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ɸʅʆʊɸʎɯʗ 

ʋʭʽʥʘ ɻ.ɺ. ʄʦʜʝʣʽ ʪʘ ʤʝʪʦʜʠ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʯʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʠʭ 

ʢʦʤʧʦʥʝʥʪ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ. - ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ 

ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 123 ï ʂʦʤʧôʶʪʝʨʥʘ ʽʥʞʝʥʝʨʽʷ. ï ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʆʜʝʩʘ, 2020. 

ʋ ʚʩʪʫʧʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʩʠʩʪʝʤʠ, ʚ ʷʢʠʭ ʚʠʥʠʢʘʻ ʟʘʜʘʯʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʦʤʧʦʥʝʥʪ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʤʦʞʫʪʴ ʢʦʤʧʣʝʢʩʥʦ ʘʙʦ ʨʦʟʜʽʣʴʥʦ 

ʧʝʨʝʙʫʜʦʚʫʚʘʪʠ ʩʚʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʠʤʠ ʟʘʩʦʙʘʤʠ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʫʤʦʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ. 

ʅʘʧʨʠʢʣʘʜ, ʚ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʘʭ (ɹʇʃɸ) ʻ ʩʠʩʪʝʤʠ ʚʠʟʥʘʯʝʥʥʷ 

ʙʝʟʧʝʯʥʦʾ ʚʠʩʦʪʠ ʧʨʠ ʧʦʩʘʜʮʽ, ʘ ʫ ʥʘʟʝʤʥʠʭ ʧʣʘʪʬʦʨʤ - ʧʨʠʩʪʨʦʾ ʚʠʟʥʘʯʝʥʥʷ 

ʚʽʜʩʪʘʥʽ ʜʦ ʧʝʨʝʰʢʦʜʠ. ʊʘʢʦʞ ʫ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ ʩʫʯʘʩʥʠʭ 

ʘʚʪʦʤʦʙʽʣʽʚ ʪʘʢʽ ʢʦʤʧʦʥʝʥʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʝʪʦʥʘʮʽʾ ʫ 

ʜʚʠʛʫʥʽ. 

ʆʜʥʘʢ, ʚ ʨʦʟʛʣʷʥʫʪʠʭ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ, ʷʢʽ ʬʫʥʢʮʽʦʥʫʶʪʴ ʚ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʽʩʥʫʶʯʽ ʧʽʜʭʦʜʠ ʤʘʶʪʴ ʦʙʤʝʞʝʥʥʷ ʧʦ ʯʘʩʫ ʧʝʨʝʙʫʜʦʚʠ ʽ ʥʝ ʻ 

ʦʧʝʨʘʪʠʚʥʠʤʠ, ʱʦ ʤʘʻ ʚʧʣʠʚ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ. ʊʦʤʫ, ʤʘʻ ʤʽʩʮʝ 

ʧʨʦʪʠʨʽʯʯʷ ʤʽʞ ʝʬʝʢʪʠʚʥʽʩʪʶ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ ʧʨʠ ʧʝʨʝʙʫʜʦʚʽ ʪʘ 

ʦʧʝʨʘʪʠʚʥʽʩʪʶ ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʾ. 

ʆʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʚʠʥʠʢʥʝʥʥʷ ʟʘʟʥʘʯʝʥʦʛʦ ʧʨʦʪʠʨʽʯʯʷ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʢʣʘʜʥʠʭ ʤʝʪʦʜʽʚ ʧʝʨʝʙʫʜʦʚʠ ʟ ʚʝʣʠʢʠʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʚʠʪʨʘʪʘʤʠ. ɺ 

ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʥʦʚʠʡ ʧʽʜʭʽʜ ʜʦ ʨʦʟʚôʷʟʘʥʥʷ ʮʴʦʛʦ 

ʧʨʦʪʠʨʽʯʯʷ ʟʘ ʨʘʭʫʥʦʢ ʧʦʙʫʜʦʚʠ ʥʦʚʠʭ ʤʦʜʝʣʝʡ ʪʘ ʤʝʪʦʜʫ ʧʝʨʝʙʫʜʦʚʠ ʟʽ 

ʟʤʝʥʰʝʥʠʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʚʠʪʨʘʪʘʤʠ. 

ʊʦʤʫ ʟʘʚʜʘʥʥʷ ʧʦʙʫʜʦʚʠ ʢʦʤʧʦʥʝʥʪ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʤʦʞʫʪʴ 

ʢʦʤʧʣʝʢʩʥʦ ʘʙʦ ʨʦʟʜʽʣʴʥʦ ʧʝʨʝʙʫʜʦʚʫʚʘʪʠ ʩʚʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʛʨʘʤʥʦ-
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ʘʧʘʨʘʪʥʠʤʠ ʟʘʩʦʙʘʤʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʫʤʦʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʻ ʘʢʪʫʘʣʴʥʦʶ. 

ʊʘʢʦʞ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʯʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʠʭ ʢʦʤʧʦʥʝʥʪ (ʏɿʂ) 

ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠ ʧʝʨʝʙʫʜʦʚʠ, ʦʮʽʥʢʠ ʩʪʽʡʢʦʩʪʽ ʪʘ ʪʨʠʚʘʣʦʩʪʽ 

ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʟʽ ʟʤʝʥʰʝʥʠʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʚʠʪʨʘʪʘʤʠ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʢʦʤʧʦʥʝʥʪ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʟʤʝʥʰʝʥʥʷ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʚʠʪʨʘʪ (ʆɺ) ʧʨʠ ʧʝʨʝʙʫʜʦʚʽ ʫ ʟʚ'ʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʧʦʜʽʙʥʽ 

ʩʠʩʪʝʤʠ ʧʨʘʮʶʶʪʴ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʧʨʠ ʦʙʤʝʞʝʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʘʭ 

ʽ ʦʙʤʝʞʝʥʦʤʫ ʝʥʝʨʛʦʞʠʚʣʝʥʥʽ. 

ʋ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʽʩʥʫʶʯʽ ʤʦʜʝʣʽ ʏɿʂ, ʤʝʪʦʜʠ ʾʭ 

ʧʝʨʝʙʫʜʦʚʠ, ʤʝʪʦʜʠ ʦʮʽʥʢʠ ʩʪʽʡʢʦʩʪʽ ʪʘ ʪʨʠʚʘʣʦʩʪʽ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ. 

ʇʽʜʨʘʭʦʚʫʶʪʴʩʷ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʚʠʪʨʘʪʠ ʥʘ ʾʭ ʨʝʘʣʽʟʘʮʽʶ. ɺʠʷʚʣʝʥʦ, ʱʦ: 

1. ʄʝʪʦʜʠ, ʘʣʛʦʨʠʪʤʠ ʽ ʧʨʦʮʝʜʫʨʠ ʧʨʷʤʠʭ ʤʝʪʦʜʽʚ ʧʝʨʝʙʫʜʦʚʠ, ʧʨʠ 

ʯʘʩʪʦʪʥʦʤʫ ʧʝʨʝʪʚʦʨʝʥʥʽ ʚʠʷʚʣʷʶʪʴʩʷ ʟʥʘʯʥʦ ʩʢʣʘʜʥʠʤʠ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʚ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. 

2. ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʯʘʩʪʦʪʠ ʩʠʛʥʘʣʫ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʩʫʥʝʥʥʷ 

ʥʝʧʦʪʨʽʙʥʦʾ ʢʦʧʽʾ ʩʧʝʢʪʨʘ, ʘ ʪʘʢʦʞ ʬʽʣʴʪʨʘʮʽʾ ʪʘʢ ʟʚʘʥʦʛʦ ʜʟʝʨʢʘʣʴʥʦʛʦ ʢʘʥʘʣʫ, 

ʘ ʮʝ ʜʦʜʘʪʢʦʚʽ ʘʧʘʨʘʪʥʽ ʘʙʦ ʧʨʦʛʨʘʤʥʽ ʚʠʪʨʘʪʠ. ɼʣʷ ʫʩʫʥʝʥʥʷ ʧʝʨʝʨʘʭʦʚʘʥʠʭ 

ʯʘʩʪʦʪ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʝʨʦʚʘʥʠʡ ʌʅʏ ʘʙʦ ʌɺʏ ʟ ʦʢʪʘʚʥʦʶ ʟʤʽʥʦʶ 

ʯʘʩʪʦʪʠ ʟʨʽʟʫ, ʱʦ, ʦʜʥʘʢ, ʚʠʤʘʛʘʻ ʜʦʜʘʪʢʦʚʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʚʠʪʨʘʪ. 

3. ʅʘ ʨʝʘʣʽʟʘʮʽʶ ʨʦʟʛʣʷʥʫʪʠʭ ʤʝʪʦʜʽʚ ʥʝʦʙʭʽʜʥʘ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʦʧʝʨʘʮʽʡ, 

ʘ ʦʪʞʝ ʚʦʥʠ ʤʘʶʪʴ ʚʝʣʠʢʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʚʠʪʨʘʪʠ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʩʠʩʪʝʤʘʭ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. 

ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʫ ʧʝʨʝʙʫʜʦʚʠ 

ʯʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʠʭ ʢʦʤʧʦʥʝʥʪ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʟʽ ʟʤʝʥʰʝʥʠʤʠ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʚʠʪʨʘʪʘʤʠ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʏɿʂ. 
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ʋ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʽ ʯʘʩʪʦʪʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʏɿʂ ʧʝʨʰʦʛʦ ʽ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʽʚ ɹʘʪʪʝʨʚʦʨʪʘ, ʏʝʙʠʰʝʚʘ, 

ʏʝʙʠʰʝʚʘ ʽʥʚʝʨʩʥʦʛʦ ʽ ʝʣʽʧʪʠʯʥʦʛʦ, ʷʢʠʡ ʧʦʢʘʟʘʚ, ʱʦ: 

1. ɸʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʽ ʽ ʬʘʟʦʯʘʩʪʦʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʌʅʏ ʽ ʌɺʏ ʧʝʨʰʦʛʦ 

ʧʦʨʷʜʢʫ ʨʽʟʥʠʭ ʪʠʧʽʚ ʤʘʶʪʴ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɯʩʪʦʪʥʽ ʟʤʽʥʠ 

ʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʧʨʦʷʚʣʷʶʪʴʩʷ ʚ ʜʨʫʛʦʤʫ ʧʦʨʷʜʢʫ. 

2. ɸʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʽ ʽ ʬʘʟʦʯʘʩʪʦʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʉʌ ʽ ʈʌ ʧʝʨʰʦʛʦ 

ʧʦʨʷʜʢʫ, ʷʢʽ ʦʧʠʩʫʶʪʴʩʷ ʧʝʨʝʜʘʚʘʣʴʥʠʤʠ ʬʫʥʢʮʽʷʤʠ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʨʽʟʥʠʭ 

ʪʠʧʽʚ, ʤʘʶʪʴ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɯʩʪʦʪʥʽ ʟʤʽʥʠ ʚ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʧʨʦʷʚʣʷʶʪʴʩʷ ʚ ʜʨʫʛʦʤʫ ʧʦʨʷʜʢʫ ʧʨʠ ʦʧʠʩʽ ʧʝʨʝʜʘʚʘʣʴʥʦʾ 

ʬʫʥʢʮʽʾ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʫ. 

3. ɼʣʷ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʌʅʏ ʽ ʌɺʏ ʭʘʨʘʢʪʝʨʥʘ 

ʨʽʚʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ʯʠʩʝʣʴʥʠʢʘ 0 1a a= , ʘʣʝ ʜʣʷ ʌʅʏ 
0 1a a= , ʘ ʜʣʷ ʌɺʏ 

0 1a a=-. 

4. ɼʣʷ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʌʅʏ ʪʘ ʌɺʏ ʢʦʝʬʽʮʽʻʥʪʠ 

ʯʠʩʝʣʴʥʠʢʘ ʜʦʨʽʚʥʶʶʪʴ ʦʜʠʥ ʦʜʥʦʤʫ 
0 2a a= , ʘ ʢʦʝʬʽʮʽʻʥʪ 

1aʤʦʞʝ ʧʨʠʡʤʘʪʠ 

ʨʽʟʥʽ ʟʥʘʯʝʥʥʷ. 

5. ʊʘʢʘ ʞ ʢʘʨʪʠʥʘ ʚʠʷʚʣʷʻʪʴʩʷ ʜʣʷ ʉʌ ʽ ʈʌ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ, ʢʦʣʠ 

ʢʦʝʬʽʮʽʻʥʪʠ ʯʠʩʝʣʴʥʠʢʘ ʨʽʚʥʽ 
0 2a a= ,  ʢʦʝʬʽʮʽʻʥʪ 

1a  ʜʣʷ ʉʌ ʜʦʨʽʚʥʶʻ ʥʫʣʶ

1 0a = , ʘ ʜʣʷ ʈʌ ʤʘʻ ʨʽʟʥʽ ʟʥʘʯʝʥʥʷ 1 0a . 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʽ ʯʘʩʪʦʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʏɿʂ 

ʧʝʨʰʦʛʦ ʽ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʽʚ ʩʢʣʘʜʝʥʽ ʢʦʥʢʨʝʪʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʢʦʤʧʦʥʝʥʪ, 

ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʾʭ ʯʘʩʪʦʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʩʪʨʫʢʪʫʨʫʚʘʪʠ ʾʭ ʧʝʨʝʜʘʚʘʣʴʥʽ ʬʫʥʢʮʽʾ. ʊʘʢʝ ʫʷʚʣʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ 

ʜʦʟʚʦʣʷʻ ʧʝʨʝʡʪʠ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʧʨʠ 

ʟʘʜʘʥʽʡ ʯʘʩʪʦʪʽ ʟʨʽʟʫ ʘʙʦ ʩʤʫʟʽ ʯʘʩʪʦʪ ʟʽ ʟʤʝʥʰʝʥʠʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ 

ʚʠʪʨʘʪʘʤʠ. 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʥʘʥʦ ʜʨʫʛʝ ʟʘʚʜʘʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ,ʨʦʟʨʦʙʣʝʥʥʷ ʥʦʚʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʏɿʂ ʧʝʨʰʦʛʦ ʽ 

ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʽʚ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʯʘʩʪʦʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʥʝʥʪ. 

ʄʦʞʥʘ ʩʬʦʨʤʫʣʶʚʘʪʠ ʧʝʨʰʠʡ ʧʫʥʢʪ ʥʘʫʢʦʚʦʾ ʥʦʚʠʟʥʠ: 

ɺʧʝʨʰʝ ʧʦʙʫʜʦʚʘʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʯʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʠʭ ʢʦʤʧʦʥʝʥʪ, ʷʢʽ, 

ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ, ʚʨʘʭʦʚʫʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʾʭ ʯʘʩʪʦʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʤʝʪʦʜʠ ʧʝʨʝʙʫʜʦʚʠ ʟʽ ʟʤʝʥʰʝʥʠʤʠ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʥʘ ʧʽʜʩʪʘʚʽ ʟʥʘʭʦʜʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʧʦ ʟʘʜʘʥʠʭ ʯʘʩʪʦʪʘʭ ʟʨʽʟʫ. 

ʋ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ ʦʪʨʠʤʘʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʬʦʨʤʫʣʠ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʬʫʥʢʮʽʡ, ʥʘ ʦʩʥʦʚʽ ʥʦʚʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʚʢʘʟʘʪʠ, ʱʦ ʧʦʙʫʜʦʚʘ ʢʘʥʘʣʽʚ ʦʙʨʦʙʢʠ ʽ ʬʽʣʴʪʨʘʮʽʾ ʩʠʛʥʘʣʽʚ ʚ ʢʦʤʧ'ʶʪʝʨʥʽʡ 

ʩʠʩʪʝʤʽ ʜʦʮʽʣʴʥʦ ʙʫʜʫʚʘʪʠ ʥʘ ʦʩʥʦʚʽ ʧʦʻʜʥʘʥʥʷ ʏɿʂ ʥʠʟʴʢʦʛʦ ʧʦʨʷʜʢʫ ʜʣʷ 

ʢʨʘʱʦʾ ʧʝʨʝʙʫʜʦʚʠ ʽ ʢʝʨʦʚʘʥʦʩʪʽ ʮʠʭ ʢʦʤʧʦʥʝʥʪ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʥʘ ʨʽʟʢʦ 

ʟʤʝʥʰʠʪʠ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʚʠʪʨʘʪʠ ʜʣʷ ʧʝʨʝʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʤʧʦʥʝʥʪ ʪʘ 

ʧʝʨʝʙʫʜʦʚʫʚʘʪʠ ʚʩʽ ʢʦʤʧʦʥʝʥʪʠ ʦʜʥʦʯʘʩʥʦ ʘʙʦ ʧʦ ʯʘʩʪʠʥʘʭ. 

ʗʢʱʦ ʧʦʨʽʚʥʷʪʠ ʨʦʟʨʘʭʫʥʢʦʚʽ ʬʦʨʤʫʣʠ ʜʣʷ ʌʅʏ ʽ ʌɺʏ, ʪʦ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ 

ʉʌ ʽ ʈʌ ʧʦʙʫʜʫʚʘʪʠ ʟʘ ʨʘʭʫʥʦʢ ʧʦʩʣʽʜʦʚʥʦʛʦ ʟ'ʻʜʥʘʥʥʷ ʮʠʭ ʌʅʏ ʽ ʌɺʏ. ʋ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʜʝʷʢʽ ʢʦʝʬʽʮʽʻʥʪʠ ʧʽʜʭʦʜʷʪʴ ʽ ʜʦ ʌʅʏ, ʽ ʜʦ ʌɺʏ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʚ ʫʤʦʚʘʭ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʟʤʝʥʰʠʪʠ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʚʠʪʨʘʪʠ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ 

ʥʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ. 

- ɼʣʷ ʌʅʏ 
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- ɼʣʷ ʌɺʏ 
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ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʌʏʍ ʢʦʤʧʦʥʝʥʪ, ʷʢʝ ʧʦʢʘʟʘʣʦ, ʱʦ ʻ ʟʘʣʝʞʥʽʩʪʴ 

ʯʘʩʪʦʪʠ ʟʨʽʟʫ ʚʽʜ ʨʽʚʥʷ ʢʦʣʠʚʘʣʴʥʦʩʪʽ c  ʢʦʤʧʦʥʝʥʪʠ. ʉʢʣʘʜʥʽʩʪʴ ʮʠʭ 

ʟʘʣʝʞʥʦʩʪʝʡ ʧʨʠʟʚʝʣʦ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʘʧʨʦʢʩʠʤʘʮʽʾ ʟ 

ʪʝʭʥʽʯʥʦʶ ʧʦʭʠʙʢʦʶ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʻ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ 

( ) ( )
( ) ( )

2 4 2

2 4 2

1 0.1666 0.008 1 0.0241

1 0.5 0.0417 1 0.0335

x x x x
thx

x x x
j p p

è øè ø+ + +
ê úé ù=- =-

é ù+ + +
ê ú

 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʏɿʂ ʥʠʟʴʢʦʛʦ ʧʦʨʷʜʢʫ ʦʪʨʠʤʘʥʽ 

ʬʦʨʤʫʣʠ ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʟʽ ʟʤʝʥʰʝʥʠʤʠ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʝʪʚʦʨʝʥʥʷ çʢʦʥʩʪʘʥʪè ʘʙʦ 

ʜʦʜʘʪʢʦʚʦʾ ʚʝʣʠʯʠʥʠ. 

ʅʘʧʨʠʢʣʘʜ, ʨʽʚʥʷʥʥʷ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʟʘʡʤʝʥʥʠʢʘ 

ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʌʅʏ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʤʘʻ ʚʠʛʣʷʜ 

2 2

2

2

2 2

2 sin cos
2 2 1

1 1

cos sin
2 2

c c

c c

c
c

b
c

c

w w

w w

ë ûå õå õ å õ
î îæ öæ ö æ ö

-î îç ÷ ç ÷æ ö=- - -ì üæ öå õ å õî î- æ öæ ö æ öæ öî îç ÷ ç ÷ç ÷í ý

, 

ʘ ʧʽʩʣʷ ʚʚʝʜʝʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ()2arccoscx= , 0 1c< < ʤʦʞʥʘ 

ʟʘʧʠʩʘʪʠ 

sin
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2

c

c

b

w x

w x

-å õ
æ ö
ç ÷=
+å õ

æ ö
ç ÷
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ʈʽʚʥʷʥʥʷ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʌʅʏ ʜʨʫʛʦʛʦ 

ʧʦʨʷʜʢʫ ʪʠʧʫ ʏʝʙʠʰʝʚʘ ʤʘʶʪʴ ʚʠʛʣʷʜ 

( )( ) ( )

( )( ) ( )

( ) ( )
( )

( )

( ) ( )( ) ( )
( )

2

2 2

2

1 2

2

0 2

1 0

2 0

2 1 1 cos sin
,

2 1 1 cos sin

1
1 cos sin ,

1
1 1 cos sin ,

4

2 ,

.

c c

c c

c c

c c

b

b
b b

bcp
a b

a a

a a

f w f w

f w f w

w w
f
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f

ë + + + -
î =
î + + + +
î
î -è ø
î =- + +é ùî
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î -è ø
î = + - -é ù
î ê ú
î
=î

î =í

 

ɼʦʮʽʣʴʥʦ 21
, ,2 1f f
f

+  ʪʘ cp ʚʽʜʥʝʩʪʠ ʜʦ ʢʦʥʩʪʘʥʪ, ʾʭ ʟʘʟʜʘʣʝʛʽʜʴ (ʥʘ ʝʪʘʧʽ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʨʝʘʣʽʟʘʮʽʾ) ʨʦʟʨʘʭʫʚʘʪʠ ʽ ʟʘʧʠʩʘʪʠ ʚ ʧʘʤ'ʷʪʴ. ʗʢʱʦ ʜʣʷ ʮʠʭ 

ʚʝʣʠʯʠʥ ʚʚʝʩʪʠ ʥʦʚʽ ʧʦʟʥʘʯʝʥʥʷ 

21
, , 2 1 , ,

4

cp
A B D Ef f

f
= = = + = 

ʪʦ ʮʽ ʨʽʚʥʷʥʥʷ ʧʨʠʡʤʫʪʴ ʚʠʛʣʷʜ 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʥʘʥʦ ʪʨʝʪʻ ʟʘʚʜʘʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ,ʨʦʟʨʦʙʣʝʥʥʷ ʤʝʪʦʜʫ ʧʝʨʝʙʫʜʦʚʠ ʟʽ ʟʤʝʥʰʝʥʠʤʠ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʚʠʪʨʘʪʘʤʠ. 

ʄʦʞʥʘ ʩʬʦʨʤʫʣʶʚʘʪʠ ʜʨʫʛʠʡ ʧʫʥʢʪ ʥʘʫʢʦʚʦʾ ʥʦʚʠʟʥʠ: 

ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʧʝʨʝʙʫʜʦʚʠ ʟʽ ʟʤʝʥʰʝʥʠʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʚʠʪʨʘʪʘʤʠ 

ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʝʪʚʦʨʝʥʥʷ çʢʦʥʩʪʘʥʪè ʘʙʦ ʜʦʜʘʪʢʦʚʦʾ ʚʝʣʠʯʠʥʠ, ʱʦ ʜʦʟʚʦʣʠʣʦ 
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ʦʪʨʠʤʘʪʠ ʘʥʘʣʽʪʠʯʥʽ ʚʠʨʘʟʠ ʜʣʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʬʫʥʢʮʽʡ 

ʢʦʤʧʦʥʝʥʪ. 

ʋ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʩʪʽʡʢʦʩʪʽ, ʨʦʟʨʷʜʥʦʩʪʽ ʧʦʜʘʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʽ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʧʨʠ ʧʝʨʝʙʫʜʦʚʽ ʏɿʂ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʧʦʢʘʟʘʣʦ, ʱʦ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʧʦʜʽʙʥʠʭ ʏɿʂ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʮʽ 

ʧʦʢʘʟʥʠʢʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʜʽʘʧʘʟʦʥʫ ʧʝʨʝʙʫʜʦʚʠ ʽ ʪʠʧʫ ʏɿʂ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʜʣʷ ʦʮʽʥʢʠ ʤʝʞ ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʽʚ ʏɿʂ ʚʠʱʝ ʜʨʫʛʦʛʦ 

ʧʦʨʷʜʢʫ ʧʦʢʘʟʘʣʦ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʥʘ ʦʩʥʦʚʽ ʬʦʨʤʫʣʠ 

( )
!

! !
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ʚʠʟʥʘʯʠʪʠ ʛʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʨʽʚʥʷʥʥʷ ʽ 

ʧʦʤʥʦʞʠʪʠ ʾʭ ʥʘ ʢʦʨʠʛʫʚʘʣʴʥʽ ʢʦʝʬʽʮʽʻʥʪʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚ 

ʜʠʩʝʨʪʘʮʽʡʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ. ʆʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ - ʮʝ ʤʝʞʽ ʩʪʽʡʢʦʩʪʽ 

ʢʦʤʧʦʥʝʥʪʠ ʧʨʠ ʟʤʽʥʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʥʘʤʝʥʥʠʢʘ. ʎʝ ʟʥʘʯʥʦ ʧʦʣʝʛʰʫʻ ʦʮʽʥʢʫ 

ʩʪʽʡʢʦʩʪʽ ʧʨʠ ʧʝʨʝʙʫʜʦʚʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʢʦʤʧʦʥʝʥʪʠ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥʠ ʨʦʟʨʷʜʥʦʩʪʽ ʧʦʜʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʥʘʤʝʥʥʠʢʘ ʏɿʂ 

ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʧʦʢʘʟʘʣʦ, ʱʦ ʤʦʞʣʠʚʠʡ ʚʠʭʽʜ ʟʘ ʤʝʞʽ ʩʪʽʡʢʦʩʪʽ, ʮʝ 

ʦʙʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʝʨʝʚʽʨʢʠ ʩʪʽʡʢʦʩʪʽ ʏɿʂ ʧʨʠ ʟʘʜʘʥʽʡ ʨʦʟʨʷʜʥʦʩʪʽ 

ʧʦʜʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʽ ʟʘʜʘʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʧʝʨʝʙʫʜʦʚʠ ʢʦʝʬʽʮʽʻʥʪʽʚ. 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʠ ʧʝʨʝʙʫʜʦʚʽ ʏɿʂ ʦʪʨʠʤʘʥʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʦʮʽʥʠʪʠ ʚʝʨʭʥʶ ʤʝʞʫ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʽʜʥʦʩʥʦʾ ʯʘʩʪʦʪʠ ʟʨʽʟʫ ʽ ʧʦʨʷʜʢʫ ʏɿʂ. 

2
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,
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ʜʝ a  ̔  b - ʜʽʡʩʥʽ ʯʠʩʣʘ (   3;2    41 a b< < < <), bï ʤʦʜʫʣʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʦʨʝʥʷ 

ʘʙʦ ʤʦʜʫʣʴ ʜʽʡʩʥʦʛʦ ʢʦʨʝʥʷ, 0   1  .b< < 



9 
 

 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʩʪʽʡʢʽʩʪʴ ʏɿʂ ʚʠʱʝ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ 

ʦʪʨʠʤʘʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʟ ʤʽʥʽʤʘʣʴʥʠʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ 

ʚʠʪʨʘʪʘʤʠ ʦʮʽʥʠʪʠ ʩʪʽʡʢʽʩʪʴ ʏɿʂ ʧʨʠ ʧʝʨʝʙʫʜʦʚʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʥʘʥʝ ʯʝʪʚʝʨʪʝ ʟʘʚʜʘʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ,ʨʦʟʨʦʙʣʝʥʥʷ ʤʝʪʦʜʫ ʦʮʽʥʢʠ ʩʪʽʡʢʦʩʪʽ ʟʽ ʟʤʝʥʰʝʥʠʤʠ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʚʠʪʨʘʪʘʤʠ. 

ʄʦʞʥʘ ʩʬʦʨʤʫʣʶʚʘʪʠ ʪʨʝʪʽʡ ʧʫʥʢʪ ʥʘʫʢʦʚʦʾ ʥʦʚʠʟʥʠ: 

ʆʜʝʨʞʘʣʦ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʤʝʪʦʜ ʦʮʽʥʢʠ ʩʪʽʡʢʦʩʪʽ ʟʽ ʟʤʝʥʰʝʥʠʤʠ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʜʣʷ ʏɿʂ ʚʠʱʝ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʥʘ ʧʽʜʩʪʘʚʽ 

ʤʝʪʦʜʫ ɼʞʫʨʽ ʟʘ ʨʘʭʫʥʦʢ ʩʢʣʘʜʘʥʥʷ ʨʽʚʥʷʥʴ ʟ ʧʘʨʥʠʭ ʽ ʥʝʧʘʨʥʠʭ ʩʪʫʧʝʥʽʚ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʨʽʚʥʷʥʥʷ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ, ʘ ʪʘʢʦʞ ʢʦʝʬʽʮʽʻʥʪʽʚ, ʷʢʽ 

ʢʦʨʠʛʫʶʪʴ ʤʝʞʽ ʪʨʠʢʫʪʥʠʢʘ ʩʪʽʡʢʦʩʪʽ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʦʮʽʥʢʠ 

ʩʪʽʡʢʦʩʪʽ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʧʨʠ ʧʝʨʝʙʫʜʦʚʽ 

ʏɿʂ ʦʮʽʥʝʥʘ ʚʝʨʭʥʷ ʤʝʞʘ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʥʘʥʘ ʧ'ʷʪʘ ʟʘʜʘʯʘ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ,ʨʦʟʨʦʙʣʝʥʥʷ ʤʝʪʦʜʫ ʦʮʽʥʢʠ ʪʨʠʚʘʣʦʩʪʽ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʧʨʠ 

ʧʝʨʝʙʫʜʦʚʽ ʟʽ ʟʤʝʥʰʝʥʠʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʚʠʪʨʘʪʘʤʠ. 

ʄʦʞʥʘ ʩʬʦʨʤʫʣʶʚʘʪʠ ʯʝʪʚʝʨʪʠʡ ʧʫʥʢʪ ʥʘʫʢʦʚʦʾ ʥʦʚʠʟʥʠ: 

ʆʜʝʨʞʘʣʦ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʤʝʪʦʜ ʦʮʽʥʢʠ ʪʨʠʚʘʣʦʩʪʽ ʧʝʨʝʭʽʜʥʦʛʦ 

ʧʨʦʮʝʩʫ ʟʽ ʟʤʝʥʰʝʥʠʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʜʣʷ ʏɿʂ ʥʠʟʴʢʦʛʦ 

ʧʦʨʷʜʢʫ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʧʨʠ 

ʧʝʨʝʙʫʜʦʚʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʧʨʦʩʪʠʪʠ ʧʨʦʮʝʜʫʨʫ ʦʮʽʥʢʠ ʪʨʠʚʘʣʦʩʪʽ ʧʝʨʝʭʽʜʥʦʛʦ 

ʧʨʦʮʝʩʫ. 

ʋ ʧ'ʷʪʦʤʫ ʨʦʟʜʽʣʽ ʧʨʦʚʝʜʝʥʘ ʦʮʽʥʢʘ ʆɺ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʇʦʨʘʭʦʚʘʥʘ 

ʢʽʣʴʢʽʩʪʴ ʦʧʝʨʘʮʽʡ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʝʨʝʙʫʜʦʚʠ ʢʦʤʧʦʥʝʥʪʠ, ʦʮʽʥʢʠ ʩʪʽʡʢʦʩʪʽ ʪʘ 

ʪʨʠʚʘʣʦʩʪʽ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ, ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʥʽ ʟ ʽʩʥʫʶʯʠʤʠ 
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ʤʝʪʦʜʘʤʠ. ɼʣʷ ʦʮʽʥʢʠ ʙʫʣʦ ʦʙʨʘʥʦ IntelQuark X1000 400 ʄɻʮ, ʨʝʟʫʣʴʪʘʪʠ 

ʧʦʢʘʟʘʥʽ ʚ ʪʘʙʣ.1.  

ʆʙʯʠʩʣʶʚʘʣʴʥʽ ʚʠʪʨʘʪʠ ʦʮʽʥʢʠ ʩʪʽʡʢʦʩʪʽ ʫʜʦʩʢʦʥʘʣʝʥʦʛʦ ʤʝʪʦʜʫ ʥʘ 43% 

ʤʝʥʰʝ ʥʽʞ ʟʘ ʤʝʪʦʜʦʤ ɼʞʫʨʽ, ʘ ʫʜʦʩʢʦʥʘʣʝʥʦʛʦ ʤʝʪʦʜʫ ʦʮʽʥʢʠ ʪʨʠʚʘʣʦʩʪʽ 

ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ  - ʥʘ 28%. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʝʨʝʚʽʨʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ Intel 

NUC. ɺʠʭʦʜʷʯʠ ʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʧʣʠʚʘʻ, ʱʦ ʚʜʦʩʢʦʥʘʣʝʥʠʡ ʤʝʪʦʜ 

ʥʘ 27% ʝʬʝʢʪʠʚʥʽʰʠʡ ʜʣʷ ʌʅʏ ʽ ʌɺʏ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ, ʥʘ 29% - ʜʣʷ ʌʅʏ ʽ 

ʌɺʏ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʽ ʥʘ 13% - ʜʣʷ ʉʌ ʽ ʈʌ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʝʪʘ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʩʷʛʥʫʪʘ ʽ ʚʠʢʦʥʘʥʦ ʰʦʩʪʝ 

ʟʘʚʜʘʥʥʷ, ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ ʤʝʪʦʜʽʚ 

ʜʣʷ ʦʮʽʥʢʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʚʠʪʨʘʪ. 

ʊʘʙʣʠʮʷ 1. ʆʙʯʠʩʣʶʚʘʣʴʥʽ ʚʠʪʨʘʪʠ (ʆɺ) 

ʄʝʪʦʜ ʏɿʂ ʇʦʨʷʜʦʢ ʊʠʧ ʆɺ 

ɿʘʤʽʥʘ ʟʤʽʥʥʦʾ ʌʅʏ/ʌɺʏ ʧʝʨʰʠʡ 75 

ʜʨʫʛʠʡ 140 

ʉʌ/ʈʌ ʧʝʨʰʠʡ 140 

ʋʜʦʩʢʦʥʘʣʝʥʠʡ  ʌʅʏ/ʌɺʏ ʧʝʨʰʠʡ 65 

ʜʨʫʛʠʡ ɹʘʪʪʝʨʚʦʨʪʘ 69 

ʏʝʙʠʰʝʚʘ 93 

ʏʝʙʠʰʝʚʘ ʽʥ. 96 

ʝʣʽʧʪʠʯʥʠʡ 96 

ʉʌ/ʈʌ ʧʝʨʰʠʡ 114/125 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʝʨʝʙʫʜʦʚʘ ʯʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʩʪʽʡʢʽʩʪʴ 

ʩʠʩʪʝʤʠ, ʢʦʝʬʽʮʽʻʥʪʠ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ, ʯʘʩʪʦʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʯʘʩʪʦʪʘ 

ʟʨʽʟʫ, ʨʽʚʝʥʴ ʧʫʣʴʩʘʮʽʾ, ʧʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ, ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʚʠʪʨʘʪʠ. 
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ABSTRACT  

Ukhina H.V. Models and methods to increase the frequency-dependent 

components efficiency of computer systems. - Qualifying scientific work on the 

manuscript. 

Thesis for the PhD degree in specialty 123 ï Computer Engineering. ï Odesa 

National Polytechnic University, Odesa, 2020. 

The introduction  considers systems in which there is a problem of using 

computer systems components that can comprehensively or separately restructure 

their characteristics by software and hardware depending on the operating conditions 

to improve system efficiency. For example, unmanned aerial vehicles (UAVs) have 

systems for determining safe landing heights, and ground platforms have devices for 

determining the distance to an obstacle. Also in the internal combustion engines of 

modern cars, such components are used to determine the detonation in the engine. 

However, in the considered computer systems, which operate in real time, the 

existing approaches have time constraints, which has an impact on system 

efficiency. 

Therefore, the task of computer systems components building that can 

comprehensively or separately restructure their characteristics by software and 

hardware, depending on the operating conditions is relevant. Also, to increase the 

frequency-dependent components (FDC) efficiency, it is necessary to develop 

methods for tuning, assessing the stability and duration of the transition process with 

reduced computational costs. 

The computer system components efficiency is defined as the reduction of 

computing costs in the restructuring due to the fact that such systems operate in real 

time with limited computing resources and limited power. 

The first section considers the existing FDC models, their restructuring methods, 

assessing the stability and duration of the transition process methods. The 

computational costs for their implementation are calculated. It was found that: 
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1.  Methods, algorithms and direct methods procedures of tuning, frequency 

conversion are much more difficult to calculate in real time. 

2. When applying signal frequency conversion, there is a need to eliminate 

unnecessary copy of the spectrum, as well as filtering the so-called mirror channel, 

and this is an additional hardware or software cost. To eliminate these frequencies, 

you can use a controlled LP or HP with an octave change in the cutoff frequency, 

which, however, requires additional computational costs. 

3. The implementation of these methods requires a large number of operations, 

and therefore they have high computational costs, which complicates their use in 

real-time systems. 

Based on this, there is a need to develop the restructuring the frequency-dependent 

components method with reduced computing costs, which makes it possible to 

increase the FDC efficiency. 

In the second section the transfer functions and FDC frequency characteristics of 

the Butterworth, Chebyshev, Chebyshev inverse and elliptical first and second 

orders analysis is carried out. The analysis is showed that: 

1. The amplitude-frequency and phase responses of different types first-order LP 

and HP have approximately the same characteristics. Significant changes in 

characteristics are manifested in the second order. 

2.  The amplitude-frequency and phase responses of different types first order BP 

and SP, which are described by the second order transfer functions, have 

approximately the same characteristics. Significant changes in the characteristics are 

manifested in the second order when describing the fourth order transfer function. 

3. For the LP and HP first-order transfer functions, the numerator coefficients are 

equal 0 1a a= , but for LP is 
0 1a a=  and for HP is 

0 1a a=-.  

4. For the LP and HP second-order transfer functions, the numerator coefficients 

are equal 
0 2a a= , and the coefficient 

1a  can take different values.  
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5. The same picture is found for the BP and SP first order, when the numerator 

coefficients are equal 
0 2a a= , the coefficient 

1a  for BP is zero 
1 0a = , and for SP 

has different values 
1 0a . 

As a result, the components specific mathematical models were obtained, which 

take into account the peculiarities of their frequency characteristics, which allows to 

structure their transfer functions. 

Thus, the thesis research second task, the developing of new first- and second-

order FDC mathematical models, which reflect the components frequency 

characteristics, is completed. 

We can formulate the first point of scientific novelty: 

For the first time the frequency-dependent components mathematical models are 

constructed, which, in contrast to the existing ones, take into account the 

peculiarities of their frequency characteristics, which allows to offer tuning methods 

with reduced computational costs based on finding the transfer function coefficients 

at given cutoff frequencies. 

In the third section, the transfer functions coefficients calculation formulas are 

obtained, based on new mathematical models. This allows us to indicate that the 

channels construction for processing and filtering signals in a computer system 

should be built on the combination of low-order FDC for better components 

adjustment and controllability. In this case, you can dramatically reduce the 

computational cost to recalculate the components coefficients and rebuild all the 

components simultaneously or in parts. 

If we compare the calculation formulas for LP and HP, it is recommended to build 

BP and SP by sequential connection of these LP and HP. In this case, some 

coefficients are suitable for both LP and HP, which allows in real time to reduce the 

computational costs to find new coefficients. 

- LP 
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The components phase response study showed that there is the cutoff frequency 

dependence on the level of component oscillation. The dependencies complexity has 

led to the need for functional approximation with a technical error that satisfies the 

implementation 
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As a result, the formulas for calculating the transfer functions coefficients with 

reduced computational costs due to the "constants" conversion or an additional value 

are obtained. 

For example, the equation for finding the coefficient of the LP first-order transfer 

function pronoun has the form 
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and after the additional value introduction ()2arccoscx= , 0 1c< < we can write 
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The equations for finding the Chebyshev type LP second-order transfer function 

coefficients have the form 
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It is advisable the values 21
, ,2 1f f
f

+  and cp refer to constants, calculate them 

in advance (at the design and implementation stage) and write them down in 

memory. If you enter new notations for these values 
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, , 2 1 , ,

4
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A B D Ef f

f
= = = + = 

then these equations will take the form 
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Thus, the thesis research third task, the development of the restructuring with 

reduced computational costs method is completed. 

We can formulate the second point of scientific novelty: 
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The adjustment method with reduced computational costs due to the "constants" 

conversion or an additional value was developed, which allowed to obtain analytical 

expressions for the transfer functions coefficients. 

The fourth section analyzes the stability, coefficients bit representation and the 

transition process during the FDC restructuring. The study showed that when 

designing such FDCs, it is necessary to take into account these indicators depending 

on the adjustment range and the FDC type. 

 The stability study to estimate the change limits in the FDC coefficients above 

the second order showed that it is necessary on the basis of 

( )
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to determine the characteristic equation coefficients limit values and multiply 

them by the correction factors that are determined in the thesis research. The 

obtained values are the limits of the components stability when the denominator 

coefficients change. This greatly facilitates the stability assessment when adjusting 

the transfer function coefficients.  

The study of the second order denominator coefficients change in the bit 

representation showed that it is possible to go beyond stability, this necessitates 

checking the FDC stability at a given coefficients bit representation and a given 

coefficients range. 

In the FDC transients during the restructuring study relations are obtained that 

allow us to estimate the transient process upper limit depending on the relative cutoff 

frequency and the FDC order. 

2
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where a  and b are real numbers (    3;2    41 a b< < < <), b is  complex root module 

or real root module, 0   1  .b< < 
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As a result, the conducted researches on above the second order FDC stability the 

relations allowing to estimate FDC stability at adjustment with the minimum 

computing expenses are received. 

Thus, the thesis research performed fourth task, development of a method for 

assessing stability with reduced computational costs is completed. 

We can formulate the third point of scientific novelty: 

The stability estimation with reduced computational costs method for FDC above 

the second order was further developed on the Jury method basis by compiling 

equations from even and odd degrees of the transfer function characteristic equation, 

as well as coefficients that adjust the stability triangle, which reduced stability 

estimation time. 

As a result, the transient process during the FDC restructuring research, the 

transient process upper limit was estimated. 

Thus, the thesis research fifth task, the development of the transient process 

estimation method at reorganization with the reduced computing expenses is 

executed. 

We can formulate the fourth point of scientific novelty: 

The estimating the transition process duration with reduced computational costs 

method for low-order FDC due to the use of the transfer function coefficients during 

the restructuring has been further developed, which simplifies the procedure for 

estimating the transition process duration. 

In the fift h section, the obtained results evaluation is evaluated. The operations 

number for the component restructuring implementation, the stability assessment 

and the transition process duration, the results are compared with existing methods. 

IntelQuark X1000 400 MHz was selected for evaluation; the results are shown in 

table 1. 
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The estimating stability improved method computational cost is 43% less than the 

Jury method, and the advanced method of estimating the transition process duration 

is 28% less. 

Table 1. Computational costs (CC)  

Method FDC Order Type CC 

Variable 

replacement 

LP/HP first 75 

second 140 

BP/SP first 140 

Improved method LP/HP 

 

first 65 

second Butterworth 69 

Chebishev 93 

Chebyshev 

inv. 

96 

elliptic 96 

BP/SP first 114/125 

 

The obtained results were tested experimentally using Intel NUC. Based on the 

obtained results, it follows that the improved method is 27% more effective for first-

order LP and HP, 29% - for second ïorder LP and HP and 13% - for BP and SP. 

Thus, the thesis research purpose is achieved and the sixth task is performed, 

conducting an experimental study of the developed methods for estimating 

computational costs. 

Keywords: the frequency-dependent component restructuring, system stability, 

transmission function coefficients, frequency characteristics, cutoff frequency, 

ripple level, transient process, computational costs. 

ʉʧʠʩʦʢ ʧʫʙʣʽʢʘʮʽʡ ʟʜʦʙʫʚʘʯʘ 

ʅʘʫʢʦʚʽ ʧʨʘʮʽ, ʚ ʷʢʠʭ ʦʧʫʙʣʽʢʦʚʘʥʦ ʦʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʾ 

1. ʋʭʠʥʘ ɸ.ɺ., ʉʠʪʥʠʢʦʚ ʊ.ɺ., ʉʠʪʥʠʢʦʚ ɺ.ʉ. ɺʚʝʜʝʥʠʝ ʠ ʧʨʠʤʝʥʝʥʠʝ 



19 
 

 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʜʘʪʯʠʢʦʚ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʩʠʩʪʝʤʝ. ɾʫʨʥʘʣ ñɸʚʪʦʤʘʪʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʙʠʟʥʝʩ - ʧʨʦʮʝʩʩʦʚò 

(ɸʊɹʇ), ʆʅɸʇʊ.  ʊ. 7, ɺʳʧ. 1. 2015. ʉ. 52-54. ɺʠʜʘʥʥʷ ʚʭʦʜʠʪʴ ʜʦ 

ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ Directory of Open Access Journals, Scilit, 

EBSCOhost, Ulrich's Periodicals Directory, ROAD, Dimensions, ResearchBib, 

WorldCat, ɹʽʙʣʽʦʤʝʪʨʠʢʘ ʫʢʨʘʾʥʩʴʢʦʾ ʥʘʫʢʠ, Bielefeld Academic Search Engine, 

Google Scholar, CrossRef, ʅʘʮʠʦʥʘʣʴʥʘʷ ʙʠʙʣʠʦʪʝʢʘ ʋʢʨʘʠʥʳ ʠʤʝʥʠ 

ɺʝʨʥʘʜʩʢʦʛʦ, URAN.  

2. ʋʭʠʥʘ ɸ.ɺ., ʗʮʝʥʢʦ ʊ.ʇ., ʉʠʪʥʠʢʦʚ ɺ.ʉ. ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʚ ʟʘʜʘʯʝ 

ʫʧʨʘʚʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʮʠʬʨʦʚʦʛʦ ʬʠʣʴʪʨʘ ʜʣʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʠʩʪʝʤʳ. ɾʫʨʥʘʣ ñɸʚʪʦʤʘʪʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʙʠʟʥʝʩ - 

ʧʨʦʮʝʩʩʦʚò (ɸʊɹʇ), ʆʅɸʇʊ. ʊ. 8, ɺʳʧ. 1. 2016. ʉ. 42-50. ɺʠʜʘʥʥʷ ʚʭʦʜʠʪʴ ʜʦ 

ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ Directory of Open Access Journals, Scilit, 

EBSCOhost, Ulrich's Periodicals Directory, ROAD, Dimensions, ResearchBib, 

WorldCat, ɹʽʙʣʽʦʤʝʪʨʠʢʘ ʫʢʨʘʾʥʩʴʢʦʾ ʥʘʫʢʠ, Bielefeld Academic Search Engine, 

Google Scholar, CrossRef, ʅʘʮʠʦʥʘʣʴʥʘʷ ʙʠʙʣʠʦʪʝʢʘ ʋʢʨʘʠʥʳ ʠʤʝʥʠ 

ɺʝʨʥʘʜʩʢʦʛʦ, URAN.  

3. ʋʭʠʥʘ ɸ.ɺ., ɹʠʣʝʥʢʦ ɸ.ɸ., ʉʠʪʥʠʢʦʚ ɺ.ʉ. ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʛʨʘʤʤʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ɸʉʋ ʊʇ ɸʕʉ. ɾʫʨʥʘʣ çʗʜʝʨʥʘʷ ʠ 

ʨʘʜʠʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴè. ɺʳʧ. 3. 2016. ʉ. 70-76. ɺʠʜʘʥʥʷ ʚʭʦʜʠʪʴ ʜʦ 

ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ Google Scholar, Scopus, International Nuclear 

Information System (INIS), ʅʘʮʽʦʥʘʣʴʥʘ ʙʽʙʣʽʦʪʝʢʘ ʋʢʨʘʾʥʠ ʽʤʝʥʽ ɺ. ɯ. 

ɺʝʨʥʘʜʩʴʢʦʛʦ. 

4. ʋʭʠʥʘ ɸ.ɺ., ʗʮʝʥʢʦ ʊ.ʇ., ʉʠʪʥʠʢʦʚ ɺ.ʉ. ʃʠʥʝʘʨʠʟʘʮʠʷ ʚ ʟʘʜʘʯʝ 

ʫʧʨʘʚʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʮʠʬʨʦʚʦʛʦ ʬʠʣʴʪʨʘ ʜʣʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʠʩʪʝʤʳ. ɾʫʨʥʘʣ çɸʚʪʦʤʘʪʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʦʚè. ʊ.8, ɺʳʧ. 4. 2016. ʉ. 8-10. ɺʠʜʘʥʥʷ ʚʭʦʜʠʪʴ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ 

ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ Directory of Open Access Journals, Scilit, EBSCOhost, 



20 
 

 

Ulrich's Periodicals Directory, ROAD, Dimensions, ResearchBib, WorldCat, 

ɹʽʙʣʽʦʤʝʪʨʠʢʘ ʫʢʨʘʾʥʩʴʢʦʾ ʥʘʫʢʠ, Bielefeld Academic Search Engine, Google 

Scholar, CrossRef, ʅʘʮʠʦʥʘʣʴʥʘʷ ʙʠʙʣʠʦʪʝʢʘ ʋʢʨʘʠʥʳ ʠʤʝʥʠ ɺʝʨʥʘʜʩʢʦʛʦ, 

URAN. 

5. Ukhina H., Sytnikov V. Express-analysis of stability of fourth order 

frequency-dependent rearrangeable components. International Conference on 

Electronics and Information Technology, EIT 2016 - Conference Proceedings 

(Ukraine). 2016. P. 84-86. ɺʠʜʘʥʥʷ ʚʭʦʜʠʪʴ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ 

ʙʘʟ Scopus, IEEE Xplore. 

6. ʋʭʠʥʘ ɸ. ɸʥʘʣʠʟ ʧʝʨʝʜʘʪʦʯʥʳʭ ʬʫʥʢʮʠʡ ʮʠʬʨʦʚʳʭ ʯʘʩʪʦʪʥʦ-ʟʘʚʠʩʠʤʳʭ 

ʢʦʤʧʦʥʝʥʪ ʥʠʟʢʦʛʦ ʧʦʨʷʜʢʘ. ɾʫʨʥʘʣ ñɸʚʪʦʤʘʪʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʙʠʟʥʝʩ - ʧʨʦʮʝʩʩʦʚò (ɸʊɹʇ), ʆʅɸʇʊ. ʊ. 9, ɺʳʧ. 2. 2017. ʉ. 12-20. ɺʠʜʘʥʥʷ 

ʚʭʦʜʠʪʴ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ Directory of Open Access 

Journals, Scilit, EBSCOhost, Ulrich's Periodicals Directory, ROAD, Dimensions, 

ResearchBib, WorldCat, ɹʽʙʣʽʦʤʝʪʨʠʢʘ ʫʢʨʘʾʥʩʴʢʦʾ ʥʘʫʢʠ, Bielefeld Academic 

Search Engine, Google Scholar, CrossRef, ʅʘʮʠʦʥʘʣʴʥʘʷ ʙʠʙʣʠʦʪʝʢʘ ʋʢʨʘʠʥʳ 

ʠʤʝʥʠ ɺʝʨʥʘʜʩʢʦʛʦ, URAN. 

7. Ukhina H.V., Bilenko A.A., Sytnikov V.S. Adjustable components in 

automated control systems of NPP technological processes. ɺʽʩʥʠʢ ʏʝʨʢʘʩʴʢʦʛʦ 

ʜʝʨʞʘʚʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ.  ˉ3.  2018. ʉ. 8 -14. ɺʠʜʘʥʥʷ 

ʚʭʦʜʠʪʴ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ Academic Recource Index, 

ResearchBib, BASE, Crossref, Citefactor, Index Copernicus, Ulrich's Periodicals 

Directory, WorldCat, ʅʘʫʢʦʚʘ ʧʝʨʽʦʜʠʢʘ ʋʢʨʘʾʥʠ. 

8. Ukhina H., Sytnikov V. Transient process at low-order frequency dependent 

digital components. ɾʫʨʥʘʣ çʈʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ, ʠʥʬʦʨʤʘʪʠʢʘ, ʫʧʨʘʚʣʝʥʠʝè, 

ɿʘʧʦʨʦʞʴʝ.  ɺʳʧ. 3. 2018.  ʉ. 40-47. ɺʠʜʘʥʥʷ ʚʭʦʜʠʪʴ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ 

ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ Web of Science (WoS). 

https://mjl.clarivate.com/search-results


21 
 

 

9. H. Ukhina, V. Sytnikov., K. Puts. Stability evaluation based on the 

sustainability triangle application for transfer functions above 2nd order. ɾʫʨʥʘʣ 

çʉʫʯʘʩʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠè, ʍʘʨʴʢʦʚ.  ʊ.2, ˉ4. 2018. C. 49-54. ɺʠʜʘʥʥʷ 

ʚʭʦʜʠʪʴ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ Google Scholar ʅʘʮʽʦʥʘʣʴʥʘ 

ʙʽʙʣʽʦʪʝʢʘ ʋʢʨʘʾʥʠ ʽʤʝʥʽ ɺ. ɯ. ɺʝʨʥʘʜʩʴʢʦʛʦ. 

10. ʋʭʠʥʘ ɸ.ɺ., ʊʝʧʣʝʯʫʢ ɸ.ʄ., ʂʽʨʴʷʟʦʚ ʖ.ʌ., ʉʠʪʥʠʢʦʚ ɺ.ʉ. ʋʧʨʘʚʣʽʥʥʷ 

ʩʤʫʛʦʚʠʤ ʯʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʫʧʨʘʚʣʷʶʯʦʶ 

ʩʠʩʪʝʤʦʶ ʜʣʷ ʫʩʫʥʝʥʥʷ ʜʝʪʦʥʘʮʽʾ ʜʚʠʛʫʥʘ ʚʥʫʪʨʠʰʥʴʦʛʦ ʟʛʦʨʘʥʥʷ. 

ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʫʧʨʘʚʣʷʶʱʠʝ ʩʠʩʪʝʤʳ ʠ ʪʝʭʥʦʣʦʛʠʠ. ʇʨʦʙʣʝʤʳ ʠ ʨʝʰʝʥʠʷ: 

ʤʦʥʦʛʨʘʬʠʷ / ʘʚʪ. ʢʦʣ.: ɺ. ɺʘʤʷʥʠʥ, ɻ. ɺʦʩʪʨʦʚ, ɺ ɺʳʯʫʞʘʥʠʥ ʠ ʜʨ.; ʧʦʜ ʥʘʫʯ. 

ʨʝʜ. ʧʨʦʬ. ɺ. ɺʳʯʫʞʘʥʠʥʘ. ʆʜʝʩʩʘ: ʕʢʦʣʦʛʠʷ. 2019. ʉ. 137-142. 

ʆʧʫʙʣʽʢʦʚʘʥʽ ʧʨʘʮʽ ʘʧʨʦʙʘʮʽʡʥʦʛʦ ʭʘʨʘʢʪʝʨʫ 

11. Ukhina H., Sytnikov V., Streltsov O., Stupen P., Yakovlev D. Transfer 

Function Coefficients Influence on the Processing Path Bandpass Frequency-

Dependent Components' Amplitude-Frequency Characteristics Properties at the 

NPP TP ACS. Conference Proceedings of 2019 10th International Conference on 

Dependable Systems, Services and Technologies, DESSERT 2019 (United 

Kingdom). 2019. C. 293-196. ɺʠʜʘʥʥʷ ʚʭʦʜʠʪʴ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ 

ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ Scopus, IEEE Xplore. 

12. Ukhina H., Sytnikov V., Streltsov O., Stupen P., Yakovlev D. Specialized 

computer systems digital bandpass frequency-dependent components 

rearrangement.  Proceedings of the 2019 10th IEEE International Conference on 

Intelligent Data Acquisition and Advanced Computing Systems: Technology and 

Applications, IDAACS 2019 (France).  2019. P. 168-171. ɺʠʜʘʥʥʷ ʚʭʦʜʠʪʴ ʜʦ 

ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ Scopus, DBLP. 

13. Ukhina H., Sytnikov V., Streltsov O., Stupen P., Yakovlev D. Stability 

evaluation based on the sustainability triangle application for transfer functions 

above 2nd order. ACM International Conference Proceeding Series (China). 2019. 



22 
 

 

P.113-117. ɺʠʜʘʥʥʷ ʚʭʦʜʠʪʴ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ Scopus, Ei 

Compendex. 

14. Ukhina H., Sytnikov V., Stupen P., Strelcov O., Yakovleva I. Signal 

Processing in the Restructuring of a Computer System Bandpass Frequency-

Dependent Component to Eliminate the Internal Combustion Engine Detonatio.n. 

IEEE International Conference on Advanced Trends in Information Theory, ATIT 

2019 ï Proceedings. No.6. 2019. P. 1-5. ɺʠʜʘʥʥʷ ʚʭʦʜʠʪʴ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ 

ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ Scopus, IEEE Xplore. 

15. Ukhina H., Sytnikov V., Streltsov O., Stupen P., Yakovlev D. Improving the 

data processing efficiency based on tunable hard- and software components. Part of 

the Lecture Notes on Data Engineering and Communications Technologies book 

series.  LNDECT, v. 48. P. 91-106. ɺʠʜʘʥʥʷ ʚʭʦʜʠʪʴ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ 

ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ Scopus.  

16. Hanna Ukhina, Ludmila Zhyvtsova, Valerii Sytnikov, Volodymyr Kudria, 

Pavel Stupen. Improving the efficiency of information control system for the drilling 

objectsô spatial orientation parameters control. The 4 World Conference on Smart 

Trends in Systems, Security & Sustainability (WorldS4 2020). London 2020. P. 86-

91. ɺʠʜʘʥʥʷ ʚʭʦʜʠʪʴ ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ IEEE Xplore. 

17. Ukhina H., Ivan Afanasyev, Sytnikov V., Streltsov O., Stupen P. Features of 

Mobile Platforms' Equipment Second Order Digital Frequency-Dependent 

Components Phase-Frequency Response at Tuning. 8. European conference on 

renewable energy systems. Instanbul ï Turkey. 2020. P. 256-263 ɺʠʜʘʥʥʷ ʚʭʦʜʠʪʴ 

ʜʦ ʤʽʞʥʘʨʦʜʥʠʭ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ Science Citation (SCI), E-SCI, Scopus, 

EBSCO. 

 

  



23 
 

 

ɿʄɯʉʊ 

ɸʅʆʊɸʎɯʗééééééééééééééééééééééééééé..2 

ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʉʂʆʈʆʏɽʅʔéééééééééééééééé..26 

ɺʉʊʋʇéééééééééééééééééééééééééééé....27 

ʈʆɿɼɯʃ 1  

ɸʅɸʃɯɿ ʏɸʉʊʆʊʅʆ-ɿɸʃɽɾʅʀʍ ʂʆʄʇʆʅɽʅʊ, ʑʆ 

ʇɽʈɽɹʋɼʆɺʋʖʊʔʉʗé.éé...éééééééééééééééééé.33 

1.1. ɸʥʘʣʽʟ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʯʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʠʭ 

ʢʦʤʧʦʥʝʥʪééééééééééééééééééééééééééé...33 

1.2. ʄʝʪʦʜʠ ʧʝʨʝʙʫʜʦʚʠ ʯʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʠʭ ʢʦʤʧʦʥʝʥʪéééééééé35 

1.2.1. ʇʨʷʤʽ ʤʝʪʦʜʠ ʧʝʨʝʙʫʜʦʚʠ ʯʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʠʭ 

ʢʦʤʧʦʥʝʥʪééé...éééééééééééééééééééééééé35 

1.2.2.  ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʯʘʩʪʦʪʠ ʩʠʛʥʘʣʫ ʜʣʷ ʧʝʨʝʙʫʜʦʚʠ ʯʘʩʪʦʪʥʦ-

ʟʘʣʝʞʥʠʭ ʢʦʤʧʦʥʝʥʪéééééééééééé...éééééééééé...38 

1.3. ʄʝʪʦʜ ʦʮʽʥʢʠ ʩʪʽʡʢʦʩʪʽ ʯʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʠʭ ʢʦʤʧʦʥʝʥʪéééé...éé..41 

1.4. ʄʝʪʦʜ ʦʮʽʥʢʠ ʪʨʠʚʘʣʦʩʪʽ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʯʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʠʭ 

ʢʦʤʧʦʥʝʥʪééééééééééééééééééééééééééé...43 

1.5. ɺʠʩʥʦʚʢʠééééééééééééééééééééé...éééé..45 

1.6. ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣé..ééééééééééééééé...46 

ʈʆɿɼɯʃ 2 

ʌʆʈʄʋɺɸʅʅʗ ʄʆɼɽʃɽʁ ʏɿʂ ɿ ʋʈɸʍʋɺɸʅʅʗʄ ʆʉʆɹʃʀɺʆʉʊɽʁ ɰʍ 

ʏɸʉʊʆʊʅʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂéééééééééééééééé......53 

2.1. ʆʩʦʙʣʠʚʦʩʪʽ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʏɿʂ ʥʠʟʴʢʦʛʦ ʧʦʨʷʜʢʫéééé.53 

2.1.1. ʏʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʠʡ ʢʦʤʧʦʥʝʥʪ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫééééé...ééé.53 

2.1.2. ʏʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʠʡ ʢʦʤʧʦʥʝʥʪ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫééééééééé.54 

2.1.3. ʏʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʫééééééé....56 

2.2. ɸʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʽ ʪʘ ʬʘʟʦʯʘʩʪʦʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʏɿʂ ʥʠʟʴʢʦʛʦ 

ʧʦʨʷʜʢʫéééééééééééééééééééééééééééé...57 



24 
 

 

2.2.1. ɸʏʍ ʽ ʌʏʍ ʏɿʂ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫééééééééééééééé58 

2.2.2. ɸʏʍ ʪʘ ʌʏʍ ʏɿʂ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫéééééééééééééé...59 

2.3. ʌʦʨʤʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʏɿʂ ʥʠʟʴʢʦʛʦ ʧʦʨʷʜʢʫ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ ʾʭ ɸʏʍ ʽ ʌʏʍéééééééééééééé..60 

2.3.1. ʌʦʨʤʫʚʘʥʥʷ ʤʦʜʝʣʝʡ ʏɿʂ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫééééééééééé60 

2.3.2. ʌʦʨʤʫʚʘʥʥʷ ʤʦʜʝʣʝʡ ʏɿʂ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫééééééééééé.63 

2.4. ɺʠʩʥʦʚʢʠééééééééééééééééééééééééé..80 

2.5. ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ éé.éééééééééééééé...82 

ʈʆɿɼɯʃ 3  

ʄɽʊʆɼ ʇɽʈɽɹʋɼʆɺʀ ʏɿʂ ɿɯ ɿʄɽʅʐɽʅʀʄʀ ʆɹʏʀʉʃʖɺɸʃʔʅʀʄʀ 

ɺʀʊʈɸʊɸʄʀééééé...ééééééééééééééééééé.....83 

3.1. ɿʥʘʭʦʜʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʏɿʂ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ 

ʟʽ ʟʤʝʥʰʝʥʠʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʚʠʪʨʘʪʘʤʠééééééééééééé83 

3.2. ɿʥʘʭʦʜʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʏɿʂ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʟʽ 

ʟʤʝʥʰʝʥʠʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʚʠʪʨʘʪʘʤʠéééééééééééééé90 

3.3. ɸʥʘʣʽʟ ʬʘʟʦʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʏɿʂ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʥʘ ʯʘʩʪʦʪʽ 

ʟʨʽʟʫééééééééééééééééééééééééééééé...108 

3.4. ɿʤʝʥʰʝʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʚʠʪʨʘʪ ʧʨʠ ʟʤʽʥʽ ʯʘʩʪʦʪʠ ʟʨʽʟʫééé..é115 

3.5. ɺʠʩʥʦʚʢʠééééééééééééééééééééé...éééé125 

3.6. ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ é.ééééééééééééé...éé.126 

ʈʆɿɼɯʃ 4  

ʄɽʊʆɼ ʆʎɯʅʂʀ ʉʊɯʁʂʆʉʊɯ ʊɸ ʇɽʈɽʍɯɼʅʆɻʆ ʇʈʆʎɽʉʋ ʇʈʀ 

ʇɽʈɽɹʋɼʆɺʀ ʏɿʂééééééééééééééééééééééé.128 

4.1. ʆʩʦʙʣʠʚʦʩʪʽ ʩʪʽʡʢʦʩʪʽ ʏɿʂ ʧʨʠ ʧʝʨʝʙʫʜʦʚʽééééééééééé128 

4.2. ɺʧʣʠʚ ʨʦʟʨʷʜʥʦʩʪʽ ʧʦʜʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ 

ʏɿʂéééééééééééééééééééééééééééééé135 

4.3. ʇʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ ʚ ʏɿʂ ʥʠʟʴʢʦʛʦ ʧʦʨʷʜʢʫ ʧʨʠ ʧʝʨʝʙʫʜʦʚʽééé...137 

4.4. ɺʠʩʥʦʚʢʠééééééééééééééééééééééééé145 



25 
 

 

4.5. ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ .éééééééééééééééé.146 

ʈʆɿɼɯʃ 5  

ʆʎɯʅʂɸ ʆɹʏʀʉʃʖɺɸʃʔʅʀʍ ɺʀʊʈɸʊ ʇɽʈɽɹʋɼʆɺʀ ʏɸʉʊʆʊʅʆ-

ɿɸʃɽɾʅʀʍ ʂʆʄʇʆʅɽʅʊééééééééééééé...........................150 

5.1. ʈʦʟʨʘʭʫʥʦʢ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʚʠʪʨʘʪééééééééééééé....150 

5.1.1. ʆʙʯʠʩʣʶʚʘʣʴʥʽ ʚʠʪʨʘʪʠ ʧʝʨʝʙʫʜʦʚʠ ʢʦʤʧʦʥʝʥʪʠéé.éééééé.150 

5.1.2.  ʆʙʯʠʩʣʶʚʘʣʴʥʽ ʚʠʪʨʘʪʠ ʦʮʽʥʢʠ ʩʪʽʡʢʦʩʪʽ ʢʦʤʧʦʥʝʥʪʠéééé.éé151 

5.1.3.  ʆʙʯʠʩʣʶʚʘʣʴʥʽ ʚʠʪʨʘʪʠ ʦʮʽʥʢʠ ʪʨʠʚʘʣʦʩʪʽ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ 

ʢʦʤʧʦʥʝʥʪʠéééééééééééééééééééééééééé...151 

5.2. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʧʝʨʝʚʽʨʢʘ ʨʝʟʫʣʴʪʘʪʽʚéééééééé...éé....152 

5.3. ɺʠʩʥʦʚʢʠééééééééééééééééééééééééé153 

5.4. ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ .éééééééééééééééé.154 

ɺʀʉʅʆɺʂʀéééééééééééééééééééééééééé.155 

ʉʇʀʉʆʂ ʃɯʊɽʈɸʊʋʈʀééééééééééééééééééééé.161 

ɼʆɼɸʊʆʂ ɸ. ɸʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʩʝʨʪʘʮʽʡʥʦʾ ʨʘʙʦʪʠ. ʊʆɺ 

çʅɺʇ ʉʇɸʁʊɽʂè 

ɼʆɼɸʊʆʂ ɹ. ɸʢʪ ʧʝʨʝʚʽʨʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ. ʊʆɺ 

çɽʚʨʦʪʨʘʥʩ-ʃè 

ɼʆɼɸʊʆʂ ɺ. ɸʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʡʥʦʾ 

ʨʦʙʦʪʠ. ʊʆɺ çʃɸɹ-ʊɽʉʊè 

ɼʆɼɸʊʆʂ ɻ. ɸʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ ʆʅʇʋ 

ɼʆɼɸʊʆʂ ɼ. ɸʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ ʆʅʇʋ  

 

 

 

 

  



26 
 

 

ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʉʂʆʈʆʏɽʅʔ 

 

ɸʉʋ ʊʇ ï ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ; 

ɸʏʍ ï ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ; 

ɹʇʃɸ ï ʙʝʟʧʽʣʦʪʥʠʡ ʣʽʪʘʣʴʥʠʡ ʘʧʘʨʘʪ; 

ɼʇʍ ï ʜʠʩʢʨʝʪʥʘ ʧʝʨʝʭʽʜʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ; 

ʅɯʍ ï  ʥʝʩʢʽʥʯʝʥʥʦ ʽʤʧʫʣʴʩʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ; 

ʆɺï ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʚʠʪʨʘʪʠ; 

ʈʌ ï ʨʝʞʝʢʪʦʨʥʠʡ ʬʽʣʴʪʨ; 

ʉʂʉ ï ʩʧʝʮʽʘʣʽʟʦʚʘʥʘ ʢʦʤʧ'ʶʪʝʨʥʘ ʩʠʩʪʝʤʘ; 

ʉʌ ï ʩʤʫʛʦʚʠʡ ʬʽʣʴʪʨ; 

ʌɺʏ ï ʬʽʣʴʪʨ ʚʝʨʭʥʽʭ ʯʘʩʪʦʪ; 

ʌʅʏ ï ʬʽʣʴʪʨ ʥʠʞʥʽʭ ʯʘʩʪʦʪ; 

ʌʏʍ ï ʬʘʟʦʯʘʩʪʦʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ; 

ʏɿʂ ï ʯʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʠʡ ʢʦʤʧʦʥʝʥʪ. 
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ɺʉʊʋʇ 

 

ʋ ʙʘʛʘʪʴʦʭ ʪʝʭʥʽʯʥʠʭ ʜʦʜʘʪʢʘʭ ʚʠʥʠʢʘʻ ʟʘʚʜʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʩʠʩʪʝʤʠ ʧʨʠ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʩʢʣʘʜʥʠʭ ʫʤʦʚʘʭ, ʪʦʤʫ ʱʦ ʟʤʽʥʠ ʫʤʦʚ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʟʤʫʰʫʻ ʧʽʜʣʘʰʪʦʚʫʚʘʪʠʩʷ ʩʠʩʪʝʤʫ ʜʦ ʥʦʚʠʭ ʫʤʦʚ. ɺʽʜʧʦʚʽʜʥʦ 

ʜʦ ʢʦʥʮʝʧʮʽʾ ɯʥʜʫʩʪʨʽʷ 4.0 ʚ ʩʢʣʘʜʽ ʩʠʩʪʝʤʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʢʦʤʧʦʥʝʥʪʠ, ʷʢʽ 

ʤʦʛʣʠ ʙ ʧʝʨʝʙʫʜʦʚʫʚʘʪʠʩʷ ʚʽʜʧʦʚʽʜʥʦ ʥʦʚʠʭ ʚʠʤʦʛ ʜʦ ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺ 

ʨʘʤʢʘʭ ʮʴʦʛʦ ʥʘʧʨʷʤʢʫ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʜʦʩʢʦʥʘʣʠʪʠ ʽʩʥʫʶʯʽ ʪʘ 

ʨʦʟʨʦʙʠʪʠ ʥʦʚʽ ʧʽʜʭʦʜʠ ʜʣʷ ʨʦʟʨʦʙʢʠ ʢʦʤʧʦʥʝʥʪ ʧʦʜʽʙʥʠʭ ʩʠʩʪʝʤ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʤʦʙʽʣʴʥʦʩʪʽ, ʛʥʫʯʢʦʩʪʽ, ʟʜʘʪʥʦʩʪʽ ʦʧʝʨʘʪʠʚʥʦʾ ʧʝʨʝʙʫʜʦʚʠ ʪʘ ʘʜʘʧʪʘʮʽʾ ʩʠʩʪʝʤ 

ʜʦ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʆʜʥʠʤ ʽʟ ʟʘʚʜʘʥʴ ʫ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ ʻ ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ 

ʢʦʤʧʦʥʝʥʪ, ʷʢʽ ʤʦʛʣʠ ʙ ʟʜʽʡʩʥʶʚʘʪʠ ʢʦʤʧʣʝʢʩʥʫ ʘʙʦ ʨʦʟʜʽʣʴʥʫ ʧʝʨʝʙʫʜʦʚʫ 

ʩʚʦʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʩʘʤʦʥʘʩʪʨʦʡʢʫ ʽ ʩʘʤʦʥʘʚʯʘʥʥʷ [1]. 

ɯʩʥʫʶʯʘ ʪʝʭʥʦʣʦʛʽʷ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ (Internet of Things, IoT) ʤʘʻ ʥʘ ʫʚʘʟʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ ʥʝ ʪʽʣʴʢʠ ʤʽʞ ʣʶʜʴʤʠ ʽ çʨʝʯʘʤʠè, ʘʣʝ ʽ ʤʽʞ 

çʨʝʯʘʤʠè, ʪʦʙʪʦ ʤʘʰʠʥʘʤʠ, ʧʨʠʩʪʨʦʷʤʠ, ʢʦʤʧʦʥʝʥʪʘʤʠ, ʜʘʪʯʠʢʘʤʠ. ɿ ʦʜʥʦʛʦ 

ʙʦʢʫ, çʨʝʯʽè, ʟʘʙʝʟʧʝʯʝʥʽ ʜʘʪʯʠʢʘʤʠ, ʤʦʞʫʪʴ ʦʙʤʽʥʶʚʘʪʠʩʷ ʜʘʥʠʤʠ ʽ 

ʦʙʨʦʙʣʷʪʠ ʾʭ ʙʝʟ ʫʯʘʩʪʽ ʣʶʜʠʥʠ, ʘ ʟ ʽʥʰʦʛʦ - ʣʶʜʠʥʘ ʤʦʞʝ ʘʢʪʠʚʥʦ ʙʨʘʪʠ 

ʫʯʘʩʪʴ ʚ ʮʴʦʤʫ ʧʨʦʮʝʩʽ, ʥʘʧʨʠʢʣʘʜ, ʢʦʣʠ ʤʦʚʘ ʡʜʝ ʧʨʦ çʨʦʟʫʤʥʽ ʧʨʠʩʪʨʦʾè ʘʙʦ 

çʨʦʟʫʤʥʝ ʚʠʨʦʙʥʠʮʪʚʦè [2-3]. 

çʈʦʟʫʤʥʝ ʚʠʨʦʙʥʠʮʪʚʦè ʻ ʨʽʟʥʦʚʠʜʦʤ IoT, ʷʢ ʧʨʦʤʠʩʣʦʚʠʡ (ʽʥʜʫʩʪʨʽʘʣʴʥʠʡ) 

ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ (Industrial Internt of Things, IIoT). ʊʦʤʫ ʙʘʛʘʪʦ ʢʦʤʧʦʥʝʥʪ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ 

ʜʘʪʯʠʢʘʤʠ, ʚʠʢʦʥʘʚʯʠʤʠ ʤʝʭʘʥʽʟʤʘʤʠ ʽ ʢʦʥʪʨʦʣʝʨʘʤʠ. ɸ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ɯʥʪʝʨʥʝʪ ʪʝʭʥʦʣʦʛʽʡ ʽ ʙʝʟʜʨʦʪʦʚʠʭ ʤʝʨʝʞ ʜʦ ʥʠʭ ʩʧʨʠʷʻ ʦʧʝʨʘʪʠʚʥʦʤʫ ʟʙʦʨʫ 

ʜʘʥʠʭ, ʧʝʨʚʠʥʥʦʾ ʦʙʨʦʙʢʠ ʪʘ ʧʦʜʘʥʥʷʤ ʦʧʝʨʘʪʦʨʫ ʚ ʟʨʫʯʥʦʤʫ ʚʠʛʣʷʜʽ ʜʣʷ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʽ ʩʚʦʻʯʘʩʥʦʛʦ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ. ʆʜʥʘʢ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʥʘ ʚʩʽʭ ʜʽʣʷʥʢʘʭ ʧʽʜʧʨʠʻʤʩʪʚʘ ʜʦʟʚʦʣʷʻ ʦʨʛʘʥʽʟʫʚʘʪʠ 
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ʚʠʨʦʙʥʠʮʪʚʦ ʙʝʟ ʫʯʘʩʪʽ ʣʶʜʠʥʠ. ʈʦʣʴ ʧʝʨʩʦʥʘʣʫ ʧʨʠ ʮʴʦʤʫ ʟʚʦʜʠʪʴʩʷ ʜʦ 

ʢʦʥʪʨʦʣʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʽ ʨʝʘʢʮʽʾ ʥʘ ʝʢʩʪʨʝʥʽ ʩʠʪʫʘʮʽʾ [4-5]. ʆʩʦʙʣʠʚʦ 

ʛʦʩʪʨʦ ʪʘʢʝ ʟʘʚʜʘʥʥʷ ʩʪʦʾʪʴ ʧʝʨʝʜ ʨʦʙʦʪʦʪʝʭʥʽʯʥʠʤʠ ʧʣʘʪʬʦʨʤʘʤʠ ʽ ʩʠʩʪʝʤʘʤʠ 

ʢʨʠʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʷʢʽ ʧʦʚʠʥʥʽ ʧʨʘʮʶʚʘʪʠ ʚ ʩʢʣʘʜʥʠʭ ʫʤʦʚʘʭ ʙʝʟ 

ʜʦʩʪʫʧʘ ʣʶʜʠʥʠ [6-8].  

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚ ʪʨʘʢʪʽ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ ʪʘʢʠʭ ʩʠʩʪʝʤ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʯʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʽ ʢʦʤʧʦʥʝʥʪʠ (ʏɿʂ), ʷʢʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ 

ʩʦʙʦʶ ʩʫʢʫʧʥʽʩʪʴ ʘʧʘʨʘʪʥʠʭ ʽ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʟʽ ʩʢʣʘʜʥʦʶ ʘʨʭʽʪʝʢʪʫʨʦʶ ʽ 

ʨʽʟʥʦʤʘʥʽʪʪʷʤ ʟʚ'ʷʟʢʽʚ [12-14]. ɼʦ ʏɿʂ ʤʦʞʫʪʴ ʚʽʜʥʦʩʠʪʠʩʴ, ʥʘʧʨʠʢʣʘʜ, 

ʬʽʣʴʪʨʠ ʽ ʪʠʧʦʚʽ ʣʘʥʢʠ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ. 

ʅʘʧʨʠʢʣʘʜ, ʚ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʘʭ (ɹʇʃɸ) ʻ ʩʠʩʪʝʤʠ ʚʠʟʥʘʯʝʥʥʷ 

ʙʝʟʧʝʯʥʦʾ ʚʠʩʦʪʠ ʧʨʠ ʧʦʩʘʜʮʽ, ʘ ʫ ʥʘʟʝʤʥʠʭ ʧʣʘʪʬʦʨʤ - ʧʨʠʩʪʨʦʾ ʚʠʟʥʘʯʝʥʥʷ 

ʚʽʜʩʪʘʥʽ ʜʦ ʧʝʨʝʰʢʦʜʠ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʯʘʩ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʤʘʻ ʙʫʪʠ 

ʩʠʥʭʨʦʥʽʟʦʚʘʥ ʟʽ ʰʚʠʜʢʽʩʪʶ ʨʫʭʫ ʧʣʘʪʬʦʨʤʠ, ʚ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʣʠʚʘ 

ʘʚʘʨʽʷ. 

ʋ ʮʠʭ ʫʤʦʚʘʭ ʢʦʤʧʦʥʝʥʪʠ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʪʨʘʢʪʘ ʦʙʨʦʙʢʠ, ʧʦʚʠʥʥʽ ʤʘʪʠ 

ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʙʫʜʦʚʫʚʘʪʠ ʩʚʦʾ ʧʘʨʘʤʝʪʨʠ ʙʝʟ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ [15]. 

ɸʥʘʣʦʛʽʯʥʘ ʟʘʜʘʯʘ ʚʠʥʠʢʘʻ ʧʨʠ ʚʜʦʩʢʦʥʘʣʝʥʥʽ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʟʛʦʨʷʥʥʷ ʩʫʯʘʩʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ. ʇʨʠ ʨʦʙʦʪʽ ʜʚʠʛʫʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʥʝʷʢʽʩʥʦʛʦ ʧʘʣʠʚʘ ʚ ʮʠʣʽʥʜʨʘʭ ʟ'ʷʚʣʷʶʪʴʩʷ ʨʝʞʠʤʠ ʟʛʦʨʷʥʥʷ ʟ ʚʠʩʦʢʠʤʠ 

ʰʚʠʜʢʦʩʪʷʤʠ, ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʥʦʩʫ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʧʦʨʰʥʝʚʦʾ ʛʨʫʧʠ ʽ 

ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʦʛʦ ʤʝʭʘʥʽʟʤʽʚ. ʎʽ ʨʝʞʠʤʠ ʟʛʦʨʷʥʥʷ ʦʪʨʠʤʘʣʠ ʥʘʟʚʫ ʜʝʪʦʥʘʮʽʷ 

[16, 17]. 

ɼʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʨʝʞʠʤʫ ʜʝʪʦʥʘʮʽʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʤʫʛʦʚʠʡ ʬʽʣʴʪʨ, 

ʷʢʠʡ ʚʠʜʽʣʷʻ ʚ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʾ ʯʘʩʪʠʥʠ ʩʧʝʢʪʨʘ ʯʘʩʪʦʪ ʩʢʣʘʜʦʚʦʾ ʟ ʚʠʩʦʢʦʶ 

ʘʤʧʣʽʪʫʜʦʶ.  

ʗʢʱʦ ʫʤʦʚʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʟʤʽʥʶʶʪʴʩʷ, ʪʦ ʏɿʂ, ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʝʙʫʜʦʚʠ, 

ʧʦʚʠʥʝʥ ʚʽʜʩʣʽʜʢʦʚʫʚʘʪʠ ʮʽ ʟʤʽʥʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʜʘʥʦʛʦ ʢʨʠʪʝʨʽʶ. ʗʢʱʦ 
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ʟʤʽʥʠ ʧʦʚʽʣʴʥʽ, ʪʦʙʪʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʘ ʯʘʩ, ʱʦ ʧʝʨʝʚʠʱʫʻ ʪʨʠʚʘʣʽʩʪʴ 

ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʬʽʣʴʪʨʘ, ʪʦ ʮʝʡ ʏɿʂ ʪʘʢʽ ʟʤʽʥʠ, ʷʢ ʧʨʘʚʠʣʦ, ʚʽʜʩʪʝʞʫʻ [18, 

19]. ʋ ʤʽʨʫ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʟʤʽʥ ʝʬʝʢʪʠʚʥʽʩʪʴ ʏɿʂ, ʱʦ ʧʝʨʝʙʫʜʦʚʫʻʪʴʩʷ 

ʙʫʜʝ ʧʘʜʘʪʠ, ʪʦʤʫ ʱʦ ʟʘ ʯʘʩ ʟʤʽʥʠ ʏɿʂ, ʱʦ ʧʝʨʝʙʫʜʦʚʫʻʪʴʩʷ ʥʝ ʚʩʪʠʛʘʻ 

ʧʦʚʥʽʩʪʶ ʧʝʨʝʙʫʜʫʚʘʪʠʩʷ (ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʡʦʛʦ ʧʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ ʥʝ 

ʟʘʢʽʥʯʠʚʩʷ). 

ʇʨʦʙʣʝʤʘʤʠ ʧʝʨʝʙʫʜʦʚʠ ʢʦʤʧʦʥʝʥʪ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʟʘʡʤʘʣʠʩʷ ɻ. 

ʉʪʦʷʥʦʚ, ʂ. ɯʚʘʥʦʚʘ, ɺ. ɸʥʟʦʚʘ, ʄ. ʂʘʰʘʤʘʪʘ, ɯ. ʊʫʨʫʣʽʥ, ʅ. ʍʘʨʠʜʘʩ, ɽ. ɽʣʽʘʩ,  

ʉ. ɼʭʘʙʫ, ɸ. ɸʤʙʝʜʝ, ʄ. ʄʫʩʽʻʥʢʦ, ʃ. ʃʽʱʠʥʩʴʢʘ ʪʘ ʽʥʰʽ. ʆʜʥʘʢ ʚ ʤʦʙʽʣʴʥʠʭ, 

ʨʦʙʦʪʠʟʦʚʘʥʠʭ ʽ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ, ʷʢʽ ʬʫʥʢʮʽʦʥʫʶʪʴ ʚ 

ʨʝʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʯʘʩʫ, ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʧʽʜʭʦʜʠ ʤʘʶʪʴ ʦʙʤʝʞʝʥʥʷ ʧʦ ʯʘʩʫ 

ʧʝʨʝʙʫʜʦʚʠ, ʱʦ ʤʘʻ ʚʧʣʠʚ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ. 

ʊʦʤʫ ʟʘʚʜʘʥʥʷ ʧʦʙʫʜʦʚʠ ʢʦʤʧʦʥʝʥʪ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʤʦʞʫʪʴ 

ʢʦʤʧʣʝʢʩʥʦ ʘʙʦ ʨʦʟʜʽʣʴʥʦ ʧʝʨʝʙʫʜʦʚʫʚʘʪʠ ʩʚʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʛʨʘʤʥʦ-

ʘʧʘʨʘʪʥʠʤʠ ʟʘʩʦʙʘʤʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʫʤʦʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʻ ʘʢʪʫʘʣʴʥʠʤ. 

ʊʘʢʦʞ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʏɿʂ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠ 

ʧʝʨʝʙʫʜʦʚʠ, ʦʮʽʥʢʠ ʩʪʽʡʢʦʩʪʽ ʪʘ ʪʨʠʚʘʣʦʩʪʽ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʟʽ 

ʟʤʝʥʰʝʥʠʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʚʠʪʨʘʪʘʤʠ. 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʯʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʠʭ ʢʦʤʧʦʥʝʥʪ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤ, ʟʘ ʨʘʭʫʥʦʢ 

ʟʤʝʥʰʝʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʚʠʪʨʘʪ ʧʨʠ ʧʝʨʝʙʫʜʦʚʽ, ʰʣʷʭʦʤ ʘʥʘʣʽʟʫ ʽ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʦʜʝʣʽ ʢʦʤʧʦʥʝʥʪ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ ʾʭ ʯʘʩʪʦʪʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘ ʪʘʢʦʞ ʟʥʘʭʦʜʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʾʭ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʬʫʥʢʮʽʡ. 

 ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʪʘ ʚʠʨʽʰʝʥʽ ʪʘʢʽ 

ʟʘʚʜʘʥʥʷ: 

 - ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʧʝʨʝʙʫʜʦʚʠ ʯʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ (ʏɿʂ) ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤ; 
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 - ʨʦʟʨʦʙʠʪʠ ʥʦʚʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʏɿʂ ʧʝʨʰʦʛʦ ʽ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʽʚ, 

ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʯʘʩʪʦʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʥʝʥʪ; 

 - ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜ ʧʝʨʝʙʫʜʦʚʠ ʟʽ ʟʤʝʥʰʝʥʠʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ 

ʚʠʪʨʘʪʘʤʠ; 

 - ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜ ʦʮʽʥʢʠ ʩʪʽʡʢʦʩʪʽ ʟʽ ʟʤʝʥʰʝʥʠʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ 

ʚʠʪʨʘʪʘʤʠ; 

 - ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜ ʦʮʽʥʢʠ ʪʨʠʚʘʣʦʩʪʽ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʧʨʠ 

ʧʝʨʝʙʫʜʦʚʽ ʟʽ ʟʤʝʥʰʝʥʠʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʚʠʪʨʘʪʘʤʠ; 

 - ʧʨʦʚʝʩʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ 

ʦʮʽʥʢʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʚʠʪʨʘʪ. 

ʆʙ'ʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷʻ ʧʝʨʝʙʫʜʦʚʘ ʯʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ (ʏɿʂ) 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤ (ʉʂʉ). 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʤʦʜʝʣʽ ʪʘ ʤʝʪʦʜʠ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʯʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʠʭ ʢʦʤʧʦʥʝʥʪ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʣʷ ʨʦʟʨʦʙʢʠ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʯʘʩʪʦʪʥʦ-

ʟʘʣʝʞʥʠʭ ʢʦʤʧʦʥʝʥʪ ʧʝʨʰʦʛʦ ʽ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʤʝʪʦʜʠ 

ʘʥʘʣʽʟʫ ʯʘʩʪʦʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʦʥʝʥʪ. ʇʨʠ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʽʚ ʧʝʨʝʙʫʜʦʚʽ 

ʟʽ ʟʤʝʥʰʝʥʠʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʚʠʪʨʘʪʘʤʠ - ʤʝʪʦʜʠ ʧʝʨʝʙʫʜʦʚʠ ʯʘʩʪʦʪʥʦ-

ʟʘʣʝʞʥʠʭ ʢʦʤʧʦʥʝʥʪ, z-ʧʝʨʝʪʚʦʨʝʥʥʷ, ʢʦʤʧʣʝʢʩʥʽ ʧʝʨʝʜʘʚʘʣʴʥʽ ʬʫʥʢʮʽʾ. ɼʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʪʘ ʦʮʽʥʢʠ ʪʨʠʚʘʣʦʩʪʽ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʢʦʤʧʦʥʝʥʪʠ 

- ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʩʪʽʡʢʦʩʪʽ ʮʠʬʨʦʚʠʭ ʩʠʩʪʝʤ ʪʘ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʪʨʠʚʘʣʦʩʪʽ 

ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ: 

1. ɺʧʝʨʰʝ ʧʦʙʫʜʦʚʘʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʯʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʠʭ ʢʦʤʧʦʥʝʥʪ, 

ʷʢʽ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ, ʚʨʘʭʦʚʫʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʾʭ ʯʘʩʪʦʪʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʤʝʪʦʜʠ ʧʝʨʝʙʫʜʦʚʠ ʟʽ ʟʤʝʥʰʝʥʠʤʠ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʥʘ ʧʽʜʩʪʘʚʽ ʟʥʘʭʦʜʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʧʦ ʟʘʜʘʥʠʭ ʯʘʩʪʦʪʘʭ ʟʨʽʟʫ.  
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2. ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʧʝʨʝʙʫʜʦʚʠ ʟʽ ʟʤʝʥʰʝʥʠʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ 

ʚʠʪʨʘʪʘʤʠ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʪʚʦʨʝʥʥʷçʢʦʥʩʪʘʥʪè ʘʙʦ ʜʦʜʘʪʢʦʚʦʾ 

ʚʝʣʠʯʠʥʠ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʦʪʨʠʤʘʪʠ ʘʥʘʣʽʪʠʯʥʽ ʚʠʨʘʟʠ ʜʣʷ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʢʦʤʧʦʥʝʥʪ. 

3. ʆʜʝʨʞʘʣʦ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʤʝʪʦʜ ʦʮʽʥʢʠ ʩʪʽʡʢʦʩʪʽ ʟʽ ʟʤʝʥʰʝʥʠʤʠ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʜʣʷ ʏɿʂ ʚʠʱʝ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʥʘ ʧʽʜʩʪʘʚʽ 

ʤʝʪʦʜʫ ɼʞʫʨʽ ʟʘ ʨʘʭʫʥʦʢ ʩʢʣʘʜʘʥʥʷ ʨʽʚʥʷʥʴ ʟ ʧʘʨʥʠʭ ʽ ʥʝʧʘʨʥʠʭ ʩʪʫʧʝʥʽʚ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʨʽʚʥʷʥʥʷ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ, ʘ ʪʘʢʦʞ ʢʦʝʬʽʮʽʻʥʪʽʚ, ʷʢʽ 

ʢʦʨʠʛʫʶʪʴ ʤʝʞʽ ʪʨʠʢʫʪʥʠʢʘ ʩʪʽʡʢʦʩʪʽ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʦʮʽʥʢʠ 

ʩʪʽʡʢʦʩʪʽ. 

4. ʆʜʝʨʞʘʣʦ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʤʝʪʦʜ ʦʮʽʥʢʠ ʪʨʠʚʘʣʦʩʪʽ ʧʝʨʝʭʽʜʥʦʛʦ 

ʧʨʦʮʝʩʫ ʟʽ ʟʤʝʥʰʝʥʠʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʜʣʷ ʏɿʂ ʥʠʟʴʢʦʛʦ 

ʧʦʨʷʜʢʫ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʧʨʠ 

ʧʝʨʝʙʫʜʦʚʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʦʮʽʥʢʠ ʪʨʠʚʘʣʦʩʪʽ ʧʝʨʝʭʽʜʥʦʛʦ 

ʧʨʦʮʝʩʫ. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ɺʩ̔ ʥʘʫʢʦʚʽ ʧʦʣʦʞʝʥʥʷ, ʚʠʩʥʦʚʢʠ ʪʘ 

ʨʝʢʦʤʝʥʜʘʮʽʾ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʚ ʜʠʩʝʨʪʘʮʽʾ, ʦʪʨʠʤʘʥʦ ʟʜʦʙʫʚʘʯʝʤ ʦʩʦʙʠʩʪʦ. ɺ 

ʨʦʙʦʪʘʭ, ʷʢʽ ʥʘʧʠʩʘʥʦ ʚ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʘʚʪʦʨʫ ʜʠʩʝʨʪʘʮʽʾ ʥʘʣʝʞʘʪʴ: ʤʝʪʦʜ 

ʧʝʨʝʙʫʜʦʚʠ ʏɿʂ ʌʅʏ ʪʘ ʌɺʏ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ [ 2, 3, 4, 7, 11]; ʤʝʪʦʜ ʦʮʽʥʢʠ 

ʩʪʽʡʢʦʩʪʽ ʏɿʂ ʚʠʱʝ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ [5, 9, 12]; ʤʝʪʦʜ ʦʮʽʥʢʠ ʧʝʨʝʭʽʜʥʦʛʦ 

ʧʨʦʮʝʩʫ ʏɿʂ [8]; ʤʝʪʦʜ ʧʝʨʝʙʫʜʦʚʠ ʏɿʂ ʌʅʏ, ʌɺʏ ʜʨʫʛʦʛʦ ʧʦʨʷʜʫ ʪʘ ʉʌ, ʈʌ 

ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ [10, 13, 14, 15, 16, 17].  

ɸʧʨʦʙʘʮʽʷ ʨʦʙʦʪʠ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ 

ʜʦʩʣʝʜʞʝʥʥʷ ʜʦʧʦʚʽʜʘʣʠʩʷ ʪʘ ʦʙʛʦʚʦʨʶʚʘʣʠʩʷ ʥʘ ʥʘʩʪʫʧʥʠʭ ʥʘʫʢʦʚʠʭ 

ʢʦʥʬʝʨʝʥʮʽʷʭ: International Conference on Electronics and Information 

Technology (Odesa, 2016); 10th International Conference on Dependable Systems, 

Services and Technologies (Leeds, United Kingdom 2019); 10th IEEE International 

Conference on Intelligent Data Acquisition and Advanced Computing Systems: 
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Technology and Applications (Mertz, France, 2019); The Fourth International 

Conference on Computer Science and Application Engineering (Sanya, China, 

2019); International Conference on Advanced Trends in Information Theory (Kyiv, 

2019); The 4 World Conference on Smart Trends in Systems, Security & 

Sustainability (London, United Kindom, 2020); 8 European conference on 

renewable energy systems (Instanbul,Turkey, 2020). 

ʉʪʨʫʢʪʫʨʘ ʽ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʷ ʤʘʻ ʟʘʛʘʣʴʥʠʡ ʦʙʩʷʛ 174 ʩʪʦʨʽʥʢʠ 

ʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʩʪʫʧʫ, ʧôʷʪʠ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 

ʪʘ ʜʦʜʘʪʢʽʚ. ʆʩʥʦʚʥʠʡ ʪʝʢʩʪ ʜʠʩʝʨʪʘʮʽʾ ʚʠʢʣʘʜʝʥʦ ʥʘ 169 ʩʪʦʨʽʥʢʘʭ. ʈʦʙʦʪʘ 

ʤʽʩʪʠʪʴ 50 ʨʠʩʫʥʢʽʚ, 18 ʪʘʙʣʠʮʴ ʪʘ ʩʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʟ 65 

ʥʘʡʤʝʥʫʚʘʥʴ. 

ʇʨʘʢʪʠʯʥʘ ʟʥʘʯʠʤʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʇʨʘʢʪʠʯʥʘ ʮʽʥʥʽʩʪʴ 

ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʜʦʚʝʜʝʥʥʽ ʨʦʟʨʦʙʣʝʥʠʭ ʤʦʜʝʣʝʡ ʽ ʦʪʨʠʤʘʥʠʭ ʤʝʪʦʜʽʚ ʜʦ 

ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʧʽʜʭʦʜʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʚ 

ʽʥʞʝʥʝʨʥʽʡ ʧʨʘʢʪʠʮʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʪʘ ʧʦʙʫʜʦʚʽ ʥʦʚʠʭ ʯʘʩʪʦʪʥʦ-

ʟʘʣʝʞʥʠʭ ʢʦʤʧʦʥʝʥʪ, ʱʦ ʧʝʨʝʙʫʜʦʚʫʶʪʴʩʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʚʧʨʦʚʘʜʞʝʥʦ ʚ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ ʥʘ ʢʘʬʝʜʨʽ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʆʜʝʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʧʦʣʽʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʫ ʨʘʤʢʘʭ ʜʠʩʮʠʧʣʽʥ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʠʣʠ ʩʢʦʨʦʪʠʪʠ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʚʠʪʨʘʪʠ ʦʮʽʥʢʠ 

ʩʪʽʡʢʦʩʪʽ ʥʘ 43% ʪʘ ʦʮʽʥʢʠ ʪʨʠʚʘʣʦʩʪʽ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ï ʥʘ 28%. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʚʧʨʦʚʘʜʞʝʥʦ ʧʨʠ ʨʦʟʨʦʙʮʽ ʩʠʩʪʝʤʠ ʚʽʜʩʪʝʞʝʥʥʷ 

ʜʝʪʦʥʘʮʽʾ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʦʜʝʣʝʡ, ʤʝʪʦʜʽʚ ʪʘ 

ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʜʦʟʚʦʣʠʣʠ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʧʝʨʝʙʫʜʦʚʠ ʩʤʫʛʦʚʦʛʦ ʬʽʣʴʪʨʫ 

ʥʘ 13% ʽ ʧʦʢʨʘʱʠʪʠ ʦʧʝʨʘʪʠʚʥʽʩʪʴ ʪʘ ʷʢʽʩʪʴ ʚʽʜʩʪʝʞʝʥʥʷ ʜʝʪʦʥʘʮʽʾ. 

ʊʘʢʦʞ ʨʝʟʫʣʴʪʘʪʠ ʚʧʨʦʚʘʜʞʝʥʦ ʧʨʠ ʧʦʙʫʜʦʚʽ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ɹʇʃɸ. ʎʝ ʜʘʣʦ ʤʦʞʣʠʚʽʩʪʴ ʥʘ 29% ʩʢʦʨʦʪʠʪʠ ʦʙʯʠʩʣʶʚʘʣʴʥʽ 

ʚʠʪʨʘʪʠ ʪʘ ʧʽʜʚʠʱʠʪʠ ʦʧʝʨʘʪʠʚʥʽʩʪʴ ʢʝʨʫʚʘʥʥʷ. 

ʇʨʘʢʪʠʯʥʘ ʟʥʘʯʠʤʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʽʜʪʚʝʨʜʞʝʥʘ ɸʢʪʘʤʠ ʧʨʦ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʦʩʥʦʚʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ.  
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ʈʆɿɼɯʃ 1 

ɸʅɸʃɯɿ ʏɸʉʊʆʊʅʆ-ɿɸʃɽɾʅʀʍ ʂʆʄʇʆʅɽʅʊ, ʑʆ 

ʇɽʈɽɹʋɼʆɺʋʖʊʔʉʗ 

 

1.1. ɸʥʘʣʽʟ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʯʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʠʭ 

ʢʦʤʧʦʥʝʥʪ 

 

ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʤʦʜʝʣʝʡ ʏɿʂ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʧʝʨʝʜʘʚʘʣʴʥʠʭ 

ʬʫʥʢʮʽʡ ʏɿʂ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ. ʏʘʩʪʦʪʥʦ-

ʟʘʣʝʞʥʽ ʢʦʤʧʦʥʝʥʪʠ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʤʦʞʫʪʴ ʙʫʪʠ ʷʢ ʘʥʘʣʦʛʦʚʠʤʠ, ʪʘʢ ʽ 

ʮʠʬʨʦʚʠʤʠ. 

ɸʥʘʣʽʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʘʥʘʣʦʛʦʚʠʭ ʏɿʂ ʥʠʟʴʢʦʛʦ ʧʦʨʷʜʢʫ ʧʨʦʚʝʜʝʥʦ ʚ 

ʨʦʙʦʪʘʭ [20-22], ʜʝ ʨʦʟʛʣʷʥʫʪʽ ʫʟʘʛʘʣʴʥʝʥʽ ʧʝʨʝʜʘʚʘʣʴʥʽ ʬʫʥʢʮʽʾ ʧʝʨʰʦʛʦ ʽ 

ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʽʚ ʘʥʘʣʦʛʦʚʠʭ ʢʦʤʧʦʥʝʥʪ 

2

1 01 2 02 2
(p) k , (p) k

a bp a bp ep
K K

c dp c dp fp

+ + +
= =

+ + +
. 

ʋ ʨʦʙʦʪʽ [23] ʥʘʚʝʜʝʥʽ ʧʝʨʝʜʘʚʘʣʴʥʽ ʬʫʥʢʮʽʾ ʽ ʘʣʛʦʨʠʪʤʠ ʨʦʟʨʘʭʫʥʢʫ ʜʣʷ 

ʘʥʘʣʦʛʦʚʠʭ ʯʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʠʭ ʢʦʤʧʦʥʝʥʪ ʥʠʟʴʢʦʛʦ ʧʦʨʷʜʢʫ ʟ ʢʦʤʧʣʝʢʩʥʠʤʠ 

ʢʦʨʝʥʷʤʠ ʟʥʘʤʝʥʥʠʢʘ. ʊʘʢʽ ʧʝʨʝʜʘʚʘʣʴʥʽ ʬʫʥʢʮʽʾ ʚʽʜʧʦʚʽʜʘʶʪʴ ʬʽʣʴʪʨʘʤ ʽ ʾʭ 

ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ 

- ʬʽʣʴʪʨʘ ʥʠʞʥʽʭ ʯʘʩʪʦʪ (ʌʅʏ) -  0

1
(p) k ;

1
K

ap
=

+
 

- ʬʽʣʴʪʨʘ ʚʝʨʭʥʽʭ ʯʘʩʪʦʪ (ʌɺʏ) -  0(p) k ;
1

p
K

ap
=

+
 

- ʩʤʫʛʦʚʦʛʦ ʬʽʣʴʪʨʘ (ʉʌ) -   0 2
(p) k ;

Bp
K

A Bp p
=

+ +
 

- ʨʝʞʝʢʪʦʨʥʦʛʦ ʬʽʣʴʪʨʘ (ʈʌ) -  
2

0 2
(p) k ;

A p
K

A Bp p

+
=

+ +
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ʅʘʚʝʜʝʥʽ ʧʝʨʝʜʘʚʘʣʴʥʽ ʬʫʥʢʮʽʾ ʤʘʶʪʴ ʩʪʨʫʢʪʫʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʬʽʣʴʪʨʘ. ʊʘʢʝ ʫʷʚʣʝʥʥʷ ʜʦʟʚʦʣʠʣʦ ʩʢʦʨʦʪʠʪʠ ʦʙʯʠʩʣʶʚʘʣʴʥʽ 

ʚʠʪʨʘʪʠ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʢʦʤʧʦʥʝʥʪ. ʂʨʽʤ ʪʦʛʦ, ʮʝ ʩʧʨʦʩʪʠʣʦ 

ʧʦʙʫʜʦʚʘ ʢʦʤʧʦʥʝʥʪ, ʱʦ ʧʝʨʝʙʫʜʦʚʫʶʪʴʩʷ ʚʠʩʦʢʦʛʦ ʧʦʨʷʜʢʫ, ʪʦʤʫ ʱʦ ʚʦʥʦ 

ʟʘʩʥʦʚʘʥʝ ʥʘ ʟ'ʻʜʥʘʥʥʽ ʢʦʤʧʦʥʝʥʪ ʥʠʟʴʢʦʛʦ ʧʦʨʷʜʢʫ [23-25], ʱʦ ʧʦʣʝʛʰʫʻ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʧʝʨʝʙʫʜʦʚʫ (ʥʘʣʘʰʪʫʚʘʥʥʷ) ʪʨʘʢʪʫ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ ʚ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʽʡ ʢʦʤʧ'ʶʪʝʨʥʽʡ ʩʠʩʪʝʤʽ (ʉʂʉ). 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʘʥʘʣʦʛʦʚʠʤʠ ʬʽʣʴʪʨʘʤʠ ʪʘʢʦʾ ʯʽʪʢʦʾ 

ʚʠʟʥʘʯʝʥʦʩʪʽ ʚ ʩʪʨʫʢʪʫʨʽ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʫ ʮʠʬʨʦʚʠʭ ʢʦʤʧʦʥʝʥʪ ʥʝ 

ʽʩʥʫʻ. ʋʟʘʛʘʣʴʥʝʥʽ ʧʝʨʝʜʘʚʘʣʴʥʽ ʬʫʥʢʮʽʾ ʧʝʨʰʦʛʦ ʽ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʽʚ ʤʘʶʪʴ 

ʚʠʛʣʷʜ [26] 

     
1

0 1
1 1

1

(z) ;
1

a a z
H

b z

-

-

+
=
+

    (1.1) 

     
1 2

0 1 2
2 1 2

1 2

(z) ,
1

a a z a z
H

b z b z

- -

- -

+ +
=
+ +

    (1.2) 

ʱʦ ʫʩʢʣʘʜʥʶʻ ʨʦʟʨʦʙʥʠʢʫ ʚʠʢʦʥʘʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʤʝʥʰʠʪʠ ʯʠʩʣʦ ʢʦʝʬʽʮʽʻʥʪʽʚ, ʱʦ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʪʘ 

ʥʘʣʘʰʪʦʚʫʶʪʴʩʷ, ʘ ʪʘʢʦʞ ʟʘʚʜʘʥʥʷ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʚʠʜʫ ʧʝʨʝʜʘʚʘʣʴʥʠʭ 

ʬʫʥʢʮʽʡ ʮʠʬʨʦʚʠʭ ʏɿʂ ʥʠʟʴʢʦʛʦ ʧʦʨʷʜʢʫ, ʟʘ ʘʥʘʣʦʛʽʻʶ ʟ ʘʥʘʣʦʛʦʚʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ. 

ʈʦʟʛʣʷʥʝʤʦ ʤʝʪʦʜʠ ʧʝʨʝʙʫʜʦʚʠ ʏɿʂ, ʪʘ ʦʮʽʥʠʤʦ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʟʘʪʨʘʪʠ ʜʣʷ 

ʾʭ ʧʝʨʝʙʫʜʦʚʠ. 

ʆʙʯʠʩʣʶʚʘʣʴʥʽ ʚʠʪʨʘʪʠ ʢʦʞʥʦʾ ʦʧʝʨʘʮʽʾ ʚʠʨʘʟʠʤʦ ʫ ʚʠʛʣʷʜʽ ʢʦʝʬʽʮʽʻʥʪʘ 

ʚʽʜʥʦʩʥʦ ʙʘʟʦʚʦʾ ʦʧʝʨʘʮʽʾ, ʫ ʷʢʦʩʪʽ ʷʢʦʾ ʦʙʝʨʝʤʦ ʦʧʝʨʘʮʽʶ ʜʦʜʘʚʘʥʥʷ. 

ʆʩʢʽʣʴʢʠ ʨʽʟʥʽ ʧʨʦʮʝʩʦʨʠ ʤʘʶʪʴ ʨʽʟʥʠʡ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʾ ʪʘ ʨʽʟʥʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʮʠʭ ʯʘʩʽʚ, ʙʫʣʦ ʦʙʨʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʝʷʢʠʡ ʩʝʨʝʜʥʽʡ 

ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʧʨʦʮʝʩʦʨ [27]. 
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1.2. ʄʝʪʦʜʠ ʧʝʨʝʙʫʜʦʚʠ ʯʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʠʭ ʢʦʤʧʦʥʝʥʪ 

 

1.2.1. ʇʨʷʤʽ ʤʝʪʦʜʠ ʧʝʨʝʙʫʜʦʚʠ ʏɿʂ 

ʇʽʜ ʧʨʷʤʠʤ ʤʝʪʦʜʦʤ ʨʦʟʫʤʽʻʪʴʩʷ ʧʝʨʝʨʘʭʫʥʦʢ ʏɿʂ ʟʘʥʦʚʦ. ɼʦ ʮʴʦʛʦ ʞ 

ʤʝʪʦʜʫ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʧʝʨʝʤʠʢʘʥʥʷ ʏɿʂ, ʨʦʟʨʘʭʦʚʘʥʠʭ ʟʘʟʜʘʣʝʛʽʜʴ, ʱʦ ʻ 

ʧʨʠʡʥʷʪʥʠʤ ʚ ʨʷʜʽ ʧʨʦʛʨʘʤ. 

ɼʣʷ ʟʙʝʨʽʛʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʥʝʦʙʭʽʜʥʠʡ ʤʘʣʠʡ ʦʙʩʷʛ ʧʘʤ'ʷʪʽ. ʅʘʧʨʠʢʣʘʜ, 

ʜʣʷ ʨʝʢʫʨʩʠʚʥʦʛʦ ʬʽʣʴʪʨʘ N-ʛʦ ʧʦʨʷʜʢʫ ʧʦʪʨʽʙʥʦ ʥʝ ʙʽʣʴʰʝ 2N ʜʽʡʩʥʠʭ ʯʠʩʝʣ. 

ʗʢʱʦ ʮʽ ʯʠʩʣʘ ʩʪʘʥʜʘʨʪʥʦʾ ʪʦʯʥʦʩʪʽ (4 ʙʘʡʪʘ), ʪʦ ʦʙʩʷʛ ʧʘʤ'ʷʪʽ ʙʫʜʝ 

ʜʦʨʽʚʥʶʚʘʪʠ 8N ʙʘʡʪ [28]. 

ʆʩʢʽʣʴʢʠ ʦʧʠʩ ʏɿʂ ʧʦ ʧʝʨʝʜʘʚʘʣʴʥʽʡ ʬʫʥʢʮʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʙʦʨʦʤ 

ʢʦʝʬʽʮʽʻʥʪʽʚ, ʤʦʞʣʠʚʘ ʧʣʘʚʥʘ ʟʤʽʥʘ ʮʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʙʝʟ ʟʤʽʥʠ ʚʤʽʩʪʫ 

ʩʫʤʘʪʦʨʘ ʩʪʨʫʢʪʫʨʠ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ ʙʫʜʝ ʙʽʣʴʰ 

ʪʨʠʚʘʣʠʤ, ʘʣʝ ʙʝʟ ʨʽʟʢʠʭ ʚʠʢʠʜʽʚ, ʷʢ ʧʨʠ ʧʝʨʝʤʠʢʘʥʥʽ ʣʽʥʽʡʢʠ ʏɿʂ. ʈʝʘʣʽʟʘʮʽʷ 

ʜʝʢʽʣʴʢʦʭ ʧʘʨʘʣʝʣʴʥʦ ʧʨʘʮʶʶʯʠʭ ʏɿʂ ʚʠʤʘʛʘʻ ʚ ʢʽʣʴʢʘ ʨʘʟʽʚ ʙʽʣʴʰʠʭ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʚʠʪʨʘʪ.  

ʗʢʱʦ ʜʘʥʠʡ ʚʘʨʽʘʥʪ ʻ ʥʝʧʨʠʡʥʷʪʥʠʤ, ʤʦʞʥʘ ʧʝʨʝʨʘʭʫʚʘʪʠ ʏɿʂ ʥʘ ʨʽʚʥʽ 

ʧʨʠʢʣʘʜʥʦʾ ʧʨʦʛʨʘʤʠ ʰʣʷʭʦʤ ʟʘʤʽʥʠ ʟʤʽʥʥʦʾ. ʅʘʡʟʨʫʯʥʽʰʝ ʮʝ ʧʦʢʘʟʘʪʠ ʥʘ 

ʬʽʣʴʪʨʘʭ, ʷʢ ʨʽʟʥʦʚʠʜʘʭ ʏɿʂ. 

ʋ ʪʘʙʣ. 1.1 ʥʘʚʝʜʝʥʽ ʟʘʤʽʥʠ ʟʤʽʥʥʦʾ z ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʅʏ- ʧʨʦʪʦʪʠʧʫ ʟ 

ʯʘʩʪʦʪʦʶ ʟʨʽʟʫ 1 ʨʘʜ/ʩ ʚ ʜʦʚʽʣʴʥʠʡ ʬʽʣʴʪʨ ʟ ʜʦʚʽʣʴʥʠʤʠ ʛʨʘʥʠʯʥʠʤʠ ʯʘʩʪʦʪʘʤʠ 

[29, 30]. ɺ ʣʽʪʝʨʘʪʫʨʽ ʮʝ ʥʘʟʠʚʘʻʪʴʩʷ ʯʘʩʪʦʪʥʠʤʠ ʧʝʨʝʪʚʦʨʝʥʥʷʤʠ. ʇʨʠ ʮʴʦʤʫ 

ʤʘʻʪʴʩʷ ʥʘ ʫʚʘʟʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ɸʏʍ ʬʽʣʴʪʨʘ. 

ʅʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ɸʏʍ ʚ ʩʤʫʛʘʭ ʧʨʦʧʫʩʢʘʥʥʷ ʽ ʟʘʪʨʠʤʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʪʠʧʦʤ ʘʧʨʦʢʩʠʤʘʮʽʾ ɸʏʍ ʧʨʦʪʦʪʠʧʫ (ɹʘʪʪʝʨʚʦʨʪʘ, ʏʝʙʠʰʝʚʘ ʽ ʪ.ʜ.). 

ʇʝʨʝʪʚʦʨʝʥʥʷ ʬʦʨʤʠ ɸʏʍ ʧʨʦʪʦʪʠʧʫ ʽʣʶʩʪʨʫʻ ʨʠʩ. 1.1. 
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ʊʘʙʣʠʮʷ 1.1. ʇʝʨʝʪʚʦʨʝʥʥʷ ʌʅʏ - ʧʨʦʪʦʪʠʧʫ ʚ ʜʦʚʽʣʴʥʠʡ ʬʽʣʴʪʨ 

ʊʠʧ 

ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʇʝʨʝʪʚʦʨʝʥʥʷ 

ʯʘʩʪʦʪʠ ʟʨʽʟʫ 

ʧʨʦʪʦʪʠʧʫ 

ɿʘʤʽʥʘ ʟʤʽʥʥʦʾ 

ʌʅʏŸʌʅʏ '

c cw w  
1

1

11

ʥ

ʥ

z
z

z

a

a

-
-

-

- +

-

 

ʌʅʏŸʌɺʏ '

c cw w  
1

1

11

ʚ

ʚ

z
z

z

a

a

-
-

-

- +

-

 

ʌʅʏŸʉʌ 

2

ʚ ʥ
c

w w
w

+
  1 2

1

1 2

1 2

1 1

2 1
1

1 1

ʇ ʇ ʇ

ʇ ʇ

ʇ ʇ ʇ

ʇ ʇ

k k
z z

k k
z

k k
z z

k k

b

b

- -

-

- -

- -
- +

+ +


- -
- +

+ +

 

ʌʅʏŸʈʌ 

2

ʚ ʥ
c

w w
w

+
  1 2

1

1 2

1 2

1 1

2 1
1

1 1

ʈ ʈ

ʈ ʈ

ʈ ʈ

ʈ ʈ

k
z z

k k
z

k
z z

k k

b

b

- -

-

- -

-
- +

+ +


-
- +
+ +

 

 

ʊʫʪ
cw - ʯʘʩʪʦʪʘ ʟʨʽʟʫ ʧʨʦʪʦʪʠʧʫ; 

'

cw  - ʯʘʩʪʦʪʘ ʟʨʽʟʫ ʧʝʨʝʪʚʦʨʝʥʦʛʦ ʬʽʣʴʪʨʫ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʝʪʚʦʨʝʥʥʷ; 

ʥw  ʪʘ 
ʚw - ʥʠʞʥʷ ʽ ʚʝʨʭʥʷ ʯʘʩʪʦʪʠ ʚʽʜʧʦʚʽʜʥʦ (ʨʠʩ.1.3); 

'

'

sin
2

;

sin
2

c c
ɼ

ʥ

c c
ɼ

T

T

w w

a
w w

å õ-
æ ö
ç ÷=
å õ+
æ ö
ç ÷

 

'

'

cos
2

;

cos
2

c c
ɼ

ʚ

c c
ɼ

T

T

w w

a
w w

å õ-
æ ö
ç ÷=
å õ+
æ ö
ç ÷

 

cos
2

;

cos
2

ʚ ʥ
ɼ

ʇ

ʚ ʥ
ɼ

T

T

w w

b
w w

+å õ
æ ö
ç ÷=
-å õ

æ ö
ç ÷

 
1

;ʈ

ʇ

b
b
=  
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;
2 2

c ɼʚ ʥ
ʇ ɼ

T
k ctg T tg

ww w+å õ
= æ ö

ç ÷
 

2 2

c ɼʚ ʥ
ɿ ɼ

T
k tg T tg

ww w+å õ
= æ ö
ç ÷

 

- ʧʘʨʘʤʝʪʨʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ 
' ,ʩ ʥw w ʪʘ 

ʚw. 

ʈʠʩʫʥʦʢ 1.1 ï ɸʏʍ ʪʠʧʦʚʠʭ ʬʽʣʴʪʨʽʚ 

 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʚʠʢʣʘʜʢʠ, ʚʽʜʧʦʚʽʜʥʽ ʘʣʛʦʨʠʪʤʠ ʪʘ ʧʨʦʮʝʜʫʨʠ, ʧʨʠ 

ʯʘʩʪʦʪʥʦʤʫ ʧʝʨʝʪʚʦʨʝʥʥʽ ʚʠʷʚʣʷʶʪʴʩʷ ʱʦʜʦ ʛʨʦʤʽʟʜʢʠʤʠ, ʭʦʯʘ ʪʽ, ʱʦ 

ʨʝʘʣʽʟʫʶʪʴʩʷ. 

ʏʠʩʣʦ ʦʧʝʨʘʮʽʡ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʮʴʦʛʦ ʤʝʪʦʜʫ ʧʦʢʘʟʘʥʦ ʚ ʪʘʙʣ. 1.2 [27]. 

 

ʊʘʙʣʠʮʷ 1.2. ʏʠʩʣʦ ʦʧʝʨʘʮʽʡ ʥʘ ʧʝʨʝʙʫʜʦʚʫ ʢʦʤʧʦʥʝʥʪʠ 

ʎʠʬʨʦʚʘ 

ʣʘʥʢʘ 

ʏʠʩʣʦ ʦʧʝʨʘʮʽʡ ʥʘ ʧʝʨʝʙʫʜʦʚʫ 

ʟʩʫʚ ʜʦʜʘʚʘʥʥʷ ʤʥʦʞʝʥʥʷ ʜʽʣʝʥʥʷ ʩʠʥʫʩ 

1-ʡ ʧʦʨʷʜʦʢ 2 6 8 3 2 

2-ʡ ʧʦʨʷʜʦʢ 4 18 18 2 2 
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ʊʦʜʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʚʠʪʨʘʪʠ ʙʫʜʫ ʨʦʟʨʘʭʦʚʫʚʘʪʠʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

1-ʡ ʧʦʨʷʜʦʢ 

1 sin2 2 8 3 2ʇ ʩʜʚ y ʜʝʣC K K K K= + + + +   (1.3) 

ʜʝ ʩʜʚK  - ʚʽʜʥʦʰʝʥʥʷ ʯʘʩʫ ʘʨʠʬʤʝʪʠʯʥʦʛʦ ʟʩʫʚʫ ʽ ʜʦʜʘʚʘʥʥʷ (ʚʚʘʞʘʻʤʦ, ʱʦ 

ʤʥʦʞʝʥʥʷ/ʜʽʣʝʥʥʷ ʥʘ ʩʪʫʧʽʥʴ ʜʚʽʡʢʠ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʥʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʘʨʠʬʤʝʪʠʯʥʦʛʦ ʟʩʫʚʫ), yK  - ʚʽʜʥʦʰʝʥʥʷ ʯʘʩʫ ʤʥʦʞʝʥʥʷ ʜʦ ʯʘʩʫ ʜʦʜʘʚʘʥʥʷ, 

ʜʝʣK  - ʚʽʜʥʦʰʝʥʥʷ ʯʘʩʫ ʧʦʜʽʣʫ ʜʦ ʯʘʩʫ ʜʦʜʘʚʘʥʥʷ, sinK - ʚʽʜʥʦʰʝʥʥʷ ʯʘʩʫ 

ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ ʪʘʥʛʝʥʩʘ ʽ ʜʦʜʘʚʘʥʥʷ. 

2-ʡ ʧʦʨʷʜʦʢ 

2 sin4 18 18 2 2ʇ ʩʜʚ y ʜʝʣC K K K K= + + + +   (1.4) 

ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ ʦʪʨʠʤʘʻʤʦ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʚʠʪʨʘʪʠ ʜʣʷ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ 

ʧʨʦʮʝʩʦʨʘ, ʫ ʷʢʦʛʦ 1;ʩʜʚK =  4;yK =  8;ʜʝʣK =  20;floorK =

sin cos log 30.tgK K K K= = = = ɼʣʷ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʆɺ ʙʫʜʫʪʴ ʜʦʨʽʚʥʶʚʘʪʠ 120, 

ʘ ʜʣʷ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ï 170. 

 

1.2.2. ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʯʘʩʪʦʪʠ ʩʠʛʥʘʣʫ ʜʣʷ ʧʝʨʝʙʫʜʦʚʠ 

ʏɿʂ 

ʊʘʢʦʞ ʦʜʥʠʤ ʟ ʤʝʪʦʜʽʚ ʧʝʨʝʙʫʜʦʚʠ ʏɿʂ ʻ ʧʝʨʝʪʚʦʨʝʥʥʷ ʯʘʩʪʦʪʠ ʩʠʛʥʘʣʫ. ʗʢ 

ʚʽʜʦʤʦ, ʧʝʨʝʪʚʦʨʝʥʥʷ ʯʘʩʪʦʪʠ - ʮʝ ʧʝʨʝʥʝʩʝʥʥʷ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʫ ʧʦ ʦʩʽ ʯʘʩʪʦʪ 

ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ ʚʥʫʪʨʽʰʥʴʦʾ ʩʪʨʫʢʪʫʨʠ ʩʠʛʥʘʣʫ [31, 32]. ʗʢʱʦ ʧʨʠ 

ʧʝʨʝʜʠʩʢʨʝʪʠʟʘʮʽʾ ʩʧʝʢʪʨ ʨʦʟʪʷʛʫʻʪʴʩʷ ʘʙʦ ʩʪʠʩʢʘʻʪʴʩʷ ʧʦ ʦʩʽ ʯʘʩʪʦʪ, ʪʦ ʚ ʨʘʟʽ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʯʘʩʪʦʪʠ - ʟʩʫʚʘʻʪʴʩʷ ʚʧʨʘʚʦ ʘʙʦ ʚʣʽʚʦ ʧʦ ʮʽʡ ʦʩʽ. 

ʇʝʨʝʪʚʦʨʝʥʥʷ ʯʘʩʪʦʪʠ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʝʤʥʦʞʫʚʘʯʘ 

(ʨʠʩ. 1.2). 

ʗʢʱʦ ʥʘ ʡʦʛʦ ʚʭʦʜʠ ʧʦʜʘʪʠ ʜʚʽ ʩʠʥʫʩʦʾʜʠ ʘʙʦ ʢʦʩʠʥʫʩʦʾʜ (ʪʦʥʘʣʴʥʽ ʩʠʛʥʘʣʠ) 

ʟ ʯʘʩʪʦʪʘʤʠ 
1w ʪʘ 

2w , ʫ ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʝʤʥʦʞʝʥʥʷ ʚʠʡʜʫʪʴ ʜʚʘ ʪʦʥʘʣʴʥʠʭ 

ʩʠʛʥʘʣʫ ʟ ʯʘʩʪʦʪʘʤʠ 1 2w w w-= -  ʪ ʘ
1 2w w w+= + , ʨʠʩ. 1.3. 
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ʗʢʱʦ ʷʢʠʡ-ʥʝʙʫʜʴ ʩʠʛʥʘʣ ʪʨʝʙʘ ʟʨʫʰʠʪʠ ʧʦ ʦʩʽ ʯʘʩʪʦʪ, ʡʦʛʦ ʧʦʜʘʶʪʴ ʥʘ 

ʦʜʠʥ ʚʭʽʜ ʧʝʨʝʤʥʦʞʫʚʘʯʘ, ʥʘ ʽʥʰʠʡ - ʢʦʣʠʚʘʥʥʷ ʯʘʩʪʦʪʠ 
ɻwʚʽʜ ʛʝʥʝʨʘʪʦʨʘ, 

ʷʢʠʡ ʥʘʟʠʚʘʻʪʴʩʷ ʛʝʪʝʨʦʜʠʥʦʤ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʢʦʞʥʘ ʩʧʝʢʪʨʘʣʴʥʘ 

ʢʦʤʧʦʥʝʥʪʘ ʩʠʛʥʘʣʫ ʟ ʯʘʩʪʦʪʦʶ w ʧʝʨʝʪʚʦʨʠʪʴʩʷ ʚ ʜʚʽ ʩʢʣʘʜʦʚʽ ʟ ʯʘʩʪʦʪʘʤʠ

ɻw w w-= -  ʪʘ 
ɻw w w+= +, ʘ ʩʧʝʢʪʨ ()S w -ʫ ʩʧʝʢʪʨʠ ()S w-  ʪʘ ()S w+  (ʨʠʩ. 

1.3, ʙ, ʚ). ʇʦʪʨʽʙʥʠʡ ʩʧʝʢʪʨ ʚʠʜʽʣʷʶʪʴ ʬʽʣʴʪʨʦʤ, ʧʽʜʢʣʶʯʝʥʠʤ ʜʦ ʚʠʭʦʜʫ 

ʧʝʨʝʤʥʦʞʫʚʘʯʘ. 

 

ʈʠʩʫʥʦʢ 1.2 ï ʉʪʨʫʢʪʫʨʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʯʘʩʪʦʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʝʨʝʤʥʦʞʫʚʘʯʘ 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʝʪʚʦʨʝʥʥʷ ʯʘʩʪʦʪʠ ʩʧʝʢʪʨ ʩʠʛʥʘʣʫ ʤʦʞʥʘ 

ʟʨʫʰʫʚʘʪʠ ʧʦ ʦʩʽ ʯʘʩʪʦʪ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʝʜʠʩʢʨʝʪʠʟʘʪʦʨʘ - 

ʟʚʫʞʫʚʘʪʠ/ʨʦʟʰʠʨʶʚʘʪʠ. ʎʠʤ ʩʧʦʩʦʙʦʤ ʤʦʞʥʘ ʧʽʜʣʘʰʪʫʚʘʪʠ ʮʝʥʪʨʘʣʴʥʫ 

ʯʘʩʪʦʪʫ ʽ ʰʠʨʠʥʫ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʫ ʧʽʜ ʮʝʥʪʨʘʣʴʥʫ ʯʘʩʪʦʪʫ ʽ ʩʤʫʛʫ ʧʨʦʧʫʩʢʘʥʥʷ 

ʥʝʢʝʨʦʚʘʥʦʛʦ ʬʽʣʴʪʨʘ, ʚʽʜʬʽʣʴʪʨʫʚʘʪʠ ʩʠʛʥʘʣ, ʘ ʧʦʪʽʤ ʚʠʢʦʥʘʪʠ ʟʚʦʨʦʪʥʝ 

ʧʝʨʝʪʚʦʨʝʥʥʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʘʥʘ ʩʠʩʪʝʤʘ ʙʫʜʝ ʝʢʚʽʚʘʣʝʥʪʘ ʢʝʨʦʚʘʥʦʛʦ 

ʬʽʣʴʪʨʫ. 

ʅʝʜʦʣʽʢʦʤ ʪʘʢʦʛʦ ʤʝʪʦʜʫ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʩʫʥʝʥʥʷ ʥʝʧʦʪʨʽʙʥʦʾ ʢʦʧʽʾ ʩʧʝʢʪʨʘ 

( ()S w-  ʘʙʦ ()S w+ ), ʘ ʪʘʢʦʞ ʬʽʣʴʪʨʘʮʽʾ ʪʘʢ ʟʚʘʥʦʛʦ ʜʟʝʨʢʘʣʴʥʦʛʦ ʢʘʥʘʣʫ 

(ʯʘʩʪʦʪʘ ʩʠʛʥʘʣʫ wʧʣʶʩ ʧʦʜʚʦʻʥʘ ʧʨʦʤʽʞʥʘ ʯʘʩʪʦʪʘ ɻw w- ) [30-32]. ʗʢʱʦ 

ʥʘ ʯʘʩʪʦʪʽ ʜʟʝʨʢʘʣʴʥʦʛʦ ʢʘʥʘʣʫ ʩʠʛʥʘʣʠ ʽ ʧʝʨʝʰʢʦʜʠ ʚʽʜʩʫʪʥʽ, ʫʩʫʥʝʥʥʷ ʮʴʦʛʦ 

ʢʘʥʘʣʫ ʥʝ ʧʦʪʨʽʙʥʦ. ɼʣʷ ʫʩʫʥʝʥʥʷ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʯʘʩʪʦʪ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʝʨʦʚʘʥʠʡ ʌʅʏ ʘʙʦ ʌɺʏ ʟ ʦʢʪʘʚʥʦʶ ʟʤʽʥʦʶ ʯʘʩʪʦʪʠ ʟʨʽʟʫ, 

ʱʦ, ʦʜʥʘʢ, ʚʠʤʘʛʘʻ ʜʦʜʘʪʢʦʚʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʚʠʪʨʘʪ. 
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ʌʦʨʤʫʣʠ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʚʠʪʨʘʪ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʮʴʦʛʦ 

ʤʝʪʦʜʫ ʙʫʜʫʪʴ ʤʘʪʠ ʚʠʛʣʷʜ: 

ʜʣʷ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ 

1 log 215 8 2 2ʏ ʜʝʣ floorC K K K= + + +  

ʜʝ log 2K  ʪʘ floorK - ʚʽʜʧʦʚʽʜʥʦ ʚʽʜʥʦʰʝʥʥʷ ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ ʣʦʛʘʨʠʬʤʫ ʥʘ 

ʧʽʜʩʪʘʚʽ 2 ʪʘ ʦʧʝʨʘʮʽʾ ʦʙʯʠʩʣʝʥʥʷ ʮʽʣʦʾ ʯʘʩʪʠʥʠ ʜʦ ʯʘʩʫ ʩʢʣʘʜʘʥʥʷ. 

ɼʣʷ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ 

2 log 224 10 4 2ʏ ʜʝʣ floorC K K K= + + +  

 

 

ʈʠʩʫʥʦʢ 1.3 ï ʇʝʨʝʪʚʦʨʝʥʥʷ ʩʧʝʢʪʨʘ 

 

ɺʠʭʦʜʷʯʠ ʟ ʦʪʨʠʤʘʥʠʭ ʬʦʨʤʫʣ ʆɺ ʧʝʨʝʙʫʜʦʚʠ ʏɿʂ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ 

ʙʫʜʫʪʴ ʜʦʨʽʚʥʶʚʘʪʠ 179, ʘ ʜʣʷ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ï 264. 
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1.3. ʄʝʪʦʜ ʦʮʽʥʢʠ ʩʪʽʡʢʦʩʪʽ ʯʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʠʭ ʢʦʤʧʦʥʝʥʪ 

 

ʋ ʙʽʣʴʰʦʩʪʽ ʟʘʚʜʘʥʴ ʩʪʽʡʢʦʩʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʨʽʚʥʷʥʥʷ 

ʩʠʩʪʝʤʠ 

()
0

,
n

n i

i

i

D z b z-

=

=ä  

ʜʝ  ib  - ʢʦʝʬʽʮʽʻʥʪʠ ʟʥʘʤʝʥʥʠʢʘ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʩʠʩʪʝʤʠ (ʚ ʙʽʣʴʰʦʩʪʽ 

ʚʠʧʘʜʢʽʚ 0 1b = ), n- ʧʦʨʷʜʦʢ ʩʠʩʪʝʤʠ. 

ʆʮʽʥʠʪʠ ʩʪʽʡʢʽʩʪʴ ʩʠʩʪʝʤʠ n-ʛʦ ʧʦʨʷʜʢʫ ʤʦʞʥʘ ʟʘ ʢʨʠʪʝʨʽʻʤ ɼʞʫʨʽ, 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʷʢʦʛʦ ʧʦʚʠʥʥʽ ʚʠʢʦʥʫʚʘʪʠʩʷ ʥʝʨʽʚʥʦʩʪʽ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ 

ʨʽʚʥʷʥʥʷ ʚʠʜʫ [33] 

() ( ) ( )1 0; 1 1 0
n

D D> - - >     (1.3) 

ʎʝʡ ʢʨʠʪʝʨʽʡ ʜʦʙʨʝ ʧʨʘʮʶʻ ʧʨʠ ʧʦʩʪʽʡʥʠʭ ʢʦʝʬʽʮʽʻʥʪʘʭ ʧʝʨʝʜʘʚʘʣʴʥʦʾ 

ʬʫʥʢʮʽʾ ʩʠʩʪʝʤʠ, ʘ ʧʨʠ ʧʝʨʝʙʫʜʦʚʽ ʦʜʥʦʛʦ ʘʙʦ ʜʝʢʽʣʴʢʦʭ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʚʠʥʠʢʘʶʪʴ ʧʨʦʙʣʝʤʠ. ʅʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʤʝʞʽ ʟʤʽʥʠ ʮʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ. 

ɼʣʷ ʩʠʩʪʝʤʠ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ, ʧʝʨʝʜʘʚʘʣʴʥʘ ʬʫʥʢʮʽʷ ʷʢʦʛʦ ʤʘʻ ʚʠʛʣʷʜ (1.1) 

[33, 34]. ʍʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʨʽʚʥʷʥʥʷ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ 

() 2

1 2D z z b z b= + + 

ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟ (1.3) ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ 

1 2

1 2

1 0;

1 0

b b

b b

+ + >

- + >
 

ʊʦʜʽ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ( )1 2,b b  ʤʦʞʥʘ ʟʥʘʡʪʠ ʣʽʥʽʾ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʪʨʠʢʫʪʥʠʢ 

ʩʪʽʡʢʦʩʪʽ  

2 1

2 1

1 ;

1

b b

b b

>- -ë
ì
>- +í
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ʆʜʥʘʢ ʫ ʮʴʦʛʦ ʪʨʠʢʫʪʥʠʢʘ ʥʝʤʘʻ ʚʝʨʭʥʴʦʾ ʤʝʞʽ 2maxb . ʈʦʟʛʣʷʥʝʤʦ ʚʘʨʽʘʥʪ 

ʢʦʤʧʣʝʢʩʥʦ-ʩʧʦʣʫʯʝʥʠʭ ʢʦʨʝʥʽʚ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʨʽʚʥʷʥʥʷ 

1,2

jz e ja°=       (1.4) 

ʜʝ a- ʤʦʜʫʣʴ (1a¢ ), j- ʘʨʛʫʤʝʥʪ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʯʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʽ ʢʦʤʧʦʥʝʥʪʠ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤ 

ʚʠʱʝ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʤʽʩʪʷʪʴ ʢʦʤʧʣʝʢʩʥʦ-ʩʧʦʣʫʯʝʥʥʽ ʢʦʨʝʥʽ, ʥʘʧʨʠʢʣʘʜ, 

ʬʽʣʴʪʨʠ. 

ʊʦʜʽ ʥʘ ʧʽʜʩʪʘʚʽ ʪʝʦʨʝʤʠ ɺʽʻʪʘ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ [35] 

1 2 1

1 2 2

;z z b

z z b

+ =-ë
ì

=í
      (1.5) 

ʇʽʜʩʪʘʚʣʷʶʯʠ (1.4) ʫ (1.5) ʦʪʨʠʤʘʻʤʦ 

( )1 2

1 2

;j j

j j

z z e e
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ë + = +î
ì

=îí

 

ʅʘ ʧʽʜʩʪʘʚʽ ʬʦʨʤʫʣʠ ɽʡʣʝʨʘ ʽ ʧʨʘʚʠʣ ʜʽʡ ʟ ʢʦʤʧʣʝʢʩʥʠʤʠ ʯʠʩʣʘʤʠ 

ʦʪʨʠʤʘʻʤʦ 

()1 2 1

2

1 2 2

2 cos ;z z b

z z b

a j

a

+ = =-ëî
ì

= =îí

 

ʊʦʜʽ 2max 1b ¢, ʪʘʢ ʷʢ 1a¢ . 

ʅʘ ʧʽʜʩʪʘʚʽ ʦʪʨʠʤʘʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʪʨʠʢʫʪʥʠʢ 

ʩʪʽʡʢʦʩʪʽ, ʨʠʩ.1.4.  

ʊʨʠʢʫʪʥʠʢ ʩʪʽʡʢʦʩʪʽ ʦʙʤʝʞʫʻ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʥʘʤʝʥʥʠʢʘ 

ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ [34, 36]. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʢʦʨʝʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʨʽʚʥʷʥʥʷ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ 

() 2

1 2 0D z z b z b= + + = 

ʙʫʜʫʪʴ ʟʥʘʭʦʜʠʪʠʩʷ ʚʩʝʨʝʜʠʥʽ ʦʜʠʥʠʯʥʦʛʦ ʢʦʣʘ ʥʘ Z-ʧʣʦʱʠʥʽ. 

 



43 
 

 

 

ʈʠʩʫʥʦʢ 1.4 - ʊʨʠʢʫʪʥʠʢ ʩʪʽʡʢʦʩʪʽ ʜʣʷ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʜʨʫʛʦʛʦ 

ʧʦʨʷʜʢʫ 

 

ɿʘ ʘʥʘʣʦʛʽʻʶ, ʧʦʢʘʟʘʥʦʶ ʫ ʧʫʥʢʪʽ 1.2, ʆɺ ʦʮʽʥʢʠ ʩʪʽʡʢʦʩʪʽ ʏɿʂ ʧʨʠʚʝʜʝʥʽ ʫ 

ʪʘʙʣ.1.3. 

ʊʘʙʣʠʮʷ 1.3.  ʆʙʯʠʩʣʶʚʘʣʴʥʽ ʚʠʪʨʘʪʠ ʥʘ ʦʮʽʥʢʫ ʩʪʽʡʢʦʩʪʽ ʢʦʤʧʦʥʝʥʪʠ 

ʄʝʪʦʜ 
ʏʠʩʣʦ ʦʧʝʨʘʮʽʡ 

ʆɺ 

ʜʦʜʘʚʘʥʥʷ ʤʥʦʞʝʥʥʷ ʜʽʣʝʥʥʷ 

ʂʨʠʪʝʨʽʡ ɼʞʫʨʽ 20 20 5 140 

 

1.4. ʄʝʪʦʜ ʦʮʽʥʢʠ ʪʨʠʚʘʣʦʩʪʽ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʯʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʠʭ 

ʢʦʤʧʦʥʝʥʪ 

 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʨʝʢʪʥʦʾ ʨʦʙʦʪʠ ʏɿʂ ʧʨʠ ʧʝʨʝʙʫʜʦʚʽ ʚʠʥʠʢʘʻ ʟʘʜʘʯʘ 

ʘʥʘʣʽʟʫ ʪʨʠʚʘʣʦʩʪʽ ʪʘ ʚʠʜʫ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ, ʘ ʪʘʢʦʞ ʦʮʽʥʢʠ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʪʨʠʚʘʣʦʩʪʽ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ. 
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ɿ ʪʝʦʨʽʾ ʩʠʩʪʝʤ ʚʽʜʦʤʦ, ʱʦ ʪʨʠʚʘʣʽʩʪʴ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʥʘʡʯʘʩʪʽʰʝ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʨʝʥʝʤ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʟ ʤʽʥʽʤʘʣʴʥʦʶ ʜʽʡʩʥʦʶ ʯʘʩʪʠʥʦʶ 

[37-41]. ʂʣʘʩʠʯʥʠʡ ʧʽʜʭʽʜ ʜʦ ʘʥʘʣʽʟʫ ʪʨʠʚʘʣʦʩʪʽ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ 

ʚʠʢʦʥʫʻʪʴʩʷ ʧʨʠ ʥʫʣʴʦʚʠʭ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚʘʭ. ʆʜʥʘʢ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʜʘʪʯʠʢʽʚ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʽ ʧʝʨʝʙʫʜʦʚʘ 

ʧʘʨʘʤʝʪʨʽʚ ʤʦʞʫʪʴ ʚʽʜʙʫʚʘʪʠʩʷ ʽ ʧʨʠ ʥʝʥʫʣʴʦʚʠʭ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚʘʭ. ʊʘʢʠʡ 

ʘʥʘʣʽʟ ʜʦʩʠʪʴ ʩʢʣʘʜʥʠʡ ʽ ʚʠʤʘʛʘʻ ʚʝʣʠʢʠʭ ʦʙʯʠʩʣʝʥʴ ʧʨʠ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʘʭ 

ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ, ʱʦ ʯʘʩʦʤ ʥʝ ʤʦʞʣʠʚʦ ʚ ʨʝʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʯʘʩʫ. 

ʇʨʠ ʩʪʚʦʨʝʥʥʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʜʘʪʯʠʢʽʚ ʽ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʢʦʤʧ'ʶʪʝʨʥʠʭ 

ʩʠʩʪʝʤ, ʜʦ ʩʢʣʘʜʫ ʷʢʠʭ ʚʭʦʜʠʪʴ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʢʦʤʧʦʥʝʥʪ, ʧʨʦʚʝʩʪʠ ʪʘʢʠʡ 

ʘʥʘʣʽʟ ʜʦʩʠʪʴ ʧʨʦʙʣʝʤʘʪʠʯʥʦ. ʊʦʤʫ ʥʘ ʝʪʘʧʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʨʷʜ ʘʚʪʦʨʽʚ 

ʧʨʦʧʦʥʫʶʪʴ ʟʘʜʘʪʠʩʷ ʢʨʠʪʠʯʥʦʶ ʯʘʩʪʦʪʦʶ ʩʠʩʪʝʤʠ, ʷʢʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʚʠʱʝ 

ʯʘʩʪʦʪʠ ʤʦʞʣʠʚʠʭ ʧʝʨʝʰʢʦʜ ʘʙʦ ʚʧʣʠʚʽʚ ʥʘ ʩʠʩʪʝʤʫ [37, 42].  

ʂʨʽʤ ʪʦʛʦ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʟʥʘʯʘʪʠ ʥʝ ʩʘʤʝ ʯʘʩ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ, ʘ 

ʣʠʰʝ ʧʦʩʪʽʡʥʫ ʯʘʩʫ ʝʢʩʧʦʥʝʥʪʠ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʾ ʥʘʙʣʠʞʝʥʦ ʘʧʨʦʢʩʠʤʫʶʪʴ 

ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʧʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ ʘʙʦ ʯʘʩ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ [42]. 

ʇʨʠ ʽʥʞʝʥʝʨʥʦʤʫ ʘʥʘʣʽʟʽ ʩʠʩʪʝʤʠ, ʷʢ ʧʝʨʰʝ ʥʘʙʣʠʞʝʥʥʷ, ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʚʽʜʰʪʦʚʭʫʚʘʪʠʩʷ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʧʨʠ ʥʫʣʴʦʚʠʭ 

ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚʘʭ [44].  

ʆʩʢʽʣʴʢʠ ʚ ʦʩʥʦʚʥʦʤʫ ʩʠʩʪʝʤʠ ʧʨʘʮʶʶʪʴ ʚ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʫʤʦʚʘʭ, ʪʦ ʨʷʜ 

ʽʥʦʟʝʤʥʠʭ ʘʚʪʦʨʽʚ ʧʨʦʧʦʥʫʶʪʴ ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʪʨʠʚʘʣʦʩʪʽ 

ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʦʩʪʽ, ʥʘʧʨʠʢʣʘʜ, ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʽʚ ʩʪʘʪʠʩʪʠʯʥʦʾ ʣʽʥʝʘʨʠʟʘʮʽʾ. 

ʇʨʠ ʮʴʦʤʫ ʜʽʣʷʥʢʠ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʦʩʪʽ ʧʦʚʠʥʥʽ ʙʫʪʠ ʙʽʣʴʰʝ ʪʨʠʚʘʣʦʩʪʽ 

ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʚ ʩʠʩʪʝʤʽ [45]. 

ɺʩʽ ʮʽ ʧʽʜʭʦʜʠ ʚʠʟʥʘʯʘʶʪʴ ʜʽʘʧʘʟʦʥ ʤʦʞʣʠʚʠʭ ʟʤʽʥ ʚ ʩʠʩʪʝʤʽ ʧʨʠ ʾʾ ʘʜʘʧʪʘʮʽʾ 

ʘʙʦ ʧʝʨʝʙʫʜʦʚʽ. 

ʋ ʨʦʙʦʪʘʭ [38, 46] ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʜʣʷ ʮʠʬʨʦʚʠʭ 

ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ.  
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ɿʘʟʚʠʯʘʡ ʷʢʽʩʪʴ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʦʮʽʥʶʶʪʴ ʧʨʷʤʠʤʠ ʘʙʦ ʥʝʧʨʷʤʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ [38]. ʇʨʷʤʽ ʧʦʢʘʟʥʠʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʩʘʤ 

ʧʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ, ʷʢ ʨʝʘʢʮʽʶ ʥʘ ʪʠʧʦʚʠʡ ʚʧʣʠʚ (ʟʘʟʚʠʯʘʡ ʥʘ ʩʪʫʧʝʥʝʚʠʡ 

ʚʧʣʠʚ). ʅʝʧʨʷʤʽ ʧʦʢʘʟʥʠʢʠ ʦʮʽʥʶʶʪʴ ʧʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ ʧʦ ʨʦʟʪʘʰʫʚʘʥʥʶ 

ʢʦʨʝʥʽʚ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʨʽʚʥʷʥʥʷ ʘʙʦ ʧʦʣʶʩʽʚ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ, ʧʦ 

ʯʘʩʪʦʪʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʩʠʩʪʝʤʠ ʘʙʦ ʽʥʪʝʛʨʘʣʴʥʠʤ ʦʮʽʥʢʘʤʠ. ʋ ʟʘʛʘʣʴʥʦʤʫ 

ʚʠʧʘʜʢʫ ʥʘ ʷʢʽʩʪʴ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʚʧʣʠʚʘʻ ʨʦʟʪʘʰʫʚʘʥʥʷ, ʷʢ ʧʦʣʶʩʽʚ, ʪʘʢ 

ʽ ʥʫʣʽʚ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ. 

ʆʙʯʠʩʣʶʚʘʣʴʥʽ ʚʠʪʨʘʪʠ ʦʮʽʥʢʠ ʪʨʠʚʘʣʦʩʪʽ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʟʘ 

ʢʣʘʩʠʯʥʠʤ ʤʝʪʦʜʦʤ ʧʦʢʘʟʘʥʽ ʫ ʪʘʙʣ.1.4 

 

ʊʘʙʣʠʮʷ 1.4. ʆʙʯʠʩʣʶʚʘʣʴʥʽ ʚʠʪʨʘʪʠ ʥʘ ʦʮʽʥʢʫ ʪʨʠʚʘʣʦʩʪʽ ʧʝʨʝʭʽʜʥʦʛʦ 

ʧʨʦʮʝʩʫ 

ʄʝʪʦʜ 
ʏʠʩʣʦ ʦʧʝʨʘʮʽʡ 

ʆɺ 

ʜʦʜʘʚʘʥʥʷ ʤʥʦʞʝʥʥʷ ʜʽʣʝʥʥʷ ʟʩʫʚ 

ʂʣʘʩʠʯʥʠʡ ʤʝʪʦʜ 5 3 4 4 53 

 

1.5. ɺʠʩʥʦʚʢʠ 

  

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʧʝʨʝʙʫʜʦʚʠ ʯʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʧʦʢʘʟʘʚ, ʱʦ ʽʩʥʫʶʯʽ ʤʝʪʦʜʠ ʤʘʶʪʴ ʨʷʜ ʥʝʜʦʣʽʢʽʚ: 

1. ʄʝʪʦʜʠ, ʘʣʛʦʨʠʪʤʠ ʽ ʧʨʦʮʝʜʫʨʠ ʧʨʷʤʠʭ ʤʝʪʦʜʽʚ ʧʝʨʝʙʫʜʦʚʠ, ʧʨʠ 

ʯʘʩʪʦʪʥʦʤʫ ʧʝʨʝʪʚʦʨʝʥʥʽ ʚʠʷʚʣʷʶʪʴʩʷʟʥʘʯʥʦ ʩʢʣʘʜʥʠʤʠʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʚ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. 

2. ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʯʘʩʪʦʪʠ ʩʠʛʥʘʣʫ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʩʫʥʝʥʥʷ 

ʥʝʧʦʪʨʽʙʥʦʾ ʢʦʧʽʾ ʩʧʝʢʪʨʘ, ʘ ʪʘʢʦʞ ʬʽʣʴʪʨʘʮʽʾ ʪʘʢ ʟʚʘʥʦʛʦ ʜʟʝʨʢʘʣʴʥʦʛʦ ʢʘʥʘʣʫ, 

ʘ ʮʝ ʜʦʜʘʪʢʦʚʽ ʘʧʘʨʘʪʥʽ ʘʙʦ ʧʨʦʛʨʘʤʥʽ ʚʠʪʨʘʪʠ. ɼʣʷ ʫʩʫʥʝʥʥʷ ʧʝʨʝʨʘʭʦʚʘʥʠʭ 
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ʯʘʩʪʦʪ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʝʨʦʚʘʥʠʡ ʌʅʏ ʘʙʦ ʌɺʏ ʟ ʦʢʪʘʚʥʦʶ ʟʤʽʥʦʶ 

ʯʘʩʪʦʪʠ ʟʨʽʟʫ, ʱʦ, ʦʜʥʘʢ, ʚʠʤʘʛʘʻ ʜʦʜʘʪʢʦʚʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʚʠʪʨʘʪ. 

3. ʅʘ ʨʝʘʣʽʟʘʮʽʶ ʨʦʟʛʣʷʥʫʪʠʭ ʤʝʪʦʜʽʚ ʥʝʦʙʭʽʜʥʘ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʦʧʝʨʘʮʽʡ, 

ʘ ʦʪʞʝ ʚʦʥʠ ʤʘʶʪʴ ʚʝʣʠʢʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʚʠʪʨʘʪʠ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʩʠʩʪʝʤʘʭ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. 

ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʫ ʧʝʨʝʙʫʜʦʚʠ 

ʯʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʠʭ ʢʦʤʧʦʥʝʥʪ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʟʽ ʟʤʝʥʰʝʥʠʤʠ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʚʠʪʨʘʪʘʤʠ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʏɿʂ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʥʘʥʘ ʧʝʨʰʘ ʟʘʜʘʯʘ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʘʥʘʣʽʟ 

ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʧʝʨʝʙʫʜʦʚʠ ʯʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʠʭ ʢʦʤʧʦʥʝʥʪ ʢʦʤʧ'ʶʪʝʨʥʠʭ 

ʩʠʩʪʝʤ. 
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ʈʆɿɼɯʃ 2 

ʌʆʈʄʋɺɸʅʅʗ ʄʆɼɽʃɽʁ ʏɿʂ ɿ ʋʈɸʍʋɺɸʅʅʗʄ 

ʆʉʆɹʃʀɺʆʉʊɽʁ ɰʍ ʏɸʉʊʆʊʅʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ 

 

ɼʣʷ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʝʨʝʙʫʜʦʚʠ ʏɿʂ ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʥʫʪʠ ʦʧʠʩ ʾʭ ʤʦʜʝʣʝʡ, 

ʥʘ ʦʩʥʦʚʽ ʦʩʦʙʣʠʚʦʩʪʝʡ ʦʧʠʩʫ ʾʭ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʬʫʥʢʮʽʡ, ʘʤʧʣʽʪʫʜʥʦ-

ʯʘʩʪʦʪʥʠʭ ʽ ʬʘʟʦʯʘʩʪʦʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

 

2.1. ʆʩʦʙʣʠʚʦʩʪʽ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʏɿʂ ʥʠʟʴʢʦʛʦ ʧʦʨʷʜʢʫ 

 

ɹʫʣʠ ʜʦʩʣʽʜʞʝʥʽ ʧʝʨʝʜʘʚʘʣʴʥʽ ʬʫʥʢʮʽʾ ʥʦʨʤʦʚʘʥʠʭ ʮʠʬʨʦʚʠʭ ʏɿʂ ʧʝʨʰʦʛʦ, 

ʜʨʫʛʦʛʦ ʽ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʽʚ ʌʅʏ, ʌɺʏ, ʉʌ, ʈʌ ʪʠʧʽʚ ɹʘʪʪʝʨʚʦʨʪʘ, 

ʏʝʙʠʰʝʚʘ, ʏʝʙʠʰʝʚʘ ʽʥʚʝʨʩʥʦʛʦ ʪʘ ʝʣʽʧʪʠʯʥʦʛʦ. ʇʨʠ ʟʤʽʥʽ ʚʽʜʥʦʩʥʦʾ ʯʘʩʪʦʪʠ 

ʟʨʽʟʫ w ʜʣʷ ʌʅʏ  ̔ʌɺʏ ʥʘ ʚʽʜʨʽʟʢʫ [ ]0.1 0.9w= ·  ʽ ʚʽʜʥʦʩʥʦʾ ʮʝʥʪʨʘʣʴʥʦʾ 

ʯʘʩʪʦʪʠ ʜʣʷ ʉʌ ʽ ʈʌ ʥʘ ʚʽʜʨʽʟʢʫ [ ]0 0.2 0.8w= · , ʧʨʠ ʮʴʦʤʫ 1 2
0

( )

2

w w
w

+
= , 

1 0 2 00.1, 0.1w w w w= - = + ̔  ʧʨʠ ʟʤʽʥʽ ʨʽʚʥʷ ʢʦʣʠʚʘʣʴʥʦʩʪʽ -0.5 ʜɹ, -3 ʜɹ, -20 ʜɹ, 

ʜʝ  [ ]
2

, 0 1d

f

f
p

w w
p

= Í ·, , df f  - ʚʽʜʧʦʚʽʜʥʦ ʧʦʪʦʯʥʘ ʯʘʩʪʦʪʘ ʽ ʯʘʩʪʦʪʘ 

ʜʠʩʢʨʝʪʠʟʘʮʽʾ [1]. 

 

2.1.1. ʏʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʠʡ ʢʦʤʧʦʥʝʥʪ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ 

ʇʝʨʝʜʘʚʘʣʴʥʘ ʬʫʥʢʮʽʷ ʏɿʂ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʤʘʻ ʚʠʛʣʷʜ. 

1

0 1
1 1

1

(z) .
1

a a z
H

b z

-

-

+
=
+

    (2.1) 

ʇʨʠ ʮʴʦʤʫ ʌʅʏ ʚʽʜʧʦʚʽʜʘʻ ʧʝʨʝʜʘʚʘʣʴʥʘ ʬʫʥʢʮʽʷ ʧʨʠ ʢʦʝʬʽʮʽʻʥʪʽ 

ʯʠʩʝʣʴʥʠʢʘ 
1 0a > , ʘ ʌɺʏ ï  

1 0a < . 
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ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʢʦʝʬʽʮʽʻʥʪʠ ʯʠʩʝʣʴʥʠʢʘ ʥʦʨʤʦʚʘʥʠʭ ʮʠʬʨʦʚʠʭ ʏɿʂ 

ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʜʦʨʽʚʥʶʶʪʴ ʦʜʠʥ ʦʜʥʦʤʫ, ʪʦʙʪʦ ʜʣʷ ʌʅʏ  

      
0 1,a a=      (2.2) 

ʘ ʜʣʷ ʌɺʏ 

      
0 1a a=-     (2.3) 

ʇʨʠ ʚʨʘʭʫʚʘʥʥʽ (2.2) ʪʘ (2.3) ʧʝʨʝʜʘʚʘʣʴʥʫ ʬʫʥʢʮʽʶ (2.1) ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ 

ʚʠʛʣʷʜʽ 

    

11

1

0
0 01 1

1
1

(z) ,
1 1

a
z

a z
H a a

bz bz

-

-

- -

°
°

= =
+ +

   (2.4) 

ʜʝ ʟʥʘʢ ç+è ʚ ʯʠʩʝʣʴʥʠʢʫ ʚʽʜʧʦʚʽʜʘʻ ʌʅʏ, ʘ ʟʥʘʢ ç-è - ʌɺʏ. ʇʨʠ ʮʴʦʤʫ 

ʢʦʝʬʽʮʽʻʥʪʠ ʏɿʂ ʪʠʧʫ ɹʘʪʪʝʨʚʦʨʪʘ ʨʽʚʥʽ ʢʦʝʬʽʮʽʻʥʪʘʤ ʏɿʂ ʏʝʙʠʰʝʚʘ, 

ʏʝʙʠʰʝʚʘ ʽʥʚʝʨʩʥʦʛʦ ʪʘ ʝʣʽʧʪʠʯʥʦʛʦ ʚʽʜʧʦʚʽʜʥʦ. ʊʘʢ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʯʘʩʪʦʪʠ 

ʟʨʽʟʫ w¬ ʢʦʝʬʽʮʽʻʥʪʠ ʯʠʩʝʣʴʥʠʢʘ ʽ ʟʥʘʤʝʥʥʠʢʘ ʌʅʏ ʟʨʦʩʪʘʶʪʴ, ʪʦʙʪʦ  

0,b a¬ ¬, ʘ ʌɺʏ - 0,b a¬ ®. 

ʏɿʂ ʉʌ ʽ ʈʌ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʦʧʠʩʫʶʪʴʩʷ ʧʝʨʝʜʘʚʘʣʴʥʠʤʠ ʬʫʥʢʮʽʷʤʠ 

ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ, ʪʦʤʫ ʜʘʣʽ ʨʦʟʛʣʷʥʝʤʦ ʏɿʂ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ. 

 

2.1.2. ʏʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʠʡ ʢʦʤʧʦʥʝʥʪ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ 

ʇʝʨʝʜʘʚʘʣʴʥʘ ʬʫʥʢʮʽʷ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʤʘʻ ʚʠʛʣʷʜ. 

1 2

0 1 2
2 1 2

1 2

(z) .
1

a a z a z
H

b z b z

- -

- -

+ +
=
+ +

    (2.5) 

ʌʽʣʴʪʨʠ ʥʠʞʥʽʭ ʪʘ ʚʝʨʭʥʽʭ ʯʘʩʪʦʪ. 

ɺ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʜʚʘ ʢʦʝʬʽʮʽʻʥʪʘ ʯʠʩʝʣʴʥʠʢʘ ʨʽʚʥʽ: 

      
0 2,a a=       (2.6) 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ (2.6) ʧʝʨʝʜʘʚʘʣʴʥʫ ʬʫʥʢʮʽʶ (2.5) ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ 
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1 21

1 2

0
0 01 1 1 2

1 2 1 2

1
1

(z) ,
1 1

a
z z

a az z
H a a

b z b z b z b z

- -

- -

- - - -

+ +
+ +

= =
+ + + +

   (2.7) 

ʜʣʷ ʌʅʏ ɹʘʪʪʝʨʚʦʨʪʘ ʽ ʏʝʙʠʰʝʚʘ ʢʦʝʬʽʮʽʻʥʪ ʯʠʩʝʣʴʥʠʢʘ 1

0

2
a

a
a
= =, ʘ ʜʣʷ 

ʌɺʏ - 2a=-, ʦʩʢʽʣʴʢʠ 
1 0a < . ɼʣʷ ʽʥʰʠʭ ʬʽʣʴʪʨʽʚ ʪʘʢʦʾ ʚʠʟʥʘʯʝʥʦʩʪʽ ʟ 

ʢʦʝʬʽʮʽʻʥʪʦʤ a ʥʝʤʘʻ. 

ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʯʘʩʪʦʪʠ ʢʦʝʬʽʮʽʻʥʪ ʟʥʘʤʝʥʥʠʢʘ ʟʨʦʩʪʘʻ 1b ¬, ʘ 
2b - ʜʦ 

ʩʝʨʝʜʠʥʠ ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪʠ ʟʤʝʥʰʫʻʪʴʩʷ, ʘ ʧʦʪʽʤ ʟʥʦʚʫ ʟʨʦʩʪʘʻ, ʪʦʙʪʦ

)2 min, ʩʨb w wè®Í Çê (2 max,ʩʨb w w ø¬Í ú. ʂʦʝʬʽʮʽʻʥʪʠ ʯʠʩʝʣʴʥʠʢʘ ʟʨʦʩʪʘʶʪʴ

0 2 1,a a a= ¬ ¬ ʜʣʷ ʌʅʏ, ʘ ʜʣʷ ʌɺʏ - 0 2 1,a a a= ® ¬. 

ʉʤʫʛʦʚʽ ʪʘ ʨʝʞʝʢʪʦʨʥʽ ʬʽʣʴʪʨʠ. 

ʂʦʝʬʽʮʽʻʥʪʠ ʯʠʩʝʣʴʥʠʢʘ ʩʤʫʛʦʚʠʭ ʪʘ ʨʝʞʝʢʪʦʨʥʠʭ ʬʽʣʴʪʨʽʚ, ʷʢʽ ʦʧʠʩʫʶʪʴʩʷ 

ʧʝʨʝʜʘʚʘʣʴʥʦʶ ʬʫʥʢʮʽʻʶ (2.5) ʨʽʚʥʽ (2.6). ʆʜʥʘʢ, ʜʣʷ ʉʌ ʢʦʝʬʽʮʽʻʥʪ 
2 0a <  ʪʘ 

1 0a = , ʪʦʤʫ ʨʽʚʥʷʥʥʷ (2.7) ʥʘʙʫʜʝ ʚʠʛʣʷʜʫ 

     
2

0 1 2

1 2

1
(z) ,

1

z
H a

b z b z

-

- -

-
=

+ +
   (2.8) 

ʘ ʈʌ ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ ʨʽʚʥʷʥʥʷ (2.7). 

ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʩʝʨʝʜʥʴʦʾ ʯʘʩʪʦʪʠ 0w¬ ʢʦʝʬʽʮʽʻʥʪʠ ʟʥʘʤʝʥʥʠʢʘ 
2b  ʪʘ 

ʯʠʩʝʣʴʥʠʢʘ0 2a a=  ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʟʤʽʥʥʠʤʠ, ʪʦʙʪʦ 
2 0( ) ,b constw =  

0 0 2 0( ) ( )a a constw w= = . ʂʦʝʬʽʮʽʻʥʪʠ ʟʥʘʤʝʥʥʠʢʘ 
1b  ʟʤʽʥʶʻʪʴʩʷ ʷʢ 

) (1 0min 0 1 0 0max 1 0, , ( ) 0;ʩʨ ʩʨ cpb b bw w w w wè ø®Í Ç ¬Í Ç =ê ú ) (1 0min 0 1 0 0max, ,cp cpb bw w w wè øÍ =- Íê ú
. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʣʷ ʈʌ ʢʦʝʬʽʮʽʻʥʪʠ 
1 1b a= . 
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2.1.3. ʏʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʫ 

ʏʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʠʡ ʢʦʤʧʦʥʝʥʪ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʫ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ 

  
1 2 3 4

0 1 2 3 4

1 2 3 4

1 2 3 4

(z) ,
1

a a z a z a z a z
H

b z b z b z b z

- - - -

- - - -

+ + + +
=
+ + + +

    (2.9) 

ʜʝ 
0 1 2 3 4, , , ,a a a a a   ï ʜʽʡʩʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʯʠʩʝʣʴʥʠʢʘ; 

1 2 3 4, , ,b b b bï ʜʽʡʩʥʽ 

ʢʦʝʬʽʮʽʻʥʪʠ ʟʥʘʤʝʥʥʠʢʘ. 

ʌʽʣʴʪʨʠ ʥʠʞʥʽʭ ʪʘ ʚʝʨʭʥʽʭ ʯʘʩʪʦʪ. 

ʂʦʝʬʽʮʽʻʥʪʠ ʯʠʩʝʣʴʥʠʢʘ ʨʽʚʥʷʥʥʷ (2.9) ʩʧʽʚʚʽʜʥʦʩʷʪʴʩʷ ʷʢ   

  
0 4 1 3,a a a a= =      (2.10) 

ʊʦʜʽ ʨʽʚʥʷʥʥʷ (2.9) ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ, ʷʢ 

1 2 3 41 2 3

1 3 2 4

0 0 0 1 2
0 01 2 3 4 1 2 3 4

1 2 3 4 1 2 3 4

(z z ) A
(z) ,

1 1

a a a
z z z z

a a a A z z
H a a

b z b z b z b z b z b z b z b z

- - - -

- - - -

- - - - - - - -

+ + +
+ + +

= =
+ + + + + + + +

(2.11) 

ʜʝ  1 3
1

0 0

a a
A

a a
= = , 2

2

0

a
A

a
= . ɼʣʷ ʌʅʏ ɹʘʪʪʝʨʚʦʨʪʘ ʪʘ ʏʝʙʠʰʝʚʘ  

1 4,A = 2 6A = , 

ʜʣʷ ʌɺʏ ï
1 4,A =- 2 6A = . 

ʇʨʠ ʟʤʽʥʽ ʯʘʩʪʦʪʠ ʟʨʽʟʫ ʢʦʝʬʽʮʽʻʥʪʠ ʟʥʘʤʝʥʥʠʢʘ ʟʨʦʩʪʘʶʪʴ1 3,b b ¬, ʘ
2 4,b b  - 

ʜʦ ʩʝʨʝʜʠʥʠ ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪʠ ʟʤʝʥʰʫʶʪʴʩʷ, ʘ ʧʦʪʽʤ ʟʥʦʚʫ ʟʨʦʩʪʘʶʪʴ, 

) (2 4 min 2 4 max, , , ,cp cpb b b bw w w wè ø®Í Ç ¬Íê ú. ʂʦʝʬʽʮʽʻʥʪʠ ʯʠʩʝʣʴʥʠʢʘ ʟʨʦʩʪʘʶʪʴ

0 4 1 3,a a a a= ¬ = ¬ ʜʣʷ ʌʅʏ, ʘ ʜʣʷ ʌɺʏ -  0 4 1 3,a a a a= ® = ¬. 

ʉʤʫʛʦʚʽ ʪʘ ʨʝʞʝʢʪʦʨʥʽ ʬʽʣʴʪʨʠ. 

ʎʽ ʬʽʣʴʪʨʠ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʫ (2.9) 

ʽ ʢʦʝʬʽʮʽʻʥʪʠ ʯʠʩʝʣʴʥʠʢʘ ʩʧʽʚʚʽʜʥʦʩʷʪʴʩʷ ʷʢ (2.10). ʆʜʥʘʢ ʫ ʉʌ ɹʘʪʪʝʨʚʦʨʪʘ ʽ 

ʏʝʙʠʰʝʚʘ ʢʦʝʬʽʮʽʻʥʪʠ ʯʠʩʝʣʴʥʠʢʘ 
1 3 0a a= = ʽ ʨʽʚʥʷʥʥʷ (2.11) ʥʘʙʫʜʝ ʚʠʛʣʷʜʫ 

    
2 4

2
0 1 2 3 4

1 2 3 4

(z)
1

A z z
H a

b z b z b z b z

- -

- - - -

+
=

+ + + +
  (2.12) 



57 
 

 

ʊʘʢ ʩʘʤʦ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʢʦʝʬʽʮʽʻʥʪʠ ʯʠʩʝʣʴʥʠʢʘ 
0 0 4 0( ) ( ) consta aw w= =  

ʽ ʢʦʝʬʽʮʽʻʥʪ ʟʥʘʤʝʥʥʠʢʘ 
4 0( ) constb w = . ʇʨʠ ʟʤʽʥʽ ʮʝʥʪʨʘʣʴʥʦʾ ʯʘʩʪʦʪʠ 

0w¬ 

ʢʦʝʬʽʮʽʻʥʪʠ ʟʥʘʤʝʥʥʠʢʘ 
1b  ʪʘ 

2b  ʟʤʽʥʶʶʪʴʩʷ ʷʢ 

) (1 3 0min 0 1 3 0 0max, , , ,cp cpb b b bw w w wè ø®Í Ç ¬Íê ú. ɺ ʭʦʜʽ ʘʥʘʣʽʟʫ ʙʫʣʠ ʚʠʷʚʣʝʥʽ 

ʥʘʩʪʫʧʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ 

) (

( )

) (

) (

( )

) (

1 3 0min 0 1 3 0 0max

1 3 0

2 0min 0 2 0 0max

1 3 0min 0 1 3 0 0max

1 3 0

2 0min 0 2 0 0max

, , , , ;

, 0;

, , ;

, , , , ;

, 0;

, , ;

cp cp

cp

cp cp

cp cp

cp

cp cp

b b b b

b b

b b

a a a a

a a

a a

w w w w

w

w w w w

w w w w

w

w w w w

ë è øÍ =- Íê úî
î =
î
î è øÍ = Íê úî
ì

è øÍ =- Íî ê ú
î
î =
î
î è øÍ = Íê úí

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ ʯʠʩʣʦ ʦʙʯʠʩʣʶʚʘʥʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ, ʘ ʦʪʨʠʤʘʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʚ ʧʦʚʝʜʽʥʮʽ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʦʧʦʤʦʞʝ ʚ ʧʝʨʝʙʫʜʦʚʽ ʪʨʘʢʪʽʚ ʦʙʨʦʙʢʠ ʚʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ ʚ ʉʂʉ. 

ɿʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʫ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʬʫʥʢʮʽʷʭ ʩʧʨʦʱʫʻ 

ʘʣʛʦʨʠʪʤʠ ʾʭ ʦʙʯʠʩʣʝʥʥʷ ʽ ʦʙʩʷʛʽʚ ʦʙʯʠʩʣʝʥʴ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚ ʧʦʨʽʚʥʷʥʥʽ 

ʟ ʘʥʘʣʦʛʦʚʠʤʠ ʬʽʣʴʪʨʘʤʠ ʪʘʢʦʾ ʯʽʪʢʦʾ ʚʠʟʥʘʯʝʥʦʩʪʽ ʚ ʩʪʨʫʢʪʫʨʽ ʧʝʨʝʜʘʚʘʣʴʥʦʾ 

ʬʫʥʢʮʽʾ ʫ ʮʠʬʨʦʚʠʭ ʢʦʤʧʦʥʝʥʪ ʥʝ ʽʩʥʫʻ. ʆʜʥʘʢ ʜʝʷʢʽ ʦʩʦʙʣʠʚʦʩʪʽ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠ ʧʦʙʫʜʦʚʽ ʤʦʜʝʣʝʡ ʮʠʬʨʦʚʠʭ ʏɿʂ ʥʠʟʴʢʦʛʦ ʧʦʨʷʜʢʫ. 

 

2.2. ɸʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʽ ʪʘ ʬʘʟʦʯʘʩʪʦʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʏɿʂ ʥʠʟʴʢʦʛʦ 

ʧʦʨʷʜʢʫ 

 

ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʩʪʨʫʢʪʫʨʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʬʫʥʢʮʽʾ 

ʦʪʨʠʤʘʻʤʦ ʚʠʨʘʟʠ ʜʣʷ ɸʏʍ ʽ ʌʏʍ [2,3]. 
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2.2.1. ɸʏʍ ʽ ʌʏʍ ʏɿʂ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʬʦʨʤʫʣʠ (2.4) ʜʣʷ ʏɿʂ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʧʝʨʝʜʘʚʘʣʴʥʘ 

ʬʫʥʢʮʽʷ ʤʘʻ ʚʠʛʣʷʜ  

1

0 1

1
( )

1

z
H z a

bz

-

-

°
=

+
 , 

ʜʝ ñ+ò  ð  ʚ ʯʠʩʝʣʴʥʠʢʫ ʚʠʟʥʘʯʘʻ ʌʅʏ, ʘ  ñ-ò ð ʌɺʏ. 

ʇʨʠ ʧʽʜʩʪʘʥʦʚʮʽ 
1 jɤez- -=  ʘʙʦ ʟʘ ʬʦʨʤʫʣʦʶ ɽʡʣʝʨʘ 

1 cosɤ jsinɤz-= - , ʜʝ   

ɤð ʥʦʨʤʦʚʘʥʘ ʢʫʪʦʚʘ ʯʘʩʪʦʪʘ ɤ 2ˊ
d

f

f
= ,ɤ [0,ˊ]Í , df f ð ʚʽʜʧʦʚʽʜʥʦ ʣʽʥʽʡʥʘ 

ʯʘʩʪʦʪʘ ʽ ʯʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʽʾ, ʦʪʨʠʤʘʻʤʦ ʢʦʤʧʣʝʢʩʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ, 

ʘ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ ɸʏʍ ʬʽʣʴʪʨʽʚ ʥʠʞʥʽʭ ʽ ʚʝʨʭʥʽʭ ʯʘʩʪʦʪ. 

ʌʽʣʴʪʨ ʥʠʞʥʽʭ ʯʘʩʪʦʪ. 

ʏʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʌʅʏ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ 

ʦʧʠʩʫʻʪʴʩʷ ʚʠʨʘʟʦʤ 

 

( )

0

2 2

ɤ
2 cos

2
(ɤ)

ɤ
1 4 sin

2

a

H

b b

å õ
æ ö
ç ÷=

å õ
+ - æ ö

ç ÷

. (2.13) 

ɸ ʪʘʥʛʝʥʩ ʬʘʟʦʯʘʩʪʦʪʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʫʷʚʥʦʾ ʽ ʜʽʡʩʥʦʾ 

ʯʘʩʪʠʥ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʜʘʯʽ ʤʘʻ ʚʠʛʣʷʜ 

( )
( )0

1

1 2

b
tg tg

a b

w
j

å õ-
=- æ ö

+ ç ÷
     (2.14) 

ʌʽʣʴʪʨ ʚʝʨʭʥʽʭ ʯʘʩʪʦʪ.  

ɼʣʷ ʥʦʨʤʦʚʘʥʠʭ ʬʽʣʴʪʨʽʚ ʚʝʨʭʥʽʭ ʯʘʩʪʦʪ, ʧʝʨʝʜʘʚʘʣʴʥʘ ʬʫʥʢʮʽʷ ʷʢʠʭ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ (2.4), ʯʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ, ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ (2.3), ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʦʧʠʩʫʻʪʴʩʷ ʚʠʨʘʟʦʤ  
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0

2 2

ɤ
2 sin

2
(ɤ)

ɤ
(1 ) 4 sin

2

a

H

b b

å õ
æ ö
ç ÷=

å õ
+ - æ ö

ç ÷

.    (2.15) 

ʊʘʥʛʝʥʩ ʬʘʟʦʯʘʩʪʦʪʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʫʜʝ ʤʘʪʠ ʚʠʛʣʷʜ 

( )

( )0

1

1
2

b
tg

a b tg

j
w

+
=-

å õ
- æ ö

ç ÷

     (2.16) 

 

2.2.2. ɸʏʍ ʪʘ ʌʏʍ ʏɿʂ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʯʘʩʪʦʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʬʫʥʢʮʽʻʶ ʧʝʨʝʜʘʯʽ 

ʟʘʛʘʣʴʥʦʛʦ ʚʠʛʣʷʜʫ 

1 2

0 1 2

1 2

1 2

( )
1

a a z a z
H z

b z b z

- -

- -

+ +
=
+ +

,     (2.17) 

ʜʝ 
0 1 2 1 2, , , ,a a a b b  ð ʜʽʡʩʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʯʠʩʝʣʴʥʠʢʘ ʽ ʟʥʘʤʝʥʥʠʢʘ. 

 ɺʠʢʦʥʘʚʰʠ ʧʽʜʩʪʘʥʦʚʢʠ ʘʥʘʣʦʛʽʯʥʽ ʜʣʷ ʏɿʂ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ, 

ʦʪʨʠʤʘʻʤʦ ʢʦʤʧʣʝʢʩʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ, ʘ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ ɸʏʍ ʽ ʌʏʍ: ʧʨʠ  

0 2a a=  

 

() ( )

() ( )

2 2

1 2 1 2 2

2 0 0 0 0 0

0 2 2

1 2 1 2 2

1 2 1 cosɤ +2 cos 2ɤ

(ɤ)
1 2 (1 )cosɤ +2b cos 2ɤ

a a a a a

a a a a a
H a

b b b b

å õ å õ å õå õ
+ + + +æ ö æ ö æ öæ ö
ç ÷ ç ÷ ç ÷ç ÷=
+ + - +

(2.18) 
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1 1 2 cos 1 cos 2

a
b

a
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a a
b b b b b

a a

w w

j

w w

å õ
- +æ ö

ç ÷=
å õ å õ
+ + + + + + +æ ö æ ö

ç ÷ ç ÷

 (2.19) 
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2.3.  ʌʦʨʤʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʏɿʂ ʥʠʟʴʢʦʛʦ ʧʦʨʷʜʢʫ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ ʾʭ ɸʏʍ ʽ ʌʏʍ 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʏɿʂ, ʷʢʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠ 

ʦʙʯʠʩʣʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʬʫʥʢʮʽʡ, ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ 

ʦʩʦʙʣʠʚʦʩʪʽ ʾʭ ɸʏʍ ʽ ʌʏʍ. ʊʘʢʠʤʠ ʦʩʦʙʣʠʚʠʤʠ ʪʦʯʢʘʤʠ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ 

ʤʦʞʫʪʴ ʙʫʪʠ ʜʣʷ ɸʏʍ 

- ʟʥʘʯʝʥʥʷ ɸʏʍ ʥʘ ʚʽʜʥʦʩʥʽʡ ʥʦʨʤʦʚʘʥʽʡ ʯʘʩʪʦʪʽ 0w= ; 

- ʟʥʘʯʝʥʥʷ ɸʏʍ ʥʘ ʚʽʜʥʦʩʥʽʡ ʥʦʨʤʦʚʘʥʽʡ ʯʘʩʪʦʪʽ ʟʨʽʟʫ 
cw w= ; 

- ʟʥʘʯʝʥʥʷ ɸʏʍ ʥʘ ʚʽʜʥʦʩʥʽʡ ʥʦʨʤʦʚʘʥʽʡ ʯʘʩʪʦʪʽ w p= ; 

ʘ ʜʣʷ ʌʏʍ 

- ʟʥʘʯʝʥʥʷ ʌʏʍ ʥʘ ʚʽʜʥʦʩʥʽʡ ʥʦʨʤʦʚʘʥʽʡ ʯʘʩʪʦʪʽ 0w= ; 

- ʟʥʘʯʝʥʥʷ ʌʏʍ ʥʘ ʚʽʜʥʦʩʥʽʡ ʥʦʨʤʦʚʘʥʽʡ ʯʘʩʪʦʪʽ ʟʨʽʟʫ 
cw w= ; 

- ʟʥʘʯʝʥʥʷ ʌʏʍ ʥʘ ʚʽʜʥʦʩʥʽʡ ʥʦʨʤʦʚʘʥʽʡ ʯʘʩʪʦʪʽ w p= ; 

ʎʽ ʭʘʨʘʢʪʝʨʥʽ ʪʦʯʢʠ ʤʦʞʫʪʴ ʪʦʯʥʦ ʦʧʠʩʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʏɿʂ. 

ʈʦʟʛʣʷʥʝʤʦ ʦʧʠʩ ʚʽʜʦʤʠʭ ʏɿʂ ʥʘ ʧʨʠʢʣʘʜʽ ʮʠʬʨʦʚʠʭ ʬʽʣʴʪʨʽʚ ʥʠʟʴʢʦʛʦ 

ʧʦʨʷʜʢʫ. 

 

2.3.1. ʌʦʨʤʫʚʘʥʥʷ ʤʦʜʝʣʝʡ ʏɿʂ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ  

ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʏɿʂ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʥʘ ʧʽʜʩʪʘʚʽ 

ʚʠʱʝ ʚʠʢʣʘʜʝʥʦʛʦ ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʥʫʪʠ ɸʏʍ ʌʅʏ ʽ ʌɺʏ ʪʘʢʠʭ ʢʦʤʧʦʥʝʥʪ. ɿ 

ʫʨʘʭʫʚʘʥʥʷʤ ʧ. 2.1.1. ʽ ʨʽʚʥʷʥʴ (2.13) ʪʘ (2.15) ʜʚʘ ʥʝʚʽʜʦʤʠʭ ʢʦʝʬʽʮʽʻʥʪʘ 
0a  ̔b

, ʧʨʠ ʮʴʦʤʫ ʚʠʜ ɸʏʍ ʪʘʢʠʭ ʢʦʤʧʦʥʝʥʪ ʤʘʻ ʜʣʷ ʌʅʏ ʽ ʌɺʏ ʦʜʠʥ ʽ ʪʦʡ ʩʘʤʠʡ 

ʚʠʛʣʷʜ. 

ʌʅʏ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ. 

ʋʟʘʛʘʣʴʥʝʥʘ ɸʏʍ ʌʅʏ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʤʘʻ ʚʠʛʣʷʜ, ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩ. 2.1. 
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ʈʠʩʫʥʦʢ 2.1 - ʋʟʘʛʘʣʴʥʝʥʘ ɸʏʍ ʌʅʏ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ 

 

ɼʣʷ ʦʧʠʩʫ ʮʽʻʾ ʥʦʨʤʦʚʘʥʦʾ ɸʏʍ ʜʦʩʠʪʴ ʨʦʟʛʣʷʥʫʪʠ ʜʚʘ ʨʽʚʥʷʥʥʷ ʚʠʜʫ (2.13) 

ʧʨʠ ʚʽʜʥʦʩʥʽʡ ʯʘʩʪʦʪʽ 0w=  ʪʘ 
cw w= , ʦʩʢʽʣʴʢʠ ʧʨʠ w p=  ʨʽʚʥʷʥʥʷ (2.13) 

ʜʦʨʽʚʥʶʚʘʪʠʤʝ ʥʫʣʶ. ʊʦʜʽ, ʟʘʧʠʰʝʤʦ ʨʽʚʥʷʥʥʷ (2.13) ʷʢ ʢʚʘʜʨʘʪ - ()2H w  
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ʇʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʴ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʌʅʏ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʤʦʞʥʘ 

ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ 
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    (2.20) 
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ʌɺʏ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ. 

ʋʟʘʛʘʣʴʥʝʥʘ ɸʏʍ ʌɺʏ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʤʘʻ ʚʠʛʣʷʜ, ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩ. 2.2. 

 

ʈʠʩʫʥʦʢ 2.2 - ʋʟʘʛʘʣʴʥʝʥʘ ɸʏʍ ʌɺʏ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ 

 

ɼʣʷ ʦʧʠʩʫ ʥʦʨʤʦʚʘʥʦʾ ɸʏʍ ʜʦʩʠʪʴ ʨʦʟʛʣʷʥʫʪʠ ʜʚʘ ʨʽʚʥʷʥʥʷ ʚʠʜʫ (2.15) ʧʨʠ 

ʚʽʜʥʦʩʥʽʡ ʯʘʩʪʦʪʽ w p=  ʪʘ 
cw w= , ʦʩʢʽʣʴʢʠ ʧʨʠ 0w=  ʨʽʚʥʷʥʥʷ (2.15) ʙʫʜʝ 

ʜʦʨʽʚʥʶʚʘʪʠ ʥʫʣʶ. ʊʦʜʽ, ʟʘʧʠʰʝʤʦ ʨʽʚʥʷʥʥʷ (2.15) ʷʢ ʢʚʘʜʨʘʪ - ()2H w  
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ʇʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʴ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʌɺʏ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʤʦʞʥʘ 

ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ 
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   (2.21) 

 

2.3.2. ʌʦʨʤʫʚʘʥʥʷ ʤʦʜʝʣʝʡ ʏɿʂ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ  

ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʏɿʂ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʥʘ ʧʽʜʩʪʘʚʽ 

ʚʠʱʝ ʚʠʢʣʘʜʝʥʦʛʦ ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʥʫʪʠ ɸʏʍ ʽ ʌʏʍ ʪʘʢʠʭ ʢʦʤʧʦʥʝʥʪ, ʷʢ 

ʌʅʏ, ʌɺʏ, ʉʌ ʪʘ ʈʌ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʧ. 2.1.2. ʽ ʨʽʚʥʷʥʴ (2.18) ʽ (2.19) ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʪʘʢʠʭ ʢʦʤʧʦʥʝʥʪ ʪʠʧʫ ɹʘʪʪʝʨʚʦʨʪʘ, ʏʝʙʠʰʝʚʘ, 

ʏʝʙʠʰʝʚʘʽʥʚʝʨʩʥʦʛʦ ʪʘ ʝʣʽʧʪʠʯʥʦʛʦ, ʪʦʤʫ ʱʦ ʾʭ ɸʏʍ ʽ ʌʏʍ ʤʘʶʪʴ ʩʚʦʾ 

ʦʩʦʙʣʠʚʦʩʪʽ. 

ʌʅʏ ʪʠʧʫ ɹʘʪʪʝʨʚʦʨʪʘ. 

ɸʏʍ ʪʘ ʌʏʍ ʌʅʏ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ɹʘʪʪʝʨʚʦʨʪʘ ʤʘʶʪʴ ʚʠʛʣʷʜ, ʥʘʚʝʜʝʥʠʡ 

ʥʘ ʨʠʩ. 2.3.  

 

ʈʠʩʫʥʦʢ 2.3 - ɸʏʍ ʪʘ ʌʏʍ ʌʅʏ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʪʠʧʫ ɹʘʪʪʝʨʚʦʨʪʘ  
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ɼʣʷ ʦʧʠʩʫ ʥʦʨʤʦʚʘʥʦʾ ɸʏʍ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʢʦʤʧʦʥʝʥʪʠ 

ʪʠʧʫ ɹʘʪʪʝʨʚʦʨʪʘ, ʪʦʤʫ ʱʦ ʚʽʜʥʦʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʯʠʩʝʣʴʥʠʢʘ 1

0

2
a

a
=  ʪʘ 

2 0a a= . ʊʦʜʽ ʧʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʴ ʢʚʘʜʨʘʪ ɸʏʍ (2.18) ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ 

()
()( )

( ) ()( ) ()( )

2

02

2

2 1 1 2

4 1 cos

1 2cos 2 cos

a
H

b b b b

w
w

w w

+
=
- + + +

  (2.22) 

ɼʣʷ ʦʧʠʩʫ ɸʏʍ ʌʅʏ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʪʠʧʫ ɹʘʪʪʝʨʚʦʨʪʘ ʨʦʟʛʣʷʥʝʤʦ ʜʚʘ 

ʨʽʚʥʷʥʥʷ ɸʏʍ ʚʠʜʫ (2.22) ʧʨʠ ʚʽʜʥʦʩʥʽʡ ʯʘʩʪʦʪʽ 0w=  ʪʘ 
cw w= , ʦʩʢʽʣʴʢʠ ʧʨʠ 

w p=  ʨʽʚʥʷʥʥʷ (2.22) ʜʦʨʽʚʥʶʚʘʪʠʤʝ ʥʫʣʶ. ʊʦʜʽ, ʟʘʧʠʰʝʤʦ ʥʘʩʪʫʧʥʝ 

()
()( )

( ) ()( ) ()( )

2

02

2

2 1 1 2

4 1 cos 0
0

1 2cos 0 2 cos 0

a
H

b b b b

+
=
- + + +

 

( )
( )( )

( ) ( )( ) ( )( )

2

02

2

2 1 1 2

4 1 cos

1 2cos 2 cos

c

c

c c

a
H

b b b b

w
w

w w

+
=
- + + +

 

ʋ ʌʏʍ ʢʦʤʧʦʥʝʥʪʠ ʪʠʧʫ ɹʘʪʪʝʨʚʦʨʪʘ ()0 0j = , ( )
2

c

p
j w=- , ()j p p- .ʋ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʘ ʯʘʩʪʦʪʽ ʟʨʽʟʫ 
cw  ʫʤʦʚʘ ʙʫʜʝ ʚʠʢʦʥʫʚʘʪʠʩʷ, ʷʢʱʦ ʚ ʨʽʚʥʷʥʥʽ 

(2.19) ʟʥʘʤʝʥʥʠʢ ʙʫʜʝ ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʪʦʙʪʦ 

( ) ( )2 11 cos 0cb bw+ + = 

ʊʦʜʽ ( ) ( )1 2 1 cos cb b w=- + . 

ʇʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʴ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʌʅʏ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʪʠʧʫ 

ɹʘʪʪʝʨʚʦʨʪʘ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ 
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( ) ( )( )

( )( )
( ) ( )( ) ( )( )

( ) ( )

1 0

2 0

2

0

2

2 1 1 2

2

0 2

2

2 1 1 2

1 2

2 ,

,

16
1,

1 2 2

4 1 cos
,

1 2cos 2 cos

1 cos .

c

c c

c

a a

a a

a

b b b b

a
c

b b b b

b b

w

w w

w

=ë
î
=

î
î

=î
- + + +î

ì
î +
î =
î - + + +
î
î =- +
í

 (2.23) 

ʌʅʏ ʪʠʧʫ ʏʝʙʠʰʝʚʘ. 

ɸʏʍ ʽ ʌʏʍ ʌʅʏ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʏʝʙʠʰʝʚʘ ʤʘʶʪʴ ʚʠʛʣʷʜ, ʥʘʚʝʜʝʥʠʡ ʥʘ 

ʨʠʩ. 2.4.  

 

ʈʠʩʫʥʦʢ 2.4 -ɸʏʍ ʽ ʌʏʍ ʌʅʏ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʪʠʧʫ ʏʝʙʠʰʝʚʘ 

 

ɼʣʷ ʦʧʠʩʫ ʥʦʨʤʦʚʘʥʦʾ ɸʏʍ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ 

ʢʦʤʧʦʥʝʥʪʠ ʪʠʧʫ ʏʝʙʠʰʝʚʘ, ʪʦʤʫ ʱʦ ʨʷʜ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʦʜʥʘʢʦʚʽ, ʘʣʝ ʻ ʽ 

ʚʽʜʤʽʥʥʦʩʪʽ. ʋ ʜʘʥʦʛʦ ʌʅʏ ʟ'ʷʚʣʷʻʪʴʩʷ ʥʦʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ï ʨʽʚʝʥʴ 

ʧʫʣʴʩʘʮʽʡ (ʚ ʨʽʟʥʠʭ ʜʞʝʨʝʣʘ ʥʘʟʠʚʘʻʪʴʩʷ ʧʦ-ʨʽʟʥʦʤʫ - ʨʽʚʝʥʴ ʢʦʣʠʚʘʣʴʥʦʩʪʽ, 

ʨʽʚʝʥʴ ʩʧʦʪʚʦʨʝʥʴ) ʚ ʩʤʫʟʽ ʧʨʦʧʫʩʢʘʥʥʷ cp, ʷʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ 
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0 1cp< <. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚ ʙʽʣʴʰʦʩʪʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʧʘʢʝʪʽʚ ʨʽʚʝʥʴ 

ʧʫʣʴʩʘʮʽʡ ʟʘʜʘʻʪʴʩʷ ʫ ʜʝʮʠʙʝʣʘʭ: RP - ʢʦʣʠʚʘʣʴʥʽʩʪʴ ʚ ʩʤʫʟʽ ʧʨʦʧʫʩʢʘʥʥʷ, 

RS - ʢʦʣʠʚʘʣʴʥʽʩʪʴ ʚ ʩʤʫʟʽ ʟʘʪʨʠʤʘʥʥʷ. ʆʜʥʘʢ ʽ ʚ ʪʦʤʫ ʽ ʚ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ 

0.1

1

10 RP
cp=  ʘʙʦ 

0.1

1

10 RS
cs=  

ɺʽʜʥʦʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʯʠʩʝʣʴʥʠʢʘ 1

0

2
a

a
=  ʪʘ 

2 0a a=  ʪʘʢʽ ʞ ʷʢ ʽ ʫ ʌʅʏ 

ɹʘʪʪʝʨʚʦʨʪʘ. ʊʦʜʽ ʢʚʘʜʨʘʪ ɸʏʍ ʙʫʜʝ ʦʧʠʩʫʚʘʪʠʩʷ ʚʠʨʘʟʦʤ (2.22). ʆʜʥʘʢ ʩʣʽʜ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʯʘʩʪʦʪʘ ʟʨʽʟʫ ʌʅʏ ʏʝʙʠʰʝʚʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʨʽʚʥʽ cp. 

ɼʣʷ ʦʧʠʩʫ ɸʏʍ ʌʅʏ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʪʠʧʫ ʏʝʙʠʰʝʚʘ ʨʦʟʛʣʷʥʝʤʦ ʜʚʘ 

ʨʽʚʥʷʥʥʷ ɸʏʍ ʚʠʜʫ (2.22) ʧʨʠ ʚʽʜʥʦʩʥʽʡ ʯʘʩʪʦʪʽ 0w=  ʪʘ ( )cw w= , ʦʩʢʽʣʴʢʠ 

ʧʨʠ w p= ʨʽʚʥʷʥʥʷ (2.22) ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ ʥʫʣʶ.  

ʋ ʌʏʍ ʢʦʤʧʦʥʝʥʪʠ ʪʠʧʫ ʏʝʙʠʰʝʚʘ ()0 0j = , ( )cj w q= , ()j p p- , ʜʝ 

ʚʝʣʠʯʠʥʘ q ʥʘ ʯʘʩʪʦʪʽ ʟʨʽʟʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ ʧʫʣʴʩʘʮʽʾ ὧὴ. ɺʠʟʥʘʯʝʥʥʷ 

ʮʽʻʾ ʟʘʣʝʞʥʦʩʪʽ ʨʦʟʛʣʷʥʝʤʦ ʚ ɻʣʘʚʽ 3. 

ʇʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʴ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʌʅʏ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʪʠʧʫ 

ʏʝʙʠʰʝʚʘ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ 
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í   (2.24)  
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ʌʅʏ ʪʠʧʫ ʏʝʙʳʰʝʚʘ ʽʥʚʝʨʩʥʠʡ. 

ɸʏʍ ʽ ʌʏʍ ʌʅʏ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʏʝʙʠʰʝʚʘ ʽʥʚʝʨʩʥʦʛʦ ʤʘʁʪʴ ʚʠʛʣʷʜ, 

ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩ. 2.5.  

 

ʈʠʩʫʥʦʢ 2.5 - ɸʏʍ ʽ ʌʏʍ ʌʅʏ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʪʠʧʫ ʏʝʙʠʰʝʚʘ ʽʥʚʝʨʩʥʦʛʦ 

 

ɼʣʷ ʦʧʠʩʫ ʥʦʨʤʦʚʘʥʦʾ ɸʏʍ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ 

ʢʦʤʧʦʥʝʥʪʠ ʪʠʧʫ ʏʝʙʠʰʝʚʘ ʽʥʚʝʨʩʥʠʡ. ʋ ʜʘʥʦʛʦ ʌʅʏ ʟ'ʷʚʣʷʻʪʴʩʷ ʥʦʚʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ï ʨʽʚʝʥʴ ʧʫʣʴʩʘʮʽʡ ʚ ʩʤʫʟʽ ʟʘʪʨʠʤʘʥʥʷ cs, ̫ ʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʫ 

ʜʠʘʧʘʟʦʥʽ 0 1cs< <. 

ɿʘʣʝʞʥʽʩʪʴ 
2 0a a=  ʪʘʢʘ ʩʘʤʘ ʷʢ ʽ ʫ ʌʅʏ ɹʘʪʪʝʨʚʦʨʪʘ ʪʘ ʏʝʙʠʰʝʚʘ. ʊʦʜʽ 

ʢʚʘʜʨʘʪ ɸʏʍ ʥʘ ʦʩʥʦʚʽ ʨʽʚʥʷʥʥʷ (2.18) ʧʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʴ ʙʫʜʝ ʚʠʛʣʷʜʘʪʠ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ 

()
()( )

( ) ( ) () ()

2

1 02

2 2 2

2 1 1 2 2

2 cos

1 2 1 cos 4 cos

a a
H

b b b b b

w
w

w w

+
=
- + + + +

  (2.25) 

ɼʣʷ ʌʅʏ ʏʝʙʠʰʝʚʘ ʽʥʚʝʨʩʥʠʡ ʯʘʩʪʦʪʘ ʟʨʽʟʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʨʽʚʥʽ cs. 
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 ɼʣʷ ʦʧʠʩʫ ɸʏʍ ʌʅʏ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʪʠʧʫ ʏʝʙʠʰʝʚʘ ʽʥʚʝʨʩʥʦʛʦ 

ʨʦʟʛʣʷʥʝʤʦ ʚʞʝ ʪʨʠ ʨʽʚʥʷʥʥʷ ɸʏʍ ʚʠʜʫ (2.24) ʧʨʠ ʚʽʜʥʦʩʥʽʡ ʯʘʩʪʦʪʽ 0w= , 

cw w=  ʪʘ w p= .  

ʋ ʌʏʍ ʢʦʤʧʦʥʝʥʪʠ ʪʠʧʫ ʏʝʙʠʰʝʚʘ ʽʥʚʝʨʩʥʦʛʦ ()0 0j = , ( )cj w q= , 

()j p p- , ʜʝ ʚʝʣʠʯʠʥʘ q ʥʘ ʯʘʩʪʦʪʽ ʟʨʽʟʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ ʧʫʣʴʩʘʮʽʾ

cs. 

ʇʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʴ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʌʅʏ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʪʠʧʫ 

ʏʝʙʠʰʝʚʘ ʽʥʚʝʨʩʥʦʛʦ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ 
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ʌʅʏ ʪʠʧʫ ʝʣʽʧʪʠʯʥʠʡ (ʂʘʫʝʨʘ). 

ɸʏʍ ʪʘ ʌʏʍ ʌʅʏ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʝʣʽʧʪʠʯʥʦʛʦ ʤʘʶʪʴ ʚʠʛʣʷʜ, ʥʘʚʝʜʝʥʠʡ 

ʥʘ ʨʠʩ. 2.6. 

ɼʣʷ ʦʧʠʩʫ ʥʦʨʤʦʚʘʥʦʾ ɸʏʍ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ 

ʢʦʤʧʦʥʝʥʪʠ ʪʠʧʫ ʝʣʽʧʪʠʯʥʠʡ. ʋ ʜʘʥʦʛʦ ʌʅʏ ʻ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ï ʨʽʚʝʥʴ 

ʧʫʣʴʩʘʮʽʡ ʽ ʚ ʩʤʫʟʽ ʧʨʦʧʫʩʢʘʥʥʷ cp, ʪʘ ʚ ʩʤʫʟʽ ʟʘʪʨʠʤʘʥʥʷ .cs  

ɿʘʣʝʞʥʽʩʪʴ 
2 0a a=  ʪʘʢʘ ʞ ʷʢ ʽ ʫ ʧʦʧʝʨʝʜʥʽʭ ʬʽʣʴʪʨʽʚ. ʊʦʜʽ ʢʚʘʜʨʘʪ ɸʏʍ 

ʙʫʜʝ ʚʠʛʣʷʜʘʪʠ ʷʢ ʚʠʨʘʟ (2.24). 

ɼʣʷ ʌʅʏ ʝʣʽʧʪʠʯʥʦʛʦ ʯʘʩʪʦʪʘ ʟʨʽʟʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʨʽʚʥʽ cp. 
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ɼʣʷ ʦʧʠʩʫ ɸʏʍ ʌʅʏ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʪʠʧʫ ʝʣʽʧʪʠʯʥʦʛʦ ʨʦʟʛʣʷʥʝʤʦ ʚʞʝ ʪʨʠ 

ʨʽʚʥʷʥʥʷ ɸʏʍ ʚʠʜʫ (2.24) ʧʨʠ ʚʽʜʥʦʩʥʽʡ ʯʘʩʪʦʪʽ 0w= , 
cw w=  ʪʘ w p= . 

 

ʈʠʩʫʥʦʢ 2.6 - ɸʏʍ ʪʘ ʌʏʍ ʌʅʏ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʪʠʧʫ ʝʣʽʧʪʠʯʥʠʡ 

 

ʋ ʌʏʍ ʢʦʤʧʦʥʝʥʪʠ ʪʠʧʫ ʝʣʽʧʪʠʯʥʠʡ ()0 0j = , ( )cj w q= , ()j p p- , ʜʝ 

ʚʝʣʠʯʠʥʘ q ʥʘ ʯʘʩʪʦʪʽ ʟʨʽʟʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ ʧʫʣʴʩʘʮʽʾ cp. 

ʇʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʴ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʌʅʏ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʪʠʧʫ 

ʝʣʽʧʪʠʯʥʠʡ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ 
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 ʌɺʏ ʪʠʧʫ ɹʘʪʪʝʨʚʦʨʪʘ. 

ɸʏʍ ʽ ʌʏʍ ʌɺʏ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ɹʘʪʪʝʨʚʦʨʪʘ ʤʘʶʪʴ ʚʠʛʣʷʜ, ʥʘʚʝʜʝʥʠʡ ʥʘ 

ʨʠʩ. 2.7. 

 

ʈʠʩʫʥʦʢ 2.7 - ɸʏʍ ʽ ʌʏʍ ʌɺʏ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʪʠʧʫ ɹʘʪʪʝʨʚʦʨʪʘ 

 

ɼʣʷ ʦʧʠʩʫ ʥʦʨʤʦʚʘʥʦʾ ɸʏʍ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʢʦʤʧʦʥʝʥʪʠ 

ʪʠʧʫ ɹʘʪʪʝʨʚʦʨʪʘ, ʪʦʤʫ ʱʦ ʚʽʜʥʦʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʯʠʩʝʣʴʥʠʢʘ 1

0

2
a

a
=- ʪʘ 

2 0a a= . ʊʦʜʽ ʧʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʴ ʢʚʘʜʨʘʪ ɸʏʍ (2.18) ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ   

()
()( )

( ) ()( ) ()( )

2

02

2

2 1 1 2

4 1 cos

1 2cos 2 cos

a
H

b b b b

w
w

w w

-
=
- + + +

   (2.28) 

ɼʣʷ ʦʧʠʩʫ ɸʏʍ ʌɺʏ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʪʠʧʫ ɹʘʪʪʝʨʚʦʨʪʘ ʨʦʟʛʣʷʥʝʤʦ ʜʚʘ 

ʨʽʚʥʷʥʥʷ ɸʏʍ ʚʠʜʫ (2.28) ʧʨʠ ʚʽʜʥʦʩʥʽʡ ʯʘʩʪʦʪʽ w p=  ʪʘ 
cw w= , ʦʩʢʽʣʴʢʠ ʧʨʠ 

0w=  ʨʽʚʥʷʥʥʷ (2.28) ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ ʥʫʣʶ. ʊʦʜʽ ʟʘʧʠʰʝʤʦ ʥʘʩʪʫʧʥʝ 
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ʋ ʌʏʍ ʢʦʤʧʦʥʝʥʪʠ ʪʠʧʫ ɹʘʪʪʝʨʚʦʨʪʘ ()0j p= , ( )
2

c

p
j w= , () 0j p . ʋ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʘ ʯʘʩʪʦʪʽ ʟʨʽʟʫ 
cw  ʫʤʦʚʘ ʙʫʜʝ ʚʠʢʦʥʫʚʘʪʠʩʷ, ʷʢʱʦ ʚ ʨʽʚʥʷʥʥʽ 

(2.19) ʟʥʘʤʝʥʥʠʢ ʙʫʜʝ ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʪʦʙʪʦ 

( ) ( )2 11 cos 0cb bw+ + = 

ʊʦʜʽ ( ) ( )1 2 1 cos cb b w=- +  . 

ʇʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʴ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʌɺʏ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʪʠʧʫ 

ɹʘʪʪʝʨʚʦʨʪʘ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ 
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  (2.29) 

ʌɺʏ ʪʠʧʫ ʏʝʙʠʰʝʚʘ. 

ɸʏʍ ʽ ʌʏʍ ʌɺʏ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʏʝʙʠʰʝʚʘ ʤʘʶʪʴ ʚʠʛʣʷʜ, ʥʘʚʝʜʝʥʠʡ ʥʘ 

ʨʠʩ. 2.8. 

ɼʣʷ ʦʧʠʩʫ ʥʦʨʤʦʚʘʥʦʾ ɸʏʍ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ 

ʢʦʤʧʦʥʝʥʪʠ ʪʠʧʫ ʏʝʙʠʰʝʚʘ, ʪʦʤʫ ʱʦ ʨʷʜ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʦʜʥʘʢʦʚʽ, ʘʣʝ ʻ ʽ 

ʚʽʜʤʽʥʥʦʩʪʽ.  
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ɺʽʜʥʦʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʯʠʩʝʣʴʥʠʢʘ 1

0

2
a

a
=- ʪʘ 

2 0a a=  ʪʘʢʽ ʩʘʤʦ, ʷʢ ʽ ʫ 

ʌɺʏ ɹʘʪʪʝʨʚʦʨʪʘ. ʊʦʜʽ ʢʚʘʜʨʘʪ ɸʏʍ ʙʫʜʝ ʦʧʠʩʫʚʘʪʠʩʷ ʚʠʨʘʟʦʤ (2.28). ʆʜʥʘʢ 

ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʯʘʩʪʦʪʘ ʟʨʽʟʫ ʌɺʏ ʏʝʙʠʰʝʚʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʨʽʚʥʽ cp. 

ɼʣʷ ʦʧʠʩʫ ɸʏʍ ʌɺʏ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʪʠʧʫ ʏʝʙʠʰʝʚʘ ʨʦʟʛʣʷʥʝʤʦ ʜʚʘ 

ʨʽʚʥʷʥʥʷ ɸʏʍ ʚʠʜʫ (2.28) ʧʨʠ ʚʽʜʥʦʩʥʽʡ ʯʘʩʪʦʪʽ w p=  ʪʘ 
cw w= , ʦʩʢʽʣʴʢʠ ʧʨʠ 

0w=  ʨʽʚʥʷʥʥʷ (2.28) ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ ʥʫʣʶ.  

ʋ ʌʏʍ ʢʦʤʧʦʥʝʥʪʠ ʪʠʧʫ ʏʝʙʠʰʝʚʘ ()0j p= , ( )cj w q= , () 0j p , ʜʝ 

ʚʝʣʠʯʠʥʘ q ʥʘ ʯʘʩʪʦʪʽ ʟʨʽʟʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ ʧʫʣʴʩʘʮʽʾ cp. 

 

 

ʈʠʩʫʥʦʢ 2.8 - ɸʏʍ ʽ ʌʏʍ ʌɺʏ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʪʠʧʫ ʏʝʙʠʰʝʚʘ 

 

ʇʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʴ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʌɺʏ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʪʠʧʫ 

ʏʝʙʠʰʝʚʘ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ 
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ʌɺʏ ʪʠʧʫ ʏʝʙʠʰʝʚʘ ʽʥʚʝʨʩʥʠʡ. 

ɸʏʍ ʽ ʌʏʍ ʌɺʏ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʏʝʙʠʰʝʚʘ ʽʥʚʝʨʩʥʦʛʦ ʤʘʶʪʴ ʚʠʛʣʷʜ, 

ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩʫʥʢʫ 2.9. 

 

ʈʠʩʫʥʦʢ 2.9 -ɸʏʍ ʽ ʌʏʍ ʌɺʏ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʪʠʧʫ ʏʝʙʠʰʝʚʘ 

 

ɼʣʷ ʦʧʠʩʫ ʥʦʨʤʦʚʘʥʦʾ ɸʏʍ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ 

ʢʦʤʧʦʥʝʥʪʠ ʪʠʧʫ ʏʝʙʠʰʝʚʘ ʽʥʚʝʨʩʥʦʛʦ. 
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ɿʘʣʝʞʥʽʩʪʴ 
2 0a a=  ʪʘʢʘ ʩʘʤʘ, ʷʢ ʽ ʫ ʌɺʏ ɹʘʪʪʝʨʚʦʨʪʘ ʽ ʏʝʙʠʰʝʚʘ. ʊʦʜʽ 

ʢʚʘʜʨʘʪ ɸʏʍ ʥʘ ʦʩʥʦʚʽ ʨʽʚʥʷʥʥʷ (2.18) ʧʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʴ ʙʫʜʝ ʚʠʛʣʷʜʘʪʠ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ 

()
()( )

( ) ( ) () ()

2

1 02

2 2 2

2 1 1 2 2

2 cos

1 2 1 cos 4 cos

a a
H

b b b b b

w
w

w w

+
=
- + + + +

  (2.31) 

ɼʣʷ ʌɺʏ ʏʝʙʠʰʝʚʘ ʽʥʚʝʨʩʥʦʛʦ ʯʘʩʪʦʪʘ ʟʨʽʟʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʨʽʚʥʽ cs. 

ɼʣʷ ʦʧʠʩʫ ɸʏʍ ʌɺʏ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʪʠʧʫ ʏʝʙʠʰʝʚʘ ʽʥʚʝʨʩʥʦʛʦ 

ʨʦʟʛʣʷʥʝʤʦ ʚʞʝ ʪʨʠ ʨʽʚʥʷʥʥʷ ɸʏʍ ʚʠʜʫ (2.31) ʧʨʠ ʚʽʜʥʦʩʥʽʡ ʯʘʩʪʦʪʽ 0w= , 

cw w=  ʪʘ   w p= . 

ʋ ʌʏʍ ʢʦʤʧʦʥʝʥʪʠ ʪʠʧʫ ʏʝʙʠʰʝʚʘ ʽʥʚʝʨʩʥʦʛʦ ()0j p= , ( )cj w q= , 

() 0j p , ʜʝ ʚʝʣʠʯʠʥʘ q ʥʘ ʯʘʩʪʦʪʽ ʟʨʽʟʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ ʧʫʣʴʩʘʮʽʾ.cs  

ʇʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʴ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʌɺʏ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʪʠʧʫ 

ʏʝʙʠʰʝʚʘ ʽʥʚʝʨʩʥʦʛʦ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ 
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(2.32) 

ʌɺʏ ʪʠʧʫ ʝʣʽʧʪʠʯʥʠʡ (ʂʘʫʝʨʘ). 

ɸʏʍ ʽ ʌʏʍ ʌɺʏ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʝʣʽʧʪʠʯʥʦʛʦ ʤʘʶʪʴ ʚʠʛʣʷʜ, ʥʘʚʝʜʝʥʠʡ ʥʘ 

ʨʠʩʫʥʢʫ 2.10.  
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ɼʣʷ ʦʧʠʩʫ ʥʦʨʤʦʚʘʥʦʾ ɸʏʍ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʢʦʤʧʦʥʝʥʪʠ 

ʪʠʧʫ ʝʣʽʧʪʠʯʥʠʡ. ʋ ʜʘʥʦʛʦ ʌɺʏ ʻ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ - ʨʽʚʝʥʴ ʧʫʣʴʩʘʮʽʡ ʽ ʚ ʩʤʫʟʽ 

ʧʨʦʧʫʩʢʘʥʥʷ cp, ʪʘ ʚ ʩʤʫʟʽ ʟʘʪʨʠʤʘʥʥʷ cs. 

ɿʘʣʝʞʥʽʩʪʴ 
2 0a a=  ʪʘʢʘ ʞ ʷʢ ʽ ʫ ʧʦʧʝʨʝʜʥʽʭ ʬʽʣʴʪʨʽʚ. ʊʦʜʽ ʢʚʘʜʨʘʪ ɸʏʍ 

ʙʫʜʝ ʚʠʛʣʷʜʘʪʠ ʷʢ ʚʠʨʘʟ (2.31). 

ɼʣʷ ʌɺʏ ʝʣʽʧʪʠʯʥʦʛʦ ʯʘʩʪʦʪʘ ʟʨʽʟʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʨʽʚʥʽ cp. 

ɼʣʷ ʦʧʠʩʫ ɸʏʍ ʌɺʏ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʪʠʧʫ ʝʣʽʧʪʠʯʥʠʡ ʨʦʟʛʣʷʥʝʤʦ ʚʞʝ ʪʨʠ 

ʨʽʚʥʷʥʥʷ ɸʏʍ ʚʠʜʫ (2.31) ʧʨʠ ʚʽʜʥʦʩʥʽʡ ʯʘʩʪʦʪʽ 0w= , 
cw w=  ʪʘ w p= .  

ʋ ʌʏʍ ʢʦʤʧʦʥʝʥʪʠ ʪʠʧʫ ʝʣʽʧʪʠʯʥʠʡ ()0j p= , ( )cj w q= , () 0j p , ʜʝ 

ʚʝʣʠʯʠʥʘ q ʥʘ ʯʘʩʪʦʪʽ ʟʨʽʟʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ ʧʫʣʴʩʘʮʽʾ ὧὴ. 

 

ʈʠʩʫʥʦʢ 2.10 - ɸʏʍ ʽ ʌʏʍ ʌɺʏ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʪʠʧʫ ʝʣʽʧʪʠʯʥʠʡ 

 

ʇʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʴ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʌɺʏ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʪʠʧʫ 

ʝʣʽʧʪʠʯʥʠʡ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ 
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,
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.
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c c
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 (2.33) 

ʉʌ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ. 

ʋʟʘʛʘʣʴʥʝʥʽ ɸʏʍ ʪʘ ʌʏʍ ʉʌ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʤʘʶʪʴ ʚʠʛʣʷʜ, ʥʘʚʝʜʝʥʠʡ ʥʘ 

ʨʠʩʫʥʢʫ 2.11.  

 

ʈʠʩʫʥʦʢ 2.11 - ʋʟʘʛʘʣʴʥʝʥʽ ɸʏʍ ʪʘ ʌʏʍ ʉʌ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ 

  

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʩʽ ʉʌ ʨʦʟʛʣʷʥʫʪʠʭ ʨʘʥʽʰʝ ʪʠʧʽʚ ʬʽʣʴʪʨʽʚ (ɹʘʪʪʝʨʚʦʨʪʘ, 

ʏʝʙʠʰʝʚʘ, ʏʝʙʠʰʝʚʘ ʽʥʚʝʨʩʥʠʡ ʽ ʝʣʽʧʪʠʯʥʠʡ) ʤʘʶʪʴ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʽ ɸʏʍ 

ʽ ʌʏʍ, ʷʢ ʽ ʚ ʨʘʟʽ ʌʅʏ ʽ ʌɺʏ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ. ʈʽʚʥʽ ʢʦʣʠʚʘʣʴʥʦʩʪʽ cp ʪʘ cs 
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ʥʘ ʬʦʨʤʫ ɸʏʍ ʩʫʪʪʻʚʠʭ ʟʤʽʥ ʥʝ ʚʥʦʩʷʪʴ. ɰʭ ʚʧʣʠʚ ʨʽʟʢʦ ʟʨʦʩʪʘʻ ʧʨʠ ʧʦʨʷʜʢʘʭ 

ʚʠʱʝ ʧʝʨʰʦʛʦ. 

ɿ ʨʽʚʥʷʥʴ (2.17), (2.18) ʽ (2.19) ʟʘ ʫʤʦʚʠ, ʱʦ 
0 2a a=- ʪʘ 

1 0a =  ʧʽʩʣʷ 

ʧʝʨʝʪʚʦʨʝʥʴ ʦʪʨʠʤʘʻʤʦ ʢʚʘʜʨʘʪ ɸʏʍ ʚʠʜʫ 

()
()( )

( ) ( ) () ()

2

02

2 2 2

2 1 1 2 2

2 sin

1 2 1 cos 4 cos

a
H

b b b b b

w
w

w w
=
- + + + +

 (2.34) 

ʪʘ ʌʏʍ 

( ) ()
( ) ()

1 2

2

1 cos

1 sin

b b
tg

b

w
j

w

+ +
=

-
    (2.35) 

ɼʣʷ ʦʧʠʩʫ ʮʽʻʾ ʥʦʨʤʦʚʘʥʦʾ ɸʏʍ ʨʦʟʛʣʷʥʝʤʦ ʪʨʠ ʨʽʚʥʷʥʥʷ ʚʠʜʫ (2.34) ʧʨʠ 

ʚʽʜʥʦʩʥʽʡ ʯʘʩʪʦʪʽ 
1w w= , 

2w w=  ʪʘ ʚʽʜʥʦʩʥʦʾ ʯʘʩʪʦʪʽ ʧʽʢʫ pw w= , ʦʩʢʽʣʴʢʠʥʘ 

ʯʘʩʪʦʪʽ ʧʽʢʫ ʌʏʍ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʥʫʣʴ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʯʠʩʝʣʴʥʠʢ ʨʽʚʥʷʥʥʷ 

(2.35) ʤʘʻ ʜʦʨʽʚʥʶʚʘʪʠ ʥʫʣʶ 

( ) ( )1 2 1 cos 0pb b w+ + = 

ʊʦʜ ̔ ( ) ( )1 2 1 cos pb b w=- + . ɿʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʦʾ ʯʘʩʪʦʪʠ ʧʽʢʫ ɸʏʍ ʨʦʟʛʣʷʥʝʤʦ 

ʚ ɻʣʘʚʽ 3. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʱʝ ʩʢʘʟʘʥʦʛʦ ʽ ʧʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʴ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʉʌ 

ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ 
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  (3.36) 

ʈʌ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ. 

ʋʟʘʛʘʣʴʥʝʥʽ ɸʏʍ ʪʘ ʌʏʍ ʈʌ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʤʘʶʪʴ ʚʠʛʣʷʜ, ʥʘʚʝʜʝʥʠʡ ʥʘ 

ʨʠʩʫʥʢʫ 2.12.  

ʏʘʩʪʦʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʈʌ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʽʥʰʠʭ ʪʠʧʽʚ ʤʘʶʪʴ 

ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʽ ɸʏʍ ʽ ʌʏʍ, ʷʢ ʽ ʚ ʨʘʟʽ ʌʅʏ ʽ ʌɺʏ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ. ʈʽʚʥʽ 

ʢʦʣʠʚʘʣʴʥʦʩʪʽ cp ʪʘ cs ʥʘ ʬʦʨʤʫ ɸʏʍ ʩʫʪʪʻʚʠʭ ʟʤʽʥ ʥʝ ʚʥʦʩʷʪʴ. ɰʭ ʚʧʣʠʚ ʨʽʟʢʦ 

ʟʨʦʩʪʘʻ ʧʨʠ ʧʦʨʷʜʢʘʭ ʚʠʱʝ ʧʝʨʰʦʛʦ. 

 

ʈʠʩʫʥʦʢ 2.12 -ʋʟʘʛʘʣʴʥʝʥʽ ɸʏʍ ʪʘ ʌʏʍ ʈʌ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ 
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ɿ ʨʽʚʥʷʥʴ (2.17), (2.18) ʽ (2.19) ʟʘ ʫʤʦʚʠ, ʱʦ 
0 2a a=  ʪʘ 

1 0a  ʧʽʩʣʷ 

ʧʝʨʝʪʚʦʨʝʥʴ ʦʪʨʠʤʘʻʤʦ ʢʚʘʜʨʘʪ ɸʏʍ ʚʠʜʫ 

()
()( )

( ) ()( ) ()

2

1 02

2

2 1 2

2 sin

1 2cos 2 cos

a a
H

b b b

w
w

w w

+
=
- + + +

   (2.37) 

ʪʘ ʌʏʍ 

( ) ()
( ) ()

2

1 2

1 sin

1 cos

b
tg

b b

w
j

w

-
=-

+ +
    (2.38) 

ɼʣʷ ʦʧʠʩʫ ʮʽʻʾ ʥʦʨʤʦʚʘʥʦʾ ɸʏʍ ʨʦʟʛʣʷʥʝʤʦ ʯʦʪʠʨʠ ʨʽʚʥʷʥʥʷ ʚʠʜʫ (2.37) ʧʨʠ 

ʚʽʜʥʦʩʥʽʡ ʯʘʩʪʦʪʽ 
1w w= , 

2w w= , ʘ ʪʘʢʦʞ ʧʨʠ 0 ʪʘ ʧʨʠ “. ʉʣʽʜ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ, 

ʱʦ ʌʏʍ ʧʨʠ ʤʽʥʽʤʫʤʽ ɸʏʍ ʜʦʨʽʚʥʶʻ 
2

p
. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʥʘʤʝʥʥʠʢ ʨʽʚʥʷʥʥʷ 

(2.38) ʤʘʻ ʜʦʨʽʚʥʶʚʘʪʠ ʥʫʣʶ 

( ) ( )1 2 01 cos 0b b w+ + = 

ʊʦʜʽ ( ) ( )1 2 01 cosb b w=- + .  

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʱʝ ʩʢʘʟʘʥʦʛʦ ʽ ʧʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʴ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʈʌ 

ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ 
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 (2.39) 

 

2.4. ɺʠʩʥʦʚʢʠ 

 

ɿ ʘʥʘʣʽʟʫ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʽ ʯʘʩʪʦʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʏɿʂ ʧʝʨʰʦʛʦ ʽ 

ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʽʚ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ. 

1. ɸʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʽ ʽ ʬʘʟʦʯʘʩʪʦʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʌʅʏ ʽ ʌɺʏ 

ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʨʽʟʥʠʭ ʪʠʧʽʚ ʤʘʶʪʴ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʉʫʪʪʻʚʽ ʟʤʽʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʷʚʣʷʶʪʴʩʷ ʫ ʜʨʫʛʦʤʫ ʧʦʨʷʜʢʫ. 

2. ɸʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʽ ʽ ʬʘʟʦʯʘʩʪʦʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʉʌ ʽ ʈʌ ʧʝʨʰʦʛʦ 

ʧʦʨʷʜʢʫ, ʷʢʽ ʦʧʠʩʫʶʪʴʩʷ ʧʝʨʝʜʘʚʘʣʴʥʠʤʠ ʬʫʥʢʮʽʷʤʠ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ, ʨʽʟʥʠʭ 

ʪʠʧʽʚ, ʤʘʶʪʴ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʉʫʪʪʻʚʽ ʟʤʽʥʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʷʚʣʷʶʪʴʩʷ ʫ ʜʨʫʛʦʤʫ ʧʦʨʷʜʢʫ, ʧʨʠ ʦʧʠʩʽ ʧʝʨʝʜʘʚʘʣʴʥʦʾ 

ʬʫʥʢʮʽʾ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʫ. 

3. ɼʣʷ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʌʅʏ ʽ ʌɺʏ ʭʘʨʘʢʪʝʨʥʦ 

ʨʽʚʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ʯʠʩʝʣʴʥʠʢʘ 0 1a a= , ʘʣʝ ʜʣʷ ʌʅʏ - 
0 1a a= , ʘ ʜʣʷ ʌɺʏ

0 1a a=-. 
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4. ɼʣʷ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʌʅʏ ʽ ʌɺʏ ʤʘʻ ʤʽʩʮʝ 

ʨʽʚʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ʯʠʩʝʣʴʥʠʢʘ 
0 2a a= , ʘ ʢʦʝʬʽʮʽʻʥʪ 

1a  ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʨʽʟʥʽ 

ʟʥʘʯʝʥʥʷ. 

5. ʊʘʢʘ ʩʘʤʘ ʢʘʨʪʠʥʘ ʚʠʷʚʣʷʻʪʴʩʷ ʽ ʜʣʷ ʉʌ ʪʘ ʈʌ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ, ʢʦʣʠ 

ʢʦʝʬʽʮʽʻʥʪʠ ʯʠʩʝʣʴʥʠʢʘ 
0 2a a= , ʘ ʢʦʝʬʽʮʽʻʥʪ 

1a  ʜʣʷ ʉʌ ʜʦʨʽʚʥʶʻ ʥʫʣʶ 
1 0,a =

ʘ ʜʣʷ ʈʌ ʤʘʻ ʨʽʟʥʽ ʟʥʘʯʝʥʥʷ 
1 0a . 

6. ʋ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʽ ʯʘʩʪʦʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʏɿʂ ʧʝʨʰʦʛʦ ʽ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʽʚ ʩʢʣʘʜʝʥʽ ʢʦʥʢʨʝʪʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ 

ʢʦʤʧʦʥʝʥʪ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʾʭ ʯʘʩʪʦʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʩʪʨʫʢʪʫʨʫʚʘʪʠ ʾʭ ʧʝʨʝʜʘʚʘʣʴʥʽ ʬʫʥʢʮʽʾ. ʊʘʢʝ ʫʷʚʣʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ ʜʦʟʚʦʣʷʻ ʧʝʨʝʡʪʠ ʜʦ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʘ ʧʝʨʝʙʫʜʦʚʠ ʏɿʂ ʟʽ ʟʤʝʥʰʝʥʠʤʠ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʧʨʠ ʟʥʘʭʦʜʞʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʝʨʝʜʘʚʘʣʴʥʦʾ 

ʬʫʥʢʮʽʾ ʧʦ ʟʘʜʘʥʠʭ ʯʘʩʪʦʪʘʭ ʟʨʽʟʫ ʘʙʦ ʩʤʫʟʽ ʯʘʩʪʦʪ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʥʘʥʦ ʜʨʫʛʝ ʟʘʚʜʘʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʨʦʟʨʦʙʣʝʥʦ ʥʦʚʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʏɿʂ ʧʝʨʰʦʛʦ ʽ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʽʚ, ʷʢʽ 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʯʘʩʪʦʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʥʝʥʪ. 

ʄʦʞʥʘ ʩʬʦʨʤʫʣʶʚʘʪʠ ʧʝʨʰʠʡ ʧʫʥʢʪ ʥʘʫʢʦʚʦʾ ʥʦʚʠʟʥʠ: 

ɺʧʝʨʰʝ ʧʦʙʫʜʦʚʘʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʯʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʠʭ ʢʦʤʧʦʥʝʥʪ, ʷʢʽ, 

ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ, ʚʨʘʭʦʚʫʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʾʭ ʯʘʩʪʦʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʤʝʪʦʜʠ ʧʝʨʝʙʫʜʦʚʠ ʟʽ ʟʤʝʥʰʝʥʠʤʠ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʥʘ ʧʽʜʩʪʘʚʽ ʟʥʘʭʦʜʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʧʦ ʟʘʜʘʥʠʭ ʯʘʩʪʦʪʘʭ ʟʨʽʟʫ. 

 

2.5. ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 

 

1. ʋʭʠʥʘ ɸ. ɸʥʘʣʠʟ ʧʝʨʝʜʘʪʦʯʥʳʭ ʬʫʥʢʮʠʡ ʮʠʬʨʦʚʳʭ ʯʘʩʪʦʪʥʦ-ʟʘʚʠʩʠʤʳʭ 

ʢʦʤʧʦʥʝʥʪ ʥʠʟʢʦʛʦ ʧʦʨʷʜʢʘ.ɾʫʨʥʘʣ ñɸʚʪʦʤʘʪʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ 
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ʈʆɿɼɯʃ 3 

ʄɽʊʆɼ ʇɽʈɽɹʋɼʆɺʀ ʏɿʂ ɿɯ ɿʄɽʅʐɽʅʀʄʀ 

ʆɹʏʀʉʃʖɺɸʃʔʅʀʄʀ ɺʀʊʈɸʊɸʄʀ 

 

ʅʘ ʧʽʜʩʪʘʚʽ ʦʪʨʠʤʘʥʠʭ ʤʦʜʝʣʝʡ ʏɿʂ ʟʥʘʡʜʝʤʦ ʢʦʝʬʽʮʽʻʥʪʠ ʧʝʨʝʜʘʚʘʣʴʥʦʾ 

ʬʫʥʢʮʽʾ ʏɿʂ ʧʦ ʟʘʜʘʥʽʡ ʯʘʩʪʦʪʽ ʟʨʽʟʫ (ʯʘʩʪʦʪʘʤ ʟʨʽʟʫ) ʽ ʨʽʚʥʷʤ ʢʦʣʠʚʘʣʴʥʦʩʪʽ. 

 

3.1. ɿʥʘʭʦʜʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʏɿʂ 

ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʟʽ ʟʤʝʥʰʝʥʠʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʚʠʪʨʘʪʘʤʠ 

 

ʅʘ ʧʽʜʩʪʘʚʽ ʤʦʜʝʣʽ ʪʘʢʦʛʦ ʏɿʂ (2.20) 
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    (3.1) 

ɿʥʘʡʜʝʤʦ ʢʦʝʬʽʮʽʻʥʪ ʟʥʘʤʝʥʥʠʢʘ b. ʇʽʜʩʪʘʚʠʤʦ ʧʝʨʰʝ ʨʽʚʥʷʥʥʷ ʜʦ ʪʨʝʪʴʦʛʦ 

[1]. ʊʦʜʽ ʦʪʨʠʤʘʻʤʦ 
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ʇʝʨʝʭʦʜʷʯʠ ʜʦ ʨʽʚʥʷʥʥʷ 
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ɺʠʜʽʣʠʤʦ ʢʦʝʬʽʮʽʻʥʪ b 
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ɺʠʨʽʰʫʶʯʠ ʮʝ ʢʚʘʜʨʘʪʥʝ ʨʽʚʥʷʥʥʷ ʽ ʧʨʦʚʽʚʰʠ ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ 

ʤʦʞʥʘ ʚʢʘʟʘʪʠ 
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   (3.2) 

ɼʣʷ ʌʅʏ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʦʪʨʠʤʘʥʘ ʬʦʨʤʫʣʘ ʜʦʟʚʦʣʷʻ ʟʥʘʡʪʠ ʽʥʰʽ 

ʢʦʝʬʽʮʽʻʥʪʠ ʽ ʟʘʣʝʞʥʦʩʪʽ ʮʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʽʜ ʯʘʩʪʦʪʠ ʟʨʽʟʫ cw  ʪʘ ʨʽʚʥʷ c, ʨʠʩ. 

3.1-3.2 

 

ʈʠʩʫʥʦʢ 3.1 -ɻʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʘ ʯʠʩʝʣʴʥʠʢʘ ʽ ʟʥʘʤʝʥʥʠʢʘ b

ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʌʅʏ ɹʘʪʪʝʨʚʦʨʪʘ ʚʽʜ ʯʘʩʪʦʪʠ ʟʨʽʟʫ ʬʽʣʴʪʨʘ cw  
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ʈʠʩʫʥʦʢ 3.2 -ɿʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʘ ʟʥʘʤʝʥʥʠʢʘ b ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ 

ʌʅʏ ʏʝʙʠʰʝʚʘ ʽʥʚʝʨʩʥʦʛʦ ʚʽʜ ʯʘʩʪʦʪʠ ʟʨʽʟʫ ʬʽʣʴʪʨʘ cw  ʧʨʠ ʧʦʢʘʟʥʠʢʫ 

ʧʫʣʴʩʘʮʽʡ ʚ ʩʤʫʟʽ ʟʘʪʨʠʤʘʥʥʷ RS = -0,05 ʜɹ; RS = -3 ʜɹ; RS = -20 ʜɹ. 

 

ʆʜʥʘʢ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʝ ʫʷʚʣʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʘ ʟʥʘʤʝʥʥʠʢʘbʚʽʜ 

ʯʘʩʪʦʪʠ ʟʨʽʟʫ cw  ʽ ʨʽʚʥʷ c  ʥʝ ʟʦʚʩʽʤ ʚʜʘʣʝ ʚ ʧʣʘʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʚʠʪʨʘʪ. 

ɿʘʧʨʦʚʘʜʠʤʦ ʜʝʷʢʫ ʜʦʜʘʪʢʦʚʫ ʚʝʣʠʯʠʥʫ x ʪʘʢ, ʱʦʙ 

cos
2

c
xå õ

= æ ö
ç ÷

.     (3.3) 

ɸʙʦ ʜʦʜʘʪʢʦʚʘ ʚʝʣʠʯʠʥʘ ʜʦʨʽʚʥʶʻ ()2arccoscx= , ʚʝʣʠʯʠʥʘ c  ʟʥʘʭʦʜʠʪʴʩʷ 

ʚ ʜʽʘʧʘʟʦʥʽ 0 1c< <. 

ʊʦʜʽ ʧʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ (3.3) ʚ (3.2) ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʙʽʣʴʰ ʧʨʦʩʪʠʡ ʚʠʩʣʽʚ 

ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ 

sin
2

sin
2

c

c

b

w x

w x

-å õ
æ ö
ç ÷=
+å õ

æ ö
ç ÷

.     (3.4) 

ʊʘʢʝ ʫʷʚʣʝʥʥʷ ʟʥʘʯʥʦ ʟʤʝʥʰʫʻ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʚʠʪʨʘʪʠ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ. ʆʪʨʠʤʘʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ 

ʢʦʝʬʽʮʽʻʥʪʘ b ʟʨʫʯʥʽ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʜʣʷ ʘʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʥʘ ʦʩʥʦʚʽ 

ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʦʾ ʪʝʭʥʽʢʠ. ʄʦʞʥʘ ʟʘʧʠʩʘʪʠ ʚ ʧʘʤ'ʷʪʽ ʟʥʘʯʝʥʥʷ ʩʠʥʫʩʽʚ ʽ 

ʢʦʩʠʥʫʩʽʚ ʚ ʟʘʜʘʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʟʨʽʟʫ ʟ ʟʘʜʘʥʠʤ ʢʨʦʢʦʤ. 


