭ ʙʣʦʢʽʚ ɸɽʉ, ʱʦ ʚʚʦʜʷʪʴʩʷ 

ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʟ ʨʝʘʢʪʦʨʘʤʠ ʪʠʧʫ ɺɺɽʈ, ʩʠʩʪʝʤʠ ʚʽʙʨʦʰʫʤʦʚʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʚʞʝ 

ʧʨʝʜʩʪʘʚʣʝʥ ̔ʚ ʧʨʦʝʢʪʘʭ ʈʋ ʨʘʟʦʤ ʟ ʽʥʰʠʤʠ ʩʠʩʪʝʤʘʤʠ ʜʽʘʛʥʦʩʪʠʢʠ. 

ʅʘ ʩʴʦʛʦʜʥʽ ʚʞʝ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʦ, ʱʦ ʜʣʷ ʫʙʝʟʧʝʯʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʾ ʈʋ ʟ 

ɺɺɽʈ ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤ ʨʘʥʥʴʦʾ ʜʽʘʛʥʦʩʪʠʢʠ, ʫ ʪʦʤʫ 

ʯʠʩʣʽ ʧʦʙʫʜʦʚʘʥʠʭ ʥʘ ʤʝʪʦʜʘʭ ʥʝʡʪʨʦʥʥʦ-ʰʫʤʦʚʦʾ ʜʽʘʛʥʦʩʪʠʢʠ [92, 108, 116, 127, 

128, 129].  

ɺʽʙʨʦʰʫʤʦʚʘ ʜʽʘʛʥʦʩʪʠʢʘ ʈʋ ʟʘʡʤʘʻʪʴʩʷ ʩʫʢʫʧʥʠʤ ʘʥʘʣʽʟʦʤ ʩʠʛʥʘʣʽʚ ʨʽʟʥʠʭ 

ʜʘʪʯʠʢʽʚ: ʚʽʙʨʘʮʽʡ, ʘʙʩʦʣʶʪʥʠʭ ʪʘ ʚʽʜʥʦʩʥʠʭ ʧʝʨʝʤʽʱʝʥʴ, ʥʝʡʪʨʦʥʥʠʭ ʪʘ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʜʝʪʝʢʪʦʨʽʚ, ʘ ʪʘʢʦʞ ʬʣʫʢʪʫʘʮʽʡ ʨʝʘʢʪʦʨʥʠʭ ʩʠʛʥʘʣʽʚ ʚ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʫʤʦʚʘʭ, ʟ ʧʦʩʣʽʜʫʶʯʠʤ ʚʠʟʥʘʯʝʥʥʷʤ ʚʽʙʨʦʩʪʘʥʫ 

ʚʥʫʪʨʽʰʥʴʦʢʦʨʧʫʩʥʠʭ ʧʨʠʩʪʨʦʾʚ (ɺʂʇ), ʊɺɿ, ʢʦʨʧʫʩʫ ʨʝʘʢʪʦʨʘ ʪʘ ʦʩʥʦʚʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʛʦʣʦʚʥʦʛʦ ʮʠʨʢʫʣʷʮʽʡʥʦʛʦ ʢʦʥʪʫʨʫ (ɻʎʂ). 

ʈʝʘʢʪʦʨʥʘ ʫʩʪʘʥʦʚʢʘ ʷʢ ʦʙ'ʻʢʪ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ, ʤʘʻ ʫʥʽʢʘʣʴʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ [4]: 

- ʩʢʣʘʜʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ; 

- ʚʟʘʻʤʦʟʚôʷʟʦʢ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʚ ʦʙ'ʻʢʪʽ; 

- ʥʘʷʚʥʽʩʪʴ ʟʚʦʨʦʪʥʠʭ ʟʚ'ʷʟʢʽʚ; 

- ʥʘʷʚʥʽʩʪʴ ʘʚʪʦʨʝʛʫʣʷʪʦʨʽʚ; 

- ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʧʝʨʚʠʥʥʦʾ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ; 

- ʚʽʜʩʫʪʥʽʩʪʴ ʘʧʨʦʙʦʚʘʥʠʭ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʱʦʜʦ ʤʦʞʣʠʚʠʭ 

ʥʝʩʧʨʘʚʥʦʩʪʝʡ; 

- ʥʝʙʘʞʘʥʽʩʪʴ ʘʙʦ ʥʝʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʚʽʨʦʯʥʠʭ (ʪʝʩʪʦʚʠʭ) ʟʙʫʨʝʥʴ, ʱʦ 

ʧʦʨʫʰʫʶʪʴ ʥʦʨʤʘʣʴʥʫ ʨʦʙʦʪʫ ʫʩʪʘʥʦʚʢʠ; 

- ʥʘʷʚʥʽʩʪʴ ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʘ. 
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ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʧʦʪʨʽʙʥʦ ʟ ʦʙʝʨʝʞʥʽʩʪʶ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʝʪʦʜʠ ʪʝʭʥʽʯʥʦʾ 

ʜʽʘʛʥʦʩʪʠʢʠ, ʱʦ ʚʞʝ ʨʦʟʚʠʥʝʥʽ ʜʣʷ ʽʥʰʠʭ ʦʙôʻʢʪʽʚ [4]. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʜʘʯʝʶ ʦʩʥʘʱʝʥʥʷ ʝʥʝʨʛʦʙʣʦʢʽʚ ɺɺɽʈ 

ʩʫʯʘʩʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʜʽʘʛʥʦʩʪʠʢʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʩʠʩʪʝʤʘʤʠ ʚʥʫʪʨʽʰʥʴʦʨʝʘʢʪʦʨʥʦʾ 

ʰʫʤʦʚʦʾ ʜʽʘʛʥʦʩʪʠʢʠ (ʉɺʈʐɼ), ʚ ʨʘʤʢʘʭ ʨʝʘʣʽʟʘʮʽʾ ʚʠʤʦʛ ʜʦ ʧʨʦʜʦʚʞʝʥʥʷ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʥʝʨʛʦʙʣʦʢʽʚ ɸɽʉ ʫ ʧʦʥʘʜʧʨʦʝʢʪʥʠʡ ʩʪʨʦʢ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʟʜʽʡʩʥʝʥʥʷ ʧʝʨʽʦʜʠʯʥʦʾ ʧʝʨʝʦʮʽʥʢʠ ʙʝʟʧʝʢʠ, ʚʠʢʦʥʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʘʢʘʟʫ 

ɼʝʨʞʘʚʥʦʛʦ ʂʦʤʽʪʝʪʫ ʗʜʝʨʥʦʛʦ ʈʝʛʫʣʶʚʘʥʥʷ ʋʢʨʘʾʥʠ ˉ181 ʚʽʜ 26.11.2004 ʨ. 

ɼʦʩʚʽʜ ʧʨʦʚʽʜʥʠʭ ʝʢʩʧʝʨʪʽʚ ʚ ʛʘʣʫʟʽ ʰʫʤʦʚʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʽ ʜʽʘʛʥʦʩʪʠʢʠ 

(ʚʢʣʶʯʘʶʯʠ ɸʨʢʘʜʦʚʘ ɻ.ɺ., ʇʘʚʝʣʢʘ ɺ.ɯ., ʋʩʘʥʦʚʘ ɸ.ɯ.) ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʥʘʚʽʪʴ ʜʣʷ 

ʨʝʘʢʪʦʨʽʚ ʦʜʥʦʛʦ ʪʠʧʫ ʰʫʤʦʚʽ ʤʦʜʝʣʽ ʧʦʪʨʝʙʫʶʪʴ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ, 

ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʥʘʣʘʰʪʫʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʟʘʚʞʜʠ ʽʩʥʫʶʪʴ ʤʘʣʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ 

ʨʦʟʙʽʞʥʦʩʪʽ ʫ ʧʨʦʝʢʪʘʭ ʈʋ ʥʘʚʽʪʴ ʦʜʥʦʛʦ ʪʠʧʫ. 

ʊʘʢʦʞ ʧʦʪʨʽʙʥʦ ʙʨʘʪʠ ʜʦ ʫʚʘʛʠ ʦʩʦʙʣʠʚʦʩʪʽ ʤʦʥʪʘʞʫ ʪʘ ʨʽʟʥʠʡ ʪʝʭʥʽʯʥʠʡ 

ʩʪʘʥ ʢʦʥʩʪʨʫʢʮʽʡ. ɺʩʝ ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʽʜʤʽʥʥʦʩʪʝʡ ʩʧʝʢʪʨʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʽʙʨʘʮʽʡ ʦʙʣʘʜʥʘʥʥʷ ʈʋ ʽ ʧʦʪʨʝʙʫʻ ʧʨʦʚʝʜʝʥʥʷ ʥʦʚʠʭ ʦʢʨʝʤʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ 

ʚʠʨʽʰʝʥʥʷ ʥʘʫʢʦʚʠʭ ʟʘʚʜʘʥʴ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʩʠʩʪʝʤ ʜʽʘʛʥʦʩʪʠʢʠ ʥʘ 

ʢʦʞʥʽʡ ʢʦʥʢʨʝʪʥʽʡ ʈʋ. ɹʝʟ ʩʫʤʥʽʚʫ, ʘʜʘʧʪʘʮʽʷ ʤʦʜʝʣʝʡ, ʱʦ ʙʫʣʠ ʩʪʚʦʨʝʥʽ ʜʣʷ 

ʽʥʰʠʭ ʪʠʧʽʚ ʨʝʘʢʪʦʨʽʚ (PWR, BWR), ʻ ʱʝ ʙʽʣʴʰ ʩʢʣʘʜʥʠʤ ʽ ʥʝʷʚʥʠʤ ʟʘʚʜʘʥʥʷʤ, 

ʦʩʢʽʣʴʢʠ ʢʽʣʴʢʽʩʪʴ ʚʽʜʤʽʥʥʦʩʪʝʡ ʚ ʦʙʣʘʜʥʘʥʥʽ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʧʨʦʮʝʩʽʚ ʻ ʱʝ 

ʙʽʣʴʰʦʶ. 

ʇʽʜʩʫʤʦʚʫʶʯʠ ʟʘʟʥʘʯʝʥʝ ʚʠʱʝ, ʤʦʞʥʘ ʛʦʚʦʨʠʪʠ ʧʨʦ ʽʩʥʫʚʘʥʥʷ ʘʢʪʫʘʣʴʥʦʛʦ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ ʟʘʚʜʘʥʥʷ ʫʙʝʟʧʝʯʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʾ ɸɽʉ ʧʨʠ ʧʦʜʦʚʞʝʥʥʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʫ ʧʦʥʘʜʧʨʦʝʢʪʥʠʡ ʩʪʨʦʢ ʰʣʷʭʦʤ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ 

ʤʦʥʽʪʦʨʠʥʛʫ ʽ ʚʽʙʨʦʰʫʤʦʚʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʨʝʘʢʪʦʨʘ ʪʠʧʫ ɺɺɽʈ-1000. 

ɿʚ'ʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. 

ʆʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʩʝʨʪʘʮʽʾ ʚʠʢʦʥʘʥʦ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ 

ʥʘʩʪʫʧʥʠʤʠ ʥʘʮʽʦʥʘʣʴʥʠʤʠ ʪʘ ʛʘʣʫʟʝʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ: çɽʥʝʨʛʝʪʠʯʥʘ ʩʪʨʘʪʝʛʽʷ 

ʋʢʨʘʾʥʠ ʥʘ ʧʝʨʽʦʜ ʜʦ 2035 ʨʦʢʫè, çʂʦʤʧʣʝʢʩʥʘ çʟʚʝʜʝʥʘè ʧʨʦʛʨʘʤʘ ʧʽʜʚʠʱʝʥʥʷ 

ʙʝʟʧʝʢʠ ʝʥʝʨʛʦʙʣʦʢʽʚ ɸɽʉ ʋʢʨʘʾʥʠè (ʧʧ. ʂʟʇʇɹ ̄ 13502, 14103, 14202, 14402). 
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ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʠʢʦʥʫʚʘʣʘʩʷ ʪʘʢʦʞ ʫ ʨʘʤʢʘʭ ʜʝʨʞʙʶʜʞʝʪʥʠʭ ʥʘʫʢʦʚʦ-

ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ (ʅɼʈ), ʚʠʢʦʥʘʥʠʭ ʚ ɯʇɹ ɸɽʉ ʅɸʅ ʋʢʨʘʾʥʠ: 

- ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʪʘ ʟʘʩʦʙʽʚ ʢʦʥʪʨʦʣʶ ʧʽʜʢʨʠʪʠʯʥʦʩʪʽ ʘʢʪʠʚʥʦʾ ʟʦʥʠ 

ʨʝʘʢʪʦʨʘ (ʈʂ 0108U000726, 2008ï2011 ʨʨ.); 

- ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʪʘ ʟʘʩʦʙʽʚ ʢʦʥʪʨʦʣʶ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʘʢʪʠʚʥʦʩʪʽ 

ʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ (ʈʂ 0112U004544, 2012ï2016 ʨʨ.).  

ɺ ʟʘʟʥʘʯʝʥʠʭ ʅɼʈ ʘʚʪʦʨ ʜʠʩʝʨʪʘʮʽʾ ʙʫʚ ʚʠʢʦʥʘʚʮʝʤ. 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ɸɽʉ ʰʣʷʭʦʤ ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʦʥʽʪʦʨʠʥʛʫ ʟʘ ʧʨʦʮʝʩʘʤʠ ʚ ʘʢʪʠʚʥʽʡ 

ʟʦʥʽ ʨʝʘʢʪʦʨʫ ʪʠʧʫ ɺɺɽʈ-1000, ʘ ʪʘʢʦʞ ʟʘʣʫʯʝʥʥʷ ʜʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʧʨʘʢʪʠʢʠ 

ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʥʝʡʪʨʦʥʥʦ-ʰʫʤʦʚʦʾ ʜʽʘʛʥʦʩʪʠʢʠ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʙʫʣʦ 

ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʪʘ ʚʠʨʽʰʝʥʦ ʧʨʠʚʝʜʝʥʥʽ ʥʠʞʯʝ ʟʘʚʜʘʥʥʷ ʥʘʫʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. 

 ɸʥʘʣʽʟ ʪʘ ʩʠʩʪʝʤʘʪʠʟʘʮʽʷ ʤʝʪʦʜʽʚ ʥʝʡʪʨʦʥʥʦ-ʰʫʤʦʚʦʾ ʜʽʘʛʥʦʩʪʠʢʠ, ʚʠʙʽʨ 

ʩʝʨʝʜ ʥʠʭ ʥʘʡʙʽʣʴʰ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʩʠʩʪʝʤʘʭ 

ʜʽʘʛʥʦʩʪʠʢʠ ʨʝʘʢʪʦʨʽʚ ʪʠʧʫ ɺɺɽʈ-1000. 

 ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʪʘ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ (ʇɿ) ʜʣʷ ʘʥʘʣʽʟʫ ʰʫʤʽʚ 

ʚʽʜ ʥʝʡʪʨʦʥʥʠʭ ʜʝʪʝʢʪʦʨʽʚ ʨʝʘʢʪʦʨʘ, ʘ ʪʘʢʦʞ ʚʝʨʠʬʽʢʘʮʽʷ ʽ ʚʘʣʽʜʘʮʽʷ 

ʨʦʟʨʦʙʣʝʥʦʛʦ ʇɿ. 

 ʇʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʰʫʤʦʚʦʾ ʩʢʣʘʜʦʚʦʾ ʩʠʛʥʘʣʽʚ ʜʝʪʝʢʪʦʨʽʚ ʧʨʷʤʦʛʦ 

ʟʘʨʷʜʫ (ɼʇɿ) ʪʘ ʽʦʥʽʟʘʮʽʡʥʠʭ ʢʘʤʝʨ (ɯʂ), ʘ ʪʘʢʦʞ ʘʥʘʣʽʟ ʾʭ ʟʤʽʥʠ 

ʧʨʦʪʷʛʦʤ ʧʘʣʠʚʥʦʾ ʢʘʤʧʘʥʽʾ. 

 ʈʦʟʨʦʙʢʘ ʤʦʜʝʣʝʡ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʚʽʙʨʦʩʪʘʥʫ ɺʂʇ ʽ ʊɺɿ. 

 ɺʠʟʥʘʯʝʥʥʷ ʣʦʢʘʣʴʥʦʾ ʯʫʪʣʠʚʦʩʪʽ ɼʇɿ ʪʘ ʦʮʽʥʢʘ ʚʧʣʠʚʫ ʥʘ ʩʠʛʥʘʣ 

ʜʝʪʝʢʪʦʨʘ ʚʽʜ ʥʝʡʪʨʦʥʽʚ, ʟʛʝʥʝʨʦʚʘʥʠʭ ʚ ʊɺɿ, ʫ ʪʦʤʫ ʯʠʩʣʽ ï ʽ ʚ ʩʫʤʽʞʥʠʭ 

ʊɺɿ. 

 ɼʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʚʽʜʥʦʚʣʝʥʥʷ ʩʠʛʥʘʣʽʚ ɼʇɿ, ʱʦ ʚʠʡʰʣʠ ʟ ʣʘʜʫ 

ʧʽʜ ʯʘʩ ʧʘʣʠʚʥʦʾ ʢʘʤʧʘʥʽʾ ʨʝʘʢʪʦʨʘ. 
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ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ: ʥʝʡʪʨʦʥʥʦ-ʬʽʟʠʯʥʽ, ʪʝʧʣʦʛʽʜʨʘʚʣʽʯʥʽ ʪʘ ʚʽʙʨʘʮʽʡʥʽ 

ʧʨʦʮʝʩʠ ʚ ʘʢʪʠʚʥʽʡ ʟʦʥʽ ʨʝʘʢʪʦʨʘ ʪʠʧʫ ɺɺɽʈ-1000. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ: ʤʦʜʝʣʽ, ʤʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʘʢʪʠʚʥʦʾ ʟʦʥʠ, ʫ ʪʦʤʫ ʯʠʩʣʽ ï ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʪʘʥʫ ɺʂʇ ʽ ʊɺɿ ʨʝʘʢʪʦʨʘ ʪʠʧʫ 

ɺɺɽʈ-1000. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ: 

- ʢʦʨʝʣʷʮʽʡʥʽ ʪʘ ʩʧʝʢʪʨʘʣʴʥʽ ʤʝʪʦʜʠ ï ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʛʥʘʣʽʚ ʚʽʜ ɼʇɿ 

ʪʘ ɯʂ; 

- ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʝ ʧʨʦʛʨʘʤʫʚʘʥʥʷ; 

- ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ï ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʩʪʨʫʤʽʚ ʫ ɼʇɿ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ: 

- ʚʜʦʩʢʦʥʘʣʝʥʦ ʤʦʜʝʣʽ ʦʮʽʥʢʠ ʯʘʩʫ ʟʘʧʽʟʥʝʥʥʷ ʧʨʦʭʦʜʞʝʥʥʷ ʬʣʫʢʪʫʘʮʽʾ 

ʧʘʨʘʤʝʪʨʽʚ ʪʝʧʣʦʥʦʩʽʷ ʚʟʜʦʚʞ ʊɺɿ, ʷʢʽ ʙʫʣʠ ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ 

ʩʠʛʥʘʣʽʚ ʥʝʡʪʨʦʥʥʠʭ ʜʝʪʝʢʪʦʨʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʠʣʦ ʤʦʞʣʠʚʽʩʪʴ 

ʤʦʥʽʪʦʨʠʥʛʫ ʟʘ ʰʚʠʜʢʽʩʪʶ ʪʝʧʣʦʥʦʩʽʷ ʚ ʘʢʪʠʚʥʽʡ ʟʦʥʽ ʨʝʘʢʪʦʨʘ ʚ ʫʤʦʚʘʭ 

ʟʥʘʯʥʦʛʦ ʛʣʦʙʘʣʴʥʦʛʦ ʥʝʡʪʨʦʥʥʦʛʦ ʰʫʤʫ, ʧʨʠ ʮʴʦʤʫ ʪʘʢʽ ʤʝʪʦʜʠ ʦʮʽʥʢʠ 

ʯʘʩʫ ʟʘʧʽʟʥʝʥʥʷ, ʷʢ ʫʟʘʛʘʣʴʥʝʥʽ ʚʟʘʻʤʦʢʦʨʝʣʷʮʽʡʥʽ ʬʫʥʢʮʽʾ, ʙʫʣʦ 

ʚʠʢʦʨʠʩʪʘʥʦ ʥʘʤʠ ʚʧʝʨʰʝ ʜʣʷ ʘʥʘʣʽʟʫ ʩʘʤʝ ʥʝʡʪʨʦʥʥʠʭ ʰʫʤʽʚ; 

- ʚʧʝʨʰʝ ʜʦʩʣʽʜʞʝʥʦ ʦʟʥʘʢʠ ʚʽʙʨʘʮʽʡ ɺʂʇ ʽ ʊɺɿ ʨʝʘʢʪʦʨʫ ʪʠʧʫ  

ɺɺɽʈ-1000 ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʚʽʜ 64 ʢʘʥʘʣʽʚ ʥʝʡʪʨʦʥʥʠʭ ʚʠʤʽʨʶʚʘʥʴ 

(ʂʅɺ) ʪʘ ʟ ʯʘʩʪʦʪʦʶ ʜʠʩʢʨʝʪʠʟʘʮʽʾ 436 ɻʮ, ʚʠʷʚʣʝʥʦ ʛʘʨʤʦʥʽʢʠ çʙʠʪʪʷè 

ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʊɺɿ ʥʘ ʯʘʩʪʦʪʘʭ ʢʨʘʪʥʠʭ ~ 5 ɻʮ ʫ ʩʧʝʢʪʨʘʭ ɼʇɿ 

ɿɸɽʉ-1; 

- ʚʧʝʨʰʝ ʚʠʟʥʘʯʝʥʦ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʦ ʫʩʪʘʚʢʠ ʬʦʨʤʫʚʘʥʥʷ ʟʘʭʠʩʪʽʚ ʽ 

ʙʣʦʢʫʚʘʥʴ ʟʘ ʚʠʟʥʘʯʝʥʠʤʠ ʦʟʥʘʢʘʤʠ, ʘ ʩʘʤʝ ï ʩʧʨʘʮʶʚʘʥʥʷ 

ʧʦʧʝʨʝʜʞʫʚʘʣʴʥʦʛʦ ʪʘ ʘʚʘʨʽʡʥʦʛʦ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʚʽʜʧʦʚʽʜʥʦ, ʫ 

ʥʘʩʪʫʧʥʠʭ ʚʠʧʘʜʢʘʭ: ʟʙʽʣʴʰʝʥʥʷ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ 

ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʫ ʚ 5 ʪʘ 10 ʨʘʟʽʚ; ʟʤʽʥʘ ʧʦʣʦʞʝʥʥʷ ʧʽʢʽʚ ʭʘʨʘʢʪʝʨʥʠʭ 
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ʯʘʩʪʦʪ ʥʘ 0,3 ʪʘ 0,5 ɻʮ; ʟʙʽʣʴʰʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʧʽʢʽʚ ʭʘʨʘʢʪʝʨʥʠʭ ʯʘʩʪʦʪ 

ʚʽʜʥʦʩʥʦ ʝʪʘʣʦʥʥʦʛʦ ʩʪʘʥʫ ʥʘ 30 % ʪʘ 50 %; 

- ʚʧʝʨʰʝ ʨʝʘʣʽʟʦʚʘʥʦ ʘʣʛʦʨʠʪʤ ʚʽʜʥʦʚʣʝʥʥʷ ʩʠʛʥʘʣʽʚ ɼʇɿ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʟ ʧʦʭʠʙʢʦʶ ʥʝ ʙʽʣʴʰʝ 2 % ʟʘ ʫʤʦʚʠ 

ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʥʘ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʜʘʥʠʭ, ʱʦ 

ʫʤʦʞʣʠʚʣʶʻ ʚʠʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ ɼʇɿ, ʷʢʠʡ ʚʠʡʰʦʚ ʟ ʣʘʜʫ. 

ʆʙˇʨʫʥʪʦʚʘʥʽʩʪʴ ʪʘ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʥʘʫʢʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʢʦʨʝʢʪʥʦʶ ʧʦʩʪʘʥʦʚʢʦʶ ʟʘʜʘʯ ʜʦʩʣʽʜʞʝʥʥʷ, ʚʠʙʦʨʦʤ ʘʧʨʦʙʦʚʘʥʠʭ 

ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ, ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʥʷ, 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʩʫʯʘʩʥʦʾ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ: 

-  ʨʦʟʨʦʙʣʝʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʧʨʦʛʨʘʤʠ ʚʽʙʨʦʰʫʤʦʚʦʾ ʜʽʘʛʥʦʩʪʠʢʠ 

ʚʧʨʦʚʘʜʞʝʥʦ ʚ ʉɺʈʐɼ, ʱʦ ʧʦʩʪʘʯʘʶʪʴʩʷ ʥʘ ɸɽʉ ʋʢʨʘʾʥʠ ʟ ʨʝʘʢʪʦʨʘʤʠ 

ʪʠʧʫ ɺɺɽʈ-1000 ʚ ʩʢʣʘʜʽ ʢʦʤʧʣʝʢʩʥʦʾ ʩʠʩʪʝʤʠ ʜʽʘʛʥʦʩʪʠʢʠ (ʂʉɼ); 

- ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʩʠʛʥʘʣʽʚ ɼʇɿ ʜʦʟʚʦʣʷʻ ʚʠʷʚʣʷʪʠ ʘʥʦʤʘʣʽʾ ʚ ʚʽʙʨʘʮʽʷʭ 

ɺʂʇ ʽ ʊɺɿ. 

ʇʨʘʢʪʠʯʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ ʧʽʜʪʚʝʨʜʞʝʥʦ ʘʢʪʦʤ 

ʚʧʨʦʚʘʜʞʝʥʥʷ (ɼʦʜʘʪʦʢ ɺ). 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʘʚʪʦʨʘ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ 

ʨʦʙʦʪʠ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʘʚʪʦʨʦʤ ʩʘʤʦʩʪʽʡʥʦ. ɸʚʪʦʨ ʙʨʘʚ ʙʝʟʧʦʩʝʨʝʜʥʶ ʫʯʘʩʪʴ ʫ 

ʧʨʦʚʝʜʝʥʥʽ ʥʘʫʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ, ʘ ʩʘʤʝ: 

- ʬʦʨʤʫʣʶʚʘʥʥʽ ʤʝʪʠ ʽ ʧʦʩʪʘʥʦʚʮʽ ʟʘʚʜʘʥʴ ʥʘʫʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ;  

- ʨʦʟʨʦʙʮʽ ʤʦʜʝʣʝʡ ʜʣʷ ʟʘʜʘʯ ʥʝʡʪʨʦʥʥʦ-ʰʫʤʦʚʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ 

ʜʽʘʛʥʦʩʪʠʢʠ; 

- ʦʙˇʨʫʥʪʫʚʘʥʥʽ ʟʥʘʯʝʥʴ ʫʩʪʘʚʦʢ ʬʦʨʤʫʚʘʥʥʷ ʟʘʭʠʩʪʽʚ ʽ ʙʣʦʢʫʚʘʥʴ ʫ 

ʉɺʈʐɼ ʟʘ ʩʧʝʢʪʨʘʣʴʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ; 

- ʧʨʦʚʝʜʝʥʥʽ ʘʥʘʣʽʟʫ ʘʨʭʽʪʝʢʪʫʨ ʪʘ ʤʝʪʦʜʽʚ ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʘ 

ʪʘʢʦʞ ʾʭ ʧʦʙʫʜʦʚʽ; 
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- ʨʦʟʨʦʙʮʽ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ ʈʋ ʪʠʧʫ ɺɺɽʈ-1000 ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʝʨʝʭʽʜʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ; 

- ʨʦʟʨʦʙʮʽ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʇɿ ʪʘ ʚʠʢʦʥʘʥʥʽ ʩʘʤʠʭ ʨʦʟʨʘʭʫʥʢʽʚ; 

- ʧʨʦʚʝʜʝʥʥʽ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʽ ʨʦʟʨʘʭʫʥʢʦʚʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ. 

ɸʧʨʦʙʘʮʽʷ ʨʦʙʦʪʠ ï ʦʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʜʦʧʦʚʽʜʘʣʠʩʷ ʽ 

ʦʙʛʦʚʦʨʶʚʘʣʠʩʷ ʥʘ ʥʘʩʪʫʧʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ: 

- ʊʨʝʪʴʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ "ʇʦʚʳʰʝʥʠʝ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ", 24ï28 ʩʝʥʪʷʙʨʷ 

2012. ï ʆʜʝʩʩʘ; 

- XXIII ʱʦʨʽʯʥʘ ʥʘʫʢʦʚʘ ʢʦʥʬʝʨʝʥʮʽʷ ɯʥʩʪʠʪʫʪʫ ʷʜʝʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʅɸʅ 

ʋʢʨʘʾʥʠ, 1ï5 ʣʶʪʦʛʦ 2016. ï ʂʠʾʚ; 

- V ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çɹʝʟʧʝʢʘ ʪʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʘʪʦʤʥʦʾ ʝʥʝʨʛʝʪʠʢʠè, 5ï9 ʚʝʨʝʩʥʷ 2016. ï ʆʜʝʩʘ; 

- XXIV ʱʦʨʽʯʥʘ ʥʘʫʢʦʚʘ ʢʦʥʬʝʨʝʥʮʽʷ ɯʥʩʪʠʪʫʪʫ ʷʜʝʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʅɸʅ 

ʋʢʨʘʾʥʠ, 10ï13 ʢʚʽʪʥʷ 2017. ï ʂʠʾʚ; 

- XXV ʱʦʨʽʯʥʘ ʥʘʫʢʦʚʘ ʢʦʥʬʝʨʝʥʮʽʷ ɯʥʩʪʠʪʫʪʫ ʷʜʝʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʅɸʅ 

ʋʢʨʘʾʥʠ, 16ï20 ʢʚʽʪʥʷ 2018. ï ʂʠʾʚ; 

- Vɯ ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çɹʝʟʧʝʢʘ ʪʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʘʪʦʤʥʦʾ ʝʥʝʨʛʝʪʠʢʠè, 4ï6 ʚʝʨʝʩʥʷ 2018. ï ʆʜʝʩʘ. 

ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʠʩʝʨʪʘʮʽʾ ʦʧʫʙʣʽʢʦʚʘʥʦ 14 ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ, ʫ 

ʪʦʤʫ ʯʠʩʣʽ 9 ʩʪʘʪʝʡ ï ʫ ʧʨʦʚʽʜʥʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ (4 ʟ ʷʢʠʭ ʚʭʦʜʷʪʴ ʜʦ ʙʘʟʠ 

ʮʠʪʫʚʘʥʥʷ SCOPUS) ʪʘ 5 ï ʫ ʟʙʽʨʥʠʢʘʭ ʤʘʪʝʨʽʘʣʽʚ ʢʦʥʬʝʨʝʥʮʽʡ. 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. 

ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, ʧôʷʪʠ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ ʪʘ ʜʦʜʘʪʢʽʚ. 

ʈʦʙʦʪʘ ʚʠʢʣʘʜʝʥʘ ʥʘ 190 ʩʪʦʨʽʥʢʘʭ, ʤʽʩʪʠʪʴ 76 ʨʠʩʫʥʢʘ, 11 ʪʘʙʣʠʮʴ ʽ ʩʧʠʩʦʢ 

ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ, ʱʦ ʚʢʣʶʯʘʻ 153 ʥʘʡʤʝʥʫʚʘʥʥʷ ʥʘ 15 ʩʪʦʨʽʥʢʘʭ, ʪʘ ɼʦʜʘʪʢʠ 

(8 ʩʪʦʨʽʥʦʢ). 
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ʈʆɿɼɯʃ 1. ʅɽʁʊʈʆʅʅʆ-ʐʋʄʆɺʀʁ ʄʆʅɯʊʆʈʀʅɻ ʊɸ ɼɯɸɻʅʆʉʊʀʂɸ. 

ʆɻʃʗɼ ʇʆʇɽʈɽɼʅɯʍ ʈʆɹɯʊ ʊɸ ʌʆʈʄʋɺɸʅʅʗ ɿɸɺɼɸʅʔ 

ɼʀʉɽʈʊɸʎɯʁʅʆɻʆ ɼʆʉʃɯɼɾɽʅʅʗ 

1.1. ɿʘʜʘʯʽ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʨʝʘʢʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ 

ʗʢʦʶ ʜʦʩʢʦʥʘʣʦʶ ʥʝ ʙʫʣʘ ʙ ʩʫʯʘʩʥʘ ʈʋ, ʾʾ ʝʣʝʤʝʥʪʠ ʦʙʣʘʜʥʘʥʥʷ ʥʝ ʻ 

ʘʙʩʦʣʶʪʥʦ ʥʘʜʽʡʥʠʤʠ, ʘ ʨʽʰʝʥʥʷ, ʱʦ ʧʨʠʡʤʘʶʪʴʩʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤ ʧʝʨʩʦʥʘʣʦʤ, 

ï ʘʙʩʦʣʶʪʥʦ ʙʝʟʧʦʤʠʣʢʦʚʠʤʠ. ʆʪʞʝ, ʙʫʜʴ-ʷʢʘ ʈʋ, ʙʫʜʫʯʠ ʩʢʣʘʜʥʠʤ ʪʝʭʥʽʯʥʠʤ 

ʦʙ'ʻʢʪʦʤ, ʟʘʚʞʜʠ ʙʫʜʝ ʝʢʩʧʣʫʘʪʫʚʘʪʠʩʷ ʟ çʤʘʣʠʤʠè ʽʥʮʠʜʝʥʪʘʤʠ. ɺ ʧʨʦʮʝʩʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʘʞʣʠʚʦ ʚʤʽʪʠ ʟʘʚʯʘʩʥʦ ʚʠʷʚʣʷʪʠ ʪʘʢʽ ʧʦʜʽʾ, ʷʢʽ ʧʨʠ ʩʚʦʻʤʫ ʨʦʟʚʠʪʢʫ 

ʤʦʞʫʪʴ ʚʧʣʠʥʫʪʠ ʥʘ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʈʋ. ɼʘʥʠʤʠ ʟʘʜʘʯʘʤʠ ʤʘʶʪʴ ʟʘʡʤʘʪʠʩʷ 

ʩʠʩʪʝʤʠ ʨʘʥʥʴʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ. 

ɼʦ ʩʠʩʪʝʤ ʨʘʥʥʴʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʚʽʜʥʦʩʷʪʴʩʷ ʽ ʩʠʩʪʝʤʠ ʥʝʡʪʨʦʥʥʦ-

ʰʫʤʦʚʦʾ ʜʽʘʛʥʦʩʪʠʢʠ, ʷʢʠʤ ʚʣʘʩʪʠʚʽ ʥʘʩʪʫʧʥʠ ̔ʚʘʞʣʠʚ ̔ʚʣʘʩʪʠʚʦʩʪ:̔ 

- ʤʦʞʣʠʚʽʩʪʴ ʨʦʙʦʪʠ ʚ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʫʤʦʚʘʭ; 

- ʧʘʩʠʚʥʽʩʪʴ; 

- ʚʠʩʦʢʘ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʘʥʦʤʘʣʽʡ. 

ʃʦʢʘʣʴʥʽ ʩʠʩʪʝʤʠ ʜʽʘʛʥʦʩʪʠʢʠ ʨʦʟʚôʷʟʫʶʪʴ ʢʦʥʢʨʝʪʥʽ ʜʽʘʛʥʦʩʪʠʯʥ ̔ʟʘʜʘʯ.̔ 

ʇʨʠʥʮʠʧ ʣʦʢʘʣʴʥʦʩʪʽ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʢʦʥʢʨʝʪʥʘ ʩʠʩʪʝʤʘ ʘʙʦ ʚʠʢʦʥʫʻ 

ʜʽʘʛʥʦʩʪʠʢʫ ʷʢʦʾʩʴ ʯʘʩʪʠʥʠ ʦʙ'ʻʢʪʘ (ʥʘʧʨʠʢʣʘʜ, ʪʽʣʴʢʠ ʨʝʘʢʪʦʨ), ʘʙʦ ʬʽʢʩʫʻ ʧʝʚʥʠʡ 

ʬʽʟʠʯʥʠʡ ʧʨʦʮʝʩ (ʥʘʧʨʠʢʣʘʜ, ʢʦʥʪʨʦʣʶʻ ʧʝʨʝʤʽʱʝʥʥʷ ʪʨʫʙʦʧʨʦʚʦʜʽʚ). ɾʦʜʥʘ ʟ 

ʥʠʭ ʥʝ ʚʠʢʦʥʫʻ ʧʦʚʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʈʋ, ʭʦʯʘ ʻ ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʟʘʚʝʨʰʝʥʦʶ 

ʩʠʩʪʝʤʦʶ. ʂʦʤʧʣʝʢʩ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤ ʜʽʘʛʥʦʩʪʠʢʠ ʧʦʚ'ʷʟʘʥʠʡ ʻʜʠʥʦʶ ʽʜʝʦʣʦʛʽʻʶ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʈʋ, ʚʟʘʻʤʦʜʽʻ ʟ ʩʠʩʪʝʤʘʤʠ ʢʦʥʪʨʦʣʶ ʽ ʫʧʨʘʚʣʽʥʥʷ 

ʈʋ, ʟʜʘʪʥʠʡ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʚʥʦʪʫ ʽ ʛʣʠʙʠʥʫ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ ʙʝʟʧʝʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ɸɽʉ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʽʥʪʝʛʨʫʚʘʥʥʷ (ʟʥʠʟʫ 

ʚʛʦʨʫ) ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤ ʚ ʻʜʠʥʫ ʢʦʤʧʣʝʢʩʥʫ ʩʠʩʪʝʤʫ ʦʧʝʨʘʪʠʚʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʙʘʛʘʪʦ ʬʽʨʤ-ʨʦʟʨʦʙʥʠʢʽʚ ʜʽʘʛʥʦʩʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ɸɽʉ [3, 74, 

113, 125]. ʂʦʞʥʠʡ ʨʦʟʨʦʙʥʠʢ ʥʘʭʦʜʠʪʴ ʦʧʪʠʤʘʣʴʥʦʶ ʩʚʦʶ ʢʽʣʴʢʽʩʪʴ ʣʦʢʘʣʴʥʠʭ 

ʩʠʩʪʝʤ ʜʽʘʛʥʦʩʪʠʢʠ. ʊʘʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʤʦʞʫʪʴ ʙʫʪʠ: 
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- ʩʠʩʪʝʤʘ ʦʮʽʥʢʠ ʟʘʣʠʰʢʦʚʦʛʦ ʨʝʩʫʨʩʫ ʦʙʣʘʜʥʘʥʥʷ; 

- ʩʠʩʪʝʤʘ ʚʽʙʨʦʰʫʤʦʚʦʾ ʜʽʘʛʥʦʩʪʠʢʠ; 

- ʩʠʩʪʝʤʘ ʚʠʷʚʣʝʥʥʷ ʧʨʦʪʽʢʘʥʴ ʪʝʧʣʦʥʦʩʽʷ ʟʘ ʨʽʟʥʠʤ ʬʽʟʠʯʥʠʤ 

ʧʦʢʘʟʥʠʢʘʤʠ (ʚʦʣʦʛʦʩʪʽ, ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ, ʘʢʫʩʪʠʯʥʦʾ ʝʤʽʩʽʾ); 

- ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʶ ʧʝʨʝʤʽʱʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʧʨʠ ʟʤʽʥʽ ʪʝʤʧʝʨʘʪʫʨʠ 

ʪʝʧʣʦʥʦʩʽʷ; 

- ʩʠʩʪʝʤʘ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʨʦʪʦʨʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ; 

- ʩʠʩʪʝʤʘ ʚʠʷʚʣʝʥʥʷ ʚʽʣʴʥʠʭ ʽ ʩʣʘʙʦʟʘʢʨʽʧʣʝʥʠʭ ʧʨʝʜʤʝʪʽʚ; 

- ʩʠʩʪʝʤʘ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʘʨʤʘʪʫʨʠ; 

- ʩʠʩʪʝʤʘ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʛʦʣʦʚʥʦʛʦ ʮʠʨʢʫʣʷʮʽʡʥʦʛʦ ʥʘʩʦʩʫ (ɻʎʅ); 

- ʩʠʩʪʝʤʘ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʧʨʠʚʦʜʽʚ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʟʘʭʠʩʪʫ (ʉʋɿ). 

ʃʦʢʘʣʴʥʽ ʩʠʩʪʝʤʠ ʜʽʘʛʥʦʩʪʠʢʠ ʈʋ ʥʘʙʫʚʘʶʪʴ ʩʪʘʪʫʩ ʰʪʘʪʥʠʭ ʩʠʩʪʝʤ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ɸɽʉ ʧʽʩʣʷ ʧʝʨʽʦʜʫ ʜʦʩʣʽʜʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʎʽ ʩʠʩʪʝʤʠ ʟʘʢʣʘʜʘʶʪʴʩʷ ʚ 

ʧʨʦʝʢʪʠ ʥʦʚʠʭ ʙʣʦʢʽʚ ɸɽʉ, ʘ ʙʣʦʢʠ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, 

ʜʦʫʢʦʤʧʣʝʢʪʦʚʫʶʪʴʩʷ ʩʫʯʘʩʥʠʤʠ ʜʽʘʛʥʦʩʪʠʯʥʠʤʠ ʩʠʩʪʝʤʘʤʠ. 

ʇʦʩʪʘʶʪʴ ʟʘʜʘʯʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʧʦʩʦʙʽʚ ʜʦʩʷʛʥʝʥʥʷ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ 

ʜʽʘʛʥʦʟʫ ʜʣʷ ʨʽʟʥʠʭ ʩʠʩʪʝʤ, ʘ ʦʩʦʙʣʠʚʦ ʜʣʷ ʩʠʩʪʝʤ ʚʽʙʨʦʜʽʘʛʥʦʩʪʠʢʠ. ɿʘʜʘʯʘ 

ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʩʧʝʢʪʨʘʣʴʥʠʭ ʚʽʙʨʦʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʚʣʷʻ ʩʦʙʦʶ ʜʦʚʛʠʡ 

ʜʦʩʣʽʜʥʠʮʴʢʠʡ ʧʨʦʮʝʩ. 

ɼʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʥʘ ɸɽʉ ʥʝʦʙʭʽʜʥʠʤ ʻ: 

- ʟʙʽʣʴʰʝʥʥʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʦʙôʻʢʪʦʤ ʟʘ ʨʘʭʫʥʦʢ ʥʘʨʦʱʫʚʘʥʥʷ ʰʪʘʪʥʠʭ 

ʚʠʤʽʨʶʚʘʥʴ; 

- ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʠʭ, ʚʠʩʦʢʦʯʫʪʣʠʚʠʭ ʜʦ ʤʘʣʠʭ ʘʥʦʤʘʣʽʡ ʚʠʤʽʨʶʚʘʣʴʥʠʭ 

ʢʘʥʘʣʽʚ; 

- ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʚʠʜʽʣʝʥʥʷ ʜʽʘʛʥʦʩʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟ ʩʠʛʥʘʣʽʚ ʩʠʩʪʝʤ 

ʢʦʥʪʨʦʣʶ ʽ ʜʽʘʛʥʦʩʪʠʢʠ. 

ɹʫʜʴ-ʷʢʘ ʩʧʝʢʪʨʘʣʴʥʘ ʦʮʽʥʢʘ ʙʫʜʴ-ʷʢʦʛʦ ʩʠʛʥʘʣʫ ʧʝʨʚʠʥʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ 

ʩʠʩʪʝʤʠ ʚʽʙʨʦʢʦʥʪʨʦʣʶ ʤʽʩʪʠʪʴ ʜʦ ʜʝʢʽʣʴʢʦʭ ʜʝʩʷʪʢʽʚ ʨʝʟʦʥʘʥʩʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ, 
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ʘ ʢʦʞʥʘ ʨʝʟʦʥʘʥʩʥʘ ʦʩʦʙʣʠʚʽʩʪʴ, ʚʟʘʛʘʣʽ ʢʘʞʫʯʠ, ʥʝʩʝ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʪʝʭʥʽʯʥʠʡ 

ʩʪʘʥ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʝʣʝʤʝʥʪʘ ʈʋ [3]. 

ʈʝʟʦʥʘʥʩ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʤʽʩʮʝʧʦʣʦʞʝʥʥʷʤ ʥʘ ʦʩʽ ʯʘʩʪʦʪ ʪʘ ʘʤʧʣʽʪʫʜʦʶ. ɼʣʷ 

ʜʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʦʪʨʽʙʥʦ ʚʠʟʥʘʯʠʪʠ ʜʽʘʛʥʦʩʪʠʯʥʽ ʧʦʨʦʛʠ ʽ ʘʣʛʦʨʠʪʤʠ, ʟʛʽʜʥʦ ʟ 

ʷʢʠʤʠ ʙʫʜʫʪʴ ʬʦʨʤʫʚʘʪʠʩʷ ʩʠʛʥʘʣʠ ʧʦʧʝʨʝʜʞʫʚʘʣʴʥʠʭ ʽ ʘʚʘʨʽʡʥʠʭ ʩʠʛʥʘʣʽʚ ʜʣʷ 

ʧʝʨʩʦʥʘʣʫ ʝʥʝʨʛʦʙʣʦʢʫ. 

ɺʽʙʨʦʰʫʤʦʚʘ ʜʽʘʛʥʦʩʪʠʢʘ ʟʘʡʤʘʻʪʴʩʷ ʚʠʟʥʘʯʝʥʥʷʤ ʚʽʙʨʦʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ 

ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʟʤʽʥʠ ʯʘʩʪʦʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʷʢ ʟʘ ʤʽʞʨʝʤʦʥʪʥʠʡ ʧʝʨʽʦʜ, ʪʘʢ ʽ 

ʟʘ ʯʘʩ ʞʠʪʪʷ ʈʋ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʯʘʩʪʦʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʛʥʘʣʫ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʰʚʠʜʢʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ (ʐʇʌ). ʊʘʢʦʞ ʚ ʉɺʐɼ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʘʣʛʦʨʠʪʤʠ ʟ ʨʦʟʨʘʭʫʥʢʫ ʘʚʪʦ- ʪʘ ʚʟʘʻʤʥʦʢʦʨʝʣʷʮʽʡʥʠʭ ʬʫʥʢʮʽʡ 

(ɸʂʌ, ɺʂʌ), ʘʚʪʦ- ʪʘ ʚʟʘʻʤʥʦʩʧʝʢʪʨʘʣʴʥʦʾ ʛʫʩʪʠʥʠ ʧʦʪʫʞʥʦʩʪʽ (ɸʉɻʇ, ɺʉɻʇ), 

ʢʦʛʝʨʝʥʪʥʦʩʪʽ, ʨʝʦʩʘʥʩʫ, ʽʤʧʫʣʴʩʥʦʾ ʧʝʨʝʭʽʜʥʦʾ ʬʫʥʢʮʽʡ (ɯʇʌ), ʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ 

ʪʘ ʽʥ [15, 54, 85, 109, 120]. 

ʄʦʞʣʠʚʦʩʪʷʤʠ ʩʠʩʪʝʤ ʚʽʙʨʦʰʫʤʦʚʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʢʨʽʤ ʨʽʰʝʥʥʷ ʚʽʙʨʘʮʽʡʥʠʭ 

ʟʘʜʘʯ, ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʜʙʘʯʝʥʦ ʨʽʰʝʥʥʷ ʪʝʧʣʦʛʽʜʨʘʚʣʽʯʥʠʭ ʟʘʜʘʯ ï ʚʠʟʥʘʯʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʪʝʧʣʦʥʦʩʽʷ, ʘ ʪʘʢʦʞ ʥʝʡʪʨʦʥʥʦ-ʬʽʟʠʯʥʠʭ ï ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʘ ʨʝʘʢʪʠʚʥʦʩʪʽ (ʊʂʈ). 

ɺʽʙʨʦʩʪʘʥ ʩʘʤʝ ɺʂʇ ʽ ʊɺɿ ʻ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʤ ʫ ʟʚôʷʟʢʫ ʽʟ ʥʝʙʝʟʧʝʢʦʶ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ, ʚ ʪʦʡ ʞʝ ʯʘʩ ʚʽʥ ʻ ʽ ʥʘʡʙʽʣʴʰ ʩʢʣʘʜʥʠʤ. 

ɼʘʪʯʠʢʠ ʚʽʙʨʘʮʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʟʤʦʥʪʦʚʘʥʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʦʩʥʦʚʥʦʤʫ 

ʦʙʣʘʜʥʘʥʥʽ ɻʎʂ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʦʙʣʘʜʥʘʥʥʷ ʘʢʪʠʚʥʦʾ ʟʦʥʠ, ʪʦʤʫ ʟʘʜʘʯʘ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ɻʎʂ ʚʠʨʽʰʫʻʪʴʩʷ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ. 

ɺʽʙʨʦʰʫʤʦʚʘ ʜʽʘʛʥʦʩʪʠʢʘ ʈʋ ʤʦʞʝ ʙʘʟʫʚʘʪʠʩʷ ʥʘ ʥʝʧʨʷʤʠʭ ʚʠʤʽʨʘʭ, 

ʟʦʢʨʝʤʘ, ʥʘ ʚʠʤʽʨʘʭ ʬʣʫʢʪʫʶʯʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʛʥʘʣʽʚ ʰʪʘʪʥʠʭ ʜʝʪʝʢʪʦʨʽʚ. 

ʉɺʐɼ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʫʢʫʧʥʽʩʪʴ ʜʘʪʯʠʢʽʚ ʧʝʨʝʤʽʱʝʥʴ, ʚʩʪʘʥʦʚʣʝʥʠʭ ʥʘ 

ʢʦʨʧʫʩʽ ʨʝʘʢʪʦʨʘ, ʜʘʪʯʠʢʽʚ ʧʫʣʴʩʘʮʽʡ ʪʠʩʢʫ (ɼʇʊ) ʪʝʧʣʦʥʦʩʽʷ ʽ ʜʝʪʝʢʪʦʨʽʚ ʧʦʟʘ- ʽ 

ʚʥʫʪʨʽʰʥʴʦʟʦʥʥʦʛʦ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʫ. 

ɺʠʪʨʘʪʠ ʪʝʧʣʦʥʦʩʽʷ, ʷʢ ʽʥʪʝʛʨʘʣʴʥʘ ʧʦ ʢʦʥʪʫʨʫ, ʪʘʢ ʽ ʣʦʢʘʣʴʥʘ, ʚʠʟʥʘʯʘʻ 

ʚʽʙʨʦʥʘʚʘʥʪʘʞʝʥʽʩʪʴ ɺʂʇ ʽ ʊɺɿ. ɿʤʽʥʘ ʯʘʩʪʦʪʠ ʨʝʟʦʥʘʥʩʫ ɺʂʇ ʯʠ ʊɺɿ ʤʦʞʝ 
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ʩʣʫʛʫʚʘʪʠ ʟʥʘʢʦʤ ʚʽʙʨʦʟʥʦʰʝʥʥʷ ʘʙʦ ʥʝʧʨʦʝʢʪʥʦʛʦ ʟʘʢʨʽʧʣʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ. ɿʙʽʣʴʰʝʥʥʷ ʚʠʪʨʘʪʠ ʪʝʧʣʦʥʦʩʽʷ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʟʙʽʣʴʰʝʥʥʷ 

ʘʤʧʣʽʪʫʜʠ ʚʽʙʨʦʧʝʨʝʤʽʱʝʥʥʷ. 

ɺʂʇ ʽ ʊɺɿ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʽʙʨʦʩʪʘʥ ʦʜʠʥ ʦʜʥʦʛʦ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʻ 

ʝʣʝʤʝʥʪʘʤʠ ʻʜʠʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. ʋ ʟʚôʷʟʢʫ ʟ ʟʘʟʥʘʯʝʥʠʤ ʚʠʱʝ ʢʦʥʪʨʦʣʴ ʚʽʙʨʘʮʽʡ 

ʊɺɿ ʚ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʫʤʦʚʘʭ ʥʝ ʤʦʞʥʘ ʧʨʦʚʦʜʠʪʠ ʽʟ ʚʽʜʨʠʚʦʤ ʟʘ ʢʦʥʪʨʦʣʝʤ 

ʚʽʙʨʘʮʽʡ ɺʂʇ ʪʘ ʢʦʨʧʫʩʫ. 

ɺ ʤʝʞʘʭ ʥʦʨʤʘʣʴʥʦʛʦ ʚʽʙʨʦʩʪʘʥʫ ʈʋ ʜʽʘʛʥʦʩʪʠʯʥʽ ʦʟʥʘʢʠ ʟʤʽʥʶʶʪʴʩʷ ʚ ʯʘʩʽ. 

ɿʤʽʥʠ ʚʽʙʨʦʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘ ʧʘʣʠʚʥʫ ʢʘʤʧʘʥʽʶ ʨʝʘʢʪʦʨʘ ʥʝʤʠʥʫʯʽ ʚʥʘʩʣʽʜʦʢ 

ʧʨʠʨʦʜʥʦʛʦ ʟʥʦʩʫ ʝʣʝʤʝʥʪʽʚ ʦʙʣʘʜʥʘʥʥʷ. ʈʽʟʥʠʤ ʝʬʝʢʪʘʤ ʚʽʜʧʦʚʽʜʘʻ ʩʚʦʷ 

ʜʠʥʘʤʽʢʘ ʨʝʟʦʥʘʥʩʽʚ. ʄʦʞʣʠʚʠʤ ʻ ʧʝʨʝʢʨʠʪʪʷ ʦʜʥʦʛʦ ʨʝʟʦʥʘʥʩʫ ʽʥʰʠʤ, ʚʠʭʽʜ 

ʨʝʟʦʥʘʥʩʫ ʟʘ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʜʽʘʧʘʟʦʥ ʯʘʩʪʦʪ, ʜʚʘ ʨʝʟʦʥʘʥʩʠ ʤʦʞʫʪʴ ʧʦʤʽʥʷʪʠʩʷ 

ʤʽʩʮʷʤʠ ʥʘ ʯʘʩʪʦʪʥʽʡ ʦʩʽ ʟʘ ʯʘʩ ʤʽʞ ʚʠʤʽʨʘʤʠ. 

ʋ ʚʽʙʨʦʰʫʤʦʚʽʡ ʜʽʘʛʥʦʩʪʠʮʽ ʥʝʦʙʭʽʜʥʦ ʦʪʨʠʤʘʪʠ ʟʥʘʥʥʷ ʧʨʦ ʧʨʠʯʠʥʠ 

ʧʦʭʦʜʞʝʥʥʷ ʨʝʟʦʥʘʥʩʽʚ ʽ ʟʨʦʙʠʪʠ ʨʝʟʦʥʘʥʩʠ ʽʥʬʦʨʤʘʪʠʚʥʠʤʠ, ʪʦʙʪʦ ʱʦʙ ʚʦʥʠ 

ʥʝʩʣʠ ʜʦʩʠʪʴ ʧʦʚʥʫ ʜʽʘʛʥʦʩʪʠʯʥʫ ʽʥʬʦʨʤʘʮʽʶ ʱʦʜʦ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʚʫʟʣʽʚ ʈʋ 

ʟ ʪʦʯʢʠ ʟʦʨʫ ʾʾ ʙʝʟʧʝʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɯʥʪʝʨʧʨʝʪʘʮʽʷ ʨʝʟʦʥʘʥʩʽʚ ʻ ʪʨʠʚʘʣʠʤ 

ʜʦʩʣʽʜʥʠʮʴʢʠʤ ʧʨʦʮʝʩʦʤ. 

ʉʘʤʽ ʚʝʣʠʢʽ ʧʦ ʘʤʧʣʽʪʫʜʽ ʨʝʟʦʥʘʥʩʠ ɸʉɻʇ ʤʦʞʫʪʴ ʽ ʥʝ ʥʝʩʪʠ ʥʘʡʮʽʥʥʽʰʫ 

ʜʽʘʛʥʦʩʪʠʯʥʫ ʽʥʬʦʨʤʘʮʽʶ. ʊʝ ʞ ʩʘʤʝ ʚʽʜʥʦʩʠʪʴʩʷ ʽ ʜʦ ʚʟʘʻʤʥʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ: ʚʠʩʦʢʦʢʦʛʝʨʝʥʪʥʠʤʠ ʩʢʣʘʜʦʚʠʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʝʬʝʢʪʠ, ʱʦ 

ʤʘʩʢʫʶʪʴ ʚʽʙʨʘʮʽʾ. 

ʆʜʥʽʻʶ ʽʟ ʬʫʥʢʮʽʡ ʚʽʙʨʦʰʫʤʦʚʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʻ ʧʦʰʫʢ ʟʤʽʥʥʠʭ ʜʝʪʘʣʝʡ 

ʬʦʨʤʠ ʨʝʟʦʥʘʥʩʽʚ, ʱʦ ʥʝ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʥʘ ʢʦʞʥʦʤʫ ʚʠʤʽʨʶʚʘʥʥʽ. ɺ ʘʣʛʦʨʠʪʤʽ 

ʉɺʐɼ ʤʘʻ ʦʙʦʚôʷʟʢʦʚʦ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʫʥʢʮʽʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʚʠʜʽʣʝʥʥʷ 

ʪʘʢʠʭ ʝʬʝʢʪʽʚ. ɿʘʚʜʷʢʠ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʚʠʜʽʣʝʥʥʶ ʨʝʟʦʥʘʥʩʽʚ ʘʥʦʤʘʣʽʾ ʤʦʞʫʪʴ 

ʙʫʪʠ ʚʠʜʽʣʝʥʽ ʥʘ ʨʘʥʥʽʡ ʩʪʘʜʽʾ, ʢʦʣʠ ʚʦʥʠ ʱʝ ʥʝ ʧʦʤʽʪʥʽ ʚʽʟʫʘʣʴʥʦ. 

ɯʩʪʦʨʽʷ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʚʧʨʦʚʘʜʞʝʥʴ ʉɺʐɼ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʧʽʜʨʦʟʜʽʣʽ 1.2.  

ɺ ʨʦʟʜʽʣʽ 2 ʧʨʝʜʩʪʘʚʣʝʥʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʥʝʡʪʨʦʥʥʠʭ ʰʫʤʽʚ ʪʘ ʾʭ ʧʨʦʛʨʘʤʥʘ 

ʨʝʘʣʽʟʘʮʽʷ, ʘ ʚ ʨʦʟʜʽʣʽ 3 ʨʦʟʛʣʷʥʫʪʦ ʬʽʟʠʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 
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ʚʽʙʨʦʩʪʘʥʫ ɺʂʇ ʽ ʊɺɿ, ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʧʝʢʪʨʠ ʰʫʤʦʚʦʾ ʩʢʣʘʜʦʚʦʾ ʩʠʛʥʘʣʽʚ 

ʥʝʡʪʨʦʥʥʠʭ ʜʝʪʝʢʪʦʨʽʚ, ʨʦʟʛʣʷʥʫʪʘ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʪʝʧʣʦʥʦʩʽʷ 

ʯʝʨʝʟ ʘʢʪʠʚʥʫ ʟʦʥʫ ʪʘ ʊʂʈ. 

1.2. ɯʩʪʦʨʽʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤ ʚʽʙʨʦʰʫʤʦʚʦʛʦ ʢʦʥʪʨʦʣʶ ʪʘ ʜʽʘʛʥʦʩʪʠʢʠ 

ʇʦʩʪʘʯʘʣʴʥʠʢʘʤʠ ʧʝʨʰʠʭ ʩʠʩʪʝʤ ʚʽʙʨʦʰʫʤʦʚʦʛʦ ʢʦʥʪʨʦʣʶ (ʉɺʐʂ) ʜʣʷ 

ʨʘʜʷʥʩʴʢʠʭ ɸɽʉ ʟ ʨʝʘʢʪʦʨʘʤʠ ʪʠʧʫ ɺɺɽʈ ʙʫʣʠ ʟʘʢʦʨʜʦʥʥʽ ʢʦʤʧʘʥʽʾ. ʆʩʥʦʚʥʦʶ 

ʚʽʜʤʽʥʥʽʩʪʶ ʉɺʐʂ ʚʽʜ ʉɺʐɼ ʻ ʪʝ, ʱʦ ʉɺʐʂ ʥʘʜʘʻ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʜʝʷʢʫ 

ʩʫʢʫʧʥʽʩʪʴ ʯʠʩʣʦʚʠʭ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʩʪʘʪʠʩʪʠʯʥʠʭ ʦʮʽʥʦʢ, ʦʪʨʠʤʘʥʠʭ ʟ 

ʚʠʤʽʨʷʥʠʭ ʩʠʛʥʘʣʽʚ, ʘ ʉɺʐɼ ʥʘʜʘʻ ʙʽʣʴʰ ʜʝʪʘʣʴʥʫ ʜʽʘʛʥʦʩʪʠʯʥʫ ʽʥʬʦʨʤʘʮʽʶ. 

ɺ 60-ʪʽ ʨʦʢʠ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʢʽʥʝʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʘʢʪʠʚʥʠʭ ʟʦʥ ʟʘ ʩʧʝʮʽʘʣʴʥʦ 

ʧʦʙʫʜʦʚʘʥʠʤʠ ʩʪʘʪʠʩʪʠʢʘʤʠ ʚʽʜʣʽʢʽʚ ʜʠʩʢʨʝʪʥʦʛʦ ʩʠʛʥʘʣʫ ʥʝʡʪʨʦʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ. 

ɼʦʩʣʽʜʥʠʢʠ ʨʝʘʢʪʦʨʥʠʭ ʰʫʤʽʚ ʚʠʚʝʣʠ ʨʦʟʧʦʜʽʣ ʇʘʣʘ-ʄʦʛʠʣʴʥʝʨʘ-ɿʦʣʦʪʫʭʽʥʘ-

ɹʝʣʣʘ-ɹʘʙʘʣʘ [112], ʥʘ ʦʩʥʦʚʽ ʷʢʦʛʦ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʪʝʦʨʽʷ ʥʝʡʪʨʦʥʥʦʛʦ ʰʫʤʫ 

ʧʽʜʢʨʠʪʠʯʥʦʛʦ ʨʝʘʢʪʦʨʘ. 

ɸʤʝʨʠʢʘʥʩʴʢʽ ʜʦʩʣʽʜʥʠʢʠ ʊʘʡ ʪʘ ʋʨʽʛ ʚ 60-ʭ ʨʦʢʘʭ ʚʽʜʟʥʘʯʘʣʠ ʧʨʘʢʪʠʯʥʫ 

ʟʥʘʯʠʤʽʩʪʴ ʰʫʤʦʚʦʛʦ ʘʥʘʣʽʟʫ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʝʘʢʪʦʨʘ ʪʘ ʚʝʣʠʢʽ ʧʝʨʩʧʝʢʪʠʚʠ 

ʚʽʙʨʦʰʫʤʦʚʦʾ ʜʽʘʛʥʦʩʪʠʢʠ [81, 146]. ɿʘ ʢʦʨʜʦʥʦʤ ʧʦʯʘʣʠ ʧʨʦʚʦʜʠʪʠ ʽʥʪʝʥʩʠʚʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʰʫʤʽʚ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʘʢʪʦʨʽʚ ʜʣʷ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʩʧʦʩʦʙʽʚ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʈʋ [134, 135]. 

ɺ ʢʽʥʮʽ 70-ʭ ʨʦʢʽʚ ʚʽʙʨʦʰʫʤʦʚʘ ʜʽʘʛʥʦʩʪʠʢʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʘʢʪʦʨʽʚ ʨʽʟʥʠʭ 

ʪʠʧʽʚ ʩʪʘʻ ʦʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʪʝʤ ʥʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʤʽʞʥʘʨʦʜʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ. 

ɿʘ ʤʘʪʝʨʽʘʣʘʤʠ ʢʦʥʬʝʨʝʥʮʽʡ SMORN (Specialist Meeting on Reactor Noise) [131, 

132, 133, 134, 135, 136, 137, 138] ʪʘ ʩʝʤʽʥʘʨʽʚ IMORN (Informal Meeting on Reactor 

Noise) [130], ʱʦ ʧʨʦʭʦʜʠʣʠ ʚ ʧʝʨʽʦʜ ʟ 1974 ʨ. ʧʦ 2004 ʨ., ʤʦʞʥʘ ʧʨʦʩʪʝʞʠʪʠ 

ʨʦʟʚʠʪʦʢ ʪʝʦʨʝʪʠʯʥʦʾ, ʘ ʧʦʪʽʤ ʽ ʤʝʪʦʜʠʯʥʦʾ ʙʘʟʠ ʚʽʙʨʦʰʫʤʦʚʦʾ ʜʽʘʛʥʦʩʪʠʢʠ, ʷʢʘ 

ʟʛʦʜʦʤ ʟʥʘʡʰʣʘ ʩʚʦʻ ʪʝʭʥʽʯʥʝ ʚʪʽʣʝʥʥʷ ʚ ʉɺʐɼ [102]. 

ɺʚʝʜʝʥʥʷ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʝʥʝʨʛʦʙʣʦʢʽʚ ʟ ɺɺɽʈ ʚ ʉʈʉʈ ʩʫʧʨʦʚʦʜʞʫʚʘʣʦʩʷ 

ʚʽʙʨʘʮʽʡʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʫ ʧʝʨʽʦʜ ʧʫʩʢʦʥʘʣʘʛʦʜʞʫʚʘʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ 

(ʇʅɺ), ʘ ʚʽʙʨʦʰʫʤʦʚʽ ʤʝʪʦʜʠ ʽ ʢʦʥʪʨʦʣʴ ʈʋ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʝ 
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ʚʧʨʦʚʘʜʞʫʚʘʣʠʩʷ, ʪʦʜʽ ʷʢ ʧʨʦʚʽʜʥʽ ʟʘʢʦʨʜʦʥʥʽ ʬʽʨʤʠ (Siemens, Westinghouse) ʚʞʝ 

ʨʦʟʨʦʙʠʣʠ ʽ ʩʪʚʦʨʠʣʠ ʧʝʨʰʽ ʧʨʦʤʠʩʣʦʚʽ ʉɺʐʂ [96, 106]. 

ʋʯʘʩʪʴ ʨʘʜʷʥʩʴʢʠʭ ʜʦʩʣʽʜʥʠʢʽʚ ʨʝʘʢʪʦʨʥʠʭ ʰʫʤʽʚ ʥʘ ʢʦʥʬʝʨʝʥʮʽʷʭ SMORN 

ʙʫʣʘ ʥʝʟʥʘʯʥʦʶ. ɺ ʉʈʉʈ ʥʘʪʫʨʥʽ ʚʽʙʨʦʰʫʤʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ 

ɯʥʩʪʠʪʫʪʦʤ ʘʪʦʤʥʦʾ ʝʥʝʨʛʽʾ ʽʤ. ɯ.ɺ. ʂʫʨʯʘʪʦʚʘ ʽ ʌʽʟʠʢʦ-ʝʥʝʨʛʝʪʠʯʥʠʤ ʽʥʩʪʠʪʫʪʦʤ 

ʥʘ ʨʽʟʥʠʭ ɸɽʉ ʟ ɺɺɽʈ. ɼʘʥʽ ʨʦʙʦʪʠ ʷʚʥʦ ʚʽʜʩʪʘʚʘʣʠ, ʨʘʜʷʥʩʴʢʽ ʉɺʐʂ ʥʝ ʤʦʛʣʠ 

ʢʦʥʢʫʨʫʚʘʪʠ ʽʟ ʟʘʢʦʨʜʦʥʥʠʤʠ ʧʨʦʤʠʩʣʦʚʠʤʠ ʉɺʐʂ ʫ ʟʚôʷʟʢʫ ʟ ʪʝʭʥʦʣʦʛʽʯʥʠʤ 

ʚʽʜʩʪʘʚʘʥʥʷʤ ʉʈʉʈ ʚ ʝʣʝʢʪʨʦʥʽʮʽ [3]. 

ʅʘ ʧʦʯʘʪʢʫ 90-ʭ ʥʘ ʈʋ ʟ ɺɺɽʈ ʢʦʣʠʰʥʴʦʛʦ ʉʈʉʈ ʧʦʯʘʣʠ ʚʧʨʦʚʘʜʞʫʚʘʪʠ 

ʟʘʢʦʨʜʦʥʥʽ ʉɺʐʂ. ʌʽʨʤʘ Siemens ʧʦʯʘʣʘ ʧʦʩʪʘʚʣʷʪʠ ʉɺʐʂ ʥʘ ʈʋ ʟ ɺɺɽʈ-440, ʘ 

ʫʛʦʨʩʴʢʠʡ ɯʥʩʪʠʪʫʪ ʬʽʟʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʧʨʦʚʘʜʞʫʚʘʚ ʉɺʐʂ ʉARD ʥʘ 

ʧʝʨʰʦʤʫ ʝʥʝʨʛʦʙʣʦʮʽ ʂʘʣʽʥʽʥʩʴʢʦʾ ɸɽʉ ʟ ɺɺɽʈ-1000 [126, 127, 129]. ɼʦʩʚʽʜ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʚʠʱʝ ʟʘʢʦʨʜʦʥʥʠʭ ʉɺʐʂ ʙʫʚ ʜʫʞʝ ʢʦʨʠʩʥʠʡ, ʘʣʝ 

ʩʘʤʽ ʉɺʐʂ ʥʝ ʩʪʘʣʠ ʰʪʘʪʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ɸɽʉ. 

ɺ ʈʦʩʽʾ ʥʘ ʦʩʥʦʚʽ ʥʘʙʫʪʦʛʦ ʜʦʩʚʽʜʫ ʧʨʠ ʚʧʨʦʚʘʜʞʝʥʽ ʟʘʢʦʨʜʦʥʥʠʭ 

ʧʨʦʛʨʘʤʥʦ-ʪʝʭʥʽʯʥʠʭ ʢʦʤʧʣʝʢʩʽʚ (ʇʊʂ) ʥʘ ɸɽʉ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʚʣʘʩʥʽ ʉɺʐɼ, 

ʨʦʙʦʪʠ ʧʨʦʚʦʜʠʣʠʩʷ ɺʩʝʨʦʩʽʡʩʴʢʠʤ ʅʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʤ ʽʥʩʪʠʪʫʪʦʤ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʘʪʦʤʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʪʘ ʩʧʝʮʽʘʣʴʥʦ ʩʪʚʦʨʝʥʠʤ ʧʽʜʧʨʠʻʤʩʪʚʦʤ çɼʽʘʧʨʦʤè [3]. 

ʇʦʯʠʥʘʶʯʠ ʟ 2003 ʉɺʐɼ ʫʚʽʡʰʣʠ ʚ ʧʨʦʝʢʪʠ ʩʧʦʨʫʜʞʫʚʘʥʠʭ ʈʋ ʟ ɺɺɽʈ. 

ɺ ʋʢʨʘʾʥʽ ʨʦʟʨʦʙʢʦʶ ʉɺʐɼ ʟʘʡʤʘʻʪʴʩʷ ʅɺʆ çɯʤʧʫʣʴʩè ʚ ʩʢʣʘʜʽ 

ʢʦʤʧʣʝʢʩʥʦʾ ʩʠʩʪʝʤʠ ʜʽʘʛʥʦʩʪʠʢʠ [89]. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʉɺʐɼ ʥʘ ʨʝʘʢʪʦʨʘʭ ʪʠʧʫ ɺɺɽʈ. 

ɯʥʽʮʽʡʦʚʘʥʦ ʨʦʟʚʠʪʦʢ ʚʽʙʨʦʰʫʤʦʚʦʛʦ ʘʥʘʣʽʟʫ ʙʫʣʦ ʚ ʅɼʈ, ʜʝ ʚ ʧʝʨʽʦʜ 1972ï

1976 ʨʨ. ʥʘ ɸɽʉ Greifswald ʟ ɺɺɽʈ-440 (ʧʨʦʝʢʪ ɺ-230) ʚʽʜʙʫʚʘʣʠʩʷ ʘʥʦʤʘʣʴʥʽ 

ʚʽʙʨʘʮʽʾ ʘʚʘʨʽʡʥʠʭ ʨʝʛʫʣʶʶʯʠʭ ʢʘʩʝʪ (ɸʈʂ), ʘ ʚ 1985ï1986 ʨʨ. ï ʘʥʦʤʘʣʴʥʽ 

ʚʽʙʨʘʮʽʾ ʰʘʭʪʠ ʨʝʘʢʪʦʨʘ. ʇʽʩʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʯʠʥ ʧʽʜʚʠʱʝʥʦʾ ʚʽʙʨʘʮʽʾ 

ʢʦʥʩʪʨʫʢʮʽʶ ʧʘʣʠʚʥʦʾ ʯʘʩʪʠʥʠ ɸʈʂ ʟʤʽʥʠʣʠ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪʠ ʪʝʧʣʦʥʦʩʽʷ 

ʯʝʨʝʟ ʥʝʾ. ɼʣʷ ʢʦʥʪʨʦʣʶ ʚʽʙʨʘʮʽʡ ʚʧʝʨʰʝ ʥʘ ɺɺɽʈ-440 ʙʫʣʠ ʚʩʪʘʥʦʚʣʝʥʽ 

ʚʥʫʪʨʽʰʥʴʦʟʦʥʥʽ ʥʝʡʪʨʦʥʥʽ ɼʇɿ. 
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ʅʘ ʨʘʜʷʥʩʴʢʠʭ ɸɽʉ ʧʝʨʰʽ ʙʣʦʢʠ ʟ ɺɺɽʈ-440 ʝʢʩʧʣʫʘʪʫʚʘʣʠ ʙʝʟ ɼʇɿ, 

ʝʥʝʨʛʦʨʦʟʧʦʜʽʣ ʧʦ ʦʙôʻʤʫ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʚʠʟʥʘʯʘʚʩʷ ʥʝʡʪʨʦʥʥʦ-ʘʢʪʠʚʘʮʽʡʥʠʤʠ 

ʤʝʪʦʜʘʤʠ. ʋ 1977 ʨ. ʥʘ ʙʘʟʽ ɯʥʩʪʠʪʫʪʫ ʷʜʝʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ (ʤ. ʈʦʩʩʝʥʜʦʨʬ, ʅɼʈ) 

ʙʫʣʘ ʦʨʛʘʥʽʟʦʚʘʥʘ ʜʽʘʛʥʦʩʪʠʯʥʘ ʛʨʫʧʘ, ʽ ʚ 1975 ʨ. ʚ ʽʥʩʪʠʪʫʪʽ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʽ 

ʚʧʨʦʚʘʜʞʝʥʘ ʧʝʨʰʘ ʜʦʩʣʽʜʥʘ ʉɺʐɼ. 

ʇʝʨʰʽ ʧʨʦʤʠʩʣʦʚʽ ʉɺʐɼ S¦S ʥʘ ɺɺɽʈ-440 ʧʦʩʪʘʚʣʷʣʘ ʬʽʨʤʘ Siemens. ʊʘʢʽ 

ʩʠʩʪʝʤʠ ʙʫʣʠ ʚʩʪʘʥʦʚʣʝʥʽ ʥʘ ɸɽʉ ɼʫʢʦʚʘʥʠ, ɹʦʛʫʥʽʮʝ, ʧʽʟʥʽʰʝ ʥʘ ʂʦʣʴʩʴʢʽʡ ʽ 

ʅʦʚʦʚʦʨʦʥʝʟʴʢʽʡ ɸɽʉ [74, 108, 116]. 

ʅʘ ɺɺɽʈ-1000 ʧʝʨʰʘ ʉɺʐɼ ʙʫʣʘ ʚʩʪʘʥʦʚʣʝʥʘ ʥʘ 1-ʤʫ ʙʣʦʮʽ ʂʘʣʽʥʽʥʩʴʢʦʾ 

ɸɽʉ ʚ 1991 ʨ. ʎʝ ʙʫʣʘ ʉɺʐɼ CARD, ʫʛʦʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʷʢʘ ʧʨʦʡʰʣʘ 

ʰʠʨʦʢʫ ʘʧʨʦʙʘʮʽʶ ʥʘ ɺɺɽʈ-440 ɸɽʉ ʇʘʢʰ [126]. 

ʅʘ 1-ʤʫ ʙʣʦʮʽ ɸɽʉ ʊʝʤʝʣʽʥ ʟ ɺɺɽʈ-1000 ʚʞʝ ʥʘ ʝʪʘʧʽ ʧʫʩʢʦ-

ʥʘʣʘʛʦʜʞʫʚʘʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʫ 2000 ʨ. ʙʫʣʘ ʚʧʨʦʚʘʜʞʝʥʘ ʉɺʐɼ ʢʦʤʧʘʥʽʾ 

Westinghouse, ʷʢʘ ʥʘ ʝʪʘʧʽ ʇʅɺ ʙʫʣʘ ʦʩʥʘʱʝʥʘ ʪʠʤʯʘʩʦʚʠʤʠ ʚʥʫʪʨʽʰʥʴʦʟʦʥʥʠʤʠ 

ʘʢʩʝʣʝʨʦʤʝʪʨʘʤʠ. ʉɺʐɼ ʢʦʤʧʘʥʽʾ Westinghouse ʷʢ ʽ ʚʩʽ ʽʥʰʽ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʽ 

ʜʽʘʛʥʦʩʪʠʢʠ ɺɺɽʈ-1000, ʚʢʣʶʯʝʥʽ ʚ ʛʣʦʙʘʣʴʥʫ ʩʪʘʥʮʽʡʥʫ ʤʝʨʝʞʫ, ʧʦʙʫʜʦʚʘʥʫ ʟʘ 

ʪʝʭʥʦʣʦʛʽʻʶ ALLY [113]. 

1.3. ʆʛʣʷʜ ʜʦʩʣʽʜʞʝʥʴ 

ɺ ʧʫʥʢʪʘʭ ʜʘʥʦʛʦ ʧʽʜʨʦʟʜʽʣʫ ʨʦʟʛʣʷʥʫʪʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘ 

ʥʘʩʪʫʧʥʠʤʠ ʥʘʧʨʷʤʢʘʤʠ: ʚʽʙʨʘʮʽʾ, ʰʚʠʜʢʽʩʪʴ ʪʝʧʣʦʥʦʩʽʷ, ʪʝʤʧʝʨʘʪʫʨʥʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʨʝʘʢʪʠʚʥʦʩʪʽ, ʪʝʧʣʦʛʽʜʨʘʚʣʽʯʥʽ ʧʨʦʮʝʩʠ, ʪʝʭʥʦʣʦʛʽʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. 

1.3.1. ɺʽʙʨʘʮʽʾ 

ɺ ʨʦʙʦʪʽ [101] ʨʦʟʛʣʷʥʫʪʦ ʚʠʤʽʨʶʚʘʥʥʷ ʥʝʡʪʨʦʥʥʠʭ ʰʫʤʽʚ ʥʘ ʫʛʦʨʩʴʢʽʡ 

ɸɽʉ ʇʘʢʰ. ɼʣʷ ʣʦʢʘʣʽʟʘʮʽʾ ʚʽʙʨʫʶʯʦʛʦ ʨʝʛʫʣʶʶʯʦʛʦ ʩʪʨʠʞʥʷ ʙʫʜʫʻʪʴʩʷ ʢʘʨʪʘ 

ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʟ ʚʠʤʽʨʘʤʠ ʰʫʤʫ ɼʇɿ. ʉʭʝʤʘ ʣʦʢʘʣʽʟʘʮʽʾ ʥʘʩʪʫʧʥʘ: ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ 

ʩʧʝʢʪʨʠ ɸʉɻʇ ʜʣʷ ʜʦʩʪʫʧʥʠʭ ɼʇɿ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʦʜʥʦʤʫ ʨʽʚʥʽ (ʚ ʢʦʞʥʦʤʫ 

ʢʘʥʘʣʽ ʥʝʡʪʨʦʥʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʪʘʰʦʚʘʥʦ ʧʦ ʚʠʩʦʪʽ 7 ʜʝʪʝʢʪʦʨʽʚ). 

ʊʦʜʽ ʜʣʷ ʢʦʞʥʦʾ ʧʦʟʠʮʽʾ ʥʘ ʢʦʞʥʦʤʫ ʨʽʚʥʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʘʤʧʣʽʪʫʜʘ ʧʽʢʫ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʽʙʨʘʮʽʶ ʩʪʨʠʞʥʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʫʻʪʴʩʷ 7 ʩʝʨʽʡ ʜʘʥʠʭ (ʱʦ 
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ʚʽʜʧʦʚʽʜʘʶʪʴ 7 ʦʩʴʦʚʠʤ ʨʽʚʥʷʤ), ʢʦʞʥʘ ʩʝʨʽʷ ʤʽʩʪʠʪʴ ʤʘʢʩʠʤʫʤ 36 ʟʥʘʯʝʥʴ (ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ 36 ʜʝʪʝʢʪʦʨʘʤ ʥʘ ʦʜʥʦʤʫ ʨʽʚʥʽ). ɼʞʝʨʝʣʦ ʚʽʙʨʘʮʽʡ ʥʘ ʮʽʡ ʩʭʝʤʽ 

ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘʡʙʽʣʴʰ ʪʝʤʥʦʶ ʦʙʣʘʩʪʶ. 

ɺ ʨʦʙʦʪʽ [149] ʨʦʟʛʣʷʥʫʪʦ ʚʽʙʨʘʮʽʾ ʚʥʫʪʨʽʰʥʽʭ ʢʦʤʧʦʥʝʥʪʽʚ ʥʘ 

54 ʬʨʘʥʮʫʟʴʢʠʭ ʨʝʘʢʪʦʨʘʭ ʪʠʧʫ Pressurized Water Reactor (PWR) ʧʨʦʪʷʛʦʤ 

300 ʧʘʣʠʚʥʠʭ ʢʘʤʧʘʥʽʡ (ʢʦʤʧʘʥʽʷ EDF). 

EDF ʥʘʙʫʣʘ ʟʥʘʯʥʦʛʦ ʜʦʩʚʽʜʫ ʚ ʜʦʩʣʽʜʞʝʥʽ ʚʽʙʨʘʮʽʡ ʚʥʫʪʨʽʰʥʴʦʢʦʨʧʫʩʥʠʭ 

ʧʨʠʩʪʨʦʾʚ ʰʣʷʭʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʟʘʟʦʥʥʦʛʦ ʥʝʡʪʨʦʥʥʦʛʦ ʰʫʤʫ ʥʘ 54 ʨʝʘʢʪʦʨʘʭ 

ʪʠʧʫ PWR ʧʽʜ ʯʘʩ ʜʝʷʢʠʭ ʟ 300 ʧʘʣʠʚʥʠʭ ʢʘʤʧʘʥʡ̔. 

ɿʚ'ʷʟʦʢ ʙʫʚ ʧʦʙʫʜʦʚʘʥʠʡ ʰʣʷʭʦʤ ʦʙʨʦʙʢʠ ʙʽʣʴʰ ʥʽʞ 3000 ʚʽʙʨʘʮʽʡʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʱʦ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʧʽʩʣʷ ʧʦʯʘʪʢʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʨʝʘʢʪʦʨʽʚ. 

ʆʙʨʦʙʢʘ ʚʽʙʨʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʟʚʦʣʠʣʘ ʚʽʜʤʽʪʠʪʠ ʣʝʜʴ ʧʦʤʽʪʥʽ 

ʝʬʝʢʪʠ ʩʪʘʨʽʥʥʷ ʧʨʠʪʠʩʢʥʠʭ ʧʨʫʞʠʥ (ʱʦ ʻ ʥʦʨʤʘʣʴʥʠʤ ʧʨʦʮʝʩʦʤ), ʧʘʣʠʚʥʠʭ 

ʩʪʨʠʞʥʽʚ, ʨʘʜʽʘʣʴʥʠʭ ʰʧʦʥʦʢ. 

ɸʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ɺʂʇ ʙʫʜʫʻʪʴʩʷ ʥʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʨʽʟʥʠʭ ʪʠʧʽʚ 

ʧʦʚʝʜʽʥʢʠ ʮʠʭ ʧʨʠʩʪʨʦʾʚ (ʥʦʨʤʘʣʴʥʘ ʯʠ ʥʽ) ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʩʧʝʢʪʨʘʣʴʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʊʘʢʦʞ ʥʝʦʙʭʽʜʥʠʤ ʻ ʨʦʟʫʤʽʥʥʷ ʚʘʨʽʘʮʽʡ ʫ ʚʽʙʨʘʮʽʡʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ, ʱʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʧʘʨʘʤʝʪʨʽʚ. 

ɽʣʝʤʝʥʪʠ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ɺʂʇ ʨʝʘʢʪʦʨʽʚ PWR ʢʦʥʮʝʨʥʫ EDF: 

- ʦʙʣʘʜʥʘʥʥʷ: ʧʦʟʘʟʦʥʥʽ ʥʝʡʪʨʦʥʥʽ ʜʝʪʝʢʪʦʨʠ, ʘʢʩʝʣʝʨʦʤʝʪʨʠ, ʱʦ 

ʚʩʪʘʥʦʚʣʝʥʽ ʥʘ ʢʦʨʧʫʩʽ ʨʝʘʢʪʦʨʘ; 

- ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ: ʧʨʦʛʨʘʤʠ ʧʝʨʽʦʜʠʯʥʦ ʟʘʧʫʩʢʘʶʪʴʩʷ 

ʦʧʝʨʘʪʦʨʘʤʠ ʩʪʘʥʮʽʾ ʽ ʙʫʜʫʶʪʴ ʘʚʪʦ- ʪʘ ʚʟʘʻʤʥʦʩʧʝʢʪʨʘʣʴʥʽ ʬʫʥʢʮʽʾ, 

ʚʠʟʥʘʯʘʶʪʴ ʧʽʢʠ ʥʘ ʜʘʥʠʭ ʬʫʥʢʮʽʷʭ, ʚʠʟʥʘʯʘʶʪʴ ʨʫʭ ʧʨʠʩʪʨʦʾʚ, ʘ ʪʘʢʦʞ 

ʧʝʨʝʚʽʨʷʶʪʴ ʯʠ ʧʨʠʩʫʪʥʽ ʟʥʘʯʥʽ ʟʤʽʥʠ ʚ ʩʧʝʢʪʨʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ. 

ʉʪʘʪʠʩʪʠʯʥʘ ʦʙʨʦʙʢʘ ʚʽʙʨʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʣʘ ʧʨʦʚʝʜʝʥʘ ʜʣʷ ʪʨʴʦʭ 

ʪʠʧʽʚ ʨʝʘʢʪʦʨʽʚ [149]: 

- ʨʝʘʢʪʦʨʠ ʧʦʪʫʞʥʽʩʪʶ 900 ʄɺʪ (6 ʨʝʘʢʪʦʨʽʚ CPO); 

- ʨʝʘʢʪʦʨʠ ʧʦʪʫʞʥʽʩʪʶ 900 ʄɺʪ (28 ʨʝʘʢʪʦʨʽʚ CPY); 
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- ʨʝʘʢʪʦʨʠ ʧʦʪʫʞʥʽʩʪʶ 1300 ʄɺʪ (20 ʨʝʘʢʪʦʨʽʚ). 

ʆʙʨʦʙʢʘ ʩʠʛʥʘʣʽʚ ʧʦʢʘʟʘʣʘ, ʱʦ ʪʽʣʴʢʠ ʜʚʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʘ 

ʤʘʶʪʴ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʚʽʙʨʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʽʜ ʯʘʩ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʨʝʞʠʤʫ, 

ʘ ʩʘʤʝ: ʚʠʛʦʨʘʥʥʷ ʧʘʣʠʚʘ ʧʨʦʪʷʛʦʤ ʧʘʣʠʚʥʦʾ ʢʘʤʧʘʥʽʾ ʽ ʧʦʯʘʪʢʦʚʝ ʟʙʘʛʘʯʝʥʥʷ 

ʧʘʣʠʚʘ. 

ʈʽʚʝʥʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʽʜʥʽʤʘʻʪʴʩʷ ʧʨʠ ʟʙʽʣʴʰʝʥʽ ʚʠʛʦʨʘʥʥʷ ʧʘʣʠʚʘ 

(ʨʠʩ. 1.1). ʇʽʜʡʦʤ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʷʢ ʜʣʷ ʧʽʢʽʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʦʜʘʤ ʚʽʙʨʘʮʽʡ, 

ʪʘʢ ʽ ʜʣʷ ʬʦʥʦʚʦʛʦ ʰʫʤʫ, ʱʦ ʧʦ ʩʫʪʽ ʩʧʨʠʯʠʥʝʥʠʡ ʟʤʽʥʦʶ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʫ 

ʥʝʡʪʨʦʥʽʚ ʜʽʣʝʥʥʷ ʚʠʢʣʠʢʘʥʠʡ ʧʦʩʪʫʧʦʚʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʚ ʘʢʪʠʚʥʽʡ ʟʦʥʽ 239Pu. 

 

ʈʠʩ. 1.1. ʅʦʨʤʘʣʽʟʦʚʘʥʘ ɸʉɻʇ ʧʨʦʪʷʛʦʤ ʧʘʣʠʚʥʦʾ ʢʘʤʧʘʥʽʾ (ʨʝʘʢʪʦʨ CPY 

ʧʦʪʫʞʥʽʩʪʶ 900 ʄɺʪ) [149] 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥʠ ʥʦʨʤʘʣʽʟʦʚʘʥʦʾ ʩʧʝʢʪʨʘʣʴʥʦʾ ʛʫʩʪʠʥʠ ʧʦʪʫʞʥʦʩʪʽ 

ʧʨʦʪʷʛʦʤ ʧʘʣʠʚʥʦʾ ʢʘʤʧʘʥʽʾ ʚʠʜʽʣʠʣʠ ʝʬʝʢʪ ʩʪʘʨʽʥʥʷ, ʘ ʪʘʢʦʞ ʥʝʟʥʘʯʥʽ ʟʤʽʥʠ ʚ 

ʧʦʣʦʞʝʥʥʽ ɺʂʇ. 
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ɺ ʨʦʙʦʪʽ [128] ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʦʩʚʽʜ ʨʦʙʦʪʠ ʽʟ ʩʠʩʪʝʤʦʶ ʨʝʘʢʪʦʨʥʦʾ ʰʫʤʦʚʦʾ 

ʜʽʘʛʥʦʩʪʠʢʠ ʥʘ ʨʝʘʢʪʦʨʘʭ ʪʠʧʫ ɺɺɽʈ-1000 ʚ ʈʦʩʽʾ. 

ʂʦʤʧʣʝʢʩʥʘ ʩʠʩʪʝʤʘ ʰʫʤʦʚʦʾ ʜʽʘʛʥʦʩʪʠʢʠ KAZMER ʙʫʣʘ ʚʩʪʘʥʦʚʣʝʥʘ ʥʘ 

ʧʝʨʰʦʤʫ ʙʣʦʮʽ ʂʘʣʽʥʽʥʩʴʢʦʾ ɸɽʉ ʚ 1992 ʨ. ʫʛʦʨʩʴʢʠʤʠ ʬʽʨʤʘʤʠ CRIP ʪʘ (H)ERPI. 

ɼʘʥʘ ʩʠʩʪʝʤʘ ʩʢʣʘʜʘʣʘʩʷ ʟ ʧʽʜʩʠʩʪʝʤʠ ʨʝʘʢʪʦʨʥʦʾ ʰʫʤʦʚʦʾ ʜʽʘʛʥʦʩʪʠʢʠ KARD, 

ʧʽʜʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʚʽʙʨʘʮʽʡ ʧʝʪʝʣʴ ʧʝʨʰʦʛʦ ʪʘ ʜʨʫʛʦʛʦ ʢʦʥʪʫʨʽʚ ARGUS, 

ʧʽʜʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʧʨʦʪʽʢʘʥʴ ALMOS. 

ɼʘʥʘ ʨʝʘʣʽʟʘʮʽʷ ʩʠʩʪʝʤʠ KARD ʚʠʢʦʨʠʩʪʦʚʫʻ ʬʣʫʢʪʫʘʮʽʾ ʩʠʛʥʘʣʽʚ 

ʥʘʩʪʫʧʥʠʭ ʜʝʪʝʢʪʦʨʽʚ:  

- 6 ʧʦʟʘʟʦʥʥʠʭ ʽʦʥʽʟʘʮʽʡʥʠʭ ʢʘʤʝʨ ʩʠʩʪʝʤʠ ʟʘʭʠʩʪʫ ʨʝʘʢʪʦʨʘ; 

- 6 ʚʥʫʪʨʽʰʥʴʦʟʦʥʥʠʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʢʘʥʘʣʠ, ʱʦ ʚʢʣʶʯʘʶʪʴ: 7 ɼʇɿ ʟ 

ʨʦʜʽʻʚʠʤʠ ʝʤʽʪʝʨʘʤʠ; ʦʜʥʫ ʪʝʨʤʦʧʘʨʫ ʥʘ ʚʠʭʦʜʽ ʟ ʘʢʪʠʚʥʦʾ ʟʦʥʠ; 

- 8 ʜʘʪʯʠʢʽʚ ʪʠʩʢʫ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʨʽʟʥʠʭ ʤʽʩʮʷʭ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ; 

- 14 ʘʢʩʝʣʝʨʦʤʝʪʨʽʚ, ʱʦ ʚʠʙʠʨʘʶʪʴʩʷ ʟ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ 

32 ʘʢʩʝʣʝʨʦʤʝʪʨʽʚ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʘʭ ʧʝʨʰʦʛʦ 

ʢʦʥʪʫʨʫ. 

ɺʠʢʦʥʫʚʘʚʩʷ ʦʜʥʦʯʘʩʥʠʡ ʟʘʧʠʩ 62 ʩʠʛʥʘʣʽʚ. 

ʅʘ ʛʨʘʬʽʢʫ ʘʚʪʦʩʧʝʢʪʨʘʣʴʥʦʾ ʛʫʩʪʠʥʠ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʚʽʜ 

ʧʦʟʘʟʦʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʥʝʡʪʨʦʥʽʚ, ʙʫʣʦ ʚʠʜʽʣʝʥʦ ʧʽʢ ʚ ʜʽʘʧʘʟʦʥʽ 1,3ï4,7 ɻʮ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʚ ʟʘ ʨʫʭ ʰʘʭʪʠ ʨʝʘʢʪʦʨʘ. 

ʉʧʝʢʪʨ ʚʥʫʪʨʽʰʥʴʦʟʦʥʥʠʭ ʜʝʪʝʢʪʦʨʽʚ ʥʝʡʪʨʦʥʽʚ ʙʫʚ ʟʥʘʯʥʦ 

ʽʥʬʦʨʤʘʪʠʚʥʽʰʠʡ. ɺʽʥ ʤʘʚ ʜʚʘ ʧʽʢʠ ʥʘ ʯʘʩʪʦʪʘʭ 16,6 ʪʘ 33,3 ɻʮ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʛʘʨʤʦʥʽʢʘʤ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ɻʎʅ (1000 ʦʙ/ʭʚ.). ʊʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ 

ʢʦʤʧʦʥʝʥʪʘ ʥʘ ʯʘʩʪʦʪʽ 25 ɻʮ, ʷʢʫ ʚʘʞʢʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʧʦʚôʷʟʘʥʘ ʟ 

ʯʘʩʪʦʪʦʶ ʤʝʨʝʞʽ ʪʘ ʦʙʝʨʪʘʥʥʷʤ ʞʠʚʠʣʴʥʠʭ ʥʘʩʦʩʽʚ. ʇʽʢ ʥʘ ʯʘʩʪʦʪʽ 9 ɻʮ 

ʧʦʚ'ʷʟʘʥʠʡ ʟ ʧʫʣʴʩʘʮʽʷʤʠ ʪʠʩʢʫ. 

ɹʫʣʦ ʚʽʜʤʽʯʝʥʦ, ʱʦ ʥʠʟʴʢʦʯʘʩʪʦʪʥʘ ʯʘʩʪʠʥʘ ʩʧʝʢʪʨʘ ʚ ʦʩʥʦʚʥʦʤʫ ʟʘʡʥʷʪʘ 

ʝʬʝʢʪʦʤ ʧʝʨʝʥʦʩʫ, ʚ ʜʘʥʽʡ ʦʙʣʘʩʪʽ ʬʘʟʘ ʤʽʞ ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʥʘ ʦʜʥʽʡ ʦʩʽ 



36 

 

ʜʝʪʝʢʪʦʨʘʤʠ ʣʽʥʽʡʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʪʦʪʠ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʪʝʧʣʦʥʦʩʽʷ (ʟʘ ʨʽʚʥʝʤ ʥʘʭʠʣʫ ʬʘʟʠ). 

ɺ ʨʦʙʦʪʽ [139] ʨʦʟʛʣʷʥʫʪʦ ʤʝʪʦʜʠ ʨʘʥʥʴʦʛʦ ʚʠʷʚʣʝʥʥʷ ʢʠʧʽʥʥʷ ʥʘ ɺɺɽʈ ʪʘ 

ʈɹʄʂ, ʨʦʟʛʣʷʥʫʪʦ ʚʠʟʥʘʯʝʥʥʷ ʥʘʷʚʥʦʩʪʽ ʧʘʨʠ ʚ ʪʝʧʣʦʥʦʩʽʾ ʥʘ ʦʩʥʦʚʽ 

ʜʽʘʛʥʦʩʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʢʫʩʪʠʯʥʠʭ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʦʟʥʘʢ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʷʚʣʝʥʘ ʟʘʛʘʣʴʥʘ ʟʘʣʝʞʥʽʩʪʴ ʩʧʝʢʪʨʫ ʬʣʫʢʪʫʘʮʽʡ ʪʠʩʢʫ 

ʪʝʧʣʦʥʦʩʽʷ ʚʽʜ ʟʤʽʥʠ ʪʝʨʤʦʛʽʜʨʘʚʣʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ɹʫʣʘ ʦʪʨʠʤʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʯʘʩʪʦʪʦʶ ʬʣʫʢʪʫʘʮʽʡ ʪʠʩʢʫ ʽ ʨʦʙʦʯʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʱʦ ʙʫʣʠ ʚʠʤʽʨʷʥʽ ʩʠʩʪʝʤʦʶ ʢʦʥʪʨʦʣʁ . 

ɺʽʙʨʦʘʢʫʩʪʠʯʥʠʡ ʢʦʥʪʨʦʣʴ ʧʦʯʘʣʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘ ɺɺɽʈ ʥʘ ʧʦʯʘʪʢʫ 

70-x, ʚʧʝʨʰʝ ʤʝʪʦʜ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʥʘ ʅʦʚʦʚʦʨʦʥʝʟʴʢʽʡ ɸɽʉ [139]. 

ʆʩʥʦʚʥʘ ʽʜʝʷ ʮʴʦʛʦ ʢʦʥʪʨʦʣʶ ʧʦʣʷʛʘʻ ʚ ʧʦʨʽʚʥʷʥʽ ʧʦʪʦʯʥʠʭ ʨʦʙʦʯʠʭ 

ʚʽʙʨʦʘʢʫʩʪʠʯʥʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʈʋ ʽʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʩʧʝʢʪʨʽʚ ʮʠʭ ʩʠʛʥʘʣʽʚ ʚ ʰʪʘʪʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ. 

ʊʘʢ, ʟʦʢʨʝʤʘ ʧʨʦʮʝʩʠ ʛʝʥʝʨʘʮʽʾ ʧʘʨʠ ʪʘ ʚʠʪʦʢʫ ʧʦʧʝʨʝʜʥʴʦ ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ 

ʥʘ ʜʚʦʢʦʥʪʫʨʥʽʡ ʧʨʦʤʠʩʣʦʚʽʡ ʧʘʨʦʛʝʥʝʨʫʶʯʽʡ ʫʩʪʘʥʦʚʮʽ. ɹʫʣʦ ʚʠʤʽʨʷʥʦ 

ʢʦʣʠʚʘʥʥʷ ʪʠʩʢʫ ʧʽʜ ʯʘʩ ʟʫʧʠʥʢʠ ʥʘʩʦʩʘ ʚ ʘʚʘʨʽʡʥʦʤʫ ʨʝʞʠʤʽ. ɸʚʘʨʽʡʥʘ ʩʠʪʫʘʮʽʷ 

ʙʫʣʘ ʩʧʨʠʯʠʥʝʥʘ ʚʪʨʘʪʦʶ ʪʝʧʣʦʥʦʩʽʷ ʽ ʛʝʥʝʨʘʮʽʻʶ ʧʘʨʠ ʚ ʥʘʩʦʩʽ ʤʽʞ 

ʢʦʤʧʝʥʩʘʪʦʨʦʤ ʪʠʩʢʫ ʪʘ ʧʝʪʣʝʶ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ. ɺ ʘʚʘʨʽʡʥʦʤʫ ʨʝʞʠʤʽ 

ʭʘʨʘʢʪʝʨʥʘ ʯʘʩʪʦʪʘ ʬʫʥʢʮʽʾ ʢʦʛʝʨʝʥʪʥʦʩʪʽ ʤʽʞ ʚʽʙʨʘʮʽʷʤʠ ʪʘ ʢʦʣʠʚʘʥʥʷʤʠ ʪʠʩʢʫ, 

ʟʤʽʩʪʠʣʘʩʷ ʧʨʠʙʣʠʟʥʦ ʜʦ 4 ɻʮ, ʧʨʦʪʠ 1 ɻʮ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤʫ ʨʝʞʠʤʽ. ɸʤʧʣʽʪʫʜʘ 

ʟʙʽʣʴʰʠʣʘʩʷ ʧʨʠʙʣʠʟʥʦ ʚ 6,5 ʨʘʟʽʚ [139]. 

ɺ ʨʦʙʦʪʽ [115] ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ ɺɺɽʈ-1000. ɹʫʣʦ ʚʽʜʤʽʯʝʥʦ ʧʦʥʘʜ 110 ʚʣʘʩʥʠʭ 

ʤʦʜ ʚ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ 0ï50 ɻʮ. ɼʝʷʢʽ ʧʝʨʰʽ ʚʣʘʩʥʽ ʤʦʜʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʚʽʙʨʘʮʽʾ 

ʦʢʨʝʤʠʭ ʯʘʩʪʠʥ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ, ʷʢ, ʥʘʧʨʠʢʣʘʜ, ɻʎʅ, ʧʘʨʦʛʝʥʝʨʘʪʦʨ, ʢʦʨʟʠʥʘ 

ʘʢʪʠʚʥʦʾ ʟʦʥʠ, ʚʝʨʭʥʽʡ ʙʣʦʢ. ɺʟʘʻʤʥʠʡ ʚʧʣʠʚ ʚʫʟʣʽʚ ʦʙʣʘʜʥʘʥʥʷ ʥʝʟʥʘʯʥʠʡ ʥʘ ʮʽ 

ʚʣʘʩʥʽ ʤʦʜʠ. ɿʥʘʯʝʥʥʷ ʚʣʘʩʥʠʭ ʯʘʩʪʦʪ ʜʣʷ ʥʠʞʯʠʭ ʤʦʜ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣ. 1.1. 
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ʊʘʙʣʠʮʷ 1.1 ɺʣʘʩʥʽ ʯʘʩʪʦʪʠ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ ɺɺɽʈ-1000 [115]. 

 ̄ʤʦʜʠ 1ï4 5ï6 7ï9 10 11ï12 13ï14 15 16ï19 20 

ʯʘʩʪʦʪʘ,

 ɻʮ 
2,6 3,5 4,4 4,6 4,7 6,4 7,7 7,9 8,0 

ʚʫʟʦʣ ɻʎʅ ɺɹ ɺɹ ʇɻ ʰʘʭʪʘ ʰʘʭʪʘ ɻʎʅ 
ɻʎʅ, 

ʇɻ 

ɻʎʅ, 

ʇɻ 

 

 ̄ʤʦʜʠ 21-22 23 24-27 28 29 30 31-34 35 36 

ʯʘʩʪʦʪʘ, ɻʮ 9,0 9,5 9,8 10,9 11,2 12,1 13,1 17,2 17,8 

ʚʫʟʦʣ 
ɻʎʅ, 

ʇɻ 

ɻʎʅ, 

ʇɻ 
ɻʎʅ ʇɻ ʇɻ ʇɻ ɻʎʅ 

ɻʎʅ, 

ʇɻ 

ɺɹ, ʢʦʨʧʫʩ 

ʈʝʘʢʪʦʨʘ 

 

ʅʘʚʝʜʝʥʽ ʚʠʱʝ ʨʝʟʫʣʴʪʘʪʠ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʜʣʷ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ ʧʨʠ 

ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʊʘʢʦʞ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʨʦʟʨʘʭʫʥʢʠ ʚʣʘʩʥʠʭ ʯʘʩʪʦʪ ʊɺɿ ɺɺɽʈ-1000. 

ɼʦʜʘʪʢʦʚʦ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ, ʫʤʦʚ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʩʠʣʦʚʦʶ 

ʢʦʥʩʪʨʫʢʮʽʻʶ (ʥʘʧʨʘʚʣʷʶʯʠʤʠ ʢʘʥʘʣʘʤʠ) ʽ ʜʠʩʪʘʥʮʽʦʥʫʶʯʠʤʠ ʨʝʰʽʪʢʘʤʠ. 

ɹʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʜʚʘ ʚʠʧʘʜʢʠ. ɺ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʙʫʣʦ ʟʨʦʙʣʝʥʦ 

ʧʨʠʧʫʱʝʥʥʷ ʱʦʜʦ ʽʩʥʫʚʘʥʥʷ ʟʘʟʦʨʫ ʤʽʞ ʜʠʩʪʘʥʮʽʦʥʫʶʯʠʤʠ ʨʝʰʽʪʢʘʤʠ ʽ 

ʥʘʧʨʘʚʣʷʶʯʠʤʠ ʢʘʥʘʣʘʤʠ ʥʘ ʧʝʨʠʬʝʨʽʾ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʚʚʘʞʘʣʦʩʷ ʱʦ 

ʜʠʩʪʘʥʮʽʦʥʫʶʯʽ ʨʝʰʽʪʢʠ ʧʨʠʪʠʩʥʫʪʽ ʪʽʣʴʢʠ ʜʦ ʮʝʥʪʨʘʣʴʥʦʾ ʪʨʫʙʢʠ. ɺ ʜʨʫʛʦʤʫ 

ʚʠʧʘʜʢʫ ʚʚʘʞʘʣʦʩʷ, ʱʦ ʚʩʽ ʥʘʧʨʘʚʣʷʶʯʽ ʢʘʥʘʣʠ ʧʨʠʪʠʩʥʫʪʽ ʜʠʩʪʘʥʮʽʦʥʫʶʯʠʤʠ 

ʨʝʰʽʪʢʘʤʠ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʧʦʢʘʟʘʣʠ ʯʘʩʪʦʪʠ ʥʘʡʥʠʞʯʠʭ ʚʣʘʩʥʠʭ ʤʦʜ, ʘ 

ʩʘʤʝ: 2,7 ɻʮ ʪʘ 4,2 ɻʮ ï ʜʣʷ ʧʝʨʰʦʛʦ ʚʠʧʘʜʢʫ, 4,0 ɻʮ ʪʘ 5,1 ɻʮ ʜʣʷ ʜʨʫʛʦʛʦ 

ʚʠʧʘʜʢʫ.  

ɺ ʧʝʨʰʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʂʘʣʠʥʽʥʩʴʢʽʡ ɸɽʉ ʰʣʷʭʦʤ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ 

ɼʇɿ, ɯʂ ʪʘ ɼʇʊ ʚʩʪʘʥʦʚʣʝʥʦ [23]: 

- ʥʘ ʯʘʩʪʦʪʽ 2,6 ɻʮ ʚʽʜʙʫʚʘʶʪʴʩʷ ʢʦʣʝʢʪʠʚʥʽ ʚʽʙʨʘʮʽʾ ʊɺɿ ʟ ʤʦʜʦʶ 

ʢʦʣʠʚʘʥʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʢʦʣʠʚʘʥʥʷʤ ʩʪʨʠʞʥʷ ʟ ʜʚʦʤʘ ʟʘʢʨʽʧʣʝʥʠʤʠ 

ʢʽʥʮʷʤʠ; 
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- ʥʘ ʯʘʩʪʦʪʽ 7,6 ɻʮ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʨʫʛʘ ʤʦʜʘ ʚʽʙʨʘʮʽʡ ʊɺɿ; 

- ʘʢʫʩʪʠʯʥʽ ʩʪʦʷʯʽ ʭʚʠʣʽ (ɸʉʍ) ʪʠʩʢʫ ʜʣʷ 1-ʛʦ ʙʣʦʢʫ ʂʘʣʠʥʽʥʩʴʢʦʾ ɸɽʉ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʯʘʩʪʦʪʘʤʠ 0,6; 6,1; 8,6; 12,8; 14,5; 17,5 ɻʮ. 

ɺ ʜʦʧʦʚʽʜʽ [47] ʙʫʣʦ ʚʠʢʣʘʜʝʥʦ ʚʽʙʨʦʰʫʤʦʚʠʡ ʜʦʩʚʽʜ ʜʣʷ ʈʋ ʪʠʧʫ 

ɺɺɽʈ-440. ɹʫʣʦ ʚʽʜʟʥʘʯʝʥʦ, ʱʦ ʧʨʦʝʢʪʥʠʡ ʚʽʙʨʦʩʪʘʥ ʰʘʭʪʠ, ʚ ʧʝʨʰʦʤʫ 

ʥʘʙʣʠʞʝʥʽ, ʤʘʻ ʚʽʜʧʦʚʽʜʘʪʠ ʢʦʣʠʚʘʥʥʷʤ ʩʪʨʠʞʥʷ ʟ ʜʚʦʤʘ ʟʘʢʨʽʧʣʝʥʠʤʠ ʢʽʥʮʷʤʠ, ʘ 

ʧʨʠ ʟʥʦʰʝʥʥʽ ʥʠʞʥʴʦʛʦ ʚʫʟʣʘ ʢʨʽʧʣʝʥʥʷ ï ʢʦʣʠʚʘʥʥʷʤ ʩʪʨʠʞʥʷ ʽʟ ʚʽʣʴʥʠʤ ʥʠʞʥʽʤ 

ʢʽʥʮʝʤ. ɺ ʜʦʧʦʚʽʜʽ [47] ʙʫʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ɸʉɻʇ ʩʠʛʥʘʣʫ ʜʘʪʯʠʢʘ ʘʙʩʦʣʶʪʥʠʭ 

ʧʝʨʝʤʽʱʝʥʴ (ɼɸʇ), ʷʢʘ ʜʝʤʦʥʩʪʨʫʻ ʧʝʨʝʭʽʜ ʚʽʙʨʦʩʪʘʥʫ ʢʦʨʧʫʩʫ ʈʋ ʜʦ ʥʠʞʥʽʭ 

ʪʠʧʽʚ ʢʦʣʠʚʘʥʴ ʫ 1999 ʨ., ʱʦ ʻ ʦʟʥʘʢʦʶ ʟʥʦʰʝʥʥʷ ʥʠʞʥʽʭ ʚʫʟʣʽʚ ʢʨʽʧʣʝʥʥʷ ʰʘʭʪʠ, 

ʘ ʪʘʢʦʞ ʟʥʘʯʥʦʾ ʚʽʙʨʘʮʽʾ ɺʂʇ.  

ʆʜʥʠʤ ʟ ʬʘʢʪʦʨʽʚ ʚʽʙʨʦʥʘʚʘʥʪʘʞʝʥʥʷ ɺʂʇ ʽ ʊɺɿ  ̒ ʧʫʣʴʩʘʮʽʾ ʪʠʩʢʫ 

ʪʝʧʣʦʥʦʩʽʷ [47]. ʇʨʘʛʥʝʥʥʷ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʫ ʪʝʧʣʦʥʦʩʽʷ ʦʙʫʤʦʚʣʝʥʝ 

ʚʽʙʨʘʮʽʡʥʠʤʠ ʽʥʮʠʜʝʥʪʘʤʠ. ɺʽʙʨʦʥʘʚʘʥʪʘʞʝʥʥʷ ɺʂʇ, ʨʦʙʦʯʠʭ ʢʘʩʝʪ ʪʘ ʘʚʘʨʽʡʥʠʭ 

ʨʝʛʫʣʶʶʯʠʭ ʢʘʩʝʪ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʪʝʧʣʦʥʦʩʽʷ. ɺʧʝʨʰʝ 

ʨʽʰʝʥʥʷ ʱʦʜʦ ʾʾ ʟʤʝʥʰʝʥʥʷ ʙʫʣʦ ʧʨʠʡʥʷʪʝ ʫ ʟʚôʷʟʢʫ ʽʟ ʘʥʦʤʘʣʴʥʠʤʠ ʚʽʙʨʘʮʽʷʤʠ 

ʪʝʧʣʦʚʦʛʦ ʝʢʨʘʥʫ ʥʘ 1-ʤʫ ʙʣʦʮʽ ʅʦʚʦʚʦʨʦʥʝʟʴʢʦʾ ɸɽʉ [47]. 

ɺ ʨʦʙʦʪʽ [46] ʦʙʛʦʚʦʨʶʶʪʴʩʷ ʟʘʭʦʜʠ ʱʦ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʜʣʷ ʟʥʠʞʝʥʥʷ 

ʚʽʙʨʦʥʘʚʘʥʪʘʞʝʥʥʷ ɺʂʇ ʽ ʊɺɿ ʥʘ ʜʨʫʛʦʤʫ ʝʥʝʨʛʦʙʣʦʮʽ ʂʦʣʴʩʴʢʦʾ ɸɽʉ. 

ʅʘʷʚʥʽʩʪʴ ʧʨʦʝʢʪʥʠʭ ʟʘʟʦʨʽʚ ʚ ʥʠʞʥʴʦʤʫ ʦʧʦʨʥʦʤʫ ʚʫʟʣʽ ʰʘʭʪʠ ʤʦʞʝ 

ʚʠʢʣʠʢʘʪʠ ʤʘʷʪʥʠʢʦʚʽ ʢʦʣʠʚʘʥʥʷ ʰʘʭʪʠ ʤʘʣʦʾ ʘʤʧʣʽʪʫʜʠ ʟ ʦʜʥʠʤ ʚʝʨʭʥʽʤ 

ʟʘʢʨʽʧʣʝʥʠʤ ʢʽʥʮʝʤ ʥʘ ʯʘʩʪʦʪʽ 5,8 ɻʮ. ɼʘʥʘ ʯʘʩʪʦʪʘ ʚʽʜʧʦʚʽʜʘʻ ʧʨʦʪʠʬʘʟʥʠʤ 

ʢʦʣʠʚʘʥʥʷʤ ʰʘʭʪʠ ʪʘ ʢʦʨʧʫʩʫ ʨʝʘʢʪʦʨʘ, ʽ ʥʝ ʻ ʧʝʨʝʚʘʞʥʦʶ, ʷʢʱʦ ʰʧʦʥʢʠ ʥʝ 

ʟʥʦʰʝʥʽ. 

ʈʦʙʦʪʠ ʟʽ ʟʥʠʞʝʥʥʷ ʚʽʙʨʦʥʘʚʘʥʪʘʞʝʥʥʷ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʧʽʜ ʯʘʩ ʧʣʘʥʦʚʦ-

ʧʦʧʝʨʝʜʞʫʚʘʣʴʥʦʛʦ ʨʝʤʦʥʪʫ (ʇʇʈ) ʫ 2003 ʨ. (ʨʠʩ. 1.2). 

ɺʽʙʨʦʰʫʤʦʚʽ ʚʠʤʽʨʠ ʧʽʩʣʷ ʇʇʈ-2003 ʧʦʢʘʟʘʣʠ ʱʦ ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʦʛʦ 

ʨʝʤʦʥʪʫ ʘʤʧʣʽʪʫʜʠ ʚʽʙʨʘʮʽʡ ɺʂʇ ʟʥʠʟʠʣʠʩʷ ʙʽʣʴʰ ʥʽʞ ʚ 4 ʨʘʟʠ. 
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ʈʠʩ. 1.2. ɸʚʪʦʩʧʝʢʪʨʘʣʴʥʽ ʛʫʩʪʠʥʠ ʧʦʪʫʞʥʦʩʪʽ ʩʠʛʥʘʣʫ ɯʂ ʥʘ ʜʨʫʛʦʤʫ ʝʥʝʨʛʦʙʣʦʮʽ 

ʂʦʣʴʩʴʢʦʾ ɸɽʉ (ʚʝʨʭʥʷ ï ʜʦ ʨʝʤʦʥʪʫ, ʥʠʞʥʷ ï ʧʽʩʣʷ ʨʝʤʦʥʪʫ) [46] 

ʇʽʩʣʷ ʨʝʤʦʥʪʫ ʇʇʈ-2003 ʧʽʜ ʯʘʩ ʷʢʦʛʦ ʙʫʣʦ ʚʽʜʥʦʚʣʝʥʦ ʧʨʦʝʢʪʥʠʡ ʩʪʘʥ 

ʩʝʨʝʜʥʴʦʛʦ ʨʽʚʥʷ ʢʨʽʧʣʝʥʥʷ ʰʘʭʪʠ ʥʘ ʨʽʚʥʽ ʨʦʟʜʽʣʝʥʥʷ ʧʦʪʦʢʫ ʪʝʧʣʦʥʦʩʽʷ, ʚʣʘʩʥʘ 

ʯʘʩʪʦʪʘ ʤʘʷʪʥʠʢʦʚʠʭ ʢʦʣʠʚʘʥʴ ʰʘʭʪʠ ʽ ʢʦʨʧʫʩʫ ʧʽʜʥʷʣʘʩʷ ʟ 5,8 ɻʮ ʜʦ 8,0 ɻʮ 

(ʪʘʙʣ. 1.2) [46]. 

ʊʘʙʣʠʮʷ 1.2 ʉʪʘʥ ʚʫʟʣʽʚ ʢʨʧ̔ʣʝʥʥʷ ʰʘʭʪʠ [46] 

ʅʘʟʚʘ ʚʫʟʣʘ ʉʪʘʥ ʚʫʟʣʽʚ ʢʨʽʧʣʝʥʥʷ ʰʘʭʪʠ 

ɼʦ ʇʇʈ-2003 ʇʽʩʣʷ ʇʇʈ-2003 

ɺʝʨʭʥʽʡ ʚʫʟʦʣ ʢʨʽʧʣʝʥʥʷ ʅʝʟʥʘʯʥʝ ʚʽʜʭʠʣʝʥʥʷ 

ʚʽʜ ʧʨʦʝʢʪʥʦʛʦ 

ʅʝʟʥʘʯʥʝ ʚʽʜʭʠʣʝʥʥʷ 
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ʉʧʝʢʪʨʦʛʨʘʤʘ ʢʦʣʠʚʘʥʴ ʰʘʭʪʠ ʧʽʩʣʷ ʇʇʈ-2003 ʙʫʣʘ ʧʨʠʡʥʷʪʘ ʟʘ ʝʪʘʣʦʥ 

ʩʧʨʘʚʥʦʛʦ ʩʪʘʥʫ. ɺ ʩʧʝʢʪʨʦʛʨʘʤʽ ʢʦʣʠʚʘʥʴ ʰʘʭʪʠ ʪʘʢʦʞ ʧʨʠʩʫʪʥʽ ʩʠʥʬʘʟʥʽ 

ʢʦʣʠʚʘʥʥʷ ʰʘʭʪʠ ʽ ʢʦʨʧʫʩʫ ï 7,0 ɻʮ, ʽ ʢʦʣʠʚʘʥʥʷ ʧʦʚôʷʟʘʥʽ ʟ ʦʩʣʘʙʣʝʥʥʷʤ 

ʢʨʽʧʣʝʥʥʷ ʰʘʭʪʠ ʫ ʚʝʨʭʥʴʦʤʫ ʚʫʟʣʽ ï 3,8 ɻʮ. 

ɺ ʨʦʙʦʪʽ [46] ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʯʠʩʣʦʚʽ ʧʦʨʦʛʦʚʽ ʟʥʘʯʝʥʥʷ (ʟʙʽʣʴʰʝʥʥʷ 

ʘʤʧʣʽʪʫʜ ʽ ʟʤʽʱʝʥʥʷ ʯʘʩʪʦʪ ʤʘʷʪʥʠʢʦʚʠʭ ʢʦʣʠʚʘʥʴ ʰʘʭʪʠ) ʜʣʷ ʨʘʥʥʴʦʛʦ 

ʚʽʙʨʦʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ɺʂʇ ʜʨʫʛʦʛʦ ʝʥʝʨʛʦʙʣʦʢʫ ʂʦʣʴʩʴʢʦʾ ɸɽʉ. ʊʘʢʦʞ ʫʤʦʚʦʶ 

ʜʦʧʫʩʪʠʤʦʛʦ ʚʽʙʨʦʩʪʘʥʫ ɺʂʇ ʚʠʟʥʘʯʝʥʦ ʟʙʝʨʝʞʝʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʘʤʧʣʽʪʫʜ 

ʯʘʩʪʦʪ 3,8 ɻʮ, 7,0 ɻʮ ʪʘ 8,0 ɻʮ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʝʪʘʣʦʥʥʦʾ ʩʧʝʢʪʨʦʛʨʘʤʠ ʚʽʙʨʘʮʽʡ 

ʰʘʭʪʠ. 

ɺʧʝʨʰʝ ʜʣʷ ɺɺɽʈ-1000 ʩʠʛʥʘʣʠ ʚʽʜ ɼʇɿ, ɯʂ, ɼɸʇ ʪʘ ɼʇʊ ʙʫʣʦ 

ʟʘʨʝʻʩʪʨʦʚʘʥʦ ʚ ʦʜʥʦʤʫ ʙʘʛʘʪʦʢʘʥʘʣʴʥʦʤʫ ʟʘʧʠʩʽ ʥʘ 2-ʤʫ ʙʣʦʮʽ ɹʘʣʘʢʦʚʩʴʢʦʾ ɸɽʉ 

(ʨʠʩ. 1.3) [2]. ɹʫʣʠ ʚʠʟʥʘʯʝʥʽ ʯʘʩʪʦʪʠ ɸʉʍ ï 0,6; 6,8; 9,3, 13,2 ɻʮ, ʽ ʟʨʦʙʣʝʥʦ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʨʝʟʦʥʘʥʩ ʢʦʤʧʝʥʩʘʪʦʨʘ ʪʠʩʢʫ ʥʘ ʯʘʩʪʦʪʽ 0,6 ɻʮ ʩʫʪʪʻʚʦ ʥʝ ʚʧʣʠʚʘʻ 

ʥʘ ʚʽʙʨʘʮʽʾ ʢʦʨʧʫʩʫ ʨʝʘʢʪʦʨʘ ʽ ʰʘʭʪʠ ʦʩʢʽʣʴʢʠ ʥʘ ʨʠʩ. 1.3 (ʘ) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʽʢ ʥʘ 

ʯʘʩʪʦʪʽ 0,6 ɻʮ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʥʘ ʨʠʩ. 1.3 (ʛ), (ʜ), (ʝ) ʜʘʥʠʡ ʧʽʢ ʚʽʜʩʫʪʥʽʡ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤ ʜʽʘʛʥʦʩʪʠʢʠ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʚʽʙʨʦʩʪʘʥʫ ɺʂʇ, ʊɺɿ ʪʘ ʽʥʰʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ɺɺɽʈ (PWR) 

ʧʦʢʘʟʫʻ ʚʠʩʦʢʫ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʽ ʚʘʞʣʠʚʽʩʪʴ ʜʣʷ ʙʝʟʧʝʢʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʈʋ 

ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʩʠʩʪʝʤ ʜʽʘʛʥʦʩʪʠʢʠ. ʈʘʟʦʤ ʟ ʪʠʤ, ʨʝʘʣʽʟʘʮʽʷ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ʩʠʩʪʝʤʘʭ ʜʽʘʛʥʦʩʪʠʢʠ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʚʥʫʪʨʽʰʥʴʦʟʦʥʥʠʭ ʽ ʧʦʟʘ 

ʟʦʥʥʠʭ ʜʝʪʝʢʪʦʨʽʚ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʫ ʜʦʟʚʦʣʠʪʴ ʦʪʨʠʤʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʱʦʜʦ 

ʜʝʪʘʣʴʥʦ ʾʣʦʢʘʣʽʟʘʮʽʾ ʚ ʘʢʪʠʚʥʽʡ ʟʦʥʽ ʨʝʘʢʪʦʨʘ ʚʽʙʨʦʩʪʘʥʫ ɺʂʇ ʽ ʊɺɿ. ʊʦʤʫ ʟʘʜʘʯʘ 

ʦʩʥʘʱʝʥʥʷ ʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʙʨʦʩʪʘʥʫ ɺʂʇ ʽ ʊɺɿ ʥʘ ʦʩʥʦʚʽ ʧʦʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ 

ʥʘʷʚʥʠʭ ɼʇɿ ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ, ʽ ʾʾ ʨʝʘʣʽʟʘʮʽʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʨʦʟʜʽʣʽ 3. 
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ʈʠʩ. 1.3. ɸʉɻʇ ɼʇʊ (ʘ), ɸʉɻʇ ɼɸʇ (ʙ), ɸʉɻʇ ɯʂ(ʚ), ʬʫʥʢʮʽʾ ʢʦʛʝʨʝʥʪʥʦʩʪʽ ɼʇʊ-

ɼɸʇ (ʛ), ɼʇʊ-ɼɸʇ (ʜ), ɼɸʇ-ɯʂ (ʝ) (1 ï ɸʉʍʢʪ, 2 ï ɸʉʍ1ʇ, 3 ï ɸʉʍ1ʂ,  

4 ï ɸʉʍ2ʂ) [2]  

 

1.3.2. ʐʚʠʜʢʽʩʪʴ ʪʝʧʣʦʥʦʩʽʷ 

ɺ ʨʦʙʦʪʽ [93] ʧʨʝʜʩʪʘʚʣʝʥʦ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʥʝʡʪʨʦʥʥʦ-ʰʫʤʦʚʠʭ 

ʚʠʤʽʨʶʚʘʥʴ ʥʘ ʂʘʣʠʥʽʥʩʴʢʽʡ ɸɽʉ. ɹʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʩʠʛʥʘʣʠ ʪʨʴʦʭ ɯʂ ʪʘ 14 ɼʇɿ. 

ɺʩʪʘʥʦʚʣʝʥʦ: 

- ʬʘʟʠ ɺʉɻʇ ʨʽʟʥʠʭ ʧʘʨ ʩʠʛʥʘʣʽʚ ɼʇɿ ʻ ʙʣʠʟʴʢʠʤʠ ʜʦ ʣʽʥʽʡʥʠʭ ʚ ʜʚʦʭ 

ʯʘʩʪʦʪʥʠʭ ʜʽʘʧʘʟʦʥʘʭ 0,2ï1,2 ɻʮ ʪʘ 2ï5 ɻʮ (ʨʠʩ. 1.4); 
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- ʣʽʥʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ʬʘʟʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʤʽʞ ʩʠʛʥʘʣʘʤʠ ɼʇɿ ʨʽʟʥʠʭ ʊɺɿ, 

ʘ ʪʘʢʦʞ ʤʽʞ ʩʠʛʥʘʣʘʤʠ ɼʇɿ ʪʘ ɯʂ. 

 

ʈʠʩ. 1.4. ʌʘʟʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʘʨ ʩʠʛʥʘʣʽʚ ɼʇɿ (ʊɺɿ 09ï24) 1-ʛʦ ʙʣʦʢʘ 

ʂʘʣʠʥʽʥʩʴʢʦʾ ɸɽʉ [93] 

ɹʫʣʘ ʚʠʢʦʥʘʥʘ ʘʧʨʦʢʩʠʤʘʮʽʷ ʬʘʟʠ ʧʨʷʤʦʶ ʣʽʥʽʻʶ ʚ ʯʘʩʪʦʪʥʦʤʫ ʜʽʘʧʘʟʦʥʽ  

0,2ï1,2 ɻʮ, ʧʦʪʽʤ ʙʫʚ ʚʠʟʥʘʯʝʥʠʡ ʯʘʩ ʟʘʧʽʟʥʝʥʥʷ, ʟ ʷʢʦʛʦ ʙʫʚ ʟʨʦʙʣʝʥʠʡ ʧʝʨʝʭʽʜ ʜʦ 

ʰʚʠʜʢʦʩʪʽ ʪʝʧʣʦʥʦʩʽʷ (ʨʠʩ. 1.5). ʈʦʟʨʘʭʫʥʢʦʚʘ ʰʚʠʜʢʽʩʪʴ ʪʝʧʣʦʥʦʩʽʷ ʚʠʷʚʠʣʘʩʷ 

ʙʽʣʴʰʦʶ ʟʘ ʧʨʦʝʢʪʥʫ, ʧʦʭʠʙʢʘ ʚʠʟʥʘʯʝʥʥʷ ʙʫʣʘ ʪʠʤ ʙʽʣʴʰʘ ʯʠʤ ʙʣʠʞʯʝ ʧʘʨʘ ɼʇɿ. 

 

ʈʠʩ. 1.5. ɺʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʪʝʧʣʦʥʦʩʽʷ ʟ ʥʘʭʠʣʫ ʬʘʟʠ ʩʠʛʥʘʣʽʚ ɼʇɿ  

(1 ï ʧʨʦʝʢʪʥʝ ʟʥʘʯʝʥʥʷ, 2 ï ʊɺɿ 11ï24, 3 ï ʊɺɿ 10ï27, 4 ï ʊɺɿ 09ï24,  

5 ï ʊɺɿ 15ï30) [93] 

ɺ ʨʦʙʦʪʽ [92] ʙʫʣʘ ʚʠʟʥʘʯʝʥʘ ʰʚʠʜʢʽʩʪʴ ʪʝʧʣʦʥʦʩʽʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 9 ʛʘʤʤʘ-

ʪʝʨʤʦʤʝʪʨʽʚ (ɻʊ) ʟ ʦʜʥʦʛʦ ʢʘʥʘʣʫ. ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ɻʊ ʧʦʣʷʛʘʻ ʚ ʥʘʛʨʽʚʘʥʥʽ 

0

4

8

12

16

20

1 2 3 4 5 6

ʐ
ʚ
ʠ
ʜ
ʢ
ʽ
ʩ
ʪ
ʴ
,
 
ʤ
/
ʩ

ɺ̔ ʜʩʪʘʥʴ ʤʽʞ ɼʇɿ

ʌ
ʘ
ʟ
ʘ
,
 
ʛ

ʨ
ʘ
ʜ

. 
0         1,2       2,4      3,6      4,8   ʏʘʩʪʦʪʘ, ɻʮ 

0

  

120  

1 

2 3 

4 

5 



43 

 

ʜʝʪʝʢʪʦʨʘ ʧʽʜ ʜʽʻʶ ʛʘʤʤʘ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʐʚʠʜʢʽʩʪʴ ʚʠʟʥʘʯʘʣʘʩʷ ʟ ʥʘʭʠʣʫ ʬʘʟʠ 

ʤʽʞ ʥʘʡʥʠʞʯʠʤ ɻʊ ʪʘ ʽʥʰʠʤʠ ʚ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ 0,1ï0,7 ɻʮ. ʈʝʟʫʣʴʪʘʪʠ ʙʫʣʠ 

ʧʦʨʽʚʥʷʥʽ ʟ ʦʮʽʥʢʘʤʠ ʧʨʦʛʨʘʤʠ SIMULATE-3, ʽ ʧʦʢʘʟʘʣʠ ʜʦʙʨʫ ʫʟʛʦʜʞʝʥʽʩʪʴ. 

ɺ ʨʦʙʦʪʽ [101] ʨʦʟʛʣʷʥʫʪʦ ʚʠʤʽʨʶʚʘʥʥʷ ʥʝʡʪʨʦʥʥʠʭ ʰʫʤʽʚ ʥʘ ʫʛʦʨʩʴʢʽʡ 

ɸɽʉ ʇʘʢʰ. 

ʐʫʤʦʚʘ ʜʽʘʛʥʦʩʪʠʢʘ ʨʦʟʨʦʙʣʷʣʘʩʷ ʜʦʩʣʽʜʥʠʮʴʢʠʤ ʽʥʩʪʠʪʫʪʦʤ ʘʪʦʤʥʦʾ 

ʝʥʝʨʛʽʾ KFKI AEKI ʜʣʷ ʯʦʪʠʨʴʦʭ ʨʝʘʢʪʦʨʽʚ ʪʠʧʫ ɺɺɽʈ-440/213. KFKI AEKI 

ʨʦʟʨʦʙʠʚ ʪʨʠ ʧʦʢʦʣʽʥʥʷ ʩʠʩʪʝʤ ʰʫʤʦʚʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʜʣʷ ɸɽʉ. AEKI ʟʘʩʪʦʩʫʚʘʚ 

ʰʫʤʦʚʽ ʤʝʪʦʜʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʪʝʧʣʦʥʦʩʽʷ ʚ 36 ʊɺɿ, ʱʦ ʙʫʣʠ ʦʙʣʘʜʥʘʥʽ 

ɼʇɿ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʪʝʧʣʦʥʦʩʽʷ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʽʤʧʫʣʴʩʥʫ ʬʫʥʢʮʽʶ. 

ʅʘ ʜʽʘʛʨʘʤʽ ʽʤʧʫʣʴʩʥʦʾ ʬʫʥʢʮʽʾ ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʧʝʨʰʠʡ ʧʽʢ ʚ ʤʦʤʝʥʪ ʯʘʩʫ 0,0 ʩ, ʚʽʥ 

ʙʫʚ ʩʧʨʠʯʠʥʝʥʠʡ ʛʣʦʙʘʣʴʥʠʤ ʰʫʤʦʤ (ʷʢʠʡ ʨʝʻʩʪʨʫʚʘʚʩʷ ʚʩʽʤʘ ʜʝʪʝʢʪʦʨʘʤʠ 

ʦʜʥʦʯʘʩʥʦ), ʽ ʜʨʫʛʠʡ ʧʽʢ ʩʧʨʘʚʘ ʚ ʤʦʤʝʥʪ ʯʘʩʫ 0,4 ʩ, ʱʦ ʚʽʜʧʦʚʽʜʘʚ ʯʘʩʫ ʟʘʧʽʟʥʝʥʥʷ 

ʤʽʞ ʜʝʪʝʢʪʦʨʘʤʠ 1-ʛʦ ʪʘ 5-ʛʦ ʦʩʴʦʚʠʭ ʨʽʚʥʽʚ.  

ʌʣʫʢʪʫʘʮʽʾ ʩʠʛʥʘʣʫ ɼʇɿ, ʱʦ ʩʧʨʠʯʠʥʝʥʽ ʟʙʫʨʝʥʥʷʤ ʧʝʨʝʤʽʱʝʥʥʷ, ʻ ʜʦʩʠʪʴ 

ʤʘʣʠʤʠ ʜʣʷ PWR (0,001ï0,01 % ʧʦʩʪʽʡʥʦʾ ʩʢʣʘʜʦʚʦʾ), ʚ ʪʦʡ ʯʘʩ ʷʢ ʽʥʰʽ 

ʢʦʤʧʦʥʝʥʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟʥʘʯʥʦ ʙʽʣʴʰʠʤʠ, ʱʦ ʨʦʙʠʪʴ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʰʚʠʜʢʦʩʪʽ 

ʩʢʣʘʜʥʦʶ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʝʘʣʽʟʘʮʽʷ ʚ ʉɺʈʐɼ ʬʫʥʢʮʽʾ ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ 

ʪʝʧʣʦʥʦʩʽʷ ʻ ʘʢʪʫʘʣʴʥʦʶ ʽ ʜʦʟʚʦʣʠʪʴ ʢʦʥʪʨʦʣʶʚʘʪʠ ʚʧʣʠʚ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʽʙʨʦʩʪʘʥ 

ʊɺɿ. ʈʝʟʫʣʴʪʘʪʠ ʨʝʘʣʽʟʘʮʽʾ ʮʽʻʾ ʬʫʥʢʮʽʾ ʥʘʚʝʜʝʥʽ ʫ ʨʦʟʜʽʣʽ 3. 

1.3.3. ʊʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʨʝʘʢʪʠʚʥʦʩʪʽ 

ʐʫʤʦʚʘ ʦʮʽʥʢʘ ʊʂʈ ʜʦʩʣʽʜʞʫʚʘʣʘʩʷ ʚ ʨʦʙʦʪʘʭ [92, 103, 107, 122, 124]. ʊʂʈ 

ʚʠʟʥʘʯʘʚʩʷ ʥʘ ʦʩʥʦʚʽ ʚʽʜʥʦʰʝʥʥʷ ʚʟʘʻʤʥʦʩʧʝʢʪʨʘʣʴʥʦʾ ʛʫʩʪʠʥʘ ʧʦʪʫʞʥʦʩʪʽ 

ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʫ ʽ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ʜʦ ʘʚʪʦʩʧʝʢʪʨʘʣʴʥʦʾ ʛʫʩʪʠʥʠ 

ʧʦʪʫʞʥʦʩʪʽ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ. ɼʣʷ ʦʮʽʥʢʠ ʊʂʈ ʚʘʞʣʠʚʠʤ ʻ ʚʠʙʽʨ ʜʽʘʧʘʟʦʥʫ 

ʯʘʩʪʦʪ, ʱʦ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʨʽʚʥʷ ʢʦʛʝʨʝʥʪʥʦʩʪʽ ʤʽʞ ʬʣʫʢʪʫʘʮʽʷʤʠ 

ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʥʝʡʪʨʦʥʽʚ. ɺ ʟʘʟʥʘʯʝʥʠʭ ʚʠʱʝ ʨʦʙʦʪʘʭ ʦʮʽʥʢʘ ʊʂʈ ʚʠʢʦʥʫʚʘʣʘʩʷ ʥʘ 

ʥʠʟʴʢʠʭ ʯʘʩʪʦʪʘʭ. 
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1.3.4. ʊʝʧʣʦʛʽʜʨʘʚʣʽʯʥʽ ʧʨʦʮʝʩʠ ʟ ʧʽʜʢʠʧʘʥʥʷʤ ʪʝʧʣʦʥʦʩʽʷ 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʧʣʦʛʽʜʨʘʚʣʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʨʦʙʦʪʽ 

[44]. ɺ ʟʘʟʥʘʯʝʥʽʡ ʚʠʱʝ ʨʦʙʦʪʽ ʚʽʜʦʙʨʘʞʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ 

ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʝʢʪʨʽʚ ʩʠʛʥʘʣʽʚ ʥʝʡʪʨʦʥʥʦʛʦ ʰʫʤʫ ʧʨʠ ʨʽʟʥʠʭ ʪʝʧʣʦʛʽʜʨʘʚʣʽʯʥʠʭ 

ʨʝʞʠʤʘʭ ʊɺɿ. ʈʝʘʢʪʦʨʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʥʘ ʨʝʘʢʪʦʨʽ ɺɺɽʈ-70 ɸɽʉ 

çʈʘʡʥʩʙʝʨʛè, ʚ ʷʢʠʡ ʙʫʣʘ ʚʩʪʘʥʦʚʣʝʥʘ ʪʝʨʤʦʤʝʪʨʠʯʥʘ ʊɺɿ ʨʝʘʢʪʦʨʘ ɺɺɽʈ-440. 

ɹʫʣʦ ʦʪʨʠʤʘʥʦ ʨʦʟʧʦʜʽʣʠ ʪʝʤʧʝʨʘʪʫʨ ʪʝʧʣʦʚʠʜʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʪʚʝʣʽʚ ʚʟʜʦʚʞ 

ʘʢʩʽʘʣʴʥʦʾ ʢʦʦʨʜʠʥʘʪʠ ʚ ʨʝʞʠʤʘʭ: ʢʦʥʚʝʢʮʽʡʥʦʾ ʪʝʧʣʦʚʽʜʜʘʯʽ, ʧʦʯʘʪʢʫ ʟʘʢʠʧʘʥʥʷ 

ʪʝʧʣʦʥʦʩʽʷ, ʪʘ ʨʦʟʚʠʥʫʪʦʛʦ ʧʫʟʠʨʢʦʚʦʛʦ ʢʠʧʽʥʥʷ. ɽʢʩʧʝʨʠʤʝʥʪʠ ʙʫʣʦ ʚʠʢʦʥʘʥʦ 

ʧʨʠ ʨʽʟʥʽʡ ʪʝʧʣʦʚʽʡ ʧʦʪʫʞʥʦʩʪʽ ʊɺɿ, ʘ ʪʘʢʦʞ ʧʨʠ ʨʽʟʥʠʭ ʚʭʽʜʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʪʘ 

ʰʚʠʜʢʦʩʪʷʭ ʪʝʧʣʦʥʦʩʽʷ ʚ ʟʙʽʨʮʽ. 

ʅʘ ʨʠʩ. 1.6 ʧʨʝʜʩʪʘʚʣʝʥʘ ɸʉɻʇ ʥʝʡʪʨʦʥʥʦʛʦ ʰʫʤʫ ɼʇɿ E24 ʪʘ ɼʇɿ E25 ʚ 

ʜʘʥʽʡ ʟʙʽʨʮʽ ʚ ʨʝʞʠʤʘʭ: ʟ ʢʠʧʽʥʥʷʤ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʦʙʦʣʦʥʢʘʭ ʪʚʝʣʽʚ, ʘ ʪʘʢʦʞ ʟʘ 

ʚʽʜʩʫʪʥʦʩʪʽ ʛʝʥʝʨʘʮʽʾ ʧʘʨʠ ʥʘ ʧʦʚʝʨʭʥʽ ʪʚʝʣʽʚ.  

 

ʈʠʩ. 1.6. ɸʉɻʇ ʩʠʛʥʘʣʽʚ ʥʝʡʪʨʦʥʥʦʛʦ ʰʫʤʫ ɼʇɿ E24 (ʘ) ʪʘ ɼʇɿ E25 (ʙ) 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʊɺɿ ʨʝʘʢʪʦʨʘ ɺɺɽʈ-70 [44]  

 

ʟ ʢʠʧʽʥʥʷʤ 

ʙʝʟ ʢʠʧʽʥʥʷ 

ʟ ʢʠʧʽʥʥʷʤ 

ʙʝʟ ʢʠʧʽʥʥʷ 
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ɿ ʨʠʩ. 1.6 ʚʠʜʥʦ, ʱʦ ɸʉɻʇ ʥʝʡʪʨʦʥʥʦʛʦ ʰʫʤʫ ʚ ʫʤʦʚʘʭ ʨʦʟʚʠʥʫʪʦʛʦ 

ʧʫʟʠʨʢʦʚʦʛʦ ʢʠʧʽʥʥʷ ʧʨʠ ʩʪʽʡʢʽʡ ʛʝʥʝʨʘʮʽʾ ʧʘʨʠ ʥʘ ʧʦʚʝʨʭʥʽ ʪʚʝʣʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ 

ʚʽʜ ʚʽʜʧʦʚʽʜʥʦʾ ɸʉɻʇ ʧʨʠ ʢʦʥʚʝʢʮʽʡʥʽʡ ʪʝʧʣʦʚʽʜʜʘʯʽ ʟʙʽʣʴʰʝʥʥʷʤ ʩʧʝʢʪʨʘʣʴʥʦʾ 

ʛʫʩʪʠʥʠ ʥʘ ʚʝʣʠʯʠʥʫ å20% ʚ ʧʦʣʦʩʽ ʯʘʩʪʦʪ 1,6ï40 ɻʮ. 

ʅʘ ʨʠʩ. 1.7 ʧʨʝʜʩʪʘʚʣʝʥʘ ɺʉɻʇ ʥʝʡʪʨʦʥʥʦʛʦ ʰʫʤʫ ɼʇɿ E24 ʪʘ ɼʇɿ E25 ʚ 

ʨʝʞʠʤʘʭ: ʟ ʢʠʧʽʥʥʷʤ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʦʙʦʣʦʥʢʘʭ ʪʚʝʣʽʚ, ʘ ʪʘʢʦʞ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ 

ʛʝʥʝʨʘʮʽʾ ʧʘʨʠ ʥʘ ʧʦʚʝʨʭʥʽ ʪʚʝʣʽʚ. ɺʉɻʇ, ʱʦ ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ 

ʨʝʘʢʪʦʨʽ ɺɺɽʈ-70 ʧʨʠ ʢʦʥʚʝʢʮʽʡʥʽʡ ʪʝʧʣʦʚʽʜʜʘʯʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʊɺɿ, ʜʦʙʨʝ 

ʩʧʽʚʚʽʜʥʦʩʠʪʴʩʷ ʽʟ ʘʥʘʣʦʛʽʯʥʦʶ ɺʉɻʇ ʥʝʡʪʨʦʥʥʦʛʦ ʰʫʤʫ ʊɺɿ ɺɺɽʈ-440 ʟʘ 

ʚʽʜʩʫʪʥʦʩʪʽ ʛʝʥʝʨʘʮʽʾ ʧʘʨʦʚʦʾ ʬʘʟʠ ʥʘ ʧʦʚʝʨʭʥʽ ʪʚʝʣʽʚ [44].  

 

ʈʠʩ. 1.7. ɺʉɻʇ ʩʠʛʥʘʣʽʚ ʥʝʡʪʨʦʥʥʦʛʦ ʰʫʤʫ ɼʇɿ E24 ʪʘ ɼʇɿ E25 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʊɺɿ ʨʝʘʢʪʦʨʘ ɺɺɽʈ-70 [44] 

ɺ ʨʦʙʦʪʽ [44] ʪʘʢʦʞ ʦʙʛʦʚʦʨʶʻʪʴʩʷ ʧʠʪʘʥʥʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʢʣʘʩʽʚ 

ʪʝʧʣʦʛʽʜʨʘʚʣʽʯʥʠʭ ʨʝʞʠʤʽʚ ʚ ʊɺɿ ɺɺɽʈ. 

ɺ ʨʦʙʦʪʽ [71] ʚʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʰʫʤʫ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʫ, ʱʦ ʙʫʚ 

ʚʠʢʣʠʢʘʥʠʡ ʬʣʫʢʪʫʘʮʽʷʤʠ ʪʝʧʣʦʥʦʩʽʷ. ɼʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʜʣʷ 

ʨʽʰʝʥʥʷ ʟʘʜʘʯ ʢʦʥʪʨʦʣʶ ʢʠʧʽʥʥʷ ʪʝʧʣʦʥʦʩʽʷ. ɺ ʷʢʦʩʪʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʘʥʫ 

ʪʝʧʣʦʥʦʩʽʷ ʙʫʣʦ ʚʠʙʨʘʥʦ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʟʤʽʥʥʦʾ ʩʢʣʘʜʦʚʦʾ 

ʩʪʨʫʤʫ ɼʇɿ, ʱʦ ʙʫʣʦ ʧʨʠʚʝʜʝʥʝ ʜʦ ʫʩʝʨʝʜʥʝʥʦʛʦ ʦʩʥʦʚʥʦʛʦ ʩʪʨʫʤʫ, ï ʧʘʨʘʤʝʪʨ D. 

ʄʦʞʣʠʚʽʩʪʴ ʬʽʢʩʘʮʽʾ ʧʦʯʘʪʢʫ ʢʠʧʽʥʥʷ ʙʫʣʘ ʧʦʢʘʟʘʥʘ ʥʘ ʧʨʠʢʣʘʜʽ 

ʧʨʦʚʝʜʝʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟ ʜʽʘʛʥʦʩʪʠʯʥʦʶ ʢʘʩʝʪʦʶ ʥʘ ɸɽʉ çʈʘʡʥʩʙʝʨʛè. ʅʘ 

ʨʠʩ. 1.8 ʚʽʜʦʙʨʘʞʝʥʦ ʚʧʣʠʚ ʥʝʜʦʛʨʽʚʫ ʥʘ ʧʘʨʘʤʝʪʨ D, ʪʘʢ ʧʨʠ ʟʤʝʥʰʝʥʽ ʥʝʜʦʛʨʽʚʫ ʟ 

14 ʜʦ 10 Áʉ ʤʦʞʥʘ ʧʦʤʽʪʠʪʠ ʟʥʘʯʥʝ ʟʙʽʣʴʰʝʥʥʷ ʧʘʨʘʤʝʪʨʫ D ʜʘʪʯʠʢʘ E11. 

ʟ ʢʠʧʽʥʥʷʤ 

ʙʝʟ ʢʠʧʽʥʥʷ 
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ʈʠʩ. 1.8. ɿʘʣʝʞʥʽʩʪʴ ʧʘʨʘʤʝʪʨʘ D ʚʽʜ ʟʘʧʘʩʫ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʩʠʯʝʥʥʷ ʪʝʧʣʦʥʦʩʽʷ 

ʥʘ ʚʠʭʦʜʽ ʽʟ ʜʽʘʛʥʦʩʪʠʯʥʦʾ ʊɺɿ (ʜʘʪʯʠʢʠ: ǒ ï E11, ƴ ï E10, ƶ ï E8) [71] 

ʊʘʢʦʞ ʚ ʅʎ çʂʫʨʯʘʪʽʚʩʴʢʠʡ ʽʥʩʪʠʪʫʪè ʥʘ ɺɺʈ-2 ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ 

ʝʢʩʧʝʨʠʤʝʥʪ ʜʦʩʣʽʜʞʝʥʥʷ ʢʠʧʽʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʪʚʝʣʘ. ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 1.9, ʟ ʷʢʦʛʦ ʚʠʜʥʦ ʱʦ ʧʨʠ ʜʦʩʷʛʥʝʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʩʠʯʝʥʥʷ 

ʥʘ ʩʪʽʥʮʽ ʪʚʝʣʘ ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʘʨʘʤʝʪʨ D. 

 

ʈʠʩ. 1.9. ɿʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʩʪʽʥʢʠ ʪʚʝʣʘ ʥʘ ʩʝʨʝʜʠʥʽ ʚʠʩʦʪʠ (ƴ) ʽ ʫ ʚʝʨʭʥʽʡ 

ʯʘʩʪʠʥʽ ʊɺɿ (ƶ), ʘ ʪʘʢʦʞ ʧʘʨʘʤʝʪʨʘ D (ǒ) ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ [71] 
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ɼʠʩʧʝʨʩʽʷ ʜʘʥʠʭ ʧʘʨʘʤʝʪʨʘ D ʥʘ ʤʘʣʽʡ ʧʦʪʫʞʥʦʩʪʽ ʧʦʷʩʥʶʻʪʴʩʷ ʘʚʪʦʨʘʤʠ 

ʨʦʙʦʪʠ [71] ʤʘʣʠʤ ʩʪʨʫʤʦʤ ʜʘʪʯʠʢʘ ʽ ʥʝʩʪʽʡʢʦʶ ʨʦʙʦʪʦʶ ʨʝʘʢʪʦʨʘ ʚ ʜʘʥʦʤʫ 

ʨʝʞʠʤʽ. ʊʘʢʦʞ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʨʦʟʨʘʭʫʥʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ NOSTRA [65], 

ʚʩʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʚʝʣʠʯʠʥʠ ʫʟʛʦʜʞʫʚʘʣʠʩʷ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ. 

ɺ ʨʦʙʦʪʽ [73] ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ 

ʢʠʧʽʥʥʷ ʪʝʧʣʦʥʦʩʽʷ ʚ ʘʢʪʠʚʥʽʡ ʟʦʥʽ ɺɺɽʈ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ ʤʝʪʦʜʠʢʠ. 

ʇʦʧʝʨʝʜʥʷ ʤʝʪʦʜʠʢʘ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʚ ʅʎ çʂʫʨʯʘʪʽʚʩʴʢʠʡ ʽʥʩʪʠʪʫʪè ʪʘ 

ʚʧʨʦʚʘʜʞʝʥʘ ʚ ʜʦʩʣʽʜʥʦ-ʧʨʦʤʠʩʣʦʚʫ ʝʢʩʧʣʫʘʪʘʮʽʶ ʥʘ 3-ʤʫ ʙʣʦʮʽ ʂʘʣʠʥʽʥʩʴʢʦʾ 

ɸɽʉ, 1-ʤʫ ʪʘ 2-ʤʫ ʙʣʦʢʘʭ ʊʷʥʴʚʘʥʩʴʢʦʾ ɸɽʉ [71, 72]. ɺʦʥʘ ʙʫʜʫʚʘʣʘʩʷ ʥʘ 

ʧʦʨʽʚʥʷʥʽ ʚʠʤʽʨʷʥʠʭ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʠʭ ʚʽʜʭʠʣʝʥʥʷʭ ʥʝʡʪʨʦʥʥʦʛʦ ʰʫʤʫ ʟ 

ʧʝʚʥʠʤ ʛʨʘʥʠʯʥʠʤ ʘʢʩʽʘʣʴʥʠʤ ʧʨʦʬʽʣʝʤ (ʛʨʘʥʠʯʥʘ ʧʨʷʤʘ), ʱʦ ʻ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤ 

ʜʣʷ ʢʦʞʥʦʾ ʊɺɿ. ʋ ʚʩʽʭ ʚʠʧʘʜʢʘʭ ʢʠʧʽʥʥʷ ʽ ʪʠʧʘʭ ʬʣʫʢʪʫʘʮʽʡ ʧʘʨʘʤʝʪʨʽʚ 

ʪʝʧʣʦʥʦʩʽʷ ʢʠʧʽʥʥʷ ʥʘʜʽʡʥʦ ʜʽʘʛʥʦʩʪʫʚʘʣʦʩʷ ʣʠʰʝ ʧʨʠ ʛʨʘʥʠʯʥʦʤʫ ʢʦʝʬʽʮʽʻʥʪʽ 

ʢʠʧʽʥʥʷ (ʂʛʨʘʥ), ʱʦ ʚʠʟʥʘʯʘʻ ʛʨʘʥʠʯʥʝ ʧʝʨʝʚʠʱʝʥʥʷ ʥʦʤʽʥʘʣʴʥʦʛʦ ʨʽʚʥʷ ʰʫʤʫ 

ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʫ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʧʦʭʠʙʦʢ ʟ ʤʝʪʦʶ ʚʠʢʣʶʯʝʥʥʷ ʧʦʤʠʣʢʦʚʦʛʦ 

ʩʧʨʘʮʶʚʘʥʥʷ, ʨʽʚʥʦʤʫ 1. ʇʨʠ ʂʛʨʘʥ=2 ʢʠʧʽʥʥʷ ʜʽʘʛʥʦʩʪʫʚʘʣʦʩʷ ʣʠʰʝ ʚ 50 % 

ʚʠʧʘʜʢʽʚ.  

ɺ ʊɺɿ ʽʟ ʢʠʧʣʷʯʠʤ ʪʝʧʣʦʥʦʩʽʻʤ ʨʦʟʨʘʭʫʥʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ ʟʥʘʯʥʝ 

ʟʨʦʩʪʘʥʥʷ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʫ ʫ ʚʝʨʭʥʽʭ 

ʜʘʪʯʠʢʘʭ ʧʦʨʽʚʥʷʥʦ ʽʟ ʥʠʞʥʽʤʠ [73]. ʇʨʠ ʢʠʧʽʥʥʽ ʢʫʪ ʥʘʭʠʣʫ ʘʧʨʦʢʩʠʤʫʶʯʦʾ 

ʧʨʷʤʦʾ ʯʝʨʝʟ ʟʥʘʯʝʥʥʷ ʰʫʤʫ ʪʨʴʦʭ ʚʝʨʭʥʽʭ ʜʘʪʯʠʢʽʚ ʟʥʘʯʥʦ ʙʽʣʴʰʠʡ ʟʘ ʢʫʪ ʥʘʭʠʣʫ 

ʛʨʘʥʠʯʥʦʾ ʧʨʷʤʦʾ ʧʦʧʝʨʝʜʥʴʦʾ ʤʝʪʦʜʠʢʠ. 

ɹʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʘʨʘʤʝʪʨ 3n : 

ba tgtgn /3= , (1.1) 

ʜʝ Ŭ, ɓ ï ʢʫʪ ʥʘʭʠʣʫ ʘʧʨʦʢʩʠʤʫʶʯʦʾ ʧʨʷʤʦʾ ʯʝʨʝʟ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ 

ʚʽʜʭʠʣʝʥʥʷ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʫ ʚ ʪʨʴʦʭ ʚʝʨʭʥʽʭ ʜʘʪʯʠʢʘʭ ʽ ʛʨʘʥʠʯʥʦʾ ʧʨʷʤʦʾ ʧʨʠ 

ʂʛʨʘʥ=1 ʚʽʜʧʦʚʽʜʥʦ. ʉʠʛʥʘʣ ʣʦʢʘʣʴʥʦʛʦ ʢʠʧʽʥʥʷ ʟʘ ʤʦʜʝʨʥʽʟʦʚʘʥʦʶ ʤʝʪʦʜʠʢʦʶ 

ʛʝʥʝʨʫʻʪʴʩʷ ʷʢʱʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʫʤʦʚʘ 3n > ʂʛʨʘʥ, ʜʝ ʂʛʨʘʥ=2. 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʨʝʘʣʽʟʘʮʽʷ ʟʘʜʘʯʽ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʥʘʯʘʣʘ ʢʠʧʽʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ 

ʚʩʽʭ ʊɺɿ ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʽ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʘ ʥʘ ʦʩʥʦʚʽ ʧʦʚʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʥʘʷʚʥʠʭ ɼʇɿ. 

1.3.5. ʅʝʡʨʦʥʥʽ ʤʝʨʝʞʽ  

ʅʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʩʧʨʦʱʝʥʫ ʤʦʜʝʣʴ ʙʽʦʣʦʛʽʯʥʦʾ 

ʥʝʨʚʦʚʦʾ ʩʠʩʪʝʤʠ. ɺʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʨʽʰʝʥʥʽ ʟʘʜʘʯ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʧʨʘʢʪʠʯʥʦ ʜʣʷ ʙʫʜʴ-ʷʢʠʭ ʟʘʜʘʯ, ʢʦʣʠ 

ʽʩʥʫʻ ʟʚ'ʷʟʦʢ ʤʽʞ ʚʭʽʜʥʠʤʠ ʟʤʽʥʥʠʤʠ ʽ ʚʠʭʽʜʥʠʤʠ (ʱʦ ʧʝʨʝʜʙʘʯʘʶʪʴʩʷ), ʥʘʚ̔ʪʴ ʫ 

ʚʠʧʘʜʢʫ ʢʦʣʠ ʜʘʥʠʡ ʟʚ'ʷʟʦʢ ʤʘʻ ʩʢʣʘʜʥʫ ʩʪʨʫʢʪʫʨʫ. ʅʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʧʨʝʜʩʪʘʚʣʷʻ 

ʩʦʙʦʶ ʩʫʢʫʧʥʽʩʪʴ ʥʝʡʨʦʥʦʧʦʜʽʙʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʧʝʚʥʠʤ ʯʠʥʦʤ ʟôʻʜʥʘʥʽ ʤʽʞ 

ʩʦʙʦʶ ʪʘ ʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʚôʷʟʢʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʚʘʛʦʚʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ [39]. ʆʩʦʙʣʠʚʽʩʪ ʁʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʻ ʪʝ, ʱʦ ʚʦʥʠ ʟʜʘʪʥʽ 

ʥʘʚʯʘʪʠʩʷ. ʇʨʦʮʝʩ ʥʘʚʯʘʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʥʘʣʘʰʪʫʚʘʥʥʷ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ. 

ɺ ʨʦʙʦʪʽ [150] ʨʦʟʛʣʷʥʫʪʦ ʧʨʠʜʘʪʥʽʩʪʴ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʜʣʷ ʢʦʥʪʨʦʣʶ ʥʘ 

ɸɽʉ. ʇʦʯʘʪʢʦʚʽ ʜʘʥʽ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʧʽʜ ʯʘʩ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʥʘ ɸɽʉ 

ɹʦʨʩʝʣʝ, ʅʽʜʝʨʣʘʥʜʠ. 

1.4. ɿʘʢʦʨʜʦʥʥʽ ʩʠʩʪʝʤʠ ʰʫʤʦʚʦʾ ʜʽʘʛʥʦʩʪʠʢʠ, ʪʘ ʩʠʩʪʝʤʠ 

ʚʥʫʪʨʽʰʥʴʦʨʝʘʢʪʦʨʥʦʛʦ ʢʦʥʪʨʦʣʶ 

ʅʽʤʝʯʯʠʥʘ, ʤʘʶʯʠ ʟʥʘʯʥʠʡ ʚʣʘʩʥʠʡ ʜʦʩʣʽʜʥʠʮʴʢʠʡ ʧʦʪʝʥʮʽʘʣ, ʦʜʥʽʻʶ ʟ 

ʧʝʨʰʠʭ ʩʪʘʣʘ ʚʠʨʦʙʣʷʪʠ ʧʨʦʤʠʩʣʦʚʽ ʉɺʐɼ. ʅʘ ʚʩʽʭ ʝʥʝʨʛʦʙʣʦʢʘʭ ɸɽʉ 

ʅʽʤʝʯʯʠʥʠ ʟ PWR ʚʩʪʘʥʦʚʣʝʥʽ ʩʠʩʪʝʤʠ ʚʽʙʨʦʰʫʤʦʚʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʦʙʣʘʜʥʘʥʥʷ 

ʈʋ, ʚ ʪʦʤʫ ʯʠʩʣʽ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʽʙʨʦʩʪʘʥʫ ɺʂʇ ʽ ʊɺɿ. 

ʇʦʨʷʜ ʟ ʧʦʟʘʟʦʥʥʠʤ ʥʝʡʪʨʦʥʥʠʤ ʰʫʤʦʤ ʽ ʩʠʛʥʘʣʘʤʠ ʜʘʪʯʠʢʽʚ ʚʽʙʨʘʮʽʡ, ʚ 

ʉɺʐɼ ʘʥʘʣʽʟʫʶʪʴ ʩʠʛʥʘʣʠ ʚʥʫʪʨʽʰʥʴʦʟʦʥʥʦʛʦ ʥʝʡʪʨʦʥʥʦʛʦ ʰʫʤʫ. ʆʩʪʘʥʥʽ 

ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʫʚʘʪʠ ʙʽʣʴʰ ʜʝʪʘʣʴʥʫ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʚʽʙʨʦʩʪʘʥ ɺʂʇ ʽ ʊɺɿ. 

ʅʘ ʝʥʝʨʛʦʙʣʦʢʘʭ ɸɽʉ ʉʐɸ ʚʽʙʨʦʰʫʤʦʚʘ ʜʽʘʛʥʦʩʪʠʢʘ ɺʂʇ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ 

ʦʩʥʦʚʽ ʦʙʨʦʙʢʠ ʧʦʟʘʟʦʥʥʠʭ ʥʝʡʪʨʦʥʥʠʭ ʰʫʤʽʚ. ɼʽʘʛʥʦʩʪʠʯʥʽ ʚʠʤʽʨʶʚʘʥʥʷ 

ʧʨʦʚʦʜʷʪʴʩʷ ʧʝʨʽʦʜʠʯʥʦ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʛʣʘʤʝʥʪʫ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

PWR. 
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ʅʘ ʙʣʦʮʽ 1 ɸɽʉ ʊʝʤʝʣʽʥ ʬʽʨʤʘ Westinghouse ʨʦʟʨʦʙʠʣʘ, ʚʚʝʣʘ ʚ ʧʨʦʝʢʪ, 

ʚʠʛʦʪʦʚʠʣʘ ʽ ʟʤʦʥʪʫʚʘʣʘ ʉɺʐʂ, ʜʦ ʩʢʣʘʜʫ ʷʢʦʾ ʚʭʦʜʷʪʴ 8 ɯʂ, ʰʪʘʪʥʽ ɼʇɿ, 

ʪʝʨʤʦʧʘʨʠ ʪʘ ʘʢʩʝʣʝʨʦʤʝʪʨʠ [3]. 

ʅʎ çʂʫʨʯʘʪʽʚʩʴʢʠʡ ʽʥʩʪʠʪʫʪè ʨʦʟʨʦʙʠʚ ʢʦʤʧʣʝʢʩʥʫ ʩʠʩʪʝʤʫ ʢʦʥʪʨʦʣʁ , 

ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʜʽʘʛʥʦʩʪʠʢʠ (ʉʂʋɼ) [32]. ɯʥʪʝʛʨʘʣʴʥʦ ʉʂʋɼ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʩʘʤʦʩʪʽʡʥʠʭ ʩʠʩʪʝʤ, ʦʙ'ʻʜʥʘʥʠʭ ʩʧʽʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʢʦʥʪʨʦʣʶ ʽ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ 

ʩʪʘʥʫ ʈʋ ʟ ɺɺɽʈ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɺ ʪʠʧʦʚʦʤʫ ʚʘʨʽʘʥʪʽ ʜʦ ʩʢʣʘʜʫ ʉʂʋɼ 

ʚʭʦʜʠʪʴ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʶ ʚʽʙʨʘʮʽʡ ʦʩʥʦʚʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ɺ ʮʽʡ ʩʠʩʪʝʤʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʠʛʥʘʣʠ ʜʘʪʯʠʢʽʚ ʨʽʟʥʠʭ ʪʠʧʽʚ: ʜʘʪʯʠʢʠ ʚʠʤʽʨʶʚʘʥʥʷ 

ʤʝʭʘʥʽʯʥʠʭ ʧʝʨʝʤʽʱʝʥʴ, ʜʘʪʯʠʢʠ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʫ (ʚʥʫʪʨʽʰʥʴʦʟʦʥʥʽ ʪʘ 

ʧʦʟʘʟʦʥʥʽ), ʜʘʪʯʠʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʧʫʣʴʩʘʮʽʡ ʪʠʩʢʫ. 

1.4.1. ɼʦʩʚʽʜ ʢʦʥʮʝʨʥʫ Electricite de France  

ʌʨʘʥʮʫʟʴʢʠʡ ʢʦʥʮʝʨʥ Electricite de France (EDF) ʝʢʩʧʣʫʘʪʫʻ 58 ʨʝʘʢʪʦʨʽʚ 

ʪʠʧʫ PWR: 34 ʙʣʦʢʘ ʧʦʪʫʞʥʽʩʪʶ 900 ʄɺʪ, 20 ʙʣʦʢʽʚ ʧʦʪʫʞʥʽʩʪʶ 1300 ʄɺʪ ʽ 4 

ʙʣʦʢʘ ʧʦʪʫʞʥʽʩʪʶ 1500 ʄɺʪ. ʇʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ ʥʘʢʦʧʠʯʫʻʪʴʩʷ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʘ ʙʘʟʘ ʜʘʥʠʭ (ʎɹɼ) ʚʽʙʨʦʩʪʘʥʫ ɺʂʇ ʥʘ ʚʩʽʭ ʨʝʘʢʪʦʨʘʭ. ɺʽʙʨʦʰʫʤʦʚʽ 

ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʟʘʟʦʥʥʦʛʦ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʫ ʽ ʩʠʛʥʘʣʽʚ ʘʢʩʝʣʝʨʦʤʝʪʨʽʚ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʥʘ ʚʩʽʭ PWR [16].  

ɿʥʘʯʥʠʡ ʦʙʩʷʛ ʥʘʢʦʧʠʯʝʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚ ʎɹɼ ʜʦʟʚʦʣʷʻ ʜʦʩʪʦʚʽʨʥʦ 

ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʟʤʽʥʠ ʚʽʙʨʦʩʪʘʥʫ ɺʂʇ ʽ ʊɺɿ. ʇʨʠ ʮʴʦʤʫ ʚʠʜʽʣʷʶʪʴʩʷ ʪʨʠ 

ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ, ʯʠʩʪʦ ʤʝʭʘʥʽʯʥʠʭ ʷʚʠʱʘ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʽʙʨʦʩʪʘʥ ɺʂʇ ʽ 

ʊɺɿ: 

- ʟʤʽʥʘ ʞʦʨʩʪʢʦʩʪʽ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʚʝʨʪʠʢʘʣʴʥʠʡ ʧʨʠʪʠʩʢ 

ʰʘʭʪʠ ʨʝʘʢʪʦʨʘ; 

- ʟʤʽʥʘ ʞʦʨʩʪʢʦʩʪʽ ʧʨʫʞʠʥʥʠʭ ʙʣʦʢʽʚ ʽ ʜʠʩʪʘʥʮʽʦʥʫʶʯʠʭ ʨʝʰʽʪʦʢ ʊɺɿ; 

- ʟʥʦʩ ʧʦʚʝʨʭʦʥʴ ʢʦʥʪʘʢʪʫ ʰʘʭʪʠ ʽ ʢʦʨʧʫʩʫ ʨʝʘʢʪʦʨʘ ʚ ʥʠʞʥʽʭ ʰʧʦʥʢʘʭ. 

1.4.2. ɼʦʩʚʽʜ ʢʦʤʧʘʥʽʾ AREVA NP 

 ʂʦʤʧʘʥʽʷ AREVA NP ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʰʣʷʭʦʤ ʦʙôʻʜʥʘʥʥʷ ʧʽʜʨʦʟʜʽʣʽʚ 

AREVA ʪʘ Siemens. 
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AREVA NP ʧʦʩʪʘʚʣʷʻ ʥʘʩʪʫʧʥʽ ʩʠʩʪʝʤʠ ʰʫʤʦʚʦʾ ʜʽʘʛʥʦʩʪʠʢʠ [143]: 

- ʩʠʩʪʝʤʘ ʘʢʫʩʪʠʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʩʣʘʙʦʟʘʢʨʽʧʣʝʥʠʭ ʧʨʝʜʤʝʪʽʚ ʽ ʟʘʭʠʩʪʫ 

ʦʙʣʘʜʥʘʥʥʷ LPMS 7; 

- ʩʠʩʪʝʤʘ ʤʦʥʽʪʦʨʠʥʛʫ ʟʘ ʚʽʙʨʘʮʽʷʤʠ S¦S (ʨʦʟʨʦʙʢʘ Siemens). 

LPMS 7 ʟʜʽʡʩʥʶʻ ʢʦʥʪʨʦʣʴ ʽ ʨʝʻʩʪʨʘʮʽʶ ʰʫʤ̔ʚ, ʱʦ ʨʦʟʧʦʚʩʶʜʞʫʶʪʴʩʷ ʧʦ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʜʝʪʝʢʪʫʻ ʚʠʢʠʜʠ ʩʠʛʥʘʣʫ, ʘʥʘʣʽʟʫʻ ʽ ʚʩʪʘʥʦʚʣʶʻ ʾʭ ʨʦʟʪʘʰʫʚʘʥʥʷ ʽ ʚ 

ʢʽʥʮʽ ʚʠʟʥʘʯʘʻ ʢʣʘʩʠ ʧʦʜʽʡ. ʅʘ ʦʩʥʦʚʽ ʢʣʘʩʽʚ ʧʦʜʽʡ LPMS 7 ʥʘʜʘʻ ʽʥʬʦʨʤʘʮʽʶ 

ʱʦʜʦ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʢʠʜʽʚ, ʘ ʪʘʢʦʞ ʜʽʘʛʥʦʩʪʠʯʥʫ ʽʥʬʦʨʤʘʮʽʶ 

ʦʧʝʨʘʪʦʨʫ. ʌʫʥʢʮʽʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʦʜʽʡ ʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʨʘʟʽʚ ʚʠʟʥʘʯʘʻ ʯʠ ʜʘʥʘ 

ʧʦʜʽʷ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʚʽʜʦʤʠʭ ʧʦʜʽʡ ʜʣʷ ʷʢʠʭ ʥʝ ʧʦʪʨʽʙʥʦ ʚʠʚʦʜʠʪʠ ʩʠʛʥʘʣ 

ʪʨʠʚʦʛʠ, ʯʠ, ʤʦʞʣʠʚʦ, ʧʦʪʨʽʙʥʠʤ ʻ ʚʠʚʝʜʝʥʥʷ ʪʨʠʚʦʛʠ, ʘʙʦ, ʤʦʞʣʠʚʦ, ʮʝ ʥʝʚʽʜʦʤʘ 

ʧʦʜʽʷ. ʉʠʛʥʘʣʽʟʘʮʽʷ ʱʦʜʦ ʩʣʘʙʦʟʘʢʨʽʧʣʝʥʠʭ ʧʨʝʜʤʝʪʽʚ ʧʦʜʘʻʪʴʩʷ ʦʧʝʨʘʪʦʨʫ ʪʽʣʴʢʠ 

ʚ ʜʚʦʭ ʦʩʪʘʥʥʽʭ ʚʠʧʘʜʢʘʭ. 

ʇʘʨʘʣʝʣʴʥʦ ʟ ʟʘʧʠʩʦʤ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʩʠʩʪʝʤʘ ʟʘʧʠʩʫʻ ʽ ʟʙʝʨʽʛʘʻ 

ʬʦʥʦʚʠʡ ʰʫʤ, ʘ ʪʘʢʦʞ ʝʬʝʢʪʠʚʥʽ ʦʧʝʨʘʮʽʾ ʚ ʩʠʩʪʝʤʽ ʪʝʧʣʦʥʦʩʽʷ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ 

ʨʝʘʢʪʦʨʘ. 

LPMS 7 (K¦S 7) ʧʽʜʪʨʠʤʫʻ ʜʦ 32 ʘʢʩʝʣʝʨʦʤʝʪʨʽʚ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʫ 

ʚʠʟʥʘʯʝʥʠʭ ʤʽʩʮʷʭ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ ʽ ʧʨʠʻʜʥʫʶʪʴʩʷ ʜʦ ʧʽʜʩʠʣʶʶʯʠʭ ʩʪʘʥʮʽʡ, ʷʢʽ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʢʦʥʪʘʡʤʝʥʪʽ. ʇʽʜʩʠʣʝʥʽ ʩʠʛʥʘʣʠ ʟôʻʜʥʫʶʪʴʩʷ ʚ ʰʘʬʽ, ʜʝ ʩʠʛʥʘʣʠ 

ʦʮʠʬʨʦʚʫʶʪʴʩʷ ʪʘ ʘʥʘʣʽʟʫʶʪʴʩʷ. 

ʉʠʩʪʝʤʘ S¦S ʚʠʷʚʣʷʻ ʟʤʽʥʠ ʚ ʭʘʨʘʢʪʝʨʽ ʚʽʙʨʘʮʽʡ ʦʙʣʘʜʥʘʥʥʷ ʧʝʨʰʦʛʦ ʽ 

ʜʨʫʛʦʛʦ ʢʦʥʪʫʨʫ, ɺʂʇ, ʘ ʪʘʢʦʞ ɻʎʅ ʥʘ ʨʘʥʥʽʭ ʩʪʘʜʽʷʭ ʰʣʷʭʦʤ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ 

ʯʘʩʪʦʪʘʤʠ ʽ ʘʤʧʣʽʪʫʜʘʤʠ ʚʽʙʨʘʮʽʡ ʜʝʪʘʣʝʡ. ʉʠʩʪʝʤʘ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ KTA 3204, 

KTA 3201.4, DIN 25475ï2, IEC 61502, ISO 7919 ʪʘ ISO 10816. S¦S ʚʠʤʽʨʶʻ 

ʚʽʙʨʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʙʩʦʣʶʪʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ, ʚʽʜʥʦʩʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ, 

ʰʚʠʜʢʦʩʪʽ, ʧʨʠʩʢʦʨʝʥʥʷ ʪʘ ʜʘʪʯʠʢʽʚ ʧʫʣʴʩʘʮʽʾ ʪʠʩʢʫ. ɼʦʜʘʪʢʦʚʦ ʙʝʨʝʪʴʩʷ 

ʚʥʫʪʨʽʰʥʴʦʟʦʥʥʠʡ/ʧʦʟʘʟʦʥʥʠʡ ʥʝʡʪʨʦʥʥʠʡ ʰʫʤ ʚʽʜ ʰʪʘʪʥʦʾ ʘʧʘʨʘʪʫʨʠ ʜʣʷ 

ʤʦʥʽʪʦʨʠʥʛʫ ʩʠʩʪʝʤʠ S¦S. ʉʠʩʪʝʤʘ ʻ ʧʦʚʥʽʩʪʶ ʽʥʪʝʛʨʦʚʘʥʦʶ ʪʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʶ 
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ʽ ʚʢʣʶʯʘʻ ʟʙʽʨ ʜʘʥʠʭ, ʘʥʘʣʽʟ ʜʘʥʠʭ, ʤʦʥʽʪʦʨʠʥʛ ʪʘ ʚʠʜʘʥʥʷ ʘʚʪʦʤʘʪʠʯʥʦʾ ʘʚʘʨʽʡʥʦʾ 

ʩʠʛʥʘʣʽʟʘʮʽʾ. 

ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʚʩʪʘʥʦʚʣʝʥʦ ʙʽʣʴʰʝ 30 ʩʠʩʪʝʤ S¦S ʥʘ ʨʽʟʥʠʭ ʪʠʧʘʭ 

ʨʝʘʢʪʦʨʽʚ (ɺɺɽʈ, PWR, EPR). 

1.4.3. ɼʦʩʚʽʜ ʢʦʤʧʘʥʽʾ Westinghouse 

Westinghouse ʧʦʩʪʘʚʣʻ ʩʠʩʪʝʤʫ ʰʫʤʦʚʦʾ ʜʽʘʛʥʦʩʪʠʢʠ DMIMS-DX [121]. 

ʉʠʩʪʝʤʘ DMIMS-DX ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʚʠʷʚʣʝʥʥʷ ʩʣʘʙʦʟʘʢʨʽʧʣʝʥʠʭ ʧʨʝʜʤʝʪʽʚ. ɿʘ 

ʧʦʥʘʜ 40 ʨʽʯʥʠʡ ʜʦʩʚʽʜ ʜʦʩʣʽʜʞʝʥʥʷ ʩʣʘʙʦʟʘʢʨʽʧʣʝʥʠʭ ʧʨʝʜʤʝʪʽʚ Westinghouse 

ʟʥʘʯʥʦ ʨʦʟʰʠʨʠʚ ʤʦʞʣʠʚʦʩʪʽ ʧʦʧʝʨʝʜʥʴʦʾ ʩʠʩʪʝʤʠ DMIMS. ʉʠʩʪʝʤʘ DMIMS-DX 

ʧʦʚʥʽʩʪʶ ʩʫʤʽʩʥʘ ʽʟ ʩʪʘʨʰʦʶ ʤʦʜʝʣʣʶ DMIMS ʽ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʦʡ ʞʝ 

ʟʦʚʥʽʰʥʽʡ ʽʥʪʝʨʬʝʡʩ ʝʣʝʢʪʨʦʥʽʢʠ ʪʘ ʘʧʘʨʘʪʫʨʫ (ʘʢʩʝʣʝʨʦʤʝʪʨʠ, ʧʽʜʩʠʣʶʚʘʯʽ). 

ʄʦʥʽʪʦʨʠʥʛ ʟʘ ʩʣʘʙʦʟʘʢʨʽʧʣʝʥʠʤʠ ʧʨʝʜʤʝʪʘʤʠ ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ ʚʠʷʚʣʝʥʽ ʫʜʘʨʫ 

ʩʣʘʙʦʟʘʢʨʽʧʣʝʥʠʭ ʧʨʝʜʤʝʪʽʚ ʧʦ ʥʝʨʫʭʣʠʚʠʤ ʯʘʩʪʠʥʘʤ ʚ ʧʝʨʰʦʤʫ ʢʦʥʪʫʨʽ ʧʽʜ ʜʽʻʶ 

ʧʦʪʦʢʫ ʪʝʧʣʦʥʦʩʽʷ. ɼʘʥʘ ʟʘʜʘʯʘ ʭʦʯ ʟʜʘʻʪʴʩʷ ʥʝ ʩʢʣʘʜʥʦʶ ʥʘ ʧʦʚʝʨʭʥʽ, ʘʣʝ ʻ 

ʩʢʣʘʜʥʦʶ ʚ ʨʝʘʣʽʟʘʮʽʾ. ʐʫʤʠ, ʱʦ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʨʦʙʦʪʠ ʩʪʘʥʮʽʾ, ʤʦʞʫʪʴ 

ʩʪʚʦʨʶʚʘʪʠ ʭʠʙʥʫ ʪʨʠʚʦʛʫ. Westinghouse ʟʘʷʚʣʷʻ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʝʬʝʢʪʠʚʥʽ 

ʘʣʛʦʨʠʪʤʠ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ, ʷʢʽ ʭʘʨʘʢʪʝʨʥʽ ʩʘʤʝ ʜʣʷ ʩʣʘʙʦʟʘʢʨʽʧʣʝʥʠʭ 

ʧʨʝʜʤʝʪʽʚ. ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ ʘʥʘʣʽʟʠ ʩʧʝʢʪʨʫ ʯʘʩʪʦʪ, 

ʪʘ ʚʠʟʥʘʯʘʪʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʩʣʘʙʦʟʘʢʨʽʧʣʝʥʠʭ ʧʨʝʜʤʝʪʽʚ. 

ʉʠʩʪʝʤʘ DMIMS-DX ʪʘʢʦʞ ʤʦʞʝ ʚʢʣʶʯʘʪʠ ʦʧʮʽʶ ʤʦʥʽʪʦʨʠʥʛʫ ʟʘ ʚʽʙʨʘʮʽʻʶ 

ʢʦʨʟʠʥʠ ʘʢʪʠʚʥʦʾ ʟʦʥʠ CBVM. ɽʬʝʢʪ ʝʢʨʘʥʫʚʘʥʥʷ ʪʝʧʣʦʥʦʩʽʻʤ ʥʝʡʪʨʦʥʥʦʛʦ 

ʧʦʪʦʢʫ, ʱʦ ʚʠʭʦʜʠʪʴ ʟ ʘʢʪʠʚʥʦʾ ʟʦʥʠ, ʟʤʽʥʶʻʪʴʩʷ ʢʦʣʠ ʘʢʪʠʚʥʘ ʟʦʥʘ ʨʫʭʘʻʪʴʩʷ 

ʙʣʠʞʯʝ ʜʦ ʯʠ ʜʘʣʽ ʚʽʜ ʩʪʽʥʦʢ ʢʦʨʧʫʩʫ ʨʝʘʢʪʦʨʘ. ʊʘʢʠʤ ʯʠʥʦʤ ʥʝʡʪʨʦʥʥʠʡ ʧʦʪʽʢ, 

ʱʦ ʜʝʪʝʢʪʫʻʪʴʩʷ ʧʦʟʘʟʦʥʥʠʤʠ ʜʝʪʝʢʪʦʨʘʤʠ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʫ ʩʠʩʪʝʤʠ NIS 

ʢʦʨʝʣʶʻ ʟ ʨʫʭʦʤ ʘʢʪʠʚʥʦʾ ʟʦʥʠ. CBVM ʦʙʨʦʙʣʷʻ ʩʠʛʥʘʣʠ ʜʝʪʝʢʪʦʨʽʚ NIS ʽ 

ʚʠʤʽʨʶʻ ʧʝʨʝʤʽʱʝʥʥʷ ʢʦʨʟʠʥʠ. 

ɺʥʫʪʨʽʰʥʴʦʟʦʥʥʘ ʚʠʤʽʨʶʚʘʣʴʥʘ ʩʠʩʪʝʤʘ ʬʽʨʤʠ Westinghouse ʧʨʠʟʥʘʯʝʥʘ 

ʜʣʷ ʥʘʜʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʱʦʜʦ ʨʦʟʧʦʜʽʣʝʥʥʷ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʫ ʽ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ 

ʚʠʭʦʜʽ ʟ ʊɺɿ ʚ ʟʘʜʘʥʠʭ ʪʦʯʢʘʭ ʘʢʪʠʚʥʦʾ ʟʦʥʠ [153]. ʉʠʩʪʝʤʘ ʟʘʙʝʟʧʝʯʫʻ ʪʽʣʴʢʠ ʟʙʽʨ 
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ʜʘʥʠʭ ʽ ʥʝ ʚʠʢʦʥʫʻ ʟʘʭʠʩʥʠʭ ʽ ʢʝʨʫʶʯʠʭ ʬʫʥʢʮʽʡ. ɺʥʫʪʨʽʰʥʴʦʟʦʥʥʘ ʚʠʤʽʨʶʚʘʣʴʥʘ 

ʩʠʩʪʝʤʠ ʚʢʣʶʯʘʻ ʨʫʭʦʤʫ ʩʠʩʪʝʤʫ ʤʦʥʽʪʦʨʠʥʛʫ ʟʘ ʥʝʡʪʨʦʥʥʠʤ ʧʦʪʦʢʦʤ ʪʘ ʩʠʩʪʝʤʫ 

ʤʦʥʽʪʦʨʠʥʛʫ ʚʥʫʪʨʽʰʥʴʦʟʦʥʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. ʂʽʣʴʢʽʩʪʴ ʪʝʨʤʦʧʘʨ ʽ ʢʽʣʴʢʽʩʪʴ 

ʢʘʥʘʣʽʚ ʜʣʷ ʨʫʭʦʤʠʭ ʜʝʪʝʢʪʦʨʽʚ ʧʦʪʦʢʫ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ 

ʨʝʘʢʪʦʨʘ Westinghouse. 

ʈʫʭʦʤʽ ʜʝʪʝʢʪʦʨʠ ʤʽʩʪʷʪʴ U3O8 ʟʙʘʛʘʯʝʥʠʡ ʜʦ 90% ʟʘ 
235U ʽ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʜʝʪʘʣʴʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʫ ʚ ʘʢʪʠʚʥʽʡ ʟʦʥʽ. ʂʦʞʥʠʡ ʜʝʪʝʢʪʦʨ 

ʧʨʠʻʜʥʘʥʠʡ ʜʦ ʛʥʫʯʢʦʛʦ ʢʘʙʝʣʶ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʤʽʱʝʥʠʡ ʚ ʟʘʜʘʥʫ ʪʦʯʢʫ 

ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʦʧʝʨʘʪʠʚʥʠʤ ʧʝʨʩʦʥʘʣʦʤ. ʂʦʣʠ ʜʝʪʝʢʪʦʨʠ ʥʝ ʧʦʪʨʽʙʥʽ, ʚʦʥʠ 

ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʙʝʪʦʥʥʽʡ ʰʘʭʪʽ. 

Westinghouse ʧʦʩʪʘʚʣʷʻ ʩʠʩʪʝʤʫ ʤʦʥʽʪʦʨʠʥʛʫ ʟʘ ʘʢʪʠʚʥʦʶ ʟʦʥʦʶ 

BEACON [121]. BEACON ʻ ʩʠʩʪʝʤʦʶ ʨʝʘʣʴʥʦʛʦ-ʯʘʩʫ, ʚʦʥʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʘʥʽ 

ʽʩʥʫʶʯʦʾ ʢʦʥʪʨʦʣʴʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʘʧʘʨʘʪʫʨʠ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻ ʚʫʟʣʦʚʫ ʤʦʜʝʣʴ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʥʽʪʦʨʠʥʛʫ ʟʘ ʙʝʟʧʝʨʝʨʚʥʠʤ ʨʦʟʧʦʜʽʣʝʥʥʷʤ ʥʝʡʪʨʦʥʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ. ʉʠʩʪʝʤʘ ʚʠʢʦʥʫʻ ʤʦʥʽʪʦʨʠʥʛ ʟʘ ʘʢʪʠʚʥʦʶ ʟʦʥʦʶ, ʦʙʨʦʙʢʫ ʚʠʤʽʨʷʥʠʭ 

ʜʘʥʠʭ, ʘʥʘʣʽʟ, ʘ ʪʘʢʦʞ ʥʘʜʘʻ ʧʨʦʛʥʦʟ. 

ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ BEACON ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘ ɸɽʉ 

ʋʢʨʘʾʥʠ. 

1.5. ɺʠʩʥʦʚʢʠ ʧʦ ʘʥʘʣʽʟʫ ʩʪʘʥʫ ʜʦʩʣʽʜʞʝʥʴ ʟ ʥʝʡʪʨʦʥʥʦ-ʰʫʤʦʚʦʾ 

ʜʽʘʛʥʦʩʪʠʢʠ ʪʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʴ ʜʦʩʣʽʜʞʝʥʥʷ 

ɸʥʘʣʽʟ, ʧʨʦʚʝʜʝʥʠʡ ʚʠʱʝ, ʧʦʢʘʟʘʚ, ʱʦ ʥʘ ɸɽʉ ʋʢʨʘʾʥʠ ʜʦ ʥʝʜʘʚʥʴʦʛʦ ʯʘʩʫ 

ʥʝ ʙʫʣʠ ʨʝʘʣʽʟʦʚʘʥʠʤʠ ʬʫʥʢʮʽʾ ʢʦʥʪʨʦʣʶ ʪʘ ʜʽʘʛʥʦʩʪʠʢʠ ʚʽʙʨʦʩʪʘʥʫ ɺʂʇ, ʊɺɿ, ʘ 

ʪʘʢʦʞ ʬʫʥʢʮʽʷ ʤʦʥʽʪʦʨʠʥʛʫ ʽʥʰʠʭ ʚʘʞʣʠʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʘʢʪʠʚʥʦʾ ʟʦʥʠ. ʆʪʞʝ 

ʟʘʜʘʯʘ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʰʫʤʽʚ ʨʝʘʢʪʦʨʘ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤ 

ʥʝʡʪʨʦʥʥʦ-ʰʫʤʦʚʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ ʥʘ ʨʝʘʢʪʦʨʠ ʪʠʧʫ ɺɺɽʈ-1000 ʻ 

ʘʢʪʫʘʣʴʥʦʶ ʽ ʚʘʞʣʠʚʦʶ. Cʠʩʪʝʤʠ ʚʽʙʨʦʰʫʤʦʚʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʢʨʽʤ ʨʽʰʝʥʥʷ ʟʘʜʘʯ 

ʚʠʟʥʘʯʝʥʥʷ ʚʽʙʨʦʩʪʘʥʫ ɺʂʇ ʽ ʊɺɿ, ʤʦʞʫʪʴ ʪʘʢʦʞ ʚʠʨʽʰʫʚʘʪʠ ʟʘʜʘʯʽ ʚʠʟʥʘʯʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʪʝʧʣʦʥʦʩʽʷ, ʊʂʈ. ʎ̔ ʟʘʜʘʯʽ ʧʦʪʨʝʙʫʶʪʴ ʜʦʜʘʪʢʦʚʠʭ ʢʦʤʧʣʝʢʩʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʘʜʘʧʪʘʮʽʾ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʥʝʡʪʨʦʥʥʠʭ ʰʫʤʽʚ ʜʦ ʦʙôʻʢʪʘ 
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ʜʦʩʣʽʜʞʝʥʥʷ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʙʫʣʦ 

ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʪʘ ʚʠʨʽʰʝʥʦ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ ʥʘʫʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ: 

- ʘʥʘʣʽʟ ʪʘ ʩʠʩʪʝʤʘʪʠʟʘʮʽʷ ʤʝʪʦʜʽʚ ʥʝʡʪʨʦʥʥʦ-ʰʫʤʦʚʦʾ ʜʽʘʛʥʦʩʪʠʢʠ, ʚʠʙʽʨ 

ʩʝʨʝʜ ʥʠʭ ʥʘʡʙʽʣʴʰ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʩʠʩʪʝʤʘʭ 

ʜʽʘʛʥʦʩʪʠʢʠ ʨʝʘʢʪʦʨʽʚ ʪʠʧʫ ɺɺɽʈ-1000 (ʨʦʟʜʽʣ 2); 

- ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʪʘ ʇɿ ʜʣʷ ʘʥʘʣʽʟʫ ʰʫʤʽʚ ʚʽʜ ʥʝʡʪʨʦʥʥʠʭ ʜʝʪʝʢʪʦʨʽʚ 

ʨʝʘʢʪʦʨʘ, ʘ ʪʘʢʦʞ ʚʝʨʠʬʽʢʘʮʽʷ ʽ ʚʘʣʽʜʘʮʽʷ ʨʦʟʨʦʙʣʝʥʦʛʦ ʇɿ (ʨʦʟʜʽʣ 2); 

- ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʰʫʤʦʚʦʾ ʩʢʣʘʜʦʚʦʾ ʩʠʛʥʘʣʽʚ ɼʇɿ ʪʘ ɯʂ, ʘ ʪʘʢʦʞ 

ʘʥʘʣʽʟ ʾʭ ʟʤʽʥʠ ʧʨʦʪʷʛʦʤ ʧʘʣʠʚʥʦʾ ʢʘʤʧʘʥʽʾ (ʨʦʟʜʽʣ 3); 

- ʨʦʟʨʦʙʢʘ ʤʦʜʝʣʝʡ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʚʽʙʨʦʩʪʘʥʫ ɺʂʇ ʽ ʊɺɿ (ʨʦʟʜʽʣ 3); 

- ʚʠʟʥʘʯʝʥʥʷ ʣʦʢʘʣʴʥʦʾ ʯʫʪʣʠʚʦʩʪʽ ɼʇɿ ʪʘ ʦʮʽʥʢʘ ʚʧʣʠʚʫ ʥʘ ʩʠʛʥʘʣ 

ʜʝʪʝʢʪʦʨʘ ʚʽʜ ʥʝʡʪʨʦʥʽʚ, ʟʛʝʥʝʨʦʚʘʥʠʭ ʚ ʊɺɿ, ʫ ʪʦʤʫ ʯʠʩʣʽ ï ʽ ʚ ʩʫʤʽʞʥʠʭ 

ʊɺɿ (ʨʦʟʜʽʣ 4); 

- ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʚʽʜʥʦʚʣʝʥʥʷ ʩʠʛʥʘʣʽʚ ɼʇɿ, ʱʦ ʚʠʡʰʣʠ ʟ ʣʘʜʫ 

ʧʽʜ ʯʘʩ ʧʘʣʠʚʥʦʾ ʢʘʤʧʘʥʽʾ ʨʝʘʢʪʦʨʘ (ʨʦʟʜʽʣ 5). 



54 

 

ʈʆɿɼɯʃ 2. ʄɽʊʆɼʀ ɸʅɸʃɯɿʋ ʅɽʁʊʈʆʅʅʀʍ ʐʋʄɯɺ 

 ʊɸ ɰʍ ʇʈʆɻʈɸʄʅɸ ʈɽɸʃɯɿɸʎɯʗ 

ʋ ʨʦʟʜʽʣʽ 2 ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʚôʷʟʘʥʥʷ ʥʘʩʪʫʧʥʠʭ ʟʘʚʜʘʥʴ: 

1) ɸʥʘʣʽʟ ʪʘ ʩʠʩʪʝʤʘʪʠʟʘʮʽʷ ʤʝʪʦʜʽʚ ʥʝʡʪʨʦʥʥʦ-ʰʫʤʦʚʦʾ ʜʽʘʛʥʦʩʪʠʢʠ, ʚʠʙʽʨ 

ʩʝʨʝʜ ʥʠʭ ʥʘʡʙʽʣʴʰ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʩʠʩʪʝʤʘʭ 

ʜʽʘʛʥʦʩʪʠʢʠ ʨʝʘʢʪʦʨʽʚ ʪʠʧʫ ɺɺɽʈ-1000; 

2) ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʪʘ ʇɿ ʜʣʷ ʘʥʘʣʽʟʫ ʰʫʤʽʚ ʚʽʜ ʥʝʡʪʨʦʥʥʠʭ ʜʝʪʝʢʪʦʨʽʚ 

ʨʝʘʢʪʦʨʘ, ʘ ʪʘʢʦʞ ʚʝʨʠʬʽʢʘʮʽʷ ʽ ʚʘʣʽʜʘʮʽʷ ʨʦʟʨʦʙʣʝʥʦʛʦ ʇɿ. 

2.1. ʆʙʣʘʜʥʘʥʥʷ ɺɺɽʈ-1000 ʚʘʞʣʠʚʝ ʜʣʷ ʘʥʘʣʽʟʫ ʚʽʙʨʦʩʪʘʥʫ ɺʂʇ ʽ ʊɺɿ 

2.1.1. ɺʥʫʪʨʽʰʥʴʦʢʦʨʧʫʩʥʽ ʧʨʠʩʪʨʦʾ 

ɼʦ ʩʢʣʘʜʫ ʨʝʘʢʪʦʨʘ ɺɺɽʈ-1000 ʚʭʦʜʠʪʴ ʥʘʩʪʫʧʥʝ ʦʙʣʘʜʥʘʥʥʷ: 

- ʢʦʨʧʫʩ; 

- ʚʝʨʭʥʽʡ ʙʣʦʢ (ɺɹ); 

- ʘʢʪʠʚʥʘ ʟʦʥʘ; 

- ʚʥʫʪʨʽʰʥʴʦʢʦʨʧʫʩʥʽ ʧʨʠʩʪʨʦʾ: ʰʘʭʪʘ, ʚʠʛʦʨʦʜʢʘ, ʙʣʦʢ ʟʘʭʠʩʥʠʭ ʪʨʫʙ 

(ɹɿʊ). 

ʊʝʧʣʦʥʦʩʽʡ ʥʘʜʭʦʜʠʪʴ ʚ ʨʝʘʢʪʦʨ ʯʝʨʝʟ ʥʠʞʥʽ ʭʦʣʦʜʥʽ ʧʘʪʨʫʙʢʠ ʢʦʨʧʫʩʫ, 

ʦʧʫʩʢʘʻʪʴʩʷ ʧʦ ʢʽʣʴʮʝʚʦʤʫ ʟʘʟʦʨʫ ʤʽʞ ʢʦʨʧʫʩʦʤ ʽ ʚʥʫʪʨʽʰʥʴʦʢʦʨʧʫʩʥʦʶ ʰʘʭʪʦʶ, 

ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʦʧʦʨʥʽ ʪʨʫʙʠ ʰʘʭʪʠ, ʦʤʠʚʘʻ ʪʚʝʣʠ ʊɺɿ ʚ ʘʢʪʠʚʥʽʡ ʟʦʥʽ, 

ʧʨʦʭʦʜʠʪʴ ʤʽʞ ʟʘʭʠʩʥʠʤʠ ʪʨʫʙʘʤʠ ɹɿʊ, ʯʝʨʝʟ ʧʝʨʬʦʨʘʮʽʶ ʚ ʢʦʨʧʫʩʽ ɹɿʊ ʽ 

ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ ʰʘʭʪʠ ʧʦʪʨʘʧʣʷʻ ʜʦ ʚʝʨʭʥʽʭ ʛʘʨʷʯʠʭ ʧʘʪʨʫʙʢʽʚ ʽ ʚʠʭʦʜʠʪʴ ʟ 

ʨʝʘʢʪʦʨʘ. 

ɸʢʪʠʚʥʘ ʟʦʥʘ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʛʝʥʝʨʫʚʘʥʥʷ ʪʝʧʣʘ ʪʘ ʧʝʨʝʜʘʯʽ ʡʦʛʦ ʚʽʜ 

ʧʦʚʝʨʭʥʽ ʪʚʝʣʽʚ ʊɺɿ ʜʦ ʪʝʧʣʦʥʦʩʽʷ 1-ʛʦ ʢʦʥʪʫʨʫ. ɸʢʪʠʚʥʘ ʟʦʥʘ ʨʝʘʢʪʦʨʘ 

ɺɺɽʈ-1000 ʩʢʣʘʜʘʻʪʴʩʷ ʟ 163-ʭ ʰʝʩʪʠʛʨʘʥʥʠʭ ʊɺɿ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʟ ʢʨʦʢʦʤ 

236 ʤʤ. ʋʪʨʠʤʘʥʥʷ ʊɺɿ ʚʽʜ ʩʧʣʠʚʘʥʥʷ ʽ ʟʤʝʥʰʝʥʥʷ ʚʽʙʨʘʮʽʾ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʰʣʷʭʦʤ ʧʽʜʪʠʩʢʘʥʥʷ ʧʽʜʧʨʫʞʠʥʝʥʦʾ ʛʦʣʦʚʢʠ ʊɺɿ ʢʨʠʰʢʦʶ ʨʝʘʢʪʦʨʘ ʯʝʨʝʟ ɹɿʊ. 

ɼʠʩʪʘʥʮʽʶʚʘʥʥʷ ʊɺɿ ʚ ʧʣʘʥʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʧʦʩʘʜʢʠ ʢʽʥʮʝʚʠʭ ʜʝʪʘʣʝʡ 
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ʊɺɿ: ʛʦʣʦʚʢʠ ʊɺɿ ï ʚ ʧʣʠʪʽ ɹɿʊ, ʘ ʭʚʦʩʪʦʚʠʢʘ ʊɺɿ ʚ ʦʧʦʨʥʽʡ ʧʣʠʪʽ, ʷʢʫ 

ʫʪʚʦʨʶʶʪʴ ʦʧʦʨʥʽ ʪʨʫʙʠ, ʱʦ ʟʘʢʨʽʧʣʝʥʽ ʚ ʝʣʽʧʪʠʯʥʦʤʫ ʜʥʠʱʽ ʰʘʭʪʠ. 

ʊɺɿ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʫʯʢʘ ʪʚʝʣ, ʛʦʣʦʚʢʠ, ʭʚʦʩʪʦʚʦʾ ʯʘʩʪʠʥʠ, ʜʠʩʪʘʥʮʽʦʥʫʶʯʠʭ 

ʨʝʰʽʪʦʢ, ʥʘʧʨʘʚʣʷʶʯʠʭ ʢʘʥʘʣʽʚ ʜʣʷ ʦʨʛʘʥʽʚ ʨʝʛʫʣʶʚʘʥʥʷ (ʆʈ) ʉʋɿ ʪʘ ʮʝʥʪʨʘʣʴʥʦʾ 

ʪʨʫʙʢʠ, ʥʘ ʷʢʽʡ ʬʽʢʩʫʶʪʴʩʷ ʜʠʩʪʘʥʮʽʦʥʫʶʯʽ ʨʝʰʽʪʢʠ ʽ ʚ ʷʢʽʡ ʤʦʞʝ ʨʦʟʤʽʱʫʚʘʪʠʩʷ 

ʂʅɺ. ɺ ʥʘʧʨʘʚʣʷʶʯʠʭ ʢʘʥʘʣʘʭ ʊɺɿ (ʫ 61 ʊɺɿ) ɺɺɽʈ-1000 ʤʦʞʫʪʴ ʧʝʨʝʤʽʱʘʪʠʩʷ 

ʧʦʛʣʠʥʘʶʯʽ ʩʪʨʠʞʥʽ ʉʋɿ. 

ʂʽʣʴʢʽʩʪʴ ʪʚʝʣʽʚ ʚ ʊɺɿ ï 312 ʰʪ. ʊʚʝʣʠ ʚ ʊɺɿ-ɸ ʟ'ʻʜʥʘʥʽ 15-ʤʘ 

ʜʠʩʪʘʥʮʽʦʥʫʶʯʠʤʠ ʨʝʰʽʪʢʘʤʠ ʽ ʟʘʢʨʽʧʣʝʥʽ ʥʘ ʥʠʞʥʽʡ ʥʝʩʫʯʽʡ ʨʝʰʽʪʮʽ. ʅʠʞʥʷ 

ʨʝʰʽʪʢʘ ʢʨʽʧʠʪʴʩʷ ʜʦ ʭʚʦʩʪʦʚʠʢʘ ʊɺɿ. 

ʂʦʥʩʪʨʫʢʮʽʻʶ, ʱʦ ʩʧʨʠʡʤʘʻ ʦʩʴʦʚʽ ʟʫʩʠʣʣʷ, ʜʽʶʯʽ ʥʘ ʊɺɿ, ʻ ʢʘʨʢʘʩ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʧʨʘʚʣʷʶʯʠʭ ʢʘʥʘʣʽʚ, ʟʘʢʨʽʧʣʝʥʠʭ ʥʘ ʛʦʣʦʚʮʽ ʽ ʥʠʞʥʽʡ ʨʝʰʽʪʮʽ ʊɺɿ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʚʘʨʶʚʘʥʥʷ. 

ɻʦʣʦʚʢʘ ʊɺɿ ʤʽʩʪʠʪʴ ʥʝʨʫʭʦʤʫ ʯʘʩʪʠʥʫ, ʷʢʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʚʘʨʶʚʘʥʥʷ 

ʟʘʢʨʽʧʣʝʥʘ ʥʘ ʥʘʧʨʘʚʣʷʶʯʠʭ ʢʘʥʘʣʘʭ, ʽ ʨʫʭʣʠʚʫ, ʷʢʘ ʟ'ʻʜʥʫʻʪʴʩʷ ʟ ʥʝʨʫʭʦʤʦʶ 

ʪʨʴʦʤʘ ʥʝʩʫʯʠʤʠ ʛʚʠʥʪʘʤʠ. ʄʽʞ ʨʫʭʦʤʦʶ ʽ ʥʝʨʫʭʦʤʦʶ ʯʘʩʪʠʥʘʤʠ ʨʦʟʤʽʱʝʥʽ  

ʧʨʫʞʠʥʠ ʜʣʷ ʧʽʜʪʠʩʥʝʥʥʷ ʊɺɿ ʚ ʨʝʘʢʪʦʨʽ. ʂʨʽʤ ʪʦʛʦ, ʻ ʧʽʜʧʨʫʞʠʥʝʥʠʡ ʙʣʦʢ ʜʣʷ 

ʜʝʤʧʬʫʚʘʥʥʷ ʧʘʜʽʥʥʷ ʆʈ ʉʋɿ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʰʚʠʜʢʦʛʦ ʧʨʠʧʠʥʝʥʥʷ ʩʘʤʦʧʽʜʪʨʠʤʫʚʘʣʴʥʦʾ ʣʘʥʮʶʛʦʚʦʾ 

ʷʜʝʨʥʦʾ ʨʝʘʢʮʽʾ, ʘʚʪʦʤʘʪʠʯʥʦʾ ʧʽʜʪʨʠʤʢʠ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʟʘʜʘʥʦʤʫ ʨʽʚʥʽ ʽ 

ʧʝʨʝʚʝʜʝʥʥʷ ʨʝʘʢʪʦʨʘ ʟ ʦʜʥʦʛʦ ʨʽʚʥʷ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʽʥʰʠʡ, ʧʦʧʝʨʝʜʞʝʥʥʷ ʪʘ 

ʧʨʠʜʫʰʝʥʥʷ ʢʩʝʥʦʥʦʚʠʭ ʢʦʣʠʚʘʥʴ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʨʝʛʫʣʶʶʯʽ ʩʪʨʠʞʥʽ ï ʆʈ ʉʋɿ, 

ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʧʦʛʣʠʥʘʶʯʠʭ ʝʣʝʤʝʥʪʽʚ (ʇɽʃ). ʇɽʃ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ 

ʩʪʨʠʞʝʥʴ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʙʦʣʦʥʢʠ, ʟʘʧʦʚʥʝʥʦʾ ʧʦʛʣʠʥʘʶʯʠʤ ʤʘʪʝʨʽʘʣʦʤ. ʗʢ 

ʧʦʛʣʠʥʘʯ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʘʨʙʽʜ ʙʦʨʫ ɺ4ʉ, ʪʠʪʘʥʘʪ ʜʠʩʧʨʦʟʽʷ (Dy2O3ĿTiO2). 

ɼʦ ʩʢʣʘʜʫ ɺʂʇ ʚʭʦʜʷʪʴ ʰʘʭʪʘ ʚʥʫʪʨʽʰʥʴʦʢʦʨʧʫʩʥʘ, ʚʠʛʦʨʦʜʢʘ ʽ ɹɿʊ. ʐʘʭʪʘ 

ʟʘʢʨʽʧʣʝʥʘ ʚ ʢʦʨʧʫʩʽ ʨʝʘʢʪʦʨʘ. ɺʩʝʨʝʜʠʥʽ ʰʘʭʪʠ ʥʘ ʨʽʚʥʽ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʨʦʟʤʽʱʝʥʘ 

ʚʠʛʦʨʦʜʢʘ. ʊɺɿ ʚʩʪʘʥʦʚʣʝʥʽ ʚʩʝʨʝʜʠʥʽ ʚʠʛʦʨʦʜʢʠ ʥʘ ʦʧʦʨʥʽ ʪʨʫʙʠ ʰʘʭʪʠ. 

ʐʘʭʪʘ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʚʝʨʪʠʢʘʣʴʥʠʡ ʧʦʨʦʞʥʠʩʪʠʡ ʮʠʣʽʥʜʨ ʟ 

ʧʝʨʬʦʨʦʚʘʥʠʤ ʝʣʽʧʪʠʯʥʠʭ ʜʥʠʱʝʤ ʽ ʦʧʦʨʥʠʤʠ ʪʨʫʙʘʤʠ. ʇʽʜ ʬʣʘʥʮʽ ʰʘʭʪʠ 



56 

 

ʚʠʢʦʥʘʥʽ ʦʪʚʦʨʠ ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʰʘʭʪʠ ʽ ʜʣʷ ʟʘʢʨʽʧʣʝʥʥʷ ʧʨʫʞʥʠʭ 

ʪʨʫʙʯʘʩʪʠʭ ʝʣʝʤʝʥʪʽʚ, ʘ ʪʘʢʦʞ ʧʘʟʠ ʧʽʜ ʰʧʦʥʢʠ ɹɿʊ ʽ ʢʦʨʧʫʩʫ. 

ʂʦʥʩʪʨʫʢʮʽʷ ʰʘʭʪʠ ʽ ʧʨʠʥʮʠʧ ʾʾ ʟʘʢʨʽʧʣʝʥʥʷ ʚ ʢʦʨʧʫʩʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʡʤʘʪʠ 

ʾʾ ʟ ʢʦʨʧʫʩʫ ʜʣʷ ʤʦʞʣʠʚʦʩʪʽ ʦʛʣʷʜʫ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʽ ʧʘʪʨʫʙʢʽʚ ʢʦʨʧʫʩʫ. 

ʋ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʰʘʭʪʠ ʤʽʞ ʬʣʘʥʮʝʤ ʽ ʨʦʟʜʽʣʴʥʠʤ ʢʽʣʴʮʝʤ ʢʦʨʧʫʩʫ 

ʚʠʢʦʥʘʥʘ ʧʝʨʬʦʨʘʮʽʷ ʜʣʷ ʚʠʭʦʜʫ ʪʝʧʣʦʥʦʩʽʷ ʟ ʨʝʘʢʪʦʨʘ. ʅʠʞʥʷ ʯʘʩʪʠʥʘ ʰʘʭʪʠ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʝʨʬʦʨʦʚʘʥʦʛʦ ʝʣʽʧʪʠʯʥʦʛʦ ʜʥʠʱʘ ʽ ʟʘʢʨʽʧʣʝʥʠʭ ʚ ʥʴʦʤʫ ʦʧʦʨʥʠʭ 

ʪʨʫʙ. 

ɿʘʢʨʽʧʣʝʥʥʷ ʰʘʭʪʠ ʚ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʟʘʙʝʟʧʝʯʝʥʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʫʞʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʟ ʪʨʫʙ Ï 63³5 ʤʤ, ʨʦʟʤʽʱʝʥʠʭ ʤʽʞ ʢʨʠʰʢʦʶ ʨʝʘʢʪʦʨʘ ʽ ʬʣʘʥʮʝʤ ʰʘʭʪʠ, 

ʽ ʰʧʦʥʦʢ, ʟʘʢʨʽʧʣʝʥʠʭ ʥʘ ʬʣʘʥʮʽ ʢʦʨʧʫʩʫ. ʇʨʠ ʟʘʪʷʛʫʚʘʥʥʽ ʛʦʣʦʚʥʦʛʦ ʨʦʟ'ʻʤʫ 

ʨʝʘʢʪʦʨʘ ʮʽ ʪʨʫʙʠ ʧʨʫʞʥʦ ʜʝʬʦʨʤʫʶʪʴʩʷ, ʩʪʚʦʨʶʶʯʠ ʨʦʟʧʽʨʥʝ ʟʫʩʠʣʣʷ ʤʽʞ 

ʢʨʠʰʢʦʶ ʽ ʰʘʭʪʦʶ. 

ɼʣʷ ʨʦʟʜʽʣʝʥʥʷ ʧʦʪʦʢʽʚ ʛʘʨʷʯʦʛʦ ʽ ʭʦʣʦʜʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʟʦʚʥʽʰʥʽʡ 

ʧʦʚʝʨʭʥʽ ʰʘʭʪʠ ʚʠʢʦʥʘʥʦ ʢʽʣʴʮʝʚʝ ʧʦʪʦʚʱʝʥʥʷ, ʱʦ ʢʦʥʪʘʢʪʫʻ ʟ ʚʥʫʪʨʽʰʥʴʦʶ 

ʧʦʚʝʨʭʥʝʶ ʨʦʟʜʽʣʴʥʦʛʦ ʢʽʣʴʮʷ ʢʦʨʧʫʩʫ ʨʝʘʢʪʦʨʘ. 

ʆʩʥʦʚʥʠʡ ʧʦʪʽʢ ʪʝʧʣʦʥʦʩʽʷ ʚ ʰʘʭʪʫ ʥʘʜʭʦʜʠʪʴ ʚ ʥʘʷʚʥʽ ʦʪʚʦʨʠ ʚ ʜʥʠʱʽ ʽ 

ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʧʦ ʊɺɿ ʯʝʨʝʟ ʧʝʨʬʦʨʦʚʘʥʫ ʯʘʩʪʠʥʫ ʦʧʦʨʥʠʭ ʪʨʫʙ. ʇʨʦʬʽʣʴ 

ʦʧʫʩʢʥʦʾ ʱʽʣʠʥʠ ʤʽʞ ʜʥʠʱʝʤ ʰʘʭʪʠ ʽ ʚʥʫʪʨʽʰʥʴʦʶ ʧʦʚʝʨʭʥʝʶ ʢʦʨʧʫʩʫ, ʘ ʪʘʢʦʞ 

ʩʪʫʧʽʥʴ ʧʝʨʬʦʨʘʮʽʾ ʰʘʭʪʠ ʦʙʨʘʥʽ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʧʫʣʴʩʘʮʽʾ ʽ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ 

ʰʚʠʜʢʦʩʪʝʡ ʧʦʪʦʢʫ ʪʝʧʣʦʥʦʩʽʷ ʧʝʨʝʜ ʚʭʦʜʦʤ ʚ ʘʢʪʠʚʥʫ ʟʦʥʫ ʙʫʣʠ ʤʽʥʽʤʘʣʴʥʠʤʠ. 

ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʮʽ ʧʫʣʴʩʘʮʽʾ ʥʘʚʝʜʝʥʘ ʚ ʨʦʙʦʪʘʭ [36, 35]. 

ɺʠʛʦʨʦʜʢʘ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʨʝʘʢʪʦʨʘ ʽ 

ʜʠʩʪʘʥʮʽʶʚʘʥʥʷ ʧʝʨʠʬʝʨʽʡʥʠʭ ʊɺɿ, ʟʥʠʞʫʻ ʚʠʪʽʢ ʥʝʡʪʨʦʥʽʚ ʟ ʘʢʪʠʚʥʦʾ ʟʦʥʠ 

ʨʝʘʢʪʦʨʘ ʽ ʩʣʫʞʠʪʴ ʥʝʡʪʨʦʥʥʠʤ ʟʘʭʠʩʪʦʤ ʢʦʨʧʫʩʫ ʨʝʘʢʪʦʨʘ. ɺʠʛʦʨʦʜʢʘ ʪʘʢʦʞ 

ʟʤʝʥʰʫʻ ʧʨʦʪʽʢʘʥʥʷ ʚʦʜʠ ʧʦʟʘ ʘʢʪʠʚʥʦʶ ʟʦʥʦʶ ʨʝʘʢʪʦʨʘ. 

ɺʠʛʦʨʦʜʢʘ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʢʽʣʴʮʝʚʠʡ ʮʠʣʽʥʜʨ ʜʽʘʤʝʪʨʦʤ 3485 ʤʤ ʽ 

ʚʠʩʦʪʦʶ 4070 ʤʤ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʽʣʝʮʴ, ʩʢʨʽʧʣʝʥʠʭ ʤʽʞ ʩʦʙʦʶ ʰʧʠʣʴʢʘʤʠ ʽ 

ʟʘʬʽʢʩʦʚʘʥʠʭ ʚ ʧʣʘʥʽ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʰʪʠʬʪʘʤʠ. 
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ɺʠʡʤʘʥʥʷ ʚʠʛʦʨʦʜʢʠ ʟ ʨʝʘʢʪʦʨʘ ʧʨʦʚʦʜʠʪʴʩʷ ʩʧʽʣʴʥʦ ʟ ʰʘʭʪʦʶ. ʊʘʢʠʤ 

ʯʠʥʦʤ ʚʠʛʦʨʦʜʢʘ ʥʝʨʫʭʦʤʦ ʢʨʽʧʠʪʴʩʷ ʚ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʚ ʰʘʭʪʽ, ʘ ʚʝʨʭʥʷ ʯʘʩʪʠʥʘ 

ʚʠʛʦʨʦʜʢʠ ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʱʦʜʦ ʩʪʽʥʢʠ ʰʘʭʪʠ 

ʨʝʘʢʪʦʨʘ. 

ʄʝʭʘʥʽʯʥʘ ʢʦʣʠʚʘʣʴʥʘ ʤʦʜʝʣʴ ʨʝʘʢʪʦʨʫ ʪʘ ʡʦʛʦ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ 

ʟʥʘʭʦʜʷʪʴʩʷ ʧʽʜ ʜʠʥʘʤʽʯʥʠʤ ʚʧʣʠʚʦʤ ʧʦʪʦʢʫ ʪʝʧʣʦʥʦʩʽʷ ʨʦʟʛʣʷʥʫʪʘ ʚ ʨʦʙʦʪʽ [36]. 

2.1.2. ʉʢʣʘʜ ʽ ʬʫʥʢʮʽʾ ʚʽʪʯʠʟʥʷʥʦʾ ʢʦʤʧʣʝʢʩʥʦʾ ʩʠʩʪʝʤʠ ʜʽʘʛʥʦʩʪʠʢʠ 

ʅʘ ɺɺɽʈ-1000 ɸɽʉ ʋʢʨʘʾʥʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤ ʚʥʫʪʨʽʰʥʴʦʨʝʘʢʪʦʨʥʦʾ 

ʰʫʤʦʚʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʚʝʜʝʪʴʩʷ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʜʣʷ ʦʙˇʨʫʥʪʦʚʘʥʦʛʦ ʧʨʦʜʦʚʞʝʥʥʷ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʫ ʧʦʥʘʜʧʨʦʝʢʥʠʡ ʩʪʨʦʢ. ʑʝ ʦʜʥʠʤ ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʘʢʪʫʘʣʴʥʦʩʪʽ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʉɺʈʐɼ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʠʭ ʧʦʢʦʣʽʥʴ ʊɺɿ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʡ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʚʠʨʦʙʥʠʢʽʚ. 

ʉɺʈʐɼ, ʚ ʩʪʘʥʜʘʨʪʥʦʤʫ ʚʠʢʦʥʘʥʥʽ ʟʘʟʚʠʯʘʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʜʘʪʯʠʢʘʭ ʧ'ʷʪʠ 

ʪʠʧ̔ʚ: 

- ɼɸʇ; 

- ʜʘʪʯʠʢʠ ʚʽʜʥʦʩʥʠʭ ʧʝʨʝʤʽʱʝʥʴ; 

- ɼʇʊ; 

- ɯʂ; 

- ɼʇɿ. 

ʇʝʨʰʘ ʉɺʈʐɼ ʥʘ ɺɺɽʈ-1000 ʚʧʨʦʚʘʜʞʝʥʘ ʥʘ ʖʋɸɽʉ-1 ʚ 2014 ʨ. 

ʅʘ ɺɺɽʈ-1000 ɸɽʉ ʋʢʨʘʾʥʠ ʧʦʩʪʘʯʘʻʪʴʩʷ çʂʦʤʧʣʝʢʩʥʘ ʩʠʩʪʝʤʘ 

ʜʽʘʛʥʦʩʪʠʢʠ (ʂʉɼ) ʩʠʩʪʝʤ ʨʝʘʢʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ ʽ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʶ ʧʝʨʝʤʽʱʝʥʥʷ 

ʪʨʫʙʦʧʨʦʚʦʜʽʚ 1-ʛʦ ʢʦʥʪʫʨʫ ʨʝʘʢʪʦʨʘ ɺɺɽʈ-1000 ʪʠʧʫ ɺ-320 (ʂʉɼ-320)è [79]. 

ʂʉɼ ʷʚʣʷʻ ʩʦʙʦʶ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʫ ʽʻʨʘʨʭʽʯʥʫ ʩʠʩʪʝʤʫ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ 

ʟ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤ ʜʽʘʛʥʦʩʪʠʢʠ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʱʦ ʦʙ'ʻʜʥʫʶʪʴʩʷ 

ʩʧʽʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʈʋ ɺɺɽʈ-1000 ʚ ʧʨʦʮʝʩʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʃʦʢʘʣʴʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʜʽʘʛʥʦʩʪʠʢʠ ʚ ʂʉɼ ʻ: 

- ʉɺʈʐɼ; 
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- ʩʠʩʪʝʤʘ ʚʠʷʚʣʝʥʥʷ ʚʽʣʴʥʠʭ ʽ ʩʣʘʙʦ ʟʘʢʨʽʧʣʝʥʠʭ ʧʨʝʜʤʝʪʽʚ (ʉɺʉʇ); 

- ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʶ ʧʨʦʪʽʢʘʥʴ ʪʝʧʣʦʥʦʩʽʷ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ (ʉʂʇʊ) ʚ 

ʩʢʣʘʜʽ ʜʚʦʭ ʬʽʟʠʯʥʦ ʥʝʟʘʣʝʞʥʠʭ ʧʽʜʩʠʩʪʝʤ (ʧʽʜʩʠʩʪʝʤʠ ʘʢʫʩʪʠʯʥʦʛʦ 

ʢʦʥʪʨʦʣʶ ʧʨʦʪʽʢʘʥʥʷ (ʇɸʂ), ʽ ʧʽʜʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʪʝʯʽ ʧʦ ʚʦʣʦʛʦʩʪʽ 

(ʇʂɺ); 

- ʩʠʩʪʝʤʘ ʚʽʙʨʦʢʦʥʪʨʦʣʶ ʽ ʜʽʘʛʥʦʩʪʠʢʠ ʛʦʣʦʚʥʦʛʦ ʮʠʨʢʫʣʷʮʽʡʥʦʛʦ ʥʘʩʦʩʫ 

(ʉɺʂɼ ɻʎʅ); 

- ʩʠʩʪʝʤʘ ʜʽʘʛʥʦʩʪʠʢʠ ʟʘʣʠʰʢʦʚʦʛʦ ʨʝʩʫʨʩʫ (ʉɼɿʈ); 

- ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʶ ʧʝʨʝʤʽʱʝʥʥʷ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ 

(ʉʂʇʊʨ). 

ʆʩʥʦʚʥʽ ʬʫʥʢʮʽʾ ʂʉɼ [89]: 

- ʪʝʭʥʽʯʥʝ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʦʩʥʦʚʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ 

ʨʝʘʢʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʬʦʨʤʘʮʽʾ, ʦʪʨʠʤʘʥʦʾ ʚʽʜ ʩʠʩʪʝʤ 

ʢʦʥʪʨʦʣʶ ʽ ʫʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʦʙʣʦʢʫ, ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤ ʜʽʘʛʥʦʩʪʠʢʠ ʪʘ 

ʚʣʘʩʥʠʭ ʙʘʟ ʜʘʥʠʭ; 

- ʥʘʜʘʥʥʷ ʽʥʞʝʥʝʨʫ-ʜʽʘʛʥʦʩʪʫ ʦʧʝʨʘʪʠʚʥʦʾ ʽ ʘʨʭʽʚʥʦʾ ʜʽʘʛʥʦʩʪʠʯʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ 

ʫʩʪʘʪʢʫʚʘʥʥʷ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ ʈʋ; 

- ʧʨʠʡʦʤ, ʦʙʨʦʙʢʘ ʪʘ ʘʨʭʽʚʫʚʘʥʥʷ ʜʽʘʛʥʦʩʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ; 

- ʧʝʨʝʜʘʯʘ ʚ ʣʦʢʘʣʴʥʫ ʦʙʯʠʩʣʶʚʘʣʴʥʫ ʤʝʨʝʞʫ ʝʥʝʨʛʦʙʣʦʢʫ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ 

ʧʦʜʘʥʥʷ ʧʝʨʩʦʥʘʣʫ. 

ʉʢʣʘʜ ʉɺʈʐɼ: 

- ʚʽʙʨʦʧʝʨʝʪʚʦʨʶʚʘʯʽ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʽ ɸʈ63ɺ-01 (ʨʦʙʦʯʠʡ ʜʽʘʧʘʟʦʥ 

ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ ʤʽʥʫʩ 60 ʜʦ ʧʣʶʩ 400 Áʉ), ɸʈ62ɺ-02 (ʨʦʙʦʯʠʡ ʜʽʘʧʘʟʦʥ 

ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ ʤʽʥʫʩ 60 ʜʦ ʧʣʶʩ 250 Áʉ), ʜʘʪʯʠʢʠ ʚʽʜʥʦʩʥʠʭ ʧʝʨʝʤʽʱʝʥʴ 

ɼʇ-1 ʥʘ ʙʘʟʽ K-WA-M-200W-32K-K3-F1ï2-8, ʙʣʦʢʠ ʜʝʪʝʢʪʫʚʘʥʥʷ ɹɼʃʅ-

26ʈ1; 

- ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʩʠʛʥʘʣʽʚ ʜʝʪʝʢʪʦʨʽʚ ʥʝʡʪʨʦʥʽʚ ʇʉɼʅ-3; 
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- ʚʠʤʽʨʶʚʘʣʴʥʘ ʪʝʭʥʽʢʘ ʥʘ ʙʘʟʽ ʘʧʘʨʘʪʫʨʠ ʢʦʤʧʣʝʢʩʥʦʾ ʩʠʩʪʝʤʠ 

ʜʽʘʛʥʦʩʪʠʢʠ ɸʂʉɼ.2; 

- ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʩʝʨʚʝʨ ʉɺʈʐɼ ʥʘ ʙʘʟʽ ʨʦʙʦʯʦʾ ʩʪʘʥʮʽʾ ʇʉ5140. 

ʌʫʥʢʮʽʾ ʉɺʈʐɼ: 

- ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʽʚ ʜʘʪʯʠʢʽʚ ʚʽʙʨʘʮʽʾ, ʚʽʙʨʦʧʝʨʝʤʽʱʝʥʥʷ, ʙʣʦʢʽʚ 

ʜʝʪʝʢʪʫʚʘʥʥʷ ʥʝʡʪʨʦʥʽʚ ʽ ʚʩʽʭ ʜʝʪʝʢʪʦʨʽʚ ʧʨʷʤʦʛʦ ʟʘʨʷʜʫ, ʧʦʧʝʨʝʜʥʷ 

ʦʙʨʦʙʢʘ ʪʘ ʨʝʻʩʪʨʘʮʽʷ ʜʘʥʠʭ; 

- ʦʮʽʥʢʘ ʽ ʧʦʨʽʚʥʷʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʽʚ ʟ ʫʩʪʘʚʢʘʤʠ; 

- ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʪʘ ʢʦʥʪʨʦʣʴ ʚʽʙʨʘʮʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ 

ʦʙʣʘʜʥʘʥʥʷ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ ʈʋ ʽ ʪʝʧʣʦʚʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʛʦʣʦʚʥʦʛʦ 

ʮʠʨʢʫʣʷʮʽʡʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʫ (ɻʎʊ), ʛʦʣʦʚʥʦʛʦ ʮʠʨʢʫʣʷʮʽʡʥʦʛʦ ʥʘʩʦʩʘ, 

ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ (ʇɻ); 

- ʘʨʭʽʚʘʮʽʷ ʜʘʥʠʭ; 

- ʧʨʠʡʦʤ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʈʋ ʚʽʜ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʦʙʯʠʩʣʶʚʘʥʦʾ ʩʠʩʪʝʤʠ (ɯʆʉ) ʝʥʝʨʛʦʙʣʦʢʫ; 

- ʩʘʤʦʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ; 

- ʧʝʨʝʜʘʯʘ ʚ ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʩʝʨʚʝʨ ʂʉɼ ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʩʪʘʥʫ 

ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʜʽʘʛʥʦʩʪʫʻʪʴʩʷ. 

2.1.3. ʉʠʩʪʝʤʘ ʚʥʫʪʨʽʰʥʴʦʨʝʘʢʪʦʨʥʦʛʦ ʢʦʥʪʨʦʣʶ 

ʉʠʩʪʝʤʘ ʚʥʫʪʨʽʰʥʴʦʨʝʘʢʪʦʨʥʦʛʦ ʢʦʥʪʨʦʣʶ (ʉɺʈʂ) ʧʝʨʝʜʙʘʯʝʥʘ ʧʨʦʝʢʪʦʤ 

ʨʝʘʢʪʦʨʽʚ ʪʠʧʫ ɺɺɽʈ-1000 ʜʣʷ ʢʦʥʪʨʦʣʶ ʟʘ ʨʦʟʧʦʜʽʣʦʤ ʝʥʝʨʛʦʚʠʜʽʣʝʥʥʷ ʚ ʦʙôʻʤʽ 

ʘʢʪʠʚʥʦʾ ʟʦʥʠ. ʎʷ ʩʠʩʪʝʤʘ ʟʘʙʝʟʧʝʯʫʻ ʦʧʝʨʘʪʦʨʘ ʙʝʟʧʝʨʝʨʚʥʦʶ ʪʘ ʦʧʝʨʘʪʠʚʥʦʶ 

ʽʥʬʦʨʤʘʮʽʻʶ ʱʦʜʦ ʝʥʝʨʛʦʚʠʜʽʣʝʥʥʷ ʚ ʘʢʪʠʚʥʽʡ ʟʦʥʽ ʥʘ ʦʩʥʦʚʽ ʧʦʢʘʟʘʥʴ ɼʇɿ ʽ 

ʜʘʪʯʠʢʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʠʭʦʜʽ ʟ ʊɺɿ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʻ ʢʦʥʪʨʦʣʴ 

ʽʥʰʠʭ ʪʝʧʣʦʪʝʭʥʽʯʥʠʭ ʽ ʷʜʝʨʥʦ-ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʨʝʘʢʪʦʨʘ. 

ʂʦʥʪʨʦʣʴ ʟʘ ʥʝʡʪʨʦʥʥʠʤ ʧʦʪʦʢʦʤ ʚ ʘʢʪʠʚʥʽʡ ʟʦʥʽ ʚʠʢʦʥʫʻʪʴʩʷ ʪʘʢʦʞ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʘʧʘʨʘʪʫʨʠ ʢʦʥʪʨʦʣʶ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʫ (ɸʂʅʇ). 

ɼʇɿ ʷʚʣʷʻ ʩʦʙʦʶ ʜʞʝʨʝʣʦ ʩʪʨʫʤʫ, ʨʽʟʥʠʮʷ ʧʦʪʝʥʮʽʘʣʫ ʥʘ ʝʣʝʢʪʨʦʜʘʭ ʷʢʦʛʦ 

ʩʪʚʦʨʶʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʝʥʝʩʝʥʥʷ ʟʘʨʷʜʞʝʥʠʭ ʯʘʩʪʠʥʦʢ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʧʽʜ 
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ʜʽʻʶ ʽʦʥʽʟʫʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʉʪʨʫʤ ɼʇɿ ʧʨʦʧʦʨʮʽʡʥʠʡ ʛʫʩʪʠʥʽ ʧʦʪʦʢʫ 

ʥʝʡʪʨʦʥʽʚ ʚ ʪʦʤʫ ʤʽʩʮʽ, ʜʝ ʚʩʪʘʥʦʚʣʝʥʠʡ ʜʝʪʝʢʪʦʨ. ɼʇɿ ʫ ʚʠʛʣʷʜʽ ʟʙʽʨʦʢ 

ʚʩʪʘʥʦʚʣʝʥʽ ʚ 64-ʭ ʊɺɿ. ɺ ʘʢʪʠʚʥʽʡ ʟʦʥʽ ɼʇɿ, ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʦʜʥʽʡ ʚʝʨʪʠʢʘʣʽ, 

ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʦʙ'ʻʜʥʫʶʪʴʩʷ ʚ ʂʅɺ. ʋ ʢʦʞʥʦʤʫ ʂʅɺ ʟʥʘʭʦʜʠʪʴʩʷ ʩʽʤ ʨʽʚʥʦʤʽʨʥʦ 

ʨʦʟʪʘʰʦʚʘʥʠʭ ʧʦ ʚʠʩʦʪʽ ʊɺɿ ɼʇɿ ʟ ʨʦʜʽʻʚʠʤ ʝʤʽʪʝʨʦʤ. 

ʇʝʨʝʚʘʛʠ ɼʇɿ [27]: 

- ʤʽʥʽʘʪʶʨʥʽʩʪʴ ʟʘʙʝʟʧʝʯʫʻ ʨʦʟʤʽʱʝʥʥʷ ʯʠʤʘʣʦʾ ʢʽʣʴʢʦʩʪʽ ɼʇɿ ʚ ʨʝʘʢʪʦʨʽ ʽ 

ʧʦʻʜʥʘʥʥʷ ʚ ʦʜʥʽʡ ʟʙʽʨʮʽ ʜʝʪʝʢʪʦʨʽʚ; 

- ʚʝʣʠʢʠʡ ʩʪʨʦʢ ʩʣʫʞʙʠ; 

- ʚʠʩʦʢʘ, ʪʝʭʥʦʣʦʛʽʯʥʘ ʽʜʝʥʪʠʯʥʽʩʪʴ ɼʇɿ; 

- ʚʽʜʩʫʪʥʽʩʪʴ ʧʦʪʨʝʙʠ ʚ ʥʝʡʪʨʦʥʥʦʤʫ ʢʘʣʽʙʨʫʚʘʥʥʽ ʚ ʧʨʦʮʝʩʽ 

ʚʠʛʦʪʦʚʣʝʥʥʷ; 

- ʣʽʥʽʡʥʽʩʪʴ ʚʽʜʥʦʩʥʦ ʚʠʤʽʨʶʚʘʥʦʛʦ ʧʘʨʘʤʝʪʨʘ; 

- ʧʨʘʢʪʠʯʥʦ ʥʝʦʙʤʝʞʝʥʠʡ ʚʝʨʭʥʷ ʤʝʞʘ ʚʠʤʽʨʶʚʘʥʥʷ; 

- ʤʘʣʝ ʚʠʛʦʨʷʥʥʷ ʤʘʪʝʨʽʘʣʫ ʝʤʽʪʝʨʘ; 

- ʤʘʣʘ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʛʘʤʤʘ-ʬʦʥʫ ʨʝʘʢʪʦʨʘ; 

- ʨʦʙʦʯʽ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 650 Áʉ. 

ʊʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʥʪʨʦʣʴ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ: 

- ʢʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʠʭʦʜʽ ʟ ʊɺɿ ï 95 ʪʝʨʤʦʧʘʨ; 

- ʢʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʠʭʦʜʽ ʟ ʨʝʘʢʪʦʨʘ (ʚ ʢʘʤʝʨʽ 

ʟʤʽʰʫʚʘʥʥʷ) ï 3 ʟʘʤʽʨʠ. 

- ʢʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ʚ ʭʦʣʦʜʥʠʭ ʽ ʛʘʨʷʯʠʭ ʥʠʪʢʘʭ ɻʎʊ ï 24 

ʟʘʤʽʨʠ. 

ʉɺʈʂ, ʚʢʣʶʯʘʶʯʠ ʜʘʪʯʠʢʠ, ʻ ʩʧʦʞʠʚʘʯʝʤ 1 ʢʘʪʝʛʦʨʽʾ ʥʘʜʽʡʥʦʩʪʽ ʟ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ. 

ʂʽʣʴʢʽʩʪʴ ʜʘʪʯʠʢʽʚ, ʷʢʠʤʠ ʦʙʣʘʜʥʘʥʦ ʉɺʈʂ, ʚʠʙʨʘʥʦ ʟ ʜʦʩʪʘʪʥʽʤ ʟʘʧʘʩʦʤ. 

ɺʠʭʽʜ ʟ ʣʘʜʫ ʯʘʩʪʠʥʠ ʜʘʪʯʠʢʽʚ (ʜʝʛʨʘʜʘʮʽʷ ʉɺʈʂ) ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʚʠʢʦʥʘʥʥʷ 

ʩʠʩʪʝʤʦʶ ʩʚʦʾʭ ʬʫʥʢʮʽʡ. 

ɺʠʨʦʙʥʠʮʪʚʦʤ ʉɺʈʂ-ʄ ʟʘʡʤʘʻʪʴʩʷ ʅɺʆ çɯʤʧʫʣʴʩè [89]. 
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ɺ ʨʦʟʜʽʣʽ 4 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ 

ʬʦʨʤʫʚʘʥʥʷ ʩʠʛʥʘʣʫ ʜʝʪʝʢʪʦʨʘ ʧʨʷʤʦʛʦ ʟʘʨʷʜʫ, ʷʢʠʡ ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʘʢʪʠʚʘʮʽʾ ʷʜʝʨ ʝʤʽʪʝʨʘ ʜʝʪʝʢʪʦʨʘ ʧʽʜ ʜʽʻʶ ʥʝʡʪʨʦʥʽʚ, ʱʦ ʛʝʥʝʨʫʶʪʴʩʷ ʫ ʪʚʝʣʘʭ 

ʊɺɿ, ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʚʥʝʩʦʢ ʚ ʩʠʛʥʘʣ ɼʇɿ ʪʚʝʣʽʚ ʩʫʤʽʞʥʠʭ ʊɺɿ, ʚʠʟʥʘʯʝʥʦ 

ʚʥʝʩʦʢ ʨʽʟʥʠʭ ʜʽʣʷʥʦʢ ʪʚʝʣʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʨʽʟʥʽʡ ʚʠʩʦʪʽ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʨʽʚʥʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʩʘʤʦʛʦ ɼʇɿ. 

ɺ ʨʦʟʜʽʣʽ 5 ʜʦʩʣʽʜʞʝʥʘ ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʥʦʚʣʝʥʥʷ ʩʠʛʥʘʣʽʚ ɼʇɿ, ʱʦ ʚʠʡʰʣʠ ʟ 

ʣʘʜʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʥʘ ʧʨʠʢʣʘʜʽ ʙʣʦʢʽʚ ʍɸɽʉ-1, ʍɸɽʉ-2 ʪʘ 

ɿɸɽʉ-5. 

2.2. ʄʝʪʦʜʠ ʘʥʘʣʽʟʫ 

2.2.1. ʂʦʨʝʣʷʮʽʡʥʠʡ ʘʥʘʣʽʟ 

ʆʜʥʠʤ ʟ ʢʣʘʩʠʯʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʩʠʛʥʘʣʽʚ ʷʚʣʷʻʪʴʩʷ 

ʢʦʨʝʣʷʮʽʡʥʠʡ ʘʥʘʣʽʟ, ʷʢʠʡ ʟʥʘʭʦʜʠʪʴ ʯʠʩʣʝʥʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʂʦʨʝʣʷʮʽʡʥʽ ʬʫʥʢʮʽʾ ʜʦʧʫʩʢʘʶʪʴ ʨʽʟʥʽ ʚʘʨʽʘʥʪʠ ʽʥʪʝʨʧʨʝʪʘʮʽʾ. ɿ ʦʜʥʦʛʦ ʙʦʢʫ, 

ʚʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʚʠʷʚʣʷʪʠ ʩʪʫʧʽʥʴ ʧʦʜʽʙʥʦʩʪʽ (ʯʠ ʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ) ʜʚʦʭ 

ʩʠʛʥʘʣʽʚ ʧʨʠ ʚʘʨʽʶʚʘʥʥʽ ʟʩʫʚʫ ʟʘ ʯʘʩʦʤ ʤʽʞ ʥʠʤʠ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʛʦʚʦʨʷʪʴ ʧʨʦ 

ʚʟʘʻʤʥʽ ʢʦʨʝʣʷʮʽʡʥʽ ʬʫʥʢʮʽʾ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʥʽ ʜʣʷ 

ʚʠʚʯʝʥʥʷ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ ʟʥʘʯʝʥʴ ʦʜʥʦʛʦ ʽ ʪʦʛʦ ʞ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ ʚ ʨʽʟʥʽ 

ʤʦʤʝʥʪʠ ʯʘʩʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʝʨʤʽʥʦʣʦʛʽʶ ʘʚʪʦʢʦʨʝʣʷʮʽʡʥʠʭ 

ʬʫʥʢʮʽʡ. 

ʈʦʟʛʣʷʥʝʤʦ ʥʘʩʪʫʧʥʫ ʟʘʜʘʯʫ. ɼʘʥʘ ʩʝʨʽʷ ʚʠʤʽʨʶʚʘʥʴ ʜʚʦʭ ʚʠʧʘʜʢʦʚʠʭ 

ʚʝʣʠʯʠʥ x  ʪʘ y, ʧʨʠʯʦʤʫ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʧʦʧʘʨʥʦ: ʪʦʙʪʦ ʟʘ ʦʜʠʥ 

ʚʠʤʽʨ ʦʪʨʠʤʘʥʦ ʜʚʘ ʟʥʘʯʝʥʥʷ ï ix  ʪʘ iy. ʄʘʶʯʠ ʚʠʙʽʨʢʫ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʘʨ (ix  

ʪʘ iy), ʤʝʪʦʶ ʻ ʚʠʟʥʘʯʝʥʥʷ, ʯʠ ʻ ʤʽʞ ʮʠʤʠ ʜʚʦʤʘ ʟʤʽʥʥʠʤʠ ʟʘʣʝʞʥʽʩʪʴ. 

ɿʘʣʝʞʥʽʩʪʴ ʤʽʞ ʚʠʧʘʜʢʦʚʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʤʦʞʝ ʤʘʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ 

ʭʘʨʘʢʪʝʨ, ʽ ʪʦʤʫ ʻ ʤʦʞʣʠʚʽʩʪʴ ʦʧʠʩʘʪʠ ʮʶ ʟʘʣʝʞʥʽʩʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ 

ʚʽʜʥʦʰʝʥʥʷʤ, ʱʦ ʟʚ'ʷʟʫʻ ʾʭ ʟʥʘʯʝʥʥʷ. ʆʜʥʘʢ ʧʨʠ ʦʙʨʦʙʮʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʘʥʠʭ ʥʘʙʘʛʘʪʦ ʯʘʩʪʽʰʝ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʟʘʣʝʞʥʦʩʪʽ ʽʥʰʦʛʦ ʨʦʜʫ: ʩʪʘʪʠʩʪʠʯʥʽ 

ʟʘʣʝʞʥʦʩʪʽ. ʈʽʟʥʠʮʷ ʤʽʞ ʜʚʦʤʘ ʚʠʜʘʤʠ ʟʘʣʝʞʥʦʩʪʝʡ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 
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ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʩʪʘʥʦʚʣʶʻ ʩʫʚʦʨʠʡ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʤʽʞ ʟʤʽʥʥʠʤʠ, ʘ 

ʩʪʘʪʠʩʪʠʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ʣʠʰʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʨʦʟʧʦʜʽʣ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ 

y  ʻ ʟʘʣʝʞʥʠʤ ʚʽʜ ʪʦʛʦ, ʷʢʝ ʟʥʘʯʝʥʥʷ ʧʨʠʡʤʘʻ ʚʠʧʘʜʢʦʚʘ ʚʝʣʠʯʠʥʘ x . 

ʆʜʥʦʶ ʽʟ ʚʝʣʠʯʠʥ ʩʪʘʪʠʩʪʠʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʜʚʦʤʘ ʟʤʽʥʥʠʤʠ ʻ ʢʦʝʬʽʮʽʻʥʪ 

ʢʦʨʝʣʷʮʽʾ. ɺʽʥ ʧʦʢʘʟʫʻ, ʥʘʩʢʽʣʴʢʠ ʚʠʨʘʞʝʥʘ ʪʝʥʜʝʥʮʽʷ ʜʦ ʟʨʦʩʪʘʥʥʷ ʦʜʥʽʻʾ ʟʤʽʥʥʦʾ 

ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʽʥʰʦʾ. ʂʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ [-1, 1]. 

ʅʫʣʴʦʚʝ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʦʟʥʘʯʘʻ ʚʽʜʩʫʪʥʽʩʪʴ ʪʘʢʦʾ ʪʝʥʜʝʥʮʽʾ (ʘʣʝ ʥʝ 

ʦʙʦʚ'ʷʟʢʦʚʦ ʚʽʜʩʫʪʥʽʩʪʴ ʟʘʣʝʞʥʦʩʪʽ ʚʟʘʛʘʣʽ). ʏʠʤ ʙʣʠʞʯʠʡ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ 

ʜʦ 1, ʪʠʤ ʙʽʣʴʰʝ ʚʠʨʘʞʝʥʘ ʪʝʥʜʝʥʮʽʷ ʜʦ ʟʨʦʩʪʘʥʥʷ ʦʜʥʽʻʾ ʟʤʽʥʥʦʾ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ 

ʽʥʰʦʾ, ʧʨʠʯʦʤʫ ʩʫʚʦʨʘ ʨʽʚʥʽʩʪʴ ʦʜʠʥʠʮʽ ʧʦʟʥʘʯʘʻ ʢʨʘʡʥʽʡ ʚʠʧʘʜʦʢ ʩʪʘʪʠʩʪʠʯʥʦʾ 

ʟʘʣʝʞʥʦʩʪʽ ï ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ. ʏʠʤ ʙʣʠʞʯʠʡ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ ʜʦ -1, 

ʪʠʤ ʙʽʣʴʰʝ ʚʠʨʘʞʝʥʘ ʪʝʥʜʝʥʮʽʷ ʜʦ ʟʨʦʩʪʘʥʥʷ ʦʜʥʽʻʾ ʟʤʽʥʥʦʾ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʽʥʰʦʾ. 

ʇʨʦʤʽʞʥʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʝʣʷʮʽʾ ʛʦʚʦʨʷʪʴ, ʱʦ ʭʦʯʘ ʪʝʥʜʝʥʮʽʷ ʜʦ 

ʟʨʦʩʪʘʥʥʷ ʦʜʥʽʻʾ ʟʤʽʥʥʦʾ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʽʥʰʦʾ ʥʝ ʜʫʞʝ ʩʠʣʴʥʦ ʚʠʨʘʞʝʥʘ, ʘʣʝ ʚ 

ʷʢʽʡʩʴ ʤʽʨʽ ʚʦʥʘ ʚʩʝ ʞ ʪʘʢʠ ʧʨʠʩʫʪʥʷ. 

ɯʩʥʫʻ ʢʽʣʴʢʘ ʨʽʟʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʨʝʣʷʮʽʾ, ʜʦ ʢʦʞʥʦʛʦ ʟ ʷʢʠʭ ʚʽʜʥʦʩʠʪʴʩʷ 

ʩʢʘʟʘʥʝ ʚʠʱʝ. ʅʘʡʙʽʣʴʰ ʰʠʨʦʢʦ ʚʽʜʦʤʠʡ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ ʇʽʨʩʦʥʘ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʪʫʧʽʥʴ ʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʟʤʽʥʥʠʤʠ. ʂʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ 

ʇʽʨʩʦʥʘ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʷʢ [109]: 
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ʜʝ x  ʪʘ yï ʚʠʙʽʨʢʠ. 

ɺʂʌ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ: 
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ʜʝ Nï ʜʦʚʞʠʥʘ ʚʠʙʽʨʢʠ. 

ɼʣʷ ʚʝʨʠʬʽʢʘʮʽʾ ʘʣʛʦʨʠʪʤʫ ʨʦʟʨʘʭʫʥʢʫ ɺʂʌ ʙʫʣʦ ʟʛʝʥʝʨʦʚʘʥʦ ʚʠʧʘʜʢʦʚʠʡ 

ʩʠʛʥʘʣ, ʧʽʩʣʷ ʯʦʛʦ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʜʨʫʛʠʡ ʩʠʛʥʘʣ, ʷʢʠʡ ʷʚʣʷʚ ʩʦʙʦʶ ʟʤʽʱʝʥʠʡ ʥʘ 

31 ʩ ʧʝʨʰʠʡ ʩʠʛʥʘʣ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʦ ʨʦʟʨʘʭʦʚʘʥʦ ɺʂʌ (ʨʠʩ. 2.1). ʅʘ ʛʨʘʬʽʢʫ 
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ʜʦʙʨʝ ʚʠʜʥʦ ʧʽʢ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʤʽʱʝʥʥʶ ʩʠʛʥʘʣʫ ʥʘ 31 ʩ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʧʦʢʘʟʘʣʠ ʢʦʨʝʢʪʥʽʩʪʴ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ. 

 

ʈʠʩ. 2.1. ɺʂʌ ʩʠʛʥʘʣʽʚ, ʱʦ ʟʤʽʱʝʥʽ ʦʜʠʥ ʚʽʜʥʦʩʥʦ ʦʜʥʦʛʦ ʥʘ 31 ʩ 

 

2.2.2. ʐʚʠʜʢʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ 

ɼʫʞʝ ʙʘʛʘʪʦ ʟʘʚʜʘʥʴ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʩʠʛʥʘʣʽʚ ʧʦʚ'ʷʟʘʥʽ ʟʽ 

ʩʧʝʢʪʨʘʣʴʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʽ ʤʝʪʦʜʘʤʠ ʾʭ ʝʬʝʢʪʠʚʥʦʛʦ ʦʙʯʠʩʣʝʥʥʷ [44, 101, 

128, 139, 141, 142 149]. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʤʦʚʽʨʥʽʩʥʠʭ ʤʝʪʦʜʽʚ, ʱʦ ʦʧʠʩʫʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʧʘʜʢʦʚʠʭ 

ʧʨʦʮʝʩʽʚ ʫ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ, ʩʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ ʜʦʟʚʦʣʷʻ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ 

ʯʘʩʪʦʪʥʠʡ ʩʢʣʘʜ ʩʠʛʥʘʣʫ. ʄʘʪʝʤʘʪʠʯʥʦʶ ʦʩʥʦʚʦʶ ʜʘʥʦʛʦ ʘʥʘʣʽʟʫ ʻ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʌʫʨ'ʻ. 

ʅʝʭʘʡ ʜʘʥʘ ʢʽʥʮʝʚʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 1210 ,...,,, -Nxxxx  (ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ 

ʢʦʤʧʣʝʢʩʥʠʭ). ɼʠʩʢʨʝʪʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ (ɼʇʌ) ʧʦʣʷʛʘʻ ʚ ʧʦʰʫʢʫ ʽʥʰʦʾ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ 1210 ,...,,, -NXXXX  ʝʣʝʤʝʥʪʠ ʷʢʦʾ ʦʙʯʠʩʣʶʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 
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ʌʫʨ'ʻ ʘʥʘʣʽʟ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ, ʙʝʟ ʩʫʤʥʽʚʫ ʥʘʡʧʦʰʠʨʝʥʽʰʠʡ ʽʥʩʪʨʫʤʝʥʪ 

ʘʥʘʣʽʟʫ, ʷʢʠʡ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ ʚʩʽʭ ʛʘʣʫʟʷʭ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ. ʇʨʦʪʝ ʜʦ ʧʦʷʚʠ 

ʢʦʤʧ'ʶʪʝʨʽʚ ʜʠʩʢʨʝʪʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʷ ʨʽʜʢʦ, ʦʩʢʽʣʴʢʠ 

ʦʙʯʠʩʣʝʥʥʷ ɼʇʌ 32 ʚʽʜʣʽʢʽʚ ʚʠʤʘʛʘʻ 1024 ʦʧʝʨʘʮʽʾ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʥʦʞʝʥʥʷ ʽ 

ʜʦʜʘʚʘʥʥʷ, ʱʦ ʚ ʨʫʯʥʫ ʨʘʭʫʻʪʴʩʷ ʜʦʩʠʪʴ ʜʦʚʛʦ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʥʘʡʧʨʦʩʪʽʰʦʛʦ 

ʘʣʛʦʨʠʪʤʫ, ʷʢʠʡ ʤʘʻ ʩʢʣʘʜʥʽʩʪʴ ʧʦʨʷʜʢʫ O(N2), ʐʇʌ ʤʘʻ ʩʢʣʘʜʥʽʩʪʴ ʚʩʴʦʛʦ ʣʠʰʝ 

O(NlogN) 

ɸʣʛʦʨʠʪʤ ʰʚʠʜʢʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ (ʐʇʌ) ï ʮʝ ʦʧʪʠʤʽʟʦʚʘʥʠʡ ʟʘ 

ʰʚʠʜʢʽʩʪʶ ʩʧʦʩʽʙ ʦʙʯʠʩʣʝʥʥʷ ɼʇʌ. ʆʩʥʦʚʥʘ ʽʜʝʷ ʧʦʣʷʛʘʻ ʚ ʚʠʢʦʥʘʥʥʽ ʜʚʦʭ ʜʽʡ: 

- ʥʝʦʙʭʽʜʥʦ ʨʦʟʜʽʣʠʪʠ ʩʫʤʫ (2.3) ʟ N ʜʦʜʘʥʢʽʚ ʥʘ ʜʚʽ ʩʫʤʠ ʧʦ N/2 ʜʦʜʘʥʢʽʚ, 

ʽ ʦʙʯʠʩʣʠʪʠ ʾʭ ʦʢʨʝʤʦ. ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʢʦʞʥʦʾ ʟ ʧʽʜʩʫʤ, ʪʨʝʙʘ ʾʭ ʪʝʞ 

ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ ʽ ʪ.ʜ.; 

- ʥʝʦʙʭʽʜʥʦ ʧʦʚʪʦʨʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʞʝ ʦʙʯʠʩʣʝʥʽ ʜʦʜʘʥʢʠ. 

ɿʘʩʪʦʩʦʚʫʶʪʴ ʘʙʦ çʧʨʦʨʽʜʞʫʚʘʥʥʷ ʟʘ ʯʘʩʦʤè (ʢʦʣʠ ʚ ʧʝʨʰʫ ʩʫʤʫ 

ʧʦʪʨʘʧʣʷʶʪʴ ʜʦʜʘʥʢʠ ʟ ʧʘʨʥʠʤʠ ʥʦʤʝʨʘʤʠ, ʘ ʚ ʜʨʫʛʫ ï ʟ ʥʝʧʘʨʥʠʤʠ), ʘʙʦ 

çʧʨʦʨʽʜʞʫʚʘʥʥʷ ʧʦ ʯʘʩʪʦʪʽè (ʢʦʣʠ ʚ ʧʝʨʰʫ ʩʫʤʫ ʧʦʪʨʘʧʣʷʶʪʴ ʧʝʨʰʽ N/2 ʜʦʜʘʥʢʽʚ, 

ʘ ʚ ʜʨʫʛʫ ï ʽʥʰʽ). ʆʙʠʜʚʘ ʚʘʨʽʘʥʪʠ ʨʽʚʥʦʮʽʥʥʽ. ʋ ʩʠʣʫ ʩʧʝʮʠʬʽʢʠ ʘʣʛʦʨʠʪʤʫ 

ʝʬʝʢʪʠʚʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ N, ʱʦ ʻ ʩʪʫʧʝʥʷʤʠ 2. 

ʆʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʷʚʣʷʻ ʩʦʙʦʶ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʢʦʤʧʣʝʢʩʥʠʭ ʯʠʩʝʣ ʫ 

ʬʦʨʤʽ ʧʘʨ: ʨʝʘʣʴʥʘ ʯʘʩʪʠʥʘ (Re), ʫʷʚʥʘ ʯʘʩʪʠʥʘ (Im). ɸʣʝ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʬʽʟʠʯʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʩʠʛʥʘʣʫ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʪʚʦʨʠʪʠ ʾʭ ʚ ʘʤʧʣʽʪʫʜʠ. 

kkk jX ImRe +=  (2.4) 

22 ImRe
1

kkk
N

A +=  (2.5) 

ʏʘʩʪʦʪʘ n, ʜʣʷ ʛʘʨʤʦʥʽʢʠ ʟ ʽʥʜʝʢʩʦʤ k ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ: 

T

k
=n  (2.6) 

ʏʘʩʪʦ ʙʫʚʘʻ ʜʘʥʦ ʥʝ ʩʫʤʘʨʥʠʡ ʯʘʩ ʩʠʛʥʘʣʫ T, ʘ ʯʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ï 

ʢʽʣʴʢʽʩʪʴ ʚʽʜʣʽʢʽʚ ʱʦ ʧʨʠʧʘʜʘʻ ʥʘ ʦʜʥʫ ʩʝʢʫʥʜʫ. ʇʦʟʥʘʯʠʤʦ ʾʾ S. ʊʦʜʽ ʯʘʩʪʦʪʘ ʜʣʷ 

ʛʘʨʤʦʥʽʢʠ ʟ ʽʥʜʝʢʩʦʤ k ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ: 



65 

 

N

Sk
=n  (2.7) 

ɼʣʷ ʚʝʨʠʬʽʢʘʮʽʾ ʘʣʛʦʨʠʪʤʫ ʐʇʌ ʙʫʣʦ ʟʤʦʜʝʣʴʦʚʘʥʦ ʩʠʛʥʘʣ, ʱʦ ʩʢʣʘʜʘʚʩʷ ʟ 

ʧôʷʪʠ ʩʠʥʫʩʦʾʜ, ʧʝʨʰʘ ʟ ʘʤʧʣʽʪʫʜʦʶ 0,7 ʪʘ ʯʘʩʪʦʪʦʶ 5 ɻʮ, ʜʨʫʛʘ ʟ ʘʤʧʣʽʪʫʜʦʶ 1 ʪʘ 

ʯʘʩʪʦʪʦʶ 12 ɻʮ, ʪʨʝʪʷ ʟ ʘʤʧʣʽʪʫʜʦʶ 1,5 ʪʘ ʯʘʩʪʦʪʦʶ 17 ɻʮ, ʯʝʪʚʝʨʪʘ ʟ ʘʤʧʣʽʪʫʜʦʶ 

0,3 ʪʘ ʯʘʩʪʦʪʦʶ 21 ɻʮ, ʧôʷʪʘ ʟ ʘʤʧʣʽʪʫʜʦʶ 0,5 ʪʘ ʯʘʩʪʦʪʦʶ 25 ɻʮ: 

)252sin(5,0)212sin(3,0)172sin(5,1)122sin()52sin(7,0)( ttttttx ppppp ++++= . 

ʏʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ï 100 ɻʮ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʐʇʌ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ 

ʨʠʩ. 2.2, ʥʘ ʷʢʦʤʫ ʜʦʙʨʝ ʚʠʜʥʦ ʭʘʨʘʢʪʝʨʥʽ ʯʘʩʪʦʪʠ ʪʘ ʘʤʧʣʽʪʫʜʠ. ʆʪʞʝ ʤʦʞʥʘ 

ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʱʦʜʦ ʢʦʨʝʢʪʥʦʩʪʽ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ. 

 

ʈʠʩ. 2.2. ʐʇʌ ʩʠʛʥʘʣʫ ʟ ʨʝʟʦʥʘʥʩʘʤʠ ʥʘ ʯʘʩʪʦʪʘʭ 5, 12, 17, 21 ʪʘ 25 ɻʮ 

 

2.2.3. ʂʦʛʝʨʝʥʪʥʽʩʪʴ  

ʌʫʥʢʮʽʷ ʢʦʛʝʨʝʥʪʥʦʩʪʽ ʻ ʘʥʘʣʦʛʦʤ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʝʣʷʮʽʾ ʚ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ, 

ʯʠʤ ʙʣʠʞʯʝ ʬʫʥʢʮʽʷ ʢʦʛʝʨʝʥʪʥʦʩʪʽ ʜʦ ʦʜʠʥʠʮʽ ʥʘ ʯʘʩʪʦʪʽ f , ʪʠʤ ʙʽʣʴʰʝ 

ʩʧʽʚʧʘʜʽʥʥʷ ʛʘʨʤʦʥʽʯʥʠʭ ʩʢʣʘʜʦʚʠʭ ʥʘ ʜʘʥʽʡ ʯʘʩʪʦʪʽ [85]. 

ʂʚʘʜʨʘʪ ʬʫʥʢʮʽʾ ʢʦʛʝʨʝʥʪʥʦʩʪʽ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʥʘʩʪʫʧʥʝ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 
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)()(

|)(|
)(

,,

2
,2

,
fPfP

fP
fC

yyxx

yx

yx =  (2.8) 

ʜʝ )(, fP yx  ï ɺʉɻʇ ʩʠʛʥʘʣʽʚ xʪʘ y ; 

)(, fP xx  ï ɸʉɻʇ ʩʠʛʥʘʣʫ x ; 

)(, fP yy  ï ɸʉɻʇ ʩʠʛʥʘʣʫ y . 

ɻʫʩʪʠʥʘ ʧʦʪʫʞʥʦʩʪʽ ï ʮʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ ʢʦʨʝʣʷʮʽʾ. ʊʘʢ ɺʉɻʇ ʤʦʞʝ 

ʙʫʪʠ ʦʪʨʠʤʘʥʘ ʷʢ ʌʫʨôʻ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʟʘʻʤʦʢʦʨʝʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʾ. ɸʉɻʇ 

ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʌʫʨôʻ ʧʝʨʝʪʚʦʨʝʥʥʷ ʘʚʪʦʢʦʨʝʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʾ. ʆʪʞʝ ɺʉɻʇ ʪʘ 

ɸʉɻʇ ʟʘ ʚʠʟʥʘʯʝʥʥʷʤ ʟʘʧʠʩʫʪʁʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

ñ
¤

¤-

-= dtetKfP fti
yxyx

p2
,, )()(  (2.9) 

ñ
¤

¤-

-= dtetKfP fti
xxxx

p2
,, )()(  (2.10) 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʚʘʜʨʘʪʫ ʬʫʥʢʮʽʾ ʢʦʛʝʨʝʥʪʥʦʩʪʽ ʥʘ ʧʨʘʢʪʠʮʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜ ʧʝʨʽʦʜʦʛʨʘʤ ɺʝʣʯʘ. 

ʇʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ ʢʦʨʝʣʷʮʽʾ ʜʚʦʭ ʩʠʛʥʘʣʽʚ ʜʦʨʽʚʥʶʻ ʜʦʙʫʪʢʫ 

ʧʝʨʝʪʚʦʨʝʥʥʶ ʌʫʨôʻ ʦʜʥʦʛʦ ʩʠʛʥʘʣʫ ʽ ʩʧʨʷʞʝʥʦʤʫ ʧʝʨʝʪʚʦʨʝʥʥʶ ʌʫʨôʻ ʜʨʫʛʦʛʦ 

ʩʠʛʥʘʣʫ: 

*
, )( YXfP yx =  (2.11) 

ʜʝ Y  ʪʘ X  ï ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ ʩʠʛʥʘʣʽʚ ʫ ʪʘ ʭ ʚʽʜʧʦʚʽʜʥʦ; 

*  ï ʧʨʝʜʩʪʘʚʣʷʻ ʢʦʤʧʣʝʢʩʥʝ ʩʧʨʷʞʝʥʥʷ. 

ɼʣʷ ʘʚʪʦʩʧʝʢʪʨʘʣʴʥʦʾ ʛʫʩʪʠʥʠ ʧʦʪʫʞʥʦʩʪʽ ʚʠʭʦʜʠʪʴ ʥʘʩʪʫʧʥʝ: 

2*
, )( XXXfP xx ==  (2.12) 

ʜʝ X  ï ʤʦʜʫʣʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʯʠʩʣʘ X. 

ʆʪʞʝ ʢʚʘʜʨʘʪ ʬʫʥʢʮʽʾ ʢʦʛʝʨʝʥʪʥʦʩʪ̔ ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʷʢ: 

{ }

mmmm
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Ö
=  (2.13) 
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ʜʝ m}{Ö  ï ʧʨʝʜʩʪʘʚʣʷʻ ʫʩʝʨʝʜʥʝʥʥʷ ʧʦ m ʚʽʢʥʘʤ.  

ʅʝʦʙʭʽʜʥʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʫʩʝʨʝʜʥʝʥʥʷ ʚ ʯʠʩʝʣʴʥʠʢʫ ʚʠʢʦʥʫʻʪʴʩʷ ʜʦ ʪʦʛʦ ʷʢ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʦʜʫʣʴ ʯʠʩʣʘ. 

ʌʦʨʤʫʣʘ (2.13) ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʨʦʟʨʘʭʫʥʦʢ ʢʦʛʝʨʝʥʪʥʦʩʪʽ ʟʘ ʤʝʪʦʜʦʤ 

ʧʝʨʽʦʜʦʛʨʘʤ ɺʝʣʯʘ. ʂʚʘʜʨʘʪ ʢʦʛʝʨʝʥʪʥʦʩʪ̔ )(2
, fC yx  ʻ ʬʫʥʢʮʽʻʶ ʜʽʡʩʥʠʭ ʯʠʩʝʣ ʚ 

ʤʝʞʘʭ ʚʽʜ ʥʫʣʷ ʜʦ ʦʜʠʥʠʮʽ ʽ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʢʦʨʝʣʷʮʽʶ ʤʽʞ ʩʠʛʥʘʣʘʤʠ x ʪʘ y 

ʧʨʠ ʢʦʞʥʽʡ ʯʘʩʪʦʪʽ f. 

ʂʦʛʝʨʝʥʪʥʽʩʪʴ, ʚʠʟʥʘʯʝʥʘ ʜʣʷ ʦʜʥʦʛʦ ʚʽʢʥʘ ʟʘʚʞʜʠ ʜʦʨʽʚʥʶʻ 1. ʊʦʤʫ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʢʦʛʝʨʝʥʪʥʦʩʪʽ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʫʩʝʨʝʜʥʝʥʥʷ ʭʦʯʘ ʙ ʜʣʷ ʜʚʦʭ ʚʽʢʦʥ. 

ɿʘʛʘʣʦʤ ʫʩʝʨʝʜʥʝʥʥʷ ʜʣʷ 8 ʚʽʢʦʥ ʤʘʻ ʙʫʪʠ ʜʦʩʪʘʪʥʽʤ. 

ʆʪʞʝ ʢʦʛʝʨʝʥʪʥʽʩʪʴ ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʘ ʜʚʦʤʘ ʘʣʛʦʨʠʪʤʘʤʠ. 

ɸʣʛʦʨʠʪʤ 1: 

- ʩʠʛʥʘʣʠ x ʪʘ y ʨʦʟʙʠʚʘʶʪʴʩʷ ʥʘ ʄ ʯʘʩʪʠʥ (ʚʽʢʦʥ). ʆʪʨʠʤʫʻʤʦ ʚʽʢʥʘ mx , 

my , m=1éʄ; 

- ʜʣʷ ʢʦʞʥʦʛʦ ʚʽʢʥʘ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʘʚʪʦʢʦʨʝʣʷʮʽʷ ʢʦʞʥʦʛʦ ʩʠʛʥʘʣʫ ʽ 

ʚʟʘʻʤʥʘ ʢʦʨʝʣʷʮʽʷ ʩʠʛʥʘʣʽʚ, ʘ ʩʘʤʝ ʜʣʷ mx  ʚʠʟʥʘʯʘʶʪʴʩʷ ʘʚʪʦʢʦʨʝʣʷʮʽʾ 

mxr , , ʜʣʷ my  ʚʠʟʥʘʯʘʶʪʴʩʷ ʘʚʪʦʢʦʨʝʣʷʮʽʾ myr , , ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʚʟʘʻʤʥʽ ʢʦʨʝʣʷʮʽʾ mxyr , ; 

- ʢʦʨʝʣʷʮʽʾ ʫʩʝʨʝʜʥʶʶʪʴʩʷ: 
M

r

r

M

m
mx

X

ä
== 1

,

, 
M

r

r

M

m
my

Y

ä
== 1

,

, 
M

r

r

M

m
mxy

XY

ä
== 1

,

; 

- ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʩʧʝʢʪʨʘʣʴʥʽ ʛʫʩʪʠʥʠ ʧʦʪʫʞʥʦʩʪʽ )(, fP yx , )(, fP xx ,  

)(, fP yy . ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʥʫʻʪʴʩʷ ʐʇʌ ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʨʝʣʷʮʽʡ, ʪʘʢ 

)(, fP yx ï ʌʫʨôʻ ʧʝʨʝʪʚʦʨʝʥʥʷ xyr , )(, fP xx  ï ʌʫʨôʻ ʧʝʨʝʪʚʦʨʝʥʥʷ xr , 

)(, fP yy  ï ʌʫʨôʻ ʧʝʨʝʪʚʦʨʝʥʥʷ yr ; 

- ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʛʝʨʝʥʪʥʽʩʪʴ ʟʘ ʬʦʨʤʫʣʦʶ (2.8). 



68 

 

ɸʣʛʦʨʠʪʤ 2: 

- ʩʠʛʥʘʣʠ x ʪʘ y ʨʦʟʙʠʚʘʶʪʴʩʷ ʥʘ ʄ ʯʘʩʪʠʥ (ʚʽʢʦʥ). ʆʪʨʠʤʫʻʤʦ ʚʽʢʥʘ mx , 

my , m=1éʄ; 

- ʜʣʷ ʢʦʞʥʦʛʦ ʚʽʢʥʘ ʚʠʢʦʥʫʻʪʴʩʷ ʐʇʌ. ʊʘʢ )( fXm  ï ʌʫʨôʻ ʧʝʨʝʪʚʦʨʝʥʥʷ 

mx , )( fYm  ï ʌʫʨôʻ ʧʝʨʝʪʚʦʨʝʥʥʷ my ; 

- ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʩʧʨʷʞʝʥʥʷ *)( fXm  ʜʣʷ ʢʦʞʥʦʛʦ )( fXm ; 

- ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʛʝʨʝʥʪʥʽʩʪʴ ʟʘ ʬʦʨʤʫʣʦʶ (2.13). 

ɼʣʷ ʚʝʨʠʬʽʢʘʮʽʾ ʘʣʛʦʨʠʪʤʫ ʨʦʟʨʘʭʫʥʢʫ ʢʚʘʜʨʘʪʫ ʢʦʛʝʨʝʥʪʥʦʩʪʽ ʙʫʣʦ 

ʟʤʦʜʝʣʴʦʚʘʥʦ ʜʚʘ ʩʠʛʥʘʣʠ: 

-  ʧʝʨʰʠʡ ʩʠʛʥʘʣ ʩʢʣʘʜʘʚʩʷ ʟ ʧôʷʪʠ ʩʠʥʫʩʦʾʜ, ʧʝʨʰʘ ʟ ʘʤʧʣʽʪʫʜʦʶ 0,7 ʪʘ 

ʯʘʩʪʦʪʦʶ 5 ɻʮ, ʜʨʫʛʘ ʟ ʘʤʧʣʽʪʫʜʦʶ 1 ʪʘ ʯʘʩʪʦʪʦʶ 12 ɻʮ, ʪʨʝʪʷ ʟ 

ʘʤʧʣʽʪʫʜʦʶ 1,5 ʪʘ ʯʘʩʪʦʪʦʶ 17 ɻʮ, ʯʝʪʚʝʨʪʘ ʟ ʘʤʧʣʽʪʫʜʦʶ 0,3 ʪʘ 

ʯʘʩʪʦʪʦʶ 21 ɻʮ, ʧôʷʪʘ ʟ ʘʤʧʣʽʪʫʜʦʶ 0,5 ʪʘ ʯʘʩʪʦʪʦʶ 25 ɻʮ: 

++++= )212sin(3,0)172sin(5,1)122sin()52sin(7,0)( tttttx pppp

)252sin(5,0 tp+ . 

- ʜʨʫʛʠʡ ʩʠʛʥʘʣ ʚʢʣʶʯʘʚ ʜʚʽ ʩʠʥʫʩʦʾʜʠ, ʧʝʨʰʘ ʟ ʘʤʧʣʽʪʫʜʦʶ 0,7 ʪʘ 

ʯʘʩʪʦʪʦʶ 5 ɻʮ, ʜʨʫʛʘ ʟ ʘʤʧʣʽʪʫʜʦʶ 0,3 ʪʘ ʯʘʩʪʦʪʦʶ 21 ɻʮ: 

)212sin(3,0)52sin(7,0)( tttx pp += . 

ɼʦ ʦʙʦʭ ʩʠʛʥʘʣʽʚ ʜʦʜʘʥʦ ʭʘʨʘʢʪʝʨʥʫ ʜʣʷ ʩʠʛʥʘʣʽʚ ɼʇɿ ʰʫʤʦʚʫ ʩʢʣʘʜʦʚʫ, ʘ 

ʯʘʩʪʦʪʫ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʩʠʛʥʘʣʽʚ ʦʙʨʘʥʦ ʫ 100 ɻʮ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʢʚʘʜʨʘʪʫ 

ʢʦʛʝʨʝʥʪʥʦʩʪʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 2.3, ʥʘ ʷʢʦʤʫ ʜʦʙʨʝ ʚʠʜʥʦ, ʱʦ ʢʦʛʝʨʝʥʪʥʽʩʪʴ ʥʘ 

ʯʘʩʪʦʪʘʭ 5 ɻʮ ʪʘ 21 ɻʮ ʙʣʠʟʴʢʘ ʜʦ ʦʜʠʥʠʮʽ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʩʧʽʚʧʘʜʽʥʥʷ 

ʛʘʨʤʦʥʽʯʥʠʭ ʢʦʣʠʚʘʥʴ ʥʘ ʜʘʥʠʭ ʯʘʩʪʦʪʘʭ. ʆʪʞʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʱʦʜʦ 

ʢʦʨʝʢʪʥʦʩʪʽ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ. 
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ʈʠʩ. 2.3. ʂʦʛʝʨʝʥʪʥʽʩʪʴ ʩʠʛʥʘʣʽʚ ʽʟ ʩʧʽʚʧʘʜʽʥʥʷʤ ʛʘʨʤʦʥʽʯʥʠʭ ʩʢʣʘʜʦʚʠʭ ʥʘ 

ʯʘʩʪʦʪʘʭ 5 ʪʘ 21 ɻʮ 

 

2.2.4. ʆʮʽʥʢʘ ʯʘʩʫ ʟʘʧʽʟʥʝʥʥʷ ʤʽʞ ʩʠʛʥʘʣʘʤʠ ʨʽʟʥʠʭ ɼʇɿ 

ɺ ʜʘʥʦʤʫ ʧʫʥʢʪʽ ʨʦʟʛʣʷʥʫʪʘ ʟʘʜʘʯʘ ʦʮʽʥʢʠ ʟʘʧʽʟʥʝʥʥʷ 0t ʦʜʥʦʛʦ 

ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ )( 0t-tl  ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʽʥʰʦʛʦ )(tl . ɯʥʬʦʨʤʘʮʽʷ ʱʦʜʦ 

ʧʘʨʘʤʝʪʨʫ 0t ʪʨʘʜʠʮʽʡʥʦ ʚʠʜʽʣʷʻʪʴʩʷ ʫ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ. ɺ ʜʘʥʠʡ ʯʘʩ ʥʘʡʙʽʣʴʰ 

ʧʦʰʠʨʝʥʠʤ ʻ ʤʝʪʦʜ ʚʟʘʻʤʥʦ ʢʦʨʝʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʾ. ɺʂʌ-ʤʝʪʦʜ ʜʘʻ ʥʘʩʪʽʣʴʢʠ 

ʚʝʣʠʢʽ ʧʦʭʠʙʢʠ, ʱʦ ʧʝʨʝʩʪʘʻ ʙʫʪʠ ʦʙˇʨʫʥʪʦʚʘʥʠʤ, ʦʜʥʘʢ ʩʧʝʢʪʨʘʣʴʥʽ ʤʝʪʦʜʠ 

ʜʦʟʚʦʣʷʶʪʴ ʚʠʜʽʣʷʪʠ ʽʥʬʦʨʤʘʮʽʶ ʱʦʜʦ 0t ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ [120]. 

ʇʦʢʘʥʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʪʝʧʣʦʥʦʩʽʷ ʥʝ ʚʠʤʽʨʶʻʪʴʩʷ ʥʘ ɺɺɽʈ. 

ɿʘʛʘʣʴʥʦʢʦʥʪʫʨʥʘ ʚʠʪʨʘʪʘ ʪʘʢʦʞ ʥʝ ʚʠʤʽʨʶʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ, ʾʾ ʤʦʞʥʘ 

ʨʦʟʨʘʭʫʚʘʪʠ ʟʘ ʽʥʰʠʤ ʚʠʤʽʨʶʚʘʥʥʷʤʠ, ʘ ʧʦʪʽʤ ʧʝʨʝʡʪʠ ʜʦ ʜʝʷʢʦʛʦ ʫʩʝʨʝʜʥʝʥʦʛʦ 

ʧʦʢʘʟʥʠʢʘ ʚʠʪʨʘʪʠ ʪʝʧʣʦʥʦʩʽʷ. 

ɺʘʞʣʠʚʠʤ ʧʘʨʘʤʝʪʨʦʤ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʚʽʙʨʦʩʪʘʥ ʊɺɿ ʻ ʩʘʤʝ ʰʚʠʜʢʽʩʪʴ 

ʪʝʧʣʦʥʦʩʽʷ ʯʝʨʝʟ ʘʢʪʠʚʥʫ ʟʦʥʫ (ʊɺɿ). ɺʠʩʦʢʽ ʧʘʨʘʤʝʪʨʠ ʪʦʯʥʦʩʪʽ ʤʦʞʝ 

ʟʘʙʝʟʧʝʯʠʪʠ ʰʫʤʦʚʠʡ ʤʝʪʦʜ ʚʠʤʽʨʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʪʝʧʣʦʥʦʩʽʷ ʧʦ 

ʬʣʫʢʪʫʘʮʽʡʥʠʤ ʩʢʣʘʜʦʚʠʤ ʩʠʛʥʘʣʽʚ ɼʇɿ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʦʮʽʥʮʽ ʯʘʩʫ ʟʘʧʽʟʥʝʥʥʷ 

ʦʜʥʦʛʦ ʩʠʛʥʘʣʫ ɼʇɿ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʽʥʰʦʛʦ [3, 16, 92]. ʐʚʠʜʢʽʩʪʴ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʚʽʜʩʪʘʥʽ ʤʽʞ ɼʇɿ (ʢʨʦʢ ʨʦʟʪʘʰʫʚʘʥʥʷ ɼʇɿ ʧʦ ʚʠʩʦʪʽ 
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ʊɺɿ 437,5 ʤʤ ʜʣʷ ʨʝʘʢʪʦʨʽʚ ʪʠʧʫ ɺɺɽʈ-1000) ʜʦ ʯʘʩʫ ʟʘʧʽʟʥʝʥʥʷ ʧʨʦʭʦʜʞʝʥʥʷ 

ʬʣʫʢʪʫʘʮʽʾ ʤʽʞ ʮʠʤʠ ɼʇɿ. 

ʇʨʦʙʣʝʤʘ ʧʦʣʷʛʘʻ ʚ ʦʮʽʥʮʽ ʧʘʨʘʤʝʪʨʘ ʟʘʧʽʟʥʝʥʥʷ 0t ʟʘ ʨʝʘʣʽʟʘʮʽʷʤʠ ʜʚʦʭ 

ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ x(t), y(t): 

)()()()( 1 tntgtltx ++=  (2.14) 

)()()()( 20 tntgtlty ++-= t  (2.15) 

ʜʝ )(tl  ï ʣʦʢʘʣʴʥʠʡ ʢʦʤʧʦʥʝʥʪ, ʱʦ ʥʝʩʝ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʯʘʩ ʟʘʪʨʠʤʢʠ;  

)(tg  ï ʛʣʦʙʘʣʴʥʠʡ ʢʦʤʧʦʥʝʥʪ, ʱʦ ʦʜʥʘʢʦʚʦ ʚʠʨʘʞʝʥʠʡ ʚ ʩʠʛʥʘʣʘʭ ʜʚʦʭ ɼʇɿ; )(1 tn  

ʪʘ )(2 tn  ï ʽʥʰʽ ʰʫʤʠ, ʷʢʠʤʠ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ. 

ʉʘʤʠʡ ʧʨʦʩʪʠʡ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʫ ʟʘʧʽʟʥʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʽ ɺʂʌ. 

ʅʝʭʪʫʶʯʠ ʽʥʰʠʤʠ ʰʫʤʘʤʠ ɺʂʌ ʜʚʦʭ ʩʠʛʥʘʣʽʚ )(, tyxK  ʤʘʪʠʤʝ ʚʠʛʣʷʜ: 

)()()( 0, tttt glyx KKK +-=  (2.16) 

ʜʝ )( 0tt-lK  ï ɸʂʌ ʣʦʢʘʣʴʥʦʛʦ ʰʫʤʫ, ʱʦ ʟʤʽʱʝʥʠʡ ʥʘ ʯʘʩ 0t;  

)(tgK  ï ɸʂʌ ʛʣʦʙʘʣʴʥʦʛʦ ʰʫʤʫ.  

ʗʢʱʦ ʛʣʦʙʘʣʴʥʠʡ ʰʫʤ ʻ ʥʝʟʥʘʯʥʠʤ, ʪʦ ʯʘʩ ʟʘʧʽʟʥʝʥʥʷ ʩʠʛʥʘʣʫ 0t ʙʫʜʝ 

ʜʦʨʽʚʥʶʚʘʪʠ ʘʨʛʫʤʝʥʪʫ ʛʣʦʙʘʣʴʥʦʛʦ ʤʘʢʩʠʤʫʤʫ ɺʂʌ )(, tyxK , ʷʢʱʦ ʛʣʦʙʘʣʴʥʠʡ 

ʰʫʤ ʙʽʣʴʰʠʡ ʟʘ ʣʦʢʘʣʴʥʠʡ, ʪʦ ʯʘʩ ʟʘʧʽʟʥʝʥʥʷ ʩʠʛʥʘʣʫ 0t ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ 

ʘʨʛʫʤʝʥʪʫ ʣʦʢʘʣʴʥʦʛʦ ʤʘʢʩʠʤʫʤʫ ɺʂʌ )(, tyxK , ʽ ʷʢʱʦ ʛʣʦʙʘʣʴʥʠʡ ʰʫʤ ʟʥʘʯʥʦ 

ʙʽʣʴʰʠʡ ʟʘ ʣʦʢʘʣʴʥʠʡ, ʪʦ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʫ ʟʘʧʽʟʥʝʥʥʷ ʤʝʪʦʜʦʤ ɺʂʌ ʻ 

ʥʝʤʦʞʣʠʚʠʤ. ɺʂʌ ʤʦʞʝ ʤʘʪʠ ʧʦʣʦʛʠʡ ʽ ʧʦʛʘʥʦ ʨʦʟʜʽʣʴʥʠʡ ʛʣʦʙʘʣʴʥʠʡ ʤʘʢʩʠʤʫʤ. 

ɼʣʷ ʚʝʨʠʬʽʢʘʮʽʾ ʘʣʛʦʨʠʪʤʽʚ ʦʮʽʥʢʠ ʯʘʩʫ ʟʘʧʽʟʥʝʥʥʷ ʙʫʣʦ ʟʛʝʥʝʨʦʚʘʥʦ 

ʚʠʧʘʜʢʦʚʠʡ ʩʠʛʥʘʣ, ʱʦ ʷʚʣʷʚ ʩʦʙʦʶ ʯʠʩʣʘ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0 ʜʦ 100, ʧʽʩʣʷ ʯʦʛʦ 

ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʜʨʫʛʠʡ ʩʠʛʥʘʣ, ʷʢʠʡ ʷʚʣʷʚ ʩʦʙʦʶ ʟʤʽʱʝʥʠʡ ʥʘ 50 ʚʽʜʣʽʢʽʚ ʧʝʨʰʠʡ 

ʩʠʛʥʘʣ. ɼʦ ʦʙʦʭ ʩʠʛʥʘʣʽʚ ʙʫʣʦ ʜʦʜʘʥʦ ʰʫʤ. ʏʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʩʠʛʥʘʣʽʚ ï 

100 ɻʮ. ʆʪʞʝ ʯʘʩ ʟʘʧʽʟʥʝʥʥʷ ʤʽʞ ʩʠʛʥʘʣʘʤʠ 0,5 ʩ. 
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ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ɺʂʌ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 2.4, ʥʘ ʷʢʦʤʫ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʛʣʦʙʘʣʴʥʠʡ ʰʫʤ ʚ ʥʫʣʴʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ, ʘ ʪʘʢʦʞ ʣʝʜʴ ʧʦʤʽʪʥʠʡ 

ʧʽʢ ʚ ʤʦʤʝʥʪ ʯʘʩʫ 0,5 ʩ. ʆʮʽʥʠʪʠ ʯʘʩ ʟʘʧʽʟʥʝʥʥʷ ʩʠʛʥʘʣʫ ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʦ.  

 

ʈʠʩ. 2.4. ɺʂʌ ʙʝʟ ʧʦʧʝʨʝʜʥʴʦʾ ʬʽʣʴʪʨʘʮʽʾ ʟʘʰʫʤʣʝʥʠʭ ʩʠʛʥʘʣʽʚ, ʱʦ ʟʤʽʱʝʥʽ ʦʜʠʥ 

ʚʽʜʥʦʩʥʦ ʦʜʥʦʛʦ ʥʘ 0,5 ʩ 

ɸʥʘʣʦʛʽʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ɺʂʌ, ʘʣʝ ʟ ʧʦʧʝʨʝʜʥʽʤ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʬʽʣʴʪʨʘ ʟ ʯʘʩʪʦʪʦʶ ʟʨʽʟʫ 7 ɻʮ (ʨʠʩ. 2.5), ʜʘʚ ʟʤʦʛʫ ʥʘʜʽʡʥʦ 

ʦʮʽʥʠʪʠ ʯʘʩ ʟʘʧʽʟʥʝʥʥʷ ï 0,5 ʩ. 

 

ʈʠʩ. 2.5. ɺʂʌ ʽʟ ʧʦʧʝʨʝʜʥʴʦʶ ʬʽʣʴʪʨʘʮʽʻʶ ʟʘʰʫʤʣʝʥʠʭ ʩʠʛʥʘʣʽʚ, ʱʦ ʟʤʽʱʝʥʽ ʦʜʠʥ 

ʚʽʜʥʦʩʥʦ ʦʜʥʦʛʦ ʥʘ 0,5 ʩ 
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ʅʘʡʚʘʞʣʠʚʽʰʠʤʠ ʟ ʚʟʘʻʤʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʨʝʘʢʪʦʨʥʦ-ʰʫʤʦʚʽʡ 

ʜʽʘʛʥʦʩʪʠʮʽ ʻ ʬʫʥʢʮʽʷ ʢʦʛʝʨʝʥʪʥʦʩʪʽ ʽ ʬʘʟʘ ɺʉɻʇ. ɯʥʪʝʨʧʨʝʪʘʮʽʷ ʙʫʜ-ɹʷʢʠʭ 

ʚʟʘʻʤʥʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʟʜʽʡʩʥʶʻʪʴʩʷ ʪʽʣʴʢʠ ʾʭ ʩʧʽʣʴʥʠʤ ʘʥʘʣʽʟʦʤ, 

ʪʘʢ ʷʢ ʬʫʥʢʮʽʷ ʢʦʛʝʨʝʥʪʥʦʩʪʽ ʚʠʟʥʘʯʘʻ ʧʘʨʘʤʝʪʨʠ ʦʮʽʥʢʠ ʬʘʟʠ. 

ɺʉɻʇ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʯʝʨʝʟ ɸʉɻʇ ʣʦʢʘʣʴʥʦʛʦ ʽ ʛʣʦʙʘʣʴʥʦʛʦ ʰʫʤʫ, 

)( fPl  ʪʘ )( fPg  ʚʽʜʧʦʚʽʜʥʦ: 

)()()(
)2(

,
0 fPfPefP gl

fi

yx +=
- tp

 (2.17) 

ʊʦʜʽ ʬʘʟʘ ɺʉɻʇ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

)(2cos

2sin
arctan

)(Re

)(Im
arctan)(

0

0

,

,

, fkf

f

fP

fP
f

yx

yx

P yx +
-=-=

tp

tp
j  (2.18) 

ʜʝ 
)(

)(
)(

fP

fP
fk

l

g
= .  

ʆʪʞʝ ʟ ʥʘʭʠʣʫ ʬʘʟʠ ɺʉɻʇ ʤʦʞʥʘ ʟʥʘʡʪʠ ʯʘʩ ʟʘʧʽʟʥʝʥʥʷ. ʇʨʠ ʚʽʜʩʫʪʥʦʩʪʽ 

ʛʣʦʙʘʣʴʥʦʛʦ ʰʫʤʫ, ʪʦʙʪʦ ʧʨʠ 0)( =fk , ʦʪʨʠʤʫʻʤʦ: 

02)(
,

tpj ff
yxP -=  (2.19) 

ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʬʘʟʘ ʙʫʜʝ ʣʽʥʽʡʥʦʶ, ʘ ʪʘʢʦʞ ʧʝʨʽʦʜʠʯʥʦ ʨʦʙʠʪʠ ʨʦʟʨʠʚ ʚ 

ʪʦʯʢʘʭ: 

02

1

2

1

t
ö
÷

õ
æ
ç

å
+= ifi , (2.20) 

i=0, 1, 2, 3, é ʽ ʧʝʨʝʪʠʥʘʪʠ ʚʽʩʴ ʯʘʩʪʦʪ ʚ ʪʦʯʢʘʭ: 

02t

i
fi =  (2.21) 

ʈʝʟʫʣʴʪʘʪʠ ʚʝʨʠʬʽʢʘʮʽʾ ʘʣʛʦʨʠʪʤʫ ʨʦʟʨʘʭʫʥʢʫ ʬʘʟʠ ɺʉɻʇ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ 

ʨʠʩ. 2.6, ʨʦʟʛʦʨʥʫʪʦʾ ʬʘʟʠ ɺʉɻʇ ï ʥʘ ʨʠʩ. 2.7. ʅʘʭʠʣ ʬʘʟʠ ʚʽʜʧʦʚʽʜʘʻ ʯʘʩʫ 

ʟʘʧʽʟʥʝʥʥʷ 0,5 ʩ, ʦʪʞʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʱʦʜʦ ʢʦʨʝʢʪʥʦʩʪʽ ʨʦʙʦʪʠ 

ʘʣʛʦʨʠʪʤʫ. 
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ʈʠʩ. 2.6. ʌʘʟʘ ɺʉɻʇ ʟʘʰʫʤʣʝʥʠʭ ʩʠʛʥʘʣʽʚ, ʱʦ ʟʤʽʱʝʥʽ ʦʜʠʥ ʚʽʜʥʦʩʥʦ ʦʜʥʦʛʦ  

ʥʘ 0,5 ʩ 

 

 

ʈʠʩ. 2.7. ʈʦʟʛʦʨʥʫʪʘ ʬʘʟʘ ɺʉɻʇ ʟʘʰʫʤʣʝʥʠʭ ʩʠʛʥʘʣʽʚ, ʱʦ ʟʤʽʱʝʥʽ ʦʜʠʥ ʚʽʜʥʦʩʥʦ 

ʦʜʥʦʛʦ ʥʘ 0,5 ʩ 

 

ɺ ̫ʢʦʩʪʽ ʘʣʴʪʝʨʥʘʪʠʚʠ ɺʂʌ-ʤʝʪʦʜʫ ʚʧʝʨʰʝ ʚ ʨʝʘʢʪʦʨʥʦ-ʰʫʤʦʚʠʭ ʤʝʪʦʜʘʭ 

ʚʠʩʪʫʧʠʚ ʨʝʦʩʘʥʩ ï ʟʚʦʨʦʪʥʝ ʌʫʨ'ʻ ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʾ ʢʦʛʝʨʝʥʪʥʦʩʪʽ [3]. ɺ 
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ʨʦʙʦʪ ̔[120] ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ɺʂʌ-ʤʝʪʦʜ ʜʘʻ ʜʫʞʝ ʚʝʣʠʢʫ ʧʦʭʠʙʢʫ ʚʠʟʥʘʯʝʥʥʷ 

ʯʘʩʫ ʟʘʧʽʟʥʝʥʥʷ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʩʧʝʢʪʨʘʣʴʥʠʭ ʤʝʪʦʜʽʚ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʘʪʠ 

ʯʘʩ ʟʘʧʽʟʥʝʥʥʷ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ. ʉʧʝʢʪʨʘʣʴʥʽ ʤʝʪʦʜʠ ʦʮʽʥʢʠ ʰʚʠʜʢʦʩʪʽ 

ʪʝʧʣʦʥʦʩʽʷ ʨʦʟʛʣʷʜʘʣʠʩʷ ʚ ʨʦʙʦʪʘʭ [53, 119], ʘ ʚ ʨʦʙʦʪʘʭ [95, 114] ʙʫʣʘ ʧʦʢʘʟʘʥʘ 

ʧʝʨʝʚʘʛʘ ʨʝʦʩʘʥʩʫ ʥʘʜ ɺʂʌ-ʤʝʪʦʜʦʤ ʥʘ ʧʨʠʢʣʘʜʽ ʤʦʜʝʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

ʈʝʦʩʘʥʩ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ: 

[ ])()( ,
1

, fCFtR yxyx
-=  (2.22) 

ʈʝʟʫʣʴʪʘʪʠ ʚʝʨʠʬʽʢʘʮʽʾ ʨʦʟʨʘʭʫʥʢʫ ʨʝʦʩʘʥʩʫ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 2.8, ʥʘ 

ʷʢʦʤʫ ʜʦʙʨʝ ʚʠʜʥʦ ʤʘʢʩʠʤʫʤ ʚ ʤʦʤʝʥʪ ʯʘʩʫ 0,5 ʩ. ʆʪʞʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ 

ʱʦʜʦ ʢʦʨʝʢʪʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʫ ʨʝʦʩʘʥʩʫ. 

  

ʈʠʩ. 2.8. ʈʝʦʩʘʥʩ ʟʘʰʫʤʣʝʥʠʭ ʩʠʛʥʘʣʽʚ, ʱʦ ʟʤʽʱʝʥʽ ʦʜʠʥ ʚʽʜʥʦʩʥʦ ʦʜʥʦʛʦ ʥʘ 0,5 ʩ 

  

ʇʘʨʘʣʝʣʴʥʦ ʟ ʨʝʦʩʘʥʩʦʤ ʩʪʘʣʠ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ɯʇʌ ï )(, tIMP yx  [54]. 

ɯʇʌ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʟʚʦʨʦʪʥʝ ʌʫʨôʻ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʽʜʥʦʰʝʥʥʷ ɺʉɻʇ ʜʦ 

ɸʉɻʇ: 
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ɺʝʨʠʬʽʢʘʮʽʷ ʨʦʟʨʘʭʫʥʢʫ ɯʇʌ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.9, ʥʘ ʷʢʦʤʫ ʜʦʙʨʝ 

ʚʠʜʥʦ ʤʘʢʩʠʤʫʤ ʚ ʤʦʤʝʥʪ ʯʘʩʫ 0,5 ʩ. ʆʪʞʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʱʦʜʦ 

ʢʦʨʝʢʪʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʫ ɯʇʌ. 
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ʈʠʩ. 2.9. ɯʇʌ ʟʘʰʫʤʣʝʥʠʭ ʩʠʛʥʘʣʽʚ, ʱʦ ʟʤʽʱʝʥʽ ʦʜʠʥ ʚʽʜʥʦʩʥʦ ʦʜʥʦʛʦ ʥʘ 0,5 ʩ 

ʑʝ ʦʜʥʽʻʶ ʬʫʥʢʮʽʻʶ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʦʮʽʥʠʪʠ ʯʘʩ ʟʘʧʽʟʥʝʥʥʷ ʻ ʫʟʘʛʘʣʴʥʝʥʘ 

ʚʟʘʻʤʦʢʦʨʝʣʷʮʽʡʥʘ ʬʫʥʢʮʽʷ ʟ ʬʘʟʦʚʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ï ʋɺʂʌ-ʌʇ 

(GCC-PHAT) [98]: 
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ʈʝʟʫʣʴʪʘʪʠ ʚʝʨʠʬʽʢʘʮʽʾ ʨʦʟʨʘʭʫʥʢʫ ʋɺʂʌ-ʌʇ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 2.10 ʥʘ 

ʷʢʦʤʫ ʜʦʙʨʝ ʚʠʜʥʦ ʤʘʢʩʠʤʫʤ ʚ ʤʦʤʝʥʪ ʯʘʩʫ 0,5 ʩ. ʆʪʞʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ 

ʱʦʜʦ ʢʦʨʝʢʪʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʫ ʋɺʂʌ-ʌʇ. 

 

ʈʠʩ. 2.10. ʋɺʂʌ-ʌʇ ʟʘʰʫʤʣʝʥʠʭ ʩʠʛʥʘʣʽʚ, ʱʦ ʟʤʽʱʝʥʽ ʦʜʠʥ ʚʽʜʥʦʩʥʦ ʦʜʥʦʛʦ  
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ʋʟʘʛʘʣʴʥʝʥʘ ʚʟʘʻʤʦʢʦʨʝʣʷʮʽʡʥʘ ʬʫʥʢʮʽʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ ï 

ʋɺʂʌ-ʄʇ (GCC-ML) [ 98]: 
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ʈʝʟʫʣʴʪʘʪʠ ʚʝʨʠʬʽʢʘʮʽʾ ʨʦʟʨʘʭʫʥʢʫ ʋɺʂʌ-ʄʇ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 2.11. ɺ 

ʨʦʟʨʘʭʫʥʢʘʭ ʙʝʟ ʬʽʣʴʪʨʘʮʽʾ ʪʘ ʟ ʬʽʣʴʪʨʘʮʽʻʶ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʣʦʢʘʣʴʥʠʡ 

ʪʘ ʛʣʦʙʘʣʴʥʠʡ ʤʘʢʩʠʤʫʤ ʚ ʤʦʤʝʥʪ ʯʘʩʫ 0,5 ʩ. ʆʪʞʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʱʦʜʦ 

ʢʦʨʝʢʪʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʫ ʋɺʂʌ-ʄʇ. 

  

ʈʠʩ. 2.11. ʋɺʂʌ-ʄʇ ʟʘʰʫʤʣʝʥʠʭ ʩʠʛʥʘʣʽʚ, ʱʦ ʟʤʽʱʝʥʽ ʦʜʠʥ ʚʽʜʥʦʩʥʦ ʦʜʥʦʛʦ ʥʘ 

0,5 ʩ. (ʟʣʽʚʘ ï ʙʝʟ ʧʦʧʝʨʝʜʥʴʦʾ ʬʽʣʴʪʨʘʮʽʾ ʟʘʰʫʤʣʝʥʠʭ ʩʠʛʥʘʣʽʚ, ʩʧʨʘʚʘ ï ʽʟ 

ʧʦʧʝʨʝʜʥʴʦʶ ʬʽʣʴʪʨʘʮʽʻʶ ʟʘʰʫʤʣʝʥʠʭ ʩʠʛʥʘʣʽʚ) 

 

2.3. ɺʠʩʥʦʚʢʠ ʧʦ ʨʦʟʜʽʣʫ 2. 

ɺ ʨʦʟʜʽʣʽ ʧʨʦʚʝʜʝʥʘ ʚʝʨʠʬʽʢʘʮʽʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʧʨʦʛʨʘʤ ʘʥʘʣʽʟʫ ʥʝʡʪʨʦʥʥʠʭ 

ʰʫʤʽʚ (ɼʦʜʘʪʦʢ ɹ). ʇʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʙʘʟʦʚʦʶ ʬʫʥʢʮʽʻʶ ʟ ʷʢʦʾ 

ʦʪʨʠʤʫʶʪʴʩʷ ʚʩʽ ʽʥʰʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɺʽʙʨʘʮʽʾ ʊɺɿ ʪʘ ɺʂʇ ʧʨʦʷʚʣʷʶʪʴʩʷ ʫ 

ʚʠʛʣʷʜʽ ʨʝʟʦʥʘʥʩʽʚ ɸʉɻʇ ʩʠʛʥʘʣʽʚ ɼʇɿ ʪʘ ɯʂ. ʂʦʛʝʨʝʥʪʥʽʩʪʴ ʩʣʫʛʫʻ ʦʟʥʘʢʦʶ ʨʽʚʥʷ 
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ʟʚôʷʟʢʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʨʦʮʝʩʽʚ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʝʬʝʢʪ ʢʦʣʝʢʪʠʚʥʠʭ ʚʽʙʨʘʮʽʡ ʊɺɿ 

ʤʦʞʝ ʧʨʦʷʚʣʷʪʠʩʷ ʫ ʚʠʛʣʷʜʽ ʨʝʟʦʥʘʥʩʫ ʬʫʥʢʮʽʾ ʢʦʛʝʨʝʥʪʥʦʩʪʽ ʜʚʦʭ ɼʇɿ, ʘ ʦʪ 

ʬʫʥʢʮʽʷ ʢʦʛʝʨʝʥʪʥʦʩʪʽ ʩʠʛʥʘʣʽʚ ɼʇɿ ʪʘ ɼɸʇ ʜʦʟʚʦʣʷʻ ʚʠʜʽʣʠʪʠ ʥʘ ʢʦʨʧʫʩʽ 

ʨʝʘʢʪʦʨʘ ʚʽʙʨʘʮʽʾ, ʱʦ ʩʧʨʠʯʠʥʝʥʽ ʚʽʙʨʘʮʽʷʤʠ ɺʂʇ. ʆʮʽʥʢʘ ʯʘʩʫ ʟʘʧʽʟʥʝʥʥʷ 

ʧʨʦʭʦʜʞʝʥʥʷ ʬʣʫʢʪʫʘʮʽʾ ʪʝʧʣʦʥʦʩʽʷ ʚʟʜʦʚʞ ʊɺɿ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʽʟ ʚʟʘʻʤʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʘʨʠ ɼʇɿ, ʘ ʩʘʤʝ ʟ: ɺʂʌ, ʢʦʛʝʨʝʥʪʥʦʩʪʽ, ʬʘʟʠ ɺʉɻʇ, ʨʝʦʩʘʥʩʫ, 

ɯʇʌ, ʘʣʛʦʨʠʪʤʽʚ ʋɺʂʌ-ʌʇ ʪʘ ʋɺʂʌ-ʄʇ. ʅʘʡʤʝʥʰ ʩʪʽʡʢʦʶ ʜʦ ʛʣʦʙʘʣʴʥʦʛʦ 

ʰʫʤʫ ʻ ɺʂʌ. 

ʄʘʪʝʨʽʘʣʠ ʜʘʥʦʛʦ ʨʦʟʜʽʣʫ ʧʦʢʘʟʘʣʠ ʢʦʨʝʢʪʥʽʩʪʴ ʨʦʙʦʪʠ ʨʝʘʣʽʟʦʚʘʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʥʘʚʝʜʝʥʠʭ ʫ ʨʦʟʜʽʣʽ 2, ʦʧʫʙʣʽʢʦʚʘʥʦ ʚ ʨʦʙʦʪʘʭ [16, 

24, 25].  
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ʈʆɿɼɯʃ 3. ɿɸʉʊʆʉʋɺɸʅʅʗ ʄɽʊʆɼɯɺ ɸʅɸʃɯɿʋ ʐʋʄɯɺ 

ʋ ʨʦʟʜʽʣʽ 3 ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʚôʷʟʘʥʥʷ ʥʘʩʪʫʧʥʠʭ ʟʘʚʜʘʥʴ 

ʥʘʫʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ: 

3) ʇʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʰʫʤʦʚʦʾ ʩʢʣʘʜʦʚʦʾ ʩʠʛʥʘʣʽʚ ɼʇɿ ʪʘ ɯʂ, ʘ ʪʘʢʦʞ 

ʘʥʘʣʽʟ ʾʭ ʟʤʽʥʠ ʧʨʦʪʷʛʦʤ ʧʘʣʠʚʥʦʾ ʢʘʤʧʘʥʽʾ; 

4) ʈʦʟʨʦʙʢʘ ʤʦʜʝʣʝʡ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʚʽʙʨʦʩʪʘʥʫ ɺʂʇ ʽ ʊɺɿ. 

3.1. ɿʘʜʘʯʽ ʰʫʤʦʚʦʛʦ ʘʥʘʣʽʟʫ 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʾ ʪʘ ʙʝʟʧʝʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʨʝʘʢʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ 

ʦʜʥʠʤ ʽʟ ʟʘʚʜʘʥʴ ʻ ʤʦʥʽʪʦʨʠʥʛ ʚʽʙʨʦʩʪʘʥʫ ʦʩʥʦʚʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʈʋ, ʚʢʣʶʯʘʶʯʠ 

ʢʦʨʧʫʩ ʨʝʘʢʪʦʨʘ, ɺʂʇ, ʊɺɿ, ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʪʨʫʙʦʧʨʦʚʦʜʠ ʛʦʣʦʚʥʦʛʦ 

ʮʠʨʢʫʣʷʮʽʡʥʦʛʦ ʢʦʥʪʫʨʫ. ʆʪʨʠʤʘʥʽ ʧʨʠ ʮʴʦʤʫ ʧʘʨʘʤʝʪʨʠ ʚʽʙʨʦʩʪʘʥʫ ʜʦʟʚʦʣʷʶʪʴ 

ʚʠʷʚʠʪʠ ʚʫʟʣʠ ʽ ʢʦʤʧʦʥʝʥʪʠ, ʷʢʽ ʥʘʡʙʽʣʴʰ ʧʽʜʜʘʶʪʴʩʷ ʚʧʣʠʚʫ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʨʝʞʠʤʽʚ ʈʋ, ʜʣʷ ʦʮʽʥʢʠ ʚʠʨʦʙʣʝʥʥʷ ʧʨʦʝʢʪʥʦʛʦ ʨʝʩʫʨʩʫ ʦʙʣʘʜʥʘʥʥʷ ʽ ʤʦʞʣʠʚʦʩʪʽ 

ʧʨʦʜʦʚʞʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʥʝʨʛʦʙʣʦʢʽʚ ɸɽʉ ʫ ʧʦʥʘʜʧʨʦʝʢʪʥʠʡ ʩʪʨʦʢ.  

ɹʝʟʧʝʢʘ ɸɽʉ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʥʘʜʽʡʥʽʩʪʶ ʧʘʣʠʚʘ ʧʽʜ ʯʘʩ ʡʦʛʦ 

ʥʦʨʤʘʣʴʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʘ ʪʘʢʦʞ ʧʨʠ ʟʦʚʥʽʰʥʽʭ ʜʠʥʘʤʽʯʥʠʭ ʚʧʣʠʚʘʭ. ɿʥʘʯʥʫ 

ʯʘʩʪʢʫ ʚʽʜʤʦʚ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ ʨʝʘʢʪʦʨʽʚ ʟ ʚʦʜʦʶ ʧʽʜ ʪʠʩʢʦʤ ʩʪʘʥʦʚʣʷʪʴ ʚʽʜʤʦʚʠ, 

ʚʠʢʣʠʢʘʥʽ ʩʘʤʝ ʚʽʙʨʘʮʽʻʶ ʊɺɿ [3]. 

ʌʨʝʪʪʠʥʛ-ʟʥʦʩ ʦʙʦʣʦʥʦʢ ʪʚʝʣʽʚ ʚ ʤʽʩʮʷʭ ʢʦʥʪʘʢʪʫ ʟ ʜʠʩʪʘʥʮʽʦʥʫʶʯʠʤʠ 

ʨʝʰʽʪʢʘʤʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʚʪʨʘʪ, ʚʠʢʣʠʢʘʥʠʭ ʷʢ ʨʘʜʽʘʮʽʡʥʠʤ 

ʟʘʙʨʫʜʥʝʥʥʷʤ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ, ʪʘʢ ʽ ʥʝʦʙʭʽʜʥʽʩʪʶ ʜʦʩʪʨʦʢʦʚʦʾ ʟʫʧʠʥʢʠ ʈʋ ʜʣʷ 

ʚʠʷʚʣʝʥʥʷ ʪʘ ʟʘʤʽʥʠ çʚʽʜʤʦʚʠʚʰʠʭè ʊɺɿ. ɿʘ ʜʘʥʠʤʠ [3] ʜʣʷ ʟʘʢʦʨʜʦʥʥʠʭ 

ʨʝʘʢʪʦʨʽʚ ʚʽʜʤʦʚʠ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ, ʚʠʢʣʠʢʘʥʽ ʚʽʙʨʘʮʽʻʶ ʊɺɿ ʥʦʚʠʭ ʪʠʧʽʚ 

ʩʪʘʥʦʚʣʷʪʴ ʙʣʠʟʴʢʦ 50 %. ʋ ʟʚ'ʷʟʢʫ ʽʟ ʟʙʽʣʴʰʝʥʥʷ ʛʣʠʙʠʥʠ ʚʠʛʦʨʘʥʥʷ ʽ ʩʪʨʦʢʫ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʊɺɿ, ʘ ʪʘʢʦʞ ʚʥʘʩʣʽʜʦʢ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʊɺɿ (ʚ 

ʪʦʤʫ ʯʠʩʣʽ ʽ ʽʥʰʠʭ ʚʠʨʦʙʥʠʢʽʚ) ʧʠʪʘʥʥʷ ʬʨʝʪʪʠʥʛ-ʟʥʦʩʫ ʦʙʦʣʦʥʦʢ ʪʚʝʣʽʚ ʚʠʤʘʛʘʻ 

ʦʩʦʙʣʠʚʦʾ ʫʚʘʛʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʧʘʣʠʚʘ ʨʝʘʢʪʦʨʽʚ ɺɺɽʈ-1000. 
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ɼʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʟʘ ʚʽʙʨʘʮʽʡʥʠʤ ʩʪʘʥʦʤ ʊɺɿ ʨʦʟʨʦʙʣʝʥʽ ʽ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ 

ʩʠʩʪʝʤʠ ʚʥʫʪʨʽʰʥʴʦʨʝʘʢʪʦʨʥʦʾ ʰʫʤʦʚʦʾ ʜʽʘʛʥʦʩʪʠʢʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʢʦʥʪʨʦʣʴ 

ʚʽʙʨʦʩʪʘʥʫ ɺʂʇ, ʊɺɿ ʽ ʢʦʨʧʫʩʫ ʨʝʘʢʪʦʨʘ. 

ɼʽʘʛʥʦʩʪʫʚʘʥʥʷ ʚʽʙʨʦʩʪʘʥʫ ɺʂʇ ʽ ʊɺɿ ʧʦʙʫʜʦʚʘʥʦ ʥʘ ʥʝʧʨʷʤʠʭ ʚʠʤʽʨʘʭ. 

ʅʘʧʨʠʢʣʘʜ, ɺʂʇ ʽ ʊɺɿ ʢʦʥʪʨʦʣʶʶʪʴʩʷ ʟʘ ʧʦʟʘʟʦʥʥʠʤ ʽ ʚʥʫʪʨʽʰʥʴʦʟʦʥʥʠʤ 

ʥʝʡʪʨʦʥʥʠʤ ʰʫʤʦʤ. ɿʘ ʥʝʡʪʨʦʥʥʠʤ ʰʫʤʦʤ ʚʠʟʥʘʯʘʶʪʴʩʷ ʽ ʽʥʰʽ ʚʘʞʣʠʚʽ 

ʧʘʨʘʤʝʪʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʈʋ: ʰʚʠʜʢʽʩʪʴ ʪʝʧʣʦʥʦʩʽʷ ʯʝʨʝʟ ʘʢʪʠʚʥʫ ʟʦʥʫ, ʢʠʧʽʥʥʷ 

ʪʝʧʣʦʥʦʩʽʷ, ʢʦʝʬʽʮʽʻʥʪʠ ʨʝʘʢʪʠʚʥʦʩʪʽ ʪʘ ʽʥ. ʅʘʷʚʥʽʩʪʴ ʩʪʦʨʦʥʥʽʭ ʧʨʝʜʤʝʪʽʚ ʚ ɻʎʂ 

ʚʠʷʚʣʷʻʪʴʩʷ ʟʘ ʢʦʨʧʫʩʥʠʤ ʘʢʫʩʪʠʯʥʠʤ ʰʫʤʦʤ. ɸ ʦʩʴ, ʥʘʧʨʠʢʣʘʜ, ʚʽʙʨʘʮʽʡʥʘ 

ʜʽʘʛʥʦʩʪʠʢʘ ʢʦʨʧʫʩʫ ʨʝʘʢʪʦʨʘ ʪʘ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ɻʎʂ ʤʦʞʝ ʙʘʟʫʚʘʪʠʩʷ ʥʘ 

çʧʨʷʤʠʭè ʚʠʤʽʨʘʭ ʚʽʙʨʘʮʽʡ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʽ ʧʫʣʴʩʘʮʽʡ ʪʠʩʢʫ ʪʝʧʣʦʥʦʩʽʷ. 

ʐʫʤʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʝʘʢʪʦʨʘ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʨʦʮʝʩʘʤʠ ʥʝʡʪʨʦʥʥʦʾ ʬʽʟʠʢʠ, 

ʪʝʧʣʦʛʽʜʨʘʚʣʽʢʠ, ʘʢʫʩʪʠʢʠ ʽ ʤʝʭʘʥʽʯʥʠʤʠ ʚʽʙʨʘʮʽʷʤʠ. ɰʭ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʜʦʟʚʦʣʷʻ 

ʩʪʚʦʨʶʚʘʪʠ ʽʥʩʪʨʫʤʝʥʪ ʨʘʥʥʴʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʩʪʘʥʫ ʈʋ ï ʰʫʤʦʚʫ ʜʽʘʛʥʦʩʪʠʢʫ. 

ʅʝʡʪʨʦʥʥʦ-ʰʫʤʦʚʘ ʜʽʘʛʥʦʩʪʠʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʦʥʽʪʦʨʠʥʛʫ ʬʣʫʢʪʘʮʽʡʥʠʭ 

ʩʢʣʘʜʦʚʠʭ ʩʠʛʥʘʣʽʚ ʜʝʪʝʢʪʦʨʽʚ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʫ. 

ɻʦʣʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʚʽʙʨʦʰʫʤʦʚʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʻ ʚʠʟʥʘʯʝʥʥʷ 

ʚʽʙʨʦʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʟʤʽʥʠ ʯʘʩʪʦʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʷʢ ʟʘ 

ʤʽʞʨʝʤʦʥʪʥʠʡ ʧʝʨʽʦʜ, ʪʘʢ ʽ ʟʘ ʯʘʩ ʞʠʪʪʷ ʨʝʘʢʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ. ʆʪʨʠʤʘʥʥʷ 

ʯʘʩʪʦʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʛʥʘʣʫ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʥʘʥʽ ʰʚʠʜʢʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʌʫʨôʻ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʽʥʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʉɺʐɼ ʟʘʩʪʦʩʦʚʫʶʪʴ ʘʣʛʦʨʠʪʤʠ ʟ 

ʨʦʟʨʘʭʫʥʢʫ ʘʚʪʦ- ʪʘ ʚʟʘʻʤʥʦʢʦʨʝʣʷʮʽʡʥʠʭ ʬʫʥʢʮʽʡ, ʘʚʪʦ- ʪʘ ʚʟʘʻʤʥʦʩʧʝʢʪʨʘʣʴʥʦʾ 

ʛʫʩʪʠʥʠ ʧʦʪʫʞʥʦʩʪʽ, ʢʦʛʝʨʝʥʪʥʦʩʪʽ, ʨʝʦʩʘʥʩʫ, ʽʤʧʫʣʴʩʥʦʾ ʧʝʨʝʭʽʜʥʦʾ ʬʫʥʢʮʽʾ, 

ʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʽʥ. 

ɿʤʽʥʘ ʩʪʨʫʤʫ ʥʝʡʪʨʦʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʧʨʠ ʚʽʙʨʘʮʽʷʭ ʚʥʫʪʨʽʰʥʴʦʢʦʨʧʫʩʥʠʭ 

ʧʨʠʩʪʨʦʾʚ ʽ ʪʝʧʣʦʚʠʜʽʣʴʥʠʭ ʟʙʽʨʦʢ ʧʦʚ'ʷʟʘʥʘ ʽʟ ʟʤʽʥʦʶ ʛʝʦʤʝʪʨʽʾ ʚ ʩʠʩʪʝʤʽ 

çʧʘʣʠʚʦ-ʩʧʦʚʽʣʴʥʶʚʘʯ-ʜʝʪʝʢʪʦʨè. 

ɿʤʽʥʘ ʩʪʨʫʤʫ ʤʦʞʝ ʙʫʪʠ ʚʠʢʣʠʢʘʥʘ ʥʘʩʪʫʧʥʠʤʠ ʝʬʝʢʪʘʤʠ: 

- ʝʬʝʢʪ ʛʣʦʙʘʣʴʥʦʛʦ ʟʙʫʨʝʥʥʷ ʨʝʘʢʪʠʚʥʦʩʪʽ; 
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- ʝʬʝʢʪ ʣʦʢʘʣʴʥʦʾ (ʚ ʤʝʞʘʭ ʜʝʷʢʦʾ ʯʘʩʪʠʥʠ ʘʢʪʠʚʥʦʾ ʟʦʥʠ) ʟʤʽʥʠ ʧʦʪʦʢʫ 

ʪʝʧʣʦʚʠʭ ʥʝʡʪʨʦʥʽʚ ʚʥʘʩʣʽʜʦʢ ʟʤʽʥʠ ʛʝʦʤʝʪʨʽʾ ʚ ʩʠʩʪʝʤʽ ʧʘʣʠʚʦ-

ʩʧʦʚʽʣʴʥʶʚʘʯ; 

- ʝʬʝʢʪ ʟʤʽʥʠ ʤʝʞ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʧʨʠ ʚʽʙʨʘʮʽʾ ʰʘʭʪʠ; 

- ʝʬʝʢʪ ʚʠʤʫʰʝʥʠʭ ʚʽʙʨʘʮʽʡ ʚʥʘʩʣʽʜʦʢ ʧʫʣʴʩʘʮʽʡ ʪʠʩʢʫ ʪʝʧʣʦʥʦʩʽʷ ʽ, 

ʟʦʢʨʝʤʘ, ʚʽʙʨʘʮʽʾ ʥʘ ʯʘʩʪʦʪʘʭ ʘʢʫʩʪʠʯʥʠʭ ʩʪʦʷʯʠʭ ʭʚʠʣʴ; 

- ʝʬʝʢʪ ʤʦʜʫʣʷʮʽʾ ʰʚʠʜʢʠʭ ʥʝʡʪʨʦʥʽʚ ʚʠʪʦʢʫ ʚʥʘʩʣʽʜʦʢ ʟʤʽʥʠ ʚʦʜʷʥʦʛʦ 

ʟʘʟʦʨʫ ʤʽʞ ʢʦʨʧʫʩʦʤ ʽ ʧʝʨʠʬʝʨʽʡʥʠʤʠ ʪʚʝʣʘʤʠ; 

- ʝʬʝʢʪ ʟʤʽʥʠ ʧʦʪʦʢʫ ʥʝʡʪʨʦʥʽʚ ʚʥʘʩʣʽʜʦʢ ʧʦʷʚʠ ʢʠʧʽʥʥʷ ʪʘ ʟʤʽʥʠ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʦʨʥʦʾ ʢʠʩʣʦʪʠ. 

ɿʘʟʥʘʯʝʥʽ ʚʠʱʝ ʝʬʝʢʪʠ ʤʦʞʫʪʴ ʨʝʻʩʪʨʫʚʘʪʠʩʷ ʷʢ ʧʦʟʘ-, ʪʘʢ ʽ ʚʥʫʪʨʽʰʥʴʦ 

ʟʦʥʥʠʤʠ ʥʝʡʪʨʦʥʥʠʤʠ ʜʝʪʝʢʪʦʨʘʤʠ, ʟʘ ʫʤʦʚʠ ʱʦ ʜʝʪʝʢʪʦʨʠ ʥʝ ʚʽʜʜʘʣʝʥʽ ʥʘ ʟʥʘʯʥʫ 

ʚʽʜʩʪʘʥʴ ʚʽʜ ʤʽʩʮʷ ʧʨʦʷʚʣʝʥʥʷ ʝʬʝʢʪʽʚ, ʱʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ. 

ɸʥʘʣʽʟ ʰʫʤʽʚ ɼʇɿ ʧʦ ʪʘʢ ʟʚʘʥʽʡ ʤʠʪʪʻʚʽʡ ʢʦʤʧʦʥʝʥʪʽ ʩʠʛʥʘʣʫ ʚ 

ʩʪʘʮʽʦʥʘʨʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʈʋ ʟʥʘʯʥʦ ʨʦʟʰʠʨʶʻ ʤʦʞʣʠʚʦʩʪʽ ʤʦʥʽʪʦʨʠʥʛʫ 

ʟʘ ʘʢʪʠʚʥʦʶ ʟʦʥʦʶ. ɿʦʢʨʝʤʘ, ɼʇɿ ʯʫʪʣʠʚʽ ʷʢ ʜʦ ʪʝʧʣʦʛʽʜʨʘʚʣʽʯʥʠʭ, ʪʘʢ ʽ ʜʦ 

ʚʽʙʨʘʮʽʡʥʠʭ ʜʞʝʨʝʣ ʥʝʡʪʨʦʥʥʦʛʦ ʰʫʤʫ. ʎʽ ʜʞʝʨʝʣʘ ʤʦʞʫʪʴ ʷʢ ʢʦʥʢʫʨʫʚʘʪʠ ʦʜʠʥ ʟ 

ʦʜʥʠʤ, ʧʝʨʝʙʫʚʘʶʯʠ ʚ ʦʜʥʦʤʫ ʯʘʩʪʦʪʥʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʪʘʢ ʽ ʟʘʡʤʘʪʠ ʽʥʜʠʚʽʜʫʘʣʴʥʽ 

ʯʘʩʪʦʪʥʽ ʩʤʫʛʠ. 

ʊʝʧʣʦʛʽʜʨʘʚʣʽʯʥʽ ʜʞʝʨʝʣʘ ʜʦʟʚʦʣʷʶʪʴ ʢʦʥʪʨʦʣʶʚʘʪʠ ʚʭʽʜʥʽ ʟʙʫʨʝʥʥʷ 

ʨʝʘʢʪʠʚʥʦʩʪʽ (ʬʣʫʢʪʫʘʮʽʾ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʚʠʪʨʘʪʠ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʭʦʜʽ ʚ ʘʢʪʠʚʥʫ 

ʟʦʥʫ). 

ɺʽʙʨʘʮʽʡʥʽ ʜʞʝʨʝʣʘ ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ ʛʝʦʤʝʪʨʠʯʥʠʭ ʤʽʢʨʦʟʤʽʥ 

ʛʝʪʝʨʦʛʝʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʚ ʩʠʩʪʝʤʽ çʧʘʣʠʚʦ-ʩʧʦʚʽʣʴʥʶʚʘʯ-ʧʦʛʣʠʥʘʯè ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ ɼʇɿ ʧʨʠ ʢʦʣʠʚʘʥʥʷʭ ʢʦʨʧʫʩʫ ʨʝʘʢʪʦʨʘ, ʰʘʭʪʠ ʨʝʘʢʪʦʨʘ, ʊɺɿ, 

ʦʨʛʘʥʽʚ ʨʝʛʫʣʶʚʘʥʥʷ ʥʘ ʚʣʘʩʥʠʭ ʘʙʦ ʚʠʤʫʰʝʥʠʭ ʯʘʩʪʦʪʘʭ. 

ɼʇɿ ʙʽʣʴʰʝ, ʯʠʤ ʧʦʟʘʟʦʥʥʽ ʜʝʪʝʢʪʦʨʠ ʥʝʡʨʦʥʥʦʛʦ ʧʦʪʦʢʫ, ʯʫʪʣʠʚʽ ʜʦ 

ʙʘʨʦʤʝʪʨʠʯʥʠʭ ʥʝʡʪʨʦʥʥʠʭ ʝʬʝʢʪʽʚ, ʷʢʽ ʟʘʚʞʜʠ ʧʨʠʩʫʪʥʽ ʚ ʘʢʪʠʚʥʽʡ ʟʦʥʽ 

ʚʥʘʩʣʽʜʦʢ ʥʘʷʚʥʦʩʪʽ ʘʢʫʩʪʠʯʥʠʭ ʩʪʦʷʯʠʭ ʭʚʠʣʴ. 
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ɼʦ ʟʘʜʘʯ ʰʫʤʦʚʦʛʦ ʘʥʘʣʽʟʫ ʪʘʢʦʞ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʚʠʟʥʘʯʝʥʥʷ 

ʧʽʜʢʨʠʪʠʯʥʦʩʪʽ ʨʝʘʢʪʦʨʘ [8, 68]. 

ɼʘʣʽ ʙʫʜʫʪʴ ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ  ̔ʨʦʟʚ'ʷʟʦʢ ʜʝʷʢʠʭ ʟʘʜʘʯ ʚ 

ʉɺʈʐɼ ʂʉɼ. 

3.2. ʐʚʠʜʢʽʩʪʴ ʪʝʧʣʦʥʦʩʽʷ 

ʐʚʠʜʢʽʩʪʴ ʪʝʧʣʦʥʦʩʽʷ ʯʝʨʝʟ ʘʢʪʠʚʥʫ ʟʦʥʫ (ʊɺɿ) ʻ ʚʘʞʣʠʚʠʤ ʧʘʨʘʤʝʪʨʦʤ, ʱʦ 

ʚʧʣʠʚʘʻ ʥʘ ʚʽʙʨʦʩʪʘʥ ʊɺɿ. ʆʜʥʘʢ, ʚ ʧʨʦʝʢʪʽ ɺɺɽʈ ʥʝ ʚʠʤʽʨʶʶʪʴʩʷ ʰʚʠʜʢʽʩʪʴ ʘʙʦ 

ʚʠʪʨʘʪʘ ʪʝʧʣʦʥʦʩʽʷ ʯʝʨʝʟ ʊɺɿ. ʆʮʽʥʢʘ ʚʠʪʨʘʪ ʯʝʨʝʟ ʊɺɿ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʥʘʥʘ ʟʘ 

ʟʘʛʘʣʴʥʦʶ ʚʠʪʨʘʪʦʶ ʧʦ 1-ʤʫ ʢʦʥʪʫʨʫ ʨʝʘʢʪʦʨʘ. ʅʝʦʙʭʽʜʥʦ ʚʽʜʟʥʘʯʠʪʠ ʽʩʪʦʪʥʫ 

ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʪʘʢʦʛʦ ʤʝʪʦʜʫ, ʥʘ ʷʢʫ ʚʧʣʠʚʘʶʪʴ ʨʽʟʥʽ ʬʘʢʪʦʨʠ: ʧʦʪʫʞʥʽʩʪʴ ʊɺɿ, 

ʢʦʥʩʪʨʫʢʮʽʷ ʊɺɿ, ʤʽʩʮʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʊɺɿ ʚ ʘʢʪʠʚʥʽʡ ʟʦʥʽ ʪʘ ʽʥ. 

ʅʘ ʨʷʜʽ ɺɺɽʈ-440 ʨʝʘʣʽʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʧʦʢʘʥʘʣʴʥʦʛʦ ʚʠʤʽʨʫ ʚʠʪʨʘʪʠ 

ʪʝʧʣʦʥʦʩʽʷ, ʱʦ ʟʘʩʥʦʚʘʥʘ ʥʘ ʘʥʘʣʽʟʽ ʥʝʡʪʨʦʥʥʠʭ ʰʫʤʽʚ ʬʣʫʢʪʫʘʮʽʡʥʦʾ ʩʢʣʘʜʦʚʦʾ 

ʩʠʛʥʘʣʽʚ ɼʇɿ [3, 16]. ɺ ʦʩʥʦʚʽ ʰʫʤʦʚʦʛʦ ʤʝʪʦʜʫ ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʪʝʧʣʦʥʦʩʽʷ 

ʣʝʞʠʪʴ ʚʠʟʥʘʯʝʥʥʷ ʢʦʨʝʣʷʮʽʾ ʩʠʛʥʘʣʽʚ ɼʇɿ ʨʦʟʪʘʰʦʚʘʥʠʭ ʚ ʦʜʥʦʤʫ ʂʅɺ ʽ 

ʚʠʢʣʠʢʘʥʠʭ ʧʨʦʭʦʜʞʝʥʥʷʤ ʧʦ ʊɺɿ ʫʟʜʦʚʞ ʂʅɺ ʣʦʢʘʣʴʥʦʾ ʬʣʫʢʪʫʘʮʽʾ ʪʠʩʢʫ ʘʙʦ 

ʪʝʤʧʝʨʘʪʫʨʠ (ʘʙʦ ʽʥʰʦ ʾ ʥʝʦʜʥʦʨʽʜʥʦʩʪ̔) ʪʝʧʣʦʥʦʩʽʷ. ʐʚʠʜʢʽʩʪʴ ʧʨʠ ʮʴʦʤʫ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʚʽʜʩʪʘʥʽ ʤʽʞ ɼʇɿ (ʜʣʷ ɺɺɽʈ-1000 ʢʨʦʢ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ɼʇɿ ʧʦ ʚʠʩʦʪʽ ʊɺɿ ï 437,5 ʤʤ) ʜʦ ʯʘʩʫ ʟʘʧʽʟʥʝʥʥʷ ʧʨʦʭʦʜʞʝʥʥʷ ʬʣʫʢʪʫʘʮʽʾ ʤʽʞ 

ʮʠʤʠ ɼʇɿ. 

ɹʫʣʘ ʧʨʦʚʝʜʝʥʘ ʚʘʣʽʜʘʮʽʷ ʘʣʛʦʨʠʪʤʫ ʦʮʽʥʢʠ ʯʘʩʫ ʟʘʧʽʟʥʝʥʥʷ ʩʠʛʥʘʣʫ ɼʇɿ, 

ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʦʜʥʦʤʫ ʂʅɺ, ʥʘ ʜʘʥʠʭ 30 ʧʘʣʠʚʥʦʾ ʢʘʤʧʘʥʽʾ ʙʣʦʢʘ  ̄1 

ʖʋɸɽʉ. ʅʘ ʨʠʩ. 3.1 ʧʨʝʜʩʪʘʚʣʝʥ ̔ʬʘʟʠ ɺʉɻʇ ʤʽʞ ʩʠʛʥʘʣʦʤ ʧʝʨʰʦʛʦ ɼʇɿ ʪʘ 

ʨʝʰʪʦʶ ɼʇɿ, ʥʘ ʨʠʩ. 3.2 ï ʬʘʟʠ ɺʉɻʇ ʤʽʞ ʩʠʛʥʘʣʘʤʠ ʩʫʤʽʞʥʠʭ ɼʇɿ, ʘ ʥʘ ʨʠʩ. 3.3 

ï ʬʘʟʠ ɺʉɻʇ ʧʘʨ ɼʇɿ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʯʝʨʝʟ ʦʜʠʥ ɼʇɿ. 
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ʈʠʩ. 3.1. ʌʘʟʘ ɺʉɻʇ ɼʇɿ ʙʣʦʢʘ  ̄1 ʖʋɸɽʉ; 30-ʪʘ ʧʘʣʠʚʥʘ ʢʘʤʧʘʥʽʷ, 2015 ʨ. 

(ʧʘʨʠ ɼʇɿ 1ï2, 1ï3, 1ï4, 1ï5, 1ï6, 1ï7) 

 

ɿ ʥʘʭʠʣʫ ʬʘʟ ɺʉɻʇ, ʚ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ 0ï1 ɻʮ, ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʦʮʽʥʢʫ ʯʘʩʫ 

ʟʘʧʽʟʥʝʥʥʷ ʧʨʦʭʦʜʞʝʥʥʷ ʬʣʫʢʪʫʘʮʽʾ, ʨʝʟʫʣʴʪʘʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣ. 3.1. ɼʽʘʧʘʟʦʥ 

ʯʘʩʪʦʪ ʙʫʣʦ ʦʙʨʘʥʦ, ʙʘʟʫʶʯʠʩʴ ʥʘ ʚʠʩʦʢʦʤʫ ʨʽʚʥʽ ʢʦʛʝʨʝʥʪʥʦʩʪʽ ʩʠʛʥʘʣʽʚ ʚ ʥʴʦʤʫ, 

ʘ ʪʘʢʦʞ ʫ ʟʚôʷʟʢʫ ʟ ʙʣʠʟʴʢʽʩʪʶ ʬʘʟʠ ʜʦ ʣʽʥʽʡʥʦʾ. 
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ʈʠʩ. 3.2. ʌʘʟʘ ɺʉɻʇ ɼʇɿ ʙʣʦʢʘ  ̄1 ʖʋɸɽʉ; 30-ʪʘ ʧʘʣʠʚʥʘ ʢʘʤʧʘʥʽʷ, 2015 ʨ. 

(ʧʘʨʠ ɼʇɿ 1ï2, 2ï3, 3ï4, 4ï5, 5ï6, 6ï7) 

 

 

ʈʠʩ. 3.3. ʌʘʟʘ ɺʉɻʇ ɼʇɿ ʙʣʦʢʘ  ̄1 ʖʋɸɽʉ; 30-ʪʘ ʧʘʣʠʚʥʘ ʢʘʤʧʘʥʽʷ, 2015 ʨ. 

(ʧʘʨʠ ɼʇɿ 1ï3, 2ï4, 3ï5, 4ï5, 4ï6, 5ï7) 
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ʊʘʙʣʠʮʷ 3.1 ʆʮʽʥʢʘ ʯʘʩʫ ʟʘʧʽʟʥʝʥʥʷ ʟʘ ʥʘʭʠʣʦʤ ʬʘʟʠ ɺʉɻʇ 

ɻʨʫʧʘ ɼʇɿ ʇʘʨʘ ɼʇɿ ʏʘʩ, ʩ 

ʄʽʞ ʧʝʨʰʠʤ ɼʇɿ ʪʘ ʨʝʰʪʦʶ 

1ï2 0,026 

1ï3 0,056 

1ï4 0,083 

1ï5 0,11 

1ï6 0,135 

1ï7 0,15 

ʄʽʞ ʩʫʤʽʞʥʠʤʠ ɼʇɿ 

1ï2 0,026 

2ï3 0,029 

3ï4 0,026 

4ï5 0,027 

5ï6 0,022 

6ï7 0,013 

ʄʽʞ ɼʇɿ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ 

ʯʝʨʝʟ ʦʜʠʥ 

1ï3 0,056 

2ï4 0,056 

3ï5 0,053 

4ï6 0,050 

5ï7 0,035 

 

ʈʝʟʫʣʴʪʘʪʠ ʦʮʽʥʢʠ ʯʘʩʫ ʟʘʧʽʟʥʝʥʥʷ ʤʽʞ ʨʽʟʥʠʤʠ ʧʘʨʘʤʠ ɼʇɿ ʜʦʙʨʝ 

ʢʦʨʝʣʶʶʪʴ ʦʜʠʥ ʚʽʜʥʦʩʥʦ ʦʜʥʦʛʦ. ʈʽʟʥʠʮʷ ʦʮʽʥʢʠ ʯʘʩʫ ʟʘʧʽʟʥʝʥʥʷ ʤʽʞ ʧʘʨʦʶ 

ɼʇɿ, ʪʘ ʩʫʤʦʶ ʧʘʨ ɼʇɿ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʤʽʞ ʥʠʤʠ, ʩʪʘʥʦʚʠʣʘ ʜʦ 5 %. 

ɸʥʘʣʦʛʽʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʦʮʽʥʢʠ ʯʘʩʫ ʟʘʧʽʟʥʝʥʥʷ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ɺʂʌ ʜʣʷ ʜʚʦʭ ʚʘʨʽʘʥʪʽʚ: ʙʝʟ ʬʽʣʴʪʨʘʮʽʾ ʩʠʛʥʘʣʽʚ ɼʇɿ, ʪʘ ʟ 

ʬʽʣʴʪʨʘʮʽʻʶ. ʆʩʢʽʣʴʢʠ ʬʘʟʘ ɺʉɻʇ ʣʽʥʽʡʥʘ ʚ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ 0ï1 ɻʮ, ʪʦ ʜʣʷ 

ʚʠʧʘʜʢʫ ʬʽʣʴʪʨʘʮʽʾ ʩʠʛʥʘʣʽʚ ɼʇɿ ʟʘʩʪʦʩʦʚʘʥʦ ʬʽʣʴʪʨ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ ʽʟ ʯʘʩʪʦʪʦʶ 

ʟʨʽʟʫ 1 ɻʮ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣ. 3.2, ʟ ʷʢʦʾ ʚʠʜʥʦ, ʱʦ 

ʦʮʽʥʢʘ ʯʘʩʫ ʟʘʧʽʟʥʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ɺʂʌ ʙʝʟ ʬʽʣʴʪʨʘʮʽʾ ʥʝ ʩʧʽʚʧʘʜʘʻ ʟ 
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ʦʮʽʥʢʦʶ ʯʘʩʫ ʟʘ ʥʘʭʠʣʦʤ ʬʘʟʠ ɺʉɻʇ, ʘ ʦʪ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʤʝʪʦʜʫ ɺʂʌ 

ʧʦʧʝʨʝʜʥʴʦʾ ʬʽʣʴʪʨʘʮʽʾ ʩʠʛʥʘʣʽʚ ɼʇɿ ʦʮʽʥʢʘ ʯʘʩʫ ʧʦʢʨʘʱʫʻʪʴʩʷ, ʪʘʢ ʚʽʜʭʠʣʝʥʥʷ 

ʚʽʜ ʦʮʽʥʢʠ ʟʘ ʬʘʟʦʶ ɺʉɻʇ ʩʢʣʘʜʘʻ: ʫ ʚʠʧʘʜʢʫ ʩʫʤʽʞʥʠʭ ʧʘʨ ɼʇɿ ʙʣʠʟʴʢʦ 30 %, 

ʚʽʜʜʘʣʝʥʠʭ ʧʘʨ ʙʣʠʟʴʢʦ 10 %. ʇʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʦʩʢʽʣʴʢʠ ʯʘʩʪʦʪʘ 

ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʩʢʣʘʜʘʻ 109 ɻʮ, ʪʦ ʤʽʥʽʤʘʣʴʥʘ ʢʨʦʢ ʟʘ ʯʘʩʦʤ ʜʣʷ ʤʝʪʦʜʫ ɺʂʌ 

ʩʢʣʘʜʘʻ 0,009 ʩ, ʪʦʤʫ ʦʮʽʥʢʘ ʯʘʩʫ ʟʘʧʽʟʥʝʥʥʷ ʜʣʷ ʚʽʜʜʘʣʝʥʠʭ ɼʇɿ ʢʨʘʱʘ ʥʽʞ ʜʣʷ 

ʩʫʤʽʞʥʠʭ, ʘʣʝ ʚ ʙʫʜʴ ʷʢʦʤʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ɺʂʌ ʜʣʷ ʦʮʽʥʢʠ ʯʘʩʫ 

ʟʘʧʽʟʥʝʥʥʷ ʤʽʞ ʩʠʛʥʘʣʘʤʠ ɼʇɿ ʥʝ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʜʦʮʽʣʴʥʠʤ. 

ʊʘʙʣʠʮʷ 3.2 ʆʮʽʥʢʘ ʯʘʩʫ ʟʘʧʽʟʥʝʥʥʷ ʟʘ ʤʝʪʦʜʦʤ ɺʂʌ 

ɻʨʫʧʘ ɼʇɿ 
ʇʘʨʘ 

ɼʇɿ 
ʏʘʩ (ʙʝʟ ʬʽʣʴʪʨʘʮʽʾ), ʩ ʏʘʩ (ʟ ʬʽʣʴʪʨʘʮʽʻʶ), ʩ 

ʄʽʞ ʧʝʨʰʠʤ ɼʇɿ ʪʘ 

ʨʝʰʪʦʶ 

1ï2 0,000 0,018 

1ï3 0,009 0,046 

1ï4 0,018 0,064 

1ï5 0,028 0,092 

1ï6 0,046 0,119 

1ï7 0,055 0,138 

ʄʽʞ ʩʫʤʽʞʥʠʤʠ ɼʇɿ 

1ï2 0,000 0,018 

2ï3 0,009 0,018 

3ï4 -0,009 0,028 

4ï5 0,009 0,028 

5ï6 0,000 0,018 

6ï7 0,000 0,009 

ʄʽʞ ɼʇɿ, ʱʦ 

ʨʦʟʪʘʰʦʚʘʥʽ ʯʝʨʝʟ 

ʦʜʠʥ 

1ï3 0,009 0,046 

2ï4 0,009 0,046 

3ï5 0,009 0,046 

4ï6 0,009 0,046 

5ï7 0,009 0,037 
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ʊʘʢʦʞ ʤʝʪʦʜ ʧʦʧʝʨʝʜʥʴʦʾ ʬʽʣʴʪʨʘʮʽʾ ʩʠʛʥʘʣʽʚ ʜʝʪʝʢʪʦʨʽʚ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʚ 

ʩʠʩʪʝʤʽ ʢʦʥʪʨʦʣʶ ʧʝʨʝʤʽʱʝʥʥʷ ʪʨʫʙʦʧʨʦʚʦʜʽʚ, ʱʦ ʪʘʢʦʞ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʂʉɼ 

(ʧʽʜʨʦʟʜʽʣ 3.6). 

3.3. ɺʽʙʨʦʩʪʘʥ ʚʥʫʪʨʽʰʥʴʦʢʦʨʧʫʩʥʠʭ ʧʨʠʩʪʨʦʾʚ 

ɸʤʝʨʠʢʘʥʩʴʢʠʡ ʜʦʩʣʽʜʥʠʢ ʊʘʡ [147] ʚʧʝʨʰʝ ʟʘʧʨʦʧʦʥʫʚʘʚ ʰʫʤʦʚʠʡ ʤʝʪʦʜ 

ʢʦʥʪʨʦʣʶ ʚʽʙʨʘʮʽʡ ʰʘʭʪʠ ʨʝʘʢʪʦʨʘ PWR ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʟʘʟʦʥʥʠʭ ʥʝʡʪʨʦʥʥʠʭ 

ʜʝʪʝʢʪʦʨʽʚ. ɯʜʝʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʬʣʫʢʪʫʘʮʽʾ ʩʪʨʫʤʫ ʧʦʟʘʟʦʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ 

ʥʝʡʪʨʦʥʽʚ ̒ ʧʨʦʧʦʨʮʽʡʥʠʤʠ ʬʣʫʢʪʫʘʮʽʷʤ ʪʦʚʱʠʥʠ ʚʦʜʷʥʦʛʦ ʟʘʟʦʨʫ ʚ ʦʧʫʩʢʥʽʡ 

ʜʽʣʷʥʮʽ ʤʽʞ ʰʘʭʪʦʶ ʪʘ ʢʦʨʧʫʩʦʤ ʨʝʘʢʪʦʨʘ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʟ ʚʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʠʭ ʟʥʘʯʝʥʴ 

ʬʣʫʢʪʫʘʮʽʡ ʩʪʨʫʤʫ ʧʦʟʘʟʦʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʥʝʡʪʨʦʥʽʚ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ ʰʘʭʪ ʨʝʘʢʪʦʨʽʚ ʪʠʧʫ PWR ʣʝʞʠʪʴ ʚ ʜʽʘʧʘʟʦʥʽ 20ï60 ʤʢʤ 

[144]. 

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʧʨʠʨʦʜʠ ʚʽʙʨʘʮʽʾ ʊɺɿ, ʪʦ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʚʦʥʘ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʫʤʦʚʘʤʠ ʬʽʢʩʘʮʽʾ ʛʦʣʦʚʢʠ ʽ ʭʚʦʩʪʦʚʠʢʘ ʊɺɿ. ʊʘʢ, ʢʦʣʠʚʘʥʥʷ ʰʘʭʪʠ ʨʝʘʢʪʦʨʘ ʯʝʨʝʟ 

ʥʠʞʥʶ ʦʧʦʨʥʫ ʧʣʠʪʫ, ʚ ʷʢʫ ʚʩʪʘʥʦʚʣʝʥʦ ʭʚʦʩʪʦʚʠʢʠ ʊɺɿ, ʧʝʨʝʜʘʚʘʪʠʤʫʪʴʩʷ ʽ ʥʘ 

ʊɺɿ. ɺʽʜʧʦʚʽʜʥʦ ʘʤʧʣʽʪʫʜʘ ʚʽʙʨʘʮʽʡ ʊɺɿ ʫ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʙʫʜʝ ʙʽʣʴʰʦʶ, ʥʽʞ ʫ 

ʚʝʨʭʥʽʡ, ʘ ʚ ʨʘʟʽ ʥʝʜʦʩʪʘʪʥʴʦʛʦ ʟʘʢʨʽʧʣʝʥʥʷ ʛʦʣʦʚʦʢ ʊɺɿ ʟ ʙʦʢʫ ʙʣʦʢʘ ʟʘʭʠʩʥʠʭ 

ʪʨʫʙ ʘʤʧʣʽʪʫʜʘ ʚʽʙʨʘʮʽʡ ʛʦʣʦʚʢʠ ʊɺɿ ʙʫʜʝ ʙʽʣʴʰʦʶ, ʥʽʞ ʭʚʦʩʪʦʚʠʢʘ ʊɺɿ. 

ʄʦʞʣʠʚʠʡ ʪʘʢʦʞ ʚʧʣʠʚ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ: ʚʪʨʘʪʘ ʞʦʨʩʪʢʦʩʪʽ ʧʨʫʞʠʥʥʦʛʦ ʙʣʦʢʫ 

ʊɺɿ, ʟʤʽʱʝʥʥʷ ʜʠʩʪʘʥʮʽʦʥʫʶʯʠʭ ʨʝʰʽʪʦʢ ʪʦʱʦ. 

ɿ ʦʛʣʷʜʫ ʥʘ ʘʥʘʣʦʛʽʯʥʽʩʪʴ ʢʦʥʩʪʨʫʢʪʠʚʫ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʪʘ 

ʚʥʫʪʨʽʰʥʴʦʢʦʨʧʫʩʥʠʭ ʧʨʠʩʪʨʦʾʚ PWR ʽ ɺɺɽʈ, ʤʦʞʥʘ ʦʯʽʢʫʚʘʪʠ ʘʥʘʣʦʛʽʯʥʠʭ 

ʝʬʝʢʪʽʚ ʽ ʜʣʷ ɺɺɽʈ. ɺ ʪʘʙʣ. 3.3 ʥʘʚʝʜʝʥʦ ʭʘʨʘʢʪʝʨʥʽ ʯʘʩʪʦʪʠ ʟʙʫʨʶʶʯʠʭ ʩʠʣ, ʷʢʽ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʽʙʨʦʩʪʘʥ ɺʂʇ ʽ ʊɺɿ, ʘ ʪʘʢʦʞ ʦʩʥʦʚʥʽ ʚʣʘʩʥʽ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ ɺʂʇ 

ʽ ʊɺɿ ʜʣʷ ʨʝʘʢʪʦʨʽʚ ʪʠʧʫ ɺɺɽʈ-1000. ʅʘʤʠ ʙʫʣʘ ʧʽʜʪʚʝʨʜʞʝʥʘ ʥʘʷʚʥʽʩʪʴ 

ʟʘʟʥʘʯʝʥʠʭ ʯʘʩʪʦʪ ʥʘ ʩʧʝʢʪʨʘʭ ʩʠʛʥʘʣʽʚ ɼʇɿ ɺɺɽʈ-1000. ɹʘʣʢʦʚʘ ʬʦʨʤʘ ʢʦʣʠʚʘʥʴ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʜʝʬʦʨʤʘʮʽʷʤʠ ʚʠʛʠʥʫ ʦʙʦʣʦʥʢʠ ʚ ʧʣʦʱʠʥʽ ʧʦʟʜʦʚʞʥʴʦʾ ʚʽʩʽ, ʧʨʠ 

ʜʘʥʠʭ ʢʦʣʠʚʘʥʥʷʭ ʦʙʦʣʦʥʢʘ ʚʝʜʝ ʩʝʙʝ ʷʢ ʩʪʨʠʞʝʥʴ. ʄʘʷʪʥʠʢʦʚʽ ʢʦʣʠʚʘʥʥʷ 
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ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʘʚʢʦʣʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʚʽʩʽ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʪʦʯʢʫ, ʱʦ ʥʝ 

ʩʧʽʚʧʘʜʘʻ ʟ ʮʝʥʪʨʦʤ ʤʘʩ. 

ʊʘʙʣʠʮʷ 3.3. ɯʥʬʦʨʤʘʮʽʷ ʟʘ ʜʝʷʢʠʤʠ ʭʘʨʘʢʪʝʨʥʠʤʠ ʯʘʩʪʦʪʘʤʠ ɺɺɽʈ-1000 

[16, 82] 

ʏʘʩʪʦʪʘ, ɻʮ ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 

0,6 ʈʝʟʦʥʘʥʩ ʢʦʤʧʝʥʩʘʪʦʨʘ ʪʠʩʢʫ 

6,5 ʇʝʨʰʘ ʧʝʪʣʴʦʚʘ ɸʉʍ 

9,2 ʇʝʨʰʘ ʢʦʨʧʫʩʥʘ ɸʉʍ 

13,2 ɼʨʫʛʘ ʢʦʨʧʫʩʥʘ ɸʉʍ 

16,6 ʏʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ɻʎʅ 

2,3ï2,7 ʄʘʷʪʥʠʢʦʚʘ ʤʦʜʘ ʢʦʣʠʚʘʥʴ ʰʘʭʪʠ 

4,7 ɹʘʣʢʦʚʘ ʤʦʜʘ ʢʦʣʠʚʘʥʴ ʰʘʭʪʠ 

8,9ï10,0 ɹʘʣʢʦʚʘ ʤʦʜʘ ʢʦʣʠʚʘʥʴ ʰʘʭʪʠ ʟʘ ʧʨʦʝʢʪʥʠʭ ʫʤʦʚ ʟʘʢʨʽʧʣʝʥʥʷ 

2,1ï3,2 ʄʘʷʪʥʠʢʦʚʽ ʤʦʜʠ ʢʦʣʠʚʘʥʴ ʊɺɿ 

4,2ï4,6 ʇʝʨʰʘ ʙʘʣʢʦʚʘ ʤʦʜʘ ʢʦʣʠʚʘʥʴ ʊɺɿ ʟʘ ʧʨʦʝʢʪʥʠʭ ʫʤʦʚ ʟʘʢʨʽʧʣʝʥʥʷ 

ɸʉʍ ʤʦʜʫʣʶʻ ʛʫʩʪʠʥʫ ʪʝʧʣʦʥʦʩʽʷ, ʘ ʦʪʞʝ ʽ ʥʝʡʪʨʦʥʥʠʡ ʧʦʪʽʢ, ʢʨʽʤ ʪʦʛʦ 

ɸʉʍ ʚʠʢʣʠʢʘʶʪʴ ʤʝʭʘʥʽʯʥʽ ʢʦʣʠʚʘʥʥʷ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʽ ʢʦʨʧʫʩʫ ʨʝʘʢʪʦʨʘ, 

ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʤʦʜʫʣʶʻʪʴʩʷ ʧʦʪʽʢ ʰʚʠʜʢʠʭ ʥʝʡʪʨʦʥʽʚ ʚʠʪʦʢʫ ʧʨʠ ʟʤʽʥʽ ʪʦʚʱʠʥʠ 

ʚʦʜʷʥʦʛʦ ʟʘʟʦʨʫ ʚ ʦʧʫʩʢʥʽʡ ʜʽʣʷʥʮʽ ʤʽʞ ʰʘʭʪʦʶ ʽ ʢʦʨʧʫʩʦʤ ʨʝʘʢʪʦʨʫ. ɸʉʍ, ʱʦ 

ʤʘʶʪʴ ʤʘʢʩʠʤʫʤ ʘʤʧʣʽʪʫʜʠ ʚʩʝʨʝʜʠʥʽ ʢʦʨʧʫʩʫ ʨʝʘʢʪʦʨʘ, ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ 

ʢʦʨʧʫʩʥʠʭ ɸʉʍ, ʘ ʪʽ, ʱʦ ʤʘʶʪʴ ʤʽʥʽʤʫʤ ʘʤʧʣʽʪʫʜʠ ʚ ʢʦʨʧʫʩʽ ʨʝʘʢʪʦʨʘ ï ʜʦ 

ʧʝʪʣʴʦʚʠʭ ɸʉʍ. 

ʅʘ ʧʨʦʪʷʟʽ ʜʝʢʽʣʴʢʦʭ ʧʘʣʠʚʥʠʭ ʢʘʤʧʘʥʽʡ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʟʤʽʥʠ 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʛʥʘʣʽʚ ɼʇɿ ʚʽʜ 20 ʂʅɺ (ʧʦ 7 ɼʇɿ ʚ ʢʦʞʥʦʤʫ ʂʅɺ) 

ʜʣʷ ʖʋɸɽʉ ʪʘ ʚʽʜ 64 ʂʅɺ ʜʣʷ ɿɸɽʉ [16, 24, 25]. ɺʧʝʨʰʝ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʛʥʘʣʽʚ ɼʇɿ ʟ ʯʘʩʪʦʪʦʶ ʜʠʩʢʨʝʪʠʟʘʮʽʾ 436 ɻʮ 

(ɿɸɽʉ). 
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ʅʘ ʩʧʝʢʪʨʘʭ ʰʫʤʦʚʦʛʦ ʩʠʛʥʘʣʫ ɼʇɿ ʉɺʈʐɼ ʧʝʨʰʦʛʦ ʝʥʝʨʛʦʙʣʦʢʘ ʖʞʥʦ-

ʋʢʨʘʾʥʩʴʢʦʾ ɸɽʉ ʘʥʦʤʘʣʴʥʽ ʚʽʙʨʘʮʽʾ ɺʂʇ ʽ ʊɺɿ ʥʝ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ (ʨʠʩ. 3.4, 3.5). 

ʅʘ ʩʧʝʢʪʨʘʭ ʧʨʠʩʫʪʥʷ ʧʝʨʰʘ ʢʦʨʧʫʩʥʘ ʘʢʫʩʪʠʯʥʘ ʩʪʦʷʯʘ ʭʚʠʣʷ ʪʘ ʛʘʨʤʦʥʽʢʠ 

ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ɻʎʅ (1000 ʦʙ/ʭʚ.) ï 16,6 ʪʘ 33,3 ɻʮ. ʄʦʞʥʘ ʚʽʜʟʥʘʯʠʪʠ ʜʦʩʠʪʴ 

ʭʦʨʦʰʫ ʷʢʽʩʪʴ ʩʠʛʥʘʣʽʚ ɼʇɿ ʚʽʜʥʦʩʥʦ ʝʢʨʘʥʫʚʘʥʥʷ ʤʝʨʝʞʝʚʦʦʾ ʯʘʩʪʦʪʠ 50 ɻʮ. ɸ 

ʦʩʴ ʥʘ ʨʠʩ. 3.6, ʜʝ ʽʣʶʩʪʨʫʻʪʴʩʷ ʦʜʥʘ ʟ ʨʝʘʣʽʟʘʮʽʡ ʩʧʝʢʪʨʘ ʰʫʤʦʚʦʛʦ ʩʠʛʥʘʣʫ 

ʦʜʥʦʛʦ ʟ ɼʇɿ ʉɺʈʐɼ ʧʝʨʰʦʛʦ ʙʣʦʢʘ ɿʘʧʦʨʽʟʴʢʦʾ ɸɽʉ, ʚʠʜʥʦ ʤʝʨʝʞʝʚʝ 

ʥʘʚʝʜʝʥʥʷ ʥʘ ʯʘʩʪʦʪʽ 50 ɻʮ, ʷʢʝ ʧʦ ʜʝʷʢʠʭ ʢʘʥʘʣʘʭ ʽʩʪʦʪʥʦ ʩʧʦʪʚʦʨʶʻ ʩʠʛʥʘʣ. 

ʊʘʢʦʞ ʥʘ ʨʠʩ. 3.6 ʚʠʜʥʦ ʨʝʟʦʥʘʥʩʠ ʧʝʨʰʦʾ ʢʦʨʧʫʩʥʦʾ ʘʢʫʩʪʠʯʥʦʾ ʩʪʦʷʯʦʾ ʭʚʠʣʽ, 

ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ɻʎʅ ʪʘ ʛʘʨʤʦʥʽʢ. ʋ ʉɺʈʐɼ ʧʝʨʰʦʛʦ ʝʥʝʨʛʦʙʣʦʢʫ ɿʘʧʦʨʽʟʴʢʦʾ 

ɸɽʉ ʯʘʩʪʦʪʘ ʦʧʠʪʫʚʘʥʥʷ ʜʘʪʯʠʢʽʚ ï 436 ɻʮ. ʅʘ ʩʧʝʢʪʨʘʭ ʜʦʙʨʝ ʚʠʜʥʦ ʦʩʥʦʚʥʽ 

ʨʝʟʦʥʘʥʩʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʦʩʥʦʚʥʽ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʥʷ ʰʘʭʪʠ ʽ ʊɺɿ. 

ʇʦʢʘʟʥʠʢʦʤ ʯʫʪʣʠʚʦʩʪʽ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʘʥʘʣʫ ʉɺʈʐɼ ʻ ʥʘʷʚʥʽʩʪʴ ʫ ʩʧʝʢʪʨʽ 

ʛʘʨʤʦʥʽʢ ʦʙʦʨʦʪʥʦʾ ʯʘʩʪʦʪʠ ɻʎʅ 16,6 ɻʮ. 

 

 

ʈʠʩ. 3.4. ʉʧʝʢʪʨ ʩʠʛʥʘʣʫ ɼʇɿ  ̄1 (ʂʅɺ  ̄2, ʊɺɿ  ̄81) ʙʣʦʢʘ  ̄1 

ʖʋɸɽʉ; 30-ʪʘ ʧʘʣʠʚʥʘ ʢʘʤʧʘʥʽʷ, 2015 ʨ. 
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ʈʠʩ. 3.5. ʉʧʝʢʪʨ ʩʠʛʥʘʣʫ ɼʇɿ  ̄4 (ʂʅɺ  ̄16, ʊɺɿ  ̄71) ʙʣʦʢʘ  ̄1 

ʖʋɸɽʉ; 30-ʪʘ ʧʘʣʠʚʥʘ ʢʘʤʧʘʥʽʷ, 2015 ʨ.  

 

ʈʠʩ. 3.6. ʉʧʝʢʪʨ ʩʠʛʥʘʣʫ ɼʇɿ  ̄7 (ʂʅɺ  ̄14, ʊɺɿ  ̄93) ʙʣʦʢʘ  ̄1 

ɿɸɽʉ; 27-ʤʘ ʧʘʣʠʚʥʘ ʢʘʤʧʘʥʽʷ, 2015 ʨ. 
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ɺʠʟʥʘʯʝʥʠʡ ʚ ʉɺʈʐɼ ʖʋɸɽʉ-1 ʩʧʝʢʪʨ ʰʫʤʦʚʦʛʦ ʩʠʛʥʘʣʫ ʦʜʥʽʻʾ ʟ ʪʨʴʦʭ 

ɯʂ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ ʩʝʨʧʝʥʪʝʥʽʪʦʚʦʤʫ ʙʝʪʦʥʽ ʙʽʦʣʦʛʽʯʥʦʛʦ ʟʘʭʠʩʪʫ ʨʝʘʢʪʦʨʘ, 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.7. ʄʦʞʥʘ ʢʦʥʩʪʘʪʫʚʘʪʠ, ʱʦ ʥʘ ʩʧʝʢʪʨʽ ʰʫʤʦʚʦʛʦ ʩʠʛʥʘʣʫ 

ʽʦʥʽʟʘʮʽʡʥʦʾ ʢʘʤʝʨʠ ʜʦʙʨʝ ʚʽʜʦʙʨʘʞʝʥʦ ʦʩʥʦʚʥʽ ʨʝʟʦʥʘʥʩʠ ʚʽʙʨʦʩʪʘʥʫ ɺʂʇ ʽ ʊɺɿ. 

ʗʢ ʙʫʣʦ ʟʘʟʥʘʯʝʥʦ, ʚ ʜʝʷʢʠʭ ʢʨʘʾʥʘʭ, ʥʘʧʨʠʢʣʘʜ ʫ ʉʐɸ, ʚ ʘʥʘʣʽʟʽ ʚʽʙʨʦʩʪʘʥʫ ɺʂʇ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʠʛʥʘʣʠ ʧʦʟʘʟʦʥʥʠʭ ʥʝʡʪʨʦʥʥʠʭ ʜʝʪʝʢʪʦʨʽʚ. 

 

 

ʈʠʩ. 3.7. ʉʧʝʢʪʨ ʩʠʛʥʘʣʫ ɯʂ-3 ʙʣʦʢʘ ˉ 1 ʖʋɸɽʉ; 30-ʪʘ ʧʘʣʠʚʥʘ ʢʘʤʧʘʥʽʷ, 2015 ʨ. 

 

ʉʧʝʢʪʨʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʛʥʘʣʽʚ ɼʇɿ ʟʤʽʥʶʶʪʴʩʷ ʧʨʦʪʷʛʦʤ ʧʘʣʠʚʥʦʾ 

ʢʘʤʧʘʥʽʾ. ɹʫʣʦ ʚʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʟʤʽʥʠ ʩʧʝʢʪʨʘʣʴʥʠʭ ʪʘ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʽʚ 

ɼʇɿ ɺɺɽʈ-1000 (ʖʋɸɽʉ, ɿɸɽʉ) ʥʘ ʧʨʦʪʷʟʽ ʜʝʢʽʣʴʢʦʭ ʧʘʣʠʚʥʠʭ ʢʘʤʧʘʥʽʡ. ɼʣʷ 

ʥʘʦʯʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʨʠʩ. 3.8ï3.11 ʧʨʝʜʩʪʘʚʣʝʥʦ ʟʤʽʥʫ ʩʧʝʢʪʨʘʣʴʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʛʥʘʣʫ ɼʇɿ ʧʨʦʪʷʛʦʤ ʜʝʢʽʣʴʢʦʭ ʤʽʩʷʮʽʚ. 
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ʈʠʩ. 3.8. ɿʤʽʥʘ ʩʧʝʢʪʨʫ ɼʇɿ  ̄7 (ʂʅɺ  ̄23, ʊɺɿ  ̄163) ʖʋɸɽʉ-1; 30-ʪʘ 

ʧʘʣʠʚʥʘ ʢʘʤʧʘʥʽʷ, 2015 ʨ. 

 

ʈʠʩ. 3.9. ɿʤʽʥʘ ʩʧʝʢʪʨʫ ɼʇɿ  ̄7 (ʂʅɺ  ̄57, ʊɺɿ  ̄114) ʖʋɸɽʉ-1; 30-ʪʘ 

ʧʘʣʠʚʥʘ ʢʘʤʧʘʥʽʷ, 2015 ʨ. 
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ʈʠʩ. 3.10. ɿʤʽʥʘ ʩʧʝʢʪʨʫ ɼʇɿ  ̄1 (ʂʅɺ  ̄20, ʊɺɿ  ̄124) ɿɸɽʉ-1; 27-ʤʘ ʧʘʣʠʚʥʘ 

ʢʘʤʧʘʥʽʷ, 2015 ʨ. 

 

ʈʠʩ. 3.11. ɿʤʽʥʘ ʩʧʝʢʪʨʫ ɼʇɿ  ̄7 (ʂʅɺ  ̄22, ʊɺɿ  ̄32) ɿɸɽʉ-1; 27-ʤʘ ʧʘʣʠʚʥʘ 

ʢʘʤʧʘʥʽʷ, 2015 ʨ. 

0

20

40

60

80

100

120

140

160

180

200

5,11 11,92 18,73 25,55 32,36 39,17 45,98 52,80

ɼʘʪʘ

ɸ
ʤ
ʧ
ʣ
ʽ
ʪ
ʫ
ʜ
ʘ

,
ʚ
ʽ
ʜ
ʥ
.
ʦ
ʜ
.

ʏʘʩʪʦʪʘ, ɻʮ

0,5

5

50

500

0 50 100 150 200

ɸ
ʤ
ʧ
ʣ
ʽ
ʪ
ʫ
ʜ
ʘ
,
 
ʚ
ʽ
ʜ
ʥ
.
ʦ
ʜ
.

ʏʘʩʪʦʪʘ, ɻʮ

06.02.15

27.02.15

26.03.15

30.04.15



93 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʘʥʘʣʽʟʫ ʟʤʽʥʠ ʩʧʝʢʪʨʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʣʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʫʩʪʘʚʢʠ ʬʦʨʤʫʚʘʥʥʷ ʟʘʭʠʩʪʽʚ ʽ ʙʣʦʢʫʚʘʥʴ ʟʘ ʚʠʟʥʘʯʝʥʠʤʠ 

ʦʟʥʘʢʘʤʠ (ʧʫʥʢʪ 3.4.3). 

ʂʦʛʝʨʝʥʪʥʽʩʪʴ ʩʠʛʥʘʣʽʚ ʚʠʟʥʘʯʘʻ ʨʽʚʝʥʴ ʟʚôʷʟʢʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʨʦʮʝʩʽʚ, ʥʘ 

ʨʠʩ. 3.12 ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʜʠʥ ʟ ʨʦʟʨʘʭʫʥʢʽʚ ʬʫʥʢʮʽʾ ʢʦʛʝʨʝʥʪʥʦʩʪʽ. 

 

ʈʠʩ. 3.12. ʂʦʛʝʨʝʥʪʥʽʩʪʴ ɼʇɿ ˉ2 ʪʘ ɼʇɿ ˉ5 (ʂʅɺ  ̄23, ʊɺɿ  ̄163) ʙʣʦʢʘ ˉ 1 

ʖʋɸɽʉ; 30-ʪʘ ʧʘʣʠʚʥʘ ʢʘʤʧʘʥʽʷ, 2015 ʨ.  

 

3.4. ʄʦʜʝʣʽ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʚʽʙʨʦʩʪʘʥʫ ʪʘ ʜʽʘʛʥʦʩʪʠʯʥʽ ʧʦʨʦʛʠ 

ɺʽʙʨʘʮʽʾ ʥʘ ʧʨʘʮʶʶʯʦʤʫ ʦʙʣʘʜʥʘʥʥʽ ʽʩʥʫʶʪʴ ʟʘʚʞʜʠ. ʊʦʤʫ ʚʘʞʣʠʚʠʤ ʻ 

ʚʠʷʚʣʝʥʥʷ ʩʘʤʝ ʘʥʦʤʘʣʴʥʠʭ ʚʽʙʨʘʮʽʡ. ʉʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʚʽʙʨʘʮʽʡʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʦʪʷʛʦʤ, ʧʨʠʥʘʡʤʥʽ, ʦʜʥʦʛʦ ʧʘʣʠʚʥʦʛʦ ʮʠʢʣʫ ʜʦʟʚʦʣʷʻ 

ʩʬʦʨʤʫʚʘʪʠ ʧʦʨʦʛʠ ʟʘ ʜʝʷʢʠʤʠ ʜʽʘʛʥʦʩʪʠʯʥʠʤʠ ʦʟʥʘʢʘʤʠ, ʚʠʭʽʜ ʟʘ ʷʢʽ 

ʦʪʦʪʦʞʥʶʻʪʴʩʷ ʟ ʧʦʷʚʦʶ ʘʥʦʤʘʣʴʥʦʛʦ ʚʽʙʨʦʩʪʘʥʫ [3]. 

ʅʘʤʠ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʚʽʙʨʘʮʽʡʥʽ ʜʽʘʛʥʦʩʪʠʯʥʽ ʧʦʨʦʛʠ ʟʘ ʩʧʝʢʪʨʘʣʴʥʠʤʠ 

ʦʙʨʘʟʘʤ ʥʝʡʪʨʦʥʥʠʭ ʰʫʤʽʚ (ʟʘ ʘʤʧʣʽʪʫʜʦʶ ʪʘ ʯʘʩʪʦʪʦʶ), ʧʨʠ ʧʝʨʝʚʠʱʝʥʥʽ ʷʢʠʭ ʚ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʫʤʦʚʘʭ ʬʦʨʤʫʶʪʴʩʷ ʧʦʧʝʨʝʜʞʫʚʘʣʴʥʽ ʩʠʛʥʘʣʠ. 
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ʆʩʥʦʚʦʶ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʣʫʛʫʻ ʤʦʜʝʣʴ, ʱʦ ʷʚʣʷʻ ʩʦʙʦʶ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʝʣʝʤʝʥʪʘʨʥʠʭ ʦʧʝʨʘʮʽʡ (ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʜʽʡ ʥʘʜ ʩʫʢʫʧʥʽʩʪʶ 

ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʩʠʛʥʘʣʽʚ ʜʘʪʯʠʢʽʚ). ʇʨʠ ʪʘʢʦʤʫ ʧʽʜʭʦʜʽ, ʧʝʨʩʦʥʘʣ, ʱʦ ʝʢʩʧʣʫʘʪʫʻ 

ʩʠʩʪʝʤʫ ʜʽʘʛʥʦʩʪʠʢʠ, ʟʚʽʣʴʥʷʻʪʴʩʷ ʚʽʜ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʙʦʨʫ ʧʘʨʘʤʝʪʨʽʚ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʨʦʮʝʜʫʨ, ʧʝʨʝʣʽʢʫ ʩʠʛʥʘʣʽʚ, ʚʽʜ ʧʦʩʣʽʜʫʶʯʦʛʦ ʚʠʜʽʣʝʥʥʷ ʚʨʫʯʥʫ 

ʧʝʚʥʦʾ ʢʽʣʴʢʦʩʪʽ ʨʝʟʦʥʘʥʩʽʚ [3]. ɽʣʝʤʝʥʪʘʨʥʽ ʦʧʝʨʘʮʽʾ ʚʢʣʶʯʘʶʪʴ ʧʦʧʝʨʝʜʥʶ 

ʦʙʨʦʙʢʫ ʟʘʨʝʻʩʪʨʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʬʽʣʴʪʨʘʮʽʶ, ʦʮʽʥʢʠ ʩʧʝʢʪʨʘʣʴʥʠʭ ʬʫʥʢʮʽʡ, 

ʚʠʜʽʣʝʥʥʷ ʝʢʩʪʨʝʤʫʤʽʚ ʬʫʥʢʮʽʡ, ʦʧʝʨʘʮʽʾ ʚʠʙʦʨʫ ʨʝʟʦʥʘʥʩʽʚ, ʧʦʨʽʚʥʷʥʥʷ ʟ 

ʜʽʘʛʥʦʩʪʠʯʥʠʤʠ ʧʦʨʦʛʘʤʠ, ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. 

3.4.1. ʄʦʜʝʣʴ çɺʽʙʨʦʩʪʘʥ ɺʂʇ ʽ ʊɺɿè 

ɼʣʷ ʨʦʙʦʪʠ ʤʦʜʝʣʽ çɺʽʙʨʦʩʪʘʥ ɺʂʇè ʥʝʦʙʭʽʜʥʦ ʜʦʩʣʽʜʠʪʠ ɸʉɻʇ, 

ʢʦʛʝʨʝʥʪʥʽʩʪʴ, ɺʂʌ ʽ ʬʘʟʠ ʨʽʟʥʠʭ ʧʘʨ ʩʠʛʥʘʣʽʚ: ʘʢʩʝʣʝʨʦʤʝʪʨʽʚ (ʚʽʙʨʦʜʘʪʯʠʢʽʚ), 

ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʢʨʠʰʮʽ ʽ ʜʥʠʱʽ ʨʝʘʢʪʦʨʘ, ʥʘ ʚʭʽʜʥʠʭ ʧʘʪʨʫʙʢʘʭ; ʘ ʪʘʢʦʞ ʩʠʛʥʘʣʠ 

ʽʦʥʽʟʘʮʽʡʥʠʭ ʢʘʤʝʨ ʉɺʈʐɼ. 

ɹʘʟʦʚʠʡ ʥʘʙʽʨ ʨʝʟʦʥʘʥʩʥʠʭ ʯʘʩʪʦʪ ʧʦʪʨʽʙʥʦ ʚʠʟʥʘʯʠʪʠ ʥʘ ʝʪʘʧʽ ʧʦʧʝʨʝʜʥʽʭ 

ʚʠʤʽʨʶʚʘʥʴ (ʜʦʩʣʽʜʥʘ ʝʢʩʧʣʫʘʪʘʮʽʷ). 

ʇʦʨʫʰʝʥʥʷ ʚ ʚʫʟʣʘʭ ʢʨʽʧʣʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʢʦʨʧʫʩʥʦʾ ʰʘʭʪʠ ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʟʥʘʯʥʦʛʦ ʟʨʦʩʪʘʥʥʷ (ʜʦ 10 ʨʘʟ) ʟʥʘʯʝʥʴ ʬʣʫʢʪʫʘʮʽʡ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʫ, ʷʢʽ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʠʤ ʚʽʜʭʠʣʝʥʥʷʤ (ʉʂɺ) ʧʦʟʘʟʦʥʥʦʛʦ 

ʥʝʡʪʨʦʥʥʦʛʦ ʰʫʤʫ. 

ʅʘʡʙʽʣʴʰ ʧʨʦʩʪʘ ʤʦʜʝʣʴ ʚʠʟʥʘʯʝʥʥʷ ʚʽʙʨʦʩʪʘʥʫ ʚʥʫʪʨʽʰʥʴʦʢʦʨʧʫʩʥʦʾ 

ʰʘʭʪʠ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʘ ʧʨʠ ʦʩʥʘʱʝʥʥʽ ʉɺʈʐɼ ʚʽʩʴʤʦʤʘ ʽʦʥʽʟʘʮʽʡʥʠʤʠ 

ʢʘʤʝʨʘʤʠ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʚ 4-ʭ ʢʘʥʘʣʘʭ (ʧʽʜ ʢʫʪʦʤ 90Á), ʧʦ ʜʚʽ ʚ ʢʦʞʥʦʤʫ ʢʘʥʘʣʽ 

(ʚʛʦʨʽ ʽ ʚʥʠʟʫ ʘʢʪʠʚʥʦʾ ʟʦʥʠ). ʊʘʢʘ ʩʭʝʤʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʨʠʡʥʷʪʘ ʥʘ ɸɽʉ ʊʝʤʝʣʽʥ. 

ʇʦʜʽʙʥʘ ʩʭʝʤʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ɯʂ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʡʙʽʣʴʰʫ ʯʫʪʣʠʚʽʩʪʴ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʢʦʣʠʚʘʥʴ ʰʘʭʪʠ. ʇʨʠ ʮʴʦʤʫ ʟʘ ʧʨʦʪʠʬʘʟʦ  ʁ ʩʠʛʥʘʣʽʚ (ʥʘ ʧʝʚʥʠʭ 

ʯʘʩʪʦʪʘʭ) ʚʠʷʚʣʷʶʪʴʩʷ ʤʘʷʪʥʠʢʦʚʽ ʽ ʦʙʦʣʦʥʢʦʚʽ ʢʦʣʠʚʘʥʥʷ ʰʘʭʪʠ. 

ʇʦʷʚʘ ʤʘʷʪʥʠʢʦʚʠʭ ʢʦʣʠʚʘʥʴ ʰʘʭʪʠ ʦʙʫʤʦʚʣʶʻʪʴʩʷ ʟʥʦʰʝʥʥʷʤ ʚʫʟʣʽʚ 

ʢʨʽʧʣʝʥʥʷ ɺʂʇ ʘʙʦ ʟʤʝʥʰʝʥʥʷʤ ʧʨʠʪʠʩʢʥʦʛʦ ʟʫʩʠʣʣʷ ɹɿʊ. ɼ̔ʘʛʥʦʩʪʠʯʥʦʶ 
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ʦʟʥʘʢʦʶ ʤʘʷʪʥʠʢʦʚʠʭ ʢʦʣʠʚʘʥʴ ʰʘʭʪʠ ʤʦʞʝ ʩʣʫʛʫʚʘʪʠ ʧʦʷʚʘ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ 

ʨʝʟʦʥʘʥʩʽʚ ʚ ʦʙʣʘʩʪʽ ʤʝʥʰʝ 8 ɻʮ. 

ʆʟʥʘʢʠ ʚʽʙʨʘʮʽʡ ɺʂʇ ʽ ʊɺɿ: 

- ʤʘʢʩʠʤʘʣʴʥʝ ʉʂɺ ʥʘ ʥʠʞʥʴʦʤʫ ɼʇɿ, ʤʽʥʽʤʘʣʴʥʝ ʉʂɺ ʥʘ ʚʝʨʭʥʴʦʤʫ 

ɼʇɿ ï ʙʘʣʢʦʚʽ ʢʦʣʠʚʘʥʥʷ ʰʘʭʪʠ ʟ ʦʜʥʠʤ ʟʘʢʨʽʧʣʝʥʠʤ ʚʝʨʭʥʽʤ ʢʽʥʮʝʤ; 

- ʥʘʷʚʥʽʩʪʴ ʪʦʯʥʦʛʦ ʛʘʨʤʦʥʽʯʥʦʛʦ ʨʷʜʫ ʥʘ ʩʧʝʢʪʨʘʣʴʥʽʡ ʭʘʨʘʢʪʝʨʠʩʪʠʮʽ 

ɼʇɿ ï ʚʽʙʨʘʮʽʾ ʊɺɿ; 

- ʩʫʙʛʘʨʤʦʥʽʢʠ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ɻʎʅ ï ʚʟʘʻʤʦʜʽʷ ɺʂʇ. 

ɺʠʢʦʥʘʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʷʚʥʦʩʪʽ çʙʠʪʪʷè ʝʣʝʤʝʥʪʽʚ ʊɺɿ. ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʘʥʘʣʽʟʫ ʩʧʝʢʪʨʽʚ ʩʠʛʥʘʣʽʚ ɼʇɿ 27-ʦʾ ʧʘʣʠʚʥʦʾ ʢʘʤʧʘʥʽʾ 1-ʛʦ ʙʣʦʢʫ ɿɸɽʉ ʙʫʣʦ 

ʚʠʷʚʣʝʥʦ çʙʠʪʪʷè ʝʣʝʤʝʥʪʽʚ ʊɺɿ. ʅʘ ʨʠʩ. 3.13 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʧʝʢʪʨ ʩʠʛʥʘʣʫ ɼʇɿ 

 ̄3 (ʂʅɺ  ̄16, ʊɺɿ  ̄71) ɿɸɽʉ ʧʨʦʪʷʛʦʤ ʜʝʢʽʣʴʢʦʭ ʤʽʩʷʮʽʚ. ʅʘ ʜʘʥʦʤʫ ʨʠʩʫʥʢʫ 

ʧʨʠʩʫʪʥʽʡ ʛʘʨʤʦʥʽʯʥʠʡ ʨʷʜ ʨʝʟʦʥʘʥʩʽʚ ʥʘ ʯʘʩʪʦʪʘʭ 5, 10, 15, 20, 25 ɻʮ, ʱʦ ʻ 

ʩʚʽʜʯʝʥʥʷʤ çʙʠʪʪʷè ʝʣʝʤʝʥʪʽʚ ʊɺɿ. ʈʝʟʦʥʘʥʩʠ ʥʘ ʟʘʟʥʘʯʝʥʠʭ ʚʠʱʝ ʯʘʩʪʦʪʘʭ (5, 10, 

15, 20, 25 ɻʮ) ʧʨʠʩʫʪʥʽ ʪʘʢʦʞ ʥʘ ʩʧʝʢʪʨʘʭ ʩʠʛʥʘʣʽʚ ɼʇɿ ˉ1, 2, 4 ʨʦʟʛʣʷʥʫʪʦʛʦ 

ʂʅɺ ̄ 16. 

 

ʈʠʩ. 3.13. ʉʧʝʢʪʨʠ ʩʠʛʥʘʣʫ ɼʇɿ  ̄3 (ʂʅɺ  ̄16, ʊɺɿ  ̄71) 

ɿɸɽʉ-1 ʧʨʦʪʷʛʦʤ ʜʝʢʽʣʴʢʦʭ ʤʽʩʷʮʽʚ; 27-ʤʘ ʧʘʣʠʚʥʘ ʢʘʤʧʘʥʽʷ, 2015 ʨ. 
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ʅʘ ʨʠʩ. 3.14 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʧʝʢʪʨʠ ʩʠʛʥʘʣʫ ɼʇɿ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʦʜʥʦʤʫ 

ʂʅɺ. ʊɺɿ, ʚ ʷʢʽʡ ʨʦʟʪʘʰʦʚʘʥʽ ʮʽ ɼʇɿ, ʪʘʢʦʞ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʙʠʪʪʷʤ. 

 

ʈʠʩ. 3.14. ʉʧʝʢʪʨʠ ʩʠʛʥʘʣʫ ɼʇɿ  ̄2, 3, 4, 5, 7 (ʂʅɺ  ̄24, ʊɺɿ  ̄6) 

ɿɸɽʉ-1; 27-ʤʘ ʧʘʣʠʚʥʘ ʢʘʤʧʘʥʽʷ, 2015 ʨ. 

ʇʽʜ ʯʘʩ 27-ʾ ʧʘʣʠʚʥʦʾ ʢʘʤʧʘʥʽʾ (2015 ʨ.) 1-ʛʦ ʙʣʦʢʘ ɿɸɽʉ ʥʘ ʦʩʥʦʚʽ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʙʫʣʦ ʚʠʷʚʣʝʥʦ çʙʠʪʪʷè ʊɺɿ  ̄6, 10, 12, 40, 71, 80, 81, 83, 

84, 92, 122 (ʨʠʩ. 3.15). 
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ʈʠʩ. 3.15. ʃʦʢʘʣʽʟʘʮʽʷ ʊɺɿ, ʜʣʷ ʷʢʠʭ ʭʘʨʘʢʪʝʨʥʝ çʙʠʪʪʷè; 

 27-ʤʘ ʧʘʣʠʚʥʘ ʢʘʤʧʘʥʽʷ (2015 ʨ.) 1-ʡ ʙʣʦʢ ɿɸɽʉ 

 

3.4.2. ʄʦʜʝʣʴ çɼʽʘʛʥʦʩʪʠʢʘ ʘʢʫʩʪʠʯʥʠʭ ʩʪʦʷʯʠʭ ʭʚʠʣʴè 

ɺʘʞʣʠʚʠʡ ʚʠʧʘʜʦʢ ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʭʚʠʣʴ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʥʘʢʣʘʜʝʥʥʽ ʜʚʦʭ 

ʟʫʩʪʨʽʯʥʠʭ ʧʣʦʩʢʠʭ ʭʚʠʣʴ ʟ ʦʜʥʘʢʦʚʦʶ ʘʤʧʣʽʪʫʜʦʶ. ɺʠʥʠʢʘʶʯʠʡ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʢʦʣʠʚʘʣʴʥʠʡ ʧʨʦʮʝʩ ʥʘʟʠʚʘʻʪʴʩʷ ʩʪʦʷʯʦʶ ʭʚʠʣʝʶ. ʇʨʘʢʪʠʯʥʦ ʩʪʦʷʯʽ ʭʚʠʣʽ 

ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʚʽʜʙʠʪʪʽ ʚʽʜ ʧʝʨʝʰʢʦʜ. 

ʆʩʦʙʣʠʚʦʩʪʽ ʘʢʫʩʪʠʯʥʠʭ ʩʪʦʷʯʠʭ ʭʚʠʣʴ: 
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- ɸʉʍ ʪʝʧʣʦʥʦʩʽʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʨʷʜʦʤ ʯʘʩʪʦʪ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʛʝʦʤʝʪʨʽʻʶ 1-ʛʦ ʢʦʥʪʫʨʫ ʽ ʧʘʨʘʤʝʪʨʘʤʠ ʪʝʧʣʦʥʦʩʽʷ (ʪʠʩʢ, ʪʝʤʧʝʨʘʪʫʨʘ, 

ʦʙ'ʻʤ ʧʘʨʠ ʚ ʢʦʤʧʝʥʩʘʪʦʨʽ ʪʠʩʢʫ); 

- ʨʝʟʦʥʘʥʩʠ ʦʙʫʤʦʚʣʝʥʽ ɸʉʍ ʪʝʧʣʦʥʦʩʽʷ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʧʘʨʦʚʤʽʩʪʫ 

ʪʝʧʣʦʥʦʩʽʷ ʟʤʽʱʫʶʪʴʩʷ ʚ ʥʠʞʯʫ ʟʘ ʯʘʩʪʦʪʦʶ ʦʙʣʘʩʪʴ; 

- ʚhʠʜʢʦʩʪʽ ʟʤʽʥʠ (ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ) ʯʘʩʪʦʪʠ ʨʝʟʦʥʘʥʩʽʚ ʨʽʟʥʠʭ ʪʠʧʽʚ ɸʉʍ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ. 

ɿʥʘʥʥʷ ʯʘʩʪʦʪ ʽ ʘʤʧʣʽʪʫʜ ɸʉʍ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʩʠʣ, ʱʦ 

ʟʙʫʜʞʫʶʪʴ ʚʽʙʨʘʮʽʾ ɺʂʇ ʽ ʊɺɿ. 

ɼʣʷ ɺɺɽʈ-1000/ɺ-320 ʟʤʽʥʠ ʯʘʩʪʦʪʠ ʨʝʟʦʥʘʥʩʽʚ ɸʉʍ ( ɸʉʍf ) ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ (T ) ʦʧʠʩʫʶʪʴʩʷ ʪʘʢʠʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ [3]:  

20,120175,0
1

+-= Tf
ʇɸʉʍ ; (3.1) 

60,160215,0
1

+-= Tf
ʂɸʉʍ , (3.2) 

ʜʝ ʽʥʜʝʢʩʠ ç1ʇè, ʪʘ ç1ʂè ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʝʨʰʽʡ ʧʝʪʣʴʦʚʽʡ ʪʘ ʧʝʨʰʽʡ 

ʢʦʨʧʫʩʥʽʡ ɸʉʍ ʚʽʜʧʦʚʽʜʥʦ. ɯʟ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ɸʉʍ1K ʩʣʽʜʫʻ, ʱʦ ʧʨʠ ʥʠʟʴʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʪʝʧʣʦʥʦʩʽʷ ʧʦʣʦʞʝʥʥʷ ʨʝʟʦʥʘʥʩʫ ʥʘʙʣʠʞʫʻʪʴʩʷ ʜʦ ʦʙʝʨʪʘʣʴʥʦʾ 

ʯʘʩʪʦʪʠ ɻʎʅ 16,6 ɻʮ, ʜʘʥʠʡ ʝʬʝʢʪ ʤʦʞʝ ʧʨʦʷʚʣʷʪʠʩʷ ʧʨʠ ʨʦʟʽʛʨʽʚʽ ʪʝʧʣʦʥʦʩʽʷ. 

ɼʣʷ ʽʥʰʠʭ ʨʝʟʦʥʘʥʩʽʚ ɸʉʍ ʚ ʨʦʙʦʯʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ ʪʝʧʣʦʥʦʩʽʷ 250 ï

 320 Áʉ ʪʘʢʦʞ ʤʦʞʝ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʟʙʣʠʞʝʥʥʷ ʯʘʩʪʦʪʠ ɸʉʍ ʟ̔ ʦʙʝʨʪʘʣʴʥʦʶ 

ʯʘʩʪʦʪʦʶ ɻʎʅ ʘʙʦ ʾʾ ʛʘʨʤʦʥʽʢʘʤʠ. ʊʦʤʫ ʥʝʦʙʭʽʜʥʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʩʪʘʥ ʨʝʟʦʥʘʥʩʽʚ 

ɸʉʍ ʽ ʫʥʠʢʘʪʠ ʩʧʽʚʧʘʜʽʥʥʷ ʨʝʟʦʥʘʥʩʽʚ ɸʉʍ ʽ ʦʙʦʨʦʪʥʦʾ ʯʘʩʪʦʪʠ ɻʎʅ ʘʙʦ ʽʥʰʠʭ 

ʚʠʤʫʰʝʥʠʭ ʩʠʣ. 

ʆʩʢʽʣʴʢʠ ɸʉʍ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʪʽʣʴʢʠ ʛʝʦʤʝʪʨʽʻʶ ɻʎʂ, ʪʝʤʧʝʨʘʪʫʨʦʶ 

ʪʝʧʣʦʥʦʩʽʷ, ʥʘʷʚʥʽʩʪʶ ʽ ʦʙôʻʤʦʤ ʧʘʨʦʚʦʾ ʬʘʟʠ ʚ ʂʊ ̔ ʚ ɻʎʂ, ʪʦʤʫ ʷʢʱʦ ʨʝʟʦʥʘʥʩʠ 

ɸʉʍ ʽ ʟʘʣʝʞʥʽʩʪʴ ʾʭ ʧʦʣʦʞʝʥʥʷ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ʚʠʟʥʘʯʝʥʽ ʚ 

çʥʫʣʴʦʚʠʭè ʚʠʤʽʨʘʭ, ʪʦ ʧʦʣʦʞʝʥʥʷ ʯʘʩʪʦʪ ʨʝʟʦʥʘʥʩʽʚ ɸʉʍ ʧʦʚʠʥʥʽ 

ʧʦʚʪʦʨʶʚʘʪʠʩʷ. ʗʢʱʦ ʨʝʟʦʥʘʥʩʠ ʟʤʽʱʝʥʽ ʚʽʜʥʦʩʥʦ ʙʘʟʦʚʦʛʦ (ʝʪʘʣʦʥʥʦʛʦ) ʟʥʘʯʝʥʥʷ 

ʜʣʷ ʜʘʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ, ʪʦ ʮʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʧʘʨʦʚʦʾ ʬʘʟʠ ʚ 

ʪʝʧʣʦʥʦʩʽʾ. 
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ɼʣʷ ʪʦʯʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʯʘʩʪʦʪ ʤʥʦʞʠʥʠ ʨʝʟʦʥʘʥʩʽʚ ʥʝʦʙʭʽʜʥʦ ʟ ʜʦʩʠʪʴ 

ʤʘʣʠʤ ʢʨʦʢʦʤ ʟʤʽʥʠ ʪʠʩʢʫ, ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ, ʘ ʪʘʢʦʞ ʧʦʪʫʞʥʦʩʪʽ ʨʝʘʢʪʦʨʘ 

ʧʨʦʡʪʠ ʚʝʩʴ ʜʽʘʧʘʟʦʥ ʨʦʙʦʯʠʭ ʧʘʨʘʤʝʪʨʽʚ (ʪʠʩʢʫ, ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ, 

ʧʦʪʫʞʥʦʩʪʽ ʨʝʘʢʪʦʨʘ). ʎʝ ʜʦʟʚʦʣʠʪʴ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʯʘʩʪʦʪʠ, ʘ ʪʘʢʦʞ ʚʠʜʽʣʠʪʠ 

ɸʉʍ. 

ʂʦʥʢʨʝʪʥʽ ʟʥʘʯʝʥʥʷ ʨʝʟʦʥʘʥʩʽʚ ɸʉʍ ʙʫʜʫʪʴ ʟʘʬʽʢʩʦʚʘʥʽ ʚ ʧʨʦʮʝʩʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʉɺʈʐɼ. ʇʨʠʙʣʠʟʥʽ ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪ ʨʝʟʦʥʘʥʩʽʚ ɸʉʍ ʨʝʘʢʪʦʨʘ  

ɺɺɽʈ-1000 (ʧʨʦʝʢʪ ɺ-320) [3]: 0,6; 6,5; 9,2; 13,2; 15,5; 20,0 ɻʮ. 

3.4.3. ɼʽʘʛʥʦʩʪʠʯʥʽ ʧʦʨʦʛʠ 

ɼʣʷ ʚʢʣʶʯʝʥʥʷ ʚ ʧʨʦʛʨʘʤʫ ʚʠʧʨʦʙʫʚʘʥʴ ʉɺʈʐɼ ʤʠ ʧʨʦʧʦʥʫʻʤʦ 

ʨʝʘʣʽʟʫʚʘʪʠ ʥʘʩʪʫʧʥʽ ʜʽʘʛʥʦʩʪʠʯʥʽ ʧʦʨʦʛʠ ʟʘ ʜʽʘʛʥʦʩʪʠʯʥʠʤʠ ʦʟʥʘʢʘʤʠ ʧʨʠ 

ʬʦʨʤʫʚʘʥʥʽ ʘʣʛʦʨʠʪʤʽʚ ʤʦʜʝʣʝʡ: 

- ʟʙʽʣʴʰʝʥʥʷ ʉʂɺ ʟʥʘʯʝʥʥʷ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʫ ʚ 5 ʨʘʟʽʚ ï 

ʧʦʧʝʨʝʜʞʫʚʘʣʴʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʘ ʚ 10 ʨʘʟʽʚ ï ʘʚʘʨʽʡʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ. 

ʇʨʦʪʷʛʦʤ ʢʘʤʧʘʥʽʾ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʣʘʚʥʠʡ ʪʨʝʥʜ ʟʤʽʥʠ ʉʂɺ ʟʥʘʯʝʥʥʷ 

ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʫ; 

- ʟʤʽʥʘ ʧʦʣʦʞʝʥʥʷ ʧʽʢʽʚ ʭʘʨʘʢʪʝʨʥʠʭ ʯʘʩʪʦʪ, ʱʦ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʚ ɸʉɻʇ, 

ɺʉɻʇ ʯʠ ʐʇʌ, ʥʘ ʚʝʣʠʯʠʥʫ 0,3 ɻʮ ï ʧʦʧʝʨʝʜʞʫʚʘʣʴʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʘ 

ʥʘ ʚʝʣʠʯʠʥʫ 0,5 ɻʮ ï ʘʚʘʨʽʡʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ. ʇʨʦʪʷʛʦʤ ʧʘʣʠʚʥʦʾ 

ʢʘʤʧʘʥʽʾ ʤʦʞʝ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʧʣʘʚʥʝ ʟʤʽʱʝʥʥʷ ʧʦ ʚʽʩʽ ʯʘʩʪʦʪ ʜʝʷʢʠʭ 

ʧʽʢʽʚ; 

- ʟʙʣ̔ʴʰʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʧʽʢʽʚ ʭʘʨʘʢʪʝʨʥʠʭ ʯʘʩʪʦʪ, ʱʦ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʚ 

ɸʉɻʇ, ɺʉɻʇ ʯʠ ʐʇʌ, ʚʽʜʥʦʩʥʦ ʝʪʘʣʦʥʥʦʛʦ ʩʪʘʥʫ ʥʘ ʚʝʣʠʯʠʥʫ 30 % ï 

ʧʦʧʝʨʝʜʞʫʚʘʣʴʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʘ ʥʘ ʚʝʣʠʯʠʥʫ 50 % ï ʘʚʘʨʽʡʥʝ 

ʧʦʚʽʜʦʤʣʝʥʥʷ. ʇʨʦʪʷʛʦʤ ʧʘʣʠʚʥʦʾ ʢʘʤʧʘʥʽʾ ʤʦʞʝ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʧʣʘʚʥʘ 

ʟʤʽʥʘ ʘʤʧʣʽʪʫʜʠ ʧʽʢʽʚ; 

- ʟʤʽʥʘ ʧʦʣʦʞʝʥʥʷ ʧʽʢʽʚ ʭʘʨʘʢʪʝʨʥʠʭ ʯʘʩʪʦʪ, ʱʦ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʧʨʠ 

ʚʠʟʥʘʯʝʥʥʽ ʢʦʛʝʨʝʥʪʥʦʩʪʽ ʧʘʨʠ ʩʠʛʥʘʣʽʚ, ʥʘ ʚʝʣʠʯʠʥʫ 0,3 ɻʮ ï 

ʧʦʧʝʨʝʜʞʫʚʘʣʴʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʘ ʥʘ ʚʝʣʠʯʠʥʫ 0,5 ɻʮ ï ʘʚʘʨʽʡʥʝ 
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ʧʦʚʽʜʦʤʣʝʥʥʷ. ʇʨʦʪʷʛʦʤ ʧʘʣʠʚʥʦʾ ʢʘʤʧʘʥʽʾ ʤʦʞʝ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʧʣʘʚʥʝ 

ʟʤʽʱʝʥʥʷ ʧʦ ʚʽʩʽ ʯʘʩʪʦʪ ʜʝʷʢʠʭ ʧʽʢʽʚ; 

- ʟʙʽʣʴʰʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʧʽʢʽʚ ʭʘʨʘʢʪʝʨʥʠʭ ʯʘʩʪʦʪ, ʱʦ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʧʨʠ 

ʚʠʟʥʘʯʝʥʥ̔  ʢʦʛʝʨʝʥʪʥʦʩʪʽ ʧʘʨʠ ʩʠʛʥʘʣʽʚ, ʚʽʜʥʦʩʥʦ ʝʪʘʣʦʥʥʦʛʦ ʩʪʘʥʫ ʥʘ 

ʚʝʣʠʯʠʥʫ 50 % ï ʧʦʧʝʨʝʜʞʫʚʘʣʴʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʘ ʥʘ ʚʝʣʠʯʠʥʫ 80 % ï 

ʘʚʘʨʽʡʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ. ʇʨʦʪʷʛʦʤ ʧʘʣʠʚʥʦʾ ʢʘʤʧʘʥʽʾ ʤʦʞʝ 

ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʧʣʘʚʥʘ ʟʤʽʥʘ ʘʤʧʣʽʪʫʜʠ ʧʽʢʽʚ. 

ʋ ʉɺʈʐɼ ʧʽʩʣʷ ʜʦʩʣʽʜʥʦ-ʧʨʦʤʠʩʣʦʚʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʧʝʮʽʘʣʴʥʽ ʩʪʘʪʠʩʪʠʢʠ ʧʦʨʽʚʥʷʥʥʷ ʩʧʝʢʪʨʘʣʴʥʦʾ ʛʫʩʪʠʥʠ 

ʧʦʪʫʞʥʦʩʪʽ ʝʪʘʣʦʥʥʦʛʦ ʩʪʘʥʫ)( fPʝʪ  ʽʟ ʪʦʶ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʜʘʥʠʡ ʤʦʤʝʥʪ 

ʯʘʩʫ )( fPt : 

;)()(ln 1e¢ää
i

it
i

iʝʪ fPfP  (3.3) 

( )ä ¢
i

itiʝʪ fPfP ,2
2 )()(ln e  (3.4) 

ʜʝ 1e, 2e ï ʧʦʨʦʛʠ. ɿʘʟʥʘʯʝʥʽ ʚʠʱʝ ʩʪʘʪʠʩʪʠʢʠ ʨʽʚʥʽ ʥʫʣʶ ʧʨʠ ʘʙʩʦʣʶʪʥʦʤʫ ʟʙʽʛʫ 

ʧʦʪʦʯʥʦʛʦ ʩʧʝʢʪʨʘ ʟ ʝʪʘʣʦʥʥʠʤ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʜʽʘʛʥʦʩʪʠʯʥʽ ʦʟʥʘʢʠ ʚʠʟʥʘʯʝʥʽ, ʚʠʭʦʜʷʯʠ ʟ ʧʨʠʧʫʱʝʥʴ, ʷʢʽ 

ʧʦʚʠʥʥʽ ʙʫʪʠ ʧʽʜʪʚʝʨʜʞʝʥʽ ʚ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ ʧʦʜʘʣʴʰʦʾ 

ʧʨʦʤʠʩʣʦʚʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʉʈɺʐɼ, ʘ ʩʘʤʝ: 

- ʝʪʘʣʦʥʥʠʡ ʩʪʘʥ ʩʧʝʢʪʨʘʣʴʥʦʾ ʛʫʩʪʠʥʠ ʧʦʪʫʞʥʦʩʪʽ ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ 

ʥʦʨʤʘʣʴʥʦʛʦ (ʝʪʘʣʦʥʥʦʛʦ) ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʩʪʘʥʫ ʈʋ, ʽ ʤʘʻ ʧʦʚʥʫ 

ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ ʧʨʠ ʧʦʚʪʦʨʥʦʤʫ ʚʭʦʜʽ ʚ ʩʪʘʮʽʦʥʘʨʥʠʡ ʩʪʘʥ ʈʋ; 

- ʚʽʜʤʽʥʥʽʩʪʴ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʧʦʨʽʚʥʷʥʥʷ ʩʪʘʪʠʩʪʠʢ ʝʪʘʣʦʥʥʦʾ ʽ ʧʦʪʦʯʥʦʾ 

ʩʧʝʢʪʨʘʣʴʥʦʾ ʛʫʩʪʠʥʠ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ (3.3), (3.4) ʩʚʜ̔ʯʠʪʴ ʧʨʦ 

ʤʦʞʣʠʚʫ ʥʝʩʧʨʘʚʥʽʩʪʴ ï ʘʥʦʤʘʣʽʾ ʚ ʩʪʘʥʽ ʦʙʣʘʜʥʘʥʥʷ ʘʙʦ ʩʠʩʪʝʤ; 

- ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʧʨʠʯʠʥ ʚʠʷʚʣʝʥʠʭ ʘʥʦʤʘʣʽʡ ʚʠʢʦʥʫʻʪʴʩʷ ʘʙʦ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʜʝʣʽ ʦʙ'ʻʢʪʘ, ʘʙʦ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʚʠʷʚʣʝʥʥʷ ʧʦʨʫʰʝʥʴ. 
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3.5. ʊʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʨʝʘʢʪʠʚʥʦʩʪʽ 

3.5.1. ɺʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʨʝʘʢʪʠʚʥʦʩʪʽ  

ʊʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʨʝʘʢʪʠʚʥʦʩʪʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʟʤʽʥʘ ʨʝʘʢʪʠʚʥʦʩʪʽ, 

ʩʧʨʠʯʠʥʝʥʘ ʟʤʽʥʦʶ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ, ʧʦʜʽʣʝʥʘ ʥʘ ʟʤʽʥʫ ʩʝʨʝʜʥʴʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ʚ ʘʢʪʠʚʥʽʡ ʟʦʥʽ ʨʝʘʢʪʦʨʘ [67]. 

ave
mT

ʊʂʈ
µ

µ
=
r

, (3.5) 

ʜʝ rï ʨʝʘʢʪʠʚʥʽʩʪʴ ʨʝʘʢʪʦʨʘ; 

ave
mT ï ʩʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʽʷ ʧʦ ʘʢʪʠʚʥʽʡ ʟʦʥʽ ʨʝʘʢʪʦʨʘ. 

ʌʽʟʠʯʥʦ ʝʬʝʢʪʠ ʨʝʘʢʪʠʚʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ 

ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʜʽʣʝʥʽ ʥʘ ʜʚʽ ʢʘʪʝʛʦʨʽʾ: ʧʨʷʤʦʾ ʪʘ ʥʝʧʨʷʤʦʾ ʜʽʾ. 

ʇʨʷʤʽ ʝʬʝʢʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʜʽʣʝʥʽ ʥʘ ʪʽʣʴʢʠ ʪʝʤʧʝʨʘʪʫʨʥʫ ʯʠ ʩʧʝʢʪʨʘʣʴʥʫ 

ʩʢʣʘʜʦʚʫ ʥʘ ʤʽʢʨʦʨʽʚʥʽ ʽ ʩʢʣʘʜʦʚʫ ʛʫʩʪʠʥʠ ʪʝʧʣʦʥʦʩʽʷ ï ʥʘ ʤʘʢʨʦʨʽʚʥʽ. 

ʉʧʝʢʪʨʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʦʙʫʤʦʚʣʝʥʘ ʟʤʽʥʦʶ ʪʝʤʧʝʨʘʪʫʨʠ ʥʝʡʪʨʦʥʥʦʛʦ ʛʘʟʫ 

ʚʥʘʩʣʽʜʦʢ ʟʤʽʥʠ ʪʝʧʣʦʚʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʥʝʡʪʨʦʥʽʚ ʚʦʜʦʶ ʚ ʨʘʟʽ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ 

ʫʧʦʚʽʣʴʥʶʚʘʯʘ. ʉʢʣʘʜʦʚʘ ʛʫʩʪʠʥʠ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʟʤʽʥʠ ʛʫʩʪʠʥʠ ʫʧʦʚʽʣʴʥʶʚʘʯʘ ʟʽ 

ʟʤʽʥʦʶ ʡʦʛʦ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʅʝʧʨʷʤʽ ʝʬʝʢʪʠ ʩʪʦʩʫʶʪʴʩʷ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʘʢʩʽʘʣʴʥʠʭ ʧʦʪʦʢʽʚ. ɸʢʩʽʘʣʴʥʠʡ 

ʧʝʨʝʨʦʟʧʦʜʽʣ ʦʙʫʤʦʚʣʝʥʠʡ ʪʠʤ, ʱʦ ʥʘʚʽʪʴ ʢʦʣʠ ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ʻ 

ʚʽʜʥʦʩʥʦ ʦʜʥʦʨʽʜʥʦʶ ʚ ʘʢʪʠʚʥʽʡ ʟʦʥʽ, ʟʤʽʥʘ ʡʦʛʦ ʛʫʩʪʠʥʠ ʥʝ ʻ ʘʢʩʽʘʣʴʥʦ 

ʦʜʥʦʨʽʜʥʦʶ, ʦʩʢʽʣʴʢʠ ʘʢʩʽʘʣʴʥʝ ʨʦʟʧʦʜʽʣʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʥʠʟʫ ʜʦʚʝʨʭʫ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʚʥʘʩʣʽʜʦʢ ʥʘʛʨʽʚʘʥʥʷ. 

ʊʂʈ ʤʘʻ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʷʤʽ ʽ ʥʝʧʨʷʤʽ ʝʬʝʢʪʠ. ʊʦʤʫ ʷʢʱʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ 

ʧʨʦʮʝʜʫʨʘ ʟʥʘʯʥʦ ʟʙʫʨʶʻ ʘʢʩʽʘʣʴʥʫ ʬʦʨʤʫ ʧʦʪʫʞʥʦʩʪʽ ʘʙʦ ʨʦʟʧʦʜʽʣʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʫʧʦʚʽʣʴʥʶʚʘʯʘ, ʪʦ ʧʝʨʝʨʦʟʧʦʜʽʣ ʨʝʟʫʣʴʪʫʶʯʦʛʦ ʘʢʩʽʘʣʴʥʦʛʦ ʧʦʪʦʢʫ 

ʥʝ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʪʽʣʴʢʠ ʷʢ ʥʝʧʨʷʤʠʡ ʝʬʝʢʪ ʊʂʈ. 

ʊʂʈ ʻ ʯʘʩʪʠʥʦʶ ʤʝʭʘʥʽʟʤʫ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ʚ ɺɺɽʈ, ʙʦ ʟʙʫʨʝʥʥʷ 

ʨʝʘʢʪʠʚʥʦʩʪʽ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʚʧʣʠʥʝ ʥʘ ʧʦʪʫʞʥʽʩʪʴ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʟʤʽʥʠʪʴ 

ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʧʣʦʥʦʩʽʷ ʯʝʨʝʟ ʟʤʽʥʫ ʪʝʤʧʝʨʘʪʫʨʠ ʧʘʣʠʚʘ. ɽʬʝʢʪʠ ʨʝʘʢʪʠʚʥʦʩʪʽ, 
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ʧʦʚôʷʟʘʥʽ ʟ ʊʂʈ ʽ ʝʬʝʢʪʦʤ ɼʦʧʧʣʝʨʘ, ʻ ʦʩʥʦʚʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʚʣʘʩʥʦʾ 

ʩʪʘʙʽʣʴʥʦʩʪʽ ɺɺɽʈ. 

ʇʨʠ ʤʘʣʽʡ ʟʤʽʥʽ ʩʝʨʝʜʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ, ʟʤʽʥʘ ʨʝʘʢʪʠʚʥʦʩʪʽ ʙʫʜʝ: 

)()( tTʊʂʈt ave
mddr ³= . (3.6) 

ʐʣʷʭ ʨʦʟʨʘʭʫʥʢʫ ʩʝʨʝʜʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʥʝ ʛʨʘʻ 

ʩʫʪʪʻʚʦʾ ʨʦʣʽ, ʦʩʢʽʣʴʢʠ ʪʘ ʞ ʩʘʤʘ ʤʝʪʦʜʠʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʧʨʠ 

ʚʠʤʽʨʶʚʘʥʥʷʭ ʪʘʢ ʽ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ. ʊʘʢʠʤ ʯʠʥʦʤ ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʨʦʩʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʝʨʝʜʥʶ ʧʦ ʦʙôʻʤʫ ʟʤʽʥʫ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ: 
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ʗʢʱʦ ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ʻ ʚʽʜʥʦʩʥʦ ʦʜʥʦʨʽʜʥʦʶ, ʪʦ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʩʪʫʧʥʝ ʚʠʟʥʘʯʝʥʥʷ ʜʣʷ ʩʝʨʝʜʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ: 
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ʜʝ )(tTind , )(tToutd  ʧʦʟʥʘʯʘʶʪʴ ʟʤʽʥʫ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʭʦʜʽ ʪʘ 

ʚʠʭʦʜʽ ʟ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʚʽʜʧʦʚʽʜʥʦ. ʗʢʱʦ ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʥʝ ʻ ʦʜʥʦʨʽʜʥʦʶ ʧʦ 

ʘʢʪʠʚʥʽʡ ʟʦʥʽ, ʪʦ ʨʽʚʥʷʥʥʷ (3.8) ʥʝ ʪʦʯʥʦ ʚʽʜʦʙʨʘʞʘʻ ʟʤʽʥʫ ʚ ʩʝʨʝʜʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 

ʪʝʧʣʦʥʦʩʽʷ, ʚʽʜ ʷʢʦʾ ʟʘʣʝʞʠʪʴ ʧʨʘʚʠʣʴʥʝ ʟʥʘʯʝʥʥʷ ʊʂʈ. 

3.5.2. ʊʨʘʜʠʮʽʡʥʽ ʪʝʭʥʽʢʠ ʚʠʤʽʨʶʚʘʥʴ 

ʋ ʙʘʛʘʪʴʦʭ ʢʨʘʾʥʘʭ, ʟʦʢʨʝʤʘ ʚ ʋʢʨʘʾʥʽ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʘʢʪʠʢʘ ʚʠʤʽʨʶʚʘʪʠ 

ʊʂʈ ʪʽʣʴʢʠ ʥʘ ʧʦʯʘʪʢʫ ʧʘʣʠʚʥʦʾ ʢʘʤʧʘʥʽʾ, ʘ ʧʽʩʣʷ ʮʴʦʛʦ ʧʦʢʣʘʜʘʪʠʩʷ ʧʦʚʥʽʩʪʶ ʥʘ 

ʨʦʟʨʘʭʫʥʢʠ ʟʤʽʥʠ ʊʂʈ ʧʨʦʪʷʛʦʤ ʧʘʣʠʚʥʦʾ ʢʘʤʧʘʥʽʾ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʞ 

ʧʝʨʝʚʽʨʢʘ ʨʦʟʨʘʭʫʥʢʽʚ ʊʂʈ ʥʘ ʧʦʪʫʞʥʦʩʪʽ ʥʽʢʦʣʠ ʥʝ ʚʠʢʦʥʫʚʘʣʘʩʴ. 

ɯʩʥʫʻ ʜʝʢʽʣʴʢʘ ʤʝʪʦʜʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʟʥʘʯʝʥʴ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ 

ʨʝʘʢʪʠʚʥʦʩʪʽ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʥʝʩʝʥʥʽ ʟʙʫʨʝʥʥʷ ʚ ʨʝʘʢʪʠʚʥʽʩʪʴ ʨʝʘʢʪʦʨʘ ʽ 

ʧʦʩʣʽʜʫʶʯʦʾ ʾʾ ʢʦʤʧʝʥʩʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ʚ 

ʘʢʪʠʚʥʽʡ ʟʦʥʽ. ʆʩʥʦʚʥʠʤʠ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ ʻ [67]: 

- ʤʝʪʦʜ ʟʤʽʥʠ ʧʦʪʫʞʥʦʩʪʽ ʯʠ ʢʩʝʥʦʥʦʚʦʛʦ ʧʝʨʝʭʽʜʥʦʛʦ ʨʝʞʠʤʫ, ʧʨʠ ʷʢʦʤʫ 

ʟʤʽʥʶʻʪʴʩʷ ʨʽʚʝʥʴ ʧʦʪʫʞʥʦʩʪʽ ʨʝʘʢʪʦʨʘ (ʚʽʜʧʦʚʽʜʥʦ ʽ ʢʦʥʮʝʥʪʨʘʮʽʷ 
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ʢʩʝʥʦʥʫ). ʇʽʩʣʷ ʯʦʛʦ ʚʽʜʧʦʚʽʜʥʠʡ ʝʬʝʢʪ ʨʝʘʢʪʠʚʥʦʩʪʽ ʢʦʤʧʝʥʩʫʻʪʴʩʷ 

ʟʤʽʥʦʶ ʚʭʽʜʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ʚ ʘʢʪʠʚʥʫ ʟʦʥʫ ʟ ʤʝʪʦʶ 

ʟʙʝʨʝʞʝʥʥʷ ʢʨʠʪʠʯʥʦʩʪʽ ʨʝʘʢʪʦʨʘ; 

- ʤʝʪʦʜ ʚʠʯʝʨʧʘʥʥʷ, ʧʨʠ ʷʢʦʤʫ ʢʦʥʮʝʥʪʨʘʮʽʷ ʙʦʨʫ ʧʽʜʪʨʠʤʫʻʪʴʩʷ 

ʧʦʩʪʽʡʥʦʶ ʧʨʦʪʷʛʦʤ ʙʣʠʟʴʢʦ 1,5 ʜʦʙʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʛʦʨʘʥʥʷ ʧʘʣʠʚʘ, 

ʧʦʪʨʽʙʥʦ ʟʤʝʥʰʠʪʠ ʩʝʨʝʜʥʶ ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʧʣʦʥʦʩʽʷ; 

- ʤʝʪʦʜ ʟʘʤʽʥʠ ʨʝʛʫʣʶʶʯʦʛʦ ʩʪʨʠʞʥʷ, ʚ ʷʢʦʤʫ ʟʤʽʥʶʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ 

ʚʭʦʜʽ ʚ ʘʢʪʠʚʥʫ ʟʦʥʫ. ɺʽʜʧʦʚʽʜʥʠʡ ʝʬʝʢʪ ʨʝʘʢʪʠʚʥʦʩʪʽ ʢʦʤʧʝʥʩʫʻʪʴʩʷ 

ʟʤʽʥʦʶ ʚʝʣʠʯʠʥʠ ʚʚʝʜʝʥʥʷ ʧʝʚʥʠʭ ʨʝʛʫʣʶʶʯʠʭ ʩʪʨʠʞʥʽʚ (ʧʦʧʝʨʝʜʥʴʦ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʯʠ ʚʠʤʽʨʶʻʪʴʩʷ ʚʘʛʘ ʨʝʛʫʣʶʶʯʦʛʦ ʩʪʨʠʞʥʷ); 

- ʤʝʪʦʜ ʨʦʟʙʘʚʣʝʥʥʷ ʙʦʨʫ, ʧʨʠ ʷʢʦʤʫ ʚʭʽʜʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʽʷ ʚ 

ʘʢʪʠʚʥʫ ʟʦʥʫ ʟʙʽʣʴʰʫʻʪʴʩʷ. ʈʝʘʢʪʦʨ ʫʪʨʠʤʫʶʪʴ ʢʨʠʪʠʯʥʠʤ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʦʟʙʘʚʣʝʥʥʷ ʚʤʽʩʪʫ ʙʦʨʫ. 

ʄʝʪʦʜ ʨʦʟʙʘʚʣʝʥʥʷ ʙʦʨʫ ʻ ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʤ ʤʝʪʦʜʦʤ ʫ ʩʚʽʪʽ. 

ʆʩʥʦʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʤʝʪʦʜʫ ʨʦʟʙʘʚʣʝʥʥʷ ʙʦʨʫ ʻ [67]: 

- ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʪʦʯʥʦʩʪʽ ʨʦʟʨʘʭʦʚʘʥʦʾ ʜʠʬʝʨʝʥʮʽʡʥʦʾ ʚʘʛʠ ʙʦʨʫ, ʷʢʘ 

ʧʦʪʨʽʙʥʘ ʷʢ ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʙʘʚʣʝʥʥʷ ʙʦʨʫ, ʪʘʢ ʽ ʜʣʷ 

ʦʮʽʥʢʠ ʩʘʤʦʛʦ ʊʂʈ. ɽʬʝʢʪ ʨʝʘʢʪʠʚʥʦʩʪʽ ʙʦʨʫ ʤʘʻ ʚʠʛʣʷʜ ʜʦʙʫʪʢʫ 

ʜʠʬʝʨʝʥʮʽʡʥʦʾ ʚʘʛʠ ʙʦʨʫ ʽ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʦʨʫ. ɼʨʫʛʠʡ ʧʘʨʘʤʝʪʨ 

ʚʠʤʽʨʶʻʪʴʩʷ, ʪʦʜʽ ʷʢ ʧʝʨʰʠʡ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ. ɿʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʤ ʻ ʪʝ, 

ʱʦ ʩʫʯʘʩʥʽ ʨʝʘʢʪʦʨʥʽ ʢʦʜʠ ʧʝʨʝʜʙʘʯʘʶʪʴ ʜʘʥʠʡ ʧʘʨʘʤʝʪʨ ʨʝʘʢʪʠʚʥʦʩʪʽ 

ʜʫʞʝ ʪʦʯʥʦ (ʧʦʭʠʙʢʘ ʚʽʜ 1 ʜʦ 2 %); 

- ʥʝʟʥʘʯʥʘ ʟʤʽʥʘ ʚ ʘʢʩʽʘʣʴʥʽʡ ʬʦʨʤʽ ʨʦʟʧʦʜʽʣʫ ʧʦʪʫʞʥʦʩʪʽ. ɺʣʘʩʥʝ 

ʚʠʤʽʨʶʶʪʴʩʷ ʪʽʣʴʢʠ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʚʭʦʜʽ ʽ ʚʠʭʦʜʽ ʟ ʘʢʪʠʚʥʦʾ ʟʦʥʠ. 

ɺʩʝʨʝʜʠʥʽ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʥʝ ʚʩʪʘʥʦʚʣʝʥʦ ʞʦʜʥʦʾ ʪʝʨʤʦʧʘʨʠ. ʆʪʞʝ, 

ʩʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʽʷ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ ʩʝʨʝʜʥʷ ʚʝʣʠʯʠʥʘ 

ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʚʭʦʜʽ ʽ ʚʠʭʦʜʽ. ɼʘʥʝ ʚʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʝʨʝʜʙʘʯʘʻ ʱʦ ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ʻ ʚʽʜʥʦʩʥʦ ʨʽʚʥʦʤʽʨʥʦʶ ʧʦ 

ʘʢʪʠʚʥʽʡ ʟʦʥʽ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʜʣʷ ʤʝʪʦʜʫ ʨʦʟʙʘʚʣʝʥʥʷ ʙʦʨʫ, ʨʦʟʨʘʭʫʥʢʠ 
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ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʘʢʩʽʘʣʴʥʘ ʬʦʨʤʘ ʧʦʪʫʞʥʦʩʪʽ ʨʝʘʢʪʦʨʫ 

ʟʤʽʥʶʻʪʴʩʷ ʪʽʣʴʢʠ ʥʘ ʥʝʟʥʘʯʥʫ ʚʝʣʠʯʠʥʫ ʧʨʠ ʟʤʽʥʽ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʪʝʧʣʦʥʦʩʽʷ. ʊʦʤʫ ʜʘʥʘ ʩʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʻ ʜʦʩʠʪʴ ʪʦʯʥʦʶ, ʷʢʱʦ ʧʨʠ 

ʚʠʤʽʨʶʚʘʥʥʷʭ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʝʛʫʣʶʶʯʽ ʩʪʨʠʞʽ ʜʣʷ ʙʫʜʴ ʷʢʦʾ 

ʢʦʤʧʝʥʩʘʮʽʡ ʘʢʩʽʘʣʴʥʦʛʦ ʟʤʽʱʝʥʥʷ. ɺ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ, ʧʦʪʨʽʙʥʝ 

ʚʽʜʧʦʚʽʜʥʝ ʧʨʦʩʪʝ ʢʦʨʠʛʫʚʘʥʥʷ ʜʣʷ ʚʨʘʭʫʚʘʥʥʷ ʟʤʽʥʠ ʘʢʩʽʘʣʴʥʦʾ ʬʦʨʤʠ 

ʧʦʪʫʞʥʦʩʪʽ. 

ʄʝʪʦʜ ʨʦʟʙʘʚʣʝʥʥʷ ʙʦʨʫ ʤʘʻ ʪʘʢʦʞ ʥʘʩʪʫʧʥʽ ʦʩʥʦʚʥʽ ʥʝʜʦʣʽʢʠ [67]: 

- ʚʝʣʠʢʘ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʫ ʚʠʤʽʨʶʚʘʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʦʨʫ. ʑʦʙ ʚʧʦʨʘʪʠʩʷ ʟ 

ʜʘʥʦʶ ʧʨʦʙʣʝʤʦʶ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʙʦʨʫ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʜʝʢʽʣʴʢʘ ʧʨʦʙ ʪʝʧʣʦʥʦʩʽʷ, ʽ ʙʨʘʪʠ ʩʝʨʝʜʥʶ ʢʦʥʮʝʥʪʨʘʮʽʶ; 

- ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʶʚʘʥʴ ʧʦʪʨʽʙʥʠʡ ʚʽʜʥʦʩʥʦ ʜʦʚʛʠʡ ʯʘʩ (ʜʦ 

12 ʛʦʜʠʥ). ʇʨʦʪʷʛʦʤ ʜʘʥʦʛʦ ʯʘʩʫ ʤʦʞʫʪʴ ʟʤʽʥʠʪʠʩʷ ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ, ʽ 

ʾʭʥʽʡ ʚʧʣʠʚ ʧʦʪʨʽʙʥʦ ʢʦʤʧʝʥʩʫʚʘʪʠ. ʎʝʡ ʚʥʝʩʦʢ ʤʦʞʝ ʙʫʪʠ ʦʮʽʥʝʥʠʤ 

ʪʽʣʴʢʠ ʯʝʨʝʟ ʨʦʟʨʘʭʫʥʢʠ ʘʢʪʠʚʥʦʾ ʟʦʥʠ, ʘ ʥʝ ʚʠʤʽʨʷʥʠʤ ʙʝʟʧʦʩʝʨʝʜʥʴʦ; 

- ʚʪʨʘʪʠ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ɺ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ, ʭʦʯʘ ʪʝʩʪ ʽ 

ʧʨʦʭʦʜʠʪʴ ʤʘʡʞʝ ʥʘ ʧʦʚʥʽʡ ʧʦʪʫʞʥʦʩʪʽ, ʚʚʘʞʘʻʪʴʩʷ ʥʝʜʦʮʽʣʴʥʠʤ 

ʧʨʦʚʦʜʠʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʨʽʚʥʦ ʥʘ 100 % ʧʦʪʫʞʥʦʩʪʽ ʯʝʨʝʟ ʙʣʠʟʴʢʽʩʪʴ 

ʫʩʪʘʚʢʠ ʟʘʭʠʩʪʫ ʥʘ ʚʽʜʢʣʶʯʝʥʥʷ ʧʨʠ ʚʠʩʦʢʠʭ ʧʦʪʦʢʘʭ. ʇʨʦʚʝʜʝʥʥʷ ʪʝʩʪʽʚ 

ʥʘ ʧʦʥʠʞʝʥʽʡ ʧʦʪʫʞʥʦʩʪʽ ʧʨʦʪʷʛʦʤ ʜʝʢʽʣʴʢʦʭ ʛʦʜʠʥ ʜʘʻ ʟʥʘʯʥʫ ʚʪʨʘʪʫ 

ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ; 

- ʪʝʩʪ ʩʧʨʠʯʠʥʶʻ ʧʝʨʝʭʽʜʥʠʡ ʨʝʞʠʤ ʥʘ ʩʪʘʥʮʽʾ. ʏʝʨʝʟ ʟʤʽʥʫ ʩʪʘʥʫ 

ʨʝʘʢʪʦʨʫ ʫ ʚʽʜʥʦʩʥʦ ʢʦʨʦʪʢʠʡ ʧʝʨʽʦʜ (ʟʘʟʚʠʯʘʡ 12 ʛʦʜʠʥ), ʚʠʥʠʢʘʶʪʴ 

ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ, ʽ ʦʧʝʨʘʪʦʨʠ ʤʫʩʷʪʴ ʩʧʦʩʪʝʨʽʛʘʪʠ ʟʘ ʩʪʘʥʦʤ ʧʦʢʠ ʥʝ 

ʚʩʪʘʥʦʚʣʷʪʴʩʷ ʩʪʘʮʽʦʥʘʨʥʽ ʫʤʦʚʠ; 

- ʚʽʜʥʦʩʥʦ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʤʘʻ ʙʫʪʠ ʦʮʽʥʝʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʦʟʨʘʭʫʥʢʽʚ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʽ ʥʝ ʤʦʞʝ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʙʫʪʠ ʚʠʤʽʨʷʥʦʶ ʥʘ 

ʧʨʘʢʪʠʮʽ ʜʣʷ ʦʮʽʥʢʠ ʊʂʈ. 
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3.5.3. ʐʫʤʦʚʘ ʦʮʽʥʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʨʝʘʢʪʠʚʥʦʩʪʽ 

ɼʦʜʘʪʢʦʚʘ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʘʪʠ ʊʂʈ ʥʘ ʧʦʪʫʞʥʦʩʪʽ ʟôʷʚʠʣʘʩʷ ʟ ʨʦʟʚʠʪʢʦʤ 

ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ, ʟʦʢʨʝʤʘ ʥʘ ʦʩʥʦʚʽ ʰʫʤʦʚʠʭ ʤʝʪʦʜʽʚ. ʋ ʤʝʪʦʜʠʮʽ 

ʚʠʟʥʘʯʝʥʥʷ ʊʂʈ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚʥʫʪʨʽʰʥʴʦʟʦʥʥʠʡ ʥʝʡʪʨʦʥʥʠʡ ʜʝʪʝʢʪʦʨ ʽ 

ʪʝʨʤʦʧʘʨʘ ʥʘ ʚʠʭʦʜʽ ʟ ʊɺɿ, ʷʢʘ ʨʦʟʪʘʰʦʚʘʥʘ ʥʘʜ ʪʦʶ ʩʘʤʦʶ ʘʙʦ ʩʫʤʽʞʥʦʶ 

ʟʙʽʨʢʦʶ. ʐʫʤʦʚʽ ʩʠʛʥʘʣʠ ʮʠʭ ʜʚʦʭ ʜʝʪʝʢʪʦʨʽʚ ʤʽʩʪʷʪʴ ʽʥʬʦʨʤʘʮʽʶ ʱʦʜʦ ʊʂʈ, ʷʢʘ 

ʤʦʞʝ ʙʫʪʠ ʚʠʜʽʣʝʥʘ. ʆʩʥʦʚʥʘ ʧʝʨʝʚʘʛʘ ʮʽʻʾ ʤʝʪʦʜʠʢʠ ï ʫ ʚʽʜʩʫʪʥʦʩʪʽ ʧʦʪʨʝʙʠ 

ʚʥʦʩʠʪʠ ʟʙʫʨʝʥʥʷ ʨʝʘʢʪʠʚʥʦʩʪʽ ʚ ʨʝʘʢʪʦʨ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʊʂʈ. 

ʈʽʚʝʥʴ ʰʫʤʫ ʥʝʡʪʨʦʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʟʘʟʚʠʯʘʡ ʥʠʟʴʢʠʡ, ʦʩʢʽʣʴʢʠ ʚʽʜʥʦʰʝʥʥʷ 

ʤʽʞ ʩʪʘʥʜʘʨʪʥʠʤ ʚʽʜʭʠʣʝʥʥʷʤ ʽ ʩʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷʤ ʩʠʛʥʘʣʽʚ ʤʝʥʰʝ ʟʘ 1 %. ʇʨʦʪʝ 

ʪʘʢʘ ʦʙʨʦʙʢʘ ʩʠʛʥʘʣʽʚ, ʷʢ ʘʧʘʨʘʪʥʝ ʚʠʜʘʣʝʥʥʷ ʧʦʩʪʽʡʥʦʾ ʩʢʣʘʜʦʚʦʾ ʪʘ ʟʘʩʪʦʩʦʚʘʥʝ ʚ 

ʉɺʈʐɼ ʘʥʘʣʦʛʦʚʦ-ʮʠʬʨʦʚʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʰʫʤʦʚʦʾ ʩʢʣʘʜʦʚʦʾ, ʟʘʙʝʟʧʝʯʫʻ ʜʦʩʠʪʴ 

ʪʦʯʥʠʡ ʩʠʛʥʘʣ ʰʫʤʫ. ɹʽʣʴʰʝ ʪʦʛʦ, ʧʦʪʨʽʙʥʠʤ ʻ ʪʽʣʴʢʠ ʚʽʜʥʦʨʤʦʚʘʥʠʡ (ʥʘ ʩʝʨʝʜʥʻ 

ʟʥʘʯʝʥʥʷ) ʰʫʤ ʧʦʪʦʢʫ ʥʝʡʪʨʦʥʽʚ. ʆʩʢʽʣʴʢʠ ʜʝʪʝʢʪʦʨʠ ʥʝʡʪʨʦʥʽʚ, ʷʢ ʧʨʘʚʠʣʦ, 

ʜʘʶʪʴ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʠʡ ʥʝʡʪʨʦʥʥʦʤʫ ʧʦʪʦʢʫ ʩʪʨʫʤ, ʪʦ ʙʫʜʴ-ʷʢʘ ʧʦʭʠʙʢʘ 

ʢʘʣʽʙʨʫʚʘʥʥʷ ʮʠʭ ʜʝʪʝʢʪʦʨʽʚ ʚʟʘʻʤʥʦ ʚʽʜʢʠʜʘʻʪʴʩʷ ʚ ʰʫʤʦʚʦʤʫ ʘʥʘʣʽʟʽ. ɸ ʜʣʷ 

ʩʠʛʥʘʣʫ ʰʫʤʫ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ʧʨʠ ʦʮʽʥʮʽ ʊʂʈ ʧʦʪʨʽʙʥʝ ʘʙʩʦʣʶʪʥʝ 

ʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʫ ʰʫʤʫ, ʷʢʝ ʚʽʜʧʦʚʽʜʥʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ ʛʨʘʜʫʩʘʭ ʎʝʣʴʩʽʷ. ɿ ʮʴʦʛʦ 

ʚʠʧʣʠʚʘʻ, ʱʦ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʫ ʚʠʤʽʨʶʚʘʥʠʭ ʩʠʛʥʘʣʘʭ ʤʘʻ ʙʫʪʠ ʥʝʭʪʦʚʥʦ ʤʘʣʦʶ 

ʧʦʨʽʚʥʷʥʦ ʟ ʨʽʚʥʝʤ ʰʫʤʫ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʪʝʨʤʦʧʘʨ ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ 

ʩʠʛʥʘʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʟʚʠʯʘʡ ʤʝʥʰʝ ʟʘ 0,1 ÁC, ʪʦʜʽ ʷʢ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʫ 

ʚʠʤʽʨʶʚʘʥʦʤʫ ʩʠʛʥʘʣʽ ʤʝʥʰʘ ʟʘ 0,005 ÁC. ʆʪʞʝ, ʨʽʚʝʥʴ ʰʫʤʫ ʻ ʧʝʨʝʚʘʞʥʦ 

ʚʝʣʠʢʠʤ ʧʦʨʽʚʥʷʥʦ ʟ ʥʝʚʠʟʥʘʯʝʥʽʩʪʶ ʪʝʨʤʦʧʘʨ, ʽ ʪʦʤʫ ʚʘʨʪʦ ʦʯʽʢʫʚʘʪʠ ʚʽʜʥʦʩʥʦ 

ʜʦʙʨʫ ʪʦʯʥʽʩʪʴ ʰʫʤʦʚʦʾ ʦʮʽʥʢʠ ʊʂʈ. 

ʗʢʱʦ ʨʝʘʢʪʠʚʥʽʩʪʴ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʝʘʢʪʦʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ )(tsi , i = 1, é, N, ʪʦ, 

ʧʨʠʧʫʩʢʘʶʯʠ ʣʽʥʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ ʨʝʘʢʪʠʚʥʦʩʪʽ ʚʽʜ ʝʬʝʢʪʽʚ ʨʝʘʢʪʠʚʥʦʩʪʽ, ʟʤʽʥʘ 

ʨʝʘʢʪʠʚʥʦʩʪʽ ʥʘʚʢʦʣʦ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʟʥʘʯʝʥʥʷ ʜʦʨʽʚʥʶʚʘʪʠʤʝ: 

)()()(
,1

ts
s

tTʊʂʈt i

N

Tsi i

ave
m

ave
mi

d
r

ddr ä
¸=

³
µ

µ
+³º . (3.9) 
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ɯʜʝʷ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʰʫʤʦʚʠʡ ʘʥʘʣʽʟ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʟʘ ʊʂʈ ʚʠʥʠʢʣʘ ʚ 

1977 ʨʦʮʽ: ʚʠʟʥʘʯʘʪʠ ʊʂʈ ʧʨʦʧʦʥʫʚʘʣʦʩʷ ʟʘ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʠʤʠ ʚʽʜʭʠʣʝʥʥʷʤ 

ʰʫʤʫ ʪʝʤʧʝʨʘʪʫʨʠ ave
mTd

s  ʽ ʰʫʤʫ ʨʝʘʢʪʠʚʥʦʩʪʽ drs  [145]: 

ave
mT

ʊʂʈ

d

dr

s

s
= . (3.10) 

ʇʽʟʥʽʰʝ, ʚ 1985 ʨʦʮʽ, ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʚʥʝʩʦʢ ʽʥʰʠʭ ʜʞʝʨʝʣ ʰʫʤʫ ʤʦʞʥʘ 

ʚʠʜʘʣʠʪʠ, ʷʢʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟ ʩʠʛʥʘʣʽʚ. 

ʇʽʩʣʷ ʤʥʦʞʝʥʥʷ ʨʽʚʥʷʥʥʷ (3.9) ʥʘ )( td +tTave
m , ʽ ʚʟʷʚʰʠ ʩʝʨʝʜʥʻ ʦʪʨʠʤʘʻʤʦ: 

)()()(
,

,1
,

t
r

tt
dddddr ave

msave
mi

ave
m

ave
m Ts

N

Tsi i
TT

CCF
s

ACFʊʂʈCCF ä
¸=

³
µ

µ
+³= , (3.11) 

ʜʝ ACF ʪʘ CCF ï ʘʚʪʦ- ʽ ʚʟʘʻʤʥʦ ʢʦʨʝʣʷʮʽʡʥʽ ʬʫʥʢʮʽʡ ʚʽʜʧʦʚʽʜʥʦ: 

)()()(
,

tddrt
ddr

+= tTtCCF ave
mTave

m
, (3.12) 

)()()(
,

tddt
dd

+= tTtsCCF ave
miTs ave

ms
, (3.13) 

)()()( tddt
d

+= tTtTACF ave
m

ave
mTave

m
. (3.14) 

ʗʢʱʦ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʬʣʫʢʪʫʘʮʽʾ ʨʽʟʥʠʭ ʧʘʨʘʤʝʪʨʽʚ (ave
mi Ts ¸ ) ʩʪʘʪʠʯʥʦ 

ʥʝʟʘʣʝʞʥʽ ʚʽʜ ʬʣʫʢʪʫʘʮʽʡ ʪʝʤʧʝʨʘʪʫʨʠ ʫʧʦʚʽʣʴʥʶʚʘʯʘ, ʪʦ ʾʭ ʚʟʘʻʤʥʘ ʢʦʨʝʣʷʮʽʷ 

ʟʥʠʢʘʻ: 

0)(
,

=t
dd ave

ms Ts
CCF . (3.15) 

ɼʘʥʝ ʧʨʠʧʫʱʝʥʥʷ ʚʽʨʥʝ ʚ ʤʝʞʘʭ ʧʝʚʥʦʛʦ ʜʽʘʧʘʟʦʥʥʘ ʯʘʩʪʦʪ. ʆʪʞʝ ʤʘʻʤʦ: 

)(

)(
,

t

t

d

ddr

ave
m

ave
m

T

T

ACF

CCF
ʊʂʈ= . (3.16) 

ɸʣʴʪʝʨʥʘʪʠʚʥʦ, ʊʂʈ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ, ʧʦʤʥʦʞʠʚʰʠ ʨʽʚʥʷʥʥʷ (3.9) ʥʘ 

)( tdr+t  ʽ ʚʟʷʚʰʠ ʩʝʨʝʜʥʻ: 

)(

)(

,
t

t

drd

dr

ave
mT

CCF

ACF
ʊʂʈ= . (3.17) 
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ʍʦʯʘ ʨʽʚʥʷʥʥʷ (3.16) ʽ (3.17) ʟʘʧʠʩʘʥʽ ʚ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ, ʘʣʝ ʙʽʣʴʰ ʟʨʫʯʥʠʤ (ʽ 

ʧʨʘʢʪʠʯʥʠʤ) ʻ ʚʠʟʥʘʯʝʥʥʷ ʊʂʈ ʚ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ, ʪʦʙʪʦ ʷʢ: 

)(

)(
,

w

w

d

ddr

ave
m

ave
m

T

T

APSD

CPSD
ʊʂʈ= , (3.18) 

)(

)(

,
w

w

drd

dr

ave
mT

CPSD

APSD
ʊʂʈ= , (3.19) 

ʜʝ APSD ʪʘ CPSD ï ʛʫʩʪʠʥʠ ʧʦʪʫʞʥʦʩʪʝʡ (ʘʚʪʦ- ʽ ʚʟʘʻʤʥʦ ʩʧʝʢʪʨʘʣʴʥʘ 

ʚʽʜʧʦʚʽʜʥʦ). ɺʦʥʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢ ʌʫʨôʻ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʽʜ ʚʠʟʥʘʯʝʥʠʭ ʨʘʥʽʰʝ 

ACF ʽ CCF. 

ʊʠʤ ʥʝ ʤʝʥʰ, ʥʽ ʰʫʤ ʨʝʘʢʪʠʚʥʦʩʪʽ ʥʘ ʨʦʙʦʯʠʭ ʧʦʪʫʞʥʦʩʪʷʭ ʥʽ ʰʫʤ 

ʩʝʨʝʜʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʤʽʨʷʥʠʤʠ. ʊʽʣʴʢʠ 

ʥʝʡʪʨʦʥʥʠʡ ʧʦʪʽʢ ʽ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʭʦʜʽ, ʚʠʭʦʜʽ ʟ ʨʝʘʢʪʦʨʘ ʚʠʤʽʨʶʶʪʴʩʷ. ʊʦʙʪʦ 

ʊʂʈ ʤʘʻ ʙʫʪʠ ʚʠʟʥʘʯʝʥʠʤ ʟʘ ʪʘʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʷʢ ʨʝʘʢʪʠʚʥʽʩʪʴ ʽ ʩʝʨʝʜʥʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʽʷ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʪʽʣʴʢʠ ʧʦʪʽʢ ʽ ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʤʽʨʷʥʠʤʠ. 

ʐʫʤ ʨʝʘʢʪʠʚʥʦʩʪʽ, ʧʨʠ ʧʝʚʥʠʭ ʜʦʧʫʱʝʥʥʷʭ, ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʠʤ ʟ ʰʫʤʫ 

ʧʦʪʦʢʫ ʥʝʡʪʨʦʥʽʚ, ʷʢ ʧʦʢʘʟʘʥʦ ʜʘʣʽ. ʉʧʦʯʘʪʢʫ ʧʦʪʽʢ ʨʦʟʢʣʘʜʘʻʪʴʩʷ ʥʘ ʬʫʥʢʮʽʶ 

ʘʤʧʣʽʪʫʜʠ )(tP  ʽ ʬʫʥʢʮʽʶ ʬʦʨʤʠ ),( try  ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

),()(),( trtPtr yf = , (3.20) 

0),()(0 =
µ

µ
ñ drtrr

t
yf , (3.21) 

)0,()(0 == trr yf . (3.22) 

ɿ ʨʽʚʥʷʥʴ (3.21) ʽ (3.22) ʚʠʜʥʦ, ʱʦ ʬʣʫʢʪʫʘʮʽʾ ʬʫʥʢʮʽʾ ʬʦʨʤʠ ʽ ʩʪʘʪʠʯʥʦʛʦ 

ʧʦʪʦʢʫ ʻ ʦʨʪʦʛʦʥʘʣʴʥʽ: 

0),()(0 =ñ drtrr dyf . (3.23) 

ʊʘʢʠʤ ʯʠʥʦʤ ʰʫʤ ʧʦʪʦʢʫ ʚ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ ʤʦʞʝ ʥʘʙʣʠʞʝʥʦ ʙʫʪʠ 

ʚʠʟʥʘʯʝʥʠʡ: 

),(),(),( wdywdfwdf rrr pk += , (3.24) 
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ʜʝ )()(),( 0 wdfwdf Prrpk =  ï ʩʢʣʘʜʦʚʘ ʪʦʯʢʦʚʦʾ ʢʽʥʝʪʠʢʠ ʚ ʰʫʤʽ ʧʦʪʦʢʫ. 

ʌʫʥʢʮʽʷ ʘʤʧʣʽʪʫʜʠ ʟʘʜʦʚʦʣʴʥʷʻ ʨʽʚʥʷʥʥʷʤ ʪʦʯʢʦʚʦʾ ʢʽʥʝʪʠʢʠ, ʱʦ ʤʦʞʝ ʙʫʪʠ 

ʟʘʧʠʩʘʥʦ ʚ ʯʘʩʪʦʪʥʽʡ ʬʦʨʤʽ: 

)()()( wwdrwd GP = . (3.25) 

ɺ ʜʘʥʦʤʫ ʨʽʚʥʷʥʥʽ )(wG  ʻ ʧʝʨʝʜʘʚʘʣʴʥʦʶ ʬʫʥʢʮʽʻʶ ʧʦʪʫʞʥʦʩʪʽ, ʷʢʘ 

ʧʦʚôʷʟʘʥʘ ʟ ʧʝʨʝʜʘʚʘʣʴʥʦʶ ʬʫʥʢʮʽʻʶ ʥʫʣʴʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ )(0 wG , ʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ: 

)()(1

)(
)(

0

0

ww

w
w

GF

G
G

-
= , (3.26) 

ʜʝ )(wF  ʦʧʠʩʫʻ ʩʦʙʦʶ ʤʝʭʘʥʽʟʤ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ. ɿʘʚʜʷʢʠ ʚʽʜʥʦʩʥʦ 

ʚʝʣʠʢʽʡ ʧʦʩʪʽʡʥʽʡ ʯʘʩʫ ʜʠʥʘʤʽʢʠ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʚʽʜ ʧʘʣʠʚʘ ʜʦ ʪʝʧʣʦʥʦʩʽʷ, ʝʬʝʢʪʠ 

ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ʙʫʜʫʪʴ ʤʘʪʠ ʤʽʩʮʝ ʥʘ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪʘʭ, ʟʘʟʚʠʯʘʡ ʥʠʞʯʝ 0,1 ɻʮ. 

ʇʨʠ ʬʽʣʴʪʨʫʚʘʥʥʽ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ ʩʠʛʥʘʣʽʚ, ʤʦʞʥʘ ʚʠʤʽʨʷʪʠ ʬʣʫʢʪʫʘʮʽʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ʜʦ ʪʦʛʦ ʷʢ ʟʚʦʨʦʪʥʽ ʟʚôʷʟʢʠ ʧʦʯʥʫʪʴ ʟʤʽʥʶʚʘʪʠ 

ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʧʣʦʥʦʩʽʷ. ʆʪʞʝ ʜʦʧʫʩʪʠʤʠʤ ʻ ʧʨʠʙʣʠʞʝʥʥʷ: 0)( ºwF  ʜʣʷ ʯʘʩʪʦʪ 

ʙʽʣʴʰʠʭ ʟʘ 0,1 ɻʮ. ʇʦʩʣʽʜʫʶʯʘ ʟʘʤʽʥʘ )(wG  ʥʘ )(0 wG  ʚ ʨʽʚʥʷʥʥʽ (3.25) ʜʘʩʪʴ: 

)(

),(

)(

1
)(

00 r

r

G

pk

f

wdf

w
wdr = . (3.27) 

ʊʠʤ ʥʝ ʤʝʥʰ, ʚʥʫʪʨʽʰʥʴʦʟʦʥʥʠʡ ʜʝʪʝʢʪʦʨ ʥʝ ʚʠʤʽʨʶʻ ʪʽʣʴʢʠ ʩʢʣʘʜʦʚʫ 

ʪʦʯʢʦʚʦʾ ʢʽʥʝʪʠʢʠ ʚ ʥʝʡʪʨʦʥʥʦʤʫ ʰʫʤʽ, ʘ ʚʠʤʽʨʶʻ ʧʦʚʥʠʡ ʰʫʤ ʧʦʪʦʢʫ. ʆʪʞʝ, ʰʫʤ 

ʨʝʘʢʪʠʚʥʦʩʪʽ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʠʡ ʟ ʰʫʤʫ ʧʦʪʦʢʫ ʣʠʰʝ ʚ ʨʘʟʽ, ʢʦʣʠ ʨʝʘʢʪʦʨ 

ʧʦʚʦʜʠʪʴ ʩʝʙʝ ʷʢ ʪʦʯʢʦʚʠʡ. 

ʑʦʜʦ ʰʫʤʫ ʪʝʤʧʝʨʘʪʫʨʠ, ʜʣʷ ɺɺɽʈ ʤʦʞʥʘ ʚʠʤʽʨʷʪʠ ʪʽʣʴʢʠ ʰʫʤ ʣʦʢʘʣʴʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʟʘʟʚʠʯʘʡ ʣʠʰʝ ʥʘ ʚʠʭʦʜʽ ʦʢʨʝʤʠʭ ʊɺɿ. ɼʦ ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ ʚ ʫʩʽʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʦʙʦʪʘʭ, ʧʦʙʫʜʦʚʘʥʠʭ ʥʘ ʤʝʪʦʜʽ ʘʥʘʣʽʟʫ ʰʫʤʽʚ, 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʚʩʴʦʛʦ ʦʜʥʘ ʪʝʨʤʦʧʘʨʘ ʥʘ ʚʠʭʦʜʽ ʟ ʊɺɿ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʚ 

ʫʩʽʭ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʧʨʠʧʫʩʢʘʣʦʩʷ, ʱʦ ʰʫʤ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ʻ ʧʨʦʩʪʦʨʦʚʦ ʦʜʥʦʨʽʜʥʠʤ ʚ ʘʢʪʠʚʥʽʡ ʟʦʥʽ. ʗʢʱʦ ʚʚʘʞʘʪʠ 

ʮʝ ʥʘʙʣʠʞʝʥʥʷ ʚʽʨʥʠʤ, ʟôʷʚʣʷʻʪʴʩʷ ʥʦʚʘ ʧʨʦʙʣʝʤʘ ʟ ʚʽʜʩʪʘʥʥʶ ʤʽʞ 
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ʚʥʫʪʨʽʰʥʴʦʟʦʥʥʠʤ ʜʝʪʝʢʪʦʨʦʤ ʥʝʡʪʨʦʥʽʚ ʽ ʪʝʨʤʦʧʘʨʦʶ ʥʘ ʚʠʭʦʜʽ ʟ ʊɺɿ. ʊʂʈ 

ʤʦʞʝ ʙʫʪʠ ʪʦʯʥʦ ʚʠʟʥʘʯʝʥʠʤ ʪʽʣʴʢʠ ʟʘ ʫʤʦʚʠ ʚʽʜʩʫʪʥʦʩʪʽ ʜʦʜʘʪʢʦʚʦʾ ʛʝʥʝʨʘʮʽʾ 

ʰʫʤʫ ʪʝʤʧʝʨʘʪʫʨʠ ʤʽʞ ʜʝʪʝʢʪʦʨʘʤʠ ʥʝʡʪʨʦʥʽʚ ʽ ʪʝʤʧʝʨʘʪʫʨʠ. ɹʽʣʴʰ ʪʦʛʦ, 

ʚʨʘʭʦʚʫʶʯʠ ʩʪʘʣʫ ʯʘʩʫ ʜʝʪʝʢʪʦʨʽʚ, ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʬʦʥʦʚʦʛʦ ʰʫʤʫ ʥʘ ʚʠʩʦʢʠʭ 

ʯʘʩʪʦʪʘʭ ʽ ʚʽʜʩʪʘʥʴ ʤʽʞ ʜʚʦʤʘ ʜʝʪʝʢʪʦʨʘʤʠ, ʟʘʧʠʩʘʥʠʡ ʥʘ ʚʠʭʦʜʽ ʟ ʊɺɿ ʰʫʤ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ʟʘʪʫʭʘʻ ʧʦʨʽʚʥʷʥʦ ʟ ʰʫʤʦʤ ʚʥʫʪʨʽʰʥʴʦʟʦʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ 

ʥʝʡʪʨʦʥʽʚ. ɯʩʥʫʻ ʜʦʩʠʪʴ ʚʝʣʠʢʘ ʢʦʛʝʨʝʥʪʥʽʩʪʴ ʜʣʷ ʯʘʩʪʦʪ ʥʠʞʯʠʭ ʟʘ 1 ɻʮ ʤʽʞ 

ʜʚʦʤʘ ʪʝʨʤʦʧʘʨʘʤʠ ʚʩʝʨʝʜʠʥʽ ʘʢʪʠʚʥʦʾ ʟʦʥʠ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʤʝʞʘʭ ʦʜʥʽʻʾ ʊɺɿ, 

ʱʦ ʜʘʻ ʟʤʦʛʫ ʧʽʜʪʚʝʨʜʠʪʠ: ʘʢʩʽʘʣʴʥʝ ʟʘʪʫʭʘʥʥʷ ʥʝ ʻ ʚʠʨʽʰʘʣʴʥʠʤ ʜʣʷ ʮʠʭ ʯʘʩʪʦʪ. 

ʆʪʞʝ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ ʊʂʈ, ʧʦʪʨʽʙʥʦ ʙʨʘʪʠ ʯʘʩʪʦʪʠ ʤʝʥʰʽ ʟʘ 1 ɻʮ (ʯʝʨʝʟ 

ʰʫʤ ʪʝʤʧʝʨʘʪʫʨʠ) ʽ ʙʽʣʴʰʽ ʟʘ 0,1 ɻʮ. ʋ ʮʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ (0,1ï1,0 ɻʮ) ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʦʩʪʠʡ ʚʠʛʣʷʜ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʨʝʘʢʪʦʨʘ: 

b
w

1
)(0 ºG , (3.28) 

ʜʝ ɓ ï ʝʬʝʢʪʠʚʥʘ ʯʘʩʪʢʘ ʥʝʡʪʨʦʥʽʚ, ʱʦ ʟʘʧʽʟʥʶʶʪʴʩʷ. 

ʆʪʞʝ, ʟʚʠʯʘʡʥʘ ʦʮʽʥʢʘ ʊʂʈ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʥʘ ʧʨʘʢʪʠʮʽ ʚ 

ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ ʚʽʜ 0,1 ʜʦ 1,0 ɻʮ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ: 

),(

),(

)(

1 ,/

0

0

w

w

w d

dfdf

rAPSD

rCPSD

G
ʊʂʈ

m

m

T

T
= , (3.29) 

ʘʙʦ 

),(

),(

)(

1

0

0

/,

/

0 w

w

w fdfd

fdf

rCPSD

rAPSD

G
ʊʂʈ

mT

= . (3.30) 

3.6. ɿʘʜʘʯʘ ʢʦʨʝʢʪʥʦʛʦ ʧʝʨʝʭʦʜʫ ʚʽʜ ʧʨʠʩʢʦʨʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʜʦ ʡʦʛʦ 

ʧʝʨʝʤʽʱʝʥʥʷ 

ʆʜʥʘ ʟ ʟʘʜʘʯ ʂʉɼ: ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʝʤʽʱʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ 1-ʛʦ ʽ 2-ʛʦ ʢʦʥʪʫʨʽʚ 

ʈʋ ʟ ɺɺɽʈ-1000 ʧʽʜ ʯʘʩ ʨʦʟʽʛʨʽʚʫ, ʘʙʦ ʦʭʦʣʦʜʞʝʥʥʷ ʪʝʧʣʦʥʦʩʽʷ ʫ ʢʦʥʪʫʨʘʭ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʤʘʻ ʙʫʪʠ ʢʦʥʪʨʦʣʴ ʟʘʟʦʨʽʚ ʤʽʞ ʦʙʣʘʜʥʘʥʥʤ̫ ʽ ʦʧʦʨʘʤʠ ʦʙʣʘʜʥʘʥʥʷ, ʽ 

ʥʝʜʦʧʫʱʝʥʥʷ ʢʦʥʪʘʢʪʫ ʦʙʣʘʜʥʘʥʥʷ ʟ ʦʧʦʨʘʤʠ. ɿʘʟʚʠʯʘʡ ʪʘʢʘ ʟʘʜʘʯʘ ʚʠʨʽʰʫʻʪʴʩʷ 

ʦʩʥʘʱʝʥʥʷʤ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʽ ʦʙʣʘʜʥʘʥʥʷ ɼɸʇ. ʆʜʥʘʢ ʽʥʦʜʽ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 
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ʧʝʨʝʤʽʱʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ, ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʽ ʜʘʪʯʠʢʠ ʚʽʙʨʦʧʨʠʩʢʦʨʝʥʴ, ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʘʪʠ ʽ ʚʽʙʨʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʣʘʜʥʘʥʥʷ. ʊʦʤʫ ʜʣʷ 

ʧʝʨʝʭʦʜʫ ʚʽʜ ʩʠʛʥʘʣʫ ʜʘʪʯʠʢʘ ʚʽʙʨʦʧʨʠʩʢʦʨʝʥʥʷ ʜʦ ʟʥʘʯʝʥʥʷ ʧʝʨʝʤʽʱʝʥʥʷ 

ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʦʧʝʨʘʮʽʾ ʽʥʪʝʛʨʫʚʘʥʥʷ, ʩʧʦʯʘʪʢʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

çʚʽʙʨʦʰʚʠʜʢʦʩʪʽè, ʘ ʧʦʪʽʤ ʽ ʜʣʷ ʦʪʨʠʤʘʥʥʷ çʚʽʙʨʦʧʝʨʝʤʽʱʝʥʥʷè. 

ʐʚʠʜʢʽʩʪʴ )(tv  ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʷʢ ʧʦʭʽʜʥʘ ʚʽʜ ʧʝʨʝʤʽʱʝʥʥʷ )(tx : 

dt

dx
tv =)(  (3.31) 

ʇʨʠʩʢʦʨʝʥʥʷ ()ta  ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʜʨʫʛʘ ʧʦʭʽʜʥʘ ʚʽʜ ʧʝʨʝʤʽʱʝʥʥʷ, ʘʙʦ 

ʧʝʨʰʘ ʧʦʭʽʜʥʘ ʚʽʜ ʰʚʠʜʢʦʩʪʽ: 

()
dt

dv

dt

xd
ta ==

2

2

 (3.32) 

ʆʜʥʘʢ ʥʘʩ ʮʽʢʘʚʠʪʴ ʟʚʦʨʦʪʥʘ ʟʘʜʘʯʘ ï ʟʥʘʡʪʠ ʧʝʨʝʤʽʱʝʥʥʷ ʟ ʧʨʠʩʢʦʨʝʥʥʷ. 

ɼʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ ʜʚʽʯʽ ʧʨʦʽʥʪʝʛʨʫʚʘʪʠ ʧʨʠʩʢʦʨʝʥʥʷ. ʑʦ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

() () ()ñ+=
t

t

datvtv

0

0 tt , (3.33) 

() () ()ñ+=
t

t

dvtxtx

0

0 tt . (3.34) 

ɿʘ ʫʤʦʚʠ, ʱʦ ʧʨʠʩʢʦʨʝʥʥʷ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʟ ʯʘʩʦʤ ʦʪʨʠʤʫʻʤʦ: 

atvv += 0 , (3.35) 

2

2

00

at
tvxx ++= . (3.36) 

ʆʪʞʝ ʧʦʪʨʽʙʥʦ ʟʥʘʪʠ ʜʚʽ ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ (ʧʦʯʘʪʢʦʚʫ ʰʚʠʜʢʽʩʪʴ ʽ ʧʦʯʘʪʢʦʚʝ 

ʧʝʨʝʤʽʱʝʥʥʷ) ʱʦʙ ʫʥʠʢʥʫʪʠ ʧʦʭʠʙʦʢ ʽʥʪʝʛʨʫʚʘʥʥʷ, ʘʣʝ ʚʦʥʠ ʯʘʩʪʦ ʥʝ ʚʽʜʦʤʽ. 

ʊʦʤʫ ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʧʽʜʭʽʜ, ʱʦ ʥʝ ʧʦʪʨʝʙʫʻ ʟʥʘʥʥʷ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ. 

ɺ ʷʢʦʩʪʽ ʧʨʠʢʣʘʜʫ ʨʦʟʛʣʷʥʝʤʦ ʧʝʨʝʤʽʱʝʥʥʷ ʦʙôʻʢʪʘ, ʱʦ ʟʘʜʘʻʪʴʩʷ 

ʥʘʩʪʫʧʥʠʤ ʨʽʚʥʷʥʥʷʤ: 

)cos()( jw+= tAtx . (3.37) 
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ʊʦʜʽ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʬʦʨʤʫʣ (3.31), (3.32), ʰʚʠʜʢʽʩʪʴ ʽ ʧʨʠʩʢʦʨʝʥʥʷ ʮʴʦʛʦ 

ʦʙôʻʢʪʫ ʙʫʜʫʪʴ ʤʘʪʠ ʚʠʛʣʷʜ: 

)sin()( jww +-= tAtv ; (3.38) 

)cos()( 2 jww +-= tAta . (3.39) 

ɺʽʟʴʤʝʤʦ 5=A , pw 4= , 2/pj= , ʪʦʜʽ ʦʪʨʠʤʘʻʤʦ 0)0( =x , p20)0( -=v , 

0)0( =a , ʱʦ ʛʨʘʬʽʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 3.16.  

 

 

 

ʈʠʩ. 3.16. ʌʘʢʪʠʯʥʝ ʧʝʨʝʤʽʱʝʥʥʷ (ʘ), h ʚʠʜʢʽʩʪʴ (ʙ) ʪʘ ʧʨʠʩʢʦʨʝʥʥʷ ʦʙôʻʢʪʫ (ʚ) 
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ʅʘʡʜʝʤʦ ʰʚʠʜʢʽʩʪʴ ʽ ʧʝʨʝʤʽʱʝʥʥʷ ʟ ʧʨʠʩʢʦʨʝʥʥʷ, ʱʦ ʟʘʜʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ 

(3.39). ʗʢʱʦ ʨʦʟʙʠʪʠ ʯʘʩʦʚʠʡ ʧʨʦʤʽʞʦʢ ʥʘ ʤʘʣʽ ʽʥʪʝʨʚʘʣʠ ʽ ʚʠʢʦʥʘʪʠ ʨʦʟʨʘʭʫʥʦʢ 

ʰʚʠʜʢʦʩʪʽ ʽ ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʬʦʨʤʫʣ (3.35) ʪʘ (3.36) ʽ ʧʨʠ ʮʴʦʤʫ ʥʝ 

ʚʨʘʭʦʚʫʚʘʪʠ ʰʚʠʜʢʽʩʪʴ ʚ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ, ʪʦ ʦʪʨʠʤʘʻʤʦ ʥʝ ʢʦʨʝʢʪʥʽ ʜʘʥʽ 

(ʨʠʩ. 3.17)  

 

 

ʈʠʩ. 3.17. ʈʦʟʨʘʭʦʚʘʥʘ ʰʚʠʜʢʽʩʪʴ (ʘ) ʪʘ ʧʝʨʝʤʽʱʝʥʥʷ (ʙ) ʦʙôʻʢʪʫ ʧʨʠ ʥʝʚʨʘʭʫʚʘʥʥʽ 

ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.17 (a) ʰʚʠʜʢʽʩʪʴ ʤʘʻ ʧʦʩʪʽʡʥʫ ʩʢʣʘʜʦʚʫ ʨʽʚʥʫ p20 . ʗʢʱʦ 

ʙʫʣʘ ʙ ʚʨʘʭʦʚʘʥʘ ʧʦʯʘʪʢʦʚʘ ʰʚʠʜʢʽʩʪʴ, ʪʦ ʰʚʠʜʢʽʩʪʴ ʥʘ ʨʠʩ. 3.17 (a) ʤʘʣʘ ʙ 

ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʨʽʚʥʝ ʥʫʣʶ. ɺʽʜʧʦʚʽʜʥʦ ʧʝʨʝʤʽʱʝʥʥʷ ʤʘʻ ʣʽʥʽʡʥʝ ʟʤʽʱʝʥʥʷ ʚ 

ʯʘʩʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʝʨʝʜʥʴʦʾ ʰʚʠʜʢʦʩʪʽ ï p20 . 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʜʘʥʦʾ ʟʘʜʘʯʽ (ʧʝʨʝʭʦʜʫ ʚʽʜ ʧʨʠʩʢʦʨʝʥʥʷ ʜʦ ʧʝʨʝʤʽʱʝʥʥʷ ʟʘ 

ʚʽʜʩʫʪʥʦʩʪʽ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ) ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʬʽʣʴʪʨʘʮʽʶ ʩʠʛʥʘʣʽʚ. 
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ʇʽʩʣʷ ʽʥʪʝʛʨʫʚʘʥʥʷ ʧʨʠʩʢʦʨʝʥʥʷ ʦʪʨʠʤʘʥʘ ʰʚʠʜʢʽʩʪʴ ʡʤʦʚʽʨʥʦ ʙʫʜʝ ʤʘʪʠ 

ʧʦʩʪʽʡʥʫ ʩʢʣʘʜʦʚʫ, ʷʢʫ ʤʦʞʥʘ ʚʠʜʘʣʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʬʽʣʴʪʨʘ. 

ɸʥʘʣʦʛʽʯʥʦ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʡ ʬʽʣʴʪʨ ʜʣʷ ʧʝʨʝʤʽʱʝʥʥʷ. ʊʦʜʽ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʬʽʣʴʪʨʘʮʽʾ ʦʪʨʠʤʘʻʤʦ ʰʚʠʜʢʽʩʪʴ ʽ ʧʝʨʝʤʽʱʝʥʥʷ (ʨʠʩ. 3.18) ʟ 

ʧʨʠʩʢʦʨʝʥʥʷ, ʱʦ ʟʘʜʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ (3.39). 

 

 

ʈʠʩ. 3.18. ʈʦʟʨʘʭʦʚʘʥʘ ʰʚʠʜʢʽʩʪʴ (ʘ) ʪʘ ʧʝʨʝʤʽʱʝʥʥʷ (ʙ) ʦʙôʻʢʪʫ ʧʨʠ ʥʝʚʨʘʭʫʚʘʥʥʽ 

ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ ʪʘ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʾ ʬʽʣʴʪʨʘʮʽʾ 

ʇʦʨʽʚʥʷʚʰʠ ʚʽʜʧʦʚʽʜʥʽ ʛʨʘʬʽʢʠ ʥʘ ʨʠʩ. 3.16 ʪʘ 3.18 ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ 

ʱʦʜʦ ʧʨʠʡʥʷʪʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʣʴʪʨʘʮʽʾ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʧʝʨʝʤʽʱʝʥʥʷ ʟ 

ʧʨʠʩʢʦʨʝʥʥʷ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʚʽʜʦʤʦʩʪʝʡ ʱʦʜʦ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʧʝʨʝʜʙʘʯʘʻ ʥʘʩʪʫʧʥʽ ʢʨʦʢʠ: 

- ʚʠʩʦʢʦʯʘʩʪʦʪʥʘ ʬʽʣʴʪʨʘʮʽʷ ʧʨʠʩʢʦʨʝʥʥʷ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʟʤʽʱʝʥʥʷ 

ʘʢʩʝʣʝʨʦʤʝʪʨʘ; 
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- ʽʥʪʝʛʨʫʚʘʥʥʷ ʧʨʠʩʢʦʨʝʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ; 

- ʚʠʩʦʢʦʯʘʩʪʦʪʥʘ ʬʽʣʴʪʨʘʮʽʷ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʧʦʩʪʽʡʥʦʾ ʩʢʣʘʜʦʚʦʾ ʰʚʠʜʢʦʩʪʽ 

(ʱʦ ʚʠʢʣʶʯʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʥʘʥʥʷ ʧʦʯʘʪʢʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ); 

- ʽʥʪʝʛʨʫʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʝʤʽʱʝʥʥʷ; 

- ʚʠʩʦʢʦʯʘʩʪʦʪʥʘ ʬʽʣʴʪʨʘʮʽʷ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʧʦʩʪʽʡʥʦʾ ʩʢʣʘʜʦʚʦʾ 

ʧʝʨʝʤʽʱʝʥʥʷ (ʱʦ ʚʠʢʣʶʯʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʥʘʥʥʷ ʧʦʯʘʪʢʦʚʦʛʦ ʟʥʘʯʝʥʥʷ 

ʟʤʽʱʝʥʥʷ). 

ʄʝʪʦʜʠʢʘ ʧʨʦʡʰʣʘ ʘʧʨʦʙʘʮʽʶ ʥʘ ʨʝʘʣʴʥʠʭ ʜʘʥʠʭ ʘʢʩʝʣʝʨʦʤʝʪʨʘ. ʅʘ 

ʨʠʩ. 3.19 ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʦʟʨʘʭʦʚʘʥʘ ʰʚʠʜʢʽʩʪʴ ʪʘ ʧʝʨʝʤʽʱʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʩʪʦʛʦ ʯʠʩʣʦʚʦʛʦ ʽʥʪʝʛʨʫʚʘʥʥʷ, ʘ ʥʘ ʨʠʩ. 3.20 ï ʟʘ ʜʦʧʦʤʦʛʦʶ ʯʠʩʣʦʚʦʛʦ 

ʽʥʪʝʛʨʫʚʘʥʥʷ ʽʟ ʬʽʣʴʪʨʘʮʽʻʶ. 

 

 

ʈʠʩ. 3.19. ʐʚʠʜʢʽʩʪʴ (ʘ) ʪʘ ʧʝʨʝʤʽʱʝʥʥʷ (ʙ), ʱʦ ʚʠʟʥʘʯʝʥʽ ʟ ʜʘʥʠʭ ʧʨʠʩʢʦʨʝʥʥʷ 

ʘʢʩʝʣʝʨʦʤʝʪʨʘ (ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʬʽʣʴʪʨʘ)  
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ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʾ ʬʽʣʴʪʨʘʮʽʾ ʧʨʠ 

ʯʠʩʣʦʚʦʤʫ ʽʥʪʝʛʨʫʚʘʥʥʽ ʧʨʠʩʢʦʨʝʥʥʷ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʧʝʨʝʤʽʱʝʥʥʷ 

ʦʙʣʘʜʥʘʥʥʷ. 

 

 

ʈʠʩ. 3.20. ʐʚʠʜʢʽʩʪʴ ʪʘ ʧʝʨʝʤʽʱʝʥʥʷ, ʱʦ ʚʠʟʥʘʯʝʥʽ ʟ ʜʘʥʠʭ ʧʨʠʩʢʦʨʝʥʥʷ 

ʘʢʩʝʣʝʨʦʤʝʪʨʘ (ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʬʽʣʴʪʨʘ) 

 

3.7. ɺʠʩʥʦʚʢʠ ʧʦ ʨʦʟʜʽʣʫ 3 

ʆʩʥʦʚʥʠʤ ʟʘʩʦʙʦʤ ʘʥʘʣʽʟʫ ʚʽʙʨʘʮʽʡ ʻ ʩʧʝʢʪʨʘʣʴʥʽ ʬʫʥʢʮʽʾ. ʇʦʢʘʟʥʠʢʦʤ 

ʯʫʪʣʠʚʦʩʪʽ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʘʥʘʣʫ ʉɺʈʐɼ ʻ ʥʘʷʚʥʽʩʪʴ ʫ ʩʧʝʢʪʨʘʭ ʛʘʨʤʦʥʽʢ 

ʦʙʦʨʦʪʥʦʾ ʯʘʩʪʦʪʠ ɻʎʅ 16,6 ɻʮ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʛʘʨʤʦʥʽʢʠ ʥʘ ʯʘʩʪʦʪʘʭ ʢʨʘʪʥʠʭ 

~ 5 ɻʮ, ʥʘ ʩʧʝʢʪʨʘʭ ɼʇɿ ɿɸɽʉ, ʟʫʤʦʚʣʝʥʽ çʙʠʪʪʷʤè ʝʣʝʤʝʥʪʽʚ ʊɺɿ. ɹʫʣʠ 

ʧʽʜʪʚʝʨʜʞʝʥʽ ʦʩʥʦʚʥʽ ʨʝʟʦʥʘʥʩʠ ʚʽʙʨʦʩʪʘʥʫ ɺʂʇ ʽ ʊɺɿ. ʈʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʽ 
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ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʚʽʙʨʦʩʪʘʥʫ ʪʘ ʜʽʘʛʥʦʩʪʠʯʥʽ ʧʦʨʦʛʠ ʟʘ ʉʂɺ ʟʥʘʯʝʥʥʷ ʥʝʡʪʨʦʥʥʦʛʦ 

ʧʦʪʦʢʫ, ʘ ʪʘʢʦʞ ʟʘ ʩʧʝʢʪʨʘʣʴʥʠʤʠ ʦʙʨʘʟʘʤʠ ʥʝʡʪʨʦʥʥʠʭ ʰʫʤʽʚ (ʟʘ ʘʤʧʣʽʪʫʜʦʶ ʪʘ 

ʯʘʩʪʦʪʦʶ). ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʟʨʦʙʣʝʥʠʭ ʤʦʜʝʣʝʡ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʩʧʨʘʮʶʚʘʥʥʷ 

ʧʦʧʝʨʝʜʞʫʚʘʣʴʥʦʛʦ ʪʘ ʘʚʘʨʽʡʥʦʛʦ ʧʦʚʽʜʦʤʣʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʫ ʥʘʩʪʫʧʥʠʭ ʚʠʧʘʜʢʘʭ: 

ʟʙʽʣʴʰʝʥʥʷ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʫ ʚ 5 ʪʘ 10 ʨʘʟʽʚ; 

ʟʤʽʥʘ ʧʦʣʦʞʝʥʥʷ ʧʽʢʽʚ ʭʘʨʘʢʪʝʨʥʠʭ ʯʘʩʪʦʪ ʥʘ ʚʝʣʠʯʠʥʫ 0,3 ʪʘ 0,5 ɻʮ, ʟʙʽʣʴʰʝʥʥʷ 

ʘʤʧʣʽʪʫʜʠ ʧʽʢʽʚ ʭʘʨʘʢʪʝʨʥʠʭ ʯʘʩʪʦʪ ʚʽʜʥʦʩʥʦ ʝʪʘʣʦʥʥʦʛʦ ʩʪʘʥʫ ʥʘ ʚʝʣʠʯʠʥʫ 30 % 

ʪʘ 50 %. 

ʇʦʢʘʟʘʥʘ ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʦʧʝʨʘʪʠʚʥʦʛʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ 

ʊʂʈ ʚ ʩʢʣʘʜʽ ʉɺʈʐɼ ɺɺɽʈ-1000 ʧʨʠ ʜʦʩʪʫʧʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʪʝʨʤʦʧʘʨ ʥʘ 

ʚʠʭʦʜʽ ʟ ʊɺɿ. 

ɺʠʢʦʥʘʥʦ ʦʮʽʥʢʫ ʯʘʩʫ ʟʘʧʽʟʥʝʥʥʷ ʤʽʞ ʨʽʟʥʠʤʠ ʧʘʨʘʤʠ ɼʇɿ. ʆʙˇʨʫʥʪʦʚʘʥʦ 

ʚʠʙʽʨ ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪ 0ï1 ɻʮ ʜʣʷ ʦʮʽʥʢʠ ʯʘʩʫ ʟʘʧʽʟʥʝʥʥʷ ʟ ʥʘʭʠʣʫ ʬʘʟʠ ɺʉɻʇ 

ʚʠʭʦʜʷʯʠ ʟ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʢʦʛʝʨʝʥʪʥʦʩʪʽ ʩʠʛʥʘʣʽʚ ʚ ʥʴʦʤʫ, ʘ ʪʘʢʦʞ ʫ ʟʚôʷʟʢʫ ʟ 

ʙʣʠʟʴʢʽʩʪʶ ʬʘʟʠ ʜʦ ʣʽʥʽʡʥʦʾ. ɺʽʜʭʠʣʝʥʥʷ ʦʮʽʥʢʠ ʯʘʩʫ ʟʘʧʽʟʥʝʥʥʷ ʟʘ ʥʘʭʠʣʦʤ ʬʘʟʠ 

ɺʉɻʇ ʧʘʨʠ ʧʝʨʠʬʝʨʽʡʥʠʭ ɼʇɿ ʚʽʜ ʩʫʤʠ ʦʮʽʥʦʢ ʧʘʨ ʩʫʤʽʞʥʠʭ ɼʇɿ ʩʪʘʥʦʚʠʪʴ 

ʤʝʥʰʝ 5 %. ʄʝʪʦʜ ɺʂʌ ʙʝʟ ʬʽʣʴʪʨʘʮʽʾ ʚʠʛʣʷʜʘʻ ʥʝʧʨʠʜʘʪʥʠʤ ʜʣʷ ʦʮʽʥʢʠ ʯʘʩʫ 

ʟʘʧʽʟʥʝʥʥʷ ʤʽʞ ʩʠʛʥʘʣʘʤʠ ɼʇɿ. ʄʝʪʦʜ ɺʂʌ ʟ ʧʦʧʝʨʝʜʥʴʦʶ ʬʽʣʴʪʨʘʮʽʻʶ ʩʠʛʥʘʣʽʚ 

ʜʘʻ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʦʮʽʥʢʠ ʟʘ ʬʘʟʦʶ ɺʉɻʇ ʙʣʠʟʴʢʦ 30 % ʜʣʷ ʩʫʤʽʞʥʠʭ ʧʘʨ ɼʇɿ ʪʘ 

10 % ʜʣʷ ʚʽʜʜʘʣʝʥʠʭ ʧʘʨ ɼʇɿ. 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʜʽʣʫ 3 ʦʧʫʙʣʽʢʦʚʘʥʦ ʫ [16, 24, 25, 67, 68]. 
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ʈʆɿɼɯʃ 4. ʄʆɼɽʃʔ ʌʆʈʄʋɺɸʅʅʗ ʉʀɻʅɸʃʋ ɺʅʋʊʈɯʐʅʔʆɿʆʅʅʆɻʆ 

ɼɽʊɽʂʊʆʈɸ ʅɽʁʊʈʆʅɯɺ 

ʋ ʨʦʟʜʽʣʽ 4 ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʚʜʘʥʥʷ ˉ5 ʥʘʫʢʦʚʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ: 

5) ɺʠʟʥʘʯʝʥʥʷ ʣʦʢʘʣʴʥʦʾ ʯʫʪʣʠʚʦʩʪʽ ɼʇɿ ʪʘ ʦʮʽʥʢʘ ʚʧʣʠʚʫ ʥʘ ʩʠʛʥʘʣ 

ʜʝʪʝʢʪʦʨʘ ʚʽʜ ʥʝʡʪʨʦʥʽʚ, ʟʛʝʥʝʨʦʚʘʥʠʭ ʚ ʊɺɿ, ʫ ʪʦʤʫ ʯʠʩʣʽ ï ʽ ʚ ʩʫʤʽʞʥʠʭ 

ʊɺɿ. 

4.1. ɽʥʝʨʛʦʨʦʟʧʦʜʽʣ ʟʘ ʦʙôʻʤʦʤ ʘʢʪʠʚʥʦʾ ʟʦʥʠ 

ɺ ʜʘʥʠʡ ʯʘʩ ʚʩʽ ʝʥʝʨʛʝʪʠʯʥʽ ʨʝʘʢʪʦʨʠ ʦʩʥʘʱʝʥʽ ʉɺʈʂ, ʱʦ ʤʘʶʪʴ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʦʪʨʠʤʘʥʥʷ ʦʧʝʨʘʪʠʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʨʦʟʧʦʜʽʣʫ ʧʦʣʽʚ 

ʝʥʝʨʛʦʚʠʜʽʣʝʥʥʷ, ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʽʥʰʠʭ ʪʝʧʣʦʪʝʭʥʽʯʥʠʭ ʽ ʷʜʝʨʥʦ-ʬʽʟʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʨʝʘʢʪʦʨʘ. 

ɺ ʧʝʨʰʠʭ ʧʨʦʝʢʪʘʭ ɺɺɽʈ ʦʩʥʦʚʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʣʘʩʷ ʢʦʥʪʨʦʣʶ ʧʽʜʽʛʨʽʚʫ 

ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʠʭʦʜʽ ʟ ʊɺɿ, ʘ ʚʥʫʪʨʽʰʥʴʦʟʦʥʥʠʡ ʢʦʥʪʨʦʣʴ ʝʥʝʨʛʦʨʦʟʧʦʜʽʣʫ ʥʝ ʙʫʚ 

ʜʦʩʪʘʪʥʴʦ ʨʦʟʚʠʥʝʥʠʤ [15]. ʊʘʢ ʥʘʧʨʠʢʣʘʜ, ʪʝʨʤʦʧʘʨʠ ʥʘ ʚʠʭʦʜʽ ʟ ʊɺɿ ʚ  

ɺɺɽʈ-210 (349 ʊɺɿ) ʙʫʣʠ ʚʩʪʘʥʦʚʣʝʥʽ ʚ 220 ʊɺɿ, ʘ ʢʘʥʘʣʠ ʥʝʡʪʨʦʥʥʠʭ 

ʚʠʤʽʨʶʚʘʥʴ ʟ ʜʝʪʝʢʪʦʨʘʤʠ ʧʨʷʤʦʛʦ ʟʘʨʷʜʫ ʟ ʨʦʜʽʻʚʠʤ ʝʤʽʪʝʨʦʤ ʪʽʣʴʢʠ ʚ 12. ʊʘʢʦʞ 

ʚ ʧʝʨʰʠʭ ʉɺʈʂ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʚʘʥʘʜʽʻʚʽ ɼʇɿ (1ï2 ʰʪ., ʜʦʚʞʠʥʘ ʚʘʥʘʜʽʻʚʦʛʦ ɼʇɿ 

ʜʦʨʽʚʥʶʻ ʚʠʩʦʪʽ ʘʢʪʠʚʥʦʾ ʟʦʥʠ), ʘ ʢʽʣʴʢʽʩʪʴ ʨʦʜʽʻʚʠʭ ʜʝʪʝʢʪʦʨʽʚ ʚ ʦʜʥʦʤʫ ʂʅɺ 

ʙʫʣʘ 4 ʰʪ., ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʪʘʰʦʚʘʥʠʭ ʧʦ ʚʠʩʦʪʽ ʘʢʪʠʚʥʦʾ ʟʦʥʠ. ɿʛʦʜʦʤ ʧʝʨʝʡʰʣʠ 

ʥʘ 7 ɼʇɿ ʚ ʂʅɺ. ʂʽʣʴʢʽʩʪʴ ʂʅɺ ʚ ɺɺɽʈ-440 (349 ʊɺɿ) ʟʙʽʣʴʰʠʣʘʩʷ ʟ 12 ʜʦ 36, ʚ 

ɺɺɽʈ-1000/ɺ-320 (163 ʊɺɿ) ʚʩʪʘʥʦʚʣʝʥʦ ʚʞʝ 64 ʂʅɺ. ɺ ʧʨʦʮʝʩʽ ʨʦʟʚʠʪʢʫ ʉɺʈʂ 

ʢʽʣʴʢʽʩʪʴ ʊɺɿ, ʦʩʥʘʱʝʥʠʭ ʂʅɺ, ʟʙʽʣʴʰʠʣʘʩʷ ʟ ~ 5 % ʜʦ ~ 40 %. ʎʝ ʧʦʚ'ʷʟʘʥʦ, ʧʦ-

ʧʝʨʰʝ, ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʧʦʣʽʚ ʝʥʝʨʛʦʚʠʜʽʣʝʥʥʷ ʧʨʠ 

ʟʨʦʩʪʘʥʥʽ ʟʥʘʯʝʥʴ ʣʦʢʘʣʴʥʠʭ ʝʥʝʨʛʦʚʠʜʽʣʝʥʴ ʚ ʨʽʟʥʠʭ ʧʦʢʦʣʽʥʥʷʭ ɺɺɽʈ, ʘ ʧʦ-

ʜʨʫʛʝ, ʧʽʜʪʚʝʨʜʞʫʻ ʚʘʞʣʠʚʽʩʪʴ ʟʘʜʘʯʽ ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʦʨʦʟʧʦʜʽʣʫ ʟʘ ʦʙôʻʤʦʤ 

ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʨʝʘʢʪʦʨʘ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʨʝʘʢʪʦʨʘ. 
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ɼʇɿ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʷʚʣʷʻ ʩʦʙʦʶ ʢʦʘʢʩʽʘʣʴʥʫ ʩʪʘʣʝʚʫ ʦʙʦʣʦʥʢʫ, ʚʩʝʨʝʜʠʥʽ 

ʷʢʦʾ ʨʦʟʪʘʰʦʚʘʥʠʡ ʨʦʜʽʻʚʠʡ ʝʤʽʪʝʨ, ʘ ʧʨʦʩʪʽʨ ʤʽʞ ʥʠʤʠ ʟʘʧʦʚʥʝʥʠʡ ʽʟʦʣʷʪʦʨʦʤ 

ɸl2O3 (ʚ ʜʝʷʢʠʭ ʤʦʜʝʣʷʭ ɼʇɿ ʽʟʦʣʷʪʦʨ MgO) [70]. 

ɺʘʞʣʠʚʦʶ ʟʘʜʘʯʝʶ ʻ ʚʠʟʥʘʯʝʥʥʷ ʣʦʢʘʣʴʥʦʩʪʽ ʩʠʛʥʘʣʫ ɼʇɿ, ʪʦʙʪʦ ʥʘʩʢʽʣʴʢʠ 

ʚʽʥ ʻ ʯʫʪʣʠʚʠʤ ʜʦ ʥʝʡʪʨʦʥʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʚ ʷʢʽʡ ʛʝʦʤʝʪʨʠʯʥʽʡ ʦʙʣʘʩʪʽ. ɼʘʥʘ 

ʽʥʬʦʨʤʘʮʽʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦʟʚʦʣʠʪʴ ʽ ʣʦʢʘʣʽʟʫʚʘʪʠ ʚʽʙʨʘʮʽʾ ʊɺɿ ʟʘ ʩʠʛʥʘʣʘʤʠ ɼʇɿ. 

ɼʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʂʅɺ ʚ ʧʨʦʝʢʪʘʭ ɺɺɽʈ ʝʥʝʨʛʦʨʦʟʧʦʜʽʣ ʟʘ ʦʙôʻʤʦʤ 

ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʚʠʟʥʘʯʘʚʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʢʪʠʚʘʮʽʡʥʠʭ ʜʝʪʝʢʪʦʨʽʚ ʥʘ ʦʩʥʦʚʽ ʤʽʜʽ 

ʘʙʦ ʩʪʘʣʝʚʦʛʦ ʜʨʦʪʫ ʟ ʜʦʜʘʚʘʥʥʷʤ ʤʘʨʛʘʥʮʶ. ʊʘʢʽ ʜʝʪʝʢʪʦʨʠ (ʜʨʽʪ) 

ʨʦʟʪʘʰʦʚʫʚʘʣʠʩʷ ʚ ʩʧʝʮʽʘʣʴʥʠʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʢʘʥʘʣʘʭ (ʚ ʮʝʥʪʨʘʣʴʥʽʡ ʪʨʫʙʮʽ 

ʊɺɿ ʯʝʨʝʟ ʢʨʠʰʢʫ ʨʝʘʢʪʦʨʘ), ʘ ʧʽʩʣʷ ʦʧʨʦʤʽʥʝʥʥʷ ʽ ʥʘʢʦʧʠʯʝʥʥʷ ʽʟʦʪʦʧʽʚ (64Cu ʽ 

56Mn) ʚʠʪʷʛʫʚʘʣʠʩ ̫ ʟ ʘʢʪʠʚʥʦʾ ʟʦʥʠ. ʈʦʟʧʦʜʽʣ ɔ-ʘʢʪʠʚʥʦʩʪʽ ʧʦ ʜʦʚʞʠʥʽ 

ʘʢʪʠʚʘʮʽʡʥʦʛʦ ʜʝʪʝʢʪʦʨʘ (ʜʨʦʪʫ) ʧʨʦʧʦʨʮʽʡʥʠʡ ʝʥʝʨʛʦʨʦʟʧʦʜʽʣʫ ʧʦ ʚʠʩʦʪʽ 

ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʘʥʘʣʫ (ʚ ʪ.ʯ. ʽ ʊɺɿ) ʧʽʜ ʯʘʩ ʦʧʨʦʤʽʥʝʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʧʨʦʮʝʩʽ ʝʚʦʣʶʮʽʾ ʉɺʈʂ ʧʽʜʪʚʝʨʜʞʝʥʦ, ʱʦ ʝʥʝʨʛʦʨʦʟʧʦʜʽʣ, ʚ 

ʪʦʤʫ ʯʠʩʣʽ ʽ ʣʽʥʽʡʥʝ ʝʥʝʨʛʦʚʠʜʽʣʝʥʥʷ (ʃɽɺ) ʪʚʝʣʽʚ, ʻ ʦʜʥʠʤ ʟ ʚʘʞʣʠʚʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʙʝʟʧʝʢʠ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʘʣʠʚʘ ɺɺɽʈ. ɿ ʃɽɺ (ɺʪ/ʩʤ) ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʧʦʚ'ʷʟʘʥʽ ʽ ʽʥʰʽ ʧʦʢʘʟʥʠʢʠ ʝʥʝʨʛʦʥʘʧʨʫʞʝʥʦʩʪʽ ʧʘʣʠʚʘ ʚ ʘʢʪʠʚʥʽʡ ʟʦʥʽ: ʧʠʪʦʤʝ 

ʝʥʝʨʛʦʚʠʜʽʣʝʥʥʷ ʚ ʧʘʣʠʚʽ (ɺʪ/ʩʤ3) ʽ ʛʫʩʪʠʥʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʟ ʧʦʚʝʨʭʥʽ ʪʚʝʣʘ 

(ɺʪ/ʩʤ2). ɿʘʜʘʯʘ ʥʘʜʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ ʃɽɺ ʻ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʦʶ ʩʝʨʝʜ ʟʘʜʘʯ 

ʢʦʥʪʨʦʣʶ ʉɺʈʂ. ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʃɽɺ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ ʚ ʨʝʘʢʪʦʨʽ ʦʩʦʙʣʠʚʫ ʨʦʣʴ 

ʟʘʡʤʘʻ ʧʨʦʮʝʜʫʨʘ ʫʟʛʦʜʞʝʥʥʷ ʧʦʢʘʟʘʥʴ ɼʇɿ ʉɺʈʂ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʝʡʪʨʦʥʥʦ-

ʬʽʟʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ. ʎʽʡ ʧʨʦʮʝʜʫʨʽ ʧʝʨʝʜʫʻ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʢʦʨʝʢʪʥʦʛʦ ʧʝʨʝʭʦʜʫ 

ʚʽʜ ʩʪʨʫʤʽʚ ɼʇɿ ʜʦ ʃɽɺ ʧʘʣʠʚʘ. ʆʙˇʨʫʥʪʦʚʘʥʽʩʪʴ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʧʨʘʚʠʣʴʥʦʩʪʽ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʧʝʨʝʭʦʜʫ ʚʽʜ ʩʪʨʫʤʽʚ ɼʇɿ ʜʦ ʃɽɺ 

ʧʘʣʠʚʘ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʠʟʥʘʯʘʻ ʙʝʟʧʝʯʥʫ ʽ ʝʢʦʥʦʤʽʯʥʫ ʨʦʙʦʪʫ ʨʝʘʢʪʦʨʘ. 

ʆʩʦʙʣʠʚʦʾ ʛʦʩʪʨʦʪʠ ʟʘʜʘʯʘ ʚʠʟʥʘʯʝʥʥʷ ʃɽɺ ʚ ʉɺʈʂ ʦʪʨʠʤʘʣʘ ʦʩʪʘʥʥʽʤ 

ʯʘʩʦʤ ʫ ʟʚ'ʷʟʢʫ ʟ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʥʦʚʠʭ ʧʘʣʠʚʥʠʭ ʮʠʢʣʽʚ ʽ ʨʦʟʰʠʨʝʥʥʷʤ 

ʥʦʤʝʥʢʣʘʪʫʨʠ ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ ʚʠʜʽʚ ʧʘʣʠʚʘ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʧʘʣʠʚʥʠʭ 

ʟʘʚʘʥʪʘʞʝʥʴ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʨʽʟʥʠʭ ʚʠʨʦʙʥʠʢʽʚ (Westinghouse, ʊɺɽʃ), ʘ ʪʘʢʦʞ ʫ 
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ʟʚôʷʟʢʫ ʟ ʧʣʘʥʘʤʠ ʧʦ ʚʠʢʦʨʠʩʪʘʥʥʶ ɺɺɽʈ-1000 ʚ ʤʘʥʝʚʨʝʥʦʤʫ ʨʝʞʠʤʽ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ɺɺɽʈ-1000 ʚʠʢʦʥʘʥʦ ʚ ʨʦʙʦʪʘʭ [5, 7, 9, 

10, 18]. 

ʂʦʥʪʨʦʣʴ ʃɽɺ ʚ ʉɺʈʂ ʟʘ ʧʝʨʽʦʜ ʝʢʩʧʣʫʘʪʘʮʽʾ ɺɺɽʈ ʟʘʟʥʘʚ ʢʽʣʴʢʘ 

ʤʦʜʝʨʥʽʟʘʮʽʡ, ʚʠʢʣʠʢʘʥʠʭ, ʧʝʨʰ ʟʘ ʚʩʝ, ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʩʫʯʘʩʥʠʭ ʪʝʭʥʽʯʥʠʭ 

ʟʘʩʦʙʽʚ ʽ ʧʨʠʢʣʘʜʥʦʛʦ ʇɿ, ʘ ʪʘʢʦʞ ʧʽʜʚʠʱʝʥʥʷʤ ʚʠʤʦʛ ʜʦ ʪʦʯʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ 

ʃɽɺ. ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʚ ʉɺʈʂ ɺɺɽʈ-1000 ɸɽʉ ʋʢʨʘʾʥʠ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʣʽʚ 

ʝʥʝʨʛʦʚʠʜʽʣʝʥʴ ʟʘ ʦʙôʻʤʦʤ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʇɿ çʂʈʋʀɿè 

ʨʦʟʨʦʙʢʠ ʈʌ, ʘ ʥʘ ʙʣʦʢʘʭ, ʥʘ ʷʢʠʭ ʧʣʘʥʫʻʪʴʩʷ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʧʘʣʠʚʦ ʚʠʨʦʙʥʠʮʪʚʘ 

Westinghouse, ʚʧʨʦʚʘʜʞʫʻʪʴʩʷ ʇɿ BEACON ʨʦʟʨʦʙʢʠ Westinghouse. ɺʽʜʩʫʪʥʽʩʪʴ ʚ 

ʋʢʨʘʾʥʽ ʇɿ ʚʣʘʩʥʦʾ ʨʦʟʨʦʙʢʠ ʙʫʜʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʧʨʦʙʣʝʤ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʉɺʈʂ ʚ 

ʤʘʡʙʫʪʥʴʦʤʫ [84]. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ ʨʦʟʨʦʙʢʠ ʚʽʪʯʠʟʥʷʥʦʛʦ ʧʨʠʢʣʘʜʥʦʛʦ 

ʇɿ ʉɺʈʂ, ʧʦʨʷʜ ʟ ʦʩʚʦʻʥʥʷʤ ʧʨʦʛʨʘʤ ʧʽʜʛʦʪʦʚʢʠ ʥʝʡʪʨʦʥʥʦ-ʬʽʟʠʯʥʠʭ ʢʦʥʩʪʘʥʪ 

(ʅʌʂ) ʽ ʧʨʦʛʨʘʤ ʨʦʟʨʘʭʫʥʢʫ ʥʝʡʪʨʦʥʥʦ-ʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʅʌʍ) ʘʢʪʠʚʥʦʾ 

ʟʦʥʠ ɺɺɽʈ-1000, ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʟʘʜʘʯʫ ʢʦʨʝʢʪʥʦʛʦ ʚʨʘʭʫʚʘʥʥʷ ʽ ʚʽʜʥʦʚʣʝʥʥʷ 

ʩʪʨʫʤʫ ɼʇɿ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʘʢʪʠʚʥʦʾ ʟʦʥʠ: ʚʠʛʦʨʷʥʥʷ ʧʘʣʠʚʘ, 

ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʦʨʥʦʾ ʢʠʩʣʦʪʠ ʚ ʪʝʧʣʦʥʦʩʽʾ, ʧʦʣʦʞʝʥʥʷ ʦʨʛʘʥʽʚ 

ʨʝʛʫʣʶʚʘʥʥʷ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʟʘʭʠʩʪʫ ʪʘ ʽʥ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʜʘʥʦʾ ʟʘʜʘʯʽ 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʦʟʨʦʙʣʝʥʫ ʚ ʢʦʜʽ MCNP ʤʦʜʝʣʴ ʯʘʩʪʠʥʠ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʟ 

ʜʝʢʽʣʴʢʦʭ ʊɺɿ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʤʫ ɼʇɿ (ʧʽʜʨʦʟʜʽʣ 4.3). 

ɸʥʘʣʦʛʽʯʥʽ ʤʦʜʝʣʽ ʊɺɿ ɺɺɽʈ ʚ ʢʦʜʽ MCNP ʙʫʣʠ ʨʝʘʣʽʟʦʚʘʥʽ ʧʨʠ ʨʦʟʨʦʙʮʽ ʛʣʘʚʠ 8 

çʗʜʝʨʥʘ ʙʝʟʧʝʢʘè [86]. ɺʘʣʽʜʘʮʽʷ ʤʦʜʝʣʝʡ ʊɺɿ ɺɺɽʈ-1000 ʚ ʢʦʜʽ MCNP ʙʫʣʘ 

ʧʨʦʚʝʜʝʥʘ ʥʘ ʦʙʰʠʨʥʽʡ ʙʘʟʽ ʢʨʠʪʠʯʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʦʧʠʩ ʦʜʥʦʛʦ ʟ ʢʨʠʪʠʯʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ [152]. ɼʦʜʘʪʢʦʚʦ ʧʨʦʚʦʜʠʣʦʩʷ ʧʦʨʽʚʥʷʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʥʘ ʤʦʜʝʣʷʭ ʢʨʠʪʠʯʥʦʩʪʽ ʊɺɿ ɺɺɽʈ-1000 ʽ ɺɺɽʈ-440 ʚ 

ʢʦʜʘʭ MCNP ʽ SCALE [11, 19, 20, 86]. 

ɼʦʜʘʪʢʦʚʽ ʤʘʪʝʨʽʘʣʠ ʚʘʣʽʜʘʮʽʾ ʤʦʜʝʣʽ ʊɺɿ ɺɺɽʈ-1000 ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ [55, 56, 

69]. ɺ ʨʦʙʦʪʽ [69] ʧʦʢʘʟʘʥʦ ʜʦʙʨʫ ʫʟʛʦʜʞʝʥʽʩʪʴ ʚ ʧʦʨʽʚʥʷʥʥʽ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʧʦ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʢʦʝʬʽʮʽʻʥʪʫ ʨʝʘʢʪʠʚʥʦʩʪʽ ʊɺɿ 

ɺɺɽʈ-1000 ʨʽʟʥʦʛʦ ʟʙʘʛʘʯʝʥʥʷ. ɺ ʨʦʙʦʪʘʭ [55, 56] ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ 
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ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʚʠʛʦʨʷʥʥʷ ʝʤʽʪʝʨʘ ɼʇɿ, ʦʪʨʠʤʘʥʽ ʟʘ ʤʦʜʝʣʣʶ ʊɺɿ 

ɺɺɽʈ-1000 ʚ ʢʦʜʽ MCNP, ʽ ʚʽʜʟʥʘʯʝʥʦ ʜʦʙʨʫ ʫʟʛʦʜʞʝʥʽʩʪʴ ʟ ʧʘʨʘʤʝʪʨʘʤʠ 

ʚʠʛʦʨʷʥʥʷ ʨʦʜʽʻʚʦʛʦ ʝʤʽʪʝʨʘ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʜʘʥʠʡ ʯʘʩ ʚ ʉɺʈʂ [87]. 

ɺ ʨʘʤʢʘʭ ʚʘʣʽʜʘʮʽʾ ʤʦʜʝʣʽ ʊɺɿ ɺɺɽʈ-1000 ʚ ʢʦʜʽ MCNP ʧʨʦʚʝʜʝʥʦ 

ʧʦʨʽʚʥʷʥʥʷ ʩʧʝʢʪʨʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʫ ʚ ʤʽʩʮʽ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ɼʇɿ, ʦʪʨʠʤʘʥʠʭ ʚ ʢʦʜʽ MCNP ʽ ʚ ʢʦʜʽ MCU, ʨʦʟʨʦʙʣʝʥʦʛʦ ʚ ʅʎ çʂʫʨʯʘʪʚ̔ʩʴʢʠʡ 

ʽʥʩʪʠʪʫʪè [91]. 

ʉɺʈʂ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ, ʱʦ ʟʘʨʘʟ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʪʘʢʠʤʠ ʦʟʥʘʢʘʤʠ: 

- ʟʙʽʣʴʰʝʥʦ ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʦʜʝʨʞʫʻʪʴʩʷ ʽ ʦʙʨʦʙʣʷʻʪʴʩʷ; 

- ʚʠʩʦʢʘ ʰʚʠʜʢʦʜʽʷ; 

- ʧʽʜʚʠʱʝʥʘ ʥʘʜʽʡʥʽʩʪʴ; 

- ʜʦʧʦʚʥʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʥʦʚʠʤʠ ʟʘʭʠʩʥʠʤʠ ʽ 

ʢʝʨʫʶʯʠʤʠ ʬʫʥʢʮʽʷʤʠ; 

- ʧʦʣʽʧʰʝʥʠʡ ʽʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ ʽ ʤʦʞʣʠʚʽʩʪʴ ʧʦʚʥʦʾ ʘʨʭʽʚʘʮʽʾ 

ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ. 

4.2. ʆʩʦʙʣʠʚʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʩʠʛʥʘʣʫ ɼʇɿ 

ɺ ʂʅɺ ɺɺɽʈ-1000 ʥʝʡʪʨʦʥʥʦ-ʯʫʪʣʠʚʘ ʯʘʩʪʠʥʘ ɼʇɿ ï ʝʤʽʪʝʨ, ʷʢʠʡ 

ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʚʽʜʨʽʟʦʢ ʨʦʜʽʻʚʦʛʦ ʜʨʦʪʫ ʜʽʘʤʝʪʨʦʤ 0,48 ʤʤ, ʜʦʚʞʠʥʦʶ 

250 ʤʤ, ʢʨʦʢ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʦ ʚʠʩʦʪʽ ʊɺɿ 437,5 ʤʤ (ʚ ʂʅɺ ɺɺɽʈ-440 ʜʦʚʞʠʥʘ 

ʜʝʪʝʢʪʦʨʘ 200 ʤʤ, ʢʨʦʢ ʨʦʟʪʘʰʫʚʘʥʥʷ 305 ʤʤ). ʌʦʥʦʚʠʡ ʜʘʪʯʠʢ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ 

ʢʦʤʧʝʥʩʘʮʽʾ ʜʦʜʘʪʢʦʚʠʭ ʩʠʛʥʘʣʽʚ, ʧʦʚ'ʷʟʘʥʠʭ ʽʟ ʚʟʘʻʤʦʜʽʻʶ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ 

ʢʦʥʩʪʨʫʢʮʽʡʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʜʘʪʯʠʢʘ ʽ ʣʽʥʽʻʶ ʟʚ'ʷʟʢʫ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʘʢʪʠʚʥʽʡ ʟʦʥʽ ʨʝʘʢʪʦʨʘ. ʌʦʥʦʚʠʡ ʜʘʪʯʠʢ ʚʠʢʦʥʘʥʠʡ ʘʥʘʣʦʛʽʯʥʦ 

ʣʽʥʽʾ ʟʚ'ʷʟʢʫ ʦʩʥʦʚʥʦʛʦ ʜʝʪʝʢʪʦʨʘ. 

ʂʘʥʘʣʠ ʂʅɺ ʤʘʶʪʴ ʛʝʨʤʝʪʠʯʥʽ ʚʠʚʦʜʠ ʢʘʙʝʣʽʚ ʯʝʨʝʟ ʩʧʝʮʽʘʣʴʥʽ ʬʣʘʥʮʽ ʥʘ 

ʢʨʠʰʮʽ ʨʝʘʢʪʦʨʘ. ʉʪʨʦʢ ʩʣʫʞʙʠ ʂʅɺ ʩʪʘʥʦʚʠʪʴ ʜʝʢʽʣʴʢʘ ʧʘʣʠʚʥʠʭ ʢʘʤʧʘʥʽʡ 

ʨʝʘʢʪʦʨʘ, ʟʘ ʮʝʡ ʯʘʩ ʧʦʢʘʟʥʠʢʠ ʜʝʪʝʢʪʦʨʽʚ ʟʤʝʥʰʫʶʪʴʩʷ ʯʝʨʝʟ ʚʠʛʦʨʷʥʥʷ ʨʦʜʽʶ ʚ 

ʧʦʪʦʮʽ ʥʝʡʪʨʦʥʽʚ. 
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ɼʇɿ ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʻ ʜʞʝʨʝʣʦʤ ʩʪʨʫʤʫ, ʷʢʠʡ ʚʠʥʠʢʘʻ ʟʘ ʨʘʭʫʥʦʢ 

ʝʣʝʢʪʨʦʥʽʚ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʥʝʡʪʨʦʥʥʦ-ʯʫʪʣʠʚʽʡ ʯʘʩʪʠʥ ̔ʜʝʪʝʢʪʦʨʘ (ʝʤʽʪʝʨʽ) 

ʧʨʠ ɓ-ʨʦʟʧʘʜʽ, ʘʢʪʠʚʦʚʘʥʦʛʦ ʧʽʜ ʜʽʻʶ ʥʝʡʪʨʦʥʽʚ ʷʜʨʘ. ɽʤʽʪʝʨʠ ʚʠʛʦʪʦʚʣʷʶʪʴ ʟ 

ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʤʘʶʪʴ ʚʝʣʠʢʽ ʧʝʨʝʨʽʟʠ ʨʘʜʽʘʮʽʡʥʦʛʦ ʟʘʭʦʧʣʝʥʥʷ ʽ ʻ ɓ-ʘʢʪʠʚʥʠʤʠ ʟ 

ʥʝʚʝʣʠʢʠʤ ʧʝʨʽʦʜʦʤ ʥʘʧʽʚʨʦʟʧʘʜʫ. ɿʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 103Rh, 51V, 55Mn. 

ʆʩʥʦʚʥʽ ʷʜʝʨʥʽ ʨʝʘʢʮʽʾ ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ɼʇɿ (ʨʠʩ. 4.1): (n, ɓ), (n, ɔ, e) ʪʘ (ɔ, e). 

 

ʈʠʩ. 4.1. ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ɼʇɿ ʪʘ ʡʦʛʦ ʦʩʥʦʚʥʠʭ ʷʜʝʨʥʠʭ ʨʝʘʢʮʽʡ  

 

ʂʦʥʩʪʨʫʢʮʽʡʥʝ ʚʠʢʦʥʘʥʥʷ ɼʇɿ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʝʤʽʪʝʨʘ ʽ ʢʦʣʝʢʪʦʨʘ, ʤʽʞ ʷʢʠʤʠ 

ʟʥʘʭʦʜʠʪʴʩʷ ʽʟʦʣʷʪʦʨ. ʇʨʠ ʦʧʨʦʤʽʥʝʥʥʽ ʥʝʡʪʨʦʥʘʤʠ ʜʝʪʝʢʪʦʨʘ ʥʘ ʷʜʨʘʭ ʝʤʽʪʝʨʘ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʝʘʢʮʽʷ ʨʘʜʽʘʮʽʡʥʦʛʦ ʟʘʭʦʧʣʝʥʥʷ. ʋʪʚʦʨʶʻʪʴʩʷ ɓ-ʨʘʜʽʦʘʢʪʠʚʥʠʡ 

ʝʣʝʤʝʥʪ, ʷʢʠʡ ʚʠʧʨʦʤʽʥʶʻ ʝʣʝʢʪʨʦʥʠ, ʷʢʽ, ʧʨʦʭʦʜʷʯʠ ʯʝʨʝʟ ʽʟʦʣʷʪʦʨ, ʧʦʪʨʘʧʣʷʶʪʴ 

ʥʘ ʢʦʣʝʢʪʦʨ ʽ ʩʪʚʦʨʶʶʪʴ ʫ ʟʦʚʥʽʰʥʴʦʤʫ ʢʦʣʽ ʩʪʨʫʤ, ʱʦ ʨʝʻʩʪʨʫʻʪʴʩʷ ʘʧʘʨʘʪʫʨʦʶ 

ʉɺʈʂ. ɺ ʨʝʘʢʪʦʨʘʭ ɺɺɽʈ-1000 ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʝʪʝʢʪʦʨʠ ʟ ʨʦʜʽʻʚʠʤ ʝʤʽʪʝʨʦʤ 

ʩʭʝʤʘ ʘʢʪʠʚʘʮʽʾ ʷʢʦʛʦ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 4.2. 

ɺʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ɼʇɿ ʻ ʧʨʦʧʦʨʮʽʡʥʠʤ ʛʫʩʪʠʥʽ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʫ ʚ ʤʽʩʮʽ 

ʡʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ, ʱʦ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʝʥʝʨʛʦʚʠʜʽʣʝʥʥʷʤ ʚ ʥʘʡʙʣʠʞʯʠʭ ʪʚʝʣʘʭ. 

ʇʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʚ ʈʋ ʟʫʤʦʚʣʶʶʪʴ ʟʤʽʥʫ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʣʷ ʚ ʘʢʪʠʚʥʽʡ 

ʟʦʥʽ ʽ ʚʽʜʧʦʚʽʜʥʦ ʚʠʢʣʠʢʘʶʪʴ ʟʤʽʥʫ ʩʪʨʫʤʫ ɼʇɿ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ, ʱʦ 

ʚʠʢʣʠʢʘʶʪ ɹʟʤʽʥʫ ʩʠʛʥʘʣʫ ɼʇɿ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʈʋ, ʙʫʣʘ ʧʦʙʫʜʦʚʘʥʘ ʤʦʜʝʣʴ 

ʨʝʘʢʪʦʨʘ ʟʽ ʟʚʦʨʦʪʥʠʤʠ ʟʚôʷʟʢʘʤʠ (ʧʽʜʨʦʟʜʽʣ 4.5). 

ɯʟʦʣʷʪʦʨ 
ʂʦʣʝʢʪʦʨ ɽʤʽʪʝʨ ʂʘʙʝʣʴ 
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ʈʠʩ. 4.2. ʉʭʝʤʘ ʘʢʪʠʚʘʮʽʾ ʽ ʨʦʟʧʘʜʫ 103Rh 

 

ɺʥʝʩʦʢ ʚ ʩʠʛʥʘʣ ɼʇɿ ʦʙʫʤʦʚʣʝʥʠʡ ʪʘʢʠʤʠ ʩʢʣʘʜʦʚʠʤʠ [15]: 

- ʢʦʤʧʦʥʝʥʪ, ʱʦ ʟʘʧʽʟʥʶʻʪʴʩʷ ï ɓ-ʨʦʟʧʘʜ ʘʢʪʠʚʦʚʘʥʠʭ ʷʜʝʨ ʨʦʜʽʶ, 

ʩʪʘʥʦʚʠʪʴ 92õ95 % ʚʩʴʦʛʦ ʩʠʛʥʘʣʫ; 

- ʤʠʪʪʻʚʠʡ ʢʦʤʧʦʥʝʥʪ ï ʝʬʝʢʪ ʂʦʤʧʪʦʥʘ, ʧʦʚ'ʷʟʘʥʠʡ ʟ ʚʠʧʫʩʢʘʥʥʷʤ 

ʞʦʨʩʪʢʠʭ ʬʦʪʦʥʽʚ ʽ ʫʪʚʦʨʝʥʥʷʤ ʝʣʝʢʪʨʦʥʥʠʭ ʧʘʨ, ʧʨʠʙʣʠʟʥʦ 3õ5 %; 

- ʤʠʪʪʻʚʠʡ ʢʦʤʧʦʥʝʥʪ ʚʽʜ ʨʝʘʢʪʦʨʥʠʭ ʬʦʪʦʥʽʚ, ~ 1,5 %; 

- ʟʘʧʽʟʥʽʣʘ ʬʦʪʦʥʥʘ ʩʢʣʘʜʦʚʘ, ʱʦ ʚʠʧʫʩʢʘʻʪʴʩʷ ʧʨʦʜʫʢʪʘʤʠ ʧʦʜʽʣʫ 

ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ, ~ 1 %; 

- ʬʦʥʦʚʠʡ ʩʪʨʫʤ ʣʽʥʽʾ ʟʚ'ʷʟʢʫ. 

ʉʠʛʥʘʣ ɼʇɿ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʝʢʪʨʘ ʥʝʡʪʨʦʥʽʚ, ʦɦ ʻ ʥʘʩʣʽʜʢʦʤ ʚʧʣʠʚʫ ʥʘ 

ʟʤʽʥʫ ʤʽʢʨʦʧʝʨʝʨʽʟʽʚ ʧʦʛʣʠʥʘʥʥʷ 103Rh ʷʢ ʟʘʛʘʣʴʥʦʛʦ ʟʘʢʦʥʫ 1/V, ʪʘʢ ʽ ʤʦʞʣʠʚʦ 

ʨʽʟʥʠʤ ʩʪʫʧʝʥʝʤ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʝʥʝʨʛʽʾ (ʰʚʠʜʢʦʩʪʽ) ʥʝʡʪʨʦʥʘ (ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ 

ʟʘʢʦʥʫ 1/V, ʬʘʢʪʦʨ ɺʝʩʪʢʦʪʪʘ) ʤʽʢʨʦʧʝʨʝʨʽʟʽʚ ʫʪʚʦʨʝʥʥʷ 104mRh ʽ 104Rh (ʨʠʩ. 4.3). 

ʎʝ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʜʦʩʣʽʜʞʝʥʴ ʩʢʣʘʜʦʚʠʭ ʩʪʨʫʤʫ ɼʇɿ ʚ ʨʽʟʥʽ ʤʦʤʝʥʪʠ 

ʧʘʣʠʚʥʦʾ ʢʘʤʧʘʥʽʾ, ʘ ʪʘʢʦʞ ʥʘ ʨʝʘʢʪʦʨʘʭ ʟ ʨʽʟʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʟʘ 

ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʪʦʢʫ ʪʝʧʣʦʚʠʭ ʥʝʡʪʨʦʥʽʚ[6, 22]. 
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ʈʠʩ. 4.3. ʄʽʢʨʦʧʝʨʝʨʽʟ ʧʦʛʣʠʥʘʥʥʷ ʥʝʡʪʨʦʥʽʚ ʥʘ 103Rh 

 

ʊʘʢʦʞ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʥʘ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʭʦʜʫ ʚʽʜ ʩʪʨʫʤʫ ɼʇɿ 

ʜʦ ʝʥʝʨʛʦʚʠʜʽʣʝʥʥʷ ʚʧʣʠʚʘʪʠʤʝ ʨʽʟʥʘ ʝʥʝʨʛʝʪʠʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʽʢʨʦʧʝʨʝʨʽʟʽʚ 

ʧʦʛʣʠʥʘʥʥʷ ʥʝʡʪʨʦʥʽʚ ʚ ʫʨʘʥʽ ʽ ʧʣʫʪʦʥʽʾ, ʷʢʘ ʪʘʢʦʞ ʧʦ ʚʩʴʦʤʫ ʩʧʝʢʪʨʫ ʥʝ 

ʟʙʽʛʘʻʪʴʩʷ ʟ ʝʥʝʨʛʝʪʠʯʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʤʽʢʨʦʧʝʨʝʨʽʟʽʚ ʨʦʜʽʶ. ɼʣʷ ʚʨʘʭʫʚʘʥʥʷ ʜʘʥʦʾ 

ʚʽʜʤʽʥʥʦʩʪʽ ʥʝʦʙʭʽʜʥʦ ʜʦʜʘʪʢʦʚʦ ʚʚʝʩʪʠ ʩʧʝʢʪʨʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʭʦʜʫ ʚʽʜ 

ʚʠʤʽʨʷʥʦʛʦ ʩʠʛʥʘʣʫ ɼʇɿ ʜʦ ʝʥʝʨʛʦʚʠʜʽʣʝʥʥʷ ʚ ʢʦʥʪʨʦʣʴʦʚʘʥʽʡ ʜʝʪʝʢʪʦʨʦʤ ʦʙʣʘʩʪʽ 

ʘʢʪʠʚʥʦʾ ʟʦʥʠ. 

ɺʩʽ ʧʝʨʝʨʘʭʦʚʘʥʽ ʚʠʱʝ ʧʨʦʮʝʩʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʨʘʭʦʚʘʥʽ ʚ ʢʦʝʬʽʮʽʻʥʪʘʭ 

ʧʝʨʝʭʦʜʫ ʚʽʜ ʝʥʝʨʛʦʚʠʜʣ̔ʝʥʥ̫  ʚ ʪʚʝʣʘʭ, ʦʪʦʯʫʶʯʠʭ ɼʇɿ, ʜʦ ʩʪʨʫʤʫ ɼʇɿ ï 

ʛʝʦʤʝʪʨʠʯʥʠʡ ʬʘʢʪʦʨ. ʊʨʘʜʠʮʽʡʥʦ ʧʨʠʡʥʷʪʦ ʚʠʟʥʘʯʘʪʠ ʪʘʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʭʦʜʫ 

ʜʣʷ ʰʝʩʪʠ ʥʘʡʙʣʠʞʯʠʭ ʪʚʝʣʽʚ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʘʪʠ 

ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʭʦʜʫ ʜʣʷ ʜʦʚʽʣʴʥʦʛʦ ʯʠʩʣʘ ʰʘʨʽʚ ʪʚʝʣʽʚ, ʱʦ ʦʪʦʯʫʶʪʴ ɼʇɿ. ʊʘʢ, 

ʥʘʧʨʠʢʣʘʜ, ʯʘʩʪʢʘ, ʷʢʘ ʬʦʨʤʫʻ ʩʠʛʥʘʣ ɼʇɿ, ʚʽʜ ʪʚʝʣʽʚ ʧʝʨʰʦʛʦ ʨʷʜʫ ʚʽʜ 

ʮʝʥʪʨʘʣʴʥʦʾ ʪʨʫʙʢʠ ʊɺɿ (ʰʝʩʪʠ ʥʘʡʙʣʠʞʯʠʭ ʪʚʝʣʽʚ) ʩʪʘʥʦʚʠʪʴ ~ 6 %, ʘ ʚʽʜ 

ʯʦʪʠʨʴʦʭ ʨʷʜʽʚ ʪʚʝʣʽʚ ~ 36 %. 

ɽʥʝʨʛʽʷ, ʄʝɺ 
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ɺ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʨʝʘʢʪʦʨʘ ʩʧʝʢʪʨ ʥʝʡʪʨʦʥʽʚ ʟʤʽʥʶʻʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʟʘ 

ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʦʨʥʦʾ ʢʠʩʣʦʪʠ ʚ ʪʝʧʣʦʥʦʩʽʾ 1-ʛʦ ʢʦʥʪʫʨʫ, ʘ ʪʘʢʦʞ ʟʘ 

ʨʘʭʫʥʦʢ ʚʠʛʦʨʘʥʥʷ ʧʘʣʠʚʘ ʽ ʥʘʢʦʧʠʯʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʧʦʜʽʣʫ. ɿʤʽʥʶʻʪʴʩʷ ʪʘʢʦʞ ʽ 

ʯʫʪʣʠʚʽʩʪʴ ɼʇɿ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʟʘ ʨʘʭʫʥʦʢ ʚʠʛʦʨʘʥʥʷ ʷʜʝʨ ʝʤʽʪʝʨʘ, ʘ ʪʘʢʦʞ ʟʘ 

ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʩʧʝʢʪʨʘ ʥʝʡʪʨʦʥʽʚ ʚ ʨʝʘʢʪʦʨʽ. 

ʉʧʨʦʱʝʥʘ ʩʭʝʤʘ ʚʠʟʥʘʯʝʥʥʷ ʃɽɺ ʊɺɿ ijq  ʚ ʤʽʩʮʽ ʨʦʟʤʽʱʝʥʥʷ ɼʇɿ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ [15]: 

)( ʌ
ijijijij IbIaq -= , (4.1) 

ʜʝ ijI  ï ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ j-ʛʦ ʜʘʪʯʠʢʘ ɼʇɿ ʚ i-ʤʫ ʂʅɺ; 

ʌ
iI  ï ʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʫ ʬʦʥʦʚʦʛʦ ʩʪʨʫʤʫ ʚ i-ʤʫ ʂʅɺ; 

ija ʽ jb  ï ʧʦʩʪʽʡʥʽ ʢʦʝʬʽʮʽʻʥʪʠ, ʱʦ ʧʝʨʽʦʜʠʯʥʦ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʚ ʉɺʈʂ. 

ʂʦʝʬʽʮʽʻʥʪʠ ija  ʟʘʣʝʞʘʪʴ ʚʽʜ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʩʢʣʘʜ 

ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʧʦʙʣʠʟʫ ʨʦʟʪʘʰʫʚʘʥʥʷ ɼʇɿ: ʟʙʘʛʘʯʝʥʥʷ ʽ ʚʠʛʦʨʘʥʥʷ ʧʘʣʠʚʘ; 

ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʪʠʩʢʫ ʪʝʧʣʦʥʦʩʽʷ; ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʦʨʥʦʾ ʢʠʩʣʦʪʠ ʚ ʪʝʧʣʦʥʦʩʽʾ 1-ʛʦ 

ʢʦʥʪʫʨʫ. 

ʂʦʝʬʽʮʽʻʥʪʠ jb  ʚʠʟʥʘʯʘʶʪʴ ʯʘʩʪʢʫ ʚʠʤʽʨʷʥʦʛʦ ʬʦʥʦʚʦʛʦ ʩʪʨʫʤʫ ʌ
iI , ʱʦ 

ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ j-ʛʦ ɼʇɿ ʚ i-ʤʫ ʂʅɺ. 

ɺ ʂʅɺ ʧʝʨʰʠʭ ʧʦʢʦʣʽʥʴ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʟʘʛʘʣʴʥʠʡ ʬʦʥʦʚʠʡ ʧʨʦʚʽʜʥʠʢ ʜʣʷ 

ʚʩʽʭ ɼʇɿ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʚ ʂʅɺ [22, 88]. ɼʣʷ ʚʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʬʦʥʦʚʦʛʦ ʩʪʨʫʤʫ 

ʥʘ ʩʠʛʥʘʣ j-ʛʦ ɼʇɿ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʘʣʛʦʨʠʪʤ, ʱʦ ʚʨʘʭʦʚʫʻ ʯʘʩʪʢʫ ʬʦʥʦʚʦʛʦ 

ʩʪʨʫʤʫ, ʧʨʦʧʦʨʮʽʡʥʫ ʜʦʚʞʠʥʽ ʣʽʥʽʾ ʟʚ'ʷʟʢʫ j-ʛʦ ɼʇɿ ʽ ʣʽʥʽʡʥʦʤʫ ʝʥʝʨʛʦʚʠʜʽʣʝʥʥʶ 

ʥʘ ʜʦʚʞʠʥʽ ʣʽʥʽʾ ʟʚ'ʷʟʢʫ ʜʘʥʦʛʦ ɼʇɿ. ɺ ʜʘʥʠʡ ʯʘʩ ʢʦʞʝʥ ɼʇɿ ʤʘʻ ʷʢ ʩʠʛʥʘʣʴʥʫ, ʪʘʢ 

ʽ ʬʦʥʦʚʫ ʞʠʣʠ, ʩʪʨʫʤʠ ʷʢʠʭ ʚʠʟʥʘʯʘʶʪʴʩʷ ʘʧʘʨʘʪʥʦ. 

ɺ ɺɺɽʈ-1000 ʧʨʦʝʢʪʦʤ ʧʝʨʝʜʙʘʯʝʥʽ ʦʙʤʝʞʝʥʥʷ ʟʘ ʣʽʥʽʡʥʠʤ 

ʝʥʝʨʛʦʚʠʜʽʣʝʥʥʷʤ: 

- ʜʣʷ ʰʘʨʽʚ ʚʽʜ ʥʠʟʫ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʜʦ ʾʾ ʩʝʨʝʜʠʥʠ ï 448 ɺʪ/ʩʤ; 

- ʟ ʩʝʨʝʜʠʥʠ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʜʦ ʚʝʨʭʫ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʣʽʥʽʡʥʝ ʟʤʝʥʰʝʥʥʷ ʟ 

ʨʝʧʝʨʥʦʶ ʪʦʯʢʦʶ ʥʘ ʚʠʩʦʪʽ 80% ʚʽʜ ʥʠʟʫ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ï 360 ɺʪ/ʩʤ. 
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ʄʦʞʣʠʚʦʩʪʽ ʩʫʯʘʩʥʦʾ ʉɺʈʂ-ʄ ʜʦʟʚʦʣʷʶʪʴ ʨʝʘʣʽʟʫʚʘʪʠ ʥʦʚʽ ʬʫʥʢʮʽʾ: ʟʘʭʠʩʪ 

ʟʘ ʣʦʢʘʣʴʥʠʤʠ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ï ʣʽʥʽʡʥʝ 

ʝʥʝʨʛʦʚʠʜʽʣʝʥʥʷ ʪʚʝʣʽʚ ʽ ʟʘʧʘʩ ʜʦ ʢʨʠʟʠ ʪʝʧʣʦʦʙʤʽʥʫ, ʷʢʽ ʧʦʚʠʥʥʽ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʽ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʽʯʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ (ʅʊɼ) [61]. 

ɼʣʷ ʢʦʨʝʢʪʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʚʠʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʧʝʨʝʭʦʜʫ ʚʽʜ ʩʪʨʫʤʫ 

ɼʇɿ ʜʦ ʃɽɺ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʥʘʩʪʫʧʥʽ ʧʽʜʟʘʜʘʯʽ: 

- ʚʨʘʭʫʚʘʥʥʷ ʚʠʛʦʨʷʥʥʷ ʤʘʪʝʨʽʘʣʫ ʝʤʽʪʝʨʘ ɼʇɿ ʚ ʧʨʦʮʝʩʽ ʡʦʛʦ ʨʦʙʦʪʠ; 

- ʚʠʟʥʘʯʠʪʠ ʛʝʦʤʝʪʨʠʯʥʠʡ ʬʘʢʪʦʨ, ʘ ʩʘʤʝ ʚʥʝʩʦʢ ʪʚʝʣʽʚ, ʱʦ ʦʪʦʯʫʶʪʴ 

ɼʇɿ, ʚ ʩʠʛʥʘʣ ɼʇɿ; 

- ʚʠʟʥʘʯʠʪʠ ʚʧʣʠʚ ʟʤʽʥʠ ʩʧʝʢʪʨʘ ʥʝʡʪʨʦʥʽʚ ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʨʝʘʢʪʦʨʘ ʥʘ 

ʩʠʛʥʘʣ ɼʇɿ; 

- ʚʠʟʥʘʯʠʪʠ ʚʧʣʠʚ ʥʘ ʩʠʛʥʘʣ ɼʇɿ ʟʤʽʥʠ ʥʘʩʪʫʧʥʠʭ ʧʘʨʘʤʝʪʨʽʚ: ʚʠʛʦʨʷʥʥʷ 

ʧʘʣʠʚʘ, ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʦʨʥʦʾ ʢʠʩʣʦʪʠ ʚ ʪʝʧʣʦʥʦʩʽʾ 1-ʛʦ ʢʦʥʪʫʨʫ, 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ. 

ɺ ʩʝʨʝʜʠʥʽ 1990-ʭ ʨʦʢʽʚ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʘʣʛʦʨʠʪʤʠ ʨʦʟʨʘʭʫʥʢʫ ʧʝʨʝʭʽʜʥʦʾ 

ʬʫʥʢʮʽʾ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʊɺɿ, ʱʦ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʷ ʚ ɺɺɽʈ-1000 [88]. ɺ ʨʦʙʦʪʽ [42] 

ʟʘʟʥʘʯʝʥʦ, ʱʦ ʧʝʨʝʭʽʜʥʘ ʬʫʥʢʮʽʷ ʚʽʜ ʩʪʨʫʤʫ ɼʇɿ ʜʦ ʃɽɺ ʥʝ ʧʝʨʝʢʘʣʽʙʨʦʚʫʻʪʴʩʷ ʚ 

ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʘ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʦʢʨʝʤʦ ʜʣʷ ʢʦʞʥʦʛʦ ʪʠʧʫ ʊɺɿ ɺɺɽʈ-1000. 

ɺ ʜʘʥʠʡ ʯʘʩ ʨʦʟʚʠʪʦʢ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝʡʪʨʦʥʥʦ-ʬʽʟʠʯʥʠʭ ʽ ʡʤʦʚʽʨʥʽʩʥʠʭ ʧʨʦʛʨʘʤ 

ʜʦʟʚʦʣʷʶʪʴ ʫʪʦʯʥʠʪʠ ʮʽ ʘʣʛʦʨʠʪʤʠ, ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʧʝʨʝʭʽʜʥʦʾ ʬʫʥʢʮʽʾ ʜʣʷ ʥʦʚʠʭ ʪʠʧʽʚ ʧʘʣʠʚʘ. 

ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʥʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʧʨʦʛʨʘʤʽ MCNP 

ʧʨʦʮʝʩʫ ʬʦʨʤʫʚʘʥʥʷ ʩʠʛʥʘʣʫ ɼʇɿ ʚʽʜ ʥʝʡʪʨʦʥʽʚ, ʱʦ ʛʝʥʝʨʫʶʪʴʩʷ ʪʚʝʣʘʤʠ ʩʘʤʦʾ 

ʊɺɿ, ʚ ʷʢʽʡ ʟʥʘʭʦʜʠʪʴʩʷ ɼʇɿ, ʘ ʪʘʢʦʞ ʪʚʝʣʘʤʠ ʩʫʤʽʞʥʠʭ ʊɺɿ, ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʜʝʷʢʽ 

ʟʘʜʘʯʽ ʚʠʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʧʝʨʝʭʦʜʫ ʚʽʜ ʩʠʛʥʘʣʫ ɼʇɿ ʜʦ ʣʽʥʽʡʥʦʛʦ 

ʝʥʝʨʛʦʚʠʜʽʣʝʥʥʷ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʱʦ: 

- ʢʽʣʴʢʽʩʥʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ʽ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʙʦʨʥʦʾ ʢʠʩʣʦʪʠ ʚ ʪʝʧʣʦʥʦʩʽʾ 1-ʛʦ ʢʦʥʪʫʨʫ ʥʘ ʩʠʛʥʘʣ ɼʇɿ; 
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- ʚʠʟʥʘʯʘʶʪʴ ʤʝʞʽ ʧʨʦʩʪʦʨʦʚʦʾ ʯʫʪʣʠʚʦʩʪʽ ʜʝʪʝʢʪʦʨʘ ʜʦ ʝʥʝʨʛʦʚʠʜʽʣʝʥʥʷ ʚ 

ʪʚʝʣʘʭ ʊɺɿ. 

4.3. ʄʦʜʝʣʴ ɼʇɿ 

ʄʦʜʝʣʴ ʜʣʷ ʯʠʩʝʣʴʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʦʩʥʦʚʥʦʤʫ ʧʨʦʮʝʩʽ 

ʬʦʨʤʫʚʘʥʥʷ ʩʠʛʥʘʣʫ, ʘ ʩʘʤʝ ï ʥʘ ʧʨʦʮʝʩʽ ʘʢʪʠʚʘʮʽʾ ʨʦʜʽʻʚʦʛʦ ʝʤʽʪʝʨʘ ʧʽʜ ʜʽʻʶ 

ʧʦʪʦʢʫ ʥʝʡʪʨʦʥʽʚ [14, 15]. ʇʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʩʠʛʥʘʣʫ ɼʇɿ ʤʦʜʝʣʶʚʘʚʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʢʦʜʫ MCNP4C [118]. ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʽ 

ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. 4.1. 

ʊʘʙʣʠʮʷ 4.1. ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʽ ɼʇɿ ʽ ʪʚʝʣʽʚ 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʫ 
ɼʇɿ ʊʚʝʣ 

ʝʤʽʪʝʨ ʽʟʦʣʷʪʦʨ ʢʦʣʝʢʪʦʨ ʪʘʙʣʝʪʢʘ ʦʙʦʣʦʥʢʘ 

ɺʥʫʪʨʽʰʥʽʡ ʜʽʘʤʝʪʨ, ʤʤ 0 0,48 1,0 0 7,79 

ɿʦʚʥʽʰʥʽʡ ʜʽʘʤʝʪʨ, ʤʤ 0,48 1,0 1,3 7,57 9,1 

ɼʦʚʞʠʥʘ, ʤʤ 250 250 250 3530 3530 

ʄʘʪʝʨʽʘʣ Rh Al 2O3 ʩʪʘʣʴ UO2 Zr + 1% Nb 

ɻʫʩʪʠʥʘ, ʛ/ʩʤ3 12,41 3,99 7,8 10,4 6,55 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʦʥʠ ʯʫʪʣʠʚʦʩʪʽ ɼʇɿ ʜʦ ʥʝʡʪʨʦʥʽʚ, ʱʦ ʛʝʥʝʨʫʶʪʴʩʷ ʚ 

ʦʪʦʯʫʶʯʠʭ ʪʚʝʣʘʭ, ʚʨʘʭʦʚʫʶʯʠ ʩʠʤʝʪʨʽʶ ʟʘʜʘʯʽ ʜʣʷ ʮʝʥʪʨʘʣʴʥʠʭ ʊɺɿ, ʚ ʤʦʜʝʣʽ 

ʜʦʩʠʪʴ ʚʨʘʭʫʚʘʪʠ ʜʚʽ ʩʫʤʽʞʥʽ ʊɺɿ. ɸ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʛʥʘʣʫ ɼʇɿ ʜʦʩʪʘʪʥʴʦ 

ʨʦʟʛʣʷʥʫʪʠ ʦʙʣʘʩʪʴ 60Á ʩʝʢʪʦʨʘ ʩʠʤʝʪʨʽʾ, ʚ ̫ʢʫ ʧʦʪʨʘʧʣʷʶʪʴ ʪʚʝʣʠ ʊɺɿ, ʜʝ 

ʨʦʟʪʘʰʦʚʘʥʠʡ ɼʇɿ, ʘ ʪʘʢʦʞ ʪʚʝʣʠ ʩʫʤʽʞʥʦʾ ʊɺɿ. ʅʘ ʨʠʩ. 4.4 ʟʦʙʨʘʞʝʥʠʡ 

ʧʦʧʝʨʝʯʥʠʡ ʨʦʟʨʽʟ ʦʙʣʘʩʪʽ, ʱʦ ʤʦʜʝʣʶʻʪʴʩʷ, ʘ ʪʘʢʦʞ ʚʠʜʽʣʝʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ 

ʦʙʣʘʩʪʴ 60Á ʩʝʢʪʦʨʘ ʩʠʤʝʪʨʽʾ. 
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ʈʠʩ. 4.4. ʇʦʧʝʨʝʯʥʠʡ ʨʦʟʨʽʟ ʦʙʣʘʩʪʽ ʊɺɿ, ʱʦ ʤʦʜʝʣʶʻʪʴʩʷ 

ɹʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʩʠʤʝʪʨʽʶ ʤʦʜʝʣʽ ʫ ʬʦʨʤʫʚʘʥʥʽ ʩʠʛʥʘʣʫ ɼʇɿ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʜʞʝʨʝʣʦʤ ʥʝʡʪʨʦʥʽʚ ʙʫʣʘ ʦʙʨʘʥʘ 

ʜʽʣʷʥʢʘ ʊɺɿ 60Á ʩʝʢʪʦʨʘ ʩʠʤʝʪʨʽʾ ʚʠʩʦʪʦʶ 1250 ʤʤ ï 5 ʟʥʘʯʝʥʴ ʚʠʩʦʪʠ ɼʇɿ ï 

250 ʤʤ. ʉʝʢʪʦʨ ʊɺɿ, ʱʦ ʤʦʜʝʣʶʻʪʴʩʷ, ʨʦʟʙʠʪʠʡ ʧʦ ʚʠʩʦʪʽ ʥʘ 5 ʟʦʥ ʧʦ 250 ʤʤ 

ʢʦʞʥʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʚʥʝʩʢʫ ʚ ʩʠʛʥʘʣ ɼʇɿ ʢʦʞʥʦʾ ʟʦʥʠ 

(ʨʠʩ. 4.5). 

 

ʈʠʩ. 4.5. ʉʭʝʤʘ ʚʟʘʻʤʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʟʦʥ ʊɺɿ ʽ ɼʇɿ 
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ʂʨʦʢ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʚʝʣʽʚ 12,75 ʤʤ, ʢʨʦʢ ʨʝʰʽʪʢʠ ʪʨʠʢʫʪʥʠʡ. 

ʄʝʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ï ʚʠʟʥʘʯʠʪʠ ʯʫʪʣʠʚʽʩʪʴ ʤʦʜʝʣʽ ʬʦʨʤʫʚʘʥʥʷ ʩʠʛʥʘʣʫ ɼʇɿ 

ʜʦ ʟʤʽʥʠ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʝʘʢʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ, ʷʢ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʽʷ ʽ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʙʦʨʥʦʾ ʢʠʩʣʦʪʠ ʚ ʪʝʧʣʦʥʦʩʽʾ. 

4.4. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʚ, ʱʦ ʨʦʟʨʦʙʣʝʥʘ ʤʦʜʝʣʴ 

ʬʦʨʤʫʚʘʥʥʷ ʩʠʛʥʘʣʫ ɼʇɿ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʥʝʦʙʭʽʜʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʧʝʨʝʭʦʜʫ ʚʽʜ 

ʩʪʨʫʤʫ ɼʇɿ, ʱʦ ʨʝʻʩʪʨʫʻʪʴʩʷ, ʜʦ ʣʽʥʽʡʥʦʛʦ ʝʥʝʨʛʦʚʠʜʽʣʝʥʥʷ ʩʫʤʽʞʥʠʭ ʪʚʝʣʽʚ ʊɺɿ, 

ʚ ʷʢʽʡ ʨʦʟʪʘʰʦʚʘʥʠʡ ʂʅɺ. 

ɺʥʝʩʦʢ ʚ ʩʠʛʥʘʣ ɼʇɿ ʚʽʜ ʪʚʝʣʽʚ ʩʫʤʽʞʥʠʭ ʊɺɿ ʩʪʘʥʦʚʠʪʴ 25ï30 %, ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʦʨʥʦʾ ʢʠʩʣʦʪʠ. ʊʦʤʫ 

ʦʩʥʦʚʥʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʚʥʝʩʢʫ ʚʽʜ ʪʚʝʣʽʚ ʊɺɿ, ʚ ʷʢʽʡ ʨʦʟʪʘʰʦʚʘʥʠʡ ɼʇɿ. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʯʫʪʣʠʚʦʩʪʽ ʤʦʜʝʣʽ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʤʫ ɼʇɿ ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ï ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʦʨʥʦʾ ʢʠʩʣʦʪʠ ʚ 

ʪʝʧʣʦʥʦʩʽʾ, ʘ ʪʘʢʦʞ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ï ʧʦʢʘʟʘʚ, ʱʦ ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ 

ʥʘʜʽʡʥʦ ʬʽʢʩʫʚʘʪʠ ʚʧʣʠʚ ʥʘ ʩʪʨʫʤ ɼʇɿ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ʥʘ 1 Áʉ, ʘ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʦʨʥʦʾ ʢʠʩʣʦʪʠ ʥʘ 0,1 ʛ/ʢʛ. ʊʘʢʠʤ ʯʠʥʦʤ, ʦʜʠʥ ʟ ʚʘʞʣʠʚʠʭ ʚʠʩʥʦʚʢʽʚ 

ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ: ʛʝʦʤʝʪʨʠʯʥʠʡ ʽ ʩʧʝʢʪʨʘʣʴʥʠʡ ʯʠʥʥʠʢʠ ʟʘʣʝʞʘʪʴ 

ʚʽʜ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ɼʇɿ ʚ ʂʅɺ (ʚʝʨʭ, ʥʠʟ). ʊʘʢʦʞ ʨʦʟʪʘʰʫʚʘʥʥʷ ɼʇɿ ʚ ʂʅɺ 

ʚʧʣʠʚʘʪʠʤʝ ʽ ʥʘ ʩʪʫʧʽʥʴ ʚʠʛʦʨʷʥʥʷ ʝʤʽʪʝʨʘ [56], ʘ ʚ ʜʘʥʠʡ ʯʘʩ ʚ ʉɺʈʂ ʧʨʠʡʥʷʪʘ 

ʟʘʛʘʣʴʥʘ ʜʣʷ ʚʩʽʭ ɼʇɿ ʤʦʜʝʣʴ ʚʨʘʭʫʚʘʥʥʷ ʚʠʛʦʨʷʥʥʷ ʝʤʽʪʝʨʘ ɼʇɿ [87]. 

ɺ ʨʦʙʦʪʘʭ [55, 56, 86] ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʘʥʽ ʧʦ ʯʫʪʣʠʚʦʩʪʽ ʤʦʜʝʣʽ ʜʦ ʟʤʽʥʠ 

ʨʦʟʤʽʨʽʚ ʝʤʽʪʝʨʘ ɼʇɿ, ʘ ʪʘʢʦʞ ʜʦ ʟʤʽʥʠ ʨʦʟʤʽʨʽʚ ʧʘʣʠʚʥʦʾ ʪʘʙʣʝʪʢʠ, ʦʙʦʣʦʥʢʠ 

ʪʚʝʣʘ ʽ ʢʨʦʢʫ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʚʝʣʽʚ. ʊʘʢ ʥʘʧʨʠʢʣʘʜ, ʟʤʝʥʰʝʥʥʷ ʜʽʘʤʝʪʨʘ ʝʤʽʪʝʨʘ ʥʘ 

0,048 ʤʤ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʩʠʛʥʘʣʫ ɼʇɿ ʙʽʣʴʰ ʥʽʞ ʥʘ 20 %, ʘ ʟʤʝʥʰʝʥʥʷ 

ʟʦʚʥʽʰʥʴʦʛʦ ʜʽʘʤʝʪʨʘ ʪʘʙʣʝʪʢʠ ʥʘ 0,1 ʤʤ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 

ʨʦʟʤʥʦʞʝʥʥʷ ʥʝʡʪʨʦʥʽʚ ʥʘ 0,005. ɼʘʥʽ ʧʦ ʯʫʪʣʠʚʦʩʪʽ ʤʦʜʝʣʽ ʜʦ ʟʤʽʥʠ ʨʦʟʤʽʨʽʚ 

ʧʘʣʠʚʥʦʾ ʪʘʙʣʝʪʢʠ ʥʘʚʝʜʝʥʽ ʜʣʷ ʚʠʧʘʜʢʫ ʧʦʰʢʦʜʞʝʥʥʷ ʦʙʦʣʦʥʢʠ ʪʚʝʣʘ ʽ 

ʟʘʧʦʚʥʝʥʥʷ ʚʦʜʦʶ ʟʘʟʦʨʫ ʤʽʞ ʦʙʦʣʦʥʢʦʶ ʽ ʧʘʣʠʚʥʦ ʁʪʘʙʣʝʪʢʦʶ [86]. 
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ʈʦʟʧʦʜʽʣ ʚʥʝʩʢʫ ʚ ʩʠʛʥʘʣ ɼʇɿ ʚʽʜ ʟʦʥ ʧʦ ʚʠʩʦʪʽ ʊɺɿ, ʚ ʷʢʽʡ ʨʦʟʪʘʰʦʚʘʥʠʡ 

ɼʇɿ, ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣ. 4.2. 

ʊʘʙʣʠʮʷ 4.2. ʈʦʟʧʦʜʽʣ ʚʥʝʩʢʫ ʚ ʩʠʛʥʘʣ ɼʇɿ ʚʽʜ ʟʦʥ ʧʦ ʚʠʩʦʪʽ ʊɺɿ, % 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʪʝʧʣʦʥʦʩʽʷ, ÁC 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʙʦʨʥʦʾ 

ʢʠʩʣʦʪʠ, ʛ / ʢʛ 

ɿʦʥʘ 

0 

ɿʦʥʘ  

(-1 +1) 

ɿʦʥʘ  

(-2 +2) 

290 0 77,81 21,91 0,28 

290 5 78,70 21,03 0,26 

320 0 77,04 22,63 0,33 

320 5 77,83 21,86 0,31 

 

ʅʘ ʨʠʩ. 4.6 ʧʨʝʜʩʪʘʚʣʝʥʦ ʟʤʽʥʫ ʚʥʝʩʢʫ ʚʽʜ ʩʝʨʝʜʥʴʦʛʦ ʪʚʝʣʘ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʥʦʤʝʨʘ ʨʷʜʫ ʪʚʝʣʘ. 

 

ʅʦʤʝʨ ʨʷʜʫ ʪʚʝʣʘ 

ʈʠʩ. 4.6. ɺʥʝʩʦʢ ʚ ʩʠʛʥʘʣ ɼʇɿ ʚʽʜ ʦʜʥʦʛʦ ʩʝʨʝʜʥʴʦʛʦ ʪʚʝʣʘ ʨʷʜʫ 

ʉʫʤʘʨʥʠʡ ʚʥʝʩʦʢ ʚ ʩʠʛʥʘʣ ɼʇɿ ʚʽʜ ʪʚʝʣʽʚ ʜʘʣʴʰʦʾ ʧʦʣʦʚʠʥʠ ʩʫʤʽʞʥʦʾ ʊɺɿ 

ʤʝʥʰʝ 4 %. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʢʘʟʘʥʦ, ʱʦ ʚʥʝʩʦʢ ʚʽʜ ʪʚʝʣʽʚ ʩʫʤʽʞʥʠʭ ʟ ʩʫʤʽʞʥʦʶ 

ʊɺɿ ʥʝ ʙʽʣʴʰʝ 1 %, ʘ ʚʽʜ ʦʜʠʥʦʯʥʦʛʦ ʪʚʝʣʘ ʧʦʨʷʜʢʫ 0,001 %. 

ɺ
ʥ
ʝ
ʩ
ʦ
ʢ
 
ʚ
 
ʩ
ʠ
ʛ
ʥ
ʘ
ʣ
 
ɼ
ʇ
ɿ
,
 
%

 



130 

 

ɺ ʪʘʙʣ. 4.3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʚʥʝʩʦʢ ʚ ʩʠʛʥʘʣ ɼʇɿ ʚʽʜ ʨʷʜʽʚ 

ʪʚʝʣʽʚ ʚ ʊɺɿ-1 ʽ ʚ ʊɺɿ-2. 

ʊʘʙʣʠʮʷ 4.3. ʈʦʟʧʦʜʽʣ ʚʥʝʩʢʫ ʚ ʩʠʛʥʘʣ ɼʇɿ ʟʘ ʨʷʜʘʤʠ ʪʚʝʣʽʚ ʚ ʊɺɿ-1, ʚ ʷʢʽʡ 

ʨʦʟʪʘʰʦʚʘʥʠʡ ɼʇɿ, ʽ ʩʫʤʽʞʥʽʡ ʊɺɿ-2, % 

ʊɺɿ  ̄ʨʷʜʫ ʊɺɿ 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʙʦʨʥʦʾ ʢʠʩʣʦʪʠ, ʛ/ʢʛ 

0 5 

ʊʝʤʧ. ʪʝʧʣʦʥʦʩʽʷ, Áʉ ʊʝʤʧ. ʪʝʧʣʦʥʦʩʽʷ, Áʉ 

290 320 290 320 

ʊɺɿ-1 

1 6,24 5,98 6,77 6,46 

2 8,08 7,68 8,57 8,12 

3 5,68 5,46 5,94 5,64 

4 9,18 8,86 9,46 9,06 

5 7,52 7,16 7,67 7,40 

6 7,23 7,11 7,20 7,13 

7 8,03 7,96 8,01 8,01 

8 7,51 7,48 7,49 7,37 

9 6,55 6,62 6,42 6,51 

10 5,81 5,89 5,69 5,74 

ʊɺɿ-2 

11 4,80 4,98 4,62 4,85 

10 4,21 4,35 4,00 4,23 

9 3,73 3,84 3,59 3,72 

8 3,23 3,34 3,01 3,14 

7 2,51 2,73 2,44 2,65 

6 2,12 2,28 1,98 2,13 

5 2,15 2,34 2,03 2,23 

4 1,52 1,67 1,45 1,59 

3 1,53 1,68 1,43 1,60 

2 1,34 1,49 1,26 1,42 

1 1,03 1,10 0,96 1,01 
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ɽʥʝʨʛʝʪʠʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ʧʝʨʝʨʽʟʫ ʨʘʜʽʘʮʽʡʥʦʛʦ ʟʘʭʦʧʣʝʥʥʷ ʥʝʡʪʨʦʥʽʚ ʷʜʨʘʤʠ 

103Rh ʚʠʟʥʘʯʘʻ, ʱʦ ɼʇɿ, ʨʦʟʤʽʱʝʥʽ ʚ ʤʽʩʮʷʭ ʟ ʨʽʚʥʦʶ ʪʝʧʣʦʚʦʶ ʧʦʪʫʞʥʽʩʪʶ 

ʜʽʣʷʥʦʢ ʊɺɿ, ʘʣʝ ʟ ʨʽʟʥʠʤ ʩʧʝʢʪʨʦʤ ʥʝʡʪʨʦʥʽʚ, ʙʫʜʫʪʴ ʛʝʥʝʨʫʚʘʪʠ ʨʽʟʥʽ ʩʪʨʫʤʠ ï 

ʙʽʣʴʰʠʡ ʩʪʨʫʤ ʚ ʙʽʣʴʰ ʞʦʨʩʪʢʦʤʫ ʩʧʝʢʪʨʽ. 

ɿʤʽʥʘ ʽʟʦʪʦʧʥʦʛʦ ʩʢʣʘʜʫ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ ʽ ʥʘʢʦʧʠʯʝʥʥʷ ʽʟʦʪʦʧʽʚ ʧʣʫʪʦʥʽʶ 

ʧʨʦʪʷʛʦʤ ʧʘʣʠʚʥʦʾ ʢʘʤʧʘʥʽʾ ʪʘʢʦʞ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʙʽʣʴʰ ʞʦʨʩʪʢʦʛʦ ʩʧʝʢʪʨʘ 

ʥʝʡʪʨʦʥʽʚ, ʪʦʤʫ ʚ ʟʘʜʘʯʽ ʚʽʜʥʦʚʣʝʥʥʷ ʃɽɺ ʚʘʞʣʠʚʦʶ ʻ ʟʘʜʘʯʘ ʚʠʟʥʘʯʝʥʥʷ ʪʘ 

ʚʨʘʭʫʚʘʥʥʷ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʬʘʢʪʦʨʫ. 

4.5. ɼʦʩʣʽʜʞʝʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ɺɺɽʈ-1000 ʧʨʠ ʢʦʣʠʚʘʥʥʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʚʭʦʜʽ ʚ ʘʢʪʠʚʥʫ ʟʦʥʫ 

ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʪʝʧʣʦʥʦʩʽʷ ʨʽʟʥʠʭ ʧʝʪʝʣʴ ʥʘ 

ʧʦʪʫʞʥʽʩʪʴ ʨʝʘʢʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ ɺɺɽʈ-1000 ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʦʾ ʪʦʯʢʦʚʦʾ 

ʤʦʜʝʣʽ ʨʝʘʢʪʦʨʘ ɺɺɽʈ-1000 [9, 10, 18], ʱʦ ʚʨʘʭʦʚʫʻ ʟʚʦʨʦʪʥʽ ʟʚ'ʷʟʢʠ ʟʘ ʝʬʝʢʪʘʤʠ 

ʨʝʘʢʪʠʚʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʟʘʣʝʞʥʽʩʪʴ ʦʩʥʦʚʥʠʭ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʡ ʪʠʩʢʫ [1, 34]. 

ʋ ʙʽʣʴʰʦʩʪʽ ʧʝʨʝʭʽʜʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʨʝʘʢʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʦʧʠʩʫ 

ʧʦʚʝʜʽʥʢʠ ʥʝʡʪʨʦʥʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʦʩʪʘʪʥʴʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʽ ʪʦʯʢʦʚʦʛʦ 

ʨʝʘʢʪʦʨʘ. ɹʝʟ ʟʦʚʥʽʰʥʴʦʛʦ ʜʞʝʨʝʣʘ ʥʝʡʪʨʦʥʽʚ ʨʽʚʥʷʥʥʷ ʢʽʥʝʪʠʢʠ ʥʝʡʪʨʦʥʽʚ 

ʪʦʯʢʦʚʦʛʦ ʨʝʘʢʪʦʨʘ ʤʘʶʪʴ ʪʘʢʠʡ ʚʠʛʣʷʜ: 

)()(
)()(

tctN
l

t

dt

tdN
ii

i
ä+

-
= l

br
, (4.2) 

)()(
)(

tctN
ldt

tdc

ii

ii l
b

-= , (4.3) 

ʜʝ: )(tN  ï ʛʫʩʪʠʥʘ ʧʦʪʦʢʫ ʥʝʡʪʨʦʥʽʚ (ʥʝʡʪʨʦʥʥʘ ʧʦʪʫʞʥʽʩʪʴ ʨʝʘʢʪʦʨʘ);  

)(tr  ï ʨʝʘʢʪʠʚʥʽʩʪʴ; b ï ʝʬʝʢʪʠʚʥʘ ʯʘʩʪʢʘ ʥʝʡʪʨʦʥʽʚ, ʱʦ ʟʘʧʽʟʥʶʶʪʴʩʷ;  

i
b ï ʯʘʩʪʢʘ ʥʝʡʪʨʦʥʽʚ, ʱʦ ʟʘʧʽʟʥʶʶʪʴʩʷ, ʚʽʜ ʷʜʝʨ-ʧʦʧʝʨʝʜʥʠʢʽʚ ʽ-ʦʾ ʛʨʫʧʠ;  

i
l ï ʧʦʩʪʽʡʥʘ ʨʦʟʧʘʜʫ ʷʜʝʨ-ʧʦʧʝʨʝʜʥʠʢʽʚ -̔ʦʾ ʛʨʫʧʠ; l  ï ʩʝʨʝʜʥʽʡ ʯʘʩ ʛʝʥʝʨʘʮʽʾ 
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ʤʠʪʪʻʚʠʭ ʥʝʡʪʨʦʥʽʚ; )(tc
i

 ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʷʜʝʨ-ʧʦʧʝʨʝʜʥʠʢʽʚ -̔ʦʾ ʛʨʫʧʠ ʥʝʡʪʨʦʥʽʚ, 

ʱʦ ʟʘʧʽʟʥʶʶʪʴʩʷ. 

ʄʦʜʝʣʴ ʧʝʨʝʜʙʘʯʘʻ ʚʨʘʭʫʚʘʥʥʷ ʟʚʦʨʦʪʥʠʭ ʟʚ'ʷʟʢʽʚ ʨʝʘʢʪʦʨʘ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʟʥʘʯʝʥʥʷ ʟʤʽʥʠ ʨʝʘʢʪʠʚʥʦʩʪʽ ʨʝʘʢʪʦʨʘ ʥʘ ʢʦʞʥʦʤʫ ʨʦʟʨʘʭʫʥʢʦʚʦʤʫ ʢʨʦʮʽ, ʱʦ 

ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

)()()()()( tP
P

tT
T

ttt ʆʈʉʋɿ D
µ

µ
+D

µ

µ
+D

µ

µ
+D=D

rr
q

q

r
rr , (4.4) 

ʜʝ )(tʆʈʉʋɿrD  ï ʨʝʘʢʪʠʚʥʽʩʪʴ, ʚʚʝʜʝʥʘ ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʝʤʽʱʝʥʥʷ ʦʨʛʘʥʽʚ 

ʨʝʛʫʣʶʚʘʥʥʷ; 
q

r

µ

µ
 ï ʢʦʝʬʽʮʽʻʥʪ ʨʝʘʢʪʠʚʥʦʩʪʽ ʧʦ ʪʝʤʧʝʨʘʪʫʨʽ ʪʝʧʣʦʥʦʩʽʷ; 

Tµ

µr
 ï 

ʢʦʝʬʽʮʽʻʥʪ ʨʝʘʢʪʠʚʥʦʩʪʽ ʧʦ ʪʝʤʧʝʨʘʪʫʨʽ ʧʘʣʠʚʘ; )(tqD , )(tTD , )(tPD  ï ʚʽʜʧʦʚʽʜʥʦ 

ʟʤʽʥʘ ʩʝʨʝʜʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ, ʧʘʣʠʚʘ ʽ ʪʠʩʢʫ ʪʝʧʣʦʥʦʩʽʷ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʫʜʦʩʢʦʥʘʣʝʥʦʾ ʤʦʜʝʣʽ ʻ ʪʝ, ʱʦ ʪʚʝʣ ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ ʜʦʚʽʣʴʥʫ 

ʢʽʣʴʢʽʩʪʴ ʟʦʥ (ʩʝʛʤʝʥʪʽʚ). ɼʣʷ ʢʦʞʥʦʾ ʟʦʥʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʝʧʣʦʬʽʟʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ. ɼʘʥʘ ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʚʨʘʭʫʚʘʪʠ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨ ʧʦ ʨʘʜʽʫʩʫ 

ʪʚʝʣʘ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʢʨʘʱʘ ʪʦʯʥʽʩʪʴ ʤʦʜʝʣʽ. 

4.5.1. ʈʦʟʨʘʭʫʥʦʢ ʪʝʤʧʝʨʘʪʫʨʠ ʪʚʝʣʘ ʧʦ ʩʝʛʤʝʥʪʘʤ 

ʇʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ ʪʚʝʣʘ ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ ʝʣʝʤʝʥʪʘʨʥʽ ʩʝʛʤʝʥʪʠ ʟ 

ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʚʫʟʣʘʤʠ ʧʦ ʮʝʥʪʨʫ ʩʝʛʤʝʥʪʽʚ. ɼʣʷ ʢʦʞʥʦʾ ʟʦʥʠ ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʚʘʞʘʻʪʴʩʷ ʧʦʩʪʽʡʥʦʶ. 

ʈʽʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʜʣʷ ʪʚʝʣʘ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ: 

),()(
)(

),(
tl

t

t
r rqtgraddiv

r
C V+=
µ

µ
, (4.5) 

ʜʝ r ï ʛʫʩʪʠʥʘ, C  ï ʪʝʧʣʦʻʤʥʽʩʪʴ, ʪʘ l ï ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ. 

ʈʦʟʚôʷʟʦʢ ʜʘʥʦʛʦ ʨʽʚʥʷʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʥʘʥʥʷ ʚ ʤʦʜʝʣʽ ʥʘʩʪʫʧʥʦʾ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʦʧʝʨʘʮʽʡ. 

ɿʘʜʘʶʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʩʝʛʤʝʥʪʽʚ ʧʘʣʠʚʘ Fn  ʪʘ ʦʙʦʣʦʥʢʠ Cn , ʨʘʜʽʫʩ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʦʪʚʦʨʫ 0R , ʧʘʣʠʚʥʦʾ ʪʘʙʣʝʪʢʠ FR , ʪʦʚʱʠʥʘ ʛʘʟʦʚʦʛʦ ʟʘʟʦʨʫ Gh , 

ʪʦʚʱʠʥʘ ʦʙʦʣʦʥʢʠ Ch . 



133 

 

ɺʠʟʥʘʯʘʻʪʴʩʷ ʜʦʚʞʠʥʘ ʩʝʛʤʝʥʪʘ ʧʘʣʠʚʘ FFF nRRr /)( 0-=D  ʪʘ ʦʙʦʣʦʥʢʠ 

CCGC nhhr /)( +=D . 

ɺʠʟʥʘʯʘʶʪʴʩʷ ʨʘʜʽʫʩʠ ʩʝʛʤʝʥʪʽʚ iR  ʽ ʮʝʥʪʨʠ ʩʝʛʤʝʥʪʽʚ ir  (ʨʠʩ. 4.7): 

- ʜʣʷ ʧʘʣʠʚʘ ʨʦʟʨʘʭʫʥʢʦʚʽ ʪʦʯʢʠ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 1 ʜʦ k: 

Fii rRR D+= -1 , 
2

F
ii

r
Rr
D
-= ; 

- ʜʣʷ ʦʙʦʣʦʥʢʠ ʨʦʟʨʘʭʫʥʢʦʚʽ ʪʦʯʢʠ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ k+1 ʜʦ m:  

Cii rRR D+= -1 , 
2

C
ii

r
Rr
D
-= . 

 

ʈʠʩ. 4.7. ʉʭʝʤʘ ʨʦʟʙʠʚʢʠ ʪʚʝʣʘ ʥʘ ʩʝʛʤʝʥʪʠ  

ɺʠʟʥʘʯʘʶʪʴʩʷ ʦʙôʻʤʠ ʩʝʛʤʝʥʪʽʚ iV : 

tvlkaskasiii nnHRRV ÖÖÖ-Ö= -)( 2
1

2p , (4.6) 

ʜʝ kasH  ï ʚʠʩʦʪʘ ʊɺɿ, kasn  ï ʢʽʣʴʢʽʩʪʴ ʊɺɿ, tvln  ï ʢʽʣʴʢʽʩʪʴ ʪʚʝʣʽʚ. 

ɿʘʜʘʶʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʠ ʝʥʝʨʛʦʚʠʜʽʣʝʥʥʷ ʧʦ ʩʝʛʤʝʥʪʘʤ ʧʘʣʠʚʘ coef
vq  ʽ 

ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʦʙôʻʤʥʽ ʝʥʝʨʛʦʚʠʜʽʣʝʥʥʷ: 

ä
=

Ö

Ö=
k

j
j

coef
jv

coef
iviv

Vq

N
qq

1

)(

, 
(4.7) 

ʜʝ Nï ʟʘʛʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ʪʚʝʣʘ. 

ɺʠʟʥʘʯʘʶʪʴʩʷ ʧʦʪʫʞʥʦʩʪʽ ʩʝʛʤʝʥʪʽʚ iN : 
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iivi VqN Ö= . (4.8) 

ɺʠʟʥʘʯʘʻʪʴʩʷ ʧʣʦʱʘ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʦʙʦʣʦʥʢʠ ʚʩʽʭ ʪʚʝʣʽʚ kS :  

tvlkaskaskk nnHRS ÖÖÖÖÖ= p2  (4.9) 

ɺʠʟʥʘʯʘʶʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʩʝʛʤʝʥʪʽʚ il ʧʦ ʪʝʤʧʝʨʘʪʫʨʽ iT  

(ʜʣʷ ʧʦʯʘʪʢʦʚʦʛʦ ʩʪʘʥʫ ʚʠʢʦʥʫʻʪʴʩʷ ʽʪʝʨʘʮʽʡʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʧʦʢʠ ʥʝ 

ʟʘʙʝʟʧʝʯʠʪʴʩʷ ʟʘʜʘʥʘ ʪʦʯʥʽʩʪʴ). 

ɺʠʟʥʘʯʘʶʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʜʣʷ ʣʽʚʦʾ ʽ ʧʨʘʚʦʾ ʛʨʘʥʠʮʽ 

ʢʦʞʥʦʛʦ ʩʝʛʤʝʥʪʘ: 

)
2

()
4

()
4

(

)
4

()
4

(2

11

11

r
r

r
r

r
r

r
r

r
r

iiiii

iiii

iʇʨ D
+Öùú

ø
éê

è D
-Ö+

D
+Ö

D
+Ö

D
-ÖÖÖ

=

++

++

ll

ll
l , (4.10) 

)
2

()
4

()
4

(

)
4

()
4

(2

111

11

r
r

r
r

r
r

r
r

r
r

iiiii

iiii

iʃ D
+Öùú

ø
éê

è D
-Ö+

D
+Ö

D
+Ö

D
-ÖÖÖ

=

---

--

ll

ll
l , (4.11) 

ʜʝ Crr D=D , ʘʙʦ Frr D=D  ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʝʛʤʝʥʪʫ; iʇʨl  ʥʝ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʜʣʷ ki= , iʃl  ʥʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʣʷ 1=i . 

ɺʠʟʥʘʯʘʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʯʝʨʝʟ ʟʘʟʦʨ 
G

G
G

h
K

l
= . 

ɺʠʟʥʘʯʘʶʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʠ iʇʨl , iʃl : 

i=1, 
2

2

F

iʇʨiʇʨ
rD

Ö=ll ; (4.12) 

i=2·k-1, 
2
F

iʃ
iʃ

rD
=
l

l , öö
÷

õ
ææ
ç

å
Ö

D
=

ʣ

ʧʨ

F

iʇʨ
iʇʨ

R

R

r 2

l
l ; (4.13) 

i=k, 
2
F

iʃ
iʃ

rD
=
l

l , öö
÷

õ
ææ
ç

å
Ö

D
=

ʣ

ʧʨ

F

G
iʇʨ

R

R

r

K
2

l ; (4.14) 

i=k+1, 
C

z
iʃ

r

K

D
=l , öö

÷

õ
ææ
ç

å
Ö

D
=

ʣ

ʧʨ

C

iʇʨ
iʇʨ

R

R

r

l
l ; (4.15) 
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i=k+2·m-1, 
2

C

iʃ
iʃ

rD
=
l

l , öö
÷

õ
ææ
ç

å
Ö

D
=

ʣ

ʧʨ

C

iʇʨ
iʇʨ

R

R

r 2

l
l ; (4.16) 

i=m, 
2

C

iʃ
iʃ

rD
=
l

l , öö
÷

õ
ææ
ç

å
Ö

D
=

ʣ

ʧʨ

C

iʇʨ
R

R

r 2

a
l , (4.17) 

ʜʝ aï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ ʚʽʜ ʦʙʦʣʦʥʢʠ ʪʚʝʣʘ ʜʦ ʪʝʧʣʦʥʦʩʽʷ. 

ɺʠʟʥʘʯʘʶʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʠ 
AR : 

i=1, 1
11

ʇʨi

C
R l

t

r
+

Ö
=A , (4.18) 

ʜʝ r ï ʛʫʩʪʠʥʘ, ʉ ï ʪʝʧʣʦʻʤʥʽʩʪʴ, tï ʽʪʝʨʘʮʽʡʥʠʡ ʯʘʩ; 

i=2·m, iʇʨiʃ
ii

i

C
R ll

t

r
++=

*A
. (4.19) 

ɺʠʟʥʘʯʘʶʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʠ 
*R : 

i=1, *
iR = A

iR ; (4.20) 

i=2·m, 
( )

*
-

-* -
-=

1

1

i

iʇʨiʃ

ii
R

RR
llA . (4.21) 

ɺʠʟʥʘʯʘʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪ ivQ : 

ivQ =
t

r iii
iv

TC
q

ÖÖ
+ . (4.22) 

ɺʠʟʥʘʯʘʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪ *
iQ : 

i=1, ivi QQ =* ; (4.23) 

i=2·m, 
ivi

i

iʃ

i QQ
R

Q +Ö= *
-*

-

*
1

1

l
. (4.24) 

ʊʝʤʧʝʨʘʪʫʨʠ ʧʘʣʠʚʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ: 

i=1·m-1, 
*

+
* Ö+

=
i

iiʇʨi
i

R

TQ
T 1l

; (4.25) 

i=m, 
*

* Ö+
=

i

iʇʨi
i

R

Q
T

ql
, (4.26) 

ʜʝ q ï ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʽʷ. 



136 

 

ɺʠʟʥʘʯʘʻʪʴʩʷ ʝʬʝʢʪʠʚʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʘʣʠʚʘ: 

2

1

Uo

k

i
ii

ʝʬ
V

TV

T
ä
==  

(4.27) 

ɺʠʟʥʘʯʘʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʦʚʦʛʦ ʟʘʟʦʨʫ: 

kG

kG
S

N

K
TT

2

1
+=  (4.28) 

ʅʘ ʨʠʩ. 4.8 ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʪʨʠʤʘʥʠʡ ʟʘ ʨʦʟʛʣʷʥʫʪʠʤ ʘʣʛʦʨʠʪʤʦʤ ʨʦʟʧʦʜʽʣ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʚʝʣʘ. 

 

ʈʠʩ. 4.8. ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʨʘʜʽʫʩʫ ʜʣʷ ʜʚʦʭ ʚʠʧʘʜʢʽʚ: 1) ʨʽʚʥʦʤʽʨʥʝ 

ʦʙôʻʤʥʝ ʝʥʝʨʛʦʚʠʜʽʣʝʥʥʷ ʪʘʙʣʝʪʢʠ, 2) ʥʝ ʨʽʚʥʦʤʽʨʥʝ ʦʙôʻʤʥʝ ʝʥʝʨʛʦʚʠʜʽʣʝʥʥʷ 

ʪʘʙʣʝʪʢʠ (0ï70% ʩʝʛʤʝʥʪʠ ʚʽʜ ʮʝʥʪʨʫ ʪʘʙʣʝʪʢʠ ʟ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʨʽʚʥʠʤʠ 1; 70ï

80% ï 1,1; 80ï90% ï 1,2; 90ï100% ï 1,3 )  

4.5.2. ʈʦʟʨʘʭʫʥʦʢ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ 

ɿʤʽʥʫ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ʚ ʘʢʪʠʚʥʽʡ ʟʦʥʽ ʨʝʘʢʪʦʨʘ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟ 

ʨʽʚʥʷʥʴ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʜʣʷ ʪʝʧʣʦʥʦʩʽʷ. 
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ʈʘʜʽʫʩ ʪʚʝʣʘ, ʤʤ 

ʈʽʚʥʦʤʽʨʥʝ ʦʙ'ʻʤʥʝ ʝʥʝʨʛʦʚʠʜʽʣʝʥʥʷ

ʆʙ'ʻʤʥʝ ʝʥʝʨʛʦʚʽʠʜʽʣʝʥʥʷ ʙʽʣʴʰʝ ʥʘ ʧʝʨʝʬʠʨʽʾ
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)( ʚʭʚʠʭTTTSTT GcSqMc
dt

d
qqg

q
--=  (4.29) 

ʜʝ S ï ʧʣʦʱʘ ʙʽʯʥʦʾ ʧʦʚʝʨʭʥʽ ʪʚʝʣʽʚ ʚ ʘʢʪʠʚʥʽʡ ʟʦʥʽ; ʊc  ï ʪʝʧʣʦʻʤʥʽʩʪʴ 

ʪʝʧʣʦʥʦʩʽʷ; ʊg ï ʛʫʩʪʠʥʘ ʪʝʧʣʦʥʦʩʽʷ; ʊʄ  ï ʤʘʩʘ ʪʝʧʣʦʥʦʩʽʷ ʚ ʘʢʪʠʚʥʽʡ ʟʦʥʽ; ʊG  ï 

ʚʠʪʨʘʪʘ ʪʝʧʣʦʥʦʩʽʷ; ʚʭq  ï ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʭʦʜʽ ʚ ʘʢʪʠʚʥʫ ʟʦʥʫ; ʚʠʭq  ï 

ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʠʭʦʜʽ ʟ ʘʢʪʠʚʥʦʾ ʟʦʥʠ; Sq  ï ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ʟ ʧʦʚʝʨʭʥʽ 

ʪʚʝʣʘ. 

ʈʽʰʝʥʥʷʤ ʨʽʚʥʷʥʥʷ (4.29) ʻ ʥʘʩʪʫʧʥʠʡ ʚʠʨʘʟ: 

)1(0
tqtq

q

q
qq aa ee

a

b --
-+= , (4.30) 

ʜʝ 
TT

TTT
a

Mc

GcS ga
q

2+
= , (4.31) 

TT

ʚʭTTTm
b

Mc

GcST qga
q

2+
= . (4.32) 

4.5.3. ɸʧʨʦʙʘʮʽʷ ʤʦʜʝʣʽ ʨʝʘʢʪʦʨʘ 

ʈʦʟʨʦʙʣʝʥʘ ʤʦʜʝʣʴ ʧʨʦʡʰʣʘ ʘʧʨʦʙʘʮʽʶ ʥʘ ʜʘʥʠʭ, ʱʦ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʧʽʜ ʯʘʩ 

ʩʧʨʘʮʶʚʘʥʥʷ ʇʇɿ ʥʘ ʍɸɽʉ-2 (ʨʠʩ. 4.9), ʈɸɽʉ-3 ʪʘ ɿɸɽʉ-4. 

 

ʈʠʩ. 4.9. ɿʤʽʥʘ ʥʝʡʪʨʦʥʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʨʝʘʢʪʦʨʘ ʧʨʠ ʇʇɿ ʥʘ ʍɸɽʉ-2 
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ɺ ʷʢʦʩʪʽ ʚʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʠʡʥʷʪʽ ʧʘʨʘʤʝʪʨʠ ʨʝʘʢʪʦʨʘ ʜʣʷ ʩʪʘʮʽʦʥʘʨʥʦʛʦ 

ʨʽʚʥʷ ʧʦʪʫʞʥʦʩʪʽ, ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʘʢʪʠʚʥʦʩʪʽ, ʽʥʪʝʛʨʘʣʴʥʘ ʽ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʆʈ ʉʋɿ ï ʥʘ ʚʽʜʧʦʚʽʜʥʠʡ ʤʦʤʝʥʪ ʧʘʣʠʚʥʦʾ ʢʘʤʧʘʥʽʾ 

ʨʝʘʢʪʦʨʘ. 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 4.9 ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʻ ʙʣʠʟʴʢʠʤʠ ʜʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. ʆʪʞʝ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʨʦʟʨʦʙʣʝʥʘ ʤʦʜʝʣʴ 

ʢʦʨʝʢʪʥʦ ʦʧʠʩʫʻ ʟʤʽʥʫ ʥʝʡʪʨʦʥʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʨʝʘʢʪʦʨʘ ʧʨʠ ʨʦʙʦʪʽ ʇʇɿ ʽ ʤʦʞʝ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʽʥʰʠʭ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ. 

4.5.4. ʄʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʭʽʜʥʦʛʦ ʨʝʞʠʤʫ 

ɹʫʣʦ ʟʤʦʜʝʣʴʦʚʘʥʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʪʝʧʣʦʥʦʩʽʷ ʨʽʟʥʠʭ ʧʝʪʝʣʴ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʷʢʦʛʦ ʩʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʭʦʜʽ ʚ ʘʢʪʠʚʥʫ ʟʦʥʫ ʟʜʽʡʩʥʶʚʘʣʘ 

ʛʘʨʤʦʥʽʯʥʽ ʢʦʣʠʚʘʥʥʷ ʟ ʘʤʧʣʽʪʫʜʦʶ ~0,1ï1 Áʉ. ʄʦʜʝʣʶʚʘʥʥʷ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʥʘ 

ʧʦʯʘʪʦʢ ʽ ʢʽʥʝʮʴ ʧʘʣʠʚʥʦʾ ʢʘʤʧʘʥʽʾ, ʘ ʪʘʢʦʞ ʜʣʷ ʨʽʟʥʠʭ ʧʝʨʽʦʜʽʚ ʢʦʣʠʚʘʥʴ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʭʦʜʽ ʚ ʘʢʪʠʚʥʫ ʟʦʥʫ: 0,5ï10 ʩ. 

ʅʘ ʨʠʩ. 4.10 ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠ ʢʦʣʠʚʘʥʥ ̔

ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʭʦʜʽ ʚ ʘʢʪʠʚʥʫ ʟʦʥʫ ʟ ʧʝʨʽʦʜʦʤ 4 ʩ ʪʘ ʘʤʧʣʽʪʫʜʦʶ 1 Áʉ 

(ʨʠʩ. 4.11) ʥʘ ʧʦʯʘʪʦʢ ʧʘʣʠʚʥʦʾ ʢʘʤʧʘʥʽʾ, ʘ ʥʘ ʨʠʩ. 4.12 ï ʥʘ ʢʽʥʝʮʴ ʧʘʣʠʚʥʦʾ 

ʢʘʤʧʘʥʽʾ. 

 

ʈʠʩ. 4.10. ɿʤʽʥʘ ʧʦʪʫʞʥʦʩʪʽ ʨʝʘʢʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ ɺɺɽʈ-1000 ʥʘ ʧʦʯʘʪʦʢ ʧʘʣʠʚʥʦʾ 

ʢʘʤʧʘʥʽʾ ʧʨʠ ʛʘʨʤʦʥʽʯʥʠʭ ʢʦʣʠʚʘʥʥʷʭ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʭʦʜʽ ʚ ʘʢʪʠʚʥʫ 

ʟʦʥʫ ʟ ʧʝʨʽʦʜʦʤ 4 ʩ ʪʘ ʘʤʧʣʽʪʫʜʦʶ 1 Áʉ 
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ʈʠʩ. 4.11. ɻʘʨʤʦʥʽʯʥʽ ʢʦʣʠʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʭʦʜʽ ʚ ʘʢʪʠʚʥʫ ʟʦʥʫ ʟ 

ʧʝʨʽʦʜʦʤ 4 ʩ ʪʘ ʘʤʧʣʽʪʫʜʦʶ 1 Áʉ 

 

ʈʠʩ. 4.12. ɿʤʽʥʘ ʧʦʪʫʞʥʦʩʪʽ ʨʝʘʢʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ ɺɺɽʈ-1000 ʥʘ ʢʽʥʝʮʴ ʧʘʣʠʚʥʦʾ 

ʢʘʤʧʘʥʽʾ ʧʨʠ ʛʘʨʤʦʥʽʯʥʠʭ ʢʦʣʠʚʘʥʥʷʭ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʭʦʜʽ ʚ ʘʢʪʠʚʥʫ 

ʟʦʥʫ ʟ ʧʝʨʽʦʜʦʤ 4 ʩ ʪʘ ʘʤʧʣʽʪʫʜʦʶ 1 Áʉ 

 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 4.10 ʪʘ 4.12 ʢʦʣʠʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʭʦʜʽ ʚ 

ʘʢʪʠʚʥʫ ʟʦʥʫ ʩʧʨʠʯʠʥʶʶʪʴ ʢʦʣʠʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ, ʧʨʠ ʮʴʦʤʫ ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ 

ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʢʽʥʝʮʴ ʧʘʣʠʚʥʦʾ ʢʘʤʧʘʥʽʾ ʚʜʚʽʯʽ ʙʽʣʴʰʘ ʥʽʞ ʥʘ ʧʦʯʘʪʦʢ ʧʘʣʠʚʥʦʾ 

ʢʘʤʧʘʥʽʾ. 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʥʝʡʪʨʦʥʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠ ʢʦʣʠʚʘʥʥ ̔

ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʭʦʜʽ ʚ ʘʢʪʠʚʥʫ ʟʦʥʫ ʟ ʘʤʧʣʽʪʫʜʦʶ 0,1 Áʉ ʽ ʧʝʨʽʦʜʽ 

2.2 ʩ, ʘ ʪʘʢʦʞ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 4.13. 

286

286,5

287

287,5

288

0 5 10 15 20

T
ʝ
ʤ
ʧ
ʝ
ʨ
ʘ
ʪ
ʫ
ʨ
ʘ
,
 

Áʉ

ʏʘʩ, c

2700
2800
2900
3000
3100
3200
3300
3400

0 5 10 15 20

ʇ
ʦ
ʪ
ʫ
ʞ
ʥ
ʽ
ʩ
ʪ
ʴ
,
 
ʄ
ɺ
ʪ

ʏʘʩ, c



140 

 

 

ʈʠʩ. 4.13. ʇʦʪʫʞʥʽʩʪʴ ʨʝʘʢʪʦʨʘ ɺɺɽʈ-1000 (ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʧʦʯʘʪʦʢ ʧʘʣʠʚʥʦʾ 

ʢʘʤʧʘʥʽʾ) 

ʅʘ ʢʽʥʝʮʴ ʧʘʣʠʚʥʦʾ ʢʘʤʧʘʥʽʾ ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ ʥʝʡʪʨʦʥʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ʙʫʜʝ ʟʙʽʣʴʰʫʚʘʪʠʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʝʘʢʪʠʚʥʦʩʪʽ ʽ 

ʤʦʞʝ ʜʦʩʷʛʘʪʠ ʟʥʘʯʝʥʴ ʩʧʨʘʮʶʚʘʥʥʷ ʨʝʛʫʣʷʪʦʨʽʚ ʧʦʪʫʞʥʦʩʪʽ. 

 

4.6. ɺʠʩʥʦʚʢʠ ʧʦ ʨʦʟʜʽʣʫ 4 

ʈʦʟʚôʷʟʘʥʘ ʟʘʜʘʯʘ ʚʠʟʥʘʯʝʥʥʷ ʣʦʢʘʣʴʥʦʩʪʽ ɼʇɿ ʜʦ ʥʝʡʪʨʦʥʥʠʭ ʧʨʦʮʝʩʽʚ, ʘ 

ʚʽʜʧʦʚʽʜʥʦ ʽ ʜʦ ʚʽʙʨʦʧʨʦʮʝʩʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʠʛʥʘʣ ɼʇɿ. ɹʫʚ ʦʪʨʠʤʘʡ ʚʥʝʩʦʢ 

ʪʚʝʣʽʚ ʚ ʬʦʨʤʫʚʘʥʥʷ ʩʠʛʥʘʣʫ ɼʇɿ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʰʝʩʪʠ ʥʘʡʙʣʠʞʯʠʭ ʪʚʝʣʽʚ, ʱʦ 

ʨʝʘʣʽʟʦʚʘʥʦ ʚ ʜʘʥʠʡ ʯʘʩ ʚ ʩʠʩʪʝʤʽ ʚʥʫʪʨʽʰʥʴʦʨʝʘʢʪʦʨʥʦʛʦ ʢʦʥʪʨʦʣʶ, ʘ ʚʽʜ 

ʜʝʢʽʣʴʢʦʭ ʨʷʜʽʚ ʪʚʝʣʽʚ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʣʦʢʘʣʽʟʫʚʘʪʠ ʚʽʙʨʘʮʽʾ ʊɺɿ, ʘ ʪʘʢʦʞ ʧʽʜʚʠʱʫʻ 

ʪʦʯʥʽʩʪʴ ʧʝʨʝʭʦʜʫ ʚʽʜ ʩʠʛʥʘʣʫ ɼʇɿ ʜʦ ʝʥʝʨʛʦʚʠʜʽʣʝʥʥʷ ʚ ʘʢʪʠʚʥʽʡ ʟʦʥʽ.  

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʠʛʥʘʣ ɼʇɿ ʥʘ 70ï75 % ʬʦʨʤʫʻʪʴʩʷ ʟ ʥʝʡʪʨʦʥʽʚ, ʱʦ ʙʫʣʠ 

ʟʛʝʥʝʨʦʚʘʥʽ ʪʚʝʣʘʤʠ ʊɺɿ, ʚ ʷʢʽʡ ʨʦʟʪʘʰʦʚʘʥʠʡ ʩʘʤ ɼʇɿ, ʘ ʟʘ ʚʠʩʦʪʦʶ ʩʠʛʥʘʣ ɼʇɿ 

ʥʘ 77 % ʬʦʨʤʫʻʪʴʩʷ ʟ ʥʝʡʪʨʦʥʽʚ, ʱʦ ʙʫʣʠ ʟʛʝʥʝʨʦʚʘʥʽ ʥʘ ʨʽʚʥʽ ɼʇɿ (ʟʦʥʠ ʚʠʩʦʪʦʶ 

250 ʤʤ). ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʠʣʠ ʚʩʪʘʥʦʚʠʪʠ, ʱʦ ʩʠʛʥʘʣ ɼʇɿ ʚʠʟʥʘʯʘʻ 

ʚ̔ ʙʨʦʩʪʘʥ ʩʘʤʝ ʪʽʻʾ ʊɺɿ, ʚ ʷʢʽʡ ʚʽʥ ʨʦʟʪʘʰʦʚʘʥʠʡ, ʽ ʩʘʤʝ ʥʘ ʪʽʡ ʚʠʩʦʪʽ, ʥʘ ʷʢʽʡ ʚʽʥ 

ʨʦʟʪʘʰʦʚʘʥʠʡ. 
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ʇʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʟʤʽʥʠ ʥʝʡʪʨʦʥʦʾ ʧʦʪʫʞʥʦʩʪʽ  

ɺɺɽʈ-1000 ʜʣʷ ʧʝʨʝʭʽʜʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʈʋ, ʚʠʢʣʠʢʘʥʠʭ ʨʽʟʥʠʤʠ ʚʠʭʽʜʥʠʤʠ 

ʧʦʜʽʷʤʠ: ʩʧʨʘʮʶʚʘʥʥʷ ʇʇɿ, ʢʦʣʠʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʭʦʜʽ ʚ 

ʘʢʪʠʚʥʫ ʟʦʥʫ. ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʱʦ 

ʙʫʣʠ ʦʪʨʠʤʘʥ ̔ʥʘ ʨʽʟʥʠʭ ʝʥʝʨʛʦʙʣʦʢʘʭ ʟ ɺɺɽʈ-1000. 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʜʽʣʫ 4 ʦʧʫʙʣʽʢʦʚʘʥʦ ʫ [9, 10, 14, 15, 18]  
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ʈʆɿɼɯʃ 5. ɺɯɼʅʆɺʃɽʅʅʗ ʉʀɻʅɸʃɯɺ ɼʇɿ, ʑʆ ɺʀʁʐʃʀ ɿ ʃɸɼʋ, ɿɸ 

ɼʆʇʆʄʆɻʆʖ ʅɽʁʈʆʅʅʀʍ ʄɽʈɽɾ 

ʋ ʨʦʟʜʽʣʽ 5 ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʚʜʘʥʥʷ  ̄6 ʥʘʫʢʦʚʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ: 

6) ɼʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʚʽʜʥʦʚʣʝʥʥʷ ʩʠʛʥʘʣʽʚ ɼʇɿ, ʱʦ ʚʠʡʰʣʠ ʟ ʣʘʜʫ 

ʧʽʜ ʯʘʩ ʧʘʣʠʚʥʦʾ ʢʘʤʧʘʥʽʾ ʨʝʘʢʪʦʨʘ. 

5.1. ɺʘʞʣʠʚʽʩʪʴ ʟʘʜʘʯʽ ʚʽʜʥʦʚʣʝʥʥʷ ʩʠʛʥʘʣʽʚ ɼʇɿ 

ʆʜʥʽʻʶ ʟ ʚʘʞʣʠʚʠʭ ʟʘʜʘʯ ʩʫʯʘʩʥʠʭ ʉɺʈʂ ʻ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʝʥʝʨʛʦʚʠʜʽʣʝʥʥʷ ʽ ʧʽʜʽʛʨʽʚʫ ʪʝʧʣʦʥʦʩʽʷ ʚ ʤʝʞʘʭ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʨʝʘʢʪʦʨʘ. ʉɺʈʂ 

ʟʘʙʝʟʧʝʯʫʻ ʦʧʝʨʘʪʦʨʘ ʧʦʩʪʽʡʥʦʶ ʪʘ ʦʧʝʨʘʪʠʚʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʥʘ ʦʩʥʦʚʽ ʩʠʛʥʘʣʽʚ 

ɼʇɿ ʽ ʜʘʪʯʠʢʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ. ɺʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ɼʇɿ ʧʨʦʧʦʨʮʽʡʥʠʡ 

ʛʫʩʪʠʥʽ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʫ ʚ ʤʽʩʮʽ ʡʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʪʘʢʦʞ 

ʚʠʟʥʘʯʘʻ ʽ ʝʥʝʨʛʦʚʠʜʽʣʝʥʥʷ ʚ ʥʘʡʙʣʠʞʯʠʭ ʪʚʝʣʘʭ. ʃɽɺ ʪʚʝʣʽʚ ʫ ʨʝʘʢʪʦʨʽ ɺɺɽʈ ʻ 

ʚʘʞʣʠʚʠʤ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʙʝʟʧʝʢʠ ʽ ʥʘʜʽʡʥʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʘʣʠʚʘ. 

ɹʝʟʧʝʯʥʘ ʨʦʙʦʪʘ ʨʝʘʢʪʦʨʘ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʨʘʚʠʣʴʥʠʤ ʧʝʨʝʭʦʜʦʤ ʚʽʜ 

ʩʪʨʫʤʽʚ ɼʇɿ ʜʦ ʃɽɺ. 

ɺʠʤʦʛʘ ʨʝʛʣʘʤʝʥʪʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʱʦʜʦ ʟʥʠʞʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʨʝʘʢʪʦʨʘ ʘʙʦ 

ʧʦʚʥʦʾ ʡʦʛʦ ʟʫʧʠʥʢʠ ʚ ʨʘʟʽ ʚʠʭʦʜʫ ʟ ʣʘʜʫ ʢʘʥʘʣʽʚ ʥʝʡʪʨʦʥʥʦʛʦ ʘʙʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʢʦʥʪʨʦʣʶ ʩʣʫʛʫʻ ʧʽʜʪʚʝʨʜʞʝʥʥʷʤ ʚʘʞʣʠʚʦʩʪʽ ʢʦʥʪʨʦʣʶ ʝʥʝʨʛʦʨʦʟʧʦʜʽʣʫ ʜʣʷ 

ʙʝʟʧʝʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʨʝʘʢʪʦʨʘ. ɿʘʜʘʯʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʥʘʜʽʡʥʦʛʦ 

ʚʽʜʥʦʚʣʝʥʥʷ ʩʠʛʥʘʣʽʚ ɼʇɿ, ʷʢʽ ʚʠʡʰʣʠ ʟ ʣʘʜʫ, ʻ ʘʢʪʫʘʣʴʥʦʶ ʦʩʢʽʣʴʢʠ ʢʨʠʪʠʯʥʠʤ ʻ 

ʢʽʣʴʢʽʩʪʴ ʊɺɿ, ʱʦ ʚʪʨʘʪʠʣʠ ʥʝʡʪʨʦʥʥʠʡ ʢʦʥʪʨʦʣʴ. 

ɼʣʷ ʙʝʟʧʝʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʨʝʘʢʪʦʨʘ ʧʦʪʨʽʙʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʩʪʦʚʽʨʥʽʩʪʴ 

ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʥʘʜʘʻʪʴʩʷ ʉɺʈʂ, ʚʠʷʚʣʷʪʠ ʜʝʪʝʢʪʦʨʠ, ʱʦ ʚʠʭʦʜʷʪʴ ʟ ʣʘʜʫ, ʘ ʪʘʢʦʞ 

ʤʘʪʠ ʟʤʦʛʫ ʦʮʽʥʠʪʠ ʝʥʝʨʛʦʚʠʜʽʣʝʥʥʷ ʚ ʊɺɿ, ʚ ʷʢʽʡ ʙʫʣʦ ʚʪʨʘʯʝʥʦ ʢʦʥʪʨʦʣʴ 

ʝʥʝʨʛʦʚʠʜʽʣʝʥʥʷ ʯʝʨʝʟ ʧʦʰʢʦʜʞʝʥʥʷ ɼʇɿ, ʯʠ ʟ ʽʥʰʠʭ ʧʨʠʯʠʥ. 

ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ 

ʚʽʜʥʦʚʣʝʥʥʷ ʩʠʛʥʘʣʽʚ ʚʽʜʤʦʚʠʚʰʠʭ ɼʇɿ ʥʘ ʦʩʥʦʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. 

ʇʽʜ ʚʽʜʥʦʚʣʝʥʥʷʤ ʩʠʛʥʘʣʫ ʚʽʜʤʦʚʠʚʰʠʛʦ ɼʇɿ ʤʘʻʪʴʩʷ ʥʘ ʫʚʘʟʽ ʤʦʜʝʣʴʥʝ 
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ʚʽʜʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʫ, ʚʽʜʩʫʪʥʴʦʛʦ ʯʝʨʝʟ ʬʽʟʠʯʥʝ ʧʦʰʢʦʜʞʝʥʥʷ ʜʝʪʝʢʪʦʨʘ. ʅʘʚʯʝʥʘ 

ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ, ʥʘ ʦʩʥʦʚʽ ʤʦʥʽʪʦʨʠʥʛʫ ʚʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʤʦʞʝ ʟ ʚʠʩʦʢʠʤ 

ʩʪʫʧʝʥʝʤ ʪʦʯʥʦʩʪʽ ʧʝʨʝʜʙʘʯʠʪʠ ʧʦʷʚʫ ʜʝʬʝʢʪʽʚ ʚ ʦʙʣʘʜʥʘʥʥʽ ʡ ʦʮʽʥʠʪʠ ʩʪʫʧʽʥʴ 

ʡʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ. 

5.2. ʇʨʠʥʮʠʧʠ ʨʦʙʦʪʠ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ 

ʅʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʩʷʛʘʶʪʴ ʢʦʨʽʥʥʷʤ ʚ ʙʘʛʘʪʦ ʜʠʩʮʠʧʣʽʥ: ʥʝʡʨʦʬʽʟʽʦʣʦʛʽʶ, 

ʤʘʪʝʤʘʪʠʢʫ, ʬʽʟʠʢʫ, ʩʪʘʪʠʩʪʠʢʫ, ʢʦʤʧôʶʪʝʨʥʽ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʫ. ɺʦʥʠ ʥʘʭʦʜʷʪʴ ʩʚʦʻ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʪʘʢʠʭ ʦʙʣʘʩʪʷʭ ʷʢ ʦʙʨʦʙʢʘ ʮʠʬʨʦʚʠʭ ʩʠʛʥʘʣʽʚ, ʘʥʘʣʽʟ ʯʘʩʦʚʠʭ 

ʨʷʜʽʚ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʨʘʟʽʚ, ʤʦʜʝʣʶʚʘʥʥʷ. 

ɹʣʦʢ-ʩʭʝʤʘ ʤʦʜʝʣʽ ʥʝʡʨʦʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 5.1. 

 

ʈʠʩ. 5.1. ʄʦʜʝʣʴ ʥʝʡʨʦʥʫ  

ʂʦʞʥʠʡ ʩʠʥʘʧʩ (ʟʚôʷʟʦʢ) ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʚʦʻʶ ʚʘʛʦʶ. ʉʠʛʥʘʣ jx  ʥʘ ʚʭʦʜʽ 

ʩʠʥʘʧʩʘ j , ʱʦ ʟʚôʷʟʘʥʠʡ ʟ ʥʝʡʨʦʥʦʤ k, ʤʥʦʞʠʪʴʩʷ ʥʘ ʚʘʛʫ kjw . ʉʠʥʘʧʪʠʯʥʘ ʚʘʛʘ 

ʥʝʡʨʦʥʘ ʤʦʞʝ ʤʘʪʠ ʷʢ ʜʦʜʘʪʥʝ ʪʘʢ ʽ ʚʽʜôʻʤʥʝ ʟʥʘʯʝʥʥʷ. 

ʉʫʤʘʪʦʨ ku  ʩʢʣʘʜʘʻ ʚʭʽʜʥʽ ʩʠʛʥʘʣʠ, ʟʚʘʞʝʥʽ ʚʽʜʥʦʩʥʦ ʚʽʜʧʦʚʽʜʥʠʭ ʩʠʥʘʧʩʽʚ 

ʥʝʡʨʦʥʘ. ɺ ʤʦʜʝʣʴ ʥʝʡʨʦʥʘ ʤʦʞʝ ʙʫʪʠ ʚʢʣʶʯʝʥʝ ʟʦʚʥʽʰʥʴʦ ʜʦʜʘʥʝ ʟʤʽʱʝʥʥʷ, ʱʦ 

ɺʭʽʜʥʽ 

ʩʠʛʥʘʣʠ 

ɿʤʽʱʝʥʥʷ 

ʉʠʥʘʧʪʠʯʥʽ 

ʚʘʛʠ 

ʉʫʤʘʪʦʨ 

ʌʫʥʢʮʽʷ 

ʘʢʪʠʚʘʮʽʾ 
ɺʠʭʽʜʥʠʡ 

ʩʠʛʥʘʣ 
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ʧʦʟʥʘʯʝʥʝ ʷʢ kb . ɺʝʣʠʯʠʥʘ ʟʤʽʱʝʥʥʷ kb  ʟʘʜʘʻ ʟʤʝʥʰʝʥʥʷ ʯʠ ʟʙʽʣʴʰʝʥʥʷ ʚʭʽʜʥʦʛʦ 

ʩʠʛʥʘʣʫ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʥʘ ʬʫʥʢʮʽʶ ʘʢʪʠʚʘʮʽʾ. 

ʌʫʥʢʮʽʷ ʘʢʪʠʚʘʮʽʾ j ʦʙʤʝʞʫʻ ʘʤʧʣʽʪʫʜʫ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʥʝʡʨʦʥʘ. ʊʘʢ, 

ʥʘʧʨʠʢʣʘʜ, ʥʦʨʤʦʚʘʥʠʡ ʜʽʘʧʘʟʦʥ ʘʤʧʣʽʪʫʜ ʚʠʭʦʜʫ ʥʝʡʨʦʥʘ ʤʦʞʝ ʣʝʞʘʪʠ ʚ 

ʽʥʪʝʨʚʘʣʽ [0, 1] ʘʙʦ [-1, 1]. ʆʪʞʝ ʤʦʜʝʣʴ ʥʝʡʨʦʥʘ ʦʧʠʩʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ 

ʨʽʚʥʷʥʥʷʤʠ: 

ä
=

=
m

j
jkjk xu

1

w , (5.1) 

kkk buv += , (5.2) 

)( kk vy j= , (5.3) 

ʜʝ mxxx ,...,, 21  ï ʚʭʽʜʥʽ ʩʠʛʥʘʣʠ; kmkk www ,...,, 21  ï ʩʠʥʘʧʪʠʯʥʽ ʚʘʛʠ ʥʝʡʨʦʥʘ 

k ; ku  ï ʣʽʥʽʡʥʘ ʚʠʭʽʜʥʘ ʢʦʤʙʽʥʘʮʽʷ ʚʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ; kb  ï ʟʤʽʱʝʥʥʷ; kv  ï 

ʧʦʪʝʥʮʽʘʣ ʘʢʪʠʚʘʮʽʾ; )(Öj  ï ʬʫʥʢʮʽʷ ʘʢʪʠʚʘʮʽʾ; ky  ï ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʥʝʡʨʦʥʘ. 

ʆʩʥʦʚʥʽ ʪʠʧʠ ʬʫʥʢʮʽʾ ʘʢʪʠʚʘʮʽʾ: 

- ʬʫʥʢʮʽʷ ʦʜʠʥʠʯʥʦʛʦ ʩʪʨʠʙʢʘ (ʨʠʩ. 5.2 ʘ): 

í
ì
ë

<

²
=

;0,0

;0,1
)(

v

v
vj  (5.4) 

- ʢʫʩʢʦʚʦ-ʣʽʥʽʡʥʘ ʬʫʥʢʮʽʷ (ʨʠʩ. 5.2 ʙ): 

î
í

î
ì

ë

-<

->>

²

=

;5,0,0

;5,05,0,

;5,0,1

)(

v

vv

v

vj  (5.5) 

- ʩʠʛʤʦʾʜʘʣʴʥʘ ʬʫʥʢʮʽʷ (ʨʠʩ. 5.2 ʚ): 

,
)exp(1

1
)(

av
v

-+
=j  (5.6) 

ʜʝ a ï ʧʘʨʘʤʝʪʨ ʥʘʭʠʣʫ ʩʠʛʤʦʾʜʘʣʴʥʦʾ ʬʫʥʢʮʽʾ. ɿʤʽʥʶʶʯʠ ʜʘʥʠʡ ʧʘʨʘʤʝʪʨ 

ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʬʫʥʢʮʽʾ ʟ ʨʽʟʥʠʤ ʥʘʭʠʣʦʤ. 

ʉʠʛʤʦʾʜʘʣʴʥʘ ʬʫʥʢʮʽʷ ʻ ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʦʶ ʬʫʥʢʮʽʻʶ ʜʣʷ 

ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. 
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ʈʠʩ. 5.2. ʌʫʥʢʮʽʾ ʘʢʪʠʚʘʮʽʾ ʥʝʡʨʦʥʥʘ 

 

ʅʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʨʭʽʪʝʢʪʫʨʠ ʪʘ 

ʩʠʥʘʧʪʠʯʥʠʭ ʚʘʛ. ɺʠʜʽʣʷʶʪʴ ʪʨʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʢʣʘʩʠ ʘʨʭʽʪʝʢʪʫʨʠ: ʦʜʥʦʰʘʨʦʚʽ 

ɿʙʽʣʴʰʝʥʥʷ 
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ʤʝʨʝʞʽ ʧʨʷʤʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ, ʙʘʛʘʪʦʰʘʨʦʚʽ ʤʝʨʝʞʽ ʧʨʷʤʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ, 

ʨʝʢʫʨʝʥʪʥʽ ʤʝʨʝʞʽ [111]. 

ʆʜʥʦʰʘʨʦʚʘ ʤʝʨʝʞʘ ʧʨʷʤʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ (ʨʠʩ. 5.3) ʤʘʻ ʚʭʽʜʥʠʡ ʰʘʨ 

ʚʫʟʣʽʚ ʜʞʝʨʝʣʘ, ʽʥʬʦʨʤʘʮʽʷ ʚʽʜ ʷʢʦʛʦ ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ ʚʠʭʽʜʥʠʡ ʰʘʨ ʥʝʡʨʦʥʽʚ 

(ʨʦʟʨʘʭʫʥʢʦʚʽ ʚʫʟʣʠ). ʇʽʜ ʻʜʠʥʠʤ ʰʘʨʦʤ ʨʦʟʫʤʽʻʪʴʩʷ ʚʠʭʽʜʥʠʡ ʰʘʨ 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʥʝʡʨʦʥʽʚ. 

 

ʈʠʩ. 5.3. ʆʜʥʦʰʘʨʦʚʘ ʤʝʨʝʞʘ ʧʨʷʤʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ 

 

ɹʘʛʘʪʦʰʘʨʦʚʘ ʤʝʨʝʞʘ ʧʨʷʤʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ (ʨʠʩ. 5.4) ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʥʘʷʚʥʽʩʪʶ ʦʜʥʦʛʦ ʯʠ ʜʝʢʽʣʴʢʦʭ ʧʨʠʭʦʚʘʥʠʭ ʰʘʨʽʚ, ʚʫʟʣʠ ʷʢʠʭ ʥʘʟʠʚʘʶʪʴʩʷ 

ʧʨʠʭʦʚʘʥʠʤʠ ʥʝʡʨʦʥʘʤʠ. ʌʫʥʢʮʽʷ ʦʩʪʘʥʥʽʭ ï ʚʠʩʪʫʧʘʪʠ ʧʦʩʝʨʝʜʥʠʢʦʤ ʤʽʞ 

ʟʦʚʥʽʰʥʽʤ ʚʭʽʜʥʠʤ ʩʠʛʥʘʣʦʤ ʽ ʚʠʭʦʜʦʤ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ. ɺʫʟʣʠ ʜʞʝʨʝʣʘ 

ʚʭʽʜʥʦʛʦ ʰʘʨʫ ʬʦʨʤʫʶʪʴ ʩʠʛʥʘʣ ʱʦ ʧʦʩʪʫʧʘʻ ʥʘ ʥʝʡʨʦʥʠ ʜʨʫʛʦʛʦ ʰʘʨʫ (ʧʝʨʰʠʡ 

ʧʨʠʭʦʚʘʥʠʡ ʰʘʨ), ʚʠʭʽʜʥʽ ʩʠʛʥʘʣʠ ʜʨʫʛʦʛʦ ʰʘʨʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʷʢʦʩʪʽ 

ʚʭʽʜʥʠʭ ʜʣʷ ʪʨʝʪʴʦʛʦ ʰʘʨʫ ʽ ʪ. ʜ. 

ɺʭʽʜʥʠʡ 

ʰʘʨ ʚʫʟʣʽʚ 

ʜʞʝʨʝʣʘ 

ɺʠʭʽʜʥʠʡ 

ʰʘʨ ʥʝʡʨʦʥʽʚ 
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ʈʠʩ. 5.4. ʄʝʨʝʞʘ ʧʨʷʤʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʟ ʦʜʥʠʤ ʧʨʠʭʦʚʘʥʠʤ ʽ ʦʜʥʠʤ ʚʠʭʽʜʥʠʤ 

ʰʘʨʦʤ 

 

ʈʝʢʫʨʝʥʪʥʽ ʤʝʨʝʞʽ (ʨʠʩ. 5.5) ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʤʝʨʝʞ ʧʨʷʤʦʛʦ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʥʘʷʚʥʽʩʪʶ ʧʨʠʥʘʡʤʥʽ ʦʜʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ. ɿʚʦʨʦʪʥʽ 

ʟʚôʷʟʢʠ ʥʘ ʨʠʩ. 5.5 ʚʠʭʦʜʷʪʴ ʷʢ ʚʽʜ ʧʨʠʭʦʚʘʥʠʭ ʥʝʡʨʦʥʽʚ, ʪʘʢ ʽ ʚʽʜ ʚʠʭʽʜʥʠʭ 

ʥʝʡʨʦʥʽʚ. ɿʚʦʨʦʪʥʽʡ ʟʚ'ʷʟʦʢ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʧʝʨʘʪʦʨʽʚ ʦʜʠʥʠʯʥʦʾ 

ʟʘʪʨʠʤʢʠ z-1.  

ʅʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʽʟ ʧʨʠʭʦʚʘʥʠʤʠ ʰʘʨʘʤʠ ʥʝ ʟʘʚʞʜʠ ʢʨʘʱʽ ʟʘ ʤʝʨʝʞʽ ʙʝʟ 

ʧʨʠʭʦʚʘʥʠʭ ʰʘʨʽʚ. ɿʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʨʠʭʦʚʘʥʠʭ ʥʝʡʨʦʥʽʚ ʟʙʽʣʴʰʫʻ ʨʠʟʠʢ 

ʧʝʨʝʥʘʚʯʘʥʥʷ. ʊʘʢʘ ʤʝʨʝʞʘ ʜʦʙʨʝ ʧʨʘʮʶʻ ʥʘ ʜʘʥʠʭ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, ʽ ʧʦʢʘʟʫʻ 

ʧʦʛʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟʘ ʤʝʞʘʤʠ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. 

 

ɺʭʽʜʥʠʡ 

ʰʘʨ ʚʫʟʣʽʚ 

ʜʞʝʨʝʣʘ 

ʇʨʠʭʦʚʘʥʠʡ 

ʰʘʨ ʥʝʡʨʦʥʽʚ 

 

ɺʠʭʽʜʥʠʡ 

ʰʘʨ ʥʝʡʨʦʥʽʚ 
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ʈʠʩ. 5.5. ʈʝʢʫʨʝʥʪʥʘ ʤʝʨʝʞʘ 

 

ɸʣʛʦʨʠʪʤ ʥʘʚʯʘʥʥʷ ï ʮʝ ʧʨʦʮʝʜʫʨʘ ʱʦ ʟʤʽʥʶʻ ʚ ʧʝʚʥʦʤʫ ʧʦʨʷʜʢʫ 

ʩʠʥʘʧʪʠʯʥʽ ʚʘʛʠ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʚʟʘʻʤʦʟʚôʷʟʢʫ ʥʝʡʨʦʥʽʚ. 

ʅʝ ʽʩʥʫʻ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʥʘʚʯʘʥʥʷ, ʱʦ ʧʽʜʭʦʜʠʚ ʙʠ ʜʣʷ ʚʩʽʭ 

ʘʨʭʽʪʝʢʪʫʨ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʢʦʞʥʠʡ ʘʣʛʦʨʠʪʤ ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ. ɸʣʛʦʨʠʪʤʠ 

ʥʘʚʯʘʥʥʷ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʰʣʷʭʦʤ ʟʤʽʥʠ ʩʠʥʘʧʪʠʯʥʠʭ ʚʘʛ ʥʝʡʨʦʥʽʚ. 

5.3. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ɹʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʙʝʟ ʧʨʠʭʦʚʘʥʠʭ ʰʘʨʽʚ, ʟ ʦʜʥʠʤ 

ʧʨʠʭʦʚʘʥʠʤ ʰʘʨʦʤ ʪʘ ʟ ʜʚʦʤʘ ʧʨʠʭʦʚʘʥʠʤʠ ʰʘʨʘʤʠ [17, 26]. ɿ'ʻʜʥʘʥʥʷ ʤʝʨʝʞʽ 

ʡʜʫʪʴ ʚʽʜ ʚʭʽʜʥʦʛʦ ʰʘʨʫ ʜʦ ʧʝʨʰʦʛʦ ʟ ʧʨʠʭʦʚʘʥʠʭ (ʷʢʱʦ ʚʽʥ ʻ), ʧʦʪʽʤ ʜʦ ʜʨʫʛʦʛʦ 

(ʷʢʱʦ ʚʽʥ ʻ), ʧʦʪʽʤ ï ʜʦ ʚʠʭʽʜʥʦʛʦ. 

ɺʭʽʜʥʽ 

ʩʠʛʥʘʣʠ 

ɺʠʭʽʜʥʽ 

ʩʠʛʥʘʣʠ 

ʆʧʝʨʘʪʦʨʠ ʦʜʠʥʠʯʥʦʾ 

ʟʘʪʨʠʤʢʠ 
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ʅʘ ʚʭʽʜ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʧʦʜʘʚʘʣʠʩʷ ʩʠʛʥʘʣʠ ɼʇɿ ʚʽʜ 3ï63 ʂʅɺ, ʚ ʷʢʦʩʪʽ 

ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʩʣʫʛʫʚʘʚ ɼʇɿ, ʱʦ ʧʝʨʝʚʽʨʷʚʩʷ. ɼʣʷ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʙʫʣʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʜʘʥʽ ʉɺʈʂ: 26-  ʾ ʪʘ 27-  ʾ ʧʘʣʠʚʥʠʭ ʢʘʤʧʘʥʽʡ ɿɸɽʉ-5; 27-  ʾ ʪʘ 28-  ʾ

ʧʘʣʠʚʥʠʭ ʢʘʤʧʘʥʽʡ ʍɸɽʉ-1; 11-  ʾʪʘ 12-  ʾʧʘʣʠʚʥʠʭ ʢʘʤʧʘʥʽʡ ʍɸɽʉ-2. ʅʘʚʯʘʥʥʷ 

ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʧʨʦʚʦʜʠʣʦʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʚʦʭ ʘʣʛʦʨʠʪʤʽʚ: ʘʣʛʦʨʠʪʤ L-BFGS 

(ʘʣʛʦʨʠʪʤ ɹʨʦʡʜʝʥʘïʌʣʝʪʯʝʨʘïɻʦʣʴʜʬʘʨʙʘïʐʘʥʥʦ ʟ ʦʙʤʝʞʝʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʘʤ'ʷʪʽ), ʱʦ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʢʚʘʟʽʥʴʶʪʦʥʽʚʩʴʢʠʭ ʤʝʪʦʜʽʚ, ʘ ʪʘʢʦʞ ʤʦʜʠʬʽʢʦʚʘʥʠʡ 

ʤʝʪʦʜ ʃʝʚʝʥʙʝʨʛʘ-ʄʘʨʢʚʘʨʜʪʘ. ɸʣʛʦʨʠʪʤ ʃʝʚʝʥʙʝʨʛʘ-ʄʘʨʢʚʘʨʜʪʘ ʻ ʢʦʤʧʨʦʤʽʩʦʤ 

ʤʽʞ ʥʘʩʪʫʧʥʠʤʠ ʤʝʪʦʜʘʤʠ [111]: 

- ʤʝʪʦʜʦʤ ʅʴʶʪʦʥʘ, ʷʢʠʡ ʰʚʠʜʢʦ ʩʭʦʜʠʪʴʩʷ ʙʽʣʷ ʛʣʦʙʘʣʴʥʦʛʦ ʯʠ 

ʣʦʢʘʣʴʥʦʛʦ ʤʽʥʽʤʫʤʫ, ʘʣʝ ʤʦʞʝ ʪʘʢʦʞ ʨʦʟʽʡʪʠʩʷ; 

- ʛʨʘʜʽʻʥʪʥʦʛʦ ʩʧʫʩʢʫ, ʷʢʠʡ ʛʘʨʘʥʪʦʚʘʥʦ ʩʭʦʜʠʪʴʩʷ ʰʣʷʭʦʤ ʧʨʘʚʠʣʴʥʦʛʦ 

ʚʠʙʦʨʫ ʧʘʨʘʤʝʪʨʘ ʢʨʦʢʫ, ʘʣʝ ʩʭʦʜʠʪʴʩʷ ʧʦʚʽʣʴʥʦ. 

 ɸʣʛʦʨʠʪʤ L-BFGS ʚʚʘʞʘʻʪʴʩʷ ʥʘʡʢʨʘʱʠʤ ʩʝʨʝʜ ʢʚʘʟʽʥʴʶʪʦʥʽʚʩʴʢʠʭ 

ʤʝʪʦʜʽʚ [111]. ɺʽʥ ʜʦʙʨʝ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯ ʚʝʣʠʢʦʾ ʨʦʟʤʽʨʥʦʩʪʽ, 

ʢʨʠʪʝʨʽʻʤ ʟʫʧʠʥʢʠ ʩʣʫʛʫʻ ʤʘʣʠʡ ʢʨʦʢ. ɸʣʛʦʨʠʪʤ ʃʝʚʝʥʙʝʨʛʘ-ʄʘʨʢʚʘʨʜʪʘ ʯʘʩʪʦ 

ʚʠʷʚʣʷʻʪʴʩʷ ʰʚʠʜʰʠʤ ʟʘ L-BFGS ʜʣʷ ʟʘʜʘʯ ʤʘʣʦʾ ʽ ʩʝʨʝʜʥʴʦʾ ʨʦʟʤʽʨʥʦʩʪʽ ʽ ʥʝ 

ʧʦʪʨʝʙʫʻ ʟʘʜʘʯʽ ʢʨʠʪʝʨʽʾʚ ʟʫʧʠʥʢʠ. 

5.3.1. ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʢʽʣʴʢʦʩʪʽ ʚʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ ʥʘ ʧʦʭʠʙʢʫ 

ʚʠʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ 

ʅʘ ʧʨʠʢʣʘʜʽ 11 ʧʘʣʠʚʥʦʾ ʢʘʤʧʘʥʽʾ ʍɸɽʉ-2 (ʜʠʚ. ʨʠʩ. 5.6) ʨʦʟʛʣʷʥʫʪʦ ʪʨʠ 

ʚʠʧʘʜʢʠ (ʜʠʚ. ʪʘʙʣ. 5.1): ʚ ʧʝʨʰʦʤʫ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʚʭʽʜ ʧʦʜʘʚʘʣʠʩʷ ʩʠʛʥʘʣʠ ɼʇɿ 

ʚʽʜ 63 ʂʅɺ, ʫ ʜʨʫʛʦʤʫ ʨʦʟʨʘʭʫʥʢʫ ï ʚʽʜ 7 ʥʘʡʙʣʠʞʯʠʭ ʂʅɺ (ʊɺɿ-137, ʊɺɿ-124, 

ʊɺɿ-111, ʊɺɿ-98, ʊɺɿ-99, ʊɺɿ-87, ʊɺɿ-88), ʚ ʪʨʝʪʴʦʤʫ ʨʦʟʨʘʭʫʥʢʫ ï ʚʽʜ 11 ʂʅɺ 

(ʊɺɿ-137, ʊɺɿ-154, ʊɺɿ-152, ʊɺɿ-129, ʊɺɿ-104, ʊɺɿ-50, ʊɺɿ-27, ʊɺɿ-10, ʊɺɿ-12, 

ʊɺɿ-35, ʊɺɿ-60), ʱʦ ʟʥʘʭʦʜʠʣʠʩʷ ʚ ʘʥʘʣʦʛʽʯʥʠʭ ʤʽʩʮʷʭ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʠʭʽʜʥʦʛʦ 

ʂʅɺ ʫ ʩʝʢʪʦʨʘʭ ʩʠʤʝʪʨʽʾ 30Á. ʋ ʚʩʽʭ ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʧʘʜʢʘʭ ʫ ʷʢʦʩʪʽ ʚʠʭʽʜʥʠʭ 

ʩʠʛʥʘʣʽʚ ʩʣʫʛʫʚʘʚ ʩʪʨʫʤ ɼʇɿ ʂʅɺ-57, ʊɺɿ-114 (ʜʠʚ. ʨʠʩ. 5.7). ɺʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ, 
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ʱʦ ʥʘʡʙʣʠʞʯʠʡ ʂʅɺ ʜʦ ʂʅɺ-57 ʟʥʘʭʦʜʠʪʴʩʷ ʯʝʨʝʟ ʦʜʥʫ ʧʘʣʠʚʥʫ ʟʙʽʨʢʫ, ʘ ʩʘʤ 

ʂʅɺ-57 ʨʦʟʪʘʰʦʚʘʥʠʡ ʙʣʠʟʴʢʦ ʜʦ ʧʝʨʠʬʝʨʽʾ. 

 

 

ʈʠʩ. 5.6. ʂʘʨʪʦʛʨʘʤʘ 11-ʛʦ ʧʘʣʠʚʥʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʍɸɽʉ-2  

ʊʘʙʣʠʮʷ 5.1 ɺʽʜʭʠʣʝʥʥʷ ʨʦʟʨʘʭʫʥʢʫ ʚʽʜ ʬʘʢʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʜʣʷ ʩʪʨʫʤʽʚ 

ɼʇɿ ʂʅɺ-57, ʍɸɽʉ-2, 11-ʧʘʣʠʚʥʝ ʟʘʚʘʥʪʘʞʝʥʥʷ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʽʣʴʢʦʩʪʽ 

ʚʭʽʜʥʠʭ ʂʅɺ 

 ̄
ʂʽʣʴʢʽʩʪʴ 

ʚʭʽʜʥʠʭ ʂʅɺ 

ʂʽʣʴʢʽʩʪʴ 

ʚʠʭʽʜʥʠʭ ʂʅɺ 

ʈʦʟʪʘʰʫʚʘʥʥʷ ʚʭʽʜʥʠʭ 

ʂʅɺ ʚ ʘʢʪʠʚʥʽʡ ʟʦʥʽ 

ʄʘʢʩʠʤʘʣʴʥʝ 

ʚʽʜʭʠʣʝʥʥʷ, % 

1 63 

1 

ʚʩʷ ʘʢʪʠʚʥʘ ʟʦʥʘ 6,52 

2 7 ʧʦʙʣʠʟʫ ʚʠʭʽʜʥʦʛʦ ʂʅɺ 4,99 

3 11 
ʩʠʤʝʪʨʠʯʥʦ ʟʘ ʩʝʢʪʦʨʦʤ 

30Á 
1,82 
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ï 1 
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ʈʠʩ. 5.7. ʌʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʽʚ ɼʇɿ ʂʅɺ-57 (ʊɺɿ-114) ʜʣʷ 11-  ʾʧʘʣʠʚʥʦʾ 

ʢʘʤʧʘʥʽʾ ʍɸɽʉ-2  

ʅʘ ʨʠʩ. 5.8ï5.10 ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʭʠʙʢʘ ʚʽʜʥʦʚʣʝʥʥʷ ʩʪʨʫʤʽʚ ɼʇɿ ʂʅɺ-57 ̔ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʠʱʝʟʛʘʜʘʥʦʾ ʥʝʡʨʦʥʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʘ ʩʘʤʝ ï ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʙʝʟ 

ʧʨʠʭʦʚʘʥʠʭ ʰʘʨʽʚ. ɼʣʷ ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞ ̔ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʘʣʛʦʨʠʪʤ 

ʃʝʚʝʥʙʝʨʛʘ-ʄʘʨʢʚʘʨʜʪʘ. ʅʘʚʯʘʥʥʷ ʧʨʦʚʦʜʠʣʦʩʷ ʥʘ ʧʝʨʰʠʭ ʧôʷʪʠ ʥʘʙʦʨʘʭ ʜʘʥʠʭ, ʘ 

ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʧʦʩʣʽʜʫʶʯʠʭ ʧôʷʪʥʘʜʮʷʪʠ. 

 

ʈʠʩ. 5.8. ɺʽʜʭʠʣʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʩʪʨʫʤʫ ɼʇɿ ʂʅɺ-57 ʚʽʜ ʬʘʢʪʠʯʥʦʛʦ ʜʣʷ 11-ʾ 

ʧʘʣʠʚʥʦʾ ʢʘʤʧʘʥʽʾ ʍɸɽʉ-2 (ʧʦʟʠʮʽʷ 1 ʪʘʙʣ. 5.1)  
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ʈʠʩ. 5.9. ɺʽʜʭʠʣʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʩʪʨʫʤʫ ɼʇɿ ʂʅɺ-57 ʚʽʜ ʬʘʢʪʠʯʥʦʛʦ ʜʣʷ 11-ʾ 

ʧʘʣʠʚʥʦʾ ʢʘʤʧʘʥʽʾ ʍɸɽʉ-2 (ʧʦʟʠʮʽʷ 2 ʪʘʙʣ. 5.1)  

 

ʈʠʩ. 5.10. ɺʽʜʭʠʣʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʩʪʨʫʤʫ ɼʇɿ ʂʅɺ-57 ʚʽʜ ʬʘʢʪʠʯʥʦʛʦ ʜʣʷ 

11-ʾ ʧʘʣʠʚʥʦʾ ʢʘʤʧʘʥʽʾ ʍɸɽʉ-2 (ʧʦʟʠʮʽʷ 3 ʪʘʙʣ. 5.1)  

ɸʥʘʣʽʟʫʶʯʠ ʪʘʙʣ. 5.1, ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʚʭʽʜʥʠʭ 

ʩʠʛʥʘʣʽʚ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʥʝ ʦʙʦʚôʷʟʢʦʚʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʢʨʘʱʦʾ ʦʮʽʥʢʠ ʚʠʭʽʜʥʠʭ 

ʩʠʛʥʘʣʽʚ. ɼʦʮʽʣʴʥʦ ʦʙʤʝʞʠʪʠʩʷ ʪʽʣʴʢʠ ʪʠʤʠ ʚʭʽʜʥʠʤʠ ʩʠʛʥʘʣʘʤʠ, ʱʦ ʥʘʡʙʽʣʴʰʝ 

ʚʠʟʥʘʯʘʶʪʴ ʚʠʭʽʜʥʠʡ. ʊʘʢ, ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʚʭʽʜʥʠʭ ʂʅɺ ʟ 63 ʜʦ 7, ʱʦ 

ʥʘʭʦʜʷʪʴʩʷ ʧʦʨʷʜ ʟ ʚʠʭʽʜʥʠʤ ʂʅɺ, ʧʨʠʟʚʝʣʦ ʜʦ ʟʤʝʥʰʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʦʭʠʙʢʠ 
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ʥʘ 1,53 %, ʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʷʢʦʩʪʽ ʚʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ ʂʅɺ ʩʠʤʝʪʨʠʯʥʦ 

ʨʦʟʪʘʰʦʚʘʥʠʭ ʟ ʚʠʭʽʜʥʠʤ ʂʅɺ ʚ ʩʝʢʪʦʨʘʭ ʩʠʤʝʪʨʽʾ 30Á ʧʨʠʟʚʝʣʦ ʜʦ ʟʤʝʥʰʝʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʦʭʠʙʢʠ ʱʝ ʥʘ 3,17 %. ɼʘʥʠʡ ʝʬʝʢʪ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʪʠʤ, ʱʦ 

ʩʠʤʝʪʨʠʯʥʦ ʨʦʟʪʘʰʦʚʘʥʽ ʂʅɺ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʧʦʜʽʙʥʠʭ ʬʽʟʠʯʥʠʭ ʫʤʦʚʘʭ ʽ ʧʦʪʦʢʠ 

ʥʝʡʪʨʦʥʽʚ ʫ ʥʠʭ ʜʦʙʨʝ ʢʦʨʝʣʶʶʪʴ. 

5.3.2. ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʢʽʣʴʢʦʩʪʽ ʧʨʠʭʦʚʘʥʠʭ ʰʘʨʽʚ ʥʘ ʧʦʭʠʙʢʫ 

ʚʠʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ 

ʅʘ ʧʨʠʢʣʘʜʽ 27-  ʾʧʘʣʠʚʥʦʾ ʢʘʤʧʘʥʽʾ ʍɸɽʉ-1 (ʜʠʚ. ʨʠʩ. 5.11) ʨʦʟʛʣʷʥʫʪʦ ʪʨʠ 

ʨʽʟʥʽ ʘʨʭʽʪʝʢʪʫʨʠ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ (ʜʠʚ. ʪʘʙʣ. 5.2): ʙʝʟ ʧʨʠʭʦʚʘʥʠʭ ʰʘʨʽʚ, ʟ 

ʦʜʥʠʤ ʧʨʠʭʦʚʘʥʠʤ ʰʘʨʦʤ, ʪʘ ʟ ʜʚʦʤʘ ʧʨʠʭʦʚʘʥʠʤ ʰʘʨʘʤʠ. ʇʨʠʭʦʚʘʥʽ ʰʘʨʠ 

ʚʢʣʶʯʘʣʠ ʧʦ 20 ʥʝʡʨʦʥʽʚ. ɺ ʷʢʦʩʪʽ ʚʠʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ ʩʣʫʛʫʚʘʚ ʩʪʨʫʤ ɼʇɿ ʂʅɺ-2 

(ʊɺɿ-81), ʘ ʚ ʷʢʦʩʪʽ ʚʭʽʜʥʠʭ ï ʂʅɺ ʫ ʩʝʢʪʦʨʘʭ ʩʠʤʝʪʨʽʾ 30Á (ʊɺɿ-69, ʊɺɿ-83, 

ʊɺɿ-96). ʌʘʢʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 5.12. 

ʅʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʥʘʚʯʘʣʘʩʷ ʟʘ ʘʣʛʦʨʠʪʤʦʤ ʃʝʚʝʥʙʝʨʛʘ-ʄʘʨʢʚʘʨʜʪʘ. ʅʘʚʯʘʥʥʷ 

ʧʨʦʚʦʜʠʣʦʩʷ ʥʘ ʧʝʨʰʠʭ ʧôʷʪʠ ʥʘʙʦʨʘʭ ʜʘʥʠʭ, ʘ ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʧʦʩʣʽʜʫʶʯʠʭ 

ʧôʷʪʥʘʜʮʷʪʠ. 

 

 

ʈʠʩ. 5.11. ʂʘʨʪʦʛʨʘʤʘ 27-ʛʦ ʧʘʣʠʚʥʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʍɸɽʉ-1  
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ʊʘʙʣʠʮʷ 5.2 ɺʽʜʭʠʣʝʥʥʷ ʨʦʟʨʘʭʫʥʢʫ ʚʽʜ ʬʘʢʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʜʣʷ ʩʪʨʫʤʽʚ 

ɼʇɿ ʂʅɺ-2, ʍɸɽʉ-1, 27-ʤʝ ʧʘʣʠʚʥʝ ʟʘʚʘʥʪʘʞʝʥʥʷ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʽʣʴʢʦʩʪʽ 

ʧʨʠʭʦʚʘʥʠʭ ʰʘʨʽʚ 

 ̄

ʂʽʣʴʢʽʩʪʴ 

ʚʭʽʜʥʠʭ 

ʂʅɺ 

ʂʽʣʴʢʽʩʪʴ 

ʚʠʭʽʜʥʠʭ 

ʂʅɺ 

ʈʦʟʪʘʰʫʚʘʥʥʷ 

ʚʭʽʜʥʠʭ ʂʅɺ ʚ 

ʘʢʪʠʚʥʽʡ ʟʦʥʽ 

ʂʽʣʴʢʽʩʪʴ 

ʧʨʠʭʦʚʘʥʠʭ 

ʰʘʨʽʚ 

ʄʘʢʩʠʤʘʣʴʥʝ 

ʚʽʜʭʠʣʝʥʥʷ, 

% 

1 

3 1 
ʩʠʤʝʪʨʠʯʥʦ ʟʘ 

ʩʝʢʪʦʨʦʤ 30Á 

2 5,7 

2 1 3,22 

3 0 1,45 

 

 

ʈʠʩ. 5.12. ʌʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʽʚ ɼʇɿ ʂʅɺ-2 (ʊɺɿ-81) ʜʣʷ 27-  ʾʧʘʣʠʚʥʦʾ 

ʢʘʤʧʘʥʽʾ ʍɸɽʉ-1  

 

ʅʘ ʨʠʩ. 5.13ï5.15 ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʭʠʙʢʘ ʚʽʜʥʦʚʣʝʥʥʷ ʩʪʨʫʤʽʚ ɼʇɿ ʂʅɺ-2 ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. 
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ʈʠʩ. 5.13. ɺʽʜʭʠʣʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʩʪʨʫʤʫ ɼʇɿ ʂʅɺ-2 ʚʽʜ ʬʘʢʪʠʯʥʦʛʦ ʜʣʷ 27-  ʾ

ʧʘʣʠʚʥʦʾ ʢʘʤʧʘʥʽʾ ʍɸɽʉ-1 (ʧʦʟʠʮʽʷ 1 ʪʘʙʣ. 5.2)  

 

 

ʈʠʩ. 5.14. ɺʽʜʭʠʣʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʩʪʨʫʤʫ ɼʇɿ ʂʅɺ-2 ʚʽʜ ʬʘʢʪʠʯʥʦʛʦ ʜʣʷ 27-ʾ 

ʧʘʣʠʚʥʦʾ ʢʘʤʧʘʥʽʾ ʍɸɽʉ-1 (ʧʦʟʠʮʽʷ 2 ʪʘʙʣ. 5.2)  

 

-6

-5

-4

-3

-2

-1

0

1

2

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

ɺ
ʽ
ʜ
ʭ
ʠ
ʣ
ʝ
ʥ
ʥ
ʷ
,
 
%

ʅʦʤʝʨ ʥʘʙʦʨʫ ʜʘʥʠʭ

ɼʇɿ-1
ɼʇɿ-2
ɼʇɿ-3
ɼʇɿ-4
ɼʇɿ-5
ɼʇɿ-6
ɼʇɿ-7

-3,5

-3,0

-2,5

-2,0

-1,5

-1,0

-0,5

0,0

0,5

1,0

1,5

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

ɺ
ʽ
ʜ
ʭ
ʠ
ʣ
ʝ
ʥ
ʥ
ʷ
,
 
%

ʅʦʤʝʨ ʥʘʙʦʨʫ ʜʘʥʠʭ

ɼʇɿ-1
ɼʇɿ-2
ɼʇɿ-3
ɼʇɿ-4
ɼʇɿ-5
ɼʇɿ-6
ɼʇɿ-7



156 

 

 

 

ʈʠʩ. 5.15. ɺʽʜʭʠʣʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʩʪʨʫʤʫ ɼʇɿ ʂʅɺ-2 ʚʽʜ ʬʘʢʪʠʯʥʦʛʦ ʜʣʷ 27-ʾ 

ʧʘʣʠʚʥʦʾ ʢʘʤʧʘʥʽʾ ʍɸɽʉ-1 (ʧʦʟʠʮʽʷ 3 ʪʘʙʣ. 5.2)  

ɿ ʥʘʚʝʜʝʥʠʭ ʨʠʩʫʥʢʽʚ ʚʠʜʥʦ, ʱʦ ʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʧʨʠʭʦʚʘʥʠʭ ʰʘʨʽʚ ʥʝ 

ʦʙʦʚôʷʟʢʦʚʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʢʨʘʱʦʾ ʦʮʽʥʢʠ ʚʠʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ. ʄʦʞʝ ʙʫʪʠ 

ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʙʝʟ ʧʨʠʭʦʚʘʥʠʭ ʰʘʨʽʚ ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʜʘʥʦʾ ʟʘʜʘʯʽ. ʊʘʢ ʜʣʷ ʨʦʟʛʣʷʥʫʪʦʛʦ ʚʠʧʘʜʢʫ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʙʝʟ 

ʧʨʠʭʦʚʘʥʠʭ ʰʘʨʽʚ ʧʦʢʘʟʘʣʘ ʤʘʢʩʠʤʘʣʴʥʝ ʚʽʜʭʠʣʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʩʪʨʫʤʫ ɼʇɿ 

ʂʅɺ-2 ʚʽʜ ʬʘʢʪʠʯʥʦʛʦ ʥʘ ʨʽʚʥʽ 1,45 %, ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʟ ʦʜʥʠʤ ʧʨʠʭʦʚʘʥʠʤ 

ʰʘʨʦʤ ï 3,22 %, ʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʟ ʜʚʦʤʘ ʧʨʠʭʦʚʘʥʠʤʠ ʰʘʨʘʤʠ ï 5,7 %. 

5.3.3. ʇʦʨʽʚʥʷʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ 

ʅʘ ʧʨʠʢʣʘʜʽ 26-ʾ ʪʘ 27-ʾ ʧʘʣʠʚʥʠʭ ʢʘʤʧʘʥʽʡ ɿɸɽʉ-5 (ʜʠʚ. ʨʠʩ. 5.16, 5.17) 

ʨʦʟʛʣʷʥʫʪʦ ʜʚʘ ʘʣʛʦʨʠʪʤʠ ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ: ʃʝʚʝʥʙʝʨʛʘ-ʄʘʨʢʚʘʨʜʪʘ ʪʘ 

L BFGS (ʜʠʚ. ʪʘʙʣ. 5.3). ʅʘ ʚʭʽʜ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʧʦʜʘʚʘʣʠʩʷ ʩʠʛʥʘʣʠ ɼʇɿ ʚʽʜ 

ʂʅɺ, ʱʦ ʟʥʘʭʦʜʠʣʠʩʷ ʚ ʩʝʢʪʦʨʘʭ ʩʠʤʝʪʨʽʾ 30Á ʘʥʘʣʦʛʽʯʥʦ ʚʠʭʽʜʥʦʤʫ ʂʅɺ. ɼʣʷ 

26-ʾ ʧʘʣʠʚʥʦʾ ʢʘʤʧʘʥʽʾ ʥʘ ʚʭʽʜ ʧʦʜʘʚʘʣʠʩʷ ʩʠʛʥʘʣʠ ɼʇɿ ʂʅɺ ʚ ʊɺɿ-76, ʊɺɿ-150, 

ʊɺɿ-156, ʊɺɿ-88, ʊɺɿ-14, ʘ ʚʠʭʽʜʥʠʤ ʩʠʛʥʘʣʦʤ ʩʣʫʛʫʚʘʚ ɼʇɿ ʂʅɺ ʚ ʊɺɿ-8 (ʜʠʚ. 
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ʨʠʩ. 5.18). ɼʣʷ 27-ʾ ʧʘʣʠʚʥʦʾ ʢʘʤʧʘʥʽʾ ʥʘ ʚʭʽʜ ʧʦʜʘʚʘʣʠʩʷ ʩʠʛʥʘʣʠ ɼʇɿ ʂʅɺ ʚ 

ʊɺɿ-141, ʊɺɿ-146, ʊɺɿ-87, ʊɺɿ-23, ʊɺɿ-18 ʘ ʚʠʭʽʜʥʠʤ ʩʠʛʥʘʣʦʤ ʩʣʫʛʫʚʘʚ ɼʇɿ 

ʂʅɺ ʚ ʊɺɿ-8 (ʜʠʚ. ʨʠʩ. 5.19). 

 

 

ʈʠʩ. 5.16. ʂʘʨʪʦʛʨʘʤʘ 26-ʛʦ ʧʘʣʠʚʥʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ɿɸɽʉ-5  

 

 

ʈʠʩ. 5.17. ʂʘʨʪʦʛʨʘʤʘ 27-ʛʦ ʧʘʣʠʚʥʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ɿɸɽʉ-5  
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ʊʘʙʣʠʮʷ 5.3 ɺʽʜʭʠʣʝʥʥʷ ʨʦʟʨʘʭʫʥʢʫ ʚʽʜ ʬʘʢʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʜʣʷ ʩʪʨʫʤʽʚ 

ɼʇɿ ɿɸɽʉ-5 ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʘʣʛʦʨʠʪʤʫ ʥʘʚʯʘʥʥʷ 

 ̄
ʇʘʣʠʚʥʘ 

ʢʘʤʧʘʥʽʷ 
 ̄ʊɺɿ ɸʣʛʦʨʠʪʤ ʥʘʚʯʘʥʥʷ 

ʄʘʢʩʠʤʘʣʴʥʝ 

ʚʽʜʭʠʣʝʥʥʷ, % 

1 
26 8 

L BFGS 5,47 

2 ʃʝʚʝʥʙʝʨʛʘ-ʄʘʨʢʚʘʨʜʪʘ 1,66 

3 
27 77 

L BFGS 3,99 

4 ʃʝʚʝʥʙʝʨʛʘ-ʄʘʨʢʚʘʨʜʪʘ 101,27 

 

 

ʈʠʩ. 5.18. ʌʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʽʚ ɼʇɿ ʂʅɺ-12 (ʊɺɿ-8) ʜʣʷ 26-ʾ ʧʘʣʠʚʥʦʾ 

ʢʘʤʧʘʥʽʾ ɿɸɽʉ-5  
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ʈʠʩ. 5.19. ʌʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʽʚ ɼʇɿ ʂʅɺ-8 (ʊɺɿ-77) ʜʣʷ 27-ʾ ʧʘʣʠʚʥʦʾ 

ʢʘʤʧʘʥʽʾ ɿɸɽʉ-5  

 

ɹʫʣʘ ʚʠʙʨʘʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʙʝʟ ʧʨʠʭʦʚʘʥʠʭ ʰʘʨʽʚ. 

ʅʘʚʯʘʥʥʷ ʧʨʦʚʦʜʠʣʦʩʷ ʥʘ ʧʝʨʰʠʭ ʧôʷʪʠ ʥʘʙʦʨʘʭ ʜʘʥʠʭ, ʘ ʪʝʩʪʫʚʘʥʥʷ ʥʘ 

ʧʦʩʣʽʜʫʶʯʠʭ. 

ʅʘ ʨʠʩ. 5.20 ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʭʠʙʢʘ ʚʽʜʥʦʚʣʝʥʥʷ ʩʪʨʫʤʽʚ ɼʇɿ ʂʅɺ-12 

(ʊɺɿ-8) ʟʘ ʘʣʛʦʨʠʪʤʦʤ L BFGS, ʘ ʥʘ ʨʠʩ. 5.21 ʟʘ ʘʣʛʦʨʠʪʤʦʤ ʃʝʚʝʥʙʝʨʛʘ-

ʄʘʨʢʚʘʨʜʪʘ ʜʣʷ 26-ʾ ʧʘʣʠʚʥʦʾ ʢʘʤʧʘʥʽʾ ɿɸɽʉ-5. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʽʚ ʘʣʛʦʨʠʪʤ 

ʥʘʚʯʘʥʥʷ ʃʝʚʝʥʙʝʨʛʘ-ʄʘʨʢʚʘʨʜʪʘ ʧʦʢʘʟʘʚ ʢʨʘʱʝ ʚʽʜʥʦʚʣʝʥʥʷ ʩʪʨʫʤʽʚ ɼʇɿ. ɼʘʥʘ 

ʪʝʥʜʝʥʮʽʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʨʦʟʨʘʭʫʥʢʽʚ, ʭʦʯʘ ʙʫʚʘʶʪʴ ʧʨʦʪʠʣʝʞʥʽ 

ʚʠʧʘʜʢʠ.  
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ʈʠʩ. 5.20. ɺʽʜʭʠʣʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʩʪʨʫʤʫ ɼʇɿ ʂʅɺ-12 (ʊɺɿ-8) ʚʽʜ 

ʬʘʢʪʠʯʥʦʛʦ ʜʣʷ 26-ʾ ʧʘʣʠʚʥʦʾ ʢʘʤʧʘʥʽʾ ɿɸɽʉ-5 (ʧʦʟʠʮʽʷ 1 ʪʘʙʣ. 5.3)  

 

 

ʈʠʩ. 5.21. ɺʽʜʭʠʣʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʩʪʨʫʤʫ ɼʇɿ ʂʅɺ-12 (ʊɺɿ-8) ʚʽʜ 

ʬʘʢʪʠʯʥʦʛʦ ʜʣʷ 26-ʾ ʧʘʣʠʚʥʦʾ ʢʘʤʧʘʥʽʾ ɿɸɽʉ-5 (ʧʦʟʠʮʽʷ 2 ʪʘʙʣ. 5.3)  
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ʅʘ ʨʠʩ. 5.22 ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʭʠʙʢʘ ʚʽʜʥʦʚʣʝʥʥʷ ʩʪʨʫʤʽʚ ɼʇɿ ʂʅɺ-8 

(ʊɺɿ-77) ʟʘ ʘʣʛʦʨʠʪʤʦʤ L BFGS, ʘ ʥʘ ʨʠʩ. 5.23 ʟʘ ʘʣʛʦʨʠʪʤʦʤ ʃʝʚʝʥʙʝʨʛʘ-

ʄʘʨʢʚʘʨʜʪʘ ʜʣʷ 27-ʾ ʧʘʣʠʚʥʦʾ ʢʘʤʧʘʥʽʾ ɿɸɽʉ-5. ɺʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ ʱʦ ʩʠʛʥʘʣʠ 

ʩʪʨʫʤʫ ɼʇɿ ʫ ʚʦʩʴʤʦʤʫ ʥʘʙʦʨʽ ʜʘʥʠʭ ʩʠʣʴʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʪʠʭ ʟʥʘʯʝʥʴ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʧʨʠ ʥʘʚʯʘʥʥʽ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʽʚ ʘʣʛʦʨʠʪʤ 

ʥʘʚʯʘʥʥʷ L BFGS ʧʦʢʘʟʘʚ ʟʥʘʯʥʦ ʢʨʘʱʝ ʚʽʜʥʦʚʣʝʥʥʷ ʩʪʨʫʤʽʚ ɼʇɿ ʜʣʷ ʚʦʩʴʤʦʛʦ 

ʥʘʙʦʨʫ ʜʘʥʠʭ, ʜʣʷ ʽʥʰʠʭ ʥʘʙʦʨʽʚ ʜʘʥʠʭ ʟ ʥʝʚʝʣʠʢʦʶ ʧʝʨʝʚʘʛʦʶ ʢʨʘʱʠʤ ʚʠʷʚʠʩʷ 

ʘʣʛʦʨʠʪʤ ʃʝʚʝʥʙʝʨʛʘ-ʄʘʨʢʚʘʨʜʪʘ. ʆʪʞʝ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘ 

ʘʣʛʦʨʠʪʤ L BFGS ʧʦʢʘʟʘʣʘ ʢʨʘʱʫ ʟʜʘʪʥʽʩʪʴ ʜʦ ʫʟʘʛʘʣʴʥʝʥʥʷ, ʪʦʙʪʦ ʜʦ 

ʧʦʚʝʨʥʝʥʥʷ ʧʨʘʚʠʣʴʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ, ʱʦ ʥʝ ʙʨʘʣʠ ʫʯʘʩʪʴ ʚ 

ʪʨʝʥʫʚʘʣʴʥʽʡ ʚʠʙʽʨʮʽ. ɼʣʷ ʘʜʝʢʚʘʪʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʩʪʨʫʤʽʚ ɼʇɿ ʚʘʨʪʦ ʥʘʚʯʘʪʠ 

ʥʝʡʨʦʥʥʫ ʤʝʨʝʞʫ ʥʘ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʜʘʥʠʭ. ʊʘʢʦʞ ʥʝ ʚʘʨʪʦ ʧʨʘʛʥʫʪʠ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʤʽʥʽʤʽʟʘʮʽʾ ʧʦʭʠʙʢʠ ʧʨʠ ʥʘʚʯʘʥʥʽ ʤʝʨʝʞʽ, ʦʩʢʽʣʴʢʠ ʤʝʨʝʞʘ ʤʦʞʝ 

ʧʝʨʝʚʯʠʪʠʩʷ ʽ ʚʪʨʘʪʠʪʠ ʟʜʘʪʥʽʩʪʴ ʜʦ ʫʟʘʛʘʣʴʥʝʥʥʷ. 

 

 

ʈʠʩ. 5.22. ɺʽʜʭʠʣʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʩʪʨʫʤʫ ɼʇɿ ʂʅɺ-8 (ʊɺɿ-77) ʚʽʜ 

ʬʘʢʪʠʯʥʦʛʦ ʜʣʷ 27-ʾ ʧʘʣʠʚʥʦʾ ʢʘʤʧʘʥʽʾ ɿɸɽʉ-5 (ʧʦʟʠʮʽʷ 3 ʪʘʙʣ. 5.3)  
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ʈʠʩ. 5.23. ɺʽʜʭʠʣʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʩʪʨʫʤʫ ɼʇɿ ʂʅɺ-8 (ʊɺɿ-77) ʚʽʜ 

ʬʘʢʪʠʯʥʦʛʦ ʜʣʷ 27-ʾ ʧʘʣʠʚʥʦʾ ʢʘʤʧʘʥʽʾ ɿɸɽʉ-5 (ʧʦʟʠʮʽʷ 4 ʪʘʙʣ. 5.3)  

 

5.4. ɺʠʩʥʦʚʢʠ ʧʦ ʨʦʟʜʽʣʫ 5 

ɸʥʘʣʽʟ ʜʘʥʠʭ ʤʦʜʝʣʶʚʘʥʥʷ, ʧʨʦʚʝʜʝʥʠʭ ʜʣʷ ʨʽʟʥʠʭ ɼʇɿ (ʷʢ ʟʘ ʨʦʢʦʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢ ʽ ʟʘ ʤʽʩʮʝʤ ʨʦʟʪʘʰʫʚʘʥʥʷ ʫ ʘʢʪʠʚʥʽʡ ʟʦʥʽ), ʘ ʪʘʢʦʞ ʜʣʷ ʨʽʟʥʠʭ 

ʝʥʝʨʛʦʙʣʦʢʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʥʘʡʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʟ ʚʽʜʥʦʚʣʝʥʥʷ ʩʪʨʫʤʫ ɼʇɿ 

ʦʪʨʠʤʘʥʦ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʘʣʛʦʨʠʪʤʫ ʥʘʚʯʘʥʥʷ ʃʝʚʝʥʙʝʨʛʘ-ʄʘʨʢʚʘʨʜʪʘ, ʧʦʭʠʙʢʘ 

ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ 2% ʧʨʠ ʥʘʚʯʘʥʥʽ ʥʘ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʜʘʥʠʭ. ɸʣʛʦʨʠʪʤ 

L-BFGS ʧʦʢʘʟʘʚ ʢʨʘʱʫ ʰʚʠʜʢʽʩʪʴ, ʥʽʞ ʘʣʛʦʨʠʪʤ ʃʝʚʝʥʙʝʨʛʘ-ʄʘʨʢʚʘʨʜʪʘ. 

ʅʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʙʝʟ ʧʨʠʭʦʚʘʥʠʭ ʰʘʨʽʚ ʙʫʣʘ ʚʠʟʥʘʯʝʥʘ ʷʢ ʪʘ, ʱʦ ʤʘʻ ʥʘʡʢʨʘʱʫ 

ʘʨʭʽʪʝʢʪʫʨʫ. ɼʣʷ ʥʝʾ ʧʦʭʠʙʢʘ ʙʫʣʘ ʜʝʩʴ ʚ 2 ʨʘʟʠ ʤʝʥʰʦʶ ʥʽʞ ʜʣʷ ʥʝʡʨʦʥʥʦʾ 

ʤʝʨʝʞʽ ʟ ʦʜʥʠʤ ʧʨʠʭʦʚʘʥʠʤ ʰʘʨʦʤ ʽ ʚ 4 ʨʘʟʠ ʤʝʥʰʦʶ ʥʽʞ ʜʣʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʟ 

ʜʚʦʤʘ ʧʨʠʭʦʚʘʥʠʤʠ ʰʘʨʘʤʠ. ʇʦʢʘʟʘʥʘ ʚʘʞʣʠʚʽʩʪʴ ʚʠʙʦʨʫ ʜʣʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ 

ʪʘʢʠʭ ʚʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ, ʱʦ ʥʘʡʙʽʣʴʰʝ ʚʠʟʥʘʯʘʶʪʴ ʭʘʨʘʢʪʝʨ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ, 

ʪʘʢ ʧʨʠ ʧʦʜʘʚʘʥʽ ʥʘ ʚʭʽʜ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʩʠʛʥʘʣʽʚ ɼʇɿ ʫ ʩʝʢʪʦʨʘʭ ʩʠʤʝʪʨʽʾ 30Á 

ʜʦ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʧʦʭʠʙʢʘ ʙʫʣʘ ʚ 3ï4 ʨʘʟʠ ʤʝʥʰʦʶ ʧʦʨʽʚʥʷʥʦ ʟ ʚʠʧʘʜʢʦʤ ʢʦʣʠ 
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ʥʘ ʚʭʽʜ ʧʦʜʘʚʘʣʠʩʷ ʩʠʛʥʘʣʠ ɼʇɿ ʧʦ ʚʩʽʡ ʘʢʪʠʚʥʽʡ ʟʦʥʽ. ɼʣʷ ʜʦʙʨʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ 

ʩʪʨʫʤʽʚ ɼʇɿ ʚʘʨʪʦ ʥʘʚʯʘʪʠ ʥʝʡʨʦʥʥʫ ʤʝʨʝʞʫ ʥʘ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʜʘʥʠʭ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʢʘʟʘʣʠ ʧʨʠʜʘʪʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝʡʨʦʥʥʠʭ 

ʤʝʨʝʞ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʩʪʨʫʤʫ ɼʇɿ, ʱʦ ʚʠʡʰʣʠ ʟ ʣʘʜʫ. 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʜʽʣʫ 5 ʦʧʫʙʣʽʢʦʚʘʥʽ ʫ [17, 26]. 
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ɺʀʉʅʆɺʂʀ 

ɼʠʩʝʨʪʘʮʽʡʥʫ ʨʦʙʦʪʫ ʚʠʢʦʥʘʥʦ ʟ ʤʝʪʦʶ ʚʠʨʽʰʝʥʥʷ ʘʢʪʫʘʣʴʥʦʛʦ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʦʛʦ ʟʘʚʜʘʥʥʷ ï ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ɸɽʉ ʰʣʷʭʦʤ ʨʦʟʰʠʨʝʥʥʷ 

ʤʦʞʣʠʚʦʩʪʝʡ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʘʢʪʠʚʥʦʶ ʟʦʥʦʶ ʈʋ ʪʠʧʫ ɺɺɽʈ-1000, ʘ ʩʘʤʝ: 

ʚʚʝʜʝʥʥʷʤ ʤʦʥʽʪʦʨʠʥʛʫ ʷʢ ʟʘ ʚʽʙʨʦʩʪʘʥʦʤ ɺʂʇ ʽ ʊɺɿ, ʪʘʢ ʽ ʟʘ ʚʘʞʣʠʚʠʤʠ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʪʘʢʠʤʠ ʷʢ ʣʦʢʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʪʝʧʣʦʥʦʩʽʷ, 

ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʨʝʘʢʪʠʚʥʦʩʪʽ; ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʚ ʝʢʩʧʣʫʘʪʘʮʽʡʥʫ 

ʧʨʘʢʪʠʢʫ ʨʝʘʢʪʦʨʽʚ ʪʠʧʫ ɺɺɽʈ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʥʝʡʪʨʦʥʥʦ-ʰʫʤʦʚʦʾ ʜʽʘʛʥʦʩʪʠʢʠ. 

ɿʘʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʙʫʣʦ ʨʦʟʚôʷʟʘʥʦ ʥʠʟʢʫ ʟʘʚʜʘʥʴ ʽ 

ʟʨʦʙʣʝʥʦ ʥʘʚʝʜʝʥʽ ʥʠʞʯʝ ʚʠʩʥʦʚʢʠ. 

1) ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʚ ʧʨʦʝʢʪʥʠʭ ʩʠʩʪʝʤʘʭ 

ʢʦʥʪʨʦʣʶ ʨʝʘʢʪʦʨʽʚ ʪʠʧʫ ɺɺɽʈ-1000 ï ʉɺʈʂ ʪʘ ɸʂʅʇ ï ʥʝ ʙʫʣʦ 

ʨʝʘʣʽʟʦʚʘʥʦ ʬʫʥʢʮʽʡ ʢʦʥʪʨʦʣʶ ʪʘ ʜʽʘʛʥʦʩʪʠʢʠ ʚʽʙʨʦʩʪʘʥʫ ɺʂʇ, ʊɺɿ, ʘ 

ʪʘʢʦʞ ʬʫʥʢʮʽʾ ʤʦʥʽʪʦʨʠʥʛʫ ʽʥʰʠʭ ʚʘʞʣʠʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʘʢʪʠʚʥʦʾ ʟʦʥʠ. ɺ 

ʨʦʙʦʪʽ ʚʧʝʨʰʝ ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʨʦʟʨʦʙʢʫ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ 

ʤʝʪʦʜʽʚ ʥʝʡʪʨʦʥʥʦ-ʰʫʤʦʚʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʚ ʂʉɼ ʨʝʘʢʪʦʨʫ ʪʠʧʫ 

ɺɺɽʈ-1000 ʥʘ ɸɽʉ ʋʢʨʘʾʥʠ, ʱʦ ʥʘʨʘʟʽ ʟʘʙʝʟʧʝʯʫʻ ʨʝʘʣʽʟʘʮʽʶ 

ʧʝʨʝʣʽʯʝʥʠʭ ʚʠʱʝ ʟʘʜʘʯ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʘʢʪʠʚʥʦʾ ʟʦʥʠ. ɺ ʨʘʤʢʘʭ 

ʚʠʢʦʥʘʥʥʷ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʟʘʜʘʯ ʨʦʟʨʦʙʢʠ ʂʉɼ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 

ʩʠʩʪʝʤʘʪʠʟʘʮʽʶ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʥʝʡʪʨʦʥʥʠʭ ʰʫʤʽʚ ʪʘ ʦʙʨʘʥʦ ʜʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʥʘʡʙʽʣʴʰ ʽʥʬʦʨʤʘʪʠʚʥʽ ʢʦʨʝʣʷʮʽʡʥʽ ʪʘ ʩʧʝʢʪʨʘʣʴʥʽ ʤʝʪʦʜʠ ʜʣʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʣʦʢʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʂʉɼ ɺɺɽʈ-1000. 

2) ʅʘʙʫʣʠ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʤʦʜʝʣʽ ʚʽʙʨʦʰʫʤʦʚʦʾ ʜʽʘʛʥʦʩʪʠʢʠ, 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʷʢʠʭ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʇɿ ʥʘ ʤʦʚʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʉ# ʜʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʰʫʤʽʚ, ʱʦ ʦʪʨʠʤʫʶʪʴʩʷ ʚʽʜ ʥʝʡʪʨʦʥʥʠʭ ʜʝʪʝʢʪʦʨʽʚ 

ʨʝʘʢʪʦʨʘ. ʆʩʦʙʣʠʚʽʩʪʶ ʚʠʢʦʥʘʥʦʾ ʨʦʙʦʪʠ ʻ ʪʝ, ʱʦ ʚʧʝʨʰʝ ʙʫʣʦ ʜʦʚʝʜʝʥʦ 

ʩʪʽʡʢʽʩʪʴ ʤʦʜʝʣʝʡ ʘʥʘʣʽʟʫ ʥʝʡʪʨʦʥʥʠʭ ʰʫʤʽʚ ʜʦ ʛʣʦʙʘʣʴʥʦʛʦ ʰʫʤʫ, ʘ 

ʪʘʢʦʞ ʚʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜʠ ʦʮʽʥʢʠ ʯʘʩʫ ʟʘʧʽʟʥʝʥʥʷ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

ʟʜʽʡʩʥʶʚʘʪʠ ʤʦʥʽʪʦʨʠʥʛ ʟʘ ʰʚʠʜʢʽʩʪʶ ʪʝʧʣʦʥʦʩʽʷ ʚ ʘʢʪʠʚʥʽʡ ʟʦʥʽ 

ʨʝʘʢʪʦʨʘ ʚ ʫʤʦʚʘʭ ʟʥʘʯʥʦʛʦ ʛʣʦʙʘʣʴʥʦʛʦ ʥʝʡʪʨʦʥʥʦʛʦ ʰʫʤʫ. ɼʝʷʢʽ ʟ 
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ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʯʘʩʫ ʟʘʧʽʟʥʝʥʥʷ, ʪʘʢʽ, ʷʢ ʫʟʘʛʘʣʴʥʝʥʽ ʚʟʘʻʤʦʢʦʨʝʣʷʮʽʡʥʽ 

ʬʫʥʢʮʽʾ, ʚʠʢʦʨʠʩʪʘʥʦ ʥʘʤʠ ʚʧʝʨʰʝ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʘʥʘʣʽʟʫ ʥʝʡʪʨʦʥʥʠʭ 

ʰʫʤʽʚ. ɹʽʣʴʰʽʩʪʴ ʽʟ ʨʦʟʨʦʙʣʝʥʠʭ ʤʦʜʝʣʝʡ ʧʦʢʘʟʘʣʠ ʧʨʠʡʥʷʪʥʫ ʩʪʽʡʢʽʩʪʴ 

ʜʦ ʛʣʦʙʘʣʴʥʦʛʦ ʰʫʤʫ. ʅʘʡʤʝʥʰ ʩʪʽʡʢʦʶ ʜʦ ʛʣʦʙʘʣʴʥʦʛʦ ʰʫʤʫ ʚʠʷʚʠʣʘʩʷ 

ɺʂʌ. 

3) ʇʨʦʪʷʛʦʤ ʜʝʢʽʣʴʢʦʭ ʧʘʣʠʚʥʠʭ ʢʘʤʧʘʥʽʡ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʚʩʝʙʽʯʥʝ 

ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʝʢʪʨʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʽʚ ʚʽʜ 140 ɼʇɿ ʜʣʷ 

ʖʋɸɽʉ-1 ʪʘ 448 ɼʇɿ ʜʣʷ ɿɸɽʉ-1, ʱʦ ʜʣʷ ʪʘʢʦʾ ʢʽʣʴʢʦʩʪʽ ɼʇɿ ʟʨʦʙʣʝʥʦ 

ʚʧʝʨʰʝ ʟ ʯʘʩʪʦʪʦʶ ʦʧʠʪʫʚʘʥʥʷ 436 ɻʮ. ɹʫʣʦ ʚʠʟʥʘʯʝʥʦ ʪʘ ʧʽʜʪʚʝʨʜʞʝʥʦ 

ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʥʽ ʯʘʩʪʦʪʠ ʟʙʫʨʶʶʯʠʭ ʩʠʣ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʽʙʨʦʩʪʘʥ 

ɺʂʇ ʽ ʊɺɿ. ɹʫʣʦ ʚʠʢʦʥʘʥʦ ʦʮʽʥʢʫ ʯʘʩʫ ʟʘʧʽʟʥʝʥʥʷ ʤʽʞ ʨʽʟʥʠʤʠ ʧʘʨʘʤʠ 

ɼʇɿ, ʘ ʪʘʢʦʞ ʦʙˇʨʫʥʪʦʚʘʥʦ ʚʠʙʽʨ ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪ 0ï1 ɻʮ ʜʣʷ ʦʮʽʥʢʠ 

ʯʘʩʫ ʟʘʧʽʟʥʝʥʥʷ ʟ ʥʘʭʠʣʫ ʬʘʟʠ ɺʉɻʇ. ʇʨʠ ʮʴʦʤʫ ʚʽʜʭʠʣʝʥʥʷ ʦʮʽʥʢʠ ʯʘʩʫ 

ʟʘʧʽʟʥʝʥʥʷ ʟʘ ʥʘʭʠʣʦʤ ʬʘʟʠ ɺʉɻʇ ʧʘʨʠ ʧʝʨʠʬʝʨʽʡʥʠʭ ɼʇɿ ʚʽʜ ʩʫʤʠ 

ʦʮʽʥʦʢ ʧʘʨ ʩʫʤʽʞʥʠʭ ɼʇɿ ʩʪʘʥʦʚʠʪʴ ʤʝʥʰʝ 5 %. ʄʝʪʦʜ ʦʮʽʥʢʠ ʯʘʩʫ 

ʟʘʧʽʟʥʝʥʥʷ ʟʘ ʥʘʭʠʣʦʤ ʬʘʟʠ ɺʉɻʇ ʙʫʣʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʷʢ ʥʘʡʙʽʣʴʰ 

ʩʪʽʡʢʠʡ ʜʦ ʛʣʦʙʘʣʴʥʦʛʦ ʰʫʤʫ. 

4) ɺʧʝʨʰʝ ʚʠʢʦʥʘʥʦ ʢʦʤʧʣʝʢʩʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʦʟʥʘʢ ʚʽʙʨʘʮʽʡ ɺʂʇ ʽ ʊɺɿ 

ʨʝʘʢʪʦʨʘ ʪʠʧʫ ɺɺɽʈ-1000 ʥʘ ʦʩʥʦʚʽ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʚʩʽʭ ɼʇɿ (448 ɼʇɿ) ʪʘ 

ʟ ʪʘʢʦʶ ʚʠʩʦʢʦʶ ʯʘʩʪʦʪʦʶ ʦʧʠʪʫʚʘʥʥʷ (436 ɻʮ ʜʣʷ ɿɸɽʉ). ɺʧʝʨʰʝ 

ʦʙˇʨʫʥʪʦʚʘʥʦ, ʱʦ ʛʘʨʤʦʥʽʢʠ ʥʘ ʯʘʩʪʦʪʘʭ, ʢʨʘʪʥʠʭ ~ 5 ɻʮ ʥʘ ʩʧʝʢʪʨʘʭ ɼʇɿ 

ɿɸɽʉ, ʟʫʤʦʚʣʝʥʽ çʙʠʪʪʷʤè ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʊɺɿ. ʊʘʢʦʞ ʙʫʣʦ 

ʥʘʜʘʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʦʧʝʨʝʜʞʫʚʘʣʴʥʠʭ ʪʘ ʘʚʘʨʽʡʥʠʭ 

ʤʝʞ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʟʘʭʠʩʪʽʚ ʟʘ ʚʠʟʥʘʯʝʥʠʤʠ ʦʟʥʘʢʘʤʠ ʥʘ ʦʩʥʦʚʽ 

ʤʦʜʝʣʝʡ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʚʽʙʨʦʩʪʘʥʫ ʪʘ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʧʦʨʦʛʽʚ ʟʘ 

ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʠʤ ʚʽʜʭʠʣʝʥʥʷʤ ʟʥʘʯʝʥʴ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʫ, ʘ 

ʪʘʢʦʞ ʟʘ ʩʧʝʢʪʨʘʣʴʥʠʤʠ ʦʙʨʘʟʘʤʠ ʥʝʡʪʨʦʥʥʠʭ ʰʫʤʽʚ (ʟʘ ʘʤʧʣʽʪʫʜʦʶ ʪʘ 

ʯʘʩʪʦʪʦʶ). ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʟʨʦʙʣʝʥʠʭ ʤʦʜʝʣʝʡ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ 

ʩʧʨʘʮʶʚʘʥʥʷ ʧʦʧʝʨʝʜʞʫʚʘʣʴʥʦʛʦ ʪʘ ʘʚʘʨʽʡʥʦʛʦ ʧʦʚʽʜʦʤʣʝʥʥʷ, 

ʚʽʜʧʦʚʽʜʥʦ, ʫ ʥʘʩʪʫʧʥʠʭ ʚʠʧʘʜʢʘʭ: ʟʙʽʣʴʰʝʥʥʷ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʛʦ 
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ʚʽʜʭʠʣʝʥʥʷ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʫ ʚ 5 ʪʘ 10 ʨʘʟʽʚ; ʟʤʽʥʘ ʧʦʣʦʞʝʥʥʷ ʧʽʢʽʚ 

ʭʘʨʘʢʪʝʨʥʠʭ ʯʘʩʪʦʪ ʥʘ 0,3 ʪʘ 0,5 ɻʮ; ʟʙʽʣʴʰʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʧʽʢʽʚ 

ʭʘʨʘʢʪʝʨʥʠʭ ʯʘʩʪʦʪ ʚʽʜʥʦʩʥʦ ʝʪʘʣʦʥʥʦʛʦ ʩʪʘʥʫ ʥʘ 30 % ʪʘ 50 %. 

5) ɹʫʣʦ ʨʦʟʚôʷʟʘʥʦ ʟʘʜʘʯʫ ʚʠʟʥʘʯʝʥʥʷ ʣʦʢʘʣʴʥʦʩʪʽ ɼʇɿ ʜʦ ʥʝʡʪʨʦʥʥʦ-

ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʽ ʜʦ ʚʽʙʨʦʧʨʦʮʝʩʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʬʦʨʤʫʚʘʥʥʷ ʩʠʛʥʘʣʫ ɼʇɿ. ʇʨʠ ʮʴʦʤʫ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʚʥʝʩʦʢ (ʚʘʛʦʚʽ 

ʢʦʝʬʽʮʽʻʥʪʠ) ʫ ʩʠʛʥʘʣ ɼʇɿ ʚʽʜ ʦʢʨʝʤʠʭ ʪʚʝʣʽʚ ʩʫʤʽʞʥʠʭ ʊɺɿ, ʱʦ ʜʘʣʦ 

ʟʤʦʛʫ ʣʦʢʘʣʽʟʫʚʘʪʠ ʚʽʙʨʘʮʽʾ ʊɺɿ. ʊʘʢʦʞ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʠʛʥʘʣ 

ɼʇɿ ʥʘ ~70ï75 % ʬʦʨʤʫʻʪʴʩʷ ʚʽʜ ʥʝʡʪʨʦʥʽʚ, ʟʛʝʥʝʨʦʚʘʥʠʭ ʪʚʝʣʘʤʠ ʊɺɿ, 

ʚ ʷʢʽʡ ʨʦʟʪʘʰʦʚʘʥʦ ʩʘʤ ɼʇɿ, ʘ ʟʘ ʚʠʩʦʪʦʶ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʩʠʛʥʘʣ ɼʇɿ ʥʘ 

~77 % ʬʦʨʤʫʻʪʴʩʷ ʥʝʡʪʨʦʥʘʤʠ, ʟʛʝʥʝʨʦʚʘʥʠʤʠ ʥʘ ʨʽʚʥʽ ʩʘʤʦʛʦ ɼʇɿ (ʟʦʥʠ 

ʚʠʩʦʪʦʶ 250 ʤʤ). ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʠʣʠ ʚʩʪʘʥʦʚʠʪʠ, ʱʦ ʩʠʛʥʘʣ 

ɼʇɿ ʚʠʟʥʘʯʘʻ ʚʽʙʨʦʩʪʘʥ ʩʘʤʝ ʪʽʻʾ ʊɺɿ, ʚ ʷʢʽʡ ʮʝʡ ɼʇɿ ʨʦʟʪʘʰʦʚʘʥʦ, ʽ 

ʩʘʤʝ ʥʘ ʪʽʡ ʚʠʩʦʪʽ, ʥʘ ʷʢʽʡ ʮʝʡ ɼʇɿ ʨʦʟʪʘʰʦʚʘʥʦ. 

6) ɺʧʝʨʰʝ ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʥʦʚʣʝʥʥʷ ʩʠʛʥʘʣʽʚ ɼʇɿ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. ɺʽʜʥʦʚʣʝʥʥʷ ʩʠʛʥʘʣʽʚ ɼʇɿ ʧʦʢʘʟʘʥʦ ʷʢ 

ʪʘʢʝ, ʱʦ ʻ ʤʦʞʣʠʚʠʤ ʟ ʧʦʭʠʙʢʦʶ ʥʝ ʙʽʣʴʰʝ 2 % ʟʘ ʫʤʦʚʠ ʥʘʚʯʘʥʥʷ 

ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʥʘ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʜʘʥʠʭ, ʱʦ ʫʤʦʞʣʠʚʣʶʻ 

ʚʽʜʥʦʚʣʝʥʥʷ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ ɼʇɿ, ʷʢʠʡ ʚʠʡʰʦʚ ʟ ʣʘʜʫ, ʘ ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ 

ʟʘʙʝʟʧʝʯʠʪʠ ʢʦʥʪʨʦʣʴ ʝʥʝʨʛʦʨʦʟʧʦʜʽʣʫ ʚ ʊɺɿ ʟ ʜʘʥʠʤ ɼʇɿ. ʇʦʢʘʟʘʥʦ 

ʚʘʞʣʠʚʽʩʪʴ ʚʠʙʦʨʫ ʜʣʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʪʘʢʠʭ ʚʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ, ʱʦ 

ʥʘʡʙʽʣʴʰʠʤ ʯʠʥʦʤ ʚʠʟʥʘʯʘʶʪʴ ʭʘʨʘʢʪʝʨ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ. ʊʘʢ, ʧʨʠ 

ʧʦʜʘʚʘʥʽ ʥʘ ʚʭʽʜ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʩʠʛʥʘʣʽʚ ɼʇɿ ʫ ʩʝʢʪʦʨʘʭ ʩʠʤʝʪʨʽʾ 30Á 

ʜʦ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʧʦʭʠʙʢʘ ʙʫʣʘ ʚ 3ï4 ʨʘʟʠ ʤʝʥʰʦʶ ʧʦʨʽʚʥʷʥʦ ʟ 

ʚʠʧʘʜʢʦʤ, ʢʦʣʠ ʥʘ ʚʭʽʜ ʧʦʜʘʚʘʣʠʩʷ ʩʠʛʥʘʣʠ ʚʩʽʭ ɼʇɿ ʘʢʪʠʚʥʦʾ ʟʦʥʠ. 
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ɼʆɼɸʊʆʂ A.  

ʉʧʠʩʦʢ ʧʫʙʣʽʢʘʮʽʡ ʟʜʦʙʫʚʘʯʘ ʟʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ ʪʘ 

ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʘʧʨʦʙʘʮʽʶ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. 
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2013. ʉ. 37ï44. 

ɿʜʦʙʫʚʘʯʫ ʦʩʦʙʠʩʪʦ ʥʘʣʝʞʠʪʴ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ, ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ. 
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ʰʫʤʽʚ ʫ ʩʠʩʪʝʤʘʭ ʜʽʘʛʥʦʩʪʠʢʠ ʨʝʘʢʪʦʨʽʚ ʪʠʧʫ ɺɺɽʈ // ʗʜʝʨʥʘ ʪʘ ʨʘʜʽʘʮʽʡʥʘ 

ʙʝʟʧʝʢʘ. 2017. ˉ1 (73). ʉ. 48ï53. 
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6. ɹʦʨʠʩʝʥʢʦ ɺ.ʀ., ɻʦʨʘʥʯʫʢ ɺ.ɺ., ʇʠʦʥʪʢʦʚʩʢʠʡ ʖ.ʌ., ʉʘʧʦʥ ʅ.ʅ. ɺʳʙʦʨ 
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ɸʧʨʦʙʘʮʽ ̫ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ 

- ʊʨʝʪʴʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ "ʇʦʚʳʰʝʥʠʝ 
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ɼʆɼɸʊʆʂ ɹ. 

ʌʨʘʛʤʝʥʪ ʧʨʦʛʨʘʤʠ ʨʦʟʨʘʭʫʥʢʫ ʢʦʨʝʣʷʮʽʡʥʠʭ ʪʘ ʩʧʝʢʪʨʘʣʴʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʛʥʘʣʽʚ: ɯʇʌ, ʈʝʦʩʘʥʩ, ʋɺʂʌ-ʌʇ, ʂʦʛʝʨʝʥʪʥʽʩʪʴ, ʌʘʟʘ. 

 

public static List<Complex> CalcCoherenceComplex(List<Complex> APSD1, 

List<Complex> APSD2, List<Complex> CPSD) 

{  

List<Complex> coherence = new List<Complex>(); 

Complex temp; 

for (int i = 0; i < APSD1.Count; i++) 

{  

temp = CPSD[i] / Complex.Sqrt(APSD1[i] * APSD2[i]); 

coherence.Add(temp); 

}  

return coherence; 

}  

public static List<Complex> CalcCoherencePow2Complex(List<Complex> 

APSD1, List<Complex> APSD2, List<Complex> CPSD) 

{  

List<Complex> coherence = new List<Complex>(); 

Complex temp; 

for (int i = 0; i < APSD1.Count; i++) 

{  

temp = (CPSD[i] * CPSD[i]) / (APSD1[i] * APSD2[i]); 

coherence.Add(temp); 

}  

return coherence; 

}  

public static void IMPFunc(List<double> NList1, List<double> NList2, string 

WindowType, int WindowShift, int WindowL, double Freq) 
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{  

List<List<Complex>> ComplexFFT1 = WindowFFT(NList1, WindowType, 

WindowShift, WindowL); 

List<List<Complex>> ComplexFFT2 = WindowFFT(NList2, WindowType, 

WindowShift, WindowL); 

List<Complex> apsd1Complex = CalcPSD(ComplexFFT1, ComplexFFT1); 

List<Complex> cpsdComplex = CalcPSD(ComplexFFT1, ComplexFFT2); 

List<double> IMP = CalcIMP(apsd1Complex, cpsdComplex); 

}  

public static List<List<Complex>> WindowFFT(List<double> NList, string 

WindowType, int WindowShift, int WindowL) 

{  

List<double> list; 

List<Complex> complex; 

List<List<Complex>> ComplexFFT = new List<List<Complex>>(); 

for (int i = 0; i + WindowL <= NList.Count; i = i + WindowShift) 

{  

list = NList.GetRange(i, WindowL); 

complex = WindowFFT(list, WindowType); 

ComplexFFT.Add(complex); 

}  

return ComplexFFT; 

}  

public static List<double> CalcIMP(List<Complex> apsd1, List<Complex> 

cpsd) 

{  

List<double> imp = new List<double>(); 

double[] inv; 

Complex temp; 

alglib.complex[] source = new alglib.complex[apsd1.Count]; 
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for (int i = 0; i < apsd1.Count; i++) 

{  

temp = cpsd[i] / apsd1[i]; 

source[i].x = temp.Real; 

source[i].y = temp.Imaginary; 

}  

alglib.fftr1dinv(source, out inv); 

imp.AddRange(inv); 

return imp; 

}  

public static List<double> CalcRehocence(List<Complex> Coherence) 

{  

List<double> Rehocence = new List<double>(); 

double[] inv; 

alglib.complex[] coherenceAlglib = new alglib.complex[Coherence.Count]; 

 

for (int i = 0; i < Coherence.Count; i++) 

{  

coherenceAlglib[i].x = Coherence[i].Real; 

coherenceAlglib[i].y = Coherence[i].Imaginary; 

}  

alglib.fftr1dinv(coherenceAlglib, out inv); 

Rehocence.AddRange(inv); 

return Rehocence; 

}  

public static List<double> CalcPhase(List<Complex> PSD) 

{  

List<double> phase = new List<double>(); 

double temp; 

for (int i = 0; i < PSD.Count; i++) 
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{  

temp = PSD[i].Phase; 

phase.Add(temp); 

}  

return phase; 

}   

public static List<double> CalcPHAT(List<Complex> CPSD) 

{  

Complex[] PHAT = new Complex[CPSD.Count]; 

for (int i = 0; i < CPSD.Count; i++) 

PHAT[i] = CPSD[i] / CPSD[i].Magnitude; 

return CalcFFTInv(PHAT); 

}  

public static List<double> CalcFFTInv(List<Complex> NList) 

{  

List<double> invList = new List<double>(); 

double[] inv; 

alglib.complex[] source = new alglib.complex[NList.Count]; 

for (int i = 0; i < NList.Count; i++) 

{  

source[i].x = NList[i].Real; 

source[i].y = NList[i].Imaginary; 

}  

alglib.fftr1dinv(source, out inv); 

invList.AddRange(inv); 

return invList; 

}   
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ɼʆɼɸʊʆʂ ɺ. 

ɸʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ 

 

 


