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ɺʚʝʜʝʥʠʝ 

 

ʉʚʷʟʘʥʦ ʩ ʨʘʟʚʠʪʠʝʤ ʩʝʛʦʜʥʷʰʥʝʛʦ ʫʨʦʚʥʷ ʥʝʬʪʝʛʘʟʦʚʦʡ, 

ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʝʡ, ʚ ʦʪʚʝʪ ʥʘ ʧʦʪʨʝʙʥʦʩʪʠ ʢʣʶʯʝʚʳʭ ʪʨʝʙʦʚʘʥʠʡ, 

ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʨʠ ʫʩʣʦʞʥʷʶʱʠʭʩʷ ʫʩʣʦʚʠʷʭ, ʚʳʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʨʦʩʪ ʩʧʨʦʩʘ ʥʘ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʪʦʥʢʦʩʪʝʥʥʳʭ ʪʨʫʙ ʤʘʣʦʛʦ ʜʠʘʤʝʪʨʘ. 

ʆʜʥʦʡ ʠʟ ʧʦʧʳʪʦʢ ʨʝʰʝʥʠ ̫ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʥʘ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʦʧʝʨʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʠʟʥʦʩʦʤ ʨʘʙʦʯʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠʟ 

ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʷʚʣʷʶʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʦʩʚʦʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʙʝʩʰʦʚʥʳʭ ʪʨʫʙ ʠʟ ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʦʡ ʩʪʘʣʝʡ ʥʘ ʢʦʨʦʪʢʠʭ ʦʧʨʘʚʢʘʭ ʩʪʘʥʦʚ 

ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʠʤʝʶʱʠʡʩʷ ʤʘʣʳʡ ʨʝʩʫʨʩ ʦʧʨʘʚʦʢ ʧʨʠ 

ʧʨʦʢʘʪʢʝ ʙʝʩʰʦʚʥʳʭ ʪʨʫʙ ʥʘ ʩʪʘʥʘʭ ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʚʳʰʝʥʥʳʤ ʠʟʜʝʨʞʢʘʤ, ʥʘʢʣʘʜʳʚʘʷ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʫʭʫʜʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʧʦʣʫʯʘʝʤʳʭ ʪʨʫʙ. ʆʜʥʘʢʦ, ʚʦʧʨʦʩʳ ʧʦ 

ʠʟʥʦʩʫ ʦʧʨʘʚʦʢ ʩʪʘʥʦʚ ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ ʠ ʚʣʠʷʥʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ ʥʘ ʠʭ ʩʪʦʡʢʦʩʪ ɹʧʨʠ ʧʨʦʢʘʪʢʝ ʪʨʫʙ ʝʱʸ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʳ 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ʆʩʦʙʝʥʥʦ, ʦʪʩʫʪʩʪʚʫʪʁ ʦʙʦʙʱʝʥʥʳʝ 

ʜʘʥʥʳʝ ʧʦ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʧʨʠ ʨʘʩʢʘʪʢʝ ʛʠʣʴʟ ʠʟ ʚʳʩʦʢʦʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʝʡ 

ʥʘ ʢʦʨʦʪʢʠʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʦʧʨʘʚʢʘʭ ʚ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ. 

ɺ ʩʚʷʟʠ ʩ ʠʟʣʦʞʝʥʥʳʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʢʦʨʦʪʢʠʭ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʦʧʨʘʚʦʢ ʧʨʠ ʨʘʩʢʘʪʢʝ ʪʨʫʙ ʠʟ ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʠʭ ʩʪʘʣʝʡ ʥʘ 

ʩʪʘʥʘʭ ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦ. 

ʎʝʣʴ ʨʘʙʦʪʳ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʢʦʨʦʪʢʠʭ ʦʧʨʘʚʦʢ ʠ 

ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʠʟʥʦʩʘ ʧʨʠ ʨʘʩʢʘʪʢʝ ʛʠʣʴʟ ʠʟ 

ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʠʭ ʩʪʘʣʝʡ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʚ ʨʘʙʦʪʝ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

- ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʨʘʙʦʯʝʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ ʨʘʩʢʘʪʥʦʛʦ ʩʪʘʥʘ ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ; 
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- ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʦʩʥʦʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʦʧʨʘʚʦʢ ʧʨʠ ʨʘʩʢʘʪʢʝ ʛʠʣʴʟ ʥʘ ʩʪʘʥʘʭ ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ ʥʘ 

ʦʩʥʦʚʝ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʧʨʦʛʨʘʤʤʝ Qform; 

- ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʥʦʩʘ ʦʧʨʘʚʦʢ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʨʘʟʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʨʘʩʢʘʪʢʝ ʛʠʣʴʟ ʠʟ 

ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʦʡ ʩʪʘʣʠ 20ʍ13 ʥʘ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʦʤ ʩʪʘʥʝ ʄʀʉʠʉ -

130ɼ; 

- ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʠʟʥʦʩʘ ʦʧʨʘʚʦʢ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚʨʝʤʷ ʚʳʚʦʜʘ ʠʥʩʪʨʫʤʝʥʪʘ ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪ rʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ: 

- ʚʳʷʚʣʝʥ ʭʘʨʘʢʪʝʨ ʠ ʫʨʦʚʝʥʴ ʚʣʠʷʥʠʷ ʦʩʥʦʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ ʥʘ ʠʟʥʦʩ ʢʦʨʦʪʢʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʧʨʘʚʢʠ ʧʨʠ ʨʘʩʢʘʪʢʝ ʛʠʣʴʟ ʚ 

ʪʨʫʙʳ ʠʟ ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʠʭ ʩʪʘʣʝʡ ʥʘ ʩʪʘʥʝ ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ ʄʀʉʠʉ 

130ɼ: ʫʛʣʘ ʧʦʜʘʯʠ, ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʳʪʷʞʢʠ, ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʚʘʣʠʟʘʮʠʠ, 

ʫʛʣʝʨʦʜʥʦʛʦ ʵʢʚʠʚʘʣʝʥʪʘ ʤʘʪʝʨʠʘʣʘ ʦʧʨʘʚʢʠ; 

- ʦʧʨʝʜʝʣʝʥʳ ʨʘʮʠʦʥʘʣʴʥʳʝ ʨʝʞʠʤʳ ʨʘʩʢʘʪʢʠ ʪʨʫʙ ʠʟ 

ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʠʭ ʩʪʘʣʝʡ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʧʨʦʛʨʘʤʤʝ Qform, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʦʚʳʰʝʥʠʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʦʧʨʘʚʦʢ; 

- ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʦʙʦʚʘʥʳ ʨʘʩʢʘʪʥʳʝ ʦʧʨʘʚʢʠ ʩ ʥʘʥʝʩʝʥʥʳʤ ʥʘ 

ʨʘʙʦʯʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʤʧʦʟʠʮʠʦʥʥʳʤ ʧʦʢʨʳʪʠʝʤ ʤʝʪʦʜʦʤ ʭʦʣʦʜʥʦʛʦ 

ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʧʳʣʝʥʠʷ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦʙ 

ʠʭ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ; 

- ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʩʥʠʞʝʥʠʷ ʤʘʩʩʳ ʨʘʩʢʘʪʥʦʡ ʦʧʨʘʚʢʠ ʧʨʠ 

ʝʝ ʠʟʥʦʩʝ ʩ ʫʯʝʪʦʤ ʥʘʣʠʧʘʥʠʷ ʧʨʦʢʘʪʳʚʘʝʤʦʛʦ ʤʝʪʘʣʣʘ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚʨʝʤʷ ʝʝ ʚʳʚʦʜʘ ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠ ʨʘʩʢʘʪʢʝ ʛʠʣʴʟ ʠʟ 

ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʠʭ ʩʪʘʣʝʡ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ: 

- ʦʧʨʝʜʝʣʝʥʠʠ ʨʘʮʠʦʥʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʧʨʦʢʘʪʢʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʪʘʣʝʡ 

ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʨʦʪʢʠʭ ʦʧʨʘʚʦʢ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʳʩʦʢʠʡ ʨʝʩʫʨʩ ʠʭ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʠ ʨʘʩʢʘʪʢʝ ʛʠʣʴʟ ʠʟ ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʠʭ ʩʪʘʣʝʡ; 
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- ʧʨʠʤʝʥʝʥʠʠ ʦʧʨʘʚʦʢ ʩ ʥʘʥʝʩʝʥʥʳʤʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʤʠ ʧʦʢʨʳʪʠʷʤʠ ʥʘ 

ʨʘʙʦʯʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʤʝʪʦʜʦʤ ʭʦʣʦʜʥʦʛʦ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʧʳʣʝʥʠʷ 

ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʠʭ ʨʝʩʫʨʩʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ; 

- ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʦʙʲʝʤʘ ʠʟʥʦʰʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʦʧʨʘʚʦʢ 

ʧʨʠ ʨʘʩʢʘʪʢʝ ʪʨʫʙ ʠʟ ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʦʡ ʩʪʘʣʠ 20ʍ13, ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʚʨʝʤʝʥʠ ʠʭ ʚʳʭʦʜʘ ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ; 

- ʨʝʢʦʤʝʥʜʘʮʠʷʭ ʧʦ ʚʳʙʦʨʫ ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʩʪʘʣʝʡ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʨʘʩʢʘʪʥʳʭ ʦʧʨʘʚʦʢ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʚʥʫʪʨʝʥʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʥʦʩʘ ʦʧʨʘʚʦʢ ʧʨʠ ʨʘʩʢʘʪʢʝ 

ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʠʭ ʩʪʘʣʝʡ ʥʘ ʜʚʫʭʚʘʣʢʦʚʦʤ ʩʪʘʥʝ ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ ʩ 

ʥʘʧʨʘʚʣʷʶʱʠʤʠ ʣʠʥʝʡʢʘʤʠ ʚʳʙʨʘʥʳ: ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ Qform 3D ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʨʦʢʘʪʢʘ ʥʘ 

ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʦʤ ʩʪʘʥʝ ʄʀʉʠʉ-130ɼ. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ ʩ 

ʧʦʤʦʱʴʶ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python ʠ MATLAB; ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʦʯʘʛʦʚ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠʤʝʥʷʣʠʩʴ ʩʠʩʪʝʤʳ AutoCAD, 

SolidWorks. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʧʦʣʦʞʝʥʠʷ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʜʦʣʦʞʝʥʳ ʥʘ II-ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ 

ʜʦʩʪʠʞʝʥʠʷʤ ʚ ʦʙʣʘʩʪʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʡ; ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ICMTMTE 2021. 

ʇʫʙʣʠʢʘʮʠʷ. ʆʩʥʦʚʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʠʟʣʦʞʝʥʦ 

ʚ 4 ʩʪʘʪʴʷʭ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ, ʚʭʦʜʷʱʠʭ ʚ ʙʘʟʳ ʜʘʥʥʳʭ 

Scopus ʠ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ ʈʌ. 

ʆʙʲʸʤ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʯʝʪʳʨʝʭ 

ʛʣʘʚ, ʦʩʥʦʚʥʳʭ ʚʳʚʦʜʦʚ, ʩʧʠʩʢʘ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ, ʚʢʣʶʯʘʶʱʝʛʦ 

123 ʥʘʠʤʝʥʦʚʘʥʠʷ. ʈʘʙʦʪʘ ʩʦʜʝʨʞʠʪ 126 ʩʪʨʘʥʠʮʫ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ, 57 

ʨʠʩʫʥʢʦʚ ʠ 14 ʪʘʙʣʠʮ. 
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1 ʃʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ 

 

1.1 ʆʩʦʙʝʥʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʙʝʩʰʦʚʥʳʭ ʪʨʫʙ ʥʘ ʩʪʘʥʘʭ 

ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʩʪʘʣʴʥʳʭ ʙʝʩʰʦʚʥʳʭ ʪʨʫʙ ʰʠʨʦʢʦ 

ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ. ɺ ʩʚʷʟʠ ʩ 

ʛʣʦʙʘʣʴʥʳʤʠ ʟʘʜʘʯʘʤʠ, ʩʪʦʷʱʠʤʠ ʧʝʨʝʜ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ ʚ ʫʩʣʦʚʠʷʭ 

ʨʳʥʦʯʥʦʡ ʵʢʦʥʦʤʠʢʠ ʠ ʫʚʝʣʠʯʝʥʠ ̫ ʩʧʨʦʩʘ ʥʘ ʪʨʫʙʳ, ʨʘʙʦʪʘʶʱʠʝ ʚ 

ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜʘʭ, ʦʜʥʦʡ ʠʟ ʟʘʜʘʯ, ʦʙʦʟʥʘʯʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʝʤ ʧʦʪʨʝʙʠʪʝʣʝʡ 

ʢ ʪʨʫʙʦʧʨʦʢʘʪʥʦʤʫ ʧʨʦʠʟʚʦʜʩʪʚʫ, ʷʚʣʷʶʪʩʷ ʨʘʩʰʠʨʝʥʠʝ ʩʦʨʪʘʤʝʥʪʘ 

ʚʳʧʫʩʢʘʝʤʳʭ ʪʨʫʙ, ʠ ʫʚʝʣʠʯʝʥʠʝ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʙʝʩʰʦʚʥʳʭ ʪʨʫʙ ʠʟ 

ʪʨʫʜʥʦ-ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʩʪʘʣʝʡ ʠ ʩʧʣʘʚʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʧʦʚʳʰʝʥʥʳʤʠ 

ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʊʝʢʫʱʠʡ ʤʠʨʦʚʦʡ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʪʨʫʙʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ. ʉʨʝʜʠ ʧʨʦʯʠʭ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʝʩʰʦʚʥʳʭ ʪʨʫʙ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʟʘʛʦʪʦʚʢʠ ʧʨʦʰʠʚʘʶʪ ʠ ʨʘʩʢʘʪʘʶʪ ʛʠʣʴʟʳ ʚ ʯʝʨʥʦʚʳʝ ʪʨʫʙʳ ʥʘ ʩʪʘʥʘʭ 

ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ [1ï28].  

ɺ ʨʘʟʚʠʪʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʘʣʴʥʳʭ ʛʦʨʷʯʝʢʘʪʘʥʳʭ ʙʝʩʰʦʚʥʳʭ ʪʨʫʙ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʦʚ ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ ʚʥʝʩʣʠ  ʚʢʣʘʜ ʨʘʟʥʳʝ ʫʯʝʥʳʝ ʪʘʢʠʝ 

ʢʘʢ ʇ. ʊ. ɽʤʝʣʴʷʥʝʥʢʦ, ɸ.ʇ. ʏʝʢʤʘʨʝʚ, ʖ. ʄ. ʄʘʪʚʝʝʚ, ɸ.ʀ. ʎʝʣʠʢʦʚ, ʀ. ʄ. 

ʇʘʚʣʦʚ, B.C. ʉʤʠʨʥʦʚ, ʇ.ʀ. ʇʦʣʫʭʠʥ, ʀ. ʅ. ʇʦʪʘʧʦʚ, ɺ. ʅ. ɺʳʜʨʠʥ, ʗ.ʉ. 

ʌʠʥʢʝʣʴʰʪʝʡʥ, ʇ. ʂ. ʊʝʪʝʨʠʥ, ɹ. ɸ. ʈʦʤʘʥʮʝʚ, ɸ.ɺ. ʂʫʨʷʪʥʠʢʦʚ, ɸ. ɸ. ɹʦʛʘʪʦʚ, 

ʠ ʜʨ. ʀʤʠ ʟʘʣʦʞʝʥʳ ʤʥʦʛʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʘʟʨʘʙʦʪʢʠ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʢ ʨʝʰʝʥʠʶ ʨʘʟʣʠʯʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʦʧʨʦʩʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʣʫʯʝʥʠʝ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ 

ʪʨʫʙ, ʧʦʚʳʰʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʩʥʠʞʝʥʠʶ ʵʥʝʨʛʠʯʝʩʢʠʭ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʨʘʩʭʦʜʦʚ. 

 



8 

1.1.1 ʆʩʦʙʝʥʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʷ ʊʇɸ ʩ ʨʘʩʢʘʪʥʳʤ ʩʪʘʥʦʤ ʚʠʥʪʦʚʦʡ 

ʧʨʦʢʘʪʢʠ 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʘʥʦʚ ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʣʠʥʠʷʭ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʦʨʷʯʝʢʘʪʘʥʳʭ ʙʝʩʰʦʚʥʳʭ ʩʪʘʣʴʥʳʭ ʪʨʫʙ ʤʘʣʦʛʦ ʩʦʨʪʘʤʝʥʪʘ 

ʪʘʢʠʭ ʢʘʢ ʧʨʦʰʠʚʢʘ ʟʘʛʦʪʦʚʦʢ ʚ ʧʦʣʳʝ ʛʠʣʴʟʳ ʠ ʠʭ ʨʘʩʢʘʪʢʘ ʚ ʯʝʨʥʳʝ ʪʨʫʙʳ 

ʦʙʫʩʣʦʚʣʠʚʘʝʪʩʷ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʠʥʳʤʠ ʠʤʝʶʱʠʤʠʩʷ ʩʧʦʩʦʙʘʤʠ 

ʧʨʦʢʘʪʢʠ. ʆʩʦʙʝʥʥʦʩʪʴ ʜʘʥʥʳʭ ʪʨʫʙʦʧʨʦʢʘʪʥʳʭ ʘʛʨʝʛʘʪʦʚ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ 

ʬʦʨʤʦʠʟʤʝʥʝʥʠʝ ʤʝʪʘʣʣʘ ʚʦ ʚʩʝʭ ʵʪʘʧʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʨʫʙ ʨʝʘʣʠʟʫʝʪʩʷ 

ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʦʡ. ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʥʝʝ ʨʘʙʦʪʳ [3,12] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʟ 

ʦʙʱʝʛʦ ʚʳʧʫʩʢʘʝʤʦʛʦ ʦʙʲʝʤʘ, ʢʦʣʠʯʝʩʪʚʦ ʙʝʩʰʦʚʥʳʭ ʪʨʫʙ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ 

ʘʛʨʝʛʘʪʘʭ ʩ ʨʘʩʢʘʪʥʳʤ ʩʪʘʥʦʤ ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ, ʟʘʥʠʤʘʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʫ  ʁ

ʜʦʣʁ (7é8%). 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʜʦʩʪʦʠʥʩʪʚ ʘʛʨʝʛʘʪʦʚ ʩ ʨʘʩʢʘʪʥʳʤ ʩʪʘʥʦʤ 

ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ ʥʘʜ ʠʥʳʤʠ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʤʘʥʸʚʨʝʥʥʦʩʪʴ ʚ ʧʝʨʝʭʦʜʝ ʥʘ 

ʧʨʦʢʘʪʢʫ ʪʨʫʙ ʥʦʚʦʛʦ ʩʦʨʪʘʤʝʥʪʘ ʪʨʫʙ [1ï3,27]. ʅʘ ʘʛʨʝʛʘʪʘʭ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʣʠʥʷʭ, ʚ ʢʦʪʦʨʳʭ ʨʘʩʢʘʪʢʘ ʪʨʫʙ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʦʜʦʣʴʥʦʡ 

ʧʨʦʢʘʪʢʦʡ, ʟʘ 2ï3 ʧʨʦʭʦʜʘ ʥʘ ʘʚʪʦʤʘʪ-ʩʪʘʥʝ, ʠ ʚ 5ï9 ʢʣʝʪʷʭ ʥʘ ʥʝʧʨʝʨʳʚʥʦʤ 

ʩʪʘʥʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʢʘʣʠʙʨʦʚʘʥʠʝʤ ʠ ʨʝʜʫʮʠʨʦʚʘʥʠʝʤ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʩ ʨʘʟʤʝʨʘ ʥʘ ʨʘʟʤʝʨ ʧʨʠ ʨʘʩʢʘʪʢʝ ʪʨʫʙ ʥʘ ʜʘʥʥʳʭ ʘʛʨʝʛʘʪʘʭ ʪʨʝʙʫʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʝʨʝʚʘʣʦʢ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʦʟʜʘʥʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʩʪʦʝʚ ʠ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʪʨʫʙ ʥʘ ʘʛʨʝʛʘʪʘʭ ʩ ʨʘʩʢʘʪʥʳʤ ʩʪʘʥʦʤ ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ ʧʝʨʝʭʦʜ ʥʘ ʧʨʦʢʘʪʢʫ 

ʪʨʫʙ ʨʘʟʥʳʭ ʪʠʧʦʨʘʟʤʝʨʦʚ ʜʦʩʪʠʛʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʧʦʣʦʞʝʥʠʷ ʨʘʙʦʯʠʭ 

ʚʘʣʢʦʚ, ʘ ʠʭ ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ ʧʦʜʘʝʪʩ̫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʧʦʜʙʦʨʦʤ ʜʠʘʤʝʪʨʘ 

ʦʧʨʘʚʢʠ.  ɺʳʩʦʢʘʷ ʤʘʥʝʚʨʝʥʥʦʩʪʴ ʚ ʧʝʨʝʩʪʨʦʡʢʝ ʩʪʘʥʦʚ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ 

ʦʪʭʦʜʳ ʤʝʪʘʣʣʘ ʧʨʠ ʜʘʣʴʥʝʡʰʝʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʟʘ ʩʯʸʪ ʫʤʝʥʴʰʝʥʠʷ 

ʧʨʠʧʫʩʢʦʚ ʥʘ ʦʙʪʦʯʢʫ ʪʨʫʙ [1,27].  
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ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ ʘʛʨʝʛʘʪʦʚ, 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʛʦʨʷʯʝʢʘʪʘʥʳʭ ʙʝʩʰʦʚʥʳʭ ʪʨʫʙ ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʘʛʨʝʛʘʪʳ ʩ ʨʘʩʢʘʪʥʳʤ ʩʪʘʥʦʤ ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ 

ʛʦʨʷʯʝʢʘʪʘʥʳʝ ʪʨʫʙʳ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ 

[29].  

ɺʦʧʨʦʩʳ ʦ ʪʦʯʥʦʩʪʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʪʨʫʙ, ʚʳʧʫʩʢʘʝʤʳʭ ʥʘ 

ʩʪʘʥʘʭ ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʨʘʙʦʪʘʭ 

[2,24,30ï35]. ɸʚʪʦʨʳ ʨʘʙʦʪʳ [35] ʧʨʦʚʦʜʠʣʠ ʩʨʘʚʥʝʥʠʝ ʧʦʧʝʨʝʯʥʦʡ 

ʨʘʟʥʦʩʪʝʥʥʦʩʪʠ ʪʨʫʙ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʘʛʨʝʛʘʪʘʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ 

ʨʘʩʢʘʪʢʠ ʛʠʣʴʟ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʧʝʨʝʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʪʦʣʱʠʥʳ 

ʩʪʝʥʢʠ ʧʦʣʫʯʘʝʤʳʭ ʪʨʫʙ ʷʚʣʷʝʪʩʷ ʥʘʠʤʝʥʴʰʠʤ ʧʦʣʫʯʝʥʥʳʤ ʧʨʠ ʨʘʩʢʘʪʝ ʥʘ 

ʩʪʘʥʘʭ ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ, ʦʙʳʯʥʦ ʥʝ ʧʨʝʚʳʰʘʝʪ 7ï8 % [1]. ɺʢʣʘʜ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʦʯʥʦʩʪʠ ʧʦʣʳʭ ʛʠʣʴʟ ʠ ʯʝʨʥʳʭ ʪʨʫʙ ʪʘʢʞʝ ʚʥʝʩʣʠ ʄ.ʌ. 

ʉʪʦʣʝʪʥʠʡ ʠ ɽ.ɼ ʂʣʝʤʧʝʨʪ [35]. ʇʨʦʚʝʜʝʥʥʳʝ ʠʤʠ ʨʘʙʦʪʳ ʦʙʲʷʩʥʷʶʪ ʧʨʠʯʠʥʫ 

ʧʦʷʚʣʝʥʠʷ ʧʦʧʝʨʝʯʥʦʡ ʨʘʟʥʦʩʪʝʥʥʦʩʪʠ ʪʨʫʙ. ʇʨʠ ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʝ 

ʨʘʟʥʦʩʪʝʥʥʦʩʪʴ ʧʨʦʢʘʪʳʚʘʝʤʳʭ ʧʦʣʳʭ ʟʘʛʦʪʦʚʦʢ ʠʤʝʝʪ ʚʠʥʪʦʚʦʡ ʭʘʨʘʢʪʝʨ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʦ ʜʣʠʥʝ ʪʨʫʙʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʢʨʫʯʠʚʘʥʠʷ ʧʨʦʢʘʪʳʚʘʝʤʦʛʦ 

ʤʝʪʘʣʣʘ ʩ ʦʧʨʘʚʢʦʡ [1]. ʇʦ ʤʥʝʥʠʶ ʄ.ʌ. ʉʪʦʣʝʪʥʝʛʦ ʠ ɽ.ɼ ʂʣʝʤʧʝʨʪʘ ʥʘ 

ʪʦʯʥʦʩʪʴ ʛʠʣʴʟ ʠ ʪʨʫʙ ʚʣʠʷʶʪ ʬʘʢʪʦʨʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ 

ʧʘʨʘʤʝʪʨʘʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʥʘʩʪʨʦʡʢʦʡ ʩʪʘʥʘ ʠ ʢʘʣʠʙʨʦʚʢʦʡ ʠʥʩʪʨʫʤʝʥʪʦʚ. 

ʉʦʩʪʦʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʪʦʯʥʦʩʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʧʦʣʫʯʝʥʥʳʭ 

ʯʝʨʥʦʚʳʭ ʪʨʫʙ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʪʘʢʞʝ 

ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʨʘʙʦʪʝ [24]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʪʦʯʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʛʠʣʴʟ ʠ ʪʨʫʙ 

ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʨʘʮʠʦʥʘʣʴʥʦʡ ʥʘʩʪʨʦʡʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʦʮʝʩʩʦʚ ʧʨʦʢʘʪʢʠ, ʪʘʢʠʭ ʢʘʢ ʤʝʞʚʘʣʢʦʚʦʝ ʨʘʩʩʪʦʷʥʠʝ, ʫʛʦʣ ʧʦʜʘʯʠ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʦʚʘʣʠʟʘʮʠʠ ʠ ʦʙʞʘʪʠʝ ʧʦ ʪʦʣʱʠʥʝ ʩʪʝʥʢʠ, ʘ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʝʤ 

ʢʘʣʠʙʨʦʚʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ.  

ʋʧʦʤʷʥʫʪʳʝ ʚʳʰʝ ʜʦʩʪʦʠʥʩʪʚʘ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, ʢʦʪʦʨʳʤʠ 

ʦʙʲʷʩʥʷʝʪʩʷ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʫʯʝʥʥʳʭ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʠʢʦʚ, ʢ 

ʨʘʩʢʘʪʢʝ ʪʨʫʙ ʥʘ ʩʪʘʥʘʭ ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ. ɺʥʝʜʨʝʥʠʝ ʠ ʧʨʠʤʝʥʝʥʠʝ 
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ʪʨʫʙʦʧʨʦʢʘʪʥʳʭ ʘʛʨʝʛʘʪʦʚ ʥʘ ʙʘʟʝ ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʪʨʫʙ ʤʘʣʦʛʦ ʜʠʘʤʝʪʨʘ ʠʟ ʚʳʩʦʢʦʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʝʡ, 

ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʶʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʦʪʭʦʜʳ  ʥʘ ʩʪʨʫʞʢʫ ʟʘ ʩʯʝʪ ʥʝʠʟʙʝʞʥʳʭ 

ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ ʧʨʠ ʜʘʣʴʥʝʡʰʝʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʚ 

ʭʦʣʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ. ɺ ʨʘʙʦʪʝ [36] ʧʝʨʝʯʠʩʣʝʥʳ ʘʚʪʦʨʦʤ ʨʘʟʣʠʯʥʳʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʭʝʤʳ ʧʦʣʫʯʝʥʠʷ ʙʝʩʰʦʚʥʳʭ ʪʨʫʙ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʘʩʢʘʪʥʳʭ ʩʪʘʥʦʚ ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ ʚ ʈʦʩʩʠʡʩʢʦʡ, ʘ ʪʘʢʞʝ ʟʘʨʫʙʝʞʥʦʡ 

ʧʨʘʢʪʠʢʝ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʚʚʝʜʝʥʳ ʠ ʚʥʝʜʨʝʥʳ ʚ ʪʨʫʙʦʧʨʦʢʘʪʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʚ  ʧʨʦʤʳʰʣʝʥʥʦʤ ʤʘʩʰʪʘʙʝ.  

 

1.1.2 ʈʘʩʢʘʪʢʘ ʪʨʫʙ ʥʘ ʩʪʘʥʘʭ ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ 

 

ʉʨʝʜʠ ʘʛʨʝʛʘʪʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʙʝʩʰʦʚʥʳʭ ʪʨʫʙ, ʛʜʝ 

ʨʘʩʢʘʪʢʫ ʛʠʣʴʟ ʚ ʪʨʫʙʳ ʧʨʦʠʟʚʦʜʷʪ ʥʘ ʩʪʘʥʘʭ ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ ʩʫʱʝʩʪʚʫʶʪ 

ʜʚʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤʳ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤʠ ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ 

ʘʛʨʝʛʘʪʳ ʩ ʨʘʩʢʘʪʢʦʡ ʥʘ ʪʨʸʭʚʘʣʢʦʚʳʭ ʩʪʘʥʘʭ [1,26]. ɺ ʤʝʥʴʰʝʡ ʠʟʚʝʩʪʥʦʩʪʠ ʠ 

ʤʘʩʰʪʘʙʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʘʥʫʪ ʘʛʨʝʛʘʪʳ ʩ ʜʚʫʭʚʘʣʢʦʚʳʤʠ ʩʪʘʥʘʤʠ ʩ 

ʥʘʧʨʘʚʣʷʶʱʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʨʘʟʥʦʛʦ ʚʠʜʘ.  

ʉʝʛʦʜʥʷʰʥʝʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʛʦʨʷʯʝʢʘʪʘʥʳʭ ʙʝʩʰʦʚʥʳʭ ʪʨʫʙ 

ʧʦʚʳʰʝʥʥʦʡ ʪʦʯʥʦʩʪʠ ʜʣʷ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʥʘ 

ʘʛʨʝʛʘʪʘʭ ʩ ʪʨʝʭʚʘʣʢʦʚʳʤ ʨʘʩʢʘʪʥʳʤ ʩʪʘʥʦʤ. ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʧʨʘʢʪʠʢʘ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘ ʜʘʥʥʳʭ  ʪʨʫʙʦʧʨʦʢʘʪʥʳʭ ʘʛʨʝʛʘʪʘʭ ʚʳʧʫʩʢʘʶʪ ʪʨʫʙ r

ʜʠʘʤʝʪʨʦʤ ʦʪ 50 ʜʦ 250 ʤʤ [19,24]. ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʘʛʨʝʛʘʪʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʢʘʪʥʦʛʦ ʪʨʝʭʚʘʣʢʦʚʦʛʦ ʩʪʘʥʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʪʦʣʩʪʦʩʪʝʥʥʳʝ ʪʨʫʙʳ ʠʟ ʫʛʣʝʨʦʜʠʩʪʳʭ ʠ ʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʝʡ ʩ ʦʪʥʦʰʝʥʠʝʤ 

ʜʠʘʤʝʪʨʘ ʢ ʪʦʣʱʠʥʝ ʩʪʝʥʢʠ $̓Ⱦ3̓ ρρ ɀρς.  

ʆʛʨʘʥʠʯʝʥʠʝ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʪʨʫʙ ʤʘʣʦʛʦ ʜʠʘʤʝʪʨʘ ʠ ʪʦʥʢʦʩʪʝʥʥʳʭ ʪʨʫʙ 

ʩ 
̓

̓
ρς ʩʫʞʘʝʪ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʘʛʨʝʛʘʪʦʚ ʩ ʪʨʝʭʚʘʣʢʦʚʳʤ ʩʪʘʥʦʤ 
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ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɺʦʧʨʦʩʳ ʧʦʣʫʯʝʥʠʷ ʪʨʫʙ ʤʘʣʦʛʦ 

ʜʠʘʤʝʪʨʘ ʤʦʛʫʪ ʨʝʰʝʥʳ ʚʥʝʜʨʝʥʠʝʤ ʨʝʜʫʢʮʠʦʥʥʳʭ ʩʪʘʥʦʚ ʚ ʘʛʨʝʛʘʪʘʭ 

[33,37,38]. ʆʜʥʘʢʦ ʥʘʣʠʯʠʝ ʨʝʜʫʢʮʠʦʥʥʳʭ ʩʪʘʥʦʚ ʩʥʠʞʘʝʪ ʪʦʯʥʦʩʪʴ ʠ 

ʤʘʥʝʚʨʝʥʥʦʩʪʴ ʘʛʨʝʛʘʪʦʚ. ʊʘʢʞʝ ʠʟʚʝʩʪʝʥ ʩʧʦʩʦʙ ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ ʥʘ 

ʪʨʝʭʚʘʣʢʦʚʦʤ ʩʪʘʥʝ [10], ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʠʟʚʦʜʩʪʚʦ ʪʨʫʙ ʩ 

ʦʪʥʦʰʝʥʠʝʤ ʜʠʘʤʝʪʨʘ ʢ ʪʦʣʱʠʥʝ ʩʪʝʥʢʠ ʚ ʧʝʨʝʜʝʣʝ 18ï25. ʈʘʟʨʘʙʦʪʘʥ 

ʫʯʝʥʳʤʠ ʢʘʬʝʜʨʳ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ ʜʘʚʣʝʥʠʝʤ (ʆʄɼ), ʅʀʊʋ çʄʀʉʠʉè 

ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʪʨʫʙ ʜʠʘʤʝʪʨʦʤ 40ï80 ʤʤ ʥʘ ʘʛʨʝʛʘʪʝ ʩ ʪʨʝʭʚʘʣʢʦʚʳʤ 

ʨʘʩʢʘʪʥʳʤ ʩʪʘʥʦʤ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʨʝʜʫʢʮʠʦʥʥʦʛʦ ʩʪʘʥʘ (ʨʠʩʫʥʦʢ 1.1). ʄʠʥʠ 

ʊʇɸ 40ï80 ʙʳʣ ʚʥʝʜʨʝʥ ʥʘ ʖʞʥʦ-ʂʦʨʝʡʩʢʦʤ ʧʨʝʜʧʨʠʷʪʠʠ ʢʦʤʧʘʥʠʠ 

çSechang Steel Co., Ltdè ʩ ʮʝʣʴʶ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʨʫʙ ʜʠʘʤʝʪʨʦʤ 40-80 ʤʤ ʩ 

ʦʪʥʦʰʝʥʠʝʤ D/S < 9, ʜʣʠʥʦʡ ʜʦ 6 ʤ. ʂʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʘʛʨʝʛʘʪʘ ʠʟʣʦʞʝʥʦ ʚ 

ʥʝʢʦʪʦʨʳʭ ʨʘʙʦʪʘʭ ɸ. ɹ ʈʦʤʘʥʮʝʚʘ ʩ ʝʛʦ ʩʦʘʚʪʦʨʘʤʠ [19,26,39]. ɺ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʚʭʦʜʷʪ ʧʨʦʰʠʚʢʘ ʟʘʛʦʪʦʚʢʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʨʘʩʢʘʪʢʦʡ ʪʨʫʙ ʠ ʢʘʣʠʙʨʦʚʘʥʠʝ ʥʘ ʩʪʘʥʘʭ ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ (ʨʠʩ 2). ʈʝʟʫʣʴʪʘʪ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʛʨʝʛʘʪʘ ʜʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʨʝʟʫʣʴʪʘʪ ʧʦ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʨʘʟʤʝʨʘʤ ʪʨʫʙ, ʢʦʪʦʨʳʡ ʜʦʩʪʠʛʥʫʪ ʟʘ ʩʯʸʪ ʚʥʝʜʨʝʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ [19,26,39]. ʇʦ ʜʘʥʥʳʤ 

ʟʘʨʫʙʝʞʥʦʡ ʧʨʘʢʪʠʢʠ, ʧʦʣʫʯʠʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʤʝʥʴʰʝʡ ʧʦʧʫʣʷʨʥʦʩʪʠ 

ʪʨʫʙʦʧʨʦʢʘʪʥʳʝ ʘʛʨʝʛʘʪʳ ʩ ʜʚʫʭʚʘʣʢʦʚʳʤ ʩʪʘʥʦʤ ɼʠʰʝʨʘ. ɸʛʨʝʛʘʪʳ ʩʦ 

ʩʪʘʥʦʤ ɼʠʰʝʨʘ [40ï44] ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʪʦʥʢʦʩʪʝʥʥʳʝ ʪʨʫʙʳ ʩ 

ʦʪʥʦʰʝʥʠʝʤ 
̓

̓
ςυ, ʪʦʯʥʦʩʪʴ ʢʦʪʦʨʳʭ ʥʝ ʥʠʞʝ, ʯʝʤ ʥʘ ʪʨʝʭʚʘʣʢʦʚʳʭ ʩʪʘʥʘʭ. 

ɼʠʘʤʝʪʨ ʧʦʣʫʯʝʥʥʳʭ ʪʨʫʙ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʝ 38...114 ʤʤ ʩ ʪʦʣʱʠʥʦʡ ʩʪʝʥʢʠ 

ʦʪ 2 ʜʦ12 ʤʤ, ʜʣʠʥʘ ʢʦʪʦʨʳʭ ʦʪ 6 ʤ 12 ʤ [1].  

ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʠʷ ʚ ʢʠʥʝʤʘʪʠʢʝ ʧʨʦʮʝʩʩʘ, ʪʘʢ ʠ ʚ ʬʫʥʢʮʠʠ 

ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʤʝʞʜʫ ʩʦʚʨʝʤʝʥʥʳʤʠ ʧʨʦʰʠʚʥʳʤʠ ʩʪʘʥʘʤʠ ʩ 

ʜʠʩʢʘʤʠ ʠ ʨʘʩʢʘʪʥʳʤʠ ʩʪʘʥʘʤʠ ɼʠʰʝʨʘ. ʀʟ-ʟʘ ʩʣʦʞʥʦʡ ʩʚʦʝʡ ʢʦʥʩʪʨʫʢʮʠʠ, 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʠ ʪʨʫʜʥʦʩʪʴ ʚ ʧʝʨʝʩʪʨʦʡʢʝ ʜʠʩʢʦʚ ʧʨʠ ʧʝʨʝʭʦʜʝ ʥʘ ʧʨʦʢʘʪʢʫ 

ʪʨʫʙ ʜʨʫʛʦʛʦ ʪʠʧʦʨʘʟʤʝʨʘ, ʚʳʩʦʢʦʛʦ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʠ ʥʝʜʦʩʪʘʪʢʠ ʚ 

ʨʘʩʧʦʣʦʞʝʥʠʠ ʚʘʣʢʦʚ, ʩʪʘʥʳ ɼʠʰʝʨʘ ʤʘʣʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ.  
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1- ʧʦʨʝʟʢʘ ʟʘʛʦʪʦʚʦʢ; 2-ʟʘʮʝʥʪʨʦʚʢʘ ʟʘʛʦʪʦʚʦʢ; 3 ïʥʘʛʨʝʚ ʚ 

ʠʥʜʫʢʮʠʦʥʥʦʡ ʧʝʯʠ; 4 ï ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʝ; 5 ï ʧʨʦʰʠʚʢʘ ʟʘʛʦʪʦʚʦʢ; 6 ï 

ʧʦʜʦʛʨʝʚ ʛʠʣʴʟ; 7 ï ʈʘʩʢʘʪʢʘ ʛʠʣʴʟ ʚ ʯʝʨʥʦʚʳʝ ʪʨʫʙʳ; 8 ï ʢʘʣʠʙʨʦʚʢʘ ʪʨʫʙ; 9 

ï ʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʦʭʣʘʞʜʝʥʠʝ  

ʈʠʩʫʥʦʢ 1.1 - ʉʭʝʤʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʨʫʙ ʥʘ 

ʊʇɸ 40ï80 [39] 

 

ʅʝʜʦʩʪʘʪʢʠ ʩʪʘʥʦʚ ɼʠʰʝʨʘ ʨʝʰʝʥʳ ʥʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ ʩʪʘʥʘ ʚʠʥʪʦʚʦʡ 

ʧʨʦʢʘʪʢʠ, ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʢʦʪʦʨʦʛʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʠʩʢ-

ʩʝʢʪʦʨ ʚʤʝʩʪʦ ʛʘʙʘʨʠʪʥʳʭ ʜʠʩʢʦʚ [45]. ʂʦʥʩʪʨʫʢʮʠʷ ʥʦʚʦʛʦ ʩʪʘʥʘ ʨʘʟʨʘʙʦʪʘʥʘ 

ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ɹ. ɸ. ʈʦʤʘʥʮʝʚʘ ʥʘ ʢʘʬʝʜʨʝ çʆʄɼ, ʅʀʊʋ çʄʀʉʠʉè, 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʢʘʪʢʠ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʢʘʟʘʣʠ ʩʚʦʶ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠ ʩʫʱʝʩʪʚʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ. ʇʨʠʤʝʥʝʥʠʝ ʩʪʘʥʘ ʪʘʢʦʛʦ ʪʠʧʘ ʩ ʥʘʧʨʘʚʣʷʶʱʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ 

ʧʦʟʚʦʣʷʝʪ ʫʩʪʨʘʥʷʪʴ ʨʷʜ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʩ ʩʦʭʨʘʥʝʥʠʝʤ 

ʧʨʝʠʤʫʱʝʩʪʚ ʩʚʦʡʩʪʚʝʥʥʳʤ ʜʠʩʢʘʤ, ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʷʪʴ ʣʠʥʝʡʢʠ ʚ 

ʢʘʯʝʩʪʚʝ ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʥʦʚʦʛʦ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʩʪʘʥʘ. ɺ ʨʘʙʦʪʝ 

[7] ʠʟʣʦʞʝʥ ʩʧʦʩʦʙ ʧʨʦʢʘʪʢʠ ʪʦʥʢʦʩʪʝʥʥʳʭ ʛʦʨʷʯʝʢʘʪʘʥʳʭ ʦʩʦʙʦ ʪʦʯʥʳʭ ʪʨʫʙ 
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ʩ ʦʪʥʦʰʝʥʠʝʤ D/S = 13...22 ʚ ʜʚʫʭʚʘʣʢʦʚʦʤ ʩʪʘʥʝ ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ ʥʘ 

ʜʣʠʥʥʦʡ ʧʣʘʚʘʶʱʝʡ ʦʧʨʘʚʢʝ ʩ ʥʘʧʨʘʚʣʷʶʱʠʤʠ ʣʠʥʝʡʢʘʤʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʨʘʟʥʦʩʪʝʥʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʪʨʫʙ ʥʘʭʦʜʠʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ 6... 12 %, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʯʥʦʩʪʠ ʪʨʫʙ ʩ ʦʪʥʦʰʝʥʠʝʤ D/S <12 ʥʘ ʪʨʝʭʚʘʣʢʦʚʦʤ 

ʨʘʩʢʘʪʥʦʤ ʩʪʘʥʝ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʧʦʣʫʯʝʥʠʷ ʙʝʩʰʦʚʥʳʭ 

ʪʨʫʙ, ʠ ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʪʨʝʙʫʝʪ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʭʝʤʳ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʳʭ 

ʧʨʦʜʫʢʮʠʡ, ʠ ʤʦʙʠʣʴʥʦʩʪʴ ʚ ʧʝʨʝʭʦʜʝ ʥʘ ʧʨʦʢʘʪʢʫ ʪʨʫʙ ʥʦʚʦʛʦ ʪʠʧʦʨʘʟʤʝʨʘ. 

ɺ ʭʦʜʝ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʙʳʣʠ 

ʟʘʧʘʪʝʥʪʦʚʘʥʳ ʉʦʚʝʪʩʢʠʤʠ ʠ ʈʦʩʩʠʡʩʢʠʤʠ ʫʯʝʥʳʤʠ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ 

ʩʧʦʩʦʙʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʨʫʙ ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʦʡ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʦʣʫʯʝʥʠʝ 

ʙʝʩʰʦʚʥʳʭ ʪʨʫʙ ʧʨʦʰʠʚʢʦʡ ʠ ʨʘʩʢʘʪʢʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʜʥʦʤ ʩʪʘʥʝ 

ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ [20,25,46ï49]. ʂʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʧʦʣʫʯʠʪʴ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʛʦʨʷʯʝʢʘʪʘʥʳʝ ʙʝʩʰʦʚʥʳʝ ʪʨʫʙʳ ʰʠʨʦʢʦʛʦ ʩʦʨʪʘʤʝʥʪʘ ʩ 

ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʧʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʨʘʟʤʝʨʘʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʵʥʝʨʛʦʟʘʪʨʘʪ ʠ ʙʦʣʝʝ 

ʧʨʦʩʪʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ ʩʪʘʥʘ [20,25,49]. 

 ɺ ʦʩʥʦʚʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚʭʦʜʠʪ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ 

ʙʝʩʰʦʚʥʳʭ ʪʨʫʙ, ʚʢʣʶʯʘʶʱʠʡ ʜʚʝ ʩʪʘʜʠʠ- ʧʨʦʰʠʚʢʘ - ʨʘʩʢʘʪʢʘ ʚ ʦʜʥʦʡ ʟʦʥʝ 

ʜʝʬʦʨʤʘʮʠʠ ʜʚʫʭʚʘʣʢʦʚʦʛʦ ʩʪʘʥʘ ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ ʩ ʥʘʧʨʘʚʣʷʶʱʠʤʠ 

ʣʠʥʝʡʢʘʤʠ. ʂ ʧʨʠʤʝʨʫ, ʚ ʨʘʤʢʘʭ ʚʥʝʜʨʝʥʠʷ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʚʝʜʝʥ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʶ ʊʇɸ 70ï270 (ʨʠʩʫʥʦʢ 1.2) ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʛʦʨʷʯʝʢʘʪʘʥʳʭ ʪʨʫʙ 

ʜʣʷ ʦʙʩʘʜʥʳʭ ʠ ʥʘʩʦʩʥʦ-ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ [49ï51].  

ʍʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʮʝʩʩʦʚ 

ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʝʩʰʦʚʥʳʭ ʪʨʫʙ ʩ ʧʦʚʳʰʝʥʥʦʡ ʪʦʯʥʦʩʪʠ ʥʘ 

ʊʇɸ 70ï270 ʠʩʩʣʝʜʦʚʘʥʳ ʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʥʝʢʦʪʦʨʳʭ ʨʘʙʦʪʘʭ 

[23,34,46,47,52ï55]. ʆʩʦʙʝʥʥʦʩʪʴ ʘʛʨʝʛʘʪʘ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ 

ʛʘʙʘʨʠʪʥʫʶ ʤʘʩʩʫ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʨʘʩʭʦʜʳ ʥʘ ʝʛʦ ʠʟʛʦʪʦʚʣʝʥʠʝ, ʧʨʠ ʵʪʦʤ ʥʝ 

ʫʤʝʥʴʰʘʷ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʳʭ ʪʨʫʙ.  
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1- ʧʦʨʝʟʢʘ ʟʘʛʦʪʦʚʢʠ; 2-ʟʘʮʝʥʪʨʦʚʢʘ; 3 ïʥʘʛʨʝʚ ʚ ʧʝʯʠ; 4 ï ʧʨʦʰʠʚʢʘ 

ʟʘʛʦʪʦʚʦʢ ʥʘ ʜʚʫʭʚʘʣʢʦʚʳʤ ʩʪʘʥʦʤ ʩ ʥʘʧʨʘʚʣʷʶʱʠʤ ʣʠʥʝʡʢʘʤʠ; 5 ï ʈʘʩʢʘʪʢʘ 

ʛʠʣʴʟ ʥʘ ʢʦʨʦʪʢʦʡ ʦʧʨʘʚʢʝ; 6 ï ʢʘʣʠʙʨʦʚʢʘ ʥʘ ʪʨʝʭʚʘʣʢʦʚʦʤ ʩʪʘʥʝ ʚʠʥʪʦʚʦʡ 

ʧʨʦʢʘʪʢʠ; 7 ï ʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʦʭʣʘʞʜʝʥʠʝ 

ʈʠʩʫʥʦʢ 1.2 - ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʊʇɸ 70ï270 [52] 

 

1.1.3 ʆʩʦʙʝʥʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʪʨʫʙ ʤʘʣʦʛʦ ʜʠʘʤʝʪʨʘ ʠʟ 

ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʠʭ ʩʪʘʣʝʡ ʥʘ ʩʪʘʥʘʭ ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ 

 

ʊʨʫʙʳ ʠʟ ʚʳʩʦʢʦʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʝʡ ʠ ʞʘʨʦʧʨʦʯʥʳʭ ʩʧʣʘʚʦʚ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʷʜʝ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɾʘʨʦʧʨʦʯʥʳʝ ʩʧʣʘʚʳ ʠ 

ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʠʝ ʩʪʘʣʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 

ʜʝʬʦʨʤʘʮʠʠ, ʥʠʟʢʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʴʶ, ʫʟʢʠʤ ʜʠʘʧʘʟʦʥʦʤ 

ʪʝʤʧʝʨʘʪʫʨ ʜʝʬʦʨʤʘʮʠʠ ʠ ʚʳʩʦʢʦʡ ʘʜʛʝʟʠʝʡ ʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʠʥʩʪʨʫʤʝʥʪʫ 
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[1ï6]. ɼʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʦʨʷʯʝʢʘʪʘʥʳʭ ʪʨʫʙ ʠʟ ʚʳʩʦʢʦʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʝʡ ʠ 

ʩʧʣʘʚʦʚ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʩ ʥʠʟʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ, 

ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʚʳʩʦʢʦʡ ʤʝʪʘʣʣʦʝʤʢʦʩʪʴ ʠ 

ʪʨʫʜʦʝʤʢʦʩʪʴ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʠʤ ʟʘʪʨʘʪʘʤ ʠ ʫʚʝʣʠʯʝʥʠʶ ʩʝʙʝʩʪʦʠʤʦʩʪʠ 

[56]. ʆʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʨʝʰʝʥʠʠ ʚʳʰʝʠʟʣʦʞʝʥʥʦʡ ʧʨʦʙʣʝʤʳ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʪʨʫʙ ʤʘʣʦʛʦ ʜʠʘʤʝʪʨʘ ʠʟ ʚʳʩʦʢʦʣʝʛʠʨʦʚʘʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʠ ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʠʭ ʩʪʘʣʝʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ 

ʚʥʝʜʨʝʥʠʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʦʩʥʦʚʝ 

ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ.  

ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤ ʢʦʣʣʝʢʪʠʚʦʤ ʢʘʬʝʜʨʳ ʆʄɼ, 

ʅʀʊʋ «ʄʀʉʠʉ» ʨʘʟʨʘʙʦʪʘʥʘ ʥʦʚʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʙʝʩʰʦʚʥʳʭ ʪʨʫʙ ʠʟ ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʠʭ ʤʘʨʦʢ ʩʪʘʣʝʡ ʠ 

ʩʧʣʘʚʦʚ ʩ ʰʠʨʦʢʠʤ ʩʦʨʪʘʤʝʥʪʦʤ [20,25]. ɺ ʝʸ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫ  ʁ ʩʭʝʤʫ 

ʚʢʣʶʯʝʥ: ʥʘʛʨʝʚ ʟʘʛʦʪʦʚʢʠ, ʧʨʦʰʠʚʢʘ ʟʘʛʦʪʦʚʢʠ ʚ ʛʠʣʴʟʳ ʠ ʧʦʩʣʝʜʫʶʱʘ ̫

ʨʘʩʢʘʪʢʘ ʚ ʪʨʫʙʳ ʥʘ ʦʧʨʘʚʦʯʥʦʤ ʩʪʝʨʞʥʝ. 

ʆʜʥʘʢʦ ʚʦʟʥʠʢʘʶʱʘʷ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʙʣʝʤʘ 

ʥʠʟʢʦʡ ʩʪʦʡʢʦʩʪʠ ʧʨʦʰʠʚʥʳʭ ʢʦʨʦʪʢʠʭ ʦʧʨʘʚʦʢ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʩʠʣʦʚʳʤʠ ʠ 

ʪʝʧʣʦʚʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ ʛʣʫʙʦʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʦʪʣʠʯʠʝ 

ʦʪ ʜʣʠʥʥʳʭ ʦʧʨʘʚʦʢ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʣʠʥʠʷʭ ʜʨʫʛʠʭ 

ʘʛʨʝʛʘʪʦʚ, ʢʦʨʦʪʢʠʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʦʧʨʘʚʢʠ ʥʘ ʩʪʘʥʘʭ ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ 

ʠʤʝʶʪ ʤʘʣʳʡ ʨʝʩʫʨʩ. ʇʨʦʙʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʧʨʦʢʘʪʢʝ 

ʪʨʫʙ ʤʘʣʦʛʦ ʜʠʘʤʝʪʨʘ (ʤʝʥʝʝ 100 ʤʤ) ʢʘʢ ʧʨʘʚʠʣʦ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʥʳʡ 

ʠʟʥʦʩ ʧʨʦʰʠʚʥʳʭ ʠ ʨʘʩʢʘʪʥʳʭ ʦʧʨʘʚʦʢ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪ, ʧʨʦʚʝʜʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤ ʢʦʣʣʝʢʪʠʚʦʤ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ɹ. ɸ. ʈʦʤʘʥʮʝʚʘ [39,49] 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʩʣʝ ʧʨʦʢʘʪʢʠ 30ï35 ʰʪ. ʪʨʫʙ ʜʣʠʥʦʡ 5 ʤ ʦʧʨʘʚʢʠ ʤʘʣʦʛʦ 

ʜʠʘʤʝʪʨʘ ʧʦʜʚʝʨʛʘʶʪʩʷ ʙʦʣʴʰʦʤʫ ʠʟʥʦʩʫ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʜʠʘʤʝʪʨʘ. ɼʘʥʥʘʷ 

ʦʩʦʙʝʥʥʦʩʪʴ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʪʦʯʥʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ ʪʨʫʙ ʠ ʪʘʢʞʝ ʫʭʫʜʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʠʭ ʚʥʫʪʨʝʥʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʚʳʟʚʘʥʥʦʛʦ ʠʟʥʦʩʦʤ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʘʚʦʢ. 
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1.1.4 ʆʩʦʙʝʥʥʦʩʪʠ ʩʭʝʤ ʨʘʩʢʘʪʢʠ ʪʨʫʙ ʚ ʜʚʫʭʚʘʣʢʦʚʳʭ ʩʪʘʥʘʭ ʚʠʥʪʦʚʦʡ 

ʧʨʦʢʘʪʢʠ 

 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʨʠʝʤʣʝʤʳʭ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʮʝʣʝʡ 

ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʪʦʯʥʳʭ ʪʦʥʢʦʩʪʝʥʥʳʭ ʪʨʫʙ ʩ ʚʳʩʦʢʠʤ ʢʘʯʝʩʪʚʦʤ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʨʦʮʝʩʩ ʨʘʩʢʘʪʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʚ ʜʚʫʭʚʘʣʢʦʚʦʤ 

ʩʪʘʥʝ ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ ʩ ʥʘʧʨʘʚʣʷʶʱʠʤʠ ʣʠʥʝʡʢʘʤʠ ʥʘ ʢʦʨʦʪʢʦʡ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʧʨʘʚʢʝ, ʫʢʨʝʧʣʝʥʥʦʡ ʥʘ ʩʪʝʨʞʥʝ. ʇʨʦʮʝʩʩ ʨʘʩʢʘʪʢʠ ʥʘ 

ʦʧʨʘʚʦʯʥʦʤ ʩʪʝʨʞʥʝ ʧʦ ʪʠʧʫ ʦʧʨʘʚʦʢ  ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ: 

- ʨʘʩʢʘʪʢʘ ʥʘ ʢʦʨʦʪʢʦʡ ʢʦʥʠʯʝʩʢʦʡ ʦʧʨʘʚʢʝ; 

- ʨʘʩʢʘʪʢʘ ʥʘ ʦʧʨʘʚʢʫ ʩ ʦʙʨʘʪʥʦʡ ʢʦʥʫʩʥʦʩʪʴʶ; 

- ʨʘʩʢʘʪʢʘ ʥʘ ʢʦʨʦʪʢʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʧʨʘʚʢʝ, ʫʜʝʨʞʠʚʘʝʤʦʡ 

ʩʪʝʨʞʥʝʤ, ʨʘʙʦʪʘʶʱʠʤ ʥʘ ʨʘʩʪʷʞʝʥʠʝ; 

- ʨʘʩʢʘʪʢʘ ʥʘ ʢʦʨʦʪʢʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʧʨʘʚʢʝ, ʫʜʝʨʞʠʚʘʝʤʦʡ 

ʩʪʝʨʞʥʝʤ, ʨʘʙʦʪʘʶʱʠʤ ʥʘ ʩʞʘʪʠʝ. 

ʅʘʠʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʩʧʦʩʦʙʦʤ ʷʚʣʷʝʪʩʷ ʨʘʩʢʘʪʢʘ ʥʘ ʢʦʥʠʯʝʩʢʦʡ 

ʦʧʨʘʚʢʝ. ʇʨʠʤʝʥʝʥʠʝ ʢʦʪʦʨʦʡ, ʜʘʝʪ ʛʠʙʢʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʦʣʫʯʝʥʠʷ ʪʨʫʙ ʨʘʟʥʳʭ ʪʠʧʦʨʘʟʤʝʨʦʚ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʦʧʨʘʚʢʠ ʚ 

ʦʯʘʛʝ ʜʝʬʦʨʤʘʮʠʠ. ʆʜʥʘʢʦ ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ ʦʧʨʘʚʦʢ ʧʨʠ ʨʘʩʢʘʪʢʝ ʪʨʫʙ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʦʣʫʯʠʪʴ ʜʣʠʥʥʳʝ ʪʨʫʙʳ ʟʘ ʩʯʝʪ ʫʜʝʨʞʠʚʘʥʠʷ ʦʧʨʘʚʦʢ 

ʩʪʝʨʞʥʝʤ, ʨʘʙʦʪʘʶʱʠʤ ʥʘ ʩʞʘʪʠʝ. ʂʨʦʤʝ ʪʦʛʦ, ʢ ʥʝʜʦʩʪʘʪʢʘʤ ʚ ʧʨʠʤʝʥʝʥʠʠ 

ʦʧʨʘʚʦʢ ʪʘʢʦʛʦ ʪʠʧʘ ʦʪʥʦʩʷʪʩʷ ʠʥʪʝʥʩʠʚʥʳʡ ʣʦʢʘʣʴʥʳʡ ʠʟʥʦʩ, ʢʦʪʦʨʳʡ 

ʩʥʠʞʘʝʪ ʠʭ ʨʘʙʦʯʠʡ ʨʝʩʫʨʩ ʙʝʟ ʦʩʪʘʥʦʚʢʠ ʩʪʘʥʘ, ʚʥʝʩʝʥʠʝ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʚ 

ʥʘʩʪʨʦʡʢʫ, ʠ ʧʦʣʫʯʝʥʠʝ ʫʛʣʫʙʣʝʥʥʦʡ ʚʠʥʪʦʚʦʡ ʣʠʥʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʪʨʫʙʳ 

ʩ ʙʦʣʴʰʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ. ʂʨʦʤʝ ʵʪʦʛʦ, ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʜʘʥʥʳʭ ʦʧʨʘʚʦʢ 

ʫʩʣʦʞʥʷʝʪʩʷ ʥʘʩʪʨʦʡʢʘ ʩʪʘʥʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʨʫʙ ʩ ʟʘʜʘʥʥʳʤʠ ʪʦʣʱʠʥʦʡ 

ʩʪʝʥʢʠ ʠ ʜʠʘʤʝʪʨʦʤ. 

ʇʨʦʮʝʩʩ ʨʘʩʢʘʪʢʠ ʛʠʣʴʟ ʚ ʪʨʫʙʳ ʥʘ ʦʧʨʘʚʢʝ ʩ ʦʙʨʘʪʥʦʡ ʢʦʥʫʩʥʦʩʪʴʶ ʚ 

ʦʩʥʦʚʥʦʤ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʧʨʘʚʦʯʥʦʛʦ ʨʝʜʫʮʠʨʦʚʘʥʠʷ ʩ ʫʪʦʥʝʥʠʝʤ ʩʪʝʥʢʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʨʘʩʢʘʪʥʦʡ ʦʧʨʘʚʢʠ ʪʘʢʦʛʦ ʪʠʧʘ ʢʘʣʠʙʨʦʚʢʠ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʘʪʴ 
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ʥʘʨʫʞʥʳʡ ʜʠʘʤʝʪʨ ʛʠʣʴʟ ʠ ʧʦʣʫʯʘʪʴ ʯʝʨʥʦʚʳʝ ʪʨʫʙʳ ʜʠʘʤʝʪʨʦʤ ʥʘ 10é20% 

ʤʝʥʴʰʝ ʠʩʭʦʜʥʦʛʦ. ʆʩʦʙʝʥʥʦʩʪʠ ʠʭ ʢʘʣʠʙʨʦʚʢʠ ʧʨʠ ʨʘʩʢʘʪʢʝ ʪʨʫʙ ʦʧʠʩʘʥ 

ʧʦʜʨʦʙʥʦ ʚ ʨʘʙʦʪʝ [24]. ʂ ʤʠʥʫʩʘʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʦʧʨʘʚʦʢ ʧʨʠ 

ʨʘʩʢʘʪʢʝ ʪʨʫʙ ʦʪʥʦʩʷʪʩʷ ʠʟʥʦʩ ʦʧʨʘʚʦʢ, ʩʢʘʟʳʚʘʶʱʠʡʩʷ ʥʘ ʧʦʷʚʣʝʥʠʝ 

ʜʝʬʝʢʪʦʚ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟ-ʟʘ ʥʝʫʧʨʘʚʣʷʝʤʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ, ʠ ʪʘʢʞʝ ʪʨʫʜʦʝʤʢʦʩʪʠ ʚ ʧʝʨʝʩʪʨʦʡʢʝ 

ʩʪʘʥʘ ʠʟ-ʟʘ ʠʟʥʦʩʘ ʠʥʩʪʨʫʤʝʥʪʦʚ.  

ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʯʠʪʘʝʪʩʷ ʧʨʦʮʝʩʩ ʨʘʩʢʘʪʢʠ ʛʠʣʴʟ ʚ 

ʪʨʫʙʳ ʥʘ ʢʦʨʦʪʢʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʧʨʘʚʢʝ. ʂʘʣʠʙʨʦʚʢʘ ʦʧʨʘʚʦʢ ʜʘʥʥʦʛʦ 

ʪʠʧʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʪʨʫʙ ʟʘʜʘʥʥʦʡ ʪʦʣʱʠʥʳ ʩʪʝʥʢʠ, ʫʚʝʣʠʯʝʥʠʷ 

ʠʭ ʨʘʙʦʯʝʛʦ ʨʝʩʫʨʩʘ, ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʩʝʚʦʡ ʩʢʦʨʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ 

ʢʘʯʝʩʪʚʦ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʛʦʨʷʯʝʢʘʪʘʥʳʭ ʪʨʫʙ. ʆʜʥʘʢʦ ʧʨʠʤʝʥʝʥʠʝ 

ʦʧʨʘʚʦʢ ʜʘʥʥʦʛʦ ʪʠʧʘ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʧʨʦʢʘʪʢʝ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʜʠʘʤʝʪʨʘ ʛʠʣʴʟ 

ʥʘ 10é15% [24]. ʆʩʦʙʝʥʥʦʩʪʴ ʢʘʣʠʙʨʦʚʢʠ ʦʧʨʘʚʦʢ ʜʘʥʥʦʛʦ ʪʠʧʘ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʨʝʜʫʮʠʨʦʚʘʥʠʷ ʛʠʣʴʟ ʩ ʦʙʞʘʪʠʝʤ ʧʦ ʩʪʝʥʢʝ ʥʘ 

ʚʭʦʜʥʦʤ ʫʯʘʩʪʢʝ ʚʘʣʢʦʚ ʜʦ ʧʝʨʝʞʠʤʘ ʠ ʚʳʛʣʘʞʠʚʘʪʴ ʩʪʝʥʢʫ ʪʨʫʙʳ ʚ ʦʯʘʛʝ 

ʜʝʬʦʨʤʘʮʠʠ 

ʇʨʠʤʝʥʝʥʠʝ ʦʧʨʘʚʦʢ ʜʘʥʥʦʛʦ ʪʠʧʘ ʚʦʟʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʧʦ ʜʚʫʤ ʩʭʝʤʘʤ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʙʦʪʳ ʦʧʨʘʚʦʯʥʦʛʦ ʩʪʝʨʞʥʷ, ʢʦʪʦʨʳʤ 

ʫʜʝʨʞʠʚʘʝʪʩʷ ʦʧʨʘʚʢʘ. ʇʨʠ ʨʘʩʢʘʪʢʝ ʥʘ ʫʜʝʨʞʠʚʘʝʤʦʡ ʦʧʨʘʚʢʝ ʥʘ ʩʪʝʨʞʥʝ, 

ʨʘʙʦʪʘʶʱʝʤ ʥʘ ʩʞʘʪʠʝ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʪʝʨʞʥʷ ʩ ʦʧʨʘʚʢʦʡ ʚ ʦʯʘʛʝ ʜʝʬʦʨʤʘʮʠʠ 

ʷʚʣʷʝʪʩʷ ʬʘʢʪʦʨʦʤ, ʦʢʘʟʳʚʘʶʱʠʤ ʚʣʠʷʥʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʠ ʨʘʟʥʦʩʪʝʥʥʦʩʪʴ 

ʧʦʣʫʯʘʝʤʳʭ ʪʨʫʙ. ɼʘʥʥʫ  ʁʩʭʝʤʫ ʚʦʟʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʢ ʧʨʠʤʝʥʝʥʠʶ ʧʨʠ 

ʨʘʩʢʘʪʢʝ ʢʦʨʦʪʢʠʭ ʪʨʫʙ. 

ʇʨʠʤʝʥʝʥʠʝ ʫʜʝʨʞʠʚʘʝʤʦʡ ʦʧʨʘʚʢʠ ʥʘ ʩʪʝʨʞʥʝ, ʨʘʙʦʪʘʶʱʝʤ ʥʘ 

ʨʘʩʪʷʞʝʥʠʝ, ʥʝ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʧʦʜʦʙʥʦʡ ʧʨʦʙʣʝʤʦʡ. ʆʜʥʘʢʦ, ʚʦʟʥʠʢʘʶʱʝʡ 

ʧʨʦʙʣʝʤʦʡ ʧʨʠ ʨʘʩʢʘʪʢʝ ʥʘ ʦʧʨʘʚʢʝ ʩʦ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʩʪʝʨʞʥʝʤ, ʨʘʙʦʪʘʶʱʠʤ 

ʥʘ ʨʘʩʪʷʞʝʥʠʝ, ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʪʨʫʜʦʝʤʢʦʩʪ ɹʠ ʜʣʠʪʝʣʴʥʦʩʪ ɹʧʦʜʛʦʪʦʚʢʠ ʢ 

ʨʘʙʦʪʝ ʨʘʩʢʘʪʥʦʛʦ ʩʪʘʥʘ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʩʥʠʞʝʥʠʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʘʛʨʝʛʘʪʘ. 



18 

 

1.2 ʀʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʦʧʨʘʚʦʢ ʥʘ ʜʚʫʭʚʘʣʢʦʚʳʭ ʩʪʘʥʘʭ ʚʠʥʪʦʚʦʡ 

ʧʨʦʢʘʪʢʠ  

 

ʅʘ ʜʚʫʭʚʘʣʢʦʚʳʭ ʩʪʘʥʘʭ ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ ʬʦʨʤʦʠʟʤʝʥʝʥʠʝ ʟʘʛʦʪʦʚʦʢ 

ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʦʯʘʛʝ ʜʝʬʦʨʤʘʮʠʠ, ʦʙʨʘʟʦʚʘʥʥʦʤ ʚʟʘʠʤʦʨʘʩʧʦʣʦʞʝʥʠʝʤ ʧʦʜ 

ʫʛʣʦʤ ʧʦʜʘʯʠ ʙʦʯʢʦʚʠʜʥʳʭ ʚʘʣʢʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʤʝʞʜʫ ʥʠʤʠ ʦʧʨʘʚʢʠ ʠ 

ʥʘʧʨʘʚʣʷʶʱʠʭ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ [1ï3,12,16,57].  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʳʡ ʠʟʥʦʩ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʧʦʚʨʝʞʜʝʥʠʷ ʠ ʟʘʤʝʥʳ ʨʘʙʦʯʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩʪʘʥʦʚ 

ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ, ʢʦʪʦʨʳʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʝʪ ʥʘ 

ʢʦʥʩʪʘʥʪʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʧʨʦʢʘʪʢʠ, ʢʘʯʝʩʪʚʦ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʛʦʜʥʦʩʪʴ 

ʚʳʧʫʩʢʘʝʤʳʭ ʪʨʫʙ, ʠ ʪʘʢʞʝ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʘʛʨʝʛʘʪʦʚ [58].   

ʆʧʨʘʚʢʠ ʷʚʣʷʶʪʩʷ ʦʪʚʝʪʩʪʚʝʥʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ 

ʩʪʘʥʦʚ, ʢʦʪʦʨʳʡ ʦʪʚʝʯʘʝʪ ʟʘ ʨʝʞʠʤʳ ʜʝʬʦʨʤʘʮʠʠ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʠ 

ʪʘʢʞʝ ʢʘʯʝʩʪʚʦ, ʩʪʦʠʤʦʩʪʴ ʚʳʧʫʩʢʘʝʤʳʭ ʪʨʫʙ. ʇʦʚʳʰʝʥʠʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ 

ʦʧʨʘʚʦʢ ʩʪʘʥʝʪ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʪʨʫʙʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ.  

ɺʦʧʨʦʩʳ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʧʨʘʚʦʢ ʩʪʘʥʦʚ ʚʠʥʪʦʚʦʡ 

ʧʨʦʢʘʪʢʠ ʦʩʚʝʱʝʥʳ ʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʪʨʫʜʘʭ [40,41,58ï

81]. ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʦʧʳʪ ʠ ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʘ 

ʩʪʦʡʢʦʩʪʴ, ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʧʨʦʰʠʚʥʳʭ ʦʧʨʘʚʦʢ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʨʷʜʦʚ 

ʬʘʢʪʦʨʦʚ: ʤʘʪʝʨʠʘʣ ʠ ʩʧʦʩʦʙ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʧʨʘʚʦʢ, ʚʠʜʳ ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ, ʤʘʪʝʨʠʘʣʘ ʧʨʦʢʘʪʳʚʘʝʤʳʭ ʟʘʛʦʪʦʚʦʢ, ʬʦʨʤʘ ʠ ʢʦʥʩʪʨʫʢʮʠʷ 

ʦʧʨʘʚʦʢ, ʨʝʞʠʤʳ ʧʨʦʢʘʪʢʠ, ʥʘʩʪʨʦʡʢʘ ʩʪʘʥʦʚ ʠ ʜʨʫʛʠʝ. 

ʇʨʠ ʧʨʦʢʘʪʢʝ ʪʨʫʙ ʦʩʥʦʚʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʤʝʪʘʣʣʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ 

ʟʦʥʝ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʚʘʣʢʘʤʠ ʠ ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʤʝʞʜʫ ʥʠʤʠ ʦʧʨʘʚʢʦʡ. ɺʦ ʚʨʝʤʷ 

ʩʚʦʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʧʨʘʚʢʠ ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʜʣʠʪʝʣʴʥʦʤʫ 

ʞʝʩʪʢʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʙʦʣʴʰʠʭ ʜʘʚʣʝʥʠʡ ʩ ʚʳʩʦʢʠʤ ʪʝʨʤʠʯʝʩʢʠʤ 
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ʥʘʧʨʷʞʝʥʠʝʤ ʧʨʠ ʙʳʩʪʨʦʤ ʧʝʨʝʧʘʜʝ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘ ʩʯʝʪ ʙʳʩʪʨʦʛʦ ʥʘʛʨʝʚʘ 

ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʧʨʦʢʘʪʢʝ ʠ ʧʦʩʣʝʜʫʶʱʝʤ ʦʭʣʘʞʜʝʥʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʛʦ ʧʨʠʚʦʜʠʪ ʢ ʠʥʪʝʥʩʠʚʥʦʤʫ ʠʟʥʦʩʫ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʘʚʦʢ ʠʟ-ʟʘ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʤʝʪʘʣʣʘ ʦʧʨʘʚʦʢ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʙʦʣʴʰʠʭ ʥʘʛʨʫʟʦʢ ʥʘ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʛʦʨʷʯʝʤ 

ʤʝʪʘʣʣʦʤ ʧʨʦʢʘʪʳʚʘʝʤʦʡ ʟʘʛʦʪʦʚʢʠ. ʋʪʚʝʨʞʜʝʥʦ ʚ ʨʘʙʦʪʘʭ [59,61], ʯʪʦ ʚ 

ʧʨʦʮʝʩʩʝ ʧʨʦʢʘʪʢʠ ʥʘ ʩʪʘʥʘʭ ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ ʨʘʙʦʯʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʦʧʨʘʚʦʢ 

ʨʘʟʦʛʨʝʚʘʝʪʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 700  ʜʦ 900  ʟʘ ʩʯʝʪ ʮʠʢʣʠʯʝʩʢʦʛʦ 

ʢʦʥʪʘʢʪʘ ʩ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ ʤʝʪʘʣʣʦʤ ʟʘʛʦʪʦʚʢʠ. 

 ɺʦʟʜʝʡʩʪʚʠʝ ʪʝʨʤʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʮʠʢʣʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ, 

ʚʳʟʳʚʘʶʱʠʭʩʷ ʥʘʛʨʝʚʦʤ ʜʦ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʢʘʪʢʠ ʠ 

ʧʦʩʣʝ ʥʝʛʦ ʨʝʟʢʠʤ ʦʭʣʘʞʜʝʥʠʝʤ ʚ ʧʘʫʟʘʭ ʤʝʞʜʫ ʧʨʦʭʦʜʘʤʠ, ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʥʘ ʦʧʨʘʚʢʝ ʧʨʦʰʠʚʥʦʛʦ ʩʪʘʥʘ ʪʨʝʱʠʥ ʚ ʚʠʜʝ ʨʘʟʛʘʨʥʦʡ ʩʝʪʢʠ. 

ʊʝʧʣʦʝ ʠ ʪʝʨʤʦʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚʦʜʦʦʭʣʘʞʜʘʝʤʳʭ ʦʧʨʘʚʦʢ ʧʨʠ 

ʧʨʦʰʠʚʢʝ ʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʝʡ ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʦ ʘʚʪʦʨʘʤʠ ʚ ʨʘʙʦʪʘʭ 

[59,75,78,79,81ï83]. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʣʶʯʝʚʳʤ 

ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʩʪʦʡʢʦʩʪʴ ʦʧʨʘʚʦʢ ʦʢʘʟʳʚʘʝʪʩʷ ʩʪʝʧʝʥʴ 

ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʟʦʛʨʝʚʘ ʠ ʝʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ ʦʧʨʘʚʦʢ. ʊʘʢʞʝ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʚʣʠʷʥʠʝʤ ʥʘ ʪʝʧʣʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʩʣʫʞʠʪ 

ʤʘʪʝʨʠʘʣ ʧʨʦʢʘʪʳʚʘʝʤʦʡ ʟʘʛʦʪʦʚʢʠ, ʜʣʠʪʝʣʴʥʦʩʪ ɹ ʧʨʦʢʘʪʢʠ, ʤʘʪʝʨʠʘʣʘ 

ʦʧʨʘʚʦʢ, ʫʩʣʦʚʠ ̫ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʧʨʘʚʦʢ ʚ ʧʘʫʟʘʭ ʤʝʞʜʫ ʧʨʦʭʦʜʘʤʠ 

ʨʝʞʠʤʦʚ ʧʨʦʢʘʪʢʠ, ʠ ʥʘʩʪʨʦʡʢʠ ʩʪʘʥʘ. 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʨʘʙʦʪʝ [79] 

ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʦʰʠʚʢʘ ʚʳʩʦʢʦʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʝʡ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ ʨʘʟʦʛʨʝʚʦʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʧʨʘʚʦʢ. ʂʦʪʦʨʳʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʪʚʝʨʜʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʦʧʨʘʚʦʢ, ʯʪʦ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʤ ʠʟʥʦʩʦʤ. 

 ʀʟ-ʟʘ ʩʣʦʞʥʦʩʪʠ ʧʨʠ ʨʝʰʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ, 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʢʘʪʢʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ 

ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʦʧʨʘʚʦʢ ʩʪʘʥʦʚ ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ ʥʘ ʠʭ ʩʪʦʡʢʦʩʪʠ 
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ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʧʫʪʝʤ ʟʘʪʨʫʜʥʝʥʦ. ɸʚʪʦʨʳ ʨʘʙʦʪ [78,79,82,84], ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʳʷʩʥʠʣʠ ʟʘʚʠʩʠʤʦʩʪʠ 

ʩʪʦʡʢʦʩʪʠ ʧʨʦʰʠʚʥʳʭ ʦʧʨʘʚʦʢ ʦʪ ʠʭ ʬʦʨʤʳ ʠ ʨʝʞʠʤʦʚ ʧʨʦʢʘʪʢʠ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ ʥʘ ʩʪʦʡʢʦʩʪʴ 

ʦʧʨʘʚʦʢ ʚʣʠʷʝʪ ʠʭ ʬʦʨʤʘ. ʊʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʦ ʘʚʪʦʨʘʤʠ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʦʩʝʚʦʛʦ ʩʢʦʣʴʞʝʥʠʷ ʧʨʦʢʘʪʳʚʘʝʤʦʛʦ 

ʤʝʪʘʣʣʘ ʧʨʠ ʧʨʦʢʘʪʢʝ, ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨ r ʨʘʟʦʛʨʝʚʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʘʚʦʢ. 

ʇʨʘʢʪʠʢʦʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʘʥʘʣʠʟʦʤ ʜʘʥʥʳʭ ʪʝʭʥʠʢʦ-ʣʠʪʝʨʘʪʫʨʥʳʭ 

ʧʨʦʠʟʚʝʜʝʥʠʡ [59,65,83,85] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʚʠʜʘʤʠ ʠʟʥʦʩʘ ʦʧʨʘʚʦʢ 

ʷʚʣʷʶʪʩʷ ʠʟʥʘʰʠʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘʣʠʧʘʥʠʝ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʤʝʪʘʣʣʘ ʥʘ 

ʦʧʨʘʚʢʫ, ʟʘʜʠʨʳ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʤʝʪʘʣʣʘ ʦʧʨʘʚʢʠ ʠ ʜʨ. ʇʨʠ ʧʨʦʰʠʚʢʝ 

ʟʘʛʦʪʦʚʦʢ ʚ ʛʠʣʴʟʳ ʠ ʠʭ ʨʘʩʢʘʪʢʝ ʚ ʪʨʫʙʳ, ʚ ʦʯʘʛʝ ʜʝʬʦʨʤʘʮʠʠ, ʦʙʨʘʟʦʚʘʥʥʦʤ 

ʤʝʞʜʫ ʚʘʣʢʘʤʠ ʠ ʨʘʟʤʝʱʝʥʥʦʡ ʤʝʞʜʫ ʥʠʤʠ ʦʧʨʘʚʢʦʡ ʬʦʨʤʠʨʫʶʪʩʷ 

ʪʝʨʤʦʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʩʭʚʘʪʳʚʘʥʠʝ ʠ 

ʩʚʘʨʠʚʘʥʠʝ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʤʝʪʘʣʣʘ ʩ ʤʝʪʘʣʣʦʤ ʦʧʨʘʚʢʠ. 

ʉʝʛʦʜʥʷ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʚʦʧʨʦʩʘʤ, ʩʚʷʟʘʥʥʳʤ ʩ 

ʧʦʚʳʰʝʥʠʝʤ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʦʧʨʘʚʦʢ ʩʪʘʥʦʚ ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ. ɹʳʣʠ 

ʧʨʝʜʣʦʞʝʥʳ ʚ ʨʘʟʥʳʭ ʨʘʙʦʪʘʭ [41,60,65ï67,69,71,75,83,85ï99] ʨʝʰʝʥʠʷ, 

ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʫʩʪʨʘʥʝʥʠʝ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʚʠʜʦʚ ʠʟʥʦʩʘ ʧʨʦʰʠʚʥʳʭ 

ʦʧʨʘʚʦʢ ʧʨʠ ʧʨʦʢʘʪʢʝ ʨʘʟʥʳʭ ʟʘʛʦʪʦʚʦʢ, ʠ ʫʚʣʝʯʝʥʠʷ ʠʭ ʨʝʩʫʨʩʘ ʨʘʙʦʪʳ. 

 ʂ ʧʝʨʚʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪʩʷ ʤʝʪʦʜʳ, ʩʚʷʟʘʥʥʳʤ ʩ ʫʣʫʯʰʝʥʠʝʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʚʳʙʦʨʦʤ ʤʘʪʝʨʠʘʣʘ ʠ ʩʧʦʩʦʙʦʤ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʦʧʨʘʚʦʢ [60]. 

ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʩʢʘʟʘʥʥʳʤ, ʥʘ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʧʨʦʰʠʚʥʳʭ ʦʧʨʘʚʦʢ 

ʚʣʠʷʶʪ ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʟʘʛʦʪʦʚʦʢ, ʨʝʞʠʤ ʧʨʦʢʘʪʢʠ, ʥʘʩʪʨʦʡʢʘ ʩʪʘʥʘ. 

ʆʙʝʩʧʝʯʠʪʴ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʩʥʠʟʠʪʴ 

ʠʟʥʘʰʠʚʘʥʠʝ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʝʡ ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʴ 

ʚʦʟʤʦʞʥʦ ʦʧʪʠʤʠʟʘʮʠʝʡ ʧʘʨʘʤʝʪʨʦʚ ʨʝʞʠʤʦʚ ʧʨʦʢʘʪʢʠ [65]. ɺ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʢʘʯʝʩʪʚʦ ʚʳʧʫʩʢʘʝʤʳʭ ʪʨʫʙ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ, ʬʦʨʤʳ, ʠ 
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ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʦʧʨʘʚʦʢ. ʍʘʨʘʢʪʝʨʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʢʘʣʠʙʨʦʚʢʠ 

ʦʧʨʘʚʦʢ ʦʧʨʝʜʝʣʷʝʪ ʫʨʦʚʝʥʴ ʫʜʝʣʴʥʳʭ ʫʩʠʣʠʡ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʢʦʥʪʘʢʪʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ ʩ ʤʝʪʘʣʣʦʤ, ʠ ʩʢʘʟʳʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʥʘ ʝʛʦ ʩʪʦʡʢʦʩʪʴ 

[41,80,94]. 

ʇʦ ʩʣʦʚʘʤ ʘʚʪʦʨʦʚ ʨʘʙʦʪ [60,61] ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʨʝʩʫʨʩʘ ʨʘʙʦʪʳ 

ʧʨʦʰʠʚʥʳʭ ʦʧʨʘʚʦʢ ʪʨʝʙʫʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʚ 

ʠʟʙʝʞʘʥʠʝ ʠʭ ʧʝʨʝʛʨʝʚʘ. ʈʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʨʝʰʝʥʠʝʤ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʪʘʣʦ 

ʧʨʠʤʝʥʝʥʠʝ ʚʦʜʦʦʭʣʘʞʜʘʝʤʳʭ ʠʟʥʫʪʨʠ ʦʧʨʘʚʦʢ, ʦʜʥʘʢʦ ʦʧʨʘʚʢʠ ʩ ʪʘʢʦʡ 

ʢʦʥʩʪʨʫʢʮʠʝʡ ʥʝ ʜʦʧʫʩʢʘʶʪʩʷ ʧʨʠ ʧʨʦʢʘʪʢʝ ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʠʭ ʩʪʘʣʝʡ ʠʟ-ʟʘ 

ʧʦʧʘʜʘʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʛʠʣʴʟʳ ʚʦʜʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʘ ʥʝʝ 

ʚʥʫʪʨʝʥʥʠʭ ʜʝʬʝʢʪʦʚ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʤʘʟʦʢ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʧʨʦʰʠʚʥʳʭ ʦʧʨʘʚʦʢ, ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʢʘʪʢʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʩʤʘʟʦʢ ʧʨʠ ʧʨʦʢʘʪʢʝ ʧʦʟʚʦʣʷʝʪ ʦʙʣʝʛʯʠʪʴ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ, 

ʠʟʦʣʷʮʠʶ ʦʪ ʪʝʨʤʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʠʟʙʝʞʘʥʠʝ ʦʪ ʥʘʣʠʧʘʥʠʷ ʥʘ  ʦʧʨʘʚʢʠ 

ʧʨʦʢʘʪʳʚʘʝʤʦʛʦ ʤʝʪʘʣʣʘ [88,100,101].  

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʚʳʙʦʨʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʧʨʘʚʢʠ ʩʪʘʥʝʪ ʥʠʟʢʘʷ ʩʚʘʨʠʚʘʝʤʦʩʪʴ. ʀʟ ʧʨʘʢʪʠʢʠ ʩʚʘʨʢʠ, 

ʠʟʚʝʩʪʥʦ, ʯʪʦ ʩʚʘʨʠʚʘʝʤʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʫʛʣʝʨʦʜʥʦʛʦ ʵʢʚʠʚʘʣʝʥʪʘ ʠʟʙʨʘʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ [67,96]. ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ 

ʦʧʨʘʚʦʢ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ, ʪʝʨʤʦʩʪʦʡʢʦʩʪʠ, ʥʠʟʢʦʡ 

ʩʢʣʦʥʥʦʩʪʠ ʢ ʩʚʘʨʠʚʘʥʠʶ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ 

ʣʝʛʠʨʦʚʘʥʥʳʝ ʩʪʘʣʠ ʤʘʨʦʢ 20ʍʅ4ʌɸ, 25ʍʅ3ɸ, 20ʍʅ8, 12ʍʅɿɸ, 35ʍʅ2ʌ, 

40ɻ2ʌ, 40ʍʉʄʌ ʠ ʜʨʫʛʠʝ [67,84]; ʪʘʢ ʠ ʤʦʣʠʙʜʝʥʦʚʳʝ ʩʧʣʘʚʳ (TZM ʠ TZC), 

ʞʘʨʦʧʨʦʯʥʳʝ ʩʧʣʘʚʳ ʥʘ ʥʠʢʝʣʝʚʦʡ ʠ ʢʦʙʘʣʴʪʦʚʦʡ ʦʩʥʦʚʘʭ (ʕʀ-437ɹ ʠ ʕʇ131) 

[59,67,75,78].  

ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʠʟ ʧʨʝʜʰʝʩʪʚʫʶʱʝʛʦ ʠʟʣʦʞʝʥʠʷ, ʩʪʦʡʢʦʩʪʴ ʦʧʨʘʚʦʢ ʚ 

ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʩʧʦʩʦʙʘ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ [83]. ʆʧʨʘʚʢʠ ʚʦʟʤʦʞʥʦ 

ʠʟʛʦʪʦʚʠʪʴ ʣʠʪʴʝʤ, ʪʦʯʝʥʠʝʤ ʠʟ ʢʦʚʘʥʥʳʭ ʟʘʛʦʪʦʚʦʢ, ʧʨʦʢʘʪʘ, ʠ ʟʘʢʦʚʢʦʡ 

ʧʘʪʨʫʙʢʦʚ. ʆʜʥʘʢʦ, ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʤ ʨʘʙʦʯʠʤ ʨʝʩʫʨʩʦʤ ʦʙʣʘʜʘʶʪ ʦʧʨʘʚʢʠ, 
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ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʛʦʨʷʯʝʡ ʰʪʘʤʧʦʚʢʦʡ. ʂʨʦʤʝ ʪʦʛʦ, ʨʝʮʠʢʣʠʥʛ ʙʳʚʰʠʭ ʚ 

ʫʧʦʪʨʝʙʣʝʥʠʠ ʠʟʥʦʰʝʥʥʳʭ ʰʪʘʤʧʦʚʘʥʥʳʭ ʦʧʨʘʚʦʢ, ʤʦʞʥʦ ʧʦʚʪʦʨʥʦʡ 

ʰʪʘʤʧʦʚʢʦʡ ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʥʘ ʤʝʥʴʰʠʡ ʜʠʘʤʝʪʨ [86]. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʧʨʦʰʠʚʥʳʭ ʦʧʨʘʚʦʢ ʪʘʢʞʝ ʧʨʦʚʦʜʠʣʠ 

ʨʘʟʣʠʯʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ, ʩʚʷʟʘʥʥʳʝ ʩʦ ʩʧʦʩʦʙʘʤʠ ʠʭ ʫʧʨʦʯʥʝʥʠʷ. ɼʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʠ ʠ ʥʘʣʠʯʠʷ ʦʢʩʠʜʥʦʛʦ ʩʣʦʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʧʨʘʚʢʠ ʧʦʜʚʝʨʛʘʶʪ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ (ʥʦʨʤʘʣʠʟʘʮʠʠ ʠ ʦʪʧʫʩʢʫ) [69]. 

ʆʙʨʘʟʦʚʘʥʠʝ ʦʢʩʠʜʥʳʭ ʩʣʦʝʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʘʚʦʢ ʪʝʨʤʠʯʝʩʢʠʤ 

ʦʢʩʠʜʠʨʦʚʘʥʠʝʤ, ʠ ʚʣʠʷʥʠʝ ʦʢʩʠʜʥʦʛʦ ʩʣʦʷ ʦʢʘʣʠʥʳ ʥʘ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ 

ʦʧʨʘʚʦʢ ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʥʝʢʦʪʦʨʳʭ ʧʫʙʣʠʢʘʮʠʷʭ [69,89,96,99,102ï104]. 

ʆʢʩʠʜʥʳʡ ʩʣʦʡ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʜʚʫʭ ʟʦʥ, ʚʢʣʶʯʘʶʱʠʭ ʦʢʩʠʜʳ Fe2O3 ʠ Fe3O4 ʩ 

ʨʘʟʣʠʯʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʟʜʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʝʨʝʜʘʯʝ, ʢʦʪʦʨʦʝ ʟʘʚʠʩʠʪ ʦʪ ʪʦʣʱʠʥʳ ʩʣʦʷ, 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʠʭ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʈʝʟʫʣʴʪʘʪ ʠʩʩʣʝʜʦʚʘʥʠʷ 

[96] ʧʦʢʘʟʘʣ, ʯʪʦ ʨʘʩʪʷʛʠʚʘʶʱʠʝ ʚʥʫʪʨʝʥʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʠ ʥʠʟʢʘʷ ʪʚʝʨʜʦʩʪʴ 

ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʦʧʨʘʚʦʢ, ʪʘʢʞʝ ʥʝʭʚʘʪʢʘ ʚ ʥʠʭ ʩʧʝʮʠʘʣʴʥʳʭ ʣʝʛʠʨʫʶʱʠʭ 

ʤʝʪʘʣʣʦʚ, ʦʪʩʫʪʩʪʚʠʝ FeO ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʩʣʦʝ ʚʳʟʳʚʘʶʪ ʩʥʠʞʝʥʠʝ 

ʩʪʦʡʢʦʩʪʠ ʦʧʨʘʚʦʢ. ʆʜʥʘʢʦ, ʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ[58,59] ʠʟʚʝʩʪʥʦ, ʯʪʦ 

ʩʦʛʣʘʩʥʦ ʜʠʘʛʨʘʤʤʝ ʩʦʩʪʦʷʥʠʷ ʞʝʣʝʟʦ-ʢʠʩʣʦʨʦʜʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʟʦʛʨʝʚʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʘʚʦʢ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʤʧʝʨʘʪʫʨʘʤ ʩʫʱʝʩʪʚʦʚʘʥʠʷ FeO. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʴ ʦʧʨʘʚʦʢ ʧʦʢʨʳʚʘʝʪʩ ̫ʦʢʩʠʜʥʳʤ 

ʩʣʦʝʤ, ʩʦʩʪʦʷʱʠʤ ʠʟ ʪʨʝʭ ʟʦʥ. ʇʦ ʩʣʦʚʘʤ ʘʚʪʦʨʦʚ ʨʘʙʦʪʳ [69,104], ʯʪʦ 

ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʭʦʜʦʚ ʧʨʦʢʘʪʢʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʪʦʣʱʝʥʠʶ ʦʢʩʠʜʥʦʛʦ ʩʣʦʷ 

ʠ ʠʟʤʝʥʝʥʠʶ ʝʛʦ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʟʘ ʩʯʝʪ ʜʠʬʬʫʟʠʠ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʧʨʦʩʣʦʡʢʠ ʤʝʞʜʫ ʦʢʩʠʜʥʳʤʠ ʩʣʦʷʤʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʩʠʣʠʶ ʠʭ ʩʮʝʧʣʝʥʠʷ. 

ʂʨʦʤʝ ʯʝʛʦ, ʦʙʨʘʟʫʝʤʳʝ ʦʢʩʠʜʥʳʝ ʩʣʦʠ ʩʣʫʞʘʪ ʚ ʢʘʯʝʩʪʚʝ ʩʤʘʟʦʯʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʦʡ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʘʷ ʪʦʣʱʠʥʘ 

ʦʢʩʠʜʥʦʛʦ ʩʣʦʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʰʝʩʢʘʟʘʥʥʳʭ ʬʫʥʢʮʠʡ, ʢʦʪʦʨʘʷ ʥʝ 

ʦʢʘʟʳʚʘʝʪ ʘʙʨʘʟʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʧʨʘʚʢʫ, ʥʘʭʦʜʠʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 400 

ʤʢʤ ʜʦ 600 ʤʢʤ. 
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ʀʟ ʧʨʘʢʪʠʢʠ ʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʨʝʟʫʣʴʪʘʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʚʳʰʝʥʠʷ ʨʘʙʦʯʝʛʦ ʨʝʩʫʨʩʘ ʧʨʦʰʠʚʥʳʭ ʦʧʨʘʚʦʢ 

ʷʚʣʷʝʪʩʷ ʠʟʛʦʪʦʚʣʝʥʠʝ ʠʭ ʠʟ ʮʝʣʠʢʦʤ ʠʟ ʞʘʨʦʧʨʦʯʥʳʭ ʩʧʣʘʚʦʚ [58,67], ʠʣʠ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʥʘʧʣʘʚʢʠ ʪʫʛʦʧʣʘʚʢʠʭ ʩʧʣʘʚʦʚ ʠ ʢʦʤʧʦʟʠʪʦʚ 

[90,92,93,95,97,98,105,106] ʥʘ ʨʘʙʦʯʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ʀʟʚʝʩʪʝʥ ʩʧʦʩʦʙ 

ʧʦʚʳʰʝʥʠʷ ʩʪʦʡʢʦʩʪʠ ʦʧʨʘʚʦʢ ʩ ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʦʧʨʘʚʢʠ ʠʟ 

ʞʘʨʦʧʨʦʯʥʦʛʦ ʩʧʣʘʚʘ ʩ ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʥʦʩʢʘ ʦʧʨʘʚʢʠ [60]. ɸʚʪʦʨʘʤʠ ʨʘʙʦʪʳ 

[67] ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʦʧʨʘʚʦʢ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʨʘʟʥʳʭ ʚʠʜʦʚ 

ʤʘʪʝʨʠʘʣʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʧʨʘʚʢʠ ʠʟ ʤʦʣʠʙʜʝʥʦʚʳʭ ʩʧʣʘʚʦʚ ʠ ʩ 

ʢʝʨʘʤʠʯʝʩʢʠʤ ʧʦʢʨʳʪʠʝʤ ʦʙʣʘʜʘʶʪ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʪʦʡʢʦʩʪʴʶ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʦʧʨʘʚʢʦʡ ʩ ʥʘʧʣʘʚʣʝʥʥʳʤʠ ʠʣʠ ʧʨʠʩʦʝʜʠʥʝʥʥʳʤʠ ʠʥʳʤ 

ʩʧʦʩʦʙʦʤ ʥʦʩʢʦʤ ʠ ʦʧʨʘʚʢʦʡ ʠʟ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʩʪʘʣʝʡ ʚ 1,5 ʜʦ 2 ʨʘʟʘ. 

ʆʜʥʘʢʦ, ʠʭ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʤʥʦʛʦʢʨʘʪʥʦ ʧʨʝʚʳʰʘʝʪ ʦʩʪʘʣʴʥʳʝ ʦʧʨʘʚʢʠ ʠʟ-ʟʘ 

ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʤʘʪʝʨʠʘʣʘ.  

ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʠʟʥʦʩ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʝʩʰʦʚʥʳʭ 

ʪʨʫʙ ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʦʡ ʨʘʩʩʤʦʪʨʝʥ ʚʦ ʤʥʦʛʠʭ ʥʘʫʯʥʳʭ ʨʘʙʦʪʘʭ 

ʨʦʩʩʠʡʩʢʠʤʠ ʠ ʟʘʨʫʙʝʞʥʳʤʠ ʫʯʝʥʳʤʠ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʩʪʦʡʢʦʩʪʠ 

ʦʧʨʘʚʦʢ ʧʨʠ ʧʨʦʰʠʚʢʝ ʥʘ ʩʪʘʥʝ ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ ʠ ʤʝʪʦʜʳ ʫʚʝʣʠʯʝʥʠʷ ʠʭ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʣʫʞʙʳ, ʚʦʧʨʦʩʳ ʠʟʥʦʩʘ ʦʧʨʘʚʦʢ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʨʘʩʢʘʪʢʝ 

ʛʠʣʴʟ ʚ ʪʨʫʙʳ ʥʘ ʩʪʘʥʘʭ ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ ʝʱʸ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʳ 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ʀʩʭʦʜʷ ʠʟ ɻʪʦʛʦ, ʪʨʝʙʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ 

ʛʣʫʙʦʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʦʧʨʘʚʦʢ, ʧʨʠʤʝʥʷʝʤʳʭ 

ʥʘ ʩʪʘʥʘʭ ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʜʣʷ ʨʘʩʢʘʪʢʠ ʚ ʪʨʫʙʳ ʤʘʣʦʛʦ 

ʜʠʘʤʝʪʨʘ ʠʟ ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʠʭ ʩʪʘʣʝʡ ʠ ʩʧʣʘʚʦʚ, ʠ ʚʣʠʷʥʠʡ ʥʘ ʥʝʸ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʧʨʦʮʝʩʩʘ. 

 

ɺʳʚʦʜʳ  
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ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʦʙʟʦʨ, ʥʘ ʦʩʥʦʚʝ ʣʠʪʝʨʘʪʫʨ rʠ ʧʫʙʣʠʢʘʮʠʡ ʧʦ 

ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʛʦʨʷʯʝʢʘʪʘʥʳʭ ʙʝʩʰʦʚʥʳʭ ʪʨʫʙ ʤʘʣʦʛʦ ʜʠʘʤʝʪʨʘ ʠʟ 

ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʠʭ ʩʪʘʣʝʡ ʥʘ ʩʪʘʥʘʭ ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ 

ʨʘʙʦʯʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʦʟʚʦʣʠʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ʇʦʣʫʯʝʥʠʶ ʙʝʩʰʦʚʥʳʭ ʪʨʫʙ ʥʘ ʩʪʘʥʘʭ ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ ʧʦʩʚʷʱʝʥʦ 

ʤʥʦʛʦʯʠʩʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʚʝʜʝʥʥʳʭ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ. ʆʩʦʙʝʥʥʦʩʪʠ 

ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʪʁ ʧʦʣʫʯʘʪʴ ʪʨʫʙʳ ʩ ʚʳʩʦʢʠʤ ʢʘʯʝʩʪʚʦʤ ʧʦ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʨʘʟʤʝʨʘʤ, ʠ ʤʘʥʸʚʨʝʥʥʦʩʪʴʶ ʧʨʠ ʧʝʨʝʭʦʜʝ ʥʘ ʧʨʦʢʘʪʢʫ 

ʪʨʫʙʥʦʡ ʧʨʦʜʫʢʮʠʠ ʜʨʫʛʦʛʦ ʪʠʧʦʨʘʟʤʝʨʘ.  

2. ʋʚʝʣʠʯʝʥʠʝ ʩʧʨʦʩʘ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʪʦʥʢʦʩʪʝʥʥʳʭ ʪʨʫʙ ʤʘʣʦʛʦ 

ʜʠʘʤʝʪʨʘ ʠʟ ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʠʭ ʩʪʘʣʝʡ ʚʳʟʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ 

ʠ ʚʚʝʜʝʥʠʷ ʚ ʧʨʘʢʪʠʢʫ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ʧʦʣʫʯʝʥʠʷ ʙʝʩʰʦʚʥʳʭ 

ʪʨʫʙ ʥʘ ʩʪʘʥʘʭ ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ, 

ʧʨʦʩʪʦʪʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʩʪʘʥʘ ʠ ʤʠʥʠʤʠʟʘʮʠʝʡ ʟʘʪʨʘʪ. ɼʘʥʥʳʡ ʚʦʧʨʦʩ ʨʝʰʝʥ 

ʧʨʠʤʝʥʝʥʠʝʤ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤ rʧʨʦʢʘʪʢʠ ʥʘ ʚ ʜʚʫʭʚʘʣʢʦʚʳʭ 

ʩʪʘʥʘʭ ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ ʩ ʥʘʧʨʘʚʣʷʶʱʠʤʠ ʣʠʥʝʡʢʘʤʠ. ʇʨʘʢʪʠʢʘ ʧʨʦʢʘʪʢʠ 

ʪʨʫʙ ʠʟ ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʠʭ ʩʪʘʣʝʡ ʧʦ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʝ 

ʧʦʢʘʟʘʣʘ, ʯʪʦ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʙʳʣʦ ʫʜʝʣʝʥʦ ʠʟʥʦʩʫ ʦʧʨʘʚʢʠ ʠ ʥʘʧʨʘʚʣʷʶʱʠʭ 

ʣʠʥʝʝʢ.  

3. ɺʦʧʨʦʩʳ ʠʟʥʦʩʘ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩʪʘʥʦʚ ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ ʦʩʚʝʱʝʥʳ ʚ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʨʘʙʦʪʘʭ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʦʧʨʘʚʦʢ ʠʤʝʝʪ ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʷʜʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʤʘʪʝʨʠʘʣʘ ʠ ʩʧʦʩʦʙʘ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ.  

4. ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʧʨʘʢʪʠʢʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʠʟʥʦʰʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʦʧʨʘʚʦʢ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʦʙʨʘʟʦʚʘʥʠʶ ʥʝʫʩʪʨʘʥʠʤʳʭ ʜʝʬʝʢʪʦʚ ʩʧʦʩʦʙʘʤʠ 

ʧʦʩʣʝʜʫʶʱʝʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙ, ʯʪʦ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʠ ʫʚʝʣʠʯʠʚʘʝʪ 

ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʵʪʦ ʚʳʟʳʚʘʝʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ 

ʠʩʩʣʝʜʦʚʘʥʠʝ, ʠ ʨʘʟʨʘʙʦʪʢʫ ʤʝʪʦʜʦʚ ʧʦʚʳʰʝʥʠ ̫ʠʭ ʩʪʦʡʢʦʩʪʠ. 
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5. ɺʦʧʨʦʩʫ ʧʦʚʳʰʝʥʠʷ ʨʝʩʫʨʩʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʦʧʨʘʚʦʢ ʧʨʦʰʠʚʥʦʛʦ 

ʩʪʘʥʘ ʧʦʩʚʷʱʝʥʦ ʤʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʜʥʘʢʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ 

ʦʧʨʘʚʦʢ, ʧʨʠʤʝʥʷʝʤʳʭ ʧʨʠ ʨʘʩʢʘʪʢʝ ʪʨʫʙ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʫʯʝʥʦ ʠ ʪʨʝʙʫʝʪ 

ʧʨʦʚʝʜʝʥʠ ̫ʥʝʦʙʭʦʜʠʤʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʚʳʙʦʨ ʥʘʠʙʦʣʝʝ 

ʨʘʮʠʦʥʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʧʨʦʢʘʪʢʠ, ʤʘʪʝʨʠʘʣʦʚ ʧʨʠʤʝʥʷʝʤʳʭ ʦʧʨʘʚʦʢ ʠ ʠʭ 

ʤʝʪʦʜʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʷ ʠʭ ʚʳʩʦʢʫʶ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʠ ʧʨʠ ʵʪʦʤ 

ʥʝ ʩʥʠʞʘʷ ʢʘʯʝʩʪʚʦ ʚʳʧʫʩʢʘʝʤʳʭ ʪʨʫʙ.  
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 2 ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʨʘʩʢʘʪʢʠ ʪʨʫʙ ʥʘ ʜʚʫʭʚʘʣʢʦʚʦʤ 

ʩʪʘʥʝ ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ ʄʀʉʠʉ - 130ɼ 

 

ɺ ʧʨʦʠʟʚʦʜʩʪʚʝ ʙʝʩʰʦʚʥʳʭ ʪʨʫʙ ʧʨʦʮʝʩʩ ʨʘʩʢʘʪʢʠ ʚ ʦʩʥʦʚʥʦʤ 

ʘʥʘʣʦʛʠʯʝʥ ʧʨʦʰʠʚʢʝ. ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʨʘʟʨʘʙʦʪʢʝ 

ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʪʨʫʙ ʰʠʨʦʢʦʛʦ ʩʦʨʪʘʤʝʥʪʘ ʠʟ ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʠʭ 

ʩʪʘʣʝʡ ʥʘ ʩʪʘʥʝ ʄʀʉʠʉ-130ɼ ʨʘʩʩʤʦʪʨʝʥʘ ʨʘʩʢʘʪʢʘ ʛʠʣʴʟ ʚ ʪʨʫʙʳ ʙʝʟ 

ʠʟʤʝʥʝʥʠʷ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ ʩ ʨʘʟʤʝʱʝʥʥʦʡ ʥʘ ʩʪʝʨʞʥʝ ʢʦʨʦʪʢʦʡ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʧʨʘʚʢʦʡ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʫʩʣʦʚʠʡ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʨʘʩʢʘʪʢʝ 

ʛʠʣʴʟ ʚ ʪʨʫʙʳ ʥʘ ʩʪʘʥʝ ʩ ʙʦʯʢʦʚʠʜʥʳʤʠ ʚʘʣʢʘʤʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʨʝʞʠʤʘ ʧʨʦʢʘʪʢʠ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʦʧʨʘʚʦʢ, ʧʨʠ ʵʪʦʤ ʥʝ ʩʥʠʞʘʷ 

ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʳʭ ʧʦʩʣʝ ʨʘʩʢʘʪʢʠ ʪʨʫʙ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦ 

ʫʜʝʣʠʪʴ ʚʣʠʷʥʠʶ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʞʠʤʦʚ ʥʘ ʪʝʯʝʥʠʝ 

ʤʝʪʘʣʣʘ ʠ ʭʘʨʘʢʪʝʨ ʠʟʥʦʩʘ ʨʘʩʢʘʪʥʳʭ ʦʧʨʘʚʦʢ. ʉʦʛʣʘʩʥʦ ʫʧʦʤʷʥʫʪʦʡ ʚ ʧʝʨʚʦʡ 

ʛʣʘʚʝ ʠʥʬʦʨʤʘʮʠʠ, ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩ 

ʨʘʩʢʘʪʢʠ ʛʠʣʴʟ ʚ ʪʨʫʙʳ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʚ ʜʚʫʭʚʘʣʢʦʚʦʤ ʩʪʘʥʝ 

ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ ʩ ʥʘʧʨʘʚʣʷʶʱʠʤʠ ʣʠʥʝʡʢʘʤʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠ ̫

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʪʦʥʢʦʩʪʝʥʥʳʭ ʪʨʫʙ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ. ʈʘʩʢʘʪʢʘ ʚ ʪʨʫʙʳ 

ʚ ʜʚʫʭʚʘʣʢʦʚʦʤ ʩʪʘʥʝ ʚ ʦʪʣʠʯʠʝ ʦʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʩʭʝʤ ʚ ʜʨʫʛʠʭ ʩʪʘʥʘʭ 

ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ, ʠʤʝʝʪ ʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʦʝ ʬʦʨʤʦʠʟʤʝʥʝʥʠʝ ʤʝʪʘʣʣʘ ʠ 

ʰʠʨʦʢʠʡ ʚʘʨʴʠʨʦʚʘʥʥʳʡ ʜʠʘʧʘʟʦʥ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʫʛʣʘ ʧʦʜʘʯʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʳʪʷʞʢʠ. 

ɺ ʩʦʩʪʘʚ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʢʘʬʝʜʨʳ ʆʄɼ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ 

ʚ ʫʯʝʙʥʦ-ʥʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʙʘʟʝ ʅʀʊʋ «ʄʀʉʠʉè ʚʭʦʜʠʪ 

ʜʚʫʭʚʘʣʢʦʚʳʡ ʩʪʘʥ ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ ʄʀʉʠʉ-130ɼ. ʆʯʘʛ ʜʝʬʦʨʤʘʮʠʠ 

ʜʘʥʥʦʛʦ ʩʪʘʥʘ ʦʙʨʘʟʫʝʪʩʷ ʜʚʫʤʷ ʙʦʯʢʦʚʠʜʥʳʤʠ ʚʘʣʢʘʤʠ, ʥʘʧʨʘʚʣʷʶʱʠʤʠ 

ʣʠʥʝʡʢʘʤʠ ʠ ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʤʝʞʜʫ ʥʠʤʠ ʢʦʨʦʪʢʦʡ ʦʧʨʘʚʢʦʡ (ʨʠʩʫʥʦʢ 2.1). 
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1,2 ï ʥʘʧʨʘʚʣʷʶʱʠʝ ʣʠʥʝʡʢʠ; 3,4 ï ʨʘʙʦʯʠʝ ʚʘʣʢʠ; 5 ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ 

ʦʧʨʘʚʢʘ. 

ʈʠʩʫʥʦʢ 2.1 - ʆʯʘʛ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʨʘʩʢʘʪʢʝ ʪʨʫʙ ʚ ʩʪʘʥʝ ʄʀʉʠʉ-130ɼ 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʬʦʨʤʘ ʦʧʨʘʚʢʠ, ʫʛʣʳ ʢʦʥʫʩʥʦʩʪʠ ʠ ʫʛʦʣ ʧʦʜʘʯʠ, ʘ ʪʘʢʞʝ 

ʫʩʪʘʥʦʚʢʘ ʚʘʣʢʦʚ ʠ ʦʧʨʘʚʢʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʢʦʪʦʨʳʝ 

ʦʧʨʝʜʝʣʷʶʪ ʨʘʟʤʝʨʳ ʠ ʢʘʯʝʩʪʚʦ ʢʦʥʝʯʥʦʡ ʪʨʫʙʳ. ʈʘʥʝʝ ʧʨʦʚʝʜʝʥʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʪʦʥʢʦʩʪʝʥʥʳʭ ʛʦʨʷʯʝʢʘʪʘʥʳʭ ʙʝʩʰʦʚʥʳʭ 

ʪʨʫʙ, ʨʘʩʢʘʪʘʥʥʳʭ ʥʘ ʦʧʳʪʥʦ ʧʨʦʤrhʣʝʥʥʦʤ ʩʪʘʥʝ ʄʀʉʠʉ-130ɼ [24] 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʜʝʬʝʢʪʦʚ ʥʘʨʫʞʥʦʡ ʠ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʦʙʦʚʘʥʥʳʭ 

ʪʨʫʙ ʠʟ ʩʪʘʣʝʡ ʨʘʟʣʠʯʥʳʭ ʤʘʨʦʢ ʩ ʦʪʥʦʰʝʥʠʝʤ Dʪ/Sʪ ʦʪ 7 ʜʦ 13 ʥʝ ʚʳʷʚʣʝʥʦ. ɺ 

ʨʦʣʠ ʩʫʱʝʩʪʚʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʦʢʘʟʳʚʘʶʱʠʭ ʚʣʠʷʥʠʝ ʥʘ 

ʩʪʦʡʢʦʩʪʴ ʦʧʨʘʚʢʠ, ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ: ʫʛʦʣ ʧʦʜʘʯʠ, ʢʦʵʬʬʠʮʠʝʥʪ ʦʚʘʣʠʟʘʮʠʠ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʚʳʪʷʞʢʠ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʚʳʰʘʪʴ ʩʨʦʢ 

ʩʣʫʞʙʳ ʦʧʨʘʚʦʢ ʧʨʠ ʵʪʦʤ ʥʝ ʩʥʠʞʘʷ ʢʘʯʝʩʪʚʦ ʠ ʪʦʯʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʪʨʫʙ 

ʚʦʟʤʦʞʥʦ ʚʘʨʴʠʨʦʚʘʥʠʝʤ ʦʙʞʘʪʠʷ ʚ ʧʝʨʝʞʠʤʝ ʨʘʙʦʯʠʭ ʚʘʣʢʦʚ, ʨʘʩʩʪʦʷʥʠʷ 

ʤʝʞʜʫ ʥʘʧʨʘʚʣʷʶʱʠʤʠ ʣʠʥʝʡʢʘʤʠ, ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʳʪʷʞʢʠ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʤʘʨʰʨʫʪʘʭ ʧʨʦʢʘʪʢʠ. 
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ʆʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ ʧʨʦʮʝʩʩʘ ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ ʷʚʣʷʝʪʩʷ ʫʛʦʣ ʧʦʜʘʯʠ 

ʚʘʣʢʦʚ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʢʦʣʠʯʝʩʪʚʦ ʮʠʢʣʦʚ ʜʝʬʦʨʤʘʮʠʠ ʚ ʦʯʘʛʝ, 

ʩʦʚʝʨʰʝʥʥʳʭ ʚʦ ʚʨʝʤʷ ʢʦʥʪʘʢʪʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴ  ʁʦʧʨʘʚʢʠ. ɺʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ 

ʢʘʢ ʨʘʥʝʝ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʚ ʧʝʨʚʦʡ ʛʣʘʚʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʩʪʦʡʢʦʩʪʴ 

ʦʧʨʘʚʦʢ. ʇʦʢʘʟʘʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʨʘʢʪʠʢʦʡ ʯʪʦ, ʧʨʦʮʝʩʩ ʧʨʦʢʘʪʢʠ ʥʘ 

ʩʪʘʥʝ ʄʀʉʠʉ-130ɼ ʧʨʠ ʫʛʣʘʭ ʧʦʜʘʯʠ ʦʪ 10 ʜʦ 14Á ʧʨʦʠʩʭʦʜʠʪ ʥʘʠʙʦʣʝʝ 

ʩʪʘʙʠʣʴʥʦ, ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʠʝ ʢʘʯʝʩʪʚʦ ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʪʦʯʥʦʩʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʫʯʘʝʤʳʭ ʪʨʫʙ. 

ʊʘʢʞʝ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʥʘʩʪʨʦʡʢʝ 

ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ, ʦʢʘʟʳʚʘʶʱʝʡ ʚʣʠʷʥʠʝ ʥʘ ʬʦʨʤʦʠʟʤʝʥʝʥʠʷ ʤʝʪʘʣʣʘ ʚ 

ʜʚʫʭʚʘʣʢʦʚʦʤ ʩʪʘʥʝ ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ, ʠ ʪʦʯʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʪʨʫʙ ʷʚʣʷʝʪʩʷ 

ʢʦʵʬʬʠʮʠʝʥʪ ʦʚʘʣʠʟʘʮʠʠ ɝ.  

ɺ ʨʘʙʦʪʝ [107] ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʚʘʣʠʟʘʮʠʠ ʦʪ 

ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ, ʨʘʮʠʦʥʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

1,06...1,18. ʇʨʠ ʤʝʥʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʚʘʣʠʟʘʮʠʠ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ 

ʫʩʣʦʚʠʝ ʧʝʨʚʠʯʥʦʛʦ ʟʘʭʚʘʪʘ. ʋʤʝʥʴʰʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʚʘʣʠʟʘʮʠʠ ʪʘʢʞʝ 

ʚʳʟʳʚʘʝʪ ʩʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʨʦʢʘʪʢʠ ʠ ʧʦʚʳʰʘʝʪ ʩʢʦʣʴʞʝʥʠʝ ʤʝʪʘʣʣʘ 

(ʩʥʠʞʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʩʝʚʦʡ ʠ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʩʢʦʨʦʩʪʝʡ) ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʦʯʘʛʝ ʜʝʬʦʨʤʘʮʠʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʚʘʣʠʟʘʮʠʠ ʚʝʜʝʪ ʢ ʥʝʢʦʪʦʨʦʤʫ ʚʦʟʨʘʩʪʘʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʦʩʝʚʦʡ ʠ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʩʢʦʨʦʩʪʝʡ. 

 

 2.1 ʇʣʘʥʠʨʦʚʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʦʮʝʩʩʘ ʨʘʩʢʘʪʢʠ ʪʨʫʙ  

 

ʎʝʣʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ, 

ʚʣʠʷʶʱʠʭ ʥʘ ʧʨʦʮʝʩʩ ʨʘʩʢʘʪʢʠ ʥʘ ʩʪʘʥʝ ʄʀʉʠʉ - 130ɼ. ʅʘʠʙʦʣʝʝ 

ʚʘʨʴʠʨʫʝʤʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʷʚʣʷʶʪʩʷ ʫʛʦʣ ʧʦʜʘʯʠ ʨʘʙʦʯʠʭ ʚʘʣʢʦʚ, ʢʦʵʬʬʠʮʠʝʥʪ ʚʳʪʷʞʢʠ, ʘ ʪʘʢʞʝ 

ʢʦʵʬʬʠʮʠʝʥʪ ʦʚʘʣʠʟʘʮʠʠ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ.  
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ʋʯʠʪʳʚʘʷ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʘʥʘ ʠ ʫʩʣʦʚʠʝ ʧʨʦʢʘʪʢʠ, 

ʦʩʥʦʚʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʠ ʧʨʝʜʝʣʳ ʠʭ ʚʘʨʴʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚ ʪʘʙʣʠʮʝ 2.1.  

ʅʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʘ 

ʤʘʪʨʠʮʘ ʩ 8 ʚʘʨʠʘʥʪʘʤʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

 

ʊʘʙʣʠʮʘ 2.1 ï ʋʨʦʚʥʠ ʠ ʠʥʪʝʨʚʘʣʳ ʚʘʨʴʠʨʦʚʘʥʠʷ ʬʘʢʪʦʨʦʚ 

ʌʘʢʪʦʨ 
ʋʨʦʚʥʠ ʚʘʨʴʠʨʦʚʘʥʠʷ 

-1 0 1 

ʋʛʦʣ ʧʦʜʘʯʠ (X1) 10 12 14 

ʂʦʵʬʬʠʮʠʝʥʪ ʚʳʪʷʞʢʠ (X2) 1,52 1,68 1,84 

ʂʦʵʬʬʠʮʠʝʥʪ ʦʚʘʣʠʟʘʮʠʠ (X3) 1,08 1,12 1,16 

 

ʅʘ ʩʪʘʥʝ ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ ʄʀʉʠʉ-130ɼ ʧʨʦʚʝʜʝʥʳ ʦʧʳʪʥʳʝ ʨʘʩʢʘʪʢʠ 

ʛʠʣʴʟ ʚ ʪʨʫʙʳ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʫʛʣʘ ʧʦʜʘʯʠ ʦʪ 10Á ʜʦ 14Á ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʦʚʘʣʠʚʘʮʠʠ ʦʪ 1,12 ʜʦ 1,16 ʟʘ ʩʯʸʪ ʠʟʤʝʥʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʥʘʧʨʘʚʣʷʶʱʠʤʠ ʣʠʥʝʡʢʘʤʠ ʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʧʨʘʚʢʝ ʜʠʘʤʝʪʨʦʤ 50 ʤʤ.  

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʬʘʢʪʦʨʦʚ 

ʧʨʦʢʘʪʢʠ ʥʘ ʩʪʦʡʢʦʩʪʴ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʧʨʘʚʢʠ ʜʠʘʤʝʪʨʦʤ 50 ʤʤ ʧʨʦʚʦʜʠʣʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʨʘʩʢʘʪʢʠ ʛʠʣʴʟ ʜʠʘʤʝʪʨʦʤ 73 ʤʤ ʩʦ ʩʪʝʥʢʦʡ 8é10 

ʤʤ ʚ ʪʨʫʙʳ ʨʘʟʤʝʨʘʤʠ DxS = 63 ʭ 6 ʤʤ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ ʤʘʨʢʠ 

12ʍ18ʅ10ʊ ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ ʚʘʣʢʘʤʠ ʩ ʦʙʞʘʪʠʝʤ ʟʘʛʦʪʦʚʢʠ 

ʚ ʧʝʨʝʞʠʤʝ Uʧ = 14 %, ʧʨʠ ʫʛʣʘʭ ʧʦʜʘʯʠ 10é14Á.  

ʂʦʵʬʬʠʮʠʝʥʪ ʦʚʘʣʠʟʘʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʣʠʥʝʡʢʘʤʠ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 1,08 ʠ 1,16. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʷʚʣʷʣʘʩʴ ʛʣʫʙʠʥʘ ʠʟʥʦʩʘ ʢʦʨʦʪʢʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʧʨʘʚʢʠ. ɺʘʨʠʘʥʪʳ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.2. 

 

 



30 

ʊʘʙʣʠʮʘ 2.2 ï  ɺʘʨʠʘʥʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ɺʘʨʠʘʥʪʳ ʈʘʟʤʝʨʳ 

ʛʠʣʴʟʳ, ʤʤ 

ʋʛʦʣ ʧʦʜʘʯʠ, 

ʛʨʘʜʫʩ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʚʳʪʷʞʢʠ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʦʚʘʣʠʟʘʮʠʠ 

1 73ʭ10 14 1,68 1,16 

2 73ʭ10 10 1,68 1,16 

3 73ʭ8 14 1,54 1,16 

4 73ʭ8 10 1,54 1,16 

5 73ʭ10 14 1,68 1,08 

6 73ʭ10 10 1,68 1,08 

7 73ʭ8 14 1,54 1,08 

8 73ʭ8 10 1,54 1,08 

 

 2.2 ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʨʘʩʢʘʪʢʠ 

 

ʇʨʦʮʝʩʩ ʨʘʩʢʘʪʢʠ ʪʨʫʙ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʦʧʝʨʘʮʠʶ, ʧʨʠ 

ʢʦʪʦʨʦʡ ʤʘʪʝʨʠʘʣ ʧʦʜʚʝʨʛʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʘ 

ʪʘʢʞʝ ʩʢʨʫʯʠʚʘʥʠʶ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʝʬʦʨʤʘʮʠʷʤ ʩʜʚʠʛʘ. ʂʨʦʤʝ 

ʪʦʛʦ, ʚʦ ʚʨʝʤʷ ʧʨʦʮʝʩʩʘ ʚʦʟʥʠʢʘʶʪ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʪʨʝʥʠʷ ʧʨʠ 

ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʣʦʞʥʦʩʪʴ ʩʘʤʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʝʛʦ 

ʨʝʰʝʥʠʷ ʚ ʚʠʜʝ ʥʝʣʠʥʝʡʥʳʭ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʫʨʘʚʥʝʥʠʡ.  

ʉ ʨʘʟʚʠʪʠʝʤ ʢʦʤʧʴʶʪʝʨʦʚ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʷʚʠʣʠʩʴ 

ʥʦʚʳʝ ʯʠʩʣʝʥʥʳʝ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ ʜʘʚʣʝʥʠʝʤ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʧʨʦʢʘʪʢʠ ʪʨʫʙ ʥʘ ʩʪʘʥʘʭ ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ. ʕʪʠ ʥʦʚʳʝ ʤʦʜʝʣʠ 

ʦʩʥʦʚʘʥʳ ʥʘ ʤʝʪʦʜʝ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʄʂʕ). ʉʫʪʴ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʯʠʩʣʝʥʥʳʡ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʤʠ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʤʝʪʦʜʦʤ 

ʜʣʷ ʦʙʣʝʛʯʝʥʠʷ ʚ ʠʟʫʯʝʥʠʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ, ʠ ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʧʣʘʩʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ ʜʘʚʣʝʥʠʝʤ ʙʝʟ ʧʨʦʚʝʜʝʥʥʳʭ 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʄʂʕ. ʇʨʠʤʝʥʝʥʠʝ 

ʄʂʕ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ ʜʘʚʣʝʥʠʝʤ ʧʦʟʚʦʣʷʝʪ 
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ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʦʙʲʝʢʪʠʚʥʦ ʠʟʫʯʘʪʴ ʧʨʦʮʝʩʩʳ ʜʝʬʦʨʤʘʮʠʠ ʩ ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʴʶ.  

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʦʧʳʪʘʣʠʩʴ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʧʨʦʢʘʪʢʠ ʪʨʫʙ ʚ 

ʫʩʣʦʚʠʷʭ ʪʨʝʭʤʝʨʥʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʘ ʩʪʘʥʘʭ ʚʠʥʪʦʚʦʡ 

ʧʨʦʢʘʪʢʠ ʨʘʟʥʦʛʦ ʚʠʜʘ [43,44,46,108ï118].ʊʨʝʭʤʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʦʧʠʩʘʥʠʷ ʠ ʩʨʘʚʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʧʨʦʢʘʪʢʝ 

ʪʨʫʙ. 

ʇʨʠ ʨʘʩʢʘʪʢʝ ʪʨʫʙ ʥʘ ʩʪʘʥʝ ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ ʄʀʉʠʉ -130ɼ 

ʧʨʦʢʘʪʳʚʘʝʤʳʡ ʤʝʪʘʣʣ ʜʝʬʦʨʤʠʨʫʝʪʩʷ ʤʝʞʜʫ ʚʨʘʱʘʶʱʠʤʠʩʷ ʙʦʯʢʦʚʠʜʥʳʤʠ 

ʚʘʣʢʘʤʠ ʠ ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʤʝʞʜʫ ʥʠʤʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʢʦʨʦʪʢʦʡ ʦʧʨʘʚʢʦʡ ʠ 

ʥʘʧʨʘʚʣʷʶʱʠʤʠ ʣʠʥʝʡʢʘʤʠ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʘ ʨʘʩʢʘʪʢʠ ʪʨʫʙ ʧʨʠʥʠʤʘʶʪ ʚʷʟʢʦʧʣʘʩʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʨʘʩʢʘʪʢʠ ʙʝʩʰʦʚʥʳʭ ʪʨʫʙ ʚʝʣʠ ʚ ʥʝʢʦʪʦʨʳʭ ʨʘʙʦʪʘʭ. 

Malinowski [119] ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ ʩʤʦʜʝʣʠʨʦʚʘʣ ʧʨʦʮʝʩʩ ʨʘʩʢʘʪʢʠ ʪʨʫʙ ʥʘ ʩʪʘʥʝ 

ɼʠʰʝʨʘ ʩ ʧʨʝʜʧʦʣʦʞʝʥʠʝʤ, ʯʪʦ ʧʨʦʮʝʩʩ ʥʘʭʦʜʠʪʩʷ ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ 

ʩʦʩʪʦʷʥʠʠ ʙʝʟ ʦʚʘʣʠʟʘʮʠʠ. ʊʘʢʞʝ ʚ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʤʝʪʦʜʦʤ 

ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʦʮʝʩʩʘ ʨʘʩʢʘʪʢʠ ʙʝʩʰʦʚʥʳʭ ʪʨʫʙ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʦʜʝʣʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʨʘʙʦʪʝ [112] ʥʘ ʜʚʫʭʚʘʣʢʦʚʦʤ ʩʪʘʥʝ ʚʠʥʪʦʚʦʡ 

ʧʨʦʢʘʪʢʠ ʩ ʥʘʧʨʘʚʣʷʶʱʠʤʠ ʣʠʥʝʡʢʘʤʠ ʥʘ ʦʧʨʘʚʢʝ.  

ʆʜʥʘʢʦ, ʚʳʰʝʫʧʦʤʷʥʫʪʳʝ ʨʘʙʦʪʳ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʧʦʚʝʜʝʥʠʷ ʠ ʬʦʨʤʦʠʟʤʝʥʝʥʠʷ ʤʝʪʘʣʣʘ ʧʨʠ ʨʘʩʢʘʪʢʝ, ʠ ʪʘʢʞʝ ʚʣʠʷʥʠʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʪʦʯʥʦʩʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ. 

ʇʦʚʝʜʝʥʠʝ ʨʘʙʦʯʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠʤʝʥʷʝʤʳʭ ʦʧʨʘʚʦʢ, ʚʘʣʢʦʚ 

ʠ ʪʘʢʞʝ ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠ ʧʨʦʢʘʪʢʝ ʙʝʩʰʦʚʥʳʭ ʪʨʫʙ ʥʘ ʩʪʘʥʘʭ 

ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ ʠ ʪʘʢʞʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ. ʇʦʵʪʦʤʫ ʫʛʣʫʙʣʝʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʥʦʩʘ ʪʨʫʙʦʧʨʦʢʘʪʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠ ʧʨʦʰʠʚʢʝ ʠ ʨʘʩʢʘʪʢʝ 

ʛʠʣʴʟ ʚ ʪʨʫʙʳ ʜʦ ʩʠʭ ʧʦʨ  ʥʝ ʧʨʦʚʝʜʝʥʦ. ɹʦʣʝʝ ʪʦʛʦ, ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪʳ ʧʦ 
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ʠʟʫʯʝʥʠ ʁʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʦʧʨʘʚʦʢ ʧʨʠ ʧʨʦʢʘʪʢʝ ʪʨʫʙ ʩ ʧʦʤʦʱʴʶ ʄʂʕ 

ʦʛʨʘʥʠʯʝʥʦ. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʩ ʪʨʫʜʦʤ ʤʦʞʥʦ ʥʘʡʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠʟʥʦʩʘ ʨʘʙʦʯʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩʪʘʥʦʚ ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ ʪʨʫʙ. 

ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ ʨʘʙʦʪʫ, ʧʨʦʚʝʜʝʥʥʫʶ ʥʘʫʯʥʳʤ ʢʦʣʣʝʢʪʠʚʦʤ ʢʘʬʝʜʨʳ ʆʄɼ, 

ʅʀʊʋ «ʄʀʉʠʉ», ʚ ʢʦʪʦʨʦʡ ʠʟʫʯʠʣʠ ʚ ʩʨʝʜʝ DFORM-3D ʠʟʥʦʩ ʚʘʣʢʦʚ ʠ 

ʧʨʦʰʠʚʥʦʡ ʦʧʨʘʚʢʠ ʧʨʠ ʧʨʦʰʠʚʢʝ ʞʘʨʦʧʨʦʯʥʳʭ ʩʧʣʘʚʦʚ ʥʘ ʩʪʘʥʝ ʩ 

ʙʦʯʢʦʚʠʜʥʳʤʠ ʚʘʣʢʘʤʠ ʄʀʉʠʉ-130ɼ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ɸʥʘʣʦʛʠʯʥʦ ʠʥʩʪʨʫʤʝʥʪʘʤ, ʧʨʠʤʝʥʷʝʤʳʤ ʚ ʜʨʫʛʠʭ ʚʠʜʘʭ ʛʦʨʷʯʝʛʦ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ, ʠʥʩʪʨʫʤʝʥʪ ʩʪʘʥʦʚ ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ ʧʦʜʚʝʨʛʘʝʪʩʷ ʠʟʥʦʩʫ 

ʟʘ ʩʯʝʪ ʮʠʢʣʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʪʝʨʤʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʚʳʩʦʢʠʭ 

ʜʘʚʣʝʥʠʡ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʀʟʥʦʩ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʨʦʢʘʪʥʳʭ ʩʪʘʥʦʚ 

ʥʦʩʠʪ ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ ʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ ʥʝʟʘʚʠʩʠʤʳʭ 

ʬʘʢʪʦʨʦʚ. 

Lim ʠ Ashby [40] ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʠʟʥʦʩʘ ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʨʘʞʝʥʘ:  

 

    (1.1) 

 

ʛʜʝ wi - ʩʢʦʨʦʩʪʴ ʠʟʥʦʩʘ, (ʤ3/ʤ);  

FN- ʥʦʨʤʘʣʴʥʘʷ ʩʠʣʘ, (ʅ); 

u ï ʩʢʦʣʴʞʝʥʠʝ ʤʝʪʘʣʣʘ, (ʤ/ʩ); 

T ï ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʨʘʙʦʪʢʠ, ( ); 

 M - ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʠʥʩʪʨʫʤʝʥʪʘ (ʥʘʧʨʠʤʝʨ, ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ, 

ʄʇʘ).  

ʉʫʱʝʩʪʚʫʝʪ ʦʯʝʚʠʜʥʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ 

ʧʝʨʝʤʝʥʥʳʭ ʚ ʫʨʘʚʥʝʥʠʠ (1.1). ʅʝʢʦʪʦʨʳʝ ʢʦʤʧʦʥʝʥʪʳ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʢʘʢ ʜʠʩʢʨʝʪʥʳʝ ʧʝʨʝʤʝʥʥʳʝ, ʘ ʜʨʫʛʠʝ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʢʘʢ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 

ʧʦʩʪʦʷʥʥʳʝ ʟʥʘʯʝʥʠʷ.  
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ʇʨʠʤʝʨʦʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʥʦʩʘ ʨʘʟʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʛʦʨʷʯʝʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩʪʘʥʘ 

ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ ʷʚʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝ ɸʯʘʨʜʘ-ʍʦʤʣʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʠʟʥʦʰʝʥʥʦʛʦ ʦʙʲʝʤʘ ʤʝʪʘʣʣʘ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʨʠ ʠʟʥʦʩʝ ʩʦ 

ʩʢʦʣʴʞʝʥʠʝʤ ʧʨʦʢʘʪʳʚʘʝʤʦʛʦ ʤʝʪʘʣʣʘ.  

,   (1.2) 

 

ʛʜʝ W ï ʦʙʲʝʤ ʠʟʥʦʰʝʥʥʦʛʦ ʤʝʪʘʣʣʘ, ʤʤ3;  

FN- ʥʦʨʤʘʣʴʥʘʷ ʩʠʣʘ, ʅ; 

L ï ʩʢʦʣʴʟʷʱʝʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʪʘʣʣʘ, ʤʤ; 

 ʂ ï ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʥʦʩʘ; 

ůʪ - ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ʦʧʨʘʚʢʠ, ʄʇʘ. 

 

ʆʜʥʘʢʦ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʙʲʝʤ ʠʟʥʦʰʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʧʨʠ ʧʨʦʢʘʪʢʝ 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʛʣʫʙʠʥʳ ʠʟʥʦʩʘ ʥʘ ʢʦʥʪʘʢʪʥʫʶ ʧʣʦʱʘʜʴ ʩ 

ʟʘʛʦʪʦʚʢʦʡ: 

 

ὡ ЎὬϽὃ     (1.3) 

 

ʛʜʝ ЎὬ ï ʛʣʫʙʠʥʘ ʠʟʥʦʩʘ ʦʧʨʘʚʢʠ, ʤʤ;  

ɸï ʧʣʦʱʘʜʴ ʢʦʥʪʘʢʪʘ ʩ ʟʘʛʦʪʦʚʢʦʡ, ʤʤ2; 

 

ʀʟ ʫʨʘʚʥʝʥʠʡ (1.2) ʠ (1.3) ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʛʣʫʙʠʥʫ ʩʣʦʷ ʠʟʥʦʩʘ ʥʘ 

ʦʧʨʘʚʢʠ ʟʘ ʦʧʨʝʜʝʣʝʥʥʦʝ ʩʢʦʣʴʟʷʱʝʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʪʘʣʣʘ ʠ ʧʦʣʫʯʠʪ ɹ

ʫʨʘʚʥʝʥʠʷ (1.4) ʠ (1.5). 

 

,    (1.4) 
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     (1.5) 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʛʦʨʷʯʝʡ ʜʝʬʦʨʤʘʮʠʠ ʪʨʫʙ ʥʘ ʩʪʘʥʝ ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ 

ʢʦʥʪʘʢʪʥʦʝ ʜʘʚʣʝʥʠʝ ʤʝʪʘʣʣʘ ʥʘ ʠʥʩʪʨʫʤʝʥʪ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ 

 

 ̋  ȟ     (1.6) 

 

ʛʜʝ ʈ ï ʢʦʥʪʘʢʪʥʦʝ ʜʘʚʣʝʥʠʝ ʤʝʪʘʣʣʘ, ʄʇʘ. 

 

ʇʦ ʤʠʤʦ ʵʪʦʛʦ, ʩʢʦʣʴʟʷʱʝʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʪʘʣʣʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪ ɹ

ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ ʤʝʪʘʣʣʘ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʨʝʤʷ.  

 

ὒ  ὠ ὸ ,     (1.7) 

 

ʛʜʝ V ï ʩʢʦʨʦʩʪʴ ʩʢʦʣʴʞʝʥʠʷ ʤʝʪʘʣʣʘ, ʤʤ/ʩ; 

ȹt ï ʧʨʠʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ, ʩ. 

 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʫʨʘʚʥʝʥʠʡ (1.6) ʠ (1.7) ʚ ʫʨʘʚʥʝʥʠʝ (1.5) 

ʧʦʣʫʯʠʣʘʩʴ ʬʦʨʤʫʣʘ ʛʣʫʙʠʥʳ ʠʟʥʦʩʘ ʥʘ ʦʧʨʘʚʢʝ: 

 

.     (1.8) 

 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠʟʥʦʩʘ ʜʣʷ ʦʜʥʦʛʦ ʮʠʢʣʘ ʧʨʦʮʝʩʩʘ ʨʘʩʢʘʪʢʠ ʪʨʫʙ 

ʟʘʜʘʥʥʦʛʦ ʨʘʟʤʝʨʘ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʦʙʱʫʶ ʛʣʫʙʠʥʫ ʠʟʥʦʩʘ ʚ ʪʦʯʢʝ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʦʡ ʦʧʨʘʚʢʠ, ʫʨʘʚʥʝʥʠʝ (1.8), ʦʧʨʝʜʝʣʷʶʱʝʝ ʛʣʫʙʠʥʫ 

ʠʟʥʦʩʘ ʥʘ ʦʧʨʘʚʢʝ, ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 
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    (1.9) 

 

ʇʨʠ ʧʨʦʢʘʪʢʝ ʙʝʩʰʦʚʥʳʭ ʪʨʫʙ ʥʘ ʧʨʦʢʘʪʥʦʤ ʩʪʘʥʝ ʤʝʪʘʣʣ 

ʜʝʬʦʨʤʠʨʫʝʪʩʷ ʚ ʛʦʨʷʯʝʤ ʩʦʩʪʦʷʥʠʠ, ʠ ʩʦʛʣʘʩʥʦ ʚʳʰʝʩʢʘʟʘʥʥʦʤʫ ʚ ʬʫʥʢʮʠʠ, 

ʦʧʠʩʘʥʥʦʡ ʚ ʬʦʨʤʫʣʝ (1.1), ʜʝʡʩʪʚʫʶʱʝʝ ʢʦʥʪʘʢʪʥʦʝ ʜʘʚʣʝʥʠʝ ʥʘ ʦʧʨʘʚʢʫ, 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʝʪʘʣʣʘ ʠ ʪʘʢʞʝ ʩʢʦʣʴʞʝʥʠʝ ʤʝʪʘʣʣʘ ʧʨʠ ʧʨʦʢʘʪʢʝ 

ʠʟʤʝʥʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʨʝʤʷ. ʆʪʩʶʜʘ, 

ʫʨʘʚʥʝʥʠʝ (1.9) ʤʦʞʥʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʚ ʩʣʝʜʫʶʱʠʡ ʚʠʜ. 

 

Ὤ ᷿˗
Ͻ  Ͻ

    (1.10) 

 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ ʚʘʨʠʘʥʪʘʭ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 2.2 ʚ ʩʨʝʜʩʪʚʝ ʧʨʦʛʨʘʤʤʳ ʉɸʇʈ 

Solidworks, ʩʦʟʜʘʣʠ ʪʚʝʨʜʳʝ ʪʨʝʭʤʝʨʥʳʝ ʤʦʜʝʣʠ ʚʘʣʢʦʚ ʠ ʥʘʧʨʘʚʣʷʶʱʠʭ 

ʣʠʥʝʝʢ, ʦʧʨʘʚʢʫ ʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʟʘʛʦʪʦʚʦʢ. ʇʦʩʣʝ ʯʝʛʦ ʥʘ ʪʦʡ ʞʝ 

ʧʣʘʪʬʦʨʤʝ ʧʦʩʪʨʦʝʥʘ 3ɼ ʤʦʜʝʣʴ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ ʩʪʘʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʨʝʘʣʴʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʠʥʩʪʨʫʤʝʥʪʘ ʩʪʘʥʘ ʠ ʚʳʙʨʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʥʘʩʪʨʦʡʢʠ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ Qform ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʨʠʩʫʥʦʢ 2.2). 

ʋʛʦʣ ʧʦʜʘʯʠ ʚʘʣʢʦʚ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʘʧʨʘʚʣʷʶʱʠʤʠ ʣʠʥʝʡʢʘʤʠ ʠ 

ʟʘʛʦʪʦʚʢʘ ʩ ʨʘʟʥʦʡ ʪʦʣʱʠʥʦʡ ʩʪʝʥʢʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʢʘʢ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ 

ʬʘʢʪʦʨʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʠ ʚʘʨʴʠʨʫʶʪʩʷ ʧʦ ʚʘʨʠʘʥʪʘʤ. ʈʘʙʦʯʠʝ 

ʠʥʩʪʨʫʤʝʥʪʳ ʩʪʘʥʘ, ʪʘʢʠʝ ʢʘʢ ʚʘʣʢʠ, ʥʘʧʨʘʚʣʷʶʱʠʝ ʣʠʥʝʡʢʠ ʠ ʦʧʨʘʚʢʘ 

ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʩʪʘʣʝʡ ʠ ʩʧʣʘʚʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ 

ʠʩʭʦʜʥʦʡ ʟʘʛʦʪʦʚʢʠ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʘʷ ʩʪʘʣʴ ʤʘʨʢʠ 

12ʍ18ʅ10ʊ. ʀʩʭʦʜʥʳʝ ʟʘʛʦʪʦʚʢʠ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʛʠʣʴʟʳ ʨʘʟʤʝʨʘʤʠ 73 ʭ 

8é10 ʤʤ, ʜʣʠʥʘ ʢʦʪʦʨʦʡ ʨʘʚʥʘ 700 ʤʤ. ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʟʘʛʦʪʦʚʦʢ 

ʙʳʣʠ ʚʟʷʪʳ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ʈʘʩʢʘʪʥʦʡ ʦʧʨʘʚʢʦʡ ʧʨʠʩʚʦʝʥʳ ʩʚʦʡʩʪʚʘ ʩʪʘʣʠ 4ʍ5ʄʌʉ. ɺ ʢʘʯʝʩʪʚʝ 
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ʤʘʪʝʨʠʘʣʘ ʚʘʣʢʦʚ ʠ ʥʘʧʨʘʚʣʷʶʱʠʭ ʣʠʥʝʝʢ ʙʳʣʠ ʧʨʠʥʷʪʳ ʩʪʘʣ ɹ40ʍ ʠ ʩʧʣʘʚ 

ʍʅ55ʄɹʖ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

 

 

ʈʠʩʫʥʦʢ 2.2 - ʆʯʘʛ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʨʘʩʢʘʪʢʝ ʪʨʫʙ ʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʧʨʘʚʢʝ 

 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʧʨʠʥʷʪʳʝ ʜʣʷ ʟʘʧʫʩʢʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʟʥʦʩʘ 

ʦʧʨʘʚʢʠ ʧʨʠ ʨʘʩʢʘʪʢʝ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ ʫʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 2.3. 

ʊʘʙʣʠʮʘ 2.3 ï  ʇʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ 

ʈʘʟʤʝʨʳ ʛʠʣʴʟʳ: 

- ʜʠʘʤʝʪʨ, ʤʤ 

- ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ, ʤʤ 

- ʜʣʠʥʘ, ʤʤ 

 

73 

8ï10 

700 

ʄʘʪʝʨʠʘʣ ʠʩʭʦʜʥʦʡ ʟʘʛʦʪʦʚʢʠ 12ʍ18ʅ10ʊ 

ʊʝʤʧʝʨʘʪʫʨʘ ʟʘʛʦʪʦʚʢʠ, Áʉ 1150 

ʊʝʤʧʝʨʘʪʫʨʘ ʠʥʩʪʨʫʤʝʥʪʘ, Áʉ 20 

ʂʦʵʬʬʠʮʠʝʥʪ ʚʳʪʷʞʢʠ 1,54 

ʋʛʦʣ ʧʦʜʘʯʠ, ʛʨʘʜ 10° - 14° 

ʂʦʵʬʬʠʮʠʝʥʪ ʦʚʘʣʠʟʘʮʠʠ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ 1,12 ï 1,15 

ʄʘʪʝʨʠʘʣ ʚʘʣʢʦʚ 40ʍ 

ʄʘʪʝʨʠʘʣ ʦʧʨʘʚʢʠ 4ʍ5ʄʌʉ 

ʄʘʪʝʨʠʘʣ ʣʠʥʝʡʢʠ ʍʅ55ʄɹʖ 

ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʘʣʢʦʚ, ʦʙ/ʤʠʥ 57 
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ɼʚʠʞʝʥʠʝ ʚʘʣʢʦʚ ʟʘʜʘʥʦ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩ ʦʜʠʥʘʢʦʚʦʡ ʯʘʩʪʦʪʦʡ 

ʚʨʘʱʝʥʠʷ 57 ʦʙ/ʤʠʥ ʚʦʢʨʫʛ ʠʭ ʟʘʜʘʥʥʦʡ ʦʩʠ. ɺ ʜʘʥʥʦʡ ʚʝʨʩʠʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʦʧʨʘʚʢʘ ʫʩʪʘʥʦʚʣʝʥʘ ʥʝʧʦʜʚʠʞʥʦʡ ʧʦ ʦʩʠ ʧʨʦʢʘʪʢʠ, ʝʸ ʚʨʘʱʘʪʝʣʴʥʦʝ 

ʜʚʠʞʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʤʦʤʝʥʪʦʤ, ʚʦʟʥʠʢʘʶʱʠʤ ʟʘ ʩʯʝʪ ʢʘʩʘʥʠʷ ʩ ʟʘʛʦʪʦʚʢʦʡ 

ʧʨʠ ʢʦʥʪʘʢʪʝ ʚʦ ʚʨʝʤʷ ʧʨʦʢʘʪʢʠ. 

ʉʢʦʣʴʞʝʥʠʝ ʤʝʞʜʫ ʨʘʙʦʯʠʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʠ ʤʘʪʝʨʠʘʣʦʤ 

ʚʳʧʦʣʥʷʣʦʩʴ ʧʦ ʟʘʢʦʥʫ ʧʦʩʪʦʷʥʥʦʛʦ ʩʜʚʠʛʦʚʦʛʦ ʪʨʝʥʠʷ ʃʠʚʘʥʦʚʘ ʩ 

ʫʯʠʪʳʚʘʥʠʝʤ ʢʦʥʪʘʢʪʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʧʨʠʤʝʥʷʝʤʦʤʫ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʧʦʣʦʞʝʥʦ, ʯʪʦ ʩʠʣʘ ʪʨʝʥʠʷ 

ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʬʦʨʤʫʣʦʡ. 

 

†
Ѝ

       (1.11) 

 

ʛʜʝ Ű ï ʩʠʣʘ ʪʨʝʥʠʷ, ʅ; 

 ůn- ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʝʬʦʨʤʘʮʠʠ ʤʘʪʝʨʠʘʣʘ, ʄʇʘ;  

ůs- ʢʦʥʪʘʢʪʥʦʝ ʜʘʚʣʝʥʠʝ, ʄʇʘ; 

 m ï ʬʘʢʪʦʨ ʪʨʝʥʠʷ;  

b ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʧʨʠʥʠʤʘʝʪʩʷ b = 1,25 

ʀʩʧʦʣʴʟʫʝʤʳʝ ʬʘʢʪʦʨʳ ʪʨʝʥʠʷ ʜʣʷ ʢʦʥʪʘʢʪʘ ʚʘʣʢʦʚ ʩ ʨʘʩʢʘʪʳʚʘʝʤʦʡ 

ʟʘʛʦʪʦʚʢʦʡ ʩʦʩʪʘʚʣʷʝʪ 1, ʘ ʟʥʘʯʝʥʠʝ ʬʘʢʪʦʨʘ ʪʨʝʥʠʷ m = 0,8 ʧʨʠʥʠʤʘʝʪʩʷ ʧʨʠ 

ʢʦʥʪʘʢʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʦʧʨʘʚʢʠ ʩ ʟʘʛʦʪʦʚʢʦʡ, ʘ ʜʣʷ ʥʘʧʨʘʚʣʷʶʱʠʭ ʣʠʥʝʝʢ 

ʟʘʜʘʥ ʨʘʚʥʳʤ 0,4 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʤʝʞʜʫ ʠʥʩʪʨʫʤʝʥʪʦʤ ʠ ʤʘʪʝʨʠʘʣʦʤ 

ʟʘʜʘʚʘʣʩʷ ʨʘʚʥʳʤ 45 ʢɺʪ/ʤ2ĿK. ʊʝʧʣʦʦʙʤʝʥ ʤʝʞʜʫ ʠʥʩʪʨʫʤʝʥʪʦʤ ʠ ʟʘʛʦʪʦʚʢʦʡ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ «ʧʨʦʩʪʳʤ» ʪʦʣʴʢʦ ʥʘ ʢʦʥʪʘʢʪʠʨʫʶʱʝʡ ʩ ʟʘʛʦʪʦʚʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʊʝʤʧʝʨʘʪʫʨʘ ʠʩʭʦʜʥʳʭ ʟʘʛʦʪʦʚʦʢ ʧʝʨʝʜ ʨʘʩʢʘʪʢʦʡ ʟʘʜʘʥʘ ʨʘʚʥʦʡ 

1150 . ʊʝʤʧʝʨʘʪʫʨʘ ʠʥʩʪʨʫʤʝʥʪʘ ʟʘʜʘʚʘʣʘʩʴ ʨʘʚʥʦʡ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

20 . ɸʜʘʧʪʘʮʠʷ ʩʝʪʢʠ ʧʨʦʢʘʪʳʚʘʝʤʳʭ ʟʘʛʦʪʦʚʦʢ, ʠ ʪʘʢʞʝ ʨʘʙʦʯʝʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ ʩʪʘʥʘ ʚʳʧʦʣʥʷʣʘʩʴ ʚ ʧʨʦʛʨʘʤʤʝ Qform ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩ 
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ʟʘʜʘʥʥʳʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʦʙʣʘʩʪʷʤʠ ʚ ʮʝʣʠ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʨʘʩʯʝʪʘ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʇʦʩʪʨʦʝʥʥʘʷ ʩʝʪʢʘ ʩʦʩʪʦʷʣʘ ʠʟ 312720 ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ (ʨʠʩʫʥʢʠ 2.3, 2.4).  

 

ʈʠʩʫʥʦʢ 2.3 - ʉʚʦʡʩʪʚʘ ʩʝʪʢʠ ʵʣʝʤʝʥʪʦʚ 

 

 

ʈʠʩʫʥʦʢ 2.4 - ɸʜʘʧʪʘʮʠʷ ʩʝʪʦʢ ʠʥʩʪʨʫʤʝʥʪʦʚ 

 

ʂʨʦʤʝ ʟʘʛʦʪʦʚʢʠ, ʜʣʷ ʨʘʙʦʯʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʚ ʦʯʘʛʝ ʜʝʬʦʨʤʘʮʠʠ ʪʘʢʞʝ 

ʙʳʣʠ ʩʦʟʜʘʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʦʙʣʘʩʪʠ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʘ ʵʣʝʤʝʥʪʦʚ 

ʩʝʪʢʠ. ʧʦ ʤʠʤʦ ʵʪʦʛʦ, ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʷ ʠ ʫʧʨʦʱʝʥʠʷ ʨʘʩʯʝʪʘ ʦʩʪʘʣʴʥʳʝ 

ʚʥʝ ʵʪʠʭ ʦʙʣʘʩʪʷʭ ʘʜʘʧʪʘʮʠʠ ʨʘʟʤʝʨʳ ʵʣʝʤʝʥʪʦʚ ʩʝʪʢʠ ʙʳʣʠ ʟʘʜʘʥʳ ʙʦʣʝʝ 

ʢʨʫʧʥʳʤʠ.  
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ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʟʥʦʩʘ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩʪʘʥʘ ʧʨʠ ʧʨʦʢʘʪʢʝ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʧʨʘʚʢʠ ʟʘʧʫʩʢʘʝʪʩʷ ʩʪʘʥʜʘʨʪʥʘʷ ʧʦʜʧʨʦʛʨʘʤʤʘ, 

ʥʘʧʠʩʘʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʬʦʨʤʫʣʳ 1.10. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʧʨʠʥʠʤʘʪʁʩʷ ʨʘʚʥʳʤ 1. 

 

 2.3 ɺʣʠʷʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʠʟʥʦʩ ʦʧʨʘʚʢʠ 

 

2.3.1 ɿʘʚʠʩʠʤʦʩʪʴ ʛʣʫʙʠʥʳ ʠʟʥʦʩʘ ʦʧʨʘʚʢʠ ʦʪ ʚʘʨʴʠʨʫʝʤʳʭ 

ʬʘʢʪʦʨʦʚ 

 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʟʥʦʩ ʨʘʙʦʯʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʘʚʢʠ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦ ʧʦ ʜʣʠʥʝ. ʆʙʱʘʷ 

ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʟʦʥʳ ʠʟʥʦʩʘ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 65 ʤʤ ʜʦ 75 ʤʤ ʠ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ 

ʫʯʘʩʪʢʝ ʦʪ ʩʝʨʝʜʠʥʳ ʢʦʥʠʯʝʩʢʦʡ ʯʘʩʪʠ ʦʧʨʘʚʢʠ ʜʦ ʧʝʨʝʞʠʤʘ. ɻʣʫʙʠʥʘ ʠʟʥʦʩʘ 

ʚʦʟʨʘʩʪʘʝʪ ʦʪ ʥʘʯʘʣʘ ʢʦʥʪʘʢʪʘ ʤʝʪʘʣʣʘ ʩ ʦʧʨʘʚʢʦʡ ʜʦ ʩʝʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʠʟʥʦʩʘ, ʢʦʪʦʨʦʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʫʯʘʩʪʢʝ ʧʝʨʝʭʦʜʘ ʢ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʯʘʩʪʠ 

ʦʧʨʘʚʢʠ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʦʪʨʘʞʘʶʱʠʝ ʠʟʥʦʩ ʦʧʨʘʚʦʢ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 2.5.  

ʇʦʩʣʝ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʨʘʩʢʘʪʢʠ ʛʠʣʴʟʳ ʜʣʠʥʦʡ 700 ʤʤ ʚʦ ʚʩʝʭ 

ʧʨʦʚʝʜʝʥʥʳʭ ʚʘʨʠʘʥʪʘʭ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʧʨʝʜʩʢʘʟʘʥʠʷ ʠʟʥʦʩʘ ʦʧʨʘʚʢʠ ʦʪ ʨʘʜʠʘʣʴʥʳʭ ʜʘʚʣʝʥʠʡ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 0,025 

ʤʤ. ʀʟʥʘʰʠʚʘʥʠʝ ʟʘ ʩʯʸʪ ʨʘʜʠʘʣʴʥʳʭ ʜʘʚʣʝʥʠʡ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ 

ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ, ʯʝʤ ʚʝʣʠʯʠʥʘ ʠʟʥʦʩʘ, ʚʳʟʚʘʥʥʦʛʦ ʪʘʥʛʝʥʮʠʘʣʴʥʳʤ 

ʥʘʧʨʷʞʝʥʠʝʤ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʙʳʣʦ ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʦʮʝʩʩʘ ʨʘʩʢʘʪʢʠ ʥʘ ʜʘʥʥʳʡ ʚʠʜ ʠʟʥʦʩʘ ʠʥʩʪʨʫʤʝʥʪʘ. 

 ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʟʘʣʦʞʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʨʘʩʯʝʪ ʧʦʜʧʨʦʛʨʘʤʤʳ ʜʣʷ ʠʥʩʪʨʫʤʝʥʪʦʚ ʵʢʩʧʦʨʪʠʨʦʚʘʥʳ, ʠ 

ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʜʘʣʴʥʝʡʰʫʶ ʦʙʨʘʙʦʪʢʫ ʚ ʧʣʘʪʬʦʨʤʝ 
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ʷʟʳʢʦʚʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python 3.9 ʠ MATLAB 2018Ra ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʟʥʘʯʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʘʚʢʠ. 

 

 

ʈʠʩʫʥʦʢ  2.5 - ʊʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʠʟʥʦʩʘ ʦʧʨʘʚʢʠ ʧʦʩʣʝ ʧʨʦʢʘʪʢʠ ʪʨʫʙʳ ʠʟ 

ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ. 

 

2.3.2 ʂʦʵʬʬʠʮʠʝʥʪʘ ʚʳʪʷʞʢʠ  
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ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʠʟʥʦʩ ʦʧʨʘʚʢʠ ʧʨʠ 

ʨʘʩʢʘʪʢʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ 

ʟʘʛʦʪʦʚʢʠ ʩ ʦʧʨʘʚʢʦʡ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ (ʨʠʩʫʥʦʢ 2.6). 

 

 

 ʈʠʩʫʥʦʢ 2.6 - ʇʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʷ 

 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠ ̫ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʟʥʦʩʘ ʦʧʨʘʚʢʠ ʧʦ ʝʸ ʜʣʠʥʝ, ʦʯʘʛ 

ʜʝʬʦʨʤʘʮʠʠ ʙʳʣ ʨʘʟʜʝʣʝʥ ʥʘ ʨʘʟʥʳʝ ʧʦʧʝʨʝʯʥʳʝ ʩʝʯʝʥʠʷ. ʉ ʧʦʤʦʱʴʶ 

AutoCad ʙʳʣʠ ʟʘʤʝʨʝʥʳ ʰʠʨʠʥʳ ʜʫʛʠ ʢʦʥʪʘʢʪʘ ʤʝʪʘʣʣʘ ʩ ʦʧʨʘʚʢʦʡ ʚ ʨʘʟʥʳʭ 

ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʷʭ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.4. 

ʀʩʭʦʜʷ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ, ʟʘʤʝʪʠʤ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʝ ʜʣʠʥʘ ʢʦʥʪʘʢʪʘ 

ʦʧʨʘʚʢʠ ʩ ʟʘʛʦʪʦʚʢʦʡ ʠʤʝʶʪʩʷ ʚ ʟʦʥʝ ʤʝʞʜʫ 1-ʤ ʠ 4-ʤ ʩʝʯʝʥʠʷʤʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʟʦʥʝ ʥʘʯʘʣʘ ʢʦʥʪʘʢʪʘ ʟʘʛʦʪʦʚʢʠ ʩ ʦʧʨʘʚʢʦʡ ʠ ʧʝʨʝʭʦʜʘ ʚ 

ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʯʘʩʪʴ ʦʧʨʘʚʢʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʜʠʫʩʘ. ʀʟʤʝʥʝʥʠʝ ʜʣʠʥʳ 

ʜʫʛʠ ʢʦʥʪʘʢʪʘ ʦʧʨʘʚʢʠ ʩ ʟʘʛʦʪʦʚʢʦʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʚʳʪʷʞʢʠ 

ʧʦʢʘʟʳʚʘʝʪʩʷ ʥʘ ʨʠʩʫʥʢʝ 2.7.  
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ʈʠʩʫʥʦʢ 2.7 - ʀʟʤʝʥʝʥʠʝ ʜʣʠʥʳ ʜʫʛʠ ʢʦʥʪʘʢʪʘ ʦʧʨʘʚʢʠ ʩ ʟʘʛʦʪʦʚʢʦʡ ʧʦ ʜʣʠʥʝ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʳʪʷʞʢʠ 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪ rʩʚʠʜʝʪʝʣʴʩʪʚʫʪʁʩʷ ʦ ʚʣʠʷʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʚʳʪʷʞʢʠ ʥʘ ʛʝʦʤʝʪʨʠʶ ʢʦʥʪʘʢʪʘ ʦʧʨʘʚʢʠ ʩ ʟʘʛʦʪʦʚʢʦʡ. ɸʥʘʣʠʟʠʨʫʷ ʠʟʤʝʥʝʥʠʝ 

ʜʣʠʥʳ ʢʦʥʪʘʢʪʘ ʦʧʨʘʚʢʠ ʩ ʟʘʛʦʪʦʚʢʦʡ, ʦʪʤʝʯʝʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʳʪʷʞʢʠ ʦʪ 1,52 ʤʤ ʜʦ 1,84 ʧʨʠʚʝʣʦ ʢ ʟʘʤʝʪʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ 

ʜʣʠʥʳ ʢʦʥʪʘʢʪʘ ʦʧʨʘʚʢʠ ʩ ʟʘʛʦʪʦʚʢʦʡ ʚ ʟʦʥʝ ʧʝʨʝʜ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʯʘʩʪʴʶ 

ʦʧʨʘʚʢʠ. ʋʤʝʥʴʰʝʥʠʝ ʩʪʝʥʢʠ ʟʘʛʦʪʦʚʢʠ ʧʨʠ ʨʘʩʢʘʪʢʝ ʚʣʝʯʝʪ ʩʦʙʦʡ ʫʜʣʠʥʝʥʠʝ 

ʜʣʠʥʳ ʢʦʥʪʘʢʪʘ ʩ ʦʧʨʘʚʢʦʡ ʚ ʝʸ ʢʦʥʫʩʥʦʡ ʯʘʩʪʠ ʙʦʣʴʰʝ ʯʝʤ ʚ ʧʝʨʝʞʠʤʝ ʦʯʘʛʘ 

ʜʝʬʦʨʤʘʮʠʠ (ʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʯʘʩʪʠ).  

ʅʝʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʟʦʛʨʝʚʘ ʦʧʨʘʚʢʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʳʪʷʞʢʠ ʦʪ 1,52 ʜʦ 1,84 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʝʚʘ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ 600  ʚ ʦʯʘʛʝ ʜʝʬʦʨʤʘʮʠʠ. 
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ʅʘ ʨʠʩʫʥʢʝ 2.8 ʠʟʦʙʨʘʞʝʥʳ ʛʨʘʬʠʢʠ ʠʟʥʦʩʘ ʦʧʨʘʚʦʢ, ʧʨʠʤʝʥʷʝʤʳʭ ʧʨʠ 

ʨʘʩʢʘʪʢʝ ʪʨʫʙ ʩ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʳʪʷʞʢʠ ʦʪ 1,52 ʜʦ 1,84. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʠʥʘ 

ʠʟʥʦʰʝʥʥʦʡ ʯʘʩʪʠ ʦʧʨʘʚʢʠ ʫʤʝʥʴʰʘʝʪʩʷ ʦʪ 90 ʤʤ ʜʦ 70 ʤʤ ʩ ʫʤʝʥʴʰʝʥʠʝʤ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʳʪʷʞʢʠ ʩ 1,84 ʧʦ 1,52.  

ʊʘʢʞʝ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʧʨʠ ʩʥʠʞʝʥʠʠ ʦʙʞʘʪʠʷ ʧʦ ʩʪʝʥʢʝ ʪʨʫʙʳ 

ʧʦʚʳʰʝʥʥʳʡ ʠʟʥʦʩ ʧʝʨʝʤʝʥʷʝʪʩʷ ʢ ʧʝʨʝʞʠʤʫ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ. ʋʤʝʥʴʰʝʥʠʝ 

ʢʦʥʪʘʢʪʥʦʡ ʧʣʦʱʘʜʠ ʦʧʨʘʚʢʠ ʩ ʟʘʛʦʪʦʚʢʦʡ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʩʦʢʨʘʱʝʥʠʷ 

ʚʨʝʤʝʥʠ ʢʦʥʪʘʢʪʘ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʘʚʢʠ ʩ ʛʦʨʷʯʝʤ ʤʝʪʘʣʣʦʤ, ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʩʥʠʞʝʥʠʝʤ ʪʝʨʤʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ, 

ʩʦʭʨʘʥʷʷ ʪʚʝʨʜʦʩʪʴ ʤʝʪʘʣʣʘ ʦʧʨʘʚʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. 

 

 

ʈʠʩʫʥʦʢ 2.8 - ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʠʟʥʦʩʘ ʦʧʨʘʚʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʚʳʪʷʞʢʠ ʧʦ ʜʣʠʥʝ 
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ʊʘʙʣʠʮʘ 2.4 ï  ɼʣʠʥʘ ʜʫʛʠ ʢʦʥʪʘʢʪʘ ʚ ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʷʭ 
 

ʉ
ʝ
ʯ
ʝ
ʥ
ʠ
ʝ

 

ʈʘʩʩʪʦʷʥʠʝ 

ʦʪ ʥʦʩʢʘ 

ʦʧʨʘʚʢʠ, 

ʤʤ 

ɼʣʠʥʘ 

ʜʫʛʠ 

ʢʦʥʪʘʢʪʘ 

ʩ 

ʦʧʨʘʚʢʦʡ, 

ʤʤ 

 

ʉ
ʝ
ʯ
ʝ
ʥ
ʠ
ʝ

 

ʈʘʩʩʪʦʷʥʠʝ 

ʦʪ ʥʦʩʢʘ 

ʦʧʨʘʚʢʠ, ʤʤ 

ɼʣʠʥʘ 

ʜʫʛʠ 

ʢʦʥʪʘʢʪʘ 

ʩ 

ʦʧʨʘʚʢʦʡ, 

ʤʤ 

ɺ
ʘ
ʨ
ʠ
ʘ
ʥ
ʪ
 
1

 

0 20 9.57 

ɺ
ʘ
ʨ
ʠ
ʘ
ʥ
ʪ
 
5

 

0 20 8.76 

1 30 13.27 1 30 12.96 

2 40 14.71 2 40 14.40 

3 50 13.98 3 50 13.67 

4 60 12.12 4 60 11.71 

5 70 9.25 5 70 8.44 

6 80 6.32 6 80 5.61 

ɺ
ʘ
ʨ
ʠ
ʘ
ʥ
ʪ
 
2

 

0 20 8.35 

ɺ
ʘ
ʨ
ʠ
ʘ
ʥ
ʪ
 
6

 

0 20 7.33 

1 30 12.40 1 30 10.90 

2 40 13.46 2 40 12.43 

3 50 12.84 3 50 10.99 

4 60 10.53 4 60 8.95 

5 70 7.83 5 70 6.52 

6 80 5.41 6 80 3.50 

ɺ
ʘ
ʨ
ʠ
ʘ
ʥ
ʪ
 
3

 

0 20 6.62 

ɺ
ʘ
ʨ
ʠ
ʘ
ʥ
ʪ
 
7

 

0 20 5.51 

1 30 10.08 1 30 8.95 

2 40 12.63 2 40 11.91 

3 50 13.25 3 50 13.05 

4 60 10.78 4 60 10.78 

5 70 7.83 5 70 7.02 

6 80 4.61 6 80 3.00 

ɺ
ʘ
ʨ
ʠ
ʘ
ʥ
ʪ
 
4

 

0 20 6.02 

ɺ
ʘ
ʨ
ʠ
ʘ
ʥ
ʪ
 
8

 

0 20 4.51 

1 30 9.26 1 30 7.53 

2 40 11.91 2 40 11.09 

3 50 12.32 3 50 10.68 

4 60 9.56 4 60 8.85 

5 70 6.52 5 70 6.01 

6 80 4.31 6 80 2.40 

 

ʇʦ ʤʝʨʝ ʫʤʝʥʴʰʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʳʪʷʞʢʠ ʚʨʝʤʷ ʢʦʥʪʘʢʪʘ ʦʧʨʘʚʢʠ ʩ 

ʨʘʩʢʘʪʳʚʘʝʤʦʡ ʛʠʣʴʟʦʡ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʦʢʨʘʱʘʝʪʩʷ, ʩʦʩʪʘʚʣʷʷ 3,5 

ʩ ʧʨʠ Õ = 1,84 ʠ 3ʩ ʧʨʠ Õ = 1,52 ʧʨʠ ʫʛʣʝ ʧʦʜʘʯʠ ‍ =14Á ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʦʚʘʣʠʟʘʮʠʠ ɕ = 1,08 ʠ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʛʣʫʙʠʥʘ ʠʟʥʦʩʘ. 

 



45 

2.3.3 ʋʛʦʣ ʧʦʜʘʯʠ  

 

ʇʦ ʤʠʤʦ ʦʙʞʘʪʠʷ ʛʠʣʴʟʳ ʧʨʠ ʧʨʦʢʘʪʢʝ, ʥʘ ʢʦʥʪʘʢʪʥʫʶ ʧʣʦʱʘʜʴ ʩ 

ʦʧʨʘʚʢʦʡ ʦʢʘʟʳʚʘʝʪ ʟʘʤʝʪʥʦʝ ʚʣʠʷʥʠʝ ʫʛʦʣ ʧʦʜʘʯʠ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 2.9 ʧʦʢʘʟʳʚʘʪʁ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʫʛʣʘ ʧʦʜʘʯʠ 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʜʣʠʥ rʢʦʥʪʘʢʪʘ ʦʧʨʘʚʢʠ ʩ ʟʘʛʦʪʦʚʢʦʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʛʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʣʦʱʘʜʴ ʢʦʥʪʘʢʪʘ ʩ ʟʘʛʦʪʦʚʢʦʡ ʠ ʚʦʟʨʘʩʪʘʝʪ ʦʩʝʚʦʝ ʫʩʠʣʠʝ 

ʤʝʪʘʣʣʘ ʥʘ ʦʧʨʘʚʢʫ. ʆʜʥʘʢʦ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʧʦʚʳʰʝʥʠʝ ʫʛʣʘ ʧʦʜʘʯʠ ʚʝʜʝʪ ʢ 

ʩʥʠʞʝʥʠʶ ʚʨʝʤʝʥʠ ʧʨʦʢʘʪʢʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʟʦʛʨʝʚʘ, ʠ ʚʦʟʤʦʞʥʳʭ ʚʦʟʥʠʢʘʶʱʠʭ ʪʝʨʤʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʘʚʢʠ ʧʨʠ ʧʨʦʢʘʪʢʝ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʝ ʨʘʟʦʛʨʝʚʘ 

ʦʧʨʘʚʢʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʝʯʝʥʠʷʭ, ʜʠʩʪʘʥʮʠʷ ʢʦʪʦʨʳʭ ʦʪ ʥʦʩʢʘ ʦʧʨʘʚʢʠ 

ʩʦʩʪʘʚʣʷʝʪ ʦʪ 40 ʤʤ ʜʦ 50 ʤʤ (ʨʠʩʫʥʦʢ 2.9). ʆʪʣʠʯʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʟʦʛʨʝʚʘ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʘʚʢʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 100 ʜʦ 150 ʛʨʘʜʫʩʦʚ. 

 

 

ʈʠʩʫʥʦʢ 2.9 - ʊʝʤʧʝʨʘʪʫʨʘ ʨʘʟʦʛʨʝʚʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʘʚʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʫʛʣʘ ʧʦʜʘʯʠ 
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ʅʘ ʨʠʩʫʥʢʝ 2.10 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʟʥʦʩʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʧʨʘʚʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ ʧʦʜʘʯʠ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ 

ʫʛʣʘ ʧʦʜʘʯʠ ʦʪ 10 ʜʦ 14 ʧʨʠ ʨʘʩʢʘʪʢʝ, ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʠʟʥʦʩ ʚ ʩʝʯʝʥʠʠ ʦʪ 

ʥʦʩʢʘ ʦʧʨʘʚʢʠ ʥʘ ʨʘʩʩʪʦʷʥʠʝ 40 ʤʤ ʥʘ 11%. ʆʜʥʘʢʦ, ʪʘʢʞʝ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʫʛʣʘ ʧʦʜʘʯʠ ʜʦ 14Áʠʟʥʦʩ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʳʤ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʫʛʣʦʤ 10Á. ʀʟʥʦʩ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʘʚʢʠ ʚ ʦʯʘʛʝ ʜʝʬʦʨʤʘʮʠʠ ʜʦ 

ʩʝʯʝʥʠʷ ʚʳʭʦʜʘ ʤʝʪʘʣʣʘ ʠʟ ʥʝʛʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

 

 

ʈʠʩʫʥʦʢ 2.10 - ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʠʟʥʦʩʘ ʦʧʨʘʚʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ ʧʦʜʘʯʠ 

ʧʦ ʜʣʠʥʝ 

 

2.3.4 ɺʣʠʷʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʚʘʣʠʟʘʮʠʠ 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʦʚʘʣʠʟʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʩʩʪʦʷʥʠʝʤ 

ʤʝʞʜʫ ʥʘʧʨʘʚʣʷʶʱʠʤʠ ʣʠʥʝʡʢʘʤʠ ʚ ʦʯʘʛʝ ʜʝʬʦʨʤʘʮʠʠ. ʋʤʝʥʴʰʝʥʠʝ 

ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʣʠʥʝʡʢʘʤʠ ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʝʣʠʯʠʥʳ ʚʦʟʤʦʞʥʦ ʣʦʢʘʣʴʥʦ 
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ʫʚʝʣʠʯʠʚʘʝʪ ʢʦʥʪʘʢʪʥʫʶ ʧʣʦʱʘʜʴ ʦʧʨʘʚʢʠ ʩ ʛʦʨʷʯʠʤ ʤʝʪʘʣʣʦʤ ʥʘ ʫʯʘʩʪʢʝ, ʛʜʝ 

ʛʦʨʷʯʠʡ ʤʝʪʘʣʣ ʥʘʯʠʥʘʝʪ ʧʨʠʢʘʩʘʪʴʩ ̫ʢ ʦʧʨʘʚʢʝ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʫʜʣʠʥʷʝʪʩʷ ʚʨʝʤʷ ʢʦʥʪʘʢʪʘ ʩ ʟʘʛʦʪʦʚʢʦʡ ʚ ʫʧʦʤʷʥʫʪʦʡ 

ʟʦʥʝ, ʠ ʧʦʚʳʰʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʟʦʛʨʝʚʘ ʧʦʚʝʨʭʥʦʩʪʠ (ʨʠʩʫʥʦʢ 2.11), ʯʪʦ 

ʚʳʟʳʚʘʝʪ ʧʦʚʳʰʝʥʥʳʡ ʠʟʥʦʩ ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ. ʊʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʝʚʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʫʢʘʟʘʥʥʦʡ ʟʦʥʝ ʧʦʚʳʰʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʥʘ 100 . ʆʜʥʘʢʦ, 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʛʨʝʚʘ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʘʚʢʠ ʧʨʠ 

ʩʙʣʠʞʝʥʠʠ ʣʠʥʝʝʢ ʚ ʧʝʨʝʞʠʤʝ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ, ʜʦ 50 . 

 

 

ʈʠʩʫʥʦʢ 2.11 - ʊʝʤʧʝʨʘʪʫʨʘ ʨʘʟʦʛʨʝʚʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʘʚʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʚʘʣʠʟʘʮʠʠ 

 

ɺʳʰʝʩʢʘʟʘʥʥʳʤ ʟʘʤʝʯʘʥʠʝʤ ʥʘʩʯʝʪ ʧʦʚʝʜʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʛʨʝʚʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʘʚʢʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʚʘʣʠʟʘʮʠʠ ʚʦʟʤʦʞʥʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚʝʣʠʯʠʥʫ ʠʟʥʦʩʘ (ʨʠʩʫʥʦʢ 2.12). 

ɺʠʜʥʦ, ʯʪʦ ʧʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʣʠʥʝʝʢ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʦʚʘʣʠʟʘʮʠʠ 

ɝ=1,08 ʚ ʩʝʯʝʥʠʠ ʦʪ ʥʦʩʢʘ ʦʧʨʘʚʢʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 40 ʤʤ ʥʘʙʣʶʜʘʝʪʩʷ 
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ʧʦʚʳʰʝʥʥʳʡ ʠʟʥʦʩ, ʜʦ 0,02 ʤʤ ʧʦ ʛʣʫʙʠʥʝ, ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʨʘʩʢʘʪʢʦʡ ʚ ʪʨʫʙʳ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʦʚʘʣʠʟʘʮʠʠ ɝ=1,15.  

 

 

ʈʠʩʫʥʦʢ 2.12 - ɻʣʫʙʠʥʘ ʠʟʥʦʩʘ ʦʧʨʘʚʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʦʚʘʣʠʟʘʮʠʠ  

 

2.3.5 ɺʟʘʠʤʦʩʚʷʟʠ ʬʘʢʪʦʨʦʚ ʩ ʠʟʥʦʩʦʤ ʦʧʨʘʚʢʠ 

 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʛʣʫʙʠʥʳ ʠʟʥʦʩʘ ʦʧʨʘʚʢʠ, ʢʦʪʦʨʳʝ 

ʥʘʙʣʶʜʘʶʪʩʷ ʥʘ ʫʯʘʩʪʢʝ ʧʝʨʝʭʦʜʘ ʦʪ ʢʦʥʠʯʝʩʢʦʡ ʢ ʝʸ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʯʘʩʪʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʝʣʠʯʠʥʘʤ, ʧʦʣʫʯʝʥʥrʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʘʚʢʠ ʚ ʩʝʯʝʥʠʠ, 

ʫʜʘʣʝʥʥʦʤ ʦʪ ʥʦʩʢʘ ʦʧʨʘʚʢʠ ʥʘ ʨʘʩʩʪʦʷʥʠʝ 40 ʤʤ. ʅʠʞʝ (ʨʠʩʫʥʦʢ 2.13) 

ʧʨʝʜʩʪʘʚʣʝʥ ʢʫʙʠʯʝʩʢʠʡ ʛʨʘʬʠʢ, ʦʪʨʘʞʘʶʱʠʡ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʠʟʥʦʩʘ 

ʦʧʨʘʚʢʠ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʝʯʝʥʠʠ ʚʦ ʚʩʝʭ ʧʨʦʚʝʜʝʥʥʳʭ ʚʘʨʠʘʥʪʘʭ.  
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ʈʠʩʫʥʦʢ 2.13 - ʂʫʙʠʯʝʩʢʠʡ ʛʨʘʬʠʢ ʚʝʣʠʯʠʥ ʠʟʥʦʩʘ, ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʚ ʩʝʯʝʥʠʠ 

ʧʝʨʝʭʦʜʘ ʢ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʯʘʩʪʠ  

 

ɼʣʷ ʫʩʪʘʥʦʚʢʠ ʚʟʘʠʤʦʩʚʷʟʠ ʦʩʥʦʚʥʳʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩ 

ʠʟʥʦʩʦʤ ʦʧʨʘʚʢʠ, ʢʦʪʦʨʦʤʫ ʧʦʜʚʝʨʛʘʣʠʩʴ ʚʦ ʚʨʝʤʷ ʧʨʦʢʘʪʢʠ ʚ ʪʨʫʙʳ, 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʛʨʘʤʤʫ Minitab 18. ʋʩʪʘʥʦʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʦʮʝʥʠʚʘʪʴ ʛʣʫʙʠʥʫ ʠʟʥʦʩʘ (H) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʘʚʢʠ ʥʘ ʫʯʘʩʪʢʝ ʧʝʨʝʭʦʜʘ ʦʪ 

ʢʦʥʠʯʝʩʢʦʡ ʢ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʯʘʩʪʠ ʦʧʨʘʚʢʠ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 

h = 2,276ï12,753 ἼὫɼ- 0,61ĀÕ - 1,93Āɝ + 4,574Ā ÔÇɼĀÕ + 11,015ĀÔÇɼϽɝ + 0,517ĀÕĀ— 

- 3,952Ā ἼÇɼĀÕĀɝ.           (2.1) 

  

ɼʘʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʤʘʢʩʠʤʘʣʴʥʳʝ ʚʝʣʠʯʠʥʳ 

ʠʟʥʦʩʘ ʦʧʨʘʚʢʠ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʝʯʝʥʠʠ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦ 

ʚʳʙʨʘʪʴ ʨʘʮʠʦʥʘʣʴʥʳʝ ʨʝʞʠʤʳ ʧʨʦʢʘʪʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ 

ʠ ʨʘʙʦʯʠʡ ʨʝʩʫʨʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. 
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ʈʠʩʫʥʦʢ 2.14 - ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʦʚ ʥʘ ʠʟʥʦʩ 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʠ ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʥʦʡ 

ʚʟʘʠʤʦʩʚʷʟʠ ʠʟʥʦʩʘ ʩ ʬʘʢʪʦʨʘʤʠ ʚ ʚʳʙʨʘʥʥʦʤ ʩʝʯʝʥʠʠ ʧʦʩʪʨʦʠʣʠ ʛʨʘʬʠʢʠ, 

ʦʪʨʘʞʘʶʱʠʝ ʵʬʬʝʢʪ ʚʣʠʷʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʚʝʣʠʯʠʥʫ 

ʧʨʦʛʥʦʟʘ ʠʟʥʦʩʘ. 

ʇʦ ʛʨʘʬʠʢʫ, ʠʟʦʙʨʘʞʝʥʥʦʤʫ ʥʘ ʨʠʩʫʥʢʝ 2.14 ʚʠʜʥʦ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ 

ʚʳʪʷʞʢʠ ʠʤʝʝʪ ʚʣʠʷʥʠʝ ʦʙʨʘʪʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʥʘ ʠʟʥʦʩ ʚ ʜʘʥʥʦʤ ʩʝʯʝʥʠʠ ʧʦ 

ʩʨʘʚʥʝʥʠʠ ʩ ʜʚʫʤʷ ʦʩʪʘʣʴʥʳʤʠ ʬʘʢʪʦʨʘʤʠ. ʀʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʦʧʨʘʚʢʠ 

ʩʥʠʞʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʳʪʷʞʢʠ ʧʦ ʩʪʝʥʢʝ ʪʨʫʙʳ ʦʪ 1,52 ʜʦ 

1,84. 

ʀʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʦʧʨʘʚʢʠ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʠʟʤʝʥʷʝʪʩʷ ʩ 

ʠʟʤʝʥʝʥʠʝʤ ʫʛʣʘ ʧʦʜʘʯʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʚʘʣʠʟʘʮʠʠ ʚ ʧʨʝʜʝʣʘʭ ʟʘʜʘʥʥʳʭ 

ʟʥʘʯʝʥʠʡ ʵʪʠʭ ʬʘʢʪʦʨʦʚ.   
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ʈʠʩʫʥʦʢ 2.15 - ʉʦʚʤʝʩʪʥʦʝ ʚʣʠʷʥʠʝ ʬʘʢʪʦʨʦʚ ʧʨʦʮʝʩʩʘ ʨʘʩʢʘʪʢʠ ʥʘ ʠʟʥʦʩ 

ʦʧʨʘʚʢʠ 

 

ʅʘ ʨʠʩʫʥʢʝ 2.15 ʧʦʢʘʟʘʥ ʛʨʘʬʠʢ, ʦʪʨʘʞʘʶʱʠʡ ʜʚʦʡʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ 

ʬʘʢʪʦʨʦʚ ʥʘ ʚʝʣʠʯʠʥʫ ʠʟʥʦʩʘ ʚ ʚʳʰʝʩʢʘʟʘʥʥʦʤ ʩʝʯʝʥʠʠ. ʄʠʥʠʤʘʣʴʥʳʡ ʠʟʥʦʩ, 

ʢʦʪʦʨʦʤʫ ʧʦʜʚʝʨʛʘʣʘʩʴ ʦʧʨʘʚʢʘ ʚ ʩʝʯʝʥʠʠ ʧʝʨʝʭʦʜʘ ʢ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʯʘʩʪʠ 

ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʨʠ ʨʘʩʢʘʪʢʝ ʩ ʫʛʣʦʤ ʧʦʜʘʯʠ ‍ = 14, ʢʦʵʬʬʠʮʠʝʥʪʝ 

ʚʳʪʷʞʢʠ Õ = 1,52 ʠ ʢʦʵʬʬʠʮʠʝʥʪʝ ʦʚʘʣʠʟʘʮʠʠ ʨʘʚʥʦʤ 1,16. 

 

2.3.6 ʊʝʤʧʝʨʘʪʫʨʳ ʥʘʛʨʝʚʘ ʦʧʨʘʚʢʠ ʧʨʠ ʨʘʩʢʘʪʢʝ 

 

ɺ ʪʘʙʣʠʮʝ 2.5 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʚʨʝʤʝʥʠ, ʠ ʜʣʠʥ rʬʠʟʠʯʝʩʢʦʛʦ 

ʢʦʥʪʘʢʪʘ ʦʧʨʘʚʢʠ ʩ ʧʨʦʢʘʪʳʚʘʝʤʤr ʤʝʪʘʣʣʦʤ, ʘ ʪʘʢʞʝ ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʟʦʛʨʝʚʘ 
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ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʘʚʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʨʘʟʥʳʭ ʚʘʨʠʘʥʪʦʚ ʨʘʩʢʘʪʢʠ ʪʨʫʙ. 

ʅʘʙʣʶʜʝʥʠ ̫ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠʯʠʥʦʡ ʠʥʪʝʥʩʠʚʥʦʛʦ ʠʟʥʦʩʘ ʦʧʨʘʚʢʠ 

ʷʚʣʷʝʪʩʷ ʩʭʚʘʪʳʚʘʥʠʝ ʠ ʚʳʥʦʩ ʤʝʪʘʣʣʘ ʩ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʘʚʢʠ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʥʠʞʘʝʪ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʦʧʨʘʚʢʠ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʘʜʛʝʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʤʝʞʜʫ ʤʘʪʝʨʠʘʣʦʤ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʟʘʛʦʪʦʚʢʠ, ʩʥʠʞʘʝʪ ʪʚʝʨʜʦʩʪʴ ʤʝʪʘʣʣʘ. ʈʦʩʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʞʝʪ ʧʨʦʚʝʩʪʠ ʢ ʠʥʪʝʥʩʠʚʥʦʤʫ ʠʟʥʘʰʠʚʘʥʠʶ ʟʘ 

ʩʯʸʪ ʮʠʢʣʠʯʝʩʢʠʭ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠ ʚʳʩʦʢʠʤ ʢʦʥʪʘʢʪʥʳʤ 

ʜʘʚʣʝʥʠʝʤ. 

ʊʘʙʣʠʮʘ 2.5 ï   ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 ̄
ɺʨʝʤʷ ʢʦʥʪʘʢʪʘ (t), 

ʩ 
ʊʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʝʚʘ ʊ,  ɼʣʠʥʘ ʢʦʥʪʘʢʪʘ l, ʤʤ 

1 3.7 660.0 14.71 

2 4.90 680.00 13.46 

3 3.25 540.00 12.63 

4 4.00 550.00 11.91 

5 3.73 650.00 14.40 

6 4.60 652.00 12.43 

7 2.80 580.00 11.91 

8 3.70 630.00 11.30 

 

ʉ ʮʝʣʴʶ ʦʮʝʥʢʠ ʚʣʠʷʥʠʝ ʫʨʦʚʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʦʧʨʘʚʢʠ ʥʘ 

ʧʨʦʮʝʩʩ ʠʟʥʘʰʠʚʘʥʠʷ ʧʨʠ ʨʘʩʢʘʪʢʝ ʧʦʩʪʨʦʝʥʦ ʫʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ ʤʝʪʦʜʦʤ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ. ʃʠʥʝʡʥʦʝ ʫʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ, ʦʪʨʘʞʘʶʱʝʝ 

ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʠʟʥʦʩʘ ʦʧʨʘʚʦʢ ʚ ʩʝʯʝʥʠʠ ʧʝʨʝʭʦʜʘ ʢ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʯʘʩʪʠ ʦʧʨʘʚʢʠ, ʠʤʝʝʪ ʚʠʜ: 

 

Ὤ 
Ȣ   Ȣ Ͻ˟

     (2.2) 

  

ɼʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʦʧʠʩʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʧʨʝʜʩʢʘʟʫʝʤʳʭ ʟʥʘʯʝʥʠʡ 

ʠʟʥʦʩʘ ʦʧʨʘʚʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʝʯʝʥʠʠ ʧʝʨʝʭʦʜʘ ʦʪ 
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ʢʦʥʠʯʝʩʢʦʡ ʯʘʩʪʠ ʦʧʨʘʚʢʠ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ, ʚ ʢʦʪʦʨʦʤ ʤʝʪʘʣʣ ʟʘʛʦʪʦʚʢʠ 

ʥʘʯʠʥʘʝʪ ʢʦʥʪʘʢʪʠʨʦʚʘʪʴ ʩ ʦʧʨʘʚʢʦʡ. 

ʂʨʦʤʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʦʧʨʘʚʦʢ ʠ ʠʩʭʦʜʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ 

ʨʘʩʢʘʪʢʠ, ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʝʚʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʘʚʢʠ ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʚʠʩʠʪ 

ʦʪ ʚʨʝʤʝʥʠ t ʢʦʥʪʘʢʪʘ ʩ ʤʝʪʘʣʣʦʤ ʠ ʜʣʠʥʳ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ l. ɼʣʷ ʵʪʦʛʦ 

ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʚʳʰʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʝʯʝʥʠʠ 

ʪʘʢʞʝ ʧʦʣʫʯʝʥʦ ʫʨʘʚʥʝʥʠʝ, ʦʧʠʩʳʚʘʶʱʝʝ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʤʝʪʘʣʣʘ ʦʪ ʦʙʱʝʛʦ ʚʨʝʤʝʥʠ ʠ ʜʣʠʥʳ ʬʠʟʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʩ 

ʧʨʦʢʘʪʳʚʘʝʤʦʤ ʤʝʪʘʣʣʦʤ. 

ɺʟʘʠʤʦʩʚʷʟʴ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʠʤʝʝʪ ʚʠʜ: 

 

  ˟  ρρωȢπυ σσȢυωϽὸ ςτȢτχϽὰ   (2.3) 

 

ʆʪʩʶʜʘ ʚʠʜʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʜʣʠʥʳ ʢʦʥʪʘʢʪʘ ʠ ʚʨʝʤʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ 

ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʘʚʢʠ ʩ ʟʘʛʦʪʦʚʢʦʡ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝʤ 

ʫʨʦʚʥʷ ʥʘʛʨʝʚʘ ʤʝʪʘʣʣʘ ʦʧʨʘʚʢʠ. ʉʦʢʨʘʱʝʥʠʝ ʤʘʰʠʥʥʦʛʦ ʚʨʝʤʝʥʠ ʧʨʦʢʘʪʢʠ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ ʨʘʟʦʛʨʝʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʘʚʢʠ, 

ʠ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʰʘʪʴ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʦʧʨʘʚʦʢ. 

 

 2.4 ʉʢʦʣʴʞʝʥʠʝ ʤʝʪʘʣʣʘ ʥʘ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʘʚʢʠ 

 

ʉʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ (1), ʥʝʤʘʣʳʤ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʠʟʥʦʩ, 

ʷʚʣʷʝʪʩʷ ʩʢʦʣʴʞʝʥʠʝ ʤʝʪʘʣʣʘ ʟʘʛʦʪʦʚʢʠ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʘʚʢʠ.   

ʇʨʠ ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʝ ʩʢʦʣʴʞʝʥʠʝ ʤʝʪʘʣʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʧʨʘʚʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪʥʦʰʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʦʧʨʘʚʢʠ ʢ ʩʢʦʨʦʩʪʠ ʤʝʪʘʣʣʘ ʥʘ 

ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʛʠʣʴʟʳ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ ʩ ʫʯʸʪʦʤ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʘʣʢʦʚ ʢ ʦʩʠ 

ʧʨʦʢʘʪʢʠ ʧʦʜ ʫʛʣʦʤ ʧʦʜʘʯʠ, ʟʘʛʦʪʦʚʢʝ ʩʦʦʙʱʘʝʪʩʷ ʚʨʘʱʘʪʝʣʴʥʦ-

ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʚ ʦʯʘʛʝ ʜʝʬʦʨʤʘʮʠʠ, ʨʘʟʜʝʣʷʶʱʝʝʩʷ ʥʘ 

ʪʘʥʛʝʥʮʠʘʣʴʥʦʝ ʠ ʦʩʝʚʦʝ. 
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ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʟʘʛʦʪʦʚʢʠ ʚ ʦʩʝʚʦʤ ʥʘʧʨʘʚʣʝʥʠʠ  

 

ὠ̈̏
Ͻ Ͻ̃̃ϽÓÉÎ‍      (2.4) 

 

ʛʜʝ ;ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʘʣʢʦʚ, ʤʠʥ-1 - ̃‫ 

 Ὀ̃- ʜʠʘʤʝʪʨ ʚʘʣʢʦʚ ʚ i-ʩʝʯʝʥʠʠ: 

‍ ï ʫʛʦʣ ʧʦʜʘʯʠ ʚʘʣʢʦʚ. 

ʉʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʟʘʛʦʪʦʚʢʠ ʚ ʪʘʥʛʝʥʮʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ  

 

ὠ̈
Ͻ Ͻ̃̃ϽÃÏÓ‍      (2.5) 

 

ʆʢʨʫʞʥʘʷ ʩʢʦʨʦʩʪʴ ʦʧʨʘʚʢʠ ʨʘʚʥʘ  

 

Ὗ̓
Ͻ̏̏       (2.6) 

 

ʛʜʝ ;ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʦʧʨʘʚʢʠ - ̏‫ 

 Ὀ̏ - ʜʠʘʤʝʪʨ ʦʧʨʘʚʢʠ ʚ i-ʩʝʯʝʥʠʠ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʦʩʝʚʦʡ ʩʢʦʨʦʩʪʠ ʥʘ ʦʧʨʘʚʢʝ ʧʦ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʛʠʣʴʟʳ -ʪʨʫʙʳ ʨʘʚʝʥ 

–̏  ̏
̈
 ̏       (2.7) 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʥʘ ʦʧʨʘʚʢʝ ʧʦ ʚʥʫʪʨʝʥʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʛʠʣʴʟʳ -ʪʨʫʙʳ ʨʘʚʝʥ 

 

–̓  ̓
̈
 ,       (2.8) 

 

ʛʜʝ –̏ ï ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʝʚʦʡ ʩʢʦʨʦʩʪʠ ʤʝʪʘʣʣʘ ʥʘ ʦʧʨʘʚʢʝ; 

–̓ - ʢʦʵʬʬʠʮʠʝʥʪ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʤʝʪʘʣʣʘ ʥʘ ʦʧʨʘʚʢʝ; 
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Ὗ̏ ï ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʦʧʨʘʚʢʠ ʧʦ ʦʩʠ ʧʨʦʢʘʪʢʠ, ʤʤ/ʩ.  

ʅʘ ʨʠʩʫʥʢʝ 2.16 ʧʦʢʘʟʘʥ rʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʨʘʩʢʘʪʢʠ 

ʥʘ ʢʦʨʦʪʢʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʧʨʘʚʢʝ. ʂʘʢ ʚʠʜʥʦ, ʩʢʦʨʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʪʦʯʢʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʛʦʪʦʚʢʠ ʠ ʥʘ ʦʧʨʘʚʢʝ ʤʦʞʥʦ 

ʦʧʠʩʘʪʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

 

ὠᴆ̈  ὠᴆ̈  ὠᴆ̈̏,      (2.9) 

ὠᴆ̈  ὠᴆ̏  ὠᴆ̒̋,     (2.10) 

ὠᴆ̒̋ ὠᴆ̈ ὠᴆ̏̐ ̑  ὠᴆ̈̏ ὠᴆ̏̐ ̑
̏ ȟ   (2.11) 

    ὠ̒̋ ὠ̈ ὠ̏̐̑ ὠ̈̏ ὠ̏̐̑
̏   .  (2.12) 

 

ʄʝʪʘʣʣ ʩʢʦʣʴʟʠʪ ʧʦ ʦʧʨʘʚʢʝ ʢʘʢ ʚ ʦʩʝʚʦʤ, ʪʘʢ ʠ ʚ ʪʘʥʛʝʥʮʠʘʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʷʭ, ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ ʚ ʢʘʞʜʦʡ 

ʪʦʯʢʝ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʞʥʦ ʦʧʨʝʜʝʣʷʪʴ ʦʪʥʦʰʝʥʠʝʤ ʩʢʦʨʦʩʪʠ 

ʤʝʪʘʣʣʘ ʠ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʪʘʥʛʝʥʮʠʘʣʴʥʦʤ ʠʣʠ ʦʩʝʚʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ.  

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ 

ʧʝʨʝʤʝʱʘʝʤʦʡ ʦʧʨʘʚʢʠ ʚʝʜʝʪ ʢ ʠʟʤʝʥʝʥʠʶ ʦʩʝʚʦʡ ʩʢʦʨʦʩʪʠ ʧʨʦʢʘʪʢʠ. ɺʠʜʥʦ, 

ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʦʧʨʘʚʢʠ ʧʨʦʪʠʚ 

ʭʦʜʘ ʧʨʦʢʘʪʢʠ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʩʢʦʣʴʞʝʥʠ ̫ʧʨʦʢʘʪʳʚʘʝʤʦʛʦ ʤʝʪʘʣʣʘ ʧʦ 

ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʘʚʢʠ. 

ɺ ʧʦʣʥʦʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʟʤʝʨʘʤʠ ʨʘʙʦʯʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩʪʘʥʘ 

ʄʀʉʠʉ-130ɼ ʠ ʧʘʨʘʤʝʪʨʘʤʠ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ ʚ ʧʨʝʜʳʜʫʱʠʭ ʧʨʦʚʝʜʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʟʘʧʫʩʢʘʣʦʩʴ ʚ Qform ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʨʘʩʢʘʪʢʠ ʥʘ 

ʢʦʨʦʪʢʦʡ ʢʦʥʪʨʦʣʠʨʫʝʤʦ-ʧʝʨʝʤʝʱʘʝʤʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʧʨʘʚʢʝ, 

ʫʜʝʨʞʠʚʘʝʤʦʡ ʩʪʝʨʞʥʝʤ, ʨʘʙʦʪʘʶʱʠʤ ʥʘ ʩʞʘʪʠʝ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʙʳʣʠ 

ʚʳʙʨʘʥʳ ʜʚʝ ʚʝʣʠʯʠʥʳ ʩʢʦʨʦʩʪʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʧʝʨʝʤʝʱʘʝʤʦʡ ʦʧʨʘʚʢʠ 

ʧʨʦʪʠʚ ʭʦʜʘ ʧʨʦʢʘʪʢʠ 4 ʤʤ/ʩ ʠ 8 ʤʤ/ʩ. ɼʘʣʝʝ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʚʳʰʝ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʘʭ ʚ ʢʘʯʝʩʪʚʝ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʨʝʞʠʤʘ ʧʨʦʢʘʪʢʠ, 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʘʨʘʤʝʪʨ r ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ ʩ ʫʛʣʦʤ ʧʦʜʘʯʠ ‍ = 14°, 
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ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʚʳʪʷʞʢʠ Õ = 1,54 ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʦʚʘʣʠʟʘʮʠʠ ɝ = 1,16. ɼʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʟʘʥʝʩʝʥʳ ʚ ʪʘʙʣʠʮʫ 2.6 

ʊʘʙʣʠʮʘ 2.6 ï ʇʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʨʘʩʢʘʪʢʠ ʥʘ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦ-ʧʝʨʝʤʝʱʘʝʤʦʡ ʦʧʨʘʚʢʝ 

ʉʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ 

ʦʧʨʘʚʢʠ, ʤʤ/ʩ 

ʂʦʥʪʘʢʪʥʦʝ ʚʨʝʤʷ 

ʦʧʨʘʚʢʠ ʩ 

ʧʨʦʢʘʪʳʚʘʝʤʦʡ 

ʟʘʛʦʪʦʚʢʦʡ, ʩ 

ɼʣʠʥʘ ʧʦʜʚʝʨʛʥʫʪʦʛʦ 

ʫʯʘʩʪʢʘ ʠʟʥʦʩʫ, ʤʤ 

0 3.9 70 

4 3.8 80 

8 3.6 90 

 

 

ʈʠʩʫʥʦʢ 2.16 - ʂʠʥʝʤʘʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʨʘʩʢʘʪʢʠ  

 

ʇʨʠ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ ʛʠʣʴʟʘ ʥʘ ʚʩʝʡ ʜʣʠʥʝ ʦʧʨʘʚʢʠ ʠʤʝʝʪ 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʫʶ ʫʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʢʦʣʴʞʝʥʠʝ 

ʤʝʪʘʣʣʘ ʚ ʪʘʥʛʝʥʮʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʥʘ ʦʧʨʘʚʢʝ ʥʝ ʤʝʥʷʝʪʩʷ 

ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʦʧʨʘʚʢʠ ʚʜʦʣʴ ʦʩʠ ʧʨʦʢʘʪʢʠ. 

ʉ ʠʟʤʝʥʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʦʧʨʘʚʢʠ ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʘ ʨʘʩʢʘʪʢʠ, ʥʝ ʠʟʤʝʥʷʷ ʥʘʩʪʨʦʡʢʫ ʧʘʨʘʤʝʪʨʦʚ ʦʯʘʛʘ 

ʜʝʬʦʨʤʘʮʠʠ ʥʘʙʣʶʜʘʣʦʩ ɹ ʤʝʥʴʰʝʝ ʦʪʢʣʦʥʝʥʠʝ ʩʢʦʣʴʞʝʥʠʷ ʤʝʪʘʣʣʘ ʦʪ 

ʦʩʝʚʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. ɺ ʪʘʙʣʠʮʫ 2.6 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʟʘʬʠʢʩʠʨʦʚʘʥʥʦʛʦ 
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ʢʦʥʪʘʢʪʥʦʛʦ ʚʨʝʤʝʥʠ ʦʧʨʘʚʢʠ ʩ ʧʨʦʢʘʪʳʚʘʝʤʳʤ ʤʝʪʘʣʣʦʤ ʠ ʜʣʠʥʳ 

ʧʦʜʚʝʨʛʥʫʪʦʛʦ ʫʯʘʩʪʢʘ ʠʟʥʦʩʫ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʘ ʨʘʩʢʘʪʢʠ ʪʨʫʙ ʧʨʠ 

ʦʜʠʥʘʢʦʚʦʡ ʥʘʩʪʨʦʡʢʝ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ. ʄʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʦʧʨʘʚʢʠ ʧʨʦʪʠʚ ʭʦʜʘ ʧʨʦʢʘʪʢʠ ʚʨʝʤʷ ʢʦʥʪʘʢʪʘ ʦʧʨʘʚʢʠ 

ʩ ʜʝʬʦʨʤʠʨʫʝʤʳʤ ʤʘʪʝʨʠʘʣʦʤ ʩʦʢʨʘʪʠʪʩʷ ʚ ʩʚʷʟʠ ʩ ʨʦʩʪʦʤ ʩʢʦʣʴʞʝʥʠʷ 

ʤʝʪʘʣʣʘ ʚ ʦʩʝʚʦʤ ʥʘʧʨʘʚʣʝʥʠʠ.  

ʅʘʧʨʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ ʧʨʦʢʘʪʳʚʘʝʤʦʛʦ 

ʤʝʪʘʣʣʘ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʩʠʣ ʪʨʝʥʠʷ ʥʘ ʦʧʨʘʚʢʝ ʧʨʠ 

ʧʨʦʢʘʪʢʝ. ʅʝʟʥʘʯʠʪʝʣʴʥʦʝ ʠ ʨʘʚʥʦʤʝʨʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʩʠʣ ʪʨʝʥʠʷ ʦʪ ʦʩʝʚʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʦʩʝʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ 

ʤʝʪʘʣʣʘ ʥʘ ʢʦʥʪʘʢʪʝ ʦʧʨʘʚʢʠ ʩ ʛʠʣʴʟʦʡ ʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʦʩʝʚʦʛʦ ʫʩʠʣʠʷ ʧʨʠ 

ʵʪʦʤ ʩʠʣʳ ʪʨʝʥʠʷ ʩʪʨʝʤʪ̫ʩʷ ʩʢʨʫʪʠʪʴ ʦʧʨʘʚʢʫ ʚ ʪʘʥʛʝʥʮʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʨʘʩʭʦʜʫʝʤʫʶ ʵʥʝʨʛʠʶ ʥʘ ʩʘʤʦʡ ʦʧʨʘʚʢʝ, ʥʘ ʨʘʟʦʛʨʝʚ ʠ 

ʠʩʪʠʨʘʥʠʝ. 

 

 

ʈʠʩʫʥʦʢ 2.17 - ʂʦʥʪʘʢʪʥʦʝ ʚʨʝʤʷ ʦʧʨʘʚʢʠ  ʩ ʤʝʪʘʣʣʦʤ ʠ ʜʣʠʥʘ ʠʟʥʦʰʝʥʥʦʡ 

ʯʘʩʪʠ ʦʧʨʘʚʢʠ 

 

ɺʟʘʠʤʦʩʚʷʟʴ ʢʦʥʪʘʢʪʥʦʛʦ ʚʨʝʤʝʥʠ ʦʧʨʘʚʢʠ ʩ ʟʘʛʦʪʦʚʢʦʡ ʠ ʜʣʠʥ rʫʯʘʩʪʢʘ 

ʠʟʥʦʩʘ ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʜʚʠʞʝʥʠʷ ʦʧʨʘʚʢʠ ʚʜʦʣʴ ʦʩʠ ʧʨʦʢʘʪʢʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 2.17 ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ 

ʧʝʨʝʤʝʱʝʥʠʷ ʦʧʨʘʚʢʠ ʧʨʦʪʠʚ ʭʦʜʘ ʧʨʦʢʘʪʢʠ ʚʝʜʝʪ ʢ ʫʜʣʠʥʝʥʠʶ ʫʯʘʩʪʢʘ, 

ʧʦʜʚʝʨʛʥʫʪʦʛʦ ʠʟʥʦʩʫ. ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʫʜʝʨʞʠʚʘʝʤʦʡ ʩʚʦʙʦʜʥʦ 
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ʚʨʘʱʘʶʱʝʡʩʷ ʦʧʨʘʚʢʠ ʜʣʠʥʘ ʠʟʥʦʰʝʥʥʦʛʦ ʫʯʘʩʪʢʘ ʩʦʩʪʘʚʠʣʘ 70 ʤʤ, ʘ ʧʨʠ 

ʨʘʩʢʘʪʢʝ ʪʨʫʙ ʥʘ ʢʦʨʦʪʢʦʡ ʢʦʥʪʨʦʣʠʨʫʝʤʦ- ʧʝʨʝʤʝʱʘʝʤʦʡ ʦʧʨʘʚʢʝ ʩʦ 

ʩʢʦʨʦʩʪʷʤʠ 4 ʤʤ/ʩ ʠ 8 ʤʤ/ʩ ʧʨʦʪʠʚ ʭʦʜʘ ʧʨʦʢʘʪʢʠ ʜʣʠʥʳ ʠʟʥʦʰʝʥʥʦʛʦ ʫʯʘʩʪʢʘ 

ʥʘ ʥʝʡ ʩʦʩʪʘʚʣʷʣʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 80 ʠ 90 ʤʤ. 

ʉʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʬʠʟʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʦʧʨʘʚʢʠ ʩ ʧʨʦʢʘʪʳʚʘʝʤʳʤ 

ʤʝʪʘʣʣʦʤ ʠ ʪʘʢʞʝ ʫʜʣʠʥʝʥʠʝ ʧʦʚʝʨʛʘʝʤʦʡ ʟʦʥʳ ʠʟʥʦʩʫ ʧʨʠ ʨʘʩʢʘʪʢʝ ʥʘ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦ-ʧʝʨʝʤʝʱʘʝʤʦʡ ʦʧʨʘʚʢʠ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʮʠʢʣ ʚʦʟʜʝʡʩʪʚʠʷ 

ʥʘ ʦʧʨʘʚʢʫ ʚ ʦʜʥʦʡ ʦʧʨʝʜʝʣʝʥʥʦʡ ʣʶʙʦʡ ʪʦʯʢʝ ʢʦʥʪʘʢʪʘ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ 

ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʝʛʦ ʧʠʢʦʚʦʛʦ ʠʟʥʦʩʘ ʚ ʦʯʘʛʝ ʜʝʬʦʨʤʘʮʠʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʫʜʝʨʞʠʚʘʝʤʦʡ ʦʧʨʘʚʢʦʡ (ʨʠʩʫʥʦʢ 2.18). 

 

 

ʈʠʩʫʥʦʢ 2.18 - ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʠʟʥʦʩʘ ʦʧʨʘʚʢʠ ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʢʦʨʦʩʪʠ 

ʧʝʨʝʤʝʱʝʥʠʷ 

 

ʇʨʠ ʵʪʦʤ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʟʥʦʩʘ ʧʦ ʜʣʠʥʝ ʦʧʨʘʚʢʠ 

ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʳʤ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʚʠʞʝʥʠʷ 

ʦʧʨʘʚʢʠ ʚʜʦʣʴ ʦʩʠ ʧʨʦʢʘʪʢʠ. ʇʠʢʦʚʳʝ ʟʥʘʯʝʥʠʷ ʧʨʝʜʩʢʘʟʘʥʥʦʛʦ ʠʟʥʦʩʘ ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʘ ʨʘʩʢʘʪʢʠ ʪʨʫʙ ʥʘ ʫʜʝʨʞʠʚʘʝʤʦʡ ʩʚʦʙʦʜʥʦ 

ʚʨʘʱʘʶʱʝʡʩʷ ʦʧʨʘʚʢʝ ʜʦʩʪʠʛʘʶʪʩʷ ʜʦ 0,015 ʤʤ ʟʘ ʦʜʥʫ ʧʨʦʢʘʪʘʥʥʫʶ ʪʨʫʙʫ 

ʟʘʜʘʥʥʳʭ ʨʘʟʤʝʨʦʚ.  

ʕʪʠ ʟʥʘʯʝʥʠʷ ʛʣʫʙʠʥʳ ʠʟʥʦʩʘ ʫʤʝʥʴʰʘʪʁʩʷ ʜʦ 0,0125 ʤʤ ʠ 0,011 ʤʤ ʟʘ 

ʦʜʠʥ ʧʨʦʭʦʜ ʥʘ ʦʧʨʘʚʢʝ, ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʧʝʨʝʤʝʱʘʝʤʦʡ ʩʦ ʩʢʦʨʦʩʪʴʶ 
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ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 4 ʤʤ/ʩ ʠ 8 ʤʤ/ʩ ʧʨʦʪʠʚ ʭʦʜʘ ʧʨʦʢʘʪʢʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʚʠʞʝʥʠʷ ʦʧʨʘʚʢʠ ʚʝʣʠʯʠʥʳ ʧʨʝʜʩʢʘʟʘʥʥʦʛʦ 

ʠʟʥʦʩʘ ʫʚʝʣʠʯʠʚʘʪʁʩʷ ʚ ʟʦʥʘʭ ʟʘ ʫʯʘʩʪʢʦʤ ʚʳʭʦʜʘ ʤʝʪʘʣʣʘ ʠʟ 

ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ ʚ ʚʘʣʢʘʭ. 

ʀ ʪʘʢ, ʧʝʨʝʤʝʱʝʥʠʝ ʦʧʨʘʚʢʠ ʚʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʢʘʪʢʠ ʛʠʣʴʟ ʚ 

ʪʨʫʙ r ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʘʪʴ ʚʨʝʤʷ ʬʠʟʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʩ ʛʦʨʷʯʠʤ 

ʧʨʦʢʘʪʳʚʘʝʤʳʤ ʤʝʪʘʣʣʦʤ, ʠ ʮʠʢʣ ʚʦʟʜʝʡʩʪʚʠ ̫ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʧʨʘʚʢʠ ʟʘ ʩʯʝʪ 

ʨʘʩʰʠʨʝʥʠʷ ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʢʦʥʪʘʢʪʘ ʧʦ ʜʣʠʥʝ. ʋʚʝʣʠʯʝʥʠʝ ʭʦʜʘ 

ʧʝʨʝʤʝʝɦʥʠʷ  ʦʧʨʘʚʢʠ ʧʨʦʪʠʚ ʭʦʜʘ ʧʨʦʢʘʪʢʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʦʤʫ ʪʝʯʝʥʠʶ ʤʝʪʘʣʣʘ ʚ ʦʩʝʚʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ɿʘʤʝʯʝʥʦ, ʯʪʦ 

ʧʨʠʤʝʥʝʥʠʝ ʧʦʜʦʙʥʦʡ ʦʧʨʘʚʢʠ ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʦʯʘʛʝ ʜʝʬʦʨʤʘʮʠʠ 

ʧʦʟʚʦʣʷʝʪ ʪʘʢʞʝ ʩʥʠʟʠʪʴ ʠʟʥʦʩ ʠ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʠʟʥʦʩʘ ʧʦ ʜʣʠʥʝ. ɹʣʘʛʦʜʘʨʷ ʯʝʤʫ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʛʦʪʦʚʳʝ ʪʨʫʙʳ ʩ 

ʫʣʫʯʰʝʥʠʝʤ ʢʘʯʝʩʪʚʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʤʝʥʝʥʠʝʤ ʩʢʦʨʦʩʪʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʚʤʝʩʪʝ ʩ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʳʤ ʠʟʥʦʩʦʤ ʦʧʨʘʚʢʠ. 

 

ɺʳʚʦʜ.r 

 

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʨʘʩʢʘʪʢʠ ʪʨʫʙ ʥʘ 

ʜʚʫʭʚʘʣʢʦʚʦʤ ʩʪʘʥʝ ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʨʦʪʢʦʡ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʧʨʘʚʢʠ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʠ ʧʨʝʜʣʦʞʝʥʳ ʦʩʥʦʚʥʳʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʘ ʧʨʦʮʝʩʩʘ, ʦʢʘʟʳʚʘʶʱʠʝ ʚʣʠʷʥʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʠ 

ʪʦʯʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʪʨʫʙ, ʪʘʢʞʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʠʥʩʪʨʫʤʝʥʪʘ.  

ʇʨʦʚʝʜʝʥʦ ʧʣʘʥʠʨʦʚʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʦʮʝʩʩʘ ʨʘʩʢʘʪʢʠ ʛʠʣʴʟ ʚ ʪʨʫʙʳ 

ʥʘ ʢʦʨʦʪʢʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʧʨʘʚʢʝ ʜʠʘʤʝʪʨʦʤ 50 ʤʤ, ʫʢʨʝʧʣʝʥʥʦʡ ʥʘ 

ʩʪʝʨʞʥʝ ʩ ʫʯʝʪʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʘʥʘ ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ ʄʀʉʠʉ-130ɼ. 

ʇʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʨʘʩʢʘʪʢʠ ʚ ʩʨʝʜʝ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ Qform ʚʢʣʶʯʘʷ ʨʘʩʯʝʪ ʠʟʥʦʩʘ ʦʧʨʘʚʢʠ ʧʦʜʧʨʦʛʨʘʤʤʦʡ ʙʝʟ ʫʯʸʪʘ 

ʥʘʣʠʧʘʥʠʷ ʧʨʦʢʘʪʳʚʘʝʤʦʛʦ ʤʝʪʘʣʣʘ ʥʘ ʝʝ ʨʘʙʦʯʫʶ ʧʦʚʝʨʭʥʦʩʪʴ.  
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ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʩʪʨʦʝʥʘ 

ʚʟʘʠʤʦʩʚʷʟʴ ʚʝʣʠʯʠʥʳ ʧʨʦʛʥʦʟʠʨʫʝʤʦʛʦ ʠʟʥʦʩʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʘʚʢʠ ʦʪ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʦʩʥʦʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʨʘʩʢʘʪʢʠ ʚ 

ʩʝʯʝʥʠʠ, ʧʝʨʝʭʦʜʥʦʤ ʢ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʯʘʩʪʠ ʦʧʨʘʚʢʠ. ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʥʘ 

ʠʟʥʘʰʠʚʘʥʠʝ ʦʧʨʘʚʢʠ ʧʨʠ ʨʘʩʢʘʪʢʝ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ ʧʨʦʮʝʩʩʘ ʨʘʩʢʘʪʢʠ, ʠ 

ʧʨʝʜʧʦʣʦʞʝʥ rʨʘʮʠʦʥʘʣʴʥʳʝ ʨʝʞʠʤ rʧʨʦʢʘʪʢʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʪʦʯʥʳʭ 

ʪʦʥʢʦʩʪʝʥʥʳʭ ʪʨʫʙ ʩ ʥʘʠʤʝʥʴʰʠʤ ʠʟʥʦʩʦʤ ʦʧʨʘʚʢʠ.  

ʂʨʦʤʝ ʵʪʦʛʦ, ʧʦ ʭʦʜʫ ʚʳʧʦʣʥʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʫʯʝʥ ʵʬʬʝʢʪ 

ʩʢʦʣʴʞʝʥʠʷ ʤʝʪʘʣʣʘ, ʠ ʝʛʦ ʚʣʠʷʥʠʝ ʥʘ ʠʟʥʦʩ ʨʘʩʢʘʪʥʦʡ ʦʧʨʘʚʢʠ. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ, ʩʤʝʱʘʷ ʦʧʨʘʚʢʫ ʚʜʦʣʴ ʦʩʠ ʧʨʦʢʘʪʢʠ ʤʦʞʝʪ ʫʚʝʣʠʯʠʪʴ ʝʸ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ 

ʦʧʨʘʚʢʠ, ʠ ʧʦʣʫʯʠʪʴ ʥʘʠʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʟʥʦʩʘ ʧʦ ʜʣʠʥʝ 

ʨʘʙʦʯʝʡ ʯʘʩʪʠ. 
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3 ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʨʘʩʢʘʪʢʠ ʪʨʫʙ ʠʟ 

ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʠʭ ʤʘʨʦʢ ʩʪʘʣʠ  ʥʘ ʩʪʘʥʝ ʄʀʉʠʉ 130 ɼ 

 

3.1 ʊʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʙʝʩʰʦʚʥʳʭ ʪʨʫʙ ʠʟ ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʠʭ 

ʩʪʘʣʝʡ ʥʘ ʩʪʘʥʝ ʄʀʉʠʉ 130ɼ 

 

ɺ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʪʦʥʢʦʩʪʝʥʥʳʭ ʪʨʫʙ ʠʟ ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʠʭ ʩʪʘʣʝʡ 

ʥʘ ʩʪʘʥʝ ʄʀʉʠʉ 130ɼ (ʨʠʩʫʥʦʢ 3.1) ʚʢʣʶʯʘʶʪʩʷ ʧʨʦʰʠʚʢʘ ʟʘʛʦʪʦʚʦʢ ʚ ʛʠʣʴʟʳ 

ʠ ʠʭ ʨʘʩʢʘʪʢʘ ʚ ʯʝʨʥʦʚʳʝ ʪʨʫʙʳ ʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʧʨʘʚʢʝ, ʫʢʨʝʧʣʝʥʥʦʡ ʥʘ 

ʩʪʝʨʞʥʝ, ʨʘʙʦʪʘʶʱʝʤ ʥʘ ʩʞʘʪʠʝ, ʧʨʠ ʥʝʠʟʤʝʥʥʦʤ ʧʦʣʦʞʝʥʠʠ ʚʘʣʢʦʚ ʠ ʣʠʥʝʝʢ. 

 

 

ʈʠʩʫʥʦʢ 3.1 - ɼʚʫʭʚʘʣʢʦʚʳʡ ʩʪʘʥ ʄʀʉʠʉ-130ɼ ʩ ʥʘʛʨʝʚʘʪʝʣʴʥʦʡ ʧʝʯʴʶ 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʥʘ ʦʧʳʪʥʦ-

ʧʨʦʤʳʰʣʝʥʥʦʤ ʜʚʫʭʚʘʣʢʦʚʦʤ ʩʪʘʥʝ ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ ʄʀʉʠʉ ï 130ɼ, 

ʦʩʥʘʱʸʥʥʦʤ ʙʦʯʢʦʚʠʜʥʳʤʠ ʚʘʣʢʘʤʠ ʩ ʣʠʥʝʡʢʘʤʠ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʨʘʚʣʷʶʱʝʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ, ʪʝʭʥʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʪʦʨʦʛʦ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʝ 3.1. 

ʈʘʙʦʯʠʝ ʚʘʣʢʠ ʚʳʧʦʣʥʝʥʳ ʩ ʫʛʣʦʤ ʥʘʢʣʦʥʘ ʦʙʨʘʟʫʶʱʝʡ ʚʭʦʜʥʦʛʦ ʢʦʥʫʩʘ 
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2Á30Ë, ʧʝʨʝʞʠʤʦʤ ʜʣʠʥʦʡ 20 ʤʤ ʠ ʫʛʣʦʤ ʥʘʢʣʦʥʘ ʦʙʨʘʟʫʶʱʝʡ ʚʳʭʦʜʥʦʛʦ 

ʢʦʥʫʩʘ 3Á (ʨʠʩʫʥʦʢ 3.2).   

 

ʈʠʩʫʥʦʢ 3.2 - ɹʦʯʢʦʚʠʜʥʳʡ ʚʘʣʦʢ ʩʪʘʥʘ ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ ʄʀʉʠʉ-130ɼ 

 

ʅʘʧʨʘʚʣʷʶʱʠʝ ʣʠʥʝʡʢʠ ʩʧʨʦʝʢʪʠʨʦʚʘʥʳ ʪʨʘʜʠʮʠʦʥʥʦʡ ʬʦʨʤ rʩ ʫʛʣʦʤ 

ʥʘʢʣʦʥʘ, ʦʙʨʘʟʫʶʱʝʡ ʚʭʦʜʥʦʛʦ ʞʝʣʦʙʘ 5Á, ʮʠʣʠʥʜʨʠʯʝʩʢʠʤ ʫʯʘʩʪʢʦʤ ʧʝʨʝʜ 

ʧʝʨʝʞʠʤʦʤ ʚʘʣʢʦʚ ʜʣʠʥʦʡ 30 ʤʤ ʠ ʚʳʭʦʜʥʳʤ ʞʝʣʦʙʦʤ ʩ ʫʛʣʦʤ ʥʘʢʣʦʥʘ 

ʦʙʨʘʟʫʶʱʝʡ 2Á30Ë. ʃʠʥʝʡʢʠ ʠʟʛʦʪʦʚʣʝʥ rʣʠʪʴʝʤ ʠʟ ʚʳʩʦʢʦʣʝʛʠʨʦʚʘʥʥʦʛʦ 

ʩʧʣʘʚʘ ʙʠʜʫʣʦʠʜʘ ʩ ʪʚʝʨʜʦʩʪʴʶ HRC 56é58 (ʨʠʩʫʥʦʢ 3.3).  

ɺ ʢʘʯʝʩʪʚʘ ʧʨʦʢʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʫʪʢʠ ʜʠʘʤʝʪʨʦʤ 

60 ʤʤ ʠʟ ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʦʡ ʩʪʘʣʠ ʤʘʨʢʠ 20ʍ13. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʧʨʦʰʠʚʢʫ ʟʘʛʦʪʦʚʦʢ ʚ 

ʛʠʣʴʟʳ ʜʠʘʤʝʪʨʦʤ 62ï70 ʤʤ ʩ ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʦʡ ʩʪʝʥʢʠ ʥʘ ʦʧʨʘʚʢʘʭ 

ʜʠʘʤʝʪʨʦʤ 46 ʤʤ ʠ 43,5 ʤʤ (ʨʠʩʫʥʦʢ 3.4) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʦʢʘʪʢʘ 

ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʘʩʪʨʦʡʢʦʡ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ, ʫʢʘʟʘʥʥʦʡ ʚ 

ʪʘʙʣʠʮʝ 3.2. 
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ʊʘʙʣʠʮʘ 3.1 ï  ʊʝʭʥʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʪʘʥʘ ʄʀʉʠʉ-130ɼ  

ʇʘʨʘʤʝʪʨʳ ʄʀʉʠʉ-130ɼ 

ʈʘʙʦʯʠʝ ʚʘʣʢʠ: 

ʜʠʘʤʝʪʨ ʚ ʧʝʨʝʞʠʤʝ, ʤʤ 

ʜʣʠʥʘ ʙʦʯʢʠ, ʤʤ 

ʫʛʦʣ ʧʦʜʘʯʠ, ʛʨʘʜ 

ʫʛʦʣ ʨʘʩʢʘʪʢʠ, ʛʨʘʜ 

ʥʘʧʨʘʚʣʷʶʱʠʡ ʠʥʩʪʨʫʤʝʥʪ 

ɻʣʘʚʥʳʡ ʧʨʠʚʦʜ: 

ʄʦʱʥʦʩʪʴ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ, ʢɺʪ 

ʂʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʥʘ ʦʜʥʦʤ ʚʘʣʢʝ, ʢʅĿʤ 

ɺʳʭʦʜʥʘʷ ʩʪʦʨʦʥʘ: 

ʪʠʧ 

ʆʩʝʚʦʝ ʫʩʠʣʠʝ ʥʘ ʦʧʨʘʚʢʫ, ʢʅ 

ɼʣʠʥʘ ʦʧʨʘʚʦʯʥʦʛʦ ʩʪʝʨʞʥʷ, ʤʤ 

ɿʘʛʦʪʦʚʢʘ: 

ʜʠʘʤʝʪʨ, ʤʤ 

ʜʣʠʥʘ, ʤʤ 

ʇʨʫʪʦʢ, ʛʠʣʴʟʘ, ʪʨʫʙʘ: 

ʜʠʘʤʝʪʨ, ʤʤ 

ʜʣʠʥʘ, ʤʤ 

  

(418) 412 - ʧʝʨʝʪʦʯʢʘ 

320 

8é24 

0 

ʣʠʥʝʡʢʠ 

  

ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ 

2ʭ250 

2ʭ25  

ʩ ʙʦʢʦʚʦʡ ʚʳʜʘʯʝʡ ʛʠʣʴʟ ʠ 

ʪʨʫʙ 

ʜʦ 300 

1800 

  

35é110 

150é800  

32é110 

ʜʦ 1200 

 

ɼʣʷ ʟʘʩʳʧʢʠ ʩʪʝʢʣʦʩʤʘʟʢʠ ʠ ʫʣʫʯʰʝʥʠʷ ʫʩʣʦʚʠʡ ʚʪʦʨʠʯʥʦʛʦ ʟʘʭʚʘʪʘ ʧʨʠ 

ʧʨʦʰʠʚʢʝ ʟʘʛʦʪʦʚʢʠ ʧʦʜʚʝʨʛʘʣʠ ʩ ʧʝʨʝʜʥʝʛʦ ʪʦʨʮʘ ʟʘʮʝʥʪʨʦʚʢʝ ʩʚʝʨʣʝʥʠʝʤ ʥʘ 

ʪʦʢʘʨʥʦʤ ʩʪʘʥʢʝ ʩʚʝʨʣʦʤ ‰20 ʥʘ ʛʣʫʙʠʥʫ 30é40 ʤʤ. 

ʆʧʨʘʚʢʠ ʧʦʩʣʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʥʘʧʨʘʚʣʝʥʳ ʢ ʥʘʛʨʝʚʫ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʳ 930 , ʚʳʜʝʨʞʢʦʡ ʚ ʪʝʯʝʥʠʝ 1,5 ʯʘʩʦʚ ʚ ʢʘʤʝʨʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʝʯʠ, ʠ ʧʦʩʣʝʜʫʶʱʝʤʫ ʦʭʣʘʞʜʝʥʠʶ ʥʘ ʚʦʟʜʫʭʝ.  
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ʈʠʩʫʥʦʢ 3.3 - ʅʘʧʨʘʚʣʷʶʱʠʝ ʣʠʥʝʡʢʠ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʘʚʦʢ ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʦʢʩʠʜʥʳʡ ʩʣʦʡ 

ʪʦʣʱʠʥʦʡ ʧʨʠʤʝʨʥʦ 0,3 ʤʤ. ʅʘʛʨʝʚ ʟʘʛʦʪʦʚʦʢ ʧʝʨʝʜ ʧʨʦʰʠʚʢʦʡ ʚʳʧʦʣʥʷʣʠ ʚ 

ʵʣʝʢʪʨʦʧʝʯʠ ʢʘʤʝʨʥʦʛʦ ʪʠʧʘ ʤʦʱʥʦʩʪʴʶ 38 ʢɺʪ (ʨʠʩʫʥʦʢ 3.1 ʘ) ʚ ʪʝʯʝʥʠʝ 1 

ʯʘʩʘ 30 ʤʠʥ. ʇʨʦʮʝʩʩ ʧʨʦʰʠʚʢʠ ʟʘʛʦʪʦʚʦʢ ʠʟ ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʦʡ ʩʪʘʣʠ 

20ʍ13 ʚ ʛʠʣʴʟʳ ʨʘʟʤʝʨʦʚ, ʫʢʘʟʘʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 3.2 ʧʨʦʪʝʢʘʣ ʩʪʘʙʠʣʴʥʦ ʧʨʠ 

ʫʛʣʝ ʧʦʜʘʯʠ ʚʘʣʢʦʚ 14Á ʧʨʠ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʝ ʨʘʙʦʯʠʭ ʚʘʣʢʦʚ 30 ʦʙ/ʤʠʥ. 

 ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʛʠʣʴʟʳ ʧʦʜʚʝʨʛʘʣʠ ʚʠʟʫʘʣʴʥʦʤʫ ʦʩʤʦʪʨʫ ʠ 

ʠʟʤʝʨʝʥʠʶ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦ ʩʭʝʤʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 

3.5, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʠʞʝʫʢʘʟʘʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩ ʪʦʯʥʦʩʪʴʶ ʠʟʤʝʨʝʥʠʷ 

0,01 ʤʤ. ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʧʝʨʝʥʝʩʣʠ ʚ ʪʘʙʣʠʮʫ 3.2. 

 

ʊʘʙʣʠʮʘ 3.2 ï  ʇʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʧʨʦʰʠʚʢʠ ʥʘ ʩʪʘʥʝ ʄʀʉʠʉ-130ɼ 
Dʟ, 

ʤʤ 

ʄʘʨʢʠ 

ʩʪʘʣʠ 

ɓ, 

ʛʨʘʜ 

Uʧ, % U0, % ɝ Dʛ, 

ʤʤ 

Sʛ, 

ʤʤ 

ɼʠʘʤʝʪʨ 

ʦʧʨʘʚʢʠ, 

ʤʤ 

D/S ʊ, ʦʉ 

60 20ʍ13 12 11,0 7,0 
1,14-

1,17* 
70 9 46 7.5 

1180ï

1200 

60 20ʍ13 12 11-12 6..8 
1,11-

1,12 
62 8 43,5 7,75 

1180ï

1200 
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ʈʠʩʫʥʦʢ 3.4 - ʇʨʦʰʠʚʥʳʝ ʦʧʨʘʚʢʠ ʩʪʘʥʘ ʄʀʉʠʉ-130ɼ ʜʣʷ ʧʨʦʰʠʚʢʠ 

ʩʪʘʣʠ 20ʍ13 

 

 

ʈʠʩʫʥʦʢ 3.5 ï ʉʭʝʤʘ ʠ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʛʠʣʴʟ ʠ ʪʨʫʙ 
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ʈʘʩʢʘʪʢʫ ʧʦʣʫʯʝʥʥʳʭ ʛʠʣʴʟ ʚ ʪʨʫʙʳ ʧʨʦʚʦʜʠʣʠ ʪʘʢʞʝ ʥʘ ʜʚʫʭʚʘʣʢʦʚʦʤ 

ʩʪʘʥʝ ʄʀʉʠʉ-130ɼ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʨʘʩʢʘʪʢʘ ʛʠʣʴʟ ʚ ʯʝʨʥʦʚrʝ ʪʨʫʙ r

ʦʩʫʱʝʩʪʚʣʝʥʘ ʧʦ ʜʚʫʤ ʤʘʨʰʨʫʪʘʤ ʩ ʫʢʘʟʘʥʥʳʤʠ ʪʘʙʣʠʮʝ 3.3 ʦʩʥʦʚʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʥʘʩʪʨʦʡʢʠ ʩʪʘʥʘ ʠ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ (ʨʠʩʫʥʦʢ 3.6ï3.7). 

 

 

ʈʠʩʫʥʦʢ 3.6. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʨʘʩʢʘʪʥʦʡ ʦʧʨʘʚʢʠ ʜʠʘʤʝʪʨʦʤ 50 ʤʤ ʠ 

ʦʯʘʛ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʨʘʩʢʘʪʢʝ ʛʠʣʴʟʳ DʛxSʛ = 70ʭ9 ʤʤ ʚ ʪʨʫʙʫ DxS = 62ʭ6ʤʤ 

 



67 

 

ʇʦ ʧʝʨʚʦʤʫ ʤʘʨʰʨʫʪʫ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʦʰʠʚʢʦʡ ʥʘ ʦʧʨʘʚʢʝ ʜʠʘʤʝʪʨʦʤ 

46 ʤʤ ʛʠʣʴʟʳ ʨʘʩʢʘʪʘʣʠ ʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʧʨʘʚʢʝ ʜʠʘʤʝʪʨʦʤ 50 ʤʤ, 

ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʠʟ ʩʪʘʣʠ 4ʍ5ʄʌʉ ʚ ʪʨʫʙʳ ʨʘʟʤʝʨʘʤʠ 62ʭ6 ʤʤ. 

 

 

ʈʠʩʫʥʦʢ 3.7. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʨʘʩʢʘʪʥʦʡ ʦʧʨʘʚʢʠ ʜʠʘʤʝʪʨʦʤ 42 ʤʤ ʠ 

ʦʯʘʛ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʨʘʩʢʘʪʢʝ ʛʠʣʴʟʳ DʛxSʛ = 62ʭ8 ʤʤ ʚ ʪʨʫʙʫ DxS = 55ʭ6 

ʤʤ 
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ʇʦ ʚʪʦʨʦʤʫ ʤʘʨʰʨʫʪʫ ʧʨʦʢʘʪʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʦʰʠʪʳʝ ʛʠʣʴʟʳ ʥʘ 

ʦʧʨʘʚʢʘʭ ʜʠʘʤʝʪʨʦʤ 43,5 ʤʤ ʨʘʩʢʘʪʘʣʠ ʚ ʪʨʫʙʳ ʨʘʟʤʝʨʘʤʠ 55ʭ6 ʤʤ. ʈʘʩʢʘʪʢʘ 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʘʨʪʠʷʤʠ ʠʟ 8 ʪʨʫʙ ʥʘ ʦʧʨʘʚʢʘʭ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʩʪʘʣʝʡ 

4ʍ5ʄʌʉ, 3ʍ3ʄ3ʌ, 5ʍ3ɺ3ʄʌʉ (ɼʀ 23), 20ʍ2ʅ4ɸ. 

ʇʝʨʝʜ ʧʨʦʢʘʪʢʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʦʷ ʦʢʘʣʠʥʳ, ʩʣʫʞʘʱʝʡ 

ʩʚʦʝʦʙʨʘʟʥʦʡ ʩʤʘʟʢʦʡ ʧʨʠ ʬʠʟʠʯʝʩʢʦʤ ʢʦʥʪʘʢʪʝ ʩ ʧʨʦʢʘʪʳʚʘʝʤʳʤ ʤʝʪʘʣʣʦʤ 

ʚʩʝ ʨʘʙʦʯʠʝ ʦʧʨʘʚʢʠ ʧʦʜʚʝʨʛʘʣʠʩʴ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ. ʇʝʨʝʜ ʨʘʩʢʘʪʢʦʡ 

ʧʨʦʰʠʪʳʝ ʛʠʣʴʟʳ ʥʘʛʨʝʚʘʣʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʙʦʪʢʠ 1150é1160Áʉ ʚ 

ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʴʥʦʡ ʧʝʯʠ (ʨʠʩʫʥʦʢ 3.8). ɼʣʠʪʝʣʴʥʦʩʪʴ ʥʘʛʨʝʚʘ ʩʦʩʪʘʚʣʷʣʘ 

ʜʣʷ ʟʘʛʦʪʦʚʦʢ ʠʟ ʩʪʘʣʠ 20ʍ13 ʧʨʠʤʝʨʥʦ 60 ʤʠʥ.  

 

 

ʈʠʩʫʥʦʢ 3.8 - ʕʣʝʢʪʨʦʧʝʯʴ ʩ ʥʘʛʨʝʚʘʝʤʳʤʠ ʛʠʣʴʟʘʤʠ ʠʟ ʩʪʘʣʠ 20ʍ13 

 

ʈʘʩʢʘʪʢʘ ʧʨʦʪʝʢʘʣʘ ʩʪʘʙʠʣʴʥʦ ʧʨʠ ʫʛʣʝ ʧʦʜʘʯʠ ʚʘʣʢʦʚ 14Á ʩ ʯʘʩʪʦʪʦʡ 

ʚʨʘʱʝʥʠ ̫ʨʘʙʦʯʠʭ ʚʘʣʢʦʚ 30 ʦʙ/ʤʠʥ. ʇʦʩʣʝ ʨʘʩʢʘʪʢʠ ʪʨʫʙʳ ʥʘʧʨʘʚʣʝʥʳ ʢ 

ʦʭʣʘʞʜʝʥʠʶ ʥʘ ʚʦʟʜʫʭʝ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʎʠʢʣ ʧʨʦʢʘʪʢʠ ʦʜʥʦʡ 

ʟʘʛʦʪʦʚʢʠ ʚ ʩʨʝʜʥʝʤ ʥʘʭʦʜʠʣʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 1,5 ʜʦ 2 ʤʠʥ. ʇʦʜʘʯʫ ʧʨʦʰʠʪʳʭ 

ʛʠʣʴʟ ʚ ʩʪʘʥ ʠ ʚʳʜʘʯʫ ʪʨʫʙ ʩ ʚʳʭʦʜʥʦʡ ʩʪʦʨʦʥʳ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚʨʫʯʥʫʶ. ʇʦʩʣʝ 



69 

ʢʘʞʜʦʡ ʧʘʨʪʠʠ ʨʘʙʦʯʠʝ ʚʘʣʢʠ, ʦʧʨʘʚʢʫ ʠ ʣʠʥʝʡʢʠ ʧʦʜʚʝʨʛʘʣʠ ʦʭʣʘʞʜʝʥʠʶ 

ʚʦʜʦʡ. ʅʘ ʨʠʩʫʥʢʝ 3.9 ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʦʪʦʛʨʘʬʠʠ ʥʘʨʫʞʥʦʛʦ ʚʠʜʘ ʠ 

ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʛʦʨʷʯʝʢʘʪʘʥʳʭ ʪʨʫʙ ʠʟ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʘʣʠ 20ʍ13 

ʧʦʩʣʝ ʧʨʦʢʘʪʢʠ ʥʘ ʩʪʘʥʝ ʄʀʉʠʉ 130ɼ. 

ʊʘʙʣʠʮʘ 3.3 ï  ʇʘʨʘʤʝʪʨʳ ʥʘʩʪʨʦʡʢʠ ʩʪʘʥʘ ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʨʘʩʢʘʪʢʠ 

ʄʘʨʰʨʫ

ʪ 

ɼʠʘʤʝʪ

ʨ 

ʦʧʨʘʚʢʠ 

Dʦʧʨ, ʤʤ 

ɼʠʘʤʝʪ

ʨ 

ʛʠʣʴʟʳ 

Dʛ, ʤʤ 

ʊʦʣʱʠʥ

ʘ ʩʪʝʥʢʠ 

ʛʠʣʴʟʳ 

Sʛ, ʤʤ 

ʈʘʩʩʪʦʷʥʠ

ʝ ʤʝʞʜʫ 

ʚʘʣʢʘʤʠ 

Bʚ, ʤʤ 

ʈʘʩʩʪʦʷʥʠ

ʝ ʤʝʞʜʫ 

ʣʠʥʝʡʢʘʤʠ 

Lʣ, ʤʤ 

ɼʠʘʤʝʪ

ʨ ʪʨʫʙʳ 

Dʪ, ʤʤ 

ʊʦʣʱʠʥ

ʘ ʩʪʝʥʢʠ 

ʪʨʫʙʳ 

Sʪ, ʤʤ 

I (1ï5) 50 70 9 61 66 62 6 

II (1ï40) 42 61 7.5 54 61 55 6 

 

 

ʘ) 

 

ʙ) 

 

ʈʠʩʫʥʦʢ 3.9 - ɺʥʝʰʥʠʡ ʚʠʜ ʠʩʭʦʜʥʳʭ ʛʠʣʴʟ (ʘ), ʠ  ʪʨʫʙ ʧʦʩʣʝ ʨʘʩʢʘʪʢʠ (ʙ, ʚ) 

ʠʟ ʩʪʘʣʠ 20ʍ13 
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ʇʦʩʣʝʜʥʷ ̫ ʟʘʛʦʪʦʚʢʘ ʟʘʪʦʨʤʦʞʝʥʘ ʚ ʩʪʘʥʝ ʧʫʪʝʤ ʦʪʢʣʶʯʝʥʠʷ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʛʣʘʚʥʦʛʦ ʧʨʠʚʦʜʘ ʥʘ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʩʪʘʜʠʠ ʨʘʩʢʘʪʢʠ 

(ʨʠʩʫʥʦʢ 3.10).  

 

 

ʈʠʩʫʥʦʢ 3.10 ï ɿʘʪʦʨʤʦʞʝʥʥʳʡ ʦʙʨʘʟʝʮ ʛʠʣʴʟ-rʪʨʫʙʳ ʚ ʧʨʦʮʝʩʩʝ ʨʘʩʢʘʪʢʠ 

 

ʇʦʩʣʝ ʧʨʦʢʘʪʢʠ ʠ ʦʭʣʘʞʜʝʥʠʷ ʥʘ ʚʦʟʜʫʭʝ ʧʨʦʚʦʜʠʣʠ ʦʩʤʦʪʨ ʩʦʩʪʦʷʥʠʷ 

ʥʘʨʫʞʥʦʡ ʠ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʠ ʪʘʢʞʝ ʠʟʤʝʨʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʨʘʟʤʝʨʦʚ ʪʨʫʙ. ɿʘʤʝʨʘ ʜʠʘʤʝʪʨʘʣʴʥʳʭ ʨʘʟʤʝʨʦʚ ʠʩʭʦʜʥʳʭ ʛʠʣʴʟ ʠ ʧʦʣʫʯʝʥʥʳʭ 

ʪʨʫʙ ʧʨʦʚʝʜʝʥʘ ʥʘ ʧʝʨʝʜʥʝʡ, ʟʘʜʥʝʡ ʠ ʩʨʝʜʥʝʡ ʯʘʩʪʷʭ ʪʨʫʙ ʧʦ 

ʚʳʰʝʧʨʠʚʝʜʸʥʥʦʡ ʩʭʝʤʝ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʣʱʠʥʳ ʩʪʝʥʢʠ ʧʨʦʚʦʜʠʣʠ 

ʠʟʤʝʨʝʥʠʷ ʥʘ ʚʭʦʜʥʦʤ ʠ ʥʘ ʚʳʭʦʜʥʦʤ ʩʝʯʝʥʠʷʭ. 

 

3.2 ʊʦʯʥʦʩʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʛʠʣʴʟ ʠ ʪʨʫʙ 

 

ɺʠʟʫʘʣʴʥʳʡ ʦʩʤʦʪʨ ʧʦʣʫʯʝʥʥʳʭ ʪʨʫʙ ʩ ʫʢʘʟʘʥʥʳʤʠ ʚ ʪʘʙʣʠʮʝ 3.3 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʨʘʟʤʝʨʘʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʧʳʪʥʳʭ ʧʨʦʢʘʪʦʢ ʥʘ ʨʘʟʥʳʭ 

ʦʧʨʘʚʢʘʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʝʬʝʢʪ r ʥʘʨʫʞʥʦʡ ʠ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʪʩʫʪʩʪʚʫʶʪ. ɼʣʷ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʢʘʪʢʝ ʧʦ ʨʝʞʠʤʫ, ʧʨʝʜʣʘʛʘʝʤʦʤʫ ʩ 

ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʛʦ ʠʟʥʦʩʘ ʦʧʨʘʚʦʢ, ʠ ʧʦʣʫʯʝʥʠʷ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʪʨʫʙ ʧʨʦʚʦʜʠʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʟʤʝʨʝʥʠʷ ʪʦʣʱʠʥʳ ʩʪʝʥʢʠ ʧʨʦʰʠʪʳʭ ʛʠʣʴʟ ʠ ʪʨʫʙ ʧʦʩʣʝ ʨʘʩʢʘʪʢʠ. 
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ʉʦʛʣʘʩʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʜʘʥʥʳʤ ʚ ʪʘʙʣʠʮʝ 3.3, ʧʦʧʝʨʝʯʥʘʷ 

ʨʘʟʥʦʩʪʝʥʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʪʨʫʙ ʧʦ ʜʚʫʤ ʤʘʨʰʨʫʪʘʤ ʥʘʭʦʜʠʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ 

1,8é3,5% (ʨʠʩʫʥʦʢ 3.11). ʊʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʨʘʟʥʦʩʪʝʥʥʦʩʪʠ 

ʛʠʣʴʟ ʧʦʩʣʝ ʧʨʦʰʠʚʢʠ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʥʦʩʪʝʥʥʦʩʪʠ ʪʨʫʙ. 

ʆʪʤʝʯʝʥʦ, ʯʪʦ ʧʨʠ ʨʘʟʥʦʩʪʝʥʥʦʩʪʠ ʛʠʣʴʟ ʜʦ 4,5% ʧʦʣʫʯʠʣʠ ʪʨʫʙ rʧʦʩʣʝ 

ʨʘʩʢʘʪʢʠ ʧʦ ʧʨʠʚʝʜʝʥʥʦʤʫ ʨʝʞʠʤʫ ʩ ʨʘʟʥʦʩʪʝʥʥʦʩʪʴʶ ʚ ʧʨʝʜʝʣʘʭ 1,8é3%, ʘ 

ʧʨʠ ʨʘʟʥʦʩʪʝʥʥʦʩʪʠ ʛʠʣʴʟ 5% ʨʘʟʥʦʩʪʝʥʥʦʩʪʴ ʪʨʫʙ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 3,5%. 

ɼʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦ ʨʘʟʥʦʩʪʝʥʥʦʩʪʠ ʪʨʫʙ ʠʟ ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʠʭ ʩʪʘʣʝʡ 

ʧʦʩʣʝ ʨʘʩʢʘʪʢʠ ʥʘ ʩʪʘʥʝ ʄʀʉʠʉ 130ɼ ʧʦʟʚʦʣʷʶʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʳʩʦʢʫʶ 

ʪʦʯʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʝʥʥʳʭ ʪʨʫʙ, ʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʜʘʥʥʳʤʠ ʨʘʙʦʪ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ ʧʨʦʢʘʪʢʝ ʥʘ ʩʪʘʥʘʭ ʚʠʥʪʦʚʦʡ ʧʨʦʢʘʪʢʠ [35]. 

 

 

ʈʠʩʫʥʦʢ 3.11 ï ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʟʥʦʩʪʝʥʥʦʩʪʠ ʪʨʫʙ ʦʪ ʨʘʟʥʦʩʪʝʥʥʦʩʪʠ 

ʧʨʦʰʠʪʳʭ ʛʠʣʴʟ 

 



72 

ʊʘʙʣʠʮʘ 3.4  ï  ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʠʩʭʦʜʥʳʭ ʛʠʣʴʟ ʠ ʪʨʫʙ 

ʅʦʤʝʨ 

ʪʨʫʙʳ 

ɼʠʘʤʝʪʨ 

ʛʠʣʴʟ 

Dʛ, ʤʤ 

ʊʦʣʱʠʥʘ 

ʩʪʝʥʢʠ 

ʛʠʣʴʟ Sʛ, 

ʤʤ 

ɸʙʩʦʣʶʪʥʘʷ 

ʧʦʛʨʝʰʥʦʩʪʴ 

æS, ʤʤ 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ 

ʧʦʛʨʝʰʥʦʩʪʴ 

ŭʛ, % 

ɼʠʘʤʝʪʨ 

ʪʨʫʙ Dʛ, ʤʤ 

ʊʦʣʱʠʥʘ 

ʩʪʝʥʢʠ ʪʨʫʙ 

Sʪ_ʩʨ, ʤʤ 

ɸʙʩʦʣʶʪʥʘʷ 

ʧʦʛʨʝʰʥʦʩʪʴ 

æʪ, ʤʤ 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ 

ʧʦʛʨʝʰʥʦʩʪʴ 

ŭʪ, % 

I. ʈʘʩʢʘʪʢʘ ʥʘ ʦʧʨʘʚʢʝ ʜʠʘʤʝʪʨʦʤ 50 ʤʤ 

1 70.3 7.6 0.3 3.5 65.5 6.5 0.1 1.8 

2 71.5 8.5 0.3 3.1 65.9 6.8 0.1 1.7 

3 70.7 8.4 0.3 3.2 65.6 6.5 0.2 2.6 

4 70.4 7.5 0.3 3.8 65.6 6.4 0.1 2.2 

5 70.4 7.5 0.3 3.5 65.4 6.5 0.2 2.5 

II. ʈʘʩʢʘʪʢʘ ʥʘ ʦʧʨʘʚʢʘʭ ʜʠʘʤʝʪʨʦʤ 42 ʤʤ 

8 61.4 7.3 0.3 4.5 56.9 5.7 0.2 2.8 

10 61.2 7.3 0.3 3.7 56.9 5.6 0.1 2.4 

12 61.4 7.2 0.2 2.9 56.8 5.6 0.1 1.9 

14 61.4 7.3 0.4 5.0 57.0 5.6 0.2 3.4 

16 61.2 7.4 0.3 4.1 56.6 5.6 0.1 2.1 

18 61.6 7.2 0.3 4.2 56.7 5.6 0.1 2.7 

20 61.4 7.3 0.3 3.5 56.8 5.6 0.2 3.0 

29 61.1 7.2 0.3 4.4 57.0 5.6 0.2 2.8 

27 61.4 7.4 0.3 3.9 56.9 5.6 0.1 2.1 

25 61.4 7.4 0.3 3.5 56.9 5.5 0.1 2.3 

23 61.0 7.2 0.4 5.0 57.0 5.6 0.2 3.3 

21 61.4 7.4 0.3 4.2 57.1 5.6 0.2 2.7 

32 61.3 7.3 0.3 3.5 56.8 5.6 0.2 2.7 

34 61.1 7.3 0.3 3.8 56.7 5.7 0.2 2.7 

40 61.2 7.2 0.3 4.5 56.7 5.5 0.1 2.4 
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 3.3 ʂʘʯʝʩʪʚʦ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙ 

 

ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʚʥʫʪʨʝʥʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙ ʠʟ ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʦʡ ʩʪʘʣʠ 20ʍ13 ʧʦʩʣʝ ʨʘʩʢʘʪʢʠ ʧʦ 

ʚʳʰʝ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤʫ ʨʝʞʠʤʫ ʥʘ ʨʘʟʥʳʭ ʦʧʨʘʚʢʘʭ. ʅʘ ʨʠʩʫʥʢʘʭ 3.12 ï 3.15 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʟʨʝʟʳ ʛʠʣʴʟ, ʪʨʫʙ ʧʦʩʣʝ ʨʘʩʢʘʪʢʠ ʥʘ ʦʧʨʘʚʢʘʭ 

ˉ1, 5 ʠ ʟʘʪʦʨʤʦʞʝʥʥʦʡ ʟʘʛʦʪʦʚʢʠ, ʥʘ ʢʦʪʦʨʳʭ ʧʨʦʚʝʜʝʥ ʟʘʤʝʨ ʰʝʨʦʭʦʚʘʪʦʩʪʠ 

ʠʭ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʬʠʣʦʤʝʪʨʘ TR200 Roughness 

Tester. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʙʨʘʟʮʦʚ ʚʥʝʩʝʥʳ ʚ ʪʘʙʣʠʮʫ 3.5. 

 

 

ʈʠʩʫʥʦʢ 3.12 ï ɺʥʫʪʨʝʥʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ ʛʠʣʴʟ ʧʝʨʝʜ ʨʘʩʢʘʪʢʦʡ 
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ʈʠʩʫʥʦʢ 3.13 ï ɺʥʫʪʨʝʥʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ ʪʨʫʙ ʧʦʩʣʝ ʨʘʩʢʘʪʢʠ ʥʘ ʦʧʨʘʚʢʘʭ  

 

 

ʈʠʩʫʥʦʢ 3.14 ï ʈʘʟʨʝʟ ʟʘʪʦʨʤʦʞʝʥʥʦʡ ʟʘʛʦʪʦʚʢʠ ʩ ʦʧʨʘʚʢʦʡ 

 

ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʚʠʜʥʦ, ʯʪʦ ʧʦʩʣʝ ʨʘʩʢʘʪʢʠ ʢʘʯʝʩʪʚʦ 

ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙ ʫʣʫʯʰʘʝʪʩʷ. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ Ra  ʠ Rz ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʟʤʝʥʷʝʪʩʷ 

ʚ ʧʝʨʝʜʝʣʘʭ 4,5é5 ʤʢʤ, ʠ 26é30 ʤʢʤ ʜʣʷ ʛʠʣʴʟ, ʘ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʪʨʫʙ ʧʦʩʣʝ ʨʘʩʢʘʪʢʠ ʥʘ ʨʘʟʥʳʭ ʦʧʨʘʚʢʘʭ ʦʥʠ ʥʘʭʦʜʪ̫ʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 3é3,5 ʤʢʤ 

ʠ 15...20 ʤʢʤ. 
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ʊʘʙʣʠʮʘ 3.5 ï ʐʝʨʦʭʦʚʘʪʦʩʪʴ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʛʠʣʴʟ ʠ ʪʨʫʙ 

ˉ ʧʦʧʳʪʢʠ 

ʠʟʤʝʨʝʥʠʷ 
1 2 3 4 5 6 7 8 

ʩ
ʨ
ʝ
ʜ
ʥ
ʝ
ʝ
 

ʟ
ʥ
ʘ
ʯ
ʝ
ʥ
ʠ

ʝ 

ɻ
ʠ
ʣ
ʴ
ʟ
ʳ

 ˉ37 

Ra, 

ʤʢʤ 
2.725 3.215 5.243 6.917 6.328 4.967 6.371 3.423 4.899 

Rz, 

ʤʢʤ 
17.62 19.07 24.35 38.87 31.8 25.06 40 18.15 26.865 

ˉ56 

Ra, 

ʤʢʤ 
3.528 3.931 6.097 4.696 4.554 4.569 4.906 5.733 4.752 

Rz, 

ʤʢʤ 
21.79 23.58 31.05 33.38 24.52 24.46 26.76 36.78 27.790 

ʟ
ʘ
ʪ
ʦ
ʨ
ʤ
ʦ
ʞ
ʝ
ʥ

ʢ
ʘ Ra, 

ʤʢʤ 
4.957 5.256 4.53 5.48 5.64 4.309 4.91 4.901 4.998 

Rz, 

ʤʢʤ 
23.82 25.31 22.61 29.36 32.07 22.12 28.81 28.2 26.538 

ʊ
ʨ
ʫ
ʙ
ʳ

 

ʈ
ʘ
ʩʢ
ʘ
ʪ
ʘ
ʥ
ʥ
ʘ

ʷ
 

ʥ
ʘ
 

ʦ
ʧ
ʨ
ʘ
ʚ
ʢ
ʝ
 
ˉ
1

 

Ra, 

ʤʢʤ 
2.915 2.261 4.481 4.781 2.37 2.02 5.385 4.098 3.539 

Rz, 

ʤʢʤ 
17.26 15.42 25.21 25.94 17.5 12.15 29.13 23.15 20.720 

ʈ
ʘ
ʩ
ʢ
ʘ
ʪ
ʘ
ʥ
ʥ
ʘ

ʷ
 

ʥ
ʘ
 

ʦ
ʧ
ʨ
ʘ
ʚ
ʢ
ʝ
 
ˉ

5
 

Ra, 

ʤʢʤ 
2.187 2.816 1.942 2.787 3.298 4.78 5.628 2.325 3.220 

Rz, 

ʤʢʤ 
14.75 17.39 10.39 15.25 18.82 23.2 29.36 15.58 18.093 

ʟ
ʘ
ʪ
ʦ
ʨ
ʤ
ʦ
ʞ
ʝ
ʥ

ʢ
ʘ Ra, 

ʤʢʤ 
3.18 3.87 3.035 2.431 3.813 3.223 2.253 2.432 3.030 

Rz, 

ʤʢʤ 
18.65 21.07 20.02 16.87 25.33 18.52 15.32 16.53 18.998 

 

ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʝ ʩʦʩʪʦʷʥʠʷ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʘʚʦʢ ʥʘ 

ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʳʭ ʪʨʫʙ ʧʨʦʚʝʜʝʥ ʟʘʤʝʨ ʧʦ ʫʢʘʟʘʥʥʦʡ ʚ ʨʠʩʫʥʢʝ 3.15 ʩʭʝʤʝ, 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʘʚʦʢ ˉ1, 3, 5 ʠ ʧʨʦʙʥʦʡ ʦʧʨʘʚʢʠ ʥʘ 

ʟʘʪʦʨʤʦʞʝʥʥʦʡ ʟʘʛʦʪʦʚʢʝ.  
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ʈʠʩʫʥʦʢ 3.15 ï ɿʘʤʝʨ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʨʘʟʥʳʭ ʦʧʨʘʚʦʢ ʧʦ ʠʭ ʨʘʙʦʯʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ 

 

ʅʘ ʦʩʥʦʚʝ ʜʳʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʦʩʪʨʦʠʣʠ ʛʨʘʬʠʢʠ, ʠʟʦʙʨʘʞʘʶʱʠʝ 

ʩʨʝʜʥʠʝ ʚʝʣʠʯʠʥʳ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʘʚʦʢ ʥʘ ʠʭ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʯʘʩʪʠ. ʉʨʝʜʥʷʷ ʚʝʣʠʯʠʥʘ ʰʝʨʦʭʦʚʘʪʦʩʪʴ Ra ʥʘ ʨʘʙʦʯʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʘʚʢʠ ʚ ʟʘʪʦʨʤʦʞʝʥʥʦʤ ʦʙʨʘʟʮʝ ʩʦʩʪʘʚʠʣʘ 0,5 ʤʢʤ, ʧʨʠ ʵʪʦʤ 

ʥʘ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʘʚʦʢ ˉ5, 1 ʠ 3 ʧʦʩʣʝ ʨʘʩʢʘʪʢʠ ʧʘʨʪʠʷʤʠ ʠʟ 8 ʪʨʫʙ 

ʠʭ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʜʘʥʥʦʡ ʚʝʣʠʯʠʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʦʩʪʘʚʠʣʦ ʦʪ 0,8é2 

ʤʢʤ.  

ʉʦʛʣʘʩʥʦ ʫʢʘʟʘʥʥʳʤ ʜʘʥʥʳʤ ʚ ʪʘʙʣʠʮʝ 3.5 ʠ ʥʘ ʨʠʩʫʥʢʝ 3.16 

ʧʦʚʝʨʭʥʦʩʪ ɹ ʟʘʪʦʨʤʦʞʸʥʥʦʡ ʪʨʫʙ r ʠʤʝʝʪ ʥʘʠʙʦʣʝʝ ʛʣʘʜʢʦʝ ʩʦʩʪʦʷʥʠʝ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʠʟʢʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʴʶ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʦʚʦʡ ʦʧʨʘʚʢʠ.  
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ʈʠʩʫʥʦʢ 3.16 ï ʉʦʩʪʦʷʥʠʝ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʘʚʦʢ ʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʯʘʩʪʠ 
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ɺʥʫʪʨʝʥʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ ʪʨʫʙʳ, ʧʦʣʫʯʝʥʥʦʡ ʨʘʩʢʘʪʢʦʡ ʥʘ ʦʧʨʘʚʢʝ ˉ5 

ʧʦʩʣʝ 8 ʧʨʦʭʦʜʦʚ ʠʤʝʝʪ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʰʝʨʦʭʦʚʘʪʦʩʪʴ Ra, ʨʘʚʥʦʝ 3,2 ʤʢʤ, 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʤ, ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʥʝʨʦʚʥʦʩʪʠ ʚʳʩʦʪʳ ʧʨʦʬʠʣʷ ʨʘʙʦʯʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʘʚʢʠ ʩʦʩʪʘʚʠʣʠ Ra = 0,8 ʤʢʤ, Rz = 18 ʤʢʤ. ʉʨʝʜʥʷʷ 

ʰʝʨʦʭʦʚʘʪʦʩʪʴ Ra ʧʦ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʘʚʢʠ ˉ1 ʧʦʩʣʝ ʨʘʩʢʘʪʢʠ 8 ʪʨʫʙ 

ʠʟ ʩʪʘʣʠ 20ʍ13 ʩʦʩʪʘʚʣʷʝʪ 1,2 ʤʢʤ, ʚ ʪʦ ʚʨʝʤʷ ʩʦʩʪʦʷʥʠʝ ʚʥʫʪʨʝʥʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʣʝʜʥʝʡ ʠʟ ʨʘʩʢʘʪʘʥʥʳʭ ʥʘ ʥʝʡ ʪʨʫʙ ʫʭʫʜʰʘʣʦʩʴ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʪʨʫʙʦʡ, ʧʦʣʫʯʝʥʥʦʡ ʨʘʩʢʘʪʢʦʡ ʥʘ ʦʧʨʘʚʢʝ ˉ5. ɺʝʣʠʯʠʥʳ ʰʝʨʦʭʦʚʘʪʦʩʪʠ Ra 

ʠ Rz, ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʤʝʶʪ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ, ʨʘʚʥʳʝ 3,5 ʠ 

20 ʤʢʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʩʭʦʜʷ ʠʟ ʠʟʣʦʞʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʢʘʯʝʩʪʚʦ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙ ʩʥʠʞʘʝʪʩʷ ʩ ʫʭʫʜʰʝʥʠʝʤ 

ʩʦʩʪʦʷʥʠʷ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʘʚʦʢ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʘʚʢʠ ʚʳʟʳʚʘʝʪ ʩʥʠʞʝʥʠʝ ʛʣʘʜʢʦʩʪʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʥʝʡ ʪʨʫʙ. 

 

 3.4 ʂʠʥʝʤʘʪʠʯʝʩʢʠʝ ʠ ʵʥʝʨʛʦʩʠʣʦʚʳʝ ʧʘʨʘʤʝʪʨʦʚ 

 

ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʨʘʩʢʘʪʢʠ ʪʨʫʙ ʠʟ 

ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʦʡ ʩʪʘʣʠ 20ʍ13 ʥʘ ʩʪʘʥʝ ʄʀʉʠʉ 130ɼ ʬʠʢʩʠʨʦʚʘʣʠ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʠ ʵʥʝʨʛʦʩʠʣʦʚʳʝ ʧʘʨʘʤʝʪʨʳ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʩʝʚʦʡ ʠ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʩʢʦʨʦʩʪʝʡ ʦʧʨʝʜʝʣʷʣʠ ʤʘʰʠʥʥʦʝ 

ʚʨʝʤʷ ʨʘʩʢʘʪʢʠ ʛʠʣʴʟ, ʜʣʠʥʫ ʰʘʛʘ ʚʠʥʪʦʚʦʡ ʣʠʥʠʠ ʥʘ ʟʘʪʦʨʤʦʞʝʥʥʦʡ ʛʠʣʴʟʝ-

ʪʨʫʙʝ. ʇʦʩʣʝ ʨʘʩʢʘʪʢʠ ʪʨʫʙʳ ʦʭʣʘʞʜʘʣʠ ʥʘ ʚʦʟʜʫʭʝ ʠ ʦʧʨʝʜʝʣʷʣʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʰʘʛʦʚ ʚʠʥʪʦʚʦʡ ʣʠʥʠʠ ʧʦ ʜʣʠʥʝ.  ʂʨʦʤʝ ʰʘʛʦʚ ʚʠʥʪʦʚʦʡ ʣʠʥʠʠ 

Sh ʘʛ_ʪ ʬʠʢʩʠʨʦʚʘʣʠ ʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʪʨʫʙ Dʪ ʠ Sʪ, ʩʠʣʫ ʪʦʢʘ ʥʘ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʭ ʛʣʘʚʥʦʛʦ ʧʨʠʚʦʜʘ ʩʪʘʥʘ (I) ʠ ʧʣʦʱʘʜʴ ʢʦʥʪʘʢʪʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʪʦʨʤʦʞʸʥʥʦʡ ʛʠʣʴʟʳ-ʪʨʫʙʳ ʩ ʚʘʣʢʘʤʠ (F), ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʢʦʪʦʨʳʭ ʧʨʦʠʟʚʦʜʠʣʠ ʨʘʩʯʝʪʳ ʤʦʱʥʦʩʪʠ ʨʘʩʢʘʪʢʠ (N) ʠ ʫʩʠʣʠʷ ʤʝʪʘʣʣʘ (ʈ) ʥʘ 

ʚʘʣʦʢ ʩʪʘʥʘ ʄʀʉʠʉ 130ɼ.  
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ʊʘʢʞʝ ʥʘ çʟʘʪʦʨʤʦʞʸʥʥʦʡè ʟʘʛʦʪʦʚʢʝ ʦʧʨʝʜʝʣʷʣʠ ʬʘʢʪʠʯʝʩʢʦʝ 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʚʘʣʢʘʤʠ ʚ ʧʝʨʝʞʠʤʝ ʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʣʠʥʝʡʢʘʤʠ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʜʝʬʦʨʤʘʮʠʠ ʥʘ ʟʘʪʦʨʤʦʞʝʥʥʦʡ ʛʠʣʴʟʝ-

ʪʨʫʙʝ ʧʦʣʫʯʠʣʠ: ʜʠʘʤʝʪʨ ʛʠʣʴʟʳ 62 ʤʤ, ʪʦʣʱʠʥʫ ʩʪʝʥʢʠ 7,5 ʤʤ, ʜʠʘʤʝʪʨ ʪʨʫʙʳ 

55 ʤʤ, ʪʦʣʱʠʥʫ ʩʪʝʥʢʠ ʪʨʫʙʳ 5,5é5,7 ʤʤ. ɼʣʠʥʘ ʢʦʥʪʘʢʪʘ ʟʘʛʦʪʦʚʢʠ ʩ 

ʣʠʥʝʡʢʘʤʠ  ʩʦʩʪʘʚʣʷʝʪ 74 ʤʤ, ʰʠʨʠʥʦʡ 47é48 ʤʤ, ʘ ʜʣʠʥʘ ʢʦʥʪʘʢʪʘ ʟʘʛʦʪʦʚʢʠ 

ʩ ʚʘʣʢʘʤʠ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 184é186 ʤʤ, ʩ hʠʨʠʥʦʡ 23é25 ʤʤ (ʨʠʩʫʥʦʢ 

3.17).  

 

 

 

ʈʠʩʫʥʦʢ 3.17 ʇʣʦʱʘʜʴ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʪʦʨʤʦʞʝʥʥʦʡ ʟʘʛʦʪʦʚʢʠ 

 

ɼʣʷ ʦʮʝʥʢʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʨʘʩʢʘʪʢʠ ʪʨʫʙ ʥʘ 

ʦʧʨʘʚʢʝ ʦʧʨʝʜʝʣʠʣʠ ʫʩʣʦʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʝʚʦʡ ʠ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ 

ʩʢʦʨʦʩʪʠ. 
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ʀʟ ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʥʦʰʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʢʦʨʦʩʪʝʡ ʠʤʝʝʤ 

ʚʳʨʘʞʝʥʠʝ: 

 

ὸὫ‍ɻ ʢʩʧ ẗὸὫ‍       (3.1) 

 

ʀʟ ʧʘʨʘʤʝʪʨʦʚ ʪʨʘʝʢʪʦʨʠʡ, ʬʠʢʩʠʨʫʝʤʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʳ: 

 

ὸὫ‍ɻ ʢʩʧ
ʰʘʛͅɻ

ẗʛ
,       (3.2) 

 

ʛʜʝ Sh ʘʛ_ʛ - ʰʘʛ ʚʠʥʪʦʚʦʡ ʣʠʥʠʠ ʟʘ ʦʙʦʨʦʪ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʦʩʝʚʦʡ ʩʢʦʨʦʩʪʠ ʤʝʪʘʣʣʘ ʧʨʠ ʚʨʘʱʝʥʠʠ ʚʘʣʢʦʚ ʚʦʟʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

–̏  
̕

̓
 ,        (3.3) 

 

ʛʜʝ ʬʘʢʪʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ ʨʘʩʢʘʪʢʠ ὠ̕ ̄

̈́̐
, tʟʘʧ ï ʚʨʝʤʷ ʟʘʧʦʣʥʝʥʠʷ 

ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ; ὠ̓ ï ʦʩʝʚʘʷ ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʨʦʢʘʪʢʠ ʚ ʧʝʨʝʞʠʤʝ ʚʘʣʢʦʚ, 

ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

 

╥̓ 
ϽἎ̃ẗἶẗἫἷἻ

ȟ      (3.4) 

 

ʛʜʝ $̃  ï ʜʠʘʤʝʪʨ ʚʘʣʢʦʚ ʚ ʧʝʨʝʞʠʤʝ; n ï ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʘʣʢʦʚ, 

ʦʙ/ʤʠʥ; ɓ ï ʫʛʦʣ ʧʦʜʘʯʠ ʚʘʣʢʦʚ. 

ʀʟ ʫʨʘʚʥʝʥʠʡ (3.3) ʠ (3.4) ʧʦʣʫʯʠʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʝʚʦʡ ʩʢʦʨʦʩʪʠ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

˛
ẗ╥̕

ẗἎ̃ẗἶẗ╬▫▼
       (3.5) 
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ʇʦʩʪʘʚʣʷʷ ʬʦʨʤʫʣʫ (3.5) ʚ (3.2), ʧʦʣʫʯʠʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ 

ʩʢʦʨʦʩʪʠ, ʠʤʝʶʱʠʡ ʚʳʨʘʞʝʥʠʝ: 

  

ἢ
ẗἬ̄ẗ■̄

Ἆ̃ ẗἶẗἫἷἻẗἻ̙́̄ ẗː◄◄̈́̐
     (3.6) 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʩʭʦʜʥʳʭ ʠ ʠʟʤʝʨʝʥʥʳʭ ʜʘʥʥʳʭ ʥʘ ʟʘʪʦʨʤʦʞʝʥʥʦʡ 

ʟʘʛʦʪʦʚʢʝ ʧʦʣʫʯʝʥʳ ,ʬʘʢʪʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʝʚʦʡ ʩʢʦʨʦʩʪʠ ʧʨʠ ʨʘʩʢʘʪʢʝ 

ʛʠʣʴʟ ʠʟ ʩʪʘʣʠ 20ʍ13 ʨʘʚʥʳʤ 0,53 ʠ 0,69 ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ 

ʩʢʦʨʦʩʪʠ.  

ʋʩʠʣʠʝ ʤʝʪʘʣʣʘ ʥʘ ʚʘʣʢʠ P ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʬʦʨʤʫʣʝ 

 

P = Pʩʨ.2·(F1+F2) +Pʩʨ.3·F3,    (3.7) 

 

ʛʜʝ F1, F2, F3 ïʧʣʦʱʘʜ ɹ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʫʯʘʩʪʢʘʭ 

ʨʝʜʫʮʠʨʦʚʘʥʠʷ ʦʪ ʩʝʯʝʥʠʷ ʚʭʦʜʘ ʤʝʪʘʣʣʘ ʚ ʚʘʣʢʠ, ʦʙʞʘʪʠʷ ʧʨʠ ʨʘʩʢʘʪʢʝ ʦʪ 

ʩʝʯʝʥʠʷ ʚʪʦʨʠʯʥʦʛʦ ʟʘʭʚʘʪʘ ʜʦ ʩʝʯʝʥʠʷ ʦʪʨʳʚʘ ʩʪʝʥʢʠ ʪʨʫʙʳ ʦʪ ʦʧʨʘʚʢʠ, ʠ 

ʦʙʢʘʪʢʠ ʦʪ ʧʦʩʣʝʜʥʝʛʦ ʜʦ ʩʝʯʝʥʠʷ ʚʳʭʦʜʘ ʪʨʫʙʳ ʠʟ ʚʘʣʢʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 

Pʩʨ.1, Pʩʨ.2, Pʩʨ.3 ï ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʝʛʦ ʫʜʝʣʴʥʦʛʦ ʫʩʠʣʠʷ ʥʘ ʫʯʘʩʪʢʘʭ 

ʨʝʜʫʮʠʨʦʚʘʥʠʷ ʦʪ ʩʝʯʝʥʠʷ ʚʭʦʜʘ ʤʝʪʘʣʣʘ ʚ ʚʘʣʢʠ, ʦʙʞʘʪʠʷ ʧʨʠ ʨʘʩʢʘʪʢʝ ʦʪ 

ʥʘʯʘʣʘ ʚʪʦʨʠʯʥʦʛʦ ʟʘʭʚʘʪʘ ʜʦ ʩʝʯʝʥʠʷ ʦʪʨʳʚʘ ʩʪʝʥʢʠ ʪʨʫʙʳ ʦʪ ʦʧʨʘʚʢʠ, ʠ 

ʦʙʢʘʪʢʠ ʦʪ ʧʦʩʣʝʜʥʝʛʦ ʜʦ ʩʝʯʝʥʠʷ ʚʳʭʦʜʘ ʪʨʫʙʳ ʠʟ ʚʘʣʢʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɿʥʘʯʝʥʠʷ ʩʨʝʜʥʠʭ ʜʘʚʣʝʥʠʡ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʤʝʪʦʜʠʢʝ ɸ. ʇ. ʏʝʢʤʘʨʝʚʘ 

ʠ ʜʨʫʛʠʭ ʧʦ ʩʣʝʜʫʶʱʠʤ ʬʦʨʤʫʣʘʤ: 

 

╟̒ ̑  ȟ 
╫̐

►̐
  ȟϽⱠ̐ Ɑ◊ȟ     (3.8) 

 

ʛʜʝ bʧ ï ʰʠʨʠʥʘ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʩʝʯʝʥʠʠ ʧʝʨʝʞʠʤʘ; 
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rʧ ï ʨʘʜʠʫʩ ʟʘʛʦʪʦʚʢʠ ʚ ʧʝʨʝʞʠʤʝ (ʠʟʤʝʨʷʣʠ ʥʘ ʟʘʪʦʨʤʦʞʝʥʥʦʡ 

ʟʘʛʦʪʦʚʢʝ); 

Ůʧ ï ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʦʙʞʘʪʠʝ ʟʘʛʦʪʦʚʢʠ ʚ ʧʝʨʝʞʠʤʝ; 

ůu ïʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʝʬʦʨʤʘʮʠʠ ʤʝʪʘʣʣʘ ʟʘʛʦʪʦʚʢʠ ʧʨʠ ʟʘʜʘʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ 1200 ʉ̄ ʠ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ 1Ŀʩʝʢ-1, ʜʣʷ ʩʪʘʣʠ 20ʍ13 

ʧʨʠʥʠʤʘʣʠ ůu = 105 ʄʇʘ. 

ʊʦʛʜʘ 

ὖ̒̑  ρȟψ ɀ Ͻρ  ςȟχz πȟρςϽρπυ  ωτȟω ̇˜Ȣ́  

 

ʉʨʝʜʥʠʝ ʜʘʚʣʝʥʠ ̫ʥʘ ʫʯʘʩʪʢʝ ʨʘʩʢʘʪʢʠ ʛʠʣʴʟʳ ʥʘ ʦʧʨʘʚʢʝ ʧʨʠʥʠʤʘʝʤ ʧʦ 

ʩʦʦʪʥʦʰʝʥʠʶ 

ὖ̒ ̑  πȟχυ ὖ̒ ̑  πȟχυωτȟω  χρȟρψ ̇˜Ȣ́ 

 

ʉʨʝʜʥʠʝ ʜʘʚʣʝʥʠʷ ʥʘ ʫʯʘʩʪʢʝ ʦʙʢʘʪʢʠ ʛʠʣʴʟʳ 

ὖ̒ ̑  πȟρ ὖ̒ ̑  πȟρωτȟω  ωȟτω ̇˜Ȣ́ 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʨʝʥʠʷ ʥʘ 

ʟʘʪʦʨʤʦʞʝʥʥʦʡ ʟʘʛʦʪʦʚʢʝ ʧʷʪʥʘ ʢʦʥʪʘʢʪʥʦʡ ʧʣʦʱʘʜʠ, ʠʩʧʦʣʴʟʫʷ AutoCAD ʚ 

ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʢʦʥʪʘʢʪʘ, ʠ ʪʘʢʞʝ 

ʢʘʞʜʦʛʦ ʫʯʘʩʪʢʘ. ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʧʣʦʱʘʜʠ ʢʘʞʜʦʛʦ ʫʯʘʩʪʢʘ ʩʦʩʪʘʚʣʷʶʪ: F1 

= 681,7 ʤʤ2; F2 = 1417 ʤʤ
2; F3 = 551,9 ʤʤ

2. ʉʫʤʤʘʨʥʦʝ ʫʩʠʣʠʝ PɆ, ʜʝʡʩʪʚʫʶʱʝʝ 

ʥʘ ʚʘʣʦʢ, (ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 3.7) ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 154,71 ʢʅ. 

ʂʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʄ ʧʨʠ ʠʟʚʝʩʪʥʦʡ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʚʘʣʢʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

 

 ̇  Ͻ̋ Ͻὦ̐Ͻρ
̐

     (3.9) 

 

ʛʜʝ Dʚ ʠ dʧ ï ʜʠʘʤʝʪʨ ʚʘʣʢʦʚ ʠ ʪʨʫʙʳ ʚ ʧʝʨʝʞʠʤʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʇʨʠʥʷʚ ʚ ʨʘʩʯʝʪ ʰʠʨʠʥʫ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʚʥʫʶ ʚ ʩʨʝʜʥʝʤ 

0,022 ʤ, ʘ ʜʠʘʤʝʪʨ ʚʘʣʢʦʚ ʠ ʨʘʩʢʘʪʳʚʘʝʤʦʡ ʪʨʫʙʳ ʨʘʚʥʳʝ 0,415 ʤ ʠ 0,054 ʤ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʣʫʯʠʣʠ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʧʨʠ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʚʘʣʢʦʚ 30 

ʦʙ/ʤʠʥ ʄ = 16,8 ʢʅ.ʤ. ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ, 

ʦʧʨʝʜʝʣʝʥʘ ʤʦʱʥʦʩʪʴ ʧʨʠʚʦʜʘ ʥʘ ʢʘʞʜʳʡ ʜʚʠʛʘʪʝʣʴ ʧʦ ʚʳʨʘʞʝʥʠ:ʁ  

 

╝ 
Ͻ̇ ▪
ȟ        (3.10) 

 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ ʜʣʷ ʧʨʠʚʦʜʘ ʦʜʥʦʛʦ ʚʘʣʢʘ 

ʩʦʩʪʘʚʠʣʘ 45,74 ʢɺʪ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚʦ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ 

ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʵʥʝʨʛʦʩʠʣʦʚʳʝ ʧʘʨʘʤʝʪʨʳ, ʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʦʢʦʚʘʷ 

ʥʘʛʨʫʟʢʘ ʥʘ ʢʘʞʜʳʡ ʜʚʠʛʘʪʝʣʴ ʧʨʠ ʨʘʩʢʘʪʢʝ ʛʠʣʴʟ ʠʟ ʩʪʘʣʠ ʤʘʨʦʢ 20ʍ13 

ʨʘʟʤʝʨʘʤʠ 61ʭ7,5 ʤʤ ʚ ʪʨʫʙʳ 55ʭ6 ʤʤ ʩʦʩʪʘʚʠʣʘ 330 ɸ, ʠʟ ʥʠʭ 230 ɸ ï ʪʦʢ 

ʭʦʣʦʩʪʦʛʦ ʪʦʢʘ. ɺ ʠʪʦʛʝ ʨʘʙʦʯʠʡ ʪʦʢ ʜʚʠʛʘʪʝʣʷ ʧʨʠ ʨʘʩʢʘʪʢʝ ʩʦʩʪʘʚʣʷʝʪ 100 ɸ, 

ʯʪʦ ʩ ʫʯʝʪʦʤ ʥʘʧʨʷʞʝʥʠʷ 380 ɺ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʚʦʜʘ cosű ʨʘʚʥʦʤ 0,7 

ʦʧʨʝʜʝʣʷʝʪ ʤʦʱʥʦʩʪʴ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʡ ʧʦʣʫʯʘʝʪʩʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 46 ʢɺʪ. 

ʀ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʚʘʣʢʦʚ ʧʨʠ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 14,67 

ʢʅ.ʤ. 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʵʥʝʨʛʦʩʠʣʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʚʠʜʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʳ ʧʦʣʫʯʝʥʥʳʝ ʨʘʩʯʝʪʦʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʣʦʱʘʜʠ ʧʷʪʥʘ 

ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʚʘʣʢʘʤʠ ʩʭʦʜʷʪʩʷ ʩʦ ʟʥʘʯʝʥʠʷʤʠ, 

ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʚʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʧʨʦʢʘʪʦʢ ʩ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʨʘʟʙʨʦʩʦʤ. ʈʘʟʥʠʮʘ ʧʦʣʫʯʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ ʧʨʠʚʦʜʘ 

ʜʚʠʛʘʪʝʣʷ ʩʦʩʪʘʚʣʷʝʪ 1 %, ʘ ʨʘʟʣʠʯʠʷ ʚ ʚʝʣʠʯʠʥʝ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʥʘ ʚʘʣʦʢ 

12 %.   

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʫʩʠʣʠʷ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʧʨʦʰʠʚʢʠ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ Qform. 

ʇʘʨʘʤʝʪʨʳ ʥʘʩʪʨʦʡʢʠ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʧʘʨʘʤʝʪʨʘʤ, 
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ʫʢʘʟʘʥʥʳʤ ʚ ʪʘʙʣʠʮʝ 3.3. ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʠʩʭʦʜʥʦʡ ʟʘʛʦʪʦʚʢʠ ʚʳʙʨʘʥ 

ʤʘʪʝʨʠʘʣ 20ʍ13 ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ, ʚʟʷʪʳʤʠ ʠʟ 

ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Qform.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʣʫʯʝʥ ʛʨʘʬʠʢ ʫʩʠʣʠʷ ʤʝʪʘʣʣʘ, 

ʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘ ʚʘʣʦʢ ʧʨʦʢʘʪʥʦʛʦ ʩʪʘʥʘ, ʢʦʪʦʨʦʝ ʩʦʩʪʘʚʠʣʦ 120ï140 ʢʅ 

(ʨʠʩʫʥʦʢ 3.18). 

 

ʈʠʩʫʥʦʢ 3.18 - ɻʨʘʬʠʢ ʨʘʜʠʘʣʴʥʦʛʦ ʫʩʠʣʠʷ ʤʝʪʘʣʣʘ ʥʘ ʚʘʣʦʢ 

 

 

ʅʘ ʨʠʩʫʥʢʝ 3.19 ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʠʙʣʠʞʝʥʥʘʷ ʬʦʨʤʘ ʠ ʨʘʟʤʝʨʳ 

ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʘʣʢʘ ʩ ʟʘʛʦʪʦʚʢʦʡ ʥʘ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʩʪʘʜʠʠ 

ʧʨʦʢʘʪʢʠ ʛʠʣʴʟ ʚ ʪʨʫʙʳ. 
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ʈʠʩʫʥʦʢ 3.19 - ʌʦʨʤʘ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʨʘʩʢʘʪʢʠ ʚ Qform 

 

ɼʣʠʥʘ ʢʦʥʪʘʢʪʘ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 143,5 ʤʤ ʧʨʠ ʰʠʨʠʥʝ ʚ 

ʧʝʨʝʞʠʤʝ 21,2 ʤʤ. ʇʣʦʱʘʜʴ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʠʣʘ 2020 ʤʤ2. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʥʠʮʘ ʧʦʣʫʯʝʥʥʳʭ 

ʨʘʟʤʝʨʦʚ ʢʦʥʪʘʢʪʥʦʡ ʧʣʦʱʘʜʠ ʢʦʥʪʘʢʪʘ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʩʦʩʪʘʚʣʷʝʪ 22 %, ʘ ʨʘʟʣʠʯʠʷ ʚ ʚʝʣʠʯʠʥʝ ʫʩʠʣʠʷ ʤʝʪʘʣʣʘ ʥʘ 

ʚʘʣʦʢ 9é23 %. 

 

ɺʳʚʦʜ r 

 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʨʘʩʢʘʪʢʠ ʪʨʫʙ ʥʘ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʦʤ 

ʩʪʘʥʝ ʄʀʉʠʉ-130ɼ ʧʨʦʚʝʜʝʥʘ ʦʧʳʪʥʘʷ ʨʘʩʢʘʪʢʘ ʛʠʣʴʟ ʚ ʪʨʫʙʳ ʠʟ ʩʪʘʣʠ 

20ʍ13.  

ʆʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʪʨʫʙ ʧʦ ʜʚʫʤ ʤʘʨʰʨʫʪʘʤ ʧʨʦʢʘʪʢʠ 

ʧʦʢʘʟʘʣʘ, ʯʪʦ ʠʭ ʨʘʟʥʦʩʪʝʥʥʦʩʪʴ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 1,8é3,5%. ʆʪʤʝʯʝʥʦ, 

ʯʪʦ ʧʨʠ ʨʘʟʥʦʩʪʝʥʥʦʩʪʠ ʧʨʦʰʠʪʳʭ ʛʠʣʴʟ ʜʦ 4,5%, ʨʘʟʥʦʩʪʝʥʥʦʩʪʴ ʪʨʫʙ ʧʦʩʣʝ 

ʨʘʩʢʘʪʢʠ ʧʦ ʧʨʠʤʝʥʷʝʤʦʤʫ ʨʝʞʠʤʫ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʝ 1,8é3%, ʘ 
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ʨʘʟʥʦʩʪʝʥʥʦʩʪʴ ʪʨʫʙ ʤʦʞʝʪ ʧʦʚʳʰʘʪʴʩ ̫ ʜʦ 3,5% ʧʨʠ ʧʨʦʢʘʪʢʝ ʛʠʣʴʟ ʩ 

ʨʘʟʥʦʩʪʝʥʥʦʩʪʴʶ 5%. 

ʇʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙ ʧʦʩʣʝ 

ʨʘʩʢʘʪʢʠ ʥʘ ʨʘʟʥʳʭ ʦʧʨʘʚʢʘʭ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʣʫʯʰʝʥʠʝ ʩʦʩʪʦʷʥʠʝ ʨʘʙʦʯʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʘʚʢʠ ʧʨʠ ʨʘʩʢʘʪʢʝ ʪʨʫʙ ʠʟ ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʠʭ ʩʪʘʣʝʡ 

ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ  ʢʘʯʝʩʪʚʦ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʫʤʝʥʴʰʝʥʠʝʤ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʥʘ ʥʝʡ. 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʬʘʢʪʠʯʝʩʢʠʭ ʪʦʢʦʚʳʭ ʥʘʛʨʫʟʢʘʭ  ʚ ʭʦʜʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʨʘʩʢʘʪʢʠ, ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʵʥʝʨʛʦʩʠʣʦʚʳʝ ʧʘʨʘʤʝʪʨʳ 

ʧʨʦʮʝʩʩʘ ʨʘʩʢʘʪʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘʪʦʨʤʦʞʝʥʥʦʡ ʚ ʦʯʘʛʝ ʜʝʬʦʨʤʘʮʠʠ 

ʟʘʛʦʪʦʚʢʠ, ʠ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʪʘʣʠ 20ʍ13. ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʠʪʝʣʴʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʨʘʩʢʘʪʢʠ ʚ ʧʨʦʛʨʘʤʤʝ Qform, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ 

ʪʦʯʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʢʦʥʝʯʥʦ ʵʣʝʤʝʥʪʥʳʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ.  

ʂʦʵʬʬʠʮʠʝʥʪ ʦʩʝʚʦʡ ʩʢʦʨʦʩʪʠ ʧʨʠ ʨʘʩʢʘʪʢʝ ʩʦʩʪʘʚʠʣ 0,53. ʅʠʟʢʘʷ 

ʚʝʣʠʯʠʥʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʩʝʚʦʡ ʩʢʦʨʦʩʪʠ ʤʝʪʘʣʣʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʦʯʘʛʘ 

ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʧʨʦʢʘʪʢʝ ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʠʭ ʩʪʘʣʝʡ ʤʘʨʦʢ 20ʍ13, ʤʦʞʝʪ 

ʦʙʲʷʩʥʷʪʩɹʷ ʧʦʚʳʰʝʥʥʳʤ ʩʢʦʣʴʞʝʥʠʝʤ ʤʝʪʘʣʣʘ.  ʇʨʠ ʵʪʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʚʨʝʤʷ ʧʨʦʢʘʪʢʠ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚʦʧʨʦʩ ʧʦʚʳʰʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʩʝʚʦʡ 

ʩʢʦʨʦʩʪʠ ʚʳʟʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪ ɹʩʧʝʮʠʘʣʴʥʳʭ ʧʦʜʭʦʜʦʚ ʜʣʷ ʫʩʧʝʰʥʦʛʦ, ʠ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʩʚʦʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʢʘʪʢʠ ʪʨʫʙ ʠʟ ʩʪʘʣʠ 20ʍ13. 
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4. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ  

 

 4.1 ʀʟʥʦʩ ʦʧʨʘʚʢʠ ʧʨʠ ʨʘʩʢʘʪʢʝ ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʦʡ ʩʪʘʣʠ 20ʍ13 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʧʨʦʙʣʝʤʥʳʭ ʘʩʧʝʢʪʦʚ ʧʨʠ ʧʨʦʢʘʪʢʝ ʪʨʫʙ ʠʟ 

ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʠʭ ʤʘʨʦʢ ʩʪʘʣʝʡ ʷʚʣʷʝʪʩʷ ʥʠʟʢʠʡ ʨʝʩʫʨʩ ʨʘʙʦʪʳ ʦʧʨʘʚʦʢ ʠ 

ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʠʟʥʦʩʦʤ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʚʣʠʷʶ ʠɦʤ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ, ʢʘʯʝʩʪʚʦ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʪʦʯʥʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ ʪʨʫʙ. ʈʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʦʧʨʘʚʢʠ ʧʨʠ ʧʨʦʢʘʪʢʝ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʝʝ ʤʘʪʝʨʠʘʣʦʩʪʦʡʢʦʩʪʴʶ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʡ ʦʮʝʥʠʚʘʝʪʩʷ 

ʦʪʥʦʰʝʥʠʝʤ ʤʘʩʩʳ ʧʨʦʢʘʪʘʥʥʦʡ ʟʘʛʦʪʦʚʢʠ ʢ ʠʟʥʦʰʝʥʥʦʡ ʤʘʩʩʝ ʤʝʪʘʣʣʘ 

ʦʧʨʘʚʢʠ. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʟʚʝʰʝʥʳ ʥʘ ʵʣʝʢʪʨʦʥʥʳʭ ʚʝʩʘʭ ʩ ʪʦʯʥʦʩʪʴʶ 

ʜʦ 0,001 ʢʛ ʛʠʣʴʟʳ ʠ ʦʧʨʘʚʢʘ ʚ ʥʘʯʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩ ʦʢʘʣʠʥʦʡ ʠ ʧʦʩʣʝ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ 5 ʧʨʦʭʦʜʦʚ (ʨʠʩʫʥʦʢ 4.1). ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʧʨʠ ʨʘʩʢʘʪʢʝ 5 ʛʠʣʴʟ ʠʟ ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʦʡ ʩʪʘʣʠ 20ʍ13 ʚʝʩʦʤ 69 ʢʛ, ʤʘʩʩʘ 

ʦʧʨʘʚʢʠ ʫʤʝʥʴʰʠʣʘʩʴ ʥʘ 0,002 ʢʛ. ʄʘʩʩʘ ʫʢʘʟʘʥʘ ʙʝʟ ʫʯyʪʘ ʢʦʣʠʯʝʩʪʚʘ 

ʥʘʣʠʧʰʝʛʦ ʤʝʪʘʣʣʘ ʥʘ ʨʘʙʦʯʫ  ʁ ʧʦʚʝʨʭʥʦʩʪ ɹ ʦʧʨʘʚʢʠ. ɺʝʣʠʯʠʥʘ 

ʤʘʪʝʨʠʘʣʦʩʪʦʡʢʦʩʪʠ ʧʨʠ ʨʘʩʢʘʪʢʝ ʩʦʩʪʘʚʠʣʘ 34,5 ʪ/ʢʛ.  

ʇʨʠ ʚʠʟʫʘʣʴʥʦʤ ʦʩʤʦʪʨʝ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ  ʟʦʥʘ ʥʘʯʘʣʘ ʢʦʥʪʘʢʪʘ ʦʧʨʘʚʢʠ 

ʩ ʧʨʦʢʘʪʳʚʘʝʤʳʤ ʤʝʪʘʣʣʦʤ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʝʛʦ ʥʘʣʠʧʘʥʠʝʤ 

ʥʘ ʨʘʙʦʯʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʦ ʠʟʤʝʨʝʥʠʝ 

ʜʠʘʤʝʪʨʘʣʴʥʳʭ ʨʘʟʤʝʨʦʚ ʦʧʨʘʚʢʠ ʧʦ ʧʦʧʝʨʝʯʥʳʤ ʩʝʯʝʥʠʷʤ ʤʠʢʨʦʤʝʪʨʦʤ ʩ 

ʪʦʯʥʦʩʪʴʶ 0,01 ʤʤ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʦʧʨʘʚʢʠ ʜʦ ʠ ʧʦʩʣʝ ʨʘʩʢʘʪʢʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 4.2. ʉʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʦʧʨʘʚʢʠ ʧʦʩʣʝ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʦʪʞʠʛʘ, ʢʦʪʦʨʳʡ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʩʠʜʥʦʛʦ 

ʩʣʦʷ ʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʯʘʩʪʠ ʩʦʩʪʘʚʠʣ 49,33 ʤʤ. ʇʦʩʣʝ ʦʩʫʱʝʩʪʚʣʝʥʠʠ 

ʧʨʦʢʘʪʢʠ ʪʨʫʙ ʧʦ ʧʝʨʚʦʤʫ ʤʘʨʰʨʫʪʫ ʦʧʨʘʚʢʘ ʧʦʜʚʝʨʛʣʘʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ 
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ʠʟʥʦʩʫ ʚ ʧʝʨʝʞʠʤʝ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ, ʝʝ ʜʠʘʤʝʪʨ ʚ ʨʘʙʦʯʝʡ ʯʘʩʪʠ ʫʤʝʥʴʰʠʣʩʷ 

ʤʘʢʩʠʤʘʣʴʥʦ ʥʘ 0,04 ʤʤ (ʨʠʩʫʥʦʢ 4.3). ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʦʩʪʨʦʝʥ ʛʨʘʬʠʢ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʣʫʙʠʥʳ ʠʟʥʦʩʘ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʘʚʢʠ 

(ʨʠʩʫʥʦʢ 4.3). 

 

ʈʠʩʫʥʦʢ 4.1 -  ɺʥʝʰʥʠʡ ʚʠʜ ʦʧʨʘʚʢʠ  

ʘ) ʜʦ ʧʨʦʢʘʪʢʠ; ʙ) ʧʦʩʣʝ 5 ʧʨʦʢʘʪʘʥʥʳʭ ʪʨʫʙ 

 

 

ʈʠʩʫʥʦʢ 4.2 - ɼʠʘʤʝʪʨʘʣʴʥʳʝ ʨʘʟʤʝʨʳ ʦʧʨʘʚʢʠ ʜʦ ʠ ʧʦʩʣʝ ʨʘʩʢʘʪʢʠ 
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ʈʠʩʫʥʦʢ 4.3 - ɻʣʫʙʠʥʘ ʠʟʥʦʩʘ ʦʧʨʘʚʢʠ ʧʦ ʜʣʠʥʝ 

 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʧʨʦʮʝʩʩʘ ʨʘʩʢʘʪʢʠ ʪʨʫʙ ʠʟ ʩʪʘʣʠ 20ʍ13 ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ Qform ʩ 

ʫʯʝʪʦʤ ʧʘʨʘʤʝʪʨʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʨʦʢʘʪʢʠ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʩʪʘʣʠ ʤʘʨʦʢ 20ʍ13 ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʟʷʪʳ ʠʟ 

ʙʘʟʳ ʜʘʥʥʳʭ ʙʠʙʣʠʦʪʝʢ ʤʘʪʝʨʠʘʣʦʚ Qform. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʘʭ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʙʳʣ ʧʦʩʪʨʦʝʥ ʛʨʘʬʠʢ, ʨʘʩʧʨʝʜʝʣʝʥʠ ̫ ʠʟʥʦʩʘ 

ʦʧʨʘʚʢʠ ʧʦ ʜʣʠʥʝ, ʦʪ ʝʸ ʥʦʩʢʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʢʘʪʘʥʥʳʭ ʪʨʫʙ 

(ʨʠʩʫʥʦʢ 4.4). ɺ ʧʝʨʝʞʠʤʝ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ ʧʦʣʫʯʠʣʠ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʠʟʥʦʩʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʟʫʣʴʪʘʪʦʤ, 

ʧʦʣʫʯʝʥʥʤr ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʦʧʨʝʜʝʣʠʣʠ ʠʟʤʝʥʝʥʠʝ ʤʘʪʝʨʠʘʣʦʩʪʦʡʢʦʩʪʠ ʦʧʨʘʚʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʨʦʢʘʪʘʥʥʳʭ ʪʨʫʙ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʙʦʯʠʡ ʨʝʩʫʨʩ ʦʧʨʘʚʢʠ ʧʨʠ ʨʘʩʢʘʪʢʝ 

ʪʨʫʙ ʠʟ ʩʪʘʣʠ 20ʍ13 ʟʘʤʝʪʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ 

ʧʨʦʚʝʜʝʥʥʳʭ ʧʨʦʢʘʪʦʢ. ʄʘʪʝʨʠʘʣʦʩʪʦʡʢʦʩʪ ɹ ʦʧʨʘʚʢʠ ʧʦʩʣʝ ʦʜʥʦʡ 

ʧʨʦʢʘʪʘʥʥʦʡ ʪʨʫʙʳ ʩʦʩʪʘʚʠʣʘ 72,55 ʪ/ʢʛ ʠ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 15,27 ʪ/ʢʛ ʧʦʩʣʝ 5 

ʧʨʦʢʘʪʘʥʥʳʭ ʪʨʫʙ.  
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ʈʠʩʫʥʦʢ 4.4 -  ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʛʣʫʙʠʥʳ ʠʟʥʦʩʘ ʦʧʨʘʚʦʢ ʧʦ ʜʣʠʥʝ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʢʘʪʘʥʥʳʭ ʪʨʫʙ 

 

 

ʈʠʩʫʥʦʢ 4.5 - ʀʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ʤʘʪʝʨʠʘʣʦʩʪʦʡʢʦʩʪʠ ʦʧʨʘʚʦʢ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʢʘʪʘʥʥʳʭ ʪʨʫʙ 

 

ɹʦʣʴʰʦʡ ʨʘʟʙʨʦʩ ʧʦ ʚʝʣʠʯʠʥʝ ʤʘʪʝʨʠʘʣʦʩʪʦʡʢʦʩʪʠ ʦʧʨʘʚʦʢ ʧʨʠ 

ʩʨʘʚʥʝʥʠʠ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʴʩʷ ʦʪʩʫʪʩʪʚʠʝʤ 

ʥʘʣʠʧʘʥʠʷ ʤʝʪʘʣʣʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪ ɹʦʧʨʘʚʢʠ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚ Qform. 
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 4.2 ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠ ̫ʤʘʪʝʨʠʘʣʘ ʦʧʨʘʚʦʢ ʥʘ ʠʭ ʠʟʥʦʩ ʧʨʠ 

ʨʘʩʢʘʪʢʝ ʪʨʫʙ ʠʟ ʩʪʘʣʠ 20ʍ13  

 

ʆʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʦʧʨʘʚʦʢ, ʷʚʣʷʶʪʩʷ: ʢʦʥʪʘʢʪʥʦʝ ʚʨʝʤʷ ʦʧʨʘʚʦʢ ʩ 

ʧʨʦʢʘʪʳʚʘʝʤʳʤ ʤʝʪʘʣʣʦʤ, ʤʘʪʝʨʠʘʣ ʟʘʛʦʪʦʚʢʠ ʠ ʠʥʩʪʨʫʤʝʥʪʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ 

ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʚʠʜʦʚ ʧʦʚʨʝʞʜʝʥʠʷ ʦʧʨʘʚʦʢ ʧʨʠ ʧʨʦʢʘʪʢʝ ʪʨʫʙ ʠʟ 

ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʠʭ ʤʘʨʦʢ ʩʪʘʣʠ ̫ ʚʣʷʝʪʩʷ ʥʘʣʠʧʘʥʠʝ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ 

ʤʝʪʘʣʣʘ. ʆʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʙʦʨʴʙʳ ʩ ʥʘʣʠʧʘʥʠʝʤ ʷʚʣʷʝʪʩʷ 

ʧʦʜʙʦʨ ʤʘʪʝʨʠʘʣʘ ʠʥʩʪʨʫʤʝʥʪʘ, ʢʦʪʦʨʳʡ ʦʙʣʘʜʘʝʪ ʥʠʟʢʦʡ ʩʢʣʦʥʥʦʩʪʴʶ ʢ 

ʩʭʚʘʪʳʚʘʥʠʶ ʩ ʜʝʬʦʨʤʠʨʫʝʤʳʤ ʤʝʪʘʣʣʦʤ. ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ 

ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʳ ʪʘʢʞʝ ʧʫʪʝʤ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʨʘʙʦʯʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 

ʧʝʨʝʜ ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʟʘʱʠʪʥʦʛʦ ʩʣʦʷ ʦʢʠʩʣʦʚ [69,89,96,99,120], 

ʘ ʪʘʢʞʝ ʥʘʥʝʩʝʥʠʝʤ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʴ ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ [95,98,100,121]. 

ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʨʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʤʘʪʝʨʠʘʣʦʚ, ʠʟ ʢʦʪʦʨʳʭ 

ʠʟʛʦʪʦʚʣʝʥ  r ʦʧʨʘʚʢʠ ʧʨʠ ʧʨʦʢʘʪʢʝ ʪʨʫʙ ʠʟ ʩʪʘʣʠ 20ʍ13 ʥʘ ʠʭ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ. ɼʣʷ ʧʨʦʢʘʪʢʠ ʪʨʫʙ ʠʩʧʳʪʳʚʘʣʠ ʦʧʨʘʚʢʠ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ 

ʩʪʘʣʝʡ 4ʍ5ʄʌʉ, 3ʍ3ʄ3ʌ, 5ʍ3ɺ3ʄʌʉ (ɼʀ 23) ʠ 20ʍ2ʅ4ɸ. ʀʭ ʟʥʘʯʝʥʠʷ 

ʫʛʣʝʨʦʜʥʦʛʦ ʵʢʚʠʚʘʣʝʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 4.1, ʢʦʪʦʨʝr ʦʧʨʝʜʝʣʷʪʁʩʷ 

ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ.  

 

(4,1) 

 

ʊʘʙʣʠʮʘ 4.1 ï  ʀʩʩʣʝʜʫʝʤʳʝ ʦʧʨʘʚʢʠ 

ˉ ʄʘʨʢʘ ʩʪʘʣʠ ʉɻ
ʢʚ
 

1 4ʍ5ʄʌʉ  2.05 
2 3ʍ3ʄ3ʌ 1,94 
3 5ʍ3ɺ3ʄʌʉ 1,69 
4 20ʍ2ʅ4ɸ 0,76 
5 20ʍ2ʅ4ɸ (ʩ ʥʘʥʝʩʝʥʥʳʤʠ ʧʦʢʨʳʪʠʷʤʠ) - 
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 ʉʦʛʣʘʩʥʦ ʠʟʣʦʞʝʥʥʦʤʫ ʚ ʧʨʝʜʳʜʫʱʝʡ ʛʣʘʚʝ, ʧʝʨʝʜ ʧʨʦʢʘʪʢʦʡ ʦʧʨʘʚʢʠ 

ʧʦʜʚʝʨʛʘʣʠ ʚʳʜʝʨʞʢʝ ʚ ʢʘʤʝʨʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʝʯʠ ʧʨʠ T = 930 Áʉ ʚ ʪʝʯʝʥʠʝ 

60 ʤʠʥʫʪ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʪʦʥʢʦʛʦ ʦʢʩʠʜʥʦʛʦ ʩʣʦʷ ʥʘ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʅʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʦʜʥʦʡ ʠʟ ʦʧʨʘʚʦʢ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ 20ʍ2ʅ4ɸ ʥʘʥʝʩʣʠ ʧʦʢʨʳʪʠʝ, 

ʩʦʩʪʦʷʱʠʝ ʠʟ ʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʘʣʶʤʠʥʠʷ ʠ ʝʛʦ ʦʢʩʠʜʘ ʤʝʪʦʜʦʤ ʭʦʣʦʜʥʦʛʦ 

ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʧʳʣʝʥʠʷ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ (ʍɻʅʅɼ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʫʩʪʘʥʦʚʢʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʝʪʘʣʣʠʟʘʮʠʠ ɼʀʄɽʊ 405, ʫ ʢʦʪʦʨʦʡ ʧʨʠʩʦʝʜʠʥʝʥʦ 

ʩʦʧʣʦ ʉʂ20 ʩʦ ʩʤʝʥʥʦʡ ʚʩʪʘʚʢʦʡ ʜʠʘʤʝʪʨʦʤ 6 ʤʤ (ʨʠʩʫʥʦʢ 4.6). ʈʘʩʭʦʜ 

ʥʘʧʳʣʷʝʤʦʛʦ ʧʦʨʦʰʢʘ ʥʘʭʦʜʠʣʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0,3 ʜʦ 0,4 ʛ/ʩ. ɼʠʩʪʘʥʮʠʷ 

ʥʘʧʳʣʝʥʠʷ ʦʪ ʩʨʝʟʘ ʩʦʧʣʘ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ ʩʦʩʪʘʚʣʷʣʘ 15 ʤʤ. ɺ 

ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ ʛʘʟʘ ʧʨʠʤʝʥʷʣʩʷ ʩʞʘʪʳʡ ʚʦʟʜʫʭ ʩ ʨʘʙʦʯʠʤ ʜʘʚʣʝʥʠʝʤ 

ʨʘʚʥʳʤ 0,9 ʄʇʘ.  

ʇʨʦʮʝʩʩ ʥʘʧʳʣʝʥʠʷ ʧʨʦʚʦʜʠʣʩʷ ʧʨʠ ʨʝʞʠʤʝ ʥʘʛʨʝʚʘ ʚ ʧʨʝʜʝʣʘʭ 400ï450 

ʉ. ʇʦʜ ʜʘʚʣʝʥʠʝʤ ʩʞʘʪʳʡ ʚʦʟʜʫʭ ʦʪ ʢʦʤʧʨʝʩʩʦʨʘ ʫʩʢʦʨʷʝʪʩʷ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʥʘʛʨʝʚʘʝʪʩʷ ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʚ ʨʘʩʧʳʣʠʪʝʣʠ ʥʘʛʨʝʚʘʪʝʣʝʤ. ʄʝʣʢʦʜʠʩʧʝʨʩʥʳʝ 

ʧʦʨʦʰʢʠ ʧʦʜʘʶʪʩʷ ʚ ʩʦʧʣʦ ʠ ʬʦʨʤʠʨʫʝʪʩʷ ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʧʦʪʦʢ ʨʘʟʛʦʥʷʝʤʳʭ 

ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ, ʠ ʢʦʪʦʨʳʝ ʦʩʘʞʜʘʶʪʩʷ ʧʨʠ ʠʭ ʫʜʘʨʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʘʚʢʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʥʘʧʳʣʷʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʢʦʤʤʝʨʯʝʩʢʘʷ ʧʦʨʦʰʢʦʚʦʡ 

ʩʤʝʩʴ ɸ-10-1(ʨʠʩʫʥʦʢ 4.7) ʥʘ ʦʩʥʦʚʝ ʘʣʶʤʠʥʠʷ ʠ ʝʛʦ ʦʢʩʠʜʘ, ʧʦʣʫʯʝʥʥʘʷ ʠʟ 

ʆʙʥʠʥʩʢʦʛʦ ʮʝʥʪʨʘ ʧʦʨʦʰʢʦʚʦʛʦ ʥʘʧʳʣʝʥʠʷ (ʆʎʇʅ).  
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ʈʠʩʫʥʦʢ 4.6 ïɼʀʄɽʊ - 405 

 

 

ʈʠʩʫʥʦʢ 4.7 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʨʦʰʢʦʚ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ ʤʝʪʦʜʦʤ 

ʍɻʅ 

 

ɺʥʝʰʥʠʡ ʚʠʜ ʪʝʨʤʦʦʙʨʘʙʦʪʘʥʥʳʭ ʦʧʨʘʚʦʢ ʧʦʩʣʝ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʠ ʧʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 4.8. ʆʩʤʦʪʨ 

ʚʥʝʰʥʝʛʦ ʚʠʜʘ ʦʧʨʘʚʦʢ ʜʦ ʠ ʧʦʩʣʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʩʣʝ ʦʪʞʠʛʘ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʘʚʦʢ ʦʙʨʘʟʦʚʘʣʩ ̫ʩʣʦʡ ʦʢʩʠʜʦʚ, ʢʦʪʦʨʳʡ ʧʨʠ ʧʨʦʢʘʪʢʝ 
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ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʝʧʣʦʧʝʨʝʜʘʯʝ ʤʝʞʜʫ 

ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʧʨʦʢʘʪʳʚʘʝʤʳʤ ʤʝʪʘʣʣʦʤ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʜʘʥʥʳʡ 

ʩʣʦʡ ʚʳʧʦʣʥʷʝʪ ʨʦʣʴ ʩʤʘʟʢʠ, ʩʥʠʞʘ ̫ʪʨʝʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʘʢʪʘ. 

 

 

ʈʠʩʫʥʦʢ 4.8  ï  ʀʩʩʣʝʜʫʝʤʳʝ ʦʧʨʘʚʢʠ: ʜʦ ʠ ʧʦʩʣʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʠ 

ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ ʍɻʅ 

 

ʅʘ ʢʘʞʜʦʡ ʦʧʨʘʚʢʝ ʧʨʦʚʦʜʠʣʠ ʨʘʩʢʘʪʢʫ ʜʚʫʭ ʛʠʣʴʟ, ʧʦʩʣʝ ʯʝʛʦ ʦʧʨʘʚʢʠ 

ʧʦʜʚʝʨʛʘʣʠ ʨʝʟʢʦʤʫ ʦʭʣʘʞʜʝʥʠʶ ʚʦʜʦʡ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ɼʘʣʝʝ  

ʧʨʦʮʝʩʩ ʨʘʩʢʘʪʢʠ ʧʦʚʪʦʨʷʣʩʷ. ɼʦ ʠ ʧʦʩʣʝ ʧʨʦʢʘʪʢʠ ʧʘʨʳ ʪʨʫʙ ʬʠʢʩʠʨʦʚʘʣʘʩʴ 

ʤʘʩʩʘ ʦʧʨʘʚʦʢ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨ rʩ ʬʦʪʦʬʠʢʩʘʮʠʝʡ. 
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ɺʥʝʰʥʠʡ ʚʠʜ ʦʧʨʘʚʦʢ ʧʦʩʣʝ ʜʚʫʭ ʠ ʯʝʪʳʨʝʭ ʨʘʩʢʘʪʘʥʥʳʭ ʪʨʫʙ r

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 4.9. ɺʠʟʫʘʣʴʥʳʡ ʦʩʤʦʪʨ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘ ʦʧʨʘʚʢʝ ʠʟ 

ʩʪʘʣʠ 5ʍ3ɺ3ʄʌʉ (ɼʀ 23) ʥʘʙʣʶʜʘʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʥʘʣʠʧʘʥʠʝ 

ʧʨʦʢʘʪʳʚʘʝʤʦʛʦ ʤʝʪʘʣʣʘ ʧʦʩʣʝ ʜʚʫʭ ʧʨʦʢʘʪʘʥʥʳʭ ʪʨʫʙʳ. ʄʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʥʘʣʠʧʘʚʰʝʛʦ ʤʝʪʘʣʣʘ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʦʧʨʘʚʢʘʭ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʩʪʘʣʝʡ 

20ʍ2ʅ4ɸ, 3ʍ3ʄ3ʌ. ʊʘʢʞʝ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʤʝʪʘʣʣ ʟʘʛʦʪʦʚʢʠ ʩʭʚʘʪʳʚʘʝʪʩʷ ʚ 

ʦʩʥʦʚʥʦʤ ʥʘ ʧʝʨʝʭʦʜʥʦʡ ʟʦʥʝ ʦʪ ʢʦʥʫʩʥʦʡ ʢ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʯʘʩʪʠ ʦʧʨʘʚʦʢ. 

ʇʦʩʣʝ ʧʨʦʢʘʪʢʠ ʧʝʨʚʦʡ ʧʘʨʪʠʠ ʥʘ ʦʧʨʘʚʢʝ, ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʠʟ ʩʪʘʣʠ 4ʍ5ʄʌʉ 

ʥʘʙʣʶʜʘʣʦʩʴ ʥʘʠʣʫʯʰʝʝ ʩʦʩʪʦʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ. ʃʠʰʴ ʧʨʠʩʫʪʩʪʚʦʚʘʣʦ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʥʘʣʠʧʘʥʠʝ. 

ɺʥʝʰʥʠʡ ʚʠʜ ʦʧʨʘʚʦʢ ʧʦʩʣʝ ʧʨʦʢʘʪʢʠ 4-ʭ ʪʨʫʙ (ʨʠʩʫʥʦʢ 4.9 - ʙ) ʧʦʢʘʟʘʣ, 

ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʥʘʣʠʧʘʚʰʝʛʦ ʤʝʪʘʣʣʘ ʥʘ ʦʧʨʘʚʢʘʭ ʠʟ ʩʪʘʣʝʡ 5ʍ3ɺ3ʄʌʉ, 

3ʍ3ʄ3ʌ, ʠ 20ʍ2ʅ4ɸ ʩʫʱʝʩʪʚʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʣʦʩʴ. ʅʘ ʪʝʨʤʦʦʙʨʘʙʦʪʘʥʥʦʡ 

ʦʧʨʘʚʢʝ ʠʟ 4ʍ5ʄʌʉ, ʠ ʦʧʨʘʚʢʝ ʠʟ 20ʍ2ʅ4ɸ ʩ ʥʘʥʝʩʝʥʥʳʤ ʢʦʤʧʦʟʠʮʠʦʥʥʳʤ 

ʩʣʦʝʤ ʧʦʷʚʣʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʥʘʣʠʧʘʥʠʝ ʤʝʪʘʣʣʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʨʦʩʪ ʟʦʥʳ 

ʥʘʣʠʧʘʥʠʷ ʤʝʪʘʣʣʘ ʥʘ ʨʘʙʦʯʫ  ʁʧʦʚʝʨʭʥʦʩʪ ɹʬʦʨʤʘ ʦʧʨʘʚʦʢ ʩʦʭʨʘʥʷʝʪʩʷ ʩ 

ʥʝʙʦʣʴʰʠʤʠ ʩʣʝʜʘʤʠ ʠʟʥʦʩʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ.  

ʆʪʤʝʯʝʥʦ, ʯʪʦ ʥʘ ʦʧʨʘʚʢʝ ʠʟ ʩʪʘʣʠ 4ʍ5ʄʌʉ ʧʦʩʣʝ 6 ʠ 8 ʧʨʦʢʘʪʘʥʥʳʭ 

ʪʨʫʙ ʥʘʣʠʧʘʥʠʝ ʤʝʪʘʣʣʘ ʥʝ ʧʦʣʫʯʠʣʦ ʟʘʤʝʪʥʦʛʦ ʨʘʟʚʠʪʠʷ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʧʨʘʚʦʢ 

ʠʟ ʜʨʫʛʠʭ ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʉʦʩʪʦʷʥʠʝ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʨʫʛʠʭ 

ʦʧʨʘʚʦʢ ʧʨʦʜʦʣʞʘʣʦ ʫʭʫʜʰʘʪʴʩʷ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʝʬʝʢʪʦʚ ʨʘʟʣʠʯʥʦʛʦ 

ʭʘʨʘʢʪʝʨʘ. ʉʣʝʜʳ ʠʟʥʦʩʘ ʥʘ ʦʧʨʘʚʢʘʭ ʦʙʥʘʨʫʞʝʥʳ ʪʘʢʞʝ ʚ ʧʝʨʝʞʠʤʝ ʦʯʘʛʘ 

ʜʝʬʦʨʤʘʮʠʠ, ʥʦ ʦʥʠ ʥʝ ʙʳʣʠ ʢʨʠʪʠʯʥʳʤʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʳ ʦʧʨʘʚʦʢ.  
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ʘ) 

 

ʙ) 

ʈʠʩʫʥʦʢ 4.9  ï  ɺʥʝʰʥʠʡ ʚʠʜ ʦʧʨʘʚʦʢ ʧʦʩʣʝ ʘ) 2 ʧʨʦʢʘʪʘʥʥʦʡ ʪʨʫʙʳ; ʙ) 4 

ʧʨʦʢʘʪʘʥʥʳʭ ʪʨʫʙ 

 






































