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ɺʉʊʋʇ 

ɼʠʩʮʠʧʣʽʥʘ çɻʽʜʨʘʚʣʽʢʘ ʽ ʛʽʜʨʘʚʣʽʯʥʽ ʤʘʰʠʥʠè ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʪʘʢʠʭ ʥʘʫʢʘʭ, ʷʢ ʚʠʱʘ ʤʘʪʝʤʘʪʠʢʘ, ʬʽʟʠʢʘ ʽ ʪʝʦʨʝʪʠʯʥʘ ʤʝʭʘʥʽʢʘ, ʱʦ 

ʚʞʝ ʩʘʤʦ ʧʦ ʩʦʙʽ ʫʩʢʣʘʜʥʶʻ ʷʢʽʩʥʝ ʟʘʩʚʦʻʥʥʷ ʤʘʪʝʨʽʘʣʫ ʧʦ ʧʨʠʯʠʥʽ 

ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʙʘʟʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽ ʩʢʣʘʜʥʦʩʪʽ ʟʘʩʪʦʩʦʚʫʚʘʥʦʛʦ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ.  

ʅʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ çɻʽʜʨʘʚʣʽʢʘ ʽ ʛʽʜʨʘʚʣʽʯʥʽ ʤʘʰʠʥʠè ʤʘʻ ʜʚʽ 

ʤʝʪʠ: ʧʦ-ʧʝʨʰʝ ï ʥʘʜʘʪʠ ʩʪʫʜʝʥʪʘʤ ʣʝʢʮʽʡʥʠʡ ʤʘʪʝʨʽʘʣ ʫ ʧʦʚʥʦʤʫ 

ʦʙʩʷʟʽ, ʟʦʨʽʻʥʪʫʚʘʪʠ ʥʘ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʽ ʧʠʪʘʥʥʷ ʢʫʨʩʫ, ʜʦʧʦʤʦʛʪʠ ʚ 

ʧʽʜʛʦʪʦʚʮʽ ʜʦ ʤʦʜʫʣʴʥʠʭ ʯʠ ʝʢʟʘʤʝʥʘʮʽʡʥʠʭ ʨʦʙʽʪ; ʧʦ-ʜʨʫʛʝ ï ʩʧʨʠʷʪʠ 

ʦʧʘʥʫʚʘʥʥʶ ʩʪʫʜʝʥʪʘʤʠ ʥʝ ʤʝʥʰ ʚʘʞʣʠʚʦʾ ʧʨʘʢʪʠʯʥʦʾ ʯʘʩʪʠʥʠ ʢʫʨʩʫ, 

ʧʽʜʛʦʪʫʚʘʪʠ ʾʭ ʜʦ ʚʠʢʦʥʘʥʥʷ ʩʘʤʦʩʪʽʡʥʦʾ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʨʦʙʦʪʠ (ʉʈʉ), 

ʪʘ ʥʘʜʘʪʠ ʚʩʶ ʥʝʦʙʭʽʜʥʫ ʽʥʬʦʨʤʘʮʽʶ ʚ ʧʨʦʮʝʩʽ ʾʾ ʚʠʢʦʥʘʥʥʷ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʜʘʥʦʛʦ ʥʘʚʯʘʣʴʥʦʛʦ ʧʦʩʽʙʥʠʢʘ ʻ ʩʘʤʝ ʧʦʻʜʥʘʥʥʷ ʚ ʨʘʤʢʘʭ 

ʦʜʥʦʛʦ ʚʠʜʘʥʥʷ ʢʣʘʩʠʯʥʦʛʦ ʧʽʜʨʫʯʥʠʢʘ ʽ ʧʦʩʽʙʥʠʢʘ ʜʦ ʨʦʟʚôʷʟʘʥʥʷ 

ʟʘʜʘʯ ʟ ʚʘʨʽʘʥʪʘʤʠ ʟʘʚʜʘʥʴ ʜʦ ʉʈʉ ʪʘ ʣʘʙʦʨʘʪʦʨʥʠʤʠ ʨʦʙʦʪʘʤʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʚʯʝʥʥʷ ʜʠʩʮʠʧʣʽʥʠ çɻʽʜʨʘʚʣʽʢʘ ʽ ʛʽʜʨʘʚʣʽʯʥʽ 

ʤʘʰʠʥʠè ʩʪʫʜʝʥʪ ʧʦʚʠʥʝʥ ʟʥʘʪʠ ʦʩʥʦʚʥʽ ʟʘʢʦʥʠ ʨʫʭʫ ʽ ʨʽʚʥʦʚʘʛʠ ʨʽʜʠʥ,  

ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʽ ʢʦʥʩʪʨʫʢʮʽʾ 

ʛʽʜʨʘʚʣʽʯʥʠʭ ʤʘʰʠʥ. ʉʪʫʜʝʥʪ ʧʦʚʠʥʝʥ ʚʤʽʪʠ ʧʨʦʚʦʜʠʪʠ ʛʽʜʨʘʚʣʽʯʥʽ 

ʨʦʟʨʘʭʫʥʢʠ ʨʽʟʥʠʭ ʪʝʭʥʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ ʚ ʩʪʘʪʠʮʽ ʽ ʜʠʥʘʤʽʮʽ, 

ʨʦʟʨʘʭʫʚʘʪʠ ʪʠʩʢ ʽ ʩʠʣʠ ʪʠʩʢʫ ʚ ʨʽʜʠʥʽ, ʱʦ ʧʦʢʦʾʪʴʩʷ, ʧʨʦʚʦʜʠʪʠ 

ʛʽʜʨʘʚʣʽʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʧʨʦʩʪʠʭ ʽ ʩʢʣʘʜʥʠʭ ʪʨʫʙʦʧʨʦʚʦʜʽʚ, ʘ ʪʘʢʦʞ 

ʤʘʪʠ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʨʦ ʤʝʪʦʜʠ  ʨʦʟʨʘʭʫʥʢʫ ʛʽʜʨʘʚʣʽʯʥʠʭ ʤʘʰʠʥ ʽ ʾʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʆʜʥʠʤ ʟ ʚʘʞʣʠʚʠʭ ʧʠʪʘʥʴ, ʱʦ ʧʦʩʪʘʶʪʴ ʧʨʠ ʚʠʚʯʝʥʥ ̔

ʜʠʩʮʠʧʣʽʥʠ ʩʪʫʜʝʥʪʘʤʠ ʜʝʥʥʦʾ ʪʘ ʟʘʦʯʥʦʾ ʬʦʨʤ ʥʘʚʯʘʥʥʷ ʻ ʧʨʘʚʠʣʴʥʘ 

ʦʨʛʘʥʽʟʘʮʽʷ ʩʘʤʦʛʦ ʧʨʦʮʝʩʫ ʥʘʚʯʘʥʥʷ, ʱʦ ʤʽʩʪʠʪʴ ʥʘʩʪʫʧʥʽ ʝʣʝʤʝʥʪʠ: 

- ʚʠʚʯʝʥʥʷ ʣʝʢʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʟ ʷʢʦʛʦ ʩʬʦʨʤʦʚʘʥʦ ʣʝʢʮʽʡʥʫ ʯʘʩʪʠʥʫ 

ʜʘʥʦʛʦ ʥʘʚʯʘʣʴʥʦʛʦ ʧʦʩʽʙʥʠʢʘ; 

- ʧʽʜʛʦʪʦʚʢʘ ʚʜʦʤʘ ʽ ʚʠʢʦʥʘʥʥʷ ʥʘ ʟʘʥʷʪʪʷʭ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ, 

ʥʘʚʝʜʝʥʠʭ ʚ ʧʦʩʽʙʥʠʢʫ, ʥʘ ʥʘʷʚʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ ʢʘʬʝʜʨʠ; 

- ʚʠʢʦʥʘʥʥʷ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʘʚʜʘʥʥʷ ʜʦ ʩʘʤʦʩʪʽʡʥʦʾ ʨʦʙʦʪʠ, 

ʥʘʚʝʜʝʥʦʛʦ ʚ ʢʽʥʮʽ ʢʦʞʥʦʛʦ ʨʦʟʜʽʣʫ. 

ʄʝʪʦ  ʁʩʘʤʦʩʪʽʡʥʦʾ ʨʦʙʦʪʠ  ̒ʟʘʢʨʽʧʣʝʥʥʷ ʣʝʢʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, 

ʧʽʜʛʦʪʦʚʢʘ ʜʦ ʣʝʢʮʽʡ ʽ ʣʘʙʦʨʘʪʦʨʥʠʭ ʟʘʥʷʪʴ, ʥʘʙʫʪʪʷ ʥʘʚʠʯʦʢ ʚ ʨʽʰʝʥʥʽ 

ʢʦʥʢʨʝʪʥʠʭ ʽʥʞʝʥʝʨʥʠʭ ʟʘʚʜʘʥʴ. ɺ ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʥʷ ʩʘʤʦʩʪʽʡʥʦʾ 

ʨʦʙʦʪʠ ʥʘʙʫʪʪʷ ʥʘʚʠʯʦʢ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ ʨʽʰʝʥʥʷ ʢʦʥʢʨʝʪʥʦʾ 

ʛʽʜʨʘʚʣʽʯʥʦʾ ʟʘʜʘʯʽ. 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʚʜʘʥʥʷ ʩʢʣʘʜʝʥʽ ʫ ʚʠʛʣʷʜʽ ʢʦʤʧʣʝʢʩʥʦʛʦ ʟʘʚʜʘʥʥʷ, 

ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʷʢʦʾ ʚʠʤʘʛʘʻʪʴʩʷ ʧʦʧʝʨʝʜʥʻ ʚʠʚʯʝʥʥʷ ʧʦʧʝʨʝʜʥʽʭ 
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ʨʦʟʜʽʣʽʚ ʢʫʨʩʫ. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʟʤʽʩʪ ʟʘʚʜʘʥʥʷ ʜʦʟʚʦʣʷʻ ʧʨʠʩʪʫʧʠʪʠ ʜʦ 

ʚʠʢʦʥʘʥʥʷ ʝʪʘʧʽʚ ʢʦʥʪʨʦʣʴʥʦʾ ʨʦʙʦʪʠ ʫ ʤʽʨʫ ʚʠʚʯʝʥʥʷ ʦʢʨʝʤʠʭ ʨʦʟʜʽʣʽʚ 

ʜʠʩʮʠʧʣʽʥʠ. 

ʇʦʩʽʙʥʠʢ ʦʨʽʻʥʪʦʚʘʥʦ ʥʘʩʘʤʧʝʨʝʜ ʥʘ ʩʪʫʜʝʥʪʽʚ ʜʝʥʥʦʾ ʪʘ 

ʟʘʦʯʥʦʾ ʬʦʨʤ ʥʘʚʯʘʥʥʷ ʥʘʧʨʷʤʫ ʧʽʜʛʦʪʦʚʢʠ çʊʝʭʥʦʣʦʛʽʯʥʘ ʦʩʚʽʪʘè ʽ 

çʇʨʦʬʝʩʽʡʥʘ ʦʩʚʽʪʘè, ʪʦʤʫ ʤʽʩʮʷʤʠ ʩʚʽʜʦʤʦ ʦʧʫʱʝʥʠʡ ʛʣʠʙʦʢʠʡ ʘʥʘʣʽʟ 

ʪʝʦʨʽʾ ʪʘ ʚʠʚʦʜʠ ʬʦʨʤʫʣ, ʘ ʪʘʢʦʞ ʜʝʷʢʽ ʧʠʪʘʥʥʷ, ʱʦ ʥʝ ʤʘʶʪʴ 

ʚʽʜʥʦʰʝʥʥʷ ʜʦ ʮʠʭ ʥʘʧʨʷʤʽʚ ʘʙʦ ʜʫʞʝ ʨʽʜʢʦ ʧʦʩʪʘʶʪʴ ʧʝʨʝʜ ʽʥʞʝʥʝʨʦʤ 

ʰʠʨʦʢʦʛʦ ʧʨʦʬʽʣʶ. ʎʝ ʪʠʤ ʙʽʣʴʰ ʦʧʨʘʚʜʘʥʦ ʥʘʷʚʥʽʩʪʶ ʚʝʣʠʢʦʾ 

ʢʽʣʴʢʦʩʪʽ ʧʽʜʨʫʯʥʠʢʽʚ ʟ ʰʠʨʦʢʠʤ ʚʠʩʚʽʪʣʝʥʥʷʤ ʪʝʦʨʽʾ ʽ ʜʝʪʘʣʴʥʠʤ 

ʚʠʚʦʜʦʤ ʬʦʨʤʫʣ, ʥʘ ʷʢʽ ʘʚʪʦʨʠ ʧʦʩʠʣʘʶʪʴʩʷ ʚ ʢʽʥʮʽ ʧʦʩʽʙʥʠʢʘ. 

ɼʘʥʠʡ ʧʦʩʽʙʥʠʢ ʩʢʣʘʜʝʥʠʡ ʫ ʧʦʚʥʽʡ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʜʽʶʯʦʾ 

ʧʨʦʛʨʘʤʠ ʢʫʨʩʫ çɻʽʜʨʘʚʣʽʢʘ ʽ ʛʽʜʨʘʚʣʽʯʥʽ ʤʘʰʠʥʠè ʥʘʧʨʷʤʫ ʧʽʜʛʦʪʦʚʢʠ 

çʊʝʭʥʦʣʦʛʽʯʥʘ ʦʩʚʽʪʘè ʽ çʇʨʦʬʝʩʽʡʥʘ ʦʩʚʽʪʘè ʽ ʻ ʨʝʟʫʣʴʪʘʪʦʤ 

ʚʠʢʣʘʜʘʮʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʘʚʪʦʨʽʚ ʚ ʃʫʛʘʥʩʴʢʦʤʫ ʥʘʮʽʦʥʘʣʴʥʦʤʫ 

ʫʥʽʚʝʨʩʠʪʝʪʽ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ. ʇʝʨʝʭʽʜ ʜʦ ʫʥʽʚʝʨʩʠʪʝʪʩʴʢʦʾ 

ʽʥʞʝʥʝʨʥʦʾ ʦʩʚʽʪʠ ʧʨʠʟʚʽʚ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʨʦʟʰʠʨʝʥʥʷ ʟʤʽʩʪʫ ʢʫʨʩʫ, 

ʙʽʣʴʰ ʧʦʚʥʦʛʦ ʬʽʟʠʯʥʦʛʦ ʪʨʘʢʪʫʚʘʥʥʷ ʜʝʷʢʠʭ ʧʠʪʘʥʴ, ʫʩʢʣʘʜʥʝʥʥʷ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ, ʱʦ ʟʥʘʡʰʣʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚ ʜʘʥʦʤʫ ʧʦʩʽʙʥʠʢʫ. 

ʄʘʪʝʨʽʘʣ ʚ ʧʦʩʽʙʥʠʢʫ ʨʦʟʧʦʜʽʣʝʥʠʡ ʤʽʞ ʘʚʪʦʨʘʤʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

ɺʩʪʫʧ, ʩʪʨʫʢʪʫʨʘ ʧʽʜʨʫʯʥʠʢʘ ʪʘ ʟʘʛʘʣʴʥʘ ʨʝʜʘʢʮʽʷ ʚʠʢʦʥʘʥʽ ʜʦʢʪʦʨʦʤ 

ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨʦʤ ʏʝʩʥʦʢʦʚʠʤ ʆ.ɺ., ʣʝʢʮʽʡʥʠʡ ʤʘʪʝʨʽʘʣ 

ʩʢʣʘʜʝʥʠʡ ʢʘʥʜʠʜʘʪʦʤ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʜʦʮʝʥʪʦʤ ʂʦʣʝʩʥʽʢʦʚʠʤ ɺ.ʆ., 

ʟʘʚʜʘʥʥʷ ʜʦ ʩʘʤʦʩʪʽʡʥʦʾ ʨʦʙʦʪʠ ʩʪʫʜʝʥʪʽʚ ʽ ʧʨʠʢʣʘʜʠ ʨʦʟʚôʷʟʘʥʥʷ 

ʟʘʜʘʯ, ʤʝʪʦʜʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʦ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʨʦʟʨʦʙʣʝʥʽ 

ʘʩʠʩʪʝʥʪʦʤ ʂʘʣʘʡʜʦ ʆ.ɺ.  

ɸʚʪʦʨʠ ʙʫʜʫʪʴ ʚʜʷʯʥʽ ʯʠʪʘʯʘʤ, ʷʢʽ ʧʨʠʰʣʶʪʴ ʚʽʜʛʫʢʠ ʽ 

ʧʦʙʘʞʘʥʥʷ ʟʘ ʘʜʨʝʩʦʶ: ʤ. ʃʫʛʘʥʩʴʢ, ʚʫʣ. ʆʙʦʨʦʥʥʘ 2ʘ, ʚʠʜʘʚʥʠʮʪʚʦ ɼɿ 

çʃʫʛʘʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘè, ʘʙʦ ʥʘ 

ʘʜʨʝʩʫ ʢʘʬʝʜʨʠ: ʤ. ʃʫʛʘʥʩʴʢ, ʚʫʣ. ʆʙʦʨʦʥʥʘ 2ʘ, ʢʘʬʝʜʨʘ ʪʝʭʥʦʣʦʛʽʡ 

ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʧʨʦʬʝʩʽʡʥʦʾ ʦʩʚʽʪʠ, ʟʘʚʽʜʫʚʘʯʫ ʢʘʬʝʜʨʠ ʏʝʩʥʦʢʦʚʫ ʆ. ɺ. 
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ʇʠʪʘʥʥʷ ʢʫʨʩʫ 

 

1. ʇʨʝʜʤʝʪ, ʟʘʜʘʯʽ ʪʘ ʟʥʘʯʝʥʥʷ ʜʠʩʮʠʧʣʽʥʠ çɻʽʜʨʘʚʣʽʢʘ ʽ ʛʽʜʨʘʚʣʽʯʥʽ 

ʤʘʰʠʥʠè. 

2. ɻʽʜʨʘʚʣʽʢʘ ʷʢ ʥʘʫʢʘ ʚ ʽʩʪʦʨʠʯʥʦʤʫ ʨʦʟʚʠʪʢʫ. 

3. ʈʽʜʠʥʘ ʽ ʾʾ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

4. ɺôʷʟʢʽʩʪʴ ʨʽʜʠʥʠ, ʾʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʽ ʚʠʤʽʨʶʚʘʥʥʷ. 

5. ɻʽʜʨʦʩʪʘʪʠʯʥʠʡ ʪʠʩʢ ʽ ʡʦʛʦ ʚʣʘʩʪʠʚʦʩʪʽ. 

6. ʆʩʥʦʚʥʝ ʨʽʚʥʷʥʥʷ ʛʽʜʨʦʩʪʘʪʠʢʠ. 

7. ʊʠʩʢ ʨʽʜʠʥʠ ʥʘ ʧʣʦʩʢʽ ʧʦʚʝʨʭʥʽ.  

8. ɿʘʢʦʥ ʇʘʩʢʘʣʷ ʽ ʡʦʛʦ ʪʝʭʥʽʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ: ʛʽʜʨʘʚʣʽʯʥʽ ʧʨʝʩʠ, ʾʭ 

ʢʦʥʩʪʨʫʢʮʽʾ ʽ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʟʨʘʭʫʥʢʽʚ. 

9. ɻʽʜʨʘʚʣʽʯʥʽ ʘʢʫʤʫʣʷʪʦʨʠ ʪʘ ʾʭ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ. 

10. ɿʘʢʦʥ ɸʨʭʽʤʝʜʘ. ʋʤʦʚʠ ʧʣʘʚʘʥʥʷ ʪʽʣ. 

11. ʇʨʠʣʘʜʠ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʠʩʢʫ. 

12. ʆʩʥʦʚʠ ʛʽʜʨʦʜʠʥʘʤʽʢʠ. ʆʩʥʦʚʥʽ ʚʠʟʥʘʯʝʥʥʷ.  

13. ʈʽʚʥʷʥʥʷ ʥʝʨʦʟʨʠʚʥʦʩʪʽ ʧʦʪʦʢʫ. 

14. ʈʽʚʥʷʥʥʷ ɼ. ɹʝʨʥʫʣʣʽ ʜʣʷ ʽʜʝʘʣʴʥʦʾ ʨʽʜʠʥʠ. 

15. ʈʝʞʠʤ ʨʫʭʫ ʨʽʜʠʥʠ. 

16. ʊʝʦʨʝʤʘ ʧʨʦ ʟʤʽʥʫ ʢʽʣʴʢʦʩʪʽ ʨʫʭʫ ʜʣʷ ʧʦʪʦʢʫ ʨʽʜʠʥʠ. 

17. ʇʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʚʥʷʥʥʷ ɼ. ɹʝʨʥʫʣʣʽ. 

18. ʇʨʠʣʘʜʠ ʚʠʤʽʨʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʪʘ ʚʪʨʘʪ ʨʽʜʠʥʠ. 

19. ɺʪʨʘʪʠ ʪʠʩʢʫ ʧʨʠ ʨʽʚʥʦʤʽʨʥʦʤʫ ʨʫʩʽ ʨʽʜʠʥʠ ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ 

(ʣʘʤʽʥʘʨʥʠʡ ʨʝʞʠʤ). 

20. ɺʪʨʘʪʠ ʪʠʩʢʫ ʧʨʠ ʨʽʚʥʦʤʽʨʥʦʤʫ ʨʫʩʽ ʨʽʜʠʥʠ ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ 

(ʪʫʨʙʫʣʝʥʪʥʠʡ ʨʝʞʠʤ). 

21. ʌʦʨʤʫʣʘ ʐʝʟʽ. 

22. ʄʽʩʮʝʚʽ ʚʪʨʘʪʠ ʪʠʩʢʫ ʽ ʾʭ ʨʦʟʨʘʭʫʥʦʢ. 

23. ʈʘʧʪʦʚʝ ʪʘ ʧʦʚʽʣʴʥʝ ʨʦʟʰʠʨʝʥʥʷ ʪʨʫʙʠ. 

24. ʇʨʦʩʪʽ ʪʘ ʩʢʣʘʜʥʽ ʤʽʩʮʝʚʽ ʦʧʦʨʠ. 

25. ʆʧʽʨ ʧʨʠ ʚʽʜʥʦʩʥʦʤʫ ʨʫʩʽ ʪʚʝʨʜʦʛʦ ʪʽʣʘ ʚ ʨʽʜʠʥʽ. 

26. ɺʦʜʦʧʨʦʚʦʜʠ ʽ ʾʭ ʢʣʘʩʠʬʽʢʘʮʽʷ. 

27. ʈʦʟʨʘʭʫʥʦʢ ʧʨʦʩʪʦʛʦ ʚʦʜʦʧʨʦʚʦʜʫ. 

28. ʉʠʬʦʥʥʽ ʪʨʫʙʦʧʨʦʚʦʜʠ, ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽ ʨʦʟʨʘʭʫʥʦʢ. 

29. ɻʽʜʨʘʚʣʽʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʩʢʣʘʜʥʠʭ ʪʨʫʙʦʧʨʦʚʦʜʽʚ. 

30. ɺʠʜʠ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʫʜʘʨʫ ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ. 

31. ʄʝʪʦʜʠ ʙʦʨʦʪʴʙʠ ʟ ʛʽʜʨʘʚʣʽʯʥʠʤ ʫʜʘʨʦʤ. 

32. ɺʠʪʽʢʘʥʥʷ ʨʽʜʠʥʠ ʯʝʨʝʟ ʤʘʣʠʡ ʦʪʚʽʨ ʚ ʪʦʥʢʽʡ ʩʪʽʥʮʽ. 

33. ɺʠʪʽʢʘʥʥʷ ʨʽʜʠʥʠ ʯʝʨʝʟ ʥʘʩʘʜʢʠ. 

34. ɺʠʪʽʢʘʥʥʷ ʨʽʜʠʥʠ ʯʝʨʝʟ ʥʘʩʘʜʢʠ ʧʨʠ ʟʤʽʥʥʦʤʫ ʥʘʧʽʨʽ. 

35. ɺʽʣʴʥʽ ʩʪʨʫʾ ʨʽʜʠʥʠ. 
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36. ʈʫʭ ʨʽʜʠʥʠ ʫ ʚʽʜʢʨʠʪʠʭ ʨʫʩʣʘʭ. 

37. ɿʘʩʪʦʩʫʚʘʥʥʷ ʥʘʩʘʜʦʢ ʚ ʪʝʭʥʽʮʽ. 

38. ʄʝʪʦʜʠ ʟʥʠʞʝʥʥʷ ʫʜʘʨʥʦʛʦ ʪʠʩʢʫ ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ. 

39. ʂʘʚʽʪʘʮʽʷ ʧʨʠ ʨʦʙʦʪʽ ʛʽʜʨʘʚʣʽʯʥʠʭ ʤʘʰʠʥ ʽ ʫʩʪʘʥʦʚʦʢ. 

40. ɻʽʜʨʘʚʣʽʯʥʽ ʤʘʰʠʥʠ, ʾʭ ʢʣʘʩʠʬʽʢʘʮʽʷ ʪʘ ʦʙʣʘʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

41. ʂʣʘʩʠʬʽʢʘʮʽʷ ʥʘʩʦʩʽʚ. 

42. ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʥʘʩʦʩʽʚ.  

43. ʆʙôʻʤʥʽ ʥʘʩʦʩʠ. 

44. ɼʠʥʘʤʽʯʥʽ ʥʘʩʦʩʠ. 

45. ʌʽʣʴʪʨʘʮʽʷ ʨʽʜʠʥʠ, ʾʾ ʟʘʢʦʥʠ. 

46. ɻʽʜʨʘʚʣʽʯʥʠʡ ʧʨʠʚʽʜ. 

47. ɻʽʜʨʘʚʣʽʯʥʽ ʪʫʨʙʽʥʠ, ʾʭ ʧʨʠʟʥʘʯʝʥʥʷ ʽ ʢʣʘʩʠʬʽʢʘʮʽʷ. 

48. ʆʩʦʙʣʠʚʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʛʽʜʨʘʚʣʽʯʥʠʭ ʪʫʨʙʽʥ, ʾʭ ʧʦʪʫʞʥʽʩʪʴ. 

49. ɻʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, ʾʭ ʩʭʝʤʠ. 

50. ʇʝʨʩʧʝʢʪʠʚʠ ʛʽʜʨʦʝʥʝʨʛʝʪʠʢʠ, ʧʨʦʙʣʝʤʠ ʽ ʰʣʷʭʠ ʾʭ ʚʠʨʽʰʝʥʥʷ.  
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ʄʆɼʋʃʔ ɯ. ʄɽʍɸʅɯʂɸ ʈɯɼʀʅʀ 

ʈʆɿɼɯʃ 1. ʆʉʅʆɺʅɯ ʌɯɿʀʏʅɯ ɺʃɸʉʊʀɺʆʉʊɯ ʈɯɼʀʅ 

1.1. ɿʘʛʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʨʽʜʠʥʠ 

ʋ ʧʨʠʨʦʜʽ ʨʦʟʨʽʟʥʷʶʪʴ ʯʦʪʠʨʠ ʚʠʜʠ ʩʪʘʥʫ ʨʝʯʦʚʠʥʠ: ʪʚʝʨʜʠʡ, 

ʨʽʜʢʠʡ, ʛʘʟʦʧʦʜʽʙʥʠʡ ʽ ʧʣʘʟʤʦʚʠʡ, ʽʥʦʜʽ ʚ ʦʢʨʝʤʠʡ ʘʛʨʝʛʘʪʥʠʡ ʩʪʘʥ 

ʚʠʜʽʣʷʶʪʴ ʱʝ ʡ ʨʽʜʢʽ ʢʨʠʩʪʘʣʠ. ɿʘ ʩʚʦʾʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʨʽʜʠʥʘ ʟʘʡʤʘʻ 

ʧʨʦʤʽʞʥʝ ʤʽʩʮʝ ʤʽʞ ʛʘʟʘʤʠ ʪʘ ʪʚʝʨʜʠʤʠ ʪʽʣʘʤʠ: ʚ ʫʤʦʚʘʭ, ʙʣʠʟʴʢʠʭ ʜʦ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʾʾ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʙʣʠʞʘʶʪʴʩʷ ʜʦ ʪʚʝʨʜʦʛʦ ʪʽʣʘ, ʘ ʟ 

ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ï ʜʦ ʛʘʟʽʚ. 

ʆʩʥʦʚʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʨʽʜʠʥ ʚʽʜ ʪʚʝʨʜʠʭ ʪʽʣ ʧʦʣʷʛʘʻ ʚ ʾʭ 

ʪʝʢʫʯʦʩʪʽ ï ʟʜʘʪʥʦʩʪʽ ʣʝʛʢʦ ʥʘʙʫʚʘʪʠ ʬʦʨʤʠ ʧʦʩʫʜʠʥʠ, ʚ ʷʢʫ ʨʽʜʠʥʫ 

ʧʦʤʽʩʪʠʣʠ, ʥʝ ʟʤʽʥʶʶʯʠ ʧʨʠ ʮʴʦʤʫ ʚʣʘʩʥʦʛʦ ʦʙ'ʻʤʫ. ɼʣʷ ʛʘʟ̔ʚ ʪʘʢʦʞ 

ʭʘʨʘʢʪʝʨʥʝ ʷʚʠʱʝ ʪʝʢʫʯʦʩʪʽ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʚʦʥʠ ʟʘʡʤʘʶʪʴ ʙʫʜʴ-ʷʢʠʡ 

ʥʘʜʘʥʠʡ ʦʙ'ʻʤ.  

ɺ ʧʦʩʫʜʠʥʘʭ ʨʽʜʠʥʘ ʫʪʚʦʨʶʻ ʚʽʣʴʥʫ ʧʦʚʝʨʭʥʶ, ʘ ʛʘʟ ʘʥʘʣʦʛʽʯʥʦ ʾ

ʧʦʚʝʨʭʥ ̔ʥʝ ʤʘ.̒ ʇʨʦʪʝ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʝʭʘʥʽʢʠ, ʧʦʚʝʜʽʥʢʘ ʨʽʜʠʥʠ ʽ ʛʘʟʫ 

ʦʧʠʩʫʻʪʴʩʷ ʦʜʥʠʤʠ ʽ ʪʠʤʠ ʞ ʟʘʢʦʥʦʤʽʨʥʦʩʪʷʤ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ 

ʩʪʠʩʢʫʚʘʥʽʩʪʶ ʛʘʟʫ ʤʦʞʥʘ ʥʝʭʪʫʚʘʪʠ. ʊʦʤʫ ʚ ʛʽʜʨʘʚʣʽʮʽ ʧʽʜ ʪʝʨʤʽʥʦʤ 

çʨʽʜʠʥʘè ʨʦʟʫʤʽʶʪʴʩʷ ʽ ʚʣʘʩʥʝ ʨʽʜʠʥʠ (ʷʢʽ ʯʘʩʪʦ ʥʘʟʠʚʘʶʪʴ 

ʢʨʘʧʣʠʥʥʠʤʠ ʨʽʜʠʥʘʤʠ), ʽ ʛʘʟʠ (ʛʘʟʦʧʦʜʽʙʥʽ ʨʽʜʠʥʠ). 

ʗʢ ʚʽʜʦʤʦ, ʚ ʛʘʟʘʭ ʨʫʭʠ ʪʘ ʨʦʟʤʽʱʝʥʥʷ ʤʦʣʝʢʫʣ ʭʘʦʪʠʯʥʽ ʪʘ 

ʙʝʟʣʘʜʥʽ. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʘʪʦʤʠ ʘʙʦ ʤʦʣʝʢʫʣʠ ʪʚʝʨʜʦʛʦ ʪʽʣʘ ʛʨʫʧʫʶʪʴʩʷ 

ʤʽʞ ʩʦʙʦʶ ʪʘ ʫʪʚʦʨʶʶʪʴ ʢʦʤʽʨʢʫ ʢʨʠʩʪʘʣʘ, ʷʢʘ ʟʘ ʩʪʨʦʛʦʶ ʩʠʩʪʝʤʦʶ 

ʧʦʚʪʦʨʶʻʪʴʩʷ ʧʦ ʚʩʽʡ ʤʘʩʽ ʪʚʝʨʜʦʛʦ ʪʽʣʘ, ʪʦʙʪʦ ʚ ʪʚʝʨʜʦʤʫ ʪʽʣʽ ʽʩʥʫʻ 

ʜʘʣʴʥʽʡ ʧʦʨʷʜʦʢ. ʆʩʢʽʣʴʢʠ ʨʽʜʠʥʘ ʻ ʧʨʦʤʽʞʥʠʤ ʩʪʘʥʦʤ ʤʽʞ ʛʘʟʦʤ ʽ 

ʪʚʝʨʜʠʤ ʪʽʣʦʤ, ʪʦ ʚ ʾʾ ʩʪʨʫʢʪʫʨʽ ʦʜʥʦʯʘʩʥʦ ʧʨʠʩʫʪʥʽ ʽ ʙʝʟʣʘʜʥʽʩʪʴ, ʽ 

ʧʦʨʷʜʦʢ ʫ ʤʥʦʞʠʥʽ ʤʦʣʝʢʫʣ. ʊʦʤʫ ʧʨʠʡʥʷʪʦ ʚʚʘʞʘʪʠ, ʱʦ ʚ ʨʽʜʠʥʘʭ 

ʽʩʥʫʻ ʙʣʠʞʥʽʡ ʧʦʨʷʜʦʢ ï ʧʦʨʷʜʦʢ ʫ ʧʝʨʰʠʭ ʢʦʦʨʜʠʥʘʮʽʡʥʠʭ ʩʬʝʨʘʭ 

ʨʽʟʥʠʭ ʫʛʨʫʧʦʚʘʥʴ ʤʦʣʝʢʫʣ.  

ʆʩʥʦʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʽʜʠʥʠ (ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʝʭʘʥʽʢʠ ʨʽʜʠʥʠ) ï ʮʝ 

ʛʫʩʪʠʥʘ, ʟʜʘʪʥʽʩʪʴ ʟʤʽʥʶʚʘʪʠ ʩʚʽʡ ʦʙ'ʻʤ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ (ʦʭʦʣʦʜʞʝʥʥʽ) ʽ 

ʟʤʽʥʘʭ ʪʠʩʢʫ, ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ  ̔ʚ'ʷʟʢʽʩʪʴ ï ʨʦʟʛʣʷʥʫʪʽ ʥʠʞʯʝ. 

 
1.2. ʌʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʽʜʠʥʠ 

ɺʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʨʽʜʠʥʠ ʻ ʛʫʩʪʠʥʘ. ɼʣʷ ʾʾ ʚʠʟʥʘʯʝʥʥʷ 

ʚʠʜ̔ʣʠʤʦ ʚ ʨʽʜʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʤʘʣʠʡ ʦʙ'ʤ̒ æV, ʱʦ ʦʭʦʧʣʶʻ ʪʦʯʢʫ ʄ, 

ʛʫʩʪʠʥʘ ʚ ʷʢʽʡ ʚʠʟʥʘʯʘʻʪʴʩʷ. ʅʝʭʘʡ ʤʘʩʘ ʚʠʜʽʣʝʥʦʛʦ ʦʙ'ʤ̒ʫ ʙʫʜʝ æm, 

ʪʦʜʽ ʛʫʩʪʠʥʦʶ ʩʝʨʝʜʦʚʠʱʘ ʚ ʪʦʯʮ ̔ʄ ʥʘʟʠʚʘ̒ʪɹʩʷ ʚʽʜʥʦʰʝʥʥʷ ʤʘʩʠ æm 

ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʦʙ'ʤ̒ʫ ʜʦ ʡʦʛʦ ʚʝʣʠʯʠʥʠ æV ʧʨʠ æVŸ0, ʪʦʙʪʦ 

V

m

V D

D
=

D 0
limr    (1.1) 
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ʆʜʠʥʠʮʝʶ ʚʠʤʽʨʶʚʘʥʥʷ ʛʫʩʪʠʥʠ ʨʽʜʠʥʠ ʻ ʢʛ/ʤ3. 

ɺʠʟʥʘʯʝʥʥʷ (1.1) ʩʧʨʘʚʝʜʣʠʚʝ ʪʽʣʴʢʠ ʫ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ 

ʩʝʨʝʜʦʚʠʱʝ ʧʦʚʥʽʩʪʶ ʟʘʧʦʚʥʶʻ ʜʘʥʠʡ ʦʙ'ʻʤ. ʆʩʪʘʥʥʷ ʫʤʦʚʘ ʥʘʢʣʘʜʘʻ 

ʦʙʤʝʞʝʥʥʷ ʥʘ ʧʝʨʝʤʽʱʝʥʥʷ ʽ ʛʫʩʪʠʥʫ ʪʦʯʦʢ ʩʫʮʽʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʋ 

ʨʘʟʽ ʢʽʥʮʝʚʠʭ ʧʝʨʝʤʽʱʝʥʴ ʥʘʢʣʘʜʘʻʪʴʩʷ ʦʙʤʝʞʝʥʥʷ ʥʘ ʰʚʠʜʢʦʩʪʽ ʪʦʯʦʢ 

ʩʝʨʝʜʦʚʠʱʘ ʫ ʚʠʛʣʷʜʽ ʨʽʚʥʷʥʥʷ ʥʝʨʦʟʨʠʚʥʦʩʪʽ. 

ʆʩʢʽʣʴʢʠ ʚʦʜʘ ʻ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʦʶ ʚ ʧʨʠʨʦʜ̔ ʨʽʜʠʥʦʶ, ʪʦ ʚ 

ʷʢʦʩʪʽ ʧʨʠʢʣʘʜʫ ʢʽʣʴʢʽʩʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ, ʱʦ ʚʠʟʥʘʯʘʻ ʬʽʟʠʯʥ ̔

ʚʣʘʩʪʠʚʽʩʪʴ ʨʽʜʠʥ ʟʨʫʯʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʜʘʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ʜʣʷ ʚʦʜʠ. ɻʫʩʪʠʥʘ ʚʦʜʠ ʧʨʠ 4Áʉ ʩʪʘʥʦʚʠʪʴ 1000 ʢʛ/ʤ3  ̔ʟʤʝʥʰʫʻʪʴʩʷ 

ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ. ʇʨʦʪʝ ʜʣʷ ʚʦʜʠ ʪʘʢʘ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ 

ʩʧʨʘʚʝʜʣʠʚʘ ʣʠʰʝ ʟ 4Áʉ, ʚ ʯʦʤʫ ʧʦʣʷʛʘʻ ʦʜʥʘ ʟ ʘʥʦʤʘʣʴʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʦʜʠ. 

ʇʠʪʦʤʘ ʚʘʛʘ ʨʽʜʠʥʠ ɔ ï ʮʝ ʚʘʛʘ ʨʽʜʠʥʠ G, ʱʦ ʧʨʠʭʦʜʠʪʴʩʷ ʥʘ 

ʦʜʠʥʠʮʶ ʦʙ'ʻʤʫ V 

V

G
=g .    (1.2) 

ʆʜʠʥʠʮʷ ʚʠʤʽʨʫ ʧʠʪʦʤʦʾ ʚʘʛʠ ï ʅ/ʤ3. ʇʠʪʦʤʘ ʚʘʛʘ ʚʦʜʠ ʧʨʠ 4Áʉ 

ʩʪʘʥʦʚʠʪʴ 9 810 ʅ/ʤ3. 

ɻʫʩʪʠʥʘ ʽ ʧʠʪʦʤʘ ʚʘʛʘ ʧʦʚ'ʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʩʧʚ̔ʚʽʜʥʦʰʝʥʥʷʤ 

grg= , 

ʜʝ g = 9,81 ʤ/ʩ2 ï ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ. 

ʊʝʤʧʝʨʘʪʫʨʥʝ ʨʦʟʰʠʨʝʥʥʷ ï ʚʣʘʩʪʠʚʽʩʪʴ ʨʽʜʠʥʠ ʟʤʽʥʚʁʘʪʠ 

ʦʙ'ʻʤ ʧʨʠ ʟʤʽʥʽ ʪʝʤʧʝʨʘʪʫʨʠ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʥʠʤ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʦʙ'ʻʤʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʨʽʜʠʥʠ ɓt 

,
tV

V
t

D

D
=b    (1.3) 

ʜʝ V ï ʦʙ'ʻʤ ʨʽʜʠʥʠ ʧʨʠ ʧʦʯʘʪʢʦʚʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, ʤ3; ȹV ï ʟʤʽʥʘ ʦʙ'ʻʤʫ 

ʧʽʩʣʷ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ, ʤ3; ȹt ï ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ. ʆʜʠʥʠʮʷ ʚʠʤʽʨʫ 

ʜʘʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ï 1/Áʉ, ʜʣʷ ʚʦʜʠ ʧʨʠ 10 - 20Áʉ ʚʽʥ ʩʪʘʥʦʚʠʪʴ 

0,00015 1/Áʉ. 

ʉʪʠʩʢʫʚʘʥʽʩʪʴ ï ʚʣʘʩʪʠʚʽʩʪʴ ʨʽʜʠʥʠ ʟʤʽʥʶʚʘʪʠ ʦʙ'ʻʤ ʧʨʠ ʟʤʽʥʽ 

ʪʠʩʢʫ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʦʙ'ʻʤʥʦʛʦ 

ʩʪʠʩʢʫ ʨʽʜʠʥʠ ɓv 

,
PV

V
v
D

D
=b    (1.4) 

ʜʝ V ï ʦʙ'ʻʤ ʨʽʜʠʥʠ ʧʨʠ ʧʦʯʘʪʢʦʚʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, ʤ3; ȹV ï ʟʤʽʥʘ ʦʙ'ʻʤʫ 

ʧʽʩʣʷ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ, ʤ3; ȹʈ ï ʟʤʽʥʘ ʪʠʩʢʫ. ʆʜʠʥʠʮʷ ʚʠʤʽʨʫ ʜʘʥʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʫ ï 1/ʇʘ, ʜʣʷ ʚʦʜʠ ʧʨʠ 20Áʉ ʚʽʥ ʩʪʘʥʦʚʠʪʴ 5Ŀ10-10 1/ʇʘ. 
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ʄʦʜʫʣʝʤ ʧʨʫʞʥʦʩʪʽ ʧʨʠ ʩʪʠʩʢʫ ɽ ï ʚʝʣʠʯʠʥʘ, ʟʚʦʨʦʪʥʘ 

ʢʦʝʬʽʮʽʻʥʪʫ ʦʙ'ʻʤʥʦʛʦ ʩʪʠʩʢʫ, ̫ ʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦ ʬʦʨʤʫʣʽ 

.
1

v

E
b
=     (1.5) 

ɼʣʷ ʚʦʜʠ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ɽ = 2 Ŀ109 ʇʘ. 

 

1.3. ʇʦʚʝʨʭʥʝʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʽʜʠʥʠ 

ʇʦʚʝʨʭʥʝʚʠʡ ʰʘʨ ʨʽʜʠʥʠ ʤʘʻ ʩʧʝʮʠʬʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʨʽʚʥʷʥʦ 

ʟ ʚʥʫʪʨʽʰʥʽʤʠ ʰʘʨʘʤʠ. ʆʩʥʦʚʥʦʶ ʟ ʥʠʭ ʻ ʥʘʤʘʛʘʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʰʘʨʫ ʩʢʦʨʦʪʠʪʠʩʷ ʜʦ ʤʽʥʽʤʘʣʴʥʦʾ ʧʣʦʱʽ. ʇʦʚʝʨʭʥʝʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʽʜʠʥ 

ʤʘʶʪʴ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʚ ʧʨʘʢʪʠʮʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʨʽʜʠʥ, ʪʦʤʫ 

ʟʘʩʣʫʛʦʚʫʶʪʴ ʥʘ ʜʝʪʘʣʴʥʠʡ ʨʦʟʛʣʷʜ. 

ʉʧʝʮʠʬʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʨʽʜʠʥʠ ʟʫʤʦʚʣʶʶʪʴ-

ʩʷ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʤʽʞʤʦʣʝʢʫʣʷʨʥʠʭ ʚʟʘʻʤʦʜʽʡ. ʋ ʚʟʘʻʤʦʜʽʷʭ ʤʽʞ 

ʤʦʣʝʢʫʣʘʤʠ ʚʠʷʚʣʷʶʪʴʩʷ ʩʠʣʠ ʧʨʠʪʷʛʘʥʥʷ ʪʘ ʚʽʜʰʪʦʚʭʫʚʘʥʥʷ, ʷʢʽ ʧʦ-

ʨʽʟʥʦʤʫ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʽʜʩʪʘʥʽ ʤʽʞ ʤʦʣʝʢʫʣʘʤʠ.  

ʇʨʝʜʩʪʘʚʠʤʦ, ʱʦ ʦʜʥʘ ʽʟ ʚʟʘʻʤʦʜʽʶʯʠʭ ʤʦʣʝʢʫʣ ʤʽʩʪʠʪʴʩʷ ʥʘ 

ʧʦʯʘʪʢʫ ʢʦʦʨʜʠʥʘʪ, ʘ ʽʥʰʘ ʜʦ ʥʝʾ ʥʘʙʣʠʞʘʻʪʴʩʷ ʧʦ ʦʩʽ ʆʭ (Or), ʽ 

ʚʽʜʢʣʘʜʘʪʠ ʩʠʣʠ ʚʽʜʰʪʦʚʭʫʚʘʥʥʷ ʚʛʦʨʫ, ʘ ʩʠʣʠ ʧʨʠʪʷʛʘʥʥʷ ʚʥʠʟ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʘʻʤʦ ʢʨʠʚʽ (ʨʠʩ. 1.1), ʧʨʠʯʦʤʫ ʢʨʠʚʘ FB ʩʠʣ 

ʚʽʜʰʪʦʚʭʫʚʘʥʥʷ ʟʥʘʯʥʦ ʢʨʫʪʽʰʘ, ʥʽʞ ʢʨʠʚʘ ʩʠʣ ʧʨʠʪʷʛʘʥʥʷ Fʧʨ. 

ʂʦʣʠ ʨʽʜʠʥʘ ʟʘʡʤʘʻ ʚʽʣʴʥʠʡ ʦʙ'ʻʤ, 

ʤʦʣʝʢʫʣʠ ʚ ʥʽʡ ʢʦʣʠʚʘʶʪʴʩʷ 

ʚʽʜʥʦʩʥʦ ʧʦʣʦʞʝʥʴ, ʚ ʷʢʠʭ ʩʠʣʠ 

ʧʨʠʪʷʛʘʥʥʷ ʟʨʽʚʥʦʚʘʞʝʥʝ ʩʠʣʘʤʠ 

ʚʽʜʰʪʦʚʭʫʚʘʥʥʷ (ʪʦʯʢʘ ʉ0). ʋ ʨʘʟʽ 

ʩʪʠʩʢʫ ʨʽʜʠʥʠ ʪʘ ʟʤʝʥʰʝʥʥʷ 

ʚʽʜʩʪʘʥʽ ʤʽʞ ʤʦʣʝʢʫʣʘʤʠ 

ʚʠʷʚʣʷʶʪʴʩʷ ʟʥʘʯʥʽ ʩʠʣʠ ʚʽʜ-

ʰʪʦʚʭʫʚʘʥʥʷ (FB >> Fʧʨ). ʎʠʤ 

ʧʦʷʩʥʶʻʪʴʩʷ ʜʫʞʝ ʤʘʣʠʡ ʢʦʝʬʽ-

ʮʽʻʥʪ ʦʙ'ʻʤʥʦʛʦ ʩʪʠʩʢʫ ʨʽʜʠʥ     (10-

10...10-11 1/ʇʘ).  
ʈʠʩ. 1.1. ʉʠʣʠ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʤʦʣʝʢʫʣʘʤʠ ʚ  

ʨʽʜʠʥʽ.  
 

ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʽʜʩʪʘʥʽ ʤʽʞ ʤʦʣʝʢʫʣʘʤʠ ʧʦʯʠʥʘʶʪʴ ʧʝʨʝʚʘʞʘʪʠ ʩʠʣʠ 

ʧʨʠʪʷʛʘʥʥʷ (FB < Fʧʨ). ʏʝʨʝʟ ʪʝ ʱʦ ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ ʤʦʣʝʢʫʣ ʨʽʜʠʥʠ 

ʥʝʜʦʩʪʘʪʥʷ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ ʚʠʭʦʜʫ ʟʘ ʤʝʞʽ ʩʠʣ ʧʨʠʪʷʛʘʥʥʷ, 

ʨʽʜʠʥʘ ʟʘʡʤʘʻ ʧʝʚʥʠʡ ʦʙ'ʻʤ. 
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ʅʘ ʧʦʚʝʨʭʥʽ ʽ ʚʩʝʨʝʜʠʥʽ ʨʽʜʠʥʠ ʤʦʣʝʢʫʣʠ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʨʽʟʥʠʭ 

ʫʤʦʚʘʭ (ʨʠʩ. 1.2). ʂʦʣʠ ʤʦʣʝʢʫʣʘ 

ʚʩʝʨʝʜʠʥʽ ʨʽʜʠʥʠ, ʪʦ ʾʾ ʟ ʫʩʽʭ ʙʦʢʽʚ 

ʩʠʤʝʪʨʠʯʥʦ ʦʪʦʯʫʶʪʴ ʤʦʣʝʢʫʣʠ, 

ʜʽʾ ʷʢʠʭ ʚʟʘʻʤʥʦ ʢʦʤʧʝʥʩʫʶʪʴʩʷ. ʋ 

ʤʦʣʝʢʫʣʽ ʥʘ ʧʦʚʝʨʭʥʽ ʨʽʜʠʥʠ 

ʦʪʦʯʝʥʥʷ ʥʝʩʠʤʝʪʨʠʯʥʝ ï 

ʧʝʨʝʚʘʞʘʶʪʴ ʤʦʣʝʢʫʣ ʥʠʞʯʠʭ 

ʰʘʨʽʚ, ʘʜʞʝ ʚʟʘʻʤʦʜʽʻ  ʁ ʟ 

ʤʦʣʝʢʫʣʘʤʠ ʧʘʨʠ ʽ ʧʦʚʽʪʨʷ ʥʘʜ 

ʨʽʜʠʥʦʶ ʤʦʞʥʘ ʥʝʭʪʫʚʘʪʠ.  

 
ʈʠʩ. 1.2. ʇʨʠʨʦʜʘ ʩʠʣ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ 

 

ʏʠʤ ʚʠʱʝ ʤʦʣʝʢʫʣʘ ʫ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ, ʪʠʤ ʙʽʣʴʰʘ 

ʨʝʟʫʣʴʪʫʶʯʘ ʩʠʣʘ ʜʽʻ ʥʘ ʥʝʾ. ʎʽ ʩʠʣʠ ʩʪʚʦʨʶʶʪʴ ʧʦʚʝʨʭʥʝʚʠʡ 

ʤʦʣʝʢʫʣʷʨʥʠʡ ʪʠʩʢ ʥʘ ʨʽʜʠʥʫ. ɹʝʟʧʦʩʝʨʝʜʥʴʦ ʚʠʤʽʨʷʪʠ ʤʦʣʝʢʫʣʷʨʥʠʡ 

ʪʠʩʢ ʥʝʤʦʞʣʠʚʦ, ʦʩʢʽʣʴʢʠ ʨʽʜʠʥʘ ʟʘʚʞʜʠ ʦʪʦʯʝʥʘ ʩʚʦʾʤ ʧʦʚʝʨʭʥʝʚʠʤ 

ʰʘʨʦʤ. ʄʦʣʝʢʫʣʷʨʥʠʡ ʪʠʩʢ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʚ ʨʽʜʠʥʘʭ ʽ ʪʚʝʨʜʠʭ 

ʪʽʣʘʭ ʜʦʩʠʪʴ ʟʥʘʯʥʠʡ, ʜʣʷ ʚʦʜʠ ʚʽʥ ʜʦʨʽʚʥʶʻ 109 ʇʘ. ʅʘʷʚʥʽʩʪʶ ʪʘʢʦʛʦ 

ʟʥʘʯʥʦʛʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʪʠʩʢʫ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʤʘʣʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʦʙ'ʻʤʥʦʛʦ ʩʪʠʩʢʫ ʨʽʜʠʥ ʽ ʪʚʝʨʜʠʭ ʪʽʣ. 

ʇʝʨʝʭʦʜʷʯʠ ʟ ʩʝʨʝʜʠʥʠ ʨʽʜʠʥʠ ʫ ʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ, ʤʦʣʝʢʫʣʠ 

ʚʠʢʦʥʫʶʪʴ ʨʦʙʦʪʫ ʧʨʦʪʠ ʨʝʟʫʣʴʪʫʶʯʠʭ ʩʠʣ ʤʦʣʝʢʫʣʷʨʥʠʭ ʜʽʡ ʥʠʞʯʠʭ 

ʰʘʨʽʚ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʧʦʪʝʥʮʽʘʣʴʥʘ ʝʥʝʨʛʽʷ ʤʦʣʝʢʫʣʠ ʟʙʽʣʴʰʫʻʪʴʩʷ. 

ʊʦʤʫ ʤʦʣʝʢʫʣʠ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʤʘʶʪʴ ʙʽʣʴʰʫ ʧʦʪʝʥʮʽʘʣʴʥʫ 

ʝʥʝʨʛʽʶ, ʥʽʞ ʤʦʣʝʢʫʣʠ ʨʝʰʪʠ ʦʙ'ʻʤʫ ʨʽʜʠʥʠ. ʇʨʷʤʫʶʯʠ ʜʦ ʤʽʥʽʤʫʤʫ 

ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʝʥʝʨʛʽʾ, ʧʦʚʝʨʭʥʷ ʨʽʜʠʥʠ ʥʘʤʘʛʘʻʪʴʩʷ ʩʢʦʨʦʯʫʚʘʪʠʩʷ. 

ʉʠʣʠ, ʷʢʽ ʟʫʤʦʚʣʶʶʪʴ ʪʘʢʝ ʩʢʦʨʦʯʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ ʧʣʽʚʢʠ ʨʽʜʠʥʠ, 

ʥʘʟʠʚʘʶʪʴʩʷ ʩʠʣʘʤʠ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ. ʉʠʣʘ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ 

ʥʘ ʤʝʞʽ ʧʦʚʝʨʭʥʽ ʨʽʜʠʥʠ ʧʨʦʧʦʨʮ̔ ʡʥʘ ʜʦʚʞʠʥʽ ʤʝʞʽ 

lF a= ,    (1.6) 

ʜʝ Ŭ ï ʢʦʝʬʽʮʽʻʥʪ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ, ʅ/ʤ; l ï ʜʦʚʞʠʥʘ ʤʝʞʽ ʧʦʚʝʨʭʥʽ 

ʨ̔ ʜʠʥʠ, ʤ. 

ʂʦʝʬʽʮʽʻʥʪ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ Ŭ ̒ ʦʜʥʽʻʶ ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʨʽʜʠʥʠ, ʡʦʛʦ ʟʥʘʯʝʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʜʦʤʽʰʦʢ. ɼʣʷ 

ʜʝʷʢʠʭ ʨʽʜʠʥ ʧʨʠ 20Áʉ ʚʽʥ ʤʘʻ ʪʘʢʽ ʟʥʘʯʝʥʥʷ, ʅĿʤ: ʚʦʜʘ ï 75Ŀ10-3, ʩʧʠʨʪ 

ï 22Ŀ10-3, ʛʣʽʮʝʨʠʥ ï 63Ŀ10-3, ʨʪʫʪʴ ï 460Ŀ10-3. ɿ ʧʜ̔ʚʠʱʝʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨʠ ʢʦʝʬʽʮʽʻʥʪ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʟʤʝʥʰʫʻʪʴʩʷ ʽ ʧʨʠ 

ʢʨʠʪʠʯʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. ʈʽʟʥʽ ʜʦʤʽʰʢʠ ʤʦʞʫʪʴ 

ʟʙʽʣʴʰʫʚʘʪʠ ʘʙʦ ʟʤʝʥʰʫʚʘʪʠ ʢʦʝʬʽʮʽʻʥʪ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ.  
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ʇ̔ ʜ ʯʘʩ ʩʢʦʨʦʯʝʥʥʷ ʧʦʚʝʨʭʥʽ ʨʽʜʠʥʠ ʩʠʣʠ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ 

ʚʠʢʦʥʫʶʪʴ ʨʦʙʦʪʫ 

ShlA D=D=D aa ,   (1.7) 

ʪʦʤʫ ʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ ʨʽʜʠʥʠ ʤʘʻ ʜʝʷʢʫ ʚʽʣʴʥʫ ʝʥʝʨʛʽʶ ï ʯʘʩʪʠʥʫ 

ʝʥʝʨʛʽʾ ʪʽʣʘ, ʷʢʫ ʤʦʞʥʘ ʧʝʨʝʪʚʦʨʠʪʠ ʥʘ ʨʦʙʦʪʫ. 

ɿʛʽʜʥʦ (1.7), ʢʦʝʬʽʮʽʻʥʪ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʯʠʩʝʣʴʥʦ ʜʦʨʽʚʥʶʻ 

ʚʽʣʴʥʽʡ ʝʥʝʨʛʽʾ ʦʜʠʥʠʮʽ ʧʣʦʱʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʨʽʜʠʥʠ. ʊʦʤʫ 

ʩʢʦʨʦʯʝʥʥʷ ʧʦʚʝʨʭʥʽ ʨʽʜʠʥʠ ʻ ʧʨʷʤʫʚʘʥʥʷʤ ʜʦ ʤʽʥʽʤʫʤʫ ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ 

ʩʠʩʪʝʤʠ. ʇʨʠʢʣʘʜʘʤʠ ʜʘʥʦʛʦ ʷʚʠʱʘ ʻ ʨʽʟʥʽ ʬʦʨʤʠ ʤʠʣʴʥʠʭ ʧʣʽʚʦʢ ʥʘ 

ʩʢʣʘʜʥʠʭ ʢʘʨʢʘʩʘʭ, ʢʫʣʝʧʦʜʽʙʥʽ ʢʨʘʧʣʽ ʨʽʜʠʥʠ, ʟʣʠʪʪʷ ʜʚʦʭ ʢʨʘʧʝʣʴ ʚ 

ʦʜʥʫ. 

ʇʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ ʨʽʜʠʥʠ ʤʘʻ ʤʽʩʮʝ ʥʝ ʪʽʣʴʢʠ ʥʘ ʤʝʞʽ ʟ ʧʘʨʦʶ, 

ʘʥʘʣʦʛʽʯʥʦ ʚʽʥ ʫʪʚʦʨʶʻʪʴʩʷ ʥʘ ʤʝʞʽ ʟ ʽʥʰʦʶ ʥʝ ʟʤʽʰʫʚʘʥʦʶ ʨʽʜʠʥʦʶ 

ʘʙʦ ʟ ʪʚʝʨʜʠʤ ʪʽʣʦʤ. ɿʘʟʚʠʯʘʡ, ʢʦʝʬʽʮʽʻʥʪʠ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʚ 

ʨʽʟʥʠʭ ʚʠʧʘʜʢʘʭ ʤʘʶʪʴ ʨʽʟʥʝ ʟʥʘʯʝʥʥʷ. 

 

1.4. ɺ'ʷʟʢʽʩʪʴ ʨʽʜʠʥ 

ɺ'ʷʟʢʽʩʪʴ ʨʽʜʠʥʠ ï ʚʣʘʩʪʠʚʽʩʪʴ ʨʽʜʠʥ ʯʠʥʠʪʠ ʦʧʽʨ ʟʩʫʚʫ. ʎʷ 

ʚʣʘʩʪʠʚʽʩʪʴ ʧʨʦʷʚʣʷʻʪʴʩʷ ʪʽʣʴʢʠ ʧʨʠ ʨʫʩʽ ʨʽʜʠʥ ʽ ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʪʫʧʽʥʴ 

ʪʝʢʫʯʦʩʪʽ ʨʽʜʠʥʠ. ʈʘʟʦʤ ʟ ʣʝʛʢʦ ʪʝʢʫʯʠʤʠ ʨʽʜʠʥʘʤʠ (ʚʦʜʘ, ʩʧʠʨʪ, 

ʧʦʚʽʪʨʷ) ʽʩʥʫʶʪʴ ʜʫʞʝ ʚ'ʷʟʢʽ ʨʽʜʠʥʠ (ʛʣʽʮʝʨʠʥ, ʤʘʰʠʥʥʽ ʤʘʩʣʘ ʪʦʱʦ). 

ʆʩʥʦʚʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʚ'ʷʟʢʦʩʪʽ ʨʽʜʠʥʠ ʻ ʜʠʥʘʤʽʯʥʘ ʚ'ʷʟʢʽʩʪʴ ɛ. 

ʄʽʞ ʜʚʦʤʘ ʰʘʨʘʤʠ ʨʽʜʠʥʠ ʥʘ ʧʦʚʝʨʭʥʽ ʾʭ ʨʦʟʜʽʣʫ ʧʣʦʱʝʶ ɤ 

ʚʠʥʠʢʘʻ ʩʠʣʘ ʪʝʨʪʷ F, ʷʢʘ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʩʢʫ, ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʘ 

ʧʣʦʱʽ ʢʦʥʪʘʢʪʫ ʰʘʨʽʚ ʽ ʛʨʘʜʽʻʥʪʫ ʰʚʠʜʢʦʩʪʽ ʚ ʥʘʧʨʷʤʽ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʥʘʧʨʷʤʫ ʨʫʭʫ ʰʘʨʽʚ, ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʜʫ ʨʽʜʠʥʠ. 

ʅʝʭʘʡ ʨʽʜʠʥʘ ʪʝʯʝ ʧʦ ʧʣʦʩʢʦʤʫ ʜʥʫ ʧʘʨʘʣʝʣʴʥʠʤʠ ʡʦʤʫ ʰʘʨʘʤʠ 

(ʨʠʩ. 1.3). ɺʥʘʩʣʽʜʦʢ ʛʘʣʴʤʽʚʥʦʛʦ ʚʧʣʠʚʫ ʜʥʘ ʰʘʨʠ ʨʽʜʠʥʠ 

ʨʫʭʘʪʠʤʫʪʴʩʷ ʟ ʨʽʟʥʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ. ɼʣʷ ʜʚʦʭ ʰʘʨ̔ʚ ɸ ʽ ɺ ʨʽʜʠʥʠ, 

ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʚʽʜʩʪʘʥʽ ȹʫ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ, ʰʚʠʜʢʦʩʪʽ ʙʫʜʫʪʴ ʤʘʪʠ 

ʟʥʘʯʝʥʥʷ ʠ ʪʘ ʠ + ȹʠ ʚʽʜʧʦʚʽʜʥʦ. 

ʉʠʣʘ ʦʧʦʨʫ ʯʝʨʝʟ ʪʝʨʪʷ ʥʘ ʜʽʣʷʥʮʽ ʧʣʦʱʽ ɤ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦ 

ʟʘʢʦʥʫ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ ʅʴʶʪʦʥʘ  

y

u
F

D

D
=mw .   (1.8) 

ʈʽʜʠʥʠ, ʜʣʷ ʷʢʠʭ ʟʘʢʦʥ (1.8) ʻ ʩʧʨʘʚʝʜʣʠʚʠʤ, ʥʘʟʠʚʘʶʪʴ 

ʥʴʶʪʦʥʽʚʩʴʢʠʤʠ, ʘ ʜʣʷ ʷʢʠʭ ʚʽʥ ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ (ʨʦʟʯʠʥʠ ʧʦʣʽʤʝʨʽʚ, 

ʛʽʜʨʦʩʫʤʽʰʽ ʟ ʮʝʤʝʥʪʫ, ʛʣʠʥʠ ʽ ʢʨʝʡʜʠ) ï ʥʝʥʴʶʪʦʥʽʚʩʴʢʠʤʠ. 

ɺ ʛʽʜʨʘʚʣʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʟʨʫʯʥʦ ʢʦʨʠʩʪʫʚʘʪʠʩʷ 

ʢʽʥʝʤʘʪʠʯʥʦʶ ʚ'ʷʟʢʽʩʪʶ ʨʽʜʠʥʠ 
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.
r

m
n=     (1.9) 

ʆʜʠʥʠʮʝʶ ʚʠʤʽʨʫ ʜʘʥʦʾ ʚʝʣʠʯʠʥʠ ʻ ʤ2/ʩ, ʾʾ ʥʘʟʚʘ ʧʦʷʩʥʶʻʪʴʩʷ ʩʭʦʞʽʩʪʶ 

ʟ ʨʦʟʤʽʨʥʽʩʪʶ ʰʚʠʜʢʦʩʪʽ ʽ ʥʝ ʥʝʩʝ ʬʽʟʠʯʥʦʛʦ ʟʤʽʩʪʫ.  

 
 

ʈʠʩ. 1.3. ʇʨʠʨʦʜʘ ʜʠʥʘʤʽʯʥʦʾ ʚ'ʷʟʢʦʩʪʽ 

 

ʂʽʥʝʤʘʪʠʯʥʘ ʚ'ʷʟʢʽʩʪʴ ʨʽʜʠʥʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʩʢʫ ʽ ʪʝʤʧʝʨʘʪʫʨʠ. 

ɼʣʷ ʢʨʘʧʝʣʴʥʠʭ ʨʽʜʠʥ ʚʦʥʘ ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ, 

ʘ ʜʣʷ ʛʘʟʽʚ ï ʥʘʚʧʘʢʠ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʪʠʩʢʫ ʚ'ʷʟʢʽʩʪʴ ʛʘʟʽʚ 

ʟʤʝʥʰʫʻʪʴʩʷ, ʘ ʚ'ʷʟʢʽʩʪʴ ʨʽʜʠʥ ʚʽʜ ʟʤʽʥʠ ʪʠʩʢʫ ʤʘʡʞʝ ʥʝ ʟʘʣʝʞʠʪʴ. 

 

1.5. ʆʩʦʙʣʠʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʦʜʠ 

ɺ ʧʦʥʷʪʪʷ çʚʦʜʘè ʩʣʽʜ ʚʢʣʶʯʘʪʠ ʨʝʯʦʚʠʥʠ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʥʝ 

ʣʠʰʝ ʟ ʤʦʣʝʢʫʣ ʅ2ʆ16, ʘ ʡ ʨʽʟʥʠʭ ʽʥʰʠʭ ʢʦʤʙʽʥʘʮʽʡ ʽʟʦʪʦʧʽʚ ʚʦʜʥʶ ʽ 

ʢʠʩʥʶ, ʷʢʠʭ ʽʩʥʫʻ ʱʝ 35. ʋ ʧʨʠʨʦʜʥʽʡ ʚʦʜʽ ʤʦʣʝʢʫʣʠ ʅ2ʆ16 ʩʪʘʥʦʚʣʷʪʴ 

99,7%, ʥʘ ʜʦʣʶ ʽʥʰʠʭ ʨʽʟʥʦʚʠʜʽʚ ʤʦʣʝʢʫʣ ʚʦʜʠ ʧʨʠʭʦʜʠʪʴʩʷ 0,3%, 

ʧʨʦʪʝ ʮʝ ʥʝ ʦʟʥʘʯʘʻ, ʱʦ ʚʧʣʠʚ ʽʥʰʠʭ ʨʽʟʥʦʚʠʜʽʚ ʤʦʣʝʢʫʣ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ 

ʚʦʜʠ ʧʨʦʧʦʨʮʽʡʥʠʡ ʾʭ ʯʘʩʪʮ ̔ʚ ʟʘʛʘʣʴʥʦʤʫ ʦʙ'ʻʤ.̔ 

ɺʦʜʘ ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʽ ʪʠʩʢʘʭ ʤʦʞʝ ʟʥʘʭʦʜʠʪʠʩʷ ʚ 

ʦʜʥʦʤʫ ʟ ʪʨʴʦʭ ʘʛʨʝʛʘʪʥʠʭ ʩʪʘʥʽʚ: ʪʚʝʨʜʦʤʫ (ʣʽʜ), ʨʽʜʢʦʤʫ ʽ 

ʛʘʟʦʧʦʜʽʙʥʦʤʫ (ʧʘʨʘ). 

ʇʨʠ ʟʤʝʥʰʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ 4 ʜʦ 0Áʉ ʦʙ'ʻʤ ʚʦʜʠ ʥʝ 

ʟʤʝʥʰʫʻʪʴʩʷ, ʷʢ ʚ ʫʩʽʭ ʽʥʰʠʭ ʨʝʯʦʚʠʥ (ʦʢʨʽʤ ʚʽʩʤʫʪʫ), ʘ ʟʙʽʣʴʰʫʻʪʴʩʷ. 

ɻʫʩʪʠʥʘ ʚʦʜʠ, ʱʦ ʤʘʻ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʨʠ 4Áʉ, ʧʨʠ ʮʴʦʤʫ 

ʟʤʝʥʰʫʻʪʴʩʷ, ʧʨʠ ʟʘʤʝʨʟʘʥʥʽ ʦʙ'ʻʤ ʚʦʜʠ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʥʘ 

10%. ʊʝʤʧʝʨʘʪʫʨʘ ʟʘʤʝʨʟʘʥʥʷ ʚʦʜʠ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʠʩʢʫ ʜʦ 19,6 ʄʇʘ 

ʟʥʠʞʫʻʪʴʩʷ, ʧʽʩʣʷ ʯʦʛʦ ʧʦʯʠʥʘʻ ʧʽʜʚʠʱʫʚʘʪʠʩʷ. 
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ʂʦʥʚʝʢʮʽʷ ʫ ʚʦʜʦʡʤʘʭ ʟ ʧʨʽʩʥʦʶ ʚʦʜʦʶ ʧʨʠʧʠʥʷʻʪʴʩʷ ʧʨʠ 4 Áʉ. 

ʇʨʠ ʮʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʚ ʥʠʞʥʽʭ ʰʘʨʘʭ ʟʥʘʭʦʜʠʪʴʩʷ ʚʦʜʘ ʟ ʙʽʣʴʰʦʶ 

ʛʫʩʪʠʥʦʶ, ʥʽʞ ʫ ʚʝʨʭʥʽʭ. ʄʦʨʩʴʢʘ ʚʦʜʘ ʟʘʤʝʨʟʘʻ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʤʽʥʫʩ 

1,9Áʉ, ʘ ʚʦʜʘ ʚ ʢʘʧʽʣʷʨʘʭ ʚ ̌ʨʫʥʪʽ ʤʦʞʝ ʟʘʤʝʨʟʘʪʠ ʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

4,4Áʉ. 

ɺʦʜʘ ʤʘʻ ʜʫʞʝ ʚʝʣʠʢʫ ʪʝʧʣʦʻʤʥʽʩʪʴ, ʙʽʣʴʰʫ ʚ 10 ʨʘʟʽʚ, ʥʽʞ 

ʟʘʣʽʟʦ; ʚ 33 ʨʘʟʠ ʙʽʣʴʰʫ, ʥʽʞ ʨʪʫʪʴ; ʚ 3,3 ʨʘʟʠ ʙʽʣʴʰʫ, ʥʽʞ ʩʧʠʨʪ ʽ 

ʛʣʽʮʝʨʠʥ. ʊʝʧʣʦʻʤʥʽʩʪʴ ʽʥʰʠʭ ʨʽʜʠʥ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ 

ʟʙʽʣʴʰʫʻʪʴʩʷ, ʚʦʜʘ ʞ ʤʘʻ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʪʝʧʣʦʻʤʥʦʩʪʽ ʧʨʠ 35Áʉ.  

ʅʘʷʚʥʽʩʪʴ ʤʽʥʽʤʫʤʫ ʧʦʷʩʥʶʻʪʴʩʷ ʨʫʡʥʫʚʘʥʥʷʤ ʘʩʦʮʽʘʮʽʡ (ʛʨʫʧ) 

ʤʦʣʝʢʫʣ ʚʦʜʠ ʟʘ ʜʘʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʇʨʠ ʢʦʥʜʝʥʩʘʮʽʾ ʚʦʣʦʛʠ (ʫʪʚʦʨʝʥʥʽ ʪʫʤʘʥʫ) ʚʠʜʽʣʷʻʪʴʩʷ ʟʥʘʯʥʘ 

ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʫʩʪʘʥʦʚʢʘʭ ʰʪʫʯʥʦʛʦ ʪʫʤʘʥʫ, 

ʷʢʽ ʦʢʨʽʤ ʟʨʦʰʫʚʘʥʥʷ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʦʙʝʨʽʛʘʥʥʷ ʨʦʩʣʠʥ 

ʚʽʜ ʟʘʤʦʨʦʟʢʚ̔. 

ʋ ʟʚ'ʷʟʢʫ ʟ ʥʘʷʚʥʽʩʪʶ ʫ ʚʦʜʽ ʨʦʟʯʠʥʝʥʦʛʦ ʧʦʚʽʪʨʷ, ʙʘʛʘʪʦʛʦ 

ʢʠʩʥʝʤ, ʽ ʨʷʜʫ ʘʛʨʝʩʠʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʚʦʜʘ ʚʧʣʠʚʘʻ ʥʘ ʤʘʪʝʨʽʘʣʠ, ʟ 

ʷʢʠʭ ʟʚʝʜʝʥʽ ʩʧʦʨʫʜʠ, ʯʝʨʝʟ ʦɦ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʢʦʨʦʟʽʷ. ʈʦʟʯʠʥʝʥʽ ʫ 

ʚʦʜʽ ʩʦʣʽ ʽ ʟʚʘʞʝʥʽ ʚ ʥʽʡ ʪʚʝʨʜʽ ʯʘʩʪʢʠ ʧʨʠʚʦʜʷʪʴ ʜʦ çʟʘʨʦʩʪʘʥʥʷè 

ʩʪʽʥʦʢ ʪʨʫʙʦʧʨʦʚʦʜʽʚ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʪʘʢʠʭ ʪʨʫʙ  

ʽʩʪʦʪʥʦ ʟʤʝʥʰʫʻʪʴʩʷ. 

ʆʙʨʦʙʢʫ ʚʦʜʠ ʜʽʻʶ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʙʦʨʦʪʴʙʠ 

ʟ ʫʪʚʦʨʝʥʥʷʤ ʥʘʢʠʧʫ ʽ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʢʦʨʦʟʽʾ ʚ ʢʦʪʣʘʭ ʽ 

ʦʧʨʽʩʥʶʚʘʣʴʥʠʭ ʫʩʪʘʥʦʚʢʘʭ, ʘ ʪʘʢʦʞ ʜʣʷ ʧʨʠʩʢʦʨʝʥʥʷ ʦʩʘʜʞʝʥʥʷ 

ʩʫʩʧʝʥʟʽʡ ʧʨʠ ʦʯʠʱʝʥʥʽ ʚʦʜʠ. ʄʝʭʘʥʽʟʤ ʚʧʣʠʚʫ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʥʘ 

ʚʣʘʩʪʠʚʦʩʪʽ ʚʦʜʠ ʜʦʢʠ ʚʠʚʯʝʥʠʡ ʥʝʜʦʩʪʘʪʥʴʦ, ʭʦʯʘ ʦʪʨʠʤʘʥʽ ʜʘʥʽ ʧʨʦ 

ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ ʚʦʜʠ, ʱʦ ʧʨʦʡʰʣʘ ʦʙʨʦʙʢʫ ʚ 

ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ, ʧʨʦ ʧʨʠʩʢʦʨʝʥʥʷ ʩʭʦʧʣʶʚʘʥʥʷ ʙʝʪʦʥʽʚ, ʜʦ ʩʢʣʘʜʫ 

ʷʢʠʭ ʚʭʦʜʠʪʴ ʪʘʢʘ ʚʦʜʘ.  

 

ʇʠʪʘʥʥʷ ʜʦ ʩʘʤʦʢʦʥʪʨʦʣʶ 

1. ʗʢʽ ʚʽʜʤʽʥʥʦʩʪʽ ʨʽʜʠʥ ʚʽʜ ʪʚʝʨʜʠʭ ʪʽʣ ʽ ʛʘʟʽʚ?  

2. ʑʦ ʥʘʟʠʚʘʻʪʴʩʷ ʛʫʩʪʠʥʦʶ ʨʽʜʠʥʠ, ʚʽʜ ʯʦʛʦ ʚʦʥʘ ʟʘʣʝʞʠʪʴ ʽ ʷʢʠʤʠ 

ʦʜʠʥʠʮʷʤʠ ʾʾ ʚʠʤʽʨʶʻʪʴʩʷ?  

3. ʗʢʽ ʚʠʜʠ ʤʝʭʘʥʽʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʜʽʶʪʴ ʚ ʨʽʜʠʥʽ?  

4. ʑʦ ʪʘʢʝ ʚ'ʷʟʢʽʩʪʴ ʨʽʜʠʥʠ, ʷʢʠʡ ʟʚ'ʷʟʦʢ ʤʽʞ ʜʠʥʘʤʽʯʥʦʶ ʽ 

ʢʽʥʝʤʘʪʠʯʥʦ  ʁʚ'ʷʟʢʦʩʪʽ, ʷʢʽ ʾʭ ʦʜʠʥʠʮʽ ʚʠʤʽʨʫ?  

5. ʗʢʘ ʦʩʥʦʚʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʥʴʶʪʦʥʽʚʩʴʢʦʶ ʽ ʥʝ ʥʴʶʪʦʥʽʚʩʴʢʦʶ ʨʽʜʠʥ?  

6. ʗʢʘ ʧʨʠʨʦʜʘ ʷʚʠʱʘ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ?  

7. ʋ ʯʦʤʫ ʧʦʣʷʛʘʶʪʴ ʦʩʦʙʣʠʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʦʜʠ?  
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ɹʃʆʂ ʉɸʄʆʉʊɯʁʅʆɰ ʈʆɹʆʊʀ ˉ 1 

ʇʨʠʢʣʘʜ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯʽ 1. ɺʠʟʥʘʯʠʪʠ ʚʝʣʠʯʠʥʫ ʟʤʽʥʠ ʪʠʩʢʫ ʚ 

ʛʝʨʤʝʪʠʯʥʦ ʟʘʢʨʠʪʦʤʫ ʙʘʣʦʥʽ ʟ ʚʦʜʦʶ ʧʨʠ ʟʤʽʥʽ ʾʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ 10 

ʜʦ 20Áʉ. ʄʘʪʝʨʽʘʣ ʙʘʣʦʥʫ ʚʚʘʞʘʪʠ ʘʙʩʦʣʶʪʥʦ ʞʦʨʩʪʢʠʤ. 

ʈʦʟʚ'ʷʟʘʥʥʷ  

 ʗʢʙʠ ʙʘʣʦʥ ʥʝ ʙʫʚ ʟʘʢʨʠʪʠʡ ʛʝʨʤʝʪʠʯʥʦ, ʪʦ ʟʙʽʣʴʰʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠʚʝʣʦ ʙ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʦʙ'ʻʤʫ ʥʘ ʚʝʣʠʯʠʥʫ 

tVV t D=D b , 

ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʢʽʥʮʝʚʠʡ ʦʙ'ʻʤ ʩʪʘʚ ʙʠ ʨʽʚʥʠʤ  

VVV D+=1 . 

 ʆʩʢʽʣʴʢʠ ʦʙ'ʻʤ ʟʤʽʥʠʪʠʩʷ ʥʝ ʤʦʞʝ, ʨʝʟʫʣʴʪʘʪʦʤ ʩʪʘʻ 

ʟʙʽʣʴʰʝʥʥʷ ʪʠʩʢʫ ʥʘ ʧʦʚʝʨʭʥʽ ʨʽʜʠʥʠ, ʷʢʝ ʤʦʞʥʘ ʟʥʘʡʪʠ ʟ ʚʠʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʫ ʩʪʠʩʢʫʚʘʥʥʷ 

.
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ɺʝʣʠʯʠʥʘ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ 

Ct ¯=-=D 101020 , 

ʘ ʚʽʜʧʦʚʽʜʥʽ ʢʦʝʬʽʮʽʻʥʪʠ 

ɓt = 150Ŀ10-6 1/Áʉ,  ɓʨ = 5,0Ŀ10-10 1/ʇʘ. 

 ʇʽʜʩʪʘʚʣʷʻʤʦ ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʚ ʨʦʟʨʘʭʫʥʢʦʚʫ ʬʦʨʤʫʣʫ 
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00030

10510150101

10150
106

6

=
ÖÖÖÖ+

Ö
=D

--

-

P ʇʘ. 

 

ʇʨʠʢʣʘʜ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯʽ 2. ɺʠʟʥʘʯʠʪʠ ʤʘʩʫ ʙʝʥʟʠʥʫ ʚ 

ʮʠʣʽʥʜʨʠʯʥʦʤʫ ʨʝʟʝʨʚʫʘʨʽ ʜʽʘʤʝʪʨʫ d = 0,3 ʤ ʽ ʚʠʩʦʪʠ h = 0,4 ʤ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 20Áʉ. ʉʪʫʧʽʥʴ ʟʘʧʦʚʥʝʥʥʷ ʨʝʟʝʨʚʫʘʨʫ ʩʪʘʥʦʚʠʪʴ 90%. 

ʈʦʟʚ'ʷʟʘʥʥʷ  

 ʇʦ ɼʦʜʘʪʢʫ 3 ʟʥʘʭʦʜʠʤʦ ʛʫʩʪʠʥʫ ʙʝʥʟʠʥʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 20Áʉ 

ɟʙ = 730 ʢʛ/ʤ3. 

ɺʠʟʥʘʯʘʻʤʦ ʦʙ'ʻʤ, ʷʢʠʡ ʟʘʡʤʘʻ ʙʝʥʟʠʥ ʚ ʨʝʟʝʨʚʫʘʨʽ 

025,0
4

4,03,014,39,0

4
9,09,0

22

=
ÖÖÖ

=ÖÖ== h
d

VV ʨʝʟ
p

ʤ3. 

ɿʥʘʭʦʜʠʤʦ ʤʘʩʫ ʙʝʥʟʠʥʫ 

5,18025,0730 =Ö== Vm r ʢʛ. 

ɿʘʚʜʘʥʥʷ ʜʦ ʩʘʤʦʩʪʽʡʥʦʾ ʨʦʙʦʪʠ 
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ɺʘʨʽʘʥʪʠ 1 ï 15 

ɺʠʟʥʘʯʠʪʠ ʤʘʩʫ ʨʽʜʠʥʠ ʚ ʮʠʣʽʥʜʨʠʯʥʦʤʫ ʨʝʟʝʨʚʫʘʨʽ ʜʽʘʤʝʪʨʫ d ʽ ʚʠʩʦʪʠ 

h ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 20Áʉ. ʉʪʫʧʽʥʴ ʟʘʧʦʚʥʝʥʥʷ ʨʝʟʝʨʚʫʘʨʫ ʩʪʘʥʦʚʠʪʴ Ů. 

ʊʘʙʣʠʮʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ 

ˉ ʚʘʨʽʘʥʪʫ ʈʽʜʠʥʘ d, ʤʤ h, ʤʤ Ů, % 

1 ɺʦʜʘ ʧʨʽʩʥʘ 200 1000 95 

2 ɺʦʜʘ ʤʦʨʩʴʢʘ 300 1100 90 

3 ɹʝʥʟʠʥ  320 1200 85 

4 ʂʝʨʦʩʠʥ 340 1300 95 

5 ʄʘʩʣʦ ʚʝʨʝʪʝʥʥʝ 280 1400 90 

6 ʄʘʩʣʦ ʽʥʜʫʩʪʨʽʘʣʴʥʝ 260 1500 85 

7 ʄʘʩʣʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʝ 220 1450 95 

8 ʄʘʩʣʦ ʛʽʜʨʘʚʣʽʯʥʝ 190 1350 90 

9 ʉʢʠʧʠʜʘʨ 170 1250 85 

10 ʉʧʠʨʪ ʝʪʠʣʦʚʠʡ 150 1150 95 

11 ʅʘʬʪʘ  140 1050 90 

12 ʇʦʚʽʪʨʷ 130 950 85 

13 ɹʝʥʟʠʥ  120 850 95 

14 ʂʝʨʦʩʠʥ 110 900 90 

15 ʅʘʬʪʘ  100 1000 85 

ɺʘʨʽʘʥʪʠ 16 ï 25 

ɺʠʟʥʘʯʠʪʠ ʚʝʣʠʯʠʥʫ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʢʽʥʮʝʚʫ ʪʝʤʧʝʨʘʪʫʨʫ ʚ 

ʛʝʨʤʝʪʠʯʥʦ ʟʘʢʨʠʪʦʤʫ ʙʘʣʦʥʽ ʟ ʨʽʜʠʥʦʶ, ʷʢʱʦ ʾʾ ʪʠʩʢ ʟʤʽʥʠʚʩʷ ʥʘ 

ʚʝʣʠʯʠʥʫ ȹʈ. ʄʘʪʝʨʽʘʣ ʙʘʣʦʥʫ ʚʚʘʞʘʪʠ ʘʙʩʦʣʶʪʥʦ ʞʦʨʩʪʢʠʤ, 

ʧʦʯʘʪʢʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ t0. 

ʊʘʙʣʠʮʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ 

ˉ ʚʘʨʽʘʥʪʫ ʈʽʜʠʥʘ ȹʈ, ʢʇʘ t0, ÁC 

16 ʂʝʨʦʩʠʥ 5 20 

17 ɿʨʽʜʞʝʥʠʡ ʛʘʟ 10 15 

18 ɹʝʥʟʠʥ  15 10 

19 ʂʝʨʦʩʠʥ 20 20 

20 ʉʧʠʨʪ ʝʪʠʣʦʚʠʡ 25 15 

21 ɹʝʥʟʠʥ  30 10 

22 ɺʦʜʘ 28 20 

23 ɿʨʽʜʞʝʥʠʡ ʛʘʟ 26 15 

24 ɹʝʥʟʠʥ  24 10 

25 ʂʝʨʦʩʠʥ 22 20 

ʈʆɿɼɯʃ 2. ɻɯɼʈʆʉʊɸʊʀʂɸ 

2.1. ɿʘʛʘʣʴʥʽ ʚʠʟʥʘʯʝʥʥʷ ʛʽʜʨʦʩʪʘʪʠʢʠ 
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ɻʽʜʨʦʩʪʘʪʠʢʘ ï ʨʦʟʜʽʣ ʛʽʜʨʘʚʣʽʢʠ, ʚ ʷʢʦʤʫ ʚʠʚʯʘʻʪʴʩʷ ʨʽʜʠʥʘ, 

ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʚʽʜʥʦʩʥʦʤʫ ʩʧʦʢʦʾ. 

ʈʽʚʥʦʚʘʞʥʠʡ ʩʪʘʥ ʨʽʜʠʥʠ ï ʩʪʘʥ, ʧʨʠ ʷʢʦʤʫ ʥʘ ʚʠʜʽʣʝʥʫ ʤʘʩʫ 

ʨʽʜʠʥʠ ʥʝ ʜʽʶʪʴ ʟʦʚʥʽʰʥʽ ʩʠʣʠ ʘʙʦ ʾʭ ʜʽʷ ʚʟʘʻʤʥʦ ʢʦʤʧʝʥʩʫʻʪʴʩʷ. ʊʦʜʽ 

ʫʩʽ ʯʘʩʪʢʠ ʮʽʻʾ ʤʘʩʠ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʨʫʭʦʤʠʤʠ ʚʽʜʥʦʩʥʦ ʚʠʙʨʘʥʦʾ 

ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ, ʪʦʙʪʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʩʪʘʥʽ ʩʧʦʢʦ ʁʘʙʦ ʨʫʭʘʶʪʴʩʷ 

ʨʽʚʥʦʤʽʨʥʦ ʽ ʧʨʷʤʦʣʽʥʽʡʥʦ, ʘ ʾʭ ʚʟʘʻʤʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʟʘʣʠʰʘʻʪʴʩʷ 

ʩʪʘʣʠʤ.  

ʋ ʨʘʟʽ ʜʽʾ ʟʦʚʥʽʰʥʽʭ ʩʠʣ ʚ ʨʽʜʠʥʽ ʘʙʦ ʚʠʥʠʢʘʶʪʴ ʥʘʧʨʫʞʝʥʥʷ 

(ʨʽʚʥʦʚʘʞʥʠʡ ʩʪʘʥ ʟʙʝʨʽʛʘʻʪʴʩʷ) ʘʙʦ ʚʦʥʘ ʧʝʨʝʭʦʜʠʪʴ ʚ ʩʪʘʥ 

ʧʨʠʩʢʦʨʝʥʦʛʦ ʨʫʭʫ. ʅʘ ʨʽʜʠʥʫ ʤʦʞʫʪʴ ʜʽʷʪʠ ʜʚʘ ʪʠʧʠ ʩʠʣ: 

- ʧʦʚʝʨʭʥʝʚʽ ʩʠʣʠ - ʮʝ ʩʠʣʠ ʪʠʩʢʫ, ʱʦ ʜʽʪʁ ɹʥʘ ʧʦʚʝʨʭʥʽ ʚʠʜʽʣʝʥʦʛʦ 

ʦʙ'ʻʤʫ,  ̔ʧʨʦʧʦʨʮʽʡʥʽ ʧʣʦʱʽ ʜʘʥʦʾ ʧʦʚʝʨʭʥʽ (ʨʠʩ. 2.1, ʙ); 

- ʤʘʩʦʚʽ (ʦʙ'ʻʤʥʽ) ʩʠʣʠ ï ʮʝ ʟʦʚʥʽʰʥʽ ʩʠʣʠ, ʧʨʦʧʦʨʮʽʡʥʽ ʤʘʩʽ ʨʽʜʠʥʠ, ʱʦ 

ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʚʠʜʽʣʝʥʦʤʫ ʦʙ'ʻʤʽ (ʨʠʩ. 2.1, ʘ). ɼʦ ʪʘʢʠʭ ʩʠʣ ʚʽʜʥʦʩʷʪʴʩʷ 

ʩʠʣʠ ʪʷʞʽʥʥʷ ʪʘ ʽʥʝʨʮʽʾ, ʘʨʭʽʤʝʜʦʚʘ ʩʠʣʘ. 

 
ʈʠʩ. 2.1. ʂʣʘʩʠʬʽʢʘʮʽʷ ʟʦʚʥʽʰʥʽʭ ʩʠʣ: ʘ ï ʦʙ'ʻʤʥʽ, ʙ ï  ʧʦʚʝʨʭʥʝʚʽ; ʚ - ʣʽʥʽʡʥʽ 

 

ɼʣʷ ʪʦʛʦ, ʘʙʠ ʨʽʜʠʥʘ ʟʥʘʭʦʜʠʣʘʩʷ ʚ ʩʪʘʥʽ ʩʧʦʢʦʶ, ʥʝʦʙʭʽʜʥʦ, 

ʱʦʙ ʩʠʣʠ, ʱʦ ʜʽʶʪʴ ʥʘ ʾʾ ʛʨʘʥʠʯʥʽʡ ʧʦʚʝʨʭʥʽ, ʙʫʣʠ ʩʧʨʷʤʦʚʘʥʽ ʧʽʜ 

ʢʫʪʦʤ 90Á ʜʦ ʮʽʻʾ ʧʦʚʝʨʭʥʽ. ɸʜʞʝ ʨʽʜʠʥʠ ʜʦʙʨʝ ʦʧʠʨʘʶʪʴʩʷ ʟʫʩʠʣʣʷʤ 

ʩʪʠʩʢʫ, ʘʣʝ ʯʝʨʝʟ ʚʣʘʩʪʠʚʽʩʪʴ ʪʝʢʫʯʦʩʪʽ ʥʝ ʤʦʞʫʪʴ ʯʠʥʠʪʠ ʦʧʽʨ 

ʟʫʩʠʣʣʷʤ ʟʩʫʚʫ. 

ɻ̔ ʜʨʦʩʪʘʪʠʯʥʠʡ ʪʠʩʢ ʚ ʜʘʥʽʡ ʪʦʯʮʽ ʨʽʜʠʥʠ ï ʧʨʫʞʥʽʡ ʩʪʠʩʢ 

(ʤʝʭʘʥʽʯʥʝ ʥʘʧʨʫʞʝʥʥʷ), ʱʦ ʚʠʥʠʢʘʻ ʚ ʨʽʜʠʥʽ ʧʽʜ ʜʽʻʶ ʟʦʚʥʽʰʥʽʭ ʩʠʣ.  

,
wd

dF
P=    (2.1) 

ʜʝ dF ï ʝʣʝʤʝʥʪʘʨʥʘ ʩʠʣʘ, ʅ; dɤ ï ʝʣʝʤʝʥʪʘʨʥʘ ʧʣʦʱʘ, ʤ2.  

ɻʽʜʨʦʩʪʘʪʠʯʥʠʡ ʪʠʩʢ ʻ ʦʜʥ̔̒ ʶ ʟ ʦʩʥʦʚʥʠʭ ʚʝʣʠʯʠʥ ʛʽʜʨʘʚʣʽʢʠ, 

ʦʜʠʥʠʮʝʁ  ʡʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʻ ʇʘʩʢʘʣʴ (ʇʘ) ï ʪʠʩʢ, ʱʦ ʩʪʚʦʨʶʻʪʴʩʷ 

ʩʠʣʦʶ ʚ 1 ʅ, ʷʢʘ ʨʚ̔ʥʦʤʨ̔ʥʦ ʨʦʟʧʦʜʽʣʝʥʘ ʧʦ ʧʦʚʝʨʭʥʽ ʧʣʦʱʝʶ 1 ʤ2. ʅʘ 
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ʧʨʘʢʪʠʮʽ ʯʘʩʪʦ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʦʟʘʩʠʩʪʝʤʥʽ ʦʜʠʥʠʮʽ ï 

ʘʪʤʦʩʬʝʨʘ ʽ ʤʽʣʽʤʝʪʨʠ ʨʪʫʪʥʦʛʦ ʘʙʦ ʚʦʜʷʥʦʛʦ ʩʪʦʚʧʯʠʢʽʚ: 

1 ʘʪ = 98 066 ʇʘ = 735,56 ʤʤ. ʨʪ. ʩʪ.; 

1 ʇʘ = 0,102 ʤʤ. ʚʦʜ. ʩʪ. = 0,0075 ʤʤ. ʨʪ. ʩʪ. 

ɼʘʥʘ ʚʝʣʠʯʠʥʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ: 

- ʛ̔ ʜʨʦʩʪʘʪʠʯʥʠʡ ʪʠʩʢ ʟʘʚʞʜʠ ʩʧʨʷʤʦʚʘʥʠʡ ʟ ʙʦʢʫ ʨʽʜʠʥʠ ʧʦ ʥʦʨʤʘʣʽ ʜʦ 

ʪʽʻʾ ʧʦʚʝʨʭʥʽ, ʥʘ ʷʢʫ ʜʽʻ.  

- ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʪʦʯʢʠ ʨʽʜʠʥʠ ʛʽʜʨʦʩʪʘʪʠʯʥʠʡ ʪʠʩʢ ʦʜʥʘʢʦʚʠʡ ʟʘ ʫʩʽʤʘ 

ʥʘʧʨʷʤʢʘʤʠ. 

ɿ ʦʩʪʘʥʥʴʦʾ ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʪʽʢʘʻ ʩʣʽʜʩʪʚʦ: ʦʩʢʽʣʴʢʠ ʙʫʜʴ-ʷʢʘ 

ʪʦʯʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʾʾ ʢʦʦʨʜʠʥʘʪʘʤʠ, ʛʽʜʨʦʩʪʘʪʠʯʥʠʡ ʪʠʩʢ ʚ ʪʦʯʮʽ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʦʨʜʠʥʘʪ ʜʘʥʦʾ ʪʦʯʢʠ  

( )zyxfP ,,= .   (2.2) 

2.2. ʆʩʥʦʚʥʝ ʨʽʚʥʷʥʥʷ ʛʽʜʨʦʩʪʘʪʠʢʠ ʽ ʟʘʢʦʥ ʇʘʩʢʘʣʷ 

ɺʠʜʽʣʠʤʦ ʟ ʨʽʜʠʥʠ (ʨʠʩ. 2.2), ʷʢʘ ʚ ʩʪʘʥʽ ʩʧʦʢʦʶ ʟʘʧʦʚʥʶʻ 

ʨʝʟʝʨʚʫʘʨ 1, ʧʘʨʘʣʝʣʝʧʽʧʝʜ 2 ʟ ʦʩʥʦʚʦʶ ɤ ʽ ʚʠʩʦʪʦʶ h, ʨʽʚʥʽʡ ʛʣʠʙʠʥʽ 

ʨʽʜʠʥʠ ʚ ʨʝʟʝʨʚʫʘʨʽ. ʅʘ ʧʦʚʝʨʭʥʽ ʨʽʜʠʥʠ ʚ ʨʝʟʝʨʚʫʘʨʽ ʚ ʫʤʦʚʘʭ ʟʝʤʥʦʛʦ 

ʪʷʞʽʥʥʷ ʜʽʻ ʪʠʩʢ ʈ0. ʆʩʢʽʣʴʢʠ ʨʽʜʠʥʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʨʽʚʥʦʚʘʟʽ, ʪʦ ʩʠʣʠ 

ʥʘ ʙʽʯʥʠʭ ʛʨʘʥʷʭ ʚʨʽʚʥʦʚʘʞʫʶʪʴʩʷ, ʘ ʩʠʣʘ, ʱʦ ʜʽʻ ʥʘ ʜʥʦ 

ʧʘʨʘʣʝʣʝʧʽʧʝʜʘ, 

ʚʨʽʚʥʦʚʘʞʫʻʪʴʩʷ 

ʩʠʣʦʶ F0 ʽ ʩʠʣʦʶ ʚʘʛʠ 

ʨʽʜʠʥʠ, ʱʦ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʦʙ'ʻʤʽ 

ʧʘʨʘʣʝʣʝʧʽʧʝʜʘ 

hFFz gw+= 0
' . 

ʈʦʟʜʽʣʠʚʰʠ ʦʙʠʜʚʽ 

ʯʘʩʪʠʥʠ ʨʽʚʥʷʥʥʷ ʥʘ ɤ, 

ʦʪʨʠʤʫʻʤʦ ʦʩʥʦʚʥʝ 

ʨʽʚʥʷʥʥʷ ʛʽʜʨʦʩʪʘʪʠʢʠ 

hPP g+= 0 ,   (2.3) 

ʜʝ ʈ ï ʛʽʜʨʦʩʪʘʪʠʯʥʠʡ 

ʪʠʩʢ ʥʘ ʛʣʠʙʠʥʽ h, ʇʘ; 

P0 - ʟʦʚʥʽʰʥʽʡ ʪʠʩʢ ʥʘ 

ʧʦʚʝʨʭʥʽ ʨʽʜʠʥʠ, ʇʘ; ɔh 

ï ʥʘʜʣʠʰʢʦʚʠʡ ʪʠʩʢ, 

ʇʘ.  
ʈʠʩ. 2.2. ɼʦ ʚʠʟʥʘʯʝʥʥʷ ʛʽʜʨʦʩʪʘʪʠʯʥʦʛʦ ʪʠʩʢʫ 

ʇʦʚʝʨʭʥʝʶ ʨʽʚʥʦʛʦ ʪʠʩʢʫ  ʥʘʟʠʚʘʻʪʴʩʷ ʧʦʚʝʨʭʥʷ, ʚ ʢʦʞʥʽʡ ʪʦʯʮʽ 

ʷʢʦʾ ʚʝʣʠʯʠʥʘ ʛʽʜʨʦʩʪʘʪʠʯʥʦʛʦ ʪʠʩʢʫ ʦʜʥʘʢʦʚʘ (ʈ = const).  ʇʨʠʢʣʘʜʦʤ 
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ʤʦʞʝ ʙʫʪʠ ʧʦʚʝʨʭʥ ̫ʨʦʟʜʽʣʫ ʨʽʜʢʦʾ ʪʘ ʛʘʟʦʚʦʾ ʬʘʟʠ, ʷʢʘ ʥʘʟʠʚʘʻʪʴʩʷ 

ʚʽʣʴʥʦʶ ʧʦʚʝʨʭʥʝʶ ʽ ʧʦʟʥʘʯʘʻʪʴʩʷ ʧʝʨʝʚʝʨʥʫʪʠʤ ʪʨʠʢʫʪʥʠʢʦʤ.  

ɸʙʩʦʣʶʪʥʠʡ ʛʽʜʨʦʩʪʘʪʠʯʥʠʡ ʪʠʩʢ ʚ ʨʽʜʠʥʽ ʥʘ ʛʣʠʙʠʥʽ h 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ (2.3), ʪʦʤʫ ʜʣʷ ʧʦʚʝʨʭʥʽ ʨʽʚʥʦʛʦ ʪʠʩʢʫ ʧʨʠ 

ʩʪʘʣʦʤʫ ʟʦʚʥʽʰʥʴʦʤʫ ʪʠʩʢʫ (ʈ0 = const) ʦʪʨʠʤʫʻʤʦ  

ɔh = const.   (2.4) 

ʈʽʚʥʷʥʥʷ (2.4) ʚʠʟʥʘʯʘʻ ʧʦʣʦʞʝʥʥʷ ʧʦʚʝʨʭʥʽ ʨʽʚʥʦʛʦ ʪʠʩʢʫ ʜʣʷ 

ʨʽʜʠʥʠ, ʱʦ ʧʦʢʦʾʪʴʩʷ, ʚ ʫʤʦʚʘʭ ɿʝʤʣʽ: ʙʫʜʴ-ʷʢʘ ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʧʦʚʝʨʭʥʷ 

ʚ ʤʝʞʘʭ ʨʽʜʠʥʠ ʻ ʧʦʚʝʨʭʥʝʶ ʨʽʚʥʦʛʦ ʪʠʩʢʫ ʘʙʦ ʧʦʚʝʨʭʥʝʶ ʨʽʚʥʷ. 

ɿ ʦʩʥʦʚʥʦʛʦ ʨʽʚʥʷʥʥʷ (2.3) ʚʠʪʽʢʘʻ, ʱʦ ʫ ʨʘʟʽ ʟʤʽʥʠ ʟʦʚʥʽʰʥʴʦʛʦ 

ʪʠʩʢʫ P0 ʚ ʫʩʽʭ ʪʦʯʢʘʭ ʨʽʜʠʥʠ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʨʽʚʥʦʚʘʟʽ, ʪʠʩʢ ʈ 

ʟʤʽʥʠʪʴʩʷ ʥʘ ʪʫ ʞ ʩʘʤʫ ʚʝʣʠʯʠʥʫ. ʎʝ ʚʣʘʩʪʠʚʽʩʪʴ ʨʽʜʠʥʠ ʥʦʩʠʪʴ ʥʘʟʚʫ 

ʟʘʢʦʥʫ ʇʘʩʢʘʣʷ: ʟʦʚʥʽʰʥʽʡ ʪʠʩʢ ʥʘ ʚʽʣʴʥʽʡ ʧʦʚʝʨʭʥʽ ʨʽʜʠʥʠ, ʱʦ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʨʽʚʥʦʚʘʟʽ, ʧʝʨʝʜʘʻʪʴʩʷ ʚ ʫʩʽ ʪʦʯʢʠ ʨʽʜʠʥʠ ʙʝʟ ʟʤʽʥʠ ʧʦ 

ʫʩʽʭ ʥʘʧʨʷʤʘʭ. 

ɺ ʨʽʚʥʷʥʥ ̔(2.3) ʧʨʦʚʝʜʝʤʦ ʟʘʤʽʥʫ 

,0 zzh -=  

ʪʦʜʽ ʜʣʷ ʜʦʚʽʣʴʥʦʾ ʪʦʯʢʠ ɸ (ʨʠʩ. 2.3) 

( )zzPP -+= 00 g ,  (2.5) 

ʜʝ z ï ʢʦʦʨʜʠʥʘʪʘ ʜʦʚʽʣʴʥʦʾ ʪʦʯʢʠ A; z0 ï ʢʦʦʨʜʠʥʘʪʘ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥ.̔ 

 
ʈʠʩ. 2.3. ɼʦ ʚʠʚʦʜʫ ʜʨʫʛʦʾ ʬʦʨʤʠ ʦʩʥʦʚʥʦʛʦ ʨʽʚʥʷʥʥʷ ʛʽʜʨʦʩʪʘʪʠʢʠ 

ʈʦʟʢʨʠʚʰʠ ʩʢʦʙʢʠ, ʨʦʟʜʽʣʠʚʰʠ ʦʙʠʜʚʽ ʯʘʩʪʠʥʠ ʥʘ ɔ ʽ ʚʠʢʦʥʘʚʰʠ 

ʧʝʨʝʩʪʘʥʦʚʢʫ ʜʦʜʘʥʢʽʚ, ʦʪʨʠʤʘʻʤʦ ʜʨʫʛʫ ʬʦʨʤʫ ʦʩʥʦʚʥʦʛʦ ʨʽʚʥʷʥʥʷ 

ʛʽʜʨʦʩʪʘʪʠʢʠ 
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gg

P
z

P
z +=+ 0 ,   (2.6) 

ʚ ʷʢʦʤʫ ʢʦʞʝʥ ʟ ʜʦʜʘʥʢʽʚ ʤʘʻ ʨʦʟʤʽʨʥʽʩʪʴ ʜʦʚʞʠʥʠ (ʤ). 

ɺʝʣʠʯʠʥʫ ʅ ʥʘʟʠʚʘʶʪʴ ʛʽʜʨʦʩʪʘʪʠʯʥʠʤ (ʧʦʪʝʥʮʽʡʥʠʤ) ʥʘʧʦʨʦʤ. 

ʎʷ ʚʝʣʠʯʠʥʘ ʦʜʥʘʢʦʚʘ ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʪʦʯʢʠ ʨʽʜʠʥʠ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʨʝʟʝʨʚʫʘʨʽ ʟ ʧʦʩʪʽʡʥʠʤʠ z0 ʽ ʈ0. ʇʣʦʱʠʥʫ xOz ʥʘʟʠʚʘʶʪʴ ʧʣʦʱʠʥʦʶ 

ʧʦʨʽʚʥʷʥʥʷ ʘʙʦ ʧʦʯʘʪʢʦʚʦʶ ʧʣʦʱʠʥʦʶ. 

ʇʦʥʷʪʪʷ çʥʘʧʨ̔è ʦʟʥʘʯʘʻ ʧʠʪʦʤʫ ʝʥʝʨʛʽʶ (ʚʝʣʠʯʠʥʘ ʧʦʪʝʥʮʽʡʥʦʾ 

ʝʥʝʨʛʽʾ, ʱʦ ʧʨʠʭʦʜʠʪʴʩʷ ʥʘ 1 ʅ ʨʽʜʠʥʠ) ʽ ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʨʘʟʦʤ ʽʟ 

ʩʣʦʚʦʤ çʚʠʩʦʪʘè, ʦʩʢʽʣʴʢʠ ʤʘʻ ʪʫ ʞ ʨʦʟʤʽʨʥʽʩʪʴ (ʤ). 

 

2.3. ɸʙʩʦʣʶʪʥʠʡ ʽ ʥʘʜʣʠʰʢʦʚʠʡ ʪʠʩʢ 

ɼʣʷ ʨʽʜʠʥʠ ʚ ʩʪʘʥʽ ʩʧʦʢʦʶ, ʟʛʽʜʥʦ (1.3) ʤʦʞʣʠʚ ̔ʪʨʠ ʚʠʧʘʜʢʠ ʜʽʾ 

ʟʦʚʥʽʰʥʴʦʛʦ ʪʠʩʢʫ ʈ0 > ʈʘ; ʈ0 < ʈʘ ʪʘ ʈ0 = ʈʘ. 

 
ʘ             ʙ    ʚ 

 

ʈʠʩ. 2.4. ʈʽʟʥʽ ʚʠʧʘʜʢʠ ʚʝʣʠʯʠʥʠ ʟʦʚʥʽʰʥʴʦʛʦ ʪʠʩʢʫ: ʘ ï ʈ0 > ʈʘ; ʙ ï ʈ0 < ʈʘ; ʚ ï ʈ0 = ʈʘ;  
0-0 ï ʧʣʦʱʠʥʘ ʧʦʨʽʚʥʷʥʥʷ; 1-1 ï ʧʣʦʱʠʥʘ ʨʽʚʥʷ ʪʦʯʢʠ ɸ 

 

ʅʘ ʨʠʩ. 2.4, ʘ ʧʦʢʘʟʘʥʠʡ ʟʘʢʨʠʪʠʡ ʨʝʟʝʨʚʫʘʨ ʟ ʨʽʜʠʥʦ ,ʁ ʥʘ 

ʚʽʣʴʥʽʡ ʧʦʚʝʨʭʥʽ ʷʢʦʾ ʩʪʚʦʨʝʥʠʡ ʪʠʩʢ ʈ0 > ʈʘ. ɼʣʷ ʚʠʤʽʨʫ ʪʠʩʢʫ ʟʙʦʢʫ 

ʨʝʟʝʨʚʫʘʨʫ ʥʘ ʚʠʩʦʪʽ h ʚʽʜ ʧʦʚʝʨʭʥʽ ʚʩʪʘʥʦʚʣʝʥʦ ʧ'ʻʟʦʤʝʪʨ (ʪʨʫʙʢʫ ʟ 

ʚʽʜʢʨʠʪʠʤ ʚʝʨʭʥʽʤ ʢʽʥʮʝʤ). ʇʽʜ ʜʽʻʶ ʪʠʩʢʫ ʚ ʨʝʟʝʨʚʫʘʨʽ ʚʦʜʘ ʚ 

ʧ'ʻʟʦʤʝʪʨʽ ʧʽʜʥʽʤʘʻʪʴʩʷ ʥʘ ʚʠʩʦʪʫ hʧ, ʘ ʥʘ ʾʾ ʧʦʚʝʨʭʥʽ ʙʫʜʝ ʪʠʩʢ ʈʘ. 

ɸʙʩʦʣʶʪʥʠʡ ʛʽʜʨʦʩʪʘʪʠʯʥʠʡ ʪʠʩʢ ʚ ʪʦʯʮʽ ɸ  

hPPA g+= 0 , 

ʟ ʽʥʰʦʛʦ ʙʦʢʫ, ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʪʦʯʢʠ ʨʽʚʥʷ 1-1 ʪʠʩʢ ʟ ʙʦʢʫ ʧ'ʻʟʦʤʝʪʨʘ  

naA hPP g+= . 

ʇʦʨʽʚʥʷʚʰʠ ʤʽʞ ʩʦʙʦʶ ʧʨʘʚʽ ʯʘʩʪʠʥʠ, ʦʪʨʠʤʫʻʤʦ ʥʘʜʣʠʰʢʦʚʠʡ ʪʠʩʢ 

                  ʘɸʥʘʜ ʈPP +=    (2.7) 
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ʽ ʧ'ʻʟʦʤʝʪʨʠʯʥʠʡ ʥʘʧʽʨ 

gg

ʘɸʥʘʜ
n

ʈʈP
h

-
== .   (2.8) 

ʋ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʥʘʜʣʠʰʢʦʚʠʡ ʪʠʩʢ ʻ ʚʝʣʠʯʠʥʘ ʜʦʜʘʪʥʘ ʽ ʤʘʻ 

ʩʧʝʮʽʘʣʴʥʫ ʥʘʟʚʫ ï ʤʘʥʦʤʝʪʨʠʯʥʠʡ ʪʠʩʢ ï ʟʘ ʥʘʟʚʦʶ ʤʘʥʦʤʝʪʨʽʚ, ʷʢʽ 

ʧʦ ʩʚʦʾʤ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤ ʦʩʦʙʣʠʚʦʩʪʷʤ ʟʜʘʪʥʽ ʚʠʤʽʨʶʚʘʪʠ, ʷʢ ʧʨʘʚʠʣʦ, 

ʪʽʣʴʢʠ ʥʘʜʣʠʰʢʦʚʠʡ ʪʠʩʢ. 

ʅʘ ʨʠʩ. 2.4, ʙ ʧʦʢʘʟʘʥʠʡ ʟʘʢʨʠʪʠʡ ʨʝʟʝʨʚʫʘʨ ʟ ʨʽʜʠʥʦʶ, ʥʘ 

ʚʽʣʴʥʽʡ ʧʦʚʝʨʭʥʽ ʷʢʦʾ ʩʪʚʦʨʝʥʠʡ ʪʠʩʢ ʈ0 < ʈʘ. ɼʣʷ ʚʠʤʽʨʫ ʪʠʩʢʫ ʟʙʦʢʫ 

ʨʝʟʝʨʚʫʘʨʫ ʥʘ ʛʣʠʙʠʥʽ h ʚʽʜ ʧʦʚʝʨʭʥʽ ʚʩʪʘʥʦʚʣʝʥʦ ʦʙʝʨʥʝʥʠʡ ʧ'ʻʟʦʤʝʪʨ 

(U-ʧʦʜʽʙʥʫ ʪʨʫʙʢʫ ʟ ʚʽʜʢʨʠʪʠʤ ʚʝʨʭʥʽʤ ʢʽʥʮʝʤ).  

ɸʙʩʦʣʶʪʥʠʡ ʛʽʜʨʦʩʪʘʪʠʯʥʠʡ ʪʠʩʢ ʚ ʪʦʯʮʽ ɸ  

hPPA g+= 0 , 

ʟ ʽʥʰʦʛʦ ʙʦʢʫ, ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʪʦʯʢʠ ʨʽʚʥʷ 1-1 ʪʠʩʢ ʟ ʙʦʢʫ ʧ'ʻʟʦʤʝʪʨʘ  

ʚaA hPP g-= . 

ʋ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʥʘʜʣʠʰʢʦʚʠʡ ʪʠʩʢ ʻ ʚʝʣʠʯʠʥʘ ʚʽʜ'ʻʤʥʘ, ʷʢʘ 

ʤʘʻ ʥʘʟʚʫ ʚʘʢʫʫʤ  

                  ɸaʚʘʢ ʈPP -= ,   (2.9) 

 

ʘ ʚʘʢʫʫʤʤʝʪʨʠʯʥʘ ʚʠʩʦʪʘ 

gg

ɸʘʚʘʢ
ʚ

ʈʈP
h

-
== .   (2.10) 

ʅʘ ʨʠʩ. 2.4, ʚ ʧʦʢʘʟʘʥʦ ʚʽʜʢʨʠʪʠʡ ʨʝʟʝʨʚʫʘʨ, ʟʘʧʦʚʥʝʥʠʡ 

ʨʽʜʠʥʦʶ, ʥʘ ʚʽʣʴʥʽʡ ʧʦʚʝʨʭʥʽ ʷʢʦʾ ʪʠʩʢ ʈ0 = ʈʘ. ɼʣʷ ʚʠʤʽʨʫ ʪʠʩʢʫ ʥʘ 

ʛʣʠʙʠʥʽ h ʚʩʪʘʥʦʚʣʝʥ ̔ʧ'ʻʟʦʤʝʪʨ, ʨʽʚʝʥʴ ʨʽʜʠʥʠ ʚ ʷʢʦʤʫ ʧʽʜʥʽʤʝʪʴʩʷ ʜʦ 

ʨʽʚʥʷ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʨʽʜʠʥʠ ʚ ʨʝʟʝʨʚʫʘʨʽ. 
ɿʛʽʜʥʦ (2.3)  

hPP aA g+= , 

ʘ ʟ ʽʥʰʦʛʦ ʙʦʢʫ 

naA hPP g+= , 

ʪʦʤʫ ʥʘʜʣʠʰʢʦʚʠʡ ʪʠʩʢ ʜʦʨʽʚʥʶʻ ʚʘʛʦʚʦʤʫ. 
ʆʩʪʘʥʥʷ ʩʭʝʤʘ ʻ ʦʩʥʦʚʥʦʶ ʜʣʷ ʫʤʦʚ ʙʫʜʽʚʝʣʴʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʚʦʜʦʧʦʜʘʶʯʠʭ ʽ ʚʦʜʦʦʯʠʩʥʠʭ ʩʠʩʪʝʤ. ʆʩʦʙʣʠʚʽʩʪʶ ʮʽʻʾ 

ʩʭʝʤʠ ʻ ʪʝ, ʱʦ ʟʦʚʥʽʰʥʽʡ ʪʠʩʢ ʜʣʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʚʠʧʘʜʢʽʚ ʚʽʜʦʤʠʡ. 

ʊʦʤʫ ʦʩʥʦʚʥʦʶ ʨʦʟʨʘʭʫʥʢʦʚʦʶ ʚʝʣʠʯʠʥʦʶ ʻ ʥʘʜʣʠʰʢʦʚʠʡ ʪʠʩʢ. ʏʘʩʪʦ 

ʚ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʧʨʘʢʪʠʮʽ ʧʽʜ ʛʽʜʨʦʩʪʘʪʠʯʥʠʤ ʪʠʩʢʦʤ ʚ ʪʦʯʮʽ ʤʘʶʪʴ ʥʘ 

ʫʚʘʟʽ ʚʝʣʠʯʠʥʫ ʥʘʜʣʠʰʢʦʚʦʛʦ ʪʠʩʢʫ.  
 

2.4. ɽʧʶʨʠ ʛʽʜʨʦʩʪʘʪʠʯʥʦʛʦ ʪʠʩʢʫ 
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ɺ ʙʘʛʘʪʴʦʭ ʟʘʜʘʯʘʭ ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ, ʷʢ ʜʽʻ ʛʽʜʨʦʩʪʘʪʠʯʥʠʡ ʪʠʩʢ ʚ 

ʢʦʞʥʽʡ ʪʦʯʮʽ ʧʦʚʝʨʭʥʽ ʜʦʚʽʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. ɻʨʘʬʽʯʥʝ ʟʦʙʨʘʞʝʥʥʷ 

ʟʤʽʥʠ ʛʽʜʨʦʩʪʘʪʠʯʥʦʛʦ ʪʠʩʢʫ ʚʟʜʦʚʞ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʧʦʚʝʨʭʥʽ 

ʥʘʟʠʚʘʻʪʴʩʷ ʥʘ ʝʧʶʨ̔ ʪʠʩʢʫ. 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʝʧʶʨʠ ʛʽʜʨʦʩʪʘʪʠʯʥʦʛʦ ʪʠʩʢʫ ʚʦʜʠ ʥʘ ʧʣʦʩʢʫ 

ʧʦʚʝʨʭʥʶ ʚ ʢʨʘʡʥʽʭ ʪʦʯʢʘʭ ʮʽʻʾ ʧʦʚʝʨʭʥʽ ʫ ʚʠʛʣʷʜʽ ʩʪʨʽʣʦʢ ʧʨʦʚʦʜʷʪʴ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʠ ʟ ʙʦʢʫ ʨʽʜʠʥʠ ʜʦ ʧʦʚʝʨʭʥʽ, ʱʦ ʤʘʶʪʴ ʜʦʚʞʠʥʫ, 

ʚʠʨʘʞʝʥʫ ʚ ʤʘʩʰʪʘʙʽ ʜʘʥʦʛʦ ʪʠʩʢʫ ʚ ʮʠʭ ʪʦʯʢʘʭ. ʅʘʡʯʘʩʪʽʰʝ 

ʚ̔ ʜʢʣʘʜʘʶʪʴ ʟʥʘʯʝʥʥʷ 

ʥʘʜʣʠʰʢʦʚʦʛʦ (ʤʘʥʦʤʝʪʨʠʯʥʦʛʦ) 

ʪʠʩʢʫ. ʂʽʥʮʽ ʧʝʨʧʝʥʜʠʢʫʣʷʨʽʚ 

ʩʧʦʣʫʯʘʶʪʴ ʧʨʷʤʦʶ ʣʽʥʽʻʶ 

(ʟʤʽʥʘ ʪʠʩʢʫ ʫʟʜʦʚʞ ʧʣʦʩʢʦʾ 

ʧʦʚʝʨʭʥʽ ʤʘʻ ʣʽʥʽʡʥʠʡ ʭʘʨʘʢʪʝʨ ʽ 

ʦʪʨʠʤʫʶʪʴ ʛʝʦʤʝʪʨʠʯʥʫ ʬʽʛʫʨʫ, 

ʷʢʫ ʰʪʨʠʭʫʶʪʴ ʩʪʨʽʣʢʘʤʠ, 

ʩʧʨʷʤʦʚʘʥʠʤʠ ʜʦ ʜʘʥʦʾ ʧʦʚʝʨʭʥʽ 

(ʨʠʩ. 2.5). ʂʦʞʥʘ ʪʘʢʘ ʩʪʨʽʣʢʘ 

ʟʦʙʨʘʞʫʻ ʚ ʤʘʩʰʪʘʙʽ ʟʥʘʯʝʥʥʷ 

ʛʽʜʨʦʩʪʘʪʠʯʥʦʛʦ ʪʠʩʢʫ ʚ ʪʦʯʮʽ, ʜʦ 

ʷʢʦʾ ʩʧʨʷʤʦʚʘʥʘ. 
ʈʠʩ. 2.5. ɽʧʶʨʘ ʛʽʜʨʦʩʪʘʪʠʯʥʦʛʦ ʪʠʩʢʫ ʥʘ ʚʝʨʪʠʢʘʣʴʥʫ ʩʪʽʥʢʫ 

ʅʘ ʨʠʩ. 2.5 ʧʦʢʘʟʘʥʦ ʧʨʠʢʣʘʜ ʝʧʶʨʠ ʛʽʜʨʦʩʪʘʪʠʯʥʦʛʦ ʪʠʩʢʫ, ʱʦ 

ʜʽʻ ʥʘ ʚʝʨʪʠʢʘʣʴʥʫ ʙʽʯʥʫ ʩʪʽʥʢʫ ʙʘʩʝʡʥʫ ʛʣʠʙʠʥʠ ʅ, ʟʘʧʦʚʥʝʥʦʛʦ 

ʚʦʜʦʶ. ɿʥʘʯʝʥʥʷ ʥʘʜʣʠʰʢʦʚʦʛʦ ʪʠʩʢʫ ʈ = ɔʅ, ʚ ʪʦʯʮʽ ɸ h = 0, ʚ ʪʦʯʮʽ ɺ 

h = ʅ. ɿ'ʻʜʥʘʚʰʠ ʢʽʥʮʽ ʩʪʨʽʣʦʢ-ʧʝʨʧʝʥʜʠʢʫʣʷʨʽʚ ʧʨʷʤʦʾ ʣʽʥʽʻʶ ʽ 

ʟʘʰʪʨʠʭʫʚʘʚʰʠ ʦʪʨʠʤʘʥʠʡ ʪʨʠʢʫʪʥʠʢ ʩʪʨʽʣʢʘʤʠ, ʦʪʨʠʤʘʻʤʦ ʝʧʶʨʫ 

ʥʘʜʣʠʰʢʦʚʦʛʦ ʪʠʩʢʫ ʥʘ ʧʦʚʝʨʭʥʽ ɸɺ ʙʘʩʝʡʥʫ. ɼʦʚʞʠʥʘ ʩʪʨʽʣʢʠ ʝf ʥʘ 

ʝʧʶʨʽ ʚʠʨʘʞʘʻ ʚ ʤʘʩʰʪʘʙʽ ʟʥʘʯʝʥʥʷ ʤʘʥʦʤʝʪʨʠʯʥʦʛʦ ʪʠʩʢʫ ʚ ʪʦʯʮʽ f 

ʩʪʽʥʢʠ ʙʘʩʝʡʥʫ ʥʘ ʛʣʠʙʠʥʽ h. 

ʅʘ ʨʠʩ. 2.6 ʧʦʢʘʟʘʥʦ 

ʨʝʟʫʣʴʪʫʶʯʫ ʝʧʶʨʫ 

ʥʘʜʣʠʰʢʦʚʦʛʦ ʪʠʩʢʫ 

{ɸʉ'dɺ) ʥʘ ʱʠʪ, ʱʦ 

ʧʝʨʝʛʦʨʦʜʞʫʻ ʢʘʥʘʣ 

ʛʣʠʙʠʥʠ ʅ ʧʝʨʝʜ ʱʠʪʦʤ ʽ 

ʛʣʠʙʠʥʠ h ï ʟʘ ʥʠʤ. 

 
 

ʈʠʩ. 2.6. ʇʦʙʫʜʦʚʘ ʨʝʟʫʣʴʪʫʶʯʦʾ ʝʧʶʨʠ 
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ʎʝʥʪʨ ʪʠʩʢʫ ï ʪʦʯʢʘ ʧʨʠʢʣʘʜʝʥʥʷ ʨʝʟʫʣʴʪʫʶʯʦʾ ʩʠʣʠ ʪʠʩʢʫ 

ʨʽʜʠʥʠ ʥʘ ʜʦʚʽʣʴʥʫ ʧʦʚʝʨʭʥʶ. ʎʝʥʪʨ ʤʘʩ ʪʨʠʢʫʪʥʠʢʘ (ʨʠʩ. 2.5) ʟʘʚʞʜʠ 

ʣʝʞʠʪʴ ʥʘ ʚʽʜʩʪʘʥʽ ʪʨʝʪʠʥʠ ʤʝʜʽʘʥʠ ʚʽʜ ʜʘʥʦʾ ʩʪʦʨʦʥʠ 

3

AB
yc = .   (2.11) 

 ɻʽʜʨʦʩʪʘʪʠʯʥʠʡ ʧʘʨʘʜʦʢʩ ï ʥʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʨʽʟʥʫ ʬʦʨʤʫ 

ʧʦʩʫʜʠʥ ʥʘ ʨʠʩ. 2.7, ʩʠʣʘ ʪʠʩʢʫ ʚ ʪʦʯʮʽ ʉ ʥʘ ʜʥʦ ʢʦʞʥʦʛʦ ʟ ʥʠʭ ʙʫʜʝ 

ʦʜʥʘʢʦʚʘ (ʟʘ ʫʤʦʚʠ ʦʜʥʘʢʦʚʦʾ ʧʣʦʱʽ ʜʥʘ), ʭʦʯʘ ʚʘʛʘ ʨʽʜʠʥʠ ʚ ʢʦʞʥʽʡ 

ʧʦʩʫʜʠʥʽ ʨʽʟʥʘ. 

 
ʈʠʩ. 2.7. ɻʽʜʨʦʩʪʘʪʠʯʥʠʡ ʧʘʨʘʜʦʢʩ 

 

2.5. ʇʣʘʚʘʥʥʷ ʪʽʣ, ʟʘʢʦʥ ɸʨʭʽʤʝʜʘ 

ʈʦʟʛʣʷʥʝʤʦ ʧʦʚʥʽʩʪʶ ʟʘʥʫʨʝʥʝ ʚ ʨʽʜʠʥʫ ʪʚʝʨʜʝ ʪʽʣʦ, ʦʙ'ʻʤ ʷʢʦʛʦ 

V, ʘ ʬʦʨʤʘ ʪʘʢʘ, ʱʦ ʙʫʜʴ-ʷʢʘ ʧʨʷʤʘ ʧʝʨʝʪʠʥʘʻ ʧʦʚʝʨʭʥʶ ʮʴʦʛʦ ʪʽʣʘ 

ʪʽʣʴʢʠ ʚ ʜʚʦʭ ʪʦʯʢʘʭ. ɻʦʨʠʟʦʥʪʘʣʴʥʽ ʩʢʣʘʜʦʚʽ ʈʭ ʽ ʈʫ ʚʟʘʻʤʥʦ 

ʚʨʽʚʥʦʚʘʞʫʶʪʴʩʷ, ʘ ʚʝʨʪʠʢʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʜʦʨʽʚʥʶʻ ʚʘʟʽ ʨʽʜʠʥʠ ʚ ʦʙ'ʻʤʽ 

ʜʘʥʦʛʦ ʪʽʣʘ. 

 ɿʘʢʦʥ ɸʨʭʽʤʝʜʘ: ʩʠʣʘ ʪʠʩʢʫ ʨʽʜʠʥʠ ʚ ʩʪʘʥʽ ʩʧʦʢʦʶ ʥʘ ʟʘʥʫʨʝʥʝ ʚ 

ʥʝʾ ʪʽʣʦ ʜʦʨʽʚʥʶʻ ʚʘʟʽ ʨʽʜʠʥʠ ʚ ʦʙ'ʻʤʽ, ʚʠʪʽʩʥʝʥʦʤʫ ʪʽʣʦʤ, ʩʧʨʷʤʦʚʘʥʘ 

ʧʦ ʚʝʨʪʠʢʘʣʽ ʚʛʦʨʫ ʽ ʧʨʠʢʣʘʜʝʥʘ ʚ ʮʝʥʪʨʽ ʪʷʞʽʥʥʷ ʜʘʥʦʛʦ ʦʙ'ʻʤʫ 

Tz gVP r= .   (2.12) 

ʆʙ'ʻʤ ʨʽʜʠʥʠ V, ʚʠʪ̔ʩʥʝʥʦ ʾʪʽʣʦʤ, ʥʘʟʠʚʘʻʪʴʩʷ ʚʦʜʦʟʤʽʱʝʥʥʷʤ. ʇʨʠ 

ʧʦʚʥʦʤʫ ʟʘʥʫʨʝʥʥʽ ʪʽʣʘ ʚʦʜʦʟʤʽʱʝʥʥʷ ʜʦʨʽʚʥʶʻ ʫʩʴʦʤʫ ʦʙ'ʻʤʫ ʪʽʣʘ (V = 

VT), ʧʨʠ ʥʝʧʦʚʥʦʤʫ ʟʘʥʫʨʝʥʥʽ V < VT. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʘʨʭʽʤʝʜʦʚʘ 

ʩʠʣʘ 

            gVPz r= . 

ʊʽʣʦ ʧʣʘʚʘʻ, ʷʢʱʦ ʚʘʛʘ ʪʽʣʘ ʜʦʨʽʚʥʶʻ ʘʨʭʽʤʝʜʽʚʩʴʢʽʡ ʩʠʣʽ 

gVPG zT r== , 

ʷʢʱʦ ʞ ʚʘʛʘ ʙʽʣʴʰʝ ʘʨʭʤ̔ʝʜʦʚʦʾ ʩʠʣʠ, ʪʦ ʪʽʣʦ ʪʦʥʝ, ʘ ʷʢʱʦ ʙʽʣʴʰʝ ï ʪʦ 

ʩʧʣʠʚʘʻ. ʇʣʘʚʘʥʥʷ ʪʽʣʘ ʤʦʞʝ ʙʫʪʠ ʧʽʜʚʦʜʥʠʤ (ʪʽʣʦ ʟʘʥʫʨʝʥʝ ʧʦʚʥʽʩʪʶ), 

ʘʙʦ ʥʘʜʚʦʜʥʠʤ. ʇʨʠ ʧʽʜʚʦʜʥʦʤʫ ʧʣʘʚʘʥʥʽ ʛʫʩʪʠʥʘ ʪʽʣʘ ʽ ʨʽʜʠʥʠ 

ʦʜʥʘʢʦʚʘ. 



 26 

ʇʠʪʘʥʥʷ ʜʦ ʩʘʤʦʢʦʥʪʨʦʣʶ 

1. ɻʽʜʨʦʩʪʘʪʠʯʥʠʡ ʪʠʩʢ ʮʝ ʚʝʢʪʦʨʥʘ ʘʙʦ ʩʢʘʣʷʨʥʘ ʚʝʣʠʯʠʥʘ?  

2. ɺ ʷʢʠʭ ʦʜʠʥʠʮʷʭ ʚʠʤʽʨʶʶʪʴ ʪʠʩʢ?  

3. ʏʦʤʫ ʜʦʨʽʚʥʶʻ ʘʪʤʦʩʬʝʨʥʠʡ ʪʠʩʢ?  

3. ʑʦ ʪʘʢʝ ʘʙʩʦʣʶʪʥʠʡ, ʚʘʛʦʚʠʡ ʘʙʦ ʥʘʜʣʠʰʢʦʚʠʡ ʪʠʩʢ?  

4. ɿʘʧʠʰʽʪʴ ʚʠʨʘʟ ʦʩʥʦʚʥʦʛʦ ʨʽʚʥʷʥʥʷ ʛʽʜʨʦʩʪʘʪʠʢʠ. ɼʣʷ ʷʢʦʾ ʫʤʦʚʠ 

ʚʦʥʦ ʩʧʨʘʚʝʜʣʠʚʝ?  

5. ʑʦ ʪʘʢʝ ʧʦʚʝʨʭʥʷ ʨʽʚʥʦʛʦ ʪʠʩʢʫ, ʷʢʝ ʾʾ ʨʽʚʥʷʥʥʷ?  

6. ɿʘ ʷʢʠʭ ʫʤʦʚ ʨʫʭʦʤʘ ʨʽʜʠʥʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʨʽʚʥʦʚʘʛʠ?  

 

 

ʃɸɹʆʈɸʊʆʈʅɸ ʈʆɹʆʊɸ ˉ 1 

ɼʆʉʃɯɼɾɽʅʅʗ ɺɯɼʅʆʉʅʆɻʆ ʉʇʆʂʆʖ ʈɯɼʀʅʀ ɺ 

ʇʆʉʋɼʀʅɯ, ʑʆ ʆɹɽʈʊɸɭʊʔʉʗ 
ʄʝʪʘ ʨʦʙʦʪʠ: ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʧʝʨʝʚʽʨʢʘ ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ 

ʢʦʦʨʜʠʥʘʪ ʪʦʯʦʢ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʨʽʜʠʥʠ, ʱʦ ʦʙʝʨʪʘʻʪʴʩʷ. 

 

ʊʝʦʨʝʪʠʯʥʘ ʯʘʩʪʠʥʘ 

ʎʠʣʽʥʜʨʦʚʘ ʧʦʩʫʜʠʥʘ, ʱʦ ʟʘʧʦʚʥʝʥʘ ʜʦ ʧʝʚʥʦʛʦ ʨʽʚʥʷ ʨʽʜʠʥʦʶ, 

ʦʙʝʨʪʘʻʪʴʩʷ ʨʽʚʥʦʤʽʨʥʦ ʥʘʚʢʦʣʦ ʩʚʦʻʾ ʚʝʨʪʠʢʘʣʴʥʦʾ ʦʩʽ. ɿʘʚʜʷʢʠ ʩʠʣʘʤ 

ʪʝʨʪʷ ʩʪʽʥʢʠ ʧʦʩʫʜʠʥʠ ʧʨʠ ʦʙʝʨʪʘʥʥʽ ʟʘʭʦʧʣʶʚʘʪʠʤʫʪʴ ʟʘ ʩʦʙʦʶ 

ʨʽʜʠʥʫ, ʽ ʯʝʨʝʟ ʜʝʷʢʠʡ ʯʘʩ ʚʩʷ ʨʽʜʠʥʘ ʧʦʯʥʝ ʦʙʝʨʪʘʪʠʩʷ ʨʘʟʦʤ ʟ 

ʧʦʩʫʜʠʥʦʶ ʟ ʪʽʻʶ ʞ ʢʫʪʦʚʦʶ ʰʚʠʜʢʽʩʪʶ, ʟʥʘʭʦʜʷʯʠʩʴ ʫ ʩʧʦʢʦʾ ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʩʪʽʥʦʢ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʽʜʥʦʩʥʦʛʦ ʩʧʦʢʦʶ ʨʽʜʠʥʠ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʨʽʚʥʷʥʥʷ ɽʡʣʝʨʘ. 

ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʦʙ'ʻʤʥʘ ʩʠʣʘ, ʱʦ 

ʚʭʦʜʠʪʴ ʚ ʮʽ ʨʽʚʥʷʥʥʷ, ʩʢʣʘʜʘʪʠʤʝʪʴʩʷ ʟ ʩʠʣʠ 

ʪʷʞʽʥʥʷ ʽ ʚʽʜʮʝʥʪʨʦʚʦʾ ʩʠʣʠ, ʷʢʘ ʥʘʧʨʘʚʣʝʥʘ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʦʩʽ ʦʙʝʨʪʘʥʥʷ (ʨʠʩ. 2.8). 

ʊʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʫ 

ʨʘʟʽ ʢʨʫʛʣʦʾ ʮʠʣʽʥʜʨʦʚʦʾ ʧʦʩʫʜʠʥʠ, ʱʦ 

ʨʽʚʥʦʤʽʨʥʦ ʦʙʝʨʪʘʻʪʴʩʷ ʥʘʚʢʦʣʦ ʩʚʦʻʾ 

ʚʝʨʪʠʢʘʣʴʥʦʾ ʦʩʽ, ʚʽʣʴʥʘ ʧʦʚʝʨʭʥʷ ʨʽʜʠʥʠ, ʱʦ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʮʽʡ ʧʦʩʫʜʠʥʽ, ʦʪʨʠʤʫʻ ʚʠʜ 

ʧʘʨʘʙʦʣʦʾʜʘ ʦʙʝʨʪʘʥʥʷ ʟ ʚʝʨʪʠʢʘʣʴʥʦʶ 

ʚʽʩʩʶ, ʩʧʽʚʧʘʜʘʶʯʦʶ ʟ ʚʽʩʩʶ ʧʦʩʫʜʠʥʠ. 

ʃʽʥʽʷ ʧʝʨʝʪʠʥʫ ʰʫʢʘʥʦʾ ʚʽʣʴʥʦʾ 

ʧʦʚʝʨʭʥʽ ʟ ʚʝʨʪʠʢʘʣʴʥʦʶ ʧʣʦʱʠʥʦʶ, 

ʧʨʦʚʝʜʝʥʦʶ ʧʦ ʦʩʽ ʧʦʩʫʜʠʥʠ, ʪʦʙʪʦ ʢʨʠʚʘ 

ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʨʽʜʠʥʠ ʻ ʧʘʨʘʙʦʣʦʶ ʟ 

ʚʝʨʪʠʢʘʣʴʥʦʶ ʚʽʩʩʶ. 
ʈʠʩ. 2.8. ɼʦ ʚʠʚʦʜʫ ʬʦʨʤʫʣʠ 
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ʂʦʦʨʜʠʥʘʪʠ ʪʦʯʦʢ ʧʘʨʘʙʦʣʽʯʥʦʾ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʱʦʜʦ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʧʣʦʱʠʥʠ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʥʠʞʥʶ ʪʦʯʢʫ ʚʽʣʴʥʦʾ 

ʧʦʚʝʨʭʥʽ ʚʽʜʥʦʩʥʦ ʜʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʧʣʦʱʠʥʠ ʟʥʘʭʦʜʷʪʴ ʧʦ 

ʪʝʦʨʝʪʠʯʥʽʡ ʟʘʣʝʞʥʦʩʪʽ, ʦʪʨʠʤʘʥʽʡ ʟ ʨʽʚʥʷʥʥʷ ɽʡʣʝʨʘ. 

2
2

2
r

g
z
w
= ,                                         (2.13) 

ʜʝ r ï ʥʘʡʢʦʨʦʪʰʘ ʚʽʜʩʪʘʥʴ ʚʽʜ ʜʘʥʦʾ ʪʦʯʢʠ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʜʦ ʦʩʽ 

ʦʙʝʨʪʘʥʥʷ, ʤ; ɤ ï ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ, ʨʘʜ/ʩ;  g ï ʧʨʠʩʢʦʨʝʥʥʷ ʩʠʣʠ  

ʪʷʞʽʥʥʷ (g = 9,81 ʤ/ʩ2).  

 

ʆʧʠʩ ʣʘʙʦʨʘʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ 
ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʽʜʥʦʩʥʦʛʦ ʩʧʦʢʦʶ ʨʽʜʠʥʠ ʚ 

ʧʦʩʫʜʠʥʽ, ʱʦ ʦʙʝʨʪʘʻʪʴʩʷ, ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʚ ʥʘʩʪʽʣʴʥʦʤʫ ʚʠʢʦʥʘʥʥʽ. 

ʋʩʪʘʥʦʚʢʘ ʤʽʩʪʠʪʴ ʣʠʪʠʡ ʢʦʨʧʫʩ, ʧʦʩʫʜʠʥʫ ʟ ʨʽʜʠʥʦʶ ï ʤʽʥʝʨʘʣʴʥʠʤ 

ʤʘʩʣʦʤ, ʯʝʨʚ'ʷʯʥʠʡ ʨʝʜʫʢʪʦʨ, ʙʣʦʢ ʢʝʨʫʚʘʥʥʷ, ʧʨʠʩʪʨʽʡ ʚʠʤʽʨʶʚʘʥʥʷ 

ʦʨʜʠʥʘʪ ʢʨʠʚʦʾ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʨʽʜʠʥʠ ʽ ʝʣʝʢʪʨʦʧʨʠʚʦʜ ʟ ʝʣʝʤʝʥʪʘʤʠ 

ʢʦʤʫʪʘʮʽʾ. 

ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.9. ʎʠʣʽʥʜʨʦʚʘ ʧʦʩʫʜʠʥʘ 

ʟʘʧʦʚʥʝʥʘ ʥʘ 60% ʩʚʦʻʾ ʚʠʩʦʪʠ ʤʽʥʝʨʘʣʴʥʠʤ ʪʝʭʥʽʯʥʠʤ ʤʘʩʣʦʤ ʽ 

ʧʨʠʚʦʜʠʪʴʩʷ ʚ ʦʙʝʨʪʘʥʥʷ ʢʦʣʝʢʪʦʨʥʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʜʚʠʛʫʥʦʤ ʯʝʨʝʟ 

ʯʝʨʚ'ʷʯʥʠʡ ʨʝʜʫʢʪʦʨ (U = 14 ɺ). ʇʨʠ ʨʽʚʥʦʤʽʨʥʦʤʫ ʦʙʝʨʪʘʥʥʽ ʧʦʩʫʜʠʥʠ 

ʥʘʚʢʦʣʦ ʚʝʨʪʠʢʘʣʴʥʦʾ ʦʩʽ ʚʽʣʴʥʘ ʧʦʚʝʨʭʥʷ ʨʽʜʠʥʠ ʚ ʧʦʩʫʜʠʥʽ ʧʨʠʡʤʘʻ 

ʬʦʨʤʫ ʧʘʨʘʙʦʣʦʾʜʘ ʦʙʝʨʪʘʥʥʷ. 

ʈʦʙʦʪʘ ʥʘ ʫʩʪʘʥʦʚʮʽ ʧʦʣʷʛʘʻ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʚʠʤʽʨʶʚʘʥʥʽ 

ʢʦʦʨʜʠʥʘʪ ʪʦʯʦʢ ʢʨʠʚʦʾ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʨʽʜʠʥʠ ʚ  ʜʽʘʤʝʪʨʘʣʴʥʽʡ 

ʧʣʦʱʠʥʽ ʧʦʩʫʜʠʥʠ ʟ ʧʦʜʘʣʴʰʠʤ ʟʽʩʪʘʚʣʝʥʥʷʤ ʾʭ ʟ ʚʝʣʠʯʠʥʘʤʠ 

ʢʦʦʨʜʠʥʘʪ, ʟʥʘʡʜʝʥʠʤʠ ʟ ʪʝʦʨʝʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ. 

ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʱʝʟʛʘʜʘʥʠʭ ʢʦʦʨʜʠʥʘʪ ʧʨʠʟʥʘʯʝʥʠʡ 

ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ, ʱʦ ʤʽʩʪʠʪʴ ʚʠʤʽʨʶʚʘʣʴʥʫ ʛʦʣʢʫ 3 ʽ ʢʘʨʝʪʢʫ. 

ʇʨʠ ʦʙʝʨʪʘʥʥʽ ʨʫʢʦʷʪʢʠ 5 ʢʘʨʝʪʢʘ, ʘ, ʦʪʞʝ, ʽ ʚʠʤʽʨʶʚʘʣʴʥʘ ʛʦʣʢʘ, 

ʧʝʨʝʤʽʱʫʶʪʴʩʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʥʘʧʨʷʤʽ. ɺʽʜʣʽʢ ʧʝʨʝʤʽʱʝʥʴ (ʚ 

ʧʨʘʚʫ ʘʙʦ ʣʽʚʫ ʩʪʦʨʦʥʠ) ʨʝʻʩʪʨʫʻʪʴʩʷ ʧʦ ʰʢʘʣʘʭ, ʨʦʟʤʽʱʝʥʠʭ ʚ ʪʽʡ, ʱʦ 

ʥʘʧʨʘʚʣʷʻ. 

ɺʝʨʪʠʢʘʣʴʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʛʦʣʢʠ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʧʨʠ ʦʙʝʨʪʘʥʥʽ ʨʫʢʦʷʪʢʠ 4. ʅʘ ʧʦʚʝʨʭʥʽ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʛʦʣʢʠ ʥʘʥʝʩʝʥʘ 

ʰʢʘʣʘ, ʧʦ ʷʢʽʡ ʨʝʻʩʪʨʫʶʪʴ ʚʝʨʪʠʢʘʣʴʥʽ ʢʦʦʨʜʠʥʘʪʠ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ 

ʨʽʜʠʥʠ. ʊʦʯʥʽʩʪʴ ʚʽʜʣʽʢʫ ʚʝʨʪʠʢʘʣʴʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʥʝ ʤʝʥʰʘ ʟʘ 0,5 ʤʤ. 

ɼʣʷ ʨʦʟʰʠʨʝʥʥʷ ʤʝʪʦʜʠʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʢʦʥʩʪʨʫʢʮʽʷ 

ʫʩʪʘʥʦʚʢʠ ʧʝʨʝʜʙʘʯʘʻ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʩʫʜʠʥʠ ʟ 

ʨʽʜʠʥʦʶ ʚ ʤʝʞʘʭ 10...15 ʨʘʜ/ʩ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʦʪʨʠʤʘʥʥʷ ʩʽʤʝʡʩʪʚʘ 

ʧʘʨʘʙʦʣʽʯʥʠʭ ʢʨʠʚʠʭ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʨʽʜʠʥʠ. 
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ʈʠʩ. 2.9. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʽʜʥʦʩʥʦʛʦ ʩʧʦʢʦʶ ʨʽʜʠʥʠ ʚ 

ʧʦʩʫʜʠʥʽ, ʱʦ ʦʙʝʨʪʘʻʪʴʩʷ: 1 ï ʢʦʨʧʫʩ ʫʩʪʘʥʦʚʢʠ; 2 ï ʧʦʩʫʜʠʥʘ, ʱʦ ʦʙʝʨʪʘʻʪʴʩʷ; 3 ï 
ʚʠʤʽʨʶʚʘʣʴʥʘ ʛʦʣʢʘ; 4 ï ʨʫʢʦʷʪʢʘ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʛʦʣʢʠ; 5 ï ʨʫʢʦʷʪʢʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʝʨʝʩʫʚʘʥʥʷ ʢʘʨʝʪʢʠ; 6 ï ʤʽʢʨʦʘʤʧʝʨʤʝʪʨ; 7 ï ʩʠʛʥʘʣʴʥʘ ʣʘʤʧʘ; 8 ï 

ʪʫʤʙʣʝʨ; 9 ï ʜʠʩʢ-ʨʝʛʫʣʷʪʦʨ çʆʙʝʨʪʠè 

 

ʅʘ ʧʝʨʝʜʥʽʡ ʧʘʥʝʣʽ ʫʩʪʘʥʦʚʢʠ ʨʦʟʪʘʰʦʚʘʥʠʡ ʪʫʤʙʣʝʨ, ʱʦ 

ʟʜʽʡʩʥʶʻ ʚʢʣʶʯʝʥʥʷ ï ʚʠʢʣʶʯʝʥʥʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʫʩʪʘʥʦʚʢʠ; 

ʣʘʤʧʦʯʢʘ, ʱʦ ʩʠʛʥʘʣʽʟʫʻ ʧʨʦ ʚʢʣʶʯʝʥʥʷ ï ʚʠʢʣʶʯʝʥʥʷ ʥʘʧʨʫʛʠ ʚ 

ʤʝʨʝʞʽ; ʤʽʢʨʦʘʤʧʝʨʤʝʪʨ ʜʣʷ ʦʮʽʥʢʠ ʟʤʽʥʠ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʧʦʩʫʜʠʥʠ 
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ʟ ʨʽʜʠʥʦʶ; ʜʠʩʢ-ʨʝʛʫʣʷʪʦʨ çʆʙʝʨʪʠè ʜʣʷ ʟʤʽʥʠ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ 

ʧʦʩʫʜʠʥʠ ʟ ʨʽʜʠʥʦʶ. ʅʘ ʟʘʜʥʽʡ ʩʪʽʥʮʽ ʫʩʪʘʥʦʚʢʠ ʧʽʜ ʟʥʽʤʥʦʶ ʢʨʠʰʢʦʶ 

ʟ ʥʘʧʠʩʦʤ çɿʘʧʦʙʽʞʥʠʢʠè ʨʦʟʪʘʰʦʚʘʥʽ ʜʚʘ ʟʘʧʦʙʽʞʥʠʢʠ. ʊʘʤ ʞʝ 

ʚʠʚʝʜʝʥʠʡ ʰʥʫʨ ʞʠʚʣʝʥʥʷ ʫʩʪʘʥʦʚʢʠ ʟ ʚʠʣʢʦʶ. ɾʠʚʣʝʥʥʷ ʫʩʪʘʥʦʚʢʠ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʽʜ ʤʝʨʝʞʽ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʥʘʧʨʫʛʦʶ 220 ɺ ʽ ʯʘʩʪʦʪʦʶ 

50 ɻʮ.  

ʇʦʨʷʜʦʢ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ 
1. ɺʢʣʶʯʘʶʪʴ ʪʫʤʙʣʝʨ ʧʝʨʝʜʥʴʦʾ ʧʘʥʝʣʽ ʢʝʨʫʚʘʥʥʷ. ʅʘʧʨʫʛʘ 

ʤʝʨʝʞʽ ʧʦʜʘʻʪʴʩʷ ʥʘ ʝʣʝʢʪʨʦʜʚʠʛʫʥ ʫʩʪʘʥʦʚʢʠ, ʷʢʠʡ ʧʨʠʚʦʜʠʪʴ ʚ 

ʦʙʝʨʪʘʥʥʷ ʧʦʩʫʜʠʥʫ 2, ʧʽʩʣʷ ʯʦʛʦ, ʦʙʝʨʪʘʶʯʠ ʜʠʩʢ-ʨʝʛʫʣʷʪʦʨ 

çʆʙʝʨʪʠè 9, ʚʩʪʘʥʦʚʣʶʶʪʴ ʧʝʚʥʫ ʯʘʩʪʦʪʫ ʦʙʝʨʪʘʥʥʷ ʧʦʩʫʜʠʥʠ. ʇʨʠ 

ʮʴʦʤʫ ʚʠʙʠʨʘʶʪʴ ʪʘʢʫ ʯʘʩʪʦʪʫ ʦʙʝʨʪʘʥʥʷ ʧʦʩʫʜʠʥʠ, ʱʦʙ ʚʽʣʴʥʘ 

ʧʦʚʝʨʭʥʷ ʨʽʜʠʥʠ ʥʝ ʧʝʨʝʪʠʥʘʣʘ ʜʥʦ ʧʦʩʫʜʠʥʠ. 

2. ʇʨʠ ʟʘʜʘʥʽʡ ʯʘʩʪʦʪʽ ʦʙʝʨʪʘʥʥʷ ʧʦʩʫʜʠʥʠ ʚʠʤʽʨʶʶʪʴ ʚʠʩʦʪʫ 

ʧʘʨʘʙʦʣʦʾʜʘ ʦʙʝʨʪʘʥʥʷ h. ɼʣʷ ʮʴʦʛʦ ʦʙʝʨʪʘʥʥʷʤ ʨʫʢʦʷʪʢʠ 5 

ʚʠʤʽʨʶʚʘʣʴʥʫ ʛʦʣʢʫ 3 ʚʩʪʘʥʦʚʣʶʶʪʴ ʚ ʥʫʣʴʦʚʝ ʧʦʣʦʞʝʥʥʷ (ʚʽʜʤʽʪʢʘ 

ç0è ʟʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʶ ʰʢʘʣʦʶ). ʇʦʪʽʤ, ʦʙʝʨʪʘʥʥʷʤ ʨʫʢʦʷʪʢʠ 4, 

ʨʦʟʪʘʰʦʚʘʥʦʶ ʥʘ ʢʘʨʝʪʮʽ, ʚʠʤʽʨʶʚʘʣʴʥʫ ʛʦʣʢʫ ʦʧʫʩʢʘʶʪʴ ʜʦ ʟʽʪʢʥʝʥʥʷ 

ʾʾ ʚʽʩʪʨʷ ʟ ʚʽʣʴʥʦʶ ʧʦʚʝʨʭʥʝʶ ʨʽʜʠʥʠ ʽ ʧʨʦʚʦʜʷʪʴ ʚʽʜʣʽʢ ʧʦʢʘʟʘʥʥʷ ʧʦ 

ʥʦʥʽʫʩʫ ʚʝʨʪʠʢʘʣʴʥʦʾ ʰʢʘʣʠ (hʥ). ʇ̔ʩʣʷ ʮʴʦʛʦ ʦʙʝʨʪʘʥʥʷʤ ʨʫʢʦʷʪʦʢ 5 ʽ 

4 ʚʽʩʪʨʷ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʛʦʣʢʠ ʧʝʨʝʤʽʱʘʶʪʴ ʜʦ ʚʝʨʭʥʴʦʛʦ ʢʨʘʶ 

ʧʘʨʘʙʦʣʦʾʜʘ ʽ ʟʥʽʤʘʶʪʴ ʚʽʜʣʽʢ ʟʘ ʚʝʨʪʠʢʘʣʴʥʦʶ ʰʢʘʣʦʶ (hʚ). ʈʽʟʥʠʮʷ 

ʮʠʭ ʚʝʣʠʯʠʥ ʜʘʻ ʚʠʩʦʪʫ ʧʘʨʘʙʦʣʦʾʜʘ ʦʙʝʨʪʘʥʥʷ:  

ʚʥ hhh -= , ʤ.    (2) 

3. ɺʠʤʽʨʶʶʪʴ ʢʦʦʨʜʠʥʘʪʠ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʨʽʜʠʥʠ ʧʦʩʫʜʠʥʠ, ʱʦ 

ʦʙʝʨʪʘʻʪʴʩʷ (zi). ɼʣʷ ʮʴʦʛʦ ʦʙʝʨʪʘʥʥʷʤ ʨʫʢʦʷʪʦʢ 4 ʽ 5 ʚʠʤʽʨʶʚʘʣʴʥʫ 

ʛʦʣʢʫ ʚʩʪʘʥʦʚʣʶʶʪʴ ʚ ʥʫʣʴʦʚʝ ʧʦʣʦʞʝʥʥʷ ʽ ʦʧʫʩʢʘʶʪʴ ʜʦ ʪʦʨʢʘʥʥʷ ʾʾ ʟ 

ʨʽʜʠʥʦʶ. ɿʘʧʠʩʫʶʪʴ ʨʝʟʫʣʴʪʘʪ ʧʦ ʥʦʥʽʫʩʫ ʚʝʨʪʠʢʘʣʴʥʦʾ ʰʢʘʣʠ (r i). 

ʇʽʩʣʷ ʮʴʦʛʦ ʛʦʣʢʫ ʧʽʜʽʡʤʘʶʪʴ ʚʛʦʨʫ ʽ ʧʝʨʝʤʽʱʫʶʪʴ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ 

ʥʘʧʨʷʤʽ (ʚʣʽʚʦ ʘʙʦ ʚʧʨʘʚʦ ʚʽʜ ʦʩʽ ʧʦʩʫʜʠʥʠ) ʥʘ 1 ʩʤ ʽ ʟʥʦʚʫ ʦʧʫʩʢʘʶʪʴ 

ʜʦ ʟʽʪʢʥʝʥʥʷ ʾʾ ʚʽʩʪʨʷ ʟ ʚʽʣʴʥʦʶ ʧʦʚʝʨʭʥʝʶ. ʋ ʮʴʦʤʫ ʧʦʣʦʞʝʥʥʽ 

ʟʘʧʠʩʫʶʪʴ ʧʦʢʘʟʘʥʥʷ ʧʦ ʚʝʨʪʠʢʘʣʴʥʽʡ ʽ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʰʢʘʣʘʭ. 

ɸʥʘʣʦʛʽʯʥʦ ʧʨʦʚʦʜʷʪʴʩʷ ʚʠʤʽʨʶʚʘʥʥʷ ʢʦʦʨʜʠʥʘʪ ʨʷʜʫ ʽʥʰʠʭ ʪʦʯʦʢ 

ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʨʽʜʠʥʠ (7...8 ʪʦʯʦʢ). ɿʘ ʥʘʩʣʽʜʢʘʤʠ ʚʠʤʽʨʶʚʘʥʴ (ʪʘʙʣ. 

1) ʙʫʜʫʶʪʴ ʛʨʘʬʽʢ zi = f (r) . 

4. ɺʠʟʥʘʯʘʶʪʴ ʢʫʪʦʚʫ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʩʫʜʠʥʠ:   

,
2

2 2

22

R

gh

g

R
h == w
w

  (3) 

ʜʝ R ï ʨʘʜʽʫʩ ʧʦʩʫʜʠʥʠ, ʤ. 
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5. ɿʘ ʬʦʨʤʫʣʦʶ (1) ʜʣʷ ʢʦʞʥʦʾ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʪʦʯʢʠ ʧʦ ʾʾ r i ʽ 

ʚʽʜʦʤʽʡ ɤ ʚʠʟʥʘʯʘʶʪʴ zT. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʟʚʦʜʷʪʴ ʚ ʪʘʙʣ. 2. 

6. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʙʯʠʩʣʝʥʴ (ʪʘʙʣ. 2) ʙʫʜʫʶʪʴ ʛʨʘʬʽʢ   

zʊ = f (r) . 

7. ʈʦʟʙʽʞʥʽʩʪʴ ʤʽʞ ʪʝʦʨʝʪʠʯʥʠʤʠ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ:  

%100Ö
-

=D
i

i

z

zzʊ . 

ʊʘʙʣʠʮʷ 1 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ 

ʅʦʤʝʨʠ 

ʪʦʯʦʢ 

ɺʽʜʣʽʢ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ  

ʰʢʘʣʽ, ri ,ʩʤ 

ɺʽʜʣʽʢ ʧʦ ʚʝʨʪʠʢʘʣʴʥʽʡ  

ʰʢʘʣʽ, zi, ʩʤ 

1   

2   

3   

4   

5   

6   

7   

8   

ʊʘʙʣʠʮʷ 2 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ 

ʅʦʤʝʨʠ 

ʪʦʯʦʢ 

ɺʽʜʩʪʘʥʴ ʚʽʜ  ʪʦʯʢʠ  

ʜʦ ʦʩʽ ʦʙʝʨʪʘʥʥʷ, ri, ʩʤ 

ʈʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ,  

zʊ, ʩʤ 

1   

2   

3   

4   

5   

6   

7   

8   

ʂʦʥʪʨʦʣʴʥʽ ʧʠʪʘʥʥʷ 

1. ʑʦ ʪʘʢʝ ʧʦʚʝʨʭʥʽ ʨʽʚʥʦʛʦ ʪʠʩʢʫ? 

2. ʏʦʤʫ ʜʦʨʽʚʥʶʻ ʩʠʣʘ ʪʠʩʢʫ ʨʽʜʠʥʠ ʥʘ ʙʽʯʥʫ ʩʪʽʥʢʫ? 

3. ʏʦʤʫ ʜʦʨʽʚʥʶʻ ʩʠʣʘ ʪʠʩʢʫ ʨʽʜʠʥʠ ʥʘ ʙʽʯʥʫ ʢʨʠʚʦʣʽʥʽʡʥʫ ʧʦʚʝʨʭʥʶ? 

4. ʗʢ ʚʠʟʥʘʯʠʪʠ ʢʫʪʦʚʫ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʩʫʜʠʥʠ ʟʘ ʾʾ ʨʦʟʤʽʨʘʤʠ ʪʘ 

ʨʦʟʤʽʨʘʤʠ ʧʘʨʘʙʦʣʦʾʜʘ ʦʙʝʨʪʘʥʥʷ? 
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ɹʣʦʢ ʩʘʤʦʩʪʽʡʥʦʾ ʨʦʙʦʪʠ ˉ 2 

ʇʨʠʢʣʘʜ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯʽ 1. ʇʣʦʩʢʠʡ ʱʠʪ ʧʝʨʝʛʦʨʦʜʞʫʻ 

ʧʨʷʤʦʢʫʪʥʠʡ ʢʘʥʘʣ ʰʠʨʠʥʠ b = 10 ʤ. ɻʣʠʙʠʥʘ ʚʦʜʠ ʧʝʨʝʜ ʱʠʪʦʤ ʅ = 5 

ʤ, ʘ ʟʘ ʱʠʪʦʤ h = 2 ʤ. ɺʠʟʥʘʯʠʪʠ ʩʠʣʫ ʥʘʜʣʠʰʢʦʚʦʛʦ ʛʽʜʨʦʩʪʘʪʠʯʥʦʛʦ 

ʪʠʩʢʫ ʥʘ ʱʠʪ ʽ ʪʦʯʢʫ ʾʾ ʧʨʠʢʣʘʜʝʥʥʷ. 

 
ʈʦʟʚ'ʷʟʘʥʥʷ 

 ʉʠʣʘ ʥʘʜʣʠʰʢʦʚʦʛʦ ʪʠʩʢʫ ʧʝʨʝʜ ʟʘʪʚʦʨʦʤ 

6
1 10225,15105,29800 Ö=ÖÖÖ=== bHhVF cgg ʅ. 

ʎʝʥʪʨ ʪʠʩʢʫ ʜʘʥʦʾ ʩʠʣʠ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʛʣʠʙʠʥʽ 

33,3

510
2

2

12/510

2

5

2

12/

2

33

1
=

ÖÖ

Ö
+=+=+=

bh
H

bHH

z

J
zz

c

c

cD
w

ʤ. 

ʉʠʣʘ ʥʘʜʣʠʰʢʦʚʦʛʦ ʪʠʩʢʫ ʟʘ ʟʘʪʚʦʨʦʤ 

6
1 10196,021019800 Ö=ÖÖÖ== bhhF cg ʅ. 

ʎʝʥʪʨ ʪʠʩʢʫ ʜʘʥʦʾ ʩʠʣʠ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʛʣʠʙʠʥʽ 

33,1

210
2

2

12/210

2

2

2

12/

2

33

1 =

ÖÖ

Ö
+=+=

bh
h

bhh
zD ʤ. 

ʈʝʟʫʣʴʪʫʶʯʘ ʩʠʣʘ ʪʠʩʢʫ 

6
21 10029,1196,0225,1 Ö=-=-= FFF ʅ. 

 ʊʦʯʢʘ ʧʨʠʢʣʘʜʝʥʥʷ ʜʘʥʦʾ ʩʠʣʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʨʽʚʥʷʥʥʷ ʤʦʤʝʥʪʽʚ 

ʚʽʜʥʦʩʥʦ ʪʦʯʢʠ ʆ 

( ) ( )ä ¡--=-= .;0 2211 zFzHFzHFM DDo  

ʊʦʜʽ ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʢʠ ʧʨʠʢʣʘʜʝʥʥʷ 

( ) ( ) ( ) ( )
86,1

029,1

33,12196,033,35225,12211 =
---

=
---

=
F

zHFzHF
z DD ʤ. 
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ʇʨʠʢʣʘʜ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯʽ 2. ɺʠʟʥʘʯʠʪʠ ʚʝʣʠʯʠʥʫ ʥʘʜʣʠʰʢʦʚʦʛʦ 

ʪʠʩʢʫ ʈʥʘʜ ʥʘ ʨʽʚʥʽ ɸ-ɸ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʛʣʠʙʠʥʽ h = 1 ʤ ʚ ʮʠʣʽʥʜʨʽ 

ʜʽʘʤʝʪʨʦʤ D = 1 ʤ, ʚ ʷʢʦʤʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 20Áʉ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚʦʜʘ. ʅʘ ʧʦʨʰʝʥʴ ʤʘʩʦʶ ʪ = 50 ʢʛ 

ʜʽʻ ʩʠʣʘ F = 1000 ʅ.  

ʈʦʟʚ'ʷʟʘʥʥʷ 

ɿʥʘʭʦʜʠʤʦ ʧʣʦʱʫ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ 

196,0
4

114,3

4

22

=
Ö

==
Dp

w ʤ2. 

ɯʟ ʚʠʟʥʘʯʝʥʥʷ ʥʘʜʣʠʰʢʦʚʦʛʦ ʪʠʩʢʫ ʤʘʻʤʦ 

70811
196,0

8,9501000 Ö+
=

+
==
ww

mgFF
P ʟʦʚ
ʥʘʜ ʇʘ = 11,7 ʢʇʘ. 

 

ɿʘʚʜʘʥʥʷ ʜʦ ʩʘʤʦʩʪʽʡʥʦʾ ʨʦʙʦʪʠ 

ɺʘʨʽʘʥʪʠ 1 ï 5 

ʇʨʷʤʦʢʫʪʥʠʡ ʱʠʪ ɸɺ 

ʽʨʠʛʘʮʽʡʥʦʛʦ ʢʘʥʘʣʫ ʤʦʞʝ ʚʽʣʴʥʦ 

ʦʙʝʨʪʘʪʠʩʷ ʥʘʚʢʦʣʦ ʦʩʽ ʆ. ʈʽʚʝʥʴ ʚʦʜʠ 

ʟʣʽʚʘ ʚʽʜ ʱʠʪʘ ʜʦʨʽʚʥʶʻ h. ʅʝʭʪʫʶʯʠ 

ʪʝʨʪʷʤ ʽ ʚʘʛʦʶ ʱʠʪʘ, ʥʘʡʪʠ ʧʦʣʦʞʝʥʥʷ 

ʦʩʽ ʆ, ʟʘ ʷʢʦʛʦ ʧʨʠ ʨʽʚʥʽ ʅ ʚʦʜʠ ʟʣʽʚʘ 

ʱʠʪ ʙʫʜʝ ʟʥʘʭʦʜʠʪʠʩʴ ʚ ʩʪʘʥʽ ʛʨʘʥʠʯʥʦʾ 

ʨʽʚʥʦʚʘʛʠ. ʂʫʪ, ʷʢʠʡ ʫʪʚʦʨʶʻ ʱʠʪ ʽʟ 

ʛʦʨʠʟʦʥʪʘʣʣʶ, ʜʦʨʽʚʥʶʻ Ŭ.  

 

ʊʘʙʣʠʮʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ 

ˉ ʚʘʨ. h, ʤ ʅ, ʤ Ŭ, Á 

1 18 3 15 

2 19 4 30 

3 20 5 45 

4 21 5,5 60 

5 22 6 0 

ɺʘʨʽʘʥʪʠ 6 ï 15 

ʎʠʣʽʥʜʨʠʯʥʠʡ ʨʝʟʝʨʚʫʘʨ 1 ʟ ʧʽʚʩʬʝʨʠʯʥʠʤʠ ʚʝʨʭʥʴʦʶ ʽ 

ʥʠʞʥʴʦʶ ʢʨʠʰʢʘʤʠ ʨʘʜʽʫʩʦʤ R ʤʘʻ ʙʽʯʥʠʡ ʣʶʢ ʜʽʘʤʝʪʨʦʤ d0, ʟʘʢʨʠʪʠʡ 

ʧʣʦʩʢʦʶ ʢʨʠʰʢʦʶ. ɺʦʜʘ ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ ʥʘʧʦʨʦʤ H1 ʽ ʪʠʩʢʦʤ ʧʦʚʽʪʨʷ 

ʥʘ ʚʽʣʴʥʽʡ ʧʦʚʝʨʭʥʽ Pʤ (ʤʘʥʦʤʝʪʨʠʯʥʠʡ ʪʠʩʢ). ɺʠʟʥʘʯʠʪʠ: 

- ʩʠʣʠ ʪʠʩʢʫ ʥʘ ʚʝʨʭʥʶ, ʥʠʞʥʶ ʪʘ ʙ̔ ʯʥʫ ʢʨʠh ʢʠ ʨʝʟʝʨʚʫʘʨʘ 1. 

- ʪʠʩʢ ʥʘ ʚʭʦʜʽ ʚ ʪʨʫʙʦʧʨʦʚʜ̔ ʧʨʠ ʟʘʢʨʠʪʦʤʫ ʢʨʘʥʽ 
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- ʧʦʙʫʜʫʚʘʪʠ ʝʧʶʨʠ ʛʽʜʨʦʩʪʘʪʠʯʥʦʛʦ ʪʠʩʢʫ ʥʘ ʚʥʫʪʨʽʰʥʽ ʧʦʚʝʨʭʥʽ 

ʨʝʟʝʨʚʫʘʨʫ 1; 

- ʛʨʘʬʽʯʥʦ ʚʠʟʥʘʯʠʪʠ ʪʦʯʢʫ ʧʨʠʢʣʘʜʝʥʥʷ ʩʠʣʠ ʛʽʜʨʦʩʪʘʪʠʯʥʦʛʦ ʪʠʩʢʫ, 

ʱʦ ʜʽʻ ʥʘ ʧʣʦʩʢʠʡ ʙʽʯʥʠʡ ʣʶʢ.  

 
               ʘ                                                           ʙ 

ʊʘʙʣʠʮʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ 

ˉ ʚʘʨʘ̔ʥʪʫ  Pʤ, ʄʇʘ H1, ʤ H0, ʤ ho, ʤ R, ʤ d0, ʤ  ʉʭʝʤʘ 

6 0,1 6,0 5,0 4,0 2,8 0,50 ʘ 

7 0,2 5,5 4,5 3,5 2,6 0,55 ʙ 

8 0,3 5,0 4,0 3,0 2,4 0,60 ʘ 

9 0,4 4,5 3,5 2,5 2,2 0,65 ʙ 

10 0,5 4,0 3,0 2,0 2,0 0,70 ʘ 

11 0,6 3,5 2,5 1,5 1,8 0,65 ʙ 

12 0,7 3,0 2,0 1,0 1,6 0,60 ʘ 

13 0,8 3,5 2,0 1,0 1,4 0,55 ʙ 

14 0,9 4,0 2,0 1,0 1,2 0,50 ʘ 

15 1,0 4,5 1,5 0,5 1,0 0,45 ʙ 

ɺʘʨʽʘʥʪʠ 16 ï 25 

ʎʠʣʽʥʜʨʠʯʥʠʡ ʨʝʟʝʨʚʫʘʨ 1 ʟ ʧʽʚʩʬʝʨʠʯʥʠʤʠ ʚʝʨʭʥʴʦʶ ʽ 

ʥʠʞʥʴʦʶ ʢʨʠʰʢʘʤʠ ʨʘʜʽʫʩʦʤ R ʤʘʻ ʙʽʯʥʠʡ ʣʶʢ ʜʽʘʤʝʪʨʦʤ d0, ʟʘʢʨʠʪʠʡ 

ʧʣʦʩʢʦʶ ʢʨʠʰʢʦʶ. ɺʦʜʘ ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ ʥʘʧʦʨʦʤ H1 ʽ ʪʠʩʢʦʤ ʧʦʚʽʪʨʷ 

ʥʘ ʚʽʣʴʥʽʡ ʧʦʚʝʨʭʥʽ Pʤ (ʤʘʥʦʤʝʪʨʠʯʥʠʡ ʪʠʩʢ). ɺʠʟʥʘʯʠʪʠ: 

- ʩʠʣʠ ʪʠʩʢʫ ʥʘ ʚʝʨʭʥʶ, ʥʠʞʥʶ ʠ ʙʽʯʥʫ ʢʨʠh ʢʠ ʨʝʟʝʨʚʫʘʨʘ 1. 

- ʪʠʩʢ ʥʘ ʚʭʦʜʽ ʚ ʪʨʫʙʦʧʨʦʚʜ̔ ʧʨʠ ʟʘʢʨʠʪʦʤʫ ʢʨʘʥʽ 
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- ʧʦʙʫʜʫʚʘʪʠ ʝʧʶʨʠ ʛʽʜʨʦʩʪʘʪʠʯʥʦʛʦ ʪʠʩʢʫ ʥʘ ʚʥʫʪʨʽʰʥʽ ʧʦʚʝʨʭʥʽ 

ʨʝʟʝʨʚʫʘʨʫ 1; 

- ʛʨʘʬʽʯʥʦ ʚʠʟʥʘʯʠʪʠ ʪʦʯʢʫ ʧʨʠʢʣʘʜʝʥʥʷ ʩʠʣʠ ʛʽʜʨʦʩʪʘʪʠʯʥʦʛʦ ʪʠʩʢʫ, 

ʱʦ ʜʽʻ ʥʘ ʧʣʦʩʢʠʡ ʙʽʯʥʠʡ ʣʶʢ.  

 
                       ʘ     ʙ 

ʊʘʙʣʠʮʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ 

ˉ ʚʘʨʘ̔ʥʪʫ  Pʤ, ʄʇʘ H1, ʤ H0, ʤ ho, ʤ R, ʤ d0, ʤ  ʉʭʝʤʘ 

16 1,0 4,2 3,5 0,5 1,0 0,45 ʘ 

17 0,5 4,0 2,0 1,5 2,4 0,65 ʙ 

18 0,6 4,1 2,5 1,0 2,2 0,60 ʘ 

19 0,7 4,5 3,5 1,0 2,0 0,55 ʙ 

20 0,8 4,6 4,5 1,0 1,8 0,50 ʘ 

21 0,9 4,5 2,0 0,5 1,6 0,45 ʙ 

22 0,4 4,7 2,0 1,5 2,0 0,5 ʘ 

23 0,3 4,5 3,0 2,5 2,2 0,55 ʙ 

24 0,2 5,1 4,0 2,5 2,4 0,6 ʘ 

25 0,7 5,0 2,0 1,5 1,8 0,7 ʙ 
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ʈʆɿɼɯʃ 3. ʂɯʅɽʄɸʊʀʂɸ ɯ ɼʀʅɸʄɯʂɸ ʈɯɼʀʅʀ 

3.1. ʄʝʪʦʜʠ ʦʧʠʩʘʥʥʷ ʨʫʭʫ ʨʽʜʠʥʠ. ʈʽʚʥʷʥʥʷ ʥʝʨʦʟʨʠʚʥʦʩʪʽ 

ʗʢ ʚʽʜʦʤʦ, ʨʫʭ ʤʘʪʝʨʽʘʣʴʥʦʾ ʪʦʯʢʠ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤʠ ʨʫʭʫ ʾʾ 

ʫ ʢʽʥʮʝʚʦʤʫ ʚʠʜʽ 

( ),

( ), ( ), ( ),

r r t

x x t y y t z z t

=

= = =                  (3.1) 

ʜʝ r ï ʨʘʜʽʫʩ-ʚʝʢʪʦʨ ʪʦʯʢʠ ʚ ʦʙʨʘʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ; ʭ, ʫ, z ï 

ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʢʠ. 

ʗʢʱʦ ʯʘʩʪʢʫ ʩʫʮʽʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʤʘʪʝʨʽʘʣʴʥʫ 

ʪʦʯʢʫ, ʪʦ ʦʩʪʘʥʥʽ ʨʽʚʥʷʥʥʷ ʦʧʠʰʫʪʴ ʾʾ ʨʫʭ. ʉʫʮʽʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʱʦ 

ʙʝʟʧʝʨʝʨʚʥʠʤ ʯʠʥʦʤ ʱʦ ʟʘʧʦʚʥʶʻ ʧʨʦʩʪʽʨ ʘʙʦ ʡʦʛʦ ʯʘʩʪʠʥʫ, 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʝʩʢʽʥʯʝʥʦʛʦ ʯʠʩʣʘ ʪʦʯʦʢ, ʦʪʞʝ, ʘʙʠ ʦʧʠʩʘʪʠ ʨʫʭ ʫʩʽʭ 

ʪʦʯʦʢ ʩʝʨʝʜʦʚʠʱʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʴ (3.1), ʥʝʦʙʭʽʜʥʦ ʚʚʝʩʪʠ ʚ ʥʠʭ 

ʧʘʨʘʤʝʪʨʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʪʫ ʘʙʦ ʽʥʰʫ ʪʦʯʢʫ ʩʝʨʝʜʦʚʠʱʘ. ʅʝʭʘʡ 

ʧʘʨʘʤʝʪʨʦʤ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʦʢʨʝʤʫ ʪʦʯʢʫ ʩʝʨʝʜʦʚʠʱʘ, ʙʫʜʝ 

ʧʦʩʪʽʡʥʠʡ ʚʝʢʪʦʨ 

0 .r ai b j ck= + + 
ʊʦʜʽ ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʪʦʯʦʢ ʩʫʮʽʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟʘʧʠʰʝʤʦ ʫ ʚʠʜʽ 

0( , );

( , , , ), ( , , , ), ( , , , ).

r r r t

x x a b c t y y a b c t z z a b c t

=

= = =
  (3.2) 

ʌʫʥʢʮʽʷ ʙʫʜʝ ʙʝʟʧʝʨʝʨʚʥʦʶ ʟʘ ʯʘʩʦʤ t ʽ ʤʘʪʠʤʝ ʙʝʟʧʝʨʝʨʚʥʽ 

ʧʝʨʰʽ ʽ, ʷʢ ʧʨʘʚʠʣʦ, ʜʨʫʛʽ ʧʦʭʽʜʥʽ ʟʘ ʯʘʩʦʤ. ʂʨʽʤ ʪʦʛʦ, ʮʷ ʬʫʥʢʮʽʷ 

ʚʥʘʩʣʽʜʦʢ ʪʦʛʦ, ʱʦ ʚʦʥʘ ʦʧʠʩʫʻ ʚʧʦʨʷʜʢʦʚʘʥʽ ʨʫʭʠ ʩʫʮʽʣʴʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʤʘʻ ʙʫʪʠ ʙʝʟʧʝʨʝʨʚʥʦʶ ʧʦ ʘ, b, ʩ ʽ ʧʦʚʠʥʥʘ ʤʘʪʠ 

ʙʝʟʧʝʨʝʨʚʥʽ ʯʘʩʪʢʦʚʽ ʧʦʭʽʜʥʽ ʘ, b, ʩ. ʑʦʙ ʟʥʘʡʪʠ ʰʚʠʜʢʽʩʪʴ ʽ 

ʧʨʠʩʢʦʨʝʥʥʷ ʷʢʦʾ-ʥʝʙʫʜʴ ʪʦʯʢʠ ʩʝʨʝʜʦʚʠʱʘ, ʧʦʪʨʽʙʥʦ ʫʟʷʪʠ ʧʦʭʽʜʥʽ ʟʘ 

ʯʘʩʦʤ ʚʽʜ ʨʽʚʥʷʥʴ (3.2), ʚʨʘʭʦʚʫʶʯʠ, ʱʦ ʘ, b, ʽ ʩ ï ʢʦʥʩʪʘʥʪʠ. ɿʘʧʠʰʝʤʦ 

ʚʝʢʪʦʨʠ ʰʚʠʜʢʦʩʪʽ ʽ ʧʨʠʩʢʦʨʝʥʥʷ ʫ ʚʠʜ ̔
2

0 0

2

( , ) ( , )
; .

r r t r r t
v a

t t

µ µ
= =
µ µ         (3.3) 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʦʝʢʮʽʾ ʮʠʭ ʚʝʢʪʦʨʽʚ ʧʦ ʦʩʷʭ ʢʦʦʨʜʠʥʘʪ ʙʫʜʫʪʴ 

2 2 2

2 2 2

( , , , ) ( , , , ) ( , , , )
; ; ;

( , , , ) ( , , , ) ( , , , )
; ; .

x y z

x y z

x a b c t y a b c t z a b c t
v v v

t t t

x a b c t y a b c t z a b c t
a a a

t t t

µ µ µ
= = =

µ µ µ

µ µ µ
= = =

µ µ µ  
ʉʧʦʩʽʙ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʫʭʫ (3.2) ʩʫʮʽʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʝʢʪʦʨʥʦʛʦ ʧʘʨʘʤʝʪʨʘ (ʩʢʘʣʷʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʘ, b  ̔ʩ), ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʦʢʨʝʤʽ ʪʦʯʢʠ, ʥʦʩʠʪʴ ʥʘʟʚʫ ʤʝʪʦʜʫ ʃʘʛʨʘʥʞʘ, ʘ ʚʝʢʪʦʨ  
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(ʧʘʨʘʤʝʪʨʠ ʘ, b  ̔ ʩ) ʥʦʩʷʪʴ ʥʘʟʚʫ ʟʤʽʥʥʠʭ ʃʘʛʨʘʥʞʘ. ɺʝʢʪʦʨ  

ʭʘʨʘʢʪʝʨʠʟʫʻ ʽʥʜʠʚʽʜʫʘʣʴʥʽʩʪʴ ʦʢʨʝʤʠʭ ʪʦʯʦʢ ʩʝʨʝʜʦʚʠʱʘ, ʮʝʡ ʚʝʢʪʦʨ 

ʤʦʞʥʘ ʚʠʙʨʘʪʠ ʪʘʢ, ʱʦʙ ʚʽʥ ʚʠʟʥʘʯʘʚ ʧʦʯʘʪʢʦʚʝ ʧʦʣʦʞʝʥʥʷ ʪʦʯʦʢ 

ʩʝʨʝʜʦʚʠʱʘ. ʊʦʜʽ ʧʨʠ t = 0 ʤʘʪʠʤʝʤʦ 

0 0(0, )r r r=  
ʘʙʦ 

(0, , , ); (0, , , ); (0, , , ).a x a b c b y a b c c z a b c= = =  
ɿʘ ʜʦʧʦʤʦʛʦʶ ʟʤʽʥʥʠʭ ʃʘʛʨʘʥʞʘ ʚʠʚʯʘʻʪʴʩʷ ʨʫʭ ʩʫʮʽʣʴʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʙʝʟʧʝʨʝʨʚʥʫ ʩʫʢʫʧʥʽʩʪʴ ʪʦʯʦʢ, ʪʦʙʪʦ ʨʫʭ 

ʦʢʨʝʤʠʭ ʪʦʯʦʢ ʩʝʨʝʜʦʚʠʱʘ.  

ʈʫʭ ʩʝʨʝʜʦʚʠʱʘ ʪʘʢʦʞ ʤʦʞʥʘ ʜʦʩʣʽʜʠʪʠ, ʨʦʟʛʣʷʜʘʶʯʠ ʟʤʽʥʫ ʟ 

ʯʘʩʦʤ ʨʽʟʥʠʭ ʝʣʝʤʝʥʪʽʚ ʨʫʭʫ ʚ ʨʽʟʥʠʭ ʪʦʯʢʘʭ ʢʦʦʨʜʠʥʘʪʥʦʾ ʩʠʩʪʝʤʠ. 

ʊʦʜʽ ʨʽʟʥʽ ʚʝʢʪʦʨʥʽ ʽ ʩʢʘʣʷʨʥʽ ʝʣʝʤʝʥʪʠ ʨʫʭʫ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʬʫʥʢʮʽʾ 

ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʠ ʭ, ʫ, z ʽ ʯʘʩʫ t. ʎʽ ʯʦʪʠʨʠ ʘʨʛʫʤʝʥʪʠ (ʭ, ʫ, z ʽ t) ʥʦʩ̫ʪʴ 

ʥʘʟʚʫ ʟʤʽʥʥʠʭ ɽʡʣʝʨʘ. ʇʨʠ ʚʠʚʯʝʥʥʽ ʨʫʭʫ ʩʫʮʽʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ 

ʟʤʽʥʥʠʭ ɽʡʣʝʨʘ ʜʦʚʦʜʠʪʴʩʷ ʨʦʟʛʣʷʜʘʪʠ ʟʤʽʱʝʥʥʷ ʯʘʩʪʢʠ ʩʝʨʝʜʦʚʠʱʘ ʟ 

ʬʽʢʩʦʚʘʥʦʾ ʪʦʯʢʠ ʧʨʦʩʪʦʨʫ ʚ ʥʝʩʢʽʥʯʝʥʥʦ ʙʣʠʟʴʢʫ ʟ ʪʠʤ, ʱʦʙ ʥʘʜʘʣʽ 

ʛʨʘʥʠʯʥʠʤ ʧʝʨʝʭʦʜʦʤ ʧʝʨʝʡʪʠ ʜʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʦʛʦ ʘʙʦ ʽʥʰʦʛʦ 

ʝʣʝʤʝʥʪʫ ʨʫʭʫ ʩʝʨʝʜʦʚʠʱʘ ʚ ʮʽʡ ʪʦʯʮʽ. ʈʦʟʚ'ʷʞʝʤʦ ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʚ 

ʟʤʽʥʥʠʭ ʃʘʛʨʘʥʞʘ 

0( , )r r r t=  
ʚʽʜʥʦʩʥʦ r, ʦʪʨʠʤʘʻʤʦ 

 
0 0( , )r r r t=

                                (3.4) 

ʘʙʦ 

a = a(x, y, z, t); b = b(x, y, z, t); c= c(x, y, z, t).      (3.5) 

ʅʝʭʘʡ ʘ, b  ̔ʩ ʚʠʟʥʘʯʘʶʪʴ ʧʦʯʘʪʢʦʚʝ ʧʦʣʦʞʝʥʥʷ ʪʦʯʢʠ ʩʝʨʝʜʦʚʠʱʘ, ʪʦʜʽ 

ʦʩʪʘʥʥʽ ʨʽʚʥʷʥʥʷ ʚʢʘʟʫʶʪʴ ʧʦʯʘʪʢʦʚʝ ʧʦʣʦʞʝʥʥʷ ʪʦʯʢʠ ʩʝʨʝʜʦʚʠʱʘ, 

ʷʢʝ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʤʦʤʝʥʪ ʯʘʩʫ t ʚ ʪʦʯʮʽ ʧʨʦʩʪʦʨʫ ʭ, ʫ  ̔ z. ɺʝʢʪʦʨ 

ʟʤʽʱʝʥʥʷ ʚ ʟʤʽʥʥʠʭ ʃʘʛʨʘʥʞʘ ʤʘʻ ʚʠʛʣʷʜ 

0( , ).s s r t=  
ʇʽʜʩʪʘʚʠʚʰʠ ʟʥʘʯʝʥʥʷ r0 ʟ ʨʽʚʥʷʥʥʷ (3.4), ʦʪʨʠʤʘʻʤʦ ʟʤʽʱʝʥʥʷ ʚ 

ʟʤʽʥʥʠʭ ɽʡʣʝʨʘ 

( , ).s s r t=  
ʎʝ ʚʝʢʪʦʨ ʟʤʽʱʝʥʥʷ ʨʽʟʥʠʭ ʪʦʯʦʢ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʧʦʪʨʘʧʣʷʶʪʴ ʚ ʨʽʟʥʽ 

ʤʦʤʝʥʪʠ ʯʘʩʫ t ʫ ʬʽʢʩʦʚʘʥʫ ʪʦʯʢʫ ʧʨʦʩʪʦʨʫ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʘʜʽʫʩ-

ʚʝʢʪʦʨʦʤ r. 

ʑʦʙ ʟʥʘʡʪʠ ʟʤʽʱʝʥʥʷ ʜʝʷʢʦʾ ʪʦʯʢʠ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʟʘʡʤʘʻ 

ʧʦʣʦʞʝʥʥʷ ʚ ʧʨʦʩʪʦʨʽ, ʚʠʟʥʘʯʝʥʝ ʚʝʢʪʦʨʦʤ r ʫ ʤʦʤʝʥʪ t1, ʜʘʤʦ ʯʘʩʫ 

ʧʨʠʨʽʩʪ æt, ʪʦʜʽ ʪʦʯʢʘ ʟʤʽʩʪʠʪʴʩʷ ʥʘ  
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1 11 1 1( , ) ( , ),s s r t t s r tD = +D -
 

ʚ ʟʘʛʘʣʴʥʦʤʫ ʞ ʚʠʧʘʜʢʫ ʟʤʽʱʝʥʥʷ ʪʦʯʦʢ ʟ ʷʢʠʭ-ʥʝʙʫʜʴ ʧʦʣʦʞʝʥʴ 

ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʜʽ 

( , ) ( , ).s s r t t s r tD = +D -  
ɺʠʟʥʘʯʝʥʽ ʟʤʽʱʝʥʥʷ ʪʦʯʦʢ ʩʝʨʝʜʦʚʠʱʘ ʟʥʦʚʫ ʧʦʚʝʨʪʘʶʪʴ ʥʘʩ ʜʦ 

ʟʤʽʥʥʠʭ ʃʘʛʨʘʥʞʘ, ʜʝ ʧʦʯʘʪʢʦʚʝ ʧʦʣʦʞʝʥʥʷ ʪʦʯʦʢ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʥʝʨʫʭʦʤʠʤ ʧʨʦʩʪʦʨʦʤ ʟʤʽʥʥʠʭ ɽʡʣʝʨʘ. ʆʜʥʘʢ ʟʤʽʱʝʥʥʷ ʚ ʟʤʽʥʥʠʭ 

ɽʡʣʝʨʘ ʙʫʜʫʪʴ ʥʝʩʢʽʥʯʝʥʥʦ ʤʘʣʠʤʠ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʝʢʪʦʨʘ ʟʤʽʱʝʥʥʷ ʚ 

ʟʤʽʥʥʠʭ ʃʘʛʨʘʥʞʘ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʢʽʥʮʝʚʦʶ ʚʝʣʠʯʠʥʦʶ. ʆʪʞʝ, 

ʚʠʚʯʝʥʥʷ ʟʤʽʱʝʥʴ ʦʢʨʝʤʠʭ ʪʦʯʦʢ ʩʝʨʝʜʦʚʠʱʘ ʤʦʞʥʘ ʚʝʩʪʠ ʪʽʣʴʢʠ ʚ 

ʟʤʽʥʥʠʭ ʃʘʛʨʘʥʞʘ. ɿʤʽʥʥʽ ɽʡʣʝʨʘ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʬʘʢʪʠʯʥʦ 

ʥʝʧʨʠʜʘʪʥʽ, ʽ ʧʝʨʝʭʽʜ ʚʽʜ ʥʠʭ ʜʦ ʟʤʽʥʥʠʭ ɽʡʣʝʨʘ ʻ ʬʦʨʤʘʣʴʥʘ ʦʧʝʨʘʮʽʷ, 

ʱʦ ʥʝ ʟʤʽʥʶʻ ʪʦʯʢʠ ʟʦʨʫ, ʟ ʷʢʦ ʾʚʠʚʯʘʻʪʴʩʷ ʨʽʜʠʥʘ.  

 

3.2. ʇʘʨʘʤʝʪʨʠ ʧʦʪʦʢʫ ʽ ʨʽʚʥʷʥʥʷ ʥʝʨʦʟʨʠʚʥʦʩʪʽ 

ɺʠʚʯʘʶʯʠ ʨʫʭ ʩʫʮʽʣʴʥʠʭ ʩʝʨʝʜʦʚʠʱ ʚ ʟʤʽʥʥʠʭ ɽʡʣʝʨʘ ʚ ʯʘʩʪʠʥʽ 

ʧʨʦʩʪʦʨʫ, ʟʘʡʥʷʪʦʛʦ ʨʽʜʠʥʦʶ, ʚ ʢʦʞʝʥ ʟʘʜʘʥʠʡ ʤʦʤʝʥʪ ʚ ʢʦʞʥʽʡ ʪʦʯʮʽ 

ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʚʝʢʪʦʨ ʰʚʠʜʢʦʩʪʽ. ʉʫʢʫʧʥʽʩʪʴ ʮʠʭ ʚʝʢʪʦʨʽʚ ʫʪʚʦʨʶʻ 

ʪʘʢ ʟʚʘʥʝ ʧʦʣʝ ʰʚʠʜʢʦʩʪʝʡ. ʆʩʢʽʣʴʢʠ ʚʝʢʪʦʨ ʰʚʠʜʢʦʩʪʽ v ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʢʦʦʨʜʠʥʘʪ ʭ, ʫ, z ʽ ʯʘʩʫ t, ʪʦ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʧʦʣʝ ʰʚʠʜʢʦʩʪʝʡ 

ʟʤʽʥʶʚʘʪʠʤʝʪʴʩʷ ʟ ʯʘʩʦʤ. ʇʨʦʪʝ ʚ ʦʢʨʝʤʦʤʫ ʚʠʧʘʜʢʫ v ʤʦʞʝ ʙʫʪʠ 

ʬʫʥʢʮʽʻʶ ʪʽʣʴʢʠ ʢʦʦʨʜʠʥʘʪ, ʪʦʜʽ ʧʦʣʝ ʰʚʠʜʢʦʩʪʝʡ ʥʘʟʠʚʘʻʪʴʩʷ 

ʩʪʘʮʽʦʥʘʨʥʠʤ, ʘʙʦ ʩʪʘʣʠʤ. 

ʃʽʥʽʾ, ʚ ʙʫʜʴ-ʷʢʽʡ ʪʦʯʮʽ ʷʢʠʭ ʜʦʪʠʯʥʘ ʩʧʽʚʧʘʜʘʻ ʟ ʥʘʧʨʷʤʦʤ 

ʚʝʢʪʦʨʘ ʰʚʠʜʢʦʩʪʽ, ʥʘʟʠʚʘʻʪʴʩʷ ʣʽʥʽʻʶ ʩʪʨʫʤʫ (ʨʠʩ 3.1, ʘ). ɼʦʪʠʯʥʘ ʜʦ 

ʣʽʥʽʾ ʩʪʨʫʤʫ ʩʢʣʘʜʘʻ ʟ ʦʩʷʤʠ ʢʦʦʨʜʠʥʘʪ ʢʫʪʠ, ʢʦʩʠʥʫʩʠ ʷʢʠʭ ʚʽʜʧʦʚʽʜʥʦ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʠʨʘʟʘʤʠ 

, ,
dx dy dz

ds ds ds
 

 
ʈʠʩ. 3.1. ɼʦ ʧʦʙʫʜʦʚʠ ʣʽʥʽʡ ʩʪʨʫʤʫ 

 

ʆʪʞʝ, ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʣʽʥʽʡ ʩʪʨʫʤʫ ʙʫʜʫʪʴ 
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,
( , , , ) ( , , , ) ( , , , )x y z

dx dy dz ds

v x y z t v x y z t v x y z t v
= = =         (3.6) 

ʜʝ ds ï ʝʣʝʤʝʥʪ ʜʫʛʠ ʣʽʥʽʾ ʩʪʨʫʤʫ; dx, dy  ̔ dz ï ʡʦʛʦ ʧʨʦʝʢʮʽʾ ʥʘ ʦʩʽ 

ʜʝʢʘʨʪʦʚʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ; t ï ʚʽʜʽʛʨʘʻ ʨʦʣʴ ʧʘʨʘʤʝʪʨʘ. ʈʽʚʥʷʥʥʷ 

(3.6) ʚʠʟʥʘʯʘʶʪʴ ʩʽʤʝʡʩʪʚʦ ʣʽʥʽʡ ʩʪʨʫʤʫ. ʇʨʠ ʟʤʽʥʽ t ʙʫʜʝ ʟʤʽʥʶʚʘʪʠʩʷ 

ʩʽʤʝʡʩʪʚʦ ʣʽʥʽʡ ʩʪʨʫʤʫ. 

ɺ ʦʢʨʝʤʦʤʫ ʚʠʧʘʜʢʫ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʧʦʣʷ ʰʚʠʜʢʦʩʪʝʡ ʫ (3.6) 

ʚʽʜʩʫʪʥʽʡ ʯʘʩ t. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʣʽʥʽʾ ʩʪʨʫʤʫ ʥʝ ʟʤʽʥʶʶʪʴʩʷ ʟ ʯʘʩʦʤ ʽ ʻ 

ʪʨʘʻʢʪʦʨʽʷʤʠ, ʫʟʜʦʚʞ ʷʢʠʭ ʧʝʨʝʤʽʱʘʶʪʴʩʷ ʯʘʩʪʢʠ ʩʫʮʽʣʴʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. ʈʽʚʥʷʥʥʷ ʩʽʤʝʡʩʪʚʘ ʣʽʥʽʡ ʩʪʨʫʤʫ ʽ ʪʨʘʻʢʪʦʨʽʡ ʚ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʙʫʜʫʪʴ 

.
( , , , ) ( , , , ) ( , , , )x y z

dx dy dz

v x y z t v x y z t v x y z t
= =           (3.7) 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʣʽʥʽʾ ʩʪʨʫʤʫ ʽ ʪʨʘʻʢʪʦʨʽʾ ʪʦʯʦʢ ʩʫʮʽʣʴʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʥʝ ʩʧʽʚʧʘʜʘʶʪʴ. 

ʆʜʥʽʻʶ ʟ ʽʩʪʦʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʷ ʰʚʠʜʢʦʩʪʝʡ ʻ ʧʦʥʷʪʪʷ 

ʧʦʪʦʢʫ ʰʚʠʜʢʦʩʪʽ ï ʦʙ'ʻʤʫ ʩʫʮʽʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʧʨʦʪʽʢʘʻ ʯʝʨʝʟ 

ʜʝʷʢʫ ʥʝʨʫʭʦʤʫ ʧʦʚʝʨʭʥʶ ů ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ. ʇʦʟʥʘʯʠʚʰʠ ʧʦʪʽʢ 

ʰʚʠʜʢʦʩʪʽ ʯʝʨʝʟ Q, ʥʘ ʧʽʜʩʪʘʚʽ ʚʠʟʥʘʯʝʥʥʷ ʟʘʧʠʰʝʤʦ ʡʦʛʦ ʫ ʚʠʛʣʷʜʽ 

ʽʥʪʝʛʨʘʣʘ ʧʦ ʧʦʚʝʨʭʥʽ 

,n x y zQ v d v d v dydz v dzdx v dxdy
s s s

= Ö s= s= + +ñ ñ ñ  

ʜʝ v ï ʚʝʢʪʦʨ ʰʚʠʜʢʦʩʪʽ, vn ï ʡʦʛʦ ʧʨʦʝʢʮʽʷ ʥʘ ʜʘʥʫ ʧʦʚʝʨʭʥʶ. 

ʗʢʱʦ ʧʦʚʝʨʭʥʷ ů ʟʘʤʢʥʫʪʘ, ʚ ʷʢʦʩʪʽ ʥʘʧʨʷʤʫ ʚʠʙʠʨʘʻʪʴʩʷ 

ʟʦʚʥʽʰʥʷ ʥʦʨʤʘʣʴ ʧʦʚʝʨʭʥʽ. ʇʨʠ ʮʴʦʤʫ ʫʤʦʚʥʦ ʧʨʠʡʥʷʪʦ, ʱʦ ʦʙ'ʻʤ 

ʚʠʪʽʢʘʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʦʜʘʪʥʠʡ, ʘ ʚʧʘʜʘʶʯʦʛʦ ï ʚʽʜ'ʻʤʥʠʡ. 

ʇʦʚʝʨʭʥʝʚʠʡ ʽʥʪʝʛʨʘʣ ʥʘ ʧʽʜʩʪʘʚʽ ʪʝʦʨʝʤʠ ɻʘʫʩʘ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʜʽ 

.
V

Q v d divvdV
s

= Ö s=ñ ñ
                         (3.8) 

ʈʘʟʦʤ ʟ ʦʙ'ʻʤʦʤ ʩʫʮʽʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʚʠʪʽʢʘʻ ʯʝʨʝʟ ʟʘʜʘʥʫ 

ʧʦʚʝʨʭʥʶ, ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʤʘʩʫ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʧʨʦʪʽʢʘʻ ʯʝʨʝʟ 

ʧʦʚʝʨʭʥʶ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʥʪʝʛʨʘʣʦʤ 

,
2

2

C
g

p

g
z =++

r

u
 

ʷʢʠʡ ʥʘʟʠʚʘʻʪʴʩʷ ʧʦʪʦʢʦʤ ʤʘʩʠ. ʗʢʱʦ ʧʦʚʝʨʭʥʷ ů ʟʘʤʢʥʫʪʘ, ʪʦ 

.
V

v d div vdV
s

r Ö s= rñ ñ                          (3.9) 

ʗʢʱʦ ʨʽʜʠʥʘ ʥʝʩʪʠʩʢʫʚʘʥʘ ʘʙʦ ʪʝʯʽʷ ʩʪʘʮʽʦʥʘʨʥʘ, ʪʦ ʟ ʨʽʚʥʷʥʥʷ 

ʥʝʨʦʟʨʠʚʥʦʩʪʽ ʚʠʭʦʜʠʪʴ, ʱʦ ʦʩʪʘʥʥʽʡ ʽʥʪʝʛʨʘʣ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. 
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ʇʦʥʷʪʪʷ ʧʦʪʦʢʫ ʤʘʩʠ ʜʦʟʚʦʣʷʻ ʧʨʦʩʪʦ ʦʪʨʠʤʘʪʠ ʨʽʚʥʷʥʥʷ 

ʥʝʨʦʟʨʠʚʥʦʩʪʽ, ʨʦʟʛʣʷʥʫʪʝ ʚʠʱʝ. ʉʘʤʝ, ʧʦʪʽʢ ʤʘʩʠ ʢʨʽʟʴ ʜʝʷʢʫ 

ʥʝʨʫʭʦʤʫ ʟʘʤʢʥʫʪʫ ʧʦʚʝʨʭʥʶ ů ʚʠʟʥʘʯʘʻ ʚʠʪʽʢʘʶʯʫ ʚ ʦʜʠʥʠʮʶ ʯʘʩʫ 

ʤʘʩʫ ʩʫʮʽʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʎʝ ʩʧʨʠʯʠʥʠʪʴ ʟʤʝʥʰʝʥʥʷ ʛʫʩʪʠʥʠ ʪʦʯʦʢ 

ʫʩʝʨʝʜʠʥʽ ů ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ ʥʘ ʚʝʣʠʯʠʥʫ ʽ ʚʽʜʧʦʚʽʜʥʝ ʟʤʝʥʰʝʥʥʷ ʤʘʩʠ 

ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ů, ʪʦʙʪʦ 

.
V V

div vdV dV
t

µr
r =-

µñ ñ  

ʆʩʢʽʣʴʢʠ ʦʙ'ʻʤ V ʜʦʚʽʣʴʥʠʡ, ʪʦ ʟ ʦʩʪʘʥʥʴʦʛʦ ʨʽʚʥʷʥʥʷ ʤʘʻʤʦ 

0.div v
t

µr
+ r =

µ
   (3.10) 

ʎʝ ʽ ʻ ʨʽʚʥʷʥʥʷ ʥʝʨʦʟʨʠʚʥʦʩʪʽ. 

ɼʨʫʛʦʶ ʽʩʪʦʪʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʧʦʣʷ ʻ ʧʦʥʷʪʪʷ ʮʠʨʢʫʣʷʮʽʾ 

ʰʚʠʜʢʦʩʪʽ, ʢ̫ʘ ʧʦʟʥʘʯʘʻʪʴʩʷ ɻ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʢʨʠʚʦʣʽʥʽʡʥʠʡ 

ʽʥʪʝʛʨʘʣ ʧʦ ʟʘʤʢʥʫʪʽʡ ʢʨʠʚʽʡ L ʽʟ ʟʘʜʘʥʠʤ ʥʘʧʨʷʤʦʤ ʦʙʭʦʜʫ 

 

,x y z

L L

ɻ vds v dx v dy vdz= = + +ñ ñ                      (3.11)  

ʜʝ ds - ʝʣʝʤʝʥʪ ʢʨʠʚʦʾ L. 

ʇʦ ʪʝʦʨʝʤ ̔ʉʪʦʢʩʫ ʮʠʨʢʫʣʷʮʽʶ ʰʚʠʜʢʦʩʪʽ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ  

,
L

ɻ vds rotv d
s

= = Ö sñ ñ                             (3.12) 

ʜʝ ů ï ʙʫʜʴ-ʷʢʘ ʧʦʚʝʨʭʥʷ, ʦʙʤʝʞʝʥʘ L. ʈʘʥʽʰʝ ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ 

ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʯʘʩʪʦʢ ʩʫʮʽʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʚʝʢʪʦʨʦʤ 

.
2

1

u
w

rot
=  

ɺʝʢʪʦʨ 

2 rotvW= w=  

ʥʘʟʠʚʘʻʪʴʩʷ ʚʝʢʪʦʨʦʤ ʟʘʚʠʭʨʝʥʥʦʩʪ ̔ʨʫʭʫ, ʘʙʦ ʚʝʢʪʦʨʦʤ ʟʘʚʠʭʨʝʥʥʦʩʪ ̔

ʰʚʠʜʢʦʩʪʽ. ʎʝʡ ʚʝʢʪʦʨ, ʷʢ ʦʯʝʚʠʜʥʦ, ʭʘʨʘʢʪʝʨʠʟʫʻ ʦʙʝʨʪʘʥʥʷ ʯʘʩʪʦʢ 

ʩʫʮʽʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʗʢ ʚʠʧʣʠʚʘʻ ʟ ʬʦʨʤʫʣʠ (3.12), ʮʠʨʢʫʣʷʮʽʷ 

ʰʚʠʜʢʦʩʪʽ ʜʦʨʽʚʥʶʻ ʧʦʪʦʢʫ ʟʘʚʠʭʨʝʥʥʦʩʪ ̔ʢʨʽʟʴ ʙʫʜʴ-ʷʢʫ ʧʦʚʝʨʭʥʶ, 

ʦʙʤʝʞʝʥʫ ʢʦʥʪʫʨʦʤ L. 

ɺʚʝʜʝʥʝ ʧʦʥʷʪʪʷ ʟʘʚʠʭʨʝʥʥʦʩʪ ̔ ʧʦʣʷ ʰʚʠʜʢʦʩʪʝʡ ʜʦʟʚʦʣʷʻ 

ʨʦʟʙʠʪʠ ʨʫʭʠ ʩʫʮʽʣʴʥʠʭ ʩʝʨʝʜʦʚʠʱ ʥʘ ʜʚʘ ʢʣʘʩʠ. ɼʦ ʧʝʨʰʦʛʦ ʚʽʜʥʝʩʝʤʦ 

ʨʫʭʠ, ʜʣʷ ʷʢʠʭ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ 

0.rotvW= = 
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ʊʘʢʽ ʨʫʭʠ ʥʘʟʠʚʘʪʠʤʝʤʦ ʙʝʟʟʘʚʠʭʨʨʦʚʠʤʠ, ʘʙʦ ʧʦʪʝʥʮʽʘʣʴʥʠʤʠ. ɸʣʝ 

ʦʩʪʘʥʥʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʻ ʥʝʦʙʭʽʜʥʦ  ʁʽ ʜʦʩʪʘʪʥʴʦʶ ʫʤʦʚʦʶ ʪʦʛʦ, ʱʦ 

ʚʝʢʪʦʨ ʰʚʠʜʢʦʩʪʽ ʻ ʛʨʘʜʽʻʥʪʦʤ ʜʝʷʢʦʾ ʬʫʥʢʮʽʾ, ʱʦ ʥʦʩʠʪʴ ʥʘʟʚʫ 

ʧʦʪʝʥʮʽʘʣʫ ʰʚʠʜʢʦʩʪʽ, ʪʦʙʪʦ 

v grad= f 

ʆʩʢʽʣʴʢʠ ʚʝʢʪʦʨ v ʻ ʬʫʥʢʮʽʻʶ ʭ, ʫ, z ʽ t, ʪʦ ʽ ʧʦʪʝʥʮʽʘʣ ʰʚʠʜʢʦʩʪʽ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʭ ʞʝ ʟʤʽʥʥʠʭ. ɼʦ ʜʨʫʛʦʛʦ ʢʣʘʩʫ ʨʫʭʽʚ ʩʫʮʽʣʴʥʠʭ 

ʩʝʨʝʜʦʚʠʱ ʚʽʜʥʦʩʷʪʴʩʷ ʪʘʢʽ, ʜʣʷ ʷʢʠʭ 

0.rotv¸  

ʊʘʢ̔ ʨʫʭʠ ʥʘʟʠʚʘʶʪʴʩʷ ʟʘʚʠʭʨʝʥʠʤʠ. 

 

3.3. ʈʽʚʥʷʥʥʷ ɹʝʨʥʫʣʣʽ ʪʘ ɽʡʣʝʨʘ ʜʣʷ ʨʫʭʫ ʨʽʜʠʥʠ 

ʆʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʻ ʚʠʟʥʘʯʝʥʥʷ ʧʦʣʷ 

ʰʚʠʜʢʦʩʪʝʡ ʨʽʜʠʥʠ ʟʘ ʟʘʜʘʥʠʤʠ ʤʘʩʦʚʠʤʠ ʩʠʣʘʤʠ, ʱʦ ʜʽʶʯʠʭ ʚ ʥʽʡ. 

ʇʽʜ ʧʦʣʝʤ ʰʚʠʜʢʦʩʪʝʡ ʨʦʟʫʤʽʻʪʴʩʷ ʩʫʢʫʧʥʽʩʪʴ ʚʝʢʪʦʨʽʚ ʰʚʠʜʢʦʩʪʝʡ 

ʦʢʨʝʤʠʭ ʪʦʯʦʢ ʨʽʜʠʥʠ, ʱʦ ʟʘʧʦʚʥʶʻ ʧʨʦʩʪʽʨ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʚʜʘʥʥʷ 

ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʫ ʚʢʘʟʘʥʽʡ ʧʦʩʪʘʥʦʚʮʽ ʧʦʚʠʥʥʝ ʨʦʟʚ'ʷʟʫʚʘʪʠʩʷ ʚ ʟʤʽʥʥʠʭ 

ɽʡʣʝʨʘ. ʊʦʜʽ ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʽʜʝʘʣʴʥʦʾ ʨʽʜʠʥʠ ʦʪʨʠʤʫʻʤʦ ʫ ʚʠʜʽ 

1
( )

v
vgrad v F gradp

t

µ
+ = -

µ r
,                           (3.13) 

ʷʢʝ ʥʘʟʠʚʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ɽʡʣʝʨʘ. 

ʈʘʟʦʤ ʟ ʨʽʚʥʷʥʥʷʤ ʥʝʨʦʟʨʠʚʥʦʩʪʽ (3.10) ʫ ʨʘʟʽ ʩʪʠʩʢʫʚʘʥʦʾ ʨʽʜʠʥʠ 

ʨʽʚʥʷʥʥʷ (3.13) ʤʽʩʪʠʪʴ ʧ'ʷʪʴ ʥʝʚʽʜʦʤʠʭ: ʛʫʩʪʠʥʫ, ʪʠʩʢ ʽ ʪʨʠ 

ʢʦʤʧʦʥʝʥʪʠ ʰʚʠʜʢʦʩʪʽ, ʷʢʽ ʻ ʬʫʥʢʮʽʷʤʠ ʢʦʦʨʜʠʥʘʪ ʽ ʯʘʩʫ. ɺʠʨʘʟʠ (3.10) 

ʽ (3.13) ʩʢʣʘʜʘʶʪʴ ʩʠʩʪʝʤʫ ʯʦʪʠʨʴʦʭ ʩʢʘʣʷʨʥʠʭ ʨʽʚʥʷʥʴ ʨʫʭʫ ʨʽʜʠʥʠ 

ʚʽʜʥʦʩʥʦ ʧ'ʷʪʠ ʥʝʚʽʜʦʤʠʭ: vx, vy, vz, p  ̔ɟ, ʪʦʤʫ ʜʣʷ ʾʭ ʨʦʟʚ'ʷʟʘʥʥʷ 

ʥʝʦʙʭʽʜʥʝ ʜʦʜʘʪʢʦʚʝ ʨʽʚʥʷʥʥʷ, ʢ̫ʠʤ ʻ ʫʤʦʚʘ ʥʝʩʪʠʩʢʫʚʘʥʦʩʪʽ ʨʽʜʠʥʠ 
.const=r  

ʈʽʜʠʥʘ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʜʘʥʽʡ ʫʤʦʚʽ, ʥʘʟʠʚʘʻʪʴʩʷ ʥʝʩʪʠʩʢʫʚʘʥʦʶ. ʊʦʜʽ 

ʨʽʚʥʷʥʥʷ ɽʡʣʝʨʘ ʤʦʞʥʘ ʧʝʨʝʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ 

( )
v p

vgrad v F grad
t

µ
+ = -

µ r
,                          (3.14) 

ʽ ʨʽʚʥʷʥʥʷ ʥʝʨʦʟʨʠʚʥʦʩʪʽ ʫ ʚʠʛʣʷʜʽ 

 

.0=vdiv
C

                                    (3.15) 

ʌʦʨʤʫʣʠ (3.13) ï (3.15) ʩʢʣʘʜʘʶʪʴ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ, ʱʦ ʦʧʠʩʫʶʪʴ ʨʫʭ 

ʽʜʝʘʣʴʥʦʾ ʥʝʩʪʠʩʢʫʚʘʥʦʾ ʨʽʜʠʥʠ. 

ʆʩʥʦʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʬʽʟʠʯʥʠʡ ʩʪʘʥ ʨʽʜʠʥʠ, 

ʻ ʛʫʩʪʠʥʘ ɟ, ʪʠʩʢ ʨ ʽ ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʊ. ʎʽ ʧʘʨʘʤʝʪʨʠ ʩʪʘʥʫ ʥʝ ʻ 

ʥʝʟʘʣʝʞʥʠʤʠ. ʈʽʜʠʥʠ, ʛʫʩʪʠʥʘ ʚ ʷʢʠʭ ʻ ʣʠʰʝ ʬʫʥʢʮʽʻʶ ʪʠʩʢʫ 
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( )f pr=                                         (3.16) 

ʥʘʟʠʚʘʶʪʴʩʷ ʙʘʨʦʪʨʦʧʥʠʤʠ. 

ʈʫʭ ʨʽʜʠʥʠ, ʛʫʩʪʠʥʘ ʪʘ ʾʾ ʪʠʩʢ ʧʦʚ'ʷʟʘʥʽ ʨʽʚʥʷʥʥʷʤ 
1/nCpr=                                        (3.17) 

ʜʝ ʉ ï ʩʪʘʣʘ ʨʫʭʫ; n ï ʧʦʢʘʟʥʠʢ ʧʦʣʽʪʨʦʧʠ (ʧʨʠ n = 1 ʧʨʦʮʝʩ ʻ 

ʽʟʦʪʝʨʤʽʯʥʠʤ). 

 

3.4. ʅʘʧʨʫʞʝʥʥʷ ʚ ʨʽʜʠʥʽ, ʱʦ ʨʫʭʘʻʪʴʩʷ 

ʐʽʩʪʴ ʚʝʣʠʯʠʥ, ʱʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʭ, ʫ ʽ z, ʫʪʚʦʨʶʶʪʴ ʪʝʥʟʦʨ 

ʜʝʬʦʨʤʘʮʽʾ, ʷʢʠʡ ʚ ʢʦʞʥʽʡ ʪʦʯʮʽ ʧʨʦʩʪʦʨʫ ʭʘʨʘʢʪʝʨʠʟʫʻ ʜʝʬʦʨʤʘʮʽʶ 

ʯʘʩʪʢʠ ʩʫʮʽʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʦʪʦʯʫʻ ʜʘʥʫ ʪʦʯʢʫ. ɺʢʘʟʘʥʠʡ ʪʝʥʟʦʨ 

ʧʦʟʥʘʯʘʻʪʴʩʷ ʌ ʽ ʤʘʻ ʚʠʛʣʷʜ 

ö
ö
ö
ö
ö
ö
ö

÷

õ

æ
æ
æ
æ
æ
æ
æ

ç

å

=

zz
zyzx

yz
yy

yx

xzxy
xx

e
ee

e
e

e

ee
e

ʌ

22

22

22

. 

ʐʚʠʜʢʦʩʪʽ ʨʽʟʥʠʭ ʪʦʯʦʢ ʤʘʣʦʾ ʯʘʩʪʢʠ ʩʫʮʽʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ  

ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʜ̫ ̔

0 1 2,v v v v= + + 

ʜʝ v0 ï ʰʚʠʜʢʽʩʪʴ ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʨʫʭʫ ʯʘʩʪʢʠ; v1 ï ʰʚʠʜʢʽʩʪʴ ʾʾ 

ʦʙʝʨʪʘʣʴʥʦʛʦ ʨʫʭʫ ʚʽʜʥʦʩʥʦ ʧʝʚʥʦʛʦ ʮʝʥʪʨʫ ʆ 

n
wn C
CC

rot

R
R

2
1 == ; 

v2 ï ʰʚʠʜʢʽʩʪʴ ʜʝʬʦʨʤʘʮʽʾ ʯʘʩʪʢʠ ʨʽʜʠʥʠ 

2

df
v grad gradf

dt
= = . 

ʇʨʦʝʢʮʽʾ ʚʝʢʪʦʨʘ ʰʚʠʜʢʦʩʪʽ v ʧʦʟʥʘʯʘʻʤʦ ʚʽʜʧʦʚʽʜʥʦ vx, vy  ̔ vz, ʢʨʽʤ 

ʮʴʦʛʦ ʪʘʢʦʞ ʚʚʝʜʝʤʦ ʧʦʟʥʘʯʝʥʥʷ 

; ; ;

; ; .

yx z
xx yy zz

y yx xz z
xy yz zx

vv v
e e e

x y z

v vv vv v
e e e

y x z y z z

µµ µ
= = =
µ µ µ

µ µµ µµ µ
= + = + = +
µ µ µ µ µ µ

 

ʇʝʨʰʽ ʪʨʠ ʚʝʣʠʯʠʥʠ ʻ ʰʚʠʜʢʦʩʪʷʤʠ ʚʽʜʥʦʩʥʦʛʦ ʧʦʜʦʚʞʝʥʥʷ ʝʣʝʤʝʥʪʽʚ, 

ʨʦʟʪʘʰʦʚʘʥʠʭ ʧʘʨʘʣʝʣʴʥʦ ʦʩʷʤ ʢʦʦʨʜʠʥʘʪ, ʪʨʠ ʽʥʰʽ ï ʰʚʠʜʢʦʩʪʽ 



 42 

ʜʝʬʦʨʤʘʮʽʾ ʧʨʷʤʠʭ ʢʫʪʽʚ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʚʝʜʝʥʽ ʧʦʟʥʘʯʝʥʥʷ, 

ʦʪʨʠʤʫʻʤʦ 
2 2 2 .xx yy zz xy yz zxf e e e e e e= x + h + z + xh+ hz+ zx 

ʐʽʩʪʴ ʚʝʣʠʯʠʥ ʝʭʭ, ʝʫʫ, ezz, exy, eyz  ̔ ʝzʭ ʥʦʩʷʪʴ ʥʘʟʚʫ ʢʦʤʧʦʥʝʥʪʽʚ 

ʰʚʠʜʢʦʩʪʝʡ ʜʝʬʦʨʤʘʮʽʾ, ʚʦʥʠ ʫʪʚʦʨʶʶʪʴ ʪʝʥʟʦʨ ʰʚʠʜʢʦʩʪʝʡ 

ʜʝʬʦʨʤʘʮʽʾ 

ö
ö
ö
ö
ö
ö
ö

÷

õ

æ
æ
æ
æ
æ
æ
æ

ç

å

=

zz
zyzx

yz
yy

yx

xzxy
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e
ee

e
e

e

ee
e

ʌ

22

22

22

. 

 

3.5. ʊʝʦʨʝʤʘ ʧʨʦ ʟʤʽʥʫ ʢʽʣʴʢʦʩʪʽ ʨʫʭʫ ʧʦʪʦʢʫ ʨʽʜʠʥʠ 

ʇʨʠ ʨʦʟʚ'ʷʟʘʥʥʽ ʜʝʷʢʠʭ ʛʽʜʨʘʚʣʽʯʥʠʭ ʟʘʜʘʯ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʽʚʥʷʥʥʷ ɹʝʨʥʫʣʣʽ ʥʝʜʦʩʪʘʪʥʴʦ, ʚ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʥʝʦʙʭʽʜʥʦ ʚʚʝʩʪʠ 

ʧʦʥʷʪʪʷ ʢʽʣʴʢʦʩʪʽ ʨʫʭʫ ʤʘʪʝʨʽʘʣʴʥʦʾ ʪʦʯʢʠ, ʟʘʩʪʦʩʫʚʘʚʰʠ ʡʦʛʦ ʜʣʷ ʨʫʭʫ 

ʩʫʮʽʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʂʽʣʴʢʽʩʪʴ ʨʫʭʫ ʤʘʪʝʨʽʘʣʴʥʦʾ ʪʦʯʢʠ ï ʚʝʢʪʦʨʥʘ ʚʝʣʠʯʠʥʘ, ʷʢʘ 

ʜʦʨʽʚʥʶʻ ʜʦʙʫʪʢʫ ʤʘʩʠ ʪʦʯʢʠ ʥʘ ʰʚʠʜʢʽʩʪʴ ʾʾ ʨʫʭʫ 

q = mɡ.     (3.18) 

ʂʽʣʴʢʽʩʪʴ ʨʫʭʫ ʻ ʦʜʥʽʻʶ ʟ ʜʚʦʭ ʤʽʨ ʤʝʭʘʥʽʯʥʦʛʦ ʨʫʭʫ (ʽʥʰʘ ï ʢʽʥʝʪʠʯʥʘ 

ʝʥʝʨʛʽʷ). ɺʝʢʪʦʨ q ʩʧʨʷʤʦʚʘʥʠʡ ʟʘ ʚʝʢʪʦʨʦʤ ʰʚʠʜʢʦʩʪʽ, ʪʦʙʪʦ ʧʦ 

ʜʦʪʠʯʥʽʡ ʜʦ ʪʨʘʻʢʪʦʨʽʾ. ʈʦʟʤʽʨʥʽʩʪʴ ʢʽʣʴʢʦʩʪʽ ʨʫʭʫ ï ʢʛĀʤ/ʩ ʘʙʦ ʅĀʩ.  

ʅʘʨʷʜʫ ʟ ʢʽʣʴʢʽʩʪʶ ʨʫʭʫ ʚ ʤʝʭʘʥʽʮʽ ʨʫʭʫ ʨʽʜʠʥʠ ʚʚʦʜʠʪʴʩʷ 

ʧʦʥʷʪʪʷ ʧʨʦ ʝʣʝʤʝʥʪʘʨʥʠʡ ʽʤʧʫʣʴʩ ʩʠʣʠ ï ʚʝʢʪʦʨʥʫ ʚʝʣʠʯʠʥʫ, ʷʢʘ 

ʜʦʨʽʚʥʶʻ ʜʦʙʫʪʢʫ ʩʠʣʠ ʥʘ ʯʘʩ ʾʾ ʜʽʾ 

dS = Fdt.   (3.19) 

ʊʦʜʽ ʧʦʚʥʠʡ ʽʤʧʫʣʴʩ ʧʦʩʪʽʡʥʦʾ ʩʠʣʠ ʜʦʨʽʚʥʶʻ ʜʦʙʫʪʢʫ ʤʦʜʫʣʷ ʩʠʣʠ ʥʘ 

ʯʘʩ ʾʾ ʜʽʾ 

ññ ===
tS

tdtd
00

.FFSS    (3.20) 

ʆʜʠʥʠʮʷ ʚʠʤʽʨʫ ʽʤʧʫʣʴʩʫ ʩʠʣʠ ʪʘ ʞ, ʱʦ ʽ ʫ ʢʽʣʴʢʦʩʪʽ ʨʫʭʫ. ʇʨʦʝʢʮʽʾ 

ʽʤʧʫʣʴʩʫ ʩʠʣʠ ʥʘ ʢʦʦʨʜʠʥʘʪʥʽ ʦʩʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ 

ñññ ======
t

zzz

t

yyy

t

xxx tFdtFStFdtFStFdtFS
000

.,,  (3.21) 

ɿʥʘʶʯʠ ʧʨʦʝʢʮʽʾ ʚʝʢʪʦʨʘ ʽʤʧʫʣʴʩʫ ʩʠʣʠ ʥʘ ʦʩʽ ʜʝʢʘʨʪʦʚʦʾ ʩʠʩʪʝʤʠ 

ʢʦʦʨʜʠʥʘʪ, ʟʘʚʞʜʠ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʡʦʛʦ ʤʦʜʫʣʴ  
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222
zyx SSSS ++=    (3.22) 

ʽ ʥʘʧʨʷʤʦʢ 

.)^cos(,)^cos(,)^cos(
S

S

S

S

S

S zyx === kSjSiS      (3.23) 

ɺʽʜ ʧʦʥʷʪʪʷ ʢʽʣʴʢʦʩʪʽ ʨʫʭʫ ʦʢʨʝʤʦʾ ʪʦʯʢʠ ʧʝʨʝʭʦʜʠʤʦ ʜʦ 

ʢʽʣʴʢʦʩʪʽ ʨʫʭʫ ʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ï ʚʝʢʪʦʨʥʦʾ ʚʝʣʠʯʠʥʠ, ʷʢʘ ʜʦʨʽʚʥʶʻ 

ʛʝʦʤʝʪʨʠʯʥʽʡ ʩʫʤʽ ʢʽʣʴʢʦʩʪʝʡ ʨʫʭʫ ʤʘʪʝʨʽʘʣʴʥʠʭ ʪʦʯʦʢ, ʱʦ ʚʭʦʜʷʪʴ ʚ 

ʩʠʩʪʝʤʫ 

c

n

k
k

n

k
k Mm ɡɡqQ k === ää

== 11
,  (3.24) 

ʜʝ ʄ ï ʧʦʚʥʘ ʤʘʩʘ ʩʠʩʪʝʤʠ, ɡʉ ï ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʮʝʥʪʨʫ ʤʘʩ ʜʘʥʦʾ 

ʩʠʩʪʝʤʠ. ʇʨʦʝʢʮʽʾ ʢʽʣʴʢʦʩʪʽ ʨʫʭʫ ʩʠʩʪʝʤʠ ʥʘ ʢʦʦʨʜʠʥʘʪʥʽ ʦʩʽ  

Qʭ = Mɡcʭ,     Qʫ = Mɡcʫ,     Qz = Mɡcz.  (3.25) 

ɿʥʘʶʯʠ ʧʨʦʝʢʮʽʾ ʚʝʢʪʦʨʘ ʢʽʣʴʢʦʩʪʽ ʨʫʭʫ ʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʦʩʽ 

ʜʝʢʘʨʪʦʚʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ, ʟʘʚʞʜʠ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʡʦʛʦ ʤʦʜʫʣʴ   

222
zyx QQQQ ++=    (3.26) 

ʽ ʥʘʧʨʷʤʦʢ 

 .)^cos(,)^cos(,)^cos(
Q

Q

Q

Q

Q

Q zyx === kQjQiQ                (3.27) 

ɿʘʧʠʰʝʤʦ ɯɯ ʟʘʢʦʥ ʅʴʶʪʦʥʘ ʜʣʷ ʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ 

ääää

====
+=Ý=

n

k

i
k

e
k

n

k

k
k

n

k
kk

n

k
k

dt

d
mm

1111
).( FF

ɡ
aF  

ɺ̔ ʜʦʤʦ, ʱʦ ʛʦʣʦʚʥʠʡ ʚʝʢʪʦʨ ʚʥʫʪʨʽʰʥʽʭ ʩʠʣ ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʪʦʤʫ 

ää

==
=Ý==

n

k

eee
k

n

k

kk

dt

d

dt

md

11
.

)(
R

Q
RF

ɡ
  (3.28) 

ʌʦʨʤʫʣʘ (3.28) ʻ ʪʝʦʨʝʤʦʶ ʧʨʦ ʟʤʽʥʫ ʢʽʣʴʢʦʩʪʽ ʨʫʭʫ ʤʝʭʘʥʽʯʥʦʾ 

ʩʠʩʪʝʤʠ ʚ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽʡ ʬʦʨʤʽ: ʧʦʭʽʜʥʘ ʟʘ ʯʘʩʦʤ ʚʽʜ ʢʽʣʴʢʦʩʪʽ 

ʨʫʭʫ ʩʠʩʪʝʤʠ ʜʦʨʽʚʥʶʻ ʛʦʣʦʚʥʦʤʫ ʚʝʢʪʦʨʫ ʫʩʽʭ ʟʦʚʥʽʰʥʽʭ ʩʠʣ, ʱʦ 

ʜʽʶʪʴ ʥʘ ʜʘʥʫ ʩʠʩʪʝʤʫ. ʈʦʟʜʽʣʷʻʤʦ ʟʤʽʥʥʽ ʪʘ ʽʥʪʝʛʨʫʻʤʦ ʦʪʨʠʤʘʥʝ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ 

ää ññä

===
==-Ý=Ý==

n

k

e
k

n

k

e
k

n

k

e
k

e
e
k

ddddtd
11

0
01

.
0

e
SQ

Q

SSQQSQSRQ    (3.29) 

ɺʠʨʘʟ (3.29) ʻ ʪʝʦʨʝʤʦʶ ʧʨʦ ʟʤʽʥʫ ʢʽʣʴʢʦʩʪʽ ʨʫʭʫ ʤʝʭʘʥʽʯʥʦʾ 

ʩʠʩʪʝʤʠ ʚ ʽʥʪʝʛʨʘʣʴʥʽʡ ʬʦʨʤʽ: ʟʤʽʥʘ ʢʽʣʴʢʦʩʪʽ ʨʫʭʫ ʩʠʩʪʝʤʠ 

ʤʘʪʝʨʽʘʣʴʥʠʭ ʪʦʯʦʢ  ʟʘ ʧʝʚʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ t ʜʦʨʽʚʥʶʻ ʧʦʚʥʦʤʫ 

ʽʤʧʫʣʴʩʫ ʛʦʣʦʚʥʦʛʦ ʚʝʢʪʦʨʘ ʫʩʽʭ ʟʦʚʥʽʰʥʽʭ ʩʠʣ, ʱʦ ʜʽʶʪʴ ʥʘ ʪʦʯʢʠ 
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ʩʠʩʪʝʤʠ ʟʘ ʪʦʡ ʩʘʤʠʡ ʯʘʩ. ɺ ʧʨʦʝʢʮʽʷʭ ʥʘ ʢʦʦʨʜʠʥʘʪʥʽ ʦʩʽ ʦʩʪʘʥʥʷ 

ʪʝʦʨʝʤʘ ʤʘʻ ʚʠʛʣʷʜ 

.,, 000
e
zzz

e
yyy

e
xxx SQQSQQSQQ =-=-=-    (3.30) 

ɿ ʪʝʦʨʝʤʠ (3.29) ʚʠʪʽʢʘʻ, ʱʦ ʢʦʣʠ ʛʦʣʦʚʥʠʡ ʚʝʢʪʦʨ ʟʦʚʥʽʰʥʽʭ ʩʠʣ, ʱʦ 

ʜʽʶʪʴ ʥʘ ʩʠʩʪʝʤʫ, ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʪʦ ʢʽʣʴʢʽʩʪʴ ʨʫʭʫ ʩʠʩʪʝʤʠ 

ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʦʶ: 

.00 const
dt

de =Ý=Ý= Q
Q

R   (3.31) 

ʗʢʱʦ ʞ ʧʨʦʝʢʮʽʷ ʛʦʣʦʚʥʦʛʦ ʚʝʢʪʦʨʘ ʟʦʚʥʽʰʥʽʭ ʩʠʣ ʥʘ ʷʢʫ-ʥʝʙʫʜʴ 

ʥʝʨʫʭʦʤʫ ʚʽʩʴ ʽʥʝʨʮʽʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʪʦ 

ʧʨʦʝʢʮʽʷ ʢʽʣʴʢʽʩʪʴ ʨʫʭʫ ʩʠʩʪʝʤʠ ʥʘ ʮʶ ʚʽʩʴ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʦʶ: 

.00R constQ
dt

dQ
x

xe
x =Ý=Ý=  (3.32) 

ʌʦʨʤʫʣʠ (3.31) ï (3.32) ʥʘʟʠʚʘʶʪʴʩʷ ʟʘʢʦʥʘʤʠ ʟʙʝʨʝʞʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʨʫʭʫ ʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ. 

ʊʝʦʨʝʤʘ ʧʨʦ ʟʤʽʥʫ ʢʽʣʴʢʦʩʪʽ ʨʫʭʫ ʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʘ ʧʨʠ ʨʦʟʛʣʷʜʽ ʩʪʘʣʦʛʦ ʨʫʭʫ ʩʫʮʽʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʉʪʘʣʠʡ 

ʨʫʭ ï ʨʫʭ, ʧʨʠ ʷʢʦʤʫ ʚ ʙʫʜʴ-ʷʢʦʤʫ ʦʙôʻʤʽ ʰʚʠʜʢʽʩʪʴ, ʪʠʩʢ ʽ ʛʫʩʪʠʥʘ 

ʯʘʩʪʦʢ ʨʽʜʠʥʠ ʥʝ ʟʤʽʥʶʶʪʴʩʷ ʟ ʯʘʩʦʤ. ʇʨʠ ʚʠʚʯʝʥʥʽ ʩʪʘʣʦʛʦ ʨʫʭʫ 

ʩʫʮʽʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟʘʤʽʩʪʴ ʤʘʩʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʥʷʪʪʷ 

ʩʝʢʫʥʜʥʦʾ ʤʘʩʠ.  

ʉʝʢʫʥʜʥʘ ʤʘʩʘ ʪʩ ï ʢʽʣʴʢʽʩʪʴ ʤʘʩʠ ʨʽʜʠʥʠ, ʷʢʘ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ 

ʜʝʷʢʠʡ ʧʝʨʝʨʽʟ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ. ʆʜʠʥʠʮʷ ʚʠʤʽʨʫ ʩʝʢʫʥʜʥʦʾ ʤʘʩʠ ï 

ʢʛ/ʩ. ʇʨʠ ʩʪʘʣʦʤʫ ʨʫʩʽ ʩʝʨʝʜʦʚʠʱʘ ʯʝʨʝʟ ʢʦʞʝʥ ʧʝʨʝʨʽʟ ʟʘ ʦʜʠʥʠʮʶ 

ʯʘʩʫ ʧʨʦʭʦʜʠʪʴ ʦʜʥʘʢʦʚʘ ʢʽʣʴʢʽʩʪʴ ʨʽʜʠʥʠ (ʨʠʩ. 3.2), ʪʦʙʪʦ ʩʝʢʫʥʜʥʘ 

ʤʘʩʘ ʟʘʣʠʰʘʻʪʴʩʷ ʩʪʘʣʦʶ 

      ʪʩ = ɟ1s1ɡ1 = ɟ2s2ɡ2,  (3.33) 

ʜʝ ɟ1 ʽ ɟ2 ï ʛʫʩʪʠʥʘ ʨʽʜʠʥʠ ʚ ʧʦʯʘʪʢʦʚʦʤʫ ʽ 

ʢʽʥʮʝʚʦʤʫ ʧʝʨʝʨʽʟʘʭ, s1 ʽ s2 ï ʧʣʦʱʽ 

ʧʝʨʝʨʽʟʽʚ, ɡ1 ʽ ɡ2 ï ʰʚʠʜʢʦʩʪʽ ʨʽʜʠʥʠ ʚ 

ʧʦʯʘʪʢʦʚʦʤʫ ʽ ʢʽʥʮʝʚʦʤʫ ʧʝʨʝʨʽʟʘʭ. 
ʈʠʩ. 3.2. ʊʝʦʨʝʤʘ ɽʡʣʝʨʘ 

 

ɿʤʽʥʘ ʢʽʣʴʢʦʩʪʽ ʨʫʭʫ ʤʘʩʠ ʩʝʨʝʜʦʚʠʱʘ ʟʘ ʯʘʩ dt 

( ).121212 ɡɡɡɡ
Q

ɡɡQ -=-=Ý-= ccccc mmm
dt

d
dtmdtmd  

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʟʛʽʜʥʦ ʪʝʦʨʝʤʠ ʧʨʦ ʟʤʽʥʫ ʢʽʣʴʢʦʩʪʽ ʨʫʭʫ ʤʝʭʘʥʽʯʥʦʾ 

ʩʠʩʪʝʤʠ, ʟʤʽʥʘ ʢʽʣʴʢʦʩʪʽ ʨʫʭʫ ʜʦʨʽʚʥʶʻ ʛʦʣʦʚʥʦʤʫ ʚʝʢʪʦʨʫ ʟʦʚʥʽʰʥʽʭ 

ʩʠʣ 
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=-Ý==   (3.34) 

ʅʘ ʩʫʮʽʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ ʜʽʶʪʴ ʜʚʽ ʛʨʫʧʠ ʩʠʣ: 

- ʦʙôʻʤʥʽ (ʤʘʩʦʚʽ) ï ʩʠʣʠ, ʱʦ ʜʽʶʪʴ ʥʘ ʚʩʽ ʯʘʩʪʠʥʢʠ ʚʩʝʨʝʜʠʥʽ 

ʚʠʜʽʣʝʥʦʛʦ ʦʙôʻʤʫ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʾʭ ʧʦʣʦʞʝʥʥʷ (ʩʠʣʠ ʪʷʞʽʥʥʷ, ʽʥʝʨʮʽʾ); 

- ʧʦʚʝʨʭʥʝʚʽ ï ʩʠʣʠ, ʱʦ ʜʽʶʪʴ ʣʠʰʝ ʥʘ ʯʘʩʪʠʥʢʠ ʥʘ ʟʦʚʥʽʰʥʽʡ ʧʦʚʝʨʭʥʽ 

ʦʙôʻʤʫ (ʩʠʣʠ ʪʝʨʪʷ ʩʝʨʝʜʦʚʠʱʘ ʽ ʩʪʽʥʦʢ). ʈʦʟʧʠʩʘʚʰʠ ʟʦʚʥʽʰʥʽ ʩʠʣʠ, 

ʦʩʪʘʪʦʯʥʦ ʦʪʨʠʤʫʻʤʦ 

0)( 2112 =++-Ý+=- ʧʦʚʦʙccʧʦʚʦʙc mmm RRɡɡRRɡɡ  (3.35) 

ʪʝʦʨʝʤʫ ɽʡʣʝʨʘ: ʩʫʤʘ ʛʦʣʦʚʥʠʭ ʚʝʢʪʦʨʽʚ ʦʙôʻʤʥʠʭ, ʧʦʚʝʨʭʥʝʚʠʭ ʩʠʣ ʽ 

ʥʘʧʨʷʤʣʝʥʠʭ ʚʩʝʨʝʜʠʥʫ ʧʝʚʥʦʛʦ ʦʙôʻʤʫ ʩʝʢʫʥʜʥʠʭ ʢʽʣʴʢʦʩʪʝʡ ʨʫʭʽʚ 

ʨʽʜʠʥʠ, ʱʦ ʧʨʦʪʽʢʘʻ ʯʝʨʝʟ ʜʚʘ ʧʦʧʝʨʝʯʥʽ ʧʝʨʝʨʽʟʠ ʪʨʫʙʠ, ʜʦʨʽʚʥʶʻ 

ʥʫʣʶ. 

 ɺ ʧʨʦʝʢʮʽʾ ʥʘ ʢʦʦʨʜʠʥʘʪʥʽ ʦʩʽ 
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3.6. ʈʝʞʠʤʠ ʨʫʭʫ ʚ'ʷʟʢʦʾ ʨʽʜʠʥʠ 

ʈʫʭ ʨʽʜʠʥʠ, ʷʢʦʤʫ ʚʽʜʧʦʚʽʜʘʻ ʩʪʽʡʢʠʡ ʩʪʨʫʤʝʥʠʩʪʠʡ ʭʘʨʘʢʪʝʨ, 

ʥʘʟʠʚʘʻʪʴʩʷ ʣʘʤ̔ʥʘʨʥʠʤ ʨʫʭʦʤ, ʚʽʥ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʽʜʥʦʩʥʦ ʤʘʣʠʤʠ 

ʰʚʠʜʢʦʩʪʷʤʠ ʽ ʰʘʨʫʚʘʪʦʶ ʩʪʨʫʢʪʫʨʦʶ. ʏʘʩʪʠʥʢʠ ʨʽʜʠʥʠ ʥʝ 

ʧʝʨʝʤʽʰʫʶʪʴʩʷ, ʪʦʤʫ ʣʽʥʽʾ ʩʪʨʫʤʫ ʧʘʨʘʣʝʣʴʥʽ ʦʩʽ ʨʫʭʫ ʧʦʪʦʢʫ. 

ʃʘʤ̔ʥʘʨʥʠʡ ï ʚʧʦʨʷʜʢʦʚʘʥʠʡ ʨʫʭ ʯʘʩʪʦʢ ʨʽʜʠʥʠ, ʧʨʠ ʷʢʦʤʫ ʾʭ 

ʪʨʘʻʢʪʦʨʽʾ ʯʘʩʪʦʢ ʤʘʣʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʦʜʥʘ ʚʽʜ ʦʜʥʦ,ʾ ʪʦʤʫ ʨʽʜʠʥʠ 

ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʩʫʢʫʧʥʽʩʪʴ ʦʢʨʝʤʠʭ ʰʘʨʽʚ, ʱʦ ʨʫʭʘʶʪʴʩʷ ʟ 

ʨʽʟʥʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ, ʥʝ ʧʝʨʝʤʽʰʫʶʯʠʩʴ ʦʜʠʥ ʟ ʦʜʥʠʤ (ʨʠʩ. 3.3, ʘ). 

ʃʘʤ̔ʥʘʨʥʠʡ ʨʫʭ ʤʦʞʝ ʙʫʪʠ ʷʢ ʩʪʘʣʠʤ, ʪʘʢ ʽ ʥʝʩʪʘʣʠʤ. 

ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʨʽʜʠʥʠ ʩʪʨʫʤʽʥʴ ʥʘʙʫʚʘʻ ʜʝʷʢʦʛʦ 

ʭʚʠʣʷʩʪʦʛʦ ʭʘʨʘʢʪʝʨʫ, ʘ ʤʽʩʮʷʤʠ ʤʦʞʝ ʤʘʪʠ ʨʦʟʨʠʚʠ. ʇʦʨʫʰʝʥʥʶ 

ʩʪʨʫʤʝʥʠʩʪʦʛʦ ʨʫʭʫ ʚʦʜʠ ʚʽʜʧʦʚʽʜʘʻ ʜʝʷʢʘ ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ɡʢpl, ʷʢʘ 

ʜʽʩʪʘʣʘ ʥʘʟʚʫ ʥʠʞʥʴʦʾ ʢʨʠʪʠʯʥʦʾ ʰʚʠʜʢʦʩʪʽ. ʇʨʠ ʰʚʠʜʢʦʩʪʽ ɡ > ɡʢpl 

ʨʝʞʠʤ ʨʫʭʫ ʻ ʥʝʩʪʽʡʢʠʤ (ʨʠʩ. 3.3, ʙ). 

ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ʚ ʪʨʫʙʽ ʩʪʨʫʤʽʥʴ 

ʟʥʠʢʘʻ, ʡʦʛʦ ʯʘʩʪʠʥʢʠ ʨʫʭʘʶʪʴʩʷ ʚ ʨʽʟʥʠʭ ʥʘʧʨʷʤʘʭ, ʽ ʧʨʠ ʮʴʦʤʫ ʥʝ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʾʭ ʨʫʭʫ. ʇʝʨʝʭʽʜ ʨʫʭʫ ʧʦʪʦʢʫ ʚ ʪʘʢʠʡ 

ʩʪʘʥ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʢʦʣʠ ʰʚʠʜʢʽʩʪʴ ʜʦʩʷʛʥʝ ʜʝʷʢʦʾ ʚʝʣʠʯʠʥʠ ɡʢp2, ʷʢʘ 

ʥʘʟʠʚʘʻʪʴʩʷ ʚʝʨʭʥʴʦʶ ʢʨʠʪʠʯʥʦʶ ʰʚʠʜʢʽʩʪʶ. 
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ʈʫʭ, ʧʨʠ ʷʢʦʤʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʭʘʦʪʠʯʥʠʡ ʭʘʨʘʢʪʝʨ ʨʫʭʫ ʯʘʩʪʠʥʦʢ 

ʨʽʜʠʥʠ ʧʦ ʜʫʞʝ ʩʢʣʘʜʥʠʤ ʪʨʘʻʢʪʦʨʽʷʤ ʥʘʟʠʚʘʻʪʴʩʷ ʪʫʨʙʫʣʝʥʪʥʠʤ 

ʨʫʭʦʤ. 

ʊʫʨʙʫʣʝʥʪʥʠʡ ï ʨʫʭ ʨʽʜʠʥʠ, ʧʨʠ ʷʢʦʤʫ ʾʾ ʯʘʩʪʢʠ ʟʜʽʡʩʥʶʶʪʴ 

ʥʝʚʨʝʛʫʣʴʦʚʘʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʜʦʩʠʪʴ ʩʢʣʘʜʥʠʤʠ ʪʨʘʻʢʪʦʨʽʷʤʠ, ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʨʽʟʥʠʭ ʰʘʨʽʚ 

ʨʽʜʠʥʠ (ʨʠʩ. 3.3, ʚ). ʊʫʨʙʫʣʝʥʪʥʠʡ ʨʫʭ ʻ ʥʝʩʪʽʡʢʠʤ, ʚʽʥ ʤʘʻ ʤʽʩʮʝ ʟʘ 

ʫʤʦʚʠ ɡ > ɡʢp2. 

ʅʘʡʤʝʥʰʝ ʟʙʫʨʝʥʥʷ ʧʦʪʦʢʫ (ʧʦʰʪʦʚʭʠ, ʥʘʷʚʥʽʩʪʴ ʚ ʩʪʨʫʤʝʥʽ 

ʢʦʣʠʚʥʦʛʦ ʪʽʣʘ) ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʝʨʝʭʦʜʫ ʥʝʩʪʽʡʢʦʛʦ ʣʘʤʥ̔ʘʨʥʦʛʦ 

ʨʝʞʠʤʫ ʚ ʪʫʨʙʫʣʝʥʪʥʠʡ. ʆʙʫʨʝʥʥʷ ʤʦʞʝ ʩʪʘʪʠʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʝʷʢʦʛʦ 

ʩʪʨʫʩʫ ʪʨʫʙʠ ʫ ʚʠʜʽ 

 
ʈʠʩ. 3.3. ʈʝʞʠʤʠ ʨʫʭʫ ʨʽʜʠʥʠ: ʘ ï ʣʘʤʽʥʘʨʥʠʡ, ʙ ï ʧʝʨʝʭʽʜʥʠʡ, ʚ ï ʪʫʨʙʫʣʝʥʪʥʠʡ 

 

ʈʝʡʥʦʣʴʜʩ ʚʩʪʘʥʦʚʠʚ, ʱʦ ʚʝʣʠʯʠʥʘ ʢʨʠʪʠʯʥʦʾ ʰʚʠʜʢʦʩʪʽ ʧʨʷʤʦ 

ʧʨʦʧʦʨʮʽʡʥʘ ʜʠʥʘʤʯ̔ʥʡ̔ ʚ'ʷʟʢʦʩʪʽ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʘ ʛʫʩʪʠʥʽ ʨʽʜʠʥʠ 

ʽ ʜʽʘʤʝʪʨʫ ʪʨʫʙʠ  

,
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dd
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m
u ==  

ʜʝ ɜ ï ʢʥ̔ʝʤʘʪʠʯʥʘ ʚ'ʷʟʢʽʩʪʴ, Rʝ ï ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ. 

ʅʠʞʥʽʡ ʢʨʠʪʠʯʥʽʡ ʰʚʠʜʢʦʩʪʽ ɡʢpl ʚʽʜʧʦʚʽʜʘʻ ʢʨʠʪʠʯʥʝ ʯʠʩʣʦ Rʝ1 = 1000 

ï 2300, ʘ ʚʝʨʭʥʽʡ ʢʨʠʪʠʯʥʽʡ ʰʚʠʜʢʦʩʪʽ Rʝ2 = 4000. ʏʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʨʝʞʠʤ ʨʫʭʫ ʧʦʪʦʢʫ ʚ ʪʨʫʙʽ.  

ɺ ʧʨʘʢʪʠʯʥʠʭ ʽʥʞʝʥʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʧʨʠʡʤʘʶʪʴ, ʱʦ ʣʘʤ̔ʥʘʨʥʠʡ 

ʨʝʞʠʤ ʨʫʭʫ ʨʽʜʠʥʠ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʧʨʠ  Rʝ < 2320, ʨʦʟʚʠʥʝʥʠʡ 

ʪʫʨʙʫʣʝʥʪʥʠʡ ʨʫʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ Rʝ > 4000, ʘ ʤʽʞ ʥʠʤʠ 

ʟʥʘʭʦʜʠʪʴʩʷ ʧʝʨʝʭʽʜʥʘ ʥʝʩʪʽʡʢʘ ʢʨʠʪʠʯʥʘ ʦʙʣʘʩʪʴ ʪʝʯʽʾ ʨʽʜʠʥʠ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʨʝʞʠʤʫ ʨʫʭʫ ʨʜ̔ʠʥʠ ʚ 

ʪʨʫʙʦʧʨʦʚʦʜʽ ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʡʦʛʦ ʜʽʘʤʝʪʨ, ʚ'ʷʟʢʽʩʪʴ ʨ̔ ʜʠʥʠ ʪʘ ʾʾ 

ʩʝʨʝʜʥʶ ʰʚʠʜʢʽʩʪʴ. ɺʠʯʠʩʣʠʚʰʠ ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ, ʧʦʨʽʚʥʶʶʪʴ ʡʦʛʦ ʟ 

ʢʨʠʪʠʯʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ɡʢpl ʽ ɡʢp2. 

ʇʨʦʚʝʜʝʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʤʠ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʛʽʜʨʘʚʣʽʯʥʽ ʚʪʨʘʪʠ ʥʘʧʦʨʫ ʧʦ ʜʦʚʞʠʥʽ ʪʨʫʙʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʝʨʝʜʥʴʦʾ 

ʰʚʠʜʢʦʩʪʽ ɡ ʨʽʜʠʥʠ, ʪʦʙʪʦ ʚʽʜ ʾʾ ʨʝʞʠʤʫ ʨʫʭʫ. ɼʦʩʣʽʜʥʠʤ ʰʣʷʭʦʤ 

ʚʠʟʥʘʯʝʥ ̔ ʟʘʣʝʞʥʦʩʪ̔, ʭʘʨʘʢʪʝʨ ʷʢʠʭ ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʦ ʚʞʝ ʚ 

ʥʘʩʪʫʧʥʦʤʫ ʨʦʟʜʽʣʽ. 

 

ʇʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʶ 
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1. ɿʘʧʠʰʽʪʴ ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʨʽʜʠʥʠ ʚ ʬʦʨʤʽ ʃʘʛʨʘʥʞʘ. 

2. ɿʘʧʠʰʽʪʴ ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʨʽʜʠʥʠ ʚ ʬʦʨʤʽ ɽʡʣʝʨʘ. 

3. ʗʢʽ ʥʘʧʨʫʞʝʥʥʷ ʚʠʥʠʢʘʶʪʴ ʚ ʧʨʦʮʝʩʽ ʨʫʭʫ ʨʽʜʠʥʠ? 

4. ʗʢ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʨʫʭʫ ʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ? 

5. ʗʢʽ ʽʩʥʫʶʪʴ ʨʝʞʠʤʠ ʨʫʭʫ ʨʽʜʠʥʠ? 

ʃɸɹʆʈɸʊʆʈʅɸ ʈʆɹʆʊɸ ˉ  2 

ɺʀɿʅɸʏɽʅʅʗ ʈɽɾʀʄɯɺ ʈʋʍʋ ʈɯɼʀʅʀ ɺ  

ʂʈʋɻʃɯʁ ʊʈʋɹɯ 
ʄʝʪʘ ʨʦʙʦʪʠ: ʚʠʚʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʨʝʞʠʤʽʚ ʨʫʭʫ ʨʽʜʠʥʠ ʚ ʢʨʫʛʣʽʡ ʪʨʫʙʽ. 

 

ʊʝʦʨʝʪʠʯʥʽ ʚʽʜʦʤʦʩʪʽ 
ʈʫʭ ʚ'ʷʟʢʦʾ ʨʽʜʠʥʠ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʠʪʨʘʪʘʤʠ ʝʥʝʨʛʽʾ ʥʘ 

ʧʦʜʦʣʘʥʥʷ ʩʠʣ ʦʧʦʨʫ ʨʫʭʫ, ʧʨʠʯʦʤʫ ʚʝʣʠʯʠʥʘ ʚʠʪʨʘʪ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʨʝʞʠʤʫ ʨʫʭʫ ʨʽʜʠʥʠ. ɯʩʥʫʻ ʜʚʘ ʨʝʞʠʤʠ ʨʫʭʫ ʨʽʜʠʥʠ: ʣʘʤʽʥʘʨʥʠʡ ʽ  

ʪʫʨʙʫʣʝʥʪʥʠʡ.  

ʇʨʠ ʣʘʤʽʥʘʨʥʦʤʫ ʨʝʞʠʤʽ ʯʘʩʪʠʥʢʠ ʨʽʜʠʥʠ ʨʫʭʘʶʪʴʩʷ ʦʢʨʝʤʠʤʠ 

ʧʘʨʘʣʝʣʴʥʠʤʠ ʩʪʨʫʤʝʥʷʤʠ ʘʙʦ ʰʘʨʘʤʠ, ʱʦ ʥʝ ʟʤʽʰʫʶʪʴʩʷ ʦʜʠʥ ʟ 

ʦʜʥʠʤ, ʙʝʟ ʧʫʣʴʩʘʮʽʡ ʰʚʠʜʢʦʩʪʝʡ ʽ ʪʠʩʢʫ. ʃʘʤʽʥʘʨʥʘ ʪʝʯʽʷ ʻ ʮʽʣʢʦʤ 

ʚʧʦʨʷʜʢʦʚʘʥʦʶ ʽ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʥʘʧʦʨ̔ ʩʪʨʦʛʦ ʩʪʘʣʦʶ ʪʝʯʽʻʶ. 

ʇʨʠ ʪʫʨʙʫʣʝʥʪʥʦʤʫ ʨʝʞʠʤʽ ʨʫʭ ʨʽʜʠʥʠ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʾʾ 

ʽʥʪʝʥʩʠʚʥʠʤ ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ, ʧʫʣʴʩʘʮʽʻʶ ʰʚʠʜʢʦʩʪʝʡ ʽ ʪʠʩʢʫ. ʈʫʭ 

ʦʢʨʝʤʠʭ ʯʘʩʪʠʥʦʢ ʨʽʜʠʥʠ ʚ ʧʦʪʦʮʽ ʧʦʜʽʙʥʠʡ ʜʦ ʭʘʦʪʠʯʥʦʛʦ ʙʝʟʣʘʜʥʦʛʦ 

ʨʫʭʫ ʤʦʣʝʢʫʣ ʛʘʟʫ. ʇʨʠ ʪʫʨʙʫʣʝʥʪʥʦʤʫ ʨʝʞʠʤʽ ʨʫʭʫ ʨʽʜʠʥʠ ʚʝʢʪʦʨʠ 

ʰʚʠʜʢʦʩʪʝʡ ʤʘʶʪʴ ʦʩʴʦʚʽ ʽ ʥʦʨʤʘʣʴʥʽ ʩʢʣʘʜʦʚʽ ʜʦ ʦʩʽ ʪʝʯʽʾ, ʪʦʤʫ ʨʘʟʦʤ ʟ 

ʦʩʥʦʚʥʠʤ ʧʦʜʦʚʞʥʽʤ ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ ʨʽʜʠʥʠ ʫʟʜʦʚʞ ʨʫʩʣʘ 

ʚʽʜʙʫʚʘʪ̒ʴʩʷ ʧʦʧʝʨʝʯʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʽ ʦʙʝʨʪʘʣʴʥʽ ʨʫʭʠ ʦʢʨʝʤʠʭ 

ʦʙ'ʻʤʽʚ ʨʽʜʠʥʠ. 

ʇʨʠ ʣʘʤʽʥʘʨʥʦʤʫ ʨʫʩʽ ʝʥʝʨʛʽʷ ʚʠʪʨʘʯʘʻʪʴʩʷ ʪʽʣʴʢʠ ʥʘ ʧʦʜʦʚʞʥʻ 

ʧʝʨʝʤʽʱʝʥʥʷ ʯʘʩʪʠʥʦʢ ʨʽʜʠʥʠ; ʧʨʠ ʪʫʨʙʫʣʝʥʪʥʦʤʫ ï ʜʦʜʘʪʢʦʚʘ ʝʥʝʨʛʽʷ 

ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʦʧʝʨʝʯʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʯʘʩʪʠʥʦʢ ʨʽʜʠʥʠ. ʇʝʨʝʭʽʜ ʚʽʜ 

ʣʘʤʽʥʘʨʥʦʛʦ ʨʫʭʫ ʜʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʽ ʥʘʟʘʜ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʧʝʚʥʠʭ 

ʚʝʣʠʯʠʥʘʭ ʰʚʠʜʢʦʩʪʝʡ ʨʫʭʫ ʧʦʪʦʢʫ.  

ʗʢʱʦ ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʧʦʪʦʢʫ V < Vʢp1 ʪʦ ʨʝʞʠʤ - 

ʣʘʤʽʥʘʨʥʠʡ ʽ ʧʝʨʝʚʘʞʥʠʡ ʚʧʣʠʚ ʤʘʶʪʴ ʩʠʣʠ ʚ'ʷʟʢʦʩʪʽ. ʇʨʠ V > Vʢp2 

ʨʝʞʠʤ ʪʫʨʙʫʣʝʥʪʥʠʡ ʽ ʧʝʨʝʚʘʞʥʠʡ ʚʧʣʠʚ ʨʦʙʣʷʪʴ ʽʥʝʨʮʽʡʥʽ ʩʠʣʠ. ɺ 

ʽʥʪʝʨʚʘʣʽ ʰʚʠʜʢʦʩʪʝʡ Vʢp1 < V < Vʢp2
 (ʧʝʨʝʭʽʜʥʘ ʟʦʥʘ) ʤʦʞʣʠʚʽ ʦʙʠʜʚʘ 

ʨʝʞʠʤʠ ʨʫʭʫ, ʘʣʝ ʚʦʥʠ ʥʝ ʻ ʩʪʽʡʢʠʤʠ. ʅʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʨʝʞʠʤʫ ʨʫʭʫ 

ʨʽʜʠʥʠ ʚʧʣʠʚʘʶʪʴ, ʦʢʨʽʤ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʧʦʪʦʢʫ, ʾʾ 

ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ (ʚ'ʷʟʢʽʩʪʴ, ʛʫʩʪʠʥʘ) ʽ ʧʦʧʝʨʝʯʥʽ ʨʦʟʤʽʨʠ ʧʦʪʦʢʫ. 

ʂʽʣʴʢʽʩʥʘ ʦʮʽʥʢʘ ʨʝʞʠʤʫ ʨʫʭʫ ʨʽʜʠʥʠ ʤʦʞʝ ʙʫʪʠ ʚʠʨʘʞʝʥʘ ʯʠʩʣʦʤ 

ʈʝʡʥʦʣʴʜʩʘ (Re), ʷʢʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦ ʬʦʨʤʫʣʽ 
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,Re
n

ud
=    (1) 

ʜʝ ɡ ï ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʨʽʜʠʥʠ; d ï ʜʽʘʤʝʪʨ ʪʨʫʙʦʧʨʦʚʦʜʫ; ɜ ï ʢʽʥʝʤʘʪʠʯʥʘ  

ʚ'ʷʟʢʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʨʽʜʠʥʠ. 

ɿʥʘʯʝʥʥʷ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ, ʧʨʠ ʷʢʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ ʨʝʞʠʤʫ 

ʨʫʭʫ ʨʽʜʠʥʠ, ʥʘʟʠʚʘʻʪʴʩʷ ʢʨʠʪʠʯʥʠʤ ʯʠʩʣʦʤ ʈʝʡʥʦʣʴʜʩʘ ʽ ʧʦʟʥʘʯʘʻʪʴʩʷ 

Reʢʨ. ʇʨʠ Re < Reʢʨ1 ʨʝʞʠʤ ʨʫʭʫ ʣʘʤʽʥʘʨʥʠʡ, ʧʨʠ          Re > Reʢp2 ï 

ʪʫʨʙʫʣʝʥʪʥʠʡ. ʅʘʡʯʘʩʪʽʰʝ ʢʨʠʪʠʯʥʝ ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʜʣʷ ʪʨʫʙ 

ʢʨʫʛʣʦʛʦ ʧʝʨʝʨʽʟʫ ʧʨʠʡʤʘʻ ʟʥʘʯʝʥʥʷ Reʢʨ1 å 2320. ʈʦʟʚʠʥʝʥʘ 

ʪʫʨʙʫʣʝʥʪʥʘ ʪʝʯʽʷ ʚ ʪʨʫʙʘʭ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʧʨʠ  Reʢʨ2 å 4000, ʘ ʧʨʠ Re å 

2320 ï 4000 ʤʘʻ ʤʽʩʮʝ ʧʝʨʝʭʽʜʥʘ, ʢʨʠʪʠʯʥʘ ʦʙʣʘʩʪʴ. 
  

ʆʧʠʩ ʣʘʙʦʨʘʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ 
ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1, ʚʦʥʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʥʘʧʽʨʥʦʛʦ ʨʝʟʝʨʚʫʘʨʫ 1, ʧʽʜʚʝʜʝʥʥʷ ʚʦʜʠ ʚ ʷʢʠʡ ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ 

ʚʝʥʪʠʣʴ 6. ʇʦʩʪʽʡʥʠʡ ʨʽʚʝʥʴ ʚ ʨʝʟʝʨʚʫʘʨʽ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʟʣʠʚʥʦʶ 

ʪʨʫʙʦʶ 7, ʟ ʨʝʟʝʨʚʫʘʨʫ ʚʠʭʦʜʠʪʴ ʩʢʣʷʥʘ ʪʨʫʙʘ 2. ɿʘ ʜʦʧʦʤʦʛʦʶ ʚʝʥʪʠʣʷ 

3 ʨʝʛʫʣʶʶʪʴ ʚʠʪʨʘʪʫ ʨʽʜʠʥʠ ʽ ʾʾ ʰʚʠʜʢʽʩʪʴ ʯʝʨʝʟ ʩʢʣʷʥʫ ʪʨʫʙʫ. ʋ ʪʨʫʙʫ 

2 ʧʽʜʚʝʜʝʥʘ ʪʦʥʢʘ ʪʨʫʙʢʘ 8, ʷʢʘ ʩʧʦʣʫʯʝʥʘ ʟ ʥʝʚʝʣʠʢʦʶ ʧʦʩʫʜʠʥʦʶ 4 

ʯʝʨʝʟ ʢʨʘʥ 9. ʋʩʪʘʥʦʚʢʘ ʢʦʤʧʣʝʢʪʫʻʪʴʩʷ ʤʽʨʥʦʶ ʧʦʩʫʜʠʥʦʶ 5, 

ʩʝʢʫʥʜʦʤʽʨʦʤ, ʪʝʨʤʦʤʝʪʨʦʤ ʽ ʢʦʣʙʦʶ ʟ ʬʘʨʙʫʚʘʣʴʥʦʶ ʨʽʜʠʥʦʶ. 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʝʞʠʤʽʚ ʨʫʭʫ ʨʽʜʠʥʠ: 1 ï 

ʥʘʧʽʨʥʠʡ ʨʝʟʝʨʚʫʘʨ; 2 ï ʩʢʣʷʥʘ ʪʨʫʙʘ; 3, 6 ï ʚʝʥʪʠʣ;̔ 4 ï ʦʙ'ʻʤ ʜʣʷ ʬʘʨʙʫʚʘʣʴʥʦʾ ʨʽʜʠʥʠ; 5 

ï ʤʽʨʥʘ ʧʦʩʫʜʠʥʘ; 7 ï ʟʣʠʚʥʘ ʪʨʫʙʘ 
 

ʇʦʨʷʜʦʢ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ 

1. ɺʽʜʢʨʠʚʘʶʪʴ ʚʝʥʪʠʣʴ 6 ʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʩʪʽʡʥʠʡ ʨʽʚʝʥʴ ʚʦʜʠ ʚ 

ʥʘʧʽʨʥʦʤʫ ʨʝʟʝʨʚʫʘʨʽ. ɿʘʧʦʚʥʶʶʪʴ ʻʤʥʽʩʪʴ 4 ʬʘʨʙʫʚʘʣʴʥʦʶ ʨʽʜʠʥʦʶ. 

2. ɼʦʩʣʽʜʞʫʶʪʴ ʣʘʤʽʥʘʨʥʠʡ ʨʝʞʠʤ ʨʫʭʫ ʨʽʜʠʥʠ ʚ ʩʢʣʷʥʽʡ ʪʨʫʙʽ. 
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ɼʣʷ ʮʴʦʛʦ ʚʽʜʢʨʠʚʘʶʪʴ ʢʨʘʥ 9 ʽ ʚʝʥʪʠʣʴ 3, ʜʦʙʠʚʘʶʪʴʩʷ ʪʘʢʦʛʦ 

ʧʦʣʦʞʝʥʥʷ, ʱʦʙ ʧʽʜʬʘʨʙʦʚʘʥʠʡ ʩʪʨʫʤʽʥʴ, ʱʦ ʚʠʪʽʢʘʻ ʟ ʪʦʥʢʦʾ ʪʨʫʙʠ, 

ʤʘʚ ʚʠʜ ʧʨʷʤʦʾ ʣʽʥʽʾ ʧʦ ʚʩʽʡ ʚʠʜʠʤʽʡ ʜʦʚʞʠʥʽ ʩʢʣʷʥʦʾ ʪʨʫʙʠ ʧʨʠ 

ʧʦʩʪʽʡʥʦʤʫ ʨʽʚʥʽ ʚʦʜʠ ʚ ʥʘʧʽʨʥʦʤʫ ʨʝʟʝʨʚʫʘʨʽ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʣʘʤʽʥʘʨʥʠʡ ʨʝʞʠʤ ʨʫʭʫ ʨʽʜʠʥʠ ʚ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʪʨʫʙʽ. 

3. ɿʘʧʦʚʥʶʶʪʴ ʤʽʨʥʫ ʧʦʩʫʜʠʥʫ (1 ʣ), ʬʽʢʩʫʶʯʠ ʯʘʩ ʧʦʯʘʪʢʫ ʽ ʢʽʥʮʷ 

ʟʘʧʦʚʥʝʥʥʷ ʟʘ ʩʝʢʫʥʜʦʤʽʨʦʤ. ʇʽʩʣʷ ʾʾ ʟʘʧʦʚʥʝʥʥʷ ʥʘ ʨʽʚʝʥʴ ʧʨʠʡʥʷʪʦʛʦ 

ʦʙ'ʻʤʫ ʧʦʩʫʜʠʥʫ ʧʨʠʙʠʨʘʶʪʴ, ʧʝʨʝʢʨʠʚʘʶʪʴ ʢʨʘʥ 9 ʽ ʚʝʥʪʠʣʴ 3. 

ɺʠʤʽʨʶʶʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʜʠ, ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣ̔ ʜʫ ʟʘʧʠʩʫʶʪʴ ʚ ʪʘʙʣ.1. 4.

 ɼʨʫʛʠʡ ʜʦʩʣʽʜ ʧʨʦʚʦʜʷʪʴ ʧʨʠ ʪʫʨʙʫʣʝʥʪʥʦʤʫ ʨʝʞʠʤʽ. ʇʽʩʣʷ 

ʟʘʧʦʚʥʝʥʥʷ ʧʦʩʫʜʠʥʠ 4 ʧʽʜʬʘʨʙʦʚʘʥʦʶ ʨʽʜʠʥʦʶ ʚʽʜʢʨʠʚʘʶʪʴ ʢʨʘʥ 9 ʽ 

ʚʝʥʪʠʣʴ 3, ʚʜ̔ʢʨʠʪʪʷʤ ʚʝʥʪʠʣʷ 3 ʜʦʙʠʚʘʶʪʴʩʷ ʧʦʚʥʦʛʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ 

ʧʽʜʬʘʨʙʦʚʘʥʦʾ ʨʽʜʠʥʠ ʧʦ ʚʩʽʡ ʚʠʜʠʤʽʡ ʜʦʚʞʠʥʽ ʩʢʣʷʥʦʾ ʪʨʫʙʠ. ʎʝ ʽ ʻ 

ʪʫʨʙʫʣʝʥʪʥʠʡ ʨʝʞʠʤ ʨʫʭʫ ʨʽʜʠʥʠ. 

5. ɿʘʧʦʚʥʶʶʪʴ ʤʽʨʥʫ ʧʦʩʫʜʠʥʫ (1 ʣ), ʬʽʢʩʫʶʯʠ ʯʘʩ ʧʦʯʘʪʢʫ ʽ ʢʽʥʮʷ 

ʟʘʧʦʚʥʝʥʥʷ ʟʘ ʩʝʢʫʥʜʦʤʽʨʦʤ. ʇʽʩʣʷ ʟʘʧʦʚʥʝʥʥʷ  ʧʝʨʝʢʨʠʚʘʶʪʴ ʢʨʘʥ 9 ʽ 

ʚʝʥʪʠʣʴ 3, ʚʠʤʽʨʶʶʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʜʠ ʚ ʤʽʨʥʽʡ ʻʤʥʦʩʪʽ. ʈʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʫ ʟʘʧʠʩʫʶʪʴ ʚ ʪʘʙʣ.1 ʟʚʽʪʫ. 

6. ʊʨʝʪʽʡ ʜʦʩʣʽʜ ʧʨʦʚʦʜʷʪʴ ʚ ʧʨʦʤʽʞʥʽʡ ʦʙʣʘʩʪʽ ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ 

ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʨʝʞʠʤʫ ʜʦ ʣʘʤʽʥʘʨʥʦʛʦ. ʇʦʩʪʫʧʦʚʦ ʟʘʢʨʠʚʘʶʯʠ ʚʝʥʪʠʣʴ 

3, ʧʨʠ ʚʽʜʢʨʠʪʦʤʫ ʢʨʘʥʽ 9, ʜʦʙʠʚʘʶʪʴʩʷ ʧʦʯʘʪʢʫ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʣʘʤʽʥʘʨʥʦʛʦ ʨʝʞʠʤʫ ʨʫʭʫ. ʇʽʩʣʷ ʮʴʦʛʦ ʥʘʙʠʨʘʶʪʴ ʚ ʤʽʨʥʫ ʧʦʩʫʜʠʥʫ 

3...5 ʣ ʚʦʜʠ, ʧʦʤʽʯʘʶʯʠ ʯʘʩ ʟʘ ʩʝʢʫʥʜʦʤʽʨʦʤ. ʇʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʜʦʩʣʽʜʫ 

ʚʠʤʽʨʶʶʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʤʽʨʥʽʡ ʧʦʩʫʜʠʥʽ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʫ 

ʟʘʧʠʩʫʶʪʴ ʚ ʪʘʙʣ. 1 ʟʚʽʪʫ. 

7. ɺʠʟʥʘʯʘʶʪʴ ʧʣʦʱʫ ʧʝʨʝʨʽʟʫ ʩʢʣʷʥʦʾ ʪʨʫʙʠ S 

.
4

2d
S
p
=  

8. ɺʠʟʥʘʯʘʶʪʴ ʚʠʪʨʘʪʫ ʚʦʜʠ ʽ ʰʚʠʜʢʽʩʪʴ ʚʦʜʠ ʚ ʩʢʣʷʥʽʡ ʪʨʫʙʽ.  

9. ʂʽʥʝʤʘʪʠʯʥʫ ʚ'ʷʟʢʽʩʪʴ ʟʘʣʝʞʥʦ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʙʝʨʫʪʴ ʟ ʪʘʙʣ. 1 

ɼʦʜʘʪʢʫ 2. 

10. ʇʦ ʬʦʨʤʫʣʽ (1) ʚʠʟʥʘʯʘʶʪʴ ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʜʣʷ ʨʽʟʥʠʭ 

ʨʝʞʠʤʽʚ ʨʫʭʫ ʚʦʜʠ ʚ ʩʢʣʷʥʽʡ ʪʨʫʙʽ. 

11. ɿʘʤʘʣʴʦʚʫʶʪʴ ʩʪʨʫʢʪʫʨʠ ʧʦʪʦʢʫ ʧʨʠ ʣʘʤʽʥʘʨʥʦʤʫ, ʧʝʨʝʭʽʜʥʦʤʫ 

ʽ ʪʫʨʙʫʣʝʥʪʥʦʤʫ ʨʝʞʠʤʘʭ.  

ʊʘʙʣʠʮʷ 1 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ ʽ ʨʦʟʨʘʭʫʥʢʽʚ 

ˉ  
ɺʠʤʽʨʶʚʘʥʽ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʽ 

ʚʝʣʠʯʠʥʠ 

ʆʜʠʥ. 

ʚʠʤʽʨʫ 

ɼʦʩʣʽʜ 

1 2 3 
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1 2 3 4 5 6 

I. ʈʦʟʤʽʨ ʩʢʣʷʥʦʾ ʪʨʫʙʠ 

1 ɼʽʘʤʝʪʨ ʩʢʣʷʥʦʾ ʪʨʫʙʠ  d ʩʤ    

 

ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 1 

1 2 3 4 5 6 

2 
ʇʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʪʠʥʫ ʪʨʫʙʠ  

S 
ʩʤ2    

II. ɺʠʟʥʘʯʝʥʥʷ ʚʠʪʨʘʪ ʪʘ ʩʝʨʝʜʥʴʦʾ ʰʚʠʜʢʦʩʪʽ 

1 
ʆʙ'ʻʤ ʚʦʜʠ ʚ ʤʽʨʥʽʡ ʧʦʩʫʜʠʥʽ ʥʘ 

ʧʦʯʘʪʢʫ ʜʦʩʣʽʜʫ W1 
cʤ3    

2 
ʆʙ'ʻʤ  ʚʦʜʠ ʚ ʤʽʨʥʽʡ ʧʦʩʫʜʠʥʽ ʚ 

ʢʽʥʮʽ ʜʦʩʣʽʜʫ W2 
cʤ3    

3 
ʂʽʣʴʢʽʩʪʴ ʚʦʜʠ, ʱʦ ʧʦʩʪʫʧʠʣʘ ʜʦ 

ʤʽʨʥʦʾ ʧʦʩʫʜʠʥʠ W=W2 ï W1 
cʤ3    

4 ʏʘʩ ʥʘʧʦʚʥʝʥʥʷ ʤʽʨʥʦʾ ʧʦʩʫʜʠʥʠ t ʩ    

5 ɺʠʪʨʘʪʠ ʚʦʜʠ Q= W/t cʤ3/ʩ    

6 
ʉʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʚʦʜʠ ʚ ʩʢʣʷʥʽʡ 

ʪʨʫʙʽ V=Q/S 

cʤ/c    

ʐ. ɺʠʟʥʘʯʝʥʥʷ ʨʝʞʠʤʫ ʨʫʭʫ 

1 ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʜʠ t ʦʉ    

2 ʂʽʥʝʤʘʪʠʯʥʘ ʚ'ʷʟʢʽʩʪʴ ʚʦʜʠ ɡ ʩʤ2/c    

3 ʏʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ  Re -    

4 ʈʝʞʠʤ ʨʫʭʫ ʚʦʜʠ -    

 

ʉʪʨʫʢʪʫʨʘ ʧʦʪʦʢʫ 

ʈʝʞʠʤʠ ʨʫʭʫ ʨʽʜʠʥʠ 

ʣʘʤʽʥʘʨʥʠʡ ʧʝʨʝʭʽʜʥʠʡ ʪʫʨʙʫʣʝʥʪʥʠʡ 

   

 

ʂʦʥʪʨʦʣʴʥʽ ʟʘʧʠʪʘʥʥʷ 
1. ʗʢʽ ʽʩʥʫʶʪʴ ʨʝʞʠʤʠ ʨʫʭʫ ʨʽʜʠʥʠ, ʪʘ ʚ ʯʦʤʫ ʾʭ ʚʽʜʤʽʥʥʽʩʪʴ? 

2. ʗʢ ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʽ ʷʢʽ ʡʦʛʦ ʢʽʣʴʢʽʩʥʽ ʟʥʘʯʝʥʥʷ ʜʣʷ 
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ʨʽʟʥʠʭ ʨʝʞʠʤʽʚ ʨʫʭʫ ʨʽʜʠʥʠ? 

3. ʆʧʠʰʽʪʴ ʧʨʠʥʮʠʧʦʚʫ ʩʭʝʤʫ ʫʩʪʘʥʦʚʢʠ ʈʝʡʥʦʣʴʜʩʘ. 

4. ʗʢ ʚʠʤʽʨʶʻʪʴʩʷ ʦʙ'ʻʤʥʘ ʚʠʪʨʘʪʘ ʨʽʜʠʥʠ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʾʾ ʩʝʨʝʜʥʷ 

ʰʚʠʜʢʽʩʪʴ? 

5. ʗʢʠʡ ʬʽʟʠʯʥʠʡ ʟʤʽʩʪ ʤʘʶʪʴ ʚʝʨʭʥʷ ʪʘ ʥʠʞʥʷ ʢʨʠʪʠʯʥʽ ʰʚʠʜʢʦʩʪʽ? 
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ɹʣʦʢ ʩʘʤʦʩʪʽʡʥʦʾ ʨʦʙʦʪʠ ˉ 3 

ʇʨʠʢʣʘʜ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯʽ 1.  ɺʠʟʥʘʯʠʪʠ ʚʝʣʠʯʠʥʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ 

ʩʢʣʘʜʦʚʦʾ N ʩʠʣʠ ʜʠʥʘʤʽʯʥʦʛʦ ʪʠʩʢʫ ʚʦʜʠ 

ʥʘ ʢʦʣʽʥʦ ʪʨʫʙʠ ʜʽʘʤʝʪʨʦʤ d = 0,5 ʤ, ʷʢʱʦ 

ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʚʦʜʠ ʧʦ ʪʨʫʙʽ ʧʦʩʪʽʡʥʘ ʽ 

ʜʦʨʽʚʥʶʻ ɡ = 1,2 ʤ/ʩ. ɻʫʩʪʠʥʫ ʚʦʜʠ 

ʧʨʠʡʥʷʪʠ ʨʽʚʥʦʶ ɟ = 1 000 ʢʛ/ʤ3. 

 

ʈʦʟʚôʷʟʘʥʥʷ 

 ʆʩʢʽʣʴʢʠ ʚ ʟʘʜʘʯʽ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʜʠʥʘʤʽʯʥʦʾ 

ʨʝʘʢʮʽʾ, ʪʦ ʟʘʧʠʰʝʤʦ ʪʝʦʨʝʤʫ ɽʡʣʝʨʘ ʚ 

ʧʨʦʝʢʮʽʾ ʥʘ ʚʽʩʴ ʭ 

.)( 12 Nɡɡm xxc =-  

ʇʨʦʝʢʮʽʷ ʧʦʯʘʪʢʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʥʘ ʜʘʥʫ ʚʽʩʴ ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʪʦʤʫ 

ʪʝʦʨʝʤʘ ɽʡʣʝʨʘ ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ 

.2 ɡmɡmN cxc ==  

ʇʽʜʩʪʘʚʠʚʰʠ ʟʥʘʯʝʥʥʷ ʩʝʢʫʥʜʥʦʾ ʤʘʩʠ ʟ (17.20), ʦʩʪʘʪʦʯʥʦ ʦʪʨʠʤʫʻʤʦ 

6,2822,1
4

5,014,3
0001 2

2
2 =Ö

Ö
Ö==Ö== uruur SSɡmN c (ʅ). 

ɿʘʜʘʯʫ ʨʦʟʚôʷʟʘʥʦ. 

 

ɿʘʚʜʘʥʥʷ ʜʦ ʩʘʤʦʩʪʽʡʥʦʾ ʨʦʙʦʪʠ 

ɺʘʨʽʘʥʪʠ 1 ï 9 

ɺʠʟʥʘʯʠʪʠ ʛʦʨʠʟʦʥʪʘʣʴʥʫ ʩʢʣʘʜʦʚʫ ʜʦʜʘʪʢʦʚʦʾ ʜʠʥʘʤʽʯʥʦʾ ʨʝʘʢʮʽʾ 

ʩʪʽʥʦʢ ʜʠʬʫʟʦʨʘ, ʷʢʱʦ ʟʘ 1 ʩ ʚʠʪʽʢʘʻ V ʤ3 

ʨʽʜʠʥʠ. ɼʽʘʤʝʪʨ ʚʭʽʜʥʦʛʦ ʦʪʚʦʨʫ D1, ʘ 

ʚʠʭʽʜʥʦʛʦ ï D2.  

ʊʘʙʣʠʮʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ 

 ̄ ʊʠʧ ʨʽʜʠʥʠ V, ʤ3 D1, ʤʤ D2, ʤʤ 

1 ɺʦʜʘ 0,5 50 200 

2 ʉʧʠʨʪ 0,6 100 180 

3 ʄʘʩʣʦ 0,7 150 350 

4 ɹʝʥʟʠʥ  0,8 175 280 

5 ʂʝʨʦʩʠʥ 0,9 180 300 

6 ʅʘʬʪʘ 1,0 185 400 

7 ʉʢʠʧʠʜʘʨ 0,9 190 450 

8 ʇʦʚʽʪʨʷ 0,6 200 500 

9 ɺʦʜʘ 1,0 80 480 
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ɺʘʨʽʘʥʪʠ 10 ï 17 

ɺʠʟʥʘʯʠʪʠ ʜʠʥʘʤʽʯʥʫ ʨʝʘʢʮʽʶ ʪʨʫʙʦʧʨʦʚʦʜʫ ʥʘ ʜʽʣʷʥʮʽ ʨʘʧʪʦʚʦʛʦ 

ʟʚʫʞʝʥʥʷ ʜʽʘʤʝʪʨʫ ʟ D1 ʜʦ D2, ʷʢʱʦ 

ʰʚʠʜʢʽʩʪʴ ʨʽʜʠʥʠ ʥʘ ʧʝʨʰʽʡ ʜʽʣʷʥʮʽ ɡ1.  
 

ʊʘʙʣʠʮʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ 

 ̄ ʊʠʧ ʨʽʜʠʥʠ ɡ, ʤ/ʩ D1, ʤʤ D2, ʤʤ 

10 ɺʦʜʘ 3,5 200 50 

11 ʉʧʠʨʪ 4,6 180 100 

12 ʄʘʩʣʦ 3,7 350 150 

13 ɹʝʥʟʠʥ  4,8 280 175 

14 ʂʝʨʦʩʠʥ 3,9 300 180 

15 ʅʘʬʪʘ 3,0 400 185 

16 ʉʢʠʧʠʜʘʨ 4,9 450 190 

17 ʇʦʚʽʪʨʷ 2,6 500 200 

 

ɺʘʨʽʘʥʪʠ 18 ï 25 

ɺʠʟʥʘʯʠʪʠ ʜʦʜʘʪʢʦʚʫ ʜʠʥʘʤʽʯʥʫ ʨʝʘʢʮʽʶ ʘʥʢʝʨʥʦʾ 

ʦʧʦʨʠ ʪʨʫʙʦʧʨʦʚʦʜʫ ʜʽʘʤʝʪʨʦʤ D, ʷʢʱʦ ʰʚʠʜʢʽʩʪʴ 

ʪʝʯʽʾ ʨʽʜʠʥʠ ʚ ʥʴʦʤʫ ɡ ʽ ʢʫʪ Ŭ.  
 

ʊʘʙʣʠʮʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ 

 ̄ ʊʠʧ ʨʽʜʠʥʠ ɡ, ʤ/ʩ D, ʤʤ Ŭ, Á 

18 ɺʦʜʘ 3,5 200 15 

19 ʉʧʠʨʪ 4,6 180 30 

20 ʄʘʩʣʦ 3,7 350 45 

21 ɹʝʥʟʠʥ  4,8 280 60 

22 ʂʝʨʦʩʠʥ 3,9 300 15 

23 ʅʘʬʪʘ 3,0 400 30 

24 ʉʢʠʧʠʜʘʨ 4,9 450 45 

25 ʇʦʚʽʪʨʷ 2,6 500 60 
 

ɺʘʨʽʘʥʪʠ 26 ï 30 

ɺʠʟʥʘʯʠʪʠ ʢʨʠʪʠʯʥʽ ʰʚʠʜʢʦʩʪʽ ʟʤʽʥʠ ʨʝʞʠʤʽʚ ʨʫʭʫ ʨʽʜʠʥʠ ʧʨʠ ʾʾ ʨʫʩʽ ʚ 

ʪʨʫʙʽ ʜʽʘʤʝʪʨʘ d ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ t = 20Áʉ. 
 

 ̄ ʊʠʧ ʨʽʜʠʥʠ d, ʤʤ 

26 ɺʦʜʘ 200 

27 ʉʧʠʨʪ 180 

28 ʄʘʩʣʦ 350 

29 ɹʝʥʟʠʥ  280 

30 ʂʝʨʦʩʠʥ 300 
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ʈʆɿɼɯʃ 4. ɺʊʈɸʊʀ ʅɸʇʆʈʋ ʇʆ ɼʆɺɾʀʅɯ 

4.1. ɺʠʜʠ ʛʽʜʨʘʚʣʽʯʥʠʭ ʦʧʦʨʽʚ 

ɺ'ʷʟʢʽʩʪʴ ʨʽʜʠʥʠ ʻ ʦʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʚʠʥʠʢʥʝʥʥʷ ʦʧʦʨʫ ʨʫʭʫ ʽ 

ʪʠʤ ʩʘʤʠʤ ʚʠʢʣʠʢʘʻ ʚʪʨʘʪʫ ʯʘʩʪʠʥʠ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ, ʷʢʘ ʻ 

ʚʪʨʘʯʝʥʦʶ ʝʥʝʨʛʽʻʶ. 

ɻʽʜʨʘʚʣʽʯʥʠʤʠ ʦʧʦʨʘʤʠ ʥʘʟʠʚʘʶʪʴ ʩʠʣʠ ʪʝʨʪʷ ʚ'ʷʟʢʦʛʦ ʪʝʨʪʷ, 

ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʨʝʘʣʴʥʽʡ ʨʽʜʠʥʽ ʧʨʠ ʾʾ ʨʫʩʽ. ʆʧʦʨʠ ʦʙʫʤʦʚʣʶʶʪʴʩʷ 

ʩʠʣʘʤʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ ʽ ʟʜʘʪʥʽʩʪʶ ʩʘʤʦʾ ʨʽʜʠʥʠ ʯʠʥʠʪʠ ʦʧʽʨ ʟʤʽʥʽ ʽ 

ʚʽʜʥʦʚʣʝʥʥʶ ʬʦʨʤʠ ʧʦʪʦʢʫ. ʋ ʨʘʟʽ ʨʫʭʫ ʽʜʝʘʣʴʥʦʾ ʨʽʜʠʥʠ ʩʠʣʠ ʪʝʨʪʷ 

ʚʽʜʩʫʪʥʽ, ʪʦʤʫ ʛʽʜʨʘʚʣʽʯʥʽ ʦʧʦʨʠ ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ. ɯʩʥʫʻ ʜʚʘ ʚʠʜʠ 

ʛʽʜʨʘʚʣʽʯʥʠʭ ʦʧʦʨʽʚ:  

- ʦʧʦʨʠ ʧʦ ʜʦʚʞʠʥʽ ʧʦʪʦʢʫ ʨʽʜʠʥʠ ï ʜʣʷ ʧʦʜʦʣʘʥʥʷ ʩʠʣ ʛʽʜʨʘʚʣʽʯʥʦʛʦ 

ʪʝʨʪʷ, ʚʝʢʪʦʨ ʷʢʠʭ ʩʧʨʷʤʦʚʘʥʠʡ ʫ ʙʽʢ, ʟʚʦʨʦʪʥʽʡ ʨʫʭʫ ʨʽʜʠʥʠ, 

ʥʝʦʙʭʽʜʥʦ ʚʠʪʨʘʪʠʪʠ ʤʝʭʘʥʽʯʥʫ ʝʥʝʨʛʽʶ. ɺʪʨʘʪʠ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ 

ʦʙʫʤʦʚʣʝʥʽ ʨʦʙʦʪʦʶ ʩʠʣ ʪʝʨʪʷ, ʱʦ ʧʦ ʜʦʚʞʠʥʽ ʧʦʪʦʢʫ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʜʦʪʠʯʥʠʤ ʥʘʧʨʫʞʝʥʥʷʤ, ʷʢʝ ʥʘ ʜʽʣʷʥʮʽ ʜʦʚʞʠʥʠ l 

ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʨʽʚʥʦʤʽʨʥʦ ʘʙʦ ʤʘʡʞʝ ʨʽʚʥʦʤʽʨʥʦ;  

- ʤ̔ ʩʮʝʚ ̔ʦʧʦʨʠ ï ʜʽʣʷʥʢʠ ʧʦʪʦʢʫ ʨʽʜʠʥʠ, ʚ ʷʢʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʦʩʠʪʴ 

ʨʽʟʢʘ ʡʦʛʦ ʜʝʬʦʨʤʘʮʽʷ ʽ ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʟʥʘʯʝʥʥʷʤ ʽ 

ʥʘʧʨʷʤʦʤ. ʊʘʢʘ ʜʝʬʦʨʤʘʮʽʷ ʤʦʞʝ ʙʫʪʠ ʧʦʚ'ʷʟʘʥʘ ʽʟ ʟʤʽʥʦʶ ʧʝʨʝʨʽʟʫ 

ʧʦʪʦʢʫ ʢʽʥʮʝʚʠʭ ʨʦʟʤʽʨʽʚ, ʟʤʽʥʦʶ ʥʘʧʨʷʤʫ ʨʫʭʫ ʨʽʜʠʥʠ ʚ ʪʨʫʙʦʧʨʦʚʦʜʽ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʝʬʦʨʤʘʮʽʾ ʥʘ ʤʽʩʮʝʚʽʡ ʜʽʣʷʥʮʽ ʤʘʻ ʤʽʩʮʝ ʜʦʩʠʪʴ ʨʽʟʢʦ 

ʥʝʨʽʚʥʦʤʽʨʥʠʡ, ʟʤʽʥʥʠʡ ʨʫʭ ʨʽʜʠʥʠ ʟ ʚʠʭʦʨʦʫʪʚʦʨʝʥʥʷʤ.  

 
4.2. ʂʣʘʩʠʬʽʢʘʮʽʷ ʚʪʨʘʪ ʥʘʧʦʨʫ 

ɺʪʨʘʪʠ ʧʠʪʦʤʦʾ ʝʥʝʨʛʽʾ (ʥʘʧʦʨʫ) ʥʘ ʧʦʜʦʣʘʥʥʷ ʦʧʦʨʽʚ ʨʫʭʫ 

ʚ'ʷʟʢʦʾ ʨʽʜʠʥʠ (ʛʽʜʨʘʚʣʽʯʥʠʭ ʦʧʦʨʽʚ), ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʚʪʨʘʪ ʜʚʦʭ ʚʠʜʽʚ: 

- ʚʪʨʘʪ ʥʘʧʦʨʫ ʥʘ ʧʦ ʜʦʚʞʠʥʽ, ʧʨʦʧʦʨʮʽʡʥʠʭ ʜʦʚʞʠʥʽ ʜʽʣʷʥʦʢ ʨʫʩʣʘ 

ʘʙʦ ʪʨʫʙʠ, ʷʢʠʤʠ ʨʫʭʘʻʪʴʩʷ ʨʽʜʠʥʘ; 

- ʤʽʩʮʝʚʠʭ ʚʪʨʘʪ ʥʘʧʦʨʫ ʥʘ ʧʦʜʦʣʘʥʥʷ ʛʽʜʨʘʚʣʽʯʥʠʭ ʦʧʦʨʽʚ ʚ ʤʝʞʘʭ 

ʢʦʨʦʪʢʠʭ ʜʽʣʷʥʦʢ ʚ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʙʣʠʟʴʢʦʩʪʽ ʜʦ ʪʠʭ ʘʙʦ ʽʥʰʠʭ 

ʤʽʩʮʝʚʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʚʭʽʜ, ʚʠʭʽʜ, ʨʦʟʰʠʨʝʥʥʷ, 

ʟʚʫʞʝʥʥʷ, ʧʦʚʦʨʦʪ, ʪʨʫʙʦʧʨʦʚʽʜʥʘ ʘʨʤʘʪʫʨʘ, ʬʘʩʦʥʥʽ ʯʘʩʪʠʥʠ ʪʦʱʦ).  

ɿʘʛʘʣʴʥʽ ʚʪʨʘʪʠ ʥʘʪʠʩʢʫ ʚ ʩʠʩʪʝʤʽ ʪʨʫʙ ʘʙʦ ʨʫʩʣʘ ʧʨʠʡʤʘʶʪʴ 

ʨʽʚʥʠʤʠ ʩʫʤʽ ʚʪʨʘʪ ʥʘʧʦʨʫ ʧʦ ʜʦʚʞʠʥʽ ʦʢʨʝʤʠʭ ʜʽʣʷʥʦʢ ʽ ʫʩʽʭ ʤʽʩʮʝʚʠʭ 

ʚʪʨʘʪ ʥʘʧʦʨʫ 

ää += ʤʽʩʜʦʚ hhh   (4.1) 

ʎʽ ʚʪʨʘʪʠ ʝʥʝʨʛʽʾ ʦʙʫʤʦʚʣʝʥʽ ʥʝʟʚʦʨʦʪʥʽʤ ʧʝʨʝʭʦʜʦʤ ʤʝʭʘʥʽʯʥʦʾ 

ʝʥʝʨʛʽʾ ʧʦʪʦʢʫ ʚ ʪʝʧʣʦʚʫ. ʅʘʷʚʥʽʩʪʴ ʛʽʜʨʘʚʣʽʯʥʠʭ ʦʧʦʨʽʚ ʧʨʠ ʨʫʩʽ 

ʚ'ʷʟʢʦʾ ʨʽʜʠʥʠ ʧʦʚ'ʷʟʘʥʘ ʟ ʨʦʙʦʪʦʶ ʩʠʣ ʪʝʨʪʷ ʫʩʝʨʝʜʠʥʽ ʨʽʜʠʥʠ, ʪʽʣʴʢʠ 

ʟʘʚʜʷʢʠ ʥʠʤ ʤʝʭʘʥʽʯʥʘ ʝʥʝʨʛʽʷ ʤʦʞʝ ʧʝʨʝʡʪʠ ʚ ʪʝʧʣʦʪʫ. 




