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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʦʣʠʤʝʨʥʳʭ 

ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʚʩʝʭ ʢʣʘʩʩʦʚ ʠ ʦʩʦʙʝʥʥʦ ʥʘʧʦʣʥʝʥʥʳʭ ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʪʨʫʙʢʘ-

ʤʠ (ʥʘʥʦʚʦʣʦʢʥʘʤʠ) ʫʜʝʣʷʝʪʩʷ ʙʦʣɹh ʦʝ ʚʥʠʤʘʥʠʝ, ʢʘʢ ʚ ʈʦʩʩʠʠ, ʪʘʢ ʠ ʚʦ ʚʩʝʤ ʤʠ-

ʨʝ. ʇʦʣʫʯʝʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʫʢʘʟʘʥʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʩ ʤʘʪʨʠʮʘʤʠ, ʧʨʝʜʩʪʘʚ-

ʣʷʁɦ ʠʤʠ ʧʦʣʠʤʝʨʳ ʨʘʟʥʳʭ ʢʣʘʩʩʦʚ. ʆʜʥʘʢʦ, ʠʭ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʠ, ʩʣʝ-

ʜʦʚʘʪʝʣʴʥʦ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʪʩʪʘʝʪ ʦʪ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ. ɺ ʦʩʥʦʚʥʦʤ ʜʣʷ ʦʧʠʩʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʦʣʠʤʝʨʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʤʠʢʨʦʤʝʭʘʥʠʯʝʩʢʠʝ 

ʤʦʜʝʣʠ, ʠʩʯʝʨʧʘʚʰʠʝ ʩʚʦʠ ʚʦʟʤʦʞʥʦʩʪʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʩʦ-

ʚʨʝʤʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʠʢ, ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʢʨʘʡʥʝ ʨʘʟʥʦʨʝ-

ʯʠʚʳ ʠ ʥʝ ʜʘʶʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʩʦʦʪʥʦʰʝʥʠʡ ʩʪʨʫʢʪʫʨʘ ï ʩʚʦʡʩʪʚʘ ʜʣʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. ɺ ʩʚʷʟʠ ʩ ʠʟʣʦʞʝʥʥʳʤ ʚʳʰʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʦʯʝʚʠʜʥʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʥʦʢʦʤ-

ʧʦʟʠʪʦʚ ʧʦʣʠʤʝʨ/ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ (ʥʘʥʦʚʦʣʢʥʘ). 

ʎʝʣʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʢʦʤʧʣʝʢʩʥʦʤ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʩʪʨʫʢʪʫʨʳ, ʩʚʦʡʩʪʚ ʠ ʧʝʨʩʧʝʢʪʠʚ ʧʨʠʤʝʥʝʥʠʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʧʦʣʠ-

ʤʝʨ/ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ (ʥʘʥʦʚʦʣʦʢʥʘ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʠʢ ʠ ʬʠʟʠʯʝʩʢʠʭ ʢʦʥʮʝʧʮʠʡ ʩ ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʢʠ ʵʪʦʛʦ ʢʣʘʩʩʘ 

ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʴʶ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʨʝh ʠʪʴ 

ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

- ʨʘʟʨʘʙʦʪʢʘ ʩʪʨʫʢʪʫʨʥʦʡ ʤʦʜʝʣʠ ʘʛʨʝʛʘʮʠʠ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ (ʥʘʥʦʚʦʣʦ-

ʢʦʥ), ʫʯʠʪʳʚʘʶʱʝʡ ʠʭ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʘʥʠʟʦʪʨʦʧʠʠ ʠ ʥʠʟʢʫʶ ʧʦʧʝʨʝʯʥʫʶ 

ʞʝʩʪʢʦʩʪʴ; 

- ʧʨʝʜʣʦʞʠʪʴ ʤʝʪʦʜ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʤʝʞʬʘʟʥʦʡ ʘʜʛʝʟʠʠ (ʥʘʥʦʘʜʛʝ-

ʟʠʠ) ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʘʭ; 

- ʨʘʟʨʘʙʦʪʢʘ ʧʝʨʢʦʣʷʮʠʦʥʥʦʡ ʠ ʬʨʘʢʪʘʣʴʥʦʡ ʤʦʜʝʣʝʡ ʫʩʠʣʝʥʠʷ ʠ ʜʨʫʛʠʭ ʤʝʭʘ-

ʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʧʦʣʠʤʝʨ/ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ (ʥʘʥʦʚʦ-

ʣʦʢʥʘ); 

- ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠʩʩʣʝʜʫʝʤʳʭ ʥʘʥʦʤʘʪʝʨʠʘ-
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ʣʦʚ ʚ ʨʘʤʢʘʭ ʩʦʚʨʝʤʝʥʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ; 

- ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʧʨʝʜʝʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʥʘʥʦʢʦʤʧʦʟʠ-

ʪʦʚ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ. ɺʧʝʨʚʳʝ 

ʧʨʝʜʣʦʞʝʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʣʴʮʝʦʙʨʘʟʥʳʭ 

ʩʪʨʫʢʪʫʨ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ (ʥʘʥʦʚʦʣʦʢʦʥ) ʚ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝ ʠ ʨʘʩ-

ʩʤʦʪʨʝʥʦ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʩʚʦʡʩʪʚʘ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ. ɼʘʥʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝ-

ʣʝʥʠʝ ʫʨʦʚʥʷ ʤʝʞʬʘʟʥʦʡ ʘʜʛʝʟʠʠ ʠ ʚʳʷʩʥʝʥʦ ʝʛʦ ʚʣʠʷʥʠʝ ʥʘ ʩʪʝʧʝʥʴ ʫʩʠʣʝʥʠʷ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʪʝʧʝʥʴ ʫʩʠʣʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ 

ʩʪʨʫʢʪʫʨʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ. ɼʘʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʘʷ ʜʚʫʭ-

ʫʨʦʚʥʝʚʘʷ ʪʨʘʢʪʦʚʢʘ ʧʨʦʮʝʩʩʘ ʘʛʨʝʛʘʮʠʠ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ (ʥʘʥʦʚʦʣʦʢʦʥ). 

ʈʘʩʩʤʦʪʨʝʥʘ ʬʨʘʢʪʘʣʴʥʘʷ ʤʦʜʝʣʴ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʧʦʣʠʧʨʦʧʠ-

ʣʝʥ/ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ. ʆʙʥʘʨʫʞʝʥ ʵʬʬʝʢʪ ʩʥʠʞʝʥʠʷ ʚʷʟʢʦʩʪʠ ʨʘʩʧʣʘʚʘ 

ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ ʠ ʧʨʝʜʣʦʞʝʥʘ 

ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʬʨʘʢʪʘʣʴʥʘʷ ʤʦʜʝʣʴ ʜʣʷ ʝʛʦ ʦʧʠʩʘʥʠʷ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ ʨʘʙʦʪʳ. ʇʨʝʜʣʦʞʝʥʘ ʩʢʝʡʣʠʥʛʦʚʘʷ ʤʦʜʝʣʴ ʜʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʪʝʧʝʥʠ ʫʩʠʣʝʥʠʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʧʦʣʠʤʝʨ/ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦ-

ʪʨʫʙʢʠ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠʭ ʪʝʢʫʱʠʡ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ. ʇʝʨʢʦʣʷʮʠ-

ʦʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʧʨʝʜʝʣʴʥʦ ʜʦʩʪʠʞʠʤʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. ʆʧʨʝʜʝʣʝʥʘ ʦʙʣʘʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ, ʚ ʢʦʪʦʨʦʡ ʚʦʟʤʦʞʥʦ ʠʭ ʵʬʬʝʢʪʠʚʥʦʝ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʫʣʴʪʨʘʟʚʫʢʘ. ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʚʷʟʢʦʩʪʴʶ ʨʘʩʧʣʘ-

ʚʘ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʚʘʨʠʘʮʠʝʡ ʩʪʨʫʢʪʫʨʳ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ 

ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʧʦʣʠʤʝʨʦʚ. 

ʄʝʪʦʜʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥ-

ʥʦʡ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʧʘʨʘʤʝʪʨʘʤʠ ʥʘʜʤʦ-

ʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦʣʠʤʝʨʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ, ʥʘʧʦʣʥʝʥʥʳʭ 

ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ (ʥʘʥʦʚʦʣʦʢʥʘʤʠ), ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʬʠʟʠ-

ʯʝʩʢʠʝ ʢʦʥʮʝʧʮʠʠ (ʬʨʘʢʪʘʣʴʥʳʡ ʘʥʘʣʠʟ, ʪʝʦʨʠʷ ʧʝʨʢʦʣʷʮʠʠ, ʩʢʝʡʣʠʥʛʦʚʘʷ ʠ ʢʣʘ-
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ʩʪʝʨʥʘʷ ʤʦʜʝʣʠ) ʠ ʢʦʤʧʣʝʢʩ ʩʦʚʨʝʤʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ. 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

 ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʤʦʜʝʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʣʴʮʝʦʙʨʘʟʥʳʭ ʩʪʨʫʢʪʫʨ ʫʛʣʝʨʦʜ-

ʥʳʭ ʥʘʥʦʪʨʫʙʦʢ (ʥʘʥʦʚʦʣʦʢʦʥ) ʚ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝ ʠ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʩʚʦʡʩʪʚʘ 

ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ; 

 ʧʦʪʝʥʮʠʘʣ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ ʚ ʫʚʝʣʠʯʝʥʠʠ ʫʧʨʫʛʦʩʪʠ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ; 

 ʜʚʫʭʫʨʦʚʥʝʚʘʷ ʤʦʜʝʣʴ ʘʛʨʝʛʘʮʠʠ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ (ʥʘʥʦʚʦʣʦʢʦʥ) ʚ 

ʧʦʣʠʤʝʨʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʘʭ; 

 ʩʢʝʡʣʠʥʛʦʚʘʷ ʠ ʧʝʨʢʦʣʷʮʠʦʥʥʳʝ ʤʦʜʝʣʠ ʫʩʠʣʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʥʘʥʦʢʦʤʧʦ-

ʟʠʪʦʚ, ʥʘʧʦʣʥʝʥʥʳʭ ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ; 

 ʬʨʘʢʪʘʣʴʥʘʷ ʤʦʜʝʣʴ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʧʦʣʠʤʝʨ/ʫʛʣʝʨʦʜʥʳʝ 

ʥʘʥʦʪʨʫʙʢʠ (ʥʘʥʦʚʦʣʦʢʥʘ); 

 ʬʨʘʢʪʘʣʴʥʘʷ ʪʨʘʢʪʦʚʢʘ ʚʷʟʢʦʩʪʠ ʨʘʩʧʣʘʚʘ ʠʩʩʣʝʜʫʝʤʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ. 

ʆʙʦʩʥʦʚʘʥʥʦʩʪʴ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠ-

ʝʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʨʦʚʝʨʝʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʠʭ ʤʝʪʦʜʦʚ; ʭʦʨʦʰʝʡ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʪʝʦ-

ʨʝʪʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ.  

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ 

ʜʦʣʦʞʝʥʳ ʥʘ ʩʣʝʜʫʶʱʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: 

 VII  ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ ï ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʅʦʚʳʝ ʧʦʣʠʤʝʨ-

ʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳè (ʅʘʣʴʯʠʢ, 2011);  

 ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʟʘʦʯʥʦʡ ʥʘʫʯʥʦ ï ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʅʘʫʢʘ ʩʝʛʦ-

ʜʥʷ: ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʠ ʧʨʘʢʪʠʢʘ ʧʨʠʤʝʥʝʥʠʷè (ʊʘʤʙʦʚ, 2011);  

 XI ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ ï ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʕʬʬʝʢʪʠʚʥʳʝ 

ʩʪʨʦʠʪʝʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ. ʊʝʦʨʠʷ ʠ ʧʨʘʢʪʠʢʘè (ʇʝʥʟʘ, 2011);  

 XV ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ ï ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʉʦʚʨʝʤʝʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠè (ʇʝʥʟʘ, 2011);  

 6-ʘʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʧʦʣʠʤʝʨʘʤ ʠ ʢʦʤʧʦʟʠʪʘʤ (ʀʩʢʴʷ, ʀʪʘ-

ʣʠʷ, 2012);  
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 32 ï ʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʚ ʧʨʦ-

ʤʳʰʣʝʥʥʦʩʪʠè (ʗʣʪʘ, 2012);  

 ʧʝʨʚʦʤ ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʤ ʩʠʤʧʦʟʠʫʤʝ çʌʠʟʠʢʘ ʧʦʚʝʨʭ-

ʥʦʩʪʥʳʭ ʷʚʣʝʥʠʡ, ʤʝʞʬʘʟʥʳʭ ʛʨʘʥʠʮ ʠ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳè (ʅʘʣʴʯʠʢ ï ʃʦʦ, 

2012);  

 ʧʷʪʦʡ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝ-

ʥʳʭ çʇʝʨʩʧʝʢʪʠʚʥʳʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʧʨʦʝʢʪʳ ʤʦʣʦʜʳʭ ʫʯʝʥr ʭè (ʅʘʣʴʯʠʢ, 2015);  

 IX ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ - ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ 

çʅʘʫʢʘ ʠ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝè (ʅʘʣʴʯʠʢ. 2015); 

 ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ 

ʫʯʝʥʳʭ çʇʝʨʩʧʝʢʪʠʚʘ-2016è (ʅʘʣʯɹʠʢ. 2016); 

 XII  ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʅʦʚʳʝ ʧʦʣʠʤʝʨ-

ʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳè (ʅʘʣʴʯʠʢ, 2016). 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ɼʠʩʩʝʨʪʘʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʪʦʛ ʩʘʤʦʩʪʦʷ-

ʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʘʚʪʦʨʘ. ɸʚʪʦʨʫ ʧʨʠʥʘʜʣʝʞʠʪ ʚʳʙʦʨ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʙʦʪ, ʧʦʩʪʘʥʦʚ-

ʢʘ ʟʘʜʘʯʠ, ʤʝʪʦʜʦʚ ʠ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʪʨʘʢʪʦʚʢʘ ʠ ʦʙʦʙʱʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ. ʉʦʘʚʪʦʨʳ ʨʘʙʦʪ ʫʯʘʩʪʚʦʚʘʣʠ ʚ ʦʙʩʫʞʜʝʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 32 ʧʝʯʘʪʥʳʭ ʨʘʙʦʪ, ʠʟ ʢʦ-

ʪʦʨʳʭ 10 ʩʪʘʪʝʡ ʚ ʞʫʨʥʘʣʘʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ ʈʌ, 22 ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʠ 

ʟʘʨʫʙʝʞʥʳʭ ʞʫʨʥʘʣʘʭ ʠ ʠʟʜʘʥʠʷʭ. 

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʜʠʩʩʝʨʪʘʮʠʠ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʦʙʟʦʨʘ ʣʠʪʝʨʘ-

ʪʫʨʳ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ, ʯʝʪʳʨʝʭ ʛʣʘʚ ʩʦʙʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʳʚʦ-

ʜʦʚ ʠ ʩʧʠʩʢʘ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠʟ 165 ʥʘʠʤʝʥʦʚʘʥʠʡ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫ-

ʙʝʞʥʳʭ ʘʚʪʦʨʦʚ. ʈʘʙʦʪʘ ʠʟʣʦʞʝʥʘ ʥʘ 152 ʩʪʨʘʥʠʮʘʭ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ, ʩʦ-

ʜʝʨʞʠʪ 60 ʨʠʩʫʥʢʦʚ ʠ 10 ʪʘʙʣʠʮ. 
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ɻʣʘʚʘ 1. ʉʆɺʈɽʄɽʅʅʆɽ ʉʆʉʊʆʗʅʀɽ ʀʉʉʃɽɼʆɺɸʅʀʁ ʉʊʈʋʂʊʋʈʓ 

ʀ ʉɺʆʁʉʊɺ ʅɸʅʆʂʆʄʇʆɿʀʊʆɺ ʇʆʃʀʄɽʈ/ʋɻʃɽʈʆɼʅʓɽ 

 ʅɸʅʆʊʈʋɹʂʀ (ʃʀʊɽʈɸʊʋʈʅʓʁ ʆɹɿʆʈ) 

1.1. ʆʩʦʙʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʧʦʣʠʤʝʨʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ, ʥʘʧʦʣʥʝʥʥʳʭ  

ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ 

 

ʇʦʣʠʤʝʨʥʳʤʠ ʥʘʥʦʢʦʤʧʦʟʠʪʘʤʠ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʜʚʫʭʬʘʟʥʳʝ ʩʠʩʪʝʤʳ, 

ʩʦʩʪʦʷʱʠʝ ʠʟ ʧʦʣʠʤʝʨʦʚ, ʥʘʧʦʣʥʝʥʥʳʭ ʫʩʠʣʠʚʘʶʱʠʤ ʥʘʧʦʣʥʠʪʝʣʝʤ ʩ ʚʳʩʦʢʦʡ 

ʧʣʦʱʘʜʴʶ ʧʦʚʝʨʭʥʦʩʪʠ [1, 2]. ʀʟ ʚʩʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʥʘʥʦʢʦʤʧʦʟʠʪʳ ʚʳʟʳʚʘʶʪ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ, ʧʦʩʢʦʣʴʢʫ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʮʝʥʢʠ 

ʧʨʝʜʧʦʣʘʛʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʣʫʯʰʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʠ ʦʯʝʥʴ ʥʠʟʢʠʭ 

ʩʦʜʝʨʞʘʥʠʷʭ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ. ʕʪʠ ʦʞʠʜʘʥʠʷ ʦʩʥʦʚʘʥʳ ʥʘ ʧʨʦʛʥʦʟʘʭ ʚ ʨʘʤʢʘʭ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʤʦʜʝʣʝʡ [3], ʠ ʵʪʦʪ ʚʦʧʨʦʩ ʙʫʜʝʪ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥ ʥʠʞʝ. ʀʟ 

ʚʩʝʭ ʢʣʘʩʩʦʚ ʧʦʣʠʤʝʨʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʥʘʠʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʚ ʧʦʩʣʝʜʥʝʝ 

ʚʨʝʤʷ ʧʨʠʚʣʝʢʘʶʪ ʥʘʥʦʢʦʤʧʦʟʠʪʳ ʧʦʣʠʤʝʨ/ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ (ʥʘʥʦʚʦʣʦʢ-

ʥʘ) [4, 5], ʢʦʪʦʨʳʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʩʚʷʱʝʥʦ ʦʛʨʦʤʥʦʝ ʯʠʩʣʦ ʥʘʫʯʥʳʭ ʧʫʙʣʠ-

ʢʘʮʠʡ. ʊʘʢ, ʧʨʠ ʤʦʜʫʣʝ ʫʧʨʫʛʦʩʪʠ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ (ʋʅʊ) ʧʦʨʷʜʢʘ 1000 

ɻʇʘ ʠ ʠʭ ʜʣʠʥʝ ʙʦʣʝʝ 10 ʤʢʤ ʧʨʦʩʪʳʝ ʢʦʤʧʦʟʠʪʥʳʝ ʤʦʜʝʣʠ ʧʨʝʜʩʢʘʟʳʚʘʶʪ ʫʚʝ-

ʣʠʯʝʥʠʝ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʥʘʥʦʢʦʤʧʦʟʠʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʘʪʨʠʯʥʳʤ ʧʦʣʠʤʝʨʦʤ 

ʥʘ ʧʦʨʷʜʦʢ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʋʅʊ ʤʝʥʝʝ 1ʤʘʩʩ. % [2]. 

ʂʘʢ ʦʪʤʝʪʠʣʠ ʘʚʪʦʨʳ [2], ʘʥʘʣʦʛʠʯʥʳʝ ʚʚʝʜʝʥʠʷ ʥʘʧʠʩʘʥʳ ʢ ʪʳʩʷʯʘʤ ʨʘʙʦʪ 

ʧʦ ʵʪʦʡ ʪʝʤʘʪʠʢʝ. ʆʜʥʘʢʦ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʵʣʘʩʪʦʤʝʨʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ (ʠ ʪʝʭ 

ʪʦʣʴʢʦ ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʝʧʝʥʠ) ʧʦʜʦʙʥʳʝ ʦʧʪʠʤʠʩʪʠʯʝʩʢʠʝ ʦʞʠʜʘʥʠʷ ʥʘ ʧʨʘʢ-

ʪʠʢʝ ʥʝ ʦʧʨʘʚʜʳʚʘʶʪʩʷ ʠ ʩʪʝʧʝʥʴ ʫʩʠʣʝʥʠʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ (ʦʪʥʦʰʝʥʠʝ ʤʦʜʫʣʝʡ 

ʫʧʨʫʛʦʩʪʠ ʥʘʥʦʢʦʤʧʦʟʠʪʘ ʠ ʤʘʪʨʠʯʥʦʛʦ ʧʦʣʠʤʝʨʘ ɽʥ/ɽʤ) ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ ʪʝʦ-

ʨʝʪʠʯʝʩʢʦʡ. ʂʘʢ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʧʦʚʳʰʝʥʠʝ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʥʘʥʦʢʦʤʧʦʟʠʪʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʩʪʠʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʤʘʪʨʠʮʳ ʠ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ, ʘ ʪʘʢʞʝ ʫʨʦʚ-

ʥʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʥʠʤʠ. ʆʜʥʘʢʦ, ʚ ʢʦʥʢʨʝʪʥʦʤ ʧʦʥʠʤʘʥʠʠ ʵʪʠʭ ʩʚʦʡʩʪʚ, 

ʤʦʛʫʪ ʙʳʪʴ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʩʭʦʞʜʝʥʠʷ [6]. 

ʋʢʘʟʘʥʥʦʝ ʚʳʰʝ ʨʘʩʭʦʞʜʝʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʨʝʜʩʢʘʟʘʥʠʡ ʠ ʵʢʩʧʝʨʠʤʝʥ-
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ʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʩʪʝʧʝʥʠ ʫʩʠʣʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʦʙʳʯʥʦ ʧʨʠ-

ʧʠʩʳʚʘʝʪʩʷ ʩʫʱʝʩʪʚʦʚʘʥʠʶ ʨʷʜʘ ʬʘʢʪʦʨʦʚ, ʘ ʠʤʝʥʥʦ, ʧʣʦʭʦʡ ʜʠʩʧʝʨʩʠʝʡ ʥʘʥʦʥʘ-

ʧʦʣʥʠʪʝʣʷ, ʧʣʦʭʦʡ ʧʝʨʝʜʘʯʝʡ ʥʘʛʨʫʟʢʠ ʥʘ ʤʝʞʬʘʟʥʦʡ ʛʨʘʥʠʮʝ (ʧʦ ʩʫʱʝʩʪʚʫ, ʥʠʟ-

ʢʠʤ ʫʨʦʚʥʝʤ ʤʝʞʬʘʟʥʦʡ ʘʜʛʝʟʠʠ), ʥʝʨʝʛʫʣʷʨʥʳʤ ʚʳʩʪʨʘʠʚʘʥʠʝʤ ʯʘʩʪʠʮ ʥʘʥʦʥʘ-

ʧʦʥʠʪʝʣʷ, ʧʣʦʭʦʡ ʧʝʨʝʜʘʯʝʡ ʥʘʧʨʷʞʝʥʠʷ ʚʥʫʪʨʠ ʘʛʨʝʛʘʪʦʚ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ, 

ʬʨʘʢʪʘʣʴʥʦʡ ʧʨʠʨʦʜʦʡ ʫʢʘʟʘʥʥʳʭ ʘʛʨʝʛʘʪʦʚ ʠ ʜʝʬʝʢʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʧʨʦʮʝʩ-

ʩʝ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ [2]. ɹʝʟʫʩʣʦʚʥʦ, ʚʩʝ ʵʪʠ ʬʘʢʪʦʨʳ ʦʢʘʟʳʚʘʶʪ 

ʚʣʠʷʥʠʝ ʥʘ ʩʪʝʧʝʥʴ ʫʩʠʣʝʥʠʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ, ʥʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʟʘʪʨʫʜʥʝʥʠʝ 

ʟʘʢʣʶʯʘʝʪʩʷ ʥʝ ʚ ʵʪʦʤ. ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʨʦʛʥʦʟʳ ʩʪʝʧʝʥʠ 

ʫʩʠʣʝʥʠʷ ɽʥ/ɽʤ (ʠʣʠ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ Eʥ) ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʨʘʤʢʘʭ 

ʤʠʢʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʢʦʪʦʨʳʝ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʬʦʨʤʝ ʚʢʣʶʯʘʶʪ ʤʦʜʫʣʴ 

ʫʧʨʫʛʦʩʪʠ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ Eʥʘʧ [3]. ʀʤʝʥʥʦ, ʵʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʩʦʚʤʝʩʪʥʦ ʩ 

ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʘʥʠʟʦʪʨʦʧʠʠ ʋʅʊ ʠ ʜʘʝʪ ʥʝʦʧʨʘʚʜʘʥʥʦ ʟʘʚʳʰʝʥʥʳʝ ʚʝ-

ʣʠʯʠʥʳ ɽʥ/ɽʤ (ʠʣʠ Eʥ) ʜʣʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʧʦʣʠʤʝʨ/ʋʅʊ. ʆʜʥʘʢʦ, ʚ ʨʝʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ ʥʠ ʪʦʪ, ʥʠ ʜʨʫʛʦʡ ʬʘʢʪʦʨ ʥʝ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʚʝʣʠ-

ʯʠʥʫ Eʥ. ʕʪʦ ʤʦʞʥʦ ʦʯʝʥʴ ʣʝʛʢʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʥʘ ʧʨʠʤʝʨʝ ʜʚʫʭ ʧʨʦʩʪʝʡ-

ʰʠʭ ʤʠʢʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ: ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʦʩʪʨʦʝ-

ʥʠʷ (ʨʠʩ.1.1 ʘ ʠ ʙ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʢʦʪʦʨʳʝ ʜʘʶʪ ʚʝʨʭʥʶʶ ʠ ʥʠʞʥʶʶ ʛʨʘʥʠʮʳ 

Eʥ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [3].  

ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʜʝʬʦʨʤʘʮʠʷ ʦʜʠʥʘʢʦʚʘ ʚ ʦʙʝʠʭ ʬʘʟʘʭ 

ʠ ʚʝʣʠʯʠʥʘ Eʥ ʜʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ[3]: 

Eʥ = Eʥʘʧűʥ + ɽʤűʤ, (1.1) 

ʛʜʝ űʥ ʠ űʤ - ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʦʙʲʝʤʥʳʝ ʜʦʣʠ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ ʠ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪ-

ʨʠʮʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɼʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ (ʨʠʩ. 1.1 ʙ) ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʚ ʦʙʝʠʭ ʬʘʟʘʭ ʠ ʪʦʛʜʘ ʚʝʣʠʯʠʥʘ Eʥ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ 

[3]: 

ʥʘʧ ʤ
ʥ

ʥʘʧ ʤ ʤ ʥ

E E
E

E ʮ E ʮ
. (1.2) 
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       ʈʠʩ.1.1. ʄʦʜʝʣʠ ʜʣʷ ʨʘʩʯʝʪʘ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʢʦʤʧʦʟʠʪʦʚ: 

                       ʘ) ï ʧʘʨʘʣʣʝʣʴʥʘʷ ʤʦʜʝʣʴ (ʧʦʩʪʦʷʥʥʘʷ ʜʝʬʦʨʤʘʮʠʷ),  

                       ʙ) ï ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʤʦʜʝʣʴ (ʧʦʩʪʦʷʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ)  

 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʥʝ ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ ʦʜʠʥʘʢʦʚʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚ ʬʘʟʘʭ ʥʘʥʦ-

ʢʦʤʧʦʟʠʪʘ, ʯʝʡ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʨʘʟʣʠʯʘʝʪʩʷ ʥʘ ʪʨʠ ʧʦʨʷʜʢʘ (ʧʨʠʤʝʨʥʦ ʪʘʢ ʞʝ 

ʙʫʜʝʪ ʨʘʟʣʠʯʘʪʴʩʷ ʠ ʜʝʬʦʨʤʘʮʠʷ) ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ 

ʙʫʜʫʪ ʙʣʠʟʢʠ ʢ ʦʮʝʥʢʘʤ ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ (1.2), ʚ ʩʣʫʯʘʝ ʢʦʪʦʨʦʛʦ ʚʝʣʠʯʠʥʘ 

Eʥʘʧ ʥʝ ʠʛʨʘʝʪ ʩʢʦʣʴʢʦ-ʥʠʙʫʜʴ ʚʘʞʥʦʡ ʨʦʣʠ. ʇʦʷʩʥʠʤ ʵʪʦʪ ʧʦʩʪʫʣʘʪ ʥʘ ʧʨʠʤʝʨʝ 

ʧʨʦʩʪʦʡ ʦʮʝʥʢʠ. ʊʘʢ, ʠʟʤʝʥʝʥʠʝ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ Eʥʘʧ ʦʪ 10 ʜʦ 

1000 ɻʇʘ ʧʨʠ ʧʦʩʪʦʷʥʥʳʭ Eʤ = 1 ɻʇʘ ʠ űʥ = űʤ = 0,50 ʠʟʤʝʥʷʝʪ ʚʝʣʠʯʠʥʫ Eʥ ʦʪ 

500,5 ʜʦ 5,5 ɻʇʘ ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ (1.1), ʪ.ʝ., ʧʨʠʤʝʨʥʦ ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ, ʠ ʦʪ 

1,998 ʜʦ 1,818 ɻʇʘ ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ (1.2), ʪ.ʝ., ʪʦʣʴʢʦ ʥʘ 9%. ʆʪʤʝʪʠʤ, ʯʪʦ ʜʣʷ 

ʜʠʩʢʨʝʪʥʦʛʦ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʝʛʦ ʨʘʟʤʝʨʥʦʩʪʠ ʠ ʤʦʜʫʣʷ ʫʧʨʫʛʦ-

ʩʪʠ, ʧʝʨʝʜʘʯʘ ʥʘʧʨʷʞʝʥʠʷ ʨʝʘʣʠʟʫʝʪʩʷ ʯʝʨʝʟ ʧʦʣʠʤʝʨʥʫʶ ʤʘʪʨʠʮʫ ʠ ʵʪʦ ʦʙʩʪʦʷ-

ʪʝʣʴʩʪʚʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʝʣʠʯʠʥʫ Eʥ ʩʚʝʨʭʫ [7]. ʊʘʢʦʡ ʞʝ ʨʝʟʫʣʴʪʘʪ, ʪ.ʝ., ʥʝʟʥʘʯʠ-

ʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ Eʥʘʧ ʥʘ ʚʝʣʠʯʠʥʫ Eʥ, ʜʘʶʪ ʠ ʜʨʫʛʠʝ ʤʠʢʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, 

ʘʜʘʧʪʠʨʦʚʘʥʥʳʝ ʢ ʘʥʠʟʦʪʨʦʧʥʦʤʫ ʥʘʧʦʣʥʠʪʝʣʶ (ʥʘʧʨʠʤʝʨ, ʤʦʜʝʣʴ ʂʦʫʥʪʦ) [8]. 

ɽʱʝ ʦʜʥʠʤ ʩʠʣʴʥʦʜʝʡʩʪʚʫʶʱʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʩʠʣʴʥʦ ʘʥʠʟʦʪʨʦʧʥʳʭ ʠ ʦʙ-

ʣʘʜʘʶʱʠʭ ʥʠʟʢʦʡ ʧʦʧʝʨʝʯʥʦʡ ʞʝʩʪʢʦʩʪʴʶ ʋʅʊ ʷʚʣʷʝʪʩʷ ʩʧʝʮʠʬʠʢʘ ʠʭ ʘʛʨʝʛʘʮʠʠ, 

ʘ ʠʤʝʥʥʦ, ʩʚʦʨʘʯʠʚʘʥʠʝ ʋʅʊ ʚ ʢʦʣʴʮʝʦʙʨʘʟʥʳʝ ʩʪʨʫʢʪʫʨʳ. ʅʘ ʨʠʩ. 1.2 ʧʨʠʚʝʜʝʥʳ 

ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ, ʥʘʧʦʣʥʝʥʥʳʭ ʪʦʥʢʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʧʨʦʚʦʣʦʢʦʡ (ʨʠʩ.1.2 ʘ) [9] ʠ ʦʜʥʦʩʣʦʡʥʳʤʠ ʋʅʊ (ʨʠʩ.1.2 ʙ) [2], ʠʟ ʢʦʪʦʨʳʭ ʩʣʝʜʫ-

 

ʤʘʪʨʠʮʘ 

ʚʢʣʶʯʝʥʠʷ 

ʘ) ʙ) 
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ʝʪ ʧʦʣʥʘʷ ʠʜʝʥʪʠʯʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʫʢʘʟʘʥʥʳʭ ʥʘʧʦʣʥʠʪʝʣʝʡ. 

 
ʘ) 

 
ʙ) 

ʈʠʩ. 1.2. ʂʦʣʴʮʝʦʙʨʘʟʥʳʝ ʩʪʨʫʢʪʫʨʳ ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ:  

ʘ) ï ʢʦʤʧʦʟʠʪ ʧʦʣʠʧʨʦʧʠʣʝʥ/ʤʘʣʦʫʛʣʝʨʦʜʠʩʪʘʷ ʩʪʘʣʴʥʘʷ ʧʨʦʚʦʣʦʢʘ [9];  

ʙ) ï ʦʜʥʦʩʣʦʡʥʳʝ ʋʅʊ 

 

ʇʦʵʪʦʤʫ ʨʝʘʣʴʥʘʷ ʩʪʝʧʝʥʴ ʘʥʠʟʦʪʨʦʧʠʠ ʋʅʊ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ ʪʝʦʨʝʪʠʯʝ-

ʩʢʦʡ. ɹʦʣʝʝ ʪʦʛʦ, ʋʅʊ ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʧʣʦʪʥʳʝ ʠʟʦʪʨʦʧʥʳʝ 

ʩʪʨʫʢʪʫʨʳ ʤʠʢʨʦʥʥʳʭ ʨʘʟʤʝʨʦʚ (ʨʠʩ. 1.3) [10]. ʊʘʢʠʝ ʞʝ ʨʝʟʫʣʴʪʘʪʳ ʜʘʝʪ ʨʝʥʪʛʝ-

ʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ [2]. 

 
ʈʠʩ. 1.3. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʘʛʨʝʛʘʪʘ ʦʜʥʦʩʣʦʡʥʳʭ ʋʅʊ.  

ʋʚʝʣʠʯʝʥʠʝ  40 000 

 

ʕʪʠ ʚʳʚʦʜʳ ʧʦʩʣʫʞʠʣʠ ʦʩʥʦʚʦʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʝʨʢʦʣʷʮʠʦʥʥʦʡ [11] ʠ 

ʬʨʘʢʪʘʣʴʥʦʡ [12] ʢʦʥʮʝʧʮʠʡ ʫʩʠʣʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ. ʆʩʥʦʚʥʳʝ ʫʨʘʚ-

ʥʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʢʦʥʮʝʧʮʠʡ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 

1,7ʥ
ʥ

ʤ

1 11( )
E

ʮ
E

 (1.3) 
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ʠ 

ʥ

ʤ

( 3),f

E
ʉ D

E
 (1.4) 

ʛʜʝ ʉ ï ʢʦʥʩʪʘʥʪʘ, fD  ï ʨʘʟʤʝʨʥʦʩʪʴ ʦʙʣʘʩʪʝʡ ʣʦʢʘʣʠʟʘʮʠʠ ʠʟʙʳʪʦʯʥʦʡ ʵʥʝʨʛʠʠ, 

çʟʘʢʘʯʠʚʘʝʤʦʡè ʚ ʧʦʣʠʤʝʨʥʫʶ ʤʘʪʨʠʮʫ. 

ʈʘʟʣʠʯʠʝ ʤʠʢʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠ ʧʝʨʢʦʣʷʮʠʦʥʥʦʡ 

(ʬʨʘʢʪʘʣʴʥʦʡ) ʢʦʥʮʝʧʮʠʡ ʷʚʣʷʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʳʤ. ɼʚʝ ʧʦʩʣʝʜʥʠʝ ʪʨʘʢʪʦʚʢʠ 

ʧʨʝʜʩʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʝʣʠʯʠʥʘ Eʥ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʦʡ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ, 

ʚʠʜʦʠʟʤʝʥʝʥʥʦʡ ʚʚʝʜʝʥʠʝʤ ʥʘʧʦʣʥʠʪʝʣʷ (ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ) [13]. ʕʪʦ ʚʠʜʦʠʟʤʝ-

ʥʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʦ ʜʚʫʤʷ ʧʫʪʷʤʠ: ʣʠʙʦ ʠʟʤʝʥʝʥʠʝʤ (çʚʦʟʤʫʱʝʥʠʝʤè) 

ʩʪʨʫʢʪʫʨʳ ʦʙʲʝʤʥʦʡ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʝʝ ʬʨʘʢ-

ʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ df  (ʵʪʦʪ ʵʬʬʝʢʪ ʪʠʧʠʯʝʥ ʜʣʷ ʧʦʣʠʤʝʨʥʳʭ ʤʠʢʨʦʢʦʤʧʦʟʠʪʦʚ, 

ʪ.ʝ., ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʩ ʥʘʧʦʣʥʠʪʝʣʝʤ ʤʠʢʨʦʥʥʳʭ ʨʘʟʤʝʨʦʚ) [13] ʠʣʠ ʬʦʨ-

ʤʠʨʦʚʘʥʠʝʤ ʧʣʦʪʥʦʫʧʘʢʦʚʘʥʥʳʭ ʤʝʞʬʘʟʥʳʭ ʦʙʣʘʩʪʝʡ ʥʘ ʛʨʘʥʠʮʝ ʧʦʣʠʤʝʨʥʘʷ 

ʤʘʪʨʠʮʘ ï ʥʘʧʦʣʥʠʪʝʣʴ (ʯʪʦ ʪʠʧʠʯʥʦ ʜʣʷ ʧʦʣʠʤʝʨʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ) [6]. ʈʦʣʴ 

ʥʘʧʦʣʥʠʪʝʣʷ (ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ) ʩʚʦʜʠʪʩʷ ʢ ʠʥʠʮʠʠʨʦʚʘʥʠʶ ʠ ʬʠʢʩʘʮʠʠ ʫʢʘʟʘʥ-

ʥʳʭ ʠʟʤʝʥʝʥʠʡ ʤʘʪʨʠʯʥʦʛʦ ʧʦʣʠʤʝʨʘ. ɽʱʝ ʦʜʥʠʤ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʳʤ ʘʩʧʝʢ-

ʪʦʤ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʧʨʝʜʝʣʴʥʦ ʜʦʩʪʠʞʠʤʘʷ ʚʝʣʠʯʠʥʘ ɽʥ/ɽʤ, ʢʦʪʦʨʘʷ ʩʦʛʣʘʩʥʦ 

ʫʨʘʚʥʝʥʠʶ (1.3) ʨʘʚʥʘ 12 ʧʨʠ űʥ =1,0. ʕʪʦ ʟʥʘʯʝʥʠʝ ɽʥ/ɽʤ ʫʞʝ ʧʦʣʫʯʝʥʦ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʦ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʚ ʜʚʫʭ ʩʣʫʯʘʷʭ. ɸʚʪʦʨʳ [14] ʧʦʣʫʯʠʣʠ ʛʠʙʨʠʜʥʳʝ 

ʥʘʥʦʢʦʤʧʦʟʠʪʳ, ʚ ʢʦʪʦʨʳʭ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝʡ ʷʚʣʷʝʪʩʷ ʥʘʥʦʢʦʤʧʦʟʠʪ ʧʦʣʠ-

ʘʤʠʜ-6/ʦʨʛʘʥʦʛʣʠʥʘ, ʘ ʥʘʧʦʣʥʠʪʝʣʝʤ ï ʢʦʨʦʪʢʠʝ ʩʪʝʢʣʷʥʥʳʝ ʠ ʫʛʣʝʨʦʜʥʳʝ ʚʦʣʦʢ-

ʥʘ. ɼʣʷ ʫʢʘʟʘʥʥʳʭ ʛʠʙʨʠʜʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʧʨʝʜʝʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ɽʥ/ɽʤ ʙʣʠʟʢʘ 

ʢ 12. ʇʨʠ ʵʪʦʤ ʜʝʬʦʨʤʘʮʠʷ ʜʦ ʨʘʟʨʫʰʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 1 %, ʪ.ʝ., ʪʘʢʠʝ ʥʘʥʦʢʦʤʧʦ-

ʟʠʪʳ ʷʚʣʷʶʪʩʷ ʧʨʝʜʝʣʴʥʦ ʭʨʫʧʢʠʤʠ. ʕʪʦ ʦʟʥʘʯʘʝʪ ʧʨʝʜʝʣʴʥʫʶ ʩʪʝʧʝʥʴ ʤʦʜʠʬʠ-

ʢʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʤʘʪʨʠʯʥʦʛʦ ʧʦʣʠʤʝʨʘ [6]. ɼʨʫʛʠʤ ʧʨʠʤʝʨʦʤ ʷʚʣʷʶʪʩʷ ʥʘʥʦʢʦʤ-

ʧʦʟʠʪʳ ʧʦʣʠʫʨʝʪʘʥ/ʋʅʊ, ʜʣʷ ʢʦʪʦʨʳʭ ʧʨʝʜʝʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ɽʥ/ɽʤ ʪʘʢ ʞʝ ʙʣʠʟʢʘ ʢ 

12 [15].  

ɽʱʝ ʦʜʥʠʤ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʧʝʨʢʦʣʷʮʠʦʥʥʦʡ ʠ ʬʨʘʢʪʘʣʴ-

ʥʦʡ ʢʦʥʮʝʧʮʠʠ ʷʚʣʷʝʪʩʷ ʧʨʠʟʥʘʥʠʝ ʪʦʛʦ ʬʘʢʪʘ, ʯʪʦ ʤʝʞʬʘʟʥʳʝ ʦʙʣʘʩʪʠ ʩ ʦʪʥʦʩʠ-
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ʪʝʣʴʥʦʡ ʜʦʣʝʡ űʤʬ ʷʚʣʷʶʪʩʷ ʪʘʢʠʤ ʞʝ ʘʨʤʠʨʫʶʱʠʤ ʵʣʝʤʝʥʪʦʤ ʩʪʨʫʢʪʫʨʳ ʥʘʥʦ-

ʢʦʤʧʦʟʠʪʘ, ʢʘʢ ʠ ʩʦʙʩʪʚʝʥʥʦ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʴ [6]. ʉʦʙʩʪʚʝʥʥʦ ʛʦʚʦʨʷ, ʥʘ ʢʘʯʝ-

ʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ ʵʪʦʪ ʬʘʢʪ ʧʨʠʟʥʘʥ ʜʘʚʥʦ. ɸʚʪʦʨʳ [16] ʫʢʘʟʘʣʠ, ʯʪʦ ʩʠʣʴʥʳʝ ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʠʤʝʨ ï ʥʘʧʦʣʥʠʪʝʣʴ ʚ ʵʣʘʩʪʦʤʝʨʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʘʭ ʟʘʤʦʨʘʞʠ-

ʚʘʶʪ ʤʦʣʝʢʫʣʷʨʥʫʶ ʧʦʜʚʠʞʥʦʩʪʴ ʚ ʤʝʞʬʘʟʥʳʭ ʦʙʣʘʩʪʷʭ, ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʷ ʠʭ 

ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʝʣʠʯʠʥʘ űʤʬ ʚʳʨʘʞʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʧʨʦʩʪʳʤ 

ʩʦʦʪʥʦʰʝʥʠʝʤ [16]: 

ʤʬ ʥ=ʮ ʩʮ (1.5) 

ʛʜʝ ʩ ï ʥʝʢʦʪʦʨʘʷ ʢʦʥʩʪʘʥʪʘ. 

ɺ ʨʘʙʦʪʝ [17] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʞʬʘʟʥʳʝ ʦʙʣʘʩʪʠ ʥʝ ʨʘʟʨʫʰʘʶʪʩʷ ʚ 

ʧʨʦʮʝʩʩʝ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʧʦʣʠʤʝʪʠʣʘʢʨʠ-

ʣʘʪ/ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ (ʇʄʄɸ/ʋʅʊ), ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʠʭ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʤʝ-

ʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʲʝʤʥʦʡ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝʡ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʵʪʦʡ ʞʝ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʘ ʬʦʨʤʫʣʘ ʨʘʩʯʝʪʘ ʥʘʧʨʷʞʝʥʠʷ ʨʘʟʨʫ-

ʰʝʥʠʷ ůp, ʚ ʢʦʪʦʨʦʡ ʚʝʣʠʯʠʥʘ ůp ʨʘʩʪʝʪ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʪʦʣʱʠʥʳ ʤʝʞʬʘʟʥʦʛʦ 

ʩʣʦʷ. ɸʚʪʦʨʳ [18] ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʵʧʦʢʩʠʧʦʣʠ-

ʤʝʨ/ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ (ʕʇ/ʋʅʊ) ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʤʝʞʬʘʟʥʳʭ ʦʙʣʘʩʪʝʡ ʚ 

3õ4 ʨʘʟʘ ʚʳʰʝ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʦʙʲʝʤʥʦʡ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ. ʋʢʘʞʝʤ, ʯʪʦ ʚ 

ʨʘʙʦʪʝ [18] ʠʩʧʦʣʴʟʦʚʘʥ ʩʪʝʢʣʦʦʙʨʘʟʥʳʡ ʵʧʦʢʩʠʧʦʣʠʤʝʨ ʩ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤ 

ʤʦʜʫʣʝʤ ʫʧʨʫʛʦʩʪʠ ɽʤ  1,5 ɻʇʘ. 

ɸʚʪʦʨʳ [19] ʩ ʧʦʤʦʱʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʥʘʥʦʩʢʦʧʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢ ʥʘ 

ʧʨʠʤʝʨʝ ʥʘʥʦʢʦʤʧʦʟʠʪʘ ʙʫʪʘʜʠʝʥ-ʩʪʠʨʦʣʴʥʳʡ ʢʘʫʯʫʢ/ʥʘʥʦʰʫʥʛʠʪ ʧʨʦʜʝʤʦʥʩʪʨʠ-

ʨʦʚʘʣʠ, ʯʪʦ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʤʝʞʬʘʟʥʳʭ ʦʙʣʘʩʪʝʡ ʩʦʩʪʘʚʣʷʝʪ ~ 67 % ʦʪ ʤʦʜʫʣʷ 

ʫʧʨʫʛʦʩʪʠ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ ʠ ʙʦʣʝʝ ʯʝʤ ʚ 7 ʨʘʟ ʧʨʝʚʳʰʘʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʦ-

ʢʘʟʘʪʝʣʴ ʤʘʪʨʠʯʥʦʛʦ ʢʘʫʯʫʢʘ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʮʝʥʢʠ [20, 21] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʝʤʧʝ-

ʨʘʪʫʨʘ ʩʪʝʢʣʦʚʘʥʠʷ ʤʝʞʬʘʟʥʳʭ ʦʙʣʘʩʪʝʡ ʜʣʷ ʫʢʘʟʘʥʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʩʦʩʪʘʚ-

ʣʷʝʪ 369 ʂ, ʪ.ʝ., ʷʚʣʷʝʪʩʷ ʪʠʧʠʯʥʦʡ ʜʣʷ ʩʪʝʢʣʦʦʙʨʘʟʥʳʭ ʧʦʣʠʤʝʨʦʚ ʠ ʧʨʝʚʳʰʘʝʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʘʨʘʤʝʪʨ ʜʣʷ ʤʘʪʨʠʯʥʦʛʦ ʢʘʫʯʫʢʘ ʧʨʠʤʝʨʥʦ ʥʘ 150 ʂ. 

ʇʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʫʨʘʚʥʝʥʠʝ (1.3) 
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ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [6]: 

1,7ʥ
ʥ ʤʬ

ʤ

1 11( + ) .
E

ʮ ʮ
E

 (1.6) 

ʆʧʨʝʜʝʣʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʩ ʚ ʫʨʘʚʥʝʥʠʠ (1.5) ʤʦʞʥʦ ʚ ʨʘʤʢʘʭ ʬʨʘʢʪʘʣʥɹʦʡ 

ʤʦʜʝʣʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʞʬʘʟʥʦʛʦ ʩʣʦʷ [22]. ʂʘʢ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦ [6], ʠ ʧʦʣʠ-

ʤʝʨʥʘʷ ʤʘʪʨʠʮʘ, ʠ ʧʦʚʝʨʭʥʦʩʪʴ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ ʷʚʣʷʶʪʩʷ ʬʨʘʢʪʘʣʴʥʳʤʠ ʦʙʲʝʢ-

ʪʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʤʝʞʬʘʟʥʳʡ ʩʣʦʡ ʚ ʧʦʣʠʤʝʨʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠ-

ʪʘʭ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʩʫʱʝʩʪʚʫʝʪ ʝʜʠʥʩʪʚʝʥʥʳʡ 

ʤʘʩʰʪʘʙ l, ʦʧʨʝʜʝʣʷʶʱʠʡ ʛʣʫʙʠʥʫ ʚʟʘʠʤʦʧʨʦʥʠʢʥʦʚʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʦʙʲʝʢʪʦʚ 

[23]. ʇʦʩʢʦʣʴʢʫ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʫɦ ʝʩʪʚʝʥʥʦ 

ʚʳʰʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʘʨʘʤʝʪʨʘ ʜʣʷ ʤʘʪʨʠʯʥʦʛʦ ʠʩʭʦʜʥʦʛʦ ʧʦʣʠʤʝʨʘ, ʪʦ ʫʧʦ-

ʤʷʥʫʪʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʷʚʣʷʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʥʘʧʦʣʥʠʪʝʣʷ ʚ ʧʦʣʠʤʝʨʥʫʶ ʤʘʪ-

ʨʠʮʫ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʫʩʣʦʚʠʝ l = lʤʬ (ʛʜʝ lʤʬ ï ʨʘʟʤʝʨ ʤʝʞʬʘʟʥʦʛʦ ʩʣʦʷ [24]). ʊʘʢʘʷ 

ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʩʣʝʜʫʶʱʝʝ ʫʨʘʚʥʝʥʠʝ [22]: 

2( )

ʯ
ʤʬ

2

d dn
dD

l a
a

, (1.7) 

ʛʜʝ ʘ ʷʚʣʷʝʪʩʷ ʥʠʞʥʠʤ ʤʘʩʰʪʘʙʦʤ ʬʨʘʢʪʘʣʴʥʦʩʪʠ ʦʙʲʝʢʪʘ ʠ ʚ ʩʣʫʯʘʝ ʧʦʣʠʤʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʪʘʢʠʤ ʤʘʩʰʪʘʙʦʤ ʩʯʠʪʘʝʪʩʷ ʜʣʠʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʩʝʛʤʝʥʪʘ ʧʦʣʠ-

ʤʝʨʥʦʡ ʮʝʧʠ lʩʪ [7], Dʯ ï ʨʘʟʤʝʨ ʯʘʩʪʠʮʳ (ʘʛʨʝʛʘʪʘ ʥʘʥʦʯʘʩʪʠʮ) ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ, 

dn ï ʬʨʘʢʪʘʣʴʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ, d ï ʨʘʟʤʝʨʥʦʩʪʴ ʝʚʢʣʠʜʦʚʘ ʧʨʦ-

ʩʪʨʘʥʩʪʚʘ, ʚ ʢʦʪʦʨʦʤ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʬʨʘʢʪʘʣ (ʦʯʝʚʠʜʥʦ, ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ d = 3). 

ɼʘʣʝʝ, ʧʨʝʜʩʪʘʚʣʷʷ ʤʝʞʬʘʟʥʳʡ ʩʣʦʡ ʢʘʢ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʩ ʥʘʨʫʞʥʳʤ ʨʘ-

ʜʠʫʩʦʤ Dʯ+lʤʬ ʠ ʚʥʫʪʨʝʥʥʠʤ Dʯ, ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʚʝʣʠʯʠʥʫ űʤʬ [22]: 

3

ʯ ʤʬ

ʤʬ ʥ

ʯ

2
1

D l
ʮ ʮ

D
. (1.8) 

ʀʟ ʩʨʘʚʥʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʡ (1.5) ʠ (1.8) ʥʝʪʨʫʜʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ c 

ʨʘʚʝʥ ʚʳʨʘʞʝʥʠʶ ʚ ʢʚʘʜʨʘʪʥʳʭ ʩʢʦʙʢʘʭ ʫʨʘʚʥʝʥʠʷ (18). 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʤʦʜʠʬʠʢʘʮʠʠ ʫʨʘʚʥʝʥʠʷ (1.3) ʷʚʣʷʝʪʩʷ ʫʯʝʪ ʨʝʘʣʴʥʦʛʦ 

ʫʨʦʚʥʷ ʤʝʞʬʘʟʥʦʡ ʘʜʛʝʟʠʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʤʠʢʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʨʝʜʧʦʣʘ-
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ʛʘʶʪ ʩʦʚʝʨʰʝʥʥʫʶ (ʧʦ ʂʝʨʥʝʨʫ) ʘʜʛʝʟʠʶ ʧʦʣʠʤʝʨ-ʥʘʧʦʣʥʠʪʝʣʴ, ʯʪʦ ʜʘʣʝʢʦ ʥʝ 

ʚʩʝʛʜʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ. ʂʘʢ ʦʪʤʝʯʘʶʪ ʤʥʦʛʠʝ ʘʚʪʦʨʳ [25-29], 

ʨʦʣʴ ʤʝʞʬʘʟʥʦʡ ʘʜʛʝʟʠʠ ʚ ʧʨʦʮʝʩʩʝ ʫʩʠʣʝʥʠʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʷʚʣʷʝʪʩʷ ʨʝʰʘʶ-

ʱʝʡ. ʆʜʥʘʢʦ, ʚ ʦʙʟʦʨʝ [30] ʙʳʣʦ ʫʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʫʧʦʤʷʥʫʪʦʡ ʚʘʞʥʦʡ ʨʦʣʠ ʤʝʞ-

ʬʘʟʥʦʡ ʘʜʛʝʟʠʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʩʫʪʩʪʚʫʶʪ ʤʝʪʦʜʳ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʝʝ 

ʫʨʦʚʥʷ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʪʘʢʠʝ ʤʝʪʦʜʳ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʷʚʣʷʶʪʩʷ ʥʝʟʘʚʠʩʠʤʳʤʠ [6]. 

ʂʘʢ ʜʘʚʥʦ ʠ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦ [31], ʫʨʦʚʝʥʴ ʤʝʞʬʘʟʥʦʡ ʘʜʛʝʟʠʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ 

ʦʮʝʥʠʚʘʝʪʩʷ ʙʝʟʨʘʟʤʝʨʥʳʤ ʧʘʨʘʤʝʪʨʦʤ b , ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʣʝ-

ʜʫʶʱʝʡ ʬʦʨʤʫʣʳ: 

ʪʩʤ ʩʤ

ʥ ʥ ʙ ʥ ʥ= - ( - )ʙ ʙ b ʙ ʙ. (1.9) 

ʛʜʝ ʥʙ, 
ʩʤ

ʥʙ , ʠ 
ʪ

ʥʙ - ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʥʘʥʦʢʦʤʧʦʟʠʪʘ, ʦʧʨʝʜʝ-

ʣʝʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠ ʨʘʩʩʯʠʪʘʥʥʳʝ ʩʦʛʣʘʩʥʦ ʧʨʦʩʪʦʤʫ ʧʨʘʚʠʣʫ ʩʤʝʩʝʡ ʠ 

ʫʨʘʚʥʝʥʠʶ ʊʝʨʥʝʨʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʘʨʘʤʝʪʨ bŬ ʜʘʝʪ ʯʝʪʢʫʶ ʢʘʯʝʩʪʚʝʥʥʫʶ ʛʨʘʜʘʮʠʶ ʫʨʦʚʥʷ ʤʝʞʬʘʟʥʦʡ ʘʜʛʝ-

ʟʠʠ. ʊʘʢ, ʚʝʣʠʯʠʥʘ bŬ = 0 ʦʟʥʘʯʘʝʪ ʦʪʩʫʪʩʪʚʠʝ ʘʜʛʝʟʠʠ ʧʦʣʠʤʝʨʥʘʷ ʤʘʪʨʠʮʘ ï 

ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʴ (
ʩʤ

ʥ ʥ=ʙ ʙ, ʪ.ʝ., ʢʘʞʜʘʷ ʬʘʟʘ ʥʘʥʦʢʦʤʧʦʟʠʪʘ ʨʘʩʰʠʨʷʝʪʩʷ ʥʝʟʘʚʠ-

ʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ [31]), ʘ ʢʨʠʪʝʨʠʡ bŬ = 1,0 (ʪ.ʝ., ʥʙ = 
ʪ

ʥʙ) ʦʧʨʝʜʝʣʷʝʪ ʩʦʚʝʨh ʝʥ-

ʥʫʶ (ʧʦ ʂʝʨʥʝʨʫ) ʤʝʞʬʘʟʥʫʶ ʘʜʛʝʟʠʶ. ʆʪʤʝʪʠʤ, ʯʪʦ ʜʣʷ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʧʦʣʠ-

ʤʝʨʥʳʭ ʤʠʢʨʦʢʦʤʧʦʟʠʪʦʚ ʚʝʣʠʯʠʥʘ bŬ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ -0,19 ʜʦ 1,39 

[31]. ʆʮʝʥʢʠ ʜʣʷ ʩʣʫʯʘʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʥʠʭ ʚʝʣʠʯʠʥʘ bŬ ʤʦʞʝʪ 

ʜʦʩʪʠʛʘʪʴ 12 ʠ ʙʦʣʝʝ [6]. ʕʪʦʪ ʵʬʬʝʢʪ, ʪ.ʝ., bŬ > 1 ʠʣʠ 
ʪ

ʥ ʥ>ʙ ʙ(ʥʘʧʦʤʥʠʤ, ʯʪʦ ʨʘʩ-

ʯʝʪ ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ ʊʝʨʥʝʨʘ ʜʘʝʪ ʥʠʞʥʝʝ ʧʨʝʜʝʣʴʥʦʝ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ 

Ŭʥ [31]), ʙʳʣ ʥʘʟʚʘʥ ʵʬʬʝʢʪʦʤ ʥʘʥʦʘʜʛʝʟʠʠ [32]. ɸʥʘʣʦʛʠʯʥʳʡ ʵʬʬʝʢʪ ʥʘʙʣʶʜʘʝʪ-

ʩʷ ʘʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [33] ʚ ʩʣʫʯʘʝ ʦʙʨʘʟʮʦʚ ʠʟ ʜʚʫʭ ʧʣʝʥʦʢ ʧʦʣʠʩʪʠʨʦʣʘ ʥʘ ʥʘʥʦ-ʠ 

ʤʠʢʨʦʫʨʦʚʥʷʭ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʘʜʛʝʟʠʦʥʥʘʷ ʧʨʦʯʥʦʩʪʴ ʛʦʨʘʟʜʦ ʚʳʰʝ ʥʘ 

ʥʘʥʦʫʨʦʚʥʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʠʢʨʦʫʨʦʚʥʝʤ. ɺ ʨʘʙʦʪʝ [33] ʥʘʙʣʶʜʘʝʤʳʡ ʵʬʬʝʢʪ 

ʥʘʥʦʘʜʛʝʟʠʠ ʙʳʣ ʦʙʲʷʩʥʝʥ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʟʘʚʝʨʰʝʥʥʦʩʪʴʶ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʞʬʘʟ-

ʥʦʛʦ ʩʣʦʷ ʜʚʫʭ ʧʣʝʥʦʢ ʧʦʣʠʩʪʠʨʦʣʘ ʥʘ ʥʘʥʦʫʨʦʚʥʝ. 
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ɺ ʩʣʫʯʘʝ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʧʨʠʯʠʥʦʡ ʥʘʥʦʘʜʛʝʟʠʠ ʷʚʣʷʝʪʩʷ ʥʝʙʦʣʴʰʘʷ ʧʣʦ-

ʱʘʜʴ ʢʦʥʪʘʢʪʘ ʧʦʣʠʤʝʨʥʘʷ ʤʘʪʨʠʮʘ ï ʧʦʚʝʨʭʥʦʩʪʴ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ ʠ, ʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʦʪʩʫʪʩʪʚʠʝ ʩʫʱʝʩʪʚʝʥʥʳʭ (ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ) ʜʝʬʝʢʪʦʚ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ 

ʨʘʙʦʪʝ [35], ʚʝʣʠʯʠʥʘ ʧʘʨʘʤʝʪʨʘ bŬ ʩʥʠʞʘʝʪʩʷ ʧʦ ʤʝʨʝ ʨʦʩʪʘ ʨʘʟʤʝʨʘ ʥʘʥʦʯʘʩʪʠʮ 

(ʘʛʨʝʛʘʪʘ ʥʘʥʦʯʘʩʪʠʮ) Dʯ ʦʪ 12 ʜʦ 1, ʧʨʠʯʝʤ ʚʝʣʠʯʠʥʘ bŬ = 1 (ʦʪʩʫʪʩʪʚʠʝ ʵʬʬʝʢʪʘ 

ʥʘʥʦʘʜʛʝʟʠʠ ʠʣʠ ʩʦʚʝʨʰʝʥʥʘʷ ʘʜʛʝʟʠʷ) ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ Dʯ å 100 ʥʤ, ʢʦʪʦʨʳʡ ʷʚ-

ʣʷʝʪʩʷ (ʭʦʪʷ ʠ ʜʦʩʪʘʪʦʯʥʦ ʫʩʣʦʚʥʦ) ʚʝʨʭʥʝʡ ʨʘʟʤʝʨʥʦʡ ʛʨʘʥʠʮʝʡ ʠʥʪʝʨʚʘʣʘ ʥʘʥʦ-

ʯʘʩʪʠʮ [36]. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʵʬʬʝʢʪ ʥʘʥʦʘʜʛʝʟʠʠ ʷʚʣʷʝʪʩʷ ʠʩ-

ʪʠʥʥʳʤ (ʨʘʟʤʝʨʥʳʤ) ʥʘʥʦʵʬʬʝʢʪʦʤ. 

ʀʟʣʦʞʝʥʥʳʝ ʚʳʰʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʠ ʪʦʯʥʦ ʫʯʝʩʪʴ ʨʦʣʴ 

ʤʝʞʬʘʟʥʦʡ ʘʜʛʝʟʠʠ ʚ ʧʨʦʮʝʩʩʝ ʫʩʠʣʝʥʠʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ 

[32], ʚʝʣʠʯʠʥʫ űʤʬ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʤʬ ʥ= ʙʮ ʩbʮ, (1.10) 

ʠ ʪʦʛʜʘ ʫʨʘʚʥʝʥʠʝ (1.3) ʧʨʠʦʙʨʝʪʘʝʪ ʦʢʦʥʯʘʪʝʣʴʥʫʶ ʬʦʨʤʫ [6]: 

1,7
ʥ

ʥ

ʤ

1 11 1 ʙ

E
ʮ ʉb

E
. (1.11) 

ɼʣʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʧʦʣʠʤʝʨ/ʋʅʊ ʚʝʣʠʯʠʥʘ bŬ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʚ ʰʠ-

ʨʦʢʠʭ ʧʨʝʜʝʣʘʭ: ʦʪ -0,19 ʜʦ 10,5 [6].  

ɺʘʞʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʘʛʨʝʛʘʮʠʠ ʋʅʊ ʠ ʝʛʦ ʚʣʠʷʥʠʝ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ 

ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʧʦʣʠʤʝʨ/ʋʅʊ ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʤʠ ʘʚʪʦʨʘʤʠ ʨʘʙʦʪ 

ʧʦ ʵʪʦʡ ʪʝʤʘʪʠʢʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʣʝʜʫʝʪ ʫʢʘʟʘʪʴ, ʯʪʦ ʧʨʦʮʝʩʩ ʘʛʨʝʛʘʮʠʠ, ʢʦʪʦʨʳʡ 

ʚʩʝʛʜʘ ʚʳʨʘʞʘʝʪʩʷ ʚ ʫʚʝʣʠʯʝʥʠʠ ʨʘʟʤʝʨʦʚ ʠʩʭʦʜʥʳʭ ʯʘʩʪʠʮ ʥʘʥʦʥʘʧʦʥʠʪʝʣʷ, ʧʨʠ-

ʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʤʝʞʬʘʟʥʦʡ ʘʜʛʝʟʠʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ 

ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʤʝʪʦʜʦʚ ʩʥʠʞʝʥʠʷ ʩʪʝʧʝʥʠ ʘʛʨʝʛʘʮʠʠ ʋʅʊ [18, 37, 38], ʢʦʪʦʨʳʝ, 

ʪʝʤ ʥʝ ʤʝʥʝʝ, ʜʘʶʪ ʦʱʫʪʠʤʳʡ ʵʬʬʝʢʪ ʪʦʣʴʢʦ ʧʨʠ ʤʘʣʳʭ ʩʦʜʝʨʞʘʥʠʷʭ ʫʛʣʝʨʦʜʥʳʭ 

ʥʘʥʦʪʨʫʙʦʢ (ʥʘʥʦʚʦʣʦʢʦʥ), ʪ.ʝ., ʧʨʠ űʥ < 1 ʤʘʩʩ. %. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʮʝʩ-

ʩʳ ʘʛʨʝʛʘʮʠʠ ʷʚʣʷʶʪʩʷ ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʚʩʝʭ ʪʠʧʦʚ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʝʡ, ʯʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʤʘʣʳʤʠ (ʥʘʥʦʤʝʪʨʦʚʳʤʠ) ʨʘʟʤʝʨʘʤʠ ʠʭ ʯʘʩʪʠʮ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʳ-

ʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ Su. ɸʚʪʦʨʳ [39] ʧʦʣʫʯʠʣʠ ʩʣʝʜʫʶʱʫʶ ʟʘʚʠʩʠʤʦʩʪʴ 

ʧʘʨʘʤʝʪʨʘ ʘʛʨʝʛʘʮʠʠ k(ɟ) ʚ ʨʘʤʢʘʭ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʪʝʦʨʠʠ ʧʨʦʯʥʦʩʪʠ [40] ʦʪ ʚʝʣʠ-
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ʯʠʥʳ Su: 

3( ) 7,5 10 uk S , (1.12) 

ʛʜʝ Su ʜʘʝʪʩʷ ʚ ʤ
2
/ʛ. 

ɽʱʝ ʦʜʥʠʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʫʨʦʚʝʥʴ ʤʝʞʬʘʟʥʦʡ ʘʜʛʝʟʠʠ, ʷʚʣʷʝʪʩʷ 

ʪʠʧ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʦʣʠʤʝʨʥʘʷ ʤʘʪʨʠʮʘ ï ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʴ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ 

[41], ʯʪʦ ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʘʶʪ ʦʯʝʥʴ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʤʝʞʬʘʟ-

ʥʦʡ ʘʜʛʝʟʠʠ (ʚʧʣʦʪʴ ʜʦ ʥʫʣʝʚʦʛʦ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʠʣʴʥʳʤʠ ʢʦʚʘʣʝʥʪʥʳʤʠ ʩʚʷʟʷ-

ʤʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʫʯʠʪʳʚʘʷ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʫʨʦʚʝʥʴ ʤʝʞ-

ʬʘʟʥʦʡ ʘʜʛʝʟʠʠ, ʵʪʦ ʫʪʚʝʨʞʜʝʥʠʝ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʨʦʚʝʨʢʠ. 

ɽʱʝ ʙʦʣʴʰʝʝ ʩʦʤʥʝʥʠʝ ʚʳʟʳʚʘʝʪ ʧʦʩʪʫʣʘʪ, ʚʳʜʚʠʥʫʪʳʡ ʚ ʨʘʙʦʪʝ [41] ʦʪʥʦ-

ʩʠʪʝʣʴʥʦ ʧʨʠʤʝʥʝʥʠʷ ʦʜʥʦ- ʠ ʤʥʦʛʦʩʣʦʡʥʳʭ ʋʅʊ ʜʣʷ ʫʩʠʣʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ 

ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʨʝʘʣʴʥʦʝ ʫʩʠʣʝʥʠʝ ʧʦʣʠʤʝʨʘ ʜʦʩʪʠʛʘʝʪʩʷ 

ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʚʥʝʰʥʝʛʦ ʩʣʦʷ ʤʥʦʛʦʩʣʦʡʥʦʡ ʥʘʥʦʪʨʫʙʢʠ, ʝʩʣʠ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʴ 

ʭʦʨʦʰʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝʡ. ʊʝʤ ʩʘʤʳʤ ʵʬʬʝʢʪ ʫʩʠʣʝʥʠʷ ʟʘ 

ʩʯʝʪ ʚʚʝʜʝʥʠʷ ʚ ʧʦʣʠʤʝʨ ʤʥʦʛʦʩʣʦʡʥʳʭ ʋʅʊ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʚ N ʨʘʟ ʥʠʞʝ, ʯʝʤ ʚ 

ʩʣʫʯʘʝ ʦʜʥʦʩʣʦʡʥʳʭ ʋʅʊ, ʛʜʝ N ï ʯʠʩʣʦ ʩʣʦʝʚ ʚ ʤʥʦʛʦʩʣʦʡʥʦʡ ʥʘʥʦʪʨʫʙʢʝ [41]. 

ʆʜʥʘʢʦ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ [42], ʩʢʦʣʴʢʦ-ʥʠʙʫʜʴ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʨʘʟ-

ʣʠʯʠʷ (ʪʝʤ ʙʦʣʝʝ ʚ N ʨʘʟ) ʚ ʫʩʠʣʝʥʠʠ ʧʦʣʠʤʝʨʦʚ ʦʜʥʦ- ʠ ʤʥʦʛʦʩʣʦʡʥʳʤʠ ʋʅʊ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ. ʆʪʤʝʪʠʤ, ʯʪʦ ʩʜʝʣʘʥʥʦʝ ʚ ʨʘʙʦʪʝ [41] ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ 

ʢʦʨʨʝʢʪʥʳʤ ʚ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʤʠʢʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʥʦ ʥʝ ʠʤʝʝʪ 

ʩʤʳʩʣʘ ʚ ʨʘʤʢʘʭ ʧʝʨʢʦʣʷʮʠʦʥʥʦʡ ʠʣʠ ʬʨʘʢʪʘʣʴʥʦʡ ʢʦʥʮʝʧʮʠʡ, ʛʜʝ ʫʩʠʣʝʥʠʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʠʜʦʠʟʤʝʥʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ, ʢʦʪʦʨʦʝ ʨʝʘʣʠʟʫ-

ʝʪʩʷ ʟʘ ʩʯʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʘʪʨʠʯʥʦʛʦ ʧʦʣʠʤʝʨʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʋʅʊ. 

ɽʱʝ ʦʜʥʠʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʦʩʪʫʣʘʪʦʤ ʨʘʙʦʪʳ [41] ʷʚʣʷʝʪʩʷ ʧʨʝʜʧʦʣʦʞʝ-

ʥʠʝ, ʯʪʦ ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝʡ ʠ ʋʅʊ 

ʧʦʟʚʦʣʷʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʩʚʦʙʦʜʥʦ ʧʝʨʝʤʝʱʘʪʴʩʷ ʥʘʥʦʪʨʫʙʢʘʤ ʚ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪ-

ʨʠʮʝ ʠ ʥʝ ʤʦʛʫʪ ʧʝʨʝʜʘʚʘʪʴ ʥʘʛʨʫʟʢʫ ʧʦ ʤʝʞʬʘʟʥʦʡ ʛʨʘʥʠʮʝ ʧʦʣʠʤʝʨʥʘʷ ʤʘʪʨʠʮʘ 

ï ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʴ. ɸʚʪʦʨʳ [6] ʧʦʣʫʯʠʣʠ ʚʝʣʠʯʠʥʫ bŬ = 12 ʜʣʷ ʜʠʩʧʝʨʩʥʦ-

ʥʘʧʦʣʥʝʥʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʬʝʥʠʣʦʥ/ʘʵʨʦʩʠʣ ʙʝʟ ʨʝʘʣʠʟʘʮʠʠ ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷ-

ʟʝʡ ʧʦʣʠʤʝʨ ï ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʴ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʙʳʣʦ ʧʦʢʘʟʘʥʦ [43], ʯʪʦ ʢʦʚʘʣʝʥʪ-
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ʥʘʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʋʅʊ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʣʘʥʘ ʜʘʝʪ ʠʭ ʭʦʨʦʰʫʶ ʜʠʩʧʝʨ-

ʩʠʶ ʚ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝ, ʥʦ ʥʝ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʤʝʭʘʥʠʯʝ-

ʩʢʠʝ ʩʚʦʡʩʪʚʘ. ɿʜʝʩʴ ʤʳ ʚʥʦʚʴ ʩʪʘʣʢʠʚʘʝʤʩʷ ʩ ʨʘʟʥʦʡ ʪʨʘʢʪʦʚʢʦʡ ʨʦʣʠ ʤʝʞʬʘʟʥʦʡ 

ʘʜʛʝʟʠʠ ʚ ʧʦʣʠʤʝʨʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʘʭ ï ʝʩʣʠ ʚ ʤʠʢʨʦʢʦʤʧʦʟʠʪʥʳʭ ʤʦʜʝʣʷʭ ʨʦʣʴ 

ʤʝʞʬʘʟʥʦʡ ʘʜʛʝʟʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʝʨʝʜʘʯʝ ʥʘʧʨʞ̫ʝʥʠʷ ʥʘ ʤʝʞʬʘʟʥʦʡ ʛʨʘʥʠʮʝ 

ʧʦʣʠʤʝʨʥʘʷ ʤʘʪʨʠʮʘ ï ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʴ, ʪʦ ʧʝʨʢʦʣʷʮʠʦʥʥʘʷ ʢʦʥʮʝʧʮʠʷ ʧʨʝʜʧʦʣʘ-

ʛʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʦʣʠ ʤʝʞʬʘʟʥʳʭ ʦʙʣʘʩʪʝʡ, ʪ.ʝ. ʘʨʤʠʨʫʶʱʝʛʦ 

ʵʣʝʤʝʥʪʘ, ʧʦ ʤʝʨʝ ʨʦʩʪʘ ʫʨʦʚʥʷ ʤʝʞʬʘʟʥʦʡ ʘʜʛʝʟʠʠ (ʩʤ. ʫʨʘʚʥʝʥʠʝ (1.11)).  

ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʠʟʥʘʥʥʫʶ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʤʠʢʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ [3], 

ʨʘʟʨʘʙʦʪʢʘ ʠʭ ʨʘʟʣʠʯʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʧʨʦʜʦʣʞʘʝʪʩʷ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ [44, 

45]. ɸʚʪʦʨʳ [45] ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʤʦʜʫʣʷ ʫʧʨʫ-

ʛʦʩʪʠ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʧʦʣʠʤʝʨ/ʜʠʩʢʨʝʪʥʳʝ ʋʅʊ. ʀʩʭʦʜʥʘʷ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ 

ʵʪʦʡ ʤʦʜʝʣʠ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1.4. ʉʨʘʚʥʝʥʠʝ ʵʪʦʡ ʩʭʝʤʳ ʩ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷʤʠ 

ʨʝʘʣʴʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʧʦʣʠʤʝʨ/ʋʅʊ (ʨʠʩ. 1.2 ʙ) ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʠʭ ʜʦʚʦʣʴʥʦ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʢʘʯʝʩʪʚʝʥʥʦʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ, ʯʪʦ ʚʦʦʙʱʝ ʪʠʧʠʯʥʦ ʜʣʷ ʧʦʜʦʙʥʳʭ 

ʤʦʜʝʣʝʡ. 

 

ʈʠʩ. 1.4. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʤʦʜʝʣʠ, ʠʩʧʦʣʴʟʫʶʱʝʡ ʤʝʪʦʜ  

ʛʦʤʦʛʝʥʠʟʘʮʠʠ 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ [46] ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʨʷʜ ʠʥʪʝʨʝʩʥʳʭ ʚʳʚʦʜʦʚ. ɺʦ-

ʧʝʨʚʳʭ, ʦʯʝʨʝʜʥʦʡ ʨʘʟ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʠʢʨʦʢʦʤʧʦʟʠʪʥʳʝ ʤʦʜʝʣʠ (ʥʘʧʨʠʤʝʨ, ʧʨʘ-

ʚʠʣʦ ʩʤʝʩʝʡ ʠʣʠ ʪʝʦʨʠʷ ʍʘʣʴʧʠʥʘ ï ʎʘʷ) ʥʝ ʦʧʠʩʳʚʘʶʪ ʢʦʨʨʝʢʪʥʦ ʩʪʝʧʝʥʴ ʫʩʠʣʝ-

ʥʠʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʧʦʣʠʤʝʨ/ʋʅʊ. ɺʦ-ʚʪʦʨʳʭ, ʠʟ ʩʨʘʚʥʝʥʠʷ ʛʨʘʬʠʢʦʚ ʨʠʩ. 1 ʠ 4 
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ʫʢʘʟʘʥʥʦʡ ʨʘʙʦʪʳ ʦʜʥʦʟʥʘʯʥʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʩʪʝʧʝʥʴ ʫʩʠʣʝʥʠʷ ʪʝʤ ʚʳʰʝ, ʯʝʤ 

ʙʦʣʴʰʝ ʧʨʠʨʘʱʝʥʠʝ ʩʪʝʧʝʥʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ, ʚʳʟʚʘʥʥʦʝ ʚʚʝʜʝʥʠʝʤ ʋʅʊ. ʋʢʘ-

ʟʘʥʥʦʝ ʧʨʠʨʘʱʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʤʘʪʨʠʯʥʦʛʦ ʧʦʣʠʤʝʨʘ ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʋʅʊ. ʕʪʠ ʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʝ ʦʙʣʘʩʪʠ ʷʚʣʷʶʪʩʷ ʤʝʞʬʘʟʥʳʤʠ ʩʣʦʷʤʠ 

ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʬʦʨʤʠʨʫʶʪʩʷ ʥʘ ʤʝʞʬʘʟʥʦʡ ʛʨʘʥʠʮʝ ʠ ʩʪʨʫʢʪʫʨ-

ʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʦʙʲʝʤʥʦʡ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʥʘʥʦʢʦʤʧʦʟʠʪʘ. ʀʥʘʯʝ ʛʦʚʦʨʷ, 

ʩʪʝʧʝʥʴ ʫʩʠʣʝʥʠʷ ʪʝʤ ʚʳʰʝ, ʯʝʤ ʙʦʣʴʰʝ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʜʦʣʷ ʤʝʞʬʘʟʥʳʭ ʦʙʣʘ-

ʩʪʝʡ, ʯʪʦ ʠ ʧʨʝʜʩʢʘʟʳʚʘʝʪ ʧʝʨʢʦʣʷʮʠʦʥʥʘʷ ʤʦʜʝʣʴ (ʩʤ. ʫʨʘʚʥʝʥʠʝ (1.6)). ɺ-

ʪʨʝʪʴʠʭ, ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ  ʫʩʠʣʝʥʠʷ ʦʪ ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʋʅʊ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʫ ʣʠʥʝʡʥʫʶ ʢʦʨʨʝʣʷʮʠʶ ʜʣʷ ʜʚʫʭ- ʠ ʤʥʦʛʦʩʣʦʡʥʳʭ ʋʅʊ, 

ʘ ʩʪʝʧʝʥʴ ʫʩʠʣʝʥʠʷ ʦʜʥʦʩʣʦʡʥʳʤʠ ʋʅʊ ʜʘʞʝ ʥʠʞʝ, ʯʝʤ ʜʣʷ ʜʚʫʭ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ 

ʪʠʧʦʚ ʥʘʥʦʪʨʫʙʦʢ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʜʥʦʩʣʦʡʥʳʭ 

ʋʅʊ, ʘ ʠʭ ʩʪʝʧʝʥʴʶ ʘʛʨʝʛʘʮʠʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʝʜʧʦʣʘʛʘʝʤʘʷ ʚ ʨʘʙʦʪʝ [41] ʟʘ-

ʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʫʩʠʣʝʥʠʷ ʦʪ ʯʠʩʣʘ ʩʣʦʝʚ ʋʅʊ ʥʝ ʠʤʝʝʪ ʤʝʩʪʘ. ɺ-ʯʝʪʚʝʨʪʳʭ, 

ʜʘʥʥʳʝ ʜʣʷ ʥʝʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʋʅʊ ʚʥʦʚʴ ʦʧʠʩʳʚʘʶʪʩʷ ʦʜʥʦʡ ʣʠʥʝʡʥʦʡ 

ʢʦʨʨʝʣʷʮʠʝʡ ʩʪʝʧʝʥʴ ʫʩʠʣʝʥʠʷ ï çʦʙʱʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʋʅʊè. ʀʥʘʯʝ ʛʦ-

ʚʦʨʷ, ʨʦʣʴ ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ ʥʘ ʤʝʞʬʘʟʥʦʡ ʛʨʘʥʠʮʝ ʧʦʣʠʤʝʨʥʘʷ ʤʘʪʨʠʮʘ ï ʋʅʊ 

ʩʠʣʴʥʦ ʧʨʝʫʚʝʣʠʯʝʥʘ. 

1.2. ɺʟʘʠʤʦʩʚʷʟʴ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ 

ʥʘʧʦʣʥʝʥʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʘʭ 

ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʫʶ ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ 

(ʋʅʊ), ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʧʦʣʠʤʝʨ/ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ 

ʠʟʫʯʝʥʳ ʥʝ ʧʦʣʥʦʩʪʴʶ. ʈʘʩʩʤʦʪʨʠʤ ʚʘʞʥʳʡ ʬʘʢʪʦʨ, ʚʣʠʷʶʱʠʡ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʧʦʣʠʤʝʨʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ, ʦ ʢʦʪʦʨʦʤ ʣʠʙʦ ʥʝ ʫʧʦʤʠʥʘʝʪʩʷ ʚʦʦʙʱʝ, 

ʣʠʙʦ ʫʧʦʤʠʥʘʝʪʩʷ ʚʩʢʦʣʴʟʴ. ʕʪʠʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʶʪʩʷ ʤʦʣʝʢʫʣʷʨʥʳʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʤʘʪʨʠʯʥʦʛʦ ʧʦʣʠʤʝʨʘ ʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʩʥʦʚʥʦʝ ʩʚʦʡʩʪʚʦ ʧʦʣʠʤʝʨʥʦʡ 

ʮʝʧʠ ï ʝʝ ʞʝʩʪʢʦʩʪʴ [6]. ɼʣʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʧʦʣʠʤʝʨ/ʦʨʛʘʥʦʛʣʠʥʘ ʙʳʣʦ ʧʦʢʘʟʘ-

ʥʦ, ʯʪʦ ʪʠʧ ʧʦʣʠʤʝʨʘ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʧʦʣʫʯʝʥ ʥʘʥʦʢʦʤʧʦʟʠʪ, ʩʠʣʴʥʦ ʚʣʠʷʝʪ 

ʥʘ ʝʛʦ ʩʪʝʧʝʥʴ ʫʩʠʣʝʥʠʷ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʚʝʣʠʯʠʥʳ ɽʥ/ɽʤ ʜʘʶʪ ʪʘʢʠʝ ʤʘʪʨʠʯ-
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ʥʳʝ ʧʦʣʠʤʝʨʳ, ʮʝʧʠ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʨʘʩʪʷʛʠʚʘʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮʳ ʦʨʛʘ-

ʥʦʛʣʠʥʳ (ʪʝʨʤʦʪʨʦʧʥʦʛʦ ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʣʠʵʬʠʨʘ, ʩʧʦʩʦʙʥʦʛʦ ʢʨʠ-

ʩʪʘʣʣʠʟʦʚʘʪʴʩʷ ʧʦʣʠʧʨʦʧʠʣʝʥʘ ʠ ʞʝʩʪʢʦʮʝʧʥʳʭ ʧʦʣʠʤʝʨʦʚ, ʥʘʧʨʠʤʝʨ, ʧʦʣʠʠʤʠ-

ʜʦʚ); ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʣʫʯʝʥʳ ʜʣʷ ʪʘʢʠʭ ʧʦʣʠʤʝʨʦʚ, ʮʝʧʠ ʢʦʪʦʨʳʭ 

ʪʦʣʴʢʦ ʯʘʩʪʠʯʥʦ ʨʘʩʪʷʛʠʚʘʶʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ (ʘʤʦʨʬʥʦʛʦ ʧʦ-

ʣʠʘʤʠʜʘ-6, ʧʦʣʠʢʘʨʙʦʥʘʪʘ, ʧʦʣʠʙʫʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪʘ); ʥʘʠʤʝʥʴʰʠʝ ï ʜʣʷ ʧʦʣʠ-

ʤʝʨʥʳʭ ʤʘʪʨʠʮ ʥʘ ʦʩʥʦʚʝ ʵʧʦʢʩʠʜʦʚ, ʨʘʩʪʷʞʝʥʠʝ ʮʝʧʝʡ ʢʦʪʦʨʳʭ ʩʠʣʴʥʦ ʦʛʨʘʥʠ-

ʯʝʥʦ ʢʘʨʢʘʩʦʤ ʧʦʧʝʨʝʯʥʳʭ ʢʦʚʘʣʝʥʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ [6]. ʇʨʠʚʝʜʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʠʣʝʥʠʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʥʝ 

ʩʘʤʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ ʬʦʨʤʳ ʯʘʩʪʠʮ (ʘʛʨʝʛʘʪʦʚ ʯʘʩʪʠʮ) ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ, ʘ ʩʧʦ-

ʩʦʙʥʦʩʪʴʶ ʮʝʧʝʡ ʤʘʪʨʠʯʥʦʛʦ ʧʦʣʠʤʝʨʘ ʚʦʩʧʨʦʠʟʚʝʩʪʠ (ʦʪʨʘʟʠʪʴ) ʫʢʘʟʘʥʥʫʶ ʘʥʠ-

ʟʦʪʨʦʧʠʶ [47]. ʕʪʫ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ ʤʘʪʨʠʮʳ (ʠʣʠ, ʙʦʣʝʝ ʪʦʯʥʦ, ʝʝ 

ʤʝʞʬʘʟʥʳʭ ʩʣʦʝʚ) ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʘʥʠʟʦʪʨʦʧʠʶ ʬʦʨʤʳ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ ʢʦʣʠʯʝ-

ʩʪʚʝʥʥʦ ʚʳʨʘʞʘʝʪʩʷ ʜʣʠʥʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʩʝʛʤʝʥʪʘ (çʫʯʘʩʪʢʘ ʞʝʩʪʢʦʩʪʠè ʧʦ-

ʣʠʤʝʨʥʦʡ ʮʝʧʠ) lʩʪ ʩʦʛʣʘʩʥʦ ʩʣʝʜʫʶʱʝʡ ʪʝʥʜʝʥʮʠʠ: ʯʝʤ ʚʳʰʝ lʩʪ, ʪʝʤ ʙʦʣʴʰʝ 

ɽʥ/ɽʤ. ɿʥʘʯʝʥʠʝ lʩʪ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ [48]: 

lcʪ= ʉl0. (1.13) 

ɺ ʵʪʦʤ ʫʨʘʚʥʝʥʠʠ ʉ  ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʤ ʦʪʥʦʰʝʥʠʝʤ, ʢʦʪʦʨʦʝ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʛʠʙʢʦʩʪʴ ʮʝʧʠ, ʘ l0 ï ʜʣʠʥʘ ʩʢʝʣʝʪʥʦʡ ʩʚʷʟʠ ʦʩʥʦʚ-

ʥʦʡ ʮʝʧʠ [49]. 

ʅʘʧʦʤʥʠʤ, ʯʪʦ ʉ  ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, lcʪ ʷʚʣʷʶʪʩʷ ʧʦʢʘʟʘʪʝʣʝʤ ʩʪʘʪʠʩʪʠʯʝ-

ʩʢʦʡ ʛʠʙʢʦʩʪʠ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ [49]. ɺ ʨʘʙʦʪʝ [47] ʧʦʣʫʯʝʥʘ ʩʣʝʜʫʶʱʘʷ ʟʘʚʠʩʠ-

ʤʦʩʪʴ ʩʪʝʧʝʥʠ ʫʩʠʣʝʥʠʷ Eʥ/ɽʤ ʦʪ ʜʣʠʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʩʝʛʤʝʥʪʘ lʩʪ ʜʣʷ ʥʘʥʦ-

ʢʦʤʧʦʟʠʪʦʚ ʧʦʣʠʤʝʨ/ʦʨʛʘʥʦʛʣʠʥʘ: 

1
2ʥ
ʥ ʩʪ

ʤ

1 0,32
E

W l
E

, (1.14) 

ʛʜʝ Wʥ ï ʤʘʩʩʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʦʛʣʠʥʳ. ɺʝʣʠʯʠʥʘ Wʥ  ʜʘʝʪʩʷ ʚ ʤʘʩʩ. %, lʩʪï ʚ 

ʥʤ. 

ʆʯʝʚʠʜʥʦ, ʜʣʷ ʜʠʩʧʝʨʩʥʦʛʦ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ ʫʨʘʚʥʝʥʠʝ (1.14) ʜʦʣʞʥʦ ʙʳʪʴ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʦ ʚʢʣʶʯʝʥʠʝʤ ʚ ʥʝʛʦ ʜʠʘʤʝʪʨʘ ʥʘʥʦʯʘʩʪʠʮ Dʯ (ʜʣʷ ʦʨʛʘʥʦʛʣʠʥʳ 
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ʨʘʟʤʝʨʳ ʝʝ ʧʣʘʩʪʠʥ ʬʠʢʩʠʨʦʚʘʥʳ). ʋʢʘʟʘʥʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʜʘʝʪ ʩʣʝʜʫʶʱʝʝ 

ʫʨʘʚʥʝʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ ʦʧʨʝʜʝʣʠʪʴ ʩʪʝʧʝʥʴ ʫʩʠʣʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠ-

ʪʦʚ, ʥʘʧʦʣʥʝʥʥʳʭ ʜʠʩʧʝʨʩʥʳʤʠ ʥʘʥʦʯʘʩʪʠʮʘʤʠ [50]: 

1
2

ʯ

ʥ ʥ ʩʪ
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0,19
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E W l

E D
, (1.15) 

ʚ ʢʦʪʦʨʦʤ Dʯ ʜʘʝʪʩʷ ʚ ʥʤ. 

ʆʯʝʚʠʜʥʦ, ʘʥʘʣʦʛʠʯʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ ʠ ʚ ʩʣʫʯʘʝ ʥʘʥʦʢʦʤ-

ʧʦʟʠʪʦʚ ʧʦʣʠʤʝʨ/ʋʅʊ. 

ʋʢʘʟʘʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʫʩʠʣʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʦʪ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʧʦʟʚʦʣʷʝʪ ʜʘʪʴ ʢʦʣʠʯʝʩʪʚʝʥ-

ʥʦʝ ʦʙʲʷʩʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʦʛʦ ʵʬʬʝʢʪʘ: ʩʪʝʧʝʥʴ ʫʩʠʣʝʥʠʷ ʥʘʥʦ-

ʢʦʤʧʦʟʠʪʦʚ ʩ ʢʘʫʯʫʢʦʧʦʜʦʙʥʦʡ ʤʘʪʨʠʮʝʡ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʜʣʷ 

ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʩʦ ʩʪʝʢʣʦʦʙʨʘʟʥʦʡ ʤʘʪʨʠʮʝʡ ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ [51]. ɺ 

ʨʘʙʦʪʝ [52] ʧʦʣʫʯʝʥʦ ʩʣʝʜʫʶʱʝʝ ʵʤʧʠʨʠʯʝʩʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ: 

1
2
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, (1.16) 

ʛʜʝ ʊʩ ï ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʝʢʣʦʚʘʥʠʷ, S ï ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʤʘʢʨʦʤʦʣʝ-

ʢʫʣʳ. ɺʝʣʠʯʠʥʘ ʊʩ ʜʘʝʪʩʷ ʚ ʂ, S ï ʚ ¡
2
. 

ʇʨʠ ʪʠʧʠʯʥʳʭ ʜʣʷ ʢʘʫʯʫʢʘ ʠ ʩʪʝʢʣʦʦʙʨʘʟʥʦʛʦ ʧʦʣʠʤʝʨʘ ʟʥʘʯʝʥʠʷʭ Tc = 215 

ʠ 393 ʂ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [53] ʠ S = 30 ¡
2 
[54] ʧʦʣʫʯʠʤ ʉ  = 10,84 ʠ 3,25, ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ. ɼʘʣʝʝ ʨʘʩʯʝʪ ʧʦ ʫʨʘʚʥʝʥʠʶ (1.13) ʜʘʝʪ ʟʥʘʯʝʥʠʷ lʩʪ = 1,67 ʥʤ ʜʣʷ ʢʘʫʯʫʢʘ 

ʠ 0,50 ʥʤ ï ʜʣʷ ʩʪʝʢʣʦʦʙʨʘʟʥʦʛʦ ʧʦʣʠʤʝʨʘ (ʧʨʠ l0 = 0,154 ʥʤ [55]). ʀ ʥʘʢʦʥʝʮ, 

ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʫʩʠʣʝʥʠʷ Eʥ/ɽʤ ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ (1.15) ʧʨʠ Wʥ = const = 15 

ʤʘʩʩ. % ʠ Dʯ= const = 30 ʥʤ ʜʘʝʪ ʟʥʘʯʝʥʠʷ 1,87 ʜʣʷ ʥʘʥʦʢʦʤʧʦʟʠʪʘ ʩ ʢʘʫʯʫʢʦʦʙ-

ʨʘʟʥʦʡ ʤʘʪʨʠʮʝʡ ʠ 1,26 ï ʩʦ ʩʪʝʢʣʦʦʙʨʘʟʥʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʤʦ-

ʜʝʣʴ ʘʜʝʢʚʘʪʥʦ ʦʙʲʷʩʥʷʝʪ ʨʘʟʣʠʯʠʝ ʩʪʝʧʝʥʠ ʫʩʠʣʝʥʠʷ ʜʣʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʩ ʢʘʫ-

ʯʫʢʦʧʦʜʦʙʥʦʡ ʠ ʩʪʝʢʣʦʦʙʨʘʟʥʦʡ ʤʘʪʨʠʮʘʤʠ (ʠʣʠ, ʩʦʛʣʘʩʥʦ ʦʧʨʝʜʝʣʝʥʠʶ [2], ʤʷʛ-

ʢʦʡ ʠ ʞʝʩʪʢʦʡ ʤʘʪʨʠʮʘʤʠ). ʆʪʤʝʪʠʤ, ʯʪʦ ʜʣʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʧʦʣʠ-

ʤʝʨ/ʦʨʛʘʥʦʛʣʠʥʘ ʩ ʘʥʠʟʦʪʨʦʧʥʳʤ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʝʤ ʨʘʟʣʠʯʠʝ Eʥ/ɽʤ ʙʫʜʝʪ ʝʱʝ 
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ʙʦʣʴʰʝ ï 3,07 ʠ 1,62, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɸʚʪʦʨʳ [56-59] ʚʳʧʦʣʥʠʣʠ ʘʥʘʣʠʟ ʩʰʠʚʘʥʠʷ ʵʧʦʢʩʠʧʦʣʠʤʝʨʦʚ ʚ ʧʨʠʩʫʪ-

ʩʪʚʠʠ ʋʅʊ. ɺʳʷʩʥʝʥʦ, ʯʪʦ ʋʅʊ ʤʦʛʫʪ ʢʘʢ ʫʩʢʦʨʷʪʴ ʨʝʘʢʮʠʶ ʩʰʠʚʘʥʠʷ (ʪ.ʝ., ʜʘ-

ʚʘʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ), ʪʘʢ ʠ ʟʘʤʝʜʣʷʪʴ ʝʝ. ʍʘʨʘʢʪʝʨʥʦ, ʯʪʦ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ 

ʬɻʬʝʢʪʠʚʥʦʩʪʴ ʋʅʊ ʢʘʢ ʢʘʪʘʣʠʟʘʪʦʨʘ ʩʥʠʞʘʝʪʩʷ ʧʦ ʤʝʨʝ ʨʦʩʪʘ ʠʭ ʩʦʜʝʨʞʘʥʠʷ 

ʘʥʘʣʦʛʠʯʥʦ ʩʪʝʧʝʥʠ ʫʩʠʣʝʥʠʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʵʧʦʢʩʠʧʦʣʠʤʝʨ/ʋʅʊ ʚʩʣʝʜʩʪʚʠʝ 

ʘʛʨʝʛʘʮʠʠ ʥʘʥʦʪʨʫʙʦʢ. ʊʘʢʘʷ ʘʥʘʣʦʛʠʷ ʧʦʜʪʚʝʨʞʜʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʧʦʣʠʤʝʨ/ʋʅʊ ʥʝ ʦʪ ʩʦʙʩʪʚʝʥʥʦ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ, ʘ ʦʪ 

ʩʦʩʪʦʷʥʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʠʤ ʩʪʨʫʢʪʫʨʳ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ. ɸʚʪʦʨʳ [58] 

ʥʘʟʚʘʣʠ ʵʪʦʪ ʵʬʬʝʢʪ çʧʩʝʚʜʦʫʩʠʣʝʥʠʝʤè, ʭʦʪʷ ʠʤʝʥʥʦ ʦʥ ʠ ʷʚʣʷʝʪʩʷ ʠʩʪʠʥʥʳʤ 

ʵʬʬʝʢʪʦʤ ʫʩʠʣʝʥʠʷ ʚ ʨʘʤʢʘʭ ʧʝʨʢʦʣʷʮʠʦʥʥʦʡ ʠ ʬʨʘʢʪʘʣʥɹʦʡ ʢʦʥʮʝʧʮʠʡ. ʋʢʘʞʝʤ, 

ʯʪʦ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʋʅʊ ʠ ʠʭ ʩʚʦʡʩʪʚʘ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʳ ʚ ʨʘʙʦʪʝ [60]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʟʛʣʷʜʳ ʥʘ ʩʪʨʫʢʪʫʨʫ ʧʦʣʠʤʝʨʦʚ ʧʦʜʚʝʨʛʘʶʪʩʷ ʢʘʨʜʠ-

ʥʘʣʴʥʦʤʫ ʧʝʨʝʩʤʦʪʨʫ ʙʣʘʛʦʜʘʨʷ ʙʫʨʥʦʤʫ ʨʘʟʚʠʪʠʶ ʩʠʥʝʨʛʝʪʠʢʠ ʠ ʬʨʘʢʪʘʣʴʥʦʛʦ 

ʘʥʘʣʠʟʘ. ʂʘʢ ʦʪʨʘʩʣʴ ʥʘʫʢʠ, ʩʠʥʝʨʛʝʪʠʢʘ ʠʟʫʯʘʝʪ ʟʘʢʦʥʳ ʦʨʛʘʥʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʚ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ [61]. ʇʨʠʤʝʥʝʥʠʝ ʟʘ-

ʢʦʥʦʚ ʩʠʥʝʨʛʝʪʠʢʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʨʝʘʣʴʥʳʭ ʪʚʝʨʜʳʭ ʪʝʣ ʪʨʝʙʫʝʪ ʫʪʦʯ-

ʥʝʥʠʷ ʪʨʝʭ ʚʘʞʥʳʭ ʘʩʧʝʢʪʦʚ. ɺʦ-ʧʝʨʚʳʭ, ʪʦʣʴʢʦ ʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʥʝʨʘʚʥʦʚʝʩ-

ʥʳʭ ʪʝʣʘʭ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʦʮʝʩʩ ʠʭ ʘʜʘʧʪʘʮʠʠ ʢ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʟʘ ʩʯʝʪ 

ʩʪʨʫʢʪʫʨʥʦʡ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʪʚʝʨʜʦʬʘʟʥʳʝ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘ-

ʣʳ ï ʵʪʦ ʥʝʨʘʚʥʦʚʝʩʥʳʝ ʩʪʨʫʢʪʫʨʳ. ɺʦ-ʚʪʦʨʳʭ, ʫʢʘʟʘʥʥʳʝ ʜʠʩʩʠʧʘʪʠʚʥʳʝ ʠʣʠ ʩʘ-

ʤʦʦʨʛʘʥʠʟʫʶʱʠʝ ʩʪʨʫʢʪʫʨʳ ʨʝʘʛʠʨʫʶʪ ʥʘ ʣʶʙʳʝ ʚʘʨʠʘʮʠʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʪ.ʝ. 

ʷʚʣʷʶʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠʤʠ. ɺ-ʪʨʝʪʴʠʭ, ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʦʤ ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ 

ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʩʪʨʫʢʪʫʨ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʩʪʨʫʢʪʫʨʥʳʭ 

ʫʨʦʚʥʝʡ ʠʣʠ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʠʝʨʘʨʭʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʤʘʩʰʪʘʙʦʚ. ɺ ʨʝʘʣʴʥʳʭ 

ʪʚʝʨʜʦʬʘʟʥʳʭ ʧʦʣʠʤʝʨʦʚ ʵʪʦ ʚʳʨʘʞʘʝʪʩʷ ʢʘʢ ʠʝʨʘʨʭʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʣʠʥʝʡʥʳʭ 

ʨʘʟʤʝʨʦʚ [62]. 

ʀʟʚʝʩʪʥʦ [6], ʯʪʦ ʧʦʣʠʤʝʨʥʳʝ ʥʘʥʦʢʦʤʧʦʟʠʪʳ ʷʚʣʷʶʪʩʷ ʛʝʪʝʨʦʛʝʥʥʳʤʠ 

ʩʪʨʫʢʪʫʨʥʦ ʩʣʦʞʥʳʤʠ ʪʚʝʨʜʳʤʠ ʪʝʣʘʤʠ, ʦʩʥʦʚʥʳʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘ-

ʤʠ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʧʦʣʠʤʝʨʥʘʷ ʤʘʪʨʠʮʘ, ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʴ ʠ ʤʝʞʬʘʟʥʳʝ ʦʙʣʘ-
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ʩʪʠ. ʉʠʥʝʨʛʝʪʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʚʟʘʠʤʦʩʚʷʟʴ (ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ) 

ʫʢʘʟʘʥʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʢʦʤʧʦʥʝʥʪ ʠ ʥʘʣʠʯʠʝ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʥʠʤʠ [63, 

64]. ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʩʤʝʩʠ ʢʦʤʧʦʥʝʥʪ ʥʘʥʦʢʦʤʧʦʟʠʪʘ ʚʦ ʚʨʘɦ ʘʶʱʝʤ-

ʩʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʧʦʟʚʦʣʷʝʪ ʯʘʩʪʠʯʥʦ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʧʦʜʘʚʠʪʴ ʧʨʦʮʝʩʩ 

ʘʛʨʝʛʘʮʠʠ ʥʘʧʦʣʥʠʪʝʣʷ [65]. ʇʦʵʪʦʤʫ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʚʳʷʩʥʝʥʠʝ ʯʠʩʪʦ 

ʩʪʨʫʢʪʫʨʥʳʭ ʘʩʧʝʢʪʦʚ ʵʪʦʡ ʧʨʦʙʣʝʤʳ, ʪ.ʝ., ʢʘʢʠʝ ʩʪʨʫʢʪʫʨʳ ʬʦʨʤʠʨʫʶʪʩʷ ʧʨʠ 

ʠʩʧʦʣʟɹʦʚʘʥʠʠ ʤʝʪʦʜʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʩʤʝʰʠʚʘʥʠʷ. ʕʪʦʪ ʠʥʪʝʨʝʩ ʫʩʠʣʠʚʘʝʪ ʪʦ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʯʪʦ ʩʚʦʡʩʪʚʘ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʤ ʦʙʨʘʟʦʤ ʟʘʚʠ-

ʩʷʪ ʦʪ ʩʦʯʝʪʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ. ʇʦʵʪʦʤʫ ʚ ʨʘʙʦʪʝ 

[66] ʚʳʧʦʣʥʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦ-

ʚʝ ʬʝʥʠʣʦʥʘ, ʥʘʧʦʣʥʝʥʥʳʭ ʋʅʊ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʩʠʥʝʨʛʝʪʠʢʠ [61] ʠ 

ʬʨʘʢʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ [67]. 

ʇʦʜʨʦʙʥʦʝ ʠʟʫʯʝʥʠʝ ʢʦʨʨʝʣʷʮʠʡ ʨʷʜʘ ʩʚʦʡʩʪʚ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʬʝʥʠ-

ʣʦʥ/ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ Wʥ ʧʦʢʘʟʘʣʦ ʥʘʣʠ-

ʯʠʝ ʦʙʰʝʡ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʚʠʜ: 

ʥʘʯʘʣʦ ʪʘʢʠʭ ʢʦʨʨʝʣʷʮʠʡ ʦʙʥʘʨʫʞʠʚʘʝʪ ʫʧʦʨʷʜʦʯʝʥʥʦʝ (ʧʝʨʠʦʜʠʯʝʩʢʦʝ) ʧʦʚʝʜʝ-

ʥʠʝ, ʧʨʠʙʣʠʞʘʶʱʝʝʩʷ ʢ ʩʠʥʫʩʦʠʜʘʣʴʥʦʤ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʝʨʠʦʜʘ ʚʜʚʦʝ, ʧʦʩʣʝ ʯʝ-

ʛʦ ʩʣʝʜʫʝʪ ʨʝʘʣʠʟʘʮʠʷ ʭʘʦʪʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ. ʋʢʘʟʘʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʧʦʚʝʜʝʥʠʷ 

ʦʙʳʯʥʦ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ [61]. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʣʠʯʝ-

ʩʪʚʝʥʥʦʡ ʤʦʜʝʣʠ ʪʨʘʢʪʦʚʢʠ ʦʧʠʩʘʥʥʦʛʦ ʵʬʬʝʢʪʘ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʬʨʘʢʪʘʣʴʥʘʷ 

ʨʘʟʤʝʨʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ df, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʠʥ-

ʬʦʨʤʘʪʦʨʦʤ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʝʱʝʩʪʚʘ [68]. 

ɿʘʚʠʩʠʤʦʩʪʴ df (Wʥ) ʜʣʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʬʝʥʠʣʦʥ/ʋʅʊ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 

1.5 [66]. ɺʠʜʥʦ, ʯʪʦ ʚ ʠʥʪʝʨʚʘʣʝ Wʥ = 0 õ 7ʤʘʩʩ. % ʧʦʣʫʯʝʥʘ ʧʨʠʤʝʨʥʦ ʩʠʥʫʩʦʠ-

ʜʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ df (Wʥ), ʢʦʪʦʨʘʷ ʧʨʠ Wʥ  7ʤʘʩʩ.% ʜʦʩʪʠʛʘʝʪ ʛʣʘʜʢʦʛʦ ʧʣʘʪʦ ʩ 

ʧʨʠʤʝʨʥʦ ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʦʡ df, ʨʘʚʥʦʡ ~ 2,28. ɺʳʰʝ ʙʳʣʦ ʫʢʘʟʘʥʦ, ʯʪʦ ʪʘʢʦʡ 

ʚʠʜ ʟʘʚʠʩʠʤʦʩʪʝʡ ʷʚʣʷʝʪʩʷ ʪʠʧʠʯʥʳʤ ʜʣʷ ʧʝʨʠʦʜʠʯʝʩʢʠʭ (ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʭ) 

ʩʪʨʫʢʪʫʨ ʠ ʟʘʚʝʨʰʘʝʪʩʷ ʵʪʦ ʧʝʨʝʭʦʜʦʤ ʩʠʩʪʝʤʳ ʢ ʭʘʦʪʠʯʝʩʢʦʤʫ ʧʦʚʝʜʝʥʠʶ.  

ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦʩʪʫʣʠʨʫʝʤʦʝ ʨʘʚʥʦʤʝʨʥʦʝ (ʭʘʦʪʠʯʝʩʢʦʝ) 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʋʅʊ ʧʨʠ ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʚʦ ʚʨʘɦʘ-
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ʶʱʝʤʩʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʨʝʘʣʠʟʫʝʪʩʷ ʥʝ ʚ ʥʘʯʘʣʝ ʧʨʦʮʝʩʩʘ, ʘ ʧʨʠ ʩʦʜʝʨ-

ʞʘʥʠʠ ʋʅʊ Wʥ = 7 ʤʘʩʩ. %. ɽʩʣʠ ʩʦʜʝʨʞʘʥʠʝ ʋʅʊ ʤʝʥʴʰʝ ʫʢʘʟʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ 

Wʥ, ʪʦ ʧʝʨʠʦʜʠʯʝʩʢʠʝ (ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʝ ʠʣʠ ʫʧʦʨʷʜʦʯʝʥʥʳʝ) ʩʪʨʫʢʪʫʨʳ ʦʧʨʝ-

ʜʝʣʷʶʪ ʪʠʧ ʧʦʚʝʜʝʥʠʷ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ [61]. 

ʈʠʩ. 1.5. ɿʘʚʠʩʠʤʦʩʪʴ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ fd  ʦʪ ʤʘʩʩʦʚʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʋʅʊ Wʥ ʜʣʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʬʝʥʠʣʦʥ/ʋʅʊ  

 

ʈʘʩʩʤʦʪʨʠʤ ʬʠʟʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʠʟʤʝʥʝʥʠʷ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ 

ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʬʝʥʠʣʦʥ/ʋʅʊ ʧʦ ʤʝʨʝ ʚʘʨʠʘʮʠʠ Wʥ. ʈʘʩʩʯʠʪʘʥʥʳʝ ʩʦʛʣʘʩʥʦ 

ʫʨʘʚʥʝʥʠʶ (1.6) ʟʥʘʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʦʣʠ ʤʝʞʬʘʟʥʳʭ ʦʙʣʘʩʪʝʡ űʤʬ ʧʨʠʚʝʜʝ-

ʥʳ ʚ ʪʘʙʣ. 1.1. ʂʘʢ ʤʦʞʥʦ ʚʠʜʝʪʴ, ʝʩʣʠ ʜʣʷ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʥʘʙʣʶʜʘʝʪ-

ʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʝʞʬʘʟʥʳʭ ʦʙʣʘʩʪʝʡ, ʪʦ ʚ ʩʣʫʯʘʝ ʭʘʦʪʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʦʥʠ 

ʦʪʩʫʪʩʪʚʫʶʪ. ʌʘʢʪʦʨ ʦʨʠʝʥʪʘʮʠʠ ʥʘʥʦʪʨʫʙʦʢ ɖ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 

[69]: 

ʤʬ 1,09ʟ, (1.17) 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʜʘʥʥʳʭ ʪʘʙʣ. 1.1, ʜʣʷ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʥʘʙʣʶʜʘʝʪ-

ʩʷ ʦʧʨʝʜʝʣʝʥʥʘʷ, ʦʪʣʠʯʥʘʷ ʦʪ ʥʫʣʷ, ʦʨʠʝʥʪʘʮʠʷ ʥʘʥʦʪʨʫʙʦʢ[66]. ʇʨʠ ʭʘʦʪʠʯʝʩʢʦʤ 

ʧʦʚʝʜʝʥʠʠ ʢʘʢʘʷ-ʣʠʙʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʦʪʩʫʪʩʪʚʫʝʪ, ʪ.ʝ., ʜʦʩʪʠʛʘʝʪ-

ʩʷ ʭʘʦʪʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʥʦʪʨʫʙʦʢ (ʠʣʠ ʠʭ ʧʫʯʢʦʚ) ʚ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝ. 

ʆʪʤʝʪʠʤ ʚʘʞʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʘʩʧʝʢʪ ʧʨʦʙʣʝʤʳ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʩʪʨʫʢ-

ʪʫʨʘ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʤʦʞʝʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʪʦʣʴʢʦ ʚ ʨʘʩ-

df 

2,35 

5 Wʥ, ʤʘʩʩ. % 

2,30 

10 0 

2,25 

2,20 
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ʧʣʘʚʝ. ʇʦʵʪʦʤʫ ʝʝ ʥʝʤʦʥʦʪʦʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʧʨʠ ʚʘʨʠʘʮʠʠ Wʥ (ʩʤ. ʨʠʩ. 1.5) ʦʟʥʘ-

ʯʘʝʪ, ʯʪʦ ʫʢʘʟʘʥʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʩʠʩʪʝʤʳ ʥʘʥʦʪʨʫʙʦʢ (ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ, ʦʨʠʝʥʪʘʮʠʝʡ, ʜʨʦʙʣʝʥʠʝʤ, ʘʛʨʝʛʘʮʠʝʡ ʠ 

ʪ.ʜ.), ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʩʤʝʩʠ ʢʦʤʧʦʥʝʥʪʦʚ ʚ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. 

ʊʘʙʣʠʮʘ 1.1 

ʉʪʨʫʢʪʫʨʥʳʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ 

 ʬʝʥʠʣʦʥ/ʋʅʊ  

Wʥ, ʤʘʩʩ.% ɽʥ, ɻʇʘ űʤʬ ɖ 

3 2,14 0,028 0,026 

5 2,79 0,096 0,088 

7 2,23 0 0 

10 2,31 0 0 

 

ɸʚʪʦʨʳ ʨʘʙʦʪʳ [70] ʚʳʧʦʣʥʠʣʠ ʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʤʝʭʘʥʠʟʤʘ ʫʩʠʣʝʥʠʷ 

ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʬʝʥʠʣʦʥ/ʋʅʊ, ʠʩʧʦʣʴʟʫʷ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ ʤʦʜʝʣʠ. ɼʣʷ 

ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʧʦʣʠʤʝʨ/ʦʨʛʘʥʦʛʣʠʥʘ ʩʪʝʧʝʥʴ ʫʩʠʣʝʥʠʷ ɽʥ/ɽʤ ʜʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ 

(1.14). ɿʘʚʠʩʠʤʦʩʪʴ ɽʥ/ɽʤ ʦʪ Wʥ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ (1.14) (ʩʧʣʦʰ-

ʥʘʷ ʣʠʥʠʷ), ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ (ʪʦʯʢʠ) ʜʣʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʬʝʥʠ-

ʣʦʥ/ʋʅʊ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ.1.6. ʆʪʤʝʪʠʤ, ʯʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦ-

ʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʝʦʨʠʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʫʨʘʚʥʝʥʠʝ (1.14) ʧʦ-

ʣʫʯʝʥʦ ʜʣʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ, ʥʘʧʦʣʥʝʥʥʳʭ ʦʨʛʘʥʦʛʣʠʥʦʡ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ 

ʨʠʩ. 1.6 ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʋʅʊ ʦʙʣʘʜʘʶʪ ʪʘʢʦʡ ʞʝ ʩʧʦʩʦʙʥʦʩʪʴʶ ʫʩʠʣʠʚʘʪʴ 

(ʧʦʚʳʰʘʪʴ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ) ʧʦʣʠʤʝʨʳ, ʢʘʢ ʠ ʵʩʬʦʣʠʠʨʦʚʘʥʥʳʝ (ʥʝʘʛʨʝʛʠʨʦʚʘʥ-

ʥʦʛʦ) ʩʣʦʝʚʳʝ ʩʠʣʠʢʘʪʳ. ʅʘʧʦʤʥʠʤ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʪʘ ʩʧʦʩʦʙʥʦʩʪʴ ʩʯʠ-

ʪʘʝʪʩʷ ʥʘʠʙʦʣʴʰʝʡ ʠʤʝʥʥʦ ʜʣʷ ʦʨʛʘʥʦʛʣʠʥ ʚ ʨʷʜʫ ʜʨʫʛʠʭ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʝʡ [71]. 

ʀʟ ʜʘʥʥʳʭ ʨʠʩ. 1.6 ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ Wʥ = 10 ʤʘʩʩ. % ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ɽʥ/ɽʤ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ. ʇʨʠʯʠʥʫ ʵʪʦʛʦ ʩʥʠʞʝʥʠʷ ʤʦʞ-

ʥʦ ʚʳʷʩʥʠʪʴ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ (1.6). ʈʘʩʩʯʠʪʘʥʥʳʝ ʩʦʛʣʘʩʥʦ ʵʪʦʤʫ ʫʨʘʚʥʝ-

ʥʠʶ ʚʝʣʠʯʠʥʫ űʤʬ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1.1. ʂʘʢ ʧʦʢʘʟʘʥʦ ʚʳʰʝ, ʟʥʘʯʝʥʠʝ űʤʬ = 0 ʜʣʷ 

ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʬʝʥʠʣʦʥ/ʋʅʊ ʩ Wʥ= 10 ʤʘʩʩ. % ʦʙʫʩʣʦʚʣʝʥʦ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʤ 
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ʧʦʚʝʜʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʠʩʧʦʣʴʟʫʝʤʦʤ ʤʝʪʦʜʝ ʠʭ ʧʦʣʫʯʝʥʠʷ: ʧʨʠ ʫʢʘʟʘʥʥʦʤ 

ʩʦʜʝʨʞʘʥʠʠ ʋʅʊ ʧʦʚʝʜʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʩʪʘʥʦʚʠʪʩʷ ʭʘʦʪʠʯʝʩʢʠʤ [66]. 

 

ʈʠʩ. 1.6. ɿʘʚʠʩʠʤʦʩʪʴ ʫʨʦʚʥʷ ʧʦʚʳʰʝʥʠʷ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ɽʥ/ɽʤ ʦʪ ʤʘʩʩʦʚʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ Wʥ ʜʣʷ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ: ʬʝʥʠʣʦʥ /ʋʅʊ (1), 

ʇʂ/ʄʄʊ (2), ʇɸ-6/ʄʄʊ (3); 4 ï ʦʮʝʥʢʘ ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ (1.6) 

 

ʅʘ ʨʠʩ. 1.6 ʪʘʢʞʝ ʧʨʠʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ɽʥ/ɽʤ ʦʪ Wʥ 

ʜʣʷ ʜʚʫʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ, ʥʘʧʦʣʥʝʥʥʳʭ ʦʨʛʘʥʦʛʣʠʥʦʡ: ʧʦʣʠʢʘʨʙʘʥʘʪ/Na
+
-

ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ (ʇʂ/ʄʄʊ) [72] ʠ ʧʦʣʠʘʤʠʜ-6/Na
+
-ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ (ʇɸ-

6/ʄʄʊ) [71]. ʋʢʘʟʘʥʥʳʝ ʥʘʥʦʢʦʤʧʦʟʠʪʳ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʧʦ ʧʨʠʯʠʥʝ ʙʣʠʟʦʩʪʠ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʫʧʦʤʷʥʫʪʳʭ ʤʘʪʨʠʯʥʳʭ ʧʦʣʠʤʝʨʦʚ [48]. ʂʘʢ ʧʨʦʜʝ-

ʤʦʥʩʪʨʠʨʦʚʘʣʠ ʛʨʘʬʠʢʠ ʨʠʩ. 1.6, ʧʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʟʘʚʠʩʠʤʦʩʪʠ-

ɽʥ/ɽʤ ʦʪ Wʥ ʜʣʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ, ʥʘʧʦʣʥʝʥʥʳʭ Na -ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʦʤ, ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʪ ʢʘʢ ʨʝʟʫʣʴʪʘʪʘʤ ʜʣʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʬʝʥʠʣʦʥ/ʋʅʊ, ʪʘʢ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ 

ʨʘʩʯʝʪʫ ʧʦ ʫʨʘʚʥʝʥʠʶ (1.6). 

ɺʳʰʝ ʦʪʤʝʯʘʣʦʩʴ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʥʝʜʦʩʪʘʪʢʦʚ ʋʅʊ ʷʚʣʷʝʪʩʷ ʠʭ ʚʳʩʦʢʘʷ ʩʪʝ-

ʧʝʥʴ ʘʛʨʝʛʘʮʠʠ (ʧʦ ʩʫʱʝʩʪʚʫ ʧʦʣʫʯʘʶʪ ʥʝ ʥʘʥʦʪʨʫʙʢʠ, ʘ ʠʭ ʩʠʣʴʥʦ ʧʝʨʝʧʫʪʘʥʥʳʝ 

ʧʫʯʢʠ) [60]. ʇʦʩʣʝʜʥʝʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʧʨʠʚʝʣʦ ʢ ʨʘʟʨʘʙʦʪʢʝ ʨʷʜʘ ʤʝʪʦʜʦʚ, ʧʦʟʚʦ-

ʣʷʶʱʠʭ ʜʠʩʧʝʨʛʠʨʦʚʘʪʴ ʧʫʯʢʠ ʥʘʥʦʪʨʫʙʦʢ [18, 73, 74]. 

ɸʚʪʦʨʳ ʨʘʙʦʪʳ [75] ʨʘʩʩʤʦʪʨʝʣʠ ʚʣʠʷʥʠʝ ʨʘʟʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʫʨʦʚʝʥʴ 

ɽʥ/ɽʤ 

1,8 

1,0 
5 10

 

Wʥ 

1,4 

- 1
 

4
 

- 2
 

- 3
 

0 
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ʤʝʞʬʘʟʥʦʡ ʘʜʛʝʟʠʠ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʡ ʧʘʨʘʤʝʪʨʦʤ bŬ (ʩʤ. ʫʨʘʚʥʝʥʠʝ (1.9)) ʜʣʷ ʨʷ-

ʜʘ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ, ʥʘʧʦʣʥʝʥʥʳʭ ʋʅʊ. ɿʥʘʯʝʥʠʷ ɽʤ ʠ ɽʥ ʜʣʷ ʯʝʪʳʨʝʭ ʥʘʥʦʢʦʤʧʦ-

ʟʠʪʦʚ ʵʧʦʢʩʠʧʦʣʠʤʝʨ/ʋʅʊ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1.2. ʊʨʠ ʠʟ ʫʢʘʟʘʥʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠ-

ʪʦʚ ʩʦʜʝʨʞʘʣʠ 1 ʤʘʩʩ. % ʥʝʦʙʨʘʙʦʪʘʥʥʳʭ ʋʅʊ, ʘ ʪʘʢʞʝ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʛʨʫʧʧʘʤʠ ʬʪʦʨʘ ʠ ʬʪʦʨʘ ʩ ʉʆʆʅ. ɺ ʩʣʫʯʘʝ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʋʅʊ ʫʢʘʟʘʥʥʳʤʠ ʛʨʫʧʧʘʤʠ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʴʶ ʥʘʥʦʪʨʫʙʦʢ ʠ ʧʦʣʠʤʝʨʥʦʡ 

ʤʘʪʨʠʮʝʡ ʬʦʨʤʠʨʫʶʪʩʷ ʢʦʚʘʣʝʥʪʥʳʝ ʩʚʷʟʠ, ʧʦʚʳʰʘʶʱʠʝ ʫʨʦʚʝʥʴ ʤʝʞʬʘʟʥʦʡ ʘʜ-

ʛʝʟʠʠ [74]. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʨʘʩʯʝʪ bŬ ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʷʤ (1.10) ʠ (1.6) ʧʦʜʪʚʝʨ-

ʞʜʘʝʪ ʵʪʦ ʧʨʝʜʣʦʞʝʥʠʝ. ʆʪʤʝʪʠʤ, ʯʪʦ ʫʨʦʚʝʥʴ ʤʝʞʬʘʟʥʦʡ ʘʜʛʝʟʠʠ ʜʦʩʪʘʪʦʯʥʦ 

ʚʳʩʦʢ ʫʞʝ ʜʣʷ ʠʩʭʦʜʥʳʭ ʥʝʦʙʨʘʙʦʪʘʥʥʳʭ ʋʅʊ (bŬ = 6,4, ʵʬʬʝʢʪ ʥʘʥʦʘʜʛʝʟʠʠ), 

ʧʨʠʚʠʚʢʘ ʛʨʫʧʧ ʬʪʦʨʘ ʧʦʚʳʰʘʝʪ ʝʛʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦ (ʧʨʠʤʝʨʥʦ ʥʘ 12 %), ʘ ʛʨʫʧʧ 

ʬʪʦʨʘ ʠ ʉʆʆʅ ï ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʦ (ʥʘ 64%). ʉʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʨʝʟ-

ʢʦʝ ʩʥʠʞʝʥʠʝ bŬ ʚ ʩʣʫʯʘʝ ʫʚʝʣʠʯʝʥʠʷ ʋʅʊ, ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʛʨʫʧʧʘʤʠ 

ʬʪʦʨʘ ʠ ʉʆʆʅ, ʦʪ 1 ʜʦ 4 ʤʘʩʩ. %, ʢʦʪʦʨʦʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʤʝʪʦʜʠʢʘ ʜʠʩʧʝʨʛʠʨʦʚʘ-

ʥʠʷ ʧʫʯʢʦʚ ʋʅʊ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ ʋʅʊ ï ʧʦʣʠʤʝʨʥʘʷ ʤʘʪ-

ʨʠʮʘ ʵʬʬʝʢʪʠʚʥʘ ʪʦʣʴʢʦ ʧʨʠ ʤʘʣʳʭ (ʧʦʨʷʜʢʘ 1õ3 ʤʘʩʩ.%) ʩʦʜʝʨʞʘʥʠʷʭ ʋʅʊ. ɺʚʝ-

ʜʝʥʠʝ 5 ʤʘʩʩ. % ʬʪʦʨʠʨʦʚʘʥʥʳʭ ʋʅʊ ʚ ʧʦʣʠʵʪʠʣʝʥ ʜʘʝʪ bŬ = 1,08, ʪ.ʝ., ʦʪʩʫʪʩʪʚʠʝ 

ʵʬʬʝʢʪʘ ʥʘʥʦʘʜʛʝʟʠʠ. ʀ, ʥʘʢʦʥʝʮ, ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝ ʋʅʊ ʦʙʨʘʙʦʪʢʦʡ ʧʦʨʦʰʢʦʦʙ-

ʨʘʟʥʳʭ ʩʤʝʩʝʡ ʚʦ ʚʨʘʱʘʶʱʝʤʩʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ bŬ 

ʦʪ 0,39 ʜʦ 1,05 ʧʨʠ ʧʦʚʳʰʝʥʠʠ  Wʥ ʦʪ 3 ʜʦ 5 ʤʘʩʩ. %, ʥʦ ʧʨʠ Wʥ = 10 ʤʘʩʩ. % ʤʝʞ-

ʬʘʟʥʘʷ ʘʜʛʝʟʠʷ ʦʪʩʫʪʩʪʚʫʝʪ [73]. ʀʥʘʯʝ ʛʦʚʦʨʷ, ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʜʠʩʧʝʨʛʠ-

ʨʦʚʘʥʠʷ ʧʫʯʢʦʚ ʋʅʊ ʥʝʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳ ʧʨʠ Wʥ > 5 ʤʘʩʩ. %, ʭʦʪʷ, ʢʘʢ ʩʣʝ-

ʜʫʝʪ ʠʟ ʜʘʥʥʳʭ ʪʘʙʣ. 1.2, ʵʪʦʪ ʬʘʢʪʦʨ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʫʨʦʚʝʥʴ ʤʝʞʬʘʟ-

ʥʦʡ ʘʜʛʝʟʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʩʨʘʚʥʝʥʠʝ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʦʣʠʤʝʨʥʳʤʠ 

ʤʘʪʨʠʮʘʤʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʦʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʣʠʤʝʨ ï ʋʅʊ ʪʘʢ-

ʞʝ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʚʝʣʠʯʠʥʫ bŬ. ʋʢʘʟʘʥʥʳʝ ʬʘʢʪʦʨʳ ʜʦʣʞʥʳ ʙʳʪʴ ʫʯʪʝʥʳ 

ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ, ʥʘʧʦʣʥʝʥʥʳʭ ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ (ʥʘʥʦ-

ʚʦʣʦʢʥʘʤʠ) [75]. 

ʆʯʝʥʴ ʯʘʩʪʦ ʚʚʝʜʝʥʠʝ ʥʘʧʦʣʥʠʪʝʣʝʡ ʚ ʧʦʣʠʤʝʨʳ ʧʨʝʩʣʝʜʫʝʪ ʮʝʣʴ ʧʦʚʳʰʝ-

ʥʠʷ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʤʘʪʨʠʯʥʦʛʦ ʧʦʣʠʤʝʨʘ ɽ ʠʣʠ ʫʚʝʣʠʯʝʥʠʝ ʝʛʦ ʞʝʩʪʢʦʩʪʠ. 
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ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘʧʦʣʥʝʥʠʷ ʧʦʣʠʤʝʨʦʚ ʚ ʵʪʦʤ ʘʩʧʝʢʪʝ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʩ ʧʦʤʦʱʴʶ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʜʫʣʷ k ,ɻ ʢʦʪʦʨʳʡ ʦʮʝʥʠʚʘʝʪʩʷ ʩʦʛʣʘʩʥʦ ʩʣʝʜʫʶ-

ʱʝʡ ʬʦʨʤʫʣʝ [77]: 

ʤ ʥ
ʵ

ʥʘʧ ʥ

(1 )kE E
k

E
. (1.18) 

ɺ ʫʨʘʚʥʝʥʠʠ (1.18) ʧʘʨʘʤʝʪʨʳ ɽʢ, ɽʤ ʠ ɽʥʘʧ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʦʜʫʣʠ ʖʥ-

ʛʘ ʜʣʷ ʢʦʤʧʦʟʠʪʘ, ʠʩʭʦʜʥʦʛʦ ʧʦʣʠʤʝʨʘ ʠ ʥʘʧʦʣʥʠʪʝʣʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʥ ʷʚʣ̫-

ʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʥʘʧʦʣʥʠʪʝʣʷ ʧʦ ʦʙʲʝʤʫ. 

ʊʘʙʣʠʮʘ 1.2 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʠ ʘʜʛʝʟʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ,  

ʥʘʧʦʣʥʝʥʥʳʭ ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ  

ʄʘʪʨʠʯʥʳʡ 

ʧʦʣʠʤʝʨ 
ʊʠʧ ʋʅʊ 

ʉʦʜʝʨʞʘʥʠʝ ʋʅʊ, 

ʤʘʩʩ.% 
ɽʥ, ʄʇʘ bŬ 

ʕʧʦʢʩʠʧʦʣʠʤʝʨ - - 1511 - 

ʕʧʦʢʩʠʧʦʣʠʤʝʨ ʋʅʊ 1 2026 6,4 

ʕʧʦʢʩʠʧʦʣʠʤʝʨ F ï ʋʅʊ 1 2123 7,2 

ʕʧʦʢʩʠʧʦʣʠʤʝʨ F ï ʋʅʊ ï ʉʆʆʅ 1 2632 10,5 

ʕʧʦʢʩʠʧʦʣʠʤʝʨ F ï ʋʅʊ ï ʉʆʆʅ 4 3422 2,5 

ʇʦʣʠʵʪʠʣʝʥ F ï ʋʅʊ 5 - 1,1 

ʌʝʥʠʣʦʥ ʉ - 2 - - 1970 - 

ʌʝʥʠʣʦʥ ʉ ï 2 ʋʅʊ 3 2143 0,39 

ʌʝʥʠʣʦʥ ʉ ï 2 ʋʅʊ 5 2787 1,05 

ʌʝʥʠʣʦʥ ʉ - 2 ʋʅʊ 10 2304 -0,19 

 

ɸʚʪʦʨʳ ʨʘʙʦʪʳ [78] ʚʳʧʦʣʥʠʣʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʥʘʧʦʣʥʠʪʝʣʷ ʜʣʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ, ʥʘʧʦʣʥʝʥʥʳʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʛʣʝʨʦʜʥʳʤʠ 

ʥʘʥʦʪʨʫʙʢʘʤʠ ʠ ʢʦʨʦʪʢʠʤʠ ʚʦʣʦʢʥʘʤʠ. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʠ ʤʦʜʫʣʷ k  ɻ ʦʪ ʦʙʲʝʤʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʋʅʊ űʥ ʜʣʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʬʝʥʠ-

ʣʦʥ/ʋʅʊ ʠʤʝʝʪ ʵʢʩʪʨʝʤʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʧʨʠ ʤʦʥʦʪʦʥʥʦʤ ʫʚʝʣʠʯʝʥʠʠ űʥ (ʨʠʩ. 1.7) 
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[6, 78]. ʇʨʠʯʠʥʦʡ ʵʢʩʪʨʝʤʫʤʘ ʫʢʘʟʘʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʷʚʣʷʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʠʟʤʝʥʝʥʠʝ Eʥ (ʩʤ. ʪʘʙʣ. 1.1). ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʵʢʩʪʨʝʤʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ Eʥ ʦʧʨʝʜʝ-

ʣʷʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʚʘʨʠʘʮʠʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʦʣʠ ʤʝʞʬʘʟʥʳʭ ʦʙʣʘʩʪʝʡ űʤʬ 

(ʩʤ. ʪʘʙʣ. 1.1). 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘʧʦʣʥʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʨʦʚ-

ʥʝʤ ʤʝʞʬʘʟʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʦʣʠʤʝʨʥʘʷ ʤʘʪʨʠʮʘ ï ʥʘʧʦʣʥʠʪʝʣʴ, ʢʦʪʦʨʳʡ 

ʤʦʞʝʪ ʙʳʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʚʝʣʠʯʠʥʦʡ űʤʬ (ʫʨʘʚʥʝʥʠʝ (1.10)). 

ʇʦʵʪʦʤʫ ʜʣʷ ʦʮʝʥʢʠ ʧʨʝʜʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ k  ɻʚ ʩʣʫʯʘʝ ʥʘʥʦ- ʠ ʤʠʢʨʦʢʦʤʧʦʟʠʪʦʚ 

ʘʚʪʦʨʳ [78] ʦʧʨʝʜʝʣʠʣʠ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ űʤʬ ʠ űʥ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʜʚʫʭ ʫʢʘʟʘʥ-

ʥʳʭ ʩʣʫʯʘʝʚ ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʷʤ (1.7) ʠ (1.8). ɼʣʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʬʝʥʠʣʦʥ/ʋʅʊ 

ʵʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʠʤʝʝʪ ʚʠʜ [78]:  

ʈʠʩ.1.7. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʜʫʣʷ k  ɻʦʪ ʩʦʜʝʨʞʘʥʠʷ  

ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ űʥ ʜʣʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʬʝʥʠʣʦʥ/ʋʅʊ  

 

ɿʘʚʠʩʠʤʦʩʪʴ k (ɻűʤʬ) ʦʢʘʟʘʣʦʩʴ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʣʠʥʝʡʥʦʡ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠ 

ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ [78]: 

ʵ ʤʬ0,35 6,65k , (1.19) 

ɼʣʷ ʢʦʨʦʪʢʠʭ ʚʦʣʦʢʦʥ ʚ ʩʣʫʯʘʝ ʤʠʢʨʦʢʦʤʧʦʟʠʪʦʚ ʧʨʠ ʩʨʝʜʥʝʤ ʨʘʜʠʫʩʝ ʚʦ-

ʣʦʢʥʘ 4 ʤʢʤ ʨʘʩʯʝʪ ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʷʤ (1.7) ʠ (1.8) ʜʣʷ ʫʛʣʝʧʣʘʩʪʠʢʦʚ ʥʘ ʦʩʥʦʚʝ 

ʤʬ ʤʬ=1,86 , (1.20) 

k  ɻ

1,5 

0,5 

0,55
 

0,10
 

ʥ 

1,0 

0 
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ʬʝʥʠʣʦʥʘ ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʜʘʝʪ [78]: 

ʤʬ ʥ= 0,225ʮ ʮ, (1.21) 

ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʥʠʟʢʫʶ ʩʪʝʧʝʥʴ ʫʩʠʣʝʥʠʷ ʤʠʢʨʦʢʦʤʧʦʟʠʪʦʚ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʥʘʥʦʢʦʤʧʦʟʠʪʘʤʠ ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ [30]. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʷʤ (1.20) ʠ (1.21) ʜʣʷ ʥʘʥʦ- ʠ ʤʠʢʨʦʢʦʤ-

ʧʦʟʠʪʦʚ ʧʦʣʫʯʠʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʣʝʜʫʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷ [78]: 

ʤʬ ʥ ʥ+ = 2,860ʮ ʮ ʮ, 

ʠ 

ʤʬ ʥ ʥ+ =1,225ʮ ʮ ʮ. 

(1.22) 

 

(1.23) 

ɼʘʣʝʝ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʪʝʧʝʥʠ ʫʩʠʣʝʥʠʷ ɽʥ/ɽʤ = 12 ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ 

(1.6), ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʜʣʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʧʨʝʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ űʥ, ʨʘʚʥʳʝ 0,348 

ʠ 0,820 ï ʜʣʷ ʤʠʢʨʦʢʦʤʧʦʟʠʪʦʚ, ʯʪʦ ʜʘʝʪ ʧʨʝʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ űʥ = 0,652 ʠ 0,180, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʟ ʫʨʘʚʥʝʥʠʷ (1.18) ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʟʥʘʯʝʥʠʠ ɽk(ɽʥ) ʜʣʷ ʢʦʤ-

ʧʦʟʠʪʦʚ (ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ) ʥʘ ʦʩʥʦʚʝ ʬʝʥʠʣʦʥʘ, ʨʘʚʥʦʤ 12/ɽʤ = 23,64 ɻʇʘ (ʚ ʠʩʧʳ-

ʪʘʥʠʷʭ ʥʘ ʩʞʘʪʠʝ), ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʨʝʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ k :ɻ 4,25 ʜʣʷ ʥʘʥʦ- ʠ 1,89 

ï ʜʣʷ ʤʠʢʨʦʢʦʤʧʦʟʠʪʦʚ. ʀʩʧʦʣʴʟʫʷ ʧʦʣʫʯʝʥʥʳʝ ʚʳʰʝ ʧʨʝʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ űʤʬ ʠ 

ʫʨʘʚʥʝʥʠʝ (1.19), ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʧʨʝʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ k :ɻ 4,69 

ʜʣʷ ʥʘʥʦ- ʠ 1,55 ï ʜʣʷ ʤʠʢʨʦʢʦʤʧʦʟʠʪʦʚ, ʯʪʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʦʮʝʥʢʦʡ ʩʦ-

ʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ (1.18). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʝ ʠʟʣʦʞʝʥʥʳʭ ʚʳʰʝ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦ-

ʞʠʪʴ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘʧʦʣʥʠʪʝʣʷ ʜʣʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, 

ʯʝʤ ʜʣʷ ʤʠʢʨʦʢʦʤʧʦʟʠʪʦʚ. ʕʪʦʪ ʵʬʬʝʢʪ ʦʧʨʝʜʝʣʷʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʜʦʣʝʡ ʤʝʞ-

ʬʘʟʥʳʭ ʦʙʣʘʩʪʝʡ ʚ ʥʘʥʦʢʦʤʧʦʟʠʪʘʭ ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ ʩʦʜʝʨʞʘʥʠʠ ʥʘʥʦʥʘʧʦʣʥʠʪʝ-

ʣʷ ʚ ʩʠʣʫ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝʡ ʧʣʦʱʘʜʠ ʢʦʥʪʘʢʪʘ ʧʦʣʠʤʝʨʥʘʷ ʤʘʪʨʠʮʘ ï ʥʘʥʦʥʘʧʦʣ-

ʥʠʪʝʣʴ. ɺ ʵʪʦʤ ʟʘʢʣʶʯʘʝʪʩʷ ʦʩʥʦʚʥʦʝ ʦʪʣʠʯʠʝ ʤʥʦʛʦʬʘʟʥʳʭ ʥʘʥʦʩʠʩʪʝʤ ʦʪ ʘʥʘʣʦ-

ʛʠʯʥʳʭ ʤʠʢʨʦʩʠʩʪʝʤ [1]. ɽʱʝ ʦʜʥʠʤ ʚʘʞʥʳʤ ʚʳʚʦʜʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʥʘʧʦʣʥʝʥʠʷ ʠ ʜʣʷ ʥʘʥʦ-, ʠ ʜʣʷ ʤʠʢʨʦʢʦʤʧʦʟʠʪʦʚ ʦʧʠʩʳʚʘʝʪʩʷ ʚ ʨʘʤʢʘʭ ʦʜ-

ʥʦʡ ʠ ʪʦʡ ʞʝ ʤʦʜʝʣʠ, ʪ.ʝ., ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʢʘʯʝʩʪʚʝʥʥʳʭ ʨʘʟʣʠʯʠʡ ʜʣʷ 

ʵʪʠʭ ʢʣʘʩʩʦʚ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ [78]. 
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ɼʣʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʧʦʣʠʤʝʨ/ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ ʨʘʥʝʝ ʫʞʝ ʙʳʣʦ ʧʦ-

ʣʫʯʝʥʦ ʧʦʚʳʰʝʥʠʝ ʧʨʝʜʝʣʴʥʦʡ ʜʝʬʦʨʤʠʨʫʝʤʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʘʟʦʚʦʛʦ ʧʦʣʠʤʝ-

ʨʘ, ʪ.ʝ. ʨʦʩʪ ʧʣʘʩʪʠʯʥʦʩʪʠ ʵʪʠʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. ʋʧʦʤʷʥʫʪʦʝ ʷʚʣʝʥʠʝ ʥʘʙʣʶʜʘ-

ʣʦʩʴ ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ: ʕʇ/ʋʅʊ [74], ʬʝʥʠʣʦʥ/ʋʅʊ [70], 

ʇʄʄɸ/ʋʅʊ [17] ʠ ʜʨ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʷʚʣʝʥʠʝ ʧʦʚʳʰʝʥʠʷ ʧʣʘʩʪʠʯʥʦʩʪʠ ʜʣʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʚʠʜʘ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʥʦʩʠʪ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝ-

ʥʠʝ. ʆʪʤʝʪʠʤ ʚʘʞʥʦʩʪʴ ʵʪʦʛʦ ʵʬʬʝʢʪʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ, ʪʘʢ ʢʘʢ ʚ ʥʘʩʪʦ-

ʷʱʝʝ ʚʨʝʤʷ ʦʩʥʦʚʥʳʤ ʜʝʬʝʢʪʦʤ ʢʦʤʧʦʟʠʪʦʚ (ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ) ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʤʝ-

ʨʦʚ ʩʯʠʪʘʝʪʩʷ ʠʭ ʦʭʨʫʧʯʠʚʘʥʠʝ, ʪ.ʝ. ʫʤʝʥʴʰʝʥʠʝ ʧʨʝʜʝʣʴʥʦʡ ʜʝʬʦʨʤʠʨʫʝʤʦʩʪʠ 

ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʦʣʥʠʪʝʣʷ (ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ) [14]. ʆʪʩʶʜʘ ʩʣʝ-

ʜʫʝʪ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ ʤʦʜʝʣʠ, ʩʧʦʩʦʙʥʦʡ ʦʧʠʩʘʪʴ ʧʦʚʳʝh-

ʥʠʝ ʜʝʬʦʨʤʠʨʫʝʤʦʩʪʠ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʧʦʣʠʤʝʨ/ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ, ʪʘʢ ʢʘʢ 

ʪʘʢʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʦʪʢʫ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʢʨʘʡʥʝ ʧʝʨʩʧʝʢ-

ʪʠʚʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʘ ʠʤʝʥʥʦ, ʧʦ-

ʚʳʰʝʥʠʝʤ ʧʣʘʩʪʠʯʥʦʩʪʠ, ʧʨʦʯʥʦʩʪʠ ʠ ʞʝʩʪʢʦʩʪʠ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʀʩʭʦʜʷ ʠʟ ʵʪʠʭ 

ʩʦʦʙʨʘʞʝʥʠʡ, ʘʚʪʦʨʳ ʨʘʙʦʪ [80-82] ʚʳʧʦʣʥʠʣʠ ʦʧʠʩʘʥʠʝ ʨʦʩʪʘ ʜʝʬʦʨʤʠʨʫʝʤʦʩʪʠ 

ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʬʝʥʠʣʦʥ/ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ ʢʘʢ ʬʫʥʢʮʠʠ ʠʭ ʩʪʨʫʢʪʫʨʳ, ʠʩ-

ʧʦʣʴʟʫʷ ʜʚʝ ʢʦʥʮʝʧʮʠʠ: ʬʨʘʢʪʘʣʴʥʳʡ ʘʥʘʣʠʟ [62, 84] ʠ ʢʣʘʩʪʝʨʥʫʶ ʤʦʜʝʣʴ ʩʪʨʫʢ-

ʪʫʨʳ [52, 83]. 

ʅʝʜʘʚʥʦ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ [85], ʯʪʦ ʥʘʣʠʯʠʝ ʩʣʦʝʚʦʛʦ ʠ ʜʠʩʧʝʨʩʥʦʛʦ ʥʘʥʦ-

ʥʘʧʦʣʥʠʪʝʣʝʡ ʚ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝ ʥʝ ʠʟʤʝʥʷʝʪ ʝʝ ʩʪʨʫʢʪʫʨʳ, ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʧʦʩʪʦʷʥʩʪʚʦ ʦʩʥʦʚʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ, ʘ ʠʤʝʥʥʦ ʠʭ 

ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ df. ʇʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣ. 1.3 ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘ-

ʟʘʣʠ, ʯʪʦ ʵʪʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ ʜʣʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʧʦʣʠ-

ʤʝʨ/ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʵʢʩʪʨʝʤʘʣʴʥʳʤ ʧʦʚʳʰʝʥʠʝʤ 

ʨʘʟʤʝʨʥʦʩʪʠ df ʚ ʩʣʫʯʘʝ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʬʝʥʠʣʦʥʘ. ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ 

ʦʪʤʝʪʠʪʴ ʩʠʤʙʘʪʥʦʝ ʠʟʤʝʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʦʡ ʧʨʝʜʝʣʴʥʦʡ ʜʝ-

ʬʦʨʤʠʨʫʝʤʦʩʪʠ ʚ ʪʦʯʢʝ ʨʘʟʨʫʰʝʥʠʷ (ʪʘʙʣ. 1.3) ʠ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʩʪʨʫʢ-

ʪʫʨʳ df. ʂʨʠʪʠʯʝʩʢʫʶ ʢʨʘʪʥʦʩʪʴ ʚʳʪʷʞʢʠ ʨ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʟʚʦʣʷʝʪ 

ʦʮʝʥʠʪʴ ʬʨʘʢʪʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ [86]: 
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ʮ 1

ʨ

D
ʉ , (1.24) 

ʛʜʝ Dʮ ï ʨʘʟʤʝʨʥʦʩʪʴ ʬʨʘʛʤʝʥʪʘ ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʝʛʦ ʬʠʢʩʘʮʠʠ (ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ï ʦʙʣʘʩʪʷʤʠ ʣʦʢʘʣʴʥʦʛʦ ʧʦʨʷʜʢʘ (ʢʣʘʩʪʝʨʘʤʠ)), ʭʘʨʘʢʪʝ-

ʨʠʟʫʶʱʘʷ ʫʨʦʚʝʥʴ ʤʦʣʝʢʫʣʷʨʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ [52]. 

ʋʨʘʚʥʝʥʠʝ (1.24) ʧʦʟʚʦʣʷʝʪ ʨʘʩʯʝʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ ʪ

ʈ ʨ( )  ʩ ʫʯʝʪʦʤ 

ʜʚʫʭ ʬʘʢʪʦʨʦʚ. ɺʦ-ʧʝʨʚʳʭ, ʚʝʣʠʯʠʥʳ ɚp ʠ Ůp ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʩʦʦʪʥʦh ʝʥʠʝʤ 

[85]: 

p p 1, (1.25) 

ʂʨʦʤʝ ʪʦʛʦ, ʠʟʚʝʩʪʥʦ, ʯʪʦ ʦʪʥʦʰʝʥʠʝ ʜʝʬʦʨʤʠʨʫʝʤʦʩʪʠ ʚ ʠʩʧʳʪʘʥʠʷʭ ʥʘ 

ʨʘʩʪʷʞʝʥʠʝ ʠ ʩʞʘʪʠʝ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʦ 0,667. ʆʮʝʥʝʥʥʳʝ ʩʦʛʣʘʩʥʦ ʧʨʝʜʣʦ-

ʞʝʥʥʦʡ ʤʦʜʝʣʠ ʟʥʘʯʝʥʠʷ ʨ ʜʣʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʬʝʥʠʣʦʥʘ ʧʦʢʘʟʘʥʳ ʚ 

ʪʘʙʣ. 1.3 ʩʦʚʤʝʩʪʥʦ ʩ ʧʘʨʘʤʝʪʨʘʤʠ CÐ, Dʮ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʦʣʝʡ ʢʣʘʩʪʝʨʦʚ űʢʣ 

[80]. ʈʝʟʫʣʴʪʘʪʳ ʵʪʦʡ ʪʘʙʣʠʮʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʭʦʨʦʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʢʨʠʪʠ-

ʯʝʩʢʦʡ ʜʝʬʦʨʤʠʨʫʝʤʦʩʪʠ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʬʝʥʠʣʦʥʘ, ʨʘʩʩʯʠʪʘʥʥʦʡ ʪʝʦ-

ʨʝʪʠʯʝʩʢʠ ʠ ʧʦʣʫʯʝʥʥʦʡ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ï ʠʭ ʩʨʝʜʥʝʝ ʨʘʩʭʦʞʜʝʥʠʝ ʨʘʚʥʦ 8,5%, 

ʯʪʦ ʩʨʘʚʥʠʤʦ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ ʦʮʝʥʢʠ ʵʪʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʊʘʙʣʠʮʘ 1.3 

ʄʦʣʝʢʫʣʷʨʥʳʝ, ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ  ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  

ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʬʝʥʠʣʦʥ/ʋʅʊ  

Wʥ, ʤʘʩʩ. % df CÐ űʢʣ Dʮ Ůp, % Ůp
ʪ
, % 

ʪ

fd  

0 2,247 2,33 0,646 1,336 21,8 21,9 2,247 

3 2,230 2,30 0,667 1,318 22,0 20,2 2,265 

5 2,354 2,55 0,520 1,439 26,3 33,8 2,316 

10 2,280 2,38 0,605 1,376 25,0 25,8 2,247 

 

ɼʘʣʝʝ ʠʩʩʣʝʜʫʝʤ ʬʠʟʠʯʝʩʢʫʶ ʙʘʟʫ ʥʘʙʣʶʜʘʝʤʦʛʦ ʵʬʬʝʢʪʘ ʧʦʚʳʰʝʥʠʷ ʜʝ-

ʬʦʨʤʠʨʫʝʤʦʩʪʠ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʧʦʣʠʤʝʨ/ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ. ʋʛʣʝʨʦʜʥʳʝ 

ʥʘʥʦʪʨʫʙʢʠ ʦʙʣʘʜʘʶʪ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʛʣʘʜʢʦʡ ʚ ʘʪʦʤʥʦʤ ʤʘʩʰʪʘʙʝ, ʯʪʦ ʦʧʨʝʜʝʣʷ-

ʝʪ ʚʳʪʷʞʢʫ ʤʘʢʨʦʤʦʣʝʢʫʣ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʋʅʊ ʠ ʬʦʨʤʠʨʦ-
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ʚʘʥʠʶ ʤʝʞʬʘʟʥʦʛʦ ʩʣʦʷ ʥʘ ʛʨʘʥʠʮʝ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʴ ï ʧʦʣʠʤʝʨʥʘʷ ʤʘʪʨʠʮʘ, 

ʠʤʝʶʱʝʛʦ ʧʣʦʪʥʫʶ ʫʧʘʢʦʚʢʫ [87]. ʇʣʦʪʥʘʷ ʫʧʘʢʦʚʢʘ ʵʪʠʭ ʦʙʣʘʩʪʝʡ ʧʨʝʜʣʘʛʘʝʪ, 

ʯʪʦ ʚʝʣʠʯʠʥʘ ʤʬ( )f fd d  ʜʣʷ ʥʠʭ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ ʟʥʘʯʝʥʠʷ ʜʣʷ 

ʨʝʘʣʴʥʳʭ ʪʚʝʨʜʳʭ ʪʝʣ, ʘ ʠʤʝʥʥʦ, ʤʬ

fd =2,95 [88]. ɼʘʣʝʝ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʪʝʦʨʝʪʠ-

ʯʝʩʢʫʶ ʨʘʟʤʝʨʥʦʩʪʴ ( )T

f fd d  ʩʦʛʣʘʩʥʦ ʧʨʘʚʠʣʫ ʩʤʝʩʝʡ [80]: 

ʤʬ

ʥ ʤʬ(1 )T n

f f fd d d ʮ , (1.26) 

ʛʜʝ n

fd  ï ʬʨʘʢʪʘʣʴʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʬʝʥʠʣʦʥʘ, ʨʘʚʥʘʷ 2,247 (ʪʘʙʣ. 1.3). 

ʈʘʩʩʯʠʪʘʥʥʳʝ ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ (1.26) ʟʥʘʯʝʥʠʷ ʪ

fd  ʪʘʢʞʝ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣ. 1.3, ʠ ʦʥʠ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩʦ ʟʥʘʯʝʥʠʷʤʠ df (ʩʨʝʜʥʝʝ ʨʘʩʭʦʞʜʝʥʠʝ ʪʝʦ-

ʨʠʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʨʘʚʥʦ 1,5 %). ɽʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʘʷ ʚʳʰʝ ʪʝʦʨʝʪʠ-

ʯʝʩʢʘʷ ʦʮʝʥʢʘ ʦʩʥʦʚʘʥʘ ʪʦʣʴʢʦ ʥʘ ʚʝʣʠʯʠʥʝ df [6], ʪʦ ʠʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʦʙʥʘ-

ʨʫʞʝʥʥʳʡ ʚʳʰʝ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʵʬʬʝʢʪ ʧʦʚʳʰʝʥʠʷ ʜʝʬʦʨʤʠ-

ʨʫʝʤʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʣʦʪʥʦʫʧʘʢʦʚʘʥʥʳʭ ʤʝʞʬʘʟʥʳʭ ʜʦʤʝʥʦʚ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʋʅʊ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʚʘʨʠʘʮʠʶ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʤʘʪʨʠʯʥʦʛʦ ʠʩʭʦʜʥʦʛʦ ʧʦʣʠʤʝʨʘ (df, ʢʣ ʠ Dʮ) ʠ ʵʪʘ ʚʘʨʠʘʮʠʷ ʧʦʢʘʟʘʥʘ ʚ 

ʪʘʙʣ. 1.3. ʅʝʦʙʭʦʜʠʤʦ ʫʢʘʟʘʪʴ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʨ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟ-

ʤʝʨʥʦʩʪʠ Dʮ (ʩʤ. ʪʘʙʣ. 1.3), ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʧʦʚʳʰʝʥʠʝʤ ʫʨʦʚʥʷ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʧʦʜʚʠʞʥʦʩʪʠ. ʉʦʛʣʘʩʥʦ ʂʘʫʰʫ [89], ʫʢʘʟʘʥʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ï ʦʙʱʘʷ ʜʣʷ ʧʦʣʠʤʝʨ-

ʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʅʦ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʚʳʚʦʜʦʤ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʨʝʟʫʣʴʪʘ-

ʪʦʚ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʧʦʚʳh ʝʥʠʷ ʞʝʩʪʢʦʩʪʠ ʠ ʧʣʘʩʪʠʯʥʦʩʪʠ 

(Eʤ ʠ Ůp) ʤʘʪʨʠʯʥʦʛʦ ʧʦʣʠʤʝʨʘ ʧʨʠ ʚʚʝʜʝʥʠʠ ʋʅʊ [82]. 

ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʧʨʦʛʥʦʟ ʩʚʦʡʩʪʚ ʥʘʥʦʢʦʤʧʦʟʠʪʘ ʬʝʥʠʣʦʥ/ʋʅʊ, ʩʦʜʝʨʞʘ-

ʱʝʛʦ 30 ʤʘʩʩ. % ʥʝʘʛʨʝʛʠʨʦʚʘʥʥʳʭ ʋʅʊ. ɺʝʣʠʯʠʥʫ űʤʬ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʨʘʩ-

ʩʯʠʪʘʪʴ ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ (1.20), ʘ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʥʘʥʦʢʦʤʧʦʟʠʪʘ Eʥ ʦʮʝ-

ʥʠʪʴ ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ (1.6). ʊʦʛʜʘ ʚʝʣʠʯʠʥʘ Eʥ ʜʣʷ ʫʢʘʟʘʥʥʦʛʦ ʚʳʰʝ ʛʠʧʦʪʝʪʠʯʝ-

ʩʢʦʛʦ ʥʘʥʦʢʦʤʧʦʟʠʪʘ ʬʝʥʠʣʦʥ/ʋʅʊ, ʩʦʜʝʨʞʘʱʝʛʦ 30 ʤʘʩʩ. % ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ, 

ʩʦʩʪʘʚʠʪ 11,85 ɻʇʘ. ʈʘʩʯʝʪ ʪ

fd  ʧʦ ʫʨʘʚʥʝʥʠʶ (1.26) ʜʘʝʪ ʚʝʣʠʯʠʥʫ 2,64, ʯʪʦ ʩʦʦʪ-

ʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʇʫʘʩʩʦʥʘ ɜ = 0,32 [88]. ɺʝʣʠʯʠʥʫ ʧʨʝʜʝʣʘ ʪʝ-
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ʢʫʯʝʩʪʠ ůʪ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ [90]: 

ʪ

ʥ

1 2

6(1 )E
, (1.27) 

ʯʪʦ ʜʘʝʪ ůʪ= 820 ʄʇʘ. ʀ ʥʘʢʦʥʝʮ, ʨʘʩʯʝʪ ʧʦ ʫʨʘʚʥʝʥʠʷʤ (1.24) ʠ (1.25) ʜʘʝʪ ʧʨʝ-

ʜʝʣʴʥʫʶ ʜʝʬʦʨʤʘʮʠʶ ʪ

ʨ
 = 1,2 ʠʣʠ 120% [6]. ʇʦʣʫʯʝʥʠʶ ʪʘʢʦʛʦ ʫʥʠʢʘʣʴʥʦʛʦ ʧʦ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʘʥʦʢʦʤʧʦʟʠʪʘ ʧʨʝʧʷʪʩʪʚʫʪʁ ʜʚʝ ʫʢʘʟʘʥʥʳʝ 

ʚʳʰʝ ʪʨʫʜʥʦʩʪʠ: ʦʯʝʥʴ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʥʘʥʦʪʨʫʙʦʢ, ʩʦʩʪʘʚʣʷʶʱʘʷ ʥʝʩʢʦʣʴʢʦ 

ʜʝʩʷʪʢʦʚ ʠ ʜʘʞʝ ʩʦʪʝʥ ʜʦʣʣʘʨʦʚ ʉʐɸ ʟʘ 1 ʛʨʘʤʤ ʦʜʥʦʩʣʦʡʥʳʭ ʋʅʊ, ʠ ʪʝʭʥʦʣʦʛʠʷ 

ʩʠʥʪʝʟʘ ʧʦʩʣʝʜʥʠʭ: ʥʘʥʦʪʨʫʙʢʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʪʦʣʴʢʦ ʚ ʚʠʜʝ ʧʝʨʝʧʫʪʘʥʥʳʭ 

ʧʫʯʢʦʚ, ʘ ʠʤʝʶʱʠʝʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʝʪʦʜʠʢʠ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦ 

ʨʘʙʦʪʘʶʪ ʪʦʣʴʢʦ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʋʅʊ ʤʝʥʝʝ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʮʝʥʪʦʚ [75]. 

ʈʦʣʴ ʤʝʞʬʘʟʥʳʭ ʦʙʣʘʩʪʝʡ ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʠʭ ʚʣʠʷʥʠʝʤ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʧʦʣʠʤʝʨ/ʋʅʊ. ɸʚʪʦʨʳ [91] ʧʦʣʫʯʠʣʠ ʥʘʥʦʢʦʤʧʦʟʠʪʳ 

ʧʦʣʠʘʥʠʣʠʥ/ʤʥʦʛʦʩʣʦʡʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ ʧʦʣʠʤʝʨʠʟʘʮʠʝʡ insitu ʚ ʧʨʠ-

ʩʫʪʩʪʚʠʠ ʋʅʊ ʢʘʢ ʙʝʟ ʤʦʜʠʬʠʢʘʪʦʨʘ, ʪʘʢ ʠ ʩ ʜʚʫʤʷ ʪʠʧʘʤʠ ʤʦʜʠʬʠʢʘʪʦʨʘ. ɹʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʥʘʥʦʢʦʤʧʦʟʠʪ ʩ ʥʘʠʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʤʝʞʬʘʟʥʳʭ 

ʦʙʣʘʩʪʝʡ ʦʙʣʘʜʘʝʪ ʠ ʥʘʠʣʫʯʰʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ. 

ʂʘʢ ʦʪʤʝʪʠʣʠ ʘʚʪʦʨʳ [92], ʬʨʘʢʪʘʣʴʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʝʤ, 

ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʪʝʧʝʥʴ ʫʧʣʦʪʥʝʥʠʷ ʝʜʠʥʠʯʥʦʛʦ ʦʙʲʝʤʘ ʤʘʪʝʨʠʘʣʘ (ʭʦʪʷ 

ʵʪʦ ʠ ʥʝ ʩʦʚʩʝʤ ʧʦʣʥʘʷ ʪʨʘʢʪʦʚʢʘ [67, 68]). ʅʘʩʳʱʝʥʠʝ ʢʣʘʩʪʝʨʘ ʥʘʥʦʯʘʩʪʠʮʘʤʠ 

ʫʚʝʣʠʯʠʚʘʝʪ ʝʛʦ ʧʣʦʪʥʦʩʪʴ. ʆʜʥʘʢʦ, çʤʦʥʦʤʝʨʳè, ʩ ʤʝʥʴʰʝʡ ʚʝʣʠʯʠʥʦʡ ʢʠʥʝʪʠ-

ʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʦʩʘʞʜʘʶʪʩʷ ʥʘ ʜʝʥʜʨʠʪʧʦʜʦʙʥʳʭ ʚʝʪʚʷʭ ʢʣʘʩʪʝʨʘ, ʯʪʦ ʩʧʦʩʦʙ-

ʩʪʚʫʝʪ ʫʩʠʣʝʥʠʶ ʘʜʛʝʟʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʜʣʦʞʢʦʡ. ʏʘʩʪʠʮʳ ʥʘʥʦʥʘ-

ʧʦʣʥʠʪʝʣʝʡ ʟʘʧʦʣʥʷʶʪ ʥʝʨʦʚʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ, ʪʝʤ ʩʘʤʳʤ ʩʧʦʩʦʙʩʪʚʫʷ 

ʣʫʯʰʝʤʫ ʩʮʝʧʣʝʥʠʶ. ʌʨʘʢʪʘʣʴʥʦʩʪʴʶ ʦʙʣʘʜʘʝʪ ʪʘʢʞʝ ʨʝʣʴʝʬ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʦ 

ʜʘʥʥʳʤ ʨʘʙʦʪʳ [93], ʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʥʘʥʦʯʘʩʪʠʮ, 

ʥʘʨʷʜʫ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʭ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ 

ʜʣʷ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ, ʯʝʤ ʩʦʙʩʪʚʝʥʥʦ ʨʘʟʤʝʨ ʥʘʥʦʯʘʩʪʠʮ. ɸʚʪʦʨʳ [92] ʧʨʝʜʧʦʣʦ-

ʞʠʣʠ, ʯʪʦ ʵʪʦ ʠʤʝʝʪ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘʥʦʜʠʩʧʝʨʩʥʳʭ ʤʘʪʝʨʠ-

ʘʣʦʚ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʝʡ, ʢʘʢ ʦʜʥʦʛʦ ʠʟ ʬʘʢʪʦʨʦʚ ʫʧʨʘʚʣʝʥʠʷ ʘʜʛʝʟʠʦʥʥʦʡ 
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ʧʨʦʯʥʦʩʪʴʶ ʚ ʩʣʦʞʥʦʩʦʩʪʘʚʣʝʥʥʳʭ ʩʤʝʩʷʭ. 

ɺ ʨʘʙʦʪʝ [94] ʠʩʩʣʝʜʦʚʘʥʳ ʥʘʥʦʢʦʤʧʦʟʠʪʳ ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜ/ʋʅʊ 

(ʇɺʍ/ʋʅʊ), ʩʦʜʝʨʞʘʱʠʝ ʦʯʝʥʴ ʤʘʣʳʝ ʜʦʙʘʚʢʠ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ (0,1 õ 0,2 ʤʘʩʩ. 

%). ɹʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʋʅʊ ʧʨʠ ʫʢʘʟʘʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʚ ʇɺʍ 

ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʯʥʦʩʪʠ (ʚ ʩʨʝʜʥʝʤ ʥʘ 20%), ʧʦʚʳʰʝʥʠʶ ʪʝʨ-

ʤʦʩʪʘʙʠʣʴʥʦʩʪʠ (ʧʨʠʤʝʨʥʦ ʥʘ 40%) ʠ ʫʤʝʥʴʰʝʥʠʶ ʚʦʜʦʧʦʛʣʘʱʝʥʠʷ (ʥʘ 27%). 

ʇʦʢʘʟʘʪʝʣʴ ʪʝʢʫʯʝʩʪʠ ʨʘʩʧʣʘʚʘ ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʨʦʩʪʘ ʜʦ 0,10 ʤʘʩʩ. % ʋʅʊ ʚ 

ʥʘʥʦʢʦʤʧʦʟʠʪʝ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʚʦʟʨʘʞʝʥʠʡ ʧʨʦʪʠʚ 

ʚʚʝʜʝʥʠʷ ʚ ʧʦʣʠʤʝʨʳ ʞʝʩʪʢʠʭ ʥʘʥʦʯʘʩʪʠʮ ʷʚʣʷʝʪʩʷ ʦʞʠʜʘʝʤʦʝ ʧʦʚʳʰʝʥʠʝ ʚʷʟʢʦ-

ʩʪʠ ʨʘʩʧʣʘʚʘ ʠ ʚʳʟʚʘʥʥʳʝ ʵʪʠʤ ʬʘʢʪʦʨʦʤ ʟʘʪʨʫʜʥʝʥʠʷ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ. ʆʜʥʘʢʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʥʝ ʪʦʣʴʢʦ ʦʧʨʦʚʝʨʛʘʶʪ ʵʪʦ ʦʧʘʩʝʥʠʝ, ʥʦ ʠ ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʶʪ ʦ ʩʥʠʞʝʥʠʠ ʚʷʟʢʦʩʪʠ ʨʘʩʧʣʘʚʘ ʧʦʣʠʤʝʨʥʳʭ ʩʠʩʪʝʤ ʩ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷʤʠ. 

ʂʘʢ ʦʪʤʝʪʠʣʠ ʘʚʪʦʨʳ [95], ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʟʘʜʘʯ ʚ ʪʝʭʥʦʣʦʛʠʠ 

ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ, ʧʦʷʚʣʷʶʱʠʭʩʷ ʥʘ ʩʪʘʜʠʠ ʥʘʯʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʷʚʣʷʝʪʩʷ 

ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʨʘʟʤʝʨʦʚ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʯʘʩʪʠʮ ʥʘʥʦʥʘ-

ʧʦʣʥʠʪʝʣʷ. ʆʛʨʘʥʠʯʠʪʝʣʴʥʦʡ ʧʨʠʯʠʥʦʡ ʜʣʷ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʠʭ ʚʩrʦ-

ʢʘʷ ʩʪʦʠʤʦʩʪʴ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʦʵʪʦʤʫ ʤʘʪʝ-

ʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʚʳʭʦʜʷʪ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ. ɼʣʷ 

ʚrʧʦʣʥʝʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʨʘʩʯʝʪʦʚ ʨʘʟʨʘʙʦʪʘʥ ʨʷʜ ʤʦʜʝʣʝʡ. ɸʚʪʦʨʳ [95] ʧʨʦ-

ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʦʜʝʣʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʟʤʝʨʥʳʤʠ ʠ ʪʦʧʦʣʦʛʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦ-

ʩʪʷʤʠ ʩʠʩʪʝʤʳ ʜʠʩʧʝʨʩʥʦʛʦ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ. 

ʈʘʟʤʝʨʳ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ ʩʠʣʴʥʦ ʚʣʠʷʶʪ ʥʘ ʨʝʦʣʦʛʠʶ ʠ ʧʦʚʝʨʭʥʦʩʪʥʫʶ 

ʵʥʝʨʛʠʶ ʩʠʩʪʝʤʳ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʟʘʢʦʥʳ ʚʘʨʠʘʮʠʠ ʤʘʢʨʦʩʢʦʧʠ-

ʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʜʘʣʝʢʦ ʥʝ ʚʩʝʛʜʘ ʩʧʨʘʚʝʜʣʠʚʳ ʜʣʷ ʩʠʩʪʝʤ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘʥʦ-

ʯʘʩʪʠʮʘʤʠ, ʢ ʢʘʢʦʚʳʤ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʩʠʩʪʝʤʳ ʩ ʩʦʧʦʩʪʘʚʠʤʳʤ ʯʠʩʣʦʤ ʘʪʦʤʦʚ ʥʘ 

ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚ ʦʙʲʝʤʝ, ʯʪʦ ʠ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʚʘʞʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʤʝʨ-

ʥʳʭ ʵʬʬʝʢʪʦʚ. ʅʘ ʧʨʘʢʪʠʢʝ ʵʪʦ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʘʥʦʤʘʣʴʥʦʡ ʚʘʨʠʘ-

ʮʠʠ ʬʠʟʠʯʝʩʢʠʭ, ʭʠʤʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ ʩʚʦʡʩʪʚ ʥʠʟʢʦʨʘʟʤʝʨʥʳʭ ʯʘʩʪʠʮ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʢʣʦʥʥʦʩʪʠ ʢ ʘʛʨʝʛʘʮʠʠ ʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʫʨʘʚʥʝʥʠʝ [95]: 
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ʛʜʝ  - ʢʦʵʬʬʠʮʠʝʥʪ, ʥʝ ʠʤʝʶʱʠʡ ʨʘʟʤʝʨʥʦʩʪʠ, ʧʨʠʤʝʨʥʦ ʨʘʚʝʥ 10, k ï ʧʦʩʪʦʷʥ-

ʥʘʷ ɹʦʣʴʮʤʘʥʘ, ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ ʠʩʧʳʪʘʥʠʡ, ʘ ï ʨʘʟʤʝʨ ʜʠʩʧʝʨʩʥʦʡ ʯʘʩʪʠʮʳ. 

ɺʝʣʠʯʠʥʘ ʚ ʫʨʘʚʥʝʥʠʠ (1.28) ʚʳʨʘʞʝʥʘ ʚ ʝʜʠʥʠʮʘʭ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝ-

ʥʠʷ ʠ ʧʦ ʩʫʱʝʩʪʚʫ ʷʚʣʷʝʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ ʪʝʧʣʦʚʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʥʘ 

ʝʜʠʥʠʮʫ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʵʣʝʤʝʥʪʘ. ʇʦʢʘʟʘʥʦ [95], ʯʪʦ ʩʧʦʥʪʘʥʥʦʝ ʜʠʩ-

ʧʝʨʛʠʨʦʚʘʥʠʝ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʤʠʢʨʦʛʝʪʝʨʦ-

ʛʝʥʥʦʡ ʩʠʩʪʝʤʳ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʟʥʘʯʝʥʠʝ ʪ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʴʰʝ ʵʥʝʨʛʠʠ ʧʦʚʝʨʭʥʦ-

ʩʪʠ 12, ʢʦʪʦʨʘʷ ʨʘʚʥʘ ʧʨʠʤʝʨʥʦ 0,01-0,10 ɼʞ/ʤ
2
) ʚ ʩʠʩʪʝʤʝ (ʚʳʠʛʨʳʰ ʵʥʝʨʛʠʠ, 

ʢʦʛʜʘ ʯʘʩʪʠʮʘ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʚ ʪʝʧʣʦʚʦʡ ʧʦʜʚʠʞʥʦʩʪʠ, ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʴʰʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʤʝʞʬʘʟʥʦʡ ʧʣʦʱʘʜʠ). 

ɸʚʪʦʨʳ [95] ʚʳʧʦʣʥʠʣʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʷʟʢʦʩʪʠ ʩʠʩʪʝʤʳ ʦʪ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ 

ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʠ ʦʙʥʘʨʫʞʠʣʠ ʝʝ ʩʥʠʞʝʥʠʝ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʵʪʦʛʦ ʨʘʟʤʝʨʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʵʪʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʘʝʪ ʩʣʝʜʫʶʱʠʡ ʨʘʟʤʝʨʥʳʡ ʠʥʪʝʨʚʘʣ ʠʩʪʠʥʥʳʭ 

ʥʘʥʦʯʘʩʪʠʮ: a = 1õ45 ʥʤ. ʀ, ʥʘʢʦʥʝʮ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʨʦʛ ʧʨʦʪʝʢʘʥʠʷ ʜʣʷ 

ʋʅʊ ʛʦʨʘʟʜʦ ʥʠʞʝ, ʯʝʤ ʧʦʨʦʛ ʧʨʦʪʝʢʘʥʠʷ ʧʦ ʨʝʰʝʪʢʝ ʠʟ ʩʬʝʨ. 

ɼʦʚʦʣʴʥʦ ʠʥʪʝʨʝʩʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʘʚʪʦʨʘʤʠ [96]. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʯʥʦʛʦ ʧʦʣʠʤʝʨʘ ʩʰʠʪʦʛʦ ʧʦʣʠʫʨʝʪʘʥʤʦʯʝʚʠʥʥʦʛʦ ʵʣʘʩʪʦʤʝ-

ʨʘ ʠ ʩʦʜʝʨʞʘʥʠʠ ʋʅʊ ʚʩʝʛʦ 0,002 ʤʘʩʩ. % ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʩʪʝʧʝʥʴ ʫʩʠʣʝʥʠʷ 

~2,20. ʆʪʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʩʨʘʚʥʠʤʳʭ ʩʦʜʝʨʞʘʥʠʷʭ ʋʅʊ ʥʘʥʦʢʦʤʧʦʟʠʪʳ ʩʦ ʩʪʝʢʣʦ-

ʦʙʨʘʟʥʦʡ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝʡ ʜʘʶʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʪʝʧʝʥʴ ʫʩʠʣʝʥʠʷ ~1,20. 

ʇʨʠʯʠʥʘ ʪʘʢʦʛʦ ʨʘʩʭʦʞʜʝʥʠʷ ʫʞʝ ʦʪʤʝʯʘʣʘʩʴ ʚʳʰʝ: ʩʫʱʝʩʪʚʝʥʥʦʝ ʨʘʟʣʠʯʠʝ ʤʦ-

ʣʝʢʫʣʷʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʠʤʝʨʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ [6]. 

ʂʘʢ ʧʨʝʜʣʦʞʠʣʠ ʘʚʪʦʨʳ [96], ʟʘʤʝʪʥʦʝ ʫʧʨʦʯʥʝʥʠʝ ʥʘʥʦʢʦʤʧʦʟʠʪʘ ʧʨʠ  ʩʦ-

ʜʝʨʞʘʥʠʠ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ 0,002 ʤʘʩʩ. % ʠ ʫʤʝʥʴʰʝʥʠʝ ʝʛʦ ʥʘʧʨʷʞʝʥʠʷ 

ʨʘʟʨʫʰʝʥʠʷ ʧʦ ʤʝʨʝ ʜʘʣʴʥʝʡʰʝʛʦ ʫʚʝʣʠʯʝʥʠʷ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝʚʦʟʤʦʞʥʦ 

ʫʯʝʩʪʴ ʩ ʧʦʤʦʱʴʶ ʫʩʠʣʠʚʘʶʱʝʛʦ ʵʬʬʝʢʪʘ ʥʘʥʦʪʨʫʙʦʢ, ʧʦʩʢʦʣʴʢʫ ʦʩʥʦʚʥʘʷ ʜʦʣʷ 

ʠʥʪʝʨʚʘʣʘ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʩʦʜʝʨʞʘʥʠʡ ʣʝʞʠʪ ʥʠʞʝ ʦʙʳʯʥʦʛʦ ʧʦʨʦʛʘ ʧʝʨʢʦʣʷʮʠʠ, 

ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ ʚ ʵʪʦʤ ʠʥʪʝʨʚʘʣʝ ʥʝ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ 
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ʥʝʧʨʝʨʳʚʥʳʡ ʢʘʨʢʘʩ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʪʘʢʠʝ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʥʘʥʦʢʦʤʧʦʟʠʪʘ ʷʚ-

ʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʟʘʤʝʪʥʳʭ ʠʟʤʝʥʝʥʠʡ ʩʪʨʫʢʪʫʨʳ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ. ʅʘʙʣʶ-

ʜʘʝʤʦʝ ʫʚʝʣʠʯʝʥʠʝ ʙʦʣʝʝ ʯʝʤ ʚ ʜʚʘ ʨʘʟʘ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, 

ʯʪʦ ʯʘʩʪʴ ʦʙʲʝʤʘ ʧʦʣʠʤʝʨʘ ʧʨʠʦʙʨʝʪʘʝʪ ʠʟʤʝʥʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʦʪʣʠʯʘʶʱʫʶʩʷ 

ʤʝʥʴʰʝʡ ʧʦʜʚʠʞʥʦʩʪʴʶ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ [96]. ʀʥʘʯʝ ʛʦʚʦʨʷ, ʚ ʨʘʤʢʘʭ ʠʟʣʦ-

ʞʝʥʥʦʡ ʚʳʰʝ ʧʝʨʢʦʣʷʮʠʦʥʥʦʡ ʤʦʜʝʣʠ [6] ʵʪʦʪ ʵʬʬʝʢʪ ʦʙʲʷʩʥʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠ-

ʝʤ ʤʝʞʬʘʟʥʳʭ ʦʙʣʘʩʪʝʡ. 

ʈʘʥʝʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʨʘʚʥʝʥʠʷ ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʥʘʥʦʢʦʤ-

ʧʦʟʠʪʦʚ ʠ ʠʩʭʦʜʥʦʛʦ ʧʦʣʠʤʝʨʘ ʙʳʣ ʦʮʝʥʝʥ ʨʘʜʠʫʩ ʧʝʨʝʭʦʜʥʦʛʦ ʩʣʦʷ ʧʦʣʠʤʝʨʘ 

ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʴʶ ʤʥʦʛʦʩʣʦʡʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʠ ʥʝʠʟʤʝʥʝʥʥʦʡ ʧʦ-

ʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝʡ, ʪ.ʝ., ʧʦ ʩʫʱʝʩʪʚʫ ʪʦʣʱʠʥʘ ʤʝʞʬʘʟʥʦʛʦ ʩʣʦʷ. ʆʥ ʚʦʟʨʘʩʪʘʝʪ ʚ 

ʜʠʘʧʘʟʦʥʝ ~ 125-225 ʥʤ ʧʦ ʤʝʨʝ ʩʥʠʞʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʥʦʪʨʫʙʦʢ, ʢʦʚʘʣʝʥʪʥʦ 

ʩʦʝʜʠʥʝʥʥʳʭ ʚ ʩʝʪʯʘʪʦʤ ʧʦʣʠʮʠʢʣʦʧʝʥʪʘʜʠʝʥʝ ʚ ʠʥʪʝʨʚʘʣʝ 0,40-0,05 ʤʘʩʩ. %. 

ɽʩʣʠ ʪʦʣʱʠʥʘ ʤʝʞʬʘʟʥʳʭ (ʧʝʨʝʭʦʜʥʳʭ) ʩʣʦʝʚ ʚ ʥʘʥʦʢʦʤʧʦʟʠʪʘʭ ʧʦʣʠʫʨʝ-

ʪʘʥʤʦʯʝʚʠʥʥʳʡ ʵʣʘʩʪʦʤʝʨ/ʋʅʊ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʚʝʜʝʥʥʳʤ ʚʳʰʝ ʦʮʝʥʢʘʤ, ʪʦ 

ʦʙʲʝʤʥʘʷ ʜʦʣʷ ʠʟʤʝʥʝʥʥʦʡ ʤʘʪʨʠʮʳ (ʤʝʞʬʘʟʥʳʭ ʦʙʣʘʩʪʝʡ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʘʨ-

ʤʠʨʫʶʱʠʤ ʵʣʝʤʝʥʪʦʤ [6]) ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪ-

ʢʦʚ ʧʨʦʮʝʥʪʦʚ. ɺ ʨʘʤʢʘʭ ʧʝʨʢʦʣʷʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʵʪʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʙʲ̫ ʩʥʷʝʪ 

ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʫʢʘʟʘʥʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʩʪʝʧʝʥʠ ʫʩʠʣʝʥʠʷ 

ʧʨʠ ʤʘʣʳʭ (ʠʣʠ, ʪʦʯʥʝʝ, ʫʣʴʪʨʘʤʘʣʳʭ [96]) ʩʦʜʝʨʞʘʥʠʷʭ ʋʅʊ. 

ɸʚʪʦʨʳ [96] ʦʪʤʝʪʠʣʠ, ʯʪʦ ʩʚʦʡ ʚʢʣʘʜ ʚ ʫʧʨʦʯʥʝʥʠʝ ʧʦʣʠʤʝʨʘ ʤʦʞʝʪ ʚʥʦ-

ʩʠʪʴ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʯʥʳʭ ʩʚʷʟʝʡ (ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʤʝʞʬʘʟʥʦʡ ʘʜʛʝʟʠʠ) 

ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʴʶ ʥʘʥʦʪʨʫʙʦʢ ʠ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝʡ. ʊʘʢʠʝ ʩʚʷʟʠ ʤʦʛʫʪ 

ʙʳʪʴ ʢʘʢ ʢʦʚʘʣʝʥʪʥʳʤʠ, ʪʘʢ ʠ ʥʝʢʦʚʘʣʝʥʪʥʳʤʠ. ɺ ʩʣʫʯʘʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʥʘʥʦ-

ʢʦʤʧʦʟʠʪʦʚ ʦʙʨʘʟʦʚʘʥʠʝ ʪʘʢʠʭ ʩʚʷʟʝʡ ʚʦʟʤʦʞʥʦ ʟʘ ʩʯʝʪ ʢʦʚʘʣʝʥʪʥʦʡ ʬʫʥʢʮʠʦʥʘ-

ʣʠʟʘʮʠʠ ʋʅʊ ʚ ʭʦʜʝ ʦʪʚʝʨʞʜʝʥʠʷ ʧʦʣʠʫʨʝʪʘʥʘ, ʧʦʩʢʦʣʴʢʫ ʚ ʢʘʯʝʩʪʚʝ ʩʰʠʚʘʶʱʝʛʦ 

ʘʛʝʥʪʘ ʧʨʠ ʝʛʦ ʩʠʥʪʝʟʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʠʘʤʠʥ, ʘ ʘʤʠʥʳ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʩʧʦʩʦʙʥʳ 

ʧʨʠʩʦʝʜʠʥʷʪʴʩʷ ʢ ʋʅʊ. 

ʋʭʫʜʰʝʥʠʝ ʩʚʦʡʩʪʚ ʥʘʥʦʢʦʤʧʦʟʠʪʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʋʅʊ ʚʳʰʝ 

ʦʧʪʠʤʘʣʴʥʦʡ (0,002 ʤʘʩʩ. %) ʷʚʣʷʝʪʩʷ ʥʝʪʨʠʚʠʘʣʴʥʳʤ ʬʘʢʪʦʤ [96]. ʆʙʳʯʥʦ ʭʘ-
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ʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʥʦʪʦʥʥʦ ʤʝʥʷʶʪʩʷ ʧʦ ʤʝʨʝ ʚʘʨʠʘʮʠʠ ʩʦʜʝʨʞʘʥʠʷ ʋʅʊ ʠ ʪʘʢʘʷ ʟʘ-

ʚʠʩʠʤʦʩʪʴ ʢʘʞʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʦʡ (ʭʦʪʷ ʠ ʥʘʙʣʶʜʘʣʠʩʴ ʩʣʫʯʘʠ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʟʘ-

ʚʠʩʠʤʦʩʪʝʡ). ʆʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ ʦʙʲʷʩʥʝʥʠʷ ʵʪʦʛʦ ʵʬʬʝʢʪʘ ʧʨʝʜʣʦʞʝʥ ʚ ʨʘʙʦʪʝ 

[96]. ʀʟʚʝʩʪʥʦ [2], ʯʪʦ ʋʅʊ ʩʢʣʦʥʥʳ ʢ ʩʘʤʦʘʩʩʦʮʠʘʮʠʠ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʜʦʩʪʘ-

ʪʦʯʥʦ ʙʦʣʴʰʠʭ ʘʛʨʝʛʘʪʦʚ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ [96], ʯʪʦ ʵʪʦ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪ-

ʥʦʡ ʧʨʠʯʠʥʦʡ ʫʭʫʜʰʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 

ʋʅʊ, ʧʨʝʚʳʰʘʶʱʠʭ 0,002 ʤʘʩʩ. %. ɺʦʟʤʦʞʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʚʳʰʝ ʦʧʪʠʤʫʤʘ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʥʘʥʦʪʨʫʙʦʢ ʬʦʨʤʠʨʫʝʪ ʘʛʨʝʛʘʪʳ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ 

ʥʝʧʨʘʚʠʣʴʥʫʶ ʬʦʨʤʫ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʫʶ ʫʜʝʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ʀʭ ʩʧʦʩʦʙ-

ʥʦʩʪʴ ʜʦʩʪʘʪʦʯʥʦ ʠʥʪʝʥʩʠʚʥʦ ʚʣʠʷʪʴ ʥʘ ʩʪʨʫʢʪʫʨʫ ʧʦʣʠʤʝʨʘ ʩʥʠʞʘʝʪʩʷ ʠ ʦʜʥʦ-

ʚʨʝʤʝʥʥʦ ʚ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝ ʩʦʟʜʘʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʝʬʝʢʪʳ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʚʘʞʥʳʡ ʘʩʧʝʢʪ, ʩʚʷʟʘʥʥʳʡ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʛʠʙʨʠʜʥʳʭ ʧʦ-

ʣʠʤʝʨʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ, ʥʘʧʦʣʥʝʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʨʘʟʥʦʡ ʨʘʟʤʝʨʥʦʩʪʴʶ. 

ɸʚʪʦʨʳ [97] ʠʩʧʦʣʴʟʦʚʘʣʠ ʵʧʦʢʩʠʧʦʣʠʤʝʨ ʚ ʢʘʯʝʩʪʚʝ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ, ʥʫʣʴ-

ʤʝʨʥʳʝ (ʥʘʥʦ-SiO2) ʠ ʜʚʫʭʤʝʨʥʳʝ (ʦʨʛʘʥʦʛʣʠʥʘ) ʥʘʥʦʯʘʩʪʠʮʳ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1 

ʢʘʢ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʴ. ʇʨʠ ʦʙʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ 3 ʤʘʩʩ. % ʦʥʠ 

ʧʦʣʫʯʠʣʠ ʩʪʝʧʝʥʴ ʫʩʠʣʝʥʠʷ ~3,5 ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʧʦʯʪʠ ʜʚʫʢʨʘʪʥʦʤ ʨʦʩʪʝ 

ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ. ʇʦʵʪʦʤʫ ʙʳʣ ʩʜʝʣʘʥ ʦʙʱʠʡ ʚʳʚʦʜ ʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʛʠʙʨʠʜ-

ʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʩ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʨʘʟʥʳʭ ʨʘʟʤʝʨʥʦʩʪʝʡ. 

ɺʳʚʦʜʳ ʢ ʛʣʘʚʝ 1 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ 

ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ ʨʝʟʫʣʴʪʘʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʨʘʩʭʦʞʜʝʥʠʷ ʚʟʛʣʷʜʦʚ ʥʘ ʧʨʠʯʠʥʳ ʪʝʭ ʠʣʠ ʠʥʳʭ ʵʬʬʝʢʪʦʚ, ʥʘʙʣʶʜʘʝʤʳʭ ʚ ʧʨʦʮʝʩʩʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʧʦʣʠʤʝʨ/ʋʅʊ. ʆʯʝʥʴ ʯʘʩʪʦ ʵʪʠ ʨʘʩʭʦʞʜʝʥʠʷ 

ʦʙʫʩʣʦʚʣʝʥʳ ʠʭ ʯʠʩʪʦ ʢʘʯʝʩʪʚʝʥʥʦʡ (ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʚʝʨʭʥʦʩʪʥʦʡ) ʪʨʘʢʪʦʚʢʦʡ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ 

ʤʦʜʝʣʠ ʩʪʨʫʢʪʫʨʳ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʚ ʨʘʤʢʘʭ ʩʦʚʨʝʤʝʥʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʢʦʥʮʝʧʮʠʡ ʠ 

ʧʦʣʫʯʝʥʠʷ ʥʘ ʝʝ ʦʩʥʦʚʝ ʩʦʦʪʥʦʰʝʥʠʡ ʩʪʨʫʢʪʫʨʘ ï ʩʚʦʡʩʪʚʘ. ʅʝ ʤʝʥʝʝ ʦʯʝʚʠʜʥʦ, ʯʪʦ 

ʫʢʘʟʘʥʥʘʷ ʤʦʜʝʣʴ ʜʦʣʞʥʘ ʫʯʠʪʳʚʘʪʴ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʘʢ ʥʘʥʦʯʘʩʪʠʮ 



39 

 

(ʦʙʲʝʢʪʦʚ ʥʘʥʦʤʠʨʘ) ʚʦʦʙʱʝ, ʪʘʢ ʠ ʥʘʥʦʪʨʫʙʦʢ (ʥʘʥʦʚʦʣʦʢʦʥ) ʚ ʯʘʩʪʥʦʩʪʠ. ʇʦʵʪʦʤʫ, 

ʮʝʣʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʢʦʤʧʣʝʢʩʥʦʤ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʳ, 

ʩʚʦʡʩʪʚ ʠ ʧʝʨʩʧʝʢʪʠʚ ʧʨʠʤʝʥʝʥʠʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʧʦʣʠʤʝʨ/ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ 

(ʥʘʥʦʚʦʣʦʢʥʘ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʠʢ ʠ 

ʬʠʟʠʯʝʩʢʠʭ ʢʦʥʮʝʧʮʠʡ ʩ ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʢʠ ʵʪʦʛʦ ʢʣʘʩʩʘ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. 

ʇʦʩʪʘʚʣʝʥʥʘʷ ʮʝʣʴ ʦʧʨʝʜʝʣʠʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʰʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ, 

ʦʩʥʦʚʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ: 

- ʨʘʟʨʘʙʦʪʢʘ ʩʪʨʫʢʪʫʨʥʦʡ ʤʦʜʝʣʠ ʘʛʨʝʛʘʮʠʠ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ (ʥʘʥʦʚʦ-

ʣʦʢʦʥ), ʫʯʠʪʳʚʘʶʱʝʡ ʠʭ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʘʥʠʟʦʪʨʦʧʠʠ ʠ ʥʠʟʢʫʶ ʧʦʧʝʨʝʯʥʫʶ ʞʝʩʪ-

ʢʦʩʪʴ; 

- ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʠʩʘʥʠʝ ʤʝʞʬʘʟʥʦʡ ʘʜʛʝʟʠʠ (ʥʘʥʦʘʜʛʝʟʠʠ) ʚ ʨʘʩʩʤʘʪʨʠʚʘʝ-

ʤʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʘʭ; 

- ʨʘʟʨʘʙʦʪʢʘ ʧʝʨʢʦʣʷʮʠʦʥʥʦʡ ʠ ʬʨʘʢʪʘʣʴʥʦʡ ʤʦʜʝʣʝʡ ʫʩʠʣʝʥʠʷ ʠ ʜʨʫʛʠʭ ʤʝʭʘ-

ʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʧʦʣʠʤʝʨ/ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ (ʥʘʥʦʚʦʣʢʥʘ); 

- ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠʩʩʣʝʜʫʝʤʳʭ ʥʘʥʦʤʘʪʝʨʠ-

ʘʣʦʚ ʚ ʨʘʤʢʘʭ ʩʦʚʨʝʤʝʥʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ; 

- ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʧʨʝʜʝʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʥʘʥʦʢʦʤʧʦʟʠ-

ʪʦʚ. 



40 

 

ɻʣʘʚʘ 2. ʆɹʒɽʂʊʓ ʀ ʄɽʊʆɼʓ ʀʉʉʃɽɼʆɺɸʅʀʗ 

2.1. ʆʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʯʥʦʛʦ ʧʦʣʠʤʝʨʘ ʠʩʧʦʣʴʟʦʚʘʥ ʧʦʣʠʧʨʦ-

ʧʠʣʝʥ (ʇʇ) çʂʘʧʣʝʥè ʤʘʨʢʠ 01030. ʕʪʦ ʦʜʥʘ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʦʪʝ-

ʯʝʩʪʚʝʥʥʳʭ ʤʘʨʦʢ ʇʇ. ʀʟʥʘʯʘʣʴʥʦ ʦʥʘ ʧʨʝʜʥʘʟʥʘʯʘʣʘʩʴ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟʜʝ-

ʣʠʡ ʤʝʪʦʜʦʤ ʵʢʩʪʨʫʟʠʠ, ʧʦʵʪʦʤʫ ʜʘʥʥʘʷ ʤʘʨʢʘ ʇʇ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʩʪʦʡʢʦʩʪʴʶ 

ʢ ʪʝʨʤʦʦʢʠʩʣʠʪʝʣʴʥʦʤʫ ʩʪʘʨʝʥʠʶ ʠ ʫʣʫʯʰʝʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʜʦʩʪʫʧʥʦʩʪʠ, ʮʝʥʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʵʪʘ ʤʘʨʢʘ ʇʇ 

ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠʟʜʝʣʠʡ ʤʝʪʦʜʦʤ ʣʠʪʴʷ ʧʦʜ 

ʜʘʚʣʝʥʠʝʤ. ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʜʣʷ ʇʇ ʤʘʨʢʠ 01030 ʩʦʩʪʘʚʣʷʝʪ (2õ3)Ĭ10
5
, ʠʥ-

ʜʝʢʩ ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʠ ʨʘʚʝʥ 4,5. ʉʪʨʫʢʪʫʨʥʘʷ ʬʦʨʤʫʣʘ ʧʦʣʠʧʨʦʧʠʣʝʥʘ ʠʤʝʝʪ 

ʚʠʜ: 

C C

HH

H CH3

n  

ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʵʪʦʡ ʤʘʨʢʠ ʇʇ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2.1 ʩʦʛʣʘʩʥʦ ʜʘʥ-

ʥʳʤ ʟʘʚʦʜʘ-ʧʨʦʠʟʚʦʜʠʪʝʣʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʥʳ ʫʛʣʝʨʦʜʥʳʝ ʦʜʥʦʩʣʦʡʥʳʝ ʥʘʥʦ-

ʪʨʫʙʢʠ ʤʘʨʢʠ çʊʘʫʥʠʪè, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʧʨʦʪʷʞʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʩʦʩʪʦ̫-

ʱʠʝ ʠʟ ʩʚʝʨʥʫʪʳʭ ʛʝʢʩʘʛʦʥʘʣʴʥʳʭ ʩʝʪʦʢ ʩ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ ʚ ʫʟʣʘʭ. ʋʛʣʝʨʦʜʥʳʝ 

ʥʘʥʦʪʨʫʙʢʠ (ʋʅʊ) ʤʘʨʢʠ çʊʘʫʥʠʪè ʧʦʣʫʯʝʥʳ ʛʘʟʦʬʘʟʥʳʤ ʭʠʤʠʯʝʩʢʠʤ ʦʩʘʞʜʝʥʠ-

ʝʤ (ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʧʠʨʦʣʠʟʦʤ ï CVD) ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ʉxHy) ʥʘ ʢʘʪʘʣʠʟʘʪʦʨʘʭ 

(Ni/Mg) ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʝ 853õ923 K. ʇʨʦʜʦʣʞʠʪʝʣɹ-

ʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʩʦʩʪʘʚʣʷʣʘ 10õ80 ʤʠʥ. ʉʚʦʡʩʪʚʘ ʋʅʊ ʤʘʨʢʠ çʊʘʫʥʠʪè ʧʨʠʚʝʜʝʥʳ 

ʚ ʪʘʙʣ. 2.2. 
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ʊʘʙʣʠʮʘ 2.1 

ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʠʧʨʦʧʠʣʝʥʘ çʂʘʧʣʝʥè ʤʘʨʢʠ 01030 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʷ 

ʅʦʨʤʘ ʜʣʷ ʤʘʨʢʠ 

ʇʝʨʚʳʡ 

ʩʦʨʪ 

ɺʪʦʨʦʡ 

ʩʦʨʪ 

ʇʦʢʘʟʘʪʝʣʴ ʪʝʢʫʯʝʩʪʠ ʨʘʩʧʣʘʚʘ, ʛ/10ʤʠʥ 2,3õ3,6 2,3õ3,6 

ʈʘʟʙʨʦʩ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʷ ʪʝʢʫʯʝʩʪʠ ʨʘʩʧʣʘʚʘ ʚ ʧʨʝ-

ʜʝʣʘʭ ʧʘʨʪʠʠ, %, ʥʝ ʙʦʣʝʝ 
15 20 

ʅʘʩʳʧʥʘʷ ʧʣʦʪʥʦʩʪʴ, ʢʛ/ʤ
3
 ʅʝ ʥʦʨʤʠʨʫʶʪ 

ʂʦʣʠʯʝʩʪʚʦ ʚʢʣʶʯʝʥʠʡ, ʰʪ., ʥʝ ʙʦʣʝʝ 3 10 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʟʦʣʳ, %, ʥʝ ʙʦʣʝʝ 0,045 0,060 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʣʝʪʫʯʠʭ ʚʝʱʝʩʪʚ, %, ʥʝ ʙʦʣʝʝ 0,12 0,15 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʘʪʘʢʪʠʯʝʩʢʦʡ ʬʨʘʢʮʠʠ, %, ʥʝ ʙʦʣʝʝ ʅʝ ʥʦʨʤʠʨʫʶʪ 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʠʟʦʪʘʢʪʠʯʝʩʢʦʡ ʬʨʘʢʮʠʠ, %, ʥʝ ʙʦʣʝʝ ʅʝ ʥʦʨʤʠʨʫʶʪ 

ʆʪʢʣʦʥʝʥʠʝ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ, %, ʦʪ ʫʢʘ-

ʟʘʥʥʦʡ ʚ ʨʝʮʝʧʪʫʨʘʭ 10, 11 ʠ 16 
20 20 

ʇʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ, ʄʇʘ, ʥʝ ʤʝʥʝʝ 31 30 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ʧʨʠ ʨʘʟʨʳʚʝ, %, ʥʝ ʤʝʥʝʝ 600 300 

 

ʊʘʙʣʠʮʘ 2.2 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ çʋʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʤʘʨʢʠ çʊʘʫʥʠʪè 

ʅʘʨʫʞʥʳʡ ʜʠʘʤʝʪʨ, ʥʤ 20õ70 

ɺʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ, ʥʤ 5õ10 

ɼʣʠʥʘ, ʤʢʤ 2 ʠ ʙʦʣʝʝ 

ʆʙʱʠʡ ʦʙʲʝʤ ʧʨʠʤʝʩʝʡ, % ʜʦ 5 

ʆʙʱʠʡ ʦʙʲʝʤ ʧʨʠʤʝʩʝʡ ʧʦʩʣʝ ʦʯʠʩʪʢʠ, % ʜʦ 1 

ʅʘʩʳʧʥʘʷ ʧʣʦʪʥʦʩʪʴ, ʢʛ/ʤ
3
 400õ600 

ʋʜʝʣʴʥʘʷ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʧʦʚʝʨʭʥʦʩʪʴ, ʤ
2
/ʛ 120õ130 

ʊʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴ, ʂ ʜʦ 900 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʢʘʯʝʩʪʚʝ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʥʦʛʦʩʣʦʡʥʳʝ ʫʛʣʝ-

ʨʦʜʥʳʝ ʥʘʥʦʚʦʣʦʢʥʘ (ʋʅɺ) ʩ ʯʠʩʣʦʤ ʩʣʦʝʚ 20õ30 ʥʤ ʠ ʜʠʘʤʝʪʨʦʤ 20õ30 ʥʤ. ɼʣʠ-

ʥʘ ʋʅɺ ʩʦʩʪʘʚʣʷʣʘ 2 ʤʢʤ ʠ ʙʦʣʝʝ. 

ʉʦʜʝʨʞʘʥʠʝ ʋʅʊ ʚ ʥʘʥʦʢʦʤʧʦʟʠʪʘʭ ʇʇ/ʋʅʊ ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʚ ʧʨʝʜʝʣʘʭ 

0,25õ3,0 ʤʘʩʩ. %, ʘ ʩʦʜʝʨʞʘʥʠʝ ʋʅɺ ʚ ʥʘʥʦʢʦʤʧʦʟʠʪʘʭ ʇʇ/ʋʅɺ ï ʚ ʧʨʝʜʝʣʘʭ 

0,15õ3,0 ʤʘʩʩ. %. 
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2.1.1. ʄʝʪʦʜʳ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʦʙʨʘʟʮʦʚ 

ʅʘʥʦʢʦʤʧʦʟʠʪʳ ʇʇ/ʋʅʊ ʠ ʇʇ/ʋʅɺ ʧʦʣʫʯʝʥʳ ʩʤʝʰʠʚʘʥʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ ʚ 

ʨʘʩʧʣʘʚʝ ʥʘ ʜʚʫʭʰʥʝʢʦʚʦʤ ʵʢʩʪʨʫʜʝʨʝ Thermo Haake, ʤʦʜʝʣʴ Reomex RTW 25/42, 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʌʝʜʝʨʘʪʠʚʥʦʡ ʈʝʩʧʫʙʣʠʢʠ ɻʝʨʤʘʥʠʷ (ʨʠʩ. 2.1). ʉʤʝʰʠʚʘʥʠʝ ʚʳ-

ʧʦʣʥʝʥʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʨʝʞʠʤʝ, ʧʨʠʚʝʜʝʥʥʦʤ ʚ ʪʘʙʣ. 2.3. ʉʤʝʰʠʚʘʥʠʝ ʧʨʦ-

ʚʦʜʠʣʦʩʴ ʧʨʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʰʥʝʢʘ 50 ʦʙ/ʤʠʥ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ. ɼʠʘʤʝʪʨ ʰʥʝ-

ʢʘ 25 ʤʤ, ʚʨʘʱʝʥʠʝ ʰʥʝʢʦʚ ʩʦʥʘʧʨʘʚʣʝʥʥʦʝ. 

 

ʈʠʩ. 2.1. ɼʚʫʭʰʥʝʢʦʚʳʡ ʵʢʩʪʨʫʜʝʨ Thermo Haake, ʤʦʜʝʣʴ Reomex RTW 25/42 

ʊʘʙʣʠʮʘ 2.3 

ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʮʠʣʠʥʜʨʘ ʵʢʩʪʨʫʜʝʨʘ ʧʦ ʟʦʥʘʤ 

ʇʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʟʦʥʳ ʊʝʤʧʝʨʘʪʫʨʘ, ʂ 

1 463 

2 473 

3 473 

4 503 

5 503 

6 503 

7 503 

8 493 

ɻʦʣʦʚʢʘ ʮʠʣʠʥʜʨʘ 463 

ʆʙʨʘʟʮʳ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʣʠʪʴʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʥʘ ʣʠʪʴʝ-

ʚʦʡ ʤʘʰʠʥʝ  Test Sample Molding Apparate RR/TSMP ʬʠʨʤʳ Ray-Ran (ʊʘʡʚʘʥʴ) 

(ʨʠʩ. 2.2) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 483 ʂ ʠ ʜʘʚʣʝʥʠʠ 43 ʄʇʘ. 
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ʈʠʩ. 2.2. ʇʣʫʥʞʝʨʥʦ-ʧʦʨʰʥʝʚʘʷ ʣʠʪʴʝʚʘʷ ʤʘʰʠʥʘ ʤʘʨʢʠ RR/TSMP/105 

2.2. ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ  

2.2.1. ʈʘʩʪʨʦʚʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʇʇ/ʋʅʊ ʠ ʇʇ/ʋʅɺ ʠʩʧʦʣʴʟʦ-

ʚʘʣʠ ʤʝʪʦʜ ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʈʕʄ). ʆʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʝʧʘʨʠʨʦʚʘʣʠ ʚ ʞʠʜʢʦʤ ʘʟʦʪʝ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʩʢʦʣʦʚ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʠʟʦʙ-

ʨʘʞʝʥʠʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʦʣʘ ʧʨʠʤʝʥʷʣʠ ʩʢʘʥʠʨʫʶʱʠʡ ʵʣʝʢʪʨʦʥʥʳʡ ʤʠʢʨʦʩʢʦʧ 

ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʩ ʘʚʪʦʵʤʠʩʩʠʦʥʥʳʤ ʢʘʪʦʜʦʤ JSM-7500 F ʬʠʨʤʳ JEOL 

(ʗʧʦʥʠʷ). ʀʟʦʙʨʘʞʝʥʠʷ ʧʦʣʫʯʘʣʠ ʚ ʨʝʞʠʤʝ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʚʪʦʨʠʯʥʳʭ ʵʣʝʢ-

ʪʨʦʥʦʚ, ʧʦʩʢʦʣʴʢʫ ʵʪʦʪ ʨʝʞʠʤ ʦʙʝʩʧʝʯʠʚʘʣ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʝ ʨʘʟʨʝʰʝʥʠʝ (ʧʨʠ 

ʵʥʝʨʛʠʠ ʧʝʨʚʠʯʥʦʛʦ ʧʫʯʢʘ 1 ʢʵɺ ʨʘʟʨʝʰʝʥʠʝ ʩʦʩʪʘʚʣʷʣʦ 1,5 ʥʤ, ʧʨʠ 5 ʢʵɺ ï 1 ʥʤ). 

ʉ ʮʝʣʴʶ ʠʩʢʣʶʯʝʥʠʷ ʵʬʬʝʢʪʦʚ ʟʘʨʷʜʢʠ, ʘ ʪʘʢʞʝ ʨʘʟʨʫʰʝʥʠʷ ʦʙʲʝʢʪʦʚ ʧʦʜ ʚʦʟʜʝʡ-

ʩʪʚʠʝʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʟʦʥʜʘ (ʪʝʤʧʝʨʘʪʫʨʘ ʧʝʨʝʛʨʝʚʘ, ʦʮʝʥʝʥʥʘʷ ʧʦ ʠʟʚʝʩʪʥʦʡ ʬʦʨ-

ʤʫʣʝ ʂʘʩʪʝʥʘ, ʩʦʩʪʘʚʣʷʣʘ 10 ʂ) ʧʨʠʤʝʥʷʣʠ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ: 

1) ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʥʠʟʢʦʤ ʪʦʢʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʟʦʥʜʘ 

11(3 10 A), ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʣʦʩʴ ʥʘʣʠʯʠʝʤ ʘʚʪʦʵʤʠʩʩʠʦʥʥʦʛʦ ʢʘʪʦʜʘ ʩ ʭʦʣʦʜʥʦʡ 

ʧʦʣʝʚʦʡ ʵʤʠʩʩʠʝʡ; 
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2) ʧʨʠʤʝʥʷʣʠ ʩʧʝʮʠʘʣʴʥʳʡ ʨʝʞʠʤ Gentle Beam, ʧʨʠ ʢʦʪʦʨʦʤ ʵʣʝʢʪʨʦʥʳ 

ʟʦʥʜʘ ʟʘʤʝʜʣʷʣʠʩʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʵʥʝʨʛʠʷ ʧʝʨʚʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʫʤʝʥʴʰʘʣʘʩʴ ʜʦ ʫʣʴʪʨʘʥʠʟʢʠʭ ʟʥʘʯʝʥʠʡ, ʯʪʦ ʧʨʠ-

ʚʦʜʠʣʦ ʢ ʩʥʠʞʝʥʠʶ ʟʘʨʷʜʦʚʳʭ ʵʬʬʝʢʪʦʚ ʠ ʠʩʢʣʶʯʝʥʠʶ ʨʘʟʨʫʰʝʥʠʷ ʦʙʨʘʟʮʘ ʩ ʦʜ-

ʥʦʡ ʩʪʦʨʦʥʳ ʠ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʜʠʘʤʝʪʨ ʵʣʝʢʪʨʦʥʥʦʛʦ ʟʦʥʜʘ ʦʩʪʘʚʘʣʩʷ ʥʝʙʦʣʴ-

ʰʠʤ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʩʦʭʨʘʥʝʥʠʶ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ; 

3) ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʩʢʦʣʘ ʥʘʥʦʩʠʣʠ ʤʝʪʦʜʦʤ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ ʤʝ-

ʪʘʣʣʠʯʝʩʢʫʶ ʧʣʝʥʢʫ ʧʣʘʪʠʥʳ ʪʦʣʱʠʥʦʡ ʧʦʨʷʜʢʘ 5 ʥʤ. 

2.2.2. ʀʩʧʳʪʘʥʠʷ ʥʘ ʦʜʥʦʦʩʥʦʝ ʨʘʩʪʷʞʝʥʠʝ 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʦʜʥʦʦʩʥʦʝ ʨʘʩʪʷʞʝʥʠʝ ʚʳʧʦʣʥʝʥʳ ʥʘ ʦʙʨʘʟʮʘʭ 

ʚ ʬʦʨʤʝ ʜʚʫʭʩʪʦʨʦʥʥʝʡ ʣʦʧʘʪʢʠ ʩ ʨʘʟʤʝʨʘʤʠ ʩʦʛʣʘʩʥʦ ɻʆʉʊ 112 62ï80. ʀʩʧʳʪʘ-

ʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʝ Gotech Testing Machine 

CT-TCS-2000, ʧʨʦʠʟʚʦʜʩʪʚʘ ʌʝʜʝʨʘʪʠʚʥʦʡ ʈʝʩʧʫʙʣʠʢʠ ɻʝʨʤʘʥʠʷ (ʨʠʩ. 2.3) ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 293 ʂ ʠ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ ~2Ĭ10
-3
ʩ

-1
. ɿʘ ʨʝʟʫʣʴʪʘʪ ʠʩʧʳʪʘʥʠʷ 

ʧʨʠʥʠʤʘʣʠ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʥʝ ʤʝʥʝʝ ʧʷʪʠ ʠʟʤʝʨʝʥʠʡ. 

 

ʈʠʩ.2.3. ʋʥʠʚʝʨʩʘʣʴʥʘʷ ʨʘʟʨʳʚʥʘʷ ʤʘʰʠʥʘ Gotech Testing Machine 

CT-TCS 2000  

2.2.3 ʋʜʘʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʦ ʤʝʪʦʜʫ ʐʘʨʧʠ 

ʋʜʘʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʇʇ/ʋʅʊ ʠ ʇʇ/ʋʅɺ ʧʦ ʤʝʪʦʜʫ ʐʘʨʧʠ 
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(ʩʭʝʤʘ ʪʨʝʭʪʦʯʝʯʥʦʛʦ ʠʟʛʠʙʘ) ʚʳʧʦʣʥʝʥʳ ʥʘ ʠʥʩʪʨʫʤʝʥʪʠʨʦʚʘʥʥʦʤ ʤʘ̫ ʪʥʠʢʦʚʦʤ 

ʢʦʧʨʝ ʤʦʜʝʣʠ GT-7045-MD, ʧʨʦʠʟʚʦʜʩʪʚʦ ʊʘʡʚʘʥʴ (ʨʠʩ. 2.4). ɺʳʙʨʘʥʘ ʰʢʘʣʘ 

ʵʥʝʨʛʠʠ 1 ɼʞ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ʦʙʨʘʟʮʘ ʙʳʣʦ ʠʟʨʘʩʭʦʜʦʚʘʥʦ 

ʥʝ ʤʝʥʝʝ 10 % ʠ ʥʝ ʙʦʣʝʝ 80 % ʟʘʧʘʩʘ ʵʥʝʨʛʠʠ ʫʜʘʨʥʠʢʘ. ʀʟʤʝʨʝʥʠʝ ʵʥʝʨʛʠʠ ʫʜʘ-

ʨʘ, ʟʘʪʨʘʯʝʥʥʦʡ ʥʘ ʨʘʟʨʫʰʝʥʠʝ ʦʙʨʘʟʮʘ, ʚʳʧʦʣʥʝʥʦ ʢʘʢ ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʟʥʦʩʪʠ 

ʤʝʞʜʫ ʧʝʨʚʦʥʘʯʘʣʴʥʳʤ ʟʘʧʘʩʦʤ ʵʥʝʨʛʠʠ ʤʘʷʪʥʠʢʘ ʠ ʵʥʝʨʛʠʝʡ, ʩʦʭʨʘʥʠʚʰʝʡʩʷ ʫ 

ʤʘ̫ ʪʥʠʢʘ ʧʦʩʣʝ ʨʘʟʨʫʰʝʥʠʷ ʠʩʧʳʪʫʝʤʦʛʦ ʦʙʨʘʟʮʘ. ɼʣʷ ʠʩʧʳʪʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘ-

ʣʠʩʴ ʦʙʨʘʟʮʳ ʨʘʟʤʝʨʘʤʠ 8010 4 ʤʤ ʩ V-ʦʙʨʘʟʥʳʤ ʥʘʜʨʝʟʦʤ 0,8 ʤʤ. ʈʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʦʧʦʨʘʤʠ ʧʨʠʙʦʨʘ (ʧʨʦʣʝʪ) ʩʦʩʪʘʚʣʷʣʦ 60 ʤʤ. ɺ ʨʘʩʯʝʪ ʧʨʠʥʠʤʘʣʠʩʴ ʨʝ-

ʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʙʨʘʟʮʘʭ, ʨʘʟʨʫʰʠʚʰʠʭʩʷ ʧʦʣʥʦʩʪʴʶ ʠʣʠ ʩ ʨʘʟʜʝʣʝʥʠʝʤ 

ʥʘ ʯʘʩʪʠ, ʫʜʝʨʞʠʚʘʝʤʳʝ ʪʦʥʢʦʡ ʧʣʝʥʢʦʡ (ʥʠʪʢʦʡ). 

 

 

ʈʠʩ. 2.4. ʇʨʠʙʦʨ ʤʘʨʢʠ GT-7045-MD 

 

ʋʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ ʦʙʨʘʟʮʦʚ ʩ ʥʘʜʨʝʟʦʤ Ap (ʚ ʢɼʞ/ʤ
2
) ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʬʦʨ-

ʤʫʣʝ: 

( )
ʈ

U
A

B D a
 (2.1) 

ʛʜʝ U ï ʵʥʝʨʛʠʷ, ʟʘʪʨʘʯʝʥʥʘʷ ʥʘ ʨʘʟʨʫʰʝʥʠʝ ʦʙʨʘʟʮʘ, B ʠ Dïh ʠʨʠʥʘ ʠ ʪʦʣʱʠʥʘ 

ʦʙʨʘʟʮʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, a ï ʛʣʫʙʠʥʘ ʥʘʜʨʝʟʘ. 
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2.2.4. ʀʩʧʳʪʘʥʠʷ ʥʘ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ 

ʀʟʤʝʨʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʦ ʐʦʨʫ, ʰʢʘʣʘ D, ʧʨʦʚʦʜʠʣʠ ʩʦʛʣʘʩʥʦ ɻʆʉʊ 

24621-91 ʥʘ ʪʚʝʨʜʦʤʝʨʝ ʤʦʜʝʣʠ çHildebrandè ʧʨʦʠʟʚʦʜʩʪʚʘ ʌʝʜʝʨʘʪʠʚʥʦʡ ʈʝʩ-

ʧʫʙʣʠʢʠ ɻʝʨʤʘʥʠʷ (ʨʠʩ. 2.5). ɺʳʧʦʣʥʝʥʳ ʠʟʤʝʨʝʥʠʷ ʟʥʘʯʝʥʠʷ ʥʘʠʙʦʣʴʰʠʭ ʟʥʘʯʝ-

ʥʠʡ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʠ ʝʝ ʚʝʣʠʯʠʥ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ 1 ʠ 15 ʩ ʥʘʭʦʞʜʝʥʠʷ ʦʙʨʘʟʮʘ ʧʦʜ ʥʘʛʨʫʞʝʥʥʳʤ ʠʥʜʝʥʪʦʨʦʤ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʚʝʣʠʯʠʥ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ 

ʜʠʘʤʝʪʨʦʤ 40 ʤʤ ʠ ʪʦʣʱʠʥʦʡ 5 ʤʤ. 

 

ʈʠʩ.2.5. ʇʨʠʙʦʨ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʦ ʐʦʨʫ ʤʦʜʝʣʠ  

çHildebrandè 

 

ʇʨʦʚʦʜʠʣʠʩʴ ʥʝ ʤʝʥʝʝ ʧʷʪʠ ʠʟʤʝʨʝʥʠʡ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʚ ʨʘʟʥʳʭ ʤʝʩʪʘʭ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ, ʥʦ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʥʝ ʤʝʥʝʝ 6 ʤʤ ʦʪ ʪʦʯʢʠ ʧʨʝʜʳʜʫʱʝʛʦ ʠʟʤʝ-

ʨʝʥʠʷ. ɿʘ ʨʝʟʫʣʴʪʘʪ ʠʩʧʳʪʘʥʠʷ ʧʨʠʥʠʤʘʣʠ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʥʝ ʤʝʥʝʝ ʧʷʪʠ 

ʠʟʤʝʨʝʥʠʡ. 

2.2.5. ʀʟʤʝʨʝʥʠʷ ʣʠʥʝʡʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ 

ʃʠʥʝʡʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ (ʃʂʊʈ) ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʜʠ-

ʣʘʪʦʤʝʪʨʝ ɼKB-5AM, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʤ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʜʠʣʘʪʦ-

ʤʝʪʨʠʯʝʩʢʠʭ ʢʨʠʚʳʭ ʨʘʟʣʠʯʥʳʭ ʪʚʝʨʜʳʭ ʪʝʣ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 2931173 ʂ 
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ʩʦʛʣʘʩʥʦ ɻʆʉʊ 15173-80. ɼʝʡʩʪʚʠʝ ʧʨʠʙʦʨʘ ʦʩʥʦʚʘʥʦ ʥʘ ʠʟʤʝʨʝʥʠʠ ʨʘʟʥʦʩʪʠ ʠʟ-

ʤʝʥʝʥʠʷ ʜʣʠʥʳ ʠʩʧʳʪʫʝʤʦʛʦ ʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʢʚʘʨʮʝʚʦʛʦ ʦʙʨʘʟʮʦʚ. 

ɼʣʷ ʠʩʧʳʪʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʠʟʤʘʪʠʯʝʩʢʠʝ (64 ʤʤ) ʦʙʨʘʟʮʳ ʜʣʠʥʦʡ 

50 3 ʤʤ, ʥʝʧʘʨʘʣʣʝʣʴʥʦʩʪʴ ʰʣʠʬʦʚʘʥʥʳʭ ʪʦʨʮʦʚ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʣʘ ʥʝ ʙʦʣʝʝ 

0,02 ʤʤ. ʇʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʙʳʣʘ ʨʦʚʥʦʡ, ʛʣʘʜʢʦʡ, ʥʝ ʠʤʝʣʘ ʨʘʢʦʚʠʥ, ʪʨʝ-

ʱʠʥ ʠ ʜʨʫʛʠʭ ʜʝʬʝʢʪʦʚ; ʪʦʨʮʳ ʙʳʣʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʦʙʨʘʟʮʘ. 

ʂʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʮʦʚ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʦʪ ʢʘʞʜʦʡ ʧʘʨʪʠʠ ʤʘʪʝʨʠʘʣʘ ʩʦʩʪʘʚʣʷʣʦ ʥʝ 

ʤʝʥʝʝ ʧʷʪʠ. ʇʝʨʝʜ ʠʩʧʳʪʘʥʠʷʤʠ ʟʘʤʝʨʷʣʠ ʜʣʠʥʫ ʦʙʨʘʟʮʘ ʩ ʪʦʯʥʦʩʪʴʶ Ñ 0,01 ʤʤ. 

ʋʩʪʘʥʘʚʣʠʚʘʣʠ ʩʢʦʨʦʩʪʴ ʧʦʜʲʝʤʘ ʪʝʤʧʝʨʘʪʫʨʳ (ʥʝ ʙʦʣʝʝ 10 ʂ/ʤʠʥ) ʠ ʚʳʙʠʨʘʣʠ 

ʤʘʩʰʪʘʙ ʠʟʤʝʨʝʥʠʷ ʫʜʣʠʥʝʥʠʷ ʦʙʨʘʟʮʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ, ʧʦʩʣʝ ʯʝʛʦ ʦʙʨʘʟʝʮ ʫʩʪʘ-

ʥʘʚʣʠʚʘʣʩʷ ʚ ʢʚʘʨʮʝʚʳʡ ʙʣʦʢ. ɼʘʣʝʝ ʟʘʧʠʩʳʚʘʣʠ ʝʛʦ ʜʠʣʘʪʦʤʝʪʨʠʯʝʩʢʫʶ ʢʨʠʚʫʶ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʘʚʣʝʥʦʛʦ ʢʚʘʨʮʘ. 

ʉʨʝʜʥʠʡ ʃʂʊʈ Ŭ (K
-1
) ʠʩʧʳʪʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʫʨʘʚʥʝʥʠʶ: 

ʥ
ʢ

0 1

1n

i i

l l

l T T
 (2.2) 

ʛʜʝ ȹln ï ʨʘʟʥʦʩʪʴ ʧʦʢʘʟʘʥʠʡ ʵʣʝʢʪʨʦʧʦʪʝʥʮʠʦʤʝʪʨʘ ʧʦ ʰʢʘʣʝ çYè ʚ ʜʠʘʧʘʟʦʥʝ 

ʪʝʤʧʝʨʘʪʫʨ ʊi+1õTi, ʜʘʝʪʩʷ ʚ ʤʤ; lʥ ï ʜʦʩʪʠʞʝʥʠʝ ʥʫʣʝʚʦʛʦ ʜʝʣʝʥʠʷ ʧʨʠʙʦʨʘ ʚ 

ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʊi+1õTi, ʤʤ; l0 ï ʨʘʟʤʝʨ ʠʩʧʳʪʳʚʘʝʤʦʛʦ ʦʙʨʘʟʮʘ ʧʨʠ ʊ=293ʂ, 

ʤʤ; ʢ ï ʣʠʥʝʡʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʵʪʘʣʦʥʥʦʛʦ ʢʚʘʨʮʝʚʦʛʦ 

ʩʪʝʢʣʘ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʊi+1õ Ti, ʂ
-1
 (ʢʘʢ ʜʘʥʦ ɺʅʀʀʌʊʈʀ ɻʦʩʫʜʘʨʩʪʚʝʥ-

ʥʦʛʦ ʢʦʤʠʪʝʪʘ ʩʪʘʥʜʘʨʪʦʚ ʈʌ). 

ɺ ʢʘʯʝʩʪʚʝ ʨʝʟʫʣʴʪʘʪʘ ʠʩʧʳʪʘʥʠʡ ʜʣʷ ʢʘʞʜʦʡ ʩʝʨʠʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʧʨʠʥʠ-

ʤʘʣʠ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ 10 ʠʟʤʝʨʝʥʠʠ, ʦʢʨʫʛʣʝʥʥʦʝ ʜʦ 1Ĭ10
-6 
ʂ

-1
. 

2.2.6. ʀʟʤʝʨʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʠ 

ʂʠʥʝʪʠʢʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʇʇ/ʋʅʊ ʠʩʩʣʝʜʦʚʘʥʘ ʤʝʪʦʜʦʤ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʠ (ɼCK) ʥʘ ʧʨʠʙʦʨʝ ʬʠʨʤʳ Perkin 

Elmer, ʤʦʜʝʣʴ DSC 4000, ʧʨʦʠʟʚʦʜʩʪʚʦ ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ (ʨʠʩ. 2.6), ʩʦ ʩʢʦʨʦʩʪʴʶ 

ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 10 ʂ/ʤʠʥ. ʅʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʦʙʨʘʟʮʳ, 

ʠʤʝʶʱʠʝ ʤʘʩʩʫ 0,20 ʛ, ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʚ ʘʪʤʦʩʬʝʨʝ ʛʝʣʠʷ, ʢʦʪʦʨʳʡ ʧʨʦʜʫʚʘʣʩʷ ʧʨʠ 



48 

 

ʩʢʦʨʦʩʪʠ 25 ʤʣ/ʤʠʥ. ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʦʧʨʝʜʝʣʝʥʘ ʧʦ ʧʦʣʦʞʝʥʠʶ ʤʘʢʩʠ-

ʤʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʠʢʦʚ ɼCK, ʘ ʩʪʝʧʝʥʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ï ʧʦ ʧʣʦʱʘʜʠ ʧʦʜ 

ʵʪʠʤʠ ʧʠʢʘʤʠ. ɺ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʘʭ ʫʯʪʝʥʦ ʚʣʠʷʥʠʝ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʥʘʥʦʥʘ-

ʧʦʣʥʠʪʝʣʷ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʠʢʦʚ ɼCK. ɺʩʝ ʜʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʜʣʷ ʦʙʨʘʟʮʦʚ ʩ 

ʦʜʠʥʘʢʦʚʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʧʨʝʜʳʩʪʦʨʠʝʡ. ɺ ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʠʩʧʦʣʴ-

ʟʦʚʘʥ ʩʘʧʬʠʨ. 

 

ʈʠʩ. 2.6. ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʩʢʘʥʠʨʫʶʱʠʡ ʢʘʣʦʨʠʤʝʪʨ Perkin Elmer, 

 ʤʦʜʝʣʴ DSC 4000 

2.2.7. ʀʟʤʝʨʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʪʝʢʫʯʝʩʪʠ ʨʘʩʧʣʘʚʘ 

ɺʷʟʢʦʩʪʴ ʨʘʩʧʣʘʚʘ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʇʇ/ʋʅʊ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʘʩʴ ʧʦʢʘʟʘʪʝʣʝʤ 

ʪʝʢʫʯʝʩʪʠ ʨʘʩʧʣʘʚʘ (ʇʊʈ). ʀʟʤʝʨʝʥʠʷ ʇʊʈ ʚʳʧʦʣʥʝʥʳ ʥʘ ʵʢʩʪʨʫʟʠʦʥʥʦʤ ʧʣʘʩʪʦ-

ʤʝʪʨʝ ʀʀPT-5 (ʨʠʩ. 2.7) ʩ ʜʠʘʤʝʪʨʦʤ ʢʘʧʠʣʣʷʨʘ 2,095Ñ0,005 ʤʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

513 ʂ ʠ ʥʘʛʨʫʟʢʝ 2,16 ʢʛ. ʆʙʨʘʟʝʮ ʚʳʜʝʨʞʠʚʘʣʩʷ ʧʨʠ ʫʢʘʟʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝ-

ʯʝʥʠʝ 5,0 Ñ 0,5 ʤʠʥ.  

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʇʊʈ ʦʪʙʠʨʘʣʠʩʴ ʦʪʨʝʟʢʠ ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʪʩʝʢʘʝʤʳʝ ʢʘʞʜʳʝ 30 ʩ. ʆʪʨʝʟʢʠ, ʚʢʣʶʯʘʶʱʠʝ ʧʫʟʳʨʴʢʠ ʚʦʟʜʫʭʘ, 

ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ. ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʧʦʣʫʯʝʥʥʳʝ ʦʪʨʝʟʢʠ ʚʟʚʝʰʠʚʘʣʠʩʴ ʢʘʞʜʳʡ 

ʚ ʦʪʜʝʣʴʥʦʩʪʠ ʩ ʪʦʯʥʦʩʪʴʶ 10
-4 
ʛ ʯʠʩʣʦʤ ʥʝ ʤʝʥʝʝ ʪʨʝʭ ʨʘʟ. ʄʘʩʩʘ ʦʪʨʝʟʢʘ ʦʧʨʝʜʝ-

ʣʷʣʘʩʴ ʢʘʢ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʨʝʟʫʣʴʪʘʪʘ ʚʟʚʝʰʠʚʘʥʠʷ ʚʩʝʭ ʦʪʨʝʟʢʦʚ. 

ɺʝʣʠʯʠʥʘ ʇʊʈ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ ʫʨʘʚʥʝʥʠʶ: 
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600
ʇʊʈ

m

t
, ʛ/(10 ʤʠʥ), (2.3) 

ʛʜʝ m ï ʩʨʝʜʥʷʷ ʤʘʩʩʘ ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʳʭ ʦʪʨʝʟʢʦʚ, ʛ; t ï ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʤʝʞʜʫ 

ʜʚʫʤʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʦʪʩʝʯʝʥʠʷʤʠ, ʩ. 

 

ʈʠʩ. 2.7. ʕʢʩʪʨʫʟʠʦʥʥʳʡ ʧʣʘʩʪʦʤʝʪʨ ʀʀPT-5 

 

ɿʘ ʨʝʟʫʣʴʪʘʪ ʠʩʧʳʪʘʥʠʡ ʧʨʠʥʠʤʘʣʠ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʜʚʫʭ ʠʟʤʝʨʝ-

ʥʠʡ ʥʘ ʪʨʝʭ ʦʪʨʝʟʢʘʭ ʤʘʪʝʨʠʘʣʘ, ʨʘʩʭʦʞʜʝʥʠʝ ʧʦ ʤʘʩʩʝ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʥʝ ʧʨʝ-

ʚʳʰʘʣʦ 5%. 

2.3. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ʩʚʦʜʠʪʩʷ ʢ ʦʮʝʥʢʝ ʛʝʥʝ-

ʨʘʣʴʥʦʡ ʩʨʝʜʥʝʡ ʧʦ ʚʳʙʦʨʦʯʥʳʤ ʜʘʥʥʳʤ. ʊʦʯʥʦʩʪʴ ʪʘʢʦʡ ʦʮʝʥʢʠ ʥʘʟʳʚʘʝʪʩʷ 

ʦʰʠʙʢʦʡ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪʠ [98]: 

=x x X  (2.4) 

ʛʜʝ x  ʠ X  - ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʳʙʦʨʦʯʥʦʝ ʠ ʛʝʥʝʨʘʣʴʥʦʝ ʩʨʝʜʥʝʝ. 

ʋʯʠʪʳʚʘʷ ʩʣʫʯʘʡʥʳʡ ʭʘʨʘʢʪʝʨ ʚʝʣʠʯʠʥʳ ȹx, ʠʩʪʠʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʟʥʘʢʘ x  

ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʪʦʣʴʢʦ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ (ʜʦʚʝʨʠʪʝʣʴʥʦʡ) ʚʝʨʦʷʪʥʦʩʪʴʶ PŬ, ʭʘʨʘʢ-

ʪʝʨʠʟʫʶʱʝʡ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʧʘʜʘʥʠʷ ʚ ʩʠʤʤʝʪʨʠʯʥʳʡ ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ 



50 

 

( x x x x x). 

ɺ ʫʩʣʦʚʠʷʭ ʠʟʤʝʨʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʫʜʦʙʥʝʝ ʥʝ ʩʯʠʪʘʪʴ ʧʦ-

ʛʨʝʰʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʘ ʦʧʨʝʜʝʣʠʪʴ ʥʝʦʙʭʦʜʠʤʦʝ ʯʠʩʣʦ ʠʟʤʝʨʝʥʠʡ ʪʦʛʦ ʠʣʠ 

ʠʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚ ʩʝʨʠʠ N (ʦʙʲʝʤ ʚʳʙʦʨʢʠ), ʢʦʪʦʨʦʝ ʜʘʩʪ ʪʨʝʙʫʝʤʫʶ ʪʦʯʥʦʩʪʴ. 

ɼʣʷ ʵʪʦʛʦ ʟʘʜʘʝʤʩʷ ʚʝʣʠʯʠʥʦʡ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ PŬ, ʢʦʪʦʨʘʷ ʟʜʝʩʴ ʧʨʠ-

ʥʷʪʘ ʨʘʚʥʦʡ 0,95. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʨʘʟʤʘʭ ʚʘʨʠʘʮʠʠ R ʚ ʠʤʝ-

ʶʱʠʭʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ ʜʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘ-

ʟʦʤ [98]: 

max minR x x  (2.5) 

ʛʜʝ xmax ʠ xmin ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʠ ʤʠʥʠʤʘʣʴʥʘʷ ʚʳʙʦʨʦʯʥʘʷ ʚʝʣʠʯʠʥʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ. 

ʏʪʦʙʳ ʦʮʝʥʠʪʴ ʦʙʲʝʤ ʚʳʙʦʨʢʠ N, ʥʫʞʥʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚʝʣʠ-

ʯʠʥʫ ʢʨʠʪʝʨʠʷ ʪʦʯʥʦʩʪʠ (ʢʨʠʪʝʨʠʷ ʉʪʴʶʜʝʥʪʘ) tR ʠʟ ʫʨʘʚʥʝʥʠʷ [98]: 

Rx t R (2.6) 

ɿʘʪʝʤ, ʦʧʨʝʜʝʣʠʚ ʚʝʣʠʯʠʥʫ tR ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ (2.6), ʤʦʞʥʦ ʥʘʡʪʠ ʚʝʣʠ-

ʯʠʥʫ N (ʧʨʠ ʫʩʣʦʚʠʠ N < 10) ʠʟ ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʩ. 94 ʨʘʙʦʪʳ [98] ʪʘʙʣʠʮʳ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʨʘʩʯʝʪ ʚʝʣʠʯʠʥʳ N ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʜʫʣʷ 

ʫʧʨʫʛʦʩʪʠ ʥʘʥʦʢʦʤʧʦʟʠʪʘ Eʥ ʩ ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦʩʪʴʶ. ɽʩʣʠ ʤʳ ʭʦʪʠʤ ʦʧʨʝʜʝʣʠʪʴ 

ʚʝʣʠʯʠʥʫ Eʥ ʩ ʪʦʯʥʦʩʪʴʶ 5%, ʪ.ʝ., ʜʣʷ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ Eʥ = 1200 ʄʇʘ ʚ ʧʨʝ-

ʜʝʣʘʭ 1140õ1260 ʄʇʘ, ʪʦ ʧʦʣʫʯʠʤ ȹx = 60 ʄʇʘ. ʇʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʦʧʨʝʜʝ-

ʣʝʥʠʠ Eʥ ʧʦʣʫʯʝʥʦ
max

ʥE = xmax = 1270 ʄʇʘ ʠ min

ʥE = xmin=1180 ʄʇʘ, ʪ.ʝ., R = 90 ʄʇʘ. 

ɼʘʣʝʝ ʠʟ ʫʨʘʚʥʝʥʠʷ (2.6) ʦʧʨʝʜʝʣʷʝʤ ʢʨʠʪʝʨʠʡ ʉʪʴʶʜʝʥʪʘ tR, ʨʘʚʥʳʡ 0,67. ʀ 

ʥʘʢʦʥʝʮ, ʠʟ ʪʘʙʣʠʮʳ ʥʘ ʩ. 94 ʨʘʙʦʪʳ [98] ʜʣʷ ʫʢʘʟʘʥʥʦʡ ʚʝʣʠʯʠʥʳ tR ʧʦʣʫʯʠʤ N = 

5, ʪ.ʝ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ Eʥ Ñ 5 % ʩ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦ-

ʩʪʴʶ RŬ = 0,95 ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʩʨʝʜʥʶʶ ʚʝʣʠʯʠʥʫ ʧʷʪʠ ʠʟʤʝʨʝʥʠʡ Eʥ, ʯʪʦ ʠ 

ʚrʧʦʣʥʝʥʦ ʚ ʥʘʩʪʦʷʱʝʤ ʵʢʩʧʝʨʠʤʝʥʪʝ (ʩʤ. ʨʘʟʜʝʣ 2.4). 

ɺʳʚʦʜʳ ʢ ʛʣʘʚʝ 2 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʚʳʙʨʘʥʳ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ 
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ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʩ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʝʤ. 

ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʯʥʦʛʦ ʧʦʣʠʤʝʨʘ, ʠʩʧʦʣʴʟʦʚʘʥ ʧʦʣʠʧʨʦʧʠʣʝʥ (ʇʇ) çʂʘʧ-

ʣʝʥè ʤʘʨʢʠ 01030, ʠʤʝʶʱʠʡ ʩʨʝʜʥʝʚʝʩʦʚʫʶ ʤʦʣʝʢʫʣʷʨʥʫʶ ʤʘʩʩʫ (2-3)Ĭ10
5
 ʠ ʠʥ-

ʜʝʢʩ ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʠ 4,5. ɺʳʙʦʨ ʧʦʣʠʧʨʦʧʠʣʝʥʘ ʦʙʫʩʣʦʚʣʝʥ, ʪʝʤ, ʯʪʦ ʦʥ ʦʙʣʘ-

ʜʘʝʪ ʚʳʩʦʢʦʡ ʩʪʦʡʢʦʩʪʴʶ ʢ ʪʝʨʤʦʦʢʠʩʣʠʪʝʣʴʥʦʤʫ ʩʪʘʨʝʥʠʶ ʠ ʫʣʫʯʰʝʥʥʳʤʠ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʜʦʩʪʫʧʥʦʩʪʠ, ʮʝʥʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʵʪʘ ʤʘʨʢʘ ʇʇ ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʠʟʜʝʣʠʡ ʤʝʪʦʜʦʤ ʣʠʪʴʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ. 

ɺ ʢʘʯʝʩʪʚʝ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʥʳ ʫʛʣʝʨʦʜʥʳʝ ʦʜʥʦʩʣʦʡʥʳʝ ʥʘʥʦ-

ʪʨʫʙʢʠ ʤʘʨʢʠ çʊʘʫʥʠʪè ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʧʨʦʪʷʞʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʩʦʩʪʦ̫-

ʱʠʝ ʠʟ ʩʚʝʨʥʫʪʳʭ ʛʝʢʩʘʛʦʥʘʣʴʥʳʭ ʩʝʪʦʢ ʩ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ ʚ ʫʟʣʘʭ. ʂʨʦʤʝ ʪʦʛʦ, 

ʚ ʢʘʯʝʩʪʚʝ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʥʦʛʦʩʣʦʡʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʚʦʣʦʢ-

ʥʘ (ʋʅɺ) ʩ ʯʠʩʣʦʤ ʩʣʦʝʚ 20õ30ʥʤ ʠ ʜʠʘʤʝʪʨʦʤ 20õ30ʥʤ. ɼʣʠʥʘ ʋʅɺ ʩʦʩʪʘʚʣʷʣʘ 

2 ʤʢʤ ʠ ʙʦʣʝʝ. 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʝʱʝ ʜʣʷ 

ʦʜʥʦʛʦ ʥʘʥʦʢʦʤʧʦʟʠʪʘ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʜʠʤʝʪʠʣʩʠʣʦʢʩʘʥʘ (ʇɼʄʉ), ʥʘʧʦʣʥʝʥʥʦʛʦ 

ʤʥʦʛʦʩʣʦʡʥʳʤʠ ʋʅʊ ʩ ʚʥʝʰʥʠʤ ʜʠʘʤʝʪʨʦʤ 60õ100 ʥʤ, ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ 

5õ10 ʥʤ ʠ ʜʣʠʥʦʡ 5-15 ʤʢʤ [41]. ʉʦʜʝʨʞʘʥʠʝ ʋʅʊ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʚ 

ʧʨʝʜʝʣʘʭ 1õ7 ʤʘʩ.% 

ɺʳʙʦʨ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ (ʋʅʊ) ʠ ʥʘʥʦʚʦʣʦʢʦʥ (ʋʅɺ) ʚ ʢʘʯʝʩʪʚʝ 

ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʝʡ ʦʙʫʩʣʦʚʣʝʥ ʚʳʩʦʢʠʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, 

ʥʘʨʷʜʫ ʩ ʤʘʣʦʡ ʧʣʦʪʥʦʩʪʴʶ, ʯʪʦ ʜʝʣʘʶʪ ʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʝʤ ʜʣʷ 

ʧʦʣʠʤʝʨʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ.  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʘʠʤʦʩʚʷʟʠ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʚ ʨʘ-

ʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ: ʤʝʪʦʜ ʨʘʩʪʨʦʚʦʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʈʕʄ), ʤʝʪʦʜ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦ-

ʨʠʤʝʪʨʠʠ (DCK), ʤʝʭʘʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʦʜʥʦʦʩʥʦʝ ʨʘʩʪʷʞʝʥʠʝ, ʫʜʘʨʥʳʝ 

ʠʩʧʳʪʘʥʠʷ ʧʦ ʤʝʪʦʜʫ ʐʘʨʧʠ, ʠʩʧʳʪʘʥʠʷ ʥʘ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʧʦ ʐʦʨʫ, ʠʟʤʝʨʝʥʠʷ 

ʣʠʥʝʡʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ. 
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ɻʣʘʚʘ 3. ʉʊʈʋʂʊʋʈʅʓɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʇʆʃʀʄɽʈʅʓʍ 

ʅɸʅʆʂʆʄʇʆɿʀʊʆɺ, ʅɸʇʆʃʅɽʅʅʓʍ ʋɻʃɽʈʆɼʅʓʄʀ 

 ʅɸʅʆʊʈʋɹʂɸʄʀ (ʅɸʅʆɺʆʃʆʂʅɸʄʀ) 

ʇʨʝʚʦʩʭʦʜʥʳʝ ʞʝʩʪʢʦʩʪʴ ʠ ʧʨʦʯʥʦʩʪʴ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫ-

ʙʦʢ (ʋʅʊ) ʠ ʥʘʥʦʚʦʣʦʢʦʥ (ʋʅɺ) ʥʘʨʷʜʫ ʩ ʠʭ ʤʘʣʦʡ ʧʣʦʪʥʦʩʪʴʶ ʜʝʣʘʶʪ ʠʭ ʧʝʨ-

ʩʧʝʢʪʠʚʥʳʤ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʝʤ ʜʣʷ ʧʦʣʠʤʝʨʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ [2, 29]. ʆʜʥʘʢʦ 

ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʘʥʠʟʦʪʨʦʧʠʠ ʵʪʠʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʠ ʠʭ ʥʠʟʢʘʷ ʧʦʧʝʨʝʯʥʘʷ ʞʝʩʪ-

ʢʦʩʪʴ ʧʨʠʚʦʜʷʪ ʢ ʩʚʦʨʘʯʠʚʘʥʠʶ ʋʅʊ ʠ ʋʅɺ ʚ ʢʦʣʴʮʝʦʙʨʘʟʥʳʝ ʩʪʨʫʢʪʫʨʳ (ʩʤ. 

ʨʠʩ. 1.2), ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʘʝʤʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ. ʊʘʢ, ʜʘʥʥʳʝ ʵʣʝʢ-

ʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʦʢʘʟʘʣʠ [18, 43], ʯʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʛʣʝʨʦʜ-

ʥʳʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ ʢʦʣʴʮʝʦʙʨʘʟʥʳʭ ʩʪʨʫʢʪʫʨ ʩ ʨʘʜʠʫʩʦʤ ʧʦʨʷʜʢʘ ʤʠʢʨʦʤʝʪʨʘ. 

ʇʦʵʪʦʤʫ ʚ ʨʘʙʦʪʝ [99] ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʜʠʫʩʘ ʩʚʦʨʘ-

ʯʠʚʘʥʠʷ ʋʅʊ ʠ ʋʅɺ ʦʪ ʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ï ʜʠʘʤʝʪʨʘ ʠ ʜʣʠʥʳ. 

ʂʨʦʤʝ ʜʘʥʥʳʭ ʜʣʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʇʇ/ʋʅʊ ʠ ʇʇ/ʋʅɺ, ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥ-

ʥʳʝ ʝʱʝ ʜʣʷ ʦʜʥʦʛʦ ʥʘʥʦʢʦʤʧʦʟʠʪʘ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʜʠʤʝʪʠʣʩʠʣʦʢʩʘʥʘ (ʇɼʄʉ), 

ʥʘʧʦʣʥʝʥʥʦʛʦ ʤʥʦʛʦʩʣʦʡʥʳʤʠ ʋʅʊ ʩ ʚʥʝʰʥʠʤ ʜʠʘʤʝʪʨʦʤ 60õ100 ʥʤ, ʚʥʫʪʨʝʥ-

ʥʠʤ ʜʠʘʤʝʪʨʦʤ 5õ10 ʥʤ ʠ ʜʣʠʥʦʡ 5-15 ʤʢʤ [41]. ʉʦʜʝʨʞʘʥʠʝ ʋʅʊ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʚ ʧʨʝʜʝʣʘʭ 1õ7 ʤʘʩʩ. %. 

ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʘʥʠʟʦʪʨʦʧʠʠ ʋʅʊ ʠ ʋʅɺ (ʜʣʷ ʠʩ-

ʩʣʝʜʫʝʤʳʭ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʝʡ ʦʪʥʦʰʝʥʠʝ ʠʭ ʜʣʠʥʳ Lʥ ʢ ʜʠʘʤʝʪʨʫ Dʥ ʩʦʩʪʘʚʣʷʝʪ 

80õ120) ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʣʴʮʝʦʙʨʘʟʥʳʭ ʩʪʨʫʢʪʫʨ. ɺ ʨʘʤʢʘʭ ʧʝʨʢʦʣʷʮʠ-

ʦʥʥʦʡ ʤʦʜʝʣʠ ɹʨʠʜʞ [9] ʧʦʢʘʟʘʣ, ʯʪʦ ʨʘʜʠʫʩ ʫʢʘʟʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ Rʥ ʩʚʷʟʘʥ ʩ 

ʦʙʲʝʤʥʦʡ ʩʪʝʧʝʥʴʶ ʥʘʧʦʣʥʝʥʠʷ űʥ ʩʣʝʜʫʶʱʠʤ ʩʦʦʪʥʦʰʝʥʠʝʤ: 

2
ʥ ʥ

ʥ 3

ʥ2

L r

R
, 

(3.1) 

ʛʜʝ Lʥ ʠ rʥ ï ʜʣʠʥʘ ʠ ʨʘʜʠʫʩ ʋʅʊ (ʋʅɺ), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺʝʣʠʯʠʥʫ űʥ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʩʦʛʣʘʩʥʦ ʠʟʚʝʩʪʥʦʤʫ ʩʦʦʪʥʦʰʝʥʠʶ [71]: 
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ʥ
ʥ

ʥ

W
, 

(3.2) 

ʛʜʝ Wʥ ï ʤʘʩʩʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ, ɟʥ ï ʝʛʦ ʧʣʦʪʥʦʩʪʴ, ʢʦʪʦʨʘʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ [6]: 

1/3
ʚʥʝʰ ʚʥʫʪ

ʥ ʥ ʥ0,188 ʩ D D , (3.3) 

ʛʜʝ 
ʚʥʝʰ
ʥD  ʠ 

ʚʥʫʪ
ʥD  - ʚʥʝʰʥʠʡ ʠ ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨʳ ʥʘʥʦʪʨʫʙʢʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʦʩʢʦʣʴʢʫ, ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ (3.1), ʚʝʣʠʯʠʥʘ Rʥ ʪʝʤ ʤʝʥʴʰʝ, ʯʝʤ ʙʦʣʴʰʝ 

űʥ ʠ ʯʝʤ ʤʝʥʴʰʝ Dʥ (Dʥ = 2rʥ), ʪʦ ʥʘ ʨʠʩ. 3.1 ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʠʚʝʜʝʥʥʦʛʦ 

ʨʘʜʠʫʩʘ ʢʦʣʴʮʝʦʙʨʘʟʥʳʭ ʩʪʨʫʢʪʫʨ Rʥ (Dʥ/Dʵʪ)
2
, ʛʜʝ Dʵʪ - ʜʠʘʤʝʪʨ ʵʪʘʣʦʥʥʦʛʦ (ʙʘʟʦ-

ʚʦʛʦ) ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʛʦ ʧʨʠʥʷʪʘ ʩʨʝʜʥʷʷ ʚʝʣʠʯʠʥʘ Dʥ ʜʣʷ 

ʋʅʊ çʊʘʫʥʠʪè, ʨʘʚʥʘʷ 45 ʥʤ, ʦʪ ʦʙʨʘʪʥʦʡ ʚʝʣʠʯʠʥʳ ʩʪʝʧʝʥʠ ʦʙʲʝʤʥʦʛʦ ʥʘʧʦʣʥʠ-

ʪʝʣʷ űʥ. ʂʘʢ ʤʦʞʥʦ ʚʠʜʝʪʴ, ʵʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʭʦʨʦʰʦ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʧʨʷʤʦʡ 

ʣʠʥʠʝʡ, ʦʙʱʝʡ ʜʣʷ ʪʨʝʭ ʫʢʘʟʘʥʥʳʭ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʝʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʘʪʴ ʝʝ 

ʩʣʝʜʫʶʱʠʤ ʵʤʧʠʨʠʯʝʩʢʠʤ ʫʨʘʚʥʝʥʠʝʤ [99]: 
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ʛʜʝ Dʵʪ - ʜʠʘʤʝʪʨ ʵʪʘʣʦʥʥʦʛʦ (ʙʘʟʦʚʦʛʦ) ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ. 

ʈʠʩ. 3.1. ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʠʚʝʜʝʥʥʦʛʦ ʨʘʜʠʫʩʘ ʢʦʣʴʮʝʦʙʨʘʟʥʳʭ ʩʪʨʫʢʪʫʨ Rʥ(Dʥ/Dʵʪ)
2
 ʦʪ ʦʙ-

ʨʘʪʥʦʡ ʚʝʣʠʯʠʥʳ ʦʙʲʝʤʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ űʥ ʜʣʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ 

ʇʇ/ʋʅɺ (1), ʇʇ/ʋʅʊ (2) ʠ ʇɼʄʉ/ʋʅʊ (3) 
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ʆʙʨʘʪʠʤ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʫʨʘʚʥʝʥʠʝ (3.4) ʥʝ ʚʢʣʶʯʘʝʪ ʜʣʠʥʫ ʋʅʊ 

(ʋʅɺ) Lʥ ʚ ʦʪʣʠʯʠʝ ʦʪ ʫʨʘʚʥʝʥʠʷ (3.1). ʇʦʩʢʦʣʴʢʫ ʫʚʝʣʠʯʝʥʠʝ Lʥ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ 

Rʥ (ʩʤ.ʬʦʨʤʫʣʫ (3.1)), ʪʦ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ Lʥ ʥʝʷʚʥʳʤ ʩʧʦʩʦʙʦʤ ʩʥʠ-

ʞʘʝʪ ʚʝʣʠʯʠʥʫ űʥ. 

ʅʘ ʨʠʩ. 3.2 ʧʨʠʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʚʝʣʠʯʠʥ ʨʘʜʠʫʩʘ ʢʦʣʴʮʝʦʙʨʘʟʥʳʭ ʩʪʨʫʢʪʫʨ 

ʋʅʊ (ʋʅɺ), ʨʘʩʩʯʠʪʘʥʥʳʭ ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʷʤ (3.1) Rʥ ʠ (3.4) ʥ
ʊR  [99]. 

  

ʈʠʩ. 3.2. ʉʨʘʚʥʝʥʠʝ ʨʘʟʤʝʨʦʚ ʢʦʣʴʮʝʦʙʨʘʟʥʳʭ ʬʦʨʤʠʨʦʚʘʥʠʡ, ʦʮʝʥʝʥʥʳʭ ʩʦʛʣʘʩʥʦ 

ʬʦʨʤʫʣʘʤ (3.1) Rʥ ʠ (3.4) ʜʣʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʧʨʦʧʠʣʝʥʘ, ʥʘʧʦʣʥʝʥ-

ʥʳʭ ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʚʦʣʦʢʥʘʤʠ (1), ʥʘʥʦʪʨʫʙʢʘʤʠ (2) ʠ ʧʦʣʠʜʠʤʝʪʠʣʩʠʣʦʢʩʘʥʘ, 

ʥʘʧʦʣʥʝʥʥʦʛʦ ʥʘʥʦʪʨʫʙʢʘʤʠ (3)  

 

ʀʟ ʵʪʠʭ ʜʘʥʥʳʭ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦʣʫʯʝʥʦ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ (ʩʨʝʜʥʝʝ ʨʘʩʭʦʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʜʚʫʭ ʤʦʜʝʣʝʡ ʨʘʚʥʦ ~ 13,6% 

ʠ ʵʪʦʛʦ ʚʧʦʣʥʝ ʭʚʘʪʘʝʪ ʜʣʷ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ). 

ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʚʦʧʨʦʩ ʧʝʨʢʦʣʷʮʠʠ ʥʘʥʦʪʨʫʙʦʢ (ʥʘʥʦʚʦʣʦʢʦʥ), ʢʦʪʦʨʳʡ 

ʦʯʝʥʴ ʚʘʞʝʥ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ [43]. ɺʝʣʠ-

ʯʠʥʘ ʧʦʨʦʛʘ ʧʝʨʢʦʣʷʮʠʠ űʩ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ [9]: 
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- 3 

- 1 
- 2 

ʪ
ʥR ,ʤʢʤ

 

3 

0 3 

1 

2 

2 

Rʥ, ʤʢʤ 
1 



55 

 

ʇʇ/ʋʅɺ. ʂʘʢ ʤʦʞʥʦ ʚʠʜʝʪʴ, ʫʩʣʦʚʠʝ űʥ > űʩ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʳʭ űʥ 

Ó0,01. ɽʱʝ ʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ űʩ ʧʦʣʫʯʝʥʳ ʜʣʷ ʜʚʫʭ ʜʨʫʛʠʭ ʠʩʩʣʝʜʫʝʤʳʭ ʥʘ-

ʥʦʢʦʤʧʦʟʠʪʦʚ [99]. 

ʈʠʩ. 3.3. ɿʘʚʠʩʠʤʦʩʪʠ ʦʙʲʝʤʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ űʥ (1) ʠ ʧʦʨʦʛʘ ʧʝʨʢʦʣʷ-

ʮʠʠ űʩ (2) ʦʪ ʤʘʩʩʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʋʅɺ Wʥ ʜʣʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʇʇ/ʋʅɺ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʰʝ ʧʦʣʫʯʝʥʦ ʵʤʧʠʨʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʨʘʜʠʫʩ ʢʦʣʴʮʝʦʙʨʘʟʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ, ʠʩʭʦʜʷ ʪʦʣʴʢʦ ʠʟ ʜʠʘʤʝʪʨʘ 

ʠ ʦʙʲʝʤʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʥʘʥʦʪʨʫʙʦʢ (ʥʘʥʦʚʦʣʦʢʦʥ). ʆʮʝʥʢʠ ʩʦʛʣʘʩʥʦ ʵʪʦʤʫ 

ʫʨʘʚʥʝʥʠʶ ʜʘʶʪ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʧʝʨʢʦʣʷʮʠʦʥʥʦʡ ʤʦʜʝʣʴʶ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʞʝ ʥʝʙʦʣʴʰʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷ (űʥ  Ó 

0,01) ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʝ ʧʦʣʠʤʝʨʥʳʝ ʥʘʥʦʢʦʤʧʦʟʠʪʳ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ [18, 96, 100], ʦʙʨʘʙʦʪʢʘ ʫʣʴʪʨʘʟʚʫʢʦʤ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ 

ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʋʅʊ. ʇʦʵʪʦʤʫ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘ-

ʥʠʝ ʚʣʠʷʥʠʷ ʦʙʨʘʙʦʪʢʠ ʫʣʴʪʨʘʟʚʫʢʦʤ (ʋɿ-ʦʙʨʘʙʦʪʢʠ) ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʧʦʣʠ-

ʤʝʨ/ʋʅʊ ʥʘ ʧʨʦʮʝʩʩʳ ʘʛʨʝʛʘʮʠʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʣʴʮʝʦʙʨʘʟʥʳʭ ʩʪʨʫʢʪʫʨ ʋʅʊ. 

ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʨʘʙʦʪʳ [18] ʜʣʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʵʧʦʢʩʠʧʦ-

ʣʠʤʝʨ/ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ (ʕʇ/ʋʅʊ) ʩʦ ʩʚʝʨʭʤʘʣʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʥʘʥʦʥʘ-

ʧʦʣʥʠʪʝʣʷ (Wʥ  Ò 0,1 ʤʘʩʩ. %). ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʯʥʦʛʦ ʧʦʣʠʤʝʨʘ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʵʧʦʢʩʠʜʠʘʥʦʚʘʷ ʩʤʦʣʘ ʕɼ-20 (ʕɼ) ʠ ʜʠʛʣʠʮʠʜʠʣʦʚʳʡ ʵʬʠʨ ʜʠʬʝʥʠʣʦʣʧʨʦʧʘʥʘ 

(ɼʕɼ). ʋʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ ʜʠʘʤʝʪʨʦʤ ~ 50 ʥʤ ʠ ʜʣʠʥʦʡ ~ 2ʤʢʤ ʩ ʩʦʜʝʨʞʘʥʠ-
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