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ɸʅʆʊɸʎɯʗ 

 

ʗʥʽʮʢʽ ʇʴʦʪʨ, ʉʪʘʥʽʩʣʘʚ. ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʙʝʟʚʠʩʪʽʡʥʦʛʦ 

ʦʙʨʽʟʫʚʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʝʢʩʮʝʥʪʨʠʯʥʠʤʠ ʜʠʩʢʦʚʠʤʠ ʥʦʞʘʤʠ. ï 

ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.05.01 ï ʤʘʰʠʥʠ ʽ ʧʨʦʮʝʩʠ ʧʦʣʽʛʨʘʬʽʯʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ (18 ï 

ʚʠʨʦʙʥʠʮʪʚʦ ʽ ʪʝʭʥʦʣʦʛʽʾ), ʋʢʨʘʾʥʩʴʢʘ ʘʢʘʜʝʤʽʷ ʜʨʫʢʘʨʩʪʚʘ ʄʽʥʽʩʪʝʨʩʪʚʘ 

ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ, ʤ. ʃʴʚʽʚ, 2021. 

ɼʠʩʝʨʪʘʮʽʷ ʧʨʠʩʚʷʯʝʥʘ ʨʦʟʚôʷʟʘʥʥʶ ʘʢʪʫʘʣʴʥʦʛʦ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʦʛʦ 

ʟʘʚʜʘʥʥʷ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʙʝʟʚʠʩʪʽʡʥʦʛʦ ʦʙʨʽʟʫʚʘʥʥʷ 

ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʥʘ ʧʽʜʩʪʘʚʽ ʨʦʟʨʦʙʣʝʥʥʷ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʦʛʦ ʩʧʦʩʦʙʫ 

ʪʨʴʦʭʩʪʦʨʦʥʥʴʦʛʦ ʦʙʨʽʟʫʚʘʥʥʷ ʙʣʦʢʽʚ ʝʢʩʮʝʥʪʨʠʯʥʠʤʠ ʜʠʩʢʦʚʠʤʠ ʥʦʞʘʤʠ, 

ʨʦʟʚôʷʟʘʥʥʷ ʷʢʦʛʦ ʟʘʙʝʟʧʝʯʠʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʽʩʣʷʜʨʫʢʘʨʩʴʢʦʾ ʦʙʨʦʙʢʠ ʚʠʜʘʥʴ 

ʟʘ ʨʘʭʫʥʦʢ ʚʠʱʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʘʚʪʦʤʘʪʠʯʥʠʭ ʧʦʪʦʢʦʚʠʭ ʣʽʥʽʡ ʪʘ ʷʢʦʩʪʽ 

ʦʙʨʽʟʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʩʪʚʦʨʠʪʴ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ 

ʱʦʜʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʦʚʠʭ ʨʽʟʘʣʴʥʠʭ ʩʝʢʮʽʡ ʧʦʪʦʢʦʚʠʭ ʣʽʥʽʡ. 

ʋ ʚʩʪʫʧʽ ʦʙˇʨʫʥʪʦʚʘʥʦ ʚʠʙʽʨ ʪʝʤʠ ʪʘ ʘʢʪʫʘʣʴʥʽʩʪʴ ʜʠʩʝʨʪʘʮʽʡʥʦʾ 

ʨʦʙʦʪʠ, ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʤʝʪʫ ʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʚʠʩʚʽʪʣʝʥʦ ʥʘʫʢʦʚʫ ʥʦʚʠʟʥʫ 

ʽ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʾʭ ʘʧʨʦʙʘʮʽʶ, ʚʽʜʟʥʘʯʝʥʦ ʤʝʪʦʜʠ 

ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʦʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ ʫ ʩʧʽʣʴʥʠʭ ʧʫʙʣʽʢʘʮʽʷʭ, ʥʘʚʝʜʝʥʦ 

ʢʽʣʴʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʩʪʦʩʦʚʥʦ ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ, ʩʪʨʫʢʪʫʨʠ ʪʘ 

ʦʙʩʷʛʫ ʜʠʩʝʨʪʘʮʽʾ. 

ʋ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ çɸʥʘʣʽʟ ʧʨʦʮʝʩʽʚ ʨʽʟʘʥʥʷ ʧʘʧʝʨʫ ʪʘ ʥʘʧʨʷʤʢʽʚ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ  ʪʝʭʥʦʣʦʛʽʡ ʙʝʟʚʠʩʪʽʡʥʦʛʦ ʪʨʴʦʭʩʪʦʨʦʥʥʴʦʛʦ ʦʙʨʽʟʫʚʘʥʥʷ 

ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚè ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʨʽʟʘʥʥʷ 

ʢʥʠʞʢʦʚʦ-ʞʫʨʥʘʣʴʥʠʭ ʙʣʦʢʽʚ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʫʯʘʩʥʝ ʚʠʨʦʙʥʠʮʪʚʦ 

ʧʘʧʝʨʦʨʽʟʘʣʴʥʠʭ ʤʘʰʠʥ ʽʜʝ ʰʣʷʭʦʤ ʤʘʢʩʠʤʘʣʴʥʦʾ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʜʦʧʦʤʽʞʥʠʭ 

ʦʧʝʨʘʮʽʡ, ʘʣʝ ʩʘʤ ʧʨʠʥʮʠʧ ʨʽʟʘʥʥʷ ʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʠʤ ʧʨʦʪʷʛʦʤ ʙʘʛʘʪʴʦʭ 

ʨʦʢʽʚ, ʱʦ ʟʥʘʯʥʦ ʦʙʤʝʞʫʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʨʴʦʭʩʪʦʨʦʥʥʴʦʛʦ ʦʙʨʽʟʫʚʘʥʥʷ 

ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʚ ʧʦʪʦʢʦʚʠʭ ʣʽʥʽʷʭ. ɺʠʢʦʥʘʥʠʡ ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ 
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ʪʘ ʥʘʧʨʷʤʽʚ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ ʪʨʴʦʭʩʪʦʨʦʥʥʴʦʛʦ ʦʙʨʽʟʫʚʘʥʥʷ ʢʥʠʞʢʦʚʠʭ 

ʙʣʦʢʽʚ ʚʠʷʚʠʚ ʥʝʚʠʢʦʨʠʩʪʘʥʽ ʨʝʟʝʨʚʠ ʚ ʩʧʨʘʚʽ  ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʫ 

ʙʝʟʚʠʩʪʽʡʥʦʛʦ ʦʙʨʽʟʫʚʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʪʘ ʧʽʜʪʚʝʨʜʠʚ ʜʦʮʽʣʴʥʽʩʪʴ 

ʧʦʜʘʣʴʰʠʭ  ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʮʝʩʽʚ ʨʽʟʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʝʢʩʮʝʥʪʨʠʯʥʠʭ ʜʠʩʢʦʚʠʭ ʥʦʞʽʚ. 

ʋ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ çɼʦʩʣʽʜʞʝʥʥʷ ʢʽʥʝʤʘʪʠʢʠ ʧʨʦʮʝʩʽʚ ʨʽʟʘʥʥʷ 

ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʜʠʩʢʦʚʠʤʠ ʥʦʞʘʤʠè ʧʨʦʚʝʜʝʥʦ ʜʝʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʽ ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʽʥʝʤʘʪʠʢʠ ʧʨʦʮʝʩʫ ʦʙʨʽʟʫʚʘʥʥʷ ʢʥʠʞʢʦʚʠʭ 

ʙʣʦʢʽʚ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʟʤʽʥ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʥʘ ʟʤʽʥʠ ʜʽʡʩʥʠʭ 

ʰʚʠʜʢʦʩʪʝʡ ʽ ʢʫʪʽʚ ʨʽʟʘʥʥʷ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʽʥʝʤʘʪʠʢʘ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ 

ʜʠʩʢʦʚʠʤ ʥʦʞʝʤ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʢʽʥʝʤʘʪʠʢʠ ʨʽʟʘʥʥʷ ʥʦʞʝʤ ʟ ʧʣʘʩʢʠʤ 

ʣʝʟʦʤ.  ɺʠʟʥʘʯʝʥʦ ʚʧʣʠʚ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ (ʥʘʧʨʷʤʫ ʦʙʝʨʪʘʥʥʷ, 

ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ, ʚʝʣʠʯʠʥʠ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ, ʜʽʘʤʝʪʨʫ ʥʦʞʘ, ʰʚʠʜʢʦʩʪʽ 

ʧʦʜʘʯʽ ʢʥʠʞʢʦʚʦʛʦ ʙʣʦʢʫ, ʢʫʪʘ ʟʘʛʦʩʪʨʝʥʥʷ ʣʝʟʘ, ʪʦʱʦ) ʥʘ ʟʤʝʥʰʝʥʥʷ ʜʽʡʩʥʦʛʦ 

ʢʫʪʘ ʨʽʟʘʥʥʷ, ʚʝʣʠʯʠʥʘ ʷʢʦʛʦ ʚʧʣʠʚʘʻ ʥʘ ʟʥʘʯʝʥʥʷ ʟʫʩʠʣʴ ʨʽʟʘʥʥʷ. ʇʨʦʚʝʜʝʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʟʘʣʝʞʥʦ ʚʽʜ ʚʠʙʨʘʥʠʭ ʚʝʣʠʯʠʥ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ, 

ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʥʦʞʘ, ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ ʢʥʠʞʢʦʚʦʛʦ ʙʣʦʢʫ ʧʨʦʮʝʩ ʨʽʟʘʥʥʷ 

ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʫ ʜʚʦʭ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ: ʧʝʨʝʨʠʚʯʘʩʪʝ (ʽʤʧʫʣʴʩʥʝ) ʨʽʟʘʥʥʷ, 

ʢʦʣʠ ʣʝʟʦ  ʥʦʞʘ ʥʘ ʧʝʚʥʦʤʫ ʝʪʘʧʽ ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ  ʚʠʭʦʜʠʪʴ ʽʟ ʢʦʥʪʘʢʪʫ ʽʟ 

ʢʥʠʞʢʦʚʠʤ ʙʣʦʢʦʤ, ʪʘ ʙʝʟʧʝʨʝʨʚʥʝ (ʧʦʩʪʽʡʥʝ) ʨʽʟʘʥʥʷ, ʢʦʣʠ ʣʝʟʦ ʥʦʞʘ 

ʧʦʩʪʽʡʥʦ ʢʦʥʪʘʢʪʫʻ ʽʟ ʢʥʠʞʢʦʚʠʤ ʙʣʦʢʦʤ ʚ ʮʠʢʣʽ ʧʦʚʥʦʛʦ ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ, ̫ ʢʘ ʜʘʻ ʟʤʦʛʫ ʚʠʟʥʘʯʘʪʠ ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ 

ʧʨʠ ʚʠʙʦʨʽ ʟʘʜʘʥʦʛʦ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʨʦʮʝʩʽʚ ʦʙʨʽʟʢʠ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʧʦʢʘʟʘʣʠ ʤʦʞʣʠʚʽʩʪʴ ʽʩʥʫʚʘʥʥʷ 

ʭʘʨʘʢʪʝʨʥʠʭ ʩʝʢʪʦʨʽʚ ʨʽʟʘʥʥʷ ʥʘ ʣʝʟʽ ʝʢʩʮʝʥʪʨʠʢʦʚʦʛʦ ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ: 

ʩʝʢʪʦʨʘ, ʱʦ ʨʽʞʝ ʙʣʦʢ ʥʘ ʧʦʚʥʫ ʪʦʚʱʠʥʫ; ʯʘʩʪʢʦʚʦ ʨʽʞʫʯʽ ʩʝʢʪʦʨʠ (ʧʨʠ ʨʽʟʘʥʥʽ 

ʥʝʧʦʚʥʦʾ ʪʦʚʱʠʥʠ ʙʣʦʢʫ) ʪʘ ʩʝʢʪʦʨ, ʜʝ ʥʽʞ ʥʝ ʙʝʨʝ ʫʯʘʩʪʴ ʫ ʧʨʦʮʝʩʽ ʨʽʟʘʥʥʷ. 

ʈʦʟʤʽʨ ʽ ʧʦʣʦʞʝʥʥʷ ʥʘ ʥʦʞʽ ʮʠʭ ʭʘʨʘʢʪʝʨʥʠʭ ʩʝʢʪʦʨʽʚ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʠʙʨʘʥʠʭ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʪʘ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ. ɸʥʘʣʽʪʠʯʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʰʣʷʭʫ, ʷʢʠʡ ʧʨʦʭʦʜʠʪʴ ʪʦʯʢʘ ʣʝʟʘ ʝʢʩʮʝʥʪʨʠʯʥʦʛʦ ʜʠʩʢʦʚʦʛʦ 
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ʥʦʞʘ ʚ ʧʨʦʮʝʩʽ ʨʽʟʘʥʥʷ ʢʥʠʞʢʦʚʦʛʦ ʙʣʦʢʫ, ʧʦʢʘʟʘʣʠ, ʱʦ ʜʦʚʞʠʥʘ ʨʽʟʘʥʥʷ 

(ʫʤʦʚʥʽ ʩʣʽʜʠ ʟʨʽʟʫ) ʚ ʧʝʨʝʨʠʚʯʘʩʪʦʤʫ ʨʝʞʠʤʽ ʻ ʢʦʨʦʪʰʦʶ ʟʘ ʜʦʚʞʠʥʫ ʨʽʟʘʥʥʷ 

ʚ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʨʝʞʠʤʽ ʽ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ. 

ʋ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ çʆʧʠʩ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʫ, ʚʠʤʽʨʶʚʘʣʴʥʦʾ 

ʘʧʘʨʘʪʫʨʠ ʪʘ ʤʝʪʦʜʦʣʦʛʽʾ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷè ʥʘ ʦʩʥʦʚʽ ʪʝʦʨʝʪʠʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʟʘʧʨʦʝʢʪʦʚʘʥʦ ʪʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʧʠʩ ʚʠʛʦʪʦʚʣʝʥʦʛʦ ʦʨʠʛʽʥʘʣʴʥʦʛʦ 

ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʘ, ʷʢʠʡ ʜʦʟʚʦʣʠʚ ʧʨʦʚʝʩʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʙʝʟʚʠʩʪʽʡʥʦʛʦ ʩʧʦʩʦʙʫ ʦʙʨʽʟʫʚʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʪʘ ʟʜʽʡʩʥʠʪʠ ʘʥʘʣʽʟ 

ʚʧʣʠʚʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʽʟʘʥʥʷ ʝʢʩʮʝʥʪʨʠʯʥʠʤʠ ʜʠʩʢʦʚʠʤʠ ʥʦʞʘʤʠ 

ʥʘ ʩʠʣʦʚʽ ʽ ʷʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʩʪʝʥʜ 

ʜʦʟʚʦʣʷʚ ʧʨʦʚʦʜʠʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʨʽʟʫʚʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʜʦʚʞʠʥʦʶ ʜʦ 

240 ʤʤ ʽ ʪʦʚʱʠʥʦʶ ʜʦ 30 ʤʤ ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ ʜʦ 2 ʤ/ʩ, ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ 

ʥʦʞʽʚ ʜʦ 3000 ʦʙ/ʭʚ, ʟʤʽʥʽ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ ʥʦʞʽʚ ʚʽʜ  0 ʜʦ 3 ʤʤ. ʈʝʻʩʪʨʘʮʽʷ 

ʩʢʣʘʜʦʚʠʭ ʩʠʣʠ ʨʽʟʘʥʥʷ ʪʘ ʦʙʨʦʙʢʘ ʦʩʮʠʣʦʛʨʘʤ ʟʜʽʡʩʥʶʚʘʣʠʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʪʝʥʟʦʤʝʪʨʠʯʥʦʾ ʘʧʘʨʘʪʫʨʠ ʟ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʩʠʛʥʘʣʽʚ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʦʾ ʘʧʘʨʘʪʫʨʠ ʪʘ ʩʧʝʮʽʘʣʴʥʠʭ ʧʨʦʛʨʘʤ. ʆʮʽʥʢʘ ʷʢʦʩʪʽ 

ʦʙʨʽʟʫʚʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʧʨʦʚʦʜʠʣʘʩʴ ʦʧʪʠʯʥʠʤ ʤʝʪʦʜʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʮʠʬʨʦʚʦʛʦ ʤʽʢʨʦʩʢʦʧʫ, ʘ ʟʘʪʫʧʣʝʥʥʷ ʣʝʟʘ ʝʢʩʮʝʥʪʨʠʯʥʦʛʦ ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ ï 

ʚʠʤʽʨʶʚʘʥʥʷʤ ʟʥʦʰʫʚʘʥʥʷ ʣʝʟʘ ʩʧʝʮʽʘʣʴʥʠʤ ʤʽʢʨʦʤʝʪʨʠʯʥʠʤ ʽʥʜʠʢʘʪʦʨʦʤ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʢʨʠʪʝʨʽʻʤ 

ʦʮʽʥʶʚʘʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʩʬʦʨʤʫʣʴʦʚʘʥʠʭ ʥʘʫʢʦʚʠʭ ʚʠʚʦʜʽʚ. 

ʋ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ çʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʨʽʟʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʝʢʩʮʝʥʪʨʠʯʥʠʤʠ ʜʠʩʢʦʚʠʤʠ ʥʦʞʘʤʠè  ʚʩʪʘʥʦʚʣʝʥʦ 

ʧʨʘʢʪʠʯʥʫ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʢʩʮʝʥʪʨʠʯʥʠʭ ʜʠʩʢʦʚʠʭ ʥʦʞʽʚ ʜʣʷ 

ʙʝʟʚʠʩʪʽʡʥʦʛʦ ʦʙʨʽʟʫʚʘʥʥʷ ʢʥʠʞʥʠʭ ʙʣʦʢʽʚ ʟ ʪʨʴʦʭ ʩʪʦʨʽʥ. ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʷʚʣʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘ ʩʢʣʘʜʦʚʽ ʩʠʣʠ 

ʨʽʟʘʥʥʷ ʤʘʶʪʴ: ʰʚʠʜʢʽʩʪʴ ʧʦʜʘʯʽ ʙʣʦʢʫ, ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ, ʚʝʣʠʯʠʥʘ 

ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ ʪʘ ʪʦʚʱʠʥʘ ʙʣʦʢʫ. ɽʢʩʧʝʨʠʤʝʥʪʠ ʧʦʚʥʽʩʪʶ ʧʽʜʪʚʝʨʜʠʣʠ 

ʚʠʩʫʥʫʪʫ ʛʽʧʦʪʝʟʫ ʧʨʦ ʤʦʞʣʠʚʝ ʚʠʥʠʢʥʝʥʥʷ ʽʤʧʫʣʴʩʥʦʛʦ ʨʝʞʠʤʫ ʦʙʨʦʙʢʠ ʚ 

ʦʯʽʢʫʚʘʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʚʠʙʨʘʥʠʭ ʰʚʠʜʢʽʩʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʽʟʘʥʥʷ. ʆʪʨʠʤʘʥʽ 
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ʦʩʮʠʣʦʛʨʘʤʠ ʟʘʧʠʩʫ ʩʠʣ ʨʽʟʘʥʥʷ ʟʘʩʚʽʜʯʫʶʪʴ, ʱʦ ʫ ʨʝʞʠʤʽ ʙʝʟʧʝʨʝʨʚʥʦʛʦ 

ʨʽʟʘʥʥʷ ʚʠʥʠʢʘʶʪʴ ʮʠʢʣʽʯʥʽ ʢʦʣʠʚʘʥʥʷ ʩʠʣʠ ʨʽʟʘʥʥʷ ʚʽʜ ʜʽʾ ʝʢʩʮʝʥʪʨʠʯʥʦʛʦ 

ʥʦʞʘ, ʦʜʥʘʢ ʯʝʨʝʟ ʙʽʣʴʰʫ ʰʚʠʜʢʽʩʪʴ ʧʦʜʘʯʽ ʙʣʦʢʘ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ ʣʝʟʦ 

ʥʦʞʘ ʥʝ ʚʠʭʦʜʠʪʴ ʟ ʢʦʥʪʘʢʪʫ ʟ ʨʦʟʨʽʟʫʚʘʥʠʤ ʩʪʦʩʦʤ ʧʘʧʝʨʫ. ʋ ʨʝʞʠʤʽ 

ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ (ʽʤʧʫʣʴʩʥʦʛʦ) ʨʽʟʘʥʥʷ ʟʘʨʝʻʩʪʨʦʚʘʥʦ ʧʘʜʽʥʥʷ ʩʠʣʠ ʥʘ ʥʦʞʽ 

ʧʨʘʢʪʠʯʥʦ ʜʦ ʥʫʣʷ, ʢʦʣʠ ʣʝʟʦ ʚʠʭʦʜʠʪʴ ʟ ʧʘʧʝʨʫ, ʽ ʟʙʽʣʴʰʝʥʥʷ ʩʠʣʠ, ʚʽʜ 

ʤʦʤʝʥʪʫ ʥʦʚʦʛʦ ʢʦʥʪʘʢʪʫ ʨʽʞʫʯʦʾ ʢʨʘʡʢʠ ʥʦʞʘ ʟ ʙʣʦʢʦʤ. ʎʠʢʣʽʯʥʽ ʢʦʣʠʚʘʥʥʷ 

ʪʘ ʟʤʝʥʰʝʥʥʷ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ʜʽʡʩʥʦʛʦ ʢʫʪʘ ʨʽʟʘʥʥʷ ʥʦʞʘ, ʘ ʪʘʢʦʞ 

ʜʠʥʘʤʽʯʥʠʡ ʭʘʨʘʢʪʝʨ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʣʝʟʦʤ ʥʦʞʘ ʪʘ ʩʪʦʩʦʤ ʧʘʧʝʨʫ ʧʨʠʟʚʦʜʷʪʴ 

ʜʦ ʟʤʝʥʰʝʥʥʷ ʩʠʣ ʨʽʟʘʥʥʷ. ʇʝʨʝʨʠʚʯʘʩʪʠʡ ʭʘʨʘʢʪʝʨ ʨʽʟʘʥʥʷ ʪʘʢʦʞ ʧʽʜʚʠʱʫʻ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʙʨʦʙʢʠ ʜʠʩʢʦʚʠʤ ʥʦʞʝʤ ʟʘ ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ 

ʟʦʥʽ ʨʽʟʘʥʥʷ ʯʝʨʝʟ ʧʝʨʽʦʜʠʯʥʫ ʚʽʜʩʫʪʥʽʩʪʴ ʢʦʥʪʘʢʪʫ ʤʽʞ ʣʝʟʦʤ ʥʦʞʘ ʽ 

ʢʥʠʞʢʦʚʠʤ ʙʣʦʢʦʤ. ʅʘ ʧʽʜʩʪʘʚʽ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʦʙʨʽʟʢʠ ʙʣʦʢʽʚ ʟ ʨʽʟʥʠʭ ʚʠʜʽʚ ʧʘʧʝʨʫ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʟʫʩʪʨʽʯʥʦʤʫ ʨʽʟʘʥʥʽ 

ʩʠʣʘ ʧʦʜʘʯʽ ʙʣʦʢʘ ʻ ʤʝʥʰʦʶ, ʥʽʞ ʧʨʠ ʧʦʧʫʪʥʦʤʫ. ɽʢʩʧʝʨʠʤʝʥʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ 

ʽʤʧʫʣʴʩʥʝ ʨʽʟʘʥʥʷ, ʷʢ ʽ ʙʝʟʧʝʨʝʨʚʥʝ, ʥʝ ʜʦʟʚʦʣʷʻ ʦʙʨʦʙʣʷʪʠ ʦʜʥʠʤ ʥʦʞʝʤ 

ʙʣʦʢʠ ʪʦʚʱʠʥʦʶ ʙʽʣʴʰʦʶ ʟʘ 12ï15ʤʤ. ɼʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʧʨʠ 

ʦʙʨʽʟʫʚʘʥʥʽ ʙʣʦʢʽʚ ʙʽʣʴʰʦʾ ʪʦʚʱʠʥʠ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʢʦʥʮʝʧʮʽʷ ʨʦʟʤʽʱʝʥʥʷ 

ʜʝʢʽʣʴʢʦʭ ʥʦʞʽʚ ʟ ʨʽʟʥʠʭ ʙʦʢʽʚ ʪʘ ʟʘʩʪʦʩʦʚʫʚʘʥʥʷ ʧʨʠʥʮʠʧʫ ʟʫʩʪʨʽʯʥʦʛʦ 

ʨʽʟʘʥʥʷ ʝʢʩʮʝʥʪʨʠʯʥʠʤʠ ʜʠʩʢʦʚʠʤʠ ʥʦʞʘʤʠ ʟ ʧʘʨʘʤʝʪʨʘʤʠ ʨʽʟʘʥʥʷ, 

ʨʝʢʦʤʝʥʜʦʚʘʥʠʤʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ.  

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʥʘ ʦʩʥʦʚʽ 

ʘʥʘʣʽʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʜʠʩʝʨʪʘʮʽʾ: 

ʚʧʝʨʰʝ 

- ʚʩʪʘʥʦʚʣʝʥʦ ʥʘ ʦʩʥʦʚʽ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʦʙʨʽʟʫʚʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʝʢʩʮʝʥʪʨʠʯʥʠʭ 

ʜʠʩʢʦʚʠʭ ʥʦʞʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʜʦʩʷʛʥʝʥʥʷ ʝʬʝʢʪʫ ʚʽʙʨʘʮʽʡʥʦʛʦ ʨʽʟʘʥʥʷ ʧʨʠ 

ʟʤʝʥʰʝʥʥʽ ʩʠʣʠ ʨʽʟʘʥʥʷ ʪʘ ʚʠʩʦʢʽʡ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʟʨʽʟʫ;  

- ʚʠʷʚʣʝʥʦ ʥʘ ʧʽʜʩʪʘʚʽ ʢʦʤʧôʁ ʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ 

ʝʢʩʮʝʥʪʨʠʯʥʦʛʦ ʨʽʟʘʥʥʷ, ʱʦ ʧʦʣʷʛʘʶʪʴ ʚ ʽʤʧʫʣʴʩʥʽʡ ʜʽʾ ʣʝʟʘ ʥʦʞʘ ʥʘ ʧʘʧʽʨ, 
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ʟʤʝʥʰʝʥʥʽ ʜʽʡʩʥʦʛʦ ʢʫʪʘ ʨʽʟʘʥʥʷ ʽ ʪʨʘʻʢʪʦʨʽʾ ʢʦʥʪʘʢʪʫ ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ ʟ 

ʦʙʨʦʙʣʶʚʘʥʠʤ ʙʣʦʢʦʤ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʧʽʜʚʠʱʫʻʪʴʩʷ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ 

ʦʙʨʽʟʫʚʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʪʘ ʧʦʜʦʚʞʫʻʪʴʩʷ ʩʪʨʦʢ ʩʣʫʞʙʠ ʨʽʟʘʣʴʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʘ; 

- ʚʠʟʥʘʯʝʥʦ ʫ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʴ ʦʧʪʠʤʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʘʨʘʤʝʪʨʽʚ ʜʠʩʢʦʚʠʭ ʥʦʞʽʚ, ʷʢʽ ʩʪʦʩʫʶʪʴʩʷ ʾʭ ʜʽʘʤʝʪʨʘ, ʢʫʪʘ ʟʘʪʦʯʫʚʘʥʥʷ, 

ʚʽʜʩʪʘʥʽ ʤʽʩʮʷ ʨʽʟʘʥʥʷ ʚʽʜ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ, ʰʚʠʜʢʦʩʪʽ ʪʘ ʥʘʧʨʷʤʫ 

ʦʙʝʨʪʘʥʥʷ, ʟʥʘʯʝʥʥʷ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ ʪʘ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʣʝʞʥʫ ʷʢʽʩʪʴ ʦʙʨʦʙʢʠ 

ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ; 

ʫʜʦʩʢʦʥʘʣʝʥʦ  

- ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʙʝʟʚʠʩʪʽʡʥʦʛʦ ʦʙʨʽʟʫʚʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʟʘ 

ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʢʩʮʝʥʪʨʠʯʥʠʭ ʜʠʩʢʦʚʠʭ ʥʦʞʽʚ ʪʘ ʚʠʟʥʘʯʝʥʥʷ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʢʦʥʮʝʧʪʫʘʣʴʥʠʭ ʨʽʰʝʥʴ ʩʪʦʩʦʚʥʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʨʠʩʪʦʨʦʥʥʽʭ 

ʩʠʩʪʝʤ ʨʽʟʘʥʥʷ ʷʢ ʢʦʤʧʦʥʝʥʪ ʧʦʪʦʢʦʚʠʭ ʣʽʥʽʡ ʟ ʦʙʨʦʙʢʠ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʫ ʨʦʟʨʦʙʣʝʥʽ 

ʨʘʮʽʦʥʘʣʴʥʠʭ,  ʟ ʪʦʯʢʠ ʟʦʨʫ ʟʤʝʥʰʝʥʥʷ ʩʠʣ ʨʽʟʘʥʥʷ ʽ ʚʠʩʦʢʠʭ ʷʢʽʩʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʮʝʩʫ ʦʙʨʽʟʫʚʘʥʥʷ, ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʢʦʥʩʪʨʫʢʮʽʾ 

ʝʢʩʮʝʥʪʨʠʯʥʠʭ ʜʠʩʢʦʚʠʭ ʥʦʞʽʚ, ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ 

ʦʙʨʽʟʫʚʘʥʥʷ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʨʦʟʨʦʙʣʝʥʥʷ ʥʦʚʠʭ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ 

ʧʦʪʦʢʦʚʠʭ ʣʽʥʽʡ ʟ ʦʙʨʦʙʢʠ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʟʘʩʪʦʩʦʚʘʥʽ ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ɯʥʩʪʠʪʫʪʫ ʤʝʭʘʥʽʢʠ ʽ ʧʦʣʽʛʨʘʬʽʾ 

ɺʘʨʰʘʚʩʴʢʦʾ ʇʦʣʽʪʝʭʥʽʢʽ. ɺ ʜʨʫʢʘʨʥʷʭ ʉʢʣʝʥʷʞ (ʂʨʘʢʽʚ) ʪʘ ʇʦʟʢʘʣʴ 

(ɯʥʦʚʨʦʮʣʘʚ) ʚ ʇʦʣʴʱʽ ʧʨʦʚʝʜʝʥʦ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʮʝʩʫ ʦʙʨʽʟʫʚʘʥʥʷ 

ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʝʢʩʮʝʥʪʨʠʯʥʠʤʠ ʜʠʩʢʦʚʠʤʠ ʥʦʞʘʤʠ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʚʢʘʟʘʥʠʡ ʩʧʦʩʽʙ ʟʘʙʝʟʧʝʯʫʻ ʪʦʯʥʝ ʽ ʷʢʽʩʥʝ ʦʙʨʽʟʫʚʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ, 

ʚʠʛʦʪʦʚʣʝʥʠʭ ʟ ʨʽʟʥʠʭ ʚʠʜʽʚ ʧʘʧʝʨʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʙʝʟʚʠʩʪʽʡʥʝ ʦʙʨʽʟʫʚʘʥʥʷ, ʝʢʩʮʝʥʪʨʠʯʥʠʡ ʜʠʩʢʦʚʠʡ ʥʽʞ, 

ʢʥʠʞʢʦʚʠʡ ʙʣʦʢ, ʰʚʠʜʢʽʩʪʴ ʨʽʟʘʥʥʷ, ʢʫʪ ʨʽʟʘʥʥʷ, ʷʢʽʩʪʴ ʟʨʽʟʫ, ʢʽʥʝʤʘʪʠʢʘ 

ʧʨʦʮʝʩʫ, ʰʚʠʜʢʽʩʪʴ ʧʦʜʘʯʽ ʙʣʦʢʫ, ʥʘʧʨʷʤ ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ, ʧʦʪʦʢʦʚʘ ʣʽʥʽʷ.  
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ANNOTATION  

 

Janicki Piotr, Stanislaw. Improvement of stopless book-edge trimming 

with eccentric disk knives. - Qualification scientific work on the rights of 

manuscript. 

 

Dissertation for the degree of candidate of technical sciences in the specialty 

05.05.01 - Machines and processes of printing production (18 - production and 

technology), Ukrainian Academy of Printing of the Ministry of Education and 

Science of Ukraine, Lviv, 2021. 

 

The dissertation is devoted to solving of the relevant scientific and applied 

problem of improving the technological process of non-stop book-edge trimming. 

The solution is based on the development and using of a new method of three-side 

trimming of book edges with eccentric disk knives. It will ensure the effectiveness 

of post-print processing of books due to higher performance of automatic flow lines 

and higher quality of trimming. This will create prerequisites to prepare 

recommendations for the design of new cutting sections of flow lines. 

The introduction substantiates the choice of topic and relevance of the 

dissertation, formulates the purpose and objects of the study, highlights the scientific 

novelty and practical significance of the results, their approbation, noted research 

methods and personal contribution of the applicant in joint publications, quantitative 

indicators of published scientific works and structure of dissertation. 

The first section "Analysis of paper cutting processes and areas of 

improvement of technologies for non-stop three-sided cutting of book blocks" 

analyzes modern technological processes of cutting book and magazine blocks. It is 

established that modern production of paper cutting machines goes by the maximum 

automation of auxiliary operations, but the principle of cutting remains unchanged 

for many years, which significantly limits the productivity of three-sided cutting of 

book blocks in flow lines. The analysis of literature sources and directions of 
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development of technologies of three-sided trimming of book blocks revealed 

unused reserves in the process of improving the process of non-stop trimming of 

book blocks and confirmed the feasibility of further research of  books cutting with 

eccentric disc knives. 

In the second section "Research of kinematics of processes of book blocks 

cutting with disk knives" detailed researches of laws and features of kinematics of 

process of book block cutting taking into account influence of process parameters 

on changes of actual speeds and cutting angles are carried out. It is established that 

the kinematics of the process of cutting with a disk knife differs significantly from 

the kinematics of cutting with a knife with a flat blade. The influence of processing 

parameters (direction of rotation, speed, eccentricity, knife diameter, feed rate of the 

book block, blade sharpening angle, etc.) on the reduction of the actual cutting angle, 

the value of which affects the value of cutting forces discussed. Studies have shown 

that depending on the selected values of eccentricity, angular velocity of the knife, 

the feed rate of the book block, the cutting process can occur in two different modes. 

They are: intermittent (pulse) cutting, when the knife blade at a certain stage of 

rotation of the knife comes out of contact with the book block, and continuous 

(permanent) cutting, when the knife blade is in constant contact with the book block 

in the cycle of full rotation of the knife. An algorithm is proposed that allows 

determining of the parameters of the machining process when selecting a given 

cutting mode. The results of computer modeling of book block trimming processes 

have shown the possibility of the existence of characteristic cutting sectors on the 

blade of an eccentric disc knife: the sector that cuts the block to full thickness; 

partially cutting sectors (when cutting incomplete block thickness) and the sector 

where the knife does not participate in the cutting process. The size and position of 

these characteristic sectors on a disk knife blade depend on the selected geometric 

and kinematic parameters of the cutting process. Analytical studies of the path that 

the point of the blade of the eccentric disc knife passes during book block cutting, 

showed that the fuul cutting length (conditional traces of the cut) in the intermittent 
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mode is shorter than the cutting length in the continuous mode and significantly 

depends on the value of the eccentricity. 

In the third section "Description of the laboratory stand, measuring 

equipment and research methodology" the original laboratory stand is designed and 

presented on the basis of theoretical research. The stand allowed to conduct 

experimental studies of non-stop method of book blocks cutting and to analyze the 

impact and quality indicators of the processing process. The experimental stand 

allowed to carry out research of cutting of book blocks up to 240 mm long and up to 

30 mm thick at feed rate up to 2 m / s, knife rotation speed up to 3000 rpm, change 

of knife eccentricity from 0 to 3 mm. Registration of components of cutting force 

and processing of results were carried out by means of the strain gauge equipment 

with analog-digital conversion of signals using modern equipment and special 

software. The quality of cutting book blocks was evaluated by the optical method 

using a digital microscope, and the blunting of the blade of an eccentric disc knife 

was performed by measuring the wear of the blade with a special micrometric 

indicator. The obtained results of experimental researches were a criterion for 

assessing the reliability of the formulated scientific conclusions. 

In the fourth section "Results of experimental researches of book blocks 

cutting of with eccentric disk knives" the practical possibility of application of 

eccentric disk knives for non-stop three-sided cutting of book blocks is established. 

Because of the research, it was found that the greatest influence on the components 

of the cutting force have: the feed rate of the block, the speed of rotation of the knife, 

value of eccentricity and the thickness of the block. The experiments fully confirmed 

the hypothesis of the possible occurrence of pulsed processing in the expected range 

of selected cutting parameters. The obtained oscillograms of the cutting force record 

show that there are cyclic fluctuations of the cutting force from the action of the 

eccentric knife in the continuous cutting mode, but due to the higher feed rate of the 

block from the cutting speed the knife blade does not come out of contact with the 

cut stack of paper. In the mode of intermittent (pulse) cutting, a drop in force on the 

knife is registered to almost zero when the blade comes out of the paper, and an 
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increase in force, from the moment of new contact of the cutting edge of the knife 

with the block. Cyclic oscillations and a decrease in the average values of the actual 

cutting angle of the knife, as well as the dynamic nature of the interaction between 

the knife blade and the stack of paper lead to a decrease in cutting forces. The 

intermittent nature of cutting also increases the efficiency of processing with a disc 

knife by reducing the temperature in the cutting area due to the periodic lack of 

contact between the knife blade and the book block. Based on the carried-out 

experimental researches of cutting of blocks from different types of paper, it is 

established that by anti-synchronous cutting, the force of block feed is less, than by 

the synchronous one. Experiments have shown that pulse cutting, as well as 

continuous one , does not allow to process book blocks thicker than 12ï15 mm with 

disk knives. For practical use, when cutting blocks of greater thickness, the concept 

of placing several knives on different sides and applying the principle of anti-

synchronous cutting with eccentric disc knives with cutting parameters 

recommended as a result of research. 

The scientific novelty of the obtained results is that on the basis of analytical 

and experimental research in the dissertation: 

for the first time 

- based on theoretical and experimental studies, the feasibility of using 

eccentric disc knives for trimming book blocks is established, which ensures the 

achievement of the effect of vibratory cutting while reducing the cutting force and 

ensuring high quality of the cut surface; 

- detected on the basis of computer simulation of eccentric cutting, which 

has the impulse action of the knife blade on the paper, reducing the actual cutting 

angle and the trajectory of contact of the disk knife with the workpiece, thereby 

increasing the efficiency of the process of cutting book blocks and extends the life 

of the cutting tool; 

- research has determined the optimal characteristics of the parameters of 

disc knives, which relate to their diameter, sharpening angle, cutting distance from 
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the axis of rotation of the knife, speed and direction of rotation, the value of 

eccentricity and ensure proper processing of book blocks; 

improved 

- technological process of continuous cutting of book blocks due to the use 

of eccentric disc knives and determination of alternative conceptual solutions for the 

design of three-sided cutting systems as a component of production lines for 

processing book blocks. 

The practical significance of the obtained results lies in the development of 

rational, in terms of reducing cutting forces and high quality indicators of the cutting 

process, geometric parameters of eccentric disc knives and technological parameters 

of the cutting process needed to develop new and to improve existing production 

lines for processing book blocks. The results of the work can be applied to the 

educational process of the Institute of Mechanics and Polygraphy of the Warsaw 

Polytechnic. A test of the process of book blocks cutting with eccentric disc knives 

was carried out in the printing houses SkleniaŨ (Krakow) and Pozkal (Inowroclaw) 

in Poland. It is established that this method provides accurate and high-quality 

cutting of book blocks made of different types of paper. 

Key words: continuous cutting, impulse cutting, synchronous cutting, anti-

synchronous cutting, eccentric disc knife, book block, cutting speed, cutting angle, 

cut quality, block feed speed, knife rotation direction, production line. 
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ɺʉʊʋʇ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ʊʝʭʥʦʣʦʛʽʯʥʽ ʦʧʝʨʘʮʽʾ ʨʽʟʘʥʥʷ ʧʘʧʝʨʫ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʧʨʦʮʝʩʽ ʧʦʣʽʛʨʘʬʽʯʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ: ʧʝʨʝʜ ʜʨʫʢʦʤ ï ʜʣʷ 

ʨʦʟʨʽʟʢʠ ʩʪʦʩʽʚ ʘʨʢʫʰʽʚ ʜʦ ʧʦʪʨʽʙʥʦʛʦ ʬʦʨʤʘʪʫ ʥʘ ʦʜʥʦʥʦʞʦʚʠʭ ʨʽʟʘʣʴʥʠʭ 

ʤʘʰʠʥʘʭ, ʘ ʪʘʢʦʞ ʧʨʠ ʢʽʥʮʝʚʦʤʫ ʦʙʨʽʟʫʚʘʥʥʽ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʟ ʪʨʴʦʭ ʩʪʦʨʽʥ, 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʨʴʦʭʥʦʞʦʚʠʭ ʨʽʟʘʣʴʥʠʭ ʤʘʰʠʥ. ʉʫʯʘʩʥʽ ʧʦʪʦʢʦʚʽ ʣʽʥʽʾ ʧʦ 

ʚʠʛʦʪʦʚʣʝʥʥʶ ʢʥʠʞʢʦʚʦ-ʞʫʨʥʘʣʴʥʦʾ ʧʨʦʜʫʢʮʽʾ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʧʽʜʚʠʱʝʥʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ, ʧʨʦʪʝ ʥʘʚʽʪʴ ʰʚʠʜʢʽʩʥʽ ʪʨʴʦʭʥʦʞʦʚʽ ʨʽʟʘʣʴʥʽ 

ʤʘʰʠʥʠ, ʚ ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʛʽʣʴʡʦʪʠʥʥʠʡ ʩʧʦʩʽʙ ʨʽʟʘʥʥʷ ʥʦʞʝʤ ʟ ʧʣʘʩʢʠʤ 

ʣʝʟʦʤ, ʟʥʘʯʥʦ ʦʙʤʝʞʫʶʪʴ ʰʚʠʜʢʽʩʥʽ ʤʦʞʣʠʚʦʩʪʽ  ʧʦʪʦʢʦʚʠʭ ʣʽʥʽʡ. ɼʣʷ 

ʦʙʨʽʟʫʚʘʥʥʷ ʪʦʥʢʠʭ ʙʣʦʢʽʚ ʪʘ ʙʨʦʰʫʨ ʚ ʘʚʪʦʤʘʪʠʯʥʠʭ ʣʽʥʽʷʭ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʠʩʢʦʚʽ ʥʦʞʽ, ʯʠ ʜʠʩʢʦʚʽ ʟʫʙʯʘʩʪʽ ʥʦʞʽ. ʆʜʥʘʢ, ʧʨʠ ʨʽʟʘʥʥʽ 

ʙʣʦʢʽʚ ʪʦʚʱʠʥʦʶ ʙʽʣʴʰʝ 8 ʤʤ ʚʠʥʠʢʘʶʪʴ ʚʝʣʠʢʽ ʩʠʣʠ ʨʽʟʘʥʥʷ, ʟʙʽʣʴʰʫʻʪʴʩʷ 

ʪʝʨʪʷ ʧʦʚʝʨʭʥʽ ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ ʦʙ ʦʙʨʦʙʣʶʚʘʥʠʡ ʤʘʪʝʨʽʘʣ ʪʘ ʽʥʪʝʥʩʠʚʥʦ 

ʧʽʜʚʠʱʫʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʫ ʟʦʥʽ ʨʽʟʘʥʥʷ, ʱʦ ʯʘʩʪʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʩʣʽʜʽʚ 

ʧʽʜʛʦʨʷʥʥʷ ʥʘ ʦʙʨʽʟʘʥʽʡ ʧʦʚʝʨʭʥʽ ʪʘ ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ ʦʙʨʦʙʢʠ ʢʥʠʞʢʦʚʠʭ 

ʙʣʦʢʽʚ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʪʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ ʩʪʦʩʦʚʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ 

ʙʝʟʚʠʩʪʽʡʥʦʛʦ ʦʙʨʽʟʫʚʘʥʥʷ ʢʥʠʞʢʦʚʦ-ʞʫʨʥʘʣʴʥʠʭ ʙʣʦʢʽʚ ʧʨʦʜʦʚʞʝʥʠʭ 

ʙʘʛʘʪʦʣʝʟʦʚʠʭ ʥʦʞʽʚ ʟʘʙʝʟʧʝʯʠʣʠ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʦʙʨʽʟʫʚʘʥʥʷ ʧʨʠ 

ʦʜʥʦʯʘʩʥʦʤʫ ʟʤʝʥʰʝʥʥʽ ʩʠʣʠ ʨʽʟʘʥʥʷ. ɺʦʜʥʦʯʘʩ, ʧʦʜʽʙʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʶʪʴ 

ʧʝʚʥʽ ʦʙʤʝʞʝʥʥʷ ʯʝʨʝʟ ʧʦʪʨʝʙʫ ʟʙʽʣʴʰʝʥʥʷ ʜʦʚʞʠʥʠ ʨʽʟʘʣʴʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ 

ʪʘ ʛʘʙʘʨʠʪʽʚ ʧʦʪʦʢʦʚʦʾ ʣʽʥʽʾ.  

ʇʨʦʚʝʜʝʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʚʽʙʨʘʮʽʡʥʦʛʦ ʨʽʟʘʥʥʷ ʨʽʟʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʧʘʧʝʨʫ, ʧʦʢʘʟʘʣʠ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʙʨʘʮʽʡ 

ʨʽʞʫʯʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʨʽʟʘʣʴʥʠʭ ʦʧʝʨʘʮʽʡ ʟʤʝʥʰʫʻ ʩʠʣʦʚʽ 

ʧʦʢʘʟʥʠʢʠ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʟʦʥʽ ʨʽʟʘʥʥʷ ʪʘ ʧʽʜʚʠʱʫʻ ʷʢʽʩʪʴ 

ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ. ɺʦʜʥʦʯʘʩ, ʚʽʙʨʘʮʽʡʥʝ ʨʽʟʘʥʥʷ, ʧʦʨʫʯ ʟ ʫʩʽʤʘ ʡʦʛʦ 
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ʧʝʨʝʚʘʛʘʤʠ, ʤʘʻ ʩʧʝʮʠʬʽʯʥʠʡ ʥʝʜʦʣʽʢ, ʘ ʩʘʤʝ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʧʝʮʽʘʣʴʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʯʠ ʚʽʙʨʘʪʦʨʽʚ.  

ɿ ʤʝʪʦʶ ʜʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʟʤʝʥʰʝʥʥʷ ʩʠʣ 

ʙʝʟʚʠʩʪʽʡʥʦʛʦ ʪʨʴʦʭʩʪʦʨʦʥʥʴʦʛʦ ʨʽʟʘʥʥʷ ʧʨʠ ʚʠʩʦʢʽʡ ʷʢʦʩʪʽ ʦʙʨʦʙʢʠ 

ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʨʦʟʨʦʙʣʝʥʦ ʩʧʦʩʽʙ ʦʙʨʽʟʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʝʢʩʮʝʥʪʨʠʯʥʦ ʚʩʪʘʥʦʚʣʝʥʠʭ ʜʠʩʢʦʚʠʭ ʥʦʞʽʚ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʝʬʝʢʪ 

ʚʽʙʨʘʮʽʡʥʦʛʦ ʨʽʟʘʥʥʷ ʧʨʠ ʧʨʦʩʪʽʰʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʤʝʥʰʠʭ ʛʘʙʘʨʠʪʘʭ 

ʨʽʟʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ ʪʘ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʙʨʘʪʦʨʽʚ.  

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʥʘʫʢʦʚʠʭ ʽ ʪʝʭʥʽʯʥʠʭ ʧʫʙʣʽʢʘʮʽʡ ʦʙʫʤʦʚʠʚ 

ʘʢʪʫʘʣʴʥʽʩʪʴ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʦʛʦ ʟʘʚʜʘʥʥʷ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ ʙʝʟʚʠʩʪʽʡʥʦʛʦ ʦʙʨʽʟʫʚʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʥʘ ʧʽʜʩʪʘʚʽ 

ʨʦʟʨʦʙʣʝʥʥʷ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʦʛʦ ʩʧʦʩʦʙʫ ʪʨʴʦʭʩʪʦʨʦʥʥʴʦʛʦ ʦʙʨʽʟʫʚʘʥʥʷ 

ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʝʢʩʮʝʥʪʨʠʯʥʠʤʠ ʜʠʩʢʦʚʠʤʠ ʥʦʞʘʤʠ, ʨʦʟʚôʷʟʘʥʥʷ ʷʢʦʛʦ 

ʟʘʙʝʟʧʝʯʠʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʽʩʣʷʜʨʫʢʘʨʩʴʢʦʾ ʦʙʨʦʙʢʠ ʚʠʜʘʥʴ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʱʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʘʚʪʦʤʘʪʠʯʥʠʭ ʧʦʪʦʢʦʚʠʭ ʣʽʥʽʡ ʪʘ ʷʢʦʩʪʽ ʦʙʨʽʟʫʚʘʥʥʷ, 

ʘ ʪʘʢʦʞ ʩʪʚʦʨʠʪʴ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʦʚʠʭ ʨʽʟʘʣʴʥʠʭ ʩʝʢʮʽʡ ʧʦʪʦʢʦʚʠʭ ʣʽʥʽʡ. 

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʽʜʧʦʚʽʜʘʻ ʥʘʫʢʦʚʠʤ ʜʦʩʣʽʜʞʝʥʥʷʤ ʥʦʚʽʪʥʽʭ ʧʨʦʮʝʩʽʚ 

ʨʽʟʘʥʥʷ ʧʘʧʝʨʫ, ʱʦ ʧʨʦʚʦʜʷʪʴʩʷ ʫ ʚʽʜʜʽʣʽ ʧʦʣʽʛʨʘʬʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ɯʥʩʪʠʪʫʪʫ ʤʝʭʘʥʽʢʠ ʽ ʧʦʣʽʛʨʘʬʽʾ ɺʘʨʰʘʚʩʴʢʦʾ ʧʦʣʽʪʝʭʥʽʢʠ.  

ɼʦʩʣʽʜʞʝʥʥʷ, ʱʦ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ, ʚʠʢʦʥʫʚʘʣʠʩʴ ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʥʘʫʢʦʚʠʤʠ ʪʝʤʘʤʠ:  

1. ɼʦʩʣʽʜʥʠʮʴʢʠʡ ʜʝʨʞʙʶʜʞʝʪʥʠʡ ʧʨʦʝʢʪ ɺʘʨʰʘʚʩʴʢʦʾ 

ʇʦʣʽʪʝʭʥʽʢʠ ˉ 504/02074/1101. çɺʧʣʠʚ ʚʠʙʨʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʽʟʘʥʥʷ ʥʘ 

ʤʝʭʘʥʽʢʫ ʧʨʦʮʝʩʫ ʪʘ ʚʝʣʠʯʠʥʫ ʩʠʣʠ ʨʽʟʘʥʥʷ ʥʦʚʠʭ ʚʠʜʽʚ ʧʘʧʝʨʫè  ï ɺʘʨʰʘʚʘ, 

ï 2015. 

2. ɼʦʩʣʽʜʥʠʮʴʢʠʡ ʜʝʨʞʙʶʜʞʝʪʥʠʡ ʧʨʦʝʢʪ ɺʘʨʰʘʚʩʴʢʦʾ 

ʇʦʣʽʪʝʭʥʽʢʠ ˉ 504/02706/1101. çɺʧʣʠʚ ʚʠʙʨʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʪʠ 
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ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ ʥʘ ʚʝʣʠʯʠʥʫ ʩʠʣʠ ʧʦʪʦʢʦʚʦʛʦ ʨʽʟʘʥʥʷ ʢʥʠʞʥʠʭ ʙʣʦʢʽʚè  ï 

ɺʘʨʰʘʚʘ, ï 2016. 

3. ɼʦʩʣʽʜʥʠʮʴʢʠʡ ʜʝʨʞʙʶʜʞʝʪʥʠʡ ʧʨʦʝʢʪ ɺʘʨʰʘʚʩʴʢʦʾ 

ʇʦʣʽʪʝʭʥʽʢʠ ˉ 504/03049/1101. çʃʘʙʦʨʘʪʦʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʦʚʦʛʦ 

ʙʨʦʰʫʨʫʚʘʣʴʥʦ-ʧʘʣʽʪʫʨʥʦʛʦ ʧʨʦʮʝʩʫè  ï ɺʘʨʰʘʚʘ, ï 2017. 

4. ɼʦʩʣʽʜʥʠʮʴʢʠʡ ʜʝʨʞʙʶʜʞʝʪʥʠʡ ʧʨʦʝʢʪ ɺʘʨʰʘʚʩʴʢʦʾ 

ʇʦʣʽʪʝʭʥʽʢʠ ˉ 504/03798/1101. çɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʽʟʘʥʥʷ 

ʢʥʠʛ ʜʠʩʢʦʚʠʤ ʥʦʞʝʤ ʥʘ ʫʜʦʩʢʦʥʘʣʝʥʽʡ ʣʘʙʦʨʘʪʦʨʥʽʡ ʫʩʪʘʥʦʚʮʽè ï ɺʘʨʰʘʚʘ, 

ï 2018. 

ɺ ʮʠʭ ʧʨʦʝʢʪʘʭ ʘʚʪʦʨ ʻ ʚʠʢʦʥʘʚʮʝʤ ʨʦʟʜʽʣʽʚ ʧʦ ʢʦʤʧôʁ ʪʝʨʥʦʤʫ 

ʤʦʜʝʣʶʚʘʥʥʽ ʢʽʥʝʤʘʪʠʢʠ ʧʨʦʮʝʩʽʚ ʨʽʟʘʥʥʷ ʪʘ ʢʦʤʧʣʝʢʩʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ  ʙʝʟʚʠʩʪʽʡʥʦʛʦ ʦʙʨʽʟʫʚʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʜʠʩʢʦʚʠʤʠ ʥʦʞʘʤʠ. 

ɼʦʩʣʽʜʥʠʮʴʢʽ ʧʨʦʝʢʪʠ ʚʠʢʦʥʘʥʽ ʚ ʤʝʞʘʭ ʫʛʦʜʠ ʧʨʦ ʩʧʽʚʧʨʘʮʶ ʤʽʞ ʋɸɼ ʪʘ 

ɺʘʨʰʘʚʩʴʢʠʤ ʧʦʣʽʪʝʭʥʽʯʥʠʤ ʫʥʽʚʝʨʩʠʪʝʪʦʤ. 

ʄʝʪʘ ʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʧʦʪʦʢʦʚʦʛʦ ʪʨʴʦʭʩʪʦʨʦʥʥʴʦʛʦ 

ʙʝʟʚʠʩʪʽʡʥʦʛʦ ʦʙʨʽʟʫʚʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʝʢʩʮʝʥʪʨʠʯʥʠʭ ʜʠʩʢʦʚʠʭ ʥʦʞʽʚ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ 

ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʚʠʨʽʰʝʥʥʷ ʪʘʢʠʭ ʟʘʚʜʘʥʴ: 

- ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʥʘʫʢʦʚʠʭ 

ʧʨʘʮʴ ʚ ʛʘʣʫʟʽ ʨʽʟʘʥʥʷ ʩʪʦʩʽʚ ʧʘʧʝʨʫ ʪʘ ʢʥʠʞʢʦʚʦ-ʞʫʨʥʘʣʴʥʠʭ ʙʣʦʢʽʚ; 

- ʥʘ ʦʩʥʦʚʽ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʢʽʥʝʤʘʪʠʢʠ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ 

ʚʠʷʚʠʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʦʪʦʢʦʚʦʛʦ ʦʙʨʽʟʫʚʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ 

ʝʢʩʮʝʥʪʨʠʯʥʠʤʠ ʜʠʩʢʦʚʠʤʠ ʥʦʞʘʤʠ; 

- ʘʥʘʣʽʪʠʯʥʠʤ ʰʣʷʭʦʤ ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ ʦʙʨʽʟʫʚʘʥʥʷ 

ʪʘ ʚʠʟʥʘʯʠʪʠ ʦʩʥʦʚʥʽ ʪʝʭʥʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʨʦʙʦʪʠ ʨʽʟʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʜʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʩʧʦʩʦʙʫ ʨʽʟʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʝʢʩʮʝʥʪʨʠʯʥʠʤ ʜʠʩʢʦʚʠʤ 

ʥʦʞʝʤ; 

- ʧʨʦʚʝʩʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʨʝʞʠʤʽʚ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʪʘ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʠʩʢʦʚʠʭ ʥʦʞʽʚ ʥʘ 
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ʩʠʣʦʚʽ ʪʘ ʷʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʧʨʦʮʝʩʫ ʧʦʪʦʢʦʚʦʛʦ ʦʙʨʽʟʫʚʘʥʥʷ ʢʥʠʞʢʦʚʠʭ 

ʙʣʦʢʽʚ; 

- ʥʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʽ ʘʥʘʣʽʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʨʦʟʨʦʙʠʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʩʧʦʩʦʙʫ ʦʙʨʽʟʫʚʘʥʥʷ ʢʥʠʞʢʦʚʠʭ 

ʙʣʦʢʽʚ ʝʢʩʮʝʥʪʨʠʯʥʠʤʠ ʜʠʩʢʦʚʠʤʠ ʥʦʞʘʤʠ ʚ ʧʦʪʦʢʦʚʠʭ ʣʽʥʽʷʭ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʴ ï ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʙʝʟʚʠʩʪʽʡʥʦʛʦ 

ʦʙʨʽʟʫʚʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʴ ï ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ 

ʙʝʟʚʠʩʪʽʡʥʦʛʦ ʦʙʨʽʟʫʚʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʝʢʩʮʝʥʪʨʠʯʥʠʤʠ ʜʠʩʢʦʚʠʤʠ 

ʥʦʞʘʤʠ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʫ ʨʦʙʦʪʽ ʤʝʪʠ 

ʚʠʢʦʨʠʩʪʘʥʦ ʦʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʪʝʦʨʽʾ ʨʽʟʘʥʥʷ, ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʮʠʬʨʦʚʽ ʤʝʪʦʜʠ ʚʠʤʽʨʶʚʘʥʴ ʩʠʣ ʨʽʟʘʥʥʷ. ɸʥʘʣʽʪʠʯʥʽ 

ʨʦʟʨʘʭʫʥʢʠ ʧʘʨʘʤʝʪʨʽʚ ʨʽʟʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʚʠʢʦʥʘʥʦ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʚ ʩʠʩʪʝʤʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ Mathcad. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʦ ʥʘ 

ʩʧʨʦʝʢʪʦʚʘʥʦʤʫ ʪʘ ʚʠʛʦʪʦʚʣʝʥʦʤʫ ʩʧʝʮʽʘʣʴʥʦʤʫ ʩʪʝʥʜʽ. ɺʠʤʽʨʶʚʘʥʥʷ 

ʩʠʣʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʦʙʨʽʟʫʚʘʥʥʷ ʟʜʽʡʩʥʶʚʘʣʠʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʪʝʥʟʦʤʝʪʨʠʯʥʦʾ ʘʧʘʨʘʪʫʨʠ ʟ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʩʠʛʥʘʣʽʚ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʘʧʘʨʘʪʫʨʽ ʪʘ ʧʨʦʛʨʘʤ SignalExpress ̔  Diadem 

ʬʽʨʤʠ National Instruments (ʉʐɸ). ʆʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʚʦʜʠʣʠʩʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʣʝʢʪʨʦʥʥʠʭ ʪʘʙʣʠʮʴ MS Excel. 

ʆʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʦʙʨʽʟʫʚʘʥʥʷ ʢʥʠʞʢʦʚʦʛʦ ʙʣʦʢʘ ʧʨʦʚʦʜʠʣʦʩʴ ʚʽʟʫʘʣʴʥʦ ʪʘ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʮʠʬʨʦʚʦʛʦ ʤʽʢʨʦʩʢʦʧʫ ʬʽʨʤʠ Dino Lite . 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʪʠʯʥʠʭ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʜʠʩʝʨʪʘʮʽʾ: 

ʚʧʝʨʰʝ 

- ʚʩʪʘʥʦʚʣʝʥʦ ʥʘ ʦʩʥʦʚʽ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʦʙʨʽʟʫʚʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ 

ʝʢʩʮʝʥʪʨʠʯʥʠʭ ʜʠʩʢʦʚʠʭ ʥʦʞʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʜʦʩʷʛʥʝʥʥʷ ʝʬʝʢʪʫ 
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ʚʽʙʨʘʮʽʡʥʦʛʦ ʨʽʟʘʥʥʷ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʩʠʣʠ ʨʽʟʘʥʥʷ ʪʘ ʚʠʩʦʢʽʡ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʽ 

ʟʨʽʟʫ;  

- ʚʠʷʚʣʝʥʦ ʥʘ ʧʽʜʩʪʘʚʽ ʢʦʤʧôʁ ʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ 

ʝʢʩʮʝʥʪʨʠʯʥʦʛʦ ʨʽʟʘʥʥʷ, ʱʦ ʧʦʣʷʛʘʶʪʴ ʚ ʽʤʧʫʣʴʩʥʽʡ ʜʽʾ ʣʝʟʘ ʥʦʞʘ ʥʘ ʧʘʧʽʨ, 

ʟʤʝʥʰʝʥʥʽ ʜʽʡʩʥʦʛʦ ʢʫʪʘ ʨʽʟʘʥʥʷ ʽ ʪʨʘʻʢʪʦʨʽʾ ʢʦʥʪʘʢʪʫ ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ ʟ 

ʦʙʨʦʙʣʶʚʘʥʠʤ ʙʣʦʢʦʤ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʧʽʜʚʠʱʫʻʪʴʩʷ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʧʨʦʮʝʩʫ ʦʙʨʽʟʫʚʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʪʘ ʧʦʜʦʚʞʫʻʪʴʩʷ ʩʪʨʦʢ ʩʣʫʞʙʠ 

ʨʽʟʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ; 

- ʚʠʟʥʘʯʝʥʦ ʫ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʴ ʦʧʪʠʤʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʘʨʘʤʝʪʨʽʚ ʜʠʩʢʦʚʠʭ ʥʦʞʽʚ, ʷʢʽ ʩʪʦʩʫʶʪʴʩʷ ʾʭ ʜʽʘʤʝʪʨʘ, ʢʫʪʘ ʟʘʪʦʯʫʚʘʥʥʷ, 

ʚʽʜʩʪʘʥʽ ʤʽʩʮʷ ʨʽʟʘʥʥʷ ʚʽʜ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ, ʰʚʠʜʢʦʩʪʽ ʪʘ ʥʘʧʨʷʤʫ 

ʦʙʝʨʪʘʥʥʷ, ʟʥʘʯʝʥʥʷ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ ʪʘ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʣʝʞʥʫ ʷʢʽʩʪʴ 

ʦʙʨʦʙʢʠ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ; 

ʫʜʦʩʢʦʥʘʣʝʥʦ  

- ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʙʝʟʚʠʩʪʽʡʥʦʛʦ ʦʙʨʽʟʫʚʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ 

ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʢʩʮʝʥʪʨʠʯʥʠʭ ʜʠʩʢʦʚʠʭ ʥʦʞʽʚ ʪʘ ʚʠʟʥʘʯʝʥʥʷ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʢʦʥʮʝʧʪʫʘʣʴʥʠʭ ʨʽʰʝʥʴ ʩʪʦʩʦʚʥʦ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʪʨʠʩʪʦʨʦʥʥʽʭ ʩʠʩʪʝʤ ʨʽʟʘʥʥʷ ʷʢ ʢʦʤʧʦʥʝʥʪ ʧʦʪʦʢʦʚʠʭ ʣʽʥʽʡ ʟ ʦʙʨʦʙʢʠ 

ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʫ ʨʦʟʨʦʙʣʝʥʽ 

ʨʘʮʽʦʥʘʣʴʥʠʭ,  ʟ ʪʦʯʢʠ ʟʦʨʫ ʟʤʝʥʰʝʥʥʷ ʩʠʣ ʨʽʟʘʥʥʷ ʽ ʚʠʩʦʢʠʭ ʷʢʽʩʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʮʝʩʫ ʦʙʨʽʟʫʚʘʥʥʷ, ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʢʦʥʩʪʨʫʢʮʽʾ 

ʝʢʩʮʝʥʪʨʠʯʥʠʭ ʜʠʩʢʦʚʠʭ ʥʦʞʽʚ, ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ 

ʦʙʨʽʟʫʚʘʥʥʷ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʨʦʟʨʦʙʣʝʥʥʷ ʥʦʚʠʭ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ 

ʧʦʪʦʢʦʚʠʭ ʣʽʥʽʡ ʟ ʦʙʨʦʙʢʠ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʥʘʫʢʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʚʧʨʦʚʘʜʞʝʥʦ ʫ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ ɯʥʩʪʠʪʫʪʫ ʤʝʭʘʥʽʢʠ ʽ 

ʧʦʣʽʛʨʘʬʽʾ ɺʘʨʰʘʚʩʴʢʦʾ ʇʦʣʽʪʝʭʥʽʢʽ. ɺ ʜʨʫʢʘʨʥʷʭ ʉʢʣʝʥʷʞ (ʂʨʘʢʽʚ) ʪʘ 

ʇʦʟʢʘʣʴ (ɯʥʦʚʨʦʮʣʘʚ) ʚ ʇʦʣʴʱʽ ʧʨʦʚʝʜʝʥʦ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʮʝʩʫ 

ʦʙʨʽʟʫʚʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʝʢʩʮʝʥʪʨʠʯʥʠʤʠ ʜʠʩʢʦʚʠʤʠ ʥʦʞʘʤʠ. 
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ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʢʘʟʘʥʠʡ ʩʧʦʩʽʙ ʟʘʙʝʟʧʝʯʫʻ ʪʦʯʥʝ ʽ ʷʢʽʩʥʝ ʦʙʨʽʟʫʚʘʥʥʷ 

ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʟ ʨʽʟʥʠʭ ʚʠʜʽʚ ʧʘʧʝʨʫ. 

ɼʘʥʽ ʧʨʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʞʝʥʦ ʚʽʜʧʦʚʽʜʥʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʪʝʦʨʝʪʠʯʥʠʭ ʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʪʨʠʤʘʥʦ ʟʜʦʙʫʚʘʯʝʤ ʩʘʤʦʩʪʽʡʥʦ. 

ʇʣʘʥʫʚʘʥʥʷ, ʦʨʛʘʥʽʟʘʮʽʷ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʟʜʽʡʩʥʝʥʽ ʟʘ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʫʯʘʩʪʽ ʘʚʪʦʨʘ. ʋ ʧʫʙʣʽʢʘʮʽʷʭ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ ʟʜʦʙʫʚʘʯʝʚʽ 

ʥʘʣʝʞʘʪʴ: [8,15,16] ï ʜʦʩʣʽʜʞʝʥʥʷ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʜʽʡʩʥʠʭ ʢʫʪʽʚ ʨʽʟʘʥʥʷ ʧʨʠ 

ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʦʙʨʦʙʢʠ; [4,7,14] ï ʘʥʘʣʽʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʢʽʥʝʤʘʪʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʦʙʨʽʟʫʚʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ; [10] ï ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʦʧʨʘʮʶʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ; [3] ï ʨʦʟʨʦʙʢʘ ʧʘʨʘʤʝʪʨʽʚ 

ʙʝʟʚʠʩʪʽʡʥʦʛʦ ʦʙʨʽʟʫʚʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ; [5,11,12,13] ï ʨʦʟʨʦʙʢʘ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʪʨʘʻʢʪʦʨʽʾ ʢʦʥʪʘʢʪʫ ʣʝʟʘ ʜʠʩʢʦʚʦʛʦ 

ʥʦʞʘ ʟ ʦʙʨʦʙʣʶʚʘʥʠʤ ʙʣʦʢʦʤ ʧʨʠ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʦʙʨʦʙʢʠ; [6] ï ʘʥʘʣʽʟ 

ʪʝʥʜʝʥʮʽʡ ʨʦʟʚʠʪʢʫ ʪʨʠʥʦʞʝʚʠʭ ʨʽʟʘʣʴʥʠʭ ʤʘʰʠʥ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʜʦʧʦʚʽʜʘʣʠʩʴ ʪʘ ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ ʟʙʽʨʥʠʢʘʭ ʤʘʪʝʨʽʘʣʽʚ 

ʫʢʨʘʾʥʩʴʢʠʭ ʽ ʤʽʞʥʘʨʦʜʥʠʭ ʢʦʥʬʝʨʝʥʮʽʡ: ʢʦʥʬʝʨʝʥʮʽʾ ʧʨʦʬʝʩʦʨʩʴʢʦ-

ʚʠʢʣʘʜʘʮʴʢʦʛʦ ʩʢʣʘʜʫ ʥʘʫʢʦʚʠʭ ʧʨʘʮʽʚʥʠʢʽʚ ʪʘ ʘʩʧʽʨʘʥʪʽʚ ʋʢʨʘʾʥʩʴʢʦʾ 

ʘʢʘʜʝʤʽʾ ʜʨʫʢʘʨʩʪʚʘ (ʤ. ʃʴʚʽʚ, 2016); ʤʽʞʥʘʨʦʜʥʦʤʫ ʬʦʨʫʤʽ çʉʢʦʨʠʥʦʚʩʢʠʝ 

ʯʪʝʥʠʷ: ʢʥʠʛʘ ʢʘʢ ʬʝʥʦʤʝʥ ʢʫʣʴʪʫʨʳ, ʠʩʢʫʩʩʪʚʘ, ʪʝʭʥʦʣʦʛʠʠè (ɹʽʣʦʨʫʩʴ, ʤ. 

ʄʽʥʩʴʢ, 2016); ʤʽʞʥʘʨʦʜʥʠʭ ʢʦʥʬʝʨʝʥʮʽʡ çInnovations in Publishing, Printing 

and Multimedia technologiesè (ʃʠʪʚʘ, ʤ. ʂʘʫʥʘʩ, 2016 ʽ 2019); ʤʽʞʥʘʨʦʜʥʠʭ 

ʢʦʥʬʝʨʝʥʮʽʡ çʇʦʣʽʛʨʘʬʽʯʥʽ, ʤʫʣʴʪʠʤʝʜʽʡʥʽ ʪʘ web-ʪʝʭʥʦʣʦʛʽʾè (ʤ. ʍʘʨʢʽʚ, 

2016 ʽ 2019); ʤʽʞʥʘʨʦʜʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çInternational Symposium on Graphic 

Engineering and Designè (ʉʝʨʙʽʷ, ʤ. ʅʦʚʽ ʉʘʜ, 2020). 

ʇʫʙʣʽʢʘʮʽʾ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʾ ʚʽʜʦʙʨʘʞʝʥʽ ʫ 16 

ʧʫʙʣʽʢʘʮʽʷʭ, ʩʝʨʝʜ ʷʢʠʭ: 2 ï ʚ ʫʢʨʘʾʥʩʴʢʠʭ ʥʘʫʢʦʚʠʭ ʚʠʜʘʥʥʷʭ, ʽʥʜʝʢʩʦʚʘʥʠʭ 

ʫ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟʘʭ; 7 ï ʫ ʨʝʮʝʥʟʦʚʘʥʠʭ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʟʘʨʫʙʽʞʥʠʭ 

ʚʠʜʘʥʥʷʭ; 7 ï ʫ ʤʘʪʝʨʽʘʣʘʭ ʤʽʞʥʘʨʦʜʥʠʭ ʢʦʥʬʝʨʝʥʮʽʡ. 
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ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʘʥʦʪʘʮʽʡ, 

ʚʩʪʫʧʫ, ʯʦʪʠʨʴʦʭ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʽʟ 102 

ʥʘʡʤʝʥʫʚʘʥʴ, 3 ʜʦʜʘʪʢʽʚ. ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ ʩʪʘʥʦʚʠʪʴ 214 

ʩʪʦʨʽʥʦʢ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʫ 142 ʩʪʦʨʽʥʢʠ, ʱʦ ʚʢʣʶʯʘʻ 82 

ʨʠʩʫʥʢʠ ʪʘ 1 ʪʘʙʣʠʮʶ. 
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ʈʆɿɼɯʃ 1 

 

ɸʅɸʃɯɿ ʇʈʆʎɽʉɯɺ ʈɯɿɸʅʅʗ ʇɸʇɽʈʋ ʊɸ ʅɸʇʈʗʄʂɯɺ 

ɺɼʆʉʂʆʅɸʃɽʅʅʗ  ʊɽʍʅʆʃʆɻɯʁ ɹɽɿɺʀʉʊɯʁʅʆɻʆ 

ʊʈʔʆʍʉʊʆʈʆʅʅʔʆɻʆ ʆɹʈɯɿʋɺɸʅʅʗ ʂʅʀɾʂʆɺʀʍ ɹʃʆʂɯɺ 

 

1.1. ʈʦʟʚʠʪʦʢ ʩʫʯʘʩʥʠʭ ʪʨʠʥʦʞʦʚʠʭ ʨʽʟʘʣʴʥʠʭ ʤʘʰʠʥ 

  

ʆʧʝʨʘʮʽʾ ʨʽʟʘʥʥʷ ʧʘʧʝʨʫ ʤʘʶʪʴ ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʨʦʮʝʩʘʭ 

ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʣʽʛʨʘʬʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ: ʧʝʨʝʜ ʜʨʫʢʫʚʘʥʥʷʤ ï ʜʦ ʨʦʟʨʽʟʫʚʘʥʥʷ 

ʩʪʦʩʽʚ ʘʨʢʫʰʽʚ ʧʘʧʝʨʫ ʜʦ ʧʦʪʨʽʙʥʦʛʦ ʬʦʨʤʘʪʫ, ʘ ʪʘʢʦʞ, ʧʨʠ ʪʨʠʩʪʦʨʦʥʥʴʦʤʫ 

ʦʙʨʽʟʫʚʘʥʥʽ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ - ʟʘ ʜʦʧʦʤʦʛʦʶ  ʪʨʠʥʦʞʦʚʠʭ ʧʘʧʝʨʦʨʽʟʘʣʴʥʠʭ 

ʤʘʰʠʥ. ʂʦʣʠʩʴ ʨʽʟʘʥʥʷ ʧʘʧʝʨʫ ʚʚʘʞʘʣʦʩʷ ʜʨʫʛʦʨʷʜʥʠʤ ʽ ʜʦʧʦʤʽʞʥʠʤ 

ʧʨʦʮʝʩʦʤ, ʘʣʝ ʚ ʟʘʨʘʟ, ʨʽʟʘʥʥʶ ʧʨʠʜʽʣʷʻʪʴʩʷ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʝ ʫʚʘʛʠ, ʦʩʢʽʣʴʢʠ 

ʜʦʚʝʜʝʥʦ, ʱʦ ʚʽʜ ʧʨʘʚʠʣʴʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ ʨʽʟʘʥʥʷ ʟʥʘʯʥʦʶ ʤʽʨʦʶ 

ʟʘʣʝʞʠʪʴ ʙʝʟʧʝʨʝʙʽʡʥʝ ʚʠʢʦʥʘʥʥʷ ʽʥʰʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʩʫʪʪʻʚʦ 

ʚʧʣʠʚʘʻ ʥʘ ʷʢʽʩʪʴ ʪʘ ʚʘʨʪʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʽʥʮʝʚʦʾ ʧʦʣʽʛʨʘʬʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ.  

ʋ ʙʨʦʰʫʨʫʚʘʣʴʥʦ-ʧʘʣʽʪʫʨʥʠʭ ʧʨʦʮʝʩʘʭ ʚʠʨʦʙʥʠʮʪʚʘ ʢʥʠʛ ʪʘ ʙʨʦʰʫʨ 

ʥʝʦʙʭʽʜʥʦ ʦʙʨʽʟʘʪʠ ʚʠʨʦʙʠ ʟ ʪʨʴʦʭ ʩʪʦʨʽʥ: ʟ ʚʝʨʭʥʴʦʾ ʪʘ ʥʠʞʥʴʦʾ ʩʪʦʨʽʥ ʪʘ ʟ 

ʧʝʨʝʜʥʴʦʾ [1]. ʊʨʠʩʪʦʨʦʥʥʻ ʦʙʨʽʟʫʚʘʥʥʷ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠʩʷ ʥʘ ʦʜʥʦʥʦʞʦʚʠʭ 

ʪʘ ʪʨʠʥʦʞʦʚʠʭ ʤʘʰʠʥʘʭ. ʅʘ ʦʜʥʦʥʦʞʝʚʠʭ ʤʘʰʠʥʘʭ ʨʽʟʘʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʪʨʠ 

ʨʘʟʠ, ʧʨʠ ʮʴʦʤʫ ʢʥʠʛʘ ʧʝʨʝʚʝʨʪʘʻʪʴʩʷ ʧʽʩʣʷ ʢʦʞʥʦʛʦ ʮʠʢʣʫ ʨʽʟʘʥʥʷ. ʊʘʢʘ 

ʦʙʨʦʙʢʘ ʢʥʠʛ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʨʽʜʢʦ, ʦʩʢʽʣʴʢʠ ʦʙʝʨʪʘʥʥʷ ʧʨʦʜʫʢʮʽʾ ʜʣʷ 

ʥʘʩʪʫʧʥʦʾ ʦʙʨʦʙʢʠ ʟʥʠʞʫʻ ʪʦʯʥʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʙʨʽʟʘʥʥʷ. ɺʠʨʦʙʣʷʶʪʴʩʷ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʤʘʰʠʥʠ, ʦʩʥʘʱʝʥʽ ʦʜʥʠʤ ʥʦʞʝʤ ʪʘ ʘʚʪʦʤʘʪʠʯʥʦʶ ʩʠʩʪʝʤʦʶ 

ʦʙʝʨʪʘʥʥʷ ʢʥʠʛ, ʘʣʝ ʾʭ ʨʦʙʦʪʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʦʶ 

ʝʬʝʢʪʠʚʥʽʩʪʶ. ɼʣʷ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʦʛʦ ʨʽʟʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʪʘ ʙʨʦʰʫʨ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʧʝʮʽʘʣʴʥʽ ʪʨʠʥʦʞʦʚʽ ʤʘʰʠʥʠ. ʊʨʠʥʦʞʦʚʽ ʤʘʰʠʥʠ 

ʽʥʪʝʥʩʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʜʨʫʢʘʨʥʷʭ ʷʢ ʩʘʤʦʩʪʽʡʥʽ ʤʘʰʠʥʠ ʘʙʦ ʷʢ 
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ʧʨʠʩʪʨʦʾ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʘʚʪʦʤʘʪʠʯʥʠʭ ʧʦʪʦʢʦʚʠʭ 

ʣʽʥʽʡ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʢʥʠʛ.  

ɺ ʪʨʠʥʦʞʦʚʠʭ ʨʽʟʘʣʴʥʠʭ ʤʘʰʠʥʘʭ ʥʘʡʙʽʣʴʰ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

çʰʘʙʣʝʚʠʡè ʩʧʦʩʽʙ ʨʽʟʘʥʥʷ ʟʘʪʠʩʥʫʪʠʭ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ, ʢʦʣʠ ʥʽʞ ʨʽʞʝ  çʥʘ 

ʤʘʨʟʘʥè, ʷʢʠʡ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʦʧʝʨʝʜʥʴʦ ʟʘʪʠʩʥʫʪʽ ʙʣʦʢʠ ʦʙʨʽʟʫʶʪʴʩʷ ʧʽʜ 

ʯʘʩ ʨʫʭʫ ʥʦʞʽʚ ʟʚʝʨʭʫ ʜʦʥʠʟʫ, ʧʦʢʠ ʣʝʟʘ ʥʦʞʽʚ ʥʝ ʟʘʥʫʨʷʪʴʩʷ ʚ ʤʘʨʟʘʥ [2,3]. 

ʎʝʡ ʤʝʪʦʜ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ (ʜʦ 100 õ 110 

ʮʠʢʣʽʚ/ʭʚ) ʪʘ ʭʦʨʦʰʦʶ ʷʢʽʩʪʶ ʨʽʟʘʥʥʷ, ʟʘʣʝʞʥʦ ʚʽʜ ʩʪʘʥʫ ʨʽʞʫʯʠʭ ʢʨʘʡʦʢ 

ʥʦʞʽʚ.  

ʊʘʢʦʞ ʧʦʰʠʨʝʥʠʤ ʻ ʩʧʦʩʽʙ ʨʽʟʘʥʥʷ, ʧʨʠ ʷʢʦʤʫ, ʢʨʽʤ ʨʫʭʦʤʦʛʦ 

ʚʝʨʭʥʴʦʛʦ ʥʦʞʘ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʠʞʥʽʡ, ʥʝʨʫʭʦʤʠʡ ʧʨʦʪʠʥʽʞ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʟʘʟʚʠʯʘʡ ʦʙʨʽʟʘʶʪʴʩʷ ʦʢʨʝʤʽ ʙʨʦʰʫʨʠ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʪʦʚʱʠʥʦʶ 

ʧʨʠʙʣʠʟʥʦ 8 ʤʤ, ʦʩʢʽʣʴʢʠ ʪʦʯʥʽʩʪʴ ʨʽʟʘʥʥʷ ʟʥʘʯʥʦ ʟʤʝʥʰʫʻʪʴʩʷ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ 

ʪʦʚʱʠʥʠ ʙʣʦʢʫ. 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʚʩʝ ʯʘʩʪʽʰʝ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʽ ʣʽʥʽʾ ʜʣʷ 

ʦʙʨʽʟʢʠ ʪʦʥʢʠʭ ʙʨʦʰʫʨ ʜʠʩʢʦʚʠʤʠ ʥʦʞʘʤʠ ʘʙʦ ʬʨʝʟʘʤʠ. ʎʝʡ ʤʝʪʦʜ ʚ 

ʦʩʥʦʚʥʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʜʦʩʷʛʪʠ 

ʚʠʩʦʢʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦʙʨʽʡ ʷʢʦʩʪʽ ʟʨʽʟʫ. 

ʋ ʪʨʠʥʦʞʦʚʠʭ ʤʘʰʠʥʘʭ ʜʣʷ ʨʽʟʘʥʥʷ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʩʢʣʘʜʥʠʡ (ʰʘʙʣʝʚʠʡ) ʨʫʭ ʥʦʞʽʚ, ʦʩʢʽʣʴʢʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʪʘʢʦʤʫ 

ʭʘʨʘʢʪʝʨʽ ʨʫʭʫ ʥʦʞʘ ʩʠʣʠ ʦʙʨʽʟʢʠ ʟʥʠʞʫʶʪʴʩʷ, ʘ ʷʢʽʩʪʴ ʨʽʟʘʥʥʷ ʻ ʚʠʩʦʢʦʶ. 

ɿʜʽʡʩʥʝʥʥʷ ʩʢʣʘʜʥʦʛʦ ʨʫʭʫ ʥʦʞʘ ʚʠʤʘʛʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʢʣʘʜʥʠʭ ʤʝʭʘʥʽʟʤʽʚ 

ʧʨʠʚʦʜʫ ʥʦʞʽʚ, ʱʦ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ ʮʽʥʫ ʤʘʰʠʥ. 

ɿʘʣʝʞʥʦ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʧʦʟʠʮʽʡ, ʫ ʷʢʠʭ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʨʦʮʝʩ ʦʙʨʽʟʢʠ, 

ʽʩʥʫʻ ʜʚʽ ʦʩʥʦʚʥʽ ʛʨʫʧʠ ʨʽʟʘʣʴʥʠʭ ʤʘʰʠʥ: ʦʜʥʦʧʦʟʠʮʽʡʥʽ, ʚ ʷʢʠʭ ʧʨʦʮʝʩ 

ʦʙʨʽʟʢʠ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʦʜʥʦʤʫ ʨʦʙʦʯʦʤʫ ʧʦʣʦʞʝʥʥʽ, ʽ 

ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʽ, ʚ ʷʢʠʭ ʧʨʦʮʝʩʠ ʨʽʟʘʥʥʷ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʜʚʦʭ ʘʙʦ ʪʨʴʦʭ 

ʨʦʙʦʯʠʭ ʧʦʣʦʞʝʥʥʷʭ.  

ʇʽʜ ʯʘʩ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʥʘ ʪʨʠʥʦʞʦʚʽʡ ʤʘʰʠʥʽ ʦʙʨʦʙʢʘ ʚʽʜʙʫʚʘʻʪʴʩʷ, 

ʢʦʣʠ ʟʘʪʠʩʥʫʪʠʡ ʢʥʠʞʢʦʚʠʡ ʙʣʦʢ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʦʜʥʦʤʫ ʧʦʣʦʞʝʥʥʽ: ʧʦ ʮʽʡ 
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ʩʭʝʤʽ ʦʙʨʦʙʢʠ, ʥʘ ʧʦʯʘʪʢʫ, ʩʪʦʨʦʥʠ ʙʣʦʢʫ ʦʜʥʦʯʘʩʥʦ ʦʙʨʽʟʘʶʪʴʩʷ ʜʚʦʤʘ 

ʙʽʯʥʠʤʠ ʥʦʞʘʤʠ, ʘ ʧʦʪʽʤ, ʧʝʨʝʜʥʷ ʯʘʩʪʠʥʘ ʙʣʦʢʫ ʦʙʨʽʟʘʻʪʴʩʷ ʧʝʨʝʜʥʽʤ ʥʦʞʝʤ. 

ʆʙʨʽʟʫʚʘʥʥʷ ʙʣʦʢʽʚ ʟ ʪʨʴʦʭ ʩʪʦʨʽʥ ʚ ʦʜʥʦʤʫ ʧʦʣʦʞʝʥʥʽ ʜʦʟʚʦʣʷʻ ʨʽʟʘʪʠ ʜʦʩʠʪʴ 

ʚʠʩʦʢʽ ʧʘʯʢʠ ʙʣʦʢʽʚ (ʜʦ 100 õ 120 ʤʤ) ʟ ʭʦʨʦʰʦʶ ʪʦʯʥʽʩʪʶ ʪʘ ʷʢʽʩʪʶ ʨʽʟʘʥʥʷ. 

ʆʜʥʘʢ ʪʨʠʚʘʣʠʡ ʯʘʩ ʧʨʦʩʪʦʶ ʙʣʦʢʽʚ ʫ ʧʦʣʦʞʝʥʥʽ ʨʽʟʘʥʥʷ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʙʣʦʢʽʚ, ʾʭ ʟʘʪʠʩʢʘʥʥʷ ʪʘ ʨʽʟʘʥʥʷ ʧʦ ʯʝʨʟʽ ʙʽʯʥʠʤʠ ʪʘ ʧʝʨʝʜʥʽʤ 

ʥʦʞʘʤʠ, ʟʥʘʯʥʦ ʟʥʠʞʫʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʤʘʰʠʥ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ 

ʤʘʰʠʥʠ ʜʠʥʘʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʙʽʣʴʰʫʶʪʴʩʷ, ʽ ʥʝʦʙʭʽʜʥʦ ʟʤʝʥʰʫʚʘʪʠ 

ʚʠʩʦʪʫ ʧʘʯʢʠ (ʢʽʣʴʢʽʩʪʴ ʙʣʦʢʽʚ), ʱʦ ʬʘʢʪʠʯʥʦ ʟʥʠʞʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʽʟʘʣʴʥʠʭ 

ʤʘʰʠʥ. 

ɼʚʦʧʦʟʠʮʽʡʥʝ ʦʙʨʽʟʘʥʥʷ ʚʠʨʦʙʫ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʧʦʪʦʢʦʚʠʭ ʣʽʥʽʷʭ ʧʨʠ 

ʦʙʨʽʟʘʥʥʷ ʪʦʥʢʠʭ ʙʨʦʰʫʨ. ʆʧʝʨʘʮʽʾ ʟ ʦʙʨʽʟʘʥʥʷ ʪʨʘʥʩʧʦʨʪʦʚʘʥʠʭ ʙʨʦʰʫʨ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʜʚʦʭ ʧʦʣʦʞʝʥʥʷʭ ʧʨʠ ʟʫʧʠʥʮʽ ʙʨʦʰʫʨ: ʫ ʧʝʨʰʦʤʫ - ʧʨʠ 

ʦʙʨʽʟʫʚʘʥʥʽ ʜʚʦʭ ʩʪʦʨʽʥ ʙʨʦʰʫʨʠ, ʪʘ ʚ ʜʨʫʛʦʤʫ, ʧʽʩʣʷ ʧʝʨʝʤʽʱʝʥʥʷ ʙʣʦʢʫ ʚ 

ʥʦʚʝ ʧʦʣʦʞʝʥʥʷ - ʙʨʦʰʫʨʠ ʦʙʨʽʟʘʶʪʴʩʷ ʩʧʝʨʝʜʫ. 

ʉʫʯʘʩʥʽ ʪʨʠʥʦʞʦʚʽ ʤʘʰʠʥʠ ʧʦʚʠʥʥʽ ʚʽʜʧʦʚʽʜʘʪʠ ʙʘʛʘʪʴʦʤ ʚʠʤʦʛʘʤ, 

ʚʩʪʘʥʦʚʣʝʥʠʤ ʢʦʨʠʩʪʫʚʘʯʘʤʠ. ɼʦ ʦʩʥʦʚʥʠʭ ʥʘʣʝʞʘʪʴ: ʥʘʡʚʠʱʘ ʷʢʽʩʪʴ ʨʽʟʘʥʥʷ, 

ʚʠʩʦʢʘ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʢʦʨʦʪʢʠʡ ʯʘʩ ʟʤʽʥʠ ʥʘ ʥʦʚʠʡ ʬʦʨʤʘʪ, ʪʨʠʚʘʣʠʡ ʪʝʨʤʽʥ 

ʩʣʫʞʙʠ ʥʦʞʽʚ, ʧʨʦʩʪʦʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʪʦʱʦ. 

ɹʘʛʘʪʦ ʢʦʤʧʘʥʽʡ, ʱʦ ʢʦʥʢʫʨʫʶʪʴ ʥʘ ʨʠʥʢʫ, ʥʘʤʘʛʘʶʪʴʩʷ ʚʽʜʧʦʚʽʜʘʪʠ 

ʮʠʤ ʚʠʤʦʛʘʤ. ɼʦ ʥʘʡʙʽʣʴʰ ʚʽʜʦʤʠʭ ʚʠʨʦʙʥʠʢʽʚ ʪʨʠʥʦʞʦʚʠʭ ʤʘʱʠʥ 

ʚʽʜʥʦʩʷʪʴʩʷ [4, 5]: 

ʄʶʣʣʝʨ-ʄʘʨʪʽʥʽ (ʐʚʝʡʮʘʨʽʷ) - ʚʠʨʦʙʣʷʻ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʽ ʨʽʟʘʣʴʥʽ 

ʤʘʰʠʥʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʢʦʨʦʪʢʠʤʠ ʧʝʨʽʦʜʘʤʠ ʧʽʜʛʦʪʦʚʯʠʭ ʪʘ 

ʜʦʧʦʤʽʞʥʠʭ ʦʧʝʨʘʮʽʡ. ʄʦʜʝʣʽ Granit (ʤʘʢʩ. ʰʚʠʜʢʽʩʪʴ ʨʦʙʦʪʠ - 2500 

ʮʠʢʣʽʚ/ʛʦʜʠʥʫ), Orbit (ʤʘʢʩ. h ʚʠʜʢʽʩʪʴ ʨʦʙʦʪʠ - 7200 ʮʠʢʣʽʚ/ʛʦʜʠʥʫ), HD-143.P 

(ʤʘʢʩ. ʰʚʠʜʢʽʩʪʴ ʨʦʙʦʪʠ - 8000 ʮʠʢʣʽʚ/ʛʦʜʠʥʫ) ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʷʢ ʚ 

ʘʚʪʦʤʘʪʠʯʥʠʭ ʣʽʥʽʷʭ, ʪʘʢ ʽ ʷʢ ʘʚʪʦʥʦʤʥʽ ʤʘʰʠʥʠ [6]. ʄʦʜʝʣʽ INFINITRIM ʪʘ 

HD-HD 143 ʧʨʠʩʪʦʩʦʚʘʥʽ ʜʦ ʦʙʨʦʙʢʠ ʢʥʠʛ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ Book 

on Demand. ʂʦʥʩʪʨʫʢʪʦʨʘʤ ʢʦʤʧʘʥʽʾ ʚʜʘʣʦʩʷ ʟʙʽʣʴʰʠʪʠ ʨʦʙʦʯʫ ʰʚʠʜʢʽʩʪʴ 
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ʤʘʰʠʥ ʜʦ 8000 ʮʠʢʣʽʚ/ʛʦʜʠʥʫ, ʘʣʝ ʮʝ, ʤʘʙʫʪʴ, ʤʝʞʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʪʨʠʥʦʞʝʚʠʭ ʤʘʰʠʥ. 

Wohlenberg Buchbindesysteme (ʅʽʤʝʯʯʠʥʘ) [7] - ʚ ʜʘʥʠʡ ʯʘʩ ʧʨʦʧʦʥʫ ̒

ʨʽʟʘʣʴʥʽ ʤʘʰʠʥʠ ʥʘʩʪʫʧʥʠʭ ʪʠʧʽʚ: Tri-Tec 250, Trim-Tec 60E, D09 ʟ ʨʦʙʦʯʦʶ 

ʰʚʠʜʢʽʩʪʶ ʚʽʜ 1500 ʜʦ 2400 ʮʠʢʣʽʚ/ʛʦʜʠʥʫ. ʉʝʨʝʜ ʪʝʭʥʽʯʥʠʭ ʥʦʚʠʥʦʢ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʤʘʰʠʥʘʭ Wohlenberg, ʻ ʘʚʪʦʤʘʪʠʯʥʝ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʬʦʨʤʘʪʫ (ʚʠʩʦʪʘ ʪʘ ʰʠʨʠʥʘ ʙʣʦʢʫ, ʚʠʩʦʪʘ ʧʘʯʢʠ ʪʘ ʩʠʣʘ ʟʘʪʠʩʢʫ) ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʨʦʢʦʚʠʭ ʜʚʠʛʫʥʽʚ, ʢʝʨʦʚʘʥʠʭ ʢʦʤʧ'ʶʪʝʨʦʤ. ʉʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 

ʧʝʨʝʭʦʜʫ ʥʘ ʽʥʰʠʡ ʨʦʙʦʯʠʡ ʬʦʨʤʘʪ ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʧʽʜʛʦʪʦʚʢʠ 

ʤʘhʠʥʠ ʜʦ 40% [7]. 

Horizon (ʗʧʦʥʽʷ) - ʪʨʠʥʦʞʦʚʽ ʨʽʟʘʣʴʥʽ ʤʘʰʠʥʠ ʢʦʤʧʘʥʽʾ, ʤʦʜʝʣʽ HT-300, 

HT-30C, HT-80, HT-110, HT-1000V, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚʩʽʭ ʦʧʝʨʘʮʽʡ: ʚʽʜ ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʦ ʚ̔ ʜʙʦʨʫ ʦʙʨʽʟʘʥʠʭ ʢʥʠʛ [8]. ʋʩʽ 

ʧʝʨʝʨʘʭʦʚʘʥʽ ʤʦʜʝʣʽ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʷʢ ʦʢʨʝʤʽ ʘʛʨʝʛʘʪʠ, ʪʘʢ ʽ ʚ ʣʽʥʽʷʭ ʜʣʷ 

ʙʝʟʰʦʚʥʦʛʦ ʩʢʨʽʧʣʝʥʥʷ ʪʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʥʠʛ ʫ ʪʚʝʨʜʽʡ ʦʙʢʣʘʜʠʥʮʽ. ʇʨʠ ʨʦʙʦʪʽ 

ʤʘʰʠʥ, ʷʢ ʘʚʪʦʥʦʤʥʽ ʘʛʨʝʛʘʪʠ, ʙʣʦʢʠ ʜʣʷ ʦʙʨʽʟʫʚʘʥʥʷ ʧʦʜʘʶʪʴʩʷ ʚ ʩʝʢʮʽʶ 

ʨʽʟʘʥʥʷ ʦʧʝʨʘʪʦʨʦʤ, ʘ ʦʙʨʽʟʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ. ʂʦʣʠ ʤʘʰʠʥʠ 

ʧʨʘʮʶʶʪʴ ʫ ʧʦʪʦʢʦʚʠʭ ʣʽʥʽʷʭ, ʙʣʦʢʠ ʧʦʜʘʶʪʴʩʷ ʚ ʢʦʞʥʦʾ ʤʦʜʝʣʽ ʤʘʰʠʥʠ 

ʧʦʪʦʢʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʠʭ ʩʪʨʽʯʢʦʚʠʭ ʢʦʥʚʝʻʨʽʚ. ʈʦʙʦʯʘ ʰʚʠʜʢʽʩʪʴ 

ʮʠʭ ʤʘʰʠʥ ʚʘʨʽʶʻʪʴʩʷ ʚʽʜ 300 ʜʦ 1600 ʮʠʢʣʽʚ/ʛʦʜʠʥʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʦʙʦʯʦʾ 

ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʦʚʠʭ ʣʽʥʽʡ.  

ʂʦʤʧʘʥʽʾ Meccanotecnica (MZE Maschinenbau), Baumannperfecta, Mohr 

Adolf (ʅʽʤʝʯʯʠʥʘ), ʷʢʽ ʚʠʨʦʙʣʷʶʪʴ ʥʘʧʽʚʘʚʪʦʤʘʪʠʯʥʽ ʪʘ ʘʚʪʦʤʘʪʠʯʥʽ ʨʽʟʘʣʴʥʽ 

ʤʘʰʠʥʠ ʟ ʨʦʙʦʯʦʶ ʰʚʠʜʢʽʩʪʶ ʚʽʜ 50 ʜʦ 2400 ʮʠʢʣʽʚ/ʛʦʜʠʥʫ [9,10,11],  ʪʘʢʦʞ 

ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʚʽʜʦʤʠʭ ʚʠʨʦʙʥʠʢʽʚ ʦʜʥʦʧʦʟʠʮʽʡʥʠʭ ʪʨʠʥʦʞʦʚʠʭ ʤʘʰʠʥ.  

ɸʚʪʦʤʘʪʠʯʥʽ ʨʽʟʘʣʴʥʽ ʤʘʰʠʥʠ ʟ ʙʝʟʚʠʩʪʽʡʥʠʤ ʩʧʦʩʦʙʦʤ ʨʽʟʘʥʥʷ ʙʨʦʰʫʨ 

ʟʘʟʚʠʯʘʡ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʰʚʝʡʥʦ-ʟʙʠʨʘʣʴʥʠʭ ʣʽʥʽʷʭ ʪʘ ʚ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʣʽʥʽʷʭ ʜʣʷ ʙʝʟʰʦʚʥʦʛʦ ʩʢʨʽʧʣʝʥʥʷ ʪʦʥʢʠʭ ʙʨʦʰʫʨ, ʜʝ 

ʦʙʨʽʟʫʶʪʴʩʷ ʙʨʦʰʫʨʠ ʪʦʚʱʠʥʦʶ ʥʝ ʙʽʣʴʰʝ 8 ʤʤ. ʅʘʡʯʘʩʪʽʰʝ ʟʘʩʪʦʩʦʚʫʚʘʥʠʡ 

ʩʧʦʩʽʙ ʨʽʟʘʥʥʷ ʫ ʜʚʦʧʦʟʠʮʽʡʥʠʭ ʤʘʰʠʥʘʭ ï ʟ ʢʦʥʪʨ-ʥʦʞʝʤ, ʦʜʥʘʢ ʫ ʜʝʷʢʠʭ 
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ʪʨʠʥʦʞʦʚʠʭ ʤʘʰʠʥʘʭ ʤʦʞʥʘ ʟʫʩʪʨʽʪʠ ʦʙʨʽʟʫʚʘʥʥʷ ʙʨʦʰʫʨ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʜʠʩʢʦʚʠʭ ʥʦʞʽʚ. ɹʘʛʘʪʦʧʦʟʠʮʽʡʥʽ ʪʨʠʥʦʞʦʚʽ ʤʘʰʠʥʠ ʚʠʨʦʙʣʷʶʪʴ ʬʽʨʤʠ: 

M¿ller-Martini, Ferag (ʐʚʝʡʮʘʨʽʷ), Honer, Gªmmerler Maschinenbau und 

Anlagetechnik GmbH (ʅʽʤʝʯʯʠʥʘ), Camco Roback Ltd (ɺʝʣʠʢʦʙʨʠʪʘʥʽʷ), Harris 

Graphics International Corp., Custom-Bilt Machinery (ʉʐɸ) ʪʘ ʽʥʰʽ. 

ɿ ʪʦʯʢʠ ʟʦʨʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʥʘʡʮʽʢʘʚʽʰʠʤʠ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʤʠ 

ʨʽʰʝʥʥʷʤʠ ʨʽʞʫʯʠʭ ʩʠʩʪʝʤ ʤʘʰʠʥ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʙʝʟʚʠʩʪʽʡʥʦʛʦ ʨʽʟʘʥʥʷ 

ʙʨʦʰʫʨ, ʻ ʩʠʩʪʝʤʘ ʨʽʟʘʥʥʷ ʬʽʨʤʠ Ferag ʪʘ ʢʦʤʧʣʝʢʪ ʩʧʝʮʽʘʣʴʥʠʭ ʜʠʩʢʦʚʠʭ 

ʥʦʞʽʚ ʬʽʨʤʠ Gªmmerler. 

ʉʠʩʪʝʤʘ ʨʽʟʘʥʥʷ Ferag ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʙʘʨʘʙʘʥʽʚ, ʢʦʞʝʥ ʟ ʷʢʠʭ 

ʦʩʥʘʱʝʥʠʡ 30 ʢʠʰʝʥʷʤʠ [12]. ʂʦʥʚʝʻʨ ʘʚʪʦʤʘʪʠʯʥʦ ʧʦʜʘʻ ʙʨʦʰʫʨʠ ʢʦʨʽʥʮʝʤ 

ʚʧʝʨʝʜ ʫ ʢʦʞʥʫ ʢʠʰʝʥʶ. ɺ ʧʝʨʰʦʤʫ ʙʘʨʘʙʘʥ ̔ʨʽʞʝʪʴʩʷ ʧʝʨʝʜʥʽʡ ʙʽʢ ʙʨʦʰʫʨʠ 

ʨʫʭʦʤʠʤ ʥʦʞʝʤ ʥʘ ʧʨʦʪʠʥʽʞ (ʨʠʩ. 1.1), ʘ ʧʦʪʽʤ, ʧʽʩʣʷ ʧʝʨʝʥʝʩʝʥʥʷ ʙʨʦʰʫʨʠ ʥʘ 

ʜʨʫʛʠʡ ʙʘʨʘʙʘʥ - ʨʦʟʨʽʟʘʶʪʴ ʚʝʨʭʥʶ ʽ ʥʠʞʥʶ ʩʪʦʨʦʥʠ ʙʨʦʰʫʨ, ʪʘʢʦʞ ʧʨʠ 

ʨʽʟʘʥʥʽ ʥʘ ʢʦʥʪʨ-ʥʽʞ. ʉʠʩʪʝʤʘ Ferag ʜʦʟʚʦʣʷʻ ʦʙʨʽʟʫʚʘʪʠ ʝʢʟʝʤʧʣʷʨʠ ʦʙôʻʤʦʤ 

ʜʦ 400 ʩʪʦʨʽʥʦʢ ʽ ʟ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʜʦ 40000 ʰʪʫʢ/ʛʦʜʠʥʫ. 

ʂʦʤʧʘʥʽʷ Gªmmerler ʜʣʷ ʪʨʠʩʪʦʨʦʥʥʴʦʛʦ ʦʙʨʽʟʘʥʥʷ ʧʦʪʦʢʽʚ ʙʨʦʰʫʨ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʚʝʨʭʥʽʡ ʜʠʩʢʦʚʠʡ ʟʫʙʯʘʩʪʠʡ ʥʽʞ (ʬʨʝʟʫ) [13], ʷʢʠʡ ʩʧʽʚʧʨʘʮʶʻ ʟ 

ʥʠʞʥʽʤ ʜʠʩʢʦʚʠʤ ʥʦʞʝʤ (ʨʠʩ. 1.2). ɺʝʨʭʥʽʡ ʜʠʩʢʦʚʠʡ ʥʽʞ (ʜʽʘʤʝʪʨʦʤ 200 ʤʤ) 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʢʨʝʤʠʭ ʨʽʞʫʯʠʭ ʧʣʘʩʪʠʥ, ʚʩʪʘʥʦʚʣʝʥʠʭ ʥʘ ʟʘʛʘʣʴʥʦʤʫ ʜʠʩʢʫ. 

ʅʠʞʥʽʡ ʜʠʩʢʦʚʠʡ ʥʽʞ ʢʦʥʪʘʢʪʫʻ ʟ ʚʝʨʭʥʽʤ ʥʦʞʝʤ ʽ ʧʨʘʮʶʻ ʷʢ ʢʦʥʪʨ-ʥʽʞ.  

ɺ ʘʚʪʦʤʘʪʠʯʥʠʭ ʨʽʟʘʣʴʥʠʭ ʤʘʰʠʥʘʭ ʮʽʻʾ ʢʦʤʧʘʥʽʾ ʩʧʦʯʘʪʢʫ ʦʙʨʽʟʘʶʪʴʩ ̫

ʚʝʨʭʥ ̫̔  ʥʠʞʥ ̫ʩʪʦʨʦʥʠ ʙʨʦʰʫʨʥʠʭ ʙʣʦʢʽʚ, ʘ ʧʦʪʽʤ - ʧʽʩʣʷ ʟʤʽʥʠ ʥʘʧʨʷʤʢʫ ʨʫʭʫ 

ʙʣʦʢʽʚ ʥʘ 90Á, - ʧʝʨʝʜʥʽʡ ʙʽʢ ʙʨʦʰʫʨʠ. ʄʘʢʩʠʤʘʣʴʥʘ ʜʦʧʫʩʪʠʤʘ ʪʦʚʱʠʥʘ 

ʙʨʦʰʫʨʠ ï 8 ʤʤ, ʘ ʤʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʙʝʟʚʠʩʪʽʡʥʦʛʦ ʦʙʨʽʟʘʥʥʷ ʙʨʦʰʫʨ 

ʮʽʤ ʩʧʦʩʦʙʦʤ ʩʪʘʥʦʚʠʪʴ 120 ʮʠʢʣʽʚ/ʭʚ [13]. 
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ʈʠʩ. 1.1. ʉʠʩʪʝʤʘ ʙʝʟʚʠʩʪʽʡʥʦʾ ʦʙʨʽʟʢʠ ʙʨʦʰʫʨ ʚ ʜʚʦʭ ʧʦʟʠʮʽʷʭ ʬʽʨʤʠ Ferag [12] 

1 ï ʥʽʞ, 2 ï ʙʨʦʰʫʨʘ, 3,4 ï ʟʘʪʠʩʢ ʙʨʦʰʫʨʠ. 5 ï ʚʠʧʨʦʚʘʜʞʝʥʥʷ ʦʙʨʽʟʢʽʚ  

 

 

                 

 

ʈʠʩ. 1.2. ʉʠʩʪʝʤʘ ʙʝʟʚʠʩʪʽʡʥʦʾ ʦʙʨʽʟʢʠ ʙʨʦʰʫʨ ʜʠʩʢʦʚʠʤ ʟʫʙʯʘʩʪʠʤ ʥʦʞʝʤ  

ʬʽʨʤʠ Gªmmerler [13] 
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ʆʛʣʷʜ ʪʨʠʥʦʞʦʚʠʭ ʨʽʟʘʣʴʥʠʭ ʤʘʰʠʥ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʥʘ ʥʘʡʙʽʣʴʰʽʡ 

ʻʚʨʦʧʝʡʩʴʢʽʡ ʚʠʩʪʘʚʮʽ ʧʦʣʽʛʨʘʬʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ DRUPA 2016 [14], ʧʦʢʘʟʘʚ, 

ʱʦ ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ ʤʘʰʠʥ ʚ ʦʩʥʦʚʥʦʤʫ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʤʘʢʩʠʤʘʣʴʥʫ 

ʘʚʪʦʤʘʪʠʟʘʮʽʶ ʾʭ ʨʦʙʦʪʠ. ʉʫʯʘʩʥʽ ʤʘʰʠʥʠ, ʷʢ ʧʨʘʚʠʣʦ, ʦʩʥʘʱʝʥʽ ʩʠʩʪʝʤʘʤʠ 

ʫʧʨʘʚʣʽʥʥʷ, ʧʽʜʢʣʶʯʝʥʠʤʠ ʜʦ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰ 

ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ, ʙʽʣʴʰ ʰʚʠʜʢʝ ʥʘʣʘʰʪʫʚʘʥʥʷ ʥʘ ʽʥʰʠʡ ʬʦʨʤʘʪ ʪʘ 

ʚʠʜ ʧʨʦʜʫʢʮʽʾ, ʧʦʣʝʛʰʝʥʥʷ ʫʤʦʚ ʧʨʘʮʽ ʪʘ ʟʤʝʥʰʝʥʥʷ ʯʘʩʪʢʠ ʨʫʯʥʦʾ ʧʨʘʮʽ ʫ 

ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʩʫʯʘʩʥʠʭ ʪʨʠʥʦʞʦʚʠʭ ʨʽʟʘʣʴʥʠʭ ʤʘʰʠʥ 

ʚʞʝ ʜʦʩʷʛʣʘ ʧʽʢʦʚʠʭ ʟʥʘʯʝʥʴ: 100 õ 110 ʮʠʢʣʽʚ/ʭʚ. 

ɿʘʛʘʣʴʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʨʦʙʦʪʠ ʪʨʠʥʦʞʦʚʠʭ ʨʽʟʘʣʴʥʠʭ ʤʘʰʠʥ ʻ 

ʟʘʣʝʞʥʽʩʪʴ ʾʭ ʨʦʙʦʯʦʾ ʰʚʠʜʢʦʩʪʽ ʚʽʜ ʚʠʩʦʪʠ ʦʙʨʽʟʫʚʘʥʠʭ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ. 

ʄʘʰʠʥʠ ʟ ʥʠʟʴʢʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ (ʜʦ 25 õ 30 ʮʠʢʣʽʚ/ʭʚ) ʦʙʨʦʙʣʷʶʪʴ ʩʪʦʩʠ 

ʙʣʦʢʽʚ ʙʽʣʴʰʦʾ ʚʠʩʦʪʠ ʽ ʥʘʚʧʘʢʠ - ʨʟ̔ʘʣʴʥʽ ʤʘʰʠʥʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʧʦʪʦʢʦʚʠʭ 

ʣʽʥʽʡ ʟ ʥʘʡʚʠʱʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ ʧʨʠʩʪʦʩʦʚʘʥʽ ʜʣʷ ʦʙʨʽʟʘʥʥʷ ʦʢʨʝʤʠʭ ʙʣʦʢʽʚ 

ʥʝʚʝʣʠʢʦʾ ʚʠʩʦʪʠ. ʎʝ ʩʣʽʜ ʙʨʘʪʠ ʜʦ ʫʚʘʛʠ, ʦʩʢʽʣʴʢʠ ʚ ʮʠʭ ʜʚʦʭ ʚʠʧʘʜʢʘʭ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʤʦʞʝ ʟʨʽʚʥʷʪʠʩ.̫  

ɺʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʤʝʭʘʥʽʟʤʽʚ ʪʨʠʥʦʞʦʚʠʭ ʨʽʟʘʣʴʥʠʭ ʤʘʰʠʥ 

ʤʦʞʣʠʚʝ ʚ ʜʝʢʽʣʴʢʦʭ ʥʘʧʨʷʤʢʘʭ. ʅʘʡʧʨʦʩʪʽʰʽ ʨʽʰʝʥʥʷ ʧʦʣʷʛʘʶʪʴ ʫ ʥʝʟʥʘʯʥʠʭ 

ʟʤʽʥʘʭ ʢʦʥʩʪʨʫʢʮʽʾ ʤʝʭʘʥʽʟʤʽʚ ʪʘ ʟʙʽʣʴʰʝʥʥʽ ʾʭ ʨʦʙʦʯʦʾ ʰʚʠʜʢʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ 

ʧʦʣʽʧʰʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʭʘʥʽʟʤʽʚ ʧʨʠʚʦʜʫ ʥʦʞʽʚ. ʊʘʢʽ ʟʤʽʥʠ 

ʜʦʟʚʦʣʷʪʴ ʥʝʟʥʘʯʥʦ ʟʙʽʣʴʰʠʪʠ ʨʦʙʦʯʫ ʰʚʠʜʢʽʩʪʴ ʧʨʘʮʽ ʨʽʟʘʣʴʥʠʭ ʤʘʰʠʥ. 

ʅʘʩʪʫʧʥʠʤ ʥʘʧʨʷʤʢʦʤ ʤʦʜʝʨʥʽʟʘʮʽʾ ʻ ʟʤʽʥʘ ʩʪʨʫʢʪʫʨʠ ʽ ʩʭʝʤ 

ʢʦʥʩʪʨʫʢʮʽʾ ʥʘʡʙʽʣʴʰ ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʧʨʦʚʝʜʝʥʘ ʥʘ ʦʩʥʦʚʽ 

ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʜʠʥʘʤʽʢʠ ʨʦʙʦʪʠ ʤʘʰʠʥ. ʅʘʡʯʘʩʪʽʰʝ 

ʚʜʦʩʢʦʥʘʣʶʶʪʴ ʤʝʭʘʥʽʟʤʠ ʧʨʠʚʦʜʫ ʥʦʞʽʚ ʪʘ ʧʦʜʘʯʽ ʙʣʦʢʽʚ, ʷʢʽ ʧʽʜʜʘʶʪʴʩʷ 

ʟʥʘʯʥʠʤ ʜʠʥʘʤʽʯʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. ʄʝʭʘʥʽʟʤʠ ʧʦʜʘʯʽ ʙʣʦʢʽʚ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʮʠʢʣʽʯʥʽʩʪʶ ʨʦʙʦʪʠ, ʟʘʤʽʥʶʶʪʴ ʧʦʪʦʢʦʚʠʤʠ ʢʦʥʚʝʻʨʘʤʠ, 

ʱʦ ʟʤʝʥʰʫʻ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʘʣʴʥʠʭ ʨʫʭʽʚ ʢʘʨʝʪʢʠ ʜʣʷ 

ʧʦʜʘʚʘʥʥʷ ʙʣʦʢʽʚ ʥʘ ʨʽʚʝʥʴ ʚʽʙʨʘʮʽʾ ʤʘʰʠʥʠ.  
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ʂʦʥʩʪʨʫʢʪʦʨʠ ʧʨʠʜʽʣʷʶʪʴ ʙʘʛʘʪʦ ʫʚʘʛʠ ʚʜʦʩʢʦʥʘʣʝʥʥʶ ʮʠʢʣʽʯʥʠʭ 

ʤʝʭʘʥʽʟʤʽʚ ʧʨʠʚʦʜʫ ʥʦʞʽʚ, ʷʢ ʥʘʡʙʽʣʴʰ ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʪʘ ʥʘʚʘʥʪʘʞʝʥʠʭ 

ʤʝʭʘʥʽʟʤʽʚ ʧʨʦʪʷʛʦʤ ʙʽʣʴʰʦʾ ʯʘʩʪʠʥʠ ʢʦʞʥʦʛʦ ʨʦʙʦʯʦʛʦ ʮʠʢʣʫ ʤʘʰʠʥʠ. ʋ ʮʠʭ 

ʤʝʭʘʥʽʟʤʘʭ ʫʜʘʨʥʝ ʟʨʦʩʪʘʥʥʷ ʟʫʩʠʣʴ ʫ ʧʨʦʮʝʩʽ ʨʽʟʘʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʛʦʣʦʚʥʦʤʫ ʚʘʣ̔ ʤʘʰʠʥʠ ʪʘ ʫʪʚʦʨʝʥʥʷ ʟʥʘʯʥʠʭ ʢʦʣʠʚʘʥʴ 

ʧʨʠʚʦʜʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʪʘ ʩʪʘʥʠʥʠ ʨʽʟʘʣʴʥʦʾ ʤʘʰʠʥʠ. ʊʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ 

ʩʫʯʘʩʥʠʭ ʪʨʠʥʦʞʦʚʠʭ ʨʽʟʘʣʴʥʠʭ ʤʘʰʠʥ ʪʘ ʜʦʩʚʽʜ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʢʘʟʫʶʪʴ, 

ʱʦ ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʨʠʥʦʞʦʚʠʭ ʨʽʟʣʴʥʠʭ ʤʘʰʠʥ ʽʟ ʙʽʣʴʰʦʶ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʻ ʧʨʦʙʣʝʤʘʪʠʯʥʦʶ, ʦʩʢʽʣʴʢʠ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʣʴʥʠʭ 

ʤʝʭʘʥʽʟʤʽʚ ʚʠʤʘʛʘʻ ʧʦʜʦʣʘʥʥʷ ʟʥʘʯʥʠʭ ʟʤʽʥʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ 

ʫʩʫʥʝʥʥʷ ʚʽʙʨʘʮʽʡ, ʱʦ ʚʞʝ ʥʝʤʦʞʣʠʚʦ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʪʨʘʜʠʮʽʡʥʦʛʦ ʤʝʪʦʜʫ 

ʨʽʟʘʥʥʷ. ɺʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʩʫʪʪʻʚʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ 

ʪʨʠʥʦʞʦʚʠʭ ʨʽʟʘʣʴʥʠʭ ʤʘʰʠʥ ʧʦʣʷʛʘʻ ʫ ʧʦʰʫʢʫ ʘʙʩʦʣʶʪʥʦ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʙʝʟʚʠʩʪʽʡʥʦʛʦ ʪʨʠʩʪʦʨʦʥʥʴʦʛʦ ʦʙʨʽʟʫʚʘʥʥʷ ʢʥʠʞʥʠʭ ʙʣʦʢʽʚ. 

 

 

1.2. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʨʽʟʘʥʥʷ ʩʪʦʩʽʚ ʧʘʧʝʨʫ ʽ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ 

ʧʣʦʩʢʠʤʠ ʥʦʞʘʤʠ - ʪʝʦʨʽʷ ʪʘ ʜʦʩʚʽʜ 

 

ʈʽʟʘʥʥʷ - ʮʝ ʜʫʞʝ ʩʢʣʘʜʥʠʡ ʧʨʦʮʝʩ, ʽ ʡʦʛʦ ʧʝʨʝʙʽʛ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ 

ʬʘʢʪʦʨʽʚ: ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʧʨʦʜʫʢʪʫ, ʩʪʘʥʫ ʨʽʞʫʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ, ʨʽʟʘʣʴʥʦʾ 

ʤʘʰʠʥʠ, ʫʤʦʚ ʨʽʟʘʥʥʷ ʪʦʱʦ [15,52]. ɼʦʩʣʽʜʥʠʮʴʢʽ ʨʦʙʦʪʠ ʟ ʧʨʦʮʝʩʽʚ ʨʽʟʘʥʥʷ 

ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʦʚʦʜʠʣʠʩʴ ʟ ʢʽʥʮʷ 19 ʩʪʦʣʽʪʪʷ. ʋ ʧʨʦʮʝʩʽ ʚʠʚʯʝʥʥʷ ʧʨʦʮʝʩʫ 

ʨʽʟʘʥʥʷ ʜʦʩʣʽʜʥʠʢʠ ʧʨʘʛʥʫʣʠ ʟʘʩʪʦʩʫʚʘʪʠ ʧʝʚʥʫ ʟʘʛʘʣʴʥʫ ʤʦʜʝʣʴ ʤʝʭʘʥʽʟʤʫ 

ʚʟʘʻʤʦʜʽʾ ʨʽʞʫʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʪʘ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʆʜʥʘʢ, ʙʘʛʘʪʦ 

ʧʘʨʘʤʝʪʨʽʚ ʦʙʨʦʙʢʠ, ʷʢʽ ʟʤʽʥʶʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʨʽʟʘʥʥʷ, ʘ ʚ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ 

ʚʠʥʠʢʘʻ ʱʝ ʟʚʦʨʦʪʥʠʡ ʟʚ'ʷʟʦʢ ʤʽʞ ʤʠʪʪʻʚʠʤʠ ʫʤʦʚʘʤʠ, ʚ ʷʢʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʨʦʮʝʩ, ʽ ʧʘʨʘʤʝʪʨʘʤʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʦʙʨʦʙʣʶʚʘʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʪʘ ʨʽʞʫʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʚʠʢʣʠʢʘʶʪʴ ʚʝʣʠʢʽ ʪʨʫʜʥʦʱʽ ʫ ʩʪʚʦʨʝʥʥʽ 

ʟʘʛʘʣʴʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʜʣʷ ʦʧʠʩʫ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ. ʎʽ ʪʨʫʜʥʦʱʽ ʚ 
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ʜʦʩʪʘʪʥʽʡ ʤʽʨʽ ʧʦʷʩʥʶʶʪʴʩʷ ʚʽʜʩʫʪʥʽʩʪʶ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʟʘʜʦʚʽʣʴʥʦʾ 

ʟʘʛʘʣʴʥʦʾ ʪʝʦʨʽʾ ʨʽʟʘʥʥʷ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʙʽʣʴʰ ʥʽʞ ʩʪʦʣʽʪʥʻ ʜʦʩʣʽʜʞʝʥʥʷ ʟ 

ʨʽʟʘʥʥʷ ʤʝʪʘʣʫ ʪʘ ʽʥʰʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʇʨʠ ʦʧʠʩʽ ʨʽʟʘʥʥʷ ʧʘʧʝʨʫ ʚ ʩʪʦʩʽ ʩʢʣʘʜʥʽʩʪʴ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʜʦʜʘʪʢʦʚʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʘʚʜʷʢʠ ʨʝʦʣʦʛʽʯʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ ʧʘʧʝʨʫ. ʋ ʮʴʦʤʫ 

ʘʩʧʝʢʪʽ ʚʠʚʯʝʥʥʷ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ, ʷʢ ʧʨʘʚʠʣʦ, ʟʚʦʜʠʪʴʩʷ ʜʦ ʚʠʟʥʘʯʝʥʥʷ 

ʝʤʧʽʨʠʯʥʠʭ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ ʤʽʞ ʬʘʢʪʦʨʘʤʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʧʨʦʮʝʩ, ʪʘ 

ʧʘʨʘʤʝʪʨʘʤʠ ʨʽʟʘʥʥʷ ʧʨʠ ʩʪʨʦʛʦ ʚʠʟʥʘʯʝʥʠʭ ʪʘ ʚʩʪʘʥʦʚʣʝʥʠʭ ʫʤʦʚʘʭ. 

ʉʝʨʝʜ ʧʝʨʰʠʭ ʟʥʘʯʥʠʭ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ ʧʨʦʮʝʩʫ ʦʙʨʽʟʢʠ ʩʪʦʩʽʚ 

ʧʘʧʝʨʫ ʩʣʽʜ ʥʘʟʚʘʪʠ ʨʦʙʦʪʠ ʂ. ʐʪʝʛʤʘʥʘ [16], ʂ. ɺʝʡʣʷ [17], ɹ. ʄ. ʄʦʨʜʦʚʠʥʘ 

[3], ɺ. ɺ. ɻʽʥʟʙʫʨʛʘ [18] ʪʘ ʽʥʰʠʭ. 

ʄʦʨʜʦʚʽʥ (1948) ʩʪʚʝʨʜʠʚ, ʱʦ ʧʨʠ ʚʨʽʟʘʥʥʽ ʥʦʞʘ ʚ ʩʪʦʩ ʧʘʧʝʨʫ 

ʚʠʥʠʢʘʶʪʴ ʤʽʩʮʝʚʽ ʩʪʠʩʢʘʶʯʽ ʥʘʧʨʫʞʝʥʥʷ, ʷʢʽ ʻ ʟʘʚʞʜʠ ʙʽʣʴʰʽ, ʥʽʞ ʪʠʩʢ ʚʽʜ 

ʧʨʠʪʠʩʢʥʦʾ ʙʘʣʢʠ. ʇʨʠ ʟʘʥʫʨʝʥʥʽ ʥʦʞʘ ʚ ʩʪʦʩ ʘʨʢʫʰʽʚ ʰʘʨʠ ʧʘʧʝʨʫ 

ʧʨʦʛʠʥʘʶʪʴʩʷ ʽ ʜʝʬʦʨʤʫʶʪʴ ʚʦʣʦʢʥʘ ʧʘʧʝʨʫ ʥʘʚʢʦʣʦ ʨʽʞʫʯʦʾ ʢʨʘʡʢʠ ʥʦʞʘ, ʱʦ 

ʩʧʨʠʯʠʥʷʻ ʧʦʷʚʫ ʥʘʧʨʫʞʝʥʴ ʩʪʠʩʢʫ ʪʘ ʨʦʟʪʷʛʫ ʚ ʘʨʢʫʰʘʭ ʧʘʧʝʨʫ. ʂʦʣʠ 

ʥʘʧʨʫʞʝʥʥʷ ʨʦʟʪʷʛʫ ʧʝʨʝʚʠʱʫʶʪʴ ʤʝʞʫ ʤʽʮʥʦʩʪʽ ʚʦʣʦʢʦʥ, ʣʠʩʪ ʨʦʟʨʠʚʘʻʪʴʩʷ. 

ʆʜʥʘʢ, ʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʤʝʞʘ ʤʽʮʥʦʩʪʽ ʦʢʨʝʤʠʭ ʚʦʣʦʢʦʥ ʥʘʙʘʛʘʪʦ ʚʠʱʘ, ʥʽʞ 

ʫ ʘʨʢʫʰʘ ʧʘʧʝʨʫ, ʄʦʨʜʦʚʽʥ ʚʠʩʫʥʫʚ ʛʽʧʦʪʝʟʫ ʧʦʧʝʨʝʜʥʴʦʛʦ ʨʫʡʥʫʚʘʥʥʷ - 

ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʚʦʣʦʢʦʥ ʥʝ ʪʽʣʴʢʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜ ʥʦʞʝʤ, ʘʣʝ ʽ ʚ ʘʨʢʫʰʽ 

ʧʘʧʝʨʫ ʧʝʨʝʜ ʣʝʟʦʤ ʥʦʞʘ [3].  

ɼʣʷ ʟʨʫʯʥʦʩʪʽ ʧʨʘʢʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʄʦʨʜʦʚʽʥ ʚʚʽʚ ʧʦʥʷʪʪʷ ʧʠʪʦʤʦʾ 

ʩʠʣʠ ʨʽʟʘʥʥʷ p [ʅ / ʩʤ], ʘ ʩʠʣʘ ʨʽʟʘʥʥʷ F ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ  

F²1,5ĬpĬL     (1.1) 

ʜʝ: 1,5 ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʧʨʠʪʫʧʣʝʥʥʷ ʣʝʟʘ ʥʦʞʘ; p ï ʧʠʪʦʤʘ 

ʩʠʣʘ ʨʽʟʘʥʥʷ ʅ/ʩʤ, ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ; L ï 

ʜʦʚʞʠʥʘ ʨʽʟʫ, ʩʤ. 

ʉʠʣʫ ʨʽʟʘʥʥʷ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʪʨʴʦʤʘ ʢʦʤʧʦʥʝʥʪʘʤʠ: ʚʝʨʪʠʢʘʣʴʥʘ 

ʩʠʣʘ Fy ï ʷʢʘ ʜʽʻ ʚ ʧʣʦʱʠʥʽ ʨʽʟʘʥʥʷ ʽ ʻ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʶ ʣʽʥʽʾ ʣʝʟʘ ʥʦʞʘ, 
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ʛʦʨʠʟʦʥʪʘʣʴʥʘ Fx ï ʷʢʘ ʜʽʻ ʚʟʜʦʚʞ ʣʝʟʘ ʥʦʞʘ ʚ ʧʣʦʱʠʥʽ ʨʽʟʘʥʥʷ, ʽ ʣʦʙʦʚʘ Fz ï 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʧʣʦʱʠʥʽ ʨʽʟʘʥʥʷ.   

ɺʝʣʠʯʠʥʘ ʩʠʣʠ ʨʽʟʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʧʘʨʘʤʝʪʨʽʚ, 

ʥʘʡʚʘʞʣʠʚʽʰʠʤʠ ʟ ʷʢʠʭ ʻ: ʜʦʚʞʠʥʘ ʨʽʟʘʥʥʷ, ʛʦʩʪʨʦʪʘ ʥʦʞʘ, ʢʫʪ ʟʘʪʦʯʫʚʘʥʥʷ 

ʥʦʞʘ, ʪʠʧ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʢʫʪ ʨʫʭʫ ʥʦʞʘ ʧʽʜ ʯʘʩ ʨʽʟʘʥʥʷ, ʚʦʣʦʛʽʩʪʴ 

ʧʘʧʝʨʫ ʪʦʱʦ. 

ɹʽʣʴʰʽʩʪʴ ʽʟ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ɻʽʥʟʙʫʨʛʦʤ (1957) ʪʘ ɼʽʪʪʨʽʭʦʤ (1965) [19]. 

ɻʽʥʟʙʫʨʛ [18] ʥʘ ʦʩʥʦʚʽ ʯʠʩʣʝʥʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʨʦʟʨʦʙʠʚ ʝʤʧʽʨʠʯʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʚʠʟʥʘʯʠʚ ʟʥʘʯʝʥʥʷ 

ʚʝʨʪʠʢʘʣʴʥʦʾ ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʩʢʣʘʜʦʚʠʭ ʩʠʣʠ ʨʽʟʘʥʥʷ ʥʘ ʧʦʯʘʪʢʫ (FyË, FxË) ʽ ʚ 

ʢʽʥʮʽ ʨʽʟʘʥʥʷ (Fyě, Fxě): 

 ¡= ÖÖ Ö Ö Ö Ö ÖF L K K K K Ky 01 0 59
1 2 3 4 5, ;,a   (1.2) 
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ʜʝ: L ï ʜʦʚʞʠʥʘ ʦʙʨʽʟʫʚʘʥʥʷ ʚ ʤʤ, H ï ʚʠʩʦʪʘ ʩʪʦʩʫ ʚ ʤʤ, a ï ʢʫʪ 

ʟʘʪʦʯʫʚʘʥʥʷ ʥʦʞʘ ʚ ʛʨʘʜʫʩʘʭ, q ï ʦʜʠʥʠʯʥʘ ʩʠʣʘ ʟʘʪʠʩʢʘʥʥʷ ʩʪʦʩʫ ʚ ʅ/ʤʤ, 

Q ï ʢʫʪ ʨʫʭʫ ʥʦʞʘ ʚ ʛʨʘʜʫʩʘʭ, n ï ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʛʦʣʦʚʥʦʛʦ ʚʘʣʫ  ʦʙ/ʭʚ, e ï

 ʢʫʪ ʨʽʟʘʥʥʷ ʥʦʞʘ ʚ ʛʨʘʜʫʩʘʭ, B ï ʚʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ ʧʘʧʝʨʫ ʚ %, K1 ï 

ʢʦʝʬʽʮʽʻʥʪ ʢʫʪʘ ʨʫʭʫ ʥʦʞʘ (ʚʽʜ 0 do 1,045), K2 ï ʢʦʝʬʽʮʽʻʥʪ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ 

ʥʦʞʘ (ʚʽʜ 0,562 ʜʦ 1,453),  K3 ï ʢʦʝʬʽʮʽʻʥʪ ʪʠʧʫ ʤʘʪʝʨʽʘʣʫ (ʚʽʜ 0,29 ʜʦ 1,68), 

K4 ï ʢʦʝʬʽʮʽʻʥʪ ʛʦʩʪʨʦʪʠ ʥʦʞʘ (ʚʽʜ 0,556 ʜʦ 3,054),  K5 ï ʢʦʝʬʽʮʽʻʥʪ 

ʟʤʘʱʝʥʥʷ ʥʦʞʘ (ʚʽʜ 0,79 ʜʦ 1,0). 

ɺ ʨʦʙʦʪʽ ɼʽʪʪʨʽʭʘ [19] ʨʝʟʫʣʴʪʫʶʯʘ ʩʠʣʘ Fr, ʷʢʘ ʻ ʩʫʤʦʶ ʚʝʨʪʠʢʘʣʴʥʦʾ ʽ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʩʢʣʘʜʦʚʠʭ ʩʠʣ ʨʽʟʘʥʥʷ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 F F Fr y x= +2 2 . (1.6) 
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ɺʝʣʠʯʠʥʠ ʚʝʨʪʠʢʘʣʴʥʦʾ ʽ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʩʢʣʘʜʦʚʠʭ ʩʠʣ ʨʽʟʘʥʥʷ 

ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ 

         F f f f f p Ly y y= Ö Ö Ö ÖÖ1 2 3 4 ;                  (1.7) 

 F f f f f p Lx x x= Ö Ö Ö ÖÖ1 2 3 4 ; (1.8) 

ʜʝ: f1 ï ʢʦʝʬʽʮʽʻʥʪ ʛʦʩʪʨʠʪʠ ʥʦʞʘ ( f1y=2,0õ4,0; f1x=0,6õ1,1), f2 ï 

ʢʦʝʬʽʮʽʻʥʪ ʢʫʪʘ ʟʘʛʦʩʪʨʝʥʥʷ ʥʦʞʘ  ( f2y=0,92õ1,08; f2x=0,9õ1,1), f3 ï ʢʦʝʬʽʮʽʻʥʪ 

ʢʫʪʘ ʨʫʭʫ ʥʦʞʘ,  f4 ï ʢʦʝʬʽʮʽʻʥʪ ʥʘʧʨʷʤʢʫ ʚʦʣʦʢʦʥ ʚ ʧʘʧʝʨʽ, p ï ʦʜʠʥʠʯʥʘ ʩʠʣʘ 

ʨʽʟʘʥʥʷ ʅ/ʤʤ, L ï ʜʦʚʞʠʥʘ ʨʽʟʘʥʥʷ ʚ ʤʤ.   

ɼʦʩʣʽʜʞʝʥʥʷ ɼʽʪʪʨʽʭʘ ʧʦʢʘʟʘʣʠ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʛʦʩʪʨʦʪʠ ʪʘ ʜʦʚʞʠʥʠ 

ʥʦʞʘ ʥʘ ʩʢʣʘʜʦʚʽ ʩʠʣ ʨʽʟʘʥʥʷ. ɺʦʥʠ ʪʘʢʦʞ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʠʪʦʤʘ ʩʠʣʘ ʨʽʟʘʥʥʷ 

ʧʘʧʝʨʫ ʧʦʧʝʨʝʢ ʚʦʣʦʢʦʥ ʥʘ 10% ʧʝʨʝʚʠʱʫʻ ʩʠʣʫ ʨʽʟʘʥʥʷ ʘʨʢʫʰʽʚ ʚʟʜʦʚʞ 

ʥʘʧʨʷʤʢʫ ʚʦʣʦʢʦʥ. 

ʈʦʟʥʝʨ ʪʘ ʐʫʣʴʮ (1975) [20,21] ʧʨʦʚʝʣʠ ʘʥʘʣʽʟ ʨʦʟʧʦʜʽʣʫ ʥʦʨʤʘʣʴʥʠʭ ʽ 

ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʩʪʦʩʽ ʧʘʧʝʨʫ ʧʨʠ ʩʧʽʣʴʥʽʡ ʚʟʘʻʤʦʜʽʾ ʣʝʟʘ 

ʥʦʞʘ ʽ ʧʨʠʪʠʩʢʥʦʾ ʙʘʣʢʠ. ʅʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʪʦʜ ʄʦʨʘ, ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʨʽʟʘʥʥʽ ʚ 

ʩʪʦʩʽ ʧʘʧʝʨʫ ʚʠʥʠʢʘʶʪʴ ʟʤʽʥʥʽ ʩʪʠʩʢʘʶʯʽ ʪʘ ʨʦʟʪʷʛʫʶʯʠ ʥʘʧʨʫʞʝʥʥʷ (ʨʠʩ. 1.3), 

ʘ ʩʠʣʘ ʟʘʪʠʩʢʘʥʥʷ ʧʘʧʝʨʫ ʥʝ ʧʦʚʠʥʥʘ ʙʫʪʠ ʷʢʦʤʦʛʘ ʚʠʱʝ, ʘʣʝ ʤʘʻ ʙʫʪʠ 

ʜʦʩʪʘʪʥʴʦʶ ʜʣʷ ʧʨʦʪʠʜʽʾ ʷʚʠʱʫ ʚʠʪʷʛʫʚʘʥʥʷ ʘʨʢʫʰʽʚ ʟ-ʧʽʜ ʧʨʠʪʠʩʢʥʦʾ ʙʘʣʢʠ. 

ɼʦʩʣʽʜʞʝʥʥʷ ɸʢʘʪʴʻʚʘ [22] ʪʘ ɸʣʴʪʰʫʣʷ [23] ʙʫʣʠ ʧʨʠʩʚʷʯʝʥʽ 

ʧʦʜʘʣʴʰʠʤ ʜʦʩʣʽʜʞʝʥʥʷʤ ʤʝʭʘʥʽʢʠ ʨʽʟʘʥʥʷ ʩʪʦʩʽʚ ʧʘʧʝʨʫ ʽ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ 

ʧʣʦʩʢʠʤ ʥʦʞʝʤ ʪʘ ʚʧʣʠʚʫ ʟʘʪʫʧʣʝʥʥʷ ʣʝʟʘ ʥʦʞʘ ʥʘ ʩʠʣʫ ʨʽʟʘʥʥʷ. ʇʦʢʘʟʘʥʘ 

ʤʦʞʣʠʚʽʩʪʴ ʨʽʟʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʥʦʞʠʯʥʠʤ ʤʝʪʦʜʦʤ ʪʦʚʱʠʥʦʶ ʜʦ 10 ʤʤ. 

ʉʝʨʝʜ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʪʨʘʜʠʮʽʡʥʦʛʦ ʤʝʪʦʜʫ ʨʽʟʘʥʥʷ ʟʘʪʠʩʥʫʪʠʭ 

ʩʪʦʩʽʚ ʧʘʧʝʨʫ ʧʣʦʩʢʠʤ ʥʦʞʝʤ ʩʣʽʜ ʚʠʜʽʣʠʪʠ ʨʦʙʦʪʫ [24], ʚ ʷʢʽʡ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʫʯʘʩʥʦʾ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʘʧʘʨʘʪʫʨʠ ʚʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʷʚʠʱ, ʱʦ 

ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʯʘʩ ʨʽʟʘʥʥʷ  ʥʦʞʝʤ ʩʪʦʩʽʚ ʧʘʧʝʨʫ. 
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ʈʠʩ. 1.3. ʅʘʧʨʫʞʝʥʥʷ ʚ ʩʪʦʩʽ ʧʘʧʝʨʫ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʨʽʟʘʥʥʽ ʥʦʞʝʤ [20] 

1 ï ʥʽʞ, 2 ï ʟʘʪʠʩʢ ʩʪʦʩʫ, 3 ï ʧʨʦʪʠʥʽʞ, 4 ï ʩʪʦʩ ʧʘʧʝʨʫ 

 

 

               

 

ʈʠʩ. 1.4. ʉʭʝʤʘ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʙʝʟʚʠʩʪʽʡʥʦʛʦ ʦʙʨʽʟʫʚʘʥʥʷ ʢʥʠʞʢʦʚʠʭ 

ʙʣʦʢʽʚ ʜʠʩʢʦʚʠʤ ʥʦʞʝʤ [57] 

1 ï ʢʥʠʞʢʦʚʠʡ ʙʣʦʢ, 2,3 ï ʟʘʪʠʩʢʘʯʽ ʙʣʦʢʘ, 4 ï ʜʠʩʢʦʚʠʡ ʥʽʞ, 5 ï ʜʦʜʘʪʢʦʚʠʡ ʟʘʪʠʩʢ 

ʙʣʦʢʫ ʚ ʟʦʥʽ ʨʽʟʘʥʥʷ 
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ɺʝʣʠʢʠʡ ʚʥʝʩʦʢ ʚ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʪʝʦʨʽʾ ʨʽʟʘʥʥʷ ʧʦʣʽʛʨʘʬʽʯʥʦʾ 

ʧʨʦʜʫʢʮʽʾ ʚʥʝʩʣʠ ʥʘʫʢʦʚʮʽ ʟ ʋʢʨʘʾʥʩʴʢʦʾ ʘʢʘʜʝʤʽʾ ʜʨʫʢʘʨʩʪʚʘ ʫ ʃʴʚʦʚʽ ï ʆ.ʄ. 

ʇʦʣʶʜʦʚ, ʇ.ɺ. ʊʦʧʦʣʴʥʠʮʴʢʠʡ, ɯ.ɯ. ʈʝʛʝʡ, ʉ.ʌ. ɻʘʚʝʥʢʦ, ʗ.ɯ. ʏʝʭʤʘʥ ʪʘ ʽʥʰʽ 

[25-30].  

ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʚʽʜʟʥʘʯʘʶʪʴʩʷ ʽʥʪʝʥʩʠʚʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʩʧʨʦʙʠ 

ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʙʨʘʮʽʡ ʨʽʞʫʯʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʧʨʠ ʦʙʨʦʙʮʽ ʨʽʟʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ [31,32]. ʅʘʫʢʦʚʽ ʧʨʘʮʽ ʆ.ʄ. ʇʦʣʶʜʦʚʘ, ɺ.ʎ. ɾʠʜʝʮʴʢʦʛʦ, ɻ.ɻ. 

ʇʝʪʨʽʘʰʚʽʣʽ, ʆ.ɹ. ʂʥʠʰʘ, ɸ.ɹ. ʂʦʣʦʤʽʡʮʷ, ʉ.ʄ. ʂʦʤʘʨʦʚʘ ʪʘ ʽʥʰʠʭ [33-42], 

ʧʨʠʩʚʷʯʝʥʽ ʚʽʙʨʘʮʽʡʥʠʤ ʩʧʦʩʦʙʘʤ ʦʙʨʦʙʢʠ ʧʦʣʽʛʨʘʬʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ, ʩʪʘʣʠ 

ʟʥʘʯʥʠʤ ʧʦʩʪʫʧʦʤ ʫ ʚʠʨʽʰʝʥʥʽ ʧʨʦʙʣʝʤʠ ʟʤʝʥʰʝʥʥʷ ʩʠʣ ʨʽʟʘʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ 

ʮʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʚʽʜʯʘʪʴ ʧʨʦ ʟʥʘʯʥʝ ʟʤʝʥʰʝʥʥʷ ʩʠʣ ʨʽʟʘʥʥʷ ʪʘ ʧʦʣʽʧʰʝʥʥʷ 

ʷʢʦʩʪʽ ʦʙʨʦʙʢʠ ʧʨʠ ʨʽʟʘʥʥʽ ʧʘʧʝʨʫ ʟ ʥʠʟʴʢʦʶ ʯʘʩʪʦʪʦʶ ʚʽʙʨʘʮʽʾ ʥʦʞʘ. 

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʨʽʟʘʥʥʷ ʟʘʪʠʩʥʫʪʠʭ ʩʪʦʩʽʚ 

ʧʘʧʝʨʫ ʰʠʨʠʥʦʶ 37 ʤʤ ʽ ʚʠʩʦʪʦʶ 50 ʤʤ ʟ ʯʘʩʪʦʪʦʶ ʢʦʣʠʚʘʥʴ ʥʦʞʘ 35 ʢɻʮ ʪʘ 

ʘʤʧʣʽʪʫʜʦʶ 8 ʤʢʤ ʧʦʢʘʟʘʣʠ ʤʦʞʣʠʚʽʩʪʴ ʟʤʝʥʰʝʥʥʷ ʩʠʣ ʨʽʟʘʥʥʷ ʪʘ ʧʦʣʽʧʰʝʥʥʷ 

ʷʢʦʩʪʽ ʨʽʟʘʥʥʷ ʧʘʧʝʨʫ ʪʘ ʢʘʨʪʦʥʫ [43,44]. ʇʨʦʚʝʜʝʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʙʝʟʚʠʩʪʽʡʥʦʛʦ ʨʽʟʘʥʥʷ ʙʣʦʢʽʚ ʙʨʦʰʫʨ [26,45] ʪʘʢʦʞ ʧʦʢʘʟʘʣʠ 

ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʧʨʠ ʦʙʨʦʙʮʽ ʙʨʦʰʫʨ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʣʽʥʽʡʥʦʶ 

ʰʚʠʜʢʽʩʪʶ ʧʦʜʘʯʽ ʜʦ 0,5 ʤ / ʩ. 

ʇʽʜʩʫʤʦʚʫʶʯʠ ʚʠʱʝʟʘʟʥʘʯʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʤʦʞʥʘ ʩʪʚʝʨʜʠʪʠ, ʱʦ 

ʤʦʞʣʠʚʽʩʪʴ ʚʥʝʩʝʥʥʷ ʟʥʘʯʥʠʭ ʟʤʽʥ (ʟʤʝʥʰʝʥʥʷ ʩʠʣʠ ʨʽʟʘʥʥʷ ʪʘ ʟʙʽʣʴʰʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʤʘʰʠʥ) ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʪʨʘʜʠʮʽʡʥʦʛʦ ʩʧʦʩʦʙʫ ʨʽʟʘʥʥʷ ʧʘʧʝʨʫ 

ʧʨʘʢʪʠʯʥʦ ʚʠʯʝʨʧʘʥʽ. ʋ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ʥʝʦʜʥʦʨʘʟʦʚʦ 

ʧʽʜʥʽʤʘʣʦʩʷ ʧʠʪʘʥʥʷ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ, ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ 

ʩʧʦʩʦʙʽʚ ʨʽʟʘʥʥʷ ʩʪʦʩʽʚ ʧʘʧʝʨʫ ʪʘ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ. ʆʜʥʠʤ ʟ ʪʘʢʠʭ ʥʘʧʨʷʤʢʽʚ 

ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʙʨʘʮʽʡʥʠʭ ʨʫʭʽʚ ʨʽʞʫʯʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʫ ʧʨʦʮʝʩʽ 

ʙʝʟʚʠʩʪʽʡʥʦʛʦ ʨʽʟʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʽ ʩʧʝʮʽʘʣʴʥʦʛʦ ʨʽʟʘʣʴʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʘ. 
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1.3. ɼʦʩʣʽʜʞʝʥʥʷ ʩʧʦʩʦʙʽʚ ʙʝʟʚʠʩʪʽʡʥʦʛʦ ʨʽʟʘʥʥʷ ʢʥʠʞʢʦʚʠʭ 

ʙʣʦʢʽʚ ʙʘʛʘʪʦʣʝʟʦʚʠʤʠ ʜʘ ʜʠʩʢʦʚʠʤʠ ʨʽʞʫʯʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ 

 

ʉʪʚʦʨʝʥʥʶ ʥʦʚʦʛʦ ʙʝʟʚʠʩʪʽʡʥʦʛʦ ʩʧʦʩʦʙʫ ʦʙʨʽʟʫʚʘʥʥʷ ʢʥʠʞʢʦʚʦ-

ʞʫʨʥʘʣʴʥʠʭ ʙʣʦʢʽʚ ʙʘʛʘʪʦʣʝʟʦʚʠʤʠ ʥʦʞʘʤʠ ʧʨʠʩʚʷʯʝʥʽ ʨʦʙʦʪʠ ʇ.ɺ. 

ʊʦʧʦʣʴʥʠʮʴʢʦʛʦ ʪʘ ʖ.ɺ. ɺʘʪʫʣʷʢʘ [35, 46-50]. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʚʝʣʠ 

ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʥʦʚʦʛʦ ʤʝʪʦʜʫ ʙʝʟʚʠʩʪʽʡʥʦʛʦ ʨʽʟʘʥʥʷ ʙʘʛʘʪʦʣʝʟʦʚʠʤʠ 

ʨʽʞʫʯʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʫ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʘʚʪʦʤʘʪʠʯʥʠʭ ʣʽʥʽʷʭ. ʆʩʢʽʣʴʢʠ 

ʢʦʞʥʝ ʣʝʟʦ ʨʽʞʫʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʨʽʞʝ ʥʝʚʝʣʠʢʠʡ ʰʘʨ ʧʘʧʝʨʫ ʧʽʜ ʯʘʩ ʟʨʽʟʢʠ, 

ʮʝʡ ʤʝʪʦʜ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʜʫʞʝ ʥʠʟʴʢʠʤʠ ʩʠʣʠ ʦʙʨʦʙʢʠ ʪʘ ʚʠʩʦʢʦʶ ʷʢʽʩʪʶ 

ʦʙʨʽʟʫʚʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ. 

ʇʨʦʮʝʩʠ ʨʽʟʘʥʥʷ ʩʪʦʩʽʚ ʧʘʧʝʨʫ ʜʠʩʢʦʚʠʤʠ ʥʦʞʘʤʠ ʜʦʩʣʽʜʞʝʥʦ ʟʥʘʯʥʦ 

ʤʝʥʰʝ, ʭʦʯʘ ʚ ʽʥʰʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʜʠʩʢʦʚʝ ʨʽʟʘʥʥʷ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ [51-54].  ʋ ʨʦʙʦʪʽ ɿ. ʂʽʢʝʚʠʯʘ [55], ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʦ ʩʧʦʩʽʙ 

ʨʦʟʨʽʟʫʚʘʥʥʷ ʜʠʩʢʦʚʠʤʠ ʥʦʞʘʤʠ ʧʘʧʝʨʫ ʚ ʧʘʧʝʨʦʨʦʙʥʠʭ ʤʘʰʠʥʘʭ .  

ʉʧʨʦʙʠ ʨʦʟʨʦʙʠʪʠ ʪʝʭʥʦʣʦʛʽʶ ʙʝʟʚʠʩʪʽʡʥʦʛʦ ʨʽʟʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ 

ʜʠʩʢʦʚʠʤʠ ʥʦʞʘʤʠ ʚʽʜʦʤʽ ʟ ʩʝʨʝʜʠʥʠ ʍʍ ʩʪʦʣʽʪʪʷ. ɺʧʝʨʰʝ ʚʩʝʙʽʯʥʽ 

ʢʦʤʧʣʝʢʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʜʠʩʢʦʚʠʤʠ 

ʥʦʞʘʤʠ ʧʨʦʚʽʚ ʂ. ʂʨʘʙʽʰ (1962) [56]. ʅʘ ʨʠʩ. 1.4. ʧʦʢʘʟʘʥʦ ʩʭʝʤʫ ʩʪʝʥʜʫ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʙʝʟʚʠʩʪʽʡʥʦʛʦ ʨʽʟʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ, ʜʝ ʢʥʠʞʢʦʚʠʡ ʙʣʦʢ 1, 

ʟʘʪʠʩʥʫʪʠʡ ʤʽʞ ʟʘʪʠʩʢʘʯʘʤʠ 2 ʽ 3, ʥʘʩʫʚʘʚʩʷ ʥʘ ʜʠʩʢʦʚʠʡ ʥʽʞ 4. ɼʣʷ 

ʜʦʜʘʪʢʦʚʦʛʦ ʟʘʪʠʩʢʘʥʥʷ ʙʣʦʢʫ ʚ ʟʦʥʽ ʨʽʟʘʥʥʷ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʜʠʩʢʠ 5. 

ʂʨʘʙʽʰ ʧʦʚʽʜʦʤʣʷʚ, ʱʦ ʩʠʣʘ ʪʘ ʷʢʽʩʪʴ ʦʙʨʽʟʢʠ ʙʨʦʰʫʨʠ ʩʫʪʪʻʚʦ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʪʦʚʱʠʥʠ ʪʘ ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ ʙʣʦʢʫ, ʰʚʠʜʢʦʩʪʽ ʪʘ ʥʘʧʨʷʤʢʫ ʦʙʝʨʪʘʥʥʷ 

ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ. ɿʛʽʜʥʦ ʜʦʩʣʽʜʞʝʥʴ ʂʨʘʙʽʰʘ, ʦʩʥʦʚʥʦʶ ʧʝʨʝʰʢʦʜʦʶ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʮʴʦʛʦ ʤʝʪʦʜʫ ʧʨʠ ʨʽʟʘʥʥʽ ʪʦʚʩʪʠʭ ʙʣʦʢʽʚ ʻ ʟʥʘʯʥʝ ʟʙʽʣʴʰʝʥʥʷ ʩʠʣ  

ʨʽʟʘʥʥʷ ʪʘ ʥʘʜʤʽʨʥʝ ʥʘʛʨʽʚʘʥʥʷ ʥʦʞʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʡʦʛʦ ʪʝʨʪʷ ʦʙ ʧʘʧʽʨ, ʱʦ 

ʩʧʨʠʯʠʥʶʻ ʤʽʩʮʝʚʝ "ʧʨʠʧʘʣʶʚʘʥʥʷ" ʪʘ ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ ʨʽʟʘʥʥʷ. 
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ʈʠʩ. 1.5. ʉʭʝʤʘ ʜʦʩʣʽʜʞʝʥʥʷ ʙʝʟʚʠʩʪʽʡʥʦʛʦ ʨʽʟʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʪʘ ʙʨʦʰʫʨʥʠʭ ʙʣʦʢʽʚ 

ʜʠʩʢʦʚʠʤ ʥʦʞʝʤ [58] 

1 ï ʦʧʦʨʥʘ ʧʣʠʪʘ, 2 ï ʧʨʠʪʠʩʢ ʙʣʦʢʽʚ, 3 ï ʜʠʩʢʦʚʠʡ ʥʽʞ, 4 ï ʢʥʠʞʢʦʚʠʡ ʙʣʦʢ  

 

 

 

ʈʠʩ. 1.6. ʉʭʝʤʘ ʜʦʩʣʽʜʞʝʥʥʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʨʽʟʘʥʥʷ ʛʦʬʨʦʢʘʨʪʦʥʫ ʜʠʩʢʦʚʠʤ 

ʥʦʞʝʤ [59] 

1 ï ʟʫʙʯʘʩʪʠʡ ʜʠʩʢʦʚʠʡ ʥʽʞ, 2 ïʛʦʬʨʦʢʘʨʪʦʥ, 3 ï ʥʘʧʨʷʤʦʢ ʦʙʝʨʪʘʥʥʷ ʜʠʩʢʦʚʦʛʦ 

ʥʦʞʘ, 4 ï ʥʘʧʨʷʤʦʢ ʧʦʜʘʯʽ ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ, 5 ï ʥʘʧʨʷʤʦʢ ʥʘʜʘʥʥʷ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʢʦʣʠʚʘʥʴ  

 

ɼʦʩʣʽʜʞʝʥʥʷ ʨʽʟʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʜʠʩʢʦʚʠʤʠ ʥʦʞʘʤʠ, ʧʨʦʚʝʜʝʥʝ 

ɻʨʫʰʝʚʩʴʢʠʤ (1963), ʧʦʟʚʦʣʠʣʦ ʚʠʷʩʥʠʪʠ ʚʧʣʠʚ ʨʦʙʦʯʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʠʩʢʦʚʠʭ 

ʥʦʞʽʚ ʥʘ ʩʠʣʫ ʨʽʟʘʥʥʷ ʪʘ ʷʢʽʩʪʴ ʦʙʨʦʙʢʠ [58]. ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʴ 
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ʚʩʪʘʥʦʚʣʝʥʦ ʤʦʞʣʠʚʽʩʪʴ ʷʢʽʩʥʦʛʦ ʨʦʟʨʽʟʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʪʦʚʱʠʥʦʶ ʜʦ 

5õ8 ʤʤ. ɺ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʂʨʘʙʽʰ ʪʘ ɻʨʫʰʝʚʩʴʢʠʡ ʥʝʟʘʣʝʞʥʦ ʦʜʠʥ 

ʚʽʜ ʦʜʥʦʛʦ ʜʦʚʝʣʠ, ʱʦ ʦʙʨʽʟʫʚʘʥʥʷ ʙʣʦʢʽʚ ʪʦʚʱʠʥʦʶ ʧʦʥʘʜ 8 ʤʤ ʚʠʢʣʠʢʘʻ 

ʟʥʘʯʥʽ ʟʫʩʠʣʣʷ, ʜʘʻ ʥʝʜʦʩʪʘʪʥʶ ʷʢʽʩʪʴ ʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʫʪʪʻʚʦʛʦ ʥʘʛʨʽʚʘʥʥʷ 

ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ, ʦʙʨʽʟʘʥʦʾ ʧʦʚʝʨʭʥʽ ʢʥʠʞʢʦʚʦʛʦ ʙʣʦʢʫ ʪʘ ʚʠʢʣʠʢʘʻ ʧʦʷʚʫ 

ʩʣʽʜʽʚ ʧʽʜʛʦʨʷʥʥʷ ʧʘʧʝʨʫ. 

ʋ ʨʦʙʦʪʽ [59] ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʨʽʟʘʥʥʷ 

ʛʦʬʨʦʢʘʨʪʦʥʫ ʜʠʩʢʦʚʠʤ ʥʦʞʝʤ. ʋʣʴʪʨʘʟʚʫʢʦʚʝ ʨʽʟʘʥʥʷ ʢʘʨʪʦʥʫ ʧʨʦʚʦʜʠʣʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ, ʷʢʠʡ ʧʦʜʘʚʘʚʩʷ ʟʽ ʰʚʠʜʢʽʩʪʶ 0,01-0,06 ʤ/ʩ ʥʘ 

ʟʘʢʨʽʧʣʝʥ ̔ʘʨʢʫʰʽ ʢʘʨʪʦʥʫ (ʨʠʩ. 1.6). ʅʘ ʣʝʟʽ ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ ʙʫʣʠ ʨʦʟʤʽʱʝʥʽ 

ʟʫʙʠ, ʷʢʽʤ ʧʝʨʝʜʘʚʘʣʠʩ ̫ ʫʣʴʪʨʘʟʚʫʢʦʚʽ ʢʦʣʠʚʘʥʥʷ ʚʽʜ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ 

ʟʙʫʜʥʠʢʘ, ʨʦʟʤʽʱʝʥʦʛʦ ʥʘ ʦʩʽ ʥʦʞʘ. ʋ ʧʨʦʮʝʩʽ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʨʽʟʘʥʥʷ 

ʜʠʩʢʦʚʠʡ ʥʽʞ ʦʙʝʨʪʘʚʩʷ ʟʽ ʰʚʠʜʢʽʩʪʶ 1500 ʦʙ/ʭʚ, ʘ ʣʝʟʦ ʥʦʞʘ ʚʽʙʨʫʚʘʣʦ ʟ 

ʘʤʧʣʽʪʫʜʦʶ 30 ʤʢʤ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ ʪʘ ʟʙʽʣʴʰʝʥʥʷʤ ʪʦʚʱʠʥʠ 

ʦʙʨʽʟʘʥʠʭ ʘʨʢʫʰʽʚ ʢʘʨʪʦʥʫ ʚʩʽ ʪʨʠ ʢʦʤʧʦʥʝʥʪʠ ʩʠʣʠ ʨʽʟʘʥʥʷ ʟʥʘʯʥʦ 

ʟʙʽʣʴʰʫʚʘʣʠʩʴ.    

ɺ ʨʦʙʦʪʘʭ  ɸ.ɯ. ɯʚʘʥʢʘ, ʆ.ʄ. ʇʦʣʶʜʦʚʘ, ʇ.ɺ. ʊʦʧʦʣʴʥʠʮʴʢʦʛʦ, ɸ.ɹ. 

ʂʦʣʦʤʽʡʮʷ ʪʘ ʖ.ɺ. ɺʘʪʫʣʷʢʘ ʜʦʩʣʽʜʞʝʥʦ ʤʦʞʣʠʚʽʩʪʴ ʙʝʟʚʠʩʪʽʡʥʦʛʦ 

ʦʙʨʽʟʫʚʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʟ ʤʝʥʰʠʤʠ ʩʠʣʘʤʠ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʜʠʩʢʦʚʠʭ 

ʥʦʞʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ ʚʽʜʧʦʚʽʜʥʽʡ ʢʦʥʬʽʛʫʨʘʮʽʾ ʟʽ ʩʧʝʮʽʘʣʴʥʠʤʠ ʤʝʭʘʥʽʟʤʘʤʠ 

ʾʭ ʧʨʠʚʦʜʫ 

ɺ ʨʦʙʦʪʘʭ [60-67] ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥ ̔ ʨʝʟʫʣʴʪʘʪʠ ʢʦʤʧʣʝʢʩʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʥʦʚʦʛʦ ʩʧʦʩʦʙʫ ʨʽʟʘʥʥʷ ʧʨʠ ʷʢʦʤʫ ʥʦʞʽ ʟʜʽʡʩʥʶʶʪʴ ʩʢʣʘʜʥʠʡ ʨʫʭ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʣʘʥʝʪʘʨʥʦʛʦ ʧʨʠʚʦʜʫ.  
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ʈʠʩ. 1.7. ʉʭʝʤʘ ʜʦʩʣʽʜʞʝʥʥʷ ʙʝʟʚʠʩʪʽʡʥʦʛʦ ʨʽʟʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʪʘ ʙʨʦʰʫʨʥʠʭ ʙʣʦʢʽʚ 

ʜʠʩʢʦʚʠʤ ʥʦʞʝʤ [60] 

1 ï ʦʧʦʨʥʘ ʧʣʠʪʘ, 2 ï ʧʨʠʪʠʩʢ ʙʣʦʢʽʚ, 3 ï ʜʠʩʢʦʚʠʡ ʥʽʞ, 4 ï ʢʥʠʞʢʦʚʠʡ ʙʣʦʢ  

 

 

 

         

 

 
ʈʠʩ. 1.8. ʉʭʝʤʘ ʧʨʠʩʪʨʦʶ ʜʣʷ ʙʝʟʚʠʩʪʽʡʥʦʛʦ ʨʽʟʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʥʘʙʦʨʦʤ 

ʜʠʩʢʦʚʠʭ ʥʦʞʽʚ [68] 

1 ï ʦʧʦʨʥʘ ʧʣʠʪʘ, 2 ï ʧʨʠʪʠʩʢ ʙʣʦʢʽʚ, 3 ï ʜʠʩʢʦʚʠʡ ʥʽʞ, 4 ï ʢʥʠʞʢʦʚʠʡ ʙʣʦʢ  
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ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʴ ʟʘʪʠʩʥʫʪʽ ʢʥʠʞʥʽ ʙʣʦʢʠ 1 ʧʦʜʘʚʘʣʠʩʷ 

ʪʨʘʥʩʧʦʨʪʝʨʦʤ 2 ʚ ʟʦʥʫ ʨʽʟʘʥʥʷ, ʘ ʦʙʨʽʟʫʚʘʥʥʷ ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʜʠʩʢʦʚʠʤʠ 

ʥʦʞʘʤʠ 3, ʷʢʽ ʦʪʨʠʤʫʶʪʴ ʦʙʝʨʪʦʚʠʡ ʨʫʭ ʚʽʜ ʩʘʪʝʣʽʪʥʠʭ ʟʫʙʯʘʪʠʭ ʢʦʣʽʩ 5 

(ʨʠʩ. 1.7). ʉʘʪʝʣʽʪʥʽ ʢʦʣʝʩʘ ʚʟʘʻʤʦʜʽʶʪʴ ʟ ʥʝʨʫʭʦʤʠʤ ʮʝʥʪʨʘʣʴʥʠʤ 

ʟʫʙʯʘʪʠʤ ʢʦʣʝʩʦʤ 6, ʥʘ ʦʩʠ ʷʢʦʛʦ ʨʦʟʤʽʱʝʥʦ ʚʦʜʠʣʦ 4, ʷʢʝ ʥʘʜʘʻ 

ʜʦʜʘʪʢʦʚʠʡ ʨʫʭ ʜʠʩʢʦʚʠʤ ʥʦʞʘʤ. ʊʘʢʠʤ ʯʠʥʦʤ ʟʜʽʡʩʥʶʻʪʴʩʷ ʦʙʝʨʪʘʥʥʷ 

ʜʠʩʢʦʚʠʭ ʥʦʞʽʚ 5 ʥʝ ʪʽʣʴʢʠ ʥʘʚʢʦʣʦ ʚʣʘʩʥʦʾ ʦʩʽ, ʘʣʝ ʡ ʥʘʚʢʦʣʦ ʦʩʽ ʟʫʙʯʘʪʦʛʦ 

ʢʦʣʝʩʘ 6, ʱʦ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʪʨʘʻʢʪʦʨʽʶ ʝʧʽʮʠʢʣʦʾʜʠ ʪʦʯʦʢ ʣʝʟʘ ʥʦʞʽʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʚʠʟʥʘʯʝʥʦ ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʽ ʤʝʭʘʥʽʟʤʫ ʥʦʞʽʚ, ʱʦ 

ʜʦʟʚʦʣʠʣʦ ʨʦʟʨʦʙʠʪʠ ʧʨʘʢʪʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʦ ʨʝʘʣʽʟʘʮʽʾ ʥʦʚʦʛʦ ʩʧʦʩʦʙʫ 

ʙʝʟʚʠʩʪʽʡʥʦʾ ʦʙʨʦʙʢʠ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ.  

ʎʽʢʘʚʘ ʩʭʝʤʘ ʧʨʠʩʪʨʦʶ ʜʣʷ ʙʝʟʚʠʩʪʽʡʥʦʾ ʦʙʨʽʟʢʠ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʟ 

ʨʦʟʤʽʱʝʥʠʤ ʥʘʙʦʨʦʤ ʜʠʩʢʦʚʠʭ ʥʦʞʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʚ ʨʦʙʦʪʽ [68]. ʂʥʠʞʢʦʚʠʡ 

ʙʣʦʢ 1 ʟʘʪʠʩʢʫʻʪʴʩʷ ʚ ʪʨʘʥʩʧʦʨʪʝʨʽ 2 ʽ ʧʦʜʘʻʪʴʩʷ ʥʘ ʚʩʪʘʥʦʚʣʝʥʽ ʧʽʜ ʢʫʪʦʤ ɓ ʜʦ 

ʣʽʥʽʾ ʪʨʘʥʩʧʦʨʪʫ ʥʦʞʝʪʨʠʤʘʯʽ 3, ʥʘ ʷʢʠʭ ʚʩʪʘʥʦʚʣʝʥʦ ʥʘʙʦʨʠ ʜʠʩʢʦʚʠʭ ʥʦʞʽʚ 4 

(ʨʠʩ. 1.8). ɼʠʩʢʦʚʽ ʥʦʞʽ ʟʘʢʨʽʧʣʝʥʽ ʟ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʦʤ ʽ ʦʙʝʨʪʘʶʪʴʩʷ ʟ 

ʧʦʩʪʽʡʥʦʶ ʰʚʠʜʢʽʩʪʶ. ʂʦʞʥʠʡ ʜʠʩʢʦʚʠʡ ʥʽʞ ʟʜʽʡʩʥʶʻ ʜʠʩʢʨʝʪʥʦ-ʜʦʪʠʯʥʝ 

ʨʽʟʘʥʥʷ ʽ ʟʨʽʟʘʻ ʯʘʩʪʠʥʫ ʧʘʧʝʨʫ ʢʥʠʞʢʦʚʦʛʦ ʙʣʦʢʘ ʥʝʚʝʣʠʯʢʠʤʠ ʩʤʫʞʢʘʤʠ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʟʥʠʞʝʥʥʷ ʩʠʣ ʨʽʟʘʥʥʷ.  

ɺ ʨʦʙʦʪʽ [68] ʧʨʝʜʩʪʘʚʣʝʥʦ ʘʥʘʣʽʟ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʝʢʩʮʝʥʪʨʠʢʦʚʠʭ ʜʠʩʢʦʚʠʭ ʥʦʞʽʚ, ʜʦʚʝʜʝʥʦ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʠʩʪʨʦʶ, ʘʣʝ 

ʥʘ ʞʘʣʴ, ʥʝ ʧʨʠʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 
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1.4. ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ  

 

1. ʊʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʩʫʯʘʩʥʠʭ ʪʨʠʥʦʞʦʚʠʭ ʨʽʟʘʣʴʥʠʭ ʤʘʰʠʥ ʪʘ 

ʜʦʩʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭ ʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʤʦʜʝʨʥʽʟʘʮʽʷ 

ʢʦʥʩʪʨʫʢʮʽʾ ʪʨʠʥʦʞʦʚʠʭ ʨʽʟʘʣʴʥʠʭ ʤʘʰʠʥ ʩʧʨʷʤʦʚʘʥʘ ʣʠʰʝ ʥʘ ʤʘʢʩʠʤʘʣʴʥʫ 

ʘʚʪʦʤʘʪʠʟʘʮʽʶ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʪʘ ʜʦʧʦʤʽʞʥʠʭ ʦʧʝʨʘʮʽʡ. ʈʦʟʨʦʙʢʘ ʥʦʚʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʪʨʠʥʦʞʦʚʠʭ ʨʽʟʘʣʴʥʠʭ ʤʘʰʠʥ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʪʨʘʜʠʮʽʡʥʦʛʦ ʤʝʪʦʜʫ 

ʨʽʟʘʥʥʷ ʥʝ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʙʽʣʴʰ ʚʠʩʦʢʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʨʠʥʦʞʦʚʠʭ 

ʤʘʰʠʥ, ʥʝʦʙʭʽʜʥʫ ʜʣʷ ʩʧʽʚʧʨʘʮʽ ʟ ʰʚʠʜʢʦʜʽʶʯʠʤʠ ʘʚʪʦʤʘʪʠʯʥʠʤʠ ʣʽʥʽʷʤʠ ʜʣʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʢʥʠʛ. 

2.  ɸʥʘʣʽʟ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʣʽʪʝʨʘʪʫʨʠ ʚ ʛʘʣʫʟʽ ʨʽʟʘʥʥʷ ʩʪʦʩʽʚ 

ʧʘʧʝʨʫ ʪʘ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʤʦʞʣʠʚʽʩʪʴ ʚʥʝʩʝʥʥʷ ʟʥʘʯʥʠʭ ʟʤʽʥ 

(ʟʤʝʥʰʝʥʥʷ ʩʠʣ ʨʽʟʘʥʥʷ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʤʘʰʠʥ) ʧʨʠ ʟʜʽʡʩʥʝʥʥʽ 

ʪʨʘʜʠʮʽʡʥʦʛʦ ʩʧʦʩʦʙʫ ʨʽʟʘʥʥʷ ʧʘʧʝʨʫ ʧʨʘʢʪʠʯʥʦ ʚʠʯʝʨʧʘʥʽ. ʋ ʧʫʙʣʽʢʘʮʽʷʭ 

ʥʝʦʜʥʦʨʘʟʦʚʦ ʧʦʨʫʰʫʚʘʣʦʩʴ ʧʠʪʘʥʥʷ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ 

ʤʝʪʦʜʽʚ ʙʝʟʚʠʩʪʽʡʥʦʛʦ ʨʽʟʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ. 

3. ɺʠʢʦʥʘʥʠʡ ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʪʘ ʥʘʧʨʷʤʽʚ ʨʦʟʚʠʪʢʫ 

ʪʝʭʥʦʣʦʛʽʡ ʪʨʴʦʭʩʪʦʨʦʥʥʴʦʛʦ ʦʙʨʽʟʫʚʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʚʠʷʚʠʚ 

ʥʝʚʠʢʦʨʠʩʪʘʥʽ ʨʝʟʝʨʚʠ ʚ ʩʧʨʘʚʽ  ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʫ ʙʝʟʚʠʩʪʽʡʥʦʛʦ 

ʦʙʨʽʟʫʚʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʪʘ ʧʽʜʪʚʝʨʜʠʚ ʜʦʮʽʣʴʥʽʩʪʴ ʧʦʜʘʣʴʰʠʭ  

ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʮʝʩʽʚ ʨʽʟʘʥʥʷ ʜʠʩʢʦʚʠʤʠ ʥʦʞʘʤʠ.  

4. ɺ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʠʡ ʩʧʦʩʽʙ ʨʽʟʘʥʥʷ ʝʢʩʮʝʥʪʨʠʯʥʠʤʠ 

ʜʠʩʢʦʚʠʤʠ ʥʦʞʘʤʠ, ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʷʢʦʛʦ ʧʦʪʨʽʙʥʦ ʧʨʦʚʝʩʪʠ ʛʣʠʙʦʢʽ ʢʦʤʧʣʝʢʩʥʽ 

ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ.  
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ʈʆɿɼɯʃ 2 

 

ɼʆʉʃɯɼɾɽʅʅʗ ʂɯʅɽʄɸʊʀʂʀ ʇʈʆʎɽʉɯɺ ʈɯɿɸʅʅʗ 

ʂʅʀɾʂʆɺʀʍ ɹʃʆʂɯɺ ɼʀʉʂʆɺʀʄʀ ʅʆɾɸʄʀ 

 

2.1. ʂʽʥʝʤʘʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ 

ʜʠʩʢʦʚʠʤ ʥʦʞʝʤ 

 

 ʆʜʥʠʤ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʦʞʘ ʻ ʢʫʪ 

ʟʘʛʦʩʪʨʝʥʥʷ ʣʝʟʘ ʨʽʞʫʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ.  ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʧʘʧʝʨʫ 

[3, 69-71] ʧʦʢʘʟʫʻ, ʱʦ ʟʤʝʥʰʝʥʥʷ ʢʫʪʘ ʟʘʛʦʩʪʨʝʥʥʷ ʟʤʝʥʰʫʻ ʩʠʣʫ ʨʽʟʘʥʥʷ, 

ʦʜʥʘʢ ʚʠʙʽʨ ʤʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʦʛʦ ʢʫʪʘ ʟʘʛʦʩʪʨʝʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʽʮʥʽʩʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ, ʟ ʷʢʦʛʦ ʚʠʛʦʪʦʚʣʝʥʠʡ ʥʽʞ, ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ 

ʦʙʨʦʙʢʠ ʪʘ ʚʝʣʠʯʠʥʠ ʩʠʣʠ, ʟ ʷʢʦʶ ʨʽʞʫʯʠʡ ʤʘʪʝʨʽʘʣ ʜʽʻ ʥʘ ʣʝʟʦ ʨʽʞʫʯʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ.  

ʇʽʜ ʯʘʩ ʨʽʟʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʨʘʥʩʬʦʨʤʘʮʽʷ - ʟʤʝʥʰʝʥʥʷ ʪʘʢ ʟʚʘʥʦʛʦ  

"ʩʪʘʪʠʯʥʦʛʦ" ʢʫʪʘ ʟʘʪʦʯʝʥʥʷ ʣʝʟʘ ʨʽʞʫʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ, ʱʦ ʚʠʷʚʣʷʻʪʴʩʷ ʚ 

ʢʽʥʝʤʘʪʠʯʥʦʤʫ ʟʘʛʦʩʪʨʝʥʥʽ ʣʝʟʘ, ʘ ʬʘʢʪʠʯʥʠʡ ʢʫʪ ʨʽʟʘʥʥʷ, ʱʦ ʚʠʥʠʢʘʻ ʚ 

ʧʨʦʮʝʩʽ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ [72].  

ʌʘʢʪʠʯʥʠʡ (ʜʽʡʩʥʠʡ) ʢʫʪ ʨʽʟʘʥʥʷ aT  ʧʨʠ ʨʽʟʘʥʥʽ ʩʪʦʩʽʚ ʧʘʧʝʨʫ ʧʣʦʩʢʠʤ 

ʥʦʞʝʤ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʢʫʪʘ ʟʘʛʦʩʪʨʝʥʥʷ ʣʝʟʘ ao ʪʘ ʢʫʪʘ ʧʦʜʘʯʽ ʥʦʞʘ 

j [69]: 

 
( )jaa sintanarctan 0Ö=T  (2.1) 

ʇʨʠ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʨʫʩʽ ʥʦʞʘ (j = 90Á) ʬʘʢʪʠʯʥʠʡ ʢʫʪ ʨʽʟʘʥʥʷ 

ʜʦʨʽʚʥʶʻ ʢʫʪʫ ʟʘʛʦʩʪʨʝʥʥʷ ʣʝʟʘ ʥʦʞʘ.  ʂʦʣʠ ʥʽʞ ʨʫʭʘʻʪʴʩʷ ʧʽʜ ʢʫʪʦʤ j , 

ʟʤʽʥʶʻʪʴʩʷ ʢʫʪ aT , ʷʢʠʡ ʩʪʘʻ ʤʝʥʰʠʤ ʟʘ ʢʫʪ ʟʘʪʦʯʢʠ ʣʝʟʘ aT (ʨʠʩ. 2.1). 
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ʈʠʩ. 2.1. ʊʨʘʥʩʬʦʨʤʘʮʽʷ ʢʫʪʘ ʟʘʪʦʯʢʠ (aT) ʧʣʦʩʢʦʛʦ ʥʦʞʘ 

v ï ʰʚʠʜʢʽʩʪʴ ʨʽʟʘʥʥʷ, vŰ ï ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ,  

vn ï ʚʝʨʪʠʢʘʣʴʥʘ ʩʢʣʘʜʦʚʘ  ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ 

 

ʂʽʥʝʤʘʪʠʢʘ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʜʠʩʢʦʚʠʤ ʥʦʞʝʤ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʢʽʥʝʤʘʪʠʢʠ ʨʽʟʘʥʥʷ ʧʣʦʩʢʠʤ ʥʦʞʝʤ ʪʠʤ, ʱʦ ʚ ʧʨʦʮʝʩʽ ʨʽʟʘʥʥʷ ʚʝʣʠʯʠʥʘ 

ʬʘʢʪʠʯʥʦʛʦ ʢʫʪʘ ʨʽʟʘʥʥʷ ʥʝ ʻ ʧʦʩʪʽʡʥʦʶ ʽ ʟʤʽʥʶʻʪʴʩʷ ʟʽ ʟʤʽʥʦʶ ʪʦʚʱʠʥʠ 

ʟʨʽʟʘʥʠʭ ʰʘʨʽʚ ʧʘʧʝʨʫ ʫ ʢʥʠʞʢʦʚʦʤʫ ʙʣʦʮʽ [73,74].  

ʇʨʦʘʥʘʣʽʟʫʻʤʦ ʪʨʘʥʩʬʦʨʤʘʮʽʶ ʢʫʪʘ ʟʘʛʦʩʪʨʝʥʥʷ ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ ʜʣʷ 

ʜʚʦʭ ʥʘʧʨʷʤʢʽʚ ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ: ʧʦʧʫʪʥʦʛʦ, ʢʦʣʠ ʥʘʧʨʷʤʦʢ ʦʙʝʨʪʘʥʥʷ  ʚ ʤʽʩʮʽ 

ʨʽʟʘʥʥʷ ʟʙʽʛʘʻʪʴʩʷ ʟ ʥʘʧʨʷʤʢʦʤ ʧʦʜʘʯʽ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ (ʨʠʩ. 2.2) ʪʘ 

ʟʫʩʪʨʽʯʥʦʛʦ - ʢʦʣʠ ʥʘʧʨʷʤʦʢ ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ ʧʨʦʪʠʣʝʞʥʠʡ ʥʘʧʨʷʤʢʫ ʧʦʜʘʯʽ 

ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ (ʨʠʩ. 2.3).  
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ʈʠʩ. 2.2. ʉʭʝʤʘ ʧʦʧʫʪʥʦʛʦ ʨʽʟʘʥʥʷ ʢʥʠʞʢʦʚʦʛʦ ʙʣʦʢʫ  

R ï ʨʘʜʽʫʩ ʥʦʞʘ,  v0 ïh ʚʠʜʢʽʩʪʴ ʧʦʜʘʯʽ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ɤ ï ʢʫʪʦʚʘ 

ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ, RvR Ö=w - ʣʽʥʽʡʥʘ ʰʚʠʜʢʽʩʪʴ ʪʦʯʦʢ ʥʘ ʣʝʟʽ ʥʦʞʘ 

 

 

ʈʠʩ. 2.3. ʉʭʝʤʘ ʟʫʩʪʨʽʯʥʦʛʦ ʨʽʟʘʥʥʷ ʢʥʠʞʢʦʚʦʛʦ ʙʣʦʢʫ  

R ï ʨʘʜʽʫʩ ʥʦʞʘ,  v0 ïh ʚʠʜʢʽʩʪʴ ʧʦʜʘʯʽ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ɤ ï ʢʫʪʦʚʘ 

ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ, RvR Ö=w - ʣʽʥʽʡʥʘ ʰʚʠʜʢʽʩʪʴ ʪʦʯʦʢ ʥʘ ʣʝʟʽ ʥʦʞʘ 

 

ʈʦʟʛʣʷʥʝʤʦ ʪʨʘʻʢʪʦʨʽʾ ʪʦʯʦʢ ʣʝʟʘ ʥʦʞʘ ʜʣʷ ʜʚʦʭ ʥʘʚʝʜʝʥʠʭ ʩʭʝʤ.  

ʊʨʘʻʢʪʦʨʽʷ ʨʫʭʫ ʪʦʯʢʠ ʥʘ ʣʝʟʽ ʥʦʞʘ ʚ ʧʨʦʮʝʩʽ ʨʽʟʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ 

ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʨʽʚʥʷʥʴ: 

 - ʜʣʷ ʧʦʧʫʪʥʦʛʦ ʨʽʟʘʥʥʷ (ʨʠʩ. 2.4a) ʪʘ    

);sin(0 tRtvxA wÖ+-= );cos( tRyA wÖ=  - ʜʣʷ ʟʫʩʪʨʽʯʥʦʛʦ ʨʽʟʘʥʥʷ (ʨʠʩ. 2.4b),  

ʜʝ t ï ʧʦʪʦʯʥʠʡ ʯʘʩ. 

);sin( tRtvxA wÖ--= 0 );cos( tRyA wÖ=
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a                                                                   b 

ʈʠʩ. 2.4. ʈʦʟʨʘʭʫʥʢʦʚʽ ʩʭʝʤʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʨʘʻʢʪʦʨʽʡ ʽ ʰʚʠʜʢʦʩʪʝʡ ʪʦʯʦʢ ʥʘ ʣʝʟʽ 

ʥʦʞʘ. 

a ï ʧʦʧʫʪʥʝ ʨʽʟʘʥʥʷ, b ï ʟʫʩʪʨʽʯʥʝ ʨʽʟʘʥʥʷ 

R ï ʨʘʜʽʫʩ ʥʦʞʘ,  v0 ïh ʚʠʜʢʽʩʪʴ ʧʦʜʘʯʽ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ɤ ï ʢʫʪʦʚʘ 

ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ, RvR Ö=w - ʣʽʥʽʡʥʘ ʰʚʠʜʢʽʩʪʴ ʪʦʯʦʢ ʥʘ ʣʝʟʽ ʥʦʞʘ 

 

ʅʘ ʨʠʩ. 2.5 ʧʦʢʘʟʘʥʦ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʪʦʯʦʢ ʥʘ ʣʝʟʽ ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ ʜʣʷ 

ʧʦʧʫʪʥʦʛʦ (ʨʠʩ. 2.5a) ʪʘ ʟʫʩʪʨʽʯʥʦʛʦ (ʨʠʩ. 2.5b) ʨʽʟʘʥʥʷ ʧʨʠ ʨʽʟʥʠʭ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ ʰʚʠʜʢʦʩʪʝʡ Rv / v0.  

 

a              b 

ʈʠʩ. 2.5. ʊʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʪʦʯʦʢ ʥʘ ʣʝʟʽ ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ ʚ ʧʨʦʮʝʩʽ ʨʽʟʘʥʥʷ ʧʨʠ ʨʽʟʥʠʭ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ ʰʚʠʜʢʦʩʪʝʡ Rv / v0 

a ï ʧʦʧʫʪʥʝ ʨʽʟʘʥʥʷ, b ï ʟʫʩʪʨʽʯʥʝ ʨʽʟʘʥʥʷ 

 

 ɺ ʦʙʠʜʚʦʭ ʚʠʧʘʜʢʘʭ ʪʨʘʻʢʪʦʨʽʻʶ ʨʫʭʫ ʪʦʯʢʠ ʣʝʟʘ ʥʦʞʘ ʻ 

ʚʠʜʦʚʞʝʥʘ ʮʠʢʣʦʾʜʘ.  ʌʦʨʤʘ ʮʽʻʾ ʪʨʘʻʢʪʦʨʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʚ̔ʚʽʜʥʦʰʝʥʥʷ 

ʣʽʥʽʡʥʦʾ ʰʚʠʜʢʦʩʪʽ ʣʝʟʘ ʥʦʞʘ vR ʜʦ ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ ʤʘʪʝʨʽʘʣʫ v0.  ʏʠʤ ʙʽʣʴʰʝ 
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ʮʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʪʠʤ ʙʽʣʴʰʝ ʬʦʨʤʘ ʪʨʘʻʢʪʦʨʽʾ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʜʫʛʠ.  ʅʘ 

ʨʠʩ .2.6 ʟʦʙʨʘʞʝʥʦ ʩʣʽʜʠ ʪʨʘʻʢʪʦʨʽʡ ʪʦʯʦʢ ʣʝʟʘ ʥʦʞʘ ʥʘ ʢʥʠʞʢʦʚʦʤʫ ʙʣʦʮʽ, ʱʦ 

ʨʫʭʘʻʪʴʩʷ ʟʽ ʰʚʠʜʢʽʩʪʶ ʧʦʜʘʯʽ v0 ʫ ʨʝʞʠʤʽ ʟʫʩʪʨʽʯʥʦʛʦ ʨʽʟʘʥʥʷ (ʨʠʩ. 2.6ʘ) ʪʘ 

ʧʦʧʫʪʥʦʛʦ ʨʽʟʘʥʥʷ (ʨʠʩ. 2.6 b). 

 

a                                                    b 

ʈʠʩ. 2.6. ʉʣʽʜʠ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʪʦʯʦʢ ʣʝʟʘ ʥʦʞʘ ʚ ʧʨʦʮʝʩʽ ʨʽʟʘʥʥʷ 

a ïʟʫʩʪʨʽʯʥʝ ʨʽʟʘʥʥʷ, b ï ʧʦʧʫʪʥʝ ʨʽʟʘʥʥʷ 

 

ʇʽʜ ʯʘʩ ʨʽʟʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʜʘʣʴʰʘ ʢʽʥʝʤʘʪʠʯʥʘ ʪʨʘʥʩʬʦʨʤʘʮʽʷ 

ʢʫʪʘ ʟʘʛʦʩʪʨʝʥʥʷ ʥʦʞʘ.  ʌʘʢʪʠʯʥʠʡ ʢʫʪ ʨʽʟʘʥʥʷ ʚ ʧʨʦʮʝʩʽ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ 

(ʢʽʥʝʤʘʪʠʯʥʠʡ ʢʫʪ ʟʘʛʦʩʪʨʝʥʥʷ) ʩʪʘʻ ʚ ʢʽʣʴʢʘ ʨʘʟʽʚ ʤʝʥʰʠʤ ʚʽʜ ʢʫʪʘ 

ʟʘʪʦʯʫʚʘʥʥʷ ʥʦʞʘ. 

ʄʘʶʯʠ ʥʘ ʫʚʘʟʽ, ʱʦ ʦʜʥʠʤ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʨʽʞʫʯʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʻ ʢʫʪ ʟʘʪʦʯʫʚʘʥʥʷ ʣʝʟʘ, ʷʢʠʡ ʽʟ ʟʤʝʥʰʝʥʥʷʤ ʡʦʛʦ 

ʚʝʣʠʯʠʥʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʩʠʣʠ ʨʽʟʘʥʥʷ, ʪʝʦʨʝʪʠʯʥʦ ʩʣʽʜ ʚʠʙʠʨʘʪʠ 

ʥʽʞ ʟ ʥʘʡʤʝʥʰʠʤ ʢʫʪʦʤ ʟʘʪʦʯʢʠ. ʅʘ ʞʘʣʴ, ʮʝ ʤʦʞʝ ʜʫʞʝ ʰʚʠʜʢʦ ʧʦʰʢʦʜʠʪʠ 

ʨʽʞʫʯʫ ʢʨʦʤʢʫ ʯʝʨʝʟ ʧʦʷʚʫ ʤʽʢʨʦʪʨʽʱʠʥ ʥʘ ʢʨʘʶ ʣʝʟʘ, ʧʨʠʩʢʦʨʝʥʝ 

ʧʨʠʪʫʧʣʝʥʥʷ ʘʙʦ ʥʘʚʽʪʴ ʧʦʚʥʝ ʤʝʭʘʥʽʯʥʝ ʧʦʰʢʦʜʞʝʥʥʷ ʣʝʟʘ ʥʦʞʘ, ʱʦ ʨʦʙʠʪʴ 

ʥʝʤʦʞʣʠʤ ʧʦʜʘʣʴʰʫ ʦʙʨʦʙʢʫ ʤʘʪʝʨʽʘʣʫ. ɺʝʣʠʯʠʥʘ ʢʫʪʘ ʟʘʪʦʯʝʥʥʷ ʦʙʤʝʞʝʥʘ, 

ʩʝʨʝʜ ʽʥʰʦʛʦ,  ʤʽʮʥʽʩʪʶ ʤʘʪʝʨʽʘʣʫ ʥʦʞʘ ʪʘ ʚʧʣʠʚʦʤ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʥʘ ʨʽʞʫʯʫ ʢʨʘʡʢʫ. ʆʜʥʘʢ, ʟʥʘʶʯʠ, ʱʦ ʧʨʠ ʨʽʟʘʥʥʽ ʜʠʩʢʦʚʠʤ ʥʦʞʝʤ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʨʘʥʩʬʦʨʤʘʮʽʷ, ʪʦʙʪʦ ʟʤʝʥʰʝʥʥʷ ʩʪʘʪʠʯʥʦʛʦ ʢʫʪʘ ʟʘʪʦʯʢʠ ʥʦʞʘ, 
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ʤʠ ʤʘʻʤʦ ʚ ʨʫʢʘʭ ʽʥʩʪʨʫʤʝʥʪ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ʚʧʣʠʚʫ 

ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ ʥʘ ʟʤʝʥʰʝʥʥʷ ʬʘʢʪʠʯʥʦʛʦ ʢʫʪʘ ʨʽʟʘʥʥʷ..   

ʐʫʢʘʶʯʠ ʚʽʜʧʦʚʽʜʥʽ ʨʦʙʦʯʽ ʧʘʨʘʤʝʪʨʠ ʥʦʞʽʚ, ʱʦʙ ʦʪʨʠʤʘʪʠ 

ʷʢʥʘʡʤʝʥʰʠʡ ʢʫʪ ʬʘʢʪʠʯʥʦʛʦ ʟʘʛʦʩʪʨʝʥʥʷ ʥʦʞʘ, ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ 

ʢʽʥʝʤʘʪʠʢʘ ʨʽʟʘʥʥʷ ʢʨʫʛʦʚʠʤ (ʜʠʩʢʦʚʠʤ) ʥʦʞʝʤ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʢʽʥʝʤʘʪʠʢʠ 

ʨʽʟʘʥʥʷ ʧʣʦʩʢʠʤ ʥʦʞʝʤ. ʇʨʠ ʨʽʟʘʥʥʽ ʩʪʦʩʽʚ ʧʘʧʝʨʫ ʥʘ ʦʜʥʦʥʦʞʝʚʠʭ ʤʘʰʠʥʘʭ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʣʦʩʢʠʡ ʥʽʞ ʷʢ ʨʽʞʫʯʠʡ ʽʥʩʪʨʫʤʝʥʪ, ʬʘʢʪʠʯʥʠʡ ʢʫʪ ʨʽʟʘʥʥʷ 

ʥʦʞʘ ʥʝ ʩʠʣʴʥʦ ʟʤʽʥʶʻʪʴʩʷ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʮʠʢʣʫ ʨʽʟʘʥʥʷ.  ʂʫʪ ʟʘʛʦʩʪʨʝʥʥʷ 

ʥʦʞʘ ʧʨʘʢʪʠʯʥʦ ʧʦʩʪʽʡʥʠʡ ʽ ʟʘʣʝʞʠʪʴ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʚʽʜ ʢʫʪʘ ʧʦʜʘʯʽ ʥʦʞʘ, 

ʢʫʪʘ ʟʘʪʦʯʫʚʘʥʥʷ ʥʦʞʘ ʪʘ ʚʽʜʥʦʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ ʜʦ ʚʝʨʪʠʢʘʣʴʥʦʾ 

ʩʢʣʘʜʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ ʥʦʞʘ (ʨʠʩ. 2.1). 

ʇʨʠ ʨʽʟʘʥʥʽ ʜʠʩʢʦʚʠʤ ʥʦʞʝʤ ʢʫʪ ʨʽʟʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʽʥʝʤʘʪʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ ʪʘ ʨʘʜʽʫʩʘ ʥʦʞʘ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʨʽʟʥʽ ʰʘʨʠ 

ʤʘʪʝʨʽʘʣʫ, ʱʦ ʧʽʜʣʷʛʘʻ ʨʽʟʘʥʥʶ, ʚʠʨʽʟʘʶʪʴʩʷ ʧʽʜ ʨʽʟʥʠʤʠ ʢʫʪʘʤʠ ʬʘʢʪʠʯʥʦʛʦ 

ʟʘʛʦʩʪʨʝʥʥʷ ʥʦʞʘ.  ʇʨʠ ʨʽʟʘʥʥʽ ʪʽʻʶ ʯʘʩʪʠʥʦʶ ʣʝʟʘ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʣʽʥʽʾ 

ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ - ʢʫʪ ʟʘʛʦʩʪʨʝʥʥʷ (ʨʽʟʘʥʥʷ) ʤʘʢʩʠʤʘʣʴʥʠʡ, ʪʦʜʽ ʷʢ ʧʨʠ 

ʨʽʟʘʥʥʽ ʯʘʩʪʠʥʘʤʠ ʧʦ ʢʨʘʷʭ ʣʝʟʘ - ʢʫʪ ʟʘʛʦʩʪʨʝʥʥʷ ʥʦʞʘ ʤʽʥʽʤʘʣʴʥʠʡ (ʨʠʩ. 2.7). 

 

ʈʠʩ. 2.7. ʆʩʦʙʣʠʚʦʩʪʽ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʢʫʪʘ ʨʽʟʘʥʥʷ (aT) ʧʨʠ ʨʽʟʘʥʥʽ ʜʠʩʢʦʚʠʤ ʥʦʞʝʤ 

‌- ʢʫʪ ʟʘʪʦʯʝʥʥʷ ʣʝʟʘ (ʩʪʘʪʠʯʥʠʡ ʢʫʪ), ‌  ï ʢʫʪ ʟʘʛʦʩʪʨʝʥʥʷ (ʬʘʢʪʠʯʥʠʡ ʢʫʪ 

ʨʽʟʘʥʥʷ).  v ï ʬʘʢʪʠʯʥʘ ʰʚʠʜʢʽʩʪʴ ʨʽʟʘʥʥʷ, ὺ ï h ʚʠʜʢʽʩʪʴ ʧʦʜʘʯʽ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, 

ὺ ïʣʽʥʽʡʥʘ ʰʚʠʜʢʽʩʪʴ ʣʝʟʘ ʥʦʞʘ, ʱʦ ʦʙʝʨʪʘʻʪʴʩʷ 
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ʇʨʠ ʨʽʟʘʥʥʽ ʧʣʦʩʢʠʤ ʥʦʞʝʤ (ʨʠʩ. 2.1) ʬʘʢʪʠʯʥʠʡ ʢʫʪ ʨʽʟʘʥʥʷ ‌  

ʚʠʟʥʘʯʘʻʤʦ ʟ ʥʘʩʪʫʧʥʦʛʦ  ʨʽʚʥʷʥʥʷ [69]: 

‌ ÁÒÃÔÁÎ
 Ͻ 

       (2.2), 

ʜʝ, ‌ - Ăʩʪʘʪʠʯʥʠʡò ʢʫʪ ʟʘʪʦʯʝʥʥʷ ʥʦʞʘ, v ï ʬʘʢʪʠʯʥʘ (ʨʝʟʫʣʴʪʫʶʯʘ) 

ʰʚʠʜʢʽʩʪʴ ʨʽʟʘʥʥʷ ὺ ï ʚʝʨʪʠʢʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʰʚʠʜʢʦʩʪʽ v. 

ʗʢʱʦ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʫʪʘ ʟʘʪʦʯʝʥʥʷ ʣʝʟʘ ʢʨʫʛʦʚʦʛʦ 

ʥʦʞʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʥʘʣʦʛʽʯʥʦ ʨʽʟʘʥʥʶ ʧʣʦʩʢʠʤ ʥʦʞʝʤ, ʬʘʢʪʠʯʥʠʡ ʢʫʪ ʨʽʟʘʥʥʷ 

ʢʨʫʛʦʚʠʤ ʥʦʞʝʤ ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ ʟʘ ʬʦʨʤʫʣʦʶ (2.3): 

‌ ÁÒÃÔÁÎÔÁÎ‌ Ͻ
 

   (2.3), 

ʜʝ • - ʧʦʪʦʯʥʠʡ ʢʫʪ ʧʦʚʦʨʦʪʫ ʥʦʞʘ. 

 ʋ ʙʽʣʴʰʦʩʪʽ ʧʨʦʮʝʩʽʚ ʨʽʟʘʥʥʷ ʜʠʩʢʦʚʠʤʠ ʥʦʞʘʤʠ ʧʘʧʽʨ ʨʽʞʝʪʴʩʷ ʧʦ 

ʢʨʘʷʭ ʣʝʟʘ ʥʦʞʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʤʽʥʽʤʘʣʴʥʽ ʢʫʪʠ ʨʽʟʘʥʥʷ.  ɿ ʛʝʦʤʝʪʨʠʯʥʦʾ ʪʦʯʢʠ 

ʟʦʨʫ ʢʨʫʛʦʚʠʡ ʥʽʞ ʷʚʣʷʻ ʩʦʙʦʶ ʫʩʽʯʝʥʠʡ ʢʦʥʫʩ ʟ ʢʫʪʦʤ a ʚ ʦʩʥʦʚʽ.  ɺʽʜʦʤʦ, ʱʦ 

ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʝʪʠʥʫ ʢʦʥʫʩʘ ʟ ʧʣʦʱʠʥʦʶ, ʧʘʨʘʣʝʣʴʥʦʶ ʦʩʽ Z ʢʦʥʫʩʘ, 

ʫʪʚʦʨʶʻʪʴʩʷ ʛʽʧʝʨʙʦʣʘ (ʨʠʩ. 2.8). 

 

ʈʠʩ. 2.8. ʇʝʨʝʪʠʥ ʢʦʥʫʩʘ ʟ ʧʣʦʱʠʥʦʶ, ʧʘʨʘʣʝʣʴʥʦʶ ʦʩʽ ʢʦʥʫʩʘ. 
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ʇʨʠʡʤʘʶʯʠ ʚʝʨʰʠʥʫ ʢʦʥʫʩʘ ʟʘ ʧʦʯʘʪʦʢ ʢʦʦʨʜʠʥʘʪ (ʨʠʩ.2.8), ʟ ʨʽʚʥʷʥʥʷ 

ʢʦʥʽʯʥʦʾ ʧʦʚʝʨʭʥʽ (2.4) ʦʪʨʠʤʘʻʤʦ ʨʽʚʥʷʥʥʷ ʛʽʧʝʨʙʦʣʠ (2.5): 

 +  -  = 0,        (2.4) 

  ɼʣʷ x = a : 

z = ὥ  ώ        (2.5) 

ʆʩʢʽʣʴʢʠ ʧʦʭʽʜʥʘ ʟ ʚʠʨʘʟʫ (2.5) ʚʠʟʥʘʯʘʻ ʪʘʥʛʝʥʩ ʢʫʪʘ ʥʘʭʠʣʫ 

ʛʽʧʝʨʙʦʣʠ, ʤʠ ʦʙʯʠʩʣʶʻʤʦ ʢʫʪ a ʥʘ ʣʝʟʽ ʥʦʞʘ ʚ ʢʨʘʡʥʽʭ ʪʦʯʢʘʭ, ʧʨʠ y =  ὦȡ 

 

 = - 
 

;  tan(a) = - 
Ѝ  

      (2.6) 

ɺʟʷʚʰʠ ʜʦ ʫʚʘʛʠ, ʱʦ b = ЍὙ  ὥ, tan(a   , ʦʩʪʘʪʦʯʥʦ ʦʪʨʠʤʫʻʤʦ 

ʢʫʪ ʨʽʟʘʥʥʷ a ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʥʽʯʥʦʾ ʬʦʨʤʠ ʨʽʞʫʯʦʾ ʢʨʘʡʢʠ ʥʝʨʫʭʦʤʦʛʦ 

ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ: 

a = arctanÔÁÎa
Ѝ

      (2.7) 

ɼʣʷ ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ, ʱʦ ʦʙʝʨʪʘʻʪʴʩʷ, ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʢʫʪʘ ʟʘʛʦʩʪʨʝʥʥʷ 

ʦʙʯʠʩʣʶʻʪʴʩʷ ʘʥʘʣʦʛʽʯʥʦ ʨʽʚʥʷʥʥʶ (2.2): 

öö
÷

õ
ææ
ç

å
=

v

vRy

T )tan(arctan aa       (2.8) 

ʆʙʯʠʩʣʠʤʦ ʚʝʣʠʯʠʥʫ ʪʨʘʥʩʬʦʨʤʦʚʘʥʦʛʦ ʢʫʪʘ a  ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʢʦʥʽʯʥʦʾ ʬʦʨʤʠ ʨʽʞʫʯʦʛʦ ʣʝʟʘ ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ (ʨʠʩ. 2.9). 
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a          b 

ʈʠʩ.2.9. ʈʦʟʨʘʭʫʥʢʦʚʽ ʩʭʝʤʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʢʫʪʘ ʟʘʛʦʩʪʨʝʥʥʷ 

ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ: 

a ï ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʢʫʪʘ ʟʘʛʦʩʪʨʝʥʥʷ ʥʘ ʢʨʘʡʮʽ ʢʨʫʛʦʚʦʛʦ ʥʦʞʘ, b ï ʨʦʟʧʦʜʽʣ 

ʰʚʠʜʢʦʩʪʝʡ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʬʘʢʪʠʯʥʦʛʦ ʢʫʪʘ ʟʘʛʦʩʪʨʝʥʥʷ a  

a- ʢʫʪ ʟʘʪʦʯʫʚʘʥʥʷ ʥʦʞʘ, 

a  ïʢʫʪ ʟʘʛʦʩʪʨʝʥʥʷ ʥʦʞʘ (ʬʘʢʪʠʯʥʠʡ),   

v - ʬʘʢʪʠʯʥʘ ʰʚʠʜʢʽʩʪʴ ʨʽʟʘʥʥʷ,  

nv  i tv - ʥʦʨʤʘʣʴʥʘ ʽ ʜʦʪʠʯʥʘ ʩʢʣʘʜʦʚʽ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ v  

v0 ï ʰʚʠʜʢʽʩʪʴ ʧʦʜʘʯʽ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

Rv - ʣʽʥʽʡʥʘ ʰʚʠʜʢʽʩʪʴ ʪʦʯʦʢ ʥʘ ʣʝʟʽ ʥʦʞʘ, 

 Rxv  i Ryv - ʩʢʣʘʜʦʚʽ ʣʽʥʽʡʥʦʾ ʰʚʠʜʢʦʩʪʽ Rv  

 

ʌʘʢʪʠʯʥʠʡ ʢʫʪ ʟʘʛʦʩʪʨʝʥʥʷ ʥʦʞʘ a  ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ ʧʝʨʝʨʽʟʽ, ʱʦ 

ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʬʽʛʫʨʫ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ ʦʙʤʝʞʝʥʫ ʛʽʧʝʨʙʦʣʦʶ, ʘ ʟ ʽʥʰʦʛʦ 

ʙʦʢʫ - ʧʨʷʤʠʤ ʚʽʜʨʽʟʢʦʤ ʧʣʦʱʠʥʠ ʥʦʞʘ (ʨʠʩ. 2.9ʘ).  ʂʫʪ ʟʘʪʦʯʢʠ ʥʦʞʘ 

ʦʙʯʠʩʣʶʻʪʴʩʷ ʟ ʨʽʚʥʷʥʴ (2.4) - (2.7).  ɺ ʨʝʟʫʣʴʪʘʪʽ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ 

(ʨʠʩ. 2.9) ʦʪʨʠʤʫʻʤʦ: 

 

a = R cos(j - y), ʜʝ: 

y = arctan
 

 = arctan
j

 j
;     (2.9) 
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ɹʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʚʠʨʘʟ (2.7), ʦʪʨʠʤʘʻʤʦ ʬʘʢʪʠʯʥʠʡ ʢʫʪ ʟʘʛʦʩʪʨʝʥʥʷ 

ʥʦʞʘ a : 

a ὥὶὧὸὥὲὸὥὲ‌
Ѝ

ὥὶὧὸὥὲὸὥὲ‌ , 

ʷʢʠʡ ʧʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ: 

a ὥὶὧὸὥὲὸὥὲ‌ ίὭὲ• y ,            (2.10) 

ʘ ʟ ʚʨʘʭʫʚʘʥʥʷʤ (2.9) ʬʘʢʪʠʯʥʠʡ ʢʫʪ ʟʘʛʦʩʪʨʝʥʥʷ ‌  ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ: 

‌ ὥὶὧὸὥὲὸὥὲ‌ ίὭὲ• ὥὶὧὸὥὲ .        (2.11) 

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʚʠʨʘʟ (2.10) ʽ ʨʦʟʢʣʘʚʰʠ ʚʝʢʪʦʨ ʜʽʡʩʥʦʾ ʰʚʠʜʢʦʩʪʽ 

ʨʽʟʘʥʥʷ v ʥʘ ʩʢʣʘʜʦʚʽ ï ʥʦʨʤʘʣʴʥʫ ὺ ʽ ʜʦʪʠʯʥʫ ὺ (ʨʠʩ. 2.18 b), ʽ ʚʨʘʭʫʚʘʚʰʠ, 

ʱʦ ίὭὲ• y , ʦʪʨʠʤʘʻʤʦ, ʱʦ ʨʽʚʥʷʥʥʷ (2.10) ʻ ʽʜʝʥʪʠʯʥʠʤ ʚʠʨʘʟʫ (2.2). 

ɺʠʢʦʥʘʥʽ ʦʙʯʠʩʣʝʥʥʷ ʢʫʪʘ ʟʘʪʦʯʝʥʥʷ ʢʨʫʛʦʚʦʛʦ ʥʦʞʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʚʠʨʘʟʽʚ (2.3) ʪʘ (2.11) ʧʦʢʘʟʘʣʠ ʜʫʞʝ ʩʭʦʞʽ ʨʝʟʫʣʴʪʘʪʠ.  ʎʝ ʜʦʚʦʜʠʪʴ, ʱʦ ʜʣʷ 

ʦʙʯʠʩʣʝʥʥʷ ʬʘʢʪʠʯʥʦʛʦ ʢʫʪʘ ʟʘʛʦʩʪʨʝʥʥʷ ʣʝʟʘ ʥʦʞʘ ʚ ʧʨʦʮʝʩʽ ʨʽʟʘʥʥʷ ʩʪʦʧ ʪʘ 

ʘʨʢʫʰʽʚ ʧʘʧʝʨʫ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʠʨʘʟ (2.2), ʱʦ ʧʦʣʝʛʰʫʻ ʨʦʟʨʘʭʫʥʢʠ 

ʧʨʠ ʘʥʘʣʽʟʽ ʢʽʥʝʤʘʪʠʢʠ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʠʩʢʦʚʠʭ ʥʦʞʽʚ [75]. 

ʇʨʠʧʫʩʢʘʶʯʠ, ʱʦ ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʢʫʪʘ ʟʘʛʦʩʪʨʝʥʥʷ ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʜʽʙʥʦ ʜʦ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʜʣʷ ʧʣʦʩʢʦʛʦ ʥʦʞʘ, ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʬʦʨʤʫʣʠ (2.12) ʪʘ (2.13), ʦʙʯʠʩʣʶʻʤʦ ʬʘʢʪʠʯʥʠʡ ʢʫʪ ʨʽʟʘʥʥʷ ‌   ʷʢ ʜʣʷ 

ʧʦʧʫʪʥʦʛʦ (ʨʠʩ. 2.2),ʪʘʢ ʽ ʜʣʷ ʟʫʩʪʨʽʯʥʦʛʦ ʨʽʟʘʥʥʷ (ʨʠʩ. 2.3): 

 

ʈʽʟʘʥʥʷ ʧʦʧʫʪʥʝ: 

  ‌ ὥὶὧὸὥὲὸὥὲ‌              (2.12). 

ʈʽʟʘʥʥʷ ʟʫʩʪʨʽʯʥʝ: 

  ‌ ὥὶὧὸὥὲὸὥὲ‌         (2.13). 
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ʂʽʥʝʤʘʪʠʢʘ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʜʠʩʢʦʚʠʤ ʥʦʞʝʤ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʪʠʤ, ʱʦ 

ʟʘʣʝʞʥʦ ʚʽʜ ʪʦʚʱʠʥʠ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʨʽʟʥʽ ʡʦʛʦ ʰʘʨʠ ʨʦʟʨʽʟʫʶʪʴʩʷ 

ʧʽʜ ʨʽʟʥʠʤʠ ʢʫʪʘʤʠ ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʟʘʛʦʩʪʨʝʥʥʷ ʣʝʟʘ.  ʅʘʡʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ 

ʬʘʢʪʠʯʥʦʛʦ ʢʫʪʘ ʨʽʟʘʥʥʷ ʤʘʻ ʤʽʩʮʝ ʚ ʪʦʯʮʽ ʢʦʥʪʘʢʪʫ ʣʝʟʘ ʥʦʞʘ ʟ ʚʝʨʭʥʽʤ ʰʘʨʦʤ 

ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʊʦʤʫ ʤʠ ʘʥʘʣʽʟʫʻʤʦ ʢʽʥʝʤʘʪʠʢʫ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʚ 

ʪʦʯʮʽ ʨʽʟʘʥʥʷ, ʜʝ ʫʪʚʦʨʶʻʪʴʩʷ ʥʘʡʙʽʣʴʰʠʡ ʬʘʢʪʠʯʥʠʡ ʢʫʪ ʨʽʟʘʥʥʷ.  ʇʨʠ 

ʧʦʧʫʪʥʦʤʫ ʨʽʟʘʥʥʽ ʮʝ ʙʫʜʝ ʢʨʘʡʥʷ ʪʦʯʢʘ ʚʭʦʜʫ ʣʝʟʘ ʥʦʞʘ ʚ ʤʘʪʝʨʽʘʣ, ʪʦʜʽ ʷʢ 

ʧʨʠ ʟʫʩʪʨʽʯʥʦʤʫ ʨʽʟʘʥʥʽ ʮʷ ʪʦʯʢʘ ʙʫʜʝ ʢʨʘʡʥʴʦʶ ʪʦʯʢʦʶ ʚʠʭʦʜʫ ʣʝʟʘ ʥʦʞʘ ʟ 

ʤʘʪʝʨʽʘʣʫ. 

ʂʫʪ ʧʦʚʦʨʦʪʫ ʥʦʞʘ •0, ʧʨʠ ʷʢʦʤʫ ʣʝʟʦ ʥʦʞʘ ʚʭʦʜʠʪʴ ʽ ʚʠʭʦʜʠʪʴ ʟ 

ʢʦʥʪʘʢʪʫ ʟ ʤʘʪʝʨʽʘʣʦʤ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

• , 

ʜʝ: H ï ʪʦʚʱʠʥʘ ʨʽʟʘʥʥʷ (ʨʠʩ. 2.10).  

 

 

ʈʠʩ.2.10. ʉʭʝʤʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʫʪʘ •0,  ʧʨʠ ʷʢʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʭʽʜ ʘʙʦ ʚʠʭʽʜ ʣʝʟʘ 

ʥʦʞʘ ʟ ʢʥʠʞʢʦʚʦʛʦ ʙʣʦʢʫ. 

H- ʪʦʚʱʠʥʘ ʨʽʟʘʥʥʷ, D ï ʜʽʘʤʝʪʨ ʥʦʞʘ 

 

ʅʘ ʦʩʥʦʚʽ ʬʦʨʤʫʣ (2.12) ʪʘ (2.13) ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʟʤʽʥʠ ʢʽʥʝʤʘʪʠʯʥʦʛʦ 

ʢʫʪʘ ʟʘʛʦʩʪʨʝʥʥʷ ʣʝʟ ʜʠʩʢʦʚʠʭ ʥʦʞʽʚ ‌  ʜʣʷ ʨʽʟʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ 

ʨʽʟʘʥʥʷ. 
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ɺ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʧʨʠ ʦʜʥʘʢʦʚʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʘʭ ʜʠʩʢʦʚʠʭ ʥʦʞʽʚ ʽ ʧʘʨʘʤʝʪʨʘʭ ʦʙʨʦʙʢʠ, ʚʝʣʠʯʠʥʠ ʢʫʪʽʚ 

ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʟʘʛʦʩʪʨʝʥʥʷ ʥʦʞʘ ʙʫʜʫʪʴ ʜʝʱʦ ʙʽʣʴʰʠʤʠ  ʫ ʨʘʟʽ ʧʦʧʫʪʥʦʛʦ 

ʨʽʟʘʥʥʷ, ʥʽʞ ʫ ʨʘʟʽ ʟʫʩʪʨʽʯʥʦʛʦ ʨʽʟʘʥʥʷ. ʊʦʤʫ ʩʣʽʜ ʦʯʽʢʫʚʘʪʠ ʤʝʥʰʠʭ ʟʫʩʠʣʴ 

ʨʽʟʘʥʥʷ ʧʨʠ ʟʫʩʪʨʽʯʥʦʤʫ ʨʽʟʘʥʥʽ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʦʧʫʪʥʠʤ. 

ʅʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘ ʢʽʥʝʤʘʪʠʯʥʝ ʟʤʝʥʰʝʥʥʷ ʢʫʪʘ ʟʘʛʦʩʪʨʝʥʥʷ ʣʝʟʘ 

ʤʘʶʪʴ - ʜʽʘʤʝʪʨ ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ, ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ, ʰʚʠʜʢʽʩʪʴ ʧʦʜʘʯʽ 

ʪʘ ʪʦʚʱʠʥʘ ʨʽʟʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ (ʨʠʩ. 2.11 - 2.14). 

ʇʦʨʷʜ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ n ʙʫʣʦ ʚʠʷʚʣʝʥʦ 

ʟʥʘʯʥʝ ʟʤʝʥʰʝʥʥʷ ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʢʫʪʘ ʟʘʛʦʩʪʨʝʥʥʷ ʣʝʟʘ ʚ ʜʽʘʧʘʟʦʥʽ n = 1500-

3000 ʦʙ/ʭʚ (ʨʠʩ. 2.11).  ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʧʣʠʚʫ ʮʴʦʛʦ ʧʘʨʘʤʝʪʨʘ ʟʤʝʥʰʫʻʪʴʩʷ.  ɸʥʘʣʽʟ ʚʧʣʠʚʫ ʰʚʠʜʢʦʩʪʽ 

ʧʦʜʘʯʽ ʤʘʪʝʨʽʘʣʫ ʧʽʜ ʯʘʩ ʨʽʟʘʥʥʷ ʧʦʢʘʟʘʚ ʣʽʥʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ ʢʫʪʘ ʟʘʛʦʩʪʨʝʥʥʷ 

ʚʽʜ ʮʴʦʛʦ ʧʘʨʘʤʝʪʨʘ (ʨʠʩ. 2.12). 

ɺʠʷʚʣʝʥʦ ʪʘʢʦʞ ʟʥʘʯʥʝ ʟʥʠʞʝʥʥʷ ʚʝʣʠʯʠʥʠ ‌  ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʜʽʘʤʝʪʨʘ 

ʥʦʞʘ D (ʨʠʩ. 2.13).  ʎʝ ʟʤʝʥʰʝʥʥʷ ʻ ʦʯʝʚʠʜʥʠʤ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ D ʜʦ ʨʦʟʤʽʨʫ 

200-250 ʤʤ.  ʇʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ ʜʽʘʤʝʪʨʘ ʥʦʞʘ ʩʧʨʠʯʠʥʷʻ ʥʝʟʥʘʯʥʽ ʟʤʽʥʠ 

ʚʝʣʠʯʠʥʠ ‌ . 

ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʞʥʘ ʧʽʜʽʙʨʘʪʠ ʚʽʜʧʦʚʽʜʥʽ 

ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʜʠʩʢʦʚʠʭ ʥʦʞʽʚ ʽ ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ, ʧʨʠ ʷʢʠʭ 

ʚʜʘʻʪʴʩʷ ʟʤʝʥʰʠʪʠ ʬʘʢʪʠʯʥʠʡ ʢʫʪ ʨʽʟʘʥʥʷ ʧʨʠ ʦʙʨʦʙʮʽ ʧʘʧʝʨʫ ʚ ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ, 

ʱʦ ʟʤʝʥʰʠʪʴ ʩʠʣʫ ʨʽʟʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ. 
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a 

 

b 

ʈʠʩ. 2.11. ɺʧʣʠʚ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ n ʥʘ ʟʤʝʥʰʝʥʥʷ ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʢʫʪʘ 

ʟʘʛʦʩʪʨʝʥʥʷ ʣʝʟʘ ‌   (v0=1ʤ/ʩʝʢ, D=200ʤʤ, Ŭ0=15o) 

a ï ʨʽʟʘʥʥʷ ʧʦʧʫʪʥʝ, b ï ʨʽʟʘʥʥʷ ʟʫʩʪʨʽʯʥʝ 

1 ï H=50ʤʤ; 2 ï H=30ʤʤ; 3 ï H=20ʤʤ; 4 ï H=10ʤʤ; 5 ï H=5ʤʤ; 6 ï H=2,5ʤʤ; 
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ʈʠʩ. 2.12. ɺʧʣʠʚ ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ v0 ʥʘ ʟʤʝʥʰʝʥʥʷ 

ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʢʫʪʘ ʟʘʛʦʩʪʨʝʥʥʷ ʣʝʟʘ ‌   (n=3000ʦʙ/ʭʚ, D=200ʤʤ, Ŭ0=15o) 

a ï ʨʽʟʘʥʥʷ ʧʦʧʫʪʥʝ, b ï ʨʽʟʘʥʥʷ ʟʫʩʪʨʽʯʥʝ 

1 ï H=50ʤʤ; 2 ï H=30ʤʤ; 3 ï H=20ʤʤ; 4 ï H=10ʤʤ; 5 ï H=5ʤʤ; 6 ï H=2,5ʤʤ; 
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ʈʠʩ. 2.13. ɺʧʣʠʚ ʜʽʘʤʝʪʨʫ ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ D ʥʘ ʟʤʝʥʰʝʥʥʷ ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʢʫʪʘ 

ʟʘʛʦʩʪʨʝʥʥʷ ʣʝʟʘ ‌    (v0=1ʤ/ʩʝʢ, n=3000ʦʙ/ʭʚ, Ŭ0=15o) 

a - ʨʽʟʘʥʥʷ ʧʦʧʫʪʥʝ, b - ʨʽʟʘʥʥʷ ʟʫʩʪʨʽʯʥʝ 

1 ï H=25ʤʤ; 2 ï H=20ʤʤ; 3 ï H=10ʤʤ; 4 ï H=5ʤʤ; 5 ï H=2,5ʤʤ; 
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ʈʠʩ. 2.14. ɺʧʣʠʚ ʪʦʚʱʠʥʠ ʙʣʦʢʘ  H ʥʘ ʟʤʝʥʰʝʥʥʷ ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʢʫʪʘ ʟʘʛʦʩʪʨʝʥʥʷ 

ʣʝʟʘ ‌   (v0=1ʤ/ʩʝʢ, D=200ʤʤ, Ŭ0=15o) 

a - ʨʽʟʘʥʥʷ ʧʦʧʫʪʥʝ, b - ʨʽʟʘʥʥʷ ʟʫʩʪʨʽʯʥʝ 

1 ï n=500ʦʙ/ʭʚ; 2 ï n=1000ʦʙ/ʭʚ; 3 ï n=2000ʦʙ/ʭʚ; 4 ï n=3000ʦʙ/ʭʚ; 5 ï n=5000ʦʙ/ʭʚ; 

6 ï n=6000ʦʙ/ʭʚ; 
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2.2. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʽʥʝʤʘʪʠʢʠ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʢʥʠʞʢʦʚʠʭ 

ʙʣʦʢʽʚ ʜʠʩʢʦʚʠʤ ʥʦʞʝʤ, ʚʩʪʘʥʦʚʣʝʥʠʤ ʝʢʩʮʝʥʪʨʠʯʥʦ 

ɽʢʩʮʝʥʪʨʠʯʥʝ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ ʩʧʨʠʷʻ ʟʤʽʥʽ ʢʽʥʝʤʘʪʠʢʠ 

ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ ʧʽʜ ʯʘʩ ʦʜʥʦʛʦ ʮʠʢʣʫ ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ, ʧʝʨʽʦʜʠʯʥʽʡ ʟʤʽʥʽ 

ʚʝʣʠʯʠʥʠ ʪʘ ʥʘʧʨʷʤʢʫ ʚʝʢʪʦʨʘ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʮʠʢʣʽʯʥʠʭ 

ʢʦʣʠʚʘʥʴ ʟʥʘʯʝʥʴ ʢʽʥʝʤʘʪʠʯʥʠʭ ʢʫʪʽʚ ʨʽʟʘʥʥʷ ʥʦʞʘ ʧʽʜ ʯʘʩ ʦʙʨʦʙʢʠ ʪʘ 

ʜʠʥʘʤʽʯʥʦʛʦ ʚʧʣʠʚʫ ʨʽʞʫʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʥʘ ʦʙʨʦʙʣʶʚʘʥʠʡ ʤʘʪʝʨʽʘʣ [76,77].  

ʅʘ ʨʠʩ.  (2.15) ʽ (2.16) ʧʦʢʘʟʘʥʽ ʜʦʩʣʽʜʞʝʥʽ ʩʭʝʤʠ ʨʽʟʘʥʥʷ ʧʘʧʝʨʫ ʜʣʷ ʜʚʦʭ 

ʥʘʧʨʷʤʢʽʚ ʦʙʝʨʪʘʥʥʷ ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ, ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʝʢʩʮʝʥʪʨʠʯʥʦ: ʟ 

ʧʦʧʫʪʥʠʤ (ʨʠʩ. 2.15) ʽ ʟʫʩʪʨʽʯʥʠʤ ʦʙʝʨʪʘʥʥʷʤ (ʨʠʩ. 2.16). 

ʈʠʩ. 2.15. ʉʭʝʤʘ ʧʦʧʫʪʥʦʛʦ ʨʽʟʘʥʥʷ ʜʠʩʢʦʚʠʤ ʥʦʞʝʤ, ʚʩʪʘʥʦʚʣʝʥʠʤ ʝʢʩʮʝʥʪʨʠʯʥʦ 

R ï ʨʘʜʽʫʩ ʥʦʞʘ,  v0 ï ʰʚʠʜʢʽʩʪʴ ʧʦʜʘʯʽ ʢʥʠʞʢʦʚʦʛʦ ʙʣʦʢʘ, ɤ ï ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ 

ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ, rwÖ=Rv - ʣʽʥʽʡʥʘ ʰʚʠʜʢʽʩʪʴ ʪʦʯʢʠ ʥʘ ʣʝʟʽ ʥʦʞʘ,  

ɟ ï ʜʽʡʩʥʠʡ ʨʘʜʽʫʩ ʦʙʝʨʪʘʥʥʷ 

 

ʈʠʩ. 2.16. ʉʭʝʤʘ ʟʫʩʪʨʽʯʥʦʛʦ ʨʽʟʘʥʥʷ ʜʠʩʢʦʚʠʤ ʥʦʞʝʤ, ʚʩʪʘʥʦʚʣʝʥʠʤ ʝʢʩʮʝʥʪʨʠʯʥʦ 

R ï ʨʘʜʽʫʩ ʥʦʞʘ,  v0 ï ʰʚʠʜʢʽʩʪʴ ʧʦʜʘʯʽ ʢʥʠʞʢʦʚʦʛʦ ʙʣʦʢʘ, ɤ ï ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ 

ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ, rwÖ=Rv - ʣʽʥʽʡʥʘ ʰʚʠʜʢʽʩʪʴ ʪʦʯʢʠ ʥʘ ʣʝʟʽ ʥʦʞʘ,  

ɟ ï ʜʽʡʩʥʠʡ ʨʘʜʽʫʩ ʦʙʝʨʪʘʥʥʷ 
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ʅʘ ʨʠʩ.  2.15 ʽ 2.16 ʧʦʢʘʟʘʥʦ, ʱʦ ʚʽʩʴ ʢʨʫʛʦʚʦʛʦ ʥʦʞʘ, ʷʢʠʡ ʦʙʝʨʪʘʻʪʴʩʷ 

ʟ ʢʫʪʦʚʦʶ ʰʚʠʜʢʽʩʪʶ  ɤ, ʥʝʨʫʭʦʤʘ, ʘ ʢʥʠʞʢʦʚʠʡ ʙʣʦʢ ʨʫʭʘʻʪʴʩʷ ʥʘʟʫʩʪʨʽʯ 

ʥʦʞʫ ʟʽ ʰʚʠʜʢʽʩʪʶ ʧʦʜʘʯʽ v0.  ɼʠʩʢʦʚʠʡ ʥʽʞ ʨʘʜʽʫʩʦʤ R ʚʩʪʘʥʦʚʣʝʥʦ 

ʝʢʩʮʝʥʪʨʠʯʥʦ ʟ ʚʝʣʠʯʠʥʦ  ʁʝ. ʃʽʥʽʡʥʘ ʰʚʠʜʢʽʩʪʴ ʪʦʯʢʠ  ʥʘ ʣʝʟʽ ʥʦʞʘ, ʱʦ 

ʢʦʥʪʘʢʪʫʻ ʟ ʢʥʠʞʢʦʚʠʤ ʙʣʦʢʦʤ, ʦʙʯʠʩʣʶʻʪʴʩʷ ʟ ʨʽʚʥʷʥʥʷrwÖ=Rv . 

ɺʝʣʠʯʠʥʘ ʰʚʠʜʢʦʩʪʽ 
Rv  ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʥʦʞʘ ʽ ʟʤʽʥʶʻʪʴʩʷ ʚ 

ʜʽʘʧʘʟʦʥʽ ʚʽʜ  )(min eRvR -Ö=w ʜʦ )(max eRvR +Ö=w . ʏʠʤ ʙʽʣʴʰʦʶ ʻ ʚʝʣʠʯʠʥʘ 

ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ e, ʪʠʤ ʙʽʣʴʰʠʤ ʻ ʜʽʘʧʘʟʦʥ ʟʤʽʥʠ ʣʽʥʽʡʥʦʾ ʰʚʠʜʢʦʩʪʽ 
Rv . 

ɼʽʡʩʥʠʡ ʨʘʜʽʫʩ ʦʙʝʨʪʘʥʥʷ ʣʝʟʘ ʥʦʞʘ ɟ ʪʘ ʣʽʥʽʡʥʫ ʰʚʠʜʢʽʩʪʴ 
Rv  ʜʦʚʽʣʴʥʦʾ ʪʦʯʢʠ 

A ʥʘ ʣʝʟʽ ʥʦʞʘ ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ ʟ ʥʘʩʪʫʧʥʦʾ ʩʭʝʤʠ (ʨʠʩ. 2.17): 

 

ʈʠʩ. 2.17.ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʽʡʩʥʦʛʦ ʨʘʜʽʫʩʫ ʦʙʝʨʪʘʥʥʷ ɟ  

 

ʇʨʠʡʤʝʤʦ ʟʘ ʧʦʯʘʪʢʦʚʝ ʪʘʢʝ ʧʦʣʦʞʝʥʥʷ ʥʦʞʘ, ʢʦʣʠ ʡʦʛʦ ʮʝʥʪʨ O 

ʨʦʟʪʘʰʦʚʘʥʠʡ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʥʘʜ ʚʽʩʩʶ ʦʙʝʨʪʘʥʥʷ O1 , ʘ ʢʫʪ Ŭ ʚʚʘʞʘʻʤʦ 

ʚʽʜʦʤʠʤ. ɺʝʣʠʯʠʥʫ ʬʘʢʪʠʯʥʦʛʦ ʨʘʜʽʫʩʘ ʦʙʝʨʪʘʥʥʷ ɟ ʚʠʟʥʘʯʘʻʤʦ ʟ ʪʨʠʢʫʪʥʠʢʘ 

AO1O ʟʘ ʪʝʦʨʝʤʦʶ ʩʠʥʫʩʽʚ: 
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 ,  (2.14) 

ʘʙʦ ʟʘ ʪʝʦʨʝʤʦʶ ʢʦʩʠʥʫʩʽʚ: 

)cos(2222 arr ÖÖ-+= eeR ;    2222 )(cos)cos( eRee -++Ö= aar          (2.15).    
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ʂʦʣʠ ʚʽʜʦʤʽ ʬʘʢʪʠʯʥʠʡ ʨʘʜʽʫʩ ʦʙʝʨʪʘʥʥʷ ʪʘ ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʥʦʞʘ, 

ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ ʣʽʥʽʡʥʫ ʰʚʠʜʢʽʩʪʴ ʙʫʜʴ-ʷʢʦʾ ʪʦʯʢʠ ɸ ʥʘ ʣʝʟʽ ʥʦʞʘ 

ʋ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʫʤʦʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʨʦʟʨʘʭʫʥʢʦʚʫ 

ʩʭʝʤʫ, ʢʦʣʠ ʢʥʠʞʢʦʚʠʡ ʙʣʦʢ ʻ ʥʝʨʫʭʦʤʠʤ, ʘ ʜʠʩʢʦʚʠʡ ʥʽʞ ʚʠʢʦʥʫʻ ʜʚʘ ʨʫʭʠ: 

ʧʦʩʪʫʧʘʣʴʥʠʡ ʪʘ ʦʙʝʨʪʘʣʴʥʠʡ. 

ʈʦʟʛʣʷʥʝʤʦ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʪʦʯʦʢ ʣʝʟʘ ʥʦʞʘ ʜʣʷ ʜʚʦʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʩʭʝʤ (ʨʠʩ. 2.18a i 2.18b).  

 

a      b 

ʈʠʩ. 2.18. ʈʦʟʨʘʭʫʥʢʦʚʽ ʩʭʝʤʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʪʘ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʪʦʯʦʢ 

ʥʘ ʣʝʟʽ ʜʠʩʢʦʚʠʭ ʥʦʞʽʚ, ʚʩʪʘʥʦʚʣʝʥʠʭ ʝʢʩʮʝʥʪʨʠʯʥʦ 

a - ʨʽʟʘʥʥʷ ʧʦʧʫʪʥʝ, b - ʨʽʟʘʥʥʷ ʟʫʩʪʨʽʯʥʝ 

R ï ʨʘʜʽʫʩ ʥʦʞʘ,  v0 ï ʰʚʠʜʢʽʩʪʴ ʧʦʜʘʯʽ ʢʥʠʞʢʦʚʦʛʦ ʙʣʦʢʘ, ɤ ï ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ 

ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ, rwÖ=Rv - ʣʽʥʽʡʥʘ ʰʚʠʜʢʽʩʪʴ ʪʦʯʢʠ ʥʘ ʣʝʟʽ ʥʦʞʘ 

 

ʈʦʟʧʦʜʽʣ ʰʚʠʜʢʦʩʪʝʡ ʪʦʯʦʢ ʥʘ ʣʝʟʽ ʥʦʞʘ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 2.18. 

ʇʨʝʜʩʪʘʚʣʝʥʠʡ ʨʫʭ ʥʦʞʘ ʚʽʜʧʦʚʽʜʘʻ ʫʤʦʚʘʤ ʢʣʘʩʠʯʥʦʛʦ ʧʣʦʩʢʦʛʦ ʨʫʭʫ ʟ 

ʤʠʪʪʻʚʠʤ ʮʝʥʪʨʦʤ ʰʚʠʜʢʦʩʪʽ ʚ ʪʦʯʮʽ P.  ʇʦʣʦʞʝʥʥʷ ʤʠʪʪʻʚʦʛʦ ʮʝʥʪʨʫ 

ʰʚʠʜʢʦʩʪʽ P, ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʝ ʟ ʨʠʩʫʥʢʘ 2.18 ʽ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ: 

w
0v

OP = . ʈʫʭ ʥʦʞʘ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ, ʷʢ ʢʦʯʝʥʥʷ ʧʦ ʧʨʷʤʽʡ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ 

ʣʽʥʽʾ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʪʦʯʢʫ P. ʊʨʘʻʢʪʦʨʽʻʶ ʨʫʭʫ ʪʦʯʦʢ, ʱʦ ʣʝʞʘʪʴ ʥʘ ʣʝʟʽ 

ʥʦʞʘ, ʻ ʚʠʜʦʚʞʝʥʘ ʮʠʢʣʦʾʜʘ. 
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ʅʘ ʨʠʩ. 2.19 ʧʦʢʘʟʘʥʽ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʪʨʴʦʭ ʨʽʟʥʠʭ ʪʦʯʦʢ ʥʘ ʣʝʟʽ ʥʦʞʘ ʟ 

ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʦʤ e ʧʨʠ ʧʦʧʫʪʥʦʤʫ (ʨʠʩ. 2.19a) ʪʘ ʟʫʩʪʨʽʯʥʦʤʫ ʨʽʟʘʥʥʽ (ʨʠʩ. 

2.19b).  

 

a                                            b 

ʈʠʩ. 2.19. ʊʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʪʦʯʦʢ ʥʘ ʣʝʟʽ ʥʦʞʘ ʟ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʦʤ 

a - ʨʽʟʘʥʥʷ ʧʦʧʫʪʥʝ, b - ʨʽʟʘʥʥʷ ʟʫʩʪʨʽʯʥʝ  

 

ʊʨʘʻʢʪʦʨʽʷ ʨʫʭʫ ʪʦʯʢʠ ɸ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʘ ʥʘ ʨʽʞʫʯʽʡ ʢʨʘʡʮʽ ʥʦʞʘ, 

ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʟ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʦʤ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʨʽʚʥʷʥʴ:  

ʈʽʟʘʥʥʷ ʧʦʧʫʪʥʝ: 

);sin(0 awr +Ö--= ttvx AA  )cos( awr +Ö= ty AA
.         

(2.16). 

     ʈʽʟʘʥʥʷ ʟʫʩʪʨʽʯʥʝ  

);sin(0 awr +Ö+-= ttvx AA  )cos( awr +Ö= ty AA
,      (2.17), 

 

ʜʝ ʚʝʣʠʯʠʥʘ ʨʘʜʽʫʩʫ ɟ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʣʦʞʝʥʥʷ ʪʦʯʢʠ ʥʘ ʣʝʟʽ ʥʦʞʘ ʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʨʽʚʥʷʥʥʷ (2.14).  
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ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʥʦʞʘ ʙʝʟ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ, ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʨʽʟʥʠʭ ʪʦʯʦʢ 

ʣʝʟʘ ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ ʟ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʦʤ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʽ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʬʘʢʪʠʯʥʦʛʦ ʨʘʜʽʫʩʘ ʦʙʝʨʪʘʥʥʷ rʪʘ ʚʽʜʥʦʰʝʥʥʷ ʣʽʥʽʡʥʦʾ ʰʚʠʜʢʦʩʪʽ ʣʝʟʘ ʥʦʞʘ 

Rv ʜʦ ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ ʢʥʠʞʢʦʚʦʛʦ ʙʣʦʢʘ v0. 

ʉʣʽʜʠ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʪʦʯʦʢ ʣʝʟʘ ʝʢʩʮʝʥʪʨʠʯʥʦ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʥʦʞʘ 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʜʽʣʷʥʢʠ ʚʠʜʦʚʞʝʥʠʭ ʮʠʢʣʦʾʜ, ʘ ʛʣʠʙʠʥʘ ʚʨʽʟʘʥʥʷ ʻ ʨʽʟʥʦʶ ʜʣʷ 

ʨʽʟʥʠʭ ʪʦʯʦʢ ʥʦʞʘ [78]. 

ʅʘ ʨʠʩ. 2.20 ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜʠ ʩʣʽʜʽʚ ʪʨʘʻʢʪʦʨʽʡ ʪʦʯʦʢ  ʣʝʟʘ ʥʦʞʘ ʟ 

ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʦʤ ʥʘ ʧʦʚʝʨʭʥʽ ʟʨʽʟʫ  ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʜʣʷ ʧʦʧʫʪʥʦʛʦ (ʨʠʩ. 

2.20ʘ) ʪʘ ʟʫʩʪʨʽʯʥʦʛʦ (ʨʠʩ. 2.20b) ʨʽʟʘʥʥʷ. 

 

 

a                                                            b 

 

ʈʠʩ. 2.20. ʉʣʽʜʠ ʪʨʘʻʢʪʦʨʽʡ ʨʫʭʫ ʪʦʯʦʢ ʝʢʩʮʝʥʪʨʠʯʥʦʛʦ ʥʦʞʘ. 

a ï ʨʽʟʘʥʥʷ ʧʦʧʫʪʥʝ, b ï ʨʽʟʘʥʥʷ ʟʫʩʪʨʽʯʥʝ 

 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʢʽʥʝʤʘʪʠʢʠ ʨʽʟʘʥʥʷ ʧʦʢʘʟʫʻ, ʱʦ ʣʝʟʦ ʥʦʞʘ, 

ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʟ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʦʤ, ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʢʦʥʪʘʢʪʫʻ ʟ ʘʨʢʫʰʘʤʠ 

ʧʘʧʝʨʫ ʚ ʢʥʠʞʢʦʚʦʤʫ ʙʣʦʮʽ ʚ ʮʠʢʣʽ ʦʜʥʦʛʦ ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ ʥʘ ʜʽʣʷʥʮʽ l, ʥʘʚʽʪʴ 

ʢʦʣʠ ʙʣʦʢ ʥʝ ʨʫʭʘʻʪʴʩʷ (ʨʠʩ.2.21). 
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a                                          b 

ʈʠʩ. 2.21. ʉʭʝʤʘ ʨʦʟʨʘʭʫʥʢʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ l ʣʝʟʘ ʧʨʠ ʦʙʝʨʪʘʥʥʽ 

ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ ʚʽʜʥʦʩʥʦ ʥʝʨʫʭʦʤʦʛʦ ʢʥʠʞʢʦʚʦʛʦ ʙʣʦʢʘ 

a - ʨʽʟʘʥʥʷ ʧʦʧʫʪʥʝ, b - ʨʽʟʘʥʥʷ ʟʫʩʪʨʽʯʥʝ  

 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʘ 2.21, ʤʽʩʮʝ ʥʘʡʙʽʣʴʰʦʛʦ ʽ ʥʘʡʤʝʥʰʦʛʦ ʚʭʦʜʫ ʣʝʟʘ 

ʥʦʞʘ ʫ ʢʥʠʞʢʦʚʠʡ ʙʣʦʢ (ʛʦʨʠʟʦʥʪʘʣʴʥʠʡ ʨʫʭ ʣʝʟʘ l ʚ ʮʠʢʣʽ ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ) 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʪʦʯʮʽ ʢʦʥʪʘʢʪʫ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʥʘʡʙʽʣʴʰʽʡ ʘʙʦ ʥʘʡʢʦʨʦʪʰʽʡ 

ʚʽʜʩʪʘʥʽ ʪʦʯʢʠ ʣʝʟʘ ʥʦʞʘ ʚʽʜ ʦʩʽ ʦʙʝʨʪʘʥʥʷ O1. 

ɺʝʣʠʯʠʥʘ ʭʦʜʫ ʪʦʯʢʠ ʥʦʞʘ ʚ ʢʦʥʪʘʢʪʽ ʟ ʢʥʠʞʢʦʚʠʤ ʙʣʦʢʦʤ l (ʧʦʜʘʯʘ 

ʥʦʞʘ) ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʧʨʷʤʢʫ ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ ʽ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

2.18: 

              2222 )()( aeRaeRl ----+=                (2.18). 

ʅʘ ʨʠʩ.  2.22 ʧʦʢʘʟʘʥʽ ʛʨʘʬʽʢʠ ʧʦʜʘʯʽ ʣʝʟʘ ʥʦʞʘ l ʟʘʣʝʞʥʦ ʚʽʜ ʚʝʣʠʯʠʥʠ 

ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʘ e ʥʘ ʨʽʟʥʠʭ ʚʽʜʩʪʘʥʷʭ ʜʦ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ O1.  ɻʨʘʬʽʢʠ ʜʣʷ 

ʨʽʟʥʠʭ ʥʘʧʨʷʤʢʽʚ ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ ʦʜʥʘʢʦʚʽ, ʦʩʢʽʣʴʢʠ ʧʦʜʘʯʘ ʢʥʠʞʢʦʚʦʛʦ ʙʣʦʢʘ 

ʚʽʜʩʫʪʥʷ.  
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ʈʠʩ. 2.22. ʊʠʧʦʚʽ ʛʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ ʚʝʣʠʯʠʥʠ ʧʦʜʘʯʽ ʣʝʟʘ ʥʦʞʘ l ʫ ʢʥʠʞʢʦʚʦʤʫ 

ʙʣʦʮʽ ʚʽʜ ʨʦʟʤʽʨʫ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ e ʧʨʠ ʨʽʟʥʠʭ ʚʽʜʩʪʘʥʷʭ ʚʽʜ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ 

 (ʨʦʟʨʘʭʦʚʘʥʦ ʧʨʠ R = 100 ʤʤ) 

1 ï a= 65 ʤʤ, 2 ï a=80 ʤʤ, 3 ï a=90 ʤʤ  

ɸʥʘʣʽʟ ʛʨʘʬʽʢʽʚ ʧʦʢʘʟʫʻ, ʱʦ ʚʝʣʠʯʠʥʘ ʭʦʜʫ ʪʦʯʢʠ ʥʦʞʘ l ʚʟʜʦʚʞ ʧʨʷʤʦʾ 

ʣʽʥʽʾ ʧʝʨʝʚʠʱʫʻ ʚʝʣʠʯʠʥʫ ʧʦʜʚʽʡʥʦʛʦ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ e ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʚʽʜʩʪʘʥʽ ʚʽʜ ʦʩʽ ʦʙʝʨʪʘʥʥʷ.  ʊʦʯʢʘ ʢʦʥʪʘʢʪʫ ʥʦʞʘ ʟ ʙʣʦʢʦʤ ʧʽʜ ʯʘʩ ʨʽʟʘʥʥʷ 

ʟʜʽʡʩʥʶʻ ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʘʣʴʥʠʡ ʨʫʭ ʫ ʤʝʞʘʭ ʚʝʣʠʯʠʥʠ l, ʘ ʥʦʨʤʘʣʴʥʘ 

ʰʚʠʜʢʽʩʪʴ ʨʽʟʘʥʥʷ vn ʩʧʨʷʤʦʚʘʥʘ ʚʟʜʦʚʞ ʬʘʢʪʠʯʥʦʛʦ ʨʘʜʽʫʩʘ ɟ ʫ ʙʽʢ ʡʦʛʦ 

ʟʙʽʣʴʰʝʥʥʷ ʘʙʦ ʟʤʝʥʰʝʥʥʷ d ʚ ʧʨʦʮʝʩʽ ʦʙʝʨʪʘʥʥʷ ʝʢʩʮʝʥʪʨʠʯʥʦ ʚʩʪʘʥʦʚʣʝʥʦʛʦ 

ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ (ʨʠʩ. 2.23).     

ʃʽʥʽʡʥʘ ʰʚʠʜʢʽʩʪʴ ʣʝʟʘ ʥʦʞʘ vR  ʻ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʶ ʜʦ ʚʝʢʪʦʨʘ 

ʰʚʠʜʢʦʩʪʽ vn (ʥʝ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 2.23).        

ɺʝʣʠʯʠʥʫ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʥʦʞʘ ɤ ̒ ʩʪʘʣʦʶ, ʪʦʤʫ ʢʫʪ ʧʦʚʦʨʦʪʫ ʥʦʞʘ 

tÖ=wj , ʜʝ t ï ʯʘʩ. ʊʦʜʽ ʚʝʣʠʯʠʥʫ ʥʦʨʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʚʨʽʟʘʥʥʷ ʥʦʞʘ ʚ 

ʢʥʠʞʢʦʚʠʡ ʙʣʦʢ ʦʙʯʠʩʣʠʤʦ, ʷʢ ʧʦʭʽʜʥʫ 
dt

d
vN

r
=  ,ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʽʚʥʷʥʥʷ 

2.14 ʽ 2.15 ʪʘ ʚʠʟʥʘʯʘʶʯʽ ʟʤʽʥʫ rʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʥʦʞʘ.                                                              
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a                                             b 

ʈʠʩ. 2.23. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʦʨʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʚʨʽʟʘʥʥʷ ʣʝʟʘ 

ʥʦʞʘ ʚ ʙʣʦʢ (ʙʝʟ ʧʦʜʘʯʽ ʢʥʠʞʢʦʚʦʛʦ ʙʣʦʢʘ) 

a - ʨʽʟʘʥʥʷ ʧʦʧʫʪʥʝ, b - ʨʽʟʘʥʥʷ ʟʫʩʪʨʽʯʥʝ  

 

ʌʘʢʪʠʯʥʘ (ʨʝʟʫʣʴʪʫʶʯʘ) ʰʚʠʜʢʽʩʪʴ ʨʽʟʘʥʥʷ ʝʢʩʮʝʥʪʨʠʢʦʚʦʛʦ ʣʝʟʘ ʥʦʞʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʢʦʤʧʦʥʝʥʪʽʚ: ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ ʙʣʦʢʘ v0, ʣʽʥʽʡʥʦʾ 

ʰʚʠʜʢʦʩʪʽ ʣʝʟʘ ʥʦʞʘ vR ʪʘ ʥʦʨʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ vN (ʨʠʩ. 2.24). 

 

a                                                b 

ʈʠʩ. 2.24. ʉʭʝʤʘ  ʨʦʟʨʘʭʫʥʢʫ ʬʘʢʪʠʯʥʦʾ  ʰʚʠʜʢʦʩʪʽ v ʚʨʽʟʘʥʥʷ ʣʝʟʘ ʥʦʞʘ ʫ ʙʣʦʢ 

a - ʨʽʟʘʥʥʷ ʧʦʧʫʪʥʝ, b - ʨʽʟʘʥʥʷ ʟʫʩʪʨʽʯʥʝ  
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ɿʘʣʝʞʥʦ ʚʽʜ ʚʝʣʠʯʠʥ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ e,  ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ w,  

ʰʚʠʜʢʦʩʪʽ  ʧʦʜʘʯʽ ʢʥʠʞʢʦʚʦʛʦ ʙʣʦʢʫ v0  ʪʘ ʟʥʘʯʝʥʥʷ ʥʦʨʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ vN 

(ʰʚʠʜʢʦʩʪʽ ʟʤʽʥʠ  ʨʘʜʽʫʩʘ ɟ), ʧʨʦʮʝʩ ʨʽʟʘʥʥʷ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʫ ʜʚʦʭ ʨʽʟʥʠʭ 

ʨʝʞʠʤʘʭ: ʧʝʨʝʨʠʚʯʘʩʪʝ (ʽʤʧʫʣʴʩʥʝ) ʨʽʟʘʥʥʷ, ʢʦʣʠ ʣʝʟʦ  ʥʦʞʘ ʥʘ ʧʝʚʥʦʤʫ ʝʪʘʧʽ 

ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ  ʚʠʭʦʜʠʪʴ ʽʟ ʢʦʥʪʘʢʪʫ ʽʟ ʢʥʠʞʢʦʚʠʤ ʙʣʦʢʦʤ, ʪʘ ʙʝʟʧʝʨʝʨʚʥʝ 

(ʧʦʩʪʽʡʥʝ) ʨʽʟʘʥʥʷ, ʢʦʣʠ ʨʽʞʫʯʠʡ ʢʨʘʡ ʥʦʞʘ ʧʦʩʪʽʡʥʦ ʢʦʥʪʘʢʪʫʻ ʽʟ ʢʥʠʞʢʦʚʠʤ 

ʙʣʦʢʦʤ ʚ ʮʠʢʣʽ ʧʦʚʥʦʛʦ ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ.  ɿʤʽʥʘ ʭʘʨʘʢʪʝʨʫ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ 

ʟʫʤʦʚʣʝʥʘ ʟʤʽʥʦʶ ʥʘʧʨʷʤʢʫ (ʚ ʮʠʢʣʽ ʦʜʥʦʛʦ ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ) ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ 

ʩʢʣʘʜʦʚʦʾ xv  ʬʘʢʪʠʯʥʦʾ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ. 

ʈʦʟʢʣʘʜʝʤʦ ʚʝʢʪʦʨ ʰʚʠʜʢʦʩʪʽ v ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫ (ʚʟʜʦʚʞ ʦʩʽ x) ʪʘ 

ʚʝʨʪʠʢʘʣʴʥʫ (ʚʟʜʦʚʞ ʦʩʽ y) ʩʢʣʘʜʦʚʽ. ʅʘʧʨʷʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʚʟʜʦʚʞ 

ʦʩʽ x ʚʠʟʥʘʯʘʻ ʪʠʧ ʨʽʟʘʥʥʷ: ʷʢ ʧʦʩʪʽʡʥʝ ʘʙʦ ʽʤʧʫʣʴʩʥʝ.  

ʅʘ ʨʠʩ. 2.25 ʧʦʢʘʟʘʥʦ ʨʦʟʨʘʭʫʥʢʦʚʽ ʩʭʝʤʠ ʢʽʥʝʤʘʪʠʢʠ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ 

ʥʦʞʝʤ, ʚʩʪʘʥʦʚʣʝʥʠʤ ʟ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʦʤ. 

       

 

 

a                                                b 

ʈʠʩ. 2.25.ʉʭʝʤʘ ʨʦʟʢʣʘʜʝʥʥʷ ʚʝʢʪʦʨʘ v ʥʘ ʩʢʣʘʜʦʚʽ vx ʪʘ vy (a)  ʪʘ ʩʭʝʤʘ ʫʤʦʚʥʦʛʦ 

ʤʝʭʘʥʽʟʤʫ ʟʘʤʽʱʝʥʥʷ (b) ʜʣʷ ʧʦʧʫʪʥʦʛʦ ʨʽʟʘʥʥʷ 
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ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʨʦʟʨʘʭʫʥʢʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʰʚʠʜʢʦʩʪʽ 

ʨʽʟʘʥʥʷ, ʟʘʤʽʥʠʤʦ ʝʢʩʮʝʥʪʨʠʢʦʚʠʡ ʜʠʩʢʦʚʠʡ ʥʽʞ ʫʤʦʚʥʠʤ ʜʝʟʘʢʩʽʘʣʴʥʠʤ 

ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʠʤ ʤʝʭʘʥʽʟʤʦʤ [76], ʚʽʩʴ ʨʫʭʫ ʧʦʚʟʫʥʘ ʷʢʦʛʦ ʟʤʽʱʝʥʘ 

ʱʦʜʦ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʢʨʠʚʦʰʠʧʘ ʥʘ ʚʝʣʠʯʠʥʫ ʘ (ʨʠʩ. 2.25b). 

ɿʤʽʥʘ ʭʘʨʘʢʪʝʨʫ ʨʽʟʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʦʟʤʽʨʦʤ ʪʘ ʥʘʧʨʷʤʢʦʤ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ xv , ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʰʚʠʜʢʦʩʪʽ 

ʧʦʜʘʯʽ ʙʣʦʢʘ v0 (ʘʙʦ ʣʝʟʘ ʥʦʞʘ ʚʽʜʥʦʩʥʦ ʙʣʦʢʘ) ʪʘ ʰʚʠʜʢʦʩʪʽ ʧʦʩʪʫʧʘʣʴʥʦʛʦ 

ʨʫʭʫ ʧʦʚʟʫʥʘ vx0. ʎʝʡ ʤʝʭʘʥʽʟʤ ʻ ʧʨʠʢʣʘʜʦʤ ʢʣʘʩʠʯʥʦʛʦ ʢʨʠʚʦʰʠʧʥʦ-

ʰʘʪʫʥʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʟ ʨʫʭʦʤʦʶ ʦʧʦʨʦʶ O ʪʘ ʦʩʴʦʚʠʤ ʟʤʽʱʝʥʥʷʤ 

(ʜʝʟʘʢʩʽʘʣʦʤ). ʈʘʜʽʫʩ ʢʨʠʚʦʰʠʧʘ ʽʤʽʪʫʻ ʨʦʟʤʽʨ ʝʢʩʮʝʥʪʨʠʢʘ e, ʜʦʚʞʠʥʘ ʰʘʪʫʥʘ 

ʜʦʨʽʚʥʶʻ ʨʘʜʽʫʩʫ ʥʦʞʘ R, ʘ ʟʩʫʚ ʦʩʽ a ʚʽʜʦʙʨʘʞʘʻ ʚʽʜʩʪʘʥʴ ʤʽʞ ʚʽʩʩʶ ʦʙʝʨʪʘʥʥʷ 

ʥʦʞʘ ʽ ʧʦʚʝʨʭʥʝʶ ʢʥʠʞʢʦʚʦʛʦ ʙʣʦʢʘ. ʂʨʠʚʦʰʠʧ ʦʙʝʨʪʘʻʪʴʩʷ ʟʽ ʰʚʠʜʢʽʩʪʶ, ʱʦ 

ʜʦʨʽʚʥʶʻ ʢʫʪʦʚʽʡ ʰʚʠʜʢʦʩʪʽ ʥʦʞʘ w, ʘ ʦʧʦʨʘ ʨʫʭʘʻʪʴʩʷ ʟʽ ʰʚʠʜʢʽʩʪʶ ʧʦʜʘʯʽ v0.  

ʍʽʜ ʧʦʚʟʫʥʘ ʽʤʽʪʫʻ ʢʽʥʝʤʘʪʠʢʫ ʣʝʟʘ ʥʦʞʘ, ʱʦ ʚʨʽʟʘʻʪʴʩʷ ʚ ʢʥʠʞʢʦʚʠʡ ʙʣʦʢ.  ʋ 

ʨʘʟʽ ʟʫʩʪʨʽʯʥʦʛʦ ʨʽʟʘʥʥʷ ʩʭʝʤʘ ʨʦʟʨʘʭʫʥʢʫ ʤʝʭʘʥʽʟʤʫ ʙʫʜʝ ʪʘʢʦʶ ʩʘʤʦʶ, ʘʣʝ 

ʥʘʧʨʷʤʦʢ ʦʙʝʨʪʘʥʥʷ ʢʨʠʚʦʰʠʧʘ ʙʫʜʝ ʧʨʦʪʠʣʝʞʥʠʤ. 

ʇʨʠʡʤʘʻʤʦ ʚʝʨʪʠʢʘʣʴʥʝ ʧʦʣʦʞʝʥʥʷ ʢʨʠʚʦʰʠʧʘ, ʷʢ ʧʦʯʘʪʦʢ 

ʨʦʟʨʘʭʫʥʢʽʚ, ʘ ʧʦʪʽʤ ʟ ʘʥʘʣʽʟʫ ʪʨʠʢʫʪʥʠʢʽʚ ʥʘ ʨʠʩʫʥʢʫ 2.25b ʦʪʨʠʤʫʻʤʦ ʪʘʢʽ 

ʬʦʨʤʫʣʠ: 

22
010

1

);sin()cos(

;/)sin();cos(

axeRx

Rbeab

+=+=

=Ö+=

rjj

jj

       (2.19) 

ɿ ʮʠʭ ʨʽʚʥʷʥʴ ʚʠʟʥʘʯʘʻʤʦ ʛʦʨʠʟʦʥʪʘʣʴʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦʚʟʫʥʘ 

ʚʽʜʥʦʩʥʦ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʢʨʠʚʦʰʠʧʘ: 

ɼʣʷ ʧʦʧʫʪʥʦʛʦ ʨʽʟʘʥʥʷ: 
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ɼʣʷ ʟʫʩʪʨʽʯʥʦʛʦ ʨʽʟʘʥʥʷ: 
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ʈʦʟʛʣʷʥʝʤʦ ʨʫʭ ʤʝʭʘʥʽʟʤʫ ʟʘʤʽʱʝʥʥʷ ʫ ʬʫʥʢʮʽʾ ʯʘʩʫ, ʜʝ ʘʙʩʦʣʶʪʥʘ 

ʰʚʠʜʢʽʩʪʴ ʧʦʚʟʫʥʘ ʜʦʨʽʚʥʶʻ ʚʝʢʪʦʨʥʽʡ ʩʫʤʽ ʚʽʜʥʦʩʥʦʾ ʰʚʠʜʢʦʩʪʽ ʟʚʦʨʦʪʥʦ-

ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʨʫʭʫ ʧʦʚʟʫʥʘ vx0 ʽ ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ ʦʧʦʨʠ v0: 00 vvv xx

CCC
+= . 

ʆʩʢʽʣʴʢʠ ʥʘʧʨʷʤʦʢ ʦʙʦʭ ʚʝʢʪʦʨʽʚ ʻ ʛʦʨʠʟʦʥʪʘʣʴʥʠʤ, ʾʭ ʚʝʢʪʦʨʥʫ ʩʫʤʫ ʤʦʞʥʘ 

ʟʘʤʽʥʠʪʠ ʘʣʛʝʙʨʘʾʯʥʦʶ ʩʫʤʦʶ.  ʑʦʙ ʨʽʟʘʥʥʷ ʚʽʜʙʫʚʘʣʦʩʷ ʫ ʙʝʟʧʝʨʝʨʚʥʦʤʫ 

(ʙʝʟʧʝʨʝʙʽʡʥʦʤʫ) ʨʝʞʠʤʽ, ʤʘʻ ʙʫʪʠ ʚʠʢʦʥʘʥʘ ʥʘʩʪʫʧʥʘ ʫʤʦʚʘ: 

000 ²+= vvv xx          (2.22) 

ɺʠʱʝʟʘʟʥʘʯʝʥʘ ʫʤʦʚʘ ʧʦʚʠʥʥʘ ʚʠʢʦʥʫʚʘʪʠʩʴ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʮʠʢʣʫ 

ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ. ʋ ʨʘʟʽ ʟʚʦʨʦʪʥʦʛʦ ʨʫʭʫ ʧʦʚʟʫʥʘ, ʢʦʣʠ ʚʽʜʥʦʩʥʘ ʰʚʠʜʢʽʩʪʴ vX0 

ʤʘʻ ʥʘʧʨʷʤʦʢ, ʧʨʦʪʠʣʝʞʥʠʡ ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ v0, ʽ ʾʾ ʘʙʩʦʣʶʪʥʝ ʟʥʘʯʝʥʥʷ 

ʧʝʨʝʚʠʱʫʻ ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ, ʧʨʦʮʝʩ ʨʽʟʘʥʥʷ ʧʝʨʝʨʠʚʘʻʪʴʩʷ.  

ʇʽʜʩʪʘʚʠʚʰʠ ʫ ʬʦʨʤʫʣʫ (2.22) ʨʽʚʥʷʥʥʷ (2.20) ʘʙʦ (2.21) ʽ, ʚʨʘʭʦʚʫʶʯʠ, ʱʦ 

tÖ=wj , ʪʘ tvʭx 00+=  ʦʪʨʠʤʘʻʤʦ ʪʘʢʽ ʚʠʨʘʟʠ: 

ɼʣʷ ʧʦʧʫʪʥʦʛʦ ʨʽʟʘʥʥʷ: 
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ɼʣʷ ʟʫʩʪʨʽʯʥʦʛʦ ʨʽʟʘʥʥʷ: 
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ʅʘ ʨʠʩ. 2.26 ʪʘ 2.27 ʥʘʚʝʜʝʥʽ ʛʨʘʬʽʢʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ 

ʪʦʯʢʠ ʥʦʞʘ (ʷʢʫ ʽʤʽʪʫʻ ʧʦʚʟʫʥ ʫ ʤʝʭʘʥʽʟʤʽ ʟʘʤʽʥʠ) ʧʽʜ ʯʘʩ ʨʽʟʘʥʥʷ ʢʥʠʞʢʦʚʦʛʦ 

ʙʣʦʢʫ.  ʎʽ ʜʽʘʛʨʘʤʠ ʙʫʣʠ ʧʦʙʫʜʦʚʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʚʥʷʥʴ (2.23) ʪʘ (2.24).  

ʇʦʯʘʪʢʦʚʦʶ ʪʦʯʢʦʶ ʥʘ ʯʘʩʦʚʽʡ ʰʢʘʣʽ t ʛʨʘʬʽʢʽʚ ʦʙʨʘʥʦ ʤʦʤʝʥʪ ʢʨʘʡʥʴʦʛʦ 

ʧʨʘʚʦʛʦ ʧʦʣʦʞʝʥʥʷ ʪʦʯʢʠ ʢʦʥʪʘʢʪʫ ʣʝʟʘ ʥʦʞʘ ʽʟ ʢʥʠʞʢʦʚʠʤ ʙʣʦʢʦʤ. ʎʝ 

ʧʦʢʘʟʘʥʦ ʥʘ ʤʘʣʶʥʢʫ 2.30b, ʢʦʣʠ eR-=r . ɸʥʘʣʽʟʫʶʯʠ ʨʠʩ.  2.26, ʙʘʯʠʤʦ, ʱʦ 

ʨʽʟʥʠʮʷ ʚ ʧʝʨʝʤʽʱʝʥʥʷʭ ʪʦʯʢʠ ʥʦʞʘ ʜʣʷ ʧʦʧʫʪʥʦʛʦ ʪʘ ʟʫʩʪʨʽʯʥʦʛʦ ʨʽʟʘʥʥʷ ʻ 

ʥʝʟʥʘʯʥʦʶ, ʘʣʝ ʚʦʥʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ. ɻʨʘʬʽʢ 3 

ʥʘ ʨʠʩʫʥʢʫ 2.26 ʧʦʢʘʟʫʻ ʧʨʦʮʝʩ ʙʝʟʧʝʨʝʨʚʥʦʛʦ (ʧʦʩʪʽʡʥʦʛʦ) ʨʽʟʘʥʥʷ, ʪʦʜʽ ʷʢ 

ʛʨʘʬʽʢʠ 2 ʽ 1 ʧʦʢʘʟʫʶʪʴ ʧʨʦʮʝʩ ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ ʨʽʟʘʥʥʷ. ʌʦʨʤʘ ʢʨʠʚʦʾ ʛʨʘʬʽʢʘ 

ʽʣʶʩʪʨʫʻ ʪʠʧ ʨʽʟʘʥʥʷ: ʢʦʣʠ ʧʽʩʣʷ ʜʦʩʷʛʥʝʥʥʷ ʝʢʩʪʨʝʤʫʤʘ ʢʨʠʚʘ ʽʜʝ ʚʥʠʟ, ʮʝ 
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ʦʟʥʘʯʘʻ, ʱʦ ʧʨʦʮʝʩ ʨʽʟʘʥʥʷ ʙʫʚ ʧʝʨʝʨʚʘʥʠʡ. ɿ ʪʦʯʢʠ ʟʦʨʫ ʤʘʪʝʤʘʪʠʢʠ ʮʝ 

ʦʟʥʘʯʘʻ, ʱʦ ʧʦʭʽʜʥʘ ʬʫʥʢʮʽʾ x(t) (ʰʚʠʜʢʽʩʪʴ) ʟʤʽʥʶʻ ʩʚʽʡ ʟʥʘʢ.  ʋ ʨʘʟʽ 

ʥʝʧʝʨʝʨʚʥʦʛʦ ʨʽʟʘʥʥʷ ʧʦʭʽʜʥʘ ʬʫʥʢʮʽʾ ʥʝ ʟʤʽʥʶʻ ʩʚʦʛʦ ʟʥʘʢʫ. 

ɿʘʧʠʰʝʤʦ ʧʦʚʥʫ ʛʦʨʠʟʦʥʪʘʣʴʥʫ ʰʚʠʜʢʽʩʪʴ ʧʦʚʟʫʥʘ ʷʢ: 
dt

dx
vx = . 

ɿ ʨʽʚʥʷʥʴ (2.23) ʽ (2.24) ʦʪʨʠʤʫʻʤʦ: 

ɼʣʷ ʧʦʧʫʪʥʦʛʦ ʨʽʟʘʥʥʷ: 
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ɼʣʷ ʟʫʩʪʨʽʯʥʦʛʦ ʨʽʟʘʥʥʷ: 
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72 
 

 

ʈʠʩ. 2.26. ʉʭʝʤʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʪʦʯʢʠ ʢʦʥʪʘʢʪʫ ʣʝʟʘ ʥʦʞʘ ʟ 

ʢʥʠʞʢʦʚʠʤ ʙʣʦʢʦʤ ʜʣʷ ʨʽʟʥʦʾ ʚʝʣʠʯʠʥʠ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ e (ʨʦʟʨʘʭʦʚʘʥʦ ʜʣʷ R=100ʤʤ, 

a=85ʤʤ, n=2000ʦʙ/ʭʚ, v0=0,4ʤ/ʩ).  1 - e=5ʤʤ;   2 - e=3ʤʤ;   3 - e=1ʤʤ; 

ʩʫʮʽʣʴʥʽ ʣʽʥʽʷ ï ʧʦʧʫʪʥʝ ʨʽʟʘʥʥʷ, ʧʫʥʢʪʠʨʥʘ ʣʽʥʽʷ ï ʟʫʩʪʨʽʯʥʝ ʨʽʟʘʥʥʷ. 

 

ʈʠʩ. 2.27. ʉʭʝʤʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʪʦʯʢʠ ʢʦʥʪʘʢʪʫ ʣʝʟʘ ʥʦʞʘ ʟ 

ʢʥʠʞʢʦʚʠʤ ʙʣʦʢʦʤ ʜʣʷ ʨʽʟʥʦʾ ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ v0 (ʨʦʟʨʘʭʦʚʘʥʦ ʜʣʷ R=100ʤʤ, a=85ʤʤ, 

n=2000ʦʙ/ʭʚ,  e=3 ʤʤ, ʨʽʟʘʥʥʷ ʧʦʧʫʪʥʝ) 

 1 - v0=1,4ʤ/ʩ;   2 - v0=0,9 ʤ/ʩ;   3 - v0=0,5 ʤ/ʩ   4 - v0=0,2 ʤ/ʩ; 
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ʅʘ ʨʠʩʫʥʢʫ 2.28 ʥʘʚʝʜʝʥʽ ʛʨʘʬʽʢʠ ʰʚʠʜʢʦʩʪʽ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

ʧʝʨʝʤʽʱʝʥʥʷ ʪʦʯʢʠ ʢʦʥʪʘʢʪʫ ʣʝʟʘ ʥʦʞʘ ʟ ʢʥʠʞʢʦʚʠʤ ʙʣʦʢʦʤ (ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ 

ʰʚʠʜʢʦʩʪʽ ʚʨʽʟʘʥʥʷ).  ʎʽ ʛʨʘʬʽʢʠ ʙʫʣʠ ʧʦʙʫʜʦʚʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʚʥʷʥʴ 

(2.25) ʪʘ (2.26).  ʗʢʱʦ ʰʚʠʜʢʽʩʪʴ ʪʦʯʢʠ ʢʦʥʪʘʢʪʫ (ʜʣʷ ʤʝʭʘʥʽʟʤʫ ʟʘʤʽʥʠ 

ʰʚʠʜʢʽʩʪʴ ʧʦʚʟʫʥʘ) ʩʪʘʻ ʚʽʜôʻʤʥʦʶ - ʣʝʟʦ ʥʦʞʘ ʚʽʜʭʦʜʠʪʴ ʚʽʜ ʙʣʦʢʫ, ʽ ʧʨʦʮʝʩ 

ʨʽʟʘʥʥʷ ʪʠʤʯʘʩʦʚʦ ʧʝʨʝʨʠʚʘʻʪʴʩʷ.  ɻʨʘʬʽʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʚʠʨʘʟʫ 000 ²+= vvv xx

ʪʘʢʘ: ʫ ʨʝʞʠʤʽ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʨʽʟʘʥʥʷ ʚʝʩʴ ʛʨʘʬʽʢ ʰʚʠʜʢʦʩʪʽ ʧʦʚʠʥʝʥ 

ʟʥʘʭʦʜʠʪʠʩʴ ʚʠʱʝ ʣʽʥʽʾ 0. ʎʷ ʫʤʦʚʘ ʥʘ ʨʠʩ.  2.28 ʚʠʢʦʥʫʻʪʴʩʷ ʣʠʰʝ ʜʣʷ ʢʨʠʚʦʾ 

ˉ 3. ʄʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʪʦʯʢʠ ʢʦʥʪʘʢʪʫ vx  ʧʦʚʠʥʥʦ ʙʫʪʠ 

ʜʦʜʘʪʥʠʤ, ʱʦ ʦʟʥʘʯʘʻ, ʱʦ ʚʩʽ ʪʦʯʢʠ ʮʽʻʾ ʢʨʠʚʦʾ ʧʦʚʠʥʥʽ ʨʦʟʪʘʰʦʚʫʚʘʪʠʩʷ ʥʘʜ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʶ ʚʽʩʩʶ ʯʘʩʫ t. ʗʢʱʦ ʤʽʥʽʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʪʦʯʢʠ ʢʦʥʪʘʢʪʫ vx 

ʚʽʜôʻʤʥʦʶ, ʪʦ, ʱʦʙ ʟʨʦʙʠʪʠ ʧʨʦʮʝʩ ʨʽʟʘʥʥʷ ʙʝʟʧʝʨʝʨʚʥʠʤ, ʚʠ ʤʦʞʝʪʝ, ʩʝʨʝʜ 

ʽʥʰʦʛʦ,  ʟʙʽʣʴʰʠʪʠ ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ vʦ. 

ɸʥʘʣʽʟʫʶʯʠ ʛʨʘʬʽʢʠ ʥʘ ʨʠʩ.  2.28, ʙʘʯʠʤʦ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʟʚʦʨʦʪʥʦʛʦ 

ʭʦʜʫ ʧʦʚʟʫʥʘ (ʣʝʟʘ ʥʦʞʘ) ʜʣʷ ʟʫʩʪʨʽʯʥʦʛʦ ʨʽʟʘʥʥʷ ʻ ʙʽʣʴʰʦʶ, ʥʽʞ ʜʣʷ 

ʧʦʧʫʪʥʦʛʦ ʨʽʟʘʥʥʷ.  ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʨʝʞʠʤʫ ʙʝʟʧʝʨʝʨʚʥʦʛʦ 

ʨʽʟʘʥʥʷ ʧʨʠ ʟʫʩʪʨʽʯʥʦʤʫ ʨʽʟʘʥʥʽ, ʤʽʥʽʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʧʦʜʘʯʽ vʦ ʧʦʚʠʥʥʘ ʙʫʪʠ 

ʙʽʣʴʰʦʶ, ʥʽʞ ʫ ʚʠʧʘʜʢʫ ʨʽʟʘʥʥʷ ʧʦʧʫʪʥʦʛʦ. 
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ʈʠʩ. 2.28. ɻʨʘʬʽʢ ʰʚʠʜʢʦʩʪʽ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʪʦʯʢʠ ʢʦʥʪʘʢʪʫ ʣʝʟʘ 

ʥʦʞʘ ʟ ʢʥʠʞʢʦʚʠʤ ʙʣʦʢʦʤ ʜʣʷ ʧʦʧʫʪʥʦʛʦ (ʩʫʮʽʣʴʥʘ ʣʽʥʽʷ) ʪʘ ʟʫʩʪʨʽʯʥʦʛʦ ʨʽʟʘʥʥʷ (ʧʫʥʢʪʠʨʥʘ 

ʣʽʥʽʷ) ʜʣʷ ʨʽʟʥʦʾ ʚʝʣʠʯʠʥʠ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ e (ʦʙʯʠʩʣʝʥʦ ʧʨʠ R=100ʤʤ, a=85ʤʤ, 

n=2000ʦʙ/ʭʚ, v0=0,4ʤ/ʩ).  1 - e=5ʤʤ;   2 - e=3ʤʤ;   3 - e=1ʤʤ;  4 - e=0ʤʤ. 

 

ʇʨʠʩʢʦʨʝʥʥʷ ʧʦʚʟʫʥʘ (ʘʙʦ ʪʦʯʢʠ ʚʨʽʟʘʥʥʷ ʣʝʟʘ ʥʦʞʘ ʚ ʙʣʦʢ) 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ ʧʦʭʽʜʥʘ ʚʽʜ ʰʚʠʜʢʦʩʪʽ: 

ʜʣʷ ʨʽʟʘʥʥʷ ʧʦʧʫʪʥʦʛʦ: 

)sin(

]))cos(([

))cos()((sin
)(sin))cos(()cos(

))cos((

2

22

22
2

22

2

te

teaR

teate
teteat

teaR

e
ax

ww

w

ww
www

w

w

Ö-

-
ý
ü
û

í
ì
ë

Ö+-

Ö+Ö
-Ö-Ö+Ö

Ö+-
=

  (2.27) 

ʜʣʷ ʨʽʟʘʥʥʷ ʟʫʩʪʨʽʯʥʦʛʦ: 
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ʐʚʠʜʢʽʩʪʴ ʧʦʚʟʫʥʘ vx0 ʤʝʭʘʥʽʟʤʫ ʟʘʤʽʥʠ (ʪʦʯʢʠ ʢʦʥʪʘʢʪʫ ʣʝʟʘ ʥʦʞʘ ʟ 

ʢʥʠʞʢʦʚʠʤ ʙʣʦʢʦʤ) ʥʘ ʟʚʦʨʦʪʥʦʤʫ ʭʦʜʽ ʩʧʨʷʤʦʚʘʥʘ ʧʨʦʪʠʣʝʞʥʦ ʰʚʠʜʢʦʩʪʽ 

ʧʦʜʘʯʽ v0, ʽ ʥʘʙʫʚʘʻ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʢʦʣʠ ʧʨʠʩʢʦʨʝʥʥʷ ʮʽʻʾ ʪʦʯʢʠ 

ʜʦʨʽʚʥʶʻ 0. 

ʅʘ ʨʠʩʫʥʢʫ 2.28 ʮʝ ʚʽʜʧʦʚʽʜʘʻ ʪʦʯʢʘʤ ʤʽʥʽʤʫʤʫ ʢʨʠʚʠʭ ʥʘ ʛʨʘʬʽʢʘʭ. 

ʆʩʢʽʣʴʢʠ ʬʫʥʢʮʽʷ ʰʚʠʜʢʦʩʪʽ ʧʦʚʟʫʥʘ ʤʘʻ ʱʝ ʦʜʠʥ ʝʢʩʪʨʝʤʫʤ ʫ ʪʦʯʮʽ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʚʽʜʩʪʘʥʽ ʚʽʜ ʦʩʽ ʥʦʞʘ, ʩʣʽʜ ʜʦʜʘʪʢʦʚʦ ʧʝʨʝʚʽʨʠʪʠ ʟʥʘʢ ʰʚʠʜʢʦʩʪʽ 

(ʧʦʟʠʪʠʚʥʠʡ ʯʠ ʥʝʛʘʪʠʚʥʠʡ). ʇʨʠ ʟʚʦʨʦʪʥʦʤʫ ʨʫʩʽ, ʤʽʥʽʤʫʤ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʧʨʠ ʚʽʜôʻʤʥʽʡ ʰʚʠʜʢʦʩʪʽ.  

ɿ ʚʠʱʝʩʢʘʟʘʥʦʛʦ ʤʘʻʤʦ: 0=xa  ʧʨʠ 0<xv , ʽ, ʙʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʨʽʚʥʷʥʥʷ 

(2.25) - (2.28), ʦʪʨʠʤʘʻʤʦ: 
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ʋ ʬʦʨʤʫʣʽ (2.29) ʚʝʨʭʥʽ ʟʥʘʢʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʧʫʪʥʦʤʫ ʨʽʟʘʥʥʶ, ʥʠʞʥʽ 

ï ʟʫʩʪʨʽʯʥʦʤʫ. 

ʉʧʽʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ ʨʽʚʥʷʥʴ (2.29) ʜʦʟʚʦʣʷʻ ʟʥʘʡʪʠ ʤʦʤʝʥʪ ʯʘʩʫ t, ʫ ʷʢʠʡ 

ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʚʽʜʥʦʩʥʘ ʰʚʠʜʢʽʩʪʴ ʚʨʽʟʘʥʥʷ ʣʝʟʘ ʚ ʢʥʠʞʢʦʚʠʡ ʙʣʦʢ vx0 ʻ 

ʤʘʢʩʠʤʘʣʴʥʦʶ ʽ ʩʧʨʷʤʦʚʘʥʘ ʧʨʦʪʠ ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ v0. ɿʥʘʶʯʠ ʢʫʪʦʚʫ 

ʰʚʠʜʢʽʩʪʴ ʥʦʞʘ w, ʨʘʜʽʫʩ ʥʦʞʘ R ʪʘ ʚʽʜʩʪʘʥʴ ʦʩʽ ʥʦʞʘ ʚʽʜ ʢʥʠʞʢʦʚʦʛʦ ʙʣʦʢʫ a, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʠʨʘʟ (2.22), ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʥʘʡʥʠʞʯʫ ʰʚʠʜʢʽʩʪʴ ʧʦʜʘʯʽ 

v0,, ʧʨʠ ʷʢʽʡ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʙʝʟʧʝʨʝʨʚʥʝ ʨʽʟʘʥʥʷ.  ʈʦʟʚôʷʟʘʥʥʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ 

(2.29) ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ Mathcad 

[79,80], ʱʦ ʜʘʣʦ ʟʤʦʛʫ ʧʨʦʚʦʜʠʪʠ ʨʦʟʨʘʭʫʥʢʠ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ, w, R ʪʘ a. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 2.29, 2.30 ʪʘ 2.31.  ɼʽʣʷʥʢʠ 

ʥʘ ʚʩʽʭ ʛʨʘʬʽʢʘʭ ʧʦʥʘʜ ʣʽʥʽʷʤʠ ʚʠʟʥʘʯʘʶʪʴ ʦʙʣʘʩʪʽ ʙʝʟʧʝʨʝʨʚʥʦʛʦ (ʧʦʩʪʽʡʥʦʛʦ) 
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ʨʽʟʘʥʥʷ, ʪʦʜʽ ʷʢ ʜʽʣʷʥʢʠ ʧʽʜ ʧʦʟʥʘʯʝʥʠʤʠ ʣʽʥʽʷʤʠ  ʚʢʘʟʫʶʪʴ ʥʘ ʦʙʣʘʩʪʽ, ʜʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʨʠʚʯʘʩʪʝ (ʽʤʧʫʣʴʩʥʝ) ʨʽʟʘʥʥʷ. ʅʘʧʨʠʢʣʘʜ, (ʨʠʩ. 2.29a), ʧʨʠ 

ʧʦʧʫʪʥʦʤʫ ʨʽʟʘʥʥʽ ʟ ʧʘʨʘʤʝʪʨʘʤʠ ʦʙʨʦʙʢʠ R = 100ʤʤ, n = 2000ʦʙ/ʭʚ, a = 85ʤʤ 

ʪʘ e = 4ʤʤ, ʚʠʜʥʦ, ʱʦ ʧʨʠ v0=1000 ʤʤ/ʩ, ʨʽʟʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʽʤʧʫʣʴʩʥʦʤʫ 

(ʧʝʨʝʨʠʚʯʘʩʪʦʤʫ) ʨʝʞʠʤʽ, ʦʜʥʘʢ ʧʨʠ v0=1500ʤʤ/ʩ ʧʨʦʮʝʩ ʨʽʟʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʙʝʟʧʝʨʝʨʚʥʦ (ʜʠʚ. ʢʨʠʚʫ 2).  ʇʨʠ ʟʫʩʪʨʽʯʥʦʤʫ ʨʽʟʘʥʥʽ (ʨʠʩ. 2.29b), ʢʨʠʚʘ 2 

ʧʦʢʘʟʫʻ, ʱʦ ʧʨʠ ʪʘʢʠʭ ʩʘʤʠʭ ʧʘʨʘʤʝʪʨʘʭ ʧʨʦʮʝʩʫ ʽ ʰʚʠʜʢʦʩʪʷʭ ʧʦʜʘʯʽ v0=1000 

ʤʤ/ʩ ʽ v0=1500ʤʤ/ʩ, ʨʽʟʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʽʤʧʫʣʴʩʥʦʤʫ ʨʝʞʠʤʽ.   

ɸʥʘʣʽʟʫʶʯʠ ʛʨʘʬʽʢʠ (ʨʠʩ. 2.29 - 2.31), ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ ʙʣʦʢʫ ʪʘ ʟʤʝʥʰʝʥʥʷʤ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ 

ʽʤʧʫʣʴʩʥʝ ʨʽʟʘʥʥʷ ʧʝʨʝʭʦʜʠʪʴ ʫ ʙʝʟʧʝʨʝʨʚʥʝ ʨʽʟʘʥʥʷ, ʪʦʜʽ ʷʢ ʧʨʠ ʧʦʧʫʪʥʦʤʫ 

ʨʽʟʘʥʥʽ ʚʦʥʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʤʝʥʰʠʭ ʰʚʠʜʢʦʩʪʷʭ ʧʦʜʘʯʽ. 

 

 

a                                                        b 

ʈʠʩ.2.29. ɼʽʘʛʨʘʤʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ (ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʘʙʦ 

ʽʤʧʫʣʴʩʥʦʛʦ) ʟʘʣʝʞʥʦ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ v0 ʽ ʚʝʣʠʯʠʥʠ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ e ʧʨʠ ʨʽʟʥʽʡ 

ʚʽʜʩʪʘʥʽ ʦʩʽ ʥʦʞʘ ʚʽʜ ʢʥʠʞʢʦʚʦʛʦ ʙʣʦʢʫ a (ʦʙʯʠʩʣʝʥʦ ʧʨʠ n=2000 ʦʙ/ʭʚ, R=100 ʤʤ). 

a ï ʨʽʟʘʥʥʷ ʧʦʧʫʪʥʝ, b ï ʨʽʟʘʥʥʷ ʟʫʩʪʨʽʯʥʝ  

1ï a=90ʤʤ, 2 ï a=85ʤʤ, 3 ï a=75ʤʤ, 4 - a=65ʤʤ 
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a                                                        b 

ʈʠʩ. 2.30. ɼʽʘʛʨʘʤʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ (ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʘʙʦ 

ʽʤʧʫʣʴʩʥʦʛʦ) ʟʘʣʝʞʥʦ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ v0 ʽ ʚʝʣʠʯʠʥʠ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ e ʧʨʠ ʨʽʟʥʽʡ 

ʚʽʜʩʪʘʥʽ ʦʩʽ ʥʦʞʘ ʚʽʜ ʢʥʠʞʢʦʚʦʛʦ ʙʣʦʢʫ a (ʦʙʯʠʩʣʝʥʦ ʧʨʠ n=3000 ʦʙ/ʭʚ, R=100 ʤʤ). 

a ï ʨʽʟʘʥʥʷ ʧʦʧʫʪʥʝ, b ï ʨʽʟʘʥʥʷ ʟʫʩʪʨʽʯʥʝ  

1ï a=90ʤʤ, 2 ï a=85ʤʤ, 3 ï a=75ʤʤ, 4 - a=65ʤʤ 

 

a                                                        b 

ʈʠʩ. 2.31 ɼʽʘʛʨʘʤʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ (ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʘʙʦ 

ʽʤʧʫʣʴʩʥʦʛʦ) ʟʘʣʝʞʥʦ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ v0 ʽ ʚʝʣʠʯʠʥʠ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ e ʧʨʠ ʨʽʟʥʽʡ 

ʚʽʜʩʪʘʥʽ ʦʩʽ ʥʦʞʘ ʚʽʜ ʢʥʠʞʢʦʚʦʛʦ ʙʣʦʢʫ a (ʦʙʯʠʩʣʝʥʦ ʧʨʠ n=1000 ʦʙ/ʭʚ, R=100 ʤʤ). 

a ï ʨʽʟʘʥʥʷ ʧʦʧʫʪʥʝ, b ï ʨʽʟʘʥʥʷ ʟʫʩʪʨʽʯʥʝ  

1ï a=90ʤʤ, 2 ï a=85ʤʤ, 3 ï a=75ʤʤ, 4 - a=65ʤʤ 



78 
 

ʇʽʜ ʯʘʩ ʽʤʧʫʣʴʩʥʦʛʦ ʨʽʟʘʥʥʷ ʚʘʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ ʤʦʤʝʥʪ 

ʟʘʢʽʥʯʝʥʥʷ/ʟʫʧʠʥʢʠ ʨʽʟʘʥʥʷ, ʢʦʣʠ ʣʝʟʦ ʥʦʞʘ ʚʠʭʦʜʠʪʴ ʟ ʢʥʠʞʢʦʚʦʛʦ ʙʣʦʢʫ, ʽ 

ʤʦʤʝʥʪ ʧʦʥʦʚʣʝʥʥʷ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ, ʢʦʣʠ ʣʝʟʦ ʥʦʞʘ ʟʥʦʚʫ ʚʭʦʜʠʪʴ ʫ ʢʦʥʪʘʢʪ 

ʽʟ ʢʥʠʞʢʦʚʠʤ ʙʣʦʢʦʤ. 

ʇʨʦʮʝʩ ʨʽʟʘʥʥʷ ʙʫʜʝ ʧʝʨʝʨʚʘʥʠʡ, ʢʦʣʠ ʰʚʠʜʢʽʩʪʴ ʧʦʚʟʫʥʘ ʟʘʤʽʥʥʦʛʦ 

ʤʝʭʘʥʽʟʤʫ (ʪʦʯʢʘ ʢʦʥʪʘʢʪʫ ʣʝʟʘ ʥʦʞʘ ʽʟ ʙʣʦʢʦʤ) vx0 ʤʘʪʠʤʝ ʥʘʧʨʷʤʦʢ, 

ʧʨʦʪʠʣʝʞʥʠʡ ʥʘʧʨʷʤʢʫ ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ, ʽ ʾʭ ʘʙʩʦʣʶʪʥʽ ʟʥʘʯʝʥʥʷ ʩʪʘʥʫʪʴ 

ʨʽʚʥʠʤʠ ʤʽʞ ʩʦʙʦʶ, ʪʦʙʪʦ  ȿὺ ȿ ȿὺȿ ʘʙʦ 000 =+vvx .  ʎʝ ʩʪʘʥʝʪʴʩʷ ʚ ʤʦʤʝʥʪ 

ʯʘʩʫ t, ʢʦʣʠ ʢʨʠʚʽ  1 ʽ 2  ʥʘ ʛʨʘʬʽʢʘʭ (ʨʠʩ. 2.26) ʜʦʩʷʛʘʶʪʴ ʩʚʦʛʦ ʤʘʢʩʠʤʫʤʫ, 

ʧʝʨʰ ʥʽʞ ʟʥʦʚʫ ʩʧʘʜʘʪʠ.  ʇʨʦʮʝʩ ʨʽʟʘʥʥʷ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʧʦʢʠ ʧʦʚʟʫʥ (ʪʦʯʢʘ 

ʣʝʟʘ) ʥʝ ʧʦʚʝʨʥʝʪʴʩʷ ʚ ʧʦʣʦʞʝʥʥʷ, ʜʝ ʨʽʟʘʥʥʷ ʙʫʣʦ ʧʝʨʝʨʚʘʥʦ, ʱʦ ʽʣʶʩʪʨʫʻʪʴʩʷ 

ʥʘ ʛʨʘʬʽʢʘʭ, ʷʢ ʩʧʫʩʢ ʢʨʠʚʠʭ ʚʥʠʟ ʽ ʧʦʜʘʣʴʰʠʡ ʧʽʜʡʦʤ ʚʛʦʨʫ, ʧʦʢʠ ʢʨʠʚʘ ʥʝ 

ʜʦʩʷʛʥʝ ʧʦʣʦʞʝʥʥʷ, ʜʝ ʨʽʟʘʥʥʷ ʟʫʧʠʥʠʣʦʩʴ.  ɿʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣ (2.25) ʪʘ 

(2.26) ʤʠ ʧʨʝʜʩʪʘʚʠʤʦ ʦʧʠʩʘʥʠʡ ʧʨʦʮʝʩ: 

ʋʤʦʚʘ ʧʝʨʝʨʠʚʘʥʥʷ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ (ʥʽʞ ʚʠʭʦʜʠʪʴ ʟ ʢʦʥʪʘʢʪʫ ʽʟ 

ʢʥʠʞʢʦʚʠʤ ʙʣʦʢʦʤ) ï  
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ʋ ʚʠʨʘʟʽ (2.30) ʚʝʨʭʥʽʡ ʟʥʘʢ "ʧʣʶʩ" ʚʽʜʧʦʚʽʜʘʻ ʧʦʧʫʪʥʦʤʫ ʨʽʟʘʥʥʶ, 

ʥʠʞʥʽʡ ʟʥʘʢ "ʤʽʥʫʩ" ï ʟʫʩʪʨʽʯʥʦʤʫ ʨʽʟʘʥʥʶ. ɿʥʘʯʝʥʥʷ ʯʘʩʫ ὸ ,, ʢʦʣʠ ʨʽʟʘʥʥʷ 

ʧʝʨʝʨʠʚʘʻʪʴʩʷ (ʣʽʥʽʡʥʘ ʰʚʠʜʢʽʩʪʴ ʥʦʞʘ ʩʪʘʻ ʨʽʚʥʦʶ ʽ ʧʨʦʪʠʣʝʞʥʦʶ ʰʚʠʜʢʦʩʪʽ 

ʧʦʜʘʯʽ ʙʣʦʢʫ), ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ ʟ ʨʽʚʥʷʥʥʷ (2.30).  ɿʥʘʯʝʥʥʷ  ὸ   ʟʤʽʥʶʻʪʴʩʷ 

ʟ ʧʝʨʽʦʜʦʤ wp/2 . 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʨʦʟʨʘʭʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʯʘʩʫ ὸ, ʢʦʣʠ ʧʨʦʮʝʩ ʨʽʟʘʥʥʷ 

ʚʽʜʥʦʚʣʶʻʪʴʩʷ (ʣʽʥʽʡʥʘ ʰʚʠʜʢʽʩʪʴ ʥʦʞʘ ʩʪʘʻ ʨʽʚʥʦʶ ʘʙʦ ʙʽʣʴʰʦʶ, ʥʽʞ 

ʰʚʠʜʢʽʩʪʴ ʧʦʜʘʯʽ ʙʣʦʢʘ), ʩʣʽʜ ʧʦʨʽʚʥʷʪʠ ʚʝʣʠʯʠʥʫ ʧʦʪʦʯʥʦʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

ʧʝʨʝʤʽʱʝʥʥʷ ʧʦʚʟʫʥʘ (ʣʝʟʘ ʥʦʞʘ) ʟ ʧʦʣʦʞʝʥʥʷʤ ʧʦʚʟʫʥʘ ʫ ʤʦʤʝʥʪ ʯʘʩʫ ὸ : 
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ʋʤʦʚʦʶ ʚʽʜʥʦʚʣʝʥʥʷ ʨʽʟʘʥʥʷ (ʧʦʚʪʦʨʥʝ ʚʭʦʜʞʝʥʥʷ ʥʦʞʘ ʫ ʢʦʥʪʘʢʪ ʟ 

ʢʥʠʞʢʦʚʠʤ ʙʣʦʢʦʤ) ʻ: 
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ʋ ʚʠʨʘʟʘʭ (2.31-2.33) ʚʝʨʭʥʽʡ ʟʥʘʢ "ʧʣʶʩ" ʚʽʜʧʦʚʽʜʘʻ ʧʦʧʫʪʥʦʤʫ 

ʨʽʟʘʥʥʶ, ʥʠʞʥʽʡ ʟʥʘʢ "ʤʽʥʫʩ" ï ʟʫʩʪʨʽʯʥʦʤʫ ʨʽʟʘʥʥʶ. ʅʘ ʨʠʩʫʥʢʘʭ 2.32 ʪʘ 2.33 

ʥʘʚʝʜʝʥʽ ʛʨʘʬʽʢʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʪʦʯʢʠ ʢʦʥʪʘʢʪʫ ʣʝʟʘ ʥʦʞʘ ʟ 

ʙʣʦʢʦʤ ʚ ʧʨʦʮʝʩʽ ʨʽʟʘʥʥʷ, ʱʦ ʨʦʟʨʘʭʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʬʦʨʤʫʣ (2.23-2.24), ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʫʤʦʚ (2.30 ʪʘ 2.33).  ʇʦʯʘʪʢʦʚʦʶ ʪʦʯʢʦʶ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʙʫʣʦ 

ʧʨʠʡʥʷʪʦ ʚʝʨʪʠʢʘʣʴʥʝ ʧʦʣʦʞʝʥʥʷ ʢʨʠʚʦʰʠʧʘ ʤʝʭʘʥʽʟʤʫ ʟʘʤʽʥʠ (ʨʠʩ. 2.25b). 

ʇʦʯʘʪʢʦʤ ʢʦʦʨʜʠʥʘʪ ʥʘ ʦʩʽ ʯʘʩʫ t ʻ ʤʦʤʝʥʪ ʢʨʘʡʥʴʦʛʦ ʧʨʘʚʦʛʦ 

ʧʦʣʦʞʝʥʥʷ ʪʦʯʢʠ ʢʦʥʪʘʢʪʫ ʣʝʟʘ ʥʦʞʘ ʟ ʢʥʠʞʢʦʚʠʤ ʙʣʦʢʦʤ.  ɿʥʘʯʝʥʥʷ ὸ  

ʚʠʟʥʘʯʘʣʠ ʟ ʨʦʟʚôʷʟʢʫ ʨʽʚʥʷʥʥʷ (2.30), ʘ ʟʥʘʯʝʥʥʷ ὸ  ʜʘʻ ʨʦʟʚôʷʟʦʢ ʨʽʚʥʷʥʥʷ 

(2.33), ʚʨʘʭʦʚʫʶʯʠ ʫʤʦʚʠ (2.31-2.32).  ʈʦʟʚôʷʟʘʥʥʷ ʥʘʚʝʜʝʥʠʭ ʨʽʚʥʷʥʴ 

ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ Mathcad [80]. ʋ ʚʠʧʘʜʢʫ 

ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʨʽʟʘʥʥʷ ʨʽʚʥʷʥʥʷ (2.30-2.33) ʥʝ ʤʘʶʪʴ ʜʽʡʩʥʠʭ ʢʦʨʝʥʽʚ, ʽ ʛʨʘʬʽʢ 

ʚʭʦʜʫ ʣʝʟʘ ʥʦʞʘ ʫ ʢʥʠʞʢʦʚʠʡ ʙʣʦʢ ʻ ʟʨʦʩʪʘʶʯʦʶ ʬʫʥʢʮʽʻʶ (ʨʠʩ. 2.32 ʪʘ 2.33, 

ʢʨʠʚʘ 3). ʋ ʨʘʟʽ ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ ʨʽʟʘʥʥʷ ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʜʽʣʷʥʢʠ ʢʨʠʚʠʭ 1 ʽ 2 

(ʨʠʩ. 2.32 ʪʘ ʨʠʩ. 2.33) ʧʦʢʘʟʫʶʪʴ ʝʪʘʧ ʧʝʨʝʨʠʚʘʥʥʷ ʨʽʟʘʥʥʷ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʽʜ ʯʘʩ ʟʚʦʨʦʪʥʦʛʦ ʨʫʭʫ ʣʝʟʘ ʥʦʞʘ (ʧʦʚʟʫʥʘ). 

ɸʥʘʣʽʟʫʶʯʠ ʛʨʘʬʽʢʠ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʨʽʟʥʠʮʷ ʫ ʚʝʣʠʯʠʥʽ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʣʝʟʘ ʜʣʷ ʧʦʧʫʪʥʦʛʦ ʪʘ ʟʫʩʪʨʽʯʥʦʛʦ ʨʽʟʘʥʥʷ 

ʥʝʚʝʣʠʢʘ, ʘʣʝ ʨʽʟʥʠʮʷ ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʨʦʟʤʽʨʫ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ. 
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ʈʠʩ. 2.32. ɻʨʘʬʽʢʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʣʝʟʘ ʥʦʞʘ ʚ ʢʥʠʞʢʦʚʦʤʫ ʙʣʦʮʽ ʫ 

ʬʫʥʢʮʽʾ ʯʘʩʫ ʜʣʷ ʧʦʧʫʪʥʦʛʦ ʨʽʟʘʥʥʷ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ ʝ. (ʧʦʨʘʭʦʚʘʥʦ 

ʜʣʷ  R=100ʤʤ, a=85ʤʤ, n=2000ʦʙ/ʭʚ, v0=0,4ʤ/ʩ), ʧʫʥʢʪʠʨ ʦʟʥʘʯʘʻ ʟʚʦʨʦʪʥʠʡ ʭʽʜ ʣʝʟʘ ʥʦʞʘ 

(ʙʝʟ ʨʽʟʘʥʥʷ): 1 ï e=5ʤʤ, 2 ï e=3ʤʤ, 3 ï e=1ʤʤ, 4 ï e=0ʤʤ 

 

 

ʈʠʩ. 2.32. ɻʨʘʬʽʢʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʣʝʟʘ ʥʦʞʘ ʚ ʢʥʠʞʢʦʚʦʤʫ ʙʣʦʮʽ ʫ 

ʬʫʥʢʮʽʾ ʯʘʩʫ ʜʣʷ ʟʫʩʪʨʽʯʥʦʛʦ ʨʽʟʘʥʥʷ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ ʝ. (ʧʦʨʘʭʦʚʘʥʦ 

ʜʣʷ  R=100ʤʤ, a=85ʤʤ, n=2000ʦʙ/ʭʚ, v0=0,4ʤ/ʩ), ʧʫʥʢʪʠʨ ʦʟʥʘʯʘʻ ʟʚʦʨʦʪʥʠʡ ʭʽʜ ʣʝʟʘ ʥʦʞʘ 

(ʙʝʟ ʨʽʟʘʥʥʷ): 1 ï e=5ʤʤ, 2 ï e=3ʤʤ, 3 ï e=1ʤʤ, 4 ï e=0ʤʤ 
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ʈʦʟʛʣʷʥʝʤʦ ʟʤʽʥʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʧʽʜ ʯʘʩ ʽʤʧʫʣʴʩʥʦʛʦ 

(ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ) ʨʽʟʘʥʥʷ.  ʋ ʤʦʤʝʥʪ ʯʘʩʫ tout ʨʽʟʘʥʥʷ ʟʫʧʠʥʷʻʪʴʩʷ, ʽ ʜʘʣʽ ʣʝʟʦ 

ʨʫʭʘʻʪʴʩʷ ʫ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ.  ʇʦʪʽʤ, ʧʨʦʡʰʦʚʰʠ ʯʝʨʝʟ ʢʨʘʡʥʶ ʧʨʘʚʫ 

ʪʦʯʢʫ, ʣʝʟʦ ʥʦʞʘ ʧʦʯʠʥʘʻ ʨʫʭʘʪʠʩʷ ʫ ʥʘʧʨʷʤʢʫ ʨʽʟʘʥʥʷ, ʜʦʢʠ ʚʦʥʦ ʟʥʦʚʫ ʥʝ 

ʫʚʽʡʜʝ ʫ ʢʦʥʪʘʢʪ ʟ ʢʥʠʞʢʦʚʠʤ ʙʣʦʢʦʤ.  ʎʝʡ ʧʨʦʮʝʩ ʻ ʮʠʢʣʽʯʥʠʤ ʧʨʦʪʷʛʦʤ 

ʧʝʨʽʦʜʫ wp/2 .  

ʅʘ ʨʠʩ.  2,34 ʪʘ ʨʠʩ.  2.35 ʧʦʢʘʟʘʥʽ ʛʨʘʬʽʢʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ 

ʨʽʟʘʥʥʷ, ʨʦʟʨʘʭʦʚʘʥʦʾ ʟʘ ʬʦʨʤʫʣʘʤʠ (2.25-2.26), ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʝʨʝʨʠʚʘʥʥʷ 

ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʟʘ ʬʦʨʤʫʣʘʤʠ (2.30-2.33) ʟʘʣʝʞʥʦ ʚʽʜ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʥʦʞʘ.  

ɻʨʘʬʽʢʠ ʧʦʢʘʟʫʶʪʴ ʟʤʽʥʫ ʰʚʠʜʢʦʩʪʽ ʜʣʷ ʜʚʦʭ ʧʦʚʥʠʭ ʦʙʝʨʪʽʚ ʥʦʞʘ ʧʽʜ ʯʘʩ 

ʨʽʟʘʥʥʷ. 

 

a                                                                             b 

 

ʈʠʩ. 2.34.  ɻʨʘʬʽʢʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ ʷʢ ʬʫʥʢʮʽʾ ʢʫʪʘ ʧʦʚʦʨʦʪʫ 

ʥʦʞʘ ʜʣʷ ʨʽʟʥʠʭ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʽʚ e (ʨʦʟʨʘʭʦʚʘʥʦ ʜʣʷ R=100ʤʤ, a=85ʤʤ, n=2000ʦʙ/ʭʚ, 

v0=0,4ʤ/ʩ), ʧʫʥʢʪʠʨ ʦʟʥʘʯʘʻ ʟʚʦʨʦʪʥʠʡ ʭʽʜ ʣʝʟʘ ʥʦʞʘ - ʙʝʟ ʨʽʟʘʥʥʷ: 

a ï ʨʽʟʘʥʥʷ ʧʦʧʫʪʥʝ, b ï ʨʽʟʘʥʥʷ ʟʫʩʪʨʽʯʥʝ 

1ï e=5ʤʤ, 2 ï e=3ʤʤ, 3 ï e=1ʤʤ, 4 ï e=0ʤʤ  
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a                                                                             b 

ʈʠʩ. 2.35.  ɻʨʘʬʽʢʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ ʷʢ ʬʫʥʢʮʽʾ ʢʫʪʘ ʧʦʚʦʨʦʪʫ 

ʥʦʞʘ ʜʣʷ ʨʽʟʥʠʭ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʽʚ e (ʨʦʟʨʘʭʦʚʘʥʦ ʜʣʷ R=100ʤʤ, a=85ʤʤ, n=2000ʦʙ/ʭʚ, 

v0=0,7ʤ/ʩ), ʧʫʥʢʪʠʨ ʦʟʥʘʯʘʻ ʟʚʦʨʦʪʥʠʡ ʭʽʜ ʣʝʟʘ ʥʦʞʘ - ʙʝʟ ʨʽʟʘʥʥʷ: 

a ï ʨʽʟʘʥʥʷ ʧʦʧʫʪʥʝ, b ï ʨʽʟʘʥʥʷ ʟʫʩʪʨʽʯʥʝ 

1ï e=5ʤʤ, 2 ï e=3ʤʤ, 3 ï e=1ʤʤ, 4 ï e=0ʤʤ  

 

ɸʥʘʣʽʟʫʶʯʠ ʛʨʘʬʽʢʠ (ʨʠʩ. 2.34 ʪʘ ʨʠʩ. 2.35), ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, 

ʱʦ ʧʦʧʫʪʥʝ ʨʽʟʘʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʙʽʣʴʰʦʶ ʰʚʠʜʢʽʩʪʶ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

ʨʽʟʘʥʥʷ, ʥʽʞ ʟʫʩʪʨʽʯʥʝ, ʽ ʮʷ ʨʽʟʥʠʮʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʝʣʠʯʠʥʠ 

ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ.  

ʅʘ ʨʠʩ.  2.36 ʪʘ ʨʠʩ.  2.37 ʧʦʢʘʟʘʥʽ ʛʨʘʬʽʢʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ 

ʨʽʟʘʥʥʷ, ʨʦʟʨʘʭʦʚʘʥʦʾ ʜʣʷ ʨʽʟʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʣʽʥʽʡʥʦʾ ʰʚʠʜʢʦʩʪʽ ʪʦʯʢʠ ʥʘ 

ʣʝʟʽ ʥʦʞʘ ʪʘ ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ.  ʃʽʥʽʡʥʘ ʰʚʠʜʢʽʩʪʴ ʚʘʨʽʶʻʪʴʩʷ ʚʽʜ )( eRvR -=w

ʜʦ )( eRvR +=w . ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʛʨʘʬʽʢʽʚ ʧʝʨʝʜʙʘʯʘʣʦʩʷ, ʱʦ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ 

ʣʽʥʽʡʥʦʾ ʰʚʠʜʢʦʩʪʽ ʩʪʘʥʦʚʠʪʴ RvR w= . ɻʦʨʠʟʦʥʪʘʣʴʥʽ ʜʽʣʷʥʢʠ ʛʨʘʬʽʢʽʚ ʥʘ ʦʩʽ 0 

ʦʟʥʘʯʘʶʪʴ, ʱʦ ʧʨʦʪʷʛʦʤ ʮʴʦʛʦ ʧʝʨʽʦʜʫ ʨʽʟʘʥʥʷ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ.  ʇʨʦʮʝʩ 
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ʨʽʟʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʣʠʰʝ ʪʦʜʽ, ʢʦʣʠ ʟʥʘʯʝʥʥʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ 

ʧʝʨʝʚʠʱʫʻ ʥʫʣʴ.  

ɸʥʘʣʽʟʫʶʯʠ ʛʨʘʬʽʢʠ (ʨʠʩ. 2.36 ʪʘ 2.37), ʤʦʞʥʘ ʦʮʽʥʠʪʠ, ʷʢʫ ʯʘʩʪʢʫ ʯʘʩʫ 

ʫ ʮʠʢʣʽ ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ ʟʘʡʤʘʻ ʨʽʟʘʥʥʷ, ʘ ʷʢʘ ʯʘʩʪʢʘ ʻ ʥʝʨʦʙʦʯʦʶ (ʙʝʟ ʨʽʟʘʥʥʷ). 

ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʧʦʧʫʪʥʦʛʦ ʨʽʟʘʥʥʷ ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʝʡ  

20/ 0 =vvR , ʧʨʦʮʝʩ ʨʽʟʘʥʥʷ ʟʘʡʤʘʻ ʙʣʠʟʴʢʦ 60% ʟʘʛʘʣʴʥʦʛʦ ʯʘʩʫ ʨʦʙʦʪʠ ʣʝʟʘ 

ʥʦʞʘ.  ɼʣʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 100/ 0 =vvR , ʯʘʩʪʢʘ ʯʘʩʫ ʨʽʟʘʥʥʷ ʟʘ ʦʜʠʥ ʦʙʦʨʦʪ 

ʥʦʞʘ ʩʪʘʥʦʚʠʪʴ ʥʝ ʙʽʣʴʰʝ 20%.  ɿʥʘʯʝʥʥʷ ʧʦʜʽʙʥʽ ʷʢ ʜʣʷ ʧʦʧʫʪʥʦʛʦ, ʪʘʢ ʽ ʜʣʷ 

ʟʫʩʪʨʽʯʥʦʛʦ ʨʽʟʘʥʥʷ. 

 

 

ʈʠʩ. 2.36. ɿʤʽʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ ʟʘ ʦʜʠʥ ʦʙʝʨʪ ʥʦʞʘ ʜʣʷ 

ʧʦʧʫʪʥʦʛʦ ʨʽʟʘʥʥʷ ʧʨʠ ʨʽʟʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ ʣʽʥʽʡʥʦʾ ʰʚʠʜʢʦʩʪʽ ʪʦʯʢʠ ʥʦʞʘ ʪʘ ʰʚʠʜʢʦʩʪʽ 

ʧʦʜʘʯʽ (ʦʙʯʠʩʣʝʥʦ ʧʨʠ  R=100ʤʤ, a=85ʤʤ, n=2000ʦʙ/ʭʚ, e=4ʤʤ) 

  1 - vR/v0=20, 2 - vR/v0=30, 3 - vR/v0=50, 4 - vR/v0=100 
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ʈʠʩ. 2.37. ɿʤʽʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ ʟʘ ʦʜʠʥ ʦʙʝʨʪ ʥʦʞʘ ʜʣʷ 

ʟʫʩʪʨʽʯʥʦʛʦ ʨʽʟʘʥʥʷ ʧʨʠ ʨʽʟʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ ʣʽʥʽʡʥʦʾ ʰʚʠʜʢʦʩʪʽ ʪʦʯʢʠ ʥʦʞʘ ʪʘ 

ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ (ʦʙʯʠʩʣʝʥʦ ʧʨʠ  R=100ʤʤ, a=85ʤʤ, n=2000ʦʙ/ʭʚ, e=4ʤʤ) 

  1 - vR/v0=20, 2 - vR/v0=30, 3 - vR/v0=50, 4 - vR/v0=100 

 

ʏʘʩ ʨʦʙʦʪʠ ʥʦʞʘ ʙʝʟ ʨʽʟʘʥʥʷ ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ ʷʢ ʨʽʟʥʠʮʶ outin tt -  (ʜʠʚ. 

ʨʠʩ. 2.33) ʟ ʨʦʟʚôʷʟʢʫ ʨʽʚʥʷʥʴ (2.30-2.33).  ʇʝʨʽʦʜ ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ ʜʦʨʽʚʥʶʻ 

wp/2=T , ʪʦʜʽ ʯʘʩ ʨʽʟʘʥʥʷ ʜʦʨʽʚʥʶʻ )( outinc ttTt --= , ʘ ʚʽʜʥʦʩʥʠʡ ʯʘʩ ʨʽʟʘʥʥʷ 

ʙʫʜʝ ʦʙʯʠʩʣʶʚʘʪʠʩʷ ʷʢ Ttc / . 

ʅʘ ʨʠʩ. 2.38 ʧʦʢʘʟʘʥʽ ʜʽʘʛʨʘʤʠ ʚʽʜʥʦʩʥʦʛʦ ʯʘʩʫ ʨʽʟʘʥʥʷ ʜʣʷ ʨʽʟʥʠʭ 

ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʣʽʥʽʡʥʦʾ ʰʚʠʜʢʦʩʪʽ, ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ ʪʘ ʚʝʣʠʯʠʥʠ 

ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ. ɺʽʜʥʦʩʥʝ ʟʥʘʯʝʥʥʷ ʯʘʩʫ ʨʽʟʘʥʥʷ Ttc / =1 ʦʟʥʘʯʘʻ, ʱʦ ʧʨʦʮʝʩ 

ʨʽʟʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʝʟʧʝʨʝʨʚʥʦ. ʗʢ ʚʠʜʥʦ ʟ ʛʨʘʬʽʢʫ, ʟʥʘʯʝʥʥʷ ʮʴʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʻ ʙʣʠʟʴʢʠʤʠ ʷʢ ʜʣʷ ʧʦʧʫʪʥʦʛʦ, ʪʘʢ ʽ ʜʣʷ ʟʫʩʪʨʽʯʥʦʛʦ ʨʽʟʘʥʥʷ. 
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ʈʠʩ. 2.38. ɻʨʘʬʽʢ ʚʽʜʥʦʩʥʦʛʦ ʯʘʩʫ ʨʽʟʘʥʥʷ ʜʣʷ ʧʦʧʫʪʥʦʛʦ (ʩʫʮʽʣʴʥʘ ʣʽʥʽʷ) ʪʘ 

ʟʫʩʪʨʽʯʥʦʛʦ ʨʽʟʘʥʥʷ (ʰʪʨʠʭʦʚʘ ʣʽʥʽʷ) ʟʘʣʝʞʥʦ ʚʽʜ ʚʝʣʠʯʠʥʠ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ e ʜʣʷ ʨʽʟʥʠʭ 

ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʣʽʥʽʡʥʦʾ ʰʚʠʜʢʦʩʪʽ ʪʦʯʢʠ ʥʦʞʘ vR=ɤR ʪʘ ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ ʙʣʦʢʫ v0 

(ʦʙʯʠʩʣʝʥʦ ʧʨʠ R=100ʤʤ, a=85ʤʤ, n=2000ʦʙ/ʭʚ). 

 1 - vR/v0=20, 2 - vR/v0=30, 3 - vR/v0=50, 4 - vR/v0=100 

 

a                                                                   b 

ʈʠʩ. 2.39. ʈʦʟʨʘʭʫʥʢʦʚʽ ʩʭʝʤʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʚʥʦʾ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ. 

a ï ʨʽʟʘʥʥʷ ʧʦʧʫʪʥʝ, b ï ʨʽʟʘʥʥʷ ʟʫʩʪʨʽʯʥʝ 

ʇʨʦʘʥʘʣʽʟʫʻʤʦ ʪʨʘʥʩʬʦʨʤʘʮʽʶ ʢʫʪʘ ʟʘʛʦʩʪʨʝʥʥʷ ʢʨʫʛʦʚʦʛʦ ʥʦʞʘ, 

ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʝʢʩʮʝʥʪʨʠʯʥʦ, ʫ ʚʝʨʭʥʽʡ ʪʦʯʮʽ ʢʦʥʪʘʢʪʫ ʣʝʟʘ ʥʦʞʘ ʟ ʢʥʠʞʢʦʚʠʤ 

ʙʣʦʢʦʤ (ʫ ʪʦʤʫ ʤʽʩʮʽ, ʜʝ ʬʘʢʪʠʯʥʠʡ ʢʫʪ ʨʽʟʘʥʥʷ ʻ ʤʘʢʩʠʤʘʣʴʥʠʤ). ɹʫʜʝʤʦ 

ʚʚʘʞʘʪʠ, ʱʦ ʥʘʧʨʷʤʦʢ ʚʨʽʟʘʥʥʷ ʣʝʟʘ ʥʦʞʘ ʚʽʜʧʦʚʽʜʘʻ ʥʘʧʨʷʤʢʫ ʬʘʢʪʠʯʥʦʛʦ 

ʨʘʜʽʫʩʘ ʦʙʝʨʪʘʥʥʷ rʪʘ ʥʘʧʨʷʤʢʫ ʰʚʠʜʢʦʩʪʽ VN (ʨʠʩ. 2.39). ʇʦʚʥʘ ʰʚʠʜʢʽʩʪʴ 

ʣʝʟʘ ʥʦʞʘ ʚ ʪʦʯʮʽ ʨʽʟʘʥʥʷ ʢʥʠʞʢʦʚʦʛʦ ʙʣʦʢʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʰʚʠʜʢʦʩʪʝʡ: 
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ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ ʙʣʦʢʫ v0, ʣʽʥʽʡʥʦʾ ʰʚʠʜʢʦʩʪʽ vR ʪʘ ʥʦʨʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ vN 

ʪʦʯʢʠ ʣʝʟʘ ʥʦʞʘ. 

ʅʦʨʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ vN  ʚʠʥʠʢʘʻ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʤʽʥʠ ʬʘʢʪʠʯʥʦʛʦ ʨʘʜʽʫʩʘ 

r (ʜʠʚ. ʨʠʩ. 2.24). ɺʝʣʠʯʠʥʘ v0 ʻ ʚʽʜʦʤʦʶ, ʽʥʰʽ ʩʢʣʘʜʦʚʽ ʧʦʚʥʦʾ ʰʚʠʜʢʦʩʪʽ 

ʦʙʯʠʩʣʶʻʤʦ ʟ ʨʽʚʥʷʥʴ: 
dt

d
vvt NR

r
rwwj =Ö== ;;  . ɺʝʣʠʯʠʥʫrʚʠʟʥʘʯʠʤʦ ʟ 

ʪʨʠʢʫʪʥʠʢʽʚ ʥʘ ʨʠʩ. 2.39. 

2

2
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r   ,  (2.34) 

ɿʚʽʜʢʠ ʦʪʨʠʤʫʻʤʦ: 
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22 ])sin([

)}sin()]cos([)cos(]{)sin([

ee

ee
N

RteaR

tteatRRtee
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d
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+°Ö°ÖÖ
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w

wwwwwr

, (2.36) 

ʜʝ: 
22 )]cos([ teaRRe w+-= . 

ɿʘ ʧʦʯʘʪʦʢ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʠʡʤʘʻʤʦ ʚʝʨʪʠʢʘʣʴʥʝ ʧʦʣʦʞʝʥʥʷ 

ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʮʝʥʪʨʫ ʢʨʫʛʦʚʦʛʦ ʥʦʞʘ ʚʛʦʨʫ ʚʽʜ ʮʝʥʪʨʫ ʦʙʝʨʪʘʥʥʷ.  ɺʝʨʭʥʽ 

ʟʥʘʢʠ ʫ ʬʦʨʤʫʣʘʭ (2.34-2.36) ʙʝʨʝʤʦ ʜʣʷ ʧʦʧʫʪʥʦʛʦ, ʘ ʥʠʞʥʽ - ʜʣʷ ʟʫʩʪʨʽʯʥʦʛʦ 

ʨʽʟʘʥʥʷ. ɿʥʘʯʝʥʥʷ ʜʦʪʠʯʥʦʾ ʪʘ ʥʦʨʤʘʣʴʥʦʾ ʩʢʣʘʜʦʚʠʭ ʧʦʚʥʦʾ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ 

ʦʪʨʠʤʫʶʪʴ ʰʣʷʭʦʤ ʨʦʟʢʣʘʜʘʥʥʷ ʚʝʢʪʦʨʘ ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ v0 ʥʘ ʥʘʧʨʷʤʢʠ 

ʚʝʢʪʦʨʽʚ vR ʽ vN (ʨʠʩ. 2.39): 

)cos();sin( 2020 jjt vvvvvv NnR +=-=@ , ʜʝ öö
÷

õ
ææ
ç

å
=

r
j

a
arcsin2    (2.37) 

ɿ ʚʠʢʣʘʜʝʥʦʛʦ ʦʪʨʠʤʫʻʤʦ ʬʘʢʪʠʯʥʠʡ ʢʫʪ ʨʽʟʘʥʥʷ ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ, 

ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʟ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʦʤ: 
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ç
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=

22
0)tan(

t

aa
vv

v
arctg

n

n
T  .       (2.38) 

ʇʽʜʩʪʘʚʠʚʰʠ ʚʠʨʘʟʠ (2.34ï2.37) ʫ ʬʦʨʤʫʣʫ (2.38), ʦʪʨʠʤʘʻʤʦ ʟʥʘʯʝʥʥʷ 

ʬʘʢʪʠʯʥʦʛʦ ʢʫʪʘ ʨʽʟʘʥʥʷ ʜʣʷ ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ ʟ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʦʤ. 
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a                                                                   b 

ʈʠʩ. 2.40 ɻʨʘʬʽʢʠ ʟʤʽʥʠ ʬʘʢʪʠʯʥʦʛʦ ʢʫʪʘ ʨʽʟʘʥʥʷ a   ʚ ʮʠʢʣʽ ʧʦʚʥʦʛʦ ʦʙʝʨʪʫ 

ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ, ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʟ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʦʤ e (ʨʦʟʨʘʭʦʚʘʥʦ ʧʨʠ R=100ʤʤ, 

n=2000ʦʙ/ʭʚ, a=85 ʤʤ, v0 = 0,5 ʤ/ʩ). a ï ʨʽʟʘʥʥʷ ʧʦʧʫʪʥʝ, bï ʨʽʟʘʥʥʷ ʟʫʩʪʨʽʯʥʝ 

1 ï e=5ʤʤ; 2 ï e=2,5ʤʤ; 3 ï e=1ʤʤ; 4 ï e=0 ʤʤ 

 

a                                                                   b 

ʈʠʩ. 2.41 ɻʨʘʬʽʢʠ ʟʤʽʥʠ ʬʘʢʪʠʯʥʦʛʦ ʢʫʪʘ ʨʽʟʘʥʥʷ a  ʚ ʮʠʢʣʽ ʧʦʚʥʦʛʦ ʦʙʝʨʪʫ 

ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ, ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʟ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʦʤ e ʜʣʷ ʨʽʟʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ vR/v0 

(ʨʦʟʨʘʭʦʚʘʥʦ ʧʨʠ R=100ʤʤ, n=2000ʦʙ/ʭʚ, a=85 ʤʤ,  e= 5ʤʤ) a ï ʨʽʟʘʥʥʷ ʧʦʧʫʪʥʝ, bï ʨʽʟʘʥʥʷ 

ʟʫʩʪʨʽʯʥʝ   1 - vR/v0=5; 2 - vR/v0=8; 3 - vR/v0=20; 4 - vR/v0=80 
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ʅʘ ʨʠʩ.  2.40 ʪʘ  2.41 ʧʦʢʘʟʘʥʽ ʛʨʘʬʽʢʠ ʟʤʽʥʠ ʬʘʢʪʠʯʥʦʛʦ ʢʫʪʘ ʨʽʟʘʥʥʷ 

ʢʥʠʞʢʦʚʦʛʦ ʙʣʦʢʫ ʟʘ ʦʜʠʥ ʧʦʚʥʠʡ ʦʙʝʨʪ ʝʢʩʮʝʥʪʨʠʯʥʦ ʚʩʪʘʥʦʚʣʝʥʦʛʦ 

ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ. ɻʨʘʬʽʢʠ ʧʦʙʫʜʦʚʘʥʦ ʥʘ ʦʩʥʦʚʽ ʬʦʨʤʫʣ (2.34-2.38) ʧʨʠ ʟʤʽʥʽ 

ʨʽʟʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ. ʋ ʨʦʟʨʘʭʫʥʢʘʭ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʟʥʘʯʝʥʥʷ 

ʢʫʪʘ ʟʘʪʦʯʢʠ ʥʦʞʘ ¯=200a . ɺʝʨʪʠʢʘʣʴʥʽ ʧʫʥʢʪʠʨʥʽ ʣʽʥʽʾ ʥʘ ʦʙʦʭ ʛʨʘʬʽʢʘʭ 

ʚʢʘʟʫʶʪʴ ʧʦʣʦʞʝʥʥʷ ʥʦʞʘ ʧʨʠ ʚʽʜʥʦʚʣʝʥʥʽ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ.  ʂʫʪʠ ʧʦʚʦʨʦʪʫ 

ʥʦʞʘ, ʜʣʷ ʷʢʠʭ ʧʨʦʮʝʩ ʨʽʟʘʥʥʷ ʚʽʜʥʦʚʣʝʥʦ, ʦʙʯʠʩʣʶʶʪʴ ʟʘ ʬʦʨʤʫʣʘʤʠ (2.30-

2.33). ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʛʨʘʬʽʢʠ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʜʣʷ ʨʝʞʠʤʫ 

ʟʫʩʪʨʽʯʥʦʛʦ ʨʽʟʘʥʥʷ ʜʽʡʩʥʠʡ ʢʫʪ ʨʽʟʘʥʥʷ ʻ ʤʝʥʰʠʤ, ʥʽʞ ʜʣʷ ʧʦʧʫʪʥʦʛʦ ʨʽʟʘʥʥʷ.  

ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʧʨʠ ʟʫʩʪʨʽʯʥʦʤʫ ʨʽʟʘʥʥʽ ʝʢʩʮʝʥʪʨʠʯʥʠʤ ʥʦʞʝʤ, ʤʦʞʥʘ 

ʦʯʽʢʫʚʘʪʠ ʜʝʱʦ ʤʝʥʰʦʾ ʩʠʣʠ ʨʽʟʘʥʥʷ ʜʣʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ. 

 

 

2.3. ʊʨʘʻʢʪʦʨʽʾ ʨʽʟʘʥʥʷ ʣʝʟʘ ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ ʫ ʢʥʠʞʢʦʚʦʤʫ ʙʣʦʮʽ 

 

ʇʨʠ ʨʽʟʘʥʥʽ ʜʠʩʢʦʚʠʤ ʥʦʞʝʤ, ʱʦ ʦʙʝʨʪʘʻʪʴʩʷ, ʪʦʯʢʠ ʥʘ ʨʽʞʫʯʦʤʫ ʢʨʘʾ 

ʥʦʞʘ ʚ ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ ʧʨʦʭʦʜʷʪʴ ʜʦʚʰʠʡ ʰʣʷʭ ʚ ʧʘʧʝʨ̔, ʥʽʞ ʧʨʠ ʨʽʟʘʥʥʽ 

ʧʣʦʩʢʠʤ ʥʦʞʝʤ, ʱʦ ʤʦʞʝ ʟʘ ʧʝʚʥʠʭ ʫʤʦʚ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʨʠʩʢʦʨʝʥʦʛʦ 

ʟʥʦʰʫʚʘʥʥʷ ʣʝʟʘ.  ɼʣʷ ʪʦʛʦ, ʱʦʙ ʦʮʽʥʠʪʠ ʫʤʦʚʠ ʨʦʙʦʪʠ ʥʦʞʘ ʧʽʜ ʯʘʩ ʦʙʨʦʙʢʠ, 

ʥʝʦʙʭʽʜʥʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʪʨʘʻʢʪʦʨʽʶ ʨʫʭʫ ʨʽʞʫʯʦʾ ʢʨʘʡʢʠ ʥʦʞʘ ʪʘ 

ʨʦʟʨʘʭʫʚʘʪʠ ʰʣʷʭ, ʷʢʠʡ ʧʨʦʭʦʜʠʪʴ ʣʝʟʦ ʚ ʧʨʦʮʝʩʽ ʨʽʟʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ. 

ɿʛʽʜʥʦ ʟ ʘʥʘʣʽʟʦʤ ʢʽʥʝʤʘʪʠʢʠ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʜʠʩʢʦʚʠʤ 

ʥʦʞʝʤ, ʪʨʘʻʢʪʦʨʽʶ ʨʫʭʫ ʪʦʯʢʠ ɸ ʥʘ ʣʝʟʽ ʥʦʞʘ ʧʽʜ ʯʘʩ ʨʽʟʘʥʥʷ ʚʠʟʥʘʯʘʶʪʴ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʨʽʚʥʷʥʴ: 

ʇʨʠ ʧʦʧʫʪʥʦʤʫ ʨʽʟʘʥʥʽ:  

);sin()( 0 tRtvtxA wÖ--=     );cos()( tRtyA wÖ=      (2.39)  

 ʇʨʠ ʟʫʩʪʨʽʯʥʦʤʫ 

 );sin()( 0 tRtvtxA wÖ+-=     ),cos()( tRtyA wÖ=      (2.40) 

ʜʝ:  
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v0
  - ʰʚʠʜʢʽʩʪʴ ʧʦʜʘʯʽ ʢʥʠʞʢʦʚʦʛʦ ʙʣʦʢʫ, ɤ ï ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ 

ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ 

t ïʧʦʪʦʯʥʠʡ ʯʘʩ.  

ɺ ʧʨʦʮʝʩʽ ʨʽʟʘʥʥʷ ʢʦʞʥʘ ʪʦʯʢʘ ʥʘ ʣʝʟʽ ʥʦʞʘ ʦʧʠʩʫʻ ʪʨʘʻʢʪʦʨʽʶ 

ʚʠʜʦʚʞʝʥʦʾ ʮʠʢʣʦʾʜʠ, ʷʢʘ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʛʽʜʥʦ ʟ ʨʽʚʥʷʥʥʷʤʠ (2.39) ʪʘ (2.40). 

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʪʦʯʢʠ ʣʝʟʘ ʥʦʞʘ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʩʭʝʤʫ 

ʨʦʟʨʘʭʫʥʢʫ, ʧʨʠ ʷʢʽʡ ʢʥʠʞʢʦʚʠʡ ʙʣʦʢ ʻ ʥʝʨʫʭʦʤʠʤ, ʘ ʜʠʩʢʦʚʠʡ ʥʽʞ, ʱʦ 

ʦʙʝʨʪʘʻʪʴʩʷ, ʨʫʭʘʻʪʴʩʷ ʥʘʟʫʩʪʨʽʯ ʙʣʦʢʫ ʟʽ ʰʚʠʜʢʽʩʪʶ ʧʦʜʘʯʽ v0. ʎʝʡ ʤʝʪʦʜ 

ʩʧʨʦʱʫʻ ʦʙʯʠʩʣʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʨʘʻʢʪʦʨʽʾ.  ɹʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ʦʙʝʨʪʘʥʥʷ 

ʥʦʞʘ ʧʦʯʠʥʘʻʪʴʩʷ ʚ ʤʦʤʝʥʪ ʯʘʩʫ t = 0, ʢʦʣʠ ʪʦʯʢʘ A ʥʘ ʣʝʟʽ ʥʦʞʘ ʟʥʘʭʦʜʠʪʴʩʷ 

ʚ ʢʨʘʡʥʴʦʤʫ ʚʝʨʭʥʴʦʤʫ ʧʦʣʦʞʝʥʥʽ A0. ʇʫʥʢʪʠʨʦʤ ʥʘ  ʨʠʩ. 2.42 ʧʦʢʘʟʘʥʦ 

ʪʨʘʻʢʪʦʨʽʾ ʪʦʯʢʠ A ʥʘ ʣʝʟʽ ʥʦʞʘ ʧʨʠ ʧʦʧʫʪʥʦʤʫ ʪʘ ʟʫʩʪʨʽʯʥʦʤʫ ʨʽʟʘʥʥʽ.  

 

a                                                                         b 

ʈʠʩ. 2.42. ʊʨʘʻʢʪʦʨʽʷ ʨʫʭʫ ʪʦʯʢʠ A ʥʘ ʣʝʟʽ ʥʦʞʘ ʧʽʜ ʯʘʩ ʨʽʟʘʥʥʷ ʢʥʠʞʢʦʚʦʛʦ ʙʣʦʢʫ 

1 ï ʜʠʩʢʦʚʠʡ ʥʽʞ, 2 ï ʢʥʠʞʢʦʚʠʡ ʙʣʦʢ 

a - ʨʽʟʘʥʥʷ ʧʦʧʫʪʥʝ, b - ʨʽʟʘʥʥʷ ʟʫʩʪʨʽʯʥʝ 

 

 

ʍʘʨʘʢʪʝʨ ʟʤʽʥʠ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʪʦʯʦʢ ʣʝʟʘ ʥʦʞʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʧʨʷʤʢʫ 

ʦʙʝʨʪʘʥʥʷ, ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ɤ ʽ ʨʘʜʽʫʩʘ R ʢʨʫʛʦʚʦʛʦ ʥʦʞʘ, ʰʚʠʜʢʦʩʪʽ 

ʧʦʜʘʯʽ v0, ʪʦʚʱʠʥʠ ʢʥʠʞʢʦʚʦʛʦ ʙʣʦʢʫ b ̔  ʚʽʜʩʪʘʥʽ ʙʣʦʢʫ ʚʽʜ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ 
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a. ʅʘ ʨʠʩ. 2.43 ʧʦʢʘʟʘʥʽ ʭʘʨʘʢʪʝʨʥʽ ʩʣʽʜʠ ʪʨʘʻʢʪʦʨʽʡ ʪʦʯʦʢ ʣʝʟʘ ʥʦʞʘ ʧʨʠ 

ʨʽʟʘʥʥʽ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ, ʚʩʪʘʥʦʚʣʝʥʠʭ ʥʘ ʨʽʟʥʽʡ ʚʽʜʩʪʘʥʽ ʪʘ ʚʽʜ ʦʩʽ ʦʙʝʨʪʘʥʥʷ 

ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ. 

 

               a                                                     b                                                   c 

ʈʠʩ. 2.43. ɺʠʛʣʷʜ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʪʦʯʦʢ ʣʝʟʘ ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ ʧʽʜ ʯʘʩ ʨʽʟʘʥʥʷ 

ʢʥʠʞʢʦʚʦʛʦ ʙʣʦʢʫ ʥʘ ʨʽʟʥʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʦʩʽ ʦʙʝʨʪʘʥʥʷ 

a ï   a=0,     b ï  a=0,5(R-b);     c ï  a=R-b;  

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 2.43, ʟʘʛʘʣʴʥʘ ʜʦʚʞʠʥʘ ʪʨʘʻʢʪʦʨʽʡ ʨʫʭʫ ʣʝʟʘ ʥʦʞʘ ʚ 

ʙʣʦʮʽ (ʟʘʛʘʣʴʥʠʡ ʰʣʷʭ ʪʦʯʦʢ ʣʝʟʘ ʥʦʞʘ ʚ ʧʘʧʝʨʽ) ʙʫʜʝ ʨʽʟʥʦʶ ʜʣʷ ʢʦʞʥʦʛʦ 

ʥʘʣʘʰʪʫʚʘʥʥʷ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʰʣʷʭ ʪʘ ʟʥʦʩ ʣʝʟʘ ʨʽʞʫʯʦʾ ʢʨʦʤʢʠ ʥʦʞʘ ʚ ʧʨʦʮʝʩʽ 

ʦʙʨʦʙʢʠ. ʊʦʤʫ ʜʦʮʽʣʴʥʦ ʜʦʩʣʽʜʠʪʠ ʧʦʚʥʠʡ ʰʣʷʭ (ʟʘʛʘʣʴʥʫ ʪʨʘʻʢʪʦʨʽʶ) ʪʦʯʢʠ 

ʣʝʟʘ ʥʦʞʘ ʧʽʜ ʯʘʩ ʨʽʟʘʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ 

ʨʽʟʘʥʥʷ. 

ʇʽʜ ʯʘʩ ʨʽʟʘʥʥʷ ʢʥʠʞʢʦʚʦʛʦ ʙʣʦʢʫ ʢʦʞʥʘ ʪʦʯʢʘ ʣʝʟʘ ʧʨʠ ʦʙʝʨʪʘʥʥʽ 

ʥʦʞʘ, ʥʘʧʨʠʢʣʘʜ ʪʦʯʢʘ ɸ, ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ ʢʦʥʪʘʢʪʫʻ ʽʟ ʢʥʠʞʢʦʚʠʤ ʙʣʦʢʦʤ, 

ʟʘʣʠʰʘʶʯʠ ʩʣʽʜʠ ʥʘ ʧʦʚʝʨʭʥʽ ʟʨʽʟʫ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʯʝʨʝʟ ʨʽʚʥʽ ʽʥʪʝʨʚʘʣʠ ʤʽʞ 

ʩʦʙʦʶ (ʨʠʩ. 2.43). ɺʭʽʜ (ʚʨʽʟʘʥʥʷ) ʦʙʨʘʥʦʾ ʪʦʯʢʠ ʨʽʞʫʯʦʾ ʢʨʦʤʢʠ ʥʦʞʘ ʫ 

ʢʥʠʞʢʦʚʠʡ ʙʣʦʢ ʥʘ ʧʦʯʘʪʢʫ ʨʽʟʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʪʦʯʮʽ ʈ, ʘ ʚʠʭʽʜ ʟ ʙʣʦʢʫ 

(ʧʝʨʽʦʜʠʯʥʝ ʟʘʚʝʨʰʝʥʥʷ ʨʽʟʘʥʥʷ) - ʫ ʪʦʯʮʽ ʂ, ʟʘʣʠʰʘʶʯʠ ʚʽʜʨʽʟʦʢ ʪʨʘʻʢʪʦʨʽʾ 

ʨʫʭʫ ʣʝʟʘ ʫ ʚʠʛʣʷʜʽ ʩʣʽʜʘ ʥʘ ʧʦʚʝʨʭʥʽ ʟʨʽʟʫ (ʜʠʚ. ʨʠʩ. 2.44). 

ʎʝʡ ʧʨʦʮʝʩ ʧʦʚʪʦʨʶʻʪʴʩʷ ʮʠʢʣʽʯʥʦ, ʽ ʟʘʛʘʣʴʥʠʡ (ʧʦʚʥʠʡ) ʰʣʷʭ, ʷʢʠʡ 

ʢʦʞʥʘ ʪʦʯʢʘ ʣʝʟʘ ʧʨʦʭʦʜʠʪʴ ʧʽʜ ʯʘʩ ʨʽʟʘʥʥʷ, ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʩʫʤʠ ʜʦʚʞʠʥ 

ʦʢʨʝʤʠʭ ʜʽʣʷʥʦʢ P-K. 
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a                                                                                         b 

 

ʈʠʩ. 2.44. ʊʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʪʘ ʩʣʽʜʠ ʪʦʯʦʢ ʣʝʟʘ ʥʦʞʘ ʧʽʜ ʯʘʩ ʦʙʨʦʙʢʠ 

1 ï ʜʠʩʢʦʚʠʡ ʥʽʞ, 2 ï ʢʥʠʞʢʦʚʠʡ ʙʣʦʢ 

a - ʨʽʟʘʥʥʷ ʧʦʧʫʪʥʝ, b - ʨʽʟʘʥʥʷ ʟʫʩʪʨʽʯʥʝ 

 

ʑʦʙ ʨʦʟʨʘʭʫʚʘʪʠ ʟʘʛʘʣʴʥʠʡ ʰʣʷʭ, ʷʢʠʡ ʧʨʦʭʦʜʠʪʴ ʪʦʯʢʘ ʣʝʟʘ ʥʦʞʘ ʚ 

ʧʨʦʮʝʩʽ ʨʽʟʘʥʥʷ ʢʥʠʞʢʦʚʦʛʦ ʙʣʦʢʫ, ʤʠ ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʽʜʦʤʫ 

ʬʦʨʤʫʣʫ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʜʦʚʞʠʥʠ ʜʽʣʷʥʢʠ ʢʨʠʚʦʾ ʣʽʥʽʾ, ʟʘʜʘʥʦʾ ʧʘʨʘʤʝʪʨʠʯʥʦ 

[81]:  
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,                 (2.41) 

ʜʝ, )(txA  ʪʘ )(tyA  - ʙʝʟʧʝʨʝʨʚʥʽ ʬʫʥʢʮʽʾ, ʱʦ ʦʧʠʩʫʶʪʴ ʜʘʥʫ ʢʨʠʚʫ (ʟʛʽʜʥʦ 

ʟ ʨʽʚʥʷʥʥʷʤʠ 2.39 ʪʘ 2.40), ʪʦʜʽ ʷʢ Pt  ʽ Kt  - ʤʦʤʝʥʪʠ ʯʘʩʫ t, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʢʦʥʪʘʢʪʫ ʣʝʟʘ ʟ ʙʣʦʢʦʤ ʚ ʪʦʯʢʘʭ P ʽ K (ʨʠʩ. 2.44).  ʇʽʩʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʭʽʜʥʠʭ 

ʦʪʨʠʤʫʻʤʦ ʬʦʨʤʫʣʫ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʰʣʷʭʫ L: 

dttRvRvL

K

P

t

t

ñ °+= )cos(2 0
222

0 www ,      (2.42) 

ʋ ʚʠʨʘʟʽ (2.42) ʚʝʨʭʥʽʡ ʟʥʘʢ Ăʧʣʶʩò ʚʽʜʧʦʚʽʜʘʻ ʧʦʧʫʪʥʦʤʫ ʨʽʟʘʥʥʶ, ʘ 

ʥʠʞʥʽʡ  Ăʤʽʥʫʩò - ʟʫʩʪʨʽʯʥʦʤʫ. ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʜʦʚʞʠʥʠ ʰʣʷʭʫ  ʨʽʟʘʥʥʷ 

ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʯʠʩʝʣʴʥʝ ʽʥʪʝʛʨʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

Mathcad ʪʘ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʛʨʘʥʠʮʽ ʽʥʪʝʛʨʫʚʘʥʥʷ. ɿʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪ )(tyA  ʫ 

ʪʦʯʢʘʭ P ʠ K ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʛʽʜʥʦ ʨʠʩ.  2.44. 

ɼʣʷ ʧʦʧʫʪʥʦʛʦ ʨʽʟʘʥʥʷ: 
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atRty PA -=Ö= )cos()( 1w ; 

)()cos()( 2 batRty KA +-=Ö= w , ʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʥʽʞ ʧʝʨʝʨʽʟʘʻ ʙʣʦʢ ʥʘ ʧʦʚʥʫ 

ʪʦʚʱʠʥʫ (ʨʠʩ. 2.43a i 2.43b),  

RtRty KA -=Ö= )cos()( 2w ,  ʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʥʽʞ ʥʝ ʚʨʽʟʘʻʪʴʩʷ ʚ ʙʣʦʢ ʥʘ ʧʦʚʥʫ 

ʪʦʚʱʠʥʫ (ʨʠʩ. 2.42 ʽ ʨʠʩ. 2.43c). 

 ɿʚʽʜʩʠ ʦʪʨʠʤʫʻʤʦ: 
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=Kt .  (2.43) 

ʈʦʟʨʘʭʦʚʫʶʯʠ ʧʨʦʮʝʩ ʟʫʩʪʨʽʯʥʦʛʦ ʨʽʟʘʥʥʷ, ʤʠ ʙʝʨʝʤʦ ʜʦ ʫʚʘʛʠ, ʱʦ 

ʜʠʩʢʦʚʠʡ ʥʽʞ ʧʦʚʠʥʝʥ ʟʜʽʡʩʥʠʪʠ ʱʦʥʘʡʤʝʥʰʝ ʧʦʣʦʚʠʥʫ ʩʚʦʛʦ ʦʙʦʨʦʪʫ ʜʦ 

ʪʦʛʦ, ʷʢ ʪʦʯʢʘ ʣʝʟʘ ɸ ʚʩʪʫʧʠʪʴ ʫ ʢʦʥʪʘʢʪ ʟ ʘʨʢʫʰʘʤʠ ʙʣʦʢʫ: 
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 (2.44) 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ ʢʽʣʴʢʽʩʪʴ ʜʽʣʷʥʦʢ ʪʨʘʻʢʪʦʨʽʾ (ʩʣʽʜʽʚ ʨʽʟʘʥʥʷ) 

ʷʢʽ ʪʦʯʢʘ ɸ ʣʝʟʘ ʥʦʞʘ ʫʤʦʚʥʦ ʟʘʣʠʰʠʪʴ ʥʘ ʢʥʠʞʢʦʚʦʤʫ ʙʣʦʮʽ ʜʦʚʞʠʥʦʶ l ʧʽʜ 

ʯʘʩ ʨʽʟʘʥʥʷ, ʚʚʘʞʘʻʤʦ, ʱʦ ʟʘ ʦʜʠʥ ʧʦʚʥʠʡ ʦʙʝʨʪ ʥʦʞʘ 
w

p2
=T ʡʦʛʦ 

ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʧʦʜʘʯʘ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ ʩʢʣʘʜʝ Tv0=d . ʊʦʜʽ 

ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʚʽʜʨʽʟʢʽʚ (ʩʣʽʜʽʚ ʨʽʟʘʥʥʷ), ʷʢʽ ʟʘʣʠʰʠʪʴ ʪʦʯʢʘ ɸ ʣʝʟʘ ʥʘ 

ʧʦʚʝʨʭʥʽ ʙʣʦʢʘ ʜʦʚʞʠʥʦʶ l, ʩʪʘʥʦʚʠʪʠʤʝ: 

02 v

l
z
p

wÖ
= .          (2.45) 

ʇʦʚʥʠʡ (ʟʘʛʘʣʴʥʠʡ) ʰʣʷʭ ʨʽʟʘʥʥʷ, ʷʢʠʡ ʧʨʦʭʦʜʠʪʴ ʢʦʞʥʘ ʪʦʯʢʘ ʣʝʟʘ 

ʥʦʞʘ ʚ ʢʥʠʞʢʦʚʦʤʫ ʙʣʦʮʽ, ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ (2.42) - (2.45). ʇʽʜ ʯʘʩ 

ʦʙʯʠʩʣʝʥʥʷ ʧʨʠʡʤʘʻʤʦ ʜʦʚʞʠʥʫ ʨʽʟʘʥʥʷ l ʪʘʢʦʶ, ʱʦ ʧʦʚʝʨʭʥʷ ʟʨʽʟʫ ʙʣʦʢʘ 

ʤʽʩʪʠʪʴ ʧʨʠʥʘʡʤʥʽ ʜʚʽ ʜʽʣʷʥʢʠ (ʩʣʽʜʘ), ʟʘʣʠʰʝʥʽ ʪʦʯʢʦʶ ʣʝʟʘ. ʈʦʟʚôʷʟʦʢ 

ʨʽʚʥʷʥʥʷ (2.42) ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʯʠʩʝʣʴʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ Mathcad, ʱʦ ʜʘʣʦ ʟʤʦʛʫ ʧʦʙʫʜʫʚʘʪʠ ʛʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ ʜʦʚʞʠʥʠ 

ʰʣʷʭʫ ʪʦʯʢʠ ʥʦʞʘ ʫ ʙʣʦʮʽ ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ a, b, v0 ʪʘ vR/v0, ʜʝ RvR Ö=w . 
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ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ.  2.45 ʪʘ ʨʠʩ.  2.46.  ʅʘ ʛʨʘʬʽʢʘʭ 

ʟʘʛʘʣʴʥʘ ʜʦʚʞʠʥʘ ʰʣʷʭʫ ʨʽʟʘʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʙʝʟʨʦʟʤʽʨʥʦʤʫ ʚʠʛʣʷʜʽ L / l, ʘ 

ʜʦʚʞʠʥʘ ʙʣʦʢʘ ʧʨʠʡʤʘʣʘʩʷ ʷʢ l = 1000 ʤʤ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʟʘʛʘʣʴʥʘ ʜʦʚʞʠʥʘ ʨʽʟʘʥʥʷ ʻ 

ʜʝʱʦ ʙʽʣʴʰʦʶ ʧʨʠ ʟʫʩʪʨʽʯʥʦʤʫ ʨʽʟʘʥʥʽ. ʅʘ ʨʠʩ.  2.45 ʪʘ ʨʠʩ.  2.46 ʧʦʢʘʟʘʥʽ 

ʛʨʘʬʽʢʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʦʮʽʥʠʪʠ ʥʘʡʜʦʚʰʠʡ ʰʣʷʭ ʪʦʯʢʠ ʣʝʟʘ ʥʦʞʘ ʚ ʧʘʧʝʨʽ. 

 

 

a                                                                             b 

ʈʠʩ. 2.45. ɺʧʣʠʚ ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ ʙʣʦʢʘ vo  ʪʘ ʚʽʜʥʦʰʝʥʥʷ ʣʽʥʽʡʥʦʾ ʰʚʠʜʢʦʩʪʽ ʣʝʟʘ 

ʥʦʞʘ vR ʜʦ ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ ʙʣʦʢʘ vo ʥʘ ʟʤʽʥʫ ʙʝʟʨʦʟʤʽʨʥʦʾ ʜʦʚʞʠʥʠ ʨʽʟʘʥʥʷ L / l. ʈʽʟʘʥʥʷ 

ʧʦʧʫʪʥʝ. 

ʆʙʯʠʩʣʝʥʦ ʧʨʠ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʘʭ: b = 20 ʤʤ, R = 100 ʤʤ;  

a (ʧʨʠ a=60 ʤʤ): 1 ï n=3000 ʦʙ/ʭʚ, 2 ï n=2000 ʦʙ/ʭʚ, 3 ï n=1000 ʦʙ/ʭʚ;   

b (ʧʨʠ n=3000 ʦʙ/ʭʚ): 1 ï a=75 ʤʤ, 2 ï a=50 ʤʤ, 3 ï a=0 ʤʤ  
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a                                                                             b 

 

ʈʠʩ. 2.46. ɺʧʣʠʚ ʚʽʜʩʪʘʥʽ ʙʣʦʢʘ ʚʽʜ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ a ʪʘ ʪʦʚʱʠʥʠ ʙʣʦʢʘ b ʥʘ 

ʟʤʽʥʫ ʙʝʟʨʦʟʤʽʨʥʦʾ ʜʦʚʞʠʥʠ ʨʽʟʘʥʥʷ L / l. ʈʽʟʘʥʥʷ ʧʦʧʫʪʥʝ.  ʈʦʟʨʘʭʦʚʘʥʦ ʧʨʠ R = 100 ʤʤ  

1 ï n=3000 ʦʙ/ʭʚ, 2 ï n=2000 ʦʙ/ʭʚ, 3 ï n=1000 ʦʙ/ʭʚ 

a ï ʧʨʠ b=10 ʤʤ, v0=0,2ʤ/ʩ; b ï  ʧʨʠ  a=60 ʤʤ, v0=0,5ʤ/ʩ  

 

ɸʥʘʣʽʟʫʶʯʠ ʛʨʘʬʽʢʠ ʥʘ ʨʠʩ.  2.45 ʽ 2.46, ʙʘʯʠʤʦ, ʱʦ ʥʘ ʙʝʟʨʦʟʤʽʨʥʫ 

ʜʦʚʞʠʥʫ ʰʣʷʭʫ ʨʽʟʘʥʥʷ L / l ʥʘʡʙʽʣʴʰʝ ʚʧʣʠʚʘʻ ʚʽʜʥʦʰʝʥʥʷ ʣʽʥʽʡʥʦʾ ʰʚʠʜʢʦʩʪʽ 

ʣʝʟʘ ʥʦʞʘ vR ʜʦ ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ ʙʣʦʢʘ vo ʪʘ ʚʽʜʩʪʘʥʴ ʙʣʦʢʘ ʚʽʜ ʦʩʽ ʦʙʝʨʪʘʥʥʷ 

ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ a [82]. 

ʆʙʨʘʥʠʡ ʥʘʧʨʷʤʦʢ ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ ʧʽʜ ʯʘʩ ʨʽʟʘʥʥʷ (ʧʦʧʫʪʥʝ ʘʙʦ 

ʟʫʩʪʨʽʯʥʝ) ʩʫʪʪʻʚʦ ʥʝ ʟʙʽʣʴʰʫʻ ʰʣʷʭ ʣʝʟʘ ʥʦʞʘ ʚ ʧʘʧʝʨʽ, ʪʦʜʽ ʷʢ ʰʣʷʭ ʨʽʟʘʥʥʷ 

ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʠ ʥʠʟʴʢʠʭ ʰʚʠʜʢʦʩʪʷʭ ʧʦʜʘʯʽ ʪʘ ʤʘʢʩʠʤʘʣʴʥʽʡ ʚʽʜʩʪʘʥʽ 

ʙʣʦʢʘ ʚʽʜ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʟʥʦʩʫ ʢʨʘʡʢʠ 

ʣʝʟʘ ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ. ɺʠʢʦʥʘʥʽ ʨʦʟʨʘʭʫʥʢʠ ʜʘʶʪʴ ʟʤʦʛʫ ʚʽʜʧʦʚʽʜʥʠʤ ʯʠʥʦʤ 

ʧʽʜʽʙʨʘʪʠ ʢʽʥʝʤʘʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʜʠʩʢʦʚʠʤ ʥʦʞʝʤ, 

ʚʨʘʭʦʚʫʶʯʠ ʜʦʚʞʠʥʫ ʰʣʷʭʫ ʣʝʟʘ ʥʦʞʘ ʚ ʧʘʧʝʨʽ ʧʨʠ ʨʽʟʘʥʥʽ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ. 
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2.4. ɺʧʣʠʚ ʝʢʩʮʝʥʪʨʠʯʥʦʛʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ ʥʘ 

ʭʘʨʘʢʪʝʨ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʡʦʛʦ ʨʽʞʫʯʦʾ ʢʨʘʡʢʠ ʧʨʠ ʨʽʟʘʥʥʽ ʢʥʠʞʢʦʚʠʭ 

ʙʣʦʢʽʚ 

 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʥʦʞʘ, ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʙʝʟ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ, ʪʨʘʻʢʪʦʨʽʾ 

ʨʫʭʫ ʨʽʟʥʠʭ ʪʦʯʦʢ ʣʝʟʘ ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ ʟ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʦʤ ʨʽʟʥʷʪʴʩʷ ʽ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʜʽʡʩʥʦʛʦ ʨʘʜʽʫʩʘ ʦʙʝʨʪʘʥʥʷ, ʚʝʣʠʯʠʥʠ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ ʝ ʪʘ 

ʚʽʜʥʦʰʝʥʥʷ ʣʽʥʽʡʥʦʾ ʰʚʠʜʢʦʩʪʽ ʥʦʞʘ ʣʝʟʘ ʜʦ ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ ʢʥʠʞʢʦʚʦʛʦ 

ʙʣʦʢʫ.   

ʅʘ ʨʠʩ. 2.47 ʧʦʢʘʟʘʥʦ ʪʨʘʻʢʪʦʨʽʾ ʪʨʴʦʭ ʨʽʟʥʠʭ ʪʦʯʦʢ A, B i C ʥʘ ʣʝʟʽ 

ʥʦʞʘ, ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʟ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʦʤ. ʊʨʘʻʢʪʦʨʽʶ, ʥʘʧʨʠʢʣʘʜ, ʪʦʯʢʠ B, ʷʢʘ 

ʣʝʞʠʪʴ ʥʘ ʣʝʟʽ ʥʦʞʘ, ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʠʯʥʠʭ 

ʨʽʚʥʷʥʴ ʫ ʬʫʥʢʮʽʾ ʯʘʩʫ t (ʚʚʘʞʘʻʤʦ, ʱʦ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʪʘ ʰʚʠʜʢʽʩʪʴ ʧʦʜʘʯʽ 

ʥʦʞʘ ʧʦʩʪʽʡʥʽ): 

ʇʨʠ ʧʦʧʫʪʥʦʤʫ ʨʽʟʘʥʥʽ  ï  

);sin(0 awr +Ö--= ttvx BB  )cos( awr +Ö= ty BB      (2.46), 

ʇʨʠ ʟʫʩʪʨʽʯʥʦʤʫ ʨʽʟʘʥʥʽ  ï    

 );sin()( 0 awr +Ö+-= ttvtx BB     )cos()( awr +Ö= tty BB ,   (2.47), 

ɼʝ ʚʽʜʩʪʘʥʴ ʪʦʯʢʠ B ʚʽʜ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ɟ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʢʫʪʘ Ŭ ʚ 

ʥʘʧʨʷʤʢʫ ʦʙʝʨʪʘʥʥʷ 

2222 )(cos)cos( eReeB -++Ö= aar       (2.48) 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʠʩ.  2.47, ʧʦʯʘʪʦʢ  ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʮʝʥʪʨʽ ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ ʥʘ ʧʦʯʘʪʢʫ ʨʫʭʫ.  ʋ ʨʦʟʨʘʭʫʥʢʘʭ ʟʘʩʪʦʩʦʚʫʚʘʣʘʩʷ 

ʫʤʦʚʥʘ ʩʭʝʤʘ ʨʦʟʨʘʭʫʥʢʫ, ʢʦʣʠ ʢʥʠʞʢʦʚʠʡ ʙʣʦʢ ʻ ʥʝʨʫʭʦʤʠʤ, ʪʦʜʽ ʷʢ 

ʜʠʩʢʦʚʠʡ ʥʽʞ ʨʦʙʠʪʴ ʜʚʘ ʨʫʭʠ: ʧʦʩʪʫʧʘʣʴʥʠʡ ʟʽ ʰʚʠʜʢʽʩʪʶ ʧʦʜʘʯʽ v0 ʽ 

ʦʙʝʨʪʘʣʴʥʠʡ.  ʅʘʩʧʨʘʚʜʽ ʚʽʩʴ ʥʦʞʘ ʻ ʥʝʨʫʭʦʤʦʶ, ʘ ʙʣʦʢ ʧʦʜʘʻʪʴʩʷ, ʘʣʝ ʟ ʪʦʯʢʠ 

ʟʦʨʫ ʢʽʥʝʤʘʪʠʢʠ ʦʙʠʜʚʽ ʩʭʝʤʠ ʨʦʟʨʘʭʫʥʢʫ ʨʽʚʥʦʟʥʘʯʥʽ.  
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ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʚ ʤʦʤʝʥʪ ʧʦʯʘʪʢʫ ʨʫʭʫ t = 0 ʪʦʯʢʘ ɸ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ 

ʥʘʡʜʘʣʴʰʝ ʚʽʜ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ, ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʢʨʘʡʥʴʦʤʫ ʚʝʨʭʥʴʦʤʫ 

ʧʦʣʦʞʝʥʥʽ (ʨʠʩ. 2.47). 

 

 

a                                                                                         b 

 

ʈʠʩ. 2.47. ʊʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʪʦʯʦʢ A, B ʽ C ʥʘ ʢʨʘʡʮʽ ʥʦʞʘ, ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʟ 

ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʦʤ  

a - ʨʽʟʘʥʥʷ ʧʦʧʫʪʥʝ, b - ʨʽʟʘʥʥʷ ʟʫʩʪʨʽʯʥʝ  

1 ï ʜʠʩʢʦʚʠʡ ʥʽʞ, 2 ï ʢʥʠʞʢʦʚʠʡ ʙʣʦʢ 

 

ʋ ʧʨʦʮʝʩʽ ʨʽʟʘʥʥʷ ʢʦʞʥʘ ʪʦʯʢʘ ʣʝʟʘ ʥʦʞʘ ʟʘʣʠʰʘʻ ʟʘ ʩʦʙʦʶ ʫʤʦʚʥʠʡ 

ʩʣʽʜ ʨʽʟʘʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʦʙʨʦʙʣʝʥʦʛʦ ʙʣʦʢʫ - ʚʠʜʦʚʞʝʥʫ ʮʠʢʣʦʾʜʫ, ʷʢʘ 

ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤʠ (2.46 ʽ 2.47).  ʈʦʟʛʣʷʥʝʤʦ ʩʣʽʜʠ, ʷʢʽ ʪʦʯʢʠ ʣʝʟʘ ʥʦʞʘ 

çʟʘʣʠʰʘʶʪʴè ʥʘ ʧʦʚʝʨʭʥʽ ʙʣʦʢʫ.  ʇʽʜ ʯʘʩ ʨʽʟʘʥʥʷ ʙʣʦʢʫ ʢʦʞʥʘ ʪʦʯʢʘ ʣʝʟʘ ʥʦʞʘ 

ʢʽʣʴʢʘ ʨʘʟʽʚ ʢʦʥʪʘʢʪʫʚʘʪʠʤʝ ʟʽ ʟʨʽʟʘʥʦʶ ʯʘʩʪʠʥʦʶ ʙʣʦʢʘ ʽ ʟʘʣʠʰʘʪʠʤʝ ʢʽʣʴʢʘ 

çʩʣʽʜʽʚè - ʧʦʨʽʟʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʦʜʥʘʢʦʚʽʡ ʚʽʜʩʪʘʥʽ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʧʽʜ ʯʘʩ 

ʢʦʞʥʦʛʦ ʧʦʚʥʦʛʦ ʦʙʦʨʦʪʫ ʥʦʞʘ (ʨʠʩ. 2.48). 
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a                                                                          b 

 

ʈʠʩ. 2.48. ʉʣʽʜʠ ʪʨʘʻʢʪʦʨʽʡ ʨʽʟʘʥʥʷ ʪʦʯʦʢ A, B ʽ C ʥʘ ʣʝʟʽ ʝʢʩʮʝʥʪʨʠʢʦʚʦʛʦ ʥʦʞʘ 

 a - ʨʽʟʘʥʥʷ ʧʦʧʫʪʥʝ, b - ʨʽʟʘʥʥʷ ʟʫʩʪʨʽʯʥʝ  

A1, B1, C1 ï ʚʭʽʜ ʪʦʯʦʢ ʫ ʙʣʦʢ, A2, B2, C2 ï ʚʠʭʽʜ ʪʦʯʦʢ ʟ ʙʣʦʢʫ, 

1 ïʜʠʩʢʦʚʠʡ ʥʽʞ, 2 ï ʢʥʠʞʢʦʚʠʡ ʙʣʦʢ 

 

ʋ ʨʘʟʽ ʥʦʞʘ, ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʙʝʟ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ, ʬʦʨʤʘ ʽ ʜʦʚʞʠʥʘ 

ʩʣʽʜʽʚ ʨʽʟʫ ʥʘ ʧʦʚʝʨʭʥʽ ʙʣʦʢʫ ʦʜʥʘʢʦʚʽ ʜʣʷ ʢʦʞʥʦʾ ʪʦʯʢʠ ʣʝʟʘ [78,82].  ʗʢ ʚʠʜʥʦ 

ʟ ʨʠʩ.  2.48, ʜʣʷ ʥʦʞʘ, ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʟ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʦʤ, ʬʦʨʤʘ ʪʘ ʜʦʚʞʠʥʘ 

ʩʣʽʜʽʚ ʨʽʟʘʥʥʷ ʜʣʷ ʨʽʟʥʠʭ ʪʦʯʦʢ A, B ʪʘ C ʟʥʘʯʥʦ ʨʽʟʥʷʪʴʩʷ, ʽ, ʥʘʧʨʠʢʣʘʜ, ʪʦʯʢʘ 

C ʣʝʟʘ ʥʦʞʘ ʥʝ ʧʝʨʝʨʽʟʘʻ ʙʣʦʢ ʧʦʚʥʽʩʪʶ. 

ʌʦʨʤʘ ʪʨʘʻʢʪʦʨʽʾ ʨʽʟʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʦʯʢʠ, ʥʘʧʨʷʤʢʫ 

ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ, ʨʘʜʽʫʩʘ ʥʦʞʘ R, ʚʝʣʠʯʠʥʠ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ e, ʚʽʜʩʪʘʥʽ ʙʣʦʢʫ 

ʚʽʜ ʦʩʽ ʦʙʝʨʪʘʥʥʷ a, ʪʦʚʱʠʥʠ ʙʣʦʢʫ b, ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ ɤ ʽ ʰʚʠʜʢʦʩʪʽ 

ʧʦʜʘʯʽ ʙʣʦʢʘ v0 . ʋ ʨʘʟʽ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʨʽʟʘʥʥʷ ʪʨʘʻʢʪʦʨʽʾ ʩʣʽʜʽʚ ʪʦʯʦʢ ʨʫʭʫ ʣʝʟʘ 

ʥʦʞʘ ʥʝ ʧʝʨʝʪʠʥʘʶʪʴʩʷ ʧʽʜ ʯʘʩ ʨʽʟʘʥʥʷ, ʘʣʝ ʱʽʣʴʥʽʩʪʴ ʩʣʽʜʽʚ (ʚʽʜʩʪʘʥʴ ʤʽʞ 

ʩʣʽʜʘʤʠ) ʟʤʽʥʶʻʪʴʩʷ (ʨʠʩ. 2.49, ʘ), ʪʦʜʽ ʷʢ ʫ ʚʠʧʘʜʢʫ ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ ʨʽʟʘʥʥʷ, 

ʧʨʦʮʝʩ ʧʝʨʽʦʜʠʯʥʦ ʧʝʨʝʨʠʚʘʻʪʴʩʷ ʧʽʜ ʯʘʩ ʟʚʦʨʦʪʥʦʛʦ ʨʫʭʫ ʥʦʞʘ, ʽ ʪʨʘʻʢʪʦʨʽʾ 

ʩʣʽʜʽʚ ʩʫʩʽʜʥʽʭ ʪʦʯʦʢ ʣʝʟʘ ʧʝʨʝʪʠʥʘʶʪʴʩʷ (ʨʠʩ. 2.49, b). 
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a                                                                  b 

ʈʠʩ. 2.49. ɺʠʛʣʷʜ ʪʨʘʻʢʪʦʨʽʡ ʨʫʭʫ ʪʦʯʦʢ ʣʝʟʘ ʥʦʞʘ (ʩʣʽʜʽʚ ʨʽʟʫ) ʧʽʜ ʯʘʩ ʨʽʟʘʥʥʷ 

ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʧʨʠ ʨʽʟʥʽʡ ʚʽʜʩʪʘʥʽ ʙʣʦʢʫ ʚʽʜ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ  

a ï  ʙʝʟʧʝʨʝʨʚʥʝ ʨʽʟʘʥʥʷ, b ï  ʧʝʨʝʨʠʚʯʘʩʪʝ ʨʽʟʘʥʥʷ  

 

ɻʝʦʤʝʪʨʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ, ʧʨʦʚʝʜʝʥʝ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ AutoCAD 2018, ʧʦʢʘʟʘʣʦ, ʱʦ ʧʨʠ 

ʨʝʘʣʽʟʘʮʽʾ ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ ʧʨʦʮʝʩʠ ʧʝʨʝʨʠʚʘʥʥʷ ʪʘ 

ʚʽʜʥʦʚʣʝʥʥʷ ʨʽʟʘʥʥʷ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʫ ʚʠʧʘʜʢʫ ʧʦʧʫʪʥʦʛʦ  ʪʘ ʟʫʩʪʨʽʯʥʦʛʦ 

ʨʽʟʘʥʥʷ . 

ʇʽʜ ʯʘʩ ʧʦʧʫʪʥʦʛʦ ʨʽʟʘʥʥʷ ʫ ʧʦʣʦʞʝʥʥʽ 1 (ʨʠʩ. 2.50) ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ 

ʙʣʦʢʫ ʧʨʦʮʝʩ ʨʽʟʘʥʥʷ ʧʝʨʝʨʠʚʘʻʪʴʩʷ.  ɼʘʣʽ (ʧʦʣʦʞʝʥʥʷ 2) ʨʽʟʘʥʥʷ ʪʨʠʚʘʻ ʫ 

ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʙʣʦʢʫ ʥʘ ʥʝʧʦʚʥʽʡ ʚʠʩʦʪʽ h1. ɹʽʣʴʰʝ ʪʦʛʦ, ʚʠʩʦʪʘ ʨʽʟʘʥʥʷ 

ʧʨʦʜʦʚʞʫʻ ʟʤʝʥʰʫʚʘʪʠʩʷ, ʚ ʧʦʣʦʞʝʥʥʽ 3 ʨʽʟʘʥʥʷ ʧʦʚʥʽʩʪʶ ʧʝʨʝʨʠʚʘʻʪʴʩʷ ʽ ʥʽʞ 

ʽʜʝ ʜʦ ʟʘʜʫ. ʏʝʨʝʟ ʜʝʷʢʠʡ ʯʘʩ ʮʠʢʣʫ ʣʝʟʦ ʥʦʞʘ ʥʘʟʜʦʛʘʥʷʻ ʢʥʠʞʢʦʚʠʡ ʙʣʦʢ 

(ʣʽʥʽʡʥʘ ʰʚʠʜʢʽʩʪʴ ʣʝʟʘ ʥʦʞʘ ʜʦʨʽʚʥʶʻ ʘʙʦ ʧʝʨʝʚʠʱʫʻ ʰʚʠʜʢʽʩʪʴ ʧʦʜʘʯʽ 

ʙʣʦʢʫ), ʽ ʧʨʦʮʝʩ ʨʽʟʘʥʥʷ ʧʦʯʠʥʘʻʪʴʩʷ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʙʣʦʢʫ (ʧʦʣʦʞʝʥʥʷ 4). 

ʅʽʞ ʚʨʽʟʘʻʪʴʩʷ ʫ ʙʣʦʢ, ʘʣʝ ʟʨʽʟ ʧʨʦʜʦʚʞʫʻʪʴʩʷ ʥʘ ʥʝʧʦʚʥʫ ʚʠʩʦʪʫ h1 

(ʧʦʣʦʞʝʥʥʷ 5).  ʏʝʨʝʟ ʜʝʷʢʠʡ ʯʘʩ ʚ ʮʠʢʣʽ ʣʝʟʦ ʥʦʞʘ ʚʽʜʥʦʚʣʶʻ ʨʽʟʘʥʥʷ ʙʣʦʢʫ 

ʥʘ ʧʦʚʥʫ ʚʠʩʦʪʫ h (ʧʦʣʦʞʝʥʥʷ 6).  
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ʈʠʩ. 2.50. ɻʝʦʤʝʪʨʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʩʣʽʜʦʚʥʠʭ ʧʦʣʦʞʝʥʴ ʣʝʟʘ ʥʦʞʘ ʧʽʜ ʯʘʩ 

ʧʦʧʫʪʥʦʛʦ ʨʽʟʘʥʥʷ 

ʇʦʣʦʞʝʥʥʷ 1 ï 3: ʧʝʨʝʨʠʚʘʥʥʷ ʨʽʟʘʥʥʷ   

ʇʦʣʦʞʝʥʥʷ  4ï 6: ʚʽʜʥʦʚʣʝʥʥʷ ʨʽʟʘʥʥʷ  

ʇʘʨʘʤʝʪʨʠ ʤʦʜʝʣʶʚʘʥʥʷ: D = 140 ʤʤ, e=10 ʤʤ, h = 30 ʤʤ, a = 30 ʤʤ, n = 2000 ʦʙ/ʭʚ. 
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ʈʠʩ. 2.51. ɻʝʦʤʝʪʨʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʩʣʽʜʦʚʥʠʭ ʧʦʣʦʞʝʥʴ ʣʝʟʘ ʥʦʞʘ ʧʽʜ ʯʘʩ 

ʟʫʩʪʨʽʯʥʦʛʦ ʨʽʟʘʥʥʷ 

ʇʦʣʦʞʝʥʥʷ 1 ï 3: ʧʝʨʝʨʠʚʘʥʥʷ ʨʽʟʘʥʥʷ   

ʇʦʣʦʞʝʥʥʷ  4ï 6: ʚʽʜʥʦʚʣʝʥʥʷ ʨʽʟʘʥʥʷ  

ʇʘʨʘʤʝʪʨʠ ʤʦʜʝʣʶʚʘʥʥʷ: D = 140 ʤʤ, e=10 ʤʤ, h = 30 ʤʤ, a = 30 ʤʤ, n = 2000 ʦʙ/ʭʚ. 
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ʇʨʠ ʟʫʩʪʨʽʯʥʦʤʫ ʨʽʟʘʥʥʽ  ʧʦʨʷʜʦʢ ʧʝʨʝʨʠʚʘʥʥʷ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʨʽʟʘʥʥʷ 

ʙʫʜʝ ʽʥʰʠʤ (ʨʠʩ. 2.51).  ʉʧʦʯʘʪʢʫ ʣʝʟʦ ʥʦʞʘ ʚʽʜʭʦʜʠʪʴ ʚʽʜ ʙʣʦʢʫ ʚ ʥʠʞʥʽʡ ʡʦʛʦ 

ʯʘʩʪʠʥʽ (ʨʽʟʘʥʥʷ ʚ ʮʽʡ ʯʘʩʪʠʥʽ ʟʫʧʠʥʷʻʪʴʩʷ), ʪʦʜʽ ʷʢ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʙʣʦʢʫ, ʥʘ 

ʚʠʩʦʪʽ h1, ʨʽʟʘʥʥʷ ʪʨʠʚʘʻ - ʧʦʣʦʞʝʥʥʷ 1-2.  ɺʽʜʥʦʚʣʝʥʥʷ ʨʽʟʘʥʥʷ ʧʦʯʠʥʘʻʪʴʩʷ 

ʟʥʠʟʫ ʙʣʦʢʘ, ʘ ʧʦʪʽʤ ʧʦʰʠʨʶʻʪʴʩʷ ʥʘ ʚʩʶ ʡʦʛʦ ʚʠʩʦʪʫ  (ʟʥʠʟʫ ʚʛʦʨʫ) - 

ʧʦʣʦʞʝʥʥʷ 4-6. ʅʘ ʨʠʩ.  2.52 ʽ 2.53 ʧʦʢʘʟʘʥʦ ʟʙʽʣʴʰʝʥʽ ʟʦʙʨʘʞʝʥʥʷ ʬʦʨʤʫʚʘʥʥʷ 

ʩʣʽʜʽʚ ʨʽʟʘʥʥʷ  ʦʢʨʝʤʠʭ ʪʦʯʦʢ ʣʝʟʘ ʥʦʞʘ ʥʘ ʢʥʠʞʢʦʚʦʤʫ ʙʣʦʮʽ  ʧʽʜ ʯʘʩ 

ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ ʨʽʟʘʥʥʷ. ʇʽʜ ʯʘʩ ʧʦʧʫʪʥʦʛʦ ʨʽʟʘʥʥʷ (ʨʠʩ. 2.52) ʣʝʟʦ ʥʦʞʘ 

ʩʧʦʯʘʪʢʫ ʚʽʜʭʦʜʠʪʴ ʚʽʜ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ ʚʩʪʘʚʢʠ (ʜʠʚ. ʊʨʘʻʢʪʦʨʽʾ ʪʦʯʦʢ 5 ʽ 6), 

ʧʦʪʽʤ - ʧʨʦʮʝʩ ʨʽʟʘʥʥʷ ʧʦʚʥʽʩʪʶ ʧʝʨʝʨʠʚʘʻʪʴʩʷ (ʜʠʚ. ʪʨʘʻʢʪʦʨʽʾ ʪʦʯʦʢ 6 - 9), 

ʧʦʪʽʤ   ʜʦʨʽʟʘʥʥʷ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ ʙʣʦʢʫ (ʜʠʚ. ʪʨʘʻʢʪʦʨʽʾ ʪʦʯʦʢ 10 - 11) ʪʘ 

ʨʽʟʘʥʥʷ ʥʘ ʚʩʶ ʪʦʚʱʠʥʫ ʙʣʦʢʫ (ʜʠʚ. ʪʨʘʻʢʪʦʨʽʾ ʪʦʯʦʢ 11 - 12). 

ʇʽʜ ʯʘʩ ʟʫʩʪʨʽʯʥʦʛʦ  ʨʽʟʘʥʥʷ (ʨʠʩ. 2.53) ʧʨʦʮʝʩ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ 

ʟʚʦʨʦʪʥʦʤʫ ʧʦʨʷʜʢʫ ï ʚʽʜʭʽʜ ʣʝʟʘ ʥʦʞʘ ʚʽʜ ʙʣʦʢʫ (ʜʠʚ. ʪʨʘʻʢʪʦʨʽʾ ʧʫʥʢʪʽʚ 5 ʽ 6) 

ʽ ʚʽʜʥʦʚʣʝʥʥʷ ʨʽʟʘʥʥʷ (ʜʠʚ. ʪʨʘʻʢʪʦʨʽʾ ʪʦʯʦʢ 10 - 11) ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʠʟʫ 

ʢʥʠʞʢʦʚʦʛʦ ʙʣʦʢʫ. 

.      

a                                                                                 b 

 

ʈʠʩ. 2.52. ʊʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʧʦʩʣʽʜʦʚʥʠʭ ʪʦʯʦʢ ʣʝʟʘ ʜʠʩʢʦʚʦʛʦ ʝʢʩʮʝʥʪʨʠʢʦʚʦʛʦ ʥʦʞʘ 

ʧʨʠ ʧʦʧʫʪʥʦʤʫ ʧʝʨʝʨʠʚʯʘʩʪʦʤʫ ʨʽʟʘʥʥʽ. ʊʨʘʻʢʪʦʨʽʾ ʧʦʙʫʜʦʚʘʥʦ ʟʘ ʦʜʠʥ ʧʦʚʥʠʡ ʦʙʝʨʪ ʥʦʞʽ.. 

ʇʫʥʢʪʠʨʦʤ ʧʦʢʘʟʘʥʦ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʪʦʯʦʢ ʧʽʜ ʯʘʩ ʟʫʧʠʥʢʠ ʨʽʟʘʥʥʷ 

a ï ʝʪʘʧ ʨʽʟʘʥʥʷ (ʪʨʘʻʢʪʦʨʽʾ ʪʦʯʦʢ 1é5), b ï ʝʪʘʧ ʚʠʭʦʜʫ ʣʝʟʘ ʟ ʢʦʥʪʘʢʪʫ ʟ ʙʣʦʢʦʤ 

(ʪʨʘʻʢʪʦʨʽʾ ʪʦʯʦʢ 6é9) ʽ ʚʽʜʥʦʚʣʝʥʥʷ ʨʽʟʘʥʥʷ (ʪʨʘʻʢʪʦʨʽʾ ʪʦʯʦʢ 10é12) 
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a                                                                  b 

ʈʠʩ. 2.53. ʊʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʧʦʩʣʽʜʦʚʥʠʭ ʪʦʯʦʢ ʣʝʟʘ ʜʠʩʢʦʚʦʛʦ ʝʢʩʮʝʥʪʨʠʢʦʚʦʛʦ ʥʦʞʘ 

ʧʨʠ ʟʫʩʪʨʽʯʥʦʤʫ ʧʝʨʝʨʠʚʯʘʩʪʦʤʫ ʨʽʟʘʥʥʽ. ʊʨʘʻʢʪʦʨʽʾ ʧʦʙʫʜʦʚʘʥʦ ʟʘ ʦʜʠʥ ʧʦʚʥʠʡ ʦʙʝʨʪ 

ʥʦʞʽ.. ʇʫʥʢʪʠʨʦʤ ʧʦʢʘʟʘʥʦ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʪʦʯʦʢ ʧʽʜ ʯʘʩ ʟʫʧʠʥʢʠ ʨʽʟʘʥʥʷ 

a ï ʝʪʘʧ ʨʽʟʘʥʥʷ (ʪʨʘʻʢʪʦʨʽʾ ʪʦʯʦʢ 1é5), b ï ʝʪʘʧ ʚʠʭʦʜʫ ʣʝʟʘ ʟ ʢʦʥʪʘʢʪʫ ʟ ʙʣʦʢʦʤ 

(ʪʨʘʻʢʪʦʨʽʾ ʪʦʯʦʢ 6é10) ʽ ʚʽʜʥʦʚʣʝʥʥʷ ʨʽʟʘʥʥʷ (ʪʨʘʻʢʪʦʨʽʾ ʪʦʯʦʢ 11é12) 

 

ʗʢ ʧʦʢʘʟʘʣʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʣʽʜʽʚ ʨʽʟʘʥʥʷ ʚ ʧʨʦʮʝʩʽ ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ 

ʨʽʟʘʥʥʷ, ʢʦʥʢʨʝʪʥʠʡ ʩʝʢʪʦʨ ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ ʨʽʞʝ ʢʥʠʞʢʦʚʠʡ ʙʣʦʢ ʥʘ ʧʦʚʥʫ 

ʚʠʩʦʪʫ.  ʊʦʜʽ ʩʠʣʠ ʨʽʟʘʥʥʷ ʜʽʶʪʴ ʥʘ ʮʶ  ʯʘʩʪʠʥʫ ʥʦʞʘ, ʽ ʟʥʦʩ ʣʝʟʘ ʚ ʮʴʦʤʫ 

ʩʝʢʪʦʨʽ ʥʦʞʘ ʙʫʜʝ ʤʘʢʩʠʤʘʣʴʥʠʤ. 

ʇʦʨʫʯ ʽʟ ʮʠʤ ʩʝʢʪʦʨʦʤ ʜʚʘ ʩʫʩʽʜʥʽ ʩʝʢʪʦʨʠ ʣʝʟʘ ʨʽʞʫʪʴ ʢʥʠʞʢʦʚʠʡ ʙʣʦʢ 

ʽʟ ʟʤʝʥʰʝʥʦʶ ʚʠʩʦʪʦʶ.  ɺʽʜʧʦʚʽʜʥʦ, ʟʫʩʠʣʣʷ ʥʘ ʮʽʡ ʯʘʩʪʠʥʽ ʣʝʟʘ, ʘ ʪʘʢʦʞ ʟʥʦʩ 

ʨʽʞʫʯʦʾ ʢʨʘʡʢʠ ʙʫʜʫʪʴ ʤʝʥʰʠʤʠ.  ʂʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘʢʦʞ ʚʠʷʚʠʣʦ, 

ʱʦ ʥʘ ʣʝʟʽ ʥʦʞʘ ʻ ʩʝʢʪʦʨ, ʷʢʠʡ ʚʟʘʛʘʣʽ ʥʝ ʙʝʨʝ ʫʯʘʩʪʽ ʚ ʧʨʦʮʝʩʽ ʨʽʟʘʥʥʷ, ʽ ʱʦ  

ʣʝʟʦ ʥʦʞʘ ʚ ʮʽʡ ʯʘʩʪʠʥʽ ʥʝ ʙʫʜʝ ʟʥʦʰʫʚʘʪʠʩʷ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʢʘʟʘʣʠ 

ʤʦʞʣʠʚʽʩʪʴ ʽʩʥʫʚʘʥʥʷ ʭʘʨʘʢʪʝʨʥʠʭ ʩʝʢʪʦʨʽʚ ʨʽʟʘʥʥʷ ʥʘ ʣʝʟʽ ʝʢʩʮʝʥʪʨʠʢʦʚʦʛʦ 

ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ: ʩʝʢʪʦʨʘ, ʱʦ ʨʽʞʝ ʙʣʦʢ ʥʘ ʧʦʚʥʫ ʚʠʩʦʪʫ; ʯʘʩʪʢʦʚʦ ʨʽʞʫʯʽ 

ʩʝʢʪʦʨʠ (ʧʨʠ ʨʽʟʘʥʥʽ ʥʝʧʦʚʥʦʾ ʚʠʩʦʪʠ ʙʣʦʢʫ) ʪʘ ʩʝʢʪʦʨ, ʜʝ ʥʽʞ ʥʝ ʙʝʨʝ ʫʯʘʩʪʴ ʫ 

ʧʨʦʮʝʩʽ ʨʽʟʘʥʥʷ.  ʈʦʟʤʽʨ ʽ ʧʦʣʦʞʝʥʥʷ ʥʘ ʥʦʞʽ ʮʠʭ ʭʘʨʘʢʪʝʨʥʠʭ ʩʝʢʪʦʨʽʚ ʨʽʟʘʥʥʷ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʛʝʦʤʝʪʨʠʯʥʠʭ ʪʘ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ. 

ʋ ʨʦʟʜʽʣʽ 2.2.  ʟ ʤʝʪʦʶ ʧʦʣʝʛʰʝʥʥʷ ʨʦʟʨʘʭʫʥʢʫ ʫʤʦʚ ʧʝʨʝʨʠʚʘʥʥʷ 

ʨʽʟʘʥʥʷ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʤʽʥʠʪʠ ʩʭʝʤʫ ʨʽʟʘʥʥʷ ʝʢʩʮʝʥʪʨʠʢʦʚʠʤ ʥʦʞʝʤ 

ʫʷʚʥʠʤ ʜʝʟʘʢʩʽʘʣʴʥʠʤ ʢʨʠʚʦʰʠʧʥʦ-ʧʦʚʟʫʥʥʠʤ ʤʝʭʘʥʽʟʤʦʤ (ʨʠʩ. 2.25b). 
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ʇʝʨʝʤʽʱʝʥʥʷ ʧʦʚʟʫʥʘ ʽʤʽʪʫʻ ʢʽʥʝʤʘʪʠʢʫ ʣʝʟʘ ʥʦʞʘ, ʱʦ ʚʭʦʜʠʪʴ ʫ ʢʥʠʞʢʦʚʠʡ 

ʙʣʦʢ.  ʋ ʪʘʢʦʤʫ ʤʝʭʘʥʽʟʤʽ ʟʘʤʽʱʝʥʥʷ ʚʽʩʴ ʦʙʝʨʪʘʥʥʷ ʢʨʠʚʦʰʠʧʘ ʟʙʽʛʘʻʪʴʩʷ ʟ 

ʚʽʩʩʶ ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ, ʜʦʚʞʠʥʘ ʢʨʠʚʦʰʠʧʘ ʜʦʨʽʚʥʶʻ ʚʝʣʠʯʠʥʽ 

ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ e, ʘ ʜʦʚʞʠʥʘ ʰʘʪʫʥʘ ʜʦʨʽʚʥʶʻ ʨʘʜʽʫʩʫ ʥʦʞʘ R. ʇʦʚʟʫʥ 

ʤʝʭʘʥʽʟʤʫ ʟʘʤʽʱʝʥʥʷ ʨʫʭʘʻʪʴʩʷ ʚʟʜʦʚʞ ʚʝʨʭʥʴʦʾ ʧʣʦʱʠʥʠ ʙʣʦʢʫ ʥʘ ʚʽʜʩʪʘʥʽ a 

ʚʽʜ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ ʘʙʦ ʚʟʜʦʚʞ ʥʠʞʥʴʦʾ ʧʣʦʱʠʥʠ ʙʣʦʢʫ ʥʘ ʚʽʜʩʪʘʥʽ (a + h) 

ʚʽʜ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ. ʂʦʣʠ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʧʦʚʟʫʥʘ vx0 ʤʘʻ ʥʘʧʨʷʤʦʢ, 

ʧʨʦʪʠʣʝʞʥʠʡ ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ v0, ʽ ʾʾ ʘʙʩʦʣʶʪʥʝ ʟʥʘʯʝʥʥʷ ʜʦʨʽʚʥʶʻ ʰʚʠʜʢʦʩʪʽ 

ʧʦʜʘʯʽ, ʪʦʙʪʦ 000 =+vvx , ʪʦʜʽ ʧʨʦʮʝʩ ʨʽʟʘʥʥʷ ʧʝʨʝʨʠʚʘʻʪʴʩʷ (ʨʠʩ. 2.25b). 

ʈʽʟʘʥʥʷ ʙʫʜʝ ʚʽʜʥʦʚʣʝʥʝ, ʢʦʣʠ ʧʦʚʥʝ ʧʝʨʝʤʽʱʝʥʥʷ  ʥʦʞʘ ʭ ʜʦʨʽʚʥʶʻ 

ʡʦʛʦ ʧʝʨʝʤʽʱʝʥʥʶ ʚ ʪʦʡ ʤʦʤʝʥʪ, ʢʦʣʠ ʨʽʟʘʥʥʷ ʙʫʣʦ ʟʫʧʠʥʝʥʝ, ʷʢ ʜʣʷ ʚʝʨʭʥʴʦʾ, 

ʪʘʢ ʽ ʜʣʷ ʥʠʞʥʴʦʾ ʪʦʯʢʠ ʨʽʟʘʥʥʷ ʙʣʦʢʫ. ʋʤʦʚʦʶ ʧʝʨʝʨʠʚʘʥʥʷ ʨʽʟʘʥʥʷ ʫ ʚʝʨʭʥʽʡ 

ʪʦʯʮʽ (ʚʠʭʽʜ ʣʝʟʘ ʥʦʞʘ ʟ ʢʦʥʪʘʢʪʫ ʟ ʧʘʧʝʨʦʤ ʙʣʦʢʫ) ʻ: 
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ʜʝ ʚʝʨʭʥʽʡ ʟʥʘʢ "ʧʣʶʩ" ʚʽʜʧʦʚʽʜʘʻ ʧʦʧʫʪʥʦʤʫ ʨʽʟʘʥʥʶ, ʥʠʞʥʽʡ "ʤʽʥʫʩ" 

- ʟʫʩʪʨʽʯʥʦʤʫ. 

ɿʥʘʯʝʥʥʷ ʯʘʩʫ tout1 ʚʽʜʧʦʚʽʜʘʻ ʟʘʚʝʨʰʝʥʥʶ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʫ ʚʝʨʭʥʽʡ 

ʪʦʯʮʽ, ʽ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟ ʪʨʘʥʩʮʝʥʜʝʥʪʥʦʛʦ ʨʽʚʥʷʥʥʷ (2.49).  ʎʝʡ ʯʘʩ 

ʧʦʚʪʦʨʶʻʪʴʩʷ ʟ ʧʝʨʽʦʜʦʤ wp/2 .  ɼʣʷ ʪʦʛʦ, ʱʦʙ ʨʦʟʨʘʭʫʚʘʪʠ ʯʘʩ tin1, ʢʦʣʠ ʣʝʟʦ 

ʥʦʞʘ ʥʘʟʜʦʞʝʥʝ ʙʣʦʢ ʽ ʨʽʟʘʥʥʷ ʚʽʜʥʦʚʠʪʴʩʷ, ʩʣʽʜ ʧʦʨʽʚʥʷʪʠ ʚʝʣʠʯʠʥʫ 

ʧʦʪʦʯʥʦʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦʚʟʫʥʘ (ʪʦʯʢʠ ʥʦʞʘ) ʟ ʚʝʣʠʯʠʥʦʶ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʫ ʤʦʤʝʥʪ ʯʘʩʫ tout1: 
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ʋʤʦʚʘ ʚʽʜʥʦʚʣʝʥʥʷ ʨʽʟʘʥʥʷ (ʚʭʦʜʫ ʥʦʞʘ ʫ ʢʦʥʪʘʢʪ ʟ ʧʘʧʝʨʦʤ ʙʣʦʢʫ): 
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ʋ ʨʽʚʥʷʥʥʷʭ (2.50-2.52) ʚʝʨʭʥʽʡ ʟʥʘʢ "ʧʣʶʩ" ʚʽʜʧʦʚʽʜʘʻ ʧʦʧʫʪʥʦʤʫ 

ʨʽʟʘʥʥʶ, ʥʠʞʥʽʡ "ʤʽʥʫʩ" - ʟʫʩʪʨʽʯʥʦʤʫ. ʋʤʦʚʘ ʧʝʨʝʨʠʚʘʥʥʷ ʨʽʟʘʥʥʷ ʚ ʥʠʞʥʽʡ 

ʪʦʯʮʽ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʢʦʣʠ ʧʦʚʟʫʥ ʜʦʚʽʣʴʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʨʫʭʘʻʪʴʩʷ ʚʟʜʦʚʞ 

ʥʠʞʥʴʦʾ ʧʣʦʱʠʥʠ ʢʥʠʞʢʦʚʦʛʦ ʙʣʦʢʫ: 
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ʜʝ tout2 ̔  tin2 ʚʽʜʧʦʚʽʜʥʦ ʯʘʩ ʧʝʨʝʨʠʚʘʥʥʷ ʽ ʚʽʜʥʦʚʣʝʥʥʷ ʨʽʟʘʥʥʷ ʚ ʥʠʞʥʽʡ 

ʪʦʯʮʽ. ʋʤʦʚʘ ʚʽʜʥʦʚʣʝʥʥʷ ʨʽʟʘʥʥʷ ʚ ʥʠʞʥʽʡ ʪʦʯʮʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʜʽʙʥʦ ʜʦ 

ʚʠʨʘʟʽʚ (2.50 ï 2.52): 
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ɿʥʘʯʝʥʥʷ tout1 ʽ tout2 ʚʠʟʥʘʯʘʻʤʦ ʟ ʨʦʟʚôʷʟʢʫ ʪʨʘʥʩʮʝʥʜʝʥʪʥʠʭ ʨʽʚʥʷʥʴ 

(2.49) ʽ (2.53), ʘ ʟʥʘʯʝʥʥʷ tin1 i tin2 ï ʟ ʨʽʚʥʷʥʴ (2.50) ï (2.52) ʽ (2.54) ï (2.56). 

ʄʝʥʰʝ ʟ ʜʚʦʭ ʟʥʘʯʝʥʴ tin1 ʪʘ tin2  ʚʠʟʥʘʯʘʻ ʧʦʯʘʪʦʢ ʚʨʽʟʘʥʥʷ ʥʦʞʫ ʫ ʢʥʠʞʢʦʚʠʡ 

ʙʣʦʢ, ʪʦʙʪʦ ʧʦʣʦʞʝʥʥʷ 4 ʥʘ ʨʠʩ. 2.51. ɹʽʣʴʰʘ ʚʝʣʠʯʠʥʘ tin1 ʘʙʦ tin2 ï  ʚʽʜʧʦʚʽʜʘʻ 

ʧʦʣʦʞʝʥʥʶ 6 ʥʘ ʨʠʩ. 2.51. ʄʝʥʰʝ ʟʥʘʯʝʥʥʷ ʟ tin1 i tin2 ʚʠʟʥʘʯʘʻ ʧʦʯʘʪʦʢ ʚʽʜʭʦʜʫ 

ʥʦʞʘ ʚʽʜ ʙʣʦʢʫ, ʪʦʙʪʦ ʧʦʣʦʞʝʥʥʷ 1 ʥʘ ʨʠʩ. 2.51. ɹʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ï ʤʦʤʝʥʪ 

ʧʦʚʥʦʾ ʟʫʧʠʥʢʠ ʨʽʟʘʥʥʷ. ʈʦʟʚ'ʷʟʢʠ ʪʨʘʥʩʮʝʥʜʝʥʪʥʠʭ ʨʽʚʥʷʥʴ ʪʘ ʦʙʯʠʩʣʝʥʥʷ tin1, 

tin2 , tout1 ʽ tout2 ʟʥʘʭʦʜʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ Mathcad. 

ʇʽʩʣʷ ʦʙʯʠʩʣʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʟʥʘʯʝʥʴ ʯʘʩʫ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʢʫʪʠ 

ʧʦʚʦʨʦʪʫ ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ ʪʘ ʨʦʟʤʽʨ ʭʘʨʘʢʪʝʨʥʠʭ ʩʝʢʪʦʨʽʚ ʨʽʟʘʥʥʷ ʥʘ ʣʝʟʽ: 

ʯʘʩʪʢʦʚʝ ʨʽʟʘʥʥʷ, ʧʦʚʥʝ ʨʽʟʘʥʥʷ ʪʘ ʡʦʛʦ ʚʽʜʩʫʪʥʽʩʪʴ. ʂʫʪ ʧʦʚʦʨʦʪʫ ʥʦʞʘ 

ʚʽʜʨʘʭʦʚʫʻʤʦ ʚʽʜ ʧʦʣʦʞʝʥʥʷ, ʢʦʣʠ ʮʝʥʪʨ ʥʦʞʘ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘʜ ʮʝʥʪʨʦʤ ʡʦʛʦ 

ʦʙʝʨʪʘʥʥʷ, ʪʦʙʪʦ ʥʽʞ ʧʦʚʝʨʥʫʪʦ ʝʢʩʮʝʥʪʨʠʢʦʤ ʚʛʦʨʫ.  ʅʘʧʨʷʤʦʢ ʦʙʯʠʩʣʝʥʥʷ 

ʢʫʪʘ ʟʙʽʛʘʻʪʴʩʷ ʟ ʥʘʧʨʷʤʢʦʤ ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ. ʈʦʟʨʘʭʦʚʘʥʽ ʧʘʨʘʤʝʪʨʠ 
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ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʠʞʯʝ (ʧʦʣʦʞʝʥʥʷ ʥʦʞʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʠʩ. 2.50 i 2.51 ʥʘʚʝʜʝʥʽ ʚ 

ʜʫʞʢʘʭ):  

ʂʫʪ ʧʦʯʘʪʢʫ ʨʽʟʘʥʥʷ (ʧʦʣʦʞʝʥʥʷ 4) ï ),min( 211 inin ttÖ=wj , 

ʂʫʪ ʧʦʯʘʪʢʫ ʧʦʚʥʦʛʦ ʨʽʟʘʥʥʷ (ʧʦʣʦʞʝʥʥʷ 6) ï ),max( 212 inin ttÖ=wj  (2.57), 

ʂʫʪ ʧʦʯʘʪʢʫ ʚʠʭʦʜʫ ʥʦʞʘ ʟ ʙʣʦʢʫ (ʧʦʣʦʞʝʥʥʷ1) ï ),min( 213 outout ttÖ=wj , 

ʂʫʪ ʟʘʚʝʨʰʝʥʥʷ ʨʽʟʘʥʥʷ (ʧʦʣʦʞʝʥʥʷ 3) ï ),max( 214 outout ttÖ=wj . 

ɿʛʽʜʥʦ ʟ ʚʠʨʘʟʘʤʠ 2.57 ʨʦʟʨʘʭʦʚʫʻʤʦ ʩʝʢʪʦʨʠ ʥʘ ʣʝʟʽ ʥʦʞʘ: 

ʉʝʢʪʦʨ ʚʨʽʟʘʥʥʷ ʥʦʞʘ ʚ ʙʣʦʢ(ʯʘʩʪʢʦʚʝ ʨʽʟʘʥʥʷ) ï 121 jjq -= , 

ʉʝʢʪʦʨ ʧʦʚʥʦʛʦ ʨʽʟʘʥʥʷ ï 232 jjq -=       (2.58), 

ʉʝʢʪʦʨ ʚʽʜʭʦʜʫ ʣʝʟʘ ʚʽʜ ʙʣʦʢʫ (ʯʘʩʪʢʦʚʝ ʨʽʟʘʥʥʷ) ï 343 jjq -= , 

ʉʝʢʪʦʨ ʙʝʟ ʨʽʟʘʥʥʷ - 414 jjq -= . 

ʈʦʟʨʘʭʫʥʢʠ ʧʦ ʬʦʨʤʫʣʘʭ (2.49) - (2.58), ʧʨʦʚʝʜʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ Mathcad, ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ ʚʽʜʧʦʚʽʜʥʦʤʫ ʧʽʜʙʦʨʽ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʪʘ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ ʙʣʦʢʫ ʤʦʞʫʪʴ 

ʽʩʥʫʚʘʪʠ ʜʚʘ ʨʽʟʥʽ ʨʝʞʠʤʠ ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ ʨʽʟʘʥʥʷ - ʢʦʣʠ ʣʝʟʦ ʥʦʞʘ ʧʦʚʥʽʩʪʶ 

ʚʽʜʭʦʜʠʪʴ ʚʽʜ ʙʣʦʢʫ ʧʽʜ ʯʘʩ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʽ ʢʦʣʠ ʯʘʩʪʠʥʘ ʣʝʟʘ ʥʦʞʘ ʧʦ ʯʝʨʟʽ 

ʨʽʞʝ ʥʝʧʦʚʥʫ ʚʠʩʦʪʫ ʙʣʦʢʫ, ʘ ʧʦʪʽʤ ʧʝʨʝʨʽʟʘʻ ʡʦʛʦ ʥʘ ʧʦʚʥʫ ʚʠʩʦʪʫ. ʅʘ ʨʠʩ. 

2.54 ʧʦʜʘʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʞʣʠʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʨʽʞʫʯʠʭ ʩʝʢʪʦʨʽʚ ʥʘ ʣʝʟʽ 

ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ ʧʨʠ ʨʽʟʥʠʭ ʧʘʨʘʤʝʪʨʘʭ ʧʦʧʫʪʥʦʛʦ ʪʘ ʟʫʩʪʨʽʯʥʦʛʦ ʨʽʟʘʥʥʷ.  

ʇʨʝʜʩʪʘʚʣʝʥʠʡ ʤʘʣʶʥʦʢ ʧʦʢʘʟʫʻ, ʱʦ ʧʨʠ ʧʝʨʝʨʠʚʯʘʩʪʦʤʫ ʨʽʟʘʥʥʽ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ ʙʣʦʢʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʷʢ ʨʦʟʤʽʨ ʩʝʢʪʦʨʘ ʧʦʚʥʦʛʦ 

ʨʽʟʘʥʥʷ, ʪʘʢ ʽ ʩʝʢʪʦʨʠ ʯʘʩʪʢʦʚʦʛʦ ʨʽʟʘʥʥʷ, ʘ ʩʝʢʪʦʨ ʣʝʟʘ ʥʦʞʘ, ʷʢʠʡ ʥʝ ʙʝʨʝ 

ʫʯʘʩʪʽ ʫ ʨʽʟʘʥʥʽ, ʟʤʝʥʰʫʻʪʴʩʷ (ʧʦʟʠʮʽʾ 1-4). 

ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ ʚʠʥʠʢʘʻ ʤʦʤʝʥʪ, ʢʦʣʠ 

ʨʽʟʘʥʥʷ ʯʘʩʪʢʦʚʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʩʝʢʪʦʨʦʤ ʥʦʞʘ, ʷʢʠʡ ʨʽʞʝ ʙʣʦʢ ʟʚʝʨʭʫ ʽ ʟʥʠʟʫ 

ʥʘ ʥʝʧʦʚʥʫ ʚʠʩʦʪʫ (ʧʦʣʦʞʝʥʥʷ 5).  ʇʨʠ ʟʥʘʯʥʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ 

ʙʣʦʢʫ (ʧʦʥʘʜ 680 ʤʤ/ʩ ʜʣʷ ʧʦʧʫʪʥʦʛʦ ʪʘ ʧʦʥʘʜ 717 ʤʤ/ʩ ʟʫʩʪʨʽʯʥʦʛʦ ʨʽʟʘʥʥʷ - 

ʙʝʟʧʝʨʝʨʚʥʝ (ʧʦʩʪʽʡʥʝ) ʨʽʟʘʥʥʷ ʙʣʦʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦ ʚʩʽʡ ʚʠʩʦʪʽ. 
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a                                               b 

ʈʠʩ. 2.54. ʄʦʜʝʣʶʚʘʥʥʷ ʨʦʟʧʦʜʽʣʫ ʨʽʞʫʯʠʭ ʩʝʢʪʦʨʽʚ ʥʘ ʝʢʩʮʝʥʪʨʠʢʦʚʦʤʫ 

ʜʠʩʢʦʚʦʤʫ ʥʦʞʽ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ ʢʥʠʞʢʦʚʦʛʦ ʙʣʦʢʫ. 

a ïʧʦʧʫʪʥʝ ʨʽʟʘʥʥʷ, b ïʟʫʩʪʨʽʯʥʝ ʨʽʟʘʥʥʷ 

ʇʘʨʘʤʝʪʨʠ: v0 : 1 - 100 ʤʤ/ʩ; 2 - 300 ʤʤ/ʩ; 3 - 500 ʤʤ/ʩ; 4 - 560 ʤʤ/ʩ; 5 - 660 ʤʤ/ʩ;  

D = 200 ʤʤ, e = 2 ʤʤ, h = 10 ʤʤ, a = 70 ʤʤ, n = 2000 ʦʙ/ʭʚ. 

 ʇʝʨʝʭʨʝʩʥʝ ʰʪʨʠʭʫʚʘʥʥʷ - ʨʽʟʘʥʥʷ ʙʣʦʢʫ ʥʘ ʧʦʚʥʫ ʚʠʩʦʪʫ;  ʚʝʨʪʠʢʘʣʴʥʝ 

ʰʪʨʠʭʫʚʘʥʥʷ - ʨʽʟʘʥʥʷ ʥʘ ʥʝʧʦʚʥʫ ʚʠʩʦʪʫ;  ʥʝ ʟʘʰʪʨʠʭʦʚʘʥʦ - ʩʝʢʪʦʨ ʥʦʞʘ, ʷʢʠʡ ʥʝ ʙʝʨʝ 

ʫʯʘʩʪʽ ʚ ʨʽʟʘʥʥʽ. 
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ʋ ʨʦʟʜʽʣʽ 2.2.  ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʨʦʟʨʘʭʫʥʢʠ ʰʣʷʭʫ, ʷʢʠʡ ʧʨʦʭʦʜʠʪʴ ʪʦʯʢʘ 

ʣʝʟʘ ʥʦʞʘ ʚ ʧʨʦʮʝʩʽ ʨʽʟʘʥʥʷ ʙʣʦʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ, 

ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʙʝʟ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ, ʽ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ, ʱʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʤʝʥʰʝʥʥʷ ʮʴʦʛʦ ʰʣʷʭʫ, ʘ ʦʪʞʝ, ʽ ʟʥʦʩ ʣʝʟʘ. 

ʇʦʜʽʙʥʦ ʜʦ ʨʦʟʨʘʭʫʥʢʽʚ, ʧʨʦʚʝʜʝʥʠʭ ʨʘʥʽʰʝ, ʤʠ ʦʙʯʠʩʣʠʤʦ ʰʣʷʭ, ʷʢʠʡ 

ʧʨʦʭʦʜʠʪʴ ʧʨʠ ʨʽʟʘʥʥʽ ʜʝʷʢʘ ʪʦʯʢʘ ɺ ʣʝʟʘ ʝʢʩʮʝʥʪʨʠʢʦʚʦʛʦ ʥʦʞʘ.  ʐʣʷʭ L 

ʦʜʠʥʦʯʥʦʛʦ ʩʣʽʜʫ ʪʦʯʢʠ ɺ ʣʝʟʘ ʥʦʞʘ ʧʽʜ ʯʘʩ ʨʽʟʘʥʥʷ (ʨʠʩ. 2.48) ʤʦʞʥʘ ʟʥʘʡʪʠ ʟ 

ʚʠʨʘʟʫ: 

dttvvL

B

B

t

t

BBBB ñ +°+=

2

1

)cos(2 0

222
0 awwrrw      (2.59), 

ʜʝ tB1 ̔  tB2, ʚʽʜʧʦʚʽʜʥʦ, ʯʘʩ ʚʭʦʜʫ ʽ ʚʠʭʦʜʫ ʪʦʯʢʠ B ʣʝʟʘ ʟ ʙʣʦʢʫ (ʨʠʩ. 2.48, 

ʪʦʯʢʠ B1 i B2)).  ʋ ʨʽʚʥʷʥʥʽ (2.59) ʟʥʘʢ "ʧʣʶʩ" ʚʽʜʧʦʚʽʜʘʻ ʧʦʧʫʪʥʦʤʫ ʨʽʟʘʥʥʶ, 

ʘ "ʤʽʥʫʩ" - ʟʫʩʪʨʽʯʥʦʤʫ. 

ʏʘʩ ʚʭʦʜʫ ʣʝʟʘ ʚ ʙʣʦʢ ʽ ʚʠʭʦʜʫ ʣʝʟʘ ʟ ʙʣʦʢʫ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʟʘ 

ʨʽʚʥʷʥʥʷʤʠ ʪʨʘʻʢʪʦʨʽʾ ʣʝʟʘ B ʪʦʯʢʠ (2.46) - (2.47).  ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʩʣʽʜʽʚ 

ʨʽʟʘʥʥʷ (ʰʣʷʭ ʫ ʧʘʧʝʨʽ), ʟʘʣʠʰʝʥʠʭ ʪʦʯʢʦʶ B ʫ ʢʥʠʞʢʦʚʦʤʫ ʙʣʦʮʽ ʜʦʚʞʠʥʦʶ 

l, ʩʪʘʥʦʚʠʪʴ: 
02 v

l
z
p

wÖ
= . ɼʦʚʞʠʥʘ ʦʜʠʥʠʯʥʦʛʦ ʩʣʽʜʫ ʪʦʯʢʠ ʣʝʟʘ ʧʨʠ ʨʽʟʘʥʥʽ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʡʦʛʦ ʚʽʜʩʪʘʥʽ ʚʽʜ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ, ʪʦʙʪʦ ʚʽʜ ʧʦʣʦʞʝʥʥʷ ʥʘ ʣʝʟʽ 

ʥʦʞʘ. 

ɺʠʢʦʨʠʩʪʘʻʤʦ ʥʘʩʪʫʧʥʠʡ ʘʣʛʦʨʠʪʤ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʜʦʚʞʠʥʠ 

ʰʣʷʭʫ ʨʽʟʘʥʥʷ.  ɿ ʨʦʟʚôʷʟʢʫ ʪʨʘʥʩʮʝʥʜʝʥʪʥʠʭ ʨʽʚʥʷʥʴ (2.49) ʪʘ (2.53), (2.50) - 

(2.52) ʪʘ (2.54) - (2.56) ʚʠʟʥʘʯʘʻʤʦ ʧʦʣʦʞʝʥʥʷ ʩʝʢʪʦʨʽʚ ʨʽʟʢʠ ʥʘ ʣʝʟʽ ʥʦʞʘ (2.57) 

- (2.58) . ʗʢʱʦ ʨʽʚʥʷʥʥʷ ʥʝ ʤʘʶʪʴ ʜʽʡʩʥʠʭ ʢʦʨʝʥʽʚ, ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʨʽʟʘʥʥʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʝʟʧʝʨʝʨʚʥʦ  ʧʨʦʪʷʛʦʤ ʮʽʣʦʛʦ ʦʙʝʨʪʫ ʥʦʞʘ.  ɯʩʥʫʚʘʥʥʷ ʜʽʡʩʥʦʛʦ 

ʢʦʨʝʥʷ ʚʠʟʥʘʯʘʻ ʟʥʘʢ ʧʦʭʽʜʥʦʾ ʚ ʪʦʯʮʽ ʝʢʩʪʨʝʤʫʤʫ.  ʃʝʟʦ ʢʨʫʛʦʚʦʛʦ ʥʦʞʘ 

ʜʽʣʠʤʦ ʥʘ n ʪʦʯʦʢ. ɼʣʷ ʢʦʞʥʦʾ ʪʦʯʢʠ ʮʠʢʣʫ ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ ʦʙʯʠʩʣʶʻʤʦ 

ʜʦʚʞʠʥʫ ʦʜʥʦʛʦ ʟʨʽʟʫ ʟʘ ʬʦʨʤʫʣʦʶ (2.59) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʣʝʞʥʦʩʪʝʡ (2.46) - 

(2.48). ʗʢʱʦ ʨʽʟʘʥʥʷ ʙʝʟʧʝʨʝʨʚʥʝ, ʜʦ ʟʘʛʘʣʴʥʦʾ ʩʫʤʠ ʜʦʜʘʻʤʦ ʜʦʚʞʠʥʫ ʦʜʥʦʛʦ 
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ʟʨʽʟʫ ʜʣʷ ʢʦʞʥʦʾ ʟ n ʪʦʯʦʢ.  ʗʢʱʦ ʨʽʟʘʥʥʷ ʧʝʨʝʨʠʚʯʘʩʪʝ, ʧʝʨʝʚʽʨʷʻʤʦ ʜʣʷ 

ʢʦʞʥʦʾ ʪʦʯʢʠ, ʚ ʷʢʠʡ ʩʝʢʪʦʨ ʥʦʞʘ ʚʦʥʘ ʧʦʪʨʘʧʣʷʻ.  ɼʣʷ ʩʝʢʪʦʨʘ ʨʽʟʘʥʥʷ 

ʜʦʜʘʻʤʦ ʜʦ ʟʘʛʘʣʴʥʦʾ ʩʫʤʠ ʧʦʚʥʫ ʜʦʚʞʠʥʫ ʦʜʥʦʛʦ ʟʨʽʟʫ. ʋ ʚʭʽʜʥʦʤʫ ʪʘ 

ʚʠʭʽʜʥʦʤʫ ʩʝʢʪʦʨʘʭ ʚʠʩʦʪʘ ʟʨʽʟʫ ʧʣʘʚʥʦ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ ʥʫʣʷ ʜʦ ʧʦʚʥʦʾ ʚʠʩʦʪʠ 

ʙʣʦʢʫ, ʪʦʤʫ ʤʠ ʜʦʜʘʻʤʦ ʧʨʠʙʣʠʟʥʦ ʧʦʣʦʚʠʥʫ ʜʦʚʞʠʥʠ ʧʦʚʥʦʛʦ ʟʨʽʟʫ. ʇʨʠ 

ʚʽʜʩʫʪʥʦʩʪʽ ʨʽʟʫ ʥʽʯʦʛʦ ʥʝ ʜʦʜʘʻʪʴʩʷ.  

 ʉʫʤʘ ʦʜʠʥʠʯʥʠʭ ʟʨʽʟʽʚ, ʦʪʨʠʤʘʥʘ ʚ ʢʽʥʮʽ ʮʠʢʣʫ, ʤʥʦʞʠʪʴʩʷ ʥʘ ʢʽʣʴʢʽʩʪʴ 

ʩʣʽʜʽʚ ʨʽʟʫ z ʽ ʜʽʣʠʪʴʩʷ ʥʘ ʢʽʣʴʢʽʩʪʴ ʪʦʯʦʢ n. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʦʧʠʩʘʥʦʛʦ 

ʘʣʛʦʨʠʪʤʫ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ Mathcad, ʧʨʦʚʦʜʠʤʦ 

ʨʦʟʨʘʭʫʥʢʠ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʙʣʦʢʫ ʫʤʦʚʥʦʾ ʜʦʚʞʠʥʠ 1000 ʤʤ. ʈʦʟʚôʷʟʦʢ 

ʨʽʚʥʷʥʴ (2.49) - (2.56) ʪʘ ʟʥʘʯʝʥʥʷ ʽʥʪʝʛʨʘʣʫ (2.59) ʤʦʞʥʘ ʟʥʘʡʪʠ ʯʠʩʝʣʴʥʠʤʠ 

ʤʝʪʦʜʘʤʠ.  ʗʢ ʧʦʢʘʟʘʣʠ ʨʦʟʨʘʭʫʥʢʠ, ʧʦʜʽʣ ʜʠʩʢʘʥʦʞʘ ʙʽʣʴʰ ʥʽʞ ʥʘ 1440 ʪʦʯʦʢ 

(ʪʦʙʪʦ ʥʘ ʢʦʞʥʫ ʯʚʝʨʪʴ ʛʨʘʜʫʩʘ) ʧʨʘʢʪʠʯʥʦ ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʪʦʯʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ, ʘʣʝ ʟʥʘʯʥʦ ʧʦʜʦʚʞʫʻ ʯʘʩ ʦʙʯʠʩʣʝʥʥʷ. ʅʘ ʨʠʩ.  2.55 - 2.58 

ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʚʽʜʥʦʩʥʦʾ ʜʦʚʞʠʥʠ ʨʽʟʘʥʥʷ (ʰʣʷʭʫ ʣʝʟʘ ʫ 

ʙʣʦʮʽ) ʝʢʩʮʝʥʪʨʠʢʦʚʦʛʦ ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʽʟʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʧʨʦʮʝʩʫ ʪʘ ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʻʢʪʦʨʽʻʶ ʨʽʟʘʥʥʷ ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ, ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʙʝʟ 

ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ. 
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a                                                                                        b 

ʈʠʩ. 2.55. ɺʧʣʠʚ ʚʝʣʠʯʠʥʠ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ e ʥʘ ʙʝʟʨʦʟʤʽʨʥʫ ʜʦʚʞʠʥʫ ʨʽʟʘʥʥʷ L / l 

ʟʘʣʝʞʥʦ ʚʽʜ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ ʙʣʦʢʫ v0  

a ï ʨʽʟʘʥʥʷ ʧʦʧʫʪʥʝ, b ï ʨʽʟʘʥʥʷ ʟʫʩʪʨʽʯʥʝ 

1- v0=150ʤʤ/ʩ, 2 ï v0=250ʤʤ/ʩ, 3 ï v0=400ʤʤ/ʩ 

ʇʘʨʘʤʝʪʨʠ: a=70ʤʤ, b=10ʤʤ, R=100ʤʤ, n=2000 ʦʙ/ʭʚ.  

  

 

a                                                                                        b 

ʈʠʩ. 2.56. ɺʧʣʠʚ ʚʽʜʩʪʘʥʽ a ʧʦʚʝʨʭʥʽ ʙʣʦʢʫ ʜʦ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ ʥʘ ʙʝʟʨʦʟʤʽʨʥʫ 

ʜʦʚʞʠʥʫ ʨʽʟʘʥʥʷ L / l ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʝʣʠʯʠʥʠ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ e 

a ï ʨʽʟʘʥʥʷ ʧʦʧʫʪʥʝ, b ï ʨʽʟʘʥʥʷ ʟʫʩʪʨʽʯʥʝ 

1 ï e=0ʤʤ, 2 ï e=1ʤʤ, 3 ï e=2ʤʤ, 4 ï e=4ʤʤ 

ʇʘʨʘʤʝʪʨʠ: v0=220ʤʤ/ʩ, b=20ʤʤ, n=2100 ʦʙ/ʭʚ, R=100 ʤʤ 
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a                                                                                        b 

ʈʠʩ. 2.57. ɺʧʣʠʚ ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ ʙʣʦʢʫ v0 ʥʘ ʙʝʟʨʦʟʤʽʨʥʫ ʜʦʚʞʠʥʫ ʨʽʟʘʥʥʷ L / l 

ʟʘʣʝʞʥʦ ʚʽʜ ʚʝʣʠʯʠʥʠ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ e. 

a ï ʨʽʟʘʥʥʷ ʧʦʧʫʪʥʝ, b ï ʨʽʟʘʥʥʷ ʟʫʩʪʨʽʯʥʝ 

1 ï e=0ʤʤ, 2 ï e=1ʤʤ, 3 ï e=2ʤʤ, 4 ï e=3ʤʤ 

ʇʘʨʘʤʝʪʨʠ: a=70ʤʤ, b=10ʤʤ, R=100ʤʤ, n=2000 ʦʙ/ʭʚ,  

ʉʪʨʠʙʢʠ ʥʘ ʢʨʠʚʠʭ 2, 3, 4 ʦʟʥʘʯʘʶʪʴ ʧʝʨʝʭʽʜ ʟ ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ ʨʽʟʘʥʥʷ ʫ 

ʙʝʟʧʝʨʝʨʚʥʝ.

 
a                                                                                        b 

ʈʠʩ. 2.58. ɺʧʣʠʚ ʪʦʚʱʠʥʠ ʙʣʦʢʫ b ʥʘ ʙʝʟʨʦʟʤʽʨʥʫ ʜʦʚʞʠʥʫ ʨʽʟʘʥʥʷ L / l ʟʘʣʝʞʥʦ ʚʽʜ 

ʚʝʣʠʯʠʥʠ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ e 

a ï ʨʽʟʘʥʥʷ ʧʦʧʫʪʥʝ, b ï ʨʽʟʘʥʥʷ ʟʫʩʪʨʽʯʥʝ 

1 ï e=0ʤʤ, 2 ï e=1ʤʤ, 3 ï e=2ʤʤ, 4 ï e=3ʤʤ 

ʇʘʨʘʤʝʪʨʠ: v0=250ʤʤ/s, a=60ʤʤ, R=100ʤʤ, n=2000 ʦʙ/ʭʚ.  
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ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʨʽʟʘʥʥʷ ʜʠʩʢʦʚʠʤ ʥʦʞʝʤ, ʚʩʪʘʥʦʚʣʝʥʠʤ 

ʝʢʩʮʝʥʪʨʠʯʥʦ, ʧʦʢʘʟʘʣʦ, ʱʦ ʜʦʚʞʠʥʘ ʨʽʟʘʥʥʷ (ʩʣʽʜʠ ʟʨʽʟʫ) ʚ ʧʝʨʝʨʠʚʯʘʩʪʦʤʫ 

ʨʝʞʠʤʽ ʻ ʢʦʨʦʪʰʦʶ ʟʘ ʜʦʚʞʠʥʫ ʨʽʟʘʥʥʷ ʚ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʨʝʞʠʤʽ ʽ ʩʫʪʪʻʚʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ (ʨʠʩ. 2.55 - 2.58). ʈʽʟʥʠʮʷ ʚ ʜʦʚʞʠʥʽ 

ʰʣʷʭʫ ʨʽʟʘʥʥʷ ʤʽʞ ʧʦʧʫʪʥʠʤ ʪʘ ʟʫʩʪʨʽʯʥʠʤ ʨʽʟʘʥʥʷʤ ʥʝ ʻ ʟʥʘʯʥʦʶ. ʇʽʜ ʯʘʩ 

ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ ʨʽʟʘʥʥʷ ʥʝ ʚʩʽ ʩʝʢʪʦʨʠ ʣʝʟʘ ʥʦʞʘ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʨʽʟʘʥʥʽ 

ʢʥʠʞʢʦʚʦʛʦ ʙʣʦʢʫ. ʇʨʠ ʚʽʜʧʦʚʽʜʥʦʤʫ ʧʽʜʙʦʨʽ ʧʘʨʘʤʝʪʨʽʚ ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ 

ʨʽʟʘʥʥʷ, ʢʦʣʠ ʟʘʛʘʣʴʥʠʡ ʨʦʟʤʽʨ ʨʽʞʫʯʦʛʦ ʩʝʢʪʦʨʘ (321 qqq ++ ) ʩʪʘʥʦʚʠʪʴ 

ʧʨʠʙʣʠʟʥʦ 180o, ʙʫʜʝ ʚʠʢʦʨʠʩʪʘʥʘ ʣʠʰʝ ʧʦʣʦʚʠʥʘ ʨʽʞʫʯʦʛʦ ʣʝʟʘ, ʷʢʝ 

ʢʦʥʪʘʢʪʫʻ ʟ ʧʘʧʝʨʦʤ ʢʥʠʞʢʦʚʦʛʦ ʙʣʦʢʫ ʧʽʜ ʯʘʩ ʨʽʟʘʥʥʷ. ʇʽʩʣʷ ʪʦʛʦ, ʷʢ ʮʷ 

ʯʘʩʪʠʥʘ ʣʝʟʘ ʥʦʞʘ ʟʘʪʫʧʠʪʴʩʷ, ʤʦʞʥʘ ʦʙʝʨʥʫʪʠ ʜʠʩʢʦʚʠʡ ʥʞ̔ ʧʨʠʙʣʠʟʥʦ ʥʘ 180 

ʛʨʘʜʫʩʽʚ, ʽ ʜʘʣʽ ʨʽʟʘʪʠ ʥʝʩʧʨʘʮʴʦʚʘʥʦʶ ʯʘʩʪʠʥʦʶ ʣʝʟʘ, ʱʦ ʟʙʽʣʴʰʠʪʴ ʪʝʨʤʽʥ 

ʩʣʫʞʙʠ ʨʽʞʫʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ.   

 

 

2.5. ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 

 

1. ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʴ ʟ ʢʽʥʝʤʘʪʠʢʠ ʧʨʦʮʝʩʽʚ ʨʽʟʘʥʥʷ ʢʥʠʞʢʦʚʠʭ 

ʙʣʦʢʽʚ ʜʠʩʢʦʚʠʤʠ ʥʦʞʘʤʠ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʽʥʝʤʘʪʠʢʘ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ 

ʜʠʩʢʦʚʠʤʠ ʥʦʞʘʤʠ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʢʽʥʝʤʘʪʠʢʠ ʨʽʟʘʥʥʷ ʧʣʦʩʢʠʤ 

ʥʦʞʝʤ.  ʇʽʜ ʯʘʩ ʨʽʟʘʥʥʷ ʜʠʩʢʦʚʠʤ ʥʦʞʝʤ ʚʝʣʠʯʠʥʘ ʬʘʢʪʠʯʥʦʛʦ (ʜʽʡʩʥʦʛʦ) ʢʫʪʘ 

ʨʽʟʘʥʥʷ ʥʝ ʻ ʧʦʩʪʽʡʥʦʶ ʽ ʟʤʽʥʶʻʪʴʩʷ ʟʽ ʟʤʽʥʦʶ ʪʦʚʱʠʥʠ ʨʦʟʨʽʟʘʥʠʭ ʰʘʨʽʚ ʧʘʧʝʨʫ 

ʢʥʠʞʢʦʚʦʛʦ ʙʣʦʢʫ.  ɺʠʟʥʘʯʝʥʦ ʚʧʣʠʚ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ (ʥʘʧʨʷʤʦʢ 

ʦʙʝʨʪʘʥʥʷ, ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ, ʜʽʘʤʝʪʨ ʥʦʞʘ, ʰʚʠʜʢʽʩʪʴ ʧʦʜʘʯʽ ʢʥʠʞʢʦʚʦʛʦ 

ʙʣʦʢʫ ʪʦʱʦ) ʥʘ ʟʤʝʥʰʝʥʥʷ ʬʘʢʪʠʯʥʦʛʦ ʢʫʪʘ ʨʽʟʘʥʥʷ 

2. ɹʫʣʦ ʜʦʚʝʜʝʥʦ, ʱʦ ʝʢʩʮʝʥʪʨʠʯʥʝ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ 

ʧʨʦʷʚʣʷʻʪʴʩʷ, ʩʝʨʝʜ ʽʥʰʦʛʦ, ʚ ʟʤʽʥʽ ʭʘʨʘʢʪʝʨʫ ʨʽʟʘʥʥʷ ʚ ʮʠʢʣʽ ʦʜʥʦʛʦ ʦʙʝʨʪʫ 

ʥʦʞʘ, ʧʝʨʽʦʜʠʯʥʠʭ ʟʤʽʥʘʭ ʚʝʣʠʯʠʥʠ ʪʘ ʥʘʧʨʷʤʢʫ ʚʝʢʪʦʨʘ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ, 

ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʮʠʢʣʽʯʥʠʭ ʢʦʣʠʚʘʥʴ ʢʽʥʝʤʘʪʠʯʥʠʭ (ʜʽʡʩʥʠʭ) ʢʫʪʽʚ 

ʟʘʛʦʩʪʨʝʥʥʷ  ʣʝʟʘ ʥʦʞʘ ʚ ʧʨʦʮʝʩʽ ʨʽʟʘʥʥʷ.  
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3. ʇʨʦʚʝʜʝʥʠʡ ʢʽʥʝʤʘʪʠʯʥʠʡ ʘʥʘʣʽʟ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʢʥʠʞʢʦʚʠʭ 

ʙʣʦʢʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ, ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʝʢʩʮʝʥʪʨʠʯʥʦ, ʧʦʢʘʟʘʚ, 

ʱʦ ʟʘʣʝʞʥʦ ʚʽʜ ʦʙʨʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʙʨʦʙʢʠ ʧʨʦʮʝʩ ʨʽʟʘʥʥʷ ʤʦʞʝ ʧʨʦʭʦʜʠʪʠ 

ʫ ʜʚʦʭ ʨʝʞʠʤʘʭ: ʙʝʟʧʝʨʝʙʽʡʥʝ (ʧʦʩʪʽʡʥʝ) ʨʽʟʘʥʥʷ - ʢʦʣʠ ʣʝʟʦ ʥʦʞʘ ʧʦʩʪʽʡʥʦ 

ʢʦʥʪʘʢʪʫʻ ʽʟ ʢʥʠʞʢʦʚʠʤ ʙʣʦʢʦʤ ʧʽʜ ʯʘʩ ʦʙʨʦʙʢʠ, ʪʘ ʧʝʨʝʨʠʚʯʘʩʪʝ (ʽʤʧʫʣʴʩʥʝ) 

ʨʽʟʘʥʥʷ  - ʢʦʣʠ ʨʽʟʘʥʥʷ ʧʝʨʝʨʠʚʘʻʪʴʩʷ ʚ ʧʝʚʥʽʡ ʬʘʟʽ ʮʠʢʣʫ ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ, ʽ 

ʣʝʟʦ ʥʦʞʘ ʥʝ ʪʦʨʢʘʻʪʴʩʷ ʦʙʨʦʙʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʙʣʦʢʫ ʧʨʦʪʷʛʦʤ ʧʝʚʥʦʛʦ ʯʘʩʫ.  

4. ʇʝʨʝʨʠʚʯʘʩʪʠʡ ʭʘʨʘʢʪʝʨ ʮʠʢʣʫ ʨʽʟʘʥʥʷ, ʚʠʷʚʣʝʥʠʡ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʜʦʩʣʽʜʞʝʥʴ, ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ 

ʢʦʥʪʘʢʪʫ ʣʝʟʘ ʥʦʞʘ ʟ ʧʘʧʝʨʦʤ, ʱʦ ʤʦʞʝ ʟʥʠʟʠʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʟʦʥʽ ʨʽʟʘʥʥʷ ʪʘ 

ʟʤʝʥʰʠʪʠ ʩʠʣʫ ʨʽʟʘʥʥʷ, ʦʙʫʤʦʚʣʝʥʫ  ʽʤʧʫʣʴʩʥʠʤ ʚʧʣʠʚʦʤ ʣʝʟʘ ʥʦʞʘ ʥʘ ʧʘʧʽʨ.  

ɹʫʣʦ ʚʠʟʥʘʯʝʥʦ ʭʘʨʘʢʪʝʨ ʟʤʽʥ ʫ ʧʨʦʮʝʩʽ ʽʤʧʫʣʴʩʥʦʛʦ ʨʽʟʘʥʥʷ ʧʝʨʝʤʽʱʝʥʴ ʣʝʟʘ 

ʥʦʞʘ, ʰʚʠʜʢʽʩʪʴ ʨʽʟʘʥʥʷ, ʨʦʟʤʽʨ ʬʘʢʪʠʯʥʦʛʦ ʢʫʪʘ ʨʽʟʘʥʥʷ ʚ ʮʠʢʣʽ ʦʜʥʦʛʦ 

ʦʙʝʨʪʫ ʥʦʞʘ ʪʘ ʫʤʦʚʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʤʦʤʝʥʪʠ ʧʝʨʝʨʠʚʘʥʥʷ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ 

ʨʽʟʘʥʥʷ . 

5. ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʪʨʘʻʢʪʦʨʽʶ ʨʫʭʫ 

ʣʝʟʘ ʥʦʞʘ ʚ ʧʨʦʮʝʩʽ ʨʽʟʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ.  ɼʣʷ ʥʦʞʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʙʝʟ 

ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ, ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘ ʜʦʚʞʠʥʫ ʰʣʷʭʫ 

ʨʽʟʘʥʥʷ ʤʘʶʪʴ ʣʽʥʽʡʥʘ ʰʚʠʜʢʽʩʪʴ ʣʝʟʘ ʥʦʞʘ, ʰʚʠʜʢʽʩʪʴ ʧʦʜʘʯʽ ʙʣʦʢʫ ʪʘ 

ʚʽʜʩʪʘʥʴ ʢʥʠʞʢʦʚʦʛʦ ʙʣʦʢʫ ʚʽʜ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ.  

6. ɸʥʘʣʽʟ ʪʨʘʻʢʪʦʨʽʾ ʨʽʟʘʥʥʷ ʪʦʯʦʢ  ʣʝʟʘ ʥʦʞʘ, ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʟ 

ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʦʤ, ʧʦʢʘʟʘʚ, ʱʦ ʜʦʚʞʠʥʘ ʟʨʽʟʫ (ʫʤʦʚʥʽ ʩʣʽʜʠ ʨʽʟʘʥʥʷ) ʚ 

ʧʝʨʝʨʠʚʯʘʩʪʦʤʫ ʨʝʞʠʤʽ ʻ ʢʦʨʦʪʰʦʶ ʟʘ ʜʦʚʞʠʥʫ ʟʨʽʟʫ ʚ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʨʝʞʠʤʽ 

ʽ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ.  ʈʽʟʥʠʮʷ ʚ ʜʦʚʞʠʥʽ ʟʨʽʟʫ ʤʽʞ 

ʧʦʧʫʪʥʠʤ ʪʘ ʟʫʩʪʨʽʯʥʠʤ ʨʽʟʘʥʥʷʤ ʥʝ ʻ ʚʝʣʠʢʦʶ. 

7. ʈʝʟʫʣʴʪʘʪʠ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʣʠ ʤʦʞʣʠʚʽʩʪʴ 

ʽʩʥʫʚʘʥʥʷ ʧʨʠ ʧʝʚʥʠʭ ʧʘʨʘʤʝʪʨʘʭ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ ʭʘʨʘʢʪʝʨʥʠʭ ʩʝʢʪʦʨʽʚ ʥʘ 

ʣʝʟʽ ʝʢʩʮʝʥʪʨʠʢʦʚʦʛʦ ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ - ʩʝʢʪʦʨʘ ʨʽʟʘʥʥʷ, ʜʝ ʨʽʟʘʥʥʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʧʦʚʥʫ ʚʠʩʦʪʫ ʢʥʠʞʢʦʚʦʛʦ ʙʣʦʢʫ,  ʩʝʢʪʦʨʽʚ ʯʘʩʪʢʦʚʦʛʦ ʨʽʟʘʥʥʷ 

(ʧʨʠ ʨʽʟʘʥʥʽ ʥʝʧʦʚʥʦʾ ʚʠʩʦʪʠ ʙʣʦʢʫ) ʪʘ ʩʝʢʪʦʨʘ, ʜʝ ʥʽʞ ʥʝ ʙʝʨʝ ʫʯʘʩʪʽ ʫ ʧʨʦʮʝʩʽ 
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ʨʽʟʘʥʥʷ.  ʈʦʟʤʽʨ ʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʮʠʭ ʭʘʨʘʢʪʝʨʥʠʭ ʩʝʢʪʦʨʽʚ ʨʽʟʘʥʥʷ ʥʘ ʥʦʞʽ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʛʝʦʤʝʪʨʠʯʥʠʭ ʪʘ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ.  

8. ʇʨʘʚʠʣʴʥʠʡ ʧʽʜʙʽʨ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ ʨʽʟʘʥʥʷ, 

ʢʦʣʠ ʟʘʛʘʣʴʥʠʡ ʨʦʟʤʽʨ ʩʝʢʪʦʨʽʚ ʨʽʟʘʥʥʷ ʩʪʘʥʦʚʠʪʠʤʝ ʧʨʠʙʣʠʟʥʦ 180o, 

ʜʦʟʚʦʣʠʪʴ ʤʘʡʞʝ ʚʜʚʽʯʽ ʧʨʦʜʦʚʞʠʪʠ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʥʦʞʘ, ʦʙʝʨʥʫʚʰʠ ʡʦʛʦ 

ʯʝʨʝʟ ʜʝʷʢʠʡ ʯʘʩ ʥʝʟʥʦʰʝʥʦʶ ʯʘʩʪʠʥʦʶ ʣʝʟʘ, ʜʝ ʨʽʟʘʥʥʷ ʥʝ ʚʽʜʙʫʚʘʣʦʩʷ,  ʫ 

ʧʦʣʦʞʝʥʥʷ, ʜʝ ʨʽʟʘʥʥʷ ʻ. 
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ʈʆɿɼɯʃ 3 

 

ʆʇʀʉ ʃɸɹʆʈɸʊʆʈʅʆɻʆ ʉʊɽʅɼʋ, ɺʀʄɯʈʖɺɸʃʔʅʆɰ 

ɸʇɸʈɸʊʋʈʀ ʊɸ ʄɽʊʆɼʆʃʆɻɯɰ ʇʈʆɺɽɼɽʅʅʗ 

ɼʆʉʃɯɼɾɽʅʅʗ 

 

3.1. ʃʘʙʦʨʘʪʦʨʥʠʡ ʩʪʝʥʜ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʝʟʚʠʩʪʽʡʥʦʛʦ ʨʽʟʘʥʥʷ 

ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʜʠʩʢʦʚʠʤʠ ʥʦʞʘʤʠ  

 

ɿ ʤʝʪʦʶ ʧʝʨʝʚʽʨʢʠ ʩʬʦʨʤʫʣʴʦʚʘʥʦʾ ʥʘʫʢʦʚʦʾ ʛʽʧʦʪʝʟʠ ʪʘ ʧʨʦʚʝʜʝʥʥʷ 

ʜʦʩʣʽʜʞʝʥʴ, ʫ ʥʘʫʢʦʚʽʡ ʣʘʙʦʨʘʪʦʨʽʾ ʽʥʥʦʚʘʮʽʡʥʠʭ ʙʨʦʰʫʨʫʚʘʣʴʥʦ-ʧʘʣʽʪʫʨʥʠʭ 

ʧʨʦʮʝʩʽʚ ʚʽʜʜʽʣʫ ʧʦʣʽʛʨʘʬʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ɯʥʩʪʠʪʫʪʫ ʤʝʭʘʥʽʢʠ ʪʘ ʧʦʣʽʛʨʘʬʽʾ 

ɺʘʨʰʘʚʩʴʢʦʾ ʧʦʣʽʪʝʭʥʽʢʠ ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʪʘ ʧʦʙʫʜʦʚʘʥʠʡ ʩʧʝʮʽʘʣʴʥʠʡ 

ʣʘʙʦʨʘʪʦʨʥʠʡ ʩʪʝʥʜ, ʱʦ  ʤʽʩʪʠʪʴ ʪʨʘʥʩʧʦʨʪʥʫ ʢʘʨʝʪʢʫ ʟ ʧʨʠʚʦʜʦʤ ʽ ʚʫʟʦʣ 

ʨʽʟʘʥʥʷ, ʦʩʥʘʱʝʥʠʡ ʜʠʩʢʦʚʠʤʠ ʥʦʞʘʤʠ. 

ʆʩʥʦʚʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʦʧʠʩʘʥʦʛʦ ʩʪʝʥʜʫ ʻ: 

ï ʩʪʘʥʠʥʘ ʟʽ ʩʧʝʮʽʘʣʴʥʦ ʩʢʦʥʩʪʨʫʡʦʚʘʥʦʶ ʪʘ ʟʤʦʥʪʦʚʘʥʦʶ ʩʠʩʪʝʤʦʶ 

ʧʨʠʚʦʜʫ ʢʘʨʝʪʢʠ ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʟʘʪʠʩʥʫʪʠʭ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʽʟ 

ʟʘʜʘʥʦʶ ʰʚʠʜʢʽʩʪʶ; 

ï ʪʨʘʥʩʧʦʨʪʥʘ ʢʘʨʝʪʢʘ ʟʽ ʩʧʝʮʽʘʣʴʥʠʤ ʜʠʥʘʤʦʤʝʪʨʦʤ, ʨʦʟʤʽʱʝʥʠʤ ʫ 

ʾʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʨʴʦʭ ʩʢʣʘʜʦʚʠʭ ʩʠʣʠ ʨʽʟʘʥʥʷ ʚ ʧʨʦʮʝʩʽ 

ʦʙʨʦʙʢʠ; 

ï ʩʧʝʮʽʘʣʴʥʘ ʩʠʩʪʝʤʘ ʨʽʟʘʥʥʷ, ʱʦ ʚʩʪʘʥʦʚʣʝʥʘ ʥʘ ʩʪʘʥʠʥʽ 

ʚʠʧʨʦʙʫʚʘʣʴʥʦʛʦ ʩʪʝʥʜʫ, ʟ ʧʨʠʚʦʜʦʤ ʜʣʷ ʜʠʩʢʦʚʠʭ ʥʦʞʽʚ; 

ï ʝʣʝʢʪʨʦʥʥʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ, ʱʦ ʤʘʻ ʪʨʠ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʯʘʩʪʦʪʠ 

ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʜʚʠʛʫʥʘʤʠ ʧʨʠʚʦʜʽʚ ʢʘʨʝʪʢʠ ʪʘ ʜʠʩʢʦʚʠʭ ʥʦʞʽʚ; 

ï ʢʦʤʧôʶʪʝʨʥʘ ʩʠʩʪʝʤʘ ʜʣʷ ʟʘʧʠʩʫ ʪʘ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʚʠʤʽʨʶʚʘʥʴ. 

ʅʘ ʨʠʩʫʥʢʫ 3.1 ʧʦʢʘʟʘʥʦ ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʢʦʥʩʪʨʫʢʮʽʾ 

ʚʠʧʨʦʙʫʚʘʣʴʥʦʛʦ ʩʪʝʥʜʫ.  ɼʚʠʛʫʥ (2) ʚʩʪʘʥʦʚʣʝʥʠʡ ʥʘ ʩʪʘʥʠʥʽ (1) ʩʪʝʥʜʫ, ʷʢʠʡ 

ʯʝʨʝʟ ʧʘʩʦʚʫ ʧʝʨʝʜʘʯʫ (3) ʧʨʠʚʦʜʠʪʴ ʚ ʨʫʭ ʟʽʨʦʯʢʫ ʣʘʥʮʶʛʦʚʦʾ ʧʝʨʝʜʘʯʽ (5), 

ʚʩʪʘʥʦʚʣʝʥʫ ʥʘ ʧʨʦʤʽʞʥʦʤʫ ʚʘʣʽ (4).  ʃʘʥʮʶʛ (7) ʥʘʪʷʛʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʥʘʪʷʞʥʦʛʦ ʧʨʠʩʪʨʦʶ (6). ɼʦ ʣʘʥʮʶʛʘ ʧʨʠʢʨʽʧʣʝʥʦ ʧʦʚʟʫʥ (8), ʷʢʠʡ ʢʦʚʟʘʻ ʧʦ 
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ʥʘʧʨʷʤʥʽʡ (9) ʪʨʘʥʩʧʦʨʪʥʦ ʾʢʘʨʝʪʢʠ (10). ʂʘʨʝʪʢʘ ʩʣʫʛʫʻ ʜʣʷ ʟʘʪʠʩʢʘʥʥʷ ʪʘ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʫ ʧʨʦʮʝʩʽ ʨʽʟʘʥʥʷ. ʂʘʨʝʪʢʘ ʨʫʭʘʻʪʴʩʷ ʧʦ 

ʜʚʦʭ ʰʣʽʬʦʚʘʥʠʭ ʥʘʧʨʷʤʥʠʭ (ʥʝ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩʫʥʢʫ), ʟʘʢʨʽʧʣʝʥʠʭ ʥʘ ʩʪʘʥʠʥʽ 

ʪʘ ʚʠʢʦʥʘʥʠʭ ʫ ʬʦʨʤʽ ʣʽʪʝʨʠ C. ɼʣʷ ʪʦʯʥʦʾ ʧʦʜʘʯʽ ʢʘʨʝʪʢʠ ʪʘ ʫʩʫʥʝʥʥʷ ʟʘʟʦʨʫ 

ʚ ʥʘʧʨʷʤʥʠʭ ʢʘʨʝʪʢʘ ʨʫʭʘʻʪʴʩʷ ʥʘ ʪʨʴʦʭ ʧʘʨʘʭ ʧʽʜʰʠʧʥʠʢʽʚ ʢʦʯʝʥʥʷ, ʩʝʨʝʜʥʷ 

ʧʘʨʘ ʚʩʪʘʥʦʚʣʝʥʘ ʥʘ ʨʝʛʫʣʴʦʚʘʥʠʭ ʝʢʩʮʝʥʪʨʠʢʘʭ. ɺʫʟʦʣ ʨʽʟʘʥʥʷ ʨʦʟʪʘʰʦʚʘʥʠʡ 

ʧʦʥʘʜ ʥʘʧʨʷʤʥʠʤʠ ʚʽʟʢʘ ʽ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʚʦʜʥʦʛʦ ʤʝʭʘʥʽʟʤʫ 

ʜʣʷ ʜʚʦʭ ʜʠʩʢʦʚʠʭ ʥʦʞʽʚ, ʱʦ ʧʨʠʚʦʜʠʪʴʩʷ ʚ ʨʫʭ ʜʚʠʛʫʥʦʤ (11) ʪʘ ʜʚʠʛʫʥʘ (12), 

ʱʦ ʧʨʠʚʦʜʠʪʴ ʫ ʨʫʭ ʪʨʝʪʽʡ ʜʠʩʢʦʚʠʡ ʥʽʞ. 

ʅʘ ʨʠʩ. 3.2 ʧʦʢʘʟʘʥʦ ʢʦʥʩʪʨʫʢʮʽʶ ʩʧʝʮʽʘʣʴʥʦʛʦ ʚʫʟʣʘ ʨʽʟʘʥʥʷ ʽʟ 

ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʜʠʩʢʦʚʠʤʠ ʥʦʞʘʤʠ.  ʎʝʡ ʚʫʟʦʣ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʧʦʪʦʢʦʚʦʛʦ ʨʽʟʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʷʢ ʦʜʥʠʤ 

ʜʠʩʢʦʚʠʤ ʥʦʞʝʤ, ʪʘʢ ʽ ʜʚʦʤʘ. 

ʉʧʝʮʽʘʣʴʥʠʡ ʚʫʟʦʣ ʨʽʟʘʥʥʷ (ʨʠʩ. 3.1 ʪʘ 3.2) ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʧʦʨʪʘʣʽ ʥʘʜ 

ʧʨʠʚʦʜʦʤ ʜʣʷ ʧʦʜʘʯʽ ʢʘʨʝʪʢʠ ʽʟ ʢʥʠʞʢʦʚʠʤ ʙʣʦʢʦʤ ʜʦ ʟʦʥʠ ʨʽʟʘʥʥʷ.  ʉʠʩʪʝʤʘ 

ʨʝʛʫʣʶʚʘʥʥʷ ʚʫʟʣʘ ʨʽʟʘʥʥʷ ʜʦʟʚʦʣʷʻ ʪʦʯʥʦ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʪʘ ʢʦʥʪʨʦʣʶʚʘʪʠ 

ʧʘʨʘʣʝʣʴʥʽʩʪʴ ʜʠʩʢʦʚʠʭ ʥʦʞʽʚ ʫ ʧʣʦʱʠʥʽ ʨʽʟʘʥʥʷ.  ʇʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʮʝʩʽʚ 

ʨʽʟʘʥʥʷ ʙʣʦʢʽʚ ʪʦʚʱʠʥʦʶ ʙʽʣʴʰʝ 15 ʤʤ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʜʚʘ ʜʠʩʢʦʚʽ ʥʦʞʽ 

(13) ʽ (14), ʱʦ ʦʜʥʦʯʘʩʥʦ ʧʨʠʚʦʜʠʣʠʩʴ ʚ ʨʫʭ ʩʧʝʮʽʘʣʴʥʠʤ ʟʫʙʯʘʩʪʠʤ 

ʤʝʭʘʥʽʟʤʦʤ (15) ʚʽʜ ʜʚʠʛʫʥʘ (11). ʂʦʥʩʪʨʫʢʮʽʷ ʩʧʝʮʽʘʣʴʥʦʛʦ ʤʝʭʘʥʽʟʤʫ 

ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʜʦʟʚʦʣʷʻ, ʟʤʽʥʶʶʯʠ ʾʭ ʥʘʣʘʰʪʫʚʘʥʥʷ, ʚʠʢʦʥʫʚʘʪʠ ʨʽʟʘʥʥʷ 

ʦʜʥʦʯʘʩʥʦ ʜʚʦʤʘ ʜʠʩʢʦʚʠʤʠ ʥʦʞʘʤʠ, ʱʦ ʦʙʝʨʪʘʶʪʴʩʷ ʷʢ ʨʘʟʦʤ ʚ ʦʜʥʦʤʫ 

ʥʘʧʨʷʤʢʫ, ʪʘʢ ʽ ʦʢʨʝʤʦ - ʚ ʨʽʟʥʠʭ ʥʘʧʨʷʤʢʘʭ: ʦʜʥʦʯʘʩʥʝ ʧʦʧʫʪʥʝ ʨʽʟʘʥʥʷ ʜʚʦʤʘ 

ʥʦʞʘʤʠ, ʦʜʥʦʯʘʩʥʝ ʟʫʩʪʨʽʯʥʝ ʨʽʟʘʥʥʷ ʜʚʦʤʘ ʥʦʞʘʤʠ ʪʘ ʨʽʟʘʥʥʷ, ʢʦʣʠ ʦʜʠʥ ʟ 

ʥʦʞʽʚ ʚʠʢʦʥʫʻ ʧʦʧʫʪʥʝ ʨʽʟʘʥʥʷ, ʘ ʽʥʰʠʡ  - ʟʫʩʪʨʽʯʥʝ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʦʜʥʠʤ ʜʠʩʢʦʚʠʤ ʥʦʞʝʤ ʧʨʦʚʦʜʠʣʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʪʨʝʪʴʦʾ ʩʠʩʪʝʤʠ ʨʽʟʘʥʥʷ, ʚ ʷʢʽʡ ʜʠʩʢʦʚʠʡ ʥʽʞ (16) ʨʦʟʤʽʱʫʚʘʣʠ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʚʘʣʫ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ (12).   
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ʈʠʩ. 3.1.  ɺʠʛʣʷʜ ʢʦʥʩʪʨʫʢʮʽʾ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʫ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʙʝʟʚʠʩʪʽʡʥʦʛʦ ʨʽʟʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ 

 ʘ - ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ, b - ʚʠʛʣʷʜ ʢʘʨʝʪʢʠ 
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ʈʠʩ. 3.2.  ɺʠʛʣʷʜ ʢʦʥʩʪʨʫʢʮʽʾ ʩʧʝʮʽʘʣʴʥʦʛʦ ʚʫʟʣʘ ʨʽʟʘʥʥʷ 

a - ʢʨʽʧʣʝʥʥʷ ʚʫʟʣʘ ʨʽʟʘʥʥʷ, b - ʚʠʜ ʧʨʠʚʦʜʫ ʜʠʩʢʦʚʠʭ ʥʦʞʽʚ 

 

ɺʩʷ ʩʠʩʪʝʤʘ ʨʽʟʘʥʥʷ ʟ ʜʚʠʛʫʥʦʤ (12) ʜʦʟʚʦʣʷʻ ʨʝʛʫʣʶʚʘʪʠ ʚʝʣʠʯʠʥʫ 

ʚʽʜʩʪʫʧʫ ʣʝʟʘ ʥʦʞʘ ʚʽʜ ʢʨʘʶ ʢʥʠʞʢʦʚʦʛʦ ʙʣʦʢʘ.  ʂʨʽʧʣʝʥʥʷ ʚʩʽʭ ʜʠʩʢʦʚʠʭ 



118 
 

ʥʦʞʽʚ ʥʘ ʚʘʣʘʭ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʣʘʚʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʚʝʣʠʯʠʥʠ 

ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ ʥʘ ʢʦʞʥʦʤʫ ʥʦʞʽ ʦʢʨʝʤʦ. 

ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʫ ʪʘʢʠʡ.  ʇʽʩʣʷ ʟʘʚʘʥʪʘʞʝʥʥʷ 

ʢʥʠʞʢʦʚʦʛʦ ʙʣʦʢʫ ʪʘ ʟʘʪʠʩʢʘʥʥʷ ʡʦʛʦ ʫ ʢʘʨʝʪʮʽ, ʟʘʧʫʩʢʘʻʪʴʩʷ ʧʨʠʚʽʜ ʥʦʞʽʚ ʪʘ 

ʧʦʜʘʯʽ ʢʘʨʝʪʢʠ.  ʇʨʠ ʥʘʪʠʩʢʘʥʥʽ ʢʥʦʧʢʠ "ʇʫʩʢ" ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʘ ʤʫʬʪʘ ʟ'ʻʜʥʫʻ 

ʚʘʣ ʧʦʜʘʯʽ ʢʘʨʝʪʢʠ ʟ ʧʨʠʚʦʜʥʠʤ ʚʘʣʦʤ, ʱʦ ʦʙʝʨʪʘʻʪʴʩʷ, ʽ ʢʘʨʝʪʢʘ ʧʦʯʠʥʘʻ 

ʨʫʭʘʪʠʩʷ ʽʟ ʟʘʜʘʥʦʶ ʣʽʥʽʡʥʦʶ ʰʚʠʜʢʽʩʪʶ ʧʽʜ ʧʦʨʪʘʣʦʤ ʟ ʥʦʞʘʤʠ, ʜʝ ʟʨʽʟʘʻʪʴʩʷ 

ʚʝʨʭ ʟʘʪʠʩʥʫʪʦʛʦ ʢʥʠʞʢʦʚʦʛʦ ʙʣʦʢʘ. ʇʽʩʣʷ ʚʠʭʦʜʫ ʟ ʟʦʥʠ ʨʽʟʘʥʥʷ ʢʘʨʝʪʢʘ 

ʛʘʣʴʤʫʻʪʴʩʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤ ʛʘʣʴʤʦʤ, ʚʩʪʘʥʦʚʣʝʥʠʤ ʫ ʧʨʠʚʦʜʽ 

ʚʠʧʨʦʙʫʚʘʣʴʥʦʛʦ ʩʪʝʥʜʫ, ʽ ʤʫʬʪʘ ʚʽʜ'ʻʜʥʫʻ ʧʨʠʚʽʜ ʢʘʨʝʪʢʠ ʚʽʜ ʜʚʠʛʫʥʘ 

ʧʨʠʚʦʜʫ.  ʇʦʪʽʤ ʢʘʨʝʪʢʘ ʧʦʚʝʨʪʘʻʪʴʩʷ ʫ ʚʠʭʽʜʥʝ ʧʦʣʦʞʝʥʥʷ ʟʽ ʧʦʩʪʽʡʥʦʶ 

ʥʠʟʴʢʦʶ ʰʚʠʜʢʽʩʪʶ.  ɽʣʝʢʪʨʠʯʥʦʶ ʩʠʩʪʝʤʦʶ ʧʨʠʚʦʜʫ ʢʝʨʫʻ ʩʧʝʮʽʘʣʴʥʠʡ ʙʣʦʢ 

ʫʧʨʘʚʣʽʥʥʷ ʟ ʪʨʴʦʤʘ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʯʘʩʪʦʪʠ  ʪʠʧʫ ACS 580 ʬʽʨʤʠ ABB. 

ɺʩʪʘʥʦʚʣʝʥʥʷ ʪʘ ʨʝʛʫʣʶʚʘʥʥʷ ʨʦʙʦʯʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʦʞʥʦʛʦ ʟ ʜʠʩʢʦʚʠʭ 

ʥʦʞʽʚ ʪʘ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ  ʜʚʠʛʫʥʘ ʧʦʜʘʯʽ ʢʘʨʝʪʢʠ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʪʨʴʦʭ ʧʘʥʝʣʝʡ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʯʘʩʪʦʪʠ, ʚʩʪʘʥʦʚʣʝʥʠʭ ʥʘ 

ʮʝʥʪʨʘʣʴʥʦʤʫ ʧʫʣʴʪʽ ʫʧʨʘʚʣʽʥʥʷ ʩʪʝʥʜʦʤ. 

ʉʪʝʥʜ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʙʝʟʚʠʩʪʽʡʥʦʛʦ ʨʽʟʘʥʥʷ 

ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʜʠʩʢʦʚʠʤʠ ʥʦʞʘʤʠ ʟ ʪʘʢʠʤʠ ʜʽʘʧʘʟʦʥʘʤʠ ʟʤʽʥʠ ʦʩʥʦʚʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ: 

 

ï ʪʦʚʱʠʥʘ ʢʥʠʞʢʦʚʦʛʦ ʙʣʦʢʫ ʫ ʢʘʨʝʪʮʽ ...................................... ʚʽʜ 5 ʜʦ 30 ʤʤ; 

ï ʣʽʥʽʡʥʘ ʰʚʠʜʢʽʩʪʴ ʧʦʜʘʯʽ ʢʘʨʝʪʢʠ ʟ ʟʘʪʠʩʥʫʪʠʤ ʙʣʦʢʦʤ ... ʚʽʜ 0,1 ʜʦ 2,0 ʤ/ʩ; 

ï ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ .............................. ʚʽʜ 500 ʜʦ 3000 ʦʙ/ʭʚ; 

ï ʥʘʧʨʷʤʦʢ ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ ............................................. ʧʦʧʫʪʥʠʡ/ʟʫʩʪʨʽʯʥʠʡ; 

ï ʜʽʘʤʝʪʨ ʥʦʞʘ ......................................................................... ʚʽʜ 150 ʜʦ 200 ʤʤ; 

ï ʢʫʪ ʟʘʪʦʯʫʚʘʥʥʷ ʥʦʞʘ ................................................................. ʚʽʜ 15Á ʜʦ 26Á; 

ï ʚʝʣʠʯʠʥʘ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ ʥʦʞʘ ................................................ ʚʽʜ 0 ʜʦ 3 ʤʤ;  

ï ʚʽʜʩʪʘʥʴ ʧʦʣʦʞʝʥʥʷ ʙʣʦʢʫ ʜʦ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ ................. ʚʽʜ 0 ʜʦ 80 ʤʤ. 
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ʃʝʟʘ ʜʠʩʢʦʚʠʭ ʥʦʞʽʚ ʙʫʣʠ ʟʘʛʘʨʪʦʚʘʥʽ ʜʦ ʪʚʝʨʜʦʩʪʽ 52-54 HRC. ɼʣʷ 

ʨʽʟʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʢʥʠʞʢʦʚʽ ʙʣʦʢʠ ʜʦʚʞʠʥʦʶ ʢʦʨʽʥʮʷ ʜʦ 240 ʤʤ, 

ʚʠʛʦʪʦʚʣʝʥʽ ʟ ʨʽʟʥʠʭ ʚʠʜʽʚ ʧʘʧʝʨʫ.  ɿʘʛʦʪʦʚʢʠ, ʧʽʜʛʦʪʦʚʣʝʥʽ ʜʣʷ ʨʽʟʘʥʥʷ, ʙʫʣʠ 

ʟʘʪʠʩʥʫʪʽ ʚ ʪʨʘʥʩʧʦʨʪʥʽʡ ʢʘʨʝʪʮʽ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʧʠʪʦʤʦʶ ʩʠʣʦʶ ʟʘʪʠʩʢʫ 25 

ʅ/ʩʤ, ʷʢʘ ʟʘʜʘʚʘʣʘʩʷ ʜʠʥʘʤʦʤʝʪʨʦʤ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʧʽʜ ʯʘʩ 

ʚʠʧʨʦʙʫʚʘʥʴ ʫʩʽ ʨʫʭʦʤʽ ʯʘʩʪʠʥʠ ʩʪʝʥʜʫ ʙʫʣʠ ʧʦʢʨʠʪʽ ʟʘʭʠʩʥʠʤʠ ʢʨʠʰʢʘʤʠ. 

ʇʽʜ ʯʘʩ ʧʝʨʰʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʣʠ ʧʦʤʽʯʝʥʽ ʟʥʘʯʥʽ ʚʽʙʨʘʮʽʾ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʚʽʟʢʘ, ʱʦ ʚʠʥʠʢʘʣʠ ʧʽʜ ʯʘʩ ʧʝʨʝʩʫʚʘʥʥʷ ʢʘʨʝʪʢʠ ʚʟʜʦʚʞ ʜʚʦʭ  

ʩʪʠʢʦʚʘʥʠʭ ʥʘʧʨʘʚʣʷʶʯʠʭ ʚʠʢʦʥʘʥʠʭ ʫ ʬʦʨʤʽ ʣʽʪʝʨʠ ʉ. ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʚʽʙʨʘʮʽʾ ʚʠʥʠʢʘʶʪʴ ʫ ʪʦʯʮʽ ʢʦʥʪʘʢʪʫ ʜʚʦʭ ʥʘʧʨʷʤʥʠʭ.  ʂʨʽʤ ʪʦʛʦ, ʙʫʣʦ 

ʟʘʬʽʢʩʦʚʘʥʦ ʟʥʘʯʥʝ ʟʥʠʞʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠʚʦʜʥʦʛʦ ʜʚʠʛʫʥʘ ʢʘʨʝʪʢʠ ʧʨʠ 

ʥʠʟʴʢʠʭ ʣʽʥʽʡʥʠʭ ʰʚʠʜʢʦʩʪʷʭ ʧʦʜʘʯʽ ʙʣʦʢʽʚ. ɿ ʤʝʪʦʶ ʫʩʫʥʝʥʥʷ ʚʠʷʚʣʝʥʠʭ 

ʜʝʬʝʢʪʽʚ ʚʠʧʨʦʙʫʚʘʣʴʥʠʡ ʩʪʝʥʜ ʤʦʜʝʨʥʽʟʦʚʘʥʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʦʩʚʽʜʫ, 

ʦʪʨʠʤʘʥʦʛʦ ʥʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʜʦʩʣʽʜʞʝʥʴ. 

ʅʘ ʚʠʧʨʦʙʫʚʘʣʴʥʦʤʫ ʩʪʝʥʜʽ ʟʘʤʽʩʪʴ ʩʪʠʢʦʚʘʥʠʭ ʰʣʽʬʦʚʘʥʠʭ ʥʘʧʨʷʤʥʠʭ  

ʙʫʣʠ ʚʩʪʘʥʦʚʣʝʥʽ ʩʫʮʽʣʴʥʽ ʧʨʝʮʠʟʽʡʥʽ ʣʽʥʽʡʥʽ ʥʘʧʨʷʤʥʽ ʪʠʧʫ Igus ʟ ʧʦʜʦʚʞʝʥʠʤ 

ʪʝʨʤʽʥʦʤ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʙʝʟ ʟʤʘʱʝʥʥʷ.  ʋ ʧʨʠʚʦʜʽ ʢʘʨʝʪʢʠ ʙʫʚ 

ʚʩʪʘʥʦʚʣʝʥʠʡ ʨʝʜʫʢʪʦʨ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʫʥʠʢʥʫʪʠ ʟʤʝʥʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ 

ʜʚʠʛʫʥʘ ʧʨʠʚʦʜʫ ʢʘʨʝʪʢʠ ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʥʘ ʥʠʟʴʢʽʡ 

ʣʽʥʽʡʥʽʡ ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ (ʤʝʥʰʝ 0,2 ʤ/ʩ). 

ʅʘ ʨʠʩ. 3.3ʘ ʧʦʢʘʟʘʥʦ ʚʠʛʣʷʜ ʤʦʜʝʨʥʽʟʦʚʘʥʦʛʦ ʚʠʧʨʦʙʫʚʘʣʴʥʦʛʦ ʩʪʝʥʜʫ, 

ʘ ʥʘ ʨʠʩ. 3.3b ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʠʛʣʷʜ ʨʽʟʘʣʴʥʦʛʦ ʚʫʟʣʘ ʟ ʨʦʟʪʘʰʦʚʘʥʠʤʠ 

ʝʢʩʮʝʥʪʨʠʯʥʠʤʠ ʥʦʞʘʤʠ.  
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a 

        
b 

 

ʈʠʩ. 3.3.  ɺʠʛʣʷʜ ʤʦʜʝʨʥʽʟʦʚʘʥʦʛʦ ʚʠʧʨʦʙʫʚʘʣʴʥʦʛʦ ʩʪʝʥʜʫ (a)  ʽ ʚʠʛʣʷʜ ʨʽʟʘʣʴʥʦʛʦ 

ʚʫʟʣʘ ʟ ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʝʢʩʮʝʥʪʨʠʯʥʠʤʠ ʥʦʞʘʤʠ   (b) 

1 - ʩʪʘʥʠʥʘ, 2 - ʢʘʨʝʪʢʘ, 3 ï ʟʫʙʯʘʩʪʠʡ ʧʘʩ, 4 ï ʧʣʠʪʘ ʚʫʟʣʘ ʨʽʟʘʥʥʷ, 5,6 ï ʜʠʩʢʦʚʽ 

ʥʦʞʽ, 7 ï ʤʝʭʘʥʽʟʤ ʧʨʠʚʦʜʫ ʜʚʦʭ ʥʦʞʽʚ, 8,9 ï ʜʚʠʛʫʥʠ ʧʨʠʚʦʜʫ ʥʦʞʽʚ 
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3.2. ʂʦʥʩʪʨʫʢʮʽʷ ʩʧʝʮʽʘʣʴʥʦʛʦ ʜʠʥʘʤʦʤʝʪʨʘ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʪʨʴʦʭ ʩʢʣʘʜʦʚʠʭ ʩʠʣʠ ʨʽʟʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ 

 

ɸʥʘʣʽʟ ʪʝʭʥʽʯʥʦʾ ʣʽʪʝʨʘʪʫʨʠ ʚ ʛʘʣʫʟʽ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʮʝʩʽʚ ʨʽʟʘʥʥʷ 

ʧʦʢʘʟʘʚ, ʱʦ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʟʫʩʠʣʴ ʨʽʟʘʥʥʷ ʧʨʠ ʦʙʨʦʙʮʽ ʤʝʪʘʣʫ ʪʘ ʽʥʰʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʚʘ ʪʠʧʠ ʜʠʥʘʤʦʤʝʪʨʽʚ: ʟ 

ʪʝʥʟʦʜʘʪʯʠʢʘʤʠ ʪʘ ʟ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʤʠ ʜʘʪʯʠʢʘʤʠ. 

ʉʫʯʘʩʥʽ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʽ ʜʠʥʘʤʦʤʝʪʨʠ, (ʥʘʧʨʠʢʣʘʜ, ʬʽʨʤ Kistler, PCB), 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʨʴʦʭ ʩʢʣʘʜʦʚʠʭ ʩʠʣ ʨʽʟʘʥʥʷ ʪʘ ʢʨʫʪʥʦʛʦ 

ʤʦʤʝʥʪʫ ʧʨʠ ʦʙʨʦʙʮʽ ʤʝʪʘʣʽʚ, ʧʣʘʩʪʤʘʩ, ʜʝʨʝʚʠʥʠ ʪʦʱʦ  - ʚʽʜ ʦʧʝʨʘʮʽʡ ʪʦʯʽʥʥʷ 

ʜʦ ʰʣʽʬʫʚʘʥʥʷ.  ʎʽ ʜʠʥʘʤʦʤʝʪʨʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʜʫʞʝ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ 

ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʤʘʣʠʤ ʚʟʘʻʤʥʠʤ ʚʧʣʠʚʦʤ (ʧʨʠʙʣʠʟʥʦ 1-3%) ʦʜʥʽʻʾ ʩʢʣʘʜʦʚʦ ʾ

ʩʠʣʠ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʽʥʰʠʭ ʩʢʣʘʜʦʚʠʭ  [83]. 

ʋ ʮʽʡ ʨʦʙʦʪʽ ʥʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʩʧʨʦʙʫ 

ʟʘʤʽʨʷʪʠ ʪʨʠ ʢʦʤʧʦʥʝʥʪʠ ʩʠʣʠ ʨʽʟʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧôʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ ʪʨʠʢʦʤʧʦʥʝʥʪʥʦʛʦ ʜʠʥʘʤʦʤʝʪʨʘ ʪʠʧʫ 261A02 (ʨʠʩ. 3.4) 

ʬʽʨʤʠ PCB (ʉʐɸ), ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʫ ʩʧʝʮʽʘʣʴʥʦ ʩʢʦʥʩʪʨʫʡʦʚʘʥʦʤʫ 

ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʚʽʟʢʫ. 

ʈʠʩ. 3.4. ɺʠʛʣʷʜ ʪʨʠʢʦʤʧʦʥʝʥʪʥʦʛʦ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ ʜʠʥʘʤʦʤʝʪʨʘ ʪʠʧʫ 261A02  

(ʉʐɸ) ʧʝʨʝʜ ʩʢʣʘʜʘʥʥʷʤ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʚʽʟʢʘ 
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ʇʽʜ ʯʘʩ ʚʠʧʨʦʙʫʚʘʥʴ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ ʜʠʥʘʤʦʤʝʪʨʘ 

ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʧʨʠʩʢʦʨʝʥʴ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʯʘʩ ʨʦʟʛʦʥʫ ʚʽʟʢʘ 

ʜʦ ʟʘʜʘʥʦʾ ʰʚʠʜʢʦʩʪʽ, ʥʘ ʨʝʟʫʣʴʪʘʪ ʚʠʤʽʨʶʚʘʥʥʷ ʩʠʣʠ ʨʽʟʘʥʥʷ.  ɿʥʘʯʥʠʡ ʚʧʣʠʚ 

ʧʨʠʩʢʦʨʝʥʴ, ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʤʠ ʜʘʪʯʠʢʘʤʠ ʜʠʥʘʤʦʤʝʪʨʘ, ʥʘ 

ʚʝʣʠʯʠʥʫ ʽ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʩʠʣ ʚ ʧʨʦʮʝʩʽ ʨʽʟʘʥʥʷ ʟʫʤʦʚʠʚ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʤʽʥʠ 

ʚʠʱʝʟʛʘʜʘʥʦʛʦ  ʜʠʥʘʤʦʤʝʪʨʘ ʥʘ ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʠʡ ʪʝʥʟʦʤʝʪʨʠʯʥʠʡ 

ʜʠʥʘʤʦʤʝʪʨ. ɺʠʛʦʪʦʚʣʝʥʥʷ ʩʧʝʮʽʘʣʴʥʦʛʦ ʜʠʥʘʤʦʤʝʪʨʘ ʟ ʪʝʥʟʦʜʘʪʯʠʢʘʤʠ ʻ 

ʙʽʣʴʰ ʜʝʰʝʚʠʤ ʨʽʰʝʥʥʷʤ, ʘ ʡʦʛʦ ʢʦʥʩʪʨʫʢʮʽʷ ʙʫʣʘ ʧʨʠʩʪʦʩʦʚʘʥʘ ʜʦ 

ʢʦʥʩʪʨʫʢʮʽʾ ʪʨʘʥʩʧʦʨʪʥʦ ʾ ʢʘʨʝʪʢʠ ʚʠʧʨʦʙʫʚʘʣʴʥʦʛʦ ʩʪʝʥʜʫ. ʂʦʥʩʪʨʫʢʮʽʷ 

ʜʠʥʘʤʦʤʝʪʨʘ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʨʽʟʥʠʭ ʪʝʥʟʦʤʝʪʨʠʯʥʠʭ 

ʜʠʥʘʤʦʤʝʪʨʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʨʽʟʘʥʥʷ.  ɹʫʣʠ 

ʦʙʨʘʥʽ ʪʘʢʽ ʚʠʤʽʨʶʚʘʣʴʥʽ ʩʠʩʪʝʤʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʜʦʩʣʽʜʞʝʥʴ ʨʽʟʘʥʥʷ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʅʘ ʨʠʩ.  3.5a ʧʦʢʘʟʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʜʠʥʘʤʦʤʝʪʨʘ [84], ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ 

ʟ ʜʚʦʭ ʩʝʛʤʝʥʪʽʚ ʢʦʣʘ, ʱʦ ʟôʻʜʥʫʶʪʴ ʢʦʨʧʫʩ, ʽʥʩʪʨʫʤʝʥʪ ʽ ʜʠʥʘʤʦʤʝʪʨ, ʚ ʦʜʠʥ 

ʙʣʦʢ. ʎʽ ʩʝʛʤʝʥʪʠ ʨʦʟʤʽʱʝʥʽ ʩʠʤʝʪʨʠʯʥʦ ʚʽʜʥʦʩʥʦ ʪʦʯʢʠ ʧʨʠʢʣʘʜʘʥʥʷ 

ʚʠʤʽʨʶʚʘʥʦʾ ʩʠʣʠ.  ʊʝʥʟʦʜʘʪʯʠʢʠ ʧʨʠʢʣʝʶʶʪʴʩʷ ʜʦ ʾʭ ʟʦʚʥʽʰʥʴʦʾ, ʚʥʫʪʨʽʰʥʴʦʾ 

ʪʘ ʙʽʯʥʠʭ ʧʦʚʝʨʭʦʥʴ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʜʠʥʘʤʦʤʝʪʨʘ ʩʝʛʤʝʥʪʠ 

ʜʦʜʘʪʢʦʚʦ ʧʦʩʣʘʙʣʶʶʪʴʩʷ ʧʦʟʜʦʚʞʥʽʤʠ ʚʠʨʽʟʘʤʠ.  ʊʝʥʟʦʜʘʪʯʠʢʠ 1y, 2y, 3y ʽ 

4y ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʩʢʣʘʜʦʚʦʾ ʩʠʣʠ ʨʽʟʘʥʥʷ Fy. ʎʷ ʩʢʣʘʜʦʚʘ ʩʪʠʩʢʘʻ 

ʦʙʠʜʚʘ ʩʝʛʤʝʥʪʠ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʪʝʥʟʦʜʘʪʯʠʢʠ 1y ʽ 4y ʨʦʟʪʷʛʫʶʪʴʩʷ, ʘ 

ʪʝʥʟʦʜʘʪʯʠʢʠ 2y ʽ 3y ʩʪʠʩʢʘʶʪʴʩʷ.  ʆʩʴʦʚʘ ʩʢʣʘʜʦʚʘ Fx ʨʝʻʩʪʨʫʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʪʝʥʟʦʜʘʪʯʠʢʽʚ 1x, 2x, 3x ʪʘ 4x, ʧʨʠʢʣʝʻʥʠʭ ʜʦ ʙʽʯʥʠʭ ʧʦʚʝʨʭʦʥʴ 

ʜʠʥʘʤʦʤʝʪʨʘ.  ʊʘʢʦʞ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʜʚʘ ʟ ʥʠʭ ʨʦʟʪʷʛʫʶʪʴʩʷ, ʘ ʜʚʘ 

ʩʪʠʩʢʘʶʪʴʩʷ, ʪʦʤʫ ʤʦʩʪʦʚʘ ʩʭʝʤʘ ʜʣʷ ʮʠʭ ʪʝʥʟʦʨʝʟʠʩʪʦʨʽʚ ʻ ʪʘʢʦʶ, ʷʢ ʜʣʷ 

ʩʢʣʘʜʦʚʦʾ Fy. ɺʠʤʽʨʶʚʘʥʥʷ ʩʢʣʘʜʦʚʦʾ ʩʠʣʠ ʨʽʟʘʥʥʷ Fz  ̒  ʟʥʘʯʥʦ ʩʢʣʘʜʥʽʰʠʤ. 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʧʨʠʥʮʠʧ ʚʠʤʽʨʶʚʘʥʥʷ ʙʫʚ ʟʨʦʟʫʤʽʣʠʤ, ʡʦʛʦ ʩʣʽʜ ʨʦʟʜʽʣʠʪʠ ʥʘ 

ʜʚʽ ʩʢʣʘʜʦʚʽ: ʧʘʨʫ ʩʠʣ ʥʘ ʧʣʝʯʽ ʆɸ (ʤʦʤʝʥʪ) ʽ ʩʠʣʫ, ʨʽʚʥʫ Fz, ʧʨʠʢʣʘʜʝʥʫ ʚ ʪʦʯʮʽ 

0. ʉʠʣʘ Fz, ʧʨʠʢʣʘʜʝʥʘ ʚ ʪʦʯʮʽ 0, ʥʘʤʘʛʘʻʪʴʩʷ ʟʩʫʥʫʪʠ ʮʽʣʠʡ ʚʫʟʦʣ ʚʥʠʟ ʚʟʜʦʚʞ 



123 
 

ʮʝʥʪʨʘʣʴʥʦʾ ʦʩʽ ʩʝʛʤʝʥʪʘ.  ɺ ʨʝʟʫʣʴʪʘʪʽ ʪʝʥʟʦʨʝʟʠʩʪʦʨʠ 1z ʽ 3z ʙʫʜʫʪʴ ʩʪʠʩʥʫʪʽ, 

ʘ ʪʝʥʟʦʨʝʟʠʩʪʦʨʠ 2z ʽ 4z ʨʦʟʪʷʛʥʫʪʽ (ʩʭʝʤʘ ʾʭ ʟ'ʻʜʥʘʥʥʷ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3.5b). 

ʄʦʤʝʥʪ ʨʦʟʪʷʛʫʻ ʚʝʨʭʥʽʡ ʩʝʛʤʝʥʪ, ʦʪʞʝ, ʽ ʪʝʥʟʦʜʘʪʯʠʢʠ 1z ʽ 2z.  ʅʠʞʥʽʡ 

ʩʝʛʤʝʥʪ ʨʘʟʦʤ ʽʟ ʪʝʥʟʦʜʘʪʯʠʢʘʤʠ, ʧʨʠʢʣʝʻʥʠʤʠ ʜʦ ʡʦʛʦ ʟʦʚʥʽʰʥʽʭ ʧʦʚʝʨʭʦʥʴ, 

ʙʫʜʝ ʩʪʠʩʥʝʥʠʤ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʤʽʥʠ ʦʧʦʨʫ ʪʝʥʟʦʨʝʟʠʩʪʦʨʽʚ ʧʦʚʥʽʩʪʶ 

ʢʦʤʧʝʥʩʫʶʪʴʩʷ ʚ ʤʦʩʪʦʚʽʡ ʩʭʝʤʽ.  ʇʦʜʽʙʥʠʤ ʯʠʥʦʤ ʙʫʣʦ ʫʩʫʥʝʥʦ ʚʧʣʠʚ 

ʤʦʤʝʥʪʫ, ʟʫʤʦʚʣʝʥʦʛʦ ʩʠʣʦʶ Fz, ʥʘ ʧʦʢʘʟʘʥʥʷ ʪʝʥʟʦʜʘʪʯʠʢʽʚ ʩʢʣʘʜʦʚʦʾ Fy .  

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʽʥʰʦʾ ʢʦʥʩʪʨʫʢʮʽʾ (ʨʠʩ. 3.5c), ʧʨʫʞʥʽ ʩʝʛʤʝʥʪʥʽ ʝʣʝʤʝʥʪʠ 

ʜʠʥʘʤʦʤʝʪʨʘ, ʥʘ ʷʢʠʭ ʨʦʟʤʽʱʝʥʽ ʪʝʥʟʦʜʘʪʯʠʢʠ, ʙʫʣʠ ʟʘʤʽʥʝʥʽ ʝʣʝʤʝʥʪʦʤ ʽʟ 

ʚʦʩʴʤʠʢʫʪʥʦʶ ʬʦʨʤʦʶ ʟʦʚʥʽʰʥʽʭ ʧʦʚʝʨʭʦʥʴ.  ɺʦʩʴʤʠʢʫʪʥʠʡ ʝʣʝʤʝʥʪ ʙʽʣʴʰ 

ʯʫʪʣʠʚʠʡ ʜʦ ʜʽʶʯʦʾ ʩʠʣʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʙʽʣʴʰ ʪʦʯʥʝ ʚʠʤʽʨʶʚʘʥʥʷ. 

ɼʠʥʘʤʦʤʝʪʨ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʨʴʦʭ ʩʢʣʘʜʦʚʠʭ ʨʽʞʫʯʦʾ ʩʠʣʠ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʥʦʞʘ, ʞʦʨʩʪʢʦ ʟʘʢʨʽʧʣʝʥʦʛʦ ʚ ʤʘʩʠʚʥʦʤʫ ʢʦʨʧʫʩʽ, ʪʘ ʯʦʪʠʨʴʦʭ ʧʨʫʞʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʫ ʚʠʛʣʷʜʽ ʧʽʚʢʽʣ ʟ ʟʘʰʣʽʬʦʚʘʥʠʤʠ ʢʫʪʘʤʠ. ʊʝʥʟʦʜʘʪʯʠʢʠ 

ʧʨʠʢʣʝʶʶʪʴʩʷ ʜʦ ʢʨʘʾʚ ʽ ʥʘ ʚʥʫʪʨʽʰʥʽʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʧʦʚʝʨʭʥʷʭ ʢʦʞʥʦʛʦ 

ʝʣʝʤʝʥʪʘ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʥʷ ʢʽʣʴʢʽʩʪʴ ʪʝʥʟʦʜʘʪʯʠʢʽʚ  

ʧʦʨʽʚʥʷʥʦ ʟ ʧʦʧʝʨʝʜʥʴʦʶ ʢʦʥʩʪʨʫʢʮʽʻʶ ʟʙʽʣʴʰʝʥʦ ʟ 12 ʜʦ 24. ʉʢʣʘʜʦʚʘ Fy 

ʨʝʻʩʪʨʫʻʪʴʩʷ ʪʝʥʟʦʜʘʪʯʠʢʘʤʠ ʨʦʟʪʷʛʫ, ʧʨʠʢʣʝʻʥʠʤʠ ʟʟʦʚʥʽ (1y, 2y, 5y, 6y),  ʽ 

ʪʝʥʟʦʜʘʪʯʠʢʘʤʠ ʩʪʠʩʥʝʥʥʷ, ʧʨʠʢʣʝʻʥʠʤʠ ʟʩʝʨʝʜʠʥʠ (3y, 4y, 7y, 8y). ʉʢʣʘʜʦʚʘ 

Fz ʚʠʢʣʠʢʘʻ ʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʚʝʨʭʥʷ ʟʦʥʘ ʙʫʜʝ 

ʨʦʟʪʷʛʫʚʘʪʠʩʴ, ʘ ʥʠʞʥʷ - ʩʪʠʩʢʘʪʠʩʷ.  ʊʝʥʟʦʜʘʪʯʠʢʠ, ʯʫʪʣʠʚʽ ʜʦ ʩʠʣʠ Fz, 

ʧʨʠʢʣʝʻʥʽ ʜʦ ʪʠʭ ʩʘʤʠʭ ʢʨʘʾʚ, ʱʦ ʽ ʪʝʥʟʦʤʝʪʨʠ ʩʠʣʠ Fy, ʪʦʜʽ ʷʢ ʜʘʪʯʠʢʠ ʥʠʞʥʴʦʾ 

ʟʦʥʠ (2z, 4z, 6z, 8z) ʦʪʨʠʤʫʶʪʴ ʜʝʬʦʨʤʘʮʽʶ ʟ ʪʠʤ ʩʘʤʠʤ ʟʥʘʢʦʤ, ʱʦ ʡ ʩʫʩʽʜʥʽ 

ʜʘʪʯʠʢʠ 2y, 4y, 6y, 8y), ʘ ʜʘʪʯʠʢʠ ʚʝʨʭʥʴʦʾ ʟʦʥʠ (1z, 3z, 5z, 7z) ʜʝʬʦʨʤʫʶʪʴʩʷ 

ʟ ʧʨʦʪʠʣʝʞʥʠʤ ʟʥʘʢʦʤ, ʥʽʞ ʩʫʩʽʜʥʽ (1y, 3y, 5y, 7y). ʉʢʣʘʜʦʚʘ Fx ʩʠʣʠ ʨʽʟʘʥʥʷ 

ʚʠʢʣʠʢʘʻ ʨʦʟʪʷʛʥʝʥʥʷ ʜʘʪʯʠʢʽʚ 3x, 4x, 5x, 6x ʽ ʩʪʠʩʢ ʜʘʪʯʠʢʽʚ 1x, 2x, 7x, 8x.  

ʇʽʜʢʣʶʯʝʥʥʷ ʪʝʥʟʦʜʘʪʯʠʢʽʚ ʜʦ ʤʦʩʪʦʚʠʭ ʩʭʝʤ ʨʦʟʚôʷʟʫʻ ʜʚʽ ʟʘʜʘʯʽ: ʜʦʩʷʛʥʝʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʾ ʯʫʪʣʠʚʦʩʪʽ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʘʚʪʦʤʘʪʠʯʥʦʾ ʢʦʤʧʝʥʩʘʮʽʾ ʚʟʘʻʤʥʦʛʦ ʚʧʣʠʚʫ ʩʢʣʘʜʦʚʠʭ ʩʠʣ.  ɿ ʮʠʭ ʧʨʠʯʠʥ 
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ʪʝʥʟʦʜʘʪʯʠʢʠ, ʚ ʷʢʠʭ ʚʠʤʽʨʶʚʘʥʘ ʩʢʣʘʜʦʚʘ ʚʠʢʣʠʢʘʻ ʜʝʬʦʨʤʘʮʽʶ (1z ʪʘ 3z, 2z 

ʪʘ 4z, 1x ʪʘ 3x ʪʦʱʦ), ʙʫʣʠ ʚʢʣʶʯʝʥʽ ʜʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ 

ʧʣʝʯʝʡ ʤʦʩʪʫ (ʨʠʩ. 3.5d). ʊʝʥʟʦʜʘʪʯʠʢʠ, ʷʢʽ ʟʘʟʥʘʶʪʴ ʦʜʥʘʢʦʚʦʾ ʜʝʬʦʨʤʘʮʽʾ ʧʽʜ 

ʜʽʻʶ ʚʠʤʽʨʶʚʘʥʦʾ ʩʢʣʘʜʦʚʦʾ, ʽ ʪʽ, ʱʦ ʟʘʟʥʘʶʪʴ ʧʨʦʪʠʣʝʞʥʦʾ ʜʝʬʦʨʤʘʮʽʾ - ʧʽʜ 

ʚʧʣʠʚʦʤ ʩʢʣʘʜʦʚʠʭ, ʱʦ ʥʝ ʤʽʨʷʶʪʴʩʷ (1y ʪʘ 2y, 1x ʽ 2x ʪʘ ʽʥ.), ʟ'ʻʜʥʘʥʽ ʧʘʨʘʤʠ 

ʧʦʩʣʽʜʦʚʥʦ.  ʂʦʤʧʝʥʩʘʮʽʷ ʚʟʘʻʤʦʜʽʾ ʚʠʤʽʨʶʚʘʥʠʭ ʩʢʣʘʜʦʚʠʭ ʩʠʣʠ ʨʽʟʘʥʥʷ ʚ 

ʦʧʠʩʫʚʘʥʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʚʢʣʶʯʝʥʥʷʤ ʪʝʥʟʦʜʘʪʯʠʢʽʚ ʫ 

ʤʦʩʪʦʚʽ ʩʭʝʤʠ, ʘ ʪʘʢʦʞ ʚʠʤʘʛʘʻ ʧʦʜʽʙʥʦʩʪʽ ʪʝʥʟʦʨʝʟʠʩʪʦʨʽʚ ʪʘ ʷʢʦʩʪʽ ʾʭ 

ʧʨʠʢʣʝʶʚʘʥʥʷ. 

a             b 

 

 

 

 

c             d 

ʈʠʩ. 3.5. ʇʨʠʢʣʘʜʠ ʢʦʥʩʪʨʫʢʮʽʾ ʜʠʥʘʤʦʤʝʪʨʽʚ ʟ ʪʝʥʟʦʜʘʪʯʠʢʘʤʠ  

ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʪʨʴʦʭ ʩʢʣʘʜʦʚʠʭ ʩʠʣ ʨʽʟʘʥʥʷ [84] 

a - ʢʦʥʩʪʨʫʢʮʽʷ ʟ ʩʝʛʤʝʥʪʥʠʤʠ ʧʨʫʞʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ,  

b - ʩʭʝʤʘ ʟ'ʻʜʥʘʥʥʷ ʪʝʥʟʦʜʘʪʯʠʢʽʚ ʟʛʽʜʥʦ ʨʠʩ.  3.5a,  

c - ʢʦʥʩʪʨʫʢʮʽʷ ʟ ʚʦʩʴʤʠʢʫʪʥʠʤʠ ʧʨʫʞʥʠʤʠ ʚʠʤʽʨʶʚʘʣʴʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ,  

d - ʩʭʝʤʘ ʟ'ʻʜʥʘʥʥʷ ʪʝʥʟʦʜʘʪʯʠʢʽʚ ʟʛʽʜʥʦ ʨʠʩ.  3.5c 
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ʅʘ ʦʩʥʦʚʽ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʠʥʘʤʦʤʝʪʨʽʚ [85-87] ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ 

ʩʧʝʮʽʘʣʴʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʜʠʥʘʤʦʤʝʪʨʘ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʾ ʨʝʻʩʪʨʫʚʘʣʠʩʴ ʪʨʠ 

ʩʢʣʘʜʦʚʽ ʩʠʣʠ ʨʽʟʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ (ʨʠʩ. 3.b).  ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ 

ʜʘʪʯʠʢ ʙʫʚ ʧʦʩʣʘʙʣʝʥʠʡ ʢʨʫʛʦʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʠʤ ʚʠʨʽʟʦʤ. 

 

 

 

ʈʠʩ. 3.6. ɺʠʛʣʷʜ ʩʧʝʮʽʘʣʴʥʦʛʦ ʪʨʠʢʦʤʧʦʥʝʥʪʥʦʛʦ ʜʠʥʘʤʦʤʝʪʨʘ ʟ ʪʝʥʟʦʜʘʪʯʠʢʘʤʠ 

 (ʧʝʨʝʜ ʤʦʥʪʘʞʝʤ ʫ ʧʨʠʚʦʜʽ ʧʦʜʘʯʽ ʢʘʨʝʪʢʠ) 

 

ɼʠʥʘʤʦʤʝʪʨ, ʚʠʛʣʷʜ ʷʢʦʛʦ ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩ.  3.6, ʙʫʚ ʚʩʪʘʥʦʚʣʝʥʠʡ ʫ 

ʧʨʠʚʦʜʽ ʢʘʨʝʪʢʠ ʧʦʜʘʯʽ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʽ ʧʽʜʢʣʶʯʝʥʠʡ ʛʥʫʯʢʠʤ 

ʝʣʝʢʪʨʠʯʥʠʤ ʢʘʙʝʣʝʤ ʜʦ ʢʦʤʧôʶʪʝʨʥʦʾ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ 

ʚʠʧʨʦʙʫʚʘʣʴʥʦʛʦ ʩʪʝʥʜʫ. 

ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʩʢʣʘʜʦʚʠʭ ʩʠʣ ʫ ʧʨʦʮʝʩʽ ʙʝʟʚʠʩʪʽʡʥʦʛʦ ʨʽʟʘʥʥʷ 

ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʝʥʟʦʜʘʪʯʠʢʠ, ʥʘʣʝʞʥʠʤ ʯʠʥʦʤ ʥʘʢʣʝʻʥʽ 

ʥʘ ʚʥʫʪʨʽʰʥʶ ʩʪʦʨʦʥʫ ʜʠʥʘʤʦʤʝʪʨʘ (ʨʠʩ. 3.7ʘ) ʽ ʟ'ʻʜʥʘʥʽ ʚ ʤʦʩʪʦʚʽ ʩʭʝʤʠ (ʨʠʩ. 

3.7b). ʊʝʥʟʦʜʘʪʯʠʢʠ 1y, 2y, 3y ʽ 4y ʯʫʪʣʠʚʽ ʣʠʰʝ ʜʦ ʚʝʨʪʠʢʘʣʴʥʦʾ (ʚʽʩʴ Y) 

ʩʢʣʘʜʦʚʦʾ ʩʠʣʠ ʨʽʟʘʥʥʷ, ʪʝʥʟʦʜʘʪʯʠʢʠ 1x, 2x, 3x ʪʘ 4x - ʜʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ (ʚʽʩʴ 

X), ʘ ʪʝʥʟʦʜʘʪʯʠʢʠ 1z, 2z, 3z ʽ 4z - ʜʦ ʬʨʦʥʪʘʣʴʥʦʾ (ʣʦʙʦʚʦʾ) ʩʢʣʘʜʦʚʦʾ (ʚʽʩʴ Z).  

ʊʝʥʟʦʜʘʪʯʠʢʠ ʚ ʝʣʝʢʪʨʠʯʥʠʭ ʤʦʩʪʦʚʠʭ ʩʭʝʤʘʭ ʟ'ʻʜʥʘʥʽ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ 

ʧʦʪʝʥʮʽʘʣ ʥʘ ʚʭʦʜʽ ʤʦʩʪʫ ʟʘʣʝʞʠʪʴ ʣʠʰʝ ʚʽʜ ʚʝʣʠʯʠʥʠ ʢʦʞʥʦʾ ʟ ʩʢʣʘʜʦʚʠʭ ʩʠʣʠ 
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ʨʽʟʘʥʥʷ ʽ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʽʩʮʷ ʡʦʛʦ ʧʨʠʢʣʘʜʘʥʥʷ. ʉʠʩʪʝʤʘ ʚʠʤʽʨʶʚʘʥʥʷ 

ʜʠʥʘʤʦʤʝʪʨʘ (ʨʠʩ. 3.7) ʚʠʢʦʨʠʩʪʦʚʫʻ 12 ʬʦʣʴʛʦʚʠʭ ʪʝʥʟʦʨʝʟʠʩʪʦʨʽʚ TF-3/120 

ʦʧʦʨʦʤ 120 ʆʤ ʪʘ ʘʢʪʠʚʥʦʶ ʜʦʚʞʠʥʦʶ 3 ʤʤ (ʚʠʨʦʙʥʠʢ - ʣʘʙʦʨʘʪʦʨʽʷ 

ʪʝʥʟʦʨʝʟʠʩʪʦʨʽʚ ʚ ʤ. ʃʦʜʟʴ, ʇʦʣʴʱʘ). 

ʂʘʣʽʙʨʫʚʘʥʥʷ ʢʦʞʥʦʛʦ ʤʦʩʪʘ  ʪʝʥʟʦʜʘʪʯʠʢʽʚ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦʾ ʩʢʣʘʜʦʚʦʾ ʩʠʣʠ ʩʢʣʘʜʘʣʦʩʷ ʽʟ ʩʪʘʪʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʜʠʥʘʤʦʤʝʪʨʘ ʚ ʦʙʨʘʥʦʤʫ ʥʘʧʨʷʤʢʫ ʽʟ ʩʠʣʦʶ, ʱʦ ʟʨʦʩʪʘʻ ʚʽʜ ʥʫʣʷ ʜʦ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʘ ʧʦʪʽʤ - ʟʤʝʥʰʝʥʥʷ ʥʘʟʘʜ ʜʦ ʥʫʣʷ ʟ ʦʜʥʦʯʘʩʥʦʶ 

ʨʝʻʩʪʨʘʮʽʻʶ ʧʦʢʘʟʘʥʴ ʜʣʷ ʚʩʽʭ ʪʨʴʦʭ ʩʢʣʘʜʦʚʠʭ. 

 

ʈʠʩ. 3.7.  ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʩʧʝʮʽʘʣʴʥʦʛʦ ʜʠʥʘʤʦʤʝʪʨʘ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

 ʪʨʴʦʭ ʩʢʣʘʜʦʚʠʭ ʩʠʣʠ ʨʽʟʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ 

a - ʩʭʝʤʘ ʧʨʠʢʣʝʶʚʘʥʥʷ ʪʝʥʟʦʜʘʪʯʠʢʽʚ, b - ʩʭʝʤʘ ʧʽʜʢʣʶʯʝʥʥʷ ʪʝʥʟʦʜʘʪʯʠʢʽʚ 

 

ʎʠʢʣ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʝʥʟʦʜʘʪʯʠʢʽʚ ʧʽʜ ʯʘʩ ʢʘʣʽʙʨʫʚʘʥʥʷ ʚʠʢʦʥʫʚʘʣʠ 

ʧʦʝʪʘʧʥʦ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʢʘʣʽʙʨʦʚʘʥʦʛʦ ʜʠʥʘʤʦʤʝʪʨʘ FC-500 (ʚʠʨʦʙʥʠʢ 

AXIS Sp. Z o.o.) ʫ ʥʘʧʨʷʤʢʫ ʜʽʾ ʢʦʞʥʦʾ ʩʢʣʘʜʦʚʦʾ ʚ ʜʽʘʧʘʟʦʥʽ ʩʠʣ ʚʽʜ 0 ʜʦ 500 ʅ  

(ʨʠʩ. 3.8). 
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ʈʠʩ. 3.8. ɺʠʛʣʷʜ ʜʠʥʘʤʦʤʝʪʨʘ FC-500, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʢʘʣʽʙʨʫʚʘʥʥʷ 

ʪʝʥʟʦʜʘʪʯʠʢʽʚ 

 

ɺʠʤʽʨʶʚʘʣʴʥʘ ʩʠʩʪʝʤʘ ʙʫʣʘ ʚʽʜʢʘʣʽʙʨʦʚʘʥʘ ʰʣʷʭʦʤ ʧʦʩʣʽʜʦʚʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʯʝʨʝʟ ʜʠʥʘʤʦʤʝʪʨ ʦʜʥʽʻʾ ʩʢʣʘʜʦʚʦʾ (ʚʽʩʴ Y, ʚʽʩʴ X, ʚʽʩʴ Z) ʟ 

ʦʜʥʦʯʘʩʥʦʶ ʨʝʻʩʪʨʘʮʽʻʶ ʩʠʛʥʘʣʽʚ ʪʨʴʦʭ ʩʢʣʘʜʦʚʠʭ ʩʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʋ ʢʦʞʥʽʡ ʩʝʨʽʾ ʚʠʤʽʨʶʚʘʥʴ 

ʧʨʦʚʦʜʠʣʠ ʜʚʘ ʮʠʢʣʠ ʢʘʣʽʙʨʫʚʘʥʥʷ - ʜʦ ʚʠʧʨʦʙʫʚʘʥʴ ʽ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ 

ʚʠʧʨʦʙʫʚʘʥʴ. 

ʇʽʜ ʯʘʩ ʢʘʣʽʙʨʫʚʘʥʥʷ ʪʝʥʟʦʜʘʪʯʠʢʽʚ ʜʠʥʘʤʦʤʝʪʨʘ ʟʘʨʝʻʩʪʨʦʚʘʥʫ 

ʥʘʧʨʫʛʫ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʠʛʥʘʣʽʚ ʧʨʝʜʩʪʘʚʣʷʣʠ ʟʘ ʪʘʢʠʤʠ ʬʦʨʤʫʣʘʤʠ: 

Ux = Uxx + Uxy + Uxz                               (3.1) 

Uy = Uyy + Uyx + Uyz                               (3.2) 

Uz = Uzz + Uzx + Uzy ,                              (3.3) 

ʜʝ:    

Ux ï ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʚ ʢʘʥʘʣʽ X, ʦʪʨʠʤʘʥʝ ʽʟ ʩʢʣʘʜʦʚʠʭ ʩʠʣ Fx, Fy ʪʘ Fz, 

Uy ï ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʚ ʢʘʥʘʣʽ Y, ʦʪʨʠʤʘʥʝ ʽʟ ʩʢʣʘʜʦʚʠʭ ʩʠʣ Fy, Fx i Fz, 

Uz ï ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʚ ʢʘʥʘʣʽ Z, ʦʪʨʠʤʘʥʝ ʽʟ ʩʢʣʘʜʦʚʠʭ ʩʠʣ Fz, Fx i Fy, 

Uxx ï ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʚ ʢʘʥʘʣʽ X, ʦʪʨʠʤʘʥʝ ʽʟ ʩʢʣʘʜʦʚʦʾ ʩʠʣʠ Fx, 

Uxy ï ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʚ ʢʘʥʘʣʽ X, ʦʪʨʠʤʘʥʝ ʽʟ ʩʢʣʘʜʦʚʦʾ ʩʠʣʠ Fy, 

Uxz ï ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʚ ʢʘʥʘʣʽ X, ʦʪʨʠʤʘʥʝ ʽʟ ʩʢʣʘʜʦʚʦʾ ʩʠʣʠ Fz, 
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Uyy ï ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʚ ʢʘʥʘʣʽ Y, ʦʪʨʠʤʘʥʝ ʽʟ ʩʢʣʘʜʦʚʦʾ ʩʠʣʠ Fy, 

Uyx ï ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʚ ʢʘʥʘʣʽ Y, ʦʪʨʠʤʘʥʝ ʽʟ ʩʢʣʘʜʦʚʦʾ ʩʠʣʠ Fx, 

Uyz ï ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʚ ʢʘʥʘʣʽ Y, ʦʪʨʠʤʘʥʝ ʽʟ ʩʢʣʘʜʦʚʦʾ ʩʠʣʠ Fz, 

Uzz ï ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʚ ʢʘʥʘʣʽ Z, ʦʪʨʠʤʘʥʝ ʽʟ ʩʢʣʘʜʦʚʦʾ ʩʠʣʠ Fz, 

Uzx ï ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʚ ʢʘʥʘʣʽ Z, ʦʪʨʠʤʘʥʝ ʽʟ ʩʢʣʘʜʦʚʦʾ ʩʠʣʠ Fx, 

Uzy ï ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʚ ʢʘʥʘʣʽ Z, ʦʪʨʠʤʘʥʝ ʽʟ ʩʢʣʘʜʦʚʦʾ ʩʠʣʠ Fy. 

 

ʅʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʢʘʣʽʙʨʫʚʘʥʥʷ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ 

ʩʠʛʥʘʣʫ (‘ɺ) ʙʫʣʠ ʧʝʨʝʪʚʦʨʝʥʽ ʚ ʟʥʘʯʝʥʥʷ ʩʢʣʘʜʦʚʦʾ ʩʠʣʠ (ʅ) 

xxx UwF ³= ;  

yyy UwF ³= ;  

zzz UwF ³= ,  

ʜʝ:  

Fx ï ʚʝʣʠʯʠʥʘ ʩʢʣʘʜʦʚʦʾ ʩʠʣʠ X ; Fy ï ʚʝʣʠʯʠʥʘ ʩʢʣʘʜʦʚʦʾ ʩʠʣʠ Y; Fz ï 

ʚʝʣʠʯʠʥʘ ʩʢʣʘʜʦʚʦʾ ʩʠʣʠ Z; wx, wy, wz  ï ʢʦʝʬʽʮʽʻʥʪʠ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘʧʨʫʛʠ 

ʚ ‘ɺ ʚ ʩʠʣʫ, ʚʠʨʘʞʝʥʫ ʚ ʅ.  

ʇʽʩʣʷ ʧʽʜʨʘʭʫʥʢʽʚ ʦʪʨʠʤʘʥʦ:  

xx UF ³=13,9942 ,                            (3.4) 

yy UF ³=9,2101 ,                           (3.5) 

 zz UF ³=2,1002 .                            (3.6) 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ ʧʦʢʘʟʘʚ, ʱʦ ʥʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʽʥʰʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʨʘʟʽ ʚʠʤʽʨʶʚʘʥʥʷ ʣʦʙʦʚʦʾ ʩʢʣʘʜʦʚʦʾ ʩʠʣʠ Fz;  ʷʢʠʡ, 

ʦʜʥʘʢ, ʥʝ ʧʝʨʝʚʠʱʫʚʘʚ 5-6% ʫ ʚʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʢʘʣʽʙʨʫʚʘʥʥʷ. ʂʘʣʽʙʨʫʚʘʣʴʥʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʦʢʨʝʤʠʭ ʩʢʣʘʜʦʚʠʭ ʩʠʣʠ ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ ʪʨʠʢʦʤʧʦʥʝʥʪʥʦʛʦ 

ʪʝʥʟʦʨʝʟʠʩʪʦʨʥʦʛʦ ʜʠʥʘʤʦʤʝʪʨʘ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 3.9.  
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ʈʠʩ. 3.9. ʂʘʣʽʙʨʫʚʘʣʴʥʘ ʟʘʣʝʞʥʽʩʪʴ ʥʘʧʨʫʛʠ U (‘ɺ) ʚʽʜ ʧʨʠʢʣʘʜʝʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ F (N) ʧʽʜ ʯʘʩ ʚʠʤʽʨʶʚʘʥʥʷ ʪʨʴʦʭ ʩʢʣʘʜʦʚʠʭ ʩʠʣʠ ʜʠʥʘʤʦʤʝʪʨʘ 

a - ʩʢʣʘʜʦʚʘ ʩʠʣʠ Fx, b - ʩʢʣʘʜʦʚʘ ʩʠʣʠ Fy, c - ʩʢʣʘʜʦʚʘ ʩʠʣʠ Fz 
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3.3. ʂʦʤʧôʶʪʝʨʥʘ ʚʠʤʽʨʶʚʘʣʴʥʘ ʩʠʩʪʝʤʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʮʝʩʽʚ ʨʽʟʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ 

 

ʋʥʽʚʝʨʩʘʣʴʥʘ ʢʦʤʧôʶʪʝʨʥʘ ʩʠʩʪʝʤʘ ʚʠʤʽʨʶʚʘʥʴ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʣʷ ʚʠʚʯʝʥʥʷ ʧʨʦʮʝʩʽʚ ʨʽʟʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ, ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʟʘʧʠʩʫ ʪʘ 

ʘʥʘʣʽʟʫ ʰʚʠʜʢʦʟʤʽʥʥʠʭ ʩʠʛʥʘʣʽʚ ʥʝʝʣʝʢʪʨʠʯʥʠʭ ʚʝʣʠʯʠʥ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʫ.  

ɺʠʤʽʨʶʚʘʣʴʥʠʡ ʢʦʤʧʣʝʢʩ ʜʦʧʦʚʥʠʣʠ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʤʠ ʤʦʜʫʣʷʤʠ, ʱʦ 

ʨʝʻʩʪʨʫʶʪʴ ʘʥʘʣʦʛʦʚʽ ʩʠʛʥʘʣʠ, ʪʘ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʠʤ ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ, 

ʚʠʛʦʪʦʚʣʝʥʠʤʠ ʢʦʤʧʘʥʽʻʶ National Instruments (ʉʐɸ).  

ɺʠʤʽʨʶʚʘʣʴʥʠʡ ʢʦʤʧʣʝʢʩ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʦʩʥʦʚʥʠʭ ʙʣʦʢʽʚ (ʨʠʩ. 

3.10): 

ï ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ, 

ï ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʽʚ, 

ï ʨʝʻʩʪʨʘʮʽʡʥʦ-ʘʥʘʣʽʟʫʶʯʦʛʦ.  

 

 
ʈʠʩ. 3.10. ɹʣʦʢ-ʩʭʝʤʘ ʩʭʝʤʘ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ National Instruments 

(ʉʐɸ) 

 

ɺʠʤʽʨʶʚʘʣʴʥʠʡ ʙʣʦʢ ʚʢʣʶʯʘʻ: ʤʦʜʫʣʴ ʟ'ʻʜʥʫʚʘʯʘ SCXI - 1321, ʤʦʜʫʣʴ 

ʧʽʜʩʠʣʶʚʘʯʘ SCXI - 1121 ʪʘ ʤʦʜʫʣʴ ʚʠʤʽʨʶʚʘʥʥʷ SCXI - 1530. ʄʦʜʫʣʴ SCXI - 

1321 - ʮʝ 4-ʢʘʥʘʣʴʥʠʡ ʟ'ʻʜʥʫʚʘʯ ʜʣʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ ʢʘʙʝʣʽʚ ʚʽʜ 

ʜʘʪʯʠʢʽʚ ʨʽʟʥʠʭ ʪʠʧʽʚ: ʪʝʥʟʦʨʝʟʠʩʪʦʨʽʚ, ʪʝʨʤʦʧʘʨ ʽ ʪʝʨʤʽʩʪʦʨʽʚ ʜʦ SCXI-1121.  

ʊʝʥʟʦʜʘʪʯʠʢʠ ʤʦʞʥʘ ʧʦʻʜʥʫʚʘʪʠ ʚ ʤʽʩʪ ʋʾʥʩʪʦʥʘ, ʥʘʧʽʚʤʽʩʪ ʽ ʯʝʪʚʝʨʪʠʥʥʠʡ 

ʤʽʩʪ. ʋ ʤʦʩʪʦʚʠʭ ʩʭʝʤʘʭ ʤʦʞʥʘ ʚʥʫʪʨʽʰʥʴʦ ʚʽʜʢʘʣʽʙʨʫʚʘʪʠ ʪʝʥʟʦʜʘʪʯʠʢʠ ʪʘ 
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ʚʩʪʘʥʦʚʠʪʠ ʥʘʧʨʫʛʫ ʟʤʽʱʝʥʥʷ.  ʄʦʜʫʣʴ - ʧʽʜʩʠʣʶʚʘʯ SCXI - 1121 ʤʘʻ 4 

ʦʧʪʦʽʟʦʣʴʦʚʘʥʠʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʽʜʩʠʣʶʚʘʯʘ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʽʜʩʠʣʝʥʥʷ ʚ 

ʜʽʘʧʘʟʦʥʽ ʚʽʜ 1 ʜʦ 2000. ʂʦʞʝʥ ʧʽʜʩʠʣʶʚʘʯ ʤʘʻ 2 ʧʨʦʧʫʩʢʥʽ ʬʽʣʴʪʨʠ ʥʠʟʴʢʠʭ 

ʯʘʩʪʦʪ (4 ɻʮ ʽ 10 ʢɻʮ).  ɺʠʤʽʨʶʚʘʣʴʥʽ ʧʽʜʩʠʣʶʚʘʯʽ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʟ 

ʪʝʥʟʦʜʘʪʯʠʢʘʤʠ ʟ ʦʧʦʨʦʤ ʚ ʜʽʘʧʘʟʦʥʽ 120 õ 600 W.  

ʄʦʜʫʣʴ SCXI - 1530 ʻ ʯʦʪʠʨʠʢʘʥʘʣʴʥʠʤ ʧʽʜʩʠʣʶʚʘʯʝʤ ʜʣʷ ʩʠʛʥʘʣʽʚ, ʱʦ 

ʥʘʜʭʦʜʷʪʴ ʚʽʜ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʭ ʜʘʪʯʠʢʽʚ ʪʨʠʢʦʤʧʦʥʝʥʪʥʦʛʦ ʜʠʥʘʤʦʤʝʪʨʘ PCB  

261A02 (ʉʐɸ)  - ʚʽʥ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʣʠʰʝ ʥʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ 

ʜʦʩʣʽʜʞʝʥʴ.  ɹʫʣʦ ʚʠʷʚʣʝʥʦ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʧʨʠʩʢʦʨʝʥʴ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʯʘʩ 

ʧʝʨʝʩʫʚʘʥʥʷ ʢʘʨʝʪʢʠ ʪʘ ʨʝʻʩʪʨʫʶʪʴʩʷ ʜʠʥʘʤʦʤʝʪʨʦʤ 261A02, ʥʘ ʚʩʽ ʪʨʠ 

ʩʢʣʘʜʦʚʽ ʩʠʣʠ ʨʽʟʘʥʥʷ. ʎʝ ʚʠʢʣʶʯʠʣʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ 

ʜʠʥʘʤʦʤʝʪʨʘ ʜʣʷ ʚʠʚʯʝʥʥʷ ʧʨʦʮʝʩʫ  ʨʽʟʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ. 

ʄʦʜʫʣʽ SCXI - 1321, SCXI - 1121, SCXI - 1530 ʨʦʟʤʽʱʝʥʽ ʚ ʢʘʩʝʪʽ SCXI 

- 1000, ʷʢʘ ʧʨʠʩʪʦʩʦʚʘʥʘ ʜʦ ʞʠʚʣʝʥʥʷ ʟʤʽʥʥʠʤ ʩʪʨʫʤʦʤ ʯʦʪʠʨʴʦʭ ʤʦʜʫʣʽʚ ʟ 

ʢʦʤʧʣʝʢʪʫ SCXI (ʨʠʩ. 3.11).  ɸʥʘʣʦʛʦʚʽ ʩʠʛʥʘʣʠ ʥʘʧʨʫʛʦʶ Ñ 5 ɺ ʟ ʯʦʪʠʨʴʦʭ 

ʢʘʥʘʣʽʚ ʢʦʞʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʥʘʜʩʠʣʘʶʪʴʩʷ ʥʘ ʙʣʦʢ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ. 

 
ʈʠʩ. 3.10. ɺʠʜ ʤʦʜʫʣʽʚ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʫ ʬʽʨʤʠ National Instruments (ʉʐɸ) 

1 ï SCXI-1000, 2 ï SCXI-1530, 3 ï SCXI-1321 ʪʘ SCXI-1121 
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ɹʣʦʢ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʧʣʘʪʠ NI USB-

6251, ʘʜʘʧʪʝʨʘ SCXI-1349 ʪʘ ʢʘʙʝʣʽʚ. ɺʠʤʽʨʶʚʘʣʴʥʘ ʢʘʨʪʘ ʤʽʩʪʠʪʴ 16-

ʨʦʟʨʷʜʥʠʡ ɸʎʇ, 16 ʚʭʽʜʥʠʭ ʢʘʥʘʣʽʚ ʫ ʥʝʟʙʘʣʘʥʩʦʚʘʥʽʡ ʢʦʥʬʽʛʫʨʘʮʽʾ ʘʙʦ 8 

ʢʘʥʘʣʽʚ ʫ ʩʠʤʝʪʨʠʯʥʽʡ (ʜʠʬʝʨʝʥʮʽʘʣʴʥʽʡ) ʢʦʥʬʽʛʫʨʘʮʽʾ, ʧʨʦʛʨʘʤʦʚʘʥʠʡ 

ʚʭʽʜʥʠʡ ʧʽʜʩʠʣʶʚʘʯ, ʮʠʬʨʦʚʽ ʣʽʥʽʾ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʘʣʽʙʨʫʚʘʥʥʷ.  

ʄʘʢʩʠʤʘʣʴʥʘ ʯʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʩʪʘʥʦʚʠʪʴ 1,25 ʤʩ/ʩ.  ʄʦʜʫʣʴ NI USB-6251 ʧʨʘʮʶʻ ʟ ʢʦʤʧ'ʶʪʝʨʦʤ ʯʝʨʝʟ ʨʦʟ'ʻʤ 

USB. 

ɹʣʦʢ ʟʘʧʠʩʫ ʪʘ ʘʥʘʣʽʟʫ ʚʢʣʶʯʘʻ: ʇʂ (ʥʦʫʪʙʫʢ) ʪʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʝ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ SignalExpress ʪʘ Diadem ʚʽʜ National Instruments. 

ʈʦʙʦʪʦʶ ʚʩʴʦʛʦ ʢʦʤʧʣʝʢʩʫ ʚʠʤʽʨʶʚʘʥʴ ʧʽʜ ʯʘʩ ʨʝʻʩʪʨʘʮʽʾ ʜʘʥʠʭ ʢʝʨʫʻ 

ʧʨʦʛʨʘʤʘ SignalExpress, ʧʦʙʫʜʦʚʘʥʘ ʷʢ ʚʽʨʪʫʘʣʴʥʠʡ ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʧʨʠʣʘʜ 

(ʨʠʩ. 3.11).  

 

 
 

ʈʠʩ. 3.11. ɺʠʛʣʷʜ ʚʽʢʥʘ ʚʽʨʪʫʘʣʴʥʦʛʦ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʨʠʣʘʜʫ, ʩʪʚʦʨʝʥʦʛʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ SignalExpress 

 

ʇʨʦʛʨʘʤʘ ʚʠʤʽʨʶʚʘʥʥʷ SignalExpress ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʦʨʠʛʽʥʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʧʘʢʝʪʫ LabVIEW (National Instruments).  ʇʨʦʛʨʘʤʘ 
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SignalExpress ʜʦʟʚʦʣʷʻ ʨʝʛʫʣʶʚʘʪʠ ʚʩʽ ʧʘʨʘʤʝʪʨʠ, ʢʦʥʪʨʦʣʶʚʘʪʠ ʙʽʞʫʯʠʡ ʩʪʘʥ 

ʩʠʩʪʝʤʠ ʪʘ ʢʦʥʪʨʦʣʶʚʘʪʠ ʧʨʦʮʝʩ ʚʠʤʽʨʶʚʘʥʥʷ.  ʇʨʦʛʨʘʤʘ ʚʢʣʶʯʘʻ ʙʽʙʣʽʦʪʝʢʠ 

ʧʽʜ ʥʘʟʚʦʶ  ʚʽʨʪʫʘʣʴʥʽ ʝʣʝʤʝʥʪʠ, ʱʦ ʧʽʜʪʨʠʤʫʶʪʴ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʚʩʽʻʾ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʪʘ ʧʨʠʩʪʨʦʾʚ, ʘ ʪʘʢʦʞ ʙʽʙʣʽʦʪʝʢʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ 

ʘʥʘʣʽʟʫʚʘʪʠ ʦʪʨʠʤʘʥʽ ʜʘʥʽ ʚʠʤʽʨʶʚʘʥʴ (ʩʪʘʪʠʩʪʠʢʘ, ʣʽʥʽʡʥʘ ʘʣʛʝʙʨʘ, ʮʠʬʨʦʚʽ 

ʬʽʣʴʪʨʠ, ʪʦʱʦ).  ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ - ʮʝ ʛʨʘʬʽʢʠ ʟʤʽʥʠ ʪʨʴʦʭ ʩʢʣʘʜʦʚʠʭ 

ʩʠʣʠ ʨʽʟʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʟʙʫʜʦʚʘʥʽ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. 

ɺʩʽ ʟʘʧʠʩʘʥʽ ʜʘʥʽ ʚʠʤʽʨʶʚʘʥʴ ʤʦʞʫʪʴ ʙʫʪʠ ʧʽʜʜʘʥʽ ʤʝʜʽʘʥʥʽʡ 

ʬʽʣʴʪʨʘʮʽʾ, ʥʠʟʴʢʦ- ʪʘ ʚʠʩʦʢʦʯʘʩʪʦʪʥʽʡ ʬʽʣʴʪʨʘʮʽʾ, ʤʘʩʰʪʘʙʫʚʘʥʥʶ, 

ʘʧʨʦʢʩʠʤʘʮʽʾ, ʘʥʘʣʽʟʫ FFT ʪʘ ʽʥʰʽʡ ʤʘʪʝʤʘʪʠʯʥʽʡ ʦʙʨʦʙʮʽ. ɼʣʷ ʘʥʘʣʽʟʫ 

ʟʽʙʨʘʥʠʭ ʜʘʥʠʭ ʪʘ ʧʽʜʛʦʪʦʚʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʧʨʦʛʨʘʤʘ Diadem, 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʾ ʦʪʨʠʤʘʥʽ ʜʘʥʽ ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʜʘʣʽ ʦʙʨʦʙʣʝʥʽ ʚ ʙʫʜʴ-ʷʢʦʤʫ 

ʜʦʜʘʪʢʫ LabVIEW, ʧʨʠʟʥʘʯʝʥʦʤʫ ʜʣʷ ʜʘʥʦʛʦ ʚʠʜʫ ʨʦʙʽʪ, ʘʙʦ ʥʘʧʨʘʚʣʝʥʽ ʜʣʷ 

ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ ʚ Excel. 

 

 

3.4. ɺʠʟʥʘʯʝʥʥʷ ʟʥʦʩʫ ʣʝʟʘ ʥʦʞʘ ʚ ʧʨʦʮʝʩʽ ʨʽʟʘʥʥʷ ʢʥʠʞʢʦʚʠʭ 

ʙʣʦʢʽʚ ʜʠʩʢʦʚʠʤʠ ʥʦʞʘʤʠ 

 

ʇʨʦʤʠʩʣʦʚʠʡ ʜʦʩʚʽʜ ʧʦʢʘʟʫʻ, ʱʦ ʩʪʘʥ ʨʽʞʫʯʦʾ ʢʨʘʡʢʠ ʥʦʞʽʚ ʩʫʪʪʻʚʦ 

ʚʧʣʠʚʘʻ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʷʢʽʩʪʴ ʦʙʨʽʟʢʠ ʢʥʠʛ.  ʈʽʟʘʥʥʷ ʥʦʞʘʤʠ ʟ ʥʘʜʤʽʨʥʦ 

ʟʥʦʰʝʥʠʤʠ ʣʝʟʘʤʠ ʪʘʢʦʞ ʩʧʨʠʯʠʥʷʻ ʟʥʘʯʥʝ ʟʙʽʣʴʰʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʝʣʝʤʝʥʪʽʚ ʧʨʠʚʦʜʫ ʤʘʰʠʥʠ ʪʘ ʙʽʣʴʰ ʚʠʩʦʢʝ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʮʝʩʽʚ ʨʽʟʘʥʥʷ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [88-92] 

ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, ʱʦ ʦʜʥʠʤ ʽʟ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʨʠʪʫʧʣʝʥʥʷ ʣʝʟʘ 

ʨʽʞʫʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ, ʤʦʞʝ ʙʫʪʠ ʨʘʜʽʫʩ ʟʘʦʢʨʫʛʣʝʥʥʷ ʡʦʛʦ ʨʽʞʫʯʦʾ ʢʨʘʡʢʠ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʨʽʟʘʥʥʷ ʢʥʠʛ ʽ ʩʪʦʩʽʚ ʧʘʧʝʨʫ ʧʦʢʘʟʘʣʦ, ʱʦ ʨʘʜʽʫʩ ʨʽʞʫʯʦʾ 

ʢʨʘʡʢʠ ʨʽʟʘʣʴʥʠʭ ʥʦʞʽʚ ʚʽʜʨʘʟʫ ʧʽʩʣʷ ʟʘʪʦʯʫʚʘʥʥʷ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 2 õ 6 

ʤʢʤ, ʪʦʜʽ ʷʢ ʫ ʚʠʧʘʜʢʫ ʟ ʪʫʧʠʤ ʥʦʞʝʤ ʨʘʜʽʫʩ ʢʨʘʡʢʠ ʣʝʟʘ ʜʦʩʷʛʘʻ 25 õ 36 ʤʢʤ 

[69]. 
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ʅʘ ʨʠʩ.  3.12 ʧʦʢʘʟʘʥʘ ʩʧʨʦʱʝʥʘ ʩʭʝʤʘ ʤʽʢʨʦʛʝʦʤʝʪʨʽʾ ʟʘʪʫʧʣʝʥʥʷ ʣʝʟʘ 

ʥʦʞʘ - ʟʙʽʣʴʰʝʥʥʷ ʨʘʜʽʫʩʘ ʢʨʘʡʢʠ r ʽ ʩʢʦʨʦʯʝʥʥʷ ʢʽʥʯʠʢʘ ʣʝʟʘ (ʟʘʚʜʷʢʠ, ʩʝʨʝʜ 

ʽʥʰʦʛʦ, ʥʦʨʤʘʣʴʥʦʤʫ ʟʥʦʩʫ) ʨʽʞʫʯʦʾ ʢʨʘʡʢʠ ʥʘ ʚʝʣʠʯʠʥʫ KE, ʱʦ ʚʽʜʦʙʨʘʞʘʻ 

ʨʘʜʽʘʣʴʥʠʡ ʟʥʦʩ (ʚʟʜʦʚʞ ʙʽʩʝʢʪʨʠʩʠ ʢʫʪʘ ʟʘʪʦʯʢʠ ʥʦʞʘ). 

 

 

 

ʈʠʩ. 3.12. ʉʧʨʦʱʝʥʘ ʩʭʝʤʘ ʤʽʢʨʦʛʝʦʤʝʪʨʽʾ ʟʘʪʫʧʣʝʥʥʷ ʣʝʟʘ ʥʦʞʘ 

 

 

ɺʝʣʠʯʠʥʘ ʟʥʦʩʫ ʥʦʞʘ KE ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʘ ʟʘ ʪʘʢʦʶ ʬʦʨʤʫʣʦʶ 

[91]: ( )ùú

ø
é
ê

è
--= 1

2sin

1
)(

o

rRKE
a , (3.7) 

ʜʝ:  r ï  ʨʘʜʽʫʩ ʢʨʘʡʢʠ ʟʘʪʦʯʝʥʦʛʦ ʣʝʟʘ ʥʦʞʘ, ʘ R ï ʚʽʜʧʦʚʽʜʥʦ ʨʘʜʽʫʩ 

ʪʫʧʦʛʦ ʣʝʟʘ ʥʦʞʘ; Ŭ0 ï ʢʫʪ ʟʘʪʦʯʝʥʥʷ ʣʝʟʘ ʥʦʞʘ.    

ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʝʣʠʯʠʥʠ ʟʥʦʩʫ ʜʠʩʢʦʚʠʭ ʥʦʞʽʚ KE ʥʘ ʦʩʥʦʚʽ 

ʬʦʨʤʫʣʠ (3.7) ʪʘ ʚʠʧʨʦʙʫʚʘʥʴ [91] ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʪʘ ʚʠʛʦʪʦʚʣʝʥʦ 

ʩʧʝʮʽʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ, ʩʭʝʤʘ ʷʢʦʛʦ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3.13.  
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ʈʠʩ. 3.13. ʉʭʝʤʘ ʧʨʠʣʘʜʫ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʝʣʠʯʠʥʠ ʟʥʦʩʫ ʥʦʞʘ [91] 

1 - ʮʠʬʝʨʙʣʘʪ ʜʘʪʯʠʢʘ ʣʽʥʽʡʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ , 2 - ʚʠʤʽʨʶʚʘʣʴʥʽ ʛʫʙʢʠ, 3 ï ʱʫʧ 

ʜʘʪʯʠʢʘ,  

4 - ʟʘʛʘʨʪʦʚʘʥʠʡ ʥʘʢʦʥʝʯʥʠʢ, 5 - ʣʝʟʦ ʥʦʞʘ 

 

ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʣʽʥʽʡʥʠʡ ʜʘʪʯʠʢ ʧʝʨʝʤʽʱʝʥʥʷ ʟ 

ʮʠʬʝʨʙʣʘʪʦʤ (1), ʢʦʨʧʫʩ ʷʢʦʛʦ ʚʩʪʘʥʦʚʣʝʥʠʡ ʫ ʩʧʝʮʽʘʣʴʥʦ ʚʠʛʦʪʦʚʣʝʥʠʭ 

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʛʫʙʢʘʭ (2).  ʅʘ ʱʫʧ ʜʘʪʯʠʢʘ (3) ʧʨʠʢʨʽʧʣʝʥʠʡ ʟʘʛʘʨʪʦʚʘʥʠʡ 

ʰʣʽʬʦʚʘʥʽʡ ʮʠʣʽʥʜʨʠʯʥʠʡ ʥʘʢʦʥʝʯʥʠʢ (4).  ɼʣʷ ʫʩʫʥʝʥʥʷ ʧʽʜ ʯʘʩ ʚʠʤʽʨʶʚʘʥʴ 

ʧʦʜʨʷʧʠʥ ʥʘ ʦʧʦʨʥʽʡ ʧʦʚʝʨʭʥʽ ʰʣʽʬʦʚʘʥʦʛʦ ʥʘʢʦʥʝʯʥʠʢʘ (4) ʧʨʠ ʢʦʥʪʘʢʪʽ ʟ 

ʣʝʟʦʤ ʥʦʞʘ, ʥʘʢʦʥʝʯʥʠʢ (4) ʙʫʚ ʟʘʛʘʨʪʦʚʘʥʠʡ ʜʦ ʪʚʝʨʜʦʩʪʽ 68-70 HRC, ʪʦʙʪʦ 

ʚʠʱʝ ʪʚʝʨʜʦʩʪʽ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʧʨʠ ʨʽʟʘʥʥʽ ʜʠʩʢʦʚʠʭ ʥʦʞʽʚ (5). 

ʄʝʪʦʜ ʚʠʤʽʨʶʚʘʥʥʷ ʻ ʪʘʢʠʡ: 

ï ʧʽʩʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʪʦʯʝʥʦʛʦ ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ ʥʘ ʚʠʧʨʦʙʫʚʘʣʴʥʦʤʫ 

ʩʪʝʥʜʽ, ʧʨʠʪʠʩʢʘʻʤʦ ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʧʨʠʣʘʜ ʡʦʛʦ ʛʫʙʢʘʤʠ ʫ ʧʦʟʥʘʯʝʥʦʤʫ ʤʽʩʮʽ 

ʜʦ ʢʨʘʶ ʣʝʟʘ ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ, ʘʢʫʨʘʪʥʦ ʪʦʨʢʘʶʯʠʩʴ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ 

ʥʘʢʦʥʝʯʥʠʢʘ ʣʝʟʦʤ ʥʦʞʘ.  ʇʦʪʽʤ, ʫʪʨʠʤʫʶʯʠ ʧʨʠʣʘʜ, ʨʫʭʘʻʤʦ ʡʦʛʦ ʥʘʚʢʦʣʦ 

ʢʨʘʶ ʥʦʞʘ ʽ ʚʠʟʥʘʯʘʻʤʦ ʤʘʢʩʠʤʘʣʴʥʝ ʚʽʜʭʠʣʝʥʥʷ ʩʪʨʽʣʦʢ ʜʘʪʯʠʢʘ ʮʠʬʝʨʙʣʘʪʘ 

ʚ ʧʨʦʮʝʩʽ ʨʫʭʫ, ʚ ʮʴʦʤʫ ʧʦʣʦʞʝʥʥʽ ʚʠʩʪʘʚʣʷʻʤʦ ʥʫʣʴ ʥʘ ʰʢʘʣʽ ʧʨʠʣʘʜʫ. 

ï ʧʽʜ ʯʘʩ ʧʦʜʘʣʴʰʠʭ ʚʠʤʽʨʶʚʘʥʴ ʧʨʠʪʠʩʢʫʶʪʴ ʛʫʙʢʠ ʧʨʠʣʘʜʫ ʜʦ ʪʦʛʦ ʞ 

ʤʽʩʮʷ ʥʘ ʢʨʘʶ ʣʝʟʘ.  ɺʝʣʠʯʠʥʘ ʚʽʜʭʠʣʝʥʥʷ ʩʪʨʽʣʢʠ ʜʘʪʯʠʢʘ ʚʽʜ ʥʫʣʴʦʚʦʛʦ 

ʧʦʣʦʞʝʥʥʷ ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ ʚʝʣʠʯʠʥʽ ʟʥʦʩʫ ʣʝʟʘ KE. 
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ɺʠʤʽʨʶʚʘʥʥʷ ʚʝʣʠʯʠʥʠ ʟʥʦʩʫ ʣʝʟʘ ʥʦʞʘ ʮʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʻ ʧʨʦʩʪʝ ʫ 

ʚʠʢʦʥʘʥʥʽ, ʜʦʩʪʘʪʥʴʦ ʪʦʯʥʝ ʽ ʥʝ ʚʠʤʘʛʘʻ ʜʝʤʦʥʪʘʞʫ ʥʦʞʘ ʟʽ ʩʪʝʥʜʫ.   

ʅʘ ʨʠʩ.  3.14 ʧʦʢʘʟʘʥʠʡ ʚʠʛʣʷʜ ʧʨʠʣʘʜʫ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʶʚʘʥʴ 

ʟʥʦʩʫ ʣʝʟʘ ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ. 

 

 

 

ʈʠʩ. 3.14. ɺʠʛʣʷʜ ʧʨʠʣʘʜʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʟʥʦʩʫ ʣʝʟʘ  

 

 

3.5. ʆʮʽʥʢʘ ʷʢʦʩʪʽ ʨʽʟʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʜʠʩʢʦʚʠʤʠ ʥʦʞʘʤʠ 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʣʴʩʴʢʦʾ ʥʦʨʤʠ PN-74/P-55021 "ʌʦʨʤʘʪʠ ʢʥʠʛ ʪʘ 

ʙʨʦʰʫʨ", ʣʽʥʽʾ ʨʦʟʨʽʟʘʥʥʷ ʢʥʠʛ ʧʦʚʠʥʥʽ ʙʫʪʠ ʧʘʨʘʣʝʣʴʥʠʤʠ ʪʘ ʧʨʷʤʦʢʫʪʥʠʤʠ 

ʜʦ ʣʽʥʽʾ ʜʨʫʢʫ.  ʂʥʠʞʢʦʚʠʡ ʙʣʦʢ ʥʘ ʟʨʽʟʘʥʦʤʫ ʙʦʮʽ ʙʣʦʢʫ ʥʝ ʧʦʚʠʥʝʥ ʤʘʪʠ 

ʨʦʟʨʠʚʽʚ, ʩʣʽʜʽʚ ʟʥʦʰʫʚʘʥʥʷ, ʩʢʣʘʜʦʢ, ʧʦʜʨʷʧʠʥ ʪʘ ʜʝʬʦʨʤʘʮʽʾ ʢʦʨʽʥʮʷ.  

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʨʦʟʤʽʨʠ ʙʣʦʢʽʚ ʪʘ ʾʭ ʧʨʷʤʦʢʫʪʥʽʩʪʴ 

ʚʠʤʽʨʶʶʪʴʩʷ ʣʽʥʽʡʥʠʤ ʧʨʠʣʘʜʦʤ, ʘ ʧʦʷʚʘ ʜʝʬʝʢʪʽʚ ʨʽʟʘʥʥʷ ʦʮʽʥʶʻʪʴʩʷ 

ʚʽʟʫʘʣʴʥʦ.  

ʋ ʨʦʙʦʪʽ ʧʨʠ ʦʮʽʥʮʽ ʷʢʦʩʪʽ ʨʽʟʘʥʥ ̫ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ, ʚʠʭʦʜʷʯʠ ʟ 

ʨʝʢʦʤʝʥʜʘʮʽʡ ʥʦʨʤʠ ʽ ʽʥʩʪʨʫʢʮʽʾ ʟ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʚ ʧʦʣʽʛʨʘʬʽʯʥʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ [93], ʧʨʦʚʦʜʠʣʠ ʚʽʟʫʘʣʴʥʫ ʦʮʽʥʢʫ ʧʦʚʝʨʭʥʽ ʟʨʽʟʫ ʢʥʠʞʢʦʚʠʭ 
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ʙʣʦʢʽʚ ʝʢʩʮʝʥʪʨʠʯʥʠʤ ʜʠʩʢʦʚʠʤ ʥʦʞʝʤ ʪʘ ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʷʢʦʩʪʽ 

ʨʽʟʘʥʥʷ ʢʨʘʾʚ ʘʨʢʫʰʽʚ ʧʘʧʝʨʫ. 

ɼʣʷ ʤʽʢʨʦʩʢʦʧʽʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʷʢʦʩʪʽ ʨʽʟʘʥʥʷ ʢʨʘʾʚ ʘʨʢʫʰʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʮʠʬʨʦʚʠʡ ʤʽʢʨʦʩʢʦʧ Dino-Lite Edge 3.0 AM73115MTF, ̫ʢʠʡ 

ʙʫʚ ʟʘʢʨʽʧʣʝʥʠʡ ʥʘ ʩʧʝʮʽʘʣʴʥʦʤʫ ʰʪʘʪʠʚʽ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʚʽʪʣʦʜʽʦʜʽʚ ʜʣʷ 

ʦʩʚʽʪʣʝʥʥʷ ʧʦʣʷ ʤʽʢʨʦʬʦʪʦʛʨʘʬʽʾ (ʨʠʩ. 3.15). 

ʄʽʢʨʦʩʢʦʧ AM73115MTF ʜʦʟʚʦʣʷʻ ʩʧʦʩʪʝʨʽʛʘʪʠ ʦʙ'ʻʢʪʠ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

10x - 70x ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʟʦʙʨʘʞʝʥʥʷ - 5 ʄʝʛʘ ʧʢ̔ʩʝʣʽʚ 

(2592x1944) ʥʘ ʜʫʞʝ ʚʝʣʠʢʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʦʙ'ʻʢʪʘ ʜʦʩʣʽʜʞʝʥʥʷ.  

ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ, ʱʦ ʜʦʨʽʚʥʶʻ 70x, ʚʽʜʩʪʘʥʴ ʚʽʜ ʩʧʦʩʪʝʨʝʞʫʚʘʥʦʛʦ 

ʦʙ'ʻʢʪʘ ʤʦʞʝ ʩʪʘʥʦʚʠʪʠ 115 ʤʤ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʷʢʽʩʪʴ ʨʽʟʘʥʥʷ ʢʨʘʡʦʚʠʭ 

ʜʽʣʷʥʦʢ ʨʽʟʘʥʠʭ ʣʠʩʪʽʚ ʙʣʦʢʫ ʟʘʪʠʩʥʫʪʦʛʦ ʚ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʚʽʟʢʫ.   

 

ʈʠʩ. 3.15. ɺʠʛʣʷʜ ʜʦʚʛʦʬʦʢʫʩʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʤʽʢʨʦʩʢʦʧʘ 

Dino-Lite Edge 3.0 AM73115MTF [94] 

 

ʄʽʢʨʦʩʢʦʧʽʯʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʢʨʘʾʚ ʘʨʢʫʰʽʚ ʧʨʦʚʦʜʠʣʠʩʴ ʫ ʚʽʜʙʠʪʦʤʫ 

ʩʚʽʪʣʽ.  ɼʣʷ ʟʡʦʤʢʠ  ʪʘ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ ʤʽʢʨʦʬʦʪʦʛʨʘʬʽʡ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʷ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ DinoCapture 2.0 ʚʽʜ ʬʽʨʤʠ Dino-Lite. 
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3.6. ʇʨʦʛʨʘʤʘ ʜʦʩʣʽʜʞʝʥʴ 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʱʝʟʘʟʥʘʯʝʥʦʾ ʤʝʪʠ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʧʨʦʛʨʘʤʘ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʝʢʩʮʝʥʪʨʠʢʦʚʠʤ ʜʠʩʢʦʚʠʤ ʥʦʞʝʤ ʪʘ ʚʧʣʠʚʫ 

ʧʘʨʘʤʝʪʨʽʚ ʦʙʨʦʙʢʠ ʥʘ ʚʝʣʠʯʠʥʫ ʩʢʣʘʜʦʚʠʭ ʩʠʣʠ ʨʽʟʘʥʥʷ ʪʘ ʷʢʽʩʪʴ ʨʽʟʘʥʥʷ 

ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʧʽʜʛʦʪʦʚʣʝʥʽ ʢʥʠʞʢʦʚʽ ʙʣʦʢʠ ʟ ʨʽʟʥʠʭ ʚʠʜʽʚ 

ʧʘʧʝʨʫ, ʷʢʽ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʢʥʠʛ ʫ ʧʦʣʽʛʨʘʬʽʯʥʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ.  ʆʩʥʦʚʥʽ ʪʝʭʥʽʯʥʽ ʜʘʥʽ ʧʘʧʝʨʽʚ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ 

ʪʘʙʣʠʮʽ 3.1.  

 

ʊʘʙʣʠʮʷ 3.1.  ɺʠʜʠ ʧʘʧʝʨʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ 

 

ˉ ʊʠʧ ʧʘʧʝʨʫ ʊʦʨʛʦʚʘ 

ʥʘʟʚʘ 

ʧʘʧʝʨʫ 

ʄʘʩʘ, 

[ʛ/ʤ2] 

ʊʦʚʱʠʥʘ 

ʘʨʢʫʰʘ, 

[ɛʤ] 

ʇʦʢʘʟʥʠʢ 

ʧʫʭʢʦʩʪʽ 

 [cʤį/ʛ] 

1 ʆʬʩʝʪʥʠʡ ʧʘʧʽʨ 

ʙʝʟ ʧʦʢʨʠʪʪʷ 

Amber 

Graphic 
60 76 1,2 

2 ʆʬʩʝʪʥʠʡ ʧʘʧʽʨ 

ʙʝʟ ʧʦʢʨʠʪʪʷ 

Offset 

Speed-E 
70 89 1,1 

3 ʆʬʩʝʪʥʠʡ ʧʘʧʽʨ 

ʙʝʟ ʧʦʢʨʠʪʪʷ 

Offset 

Speed-E 
80 101 1,26 

4 ʇʫʭʢʠʡ ʧʘʧʽʨ ʙʝʟ 

ʧʦʢʨʠʪʪʷ 
iBook White 70 112 1,6 

5 ʇʫʭʢʠʡ ʧʘʧʽʨ ʙʝʟ 

ʧʦʢʨʠʪʪʷ 
iBook Cream 70 140 2,0 

6 ʆʬʩʝʪʥʠʡ ʧʘʧʽʨ ʟ 

ʧʦʢʨʠʪʪʷʤ 
Omni gloss 170 122 0,72 

7 ʆʬʩʝʪʥʠʡ ʧʘʧʽʨ ʟ 

ʧʦʢʨʠʪʪʷʤ 
Omni silk 200 165 0,83 

8 ʆʬʩʝʪʥʠʡ ʧʘʧʽʨ ʟ 

ʧʦʢʨʠʪʪʷʤ 
Maxi silk 150 131 0,87 

9 ʆʬʩʝʪʥʠʡ ʧʘʧʽʨ ʟ 

ʧʦʢʨʠʪʪʷʤ 
Maxi gloss 250 220 0,74 

10 
ʂʘʨʪʦʥ Iber Board 1260 2000 

ʥʝ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

11 
ʂʘʨʪʦʥ Iber Board 1575 2500 

ʥʝ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʢʦʞʥʦʛʦ ʟʤʽʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʥʘ ʧʨʦʮʝʩ ʨʽʟʘʥʥʷ 

ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʬʽʢʩʦʚʘʥʠʭ ʟʥʘʯʝʥʥʷʭ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʎʝ ʚʠʷʚʠʣʦ ʩʪʫʧʽʥʴ 
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ʚʧʣʠʚʫ ʦʢʨʝʤʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʥʘ ʚʝʣʠʯʠʥʠ ʩʢʣʘʜʦʚʠʭ ʩʠʣʠ ʨʽʟʘʥʥʷ 

ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ. ʅʘ ʨʠʩ.  3.16 ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʨʘʬʽʯʥʘ ʩʭʝʤʘ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʥʦʞʘ ʧʽʜ ʯʘʩ ʦʙʨʦʙʢʠ ʙʣʦʢʽʚ ʪʘ ʧʦʟʥʘʯʝʥʦ ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ 

ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ, ʱʦ ʟʤʽʥʶʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʴ. 

 

 
 

ʈʠʩ. 3.16. ɻʨʘʬʽʯʥʘ ʩʭʝʤʘ ʥʘʣʘʰʪʫʚʘʥʥʷ ʥʦʞʘ ʪʘ ʧʦʟʥʘʯʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʜʠʩʢʦʚʠʤ ʥʦʞʝʤ, ʚʩʪʘʥʦʚʣʝʥʠʤ 

ʝʢʩʮʝʥʪʨʠʯʥʦ 

 

ɽʢʩʧʝʨʠʤʝʥʪʠ ʧʨʦʚʦʜʠʣʠ ʧʦʩʣʽʜʦʚʥʦ ʽʟ ʟʤʽʥʦʶ ʥʘʩʪʫʧʥʠʭ ʧʘʨʘʤʝʪʨʽʚ: 

 

¶ ʰʚʠʜʢʽʩʪʴ ʧʦʜʘʯʽ ʢʘʨʝʪʢʠ v0  ..... 025; 0,5; 0,75; 1,0; 1,25; 1,5 m/s; 

¶ ʪʦʚʱʠʥʘ ʙʣʦʢʫ H  ...............................................  5; 10; 15 i 20 ʤʤ; 

¶ ʜʦʚʞʠʥʘ ʢʦʨʽʥʮʷ ʙʣʦʢʫ L  ........................................  100 i 240 ʤʤ; 

¶ ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ n750; 900; 1200; 1500; 1800 i 2000 ʦʙ/ʭʚ; 

¶ ʥʘʧʨʷʤʦʢ ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ ........................  ʧʦʧʫʪʥʠʡ/ʟʫʩʪʨʽʯʥʠʡ; 

¶ ʜʽʘʤʝʪʨ ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ D  ......................................  150 i 200 ʤʤ; 

¶ ʚʽʜʩʪʘʥʴ ʢʥʠʞʢʦʚʦʛʦ ʙʣʦʢʫ ʜʦ ʦʩʽ ʥʦʞʘ a .  0; 20; 40; 60 i 80 ʤʤ; 

¶ ʢʫʪ ʟʘʪʦʯʝʥʥʷ ʥʦʞʘ ao  ..............................................  15Á, 20Á, 26Á; 

¶ ʚʝʣʠʯʠʥʘ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ e  ....................  ʚʽʜ 0; 0,5; 1; 1,5; 2 ʤʤ; 

¶ ʚʝʣʠʯʠʥʘ ʚʠʭʦʜʫ ʣʝʟʘ c  .................................................. min 5 ʤʤ; 

¶ ʪʠʧ ʧʘʧʝʨʫ  ............................................................  ʟʛʽʜʥʦ ʪʘʙʣ. 3.1. 
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ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʢʦʞʥʦʛʦ ʟʤʽʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʥʘ ʧʨʦʮʝʩ ʨʽʟʘʥʥʷ 

ʧʨʦʚʦʜʠʣʦʩʴ ʽʟ ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʦʩʥʦʚʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʦʙʨʦʙʢʠ (v0 = 0,5 ʤ/ʩ; H = 15 ʤʤ; L = 100 ʤʤ; n = 1500 ʦʙ/ʭʚ; D = 200 ʤʤ; a = 80 

ʤʤ; e = 0,5 ʤʤ; ao = 26o; c = 5 ʤʤ). ʆʩʥʦʚʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʬʩʝʪʥʦʛʦ ʧʘʧʝʨʫ ʤʘʩʦʶ 80 ʛ/ʤ2. ʗʢʽʩʪʴ ʨʽʟʘʥʥʷ ʦʮʽʥʶʚʘʣʠ 

ʚʽʟʫʘʣʴʥʦ ʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʠʬʨʦʚʦʛʦ ʤʽʢʨʦʩʢʦʧʘ. 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʧʦʩʣʽʜʦʚʥʦ, ʟ ʧʦʚʪʦʨʝʥʥʷʤ ʦʜʥʦʛʦ ʽ ʪʦʛʦ ʞ 

ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʠʥʘʡʤʥʽ ʧ'ʷʪʴ ʨʘʟʽʚ. ʂʦʞʥʝ ʚʠʤʽʨʶʚʘʥʥʷ ʨʝʻʩʪʨʫʚʘʣʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʦʤʧôʶʪʝʨʥʦʾ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟ ʧʦʜʘʣʴʰʠʤ ʩʪʘʪʠʩʪʠʯʥʠʤ 

ʘʥʘʣʽʟʦʤ - ʚʠʟʥʘʯʝʥʥʷʤ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ʩʢʣʘʜʦʚʠʭ ʩʠʣʠ ʨʽʟʘʥʥʷ ʪʘ 

ʩʪʘʥʜʘʨʪʥʦ ʾ ʧʦʭʠʙʢʠ ʩʝʨʝʜʥʴʦʘʨʠʬʤʝʪʠʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ ʜʣʷ 

ʜʘʥʦʾ ʩʝʨʽʾ ʚʠʧʨʦʙʫʚʘʥʴ. 
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ʈʆɿɼɯʃ 4 

 

ʈɽɿʋʃʔʊɸʊʀ ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅʀʍ ɼʆʉʃɯɼɾɽʅʔ ʈɯɿɸʅʅʗ 

ʂʅʀɾʂʆɺʀʍ ɹʃʆʂɯɺ ɽʂʉʎɽʅʊʈʀʏʅʀʄʀ ɼʀʉʂʆɺʀʄʀ 

ʅʆɾɸʄʀ 

 

4.1. ɸʥʘʣʽʟ ʪʨʴʦʭ ʩʢʣʘʜʦʚʠʭ ʩʠʣʠ ʙʝʟʚʠʩʪʽʡʥʦʛʦ ʨʽʟʘʥʥʷ ʢʥʠʞʢʦʚʠʭ 

ʙʣʦʢʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʠʩʢʦʚʠʭ ʥʦʞʽʚ 

 

ʈʽʟʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʘʙʦ ʟʘʪʠʩʥʫʪʠʭ ʩʪʦʩʽʚ ʧʘʧʝʨʫ - ʮʝ ʩʢʣʘʜʥʠʡ 

ʧʨʦʮʝʩ ʦʙʨʦʙʢʠ, ʧʨʠ ʷʢʦʤʫ ʚʠʥʠʢʘʶʪʴ ʩʢʣʘʜʥʽ ʷʚʠʱʘ ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʨʦʟʨʠʚʫ 

ʰʘʨʽʚ ʟʨʽʟʘʥʠʭ ʘʨʢʫʰʽʚ ʧʘʧʝʨʫ, ʢʦʣʠ ʣʝʟʦ ʨʽʞʫʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʚʭʦʜʠʪʴ ʫ 

ʧʘʧʽʨ. 

ʃʝʟʦ ʥʦʞʘ, ʥʘʪʠʩʢʘʶʯʠ ʩʚʦʻʶ ʨʽʞʫʯʦ  ʁ ʢʨʘʡʢʦʶ ʥʘ ʩʪʦʩ ʧʘʧʝʨʫ, 

ʚʠʢʣʠʢʘʻ ʫʪʚʦʨʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʚ ʟʦʥʽ ʢʦʥʪʘʢʪʫ ʣʝʟʘ ʥʦʞʘ, ʱʦʙ ʩʪʠʩʥʫʪʠ ʰʘʨʠ 

ʧʘʧʝʨʫ, ʨʦʟʨʠʚʘʶʯʠ ʽ ʨʦʟʪʷʛʫʶʯʠ ʧʘʧʝʨʦʚʽ ʚʦʣʦʢʥʘ ʧʽʜ ʣʝʟʦʤ. ʈʽʟʘʥʥʷ 

(ʨʦʟʜʽʣʝʥʥʷ) ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʩʧʽʣʴʥʦʾ ʜʽʾ ʮʠʭ ʥʘʧʨʫʞʝʥʴ, ʢʦʣʠ ʤʝʞʘ 

ʤʽʮʥʦʩʪʽ ʥʘ ʨʦʟʨʠʚ ʟʽʛʥʫʪʠʭ ʽ ʨʦʟʪʷʛʥʫʪʠʭ ʚʦʣʦʢʦʥ ʘʨʢʫʰʽʚ ʧʘʧʝʨʫ ʙʽʣʷ ʢʨʘʡʢʠ 

ʣʝʟʘ ʥʦʞʘ ʩʪʘʻ ʧʝʨʝʚʠʱʝʥʘ [95,96]. 

ɿʘʣʝʞʥʦ ʚʽʜ ʩʪʘʥʫ ʨʽʞʫʯʦʾ ʢʨʘʡʢʠ ʥʦʞʘ, ʧʨʦʮʝʩ ʨʽʟʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ 

ʧʝʨʝʚʘʞʘʥʥʷʤ ʨʦʟʨʠʚʫ ʧʘʧʝʨʦʚʠʭ ʚʦʣʦʢʦʥ ʧʽʜ ʣʝʟʦʤ ʘʙʦ ʧʝʨʝʧʠʣʶʚʘʥʥʷ 

ʚʦʣʦʢʦʥ ʨʽʞʫʯʦʶ ʢʨʦʤʢʦʶ ʥʦʞʘ. ʂʦʣʠ ʢʥʠʞʢʦʚʽ ʙʣʦʢʠ ʨʽʞʫʪʴ ʪʫʧʠʤʠ ʥʦʞʘʤʠ 

- ʧʨʦʮʝʩ ʨʦʟʜʽʣʝʥʥʷ ʧʘʧʝʨʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʯʝʨʝʟ ʨʦʟʨʠʚ 

ʟʘʚôʷʟʢʽʚ ʤʽʞ ʚʦʣʦʢʥʘʤʠ ʚ ʧʘʧʝʨʦʚʠʭ ʘʨʢʫʰʘʭ, ʪʦʜʽ ʢʨʘʾ ʟʨʽʟʘʥʠʭ ʘʨʢʫʰʽʚ 

ʤʦʞʫʪʴ ʤʘʪʠ ʰʦʨʩʪʢʫ ʧʦʚʝʨʭʥʶ. 

ʇʨʠ ʨʽʟʘʥʥʽ ʛʦʩʪʨʠʤ ʥʦʞʝʤ - ʧʨʦʮʝʩ ʚʽʜʙʫʚʘʻʪʴʩʷ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ 

ʰʣʷʭʦʤ ʯʝʨʝʟ ʨʦʟʨʽʟʘʥʥʷ ʚʦʣʦʢʦʥ ʧʽʜ ʯʘʩ ʨʦʙʦʯʦʛʦ ʨʫʭʫ ʨʽʞʫʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ.  

ʆʙʝʨʪʘʣʴʥʠʡ ʨʫʭ ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ ʜʦʧʦʤʘʛʘʻ ʨʦʟʧʠʣʷʪʠ ʚʦʣʦʢʥʘ ʟʘʪʠʩʥʫʪʦʛʦ 

ʩʪʦʩʫ ʧʘʧʝʨʫ ʽ ʚʠʢʣʠʢʘʻ ʜʦʜʘʪʢʦʚʝ ʟʛʣʘʜʞʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʟʨʽʟʫ, ʱʦ ʩʧʨʠʷʻ 

ʧʦʣʽʧʰʝʥʥʶ ʷʢʦʩʪʽ ʨʽʟʘʥʥʷ. 
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ʆʧʽʨ ʨʽʟʘʥʥʷ ʧʘʧʝʨʫ, ʩʠʣʠ ʪʝʨʪʷ ʣʝʟʘ ʥʦʞʘ ʦʙ ʧʘʧʽʨ ʽ ʩʠʣʠ, ʱʦ 

ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ ʜʝʬʦʨʤʘʮʽʾ ʩʪʠʩʥʝʥʠʭ ʰʘʨʽʚ ʧʘʧʝʨʫ ʚ ʧʨʦʮʝʩʽ ʨʽʟʘʥʥʷ, 

ʜʽʶʪʴ ʥʘ ʣʝʟʦ ʥʦʞʘ, ʷʢʝ ʟʘʥʫʨʶʻʪʴʩʷ ʚ ʟʘʪʠʩʥʫʪʠʡ ʙʣʦʢ ʧʽʜ ʯʘʩ ʨʽʟʘʥʥʷ.  

ɺʝʣʠʯʠʥʘ ʩʠʣʠ, ʱʦ ʚʠʥʠʢʘʻ ʧʽʜ ʯʘʩ ʨʽʟʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ, ʟʥʘʯʥʦʶ ʤʽʨʦʶ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʧʘʧʝʨʫ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʦʙʨʦʙʢʠ [97]. 

ʈʦʟʧʦʜʽʣ ʩʢʣʘʜʦʚʠʭ ʩʠʣ ʫ ʧʣʦʱʠʥʽ ʨʽʟʘʥʥʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʙʨʦʙʢʠ 

ʢʥʠʞʢʦʚʦʛʦ ʙʣʦʢʘ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.1. ʋ ʧʣʦʱʠʥʽ ʨʽʟʘʥʥʷ ʨʦʟʨʽʟʥʷʻʤʦ ʜʚʽ 

ʩʢʣʘʜʦʚʽ ʩʠʣʠ ʨʽʟʘʥʥʷ F: ʥʦʨʤʘʣʴʥʫ ʩʠʣʫ Fn - ʨʝʘʢʮʽʶ ʥʦʞʘ ʥʘ ʚʨʽʟʘʥʥʷ ʫ ʙʣʦʢ 

ʪʘ ʢʦʣʦʚʫ ʩʠʣʫ Ft - ʨʝʘʢʮʽʶ ʥʦʞʘ ʥʘ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʩʧʨʠʯʠʥʝʥʫ ʦʙʨʦʙʢʦʶ 

ʧʘʧʝʨʫ.  ʉʠʣʠ Fn ʽ Ft ʜʽʶʪʴ ʫ ʧʣʦʱʠʥʽ ʨʽʟʘʥʥʷ ʽ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽ ʦʜʥʘ ʦʜʥʽʡ, ʘ 

ʨʝʟʫʣʴʪʫʶʯʘ ʩʠʣʘ F - ʾʭ ʛʝʦʤʝʪʨʠʯʥʘ ʩʫʤʘ (ʨʠʩ. 4.1). 

ʅʘ ʨʠʩ. 4.2. ʧʨʝʜʩʪʘʚʣʝʥʽ ʩʢʣʘʜʦʚʽ ʩʠʣʠ, ʱʦ ʜʽʶʪʴ ʥʘ ʪʨʘʥʩʧʦʨʪʥʫ 

ʢʘʨʝʪʢʫ ʚ ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ. ʉʠʣʘ ʦʙʨʦʙʢʠ ʢʥʠʞʢʦʚʦʛʦ ʙʣʦʢʫ 

ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ ʪʨʴʦʭ ʩʢʣʘʜʦʚʠʭ: ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ Fx ï ̫ ʢʘ ʜʽʻ 

ʚ ʧʣʦʱʠʥʽ ʨʽʟʘʥʥʷ ʫ ʥʘʧʨʷʤʢʫ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʙʣʦʢʘ, ʩʢʣʘʜʦʚʘ Fz ï ʜʽʻ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘʧʨʷʤʢʫ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚ ʧʣʦʱʠʥʽ ʨʽʟʘʥʥʷ ʪʘ 

ʚʝʨʪʠʢʘʣʴʥʘ ʩʢʣʘʜʦʚʘ  Fy ï ʜʽʻ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʧʣʦʱʠʥʠ ʨʽʟʘʥʥʷ.  

ʅʘʡʙʽʣʴʰʠʭ ʟʥʘʯʝʥʴ ʫ ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ ʜʦʩʷʛʘʶʪʴ ʜʚʽ ʩʢʣʘʜʦʚʽ ʩʠʣʠ: Fx ʽ Fz.. 

 

a                                  b 
ʈʠʩ. 4.1. ʈʦʟʧʦʜʽʣ ʟʫʩʠʣʴ ʨʽʟʘʥʥʷ ʧʨʠ ʨʽʟʘʥʥʽ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʜʠʩʢʦʚʠʤ ʥʦʞʝʤ 

a ï ʨʽʟʘʥʥʷ ʧʦʧʫʪʥʝ; b ï ʨʽʟʘʥʥʷ ʟʫʩʪʨʽʯʥʝ 

1 ïʜʠʩʢʦʚʠʡ ʥʽʞ, 2 ï ʢʥʠʞʢʦʚʠʡ ʙʣʦʢ 
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ʈʠʩ. 4.2. ʊʨʠ ʩʢʣʘʜʦʚʽ ʩʠʣʠ, ʱʦ ʜʽʶʪʴ ʥʘ ʪʨʘʥʩʧʦʨʪʥʫ ʢʘʨʝʪʢʫ ʧʨʠ ʨʽʟʘʥʥʽ 

ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʜʠʩʢʦʚʠʤ ʥʦʞʝʤ 

 

ʅʘ ʨʠʩ. 4.3 ʧʨʝʜʩʪʘʚʣʝʥʽ ʪʠʧʦʚʽ ʦʩʮʠʣʦʛʨʘʤʠ ʟʘʧʠʩʫ ʪʨʴʦʭ ʩʢʣʘʜʦʚʠʭ 

ʩʠʣ Fx, Fz ʪʘ Fy, ʱʦ ʜʽʶʪʴ ʥʘ ʪʨʘʥʩʧʦʨʪʥʫ ʢʘʨʝʪʢʫ ʧʽʜ ʯʘʩ ʟʫʩʪʨʽʯʥʦʛʦ  (ʨʠʩ. 

4.3a) ʪʘ ʧʦʧʫʪʥʦʛʦ (ʨʠʩ. 4.3b) ʨʽʟʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʜʠʩʢʦʚʠʤ ʥʦʞʝʤ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʧʨʦʮʝʩʽ  ʨʽʟʘʥʥʷ 

(ʧʦʧʫʪʥʦʛʦ ʪʘ ʟʫʩʪʨʽʯʥʦʛʦ) ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ, ʩʢʣʘʜʦʚʽ ʩʠʣ Fx ʪʘ Fz ʻ ʥʘʡʙʽʣʴʰ 

ʟʥʘʯʥʠʤʠ, ʽ ʾʭ ʚʝʣʠʯʠʥʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʽʜʧʦʚʽʜʥʦʛʦ ʚʠʙʦʨʫ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ 

ʨʽʟʘʥʥʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʥʠʞʯʦʛʦ ʟʥʘʯʝʥʥʷ 

ʜʦʩʷʛʘʻ ʩʢʣʘʜʦʚʘ Fy, ʷʢʘ ʩʪʘʥʦʚʠʪʴ ʤʘʢʩʠʤʫʤ ʜʦ 3% - 5% ʚʽʜ ʨʝʟʫʣʴʪʫʶʯʦʛʦ 

ʟʥʘʯʝʥʥʷ ʩʠʣʠ F (ʥʘʡʙʽʣʴʰʝ ʟʥʠʞʝʥʥʷ ʙʫʣʦ ʟʘʬʽʢʩʦʚʘʥʦ ʧʽʜ ʯʘʩ ʧʦʧʫʪʥʦʛʦ 

ʨʽʟʘʥʥʷ). ɺʝʨʪʠʢʘʣʴʥʘ ʩʢʣʘʜʦʚʘ Fy ʚʠʥʠʢʘʻ ʚ ʥʘʧʨʷʤʢʫ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ 

ʧʦʚʝʨʭʥʽ ʟʨʽʟʘʥʥʷ ʙʣʦʢʘ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʟʘʻʤʦʜʽʾ ʚʽʜʨʽʟʘʥʠʭ ʯʘʩʪʠʥ  ʩʪʨʽʯʦʢ 

ʧʘʧʝʨʫ (ʨʦʟʤʽʨʦʤ ʧʨʠʙʣʠʟʥʦ 3-5 ʤʤ) ʥʘ ʣʝʟʦ ʥʦʞʘ ʽ ʥʘʪʠʩʢʫ ʥʘ ʧʦʚʝʨʭʥʶ ʟʨʽʟʫ 

ʢʥʠʞʢʦʚʦʛʦ ʙʣʦʢʫ ʧʦʚʝʨʭʥʴʦʶ ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ, ʱʦ ʦʙʝʨʪʘʻʪʴʩʷ. 

 



144 
 

 

a 

 

b 

ʈʠʩ. 4.3. ʊʠʧʦʚʽ ʦʩʮʠʣʦʛʨʘʤʠ ʪʨʴʦʭ ʩʢʣʘʜʦʚʠʭ ʩʠʣ Fx, Fz ʪʘ Fy, ʱʦ ʜʽʶʪʴ ʥʘ 

ʪʨʘʥʩʧʦʨʪʥʫ ʢʘʨʝʪʢʫ ʧʨʠ ʨʽʟʘʥʥʽ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʜʠʩʢʦʚʠʤ ʥʦʞʝʤ 

ʘ - ʟʫʩʪʨʽʯʥʝ ʨʽʟʘʥʥʷ, b - ʧʦʧʫʪʥʝ ʨʽʟʘʥʥʷ 
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ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʟʘʨʝʻʩʪʨʦʚʘʥʦ ʜʫʞʝ ʤʘʣʝ 

ʟʥʘʯʝʥʥʷ ʩʢʣʘʜʦʚʦʾ Fy, ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʩʢʣʘʜʦʚʠʤʠ (ʨʠʩ. 4.3), ʦʪʞʝ, 

ʦʩʥʦʚʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʣʘʩʴ ʚʠʚʯʝʥʥʶ ʩʠʣ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʧʣʦʱʠʥʽ ʨʽʟʘʥʥʷ 

ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ, ʪʦʙʪʦ ʰʣʷʭʦʤ ʘʥʘʣʽʟʫ ʚʟʘʻʤʦʜʽʾ ʩʢʣʘʜʦʚʠʭ Fx ʪʘ Fz ʪʘ ʾʭ 

ʩʫʤʠ Ὂ Ὂ Ὂ  . 

ɿʘʣʝʞʥʦ ʚʽʜ ʧʦʣʦʞʝʥʥʷ ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ ʚ ʧʨʦʮʝʩʽ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ 

(ʚʽʜʩʪʘʥʴ ʤʽʞ ʚʽʩʩʶ ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ ʜʦ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʙʣʦʢʫ) ʪʘ ʥʘʧʨʷʤʢʫ 

ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ, ʚʝʣʠʯʠʥʘ ʪʘ ʥʘʧʨʷʤʦʢ ʩʢʣʘʜʦʚʠʭ Fx ʪʘ Fz, ʱʦ ʜʽʶʪʴ  ʥʘ 

ʪʨʘʥʩʧʦʨʪʥʫ ʢʘʨʝʪʢʫ, ʟʤʽʥʶʶʪʴʩʷ.  

ʅʘ ʨʠʩ. 4.4 (a, b) ʧʨʝʜʩʪʘʚʣʝʥʽ ʤʦʞʣʠʚʽ ʚʘʨʽʘʥʪʠ ʟʤʽʥʠ ʥʘʧʨʷʤʢʫ 

ʩʢʣʘʜʦʚʠʭ ʩʠʣ Fx ʪʘ Fz ʪʘ ʨʝʟʫʣʴʪʫʶʯʦʾ ʩʠʣʠ F ʧʨʠ ʟʤʽʥʽ ʧʘʨʘʤʝʪʨʘ a ʪʘ 

ʥʘʧʨʷʤʢʫ ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ. 

ʉʢʣʘʜʦʚʘ ʟʫʩʠʣʣʷ Fx ʚʠʥʠʢʘʻ ʚʥʘʩʣʽʜʦʢ ʦʧʦʨʫ ʨʽʟʘʥʥʷ ʟʘʪʠʩʥʫʪʦʛʦ 

ʩʪʦʩʫ ʧʘʧʝʨʫ ʽ ʜʽʻ ʚ ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʥʦ ʾʢʘʨʝʪʢʠ ʚ ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ.  

ʇʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʨʽʟʘʥʥʽ ʢʥʠʞʢʦʚʦʛʦ ʙʣʦʢʘ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʥʽ 

ʚʽʜʩʪʘʥʥʽ ʥʦʞʘ a ʤʦʞʣʠʚʝ ʚʽʜ'ʻʤʥʝ ʟʥʘʯʝʥʥʷ ʩʢʣʘʜʦʚʦʾ ʩʠʣʠ Fx - ʫ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʩʠʣʘ Fx "ʜʦʧʦʤʘʛʘʻ" ʧʨʠʚʦʜʫ ʧʦʜʘʯʫ ʙʣʦʢʘ ʧʽʜ ʯʘʩ ʡʦʛʦ ʨʽʟʘʥʥʷ (ʨʠʩ. 

4.4ʘ).  ʇʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʘʥʘʣʽʟ 

ʚʟʘʻʤʦʜʽʾ ʩʢʣʘʜʦʚʠʭ ʩʠʣʠ ʫ ʧʨʦʮʝʩʽ ʨʽʟʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʜʠʩʢʦʚʠʤʠ 

ʥʦʞʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 4.4. 

ʅʘ ʨʠʩ. 4.5 ʧʨʝʜʩʪʘʚʣʝʥʽ ʦʩʮʠʣʦʛʨʘʤʠ ʩʢʣʘʜʦʚʠʭ ʩʠʣ Fx ʪʘ Fz, ʱʦ ʜʽʶʪʴ 

ʥʘ ʪʨʘʥʩʧʦʨʪʥʫ ʢʘʨʝʪʢʫ ʧʽʜ ʯʘʩ ʟʫʩʪʨʽʯʥʦʛʦ ʨʽʟʘʥʥʷ (ʨʠʩ. 4.5a) ʪʘ ʧʦʧʫʪʥʦʛʦ 

(ʨʠʩ. 4.5b) ʨʽʟʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʜʠʩʢʦʚʠʤ ʥʦʞʝʤ. ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʧʨʷʤʦʢ ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ 

ʥʘ ʟʤʽʥʫ ʥʘʧʨʷʤʢʫ ʩʠʣʦʚʠʭ ʩʢʣʘʜʦʚʠʭ Fx ʪʘ Fz.  ʇʨʠ ʧʦʧʫʪʥʦʤʫ ʨʽʟʘʥʥʽ 

ʟʘʪʠʩʥʝʥʠʭ ʚ ʢʘʨʝʪʮʽ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʩʽ ʥʦʞʘ ʥʘ 

ʤʘʢʩʠʤʘʣʴʥʫ ʚʽʜʩʪʘʥʴ  ʚʽʜ ʢʥʠʞʢʦʚʦʛʦ ʙʣʦʢʫ ʙʫʣʦ ʟʘʨʝʻʩʪʨʦʚʘʥʦ ʟʤʽʥʫ 

ʥʘʧʨʷʤʢʫ ʩʢʣʘʜʦʚʦʾ ʩʠʣʠ Fx (ʨʠʩ. 4.5b), ʟʘʚʜʷʢʠ ʯʦʤʫ ʟʥʘʯʝʥʥʷ ʩʠʣʠ ʧʦʜʘʯʽ 

ʙʣʦʢʘ ʟʤʝʥʰʫʻʪʴʩʷ. 
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           a                                  b 

ʈʠʩ. 4.4. ɺʧʣʠʚ ʧʦʣʦʞʝʥʥʷ ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ ʥʘ ʥʘʧʨʷʤʢʠ ʜʽʾ, ʚʝʣʠʯʠʥʠ ʩʢʣʘʜʦʚʠʭ 

ʩʠʣ Fx ʪʘ Fz ʪʘ ʨʝʟʫʣʴʪʫʶʯʫ ʩʠʣʫ F ʧʨʠ ʧʦʧʫʪʥʦʤʫ (a) ʪʘ ʟʫʩʪʨʽʯʥʦʤʫ (b) ʨʽʟʘʥʥʽ 

1 - ʜʠʩʢʦʚʠʡ ʥʽʞ, 2 - ʢʥʠʞʢʦʚʠʡ ʙʣʦʢ 
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ʘ 
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ʈʠʩ. 4.5. ʆʩʮʠʣʦʛʨʘʤʘ ʟʘʨʝʻʩʪʨʦʚʘʥʦʾ ʟʤʽʥʠ ʚʝʣʠʯʠʥʠ ʪʘ ʥʘʧʨʷʤʢʫ ʩʢʣʘʜʦʚʠʭ ʩʠʣ 

Fx ʪʘ Fz, ʢʦʣʠ ʥʽʞ ʚʩʪʘʥʦʚʣʝʥʠʡ ʥʘ ʤʘʢʩʠʤʘʣʴʥʽʡ ʚʽʜʩʪʘʥʽ a = 75 ʤʤ ʚʽʜ ʢʥʠʞʢʦʚʦʛʦ ʙʣʦʢʫ, 

ʚʠʛʦʪʦʚʣʝʥʦʛʦ ʟ ʧʘʧʝʨʫ ʤʘʩʦʶ 80  ʛ/ʤ2 

a ïʨʽʟʘʥʥʷ ʟʫʩʪʨʽʯʥʝ, b ï ʨʽʟʘʥʥʷ ʧʦʧʫʪʥʝ 
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ɿʤʽʥʘ ʥʘʧʨʷʤʢʫ ʩʠʣʦʚʦʾ ʩʢʣʘʜʦʚʦʾ Fz ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʚʽʜʩʪʘʥʽ  a ʪʘʢʦʞ 

ʙʫʣʘ ʚʽʜʟʥʘʯʝʥʘ ʜʣʷ ʧʦʧʫʪʥʦʛʦ ʩʧʦʩʦʙʫ ʨʽʟʘʥʥʷ. ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ 

ʦʩʮʠʣʦʛʨʘʤʠ, ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʫ ʚʠʧʘʜʢʫ ʟʫʩʪʨʽʯʥʦʛʦ ʨʽʟʘʥʥʷ ʩʠʣʘ 

ʨʽʟʘʥʥʷ ʜʣʷ ʢʥʠʞʢʦʚʠʭ ʚʩʪʘʚʦʢ ʥʠʞʯʘ, ʥʽʞ ʧʨʠ ʧʦʧʫʪʥʦʤʫ ʨʽʟʘʥʥʽ, ʱʦ 

ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʟʤʽʥ ʬʘʢʪʠʯʥʠʭ ʢʫʪʽʚ 

ʨʽʟʘʥʥʷ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʧʨʦʮʝʩ ʨʽʟʘʥʥʷ ʜʠʩʢʦʚʠʤʠ ʥʦʞʘʤʠ. 

ʂʽʥʝʤʘʪʠʯʥʠʡ ʘʥʘʣʽʟ ʧʨʦʮʝʩʽʚ ʨʽʟʘʥʥʷ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʝʢʩʮʝʥʪʨʠʯʥʦ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ, ʧʨʦʚʝʜʝʥʠʡ ʫ ʜʨʫʛʽʡ ʛʣʘʚʽ 

ʧʦʢʘʟʘʚ, ʱʦ ʟʘʣʝʞʥʦ ʚʽʜ ʦʙʨʘʥʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʦʙʨʦʙʢʠ (ʰʚʠʜʢʽʩʪʴ 

ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ, ʥʘʧʨʷʤʦʢ ʦʙʝʨʪʘʥʥʷ, ʰʚʠʜʢʽʩʪʴ ʧʦʜʘʯʽ ʙʣʦʢʫ, ʨʦʟʤʽʨ 

ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʫ, ʪʦʱʦ), ʧʨʦʮʝʩ ʨʽʟʘʥʥʷ ʤʦʞʝ ʧʨʦʭʦʜʠʪʠ ʫ ʜʚʦʭ ʨʝʞʠʤʘʭ: 

- ʙʝʟʧʝʨʝʨʚʥʝ (ʧʦʩʪʽʡʥʝ) ʨʽʟʘʥʥʷ - ʢʦʣʠ ʣʝʟʦ ʥʦʞʘ ʧʦʩʪʽʡʥʦ ʢʦʥʪʘʢʪʫʻ ʽʟ 

ʢʥʠʞʢʦʚʠʤ ʙʣʦʢʦʤ ʚ ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ, ʽ 

 - ʧʝʨʝʨʠʚʯʘʩʪʝ (ʽʤʧʫʣʴʩʥʝ) ʨʽʟʘʥʥʷ - ʢʦʣʠ ʣʝʟʦ ʥʦʞʘ ʚʠʭʦʜʠʪʴ ʟ ʢʦʥʪʘʢʪʫ 

ʟ ʧʘʧʝʨʦʚʠʤ ʙʣʦʢʦʤ ʫ ʧʝʚʥʫ ʬʘʟʫ ʮʠʢʣʫ ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ - ʚ ʮʝʡ ʤʦʤʝʥʪ ʧʨʦʮʝʩ 

ʨʽʟʘʥʥʷ ʧʝʨʝʨʠʚʘʻʪʴʩʷ, ʽ ʣʝʟʦ ʥʦʞʘ ʥʝ ʪʦʨʢʘʻʪʴʩʷ ʟʨʽʟʘʥʦʾ ʯʘʩʪʠʥʠ ʧʘʧʝʨʫ ʙʣʦʢʫ 

ʧʨʦʪʷʛʦʤ ʮʴʦʛʦ ʯʘʩʫ. 

ɹʝʟʧʝʨʝʨʚʥʝ ʨʽʟʘʥʥʷ (ʨʠʩ. 4.6ʘ) ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʫʤʦʚʠ, ʱʦ ʛʦʨʠʟʦʥʪʘʣʴʥʘ 

ʩʢʣʘʜʦʚʘ xv ʣʽʥʽʡʥʦʾ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ (ʚʝʢʪʦʨʥʘ ʩʫʤʘ ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ ʙʣʦʢʘ 

ὺ ʪʘ ʣʽʥʽʡʥʘ ʰʚʠʜʢʽʩʪʴ ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʦʩʽ ὺ) ʻ ʨʽʚʥʘ, ʯʠ 

ʙʽʣʴʰʝ 0, ʪʦʙʪʦ 000 ²+= vvv xx . 

ʋ ʨʘʟʽ ʨʽʟʘʥʥʷ ʚ ʽʤʧʫʣʴʩʥʦʤʫ ʨʝʞʠʤʽ - ʢʦʣʠ ʰʚʠʜʢʽʩʪʴ vx0 ʤʘʻ ʥʘʧʨʷʤʦʢ, 

ʧʨʦʪʠʣʝʞʥʠʡ ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ v0, ʽ ʾʾ ʘʙʩʦʣʶʪʥʝ ʟʥʘʯʝʥʥʷ ʧʝʨʝʙʽʣʴʰʫʻ 

ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ, ʪʦʜʽ ʧʨʦʮʝʩ ʨʽʟʘʥʥʷ ʧʝʨʝʨʠʚʘʻʪʴʩʷ (ʨʠʩ. 4.6b). 
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ʈʠʩ. 4.6. ʆʩʮʠʣʦʛʨʘʤʠ ʨʝʻʩʪʨʘʮʽʾ ʩʢʣʘʜʦʚʦʾ ʩʠʣʠ Fx ʫ ʥʘʩʪʫʧʥʠʭ ʨʝʞʠʤʘʭ: 

ʧʝʨʝʨʠʚʯʘʩʪʝ ʪʘ ʙʝʟʧʝʨʝʨʚʥʝ ʨʽʟʘʥʥʷ ʜʠʩʢʦʚʠʤ ʥʦʞʝʤ 

a ï ʙʝʟʧʝʨʝʨʚʥʝ ʨʽʟʘʥʥʷ (ʰʚʠʜʢʽʩʪʴ ʧʦʜʘʯʽ v0=0,3ʤ/ʩʝʢ); b ï ʽʤʧʫʣʴʩʥʝ ʨʽʟʘʥʥʷ 

(ʰʚʠʜʢʽʩʪʴ ʧʦʜʘʯʽ v0=0,2ʤ/ʩʝʢ). ʇʘʨʘʤʝʪʨʠ ʦʙʨʦʙʢʠ: ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ n=1800 ʦʙ/ʭʚ; 

e=1ʤʤ; ʜʽʘʤʝʪʨ ʥʦʞʘ D=200 ʤʤ; ʚʽʜʩʪʘʥʴ ʚʽʜ ʦʩʽ ʦʙʝʨʪʘʥʥʷ:  ʘ=70ʤʤ; ʪʦʚʱʠʥʘ ʙʣʦʢʘ 

h=10ʤʤ; ʜʦʚʞʠʥʘ ʙʣʦʢʘ l=100ʤʤ. 
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ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʨʽʟʘʥʥʷ ʪʨʘʜʠʮʽʡʥʠʤ ʜʠʩʢʦʚʠʤ ʥʦʞʝʤ, ʝʢʩʮʝʥʪʨʠʯʥʝ 

ʚʩʪʘʥʦʚʣʝʥʥʷ  ʥʦʞʘ ʩʧʨʠʯʠʥʷʻ ʟʤʽʥʫ ʭʘʨʘʢʪʝʨʫ ʦʙʨʦʙʢʠ, ʱʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ 

ʧʝʨʽʦʜʠʯʥʠʭ ʢʦʣʠʚʘʥʥʷʭ ʬʘʢʪʠʯʥʠʭ ʢʫʪʽʚ ʨʽʟʘʥʥʷ ʧʽʜ ʯʘʩ ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ ʪʘ 

ʚʠʢʣʠʢʘʻ ʮʠʢʣʽʯʥʫ ʟʤʽʥʫ ʟʫʩʠʣʣʷ ʨʽʟʘʥʥʷ ʚ ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ. 

ʋ ʨʝʞʠʤʽ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʨʽʟʘʥʥʷ (ʨʠʩ. 4.6ʘ) ʚʠʥʠʢʘʶʪʴ ʮʠʢʣʽʯʥʽ 

ʢʦʣʠʚʘʥʥʷ ʚʝʣʠʯʠʥʠ Fx ʩʢʣʘʜʦʚʦʾ ʩʠʣʠ ʨʽʟʘʥʥʷ ʝʢʩʮʝʥʪʨʠʯʥʠʤ ʥʦʞʝʤ, ʦʜʥʘʢ 

ʯʝʨʝʟ ʚʝʣʠʢʫ h ʚʠʜʢʽʩʪʴ ʧʦʜʘʯʽ ʙʣʦʢʫ v0 ʣʝʟʦ ʥʦʞʘ ʥʝ ʤʦʞʝ ʚʠʭʦʜʠʪʠ ʟ ʢʦʥʪʘʢʪʫ 

ʟ ʧʘʧʝʨʦʤ, ʽ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʩʠʣʠ ʨʽʟʘʥʥʷ ʥʘ ʦʩʮʠʣʦʛʨʘʤʘʭ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʪʦʛʦ, ʱʦ ʩʪʦʩʫʻʪʴʩʷ ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ ʨʽʟʘʥʥʷ. 

ʋ ʨʝʞʠʤʽ ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ ʨʽʟʘʥʥʷ ʩʠʣʘ ʥʘ ʥʦʞʽ ʧʘʜʘʻ ʧʨʘʢʪʠʯʥʦ ʜʦ 

ʥʫʣʷ, ʢʦʣʠ ʣʝʟʦ ʚʠʭʦʜʠʪʴ ʟ ʧʘʧʝʨʫ, ʽ ʟʥʦʚʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟ ʤʦʤʝʥʪʫ ʢʦʥʪʘʢʪʫ 

ʨʽʞʫʯʦʾ ʢʨʘʡʢʠ ʥʦʞʘ ʟ ʙʣʦʢʦʤ (ʨʠʩ. 4.6b). ʎʠʢʣʽʯʥʽ ʢʦʣʠʚʘʥʥʷ ʩʠʣʠ, 

ʟʤʝʥʰʝʥʥʷ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ʬʘʢʪʠʯʥʦʛʦ ʢʫʪʘ ʨʽʟʘʥʥʷ ʥʦʞʘ, ʘ ʪʘʢʦʞ 

ʜʠʥʘʤʽʯʥʠʡ ʭʘʨʘʢʪʝʨ ʜʽʾ ʣʝʟʘ ʥʦʞʘ ʥʘ ʧʘʧʽʨ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʩʠʣ 

ʨʽʟʘʥʥʷ [98].  ʇʝʨʝʨʠʚʯʘʩʪʠʡ ʭʘʨʘʢʪʝʨ ʨʽʟʢʠ ʪʘʢʦʞ ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʦʙʨʦʙʢʠ ʜʠʩʢʦʚʠʤ ʥʦʞʝʤ ʟʘ ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʟʦʥʽ ʨʽʟʘʥʥʷ 

ʯʝʨʝʟ ʧʝʨʽʦʜʠʯʥʫ ʚʽʜʩʫʪʥʽʩʪʴ ʢʦʥʪʘʢʪʫ ʤʽʞ ʣʝʟʦʤ ʥʦʞʘ ̔  ʧʘʧʝʨʦʤ, ʱʦ ʨʽʞʝʪʴʩʷ. 

 

4.2.  ɺʧʣʠʚ ʧʘʨʘʤʝʪʨʽʚ ʦʙʨʦʙʢʠ ʢʥʠʞʢʦʚʦʛʦ ʙʣʦʢʘ ʝʢʩʮʝʥʪʨʠʢʦʚʠʤ 

ʜʠʩʢʦʚʠʤ ʥʦʞʝʤ ʥʘ ʩʢʣʘʜʦʚʽ ʩʠʣʠ ʨʽʟʘʥʥʷ  

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ, ʧʨʦʚʝʜʝʥʽ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʤʫ ʩʪʝʥʜʽ, 

ʜʦʟʚʦʣʠʣʠ ʚʠ̫ʩʥʠʪʠ ʩʪʫʧʽʥʴ ʚʧʣʠʚʫ ʨʽʟʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʙʨʦʙʢʠ ʢʥʠʞʢʦʚʦʛʦ 

ʙʣʦʢʫ ʥʘ ʚʝʣʠʯʠʥʠ ʩʢʣʘʜʦʚʠʭ ʩʠʣ ʪʘ ʨʝʟʫʣʴʪʫʶʯʫ ʩʠʣʫ ʨʽʟʘʥʥʷ [98,99].  

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ, ʷʢʽ ʥʘʡʙʽʣʴʰʝ 

ʚʧʣʠʚʘʣʠ ʥʘ ʚʝʣʠʯʠʥʫ ʩʢʣʘʜʦʚʠʭ ʩʠʣ ʪʘ ʨʝʟʫʣʴʪʫʶʯʫ ʩʠʣʫ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ.  

ɺʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦʩʣʽʜʦʚʥʦ ʜʣʷ ʢʦʞʥʦʛʦ ʚʠʧʨʦʙʫʚʘʥʦʛʦ, ʟʤʽʥʝʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʟ ʦʙʨʘʥʠʤʠ ʧʦʩʪʽʡʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ 

ʨʽʟʘʥʥʷ.  ɼʣʷ ʪʦʛʦ, ʱʦʙ ʦʙʤʝʞʠʪʠ ʚʧʣʠʚ ʩʪʘʥʫ ʨʽʞʫʯʦʾ ʢʨʦʤʢʠ (ʧʨʠʪʫʧʣʝʥʥʷ 
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ʥʦʞʘ) ʥʘ ʚʝʣʠʯʠʥʫ ʨʽʞʫʯʠʭ ʩʠʣ, ʥʽʞ ʟʘʪʦʯʫʚʘʣʠ ʜʦ ʧʦʯʘʪʢʦʚʦʾ ʛʦʩʪʨʦʪʠ ʧʝʨʝʜ 

ʢʦʞʥʦʶ ʥʦʚʦʶ ʩʝʨʽʻʶ ʚʠʤʽʨʶʚʘʥʴ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʘʨʘʤʝʪʨʘ. ʈʝʟʫʣʴʪʘʪʠ 

ʚʠʤʽʨʶʚʘʥʴ ʦʮʽʥʶʚʘʣʠ, ʘʥʘʣʽʟʫʶʯʠ ʦʩʮʠʣʦʛʨʘʤʠ ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʩʠʣ ʨʽʟʘʥʥʷ 

ʧʨʠ ʟʤʽʥʽ ʧʘʨʘʤʝʪʨʽʚ ʦʙʨʦʙʢʠ ʢʥʠʞʢʦʚʦʛʦ ʙʣʦʢʫ. ʂʦʞʥʝ ʚʠʤʽʨʶʚʘʥʥʷ 

ʧʨʦʚʦʜʠʣʦʩʷ ʱʦʥʘʡʤʝʥʰʝ ʧ'ʷʪʴ ʨʘʟʽʚ, ʽ ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʘʭʦʚʘʥʠʭ ʩʝʨʝʜʥʽʭ 

ʘʨʠʬʤʝʪʠʯʥʠʭ ʟʥʘʯʝʥʴ ʦʪʨʠʤʘʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʙʫʜʫʚʘʣʠ ʛʨʘʬʽʢʠ ʚʧʣʠʚʫ 

ʧʘʨʘʤʝʪʨʽʚ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʨʦʮʝʩʫ ʥʘ ʟʥʘʯʝʥʥʷ ʩʢʣʘʜʦʚʠʭ ʩʠʣ ʪʘ 

ʨʝʟʫʣʴʪʫʶʯʦʾ ʩʠʣʠ ʨʽʟʘʥʥʷ. ʋ ʧʽʜʧʠʩʘʭ ʧʽʜ ʨʠʩʫʥʢʘʤʠ ʢʦʞʥʦʛʦ ʛʨʘʬʽʢʘ ʻ 

ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʧʘʨʘʤʝʪʨʠ ʦʙʨʦʙʢʠ ʜʣʷ ʜʘʥʦʾ ʩʝʨʽʾ ʨʽʟʘʥʥʷ. 

ɺ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʠ ʚʠʟʥʘʯʝʥʥ ̔ʚʧʣʠʚʫ ʜʽʘʤʝʪʨʘ ʥʦʞʘ ʥʘ ʚʝʣʠʯʠʥʫ 

ʩʠʣʠ ʨʽʟʘʥʥʷ, ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʨʽʟʘʥʥʽ ʙʣʦʢʽʚ ʦʜʥʘʢʦʚʦʾ ʪʦʚʱʠʥʠ ʩʠʣʠ 

ʨʽʟʘʥʥʷ ʪʠʤ ʤʝʥʰʽ, ʯʠʤ ʙʽʣʴʰʝ ʜʽʘʤʝʪʨ ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ.  ʈʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʴ ʨʽʟʘʥʥʷ ʙʣʦʢʽʚ, ʷʢ ʟ ʧʦʧʫʪʥʠʤ, ʪʘʢ ʽ ʟʫʩʪʨʽʯʥʠʤ ʥʘʧʨʷʤʢʘʤʠ 

ʦʙʝʨʪʘʥʥʷ ʥʦʞʘ, ʧʦʢʘʟʘʣʠ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʜʽʘʤʝʪʨʘ  ʥʦʞʘ ʟ 150 ʤʤ ʜʦ 200 

ʤʤ ʩʢʣʘʜʦʚʽ ʩʠʣʠ ʨʽʟʘʥʥʷ ʟʤʝʥʰʫʶʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʥʘ 20%. ʇʦʜʘʣʴʰʝ 

ʟʤʝʥʰʝʥʥʷ ʩʠʣʠ ʨʽʟʘʥʥʷ ʤʦʞʥʘ ʧʝʨʝʜʙʘʯʠʪʠ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ ʟʙʽʣʴʰʝʥʥʽ 

ʜʽʘʤʝʪʨʘ ʥʦʞʘ. ʊʘʢʝ ʟʤʝʥʰʝʥʥʷ ʩʠʣ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ, ʩʝʨʝʜ ʽʥʰʦʛʦ,  

ʟʤʝʥʰʝʥʥʷʤ ʬʘʢʪʠʯʥʦʛʦ ʢʫʪʘ ʨʽʟʘʥʥʷ ʧʽʜ ʯʘʩ ʦʙʨʦʙʢʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʙʽʣʴʰʝʥʥʷ 

ʜʘ̔ʤʝʪʨʘ ʥʦʞʘ. ʆʜʥʘʢ, ʢʦʣʠ ʜʽʘʤʝʪʨ ʥʦʞʘ ʟʘʥʘʜʪʦ ʟʙʽʣʴʰʝʥʠʡ, ʚʠʥʠʢʘʻ 

ʪʝʭʥʽʯʥʘ ʧʨʦʙʣʝʤʘ ʫʩʫʥʝʥʥʷ ʷʚʠʱʘ ʙʠʪʪʷ ʧʦʚʝʨʭʥ ̔ ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ ʦʙ 

ʧʦʚʝʨʭʥʶ ʙʣʦʢʫ, ʱʦ ʧʽʜʣʷʛʘʻ ʨʽʟʘʥʥʶ, ʱʦ ʤʦʞʝ ʧʦʛʽʨʰʠʪʠ ʷʢʽʩʪʴ ʨʽʟʘʥʥʷ.  

ʊʦʤʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʚʠʩʦʢʦʷʢʽʩʥʦʛʦ ʟʨʽʟʫ ʪʘ ʯʝʨʝʟ ʦʩʦʙʣʠʚʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ 

ʜʠʩʢʦʚʦʛʦ  ʥʦʞʘ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʥʷ ʙʫʣʦ ʦʙʨʘʥʦ ʜʽʘʤʝʪʨ 200 ʤʤ. ʉʘʤʝ ʪʘʢʠʡ 

ʜʽʘʤʝʪʨ ʜʠʩʢʦʚʠʭ ʟʫʙʯʘʩʪʠʭ ʥʦʞʽʚ ʩʪʦʩʫʻʪʴʩʷ ʚ ʨʽʟʘʣʴʥʠʭ ʩʝʢʮʽʷʭ ʬʽʨʤʠ 

Gªmmerler. 

ʅʘ ʨʠʩ.  4.7 ʧʦʢʘʟʘʥʽ ʪʠʧʦʚʽ ʦʩʮʠʣʦʛʨʘʤʠ ʟʤʽʥ ʩʢʣʘʜʦʚʠʭ ʩʠʣ Fx ʪʘ Fz, 

ʱʦ ʜʽʶʪʴ ʥʘ ʪʨʘʥʩʧʦʨʪʥʫ ʢʘʨʝʪʢʫ ʧʽʜ ʯʘʩ ʟʫʩʪʨʽʯʥʦʛʦ ʨʽʟʘʥʥʷ (ʨʠʩ. 4.7a) ʪʘ 

ʧʦʧʫʪʥʦʛʦ ʨʽʟʘʥʥʷ (ʨʠʩ. 4.7b) ʢʥʠʞʢʦʚʠʭ ʙʣʦʢʽʚ ʟ ʧʘʧʝʨʫ ʟ ʧʦʢʨʠʪʪʷʤ ʽ ʤʘʩʦʶ 

250 ʛ/ʤ2. ʇʦʨʽʚʥʷʥʦ ʟ ʛʨʘʬʽʢʘʤʠ, ʧʦʢʘʟʘʥʠʤʠ ʥʘ ʨʠʩ.  4.5 a,b (ʨʽʟʘʥʥʷ ʦʬʩʝʪʥʦʛʦ 
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ʧʘʧʝʨʫ ʤʘʩʦʶ 80 ʛ/ʤ2), ʚʠʜʥʦ, ʱʦ ʪʠʧ ʧʘʧʝʨʫ ʪʘʢʦʞ ʤʘʻ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ 

ʚʝʣʠʯʠʥʫ ʩʠʣ ʨʽʟʘʥʥʷ. 

  
a  

 
b 

ʈʠʩ. 4.7. ʊʠʧʦʚʽ ʦʩʮʠʣʦʛʨʘʤʠ ʩʢʣʘʜʦʚʠʭ ʩʠʣ Fx ʽ Fz, ʱʦ ʜʽʶʪʴ ʥʘ ʪʨʘʥʩʧʦʨʪʥʫ 

ʢʘʨʝʪʢʫ ʧʨʠ ʨʽʟʘʥʥʽ ʜʠʩʢʦʚʠʤ ʥʦʞʝʤ ʢʥʠʞʢʦʚʦʛʦ ʙʣʦʢʫ ʚʠʛʦʪʦʚʣʝʥʦʛʦ ʟ ʧʘʧʝʨʫ ʤʘʩʦʶ 250 

ʛ/ʤ2 

ʘ -  ʟʫʩʪʨʽʯʥʝ ʨʽʟʘʥʥʷ, b - ʧʦʧʫʪʥʝ ʨʽʟʘʥʥʷ 








































































































