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ɼʀʉɽʈʊɸʎɯʗ 

 

ʂʆʅʊɸʂʊʅɯ ɿɸɼɸʏɯ ɿ ʅɽɺɯɼʆʄʀʄʀ ʆɹʃɸʉʊʗʄʀ ɺɿɸɭʄʆɼɯɰ ɿɸ 

ɺʈɸʍʋɺɸʅʅʗ ʊɽʈʊʗ 

 

ɻʘʣʫʟʴ ʟʥʘʥʴ 11 ï ʄʘʪʝʤʘʪʠʢʘ ʪʘ ʩʪʘʪʠʩʪʠʢʘ 

ʉʧʝʮʽʘʣʴʥʽʩʪʴ 113 ï ʇʨʠʢʣʘʜʥʘ ʤʘʪʝʤʘʪʠʢʘ 

 

ʇʦʜʘʻʪʴʩʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ 

ɼʠʩʝʨʪʘʮʽʷ ʤʽʩʪʠʪʴ ʨʝʟʫʣʴʪʘʪʠ 

ʚʣʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʽʜʝʡ, ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʪʝʢʩʪʽʚ ʽʥʰʠʭ 

ʘʚʪʦʨʽʚ ʤʘʶʪʴ ʧʦʩʠʣʘʥʥʷ ʥʘ 

ʚʽʜʧʦʚʽʜʥʝ ʜʞʝʨʝʣʦ 
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ɸʅʆʊɸʎɯʗ 

ʉʦʣʷʨ ʆ.ɯ. ʂʦʥʪʘʢʪʥʽ ʟʘʜʘʯʽ ʟ ʥʝʚʽʜʦʤʠʤʠ ʦʙʣʘʩʪʷʤʠ ʚʟʘʻʤʦʜʽʾ ʟʘ 

ʚʨʘʭʫʚʘʥʥʷ ʪʝʨʪʷ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ ʟ ʛʘʣʫʟʽ ʟʥʘʥʴ 11 ï 

ʄʘʪʝʤʘʪʠʢʘ ʪʘ ʩʪʘʪʠʩʪʠʢʘ ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 113 ï ʇʨʠʢʣʘʜʥʘ ʤʘʪʝʤʘʪʠʢʘ. ï 

ɯʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʙʣʝʤ ʤʝʭʘʥʽʢʠ ʽ ʤʘʪʝʤʘʪʠʢʠ ʽʤ. ʗ.ʉ. ʇʽʜʩʪʨʠʛʘʯʘ 

ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ, ʃʴʚʽʚ, 2026. 

ʋ ʨʦʙʦʪʽ ʚʠʨʽʰʝʥʦ ʚʘʞʣʠʚʝ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʝ ʟʘʚʜʘʥʥʷ ʨʦʟʨʦʙʣʝʥʥʷ 

ʯʠʩʣʦʚʦ-ʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʠʢ ʪʘ ʧʽʜʭʦʜʽʚ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʚ ʟʦʥʽ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʜʣʷ ʜʚʦ- ʪʘ 

ʪʨʠʚʠʤʽʨʥʠʭ ʬʨʠʢʮʽʡʥʠʭ ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ ʟ ʥʝʚʽʜʦʤʠʤʠ ʦʙʣʘʩʪʷʤʠ ʢʦʥʪʘʢʪʫ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʪʨʠʚʠʤʽʨʥʽ ʪʘ ʧʣʦʩʢʽ ʬʨʠʢʮʽʡʥʽ ʢʦʥʪʘʢʪʥʽ ʟʘʜʘʯʽ ʟ 

ʥʝʚʽʜʦʤʠʤʠ ʦʙʣʘʩʪʷʤʠ ʚʟʘʻʤʦʜʽʾ. 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʚʠʥʝʥʥʷ ʧʽʜʭʦʜʽʚ ʤʘʪʝʤʘʪʠʯʥʦʛʦ, ʯʠʩʣʦʚʦʛʦ ʽ 

ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʚ 

ʟʦʥʽ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʨʦʙʦʪʠ: 

1. ʈʦʟʨʦʙʣʝʥʦ ʧʽʜʭʽʜ ʜʦ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʧʨʦʩʪʦʨʦʚʠʭ ʬʨʠʢʮʽʡʥʠʭ ʢʦʥʪʘʢʪʥʠʭ 

ʟʘʜʘʯ ʟ ʥʝʚʽʜʦʤʠʤʠ ʦʙʣʘʩʪʷʤʠ ʚʟʘʻʤʦʜʽʾ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʝʪʦʜʽ ʽʥʪʝʛʨʘʣʴʥʠʭ 

ʨʽʚʥʷʥʴ-ʥʝʨʽʚʥʦʩʪʝʡ ʉʽʥʴʡʦʨʽʥʽ ʟ ʧʦʜʘʣʴʰʠʤ ʟʚʝʜʝʥʥʷʤ ʜʦ ʟʘʜʘʯʽ ʢʚʘʜʨʘʪʠʯʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʪʘ ʚʠʢʦʥʘʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʪʝʨʪʷ ʥʘ ʨʦʟʧʦʜʽʣ ʢʦʥʪʘʢʪʥʠʭ 

ʪʠʩʢʽʚ ʧʽʜ ʰʪʘʤʧʘʤʠ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ ʪʘ ʥʘʧʨʫʞʝʥʴ ʙʽʣʷ ʥʠʭ. 

2. ʅʘ ʦʩʥʦʚʽ ʧʽʜʭʦʜʫ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʝʩʠʤʝʪʨʠʯʥʠʭ 

ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ ʜʣʷ ʧʽʚʧʨʦʩʪʦʨʫ ʪʘ ʪʽʣʘ ʟ ʩʬʝʨʠʯʥʦʶ ʧʦʨʦʞʥʠʥʦʶ ʟ ʥʝʚʽʜʦʤʠʤʠ 

ʦʙʣʘʩʪʷʤʠ ʚʟʘʻʤʦʜʽʾ. 

3. ɼʦʩʣʽʜʞʝʥʦ ʧʨʦʮʝʩ ʟʥʦʰʫʚʘʥʥʷ ʧʽʜ ʰʦʨʩʪʢʠʤ ʰʪʘʤʧʦʤ, ʷʢʠʡ ʟʫʤʦʚʣʝʥʠʡ  

ʩʠʣʘʤʠ ʪʝʨʪʷ ʧʽʜ ʰʪʘʤʧʦʤ, ʱʦ ʦʙʝʨʪʘʻʪʴʩʷ. ɿʘʜʘʯʫ ʧʨʦ ʟʥʦʰʫʚʘʥʥʷ ʨʦʟʚôʷʟʘʥʦ 

ʢʨʦʢʦʚʠʤ ʤʝʪʦʜʦʤ ʟʘ ʯʘʩʦʤ. 

4. ʇʦʙʫʜʦʚʘʥʦ ʯʠʩʣʦʚʦ-ʘʥʘʣʽʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʬʨʠʢʮʽʡʥʠʭ 
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ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ ʜʣʷ ʧʽʚʧʨʦʩʪʦʨʫ ʪʘ ʰʘʨʫ. ɼʦʩʣʽʜʞʝʥʦ ʢʦʥʪʘʢʪʥʽ ʪʠʩʢʠ, ʷʢʽ ʚʠʥʠ-

ʢʘʶʪʴ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʟʘʻʤʦʜʽʾ ʧʽʚʧʨʦʩʪʦʨʫ ʪʘ ʰʘʨʫ ʟʘʣʝʞʥʦ ʚʽʜ ʬʦʨʤʠ  ʰʪʘʤʧʽʚ, 

ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʪʝʨʪʷ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʙʽʣʷ ʰʪʘʤʧʘ ʚʠʥʠʢʘʶʪʴ  

ʨʦʟʪʷʛʫʚʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʩʫʤʽʨʥʽ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤʠ ʪʠʩʢʘʤʠ. 

5. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʜʦʩʣʽʜʞʝʥʥʷ ʬʨʠʢʮʽʡʥʠʭ ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ ʜʣʷ 

ʩʫʮʽʣʴʥʦʾ ʘʥʽʟʦʪʨʦʧʥʦʾ ʩʤʫʛʠ ʪʘ ʘʥʽʟʦʪʨʦʧʥʦʾ ʩʤʫʛʠ ʟ ʪʨʽʱʠʥʘʤʠ, ʨʦʟʤʽʱʝʥʠʤʠ ʚ 

ʦʙʣʘʩʪʷʭ ʨʦʟʪʷʛʫʚʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʙʽʣʷ ʰʪʘʤʧʘ. 

ʇʨʘʢʪʠʯʥʝ ʪʘ ʪʝʦʨʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʇʨʘʢʪʠʯʥʝ ʪʘ ʪʝʦʨʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʫ ʨʦʟʨʦʙʮʽ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ 

ʩʪʘʥʫ ʚ ʫʤʦʚʘʭ ʩʠʣʦʚʦʛʦ ʢʦʥʪʘʢʪʫ, ʦʩʢʽʣʴʢʠ ʟʦʥʘ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʯʘʩʪʦ ʻ 

ʟʦʥʦʶ ʚʪʨʘʪʠ ʤʽʮʥʦʩʪʽ ʘʙʦ ʟʦʥʦʶ ʟʘʨʦʜʞʝʥʥʷ ʨʫʡʥʫʚʘʥʴ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ 

ʜʝʪʘʣʝʡ ʤʘʰʠʥ.  

ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʦʩʝʩʠʤʝʪʨʠʯʥʫ ʢʦʥʪʘʢʪʥʫ ʟʘʜʘʯʫ ʜʣʷ ʧʽʚʧʨʦʩʪʦʨʫ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʦʙʝʨʪʘʥʥʷ ʰʪʘʤʧʘ ʪʘ ʟʥʦʰʫʚʘʥʥʷ ʚ ʦʙʣʘʩʪʽ ʚʟʘʻʤʦʜʽʾ. ɼʦʩʣʽʜʞʝʥʦ 

ʚʧʣʠʚ ʧʨʦʮʝʩʫ ʟʥʦʰʫʚʘʥʥʷ ʥʘ ʝʚʦʣʶʮʽʶ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ ʪʘ ʟʤʽʥʫ ʡʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʚ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ. ɿʦʢʨʝʤʘ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʥʘʩʣʽʜʦʢ ʟʥʦʰʫʚʘʥʥʷ 

ʧʽʜʚʠʱʝʥʽ ʢʦʥʪʘʢʪʥʽ ʪʠʩʢʠ ʚ ʦʢʦʣʽ ʣʦʢʘʣʴʥʠʭ ʥʝʨʽʚʥʦʩʪʝʡ ʧʦʩʪʫʧʦʚʦ 

ʟʤʝʥʰʫʶʪʴʩʷ ʽ ʟʘ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʴ ʯʘʩʦʚʦʾ ʢʦʦʨʜʠʥʘʪʠ ʥʘʙʫʚʘʶʪʴ 

ʨʦʟʧʦʜʽʣʫ, ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʰʪʘʤʧʘ ʟʽ ʟʛʣʘʜʞʝʥʦʶ ʧʦʚʝʨʭʥʝʶ. 

ɺ ʫʩʽʭ ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʧʘʜʢʘʭ, ʜʣʷ ʷʢʠʭ ʧʨʦʚʦʜʠʣʠʩʴ ʨʦʟʨʘʭʫʥʢʠ, ʬʦʨʤʘ ʦʩʥʦʚʠ 

ʰʪʘʤʧʘ ʚ ʡʦʛʦ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʧʽʩʣʷ ʟʥʦʰʫʚʘʥʥʷ (ʧʨʠ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʠʭ 

ʯʘʩʘʭ) ʚʠʷʚʠʣʘʩʷ ʢʦʥʫʩʦʧʦʜʽʙʥʦʶ, ʫ ʟʚôʷʟʢʫ ʟ ʯʠʤ ʪʫʪ ʚʠʥʠʢʘʣʠ ʚʠʩʦʢʽ ʪʠʩʢʠ 

(ʝʬʝʢʪ ɻʘʣʽʥʘ). 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʧʽʜ 

ʭʚʠʣʷʩʪʠʤʠ ʰʪʘʤʧʘʤʠ ʚʠʥʠʢʘʶʪʴ ʚʠʩʦʢʽ ʢʦʥʪʘʢʪʥʽ ʪʠʩʢʠ. ʆʜʠʥ ʽʟ ʩʧʦʩʦʙʽʚ 

ʦʧʪʠʤʽʟʘʮʽʾ ʬʦʨʤʠ ʰʪʘʤʧʘ ʤʦʞʝ ʙʫʪʠ ʟʜʽʡʩʥʝʥʠʡ ʰʣʷʭʦʤ ʡʦʛʦ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʦʙʝʨʪʘʥʥʷ ʥʘʚʢʦʣʦ ʦʩʽ. ʗʢ ʧʦʢʘʟʘʥʦ ʚ ʨʦʙʦʪʽ ʟʘ ʨʘʭʫʥʦʢ ʟʥʦʩʫ ʢʦʥʪʘʢʪʥʽ 

ʥʘʧʨʫʞʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʽʩʪʦʪʥʦ ʟʤʝʥʰʝʥʽ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤʫ ʚʠʙʦʨʽ 
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ʧʨʠʢʣʘʜʝʥʦʛʦ ʜʦ ʰʪʘʤʧʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʯʘʩʫ ʡʦʛʦ ʦʙʝʨʪʘʥʥʷ. 

ʅʘ ʦʩʥʦʚʽ ʧʦʙʫʜʦʚʘʥʦʛʦ ʯʠʩʣʦʚʦ-ʘʥʘʣʽʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʜʦʩʣʽʜʞʝʥʦ 

ʢʦʥʪʘʢʪʥʽ ʪʠʩʢʠ ʪʘ ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʟʘʻʤʦʜʽʾ 

ʧʽʚʧʨʦʩʪʦʨʫ ʪʘ ʰʘʨʫ ʟʘʣʝʞʥʦ ʚʽʜ ʬʦʨʤʠ ʰʪʘʤʧʽʚ, ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ 

ʪʝʨʪʷ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʙʽʣʷ ʰʪʘʤʧʘ ʚʠʥʠʢʘʶʪʴ ʨʦʟʪʷʛʫʚʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ, ʷʢʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʩʫʤʽʨʥʽ ʟ ʤʘʢʩʠʤʘʣʥɹʠʤʠ ʪʠʩʢʘʤʠ. ʊʘʢʽ ʥʘʧʨʫʞʝʥʥʷ ʤʦʞʫʪʴ 

ʧʨʠʚʦʜʠʪʠ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʪʨʽʱʠʥ, ʷʢʽ ʥʘʜʘʣʽ ʧʽʜʨʦʩʪʘʶʪʴ ʧʨʠ 

ʧʦʚʪʦʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ (ʱʦ, ʥʘʧʨʠʢʣʘʜ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʨʫʩʽ ʧʦʾʟʜʽʚ ʧʦ 

ʨʝʣʴʩʘʭ). ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʩʪʘʥʦʚʠʪʴ ʟʥʘʯʥʠʡ ʧʨʘʢʪʠʯʥʠʡ ʽʥʪʝʨʝʩ ʨʦʟʨʦʙʣʝʥʘ 

ʤʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʴ ʥʘʧʨʫʞʝʥʴ ʙʽʣʷ ʪʨʽʱʠʥ ʨʦʟʤʽʱʝʥʠʭ ʙʽʣʷ ʰʪʘʤʧʽʚ ʫ 

ʢʦʤʧʦʟʠʪʘʭ, ʷʢʽ ʜʦʟʚʦʣʷʪʴ ʧʨʦʛʥʦʟʫʚʘʪʠ ʧʨʦʮʝʩʠ ʟʘʨʦʜʞʝʥʥʷ ʨʫʡʥʫʚʘʥʴ. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, ʯʦʪʠʨʴʦʭ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, 

ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʪʘ ʜʦʜʘʪʢʽʚ.  

ʋ ʚʩʪʫʧʽ ʥʘʚʝʜʝʥʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʪʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ; ʩʬʦʨʤʫʣʴʦʚʘʥʦ 

ʤʝʪʫ, ʦʙôʻʢʪ, ʧʨʝʜʤʝʪ ʽ ʟʘʚʜʘʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ; ʚʽʜʦʙʨʘʞʝʥʦ ʥʘʫʢʦʚʫ 

ʥʦʚʠʟʥʫ ʽ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ; ʚʠʩʚʽʪʣʝʥʦ ʟʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ 

ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ ʽ ʪʝʤʘʤʠ. ʊʘʢʦʞ ʚʽʜʟʥʘʯʝʥʦ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʢʠ, 

ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʘʧʨʦʙʘʮʽʶ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ, ʥʘʚʝʜʝʥʦ ʩʧʠʩʦʢ ʧʫʙʣʽʢʘʮʽʡ 

ʟʜʦʙʫʚʘʯʢʠ, ʧʦʜʘʥʦ ʩʪʨʫʢʪʫʨʫ ʽ ʦʙʩʷʛ ʨʦʙʦʪʠ. 

 ʋ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʩʫʯʘʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʛʘʣʫʟʽ ʢʦʥʪʘʢʪʥʦʾ 

ʤʝʭʘʥʽʢʠ, ʤʝʪʦʜʠ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʧʨʦʩʪʦʨʦʚʠʭ ʪʘ ʧʣʦʩʢʠʭ ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ ʟ 

ʥʝʚʽʜʦʤʠʤʠ ʦʙʣʘʩʪʷʤʠ ʚʟʘʻʤʦʜʽʾ. ʆʙˇʨʫʥʪʦʚʘʥʦ ʘʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ, 

ʟʫʤʦʚʣʝʥʫ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʚʘʞʣʠʚʠʭ ʧʨʘʢʪʠʯʥʠʭ ʟʘʜʘʯ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ 

ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʅʘʚʝʜʝʥʦ ʦʩʥʦʚʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ 

ʬʦʨʤʫʣʶʚʘʥʥʷ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ ʜʣʷ ʧʽʚʧʨʦʩʪʦʨʫ ʪʘ ʰʘʨʫ ʚ 

ʧʨʦʩʪʦʨʦʚʽʡ ʧʦʩʪʘʥʦʚʮʽ, ʘ ʪʘʢʦʞ ʜʣʷ ʩʤʫʛʠ  ʫ ʧʣʦʩʢʽʡ ʧʦʩʪʘʥʦʚʮʽ. ɺʠʢʣʘʜʝʥʦ 

ʦʩʥʦʚʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʝʪʦʜʫ ʃʻʭʥʽʮʴʢʦʛʦ, ʷʢʽ ʚʠʢʦʨʠʩʪʘʥʦ ʚ ʨʦʙʦʪʽ ʜʣʷ 

ʨʦʟʚôʷʟʘʥʥʷ ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ ʜʣʷ ʘʥʽʟʦʪʨʦʧʥʦʾ ʩʤʫʛʠ ʪʘ ʘʥʽʟʦʪʨʦʧʥʦʾ ʩʤʫʛʠ, 

ʧʦʩʣʘʙʣʝʥʦʾ ʪʨʽʱʠʥʦʶ. 
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ʋ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʧʦʙʫʜʦʚʘʥʦ ʯʠʩʣʦʚʠʡ ʘʣʛʦʨʠʪʤ ʨʦʟʚôʷʟʫʚʘʥʥʷ 

ʦʩʝʩʠʤʝʪʨʠʯʥʦʾ ʟʘʜʘʯʽ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ ʧʨʦ ʚʟʘʻʤʦʜʽʶ ʧʨʫʞʥʦʛʦ ʧʽʚʧʨʦʩʪʦʨʫ ʟ 

ʞʦʨʩʪʢʠʤ ʰʪʘʤʧʦʤ, ʧʦʚʝʨʭʥʷ ʷʢʦʛʦ ʤʘʻ ʩʢʣʘʜʥʫ ʬʦʨʤʫ. ʇʽʜ ʜʽʻʶ ʪʘʢʦʛʦ ʰʪʘʤʧʘ 

ʢʦʥʪʘʢʪ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʦʢʨʝʤʠʭ, ʥʘʧʝʨʝʜ ʥʝʚʽʜʦʤʠʭ ʜʽʣʷʥʢʘʭ. ʂʦʥʪʘʢʪʥʫ ʟʘʜʘʯʫ 

ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʫ ʚʠʛʣʷʜʽ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ-ʥʝʨʽʚʥʦʩʪʝʡ ʉʽʥʴʡʦʨʽʥʽ, ʷʢʽ, ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʚʘʜʨʘʪʫʨʥʠʭ ʬʦʨʤʫʣ ʜʣʷ ʩʠʥʛʫʣʷʨʥʠʭ ʽʥʪʝʛʨʘʣʽʚ, 

ʪʨʘʥʩʬʦʨʤʦʚʘʥʦ ʜʦ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʠʯʥʠʭ ʨʽʚʥʷʥʴ-ʥʝʨʽʚʥʦʩʪʝʡ. 

ʈʦʟʚôʷʟʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʟʚʝʜʝʥʦ ʜʦ ʟʥʘʭʦʜʞʝʥʥʷ ʤʽʥʽʤʫʤʫ ʢʚʘʜʨʘʪʠʯʥʦʾ ʬʦʨʤʠ ʟʘ 

ʣʽʥʽʡʥʠʭ ʦʙʤʝʞʝʥʴ ʥʘ ʥʝʚʽʜʦʤʽ ʢʦʥʪʘʢʪʥʽ ʥʘʧʨʫʞʝʥʥʷ, ʪʦʙʪʦ ʜʦ ʟʘʜʘʯʽ 

ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

ɯʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʨʦʙʣʝʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʚʠʟʥʘʯʝʥʦ ʪʘ ʜʦʩʣʽʜʞʝʥʦ ʨʦʟʧʦʜʽʣ 

ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ ʜʣʷ ʰʪʘʤʧʽʚ ʨʽʟʥʦʾ ʬʦʨʤʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʟ ʩʠʥʫʩʦʾʜʘʣʴʥʦʶ 

ʧʦʚʝʨʭʥʝʶ. ʈʦʟʛʣʷʥʫʪʦ ʢʦʥʪʘʢʪʥʽ ʟʘʜʘʯʽ, ʢʦʣʠ ʧʽʚʧʨʦʩʪʽʨ ʘʙʦ ʰʪʘʤʧ ʤʘʶʪʴ ʚʠʾʤʢʠ 

ʨʽʟʥʦʾ ʬʦʨʤʠ. ɼʦʩʣʽʜʞʝʥʦ ʥʘʧʨʫʞʝʥʥʷ ʙʽʣʷ ʚʠʾʤʢʠ ʟʘʣʝʞʥʦ ʚʽʜ ʧʨʠʢʣʘʜʝʥʦʛʦ ʜʦ 

ʰʪʘʤʧʘ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʈʦʟʛʣʷʥʫʪʦ ʬʨʠʢʮʽʡʥʫ ʢʦʥʪʘʢʪʥʫ ʦʩʝʩʠʤʝʪʨʠʯʥʫ ʟʘʜʘʯʫ, ʢʦʣʠ ʤʽʞ ʰʪʘʤʧʦʤ ʽ 

ʧʨʫʞʥʠʤ ʧʽʚʧʨʦʩʪʦʨʦʤ ʤʘʶʪʴ ʤʽʩʮʝ ʩʠʣʠ ʪʝʨʪʷ. ɼʦʩʣʽʜʞʝʥʦ ʧʨʦʮʝʩ ʟʥʦʰʫʚʘʥʥʷ 

ʚʽʜ ʜʽʾ ʩʠʣ ʪʝʨʪʷ, ʟʘʣʝʞʥʦ ʚʽʜ ʬʦʨʤʠ ʰʪʘʤʧʘ ʪʘ ʯʘʩʦʚʦʾ ʢʦʦʨʜʠʥʘʪʠ. ɿʘʜʘʯʫ ʧʨʦ 

ʟʥʦʰʫʚʘʥʥʷ ʨʦʟʚôʷʟʘʥʦ ʢʨʦʢʦʚʠʤ ʤʝʪʦʜʦʤ ʟʘ ʯʘʩʦʤ. ʅʘ ʢʦʞʥʦʤʫ ʟ ʢʨʦʢʽʚ 

ʨʦʟʚôʷʟʫʚʘʣʠ ʢʦʥʪʘʢʪʥʫ ʟʘʜʘʯʫ ʟʽ ʟʤʽʥʝʥʦʶ ʬʦʨʤʦʶ ʰʪʘʤʧʘ.  

ʇʦʢʘʟʘʥʦ, ʱʦ ʟʘ ʨʘʭʫʥʦʢ ʟʥʦʩʫ ʢʦʥʪʘʢʪʥʽ ʥʘʧʨʫʞʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʽʩʪʦʪʥʦ 

ʟʤʝʥʰʝʥʽ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤʫ ʚʠʙʦʨʽ ʧʨʠʢʣʘʜʝʥʦʛʦ ʜʦ ʰʪʘʤʧʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ 

ʯʘʩʫ ʡʦʛʦ ʦʙʝʨʪʘʥʥʷ. 

ʅʘʚʝʜʝʥʦ ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʪʘʢʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʧʽʜ ʰʪʘʤʧʦʤ, ʷʢʠʡ 

ʚʪʠʩʢʘʻʪʴʩʷ ʫ ʩʬʝʨʠʯʥʫ ʧʦʨʦʞʥʠʥʫ ʚ ʧʨʦʩʪʦʨʽ. ɰʾ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʪʘʢʦʞ ʟʚʝʜʝʥʦ ʜʦ 

ʨʦʟʛʣʷʜʫ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ-ʥʝʨʽʚʥʦʩʪʝʡ ʉʽʥʴʡʦʨʽʥʽ. ɿʘʜʘʯʫ ʨʦʟʚôʷʟʫʚʘʥʥʷ 

ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʷʢʽ ʤʘʶʪʴ ʩʠʥʛʫʣʷʨʥʽ ʷʜʨʘ, ʟʚʝʜʝʥʦ ʜʦ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ 

ʘʣʛʝʙʨʠʯʥʠʭ ʨʽʚʥʷʥʴ-ʥʝʨʽʚʥʦʩʪʝʡ ʥʘ ʦʩʥʦʚʽ ʧʦʙʫʜʦʚʘʥʠʭ ʢʚʘʜʨʘʪʫʨʥʠʭ ʬʦʨʤʫʣ. 

ʈʦʟʚôʷʟʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ-ʥʝʨʽʚʥʦʩʪʝʡ ʧʨʦʚʝʜʝʥʦ ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʠʭ ʚ 
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ʤʝʪʦʜʽ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʧʽʜʭʦʜʽʚ. ɼʦʩʣʽʜʞʝʥʥʷ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ 

ʧʨʦʚʝʜʝʥʦ ʪʘʢʦʞ ʩʪʦʩʦʚʥʦ ʩʬʝʨʦʾʜʘʣʴʥʠʭ ʰʪʘʤʧʽʚ ʨʽʟʥʦʾ ʬʦʨʤʠ, ʷʢʽ ʚʪʠʩʢʘʶʪʴʩʷ 

ʫ ʩʬʝʨʠʯʥʫ ʧʦʨʦʞʥʠʥʫ. ɺʩʪʘʥʦʚʣʝʥʦ ʚʠʧʘʜʢʠ, ʢʦʣʠ ʜʽʣʷʥʢʠ ʢʦʥʪʘʢʪʫ ʻ ʦʜʥʦ- ʘʙʦ 

ʜʚʦʟʚô̫ ʟʥʠʤʠ, ʦʙʣʘʩʪʴ ʢʦʥʪʘʢʪʫ ʨʦʟʤʽʱʝʥʘ ʚ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʧʦʨʦʞʥʠʥʠ ʘʙʦ 

ʧʦʰʠʨʶʻʪʴʩʷ ʽ ʥʘ ʾʾ ʚʝʨʭʥʶ ʯʘʩʪʠʥʫ. ʆʪʨʠʤʘʥʦ ʥʦʚʽ ʤʝʭʘʥʽʯʥʽ ʝʬʝʢʪʠ, ʧʦʚôʷʟʘʥʽ ʟ 

ʚʠʥʠʢʥʝʥʥʷʤ ʢʽʣʴʮʝʚʦʾ ʜʽʣʷʥʢʠ ʢʦʥʪʘʢʪʫ ʽ ʥʝʤʦʥʦʪʦʥʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʢʦʥʪʘʢʪʥʦʛʦ 

ʪʠʩʢʫ ʟʘ ʧʝʚʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʬʝʨʦʾʜʘʣʴʥʦʛʦ ʰʪʘʤʧʘ. 

ʋ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ ʧʦʙʫʜʦʚʘʥʦ ʯʠʩʣʦʚʦ-ʘʥʘʣʽʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ ʨʦʟʚôʷʟʫʚʘʥʥʷ 

ʬʨʠʢʮʽʡʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʢʦʥʪʘʢʪʥʦʾ ʟʘʜʘʯʽ ʧʨʦ ʚʟʘʻʤʦʜʽʶ ʜʚʦʭ ʪʽʣ. ʇʨʠʡʥʷʪʦ, ʱʦ 

ʦʙʣʘʩʪʴ ʚʟʘʻʤʦʜʽʾ ʤʘʻ ʤʘʣʽ ʨʦʟʤʽʨʠ ʧʦʨʽʚʥʷʥʦ ʟ ʨʦʟʤʽʨʘʤʠ ʪʽʣ, ʫ ʟʚôʷʟʢʫ ʟ ʯʠʤ ʮʽ 

ʪʽʣʘ ʨʦʟʛʣʷʜʘʣʠʩʴ ʷʢ ʧʽʚʧʨʦʩʪʦʨʠ. ʂʦʥʪʘʢʪʥʘ ʟʘʜʘʯʘ ʟ ʥʝʚʽʜʦʤʠʤʠ ʦʙʣʘʩʪʷʤʠ 

ʚʟʘʻʤʦʜʽʾ ʟʚʝʜʝʥʘ ʜʦ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ-ʥʝʨʽʚʥʦʩʪʝʡ ʉʽʥʴʡʦʨʽʥʽ. 

ɼʠʩʢʨʝʪʠʟʘʮʽʷ ʽʥʪʝʛʨʘʣʽʚ ʧʨʦʚʝʜʝʥʘ ʥʘ ʦʩʥʦʚʽ ʧʦʙʫʜʦʚʘʥʠʭ ʢʫʙʘʪʫʨʥʠʭ ʬʦʨʤʫʣ. 

ʇʨʠ ʮʴʦʤʫ ʥʝʚʽʜʦʤʽ ʢʦʥʪʘʢʪʥʽ ʪʠʩʢʠ ʟʘʧʠʩʫʚʘʣʠʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʽʥʽʡʥʠʭ 

ʢʫʩʢʦʚʦ-ʥʝʧʝʨʚʥʠʭ ʬʫʥʢʮʽʡ. ʂʦʝʬʽʮʽʻʥʪʠ ʢʫʙʘʪʫʨʥʠʭ ʬʦʨʤʫʣ ʟʚʝʜʝʥʽ ʜʦ 

ʟʥʘʭʦʜʞʝʥʥʷ ʽʥʪʝʛʨʘʣʽʚ,, ʚ ʷʢʠʭ ʧʽʜʽʥʪʝʛʨʘʣʴʥʽ ʬʫʥʢʮʽʾ ʤʘʶʪʴ ʦʩʦʙʣʠʚʽʩʪʴ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʮʽ ʢʦʝʬʽʮʽʻʥʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟʥʘʡʜʝʥʽ ʟʘ ʘʥʘʣʽʪʠʯʥʠʤʠ ʬʦʨʤʫʣʘʤʠ. ɿ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʫʙʘʪʫʨʥʠʭ ʬʦʨʤʫʣ ʩʠʩʪʝʤʘ ʣʽʥʽʡʥʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ-

ʥʝʨʽʚʥʦʩʪʝʡ ʟʚʝʜʝʥʘ ʜʦ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʣʽʥʽʡʥʦʾ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ-ʥʝʨʽʚʥʦʩʪʝʡ, ʷʢʘ 

ʜʘʣʽ ʟʚʝʜʝʥʘ ʜʦ ʟʘʜʘʯʽ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ.  

ʈʦʟʨʘʭʫʥʢʠ ʚʠʢʦʥʘʥʽ ʜʣʷ ʧʘʨʘʙʦʣʽʯʥʠʭ ʬʦʨʤ ʪʽʣ ʚ ʦʙʣʘʩʪʽ ʾʭ ʚʟʘʻʤʦʜʽʾ  ʧʨʠ 

ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʚʟʘʻʤʥʦʛʦ ʟʙʣʠʞʝʥʥʷ ʪ̔ ʣ, ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʨʪʷ ʪʘ 

ʇʫʘʩʩʦʥʘ. ʇʨʦʚʝʜʝʥʦ ʪʝʩʪʫʚʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʯʠʩʣʦʚʦ ʨʝʟʫʣʴʪʘʪʽʚ. ʇʦʢʘʟʘʥʦ, ʱʦ 

ʜʣʷ ʚʠʧʘʜʢʫ ʛʣʘʜʢʦʛʦ ʰʪʘʤʧʘ ʟʥʘʡʜʝʥ ̔ʯʠʩʣʦʚʦ ʨʦʟʚôʷʟʢʠ ʜʦʙʨʝ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ 

ʥʘʚʝʜʝʥʠʤʠ ʫ ʣʽʪʝʨʘʪʫʨʽ ʘʥʘʣʽʪʠʯʥʠʤʠ ʨʦʟʚôʷʟʢʘʤʠ. ɼʣʷ ʚʠʧʘʜʢʽʚ ʢʦʥʪʘʢʪʫʚʘʥʥʷ 

ʪʽʣ ʟ ʪʝʨʪʷʤ ʟ ʤʝʪʦʶ ʧʝʨʝʚʽʨʢʠ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʚʠʟʥʘʯʘʣʘʩʴ ʬʦʨʤʘ ʟʜʝʬʦʨʤʦʚʘʥʠʭ 

ʧʦʚʝʨʭʦʥʴ ʪʽʣ, ʷʢʘ ʚʠʥʠʢʘʻ ʚʽʜ ʜʽʾ ʟʥʘʡʜʝʥʠʭ ʢʦʥʪʘʢʪʥʠʭ ʪʠʩʢʽʚ. ʇʦʢʘʟʘʥʦ, ʱʦ 

ʨʦʟʨʘʭʦʚʘʥʽ ʪʘʢʠʤ ʯʠʥʦʤ ʬʦʨʤʠ ʧʦʚʝʨʭʦʥʴ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʫʤʦʚʘʤ ʢʦʥʪʘʢʪʫ, ʥʘ 

ʦʩʥʦʚʽ ʷʢʠʭ ʨʦʟʚôʷʟʫʚʘʣʘʩʴ ʟʘʜʘʯʘ. 
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ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʨʦʙʣʝʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʨʦʟʛʣʷʥʫʪʦ ʪʘʢʦʞ ʬʨʠʢʮʽʡʥʫ 

ʢʦʥʪʘʢʪʥʫ ʟʘʜʘʯʫ ʧʨʦ ʚʟʘʻʤʦʜʽʶ ʰʘʨʫ ʟʽ ʰʪʘʤʧʘʤʠ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ. ɿ ʮʽʻʶ ʤʝʪʦʶ 

ʧʦʧʝʨʝʜʥʴʦ ʨʦʟʨʦʙʣʝʥʦ ʝʬʝʢʪʠʚʥʠʡ ʘʣʛʦʨʠʪʤ ʚʠʟʥʘʯʝʥʥʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ 

ʨʦʟʚôʷʟʢʫ ʜʣʷ ʰʘʨʫ, ʟʘ ʷʢʠʡ ʧʨʠʡʥʷʪʦ ʥʦʨʤʘʣʴʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʤʝʞʽ ʰʘʨʫ ʚʽʜ ʜʽʾ 

ʟʦʩʝʨʝʜʞʝʥʦʾ ʩʠʣʠ. ʁʦʛʦ ʟʘʧʠʩʘʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʚʦʭ ʧʽʜʭʦʜʽʚ. ɼʣʷ ʪʦʯʦʢ 

ʚʽʜʜʘʣʝʥʠʭ ʚʽʜ ʩʠʣʠ ʨʦʟʚôʷʟʦʢ ʟʘʧʠʩʘʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʠʤʚʦʣʽʯʥʦʛʦ ʨʦʟʚôʷʟʢʫ 

ʃʫʨôʻ ʽ ʬʦʨʤʫʣʠ ɺʘʱʝʥʢʦ-ɿʘʭʘʨʯʝʥʢʦ ʯʝʨʝʟ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦ ʟʙʽʞʥʽ ʨʷʜʠ. ɼʣʷ 

ʙʣʠʟʴʢʠʭ ʜʦ ʩʠʣʠ ʪʦʯʦʢ ʚʠʢʦʨʠʩʪʘʥʦ ʽʥʪʝʛʨʘʣʴʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʍʘʥʢʝʣʷ. ʅʝʚʣʘʩʥʽ 

ʽʥʪʝʛʨʘʣʠ ʘʧʨʦʢʩʠʤʦʚʘʥʦ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʧʦʣʽʥʦʤʘʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ 

ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ. ʂʦʥʪʘʢʪʥʘ ʟʘʜʘʯʘ ʨʦʟʚôʷʟʫʚʘʣʘʩʴ ʚʠʢʣʘʜʝʥʠʤ ʚʠʱʝ 

ʘʣʛʦʨʠʪʤʦʤ ʜʣʷ ʧʽʚʧʨʦʩʪʦʨʫ. ʂʦʝʬʽʮʽʻʥʪʠ ʢʫʙʘʪʫʨʥʦʾ ʬʦʨʤʫʣʠ ʟʦʙʨʘʞʝʥʦ ʫ 

ʚʠʛʣʷʜʽ ʩʫʤʠ ʟʥʘʡʜʝʥʠʭ ʜʣʷ ʧʽʚʧʨʦʩʪʦʨʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʘ ʦʙʯʠʩʣʝʥʠʭ ʯʠʩʣʦʚʦ 

ʽʥʪʝʛʨʘʣʽʚ ʟ ʛʣʘʜʢʠʤʠ ʧʽʜʽʥʪʝʛʨʘʣʴʥʠʤʠ ʬʫʥʢʮʽʷʤʠ.  

ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʯʠʩʣʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɿ 

ʤʝʪʦʶ ʪʝʩʪʫʚʘʥʥʷ ʚʠʢʦʥʘʥʦ ʨʦʟʨʘʭʫʥʢʠ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ ʜʣʷ ʧʽʚʧʨʦʩʪʦʨʫ ʪʘ 

ʰʘʨʫ ʟʘ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʟʤʽʱʝʥʥʷ ʰʪʘʤʧʘ. ɯʟ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʜʥʦ, ʱʦ 

ʧʨʠ ʤʘʣʠʭ ʟʘʛʣʠʙʣʝʥʥʷʭ ʰʪʘʤʧʘ ʢʦʥʪʘʢʪʥʽ ʪʠʩʢʠ ʚ ʰʘʨʽ ʽ ʧʽʚʧʨʦʩʪʦʨʽ ʧʨʘʢʪʠʯʥʦ 

ʟʙʽʛʘʶʪʴʩʷ. ʇʨʠ ʙʽʣʴʰʠʭ ʟʘʛʣʠʙʣʝʥʥʷʭ ʰʪʘʤʧʘ ʟʥʘʯʝʥʥʷ ʢʦʥʪʘʢʪʥʠʭ ʪʠʩʢʽʚ ʫ ʰʘʨʽ 

ʻ ʙʽʣʴʰʠʤʠ ʥʽʞ ʫ ʧʽʚʧʨʦʩʪʦʨʽ, ʧʨʠ ʮʴʦʤʫ ʦʙʣʘʩʪʴ ʢʦʥʪʘʢʪʫ ʫ ʚʠʧʘʜʢʫ ʰʘʨʫ ʪʘʢʦʞ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʦʨʽʚʥʷʥʦ ʽʟ ʦʙʣʘʩʪʶ ʢʦʥʪʘʢʪʫ ʜʣʷ ʧʽʚʧʨʦʩʪʦʨʫ. ʂʦʥʪʘʢʪʥʽ ʪʠʩʢʠ ʜʣʷ 

ʚʠʧʘʜʢʫ ʛʣʘʜʢʦʛʦ ʰʪʘʤʧʘ ʜʦʙʨʝ ʫʟʛʦʜʞʫʶʪʴʩʷ ʽʟ ʜʘʥʠʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʚ 

ʣʽʪʝʨʘʪʫʨʽ ʽʥʰʠʤ ʤʝʪʦʜʦʤ. 

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʨʦʙʣʝʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʢʠ ʢʦʥʪʘʢʪʥʠʭ 

ʪʠʩʢʽʚ ʜʣʷ ʨʽʟʥʠʭ ʬʦʨʤ ʰʪʘʤʧʽʚ ʟʘ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʟʘʛʣʠʙʣʝʥʥʷ ʪʘ ʢʦʝʬʽʮʽʻʥʪʘ 

ʪʝʨʪʷ. ʇʦʢʘʟʘʥʦ, ʱʦ ʨʦʟʨʦʙʣʝʥʠʡ ʘʣʛʦʨʠʪʤ ʻ ʝʬʝʢʪʠʚʥʠʤ ʽ ʜʘʻ ʟʤʦʛʫ ʨʦʟʚôʷʟʫʚʘʪʠ 

ʟ ʢʦʥʪʨʦʣʴʦʚʘʥʦʶ ʪʦʯʥʽʩʪʶ ʬʨʠʢʮʽʡʥʽ ʢʦʥʪʘʢʪʥʽ ʟʘʜʘʯʽ ʧʨʦ ʚʟʘʻʤʦʜʽʶ ʜʚʦʭ 

ʧʨʫʞʥʠʭ ʪʽʣ (ʟʘ ʤʘʣʦʾ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ) ʪʘ ʜʣʷ ʧʨʫʞʥʦʛʦ ʰʘʨʫ, ʱʦ ʚʟʘʻʤʦʜʽʻ ʟ 

ʰʪʘʤʧʘʤʠ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ. 

ʋ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʨʦʙʣʝʥʦ ʧʽʜʭʽʜ ʜʦ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʧʣʦʩʢʦʾ ʬʨʠʢʮʽʡʥʦʾ 
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ʢʦʥʪʘʢʪʥʦʾ ʟʘʜʘʯʽ ʜʣʷ ʰʘʨʫ ʽʟ ʟʘʢʨʽʧʣʝʥʦʶ ʦʩʥʦʚʦʶ, ʷʢʘ ʚʠʛʦʪʦʚʣʝʥʘ ʽʟ ʤʘʪʝʨʽʘʣʫ 

ʽʟ ʟʘʛʘʣʴʥʦʶ ʘʥʽʟʦʪʨʦʧʽʻʶ. ɯʥʪʝʛʨʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʢʦʥʪʘʢʪʥʦʾ ʟʘʜʘʯʽ ʜʣʷ ʩʫʮʽʣʴʥʦʾ 

ʩʤʫʛʠ ʟʘʧʠʩʘʥʦ ʥʘ ʦʩʥʦʚʽ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʨʦʟʚô̫ ʟʢʫ, ʧʦʙʫʜʦʚʘʥʦʛʦ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʃʝʭʥʽʮʴʢʦʛʦ. ɯʥʪʝʛʨʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʜʠʩʢʨʝʪʠʟʦʚʘʥʦ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʚʘʜʨʘʪʫʨʥʠʭ ʬʦʨʤʫʣ ʗʢʦʙʽ-ʏʝʙʠʰʝʚʘ ʽ ʟʚʝʜʝʥʦ ʜʦ ʨʦʟʚô̫ ʟʫʚʘʥʥʷ 

ʣʽʥʽʡʥʦʾ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ. ʅʝʚʽʜʦʤʽ ʤʝʞʽ ʦʙʣʘʩʪʝʡ ʢʦʥʪʘʢʪʫ ʚʠʟʥʘʯʘʣʠʩʴ ʽʟ 

ʩʠʩʪʝʤʠ ʥʝʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ (ʜʚʦʭ ʫ ʚʠʧʘʜʢʫ ʦʜʥʦʛʦ ʰʪʘʤʧʘ ʪʘ ʯʦʪʠʨʴʦʭ ʜʣʷ 

ʩʠʩʪʝʤʠ ʜʚʦʭ ʰʪʘʤʧʽʚ) ʤʝʪʦʜʦʤ ʇʘʫʝʣʣʘ. 

ɺʠʢʦʥʘʥʽ ʨʦʟʨʘʭʫʥʢʠ ʜʣʷ ʦʜʥʦʛʦ ʽ ʜʚʦʭ ʧʘʨʘʙʦʣʽʯʥʠʭ ʰʪʘʤʧʽʚ ʪʘ ʰʪʘʤʧʽʚ ʟ 

ʧʣʦʩʢʦʶ ʦʩʥʦʚʦʶ, ʟʘʢʨʫʛʣʝʥʠʭ ʥʘ ʢʨʘʷʭ. ʇʨʠ ʮʴʦʤʫ ʨʦʟʛʣʷʥʫʪʦ ʰʪʘʤʧʠ, ʷʢʽ 

ʟʤʽʱʫʶʪʴʩʷ ʚʝʨʪʠʢʘʣʴʥʦ ʘʙʦ ʤʦʞʫʪʴ ʧʦʚʝʨʪʘʪʠʩʴ ʚ ʧʨʦʮʝʩʽ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʥʘʧʨʷʤʢʽʚ ʘʨʤʫʚʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʢʦʥʪʘʢʪʥʽ 

ʥʘʧʨʫʞʝʥʥʷ. ɺʠʢʦʥʘʥʽ ʨʦʟʨʘʭʫʥʢʠ ʜʣʷ ʦʨʪʦʪʨʦʧʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʧʘʨʘʙʦʣʽʯʥʦʛʦ 

ʰʪʘʤʧʘ ʜʦʙʨʝ ʫʟʛʦʜʞʫʶʪʴʩʷ ʽʟ ʥʘʚʝʜʝʥʠʤʠ ʚ ʣʽʪʝʨʘʪʫʨʽ ʜʘʥʠʤʠ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʙʽʣʷ ʰʪʘʤʧʘ ʚʠʥʠʢʘʶʪʴ ʚʠʩʦʢʽ ʨʦʟʪʷʛʫʚʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ, ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

ʷʢʠʭ ʩʫʤʽʨʥʝ ʽʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʪʠʩʢʦʤ. ʊʦʙʪʦ, ʟʘ ʜʽʾ ʰʪʘʤʧʽʚ ʟ ʪʝʨʪʷʤ ʡʤʦʚʽʨʥʝ 

ʚʠʥʠʢʥʝʥʥʷ ʢʨʘʡʦʚʠʭ ʪʨʽʱʠʥ ʫ ʩʤʫʟʽ ʙʽʣʷ ʰʪʘʤʧʘ. ʋ ʟʚô̫ ʟʢʫ ʟ ʮʠʤ ʚ ʨʦʙʦʪʽ 

ʧʦʙʫʜʦʚʘʥʦ ʘʣʛʦʨʠʪʤ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯʽ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ ʜʣʷ ʘʥʽʟʦʪʨʦʧʥʦʾ 

ʩʤʫʛʠ ʽʟ ʟʘʢʨʽʧʣʝʥʦʶ ʦʩʥʦʚʦʶ, ʷʢʘ ʧʦʩʣʘʙʣʝʥʘ ʪʨʽʱʠʥʘʤʠ. ʊʘʢʘ ʟʘʜʘʯʘ ʟʚʝʜʝʥʘ ʜʦ 

ʩʠʩʪʝʤʠ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʚʽʜʥʦʩʥʦ ʥʝʚʽʜʦʤʠʭ ʪʠʩʢʫ ʧʽʜ ʰʪʘʤʧʦʤ ʪʘ ʩʪʨʠʙʢʽʚ 

ʧʝʨʝʤʽʱʝʥʴ ʥʘ ʪʨʽʱʠʥʽ. ʗʜʨʘ ʨʽʚʥʷʥʴ ʟʘʧʠʩʘʥʦ ʥʘ ʨʦʟʚô̫ ʟʢʘʭ ʪʠʧʫ ɻʨʽʥʘ ʜʣʷ 

ʩʤʫʛʠ, ʫ ʟʚôʷʟʢʫ ʟ ʯʠʤ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʥʘ ʧʨʷʤʦʣʽʥʽʡʥʠʭ ʤʝʞʘʭ ʚʠʢʦʥʫʶʪʴʩʷ 

ʪʦʪʦʞʥʦ. ʈʦʟʚô̫ ʟʦʢ ɻʨʽʥʘ ʟʘʧʠʩʘʥʦ ʚ ʘʥʘʣʽʪʠʯʥʦʤʫ ʚʠʛʣʷʜʽ ʯʝʨʝʟ ʧʦʪʝʥʮʽʘʣʠ 

ʃʝʭʥʽʮʴʢʦʛʦ, ʚ ʷʢʠʭ ʚʠʜʽʣʝʥʦ ʦʩʦʙʣʠʚʽ ʩʢʣʘʜʦʚʽ (ʧʦʣʶʩʠ). ɼʠʩʢʨʝʪʥʠʡ ʘʥʘʣʦʛ 

ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʧʦʙʫʜʦʚʘʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʚʘʜʨʘʪʫʨʥʠʭ ʬʦʨʤʫʣ ʗʢʦʙʽ-

ʏʝʙʠʰʝʚʘ (ʚ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ) ʪʘ ɻʘʫʩʩʘ-ʏʝʙʠʰʝʚʘ (ʥʘ ʪʨʽʱʠʥʘʭ). 

ʇʨʦʚʝʜʝʥʝ ʪʝʩʪʫʚʘʥʥʷ ʧʦʙʫʜʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʘʢʝʪʫ 

ʧʨʦʛʨʘʤ ANSYS ʧʽʜʪʚʝʨʜʞʫʻ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɺʠʢʦʥʘʥʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʙʽʣʷ ʚʥʫʪʨʽʰʥʴʦʾ ʪʘ ʢʨʘʡʦʚʦʾ ʪʨʽʱʠʥʠ ʫ ʘʥʽʟʦʪʨʦʧʥʽʡ 
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ʩʤʫʟʽ ʧʨʠ ʚʠʙʨʘʥʠʭ ʩʧʦʩʦʙʘʭ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʇʨʠ ʜʽʾ ʰʪʘʤʧʘ ʧʨʠʡʤʘʣʠ, ʱʦ 

ʪʨʽʱʠʥʘ ʻ ʢʨʘʡʦʚʦʶ ʽ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʦʙʣʘʩʪʽ, ʜʝ ʜʽʶʪʴ ʨʦʟʪʷʛʫʚʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ. 

ɺʠʟʥʘʯʘʣʠ ʢʦʝʬʽʮʽʻʥʪʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ (ʂɯʅ), ʦʙʣʘʩʪʴ ʢʦʥʪʘʢʪʫ ʪʘ 

ʢʦʥʪʘʢʪʥʽ ʥʘʧʨʫʞʝʥʥʷ ʟʘʣʝʞʥʦ ʚʽʜ ʨʦʟʤʽʱʝʥʥʷ ʪʨʽʱʠʥʠ ʪʘ ʾʾ ʜʦʚʞʠʥʠ. 

ɺʩʪʘʥʦʚʣʝʥʦ ʽʩʪʦʪʥʠʡ ʚʧʣʠʚ ʦʨʽʻʥʪʘʮʽʾ ʦʩʝʡ ʦʨʪʦʪʨʦʧʽʾ ʥʘ ʂɯʅ ʪʘ ʢʦʥʪʘʢʪʥʽ 

ʥʘʧʨʫʞʝʥʥʷ ʧʽʜ ʰʪʘʤʧʦʤ. 

ʋ ʚʠʩʥʦʚʢʘʭ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʦʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʢʦʥʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ 

ʚʢʘʟʫʶʪʴ, ʱʦ ʨʦʟʨʦʙʣʝʥʠʡ ʫ ʨʦʙʦʪʽ ʧʽʜʭʽʜ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʝʪʦʜʽ ʽʥʪʝʛʨʘʣʴʥʠʭ 

ʨʽʚʥʷʥʴ-ʥʝʨʽʚʥʦʩʪʝʡ ʪʘ ʟʚʝʜʝʥʥʽ ʜʦ ʟʘʜʘʯʽ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʻ 

ʝʬʝʢʪʠʚʥʠʤ ʽ ʜʘʻ ʟʤʦʛʫ ʜʦʩʣʽʜʞʫʚʘʪʠ ʰʠʨʦʢʠʡ ʢʣʘʩ ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ ʟ 

ʥʝʚʽʜʦʤʠʤʠ ʦʙʣʘʩʪʷʤʠ ʚʟʘʻʤʦʜʽʾ ʟʘ ʜʽʾ ʰʪʘʤʧʽʚ ʩʢʣʘʜʥʠʭ ʬʦʨʤ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʩʠʣ ʪʝʨʪʷ ʪʘ ʟʥʦʰʫʚʘʥʥʷ. 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʦʧʫʙʣʽʢʦʚʘʥʽ ʫ 20 ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ, ʫ ʪʦʤʫ ʯʠʩʣʽ 1 ʨʦʟʜʽʣ 

ʫ ʢʦʣʝʢʪʠʚʥʽʡ ʤʦʥʦʛʨʘʬʽʾ; 1 ʩʪʘʪʪʷ ʫ ʤʽʞʥʘʨʦʜʥʦʤʫ ʨʝʮʝʥʟʦʚʘʥʦʤʫ ʥʘʫʢʦʚʦʤʫ 

ʞʫʨʥʘʣʽ, ʷʢʠʡ ʤʘʻ Impact Factor (3.2) ʪʘ ʽʥʜʝʢʩʫʻʪʴʩʷ ʫ ʤʽʞʥʘʨʦʜʥʽʡ 

ʥʘʫʢʦʤʝʪʨʠʯʥʽʡ ʙʘʟʽ Scopus (ʢʚʘʨʪʠʣʴ Q2); 4 ʩʪʘʪʪʽ ʫ ʫ ʚʠʜʘʥʥʷʭ, ʷʢʽ ʽʥʜʝʢʩʫʶʪʴʩʷ 

ʫ ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʤʝʪʨʠʯʥʽʡ ʙʘʟʽ Scʦpus (ʢʚʘʨʪʠʣʴ Q3), 3 ʩʪʘʪʪʽ ʫ ʚʠʜʘʥʥʷʭ 

ʢʘʪʝʛʦʨʽʾ çɹè; 11 ʪʝʟ ʜʦʧʦʚʽʜʝʡ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʥʘ ʤʽʞʥʘʨʦʜʥʠʭ ʪʘ ʚʽʪʯʠʟʥʷʥʠʭ 

ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ. ɼʚʽ ʩʪʘʪʪʽ ʦʧʫʙʣʽʢʦʚʘʥʦ ʩʘʤʦʩʪʽʡʥʦ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʬʨʠʢʮʽʡʥʘ ʢʦʥʪʘʢʪʥʘ ʚʟʘʻʤʦʜʽʷ, ʥʝʟʘʜʘʥʽ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ, 

ʤʝʪʦʜ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʤʝʪʦʜ ʉʽʥʴʡʦʨʽʥʽ, 

ʢʚʘʜʨʘʪʠʯʥʝ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʘʥʽʟʦʪʨʦʧʽʷ, ʢʦʤʧʦʟʠʪʠ, ʧʦʚʝʨʭʥʽ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ, 

ʚʠʾʤʢʠ, ʟʥʦʰʫʚʘʥʥʷ, ʩʤʫʛʘ, ʢʦʥʪʘʢʪʥʽ ʥʘʧʨʫʞʝʥʥʷ, ʪʨʽʱʠʥʘ, ʢʦʝʬʽʮʽʻʥʪʠ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ. 
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Ya. S. Pidstryhach Institute for Applied Problems of Mechanics and Mathematics of the 

National Academy of Sciences of Ukraine, Lviv, 2026. 

The dissertation addresses an important scientific and applied problem: the 

development of numerical-analytical methods and approaches for determining and 

analysing the stress-strain state in the contact interaction zone for two- and three-

dimensional frictional contact problems with unknown contact regions. 

The object of the research is three-dimensional and plane frictional contact 

problems with unknown interaction regions. 

The subject of the research is the development of approaches based on 

mathematical, numerical, and computer modelling for studying the stress-strain state in 

the contact interaction zone. 

The scientific novelty of the obtained results is as follows: 

1. An approach is developed for solving spatial frictional contact problems with 

unknown interaction regions. The approach is based on the method of Signorini integral 

equationsïinequalities and their subsequent reduction to a quadratic programming 

problem. The influence of friction on the distribution of contact pressures beneath 

punches of complex shape and on the stresses arising in their vicinity is investigated. 

2. This approach is used to develop a method for analysing axisymmetric contact 

problems with unknown interaction regions in a half-space and in a body containing a 

spherical cavity. 

3. The wear process beneath a rough rotating punch is investigated, with wear 

driven by frictional forces. The problem is solved using a stepwise time-integration 

method. 

4. A numerical-analytical algorithm is developed for solving frictional contact 

problems for a half-space and a layer. Contact pressures in a half-space and a layer are 

analysed for different punch shapes, mechanical characteristics, and friction. It is 

established that tensile stresses arise near the punch and may be comparable in 

magnitude to the maximum contact pressures. 
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5. A method is developed for analysing frictional contact problems for a continuous 

anisotropic strip and for an anisotropic strip containing cracks located in the regions of 

tensile stresses arising near the punch. 

The practical and theoretical significance of the obtained results lies in the 

development of a comprehensive approach to determining and analysing the stress-

strain state under contact loading, since the contact interaction zone is often the region 

in which strength loss occurs or structural failure is initiated in structural elements and 

machine components. 

The paper considers an axisymmetric contact problem for a half-space, taking into 

account punch rotation and wear in the interaction region. The influence of the wear 

process on the evolution of the contact pressure and on changes in its distribution within 

the contact region is investigated. In particular, it is established that, as a result of wear, 

elevated contact pressures near local surface irregularities gradually decrease and, for 

sufficiently large values of the time coordinate, acquire a distribution characteristic of a 

punch with a smoothed surface.  

In all the considered cases for which calculations were carried out, the shape of the 

punch base in its central part after wear, at sufficiently large times, became cone-

shaped. As a result, high pressures arise in this region, which corresponds to Galinôs 

effect. 

The obtained results can be used in cases where high contact pressures arise beneath 

wavy punches. One possible way of optimising the punch shape is to perform 

preliminary rotation of the punch about its axis. As shown in the dissertation, wear can 

substantially reduce contact stresses when the load applied to the punch and the duration 

of its rotation are chosen optimally. 

Using the developed numerical-analytical algorithm, contact pressures and 

tangential stresses in a half-space and a layer are analysed with respect to punch shape, 

mechanical characteristics, and friction. It is established that tensile stresses arise near 

the punch and may be comparable in magnitude to the maximum contact pressures. 

Such stresses may lead to the formation of surface cracks, which may subsequently 
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grow under repeated loading, as occurs, for example, during the motion of trains along 

rails. In this context, the developed method for investigating stresses near cracks located 

in the vicinity of punches in composites is of considerable practical interest, since it 

makes it possible to predict the initiation of failure processes. 

The dissertation consists of an introduction, four chapters, conclusions, a list of 

references, and appendices.  

The introduction provides the rationale for the choice of the research topic; 

formulates the aim, object, subject, and tasks of the dissertation; presents the scientific 

novelty and practical significance of the obtained results; and describes the connection 

of the work with scientific programmes, plans, and research topics. It also presents the 

applicantôs personal contribution, information on the approbation of the research results, 

a list of the applicantôs publications, and the structure and scope of the dissertation. 

The first chapter analyses current research in contact mechanics and methods for 

solving spatial and plane contact problems with unknown interaction regions. The 

relevance of the research is substantiated by the wide range of important practical 

problems that arise in various branches of industry. The main relations required for 

formulating the integral equations of contact problems for a half-space and a layer in the 

spatial formulation, as well as for a strip in the plane formulation, are presented. The 

main relations of Lekhnitskiiôs method, used in the dissertation to solve contact 

problems for an anisotropic strip and for an anisotropic strip weakened by a crack, are 

also outlined. 

The second chapter presents a numerical algorithm for solving an axisymmetric 

problem of elasticity theory concerning the interaction of an elastic half-space with a 

rigid punch whose surface has a complex shape. Under the action of such a punch, 

contact occurs over separate regions that are not known in advance. The contact 

problem is formulated in terms of Signorini integral equationsïinequalities, which, 

using quadrature formulae for singular integrals, are transformed into a system of linear 

algebraic equationsïinequalities. This system is then reduced to the minimisation of a 
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quadratic form subject to linear constraints imposed on the unknown contact stresses, 

which leads to a quadratic programming problem. 

Using the developed algorithm, the contact pressure distribution is determined and 

analysed for punches of various shapes, including punches with a sinusoidal surface. 

Contact problems are also considered for cases in which the half-space or the punch 

contains grooves of different shapes. Stresses near a groove are investigated depending 

on the load applied to the punch. 

An axisymmetric frictional contact problem is considered in the case where 

frictional forces act between the punch and the elastic half-space. The wear process 

caused by frictional forces is investigated depending on the punch shape and the time 

coordinate. The wear problem is solved using a stepwise time-integration method. At 

each time step, the contact problem is solved for the modified shape of the punch.  

It is shown that wear can substantially reduce contact stresses when the load applied 

to the punch and the duration of its rotation are chosen optimally. 

The dissertation also considers the determination of contact stresses that arise when 

a punch is pressed into a spherical cavity in an elastic space. Its solution is also reduced 

to the consideration of Signorini integral equationsïinequalities. The problem of solving 

integral equations with singular kernels is reduced to a system of linear algebraic 

equationsïinequalities on the basis of the derived quadrature formulae. The system of 

equationsïinequalities is solved using approaches developed within the quadratic 

programming method. Contact pressure is also investigated for spheroidal punches of 

different shapes pressed into a spherical cavity. The analysis identifies cases in which 

the contact regions are simply or doubly connected and either lie in the lower part of the 

cavity or extend to its upper part. The analysis reveals new mechanical effects 

associated with the formation of an annular contact region and a non-monotonic contact 

pressure distribution for certain geometric parameters of the spheroidal punch. 

The third chapter develops a numerical-analytical algorithm for solving a spatial 

frictional contact problem concerning the interaction of two bodies. It is assumed that 

the interaction region is small compared with the dimensions of the bodies; therefore, 
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the bodies are modelled as half-spaces. The contact problem with unknown interaction 

regions is reduced to the solution of Signorini integral equationsïinequalities. The 

integrals are discretised using cubature formulae developed in the dissertation. The 

unknown contact pressures are approximated by piecewise linear continuous functions. 

The coefficients of the cubature formulae are reduced to the evaluation of integrals 

whose integrands contain singularities. It is shown that these coefficients can be found 

using analytical formulae. By applying the cubature formulae, the system of linear 

integral equationsïinequalities is reduced to a linear system of equationsïinequalities, 

which is then reduced to a quadratic programming problem. 

Calculations are performed for bodies with parabolic profiles in the interaction 

region, for different values of the relative approach of the bodies, friction coefficients, 

and Poissonôs ratios. The numerical results are tested. It is shown that, in the case of a 

smooth punch, the numerical solutions obtained are in good agreement with analytical 

solutions available in the literature. For contact problems with friction, the reliability of 

the results is verified by determining the shapes of the deformed surfaces of the bodies 

produced by the calculated contact pressures. It is shown that the surface profiles 

obtained in this way satisfy the contact conditions imposed in the problem formulation. 

Using the developed algorithm, a frictional contact problem concerning the 

interaction of a layer with punches of complex shape is also considered. For this 

purpose, an efficient algorithm is first developed for determining the fundamental 

solution for a layer, taken as the normal displacements of the layer boundary caused by 

a concentrated force. This solution is represented using two approaches. For points 

located far from the force, the solution is written using Lurieôs symbolic solution and 

the Vashchenko-Zakharchenko formula in terms of exponentially convergent series. For 

points close to the force, the Hankel integral transform is used. The improper integrals 

are approximated with high accuracy by polynomials using the least-squares method. 

The contact problem is solved using the algorithm described above for the half-space. 

The coefficients of the cubature formula are represented as the sum of the coefficients 

obtained for the half-space and numerically evaluated integrals with smooth integrands. 
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The reliability of the obtained numerical results is investigated. For testing purposes, 

contact pressure calculations are performed for a half-space and a layer for different 

values of punch displacement The results show that, for small indentation depths, the 

contact pressures in the layer and the half-space are nearly identical. For larger punch 

indentations, the contact pressures in the layer are higher than those in the half-space, 

and the contact region in the case of the layer also increases compared with that for the 

half-space. Contact pressures for the case of a smooth punch are in good agreement with 

data obtained in the literature by another method. 

Using the developed algorithm, contact pressures are calculated for punches of 

different shapes and for different values of indentation and friction coefficient. It is 

shown that the developed algorithm is effective and makes it possible to solve, with 

controlled accuracy, frictional contact problems concerning the interaction of two 

elastic bodies, when the contact region is small, as well as contact problems for an 

elastic layer interacting with punches of complex shape. 

The fourth chapter develops an approach for solving a plane frictional contact 

problem for a layer with a fixed base made of a generally anisotropic material. The 

integral equation of the contact problem for a continuous strip is written on the basis of 

a fundamental solution constructed using Lekhnitskiiôs method. The integral equation is 

discretised using JacobiïChebyshev quadrature formulae and reduced to the solution of 

a linear system of equations. The unknown boundaries of the contact regions are 

determined from a system of nonlinear equations, consisting of two equations in the 

case of one punch and four equations for a system of two punches, using Powellôs 

method. 

Calculations are carried out for one and two parabolic punches and for punches with 

a flat base rounded at the edges. Punches that are displaced vertically or may rotate 

during loading are considered. The influence of the orientation of the reinforcing 

elements of composites on the contact stresses is investigated. The numerical results 

obtained for an orthotropic material and a parabolic punch are in good agreement with 

data reported in the literature. It is established that high tensile stresses arise near the 
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punch, with maximum values comparable to the maximum contact pressure. Therefore, 

under the action of punches with friction, edge cracks may occur in the strip near the 

punch. 

To address this issue, the dissertation develops an algorithm for solving the 

elasticity problem for an anisotropic strip with a fixed base weakened by cracks. This 

problem is reduced to a system of integral equations with respect to the unknown 

pressure beneath the punch and the displacement jumps across the crack faces. The 

kernels of the equations are written using Green-type solutions for the strip, so that the 

boundary conditions on the rectilinear boundaries are satisfied identically. The Greenôs 

solution is written analytically in terms of Lekhnitskiiôs potentials, in which the singular 

components, or poles, are separated. A discrete analogue of the integral equations is 

constructed using JacobiïChebyshev quadrature formulae in the contact region and 

GaussïChebyshev quadrature formulae on the cracks. 

Testing of the developed algorithm using the ANSYS software package confirms 

the reliability of the obtained results. Stresses near internal and edge cracks in an 

anisotropic strip are investigated for selected loading conditions. Under the action of a 

punch, the crack is assumed to be an edge crack located in the region where tensile 

stresses act. Stress intensity factors, the contact region, and contact stresses are 

determined depending on the crack location and length. A significant influence of the 

orientation of the orthotropy axes on the stress intensity factors and on the contact 

stresses beneath the punch is established. 

The conclusions summarise the main results of the research. These results show that 

the approach developed in the dissertation, based on the method of integral equationsï

inequalities and reduction to a quadratic programming problem, is effective and makes 

it possible to investigate a broad class of contact problems with unknown interaction 

regions under punches of complex shape, including problems that account for frictional 

forces and wear. 

The main results have been published in 20 scientific works, including one chapter 

in a collective monograph; one article in an international peer-reviewed scientific 
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journal with an Impact Factor of 3.2, indexed in the international scientometric database 

Scopus (Q2 quartile); four articles in journals indexed in the international scientometric 

database Scopus (Q3 quartile); three articles in Category B journals; and 11 conference 

abstracts presented at international and national scientific conferences. Two articles 

were published independently. 

Keywords: frictional contact interaction, unknown contact regions, integral 

equation method, finite element method, Signorini method, quadratic programming, 

anisotropy, composites, complex surface profiles, grooves, wear, strip, contact stresses, 

crack, stress intensity factors. 
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ɺʉʊʋʇ 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ʂʦʥʪʘʢʪʥʘ ʚʟʘʻʤʦʜʽʷ ʻ ʦʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʩʧʦʩʦʙʽʚ 

ʧʨʠʢʣʘʜʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʜʝʪʘʣʝʡ ʤʘʰʠʥ. 

ʈʦʟʨʘʭʫʥʦʢ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʚ ʫʤʦʚʘʭ ʩʠʣʦʚʦʛʦ ʢʦʥʪʘʢʪʫ ʻ 

ʚʘʞʣʠʚʠʤ, ʦʩʢʽʣʴʢʠ ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʘʧʨʫʞʝʥʴ ʫ ʟʦʥʽ ʢʦʥʪʘʢʪʫ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ 

ʨʫʡʥʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʽ ʢʦʥʩʪʨʫʢʮʽʾ ʟʘʛʘʣʦʤ. ɼʚʦʚʠʤʽʨʥʽ ʪʘ ʪʨʠʚʠʤʽʨʥʽ ʢʦʥʪʘʢʪʥʽ 

ʟʘʜʘʯʽ ʜʣʷ ʛʣʘʜʢʠʭ ʰʪʘʤʧʽʚ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʪʝʨʪʷ ʜʦʙʨʝ ʚʠʚʯʝʥʽ ʚ ʣʽʪʝʨʘʪʫʨʽ, ʧʨʠ 

ʮʴʦʤʫ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʣʘʩʫ ʟʘʜʘʯ ʨʦʟʚôʷʟʢʠ ʦʪʨʠʤʘʥʽ ʚ ʘʥʘʣʽʪʠʯʥʦʤʫ ʚʠʛʣʷʜʽ. ʇʨʠ 

ʨʦʟʛʣʷʜʽ ʚʟʘʻʤʦʜʽʾ ʰʪʘʤʧʽʚ ʪʘ ʪʽʣ ʩʢʣʘʜʥʠʭ ʬʦʨʤ, ʷʢ ʧʨʘʚʠʣʦ, ʥʘʧʝʨʝʜ ʥʝʚʽʜʦʤʠʤʠ 

ʻ ʜʽʣʷʥʢʠ ʢʦʥʪʘʢʪʫ. ʂʦʥʪʘʢʪʥʽ ʟʘʜʘʯʽ ʜʣʷ ʪʘʢʠʭ ʚʠʧʘʜʢʽʚ ʥʘʣʝʞʘʪʴ ʜʦ ʥʝʢʣʘʩʠʯʥʠʭ 

ʽ ʤʘʣʦ ʚʠʚʯʝʥʠʭ. ɺʦʥʠ ʦʩʦʙʣʠʚʦ ʫʩʢʣʘʜʥʶʶʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʨʪʷ ʪʘ ʢʦʣʠ 

ʦʙʣʘʩʪʴ ʢʦʥʪʘʢʪʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʜʽʣʷʥʦʢ. 

ʊʦʤʫ ʨʦʟʨʦʙʢʘ ʯʠʩʣʦʚʦ-ʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʠʢ ʪʘ ʧʽʜʭʦʜʽʚ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʪʘ 

ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʚ ʟʦʥʽ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʜʣʷ ʜʚʦ- 

ʪʘ ʪʨʠʚʠʤʽʨʥʠʭ ʬʨʠʢʮʽʡʥʠʭ ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ ʟ ʥʝʚʽʜʦʤʠʤʠ ʦʙʣʘʩʪʷʤʠ ʢʦʥʪʘʢʪʫ ʻ 

ʘʢʪʫʘʣʴʥʦʶ. 

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ.  

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʠʢʦʥʫʚʘʣʘʩʴ ʟʛʽʜʥʦ ʟ ʧʣʘʥʦʤ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʚʽʜʜʽʣʫ ʪʝʨʤʦʤʝʭʘʥʽʢʠ ɯʥʩʪʠʪʫʪʫ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʙʣʝʤ ʤʝʭʘʥʽʢʠ ʽ ʤʘʪʝʤʘʪʠʢʠ 

ʽʤ. ʗ.ʉ. ʇʽʜʩʪʨʠʛʘʯʘ ʅɸʅ ʋʢʨʘʾʥʠ: - ʚ ʨʘʤʢʘʭ ʜʝʨʞʙʶʜʞʝʪʥʦʾ ʪʝʤʠ: ɺɹ 19-13/456 

(2020-2024 ʨʨ.): çʄʦʜʝʣʶʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʪʝʨʤʦʤʝʭʘʥʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ 

ʰʘʨʫʚʘʪʠʭ ʪʽʣʘʭ, ʟʦʢʨʝʤʘ ʦʙʦʣʦʥʢʘʭ ʪʘ ʧʣʘʩʪʠʥʘʭ, ʧʨʠ ʪʝʨʤʦʤʝʭʘʥʽʯʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʟʘ ʚʨʘʭʫʚʘʥʥʷ ʪʝʧʣʦʧʝʨʝʥʦʩʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ, ʪʝʨʤʦʯʫʪʣʠʚʦʩʪʽ 

ʪʘ ʜʝʬʝʢʪʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʩʪʨʫʢʪʫʨʠè ʪʘ ɺɹ 13-19/492 (2025-2029 ʨʨ.): 

çʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʽ ʤʝʪʦʜʠ ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʪʝʨʤʦʤʝʭʘʥʽʯʥʦʾ 

ʧʦʚʝʜʽʥʢʠ ʩʪʨʫʢʪʫʨʥʦ-ʥʝʦʜʥʦʨʽʜʥʠʭ ʪʽʣ ʟʘ ʢʦʤʧʣʝʢʩʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴè. 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ 

ʧʽʜʭʦʜʽʚ ʪʘ ʯʠʩʣʦʚʦ-ʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʠʢ ʜʦ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʬʨʠʢʮʽʡʥʠʭ 

ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ ʟ ʥʝʟʘʜʘʥʠʤʠ ʦʙʣʘʩʪʷʤʠ ʚʟʘʻʤʦʜʽʾ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ 
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ʤʝʪʠ ʧʝʨʝʜʙʘʯʝʥʦ ʨʦʟʚôʷʟʘʥʥʷ ʪʘʢʠʭ ʥʘʫʢʦʚʠʭ ʟʘʚʜʘʥ:ɹ 

1. ʇʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʛʘʣʫʟʽ ʢʦʥʪʘʢʪʥʦʾ ʤʝʭʘʥʽʢʠ, 

ʤʝʪʦʜʽʚ ʨʦʟʚô̫ ʟʫʚʘʥʥʷ ʧʨʦʩʪʦʨʦʚʠʭ ʪʘ ʧʣʦʩʢʠʭ ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ ʟ ʥʝʚʽʜʦʤʠʤʠ 

ʦʙʣʘʩʪʷʤʠ ʚʟʘʻʤʦʜʽʾ. 

2. ʈʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʢʫ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʢʦʥʪʘʢʪʥʦʾ ʦʩʝʩʠʤʝʪʨʠʯʥʦʾ ʟʘʜʘʯʽ ʧʨʦ 

ʚʟʘʻʤʦʜʽʶ ʧʨʫʞʥʦʛʦ ʧʽʚʧʨʦʩʪʦʨʫ ʪʘ ʧʨʦʩʪʦʨʫ ʟ ʩʬʝʨʠʯʥʦʶ ʧʦʨʦʞʥʠʥʦʶ ʟʽ 

ʰʪʘʤʧʦʤ, ʧʦʚʝʨʭʥʷ ʷʢʦʛʦ ʤʘʻ ʩʢʣʘʜʥʫ ʬʦʨʤʫ. 

3. ʈʦʟʛʣʷʥʫʪʠ ʬʨʠʢʮʽʡʥʫ ʢʦʥʪʘʢʪʥʫ ʦʩʝʩʠʤʝʪʨʠʯʥʫ ʟʘʜʘʯʫ, ʢʦʣʠ ʤʽʞ 

ʰʪʘʤʧʦʤ ʽ ʧʨʫʞʥʠʤ ʧʽʚʧʨʦʩʪʦʨʦʤ ʤʘʶʪʴ ʤʽʩʮʝ ʩʠʣʠ ʪʝʨʪʷ. ɼʦʩʣʽʜʠʪʠ ʧʨʦʮʝʩ 

ʟʥʦʰʫʚʘʥʥʷ ʚʽʜ ʜʽʾ ʩʠʣ ʪʝʨʪʷ, ʟʘʣʝʞʥʦ ʚʽʜ ʬʦʨʤʠ ʰʪʘʤʧʘ ʪʘ ʯʘʩʦʚʦʾ ʢʦʦʨʜʠʥʘʪʠ. 

4. ʇʦʙʫʜʫʚʘʪʠ ʯʠʩʣʦʚʦ-ʘʥʘʣʽʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʬʨʠʢʮʽʡʥʦʾ 

ʧʨʦʩʪʦʨʦʚʦʾ ʢʦʥʪʘʢʪʥʦʾ ʟʘʜʘʯʽ ʧʨʦ ʚʟʘʻʤʦʜʽʶ ʜʚʦʭ ʪʽʣ ʪʘ ʧʨʦ ʚʟʘʻʤʦʜʽʶ ʰʘʨʫ ʟʽ 

ʰʪʘʤʧʘʤʠ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ. 

5. ʈʦʟʨʦʙʠʪʠ ʧʽʜʭʽʜ ʜʦ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʧʣʦʩʢʦʾ ʬʨʠʢʮʽʡʥʦʾ ʢʦʥʪʘʢʪʥʦʾ ʟʘʜʘʯʽ  

ʜʣʷ ʰʘʨʫ ʽʟ ʟʘʢʨʽʧʣʝʥʦʶ ʦʩʥʦʚʦʶ, ʷʢʘ ʚʠʛʦʪʦʚʣʝʥʘ ʽʟ ʤʘʪʝʨʽʘʣʫ ʽʟ ʟʘʛʘʣʴʥʦʶ 

ʘʥʽʟʦʪʨʦʧʽʻʶ. ɺʨʘʭʫʚʘʪʠ ʚʠʥʠʢʥʝʥʥʷ ʪʨʽʱʠʥ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʙʽʣʷ ʰʪʘʤʧʽʚ. 

6. ʇʨʦʚʝʩʪʠ ʦʮʽʥʢʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʽʜʭʦʜʫ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʤʝʪʦʜʽ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ-ʥʝʨʽʚʥʦʩʪʝʡ ʉʽʥʴʡʦʨʽʥʽ ʪʘ ʟʚʝʜʝʥʥʽ ʜʦ ʟʘʜʘʯʽ ʢʚʘʜʨʘ-

ʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʜʦ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʨʦʟʛʣʷʥʫʪʦʛʦ ʢʣʘʩʫ ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʪʨʠʚʠʤʽʨʥʽ ʪʘ ʧʣʦʩʢʽ ʬʨʠʢʮʽʡʥʽ ʢʦʥʪʘʢʪʥʽ ʟʘʜʘʯʽ ʟ 

ʥʝʟʘʜʘʥʠʤʠ ʦʙʣʘʩʪʷʤʠ ʚʟʘʻʤʦʜʽʾ. 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʫ ʟʦʥʽ ʢʦʥʪʘʢʪʥʦʾ 

ʚʟʘʻʤʦʜʽʾ ʥʘ ʦʩʥʦʚʽ ʧʽʜʭʦʜʽʚ, ʱʦ ʛʨʫʥʪʫʶʪʴʩʷ ʥʘ ʤʝʪʦʜʽ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʪʘ 

ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ: ʜʣʷ ʨʦʟʚô̫ ʟʫʚʘʥʥʷ ʧʨʦʩʪʦʨʦʚʠʭ ʟʘʜʘʯ ʚʠʢʦʨʠʩʪʘʥʦ 

ʤʝʪʦʜ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ-ʥʝʨʽʚʥʦʩʪʝʡ ʉʽʥʴʡʦʨʽʥʽ, ʜʣʷ ʨʦʟʚô̫ ʟʫʚʘʥʥʷ ʧʣʦʩʢʠʭ 

ʟʘʜʘʯ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʪʘ ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʘ 

ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʦ ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ. 
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ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʾʾ ʥʘʫʢʦʚʫ ʥʦʚʠʟʥʫ ʪʘ 

ʚʠʥʦʩʷʪʴʩʷ ʥʘ ʟʘʭʠʩʪ: 

1. ʈʦʟʨʦʙʣʝʥʦ ʧʽʜʭʽʜ ʜʦ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʧʨʦʩʪʦʨʦʚʠʭ ʬʨʠʢʮʽʡʥʠʭ ʢʦʥʪʘʢʪʥʠʭ 

ʟʘʜʘʯ ʟ ʥʝʚʽʜʦʤʠʤʠ ʦʙʣʘʩʪʷʤʠ ʚʟʘʻʤʦʜʽʾ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʝʪʦʜʽ ʽʥʪʝʛʨʘʣʴʥʠʭ 

ʨʽʚʥʷʥʴ-ʥʝʨʽʚʥʦʩʪʝʡ ʉʽʥʴʡʦʨʽʥʽ ʟ ʧʦʜʘʣʴʰʠʤ ʟʚʝʜʝʥʥʷʤ ʜʦ ʟʘʜʘʯʽ ʢʚʘʜʨʘʪʠʯʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʪʘ ʚʠʢʦʥʘʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʪʝʨʪʷ ʥʘ ʨʦʟʧʦʜʽʣ ʢʦʥʪʘʢʪʥʠʭ 

ʪʠʩʢʽʚ ʧʽʜ ʰʪʘʤʧʘʤʠ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ ʪʘ ʥʘʧʨʫʞʝʥʴ ʙʽʣʷ ʥʠʭ. 

2. ʅʘ ʦʩʥʦʚʽ ʮʴʦʛʦ ʧʽʜʭʦʜʫ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʜʦʩʣʽʜʞʝʥʥʷ 

ʦʩʝʩʠʤʝʪʨʠʯʥʠʭ ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ ʜʣʷ ʧʽʚʧʨʦʩʪʦʨʫ ʪʘ ʪʽʣʘ ʟ ʩʬʝʨʠʯʥʦʶ 

ʧʦʨʦʞʥʠʥʦʶ ʟ ʥʝʟʘʜʘʥʠʤʠ ʦʙʣʘʩʪʷʤʠ ʚʟʘʻʤʦʜʽʾ. 

3. ɼʦʩʣʽʜʞʝʥʦ ʧʨʦʮʝʩ ʟʥʦʰʫʚʘʥʥʷ ʧʽʜ ʰʦʨʩʪʢʠʤ ʰʪʘʤʧʦʤ, ʷʢʠʡ ʟʫʤʦʚʣʝʥʠʡ  

ʩʠʣʘʤʠ ʪʝʨʪʷ ʧʽʜ ʰʪʘʤʧʦʤ, ʱʦ ʦʙʝʨʪʘʻʪʴʩʷ. ɿʘʜʘʯʫ ʧʨʦ ʟʥʦʰʫʚʘʥʥʷ ʨʦʟʚôʷʟʘʥʦ 

ʢʨʦʢʦʚʠʤ ʤʝʪʦʜʦʤ ʟʘ ʯʘʩʦʤ. 

4. ʇʦʙʫʜʦʚʘʥʦ ʯʠʩʣʦʚʦ-ʘʥʘʣʽʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʬʨʠʢʮʽʡʥʠʭ 

ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ ʜʣʷ ʧʽʚʧʨʦʩʪʦʨʫ ʪʘ ʰʘʨʫ. ɼʦʩʣʽʜʞʝʥʦ ʢʦʥʪʘʢʪʥʽ ʪʠʩʢʠ, ʷʢʽ ʚʠʥʠ-

ʢʘʶʪʴ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʟʘʻʤʦʜʽʾ ʧʽʚʧʨʦʩʪʦʨʫ ʪʘ ʰʘʨʫ ʟʘʣʝʞʥʦ ʚʽʜ ʬʦʨʤʠ  ʰʪʘʤʧʽʚ, 

ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʪʝʨʪʷ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʙʽʣʷ ʰʪʘʤʧʘ ʚʠʥʠʢʘʶʪʴ  

ʨʦʟʪʷʛʫʚʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʩʫʤʽʨʥʽ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤʠ ʪʠʩʢʘʤʠ. 

5. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʜʦʩʣʽʜʞʝʥʥʷ ʬʨʠʢʮʽʡʥʠʭ ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ ʜʣʷ 

ʩʫʮʽʣʴʥʦʾ ʘʥʽʟʦʪʨʦʧʥʦʾ ʩʤʫʛʠ ʪʘ ʘʥʽʟʦʪʨʦʧʥʦʾ ʩʤʫʛʠ ʟ ʪʨʽʱʠʥʘʤʠ, ʨʦʟʤʽʱʝʥʠʤʠ ʚ 

ʦʙʣʘʩʪʷʭ ʨʦʟʪʷʛʫʚʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʙʽʣʷ ʰʪʘʤʧʘ. 

ʆʙˇʨʫʥʪʦʚʘʥʽʩʪʴ ʽ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʥʘʫʢʦʚʠʭ ʧʦʣʦʞʝʥʴ, ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʚʠʩʥʦʚʢʽʚ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʢʦʨʝʢʪʥʽʩʪʶ ʧʦʩʪʘʥʦʚʢʠ ʨʦʟʛʣʷʥʫʪʠʭ 

ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ, ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʘʪʝʤʘʪʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʾʭ 

ʨʦʟʚ'ʷʟʫʚʘʥʥʷ ʪʘ ʫʟʛʦʜʞʝʥʽʩʪʶ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʽʟ ʚʽʜʦʤʠʤʠ ʘʥʘʣʽʪʠʯʥʠʤʠ 

ʨʦʟʚ'ʷʟʢʘʤʠ ʡ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʥʘʚʝʜʝʥʠʤʠ ʚ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ, ʘ ʪʘʢʦʞ ʽʟ 

ʯʠʩʣʦʚʠʤʠ ʨʦʟʚ'ʷʟʢʘʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ. ɼʦʩʪʦʚʽʨʥʽʩʪʴ ʯʠʩʣʦʚʠʭ 

ʨʦʟʚ'ʷʟʢʽʚ ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ ʧʽʜʪʚʝʨʜʞʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷʤ ʾʭ ʟʙʽʞʥʦʩʪʽ ʰʣʷʭʦʤ 

ʚʠʢʦʥʘʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʽʟ ʨʽʟʥʦʶ ʢʽʣʴʢʽʩʪʶ ʚʫʟʣʦʚʠʭ ʪʦʯʦʢ ʫ ʢʚʘʜʨʘʪʫʨʥʠʭ ʪʘ 
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ʢʫʙʘʪʫʨʥʠʭ ʬʦʨʤʫʣʘʭ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʜʣʷ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʽʥʪʝʛʨʘʣʴʥʠʭ 

ʨʽʚʥʷʥʴ. ɼʣʷ ʧʦʢʨʦʢʦʚʦʛʦ ʤʝʪʦʜʫ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʟʥʦʰʫʚʘʥʥʷ ʟʙʽʞʥʽʩʪʴ ʽ 

ʩʪʽʡʢʽʩʪʴ ʨʦʟʚ'ʷʟʢʽʚ ʧʝʨʝʚʽʨʷʣʠʩʷ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʟʘ 

ʨʽʟʥʠʭ ʢʨʦʢʽʚ ʽʥʪʝʛʨʫʚʘʥʥʷ ʟʘ ʯʘʩʦʤ. ɼʦʩʪʦʚʽʨʥʽʩʪʴ ʨʦʟʚ'ʷʟʢʽʚ ʪʨʠʚʠʤʽʨʥʠʭ 

ʬʨʠʢʮʽʡʥʠʭ ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ, ʦʜʝʨʞʘʥʠʭ ʤʝʪʦʜʦʤ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, 

ʧʽʜʪʚʝʨʜʞʫʚʘʣʘʩʷ ʧʝʨʝʚʽʨʢʦʶ ʚʠʢʦʥʘʥʥʷ ʫʤʦʚ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʉʽʥʴʡʦʨʽʥʽ ʪʘ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟʥʘʡʜʝʥʠʭ ʨʦʟʚ'ʷʟʢʽʚ ʩʬʦʨʤʫʣʴʦʚʘʥʠʤ ʢʦʥʪʘʢʪʥʠʤ ʫʤʦʚʘʤ. 

ʇʨʘʢʪʠʯʥʝ ʪʘ ʪʝʦʨʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ: 

ʋʩʽ ʦʪʨʠʤʘʥʽ ʚ ʜʠʩʝʨʪʘʮʽʾ ʪʝʦʨʝʪʠʯʥʽ ʽ ʧʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʢʣʘʜʘʶʪʴ 

ʦʩʥʦʚʫ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʚ ʫʤʦʚʘʭ ʩʠʣʦʚʦʛʦ ʢʦʥʪʘʢʪʫ, ʦʩʢʽʣʴʢʠ ʟʦʥʘ ʢʦʥʪʘʢʪʥʦʾ 

ʚʟʘʻʤʦʜʽʾ ʯʘʩʪʦ ʻ ʟʦʥʦʶ ʚʪʨʘʪʠ ʤʽʮʥʦʩʪʽ ʘʙʦ ʟʦʥʦʶ ʟʘʨʦʜʞʝʥʥʷ ʨʫʡʥʫʚʘʥʴ 

ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʜʝʪʘʣʝʡ ʤʘʰʠʥ. 

ʈʦʟʛʣʷʥʫʪʦ ʦʩʝʩʠʤʝʪʨʠʯʥʫ ʢʦʥʪʘʢʪʥʫ ʟʘʜʘʯʫ ʜʣʷ ʧʽʚʧʨʦʩʪʦʨʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʦʙʝʨʪʘʥʥʷ ʰʪʘʤʧʘ ʪʘ ʟʥʦʰʫʚʘʥʥʷ ʚ ʦʙʣʘʩʪʽ ʚʟʘʻʤʦʜʽʾ. ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʧʨʦʮʝʩʫ 

ʟʥʦʰʫʚʘʥʥʷ ʥʘ ʝʚʦʣʶʮʽʶ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ ʪʘ ʟʤʽʥʫ ʡʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚ ʦʙʣʘʩʪʽ 

ʢʦʥʪʘʢʪʫ. ɿʦʢʨʝʤʘ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʥʘʩʣʽʜʦʢ ʟʥʦʰʫʚʘʥʥʷ ʧʽʜʚʠʱʝʥʽ ʢʦʥʪʘʢʪʥʽ 

ʪʠʩʢʠ ʚ ʦʢʦʣʽ ʣʦʢʘʣʴʥʠʭ ʥʝʨʽʚʥʦʩʪʝʡ ʧʦʩʪʫʧʦʚʦ ʟʤʝʥʰʫʶʪʴʩʷ ʽ ʟʘ ʜʦʩʪʘʪʥʴʦ 

ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʴ ʯʘʩʦʚʦʾ ʢʦʦʨʜʠʥʘʪʠ ʥʘʙʫʚʘʶʪʴ ʨʦʟʧʦʜʽʣʫ, ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ 

ʰʪʘʤʧʘ ʟʽ ʟʛʣʘʜʞʝʥʦʶ ʧʦʚʝʨʭʥʝʶ. 

ɺ ʫʩʽʭ ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʧʘʜʢʘʭ, ʜʣʷ ʷʢʠʭ ʧʨʦʚʦʜʠʣʠʩʴ ʨʦʟʨʘʭʫʥʢʠ, ʬʦʨʤʘ 

ʦʩʥʦʚʠ ʰʪʘʤʧʘ ʚ ʡʦʛʦ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʧʽʩʣʷ ʟʥʦʰʫʚʘʥʥʷ (ʧʨʠ ʜʦʩʪʘʪʥʴʦ 

ʚʝʣʠʢʠʭ ʯʘʩʘʭ) ʚʠʷʚʠʣʘʩʷ ʢʦʥʫʩʦʧʦʜʽʙʥʦʶ, ʫ ʟʚô̫ ʟʢʫ ʟ ʯʠʤ ʪʫʪ ʚʠʥʠʢʘʣʠ ʚʠʩʦʢʽ 

ʪʠʩʢʠ (ʝʬʝʢʪ ɻʘʣʽʥʘ). ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʫ ʚʠʧʘʜʢʘʭ, 

ʢʦʣʠ ʧʽʜ ʭʚʠʣʷʩʪʠʤʠ ʰʪʘʤʧʘʤʠ ʚʠʥʠʢʘʶʪʴ ʚʠʩʦʢʽ ʢʦʥʪʘʢʪʥʽ ʪʠʩʢʠ. ʆʜʠʥ ʽʟ 

ʩʧʦʩʦʙʽʚ ʦʧʪʠʤʽʟʘʮʽʾ ʬʦʨʤʠ ʰʪʘʤʧʘ ʤʦʞʝ ʙʫʪʠ ʟʜʽʡʩʥʝʥʠʡ ʰʣʷʭʦʤ ʡʦʛʦ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʦʙʝʨʪʘʥʥʷ ʥʘʚʢʦʣʦ ʦʩʽ. ʗʢ ʧʦʢʘʟʘʥʦ ʚ ʨʦʙʦʪʽ ʟʘ ʨʘʭʫʥʦʢ ʟʥʦʩʫ 

ʢʦʥʪʘʢʪʥʽ ʥʘʧʨʫʞʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʽʩʪʦʪʥʦ ʟʤʝʥʰʝʥʽ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤʫ ʚʠʙʦʨʽ 

ʧʨʠʢʣʘʜʝʥʦʛʦ ʜʦ ʰʪʘʤʧʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʯʘʩʫ ʡʦʛʦ ʦʙʝʨʪʘʥʥʷ. 
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ʅʘ ʦʩʥʦʚʽ ʧʦʙʫʜʦʚʘʥʦʛʦ ʯʠʩʣʦʚʦ-ʘʥʘʣʽʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʜʦʩʣʽʜʞʝʥʦ 

ʢʦʥʪʘʢʪʥʽ ʪʠʩʢʠ ʪʘ ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʟʘʻʤʦʜʽʾ 

ʧʽʚʧʨʦʩʪʦʨʫ ʪʘ ʰʘʨʫ ʟʘʣʝʞʥʦ ʚʽʜ ʬʦʨʤʠ ʰʪʘʤʧʽʚ, ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ 

ʪʝʨʪʷ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʙʽʣʷ ʰʪʘʤʧʘ ʚʠʥʠʢʘʶʪʴ ʨʦʟʪʷʛʫʚʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ, ʷʢʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʩʫʤʽʨʥʽ ʟ ʤʘʢʩʠʤʘʣʥɹʠʤʠ ʪʠʩʢʘʤʠ. ʊʘʢʽ ʥʘʧʨʫʞʝʥʥʷ ʤʦʞʫʪʴ 

ʧʨʠʚʦʜʠʪʠ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʪʨʽʱʠʥ, ʷʢʽ ʥʘʜʘʣʽ ʧʽʜʨʦʩʪʘʶʪʴ ʧʨʠ 

ʧʦʚʪʦʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ (ʱʦ, ʥʘʧʨʠʢʣʘʜ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʨʫʩʽ ʧʦʾʟʜʽʚ ʧʦ 

ʨʝʣʴʩʘʭ). ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʩʪʘʥʦʚʠʪʴ ʟʥʘʯʥʠʡ ʧʨʘʢʪʠʯʥʠʡ ʽʥʪʝʨʝʩ ʨʦʟʨʦʙʣʝʥʘ 

ʤʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʴ ʥʘʧʨʫʞʝʥʴ ʙʽʣʷ ʪʨʽʱʠʥ ʨʦʟʤʽʱʝʥʠʭ ʙʽʣʷ ʰʪʘʤʧʽʚ ʫ 

ʢʦʤʧʦʟʠʪʘʭ, ʷʢʽ ʜʦʟʚʦʣʷʪʴ ʧʨʦʛʥʦʟʫʚʘʪʠ ʧʨʦʮʝʩʠ ʟʘʨʦʜʞʝʥʥʷ ʨʫʡʥʫʚʘʥʴ. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʫʟʘʛʘʣʴʥʶʻ ʪʝʦʨʝʪʠʯʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʯʠʩʣʦʚʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʷʢʽ ʧʨʦʚʝʜʝʥʽ ʘʚʪʦʨʦʤ ʩʘʤʦʩ-

ʪʽʡʥʦ. ʈʦʟʨʦʙʣʝʥʦ ʝʬʝʢʪʠʚʥʠʡ ʧʽʜʭʽʜ ʜʦ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʬʨʠʢʮʽʡʥʠʭ ʧʨʦʩʪʦʨʦʚʠʭ 

ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ ʟ ʥʝʚʽʜʦʤʠʤʠ ʦʙʣʘʩʪʷʤʠ ʚʟʘʻʤʦʜʽʾ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʝʪʦʜʽ 

ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ-ʥʝʨʽʚʥʦʩʪʝʡ ʉʽʥʴʡʦʨʽʥʽ ʟ ʧʦʜʘʣʴʰʠʤ ʟʚʝʜʝʥʥʷʤ ʜʦ ʟʘʜʘʯʽ 

ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ.  

ɸʚʪʦʨʦʤ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʢʦʥʪʘʢʪʥʦʾ ʦʩʝʩʠʤʝʪʨʠʯʥʦʾ 

ʟʘʜʘʯʽ ʧʨʦ ʚʟʘʻʤʦʜʽʶ ʧʨʫʞʥʦʛʦ ʧʽʚʧʨʦʩʪʦʨʫ ʪʘ ʧʨʦʩʪʦʨʫ ʟ ʩʬʝʨʠʯʥʦʶ ʧʦʨʦʞʥʠ-

ʥʦʶ ʟʽ ʰʪʘʤʧʦʤ, ʧʦʚʝʨʭʥʷ ʷʢʦʛʦ ʤʘʻ ʩʢʣʘʜʥʫ ʬʦʨʤʫ. ʂʦʥʪʘʢʪʥʫ ʟʘʜʘʯʫ ʩʬʦʨʤʫ-

ʣʴʦʚʘʥʦ ʫ ʚʠʛʣʷʜʽ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ-ʥʝʨʽʚʥʦʩʪʝʡ ʉʽʥʴʡʦʨʽʥʽ, ʷʢʽ, ʟ ʚʠʢʦʨʠʩʪʘʥ-

ʥʷʤ ʢʚʘʜʨʘʪʫʨʥʠʭ ʬʦʨʤʫʣ ʜʣʷ ʩʠʥʛʫʣʷʨʥʠʭ ʽʥʪʝʛʨʘʣʽʚ, ʪʨʘʥʩʬʦʨʤʦʚʘʥʦ ʜʦ 

ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʠʯʥʠʭ ʨʽʚʥʷʥʴ-ʥʝʨʽʚʥʦʩʪʝʡ. ʈʦʟʚôʷʟʫʚʘʥʥʷ ʮʽʻʾ ʩʠʩʪʝʤʠ 

ʟʚʝʜʝʥʦ ʜʦ ʟʥʘʭʦʜʞʝʥʥʷ ʤʽʥʽʤʫʤʫ ʢʚʘʜʨʘʪʠʯʥʦʾ ʬʦʨʤʠ ʟʘ ʣʽʥʽʡʥʠʭ ʦʙʤʝʞʝʥʴ ʥʘ 

ʥʝʚʽʜʦʤʠʡ ʢʦʥʪʘʢʪʥʠʡ ʪʠʩʢ. ɼʦʩʣʽʜʞʝʥʦ ʦʩʝʩʠʤʝʪʨʠʯʥʫ ʟʘʜʘʯʫ ʧʨʦ ʚʟʘʻʤʦʜʽʶ 

ʧʨʫʞʥʦʛʦ ʧʽʚʧʨʦʩʪʦʨʫ ʟ ʧʘʨʘʙʦʣʦʾʜʥʠʤ ʰʪʘʤʧʦʤ, ʱʦ ʤʘʻ ʥʝʛʣʠʙʦʢʫ ʚʠʾʤʢʫ ʘʙʦ 

ʩʠʩʪʝʤʫ ʚʠʾʤʦʢ [141]. 

ʈʦʟʛʣʷʥʫʪʦ ʬʨʠʢʮʽʡʥʫ ʢʦʥʪʘʢʪʥʫ ʦʩʝʩʠʤʝʪʨʠʯʥʫ ʟʘʜʘʯʫ, ʢʦʣʠ ʤʽʞ ʰʪʘʤʧʦʤ 

ʽ ʧʨʫʞʥʠʤ ʧʽʚʧʨʦʩʪʦʨʦʤ ʤʘʶʪʴ ʤʽʩʮʝ ʩʠʣʠ ʪʝʨʪʷ. ɼʦʩʣʽʜʞʝʥʦ ʧʨʦʮʝʩ ʟʥʦʰʫʚʘʥʥʷ 

ʚʽʜ ʜʽʾ ʩʠʣ ʪʝʨʪʷ, ʟʘʣʝʞʥʦ ʚʽʜ ʬʦʨʤʠ ʰʪʘʤʧʘ ʪʘ ʯʘʩʦʚʦʾ ʢʦʦʨʜʠʥʘʪʠ, ʘ ʪʘʢʦʞ 
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ʟʥʦʰʫʚʘʥʥʷ ʧʨʫʞʥʦʛʦ ʧʽʚʧʨʦʩʪʦʨʫ ʟʘ ʜʽʾ ʰʪʘʤʧʘ ʟ ʣʦʢʘʣʴʥʠʤʠ ʭʚʠʣʷʩʪʦʩʪʷʤʠ 

[142]. ʎʽ ʨʝʟʫʣʴʪʘʪʠ ʦʪʨʠʤʘʥʽ ʘʚʪʦʨʦʤ ʩʘʤʦʩʪʽʡʥʦ.  

ʋ [143] ʘʚʪʦʨʦʤ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʪʘʢʪʥʠʭ ʥʘʧʨʫʞʝʥʴ 

ʧʽʜ ʰʪʘʤʧʦʤ, ʷʢʠʡ ʚʪʠʩʢʘʻʪʴʩʷ ʫ ʩʬʝʨʠʯʥʫ ʧʦʨʦʞʥʠʥʫ ʚ ʧʨʦʩʪʦʨʽ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ ʧʨʦʚʝʜʝʥʦ ʪʘʢʦʞ ʩʪʦʩʦʚʥʦ ʩʬʝʨʦʾʜʘʣʴʥʠʭ ʰʪʘʤʧʽʚ ʨʽʟʥʦʾ 

ʬʦʨʤʠ, ʷʢʽ ʚʪʠʩʢʘʶʪʴʩʷ ʫ ʩʬʝʨʠʯʥʫ ʧʦʨʦʞʥʠʥʫ. 

ɸʚʪʦʨʦʤ ʧʦʙʫʜʦʚʘʥʦ ʯʠʩʣʦʚʦ-ʘʥʘʣʽʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ ʨʦʟʚôʷʟʫʚʘʥʥʷ 

ʬʨʠʢʮʽʡʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ ʢʦʥʪʘʢʪʥʦʾ ʟʘʜʘʯʽ ʧʨʦ ʚʟʘʻʤʦʜʽʶ ʜʚʦʭ ʪʽʣ [157]. 

ʈʦʟʨʦʙʣʝʥʦ ʪʘʢʦʞ ʘʣʛʦʨʠʪʤ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯʽ ʧʨʦ ʚʟʘʻʤʦʜʽʶ ʰʘʨʫ ʟʽ 

ʰʪʘʤʧʘʤʠ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ [158]. ɿ ʮʽʻʶ ʤʝʪʦʶ ʧʦʧʝʨʝʜʥʴʦ ʨʦʟʨʦʙʣʝʥʦ ʝʬʝʢʪʠʚ-

ʥʠʡ ʘʣʛʦʨʠʪʤ ʚʠʟʥʘʯʝʥʥʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʜʣʷ ʰʘʨʫ, ʟʘ ʷʢʠʡ ʧʨʠʡʥʷ-

ʪʦ ʥʦʨʤʘʣʴʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʤʝʞʽ ʰʘʨʫ ʚʽʜ ʜʽʾ ʟʦʩʝʨʝʜʞʝʥʦʾ ʩʠʣʠ. ɼʣʷ ʪʦʯʦʢ ʚʽʜʜʘ-

ʣʝʥʠʭ ʚʽʜ ʩʠʣʠ ʨʦʟʚôʷʟʦʢ ʟʘʧʠʩʘʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʠʤʚʦʣʽʯʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʃʫʨôʻ 

ʽ ʬʦʨʤʫʣʠ ɺʘʱʝʥʢʦ-ɿʘʭʘʨʯʝʥʢʦ ʯʝʨʝʟ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦ ʟʙʽʞʥʽ ʨʷʜʠ. ɼʣʷ ʙʣʠʟʴʢʠʭ 

ʜʦ ʩʠʣʠ ʪʦʯʦʢ ʚʠʢʦʨʠʩʪʘʥʦ ʽʥʪʝʛʨʘʣʴʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʍʘʥʢʝʣʷ. ʅʝʚʣʘʩʥʽ ʽʥʪʝʛʨʘʣʠ 

ʘʧʨʦʢʩʠʤʦʚʘʥʦ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʧʦʣʽʥʦʤʘʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʥʘʡʤʝʥʰʠʭ 

ʢʚʘʜʨʘʪʽʚ. ʋʩʽ ʥʘʚʝʜʝʥʽ ʫ ʧʨʘʮʽ [158] ʨʝʟʫʣʴʪʘʪʠ ʦʪʨʠʤʘʥʽ ʘʚʪʦʨʦʤ ʩʘʤʦʩʪʽʡʥʦ. 

ɸʚʪʦʨʦʤ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʯʠʩʣʦʚʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ. ɿ ʤʝʪʦʶ ʪʝʩʪʫʚʘʥʥʷ ʚʠʢʦʥʘʥʦ ʨʦʟʨʘʭʫʥʢʠ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ ʜʣʷ 

ʧʽʚʧʨʦʩʪʦʨʫ ʪʘ ʰʘʨʫ ʟʘ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʟʤʽʱʝʥʥʷ ʰʪʘʤʧʘ. ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʨʦʟʨʦʙʣʝʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʢʠ ʢʦʥʪʘʢʪʥʠʭ ʪʠʩʢʽʚ ʜʣʷ ʨʽʟʥʠʭ 

ʬʦʨʤ ʰʪʘʤʧʽʚ ʟʘ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʟʘʛʣʠʙʣʝʥʥʷ ʪʘ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ. 

ʋ [169] ʘʚʪʦʨʦʤ ʨʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʬʨʠʢʮʽʡʥʦʾ ʢʦʥʪʘʢʪʥʦʾ  

ʟʘʜʘʯʽ ʜʣʷ ʩʫʮʽʣʴʥʦʾ ʘʥʽʟʦʪʨʦʧʥʦʾ ʩʤʫʛʠ. ɯʥʪʝʛʨʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʟʘʜʘʯʽ ʟʘʧʠʩʘʥʦ ʥʘ 

ʦʩʥʦʚʽ ʧʦʙʫʜʦʚʘʥʦʛʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʨʦʟʚô̫ ʟʢʫ. ʈʦʟʚôʷʟʫʚʘʥʥʷ ʨʽʚʥʷʥʥʷ 

ʧʨʦʚʝʜʝʥʦ ʯʠʩʝʣʴʥʦ ʥʘ ʦʩʥʦʚʽ ʢʚʘʜʨʘʪʫʨʥʠʭ ʬʦʨʤʫʣ ɻʘʫʩʩʘïʗʢʦʙʽ. ʇʨʦʚʝʜʝʥ ̔

ʪʝʩʪʫʚʘʥʥʷ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʘʢʝʪʫ ʧʨʦʛʨʘʤ ANSYS, ʧʽʜʪʚʝʨʜʞʫʶʪʴ 

ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʦʟʚôʷʟʢʽʚ ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ. 

ʈʦʟʛʣʷʥʫʪʦ ʬʨʠʢʮʽʡʥʽ ʢʦʥʪʘʢʪʥʽ ʟʘʜʘʯʽ ʘʥʽʟʦʪʨʦʧʥʦʾ ʩʤʫʛʠ ʟ ʪʨʽʱʠʥʘʤʠ. 
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ɿʘʧʠʩʘʥʘ ʩʠʩʪʝʤʘ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʚʽʜʥʦʩʥʦ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ ʪʘ ʩʪʨʠʙʢʽʚ 

ʧʝʨʝʤʽʱʝʥʴ ʙʝʨʝʛʽʚ ʪʨʽʱʠʥ. ʈʦʟʨʘʭʫʥʢʠ ʚʠʢʦʥʘʥʦ ʜʣʷ ʢʨʘʡʦʚʠʭ ʪʨʽʱʠʥ, ʷʢʽ ʨʦʟ-

ʤʽʱʝʥʽ ʚ ʦʙʣʘʩʪʷʭ ʨʦʟʪʷʛʫʚʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ. ʇʨʠ ʮʴʦʤʫ ʧʝʨʝʚʽʨʷʣʘʩʴ ʤʦʞʣʠ-

ʚʽʩʪʴ ʢʦʥʪʘʢʪʫ ʙʝʨʝʛʽʚ ʪʨʽʱʠʥ, ʷʢʘ ʤʦʛʣʘ ʚʠʥʠʢʘʪʠ ʜʣʷ ʪʨʽʱʠʥ ʚʝʣʠʢʦʾ ʜʦʚʞʠʥʠ. 

ʇʨʦʚʝʜʝʥʝ ʘʚʪʦʨʦʤ ʪʝʩʪʫʚʘʥʥʷ ʧʽʜʪʚʝʨʜʞʫʻ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʪʘ 

ʢʣʶʯʦʚʽ ʧʦʣʦʞʝʥʥʷ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʡ ʦʜʝʨʞʘʣʠ ʩʭʚʘʣʝʥʥʷ ʥʘ: 

ʄʽʞʥʘʨ. ʤʘʪʝʤ. ʢʦʥʬ. ʽʤ. ɺ. ʗ. ʉʢʦʨʦʙʘʛʘʪʴʢʘ, (ɼʨʦʛʦʙʠʯ, ʩʝʨʧʝʥʴ 2015) 

[10]; ʄʽʞʥʘʨ. ʥʘʫʢ. ʢʦʥʬ. "ʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʪʝʨʤʦʤʝʭʘʥʽʢʠ ï 2021" (15 ï 17 

ʚʝʨʝʩʥʷ 2021 ʨ., ʃʴʚʽʚ, ʋʢʨʘʾʥʘ) [11]; ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʥʘʫʢʦʚʠʭ 

ʜʦʩʣʽʜʥʠʢʽʚ 2021 ʨ., ʃʴʚʽʚ [12]; ʄʽʞʥʘʨ. ʥʘʫʢ. ʢʦʥʬ. çʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ ʤʝʭʘʥʽʢʠ 

ʪʘ ʤʘʪʝʤʘʪʠʢʠ ï 2023è (23ï25 ʪʨʘʚʥʷ 2023 ʨ., ʃʴʚʽʚ, ʋʢʨʘʾʥʘ) [13, 14]; XXXɯ 

International Conference Cad in Machinery Design Implementation And Educational 

ISSUES CADMD (Poland, October 26-28, 2023) [15]; ʄʽʞʥʘʨ. ʥʘʫʢ. ʢʦʥʬ. 

çʄʘʪʝʤʘʪʠʯʥʽ ʧʨʦʙʣʝʤʠ ʤʝʭʘʥʽʢʠ ʥʝʦʜʥʦʨʽʜʥʠʭ ʩʪʨʫʢʪʫʨ ï 2024è (24ï26 ʚʝʨʝʩʥʷ 

2024 ʨ., ʃʴʚʽʚ, ʋʢʨʘʾʥʘ) [17, 18]; çʇʽʜʩʪʨʠʛʘʯʽʚʩʴʢʠʭ ʯʠʪʘʥʥʷʭ ï 2024, 2025, 2026è 

(27-29 ʪʨʘʚʥʷ 2024, 2025, 2026, ʃʴʚʽʚ, ʋʢʨʘʾʥʘ) [16, 19, 20]. 

 ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʫʙʣʽʢʦʚʘʥʦ 20 ʥʘʫʢʦʚʠʭ ʧʨʘʮ,ɹ 

ʫ ʪʦʤʫ ʯʠʩʣʽ 1 ʨʦʟʜʽʣ ʫ ʢʦʣʝʢʪʠʚʥʽʡ ʤʦʥʦʛʨʘʬʽʾ; 1 ʩʪʘʪʪʷ ʫ ʤʽʞʥʘʨʦʜʥʦʤʫ 

ʨʝʮʝʥʟʦʚʘʥʦʤʫ ʥʘʫʢʦʚʦʤʫ ʞʫʨʥʘʣʽ, ʷʢʠʡ ʤʘʻ Impact Factor (3.2) ʪʘ ʽʥʜʝʢʩʫʻʪʴʩʷ ʫ 

ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʤʝʪʨʠʯʥʽʡ ʙʘʟʽ Scopus (ʢʚʘʨʪʠʣʴ Q2); 4 ʩʪʘʪʪʽ ʫ ʫ ʚʠʜʘʥʥʷʭ, ʷʢʽ 

ʽʥʜʝʢʩʫʶʪʴʩʷ ʫ ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʤʝʪʨʠʯʥʽʡ ʙʘʟʽ Scʦpus (ʢʚʘʨʪʠʣʴ Q3), 3 

ʩʪʘʪʪʽ ʫ ʚʠʜʘʥʥʷʭ ʢʘʪʝʛʦʨʽʾ çɹè; 11 ʪʝʟ ʜʦʧʦʚʽʜʝʡ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʥʘ ʤʽʞʥʘʨʦʜʥʠʭ 

ʪʘ ʚʽʪʯʠʟʥʷʥʠʭ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ. ɼʚʽ ʩʪʘʪʪʽ ʦʧʫʙʣʽʢʦʚʘʥʦ ʩʘʤʦʩʪʽʡʥʦ. 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʘʥʦʪʘ-

ʮʽʾ, ʚʩʪʫʧʫ, ʯʦʪʠʨʴʦʭ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʽʟ 168 

ʥʘʡʤʝʥʫʚʘʥʴ ʥʘ 15 ʩʪʦʨʽʥʢʘʭ ʪʘ 3 ʜʦʜʘʪʢʽʚ ʥʘ 18 ʩʪʦʨʽʥʢʘʭ. ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ 

ʨʦʙʦʪʠ ʩʢʣʘʜʘʻ 219 ʩʪʦʨʽʥʦʢ, ʟ ʷʢʠʭ 186 ʩʪʦʨʽʥʦʢ ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʫ. ʈʦʙʦʪʘ 

ʤʽʩʪʠʪʴ 104 ʨʠʩʫʥʢʠ ʪʘ 6 ʪʘʙʣʠʮʴ. 
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ʈʆɿɼɯʃ 1 

ʌʈʀʂʎɯʁʅɯ ʂʆʅʊɸʂʊʅɯ ɿɸɼɸʏɯ ɿ ʅɽɿɸɼɸʅʀʄʀ ʆɹʃɸʉʊʗʄʀ 

ɺɿɸɭʄʆɼɯɰ. ʆʉʅʆɺʅɯ ʉʇɯɺɺɯɼʅʆʐɽʅʅʗ 

1.1 ʌʨʠʢʮʽʡʥʽ ʢʦʥʪʘʢʪʥʽ ʟʘʜʘʯʽ, ʾʭ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʪʘ ʤʝʪʦʜʠ 

ʨʦʟʨʘʭʫʥʢʫ 

ʂʦʥʪʘʢʪʥʘ ʤʝʭʘʥʽʢʘ ʜʦʩʣʽʜʞʫʻ ʷʚʠʱʘ, ʷʢʽ ʤʘʶʪʴ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ 

ʙʘʛʘʪʴʦʭ ʬʽʟʠʯʥʠʭ, ʪʝʭʥʽʯʥʠʭ ʪʘ ʤʝʜʠʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ. ʊʽʣʴʢʠ ʫ ʩʫʯʘʩʥʦʤʫ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʩʬʝʨʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʝʣʠʯʝʟʥʘ, ʧʨʠʢʣʘʜʘʤʠ ʻ ʢʫʣʴʢʦʚʽ 

ʧʽʜʰʠʧʥʠʢʠ, ʟʫʙʯʘʩʪʽ ʧʝʨʝʜʘʯʽ, ʬʨʠʢʮʽʡʥʽ ʟʯʝʧʣʝʥʥʷ ʘʙʦ ʛʘʣʴʤʘ. ɻʘʣʫʟʴ 

ʢʦʥʪʘʢʪʥʦʾ ʤʝʭʘʥʽʢʠ ʩʧʦʯʘʪʢʫ ʙʫʣʘ ʦʙʫʤʦʚʣʝʥʘ ʥʘʤʘʛʘʥʥʷʤ ʟʨʦʟʫʤʽʪʠ 

ʤʘʢʨʦʩʢʦʧʽʯʥʽ ʧʨʦʙʣʝʤʠ, ʪʘʢʽ ʷʢ ʢʦʥʪʘʢʪ ʟʘʣʽʟʥʠʯʥʠʭ ʢʦʣʽʩ ʘʙʦ ʨʦʟʨʘʭʫʥʦʢ 

ʥʘʧʨʫʞʝʥʴ ʫ ʬʫʥʜʘʤʝʥʪʘʭ ʙʫʜʽʚʝʣʴ. ʆʜʥʘʢ ʚ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ ʚʦʥʘ ʦʭʦʧʠʣʘ 

ʷʢʽʩʥʦ ʥʦʚʽ ʩʬʝʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʥʘʧʨʷʤʢʫ ʛʣʦʙʘʣʴʥʠʭ ʪʝʥʜʝʥʮʽʡ ʨʦʟʚʠʪʢʫ 

ʪʝʭʥʦʣʦʛʽʡ. ɻʘʣʫʟʽ ʤʽʢʨʦʪʝʭʥʦʣʦʛʽʡ, ʜʝ ʚʣʘʩʪʠʚʦʩʪʽ ʤʝʞ ʚʽʜʽʛʨʘʶʪʴ ʮʝʥʪʨʘʣʴʥʫ 

ʨʦʣʴ, ʘ ʪʘʢʦʞ ʤʽʢʨʦʙʽʦʣʦʛʽʷ ʪʘ ʤʝʜʠʮʠʥʘ ʩʪʘʣʠ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʠʤʠ ʜʦʧʦʚʥʝʥʥʷʤ 

ʜʦ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʟʘʩʪʦʩʫʚʘʥʴ. ʊʘʢʦʞ ʩʣʽʜ ʥʘʟʚʘʪʠ ʩʠʣʦʚʝ ʙʣʦʢʫʚʘʥʥʷ 

ʛʚʠʥʪʦʚʠʭ ʟôʻʜʥʘʥʴ, ʘʜʛʝʟʽʡʥʫ ʤʽʮʥʽʩʪʴ ʩʢʣʝʻʥʠʭ ʟôʻʜʥʘʥʴ, ʬʨʝʪʪʠʥʛʦʚʝ 

ʟʥʦʰʫʚʘʥʥʷ ʣʦʧʘʪʦʢ ʪʫʨʙʽʥ, ʜʝʤʧʬʫʚʘʥʥʷ ʪʝʨʪʷ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, 

ʤʝʪʦʜʠ ʚʠʣʫʯʝʥʥʷ ʟʣʘʤʘʥʠʭ ʽʤʧʣʘʥʪʘʪʽʚ ʪʘ ʜʝʷʢʽ ʤʝʪʦʜʠ ʚʠʧʨʦʙʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ 

ʷʢ ʧʨʠʢʣʘʜʠ ʨʦʟʰʠʨʝʥʦʾ ʩʬʝʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʥʪʘʢʪʥʦʾ ʤʝʭʘʥʽʢʠ. 

ʊʘʢʝ ʨʦʟʰʠʨʝʥʥʷ ʩʬʝʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʻ ʜʝʢʽʣʴʢʘ ʧʨʠʯʠʥ, ʷʢʽ ʻ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʘʙʦ ʯʠʩʣʦʚʠʤʠ ʟʘ ʩʚʦʻʶ ʧʨʠʨʦʜʦʶ. ʎʝ 

ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʧʦʚ'ʷʟʘʥʦ, ʘʣʝ ʥʝ ʦʙʤʝʞʫʻʪʴʩʷ, ʩʪʨʽʤʢʠʤ ʨʦʟʚʠʪʢʦʤ ʯʠʩʣʦʚʠʭ 

ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ. ɺʦʜʥʦʯʘʩ ʰʚʠʜʢʠʡ ʨʦʟʚʠʪʦʢ ʯʠʩʣʦʚʠʭ 

ʤʝʪʦʜʽʚ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ ʥʝ ʨʦʙʠʪʴ ʘʥʘʣʽʪʠʯʥʽ ʨʦʟʚôʷʟʢʠ 

ʟʘʩʪʘʨʽʣʠʤʠ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ ʯʠʩʣʦʚʠʭ ʤʝʪʦʜʽʚ ʽ 

ʤʘʶʪʴ ʦʩʦʙʣʠʚʝ ʟʥʘʯʝʥʥʷ ʟʘʚʜʷʢʠ ʩʚʦʾʡ ʪʦʯʥʦʩʪʽ ʽ ʥʘʜʽʡʥʦʩʪʽ. 

ʇʝʨʰʽ ʢʦʥʪʘʢʪʥʽ ʟʘʜʘʯʽ ʚ ʘʥʘʣʽʪʠʯʥʦʤʫ ʚʠʛʣʷʜʽ ʨʦʟʚôʷʟʘʚ ɻ. ɻʝʨʮ (H. Hertz) [1] 

ʱʝ ʥʘʧʨʠʢʽʥʮʽ XIX ʩʪʦʣʽʪʪʷ. ʅʘ ʜʘʥʠʡ ʯʘʩ ʢʦʥʪʘʢʪʥʠʤ ʟʘʜʘʯʘʤ ʧʨʠʩʚʷʯʝʥʘ ʚʝʣʠʢʘ 
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ʢʽʣʴʢʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ. ɿʥʘʯʥʠʡ ʚʢʣʘʜ ʫ ʨʦʟʚʠʪʦʢ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʭʘʥʽʢʠ 

ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʚʥʝʩʣʠ ʨʦʙʦʪʠ ɸʣʝʢʩʘʥʜʨʦʚʘ ɺ. ʄ., ɸʥʜʨʝʡʢʽʚʘ ʆ.ɭ.,  

ɻʘʣʘʥʦʚʘ ɹ. ʆ., ɻʘʣʽʥʘ ʃ. ʆ, ɻʦʨʷʯʝʚʦʾ ɯ.ɻ., ɻʫʜʨʘʤʦʚʠʯʘ ɺ.ʉ., ɻʫʟʷ ʆ. ʄ., 

ɻʨʽʥʯʝʥʢʘ ɺ.ʊ., ɻʨʠʣʽʮʴʢʦʛʦ ɼ. ɺ., ɼʘʮʠʰʠʥ ʆ. ʇ., ɼʞʦʥʩʦʥʘ ʂ., ɼʠʷʢʘ ɯ. ɯ., 

ɭʚʪʫʰʝʥʢʘ ʆ.ʆ., ʂʘʨʧʝʥʢʘ ɸ.ʆ,  ʂʽʪʘ ɻ.ʉ., ʂʨʘʚʯʫʢʘ ɸ.ʉ., ʂʨʘʚʮʷ ɺ.ʉ., ʂʫʰʥʽʨʘ 

ʈ.ʄ., ʃʝʦʥʦʚʘ ʄ.ʗ., ʃʦʙʦʜʠ ɺ.ɺ., ʃʫʨôʻ ɸ.ɯ., ʄʘʢʩʠʤʦʚʠʯʘ ɺ.ʄ., ʄʘʢʩʠʤʫʢʘ ʆ.ɺ., 

ʄʘʨʪʠʥʷʢʘ ʈ. ʄ., ʄʘʨʯʫʢʘ ʄ. ɺ., ʄʠʭʘʩʴʢʽʚʘ ɺ.ɺ., ʄʦʩʩʘʢʦʚʩʢʦʛʦ ɺ. ɯ., 

ʄʫʩʭʝʣʽʰʚʽʣʽ ʄ. ɯ., ʆʩʪʨʠʢʘ ɺ.ɯ., ʇʘʥʘʩʶʢʘ ɺ.ɺ., ʇʽʜʩʪʨʠʛʘʯʘ ʗ. ʉ., ʇʝʣʝʭʘ ɹ. ʃ., 

ʇʦʞʘʨʩʢʦʛʦ ɼ. ɸ., ʇʦʧʦʚʘ ɻ.ʗ., ʈʚʘʯʦʚʘ ɺ.ʃ., ʉʘʚʨʫʢʘ ʄ. ʇ., ʉʦʣʜʘʪʝʥʢʦʚʘ ɯ. ɸ., 

ʉʫʣʠʤʘ ɻ. ʊ., ʉʷʩʴʢʦʛʦ ɸ. ʆ., ʊʢʘʯʫʢʘ ʄ. ʄ., ʋʣʽʪʢʘ ɸ. ʌ., ʐʝʨʤʘʥʘ ɼ. ɯ., ʐʪʘʻʨ-

ʤʘʥʘ ɯ. ʗ., Alberto Bemporad, Barber J.R., Ciavarella M., Gladwell G.M.L., Kalker J. 

J., Yastrebov V. A. Paggi Marco, Paczelt J., Jos® Reinoso, Comez I., Yilmaz K. B. 

ɿʘʛʘʣʴʥʽ ʧʠʪʘʥʥʷ ʬʦʨʤʫʣʶʚʘʥʥʷ ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ ʪʘ ʤʝʪʦʜʽʚ ʾʭ ʨʦʟʚôʷʟʫʚʘʥʥʷ, 

ʘ ʪʘʢʦʞ ʦʛʣʷʜ ʣʽʪʝʨʘʪʫʨʠ ʟ ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ ʤʝʭʘʥʽʢʠ ʚ ʚʠʢʣʘʜʝʥʦ ʚ [2 - 28]. 

ɼʣʷ ʰʠʨʦʢʦʛʦ ʢʦʣʘ ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ ʨʦʟʨʦʙʣʝʥʦ ʘʥʘʣʽʪʠʯʥʽ ʤʝʪʦʜʠ ʾʭ ʨʦʟʚôʷ-

ʟʫʚʘʥʥʷ. ʅʘʡʙʽʣʴʰ ʧʦʚʥʦ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʣʦʩʢʠʭ ʢʦʥʪʘʢʪʥʠʭ 

ʟʘʜʘʯ ʜʣʷ ʧʽʚʧʣʦʱʠʥʠ ʚ ʨʦʙʦʪʘʭ ɻʘʣʽʥʘ ʃ.ʆ. [2], ʄʫʩʭʝʣʽʰʚʽʣʽ ʄ. ɯ. [5]. 

ʇʨʠ ʨʦʟʛʣʷʜʽ ʪʨʠʚʠʤʽʨʥʠʭ ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ ʜʣʷ ʰʪʘʤʧʽʚ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ ʫ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʫʚʘʪʠ ʚʝʣʠʢʠʡ ʦʙʩʷʛ ʦʙʯʠʩʣʝʥʴ. ʋ ʪʦʡ ʞʝ ʯʘʩ 

ʥʘ ʧʨʘʢʪʠʮʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʰʪʘʤʧʠ, ʷʢʽ ʤʘʶʪʴ ʬʦʨʤʫ ʪʽʣ ʦʙʝʨʪʘʥʥʷ. 

ɺʠʟʥʘʯʝʥʥʷ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ ʜʣʷ ʪʘʢʠʭ ʰʪʘʤʧʽʚ ʤʦʞʝ ʙʫʪʠ ʩʫʪʪʻʚʦ ʩʧʨʦʱʝʥʝ, 

ʦʩʢʽʣʴʢʠ ʟʘʜʘʯʘ ʪʦʜʽ ʟʚʦʜʠʪʴʩʷ ʜʦ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʦʜʥʦʚʠʤʽʨʥʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ 

ʨʽʚʥʷʥʴ. ʊʦʤʫ ʦʩʝʩʠʤʝʪʨʠʯʥʽ ʢʦʥʪʘʢʪʥʽ ʟʘʜʘʯʽ ʥʘʡʙʽʣʴʰ ʚʠʚʯʝʥʽ ʩʝʨʝʜ 

ʪʨʠʚʠʤʽʨʥʠʭ. ʋ ʣʽʪʝʨʘʪʫʨʽ ʨʦʟʚôʷʟʘʥʦ ʰʠʨʦʢʝ ʢʦʣʦ ʧʨʘʢʪʠʯʥʦ ʚʘʞʣʠʚʠʭ 

ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʬʦʨʤ ʰʪʘʤʧʽʚ ʚ ʘʥʘʣʽʪʠʯʥʦʤʫ ʚʠʛʣʷʜʽ [29, 30]. 

ʈʦʟʚôʷʟʢʠ ʜʣʷ ʦʩʝʩʠʤʝʪʨʠʯʥʠʭ ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ, ʷʢʽ ʤʘʶʪʴ ʧʨʘʢʪʠʯʥʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʦ ʚ ʜʦʚʽʜʥʠʢʦʚʽʡ ʢʥʠʟʽ [31]. 

ɸʥʘʣʘʪʠʯʥʽ ʨʦʟʚôʷʟʢʠ ʰʠʨʦʢʦʛʦ ʢʦʣʘ ʪʨʠʚʠʤʽʨʥʠʭ ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ ʜʣʷ 

ʧʽʚʧʨʦʩʪʦʨʫ ʧʦʙʫʜʦʚʘʥʦ ʚ ʨʦʙʦʪʘʭ ɻʘʣʽʥʘ ʃ. ʆ. [3], ʐʪʘʻʨʤʘʥʘ ɯ. ʗ. [22], 
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ʄʦʩʩʘʢʦʚʩʴʢʦʛʦ ɺ. ɯ. [14], ʐʝʨʤʘʥʘ ɼ. ɯ. [32], ʃʝʦʥʦʚʘ ʄ. ʗ.  [33], ɸʣʝʢʩʘʥʜʨʦʚʘ 

ɺ. ʄ., ʏʝʙʘʢʦʚʘ ʄ. ɯ. [34], ʃʫʨôʻ ɸ. ɯ. [35], Barber J.R. [28]. ʅʠʤʠ ʟʘʧʠʩʘʥʦ 

ʨʦʟʚô̫ ʟʢʠ ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ ʜʣʷ ʰʪʘʤʧʽʚ ʢʨʫʛʦʚʦʾ ʽ ʝʣʽʧʩʦʾʜʘʣʴʥʦʾ ʬʦʨʤ ʫ 

ʟʘʤʢʥʝʥʦʤʫ ʚʠʛʣʷʜʽ.  

ɸʥʘʣʽʪʠʯʥʽ ʨʦʟʚô̫ ʟʢʠ ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ ʜʣʷ ʩʬʝʨʠ ʪʘ ʧʨʦʩʪʦʨʫ ʽʟ ʩʬʝʨʠʯʥʦʶ 

ʧʦʨʦʞʥʠʥʦʶ ʧʦʙʫʜʦʚʘʥʦ ʚ ʨʦʙʦʪʘʭ [36]. ɸʥʘʣʽʪʠʯʥʽ ʤʝʪʦʜʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʪʘʢʦʞ ʜʣʷ ʨʦʟʚô̫ ʟʫʚʥʥʷ ʩʢʣʘʜʥʽʰʠʭ ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ [37, 38]. 

ɼʦʩʪʘʪʥʴʦ ʧʦʚʥʦ ʚ ʣʽʪʝʨʘʪʫʨʽ ʜʦʩʣʽʜʞʝʥʦ ʢʦʥʪʘʢʪʥʽ ʟʘʜʘʯʽ ʜʣʷ ʰʘʨʫ ʜʣʷ ʩʤʫʛʠ 

ʘʥʘʣʽʪʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʚ ʨʦʙʦʪʘʭ ɸʣʝʢʩʘʥʜʨʦʚʘ ɺ. ʄ ʽ ʡʦʛʦ ʫʯʥʽʚ [39]. 

ʅʘ ʧʨʘʢʪʠʮʽ ʯʘʩʪʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʟʘʜʘʯʽ ʧʨʦ ʚʟʘʻʤʦʜʽʶ ʰʪʘʤʧʽʚ ʪʘ ʪʽʣ ʩʢʣʘʜʥʠʭ 

ʬʦʨʤ ʟ ʥʘʧʝʨʝʜ ʥʝʚʽʜʦʤʠʤʠ ʜʽʣʷʥʢʘʤʠ ʢʦʥʪʘʢʪʫ, ʪʦʙʪʦ ʢʦʣʠ ʥʝʚʽʜʦʤʠʤʠ ʻ 

ʢʽʣʴʢʽʩʪʴ ʜʽʣʷʥʦʢ ʢʦʥʪʘʢʪʫ ʪʘ ʾʭ ʤʝʞʽ. ʊʦʤʫ ʨʦʟʨʦʙʢʘ ʯʠʩʝʣʴʥʠʭ ʽ ʯʠʩʝʣʴʥʦ-

ʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʪʘʢʠʭ ʟʘʜʘʯ ʻ ʘʢʪʫʘʣʴʥʦʶ. 

ɿʘʜʘʯʽ ʟ ʥʘʧʝʨʝʜ ʥʝʚʽʜʦʤʠʤʠ ʦʙʣʘʩʪʷʤʠ ʢʦʥʪʘʢʪʫ ʥʘʣʝʞʘʪʴ ʜʦ ʥʝ ʢʣʘʩʠʯʥʠʭ 

ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ ʽ ʻ ʤʘʣʦ ʚʠʚʯʝʥʠʤʠ. ɼʣʷ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʪʘʢʠʭ ʟʘʜʘʯ ʥʘʡʯʘʩʪʽʰʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʽʜʭʦʜʠ ʫ ʷʢʠʭ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʜʣʷ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʨʽʚʥʷʥʴ ʽ 

ʥʝʨʽʚʥʦʩʪʝʡ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʤʝʪʦʜʠ [4, 40-45]. ɿʦʢʨʝʤʘ ʫ ʧʫʙʣʽʢʘʮʽʾ [41] 

ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʤʝʪʦʜ ʜʦʜʘʪʢʦʚʠʭ ʟʘʟʦʨʽʚ ʪʘ ʤʝʪʦʜ ʟʤʽʥʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʦ-

ʜʘʪʣʠʚʦʩʪʽ. ʂʦʥʪʘʢʪʥʽ ʟʘʜʘʯʽ ʥʘ ʦʩʥʦʚʽ ʚʘʨʽʘʮʽʡʥʦʛʦ ʤʝʪʦʜʫ ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ ʫ [46ï

48]. ɺ ʨʦʙʦʪʘʭ [4, 42, 49-52] ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʚ [4, 8, 39 - 

41, 44, 53, 54] ï ʛʨʘʥʠʯʥʽ ʽʥʪʝʛʨʘʣʴʥʽ ʨʽʚʥʷʥʥʷ. 

ɿʘʛʘʣʴʥʠʡ ʤʝʪʦʜ ʨʦʟʚô̫ ʟʫʚʘʥʥʷ ʟʘʜʘʯ ʟ ʥʝʚʽʜʦʤʠʤʠ ʜʽʣʷʥʢʘʤʠ ʢʦʥʪʘʢʪʫ ʟʘʧʨʦ-

ʧʦʥʫʚʘʚ ʉʽʥʴʡʦʨʽʥʽ [55, 56], ʷʢʠʡ ʟʚʽʚ ʾʭ ʜʦ ʨʦʟʛʣʷʜʫ ʟʘʜʘʯ ʟ ʦʙʤʝʞʝʥʥʷʤʠ ʫ 

ʚʠʛʣʷʜʽ ʥʝʨʽʚʥʦʩʪʝʡ. ɯʜʝʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʜʦ 

ʨʦʟʚôʷʟʫʚʘʥʥʷ ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʚ ʨʦʙʦʪʘʭ [40, 57-59]. ʊʘʢʦʞ 

ʧʠʪʘʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚʠʚʯʘʣʠʩʴ ʫ ʧʨʘʮʷʭ [48, 60]. 

ʂʦʥʪʘʢʪʥʽ ʟʘʜʘʯʽ, ʷʢ ʧʨʘʚʠʣʦ, ʨʦʟʚôʷʟʫʶʪʴ ʚ ʧʨʠʧʫʱʝʥʥʽ, ʱʦ ʧʦʚʝʨʭʥʷ ʻ 

ʽʜʝʘʣʴʥʦʶ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʚʽʜʦʤʦ, ʱʦ ʰʪʘʤʧ ʯʠ ʧʦʚʝʨʭʥʷ ʤʘʶʪʴ ʤʽʢʨʦʚʠʾʤʢʠ, ʭʚʠ-

ʣʷʩʪʫ ʬʦʨʤʫ ʽ ʪ. ʜ. ʆʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ ʫ ʮʴʦʤʫ ʨʘʟʽ ʤʘʶʪʴ ʜʽʣʷʥʢʠ ʚʽʜʩʪʘʚʘʥʥʷ ʽ ʪʦ-
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ʤʫ ʟʘʣʠʰʘʶʪʴʩʷ ʤʘʣʦʚʠʚʯʝʥʠʤʠ. ʊʘʢʽ ʟʘʜʘʯʽ ʛʨʫʥʪʦʚʥʦ ʚʠʚʯʝʥʽ ʚ ʨʦʙʦʪʘʭ [61-66]. 

ʄʝʪʦʜʘʤʠ ʜʝʢʦʤʧʦʟʠʮʽʾ ʦʙʣʘʩʪʽ [67, 68] ʜʦʩʣʽʜʞʝʥʦ ʧʝʨʽʦʜʠʯʥʽ ʢʦʥʪʘʢʪʥʽ 

ʟʘʜʘʯʽ ʜʣʷ ʧʨʫʞʥʠʭ ʪʽʣ ʟʘ ʥʘʷʚʥʦʩʪʽ ʚʠʾʤʦʢ, ʪʦʥʢʠʭ ʧʦʢʨʠʪʪʽʚ ʪʘ ʥʝʣʽʥʽʡʥʠʭ 

ʚʽʥʢʣʝʨʽʚʩʴʢʠʭ ʰʘʨʽʚ. 

ʆʩʢʽʣʴʢʠ ʝʣʝʤʝʥʪʠ ʢʦʥʩʪʨʫʢʮʽʡ, ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʪʘ ʪʫʨʙʽʥ ʯʘʩʪʦ ʚʟʘʻʤʦʜʽʶʪʴ 

ʧʦ ʦʙʣʘʩʪʷʭ, ʷʢʽ ʻ ʨʫʭʦʤʠʤʠ ʪʦ ʚ ʦʙʣʘʩʪʷʭ ʢʦʥʪʘʢʪʫ, ʷʢ ʧʨʘʚʠʣʦ, ʚʠʥʠʢʘʁʪʴ ʚʠʩʦʢʽ 

ʢʦʥʪʘʢʪʥʽ ʥʦʨʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ, ʦʪʞʝ, ʪʫʪ ʤʦʞʫʪʴ ʟʘʨʦʜʞʫʚʘʪʠʩʴ ʪʨʽʱʠʥʠ. 

ʂʦʥʪʘʢʪʥʘ ʚʟʘʻʤʦʜʽʷ ʞʦʨʩʪʢʠʭ ʰʪʘʤʧʽʚ ʽ ʧʨʫʞʥʠʭ ʪʽʣ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʟ ʜʦʜʘʪʢʦʚʠʤ 

ʫʨʘʭʫʚʘʥʥʷʤ ʩʠʣ ʪʝʨʪʷ, ʜʦʩʪʘʪʥʴʦ ʧʦʚʥʦ ʚʠʚʯʝʥʘ ʫ ʨʦʙʦʪʘʭ [2, 4, 15, 57, 69 ï 76]. 

ɼʣʷ ʨʦʟʚ'ʷʟʘʥʥʷ ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ ʧʨʦ ʚʟʘʻʤʦʜʽʶ ʧʨʫʞʥʠʭ ʪʽʣ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʪʝʨʪʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʦʯʥʽ ʽ ʥʘʙʣʠʞʝʥʽ ʘʥʘʣʽʪʠʯʥʽ ʤʝʪʦʜʠ [ 28,  69, 78 - 85].  

ʏʠʩʣʦʚʽ ʪʘ ʯʠʩʣʦʚʦ-ʘʥʘʣʽʪʠʯʥʽ ʤʝʪʦʜʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʚʘʨʽʘʮʽʡʥʦʤʫ 

ʬʦʨʤʫʣʶʚʘʥʥʽ ʟʘʜʘʯʽ ʥʘʚʝʜʝʥʦ ʚ [86 - 90]. 

ɿʘ ʥʘʷʚʥʦʩʪʽ ʩʠʣ ʪʝʨʪʷ ʧʨʠ ʢʦʥʪʘʢʪʥʽʡ ʚʟʘʻʤʦʜʽʾ ʞʦʨʩʪʢʠʭ ʰʪʘʤʧʽʚ ʽ ʧʨʫʞʥʠʭ 

ʪʽʣ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʮʝʩ ʟʥʦʰʫʚʘʥʥʷ. ʅʘʡʙʽʣʴʰʝ ʜʦʩʣʽʜʞʝʥʠʤʠ ʻ ʦʜʥʦʚʠʤʽʨʥʽ 

ʟʘʜʘʯʽ ʧʨʦ ʟʥʦʰʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʢʦʥʪʘʢʪʫ [91, 92]. ɺʠʚʯʝʥʥʷ ʟʥʦʰʫʚʘʥʥʷ ʫ 

ʪʦʥʢʦʩʪʽʥʥʠʭ ʝʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʽʡ ʧʨʦʚʝʜʝʥʦ ʫ [93-96]. 

ɼʚʦ- ʪʘ ʪʨʠʚʠʤʽʨʥʽ ʢʦʥʪʘʢʪʥʽ ʟʘʜʘʯʽ ʟʘ ʚʨʘʭʫʚʘʥʥʷ ʟʥʦʰʫʚʘʥʥʷ ʻ ʜʦʩʪʘʪʥʴʦ 

ʩʢʣʘʜʥʠʤʠ ʚ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʽ ʪʦʤʫ ʟʘʣʠʰʘʶʪʴʩʷ ʤʘʣʦʚʠʚʯʝʥʠʤʠ ʚ 

ʣʽʪʝʨʘʪʫʨʽ. ʊʘʢʽ ʢʦʥʪʘʢʪʥʽ ʟʘʜʘʯʽ, ʷʢ ʧʨʘʚʠʣʦ, ʨʦʟʛʣʷʜʘʶʪʴ ʧʨʠ ʬʽʢʩʦʚʘʥʠʭ 

ʦʙʣʘʩʪʷʭ ʢʦʥʪʘʢʪʫ. ʇʣʦʩʢʽ ʢʦʥʪʘʢʪʥʽ ʟʘʜʘʯʽ ʜʣʷ ʰʪʘʤʧʽʚ ʨʽʟʥʦʾ ʬʦʨʤʠ ʟʘ 

ʚʨʘʭʫʚʘʥʥʷ ʟʥʦʰʫʚʘʥʥʷ ʨʦʟʛʣʷʜʘʣʠʩʴ ʚ [40, 91, 96, 97].  

ʄʝʪʦʜʠ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʥʦʩʦʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ, ʷʢʽ ʧʝʨʝʜ-

ʙʘʯʘʶʪʴ, ʱʦ ʩʪʠʨʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦ ʚʩʽʡ ʧʦʚʝʨʭʥʽ ʢʦʥʪʘʢʪʫ ʥʘʚʝʜʝʥʽ ʫ [3, 17, 

25, 98ï105]. 

ɿʘʜʘʯʘʤ ʟʽ ʟʫʤʦʚʣʝʥʠʤ ʨʫʭʦʤ ʪʚʝʨʜʠʭ ʪʽʣ ʪʝʨʪʷʤ ʧʨʠʜʽʣʝʥʦ ʥʘʙʘʛʘʪʦ ʤʝʥʰʝ 

ʫʚʘʛʠ ʯʝʨʝʟ ʜʦʜʘʪʢʦʚʫ ʩʢʣʘʜʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʫ ʟʦʥʽ ʢʦʥʪʘʢʪʫ. ʅʘ ʧʨʘʢʪʠʮʽ ʯʘʩʪʦ 

ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚʠʧʘʜʢʠ, ʢʦʣʠ ʪʽʣʘ ʧʝʨʝʙʫʚʘʶʪʴ ʥʘ ʤʝʞʽ ʛʨʘʥʠʯʥʦʾ ʨʽʚʥʦʚʘʛʠ ʘʙʦ 

ʨʫʭʘʶʪʴʩʷ ʟʽ ʩʪʘʣʦʶ ʰʚʠʜʢʽʩʪʶ ʚ ʦʢʨʝʩʣʝʥʦʤʫ ʥʘʧʨʷʤʢʫ. ɼʣʷ ʨʦʟʚôʷʟʫʚʘʥʥʷ 
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ʪʘʢʠʭ ʟʘʜʘʯ ʟʘʩʪʦʩʦʚʫʶʪʴ ʟʘʢʦʥ ʂʫʣʦʥʘ [2, 4], ʷʢʠʡ ʜʘʻ ʟʤʦʛʫ ʩʫʪʪʻʚʦ ʩʧʨʦʩʪʠʪʠ 

ʨʦʟʚôʷʟʫʚʘʥʥʷ. ʂʦʥʪʘʢʪʥʽ ʟʘʜʘʯʽ ʟ ʥʝʚʽʜʦʤʠʤʠ ʜʽʣʷʥʢʘʤʠ ʢʦʥʪʘʢʪʫ ʥʘʡʯʘʩʪʽʰʝ 

ʨʦʟʚôʷʟʫʶʪʴ, ʜʠʩʢʨʝʪʠʟʫʶʯʠ ʨʽʚʥʷʥʥʷ ʪʘ ʥʝʨʽʚʥʦʩʪʽ ʽ ʟʘʩʪʦʩʦʚʫʶʯʠ ʯʠʩʣʦʚʽ 

ʤʝʪʦʜʠ. 

ɹʽʣʴʰʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʬʨʠʢʮʽʡʥʠʭ ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ ʩʪʦʩʫʶʪʴʩʷ ʚʠʧʘʜʢʫ, ʢʦʣʠ 

ʦʙʣʘʩʪʴ ʢʦʥʪʘʢʪʫ ʤʘʣʘ ʧʦʨʽʚʥʷʥʦ ʟ ʨʦʟʤʽʨʘʤʠ ʪʽʣ. ʊʦʜʽ ʪʽʣʘ ʤʦʜʝʣʶʶʪʴ ʧʽʚʧʨʦʩʪʦ-

ʨʦʤ, ʱʦ ʽʩʪʦʪʥʦ ʩʧʨʦʱʫʻ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʢʦʥʪʘʢʪʥʦʾ ʟʘʜʘʯʽ. ɿʘʜʘʯʘʤ, ʜʝ ʪʽʣʦ ʨʦʟʛʣʷ-

ʜʘʶʪʴ ʷʢ ʰʘʨ, ʧʨʠʜʽʣʝʥʦ ʤʝʥʰʝ ʫʚʘʛʠ [2, 4, 39, 106, 107]. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ 

ʷʜʨʘ ʚ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʥʷʭ ʤʘʶʪʴ ʩʢʣʘʜʥʠʡ ʚʠʛʣʷʜ ʽ ʪʦʤʫ ʾʭ ʨʦʟʚôʷʟʫʶʪʴ 

ʯʠʩʣʦʚʠʤʠ ʤʝʪʦʜʘʤʠ ʘʙʦ ʟʘ ʥʘʙʣʠʞʝʥʠʤʠ ʘʥʘʣʽʪʠʯʥʠʤʠ ʧʽʜʭʦʜʘʤʠ. ʅʘʡʯʘʩʪʽʰʝ 

ʨʦʟʛʣʷʜʘʣʠ ʦʩʝʩʠʤʝʪʨʠʯʥʽ ʟʘʜʘʯʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʤʘʣʦʛʦ ʧʘʨʘʤʝʪʨʘ [39]. 

ɿʘʜʘʯʘʤ ʜʣʷ ʰʘʨʫ, ʚ ʷʢʠʭ ʚʨʘʭʦʚʫʶʪʴ ʪʝʨʪʷ, ʧʨʠʩʚʷʯʝʥʦ ʪʽʣʴʢʠ ʦʢʨʝʤʽ ʧʨʘʮʽ 

[42]. ɰʭ ʦʩʦʙʣʠʚʽʩʪʴ ʚ ʪʦʤʫ, ʱʦ ʦʙʣʘʩʪʴ ʢʦʥʪʘʢʪʫ ʻ ʥʝʚʽʜʦʤʦ .ʁ ɺʦʥʠ ʥʘʣʝʞʘʪʴ ʜʦ 

ʥʝʣʽʥʽʡʥʠʭ ʽ ʜʣʷ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʘʨʽʘʮʽʡʥʽ ʤʝʪʦʜʠ [40, 108ï111]. 

ʈʦʟʨʦʙʣʝʥʦ ʪʘʢʦʞ ʥʝʚʘʨʽʘʮʽʡʥʽ ʯʠʩʣʦʚʽ ʤʝʪʦʜʠ [42, 43, 45, 54, 56, 99, 112, 113]. 

ɿʦʢʨʝʤʘ ʚ ʧʨʘʮʽ [113] ʟʘʜʘʯʫ ʟʚʝʜʝʥʦ ʜʦ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʪʠʧʫ 

ɻʘʤʤʝʨʰʪʝʡʥʘ. ʇʨʠ ʮʴʦʤʫ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʤʝʪʦʜ ʽʪʝʨʘʮʽʡ, ʧʨʠʯʦʤʫ ʢʽʣʴʢʽʩʪʴ 

ʽʪʝʨʘʮʽʡ ʤʦʞʝ ʙʫʪʠ ʚʝʣʠʢʦʶ (ʜʝʩʷʪʢʠ). 

ʋ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʦʤʧʦʟʠʪʥʽ 

ʤʘʪʝʨʽʘʣʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʪʘʢʠʭ ʪʽʣ ʟʚʦʜʠʪʴʩʷ ʜʦ ʨʦʟʚôʷʟʫʚʘʥʥʷ 

ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ ʜʣʷ ʘʥʽʟʦʪʨʦʧʥʠʭ ʩʝʨʝʜʦʚʠʱ. ʊʨʠʚʠʤʽʨʥʽ ʟʘʜʘʯʽ ʜʣʷ 

ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʨʦʟʛʣʷʜʘʣʠʩʴ ʚ [114-116] 

ʂʦʥʪʘʢʪʥʽ ʟʘʜʘʯʽ ʜʣʷ ʘʥʽʟʦʪʨʦʧʥʦʾ ʧʽʚʧʣʦʱʠʥʠ ʜʝʪʘʣʴʥʦ ʚʠʚʯʝʥʽ ʚ ʨʦʙʦʪʘʭ 

ɻʘʣʽʥʘ. ɺʟʘʻʤʦʜʽʷ ʰʪʘʤʧʽʚ ʟ ʦʩʥʦʚʦʶ ʯʘʩʪʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ ʚʠʥʠʢʥʝʥʥʷʤ ʪʝʨʪʷʤ ʚ 

ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ. ɺ ʘʥʘʣʽʪʠʯʥʦʤʫ ʚʠʛʣʷʜʽ ʽʥʪʝʛʨʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʬʨʠʢʮʽʡʥʠʭ 

ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ ʨʦʟʚôʷʟʫʶʪʴʩʷ ʜʣʷ ʩʤʫʛ ʚʝʣʠʢʦʾ ʰʠʨʠʥʠ (ʧʽʚʧʣʦʱʠʥʠ). ɼʣʷ 

ʦʨʪʦʪʨʦʧʥʦʾ ʧʽʚʧʣʦʱʠʥʠ ʢʦʥʪʘʢʪʥʽ ʥʘʧʨʫʞʝʥʥʷ ʟʘ ʚʨʘʭʫʚʘʥʥʷ ʪʝʨʪʷ ʚ 

ʘʥʘʣʽʪʠʯʥʦʤʫ ʚʠʛʣʷʜʽ ʥʘʚʝʜʝʥʦ ʚ [117]. ɿʘʤʢʥʫʪʠʡ ʨʦʟʚôʷʟʦʢ ʜʣʷ ʦʨʪʦʪʨʦʧʥʦʾ 

ʧʨʫʞʥʦʾ ʧʽʚʧʣʦʱʠʥʠ, ʟ ʰʪʘʤʧʦʤ ʢʣʠʥʦʧʦʜʽʙʥʦʾ ʬʦʨʤʠ ʧʦʙʫʜʦʚʘʥʦ ʚ [118]. 
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ɸʥʘʣʽʪʠʯʥʠʡ ʨʦʟʚôʷʟʦʢ ʜʣʷ ʨʫʭʦʤʦʛʦ ʰʪʘʤʧʘ ʥʘʚʝʜʝʥʦ ʚ [119]. 

ɼʣʷ ʦʨʪʦʪʨʦʧʥʦʾ ʩʤʫʛʠ ʪʘʢʘ ʢʦʥʪʘʢʪʥʘ ʟʘʜʘʯʘ ʨʦʟʛʣʷʥʫʪʘ ʚ [120]. ʋ ʨʦʙʦʪʽ 

[121] ʧʦʙʫʜʦʚʘʥʦ ʥʘʙʣʠʞʝʥʠʡ ʟʘʤʢʥʝʥʠʡ ʨʦʟʚôʷʟʦʢ ʢʦʥʪʘʢʪʥʦʾ ʟʘʜʘʯʽ ʫ ʚʠʛʣʷʜʽ 

ʨʷʜʫ ʟʘ ʤʘʣʠʤ ʧʘʨʘʤʝʪʨʦʤ, ʷʢʠʡ ʩʧʨʘʚʝʜʣʠʚʠʡ ʧʨʠ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʠʭ ʦʙʣʘʩʪʷʭ 

ʢʦʥʪʘʢʪʫ. ɺ [122] ʢʦʥʪʘʢʪʥʘ ʟʘʜʘʯʘ ʨʦʟʛʣʷʥʫʪʘ ʟʘ ʜʦʜʘʪʢʦʚʦʛʦ ʚʨʘʭʫʚʘʥʥʷ ʚʣʘʩʥʦʾ 

ʚʘʛʠ. ɿʘʛʘʣʴʥʠʡ ʧʽʜʭʽʜ ʜʦ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ ʜʣʷ ʘʥʽʟʦʪʨʦʧʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʛʨʘʥʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʥʘʚʝʜʝʥʦ ʚ [123]. ʋ ʨʦʙʦʪʘʭ 

[124, 125]  ʜʦʩʣʽʜʞʫʚʘʚʩʷ ʅɼʉ ʘʥʽʟʦʪʨʦʧʥʠʭ ʧʣʘʩʪʠʥʦʢ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ 

ʩʠʥʛʫʣʷʨʥʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ. ʇʠʪʘʥʥʷ ʨʦʟʨʘʭʫʥʢʫ ʫʩʝʨʝʜʥʝʥʠʭ ʧʨʫʞʥʠʭ 

ʩʪʘʣʠʭ ʜʣʷ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [126]. 

ɺʽʜʦʤʦ, ʱʦ ʙʽʣʷ ʰʪʘʤʧʘ ʯʘʩʪʦ ʚʠʥʠʢʘʶʪʴ ʪʨʽʱʠʥʠ. ʇʨʠ ʮʠʢʣʽʯʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ (ʥʘʧʨʠʢʣʘʜ ʧʨʠ ʨʫʩʽ ʢʦʣʽʩ ʥʘ ʨʝʡʢʘʭ) ʪʘʢʽ ʪʨʽʱʠʥʠ ʧʽʜʨʦʩʪʘʶʪʴ ʟʘ 

ʚʪʦʤʥʠʤ ʤʝʭʘʥʽʟʤʦʤ ʽ ʤʦʞʫʪʴ ʜʦʩʷʛʪʠ ʢʨʠʪʠʯʥʠʭ ʨʦʟʤʽʨʽʚ. ʊʦʤʫ ʜʦʩʣʽʜʞʝʥʥʶ 

ʥʘʧʨʫʞʝʥʴ ʙʽʣʷ ʪʨʽʱʠʥ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚ ʦʢʦʣʽ ʰʪʘʤʧʽʚ ʧʨʠʩʚʷʯʝʥʦ ʟʥʘʯʥʫ 

ʢʽʣʴʢʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ. 

ʋ ʧʨʘʮʷʭ [127, 128] ʧʦʙʫʜʦʚʘʥʦ ʽʥʪʝʛʨʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʜʣʷ ʽʟʦʪʨʦʧʥʦʾ 

ʧʽʚʧʣʦʱʠʥʠ ʟ ʪʨʽʱʠʥʦʶ ʪʘ ʥʘʚʘʥʪʘʞʝʥʦʾ ʞʦʨʩʪʢʠʤ ʰʪʘʤʧʦʤ. ʋ [129, 130] 

ʢʦʥʪʘʢʪʥʘ ʟʘʜʘʯʘ ʜʣʷ ʽʟʦʪʨʦʧʥʦʾ ʧʽʚʧʣʦʱʠʥʠ ʟ ʪʨʽʱʠʥʦʶ ʜʦʩʣʽʜʞʫʚʘʣʘʩʴ ʟʘ 

ʚʨʘʭʫʚʘʥʥʷ ʪʝʨʪʷ ʧʽʜ ʰʪʘʤʧʦʤ. ʂʦʥʪʘʢʪʥʽ ʟʘʜʘʯʽ ʫʩʢʣʘʜʥʶʶʪʴʩʷ, ʷʢʱʦ ʪʨʽʱʠʥʠ 

ʨʦʟʤʽʱʝʥʽ ʚ ʦʙʣʘʩʪʽ ʩʪʠʩʢʫʶʯʠʭ ʥʘʧʨʫʞʝʥʴ. ɼʣʷ ʪʘʢʠʭ ʟʘʜʘʯ ʥʝʦʙʭʽʜʥʦ 

ʨʦʟʚôʷʟʫʚʘʪʠ ʽʩʪʦʪʥʦ ʥʝʣʽʥʽʡʥʽ ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʙʣʘʩʪʝʡ ʢʦʥʪʘʢʪʫ ʧʽʜ 

ʰʪʘʤʧʦʤ ʪʘ ʙʝʨʝʛʽʚ ʪʨʽʱʠʥ. ʋ ʨʦʙʦʪʽ [131] ʪʘʢʘ ʟʘʜʘʯʘ ʨʦʟʛʣʷʥʫʪʘ ʜʣʷ ʽʟʦʪʨʦʧʥʦʾ 

ʧʽʚʧʣʦʱʠʥʠ ʟ ʩʠʩʪʝʤʦʶ ʪʨʽʱʠʥ ʧʨʠ ʚʨʘʭʫʚʘʥʥʽ ʢʦʥʪʘʢʪʫ ʾʭ ʙʝʨʝʛʽʚ. ʄʝʪʦʜʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʨʫʡʥʫʚʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʨʦʩʪʫ ʚʪʦʤʥʠʭ ʪʨʽʱʠʥ ʧʨʠ 

ʮʠʢʣʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʚʠʢʣʘʜʝʥʦ ʚ [132]. 

ɿʘʜʘʯʘʤ ʜʣʷ ʘʥʽʟʦʪʨʦʧʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʪʨʽʱʠʥʘʤʠ ʟʘ ʜʽʾ ʰʪʘʤʧʽʚ ʫ ʣʽʪʝʨʘʪʫʨʽ 

ʧʨʠʩʚʷʯʝʥʦ ʪʽʣʴʢʠ ʦʢʨʝʤʽ ʨʦʙʦʪʠ. ɸʥʽʟʦʪʨʦʧʥʘ ʧʽʚʧʣʦʱʠʥʘ ʟ ʪʨʽʱʠʥʘʤʠ ʟʘ ʜʽʾ 

ʰʪʘʤʧʽʚ ʨʦʟʛʣʷʜʘʣʘʩʴ ʚ [133]. ɿʘʛʘʣʴʥʠʡ ʦʛʣʷʜ ʨʦʙʽʪ ʟ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʧʨʫʞʝʥʴ 

ʙʽʣʷ ʪʨʽʱʠʥ ʚ ʘʥʽʟʦʪʨʦʧʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʚʠʢʣʘʜʝʥʦ ʚ  [134]. 
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ɿʘʫʚʘʞʠʤʦ, ʱʦ ʫ ʩʫʯʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʪʝʨʤʦʧʨʫʞʥʠʭ ʩʪʘʥʽʚ ʢʦʥʪʘʢʪʫʶʯʠʭ 

ʪʽʣ ʟʥʘʯʥʝ ʤʽʩʮʝ ʟʘʡʤʘʶʪʴ ʤʦʜʝʣʽ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʬʨʠʢʮʽʡʥʠʡ ʥʘʛʨʽʚ ʪʘ ʚʧʣʠʚ 

ʪʝʨʪʷ ʥʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʤʘʪʝʨʽʘʣʽʚ ʢʦʥʩʪʨʫʢʮʽʡ. ɿʘʜʘʯʽ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʜʣʷ 

ʧʽʚʧʨʦʩʪʦʨʽʚ, ʧʣʦʩʢʦ ʧʘʨʘʣʝʣʴʥʠʭ ʰʘʨʫ ʽ ʧʽʚʧʨʦʩʪʦʨʫ ʟʘ ʚʨʘʭʫʚʘʥʥʷ 

ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʚʽʜ ʪʝʨʪʷ ʨʦʟʛʣʷʥʫʪʽ ʚ ʧʨʘʮʷʭ [135-138]. 

ʆʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʠʤ ʻ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʙʽʣʷ ʰʪʘʤʧʽʚ ʟʘ ʜʽʾ 

ʩʠʣ ʪʝʨʪʷ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ [120], ʪʫʪ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʚʠʩʦʢʽ 

ʨʦʟʪʷʛʫʚʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ, ʷʢʽ ʩʧʽʚʤʽʨʥʽ ʟʘ ʚʝʣʠʯʠʥʦʶ ʟ ʥʦʨʤʘʣʴʥʠʤʠ 

ʢʦʥʪʘʢʪʥʠʤʠ ʥʘʧʨʫʞʝʥʥʷʤʠ. ʊʘʢʽ ʥʘʧʨʫʞʝʥʥʷ ʤʦʞʫʪʴ ʧʨʠʚʦʜʠʪʠ ʜʦ ʚʠʥʠʢʥʝʥʥʷ 

ʧʦʚʝʨʭʥʝʚʠʭ ʪʨʽʱʠʥ, ʷʢʽ ʚ ʧʦʜʘʣʴʰʦʤʫ ʧʽʜʨʦʩʪʘʶʪʴ ʧʨʠ ʧʦʚʪʦʨʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ (ʱʦ, ʥʘʧʨʠʢʣʘʜ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʨʫʩʽ ʧʦʾʟʜʽʚ ʧʦ ʨʝʣʴʩʘʭ). ʋ 

ʟʚôʷʟʢʫ ʟ ʮʠʤ ʩʪʘʥʦʚʠʪʴ ʟʥʘʯʥʠʡ ʧʨʘʢʪʠʯʥʠʡ ʽʥʪʝʨʝʩ ʜʦʩʣʽʜʠʪʠ ʥʘʧʨʫʞʝʥʥʷ ʙʽʣʷ 

ʪʨʽʱʠʥ ʨʦʟʤʽʱʝʥʠʭ ʙʽʣʷ ʰʪʘʤʧʽʚ. ɼʣʷ ʽʟʦʪʨʦʧʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘʢʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʚ ʣʽʪʝʨʘʪʫʨʽ. ʂʦʥʪʘʢʪʥʽ ʟʘʜʘʯʽ ʜʣʷ ʩʤʫʛ ʽʟ ʟʘʛʘʣʴʥʦʶ 

ʘʥʽʟʦʪʨʦʧʽʻʶ ʤʘʪʝʨʽʘʣʫ ʪʘ ʪʨʽʱʠʥʘʤʠ ʟʘʣʠʰʘʶʪʴʩʷ ʤʘʣʦʜʦʩʣʽʜʞʝʥʠʤʠ. 

1.2 ʆʩʥʦʚʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʧʦʙʫʜʦʚʠ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ 

ʬʨʠʢʮʽʡʥʠʭ ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ 

ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʬʨʠʢʮʽʡʥʽ ʢʦʥʪʘʢʪʥʽ ʟʘʜʘʯʽ ʜʣʷ ʧʽʚʧʨʦʩʪʦʨʫ ʪʘ ʰʘʨʫ ʚ 

ʧʨʦʩʪʦʨʦʚʽʡ ʪʘ ʧʣʦʩʢʽʡ ʧʦʩʪʘʥʦʚʢʘʭ. ʅʘʚʝʜʝʤʦ ʦʩʥʦʚʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʥʘ ʦʩʥʦʚʽ 

ʷʢʠʭ ʙʫʜʫʚʘʣʠ ʽʥʪʝʛʨʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ. 

1.2.1 ʌʫʥʜʘʤʝʥʪʘʣʴʥʽ ʨʦʟʚôʷʟʢʠ ʜʣʷ ʬʨʠʢʮʽʡʥʦʾ ʢʦʥʪʘʢʪʥʦʾ ʟʘʜʘʯʽ ʜʣʷ 

ʧʽʚʧʨʦʩʪʦʨʫ. ʋ ʟʘʜʘʯʘʭ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʧʨʫʞʥʠʭ ʪʽʣ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʙʘʟʫʻʪʴʩʷ ʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʨʦʟʚôʷʟʢʘʭ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ 

ʜʣʷ ʧʽʚʧʨʦʩʪʦʨʫ. ʊʘʢʠʤʠ ʨʦʟʚôʷʟʢʘʤʠ ʻ ʟʘʜʘʯʽ ɹʫʩʩʽʥʝʩʢʘ (ʥʦʨʤʘʣʴʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ) ʪʘ ʏʝʨʫʪʪʽ (ʜʦʪʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ), ʷʢʽ ʨʘʟʦʤ ʫʪʚʦʨʶʶʪʴ ʧʦʚʥʠʡ 

ʘʧʘʨʘʪ ʜʣʷ ʦʧʠʩʫ ʧʝʨʝʤʽʱʝʥʴ ʧʦʚʝʨʭʥʽ. 

ɿʘʜʘʯʘ ɹʫʩʩʽʥʝʩʢʘ. ʈʦʟʚôʷʟʦʢ ɹʫʩʩʽʥʝʩʢʘ ʜʣʷ ʧʨʫʞʥʦʛʦ ʧʽʚʧʨʦʩʪʦʨʫ, 

ʥʘʚʘʥʪʘʞʝʥʦʛʦ ʟʦʩʝʨʝʜʞʝʥʦʶ ʥʦʨʤʘʣʴʥʦʶ ʩʠʣʦʶ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʘ ʬʫʥʢʮʽʷ ʚʧʣʠʚʫ ʜʣʷ ʧʦʙʫʜʦʚʠ ʽʥʪʝʛʨʘʣʴʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ, ʱʦ 
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ʧʦʚôʷʟʫʶʪʴ ʢʦʥʪʘʢʪʥʠʡ ʪʠʩʢ ʽʟ ʧʝʨʝʤʽʱʝʥʥʷʤʠ ʧʦʚʝʨʭʥʽ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʬʦʨʤʫʣʶʚʘʪʠ ʪʘ ʨʦʟʚôʷʟʫʚʘʪʠ ʢʦʥʪʘʢʪʥʽ ʟʘʜʘʯʽ ʫ ʚʠʛʣʷʜʽ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ. 

ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʦʜʥʦʨʽʜʥʠʡ ʽʟʦʪʨʦʧʥʠʡ ʧʨʫʞʥʠʡ ʧʽʚʧʨʦʩʪʽʨ: 0²z . ʇʦʟʥʘʯʠʤʦ: 

 
2 2= +r x y ,   2 2 2= + +R x y z ,   

2(1 )
=

+n

E
G , (1.1) 

ʜʝ E ð ʤʦʜʫʣʴ ʖʥʛʘ, nð ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ, G  ð ʤʦʜʫʣʴ ʟʩʫʚʫ 

ʅʝʭʘʡ ʫ ʪʦʯʮʽ ʧʦʚʝʨʭʥʽ ʧʨʠʢʣʘʜʝʥʦ ʟʦʩʝʨʝʜʞʝʥʫ ʩʠʣʫ P, ʩʧʨʷʤʦʚʘʥʫ ʧʦ 

ʥʦʨʤʘʣʽ ʜʦ ʧʦʚʝʨʭʥʽ. ʇʝʨʝʤʽʱʝʥʥʷ ʧʦʚʝʨʭʥʽ ʤʘʶʪʴ ʚʠʛʣʷʜ [139]: 
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P
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E r
. (1.2) 

ɸʙʦ  =
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w k
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,       ʜʝ       
21-n

=k
E

, 

ʇʝʨʝʤʽʱʝʥʥʷ ʚ ʪʽʣʽ ʪʘ ʥʘʧʨʫʞʝʥʥʷ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ: 
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ʅʝʭʘʡ ʜʦ ʤʝʞʽ ʧʨʠʢʣʘʜʝʥʝ ʨʦʟʧʦʜʽʣʝʥʝ ʥʦʨʤʘʣʴʥʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ( , )s =z p x y . 

ʊʦʜʽ ʥʦʨʤʘʣʴʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʤʝʞʽ ʧʽʚʧʨʦʩʪʦʨʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

 
( , )

( , )

W

x h
= x hñ

p
w x y k d d

r
. (1.4) 

ɿʘʜʘʯʘ ʏʘʨʫʪʪʽ. ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʦʜʥʦʨʽʜʥʝ, ʽʟʦʪʨʦʧʥʝ, ʣʽʥʽʡʥʦ-ʧʨʫʞʥʝ ʪʽʣʦ, ʷʢʝ 

ʟʘʡʤʘʻ ʧʽʚʧʨʦʩʪʽʨ 0²z  ʟ ʧʣʦʩʢʦʶ ʚʽʣʴʥʦʶ ʧʦʚʝʨʭʥʝʶ 0=z . 

ʋ ʪʦʯʮʽ (0,0,0)O  ʤʝʞʽ ʧʽʚʧʨʦʩʪʦʨʫ ʧʨʠʢʣʘʜʝʥʦ ʟʦʩʝʨʝʜʞʝʥʫ ʩʠʣʫ P , 

ʩʧʨʷʤʦʚʘʥʫ ʚʟʜʦʚʞ ʦʩʽ Ox, ʪʦʙʪʦ ʜʦʪʠʯʥʦ ʜʦ ʧʦʚʝʨʭʥʽ. 

ʅʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʫ ʜʦʚʽʣʴʥʽʡ ʪʦʯʮʽ ʧʽʚʧʨʦʩʪʦʨʫ: 

¶ ʢʦʤʧʦʥʝʥʪʠ ʧʝʨʝʤʽʱʝʥʴ , ,u v w;  

¶ ʢʦʤʧʦʥʝʥʪʠ ʪʝʥʟʦʨʘ ʥʘʧʨʫʞʝʥʴ sij ;  

¶ ʢʦʤʧʦʥʝʥʪʠ ʜʝʬʦʨʤʘʮʽʡ eij . 

ɿʘʜʘʯʘ ʟʚʦʜʠʪʴʩʷ ʜʦ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʨʽʚʥʷʥʴ ʨʽʚʥʦʚʘʛʠ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ: 
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ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʂʦʰʽ ʪʘ ʟʘʢʦʥʫ ɻʫʢʘ: 

 2s =ld e + meij ij kk ij  

ʪʘ ʢʽʥʝʤʘʪʠʯʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ: 

 
1

2

å õµµ
e = +æ ö
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. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʟʘʜʘʯʽ ɹʫʩʩʽʥʝʩʢʘ (ʥʦʨʤʘʣʴʥʘ ʩʠʣʘ), ʟʘʜʘʯʘ ʏʝʨʫʪʪʽ ʦʧʠʩʫʻ 

ʚʧʣʠʚ ʜʦʪʠʯʥʠʭ (ʟʩʫʚʥʠʭ) ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʧʦʚʝʨʭʥʽ ʪʽʣʘ. ʎʝ ʤʘʻ ʧʨʠʥʮʠʧʦʚʝ 

ʟʥʘʯʝʥʥʷ ʜʣʷ: 

¶ ʟʘʜʘʯ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʨʪʷ;  

¶ ʘʥʘʣʽʟʫ ʟʩʫʚʥʠʭ ʥʘʧʨʫʞʝʥʴ ʫ ʟʦʥʽ ʢʦʥʪʘʢʪʫ;  

¶ ʨʦʟʨʘʭʫʥʢʽʚ ʫ ʤʝʭʘʥʽʮʽ ˇʨʫʥʪʽʚ, ʪʨʠʙʦʣʦʛʽʾ, ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ.  

ʇʨʠʡʤʝʤʦ, ʱʦ ʫ ʪʦʯʮʽ (0, 0, 0)O ʥʘ ʧʦʚʝʨʭʥʽ 0=z  ʧʨʠʢʣʘʜʝʥʦ ʟʦʩʝʨʝʜʞʝʥʫ 

ʜʦʪʠʯʥʫ ʩʠʣʫ xQ  ʩʧʨʷʤʦʚʘʥʫ ʚʟʜʦʚʞ ʦʩʽ x .  

ʊʦʜʽ [139] ʧʝʨʝʤʽʱʝʥʥʷ ʪʦʯʦʢ ʧʦʚʝʨʭʥʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ: 
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ɸʥʘʣʦʛʽʯʥʦ, ʜʣʷ ʩʠʣʠ yQ , ʧʨʠʢʣʘʜʝʥʦʾ ʚʟʜʦʚʞ ʦʩʽ Oy: 
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ʅʘʚʝʜʝʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʻ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʤʠ ʨʦʟʚôʷʟʢʘʤʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʥʦʨʤʘʣʴʥʠʭ ʪʘ ʜʦʪʠʯʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʧʦʚʝʨʭʥʽ ʧʽʚʧʨʦʩʪʦʨʫ ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ 

ʚʧʣʠʚʦʚʽ ʬʫʥʢʮʽʾ ʚ ʟʘʜʘʯʘʭ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ, ʩʘʤʝ ʚʦʥʠ ʩʣʫʛʫʶʪʴ ʷʜʨʘʤʠ ʜʣʷ 

ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʫ ʟʘʜʘʯʘʭ ʢʦʥʪʘʢʪʫ ʟ ʪʝʨʪʷʤ. 

ɼʣʷ ʥʘʧʨʫʞʝʥʴ ( , , )sij x y z  ʫ ʟʘʜʘʯʽ ʏʝʨʫʪʪʽ ʧʦʚʥʠʡ ʧʦʢʦʤʧʦʥʝʥʪʥʠʡ ʟʘʧʠʩ 

ʽʩʥʫʻ, ʘʣʝ ʚʽʥ ʛʨʦʤʽʟʜʢʠʡ [139]. ʋ ʧʨʠʢʣʘʜʥʽʡ ʢʦʥʪʘʢʪʥʽʡ ʤʝʭʘʥʽʮʽ ʡʦʛʦ ʟʘʟʚʠʯʘʡ 

ʥʝ ʚʠʧʠʩʫʶʪʴ ʧʦʚʥʽʩʪʶ ʚ ʦʩʥʦʚʥʦʤʫ ʪʝʢʩʪʽ, ʘ ʟʘʜʘʶʪʴ ʯʝʨʝʟ ʧʦʪʝʥʮʽʘʣʠ 

ɹʫʩʩʽʥʝʩʢʘïʏʝʨʫʪʪʽ ʘʙʦ ʯʝʨʝʟ ʚʧʣʠʚʦʚʽ ʬʫʥʢʮʽʾ, ʚʽʜ ʷʢʠʭ ʥʘʧʨʫʞʝʥʥʷ ʦʪʨʠʤʫʶʪʴ 

ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷʤ. ʋ ʢʦʤʧʘʢʪʥʦʤʫ ʚʠʛʣʷʜʽ ʜʣʷ ʜʦʚʽʣʴʥʦ ʨʦʟʧʦʜʽʣʝʥʠʭ 

ʧʦʚʝʨʭʥʝʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ , ,x yq q p ʥʘ ʦʙʣʘʩʪʽ W ʚʚʦʜʷʪʴ ʧʦʪʝʥʮʽʘʣʠ 

 ( , , ) ( , )

W

= x h x hññx xQ x y z q Vd d , 

 ( , , ) ( , )

W

= x h x hññy yQ x y z q Vd d , 

 ( , , ) ( , )

W

= x h x hññzQ x y z p Vd d , (1.7) 

ʜʝ  
2 2 2

1

( ) ( )
=

-x + -h +
V

x y z
. 

ʊʦʜʽ ʧʝʨʝʤʽʱʝʥʥʷ ʽ ʥʘʧʨʫʞʝʥʥʷ ʫ ʧʽʚʧʨʦʩʪʦʨʽ ʚʠʨʘʞʘʶʪʴʩʷ ʯʝʨʝʟ ʧʦʭʽʜʥʽ ʚʽʜ 

, ,x y zQ Q Q . ʎʝ ʻ ʩʪʘʥʜʘʨʪʥʦʶ ʙʘʟʦʶ ʜʣʷ ʧʦʙʫʜʦʚʠ ʯʠʩʣʦʚʠʭ ʘʣʛʦʨʠʪʤʽʚ 

ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ ʟ ʥʦʨʤʘʣʴʥʠʤʠ ʡ ʜʦʪʠʯʥʠʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ.  

ɯʥʪʝʛʨʘʣʴʥʽ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʝʨʝʤʽʱʝʥʴ. ʋ ʚʠʧʘʜʢʫ ʨʦʟʧʦʜʽʣʝʥʠʭ ʜʦʪʠʯʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ( , ), ( , )x yq x y q x y  ʧʝʨʝʤʽʱʝʥʥʷ ʚʠʟʥʘʯʘʶʪʴʩʷ ʽʥʪʝʛʨʫʚʘʥʥʷʤ 

ʚʽʜʧʦʚʽʜʥʠʭ ʚʧʣʠʚʦʚʠʭ ʬʫʥʢʮʽʡ. 

ʋʤʦʚʠ ʢʦʥʪʘʢʪʫ ʟ ʪʝʨʪʷʤ ʂʫʣʦʥʘ. 

ʋ ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯʘʭ ʚʚʦʜʷʪʴ ʬʫʥʢʮʽʶ ʧʦʯʘʪʢʦʚʦʛʦ ʚʽʜʭʠʣʝʥʥʷ (ʟʘʟʦʨʫ) ʤʽʞ 

ʢʦʥʪʘʢʪʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ ʪʽʣ ʜʦ ʧʨʠʢʣʘʜʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʇʦʯʘʪʢʦʚʠʡ ʟʘʟʦʨ 

ʚʠʟʥʘʯʘʶʪʴ ʷʢ ʚʽʜʩʪʘʥʴ ʤʽʞ ʧʦʚʝʨʭʥʷʤʠ, ʚʠʤʽʨʷʥʫ ʚʟʜʦʚʞ ʥʦʨʤʘʣʽ ʜʦ ʢʦʥʪʘʢʪʥʦʾ 

ʧʦʚʝʨʭʥʽ. ɼʘʣʽ ʮʝʡ ʟʘʟʦʨ ʧʦʟʥʘʯʠʤʦ ʯʝʨʝʟ ( , )nv x y . 
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ʋʤʦʚʠ ʢʦʥʪʘʢʪʫ ʬʦʨʤʫʣʶʶʪʴ ʫ ʚʠʛʣʷʜʽ ʫʤʦʚ ʉʽʥʴʡʦʨʽʥʽ 

 ( , ) 0²nv x y ,  ( , ) 0²p x y . (1.8) 

ʜʝ ( , )p x y  - ʢʦʥʪʘʢʪʥʠʡ ʪʠʩʢ. 

ʊʦʙʪʦ, ʤʘʶʪʴ ʤʽʩʮʝ ʜʚʘ ʚʘʨʽʘʥʪʠ. ʇʦʚʝʨʭʥʽ ʥʝ ʢʦʥʪʘʢʪʫʶʪʴ ʽ ʪʦʜʽ ʩʧʨʘʚʝʜʣʠʚʽ 

ʫʤʦʚʠ ( , ) 0²nv x y , ( , ) 0=p x y . ɸʙʦ, ʟʘ ʢʦʥʪʘʢʪʫ ʪʽʣ, ʪʦʜʽ ( , ) 0=nv x y , ( , ) 0²p x y . 

ʊʦʜ ̔ʥʝʚʽʜʦʤʽ ʚʝʣʠʯʠʥʠ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʫʤʦʚʫ ( , ) ( , ) 0=np x y v x y . 

ʊʦʙʪʦ 

¶ ʘʙʦ ʧʦʚʝʨʭʥʽ ʥʝ ʢʦʥʪʘʢʪʫʶʪʴ: 0>nv , 0=p ;  

¶ ʘʙʦ ʻ ʢʦʥʪʘʢʪ: 0=nv , 0²p .  

ʇʽʜʩʫʤʢʦʚʘ ʧʦʩʪʘʥʦʚʢʘ ʟʤʽʰʘʥʦʾ ʢʦʥʪʘʢʪʥʦʾ ʟʘʜʘʯʽ. 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʢʦʥʪʘʢʪʥʽ ʥʘʧʨʫʞʝʥʥʷ 

( , ), ( , ), ( , )x yp x y q x y q x y  ʽ ʦʙʣʘʩʪʴ ʢʦʥʪʘʢʪʫ ɋ, ʪʘʢʽ, ʱʦ ʦʜʥʦʯʘʩʥʦ ʚʠʢʦʥʫʶʪʴʩʷ: 

1. ʫʟʛʦʜʞʝʥʽʩʪʴ ʥʦʨʤʘʣʴʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʤʝʞ ʪʽʣ ʚ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ: 

(1) (2)( , ) ( , ) ( , ) 0= -d+ + =nq h x y w x y w x y  ʥʘ ɋ,  

ʜʝ ( , )h x y   ʧʦʯʘʪʢʦʚʠʡ ʟʘʟʦʨ, d  ʟʘʛʘʣʴʥʝ ʟʙʣʠʞʝʥʥʷ,  
(1) (2),w w   ʥʦʨʤʘʣʴʥʽ 

ʧʝʨʝʤʽʱʝʥʥʷ ʤʝʞ ʧʨʫʞʥʠʭ ʪʽʣ; 

2. ʫʤʦʚʠ ʉʽʥʴʡʦʨʽʥʽ ʧʦʟʘ ʦʙʣʘʩʪʶ ʢʦʥʪʘʢʪʫ;  

3. ʥʦʨʤʘʣʴʥʽ ʽ ʜʦʪʠʯʥʽ ʚ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ ʧʦʚô̫ ʟʘʥʽ ʟʘʢʦʥʦʤ ʂʫʣʦʥʘ: 

( , ) ( , )=mt x y p x yq ,   ʜʝ    m ð ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ (1.9) 

ʅʘʚʝʜʝʥʽ ʽʥʪʝʛʨʘʣʴʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ɹʫʩʩʽʥʝʩʢʘïʏʝʨʫʪʪʽ ʻ ʪʝʦʨʝʪʠʯʥʦʶ 

ʦʩʥʦʚʦʶ ʜʣʷ ʦʧʠʩʫ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʧʨʫʞʥʠʭ ʪʽʣ. ʇʨʦʪʝ ʚ ʙʽʣʴʰʦʩʪʽ 

ʧʨʘʢʪʠʯʥʦ ʚʘʞʣʠʚʠʭ ʚʠʧʘʜʢʽʚ ʘʥʘʣʽʪʠʯʥʠʡ ʨʦʟʚôʷʟʦʢ ʢʦʥʪʘʢʪʥʦʾ ʟʘʜʘʯʽ ʦʪʨʠʤʘʪʠ 

ʥʝʤʦʞʣʠʚʦ ʯʝʨʝʟ ʩʢʣʘʜʥʫ ʛʝʦʤʝʪʨʽʶ ʢʦʥʪʘʢʪʫʶʯʠʭ ʧʦʚʝʨʭʦʥʴ, ʥʝʦʜʥʦʨʽʜʥʠʡ 

ʨʦʟʧʦʜʽʣ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʥʘʷʚʥʽʩʪʴ ʦʙʤʝʞʝʥʴ ʪʠʧʫ ʦʜʥʦʙʽʯʥʦʛʦ ʢʦʥʪʘʢʪʫ ʽ ʪʝʨʪʷ. 

ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʧʦʩʪʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʝʨʝʭʦʜʫ ʜʦ ʯʠʩʝʣʴʥʦ-ʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʽʚ 

ʨʦʟʚôʷʟʫʚʘʥʥʷ ʬʨʠʢʮʽʡʥʠʭ ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ. 

ʏʠʩʣʦʚʦ-ʘʥʘʣʽʪʠʯʥʠʡ ʧʽʜʭʽʜ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʩʫʤʽʩʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʪʦʜʫ 

ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʟʘʧʠʩʽ ʫʤʦʚ ʢʦʥʪʘʢʪʫ ʟʛʽʜʥʦ ʉʥ̔ʡɹʦʨʽʥʽ, ʟʘʤʽʥʽ ʽʥʪʝʛʨʘʣʴʥʠʭ 
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ʦʧʝʨʘʪʦʨʽʚ ʾʭ ʜʠʩʢʨʝʪʥʠʤʠ ʘʥʘʣʦʛʘʤʠ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʢʦʥʪʘʢʪʥʘ ʟʘʜʘʯʘ ʟʚʦʜʠʪʴʩʷ ʜʦ 

ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ-ʥʝʨʽʚʥʦʩʪʝʡ ʟ ʜʦʜʘʪʢʦʚʠʤʠ ʫʤʦʚʘʤʠ ʥʘ ʢʦʥʪʘʢʪʥʽ ʥʘʧʨʫʞʝʥʥʷ ʪʘ 

ʟʤʽʱʝʥʥʷ ʤʝʞ ʪʽʣ. 

1.2.2 ʆʩʥʦʚʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ 

ʩʪʘʥʫ ʰʘʨʫ 

ʉʠʤʚʦʣʽʯʥʠʡ ʩʧʦʩʽʙ ʧʦʙʫʜʦʚʠ ʨʦʟʚô̫ ʟʢʽʚ. ʈʦʟʛʣʷʥʝʤʦ ʨʽʚʥʦʚʘʛʫ ʧʨʫʞʥʦʛʦ ʰʘʨʫ, 

ʪʦʙʪʦ ʧʨʫʞʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʦʙʤʝʞʝʥʦʛʦ ʜʚʦʤʘ ʧʘʨʘʣʝʣʴʥʠʤʠ ʧʣʦʱʠʥʘʤʠ 

(ʪʦʨʮʝʚʠʤʠ ʧʣʦʱʠʥʘʤʠ). ʎʷ ʟʘʜʘʯʘ ʻ ʘʢʪʫʘʣʴʥʦʶ ʫ ʢʽʣʴʢʦʭ ʘʩʧʝʢʪʘʭ. 

ʇʦ-ʧʝʨʰʝ, ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʚôʷʟʘʥʥʷ ʜʝʷʢʠʭ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʽʚ, ʥʘʧʨʠʢʣʘʜ 

ʚʠʧʘʜʢʫ ʧʨʫʞʥʦʛʦ ʰʘʨʫ, ʱʦ ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʞʦʨʩʪʢʫ ʦʩʥʦʚʫ, ʤʘʶʪʴ ʙʝʟʧʦʩʝʨʝʜʥʻ 

ʧʨʠʢʣʘʜʥʝ ʟʥʘʯʝʥʥʷ ʫ ʙʫʜʽʚʝʣʴʥʽʡ ʤʝʭʘʥʽʮʽ ʪʘ ʬʫʥʜʘʤʝʥʪʦʙʫʜʫʚʘʥʥʽ. 

ʇʦ-ʜʨʫʛʝ, ʚʦʥʘ ʻ ʮʽʢʘʚʦʶ ʽ ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʝʪʦʜʫ ʨʦʟʚôʷʟʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʜʘʻ ʟʤʦʛʫ 

ʟʘʩʪʦʩʫʚʘʪʠ ʽʥʪʝʛʨʘʣ ʌʫʨôʻ ʜʦ ʥʝʪʨʠʚʽʘʣʴʥʦʾ ʟʘʜʘʯʽ ʧʨʦʩʪʦʨʦʚʦʾ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ. 

ʇʦ-ʪʨʝʪʻ, ʚʦʥʘ ʤʘʻ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʦʶ ʟʘʜʘʯʝʶ ʧʨʦ 

ʜʝʬʦʨʤʘʮʽʶ ʪʦʚʩʪʦʾ ʧʣʠʪʠ, ʷʢʘ ʻ ʯʘʩʪʠʥʦʶ ʧʨʫʞʥʦʛʦ ʰʘʨʫ, ʦʙʤʝʞʝʥʦʛʦ 

ʮʠʣʽʥʜʨʠʯʥʦʶ ʧʦʚʝʨʭʥʝʶ ʟ ʪʚʽʨʥʠʤʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʤʠ ʜʦ ʪʦʨʮʽʚ ʰʘʨʫ. 

ʈʦʟʛʣʷʥʝʤʦ ʟʘʜʘʯʫ ʧʨʦ ʟʥʘʭʦʜʞʝʥʥʷ ʨʦʟʚôʷʟʢʽʚ ʦʜʥʦʨʽʜʥʠʭ ʨʽʚʥʷʥʴ ʪʝʦʨʽʾ 

ʧʨʫʞʥʦʩʪʽ ʚ ʧʝʨʝʤʽʱʝʥʥʷʭ [35]: 

 0
2

µ
+D =

- µ

m v
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m x
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 0. 1/
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µ
+D = = n

- µ

m v
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µ µ µ
= + +
µ µ µ

u v w
v

x y z
 (1.10) 

ʜʣ̫ ʦʙʣʘʩʪʽ <z h ʟʘ ʟʘʜʘʥʠʭ ʢʨʘʡʦʚʠʭ ʫʤʦʚ ʥʘ ʧʣʦʱʠʥʘʭ  =-z h, =z h, ʱʦ 

ʦʙʤʝʞʫʶʪʴ ʰʘʨ, ʘ ʪʘʢʦʞ ʟʘ ʜʝʷʢʠʭ ʫʤʦʚ ʥʘ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ, ʪʦʙʪʦ ʧʨʠ ( , )­¤x y . 

ʇʣʦʱʠʥʫ Oxy ʚʚʘʞʘʻʤʦ ʨʦʟʪʘʰʦʚʘʥʦʶ ʫ ʩʝʨʝʜʠʥʥʽʡ ʧʣʦʱʠʥʽ ʰʘʨʫ. 

ʈʦʟʛʣʷʜʘʪʠʤʝʤʦ ʚʠʧʘʜʦʢ ʟʘʜʘʥʥʷ ʥʘʧʨʫʞʝʥʴ ʥʘ ʪʦʨʮʷʭ ʰʘʨʫ: 

 1 2, , ,=° t =°t t =°t s =zx zy zz h q. (1.11) 
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ʋ ʮʽʡ ʟʘʜʘʯʽ ʧʝʨʝʤʽʱʝʥʥʷ ,u v ʻ ʧʘʨʥʠʤʠ ʬʫʥʢʮʽʷʤʠ ʚʽʜ z, ʪʦʤʫ ʧʨʠ 0=z : 

 0 0 00, 0, 0
µ µ

¡ ¡= = = = = =
µ µ

u v
u v w w

z z
. (1.12) 

1. ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʢʨʘʡʦʚʠʭ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʽʟʠʢʠ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʰʘʨʫ 

ʪʘ ʪʦʚʩʪʦʾ ʧʣʠʪʠ, ʚʠʷʚʣʷʻʪʴʩʷ ʜʦʩʠʪʴ ʟʨʫʯʥʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʤʚʦʣʽʯʥʦʛʦ ʩʧʦʩʦʙʫ 

ʟʘʧʠʩʫ ʨʦʟʚôʷʟʢʽʚ ʚʽʜʧʦʚʽʜʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʫ ʯʘʩʪʠʥʥʠʭ ʧʦʭʽʜʥʠʭ. 

ʆʩʦʙʣʠʚʦ ʥʘʦʯʥʦ ʧʝʨʝʚʘʛʠ ʮʴʦʛʦ ʩʧʦʩʦʙʫ ʧʨʦʷʚʣʷʶʪʴʩʷ ʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʜʦ 

ʥʘʩʪʽʣʴʢʠ ʩʢʣʘʜʥʦʾ ʩʠʩʪʝʤʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʷʢ ʨʽʚʥʷʥʥʷ (1.10) ʪʝʦʨʽʾ 

ʧʨʫʞʥʦʩʪʽ ʚ ʧʝʨʝʤʽʱʝʥʥʷʭ. ʇʨʦʜʝʤʦʥʩʪʨʫʻʤʦ ʮʝʡ ʩʧʦʩʽʙ ʥʘ ʧʨʦʩʪʽʰʦʤʫ ʚʠʧʘʜʢʫ, 

ʘ ʩʘʤʝ  ʥʘ ʨʽʚʥʷʥʥʽ ʃʘʧʣʘʩʘ: 

 
2 2 2

2 2 2
0

µ µ µ
+ + =

µ µ µ

F F F

x y z
. (1.13) 

ɹʫʜʝʤʦ ʰʫʢʘʪʠ ʨʦʟʚôʷʟʦʢ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ ʫ ʚʠʛʣʷʜʽ ʨʷʜʫ ʟʘ ʩʪʝʧʝʥʷʤʠ z: 

 2 2 1
2 2

0 0

( , ) ( , )
¤ ¤

+

= =

¡= +ä äs s
s s

s s

F z f x y z f x y (1.14) 

ʅʝʤʘʻ ʧʦʪʨʝʙʠ ʪʫʨʙʫʚʘʪʠʩʷ ʧʨʦ ʟʙʽʞʥʽʩʪʴ ʮʴʦʛʦ ʨʷʜʫ; ʚʽʥ ʷʚʣʷʻ ʩʦʙʦʶ ʣʠʰʝ 

ʬʦʨʤʘʣʴʥʠʡ ʘʧʘʨʘʪ ʜʣʷ ʧʦʙʫʜʦʚʠ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʦʟʚôʷʟʢʫ, ʷʢʠʡ ʟʨʝʰʪʦʶ ʙʫʜʝ 

ʧʦʜʘʥʦ ʥʝ ʩʪʝʧʝʥʝʚʠʤ ʨʷʜʦʤ, ʘ ʫ ʚʠʛʣʷʜʽ ʧʝʚʥʦʛʦ ʽʥʪʝʛʨʘʣʘ ʘʙʦ ʚ ʽʥʰʽʡ ʬʦʨʤʽ. 

ʇʦʪʨʽʙʥʦ ʧʽʜʩʪʘʚʠʪʠ ʨʷʜ (1.14) ʚ ʨʽʚʥʷʥʥʷ (1.13). ʊʦʜʽ, ʧʦʟʥʘʯʠʚʰʠ ʦʧʝʨʘʪʦʨ 

ʃʘʧʣʘʩʘ ʟʘ ʜʚʦʤʘ ʟʤʽʥʥʠʤʠ x  ʽ y  ʯʝʨʝʟ 

 
2 2 2

1 2=µ +µD   (1.15) 

ʜʝ    1 2,
µ µ

µ = µ =
µ µx y

 (1.16) 

ʽ, ʚʠʢʦʥʘʚʰʠ ʚʽʜʧʦʚʽʜʥʝ ʧʝʨʝʛʨʫʧʫʚʘʥʥʷ ʜʦʜʘʥʢʽʚ, ʦʪʨʠʤʘʻʤʦ: 
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ʇʨʠʨʽʚʥʷʻʤʦ ʪʝʧʝʨ ʜʦ ʥʫʣʷ ʢʦʝʬʽʮʽʻʥʪʠ ʧʨʠ 
2sz : 
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0 2( , ) 1 2 ( , ) 0+ Ö =D f x y f x y , 

 2
2 4( , ) 3 4 ( , ) 0+ Ö =D f x y f x y , 

 
2

2 2 2( , ) (2 1)(2 2) ( , ) 0, 0,1,2...++ + + = =s sD f x y s s f x y s  

ʊʘʢʠʤ ʯʠʥʦʤ, 

 
2 4
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1 1
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1 2 4!
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f x y D f x y f x y D f x y 

ʽ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ 

 2
2 0

(1)
( , ) ( , ) 1,2,2....

(2 )!
=- =

s
s

sf x y D f x y s
s

  (1.18)  

ɸʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ ʦʪʨʠʤʘʻʤʦ: 

 2
2 0

(1)
( , ) ( , ) 1,2,2....

(2 1)!
¡ ¡=- =

+

s
s

sf x y D f x y s
s

  (1.19)  

ʆʪʞʝ, ʚʩʽ ʢʦʝʬʽʮʽʻʥʪʠ ʨʷʜʫ ʚʠʨʘʞʘʶʪʴʩʷ ʯʝʨʝʟ 0( , )f x y  ʽ 0( , )¡f x y , ʪʦʙʪʦ ʯʝʨʝʟ 

ʟʥʘʯʝʥʥʷ ʰʫʢʘʥʦʾ ʬʫʥʢʮʽʾ ( , , )F x y z  ʪʘ ʾʾ ʧʦʭʽʜʥʦʾ 
µ

µ

F

z
 ʥʘ ʩʝʨʝʜʠʥʥʽʡ ʧʣʦʱʠʥʽ 

ʰʘʨʫ (ʧʨʠ 0=z ). 

ʆʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ: 
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ɺʨʘʭʦʚʫʶʯʠ, ʱʦ 
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ʦʜʝʨʞʫʻʤʦ ʟʘʧʠʩ: 

 0 0

sin( )
( , , ) cos( ) ( , ) ( , )¡= +

zD
F x y z zD f x y f x y

D
.  (1.21) 

ɿʤʽʩʪ ʮʴʦʛʦ ʟʘʧʠʩʫ ʟʚʦʜʠʪʴʩʷ ʜʦ ʪʦʛʦ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʦʧʝʨʘʪʦʨʠ 

 
1

cos( ), sin( )zD zD
D

 

ʫ ʚʠʛʣʷʜʽ ʨʷʜʽʚ ʟʘ ʩʪʝʧʝʥʷʤʠ zD (ʚʦʥʠ, ʟʚʠʯʘʡʥʦ, ʤʽʩʪʠʪʠʤʫʪʴ ʣʠʰʝ ʧʘʨʥʽ ʩʪʝʧʝʥʽ 
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D), ʽ ʜʘʣʽ ʧʦʚʝʨʥʫʪʠ ʩʠʤʚʦʣʫ 2D  ʟʥʘʯʝʥʥʷ ʦʧʝʨʘʪʦʨʘ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʬʫʥʢʮʽʡ 

0( , )f x y ʽ 0( , )¡f x y  ʧʝʨʝʜ ʷʢʠʤʠ ʚʽʥ ʟʘʧʠʩʘʥʠʡ ʫ ʚʠʨʘʟʽ (1.21). ʊʦʜʽ ʦʪʨʠʤʘʻʤʦ ʩʘʤʝ 

ʨʷʜ (1.14). 

ʇʨʦʪʝ, ʱʦʙ ʦʪʨʠʤʘʪʠ (1.21), ʟʦʚʩʽʤ ʥʝ ʙʫʣʦ ʧʦʪʨʝʙʠ ʚʠʢʦʥʫʚʘʪʠ ʦʧʝʨʘʮʽʾ ʟ 

ʨʷʜʘʤʠ; ʤʦʞʥʘ ʙʫʣʦ ʚʽʜ ʩʘʤʦʛʦ ʧʦʯʘʪʢʫ ʟʘʧʠʩʘʪʠ ʨʽʚʥʷʥʥʷ (2.1) ʫ ʚʠʛʣʷʜʽ 

 0¡¡+ =F DF , (1.22) 

ʜʝ ʰʪʨʠʭʠ ʦʟʥʘʯʘʶʪʴ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʟʘ z. ɼʘʣʽ, ʟʛʽʜʥʦ [35], (1.22) ʨʦʟʛʣʷʜʘʶʪʴ 

ʷʢ ʟʚʠʯʘʡʥʝ ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʟʘ ʟʤʽʥʥʦʶ z, ʚ ʷʢʦʤʫ  ʦʧʝʨʘʪʦʨ 2D  

ʧʨʠʡʤʘʶʪʴ ʷʢ ʢʦʥʩʪʘʥʪʫ. ʈʽʚʥʷʥʥʷ (1.22) ʪʦʜʽ ʨʦʟʚôʷʟʫʶʪʴ ʧʨʠ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚʘʭ 

ʧʨʠ   0z= : 

 0( , )=F f x y ,     0( , )¡ ¡=F f x y . (1.23) 

ʁʦʛʦ ʨʦʟʚôʷʟʦʢ ʷʢʨʘʟ ʽ ʤʘʻ ʚʠʛʣʷʜ (1.21). ʇʽʩʣʷ ʡʦʛʦ ʟʘʧʠʩʫ ʩʣʽʜ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ 

ʡʦʛʦ ʪʘʢ, ʷʢ ʟʘʟʥʘʯʝʥʦ ʚʠʱʝ. 

2. ʈʦʟʛʣʷʥʝʤʦ ʪʝʧʝʨ ʨʽʚʥʷʥʥʷ (1.10) ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ ʚ ʧʝʨʝʤʽʱʝʥʥʷʭ. 

ɼʦʪʨʠʤʫʶʯʠʩʴ ʟʘʟʥʘʯʝʥʦʛʦ ʧʨʠʡʦʤʫ, ʟʘʧʠʰʝʤʦ ʾʭ ʫ ʚʠʛʣʷʜʽ: 

 2 2
1 1 2 1 0

2 2 2

å õ
¡¡ ¡+ + µ + µ µ + µ =æ ö

- - -ç ÷

m m m
u D u v w

m m m
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 2 2
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- - -ç ÷

m m m
u D v u w

m m m
, 

 
2

1 2

2( 1)
0

2 2 2

-
¡¡ ¡ ¡+ µ + µ + =

- - -

m m m
w u v D w

m m m
, (1.24) 

ʽ, ʨʦʟʛʣʷʜʘʶʯʠ ʩʠʤʚʦʣʠ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ 
2

1 2, ,µ µD  ʷʢ ʢʦʥʩʪʘʥʪʠ, ʧʨʦʽʥʪʝʛʨʫʻʤʦ 

ʮʶ ʩʠʩʪʝʤʫ ʪʨʴʦʭ ʟʚʠʯʘʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʚʽʜʥʦʩʥʦ ʥʝʟʘʣʝʞʥʦʾ 

ʟʤʽʥʥʦʾ z  ʟʘ ʟʘʜʘʥʠʭ ʥʘ ʩʝʨʝʜʠʥʥʽʡ ʧʣʦʱʠʥʽ (ʧʨʠ 0=z ) ʫʤʦʚʘʭ: 

 ʧʨʠ  0 0 00, , , 0, 0, 0,¡ ¡ ¡= = = = = = =z u u v v w u v w w.  (1.25) 

ʊʦʜʽ ʥʝʩʢʣʘʜʥʠʤʠ ʧʝʨʝʪʚʦʨʝʥʥʷʤʠ ʜʣʷ ʟʘʜʘʯʽ ʨʦʟʪʷʛʫ ʦʪʨʠʤʘʥʦ [35] 

 0 1 0

sin( )
cos( )

2( 2)
= - µ

-

m z zD
u zD u v

m D
, 
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 0 1 0

sin( )
cos( )

2( 2)
= - µ

-

m z zD
v zD v v

m D
, 

 0 0

sin( ) sin( )
cos( )

2( 2)

å õ
¡= + -æ ö

- ç ÷

zD m zD
w w z zD v

D m D
, (1.26) 

ʜʝ ʚʚʝʜʝʥʦ ʧʦʟʥʘʯʝʥʥʷ 

 0 1 0 2 0
¡=µ +µ +v w v w   (1.27) 

ʇʦʜʘʣʴʰʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʦʞʥʘ ʚʠʢʦʥʫʚʘʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʮʠʤʠ ʚʠʨʘʟʘʤʠ, ʥʝ 

ʨʦʟʢʣʘʜʘʶʯʠ ʾʭ ʫ ʨʷʜʠ. ʅʘʧʨʠʢʣʘʜ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʦʙôʻʤʥʝ ʨʦʟʰʠʨʝʥʥʷ, 

ʧʦʤʥʦʞʠʤʦ ʚʠʨʘʟʠ iu v ʚʽʜʧʦʚʽʜʥʦ ʥʘ 1 2,µ µ ʘ w  ʧʨʦʜʠʬʝʨʝʥʮʽʶʻʤʦ ʟʘ z; 

ʧʽʜʩʫʤʦʚʫʶʯʠ, ʦʪʨʠʤʘʻʤʦ: 

 0cos( )=v zD v . (1.28)  

ɿʘʫʚʘʞʠʤʦ ʪʘʢʦʞ, ʱʦ ʧʦʨʽʚʥʷʥʥʷ ʮʠʭ ʚʠʨʘʟʽʚ ʟ (1.21) ʧʽʜʪʚʝʨʜʞʫʻ, ʱʦ v  ʻ 

ʛʘʨʤʦʥʽʯʥʦʶ ʬʫʥʢʮʽʻʶ. 

ɿʘʧʠʰʝʤʦ ʚʠʨʘʟʠ ʥʘʧʨʫʞʝʥʴ ʥʘ ʧʣʦʱʠʥʘʭ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʦʩʽ Oz. ɿʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʴ (1.26) ʽ (1.28) ʪʘ ʬʦʨʤʫʣ ʟʘʢʦʥʫ ɻʫʢʘ ʜʣʷ ʟʘʜʘʯʽ ʨʦʟʪʷʛʫ ʦʪʨʠʤʘʻʤʦ: 

 
2

0 1 0 1 0
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2
¡t =- -µ - µ

-
zx

zD m
D u w z zD v

G D m
, 

 
2

0 2 0 2 0

1 sin( )
( ) cos( )

2
¡t =- -µ - µ

-
zy

zD m
D v w z zD v

G D m
. (1.29) 

ɿʚʽʜʩʠ ʽ ʟ (1.12) ʦʪʨʠʤʫʻʤʦ, ʱʦ ʚ ʟʘʜʘʯʽ ʨʦʟʪʷʛʫ  ʧʨʠ 0=z  

 0, 0, 0t = t = =xy yz w . (1.30)  

ʆʪʞʝ, ʟʘʧʠʩʘʥʦ ʚ ʩʠʤʚʦʣʽʯʥʦʤʫ ʚʠʛʣʷʜʽ ʨʦʟʚô̫ ʟʦʢ ʟʘʜʘʯʽ ʜʣʷ ʰʘʨʫ ʪʦʚʱʠʥʠ 

2h . ʎʝʡ ʨʦʟʚô̫ ʟʦʢ ʩʧʨʘʚʝʜʣʠʚʠʡ ʪʘʢʦʞ ʜʣʷ ʰʘʨʫ ʪʦʚʱʠʥʦʶ h , ʱʦ ʩʧʠʨʘʻʪʴʩʷ ʥʘ 

ʛʣʘʜʢʫ ʞʦʨʩʪʢʫ ʦʩʥʦʚʫ ʽ ʥʘʚʘʥʪʘʞʝʥʠʡ ʥʘ ʧʣʦʱʠʥʽ =z h ʟʫʩʠʣʣʷʤʠ [35]: 

 1 2, , ( , )t =t t =t s =xy yz z q x y .  

ʅʘʚʝʜʝʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʨʦʙʦʪʽ ʜʣʷ ʨʦʟʚôʷʟʫʚʘʥʥʷ 

ʬʨʠʢʮʽʡʥʠʭ ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ ʜʣʷ ʰʘʨʫ. 
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1.2.3 ʆʩʥʦʚʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʧʣʦʩʢʦʾ ʘʥʽʟʦʪʨʦʧʥʦʾ ʟʘʜʘʯʽ 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʬʨʠʢʮʽʡʥʠʭ ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ ʜʣʷ ʘʥʽʟʦʪʨʦʧʥʠʭ ʧʽʚʧʨʦʩʪʦʨʫ ʽ 

ʰʘʨʫ (ʩʤʫʛʠ ʽ ʧʽʚʧʣʦʱʠʥʠ) ʚ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ ʃʝʭʥʽʮʴʢʦʛʦ. ʅʘʚʝʜʝʤʦ 

ʦʩʥʦʚʥʽ ʨʽʚʥʷʥʥʷ ʧʣʦʩʢʠʭ ʘʥʽʟʦʪʨʦʧʥʠʭ ʟʘʜʘʯ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ, ʷʢʽ ʦʪʨʠʤʘʥʽ ʚ 

[140].  

ɿʘʢʦʥ ɻʫʢʘ ʜʣʷ ʘʥʽʟʦʪʨʦʧʥʦʛʦ ʪʽʣʘ. ʋʟʘʛʘʣʴʥʝʥʠʡ ʟʘʢʦʥ ɻʫʢʘ, ʱʦ ʟʚôʷʟʫʻ ʤʽʞ 

ʩʦʙʦʶ ʥʘʧʨʫʞʝʥʥʷ ʪʘ ʜʝʬʦʨʤʘʮʽʾ, ʜʣʷ ʘʥʽʟʦʪʨʦʧʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʤʘʻ ʚʠʛʣʷʜ: 
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xy x y xy

a a a a a a

a a a

a a a

 (1.31) 

ʜʝ ija   ʧʨʫʞʥʽ ʩʪʘʣʽ ʤʘʪʝʨʽʘʣʫ, ʧʨʠʯʦʤʫ =ij jia a ;  , , , , ,e e e g g g -x y z xy xz yz ʜʝʬʦʨʤʘʮʽʾ; 

, , , , ,s s s t t t -x y z xy xz yz  ʥʘʧʨʫʞʝʥʥʷ. 

ʈʦʟʛʣʷʥʝʤʦ ʧʣʦʩʢʠʡ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ ʜʣʷ ʘʥʽʟʦʪʨʦʧʥʠʭ ʧʣʘʩʪʠʥʦʢ, ʜʣʷ ʷʢʠʭ 

ʩʝʨʝʜʠʥʥʘ ʧʣʦʱʠʥʘ ʻ ʧʣʦʱʠʥʦʶ ʩʠʤʝʪʨʽʾ ʾʾ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɿʘʢʦʥ ɻʫʢʘ 

ʜʣʷ ʮʴʦʛʦ ʚʠʧʘʜʢʫ ʤʘʪʠʤʝ ʚʠʛʣʷʜ 

 

11 12 16

21 22 26

61 62 66

,

,

,

ëe = s + s + t
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e = s + s + tì
î
g = s + s + tí

x x y xy

y x y xy

xy x y xy

a a a

a a a

a a a

 (1.32) 

ɿʘʢʦʥ ɻʫʢʘ ʟʘʧʠʩʫʶʪʴ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʭʥʽʯʥʠʭ ʧʨʫʞʥʠʭ ʩʪʘʣʠʭ ʤʘʻ ʚʠʛʣʷʜ 

 
1 1

, ,
n hh n

e = s - s + t e = s - s + t
y yx x

x x y xy y y y xy
x y x y x yE E E E E E

 

 
1hh

g = s + s + t
yx

xy x y xy
x y xyE E G

 (1.33) 

ʜʝ ,x yE E ï ʤʦʜʫʣʽ ʖʥʛʘ ʚ ʥʘʧʨʷʤʢʫ ʦʩʝʡ ʆʭ ̔ ʆʫ, xyG  ï ʤʦʜʫʣʴ ʟʩʫʚʫ, ,n nx yï 

ʢʦʝʬʽʮʽʻʥʪʠ ʇʫʘʩʩʦʥʘ. ʊʦʙʪʦ, ʥʝʥʫʣʴʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʚ (1.32) ʙʫʜʫʪʴ [140] 
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ʧʨʠʯʦʤʫ ʤʘʻ ʤʽʩʮʝ ʨʽʚʥʽʩʪʴ / /n =ny y x xE E . 

ʅʘ ʧʨʘʢʪʠʮʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʦʤʧʦʟʠʪʥʽ ʤʘʪʝʨʽʘʣʠ, ʤʝʭʘʥʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʠʭ ʤʘʶʪʴ ʜʦʜʘʪʢʦʚʦ ʧʣʦʱʠʥʠ ʩʠʤʝʪʨʽʾ 0=x  ʪʘ 0=y . ɼʣʷ ʪʘʢʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʥʘʟʠʚʘʶʪʴ ʦʨʪʦʪʨʦʧʥʠʤʠ, ʚ ʟʘʢʦʥʽ ɻʫʢʘ 16 26 0= =a a  . 

ʆʩʥʦʚʥʽ ʨʽʚʥʷʥʥʷ ʧʣʦʩʢʦʾ ʟʘʜʘʯʽ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ. ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ (ʅɼʉ) ʢʦʤʧʦʟʠʪʥʽ ʧʨʫʞʥʽ ʪʽʣʘ ʨʦʟʛʣʷʜʘʶʪʴ ʷʢ 

ʘʥʽʟʦʪʨʦʧʥʽ ʤʘʪʝʨʽʘʣʠ. ʈʦʟʛʣʷʥʝʤʦ ʚʠʧʘʜʦʢ ʧʣʦʩʢʦʾ ʟʘʜʘʯʽ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ ʜʣʷ 

ʘʥʽʟʦʪʨʦʧʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʇʽʜ ʧʣʦʩʢʦʶ ʟʘʜʘʯʝʶ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ ʨʦʟʫʤʽʶʪʴ: 

ʫʟʘʛʘʣʴʥʝʥʠʡ ʧʣʦʩʢʠʡ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ; ʧʣʦʩʢʘ ʜʝʬʦʨʤʘʮʽʷ. 

ʋʟʘʛʘʣʴʥʝʥʠʡ ʧʣʦʩʢʠʡ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ. ʈʦʟʛʣʷʥʝʤʦ ʘʥʽʟʦʪʨʦʧʥʫ ʧʣʘʩʪʠʥʢʫ 

ʪʦʚʱʠʥʠ 2h, ʷʢʘ ʚ ʜʦʚʽʣʴʥʽʡ ʪʦʯʮʽ ʤʘʻ ʧʣʦʱʠʥʫ ʧʨʫʞʥʦʾ ʩʠʤʝʪʨʽʾ, ʱʦ ʧʘʨʘʣʝʣʴʥʘ 

ʩʝʨʝʜʠʥʥʽʡ ʧʣʦʱʠʥʽ. ʂʨʽʤ ʮʴʦʛʦ ʧʨʠʡʤʘʻʪʴʩʷ, ʱʦ ʟʦʚʥʽʰʥʻ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʧʨʠʢʣʘʜʝʥʦ ʪʘʢ, ʱʦ ʡʦʛʦ ʨʝʟʫʣʴʪʫʶʯʘ ʣʝʞʠʪʴ ʫ ʩʝʨʝʜʠʥʥʽʡ ʧʣʦʱʠʥʽ. ɺʽʜʥʝʩʝʤʦ 

ʩʝʨʝʜʠʥʥʫ ʧʣʦʱʠʥʫ ʜʦ ʜʝʢʘʨʪʦʚʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ Oxy. ʃʠʮʝʚʽ ʧʣʦʱʠʥʠ 

ʧʣʘʩʪʠʥʢʠ ʧʨʠʡʤʘʶʪʴʩʷ ʚʽʣʴʥʠʤʠ ʚʽʜ ʟʦʚʥʽʰʥʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʇʨʠ 

ʜʦʩʣʽʜʞʝʥʥʽ ʅɼʉ ʪʦʥʢʠʭ ʧʣʘʩʪʠʥʦʢ ʥʘʧʨʫʞʝʥʥʷ ʧʨʠʡʤʘʶʪʴʩʷ ʥʝʟʤʽʥʥʠʤʠ ʧʦ 

ʪʦʚʱʠʥʽ ʽ ʧʦʟʥʘʯʘʶʪʴ ʯʝʨʝʟ , ,s s tx y xy, ʘ ʽʥʰʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʝʥʟʦʨʘ 

ʥʘʧʨʫʞʝʥʴ ʥʝʭʪʫʶʪʴ.  

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʧʣʦʩʢʦʛʦ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʤʘʶʪʴ ʚʠʛʣʷʜ [140]: 

ʨʽʚʥʷʥʥʷ ʨʽʚʥʦʚʘʛʠ 

 0, 0
µt µt µsµs
+ = + =

µ µ µ µ

xy xy yx

x y x y
; (1.33) 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʂʦʰʽ 

 ,
µ µ µ µ

e = e = g = +
µ µ µ µ

x y xy

u v u v

x y y x
. (1.34) 

ʜʝ ,e e gx y xy ï ʜʝʬʦʨʤʘʮʽʾ,  (,u v) ï ʚʝʢʪʦʨ ʧʝʨʝʤʽʱʝʥʴ; 

ʫʤʦʚʘ ʩʫʤʽʩʥʦʩʪʽ ʜʝʬʦʨʤʘʮʽʡ 
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2 2 2

2 2

µ e µ e µ g
+ =

µ µµ µ

x y xy

x yy x
. (1.35) 

ʇʦʟʥʘʯʠʤʦ ʤʝʞʫ ʧʣʘʩʪʠʥʢʠ ʯʝʨʝʟ L ʪʘ ʧʨʠʡʤʝʤʦ, ʱʦ ʥʘ ʢʦʥʪʫʨʽ L ʟʘʜʘʥʦ 

ʟʫʩʠʣʣʷ ï ʧʨʦʝʢʮʽʾ ʟʦʚʥʽʰʥʽʭ ʩʠʣ (,n nX Y). ʋʤʦʚʠ ʥʘ ʤʝʞʽ ʪʦʜʽ ʤʘʪʠʤʫʪʴ ʚʠʛʣʷʜ 

[140] 

 cos( , ) cos( , ) , cos( , ) cos( , )s +t = t +s =x xy n xy y nn x n y X n x n y Y, (1.36) 

ʜʝ cos( , ), cos( , )n x n y  ï ʢʦʩʠʥʫʩʠ ʢʫʪʽʚ ʤʽʞ ʟʦʚʥʽʰʥʴʦʶ ʥʦʨʤʘʣʣʶ ʜʦ ʢʦʥʪʫʨʫ L ʪʘ 

ʦʩʷʤʠ ,Ox Oyʚʽʜʧʦʚʽʜʥʦ. ʊʘʢʫ ʟʘʜʘʯʫ ʥʘʟʠʚʘʶʪʴ ʧʝʨʰʦʶ ʦʩʥʦʚʥʦʶ ʟʘʜʘʯʝʶ ʪʝʦʨʽʾ 

ʧʨʫʞʥʦʩʪʽ. 

ɼʨʫʛʘ ʦʩʥʦʚʥʘ ʟʘʜʘʯʘ ʤʘʻ ʤʽʩʮʝ ʟʘ ʟʘʜʘʥʠʭ ʥʘ ʤʝʞʽ L ʧʝʨʝʤʽʱʝʥʥʷʭ, ʷʢʽ 

ʧʦʟʥʘʯʠʤʦ ʯʝʨʝʟ 1 2( , )g g . ʋʤʦʚʠ ʥʘ ʤʝʞʽ ʪʦʜʽ ʤʘʶʪʴ ʚʠʛʣʷʜ 

 ( ) ( ) ( ) ( ) ( )1 2, , , , , , ,= = Íu x y g x y v x y g x y x y L. (1.37) 

ʇʣʦʩʢʘ ʜʝʬʦʨʤʘʮʽʷ. ɼʣʷ ʧʣʦʩʢʦʾ ʟʘʜʘʯʽ ʪʝʦʨʽʾ ʟʘʣʠʰʘʶʪʴʩʷ ʩʧʨʘʚʝʜʣʠʚʠʤʠ 

ʥʘʚʝʜʝʥʽ ʚʠʱʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʧʣʦʩʢʦʛʦ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ, ʷʢʱʦ ʚ ʥʠʭ 

ʧʨʫʞʥʽ ʩʪʘʣʽ ija  ʚ ʟʘʢʦʥʽ ɻʫʢʘ (1.32) ʟʘʤʽʥʠʪʠ ʥʘ ʩʪʘʣʽ aij, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʘʤʠ [140]  

 11a  =
2

11 33 13

33

-a a a

a
,       12a  = 12 33 13 23

33

-a a a a

a
,        16a  = 16 33 13 36

33

-a a a a

a
,  

 22a  = 
2

22 33 23

33

-a a a

a
,    26a  = 26 33 23 36

33

-a a a a

a
,         66a  = 

2
66 33 36

33

-a a a

a
 . 

ɿʘʟʥʘʯʠʤʦ, ʱʦ ʦʩʴʦʚʽ ʥʘʧʨʫʞʝʥʥʷ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

 ( )13 23 36
33

1
s =- s + s + tz x y xya a a

a
. 

ʂʦʤʧʣʝʢʩʥʽ ʧʦʪʝʥʮʽʘʣʠ ʃʝʭʥʽʮʴʢʦʛʦ. ɺʚʦʜʷʪʴ ʬʫʥʢʮʽʶ ʥʘʧʨʫʞʝʥʴ F 

 
2 2 2

2 2
, ,

µ µ µ
s = s = t =-

µ µµ µ
x y xy

F F F

x yy x
. (1.38) 

ɿʘ ʪʘʢ ʚʠʟʥʘʯʝʥʠʭ ʥʘʧʨʫʞʝʥʴ ʨʽʚʥʷʥʥʷ ʨʽʚʥʦʚʘʛʠ ʟʘʜʦʚʦʣʴʥʷʶʪʴʩʷ ʪʦʪʦʞʥʦ. 

ʇʽʜʩʪʘʚʣʷʶʯʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (1.38) ʫ ʚʠʨʘʟʠ ʜʣʷ ʜʝʬʦʨʤʘʮʽʡ (1.32) ʽ ʜʘʣʽ ʫ 
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ʨʽʚʥʷʥʥʷ ʩʫʤʽʩʥʦʩʪʽ ʜʝʬʦʨʤʘʮʽʡ (1.35), ʦʪʨʠʤʫʶʪʴ ʨʽʚʥʷʥʥʷ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ 

ʬʫʥʢʮʽʾ ʥʘʧʨʫʞʝʥʴ ʚʠʛʣʷʜʫ 

 ( )
4 4 4 4 4

22 26 12 66 16 114 3 2 2 3 4
2 2 2 0

µ µ µ µ µ
- + + - + =

µ µ µ µ µ µ µ µ

F F F F F
a a a a a a

x x y x y x y y
. (1.39) 

ɼʣʷ ʦʨʪʦʪʨʦʧʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʮʝ ʨʽʚʥʷʥʥʷ ʥʘʙʫʜʝ ʚʠʛʣʷʜʫ 

 
4 4 4

4 2 2 4

1 1 1
2 0

å õnµ µ µ
+ - + =æ ö
æ öµ µ µ µç ÷

x

y xy x x

F F F

E G E Ex x y y
 

ʃʝʭʥʽʮʴʢʠʤ ʧʦʢʘʟʘʥʦ, ʱʦ ʟʘʛʘʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ ʨʽʚʥʷʥʥʷ (1.39) ʤʦʞʝ ʙʫʪʠ 

ʟʘʧʠʩʘʥʠʡ ʫ ʚʠʛʣʷʜʽ [140] 

1 1 2 2 3 3 4 4( ) ( ) ( ) ( )= + + + + + + +F F x s y F x s y F x s y F x s y, 

ʜʝ ( )-jF z  ʜʦʚʽʣʴʥʽ ʬʫʥʢʮʽʾ, -js  ʢʦʨʝʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʨʽʚʥʷʥʥʷ ( ) 0D =s , 

 
4 3 2

11 16 12 66 26 22( ) 2 (2 ) 2D =a - a + a +a - a +as s s s s  .  (1.40) 

ɺʩʪʘʥʦʚʣʝʥʦ [140], ʱʦ ʢʦʨʝʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʨʽʚʥʷʥʥʷ ʻ ʢʦʤʧʣʝʢʩʥʠʤʠ, 

ʘʙʦ ʯʠʩʪʦ ʫʷʚʥʠʤʠ ʯʠʩʣʘʤʠ, ʧʨʠ ʮʴʦʤʫ ʢʦʨʝʥʽ 1,2s  ʚʠʙʠʨʘʶʪʴʩʷ ʪʘʢ, ʱʦʙʠ ʚ ʥʠʭ 

ʫʚ̫ʥʘ ʯʘʩʪʠʥʘ ʙʫʣʘ ʜʦʜʘʪʥʦʶ.  

ʌʫʥʢʮʽʷ ʥʘʧʨʫʞʝʥʴ ʤʦʞʝ ʙʫʪʠ ʟʦʙʨʘʞʝʥʘ ʫ ʚʠʛʣʷʜʽ  

 1 1 2 22Re ( ) ( )è ø= j + y
ê úñ ñF z dz z dz , (1.41) 

ʜʝ 1 2( ), ( )j yz z  ï ʘʥʘʣʽʪʠʯʥʽ ʬʫʥʢʮʽʾ ʢʦʤʧʣʝʢʩʥʠʭ ʟʤʽʥʥʠʭ = + = +j j j jz x iy x s y. 

ɿʘʟʥʘʯʠʤʦ, ʱʦ ,= +a =bj j j jx x y y y , ʜʝ Re( ), Im( )a = b =j j j js s , 1,2=j . 

ɹʫʜʝʤʦ ʨʦʟʛʣʷʜʘʪʠ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʧʣʘʩʪʠʥʢʘ ʟʘʡʤʘʻ ʦʙʣʘʩʪʴ D. ʌʫʥʢʮʽʷ 1( )jz  

ʙʫʜʝ ʘʥʘʣʽʪʠʯʥʘ ʚ ʦʙʣʘʩʪʽ 1D , ʷʢʘ ʦʪʨʠʤʫʻʪʴʩʷ ʽʟ ʦʙʣʘʩʪʽ D ʘʬʽʥʥʠʤ 

ʧʝʨʝʪʚʦʨʝʥʥʷʤ 1 1 1 1,= +a =bx x y y y . ɸʥʘʣʦʛʽʯʥʦ, ʘʥʘʣʽʪʠʯʥʦʶ ʙʫʜʝ ʬʫʥʢʮʽʷ 

2( )yz  ʚ ʦʙʣʘʩʪʽ 2D . ʇʽʜʩʪʘʚʠʚʰʠ ʬʫʥʢʮʽʾ (1.41) ʫ ʬʦʨʤʫʣʠ (1.38) ʦʪʨʠʤʫʻʤʦ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʫ ʚʠʛʣʷʜʽ 

 () ( ) () ( )2 2
1 1 2 2 1 22Re , 2Reè øs = F + Y s = F +Yè øê úê úx ys z s z z z , 

 () ( )1 1 2 22Ret =- F + Yè øê úxy s z s z , (1.42) 
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ʜʝ 1 1 2 2( ) '( ), ( ) '( )F =j Y =yz z z z . 

ʇʽʜʩʪʘʚʠʚʰʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (1.42) ʫ ʟʘʢʦʥ ɻʫʢʘ (1.32) ʚʠʟʥʘʯʘʶʪʴ 

ʜʝʬʦʨʤʘʮʽʾ, ʘ ʧʨʦʽʥʪʝʛʨʫʚʘʚʰʠ ʦʪʨʠʤʫʶʪʴ ʧʝʨʝʤʽʱʝʥʥʷ 

() ( )1 1 2 2 02Re ,= j + y -w +è øê úu p z p z y u  () ( )1 1 2 2 02Re= j + y +w +è øê úv q z q z x v , (1.43) 

ʜʝ 0 0, ,wu v   ʜʦʚʽʣʴʥʽ ʩʪʘʣʽ, 2
11 12 16 12 22 26, /= +a -a =a +a -aj j j j j jp a s s q s s ,   

1,2=j . 

ʈʦʟʛʣʷʥʝʤʦ ʧʝʨʰʫ ʦʩʥʦʚʥʫ ʟʘʜʘʯʫ, ʛʨʘʥʠʯʥʘ ʫʤʦʚʘ ʥʘ ʤʝʞʽ ʦʙʣʘʩʪʽ D  ʜʣʷ ʷʢʦʾ 

ʤʘʻ ʚʠʛʣʷʜ (1.36), ʜʝ ( , )-n nX Y  ʚʝʢʪʦʨ ʧʨʠʢʣʘʜʝʥʠʭ ʜʦ ʤʝʞʽ ʟʫʩʠʣʴ. ɺʠʙʨʘʚʰʠ 

ʜʦʜʘʪʥʽʡ ʥʘʧʨʷʤ ʥʘ ʤʝʞʽ ʪʘʢ, ʱʦʙʠ ʧʨʠ ʡʦʛʦ ʦʙʭʦʜʽ ʦʙʣʘʩʪʴ ʟʘʣʠʰʘʣʘʩʴ ʟʣʽʚʘ, 

ʤʘʻʤʦ  cos( , ) / , cos( , ) /= =-n x dy ds n y dx ds. ʊʦʜʽ ʟ ʫʤʦʚ (1.36) ʽ (1.38) ʥʘ ʤʝʞʽ 

ʦʪʨʠʤʫʻʤʦ  

 ,
µ µ
= =-

µ µ
n n

d F d F
X Y

ds y ds x
. (1.44) 

ʇʽʜʩʪʘʚʠʚʰʠ ʩʶʜʠ ʬʫʥʢʮʽʶ ʥʘʧʨʫʞʝʥʴ (1.41), ʫ ʚʠʧʘʜʢʫ ʧʝʨʰʦʾ ʦʩʥʦʚʥʦʾ 

ʟʘʜʘʯʽ ʦʪʨʠʤʫʻʤʦ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʫ ʚʠʛʣʷʜʽ 

 () ( )1 2 12Re ,j +y =- +è øê úñnz z Y ds C  

 () ( )1 1 2 2 22Re ,j + y = +è øê úñns z s z X ds C  (1.45) 

ʜʝ 1 2,C C  ï ʜʦʚʽʣʴʥʽ ʩʪʘʣʽ, ds ï ʜʠʬʝʨʝʥʮʽʘʣ ʜʫʛʠ ʥʘ ʢʦʥʪʫʨʽ L. 

ɼʣʷ ʜʨʫʛʦʾ ʦʩʥʦʚʥʦʾ ʟʘʜʘʯʽ ʫʤʦʚʠ ʧʨʠ ʟʘʜʘʥʠʭ ʥʘ ʤʝʞʽ ʧʝʨʝʤʽʱʝʥʥʷʭ 

1 2( , )g g ʜʣʷ ʬʫʥʢʮʽʡ () ( )1 2f yz i z  ʢʨʘʡʦʚʘ ʟʘʜʘʯʘ ʤʘʻ ʚʠʛʣʷʜ 

 () ( ) () () ( ) ()1 1 2 2 1 1 1 2 2 22Re , 2Re .j + y = j + y =è ø è øê ú ê úp z p z g s q z q z g s (1.46) 

ʅʘ ʦʩʥʦʚʽ ʥʘʚʝʜʝʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʫ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʬʨʠʢʮʽʡʥʽ ʢʦʥʪʘʢʪʥʽ 

ʟʘʜʘʯʽ ʜʣʷ ʩʤʫʛʠ ʽ ʧʽʚʧʣʦʱʠʥʠ.  
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ʈʆɿɼɯʃ 2 

ʏʀʉʃʆɺʆ-ɸʅɸʃɯʊʀʏʅʀʁ ɸʃɻʆʈʀʊʄ ʈʆɿɺôʗɿʋɺɸʅʅʗ 

ʆʉɽʉʀʄɽʊʈʀʏʅʆɰ ʂʆʅʊɸʂʊʅʆɰ ɿɸɼɸʏɯ ɿɸ ɼɯɰ  ʐʊɸʄʇɯɺ 

ʉʂʃɸɼʅʆɰ ʌʆʈʄʀ ɿ ʅɽɿɸɼɸʅʀʄʀ ɼɯʃʗʅʂɸʄʀ ɺɿɸɭʄʆɼɯɰ 

ɺʽʜʦʤʦ, ʱʦ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʽ ʤʝʭʘʥʽʟʤʽʚ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʧʨʘʮʶʶʪʴ ʚ ʫʤʦʚʘʭ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ. ʈʦʟʨʘʭʫʥʦʢ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ 

ʩʪʘʥʫ ʚ ʫʤʦʚʘʭ ʩʠʣʦʚʦʛʦ ʢʦʥʪʘʢʪʫ ʻ ʚʘʞʣʠʚʠʤ, ʦʩʢʽʣʴʢʠ ʟʦʥʘ ʢʦʥʪʘʢʪʫ ʯʘʩʪʦ ʻ 

ʟʦʥʦʶ ʚʪʨʘʪʠ ʤʽʮʥʦʩʪʽ ʘʙʦ ʟʦʥʦʶ ʨʫʡʥʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ. ʊʦʤʫ ʚʠʟʥʘʯʝʥʥʷ ʪʘ 

ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʚ ʮʽʡ ʟʦʥʽ ʽ ʧʦʜʘʣʴʰʝ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʾʾ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʽ ʥʘʜʽʡʥʽʩʪʴ. 

ʋ ʨʦʟʜʽʣʽ ʧʦʙʫʜʦʚʘʥʦ ʯʠʩʝʣʴʥʠʡ ʘʣʛʦʨʠʪʤ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʦʩʝʩʠʤʝʪʨʠʯʥʦʾ 

ʟʘʜʘʯʽ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ ʧʨʦ ʚʟʘʻʤʦʜʽʶ ʧʨʫʞʥʦʛʦ ʧʽʚʧʨʦʩʪʦʨʫ ʟ ʞʦʨʩʪʢʠʤ 

ʰʪʘʤʧʦʤ, ʧʦʚʝʨʭʥʷ ʷʢʦʛʦ ʤʘʻ ʩʢʣʘʜʥʫ ʬʦʨʤʫ. ʇʽʜ ʜʽʻʶ ʪʘʢʦʛʦ ʰʪʘʤʧʘ ʢʦʥʪʘʢʪ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʦʢʨʝʤʠʭ, ʥʘʧʝʨʝʜ ʥʝʚʽʜʦʤʠʭ ʜʽʣʷʥʢʘʭ. ʂʦʥʪʘʢʪʥʫ ʟʘʜʘʯʫ 

ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʫ ʚʠʛʣʷʜʽ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ-ʥʝʨʽʚʥʦʩʪʝʡ ʉʽʥʴʡʦʨʽʥʽ [56], ʷʢʽ, ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʚʘʜʨʘʪʫʨʥʠʭ ʬʦʨʤʫʣ ʜʣʷ ʩʠʥʛʫʣʷʨʥʠʭ ʽʥʪʝʛʨʘʣʽʚ, 

ʪʨʘʥʩʬʦʨʤʦʚʘʥʦ ʜʦ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʠʯʥʠʭ ʨʽʚʥʷʥʴ-ʥʝʨʽʚʥʦʩʪʝʡ. 

ʈʦʟʚôʷʟʫʚʘʥʥʷ ʮʽʻʾ ʩʠʩʪʝʤʠ ʟʚʝʜʝʥʦ ʜʦ ʟʥʘʭʦʜʞʝʥʥʷ ʤʽʥʽʤʫʤʫ ʢʚʘʜʨʘʪʠʯʥʦʾ ʬʦʨʤʠ 

ʟʘ ʣʽʥʽʡʥʠʭ ʦʙʤʝʞʝʥʴ ʥʘ ʥʝʚʽʜʦʤʠʡ ʢʦʥʪʘʢʪʥʠʡ ʪʠʩʢ. ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʨʦʟʨʦʙʣʝʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʜʦʩʣʽʜʞʝʥʦ ʦʩʝʩʠʤʝʪʨʠʯʥʫ ʟʘʜʘʯʫ ʧʨʦ ʚʟʘʻʤʦʜʽʶ 

ʧʨʫʞʥʦʛʦ ʧʽʚʧʨʦʩʪʦʨʫ ʟ ʧʘʨʘʙʦʣʦʾʜʥʠʤ ʰʪʘʤʧʦʤ, ʱʦ ʤʘʻ ʥʝʛʣʠʙʦʢʫ ʚʠʾʤʢʫ ʘʙʦ 

ʩʠʩʪʝʤʫ ʚʠʾʤʦʢ [141]. 

ʈʦʟʛʣʷʥʫʪʦ ʪʘʢʦʞ ʦʩʝʩʠʤʝʪʨʠʯʥʫ ʟʘʜʘʯʫ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ ʧʨʦ ʚʪʠʩʢʘʥʥʷ 

ʰʪʘʤʧʘ ʫ ʧʽʚʧʨʦʩʪʽʨ ʟʘ ʟʥʦʰʫʚʘʥʥʷ, ʟʫʤʦʚʣʝʥʦʛʦ ʜʽʻʶ ʩʠʣ ʪʝʨʪʷ. ʂʦʥʪʘʢʪʥʫ 

ʟʘʜʘʯʫ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʫ ʚʠʛʣʷʜʽ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ-ʥʝʨʽʚʥʦʩʪʝʡ ʉʠʥʴʦʨʽʥʽ, ʘ 

ʧʨʦʮʝʩ ʟʥʦʰʫʚʘʥʥʷ ʜʦʩʣʽʜʞʝʥʦ ʤʝʪʦʜʦʤ ʢʨʦʢʽʚ ʟʘ ʯʘʩʦʚʦʶ ʢʦʦʨʜʠʥʘʪʦʶ, ʥʘ ʷʢʠʭ 

ʦʙʣʘʩʪʴ ʢʦʥʪʘʢʪʫ ʽ ʨʦʟʧʦʜʽʣ ʥʘʧʨʫʞʝʥʴ ʚ ʥʽʡ ʟʥʘʭʦʜʠʣʠ ʯʠʩʣʦʚʦ. ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʨʦʟʨʦʙʣʝʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʨʦʟʛʣʷʥʫʪʦ ʪʘʢʦʞ ʦʩʝʩʠʤʝʪʨʠʯʥʫ ʟʘʜʘʯʫ ʧʨʦ ʚʟʘʻʤʦʜʽʶ 

ʧʨʫʞʥʦʛʦ ʧʽʚʧʨʦʩʪʦʨʫ ʟ ʰʪʘʤʧʦʤ, ʱʦ ʤʘʻ ʣʦʢʘʣʴʥʽ ʥʝʨʽʚʥʦʩʪʽ  [142]. 
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ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʽʜʭʦʜʫ ʧʦʙʫʜʦʚʘʥʦ ʯʠʩʝʣʴʥʠʡ ʘʣʛʦʨʠʪʤ 

ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯʽ ʧʨʦ ʩʬʝʨʠʯʥʫ ʧʦʨʦʞʥʠʥʫ ʚ ʧʨʦʩʪʦʨʽ, ʚ ʷʢʫ ʚʪʠʩʢʘʻʪʴʩʷ 

ʞʦʨʩʪʢʠʡ ʰʪʘʤʧ ʦʩʝʩʠʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ. ɼʦʩʣʽʜʞʝʥʦ ʟʘʜʘʯʫ ʧʨʦ ʚʪʠʩʢʘʥʥʷ 

ʦʩʝʩʠʤʝʪʨʠʯʥʦʛʦ ʞʦʨʩʪʢʦʛʦ ʚʠʪʷʛʥʫʪʦʛʦ ʪʘ ʩʧʣʶʩʥʫʪʦʛʦ ʩʬʝʨʦʾʜʘʣʴʥʠʭ ʰʪʘʤʧʽʚ 

ʫ ʧʨʫʞʥʠʡ ʧʨʦʩʪʽʨ ʟ ʩʬʝʨʠʯʥʦʶ ʧʦʨʦʞʥʠʥʦʶ [143]. 

2.1 ʆʩʝʩʠʤʝʪʨʠʯʥʘ ʢʦʥʪʘʢʪʥʘ ʟʘʜʘʯʘ ʜʣʷ ʧʽʚʧʨʦʩʪʦʨʫ ʟ ʥʝʟʘʜʘʥʠʤʠ 

ʜʽʣʷʥʢʘʤʠ ʚʟʘʻʤʦʜʽʾ 

ʋ ʧʘʨʘʛʨʘʬʽ ʧʦʙʫʜʦʚʘʥʦ ʘʣʛʦʨʠʪʤ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʦʩʝʩʠʤʝʪʨʠʯʥʦʾ ʟʘʜʘʯʽ ʧʨʦ 

ʚʟʘʻʤʦʜʽʶ ʧʨʫʞʥʦʛʦ ʧʽʚʧʨʦʩʪʦʨʫ ʟʽ ʰʪʘʤʧʘʤʠ ʩʢʣʘʜʥʠʭ ʬʦʨʤ. ɼʽʣʷʥʢʠ ʢʦʥʪʘʢʪʫ ʽ 

ʨʦʟʧʦʜʽʣ ʪʠʩʢʫ ʥʘ ʥʠʭ ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʧʽʜʭʦʜʫ ʉʽʥʴʡʦʨʽʥʽ [56] ʟ 

ʧʦʜʘʣʴʰʠʤ ʟʚʝʜʝʥʥʷʤ ʜʦ ʟʘʜʘʯʽ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

2.1.1 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʈʦʟʛʣʷʥʝʤʦ ʢʦʥʪʘʢʪʥʫ ʟʘʜʘʯʘ ʧʨʦ ʚʪʠʩʥʝʥʥʷ ʫ ʧʨʫʞ-

ʥʠʡ ʧʽʚʧʨʦʩʪʽʨ 0¢z  (ʟ ʤʦʜʫʣʝʤ ʖʥʛʘ E, ʢʦʝʬʽʮʽʻʥʪʦʤ ʇʫʘʩʩʦʥʘ n ʪʘ ʤʦʜʫʣʝʤ 

ʟʩʫʚʫ G) ʞʦʨʩʪʢʦʛʦ ʰʪʘʤʧʘ, ʦʙʤʝʞʝʥʦʛʦ ʧʦʚʝʨʭʥʝʶ ʦʙʝʨʪʘʥʥʷ, ʚʽʩʩʶ ʦʙʝʨʪʘʥʥʷ 

ʷʢʦʾ ʻ ʚʽʩʴ Oz (ʨʠʩ. 1.1). ʇʨʠʡʤʝʤʦ, ʱʦ ʨʽʚʥʷʥʥʷ ʦʩʥʦʚʠ ʰʪʘʤʧʘ ʧʝʨʝʜ ʚʪʠʩʢʘʥ-

ʥʷʤ ʤʘʻ ʚʠʛʣʷʜ 0( )=z g r  (ʨʠʩ. 2.1 a). ɿʘʜʘʻʪʴʩʷ ʦʩʽʜʘʥʥʷ ʰʪʘʤʧʘ 0w , ʧʨʠʯʦʤʫ 

0 0<w , 0 ( )=w f P ,  -P  ʩʠʣʘ, ʷʢʘ ʧʨʠʪʠʩʢʘʻ ʰʪʘʤʧ. ʌʦʨʤʘ ʧʦʚʝʨʭʥʽ ʧʽʚʧʨʦʩʪʦʨʫ 

ʧʽʩʣʷ ʚʪʠʩʢʘʥʥʷ ʰʪʘʤʧʘ ʦʧʠʩʫʻʪʴʩʷ ʬʫʥʢʮʽʻʶ ( )=z g r , ʜʝ 0 0( ) ( )= +g r w g r  

(ʨʠʩ. 2.1 ʙ). ʐʪʘʤʧ ʛʣʘʜʢʠʡ ʽ ʦʙʣʘʩʪʴ ʢʦʥʪʘʢʪʫ ʧʽʜ ʜʽʻʶ ʩʠʣʠ P  ʥʘʧʝʨʝʜ ʥʝʚʽʜʦʤʘ. 

ʊʨʝʙʘ ʚʠʟʥʘʯʠʪʠ ʜʽʣʷʥʢʠ ʢʦʥʪʘʢʪʫ ʽ ʨʦʟʧʦʜʽʣ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ ʥʘ ʥʠʭ. 

             

 ʘ) ʙ) 

ʈʠʩ. 2.1 ʌʦʨʤʘ ʧʦʚʝʨʭʥʽ ʧʽʚʧʨʦʩʪʦʨʫ ʜʦ ʚʪʠʩʢʘʥʥʷ (ʘ); ʧʽʩʣʷ ʚʪʠʩʢʘʥʥʷ ʰʪʘʤʧʘ (ʙ) 
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ɹʫʜʝʤʦ ʚʠʭʦʜʠʪʠ ʟ ʚʽʜʦʤʦʛʦ [3] ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʧʝʨʝʤʽʱʝʥʴ ʤʝʞʽ ʧʽʚ-

ʧʨʦʩʪʦʨʫ 0<z , ʥʘʚʘʥʪʘʞʝʥʦʛʦ ʥʦʨʤʘʣʴʥʦ ʧʨʠʢʣʘʜʝʥʠʤʠ ʟʫʩʠʣʣʷʤʠ 

( ,0) ( )s =sz r r  ʥʘ ʧʨʦʤʽʞʢʫ < <c r d  ʫ ʚʠʛʣʷʜʽ  
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2.1.2 ʆʩʥʦʚʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ. ɼʣʷ ʥʝʟʘʜʘʥʠʭ ʦʙʣʘʩʪʝʡ ʚʟʘʻʤʦʜʽʾ ʫʤʦʚʠ 

ʢʦʥʪʘʢʪʫ ʟʘʧʠʰʝʤʦ ʥʘ ʦʩʥʦʚʽ ʧʽʜʭʦʜʫ ʉʽʥʴʡʦʨʽʥʽ. ʋ ʮʴʦʤʫ ʧʽʜʭʦʜʽ ʚʚʦʜʠʪʴʩʷ ʚ 

ʨʦʟʛʣʷʜ ʦʙʣʘʩʪʴ < <a r b, ʱʦ ʚʤʽʱʫʻ ʚʩʽ ʜʽʣʷʥʢʠ ʢʦʥʪʘʢʪʫ, ʧʨʠʯʦʤʫ ʧʨʠʡʤʘʻʪʴʩʷ, 

ʱʦ ʧʦʟʘ ʪʘʢʠʤʠ ʜʽʣʷʥʢʘʤʠ 0s =z . ʊʘʢʠʤ ʯʠʥʦʤ ʦʪʨʠʤʫʻʤʦ ʘʣʴʪʝʨʥʘʪʠʚʥʽ 

ʨʽʚʥʷʥʥʷ-ʥʝʨʽʚʥʦʩʪʽ ʉʽʥʴʡʦʨʽʥʽ ʧʨʠ < <a r b  [56]: 

 ( ) ( , ) ( )s r r r r=ñ
b

a

F r d W r , ʷʢʱʦ 0s<, 

 ( ) ( , ) ( )s r r r r¢ñ
b

a

F r d W r ,             ̫ ʢʱʦ      0s=, (2.2) 

ʜʝ 02
( ) ( )

1

p
= +
-n

W r E w g r[ ]. 

ʇʦʯʘʪʢʦʚʽ (ʧʨʦʛʥʦʟʦʚʘʥʽ) ʟʥʘʯʝʥʥʷ a , b ʚʠʙʠʨʘʻʤʦ ʥʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʚ 

ʣʽʪʝʨʘʪʫʨʽ ʘʥʘʣʽʪʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʨʦʟʚôʷʟʢʽʚ ʘʥʘʣʦʛʽʯʥʠʭ ʟʘʜʘʯ ʜʣʷ ʰʪʘʤʧʽʚ, ʷʢʽ 

ʤʘʶʪʴ ʬʦʨʤʫ ʙʣʠʟʴʢʫ ʜʦ ʨʦʟʛʣʷʜʫʚʘʥʦʛʦ ʰʪʘʤʧʘ. ʋ ʯʘʩʪʢʦʚʠʭ ʚʠʧʘʜʢʘʭ 

ʧʨʦʛʥʦʟʦʚʘʥʽ ʤʝʞʽ ʜʣʷ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ ʤʦʞʫʪʴ ʚʠʙʠʨʘʪʠʩʴ ʧʨʦʩʪʽʰʝ ʅʘʧʨʠʢʣʘʜ, 

ʜʣʷ ʰʪʘʤʧʽʚ ʩʬʝʨʠʯʥʦʾ ʬʦʨʤʠ ʟʥʘʯʝʥʥʷ b ʚʠʙʠʨʘʻʤʦ ʤʝʥʰʠʤ ʚʽʜ ʨʘʜʽʫʩʘ ʩʬʝʨʠ. 

ʅʘ ʥʘʩʪʫʧʥʠʭ ʢʨʦʢʘʭ ʧʨʦʚʦʜʠʤʦ ʫʪʦʯʥʝʥʥʷ ʟʥʘʯʝʥʴ a , b ʯʠʩʝʣʴʥʠʤ 

ʝʢʩʧʝʨʠʤʝʥʪʦʤ, ʟʤʝʥʰʫʶʯʠ ʪʽ ʜʽʣʷʥʢʠ, ʥʘ ʷʢʠʭ ʢʦʥʪʘʢʪʥʽ ʥʘʧʨʫʞʝʥʥʷ ʥʘʙʫʚʘʶʪʴ 

ʥʫʣʴʦʚʠʭ ʟʥʘʯʝʥʴ. 
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ʇʝʨʰʝ ʟ ʨʽʚʥʷʥʴ ʩʠʩʪʝʤʠ (2.2) ʩʧʨʘʚʜʞʫʻʪʴʩʷ ʚ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ. ʊʫʪ 

ʟʤʽʱʝʥʥʷ ʤʝʞʽ ʧʽʚʧʨʦʩʪʦʨʫ ʟʙʽʛʘʻʪʴʩʷ ʟ ʨʽʚʥʷʥʥʷʤ ʧʦʚʝʨʭʥʽ ʧʝʨʝʤʽʱʝʥʦʛʦ ʰʪʘʤ-

ʧʘ. ɼʨʫʛʘ ʥʝʨʽʚʥʽʩʪʴ ʩʧʨʘʚʜʞʫʻʪʴʩʷ ʧʦʟʘ ʮʽʻʶ ʦʙʣʘʩʪʶ (ʫ ʮʽʡ ʦʙʣʘʩʪʽ ʦʩʥʦʚʘ 

ʰʪʘʤʧʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚʠʱʝ ʚʽʜ ʧʦʚʝʨʭʥʽ ʟʜʝʬʦʨʤʦʚʘʥʦʾ ʰʪʘʤʧʦʤ ʤʝʞʽ ʧʽʚʧʨʦʩʪʦʨʫ 

ʘʙʦ ʤʦʞʝ ʜʦʪʠʢʘʪʠʩʷ ʜʦ ʥʝʾ). 

ɺʚʝʜʝʤʦ ʜʘʣʽ ʢʦʥʪʘʢʪʥʠʡ ʪʠʩʢ =-sp , 0>p .  

ʇʝʨʝʧʠʰʝʤʦ ʨʽʚʥʷʥʥʷ-ʥʝʨʽʚʥʦʩʪʽ (2.2) ʫ ʚʠʛʣʷʜʽ 

( ) ( , ) ( )r r r=-ñ
b

a

q F r d W r , ʷʢʱʦ 0>q , 

( ) ( , ) ( )r r r²-ñ
b

a

q F r d W r , ʷʢʱʦ 0=q , 

ʜʝ ( ) ( )r =r rq p . 

ʈʦʟʚôʷʟʫʚʘʥʥʷ ʮʠʭ ʨʽʚʥʷʥʴ-ʥʝʨʽʚʥʦʩʪʝʡ ʧʨʦʚʝʜʝʤʦ ʯʠʩʣʦʚʦ. ɼʣʷ ʮʴʦʛʦ 

ʧʦʙʫʜʫʻʤʦ ʢʚʘʜʨʘʪʫʨʥʫ ʬʦʨʤʫʣʫ ʜʣʷ ʽʥʪʝʛʨʘʣʘ  

 ( ) ( , )r r rñ
b

a

q F r d . (2.3) 

ʅʝʧʝʨʝʨʚʥʫ ʬʫʥʢʮʽʶ q  ʥʘ ʧʨʦʤʽʞʢʫ < <a r b  ʦʧʠʰʝʤʦ ʣʽʥʽʡʥʠʤʠ ʢʫʩʢʦʚʦ-

ʥʝʧʝʨʝʨʚʥʠʤʠ ʽʥʪʝʨʧʦʣʷʮʽʡʥʠʤʠ ʬʫʥʢʮʽʷʤʠ [144, 145]: 
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1+N  ï ʢʽʣʴʢʽʩʪʴ ʚʫʟʣʦʚʠʭ ʪʦʯʦʢ, 
-

=
b a

h
N

 ï ʢʨʦʢ ʨʦʟʙʠʪʪʷ. 

ʊʦʜʽ ʜʣʷ ʽʥʪʝʛʨʘʣʘ (2.3) ʦʪʨʠʤʫʻʤʦ 
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0

( ) ( , ) ,       0, ,
=

r r r= =äñ
b N

n nm m

ma

q F r d A q n N, (2.5) 

ʜʝ  ( ) ( , )

+

-

= -ñ
n

n

r h

nm h m n

r h

A S t r F r t dt. 

ɿʥʘʯʝʥʥʷ ʽʥʪʝʛʨʘʣʽʚ nmA  ʟʥʘʭʦʜʠʤʦ ʩʪʘʥʜʘʨʪʥʠʤʠ ʧʨʦʮʝʜʫʨʘʤʠ, ʷʢʽ ʨʦʟʨʦʙʣʝ-

ʥʽ ʚ ʤʘʪʝʤʘʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭ, ʫ ʷʢʠʭ ʚʨʘʭʦʚʘʥʦ ʥʘʷʚʥʽʩʪʴ ʽʥʪʝʛʨʦʚʥʠʭ ʦʩʦʙʣʠʚʦʩ-

ʪʝʡ ʫ ʧʽʜʽʥʪʝʛʨʘʣʴʥʠʭ ʬʫʥʢʮʽʷʭ (ʧʽʜʽʥʪʝʛʨʘʣʴʥʘ ʬʫʥʢʮʽʷ ( , )rF r  ʤʘʻ ʣʦʛʘʨʠʬʤʽʯʥʫ 

ʦʩʦʙʣʠʚʽʩʪʴ ʧʨʠ ­rr ). ɿʘʤʽʥʠʚʰʠ ʚ ʩʠʩʪʝʤʽ ʨʽʚʥʷʥʴ-ʥʝʨʽʚʥʦʩʪʝʡ (2.2) ʽʥʪʝʛʨʘʣʠ 

ʢʚʘʜʨʘʪʫʨʥʠʤʠ ʬʦʨʤʫʣʘʤʠ (2.5), ʦʪʨʠʤʫʻʤʦ ʘʣʛʝʙʨʠʯʥʫ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ-

ʥʝʨʽʚʥʦʩʪʝʡ: 

 
0=

=-ä
N

nm m n

m

A q W , ʷʢʱʦ 0>nq , 

 
0=

²-ä
N

nm m n

m

A q W,    ʷʢʱʦ    0, 0, ,= =nq n N, (2.6) 

ʜʝ ( )=n nW W r , ( )n n nq r p r= ,    0,..., Nr r  ʚʫʟʣʦʚʽ ʪʦʯʢʠ, ʧʨʠʯʦʤʫ 0r a= ,    Nr b= . 

ʉʠʩʪʝʤʘ ʨʽʚʥʷʥʴ-ʥʝʨʽʚʥʦʩʪʝʡ (2.6) ʤʘʻ ʨʦʟʚôʷʟʦʢ, ʧʨʠʯʦʤʫ ʻʜʠʥʠʡ, ʦʩʢʽʣʴʢʠ 

ʟʛʽʜʥʦ ʟ [3, 57] ʚʠʭʽʜʥʘ ʢʦʥʪʘʢʪʥʘ ʟʘʜʘʯʘ ʤʘʻ ʨʦʟʚôʷʟʦʢ ʽ ʚʽʥ ʻ ʻʜʠʥʠʡ. 

ɿ ʫʤʦʚ (6) ʚʠʧʣʠʚʘʶʪʴ ʥʝʨʽʚʥʦʩʪʽ: 

 

0

0,
N

nm m n

m

A q W
=

+ ²ä  

 0nq ² , 0,...,=n N . (2.7) 

ɼʦʤʥʦʞʠʤʦ ʧʝʨʰʽ ʥʝʨʽʚʥʦʩʪʽ (2.7) ʥʘ nq  ʧʨʠ 0,...,=n N  ʽ ʜʦʜʘʤʦ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʫʻʤʦ  

 

0 0

N N

nm m n n

n m

J A q W q
= =

å õ
= +æ ö

ç ÷
ä ä . 

ɯʟ ʥʝʨʽʚʥʦʩʪʝʡ (2.7) ʚʠʧʣʠʚʘʻ, ʱʦ ʚʝʣʠʯʠʥʘ J  ʧʨʠ 0²nq  ʻ ʥʝʚʽʜô̒ ʤʥʦʶ.  

ʇʦʢʘʞʝʤʦ, ʱʦ ʢʦʥʪʘʢʪʥʽ ʪʠʩʢʠ ʟʥʘʭʦʜʷʪʴʩʷ ʽʟ ʥʘʩʪʫʧʥʦʾ ʟʘʜʘʯʽ 
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ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ: ʟʥʘʡʪʠ ʤʽʥʽʤʫʤ ʚʝʣʠʯʠʥʠ 

 

0 0 0= = =

= +ää ä
N N N

nm m n n n

n m m

J A q q W q . (2.8) 

ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʥʝʨʽʚʥʦʩʪʝʡ ʚʠʛʣʷʜʫ 

 0nq ² , 

 
0=

²-ä
N

nm m n

m

A q W , 0, ,n N= , (2.9) 

ɼʦʚʝʜʝʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʜʚʦʭ ʯʘʩʪʠʥ. 

1. ʇʦʢʘʞʝʤʦ, ʱʦ ʧʨʠ ʟʘʜʦʚʦʣʝʥʥʽ ʫʤʦʚ (2.6) ʚʝʣʠʯʠʥʘ 0=J .  

ɼʣʷ ʮʴʦʛʦ ʚʚʝʜʝʤʦ ʧʦʟʥʘʯʝʥʥʷ  

 

0

, 0,...,
N

n nm m n

m

ʉ A q W n N
=

= + =ä . 

ʊʦʜʽ 
0

N

n n

n

J ʉ q
=

=ä . 

ɿʘ ʚʠʢʦʥʘʥʥ̫ ʧʝʨʰʠʭ ʫʤʦʚ (2.6) ʤʘʻʤʦ 0, 0,...,nʉ n N= = , ʘ ʪʦʤʫ ʪʦʜʽ ʙʫʜʝ 

0=J . ɸʥʘʣʦʛʽʯʥʦ, ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʜʨʫʛʠʭ ʫʤʦʚ (2.6) ʤʘʻʤʦ 0=nq ,  0,...,=n N, ʘ 

ʪʦʤʫ ʪʦʜʽ ʪʘʢʦʞ ʙʫʜʝ 0=J . ʊʦʙʪʦ ʦʪʨʠʤʘʣʠ, ʱʦ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʚʠʢʦʥʘʥʥʽ ʫʤʦʚ 

(2.6) ʥʝʚʽʜôʻʤʥʘ ʚʝʣʠʯʠʥʘ Jʜʦʩʷʛʘʻ ʩʚʦʛʦ ʤʽʥʽʤʘʣʴʥʦʛʦ, ʥʫʣʴʦʚʦʛʦ ʟʥʘʯʝʥʥʷ. 

ʋʤʦʚʠ (2.6)  ʮʝ ʫʤʦʚʠ, ʷʢʠʤ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʢʦʥʪʘʢʪʥʽ ʪʠʩʢʠ. ʊʦʙʪʦ, ʢʦʥʪʘʢʪʥʽ 

ʪʠʩʢʠ ʤʽʥʽʤʽʟʫʶʪʴ ʚʝʣʠʯʠʥʫ J .  

2. ɼʦʚʝʜʝʤʦ, ʱʦ ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʟʘʜʘʯʘ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʤʘʻ 

ʻʜʠʥʠʡ ʨʦʟʚôʷʟʦʢ. ɼʣʷ ʮʴʦʛʦ ʜʦʚʝʜʝʤʦ, ʱʦ ʢʚʘʜʨʘʪʠʯʥʘ ʬʦʨʤʘ, ʷʢʘ ʚʭʦʜʠʪʴ ʫ 

ʮʽʣʴʦʚʫ ʬʫʥʢʮʽʶ (2.8) 

 

0 0= =

=ää
N N

nm m n

n m

V A S S  

ʻ ʜʦʜʘʪʥʴʦ ʚʠʟʥʘʯʝʥʦ. ʊʫʪ -nS  ʜʦʚʽʣʴʥʽ ʘʙʦ ʜʦʜʘʪʥʽ ʘʙʦ ʚʽʜʻʤʥʽ ʩʪʘʣʽ. 

ɼʣʷ ʮʴʦʛʦ ʨʦʟʛʣʷʥʝʤʦ ʧʽʚʧʨʦʩʪʽʨ 0<z , ʷʢʠʡ ʧʝʨʝʙʫʚʘʻ ʧʽʜ ʜʽʻʶ 

ʧʨʠʢʣʘʜʝʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʧʨʠ ʷʢʦʤʫ ʧʨʠ 0=z : ( ), 0z rzs rs = t =. ʇʦʟʥʘʯʠʤʦ 
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ʥʦʨʤʘʣʴʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʧʨʠ 0=z , ʟʫʤʦʚʣʝʥʽ ʮʠʤʠ ʟʫʩʠʣʣʷʤʠ ʯʝʨʝʟ ( )=w w r . 

ʊʦʜʽ ʚʠʢʦʥʘʥʘ ʮʠʤʠ ʟʫʩʠʣʣʷʤʠ ʨʦʙʦʪʘ A ʙʫʜʝ 

 

2

0

2 ( ) ( ) ( ) ( )

p

= r r = r r r r j=ñ ññ
b

S a

A s w dS s w d d 2 ( ) ( )

b

a

s w dp r r r rñ .

 

ʆʩʢʽʣʴʢʠ ʟ (1) ʜʝ 
( )24 1

( ) ( ) ( , )
-n

= r r r r
p ñ

b

a

w r s F r d
E

, 

ʪʦ ʥʘ ʦʩʥʦʚʽ ʬʦʨʤʫʣʠ (2.5) ʤʘʻʤʦ 

 
( )2

0

4 1
( )

=

-n
= =

p
ä
N

n n nm m m

m

w r w A s r
E

,       ʜʝ      ( )n ns s r= . 

ʊʦ

ʊʦʜʽ 

 
( )2

0 0 0

4 1
2 2 2

= = =

-n
= p = p =

p
ä ä ä
N N N

n n n n n nm m m

n n m

A h s r w h s r A s r
E

 

 
( )2

0 0

1
8

= =

-n
= p

p
ää
N N

nm n m

n m

h A S S
E

,       =n n nS s r . 

ʆʩʢʽʣʴʢʠ ʨʦʙʦʪʘ ʻ ʜʦʜʘʪʥʦʶ ʚʝʣʠʯʠʥʦʶ, ʪʦ ʟʚʽʜʩʠ ʚʠʧʣʠʚʘʻ, ʱʦ ʢʚʘʜʨʘʪʠʯʥʘ 

ʬʦʨʤʘ V  ʻ ʜʦʜʘʪʥʦ ʚʠʟʥʘʯʝʥʦʶ. ʊʦʙʪʦ ʨʦʟʛʣʷʥʫʪʘ ʟʘʜʘʯʘ ʢʚʘʜʨʘʪʠʯʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʥʘʣʝʞʠʪʴ ʜʦ ʟʘʜʘʯ ʦʧʫʢʣʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʜʣʷ ʷʢʠʭ 

ʩʧʨʘʚʜʞʫʻʪʴʩʷ ʪʚʝʨʜʞʝʥʥʷ, ʱʦ ʙʫʜʴ-ʷʢʠʡ ʣʦʢʘʣʴʥʠʡ ʤʽʥʽʤʫʤ ʻ ʽ ʛʣʦʙʘʣʴʥʠʤ 

(ʪʝʦʨʝʤʘ ʂʫʥʘ  ʊʘʢʢʝʨʘ ʧʨʦ ʥʝʦʙʭʽʜʥʽ ʪʘ ʜʦʩʪʘʪʥʽ ʫʤʦʚʠ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʧʣʘʥʫ). 

ɿʽ ʩʢʘʟʘʥʦʛʦ ʚʠʱʝ ʚʠʧʣʠʚʘʻ, ʱʦ ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʟʘʜʘʯʘ ʢʚʘʜʨʘʪʠʯʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʤʘʻ ʨʦʟʚôʷʟʦʢ, ʥʘ ʮʴʦʤʫ ʨʦʟʚôʷʟʢʫ 0=J   ̔ʚʽʥ ʻ ʻʜʠʥʠʡ. ʊʦʙʪʦ, ʮʝʡ 

ʨʦʟʚôʷʟʦʢ ʽ ʻ ʨʦʟʚôʷʟʢʦʤ ʢʦʥʪʘʢʪʥʦʾ ʟʘʜʘʯʽ. 

ɼʣʷ ʟʘʜʘʯʽ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚ ʩʠʩʪʝʤʘʭ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʚʠʢʦʨʠʩʪʘʥʦ ʩʪʘʥʜʘʨʪʥʽ ʧʨʦʛʨʘʤʠ, ʷʢʽ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʪʝʦʨʽʾ ʥʝʣʽʥʽʡʥʦʾ 

ʦʧʪʠʤʽʟʘʮʽʾ. ɺʦʥʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʤʽʥʽʤʫʤʫ ʢʚʘʜʨʘʪʠʯʥʦʾ ʮʽʣʴʦʚʦʾ 

ʬʫʥʢʮʽʾ ʟʘ ʥʘʷʚʥʦʩʪʽ ʣʽʥʽʡʥʠʭ ʦʙʤʝʞʝʥʴ. ʇʦʰʫʢ ʨʦʟʚ'ʷʟʢʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʫʤʦʚ ʂʫʥʘ  ʊʘʢʢʝʨʘ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʥʝʦʙʭʽʜʥʽ ʫʤʦʚʠ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʜʣʷ ʟʘʜʘʯ ʽʟ 
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ʦʙʤʝʞʝʥʥʷʤʠ. 

ɿʘʟʥʘʯʠʤʦ, ʱʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯʽ ʦʪʨʠʤʫʻʤʦ ʨʦʟʧʦʜʽʣ 

ʢʦʥʪʘʢʪʥʠʭ ʪʠʩʢʽʚ ʥʘ ʚʩʽʭ ʜʽʣʷʥʢʘʭ ʢʦʥʪʘʢʪʫ, ʧʨʠʯʦʤʫ ʧʦʟʘ ʜʽʣʷʥʢʘʤʠ ʢʦʥʪʘʢʪʫ 

ʦʪʨʠʤʫʻʤʦ ʥʫʣʴʦʚʽ ʪʠʩʢʠ.  

2.1.3 ʊʝʩʪʫʚʘʥʥʷ ʤʝʪʦʜʫ. ɼʣʷ ʪʝʩʪʫʚʘʥʥʷ ʤʝʪʦʜʫ ʚʠʙʝʨʝʤʦ ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ, 

ʦʪʨʠʤʘʥʠʡ ʚ [146]. ʆʩʥʦʚʘ ʰʪʘʤʧʘ ʦʧʠʩʫʻʪʴʩʷ ʬʦʨʤʫʣʦʶ 

 
2( ) ,      1,2, ,      const= = = =nz f r Ar n A . 

ʇʨʠ ʟʘʜʘʥʽʡ ʩʠʣʽ P, ʷʢʘ ʜʽʻ ʥʘ ʰʪʘʤʧ, ʨʘʜʽʫʩ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ 
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2 1(2 1)!!

2 2 (2 )!!

+pJ +è ø=
é ùê ú

nn
c P

nA n
, (2.10) 

ʟʤʽʱʝʥʥʷ ʰʪʘʤʧʘ 0d ï ʟʘ ʬʦʨʤʫʣʦʶ  

 

2

2 1 1
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2 1

0 2

(2 )!!(2 1)

2 (2 1)!!(2 )

+

+å õ è øpJ +
d =æ ö é ù

-ê úç ÷
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n

A n n
P

n n
,     

21-n
J=

pE
, (2.11) 

ʽ ʢʦʥʪʘʢʪʥʠʡ ʪʠʩʢ ï ʟʘ ʬʦʨʤʫʣʦʶ  

 
2 2

0

2 1
( ) / 1 / ,      0

2

+
= - < <n

n
p r p S r c r c r c( ) , (2.12) 

ʜʝ  0 2
=
p

P
p

c
, (2.13) 

 2 2 2 4 2 6(2 2)!! 1 3
( )

(2 1)!! 2 2 4

- - -- è
r = r + r + r + +

é- Öê

n n n
n

n
S

n
 

 2(2 5)!! (2 3)!!

(2 4)!! (2 2)!!

- - ø
+ r +

ù- - ú

n n

n n
. (2.14) 

ɿʦʢʨʝʤʘ, 

 
2

4 2
1 2 3

1 1
( ) 1,      ( ) ,      ( ) 8 4 3

3 15

r +
r = r = r = r + r +S S S ( ) . 

ɼʣʷ ʪʝʩʪʫʚʘʥʥʷ ʨʦʟʛʣʷʥʝʤʦ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʬʦʨʤʘ ʦʩʥʦʚʠ ʰʪʘʤʧʘ ʟʘʜʘʻʪʴʩʷ 
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ʬʦʨʤʫʣʦʶ 

 
2( ) ,    1,2,= =nf r Ar n ,     1 21ʤ-= nA . (2.15) 

ʆʙʯʠʩʣʝʥʥʷ ʚʠʢʦʥʘʥʦ ʜʣʷ ʰʪʘʤʧʘ ʧʘʨʘʙʦʣʦʾʜʥʦʾ ʬʦʨʤʠ 2( )=f r Ar , 1 21ʤ-= nA  

(ʪʦʙʪʦ 1=n  ʚ (2.15)) ʟʘ ʟʤʽʱʝʥʥ ̫ʰʪʘʤʧʘ 4
0 3.0411 10 ʤ-=- Öw . ʊʦʯʥʠʡ ʨʦʟʚôʷʟʦʢ 

ʮʽʻʾ ʟʘʜʘʯʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʥʘʚʝʜʝʥʠʤʠ ʚʠʱʝ ʬʦʨʤʫʣʘʤʠ (1.10)ï(2.14) ʧʨʠ 

0.0123ʤ=c  ʽ 
5 2

0 10 ʤ- -= ÖP G , 
 ʜʝ 0

1
=
-n

G
G . 

ʈʦʟʚôʷʟʫʶʯʠ ʢʦʥʪʘʢʪʥʫ ʟʘʜʘʯʫ ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ ʯʠʩʣʦʚʠʤ ʤʝʪʦʜʦʤ (2.8), (2.9) 

ʧʨʦʛʥʦʟʦʚʘʥʽ ʤʝʞʽ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ ʧʦʢʣʘʜʘʣʠ ʨʽʚʥʠʤʠ 0ʤ=a , 0.015ʤ=b . 

ɺʽʜʥʦʩʥʠʡ ʢʦʥʪʘʢʪʥʠʡ ʪʠʩʢ c 0/=-szp G  ʧʨʠ 0.3n=  ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 2.2 

ʩʫʮʽʣʴʥʠʤʠ ʣʽʥʽʷʤʠ ʧʨʠ ʚʠʙʦʨʽ ʫ ʬʦʨʤʫʣʽ (2.4) 80=N  ʚʫʟʣʦʚʠʭ ʪʦʯʦʢ. 

ɸʥʘʣʦʛʽʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʴ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ 
4( )=f r Ar , 2=n , 

31ʤ-=A , 

5
0 4.4981 10 ʤ-=- Öw , 0.0651ʤ=c  ʜʣʷ ʪʦʯʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʪʘ 80=N  ʫ ʨʦʟʚôʷʟʢʫ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ ʯʠʩʣʦʚʠʤ ʤʝʪʦʜʦʤ (2.8), (2.9) (ʧʨʦʛʥʦʟʦʚʘʥʽ ʤʝʞʽ ʦʙʣʘʩʪʽ 

ʢʦʥʪʘʢʪʫ) ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.3. 

ɺʽʜʥʦʩʥʠʡ ʢʦʥʪʘʢʪʥʠʡ ʪʠʩʢ, ʦʙʯʠʩʣʝʥʠʡ ʟʘ ʪʦʯʥʠʤʠ ʘʥʘʣʽʪʠʯʥʠʤʠ ʬʦʨʤʫʣʘʤʠ 

(2.10)ï(2.14), ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʘʭ ʢʨʫʞʝʯʢʘʤʠ.  

       

ʈʠʩ. 2.2. ʈʦʟʧʦʜʽʣ ʚʽʜʥʦʩʥʦʛʦ 

ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ ʧʨʠ 1=n , 80=N  

ʈʠʩ. 2.3. ʈʦʟʧʦʜʽʣ ʚʽʜʥʦʩʥʦʛʦ 

ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ ʧʨʠ 2=n , 80=N  
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ʊʘʢʦʞ ʨʦʟʛʣʷʥʫʪʦ ʨʦʟʚôʷʟʦʢ ʪʝʩʪʦʚʦʾ ʟʘʜʘʯʽ ʫ ʚʠʧʘʜʢʫ ʬʦʨʤʠ ʦʩʥʦʚʠ ʰʪʘʤʧʘ 

6( )=f r Ar , 51ʤ-=A  (ʪʦʙʪʦ ʧʨʠ 3=n  ʫ ʬʦʨʤʫʣʽ (2.15)) ʜʣʷ 0.1371=c ʤ ʽ ʟʤʽʱʝʥʥʽ 

ʰʪʘʤʧʘ 5
0 2.1271 10 ʤ-=- Öw .  

ʈʦʟʚôʷʟʫʶʯʠ ʢʦʥʪʘʢʪʥʫ ʟʘʜʘʯʫ ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ ʯʠʩʣʦʚʠʤ ʤʝʪʦʜʦʤ (2.8), (2.9) 

ʧʨʦʛʥʦʟʦʚʘʥʽ ʤʝʞʽ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ ʧʦʢʣʘʜʘʣʠ ʨʽʚʥʠʤʠ 0=a ʤ, 0.16=b ʤ. ʈʦʟ-

ʨʘʭʦʚʘʥʠʡ ʚʽʜʥʦʩʥʠʡ ʢʦʥʪʘʢʪʥʠʡ ʪʠʩʢ 0/=-sc zp G  ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 2.4 

ʩʫʮʽʣʴʥʠʤʠ ʣʽʥʽʷʤʠ ʧʨʠ ʚʠʙʦʨʽ 80=N  ʚʫʟʣʦʚʠʭ ʪʦʯʦʢ ʫ ʬʦʨʤʫʣʽ (2.4). ɸʥʘʣʦʛʽʯʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʴ ʧʨʠ 20=N  ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.5.  

ʆʙʯʠʩʣʝʥʠʡ ʚʽʜʥʦʩʥʠʡ ʢʦʥʪʘʢʪʥʠʡ ʪʠʩʢ ʟʘ ʪʦʯʥʠʤʠ ʬʦʨʤʫʣʘʤʠ (2.10)ï(2.14) 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʘʭ ʢʨʫʞʝʯʢʘʤʠ.  

         

ʈʠʩ. 2.4. ʈʦʟʧʦʜʽʣ ʚʽʜʛʦʩʥʦʛʦ ʢʦʥʪʘʢʪ-

ʥʦʛʦ ʪʠʩʢʫ ʧʨʠ 3=n  ʪʘ   80=N  

ʈʠʩ. 2.5. ʈʦʟʧʦʜʽʣ ʚʽʜʥʦʩʥʦʛʦ ʢʦʥ-

ʪʘʢʪʥʦʛʦ ʪʠʩʢʫ ʧʨʠ 3=n  ʪʘ 20=N  

ʗʢ ʙʘʯʠʤʦ ʟ ʛʨʘʬʽʢʽʚ, ʢʨʠʚʽ ʧʨʘʢʪʠʯʥʦ ʥʘʢʣʘʜʘʶʪʴʩʷ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʧʦʙʫʜʦʚʘʥʦʛʦ ʯʠʩʝʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʫ. ʇʨʠ ʮʴʦʤʫ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʯʠʩʣʦʚʠʤ ʤʝʪʦʜʦʤ (2.8), (2.9) ʤʦʞʥʘ ʦʙʤʝ-

ʞʠʪʠʩʴ ʥʝʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʚʫʟʣʦʚʠʭ ʪʦʯʦʢ (20N ).  

ɿʘʩʪʦʩʫʻʤʦ ʮʝʡ ʘʣʛʦʨʠʪʤ ʜʦ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʦʩʝʩʠʤʝʪʨʠʯʥʠʭ ʟʘʜʘʯ ʪʝʦʨʽʾ 

ʧʨʫʞʥʦʩʪʽ ʧʨʦ ʚʟʘʻʤʦʜʽʶ ʧʨʫʞʥʦʛʦ ʧʽʚʧʨʦʩʪʦʨʫ ʟʽ ʰʪʘʤʧʘʤʠ ʩʢʣʘʜʥʠʭ ʬʦʨʤ. 

2.1.4 ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ 

ʂʦʥʪʘʢʪʥʽ ʟʘʜʘʯʽ ʟʘ ʚʨʘʭʫʚʘʥʥʷ ʨʝʣʴʻʬʥʦʩʪʽ ʧʦʚʝʨʭʦʥʴ ʢʦʥʪʘʢʪʫ. 
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ʈʦʟʛʣʷʥʝʤʦ ʰʪʘʤʧ ʩʬʝʨʠʯʥʦʾ ʬʦʨʤʠ ʟ ʨʘʜʽʫʩʦʤ R. ʈʽʚʥʷʥʥʷ ʧʦʚʝʨʭʥʽ ʦʩʥʦʚʠ 

ʰʪʘʤʧʘ ( )=z f r  ʧʝʨʝʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʟʘʧʠʰʝʤʦ ʷʢ 

 2 2( )= - -f r R R r , (2.16) 

ʜʝ 2 2r x y= + . 

ɿʘʟʥʘʯʠʤʦ, ʱʦ ʰʪʘʤʧ ʜʦʪʠʢʘʻʪʴʩʷ ʜʦ ʛʨʘʥʠʯʥʦʾ ʧʦʚʝʨʭʥʽ 0=z  ʧʨʠ 0=r . ʇʨʠ 

ʤʘʣʠʭ ʜʽʣʷʥʢʘʭ ʢʦʥʪʘʢʪʫ, ʥʘ ʷʢʠʭ / 0.1<r R , ʤʘʻʤʦ 

 
2

2 2( ) 1 1 /
2

å õ
= - - ºæ ö
ç ÷

r
f r R r R

R
. (2.17) 

ʊʦʙʪʦ, ʮʝ ʨʽʚʥʷʥʥʷ ʦʧʠʩʫʻ ʦʩʥʦʚʫ ʰʪʘʤʧʘ, ʱʦ ʤʘʻ ʬʦʨʤʫ ʧʘʨʘʙʦʣʦʾʜʘ ʦʙʝʨʪʘʥʥʷ. 

ɹʫʜʝʤʦ ʨʦʟʛʣʷʜʘʪʠ ʪʘʢʦʞ ʢʫʣʴʦʚʠʡ ʰʪʘʤʧ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʚʠʾʤʢʠ.  

ʋ ʣʽʪʝʨʘʪʫʨʽ [61] ʨʽʚʥʷʥʥʷ ʚʠʾʤʢʠ ʧʨʠʡʤʘʶʪʴ ʫ ʚʠʛʣʷʜʽ 

 
2 2( ) (1 / )= = - mz g r C r d , (2.18) 

ʜʝ d  ï ʨʘʜʽʫʩ ʚʠʾʤʢʠ, C  ï ʾʾ ʛʣʠʙʠʥʘ, 0>m  ï ʟʘʜʘʥʠʡ ʧʘʨʘʤʝʪʨ, ʷʢʠʡ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʛʣʘʜʢʽʩʪʴ ʚʠʾʤʢʠ. ɹʫʜʝʤʦ ʨʦʟʛʣʷʜʘʪʠ ʰʪʘʤʧʠ ʛʣʘʜʢʦʾ ʬʦʨʤʠ, ʢʦʣʠ 

ʬʫʥʢʮʽʷ f , ʷʢʘ ʦʧʠʩʫʻ ʧʦʚʝʨʭʥʶ ʦʩʥʦʚʠ ʰʪʘʤʧʘ, ʚ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ ʻ 

ʥʝʧʝʨʝʨʚʥʦʶ ʨʘʟʦʤ ʽʟ ʾʾ ʧʝʨʰʦʶ ʧʦʭʽʜʥʦʶ. ʈʽʚʥʷʥʥʷ ʦʩʥʦʚʠ ʩʬʝʨʠʯʥʦʛʦ ʰʪʘʤʧʘ ʟ 

ʚʠʾʤʢʦʶ ʤʘʣʠʭ ʨʦʟʤʽʨʽʚ ʟʘʧʠʰʝʤʦ ʫ ʚʠʛʣʷʜʽ 

 2 2

( )

( )
1 1 ( ) / .

, ,

,

ë
î
=ì
î

<

å õ
- - - >æ ö
ç ÷í

g r r d

f r
R r d R r d

 (2.19) 

ʇʨʠ ʤʘʣʠʭ ʨʦʟʤʽʨʘʭ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ ʥʘʙʣʠʞʝʥʝ ʨʽʚʥʷʥʥʷ ʦʩʥʦʚʠ ʰʪʘʤʧʘ ʟ 

ʚʠʾʤʢʦʶ ʥʘʙʫʜʝ ʚʠʛʣʷʜʫ  

 
2

( )
( )

( ) /2

, ,

, .

<

î -

ëî
=ì

>í

g r r d
f r

r d R r d
 (2.20) 

ʊʦʙʪʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ (2.20) ʦʧʠʩʫʻʪʴʩʷ ʧʘʨʘʙʦʣʦʾʜʥʠʡ ʰʪʘʤʧ ʟ ʚʠʾʤʢʦʶ. 

ʇʨʠ ʨʝʘʣʽʟʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʥʝʦʙʭʽʜʥʦ ʟʘʜʘʚʘʪʠ ʦʙʣʘʩʪʴ, ʫ ʷʢʽʡ 

ʨʦʟʤʽʱʝʥʽ ʚʩʽ ʜʽʣʷʥʢʠ ʢʦʥʪʘʢʪʫ (ʩʪʘʣʽ a , b). ʎʽ ʚʝʣʠʯʠʥʠ ʜʣʷ ʰʪʘʤʧʽʚ, ʦʩʥʦʚʘ 
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ʷʢʠʭ ʦʧʠʩʫʻʪʴʩʷ ʧʦʣʽʥʦʤʽʘʣʴʥʠʤʠ ʬʫʥʢʮʽʷʤʠ, ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʙʨʘʥʽ ʥʘ ʦʩʥʦʚʽ 

ʘʥʘʣʽʪʠʯʥʦʛʦ ʨʦʟʚôʷʟʢʫ (2.10), (2.11). ʇʨʠ ʨʦʟʛʣʷʜʽ ʩʬʝʨʠʯʥʦʛʦ ʰʪʘʤʧʘ ʦʙʣʘʩʪʴ 

ʢʦʥʪʘʢʪʫ ʥʝ ʤʦʞʝ ʧʝʨʝʚʠʱʫʚʘʪʠ ʡʦʛʦ ʨʘʜʽʫʩ. ɿʚʽʜʩʠ ʤʘʻʤʦ ʫʤʦʚʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ: <b R. ʋ ʧʨʦʮʝʩʽ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯʽ ʤʝʞʽ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ 

ʜʦʮʽʣʴʥʦ ʢʦʨʠʛʫʚʘʪʠ (ʚ ʥʘʧʨʷʤʢʫ ʟʤʝʥʰʝʥʥʷ), ʱʦ ʧʽʜʚʠʱʫʻ ʪʦʯʥʽʩʪʴ ʦʙʯʠʩʣʝʥʴ.  

ʅʘ ʨʠʩ. 2.6 ʘ) ʥʘʚʝʜʝʥʦ ʛʨʘʬʽʢʠ ʚʽʜʥʝʩʝʥʦʛʦ ʜʦ ʚʝʣʠʯʠʥʠ ɽ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ 

( /p E) ʟʘʣʝʞʥʦ ʚʽʜ ʨʘʜʽʘʣʴʥʦʾ ʢʦʦʨʜʠʥʘʪʠ r.. ʂʨʠʚʽ 1ï4 ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥʷʤ 

ʦʩʽʜʘʥʥʷ ʰʪʘʤʧʘ 0 0.0002, 0.00015, 0.0001, 0.00005=w ʤ. ʇʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʫ 

ʬʦʨʤʫʣʽ (2.18) ʧʦʢʣʘʜʘʣʠ: 0.02=d ʤ, 0.0005=C ʤ, 1.5=m .. 

ʅʘ ʨʠʩ. 6 ʙ) ʥʘʚʝʜʝʥʦ ʘʥʘʣʦʛʽʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟʘ ʟʥʘʯʝʥ ɹ 2.5=m  ʫ ʬʦʨʤʫʣʽ 

(2.18). ʈʦʟʚôʷʟʫʶʯʠ ʢʦʥʪʘʢʪʥʫ ʟʘʜʘʯʫ ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ ʯʠʩʣʦʚʠʤ ʤʝʪʦʜʦʤ 

ʧʨʦʛʥʦʟʦʚʘʥʽ ʤʝʞʽ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ ʧʦʢʣʘʜʘʣʠ ʨʽʚʥʠʤʠ 0.006=a ʤ, 0.016=b ʤ. 

     

 ʘ) ʙ) 

ʈʠʩ. 2.6. ɿʘʣʝʞʥʽʩʪʴ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ ʚʽʜ ʨʘʜʽʘʣʴʥʦʾ ʢʦʦʨʜʠʥʘʪʠ ʧʨʠ  

0.02=d ʤ, 0.0005=C ʤ, 1.5=m  (ʘ); 2.5=m  (ʙ) 

ɸʥʘʣʽʟ ʛʨʘʬʽʢʽʚ, ʥʘʚʝʜʝʥʠʭ ʥʘ ʨʠʩ. 2.6 ʘ, ʟʘʩʚʽʜʯʫʻ, ʱʦ ʟʘ ʤʘʣʠʭ ʧʦʯʘʪʢʦʚʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ (ʤʘʣʠʭ ʦʩʽʜʘʥʴ ʰʪʘʤʧʘ) ʦʙʣʘʩʪʴ ʢʦʥʪʘʢʪʫ ʻ ʚʫʟʴʢʠʤ ʢʽʣʴʮʝʤ, ʘ 

ʤʘʢʩʠʤʫʤ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ ʜʦʩʷʛʘʻʪʴʩʷ ʚ ʦʢʦʣʽ ʤʝʞʽ ʚʠʾʤʢʠ, ʧʨʠ ʮʴʦʤʫ ʪʫʪ 

ʨʦʟʧʦʜʽʣ ʪʠʩʢʫ ʤʘʻ ʧʽʢʦʧʦʜʽʙʥʠʡ ʭʘʨʘʢʪʝʨ. 

ɿʘ ʧʦʜʘʣʴʰʦʛʦ ʟʨʦʩʪʘʥʥʷ ʦʩʽʜʘʥʥʷ ʰʪʘʤʧʘ ʢʦʥʪʘʢʪʥʝ ʢʽʣʴʮʝ ʨʦʟʰʠʨʶʻʪʴʩʷ 

ʥʝʩʠʤʝʪʨʠʯʥʦ ʚʽʜʥʦʩʥʦ ʢʨʘʶ ʚʠʾʤʢʠ ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʚʝʨʰʠʥʠ ʚʠʾʤʢʠ ʜʦ ʟʦʚʥʽʰ-
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ʥʴʦʛʦ ʢʦʥʪʫʨʫ ʢʽʣʴʮʷ ʟʨʦʩʪʘʻ ʰʚʠʜʰʝ, ʥʽʞ ʜʦ ʚʥʫʪʨʽʰʥʴʦʛʦ. ʅʝʩʠʤʝʪʨʠʯʥʠʤ 

ʚʽʜʥʦʩʥʦ ʢʨʘʶ ʚʠʾʤʢʠ ʻ ʽ ʨʦʟʧʦʜʽʣ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ.  

ʅʘ ʨʠʩ. 2.7 ʘ) ʥʘʚʝʜʝʥʦ ʟʘʣʝʞʥʦʩʪʽ ʚʝʣʠʯʠʥʠ ʚʽʜʥʦʩʥʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ 

/p E ʚʽʜ ʨʘʜʽʘʣʴʥʦʾ ʢʦʦʨʜʠʥʘʪʠ. ʂʨʠʚʠʤ 1ï3 ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥʷ ʦʩʽʜʘʥʥʷ 

ʰʪʘʤʧʘ  0 0.0002, 0.00015, 0.0001ʤ=w . ʆʙʯʠʩʣʝʥʥʷ ʚʠʢʦʥʘʥʦ ʧʨʠ 0.02=d ʤ, 

0.0005=C ʤ, 3.5=m . ʈʦʟʛʣʷʥʫʪʦ ʟʘʛʣʠʙʠʥʠ ʟ ʨʽʟʥʠʤ ʩʪʫʧʝʥʝʤ ʛʣʘʜʢʦʩʪʽ. 

ʐʪʨʠʭʦʚʠʤʠ ʢʨʠʚʠʤʠ 1¡ï3¡ ʥʘʚʝʜʝʥʦ ʘʥʘʣʦʛʽʯʥʽ ʜʘʥʽ ʧʨʠ ʛʣʠʙʠʥʽ 0.00012=C ʤ. 

ʇʨʦʛʥʦʟʦʚʘʥʽ ʤʝʞʽ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ ʧʦʢʣʘʜʘʣʠ ʨʽʚʥʠʤʠ 0.006=a ʤ, 0.015=b ʤ.  

ʅʘ ʨʠʩ. 2.7 ʙ) ʥʘʚʝʜʝʥʦ ʨʦʟʧʦʜʽʣ ʚʽʜʥʦʩʥʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ ʧʨʠ ʦʩʽʜʘʥʥʽ 

ʰʪʘʤʧʘ 0 0.0002=w ʤ ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʛʣʠʙʠʥʠ ʚʠʾʤʢʠ. ʂʨʠʚʽ 1ï5 ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʟʥʘʯʝʥʥʷʤ 0.0025, 0.002, 0.0015, 0.001, 0.0005, 0.0003=C ʤ.  

         

ʈʠʩ. 2.7ʘ) ʈʦʟʧʦʜʽʣ ʚʽʜʥʦʩʥʦʛʦ ʢʦʥ-

ʪʘʢʪʥʦʛʦ ʪʠʩʢʫ ʧʨʠ 0.02=d ʤ, 

0.0005=C ʤ, 3.5=m , 

0 0.0002, 0.00015, 0.0001ʤ=w  

ʈʠʩ. 2.7ʙ) ʈʦʟʧʦʜʽʣ ʚʽʜʥʦʩʥʦʛʦ ʢʦʥ-

ʪʘʢʪʥʦʛʦ ʪʠʩʢʫ ʧʨʠ 0 0.0002=w ʤ, 

0.02=d ʤ, 3.5=m  

0.0025, 0.002, 0.0015, 0.001, 0.0005, 0.0003ʤ=C  

ʆʙʯʠʩʣʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʜʣʷ ʨʦʟʛʣʷʥʫʪʠʭ ʟʥʘʯʝʥ ɹ ʦʩʽʜʘʥʥʷ 0w  ʢʦʥʪʘʢʪʥʽ 

ʪʠʩʢʠ ʜʣʷ ʰʪʘʤʧʽʚ ʩʬʝʨʠʯʥʦʾ ʽ ʧʘʨʘʙʦʣʦʾʜʥʦʾ ʬʦʨʤ ʧʨʘʢʪʠʯʥʦ ʩʧʽʚʧʘʜʘʶʪʴ.  

ɺʠʟʥʘʯʝʥʦ ʢʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʩʽʜʘʥʥʷ, ʢʦʣʠ ʟʘʟʦʨ ʟʘʢʨʠʚʘʻʪʴʩʷ ʧʦʚʥʽʩʪʶ, ʽ 

ʦʙʣʘʩʪʴ ʢʦʥʪʘʢʪʫ ʪʨʘʥʩʬʦʨʤʫʻʪʴʩʷ ʟ ʢʽʣʴʮʝʚʦʾ ʫ ʢʨʫʛʦʚʫ. ʇʽʩʣʷ ʮʴʦʛʦ ʟʘ ʟʨʦʩʪʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʧʦʯʘʪʢʫ ʚʠʥʠʢʘʻ ʱʝ ʦʜʠʥ ʣʦʢʘʣʴʥʠʡ ʤʘʢʩʠʤʫʤ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ 

ʟʦʚʥʽ ʚʠʾʤʢʠ, ʷʢʠʡ ʟʛʦʜʦʤ ʩʪʘʻ ʡʦʛʦ ʘʙʩʦʣʶʪʥʠʤ ʤʘʢʩʠʤʫʤʦʤ. ɺʦʜʥʦʯʘʩ 
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ʣʦʢʘʣʴʥʠʡ ʤʽʥʽʤʫʤ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ ʟʙʝʨʽʛʘʻʪʴʩʷ ʚ ʮʝʥʪʨʽ ʚʠʾʤʢʠ. 

ɺʠʢʦʥʘʥʦ ʪʘʢʦʞ ʨʦʟʨʘʭʫʥʢʠ ʜʣʷ ʧʘʨʘʙʦʣʦʾʜʥʦʛʦ ʰʪʘʤʧʘ, ʬʦʨʤʘ ʷʢʦʛʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ (2.15). 

ʆʙʯʠʩʣʝʥʽ ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ ʜʣʷ ʧʘʨʘʙʦʣʦʾʜʥʦʛʦ ʰʪʘʤʧʘ 

ʧʨʘʢʪʠʯʥʦ ʟʙʽʛʘʶʪʴʩʷ ʟʽ ʟʥʘʯʝʥʥʷʤʠ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ ʜʣʷ ʩʬʝʨʠʯʥʦʛʦ ʰʪʘʤʧʘ 

ʧʨʠ ʤʘʣʠʭ ʟʥʘʯʝʥʥʷʭ ʟʘʛʣʠʙʣʝʥʥʷ ʰʪʘʤʧʘ 0w . ʂʨʠʚʽ ʥʘ ʜʣʷ ʧʘʨʘʙʦʣʦʾʜʥʦʛʦ ʪʘ 

ʩʬʝʨʠʯʥʦʛʦ ʰʪʘʤʧʽʚ ʧʨʘʢʪʠʯʥʦ ʥʘʢʣʘʜʘʶʪʴʩʷ. 

ʈʦʟʛʣʷʥʝʤʦ ʰʪʘʤʧ ʽʟ ʭʚʠʣʷʩʪʦʶ ʦʩʥʦʚʦʶ (ʩʠʩʪʝʤʦʶ ʚʠʾʤʦʢ), ʬʦʨʤʫ ʷʢʦʛʦ 

ʦʧʠʰʝʤʦ ʪʘʢ:  
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ʜʝ h  ï ʚʠʩʦʪʘ ʭʚʠʣʷʩʪʦʩʪʽ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʘʤʧʣʽʪʫʜʫ ʤʽʢʨʦʚʠʩʪʫʧʽʚ, sr  ʽ a ï 

ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʬʦʨʤʫ ʰʪʘʤʧʘ ʙʝʟ ʚʠʾʤʦʢ (ʯʠʤ ʙʽʣʴʰʝ a, ʪʠʤ ʧʣʦʩʢʽʰʘ 

ʧʦʚʝʨʭʥʷ); g ï ʯʘʩʪʦʪʘ ʩʠʥʫʩʦʾʜʠ. ɿʘ ʧʦʯʘʪʢʦʚʝ ʥʘʙʣʠʞʝʥʥʷ ʜʣʷ ʤʝʞ ʦʙʣʘʩʪʽ 

ʢʦʥʪʘʢʪʫ ʧʨʠʡʤʘʣʠ 0=a , =sb r . ɼʘʣʽ ʟʥʘʯʝʥʥʷ b ʫʪʦʯʥʶʚʘʣʠ ʪʘʢ, ʱʦʙ ʦʙʣʘʩʪʴ 

ʙʫʣʘ ʙʣʠʟʴʢʦʶ ʜʦ ʨʝʘʣʴʥʦʾ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ (ʘʣʝ ʙʽʣʴʰʦʶ ʚʽʜ ʥʝʾ, ʪʦʙʪʦ 

ʚʠʙʠʨʘʻʤʦ b çʽʟ ʟʘʧʘʩʦʤè). 

ʅʘ ʨʠʩ. 2.8 ʘ) ʥʘʚʝʜʝʥʦ ʨʦʟʧʦʜʽʣ ʚʽʜʥʦʩʥʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ ( ʚʝʣʠʯʠʥʠ 

p E/ - ʩʫʮʽʣʴʥʘ ʢʨʠʚʘ) ʽ ʚʠʛʣʷʜ ʬʦʨʤʠ ʧʦʚʝʨʭʥʽ ʰʪʘʤʧʘ ( )g r  ʟʘ ʬʦʨʤʫʣʦʶ (2.21) 

(ʰʪʨʠʭʦʚʘ ʢʨʠʚʘ) ʧʨʠ ʟʘʛʣʠʙʣʝʥʥʽ ʰʪʘʤʧʘ 0 0.0004=-w ʤ, ʚʠʩʦʪʽ ʭʚʠʣʷʩʪʦʩʪʽ 

ʦʩʥʦʚʠ ʰʪʘʤʧʘ 0.000025=h ʤ ʪʘ ʧʨʠ 20g= , 8a=, 0.02=sr . ɸʥʘʣʦʛʽʯʥʽ ʜʘʥʽ ʜʣʷ 

0=h  (ʚʠʧʘʜʦʢ ʛʣʘʜʢʦʛʦ ʰʪʘʤʧʘ) ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.8 ʙ). 

ʅʘ ʨʠʩ. 2.9 ʘ) ʥʘʚʝʜʝʥʦ ʛʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʘʜʽʘʣʴʥʦʾ ʢʦʦʨʜʠʥʘʪʠ r  

ʚʽʜʥʦʩʥʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ ʜʣʷ ʚʠʧʘʜʢʫ ʦʩʥʦʚʠ ʬʦʨʤʠ ʰʪʘʤʧʘ ʽʟ ʩʠʩʪʝʤʦʶ 

ʚʠʾʤʦʢ. ʂʨʠʚʽ 1ï5 ʧʦʙʫʜʦʚʘʥʦ ʧʨʠ 0.00002=h ʤ, 20g= , 8a=, 0.02=sr  ʜʣʷ 

ʟʥʘʯʝʥʴ ʟʘʛʣʠʙʣʝʥʥʷ ʰʪʘʤʧʘ 0 0.0001, 0.0002, 0.0005, 0.0009, 0.001=w .  

ʅʘ ʨʠʩ. 2.9 ʙ) ʥʘʚʝʜʝʥʦ ʘʥʘʣʦʛʽʯʥʽ ʜʘʥʽ ʧʨʠ ʟʥʘʯʝʥʥʽ 0.00003=h ʤ.  
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ʈʠʩ. 2.8 ʘ) ʈʦʟʧʦʜʽʣ ʚʽʜʥʦʩʥʦʛʦ ʢʦʥ-

ʪʘʢʪʥʦʛʦ ʪʠʩʢʫ ʧʨʠ 0 0.0004=-w ʤ, 

0.000025=h ʤ, 20g= , 8a=, 0.02=sr  

ʈʠʩ. 2.8 ʙ) ʈʦʟʧʦʜʽʣ ʚʽʜʥʦʩʥʦʛʦ ʢʦʥ-

ʪʘʢʪʥʦʛʦ ʪʠʩʢʫ ʧʨʠ 0 0.0004=-w ʤ, 

0ʤ=h , 20g= , 8a=, 0.02=sr  

        

ʈʠʩ. 2.9 ʘ) ʈʦʟʧʦʜʽʣ ʚʽʜʥʦʩʥʦʛʦ 

ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ ʜʣʷ ʦʩʥʦʚʠ ʬʦʨʤʠ 

ʰʪʘʤʧʘ ʽʟ ʩʠʩʪʝʤʦʶ ʚʠʾʤʦʢ ʧʨʠ  

0.00002=h ʤ, 20g= , 8a=, 0.02=sr  

ʈʠʩ. 2.9 ʙ) ʈʦʟʧʦʜʽʣ ʚʽʜʥʦʩʥʦʛʦ 

ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ ʜʣʷ ʦʩʥʦʚʠ ʬʦʨʤʠ 

ʰʪʘʤʧʘ ʽʟ ʩʠʩʪʝʤʦʶ ʚʠʾʤʦʢ ʧʨʠ  

0.00003=h ʤ, 20g= , 8a=, 0.02=sr  

ɯʟ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ, ʥʘʚʝʜʝʥʠʭ ʥʘ ʛʨʘʬʽʢʘʭ, ʚʠʧʣʠʚʘʻ, ʱʦ ʟʘ ʤʘʣʠʭ 

ʟʘʛʣʠʙʣʝʥ ɹʰʪʘʤʧʘ ʽʩʥʫʶʪʴ ʦʙʣʘʩʪʽ, ʥʘ ʷʢʠʭ ʰʪʘʤʧ ʥʝ ʢʦʥʪʘʢʪʫʻ ʽʟ ʧʦʚʝʨʭʥʝʶ 

ʧʽʚʧʨʦʩʪʦʨʫ (ʢʦʥʪʘʢʪʥʽ ʥʘʧʨʫʞʝʥʥʷ ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʝʚʽ). ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ 

ʟʘʛʣʠʙʣʝʥʥʷ ʮʽ ʜʽʣʷʥʢʠ ʟʤʝʥʰʫʶʪʴʩʷ, ʘ ʜʽʣʷʥʢʠ ʢʦʥʪʘʢʪʫ ʟʙʽʣʴʰʫʶʪʴʩʷ. 

ɺʠʷʚʠʣʦʩʴ, ʱʦ ʚ ʦʢʦʣʽ ʤʘʣʠʭ ʚʠʾʤʦʢ ʚʠʥʠʢʘʶʪʴ ʚʠʩʦʢʽ ʥʘʧʨʫʞʝʥʥʷ, ʟʥʘʯʥʦ 

ʙʽʣʴʰʽ, ʥʽʞ ʟʘ ʛʣʘʜʢʠʭ ʧʦʚʝʨʭʦʥʴ. ɿʘʟʥʘʯʠʤʦ, ʱʦ ʚ ʙʝʟʜʝʬʝʢʪʥʠʭ ʦʙʣʘʩʪʷʭ 
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ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ ʚ ʦʢʦʣʽ ʰʪʘʤʧʘ ʙʣʠʟʴʢʠʡ ʜʦ ʚʩʝʩʪʦʨʦʥʥʴʦʛʦ ʩʪʠʩʢʫ [155]. ʋ 

ʟʚôʷʟʢʫ ʟ ʮʠʤ ʧʣʘʩʪʠʯʥʝ ʜʝʬʦʨʤʫʚʘʥʥʷ ʧʨʦʭʦʜʠʪʴ ʥʘ ʜʝʷʢʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʰʪʘʤʧʘ 

ʪʽʣʴʢʠ ʧʨʠ ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʥʷʭ ʪʠʩʢʫ [155]. ʋ ʪʦʡ ʞʝ ʯʘʩ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ ʙʽʣʷ 

ʚʠʾʤʢʠ ʻ ʜʚʦʚʽʩʥʠʤ (ʙʦ ʥʦʨʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ʚʽʜʩʫʪʥʽ), ʱʦ ʙʫʜʝ ʧʨʠʚʦʜʠʪʠ ʜʦ 

ʧʣʘʩʪʠʯʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʽ ʧʨʠ ʟʥʘʯʥʦ ʤʝʥʰʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʥʘ ʰʪʘʤʧ.. 

ʆʪʞʝ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʻ ʝʬʝʢʪʠʚʥʠʤ ʜʣʷ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʦʩʝʩʠʤʝʪʨʠʯ-

ʥʠʭ ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ, ʦʩʦʙʣʠʚʦ ʫ ʚʠʧʘʜʢʫ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʥʘʧʝʨʝʜ ʥʝʚʽʜʦʤʠʭ 

ʜʽʣʷʥʦʢ ʢʦʥʪʘʢʪʫ. 

2.2 ʂʦʥʪʘʢʪʥʘ ʚʟʘʻʤʦʜʽʷ ʰʪʘʤʧʘ ʦʩʝʩʠʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ ʟ ʧʽʚʧʨʦʩʪʦʨʦʤ ʟʘ 

ʚʨʘʭʫʚʘʥʥʷ ʩʠʣʠ ʪʝʨʪʷ ʪʘ ʟʥʦʰʫʚʘʥʥʷ 

ʋ ʧʘʨʘʛʨʘʬʽ ʥʘʚʝʜʝʥʦ ʘʣʛʦʨʠʪʤ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʦʩʝʩʠʤʝʪʨʠʯʥʦʾ ʟʘʜʘʯʽ ʧʨʦ 

ʚʟʘʻʤʦʜʽʶ ʧʨʫʞʥʦʛʦ ʧʽʚʧʨʦʩʪʦʨʫ ʟʽ ʰʪʘʤʧʘʤʠ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ. ʋ ʥʴʦʤʫ ʜʽʣʷʥʢʠ 

ʢʦʥʪʘʢʪʫ ʽ ʨʦʟʧʦʜʽʣ ʪʠʩʢʽʚ ʥʘ ʥʠʭ ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʧʽʜʭʦʜʫ ʉʠʥʴʦʨʽʥʽ ʟʽ 

ʟʚʝʜʝʥʥʷʤ ʜʦ ʟʘʜʘʯʽ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ [97]. ʅʘ ʦʩʥʦʚʽ ʮʴʦʛʦ 

ʘʣʛʦʨʠʪʤʫ ʜʦʩʣʽʜʞʝʥʦ ʧʨʦʮʝʩ ʟʥʦʰʫʚʘʥʥʷ ʜʣʷ ʰʪʘʤʧʽʚ ʨʽʟʥʦʾ ʬʦʨʤʠ, ʷʢʠʡ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʚʨʘʭʫʚʘʥʥʷ ʩʠʣ ʪʝʨʪʷ. ɿʘʜʘʯʫ ʨʦʟʚôʷʟʫʚʘʣʠ ʢʨʦʢʦʚʠʤ ʤʝʪʦʜʦʤ, ʥʘ 

ʢʦʞʥʦʤʫ ʟ ʝʪʘʧʽʚ ʧʦʩʣʽʜʦʚʥʦ ʟʥʘʭʦʜʠʣʠ ʟʤʽʥʝʥʫ ʬʦʨʤʫ ʰʪʘʤʧʘ ʪʘ ʢʦʥʪʘʢʪʥʽ 

ʥʘʧʨʫʞʝʥʥʷ ʧʽʜ ʥʠʤ. 

2.2.1 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʪʘ ʦʩʥʦʚʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ. ʈʦʟʛʣʷʜʘʻʪʴʩʷ 

ʢʦʥʪʘʢʪʥʘ ʟʘʜʘʯʘ, ʢʦʣʠ ʚ ʧʨʫʞʥʠʡ ʧʽʚʧʨʦʩʪʽʨ ʚʪʠʩʢʘʻʪʴʩʷ ʞʦʨʩʪʢʠʡ ʰʪʘʤʧ, 

ʦʙʤʝʞʝʥʠʡ ʧʦʚʝʨʭʥʝʶ ʦʙʝʨʪʘʥʥʷ, ʧʨʠʯʦʤʫ ʤʽʞ ʰʪʘʤʧʦʤ ʽ ʧʨʫʞʥʠʤ ʪʽʣʦʤ ʤʘʶʪʴ 

ʤʽʩʮʝ ʩʠʣʠ ʪʝʨʪʷ. ʅʘ ʰʪʘʤʧ, ʷʢʠʡ ʧʝʨʝʙʫʚʘʻ ʥʘ ʧʨʫʞʥʦʤʫ ʧʽʚʧʨʦʩʪʦʨʽ ʜʽʻ ʩʠʣʘ P  

ʥʘʧʨʘʚʣʝʥʘ ʧʦ ʦʩʽ ʦʙʝʨʪʘʥʥʷ. ʂʨʽʤ ʮʴʦʛʦ ʚʽʥ ʦʙʝʨʪʘʻʪʴʩʷ ʥʘʚʢʦʣʦ ʩʚʦʻʾ ʦʩʽ ʟ 

ʢʫʪʦʚʦʶ ʰʚʠʜʢʽʩʪʶ w. ʄʽʞ ʞʦʨʩʪʢʠʤ ʰʪʘʤʧʦʤ ʽ ʧʨʫʞʥʠʤ ʧʽʚʧʨʦʩʪʦʨʦʤ ʤʘʶʪʴ 

ʤʽʩʮʝ ʩʠʣʠ ʪʝʨʪʷ, ʥʘʧʨʘʚʣʝʥʽ ʧʨʦʪʠʣʝʞʥʦ ʜʦ ʥʘʧʨʷʤʢʫ ʦʙʝʨʪʘʥʥʷ, ʪʦʙʪʦ ʻ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʤʠ ʜʦ ʨʘʜʽʫʩʘ ʧʣʦʱʘʜʢʠ ʢʦʥʪʘʢʪʫ, ʷʢʠʡ ʤʘʻ ʚ ʧʝʨʝʨʽʟʽ ʬʦʨʤʫ 

ʢʨʫʛʘ (ʨʠʩ. 2.10). ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʽʾ ʩʠʣ ʪʝʨʪʷ ʧʽʜ ʰʪʘʤʧʦʤ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʟʥʦʰʫʚʘʥʥʷ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʪʘʢʪʥʠʭ ʥʘʧʨʫʞʝʥʴ [3].  
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ʈʠʩ. 2.10. ɺʟʘʻʤʦʜʽʷ ʧʨʫʞʥʦʛʦ ʧʽʚʧʨʦʩʪʦʨʫ ʟ ʞʦʨʩʪʢʠʤ ʰʪʘʤʧʦʤ 

ʇʨʠʡʤʘʻʤʦ, ʱʦ  ʨʽʚʥʷʥʥʷ ʦʩʥʦʚʠ ʰʪʘʤʧʘ ʜʦ ʚʪʠʩʢʘʥʥʷ ʤʘʻ ʚʠʛʣʷʜ  

 0( )=z g r ,  ʧʨʠʯʦʤʫ  0(0) 0=g . 

ɺʚʘʞʘʻʤʦ, ʱʦ ʰʪʘʤʧ ʚ ʧʨʦʮʝʩʽ ʟʥʦʰʫʚʘʥʥʷ ʚʪʠʩʥʫʪʠʡ ʥʘ ʬʽʢʩʦʚʘʥʫ ʚʝʣʠʯʠʥʫ 

(ʚʝʨʪʠʢʘʣʴʥʝ ʟʤʽʱʝʥʥʷ ʰʪʘʤʧʘ) 0w ,   ( 0 0<w ). 

ʇʨʠʡʤʘʻʤʦ, ʱʦ ʩʠʣʘ ʪʝʨʪʷ ʜʦʨʽʚʥʶʻ ʜʦʙʫʪʢʫ ʥʦʨʤʘʣʴʥʦʛʦ ʪʠʩʢʫ ʥʘ ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʨʪʷ. ʊʦʜʽ ʥʘ ʧʣʦʱʘʜʮʽ ʢʦʥʪʘʢʪʫ ʤʘʻʤʦ 

 qt =msz z, 

ʜʝ  sz  ï ʥʦʨʤʘʣʴʥʝ ʥʘʧʨʫʞʝʥʥʷ,   m ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ. 

ʊʦʯʢʠ ʥʘ ʰʪʘʤʧʽ, ʱʦ ʨʦʟʤʽʱʝʥʽ ʥʘ ʚʽʜʩʪʘʥʽ r ʨʫʭʘʶʪʴʩʷ ʽʟ ʰʚʠʜʢʽʩʪʶ =wv r . 

ɿʘʟʥʘʯʠʤʦ, ʱʦ ʟʥʦʰʫʚʘʪʠʩʴ ʤʦʞʫʪʴ ʰʪʘʤʧ, ʦʩʥʦʚʘ ʘʙʦ ʽ ʰʪʘʤʧ ʽ ʦʩʥʦʚʘ 

ʦʜʥʦʯʘʩʥʦ (ʟʘʣʝʞʥʦ ʚʽʜ ʾʭ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ). ʅʘʜʘʣʽ ʜʣʷ ʚʠʟʥʘʯʝʥʦʩʪʽ 

ʧʨʠʡʤʘʻʤʦ, ʱʦ ʟʥʦʰʫʻʪʴʩʷ ʰʪʘʤʧ. 

2.2.2 ɸʣʛʦʨʠʪʤ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʟʥʦʰʫʚʘʥʥʷ. ʐʚʠʜʢʽʩʪʴ ʟʥʦʰʫʚʘʥʥʷ 

ʰʪʘʤʧʘ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʪʘʢʠʤ ʯʠʥʦʤ [3] 

( , )/ ( , )qµ µ =lw t =lw mzg r t t r r p r t ,    qt =mz p , 

ʜʝ l ï ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ ʤʽʞ ʚʝʣʠʯʠʥʦʶ ʨʦʙʦʪʠ ʩʠʣ ʪʝʨʪʷ ʽ ʢʽʣʴʢʽʩʪʶ 

ʚʠʜʘʣʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ɿʚʽʜʩʠ ʤʘʻʤʦ, ʱʦ ʟʘ ʯʘʩDt  ʬʦʨʤʘ ʰʪʘʤʧʘ ʟʤʽʥʠʪʴʩʷ ʥʘ ʚʝʣʠʯʠʥʫ  [3] 

 D =lwmD =lwmDg t pr t q. 

ʊʫʪ =q pr . ʂʦʝʬʽʮʽʻʥʪ l ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 
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ɺʚʝʜʝʤʦ ʙʝʟʨʦʟʤʽʨʥʫ ʯʘʩʦʚʫ ʟʤʽʥʥʫ ʯʘʩʦʚʫ ʟʤʽʥʥʫ 

 t=l wmE t , 

ʜʝ E ï ʤʦʜʫʣʴ ʖʥʛʘ ʧʽʚʧʨʦʩʪʦʨʫ. 

ʊʦʜʽ  

 /D =Dtg q E. 

ʊʘʢʠʤ ʯʠʥʦʤ ʚ ʧʨʦʮʝʩʽ ʟʥʦʰʫʚʘʥʥʷ ʦʩʥʦʚʘ ʰʪʘʤʧʘ ʟʤʽʥʶʻʪʴʩʷ (ʟʘ ʨʘʭʫʥʦʢ 

ʡʦʛʦ ʟʥʦʰʫʚʘʥʥʷ) ʽ ʤʘʻ ʚʠʛʣʷʜ ( , )= tz g r , ʧʨʠʯʦʤʫ 0( ,0) ( )=g r g r . ɹʫʜʝʤʦ 

ʨʦʟʛʣʷʜʘʪʠ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʦʙʣʘʩʪʴ ʢʦʥʪʘʢʪʫ ʻ ʥʘʧʝʨʝʜ ʥʝʚʽʜʦʤʘ ʽ ʧʽʜʣʷʛʘʻ 

ʚʠʟʥʘʯʝʥʥʶ ʚ ʧʨʦʮʝʩʽ ʨʦʟʚôʷʟʫʚʘʥʥʷ  ʢʦʥʪʘʢʪʥʦʾ ʟʘʜʘʯʽ. 

ʇʨʠʡʥʷʪʦ, ʱʦ ʰʪʘʤʧ ʟʘʛʣʠʙʣʝʥʠʡ ʥʘ ʬʽʢʩʦʚʘʥʫ ʚʝʣʠʯʠʥʫ 0w . ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʤʘʻʤʦ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʥʘ ʧʣʦʱʘʜʮʽ ʢʦʥʪʘʢʪʫ, 

ʷʢʘ ʟʘʡʤʘʻ ʦʙʣʘʩʪʴ S, ʧʨʠ 0=z : 

 0( , )= t +w g r w ;    qt =mz p ;   0rt =z . 

ʇʦʟʘ ʦʙʣʘʩʪʶS(ʥʘ ʚʽʣʴʥʽʡ ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦʚʝʨʭʥʽ) 

 0s =z ;   0qt =z ;   0rt =z . 

ʈʽʚʥʷʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʪʘʢʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʚ ʧʨʦʮʝʩʽ ʟʥʦʰʫʚʘʥʥʷ ʤʘʻ 

ʚʠʛʣʷʜ [4] 

 

0

0

( ) ( , ) ( ), 0s r r r r= s ¢ñ
b

z z

a

F r d W r ʧʨʠ ,    0 0< <a r b , (2.22) 

ʜʝ 0 0[ , ]-a b  ʦʙʣʘʩʪʴ ʢʦʥʪʘʢʪʫ, ʷʢʘ ʟʤʽʥʶʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʟʥʦʰʫʚʘʥʥʷ, 
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n ï ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ ʧʨʫʞʥʦʛʦ ʪʽʣʘ,   ( )K x  ï ʝʣʽʧʪʠʯʥʠʡ ʽʥʪʝʛʨʘʣ ʧʝʨʰʦʛʦ 

ʨʦʜʫ [147] 
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ʋ ʩʬʦʨʤʫʣʴʦʚʘʥʽʡ ʟʘʜʘʯʽ ʦʙʣʘʩʪʽ ʚʟʘʻʤʦʜʽʾ ʥʘʧʝʨʝʜ ʥʝ ʟʘʜʘʥʽ. ɼʣʷ ʪʘʢʠʭ ʟʘʜʘʯ 

ʫʤʦʚʠ ʢʦʥʪʘʢʪʫ ʧʨʠ < <a r b  ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʧʠʩʘʥʽ ʫ ʚʠʛʣʷʜʽ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ 

ʨʽʚʥʷʥʴ-ʥʝʨʽʚʥʦʩʪʝʡ ʉʽʥʴʡʦʨʽʥʽ (2.2) ʊʫʪ ,a b ï ʥʘʧʝʨʝʜ ʥʝʚʽʜʦʤʽ ʚʝʣʠʯʠʥʠ, ʧʨʠ-

ʯʦʤʫ ʦʙʣʘʩʪʴ [ , ]a b  ʤʘʻ ʚʤʽʱʫʚʘʪʠ ʦʙʣʘʩʪʴ ʢʦʥʪʘʢʪʫ. ʇʝʨʰʘ ʟ ʫʤʦʚ (2.2) ʩʧʨʘʚʝʜ-

ʣʠʚʘ ʪʽʣʴʢʠ ʫ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ. ɼʨʫʛʘ ʟ ʫʤʦʚ (2.2) ʚʢʘʟʫʻ, ʱʦ ʤʝʞʘ ʧʽʚʧʨʦʩʪʦʨʫ 

ʧʽʩʣʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʥʘʭʦʜʠʪʴʩʷ ʥʠʞʯʝ ʰʪʘʤʧʘ, ʘʙʦ ʜʦʪʠʢʘʻʪʴʩʷ ʜʦ ʥʴʦʛʦ.  

ʈʦʟʚô̫ ʟʫʚʘʥʥʷ ʨʽʚʥʷʥʴ-ʥʝʨʽʚʥʦʩʪʝʡ ʙʫʜʝʤʦ ʧʨʦʚʦʜʠʪʠ ʯʠʩʝʣʴʥʦ, ʟʘ 

ʘʣʛʦʨʠʪʤʦʤ, ʥʘʚʝʜʝʥʠʤ ʫ ʧʘʨʘʛʨʘʬʽ 2.1. 

ʈʦʟʚôʷʟʦʢ ʢʦʥʪʘʢʪʥʦʾ ʟʘʜʘʯʽ ʟʽ ʟʥʦʰʫʚʘʥʥʷʤ ʟʥʘʭʦʜʠʤʦ ʟʘ ʟʤʽʥʦʶ ʯʘʩʦʚʦʾ 

ʢʦʦʨʜʠʥʘʪʠ. ɼʣʷ ʮʴʦʛʦ ʚʚʝʜʝʤʦ ʚ ʨʦʟʛʣʷʜ ʜʠʩʢʨʝʪʥʽ ʟʥʘʯʝʥʥʷ ʯʘʩʦʚʦʾ ʢʦʦʨʜʠʥʘʪʠ 

 0 10, ,-t = t =t +Dk k k  

ʜʝ  Dk  ï ʚʠʙʨʘʥʽ ʤʘʣʽ ʧʨʠʨʦʩʪʠ ʯʘʩʦʚʦʾ ʢʦʦʨʜʠʥʘʪʠ. 

ʊʦʜʽ ʬʦʨʤʫ ʰʪʘʤʧʘ ʚ ʥʘʩʪʫʧʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʟʥʘʭʦʜʠʤʦ ʟʘ ʬʦʨʤʫʣʦʶ 

 1 1( , ) ( , ) ( , ) / , 1,...- -t = t +D t =k k k kg r g r q r E k . 

ʋ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʬʦʨʤʘ ʰʪʘʤʧʘ ï ʚʠʭʽʜʥʘ 0( )=z g r , ʘ ʪʠʩʢ ʚ ʮʝʡ 

ʤʦʤʝʥʪ ʯʘʩʫ ʚʽʜʧʦʚʽʜʘʻ ʮʽʡ ʬʦʨʤʽ. 

2.2.3 ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ 

2.2.3.1 ɻʣʘʜʢʠʡ ʰʪʘʤʧ. ʈʦʟʛʣʷʥʫʪʦ ʰʪʘʤʧ ʟ ʦʩʥʦʚʦʶ 0( ) ( / )= Ö mg r D r s . ʊʫʪ 

,s m  ï ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʦʧʠʩʫʚʘʪʠ ʨʽʟʥʽ ʬʦʨʤʠ ʰʪʘʤʧʽʚ. ʇʘʨʘʤʝʪʨ s  ï 

ʜʦʟʚʦʣʷʻ ʨʝʛʫʣʶʚʘʪʠ ʨʦʟʤʽʨʠ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ. ʇʨʠ 2=m  ʰʪʘʤʧ ʻ ʧʘʨʘʙʦʣʽʯʥʠʤ. 

ɿʘ ʚʝʣʠʢʠʭ ʟʥʘʯʝʥ ɹʧʘʨʘʤʝʪʨʫ m ʦʪʨʠʤʫʻʪʴʩʷ ʙʣʠʟʴʢʠʡ ʜʦ ʧʣʦʩʢʦʛʦ ʰʪʘʤʧʘ ʧʨʠ 

0< <r s [97]. ʄʽʞ ʰʪʘʤʧʦʤ ʽ ʧʨʫʞʥʠʤ ʧʽʚʧʨʦʩʪʦʨʦʤ ʤʘʶʪʴ ʤʽʩʮʝ ʩʠʣʠ ʪʝʨʪʷ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʜʽʾ ʩʠʣ ʪʝʨʪʷ ʧʽʜ ʰʪʘʤʧʦʤ ʤʘʻ ʤʽʩʮʝ ʟʥʦʰʫʚʘʥʥʷ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʢʦʥʪʘʢʪʥʠʭ ʥʘʧʨʫʞʝʥʴ. 

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʨʦʙʣʝʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʚʠʟʥʘʯʝʥʦ ʪʘ ʜʦʩʣʽʜʞʝʥʦ ʢʦʥʪʘʢʪʥʽ 

ʥʘʧʨʫʞʝʥʥʷ ʪʘ ʟʥʦʰʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʰʪʘʤʧʘ. 
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ʈʦʟʨʘʭʫʥʢʠ ʚʠʢʦʥʘʥʦ ʧʨʠ ʟʘʛʣʠʙʣʝʥʥʽ ʰʪʘʤʧʘ 0 0.0002=-w ʤ, 0.1 ,=s ʤ 

1=D ʤ, 8=m ,  0.3n=  ʪʘ ʦʜʥʘʢʦʚʠʭ ʧʨʠʨʦʩʪʘʭ ʯʘʩʦʚʦʾ ʢʦʦʨʜʠʥʘʪʠ D =dk .  

ɯʥʪʝʛʨʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʨʦʟʚôʷʟʫʚʘʣʠ ʚʠʙʠʨʘʶʯʠ 250  ʚʫʟʣʦʚʠʭ ʪʦʯʦʢ. 

ʅʘ ʨʠʩ. 2.11 ʘ) ʥʘʚʝʜʝʥʦ ʨʦʟʧʦʜʽʣ ʚʽʜʥʦʩʥʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ /p E ʟʘ 

ʟʥʘʯʝʥʴ ʯʘʩʦʚʦʾ ʢʦʦʨʜʠʥʘʪʠ ʯʠ ʚʽʜʥʦʩʥʦʛʦ ʯʘʩʫ 0.005; 0.25; 0.5; 1; 1  .5; 2t=  (ʢʨʠʚʽ 

1-6, ʚʽʜʧʦʚʽʜʥʦ). ʈʦʟʨʘʭʦʚʘʥʦ ʟʤʽʥʝʥʫ ʬʦʨʤʫ ʰʪʘʤʧʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʥʦʰʫʚʘʥʥʷ 

ʧʽʩʣʷ ʚʪʠʩʢʘʥʥʷ =z f. ʅʘ ʨʠʩ. 2.11 ʙ) ʥʘʚʝʜʝʥʘ ʚʝʣʠʯʠʥʘ, ʧʨʦʧʦʨʮʽʡʥʘ ʬʦʨʤʽ 

ʰʪʘʤʧʘ =w cf , 
21

p
=
-n

c  ʫ ʤʦʤʝʥʪʠ ʚʽʜʥʦʩʥʦʛʦ ʯʘʩʫ 

0.0025; 0.125; 0.25; 0.5;  0.75; 1t= , ʽʣʶʩʪʨʫʶʯʠ ʟʤʽʥʫ ʬʦʨʤʠ ʰʪʘʤʧʘ ʚ ʧʨʦʮʝʩʽ 

ʟʥʦʰʫʚʘʥʥʷ. ɼʣʷ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʢʦʥʪʘʢʪʥʦʾ ʟʘʜʘʯʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ ʯʠʩʣʦʚʠʤ 

ʤʝʪʦʜʦʤ ʧʨʦʛʥʦʟʦʚʘʥʽ ʤʝʞʽ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ ʧʦʢʣʘʜʘʣʠ 0.0=a , 0.035=b ʤ.
 

      

ʈʠʩ. 2.11 ʘ) ʈʦʟʧʦʜʽʣ ʚʽʜʥʦʩʥʠʭ 

ʢʦʥʪʘʢʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʧʨʠ 

0.0; 0.25; 0.5; 1; 1  .5; 2t=  

ʈʠʩ. 2.11 ʙ) ɿʤʽʥʘ ʬʦʨʤʠ ʰʪʘʤʧʘ ʫ 

ʤʦʤʝʥʪʠ ʚʽʜʥʦʩʥʦʛʦ ʯʘʩʫ 

 0.0025; 0.125; 0.25; 0.5;  0.75; 1t=  

ʅʘ ʨʠʩ. 2.12 ʘ) ̔ 2.12 ʙ) ʥʘʚʝʜʝʥʦ ʚʽʜʥʦʩʥʽ ʢʦʥʪʘʢʪʥʽ ʥʘʧʨʫʞʝʥʥʷ ʟʘʣʝʞʥʦ ʚʽʜ 

ʯʘʩʦʚʦʾ ʢʦʦʨʜʠʥʘʪʠ 0.005; 2.5t=  (ʢʨʠʚʽ 1, 2) ʽ ʟʤʽʥʠ ʬʦʨʤʠ ʰʪʘʤʧʘ ʧʨʠ 

0.005; 0.5; 1; 1.5t= , ʚʽʜʧʦʚʽʜʥʦ. 
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ʈʠʩ. 2.12 ʘ) ʈʦʟʧʦʜʽʣ ʚʽʜʥʦʩʥʠʭ 

ʢʦʥʪʘʢʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʧʨʠ 0.005t=  

ʪʘ 2.5t= . 

ʈʠʩ. 2.12 ʙ) ɿʤʽʥʘ ʬʦʨʤʠ ʰʪʘʤʧʘ ʧʨʠ 

0.005; 0.5; 1; 1.5t=  

ɸʥʘʣʦʛʽʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʚʠʢʦʥʘʥʦ ʧʨʠ ʙʽʣʴʰʦʤʫ ʟʤʽʱʝʥʥʽ ʰʪʘʤʧʘ 

0 0.00035=-w ʤ, ʅʘ ʨʠʩ. 2.13 ʘ) ʥʘʚʝʜʝʥʦ ʨʦʟʧʦʜʽʣ ʚʽʜʥʦʩʥʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ 

/p E ʟʘ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʯʘʩʦʚʦʾ ʢʦʦʨʜʠʥʘʪʠ t. ʂʨʠʚʠʤ 1-4 ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥʷ 

ʚʽʜʥʦʩʥʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ ʧʨʠ 0.005, 0.1, 0.2, 0.3t= , ʚʽʜʧʦʚʽʜʥʦ, ʪʦʙʪʦ ʫ 

ʧʦʯʘʪʢʦʚʽ ʤʦʤʝʥʪʠ ʯʘʩʫ ʧʨʦʮʝʩʫ ʟʥʦʰʫʚʘʥʥʷ) ʪʘ ʥʘ ʨʠʩ. 2.13 ʙ) ʧʨʠ ʚʝʣʠʢʠʭ 

ʟʥʘʯʝʥʥʷʭ ʢʦʦʨʜʠʥʘʪʠ 0.5; 0.75; 1; 1.5; 2; 2.5t=  (ʢʨʠʚʽ 1-6 , ʚʽʜʧʦʚʽʜʥʦ).  

       

ʈʠʩ. 2.13 ʘ) ʈʦʟʧʦʜʽʣ ʚʽʜʥʦʩʥʠʭ ʢʦʥ-

ʪʘʢʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʧʨʠ 

0.005, 0.1, 0.2, 0.3t= . 

ʈʠʩ. 2.13 ʙ) ʈʦʟʧʦʜʽʣ ʚʽʜʥʦʩʥʠʭ ʢʦʥ-

ʪʘʢʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʧʨʠ 

0.5; 0.75; 1; 1.5; 2; 2.5t= . 

ɯʟ ʨʠʩ. 2.11- 2.13  ʚʠʜʥʦ, ʱʦ ʚ ʧʨʦʮʝʩʽ ʟʥʦʰʫʚʘʥʥʷ ʟʨʦʩʪʘʻ ʢʦʥʪʘʢʪʥʠʡ ʪʠʩʢ ʚ 
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ʦʢʦʣʽ ʮʝʥʪʨʫ ʰʪʘʤʧʘ ʽ ʚʦʜʥʦʯʘʩ ʟʤʝʥʰʫʻʪʴʩʷ ʪʠʩʢ ʙʽʣʷ ʡʦʛʦ ʤʝʞʽ. 

ʎʽ ʜʘʥʽ ʫʟʛʦʜʞʫʶʪʴʩʷ ʽʟ  ʚʠʩʥʦʚʢʦʤ ɻʘʣʽʥʘ [3] ʧʨʦ ʪʝ, ʱʦ ʚ ʧʨʦʮʝʩʽ 

ʟʥʦʰʫʚʘʥʥʷ ʚ ʮʝʥʪʨʽ ʰʪʘʤʧʘ ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ, ʘ ʪʦʤʫ ʪʫʪ 

ʟʥʦʰʫʚʘʥʥʷ ʚʽʜʩʫʪʥʻ. ɺ ʦʙʣʘʩʪʽ, ʱʦ ʨʦʟʤʽʱʝʥʘ ʤʽʞ ʮʝʥʪʨʦʤ ʰʪʘʤʧʘ ʽ ʡʦʛʦ ʤʝʞʝʶ 

ʢʦʥʪʘʢʪʥʠʡ ʪʠʩʢ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʶʻʪʴʩʷ (0.005 0.025< <r ). ʋ ʨʦʟʛʣʷʥʫʪʠʭ 

ʚʠʧʘʜʢʘʭ ʦʙʣʘʩʪʴ ʢʦʥʪʘʢʪʫ ʜʝʱʦ ʟʨʦʩʪʘʻ ʧʨʠ ʟʥʦʰʫʚʘʥʥʽ. 

2.2.3.2 ʆʮʽʥʢʘ ʪʦʯʥʦʩʪʽ ʨʦʟʨʦʙʣʝʥʦʛʦ ʘʣʛʦʨʠʪʤʫ. ʇʨʦʮʝʩ ʟʥʦʰʫʚʘʥʥʷ ʧʨʠ 

ʟʘʛʣʠʙʣʝʥʥʽ ʰʪʘʤʧʘ 0 0.0002=-w ʤ,  0.1=s ʤ, 8=m ,  0.3n=  ʜʦʩʣʽʜʞʫʚʘʣʠ ʧʨʠ 

ʦʜʥʘʢʦʚʠʭ ʧʨʠʨʦʩʪʘʭ ʯʘʩʦʚʦʾ ʢʦʦʨʜʠʥʘʪʠ 0.005D =d=k . ʉʧʦʯʘʪʢʫ ʽʥʪʝʛʨʘʣʴʥʝ 

ʨʽʚʥʷʥʥʷ ʨʦʟʚôʷʟʫʚʘʣʠ ʧʨʠ ʚʠʙʦʨʽ 150=N  ( N    ʢʽʣʴʢʽʩʪʴ ʚʫʟʣʦʚʠʭ ʪʦʯʦʢ). ʈʦʟ-

ʧʦʜʽʣ ʚʽʜʥʦʩʥʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ /p E ʟʘ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʯʘʩʦʚʦʾ ʢʦʦʨʜʠʥʘʪʠ t 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.14 ʘ). ʉʫʮʽʣʴʥʠʤ ʢʨʠʚʠʤ 1-4 ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʦʛʦ 

ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ ʧʨʠ ʟʥʘʯʝʥʥʷʭ ʯʘʩʦʚʦʾ ʢʦʦʨʜʠʥʘʪʠ 0.005, 0.1, 0.2, 0.3t= , 

ʚʽʜʧʦʚʽʜʥʦ.  

ɼʘʣʽ, ʟ ʤʝʪʦʶ ʦʮʽʥʢʠ ʪʦʯʥʦʩʪʽ ʦʪʨʠʤʘʥʦʛʦ ʯʠʩʣʦʚʦʛʦ ʨʦʟʚôʷʟʢʫ ʽʥʪʝʛʨʘʣʴʥʝ 

ʨʽʚʥʷʥʥʷ ʢʦʥʪʘʢʪʥʦʾ ʟʘʜʘʯʽ ʨʦʟʚôʷʟʫʚʘʣʠ ʟʽ ʟʙʽʣʴʰʝʥʦʶ ʢʽʣʴʢʽʩʪʶ ʚʫʟʣʦʚʠʭ ʪʦʯʦʢ 

ï ʧʨʠ 250=N . ɺʽʜʥʦʩʥʽ ʢʦʥʪʘʢʪʥʽ ʪʠʩʢʠ ʜʣʷ ʮʴʦʛʦ ʚʠʧʘʜʢʫ ʥʘʚʝʜʝʥʦ ʥʘ 

ʨʠʩ. 2.14 ʘ) ʢʨʠʚʠʤʠ ʟ ʢʨʫʞʝʯʢʘʤʠ.  

ʗʢ ʚʠʜʥʦ ʢʨʠʚʽ ʧʨʘʢʪʠʯʥʦ ʥʘʢʣʘʜʘʶʪʴʩʷ. ɿʚʽʜʩʠ ʚʠʧʣʠʚʘʻ, ʱʦ ʨʦʟʨʦʙʣʝʥʠʡ 

ʘʣʛʦʨʠʪʤ ʜʦʟʚʦʣʷʻ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʟʥʘʭʦʜʠʪʠ ʢʦʥʪʘʢʪʥʽ ʪʠʩʢʠ ʧʨʠ ʚʽʜʥʦʩʥʦ 

ʥʝʚʠʩʦʢʽʡ ʢʽʣʴʢʦʩʪʽ ʚʫʟʣʦʚʠʭ ʪʦʯʦʢ (150=N ). 

ɿ ʤʝʪʦ ʁ ʦʮʽʥʢʠ ʪʦʯʥʦʩʪʽ ʟʘʩʪʦʩʦʚʘʥʦʛʦ ʧʦʢʨʦʢʦʚʦʛʦ ʤʝʪʦʜʫ ʧʨʦʚʝʜʝʥʦ 

ʨʦʟʨʘʭʫʥʢʠ ʚʽʜʥʦʩʥʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʢʨʦʢʫ ʧʦ ʯʘʩʫ, ʘ 

ʩʘʤʝ ʧʨʠ 0.005; 0.0025d= . ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.14 ʙ) 

ʩʫʮʽʣʴʥʦʶ ʢʨʠʚʦʶ ʪʘ ʢʨʠʚʦʶ ʟ ʢʨʫʞʝʯʢʘʤʠ, ʚʽʜʧʦʚʽʜʥʦ. ʗʢ ʚʠʜʥʦ ʢʨʠʚʽ 

ʧʨʘʢʪʠʯʥʦ ʥʘʢʣʘʜʘʶʪʴʩʷ, ʱʦ ʚʢʘʟʫʻ  ʧʨʦ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʟʘʩʪʦʩʦʚʘʥʦʛʦ 

ʧʦʢʨʦʢʦʚʦʛʦ ʤʝʪʦʜʫ.  
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ʅʘ ʨʠʩ. 2.14 ʚ) ʥʘʚʝʜʝʥʘ ʚʝʣʠʯʠʥʘ, ʧʨʦʧʦʨʮʽʡʥʘ ʬʦʨʤʽ ʰʪʘʤʧʘ w  ʥʘ ʧʦʯʘʪʢʫ 

ʧʨʦʮʝʩʫ ʟʥʦʰʫʚʘʥʥʷ 0.005t=  (ʢʨʠʚʘ 1) ʪʘ ʧʨʠ 0.15; 0.5t=   (ʢʨʠʚʘ 2, 3). ʅʘ 

ʨʠʩ. 2.14 ʛ) ʢʨʠʚʠʤʠ 1, 2 ʥʘʚʝʜʝʥʦ ʟʤʽʥʫ ʬʦʨʤʠ ʰʪʘʤʧʘ ʫ ʤʦʤʝʥʪʠ ʯʘʩʫ 

0.005; 2.5t= . 

          

ʈʠʩ. 2.14 ʘ) ʈʦʟʧʦʜʽʣ ʚʽʜʥʦʩʥʠʭ 

ʢʦʥʪʘʢʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʧʨʠ 

150 250= =N ʪʘ N . 

ʈʠʩ. 2.14 ʙ) ʈʦʟʧʦʜʽʣ ʚʽʜʥʦʩʥʠʭ 

ʢʦʥʪʘʢʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʧʨʠ 

0.005; 0.0025d=  

         

ʈʠʩ. 2.14 ʚ) ɿʤʽʥʘ ʬʦʨʤʠ ʰʪʘʤʧʘ ʧʨʠ 

0.005; 0.15; 0.5t= . 

ʈʠʩ. 2.14 ʛ) ɿʤʽʥʘ ʬʦʨʤʠ ʰʪʘʤʧʘ ʧʨʠ 

0.005; 2.5t=  

2.2.3.2 ʐʪʘʤʧ ʟ ʣʦʢʘʣʴʥʠʤ ʚʠʩʪʫʧʦʤ. ʈʦʟʛʣʷʥʫʪʦ ʪʘʢʦʞ ʰʪʘʤʧʠ ʟ ʛʣʘʜʢʦʶ 

ʦʩʥʦʚʦʶ, ʬʦʨʤʘ ʷʢʦʛʦ ʥʘ ʜʽʣʷʥʮʽ ʤʘʣʠʭ ʨʦʟʤʽʨʽʚ ʤʘʻ ʚʠʩʪʫʧʠ. ʌʦʨʤʫ ʪʘʢʦʛʦ 

ʰʪʘʤʧʘ ʟʘʧʠʰʝʤʦ ʫ ʚʠʛʣʷʜʽ  
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 0( ) ( ) ( )= +g r g r f r , 

ʜʝ 0( )g r  ï ʬʦʨʤʘ ʰʪʘʤʧʘ ʟ ʛʣʘʜʢʦʶ ʦʩʥʦʚʦʶ (ʚʠʟʥʘʯʝʥʦʶ ʚʠʱʝ)  

 
2 0( ) cos 0.5

-å õ
=- pæ ö

ç ÷

r r
f r d

h
, ʧʨʠ 0 0- < < +r h r r h , 

2h ï ʰʠʨʠʥʘ ʦʙʣʘʩʪʽ ʟ ʚʠʩʪʫʧʦʤ, (ʤ), 

0r  ï ʮʝʥʪʨ ʮʽʻʾ ʦʙʣʘʩʪʽ ,  d  ï ʚʠʩʦʪʘ ʚʠʩʪʫʧʫ, (ʤ). 

ʅʘ ʨʠʩ. 2.15 ï 2.18 ʥʘʚʝʜʝʥʦ ʨʦʟʧʦʜʽʣ ʚʽʜʥʦʩʥʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ /p E ʟʘ 

ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʯʘʩʦʚʦʾ ʢʦʦʨʜʠʥʘʪʠ t ʪʘ ʨʽʟʥʠʭ ʨʦʟʤʽʱʝʥʥʷʭ ʮʝʥʪʨʫ ʚʠʩʪʫʧʫ. 

ʅʘ ʨʠʩ. 2.15 ʘ) ʢʨʠʚʠʤʠ 1-5 ʥʘʚʝʜʝʥʦ ʨʦʟʧʦʜʽʣ ʚʽʜʥʦʩʥʠʭ ʢʦʥʪʘʢʪʥʠʭ 

ʥʘʧʨʫʞʝʥʴ ʫ ʤʦʤʝʥʪʠ ʯʘʩʫ 0.005; 0.15; 0.25; 0.4; 0.5t=  (ʧʦʯʘʪʦʢ ʧʨʦʮʝʩʫ 

ʟʥʦʰʫʚʘʥʥʷ) ʧʨʠ ʟʘʛʣʠʙʣʝʥʥʽ ʰʪʘʤʧʘ 0 0.0002=-w ʤ; 0/20=d w ʤ, 0.0033=h ʤ ʪʘ 

ʧʨʠ  ʨʦʟʤʽʱʝʥʥʽ ʮʝʥʪʨʫ ʚʠʩʪʫʧʫ  0 0.0198=r ʤ. ʅʘ ʨʠʩ. 2.15 ʙ) ʢʨʠʚʠʤʠ 1-4 

ʥʘʚʝʜʝʥʦ ʘʥʘʣʦʛʽʯʥʽ ʜʘʥʽ ʫ ʤʦʤʝʥʪʠ ʯʘʩʫ 1; 1.5; 2; 2.5t=  (ʟʘʚʝʨʰʝʥʥʷ ʧʨʦʮʝʩʫ 

ʟʥʦʰʫʚʘʥʥʷ). 

       

ʈʠʩ. 2.15 ʘ) ʈʦʟʧʦʜʽʣ ʚʽʜʥʦʩʥʠʭ 

ʢʦʥʪʘʢʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʧʨʠ 

0.005; 0.15; 0.25; 0.4; 0.5t=  

ʈʠʩ. 2.15 ʙ) ʈʦʟʧʦʜʽʣ ʚʽʜʥʦʩʥʠʭ 

ʢʦʥʪʘʢʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʧʨʠ 

1; 1.5; 2; 2.5t=  

ʅʘ ʨʠʩ. 2.16 ʘ) ʩʫʮʽʣʴʥʠʤʠ ʢʨʠʚʠʤʠ 1-3 ʥʘʚʝʜʝʥʦ ʨʦʟʧʦʜʽʣ ʚʽʜʥʦʩʥʠʭ 

ʢʦʥʪʘʢʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʧʨʠ 0.5; 1; 2.5t=  ʜʣʷ ʛʣʘʜʢʦʛʦ ʰʪʘʤʧʘ, ʘ ʧʫʥʢʪʠʨʥʠʤʠ 

ʢʨʠʚʠʤʠ 1'-3' ʘʥʘʣʦʛʽʯʥʽ ʜʘʥʽ ʜʣʷ ʰʪʘʤʧʘ ʟ ʚʠʩʪʫʧʦʤ. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʘ ʧʨʠ 
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ʚʝʣʠʢʠʭ ʯʘʩʘʭ ʢʨʠʚʽ ʜʣʷ ʰʪʘʤʧʘ ʟ ʚʠʩʪʫʧʦʤ ʽ ʜʣʷ ʛʣʘʜʢʦʛʦ ʰʪʘʤʧʘ ʧʨʘʢʪʠʯʥʦ 

ʥʘʢʣʘʜʘʶʪʴʩʷ (ʢʨʠʚʽ 3 ʽ 3' , ʯʝʨʚʦʥʘ ʢʨʠʚʘ ʽ ʢʨʠʚʘ ʢʨʫʞʝʯʢʘʤʠ). 

ʈʦʟʨʘʭʦʚʘʥʘ ʟʤʽʥʘ ʬʦʨʤʠ ʰʪʘʤʧʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʥʦʰʫʚʘʥʥʷ ʧʽʩʣʷ ʚʪʠʩʢʘʥʥʷ 

ʧʨʠ 0.0025; 0.25; 0.5; 0.75; 1; 1.25t=  ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2.16 ʙ) ʢʨʠʚʠʤʠ 1-6, 

ʚʽʜʧʦʚʽʜʥʦ. 

     

ʈʠʩ. 2.16 ʘ) ʈʦʟʧʦʜʽʣ ʚʽʜʥʦʩʥʠʭ ʢʦʥ-

ʪʘʢʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʧʨʠ 0.5; 1; 2.5t=  

ʈʠʩ. 2.16 ʙ) ɿʤʽʥʘ ʬʦʨʤʠ ʰʪʘʤʧʘ ʧʨʠ 

 0.0025; 0.25; 0.5; 0.75; 1; 1.25t=  

ʅʘ ʨʠʩ. 2.17 ʘ) ʢʨʠʚʠʤʠ 1-8 ʥʘʚʝʜʝʥʦ ʨʦʟʧʦʜʽʣ ʚʽʜʥʦʩʥʠʭ ʢʦʥʪʘʢʪʥʠʭ 

ʥʘʧʨʫʞʝʥʴ ʧʨʠ 0.005; 0.15;  0.3;  0.5;  1; 1.5;  2; 2.5t=  (ʧʦʯʘʪʦʢ ʧʨʦʮʝʩʫ ʟʥʦʰʫʚʘʥʥʷ) 

ʧʨʠ ʟʘʛʣʠʙʣʝʥʥʽ ʰʪʘʤʧʘ 0 0.0002=-w ʤ; 0/20=d w , 0.0033=h ʤ ʪʘ ʧʨʠ  

ʨʦʟʤʽʱʝʥʥʽ ʮʝʥʪʨʫ ʚʠʩʪʫʧʫ  0 0.0264=r ʤ. ʈʦʟʨʘʭʦʚʘʥʘ ʟʤʽʥʘ ʬʦʨʤʠ ʰʪʘʤʧʘ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʟʥʦʰʫʚʘʥʥʷ ʫ ʮʽ ʞ ʤʦʤʝʥʪʠ ʯʘʩʫ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2.17 ʙ) ʢʨʠʚʠʤʠ 1-8, 

ʚʽʜʧʦʚʽʜʥʦ. 
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ʈʠʩ. 2.17 ʘ) ʈʦʟʧʦʜʽʣ ʚʽʜʥʦʩʥʠʭ ʢʦʥ-

ʪʘʢʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʧʨʠ 

0.005; 0.15;  0.3;  0.5;  1; 1.5;  2; 2.5t=  

ʈʠʩ. 2.17 ʙ) ɿʤʽʥʘ ʬʦʨʤʠ ʰʪʘʤʧʘ ʧʨʠ 

0.005; 0.15;  0.3;  0.5;  1; 1.5;  2; 2.5t=  

ɯʟ ʨʠʩ. 2.15-2.17 ʚʠʜʥʦ, ʱʦ ʜʣʷ ʰʪʘʤʧʽʚ ʟ ʧʣʘʚʥʦʶ ʦʩʥʦʚʦʶ ʪʘ ʰʪʘʤʧʽʚ ʟ 

ʚʠʩʪʫʧʘʤʠ ʢʦʥʪʘʢʪʥʽ ʥʘʧʨʫʞʝʥʥʷ ʧʨʠ ʜʦʩʪʘʪʥʴʦ ʜʦʚʛʠʭ ʯʘʩʘʭ ʟʥʦʰʫʚʘʥʥʷ ʩʪʘʶʪʴ 

ʙʣʠʟʴʢʠʤʠ. ʊʦʙʪʦ, ʣʦʢʘʣʴʥʽ ʥʝʨʽʚʥʦʩʪʽ ʚʥʦʩʷʪʴ ʟʥʘʯʥʽ ʚʧʣʠʚʠ ʥʘ ʢʦʥʪʘʢʪʥʽ 

ʥʘʧʨʫʞʝʥʥʷ ʪʽʣʴʢʠ ʚ ʧʦʯʘʪʢʦʚʽ ʤʦʤʝʥʪʠ ʟʥʦʰʫʚʘʥʥʷ ʽ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʥʘʧʨʫʞʝʥʥʷ ʧʨʠ ʪʨʠʚʘʣʦʤʫ ʧʨʦʮʝʩʽ ʟʥʦʰʫʚʘʥʥʷ. 

ʈʦʟʛʣʷʥʫʪʦ ʪʘʢʦʞ ʚʠʩʪʫʧʠ ʙʽʣʴʰʠʭ ʨʦʟʤʽʨʽʚ 0/5=d w ʤ. ʅʘ ʨʠʩ. 2.18 ʘ) 

ʢʨʠʚʠʤʠ 1-8 ʥʘʚʝʜʝʥʦ ʨʦʟʧʦʜʽʣ ʢʦʥʪʘʢʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʧʨʠ 0.0033=h ʤ, 

ʟʘʛʣʠʙʣʝʥʥʽ ʰʪʘʤʧʘ  0 0.0002=-w ʤ, ʧʨʠ 0.005; 0.2; 0.5; 0.75; 1; 1.5; 2; 2.5t=  ʪʘ 

ʧʨʠ  ʨʦʟʤʽʱʝʥʥʽ ʮʝʥʪʨʫ ʚʠʩʪʫʧʫ  0 0.022=r ʤ. 

ʈʦʟʨʘʭʦʚʘʥʘ ʟʤʽʥʘ ʬʦʨʤʠ ʰʪʘʤʧʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʥʦʰʫʚʘʥʥʷ ʧʽʩʣʷ ʚʪʠʩʢʘʥʥʷ ʫ 

ʤʦʤʝʥʪʠ ʯʘʩʫ 0.005; 0.25; 0.5; 1; 1.5; 2t=  ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2.18 ʙ) ʢʨʠʚʠʤʠ 1-6, 

ʚʽʜʧʦʚʽʜʥʦ. 
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ʈʠʩ. 2.17 ʘ) ʈʦʟʧʦʜʽʣ ʚʽʜʥʦʩʥʠʭ ʢʦʥ-

ʪʘʢʪʥʠʭ ʥʘʧʨʫʞʝʥʴ 

ʧʨʠ0.005; 0.2; 0.5; 0.75; 1; 1.5; 2; 2.5t=  

ʈʠʩ. 2.18 ʙ) ɿʤʽʥʘ ʬʦʨʤʠ ʰʪʘʤʧʘ ʧʨʠ 

0.005; 0.25; 0.5; 1; 1.5; 2t=  

ʅʘ ʨʠʩ. 2.19 ʘ) ʢʨʠʚʠʤʠ 1-8 ʥʘʚʝʜʝʥʦ ʨʦʟʧʦʜʽʣ ʢʦʥʪʘʢʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʧʨʠ 

0.005; 0.1; 0.3; 0.5; 1; 1.5; 2; 2.5t=  ʧʨʠ ʟʘʛʣʠʙʣʝʥʥʽ ʰʪʘʤʧʘ  0 0.0002=-w ʤ; 

0.0033=h ʤ,  0/5=d w  ʪʘ ʧʨʠ  ʨʦʟʤʽʱʝʥʥʽ ʮʝʥʪʨʫ ʚʠʩʪʫʧʫ  0 0.007=r ʤ. ʗʢ ʚʠʜʥʦ 

ʚ ʦʙʣʘʩʪʽ ʚʠʩʪʫʧʫ ʟʙʽʣʴʰʝʥʠʭ ʨʦʟʤʽʨʽʚ ʚʠʥʠʢʘʶʪʴ ʜʽʣʷʥʢʠ ʚʽʜʩʪʘʚʘʥʥʷ ʰʪʘʤʧʘ. 

ʅʘ ʨʠʩ. 2.19 ʙ) ʥʘʚʝʜʝʥʘ ʟʤʽʥʘ ʬʦʨʤʠ ʰʪʘʤʧʘ ʚ ʧʨʦʮʝʩʽ ʟʥʦʰʫʚʘʥʥʷ ʫ ʮʽ ʞ 

ʤʦʤʝʥʪʠ ʯʘʩʫ (ʢʨʠʚʽ 1-8), ʚʽʜʧʦʚʽʜʥʦ. 

     

ʈʠʩ. 2.19 ʘ) ʈʦʟʧʦʜʽʣ ʚʽʜʥʦʩʥʠʭ ʢʦʥ-

ʪʘʢʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʧʨʠ  

0.005; 0.1; 0.3; 0.5; 1; 1.5; 2; 2.5t=  

ʈʠʩ. 2.19 ʙ) ɿʤʽʥʘ ʬʦʨʤʠ ʰʪʘʤʧʘ ʧʨʠ 

 0.005; 0.1; 0.3; 0.5; 1; 1.5; 2; 2.5t=  

ʗʢ ʚʠʜʥʦ ʽʟ ʨʠʩ. 2.17 ï 2.19 ʙʽʣʷ ʚʠʩʪʫʧʽʚ ʟʙʽʣʴʰʝʥʠʭ ʨʦʟʤʽʨʽʚ ʚʠʥʠʢʘʶʪʴ 

ʜʽʣʷʥʢʠ ʚʽʜʩʪʘʚʘʥʥʷ, ʘ ʚ ʾʭ ʮʝʥʪʨʘʭ ʽʩʪʦʪʥʦ ʟʨʦʩʪʘʶʪʴ ʢʦʥʪʘʢʪʥ̔ ʥʘʧʨʫʞʝʥʥ.̫ ʇʨʠ 
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ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʥʷʭ ʯʘʩʫ ʟʥʦʰʫʚʘʥʥʷ ʢʦʥʪʘʢʪʥʽ ʥʘʧʨʫʞʝʥʥʷ ʙʣʠʟʴʢʽ ʟʘ ʚʝʣʠʯʠʥʦʶ 

ʜʣʷ ʚʠʧʘʜʢʽʚ ʛʣʘʜʢʦʾ ʬʦʨʤʠ (ʙʝʟ ʚʠʩʪʫʧʽʚ). 

ʆʮʽʥʠʤʦ ʪʦʯʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʙʫʜʦʚʘʥʦʛʦ 

ʘʣʛʦʨʠʪʤʫ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʢʦʥʪʘʢʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʜʣʷ 

ʰʪʘʤʧʘ ʟ ʚʠʩʪʫʧʦʤ, ʨʦʟʤʽʱʝʥʠʤ ʫ 0 0.0019=r ʤ ʧʨʠ ʟʘʛʣʠʙʣʝʥʥʽ ʰʪʘʤʧʘ  

0 0.0002=-w ʤ ʫ ʤʦʤʝʥʪ ʯʘʩʫ 0.5t=   ʪʘ ʧʨʠ ʨʽʟʥʽʡ ʢʽʣʴʢʦʩʪʽ ʚʫʟʣʦʚʠʭ ʪʦʯʦʢ, ʷʢʽ 

ʚʚʦʜʠʣʠʩʴ ʧʨʠ ʯʠʩʣʦʚʦʤʫ ʨʦʟʚôʷʟʫʚʘʥʥʽ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ. ʈʦʟʨʘʭʦʚʘʥʽ 

ʚʽʜʥʦʩʥʽ ʢʦʥʪʘʢʪʥʽ ʥʘʧʨʫʞʝʥʥʷ ʧʨʠ 150=N  ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩ. 2.20 ʘ) (ʛʣʘʜʢʘ 

ʢʨʠʚʘ). ʈʦʟʨʘʭʦʚʘʥʽ ʥʘʧʨʫʞʝʥʥʷ ʧʨʠ ʟʙʽʣʴʰʝʥʽʡ ʢʽʣʴʢʦʩʪʽ ʪʦʯʦʢ 250=N  

ʟʦʙʨʘʞʝʥʽ ʥʘ ʮʴʦʤʫ ʞ ʨʠʩʫʥʢʫ ʢʨʠʚʦʶ ʟ ʢʨʫʞʝʯʢʘʤʠ. ɺʠʜʥʦ, ʱʦ ʢʨʠʚʽ ʧʨʘʢʪʠʯʥʦ 

ʟʙʽʛʘʶʪʴʩʷ. ʅʘʚʝʜʝʥʽ ʯʠʩʣʦʚʽ ʜʘʥʽ ʫ ʪʘʙʣ. 2.1 ʜʦʜʘʪʢʦʚʦ ʚʢʘʟʫʶʪʴ, ʱʦ ʟʥʘʡʜʝʥʽ 

ʚʠʱʝ ʢʦʥʪʘʢʪʥʽ ʥʘʧʨʫʞʝʥʥʷ ʧʨʠ ʚʠʙʦʨʽ 150=N  ʻ ʧʨʘʢʪʠʯʥʦ ʪʦʯʥʠʤʠ. 

ʊʘʢʦʞ ʜʦʩʣʽʜʞʝʥʦ ʪʦʯʥʽʩʪʴ ʟʘʩʪʦʩʦʚʘʥʦʛʦ ʧʦʢʨʦʢʦʚʦʛʦ ʤʝʪʦʜʫ ʨʦʟʨʘʭʫʥʢʫ 

ʥʘʧʨʫʞʝʥʴ ʧʨʠ ʟʥʦʩʽ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʢʠ ʢʦʥʪʘʢʪʥʠʭ ʥʘʧʨʫʞʝʥʴ 

ʟ ʨʽʟʥʠʤʠ ʢʨʦʢʘʤʠ ʧʦ ʯʘʩʫ. ʈʦʟʨʘʭʦʚʘʥʽ ʚʽʜʥʦʩʥʽ ʢʦʥʪʘʢʪʥʽ ʥʘʧʨʫʞʝʥʥʷ ʧʨʠ ʢʨʦʮʽ 

0.005d=  ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩ. ʨʠʩ. 2.20 ʙ) ʛʣʘʜʢʦʶ ʢʨʠʚʦʶ. ɸʥʘʣʦʛʽʯʥʽ ʨʦʟʨʘʭʫʥʢʠ 

ʧʨʠ ʟʤʝʥʰʝʥʦʤʫ ʚʜʚʽʯʽ ʢʨʦʮʽ  0.0025d=  ʟʦʙʨʘʞʝʥʦ ʢʨʠʚʦʶ ʟ ʢʨʫʞʝʯʢʘʤʠ.  

        

ʈʠʩ. 2.20 ʘ) ʈʦʟʧʦʜʽʣ ʚʽʜʥʦʩʥʠʭ 

ʢʦʥʪʘʢʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʧʨʠ 0.5t=  

150 250= =N ʪʘ N  

ʈʠʩ. 2.20 ʙ) ʈʦʟʧʦʜʽʣ ʚʽʜʥʦʩʥʠʭ 

ʢʦʥʪʘʢʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʧʨʠ 0.5t= , 

0.005; 0.0025d=  

ʊʦʙʪʦ ʽ ʚʠʢʦʨʠʩʪʘʥʠʡ ʢʨʦʢʦʚʠʡ ʤʝʪʦʜ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʟʥʦʩʫ ʜʦʟʚʦʣʷʻ 
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ʧʨʦʚʦʜʠʪʠ ʨʦʟʨʘʭʫʥʢʠ ʟ ʢʦʥʪʨʦʣʴʦʚʘʥʦʶ ʪʦʯʥʽʩʪʶ. ʅʘʚʝʜʝʥʽ ʯʠʩʣʦʚʽ ʜʘʥʽ ʫ 

ʪʘʙʣ. 2.2 ʜʦʜʘʪʢʦʚʦ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʚʠʢʦʥʘʥʠʭ ʚ ʨʦʙʦʪʽ 

ʜʦʩʣʽʜʞʝʥʴ. 

ʋ ʪʘʙʣ. 2.1 ʧʦʜʘʥʦ ʨʦʟʧʦʜʽʣ ʚʽʜʥʦʩʥʠʭ ʢʦʥʪʘʢʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʫ ʤʦʤʝʥʪ ʯʘʩʫ 

0.5t=  ʟʘʣʝʞʥʦ ʚʽʜ ʨʘʜʽʘʣʴʥʦʾ ʢʦʦʨʜʠʥʘʪʠ r  (ʢʦʣʦʥʢʘ 1) ʧʨʠ ʨʽʟʥʽʡ ʢʽʣʴʢʦʩʪʽ 

ʪʦʯʦʢ ʨʦʟʙʠʪʪʷ, ʘ ʩʘʤʝ ʧʨʠ 150 250= =N ʪʘ N  (ʢʦʣʦʥʢʘ 2, 3, ʚʽʜʧʦʚʽʜʥʦ). 

ʈʦʟʧʦʜʽʣ ʚʽʜʥʦʩʥʠʭ ʢʦʥʪʘʢʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʫ ʤʦʤʝʥʪ ʯʘʩʫ 0.5t= , ʦʙʯʠʩʣʝʥʠʡ ʧʨʠ 

ʨʽʟʥʠʭ ʢʨʦʢʘʭ: 0.005; 0.0025d= (ʢʦʣʦʥʢʘ 2,3) ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 2.2.  

 ʊʘʙʣʠʮʷ 2.1 

r  /p E ʧʨʠ 150=N  /p E ʧʨʠ 250=N  

0.0012400 0.0030488 0.0030487 

0.0031000 0.0029658 0.0029660 

0.0055800 0.0029496 0.0029497 

0.0074400 0.0029725 0.0029726 

0.0117800 0.0031022 0.0031023 

0.0161200 0.0032491 0.0032493 

0.0210800 0.0042522 0.0042518 

0.0241800 0.0047789 0.0047792 

0.0272800 0.0041623 0.0041633 

0.0310000 0.0000000 0.0000000 

 ʊʘʙʣʠʮʷ 2.2 

r  0.005d=  0.0025d=  

0.0001240 0.0033229 0.0033300 

0.0011160 0.0030558 0.0030598 

0.0035960 0.0029546 0.0029571 

0.0065720 0.0029569 0.0029588 

0.0112840 0.0030839 0.0030853 
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0.0179800 0.0056040 0.0055981 

0.0219480 0.0042772 0.0042771 

0.0259160 0.0047058 0.0046994 

0.0298840 0.0014960 0.0014868 

0.0310000 0.0000000 0.0000000 

ɯʟ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʜʥʦ, ʱʦ ʧʦʭʠʙʢʘ ʦʙʯʠʩʣʝʥʴ ʥʝ 

ʧʝʨʝʚʠʱʫʚʘʣʘ 0.6%, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʯʠʩʝʣʴʥʦʛʦ 

ʨʦʟʚôʷʟʫʚʘʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʪʘ ʟʘʩʪʦʩʦʚʘʥʦʛʦ ʧʦʢʨʦʢʦʚʦʛʦ ʤʝʪʦʜʫ ʜʦ 

ʨʦʟʚôʷʟʫʚʘʥʥʷ ʨʦʟʛʣʷʜʫʚʘʥʦʛʦ ʢʣʘʩʫ ʟʘʜʘʯ. 

ʆʪʨʠʤʘʥʽ ʚʠʱʝ ʨʝʟʫʣʴʪʘʪʠ ʩʪʦʩʫʶʪʴʩʷ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʟʥʦʰʫʻʪʴʩʷ ʰʪʘʤʧ. ʎʽ ʞ 

ʨʝʟʫʣʴʪʘʪʠ ʙʫʜʫʪʴ ʩʧʨʘʚʝʜʣʠʚʠʤʠ, ʢʦʣʠ ʟʥʦʰʫʻʪʴʩʷ ʪʽʣʴʢʠ ʤʝʞʘ ʧʽʚʧʨʦʩʪʦʨʫ. ʋ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʬʫʥʢʮʽʷ g  (ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʟʥʦʩ) ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʯʝʨʝʟ 

ʨʽʚʥʷʥʥʷ ʦʩʥʦʚʠ ʰʪʘʤʧʘ (ʬʦʨʤʘ ʷʢʦʾ ʥʝ ʟʤʽʥʶʻʪʴʩʷ) ʽ ʯʝʨʝʟ ʟʤʽʥʝʥʫ (ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʟʥʦʰʫʚʘʥʥʷ) ʬʦʨʤʫ ʤʝʞʽ ʧʽʚʧʨʦʩʪʦʨʫ ʧʽʜ ʰʪʘʤʧʦʤ. ʇʨʠ ʮʴʦʤʫ ʧʘʨʘʤʝʪʨ l, ʷʢʠʡ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʨʦʮʝʩ ʟʥʦʰʫʚʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʜʣ̫ ʤʘʪʝʨʽʘʣʫ ʧʽʚʧʨʦʩʪʦʨʫ. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʟʥʦʰʫʻʪʴʩʷ ʽ 

ʰʪʘʤʧ ʽ ʤʝʞʘ ʧʽʚʧʨʦʩʪʦʨʫ ʬʫʥʢʮʽʷ g  ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʝʨʝʟ ʟʤʽʥʠ ʬʦʨʤʠ ʽ ʰʪʘʤʧʘ ʽ 

ʧʽʚʧʨʦʩʪʦʨʫ.  

2.3 ʆʩʝʩʠʤʝʪʨʠʯʥʘ ʢʦʥʪʘʢʪʥʘ ʟʘʜʘʯʘ ʜʣʷ ʧʨʦʩʪʦʨʫ ʟ ʩʬʝʨʠʯʥʦʶ ʧʦʨʦʞʥʠʥʦʶ 

ʈʦʟʛʣʷʥʫʪʦ ʟʘʜʘʯʫ ʧʨʦ ʩʬʝʨʠʯʥʫ ʧʦʨʦʞʥʠʥʫ ʚ ʧʨʦʩʪʦʨʽ, ʷʢʘ ʧʝʨʝʙʫʚʘʻ ʧʽʜ 

ʜʽʻʶ ʞʦʨʩʪʢʦʛʦ ʰʪʘʤʧʘ ʦʩʝʩʠʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ. ʊʘʢʽ ʟʘʜʘʯʽ ʻ ʤʘʣʦʚʠʚʯʝʥʠʤʠ ʚ 

ʣʽʪʝʨʘʪʫʨʽ, ʦʩʢʽʣʴʢʠ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʦʩʥʦʚʘ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ ʽ, ʚʽʜʧʦʚʽʜʥʦ, 

ʽʥʪʝʛʨʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʤʘʶʪʴ ʜʦʩʪʘʪʥʴʦ ʩʢʣʘʜʥʠʡ ʭʘʨʘʢʪʝʨ. ʅʝʚʽʜʦʤʠʤʠ ʻ ʪʘʢʦʞ 

ʤʝʞʽ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ. ɼʣʷ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʚʠʢʦʨʠʩʪʘʥʦ ʘʣʛʦʨʠʪʤ, ʚ 

ʷʢʦʤʫ ʚʠʢʦʨʠʩʪʘʥʦ ʩʫʤʽʩʥʦ ʧʽʜʭʽʜ ʉʽʥʴʡʦʨʽʥʽ, ʤʝʪʦʜ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ-

ʥʝʨʽʚʥʦʩʪʝʡ ʪʘ ʟʚʝʜʝʥʥʷ ʜʦ ʟʘʜʘʯʽ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ [141]. 
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2.3.1 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʈʦʟʛʣʷʥʝʤʦ ʟʘʜʘʯʫ ʧʨʦ ʚʪʠʩʢʘʥʥʷ 

ʦʩʝʩʠʤʝʪʨʠʯʥʦʛʦ ʞʦʨʩʪʢʦʛʦ ʰʪʘʤʧʘ, ʧʦʚʝʨʭʥʷ ʷʢʦʛʦ ʚ ʩʬʝʨʠʯʥʽʡ ʩʠʩʪʝʤʽ 

ʢʦʦʨʜʠʥʘʪ , ,h jr  ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ (1 ( )), (0) 0= -r h r =r R , ʚ ʧʨʫʞʥʠʡ 

ʧʨʦʩʪʽʨ ²r R  ʟ ʩʬʝʨʠʯʥʦʶ ʧʦʨʦʞʥʠʥʦʶ (ʨʠʩ. 2.21). ɺʪʠʩʢʘʶʯʘ ʩʠʣʘ P  

ʥʘʧʨʘʚʣʝʥʘ ʧʦ ʦʩʽ ʩʠʤʝʪʨʽʾ ʰʪʘʤʧʘ. 

 

ʈʠʩ. 2.21. ɺʟʘʻʤʦʜʽʷ ʦʩʝʩʠʤʝʪʨʠʯʥʦʛʦ ʞʦʨʩʪʢʦʛʦ ʰʪʘʤʧʘ ʟ ʧʨʫʞʥʠʤ 

ʧʨʦʩʪʦʨʦʤ ²r R  ʟ ʩʬʝʨʠʯʥʦʶ ʧʦʨʦʞʥʠʥʦʶ 

ʇʨʠʡʤʘʻʤʦ, ʱʦ ʧʦʚʝʨʭʥʷ ʧʦʨʦʞʥʠʥʠ =r R  ʧʦʟʘ ʦʙʣʘʩʪʶ ʢʦʥʪʘʢʪʫ ʥʝ 

ʥʘʚʘʥʪʘʞʝʥʘ, ʘ ʚ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ ʪʝʨʪʷ ʚʽʜʩʫʪʥʻ, ʪʦʙʪʦ 

 ( , ) ( )s h =- hr R p , 0¢h¢g, 

 ( , ) 0s h =r R , g<h¢p, 

 ( , ) 0ht h =r R , 0¢h¢p. 

ʊʫʪ ( )phï ʰʫʢʘʥʠʡ ʢʦʥʪʘʢʪʥʠʡ ʪʠʩʢ. ʋ ʚʠʧʘʜʢʫ ʰʪʘʤʧʘ ʙʝʟ ʛʦʩʪʨʠʭ ʢʨʘʾʚ 

ʥʘʧʝʨʝʜ ʥʝʚʽʜʦʤʘ ʽ ʛʨʘʥʠʮʷ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ, ʪʦʙʪʦ ʚʝʣʠʯʠʥʘ ʢʫʪʘ ʢʦʥʪʘʢʪʫ g. ɿ 

ʫʤʦʚʠ ʨʽʚʥʦʚʘʛʠ ʰʪʘʤʧʘ ʦʪʨʠʤʫʻʤʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

 
2

0

2 ( )sin cos

g

= p h h h hñP R p d . (2.23) 

2.3.2 ɯʥʪʝʛʨʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʢʦʥʪʘʢʪʥʦʾ ʟʘʜʘʯʽ. ʋʤʦʚʘ ʢʦʥʪʘʢʪʫ ʰʪʘʤʧʘ ʟ 

ʧʦʚʝʨʭʥʝʶ ʧʦʨʦʞʥʠʥʠ ʚ ʧʨʫʞʥʦʤʫ ʧʨʦʩʪʦʨʽ ʤʘʻ ʚʠʛʣʷʜ ( , ) cos ( )h =d h- r hru R R , 
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0¢h¢g, ʧʨʠʯʦʤʫ d ï ʧʝʨʝʤʽʱʝʥʥʷ ʰʪʘʤʧʘ ʚ ʥʘʧʨʷʤʢʫ ʜʽʾ ʩʠʣʠ P , -ru  ʨʘʜʽʘʣʴʥʽ 

ʧʝʨʝʤʽʱʝʥʥʷ ʤʝʞʽ ʧʦʨʦʞʥʠʥʠ. 

ɺʠʢʦʨʠʩʪʘʚʰʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʝʤʽʱʝʥʴ ʪʦʯʦʢ ʧʦʚʝʨʭʥʽ ʧʦʨʦʞʥʠʥʠ 

ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ [148], ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ p ʦʪʨʠʤʫʻʤʦ 

ʽʥʪʝʛʨʘʣʴʥʝ  ʨʽʚʥʷʥʥʷ [8], 

 

0

( ) ( , )sin 2 [ cos ( )]

g

a ha a a= p h-r hñp H d G a ,   0¢h¢g (2.24) 

ʜʝ  

1

1
1

1 0

( )
( , ) 4(1 ) Re ( , , )

+

å õ
ha = - + - haæ ö

ç ÷
ñ w

K k A
H v y U y dy

h y
, 

 

2 3
2

2

5 4 16 16
1 8 8

3 4

- - +
=- + - +

-

v v v
A v v i

v
,  (2.25) 

 
1( , , ) ( ) -h a = y yU y K k h ,   ( )21

1 2 3 4
2

=- - - -w v i v , 

 
2 21 2 cos( )= + - h+ayh y y ,   2 2 4 sin sin= h ay yh k y , 

( )K k  ï ʧʦʚʥʠʡ ʝʣʽʧʪʠʯʥʠʡ ʽʥʪʝʛʨʘʣ ʧʝʨʰʦʛʦ ʨʦʜʫ, /=da R,  ( 0>a ), G ï ʤʦʜʫʣʴ 

ʟʩʫʚʫ, n-ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ. 

2.3.3 ʄʦʜʠʬʽʢʦʚʘʥʽ ʨʽʚʥʷʥʥʷ. ʈʽʚʥʷʥʥʷ (2.24) ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ, 

ʙʣʠʟʴʢʦʤʫ ʟʘ ʬʦʨʤʦʶ ʜʦ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʦʩʝʩʠʤʝʪʨʠʯʥʦʾ ʢʦʥʪʘʢʪʥʦʾ ʟʘʜʘʯʽ 

ʜʣʷ ʧʽʚʧʨʦʩʪʦʨʫ [8, 149]. ɼʣʷ ʮʴʦʛʦ ʚʚʝʜʝʤʦ ʟʘʤʽʥʫ ʟʤʽʥʥʠʭ ʟʘ ʬʦʨʤʫʣʘʤʠ [8] 

 ( /2)e = at tg ,   ( /2)e = hx tg ,   ( /2)e= gtg . (2.26) 

ʊʦʜʽ ʨʽʚʥʷʥʥʷ (2.24) ʥʘʙʫʜʝ ʚʠʛʣʷʜʫ: 

 

1

0

4 2
( ) ( , ) ( )
è øå õe e

+ =é ùæ ö
+ +é ùç ÷ê ú

ñ
t xt

Q t K S x t dt vv x
x t x t b b

,   0 1¢ ¢x  (2.27) 

ʜʝ  
2

2 2 3/2

4 (2 )
( )

(1 )

e e
=

+e

p arctg t
Q t

t G
,   

1

2

-n
=
p

b , 

 

2 2

2 22 2

2 1
( ) (2 )

11

è ø-e
= -r eé ù
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, (2.28) 
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12 2 2 2
0

( , ) Re ( ,2 ,2 )
(1 )(1 )

+

å õ
= - e eæ ö
p +e +e ç ÷

ñ w

t A
S x t y U y arctg x arctg t dy

yx t
. (2.29) 

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʬʫʥʢʮʽʷ ( , )S x t  ʚʠʛʣʷʜʫ (2.29) ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ 

ʘʥʘʣʽʪʠʯʥʦʤʫ ʚʠʛʣʷʜʽ ʨʷʜʦʤ 

 
2

2

0 0

( , ) ( , ) ln ( , )
¤ ¤

= =

è ø
= e + e eé ù
ê ú
ä än n

n n

n n

S x t t f x t g x t , (2.30) 

ʜʝ ʬʫʥʢʮʽʾ ( , )nf x t  ʽ 2 ( , )ng x t  ʥʝʧʝʨʝʨʚʥʽ ʽ ʤʘʶʪʴ ʽʥʪʝʛʨʦʚʘʥʽ ʜʨʫʛʽ ʧʦʭʽʜʥʽ. 

ɿʘʧʠʰʝʤʦ ʧʝʨʰʽ ʯʣʝʥʠ ʨʷʜʫ [8] 

 0 0 *( , ) lnmax( , )= +cf x t c x t , 

 
1

1

2
( , ) ( )

å õ
= + æ ö
p +ç ÷

c xt
f x t x t E

x t
, 

 
2 2 2 2 2 2*

2 2 2 3( , ) ( ) lnmax( , ) min( , ) ( )
2

cå õ
= + + + + +æ ö

ç ÷
f x t c x t x t c x t c x t , 

 0 *( , )=cg x t ,          
2 2

2 2( , ) ( )= +g x t c x t , (2.31) 

ʜʝ ( )E k  ï ʧʦʚʥʠʡ ʝʣʽʧʪʠʯʥʠʡ ʽʥʪʝʛʨʘʣ ʜʨʫʛʦʛʦ ʨʦʜʫ. 

ʊʫʪ 

 

1

0

0

1 (1 )
1 2 Re

2 1

--
=- + -

-ñ
wA y

c v dy
y

, 
2

1 2(1 )(1 16 )= - -c v v ,    
2

* (1 2 )c = -v ,  

 
2

2 1 3 / 2 (1 )(3 16 )=- - - - -c v v v v ,  
2 40

3

1
(5 3 34 32 )

2 4
=- - + - + +

c
c v v v  

 

1
2 3

0

1
Re [1 (1 ) (1 )(1 ) ](1 )

2

- -+ - + - + + - -ñ
wA y w y w w y y dy. 

ʌʦʨʤʫʣʘ (2.30) ʧʨʠ ʢʦʝʬʽʮʽʻʥʪʘʭ (2.31) ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʧʨʠ ʤʘʣʠʭ 

ʜʽʣʷʥʢʘʭ ʢʦʥʪʘʢʪʫ. 

2.3.4 ʈʦʟʚô̫ ʟʫʚʘʥʥʷ ʢʦʥʪʘʢʪʥʦʾ ʟʘʜʘʯʽ. ʋ ʧʦʩʪʘʚʣʝʥʽʡ ʟʘʜʘʯʽ ʦʙʣʘʩʪʽ 

ʚʟʘʻʤʦʜʽʾ ʥʘʧʝʨʝʜ ʥʝ ʟʘʜʘʥʽ. ɼʣʷ ʪʘʢʠʭ ʟʘʜʘʯ, ʥʘ ʦʩʥʦʚʽ ʨʽʚʥʷʥʴ (2.24), ʫʤʦʚʠ 

ʢʦʥʪʘʢʪʫ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʧʠʩʘʥʽ ʫ ʚʠʛʣʷʜʽ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʨʽʚʥʷʥʴ-ʥʝʨʽʚʥʦʩʪʝʡ 
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ʉʽʥʴʡʦʨʽʥʽ ʧʨʠ < <a r b [55] 

 ( ) ( , ) ( ), ʧʨʠ 0,a ha a= h > <h<ñ
b

a

q F d W q a b, 

 ( ) ( , ) ( ), ʧʨʠ 0a ha r² h =ñ
b

a

q F d W q , (2.32) 

ʜʝ  ( ) ( ), ( ) ( ),r =r r r =-s rrq p p  

 ( , ) ( , )sin / , ( ) 2 [ cos ( )]ha = ha aa h = p h-r hF H W G a . 

ʊʫʪ ,a b ï ʥʘʧʝʨʝʜ ʥʝʚʽʜʦʤʽ ʚʝʣʠʯʠʥʠ (ʢʫʪʠ), ʧʨʠʯʦʤʫ ʦʙʣʘʩʪʴ [ , ]a b  ʤʘʻ 

ʚʤʽʱʫʚʘʪʠ ʦʙʣʘʩʪʴ ʢʦʥʪʘʢʪʫ. ʇʝʨʰʘ ʟ ʫʤʦʚ (2.32) ʩʧʨʘʚʝʜʣʠʚʘ ʪʽʣʴʢʠ ʫ ʦʙʣʘʩʪʽ 

ʢʦʥʪʘʢʪʫ. ɼʨʫʛʘ ʫʤʦʚʘ ʚʢʘʟʫʻ, ʱʦ ʤʝʞʘ ʧʨʦʩʪʦʨʫ ʧʽʩʣʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʥʘʭʦʜʠʪʴʩʷ 

ʥʠʞʯʝ ʰʪʘʤʧʘ, ʘʙʦ ʜʦʪʠʢʘʻʪʴʩʷ ʜʦ ʥʴʦʛʦ.  

ʈʦʟʚôʷʟʫʚʘʥʥʷ ʨʽʚʥʷʥʴ-ʥʝʨʽʚʥʦʩʪʝʡ (2.32) ʙʫʜʝʤʦ ʧʨʦʚʦʜʠʪʠ ʯʠʩʝʣʴʥʦ. ɼʣʷ 

ʮʴʦʛʦ ʧʦʙʫʜʫʻʤʦ ʢʚʘʜʨʘʪʫʨʥʫ ʬʦʨʤʫʣʫ ʜʣʷ ʽʥʪʝʛʨʘʣʘ 

 ( ) ( , )a ha añ
b

a

q F d . (2.33) 

ʅʝʧʝʨʝʨʚʥʫ ʬʫʥʢʮʽʶ q  ʥʘ ʧʨʦʤʽʞʢʫ <h<a b ʦʧʠʰʝʤʦ ʣʽʥʽʡʥʠʤʠ, ʢʫʩʢʦʚʦ-

ʥʝʧʝʨʝʨʚʥʠʤʠ ʽʥʪʝʨʧʦʣʷʮʽʡʥʠʤʠ ʬʫʥʢʮʽʷʤʠ, ʷʢʽ ʟʦʙʨʘʟʠʤʦ [144, 145] 

 () ( )
0=

h = h-hä
N

n h n

n

q q S , (2.34) 

ʜʝ   ()
1 , ,

0, ;

ë
- ¢î

=ì
î >í

h

x
x h

S x h

x h

  ( )= hn nq q ,  0h =a ,  1+h =h +j j h,  0, 1= -j N , 

1+N  ï ʢʽʣʴʢʽʩʪʴ ʚʫʟʣʦʚʠʭ ʪʦʯʦʢ,    
-

=
b a

h
N

 ï ʢʨʦʢ ʨʦʟʙʠʪʪʷ. 

ʊʦʜʽ ʜʣʷ ʽʥʪʝʛʨʘʣʘ (2.33) ʦʪʨʠʤʫʻʤʦ 

 

0

( ) ( , ) ( ) , 0,...,
=

a ha a= h =äñ
b N

m m

ma

q F d C q n N, 
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ʜʝ 

 ( ) ( ) ( , )

h +

h -

h = t-h ht tñ
m

m

h

m h m

h

C S F d . (2.35) 

ʎʽ ʽʥʪʝʛʨʘʣʠ ʟʥʘʭʦʜʠʣʠ ʩʪʘʥʜʘʨʪʥʠʤʠ ʧʨʦʮʝʜʫʨʘʤʠ, ʷʢʽ ʨʦʟʨʦʙʣʝʥʽ ʚ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭ, ʫ ʷʢʠʭ ʚʨʘʭʦʚʘʥʦ ʥʘʷʚʥʽʩʪʴ ʽʥʪʝʛʨʦʚʘʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʫ 

ʧʽʜʽʥʪʝʛʨʘʣʴʥʠʭ ʬʫʥʢʮʽʷʭ (ʧʽʜʽʥʪʝʛʨʘʣʴʥʘ ʬʫʥʢʮʽʷ ( , )haF  ʤʘʻ ʣʦʛʘʨʠʬʤʽʯʥʫ 

ʦʩʦʙʣʠʚʽʩʪʴ ʧʨʠ h­a. ɿʘʤʽʥʠʚʰʠ ʚ ʩʠʩʪʝʤʽ ʨʽʚʥʷʥʴ-ʥʝʨʽʚʥʦʩʪʝʡ (2.32) ʽʥʪʝʛʨʘʣʠ 

ʢʚʘʜʨʘʪʫʨʥʠʤʠ ʬʦʨʤʫʣʘʤʠ (2.35) [144, 145], ʦʪʨʠʤʫʻʤʦ ʘʣʛʝʙʨʠʯʥʫ ʩʠʩʪʝʤʫ 

ʨʽʚʥʷʥʴ-ʥʝʨʽʚʥʦʩʪʝʡ 

 

0

, ʷʢʱʦ 0
=

= ²ä
N

nm m n n

m

A q W q , 

 

0

ʷʢʱʦ 0
=

² =ä
N

nm m n n

m

A q W q ,     0,...,=n N, (2.36) 

ʜʝ  ( )= hn nW W ,     ( )=h hn n nq p ,    ( )= hnm m nA C . 

ʂʦʥʪʘʢʪʥʠʡ ʪʠʩʢ ʚʠʟʥʘʯʘʻʤʦ ʽʟ ʫʤʦʚʠ ʤʽʥʽʤʫʤʫ ʚʝʣʠʯʠʥʠ [141] 

 

0 0 0= = =

= -ää ä
N N N

nm m n n n

n m m

J A q q W q . (2.37) 

ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʨʽʚʥʷʥʴ-ʥʝʨʽʚʥʦʩʪʝʡ ʚʠʛʣʷʜʫ 

 

0=

²ä
N

nm m n

m

A q W ,    0, 0,...,² =nq n N. (2.38) 

ʉʬʦʨʤʫʣʴʦʚʘʥʘ ʟʘʜʘʯʘ ʻ ʟʘʜʘʯʝʶ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ɺʝʣʠʯʠʥʘ 

J  ʧʨʠ ʦʙʤʝʞʝʥʥʷʭ (2.38) ʻ ʥʝʚʽʜô̒ ʤʥʦʶ ʚʝʣʠʯʠʥʦʶ. ʄʦʞʥʘ ʧʦʢʘʟʘʪʠ, ʱʦ ʮʷ 

ʚʝʣʠʯʠʥʘ ʥʘ ʨʦʟʚôʷʟʢʫ ʨʽʚʥʷʥʴ-ʥʝʨʽʚʥʦʩʪʝʡ (2.36) (ʪʦʙʪʦ ʥʘ ʨʦʟʚô̫ ʟʢʫ ʢʦʥʪʘʢʪʥʦʾ 

ʟʘʜʘʯʽ) ʜʦʨʽʚʥʶʻ ʥʫʣʶ (ʜʦʩʷʛʘʻ ʩʚʦʛʦ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ). 

2.3.5 ʈʽʚʥʷʥʥʷ ʦʩʥʦʚʠ ʰʪʘʤʧʘ. ʇʨʠʡʤʝʤʦ, ʱʦ ʰʪʘʤʧ ʤʘʻ ʬʦʨʤʫ ʩʬʝʨʦʾʜʘ 

ʟ ʧʽʚʦʩʷʤʠ , =z x ya a a , ʟ ʮʝʥʪʨʦʤ ʫ ʪʦʯʮʽ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ 0, 0,= = =x y z c, 

ʧʨʠʯʦʤʫ ,¢ ¢z xa R a R. ʊʫʪ c  ï ʩʪʘʣʘ, ʷʢʫ ʚʠʟʥʘʯʘʻʤʦ ʟ ʫʤʦʚʠ:  (0) 0r =. 

ʈʽʚʥʷʥʥʷ ʮʴʦʛʦ ʩʬʝʨʦʾʜʘ ʚ ʜʝʢʘʨʪʦʚʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʤʘʻ ʚʠʛʣʷʜ 
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 cos ,= + hzz c a   cos sin ,= j hxx a   sin sin ,= j hxy a   0 ,<h<p  0 2<j< p. 

ʋ ʩʬʝʨʠʯʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʤʘʻʤʦ 

 ( ) ( )
2 22 2 2 2cos sin= + + + = + h + hz xr z c x y c a a . 

ɿʘʧʠʩʫʻʤʦ ʡʦʛʦ ʫ ʚʠʛʣʷʜʽ  

 [ ] ( )
2 2 21 ( ) cos sin= -r h = + h + hz xr R c a a . 

ɿʚʽʜʩʠ 

 ( )
2 2 21

( ) 1 cos sinr h = - + h + hz xc a a
R

. 

ʉʪʘʣʫ c  ʚʠʟʥʘʯʘʻʤʦ ʟ ʫʤʦʚʠ (0) 0r =. ɿʚʽʜʩʠ ʤʘʻʤʦ = -zc R a . ʊʦʜʽ 

 ( )
2 2 2( ) 1 1 cos sin ,r h = - -a+a h +b h    ʜʝ  ,a=za

R
  b=xa

R
. 

2.3.6 ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ 

2.3.6.1 ɺʠʪʷʛʥʫʪʠʡ ʩʬʝʨʦʾʜʘʣʴʥʠʡ ʰʪʘʤʧ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʦʚʝʜʝ-

ʥʦ ʜʣʷ ʰʪʘʤʧʘ cʬʝʨʦʾʜʘʣʴʥʦʾ ʬʦʨʤʠ. ɹʽʣʴʰʘ ʧʽʚʚʽʩʴ ʩʬʝʨʦʾʜʘ ʚʝʨʪʠʢʘʣʴʥʘ ʽ 

ʜʦʨʽʚʥʶʻ ʨʘʜʽʫʩʫ ʧʦʨʦʞʥʠʥʠ. ʅʘ ʨʠʩ. 2.22 ʥʘʚʝʜʝʥʦ ʨʦʟʨʘʭʦʚʘʥʠʡ ʨʦʟʧʦʜʽʣ 

ʚʽʜʥʦʩʥʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ p/G ʟʘʣʝʞʥʦ ʚʽʜ ʢʫʪʦʚʦʾ ʢʦʦʨʜʠʥʘʪʠ h ʧʨʠ 

ʟʤʽʱʝʥʥʽ ʰʪʘʤʧʘ 0.001d= R. ʈʦʟʨʦʙʣʝʥʠʡ ʘʣʛʦʨʠʪʤ ʻ ʪʘʢʠʤ, ʫ ʷʢʦʤʫ ʥʝʦʙʭʽʜʥʦ 

ʟʘʜʘʚʘʪʠ (ʧʨʦʛʥʦʟʫʚʘʪʠ) ʤʝʞʽ ʦʙʣʘʩʪʽ, ʷʢʘ ʚʤʽʱʫʻ ʜʽʣʷʥʢʠ ʢʦʥʪʘʢʪʫ. ʇʨʠ 

ʨʦʟʚôʷʟʫʚʘʥʥʽ ʢʦʥʪʘʢʪʥʦʾ ʟʘʜʘʯʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ ʯʠʩʣʦʚʠʤ ʤʝʪʦʜʦʤ ʧʨʦʛʥʦʟʦʚʘʥʽ 

ʤʝʞʽ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ (ʢʫʪʠ) ʧʦʢʣʘʜʘʣʠ ʨʽʚʥʠʤʠ 0=a , 0.08=b . ʊʫʪ ʽ ʜʘʣʽ ʢʫʪʦʚʘ 

ʢʦʦʨʜʠʥʘʪʘ h ʪʘ ʚʝʣʠʯʠʥʠ ,a b ʟʘʜʘʚʘʣʘʩʴ ʚ ʨʘʜʽʘʥʘʭ. ʂʨʠʚʠʤʠ 1 ï 4 ʥʘʚʝʜʝʥʦ 

ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʢʦʥʘʥʽ ʧʨʠ 0.3n= , 1a=, 0.6; 0.7; 0.8; 0.9b= , 

ʚʽʜʧʦʚʽʜʥʦ. ɸʥʘʣʦʛʽʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ, ʧʨʦʚʝʜʝʥʽ ʧʨʠ 0.0001d= R, 0=a , 

0.03=b  ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.23. 
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ʈʠʩ. 2.22. ɿʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʩʥʦʛʦ ʪʠʩʢʫ  

ʚʽʜ ʢʫʪʦʚʦʾ ʢʦʦʨʜʠʥʘʪʠ ʧʨʠ 0.3n= , 

1a=, 0.6; 0.7; 0.8; 0.9b= , 0.001d= R 

ʈʠʩ. 2.23. ɿʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʩʥʦʛʦ ʪʠʩʢʫ  

ʚʽʜ ʢʫʪʦʚʦʾ ʢʦʦʨʜʠʥʘʪʠ ʧʨʠ 0.3n= , 

1a=, 0.6; 0.7; 0.8; 0.9b= , 0.0001d= R 

ʗʢ ʙʘʯʠʤʦ ʟ ʛʨʘʬʽʢʽʚ ʦʙʣʘʩʪʴ ʢʦʥʪʘʢʪʫ ʚʠʥʠʢʘʻ ʚ ʦʢʦʣʽ ʮʝʥʪʨʫ ʥʠʞʥʴʦʾ 

ʯʘʩʪʠʥʠ ʧʦʨʦʞʥʠʥʠ, ʤʘʢʩʠʤʘʣʴʥʽ ʢʦʥʪʘʢʪʥʽ ʥʘʧʨʫʞʝʥʥʷ ʚʠʥʠʢʘʶʪʴ ʚ ʮʝʥʪʨʽ 

ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ. ʆʙʣʘʩʪʴ ʢʦʥʪʘʢʪʫ ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

ʜʽʘʤʝʪʨʫ ʩʬʝʨʦʾʜʘʣʴʥʦʛʦ ʰʪʘʤʧʘ ʧʨʠ ʮʴʦʤʫ ʢʦʥʪʘʢʪʥʽ ʥʘʧʨʫʞʝʥʥʷ ʚ ʮʝʥʪʨʽ 

ʟʨʦʩʪʘʶʪʴ. ɸʥʘʣʦʛʽʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʨʠ ʟʥʘʯʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʘ 0.4n=  ʪʘ ʧʨʠ 

0.0001d= R ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 2.24. 

 

ʈʠʩ. 2.24. ɿʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʩʥʦʛʦ ʪʠʩʢʫ  ʚʽʜ ʢʫʪʦʚʦʾ ʢʦʦʨʜʠʥʘʪʠ ʧʨʠ 0.4n= , 

1a=, 0.6; 0.7; 0.8; 0.9b= , 0.0001d= R 

ʗʢ ʚʠʜʥʦ ʟ ʛʨʘʬʽʢʽʚ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ n ʢʦʥʪʘʢʪʥʠʡ ʪʠʩʢ 

ʟʙʽʣʴʰʫʻʪʴʩʷ, ʦʙʣʘʩʪʴ ʢʦʥʪʘʢʪʫ ʟʘʣʠʰʘʻʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʪʘʢʦʶ ʻ ʷʢ ʽ ʧʨʠ 0.3n= .  
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2.3.6.2 ʉʧʣʶʩʥʫʪʠʡ ʩʬʝʨʦʾʜʘʣʴʥʠʡ ʰʪʘʤʧ. ʈʦʟʛʣʷʥʫʪʦ ʚʠʧʘʜʦʢ, ʢʦʣʠ 

ʙʽʣʴʰʘ ʧʽʚʚʽʩʴ ʩʬʝʨʦʾʜʘ ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʽ ʜʦʨʽʚʥʶʻ ʨʘʜʽʫʩʫ ʧʦʨʦʞʥʠʥʠ. ɺʽʜʥʦʩʥʠʡ 

ʢʦʥʪʘʢʪʥʠʡ ʪʠʩʢ /p G ʧʨʠ 0.3n= , 0.0001d= R, 1b= ʪʘ ʧʨʠ. 0.8; 0.85; 0.9; 0.95a=  

ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 2.25 ʘ) ʽ ʧʨʠ 0.7; 0.8; 0.9a=  ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.25 ʙ), ʢʨʠʚʠʤʠ 

1 ï 3, ʚʽʜʧʦʚʽʜʥʦ. ʇʨʦʛʥʦʟʦʚʘʥʽ ʤʝʞʽ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ ʧʦʢʣʘʜʘʣʠ ʨʽʚʥʠʤʠ 0.4=a , 

0.5 0.2 1.77= p+ =b . 

        

ʈʠʩ. 2.25 ʘ) ɿʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʩʥʦʛʦ 

ʪʠʩʢʫ ʚʽʜ ʢʫʪʦʚʦʾ ʢʦʦʨʜʠʥʘʪʠ ʧʨʠ 

1b=, 0.8; 0.85; 0.9; 0.95a= ,  

ʈʠʩ. 2.25 ʙ) ɿʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʩʥʦʛʦ 

ʪʠʩʢʫ ʚʽʜ ʢʫʪʦʚʦʾ ʢʦʦʨʜʠʥʘʪʠ ʧʨʠ 

0.7; 0.8; 0.9a= , 1b=,  

ʗʢ ʚʠʜʥʦ ʟ ʛʨʘʬʽʢʽʚ, ʜʣʷ ʩʧʣʶʩʥʫʪʠʭ ʰʪʘʤʧʽʚ ʢʦʥʪʘʢʪ ʫ ʮʝʥʪʨʽ ʥʠʞʥʴʦʾ 

ʯʘʩʪʠʥʠ ʧʦʨʦʞʥʠʥʠ ʚʽʜʩʫʪʥʽʡ. ʆʙʣʘʩʪʴ ʢʦʥʪʘʢʪʫ ʜʣʷ ʚʩʽʭ ʚʠʧʘʜʢʽʚ ʧʦʯʠʥʘʻʪʴʩʷ 

ʧʨʠ ʢʫʪʽ 0.43h= . ʇʨʠ 0.8a>  ʟʦʚʥʽʰʥʷ ʤʝʞʘ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ ʤʝʥʰʘ ʟʘ /2p , 

ʪʦʙʪʦ ʦʙʣʘʩʪʴ ʢʦʥʪʘʢʪʫ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʧʦʨʦʞʥʠʥʠ. ʇʨʠ ʤʝʥʰʠʭ 

ʟʥʘʯʝʥʥʷʭ a (ʧʨʠ ʙʽʣʴʰ ʩʧʣʶʩʥʫʪʠʭ ʰʪʘʤʧʘʭ), ʚʝʨʭʥʷ ʤʝʞʘ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ 

ʩʪʘʻ ʙʽʣʴʰʦʶ ʟʘ /2p  (ʪʦʙʪʦ ʢʦʥʪʘʢʪ ʤʘʻ ʤʽʩʮʝ ʽ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʧʦʨʦʞʥʠʥʠ).  

ʈʦʟʛʣʷʥʫʪʦ ʚʠʧʘʜʦʢ ʢʦʣʠ ʧʽʚʦʩʽ ʰʪʘʤʧʘ ʤʝʥʰʽ ʟʘ ʨʘʜʽʫʩ ʧʦʨʦʞʥʠʥʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.26. ʧʨʠ 0.0001d= R 0.3n= , 0.8b= , 

0.9; 0.8; 0.7a=  (ʢʨʠʚʽ 1 ï 3, ʚʽʜʧʦʚʽʜʥʦ). 

ʅʘ ʨʠʩ. 2.27 ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ. ʧʨʠ 0.3n= , 0.9b= , 0.8a= , 

0.001 ; 0.002 ; 0.003d= R R R (ʢʨʠʚʽ 1 ï 3), ʧʨʦʛʥʦʟʦʚʘʥʽ ʤʝʞʽ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ 
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ʧʦʢʣʘʜʘʣʠ ʨʽʚʥʠʤʠ 0=a , 0.7=b . 

    

ʈʠʩ. 2.26. ɿʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʩʥʦʛʦ ʪʠʩʢʫ 

ʚʽʜ ʢʫʪʦʚʦʾ ʢʦʦʨʜʠʥʘʪʠ ʧʨʠ 

0.0001d= R. 0.3n= , 0.8b= , 

0.9; 0.8; 0.7a=  

ʈʠʩ. 2.27. ɿʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʩʥʦʛʦ ʪʠʩʢʫ 

ʚʽʜ ʢʫʪʦʚʦʾ ʢʦʦʨʜʠʥʘʪʠ ʧʨʠ 0.3n= , 

0.9b= , 0.8a= , 

0.001 ; 0.002 ; 0.003d= R R R 

2.3.6.3 ʇʽʚʦʩʽ ʩʬʝʨʦʾʜʘ ʜʦʨʽʚʥʶʶʪʴ ʨʘʜʽʫʩʫ ʧʦʨʦʞʥʠʥʠ. ʈʦʟʛʣʷʥʫʪʦ 

ʚʠʧʘʜʦʢ, ʢʦʣʠ ʤʝʞʘ ʰʪʘʤʧʘ ʤʘʻ ʬʦʨʤʫ ʧʦʨʦʞʥʠʥʠ, ʪʦʙʪʦ 1a= ʽ 1b=. 

ʈʦʟʨʘʭʫʥʢʠ ʚʠʢʦʥʘʥʦ ʧʨʠ 0.001d= R ʽ ʧʨʠ 0.1; 0.2; 0.3; 0.4; 0.5n=  ʽ ʥʘʚʝʜʝʥʦ ʥʘ 

ʨʠʩ. 2.28 ʢʨʠʚʠʤʠ 1 ï 5, ʚʽʜʧʦʚʽʜʥʦ. ʇʨʦʛʥʦʟʦʚʘʥʽ ʤʝʞʽ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ 

ʧʦʢʣʘʜʘʣʠ ʨʽʚʥʠʤʠ 0=a ,  1.6=b . 

 

ʈʠʩ. 2.28. ɿʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʩʥʦʛʦ ʪʠʩʢʫ ʚʽʜ ʢʫʪʦʚʦʾ ʢʦʦʨʜʠʥʘʪʠ 

ɼʣʷ ʚʩʽʭ ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʧʘʜʢʽʚ ʦʙʣʘʩʪʴ ʢʦʥʪʘʢʪʫ ʨʦʟʤʽʱʝʥʘ ʚ ʥʠʞʥʽʡ 

ʯʘʩʪʠʥʽ ʧʦʨʦʞʥʠʥʠ. ʇʨʠʯʦʤʫ ʧʨʠ ʤʘʣʠʭ ʟʥʘʯʝʥʥʷʭ n ʤʝʞʘ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ 

ʙʣʠʟʴʢʘ ʜʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʜʽʘʤʝʪʨʫ ʧʦʨʦʞʥʠʥʠ (/2p ). ʗʢ ʚʠʜʥʦ ʟ ʛʨʘʬʽʢʽʚ ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʇʫʘʩʩʦʥʘ ʢʦʥʪʘʢʪʥʽ ʪʠʩʢʠ ʚ ʮʝʥʪʨʽ ʟʨʦʩʪʘʶʪʴ, ʘ 

ʦʙʣʘʩʪʴ ʢʦʥʪʘʢʪʫ ʟʤʝʥʰʫʻʪʴʩʷ. 
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2.4 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 

ɼʦʩʣʽʜʞʝʥʦ ʢʦʥʪʘʢʪʥʫ ʦʩʝʩʠʤʝʪʨʠʯʥʫ ʟʘʜʘʯʫ ʧʨʦ ʚʟʘʻʤʦʜʽʶ ʧʨʫʞʥʦʛʦ 

ʧʽʚʧʨʦʩʪʦʨʫ ʟʽ ʰʪʘʤʧʦʤ, ʧʦʚʝʨʭʥʷ ʷʢʦʛʦ ʤʘʻ ʩʢʣʘʜʥʫ ʬʦʨʤʫ. ʇʽʜ ʜʽʻʶ ʪʘʢʦʛʦ 

ʰʪʘʤʧʘ ʢʦʥʪʘʢʪ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʦʢʨʝʤʠʭ, ʥʘʧʝʨʝʜ ʥʝʚʽʜʦʤʠʭ ʜʽʣʷʥʢʘʭ ʢʦʥʪʘʢʪʫ. 

ɸʣʛʦʨʠʪʤ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯʽ ʧʦʙʫʜʦʚʘʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ 

ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ-ʥʝʨʽʚʥʦʩʪʝʡ ʪʘ ʟʚʝʜʝʥʥʷʤ ʜʦ ʟʘʜʘʯʽ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦ-

ʛʨʘʤʫʚʘʥʥʷ. ʆʙʣʘʩʪʴ ʢʦʥʪʘʢʪʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʟ ʩʠʩʪʝʤʠ ʘʣʛʝʙʨʠʯʥʠʭ ʨʽʚʥʷʥʴ, ʷʢʽ 

ʦʪʨʠʤʫʶʪʴʩʷ ʟ ʫʤʦʚʠ ʨʽʚʥʦʩʪʽ ʥʫʣʝʚʽ ʢʦʥʪʘʢʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʥʘ ʤʝʞʘʭ ʢʽʣʴʮʝʚʦʾ 

ʜʽʣʷʥʢʠ ʢʦʥʪʘʢʪʫ. ɯʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʨʦʙʣʝʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʚʠʟʥʘʯʝʥʦ ʪʘ 

ʜʦʩʣʽʜʞʝʥʦ ʨʦʟʧʦʜʽʣ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ ʜʣʷ ʚʠʾʤʦʢ ʨʽʟʥʠʭ ʬʦʨʤ. ʈʦʟʛʣʷʥʫʪʦ 

ʪʘʢʦʞ ʚʠʧʘʜʦʢ ʩʠʥʫʩʦʾʜʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʰʪʘʤʧʘ. 

ʈʦʟʛʣʷʥʫʪʦ ʢʦʥʪʘʢʪʥʫ ʦʩʝʩʠʤʝʪʨʠʯʥʫ ʟʘʜʘʯʫ ʜʣʷ ʧʽʚʧʨʦʩʪʦʨʫ ʟ ʰʪʘʤʧʦʤ. ʄʽʞ 

ʰʪʘʤʧʦʤ ʽ ʧʨʫʞʥʠʤ ʧʽʚʧʨʦʩʪʦʨʦʤ ʤʘʶʪʴ ʤʽʩʮʝ ʩʠʣʠ ʪʝʨʪʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʽʾ ʩʠʣ 

ʪʝʨʪʷ ʧʽʜ ʰʪʘʤʧʦʤ ʤʘʻ ʤʽʩʮʝ ʟʥʦʰʫʚʘʥʥʷ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʪʘʢʪʥʠʭ 

ʥʘʧʨʫʞʝʥʴ. ɿʘʜʘʯʫ ʧʨʦ ʟʥʦʰʫʚʘʥʥʷ ʨʦʟʚôʷʟʘʥʦ ʢʨʦʢʦʚʠʤ ʤʝʪʦʜʦʤ ʟʘ ʯʘʩʦʤ. ʅʘ 

ʢʦʞʥʦʤʫ ʟ ʢʨʦʢʽʚ ʨʦʟʚôʷʟʫʚʘʣʠ ʢʦʥʪʘʢʪʥʫ ʟʘʜʘʯʫ ʽʟ ʟʤʽʥʝʥʦʶ ʬʦʨʤʦʶ ʰʪʘʤʧʘ. ʎʶ 

ʟʘʜʘʯʫ ʪʘʢʦʞ ʟʚʝʜʝʥʦ ʜʦ ʨʦʟʛʣʷʜʫ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ-ʥʝʨʽʚʥʦʩʪʝʡ ʉʽʥʴʦʨʽʥʽ, 

ʷʢʽ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʚʘʜʨʘʪʫʨʥʠʭ ʬʦʨʤʫʣ ʜʣʷ ʽʥʪʝʛʨʘʣʽʚ, ʱʦ ʤʘʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ 

ʪʨʘʥʩʬʦʨʤʦʚʘʥʦ ʜʦ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʠʯʥʠʭ ʨʽʚʥʷʥʴ-ʥʝʨʽʚʥʦʩʪʝʡ. 

ʈʦʟʚôʷʟʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʟʚʝʜʝʥʦ ʜʦ ʟʥʘʭʦʜʞʝʥʥʷ ʤʽʥʽʤʫʤʫ ʢʚʘʜʨʘʪʠʯʥʦʾ ʬʦʨʤʠ ʟʘ 

ʣʽʥʽʡʥʠʭ ʦʙʤʝʞʝʥʴ ʥʘ ʥʝʚʽʜʦʤʽ ʢʦʥʪʘʢʪʥʽ ʥʘʧʨʫʞʝʥʥʷ.  

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʨʦʙʣʝʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʨʦʟʛʣʷʥʫʪʦ ʪʘʢʦʞ ʦʩʝʩʠʤʝʪʨʠʯʥʫ 

ʢʦʥʪʘʢʪʥʫ ʟʘʜʘʯʫ ʜʣʷ ʧʽʚʧʨʦʩʪʦʨʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʙʝʨʪʘʥʥʷ ʰʪʘʤʧʘ ʪʘ 

ʟʥʦʰʫʚʘʥʥʷ ʚ ʦʙʣʘʩʪʽ ʚʟʘʻʤʦʜʽʾ. ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʧʨʦʮʝʩʫ ʟʥʦʰʫʚʘʥʥʷ ʥʘ 

ʝʚʦʣʶʮʽʶ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ ʪʘ ʟʤʽʥʫ ʡʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ. ɿʦʢʨʝʤʘ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʥʘʩʣʽʜʦʢ ʟʥʦʰʫʚʘʥʥʷ ʧʽʜʚʠʱʝʥʽ ʢʦʥʪʘʢʪʥʽ ʪʠʩʢʠ ʚ ʦʢʦʣʽ 

ʣʦʢʘʣʴʥʠʭ ʥʝʨʽʚʥʦʩʪʝʡ ʧʦʩʪʫʧʦʚʦ ʟʤʝʥʰʫʶʪʴʩʷ ʽ ʟʘ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʴ 

ʯʘʩʦʚʦʾ ʢʦʦʨʜʠʥʘʪʠ ʥʘʙʫʚʘʶʪʴ ʨʦʟʧʦʜʽʣʫ, ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʰʪʘʤʧʘ ʟʽ ʟʛʣʘʜʞʝʥʦʶ 

ʧʦʚʝʨʭʥʝʶ. ɿʘʫʚʘʞʠʤʦ ʪʘʢʦʞ, ʱʦ ʚ ʫʩʽʭ ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʧʘʜʢʘʭ, ʜʣʷ ʷʢʠʭ 



91 

 

 

ʧʨʦʚʦʜʠʣʠʩʴ ʨʦʟʨʘʭʫʥʢʠ, ʬʦʨʤʘ ʦʩʥʦʚʠ ʰʪʘʤʧʘ ʚ ʡʦʛʦ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʧʽʩʣʷ 

ʟʥʦʰʫʚʘʥʥʷ (ʧʨʠ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʠʭ ʯʘʩʘʭ) ʚʠʷʚʠʣʘʩʷ ʢʦʥʫʩʦʧʦʜʽʙʥʦʶ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʪʘʢʦʞ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ 

ʨʦʟʧʦʜʽʣ ʧʽʜ ʰʪʘʤʧʘʤʠ ʢʦʥʪʘʢʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʥʝʨʽʚʥʦʤʽʨʥʠʡ ʽ ʚʠʥʠʢʘʶʪʴ ʦʙʣʘʩʪʽ 

ʟ ʚʠʩʦʢʠʤʠ ʥʘʧʨʫʞʝʥʥʷʤʠ. ʆʜʥʠʤ ʽʟ ʩʧʦʩʦʙʽʚ ʦʧʪʠʤʽʟʘʮʽʾ ʬʦʨʤʠ ʰʪʘʤʧʘ ʤʦʞʝ 

ʙʫʪʠ ʢʦʨʠʛʫʚʘʥʥʷ ʬʦʨʤʠ ʰʣʷʭʦʤ ʾʭ ʧʦʧʝʨʝʜʥʴʦʛʦ ʦʙʝʨʪʘʥʥʷ ʥʘʚʢʦʣʦ ʦʩʽ. ʗʢ 

ʧʦʢʘʟʘʥʦ ʚ ʨʦʙʦʪʽ ʟʘ ʨʘʭʫʥʦʢ ʟʥʦʩʫ ʢʦʥʪʘʢʪʥʽ ʥʘʧʨʫʞʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʽʩʪʦʪʥʦ 

ʟʤʝʥʰʝʥʽ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤʫ ʚʠʙʦʨʽ ʡʦʛʦ ʧʘʨʘʤʝʪʨʽʚ. 

ʅʘʚʝʜʝʥʦ ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʪʘʢʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʧʽʜ ʰʪʘʤʧʦʤ, ʷʢʠʡ 

ʚʪʠʩʢʘʻʪʴʩʷ ʫ ʩʬʝʨʠʯʥʫ ʧʦʨʦʞʥʠʥʫ ʚ ʧʨʦʩʪʦʨʽ. ʈʦʟʛʣʷʥʫʪʦ ʟʘʜʘʯʽ, ʚ ʷʢʠʭ ʦʙʣʘʩʪʴ 

ʢʦʥʪʘʢʪʫ ʥʘʧʝʨʝʜ ʥʝʟʘʜʘʥʘ. ɰʭ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʪʘʢʦʞ ʟʚʝʜʝʥʦ ʜʦ ʨʦʟʛʣʷʜʫ 

ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ-ʥʝʨʽʚʥʦʩʪʝʡ ʉʽʥʴʡʦʨʽʥʽ. ɿʘʜʘʯʫ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʽʥʪʝʛʨʘʣʴʥʠʭ 

ʨʽʚʥʷʥʴ, ʷʢʽ ʤʘʶʪʴ ʩʠʥʛʫʣʷʨʥʽ ʷʜʨʘ, ʟʚʝʜʝʥʦ ʜʦ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʠʯʥʠʭ 

ʨʽʚʥʷʥʴ-ʥʝʨʽʚʥʦʩʪʝʡ ʥʘ ʦʩʥʦʚʽ ʧʦʙʫʜʦʚʘʥʠʭ ʢʚʘʜʨʘʪʫʨʥʠʭ ʬʦʨʤʫʣ. ʈʦʟʚôʷʟʫʚʘʥʥʷ 

ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ-ʥʝʨʽʚʥʦʩʪʝʡ ʧʨʦʚʝʜʝʥʦ ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʠʭ ʚ ʤʝʪʦʜʽ 

ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʧʽʜʭʦʜʽʚ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ ʧʨʦʚʝʜʝʥʦ ʩʪʦʩʦʚʥʦ ʜʦ ʩʬʝʨʦʾʜʘʣʴʥʠʭ 

ʰʪʘʤʧʽʚ ʨʽʟʥʦʾ ʬʦʨʤʠ, ʷʢʽ ʚʪʠʩʢʘʶʪʴʩʷ ʫ ʩʬʝʨʠʯʥʫ ʧʦʨʦʞʥʠʥʫ. ɺʩʪʘʥʦʚʣʝʥʦ 

ʚʠʧʘʜʢʠ, ʢʦʣʠ ʜʽʣʷʥʢʠ ʢʦʥʪʘʢʪʫ ʻ ʦʜʥʦ- ʘʙʦ ʜʚʦʟʚô̫ ʟʥʠʤʠ, ʦʙʣʘʩʪʴ ʢʦʥʪʘʢʪʫ 

ʨʦʟʤʽʱʝʥʘ ʚ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʧʦʨʦʞʥʠʥʠ ʘʙʦ ʧʦʰʠʨʶʻʪʴʩʷ ʽ ʥʘ ʾʾ ʚʝʨʭʥʶ ʯʘʩʪʠʥʫ. 

ʆʪʨʠʤʘʥʦ ʥʦʚʽ ʤʝʭʘʥʽʯʥʽ ʝʬʝʢʪʠ, ʧʦʚôʷʟʘʥʽ ʟ ʚʠʥʠʢʥʝʥʥʷʤ ʢʽʣʴʮʝʚʦʾ ʜʽʣʷʥʢʠ 

ʢʦʥʪʘʢʪʫ ʽ ʥʝʤʦʥʦʪʦʥʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ ʟʘ ʧʝʚʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʩʬʝʨʦʾʜʘʣʴʥʦʛʦ ʰʪʘʤʧʘ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʧʦʙʫʜʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʝʪʦʜ ̔ʽʥʪʝʛʨʘʣʴʥʠʭ 

ʨʽʚʥʷʥʴ-ʥʝʨʽʚʥʦʩʪʝʡ ʪʘ ʟʚʝʜʝʥʥʽ ʜʦ ʟʘʜʘʯʽ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʻ 

ʝʬʝʢʪʠʚʥʠʤ ʽ ʜʘʻ ʟʤʦʛʫ ʨʦʟʚôʷʟʫʚʘʪʠ ʦʩʝʩʠʤʝʪʨʠʯʥʽ ʢʦʥʪʘʢʪʥʽ ʟʘʜʘʯʽ ʜʣʷ 

ʧʽʚʧʨʦʩʪʦʨʫ ʟʘ ʜʽʾ ʰʪʘʤʧʽʚ ʩʢʣʘʜʥʠʭ ʬʦʨʤ ʘ ʪʘʢʦʞ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʠʣ ʪʝʨʪʷ ʪʘ 

ʟʥʦʰʫʚʘʥʥʷ. 
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ʈʆɿɼɯʃ 3 

ʊʈʀɺʀʄɯʈʅɯ ʌʈʀʂʎɯʁʅɯ ʂʆʅʊɸʂʊʅɯ ɿɸɼɸʏɯ ɼʃʗ ʇʈʋɾʅʀʍ ʊɯʃ ɿ 

ʅɽɿɸɼɸʅʀʄʀ ʆɹʃɸʉʊʗʄʀ ɺɿɸɭʄʆɼɯɰ 

ʊʨʠʚʠʤʽʨʥʽ ʢʦʥʪʘʢʪʥʽ ʟʘʜʘʯʽ ʜʣʷ ʛʣʘʜʢʠʭ ʰʪʘʤʧʽʚ (ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʪʝʨʪʷ) ʜʦʙʨʝ 

ʚʠʚʯʝʥʽ ʚ ʣʽʪʝʨʘʪʫʨʽ. ʧʨʠ ʮʴʦʤʫ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʣʘʩʫ ʟʘʜʘʯ ʨʦʟʚôʷʟʢʠ ʦʪʨʠʤʘʥʽ ʚ 

ʘʥʘʣʽʪʠʯʥʦʤʫ ʚʠʛʣʷʜʽ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʬʨʠʢʮʽʡʥʠʭ ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ ʷʢ ʧʨʘʚʠʣʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʯʠʩʣʦʚʽ ʤʝʪʦʜʠ. ɰʭ ʦʩʦʙʣʠʚʽʩʪʴ ʚ ʪʦʤʫ. ʱʦ ʦʙʣʘʩʪʴ ʢʦʥʪʘʢʪʫ 

ʥʘʧʝʨʝʜ ʥʝʚʽʜʦʤʘ. ʋ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʥʫʪʦ ʬʨʠʢʮʽʡʥʽ ʢʦʥʪʘʢʪʥʽ ʟʘʜʘʯʽ ʧʨʦ ʚʟʘʻʤʦʜʽʶ 

ʜʚʦʭ ʪʽʣ ʪʘ ʚʟʘʻʤʦʜʽʶ ʰʘʨʫ ʟ ʰʪʘʤʧʘʤʠ ʩʢʣʘʜʥʠʭ ʬʦʨʤ. 

ʋ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʦʙʣʘʩʪʴ ʢʦʥʪʘʢʪʫ ʤʘʣʘ ʧʦʨʽʚʥʷʥʦ ʟ ʨʦʟʤʽʨʘʤʠ ʪʽʣ, ʪʽʣʘ 

ʤʦʜʝʣʶʶʪʴ ʧʽʚʧʨʦʩʪʦʨʦʤ. ʊʦʤʫ ʩʧʦʯʘʪʢʫ ʨʦʟʛʣʷʥʫʪʦ ʬʨʠʢʮʽʡʥʽ ʢʦʥʪʘʢʪʥʽ ʟʘʜʘʯʽ 

ʧʨʦ ʚʟʘʻʤʦʜʽʶ ʜʚʦʭ ʪʽʣ. ɼʦ ʥʠʭ ʥʘʣʝʞʘʪʴ ʢʦʥʪʘʢʪʥʽ ʟʘʜʘʯʽ ʧʨʦ ʚʟʘʻʤʦʜʽʶ ʜʚʦʭ 

ʢʫʣʴ, ʢʫʣʽ ʽ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʞʦʣʦʙʘ, ʨʦʣʠʢʦʚʦʛʦ ʧʽʜʰʠʧʥʠʢʘ ʽ ʢʨʫʛʦʚʦʛʦ ʞʦʣʫʙʘ, 

ʜʚʦʭ ʮʠʣʽʥʜʨʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘʚʭʨʝʩʪ ʪʦʱʦ. ʎʽ ʢʦʥʪʘʢʪʥʽ ʟʘʜʘʯʽ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ 

ʪʝʨʪʷ ʜʦʙʨʝ ʚʠʚʯʝʥʽ ʚ ʣʽʪʝʨʘʪʫʨʽ, ʦʩʢʽʣʴʢʠ ʜʣʷ ʥʠʭ ʦʪʨʠʤʘʥʽ ʨʦʟʚôʷʟʢʠ ʚ 

ʘʥʘʣʽʪʠʯʥʦʤʫ ʚʠʛʣʷʜʽ. ɿʘʜʘʯʘʤ, ʫ ʷʢʠʭ ʪʽʣʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʰʘʨ, ʧʨʠʩʚʷʯʝʥʦ 

ʟʥʘʯʥʦ ʤʝʥʰʫ ʢʽʣʴʢʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʷʜʨʘ ʚ ʽʥʪʝʛʨʘʣʴʥʠʭ 

ʨʽʚʥʷʥʥʷʭ ʤʘʶʪʴ ʩʢʣʘʜʥʠʡ ʚʠʛʣʷʜ ʽ ʪʦʤʫ ʾʭ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʧʨʦʚʝʜʝʥʦ 

ʯʠʩʣʦʚʠʤʠ ʤʝʪʦʜʘʤʠ ʘʙʦ ʥʘʙʣʠʞʝʥʠʤʠ ʘʥʘʣʽʪʠʯʥʠʤʠ ʧʽʜʭʦʜʘʤʠ. 

ʅʘ ʧʨʘʢʪʠʮʽ ʯʘʩʪʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚʠʧʘʜʢʠ, ʢʦʣʠ ʪʽʣʘ ʧʝʨʝʙʫʚʘʶʪʴ ʥʘ ʤʝʞʽ 

ʛʨʘʥʠʯʥʦʾ ʨʽʚʥʦʚʘʛʠ ʘʙʦ ʨʫʭʘʶʪʴʩʷ ʟʽ ʩʪʘʣʦʶ ʰʚʠʜʢʽʩʪʶ ʚ ʦʢʨʝʩʣʝʥʦʤʫ ʥʘʧʨʷʤʢʫ. 

ɼʣʷ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʪʘʢʠʭ ʟʘʜʘʯ ʟʘʩʪʦʩʦʚʫʶʪʴ ʟʘʢʦʥ ʂʫʣʦʥʘ [4, 150], ʷʢʠʡ ʜʘʻ ʟʤʦʛʫ 

ʩʫʪʪʻʚʦ ʩʧʨʦʩʪʠʪʠ ʧʨʦʮʝʩ ʨʦʟʚôʷʟʫʚʘʥʥʷ. 

ʋ ʨʦʟʜʽʣʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʝʬʝʢʪʠʚʥʠʡ ʧʽʜʭʽʜ ʜʦ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʬʨʠʢʮʽʡʥʠʭ 

ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ ʧʨʦ ʚʟʘʻʤʦʜʽʶ ʜʚʦʭ ʪʽʣ ʪʘ ʚʟʘʻʤʦʜʽʶ ʰʘʨʫ ʟ ʰʪʘʤʧʘʤʠ ʩʢʣʘʜʥʦʾ 

ʬʦʨʤʠ. ʇʽʜʭʽʜ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʯʠʩʣʦʚʦ-ʘʥʘʣʽʪʠʯʥʦʤʫ ʘʣʛʦʨʠʪʤʽ, ʧʦʙʫʜʦʚʘʥʦʤʫ ʥʘ 

ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ-ʥʝʨʽʚʥʦʩʪʝʡ ʉʽʥʴʡʦʨʽʥʽ ʟ ʧʦʜʘʣʴʰʠʤ 

ʟʚʝʜʝʥʥʷʤ ʜʦ ʟʘʜʘʯʽ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ʇʦʢʘʟʘʥʦ, ʱʦ ʨʦʟʨʦʙʣʝʥʠʡ 

ʘʣʛʦʨʠʪʤ, ʻ ʝʬʝʢʪʠʚʥʠʤ ʽ ʜʘʻ ʟʤʦʛʫ ʨʦʟʚôʷʟʫʚʘʪʠ ʬʨʠʢʮʽʡʥʽ ʢʦʥʪʘʢʪʥʽ ʟʘʜʘʯʽ ʧʨʦ 
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ʚʟʘʻʤʦʜʽʶ ʜʚʦʭ ʪʽʣ ʪʘ ʚʟʘʻʤʦʜʽʶ ʰʘʨʫ ʟ ʰʪʘʤʧʘʤʠ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ ʟ 

ʢʦʥʪʨʦʣʴʦʚʘʥʦʶ ʪʦʯʥʽʩʪʶ. 

3.1 ʌʨʠʢʮʽʡʥʘ ʚʟʘʻʤʦʜʽʷ ʧʨʫʞʥʠʭ ʪʽʣ ʟ ʥʝʚʽʜʦʤʠʤʠ ʦʙʣʘʩʪʷʤʠ ʢʦʥʪʘʢʪʫ 

ʋ ʧʘʨʘʛʨʘʬʽ ʨʦʟʛʣʷʥʫʪʦ ʟʘʜʘʯʫ ʧʨʦ ʬʨʠʢʮʽʡʥʫ ʢʦʥʪʘʢʪʥʫ ʚʟʘʻʤʦʜʽʶ ʜʚʦʭ ʪʽʣ. 

ɼʣʷ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯʽ ʚʠʢʦʨʠʩʪʘʥʦ ʘʣʛʦʨʠʪʤ, ʷʢʠʡ ʛʨʫʥʪʫʻʪʴʩʷ ʥʘ ʧʽʜʭʦʜʽ 

ʉʽʥʴʡʦʨʽʥʽ, ʤʝʪʦʜʽ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ-ʥʝʨʽʚʥʦʩʪʝʡ ʪʘ ʟʚʝʜʝʥʥʽ ʜʦ ʟʘʜʘʯʽ 

ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ [55, 56, 141]. 

3.1.1 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʪʘ ʦʩʥʦʚʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

 

ʈʠʩ. 3.1. ʉʭʝʤʘ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʪʽʣ 

ʈʦʟʛʣʷʥʝʤʦ ʟʘʜʘʯʫ ʧʨʦ ʢʦʥʪʘʢʪ ʟ ʪʝʨʪʷʤ ʜʚʦʭ ʧʨʫʞʥʠʭ ʪʽʣ (ʨʠʩ. 3.1). 

ɿʫʧʠʥʠʤʦʩʴ ʥʘ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʪʽʣʘ ʧʝʨʝʙʫʚʘʶʪʴ ʥʘ ʤʝʞʽ ʛʨʘʥʠʯʥʦʾ ʨʽʚʥʦʚʘʛʠ ʯʠ 

ʨʫʭʘʶʪʴʩʷ ʟʽ ʩʪʘʣʦʶ ʰʚʠʜʢʽʩʪʶ ʚʟʜʦʚʞ ʦʩʽ Ox. 

ɺʚʘʞʘʻʤʦ, ʱʦ ʾʭ ʚʟʘʻʤʦʜʽʷ  ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʪʝʨʪʷʤ ʽ ʥʦʨʤʘʣʴʥʽ ʪʘ ʜʦʪʠʯʥʽ 

ʥʘʧʨʫʞʝʥʥʷ ʚ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ ʧʦʚôʷʟʘʥʽ ʟʘʢʦʥʦʤ ʂʫʣʦʥʘ. ʇʦʟʥʘʯʠʤʦ ʤʦʜʫʣʽ 

ʟʩʫʚʫ ʽ ʢʦʝʬʽʮʽʻʥʪʠ ʇʫʘʩʩʦʥʘ ʪʽʣ ʯʝʨʝʟ ,ni iG  ʪʘ ʧʨʠʡʤʝʤʦ, ʱʦ ʾʭ ʬʦʨʤʫ ʚ ʦʙʣʘʩʪʽ 

ʢʦʥʪʘʢʪʫ ʦʧʠʩʫʻ ʨʽʚʥʷʥʥʷ ( , )= iz f x y  1=i  ʚʽʜʧʦʚʽʜʘʻ ʧʝʨʰʦʤʫ ʪʽʣʫ, ʘ 2=i  - 

ʜʨʫʛʦʤʫ, ʚʽʜʧʦʚʽʜʥʦ. ʇʨʠʡʤʝʤʦ, ʱʦ ʚʽʩʴ z ʥʘʧʨʘʚʣʝʥʘ ʚʚʝʨʭ ʜʣʷ ʧʝʨʰʦʛʦ ʪʽʣʘ ʽ 

ʚʥʠʟ - ʜʣʷ ʜʨʫʛʦʛʦ. 

ʇʦʟʥʘʯʠʤʦ ʥʦʨʤʘʣʴʥʽ ʽ ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ʚ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ ʯʝʨʝʟ ,s tz zx ʪʘ 

ʚʚʘʞʘʻʤʦ, ʱʦ 0t =zy . ʊʘʢʽ ʥʘʧʨʫʞʝʥʥʷ ʙʫʜʫʪʴ ʚʠʥʠʢʘʪʠʤʫʪʴ, ʷʢʱʦ ʟʩʫʚʥʘ ʩʠʣʘ 

ʜʽʻ ʚ ʥʘʧʨʷʤʢʫ ʦʩʽ Ox. ɿʛʽʜʥʦ ʟ ʟʘʢʦʥʦʤ ʂʫʣʦʥʘ ʥʘʧʨʫʞʝʥʥʷ ʚ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ 
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ʧʦʚôʷʟʘʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ t = szx zk , ʜʝ kï ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ, ʷʢʠʡ ʥʘʜʘʣʽ 

ʧʨʠʡʤʘʻʤʦ ʩʪʘʣʠʤ. ʇʨʠʡʤʘʻʤʦ, ʱʦ ʦʙʣʘʩʪʴ ʢʦʥʪʘʢʪʫ ʻ ʤʘʣʦʶ ʧʦʨʽʚʥʷʥʦ ʟ 

ʨʦʟʤʽʨʘʤʠ ʪʽʣ, ʫ ʟʚôʷʟʢʫ ʟ ʯʠʤ ʧʝʨʝʤʽʱʝʥʥʷ ʚʽʜ ʜʽʾ ʢʦʥʪʘʢʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʤʦʞʫʪʴ 

ʙʫʪʠ ʚʠʟʥʘʯʝʥʽ ʥʘ ʦʩʥʦʚʽ ʚʽʜʦʤʦʛʦ ʨʦʟʚôʷʟʢʫ ʜʣʷ ʧʽʚʧʨʦʩʪʦʨʫ. 

ʈʦʟʛʣʷʜʘʪʠʤʝʤʦ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʨʦʟʤʽʨʠ ʟʦʥʠ ʢʦʥʪʘʢʪʫ ʤʘʣʽ ʧʨʦʪʠ ʨʦʟʤʽʨʽʚ ʪʽʣ. 

ʊʦʜʽ ʽʥʪʝʛʨʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ s, ʷʢʝ ʩʧʨʘʚʝʜʣʠʚʝ ʚ 

ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ D ʤʘʻ ʚʠʛʣʷʜ [151] 

 ( ) 0( , ) ( , ) ( , )-x -h s x h x h= +ññ
D

K x y d d f x y w, ( , )Íx y D, (3.1) 

ʜʝ D  ï ʦʙʣʘʩʪʴ ʢʦʥʪʘʢʪʫ;  1 2( , ) ( , ) ( , )= +f x y f x y f x y ,  0w  ï ʚʟʘʻʤʥʝ ʟʙʣʠʞʝʥʥʷ 

ʪʽʣ;  ( ),x h ÍD . 

ʊʫʪ ʬʫʥʢʮʽʶ ( , )K x y  ʚʠʟʥʘʯʘʻʤʦ ʯʝʨʝʟ ʚʽʜʧʦʚʽʜʥʽ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʨʦʟʚôʷʟʢʠ: 
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ʊʫʪ ʨʦʟʛʣʷʥʫʪʦ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ʜʽʶʪʴ ʚ ʥʘʧʨʷʤʢʫ ʜʽʾ ʦʩʽ Ox. 

ʗʢʱʦ ʜʣʷ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ ʜʣʷ ʛʣʘʜʢʠʭ ʰʪʘʤʧʽʚ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʥʘʣʽʪʠʯʥʽ ʤʝʪʦʜʠ, ʪʦ ʜʣʷ ʬʨʠʢʮʽʡʥʠʭ ʟʘʜʘʯ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ, ʷʢ 

ʧʨʘʚʠʣʦ, ʥʘʧʝʨʝʜ ʥʝʚʽʜʦʤʽ. ʊʦʤʫ ʾʭ ʨʦʟʚôʷʟʫʶʪʴ ʯʠʩʣʦʚʠʤʠ ʤʝʪʦʜʘʤʠ. 

ɺʠʢʦʨʠʩʪʘʻʤʦ ʧʽʜʭʽʜ, ʷʢʠʡ ʛʨʫʥʪʫʻʪʴʩʷ ʥʘ ʨʽʚʥʦʩʪʷʭ-ʥʝʨʽʚʥʦʩʪʷʭ ʉʽʥʴʡʦʨʽʥʽ 

[55, 56]. ʈʦʟʛʣʷʥʝʤʦ ʦʙʣʘʩʪʴ S, ʷʢʘ ʤʽʩʪʠʪʴ ʦʙʣʘʩʪʴ ʢʦʥʪʘʢʪʫ D. ɼʦʚʠʟʥʘʯʠʤʦ 

ʬʫʥʢʮʽʶ ( , )sx y  ʥʫʣʝʤ ʚ ʧʽʜʦʙʣʘʩʪʽ S ʧʦʟʘ ʦʙʣʘʩʪʶ D. ʊʦʜʽ ʫʤʦʚʠ ʜʣʷ ʢʦʥʪʘʢʪʥʦʾ 

ʟʘʜʘʯʽ ʚ ʦʙʣʘʩʪʽ S ʟʘʧʠʰʝʤʦ ʫ ʚʠʛʣʷʜʽ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ-ʥʝʨ̔ʚʥʦʩʪʝʡ: 

 0( , ) ( , ) ( , ) 0,s x h -x -h x h- - =ñ
S

K x y d d f x y w  ʧʨʠ ( , )Íx y D , (3.3) 

 0( , ) ( , ) ( , ) 0,s x h -x -h x h- - ²ñ
S

K x y d d f x y w  ʧʨʠ ( , ) \Íx y S D. (3.4) 

ʊʦʙʪʦ ʟʘ ʥʝʚʽʜʦʤʦʾ ʥʘʧʝʨʝʜ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ ʽʩʥʫʻ ʽʥʪʝʛʨʘʣʴʥʝ ʨʽʚʥʷʥʥʷ-
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ʥʝʨʽʚʥʽʩʪʴ 

 0( , ) ( , ) ( , ) 0,s x h -x -h x h- - ²ñ
S

K x y d d f x y w  

 0, ( , )s² Íx y S. (3.5) 

ʇʨʠʡʤʝʤʦ, ʱʦ ʬʫʥʢʮʽʷ ( , )sx y ʧʨʠ ( , )Íx y S ʟʘʜʦʚʦʣʴʥʷʻ ʫʤʦʚʘʤ (3.5). 

ɼʦʤʥʦʞʠʤʦ ʣʽʚʫ ʽ ʧʨʘʚʫ ʯʘʩʪʠʥʠ ʧʝʨʰʦʾ ʟ ʥʝʨʽʚʥʦʩʪʝʡ (3.5) ʥʘ ʥʝʚʽʜô̒ ʤʥʫ 

ʚʝʣʠʯʠʥʫ s ʽ  ʧʨʦʽʥʪʝʛʨʫʻʤʦ ʟʘ ʟʤʽʥʥʠʤʠ ( , )x y  ʧʦ ʦʙʣʘʩʪʽ S. ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʦʪʨʠʤʫʻʤʦ 

0( , ) ( , ) ( , ) ( , ) ( , ) ( , )xh= s s x h -x -h - s - s x hññ ñ ñxy

S S S S

J x y K x y dS dS x y f x y dS w dS. (3.6) 

ɿʘ ʧʦʙʫʜʦʚʦʶ ʚʝʣʠʯʠʥʘ J  ʻ ʥʝʚʽʜô̒ ʤʥʦʶ. ʄʦʞʥʘ ʧʦʢʘʟʘʪʠ, ʱʦ ʟʘ ʚʠʢʦʥʘʥʥ ̫

ʫʤʦʚ (3.3), (3.4) (ʪʦʙʪʦ ʫʤʦʚ, ʟ ʷʢʠʭ ʚʠʟʥʘʯʘʶʪʴʩʷ  ʢʦʥʪʘʢʪʥʦʾ ʥʘʧʨʫʞʝʥʥʷ) ʮʷ 

ʚʝʣʠʯʠʥʘ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʨʦʟʚô̫ ʟʢʫ ʢʦʥʪʘʢʪʥʦʾ ʟʘʜʘʯʽ ʚʝʣʠʯʠʥʘ J  

ʜʦʩʷʛʘʻ ʥʫʣʴʦʚʦʛʦ, ʪʦʙʪʦ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ. 

ʆʩʢʽʣʴʢʠ ʢʦʥʪʘʢʪʥʽ ʪʠʩʢʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʽʟ ʫʤʦʚ (3.3), (3.4), ʪʦ ʟʚʽʜʩʠ ʚʠʧʠʚʘʻ, 

ʱʦ ʨʦʟʚôʷʟʦʢ ʢʦʥʪʘʢʪʥʦʾ ʟʘʜʘʯʽ ʤʦʞʥʘ ʟʥʘʡʪʠ ʤʽʥʽʤʽʟʫʶʯʠ ʚʝʣʠʯʠʥʠ (3.6) ʟʘ 

ʚʠʢʦʥʘʥʥʷ ʫʤʦʚ (3.5). ʎʷ ʟʘʜʘʯʘ ʻ ʟʘʜʘʯʝʶ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

ʋ ʧʨʘʮʽ [58] ʧʦʜʽʙʥʫ ʟʘʜʘʯʫ ʧʨʦ ʢʦʥʪʘʢʪ ʪʽʣ ʙʝʟ ʪʝʨʪʷ ʟʚʝʣʠ ʜʦ ʟʘʜʘʯʽ 

ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʘʨʽʘʮʽʡʥʠʡ ʧʨʠʥʮʠʧ. ʋ ʮʴʦʤʫ 

ʜʦʩʣʽʜʞʝʥʥʽ ʮʽʣʴʦʚʦʶ ʻ ʪʘʢʦʞ ʚʝʣʠʯʠʥʘ J  (3.6), ʘ ʽʥʪʝʛʨʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʪʘ ʥʝ-

ʨʽʚʥʦʩʪʽ ʤʘʶʪʴ ʚʠʛʣʷʜ (3.5). 

ɺʽʜʤʽʥʥʦʩʪʽ ʨʦʟʨʦʙʣʝʥʦʛʦ ʚ ʨʦʙʦʪʽ ʧʽʜʭʦʜʫ ʽ ʧʽʜʭʦʜʫ, ʥʘʚʝʜʝʥʦʛʦ ʚ [58]. 

1. ʋ ʧʨʘʮʽ [58] ʜʣʷ ʟʘʜʘʯʽ ʙʝʟ ʪʝʨʪʷ ʢʦʥʪʘʢʪʥʘ ʟʘʜʘʯʘ ʟʚʝʜʝʥʘ ʜʦ ʟʘʜʘʯʽ 

ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʽ ʧʦʢʘʟʘʥʦ, ʱʦ ʮʷ ʟʘʜʘʯʘ ʤʘʻ ʻʜʠʥʠʡ 

ʨʦʟʚô̫ ʟʦʢ. ʋ ʮʽʡ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʦ ʚʘʨʽʘʮʽʡʥʽ ʤʝʪʦʜʠ. 

2. ʋ ʥʘʩ ʨʦʟʛʣʷʥʫʪʘ ʟʘʛʘʣʴʥʽʰʘ ʟʘʜʘʯʘ ï ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʪʝʨʪʷ. ʅʘʤʠ ʜʦʚʝʜʝʥʦ ʱʦ 

ʦʪʨʠʤʘʥʘ ʟʘʜʘʯʘ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʤʘʻ ʨʦʟʚô̫ ʟʦʢ. ʋ ʥʘʩ ʥʝ 

ʜʦʚʝʜʝʥʦ ʻʜʠʥʽʩʪʴ ʨʦʟʚô̫ ʟʢʫ ʟʘʜʘʯʽ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʘʣʝ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʨʦʩʪʠʡ ʤʝʪʦʜ ʧʝʨʝʚʽʨʢʠ ʢʦʨʝʢʪʥʦʩʪʽ ʟʥʘʭʦʜʞʝʥʥʷ ʢʦʥʪʘʢʪʥʠʭ 

ʥʘʧʨʫʞʝʥʴ ʽʟ ʟʘʜʘʯʽ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 
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3.1.2 ɼʠʩʢʨʝʪʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ. ɼʣʷ ʯʠʩʣʦʚʦʛʦ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯʽ 

ʚʠʢʦʨʠʩʪʘʻʤʦ ʧʽʜʭʽʜ, ʷʢʠʡ ʨʦʟʨʦʙʣʝʥʠʡ ʚ ʤʝʪʦʜʽ ʛʨʘʥʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ. ɼʣʷ ʮʴʦʛʦ 

ʧʦʙʫʜʫʻʤʦ ʜʠʩʢʨʝʪʥʽ ʘʥʘʣʦʛʠ ʨʽʚʥʷʥʴ-ʥʝʨʽʚʥʦʩʪʝʡ (3.3), (3.4).  

ʇʦʙʫʜʫʻʤʦ ʩʧʦʯʘʪʢʫ ʢʫʙʘʪʫʨʥʫ ʬʦʨʤʫʣʫ ʜʣʷ ʽʥʪʝʛʨʘʣʘ 

 ( , ) ( , ) ( , ) ,j = s x h -x -h x hñ
S

x y K x y d d    ʧʨʠ   ( , )Íx y S. (3.7) 

ɿʦʙʨʘʟʠʤʦ ʬʫʥʢʮʽʶ ( , )sx y  ʚ ʦʙʣʘʩʪʽ S ʫ ʚʠʛʣʷʜʽ ʽʥʪʝʨʧʦʣʷʮʽʡʥʦʾ ʬʦʨʤʫʣʠ, ʷʢʘ 

ʻ ʢʫʩʢʦʚʦ-ʥʝʧʝʨʝʨʚʥʦʶ ʣʽʥʽʡʥʦʶ ʬʫʥʢʮʽʻʶ ʧʦ ʢʦʞʥʽʡ ʟʽ ʟʤʽʥʥʠʭ [53, 144, 145]: 

 ,

,

( , ) ( ) ( ),s º s - -ä x yn m h n h m

n m

x y S x x S y y  (3.8) 

ʜʝ , ( , ), ( , )s =s Ín m n m n mx y x y S, 

 
1 , ;

( )

0, .

ë
- <î

=ì
î >í

h

x
ʧʨʠ x h

S x h

x h

 

0 0, ,= + = +n x m yx x nh y y mh   0,1,..., , 0,1,...,= =n N m M. 

ɺʚʘʞʘʣʠ, ʱʦ ʦʙʣʘʩʪʴ S ʻ ʧʨʷʤʦʢʫʪʥʠʢʦʤ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ ʥʠʞʥʴʦʾ ʣʽʚʦʾ 

ʚʝʨʰʠʥʠ 0 0( , ),x y ʦʙʣʘʩʪʴ ʧʦʢʨʠʪʘ ʩʽʪʢʦʶ ʟ ʢʨʦʢʘʤʠ , ,x yh h ʽʥʜʝʢʩʠ ,n m  ʚʠʙʠʨʘʣʠ 

ʪʘʢ, ʱʦʙ ʚʽʜʧʦʚʽʜʥʽ ʾʤ ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʦʢ ʥʘʣʝʞʘʪʴ ʦʙʣʘʩʪʽ S. 

ʇʽʜʩʪʘʚʠʚʰʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (3.8) ʫ ʬʦʨʤʫʣʫ (3.7) ʪʘ ʧʦʢʣʘʚʰʠ ,n m= =x x y y , 

ʷʢʽ ʥʘʣʝʞʘʪʴ ʦʙʣʘʩʪʽ S, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʚʝʜʝʥʦʾ ʬʫʥʢʮʽʾ ( , )jx y   ʫ ʚʠʙʨʘʥʠʭ 

ʚʫʟʣʦʚʠʭ ʪʦʯʢʘʭ ʦʪʨʠʤʘʻʤʦ - 

 , , , , ,

,

nm nmj = sä n m n m

n m

A , (3.9) 

ʜʝ  , ( , )nm n mj =jx y , 

 , , . ,nm n- m-=n m n mA c ,   , ( ) ( ) ( , )

- -

= x h -x -h x hñ ñx y

h H

i j h h i j

h H

c S S K x y d d . 

3.1.3 ɺʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʫʙʘʪʫʨʥʦʾ ʬʦʨʤʫʣʠ (3.9). ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʢʦʝʬʽʮʽʻʥʪʠ ,i jc . ʇʽʜʩʪʘʚʣʷʶʯʠ ʫ 
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ʬʦʨʤʫʣʫ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ci,j ʚʠʨʘʟ ʜʣʷ ʬʫʥʢʮʽʾ K, ʷʢʫ ʚʠʟʥʘʯʘʻʤʦ ʟʘ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ (3.2), ʦʪʨʠʤʫʻʤʦ 

 , , , ,=l -bi j i j i jc a b
 

ʜʝ 

 

,
2 2

1
( ) ( )

( ) ( )- -

= x h x h
x- + h-

ñ ñ
yx

x y

x y

hh

i j h h

h h i j

a S S d d
x y

, 

 

, 2 2
( ) ( )

( ) ( )
- -

x-
= x h x h

x- + h-
ñ ñ

yx

x y

x y

hh

i
i j h h

i jh h

x
b S S d d

x y
. 

ʇʽʜʽʥʪʝʛʨʘʣʴʥʽ ʬʫʥʢʮʽʾ ʫ ʮʠʭ ʢʦʝʬʽʮʽʻʥʪʘʭ ʤʘʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʠ 

; ; , 0, 1, 2,...x= h= = ° °i jx y i j , ʱʦ ʫʩʢʣʘʜʥʶʻ ʟʥʘʭʦʜʞʝʥʥʷ ʚʚʝʜʝʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ  

;ij ija b  ʫ ʬʦʨʤʫʣʽ (3.9) ʯʠʩʣʦʚʠʤʠ ʤʝʪʦʜʘʤʠ. ɸʥʘʣʦʛʽʯʥʽ ʽʥʪʝʛʨʘʣʠ ʚʠʥʠʢʘʶʪʴ ʪʝʞ 

ʧʽʜ ʯʘʩ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ ʽʥʰʠʤʠ ʧʽʜʭʦʜʘʤʠ. ʋ ʚʠʧʘʜʢʫ ʨʦʟʙʠʪʪʷ 

ʩʽʪʢʠ ʥʘ ʪʨʠʢʫʪʥʠʢʠ ʫ [58] ʚʽʜʧʦʚʽʜʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʟʥʘʭʦʜʠʣʠ ʚ ʘʥʘʣʽʪʠʯʥʦʤʫ 

ʚʠʛʣʷʜʽ, ʧʨʠ ʮʴʦʤʫ ʥʘ ʢʦʞʥʦʤʫ ʟ ʝʣʝʤʝʥʪʽʚ ʧʨʠʡʤʘʣʠ, ʱʦ ʪʠʩʢ ʩʪʘʣʠʡ (ʪʦʙʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʢʫʩʢʦʚʦ-ʥʝʧʝʨʝʚʥʫ ʽʥʪʝʨʧʦʣʷʮʽʡʥʫ ʬʦʨʤʫʣʫ). ʋ ʨʦʙʦʪʽ [152] ʥʘ 

ʪʨʠʢʫʪʥʽʡ ʩʽʪʮʽ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʣʽʥʽʡʥʦ-ʥʝʧʝʨʝʨʚʥʽ ʽʥʪʝʨʧʦʣʷʮʽʡʥʽ ʬʦʨʤʫʣʠ, ʱʦ 

ʜʘʣʦ ʟʤʦʛʫ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ.  

ɿʥʘʡʜʝʤʦ ʢʦʝʬʽʮʽʻʥʪʠ ʟ ʬʦʨʤʫʣʠ (3.9) ʚ ʘʥʘʣʽʪʠʯʥʦʤʫ ʚʠʛʣʷʜʽ. ɹʫʜʝʤʦ 

ʚʠʭʦʜʠʪʠ ʟ ʪʦʛʦ, ʱʦ ʟʥʘʭʦʜʞʝʥʥʷ ʮʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʚʦʜʠʪʴʩʷ ʜʦ ʦʙʯʠʩʣʝʥʥʷ 

ʽʥʪʝʛʨʘʣʽʚ ʚʠʛʣʷʜʫ 

 , ( ) ( ) ( , )

-

= - -ñ ñ
yx

x y

x y

hh

i j h h i j

h h

d S x S y g x x y y dxdy, 

ʜʝ ; , , 0, 1, 2,...= = = ° °i x j yx ih y jh i j . 

ʎʽ ʢʦʝʬʽʮʽʻʥʪʠ ʰʣʷʭʦʤ ʽʥʪʝʛʨʫʚʘʥʥʷ ʟʘ ʯʘʩʪʠʥʘʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟʥʘʡʜʝʥʽ ʟʘ 

ʬʦʨʤʫʣʘʤʠ  

 ( ), 1, 1 1, 1 1, 1 1, 1+ + - + + - - -= F +F +F +F -x y i j i j i j i j i jh h d  
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ï( ), 1 1, 1, , 1 ,2 4+ + - -F +F +F +F + Fi j i j i j i j i j , 

ʜʝ , ( , )F =Fi j i jx y , ʬʫʥʢʮʽʶ F ʚʠʟʥʘʯʘʻʤʦ ʟ ʨʦʟʚôʷʟʢʫ ʨʽʚʥʷʥʥʷ 

 
4

2 2
( , )

µ F
=

µ µ
g x y

x y
. 

ʇʦʙʫʜʦʚʘʥʽ ʨʦʟʚôʷʟʢʠ ʟʘ ʫʤʦʚʠ, ʱʦ ʽʥʪʝʛʨʫʚʘʥʥʷʤ ʚʜʘʻʪʴʩʷ ʚʠʟʥʘʯʠʪʠ 

ʬʫʥʢʮʽʶ F ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚ ʢʦʤʧʘʢʪʥʦʤʫ ʚʠʛʣʷʜʽ ʟʘʧʠʩʫʚʘʪʠ ʚʠʨʘʟʠ ʜʣʷ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ,i jd . 

ɺʨʘʭʦʚʫʶʯʠ ʟʘʧʨʦʧʦʥʦʚʘʥʝ ʚʠʱʝ ʨʦʟʙʠʪʪʷ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ,i ja  

ʧʦʢʣʘʜʝʤʦ 

 
1

( , )=g x y
r

,    2 2= +r x y .  

ʌʫʥʢʮʽʶ Fʪʦʜʽ ʚʠʟʥʘʯʘʻʤʦ ʟ ʨʽʚʥʷʥʥʷ 

 
4

2 2

1µ F
=

µ µ rx y
. 

ɯʥʪʝʛʨʫʶʯʠ ʡʦʛʦ, ʟʥʘʭʦʜʠʤʦ 

 ( )
3

2 2 2 2 2 21
ln( ) ln( )

2 6
è øF= + + + + + - +
é ùê ú

xy
x y x y y x x y x y . 

ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ,i jb  ʧʦʢʣʘʜʘʻʤʦ 

 
2 2

( , )=
+

x
g x y

x y
. 

ɯʥʪʝʛʨʫʶʯʠ ʜʣʷ ʜʘʥʦʛʦ ʚʠʧʘʜʢʫ ʨʽʚʥʷʥʥʷ 

 
4

2 2 2 2

µ F
=

µ µ +

x

x y x y
. 

ʦʪʨʠʤʫʻʤʦ 

 2 3 2 2 2 21 1
( , ) arctg arctg (3 )ln( )

2 6 12
F = + + - +

y x x
x y x y y y x x y

x y
. 
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3.1.4 ʏʠʩʣʦʚʠʡ ʘʣʛʦʨʠʪʤ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʢʦʥʪʘʢʪʥʦʾ ʟʘʜʘʯʽ. ɺʠʢʦʨʠʩ-

ʪʦʚʫʶʯʠ ʜʠʩʢʨʝʪʥʫ ʬʦʨʤʫʣʫ (3.9), ʟʘʧʠʰʝʤʦ ʩʠʩʪʝʤʫ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ-

ʥʝʨʽʚʥʦʩʪʝʡ (3.3), (3.4) ʫ ʚʠʛʣʷʜʽ ʩʠʩʪʝʤʠ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ-ʥʝʨʽʚʥʦʩʪʝʡ: 

 , , , , , ,

,

ʧʨʠ 0nm nm nms = s >ä n m n m

n m

A F , (3.10) 

 , , , , , ,

,

ʧʨʠ 0,nm nm nms ² s =ä n m n m

n m

A F  (3.11) 

ʜʝ  , ( , ),nm n m=F F x y    0( , ) ( , )= +F x y f x y w  

ʈʽʚʥʷʥʥʷ (3.10) ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ D, ʘ ʥʝʨʽʚʥʦʩʪʽ (3.11) ï 

ʚʠʢʦʥʫʶʪʴʩʷ ʚ ʦʙʣʘʩʪʽ \S D. ʇʨʠ ʮʴʦʤʫ ʟʥʘʯʝʥʥʷ ,sn m ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʜʘʪʥʠʤʠ ʚ 

ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ ʘʙʦ ʨʽʚʥʠʤʠ ʥʫʣʶ ʧʦʟʘ ʥʝʶ. ɿ ʨʽʚʥʷʥʴ-ʥʝʨʽʚʥʦʩʪʝʡ (3.10), (3.11), 

ʷʢ ʽ ʚʠʱʝ, ʦʪʨʠʤʫʻʤʦ ʫʤʦʚʠ 

 , , , , ,

,

,nm nms ²ä n m n m

n m

A F   

 , 0nms ², (3.12) 

ʧʨʠʯʦʤʫ ,n m ʚʠʙʠʨʘʻʤʦ ʪʘʢ, ʱʦʙʠ ʚʽʜʧʦʚʽʜʥʽ ʾʤ ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʦʢ ʥʘʣʝʞʘʣʠ 

ʦʙʣʘʩʪʽ S. 

ʂʦʞʥʘ ʟ ʧʝʨʰʠʭ ʫʤʦʚ (3.12) ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʫʩʽʡ ʦʙʣʘʩʪʽ S. ɼʦʤʥʦʞʠʤʦ ʾʾ ʥʘ 

ʥʝʚʽʜô̒ ʤʥʽ ,nms  ʽ ʜʦʜʘʤʦ ʾʭ ʟʘ ʚʩʽʤʘ ʟʥʘʯʝʥʥʷʤʠ ,n m, ʟʘ ʷʢʠʭ ( , )n mÍx y S. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʫʻʤʦ  

 , , , , , , ,

, , ,

nm nm nm nm

nm

= s s - sää än m n m

n m n m

J A F . (3.13) 

ʇʦʙʫʜʦʚʘʥʘ ʬʦʨʤʫʣʘ (3.13) ʻ ʜʠʩʢʨʝʪʥʠʤ ʘʥʘʣʦʛʦʤ (3.6). ɿʘʟʥʘʯʠʤʦ, ʱʦ ʟʘ 

ʪʘʢʦʛʦ ʩʧʦʩʦʙʫ ʧʦʙʫʜʦʚʠ ʬʦʨʤʫʣʠ (3.13) ʚʜʘʣʦʩʷ ʫʥʠʢʥʫʪʠ ʧʦʙʫʜʦʚʠ ʢʫʙʘʪʫʨʥʠʭ 

ʬʦʨʤʫʣ ʜʣʷ ʧʦʜʚʽʡʥʠʭ ʜʚʦʚʠʤʽʨʥʠʭ ʽʥʪʝʛʨʘʣʽʚ, ʷʢʽ ʚʭʦʜʷʪʴ ʫ ʬʦʨʤʫʣʫ (3.6).  

ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʫʤʦʚ (3.12) ʤʘʻʤʦ 0²J , ʪʦʙʪʦ J ʻ ʥʝʚʽʜô̒ ʤʥʦʶ ʚʝʣʠʯʠʥʦʶ. 

ʇʦʢʘʞʝʤʦ, ʱʦ ʧʨʠ ʜʦʜʘʪʢʦʚʦʤʫ ʟʘʜʦʚʦʣʝʥʥʽ ʫʤʦʚ (3.10), (3.11) ʚʝʣʠʯʠʥʘ J  ʩʪʘʻ 

ʨʽʚʥʦʶ ʥʫʣʶ, ʪʦʙʪʦ ʜʦʩʷʛʘʻ ʩʚʦʛʦ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ. ɼʦʚʝʜʝʤʦ ʮʝ 
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ʪʚʝʨʜʞʝʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʟʘʧʠʰʝʤʦ: 

 , , , , , , , ,

, , ,

n m n n m n m n m

n m nm

è ø
= s - s = sé ù

é ùê ú
ä ä än m n m m

n m

J A F C , 

ʜʝ   , , , , , ,

,

n m nm n= s -ä n m n m m

n m

C A F . 

ʆʪʞʝ, ʟʘ ʚʠʢʦʥʘʥʥʷ ʫʤʦʚʠ (3.10) (, 0nm=C ) ʤʘʻʤʦ 0=J . ɸʥʘʣʦʛʽʯʥʦ ʧʨʠ 

ʚʠʢʦʥʘʥʥʽ ʫʤʦʚʠ (3.11) (, 0nms =) ʪʘʢʦʞ 0=J .  

ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʩʬʦʨʤʫʣʶʻʤʦ ʪʘʢʫ ʟʘʜʘʯʫ: ʟʥʘʡʪʠ ʪʘʢʽ ʚʝʣʠʯʠʥʠ ,sn m, ʘʙʠ 

ʚʦʥʠ ʟʘʜʦʚʦʣʴʥʷʣʠ ʫʤʦʚʠ (3.12) ʪʘ ʤʽʥʽʤʽʟʫʚʘʣʠ ʚʝʣʠʯʠʥʫ (3.13). ɸ ʮʝ ʻ ʢʣʘʩʠʯʥʘ 

ʟʘʜʘʯʘ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ɿʘʟʥʘʯʠʤʦ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ 

ʟʚʝʜʝʥʥʷ ʢʦʥʪʘʢʪʥʦʾ ʟʘʜʘʯʽ ʜʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʘʣʠ ʨʘʥʽʰʝ 

ʚ [154], ʨʦʟʛʣʷʜʘʶʯʠ ʧʣʦʩʢʫ ʟʘʜʘʯʫ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ.  

3.1.5 ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ. 

3.1.5.1 ʂʦʥʪʘʢʪʥʘ ʟʘʜʘʯʘ ʜʣʷ ʪʽʣ ʟ ʧʘʨʘʙʦʣʽʯʥʦʶ ʬʦʨʤʦʶ ʧʦʚʝʨʭʦʥʴ. ɿ 

ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʨʦʟʛʣʷʥʝʤʦ ʬʨʠʢʮʽʡʥʽ ʢʦʥʪʘʢʪʥʽ ʟʘʜʘʯʽ ʧʨʦ 

ʚʟʘʻʤʦʜʽʶ ʜʚʦʭ ʪʽʣ, ʛʝʦʤʝʪʨʽʶ ʦʙʣʘʩʪʝʡ ʢʦʥʪʘʢʪʫ ʜʣʷ ʷʢʠʭ ʦʧʠʩʫʻ ʬʫʥʢʮʽʻʶ 

ʚʠʛʣʷʜʫ 
2 2( , )= +F x y Ax By. ɼʦ ʥʠʭ ʥʘʣʝʞʘʪʴ ʢʦʥʪʘʢʪʥʽ ʟʘʜʘʯʽ ʧʨʦ ʚʟʘʻʤʦʜʽʶ ʜʚʦʭ 

ʢʫʣʴ, ʢʫʣʽ ʽ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʞʦʣʦʙʘ, ʨʦʣʠʢʦʚʦʛʦ ʧʽʜʰʠʧʥʠʢʘ ʽ ʢʨʫʛʦʚʦʛʦ ʞʦʣʫʙʘ, 

ʜʚʦʭ ʮʠʣʽʥʜʨʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘʚʭʨʝʩʪ ʪʦʱʦ [155]. ʎʽ ʢʦʥʪʘʢʪʥʽ ʟʘʜʘʯʽ ʟʘ 

ʚʽʜʩʫʪʥʦʩʪʽ ʪʝʨʪʷ ʜʦʙʨʝ ʚʠʚʯʝʥʽ ʚ ʣʽʪʝʨʘʪʫʨʽ, ʦʩʢʽʣʴʢʠ ʜʣʷ ʥʠʭ ʦʪʨʠʤʘʥʽ ʨʦʟʚôʷʟʢʠ 

ʚ ʘʥʘʣʽʪʠʯʥʦʤʫ ʚʠʛʣʷʜʽ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʢʦʥʪʘʢʪʥʦʾ ʟʘʜʘʯʽ ʧʨʦʚʝʜʝʤʦ ʜʣʷ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʢʦʝʬʽʮʽʻʥʪʠ 

ʇʫʘʩʩʦʥʘ ʪʽʣ ʻ ʦʜʥʘʢʦʚʠʤʠ, ʪʦʙʪʦ 1 2n =n =n. ʂʦʝʬʽʮʽʻʥʪ b ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʙʫʜʝ 

1 2

2(1 )

- n
b=l

-n
k . ɺʚʝʜʝʤʦ ʚ ʨʦʟʛʣʷʜ ʙʝʟʨʦʟʤʽʨʥʫ ʚʝʣʠʯʠʥʫ (ʚʽʜʥʦʩʥʠʡ ʪʠʩʢ) 

=sÖlp . ɿ ʬʦʨʤʫʣ (3.1), (3.2) ʪʦʜʽ ʚʠʧʣʠʚʘʻ, ʱʦ ʷʜʨʦ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʜʣʷ 

ʟʥʘʭʦʜʞʝʥʥʷ ʚʽʜʥʦʩʥʦʛʦ ʪʠʩʢʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʽʣʴʢʠ ʯʝʨʝʟ ʜʚʘ ʧʘʨʘʤʝʪʨʠ 

ʢʦʝʬʽʮʽʻʥʪʠ ʇʫʘʩʩʦʥʘ n ʽ ʪʝʨʪʷ k. ʂʨʽʤ ʮʴʦʛʦ ʧʨʠ ʟʘʜʘʥʽʡ ʛʝʦʤʝʪʨʽʾ ʪʽʣ ʨʦʟʚôʷʟʦʢ 
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ʱʝ ʟʘʣʝʞʠʪʴ ʽ ʚʽʜ ʚʝʣʠʯʠʥʠ 0w  (ʚʟʘʻʤʥʦʛʦ ʟʙʣʠʞʝʥʥʷ ʪʽʣ).  

ʈʦʟʨʘʭʫʥʢʠ ʧʨʦʚʝʜʝʥʦ ʟʘ ʨʽʟʥʠʭ A ʽ B, ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʚʟʘʻʤʥʦʛʦ ʟʙʣʠʞʝʥʥʷ 

( 0w ), ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʨʪʷ (k) ʪʘ ʇʫʘʩʩʦʥʘ (n). ʇʨʠ ʚʠʙʦʨʽ ʦʙʣʘʩʪʽ 

S ʫ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʘʥʘʣʽʪʠʯʥʽ ʨʦʟʚô̫ ʟʢʠ ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ 

ʜʣʷ ʛʣʘʜʢʠʭ ʰʪʘʤʧʽʚ, ʚ ʷʢʠʭ ʚʠʟʥʘʯʝʥʽ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ [2, 4, 155]. ɼʘʣʽ ʮʽ ʦʙʣʘʩʪʽ 

ʫʪʦʯʥʶʚʘʣʠ ʟʘ ʚʨʘʭʫʚʘʥʥʷ ʪʝʨʪʷ. 

ʇʨʠ ʨʦʟʚôʷʟʫʚʘʥʥʽ ʟʘʜʘʯʽ ʚʨʘʭʦʚʘʥʦ, ʱʦ ʢʦʥʪʘʢʪʥʽ ʪʠʩʢʠ ʻ ʩʠʤʝʪʨʠʯʥʠʤʠ 

ʚʽʜʥʦʩʥʦ ʦʩʽ Ox. ʋʨʘʭʫʚʘʥʥʷ ʩʠʤʝʪʨʽʾ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʥʝʚʽʜʦʤʠʭ ʫ 

ʩʠʩʪʝʤʽ ʨʽʚʥʷʥʴ-ʥʝʨʽʚʥʦʩʪʝʡ. 

ʉʧʦʯʘʪʢʫ ʟʘ ʦʙʣʘʩʪʴ S ʧʨʠʡʤʘʣʠ ʧʨʷʤʦʢʫʪʥʠʢ, ʷʢʠʡ ʟʘʚʽʜʦʤʦ ʚʤʽʱʫʻ ʦʙʣʘʩʪʴ 

ʢʦʥʪʘʢʪʫ. ʇʦʢʨʠʚʘʣʠ ʡʦʛʦ ʧʨʷʤʦʢʫʪʥʦʶ ʩʽʪʢʦʶ ʟ N  ʢʨʦʢʽʚ ʜʦʚʞʠʥʦʶ xh  ʧʦ 

ʛʦʨʠʟʦʥʪʘʣʽ ʪʘ M  ʢʨʦʢʽʚ ʜʦʚʞʠʥʦʶ yh  ʧʦ ʚʝʨʪʠʢʘʣʽ. ʇʨʠ ʮʴʦʤʫ ʬʽʢʩʫʚʘʣʠ 

ʟʥʘʯʝʥʥʷ N , M. ɺ ʨʝʟʫʣʴʪʘʪʽ ʯʠʩʣʦʚʦʛʦ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯʽ ʢʚʘʜʨʘʪʠʯʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʦʪʨʠʤʫʚʘʣʠ ʢʦʥʪʘʢʪʥʽ ʥʘʧʨʫʞʝʥʥʷ ʫ ʚʠʙʨʘʥʠʭ ʚʫʟʣʦʚʠʭ ʪʦʯʢʘʭ. 

ɼʘʣʽ ʨʦʟʛʣʷʜʘʣʠ ʜʚʘ ʚʠʧʘʜʢʠ. ʇʝʨʰʠʡ, ʢʦʣʠ ʟʥʘʡʜʝʥʽ ʪʠʩʢʠ ʙʽʣʷ ʤʝʞʽ ʦʙʣʘʩʪʽ S ʻ 

ʥʝ  ʥʫʣʴʦʚʠʤʠ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʚʠʙʨʘʥʘ ʦʙʣʘʩʪʴ ʢʦʥʪʘʢʪʫ S ʟʘʤʘʣʠʭ ʨʦʟʤʽʨʽʚ. 

ʊʦʤʫ ʜʘʣʽ ʟʙʽʣʴʰʫʚʘʣʠ ʢʨʦʢʠ xh , yh , ʨʦʟʚôʷʟʫʚʘʣʠ ʟʘʜʘʯʫ ʢʚʘʜʨʘʪʠʯʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʚʠʟʥʘʯʘʣʠ ʢʦʥʪʘʢʪʥʽ ʪʠʩʢʠ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʙʽʣʷ ʤʝʞ ʦʙʣʘʩʪʽ S ʥʝ 

ʟôʷʚʣʷʪʴʩʷ ʦʙʣʘʩʪʽ ʽʟ ʥʫʣʴʦʚʠʤʠ ʪʠʩʢʘʤʠ. ʋ ʜʨʫʛʦʤʫ  ʨʦʟʛʣʷʜʘʣʠ ʩʠʪʫʘʮʽʶ, ʢʦʣʠ 

ʟʥʘʡʜʝʥʽ ʢʦʥʪʘʢʪʥʽ ʪʠʩʢʠ ʻ ʥʫʣʴʦʚʠʤʠ ʫ ʚʝʣʠʢʽʡ ʦʙʣʘʩʪʽ ʙʽʣʷ ʤʝʞʽ ʧʨʷʤʦʢʫʪʥʠʢʘ, 

ʪʦʙʪʦ ʨʦʟʤʽʨʠ ʦʙʣʘʩʪʽ ʚʠʙʨʘʥʽ ʟʘʚʝʣʠʢʠʤʠ. ʊʦʜʽ ʟʤʝʥʰʫʚʘʣʠ ʨʦʟʤʽʨʠ ʦʙʣʘʩʪʽ S 

ʰʣʷʭʦʤ ʚʠʣʫʯʝʥʥʷ ʧʨʠʣʝʛʣʠʭ ʜʦ ʾʾ ʤʝʞ ʦʙʣʘʩʪʝʡ ʟ ʥʫʣʴʦʚʠʤʠ ʪʠʩʢʘʤʠ. ʆʩʢʽʣʴʢʠ 

ʧʨʠ ʮʴʦʤʫ ʟʤʝʥʰʫʚʘʣʠʩʴ ʨʦʟʤʽʨʠ ʢʨʦʢʽʚ, ʪʦ ʪʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ ʧʽʜʚʠʱʫʚʘʣʘʩʴ. 

ʆʙʯʠʩʣʶʚʘʣʠ ʧʨʠ 900³ =N M , ʪʦʙʪʦ ʢʦʣʠ ʩʫʤʘʨʥʘ ʢʽʣʴʢʽʩʪʴ ʚʫʟʣʦʚʠʭ ʪʦʯʦʢ 

ʜʦʨʽʚʥʶʚʘʣʘ 900. ʇʽʜ ʯʘʩ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯʽ ʚʚʘʞʘʣʠ, ʱʦ ʢʦʥʪʘʢʪʥʽ ʪʠʩʢʠ ʻ 

ʩʠʤʝʪʨʠʯʥʠʤʠ ʚʽʜʥʦʩʥʦ ʦʩʽ Ox, ʪʦʙʪʦ ʚʨʘʭʦʚʫʚʘʣʠ, ʱʦ ( , ) ( , )s =s -z zx y x y. ʎʝ 

ʜʘʚʘʣʦ ʟʤʦʛʫ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʥʝʚʽʜʦʤʠʭ ʫ ʩʠʩʪʝʤʽ ʨʽʚʥʷʥʴ-ʥʝʨʽʚʥʦʩʪʝʡ. 

ɼʦʧʦʤʽʞʥʫ ʦʙʣʘʩʪʴ S ʚʠʙʠʨʘʣʠ ʫ ʚʠʛʣʷʜʽ ʧʨʷʤʦʢʫʪʥʠʢʘ, ʷʢʠʡ ʟʘʡʤʘʚ ʦʙʣʘʩʪʴ 
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- < <c x c - < <d y d, ʜʝ 15= Öxc h , 10= Öyd h . 

ʆʙʯʠʩʣʝʥʥʷ ʚʠʢʦʥʘʥʦ ʧʨʠ 10.1ʩʤ-=B , 0.1=A B. ɼʣʷ ʮʴʦʛʦ ʚʠʧʘʜʢʫ ʦʙʣʘʩʪʴ 

D  ʧʦʢʨʠʚʘʣʠ ʩʽʪʢʦʶ ʟ ʢʨʦʢʘʤʠ 0.09ʩʤ=xh , 0.09ʩʤ=yh .  

ɿ ʤʝʪʦʶ ʪʝʩʪʫʚʘʥʥʷ ʚʠʢʦʥʘʥʦ ʨʦʟʨʘʭʫʥʢʠ ʤʘʢʩʠʤʘʣʴʥʠʭ ʚʽʜʥʦʩʥʠʭ ʪʠʩʢʽʚ ʧʨʠ 

ʚʽʜʩʫʪʥʦʩʪʽ ʪʝʨʪʷ (0=k ). ʇʨʠ ʟʥʘʯʝʥʥʷʭ ʚʝʣʠʯʠʥʠ 0 0.02ʩʤ=-w  ʨʦʟʨʘʭʦʚʘʥʠʡ 

ʤʘʢʩʠʤʘʣʴʥʠʡ ʪʠʩʢ, ʷʢʠʡ ʜʦʩʷʛʘʻʪʴʩʷ ʚ ʮʝʥʪʨʽ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ, ʚʠʟʥʘʯʝʥʠʡ ʟʘ 

ʨʦʟʨʦʙʣʝʥʠʤ ʘʣʛʦʨʠʪʤʦʤ 
3

max 8.6985 10-Ö=p  (ʙʝʟ ʪʝʨʪʷ) ʜʦʙʨʝ ʫʟʛʦʜʞʫʻʪʴʩʷ ʽʟ 

ʟʥʘʯʝʥʥʷʤ ʪʠʩʢʫ 
3*

max 8.7005 10-Ö=p , ʷʢʝ ʟʥʘʭʦʜʠʣʠ ʟʘ ʪʦʯʥʦʶ ʬʦʨʤʫʣʦʶ [155]. 

ɸʥʘʣʦʛʽʯʥʦ ʧʨʠ 0 0.025ʩʤ=-w  ʦʪʨʠʤʘʥʦ 
3

max 9.7464 10-Ö=p  ʽ 
3*

max 9.732 10-Ö=p .  

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʚʽʜʥʦʩʥʠʭ ʢʦʥʪʘʢʪʥʠʭ ʪʠʩʢʽʚ p  ʟʘ ʚʨʘʭʫʚʘʥʥʷ ʪʝʨʪʷ 

( 0.3=k ), ʢʦʝʬʽʮʽʻʥʪʽ ʇʫʘʩʩʦʥʘ 0.3n=  ʪʘ ʧʨʠ ʟʥʘʯʝʥʥʷʭ ʚʝʣʠʯʠʥʠ 

0 0.03; 0.025; 0.02ʩʤ=- - -w  ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.2 ʘ) ʢʨʠʚʠʤʠ 1-3. 

ʅʘ ʨʠʩ. 3.2 ʙ) ʥʘʚʝʜʝʥʦ ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʠʭ ʢʦʥʪʘʢʪʥʠʭ ʪʠʩʢʽʚ p  ʧʨʠ 

0 0.02ʩʤ=-w  ʪʘ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ 0.6; 0.4; 0.2=k  (ʢʨʠʚʽ 1-3), 

ʚʽʜʧʦʚʽʜʥʦ. 

   

 ʘ) ʙ) 

ʈʠʩ. 3.2. ɺʽʜʥʦʩʥʠʡ ʢʦʥʪʘʢʪʥʠʡ ʪʠʩʢ ʟʘ ʫʤʦʚʠ 
10.1 -=B ʩʤ, 0.1=A B 

(ʘ: 1ï3 ï 0 0.03; 0.025; 0.02ʩʤ=- - -w .; ʙ: 1ï3 ï 0.6; 0.4; 0.2=k ; 0 0.02ʩʤ=-w ) 

ɸʥʘʣʦʛʽʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʠ 
10.1 -=B ʩʤ ʽ 0.2=A B ʥʘʚʝʜʝʥʦ ʥʘ 
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ʨʠʩ. 3.3 ʘ) ʽ 3.3 ʙ). ʄʘʢʩʠʤʘʣʴʥʠʡ ʪʠʩʢ ʫ ʮʝʥʪʨʽ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ ʧʨʠ 

0 0.02ʩʤ=-w , ʚʠʟʥʘʯʝʥʠʡ ʟʘ ʨʦʟʨʦʙʣʝʥʠʤ ʘʣʛʦʨʠʪʤʦʤ 3
max 9.4088 10-Ö=p  ʪʘ 

ʪʦʯʥʝ ʟʥʘʯʝʥʥʷ - * 3
max 9.4336 10  -Ö=p  ʫʟʛʦʜʞʫʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ.  

    

 ʘ) ʙ) 

ʈʠʩ. 3.3. ɺʽʜʥʦʩʥʠʡ ʢʦʥʪʘʢʪʥʠʡ ʪʠʩʢ ʟʘ ʫʤʦʚʠ 
10.1 -=B ʩʤ ʽ 0.2=A B 

(ʘ: 1ï3 ï 0 0.02; 0.025; 0.03ʩʤ=- - -w ; ʙ: 1ï3 ï 0.6; 0.4; 0.2=k ; 0 0.02ʩʤ=-w . 

ʈʦʟʛʣʷʥʫʪʦ ʪʘʢʦʞ ʚʠʧʘʜʦʢ ʢʦʣʠ 
10.1ʩʤ-=B  ʽ 0.5=A B, 0.065ʩʤ=xh , 

0.065ʩʤ=yh . ʄʘʢʩʠʤʘʣʴʥʠʡ ʪʠʩʢ ʫ ʮʝʥʪʨʽ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ ʧʨʠ 0 0.02ʩʤ=-w , 

ʚʠʟʥʘʯʝʥʠʡ ʟʘ ʨʦʟʨʦʙʣʝʥʠʤ ʘʣʛʦʨʠʪʤʦʤ x
2

ma 1.0856 10  -Ö=p , ʪʘ ʪʦʯʥʝ ʟʥʘʯʝʥʥʷ - 

* 2
max 1.0997 10  -Ö=p  ʫʟʛʦʜʞʫʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ. ʂʦʥʪʘʢʪʥʽ ʪʠʩʢʠ ʟʘʣʝʞʥʦ ʚʽʜ 

ʚʝʣʠʯʠʥʠ 0w   ʥʘʚʝʜʝʥʽ ʢʨʠʚʠʤʠ 1-3 ʫ ʪʘʢʦʤʫ ʞ ʧʦʨʷʜʢʫ ʥʘ ʨʠʩ. 3.4 ʘ).  

ʅʘ ʨʠʩ. 3.4 ʙ) ʥʘʚʝʜʝʥʦ ʚʽʜʥʦʩʥʽ ʢʦʥʪʘʢʪʥʽ ʪʠʩʢʠ ʚʟʜʦʚʞ ʜʦʜʘʪʥʴʦʾ ʦʩʽ Oy. 

ɸʥʘʣʦʛʽʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʠ ʚʢʘʟʘʥʠʭ ʚʠʱʝ ʢʦʝʬʽʮʽʻʥʪʘʭ ʪʝʨʪʷ 

ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 3.4 ʚ). ʅʘ ʨʠʩ. 3.4 ʛ) ʥʘʚʝʜʝʥʦ ʢʦʥʪʘʢʪʥʽ ʪʠʩʢʠ ʧʨʠ ʨʽʟʥʠʭ 

ʟʥʘʯʝʥʥʷʭ ʢʦʝʬʽʮʽʻʥʪʘ ʇʫʘʩʩʦʥʘ (0.1; 0.3; 0.5n= ). ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ, 

ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 3.4 ʚ) ʽ ʨʠʩ. 3.4 ʛ) ʦʪʨʠʤʘʥʽ ʧʨʠ 0 0.02ʩʤ=-w ). 
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 ʘ) ʙ) 

    

 ʚ) ʛ) 

ʈʠʩ. 3.4. ɺʽʜʥʦʩʥʠʡ ʢʦʥʪʘʢʪʥʠʡ ʪʠʩʢ ʟʘ ʫʤʦʚʠ 
10.1ʩʤ-=B  ʽ 0.5=A B 

(ʘ: 1ï3 ï 0 0.02; 0.025; 0.03ʩʤ=- - -w ; ʙ: 1ï3 ï 0.6; 0.4; 0.2=k ; 0 0.02ʩʤ=-w  

ʚ: 1ï3 ï 0.2; 0.4; 0.6=k ; ʛ: 1ï3 ï 0.1; 0.3; 0.5n= ; 0 0.02ʩʤ=-w ) 

ɿʤʽʥʫ ʚʽʜʥʦʩʥʠʭ ʢʦʥʪʘʢʪʥʠʭ ʪʠʩʢʽʚ ʚʟʜʦʚʞ ʢʦʦʨʜʠʥʘʪʥʦʾ ʦʩʽ Ox ʟʘ ʨʽʟʥʠʭ 

ʟʥʘʯʝʥʴ ʚʝʣʠʯʠʥʠ 0w  ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ 
10.1ʩʤ-=B  ʽ 0.8=A B ʥʘʚʝʜʝʥʦ ʥʘ 

ʨʠʩ. 3.5 ʘ). ʆʙʯʠʩʣʝʥʥʷ ʧʨʦʚʝʜʝʥʦ ʧʨʠ  0.03ʩʤ=xh , 0.03ʩʤ=yh . ɺʠʟʥʘʯʝʥʦ 

ʪʘʢʦʞ x
2

ma 1.2173 10  -Ö=p ʽ 
2*

max 1.2189 10-Ö=p  ʧʨʠ 0 0.02ʩʤ=-w , ʷʢʽ ʫʟʛʦʜʞʫʶʪʴʩʷ 

ʤʽʞ ʩʦʙʦʶ. ʅʘ ʨʠʩ. 3.5 ʙ) ʥʘʚʝʜʝʥʦ ʚʽʜʥʦʩʥʽ ʢʦʥʪʘʢʪʥʽ ʪʠʩʢʠ ʚʟʜʦʚʞ ʜʦʜʘʪʥʴʦʾ ʦʩʽ 

Oy. ɸʥʘʣʦʛʽʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʠ ʚʢʘʟʘʥʠʭ ʚʠʱʝ ʢʦʝʬʽʮʽʻʥʪʘʭ ʪʝʨʪʷ 

ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 3.5 ʚ). ʅʘ ʨʠʩ. 3.5 ʛ) ʥʘʚʝʜʝʥʦ ʢʦʥʪʘʢʪʥʽ ʪʠʩʢʠ ʧʨʠ ʨʽʟʥʠʭ 

ʟʥʘʯʝʥʥʷʭ ʢʦʝʬʽʮʽʻʥʪʘ ʇʫʘʩʩʦʥʘ (0.1; 0.3; 0.5n= ). ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ, 

ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 3.5 ʚ) ʽ ʨʠʩ. 3.5 ʛ) ʦʪʨʠʤʘʥʽ ʧʨʠ 0 0.02ʩʤ=-w .  
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 ʘ) ʙ) 

    

 ʚ) ʛ) 

ʈʠʩ. 3.5. ɺʽʜʥʦʩʥʠʡ ʢʦʥʪʘʢʪʥʠʡ ʪʠʩʢ ʟʘ ʫʤʦʚʠ 
10.1ʩʤ-=B , 0.8=A B 

(ʘ: 1ï3 ï 0 0.03; 0.025; 0.02ʩʤ=- - -w ; ʙ ï ʫʟʜʦʚʞ ʜʦʜʘʪʥʦʾ ʦʩʽ Oy;  

ʚ: 1ï3 ï 0.2; 0.4; 0.6=k ; ʛ: 1ï3 ï 0.1; 0.3; 0.5n= ; 0 0.02ʩʤ=-w ) 

ʅʘ ʨʠʩ. 3.6 ʘ) ʥʘʚʝʜʝʥʦ ʟʤʽʥʫ ʚʽʜʥʦʩʥʠʭ ʢʦʥʪʘʢʪʥʠʭ ʪʠʩʢʽʚ ʚʟʜʦʚʞ ʦʩʽ Ox ʟʘ 

ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʟʥʘʯʝʥʥʷʭ ʚʝʣʠʯʠʥʠ 0w  ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ 
10.8ʩʤ-=B  ʽ 0.1=A B. 

ʅʘ ʨʠʩ. 3.6 ʙ) ʥʘʚʝʜʝʥʦ ʚʽʜʥʦʩʥʽ ʢʦʥʪʘʢʪʥʽ ʪʠʩʢʠ ʚʟʜʦʚʞ ʦʩʽ Ox, ʦʙʯʠʩʣʝʥʽ ʧʨʠ 

0 0.02ʩʤ=-w  ʪʘ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʟʥʘʯʝʥʥʷʭ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ 0.6; 0.4; 0.2=k  

(ʢʨʠʚʽ 1-3), ʚʽʜʧʦʚʽʜʥʦ. 
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 ʘ) ʙ) 

ʈʠʩ. 3.6. ɺʽʜʥʦʩʥʠʡ ʢʦʥʪʘʢʪʥʠʡ ʪʠʩʢ ʟʘ ʫʤʦʚʠ  
10.8ʩʤ-=B  ʽ 0.1=A B 

(ʘ: 1ï3 ï 0 0.02; 0.025; 0.03ʩʤ=- - -w ; ʙ: 1ï3 ï 0.6; 0.4; 0.2=k ; 0 0.02ʩʤ=-w ) 

ɿʤʽʥʫ ʚʽʜʥʦʩʥʠʭ ʢʦʥʪʘʢʪʥʠʭ ʪʠʩʢʽʚ ʚʟʜʦʚʞ ʦʩʽ Ox ʟʘ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʚʝʣʠʯʠʥʠ 

0w  ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ 
10.1ʩʤ-=B  ʽ 0.9=A B ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.7 ʘ). ʆʙʯʠʩʣʝʥʥʷ 

ʧʨʦʚʝʜʝʥʦ ʧʨʠ  0.045ʩʤ=xh , 0.045ʩʤ=yh . ɺʠʟʥʘʯʝʥʦ ʪʘʢʦʞ x
2

ma 1.2513 10  -Ö=p ʽ 

* 2
max 1.2432 10  -Ö=p  ʧʨʠ 0 0.02ʩʤ=-w , ʷʢʽ ʫʟʛʦʜʞʫʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ. ʅʘ ʨʠʩ. 3.7 ʙ) 

ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʠ ʚʢʘʟʘʥʠʭ ʚʠʱʝ ʢʦʝʬʽʮʽʻʥʪʘʭ ʪʝʨʪʷ. 

    

 ʘ) ʙ) 

ʈʠʩ. 3.7. ɺʽʜʥʦʩʥʠʡ ʢʦʥʪʘʢʪʥʠʡ ʪʠʩʢ ʟʘ ʫʤʦʚʠ  
10.1ʩʤ-=B  ʽ 0.9=A B 

(ʘ: 1ï3 ï 0 0.02; 0.025; 0.03ʩʤ=- - -w ; ʙ: 1ï3 ï 0.6; 0.4; 0.2=k ; 0 0.02ʩʤ=-w ) 
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ʈʦʟʛʣʷʥʫʪʦ ʚʠʧʘʜʦʢ, ʢʦʣʠ 10.1ʩʤ-= =A B . ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʚʽʜʥʦʩʥʠʭ 

ʢʦʥʪʘʢʪʥʠʭ ʪʠʩʢʽʚ ʧʨʠ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʟʥʘʯʝʥʥʷʭ ʚʝʣʠʯʠʥʠ 0w  ʥʘʚʝʜʝʥʽ ʥʘ 

ʨʠʩ. 3.8 ʘ), ʘ ʥʘ ʨʠʩ. 3.8 ʙ) - ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʠ 0 0.02ʩʤ=-w  ʪʘ ʚʢʘʟʘʥʠʭ 

ʚʠʱʝ ʢʦʝʬʽʮʽʻʥʪʘʭ ʪʝʨʪʷ. ɸʥʘʣʦʛʽʯʥʦ, ʷʢ ʽ ʚʠʱʝ ʚʠʟʥʘʯʝʥʦ x
2

ma 1.2859 10  -Ö=p  ʽ 

2*
max 1.2821 10-Ö=p . 

   

 ʘ) ʙ) 

ʈʠʩ. 3.8. ɺʽʜʥʦʩʥʠʡ ʢʦʥʪʘʢʪʥʠʡ ʪʠʩʢ ʟʘ ʫʤʦʚʠ 
10.1ʩʤ-= =A B  

(ʘ: 1ï3 ï 0 0.02; 0.025; 0.03ʩʤ=- - -w ; ʙ: 1ï3 ï 0.6; 0.4; 0.2=k ; 0 0.02ʩʤ=-w ) 

ʗʢ ʚʠʜʥʦ ʟ ʛʨʘʬʽʢʽʚ  ʢʦʥʪʘʢʪʥʠʡ ʪʠʩʢ ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʟʘʛʣʠʙʣʝʥʥʷ, ʘʣʝ 

ʥʝ̔ʩʪʦʪʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ. ɿʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ, 

ʚʠʟʥʘʯʝʥʽ ʟʘ ʥʘʚʝʜʝʥʠʤ ʘʣʛʦʨʠʪʤʦʤ ʪʘ ʪʦʯʥʠʤʠ ʬʦʨʤʫʣʘʤʠ ʚ ʫʩʽʭ ʚʠʧʘʜʢʘʭ 

ʫʟʛʦʜʞʫʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ. ɿʽ ʟʤʽʥʦʶ ʚʽʜʥʦʰʝʥʥʷ /A B ʟʤʽʥʶʻʪʴʩʷ ʦʙʣʘʩʪʴ 

ʢʦʥʪʘʢʪʫ. 

ʇʨʠ ʨʦʟʛʣʷʜʽ ʟʘʜʘʯ ʙʝʟ ʪʝʨʪʷ ʨʦʟʚô̫ ʟʦʢ ʥʘ ʦʩʥʦʚʽ ʟʘʜʘʯʽ ʢʚʘʜʨʘʪʠʯʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʽʩʥʫʻ. ʂʘʣʢʝʨʦʤ [58] ʧʦʢʘʟʘʥʦ, ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʢʚʘʜʨʘʪʠʯʥʘ 

ʬʦʨʤʘ ʻ ʜʦʜʘʪʥʴʦ ʚʠʟʥʘʯʝʥʘ, ʘ ʪʦʤʫ ʟʘʜʘʯʘ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʟʛʽʜʥʦ 

ʪʝʦʨʝʤʠ ʂʫʥʘ-ʊʘʢʝʨʘ, ʤʘʻ ʻʜʠʥʠʡ ʨʦʟʚôʷʟʦʢ. ʊʦʤʫ ʢʦʥʪʨʦʣʶʚʘʪʠ ʮʝʡ ʨʦʟʚôʷʟʦʢ 

ʥʝʤʘ ʥʝʦʙʭʽʜʥʦʩʪʽ.  

ɼʣʷ ʚʠʧʘʜʢʫ ʬʨʠʢʮʽʡʥʦʾ ʢʦʥʪʘʢʪʥʦʾ ʟʘʜʘʯʽ ʚʠʱʝ ʧʦʢʘʟʘʥʦ, ʱʦ ʨʦʟʚôʷʟʦʢ 

ʩʬʦʨʤʫʣʴʦʚʘʥʦʾ ʟʘʜʘʯʽ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʽʩʥʫʻ. ʆʜʥʘʢ ʧʨʠ ʮʴʦʤʫ 
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ʜʦʚʝʩʪʠ ʜʦʜʘʪʥʶ ʚʠʟʥʘʯʝʥʽʩʪʴ ʢʚʘʜʨʘʪʠʯʥʦʾ ʬʦʨʤʠ ʩʢʣʘʜʥʦ, ʱʦ ʚʽʜʧʦʚʽʜʥʦ ʥʝ 

ʜʦʟʚʦʣʷʻ ʜʦʚʝʩʪʠ ʻʜʥʽʩʪʴ ʨʦʟʚô̫ ʟʢʫ ʟʘʜʘʯʽ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ (ʤʦʞʝ 

ʽʩʥʫʚʘʪʠ ʥʝʻʜʠʥʠʡ ʨʦʟʚô̫ ʟʦʢ). ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʧʨʦʚʦʜʠʣʘʩʴ ʧʝʨʝʚʽʨʢʘ ʦʪʨʠʤʘʥʦʛʦ 

ʯʠʩʣʦʚʦʛʦ ʨʦʟʚô̫ ʟʢʫ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʩʧʦʯʘʪʢʫ ʟʥʘʭʦʜʠʣʠʩʴ ʢʦʥʪʘʢʪʥʽ 

ʥʘʧʨʫʞʝʥʥʷ,sn m ʟʘ ʨʦʟʨʦʙʣʝʥʠʤ ʘʣʛʦʨʠʪʤʦʤ. ɼʘʣʽ ʚʠʭʦʜʠʣʠ ʟ ʪʦʛʦ, ʱʦ ʨʝʘʣʴʥʽ 

ʢʦʥʪʘʢʪʥʽ ʥʘʧʨʫʞʝʥʥʷ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʫʤʦʚʠ ʢʦʥʪʘʢʪʫ (3.10) ʚ ʦʙʣʘʩʪʽ  ʢʦʥʪʘʢʪʫ ʪʘ 

ʫʤʦʚʫ (3.11), ʷʢʘ ʧʦʚʠʥʥʘ ʚʠʢʦʥʫʚʘʪʠʩʴ ʧʦʟʘ ʦʙʣʘʩʪʶ ʢʦʥʪʘʢʪʫ. ɿ ʮʽʻʶ ʤʝʪʦʶ 

ʦʙʯʠʩʣʶʚʘʣʘʩʷ ʚʝʣʠʯʠʥʘ ʟʙʣʠʞʝʥʥʷ ,n mj , ʷʢʘ ʟʫʤʦʚʣʝʥʘ ʟʥʘʡʜʝʥʠʤʠ 

ʥʘʧʨʫʞʝʥʥʷʤʠ, ʟʘ ʬʦʨʤʫʣʦʶ 

 , , , , ,

,

, ( , )nm nm n mj = s Íä n m n m

n m

A x y D . 

ʗʢʱʦ ʢʦʥʪʘʢʪʥʽ ʥʘʧʨʫʞʝʥʥʷ ʟʥʘʡʜʝʥʽ ʢʦʨʝʢʪʥʦ, ʪʦ ʚ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ ʧʦʚʠʥʥʽ 

ʟʥʘʯʝʥʥʷ ,n mj  ʟʙʽʛʘʪʠʩʴ ʽʟ ʚʝʣʠʯʠʥʘʤʠ,nmF , ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʯʝʨʝʟ ʨʽʚʥʷʥʥʷ 

ʧʦʚʝʨʭʦʥʴ ʪʽʣ. ʇʨʠ ʮʴʦʤʫ ʧʦʟʘ ʦʙʣʘʩʪʶ ʢʦʥʪʘʢʪʫ, ʜʝ , 0s =n m  ʧʦʚʠʥʥʽ 

ʚʠʢʦʥʫʚʘʪʠʩʴ ʥʝʨʽʚʥʦʩʪʽ , ,nm nmj >F . 

ʋ ʪʘʙʣ. 3.1 ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʦʚʝʜʝʥʠʭ ʜʣʷ ʚʠʧʘʜʢʫ 

10.1ʩʤ-= =A B , ʧʨʠ 0 0.025ʩʤ=-w , 0.04=xh , 0.04=yh , ʟʥʘʯʝʥʥʷʭ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʇʫʘʩʩʦʥʘ 0.3n=  ʪʘ ʪʝʨʪʷ 0.5=k . ʆʙʣʘʩʪʴ ʢʦʥʪʘʢʪʫ ʚ ʧʝʨʝʨʽʟʽ 0=x  ʟʘʡʤʘʣʘ 

ʦʙʣʘʩʪʴ 0.32 0.32- < <y  ʪʘ ʚ ʧʝʨʝʨʽʟʽ 0=y  ï ʦʙʣʘʩʪʴ - 0.36 0.36- < <x . 

 ʊʘʙʣʠʮʷ 3.1. 

( 0,...,9)m m=y  0,mj  0,mF  0, 0,m mj -F  

0.0000000E+00   2.5000000E-02   2.5000000E-02 0.0000000E+00 

3.9999999E-02   2.4839999E-02 2.4840001E-02 -1.8626451E-09 

7.9999998E-02   2.4359988E-02 2.4360001E-02 -1.3038516E-08 

0.1200000 2.3560006E-02 2.3560001E-02 5.5879354E-09 

0.1600000 2.2440003E-02 2.2440001E-02 1.8626451E-09 

0.2000000 2.1000013E-02 2.1000002E-02 1.1175871E-08 

0.2400000 1.9240001E-02 1.9240001E-02 0.0000000E+00 

0.2800000 1.7160004E-02 1.7160000E-02 3.7252903E-09 

0.3200000 1.4760002E-02 1.4760001E-02 1.8626451E-09 
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0.3600000 1.2141656E-02 1.2040001E-02 1.0165479E-04 

( 9,...,9)n n=-x  
,0nj  ,0nF  ,0 ,0n nj -F  

-0.3600000 1.2040009E-02 1.2040001E-02 7.4505806E-09 

-0.3200000 1.4760002E-02 1.4760001E-02 1.8626451E-09 

-0.2800000 1.7159995E-02 1.7160000E-02 -5.5879354E-09 

-0.2400000 1.9240012E-02 1.9240001E-02 1.1175871E-08 

-0.2000000 2.1000009E-02 2.1000002E-02 7.4505806E-09 

-0.1600000 2.2440016E-02 2.2440001E-02 1.4901161E-08 

-0.1200000 2.3560008E-02 2.3560001E-02 7.4505806E-09 

-7.9999998E-02 2.4359990E-02 2.4360001E-02 -1.1175871E-08 

-3.9999999E-02 2.4840005E-02 2.4840001E-02 3.7252903E-09 

0.0000000E+00 2.5000000E-02 2.5000000E-02 0.0000000E+00 

3.9999999E-02 2.4840003E-02 2.4840001E-02 1.8626451E-09 

7.9999998E-02 2.4359999E-02 2.4360001E-02 -1.8626451E-09 

0.1200000 2.3559991E-02 2.3560001E-02 -9.3132257E-09 

0.1600000 2.2440005E-02 2.2440001E-02 3.7252903E-09 

0.2000000 2.1000003E-02 2.1000002E-02 1.8626451E-09 

0.2400000 1.9240003E-02 1.9240001E-02   1.8626451E-09 

0.2800000 1.7159997E-02 1.7160000E-02 -3.7252903E-09 

0.3200000 1.4760000E-02 1.4760001E-02 -9.3132257E-10 

0.3600000 1.2523303E-02 1.2040001E-02 4.8330147E-04 

ʅʘʚʝʜʝʤʦ ʨʝʟʫʣʴʪʘʪʠ ʪʘʢʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʜʣʷ 
10.1ʩʤ-=B  ʽ 0.9=A B, ʧʨʠ 

0 0.02ʩʤ=-w , 0.045ʩʤ=xh , 0.045ʩʤ=yh , ʟʥʘʯʝʥʥʷʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʇʫʘʩʩʦʥʘ 

0.3n=  ʪʘ ʪʝʨʪʷ 0.5=k  (ʪʘʙʣ. 3.2). ʆʙʣʘʩʪʴ ʢʦʥʪʘʢʪʫ ʚ ʧʝʨʝʨʽʟʽ 0=x  ʟʘʡʤʘʣʘ 

ʦʙʣʘʩʪʴ 0.315 0.315- < <y  ʪʘ ʚ ʧʝʨʝʨʽʟʽ 0=y  ï ʦʙʣʘʩʪʴ - 0.315 0.315- < <x . 

 ʊʘʙʣʠʮʷ 3.2. 

( 0,...,9)m m=y  0,mj  0,mF  0, 0,m mj -F  

0.0000000E+00 1.9999994E-02 2.0000000E-02 -5.5879354E-09 

4.5000002E-02 1.9797498E-02 1.9797500E-02 -1.8626451E-09 

9.0000004E-02 1.9189993E-02 1.9190000E-02 -7.4505806E-09 

0.1350000 1.8177494E-02 1.8177500E-02 -5.5879354E-09 

0.1800000 1.6760001E-02 1.6759999E-02 1.8626451E-09 

0.2250000 1.4937498E-02 1.4937500E-02 -1.8626451E-09 

0.2700000 1.2709999E-02 1.2709999E-02 0.0000000E+00 

0.3150000 1.0077493E-02 1.0077500E-02 -6.5192580E-09 

0.3600000 8.3915861E-03 7.0399987E-03 1.3515875E-03 

0.4050000 7.2802850E-03 3.5974961E-03 3.6827889E-03 
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( 9,...,9)n n=-x  
,0nj  ,0nF  ,0 ,0n nj -F  

-0.4050000 7.0213415E-03 5.2377479E-03 1.7835936E-03 

-0.3600000 8.4753772E-03 8.3359992E-03 1.3937801E-04 

-0.3150000 1.1069746E-02 1.1069750E-02 -4.6566129E-09 

-0.2700000 1.3439000E-02 1.3439000E-02 0.0000000E+00 

-0.2250000 1.5443747E-02 1.5443750E-02 -2.7939677E-09 

-0.1800000 1.7083999E-02 1.7083999E-02 0.0000000E+00 

-0.1350000 1.8359751E-02 1.8359749E-02 1.8626451E-09 

-9.0000004E-02 1.9270997E-02 1.9270999E-02 -1.8626451E-09 

-4.5000002E-02 1.9817751E-02 1.9817749E-02 1.8626451E-09 

0.0000000E+00 1.9999994E-02 2.0000000E-02 -5.5879354E-09 

4.5000002E-02 1.9817749E-02 1.9817749E-02 0.0000000E+00 

9.0000004E-02 1.9270996E-02 1.9270999E-02 -3.7252903E-09 

0.1350000 1.8359745E-02 1.8359749E-02 -3.7252903E-09 

0.1800000 1.7084006E-02 1.7083999E-02 7.4505806E-09 

0.2250000 1.5443748E-02 1.5443750E-02 -1.8626451E-09 

0.2700000 1.3439003E-02 1.3439000E-02 3.7252903E-09 

0.3150000 1.1069750E-02 1.1069750E-02 0.0000000E+00 

0.3600000 9.2171496E-03 8.3359992E-03 8.8115036E-04 

0.4050000 7.9890378E-03 5.2377479E-03 2.7512899E-03 

ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣʠʮʴ ʫʤʦʚʠ ʢʦʥʪʘʢʪʫ ʟʘʜʦʚʦʣʴʥʷʶʪʴʩʷ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ, ʱʦ 

ʚʢʘʟʫʻ ʥʘ ʢʦʨʝʢʪʥʽʩʪʴ ʟʥʘʡʜʝʥʦʛʦ ʨʦʟʚô̫ ʟʢʫ. 

ʋ ʪʘʙʣ. 3.3, 3.4 ʥʘʚʝʜʝʥʦ ʤʘʢʩʠʤʘʣʴʥʽ ʢʦʥʪʘʢʪʥʽ ʪʠʩʢʠ ʟʘ ʚʨʘʭʫʚʘʥʥʷ ʪʝʨʪʷ ʪʘ 

ʤʘʢʩʠʤʘʣʴʥʽ ʢʦʥʪʘʢʪʥʽ ʪʠʩʢʠ ʜʣʷ ʚʽʜʦʤʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʨʦʟʚôʷʟʢʽʚ, ʱʦ ʦʪʨʠʤʘʥʽ ʟʘ 

ʚʽʜʩʫʪʥʦʩʪʽ ʪʝʨʪʷ. ʈʦʟʨʘʭʫʥʢʠ ʧʨʦʚʝʜʝʥʦ ʜʣʷ 
10.1ʩʤ-= =A B  ʪʘ 

10.1ʩʤ-=B , 

0.1=A B  ʧʨʠ 0 0.02; 0.025ʩʤ=- -w . 

 ʊʘʙʣʠʮʷ 3.3. 

10.1ʩʤ-=B ,   
10.1ʩʤ-=A  

 
0 0.02ʩʤ=-w ,  

* 2
max 1.2825 0  1 -= Öp  0 0.025ʩʤ=-w ,  

* 2
max 1.4353 10-= Öp  

k  max p  

ʟ ʪʝʨʪʷʤ 
*
max max= -p p p  ,%e  max p  

ʟ ʪʝʨʪʷʤ 
*
max max= -p p p  ,%e  

0.1 1.2834234E-02 -9.6773729E-06 0.075403 1.4347923E-02 5.1893294E-06 0.036168 

0.2 1.2819515E-02 5.0421804E-06 0.039332 1.4330496E-02 2.2616237E-05 0.15782 

0.3 1.2794453E-02 3.0104071E-05 0.23529 1.4301707E-02 5.1405281E-05 0.35944 

0.4 1.2759451E-02 6.5105967E-05 0.51026 1.4262388E-02 9.0724789E-05 0.63611 

0.5 1.2714483E-02 1.1007395E-04 0.86574 1.4211635E-02 1.4147721E-04 0.99550 

0.6 1.2659908E-02 1.6464852E-04 1.3006 1.4150174E-02 2.0293798E-04 1.4342 
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0.7 1.2595971E-02 2.2858568E-04 1.8147 1.4078583E-02 2.7452968E-04 1.9499 

0.8 1.2523470E-02 3.0108634E-04 2.4042 1.3997258E-02 3.5585463E-04 2.5423 

0.9 1.2442214E-02 3.8234238E-04 3.0729 1.3906624E-02 4.4648815E-04 3.2106 

1.0 1.2353296E-02 4.7126040E-04 3.81496 1.3807326E-02 5.4578669E-04 3.9528 

 ʊʘʙʣʠʮʷ 3.4. 

10.1ʩʤ-=B ,   0.1=A B 

 
0 0.02ʩʤ=-w   

3*
max  8.7001 10-= Öp  0 0.025ʩʤ=-w ,  

3*
max 9.6931 10-Ö=p  

k  
max p  

ʟ ʪʝʨʪʷʤ 
*
max max= -p p p  ,%e  max p  

ʟ ʪʝʨʪʷʤ 
*
max max= -p p p  ,%e  

0.1 8.6972453E-03 3.2000244E-06 0.0368 9.6083134E-03 8.4752217E-05 0.8821 

0.2 8.6934213E-03 7.0240349E-06 0.0808 9.6039400E-03 8.9125708E-05 0.9280 

0.3 8.6985361E-03 1.3407320E-05 0.1541 9.5966691E-03 9.6396543E-05 1.0045 

0.4 8.6781532E-03 2.2292137E-05 0.2569 9.5863901E-03 1.0667555E-04 1.1128 

0.5 8.6667920E-03 3.3653341E-05 0.3883 9.5729539E-03 1.2011174E-04 1.2547 

0.6 8.6529171E-03 4.7528185E-05 0.5493 9.5566362E-03 1.3642944E-04 1.4276 

0.7 8.6362800E-03 6.4165331E-05 0.7430 9.5374743E-03 1.5559141E-04 1.6314 

0.8 8.6172847E-03 8.3160587E-05 0.9650 9.5151570E-03 1.7790869E-04 1.8697 

0.9 8.5957218E-03 1.0472350E-04 1.2183 9.4899461E-03 2.0311959E-04 2.1404 

1.0 8.5718818E-03 1.2856349E-04 1.4998 9.4616199E-03 2.3144577E-04 2.4462 

ʋ ʪʘʙʣʠʮʷʭ 3.3, 3.4 ʥʘʚʝʜʝʥʘ ʪʘʢʦʞ ʚʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ e (ʫ ʚʽʜʩʦʪʢʘʭ).ʊʘʢʠʤ 

ʯʠʥʦʤ ʽʟ ʘʥʘʣʽʟʫ ʜʘʥʠʭ, ʥʘʚʝʜʝʥʠʭ ʫ ʪʘʙʣʠʮʽ ʚʠʧʣʠʚʘʻ, ʱʦ ʜʣʷ ʨʦʟʛʣʷʥʫʪʠʭ 

ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ (ʷʢʱʦ 0,5<k ) ʤʘʢʩʠʤʘʣʴʥʽ ʢʦʥʪʘʢʪʥʽ ʪʠʩʢʠ ʟʘ ʚʨʘʭʫʚʘʥʥʷ ʪʝʨʪʷ 

ʤʦʞʥʘ ʚʠʟʥʘʯʘʪʠ ʥʘ ʦʩʥʦʚʽ ʚʽʜʦʤʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʨʦʟʚôʷʟʢʽʚ, ʱʦ ʦʪʨʠʤʘʥʽ ʟʘ 

ʚʽʜʩʫʪʥʦʩʪʽ ʪʝʨʪʷ. ʇʨʠ ʮʴʦʤʫ ʚʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ, ʟ ʷʢʦʶ ʙʫʜʫʪʴ ʟʥʘʡʜʝʥʽ 

ʤʘʢʩʠʤʘʣʴʥʽ ʢʦʥʪʘʢʪʥʽ ʪʠʩʢʠ ʜʝʱʦ ʟʨʦʩʪʘʻ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʨʪʷ ʪʘ 

ʚʟʘʻʤʥʦʛʦ ʟʙʣʠʞʝʥʥʷ ʪʽʣ. ɼʣʷ ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʧʘʜʢʽʚ ʚʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʥʝ 

ʧʝʨʝʚʠʱʫʚʘʣʘ 2.5%. 

ɿʘ ʨʦʟʨʦʙʣʝʥʠʤ ʧʽʜʭʦʜʦʤ ʢʦʥʪʘʢʪʥʫ ʟʘʜʘʯʫ ʟʚʝʜʝʥʦ ʜʦ ʟʘʜʘʯʽ ʢʚʘʜʨʘʪʠʯʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʟ ʮʽʣʴʦʚʦʶ ʬʫʥʢʮʽʻʶ (3.13). ʅʘ ʾʾ ʨʦʟʚôʷʟʢʫ ʮʷ ʬʫʥʢʮʽʷ ʜʦʨʽʚʥʶʻ 

ʥʫʣʶ ʪʘ ʚʠʢʦʥʫʶʪʴʩʷ ʥʝʨʽʚʥʦʩʪʽ ʉʽʥʴʡʦʨʽʥʽ. ʊʦʙʪʦ ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʟʘʜʘʯʘ 

ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʤʘʻ ʨʦʟʚôʷʟʦʢ. ɼʣʷ ʟʘʜʘʯʽ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʪʝʨʪʷ 

ʢʚʘʜʨʘʪʠʯʥʘ ʬʦʨʤʘ ʫ ʚʠʨʘʟʽ (3.13) ʜʦʜʘʪʥʦ ʚʠʟʥʘʯʝʥʘ, ʟ ʯʦʛʦ ʚʠʧʣʠʚʘʻ ʻʜʠʥʽʩʪʴ ʾʾ 

ʨʦʟʚôʷʟʢʫ. ɼʦʚʝʩʪʠ ʻʜʥʽʩʪʴ ʨʦʟʚôʷʟʢʫ, ʢʦʣʠ ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ʥʝʥʫʣʴʦʚʽ, 

ʩʢʣʘʜʥʦ, ʦʩʢʽʣʴʢʠ ʚʘʞʢʦ ʜʦʚʝʩʪʠ ʜʦʜʘʪʥʫ ʚʠʟʥʘʯʝʥʽʩʪʴ ʬʦʨʤʠ ʚʠʨʘʟʫ (3.13). ʊʦʤʫ 
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ʦʪʨʠʤʘʥʠʡ ʯʠʩʣʦʚʦ ʨʦʟʚôʷʟʦʢ ʜʦʜʘʪʢʦʚʦ ʧʝʨʝʚʽʨʷʣʠ, ʦʙʯʠʩʣʶʚʘʣʠ ʟʥʘʯʝʥʥʷ 

ʮʽʣʴʦʚʦʾ ʚʝʣʠʯʠʥʠ J. ʋ ʚʩʽʭ ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʧʘʜʢʘʭ ʦʪʨʠʤʘʣʠ 510-<J , ʪʦʙʪʦ 

ʧʨʘʢʪʠʯʥʦ ʪʦʯʥʠʡ ʨʦʟʚôʷʟʦʢ. 

ʂʨʽʤ ʮʴʦʛʦ ʜʦʜʘʪʢʦʚʦ ʚʩʪʘʥʦʚʣʝʥʦ ʱʦ ʟʥʘʡʜʝʥʽ ʢʦʥʪʘʢʪʥʽ ʥʘʧʨʫʞʝʥʥʷ ʫ ʚʩʽʭ 

ʨʦʟʛʣʷʥʫʪʠʭ ʥʘʤʠ ʚʠʧʘʜʢʽʚ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʚʠʭʽʜʥʽ ʫʤʦʚʠ ʢʦʥʪʘʢʪʫ, ʷʢʽ ʟʘʧʠʩʘʥʽ ʫ 

ʬʦʨʤʽ ʉʽʥʴʡʦʨʽʥʽ.  

3.1.5.2 ʇʣʦʩʢʠʡ ʰʪʘʤʧ ʽʟ ʟʘʦʢʨʫʛʣʝʥʠʤ ʢʨʘʻʤ. ɿ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʦʛʦ 

ʘʣʛʦʨʠʪʤʫ ʨʦʟʛʣʷʥʫʪʦ ʧʽʚʧʨʦʩʪʽʨ, ʚ ʷʢʠʡ ʚʪʠʩʢʘʻʪʴʩʷ ʰʪʘʤʧ ʙʣʠʟʴʢʠʡ ʜʦ ʧʣʦʩʢʦʛʦ 

ʽʟ ʟʘʦʢʨʫʛʣʝʥʠʤ ʢʨʘʻʤ. ʌʦʨʤʫ ʦʩʥʦʚʠ ʰʪʘʤʧʘ ʙʫʜʝʤʦ ʦʧʠʩʫʚʘʪʠ ʬʫʥʢʮʽʻʶ 

 
2 2

max

( , )
å õ+
æ ö=
æ ö
ç ÷

m

x y
f x y C

r
. (3.14) 

ʇʨʠ 2=m  ʰʪʘʤʧ ʤʘʻ ʧʘʨʘʙʦʣʦʾʜʘʣʴʥʫ ʬʦʨʤʫ, ʘ ʧʨʠ ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʥʷʭ m 

ʦʩʥʦʚʘ ʰʪʘʤʧʘ ʚ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʙʣʠʟʴʢʘ ʜʦ ʧʣʦʩʢʦʾ ʚ ʢʨʫʟʽ ʟ ʨʘʜʽʫʩʦʤ maxr . 

ɺʝʣʠʯʠʥʘ maxr  - ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʝʣʠʯʠʥʫ ʧʣʦʩʢʦʾ ʯʘʩʪʠʥʠ ʦʩʥʦʚʠ ʰʪʘʤʧʘ, ʧʨʠ 

ʚʝʣʠʢʠʭ m maxr  ʧʨʠʙʣʠʟʥʦ ʜʦʨʽʚʥʶʻ ʨʘʜʽʫʩʫ ʾʾ  ʧʣʦʩʢʦʾ ʯʘʩʪʠʥʠ ʦʩʥʦʚʠ ʰʪʘʤʧʫ. 

C  - ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʥʘʜʘʣʽ ʧʦʢʣʘʜʘʻʤʦ: 1ʩʤ=C . 

ʈʦʟʨʘʭʫʥʢʠ ʧʨʦʚʝʜʝʥʦ ʟʘ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ maxr , m ʽ ʟʤʽʱʝʥʥʷ 0w , ʟʘ ʧʝʚʥʠʭ 

ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʽʚ k  ʪʘ n. ʇʽʜ ʯʘʩ ʚʠʙʦʨʫ ʦʙʣʘʩʪʽ S ʷʢ ʧʝʨʰʝ ʥʘʙʣʠʞʝʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʘʥʘʣʽʪʠʯʥʽ ʨʦʟʚôʷʟʢʠ ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ ʜʣʷ ʛʣʘʜʢʠʭ ʰʪʘʤʧʽʚ, ʫ 

ʷʢʠʭ ʚʠʟʥʘʯʝʥʽ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ [2, 4, 155]. ʎʶ ʦʙʣʘʩʪʴ ʚʠʙʠʨʘʣʠ ʫ ʚʠʛʣʷʜʽ 

ʧʨʷʤʦʢʫʪʥʠʢʘ, ʷʢʠʡ ʟʘʡʤʘʚ: - < <c x c, - < <d y d, ʜʝ 15= Öxc h , 15= Öyd h . ɼʘʣʽ ʮʽ 

ʦʙʣʘʩʪʽ ʫʪʦʯʥʶʚʘʣʠ ʚʨʘʭʦʚʫʶʯʠ ʚʧʣʠʚ ʪʝʨʪʷ. 

ʅʘʚʝʜʝʤʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʠ 
1

max 1ʩʤ-=r . 

ʉʧʦʯʘʪʢʫ ʟ ʤʝʪʦʶ ʧʝʨʝʚʽʨʢʠ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʯʠʩʣʝʥʴ ʥʘʚʝʜʝʤʦ 

(ʨʠʩ. 3.9 ʘ) ʽ ʨʠʩ. 3.11 ʘ)) ʢʦʥʪʘʢʪʥʽ ʪʠʩʢʠ ʜʣʷ 2, 6=m , ʦʪʨʠʤʘʥʽ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ 

ʪʝʨʪʷ (0=k ) ʟʘ ʥʘʚʝʜʝʥʠʤ ʘʣʛʦʨʠʪʤʦʤ (ʩʫʮʽʣʴʥʽ ʢʨʠʚʽ) ʽ ʟʘ ʪʦʯʥʠʤʠ ʬʦʨʤʫʣʘʤʠ 

(ʢʨʫʞʝʯʢʠ). ʉʫʤʘʨʥʠʡ ʪʠʩʢ ʧʨʠ 0 0.02ʩʤ=-w , 0=k  ʜʣʷ 2=m  
48.4925 10-= ÖsumP , 
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ʘ ʜʣʷ 6=m  34.6898904 10-= ÖsumP  (ʟʘ ʨʦʟʨʦʙʣʝʥʠʤ ʘʣʛʦʨʠʪʤʦʤ). ɺʽʜʧʦʚʽʜʥʦ 

ʩʫʤʘʨʥʠʡ ʪʠʩʢ, ʦʪʨʠʤʘʥʠʡ ʟʘ ʪʦʯʥʠʤʠ ʬʦʨʤʫʣʘʤʠ ʜʣʷ 2=m  48.4881 10-= ÖsumP , ʘ 

ʜʣʷ 6=m  
34.6849 10-= ÖsumP . ɺʠʜʥʦ, ʱʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ, ʦʪʨʠʤʘʥʽ ʟʘ 

ʧʦʙʫʜʦʚʘʥʠʤ ʘʣʛʦʨʠʪʤʦʤ ʽ ʪʦʯʥʠʤʠ ʬʦʨʤʫʣʘʤʠ ʜʦʙʨʝ ʫʟʛʦʜʞʫʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ. 

ʇʨʠ 2=m  ʦʙʣʘʩʪʴ S ʧʦʢʨʠʚʘʣʠ ʩʽʪʢʦʶ ʟ ʢʨʦʢʘʤʠ 0.0073ʩʤ=xh , 

0.0073ʩʤ=yh . ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʚʽʜʥʦʩʥʠʭ ʢʦʥʪʘʢʪʥʠʭ ʪʠʩʢʽʚ =sÖlp  ʫ 

ʧʝʨʝʨʽʟʽ 0=y  ʧʨʠ ʢʦʝʬʽʮʽʻʥʪʽ ʪʝʨʪʷ 0.6=k , ʢʦʝʬʽʮʽʻʥʪʘ ʇʫʘʩʩʦʥʘ 0.3n=  ʟʘʣʝʞʥʦ 

ʚʽʜ ʟʤʽʱʝʥʴ, ʷʢʽ ʧʨʠʡʤʘʣʠ 0 0.01; 0.015; 0.02ʩʤ=- - -w  ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.9 ʙ) 

ʢʨʠʚʠʤʠ 1-3. 

ʅʘ ʨʠʩ. 3.9 ʚ) ʧʦʜʘʥʦ ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʠʭ ʢʦʥʪʘʢʪʥʠʭ ʪʠʩʢʽʚ p  ʧʨʠ 

0 0.02ʩʤ=-w  ʟʘʣʝʞʥʦ ʚʽʜ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ 0.2; 0.4; 0.6=k .  

ʃʽʥʽʾ ʨʽʚʥʷ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ ʪʘ ʪʨʠʚʠʤʽʨʥʝ ʡʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, ʷʢʽ ʨʦʟʨʘʭʦʚʘʥʽ 

ʧʨʠ 0 0.02ʩʤ=-w  ʽ 0.6=k , ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 3.9 ʛ) ʽ 3.9 ʜ), ʚʽʜʧʦʚʽʜʥʦ. ʊʫʪ 

ʧʦʟʥʘʯʝʥʦ ,= lsumP P  ʜʝ P    ʧʦʚʥʠʡ ʪʠʩʢ. ɼʣʷ ʜʘʥʦʛʦ ʚʠʧʘʜʢʫ 

48.457 141046 -= ÖsumP . 

     

 ʘ) ʙ) ʚ) 
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 ʛ) ʜ) 

ʈʠʩ. 3.9. ɺʽʜʥʦʩʥʠʡ ʢʦʥʪʘʢʪʥʠʡ ʪʠʩʢ ʧʨʠ 
1

max 1ʩʤ-=r , 2=m : 

ʘ) 0 0.01; 0.015; 0.02ʩʤ=- - -w  0=k ; ʙ) 0.6=k ; ʚ) 0.2; 0.4; 0.6=k ; 0 0.02ʩʤ=-w ; 

ʛ) ʣʽʥʽʾ ʨʽʚʥʷ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ;  ʜ) ʪʨʠʚʠʤʽʨʥʝ ʟʦʙʨʘʞʝʥʥʷ, 0.6=k  

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʜʣʷ 4=m  ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.10. ʆʙʣʘʩʪʴ S ʧʦʢʨʠʚʘʣʠ 

ʩʽʪʢʦʶ ʟ ʢʨʦʢʘʤʠ 0.021ʩʤ=xh , 0.021ʩʤ=yh . ʉʫʤʘʨʥʠʡ ʪʠʩʢ ʧʨʠ 0 0.02ʩʤ=-w , 

0.6=k , 
32.987 851034 -= ÖsumP . 

    

 ʘ) ʙ) 
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 ʚ) ʛ) 

ʈʠʩ. 3.10. ɺʽʜʥʦʩʥʠʡ ʢʦʥʪʘʢʪʥʠʡ ʪʠʩʢ ʧʨʠ 
1

max 1ʩʤ-=r , 4=m : 

ʘ) ï 0 0.01; 0.015; 0.02ʩʤ=- - -w , 0.6=k ;   ʙ) ï 0.2; 0.4; 0.6=k ; 0 0.02ʩʤ=-w ; 

ʚ) ʣʽʥʽʾ ʨʽʚʥʷ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ; ʛ) ʪʨʠʚʠʤʽʨʥʝ ʟʦʙʨʘʞʝʥʥʷ: 

ʧʨʠ 0 0.02ʩʤ=-w , 0.6=k , 4=m , 
32.9880374 10-= ÖsumP  

ɸʥʘʣʦʛʽʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʫ ʪʘʢʦʤʫ ʞ ʧʦʨʷʜʢʫ ʷʢ ʥʘ ʨʠʩ. 3.9 ʥʘʚʝʜʝʥʽ ʜʣʷ 6=m  ʥʘ 

ʨʠʩ. 3.11. ʆʙʣʘʩʪʴ S ʧʦʢʨʠʚʘʣʠ ʩʽʪʢʦʶ ʟ ʢʨʦʢʘʤʠ 0.03ʩʤ=xh , 0.03ʩʤ=yh . 

ʉʫʤʘʨʥʠʡ ʪʠʩʢ ʧʨʠ 0 0.02ʩʤ=-w , 0.6=k ,  
34.6686460 10-= ÖsumP . 

   

 ʘ) ʙ) ʚ) 
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 ʛ) ʜ) 

ʈʠʩ. 3.11. ɺʽʜʥʦʩʥʠʡ ʢʦʥʪʘʢʪʥʠʡ ʪʠʩʢ ʧʨʠ 
1

max 1ʩʤ-=r , 6=m : 

ʘ) 0 0.01; 0.015; 0.02ʩʤ=- - -w , 0=k ; ʙ) 0.6=k ;  ʚ) ï 0.2; 0.4; 0.6=k ; 0 0.02ʩʤ=-w ; 

ʛ) ʣʽʥʽʾ ʨʽʚʥʷ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ; ʜ) ʪʨʠʚʠʤʽʨʥʝ ʟʦʙʨʘʞʝʥʥ̫ 0 0.02ʩʤ=-w , 0.6=k  

ʅʘ ʨʠʩ. 3.12 ʥʘʚʝʜʝʥʦ ʣʽʥʽʾ ʨʽʚʥʷ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ ʜʣʷ 
1

max 0.5ʩʤ-=r , 10=m  

(ʘ); 
1

max 1ʩʤ-=r , 8=m  (ʙ); 
1

max 1ʩʤ-=r , 10=m  (ʚ). ʆʙʯʠʩʣʝʥʥʷ ʧʨʦʚʝʜʝʥʦ ʧʨʠ 

0.6=k , 0 0.02ʩʤ=-w . ʆʙʣʘʩʪʴ S ʧʦʢʨʠʚʘʣʠ ʩʽʪʢʦʶ ʟ ʢʨʦʢʘʤʠ 0.021=xh , 

0.021=yh  ʜʣʷ 
1

max 0.5ʩʤ-=r , 10=m ; 0.036ʩʤ=xh , 0.036ʩʤ=yh  ʜʣʷ 

1
max 1ʩʤ-=r , 8=m ; 0,041ʩʤ=xh , 0,041ʩʤ=yh  ʜʣʷ 

1
max 1ʩʤ-=r , 10=m . 

ʉʫʤʘʨʥʠʡ ʪʠʩʢ ʜʣʷ 
1

max 0.5ʩʤ-=r , 10=m  
33.3912999 10-= ÖsumP ; ʜʣʷ 

1
max 1ʩʤ-=r  ʽ 

8=m , 
3 5.883 501019 -= ÖsumP ; ʜʣʷ 10=m  

36.783 831075 -= ÖsumP . 

     

 ʘ) ʙ) ʚ) 

ʈʠʩ. 3.12. ʃ̔ ʥʽʾ ʨʽʚʥʷ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ ʧʨʠ 0 0.02ʩʤ=-w , 0,6=k  
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ʘ) ï  1
max 0.5ʩʤ-=r , 10=m ; ʙ) ï 1

max 1ʩʤ-=r , 8=m ;  ʚ) ï 1
max 1ʩʤ-=r , 10=m  

ʅʘ ʦʩʥʦʚʽ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʜʘʥʠʭ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʪʘʢʽ ʚʠʩʥʦʚʢʠ. ɼʣʷ ʚʠʧʘʜʢʫ 

ʧʘʨʘʙʦʣʦʾʜʘʣʴʥʦʛʦ ʰʪʘʤʧʘ (ʧʨʠ 2=m ) ʪʝʨʪʷ ʥʝʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʦʙʣʘʩʪʴ 

ʢʦʥʪʘʢʪʫ ʪʘ ʢʦʥʪʘʢʪʥʽ ʥʘʧʨʫʞʝʥʥʷ. ʄʘʢʩʠʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ʜʦʩʷʛʘʶʪʴʩʷ ʫ 

ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ, ʥʘʧʨʫʞʝʥʥʷ ʤʦʥʦʪʦʥʥʦ ʟʤʝʥʰʫʶʪʴʩʷ ʧʨʠ 

ʧʽʜʭʦʜʽ ʜʦ ʤʝʞʽ ʢʦʥʪʘʢʪʫ. 

ʇʨʠ 2>m , ʢʦʣʠ ʮʝʥʪʨʘʣʴʥʘ ʯʘʩʪʠʥʘ ʰʪʘʤʧʘ ʤʘʻ ʬʦʨʤʫ ʙʣʠʟʴʢʫ ʜʦ ʧʣʦʩʢʦʾ, 

ʪʝʨʪʷ ʽʩʪʦʪʥʦ ʟʤʽʥʶʻ ʨʦʟʧʦʜʽʣ ʢʦʥʪʘʢʪʥʠʭ ʥʘʧʨʫʞʝʥʴ. ʋ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ 

ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ ʥʘʧʨʫʞʝʥʥʷ ʻ ʤʘʣʠʤʠ ʟʘ ʚʝʣʠʯʠʥʦʶ. ʄʘʢʩʠʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ 

ʚʠʥʠʢʘʶʪʴ ʙʽʣʷ ʣʽʚʦʾ ʤʝʞʽ ʢʦʥʪʘʢʪʫ, ʷʢʘ ʨʦʟʤʽʱʝʥʘ ʚ ʥʘʧʨʷʤʢʫ, ʫ ʷʢʦʤʫ ʜʽʻ 

ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʩʠʣʘ. ʄʘʢʩʠʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ʟʙʽʣʴʰʫʶʪʴʩʷ ʧʨʠ ʟʨʦʩʪʘʥʥʽ 

ʧʘʨʘʤʝʪʨʘ m. 

ʈʦʟʛʣʷʥʫʪʦ ʪʘʢʦʞ ʚʠʧʘʜʢʠ ʥʝ ʧʦʚʥʦʛʦ ʢʦʥʪʘʢʪʫ ʰʪʘʤʧʘ, ʷʢʽ ʥʘʚʝʜʝʥʦ ʫ 

ʜʦʜʘʪʢʫ ɸ. 

3.2 ʌʫʥʜʘʤʝʥʪʘʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ ʜʣʷ ʰʘʨʫ ʥʘ ʛʣʘʜʢʽʡ ʦʩʥʦʚʽ  

ʋ ʧʘʨʘʛʨʘʬʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʬʨʠʢʮʽʡʥʘ ʢʦʥʪʘʢʪʥʘ ʟʘʜʘʯʘ ʜʣʷ ʰʘʨʫ, ʷʢʠʡ 

ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʛʣʘʜʢʽʡ ʞʦʨʩʪʢʽʡ ʦʩʥʦʚʽ.  

ɼʣʷ ʟʘʧʠʩʫ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʥʝʦʙʭʽʜʥʦ ʧʦʙʫʜʫʚʘʪʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʡ 

ʨʦʟʚô̫ ʟʦʢ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʟʘʜʘʯʘ ʜʣʷ ʰʘʨʫ 0< <z h, ʷʢʠʡ 

ʨʦʟʤʽʱʝʥʠʡ ʥʘ ʞʦʨʩʪʢʽʡ ʛʣʘʜʢʽʡ ʦʩʥʦʚʽ ʧʨʠ 0=z . ʇʨʠʡʤʝʤʦ, ʱʦ ʜʦ ʚʝʨʭʥʴʦʾ ʤʝʞʽ 

ʧʨʠʢʣʘʜʝʥʘ ʩʠʣʘ P, ʷʢʘ ʜʽʻ ʥʦʨʤʘʣʴʥʦ ʜʦ ʤʝʞ ʰʘʨʫ ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʩʠʣʘ T, ʱʦ 

ʜʽʻ ʧʘʨʘʣʝʣʴʥʦ ʦʩʽ Ox.  

ʈʦʟʚô̫ ʟʦʢ ʮʽʻʾ ʟʘʜʘʯʽ ʥʘʚʝʜʝʥʦ ʚ ʣʽʪʝʨʘʪʫʨʽ ʫ ʚʠʛʣʷʜʽ ʥʝʚʣʘʩʥʠʭ ʽʥʪʝʛʨʘʣʽʚ. 

ʆʜʥʘʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʡ ʨʦʟʚôʷʟʦʢ ʜʣʷ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʢʦʥʪʘʢʪʥʦʾ ʟʘʜʘʯʽ  

ʩʢʣʘʜʥʦ,ʦʩʢʽʣʴʢʠ ʪʦʜʽ ʢʦʝʬʽʮʽʻʥʪʠ ʫ ʥʘʰʠʭ ʨʽʚʥʷʥʥʷʭ ʥʝʦʙʭʽʜʥʦ ʙʠ ʙʫʣʦ 

ʚʠʟʥʘʯʘʪʠ ʯʝʨʝʟ ʜʚʦʚʠʤʽʨʥʽ ʽʥʪʝʛʨʘʣʠ ʟ ʧʽʜʽʥʪʝʛʨʘʣʴʥʘ ʬʫʥʢʮʽʷ ʚ ʷʢʠʭ ʻ ʥʝʚʣʘʩʥʠʡ 

ʽʥʪʝʛʨʘʣ. ɿʘʟʥʘʯʠʤʦ, ʱʦ ʪʘʢʠʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʡ ʨʦʟʚô̫ ʟʦʢ, ʷʢʠʡ ʥʘʚʝʜʝʥʦ ʫ [156] 

ʤʘʻ ʥʝʪʦʯʥʦʩʪʽ ï ʚʽʥ ʟʘʧʠʩʘʥʠʡ ʫ ʚʠʛʣʷʜʽ ʜʚʦʭ ʩʢʣʘʜʦʚʠʭ, ʷʢʽ ʤʘʶʪʴ ʨʽʟʥʽ 
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ʨʦʟʤʽʨʥʦʩʪʽ.  

ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʧʝʨʝʤʽʱʝʥʴ, ʯʝʨʝʟ ʷʢʽ ʟʘʧʠʩʫʶʪʴʩʷ ʷʜʨʘ ʽʥʪʝʛʨʘʣʴʥʠʭ 

ʨʽʚʥʷʥʴ, ʥʘʤʠ ʚʠʢʦʨʠʩʪʘʥʦ ʦʧʝʨʘʪʦʨʥʠʡ ʤʝʪʦʜ ʃʫʨô̒ , 
 
ʽʥʪʝʛʨʘʣʴʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʍʘʥʢʝʣʷ, ʬʦʨʤʫʣʘ ɺʘʱʝʥʢʦïɿʘʭʘʨʯʝʥʢʦ. 

ʇʝʨʝʤʽʱʝʥʥʷ ʟʘʧʠʩʘʥʦ ʫ ʚʠʛʣʷʜʽ ʨʷʜʽʚ ʟ ʢʦʝʬʽʮʽʻʥʪʘʤʠ, ʷʢʽ ʤʽʩʪʷʪʴ ʬʫʥʢʮʽʾ 

ʄʘʢʜʦʥʘʣʴʜʘ. ʎʽ ʨʷʜʠ ʰʚʠʜʢʦʟʙʽʞʥʽ ʧʨʠ ʟʥʘʭʦʜʞʝʥʥʽ ʧʝʨʝʤʽʱʝʥʴ ʥʘ ʚʝʣʠʢʠʭ 

ʚʽʜʩʪʘʥʷʭ ʚʽʜ ʧʨʠʢʣʘʜʝʥʦʾ ʩʠʣʠ. ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʧʝʨʝʤʽʱʝʥʴ ʚ ʪʦʯʢʘʭ ʙʣʠʟʴʢʠʭ 

ʜʦ ʧʨʠʢʣʘʜʝʥʠʭ ʩʠʣ ʚʠʢʦʨʠʩʪʘʥʦ ʽʥʪʝʛʨʘʣʴʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʍʘʥʢʝʣʷ. ɼʣʷ ʮʴʦʛʦ 

ʚʠʧʘʜʢʫ ʧʝʨʝʤʽʱʝʥʥʷ ʘʧʨʦʢʩʠʤʦʚʘʥʦ ʧʦʣʽʥʦʤʘʤʠ. ʊʘʢʠʡ ʨʦʟʚô̫ ʟʦʢ ʜʘʻ ʟʤʦʛʫ 

ʧʨʦʚʦʜʠʪʠ ʧʨʦʮʝʩ ʯʠʩʣʦʚʦʛʦ ʨʦʟʚô̫ ʟʫʚʘʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʽʟ 

ʢʦʥʪʨʦʣʴʦʚʘʥʦʶ ʪʦʯʥʽʩʪʶ.  

3.2.1 ɼʽʷ ʥʦʨʤʘʣʴʥʦʾ ʩʠʣʠ. ʈʦʟʛʣʷʥʝʤʦ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʜʦ ʤʝʞʽ ʧʨʠʢʣʘʜʝʥʘ 

ʩʠʣʘ (0,0, )Z . ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʥʦʨʤʘʣʴʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʤʝʞʽ ʰʘʨʫ ʫ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʧʨʠʡʤʘʻʤʦ, ʱʦ  ʚʽʜʤʽʥʥʠʤʠ ʚʽʜ ʥʫʣʷ ʻ ʥʦʨʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ 

( , )
=

s =z z h
q x y . ʊʦʜʽ ʧʝʨʝʤʽʱʝʥʥʷ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ ʨʽʚʥʷʥʥʷ [35] 

 
2

2

1 sin

sin2
1

2

-n
=

å õ
+æ ö
ç ÷

d
w h q

dG
d

d

,  (3.15) 

ʜʝ  
2 2

2 2

2 2

å õµ µ
= +æ ö

µ µç ÷
d h

x y
. 

ɿʘʩʪʦʩʫʻʤʦ ʜʦ ʮʽʻʾ ʬʫʥʢʮʽʾ ʬʦʨʤʫʣʫ ʨʦʟʢʣʘʜʫ ɺʘʱʝʥʢʦïɿʘʭʘʨʯʝʥʢʦ. ɼʣʷ ʮʴʦʛʦ 

ʚʠʢʦʨʠʩʪʘʻʤʦ ʨʦʟʢʣʘʜ ʥʘ ʧʨʦʩʪʽ ʜʨʦʙʠ 

 
22

2 2 2
2

sinsin 1

sin2 cos
1

2

a
=

å õ a -a
+æ ö
ç ÷

ä i

i i i

d

d d
d

d

. (3.16) 

ʜʝ a -i    ʢʦʨʝʥʽ ʟ ʜʦʜʘʪʥʦʶ ʜʽʡʩʥʦʶ ʯʘʩʪʠʥʦʶ ʨʽʚʥʷʥʥʷ 
sin 2

1 0
2

a
+ =

a
. 

ʊʦʜʽ ʥʘ ʦʩʥʦʚʽ ʬʦʨʤʫʣ (3.15), (3.16) ʪʘ ɺʘʱʝʥʢʦ-ɿʘʭʘʨʯʝʥʢʦ ʦʪʨʠʤʘʻʤʦ 
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 2
1

1-n
= = aä i i

i

w W h tg q
G

, (3.17) 

ʜʝ ʬʫʥʢʮʽʾ iq ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ ʨʽʚʥʷʥʥʷ 

 ( )2 2-a =i id q q. (3.18) 

ʇʨʠ ʜʽʾ ʟʦʩʝʨʝʜʞʝʥʦʾ ʩʠʣʠ 0 0( ) ( )= d - d -q Z x x y y , ʜʝ ( )dz  - ʜʝʣʴʪʘ-ʬʫʥʢʮʽʷ 

ɼʽʨʘʢʘ. ɼʣʷ ʮʴʦʛʦ ʚʠʧʘʜʢʫ ʟ ʨʽʚʥʷʥʥʷ (3.18) ʟʥʘʭʦʜʠʤʦ 

 02
( ),

2
=- ar

p
i i

Z
q K

h
 

ʜʝ 2 2
0 0/ , ( ) ( )r= = - + -R h R x x y y , 0( )-K z  ʬʫʥʢʮʽʷ ʄʘʢʜʦʥʘʣʴʜʘ.. 

ɿʚʽʜʩʠ 

 2
1 0

1
( )

2

-n
=- a ar

p
ä i i

i

Z
W tg K

G h
.  (3.19) 

ʈʦʟʚôʷʟʦʢ (3.19) ʧʨʦʩʪʠʡ ʽ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦ ʟʙʽʞʥʠʡ ʧʨʠ 1r>. ʆʜʥʘʢ ʨʷʜ (3.19) 

ʻ ʨʦʟʙʽʞʥʠʡ ʧʨʠ ʤʘʣʠʭ ʟʥʘʯʝʥʥʷʭ ʚʝʣʠʯʠʥʠ r.  

ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʧʝʨʝʤʽʱʝʥʴ ʧʨʠ ʤʘʣʠʭ ʚʽʜʩʪʘʥʷʭ r ʚʠʢʦʨʠʩʪʘʻʤʦ 

ʽʥʪʝʛʨʘʣʴʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʍʘʥʢʝʣʷ. ɼʣʷ ʮʴʦʛʦ ʟʦʙʨʘʟʠʤʦ 

 0 0 0

0

1
( ) ( ) ( )

2

¤

d - d - = l l l
pñ

x x y y J R d . 

ʇʽʜʩʪʘʚʠʤʦ ʬʫʥʢʮʽʶ  

 0 0 0

0

( ) ( ) ( )
2

¤

= d - d - = l l l
pñ

Z
q Z x x y y J R d  

ʫ ʨʽʚʥʷʥʥʷ (3.15) ʪʘ ʚʠʢʦʨʠʩʪʘʻʤʦ ʪʝ, ʱʦ  

 
2 2 2

0

0

( ) ( ) ( )
2

¤

= -l l l l
pñ

Z
g d q g h J R d . 

ʊʦʜʽ ʦʪʨʠʤʘʻʤʦ 
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2
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0

1 sinh
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sinh 22
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¤
-n l

= l l=
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+ læ ö
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Z h
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2

0

0

1 2sinh
( )

2 2 sinh 2

¤
-n h

= r h
p h+ hñ
Z

J d
G h

.  (3.20) 

 ɿʦʙʨʘʟʠʤʦ 

 
2

0

0

2sinh 1
( ) ( )

2 sinh 2

¤
h

hr h= + r
h+ h rñ J d f , 

ʜʝ 0

0

exp( 2 ) 1 2
( ) ( )

2 sinh2

¤
- h - - h

r = hr h
h+ hñf J d . 

ʌʫʥʢʮʽʶ ( )rf  ʥʘ ʧʨʦʤʽʞʢʫ 3r¢ ʘʧʨʦʢʩʠʤʫʻʤʦ ʧʦʣʽʥʦʤʦʤ, ʢʦʝʬʽʮʽʻʥʪʠ ʷʢʦʛʦ 

ʟʥʘʡʜʝʤʦ ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ ʦʪʨʠʤʫʻʤʦ 

 
7

*

0

( ) ( )
=

r º r = rä n
n

n

f f c , 

ʜʝ 

0 1 2 3 4

5 6 7

c  = -1.1675,   c  = -0.0012382, c  = 0.39444, c  = 0.033259, c  = -0.22738,

c  = 0.12215, c  = -0.027402, c  = 0.0023313.
 

ʌʫʥʢʮʽʷ * ( )rf  ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʬʫʥʢʮʽʾ ( )rf  ʧʨʠ 3r¢ ʥʘ ʚʝʣʠʯʠʥʫ ʤʝʥʰʫ ʟʘ 

410-. ʊʘʢʠʤ ʯʠʥʦʤ ʦʪʨʠʤʫʻʤʦ 

 

*

1
2

0

1
( ), 3,

1

2
( ), 3.

ë
+ r r¢îr-n î

= ì
pî- a ar r>
îí
ä i i

i

f
Z

W
G h

tg K

 

3.2.2 ɼʽʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʩʠʣʠ. ɼʣʷ ʪʦʛʦ, ʱʦʙʠ ʟʥʘʡʪʠ ʧʝʨʝʤʽʱʝʥʥʷ ʚʽʜ ʜʽʾ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʩʠʣʠ T  ʨʦʟʛʣʷʥʝʤʦ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʥʘ ʛʨʘʥʠʯʥʠʭ ʧʣʦʱʠʥʘʭ ʰʘʨʫ 

- < <h z h ʟʘʜʘʥʽ ʥʘʧʨʫʞʝʥʥʷ 

 0=°s =z z h ,     , ,°
=°t =t =zj z h zj j x y . 



121 

 

 

ʇʝʨʝʤʽʱʝʥʥʷ ʫ ʩʠʤʝʪʨʠʯʥʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ,+ - + -t =t t =tzx zx zy zy, ʤʦʞʝ ʙʫʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʩʠʤʚʦʣʽʯʥʦʤʫ ʚʠʛʣʷʜʽ [35]: 

 2
4

1
2 ,= t

D
c c

g
Gw

d
 (3.21) 

ʜʝ  1 2( )/2t = µ t +µ tc x y ,    
+ -t =t -tx zx zx,    

+ -t =t -ty zy zy, 

 [ ]2
2 1cos cos sin (sin cos / )= V V+ V -ng d d d d d d d , 

 sin2 /(2 ) 1, /D= + z=d d z h, 

 1 2,
µ µ

µ = µ =
µ µ

h h
x y

,    1 1 2n = - n,    2 2(1 )n = -n. 

ʅʦʨʤʘʣʴʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʥʘ ʤʝʞʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ 

 

1
( ) ,

2
= = tʩ X cw W F d

G  

ʜʝ  
1

2

sin 2
1

1 2( )
sin 2

1
2

-n
=

+

d

dF d
dd

d

. 

ʈʦʟʢʣʘʜʝʤʦ ʮʶ ʬʫʥʢʮʽʶ ʥʘ ʧʨʦʩʪʽ ʜʨʦʙʠ 

 
1

12 2 2 2 2

sin 2
1

1 1 12( ) (1 )
sin 2 cos1

2

-n
n

= = +n +
a -a+

ä
i i i

d

dF d
dd d d

d

. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʬʦʨʤʫʣʫ ɺʘʱʝʥʢʦ-ɿʘʭʘʨʯʝʥʢʦ, ʟʚʽʜʩʠ ʦʪʨʠʤʫʻʤʦ 

 
2

2 0

1
cos ( )

2

-= n a +näX i i

i

W t Q
G

, 

ʜʝ ʬʫʥʢʮʽʾ it - ʨʦʟʚôʷʟʢʠ ʨʽʚʥʷʥʴ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ 
2 2( )-a =ti i cd t , ʬʫʥʢʮʽʷ 0-Q  

ʨʦʟʚôʷʟʦʢ ʨʽʚʥʷʥʥʷ 
2

0=tcd Q . 

ʈʦʟʛʣʷʥʝʤʦ ʪʝʧʝʨ ʚʠʧʘʜʦʢ ʜʽʾ ʟʦʩʝʨʝʜʞʝʥʦʾ ʩʠʣʠ. ʊʦʜʽ 

 0 0 0 1 0 0( ) ( ), 0, ( ) ( )°
=°t =° d - d - t = t = µd - d -zx z h z cX x x y y X x x y y . 

ʈʦʟʚôʷʟʫʶʯʠ ʨʽʚʥʷʥʥʷ, ʟʥʘʭʦʜʠʤʦ 
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ʊʦʜʽ 
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2
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G
w U

h
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 1
2 2 1 2 12 2

1
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2cos cos

è øa n
=n +n = n ar +é ù

p ra aê ú
ä äi

i

i ii i

q x
U Q K

r
 (3.22) 

ʇʝʨʰʽ 8 ʢʦʨʝʥʽʚ ʨʽʚʥʷʥʥʷ ia  

2.1062 + 1.1254i,   5.3563 + 1.5516i,   8.5367 + 1.7755i,   11.6992 + 1.9294i, 

14.8541 + 2.0469i,   18.0049 + 2.1419i,   21.1534 + 2.2217i,   24.3003 + 2.2906i. 

ʎʝʡ ʨʦʟʚôʷʟʦʢ ʝʬʝʢʪʠʚʥʠʡ ʧʨʠ 1r>. ɼʣʷ
 
 
 
ʟʥʘʭʦʜʞʝʥʥʷ ʧʝʨʝʤʽʱʝʥʴ ʧʨʠ ʤʘʣʠʭ 

ʟʥʘʯʝʥʥʷʭ r ʚʠʢʦʨʠʩʪʘʻʤʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʍʘʥʢʝʣʷ. 
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è ø-
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x xP
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Rh
,   1

0

( )
( )

sinh 2 2

¤
h hr

r = h
h+ hñ

J
F d . 

ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʬʫʥʢʮʽʾ  F  ʧʨʠ ʤʘʣʠʭ ʟʥʘʯʝʥʥʷʭ ʘʨʛʫʤʝʥʪʫ ʚʠʢʦʨʠʩʪʘʻʤʦ 

ʨʷʜ 
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2 1
2 1

1 2
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( )
2 !

+¤
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=

rå õ
lr = læ ö
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n
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n
J

n
. 

ʇʜ̔ʩʪʘʚʣʷʶʯʠ ʮʝʡ ʨʦʟʢʣʘʜ ʧʽʜ ʽʥʪʝʛʨʘʣ, ʦʪʨʠʤʘʻʤʦ ʨʷʜ ʄʘʢʣʦʨʝʥʘ 
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F a  (3.23) 
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ʜʝ  
()

2 2

2

0
sinh2 2!

¤ +h
= h

h+ hñ
n

n

n
a d

n
. 

ʆʙʯʠʩʣʶʶʯʠ ʮʽ ʽʥʪʝʛʨʘʣʠ, ʟʥʘʭʦʜʠʤʦ 

0 1 2 3 4

5 6 7 8 9

a =0.3839, a =-0.6626, a =0.8946, a =-1.0764, a =1.2242, 

a =-1.3514, a =1.4656, a =-1.5708, a =1.6692, a =-1.7620
 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʽʜʨʽʟʫ ʨʷʜʫ ʽʟ 10 ʯʣʝʥʽʚ ʧʦʭʠʙʢʘ ʧʨʠ 1r< ʤʝʥʰʘ 410-. ʇʨʠ 

1r² ʧʝʨʝʤʽʱʝʥʥʷ ʚʠʟʥʘʯʘʣʘʩʴ ʟʘ ʨʷʜʘʤʠ (3.23), ʚ ʷʢʠʭ ʫʪʨʠʤʫʚʘʣʠ 5 ʯʣʝʥʽʚ. 

ʈʷʜ (3.23) ʟʙʽʛʘʻʪʴʩʷ ʚ ʦʙʣʘʩʪʽ 0 2< <r . ʊʦʤʫ ʧʨʠ ʡʦʛʦ ʦʙʯʠʩʣʝʥʥʽ ʥʝʦʙʭʽʜʥʦ 

ʚʠʙʠʨʘʪʠ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʯʣʝʥʽʚ ʨʷʜʫ. ɹʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʻ ʧʽʜʭʽʜ, ʚ 

ʷʢʦʤʫ ʬʫʥʢʮʽʷ ( )F r  ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʣʽʥʦʤʦʤ, ʢʦʝʬʽʮʽʻʥʪʠ ʷʢʦʛʦ ʟʥʘʭʦʜʴʩʷ 

ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ. ɿʘʟʥʘʯʠʤʦ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ ʚ ʨʽʟʥʠʭ ʩʠʩʪʝʤʘʭ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʩʧʝʮʽʘʣʴʥʽ ʬʫʥʢʮʽʾ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʯʝʨʝʟ ʪʘʢʽ ʧʦʣʽʥʦʤʠ. ʌʫʥʢʮʽʷ 

( )F r  ʥʘ ʧʨʦʤʽʞʢʫ 0 3< <r  ʟ ʧʦʭʠʙʢʦʶ ʥʝ ʙʽʣʴʰʦʶ ʟʘ 410-  ʤʦʞʝ ʙʫʪʠ ʦʙʯʠʩʣʝʥʘ 

ʟʘ ʬʦʨʤʫʣʦʶ 
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*

0

( ) ( )
=
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n

n

F F b , (3.24) 

ʜʝ  
0 1 2 3

4 5 6

 = 0.00013181, b  = 0.18772, b  = 0.02811, b  = -0.15634, 

b  = 0.090639, b  = -0.021703, b  = 0.0019488.         

b
 

ʇʨʠ 3>r  ʨʷʜʦʤ ʚ (3.22) ʤʦʞʥʘ ʥʝʭʪʫʚʘʪʠ ʊʦʜʽ 
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3.3  ʂʦʥʪʘʢʪʥʘ ʟʘʜʘʯʘ ʜʣʷ ʰʘʨʫ ʟʘ ʚʨʘʭʫʚʘʥʥʷ ʪʝʨʪʷ 

3.3.1 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʈʦʟʛʣʷʜʘʪʠʤʝʤʦ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʥʘ ʰʪʘʤʧ ʜʽʻ 

ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʩʠʣʘ ʽ ʚʽʥ ʧʝʨʝʙʫʚʘʻ ʥʘ ʤʝʞʽ ʛʨʘʥʠʯʥʦʾ ʨʽʚʥʦʚʘʛʠ, ʪʘ ʧʨʠʡʤʝʤʦ, ʱʦ 

ʚ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ ʜʦʪʠʯʥʽ ʽ ʥʦʨʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ʧʦʚô̫ ʟʘʥʽ ʟʘʢʦʥʦʤ ʂʫʣʦʥʘ [2, 

4, 157]. ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʢʦʥʪʘʢʪʥʘ ʟʘʜʘʯʘ ʜʣʷ ʰʘʨʫ 0< <z h, ʷʢʠʡ ʨʦʟʤʽʱʝʥʠʡ ʥʘ 
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ʞʦʨʩʪʢʽʡ ʛʣʘʜʢʽʡ ʦʩʥʦʚʽ ʧʨʠ 0=z . ʇʨʠʡʤʝʤʦ, ʱʦ ʚʝʨʭʥʷ ʤʝʞʘ ʚʟʘʻʤʦʜʽʻ ʟ 

ʰʪʘʤʧʦʤ, ʜʦ ʷʢʦʛʦ ʧʨʠʢʣʘʜʝʥʘ ʩʠʣʘ P, ʷʢʘ ʜʽʻ ʥʦʨʤʘʣʴʥʦ ʜʦ ʤʝʞ ʰʘʨʫ ʪʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʩʠʣʘ T, ʱʦ ʜʽʻ ʧʘʨʘʣʝʣʴʥʦ ʦʩʽ Ox (ʨʠʩ. 3.13). 

 

ʈʠʩ. 3.13. ʉʭʝʤʘ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʰʘʨʫ ʟ ʰʪʘʤʧʦʤ 

ɺʟʘʻʤʦʜʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʪʝʨʪʷʤ, ʰʪʘʤʧ ʥʝʨʫʭʦʤʠʡ, ʧʝʨʝʙʫʚʘʻ ʚ ʩʪʘʥʽ ʩʧʦʢʦʶ. 

ɺ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ ʜʽʶʪʴ ʥʦʨʤʘʣʴʥʽ sz  ʪʘ ʜʦʪʠʯʥʽ txz ʥʘʧʨʫʞʝʥʥʷ, ʷʢʽ, ʟʛʽʜʥʦ ʟ 

ʟʘʢʦʥʦʤ ʂʫʣʦʥʘ, ʚ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ ʧʦʚôʷʟʘʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ t = sxz zk , ʜʝ  k  -  

ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ, ʷʢʠʡ ʥʘʜʘʣʽ ʧʨʠʡʤʘʻʤʦ ʩʪʘʣʠʤ, ʧʨʠ ʮʴʦʤʫ =-T kP, 0s <z . 

ʇʦʟʥʘʯʠʤʦ ʤʦʜʫʣʴ ʟʩʫʚʫ ʽ ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ ʰʘʨʫ ʯʝʨʝʟ ,nG , ʦʙʣʘʩʪʴ ʢʦʥʪʘʢʪʫ 

ʯʝʨʝʟ D. ʌʦʨʤʘ ʰʪʘʤʧʘ, ʷʢʠʡ ʧʨʠʡʤʘʻʤʦ ʞʦʨʩʪʢʠʤ, ʚ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ 

ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ( , )=z f x y. ɼʘʣʽ ʧʦʢʣʘʜʘʻʤʦ, ʱʦ (0,0) 0=f .  

3.3.2 ɯʥʪʝʛʨʘʣʴʥʝ ʨʽʚʥʷʥʥʷ. ɺʠʢʦʨʠʩʪʘʻʤʦ ʥʘʚʝʜʝʥʽ ʚ ʧ. 3.2 ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʝʤʽʱʝʥʴ ʚʽʜ ʜʽʾ ʟʦʩʝʨʝʜʞʝʥʠʭ ʩʠʣ (0,0, )Z  ʪʘ ( ,0,0)X , ʷʢʽ 

ʧʨʠʢʣʘʜʝʥʽ ʚ ʜʦʚʽʣʴʥʽʡ ʪʦʯʮʽ ( , , )x hh . 

ʇʨʠʡʤʘʶʯʠ ʚʽʜʦʤʠʤʠ ʥʦʨʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ sz  ʽ ʚʨʘʭʦʚʫʶʯʠ, ʱʦ t = sxz zk , 

ʧʽʩʣʷ ʽʥʪʝʛʨʫʚʘʥʥʷ ʧʦ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ D, ʦʪʨʠʤʫʻʤʦ ʬʦʨʤʫʣʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʥʦʨʤʘʣʴʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʤʝʞʽ ʰʘʨʫ =z h  

 ( , , ) ( , , ) ( , )
g
= s x h -x -h x hñz

D

w x y h h K x y d d
h

, (3.25) 
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(3.26) 

2 2/ , ( ) ( )r= = -x + -hR h R x y , 0,1( )-K z  ʬʫʥʢʮʽʾ ʄʘʢʜʦʥʘʣʴʜʘ, 

a -i    ʢʦʨʝʥʽ ʟ ʜʦʜʘʪʥʦʶ ʜʽʡʩʥʦʶ ʯʘʩʪʠʥʦʶ ʨʽʚʥʷʥʥʷ sin2 /2 1 0a a+ =. 

ʊʫʪ ʨʦʟʛʣʷʥʫʪʦ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ʜʽʶʪʴ ʚ ʥʘʧʨʷʤʢʫ ʦʩʽ ʆʭ . 

ʇʨʠ ʟʘʜʘʥʠʭ ʧʝʨʝʤʽʱʝʥʥʷʭ ʰʪʘʤʧʘ w  ʨʽʚʥʷʥʥʷ

 

(3.25) ̒  ʽʥʪʝʛʨʘʣʴʥʠʤ

 

ʨʽʚʥʷʥʥʷʤ 

ʚʽʜʥʦʩʥʦ ʢʦʥʪʘʢʪʥʠʭ ʥʘʧʨʫʞʝʥʴ  ʧʨʠ ( , )Íx y D.  

3.3.3 ɸʣʛʦʨʠʪʤ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯʽ. ɼʣʷ ʬʨʠʢʮʽʡʥʠʭ ʟʘʜʘʯ ʦʙʣʘʩʪʽ 

ʢʦʥʪʘʢʪʫ, ʷʢ ʧʨʘʚʠʣʦ ʥʘʧʝʨʝʜ ʥʝʚʽʜʦʤʽ ʽ ʪʦʤʫ ʜʣʷ ʾʭ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʦ 

ʯʠʩʣʦʚʠʡ ʤʝʪʦʜ, ʘ ʩʘʤʝ ʧʽʜʭʽʜ, ʷʢʠʡ ʛʨʫʥʪʫʻʪʴʩʷ ʥʘ ʨʽʚʥʦʩʪʷʭ-ʥʝʨʽʚʥʦʩʪʷʭ 

ʉʽʥʴʡʦʨʽʥʽ ʽ ʥʝʚʘʨʽʘʮʽʡʥʠʡ ʤʝʪʦʜ ʟʚʝʜʝʥʥʷ ʢʦʥʪʘʢʪʥʦʾ ʟʘʜʘʯʽ ʜʦ ʟʘʜʘʯʽ 

ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ [157- 159]. ɼʠʩʢʨʝʪʥʽ ʘʥʘʣʦʛʠ ʨʽʚʥʷʥʴ-ʥʝʨʽʚʥʦʩʪʝʡ 

ʧʦʙʫʜʦʚʘʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʽʜʭʦʜʽʚ, ʨʦʟʨʦʙʣʝʥʠʭ ʚ ʤʝʪʦʜʽ ʛʨʘʥʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʠʩʢʨʝʪʥʽ ʘʥʘʣʦʛʠ, ʩʠʩʪʝʤʫ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ-ʥʝʨʽʚʥʦʩʪʝʡ 

ʟʘʧʠʩʫʚʘʣʠ ʫ ʚʠʛʣʷʜʽ ʩʠʩʪʝʤʠ ʘʣʛʝʙʨʠʯʥʠʭ ʨʽʚʥʷʥʴ-ʥʝʨʽʚʥʦʩʪʝʡ ʥʘ ʦʩʥʦʚʽ ʷʢʦʾ 

ʬʦʨʤʫʣʶʚʘʣʠ ʟʘʜʘʯʫ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ (ʘʥʘʣʦʛʽʯʥʦ ʷʢ ʫ ʧ.  3.1.). 

ɿʘʜʘʯʘ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʤʘʻ ʚʠʛʣʷʜ (3.13) ʧʨʠ ʫʤʦʚʘʭ (3.10), 

(3.11). ʂʦʝʬʽʮʽʻʥʪʠ , , ,nmn mA  ʚ ʮʠʭ ʬʦʨʤʫʣʘʭ ʚʠʟʥʘʯʘʣʠʩʴ ʟʘ ʥʘʚʝʜʝʥʦʶ ʚʠʱʝ 

ʬʦʨʤʫʣʦʶ 

 , , . ,nm n- m-=n m n mA c . 

ʂʦʝʬʽʮʽʻʥʪʠ ijʩ ʟʘʧʠʩʘʥʦ ʫ ʚʠʛʣʷʜʽ ʩʫʤʠ 
(0) ( )D= +ij ij ijʩ ʩ c, ʜʝ (0)

ijʩ   ʥʘʚʝʜʝʥʽ ʚʠʱʝ 

ʢʦʝʬʽʮʽʻʥʪʠ ʜʣʷ ʧʽʚʧʨʦʩʪʦʨʫ, 
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 ( )
, 1( ) ( ) ( , )D

- -

= x h -x -h x hñ ñx y

h H

i j h h i j

h H

c S S F x y d d . 

ʎʽ ʽʥʪʝʛʨʘʣʠ ʟʥʘʭʦʜʠʣʠʩʴ ʯʠʩʣʦʚʦ ʟʘ ʚʽʜʦʤʠʤʠ ʢʫʙʘʪʫʨʥʠʤʠ ʬʦʨʤʫʣʘʤʠ, 

ʦʩʢʽʣʴʢʠ ʬʫʥʢʮʽʷ 1F   ̒ʦʙʤʝʞʝʥʦʶ ʥʝʧʝʨʝʨʚʥʦʶ ʬʫʥʢʮʽʻʶ. 

3.3.4 ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ 

3.3.4.1 ʐʪʘʤʧ ʧʘʨʘʙʦʣʦʾʜʘʣʴʥʦʾ ʬʦʨʤʠ. ɿ ʤʝʪʦʶ ʪʝʩʪʫʚʘʥʥʷ ʚʠʢʦʥʘʥʦ 

ʨʦʟʨʘʭʫʥʢʠ ʢʦʥʪʘʢʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʜʣʷ ʛʣʘʜʢʦʛʦ ʰʪʘʤʧʘ ʧʘʨʘʙʦʣʦʾʜʥʦʾ ʬʦʨʤʠ ʧʨʠ  

 ( )2 21
( , )

2
= +f x y x y

R
. (3.27) 

ʈʦʟʨʘʭʦʚʘʥʠʡ ʚʽʜʥʦʩʥʠʡ ʪʠʩʢ =sÖgp  ʧʨʠ 0.02= =x yh h h, 0 0.0011=-w h, 

2 10=R h ʚ ʧʝʨʝʨʽʟʽ 0=y  ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩ. 3.14 ʢʨʠʚʦʶ 1. ɿʥʘʡʜʝʥʠʡ ʟʘ 

ʨʦʟʨʦʙʣʝʥʠʤ ʘʣʛʦʨʠʪʤʦʤ ʤʘʢʩʠʤʘʣʴʥʠʡ ʚʽʜʥʦʩʥʠʡ ʪʠʩʢ ʜʦʨʽʚʥʶʚʘʚ  

21.019 10-= Öp . ʅʘ ʦʩʥʦʚʽ ʥʘʚʝʜʝʥʦʛʦ ʫ [156] ʨʦʟʚô̫ ʟʢʫ ʦʪʨʠʤʫʻʤʦ 0.1022=p . 

ʇʦʢʣʘʜʘʣʠ ʪʘʢʦʞ 0.035= =x yh h h. 0 0.041=-w h, 2 10=R h. ɺʽʜʥʦʩʥʠʡ 

ʢʦʥʪʘʢʪʥʠʡ ʪʠʩʢ ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩ. 3.14 ʢʨʠʚʦʶ 2. ʈʦʟʨʘʭʦʚʘʥʽ ʟʘ ʨʦʟʨʦʙʣʝʥʠʤ 

ʘʣʛʦʨʠʪʤʦʤ ʪʘ ʥʘ ʦʩʥʦʚʽ ʨʦʙʦʪʠ [156] ʤʘʢʩʠʤʘʣʴʥʽ ʚʽʜʥʦʩʥʽ ʪʠʩʢʠ ʙʫʣʠ 0.02157 ʪʘ 

0.0216, ʚʽʜʧʦʚʽʜʥʦ. 

 

ʈʠʩ. 3.14. ɺʽʜʥʦʩʥʠʡ ʢʦʥʪʘʢʪʥʠʡ ʪʠʩʢ =sÖgp  ʧʽʜ ʛʣʘʜʢʠʤ ʰʪʘʤʧʦʤ 

ʧʨʠ 0 0.0011 ; 0.041=- -w h h 

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʨʦʙʣʝʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʨʦʟʛʣʷʥʫʪʦ ʬʨʠʢʮʽʡʥʫ ʢʦʥʪʘʢʪʥʫ 

ʟʘʜʘʯʫ ʧʨʦ ʚʟʘʻʤʦʜʽʶ ʰʘʨʫ ʟ ʰʪʘʤʧʘʤʠ ʨʽʟʥʦʾ ʬʦʨʤʠ. ʐʠʨʦʢʝ ʢʦʣʦ ʢʦʥʪʘʢʪʥʠʭ 
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ʟʘʜʘʯ ʟʚʦʜʠʪʴʩʷ ʜʦ ʨʦʟʛʣʷʜʫ ʰʘʨʫ, ʢʦʣʠ ʰʪʘʤʧ ʤʘʻ ʧʘʨʦʙʦʣʦʾʜʘʣʴʥʫ ʬʦʨʤʫ ʽ 

ʦʧʠʩʫʻʪʴʩʷ ʬʫʥʢʮʽʻʶ ( )2 21
( , )= +f x y Ax By

h
 ʧʨʠ ʟʘʜʘʥʠʭ ʩʪʘʣʠʭ A ʽ B  [155]. 

ʈʦʟʨʘʭʫʥʢʠ ʧʨʦʚʝʜʝʥʦ ʟʘ ʨʽʟʥʠʭ A ʽ B, ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʟʤʽʱʝʥʥʷ ʰʪʘʤʧʘ (0w ) 

ʪʘ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ (k). ʇʨʠ ʚʠʙʦʨʽ ʦʙʣʘʩʪʽ S ʫ ʧʝʨʰʦʤʫ 

ʥʘʙʣʠʞʝʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʘʥʘʣʽʪʠʯʥʽ ʨʦʟʚôʷʟʢʠ ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ ʜʣʷ ʛʣʘʜʢʠʭ 

ʰʪʘʤʧʽʚ, ʫ ʷʢʠʭ ʚʠʟʥʘʯʝʥʽ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ [2, 4, 155]. ɼʘʣʽ ʮʽ ʦʙʣʘʩʪʽ 

ʫʪʦʯʥʶʚʘʣʠʩʴ ʟ ʫʨʘʭʫʚʘʥʥʷ ʪʝʨʪʷ. ʋ ʧʨʦʮʝʩʽ ʨʦʟʚôʷʟʘʥʥʷ ʚʨʘʭʦʚʫʚʘʣʘʩʴ ʩʠʤʝʪʨʽʷ 

ʢʦʥʪʘʢʪʥʠʭ ʪʠʩʢʽʚ ʚʽʜʥʦʩʥʦ ʦʩʽ Ox: ( , ) ( , )s =s -z zx y x y. ʋʨʘʭʫʚʘʥʥʷ ʩʠʤʝʪʨʽʾ 

ʜʘʚʘʣʦ ʟʤʦʛʫ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʥʝʚʽʜʦʤʠʭ ʫ ʩʠʩʪʝʤʽ ʨʽʚʥʷʥʴ-ʥʝʨʽʚʥʦʩʪʝʡ. 

ɼʦʧʦʤʽʞʥʘ ʦʙʣʘʩʪʴ S ʚʠʙʠʨʘʣʘʩʴ ʫ ʚʠʛʣʷʜʽ ʧʨʷʤʦʢʫʪʥʠʢʘ, ʷʢʠʡ ʟʘʡʤʘʚ 

ʦʙʣʘʩʪʴ - < <c x c,  - < <d y d, ʜʝ 15= Öxc h , 15= Öyd h .  

ʈʦʟʨʘʭʫʥʢʠ  ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ ʚʠʢʦʥʘʥʦ ʜʣʷ ʧʽʚʧʨʦʩʪʦʨʫ ʪʘ ʰʘʨʫ ʧʨʠ 

0.5= =A B , ʢʦʝʬʽʮʽʻʥʪʽ ʇʫʘʩʩʦʥʘ 0.3n=  ʪʘ ʟ ʫʨʘʭʫʚʘʥʥʷ ʪʝʨʪʷ (0.8=k ). ɼʣʷ 

ʮʴʦʛʦ ʚʠʧʘʜʢʫ ʦʙʣʘʩʪʴ D  ʧʦʢʨʠʚʘʣʘʩʴ ʩʽʪʢʦʶ ʟ ʢʨʦʢʘʤʠ 0.012=xh h, 0.012=yh h. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʚʽʜʥʦʩʥʠʭ ʢʦʥʪʘʢʪʥʠʭ ʪʠʩʢʽʚ =sÖgp  ʫ ʧʝʨʝʨʽʟʽ 0=y  

ʟʘ ʟʥʘʯʝʥʴ ʚʝʣʠʯʠʥʠ 0/ 0.008; 0.01; 0.015; 0.02; 0.025; 0.03=- - - - - -w h  ʥʘʚʝʜʝʥʦ ʥʘ 

ʨʠʩ. 3.15) ʩʫʮʽʣʴʥʠʤʠ ʢʨʠʚʠʤʠ (ʜʣʷ ʧʽʚʧʨ.) ʽ ʰʪʨʠʭʦʚʠʤʠ ʢʨʠʚʠʤʠ (ʜʣʷ ʰʘʨʫ).  

 

ʈʠʩ. 3.15.  ɺʽʜʥʦʩʥʽ ʢʦʥʪʘʢʪʥʽ ʪʠʩʢʠ =sÖgp  ʫ ʧʽʚʧʨʦʩʪʦʨʽ ʪʘ ʰʘʨʽ ʧʨʠ 

0.5= =A B , 0.3n=  0.8=k , 0/ 0.008; 0.01; 0.015; 0.02; 0.025; 0.03=- - - - - -w h  
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ɯʟ ʛʨʘʬʽʢʽʚ ʚʠʜʥʦ, ʱʦ ʧʨʠ ʤʘʣʠʭ ʟʘʛʣʠʙʣʝʥʥʷʭ ʰʪʘʤʧʘ (ʧʨʠ 

0 0.015; 0.01; 0.008=- - -w ) ʢʦʥʪʘʢʪʥʽ ʪʠʩʢʠ ʚ ʰʘʨʽ (ʰʪʨʠʭʦʚʽ ʢʨʠʚʽ) ʽ ʧʽʚʧʨʦʩʪʦʨʽ 

(ʩʫʮʽʣʴʥʽ ʢʨʠʚʽ) ʧʨʘʢʪʠʯʥʦ ʟʙʽʛʘʶʪʴʩʷ (ʢʨʠʚʽ 4-6 ʩʫʮʽʣʴʥʽ ʪʘ ʚʽʜʧʦʚʽʜʥʽ ʰʪʨʠʭʦʚʽ 

ʢʨʠʚʽ). ʇʨʠ ʙʽʣʴʰʠʭ ʟʘʛʣʠʙʣʝʥʥʷʭ ʰʪʘʤʧʘ 0/ 0.03; 0.025; 0.02=- - -w h  (ʢʨʠʚʽ 1-3 

ʪʘ ʚʽʜʧʦʚʽʜʥʽ ʰʪʨʠʭʦʚʽ ʢʨʠʚʽ). ʟʥʘʯʝʥʥʷ ʢʦʥʪʘʢʪʥʠʭ  ʪʠʩʢʽʚ ʫ ʰʘʨʽ ʻ ʙʽʣʴʰʠʤʠ ʥʽʞ 

ʫ ʧʽʚʧʨʦʩʪʦʨʽ, ʧʨʠ ʮʴʦʤʫ ʦʙʣʘʩʪʴ ʢʦʥʪʘʢʪʫ ʫ ʚʠʧʘʜʢʫ ʰʘʨʫ ʪʘʢʦʞ ʟʙʽʣʴʰʫʻʪʴʩʷ. 

ʈʦʟʨʘʭʫʥʢʠ ʧʨʦʚʝʜʝʥʦ ʧʨʠ 0.03= =A B , ʢʦʣʠ ʚ ʰʘʨʽ ʢʦʥʪʘʢʪʥʽ ʥʘʧʨʫʞʝʥʥʷ 

ʽʩʪʦʪʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʥʘʧʨʫʞʝʥʴ ʫ ʧʽʚʧʨʦʩʪʦʨʽ. ɼʣʷ ʮʴʦʛʦ ʚʠʧʘʜʢʫ ʦʙʣʘʩʪʴ D  

ʧʦʢʨʠʚʘʣʘʩʴ ʩʽʪʢʦʶ ʟ ʢʨʦʢʘʤʠ / 0.06=xh h , / 0.06=yh h . ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ 

ʚʽʜʥʦʩʥʠʭ ʢʦʥʪʘʢʪʥʠʭ ʪʠʩʢʽʚ  ʟʘ ʚʨʘʭʫʚʘʥʥʷ ʪʝʨʪʷ ʧʨʠ 0.3=k , ʢʦʝʬʽʮʽʻʥʪʽ 

ʇʫʘʩʩʦʥʘ 0.3n=  ʪʘ ʧʨʠ ʟʥʘʯʝʥʥʷʭ ʚʝʣʠʯʠʥʠ 0/ 0.03; 0.025; 0.02=- - -w h  ʥʘʚʝʜʝʥʦ 

ʥʘ ʨʠʩ. 3.16 ʘ) ʢʨʠʚʠʤʠ 1-3. ɿʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʠʭ ʢʦʥʪʘʢʪʥʠʭ ʪʠʩʢʽʚ p  ʧʨʠ 

0 0.02=-w  ʪʘ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ 0.6; 0.4; 0.2=k , ʥʘʚʝʜʝʥʽ ʥʘ 

ʨʠʩ. 3.16 ʙ) ʢʨʠʚʠʤʠ 1-3, ʚʽʜʧʦʚʽʜʥʦ. 

    

ʈʠʩ. 3.16 ʘ) ɺʽʜʥʦʩʥʠʡ 

ʢʦʥʪʘʢʪʥʠʡ ʪʠʩʢ ʧʨʠ  0.03= =A B , 

0.3=k , 0 0.03; 0.025; 0.02=- - -w  

ʈʠʩ. 3.16 ʙ) ɺʽʜʥʦʩʥʠʡ 

ʢʦʥʪʘʢʪʥʠʡ ʪʠʩʢ ʧʨʠ  0.03= =A B , 

0.6; 0.4; 0.2=k , 0 0.02=-w  

ɿʤʽʥʫ ʚʽʜʥʦʩʥʠʭ ʢʦʥʪʘʢʪʥʠʭ ʪʠʩʢʽʚ ʚʟʜʦʚʞ ʦʩʽ Oxʟʘ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʟʥʘʯʝʥʴ 

ʚʝʣʠʯʠʥʠ 0w  ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ 0.05 0.5= =A B A (ʧʘʨʘʙʦʣʦʾʜʘʣʴʥʠʡ) ʰʪʘʤʧ, 

ʩʧʣʶʩʥʫʪʠʡ ʚ ʥʘʧʨʷʤʢʫ ʦʩʽ Oy) ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.17 ʘ). ʆʙʯʠʩʣʝʥʥʷ ʚʠʢʦʥʘʥʦ 
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ʧʨʠ / 0.065=xh h , / 0.065=yh h , ʢʦʝʬʽʮʽʻʥʪʽ ʪʝʨʪʷ 0.3=k  ʪʘ ʢʦʝʬʽʮʽʻʥʪʽ ʇʫʘʩʩʦʥʘ 

0.3n= . ʅʘ ʨʠʩ. 3.17 ʙ) ï ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʠ 0 0.02=-w  ʪʘ ʚʢʘʟʘʥʠʭ ʚʠʱʝ 

ʢʦʝʬʽʮʽʻʥʪʘʭ ʪʝʨʪʷ. 

    

ʈʠʩ. 3.17 ʘ) ɺʽʜʥʦʩʥʠʡ ʢʦʥʪʘʢʪʥʠʡ 

ʪʠʩʢ ʧʨʠ  0.05 0.5= =A B A; 0.3=k  

0 0.03; 0.025; 0.02=- - -w  

ʈʠʩ. 3.17 ʙ) ɺʽʜʥʦʩʥʠʡ ʢʦʥʪʘʢʪʥʠʡ 

ʪʠʩʢ ʧʨʠ  0.05 0.5= =A B A, 

0 0.02=-w , 0.6; 0.4; 0.2=k  

ɸʥʘʣʦʛʽʯʥʽ ʜʘʥʽ ʫ ʪʘʢʦʤʫ ʞ ʧʦʨʷʜʢʫ ʜʣʷ  ʚʠʧʘʜʢʫ ʢʦʣʠ 0.05 0.25= =A B A  

ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 3.18 ʘ) ʽ 3.18 ʙ). ʇʨʠ ʦʙʯʠʩʣʝʥʥʷʭ ʦʙʣʘʩʪʴ ʧʦʢʨʠʚʘʣʘʩʴ ʩʽʪʢʦʶ 

/ 0.1=xh h , / 0.1=yh h . 

    

ʈʠʩ. 3.18 ʘ) ɺʽʜʥʦʩʥʠʡ ʢʦʥʪʘʢʪʥʠʡ 

ʪʠʩʢ ʧʨʠ  0.05 0.25= =A B A; 

0.3=k , 0 0.03; 0.025; 0.02=- - -w  

ʈʠʩ. 3.18 ʙ) ɺʽʜʥʦʩʥʠʡ ʢʦʥʪʘʢʪʥʠʡ 

ʪʠʩʢ ʧʨʠ  0.05 0.25= =A B A 

0.6; 0.4; 0.2=k , 0 0.02=-w  
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ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʯʠʩʣʝʥʴ, ʥʘʚʝʜʝʥʠʭ ʥʘ ʨʠʩ. 3.16-3.18 ʤʦʞʥʘ 

ʟʨʦʙʠʪʠ ʪʘʢʽ ʚʠʩʥʦʚʢʠ: ʢʦʥʪʘʢʪʥʠʡ ʪʠʩʢ ʽ ʦʙʣʘʩʪʴ ʢʦʥʪʘʢʪʫ ʟʨʦʩʪʘʶʪʴ ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʟʘʛʣʠʙʣʝʥʥʷ; ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ ʤʘʢʩʠʤʘʣʴʥʠʡ ʪʠʩʢ 

ʜʝʱʦ ʟʤʝʥʰʫʻʪʴʩʷ ʪʘ ʧʨʠ ʮʴʦʤʫ ʧʨʠ / 2>A B  ʦʙʣʘʩʪʴ ʢʦʥʪʘʢʪʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʽ ʧʨʠ 

/ 1=A B  ï ʟʤʝʥʰʫʻʪʴʩʷ. 

3.3.4.2 ʂʦʥʪʘʢʪʥʘ ʟʘʜʘʯʘ ʜʣʷ ʰʪʘʤʧʘ ʟ ʦʩʥʦʚʦʶ, ʙʣʠʟʴʢʦʶ ʜʦ ʧʣʦʩʢʦʾ  

ʂʦʥʪʘʢʪʥʽ ʥʘʧʨʫʞʝʥʥʷ ʫ ʧʽʚʧʨʦʩʪʦʨʽ ʽ ʰʘʨʽ ʚʠʷʚʠʣʠʩʴ ʙʣʠʟʴʢʠʤʠ ʟʘ 

ʚʝʣʠʯʠʥʦʶ, ʦʩʢʽʣʴʢʠ ʨʦʟʨʘʭʦʚʘʥʽ ʜʽʣʷʥʢʠ ʢʦʥʪʘʢʪʫ ʤʘʣʠ ʤʘʣʽ ʨʦʟʤʽʨʠ. ɼʦʩʣʽʜʠʤʦ 

ʢʦʥʪʘʢʪʥʽ ʥʘʧʨʫʞʝʥʥʷ ʫ ʰʘʨʽ ʟʘʣʝʞʥʦ ʚʽʜ ʨʦʟʤʽʨʽʚ ʜʽʣʷʥʢʠ ʢʦʥʪʘʢʪʫ ʪʘ 

ʧʦʨʽʚʥʷʻʤʦ ʾʭ ʟ ʥʘʧʨʫʞʝʥʥʷʤʠ ʫ ʧʽʚʧʨʦʩʪʦʨʽ. ɼʣʷ ʮʴʦʛʦ ʙʫʜʝʤʦ ʟʘʜʘʚʘʪʠ ʬʦʨʤʫ 

ʦʩʥʦʚʠ ʰʪʘʤʧʘ ʫ ʚʠʛʣʷʜʽ 

 
max

( , )
2
=

mr
f x y

r
 (3.28)  

ʧʨʠ 6=m , ʧʦʢʣʘʚʰʠ ʚ ʥʽʡ 
1

max 0.25; 0.5; 0.75;1.; 1.5; 2.ʩʤ-=r .  

ʂʦʥʪʘʢʪʥʽ ʪʠʩʢʠ ʧʨʠ 
1

max 0.25ʩʤ-=r  (ʨʠʩ. 3.24). 

ʆʙʣʘʩʪʴ S, ʚ ʷʢʽʡ ʚʽʜʙʫʚʘʚʩʷ ʧʦʰʫʢ ʢʦʥʪʘʢʪʥʠʭ ʪʠʩʢʽʚ (ʚʦʥʘ ʫʪʦʯʥʶʚʘʣʘʩʴ ʚ 

ʧʨʦʮʝʩʽ ʨʦʟʨʘʭʫʥʢʽʚ) ʧʦʢʨʠʚʘʣʘʩʴ ʩʽʪʢʦʶ, ʢʨʦʢʠ ʷʢʦʾ ʙʫʣʠ  0.0075ʩʤ=xh , 

0.0075ʩʤ=yh  ʜʣʷ ʧʽʚʧʨʦʩʪʦʨʫ ʽ ʜʣʷ ʰʘʨʫ.  

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʚʽʜʥʦʩʥʠʭ ʢʦʥʪʘʢʪʥʠʭ ʪʠʩʢʽʚ =sÖgp  ʜʣʷ 

ʧʽʚʧʨʦʩʪʦʨʫ ʚ ʧʝʨʝʨʽʟʽ 0=y  ʧʨʠ ,  ʢʦʝʬʽʮʽʻʥʪʽ ʪʝʨʪʷ 0.6=k , ʢʦʝʬʽʮʽʻʥʪʽ ʇʫʘʩʩʦʥʘ 

0.3n=  ʟʘʣʝʞʥʦ ʚʽʜ ʟʤʽʱʝʥʴ ʰʪʘʤʧʘ, ʷʢʽ ʧʨʠʡʤʘʣʠ 0 0.01; 0.015; 0.02ʩʤ=- - -w  

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.19 ʘ) ʢʨʠʚʠʤʠ 1-3. 

ʅʘ ʨʠʩ. 3.19 ʙ) ʧʦʜʘʥʦ ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʠʭ ʢʦʥʪʘʢʪʥʠʭ ʪʠʩʢʽʚ p  ʧʨʠ 

0 0.02ʩʤ=-w  ʟʘʣʝʞʥʦ ʚʽʜ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ 0.2; 0.4; 0.6=k . (ʧʽʚʧʨʦʩʪʽʨ). 

ɸʥʘʣʦʛʽʯʥʽ ʜʘʥʽ ʜʣʷ ʰʘʨʫ ʫ ʪʘʢʦʤʫ ʞ ʧʦʨʷʜʢʫ ʧʦʜʘʥʦ ʥʘ ʨʠʩ. 3.19 ʚ) ʽ 

ʨʠʩ. 3.19 ʛ).  

ʃʽʥʽʾ ʨʽʚʥʷ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ ʪʘ ʡʦʛʦ ʪʨʠʚʠʤʽʨʥʝ ʟʦʙʨʘʞʝʥʥʷ, ʷʢʽ 
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ʨʦʟʨʘʭʦʚʘʥʽ ʧʨʠ 0 0.02ʩʤ=-w , 0.6=k  ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 3.19 ʜ) ̔ 3.19 ʝ), 

ʚʽʜʧʦʚʽʜʥʦ (ʧʽʚʧʨʦʩʪʽʨ). ʊʘʢʽ ʞ ʜʘʥʽ ʜʣʷ ʰʘʨʫ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 3.19 ʞ) ̔ 3.19 ʟ).  

      

 ʘ) ʙ) 

      
 ʚ) ʛ) 

        
 ʜ) ʝ) 
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 ʞ) ʟ) 

ʈʠʩ. 3.19. ɺʽʜʥʦʩʥʠʡ ʢʦʥʪʘʢʪʥʠʡ ʪʠʩʢ ʧʨʠ 
1

max 0.25ʩʤ-=r : 

ʘ) ï 0 0.01; 0.015; 0.02ʩʤ=- - -w  0.6=k ;   ʙ) ï 0.2; 0.4; 0.6=k ; 0 0.02ʩʤ=-w  ʚ) 

ʣʽʥʽʾ ʨʽʚʥʷ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ; ʛ) ʪʨʠʚʠʤʽʨʥʝ ʟʦʙʨʘʞʝʥʥʷ; 

ʜ) ï 0 0.01; 0.015; 0.02ʩʤ=- - -w  0.6=k ;   ʝ) ï 0.2; 0.4; 0.6=k ; 0 0.02ʩʤ=-w  

ʞ) ʣʽʥʽʾ ʨʽʚʥʷ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ; ʟ) ʪʨʠʚʠʤʽʨʥʝ ʟʦʙʨʘʞʝʥʥʷ (ʰʘʨ) 

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʥʘʚʦʜʠʤʦ ʟʥʘʯʝʥʥʷ ʩʫʤʘʨʥʠʭ ʪʠʩʢʽʚ  
31.167 5 59 9 10-= ÖsumP  

(ʜʣʷ ʧʽʚʧʨʦʩʪʦʨʫ), 
31.268 151012 -= ÖsumP  (ʜʣʷ ʰʘʨʫ), ʷʢʽ ʨʦʟʨʘʭʦʚʘʥʽ ʧʨʠ 

0 0.02ʩʤ=-w , 0.6=k . 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʢʦʥʪʘʢʪʥʠʭ ʪʠʩʢʽʚ ʟʘ ʽʥʰʠʭ ʟʥʘʯʝʥʴ maxr  ʥʘʚʝʜʝʥʽ ʫ 

ʜʦʜʘʪʢʫ ɹ.  

ʈʦʟʛʣʷʜʘʣʠ ʪʘʢʦʞ ʚʠʧʘʜʦʢ ʢʦʣʠ 4=m , 
1

max 0.25ʩʤ-=r . ɼʣʷ ʮʴʦʛʦ ʚʠʧʘʜʢʫ 

ʣ̔ ʥʽʾ ʨʽʚʥʷ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ ʪʘ ʡʦʛʦ ʪʨʠʚʠʤʽʨʥʝ ʟʦʙʨʘʞʝʥʥʷ, ʷʢʽ ʨʦʟʨʘʭʦʚʘʥʽ ʧʨʠ 

0 0.02ʩʤ=-w , 0.6=k  ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 3.20 ʘ) ̔ 3.20 ʙ). ʆʙʣʘʩʪʴ S ʫ ʚʠʧʘʜʢʫ 

ʧʽʚʧʨʦʩʪʦʨʫ ʧʦʢʨʠʚʘʣʠ ʩʽʪʢʦʶ ʟ ʢʨʦʢʘʤʠ 0.0053ʩʤ=xh , 0.0053ʩʤ=yh , ʘ ʫ ʚʠ-

ʧʘʜʢʫ ʰʘʨʫ  0.0055ʩʤ=xh , 0.0055ʩʤ=yh . ʉʫʤʘʨʥʠʡ ʪʠʩʢ 4  7.468714 100 -= ÖsumP  

(ʜʣʷ ʧʽʚʧʨʦʩʪʦʨʫ) ʽ 47.901 70105 -= ÖsumP  ʜʣʷ ʰʘʨʫ. 
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 ʘ) ʙ) 

    

 ʚ) ʛ) 

ʈʠʩ. 3.20.  ɺʽʜʥʦʩʥʠʡ ʢʦʥʪʘʢʪʥʠʡ ʪʠʩʢ ʧʨʠ 
1

max 0.25ʩʤ-=r , 4=m : 

ʘ) ï 0 0.01; 0.015; 0.02ʩʤ=- - -w  0.6=k ;  ʙ) ï 0.2; 0.4; 0.6=k ; 0 0.02ʩʤ=-w  

ʘ) ʣʽʥʽʾ ʨʽʚʥʷ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ ʙ) ʪʨʠʚʠʤʽʨʥʝ ʟʦʙʨʘʞʝʥʥʷ ʧʽʚʧʨʦʩʪʽʨ 

ʚ) ʣʽʥʽʾ ʨʽʚʥʷ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ ʛ) ʪʨʠʚʠʤʽʨʥʝ ʟʦʙʨʘʞʝʥʥʷ  ʰʘʨ 

ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʚʠʢʦʥʘʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʧʣʠʚʘʻ, ʱʦ ʧʨʠ ʦʜʥʘʢʦʚʠʭ 

ʟʤʽʱʝʥʥʷʭ ʰʪʘʤʧʘ: ʢʦʥʪʘʢʪʥʽ ʪʠʩʢʠ ʚ ʰʘʨʽ ʙʽʣʴʰʽ ʟʘ ʪʠʩʢʠ ʚ ʧʽʚʧʨʦʩʪʦʨʽ; ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ ʪʠʩʢʠ ʚ ʰʘʨʽ ʟʨʦʩʪʘʶʪʴ ʚʽʜʥʦʩʥʦ ʪʠʩʢʽʚ ʚ 

ʧʽʚʧʨʦʩʪʦʨʽ; ʦʙʣʘʩʪʴ ʢʦʥʪʘʢʪʫ ʚ ʰʘʨʽ ʙʽʣʴʰʘ, ʥʽʞ ʚ ʧʽʚʧʨʦʩʪʦʨʽ; ʟʥʘʯʝʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʠʭ ʪʠʩʢʽʚ ʜʣʷ ʰʘʨʫ ʪʘʢʦʞ ʻ ʙʽʣʴʰʠʤʠ ʥʽʞ ʜʣʷ ʧʽʚʧʨʦʩʪʦʨʫ. 
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3.4 ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 

ʇʦʙʫʜʦʚʘʥʦ ʯʠʩʝʣʴʥʠʡ ʘʣʛʦʨʠʪʤ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʬʨʠʢʮʽʡʥʦʾ ʢʦʥʪʘʢʪʥʦʾ 

ʟʘʜʘʯʽ ʧʨʦ ʚʟʘʻʤʦʜʽʶ ʜʚʦʭ ʪʽʣ. ɸʣʛʦʨʠʪʤ ʛʨʫʥʪʫʻʪʴʩʷ  ʥʘ ʩʫʤʽʩʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʤʝʪʦʜʫ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ-ʥʝʨʽʚʥʦʩʪʝʡ ʪʘ ʟʚʝʜʝʥʥʽ ʜʦ ʟʘʜʘʯʽ ʢʚʘʜʨʘʪʠʯʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʮʝʡ ʘʣʛʦʨʠʪʤ ʻ ʝʬʝʢʪʠʚʥʠʡ ʽ ʜʘʻ ʟʤʦʛʫ 

ʨʦʟʚôʷʟʫʚʘʪʠ ʪʘʢʽ ʬʨʠʢʮʽʡʥʽ ʢʦʥʪʘʢʪʥʽ ʟʘʜʘʯʽ ʧʨʦ ʚʟʘʻʤʦʜʽʶ ʜʚʦʭ ʪʽʣ ʟ 

ʢʦʥʪʨʦʣʴʦʚʘʥʦʶ ʪʦʯʥʽʩʪʶ 

ʈʦʟʨʘʭʫʥʢʠ ʧʨʦʚʝʜʝʥʦ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ Aʽ B, ʯʝʨʝʟ ʷʢʽ ʦʧʠʩʫʻʪʴʩʷ 

ʛʝʦʤʝʪʨʽʷ ʪʽʣ, ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʚʟʘʻʤʥʦʛʦ ʟʙʣʠʞʝʥʥʷ ʪʽʣ (0w ), ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʨʪʷ (k) ʪʘ ʇʫʘʩʩʦʥʘ (n). ʇʨʦʚʝʜʝʥʦ ʪʝʩʪʫʚʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʯʠʩʣʦʚʦ 

ʨʝʟʫʣʴʪʘʪʽʚ. ʇʦʢʘʟʘʥʦ, ʱʦ ʜʣʷ ʚʠʧʘʜʢʫ ʛʣʘʜʢʦʛʦ ʰʪʘʤʧʘ ʟʥʘʡʜʝʥʠʡ ʯʠʩʣʦʚʦ 

ʨʦʟʚôʷʟʦʢ ʜʦʙʨʝ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʥʘʚʝʜʝʥʠʤ ʚ ʣʽʪʝʨʘʪʫʨʽ ʘʥʘʣʽʪʠʯʥʠʤ ʨʦʟʚôʷʟʢʦʤ.  

ɼʣʷ ʚʠʧʘʜʢʽʚ ʢʦʥʪʘʢʪʫʚʘʥʥʷ ʪʽʣ ʟ ʪʝʨʪʷʤ ʟ ʤʝʪʦʶ ʧʝʨʝʚʽʨʢʠ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʚʠʟʥʘʯʘʣʘʩʴ ʬʦʨʤʘ ʟʜʝʬʦʨʤʦʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ ʪʽʣ, ʷʢʘ ʚʠʥʠʢʘʻ ʚʽʜ ʜʽʾ ʟʥʘʡʜʝʥʠʭ 

ʢʦʥʪʘʢʪʥʠʭ ʪʠʩʢʽʚ. ʇʦʢʘʟʘʥʦ, ʱʦ ʨʦʟʨʘʭʦʚʘʥʽ ʪʘʢʠʤ ʯʠʥʦʤ ʬʦʨʤʠ ʧʦʚʝʨʭʦʥʴ 

ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʫʤʦʚʘʤ ʢʦʥʪʘʢʪʫ, ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʨʦʟʚôʷʟʫʚʘʣʘʩʴ ʟʘʜʘʯʘ. ʊʦʙʪʦ 

ʧʝʨʝʚʽʨʝʥʦ ʫʤʦʚʠ ʚʟʘʻʤʦʜʽʾ ʪʽʣ ʷʢ ʚ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ, ʪʘʢ ʽ ʧʦʟʘ ʥʝʶ. ʈʦʟʨʘʭʦʚʘʥʽ 

ʟʘ ʨʦʟʨʦʙʣʝʥʠʤ ʘʣʛʦʨʠʪʤʦʤ ʢʦʥʪʘʢʪʥʽ ʪʠʩʢʠ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʟʘʜʦʚʦʣʴʥʷʶʪʴ 

ʫʤʦʚʠ ʢʦʥʪʘʢʪʫ ʉʽʥʴʡʦʨʽʥʽ. 

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʨʦʙʣʝʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʨʦʟʛʣʷʥʫʪʦ ʬʨʠʢʮʽʡʥʫ ʢʦʥʪʘʢʪʥʫ 

ʟʘʜʘʯʫ ʧʨʦ ʚʟʘʻʤʦʜʽʶ ʰʘʨʫ ʟ ʰʪʘʤʧʘʤʠ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ. 

ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʯʠʩʣʦʚʦ ʨʝʟʫʣʴʪʘʪʽʚ. ɿ 

ʤʝʪʦʶ ʪʝʩʪʫʚʘʥʥʷ ʚʠʢʦʥʘʥʦ ʨʦʟʨʘʭʫʥʢʠ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ ʜʣʷ ʧʽʚʧʨʦʩʪʦʨʫ ʪʘ 

ʰʘʨʫ ʟʘ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʟʤʽʱʝʥʥʷ ʰʪʘʤʧʘ. ɯʟ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʜʥʦ, ʱʦ 

ʧʨʠ ʤʘʣʠʭ ʟʘʛʣʠʙʣʝʥʥʷʭ ʰʪʘʤʧʘ ʢʦʥʪʘʢʪʥʽ ʪʠʩʢʠ ʚ ʰʘʨʽ ʽ ʧʽʚʧʨʦʩʪʦʨʽ ʧʨʘʢʪʠʯʥʦ 

ʟʙʽʛʘʶʪʴʩʷ. ʇʨʠ ʙʽʣʴʰʠʭ ʟʘʛʣʠʙʣʝʥʥʷʭ ʰʪʘʤʧʘ ʟʥʘʯʝʥʥʷ ʢʦʥʪʘʢʪʥʠʭ  ʪʠʩʢʽʚ ʫ 

ʰʘʨʽ ʻ ʙʽʣʴʰʠʤʠ ʥʽʞ ʫ ʧʽʚʧʨʦʩʪʦʨʽ, ʧʨʠ ʮʴʦʤʫ ʦʙʣʘʩʪʴ ʢʦʥʪʘʢʪʫ ʫ ʚʠʧʘʜʢʫ ʰʘʨʫ 

ʪʘʢʦʞ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʦʨʽʚʥʷʥʦ ʽʟ ʦʙʣʘʩʪʶ ʢʦʥʪʘʢʪʫ ʜʣʷ ʧʽʚʧʨʦʩʪʦʨʫ. ʂʦʥʪʘʢʪʥʽ 

ʪʠʩʢʠ ʜʣʷ ʚʠʧʘʜʢʫ ʛʣʘʜʢʦʛʦ ʰʪʘʤʧʘ ʜʦʙʨʝ ʫʟʛʦʜʞʫʶʪʴʩʷ ʽʟ ʜʘʥʠʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʚ 
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ʣʽʪʝʨʘʪʫʨʽ ʽʥʰʠʤ ʤʝʪʦʜʦʤ. 

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʨʦʙʣʝʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʢʠ ʢʦʥʪʘʢʪʥʠʭ 

ʪʠʩʢʽʚ ʜʣʷ ʨʽʟʥʠʭ ʬʦʨʤ ʰʪʘʤʧʽʚ ʟʘ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʟʘʛʣʠʙʣʝʥʥʷ ʪʘ  ʢʦʝʬʽʮʽʻʥʪʘ 

ʪʝʨʪʷ. ʇʦʢʘʟʘʥʦ, ʱʦ ʨʦʟʨʦʙʣʝʥʠʡ ʘʣʛʦʨʠʪʤ, ʻ ʝʬʝʢʪʠʚʥʠʤ ʽ ʜʘʻ ʟʤʦʛʫ ʨʦʟʚôʷʟʫʚʘʪʠ 

ʬʨʠʢʮʽʡʥʽ ʢʦʥʪʘʢʪʥʽ ʟʘʜʘʯʽ ʧʨʦ ʚʟʘʻʤʦʜʽʶ ʜʚʦʭ ʪʽʣ ʪʘ ʰʘʨʫ ʟ ʰʪʘʤʧʘʤʠ ʩʢʣʘʜʥʦʾ 

ʬʦʨʤʠ ʟ ʢʦʥʪʨʦʣʴʦʚʘʥʦʶ ʪʦʯʥʽʩʪʶ.  



136 

 

 

ʈʆɿɼɯʃ 4 

ɼʆʉʃɯɼɾɽʅʅʗ ɺʇʃʀɺʋ ʊɽʈʊʗ ʅɸ ʈʆɿʇʆɼɯʃ ʅɸʇʈʋɾɽʅʔ ɹɯʃʗ 

ʐʊɸʄʇɸ ɺ ʉʋʎɯʃʔʅɯʁ ʉʄʋɿɯ ɯ ʉʄʋɿɯ ɿ ʊʈɯʑʀʅɸʄʀ 

ɺʟʘʻʤʦʜʽʷ ʰʪʘʤʧʽʚ ʟ ʦʩʥʦʚʦʶ ʯʘʩʪʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ ʚʠʥʠʢʥʝʥʥʷʤ ʪʝʨʪʷ ʚ 

ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ. ʇʣʦʩʢʽ ʢʦʥʪʘʢʪʥʽ ʬʨʠʢʮʽʡʥʽ ʟʘʜʘʯʽ ʜʣʷ ʽʟʦʪʨʦʧʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʜʦʩʪʘʪʥʴʦ ʧʦʚʥʦ ʚʠʚʯʝʥʽ ʚ ʣʽʪʝʨʘʪʫʨʽ [2, 5, 124, 125]. ɼʣʷ ʘʥʽʟʦʪʨʦʧʥʠʭ ʩʝʨʝʜʦʚʠʱ 

ʪʘʢʽ ʟʘʜʘʯʽ ʚʠʚʯʝʥʽ ʚ ʟʥʘʯʥʦ ʤʝʥʰʽʡ ʤʽʨʽ, ʧʨʠʯʦʤʫ ʚ ʦʩʥʦʚʥʦʤʫ ʜʣʷ ʦʨʪʦʪʨʦʧʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. ɿʘʛʘʣʴʥʠʡ ʨʦʟʚô̫ ʟʦʢ ʬʨʠʢʮʽʡʥʠʭ ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ ʜʣʷ ʘʥʽʟʦʪʨʦʧʥʦʾ 

ʧʽʚʧʣʦʱʠʥʠ ʧʦʙʫʜʦʚʘʥʦ ʚ [3]. ʐʠʨʦʢʝ ʢʦʣʦ ʧʨʘʢʪʠʯʥʠʭ ʟʘʜʘʯ ʟʚʦʜʷʪʴʩʷ ʜʦ 

ʨʦʟʛʣʷʜʫ ʩʤʫʛ, ʷʢʽ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʪʠ ʥʘʧʨʫʞʝʥʥʷ ʟʘʣʝʞʥʦ ʚʽʜ 

ʢʽʥʮʝʚʠʭ ʨʦʟʤʽʨʽʚ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ. ʂʦʥʪʘʢʪʥʽ ʟʘʜʘʯʽ ʜʣʷ ʽʟʦʪʨʦʧʥʠʭ ʩʤʫʛ 

ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ ʫ [12. 97]. ɼʦʩʣʽʜʞʝʥʥʶ ʥʘʧʨʫʞʝʥʴ ʚ ʘʥʽʟʦʪʨʦʧʥʠʭ ʩʤʫʛʘʭ 

ʧʨʠʩʚʷʯʝʥʦ ʦʢʨʝʤʽ ʨʦʙʦʪʠ [3], ʚ ʷʢʽʡ ʨʦʟʛʣʷʜʘʚʩʷ ʦʨʪʦʪʨʦʧʥʠʡ ʤʘʪʝʨʽʘʣ.  

ɿʘ ʚʽʜʩʫʪʥʦʩʪʽ ʪʝʨʪʷ ʚ ʦʢʦʣʽ ʰʪʘʤʧʘ ʥʘʧʨʫʞʝʥʥʷ ʧʽʜ ʰʪʘʤʧʦʤ ʻ 

ʩʪʠʩʢʫʚʘʣʴʥʠʤʠ. ʇʨʠ ʮʴʦʤʫ ʚʠʥʠʢʘʻ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ ʙʣʠʟʴʢʠʡ ʜʦ 

ʚʩʝʩʪʦʨʦʥʥʴʦʛʦ ʩʪʠʩʢʫ, ʚ ʟʚô̫ ʟʢʫ ʟ ʯʠʤ ʧʣʘʩʪʠʯʥʽʩʪʴ ʤʦʞʝ ʧʦʯʠʥʘʪʠʩʴ ʥʘ ʧʝʚʥʽʡ 

ʛʣʠʙʠʥʽ ʧʨʠ ʚʝʣʠʢʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʥʘ ʰʪʘʤʧ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʚ ʣʽʪʝʨʘʪʫʨʽ ʧʨʠ 

ʨʦʟʛʣʷʜʽ ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ ʦʩʥʦʚʥʫ ʫʚʘʛʫ ʟʚʝʨʪʘʶʪʴ ʥʘ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʧʽʜ 

ʰʪʘʤʧʦʤ.  

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʝʨʪʷ ʚʥʦʩʠʪʴ ʽʩʪʦʪʥʽ ʟʤʽʥʠ ʚ ʨʦʟʧʦʜʽʣ ʥʘʧʨʫʞʝʥʴ ʙʽʣʷ 

ʰʪʘʤʧʘ. ɿʦʢʨʝʤʘ ʚ [120] ʧʦʢʘʟʘʥʦ, ʱʦ ʪʫʪ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʚʠʩʦʢʽ ʨʦʟʪʷʛʫʚʘʣʴʥʽ 

ʥʘʧʨʫʞʝʥʥʷ, ʷʢʽ ʩʫʤʽʨʥʽ ʟʘ ʚʝʣʠʯʠʥʦʶ ʟ ʥʦʨʤʘʣʴʥʠʤʠ ʢʦʥʪʘʢʪʥʠʤʠ 

ʥʘʧʨʫʞʝʥʥʷʤʠ. ʊʘʢʽ ʥʘʧʨʫʞʝʥʥʷ ʤʦʞʫʪʴ ʧʨʠʚʦʜʠʪʠ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ 

ʪʨʽʱʠʥ, ʷʢʽ ʚ ʧʦʜʘʣʴʰʦʤʫ ʧʽʜʨʦʩʪʘʶʪʴ ʧʨʠ ʧʦʚʪʦʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ (ʱʦ, 

ʥʘʧʨʠʢʣʘʜ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʨʫʩʽ ʧʦʾʟʜʽʚ ʧʦ ʨʝʡʢʘʭ). ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʩʪʘʥʦʚʠʪʴ 

ʟʥʘʯʥʠʡ ʧʨʘʢʪʠʯʥʠʡ ʽʥʪʝʨʝʩ ʜʦʩʣʽʜʠʪʠ ʥʘʧʨʫʞʝʥʥʷ ʙʽʣʷ ʪʨʽʱʠʥ ʨʦʟʤʽʱʝʥʠʭ ʙʽʣʷ 

ʰʪʘʤʧʽʚ. ɼʣʷ ʽʟʦʪʨʦʧʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘʢʽ ʜʦʩʣʽʜʞʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʚ 

ʣʽʪʝʨʘʪʫʨʽ ʫ ʨʦʙʦʪʘʭ ʇʘʥʘʩʶʢʘ ɺ. ɺ., ʉʘʚʨʫʢʘ ʄ. ʇ., ɼʘʮʠʰʠʥ ʆ. ʇ. [127-130]. 

ɿʘʜʘʯʘʤ ʜʣʷ ʘʥʽʟʦʪʨʦʧʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʪʨʽʱʠʥʘʤʠ ʟʘ ʜʽʾ ʰʪʘʤʧʽʚ ʫ 
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ʣʽʪʝʨʘʪʫʨʽ ʧʨʠʩʚʷʯʝʥʦ ʪʽʣʴʢʠ ʦʢʨʝʤʽ ʨʦʙʦʪʠ [133]. ʂʦʥʪʘʢʪʥʽ ʟʘʜʘʯʽ ʜʣʷ 

ʧʽʚʧʣʦʱʠʥ ʽ ʩʤʫʛ ʽʟ ʟʘʛʘʣʴʥʦʶ ʘʥʽʟʦʪʨʦʧʽʻʶ ʤʘʪʝʨʽʘʣʫ ʪʘ ʪʨʽʱʠʥʘʤʠ ʟʘʣʠʰʘʶʪʴʩʷ 

ʤʘʣʦʜʦʩʣʽʜʞʝʥʠʤʠ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʚ ʘʥʽʟʦʪʨʦʧʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʟ ʦʪʚʦʨʘʤʠ, 

ʪʨʽʱʠʥʘʤʠ, ʧʨʠ ʨʦʟʛʣʷʜʽ ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ 

ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ. ʬʝʢʪʠʚʥʽʩʪʴ ʤʝʪʦʜʫ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʟʥʘʯʥʦ ʟʨʦʩʪʘʻ 

ʧʨʠ ʟʘʧʠʩʽ ʾʭ ʷʜʝʨ ʯʝʨʝʟ ʨʦʟʚôʷʟʢʠ ʪʠʧʫ ɻʨʽʥʘ. 

ʈʦʟʚôʷʟʫʚʘʥʥʷ ʢʦʥʪʘʢʪʥʦʾ ʟʘʜʘʯʽ ʜʣʷ ʩʤʫʛʠ ʽ ʧʽʚʧʣʦʱʠʥʠ ʟ ʪʨʽʱʠʥʘʤʠ 

ʧʨʦʚʝʜʝʥʦ ʯʠʩʣʦʚʦ. ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʧʨʫʞʝʥʴ ʙʽʣʷ ʰʪʘʤʧʘ 

ʪʘ ʪʨʽʱʠʥ. ɼʣʷ ʨʦʟʛʣʷʥʫʪʠʭ ʪʠʧʽʚ ʟʘʜʘʯ ʚʠʢʦʥʘʥʦ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʪʝʩʪʦʚʠʭ 

ʧʨʠʢʣʘʜʽʚ, ʷʢʽ ʚʢʘʟʫʶʪʴ ʥʘ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʋ ʨʦʟʜʽʣʽ ʩʧʦʯʘʪʢʫ ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʦ ʬʨʠʢʮʽʡʥʫ ʢʦʥʪʘʢʪʥʫ ʟʘʜʘʯʫ ʜʣʷ 

ʘʥʽʟʦʪʨʦʧʥʦʾ ʧʽʚʧʣʦʱʠʥʠ ʽ ʩʤʫʛʠ ʧʨʠ ʞʦʨʩʪʢʦʤʫ ʟʘʢʨʽʧʣʝʥʥʽ ʾʾ ʥʠʞʥʴʦʾ ʤʝʞʽ. ʅʘ 

ʦʩʥʦʚʽ ʥʘʚʝʜʝʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʷʢ ʯʘʩʪʢʦʚʽ ʨʦʟʛʣʷʥʫʪʦ ʚʠʧʘʜʢʠ ʬʨʠʢʮʽʡʥʠʭ 

ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ ʜʣʷ ʧʽʚʧʣʦʱʠʥʠ. 

4.1 ʋʟʘʛʘʣʴʥʝʥʠʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʡ ʨʦʟʚô̫ ʟʦʢ ʜʣʷ ʘʥʽʟʦʪʨʦʧʥʦʾ ʩʤʫʛʠ ʽʟ 

ʟʘʢʨʽʧʣʝʥʦʶ ʦʩʥʦʚʦʶ 

ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʘʥʽʟʦʪʨʦʧʥʘ ʩʤʫʛʘ, ʷʢʘ ʟʘʡʤʘʻ ʦʙʣʘʩʪʴ 0H y- ¢ ¢ ʽʟ ʟʘʢʨʽʧ-

ʣʝʥʦʶ ʥʠʞʥʴʦʶ ʤʝʞʝʶ. ʇʨʠʡʤʘʻʤʦ, ʱʦ ʩʤʫʛʘ ʚʟʘʻʤʦʜʽʻ ʟ ʞʦʨʩʪʢʠʤ ʰʪʘʤʧʦʤ, ʥʘ 

ʷʢʠʡ ʜʽʻ ʚʝʨʪʠʢʘʣʴʥʘ ʩʠʣʘ P  ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʩʠʣʘ T. ɺ ʦʙʣʘʩʪʽ ʢʦʥʪʘʢʪʫ ʜʽʶʪʴ 

ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ, ʷʢʽ ʧʦʚôʷʟʘʥʽ ʟ ʥʦʨʤʘʣʴʥʠʤʠ ʟʛʽʜʥʦ ʟʘʢʦʥʫ ʂʫʣʦʥʘ. 

ʋ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʬʨʠʢʮʽʡʥʽ ʢʦʥʪʘʢʪʥʽ ʟʘʜʘʯʽ ʜʣʷ ʩʫʮʽʣʴʥʦʾ ʩʤʫʛʠ ʽ 

ʩʤʫʛʠ ʟ ʪʨʽʱʠʥʘʤʠ. ɼʣʷ ʨʦʟʚô̫ ʟʫʚʘʥʥʷ ʮʠʭ ʟʘʜʘʯ ʥʝʦʙʭʽʜʥʦ ʧʦʙʫʜʫʚʘʪʠ 

ʽʥʪʝʛʨʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʚʽʜʥʦʩʥʦ ʥʝʚʽʜʦʤʠʭ ʢʦʥʪʘʢʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʧʽʜ ʰʪʘʤʧʦʤ. 

ʇʨʠ ʨʦʟʛʣʷʜʽ ʩʤʫʛʠ ʟ ʪʨʽʱʠʥʘʤʠ ʥʝʦʙʭʽʜʥʦ ʜʦʜʘʪʢʦʚʦ ʟʘʧʠʩʘʪʠ ʽʥʪʝʛʨʘʣʴʥʽ 

ʨʽʚʥʷʥʥʷ ʚʽʜʥʦʩʥʦ ʥʝʚʽʜʦʤʠʭ ʩʪʨʠʙʢʽʚ ʧʝʨʝʤʽʱʝʥʴ ʥʘ ʙʝʨʝʛʘʭ ʪʨʽʱʠʥ. 

ʅʘʚʝʜʝʤʦ ʫʟʘʛʘʣʴʥʝʥʠʡ ʨʦʟʚôʷʟʦʢ ɻʨʽʥʘ ʜʣʷ ʩʤʫʛʠ ʽʟ ʟʘʢʨʽʧʣʝʥʦʶ ʤʝʞʝʶ, 

ʷʢʠʡ ʤʽʩʪʠʪʴ ʜʦʚʽʣʴʥʽ ʩʪʘʣʽ. ʁʦʛʦ ʟʦʙʨʘʞʝʥʦ ʯʝʨʝʟ ʧʦʪʝʥʮʽʘʣʠ ʃʝʭʥʽʮʴʢʦʛʦ. ʇʨʠ 

ʚʽʜʧʦʚʽʜʥʦʤʫ ʚʠʙʦʨʽ ʚʚʝʜʝʥʠʭ ʩʪʘʣʠʭ ʦʪʨʠʤʫʻʤʦ ʜʠʩʣʦʢʘʮʽʡʥʽ ʨʦʟʚôʷʟʢʠ (ʥʘ 
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ʦʩʥʦʚʽ ʷʢʠʭ ʟʘʧʠʩʘʥʦ ʽʥʪʝʛʨʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʜʣʷ ʩʤʫʛʠ ʟ ʪʨʽʱʠʥʘʤʠ) ʘʙʦ ʨʦʟʚôʷʟʦʢ 

ʜʣʷ ʩʤʫʛʠ ʥʘʚʘʥʪʘʞʝʥʦʾ ʟʦʩʝʨʝʜʞʝʥʠʤʠ ʩʠʣʘʤʠ (ʷʢʠʡ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʟʘʧʠʩʫ 

ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʜʣʷ ʢʦʥʪʘʢʪʥʦʾ ʟʘʜʘʯʽ).  

4.1.1 ʌʫʥʜʘʤʝʥʪʘʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ ʜʣʷ ʘʥʽʟʦʪʨʦʧʥʦʾ ʩʤʫʛʠ. ɼʣʷ ʟʘʧʠʩʫ 

ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʟʘʜʘʯʽ ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʥʫʪʠ ʟʘʜʘʯʫ ʜʣʷ ʩʤʫʛʠ, ʢʦʣʠ 

ʟʦʩʝʨʝʜʞʝʥʘ ʩʠʣʘ ( ),X Y  ʧʨʠʢʣʘʜʝʥʘ ʚ ʜʦʚʽʣʴʥʽʡ ʪʦʯʮʽ ʤʝʞʽ 0( ,0)x  ʧʨʠ X kY= , ʜʝ 

k ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ. ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʪʘʢʦʛʦ ʨʦʟʚôʷʟʢʫ ʚʠʢʦʨʠʩʪʘʻʤʦ ʤʝʪʦʜ 

ʃʝʭʥʽʮʴʢʦʛʦ.  ʋ ʮʴʦʤʫ ʤʝʪʦʜʽ ʚʚʦʜʷʪʴʩʷ ʚ ʨʦʟʛʣʷʜ ʧʦʪʝʥʮʽʘʣʠ ʃʝʭʥʽʮʴʢʦʛʦ [140]  

1 2( ), ( )z zF Y , ʜʝ ,j jz x s y= +  js - ʢʦʨʝʥʽ ʟ ʜʦʜʘʪʥʦʶ ʫʷʚʥʦʶ ʯʘʩʪʠʥʦʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʨʽʚʥʷʥʥʷ  

 
4 3 2

11 16 12 66 26 222 (2 ) 2 0s s s sa - a + a +a - a +a =, (4.1) 

ija - ʧʨʫʞʥʽ ʩʪʘʣʽ ʚ ʟʘʢʦʥʽ ɻʫʢʘ. 

ʅʘʧʨʫʞʝʥʥʷ ʯʝʨʝʟ ʧʦʪʝʥʮʽʘʣʠ ʃʝʭʥʽʮʴʢʦʛʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ 

 
2 2
1 1 2 22Re ( ) ( )è øs = F + Y
ê úx s z s z , 

 [ ]1 22Re ( ) ( )s = F +Yy z z , 

 1 1 2 22Re ( ) ( )è øt =- F + Y
ê úxy s z s z . (4.2) 

ʇʝʨʝʤʽʱʝʥʥʷ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ 

 [ ]1 1 2 22Re ( ) ( )= j + yu p z p z , 

 [ ]1 1 2 22Re ( ) ( )= j + yv q z q z , (4.3) 

ʜʝ ʬʫʥʢʮʽʾ  1 2( ), ( )j yz z  ʻ ʧʝʨʚʽʩʥʠʤʠ ʜʣʷ ʧʦʪʝʥʮʽʘʣʽʚ 1 2( ), ( )F Yz z ; 

 
2

11 12 16=a +a -aj j jp s s ,  

 12 22 26/ , 1,2=a +a -a =j j jq s s j . (4.4) 

ɹʫʜʝʤʦ ʚʠʭʦʜʠʪʠ ʟ ʪʦʛʦ, ʱʦ ʜʣʷ ʧʽʚʧʣʦʱʠʥʠ 0<y , ʷʢʘ ʧʝʨʝʙʫʚʘʻ ʧʽʜ ʜʽʻʶ 

ʟʦʩʝʨʝʜʞʝʥʦʾ ʩʠʣʠ ( ),kY Y , ʷʢʘ ʧʨʠʢʣʘʜʝʥʘ ʚ ʪ. 0( ,0)x  ʧʦʪʝʥʮʽʘʣʠ ʃʝʭʥʽʮʴʢʦʛʦ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ [140]  
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ɿʘʛʘʣʴʥʠʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʡ ʨʦʟʚô̫ ʟʦʢ. 

ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʟʘ ʨʦʟʚôʷʟʦʢ ɻʨʽʥʘ ʜʣʷ ʩʤʫʛʠ ʧʨʠʡʤʘʻʤʦ ʢʦʤʧʣʝʢʩʥʽ 

ʧʦʪʝʥʮʽʘʣʠ 1 2( ), ( )z zF Y , ʱʦ ʤʘʶʪʴ ʪʘʢʽ ʦʩʦʙʣʠʚʦʩʪʽ [160]  

 1 2
1 10 2 20

( ) ~ , ( ) ~F Y
- -

A B
z z

z z z z
,    1=A k Y,   2=B k Y (4.6) 

ʪʘ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʫʤʦʚʘʤ ʚʽʜʩʫʪʥʦʩʪʽ ʧʝʨʝʤʽʱʝʥʴ ʥʘ ʥʠʞʥʽʡ ʪʘ ʥʘʧʨʫʞʝʥʴ ʥʘ 

ʚʝʨʭʥʽʡ ʤʝʞʘʭ. ʊʫʪ 0 0 0 0 0, ( , )j jz x s y x y= + - ʢʦʦʨʜʠʥʘʪʠ ʜʦʚʽʣʴʥʦʾ ʪʦʯʢʠ ʩʤʫʛʠ; 

A, B ï ʟʘʜʘʥʽ ʢʦʤʧʣʝʢʩʥʽ ʩʪʘʣʽ. ɼʣʷ ʢʦʥʪʘʢʪʥʦʾ ʟʘʜʘʯʽ ʚ ʮʴʦʤʫ ʨʦʟʚôʷʟʢʫ 

ʜʦʩʪʘʪʥʴʦ ʙʫʜʝ ʧʦʢʣʘʩʪʠ 0 0y = . 

ɼʣʷ ʟʘʧʠʩʫ ʨʦʟʚôʷʟʢʫ ɻʨʽʥʘ ʚʠʢʦʨʠʩʪʘʻʤʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ [161]. 

ɿʘʧʠʰʝʤʦ ʮʝʡ ʨʦʟʚôʷʟʦʢ ʫ ʚʠʛʣʷʜʽ 

 
2

1 0

( ) ( ) ( ) ( )exp( ) ( ) ( ) ( )exp( )
N

n N N

n

F z F z g S i C i g S i d

¤

=

è ø= + l l -zl + l l l zl lê úä ñ , (4.7) 

ʜʝ  

 
( )

( )
( )

z
F z

z

Få õ
=æ ö
Yç ÷

,   
( )

( )
( )

k
k

k

z
F z

z

Få õ
=æ ö
Yç ÷

,   
11 12

21 22

M M
M

M M

å õ
=æ ö
ç ÷

, 

 ( ) ( ) ( )N
Ng M i M i¡l = -l -l,   

1

2

( )
( )

( )

f
S

f

lå õ
l =æ ö

lç ÷
. 

 11 1 1 1 2 1 3exp( ) exp( ),M c C D c D D= b + b 

 , 

  

  


