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ʋ ʧʽʜʨʫʯʥʠʢʫ ʚʠʢʣʘʜʝʥʦ ʦʩʥʦʚʠ ʢʫʨʩʫ ñʆʧʽʨ ʤʘʪʝʨʽʘʣʽʚò. 

ʆʧʠʩʘʥʦ ʦʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʪʘ ʤʝʪʦʜʠʢʠ ʩʫʯʘʩʥʦʾ ʤʝʭʘʥʽʢʠ 

ʜʝʬʦʨʤʽʚʥʦʛʦ ʪʚʝʨʜʦʛʦ ʪʽʣʘ, ʢʣʘʩʠʯʥʽ ʟʘʜʘʯʽ ʚʠʟʥʘʯʝʥʥʷ ʟʫʩʠʣʴ ʪʘ 

ʧʝʨʝʤʽʱʝʥʴ ʫ ʝʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʘ ʪʘʢʦʞ ʤʝʪʦʜʠ ʾʭ ʨʦʟʨʘʭʫʥʢʽʚ. 

ʅʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜʠ ʨʦʟʨʘʭʫʥʢʫ ʢʦʥʩʪʨʫʢʮʽʡ ʽʟ ʢʦʤʧʦʟʠʪʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. 

ɼʣʷ ʩʪʫʜʝʥʪʽʚ ʙʫʜʽʚʝʣʴʥʠʭ ʪʘ ʤʝʭʘʥʽʯʥʠʭ ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ ʚʠʱʠʭ 

ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʽʚ, ʷʢʽ ʚʠʚʯʘʶʪʴ ʢʫʨʩʠ ʦʧʦʨʫ ʤʘʪʝʨʽʘʣʽʚ, ʪʝʭʥʽʯʥʦʾ ʪʘ 

ʧʨʠʢʣʘʜʥʦʾ ʤʝʭʘʥʽʢʠ, ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʢʦʥʩʪʨʫʢʮʽʡʥʫ ʤʽʮʥʽʩʪʴ 

ʤʘʪʝʨʽʘʣʽʚ, ʘ ʪʘʢʦʞ ʜʣʷ ʩʪʫʜʝʥʪʽʚ ʟʘʦʯʥʦʾ ʬʦʨʤʠ ʥʘʚʯʘʥʥʷ.  

É ʐʚʘʙôʶʢ ɺ.ɯ. 

 



 3 

ʇɽʈɽɼʄʆɺɸ 

 

ʇʽʜʨʫʯʥʠʢ ʥʘʧʠʩʘʥʦ ʥʘ ʦʩʥʦʚʽ ʚʠʢʣʘʜʘʥʥʷ ʜʠʩʮʠʧʣʽʥ 

ñʂʦʥʩʪʨʫʢʮʽʡʥʘ ʤʽʮʥʽʩʪʴ ʪʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚò, 

ñʆʧʽʨ ʤʘʪʝʨʽʘʣʽʚò ʪʘ ñʊʝʭʥʽʯʥʘ ʤʝʭʘʥʽʢʘò ʚ ʃʫʮʴʢʦʤʫ 

ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʪʝʭʥʽʯʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʜʣʷ ʩʪʫʜʝʥʪʽʚ 

ʙʫʜʽʚʝʣʴʥʠʭ, ʤʝʭʘʥʽʯʥʠʭ ʪʘ ʤʘʪʝʨʽʘʣʦʟʥʘʚʯʠʭ ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ. 

ʄʘʪʝʨʽʘʣ ʧʦʩʽʙʥʠʢʘ ʨʦʟʙʠʪʠʡ ʟʘ ʪʝʤʘʤʠ, ʷʢʽ, ʜʣʷ ʟʨʫʯʥʦʩʪʽ, 

ʧʦʜʽʣʝʥʽ ʥʘ ʣʝʢʮʽʾ. ʊʦʤʫ ʜʣʷ ʢʦʞʥʦʾ ʩʧʝʮʽʘʣʴʥʦʩʪʽ ʮʝʡ ʤʘʪʝʨʽʘʣ 

ʣʝʛʢʦ ʧʽʜʽʙʨʘʪʠ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʧʨʦʛʨʘʤ ʪʘ ʢʽʣʴʢʦʩʪʽ ʛʦʜʠʥ. ɯ 

ʷʢʱʦ ʜʣʷ ʤʝʭʘʥʽʯʥʠʭ ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ ʧʽʜʨʫʯʥʠʢʽʚ ʪʘ ʧʦʩʽʙʥʠʢʽʚ 

ʟ ñʆʧʦʨʫ ʤʘʪʝʨʽʘʣʽʚò ʻ ʜʦʩʪʘʪʥʽʡ ʚʠʙʽʨ, ʪʦ ʜʣʷ ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ 

ñʇʨʠʢʣʘʜʥʝ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʦò, ñɸʚʪʦʤʦʙʽʣʽ ʪʘ ʘʚʪʦʤʦʙʽʣʴʥʝ 

ʛʦʩʧʦʜʘʨʩʪʚʦò, ñʊʝʭʥʦʣʦʛʽʷ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥò̫, ʫ ʙʽʣʴʰʦʩʪʽ 

ʚʠʧʘʜʢʽʚ, ʮʽ ʜʠʩʮʠʧʣʽʥʠ ʯʠʪʘʶʪʴʩʷ ʫ ʚʠʱʠʭ ʪʝʭʥʽʯʥʠʭ 

ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʘʭ, ʷʢ ʩʢʦʨʦʯʝʥʽ ʢʫʨʩʠ ʜʠʩʮʠʧʣʽʥʠ ñʆʧʽʨ 

ʤʘʪʝʨʽʘʣʽʚò ʜʣʷ ʤʝʭʘʥʽʯʥʠʭ ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ. ʎʝ ʚʝʜʝ ʜʦ 

ʥʝʧʦʚʥʦʩʪʽ ʪʘ ʥʝʟʘʚʝʨʰʝʥʦʩʪʽ ʢʫʨʩʽʚ, ʾʭ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ 

ʚʠʤʦʛ ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ, ʟʘ ʷʢʠʤʠ ʚʝʜʝʪʴʩʷ ʧʽʜʛʦʪʦʚʢʘ ʩʪʫʜʝʥʪʽʚ. 

ʊʦʤʫ ʫ ʧʽʜʨʫʯʥʠʢʫ ʪʘʢʽ ʪʝʤʠ ʷʢ ñɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʚʠʚʯʝʥʥʷ 

ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚò, ñʄʝʭʘʥʽʢʘ ʨʫʡʥʫʚʘʥʥʷò, 

òʂʦʤʧʦʟʠʪʥʽ ʤʘʪʝʨʽʘʣʠò ʪʘ ʽʥ. ʜʣʷ ʟʛʘʜʘʥʠʭ ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ 

ʜʘʶʪʴʩʷ ʙʽʣʴʰ ʨʦʟʰʠʨʝʥʦ ʽ ʜʝʪʘʣʴʥʽʝh ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʤʘʪʝʨʽʘʣʘʤʠ, ʱʦ ʧʦʜʘʶʪʴʩʷ ʜʣʷ ʩʪʫʜʝʥʪʽʚ ʤʝʭʘʥʽʯʥʠʭ 

ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ. 

ɹʘʛʘʪʦ ʫʚʘʛʠ ʧʨʠʜʽʣʝʥʦ ʤʝʭʘʥʽʯʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ ʪʘ ʤʽʮʥʦʩʪʽ 

ʤʘʪʝʨʽʘʣʽʚ ʷʢ ʽʟ ʽʟʦʪʨʦʧʥʠʤʠ, ʪʘʢ ʽ ʟ ʘʥʽʟʦʪʨʦʧʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʎʝ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʝʣʝʤʝʥʪʽʚ 

ʢʦʥʩʪʨʫʢʮʽʡ ʽʟ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʘ ʪʘʢʦʞ ʪʘʢʠʭ, ʱʦ ʤʘʶʪʴ 

ʟʥʘʯʥʽ ʧʦʰʢʦʜʞʝʥʥʷ ʪʘ ʪʨʽʱʠʥʠ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʦʜʥʘ ʽʟ ʪʝʤ 

ʧʨʠʩʚʷʯʝʥʘ ʚʠʚʯʝʥʥʶ ʤʽʮʥʦʩʪʽ ʪʽʣ ʟ ʪʨʽʱʠʥʘʤʠ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʚʧʣʠʚʫ ʥʘ ʾʭ ʨʦʟʚʠʪʦʢ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ (ʭʘʨʘʢʪʝʨʫ 

ʥʘʚʘʥʪʘʞʫʚʘʥʥʷ, ʚʠʜʫ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ, ʩʝʨʝʜʦʚʠʱʘ ʪʦʱʦ), ʘ 

ʪʘʢʦʞ ʨʦʟʨʦʙʮʽ ʢʨʠʪʝʨʽʾʚ ʪʨʠʤʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ. ʎʝ ʤʘʻ ʚʝʣʠʢʝ 

ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʧʨʠ ʚʠʚʯʝʥʥʽ ʢʨʠʭʢʦʛʦ ʨʫʡʥʫʚʘʥʥʷ 

ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜ ʰʚʠʜʢʦʛʦ 

ʧʦʰʠʨʝʥʥʷ ʪʨʽʱʠʥ ʧʨʠ ʩʝʨʝʜʥʽʭ ʥʘʧʨʫʞʝʥʥʷʭ, ʷʢʽ ʟʜʘʶʪʴʩʷ 

ʙʝʟʧʝʯʥʠʤʠ. ɼʦʩʠʪʴ ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʽ ʪʘʢʦʞ ʚʠʧʘʜʢʠ 
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ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʧʨʫʞʝʥʴ ʜʣʷ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ, ʱʦ ʤʘʶʪʴ 

ʨʽʟʥʦʛʦ ʨʦʜʫ ʦʪʚʦʨʠ, ʚʠʨʽʟʠ ʘʙʦ ʨʽʟʢʽ ʟʤʽʥʠ ʧʝʨʝʨʽʟʽʚ. 

ʈʘʟʦʤ ʟ ʪʠʤ, ʫ ʧ̔ ʜʨʫʯʥʠʢʫ ʢʦʥʩʧʝʢʪʠʚʥʦ ʧʦʜʘʥʦ ʤʘʡʞʝ ʚʩʽ 

ʪʝʤʠ, ʱʦ ʧʨʠʩʫʪʥʽ ʚ ʽʩʥʫʶʯʠʭ ʧʽʜʨʫʯʥʠʢʘʭ ʟ ʦʧʦʨʫ ʤʘʪʝʨʽʘʣʽʚ. 

ʅʠʤʠ ʤʦʞʫʪʴ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʪʘʢʦʞ  ̔ ʩʪʫʜʝʥʪʠ ʽʥʰʠʭ 

ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ, ʦʩʢʽʣʴʢʠ ʮʽ ʤʘʪʝʨʽʘʣʠ (ʧʝʨʝʜʙʘʯʝʥʽ ʙʫʜʴ-ʷʢʦʶ 

ʥʘʚʯʘʣʴʥʦʶ ʧʨʦʛʨʘʤʦʶ) ʩʪʠʩʣʦ ʚʠʢʣʘʜʝʥʦ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʪʝʤʘʭ 

ʪʘ ʧʘʨʘʛʨʘʬʘʭ ʧʦʩʽʙʥʠʢʘ. ɼʣʷ ʙʽʣʴʰʦʾ ʟʨʫʯʥʦʩʪʽ ʪʘ ʢʨʘʱʦʛʦ 

ʩʧʨʠʡʥʷʪʪʷ, ʥʘʚʯʘʣʴʥʠʡ ʤʘʪʝʨʽʘʣ ʧ̔ ʜʨʫʯʥʠʢʘ ʧʦʜʘʥʦ ʫ ʚʠʛʣʷʜʽ 

41-  ʾ ʣʝʢʮʽʾ ʟʘ 18-ʤʘ ʪʝʤʘʤʠ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙʠ ʪʝʦʨʝʪʠʯʥʽ 

ʚʠʢʣʘʜʢʠ ʫ ʧʦʧʝʨʝʜʥʽʭ ʣʝʢʮʽʷʭ ʤʘʣʠ ʩʚʽʡ ʨʦʟʚʠʪʦʢ ʫ ʥʘʩʪʫʧʥʠʭ.  

ʇʨʠ ʥʘʧʠʩʘʥʥʽ ʧʽʜʨʫʯʥʠʢʘ ʘʚʪʦʨʦʤ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ 

ʤʘʪʝʨʽʘʣʠ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʦʩʽʙʥʠʢʘ ôôʆʧ̔ʨ ʤʘʪʝʨʽʘʣʽʚôô, ʙʘʛʘʪʠʡ 

ʜʦʩʚʽʜ ʯʠʪʘʥʥʷ ʣʝʢʮʽʡ ʩʚʽʪʣʦʾ ʧʘʤôʷʪʽ ʧʨʦʬʝʩʦʨʘ ʢʘʬʝʜʨʠ ʦʧʦʨʫ 

ʤʘʪʝʨʽʘʣʽʚ ʃʴʚʽʚʩʴʢʦʛʦ ʧʦʣʽʪʝʭʥʽʯʥʦʛʦ ʽʥʩʪʠʪʫʪʫ 

ʉ.ʃ. ʇʦʩʘʮʴʢʦʛʦ, ʘ ʪʘʢʦʞ ʚʠʢʣʘʜʘʯʽʚ ʮʽʻʾ ʢʘʬʝʜʨʠ. ɺʢʣʶʯʝʥʦ 

ʜʝʷʢʽ ʤʘʪʝʨʽʘʣʠ ʧʽʜʨʫʯʥʠʢʽʚ ʪʘ ʤʦʥʦʛʨʘʬʽʡ, ʧʝʨʝʣʽʢ ʷʢʠʭ 

ʥʘʚʝʜʝʥʦ ʫ ʢʽʥʮʽ ʧʦʩʽʙʥʠʢʘ. 

ɺʝʣʠʢʫ ʜʦʧʦʤʦʛʫ ʚ ʧʽʜʛʦʪʦʚʮʽ ʧʽʜʨʫʯʥʠʢʘ ʪʘ ʡʦʛʦ ʚʠʯʠʪʮʽ 

ʥʘʜʘʚʘʣʠ: ʜʦʢʪʦʨʠ ʬʽʟ.-ʤʘʪ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨʠ ɺ.ʄ. ʄʘʢʩʠʤʦʚʠʯ 

ʪʘ ɻ.ʊ. ʉʫʣʠʤ, ʢʘʥʜʠʜʘʪʠ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʜʦʮʝʥʪʠ 

ɼ.ʄ. ʂʦʥʦʚʘʣʶʢ ʪʘ ʄ.ɯ. ʄʦʨʦʟʦʚ, ʘ ʪʘʢʦʞ ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬ. ʗ.ʄ. 

ʇʘʩʪʝʨʥʘʢ ʪʘ ʢ.ʪ.ʥ., ʜʦʮ. ʉ.ɺ. ʈʦʪʢʦ, ʟʘ ʱʦ ʘʚʪʦʨ ʾʤ ʱʠʨʦ 

ʚʜʷʯʥʠʡ. 
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ʊɽʄɸ 1 (ʣʝʢʮʽʾ 1, 2) 

ɺʉʊʋʇ. ʆʉʅʆɺʅɯ ʇʆʃʆɾɽʅʅʗ 

 

1.1. ʄʝʪʘ ʡ ʟʘʚʜʘʥʥʷ ʦʧʦʨʫ ʤʘʪʝʨʽʘʣʽʚ 

ʆʧʽʨ ʤʘʪʝʨʽʘʣʽʚ ï ʮʝ ʥʘʫʢʘ ʧʨʦ ʽʥʞʝʥʝʨʥʽ ʨʦʟʨʘʭʫʥʢʠ ʥʘ 

ʤʽʮʥʽʩʪʴ, ʞʦʨʩʪʢʽʩʪʴ ʽ ʩʪʽʡʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʤʘʰʠʥ ʪʘ 

ʢʦʥʩʪʨʫʢʮʽʡ. 

ʇʽʜ ʢʦʥʩʪʨʫʢʮʽʷʤʠ ʨʦʟʫʤʽʻʤʦ ʩʧʦʨʫʜʠ, ʪʨʫʙʦʧʨʦʚʦʜʠ, 

ʤʘʰʠʥʠ, ʛʨʝʙʣʽ, ʣʽʪʘʢʠ ʽ ʪ.ʧ., ʪʦʙʪʦ ʫʩʽ ʤʘʪʝʨʽʘʣʴʥʽ ʦʙôʻʢʪʠ 

ʪʝʭʥʽʢʠ, ʘ ʪʘʢʦʞ ʾʭ ʯʘʩʪʠʥʠ ʡ ʜʝʪʘʣʽ. 

ʄʽʮʥʽʩʪʴ ï ʮʝ ʟʜʘʪʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʯʠ ʢʦʥʩʪʨʫʢʮʽʾ ʥʝ 

ʨʫʡʥʫʚʘʪʠʩʷ ʧʽʜ ʜʽʻʶ ʤʝʭʘʥʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʘʙʦ 

ʪʝʤʧʝʨʘʪʫʨʠ. 

ɾʦʨʩʪʢʽʩʪʴ ï ʮʝ ʟʜʘʪʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʾʾ ʝʣʝʤʝʥʪʽʚ 

ʦʧʠʨʘʪʠʩʷ ʜʝʬʦʨʤʫʚʘʥʥʶ (ʟʤʽʥʽ ʬʦʨʤʠ ʽ ʨʦʟʤʽʨʽʚ) ʧʽʜ ʜʽʻʶ 

ʟʦʚʥʽʰʥʽʭ ʥʘʚʘʥʪʘʞʝʥʴ. ɼʝʬʦʨʤʘʮʽʾ ʥʝ ʧʦʚʠʥʥʽ ʧʝʨʝʚʠʱʫʚʘʪʠ 

ʜʦʧʫʩʪʠʤʠʭ ʜʣʷ ʜʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. ʂʦʞʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʤʘʻ ʙʫʪʠ 

ʜʦʩʠʪʴ ʤʽʮʥʘ ʡ ʜʦʩʠʪʴ ʞʦʨʩʪʢʘ. ʆʧʽʨ ʤʘʪʝʨʽʘʣʽʚ ʷʢʨʘʟ ʽ ʚʠʨʦʙʣʷʻ 

ʬʦʨʤʫʣʠ ʡ ʤʝʪʦʜʠ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʤʦʞʥʘ ʧʝʨʝʚʽʨʠʪʠ 

ʤʽʮʥʽʩʪʴ ʽ ʞʦʨʩʪʢʽʩʪʴ ʝʣʝʤʝʥʪʘ ʢʦʥʩʪʨʫʢʮʽʾ, ʷʢʱʦ ʚʽʜʦʤʦ ʡʦʛʦ 

ʨʦʟʤʽʨʠ ʪʘ ʤʘʪʝʨʽʘʣ ʘʙʦ ʥʘʚʧʘʢʠ ï ʚʠʟʥʘʯʠʪʠ ʤʽʥʽʤʘʣʴʥʦ 

ʧʦʪʨʽʙʥʽ ʨʦʟʤʽʨʠ. ʅʘʨʝʰʪʽ, ʙʫʚʘʶʪʴ ʚʠʧʘʜʢʠ, ʢʦʣʠ ʥʝʦʙʭʽʜʥʦ 

ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʽʡʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʚ ʮʽʣʦʤʫ ʘʙʦ ʾʾ 

ʦʢʨʝʤʠʭ ʯʘʩʪʠʥ. ʇʽʜ ʩʪʽʡʢʽʩʪʶ ʨʦʟʫʤʽʶʪʴ ʟʜʘʪʥʽʩʪʴ ʮʠʭ 

ʝʣʝʤʝʥʪʽʚ ʟʙʝʨʽʛʘʪʠ ʧʽʜ ʜʽʻʶ ʟʘʜʘʥʠʭ ʩʠʣ ʧʝʚʥʫ ʧʦʯʘʪʢʦʚʫ 

ʬʦʨʤʫ ʧʨʫʞʥʦʾ ʨʽʚʥʦʚʘʛʠ.  

ʄʽʮʥʽʩʪʴ, ʞʦʨʩʪʢʽʩʪʴ ʽ ʩʪʽʡʢʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʡ ʚ ʮʽʣʦʤʫ, ʚ 

ʪʦʤʫ ʯʠʩʣʽ ʩʢʣʘʜʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʨʦʟʛʣʷʜʘʻ ʪʘʢʦʞ ʩʫʤʽʞʥʘ 

ʥʘʫʢʘ ï ʙʫʜʽʚʝʣʴʥʘ ʤʝʭʘʥʽʢʘ. 

1.2. ʈʦʟʨʘʭʫʥʢʦʚʽ ʩʭʝʤʠ. ɻʽʧʦʪʝʟʠ 

ɺ ʦʧʦʨʽ ʤʘʪʝʨʽʘʣʽʚ ʨʦʟʨʘʭʫʥʦʢ ʨʝʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʥʘ 

ʜʽʶ  ʟʦʚʥʽʰʥʽʭ ʥʘʚʘʥʪʘʞʝʥʴ ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʘʢ 

ʟʚʘʥʠʭ ʨʦʟ-ʨʘʭʫʥʢʦʚʠʭ ʩʭʝʤ. ʇʽʜ ʥʠʤʠ ʙʫʜʝʤʦ ʨʦʟʫʤʽʪʠ 
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ʩʧʨʦʱʝʥ̔ (ʰʣʷʭʦʤ ʚʽʜ-ʢʠʜʘʥʥʷ ʜʨʫʛʦʨʷʜʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ) 

ʤʦʜʝʣ ̔ʨʝʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʷʢ ̔ʤʠ ʩʦʙʽ ʫʷʚʣʷʻʤʦ, ʨʠʩʫʻʤʦ ʡ 

ʨʦʟʨʘʭʦʚʫʻʤʦ. ʅʝʦʙʭʽʜʥʽʩʪʴ ʮʴʦʛʦ ʜʠʢʪʫʻʪʴʩʷ ʪʠʤ, ʱʦ ʜʣʷ 

ʨʝʘʣʴʥʠʭ ʦʙôʻʢʪ̔ʚ ʚʨʘʭʫʚʘʪʠ ʫʩʽ ʾʭ ʚʣʘʩ-ʪʠʚʦʩʪʽ ʥʝʤʦʞʣʠʚʦ. ɿ 

ʽʥʰʦʛʦ ʙʦʢʫ, ʜʣʷ ʫʥʽʬʽʢʘʮʽʾ ʨʦʟʨʘʭʫʥʢʽʚ ʤʠ ʟʘʮʽʢʘʚʣʝʥʽ, ʱʦʙ ʟʘ 

ʦʜʥʽʻʶ ʡ ʪʽʻʶ ʩʘʤʦʶ ʨʦʟʨʘʭʫʥʢʦʚʦʶ ʩʭʝʤʦʶ ʩʪʦʷʣʘ ʚʝʣʠʢʘ 

ʢʽʣʴʢʽʩʪʴ, ʟʦʚʥʽ ʨʽʟʥʠʭ, ʨʝʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʉʧʨʦʱʝʥʥʷ 

ʤʦʞʫʪʴ ʙʫʪʠ ʛʝʦʤʝʪʨʠʯʥʠʤʠ, ʩʪʘʪʠʯʥʠʤʠ ʪʘ ʬʽʟʠʯʥʠʤʠ 

ɻʝʦʤʝʪʨʠʯʥʽ ʩʧʨʦʱʝʥʥʷ ʧʦʣʷʛʘʶʪʴ ʫ ʪʦʤʫ, ʱʦ ʧʽʜ ʯʘʩ 

ʨʦʟʨʘʭʫʥʢʽʚ ʤʠ ʚʜʘʻʤʦʩʷ ʜʦ ʧʝʚʥʦʾ ʽʜʝʘʣʽʟʘʮʽʾ, ʥʝʭʪʫʶʯʠ 

ʜʝʷʢʠʤʠ ʚʽʜʭʠʣʝʥʥʷʤʠ ʨʝʘʣʴʥʦʛʦ ʦʙôʻʢʪʫ ʚʽʜ ʟʥʘʥʦʾ 

ʛʝʦʤʝʪʨʠʯʥʦ ʧʨʘʚʠʣʴʥʦʾ ʬʦʨʤʠ ʽ ʢʣʘʩʠʬʽʢʫʻʤʦ ʪʘʢʠʡ ʦʙô̒ ʢʪ ʷʢ 

ʩʪʨʠʞʝʥʴ (ʙʨʫʩ), ʧʣʘʩʪʠʥʢʫ ʯʠ ʦʙʦʣʦʥʢʫ. 

ʉʪʘʪʠʯʥʽ ʩʧʨʦʱʝʥʥʷ ʩʪʦʩʫʶʪʴʩʷ ʩʪʘʥʜʘʨʪʥʠʭ ʚʠʜʽʚ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʚʽʜʦʤʠʭ ʟ ʪʝʦʨʝʪʠʯʥʦʾ ʤʝʭʘʥʽʢʠ, ʷʢ ʪʦ 

ʟʦʩʝʨʝʜʞʝʥʘ ʚ ʪʦʯʮʽ ʩʠʣʘ (ʯʦʛʦ ʚ ʜʽʡʩʥʦʩʪʽ ʙʫʪʠ ʥʝ ʤʦʞʝ), 

ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʟʦʩʝʨʝʜʞʝʥʘ ʧʘʨʘ ʩʠʣ 

ʪʦʱʦ; ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʪʘʥʜʘʨʪʥʠʭ ʚʠʜʽʚ ʟʘʢʨʽʧʣʝʥʴ ʢʦʥʩʪʨʫʢʮʽʾ 

(ʰʘʨʥʽʨʥʦ-ʥʝʨʫʭʦʤʘ ʦʧʦʨʘ, ʰʘʨʥʽʨʥʦ-ʨʫʭʦʤʘ ʦʧʦʨʘ, ʞʦʨʩʪʢʝ 

ʟʘʱʝʤʣʝʥʥʷ, ʪʘʢʦʞ ʚʽʜʦʤʽ ʟ ʪʝʦʨʝʪʠʯʥʦʾ ʤʝʭʘʥʽʢʠ), ʷʢʽ 

ʧʨʠʚʦʜʷʪʴ ʜʦ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʭ ʨʽʟʥʦʚʠʜʽʚ ʦʧʦʨʥʠʭ ʨʝʘʢʮʽʡ. 

ʌʽʟʠʯʥʽ ʩʧʨʦʱʝʥʥʷ ʟʘʟʚʠʯʘʡ ʬʦʨʤʫʣʶʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

ʛʽʧʦʪʝʟ, ʷʢʽ ʩʧʨʦʱʫʶʪʴ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ, ʘ ʩʘʤʝ: 

ʛʽʧʦʪʝʟʘ ʩʫʮʽʣʴʥʦʩʪʽ ï ʚʚʘʞʘʻʤʦ, ʱʦ ʙʫʜʴ-ʷʢʠʡ ʷʢ 

ʟʘʚʛʦʜʥʦ ʤʘʣʠʡ ʦʙôʻʤ ʤʘʪʝʨʽʘʣʫ ʚʱʝʨʪʴ ʟʘʧʦʚʥʝʥʠʡ ʨʝʯʦʚʠʥʦʶ; 

ʮʷ ʛʽʧʦʪʝʟʘ ʜʦʟʚʦʣʷʻ ʥʝ ʨʦʟʛʣʷʜʘʪʠ ʤʦʣʝʢʫʣʷʨʥʫ ʙʫʜʦʚʫ 

ʨʝʯʦʚʠʥʠ, ʘ ʪʘʢʦʞ ʫʩʝʨʝʜʥʶʚʘʪʠ ʧʦʨʠʩʪʽʩʪʴ ʤʘʪʝʨʽʘʣʽʚ; 

ʛʽʧʦʪʝʟʘ ʽʟʦʪʨʦʧʥʦʩʪʽ ï ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ 

ʙʝʨʝʤʦ ʫ ʢʦʞʥʽʡ ʪʦʯʮʽ ʦʜʥʘʢʦʚʠʤʠ ʚ ʫʩʽʭ ʥʘʧʨʷʤʘʭ;  

ʛʽʧʦʪʝʟʘ ʦʜʥʦʨʽʜʥʦʩʪʽ ï ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʚʚʘʞʘʻʤʦ 

ʦʜʥʘʢʦʚʠʤʠ ʚ ʫʩʽʭ ʪʦʯʢʘʭ ʪʚʝʨʜʦʛʦ ʪʽʣʘ. 

ʆʧʽʨ ʤʘʪʝʨʽʘʣʽʚ ʟʘʡʤʘʻʪʴʩʷ ʨʦʟʨʘʭʫʥʢʘʤʠ ʥʘʡʧʨʦʩʪʽʰʠʭ 

ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ, ʷʢʠʤʠ ʻ ʩʪʨʠʞʥʽ, ʧʣʘʩʪʠʥʢʠ ʪʘ 

ʦʙʦʣʦʥʢʠ  (ʨʠʩ. 1.1). 
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ʈʠʩ. 1.1 

ʋ ʙʽʣʴʰʽʡ ʯʘʩʪʠʥʽ ʦʧʦʨʫ ʤʘʪʝʨʽʘʣʽʚ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʤʽʮʥʽʩʪʴ 

ʪʘ ʞʦʨʩʪʢʽʩʪʴ ʩʪʨʠʞʥʽʚ. ʉʪʨʠʞʝʥʴ ï ʮʝ ʪʚʝʨʜʝ ʪʽʣʦ, ʦʜʠʥ ʨʦʟʤʽʨ 

(ʜʦʚʞʠʥʘ) ʷʢʦʛʦ ʟʥʘʯʥʦ (ʭʦʯʘ ʙ ʫ ʢʽʣʴʢʘ ʨʘʟʽʚ) ʧʝʨʝʚʠʱʫʻ ʜʚʘ 

ʽʥʰʠʭ ʚʠʤʽʨʠ(ʨʠʩ.1.1,ʘ). ʋ ʩʪʨʠʞʥʽ ʤʠ ʚʽʜʟʥʘʯʘʻʤʦ ʧʦʧʝʨʝʯʥʽ 

ʧʝʨʝʨʽʟʠ m-n ʪʘ ʧʦʟʜʦʚʞʥʶ ʚʽʩʴ AB, ʷʢʘ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʮʝʥʪʨʠ 

ʚʘʛʠ C ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʨʽʟʽʚ (ʧʦʧʝʨʝʯʥʽ ʧʝʨʝʨʽʟʠ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽ ʜʦ ʧʦʟʜʦʚʞʥʴʦʾ ʦʩʽ).ʗʢʱʦ ʚʽʩʴ ʩʪʨʠʞʥʷ ï 

ʧʨʷʤʘ ʣʽʥʽʷ, ʩʪʨʠʞʝʥʴ ʟʚʝʪʴʩʷ ʧʨʷʤʠʤ; ʷʢʱʦ ʢʨʠʚʘ ʣʽʥʽʷ ï 

ʢʨʠʚʠʤ. 

ɽʣʝʤʝʥʪʠ ʢʦʥʩʪʨʫʢʮʽʡ, ʫ ʷʢʠʭ ʦʜʠʥ ʨʦʟʤʽʨ (ʪʦʚʱʠʥʘ) 

ʟʥʘʯʥʦ ʤʝʥʰʠʡ  ʚʽʜ ʜʚʦʭ ʽʥʰʠʭ, ʥʘʟʠʚʘʶʪʴ (ʟʘʣʝʞʥʦ ʚʽʜ ʬʦʨʤʠ 

ʩʝʨʝʜʠʥʥʦʾ ʧʦʚʝʨʭʥʽ) ʧʣʘʩʪʠʥʢʘʤʠ(ʨʠʩ.1.1,ʙ) ʘʙʦ ʦʙʣʦʥʢʘʤʠ 

(ʨʠʩ.1.1,ʚ). ʉʝʨʝʜʠʥʥʦʶ ʧʦʚʝʨʭʥʝʶ ʧʣʘʩʪʠʥʠ ʻ ʧʣʦʱʠʥʘ, ʱʦ 

ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʩʝʨʝʜʠʥʫ ʾʾ ʪʦʚʱʠʥʠ, ʘ ʚ ʦʙʦʣʦʥʢʘʭ ï ʙʫʜʴ-ʷʢʘ 

ʢʨʠʚʦʣʽʥʽʡʥʘ ʧʦʚʝʨʭʥʷ. 

       ʇʽʜ ʨʦʟʨʘʭʫʥʢʦʚʫ ʤʦʜʝʣʴ ʩʪʨʠʞʥʷ, ʧʣʘʩʪʠʥʢʠ ʯʠ ʦʙʦʣʦʥʢʠ 

ʧʽʜʧʘʜʘʶʪʴ ʯʠʩʣʝʥʥʽ ʝʣʝʤʝʥʪʠ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ɺʦʥʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʧʽʜʜʘʥ ̔ʜʝʬʦʨʤʘʮʽʷʤ ʨʦʟʪʷʛʫ, ʩʪʠʩʢʫ, ʟʛʠʥʫ ʘʙʦ 

ʢʨʫʯʝʥʥʷ. ʄʦʞʫʪʴ ʪʘʢʦʞ ʦʜʥʦʯʘʩʥʦ ʚʽʜʙʫʚʘʪʠʩʷ ʜʚʽ (ʘʙʦ ʙʽʣʴʰʝ) 

ʟ ʧʝʨʝʣʽʯʝʥʠʭ ʥʘʡʧʨʦʩʪʽʰʠʭ ʚʠʜʽʚ ʜʝʬʦʨʤʘʮʽʾ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʤʠ ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠʥʮʠʧ ʥʝʟʘʣʝʞʥʦʩʪʽ ʜʽʾ ʩʠʣ 

(ʧʨʠʥʮʠʧ ʩʫʧʝʨʧʦʟʠʮʽʾ), ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʷʢʠʤ ʝʬʝʢʪ ʚʽʜ ʜʽʾ 

ʜʝʢʽʣʴʢʦʭ ʯʠʥʥʠʢʽʚ (ʩʠʣ, ʜʝʬʦʨʤʘʮʽʡ ʯʠ ʪʝʤʧʝʨʘʪʫʨʠ) 

ʦʜʥʦʯʘʩʥʦ ʜʦʨʽʚʥʶʻ ʩʫʤʽ  ʝʬʝʢʪʽʚ ʚʽʜ ʜʽʡ ʢʦʞʥʦʛʦ ʯʠʥʥʠʢʘ 

ʦʢʨʝʤʦ. 
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1.3. ɼʝʬʦʨʤʘʮʽʾ ʪʘ ʥʘʧʨʫʞʝʥʥʷ 

ɼʝʬʦʨʤʘʮʽʻʶ ʥʘʟʠʚʘʻʪʴʩʷ ʟʤʽʥʘ ʬʦʨʤʠ ʡ ʨʦʟʤʽʨʽʚ 

ʪʚʝʨʜʦʛʦ ʪʽʣʘ. ɺʦʥʘ ʤʦʞʝ ʙʫʪʠ ʩʧʨʠʯʠʥʝʥʘ ʜʽʻʶ ʩʠʣ, ʟʤʽʥʦʶ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʦʱʦ. ɼʝʬʦʨʤʘʮʽʾ, ʚʠʢʣʠʢʘʥʽ ʜʽʻʶ ʩʠʣ, 

ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʧʦʷʚʦʶ ʥʘʧʨʫʞʝʥʴ ʫ ʪʽʣʽ (ʜʠʚ. ʜʘʣʽ) ʪʘ 

ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʧʨʫʞʥʽ (ʟʥʠʢʘʶʯʽ, ʟʚʦʨʦʪʥʽ) ʡ ʧʣʘʩʪʠʯʥʽ 

(ʟʘʣʠʰʢʦʚʽ). ʇʨʫʞʥʠʤʠ ʥʘʟʠʚʘʶʪʴʩʷ ʪʘʢʽ ʜʝʬʦʨʤʘʮʽʾ, ʷʢʽ 

ʟʥʠʢʘʶʪʴ ʟ ʫʩʫʥʝʥʥʷʤ ʩʠʣ, ʱʦ ʾʭ ʚʠʢʣʠʢʘʶʪʴ; ʧʣʘʩʪʠʯʥʠʤʠ ï ʪʽ, 

ʱʦ ʧʽʩʣʷ ʫʩʫʥʝʥʥʷ ʩʠʣ ʟʘʣʠʰʘʶʪʴʩʷ. ɼʝʬʦʨʤʘʮʽʾ ʪʽʣʘ ʤʦʞʫʪʴ 

ʙʫʪʠ ʤʘʣʠʤʠ ʘʙʦ ʚʝʣʠʢʠʤʠ ʧʦʨʽʚʥʷʥʦ ʟ ʨʦʟʤʽʨʘʤʠ ʪʽʣʘ. ɺ ʦʧʦʨʽ 

ʤʘʪʝʨʽʘʣʽʚ ʙʫʜʫʪʴ ʨʦʟʛʣʷʜʘʪʠʩʷ ʪʽʣʴʢʠ ʤʘʣʽ ʜʝʬʦʨʤʘʮʽʾ, ʷʢʽ 

ʤʦʞʥʘ ʨʦʟʢʣʘʩʪʠ ʥʘ ʝʣʝʤʝʥʪʘʨʥʽ: ʣʽʥʽʡʥ ̔ʪʘ ʢʫʪʦʚʽ.  

ʄʠ ʚʠʟʥʘʯʘʣʠ ʜʝʬʦʨʤʘʮʽʶ ʷʢ ʷʚʠʱʝ ʚʟʘʛʘʣʽ. ɼʘʣʽ 

ʚʞʠʚʘʪʠʤʝʤʦ ʪʝʨʤʽʥ ñʜʝʬʦʨʤʘʮʽʷò ʪʘʢʦʞ ʫ ʨʦʟʫʤʽʥʥʽ 

ʚʠʤʽʨʶʚʘʥʦʾ (ʘʙʦ ʦʙʯʠʩʣʶʚʘʥʦʾ) ʚʝʣʠʯʠʥʠ (ʣʽʥʽʡʥʽ, ʢʫʪʦʚʽ 

ʜʝʬʦʨʤʘʮʽʾ). ʑʝ ʦʜʥʝ ʟʥʘʯʝʥʥʷ ʮʴʦʛʦ ʩʣʦʚʘ ï ʩʫʢʫʧʥʽʩʪʴ ʷʚʠʱ ʫ 

ʩʪʨʠʞʥʽ ʧʨʠ ʨʦʟʪʷʛʫ (ʜʝʬʦʨʤʘʮʽʷ ʨʦʟʪʷʛʫ), ʧʨʠ ʟʛʠʥʽ 

(ʜʝʬʦʨʤʘʮʽʷ ʟʛʠʥʫ), ʧʨʠ ʢʨʫʯʝʥʥʽ (ʢʫʪʦʚʘ ʜʝʬʦʨʤʘʮʽʷ) ʪʦʱʦ. 

ʋʷʚʽʤʦ, ʱʦ ʥʘ ʪʚʝʨʜʝ ʪʽʣʦ ʜʽʶʪʴ ʟʦʚʥʽʰʥʽ ʩʠʣʠ 1F , 2F , 

3F é.nF  (ʨʠʩ. 1.2), ʷʢʽ ʥʘʤʘʛʘʶʪʴʩʷ ʟʨʫʡʥʫʚʘʪʠ ʪʽʣʦ.  

 

 

                   ʈʠʩ.1.2                                                                      ʈʠʩ. 1.3  

 

ɸʣʝ ʚʽʜʦʤʦ, ʱʦ ʤʦʣʝʢʫʣʠ ʪʚʝʨʜʦʛʦ ʪʽʣʘ ʧʝʨʝʙʫʚʘʶʪʴ ʥʘ 

ʩʪʽʡʢʠʭ ʚʽʜʩʪʘʥʷʭ ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ ʽ ʩʧʨʦʙʠ ʟʤʽʥʠʪʠ ʮʽ ʚʽʜʩʪʘʥʽ 

ʰʣʷʭʦʤ ʜʝʬʦʨʤʫʚʘʥʥʷ ʪʽʣʘ ʧʨʠʚʦʜʷʪʴ ʜʦ ʧʦʷʚʠ ʜʦʜʘʪʢʦʚʠʭ ʩʠʣ 

ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʤʦʣʝʢʫʣʘʤʠ. ʎʽ ʜʦʜʘʪʢʦʚʽ ʩʠʣʠ ʧʨʦʪʠʜʽʾ ʧʨʘʛʥʫʪʴ 
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ʚʽʜʥʦʚʠʪʠ ʧʝʨʚʽʩʥʽ ʚʽʜʩʪʘʥʽ ʤʽʞ ʤʦʣʝʢʫʣʘʤʠ. ɺʦʥʠ ʟʚʫʪʴʩʷ 

ʚʥʫʪʨʽʰʥʽʤʠ ʟʫʩʠʣʣʷʤʠ ʘʙʦ (ʮʝ ʙʽʣʴʰ ʧʦʰʠʨʝʥʦ) ʧʨʦʩʪʦ 

ʟʫʩʠʣʣʷʤʠ. 

ʄʝʭʘʥʽʯʥʝ ʥʘʧʨʫʞʝʥʥʷ ʘʙʦ ʧʨʦʩʪʦ ʥʘʧʨʫʞʝʥʥʷ ï ʮʝ 

ʟʫʩʠʣʣʷ, ʷʢʝ ʧʨʠʧʘʜʘʻ ʥʘ ʦʜʠʥʠʮʶ ʧʣʦʱʽ ʧʝʨʝʨʽʟʫ, ʧʨʦʚʝʜʝʥʦʛʦ 

ʧʦʜʫʤʢʠ (ʤʝʪʦʜʦʤ ʧʝʨʝʨʽʟʽʚ) ʯʝʨʝʟ ʜʘʥʫ ʪʦʯʢʫ ʪʽʣʘ. ɯʥʰʠʤʠ 

ʩʣʦʚʘʤʠ, ʥʘʧʨʫʞʝʥʥʷ ï ʮʝ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʥʫʪʨʽʰʥʽʭ ʟʫʩʠʣʴ.  

ʅʝʭʘʡ ʯʝʨʝʟ ʜʝʷʢʫ ʧʣʦʱʠʥʢʫ ʚʩʝʨʝʜʠʥʽ ʪʽʣʘ ʧʣʦʱʝʶ AD  

ʧʝʨʝʜʘʻʪʴʩʷ ʟʫʩʠʣʣʷ FD . ʊʦʜʽ, ʟʛʽʜʥʦ ʟ ʦʟʥʘʯʝʥʥʷʤ, ʥʘ ʮʽʡ 

ʧʣʦʠɦʥʮʽ ʚʠʥʠʢʘʻ ʩʝʨʝʜʥʻ ʥʘʧʨʫʞʝʥʥʷ 

m

F
p

A

D
=
D

.                                           (1.1) 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʬʦʨʤʫʣʘ (1.1) ʩʪʨʦʛʦ ʧʨʘʚʠʣʴʥʘ ʣʠʰʝ ʟʘ 

ʫʤʦʚʠ, ʱʦ ʟʫʩʠʣʣʷ FD  ʨʦʟʧʦʜʽʣʝʥʦ ʧʦ ʝʣʝʤʝʥʪʘʨʥʽʡ ʧʣʦʱʠʥʽ 

AD  ʨʽʚʥʦʤʽʨʥʦ. ɺ ʽʥʰʠʭ ʚʠʧʘʜʢʘʭ ʚʦʥʘ ʜʘʻ ʣʠʰʝ ʫʩʝʨʝʜʥʝʥʝ 

ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʥʷ ʚ ʤʝʞʘʭ ʧʣʦʱʠʥʢʠ. ɸʣʝ ʯʠʤ ʧʣʦʱʠʥʢʘ 

ʤʝʥʰʘ, ʪʠʤ ʩʝʨʝʜʥʽ ʥʘʧʨʫʞʝʥʥʷ ʙʣʠʞʯʽ ʜʦ ʜ̔ʡʩʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ 

ʚ ʪʦʯʮʽ ʤʘʪʝʨʽʘʣʫ. ʆʪʞʝ, ʩʪʨʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦ ʥʘʧʨʫʞʝʥʥʷ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ  

0
lim
A

F dF
p

A dAD ­

D
= =

D
.                                   (1.2) 

ʅʘʧʨʫʞʝʥʥʷ ʚʠʤʽʨʶʻʪʴʩʷ ʚ ʦʜʠʥʠʮʷʭ ʩʠʣʠ, ʧʦʜʽʣʝʥʠʭ ʥʘ 

ʦʜʠʥʠʮʶ ʧʣʦʱʽ. ʅʘʧʨʠʢʣʘʜ, ʚ ʤʽʞʥʘʨʦʜʥʽʡ ʩʠʩʪʝʤʽ ʦʜʠʥʠʮʴ ʮʝ 
2/H ʤ  (ʥʘʟʠʚʘʻʪʴʩʷ ñʧʘʩʢʘʣʴò ʽ ʟʘʧʠʩʫʻʪʴʩʷ ʇʘ), ʘʙʦ Mʇʘ 

(ʤʝʛʘʧʘʩʢʘʣʴ). ɺ ʪʝʭʥʽʯʥʽʡ ʩʠʩʪʝʤʽ ʦʜʠʥʠʮʴ ʥʘʧʨʫʞʝʥʥʷ 

ʚʠʤʽʨʶʻʪʴʩʷ ʚ ʢʽʣʦʛʨʘʤʘʭ ʥʘ 1 ʢʚʘʜʨʘʪʥʠʡ ʩʘʥʪʠʤʝʪʨ (
2/êÃ ñì ). 

ʄʞ̔ ʦʜʠʥʠʮʷʤʠ ʚʠʤʽʨʶʚʘʥʴ ʥʘʧʨʫʞʝʥʴ ʚ ʪʝʭʥʽʯʥʽʡ ʪʘ 

ʤʽʞʥʘʨʦʜʥʽʡ ʩʠʩʪʝʤʘʭ ʦʜʠʥʠʮʴ ʽʩʥʫʻ ʟʚô̫ ʟʦʢ  

2 21 / 9,81 / 0,1ʢɻ ʩʤ ʥ ʩʤ ʄʇʘ= º . 

ʅʘʧʨʫʞʝʥʥʷ ʟʘʣʝʞʠʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʧʦʣʦʞʝʥʥʷ ʪʦʯʢʠ ʫ 

ʪʚʝʨʜʦʤʫ ʪʽʣʽ, ʘʣʝ ʡ ʚʽʜ ʥʘʧʨʷʤʫ ʧʨʦʚʝʜʝʥʦʛʦ ʧʝʨʝʨʽʟʫ (ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʨʽʜʠʥʠ, ʜʝ ʪʠʩʢ ʫ ʢʦʞʥʽʡ ʪʦʯʮʽ ʟʘ ʟʘʢʦʥʦʤ ʇʘʩʢʘʣʷ ʚ 
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ʫʩʽʭ ʥʘʧʨʷʤʘʭ ʦʜʥʘʢʦʚʠʡ). ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʥʘʧʨʫʞʝʥʥʷ 

p  ʩʧʨʷʤʦʚʘʥʝ ʧʽʜ ʜʝʷʢʠʤ ʢʫʪʦʤ ʜʦ ʧʣʦʱʠʥʠ ʧʝʨʝʨʽʟʫ. ʄʠ 

ʤʦʞʝʤʦ ʨʦʟʢʣʘʩʪʠ ʡʦʛʦ ʥʘ ʥʦʨʤʘʣʴʥʫ ʡ ʜʦʪʠʯʥʫ ʩʢʣʘʜʦʚʽ 

(ʨʠʩ. 1.3). ʊʦʜʽ ʟʘʤʽʩʪʴ ʦʜʥʦʛʦ ñʧʦʚʥʦʛʦò ʥʘʧʨʫʞʝʥʥʷ p  

ʤʘʪʠʤʝʤʦ ʜʚʘ ʥʘʧʨʫʞʝʥʥʷ: ʥʦʨʤʘʣʴʥʝ s, ʷʢʝ ʜʽʻ ʫ ʥʘʧʨʷʤʽ 
ʥʦʨʤʘʣʽ ʜʦ ʧʝʨʝʨʽʟʫ, ʡ ʜʦʪʠʯʥʝ t, ʷʢʝ ʜʽʻ ʫ ʧʣʦʱʠʥʽ ʩʘʤʦʛʦ 

ʧʝʨʝʨʽʟʫ. ʊʘʢʝ ʨʦʟʢʣʘʜʘʥʥʷ ʚʠʛʽʜʥʝ ʪʠʤ, ʱʦ ʚ ʙʘʛʘʪʴʦʭ 

ʧʨʘʢʪʠʯʥʦ ʚʘʞʣʠʚʠʭ ʚʠʧʘʜʢʘʭ ʫ ʨʦʟʛʣʷʜʫʚʘʥʦʤʫ ʧʝʨʝʨʽʟʽ 

ʤʘʪʠʤʝʤʦ ʪʽʣʴʢʠ ʥʦʨʤʘʣʴʥʝ ʘʙʦ ʪʽʣʴʢʠ ʜʦʪʠʯʥʝ ʥʘʧʨʫʞʝʥʥʷ. 

ʆʯʝʚʠʜʥʘ ʬʦʨʤʫʣʘ 

2 2p s t= + .                                     (1.3) 

ɯʟ ʜʦʩʣʽʜʽʚ ʪʘʢʦʞ ʚʽʜʦʤʦ, ʱʦ ʨʫʡʥʫʚʘʥʥʷ ʪʽʣʘ ʚʥʘʩʣʽʜʦʢ 

ʚʽʜʨʠʚʫ ʦʜʥʽʻʾ ʯʘʩʪʠʥʠ ʪʽʣʘ ʚʽʜ ʽʥʰʦʾ ʚʠʢʣʠʢʘʥʝ ʥʦʨʤʘʣʴʥʠʤʠ 

ʥʘʧʨʫʞʝʥʥʷʤʠ, ʘ ʨʫʡʥʫʚʘʥʥʷ ʟʩʫʚʦʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʜʽʾ 

ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ. 

ʈʘʟʦʤ ʟ ʪʠʤ, ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ, ʱʦ ʧʦʚʥʝ ʥʘʧʨʫʞʝʥʥʷ ʽ ʡʦʛʦ 

ʩʢʣʘ-ʜʦʚʽ: ʥʦʨʤʘʣʴʥʝ ʪʘ ʜʦʪʠʯʥʝ ʥʘʧʨʫʞʝʥʥʷ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʨʦʟʤʽʱʝʥʥʷ ʩʘʤʦʛʦ ʧʝʨʝʨʽʟʫ (ʘʙʦ ʥʘʧʨʷʤʢʫ ʥʦʨʤʘʣʽ). ʊʦʤʫ ʜʣʷ 

ʪʦʛʦ ʘʙʠ ʛʦʚʦʨʠ- ʪʠ ʧʨʦ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ ʫ ʧʝʚʥʽʡ ʪʦʯʮʽ ʪʽʣʘ, 

ʪʨʝʙʘ ʟʥʘʪʠ ʤʥʦʞʠʥʫ ʥʘʧʨʫʞʝʥʴ ʚ ʫʩʽʭ ʧʝʨʝʨʽʟʘʭ, ʷʢʽ ʤʦʞʥʘ 

ʧʨʦʚʝʩʪʠ ʯʝʨʝʟ ʜʘʥʫ ʪʦʯʢʫ. 

1.4. ʈʦʟʪʷʛ ʽ ʩʪʠʩʢ 

ʏʠʩʪʠʤ ʨʦʟʪʷʛʦʤ (ʘʙʦ ʯʠʩʪʠʤ ʩʪʠʩʢʦʤ) ʥʘʟʠʚʘʻʪʴʩʷ 

ʪʘʢʠʡ ʚʠʜ ʜʝʬʦʨʤʘʮʽʾ, ʧʨʠ ʷʢʦʤʫ ʚ ʧʦʧʝʨʝʯʥʦʤʫ ʧʝʨʝʨʽʟʽ ʙʨʫʩʘ 

ʚʠʥʠʢʘʻ ʪʽʣʴʢʠ ʧʦʚʟʜʦʚʞʥʷ ʩʠʣʘ (ʨʦʟʪʷʛʫʚʘʣʴʥʘ ʘʙʦ 

ʩʪʠʩʢʫʚʘʣʴʥʘ), ʘ ʚʩʽ ʽʥʰʽ ʚʥʫʪʨʽʰʥʽ ʟʫʩʠʣʣʷ (ʱʦ ʤʦʞʫʪʴ 

ʚʠʥʠʢʘʪʠ ʚʽʜ ʜʽʾ ʜʝʬʦʨʤʘʮʽʡ ʟʛʠʥʫ, ʟʩʫʚʫ ʯʠ ʢʨʫʯʝʥʥʷ) 

ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ. 

       ʇʨʠ ʜʽʾ ʨʦʟʪʷʛʫʚʘʣʴʥʦʾ ʩʠʣʠ 

(ʨʠʩ. 1.4) ʜʦʚʞʠʥʘ ʩʪʨʠʞʥʷ ʤʦʞʝ 

ʙʫʪʠ ʜʦʚʽʣʴʥʦʶ (ʫ ʤʝʞʘʭ ʜʦʧʫʩʪʠʤʦʾ 

ʞʦʨʩʪʢʦʩʪʽ). ɼʽʷ ʩʪʠʩʢʫʚʘʣʴʥʦʾ ʩʠʣʠ 

ʥʘ ʩʪʨʠʞʝʥʴ ʚʝʣʠʢʦʾ ʜʦʚʞʠʥʠ ʽ 

 

 
                                                                      ʘ)                               ʙ) 
                                                                               ʈʠʩ.1.4 
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ʧʦʨʽʚʥʷʥʦ ʥʝʚʝʣʠʢʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ 

ʷʚʠʱʝ ʧʦʟʜʦʚʞʥʴʦʛʦ ʟʛʠʥʫ. 

         ʋ ʜʘʥʽʡ ʣʝʢʮʽʾ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʣʠʰʝ ʩʪʠʩʥʫʪʽ ʩʪʨʠʞʥʽ 

ʚʝʣʠʢʦʾ ʞʦʨʩʪʢʦʩʪʽ (ʚʽʜʥʦʰʝʥʥʷ ʜʦʚʞʠʥʠ ʩʪʨʠʞʥʷ l  ʜʦ 

ʥʘʡʤʝʥʰʦʛʦ ʨʦʟʤʽʨʫ d  ʡʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʚ ʤʝʞʘʭ 

( )4 5l d¢ · ), ʜʣʷ ʷʢʠʭ ʥʝʙʝʟʧʝʢʠ ʚʠʛʠʥʫ ʧʦʟʜʦʚʞʥʴʦʾ ʦʩʽ ʥʝʤʘʻ 

ɼʽʷ ʩʪʠʩʢʫʚʘʣʴʥʦʾ ʩʠʣʠ ʥʘ ʩʪʨʠʞʝʥʴ ʚʝʣʠʢʦʾ ʜʦʚʞʠʥʠ ʽ 

ʧʦʨʽʚʥʷʥʦ ʥʝʚʝʣʠʢʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ 

ʷʚʠʱʝ ʧʦʟʜʦʚʞʥʴʦʛʦ 

ʟʛʠʥʫ. ʋ ʜʘʥʽʡ ʣʝʢʮʽʾ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʣʠʰʝ 

ʩʪʠʩʥʫʪʽ ʩʪʨʠʞʥʽ 

ʚʝʣʠʢʦʾ ʞʦʨʩʪʢʦʩʪʽ 

(ʚʽʜʥʦʰʝʥʥʷ ʜʦʚʞʠʥʠ 

ʩʪʨʠʞʥʷ l  ʜʦ 

ʥʘʡʤʝʥʰʦʛʦ ʨʦʟʤʽʨʫ 

d  ʡʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ 

ʧʝʨʝʨʽʟʫ ʚ ʤʝʞʘʭ 

( )4 5l d¢ · ), ʜʣʷ 

ʷʢʠʭ ʥʝʙʝʟʧʝʢʠ 

ʚʠʛʠʥʫ ʧʦʟʜʦʚʞʥʴʦ ʾ

ʦʩʽ ʥʝʤʘʻ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʚʥʫʪʨʽʰʥʽʭ ʩʠʣ ʧʨʠ 

ʨʦʟʪʷʛʫ ʘʙʦ ʩʪʠʩʢʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʤʝʪʦʜ ʧʝʨʝʨʽʟʽʚ (ʨʠʩ. 1.5). ɺʽʩʴ ʩʪʨʠʞʥʷ ʩʫʤʽʱʘʻʤʦ ʟ 

ʢʦʦʨʜʠʥʘʪʥʦʶ ʚʽʩʩʶ Ox. ɿʘʜʘʚʰʠʩʴ ʥʘʧʨʷʤʦʤ ʨʝʘʢʮʽʾ R , 

ʟʥʘʭʦʜʠʤʦ ʾʾ ʟ ʫʤʦʚʠ ʨʽʚʥʦʚʘʛʠ ʩʠʣ, ʧʨʠʢʣʘʜʝʥʠʭ ʜʦ ʩʪʨʠʞʥʷ: 

0X =ä ; 1 2 3 0R F F F- - + - =, 

ʟʚʽʜʢʠ     
1 2 3R F F F=- + -. 

 

ʈʠʩ. 1.5 
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ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʩʠʣ ʫ ʜʦʚʽʣʴʥʦʤʫ 

ʧʦʧʝʨʝʯʥʦʤʫ ʧʝʨʝʨʽʟʽ 1ï1 ʩʪʨʠʞʥʷ ʨʦʟʨʽʟʘʻʤʦ ʡʦʛʦ ʫʷʚʥʦ ʫ 

ʮʴʦʤʫ ʞ ʧʝʨʝʨʽʟʽ ʽ ʚʽʜʢʠʜʘʻʤʦ ʦʜʥʫ ʟ ʯʘʩʪʠʥ ʩʪʨʠʞʥʷ. ɺʣʘʩʥʦʶ 

ʚʘʛʦʶ ʩʪʨʠʞʥʷ ʥʝʭʪʫʻʤʦ. ɼʽʶ ʚʽʜʢʠʥʫʪʦʾ ʯʘʩʪʠʥʠ ʩʪʨʠʞʥʷ 

ʟʘʤʽʥʷʻʤʦ ʚʥʫʪʨʽʰʥʴʦʶ ʩʠʣʦʶ, ʷʢʘ ʥʘʟʠʚʘʻʪʴʩʷ ʧʦʟʜʦʚʞʥʴʦʶ ʽ 

ʷʚʣʷʻ ʩʦʙʦʶ ʨʽʚʥʦʜʽʶʯʫ ʩʠʩʪʝʤʠ ʩʠʣ, ʱʦ ʟʘʤʽʥʶʻ ʚ ʜʘʥʦʤʫ 

ʧʦʧʝʨʝʯʥʦʤʫ ʧʝʨʝʨʽʟʽ ʚʧʣʠʚ ʚʽʜʢʠʥʫʪʦʾ ʯʘʩʪʠʥʠ ʩʪʨʠʞʥʷ ʥʘ ʪʫ, 

ʱʦ ʟʘʣʠʰʠʣʘʩʴ. ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʧʦʟʜʦʚʞʥʴʦʾ ʩʠʣʠ ʦʩʪʘʥʥʶ 

ʟʨʫʯʥʦ ʚʚʘʞʘʪʠ ʨʦʟʪʷʛʫʚʘʣʴʥʦʶ ʽ ʟʛʽʜʥʦ ʟ ʮʠʤ ʥʘʧʨʘʚʠʪʠ ʚʟʜʦʚʞ 

ʦʩʽ ʩʪʨʠʞʥʷ ʚʽʜ ʨʦʟʛʣʷʜʫʚʘʥʦʛʦ ʧʝʨʝʨʽʟʫ. ɺʽʜʢʠʥʫʚʰʠ ʧʨʘʚʫ 

ʯʘʩʪʠʥʫ ʩʪʨʠʞʥʷ (ʨʠʩ. 1.5), ʟ ʫʤʦʚʠ ʨʽʚʥʦʚʘʛʠ ʩʠʣ, ʧʨʠʢʣʘʜʝʥʠʭ 

ʜʦ ʣʽʚʦʾ ʯʘʩʪʠʥʠ, ʟʥʘʭʦʜʠʤʦ  

3 0N F R- - =, 

ʽ ʟʚʽʜʩʠ                           
3 2 1N F R F F= + = -. 

ʄʦʞʥʘ ʙʫʣʦ ʙ ʚʽʜʢʠʥʫʪʠ ʽ ʣʽʚʫ ʯʘʩʪʠʥʫ ʩʪʨʠʞʥʷ ʽ 

ʨʦʟʛʣʷʥʫʪʠ ʨʽʚʥʦʚʘʛʫ ʧʨʘʚʦʾ: 

2 1 0N F F- + - =, 

ʟʚʽʜʢʠ                                      
2 1N F F= - . 

ɿ ʦʜʝʨʞʘʥʠʭ ʚʠʨʘʟʽʚ ʚʠʧʣʠʚʘʻ, ʱʦ ʧʦʟʜʦʚʞʥʷ ʩʠʣʘ ʫ 

ʜʦʚʽʣʴʥʦʤʫ ʧʝʨʝʨʽʟʽ ʩʪʨʠʞʥʷ ʜʦʨʽʚʥʶʻ ʘʣʛʝʙʨʠʯʥʽʡ ʩʫʤʽ 

ʟʦʚʥʽʰʥʽʭ ʩʠʣ (ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʨʝʘʢʮʽʡ), ʨʦʟʪʘʰʦʚʘʥʠʭ ʟ ʦʜʥʦʛʦ 

ʙʦʢʫ ʧʝʨʝʨʽʟʫ. ʉʠʣʠ, ʥʘʧʨʷʤʣʝʥʽ ʚʽʜ ʧʝʨʝʨʽʟʫ ï ʨʦʟʪʷʛʫʚʘʣʴʥʽ 

(ʜʦʜʘʪʥʽ), ʘ ʩʠʣʠ ʥʘʧʨʷʤʣʝʥʽ ʜʦ ʧʝʨʝʨʽʟʫ ï ʩʪʠʩʢʫʚʘʣʴʥʽ 

(ʚʽʜôʻʤʥʽ). 

ɼʣʷ ʥʘʦʯʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʧʦʟʜʦʚʞʥʽʭ ʩʠʣ 

ʙʫʜʫʶʪʴ ʾʭ ʝʧʶʨʠ, ʪʦʙʪʦ ʛʨʘʬʽʢʠ, ʥʘ ʷʢʠʭ ʚʝʣʠʯʠʥʘ ʦʙʯʠʩʣʝʥʠʭ 

ʧʦʟʜʦʚʞʥʽʭ ʩʠʣ ʚʽʜʢʣʘʜʘʻʪʴʩʷ ʚ ʤʘʩʰʪʘʙʽ ʫ ʚʠʛʣʷʜʽ ʚʽʜʨʽʟʢʽʚ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʜʦ ʦʩʽ ʩʪʨʠʞʥʷ (ʨʠʩ. 1.5, ʛ). ʗʢʱʦ ʥʘ 

ʩʪʨʠʞʝʥʴ ʜʽʶʪʴ ʪʽʣʴʢʠ ʟʦʩʝʨʝʜʞʝʥʽ ʩʠʣʠ, ʪʦ ʣʽʥʽʾ ʝʧʶʨʠ 

ʧʘʨʘʣʝʣʴʥʽ ʾʾ ʦʩʽ. 

ɸʥʘʣʦʛʽʯʥʦ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʧʦʟʜʦʚʞʥʽ ʩʠʣʠ ʫ ʩʪʨʠʞʥʽ ʽ 

ʧʦʙʫʜʫʚʘʪʠ ʾʭ ʝʧʶʨʫ ʧʨʠ ʜʽʾ ʦʩʴʦʚʠʭ ʩʠʣ, ʨʦʟʧʦʜʽʣʝʥʠʭ ʚʟʜʦʚʞ 

ʦʩʽ ʩʪʨʠʞʥʷ, ʥʘʧʨʠʢʣʘʜ ʩʠʣʠ ʡʦʛʦ ʚʣʘʩʥʦʾ ʚʘʛʠ. 
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1.5. ʅʘʧʨʫʞʝʥʥʷ ʚ ʧʦʧʝʨʝʯʥʠʭ ʪʘ ʥʘʭʠʣʝʥʠʭ ʧʝʨʝʨʽʟʘʭ 

ʩʪʨʠʞʥʷ 

ʇʦʟʜʦʚʞʥʷ ʩʠʣʘ ʷʚʣʷʻ ʩʦʙʦʶ ʨʽʚʥʦʜʽʡʥʫ ʚʥʫʪʨʽʰʥʽʭ 

ʥʦʨʤʘʣʴʥʠʭ ʩʠʣ, ʨʦʟʧʦʜʽʣʝʥʠʭ ʧʦ ʧʣʦʱʽ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʽ 

ʟʚôʷʟʘʥʘ ʟ ʥʦʨʤʘʣʴʥʠʤʠ ʥʘʧʨʫʞʝʥʥʷʤʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʮʴʦʤʫ 

ʧʝʨʝʨʽʟʽ, ʟʘʣʝʞʥʽʩʪʶ: 

A

N dAs=ñ ,                                      (1.4) 

ʜʝ A- ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ. 

ɿʘʢʦʥ ʨʦʟʧʦʜʽʣʫ ʥʦʨʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ ʚ ʧʦʧʝʨʝʯʥʦʤʫ 

ʧʝʨʝʨʽʟʽ ʩʪʨʠʞʥʷ ʟʦʙʨʘʞʘʻʪʴʩʷ ʛʨʘʬʽʢʦʤ, ʷʢʠʡ ʧʦʢʘʟʫʻ ʟʤʽʥʫ ʮʠʭ 

ʥʘʧʨʫʞʝʥʴ ʧʦ ʚʠʩʦʪʽ ʘʙʦ ʰʠʨʠʥʽ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ. ʊʘʢʠʡ 

ʛʨʘʬʽʢ ʥʘʟʠʚʘʻʪʴʩʷ ʝʧʶʨʦʶ ʥʦʨʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ. 

ʈʦʟʪʷʛʫʚʘʣʴʥʽ ʥʦʨʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ʚʚʘʞʘʶʪʴʩʷ ʜʦʜʘʪʥʠʤʠ, ʘ 

ʩʪʠʩʢʫʚʘʣʴʥʽ ï ʚʽʜôʻʤʥʠʤʠ.  

 ʈʽʚʥʽʩʪʴ (1.4) ʟʘʜʦʚʦʣʴʥʷʻʪʴʩʷ ʧʨʠ ʙʫʜʴ-ʷʢʦʤʫ 

ʩʠʤʝʪʨʠʯʥʦʤʫ ʚʽʜʥʦʩʥʦ ʦʩʽ ʩʪʨʠʞʥʷ ʨʦʟʧʦʜʽʣʽ ʥʦʨʤʘʣʴʥʠʭ 

ʥʘʧʨʫʞʝʥʴ ʥʘ ʧʣʦʱʽ ʡʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ (ʨʠʩ. 1.6). ʇʨʦʪʝ 

ʜʦʩʣʽʜʘʤʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʫ ʜʦʚʛʠʭ ʩʪʨʠʞʥʷʭ ʥʦʨʤʘʣʴʥʽ 

ʜʝʬʦʨʤʘʮʽʾ, ʘ ʦʪʞʝ ʽ ʥʘʧʨʫʞʝʥʥʷ s ʙʫʜʫʪʴ ʪʘʢʦʞ ʨʦʟʧʦʜʽʣʷʪʠʩʷ 

ʨʽʚʥʦʤʽʨʥʦ ʧʦ ʧʣʦʱʽ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʩʪʨʠʞʥʷ ʽ ʾʭ ʝʧʶʨʘ 

ʙʫʜʝ ʤʘʪʠ ʚʠʛʣʷʜ ʧʨʷʤʦʢʫʪʥʠʢʘ, ʧʦʢʘʟʘʥʦʛʦ ʥʘ ʨʠʩ. 1.6 ʘ.  

  

ʈʠʩ. 1.6 

ʊʦʜʽ ʟ ʨʽʚʥʦʩʪʽ (1.4) ʦʜʝʨʞʠʤʦ 

A

N dA As s= =ñ . 

ɿʚʽʜʩʠ                     N As= .                                          (1.5) 
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ʆʪʞʝ, ʚʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ ʧʨʠʧʫʱʝʥʥʷ, ʧʦʧʝʨʝʯʥʽ ʧʝʨʝʨʽʟʠ 

ʩʪʨʠʞʥʷ, ʧʣʦʩʢʽ ʧʝʨʝʜ ʧʨʠʢʣʘʜʝʥʥʷʤ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ʟʘʣʠʰʘʶʪʴʩʷ ʧʣʦʩʢʠʤʠ ʪʘʢʦʞ ʧʽʩʣʷ ʥʴʦʛʦ. ʆʩʪʘʥʥʻ ʧʦʣʦʞʝʥʥʷ 

ʚ ʣʽʪʝʨʘʪʫʨʽ ʱʝ ʥʘʟʠʚʘʶʪʴ ʛʽʧʦʪʝʟʦʶ ʧʣʦʩʢʠʭ ʧʝʨʝʨʽʟʽʚ ʘʙʦ 

ʛʽʧʦʪʝʟʦʶ ɹʝʨʥʫʣʣʽ. 

ʇʨʦʪʝ, ʷʢ ʪʝʦʨʝʪʠʯʥʽ, ʪʘʢ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʦʢʘʟʫʶʪʴ, ʱʦ ʛʽʧʦʪʝʟʘ ʧʣʦʩʢʠʭ ʧʝʨʝʨʽʟʽʚ ʧʦʨʫʰʫʻʪʴʩʷ ʫ 

ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʙʣʠʟʴʢʦʩʪʽ ʚʽʜ ʤʽʩʮʷ ʧʨʠʢʣʘʜʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʊʦʯʥʽʰʝ ʜʦʩʣʽʜʞʝʥʥʷ ʜʝʬʦʨʤʘʮʽʡ ʨʦʟʪʷʛʫ-ʩʪʠʩʢʫ ʧʦʢʘʟʫʻ, ʱʦ ʫ 

ʤʽʩʮʷʭ, ʙʣʠʟʴʢʠʭ ʧʨʠʢʣʘʜʝʥʠʤ ʜʦ ʩʪʨʠʞʥʷ ʟʦʚʥʽʰʥʽʭ 

ʥʘʚʘʥʪʘʞʝʥʴ, ʝʧʶʨʠ ʥʦʨʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ ʤʦʞʫʪʴ ʤʘʪʠ 

ʚʠʛʣʷʜ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʨʠʩ. 1.6 ʙ, 1.6 ʚ, ʘʙʦ ʙʫʜʴ-ʷʢʠʡ ʽʥʰʠʡ 

ʚʠʛʣʷʜ. ʊʦʙʪʦ, ʬʦʨʤʫʣʘ (1.5) ʩʪʘʻ ʥʝʧʨʘʚʠʣʴʥʦʶ, ʘ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʥʦʨʤʘʣʴʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ s ʥʝʦʙʭʽʜʥʦ ʨʦʟʚôʷʟʫʚʘʪʠ 

ʜʦʩʠʪʴ ʩʢʣʘʜʥʫ ʟʘʜʘʯʫ ʤʘʪʝʤʘʪʠʯʥʦʾ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ. ʑʦʙʠ 

ʤʘʪʠ ʫʷʚʫ, ʢʦʣʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʬʦʨʤʫʣʫ (1.5), 

ʬʨʘʥʮʫʟʴʢʠʡ ʚʯʝʥʠʡ ɹ. ʉʝʥ-ɺʝʥʘʥ ʫ 1855 ʨ. ʩʬʦʨʤʫʣʶʚʘʚ 

ʧʨʠʥʮʠʧ, ʷʢʠʡ ʽ ʩʴʦʛʦʜʥʽ ʥʦʩʠʪʴ ʡʦʛʦ ʽʤôʷ. ɿʛʽʜʥʦ ʮʴʦʛʦ 

ʧʨʠʥʮʠʧʫ  

ʫ ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʨʽʟʘʭ ʩʪʨʠʞʥʽʚ, ʜʦʩʠʪʴ ʚʽʜʜʘʣʝʥʠʭ ʚʽʜ 

ʪʦʯʦʢ ʧʨʠʢʣʘʜʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʨʦʟʧʦʜʽʣ ʥʘʧʨʫʞʝʥʴ 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʝʪʘʣʴʥʦʛʦ ʩʧʦʩʦʙʫ ʡʦʛʦ 

ʧʨʠʢʣʘʜʘʥʥʷ, ʷʢʱʦ ʧʨʠ ʮʴʦʤʫ ʨʽʚʥʦʜʽʡʥʘ ʩʠʣʘ ʽ ʨʽʚʥʦʜʽʡʥʠʡ 

ʤʦʤʝʥʪ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʟʤʽʥʥʠʤʠ. 

ɼʦʩʣʽʜʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʪʘʢʠʤʠ, ñʜʦʩʪʘʪʥʴʦ ʚʽʜʜʘʣʝʥʠʤʠò, 

ʙʫʜʫʪʴ ʧʝʨʝʨʽʟʠ ʥʘ ʚʽʜʩʪʘʥʽ ʦʜʥʦʛʦ-ʜʚʦʭ ʧʦʧʝʨʝʯʥʠʭ ʨʦʟʤʽʨʽʚ 

ʩʪʨʠʞʥʷ. ʇʨʠʥʮʠʧ ʉʝʥ-ɺʝʥʘʥʘ ʩʧʨʘʚʝʜʣʠʚʠʡ ʽ ʜʣʷ ʽʥʰʠʭ ʚʠʜʽʚ 

ʜʝʬʦʨʤʘʮʽʡ: ʟʛʠʥʫ, ʢʨʫʯʝʥʥʷ, ʟʩʫʚʫ. 

ɼʣʷ ʦʜʝʨʞʘʥʥʷ ʧʦʚʥʦʾ ʢʘʨʪʠʥʠ ʥʘʧʨʫʞʝʥʴ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ 

ʚ ʫʩʽʭ ʧʝʨʝʨʽʟʘʭ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʦʚʝʜʝʥʽ ʯʝʨʝʟ ʜʦʚʽʣʴʥʫ 

ʪʦʯʢʫ ʩʪʨʠʞʥʷ, ʚʠʟʥʘʯʠʤʦ ʥʘʧʨʫʞʝʥʥʷ ʫ ʡʦʛʦ ʜʦʚʽʣʴʥʦ 

ʥʘʭʠʣʝʥʦʤʫ ʧʝʨʝʨʽʟʽ (ʨʠʩ.1.7). 
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                                                     ʘ)                                                                            ʙ) 

ʈʠʩ.1.7 

ʅʝʭʘʡ ʟʦʚʥʽʰʥʷ ʥʦʨʤʘʣʴ na ʜʦ ʧʝʨʝʨʽʟʫ ʫʪʚʦʨʶʻ ʟ ʚʽʩʩʶ 

ʩʪʨʠʞʥʷ ʢʫʪ a, ʷʢʠʡ ʚʽʜʢʣʘʜʘʻʤʦ ʧʨʦʪʠ ʭʦʜʫ ʩʪʨʽʣʢʠ 

ʛʦʜʠʥʥʠʢʘ. ʇʣʦʱʘ Aa ʥʘʭʠʣʝʥʦʛʦ ʧʝʨʝʨʽʟʫ ʚʠʨʘʞʘʻʪʴʩʷ ʯʝʨʝʟ 

ʧʣʦʱʫ 
0A  ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʩʪʨʠʞʥʷ 

0 cosA Aa a= .                                      (1.6) 

ʅʦʨʤʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʧʦʟʜʦʚʞʥʴʦʾ ʩʠʣʠ cosN Na a=  

ʚʠʢʣʠʢʘʻ ʚ ʥʘʭʠʣʝʥʦʤʫ ʧʝʨʝʨʽʟʽ ʥʦʨʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ, ʜʦʪʠʯʥʘ 

ʩʢʣʘʜʦʚʘ ·sinT Na a=  ï ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ: 

a aN Aas = , 
a aT Aat= .                              (1.7) 

ɹʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʚʠʨʘʟ (1.6), ʟʥʘʭʦʜʠʤʦ ʟ ʦʩʪʘʥʥʽʭ ʬʦʨʤʫʣ: 

2

0

cos
N

A
as a= ,                                    (1.8) 

sin cosa

a

N

A
t a a= .                                 (1.9) 

ɿʥʘʡʜʝʤʦ ʟʥʘʯʝʥʥʷ ʥʦʨʤʘʣʴʥʠʭ ʽ ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʜʣʷ 

ʜʝʷʢʠʭ ʭʘʨʘʢʪʝʨʥʠʭ ʧʦʣʦʞʝʥʴ ʥʘʭʠʣʝʥʦʾ ʧʣʦʱʠʥʠ.  

ɼʣʷ 0a= ,                          max

0

N

A
as s s= = = , 0at= ; 

ʜʣʷ 90a= ,̄                       min0as s= = , 0at= . 

ŰŬ 

Ŭ ůŬ 
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ʆʪʞʝ, ʫ ʧʝʨʝʨʽʟʘʭ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʜʦ ʦʩʽ ʩʪʨʠʞʥʷ ʽ 

ʧʘʨʘʣʝʣʴʥʠʭ ʡʦʛʦ ʦʩʽ (ʨʠʩ. 1.7), ʥʝʤʘʻ ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ, ʘ 

ʥʦʨʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ʥʘʙʫʚʘʶʪʴ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ. 

ʇʣʦʱʠʥʢʠ, ʥʘ ʷʢʠʭ ʥʝʤʘʻ ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ, ʥʘʟʠʚʘʶʪʴʩʷ 

ʛʦʣʦʚʥʠʤʠ, ʘ ʥʦʨʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ, ʱʦ ʥʘ ʥʠʭ ʚʠʥʠʢʘʶʪʴ ï 

ʛʦʣʦʚʥʠʤʠ ʥʘʧʨʫʞʝʥʥʷʤʠ. 

ʗʢʱʦ ʥʘʚʢʦʣʦ ʙʫʜʴ-ʷʢʦʾ ʪʦʯʢʠ ʩʪʨʠʞʥʷ ʚʠʜʽʣʠʪʠ 

ʝʣʝʤʝʥʪʘʨʥʠʡ ʢʫʙʠʢ ʟ ʨʝʙʨʘʤʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʤʠ ʪʘ 

ʧʘʨʘʣʝʣʴʥʠʤʠ ʦʩʽ ʩʪʨʠʞʥʷ, ʪʦ ʫʩʽ ʛʨʘʥʽ ʪʘʢʦʛʦ ʢʫʙʠʢʘ ʙʫʜʫʪʴ 

ʛʦʣʦʚʥʠʤʠ ʧʣʦʱʠʥʢʘʤʠ. ʅʘ ʛʨʘʥʷʭ ʢʫʙʠʢʘ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ 

ʜʦ ʥʘʧʨʷʤʢʫ ʜʽʾ ʩʠʣʠ, ʛʦʣʦʚʥʽ ʥʘʧʨʫʞʝʥʥʷ ʥʝ ʜʦʨʽʚʥʶʶʪʴ 

ʥʫʣʝʚʽ, ʘ ʥʘ ʚʩʽʭ ʽʥʰʠʭ ʛʨʘʥʷʭ ʛʦʣʦʚʥʽ ʥʘʧʨʫʞʝʥʥʷ ʜʦʨʽʚʥʶʶʪʴ 

ʥʫʣʝʚʽ. ʅʘʧʨʫʞʝʥʠʡ ʩʪʘʥ ʤʘʪʝʨʽʘʣʫ, ʧʨʠ ʷʢʦʤʫ ʛʦʣʦʚʥʽ 

ʥʘʧʨʫʞʝʥʥʷ ʚʠʥʠʢʘʁʪʴ ʣʠʰʝ ʥʘ ʜʚʦʭ ʧʘʨʘʣʝʣʴʥʠʭ ʛʨʘʥʷʭ 

ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʢʫʙʠʢʘ, ʚʠʜʽʣʝʥʦʛʦ ʥʘʚʢʦʣʦ ʜʦʚʽʣʴʥʦʾ ʪʦʯʢʠ ʪʽʣʘ, 

ʥʘʟʠʚʘʻʪʴʩʷ ʣʽʥʽʡʥʠʤ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʧʨʠ 

ʨʦʟʪʷʛʫ ʘʙʦ ʩʪʠʩʢʫ ʤʘʪʝʨʽʘʣ ʩʪʨʠʞʥʷ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʣʽʥʽʡʥʦʤʫ 

ʥʘʧʨʫʞʝʥʦʤʫ ʩʪʘʥʽ (ʨʠʩ.1.8). 

ʗʢ ʚʠʜʥʦ ʟ ʬʦʨʤʫʣʠ (1.9), ʫ ʧʝʨʝʨʽʟʽ, ʱʦ ʫʪʚʦʨʶʻ ʟ ʚʽʩʩʶ 

ʩʪʨʠʞʥʷ ʢʫʪ 45Á, ʚʠʥʠʢʘʻ ʤʘʢʩʠʤʘʣʴʥʝ ʜʦʪʠʯʥʝ ʥʘʧʨʫʞʝʥʥʷ. 

ɿʥʘʡʜʝʤʦ ʟʚôʷʟʦʢ ʤʽʞ ʜʦʪʠʯʥʠʤʠ ʥʘʧʨʫʞʝʥʥʷʤʠ ʥʘ ʜʚʦʭ 

ʚʟʘʻʤʥʦ-ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʧʣʦʱʠʥʢʘʭ. 

                             
ʈʠʩ.1.8 

             ʅʝʭʘʡ ʟʦʚʥʽʰʥʽ ʥʦʨʤʘʣʽ ʜʦ ʜʚʦʭ ʚʟʘʻʤʥʦ-

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʧʣʦʱʠʥʦʢ ʫʪʚʦʨʶʶʪʴ ʟ ʚʽʩʩʶ ʩʪʨʠʞʥʷ ʢʫʪʠ 

a ʽ b, ʧʨʠʯʦʤʫ 90b a= + ¯ (ʨʠʩ.1.8). 



 17 

ʅʘ ʧʝʨʰʽʡ ʟ ʮʠʭ ʧʣʦʱʠʥʦʢ ʜʦʪʠʯʥʝ ʥʘʧʨʫʞʝʥʥʷ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (1.6). ɿʘʩʪʦʩʦʚʫʶʯʠ ʮʶ ʬʦʨʤʫʣʫ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʥʷ ʥʘ ʧʣʦʱʠʥʽ ʟ ʟʦʚʥʽʰʥʴʦʶ ʥʦʨʤʘʣʣʶ, 

ʦʜʝʨʞʠʤʦ 

·sin ·cos sin cosbt s b b s a a= =- , ʪʦʙʪʦ   b at t=-.     

(1.10) 

ʆʩʪʘʥʥʷ ʬʦʨʤʫʣʘ ʚʠʨʘʞʘʻ ʟʘʢʦʥ ʧʘʨʥʦʩʪʽ ʜʦʪʠʯʥʠʭ 

ʥʘʧʨʫʞʝʥʴ: ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ʥʘ ʜʚʦʭ ʚʟʘʻʤʥʦ-

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʧʣʦʱʠʥʢʘʭ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽ ʜʦ ʣʽʥʽʾ ʾʭ 

ʧʝʨʝʪʠʥʫ, ʨʽʚʥʽ ʟʘ ʘʙʩʦʣʶʪʥʦʶ ʚʝʣʠʯʠʥʦʶ ʽ ʧʨʦʪʠʣʝʞʥʽ ʟʘ 

ʟʥʘʢʦʤ. 

ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ʥʘʧʨʷʤʣʝʥʽ ʟʘʚʞʜʠ 

ʧʦʧʘʨʥʦ ʜʦ ʨʝʙʨʘ ʧʝʨʝʪʠʥʫ ʜʚʦʭ ʚʟʘʻʤʥʦ-ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ 

ʧʣʦʱʠʥʦʢ ʘʙʦ ʚʽʜ ʥʴʦʛʦ (ʨʠʩ. 1.8, ʙ). 

 

1.6. ʇʦʟʜʦʚʞʥʽ ʪʘ ʧʦʧʝʨʝʯʥʽ ʜʝʬʦʨʤʘʮʽʾ. ɿʘʢʦʥ ɻʫʢʘ 

ʋ 1678 ʨʦʮʽ ʘʥʛʣʽʡʩʴʢʠʡ ʚʯʝʥʠʡ ʈ. ɻʫʢ ʚʧʝʨʰʝ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʠʚ, ʱʦ ʜʦ ʧʝʚʥʦʾ ʚʝʣʠʯʠʥʠ ʩʠʣʠ 

ʜʝʬʦʨʤʘʮʽʾ ʧʨʫʞʥʦʛʦ ʪʽʣʘ ʧʨʦʧʦʨʮʽʡʥʽ ʩʠʣʽ. ʎʝʡ ʚʠʩʥʦʚʦʢ 

ʥʘʟʠʚʘʻʪʴʩʷ ʟʘʢʦʥʦʤ ɻʫʢʘ ʽ ʚ ʟʘʩʪʦʩʫʚʘʥʥʽ ʜʦ ʨʦʟʪʷʛʫ ʘʙʦ ʩʪʠʩʢʫ 

ʚʠʨʘʞʘʻ ʣʽʥʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʧʦʜʦʚʞʝʥʥʷʤ ʩʪʝʨʞʥʷ ʽ 

ʧʦʟʜʦʚʞʥʴʦʶ ʩʠʣʦʶ:  

( )/l Nl EAD = ,                                        (1.11) 

ʜʝ lD ï ʘʙʩʦʣʶʪʥʘ ʜʝʬʦʨʤʘʮʽʷ ʩʪʨʠʞʥʷ; l  ï ʜʦʚʞʠʥʘ 

ʩʪʨʠʞʥʷ; 

A  ï ʧʣʦʱʘ ʡʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ; Nï ʧʦʟʜʦʚʞʥʷ 
ʩʠʣʘ; 

E  ï ʩʪʘʣʘ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, 

ʤʘʻ ʨʦʟʤʽʨʥʽʩʪʴ ʇʘ (ʧʘʩʢʘʣ)ɹ ʽ ʥʘʟʠʚʘʻʪʴʩʷ ʤʦʜʫʣʝʤ 

ʥʦʨʤʘʣʴʥʦʾ ʧʨʫʞʥʦʩʪʽ (ʤʦʜʫʣʝʤ ʧʨʫʞʥʦʩʪʽ) ʘʙʦ ʤʦʜʫʣʝʤ 

ʖʥʛʘ. 
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ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʦʥʷʪʪʷ ʚʽʜʥʦʩʥʦʾ ʣʽʥʽʡʥʦʾ ʜʝʬʦʨʤʘʮʽʾ 

l le=D , ʤʦʞʥʘ ʬʦʨʤʫʣʽ ʟʘʢʦʥʫ ɻʫʢʘ ʥʘʜʘʪʠ ʽʥʰʦʛʦ ʚʠʛʣʷʜʫ: 

Ee s=      ʘʙʦ    E=s e.                         (1.12) 

ɿʘʢʦʥ ɻʫʢʘ ʩʧʨʘʚʝʜʣʠʚʠʡ ʣʠʰʝ ʜʦ ʧʝʚʥʦʾ ʚʝʣʠʯʠʥʠ 

ʥʦʨʤʘʣʴʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ, ʷʢʘ ʥʘʟʠʚʘʻʪʴʩʷ ʛʨʘʥʠʮʝ ʁ

ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ ʜʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɺ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ s, e 

ʟʘʢʦʥ ɻʫʢʘ ʟʦʙʨʘʞʘʻʪʴʩʷ ʧʨʷʤʦʶ ʣʽʥʽʻʶ, ʥʘʭʠʣʝʥʦʶ ʜʦ ʦʩʽ  ʧʽʜ 

ʢʫʪʦʤ a, ʧʨʠʯʦʤʫ tg Ea=        (ʨʠʩ. 

1.9). 

ɿ ʜʦʩʣʽʜʽʚ ʚʽʜʦʤʦ, ʱʦ ʧʨʠ 

ʦʩʴʦʚʽʡ ʜʽʾ ʩʠʣʠ ʥʘ ʩʪʨʠʞʝʥʴ 

ʦʜʥʦʯʘʩʥʦ ʟ ʧʦʟʜʦʚʞʥʽʤʠ ʜʝʬʦʨʤʘ-

ʮ̔ ʷʤʠ ʚʠʥʠʢʘʶʪʴ ʪʘʢʦʞ ʧʦʧʝʨʝʯʥʽ 

ʜʝʬʦʨʤʘʮʽʾ: ʧʨʠ ʨʦʟʪʷʛʫ ʧʦʧʝʨʝʯʥʠʡ 

ʧʝʨʝʨʽʟ ʩʪʨʠʞʥʷ ʟʤʝʥʰʫʻʪʴʩʷ, ʘ ʧʨʠ 

ʩʪʠʩʢʫ ï ʟʙʽʣʴʰʫʪʴʩʷ. 

ɺ ʤʝʞʘʭ ʩʧʨʘʚʝʜʣʠʚʦʩʪʽ ʟʘʢʦʥʫ ɻʫʢʘ ʚʽʜʥʦʩʥʝ ʧʦʧʝʨʝʯʥʝ 

ʚʢʦʨʦʯʝʥʥʷ ʩʪʨʠʞʥʷ e¡ ʧʦʚôʷʟʘʥʝ ʟ ʡʦʛʦ ʚʽʜʥʦʩʥʠʤ 

ʚʠʜʦʚʞʝʥʥʷʤ e ʣʽʥʽʡʥʦʶ ʟʘʣʝʞʥʽʩʪʶ: 

e me¡=- ,                                      (1.13) 

ʜʝ m ï ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ, ʱʦ ʥʘʟʠʚʘʻʪʴʩʷ 

ʢʦʝʬ̔ʮʽʻʥʪʦʤ ʇʫʘʩʩʦʥʘ.  

ʆʩʪʘʥʥʽʡ  ̒ ʘʙʩʦʣʶʪʥʦ  ʁ ʚʝʣʠʯʠʥʦ  ʁ ʚʽʜʥʦʰʝʥʥʷ 

ʧʦʧʝʨʝʯʥʦʛʦ ʚʢʦʨʦʯʝʥʥʷ ʜʦ ʧʦʟʜʦʚʞʥʴʦʛʦ ʚʠʜʦʚʞʝʥʥʷ ʟʘ 

ʧʨʦʩʪʦʛʦ ʨʦʟʪʷʛʫ ʧʨʷʤʦʛʦ ʩʪʨʠʞʥʷ ʫ ʛʨʘʥʠʮʷʭ ʩʧʨʘʚʝʜʣʠʚʦʩʪʽ 

ʟʘʢʦʥʫ ɻʫʢʘ: 

/m e e¡= .                                         (1.14) 

ʂʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ ʜʣʷ ʨʝʘʣʴʥʠʭ ʽʟʦʪʨʦʧʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʥʘʙʫʚʘʻ ʟʥʘʯʝʥʥʷ 0 0,5m¢ < . ɺʽʥ ʥʝ ʤʦʞʝ ʙʫʪʠ ʤʝʥʰʠʤ ʟʘ ʥʫʣʴ, 

ʙʦ ʽʥʘʢʰʝ ʚ ʨʘʟʽ ʨʦʟʪʷʛʫ ʪʽʣʘ ʚʦʥʦ ʙ ʨʦʟʰʠʨʶʚʘʣʦʩ ̫ʫ ʥʘʧʨʷʤʽ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʜʦ ʧʨʠʢʣʘʜʝʥʦʾ ʩʠʣʠ. ʗʢʱʦm=0, ʪʦ 

 

ʈʠʩ. 1.8 
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ʤʘʪʝʨʽʘʣ ʥʘʟʠʚʘʶʪʴ ̔ʜʝʘʣʴʥʦ ʩʪʠʩʣʠʚʠʤ (ʧʨʦʙʢʦʚʝ ʜʝʨʝʚʦ). 

ʂʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ ʥʝ ʤʦʞʝ ʙʫʪʠ ʙʽʣʴʰʠʤ ʟʘ 0,5, ʪʦʤʫ ʱʦ ʫ 

ʨʘʟʽ ʩʪʠʩʥʝʥʥʷ ʪʽʣʘ ʟʙʽʣʴʰʫʚʘʚʩʷ ʙ ʡʦʛʦ ʦʙôʻʤ. ʇʨʠ ʜʦʩʷʛʥʝʥʥʽ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʇʫʘʩʩʦʥʘ ʚʝʣʠʯʠʥʠ 0,5 ʚʽʜʥʦʩʥʘ ʟʤʽʥʘ ʦʙôʻʤʫ ʪʽʣʘ 

ʜʦʨʽʚʥʶ  ̒ʥʫʣ,ʁ ʪʦʙʪʦ ʤʘʪʝʨʽʘʣ ʚʝʜʝ ʩʝʙʝ ʷʢ ʥʝʩʪʠʩʢʫʚʘʣʴʥʠʡ 

(ʢʘʫʯʫʢ, ʛʫʤʘ).  

ɼʣʷ ʩʪʘʣʝʡ ʨʽʟʥʠʭ ʤʘʨʦʢ ʚʽʥ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ 

0,25...0,33, ʘ ʜʣʷ ʘʥʽʟʦʪʨʦʧʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫʤʦʚʘ ʜʣʷ ʢʦʻʬʽʮʽʻʥʪʘ 

ʇʫʘʩʩʦʥʘ ʤʦʞʝ ʽ ʥʝ ʚʠʢʦʥʫʚʘʪʠʩʴ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʪʘʢʦʛʦ 

ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʷʢ ʧʽʨʦʣʽʪʠʯʥʠʡ ʛʨʘʬʽʪ ʢʦʝʬʽʮʽʻʥʪ 

ʇʫʘʩʩʦʥʘ ʚ ʦʜʥʽʡ ʽʟ ʧʣʦʱʠʥ ʘʥʽʟʦʪʨʦʧʽʾ ʜʦʨʽʚʥʶʻ 0,21m=- , ʘ ʚ 

ʽʥʰʽʡ 1,97m= . 

ɿʘʧʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʘʥʘʣʽʟʫ 

1. ʑʦ ʚʠʚʯʘʻ ʥʘʫʢʘ ,,ʆʧʽʨ ʤʘʪʝʨʽʘʣʽʚôô ? 

2. ɺ ʯʦʤʫ ʩʫʪʴ ʛʝʦʤʝʪʨʠʯʥʠʭ ʩʧʨʦʱʝʥʴ ʚ ʦʧʦʨʽ 

ʤʘʪʝʨʽʘʣʽʚ? 

3. ʗʢʠʤ ʜʝʬʦʨʤʘʮʽʷʤ ʤʦʞʝ ʧʽʜʜʘʚʘʪʠʩʷ ʦʙô̒ ʢʪ ʦʧʦʨʫ 

ʤʘʪʝʨʽʘʣʽʚ? 

4. ʅʘʟʚʽʪʴ ʛʽʧʦʪʝʟʠ, ʷʢʽ ʧʨʠʡʤʘʶʪʴʩʷ ʚ ʦʧʦʨʽ ʤʘʪʝʨʽʘʣʽʚ. 

5. ʑʦ ʪʘʢʝ ʜʝʬʦʨʤʘʮʽʷ ʪʽʣʘ ʽ ʷʢʦʶ ʚʦʥʘ ʙʫʚʘʻ? 

6. ʗʢʠʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʧʨʫʞʝʥʥʷ, ʱʦ ʜʽʶʪʴ ʥʘ 

ʝʣʝʤʝʥʪʘʨʥʫ  ʧʣʦʱʠʥʢʫ ʚ ʪʽʣʽ? 

7. ʑʦ ʪʘʢʝ ʧʦʟʜʦʚʞʥʷ ʩʠʣʘ? 

8. ʑʦ ʥʘʟʠʚʘʶʪʴ ʝʧʶʨʦʶ ʧʦʟʜʦʚʞʥʽʭ ʩʠʣ? 

9. ʉʬʦʨʤʫʡʪʝ ʛʽʧʦʪʝʟʫ ʧʣʦʩʢʠʭ ʧʝʨʝʨʽʟʽʚ. 

10. ʉʬʦʨʤʫʡʪʝ ʧʨʠʥʮʠʧ ʉʝʥ-ɺʝʥʘʥʘ. 

11. ʗʢʽ ʥʘʧʨʫʞʝʥʥʷ ʥʘʟʠʚʘʶʪʴʩʷ ʛʦʣʦʚʥʠʤʠ? 

12. ʑʦ ʪʘʢʝ ʣʽʥʽʡʥʠʡ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ? 

13. ʉʬʦʨʤʫʡʪʝ ʟʘʢʦʥ ʧʘʨʥʦʩʪʽ ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ. 

14. ʗʢ ʯʠʪʘʻʪʴʪʩʷ ʽ ʟʘʧʠʩʫʻʪʴʩʷ ʟʘʢʦʥ ɻʫʢʘ? 

15. ʗʢ ʚʠʟʥʘʯʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ? 

16. ʗʢʽ ʤʝʞʽ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʘ ʇʫʘʩʩʦʥʘ? 
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ʊɽʄɸ 2 (ʣʝʢʮʽʾ 3-6) 

ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅɽ ʊɸ Aʅɸʃɯʊʀʏʅɽ 

ɺʀɺʏɽʅʅʗ ɼɽʌʆʈʄɸʎɯʁ ʈʆɿʊʗɻʋ ʁ ʉʊʀʉʂʋ 

2.1. ɼʽʘʛʨʘʤʠ ʨʦʟʪʷʛʫ ʽ ʩʪʠʩʢʫ 

ʆʩʥʦʚʥʘ ʤʝʪʘ ʢʫʨʩʫ ʦʧʦʨʫ ʤʘʪʝʨʽʘʣʽʚ ï ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʽ 

ʚʠʚʽʜ ʧʨʦʩʪʠʭ ʽʥʞʝʥʝʨʥʠʭ ʬʦʨʤʫʣ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʝʣʝʤʝʥʪʽʚ 

ʢʦʥʩʪʨʫʢʮʽʡ ʥʘ ʤʽʮʥʽʩʪʴ ʽ ʞʦʨʩʪʢʽʩʪʴ. ʆʩʢʽʣʴʢʠ ʨʝʘʣʴʥʽ 

ʢʦʥʩʪʨʫʢʮʽʾ ʩʪʚʦʨʶʶʪʴ ʽʟ ʢʦʥʢʨʝʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʚʣʘʩʪʠʚʦʩʪʽ 

ʷʢʠʭ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠʩʴ ʫ ʜʦʚʦʣʽ ʰʠʨʦʢʠʭ ʤʝʞʘʭ, ʪʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʚʠʚʯʝʥʥʷ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʝʤʠʥʫʯʝ. ʊʽʣʴʢʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʝʢʩʧʝʨʠʤʝʥʪʫ ʤʦʞʥʘ ʟôʷʩʫʚʘʪʠ ʚʝʣʠʯʠʥʠ, ʥʝʦʙʭʽʜʥʽ 

ʜʣʷ ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʪʘʢʽ ʷʢ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ, 

ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ, ʨʫʡʥʽʚʥʝ ʥʘʧʨʫʞʝʥʥʷ ʪʘ ʙʘʛʘʪʦ ʽʥʰʠʭ. 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʙʽʣʴʰʽʩʪʴ ʬʦʨʤʫʣ ʦʧʦʨʫ ʤʘʪʝʨʽʘʣʽʚ ʻ 

ʥʘʙʣʠʞʝʥʠʤʠ, ʪʦʤʫ ʱʦ ʚʠʚʦʜʷʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʧʝʚʥʠʭ ʛʽʧʦʪʝʟ, ʥʘ 

ʧʽʜʩʪʘʚʽ ʷʢʠʭ ʤʠ ʥʝʭʪʫʻʤʦ ʚʝʣʠʯʠʥʘʤʠ, ʷʢʽ ʚʚʘʞʘʻʤʦ 

ʥʝʩʫʪʪʻʚʠʤʠ, ʤʘʣʠʤʠ. ʊʽʣʴʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʧʝʨʝʚʽʨʢʘ ʤʦʞʝ 

ʚʠʨʽʰʠʪʠ, ʯʠ ʧʨʠʜʘʪʥʘ ʦʩʪʘʪʦʯʥʘ ʬʦʨʤʫʣʘ ʜʣʷ ʧʨʘʢʪʠʯʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ, ʘ ʜʦʧʫʱʝʥʽ ʧʨʠ ʾʾ ʚʠʚʯʝʥʥʽ ʩʧʨʦʱʝʥʥʷ ʥʝ ʻ ʥʘʜʪʦ 

ʛʨʫʙʠʤʠ. 
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ʋ ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʟ ʦʧʦʨʫ ʤʘʪʝʨʽʘʣʽʚ ʧʨʦʚʽʜʥʝ 

ʤ̔ ʩʮʝ ʟʘʡʤʘʶʪʴ ʚʠʧʨʦʙʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʨʦʟʪʷʛ ʽ ʩʪʠʩʢ (ʟ 

ʜʦʚʝʜʝʥʥʷʤ ʜʦ ʨʫʡʥʫʚʘʥʥʷ). ɺʦʥʠ ʜʘʶʪʴ ʥʘʤ ʚʘʞʣʠʚʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴ, ʽ ʥʝ ʪʽʣʴʢʠ ʧʨʠ 

ʚʠʚʯʝʥʥʽ ʨʦʟʪʷʛʫ-ʩʪʠʩʢʫ. 

ɼʣʷ ʚʠʧʨʦʙʫʚʘʥʥʷ ʤʝʪʘʣʽʚ ʥʘ ʨʦʟʪʷʛ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ 

ʟʨʘʟʢʠ ʩʪʘʥʜʘʨʪʥʦʾ ʬʦʨʤʠ ʡ ʨʦʟʤʽʨʽʚ (ʦʜʠʥ ʟ ʥʠʭ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩ. 2.1,ʘ, ʙï ʫ ʧʦʯʘʪʢʦʚʦʤʫ ʩʪʘʥʽ ʪʘ ʧʽʩʣʷ ʨʫʡʥʫʚʘʥʥʷ, 

ʚ̔ ʜʧʦʚʽʜʥʦ). ɿʨʘʟʦʢ ʟʘʢʨʽʧʣʶʶʪʴ ʫ ʩʧʝʮʽʘʣʴʥʽʡ ʚʠʧʨʦʙʫʚʘʣʴʥʽʡ 

ʤʘʰʠʥʽ ʡ ʨʦʟʪʷʛʫʶʪʴ ʧʦʩʪʫʧʦʚʦ ʟʨʦʩʪʘʶʯʦʶ ʚʽʜ ʥʫʣʷ ʩʠʣʦʶ, 

ʧʦʢʠ ʚʥ̔ ʥʝ ʨʦʟʽʨʚʝʪʴʩʷ ʥʘ ʜʚʽ ʯʘʩʪʠʥʠ (ʨʠʩ. 2.1, ʙ). ʋ ʜʦʩʣʽʜʽ 

ʬʽʢʩʫʶʪʴ ʟʥʘʯʝʥʥʷ ʘʙʩʦʣʶʪʥʦʛʦ ʚʠʜʦʚʞʝʥʥʷ lD ʡʦʛʦ ʨʦʙʦʯʦʾ 

ʯʘʩʪʠʥʠ l  ʽ ʚʽʜʧʦʚʽʜʥʦʾ ʩʠʣʠ F . ʎʶ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ lD ʽ F  

ʟʚʠʯʘʡʥʦ ʟʦʙʨʘʞʫʶʪʴ ʛʨʘʬʽʯʥʦ ʫ ʚʠʛʣʷʜʽ ñʜʽʘʛʨʘʤʠ ʨʦʟʪʷʛʫò 

(ʨʠʩ. 2.1,ʚ). 

ʈʽʟʥʽ ʪʠʧʠ ʤʘʪʝʨʽʘʣʽʚ ʤʘʶʪʴ ʩʚʦʾ ʭʘʨʘʢʪʝʨʥʽ ʬʦʨʤʠ 

ʜʽʘʛʨʘʤ. ɼʽʘʛʨʘʤʫ F lD  ʤôʷʢʦʾ ʧʣʘʩʪʠʯʥʦʾ ʩʪʘʣʽ ʟʦʙʨʘʞʝʥʦ ʥʘ 

ʨʠʩ. 2.1, ʚ. ʇʨʘʢʪʠʯʥʦ ʤʘʡʞʝ ʢʦʞʥʠʡ ʤʘʪʝʨʽʘʣ ʤʘʻ ʪʘʢʫ 

ʧʦʯʘʪʢʦʚʫ ʩʪʘʜʽʶ ʜʝʬʦʨʤʫʚʘʥʥʷ, ʟʘ ʷʢʦʶ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ 

ʜʝʬʦʨʤʘʮʽʻʶ ʪʘ ʩʠʣʦʶ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʧʨʦʧʦʨʮʽʡʥʦʶ (ʪʦʙʪʦ 

ʙʨʘʪʠ ʛʨʘʬʽʢ ʟʘ ʧʨʷʤʫ ʣʽʥʽʶ 0ï1). ʎʝ ʪʘʢ ʟʚʘʥʘ ʜʽʣʷʥʢʘ 

ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ, ʥʘ ʷʢʽʡ ʩʧʨʘʚʜʞʫʻʪʴʩʷ ʟʘʢʦʥ ɻʫʢʘ. ʇʽʩʣʷ 

ʜʝʷʢʦʛʦ ʧʝʨʝʭʦʜʫ 1ï2, ʜʝ ʟʫʩʠʣʣʷ ʚʞʝ ʟʤʽʥʶʶʪʴʩʷ ʥʝʣʽʥʽʡʥʦ ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʚʠʜʦʚʞʝʥʴ (ʭʦʯʘ ʟʘʣʠʰʢʦʚʽ ʚʠʜʦʚʞʝʥʥʷ ʱʝ 

ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽ), ʤʘʻʤʦ ñʧʣʦʱʠʥʢʫ ʧʣʠʥʥʦʩʪʽò 2ï3. 

ʇʣʠʥʥʽʩʪʴ ï ʮʝ ʷʚʠʱʝ, ʢʦʣʠ ʜʝʬʦʨʤʘʮʽʷ ʟʨʦʩʪʘʻ 
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                                     ʘ)                                                                               ʙ) 

ʈʠʩ. 2.2 

 

ʧʨʠ ʤʘʡʞʝ ʥʝʟʤʽʥʥʽʡ ʩʠʣʽ. ɼʘʣʽ ʡʜʫʪʴ ʜʽʣʷʥʢʘ ñʟʤʽʮʥʝʥʥʷò 3ï4 

ʪʘ ʜʽʣʷʥʢʘ ʨʫʡʥʫʚʘʥʥʷ 4ï5. ɼʠʚʥʘ, ʥʘ ʧʝʨʰʠʡ ʧʦʛʣʷʜ, ʦʙʩʪʘʚʠʥʘ, 

ʱʦ ʥʘ ʦʩʪʘʥʥʽʡ ʜʽʣʷʥʮʽ ʜʦ ʤʦʤʝʥʪʫ ʨʦʟʨʠʚʫ ʩʠʣʘ ʟʤʝʥʰʫʻʪʴʩʷ, 

ʧʦʷʩʥʶʻʪʴʩʷ ʪʘʢ: ʜʦ ʜʦʩʷʛʥʝʥʥʷ ʥʘʡʙʽʣʴʰʦʾ ʩʠʣʠ 
maxF  ʩʪʨʠʞʝʥʴ 

ʧʦʜʦʚʞʫʻʪʴʩʷ ʨʽʚʥʦʤʽʨʥʦ ʧʦ ʚʩʽʡ ʜʦʚʞʠʥʽ; ʧʽʩʣʷ ʜʦʩʷʛʥʝʥʥʷ 

maxF  ʫ ʜʝʷʢʦʤʫ ʤʽʩʮʽ ʩʪʨʠʞʥʷ ʫʪʚʦʨʶʻʪʴʩʷ ʪʘʢ ʟʚʘʥʘ ñʰʠʡʢʘò ï 

ʤʩ̔ʮʝʚʝ ʟʚʫʞʝʥʥʷ (ʨʠʩ. 2.1, ʙ), ʯʠʤ ʥʘʤʽʯʘʻʪʴʩʷ ʤʽʩʮʝ ʨʦʟʨʠʚʫ. 

ʊʝʧʝʨ ʦʩʪʘʪʦʯʥʦ ʨʦʟʽʨʚʘʪʠ ʟʨʘʟʦʢ ʣʝʛʰʝ, ʥʽʞ ʢʦʣʠ ʜʦʚʝʩʪʠ ʡʦʛʦ 

ʜʦ ʫʪʚʦʨʝʥʥʷ ʰʠʡʢʠ. ʋʪʚʦʨʝʥʥʷ ʰʠʡʢʠ ʧʝʨʝʜ ʨʦʟʨʠʚʦʤ ï ʮʝ 

ʦʜʥʘ ʟ ʧʨʦʷʚʽʚ ʚʣʘʩʪʠʚʦʩʪʽ ʧʣʘʩʪʠʯʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ. 

ʗʢʱʦ ʧʨʠʧʠʥʠʪʠ ʚʠʧʨʦʙʫʚʘʥʥʷ ʜʦ ʨʦʟʨʠʚʫ ʟʨʘʟʢʘ ʡ ʟʥʷʪʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʪʦ ʤʦʞʣʠʚʽ ʜʚʘ ʚʠʧʘʜʢʠ: 

ʘ) ʫ ʤʝʞʘʭ ʜʽʣʷʥʦʢ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ 01 ʪʘ ʥʝʣʽʥʽʡʥʦʩʪʽ 12  

ʧʦʜʦʚʞʝʥʥʷ lD (ʷʢ ʧʨʫʞʥʝ) ʧʨʘʢʪʠʯʥʦ ʟʥʠʢʥʝ, ʪʦʙʪʦ ʟʨʘʟʦʢ 

ʚʜ̔ʥʦʚʠʪʴ ʧʝʨʚʽʩʥʫ ʜʦʚʞʠʥʫ; 

ʙ) ʟʘ ʜʽʣʷʥʢʦʶ ʧʣʠʥʥʦʩʪʽ (ʪʦʯʢʘ ɸ) ʟʥʠʢʥʝ ʣʠʰʝ ʜʝʷʢʘ 

ʯʘʩʪʠʥʘ ʧʦʚʥʦʛʦ ʚʠʜʦʚʞʝʥʥʷ 
2OO  ï ʡʦʛʦ ʧʨʫʞʥʘ ʯʘʩʪʠʥʘ 

1 2OO , 

ʘ ʟʘʣʠʰʢʦʚʝ ʚʠʜʦʚʞʝʥʥʷ 
1OO  ʟʙʝʨʝʞʝʪʴʩʷ. ʊʦʙʪʦ, ʧʦʚʥʘ 

'  S 
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E 

K 
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ʜʝʬʦʨʤʘʮʽʷ ʟʘʚʞʜʠ ʙʫʜʝ ʩʫʤʦʶ ʧʨʫʞʥʦʾ ʪʘ ʧʣʘʩʪʠʯʥʦʾ 

(ʟʘʣʠʰʢʦʚʦʾ) ʜʝʬʦʨʤʘʮʽʡ: 

ï ð ï ël l lD =D +D. 

ʎʷ ʦʩʦʙʣʠʚʽʩʪʴ ʟʙʝʨʽʛʘʻʪʴʩʷ ʜʦ ʩʘʤʦʛʦ ʨʦʟʨʠʚʫ ʟʨʘʟʢʘ. 

ɼʝʪʘʣʴʥʽʰʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʣʽʥʽʷ ʨʦʟʚʘʥʪʘʞʝʥʥʷ 

1AO, ʷʢ ʽ ʧʦʚʪʦʨʥʘ  ʣʽʥʽʷ ʥʘʚʘʥʪʘʞʝʥʥʷ 
1O A, ʥʝ ʻ, ʧʦ ʩʫʪʽ 

ʘʙʩʦʣʶʪʥʦ ʧʨʷʤʠʤʠ, ʧʘʨʘʣʝʣʴʥʠʤʠ ʣʽʥʽʾ 01. ʆʩʦʙʣʠʚʦ ʮʝ 

ʩʪʦʩʫʻʪʴʩʷ ʧʦʣʽʤʝʨʥʠʭ ʪʘ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʜʽʘʛʨʘʤʘ 

ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʷʢʠʭ ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʟʘʢʦʥʫ ɻʫʢʘ. 

ɼʽʘʛʨʘʤʠ ʨʦʟʪʷʛʫ ʚʠʩʦʢʦʤʽʮʥʠʭ ʢʨʠʭʢʠʭ ʩʪʘʣʝʡ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʽʜʥʦʩʥʦ ʚʠʩʦʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʩʠʣʠ, ʤʘʣʠʤʠ 

ʜʝʬʦʨʤʘʮʽʷʤʠ ʪʘ ʚʽʜʩʫʪʥʽʩʪʶ ʦʟʥʘʢ ʧʣʘʩʪʠʯʥʦʩʪʽ. 

ʈʝʟʫʣʴʪʘʪʘʤʠ ʚʠʧʨʦʙʫʚʘʥʴ ʤʘʶʪʴ ʙʫʪʠ ʤʝʭʘʥʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʫ. ʇʨʦʪʝ ʯʠʩʣʘ, ʷʢʽ ʧʦʢʠ ʱʦ ʻ ʥʘ 

ʜʽʘʛʨʘʤʽ ʚ) ʨʠʩ.2.1, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʣʠʰʝ ʜʘʥʠʡ ʟʨʘʟʦʢ, ʘ ʥʝ 

ʜʘʥʠʡ ʤʘʪʝʨʽʘʣ. ɺʦʥʠ ʩʪʘʥʫʪʴ ʟʦʚʩʽʤ ʽʥʰʠʤʠ, ʷʢʱʦ ʟʨʦʙʠʪʠ 

ʟʨʘʟʦʢ ʽʥʰʠʭ ʨʦʟʤʽʨʽʚ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʫ ʜʽʩʪʘʥʝʤʦ, 

ʢ̫ʱʦ ʧʦʜʽʣʠʤʦ ʚʩʽ ʧʦʜʦʚʞʝʥʥʷ ʥʘ ʧʝʨʚʽʩʥʫ ʜʦʚʞʠʥʫ 
0l , ʘ ʩʠʣʫ F 

ï ʥʘ ʧʝʨʚʽʩʥʫ ʧʣʦʱʫ ʧʝʨʝʨʽʟʫ A :  

0/l le=D ; /F As= .                                     (2.1) 

ɿʘʣʝʞʥʽʩʪʴ ʤʽʞ ʚʽʜʥʦʩʥʠʤ ʧʦʜʦʚʞʝʥʥʷʤ e ʽ ʥʘʧʨʫʞʝʥʥʷʤ 

s ʪʘʢʦʞ ʤʦʞʥʘ ʧʦʜʘʪʠ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʽʢʘ (ʨʠʩ. 2.2, ʘ), ʷʢʠʡ 

ʥʘʟʠʚʘʻʪʴʩʷ ʜʽʘʛʨʘʤʦʶ ʥʘʧʨʫʞʝʥʴ ʧʨʠ ʨʦʟʪʷʛʫ. ʅʘ ʮʽʡ ʜʽʘʛʨʘʤʽ 

ʚʞʝ ʚʽʜʦʙʨʘʟʷʪʴʩʷ ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʫ: 

ʘ) ʛʨʘʥʠʮʷ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ ʧʮs  (ʦʨʜʠʥʘʪʘ ʪʦʯʢʠ 1). ʎʝ 

ʥʘʧʨʫʞʝʥʥʷ, ʟʘ ʷʢʦʛʦ ʟʙʝʨʽʛʘʻʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ 

ʩʠʣʦʶ ʪʘ ʜʝʬʦʨʤʘʮʽʻʶ  

/ʧʮ ʧʮF As = ;                                           (2.2) 

ʙ) ʱʝ ʦʜʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʘʪʝʨʽʘʣʫ ï ʛʨʘʥʠʮʷ 

ʧʨʫʞʥʦʩʪʽ (ʦʨʜʠʥʘʪʘ ʪʦʯʢʠ 2) 
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/ʧʨ ʧʨF As = .                                           (2.3) 

ʎʝ ʥʘʧʨʫʞʝʥʥʷ, ʜʦ ʷʢʦʛʦ ʜʝʬʦʨʤʘʮʽʾ ʻ ʧʨʫʞʥʠʤʠ 

(ʚʽʜʪʚʦʨʶʚʘʥʠʤʠ, ʙʦ ʟʘʣʠʰʢʦʚʽ ʜʝʬʦʨʤʘʮʽʾ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ 

0,001ï0,05%). ʅʘʟʚʘʥʘ ʚʝʣʠʯʠʥʘ ʜʣʷ ʩʪʘʣʽ ʪʘ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʙʣʠʟʴʢʘ ʜʦ ʛʨʘʥʠʮʽ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ ʡ ʜʫʞʝ ʯʘʩʪʦ 

ʦʪʦʪʦʞʥʶʻʪʴʩʷ ʟ ʥʝʶ, ʘʣʝ, ʚ ʧʨʠʥʮʠʧʽ, ʮʝ ʨʽʟʥʽ ʧʦʥʷʪʪʷ; 

ʚ) ʛʨʘʥʠʮʷ ʧʣʠʥʥʦʩʪʽ 
ʧʣs . ʎʝ ʥʘʧʨʫʞʝʥʥʷ, ʟʘ ʷʢʦʛʦ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʷʚʠʱʝ ʧʣʠʥʥʦʩʪʽ 

/ʧʣ ʧʣF As = .                                            (2.4) 

ʋ ʙʘʛʘʪʴʦʭ ʤʘʪʝʨʽʘʣʘʭ ʪʦʯʥʦ ʚʠʷʚʣʝʥʦʾ ʧʣʦʱʠʥʢʠ 

ʧʣʠʥʥʦʩʪʽ ʥʝʤʘʻ, ʪʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʝʨʤʽʥ ñʛʨʘʥʠʮʷ 

ʧʣʠʥʥʦʩʪʽ ʫʤʦʚʥʘò ï 0,2s , ʷʢʘ ʷʚʣʷʻ ʩʦʙʦʶ ʥʘʧʨʫʞʝʥʥʷ ʧʨʠ 

ʚʽʜʥʦʩʥʦʤʫ ʟʘʣʠʰʢʦʚʦʤʫ ʚʠʜʦʚʞʝʥʥʽ, ʱʦ ʜʦʨʽʚʥʶʻ 0,2% 

ʧʦʯʘʪʢʦʚʦʾ ʜʦʚʞʠʥʠ ʟʨʘʟʢʘ; 

ʛ) ʛʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ (ʪʠʤʯʘʩʦʚʠʡ ʦʧʽʨ). ʎʝ ʥʘʧʨʫʞʝʥʥʷ ʟʘ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʩʠʣʠ 

max /ʤʮ F As = .                                         (2.5) 

ʇʣʘʩʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʨʦʟʪʷʛʫ ʦʮʽʥʶʶʪʴ ʡʦʛʦ 

ʟʘʣʠʰʢʦʚʦʶ ʜʝʬʦʨʤʘʮʽʻʶ ʧʽʩʣʷ ʨʦʟʨʠʚʫ. ʊʘʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʻ: 

ʘ) ʚʽʜʥʦʩʥʝ ʟʘʣʠʰʢʦʚʝ ʚʠʜʦʚʞʝʥʥʷ 
ʟd. ʎʝ ʯʘʩʪʢʘ ʚʽʜ 

ʧʦʜʽʣʫ ʘʙʩʦʣʶʪʥʦʛʦ ʟʘʣʠʰʢʦʚʦʛʦ ʧʦʜʦʚʞʝʥʥʷ ʥʘ ʧʝʨʚʽʩʥʫ 

ʜʦʚʞʠʥʫ 

0/ʟ ʟl ld=D .                                         (2.6) 

ʇʽʩʣʷ ʧʝʨʝʤʥʦʞʝʥʥʷ ʚʝʣʠʯʠʥʠ 
ʟd ʥʘ 100% ʾʾ ʱʝ 

ʥʘʟʠʚʘʶʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʧʣʘʩʪʠʯʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ. ʗʢʱʦ 

5%ʟd< , ʪʦ ʪʘʢʠʡ ʤʘʪʝʨʽʘʣ ʚʚʘʞʘʶʪʴ ʢʨʠʭʢʠʤ, ʘ ʧʨʠ 5%ʟd>  ï 
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ʧʣʘʩʪʠʯʥʠʤ. ʄʘʣʦʚʫʛʣʝʮʝʚʽ ʩʪʘʣʽ (ʉʪ2, ʉʪ3) ʤʘʶʪʴ ʚʝʣʠʯʠʥʫ 

25%ʟd² ; 

ʙ) ʥʝʨʽʜʢʦ ʚʠʟʥʘʯʘʶʪʴ ʪʘʢ ʟʚʘʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʧʣʘʩʪʠʯʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ: 

·100%k
k

A A

A
y

-
= ,                                (2.7) 

ʷʢʠʡ ʱʝ ʥʘʟʠʚʘʶʪʴ ʚʽʜʥʦʩʥʠʤ ʟʘʣʠʰʢʦʚʠʤ ʟʚʫʞʝʥʥʷʤ. 
kA  ï 

ʧʣʦʱʘ ʧʝʨʝʨʽʟʫ ʟʨʘʟʢʘ ʧʽʩʣʷ ʚʠʧʨʦʙʫʚʘʥʥʷ (ʧʣʦʱʘ ʰʠʡʢʠ 

ʧʝʨʝʨʽʟʫ). ɼʣʷ ʤʘʣʦʚʫʛʣʝʮʝʚʠʭ ʩʪʘʣʝʡ 50%ky ² . 

ʈʦʟʚʘʥʪʘʞʝʥʥʷ ʟʨʘʟʢʘ ʥʘ ʜʽʘʛʨʘʤʽ ʨʦʟʪʷʛʫ (ʨʠʩ. 2.1, ʚ) ʟ 

ʪʦʯʢʠ ɸ ʜʦ ʪʦʯʢʠ ʆ1 ʪʘ ʧʦʚʪʦʨʥʝ ʡʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦ ʪʦʯʢʠ ɸ 

ʚʽʜʦʙʨʘʟʠʪʴʩʷ ʽ ʥʘ ʜʽʘʛʨʘʤʽ ʥʘʧʨʫʞʝʥʴ (ʨʠʩ. 2.2, ʘ) ï ʚʽʜ ʪʦʯʢʠ ɸ 

ʜʦ ʪʦʯʢʠ ɺ ʪʘ ʧʦʚʪʦʨʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʟ ʪʦʯʢʠ ɺ ʜʦ ʪʦʯʢʠ ɸ. ɿ 

ʮʽʻʾ ʜʽʘʛʨʘʤʠ ʚʠʜʥʦ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʝʷʢʝ ʟʙʽʣʴʰʝʥʥʷ ʛʨʘʥʠʮʴ 

ʧʮs  ʪʘ 
ʧʣs  ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʟʥʘʯʝʥʥʷʤʠ ʚ ʪʦʯʢʘʭ 1-3 ʧʦʯʘʪʢʦʚʦʾ 

ʩʪʘʜʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʗʚʠʱʝ ʟʙʽʣʴʰʝʥʥʷ ʛʨʘʥʠʮʴ 

ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ, ʧʨʫʞʥʦʩʪʽ ʽ ʧʣʠʥʥʦʩʪʽ ʧʦʧʝʨʝʜʥʴʦ ʧʣʘʩʪʠʯʥʦ 

ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘʟʠʚʘʻʪʴʩʷ ʥʘʢʣʝʧʦʤ. ʇʨʠ ʥʘʢʣʝʧʽ, 

ʦʜʥʦʯʘʩʥʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʫ, 

ʚ̔ ʜʙʫʚʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ ʡʦʛʦ ʧʣʘʩʪʠʯʥʦʩʪʽ. ʅʘʢʣʝʧ ʟôʷʚʣʷʻʪʴʩʷ 

ʥʘ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʝʡ ʧʨʠ ʭʦʣʦʜʥʽʡ ʦʙʨʦʙʮʽ ʾʭ ʽ ʚʝʜʝ ʜʦ 

ʥʝʙʘʞʘʥʦʛʦ ʟʥʠʞʝʥʥʷ ʷʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ. ɼʣʷ ʫʩʫʥʝʥʥʷ ʥʘʩʣʽʜʢʽʚ 

ʮʴʦʛʦ ʷʚʠʱʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʝʭʥʦʣʦʛʽʾ ʚʽʜʧʘʣʶʚʘʥʥʷ 

ʤʘʪʝʨʽʘʣʫ ʜʝʪʘʣʝʡ, ʪʦʱʦ. 

ʗʚʠʱʝ ʥʘʢʣʝʧʫ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʪʝʭʥʽʮʽ: 

ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʧʨʦʚʠʩʘʥʥʷ ʧʨʦʚʦʜʽʚ, ʾʭ ʧʦʧʝʨʝʜʥʴʦ 

ʚʠʪʷʛʫʶʪʴ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʥʘʢʣʝʧʫ. 

ʂʨʽʤ ʮʴʦʛʦ, ʷʢʱʦ ʟʤʝʥʰʝʥʥʷ ʩʠʣʠ F  ʧʨʠ ʥʘʙʣʠʞʝʥʥʽ ʜʦ 

ʨʦʟʨʠʚʫ ʟʨʘʟʢʘ ʥʘ ʜʽʘʛʨʘʤʽ ʨʦʟʪʷʛʫ (ʨʠʩ. 2.1, ʚ) ï  ̒ʨʝʘʣʴʥʽʩʪ,ʁ ʪʦ 

ʟʤʝʥʰʝʥʥʷ ʥʘʧʨʫʞʝʥʥʷ ʥʘ ʜʽʘʛʨʘʤʽ s e (ʨʠʩ. 2.2, ʘ)ï  ̒

ʬʽʢʮʽʻ,ʁ ʷʢʘ ʚʠʥʠʢʘʻ ʪʽʣʴʢʠ ʚʥʘʩʣʽʜʦʢ ʜʽʣʝʥʥʷ ʢʦʞʥʦʛʦ ʨʘʟʫ ʥʘ 

ʧʝʨʚʽʩʥʫ ʧʣʦʱʫ, ʪʦʜʽ ʷʢ ʫ ʜʽʡʩʥʦʩʪʽ ʧʣʦʱʘ ʥʝʟʘʜʦʚʛʦ ʜʦ ʨʦʟʨʠʚʫ 
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ʟʥʘʯʥʦ ʟʤʝʥʰʫʻʪʴʩʷ. ʂʦʣʠ ʮʝ ʚʨʘʭʫʚʘʪʠ, ʪʦ ʜʽʘʛʨʘʤʘ ñʧʽʜʝò ʧʦ 

ʰʚʠʜʢʦ ʥʘʨʦʩʪʘʶʯʽʡ ʢʨʠʚʽʡ 4 5¡-  (ʨʠʩ. 2.2, ʘ). ʊʘʢʘ ʜʽʘʛʨʘʤʘ 

ʚʞʝ ʙʫʜʝ ʥʘʟʠʚʘʪʠʩʷ ̔ʩʪʠʥʥʦʶ ʜʽʘʛʨʘʤʦʶ ʥʘʧʨʫʞʝʥʴ, ʘ 

ʥʘʧʨʫʞʝʥʥ ̫ S  ʟ ʮʽʻʾ ʜʽʘʛʨʘʤʠ ʽʩʪʠʥʥʠʤʠ (ʜʽʡʩʥʠʤʠ) 

ʥʘʧʨʫʞʝʥʥʷʤʠ. ɰʭ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʜʽʣʝʥʥʷʤ ʜʽʶʯʦʾ ʩʠʣʠ F ʥʘ 

ʨʝʘʣʴʥʫ ʧʣʦʱʫ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ï 
ʨA . ʊʦʙʪʦ, ʪʘʢʫ ʧʣʦʱʫ, 

ʷʢʫ ʤʘʻ ʟʨʘʟʦʢ ʫ ʤʦʤʝʥʪ ʜʽ ʾʧʨʠʢʣʘʜʝʥʦʾ ʩʠʣʠ ï  

/ pS F A= . 

ʂʨʽʤ ʮʴʦʛʦ, ʧʦ ʦʩʽ ʘʙʩʮʠʩ ʫ ʬʽʢʪʠʚʥʽʡ ʜʽʘʛʨʘʤʽ ʥʘʧʨʫʞʝʥʴ 

ʚʽʜʢʣʘʜʘʶʪʴʩʷ ʚʽʜʥʦʩʥʽ ʜʝʬʦʨʤʘʮʽʾ 
0/l le=D , ʷʢʽ ʥʝ ʚʨʘʭʦʚʫʶʪʴ 

ʟʤʽʥʠ ʜʦʚʞʠʥʠ ʩʪʨʠʞʥʷ. ʃʝʛʢʦ ʧʦʢʘʟʘʪʠ, ʱʦ ʤʽʞ ʽʩʪʠʥʥʦʶ 

ʚʽʜʥʦʩʥʦʶ ʣʽʥʽʡʥʦʶ ʜʝʬʦʨʤʘʮʽʻʶ e ʪʘ ʬʽʢʪʠʚʥʦʶ e ʽʩʥʫʻ 

ʟʘʣʝʞʥʽʩʪʴ 

( )
0

0

ln ln 1

l

l

dl l
e

l l
e= = = +ñ , 

ʷʢʫ  ʱʝ ʥʘʟʠʚʘʶʪʴ ʣʦʛʘʨʠʬʤʽʯʥʦʶ ʘʙʦ ʽʩʪʠʥʥʦʶ ʜʝʬʦʨʤʘʮʽʻʶ. 

ʈʽʟʥʠʮʷ ʤʽʞ ʥʠʤʠ ʥʝ ʧʝʨʝʚʠʱʫʻ 10%, ʷʢʱʦ ʜʝʬʦʨʤʫʚʘʥʥʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʦ ʜʦʩʷʛʥʝʥʥʷ ʛʨʘʥʠʮʽ ʪʝʢʫʯʦʩʪʽ, ʜʝ 20%e< . 

ʊʦʤʫ ʜʦ ʫʪʚʦʨʝʥʥʷ ñʰʠʡʢʠò ʧʝʨʝʨʽʟʫ ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ eåe. 

ɸʥʘʣʦʛʽʯʥʦ, ʜʣʷ ʽʩʪʠʥʥʦʛʦ ʟʚʫʞʝʥʥʷ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ 

ʟʨʘʟʢʘ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ 

1
ln ln ln

1

pA

pA

dA A A

A A A A y
Y=- = = =

-D -ñ , 

ʜʝ 
A

A
y
D
= - ʬʽʢʪʠʚʥʝ ʚʽʜʥʦʩʥʝ ʟʚʫʞʝʥʥʷ ʰʠʡʢʠ ʩʪʨʠʞʥʷ. 

ʋʤʦʚʥʫ ʜʽʘʛʨʘʤʫ ʥʘʧʨʫʞʝʥʴ ʦʪʨʠʤʫʶʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ 

ʝʢʩʧʝʨʠʤʝʥʪʫ, ʰʣʷʭʦʤ ʧʝʨʝʨʘʭʫʥʢʫ ʟʘ ʬʦʨʤʫʣʘʤʠ (2.1). ɼʣʷ 

ʧʦʙʫʜʦʚʠ ʜʽʘʛʨʘʤʠ ʽʩʪʠʥʥʠʭ ʥʘʧʨʫʞʝʥʴ ʥʝʦʙʭʽʜʥʦ ʰʠʨʰʝ 

ʚʠʚʯʠʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ. ɺʽʜʤʽʥʥʽʩʪʴ ʤʽʞ ʫʤʦʚʥʠʤʠ ʪʘ 
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ʽʩʪʠʥʥʠʤʠ ʥʘʧʨʫʞʝʥʥʷʤʠ ʥʝʚʝʣʠʢʘ ʧʨʠ ʥʝʚʝʣʠʢʠʭ ʟʘʣʠʰʢʦʚʠʭ 

ʥʘʧʨʫʞʝʥʥʷʭ (ʥʘʧʨʠʢʣʘʜ 
ʧʣ ʧʣSs º ) ʽ ʨʦʩʪʝ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ 

ʜʝʬʦʨʤʘʮʽʾ. ʄʽʞ ʥʘʧʨʫʞʝʥʥʷʤʠ /F As=  ʪʘ / pS F A=  ʽʩʥʫʻ 

ʢʽʣʴʢʽʩʥʠʡ ʟʚôʷʟʦʢ ʯʝʨʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʨʘʤʝʪʨʘ ʚʽʜʥʦʩʥʦʛʦ 

ʟʚʫʞʝʥʥʷ y ʫ ʚʠʛʣʷʜʽ ʟʘʣʝʞʥʦʩʪʝʡ  

( )/ 1pSA A Ss y= = - ʘʙʦ ( )1 .S s y= -          (2.8) 

ʇʘʨʘʤʝʪʨ y ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ ʯʝʨʝʟ ʧʘʨʘʤʝʪʨ e, ʷʢʱʦ 

ʚʚʘʞʘʪʠ, ʱʦ ʜʦ ʤʦʤʝʥʪʫ ʫʪʚʦʨʝʥʥʷ ñʰʠʡʢʠò ʜʝʬʦʨʤʘʮʽʷ 

ʩʪʨʠʞʥʷ ʻ ʦʜʥʦʨʽʜʥʦʶ, ʘ ʤʘʪʝʨʽʘʣ ʥʝʩʪʠʩʣʠʚʠʤ. ʊʦʙʪʦ, ʟʘ ʫʤʦʚ 

ʟʙʝʨʝʞʝʥʥʷ ʦʙôʻʤʫ; 

0 0A l Al= , ʘʙʦ ( )
1

0 0 .A A l l
-
=  

ɯʟ ʦʟʥʘʯʝʥʥʷ y ʪʘ e ʦʩʪʘʥʥʷ ʨʽʚʥʽʩʪʴ ʪʦʪʦʞʥʘ ʪʘʢʠʤ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 

1
1 ;

1
e

y
= +

-
     ;

1

e
y

e
=
+

      .
1

y
e

y
=
-

             (2.9) 

ʇʨʦʣʦʛʘʨʠʬʤʫʚʘʚʰʠ ʧʝʨʝh ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (2.9), ʪʘ 

ʚʨʘʭʫʚʘʚʰʠ ʬʦʨʤʫʣʠ (2.7) ʽ (2.7,ʘ), ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ ʥʘʩʪʫʧʥʽ 

ʨʽʚʥʦʩʪʽ: 

( )
1

ln ln 1
1

e
y
= +

-
  ʘʙʦ  Y e= .      (2.9 ʘ) 

ʆʪʞʝ, ʧʨʠ ʦʜʥʦʨʽʜʥʽʡ ʜʝʬʦʨʤʘʮʽʾ ʩʪʨʠʞʥʷ, ʽʩʪʠʥʥʝ 

ʚʽʜʥʦʩʥʝ ʟʚʫʞʝʥʥʷ ʪʘ ̔ʩʪʠʥʥʝ ʚʽʜʥʦʩʥʝ ʚʠʜʦʚʞʝʥʥʷ ʤʽʞ ʩʦʙʦʶ 

ʨʽʚʥʽ. 

ʄʽʮʥʽʩʪʴ ʥʘ ʢʽʥʮʝʚʽʡ ʩʪʘʜʽʾ ʜʝʬʦʨʤʘʮʽʾ ʦʮʽʥʶʻʪʴʩʷ ʪʽʣʴʢʠ 

ʜʽʡʩʥʠʤ ʥʘʧʨʫʞʝʥʥʷʤ ʤʘʪʝʨʽʘʣʫ .ʢ k kS F A=  ɼʽʘʛʨʘʤʘ ʜʽʡʩʥʠʭ 

(ʽʩʪʠʥʥʠʭ) ʥʘʧʨʫʞʝʥʴ ʫ ʢʦʦʨʜʠʥʘʪʘʭ ,S eɊ ʥʘʚʝʜʝʥʘ ʥʘ 

ʨʠʩ.2.2, ʙ. ʈʘʟʦʤ ʟ ʪʠʤ, ʙʽʣʴʰ ʪʦʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʄ.ʄ. ɼʘʚʠʜʝʥʢʦʚʘ ʪʘ ʅ.ɯ. ʉʧʠʨʠʜʦʥʦʚʦʾ ʧʦʢʘʟʫʶʪʴ, ʱʦ 
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ʥʘʧʨʫʞʝʥʥʷ 
ʢS  ʥʝʦʙʭʽʜʥʦ ʧʽʜʨʘʭʦʚʫʚʘʪʠ ʟʘ ʪʦʯʥʽʰʦʶ 

ʬʦʨʤʫʣʦʶ: 

( )( )

2

1
2 21 / 4

k
ê

k

F a r
S

R aRA a R

å õ
= + -æ ö

+ ç ÷
,               (2.10) 

ʜʝ a  ï ʨʘʜʽʫʩ ʥʘʡʤʝʥʰʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʰʠʡʢʠ; R  ï 

ʨʘʜʽʫʩ ʢʨʠʚʠʥʠ ʧʝʨʝʨʽʟʫ ʰʠʡʢʠ ʚ ʪʦʯʮʽ ʥʘʡʤʝʥʰʦʛʦ 

ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ; 
2

kA ap= . 

      ʊʘʢʠʤ ʯʠʥʦʤ, ʘʥʘʣʽʟ ʬʦʨʤʫʣʠ (2.10) ʧʦʢʘʟʫʻ, ʱʦ ʦʩʴʦʚʽ 

ʥʘʧʨʫʞʝʥʥʷ ʟʤʽʥʶʶʪʴʩʷ ʧʦ ʪʦʚʱʠʥʽ ʥʝʨʽʚʥʦʤʽʨʥʦ: ʥʘʡʙʽʣʴʰʝ 

ʥʘʧʨʫʞʝʥʥʷ ʚʠʥʠʢʘʻ ʚ ʮʝʥʪʨʽ ʧʝʨʝʨʽʟʫ ʩʪʨʠʞʥʷ, ʘ ʥʘʡʤʝʥʰʝ ï ʥʘ 

ʡʦʛʦ ʟʦʚʥʽʰʥʽʡ ʧʦʚʝʨʭʥʽ:  

( )( )
max
min 1 / 4k
ê

k

F
S a R

A
= ° .                  (2.11) 

     ʌʦʨʤʫʣʠ (2.10), (2.11) ʜʦʙʨʝ ʧʽʜʪʚʝʨʜʞʫʶʪʴʩʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʨʠ 1,3R a² . ʈʘʟʦʤ ʟ ʪʠʤ, ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʽ ʪʦʡ ʚʘʞʣʠʚʠʡ ʬʘʢʪ, ʱʦ ʚ ʤʦʤʝʥʪ ʨʦʟʨʠʚʫ ʚ 

ʧʝʨʝʨʽʟʽ ʰʠʡʢʠ ʚʞʝ ʻ ʪʨʽʱʠʥʘ. 

ɺ ʣʽʪʝʨʘʪʫʨʽ ʯʘʩʪʦ ʜʣʷ ʤʘʣʦʚʫʛʣʝʮʝʚʠʭ ʪʘ 

ʥʠʟʴʢʦʣʝʛʦʚʘʥʠʭ ʧʣʘʩʪʠʯʥʠʭ ʩʪʘʣʝʡ ʦʧʽʨ ʨʫʡʥʫʚʘʥʥʶ ʟʥʘʭʦʜʷʪʴ 

ʟʘ ʬʦʨʤʫʣʦʶ:  

    ( )1 1, 4 .ʢ ʤʮ kS s y= +                          (2.12)  

ɼʣʷ ʚʠʧʨʦʙʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʩʪʠʩʢ ʟʨʘʟʢʘʤ ʥʘʜʘʻʪʴʩʷ 

ʬʦʨʤʘ ʢʫʙʠʢʽʚ, ʧʨʠʟʤ ʘʙʦ ʮʠʣʽʥʜʨʽʚ (ʨʠʩ. 2.3).ʎʽ ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʤʘʶʪʴ ʙʽʣʴʰʝ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʪʘ ʫʤʦʚʥʦʩʪʽ, ʥʽʞ ʧʨʠ ʨʦʟʪʷʛʫ. 

ʅʝʜʦʣʽʢʦʤ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʩʪʠʩʢ ʻ ʪʨʫʜʥʽʩʪʴ ʦʜʝʨʞʘʥʥʷ 

ʦʜʥʦʨʽʜʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʧʦ ʚʠʩʦʪʽ ʟʨʘʟʢʘ. ʇʨʠʯʠʥʦʶ ʮʴʦʛʦ ʻ 

ʩʠʣʠ ʪʝʨʪʷ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʤʽʞ ʧʣʠʪʘʤʠ ʧʨʝʩʘ ʪʘ ʪʦʨʮʝʚʠʤʠ 

ʧʦʚʝʨʭʥʷʤʠ ʟʨʘʟʢʽʚ. ʉʠʣʠ ʪʝʨʪʷ ʫʪʨʫʜʥʶʶʪʴ ʨʽʚʥʦʤʽʨʥʽʩʪʴ 

ʧʦʧʝʨʝʯʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʧʦ ʚʠʩʦʪʽ: ʧʦʩʝʨʝʜʠʥʽ ʚʠʩʦʪʠ ʚʦʥʦ 

ʥʘʡʙʽʣʴʰʝ, ʘ ʙʽʣʷ ʢʽʥʮʽʚ ï ʥʘʡʤʝʥʰʝ. ʋ ʧʝʨʰʠʭ ʜʦʩʣʽʜʘʭ ʽʟ 

ʩʪʠʩʢʫ ʮʠʤʠ ʩʠʣʘʤʠ ʥʝʭʪʫʚʘʣʠ, ʪʦʤʫ ʧʣʘʩʪʠʯʥʽ ʯʠ ʢʨʠʭʢʽ 
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ʮʠʣʽʥʜʨʠ ʥʘʙʠʨʘʣʠ ʙʦʯʢʫʚʘʪʦʾ ʬʦʨʤʠ, ʘ ʢʫʙʠʢʠ ʟ ʢʨʠʭʢʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʧʦʯʠʥʘʣʠ ʨʫʡʥʫʚʘʪʠʩʷ, ʚʠʢʨʠʰʫʶʯʠʩʴ ʫ ʩʝʨʝʜʥʽʭ 

ʧʝʨʝʨʽʟʘʭ (ʨʠʩ.2.3). ɿʨʘʟʢʠ ʟ ʧʣʘʩʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʦʩʪʫʧʦʚʦ 

ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʥʘ ʢʦʨʞ, ʪʦʤʫ ʯʽʪʢʦʛʦ ʤʦʤʝʥʪʫ ʨʫʡʥʫʚʘʥʥʷ 

ʥʝʤʘʻ (2.3, ʘ). ʇʨʦʪʝ ʛʨʘʥʠʮʽ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ, ʪʝʢʫʯʦʩʪʽ 

ʚʠʷʚʣʷʶʪʴʩʷ ʟʘ ʟʥʘʯʝʥʥʷʤ ʡ ʟʘ ʚʝʣʠʯʠʥʦʶ ʧʨʠʙʣʠʟʥʦ ʪʘʢʠʤʠ 

ʩʘʤʠʤʠ, ʷʢ ʥʘ ʨʦʟʪʷʛ. ʂʨʠʭʢʽ ʤʘʪʝʨʽʘʣʠ ï ʢʘʤʽʥʴ, ʯʘʚʫʥ 

ʧʨʦʪʠʩʪʦʷʪʴ ʩʪʠʩʢʫ ʟʥʘʯʥʦ ʢʨʘʱʝ, ʥʽʞ ʨʦʟʪʷʛʫ. ʈʫʡʥʫʚʘʥʥʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʬʦʨʤʽ ʨʦʟʪʨʽʩʢʫʚʘʥʥʷ, ʚʠʢʨʠʰʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ 

ʪʦʱʦ (ʨʠʩ. 2.3, ʙ, ʚ).  

 

ʈʠʩ.2.3 
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ʊʽʣʴʢʠ ʟʥʘʯʥʦ ʧʽʟʥʽʰʝ (1900 ʨ.) ʥʽʤʝʮʴʢʠʡ ʤʝʭʘʥʽʢ 

ɸ.ʌʝʧʧʣʴ ʟʘʧʨʦʧʦʥʫʚʘʚ ʜʣʷ ʣʽʢʚʽʜʘʮʽʾ ʩʠʣ ʪʝʨʪʷ ʟʤʘʱʫʚʘʪʠ 

ʧʦʚʝʨʭʥʽ ʧʨʝʩʘ ʧʘʨʘʬʽʥʦʤ. ɺ ʨʝʟʫʣʴʪʘʪʽ: ʮʠʣʽʥʜʨʠʯʥʽ ʟʨʘʟʢʠ  ʟʘ 

ʩʪʠʩʢʫ ʚʪʨʘʪʠʣʠ ʙʦʯʢʦʧʦʜʽʙʥʫ ʬʦʨʤʫ, ʘ ʚ ʢʫʙʠʢʘʭ ʟ ʢʘʤʝʥʶ (ʷʢ ʽ 

ʫ ʯʘʚʫʥʥʠʭ ʮʠʣʽʥʜʨʠʢʘʭ) ʚʠʥʠʢʘʣʠ ʪʨʽʱʠʥʠ, ʧʝʨʝʚʘʞʥʦ 

ʧʘʨʘʣʝʣʴʥʽ ʥʘʧʨʷʤʦʚʽ ʩʪʠʩʢʫ, ʪʦʙʪʦ ʚʟʜʦʚʞ ʧʣʦʱʠʥ ʥʘ ʷʢʠʭ 

ʥʘʧʨʫʞʝʥʥʷ ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ (ʨʠʩ. 2.3). ɺ ʜʘʥʠʡ ʯʘʩ, ʜʣʷ 

ʟʤʝʥʰʝʥʥʷ ʩʠʣ ʪʝʨʪʷ, ʥʘ ʪʦʨʮʷʭ ʟʨʘʟʢʽʚ ʤʦʞʫʪʴ ʚʩʪʘʥʦʚʣʶʚʘʪʠ 

ʧʨʦʢʣʘʜʢʠ ʽʟ ʧʣʘʩʪʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʥʘʧʨʠʢʣʘʜ, ʦʣʠʚôʷʥʽ) ʘʙʦ 

ʰʘʨ ʛʨʘʬʽʪʦʚʦʛʦ ʯʠ ʧʘʨʘʬʽʥʦʚʦʛʦ ʤʘʩʪʠʣʘ. 

ɸʥʘʣʽʟ ʜʽʘʛʨʘʤ ʨʦʟʪʷʛʫ ʪʘ ʩʪʠʩʢʫ ʧʦʢʘʟʘʚ, ʱʦ ʚʦʥʠ 

ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʽ ʜʦ ʤʦʤʝʥʪʫ ʚʠʥʠʢʥʝʥʥʷ ʫ ʤʘʪʝʨʽʘʣʽ 

ʧʣʠʥʥʦʩʪʽ. ɺʽʜʧʦʚʽʜʥʦ ʦʜʥʘʢʦʚʽ ʽ ʛʨʘʥʠʮʽ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ, 

ʧʨʫʞʥʦʩʪʽ ʪʘ ʧʣʠʥʥʦʩʪʽ. ʇʽʩʣʷ ʧʦʯʘʪʢʫ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ 

ʢʨʠʚʽ ʜʽʘʛʨʘʤ ʩʪʠʩʢʫ ʧʽʜʥʽʤʘʶʪʴʩʷ ʜʝʱʦ ʚʠʱʝ ʜʽʘʛʨʘʤ ʨʦʟʪʷʛʫ, 

ʦʩʢʽʣʴʢʠ ʧʨʠ ʩʪʠʩʢʫ ʧʣʦʱʽ ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʨʽʟʽʚ ʥʝ 

ʟʤʝʥʰʫʶʪʴʩʷ, ʘ ʟʙʽʣʴʰʫʶʪʴʩʷ. ʋ ʟʚôʷʟʢʫ ʽʟ ʦʩʪʘʥʥʽʤ ʚ ʫʤʦʚʥʠʭ 

ʜʽʘʛʨʘʤʘʭ ʩʪʠʩʢʫ ʚʽʜʩʫʪʥʽ ʩʧʘʜʥʽ ʚʽʪʢʠ, ʘ ʜʽʘʛʨʘʤʠ ʽʩʪʠʥʥʠʭ 

ʥʘʧʨʫʞʝʥʴ ʧʨʦʭʦʜʷʪʴ ʜʝʱʦ ʥʠʞʯʝ ʽ ʧʨʠʙʣʠʟʥʦ ʩʧʽʚʧʘʜʘʶʪʴ ʽʟ 

ʜʽʘʛʨʘʤʘʤʠ ʽʩʪʠʥʥʠʭ ʥʘʧʨʫʞʝʥʴ ʨʦʟʪʷʛʫ (ʨʠʩ. 2.4 ʘ). ʊʫʪ 

ʜʽʘʛʨʘʤʘ 1 ʚʽʜʧʦʚʽʜʘʻ ʩʪʘʣʽ ʉʪ 3, ʘ ʜʽʘʛʨʘʤʘ 2 ï ʯʘʚʫʥʫ. 

ʈʘʟʦʤ ʟ ʪʠʤ, ʧʨʠ  ʦʜʥʦʯʘʩʥʦʤʫ ʢʦʤʧʣʝʢʩʥʦʤʫ ʚʠʧʨʦʙʫʚʘʥʥʽ 

ʟʨʘʟʢʽʚ ʥʘ ʨʦʟʪʷʛ ʽ ʩʪʠʩʢ ʧʨʦʷʚʣʷʶʪʴʩʷ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ, 

ʷʢʽ ʦʪʨʠʤʘʣʠ ʥʘʟʚʫ ʝʬʝʢʪʫ ɹʘʫʰʽʥʛʝʨʘ. ʊʦʙʪʦ, ʷʢʱʦ ʧʨʠ 

ʜʝʷʢʦʤʫ ʩʪʫʧʝʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʨʘʟʢʘ ʥʘ ʨʦʟʪʷʛ (ʚʠʱʝ ʛʨʘʥʠʮʽ 

ʧʣʠʥʥʦʩʪʽ) ʧʦʯʘʪʠ ʡʦʛʦ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʟ ʥʘʩʪʫʧʥʠʤ ʩʪʠʩʢʦʤ, ʪʦ 

ʚʠʷʚʣʷʻʪʴʩʷ, ʱʦ ʛʨʘʥʠʮʷ ʧʣʠʥʥʦʩʪʽ ʧʨʠ ʪʘʢʦʤʫ ʩʪʠʩʢʫ ʙʫʜʝ 

ʤʝʥhʦ ʁʚʽʜ ʛʨʘʥʠʮʽ ʧʣʠʥʥʦʩʪʽ ʧʦʧʝʨʝʜʥʴʦʛʦ ʨʦʟʪʷʛʫ (ʨʠʩ. 2.4, 

ʙ): 0,2 0,2.s s¡<  ʗʢʱʦ ʞ ʧʽʩʣʷ ʮʴʦʛʦ ʟʥʦʚʫ ʧʦʯʘʪʠ ʨʦʟʪʷʛ ʟʨʘʟʢʘ 

ʜʦ ʜʦʩʷʛʥʝʥʥʷ ʥʠʤ ʛʨʘʥʠʮʽ ʧʣʠʥʥʦʩʪʽ 0,2s¡¡, ʪʦ ʚʠʷʚʠʪʴʩʷ, ʱʦ 

0,2 0,2s s¡¡ ¡< . ʋʟʘʛʘʣʴʥʶʶʯʠ ʩʢʘʟʘʥʝ, ʤʦʞʥʘ ʧʨʠʡʪʠ ʜʦ ʚʠʩʥʦʚʢʫ, 

ʱʦ ʜʽʷ ʦʩʴʦʚʦʛʦ ʟʫʩʠʣʣʷ ʦʜʥʦʛʦ ʟʥʘʢʫ (ʥʘʧʨʠʢʣʘʜ, ʨʦʟʪʷʛʫ) ʫ 

ʟʦʥʽ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʟʥʠʞʫʻ ʦʧʽʨ ʮʴʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʧʣʘʩʪʠʯʥʦʤʫ ʜʝʬʦʨʤʫʚʘʥʥʶ ʟʘ ʜʽʾ ʟʫʩʠʣʴ ʧʨʦʪʠʣʝʞʥʦʛʦ 

ʟʥʘʢʫ (ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ï ʩʪʠʩʢʫ): 

0,2 0,2 0,2.s s s¡¡ ¡< <  
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        a)                                                        ʙ) 

ʈʠʩ. 2.4 

 
ʆʧʠʩʘʥʝ ʷʚʠʱʝ ʥʘʟʠʚʘʶʪʴ ʱʝ ʜʝʬʦʨʤʘʮʽʡʥʦʶ ʘʥʽʟʦʪʨʦʧʽʻʶ, 

ʪʦʙʪʦ ʧʦʷʚʫ ʘʥʽʟʦʪʨʦʧʽʾ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘʤ, ʜʝ ʾʾ ʥʝ ʙʫʣʦ. 

ʋʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʝʬʝʢʪʫ ʜʝʷʢʽ ʤʝʪʘʣʠ ʧʽʩʣʷ ʟʥʘʯʥʠʭ ʧʣʘʩʪʠʯʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ, ʚʠʢʣʠʢʘʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʦʧʝʨʘʮʽʷʤʠ ʚʘʣʴʮʶʚʘʥʥʷ, 

ʧʨʝʩʫʚʘʥʥʷ ʪʦʱʦ, ʤʦʞʫʪʴ ʥʘʙʫʪʠ ʽʩʪʦʪʥʦʾ ʘʥʽʟʦʪʨʦʧʽʾ. 

ʂʨʽʤ ʪʦʛʦ, ʜʝʷʢʽ ʤʘʪʝʨʽʘʣʠ (ʥʘʧʨʠʢʣʘʜ ʜʝʨʝʚʠʥʘ), ʱʦ 

ʤʘʶʪʴ ʚʦʣʦʢʥʠʩʪʫ ʩʪʨʫʢʪʫʨʫ, ʻ ʘʥʽʟʦʪʨʦʧʥʠʤʠ ʟʘ ʧʨʠʨʦʜʦʶ ʽ 

ʤʘʶʪʴ ʥʝʦʜʥʘʢʦʚʫ ʤʽʮʥʽʩʪʴ ʚʟʜʦʚʞ ʽ ʧʦʧʝʨʝʢ ʚʦʣʦʢʦʥ (ʪʘʙʣ. 2.1).  
. 

ʊʘʙʣʠʮʷ 2.1. ʄʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʝʨʝʚʠʥʠ 

ʄʘʪʝʨʽʘʣ ,ʨʤʮ ʄʇʘs  
. ,ʚʟʜ

ʤʮ ʩʄʇʘs  .

. ,ʧʦʧʝʨ

ʤʮ ʩ ʄʇʘs  

ʉʦʩʥʘ 80 40 5 

ʗʣʠʥʘ 65 35 4 

ɼʫʙ 95 50 15 
 

 

ɺ ʪʘʙʣʠʮʽ ʫ ʧʝʨʰʽʡ ʢʦʣʦʥʮʽ ʥʘʚʝʜʝʥʽ ʟʥʘʯʝʥʥʷ ʛʨʘʥʠʮʽ 

ʤʽʮʥʦʩʪʽ ʜʝʨʝʚʠʥʠ ʥʘ ʨʦʟʪʷʛ ʚʟʜʦʚʞ ʚʦʣʦʢʦʥ. ɼʨʫʛʘ ʽ ʪʨʝʪʷ 

ʢʦʣʦʥʢʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʛʨʘʥʠʮʷʤ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʚʟʜʦʚʞ ʽ 

ʧʦʧʝʨʝʢ ʚʦʣʦʢʦʥ. ɻʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʜʝʨʝʚʠʥʠ ʚʟʜʦʚʞ ʚʦʣʦʢʦʥ 

ʟʥʘʯʥʦ ʚʠʱʘ ʛʨʘʥʠʮʽ ʤʽʮʥʦʩʪʽ ʧʦʧʝʨʝʢ ʚʦʣʦʢʦʥ. ɻʨʘʥʠʮʶ 
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ʤʽʮʥʦʩʪʽ ʜʝʨʝʚʠʥʠ ʥʝʩʪʘʥʜʘʨʪʥʦʾ ʚʦʣʦʛʦʩʪʽ ʟʥʘʭʦʜʷʪʴ ʟʘ 

ʚʽʜʦʤʦʶ ʬʦʨʤʫʣʦʶ: 

( )( )1 15 ,ñò

ì ö ì ö ws s a= + -                        (2.13)  

ʜʝ w ï ʚʦʣʦʛ̔ʩʪʴ ʟʨʘʟʢʘ ʫ %; a ï ʷʢʽʩʥʠʡ ʢʦʝʬʽʮʽʻʥʪ (ʜʣʷ ʩʦʩʥʠ, 

ʙʫʢʘ, ʙʝʨʝʟʠ ʽ ʷʩʝʥʘ 0,5,a=  ʘ ʜʣʷ ʜʫʙʘ ʽ ʷʣʠʥʠ 0,04a= ).  

     ʇʨʠ ʜʝʬʦʨʤʫʚʘʥʥʽ ʚʟʜʦʚʞ ʚʦʣʦʢʦʥ, ʷʢ ʧʨʘʚʠʣʦ, ʧʨʦʭʦʜʠʪʴ 

ʟʩʫʚ ʦʜʥʽʻʾ ʯʘʩʪʠʥʠ ʟʨʘʟʢʘ ʚʽʜʥʦʩʥʦ ʜʨʫʛʦʾ, ʘ ʧʨʠ ʩʪʠʩʢʫ ʧʦʧʝʨʝʢ 

ʧʦʧʝʨʝʢ ʚʦʣʦʢʦʥ, ʟʨʘʟʦʢ ʤʦʞʝ ʚʟʘʛʘʣʽ ʥʝ ʟʨʫʡʥʫʚʘʪʠʩʴ (ʨʠʩ. 2.5, 

ʙ). 

 

 

 
ʈʠʩ. 2.5 

 

ʊʦʤʫ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʘ ʨʫʡʥʽʚʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʧʨʠʡʤʘʶʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʢʦʨʦʯʝʥʥʶ ʟʨʘʟʢʘ ʥʘ 

1 3 ʧʦʯʘʪʢʦʚʦʾ ʚʠʩʦʪʠ. ɼʽʘʛʨʘʤʠ ʩʪʠʩʢʫ ʜʝʨʝʚʠʥʠ ʟʦʙʨʘʞʝʥʘ ʥʘ 

ʨʠʩ. 2.5. 

ɿʘʤʢʥʫʪʠʡ ʢʦʥʪʫʨ ABCDE (ʨʠʩ. 2.4, ʙ) ʤʘʻ ʥʘʟʚʫ ʧʝʪʣʽ 

ʧʣʘʩʪʠʯʥʦʛʦ ʛʽʩʪʝʨʝʟʠʩʫ. ɹʫʚʘʻ, ʱʦ ʧʝʪʣʷ ʟʘʤʠʢʘʻʪʴʩʷ ʟʘ 

ʧʝʨʰʠʤ ʮʠʢʣʦʤ, ʘʣʝ ʤʦʞʝ ʙʫʪʠ ʽ ʪʘʢ, ʱʦ ʟʘʤʠʢʘʥʥʷ ʥʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ, ʭʦʯʘ ʧʦʩʣʽʜʦʚʥʽ ʥʠʪʢʠ ʨʦʟʤʽʱʫʶʪʴʩʷ ʦʜʥʘ ʟʘ 
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ʦʜʥʦʶ. ʗʢʱʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʧʨʫʞʥʽʡ ʦʙʣʘʩʪʽ, ʪʦ 

ʧʦʜʽʙʥʠʡ ʚʠʧʘʜʦʢ ʥʘʟʠʚʘʶʪʴ ʧʝʪʣʝʶ ʧʨʫʞʥʦʛʦ ʛʽʩʪʝʨʝʟʠʩʫ. ɺ 

ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʧʣʦʱʘ ʧʝʪʣʽ ʛʽʩʪʝʨʝʟʠʩʫ, ʫʪʚʦʨʝʥʦʾ ʚʽʪʢʘʤʠ 

ʜʽʘʛʨʘʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʧʨʦʮʝʩʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ 

ʨʦʟʚʘʥʪʘʞʝʥʥʷ, ʜʦʨʽʚʥʶʻ ʨʽʟʥʠʮʽ ʤʽʞ ʝʥʝʨʛʽʻʶ ʜʝʬʦʨʤʘʮʽʾ, 

ʧʦʛʣʠʥʫʪʦʾ ʧʽʜ ʯʘʩ  ʥʘʚʘʥʪʘʞʝʥʥʷ, ʪʘ ʝʥʝʨʛʽʻʶ, ʱʦ ʧʦʚʝʨʪʘʻʪʴʩʷ 

ʫ ʤʦʤʝʥʪ ʨʦʟʚʘʥʪʘʞʝʥʥʷ. ɰʾ ʧʣʦʱʘ ʩʪʘʥʦʚʠʪʴ ʟʘʣʠʰʢʦʚʫ (ʥʝ 

ʧʦʚʝʨʥʫʪʫ ʧʽʜ ʯʘʩ ʨʦʟʚʘʥʪʘʞʝʥʥʷ) ʝʥʝʨʛʽʶ ʜʝʬʦʨʤʫʚʘʥʥʷ. 

ʏʠʩʝʣʴʥʦ ʚʦʥʘ ʜʦʨʽʚʥʶʻ ʧʠʪʦʤʽʡ ʝʥʝʨʛʽʾ, ʱʦ ʨʦʟʩʽʶʻʪʴʩʷ ʟʘ 

ʦʜʠʥ ʮʠʢʣ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʥʘʩʣʽʜʦʢ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ. 

ʗʚʠʱʝ ʛʽʩʪʝʨʝʟʠʩʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʽʥʞʝʥʝʨʥʽʡ 

ʧʨʘʢʪʠʮʽ ʜʣʷ ʚʠʚʯʝʥʥʷ ʮʠʢʣʽʯʥʦʾ ʚʪʦʤʠ ʤʘʪʝʨʽʘʣʫ. ɺ ʫʤʦʚʘʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʽ ʻ ʙʣʠʟʴʢʠʤʠ ʜʦ ʛʨʘʥʠʮʽ ʧʣʠʥʥʦʩʪʽ ʘʙʦ 

ʧʝʨʝʚʠʱʫʶʪʴ ʾʾ, ʧʦʷʚʣʷʻʪʴʩʷ ʷʚʠʱʝ ʧʣʘʩʪʠʯʥʦʾ ʧʽʩʣʷʜʽʾ, ʜʝ 

ʦʩʥʦʚʥʠʤ ʯʠʥʥʠʢʦʤ ʛʽʩʪʝʨʝʟʠʩʥʠʭ ʚʪʨʘʪ ʻ ʧʦʧʝʨʝʜʥʷ ʧʣʘʩʪʠʯʥʘ 

ʜʝʬʦʨʤʘʮʽʷ ʤʘʪʝʨʽʘʣʫ ʫ ʤʝʞʘʭ ʢʦʞʥʦʛʦ ʮʠʢʣʫ. 

ʇʠʪʘʥʥʷʤʠ ʘʥʘʣʽʪʠʯʥʦʛʦ ʦʧʠʩʫ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʟʤʽʥʠ 

ʜʽʘʛʨʘʤ ʮʠʢʣʽʯʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʟʘʡʤʘʣʠʩʷ 

ɯ.ɼʞ. ʄʦʨʨʦʫ, ɺ.ɺ. ʄʦʩʢʦʚʽʪʽʥ, ɻ.ʉ. ʇʠʩʘʨʝʥʢʦ, ɺ.ʊ. ʊʨʦʱʝʥʢʦ 

ʪʘ ʽʥʰʽ, ʷʢʠʤʠ ʙʫʣʠ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʪʘʢ ʟʚʘʥʽ ʫʟʘʛʘʣʴʥʝʥʽ 

ʝʥʝʨʛʝʪʠʯʥʽ ʧʽʜʭʦʜʠ. 

 

2.2 ɸʥʘʣʽʪʠʯʥʠʡ ʦʧʠʩ ʜʽʘʛʨʘʤ ʜʝʬʦʨʤʫʚʘʥʥʷ. ʄʦʜʝʣʽ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ 

 

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʘʪʝʨʽʘʣʽʚ 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʩʢʣʘʜʥʫ ʥʝʣʽʥʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʥʘʧʨʫʞʝʥʥʷʤʠ 

ʪʘ ʜʝʬʦʨʤʘʮʽʷʤʠ. ʈʘʟʦʤ ʟ ʪʠʤ, ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʫ 

ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ ʟʘ ʛʨʘʥʠʮʝʶ ʧʨʫʞʥʦʩʪʽ (ʫ ʧʣʘʩʪʠʯʥʠʭ 

ʟʦʥʘʭ), ʚʠʤʘʛʘʻ ʘʧʨʦʢʩʠʤʘʮʽʾ ʪʘʢʠʭ ʜʽʘʛʨʘʤ ʫ ʚʠʛʣʷʜ ̔

ʘʥʘʣʽʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ ʥʘʧʨʫʞʝʥʥʷʤʠ ʪʘ ʜʝʬʦʨʤʘʮʽʷʤʠ. 

ʊʦʤʫ, ʜʣʷ ʧʨʘʢʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʙʫʜʫʶʪʴ ʙʽʣʴʰ ʩʧʨʦʱʝʥʽ, 

ʽʜʝʘʣʽʟʦʚʘʥʽ ʤʦʜʝʣʽ ʜʝʬʦʨʤʫʚʘʥʥʷ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʨʦʟʚôʷʟʘʥʥʷ ʧʨʘʢʪʠʯʥʦ ʚʘʞʣʠʚʠʭ ʧʨʦʙʣʝʤ ʟ ʧʦʪʨʽʙʥʦʶ 

ʪʦʯʥʽʩʪʶ. ʆʜʥʦʚʠʤʽʨʥʘ ʤʦʜʝʣʴ ʧʨʫʞʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʦʜʘʥʘ ʥʘ 

ʨʠʩ. 2.6. ɰʡ ʚʣʘʩʪʠʚʝ ʪʝ, ʱʦ ʧʨʦʮʝʩ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ 

ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʜʥʽʻʶ ʽ ʪʽʻʶ ʩʘʤʦʶ 

ʣʽʥʽʻʶ. 
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ʘ)     ʙ) 

˾͙ͫΦ нΦс 

 

ɼʣʷ ʣʽʥʽʡʥʦ-ʧʨʫʞʥʦʾ ʤʦʜʝʣʽ ʮʝ ʤʦʞʝ ʙʫʪʠ ʣʽʥʽʡʥʘ 

ʟʘʣʝʞʥʽʩʪʴ, ʱʦ ʦʧʠʩʫʻʪʴʩʷ ʟʘʢʦʥʦʤ ɻʫʢʘ ï Es e=  (ʨʠʩ. 2.6, ʘ) 

ʘʙʦ ʥʝʣʽʥʽʡʥʦ-ʧʨʫʞʥʘ ʤʦʜʝʣʴ ()fs e=  (ʨʠʩ. 2.6, ʙ), ʢʦʣʠ 

ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʤʘʪʝʨʽʘʣ ʦʜʥʘʢʦʚʦ ʨʝʘʛʫʻ ʥʘ ʨʦʟʪʷʛʘʥʥʷ ʯʠ 

ʩʪʠʩʢʘʥʥʷ. ɼʣʷ ʨʽʟʥʦʤʦʜʫʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘʤʽʩʪʴ ʤʦʜʫʣʷ 

ʧʨʫʞʥʦʩʪʽ E  ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʝʣʠʯʠʥʘ 
iE  ( 1i =  ʜʣʷ 0s>  

(ʨʦʟʪ̫ʛ), 2i=  ʜʣʷ 0s<  (ʩʪʠʩʢ)). 

ʆʩʥʦʚʥʦʶ ʤʦʜʝʣʣʶ ʧʣʘʩʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʻ ʤʦʜʝʣʴ 

ʽʜʝʘʣʴʥʦʛʦ ʧʨʫʞʥʦ-ʧʣʘʩʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ (ʨʠʩ. 2.7, ʘ). 

ɺʠʟʥʘʯʘʣʴʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʮʽʻʾ ʤʦʜʝʣʽ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ 

ʪʘʢʦʤʫ ʚʠʛʣʷʜʽ: 

( )

ʧʣ

ʧʣ ʧʣ

ʧʣ 1

E ,

,

- E - ,

ʧʨʠ

ʧʨʠ

ʧʨʠ ʨʦʟʚʘʥʪʘʞʝʥʥʽ

ëe e<e
î

s= s e²eì
î
s e eí

    (2.14) 

ʜʝ 
1e ï ʚʽʜʥʦʩʥʘ ʣʽʥʽʡʥʘ ʜʝʬʦʨʤʘʮʽʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʪʦʯʮʽ 1 ʥʘ 

ʜʽʘʛʨʘʤʽ (ʨʠʩ. 2.7, ʘ).  

ʇʦʚʪʦʨʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʡʜʝ ʚ ʨʝʞʠʤʽ ʧʨʫʞʥʦʛʦ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʜʦ ʤʦʤʝʥʪʫ ʜʦʩʷʛʥʝʥʥʷ ʛʨʘʥʠʮʽ ʧʣʠʥʥʦʩʪʽ. ʇʽʩʣʷ 

ʮʴʦʛʦ ʟʥʦʚʫ ʧʦʯʠʥʘʻʪʴʩʷ ʧʣʠʥʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ. ɼʘʥʘ ʤʦʜʝʣʴ 

ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʜʣʷ ʤʘʪʝʨʽʘʣʽʚ ʟ ʥʝʚʝʣʠʢʠʤ ʟʤʽʮʥʝʥʥʷʤ. 
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ʘ)       ʙ) 

ʈʠʩ. 2.7 

 

ʉʧʨʦʱʝʥʦʶ ʤʦʜʝʣʣʶ ʧʨʫʞʥʦ-ʧʣʘʩʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʻ 

ʤʦʜʝʣʴ ʽʜʝʘʣʴʥʦ ʞʦʨʩʪʢʦ-ʧʣʘʩʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ (ʨʠʩ. 2.7, 

ʙ). ʎʝ ʩʧʨʦʱʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʦʢʠ ʥʘʧʨʫʞʝʥʥʷ ʥʝ 

ʜʦʩʷʛʥʫʪʴ ʛʨʘʥʠʮʽ ʧʣʠʥʥʦʩʪʽ, ʜʝʬʦʨʤʘʮʽʾ ʚ ʪʽʣʽ ʚʚʘʞʘʶʪʴ 

ʚʽʜʩʫʪʥʽʤʠ (ʘʙʦ ʪʘʢʠʤʠ, ʷʢʠʤʠ ʤʦʞʥʘ ʥʝʭʪʫʚʘʪʠ). ʇʨʠ 
ʧʣs s=  

ʫ ʪʽʣʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʣʘʩʪʠʯʥʘ ʧʣʠʥʥʽʩʪʴ. ʎʶ ʤʦʜʝʣʴ ʤʦʞʥʘ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ, ʢʦʣʠ ʧʣʘʩʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ ʥʘʙʘʛʘʪʦ 

ʧʝʨʝʚʠʱʫʶʪʴ ʧʨʫʞʥʽ, ʘ ʟʤʽʮʥʝʥʥʷʤ ʤʘʪʝʨʽʘʣʫ ʤʦʞʥʘ 

ʟʥʝʭʪʫʚʘʪʠ. 

 ʉʢʣʘʜʥʽʰʦʶ ʻ ʤʦʜʝʣʴ ʧʨʫʞʥʦ-ʧʣʘʩʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ 

ʣʽʥʽʡʥʠʤ ʟʤʽʮʥʝʥʥʷʤ (ʨʠʩ. 2.8, ʘ). ʊʘʢ ʩʘʤʦ ʷʢ ʽ ʜʣʷ ʽʜʝʘʣʴʥʦ 

ʧʨʫʞʥʦ-ʧʣʘʩʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʜʦ ʤʦʤʝʥʪʫ ʜʦʩʷʛʥʝʥʥʷ ʛʨʘʥʠʮʽ 

ʧʣʠʥʥʦʩʪʽ ʤʘʪʝʨʽʘʣ ʜʝʬʦʨʤʫʻʪʴʩʷ ʧʨʫʞʥʦ ʟ ʤʦʜʫʣʝʤ ʧʨʫʞʥʦʩʪʽ 

E tga= . ʇʽʩʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ ʛʨʘʥʠʮʽ ʚ ʫʤʦʚʘʭ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʟʚôʷʟʦʢ ʤʽʞ ʥʘʧʨʫʞʝʥʥʷʤʠ ʽ ʜʝʬʦʨʤʘʮʽʷʤʠ ʟʘʣʠʰʘʻʪʴʩʷ 

ʣʽʥʽʡʥʠʤ, ʘʣʝ ʟʤʽʥʶʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ E tgb¡= . 

ʇʨʠ ʨʦʟʚʘʥʪʘʞʝʥʥʽ ʤʘʪʝʨʽʘʣ ʟʘʣʠʰʘʻʪʴʩʷ ʣʽʥʽʡʥʦ-ʧʨʫʞʥʠʤ ʟ 

ʤʦʜʫʣʝʤ ɽ. 
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ʈʠʩ. 2.8 

 

ɺʠʟʥʘʯʘʣʴʥʠʤʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ ʮʽʻʾ ʤʦʜʝʣʽ ʻ:  

( )

( )

ʧʣ ʧʣ

ʧʣ ʧʣ ʧʣ ʧʣ

ʧʣ 1

E ʧʨʠ , ;

E ʧʨʠ , ;

- E - ʧʨʠʨʦʟʚʘʥʪʘʞʝʥʥʽ.

ëe e<e s<s
î

¡s= s + e-e e>e s²sì
î
s e eí

       (2.15) 

ʇʦʚʪʦʨʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘʢʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʣʽʥʽʡʥʦ-ʧʨʫʞʥʦ ʜʦ ʤʦʤʝʥʪʫ ʜʦʩʷʛʥʝʥʥʷ ʥʘʧʨʫʞʝʥʥʷ 
1s, ʟʘ 

ʷʢʦʛʦ ʧʦʯʘʣʦʩʴ ʨʦʟʚʘʥʪʘʞʝʥʥʷ. ʎʝ ʥʘʧʨʫʞʝʥʥʷ ʚʽʜʽʛʨʘʻ ʨʦʣʴ 

ʥʦʚʦʾ ʛʨʘʥʠʮʽ ʧʣʠʥʥʦʩʪʽ, ʱʦ ʧʝʨʝʚʠʱʫʻ ʧʝʨʚʽʩʥʫ 
1 ʧʣs s> . 

ɼʘʣʴʰʝ ʧʽʜʚʠʱʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʣʽʥʽʡʥʠʤ 

ʟʘʢʦʥʦʤ, ʘʣʝ ʤʦʜʫʣʴ E  ʟʥʦʚʫ ʟʤʽʥʶʻʪʴʩʷ ʥʘ E¡. 
ʉʧʨʦʱʝʥʦʶ ʤʦʜʝʣʣʶ ʣʽʥʽʡʥʦ-ʧʨʫʞʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ 

ʣʽʥʽʡʥʠʤ ʟʤʽʮʥʝʥʥʷ ʻ ʤʦʜʝʣʴ ʞʦʨʩʪʢʦ-ʧʣʘʩʪʠʯʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʟ ʣʽʥʽʡʥʠʤ ʟʤʽʮʥʝʥʥʷʤ (ʨʠʩ. 2.8, ʙ). 

ɰʾ ʚʽʜʤʽʥʥʽʩʪʴ ʚʽʜ ʧʦʧʝʨʝʜʥʴʦʾ ʪʽʣʴʢʠ ʫ ʚʽʜʩʫʪʥʦʩʪʽ ʧʝʨʰʦʾ 

ʨʽʚʥʦʩʪʽ ʚ ʫʤʦʚʘʭ (2.15), ʪʦʙʪʦ 

ʧʣ Es s e¡= + .                                  (2.16) 

ʇʦʧʝʨʝʜʥʽ ʣʽʥʽʡʥʽ ʩʭʝʤʘʪʠʟʘʮʽʾ ʢʨʠʚʦʾ ʜʝʬʦʨʤʫʚʘʥʥʷ ʻ 

ʧʨʦʩʪʠʤʠ, ʘʣʝ ʚʦʥʠ ʥʝ ʜʦʩʪʘʪʥʴʦ ʪʦʯʥʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʧʦʯʘʪʢʦʚʫ 

ʜʽʣʷʥʢʫ ʧʨʫʞʥʠʭ ʜʝʬʦʨʤʘʮʽʡ. ʊʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢʦʞ ʽ 

ʥʝʣʽʥʽʡʥʽ ʘʧʨʦʢʩʠʤʘʮʽʾ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʚʝʜʝʥʦ, ʱʦ 

ʣʽʥʽʡʥʠʡ ʟʚôʷʟʦʢ ʤʽʞ ʥʘʧʨʫʞʝʥʥʷʤʠ ʽ ʜʝʬʦʨʤʘʮʽʷʤʠ ʻ ʫʤʦʚʥʦʶ 

ʟʘʣʝʞʥʽʩʪʶ ʜʣʷ ʜʦʩʠʪʴ ʦʙʤʝʞʝʥʦʾ ʢʘʪʝʛʦʨʽʾ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ 

ʤʝʪʘʣʽʚ, ʱʦ ʤʘʶʪʴ ʧʣʦʱʠʥʢʫ ʘʙʦ ʟʫʙ ʧʣʠʥʥʦʩʪʽ (ʤʘʣʦʚʫʛʣʝʮʝʚʽ 

ʧʣ 

ʧʣ 
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ʩʪʘʣʽ, ʢʦʥʩʪʨʫʢʮʽʡʥʽ ʩʧʣʘʚʠ ʥʘ ʦʩʥʦʚʽ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʽʚ ʽ 

ʘʣʶʤʽʥʽʶ, ʘ ʪʘʢʦʞ ʜʝʷʢʽ ʤʝʪʘʣʠ ʫ ʢʨʠʭʢʦʤʫ ʩʪʘʥʽ). ɹʽʣʴʰʦʩʪʽ 

ʩʫʯʘʩʥʠʭ ʚʠʩʦʢʦʤʽʮʥʠʭ ʤʝʪʘʣʽʚ  ʭʘʨʘʢʪʝʨʥʘ ʩʠʣʴʥʦ ʚʠʨʘʞʝʥʘ 

ʥʝʣʽʥʽʡʥʽʩʪʴ ʥʘʚʽʪʴ ʚ ʦʙʣʘʩʪʽ ʨʦʙʦʯʠʭ ʜʝʬʦʨʤʘʮʽʡ. ʎʝ ʽ ʯʘʚʫʥ, ʽ 

ʚʠʩʦʢʦʣʝʛʦʚʘʥʽ ʪʘ ʣʠʪʽ ʩʪʘʣʽ, ʤʽʜʴ ʽ ʜʝʷʢʽ ʩʧʣʘʚʠ ʥʘ ʾʾ ʦʩʥʦʚʽ, 

ʙʽʣʴʰʽʩʪʴ ʧʦʨʠʩʪʠʭ ʤʝʪʘʣʽʚ, ʦʜʝʨʞʘʥʠʭ ʤʝʪʦʜʦʤ ʧʦʨʦʰʢʦʚʦʾ 

ʤʝʪʘʣʫʨʛʽʾ. ɺʦʥʠ ʥʝ ʤʘʶʪʴ ʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ 

ʥʘʧʨʫʞʝʥʥʷʤʠ ʪʘ ʜʝʬʦʨʤʘʮʽʷʤʠ ʚʽʜ ʩʘʤʦʛʦ ʧʦʯʘʪʢʫ 

ʜʝʬʦʨʤʫʚʘʥʥʷ, ʘ ʾʭ ʜʽʘʛʨʘʤʘ s e-  ʦʧʠʩʫʻʪʴʩʷ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ:   
2, ,nA B Es e e s e= - =  

ʜʝ , ,A B n ï ʩʪʘʣʽ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. 

ʇʝʨʰʘ ʟʘʣʝʞʥʽʩʪʴ ʙʫʣʘ ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʜʣʷ ʽʥʞʝʥʝʨʽʚ 

ɹʨʠʪʘʥʩʴʢʦʶ ʂʦʨʦʣʽʚʩʴʢʦʶ ʢʦʤʽʩʽʻʶ ʱʝ ʚ 1849 ʨ. ʜʣʷ ʟʘʣʽʟʘ ʧʨʠ 

ʜʦʩʣʽʜʞʝʥʥʷʭ ʨʦʟʪʷʛʫ, ʩʪʠʩʢʫ ʪʘ ʟʛʠʥʫ. ɼʨʫʛʫ ʟʘʣʝʞʥʽʩʪʴ 

ʥʘʟʠʚʘʶʪʴ ʱʝ ʟʘʢʦʥʦʤ ɹʘʭʘ-ʐʶʣʝ (1905). ʎʶ ʟʘʣʝʞʥʽʩʪʴ ʂ. ɹʘʭ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʚ ʜʣʷ ʦʧʠʩʫ ʩʪʠʩʢʫ ʤʘʪʝʨʽʘʣʽʚ: ʯʘʚʫʥʫ, ʢʘʤʝʥʶ 

(ʛʨʘʥʽʪ 1,13n= ), ʮʝʤʝʥʪʫ ( )1,09n= . ʇʨʠ 1n<  ʜʘʥʠʡ ʟʘʢʦʥ 

ʜʦʙʨʝ ʦʧʠʩʫʻ ʜʝʬʦʨʤʘʮʽʶ ʰʢʽʨʠ, ʧʨʷʜʠʚʘ ʢʦʥʦʧʣʽ, ʪʦʱʦ. 

ɿʥʘʯʝʥʥʷ 3 5n= · ʤʘʪʁʴ ʤʘʪʝʨʽʘʣʠ ʟ ʚʝʣʠʢʦʶ ʤʽʨʦʶ ʟʤʽʮʥʝʥʥʷ. 

ɺ 2003 ʨ. ʫʢʨʘʾʥʩʴʢʠʤ ʚʯʝʥʠʤ ɺ.ɸ. ʉʪʨʠʞʘʣʦʤ ʧʝʨʰʘ 

ʟʘʣʝʞʥʽʩʪʴ ʙʫʣʘ ʧʽʜʪʚʝʨʜʞʝʥʘ ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʟʨʘʟʢʽʚ ʟ 

ʘʨʤʦ-ʟʘʣʽʟʘ ʚ ʦʙʣʘʩʪʽ ʤʘʢʨʦʧʨʫʞʥʠʭ ʜʝʬʦʨʤʘʮʽʡ. ɹʫʣʘ ʜʦʚʝʜʝʥʘ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʨʘʭʦʚʫʚʘʪʠ ʥʝʣʽʥʽʡʥʽʩʪʴ ʜʝʬʦʨʤʫʚʘʥʥʷ ʜʣʷ 

ʙʘʛʘʪʴʦʭ ʩʫʯʘʩʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʑʝ ʦʜʥʽʻʶ ʟ 

ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʤʦʜʝʣʝʡ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʻ ʫʪʦʯʥʝʥʘ ʤʦʜʝʣʴ 

ʃ ʜʁʚʽʢʘ-ɻʦʣʣʦʤʦʥʘ (1945): 
n

k

ʧʣ

A
e

s
e

å õ
= æ ö
ç ÷

,         (2.17) 

ʜʝ ʩʪʘʣʽ 
kA  ʽ 0 1n¢ ¢ 

ʟʥʘʭʦʜʷʪʴʩʷ ʽʟ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʘ 

ʧʣeï ʜʝʬʦʨʤʘʮʽʷ, ʷʢʘ ʜʦʩʷʛʘʻʪʴʩʷ 

ʧʨʠ ʫʤʦʚʥʽʡ ʛʨʘʥʠʮʽ ʧʣʠʥʥʦʩʪʽ 
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0,2ʧʣs s=   (ʨʠʩ. 2.9). ʇʨʠ ʟʥʘʯʝʥʥʷʭ 
k ʧʣA s= , ʘ 1n=  ʘʙʦ 

0n= , ʦʪʨʠʤʘʻʤʦ ʚʘʨʽʘʥʪʠ ʣʽʥʽʡʥʦ-ʧʨʫʞʥʦʾ ʘʙʦ ʞʦʨʩʪʢʦ-

ʧʣʘʩʪʠʯʥʦʾ ʤʦʜʝʣʝʡ ʤʘʪʝʨʽʘʣʫ ʚʽʜʧʦʚʽʜʥʦ. 

ɼʘʥʘ ʤʦʜʝʣʴ ʥʘʟʠʚʘʻʪʴʩʷ ʤʦʜʝʣʣʶ ʥʝʣʽʥʽʡʥʦ ʧʨʫʞʥʦ-

ʧʣʘʩʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʦʧʝʨʝʜʥʽʭ ʤʦʜʝʣʝʡ, ʫ 

ʜʘʥʽʡ ʤʦʜʝʣʽ ʧʣʘʩʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ ʚʠʥʠʢʘʶʪʴ ʚʽʜʨʘʟʫ ʧʽʩʣʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʽʣʘ. ɿʘ ʧʦʚʥʦʛʦ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʟ ʙʫʜʴ-ʷʢʦʾ ʪʦʯʢʠ 

1 ʣʽʥʽʾ ʜʽʘʛʨʘʤʠ ʚʠʥʠʢʘʶʪʴ ʟʘʣʠʰʢʦʚʽ ʜʝʬʦʨʤʘʮʽʾ. ʋ ʨʘʟʽ 

ʧʦʚʪʦʨʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʝʬʦʨʤʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ 

ʣʽʥʽʡʥʠʤ ʟʘʢʦʥʦʤ (ʟ ʧʝʚʥʠʤ ʤʦʜʫʣʝʤ ʧʨʫʞʥʦʩʪʽ) ʜʦ ʪʦʯʢʠ 1, ʘ 

ʜʘʣʽ ʟʘ ʟʘʢʦʥʦʤ (2.17). ʆʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʮʽʻʾ ʤʦʜʝʣʽ ʻ ʪʝ, ʱʦ 

ʚʦʥʘ ʩʧʨʘʚʝʜʣʠʚʘ ʪʽʣʴʢʠ ʜʣʷ ʚʝʣʠʢʠʭ ʜʝʬʦʨʤʘʮʽʡ. 

ɯʩʥʫʶʪʴ ʽ ʩʢʣʘʜʥʽʰʽ ʤʦʜʝʣʽ ʧʣʘʩʪʠʯʥʠʭ ʪʽʣ, ʱʦ 

ʚʨʘʭʦʚʫʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ, ʥʝʣʽʥʽʡʥʽʩʪʴ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʪʦʱʦ. 

ɰʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʢʦʥʢʨʝʪʥʠʭ ʧʨʘʢʪʠʯʥʠʭ ʟʘʜʘʯ 

ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʚʽʨʷʪʠ ʝʢʩʧʝʨʠʤʝʥʪʦʤ ʪʘ ʽʥʰʠʤʠ ʧʽʜʭʦʜʘʤʠ. 

ʅʝʭʪʫʚʘʥʥʷ ʮʠʤʠ ʟʘʩʪʝʨʝʞʝʥʥʷʤʠ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʭʠʙʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ. 

 

2.3. ʈʦʙʦʪʘ ʪʘ ʝʥʝʨʛʽʷ ʜʝʬʦʨʤʘʮʽʾ ʨʦʟʪʷʛʫ 

ɿʜʘʪʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʩʪʨʠʞʥʷ ʯʠʥʠʪʠ ʦʧʽʨ ʡʦʛʦ ʨʦʟʪʷʛʫ 

ʩʠʣʦʶ F , ʱʦ ʟʨʦʩʪʘʻ ʚʽʜ 0 ʜʦ 
maxF , ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʨʦʙʦʪʦʶ, 

ʷʢʫ ʧʦʪʨʽʙʥʦ ʟʘʪʨʘʪʠʪʠ ʥʘ ʡʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ï ʨʦʙʦʪʦʶ 

ʜʝʬʦʨʤʘʮʽʾ ʨʦʟʪʷʛʫ. ɼʣʷ ʾʾ ʚʠʟʥʘʯʝʥʥʷ ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ 

ʩʪʨʠʞʝʥʴ ʜʦʚʞʠʥʦʶ l  ʚʠʜʦʚʞʫʻʪʴʩʷ ʩʪʘʪʠʯʥʦʶ ʩʠʣʦʶ F  ʥʘ 

ʚʝʣʠʯʠʥʫ lD (ʨʠʩ. 2.10, ʘ). ʅʝʭʘʡ ʪʝʧʝʨ ʩʠʣʘ F  ʦʪʨʠʤʘʻ ʧʨʠʨʽʩʪ 

dF. ʇʽʜ ʚʧʣʠʚʦʤ ʧʨʠʨʦʩʪʫ ʩʠʣʠ ʩʪʨʠʞʝʥʴ ʦʪʨʠʤʘʻ ʜʦʜʘʪʢʦʚʝ 

ʧʝʨʝʤʽʱʝʥʥʷ ( )d lD , ʷʢʦʤʫ ʙʫʜʝ ʚʠʢʦʥʫʚʘʪʠʩʴ ʝʣʝʤʝʥʪʘʨʥʘ 

ʨʦʙʦʪʘ ï 

FdA å ( ).F d lÖ D (2.18) 

ɿʥʘʢ ʥʘʙʣʠʞʝʥʦʾ 

ʨʽʚʥʦʩʪʽ ñåò ʧʦʩʪʘʚʣʝʥʦ 

ʪʦʤʫ, ʱʦ ʫ ʬʦʨʤʫʣʽ 

(2.18) ʤʠ ʟʥʝʭʪʫʚʘʣʠ 

ʚʝʣʠʯʠʥʦʶ ʚʠʱʦʛʦ 

 
ʈʠʩ. 2.10 
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ʧʦʨʷʜʢʫ ʤʘʣʦʩʪʽ ( )
1

2
dF d l

å õ
Ö Dæ ö

ç ÷
. 

ʇʦʚʥʘ ʨʦʙʦʪʘ ʚʽʜ ʧʦʯʘʪʢʫ ʨʦʟʪʷʛʫ ʜʦ ʜʝʷʢʦʛʦ ʤʦʤʝʥʪʫ, 

ʢʦʣʠ ʩʪʨʠʞʝʥʴ ʦʪʨʠʤʘʻ ʚʠʜʦʚʞʝʥʥʷ 
1l lD =D, ʜʦʨʽʚʥʶʻ: 

( )
1

0

.

l

FA Fd l

D

= Dñ                                 (2.19) 

ʗʢʱʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʩʪʨʠʞʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʤʝʞʘʭ ʟʘʢʦʥʫ 

ɻʫʢʘ, ʪʦ                    ,
Fl

l
EA

D =  ( ) .
l

d l dF
EA

D =  

ʇʽʜʩʪʘʚʠʚʰʠ ʫ ʬʦʨʤʫʣʫ (2.19) ʜʣʷ ʨʦʙʦʪʠ ʟʥʘʯʝʥʥʷ 

( )d lD  ʪʘ, ʟʘʤʽʥʠʚʰʠ ʚ ʥʴʦʤʫ ʚʝʨʭʥʶ ʛʨʘʥʠʮʶ ʽʥʪʝʛʨʫʚʘʥʥʷ 
1lD  

ʥʘ ʚʽʜʧʦʚʽʜʥʝ ʮʴʦʤʫ ʧʝʨʝʤʽʱʝʥʥʶ ʟʥʘʯʝʥʥʷ ʩʠʣʠ 
1F , 

ʦʪʨʠʤʘʻʤʦ: 
1 2

1
1 1

0

1
,

2 2

F

F

l F l
A FdF F l

EA EA
= = = Dñ  

ʘʙʦ, ʦʧʫʩʢʘʶʯʠ ʽʥʜʝʢʩʠ ʧʨʠ ,A F  ʽ lD, 

1
.

2
A F l= D                                 (2.20) 

ɻʨʘʬʽʯʥʦ ʮʷ ʨʦʙʦʪʘ ʚʽʜʦʙʨʘʞʝʥʘ ʧʣʦʱʝʶ ʪʨʠʢʫʪʥʠʢʘ 

OAB ʥʘ ʜʽʘʛʨʘʤʽ ʨʦʟʪʷʛʫ l FD -  (ʨʠʩ. 2.10, 6). 

ʈʦʙʦʪʘ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (2.20), ʻ ʤʽʨʦʶ 

ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʜʝʬʦʨʤʘʮʽʾ U , ʥʘʢʦʧʠʯʝʥʦʾ ʫ ʧʨʫʞʥʦʤʫ 

ʩʪʨʠʞʥʽ ʧʨʠ ʡʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʽ ʩʠʣʦʶ F . ʊʦʤʫ, ʥʝʭʪʫʶʯʠ 
ʜʝʷʢʠʤʠ ʟʘʪʨʘʪʘʤʠ ʨʦʙʦʪʠ ʟʦʚʥʽʰʥʽʭ ʩʠʣ ʥʘ ʧʦʜʦʣʘʥʥʷ ʩʠʣ 

ʚʥʫʪʨʽʰʥʴʦʛʦ  ʪʝʨʪʷ, ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʤʘʛʥʽʪʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ, ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ, ʱʦ: 

1
.

2
FU A F l= = D                               (2.21) 

ɺʝʣʠʯʠʥʫ ʧʠʪʦʤʦʾ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʣʝʛʢʦ 

ʟʥʘʡʪʠ, ʧʦʜʽʣʠʚʰʠ ʚʝʣʠʯʠʥʫ U  ʥʘ ʦʙôʻʤ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʯʘʩʪʠʥʠ 

ʟʨʘʟʢʘ: 
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1
/ .

2 2

F l
u U V

A l
s e

ÖD
= = = Ö

Ö Ö
                      (2.22) 

ɺʝʣʠʯʠʥʘ u  ʭʘʨʘʢʪʝʨʠʟʫʻ ʤʽʨʫ ʥʘʢʦʧʠʯʝʥʥʷ ʚ ʦʜʠʥʠʮʽ 

ʦʙôʻʤʫ ʤʘʪʝʨʽʘʣʫ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʧʨʫʞʥʦʾ ʜʝʬʦʨʤʘʮʽʾ. 

ʇʽʩʣʷ ʚʠʨʘʞʝʥʥʷ ʫ ʬʦʨʤʫʣʽ (2.22) ʚʽʜʥʦʩʥʦʛʦ ʚʠʜʦʚʞʝʥʥʷ 

e ʯʝʨʝʟ ʥʘʧʨʫʞʝʥʥʷ s ʽ ʥʘʚʧʘʢʠ, ʚʠʨʘʟ ʜʣʷ ʧʠʪʦʤʦʾ 

ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʠʡ ʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ: 
2

21
.

2 2
u E

E

s
e= =                               (2.23) 

ʗʢ ʚʠʜʥʦ ʟ ʬʦʨʤʫʣ (2.22), (2.23), ʨʦʟʤʽʨʥʽʩʪʴ ʧʠʪʦʤʦʾ 

ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʪʘʢʘ ʩʘʤʘ, ʷʢ ʽ ʥʘʧʨʫʞʝʥʥʷ. 

ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʧʦʚʥʦʾ ʨʦʙʦʪʠ, ʷʢʘ ʟʘʪʨʘʯʫʻʪʴʩʷ ʥʘ 

ʨʦʟʨʠʚ ʟʨʘʟʢʘ, ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʧʣʦʱʫ ʚʩʽʻʾ ʜʽʘʛʨʘʤʠ ʨʦʟʪʷʛʫ 

01 57-  (ʨʠʩ. 2.2, ʘ). ɺʝʣʠʯʠʥʘ ʮʽʻʾ ʧʣʦʱʽ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʘ 

ʪʘʢ: 

max max,nA F lj= ÖD  (2.24) 

ʜʝ j ï ʢʦʝʬʽʮʽʻʥʪ ʧʦʚʥʦʪʠ ʜʽʘʛʨʘʤʠ. 

ʂʦʝʬ̔ʮʽʻʥʪ j ʻ ʩʪʘʣʦʶ ʤʘʪʝʨʽʘʣʫ ʽ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. ɼʣʷ ʤʘʣʦʚʫʛʣʝʮʝʚʠʭ ʩʪʘʣʝʡ 

0,85j= . 

 

2.4. ʈʦʟʨʘʭʫʥʦʢ ʥʘ ʤʽʮʥʽʩʪʴ ʟʘ ʨʦʟʪʷʛʫ ʪʘ ʩʪʠʩʢʫ 

ʤʝʪʦʜʦʤ ʜʦʧʫʩʪʠʤʠʭ ʥʘʧʨʫʞʝʥʴ 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʾ ʨʦʙʦʪʠ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ 

ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʨʽʚʝʥʴ ʤʘʢʩʠʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ ʚ ʥʠʭ ʥʝ 

ʧʝʨʝʚʠʱʫʚʘʚ ʧʝʚʥʦʾ ʚʝʣʠʯʠʥʠ (ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʴ), ʟʘ ʷʢʦʶ 

ʧʦʯʠʥʘʶʪʴʩʷ ʧʣʘʩʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ ʘʙʦ ʢʨʠʭʢʝ ʨʫʡʥʫʚʘʥʥʷ. ɺ 

ʮʠʭ ʚʠʧʘʜʢʘʭ ʛʦʚʦʨʷʪʴ, ʱʦ ʝʣʝʤʝʥʪ ʢʦʥʩʪʨʫʢʮʽʾ ʟʥʘʭʦʜʠʪʴʩʷ ʫ 

ʛʨʘʥʠʯʥʦʤʫ ʩʪʘʥʽ. ɺ ʟʚôʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ ʚ 

ʧʝʨʝʨʽʟʘʭ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʙʫʚʘʻ 

ʥʝʦʜʥʦʨʽʜʥʠʤ, ʪʦ ʦʮʽʥʢʘ ʥʝʙʝʟʧʝʯʥʦʛʦ ʩʪʘʥʫ ʢʦʥʩʪʨʫʢʮʽʾ ʟʘ 

ʛʨʘʥʠʯʥʠʤ ʩʪʘʥʦʤ ʚ ʦʢʨʝʤʠʭ ʾʾ ʪʦʯʢʘʭ ʚʝʜʝ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʟʘ 

ʤʝʪʦʜʦʤ ʜʦʧʫʩʪʠʤʠʭ ʥʘʧʨʫʞʝʥʴ. ʗʢʱʦ ʞ ʥʘʧʨʫʞʝʥʥʷ 
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ʜʦʩʷʛʘʶʪʴ ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʴ ʫ ʚʩʴʦʤʫ ʧʝʨʝʨʽʟʽ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ 

ʚʝʜʝ ʜʦ ʚʪʨʘʪʠ ʾʾ ʪʨʠʤʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ, ʪʦ ʪʘʢʠʡ ʤʝʪʦʜ 

ʨʦʟʨʘʭʫʥʢʫ ʥʘʟʠʚʘʻʪʴʩʷ  ʤʝʪʦʜʦʤ ʨʫʡʥʽʚʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. 

ɼʦʧʫʩʪʠʤʽ ʥʘʧʨʫʞʝʥʥʷ ʦʙʯʠʩʣʶʪʁʴʩʷ ʷʢ ʧʝʚʥʘ ʯʘʩʪʠʥʘ 

ʛʨʘʥʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ, ʚʠʟʥʘʯʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚ ʫʤʦʚʘʭ, 

ʘʥʘʣʦʛʽʯʥʠʭ ʜʦ ʪʠʭ, ʚ ʷʢʠʭ ʝʣʝʤʝʥʪ  ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʻ ʧʨʘʮʶʚʘʪʠ. 

ʄʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʛʨʘʥʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʦʪʘʭ ʢʫʨʩʫ. 

ɼʣʷ ʢʨʠʭʢʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦʧʫʩʪʠʤʝ ʥʦʨʤʘʣʴʥʝ ʥʘʧʨʫʞʝʥʥʷ 

ʚʠʟʥʘʯʘʶʪʴ ʷʢ ʯʘʩʪʠʥʫ ʛʨʘʥʠʮʽ ʤʽʮʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʧʨʠ ʨʦʟʪʷʛʫ 

ʘʙʦ ʩʪʠʩʢʫ, ʷʢʘ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʙʫʜʝ ʛʨʘʥʠʯʥʠʤ ʥʘʧʨʫʞʝʥʥʷʤ 

[] /ʤʮ ʤʮns s= ,                                  (2.25) 

ʜʝ ʤʮs ï ʛʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ; ʤʮn  ï ʢʦʝʬʽʮʽʻʥʪ ʟʘʧʘʩʫ 

ʚʽʜʥʦʩʥʦ ʛʨʘʥʠʮʽ ʤʽʮʥʦʩʪʽ, ʚʝʣʠʯʠʥʘ ʷʢʦʛʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʷʜʫ 

ʬʘʢʪʦʨʽʚ ʽ ʩʪʘʥʦʚʠʪʴ 3...9. 

ʆʩʢʽʣʴʢʠ ʛʨʘʥʠʮʽ ʤʽʮʥʦʩʪʽ ʢʨʠʭʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʨʦʟʪʷʛʫ 

ʽ ʩʪʠʩʢʫ ʨʽʟʥʽ, ʟʘ ʬʦʨʤʫʣʦʶ (2.25) ʦʙʯʠʩʣʶʶʪʴ ʜʚʘ ʟʥʘʯʝʥʥʷ 

ʜʦʧʫʩʪʠʤʦʛʦ ʥʘʧʨʫʞʝʥʥʷ: ʦʜʥʝ ʜʣʷ ʨʦʟʪʷʛʫ, ʘ ʜʨʫʛʝ ʜʣʷ ʩʪʠʩʢʫ. 

ɼʣʷ ʧʣʘʩʪʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘ ʛʨʘʥʠʯʥʝ ʥʘʧʨʫʞʝʥʥʷ 

ʧʨʠʡʤʘʶʪʴ ʛʨʘʥʠʮʶ ʧʣʠʥʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʽ ʜʦʧʫʩʪʠʤʝ 

ʥʘʧʨʫʞʝʥʥʷ ʚʠʨʘʭʦʚʫʶʪʴ (ʷʢ ʧʨʠ  ʨʦʟʪʷʛʫ ʪʘʢ ʽ ʧʨʠ ʩʪʠʩʢʫ) ʟʘ 

ʬʦʨʤʫʣʦʶ 

[] /ʧʣ ʧʣns s= ,                                      (2.26) 

ʜʝ 
ʧʣs  ï ʛʨʘʥʠʮʷ ʧʣʠʥʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ (ʬʽʟʠʯʥʘ ʘʙʦ ʫʤʦʚʥʘ); 

ʧʣn  

ï ʢʦʝʬʽʮʽʻʥʪ ʟʘʧʘʩʫ ʚʽʜʥʦʩʥʦ ʛʨʘʥʠʮʽ ʧʣʠʥʥʦʩʪʽ, ʷʢʠʡ 

ʧʨʠʡʤʘʻʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 1,2 ʜʦ 2,5.  

ɿʥʘʶʯʠ ʜʦʧʫʩʪʠʤʝ ʥʘʧʨʫʞʝʥʥʷ, ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫʤʦʚʫ 

ʤʽʮʥʦʩʪʽ ʤʝʪʦʜʫ ʜʦʧʫʩʪʠʤʠʭ ʥʘʧʨʫʞʝʥʴ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ 

[]maxs s¢ .                                     (2.27) 
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ʇʨʠ ʨʦʟʪʷʛʦʚʽ ʘʙʦ ʩʪʠʩʢʫ ʮʷ ʫʤʦʚʘ ʤʘʻ ʚʠʛʣʷʜ 

[]
N

A
s¢ .                                        (2.28) 

ɰʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʫʤʦʚʠ ʤʽʮʥʦʩʪʽ. ɿ ʫʤʦʚʠ 

(2.28) ʚʠʧʣʠʚʘʶʪʴ ʬʦʨʤʫʣʠ ʜʣʷ ʧʽʜʙʦʨʫ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ 

ʩʪʨʠʞʥʷ ʧʨʠ ʜʽʾ ʧʦʟʜʦʚʞʥʴʦʾ ʩʠʣʠ: 

[]
N

A
s

¢ ,                                        (2.29) 

ʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʦʧʫʩʪʠʤʦʾ ʧʦʟʜʦʚʞʥʴʦʾ ʩʠʣʠ ʧʨʠ ʟʘʜʘʥʽʡ 

ʧʣʦʱʽ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʽ ʟʘʜʘʥʦʤʫ ʜʦʧʫʩʪʠʤʦʤʫ 

ʥʘʧʨʫʞʝʥʥʶ 

[][]·N As= .                                   (2.30) 

ʋ ʟʚʠʯʘʡʥʠʭ ʽʥʞʝʥʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʜʦʟʚʦʣʷʻʪʴʩʷ 

ʧʝʨʝʚʠʱʝʥʥʷ ʜʦʧʫʩʪʠʤʦʛʦ ʥʘʧʨʫʞʝʥʥʷ (ʜʦʧʫʩʪʠʤʦʾ ʩʠʣʠ) ʥʝ 

ʙʽʣʴʰʝ ʷʢ ʥʘ 5 % ʧʦʨʽʚʥʷʥʦ ʟ ʡʦʛʦ ʟʘʜʘʥʦʶ ʚʝʣʠʯʠʥʦʶ. 

 

2.5. ɺʨʘʭʫʚʘʥʥʷ ʚʣʘʩʥʦʾ ʚʘʛʠ ʩʪʨʠʞʥʷ. ʈʦʟʨʘʭʫʥʦʢ ʡʦʛʦ ʥʘ 

ʤʽʮʥʽʩʪʴ 

ʅʝʨʽʜʢʦ ʚʣʘʩʥʘ ʚʘʛʘ ʤʘʪʝʨʽʘʣʫ ʟʥʘʯʥʦ ʚʧʣʠʚʘʻ ʥʘ 

ʥʘʧʨʫʞʝʥʥʷ ʪʘ ʜʝʬʦʨʤʘʮʽʾ 

ʩʪʨʠʞʥʷ, ʪʦʤʫ ʾʾ ʚʧʣʠʚʦʤ ʥʝ 

ʤʦʞʥʘ ʽʛʥʦʨʫʚʘʪʠ. ʎʝ 

ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʜʣʷ 

ʚʠʩʦʢʠʭ ʢʦʣʦʥ. 

ɺʠʟʥʘʯʠʤʦ 

ʧʝʨʝʤʽʱʝʥʥʷ ʪʘ ʥʘʧʨʫʞʝʥʥʷ ʫ 

ʩʪʨʠʞʥʽ, ʧʽʜʚʽʰʝʥʦʤʫ ʟʘ 

ʚʝʨʭʥʽʡ ʢʽʥʝʮʴ, ʚʨʘʭʦʚʫʶʯʠ 

ʡʦʛʦ ʚʣʘʩʥʫ ʚʘʛʫ (ʨʠʩ. 2.11).  

ʂʦʞʥʠʡ ʡʦʛʦ ʝʣʝʤʝʥʪ, 

 

ʈʠʩ. 2.11  
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ʜʦʚʞʠʥʦʶ dx, ʜʝʬʦʨʤʫʻʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʚʘʛʠ, ʨʦʟʪʘʰʦʚʘʥʦʾ 

ʥʠʞʯʝ ʯʘʩʪʠʥʢʠ ʩʪʨʠʞʥʷ ï ·xG A xg= , ʥʘ ʚʝʣʠʯʠʥʫ  

xG dx Ax dx
dx

EA EA

g
D = = . 

ɯʥʪʝʛʨʫʶʯʠ ʧʦ ʚʩʽʡ ʜʦʚʞʠʥʽ ʩʪʨʠʞʥʷ, ʟʥʘʡʜʝʤʦ 

2

0 0
2

l l
A A l

l dx xdx
EA EA

g g
D = D = =ñ ñ , 

ʟʚʽʜʢʠ 

2

2

l
l

E

g
D = .                                          (2.31) 

ʌʦʨʤʫʣʘ (2.31) ʦʪʨʠʤʘʻ ʽʥʰʠʡ ʚʠʛʣʷʜ, ʷʢʱʦ ʧʨʠʡʤʝʤʦ ʜʦ 

ʫʚʘʛʠ, ʱʦ Al Gg=  ï ʮʝ ʚʘʛʘ ʚʩʴʦʛʦ ʩʪʨʠʞʥʷ. ʊʦʜʽ  

2

Gl
l

EA
D = ,                                    (2.32) 

ʪʦʙʪʦ ʧʦʜʦʚʞʝʥʥʷ ʩʪʨʠʞʥʷ ʚʽʜ ʚʣʘʩʥʦʾ ʚʘʛʠ ʚʜʚʽʯʽ ʤʝʥʰʝ, ʥʽʞ 

ʚʽʜ ʩʠʣʠ, ʱʦ ʜʦʨʽʚʥʶʻ ʚʘʟʽ ʩʪʨʠʞʥʷ, ʷʢʫ ʚʠʥʝʩʝʥʦ ʫ ʢʽʥʮʝʚʠʡ 

ʧʝʨʝʨʽʟ.  

ʗʢʱʦ, ʢʨʽʤ ʚʣʘʩʥʦʾ ʚʘʛʠ, ʜʽʻ ʱʝ ʡ ʟʦʚʥʽʰʥʷ ʩʠʣʘ F , ʪʦ 
ʧʦʜʦʚʞʝʥʥʷ ʜʦʨʽʚʥʶʚʘʪʠʤʝ ʩʫʤʽ: 

2

Fl Gl
l

EA EA
D = + .                                    (2.33) 

ʋ ʧʝʨʝʨʽʟʽ, ʥʘ ʚʽʜʩʪʘʥʽ x  ʚʽʜ ʥʠʞʥʴʦʛʦ ʢʽʥʮʷ, ʧʦʟʜʦʚʞʥʷ 

ʩʠʣʘ ʜʦʨʽʚʥʶʻ  

() xN x F G= + .                                    (2.34) 

ʄʘʢʩʠʤʘʣʴʥʘ ʧʦʟʜʦʚʞʥʷ ʩʠʣʘ ʚʠʥʠʢʘʻ ʫ ʚʝʨʭʥʴʦʤʫ 

ʧʝʨʝʨʽʟʽ ʩʪʨʠʞʥʷ x l=  ʽ ʜʦʨʽʚʥʶʻ  
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maxN F G= + .                                    (2.35) 

ɽʧʶʨʘ ʧʦʟʜʦʚʞʥʽʭ ʩʠʣ ʫ ʩʪʨʠʞʥʽ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 2.7. 

ʇʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ  ʟʥʘʯʝʥʥʷ ʧʦʟʜʦʚʞʥʴʦʾ ʩʠʣʠ 
maxN  ʫ ʬʦʨʤʫʣʫ 

(2.28) ʦʜʝʨʞʠʤʦ ʫʤʦʚʫ ʤʽʮʥʦʩʪʽ ʧʨʠ ʩʫʤʽʩʥʽʡ ʜʽʾ ʟʦʚʥʽʰʥʴʦʾ 

ʩʠʣʠ P  ʽ ʚʣʘʩʥʦʾ ʚʘʛʠ ʩʪʨʠʞʥʷ 

[]
F

l
A
g s+ ¢ .                                      (2.36) 

ɿ ʦʩʪʘʥʥʴʦʾ ʬʦʨʤʫʣʠ ʚʠʧʣʠʚʘʻ ʬʦʨʤʫʣʘ ʧʽʜʙʦʨʫ 

ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʩʪʨʠʞʥʷ. 

[]
F

A
ls g

²
-

.                                      (2.37) 

ɿ ʦʜʝʨʞʘʥʦʾ ʬʦʨʤʫʣʠ ʚʠʜʥʦ, ʱʦ ʚʨʘʭʫʚʘʥʥʷ ʚʣʘʩʥʦʾ ʚʘʛʠ 

ʩʪʨʠʞʥʷ ʨʽʚʥʦʟʥʘʯʥʝ ʟʤʝʥʰʝʥʥʶ ʜʦʧʫʩʪʠʤʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʜʣʷ 

ʜʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘ ʚʝʣʠʯʠʥʫ lg. 

ʇʨʠʢʣʘʜ. ɼʣʷ ʩʪʫʧʽʥʯʘʪʦʛʦ ʩʪʘʣʝʚʦʛʦ ʩʪʨʠʞʥʷ ʟ 

ʧʣʦʱʘʤʠ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʡʦʛʦ ʜʚʦʭ ʜʽʣʷʥʦʢ A  ʽ 2A , 

ʥʘʚʘʥʪʘʞʝʥʦʛʦ ʟʦʩʝʨʝʜʞʝʥʠʤʠ ʩʠʣʘʤʠ 
1F  ʽ 

2F  (ʨʠʩ. 2.12, ʘ), 

ʪʨʝʙʘ ʧʦʙʫʜʫʚʘʪʠ ʝʧʶʨʫ ʧʦʟʜʦʚʞʥʽʭ ʩʠʣ ʪʘ ʥʦʨʤʘʣʴʥʠʭ 

ʥʘʧʨʫʞʝʥʴ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʚʣʘʩʥʦʾ ʚʘʛʠ ʩʪʨʠʞʥʷ, ʷʢʱʦ 2a ʤ= , 

6b ʤ= ,  
210A ʩʤ= , 

1 16F ʢʅ= , 
2 6F ʢʅ= . ʇʠʪʦʤʘ ʚʘʛʘ 

ʤʘʪʝʨʽʘʣʫ 
39,81·7,85 77ʢʅ ʤg= = . 

ʇʦʟʜʦʚʞʥʷ ʩʠʣʘ ()N x  ʫ ʜʦʚʽʣʴʥʦʤʫ ʧʦʧʝʨʝʯʥʦʤʫ 

ʧʝʨʝʨʽʟʽ 1ï1 ʥʠʞʥʴʦʾ ʜʽʣʷʥʢʠ ʩʪʨʠʞʥʷ ʩʪʘʥʦʚʠʪʴ  

()()1

2 · · 6,0 0,077N x F A x xg= + = + . 

ɿʥʘʯʝʥʥʷ ʧʦʟʜʦʚʞʥʽʭ ʩʠʣ ʥʘ ʢʽʥʮʷʭ ʜʽʣʷʥʢʠ (0x= ; 

x b= ): 

()()1
0 6,0N ʢʅ= ,      

()()1
6,0 0,077·6 6,46N b ʢʅ= + = . 
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ʋ ʜʦʚʽʣʴʥʦʤʫ ʧʝʨʝʨʽʟʽ ɯɯ-ɯɯ ʚʝʨʭʥʴʦʾ ʜʽʣʷʥʢʠ ʩʪʨʠʞʥʷ 

ʤʘʻʤʦ: 

()() ()() ( )

( ) ( )

2 1

1 2

6,46 16,0 0,154 9,54 0,154 .

N x N b F A x b

x b x b

g= - + - =

= - + - =- + -
 

ɿʥʘʯʝʥʥʷ ʧʦʟʜʦʚʞʥʽʭ ʩʠʣ ʥʘ ʢʽʥʮʷʭ ʜʽʣʷʥʢʠ: 

()()2
9,54N b ʢʅ=- ,   

()( )2
9,54 0,154·2 9,23N a b ʢʅ+ =- + =- . 

ɿʘ ʦʜʝʨʞʘʥʠʤʠ ʜʘʥʠʤʠ ʧʦʙʫʜʦʚʘʥʘ ʝʧʶʨʘ (ʨʠʩ. 2.12, ʙ) 

ʧʦʟʜʦʚʞʥʽʭ ʩʠʣ ()N x . 

ʋ ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʨʽʟʘʭ ʩʪʨʠʞʥʷ ʚʠʥʠʢʘʶʪʴ ʥʦʨʤʘʣʴʥʽ 

ʥʘʧʨʫʞʝʥʥʷ ()xs , ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

()() ()()/i i

ix N x As = . 

 

 

ʈʠʩ.2.12 

 

9,23 ʢʅ 

9,54 ʢʅ 

6,46 ʢʅ 

6,0 ʢʅ 

()N x  

4,62 ʄʇʘ 

4,77 ʄʇʘ 

6,46 ʄʇʘ 

6,0 ʄʇʘ 

()xs  

ʙ ʚ 



 46 

ɿʥʘʯʝʥʥʷ ʥʦʨʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ ʥʘ ʢʽʥʮʷʭ ʥʠʞʥʴʦʾ 

ʜʽʣʷʥʢʠ ʜʦʨʽʚʥʶʶʪʴ: 

()()
()()

()()
()()

1

1 3 2

4

1

1

4

0 6,0
0 6 10 / 6 ;

10 10

6,46
6,46 .

10 10

N
ʢʅ ʤ ʄʇʘ

A

N ʚ
ʚ ʄʇʘ

A

s

s

-

-

= = = Ö =
Ö

= = =
Ö

 

ɿʥʘʯʝʥʥʷ ʥʦʨʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ ʥʘ ʢʽʥʮʷʭ ʚʝʨʭʥʴʦʾ 

ʜʽʣʷʥʢʠ ʜʦʨʽʚʥʶʶʪʴ: 

()()
()()

()( )
()( )

2

2

4

2

2

4

9,54
4,77 ;

2 20 10

9,23
4,62 .

2 20 10

N ʚ
ʚ ʄʇʘ

A

N ʚ ʘ
ʚ ʘ ʄʇʘ

A

s

s

-

-

= =- =-
Ö

+
+ = =- =-

Ö

 

ɿʘ ʦʜʝʨʞʘʥʠʤʠ ʜʘʥʠʤʠ ʧʦʙʫʜʦʚʘʥʘ ʝʧʶʨʘ (ʨʠʩ. 2.12, ʚ) 

ʥʦʨʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ ()xs . 

2.6. ʈʦʟʨʘʭʫʥʦʢ ʛʥʫʯʢʠʭ ʥʠʪʦʢ 

ɻʥʫʯʢʠʤʠ ʥʠʪʢʘʤʠ ʥʘʟʠʚʘʶʪʴ ʪʦʥʢʽ ʝʣʝʤʝʥʪʠ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʢʦʪʨʽ ʤʦʞʫʪʴ ʯʠʥʠʪʠ ʦʧʽʨ ʪʽʣʴʢʠ ʨʦʟʪʷʛʫʚʘʣʴʥʠʤ 

ʟʫʩʠʣʣʷʤ. ɼʦ ʪʘʢʠʭ ʝʣʝʤʝʥʪʽʚ ʚʽʜʥʦʩʷʪʴ ʧʦʚʽʪʨʷʥʽ ʣʽʥʽʾ 

ʝʣʝʢʪʨʠʯʥʠʭ ʧʨʦʚʦʜʽʚ, ʣʘʥʮʶʛʠ ʧʽʜʚʽʩʥʠʭ ʤʦʩʪʽʚ, ʪʨʦʩʠ 

ʧʽʜʚʽʩʥʠʭ ʢʘʥʘʪʥʠʭ ʜʦʨʽʛ ʪʦʱʦ. ɻʥʫʯʢʽ ʥʠʪʢʠ  ʤʦʞʫʪʴ ʙʫʪʠ 

ʥʘʚʘʥʪʘʞʝʥʽ ʷʢ ʨʦʟʧʦʜʽʣʝʥʠʤ, ʪʘʢ ʟʦʩʝʨʝʜʞʝʥʠʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ. ɺ ʨʦʟʨʘʭʫʥʢʘʭ ʛʥʫʯʢʠʭ ʥʠʪʦʢ, ʢʨʽʤ ʽʥʰʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ, ʟʥʘʯʥʘ ʫʚʘʛʘ ʥʘʜʘʻʪʴʩʷ ʧʠʪʘʥʥʷʤ ʚʧʣʠʚʫ ʥʘ 

ʤʽʮʥʽʩʪʴ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ q , ʥ/ʤ, ʷʢʠʤ ʤʦʞʝ ʙʫʪʠ 

ʚʣʘʩʥʘ ʚʘʛʘ 
âëq , ʘ ʪʘʢʦʞ  ʚʘʛʘ ʦʞʝʣʝʜʽ 

î æq ʥʘ ʦʜʠʥʠʮʶ ʜʦʚʞʠʥʠ 

ʧʨʦʚʦʜʫ ʧʨʠ ʾʭ ʦʙʤʝʨʟʘʥʥʽ: 

âë î æq q q= + ,                                      (2.38) 

ʜʝ ,âëq Àg g= -ʧʠʪʦʤʘ ʚʘʛʘ ʤʘʪʝʨʽʘʣʫ ʥʠʪʢʠ, ɸ- ʧʣʦʱʘ 

ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʥʠʪʢʠ; ( )39 10î æq dpd d= Ö + -ʚʘʛʘ 
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ʦʞʝʣʝʜʽ ʥʘ ʦʜʠʥʠʮʶ ʜʦʚʞʠʥʠ ʥʠʪʢʠ (ʧʨʦʚʦʜʫ), d  ʽ d- ʜʽʘʤʝʪʨ 

ʧʨʦʚʦʜʫ ʽ ʪʦʚʱʠʥʘ ʦʞʝʣʝʜʽ, ʤ. 

     ʂʨʽʤ ʥʘʚʝʜʝʥʥʦʛʦ, ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʝʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ q ʥʘ ʧʨʦʚʽʜ  ʤʦʞʝ ʜʽʷʪʠ ʱʝ ʽ ʚʽʪʨʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ  

âq  , ʥ/ʤ, ʦɦ ʧʝʨʝʚʘʞʥʦ ʥʘʧʨʷʤʣʝʥʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦ. ʋ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʩʫʤʘʨʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʨʦʚʽʜ ʟʘʧʠʩʫʶʪʴ ʫ ʚʠʛʣʷʜʽ 

2 2

âq q qS= + . 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ  ʚʽʪʨʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʦʨʠʩʪʫʶʪʴʩʷ 

ʝʤʧʽʨʠʯʥʦʶ ʬʦʨʤʫʣʦʶ 

( )20,636 2âq V d d= + ,ʥ/ʤ, 

ʜʝ V- ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʫ, ʤ/ʩ . 

ʈʦʟʛʣʷʥʝʤʦ ʨʽʚʥʦʚʘʛʫ ʥʠʪʢʠ (ʧʨʦʚʦʜʫ),  ʱʦ ʧʽʜʚʽʰʝʥʘ ʚ 

ʜʚʦʭ ʪʦʯʢʘʭ ɸ ʪʘ ɺ ʥʘ ʨʽʟʥʠʭ ʨʽʚʥʷʭ (ʨʠʩ. 2.13,ʘ). ʅʠʪʢʘ 

ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ ʜʽʻʶ  ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʨ, ʥ/ʤ . 

ɻʦʨʠʟʦʥʪʘʣʴʥʘ ʧʨʦʝʢʮʽʷ l ʜʫʛʠ AB ʥʘʟʠʚʘʻʪʴʩʷ ʧʨʦʛʦʥʦʤ, ʘ q , 

ʥ/ʤ- ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʜʠʥʠʮʶ ʜʦʚʞʠʥʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʧʨʦʝʢʮʽʾ. ʊʦʜʽ, ʷʢʱʦ ds-ʝʣʝʤʝʥʪ ʜʫʛʠ ʥʠʪʢʠ 

(ʨʠʩ. 2.13,ʙ), ʘ dx- ʡʦʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʧʨʦʝʢʮʽʷ, ʪʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʧʨʠʧʘʜʘʻ ʥʘ ʮʝʡ ʝʣʝʤʝʥʪ, ʤʦʞʝ ʙʫʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʝ ʘʙʦ ʷʢ pds, ʘʙʦ ʷʢ qdx, ʪʦʤʫ 

, cos ,
dx

pds qdx p q q
ds

a= = =  

ʜʝ a-ʢʫʪ ʥʘʭʠʣʫ ʜʦʪʠʯʥʦʾ ʜʦ ʜʫʛʠ ʥʠʪʢʠ. 

ɹʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ʧʨʦʚʠʩʘʥʥʷ ʥʠʪʢʠ ʥʝʚʝʣʠʢʝ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʾʾ ʧʨʦʛʦʥʦʤ (ʜʦʚʞʠʥʘ ʥʠʪʢʠ s ʥʝ ʧʝʨʝʚʠʱʫʻ 

ʜʦʚʞʠʥʠ ʧʨʦʛʦʥʫ l ʙʽʣʴʰʝ ʥʽʞ ʥʘ 10%, ʘ 1cosaº ), ʪʦʤʫ ʚʘʛʫ 
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ʥʠʪʢʠ ʤʦʞʥʘ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʠʪʠ ʧʦ ʜʦʚʞʠʥʽ ʧʨʦʛʦʥʫ l. 

 

ʈʠʩ. 2.13 

 

ʈʦʟʤʽʩʪʠʤʦ ʧʦʯʘʪʦʢ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʫ ʥʘʡʥʠʞʯʽʡ ʪʦʯʮʽ 

ʧʨʦʚʠʩʘʥʥʷ ʛʥʫʯʢʦʾ ʥʠʪʢʠ, ʪʘ ʨʦʟʛʣʷʥʝʤʦ ʨʽʚʥʦʚʘʛʫ ʾʾ ʯʘʩʪʠʥʠ 

(ʨʠʩ.2.13, ʚ). ʆʩʢʽʣʴʢʠ ʥʠʪʢʘ ʯʠʥʠʪʴ ʦʧʽʨ ʪʽʣʴʢʠ ʨʦʟʪʷʛʫ, ʪʦ ʩʠʣʠ 

ʅ ʽ ʊ ʥʘ ʢʽʥʮʷʭ ʚʠʜʽʣʝʥʦʾ ʯʘʩʪʠʥʠ ʜʽʶʪʴ ʪʽʣʴʢʠ ʚ ʥʘʧʨʷʤʢʫ 

ʜʦʪʠʯʥʦʾ, ʘ ʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ ʚ ʫʩʽʭ ʾʾ ʧʝʨʝʨʽʟʘʭ ʜʦʨʽʚʥʶʻ 

ʥʫʣʶ. Tʦʤʫ 

( ) 0.
2C

x
M Hy qxS = - Ö =                         (2.39) 

ɯʟ ʟʘʧʠʩʘʥʦʛʦ ʨʽʚʥʷʥʥʷ ʨʽʚʥʦʚʘʛʠ ʜʝʨʞʠʤʦ ʨʽʚʥʷʥʥʷ ʢʨʠʚʦʾ 

ʧʨʦʚʠʩʘʥʥʷ ʥʠʪʢʠ, ʱʦ ʻ ʧʘʨʘʙʦʣʦʶ 
2

2

qx
y

H
= .                                            (2.40) 

ʘ) ʈʦʟʛʣʷʥʝʤʦ ʜʝʪʘʣʴʥʽʰʝ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʪʦʯʢʠ ʧʽʜʚʽʩʫ ɸ  ̔

ɺ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʦʜʥʦʤʫ ʨʽʚʥʽ (
1 2f f f= =). ɺʝʣʠʯʠʥʘ  f=

maxy  

ʥʘʟʠʚʘʻʪʴʩʷ ʩʪʨʽʣʦʶ ʧʨʦʚʠʩʘʥʥʷ ʥʠʪʢʠ ʽ ʟʥʘʭʦʜʠʪʴʩʷ ʟ ʬʦʨʤʫʣʠ 

(2.40), ʜʣʷ / 2x l= : 
2

8

ql
f

H
= .                                           (2.41) 

ɿʚʽʜʩʠ ʚʠʨʘʟʠʤʦ ʥʘʪʷʛ ʥʠʪʢʠ ʅ ʯʝʨʝʟ ʩʪʨʽʣʫ ʧʨʦʚʠʩʘʥʥʷ  f : 
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2

8

ql
H

f
= .                                         (2.42) 

ʗʢʱʦ ʟʘʧʠʩʘʪʠ ʨʽʚʥʷʥʥʷ ʨʽʚʥʦʚʘʛʠ ʚʠʜʽʣʝʥʦʾ ʯʘʩʪʠʥʠ ʥʠʪʢʠ 

ʥʘ ʚʽʩʴ ʭ- ʽʚ (ʨʠʩ.2.13, ʚ), ʪʦ ʟ ʥʴʦʛʦ ʦʪʨʠʤʘʻʤʦ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ 

ʛʦʨʠʟʦʥʪʘʣʴʥʠʤ ʥʘʪʷʛʦʤ ʥʠʪʢʠ ʅ ʪʘ ʥʘʪʷʛʦʤ  ʊ ʫ ʜʦʚʽʣʴʥʽʡ 

ʪʦʯʮʽ: 

cos 0; .
cos

H
X H T Ta

a
S =- + = =                   (2.43) 

ɿ ʘʥʘʣʽʟʫ ʬʦʨʤʫʣʠ (2.43) ʚʠʜʥʦ, ʱʦ ʥʘʡʙʽʣʴʰʘ ʩʠʣʘ ʥʘʪʷʛʫ 

ʚʠʥʠʢʘʻ ʫ ʪʦʯʢʘʭ ʧʽʜʚʽʰʫʚʘʥʥʷ ʥʠʪʢʠ. ʈʘʟʦʤ ʟ ʪʠʤ, ʜʣʷ 

ʧʽʜʚʽʰʝʥʦʾ ʥʘ ʦʜʥʦʤʫ ʨʽʚʥʽ ʥʠʪʢʠ, ʢʦʣʠ f l , ʘ cos 1aº , 

ʧʨʠʡʤʘʶʪʴ H Tº . 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ  ʜʦʚʞʠʥʠ ʥʠʪʢʠ s ʚʽʜ ʩʪʨʽʣʠ 
ʧʨʦʚʠʩʘʥʥʷ  f  ʪʘ ʜʦʚʞʠʥʠ ʧʨʦʛʦʥʫ l ʤʦʞʥʘ ʩʢʦʨʠʩʪʘʪʠʩʷ 

ʚʽʜʦʤʦʶ ʬʦʨʤʫʣʦʶ ʟ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʾ ʛʝʦʤʝʪʨʽʾ ʜʣʷ ʜʦʚʞʠʥʠ 

ʝʣʝʤʝʥʪʘ ʢʨʠʚʦʾ 
2

2 2 1
dy

ds dx dy dx
dx

å õ
= + = +æ ö

ç ÷
. 

ɯʥʪʝʛʨʫʚʘʥʥʷ ʮʽʻʾ ʟʘʣʝʞʥʦʩʪʽ ʫ ʤʝʞʘʭ ʜʫʛʠ AB ʧʨʠʚʦʜʠʪʴ 

ʜʦ ʥʘʩʪʫʧʥʦʛʦ ʥʘʙʣʠʞʝʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ï 
28

3

f
s l

l
º + .                                       (2.44) 

ɿʘ ʜʦʧʫʱʝʥʥʷ, ʱʦ ʢʫʪ a ʻ ʤʘʣʠʤ, ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʟʫʩʠʣʣʷ 

ʥʘʪʷʛʫ ʥʠʪʢʠ ʻ ʩʪʘʣʠʤ ʽ ʜʦʨʽʚʥʶʻ ʚʝʣʠʯʠʥʽ ʅ . ʊʦʜʽ ʫʤʦʚʘ  

ʤʽʮʥʦʩʪʽ ʜʣʷ ʛʥʫʯʢʦʾ ʥʠʪʢʠ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʘ ʫ ʚʠʛʣʷʜʽ: 

[]
H

A
s¢ .                                         (2.45) 

ɺʨʘʭʦʚʫʶʯʠ ʬʦʨʤʫʣʫ (2.42) ʜʣʷ ʅ, ʦʪʨʠʤʘʻʤʦ 

 

[]
2

8

ql

fA
s¢ .                                     (2.46) 

ɿʘ ʜʦʧʫʩʪʠʤʠʤ (ʤʘʢʩʠʤʘʣʴʥʠʤ) ʥʘʪʷʛʦʤ  ʟ ʬʦʨʤʫʣʠ (2.46) 

ʣʝʛʢʦ ʟʥʘʡʪʠ ʤʽʥʽʤʘʣʴʥʫ ʩʪʨʽʣʫ ʧʨʦʚʠʩʘʥʥʷ: 
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[]

2

min
8

ql
f

As
= .                                     (2.47) 

ɼʣʷ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʚʨʘʭʦʚʫʻʪʴʩʷ ʪʽʣʴʢʠ ʚʣʘʩʥʘ ʚʘʛʘ ʧʨʦʚʦʜʘ 

,âëq Àg= ʬʦʨʤʫʣʘ (2.47) ʩʧʨʦʱʫʻʪʴʩʷ ʜʦ ʚʠʛʣʷʜʫ 

[]

2

min
8

ï èò

l
f

s
= ,                                  (2.48) 

ʜʝ [] []/
ï èò

s s g= -ʜʦʧʫʩʪʠʤʘ ʧʠʪʦʤʘ ʤʽʮʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ, ʤ. 

      ɸʥʘʣʽʟ ʬʦʨʤʫʣʠ (2.48) ʧʦʢʘʟʫʻ, ʱʦ ʥʘ ʨʦʟʨʘʭʫʥʢʦʚʫ 

ʚʝʣʠʯʠʥʫ ʩʪʨʽʣʠ ʧʨʦʚʠʩʘʥʥʷ ʧʨʦʚʦʜʫ ʥʝ ʚʧʣʠʚʘʻ ʧʣʦʱʘ ʡʦʛʦ 

ʧʝʨʝʨʽʟʫ, ʘ ʤʽʮʥʽʩʪʴ ʣʽʥʽʡ ʝʣʝʢʪʨʦʧʨʦʚʦʜʫ ʟ ʘʣʶʤʽʥʽʡʦʚʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ( 321 10à

ï èò ìs = Ö ) ʻ ʥʘʚʽʪʴ ʜʝʱʦ ʚʠʱʘ, ʥʽʞ ʤʽʮʥʽʩʪʴ 

ʘʥʘʣʦʛʽʯʥʠʭ ʣʽʥʽʡ ʽʟ ʩʪʘʣʝʚʠʭ ʩʧʣʘʚʽʚ ( 319 10ñ

ï èò ìs = Ö ).  

ʙ) ʈʦʟʛʣʷʥʝʤʦ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʪʦʯʢʠ ʧʽʜʚʽʩʫ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ 

ʨʽʟʥʠʭ ʨʽʚʥʷʭ. ʇʽʜʩʪʘʚʠʚʰʠ ʫ ʨʽʚʥʷʥʥʷ (2.40) ʟʥʘʯʝʥʥʷ õ à=- ʽ 

õ b= , ʟʥʘʡʜʝʤʦ ʚʝʣʠʯʠʥʠ 
1f   ̔

2f : 

2

1
2

qa
f

H
=  ; 

2

2
2

qb
f

H
= .                            (2.49) 

 

 ɺʨʘʭʦʚʫʶʯʠ, ʱʦ a b l+ = ʪʘ ʬʦʨʤʫʣʠ (2.49), ʚʠʨʘʟʠʤʦ 

ʩʪʘʣʽ a  ʽ b  ʯʝʨʝʟ  ʚʝʣʠʯʠʥʠ l ,  
1f ʽ 2f . ɼʣʷ ʮʴʦʛʦ ʨʦʟʜʽʣʠʤʦ 

ʧʝʨʰʫ ʽ ʜʨʫʛʫ ʨʽʚʥʦʩʪʽ (2.49) ʽ ʦʜʝʨʞʠʤʦ 
2

1

2

2

f a

f b
=  ʘʙʦ 1

2

f
a b

f
=° . 

ɺ ʨʝʟʫʣʴʪʘʪʽ  1

2

f
l b b

f
= ° , ʘʙʦ  

2

2 1

l f
b

f f
=

°
  . 

ɺʠʢʦʨʠʩʪʘʚʰʠ ʦʜʝʨʞʘʥʽ ʟʘʣʝʞʥʦʩʪʽ, ʚʠʟʥʘʯʠʤʦ ʟ ʜʨʫʛʦʛʦ 

ʨʽʚʥʷʥʥʷ (2.49)  ʚʝʣʠʯʠʥʫ ʥʘʪʷʛʫ ʛʥʫʯʢʦʾ ʥʠʪʢʠ 

( )

2 2

2

2
2 1

2 2 2

qb ql
H

f f f

= =

°

.                        (2.50) 

ɿʥʘʢ ôôʤʽʥʫʩôô ʫ ʬʦʨʤʫʣʽ (2.50) ʚʽʜʧʦʚʽʜʘʻ ʦʢʨʝʤʦʤʫ 

ʚʠʧʘʜʢʫ, ʢʦʣʠ ʥʘʡʥʠʞʯʘ ʪʦʯʢʘ ʧʨʦʚʠʩʘʥʥʷ ʥʠʪʢʠ ʣʝʞʠʪʴ ʟʘ 
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ʤʝʞʘʤʠ ʧʨʦʛʦʥʫ. ɿ ʘʥʘʣʽʟʫ ʬʦʨʤʫʣʠ (2.50)  ʚʠʜʥʦ ʪʘʢʦʞ, ʱʦ ʜʣʷ 

ʚʠʧʘʜʢʫ
1f = 2f f=  ʦʪʨʠʤʫʻʤʦ ʧʦʧʝʨʝʜʥʽʡ ʨʝʟʫʣʴʪʘʪ  (2.41). 

ʈʦʟʛʣʷʥʝʤʦ ʟʤʽʥʫ ʜʦʚʞʠʥʠ ʧʨʦʚʦʜʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʤʽʥʠ 

ʨʦʟʪʷʛʘʣʴʥʦʛʦ ʟʫʩʠʣʣʷ H  ʟʘ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ t ʜʦ 
1t  

ʛʨʘʜʫʩʽʚ . ɿʘ ʪʘʢʦʾ ʟʤʽʥʠ ʧʦʷʚʠʪʴʩʷ ʥʦʚʠʡ ʥʘʪʷʛ 
1H , ʥʦʚʘ 

ʜʦʚʞʠʥʘ ʧʨʦʚʦʜʘ   
1s    ʪʘ ʥʦʚʘ ʩʪʨʽʣʘ ʧʨʦʚʠʩʘʥʥʷ 

1f . ʈʽʟʥʠʮʷ 

ʤʽʞ ʥʦʚʦʶ ʜʦʚʞʠʥʦʶ ʧʨʦʚʦʜʫ ʪʘ ʧʨʦʛʦʥʦʤ 
1s l-            ʙʫʜʝ 

ʩʢʣʘʜʘʪʠʩʷ: ʽʟ ʧʦʯʘʪʢʦʚʦʾ ʨʽʟʥʠʮʽ s l-  ; ʚʠʜʦʚʞʝʥʥʷ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ   ( )1tl t t laD = -  ʪʘ ʚʢʦʨʦʯʝʥʥʷ 
1H H-D , 

ʚʠʢʣʠʢʘʥʦʛʦ ʪʠʤ, ʱʦ ʥʘʪʷʛ ʧʨʦʚʦʜʘ ʟʤʝʥʰʠʪʴʩʷ ʥʘ 

ʚʝʣʠʯʠʥʫ
1H H-  ʚʥʘʩʣʽʜʦʢ ʟʙʽʣʴʰʝʥʥʷ ʡʦʛʦ ʩʪʨʽʣʠ ʧʨʦʚʠʩʘʥʥʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ, ʦʪʨʠʤʘʻʤʦ ʥʘʩʪʫʧʥʝ ʛʝʦʤʝʪʨʠʯʥʝ ʨʽʚʥʷʥʥʷ 

ʜʝʬʦʨʤʘʮʽʾ: 

 

11 t H Hs l s l l l -- = - +D -D.                              (2.50) 

ʇʽʩʪʘʚʠʚʰʠ ʚ ʦʜʝʨʞʘʥʝ ʨʽʚʥʷʥʥʷ ʚʽʜʧʦʚʽʜʥʽ ʟʥʘʯʝʥʥʷ 

ʨʽʟʥʠʮʴ
1s l-  ʪʘ s l-  (ʬʦʨʤʫʣʘ(2.44)), ʘ ʟʥʘʯʝʥʥʷ ʚʠʜʦʚʞʝʥʴ, 

ʦʜʝʨʞʠʤʦ ʥʦʚʝ ʨʽʚʥʷʥʥʷ ʜʝʬʦʨʤʘʮʽʾ ʫ ʬʽʟʠʯʥʽʡ ʬʦʨʤʽ: 

 

( )
( )2 2

11
1

8 8

3 3

H H lf f
t t l

l l EA
a

-
= + - - ,                    (2.51)  

ʜʝ a- ʢʦʝʬʽʮʽʻʥʪ ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʤʘʪʝʨʽʘʣʫ. 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ  
2

1

18

ql
H

f
=  , ʧʽʩʣʷ ʜʝʷʢʠʭ ʘʣʛʝʙʨʠʯʥʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ, ʦʪʨʠʤʘʻʤʦ ʢʫʙʽʯʥʝ ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʦʚʦʾ 

ʩʪʨʽʣʠ ʧʨʦʚʠʩʘʥʥʷ 
1f : 

3

1 1 0f rf k- - =.                                                    (2.52) 

ʊʫʪ 

2 4
2 2

min

3 3
( ) ;

8 64

Hl ql
r f t t l

EA EA
a k
å õ

= + - - =æ ö
ç ÷

.  

        ʈʦʟʚô̫ ʟʦʢ ʢʫʙʽʯʥʦʛʦ ʨʽʚʥʷʥʥʷ (2.52) ʤʦʞʥʘ ʰʫʢʘʪʠ 

ʤʝʪʦʜʦʤ ʧʦʩʣʽʜʦʚʥʠʭ ʥʘʙʣʠʞʝʥʴ, ʛʨʘʬʽʯʥʠʤ ʤʝʪʦʜʦʤ ʘʙʦ 
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ʘʥʘʣʽʪʠʯʥʠʤ, ʯʝʨʝʟ ʨʦʟʚô̫ ʟʦʢ ʂʘʨʜʘʥʦ. ʈʘʟʦʤ ʟ ʪʠʤ,  ʢʦʥʪʨʦʣʴ ʟʘ 

ʟʤʽʥʦʶ ʚʝʣʠʯʠʥʠ ʩʪʨʽʣʠ  ʧʨʦʚʠʩʘʥʥʷ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʧʨʦʚʦʜʫ ʟ ʫʤʦʚʠ ʚʠʟʥʘʯʝʥʥʷ  ʜʦʧʫʩʪʠʤʦʾ 

ʚʝʣʠʯʠʥʠ 
minf  , ʘ ʪʘʢʦʞ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʚʠʩʦʪʠ 

ʪʦʯʦʢ ʧʽʜʚʽʰʫʚʘʥʥʷ ʧʨʦʚʦʜʫ ʟʘ ʫʤʦʚʦʶ []maxh f h² + , ʜʝ []h - 

ʜʦʧʫʩʪʠʤʘ ʚʠʩʦʪʘ ʧʨʦʚʦʜʫ ʥʘʜ ʟʝʤʣʝʶ, ʷʢʘ ʜʦʧʫʩʢʘʻʪʴʩʷ 

ʥʦʨʤʘʤʠ ʙʝʟʧʝʢʠ. 

ʇʨʠʢʣʘʜ. ɹʘʛʘʪʦʞʠʣʴʥʠʡ ʤʽʜʥʠʡ ʝʣʝʢʪʨʦʧʨʦʚʽʜ ʧʝʨʝʨʽʟʦʤ 

ɸ= 120 2ì ì  ( 14,2d= ì ì ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ  t=20 Ñʧʽʜʚʽʰʝʥʠʡ 

ʜʦ ʦʧʦʨ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʦʜʥʦʤʫ ʨʽʚʥʽ. ɺʽʜʩʪʘʥʴ ʤʽʞ ʦʧʦʨʘʤʠ 

(ʧʨʦʛʽʥ) 80l ì= . ɼʦʧʫʩʪʠʤʝ ʥʘʧʨʫʞʝʥʥʷ ʥʘ ʨʦʟʪʷʛ ʜʣʷ ʧʨʦʚʦʜʫ 

[]80Ì Ï às= ; ʢʦʝʬʽʮʽʻʥʪ ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ 6 117 10 Ña - -= Ö ; 

ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʧʨʦʚʦʜʫ 51,3 10E Ì Ï à= Ö ; ʧʠʪʦʤʘ 

ʚʘʛʘ ʤʽʜʽ 3

3
91 10ì

Í

ì
g= Ö . ɽʣʝʢʪʨʦʧʨʦʚʽʜ ʧʨʘʮʶʻ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

mint =-20 Ñ . 

ʇʦʪʨʽʙʥʦ ʚʠʟʥʘʯʠʪʠ ʤʽʥʽʤʘʣʴʥʫ ʩʪʨʽʣʫ 

ʧʨʦʚʠʩʘʥʥʷ
minf ʧʨʦʚʦʜʫ ʟʘ ʫʤʦʚʠ  ʟʘʙʝʟʧʝʯʝʥʥʷ ʡʦʛʦ ʤʽʮʥʦʩʪʽ, ʘ 

ʪʘʢʦʞ ʩʪʨʽʣʫ ʧʨʦʚʠʩʘʥʥʷ 
1f  ʚ ʫʤʦʚʘʭ ʧʽʜʚʽʰʫʚʘʥʥʷ ʧʨʦʚʦʜʫ. 

ʈʦʟʚôʷʟʫʚʘʥʥʷ. ɿʥʘʭʦʜʠʤʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʦʚʦʜʫ ʚʽʜ 

ʦʞʝʣʝʜ ̔ 

 

( ) ( )3 3 69 10 9 10 3,14 10 14.2 10 10 6.84 / .ʦʞq d H ʤpd d -= Ö + = Ö Ö Ö + =

       ʅʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʚʣʘʩʥʦʾ ʚʘʛʠ ʧʨʦʚʦʜʫ 
3 691 10 120 10 11,3 / .ʚʣ ʤq ɸ H ʤg -= = Ö Ö Ö =  

ʇʦʚʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 1ʤ ʜʦʚʞʠʥʠ ʦʙʤʝʨʟʣʦʛʦ ʧʨʦʚʦʜʫ 

11,3 6,84 18,14 / .ʚʣ ʦʞq q q H ʤ= + = + =  

ɿʥʘʭʦʜʠʤʦ ʤʽʥʽʤʘʣʴʥʫ ʩʪʨʽʣʫ ʧʨʦʚʠʩʘʥʥʷ  ʧʨʦʚʦʜʫ 
minf ʟ 

ʫʤʦʚʠ ʤʽʮʥʦʩʪʽ ʡʦʛʦ ʥʘ ʨʦʟʪʷʛ (2.47) 

[]
( )

22

min 6 6

18,14 80
1,51 .

8 8 120 10 80 10

ql
f ʤ

As -

Ö
= = =

Ö Ö Ö Ö
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ɿʥʘʡʜʝʤʦ ʩʪʨʽʣʫ ʧʨʦʚʠʩʘʥʥʷ, ʷʢʫ ʧʦʪʨʽʙʥʦ ʥʘʜʘʪʠ ʧʨʦʚʦʜʫ 

ʧʨʠ ʧʽʜʚʽʰʫʚʘʥʥʽ. ʇʨʠ ʮʴʦʤʫ, ʚ ʨʽʚʥʷʥʥ ̫ (2.52) ʧʽʜʩʪʘʚʣʷʻʤʦ 

ʧʦʯʘʪʢʦʚʽ ʜʘʥʽ ʟʘʜʘʯʽ. ɿʦʢʨʝʤʘ, ʙʝʨʝʤʦ, ʱʦ ʧʨʦʚʽʜ ʥʘʚʘʥʪʘʞʝʥʠʡ 

ʚʣʘʩʥʦʶ ʚʘʛʦʶ 11,3 / ,ʚʣq q ʅ ʤ= = ʘ  

[] 6 6 380 10 120 10 9,6 10H A Hs -= = Ö Ö Ö = Ö; 

min 1,51f f ì= = . ɺ ʨʝʟʫʣʴʪʘʪʽ, ʦʜʝʨʞʠʤʦ: 

5 2 4
3 2 3 2

1 16 6

3 9,6 10 8 3 11,3 80
1,51 17 10 4 8 0

8 1,3 12 10 64 1,3 12 10
f f-
è øå õÖ Ö Ö
- + Ö Ö Ö - - =é ùæ ö

Ö Ö Ö Öç ÷ê ú
 

ʘʙʦ                            
3

1 12,125 1,39 0f f- - =.                                  (2.53) 

ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʜʽʡʩʥʦʛʦ ʢʦʨʝʥʷ ʢʫʙʽʯʥʦʛʦ ʨʽʚʥʷʥʥʷ (2.53) 

ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʬʦʨʤʫʣʦʶ ʂʦʨʜʘʥʦ     
1f u v= +, 

ʜʝ     
3

/ 2u Dk= + ;  
3

/ 2v Dk= - ; ( ) ( )
3 2

/ 3 / 2D r k=- + .         

ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʧʘʨʘʤʝʪʨ 

( ) ( )
3 2

2,125/3 1.39 / 2 0,1276 0D=- + = >, ʜʘʥʝ ʢʫʙʽʯʥʝ ʨʽʚʥʷʥʥʷ 

ʤʘʻ ʪʽʣʴʢʠ ʦʜʠʥ ʜʽʡʩʥʠʡ ʢʦʨʽʥʴ: 

 

3 3
1 1,39 / 2 0,1276 1,39 / 2 0,1276 1,017 0,696 1,713 .f ʤ= + + - = + =

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʪʨʽʣʘ ʧʨʦʚʠʩʘʥʥʷ ʧʨʦʚʦʜʫ ʚ ʧʦʨʫ ʾʾ ʤʦʥʪʘʞʫ 

ʤʘʻ ʜʦʨʽʚʥʶʚʘʪʠ 1 1,713 .ʤf f ʤ= =  

 

2.7. ɺʧʣʠʚ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʧʨʫʞʝʥʴ ʥʘ ʨʦʟʧʦʜʽʣ 

ʥʘʧʨʫʞʝʥʴ ʫ ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʨʽʟʘʭ 

ʈʦʟʨʘʭʫʥʢʦʚʽ ʬʦʨʤʫʣʠ ʦʧʦʨʫ ʤʘʪʝʨʽʘʣʽʚ ʚ ʧʨʘʢʪʠʯʥʦʤʫ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʪʽʣʴʢʠ ʜʣʷ ʜʝʪʘʣʝʡ 

ʤʘʰʠʥ ʪʘ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ, ʱʦ ʤʘʶʪʴ ʧʦʩʪʽʡʥʠʡ ʪʘ ʧʣʘʚʥʦ 

ʟʤʽʥʶʚʘʥʠʡ ʧʝʨʝʨʽʟ. ʋ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʝʣʝʤʝʥʪʠ ʢʦʥʩʪʨʫʢʮʽʡ 

ʤʘʶʪʴ ʨʽʟʥʦʛʦ ʨʦʜʫ ʦʪʚʦʨʠ, ʚʠʨʽʟʠ, ʚʢʣʶʯʝʥʥʷ ʘʙʦ ʨʽʟʢʽ 

ʧʝʨʝʭʦʜʠ ʚ ʪʦʚʱʠʥʘʭ (ʨʠʩ. 2.14), ʪʦ ʫ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʙʣʠʟʴʢʦʩʪʽ 

ʚʽʜ ʥʠʭ ʚʠʥʠʢʘʶʪʴ ʜʦʜʘʪʢʦʚʽ ʣʦʢʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ, ʱʦ ʤʦʞʫʪʴ 

ʧʝʨʝʚʠʱʫʚʘʪʠ ʦʩʥʦʚʥʽ ʫ ʙʘʛʘʪʦ ʨʘʟʽʚ.  
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ʈʠʩ. 2.14 

 

ʗʚʠʱʝ ʣʦʢʘʣʴʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʚ ʤʽʩʮʷʭ ʨʽʟʢʦʾ 

ʟʤʽʥʠ ʬʦʨʤʠ ʢʦʥʩʪʨʫʢʮʽʾ, ʾʾ ʩʫʮʽʣʴʥʦʩʪʽ ʯʠ ʦʜʥʦʨʽʜʥʦʩʪʽ, 

ʥʘʟʠʚʘʻʪʴʩʷ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʥʘʧʨʫʞʝʥʴ. ʂʦʥʮʝʥʪʨʘʮʽʷ 

ʥʘʧʨʫʞʝʥʴ ʜʫʞʝ ʰʚʠʜʢʦ ʟʘʪʫʭʘʻ ʧʨʠ ʚʽʜʜʘʣʝʥʥʽ ʚʽʜ 

ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʥʘʧʨʫʞʝʥʴ, ʘʣʝ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʤʽʮʥʽʩʪʴ ʪʦʾ 

ʯʘʩʪʠʥʠ ʜʝʪʘʣʽ ʢʦʥʩʪʨʫʢʮʽʾ, ʜʝ ʚʦʥʘ ʚʠʥʠʢʘʻ. ʊʦʤʫ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʽʮʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠ ʥʘʷʚʥʦʩʪʽ 

ʢʦʥʮʝʥʪʨʘʪʦʨʽʚ ʥʘʧʨʫʞʝʥʴ ʻ ʥʝʦʙʭʽʜʥʠʤ ʥʝ ʪʽʣʴʢʠ ʧʨʠ 

ʧʨʦʝʢʪʫʚʘʥʥʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʘʣʝ ʽ ʧʨʠ ʘʥʘʣʽʟʽ ʧʨʠʯʠʥ ʾʾ 

ʨʫʡʥʫʚʘʥʥʷ. 

ʄʽʨʦʶ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʧʨʫʞʝʥʴ ʻ ʪʝʦʨʝʪʠʯʥʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʧʨʫʞʝʥ ɹ k, ʱʦ ʜʦʨʽʚʥʶʻ 

ʚʽʜʥʦʰʝʥʥʶ ʥʘʧʨʫʞʝʥʥʷ 
maxs , ʱʦ ʚʠʥʠʢʘʻ ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʟ 

ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ ʥʘʧʨʫʞʝʥʴ, ʜʦ ʥʘʧʨʫʞʝʥʥʷ 
Hs  ʫ ʪʽʡ ʩʘʤʽʡ 

ʪʦʯʮʽ, ʘʣʝ  ʙʝʟ ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʥʘʧʨʫʞʝʥʴ: 

max / Hk s s= ,                                        (2.38) 

ʜʝ 
H HN As = ; 

HA  ï ʦʩʣʘʙʣʝʥʘ ʧʣʦʱʘ ʧʝʨʝʨʽʟʫ (ʧʣʦʱʘ ʥʝʪʪʦ). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʤʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʨʝʘʣʴʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʚ 

ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ ʥʘʧʨʫʞʝʥʴ ʤʝʪʦʜʘʤʠ 

ʽʥʪʝʛʨʫʚʘʥʥʷ ʨʽʚʥʷʥʴ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʝʪʦʜʘʤʠ 

ʦʧʦʨʫ ʤʘʪʝʨʽʘʣʽʚ ʥʦʤʽʥʘʣʴʥʝ ʥʘʧʨʫʞʝʥʥʷ 
Hs , ʷʢʝ 

ʧʦʤʥʦʞʫʻʪʴʩʷ ʥʘ ʚʝʣʠʯʠʥʫ ʚʽʜʧʦʚʽʜʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʧʨʫʞʝʥʴ (ʂʂʅ), ʱʦ ʟʥʘʯʥʦ ʧʦʣʝʛʰʫʻ 

ʧʨʦʝʢʪʫʚʘʥʥʷ, ʨʦʟʨʘʭʫʥʦʢ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʶ ʨʝʘʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ. ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʟʥʘʯʝʥʥʷ ʂʂʅ ʧʽʜʙʠʨʘʶʪʴ ʽʟ 

ʪʘʙʣʠʮʴ ʘʙʦ ʜʽʘʛʨʘʤ, ʧʦʙʫʜʦʚʘʥʠʭ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʝʚʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ.  
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ʈʠʩ. 2.15 

 

ɸʣʝ ʫ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʂʂʅ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʝʣʝʤʝʥʪʘʨʥʠʭ ʬʦʨʤʫʣ. ʅʘʧʨʠʢʣʘʜ, ʫ ʚʠʧʘʜʢʫ ʨʦʟʪʷʛʫ ʧʣʘʩʪʠʥʦʢ 

ʟ ʝʣʽʧʪʠʯʥʠʤ ʦʪʚʦʨʦʤ (ʨʠʩ. 2.15,ʘ) ʤʘʢʩʠʤʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʢʦʥʮʝʥʪʨʘʮʽʾ 

1 2k a b= + ,                                  (2.39) 

ʜʝ a  ʽ b  ï ʙʽʣʴʰʘ ʽ ʤʝʥʰʘ ʧʽʚʦʩʽ ʝʣʽʧʩʘ. ʗʢʱʦ a b r= =, ʪʦ 

ʦʪʨʠʤʘʻʤʦ ʧʣʘʩʪʠʥʢʫ ʟ ʢʨʫʛʣʠʤ ʦʪʚʦʨʦʤ, ʜʣʷ ʷʢʦʾ 3k=  

(ʨʝʟʫʣʴʪʘʪ ʂʽʨʰʘ). 

ʌʦʨʤʫʣʫ (2.39) ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʽ ʜʣʷ ʚʠʧʘʜʢʫ 

ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʝʣʽʧʩʘ ʚ ʪʨʽʱʠʥʫ, ʚʠʢʦʨʠʩʪʘʚʰʠ ʧʽʜʩʪʘʥʦʚʢʫ 

b ar= , ʜʝ r ï ʨʘʜʽʫʩ ʢʨʠʚʠʥʠ ʢʽʥʯʠʢʘ ʪʨʽʱʠʥʠ. ʊʦʜʽ 

ʦʪʨʠʤʘʻʤʦ  

1 2k a r= + .                                (2.40) 

ʇʨʠ ʩʧʨʷʤʫʚʘʥʥʽ ʨʘʜʽʫʩʘ ʢʨʠʚʠʥʠ ʜʦ ʥʫʣʷ, ʢʦʝʬʽʮʽʻʥʪ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʦʞʝ ʥʝʩʢʽʥʯʝʥʥʦ ʟʨʦʩʪʘʪʠ. ʆʩʦʙʣʠʚʦ ʮʝ 

ʥʝʙʝʟʧʝʯʥʦ ʜʣʷ ʜʝʪʘʣʝʡ, ʱʦ ʚʠʛʦʪʦʚʣʝʥʽ ʟ ʚʠʩʦʢʦʤʽʮʥʠʭ ʩʪʘʣʝʡ 

ʪʘ ʧʽʜʜʘʶʪʴʩʷ ʛʘʨʪʫʚʘʥʥʶ, ʘʙʦ ʧʨʘʮʶʶʪʴ ʧʨʠ ʜʠʥʘʤʽʯʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ. ʌʦʨʤʫʣʘ (2.40) ʩʧʨʘʚʝʜʣʠʚʘ ʽ ʜʣʷ ʥʝʛʣʠʙʦʢʦʛʦ 

ʥʘʜʨʽʟʫ (ʛʣʠʙʠʥʦʶ a, ʨʠʩ. 2.15, ʙ), ʢʦʣʠ 0,1a r< . ɼʣʷ 

ʛʣʠʙʦʢʠʭ ʩʠʤʝʪʨʠʯʥʠʭ ʥʘʜʨʽʟʽʚ (4a r² ), ʱʦ ʤʘʶʪʴ 

ʛʽʧʝʨʙʦʣʽʯʥʠʡ ʢʦʥʪʫʨ, ʤʦʞʥʘ ʩʢʦʨʠʩʪʘʪʠʩʷ ʝʤʧʽʨʠʯʥʦʶ 

ʬʦʨʤʫʣʦʶ ʅʦʡʙʝʨʘ: 

1, 2 0,8 0,1k d r= + Ö -.                        (2.41) 
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ʅʝʦʙʭʽʜʥʦ ʪʘʢʦʞ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʬʦʨʤʫʣʠ (2.39) ʽ (2.40) 

ʩʧʨʘʚʝʜʣʠʚʽ ʜʣʷ ʥʝʩʢʽʥʯʝʥʥʠʭ (ʫ ʥʘʧʨʷʤʢʘʭ x  ʽ y) ʧʣʘʩʪʠʥʦʢ. 

ɼʣʷ ʩʤʫʛʠ ʩʢʽʥʯʝʥʥʦʾ ʰʠʨʠʥʠ D, ʱʦ ʤʘʻ ʢʨʫʛʣʠʡ ʦʪʚʽʨ, 

ʪʝʦʨʝʪʠʯʥʠʡ ʂʂʅ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʫʪʦʯʥʝʥʦʶ ʝʤʧʽʨʠʯʥʦʶ 

ʬʦʨʤʫʣʦʶ ɻʝʡʚʫʜʘ: 

( )
3

2 1 2k r D= + - .                            (2.42) 

ʅʘʧʨʠʢʣʘʜ, ʜʣʷ 4D a=  ʟʥʘʯʝʥʥʷ 2,125k= , ʘ ʫ ʚʠʧʘʜʢʫ, 

ʢʦʣʠ D­¤, 3k­ . ʆʪʞʝ, ʷʢʱʦ ʚʝʣʠʯʠʥʘ r  ʥʘʙʘʛʘʪʦ ʤʝʥʰʘ 

ʚʽʜ D, ʪʦ ʤʦʞʥʘ ʩʢʦʨʠʩʪʘʪʠʩʷ ʨʦʟʚôʷʟʢʦʤ ʂʽʨʰʘ, ʟʥʝʭʪʫʚʘʚʰʠ 
ʰʠʨʠʥʦʶ ʩʤʫʛʠ. ʇʦʜʽʙʥʽ ʬʦʨʤʫʣʠ ʽʩʥʫʶʪʴ ʽ ʜʣʷ ʽʥʰʠʭ ʚʠʜʽʚ 

ʜʝʬʦʨʤʘʮʽʡ (ʥʘʚʘʥʪʘʞʝʥʴ) ʪʘ ʽʥʰʠʭ ʬʦʨʤ ʥʘʜʨʽʟʽʚ. 

ʄʝʥʰ ʥʝʙʝʟʧʝʯʥʦʶ ʻ ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʘʧʨʫʞʝʥʴ ʜʣʷ 

ʧʣʘʩʪʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘ ʩʪʘʪʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. ʇʦʷʩʥʶʻʪʴʩʷ 

ʮʝ ʪʠʤ, ʱʦ ʫ ʤʽʩʮʷʭ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʧʨʫʞʝʥʴ ʟôʷʚʣʷʶʪʴʩʷ 

ʦʙʤʝʞʝʥʽ ʦʙʣʘʩʪʽ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ, ʷʢʽ ʥʝ ʜʫʞʝ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʤʽʮʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʚ ʮʽʣʦʤʫ. ʈʘʟʦʤ ʟ ʪʠʤ, ʽʟ 

ʟʙʽʣʴʰʝʥʥʷʤ ʥʘʚʘʥʪʘʞʝʥʥʷ ʨʦʟʤʽʨ ʧʣʘʩʪʠʯʥʦʾ ʟʦʥʠ 

ʧʦʰʠʨʶʻʪʴʩʷ ʥʘ ʚʝʩʴ ʧʝʨʝʨʽʟ ʜʝʪʘʣʽ, ʱʦ ʚʝʜʝ ʜʦ ʧʦʚʥʦʛʦ 

ʚʠʯʝʨʧʫʚʘʥʥʷ ʾʾ ʪʨʠʤʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ. ʈʦʟʨʠʚ ʪʘʢʦʾ ʩʤʫʛʠ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ, ʧʨʠʙʣʠʟʥʦ, ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʛʨʘʥʠʯʥʠʭ 

ʥʘʧʨʫʞʝʥʴ, ʷʢʽ ʻ ʙʽʣʴʰʠʤʠ ʚʽʜ ʥʘʧʨʫʞʝʥʴ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ 

ʩʫʮʽʣʴʥʽʡ ʩʤʫʟʽ. ʉ.ʇ. ʊʠʤʦʰʝʥʢʦ ʧʦʷʩʥʶʻ ʮʝʡ ʬʘʢʪ ʪʠʤ, ʱʦ 

ʨ̔ ʟʢʘ ʟʤʽʥʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʙʽʣʷ ʦʪʚʦʨʫ ʚʝʜʝ ʜʦ ʫʪʚʦʨʝʥʥʷ 

ʦʙôʻʤʥʦʛʦ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ, ʷʢʠʡ ʩʪʘʻ ʥʘ ʧʝʨʝʰʢʦʜʽ ʧʦʷʚʠ 

ʰʠʡʢʠ. 

ɼʣʷ ʚʠʧʘʜʢʫ ʢʨʠʭʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘʢʦʾ ʘʥʦʤʘʣʽʾ ʥʝ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ. ʊʫʪ ʧʦʷʚʘ ʢʦʥʮʝʥʪʨʘʪʦʨʽʚ ʥʘʧʨʫʞʝʥʴ ʨʽʟʢʦ 

ʧʦʥʠʞʫʻ ʪʠʤʯʘʩʦʚʠʡ ʦʧʽʨ ʧʦʩʣʘʙʣʝʥʦʾ ʩʤʫʛʠ. ʈʝʟʫʣʴʪʘʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʩʝʨʝʜ ʢʨʠʭʢʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʦʩʦʙʣʠʚʝ ʤʽʩʮʝ ʟʘʡʤʘʻ ʯʘʚʫʥ, ʷʢʠʡ ʥʝ ʨʝʘʛʫ ̒ ʥʘ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʥʘʧʨʫʞʝʥʴ. ʊʘʢʘ ʚʣʘʩʪʠʚʽʩʪʴ ʧʦʷʩʥʶʻʪʴʩʷ ʡʦʛʦ 

ʥʝʦʜʥʦʨʽʜʥʦʶ ʙʫʜʦʚʦʶ, ʱʦ ʟʫʤʦʚʣʶʻ ʧʦʩʪʽʡʥʫ ʥʘʷʚʥʽʩʪʴ 

ʢʦʥʮʝʥʪʨʘʪʦʨʽʚ ʥʘʧʨʫʞʝʥʴ ʚ ʤʘʪʝʨʽʘʣʽ, ʨʦʟʧʦʜʽʣʝʥʠʭ ʧʦ ʚʩʴʦʤʫ 

ʦʙôʻʤʫ ʜʝʪʘʣʽ. 

ʅʘʡʙʽʣʴʰ ʧʦʚʥʽ ʨʦʟʚôʷʟʢʠ ʟʘʜʘʯ ʧʨʦ ʢʦʥʮʝʥʪʨʘʮʽʶ 

ʥʘʧʨʫʞʝʥʴ ʚ ʦʢʦʣʽ ʦʪʚʦʨʽʚ ʪʘ ʛʦʩʪʨʠʭ ʥʘʜʨʽʟʽʚ ʦʪʨʠʤʘʥʽ 
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ɻ. ʅʦʡʙʝʨʦʤ, ʷʢʠʡ ʟʘʩʪʦʩʦʚʫʚʘʚ ʫ ʨʦʟʨʘʭʫʥʢʘʭ ʢʨʠʚʦʣʽʥʽʡʥʽ 

ʢʦʦʨʜʠʥʘʪʠ ʪʘ ʧʦʥʷʪʪʷ ʫʤʦʚʥʦʛʦ ʨʘʜʽʫʩʫ ʟʘʦʢʨʫʛʣʝʥʥʷ ʥʘʜʨʽʟʫ, 

ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʫ. 

ʇʨʘʢʪʠʯʥʝ ʚʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʧʨʫʞʝʥʴ 

ʟʚʦʜʠʪʴʩʷ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʟʘʧʘʩʫ ʥʘ ʤʽʮʥʽʩʪʴ ʯʠ 

ʚʪʦʤʫ. ʂʨʽʤ ʪʦʛʦ, ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʰʢʽʜʣʠʚʦʛʦ ʚʧʣʠʚʫ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʧʨʫʞʝʥʴ ʽʩʥʫʻ ʮʽʣʘ ʩʠʩʪʝʤʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ 

ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʟʘʭʦʜʽʚ, ʚʠʢʦʥʘʥʥʷ ʷʢʠʭ ʻ ʦʙʦʚôʷʟʢʦʚʠʤ ʫ 

ʧʨʦʝʢʪʫʚʘʥʥʽ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ. 

 

ɿʘʧʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʶ 
1. ɼʣʷ ʯʦʛʦ ʧʦʪʨʽʙʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʧʝʨʝʚʽʨʢʘ 
ʤʽʮʥʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ? 

2. ʗʢ ʦʪʨʠʤʫʻʪʴʩʷ ʜʽʘʛʨʘʤʘ ʨʦʟʪʷʛʫ ʤʘʪʝʨʽʘʣʫ? 
3. ʗʢ ʙʫʜʫʻʪʴʩʷ ʜʽʘʛʨʘʤʘ ʥʘʧʨʫʞʝʥʴ ʟʘ ʨʦʟʪʷʛʫ? 
4. ʗʢʽ ɺʠ ʟʥʘʻʪʝ ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʫ? 
5. ʗʢʽ ʽʩʥʫʶʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʘʩʪʠʯʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ? 
6. ʑʦ ʥʘʟʠʚʘʻʪʴʩʷ ʽʩʪʠʥʥʦʶ ʜʽʘʛʨʘʤʦʶ ʥʘʧʨʫʞʝʥʴ? 
7. ʑʦ ʪʘʢʝ ʽʩʪʠʥʥʝ ʥʘʧʨʫʞʝʥʥʷ? 
8. ɿʘʧʠʰʽʪʴ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʽʩʪʠʥʥʠʤʠ 
ʜʝʬʦʨʤʘʮʽʷʤʠ ʽ ʬʽʢʪʠʚʥʠʤʠ. 

9. ʑʦ ʪʘʢʝ ʝʬʝʢʪ ɹʘʫʰʽʥʛʝʨʘ? 
10. ʑʦ ʪʘʢʝ ʧʝʪʣʷ ʛʽʩʪʝʨʝʟʠʩʥʫ? 
11. ʗʢʽ ʽʩʥʫʶʪʴ ʤʦʜʝʣʽ ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ? 
12. ʗʢ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʟ ʧʨʫʞʥʦ-
ʧʣʘʩʪʠʯʥʠʤ ʟʤʽʮʥʝʥʥʷʤ? 

13. ʗʢ ʟʘʧʠʩʫʻʪʴʩʷ ʨʦʙʦʪʘ ʽ ʝʥʝʨʛʽʷ  ʜʝʬʦʨʤʘʮʽʾ ʨʦʟʪʷʛʫ? 
14. ʑʦ ʪʘʢʝ ʢʦʝʬʽʮʽʻʥʪ ʧʦʚʥʦʪʠ ʜʽʘʛʨʘʤʠ ʨʦʟʪʷʛʫ? 
15. ɺ ʯʦʤʫ ʧʦʣʷʛʘʻ ʤʝʪʦʜ ʜʦʧʫʩʪʠʤʠʭ ʥʘʧʨʫʞʝʥʴ? 
16. ɼʣʷ ʯʦʛʦ ʧʦʪʨʽʙʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʟʘʧʘʩʫ ʤʽʮʥʦʩʪʽ ʪʘ 
ʧʣʠʥʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ? 

17. ɿʘʧʠʰʽʪʴ ʫʤʦʚʫ ʤʽʮʥʦʩʪʽ. 
18. ʗʢʽ ʝʣʝʤʝʥʪʠ ʢʦʥʩʪʨʫʢʮʽʡ ʥʘʟʠʚʘʶʪʴʩʷ ʛʥʫʯʢʠʤʠ 
ʥʠʪʢʘʤʠ? 

19. ʑʦ ʪʘʢʝ ʩʪʨʽʣʘ ʧʨʦʚʠʩʘʥʥʷ ʛʥʫʯʢʦʾ ʥʠʪʢʠ? 
20. ʗʢʝ ʨʽʚʥʷʥʥʷ ʢʨʠʚʦʾ ʧʨʦʚʠʩʘʥʥʷ ʥʠʪʢʠ? 
21. ʗʢʦʤʫ ʨʽʚʥʷʥʥʶ ʟʘʜʦʚʦʣʴʥʷʻ ʩʪʨʽʣʘ ʧʨʦʚʠʩʘʥʥʷ 
ʥʠʪʢʠ 

22. ʑʦ ʪʘʢʝ ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʘʧʨʫʞʝʥʴ? 
23. ɿʘʧʠʰʽʪʴ ʬʦʨʤʫʣʫ ʜʣʷ ʜʣʷ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ 
ʝʣʽʧʪʠʯʥʦʛʦ ʦʪʚʦʨʫ. 
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ʊɽʄɸ 3 (ʣʝʢʮʽʷ 7) 

ɿʉʋɺ 

3.1. ʗʚʠʱʝ ʟʩʫʚʫ. ʏʠʩʪʠʡ ʟʩʫʚ 

ʗʢʱʦ ʥʘ ʙʨʫʩ ʯʠ ʩʪʨʠʞʝʥʴ ʜʽʶʪʴ ʜʚʽ ʦʜʥʘʢʦʚʽ, 

ʨʦʟʪʘʰʦʚʘʥʽ ʙʣʠʟʴʢʦ ʦʜʥʘ ʜʦ ʦʜʥʦʾ ʩʠʣʠ, ʱʦ ʥʘʧʨʷʤʣʝʥʽ ʫ 

ʧʨʦʪʠʣʝʞʥʽ ʙʦʢʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʚʽʩʽ ʙʨʫʩʘ (ʩʪʨʠʞʥʷ), ʪʦ 

ʤʠ ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ʪʘʢʠʡ ʝʣʝʤʝʥʪ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʩʪʘʥʽ ʟʩʫʚʫ 

(ʨʠʩ. 3.1) 
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a) á)  

ʈʠʩ. 3.1 

ɼʝʬʦʨʤʘʮʽʷ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʤʽʥʦʶ ʧʦʧʝʨʝʜʥʴʦ 

ʧʨʷʤʠʭ ʢʫʪʽʚ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʧʨʷʤʦʢʫʪʥʠʢʘ ʽ ʧʝʨʝʪʚʦʨʝʥʥʶ ʡʦʛʦ 

ʚ ʧʘʨʘʣʝʣʦʛʨʘʤ, ʥʘʟʠʚʘʻʪʴʩʷ ʟʩʫʚʦʤ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʩʪʫʧʝʥʷ 

ʜʝʬʦʨʤʘʮʽʾ ʟʩʫʚʫ ʤʦʞʝ ʩʣʫʞʠʪʠ ʚʽʜʥʦʰʝʥʥʷ ʘʙʩʦʣʶʪʥʦʛʦ ʟʩʫʚʫ 

cc¡ ʜʦ ʚʽʜʜʘʣʽ ʤʽʞ ʧʝʨʝʨʽʟʘʤʠ dc: 

cc
tg

dc

¡
= gºg,                                        (3.1) 

ʷʢʝ, ʚʥʘʩʣʽʜʦʢ ʤʘʣʦʩʪʽ ʜʝʬʦʨʤʘʮʽʾ, ʤʦʞʥʘ ʧʨʠʨʽʚʥʷʪʠ ʜʦ ʩʘʤʦʛʦ 

ʢʫʪʘ g. ʎʝʡ ʢʫʪ ʥʘʟʠʚʘʻʪʴʩʷ ʢʫʪʦʤ ʟʩʫʚʫ ʘʙʦ ʚʽʜʥʦʩʥʠʤ ʟʩʫʚʦʤ. 

ʇʨʠ ʪʘʢʠʭ ʢʫʪʘʭ ʜʽʶʪʴ ʪʽʣʴʢʠ ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ t, ʘ 

ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ, ʱʦ ʚʠʥʠʢʘʻ ʚ ʥʴʦʤʫ, ʥʘʟʠʚʘʻʪʴʩʷ ʯʠʩʪʠʤ 

ʟʩʫʚʦʤ (ʨʠʩ. 3.2). 
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ʈʠʩ. 3.2 

ɺʠʧʨʦʙʦʚʫʶʯʠ ʤʘʪʝʨʽʘʣ ʟʘ ʯʠʩʪʦʛʦ ʟʩʫʚʫ ,̔ ʟʘʤʽʨʶʶʯʠ 

ʜʝʬʦʨʤʘʮʽʶ ʟʩʫʚʫ ʷʢ ʬʫʥʢʮʽʶ ʜʦʪʠʯʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ, ʤʦʞʥʘ 

ʦʪʨʠʤʘʪʠ ʜʽʘʛʨʘʤʫ ʟʘʣʝʞʥʦʩʪʽ ʜʦʪʠʯʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʚʽʜ 

ʜʝʬʦʨʤʘʮʽʾ ʟʩʫʚʫ ʜʣʷ ʮʴʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʊʘʢʘ ʜʽʘʛʨʘʤʘ ʜʫʞʝ 

ʧʦʜʽʙʥʘ ʟʘ ʬʦʨʤʦʶ ʥʘ ʜʽʘʛʨʘʤʫ, ʦʪʨʠʤʘʥʫ ʚʠʧʨʦʙʫʚʘʥʥʷʤ ʥʘ 

ʨʦʟʪʷʛ ʮʴʦʛʦ ʞ ʤʘʪʝʨʽʘʣʫ (ʨʠʩ.2.2). ɿʦʢʨʝʤʘ, ʷʢʱʦ ʤʘʪʝʨʽʘʣ ʤʘʻ 

ʣʽʥʽʡʥʦ-ʧʨʫʞʥʫ ʟʦʥʫ, ʪʦ ʜʦʪʠʯʥʝ ʥʘʧʨʫʞʝʥʥʷ ʥʘ ʮʽʡ ʜʽʣʷʥʮʽ 

ʙʫʜʝ ʧʨʦʧʦʨʮʽʡʥʝ ʜʝʬʦʨʤʘʮʽʾ ʟʩʫʚʫ ï  

Gt= g,                                           (3.2) 

ʜʝ G  ï ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʟʘ ʟʩʫʚʫ; g- ʢʫʪ ʟʩʫʚʫ. 

ʎʶ ʟʘʣʝʞʥʽʩʪʴ ʱʝ ʥʘʟʠʚʘʶʪʴ ʟʘʢʦʥʦʤ ɻʫʢʘ ʧʨʠ ʟʩʫʚ.̔ ʄʽʞ 

ʤʦʜʫʣʝʤ ʧʨʫʞʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʟʘ ʨʦʟʪʷʛʫ E  ʪʘ ʤʦʜʫʣʝʤ ʟʩʫʚʫ G  

ʜʣʷ ʦʜʥʦʛʦ ʽ ʪʦʛʦ ʞ ʤʘʪʝʨʽʘʣʫ ʽʩʥʫʻ ʧʨʠʙʣʠʟʥʘ ʟʘʣʝʞʥʽʩʪʴ 

( )2 1

E
G=

+m
, 

ʜʝ  m ï ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ. 

ɿ ʨʠʩ.3.1 ʚʠʜʥʦ, ʱʦ ʩʠʣʠ F ʥʘʤʘʛʘʶʪʴʩʷ ʟʩʫʥʫʪʠ ʩʫʤʽʞʥʽ 

ʧʝʨʝʨʽʟʠ ʩʪʨʠʞʥʷ ʦʜʠʥ ʚʽʜʥʦʩʥʦ ʦʜʥʦʛʦ. ɼʽʡʩʥʠʡ ʟʘʢʦʥ 

ʨʦʟʧʦʜʽʣʫ ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʧʦʧʝʨʝʯʥʠʭ 

ʧʝʨʝʨʽʟʘʭ ʥʘʤ ʥʝʚʽʜʦʤʠʡ. ɸʣʝ, ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ, 

ʧʨʠʡʤʘʻʪʴʩʷ, ʱʦ ʮʽ ʥʘʧʨʫʞʝʥʥʷ ʨʦʟʧʦʜʽʣʝʥʽ ʧʦ ʧʦʧʝʨʝʯʥʦʤʫ 

ʧʝʨʝʨʽʟʽ ʨʽʚʥʦʤʽʨʥʦ. ʊʦʤʫ ʾʭ ʤʦʞʥʘ ʚʠʟʥʘʯʘʪʠ ʟʘ ʬʦʨʤʫʣʦʶ 

/F At= ,                                            (3.3) 
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ʜʝ  ɸ- ʧʣʦʱʘ ʧʝʨʝʨʽʟʫ ʟʩʫʚʫ. 

ʅʝʦʙʭʜ̔ʥʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʯʠʩʪʠʡ ʟʩʫʚ ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʥʘʧʨʫ 

-ʞʝʥʦʤʫ ʩʪʘʥʫ ʚ ʝʣʝʤʝʥʪʽ, ʱʦ ʨʦʟʪʷʛʫʻʪʴʩʷ ʥʘʧʨʫʞʝʥʥʷʤ s t=  

ʚ ʦʜʥʦʤʫ ʥʘʧʨʷʤʢʫ ʽ ʩʪʠʩʢʫʻʪʴʩʷ, ʨʽʚʥʠʤ ʡʦʤʫ ʥʘʧʨʫʞʝʥʥʷʤ s, 

ʫ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʥʘʧʨʷʤʢʫ. ʎʽ ʥʘʧʨʫʞʝʥʥʷ ʥʘʟʠʚʘʶʪʴ 

ʛʦʣʦʚʥʠʤʠ ʥʘʧʨʫʞʝʥʥʷʤʠ ʽ ʧʦʟʥʘʯʘʶʪʴ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

1 3;s t s t= =-.                                    (3.4) 

ʄʽʞ ʥʘʧʨʫʞʝʥʥʷʤʠ 
1s ʽ 

3s  ʽʩʥʫʻ ʟʘʣʝʞʥʽʩʪʴ 
1s>

3s . 

ɽʣʝʤʝʥ -ʪʘʨʥʘ ʧʣʦʱʠʥʢʘ ʟ̔  ʟʛʘʜʘʥʠʤʠ ʛʦʣʦʚʥʠʤʠ ʥʘʧʨʫʞʝʥʥʷʤʠ 

 ̒ʧʣʦʱʠʥʢʦ ,ʁ ʧʦʚʝʨʥʫʪʦ  ʁʥʘ ʢʫʪ 45  ʚʽʜʥʦʩʥʦ ʧʣʦʱʠʥʢʠ ʟʩʫʚʫ 

(ʨʠʩ.3.2). ʊʘʢʠʡ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ, ʜʝ ʜʽʻ ʜʚʘ ʛʦʣʦʚʥʠʭ 

ʥʘʧʨʫʞʝʥʥʷ ʥʘʟʠʚʘʻʪʴʩʷ ʧʣʦʩʢʠʤ ʥʘʧʨʫʞʝʥʠʤ ʩʪʘʥʦʤ.  

3.2. ʈʦʟʨʘʭʫʥʢʠ ʥʘ ʟʨʽʟ ʽ ʟʽʤôʷʪʪʷ. ʈʦʟʨʘʭʫʥʦʢ ʢʣʝʧʘʥʠʭ 

ʟôʻʜʥʘʥ ɹ

ʇʨʦʜʦʚʞʠʤʦ ʨʦʟʛʣʷʜ ʚʠʧʘʜʢʽʚ, ʢʦʣʠ ʥʘʧʨʫʞʝʥʥʷ 

(ʥʦʨʤʘʣʴʥʝ ʡ ʜʦʪʠʯʥʝ) ʤʦʞʥʘ ʫʩʝʨʝʜʥʶʚʘʪʠ ʧʦ ʧʣʦʱʽ, ʥʘ ʷʢʽʡ 

ʚʦʥʦ ʚʠʥʠʢʘʻ. ʉʶʜʠ ʚʭʦʜʷʪʴ ʦʙʯʠʩʣʝʥʥʷ ʥʘ ʤʽʮʥʽʩʪʴ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʜʝʪʘʣʝʡ ʢʦʥʩʪʨʫʢʮʽʡ, ʢʣʝʧʘʥʠʭ, ʙʦʣʪʦʚʠʭ, 

ʟʚʘʨʥʠʭ ʪʘ ʢʣʝʡʦʚʠʭ ʟôʻʜʥʘʥʴ. 

ʅʶʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʟôʻʜʥʘʥʥʷ ʤʝʪʘʣʝʚʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʋ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʜʫ ʢʦʥʩʪʨʫʢʮʽʾ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʟôʻʜʥʘʥʥʷ: 

ʚʥʘʧʫʩʪʦʢ (ʨʠʩ. 3.3);  

 

 

ʈʠʩ. 3.3 

 

ʟ ʜʚʦʤʘ ʥʘʢʣʘʜʢʘʤʠ (ʨʠʩ. 3.4); ʟ ʦʜʥʽʻʶ ʥʘʢʣʘʜʢʦʶ ʪʦʱʦ. ɸʣʝ ʫ 

ʚʩʽʭ ʚʠʧʘʜʢʘʭ ʪʦʚʱʠʥʘ ʧʘʢʝʪʫ ʤʘʻ ʙʫʪʠ ʥʝ ʙʽʣʴʰʦʶ ʚʽʜ 7d. 
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F F

 sʟʤ

ʟʤ s

 

ʈʠʩ. 3.4 

 

ʅʶʪʠ ʨʦʟʨʘʭʦʚʫʶʪʴ ʥʘ ʟʩʫʚ ʽ ʟʽʤôʷʪʪʷ ʘʙʦ ʥʘ ʨʦʟʨʠʚ. 

ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʮʽ ʪʨʠ ʚʠʜʠ ʨʫʡʥʫʚʘʥʥʷ ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʘʯʝʙʪʦ 

ʥʝʟʘʣʝʞʥʦ. 

ɿʨ̔ ʟʘʪʠʩʴ ʥʶʪʠ ʤʦʞʫʪʴ ʪʘʢ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.3. ʽ 3.4. 

ʑʦʙ ʮʴʦʛʦ ʥʝ ʩʪʘʣʦʩʷ, ʤʘʻ ʜʦʪʨʠʤʫʚʘʪʠʩʷ ʫʤʦʚʘ ʤʽʮʥʦʩʪʽ ʥʶʪ 

ʥʘ ʟʨʽʟ 

[]ʟʨ ʟʨ
ʟʨ

F

A
t = ¢ t,                                  (3.5) 

ʜʝ ʟʨt  ï ʫʩʝʨʝʜʥʝʥʝ ʬʘʢʪʠʯʥʝ ʜʦʪʠʯʥʝ ʥʘʧʨʫʞʝʥʥʷ ʚ 

ʧʦʧʝʨʝʯʥʦʤʫ ʧʝʨʝʨʽʟʽ ʥʶʪ; []
ʟʨ
t  ï ʜʦʧʫʩʪʠʤʝ ʜʦʪʠʯʥʝ 

ʥʘʧʨʫʞʝʥʥʷ ʥʘ ʟʨʽʟ ʟʘʢʣʝʧʦʢ; F  ï ʩʠʣʘ, ʷʢʫ ʧʝʨʝʜʘʻ ʟôʻʜʥʘʥʥʷ; 
2 4ʟʨA ni d /= p  ï ʟʨʽʟʘʥʘ ʧʣʦʱʘ ʚʩʽʭ ʥʶʪ,d  ï ʜʽʘʤʝʪʨ ʥʶʪʠ; n  

ï ʢʽʣʴʢʽʩʪʴ ʥʶʪ; i  ï ʯʠʩʣʦ ʟʨʽʟʽʚ ʦʜʥʽʻʾ ʥʶʪʠ (ʥʘ ʨʠʩ. 3.3 ï 1i = ; 

ʥʘ ʨʠʩ. 3.4 ï 2i= ). 

ʂʨʽʤ ʪʦʛʦ, ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʜʣʷ ʧʣʘʩʪʠʯʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʛʨʘʥʠʮʷ ʧʣʠʥʥʦʩʪʽ ʧʨʠ ʟʩʫʚʽ ʧʣt  ʩʢʣʘʜʘʻ ʚʽʜ 0 5 ï ë, s  

ʜʦ 0 58 ï ë, s . ʇʨʠʙʣʠʟʥʦ ʪʘʢʽ ʞ ʩʘʤʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ 

ʛʨʘʥʠʮʷʤʠ ʤʽʮʥʦʩʪʽ ʥʘ ʟʨʽʟ ʪʘ ʥʘ ʨʦʟʪʷʛ. 

       ʇʽʜʩʪʘʚʠʤʦ (3.5) ʜʦ ʫʤʦʚʠ ʤʽʮʥʦʩʪʽ (3.4): 

[]2

4

ʟʨ ʟʨ

F

d
ni

t = ¢ t
p

.                               (3.6) 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʫʤʦʚʠ ʤʽʮʥʦʩʪʽ ʥʶʪ ʥʘ ʟʨʽʟ (3.6) ʤʦʞʥʘ 

ʧʝʨʝʚʽʨʠʪʠ ʟôʻʜʥʘʥʥʷ, ʢʦʣʠ ʚʽʜʦʤʦ ʚʩʽ ʡʦʛʦ ʧʘʨʘʤʝʪʨʠ. ʊʘʢʦʞ 

ʤʦʞʥʘ ʟʥʘʡʪʠ ʧʦʪʨʽʙʥʫ ʢʽʣʴʢʽʩʪʴ ʥʶʪ, ʟʥʘʶʯʠ ʾʭʥʽʡ ʜʽʘʤʝʪʨ. 
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ɿʽʤôʷʪʪ ̫ï ʮʝ ʤʽʩʮʝʚʠʡ ʩʪʠʩʢ. ɿʽʤôʷʪʪʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦ 

ʧʦʚʝʨʭʥʽ ʢʦʥʪʘʢʪʫ ʥʶʪʠ ʡ ʣʠʩʪʘ, ʧʨʠʯʦʤʫ, ʤʘʪʝʨʽʘʣ ʥʶʪʠ 

ʧʦʚʠʥʝʥ ʟʤʠʥʘʪʠʩʷ ʩʢʦʨʽʰʝ. ɼʽʡʩʥʠʡ ʟʘʢʦʥ ʨʦʟʧʦʜʽʣʫ ʪʠʩʢʫ ʥʘ 

ʥʶʪʫ ʩʢʣʘʜʥʠʡ (ʨʠʩ. 3.5). ɿ ʤʝʪʦʶ ʩʧʨʦʱʝʥʥʷ ʨʦʟʨʘʭʫʥʢʫ 

ʚʚʘʞʘʶʪʴ, ʱʦ ʟʤʠʥʘʻʪʴʩʷ ʥʝ ʙʦʢʦʚʘ ʮʠʣʽʥʜʨʠʯʥʘ ʧʦʚʝʨʭʥʷ 

ʩʪʨʠʞʥʷ ʥʶʪʠ, ʘ ʜʽʘʤʝʪʨʘʣʴʥʘ ʧʣʦʱʠʥʘ (ʨʠʩ. 3.5). ʊʠʩʢ 

ʧʨʠʡʤʘʶʪʴ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʠʤ ʧʦ ʚʩʴʦʤʫ ʜʽʘʤʝʪʨʘʣʴʥʦʤʫ 

ʧʝʨʝʨʽʟʫ ʽ ʥʦʨʤʘʣʴʥʠʤ ʜʦ ʥʴʦʛʦ. ʊʦʜʽ ʟʘʛʘʣʴʥʘ ʧʣʦʱʘ ʟʤʠʥʘʥʥʷ 

ʫ ʟôʻʜʥʘʥʥʽ ʩʪʘʥʦʚʠʪʠʤʝ  

ʟʤ minA d n= d ,                                        (3.7) 

ʜʝ 
mind  ï ʥʘʡʤʝʥʰʘ ʩʫʤʘʨʥʘ ʪʦʚʱʠʥʘ ʣʠʩʪʽʚ, ʷʢʽ ʟʤʠʥʘʶʪʴʩʷ ʚ 

ʦʜʥʦʤʫ ʥʘʧʨʷʤʢʫ (ʧʨʘʚʦʨʫʯ ʯʠ ʣʽʚʦʨʫʯ). 

 

 

ʈʠʩ. 3.5 

 

ʇʽʜʩʪʘʚʠʤʦ (3.6) ʚ ʫʤʦʚʫ ʤʽʮʥʦʩʪʽ ʥʶʪ ʥʘ ʟʽʤôʷʪʪʷ 

[]ʟʤ ʟʤ
ʟʤ

F

A
s = ¢ s,                              (3.8) 

(ʜʝ []
çì
s  ï ʜʦʧʫʩʪʠʤʝ ʥʘʧʨʫʞʝʥʥʷ ʥʘ ʟʽʤôʷʪʪʷ ʥʶʪ) ʽ ʜʽʩʪʘʥʝʤʦ 

ʫʤʦʚʫ ʤʽʮʥʦʩʪʽ ʥʘ ʟʽʤôʷʪʪʷ ʫ ʨʦʟʛʦʨʥʫʪʦʤʫ ʚʠʛʣʷʜʽ: 

[]ʟʤ ʟʤ
min

F

d n
s = ¢ s

d
.                          (3.9) 
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ɿʘ ʜʦʧʦʤʦʛʦʶ ʟʜʦʙʫʪʦʾ ʟʘʣʝʞʥʦʩʪʽ ʤʦʞʥʘ ʧʝʨʝʚʽʨʠʪʠ 

ʟôʻʜʥʘʥʥʷ ʥʘ ʟʽʤôʷʪʪʷ, ʢʦʣʠ ʚʽʜʦʤʽ ʚʩʽ ʡʦʛʦ ʧʘʨʘʤʝʪʨʠ. ʄʦʞʥʘ 

ʪʘʢʦʞ ʟʥʘʡʪʠ ʥʝʦʙʭʽʜʥʫ ʢʽʣʴʢʽʩʪʴ ʥʶʪ, ʷʢʱʦ ʟʥʘʪʠ ʾʭ ʜʽʘʤʝʪʨ, 

ʪʦʱʦ. 

ɺʠʟʥʘʯʘʶʯʠ ʥʝʦʙʭʽʜʥʫ ʢʽʣʴʢʽʩʪʴ ʥʶʪ ʫ ʟôʻʜʥʘʥʥʽ, ʾʭ 

ʜʽʘʤʝʪʨ ʟʘʟʚʠʯʘʡ ʙʝʨʫʪʴ (ʟ ʯʠʩʣʘ ʩʪʘʥʜʘʨʪʥʠʭ) ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʪʦʚʱʠʥʠ ʟôʻʜʥʫʚʘʣʴʥʠʭ ʣʠʩʪʽʚ, ʘ ʧʦʪʽʤ ʦʙʯʠʩʣʶʶʪʴ ʥʝʦʙʭʽʜʥʫ 

ʢʽʣʴʢʽʩʪʴ ʦʢʨʝʤʦ ʟ ʫʤʦʚʠ ʟʨʽʟʫ ʡ ʦʢʨʝʤʦ ʟ ʫʤʦʚʠ ʟʽʤôʷʪʪʷ. 

ʆʩʪʘʪʦʯʥʦ ʙʝʨʫʪʴ ʙʽʣʴʰʫ ʟ ʮʠʭ ʢʽʣʴʢʦʩʪʝʡ (ʦʢʨʫʛʣʶʶʯʠ ʜʦ 

ʮʽʣʦʛʦ ʫ ʙʽʣʴʰʠʡ ʙʽʢ). ʈʘʟʦʤ ʟ ʪʠʤ, ʧʨʠʡʤʘʻʪʴʩʷ, ʱʦ ʤʽʥʽʤʘʣʴʥʘ 

ʚʽʜʩʪʘʥʴ ʚʽʜ ʮʝʥʪʨʘ ʢʨʘʡʥʴʦʾ ʥʶʪʠ ʜʦ ʢʨʘʶ ʣʠʩʪʘ ʥʝ ʧʦʚʠʥʥʘ 

ʙʫʪʠ ʤʝʥʰʦʶ ʚʽʜ 1,5õ2 ʜʽʘʤʝʪʨʽʚ ʥʶʪʠ, ʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʥʶʪʘʤʠ ʚ 

ʦʜʥʦʤʫ ʨʷʜʫ ï ʪʨʴʦʤ ʜʽʘʤʝʪʨʘʤ. 

ɺ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʜʣʷ ʥ ʪʁʦʚʠʭ, ʰʧʠʣʴʢʦʚʠʭ ʪʘ 

ʧhʦʥʢʦʚʠʭ ʟôʻʜʥʘʥʴ ʧʨʠʡʤʘʶʪʴ: 

ʜʣʷ ʜʝʪʘʣʝʡ ʟ ʤʘʣʦʚʫʛʣʝʮʝʚʦʾ ʩʪʘʣʽ          

[] 100...120
ʟʤ

ʄʇʘs = ;  

ʜʣʷ ʜʝʪʘʣʝʡ ʟ ʩʝʨʝʜʥʴʦʚʫʛʣʝʮʝʚʦʾ ʩʪʘʣʽ 

[] 140...170
ʟʤ

ʄʇʘs = ; 

ʜʣʷ ʜʝʪʘʣʝʡ ʽʟ ʯʘʚʫʥʥʦʛʦ ʣʠʪʚʘ               [] 60...80
ʟʤ

ʄʇʘs = . 

ɺ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʙʝʨʫʪʴ ʟʘʣʝʞʥʽʩʪʴ    

[] ( )[]1,7 2 .
çì p

s s= ·  

       ʗʢʱʦ ʜʝʪʘʣʽ, ʱʦ ʢʦʥʪʘʢʪʫʶʪʴ, ʚʠʛʦʪʦʚʣʝʥʽ ʽʟ ʨʽʟʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʪʦ ʚ ʮʠʭ ʚʠʧʘʜʢʘʭ ʧʨʠ ʚʠʙʦʨʽ ʜʦʧʫʩʪʠʤʦʛʦ 

ʥʘʧʨʫʞʝʥʥʷ ʦʨʽʻʥʪʫʶ- ʪʴʩʷ ʥʘ ʤʘʪʝʨʽʘʣ ʪʽʻʾ ʜʝʪʘʣʽ, ʤʽʮʥʽʩʪʴ 

ʷʢʦʛʦ ʤʝʥʰʘ. 

ʂʨʽʤ ʨʦʟʨʘʭʫʥʢʫ ʩʘʤʠʭ ʥʶʪ, ʰʧʠʣʴʦʢ, ʙʦʣʪʽʚ ʥʘʣʝʞʠʪʴ 

ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʠʪʠ ʤʽʮʥʽʩʪʴ ʣʠʩʪʽʚ (ʟʘ ʦʩʣʘʙʣʝʥʠʤ ʧʝʨʝʨʽʟʦʤ). 

ʗʢʱʦ t- ʪʦʚʱʠʥʘ ʣʠʩʪʘ; ʚ-h ʠʨʠʥʘ ʣʠʩʪʘ; n- ʢʽʣʴʢʽʩʪʴ 

ʦʪʚʦʨʽʚ, ʪʦ ʫʤʦʚʦʶ ʤʽʮʥʦʩʪʽ ʣʠʩʪʘ ʙʫʜʝ 
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( )
[].

F

t ʚ nd
s¢

-
   (3.10) 

3.3. ʈʦʟʨʘʭʫʥʦʢ ʢʫʪʦʚʠʭ ʟʚʘʨʥʠʭ ʰʚʽʚ 

ɿôʻʜʥʘʥʥʷ, ʧʦʢʘʟʘʥʝ ʥʘ ʨʠʩ. 3.6, ʟʚʝʪʴʩʷ ʟôʻʜʥʘʥʥʷʤ ʜʚʦʭ 

ʣʠʩʪʽʚ ʚ ʥʘʢʣʘʜʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʣʘʥʛʦʚʠʭ ʢʫʪʦʚʠʭ ʟʚʘʨʥʠʭ 

ʰʚʽʚ. ʊʘʤ ʞʝ ʟʦʙʨʘʞʝʥʦ ʢʫʪʦʚʠʡ ʦhʚ ʦʢʨʝʤʦ ʪʘ ʡʦʛʦ 

ʧʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ, ʷʢʠʡ ʙʝʨʫʪʴ ʜʦ ʨʦʟʨʘʭʫʥʢʫ. ʈʦʟʛʣʷʥʝʤʦ 

ʨʦʟʨʘʭʫʥʦʢ ʢʫʪʦʚʠʭ ʰʚʽʚ ʥʘ ʮʴʦʤʫ ʧʨʠʢʣʘʜʽ. 

 

ʈʠʩ. 3.6 

ʅʝʚʘʞʢʦ ʫʷʚʠʪʠ, ʱʦ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʩʠʣʘʤʠ F  ʛʨʘʥʠʯʥʠʭ 
ʟʥʘʯʝʥʴ ʟôʻʜʥʘʥʥʷ ʤʦʞʝ ʟʨʫʡʥʫʚʘʪʠʩʷ ʚʥʘʩʣʽʜʦʢ ʪʦʛʦ, ʱʦ ʰʚʠ 
ñʟʨʽʞʫʪʴʩʷò. ʋ ʥʘʡʛʽʨʰʦʤʫ ʚʠʧʘʜʢʫ ʧʣʦʱʘ ʾʭ ʟʨʽʟʫ 
ʜʦʨʽʚʥʶʚʘʪʠʤʝ 

2 0 7ʟʨ ʰ ʰA · , h l= ,                                  (3.11) 

(ʧʦʜʚʦʻʥʘ ʧʣʦʱʘ ʧʨʷʤʦʢʫʪʥʠʢʘ amm a¡ ¡ ʥʘ ʨʠʩ. 3.6). 

ʈʦʟʤʽʨ hh  ʟʚʝʪʴʩʷ ʚʠʩʦʪʦʶ (ʘʙʦ ʪʦʚʱʠʥʦʶ) ʰʚʘ, ʘ 

ʚʽʜʩʪʘʥʴ am (ʧʦ ʙʽʩʝʢʪʨʠʩʽ ʧʨʷʤʦʛʦ ʢʫʪʘ), ʷʢʫ ʚʚʘʞʘʻʤʦ ʨʽʚʥʦʶ 

0 7 ʰ, h , ï ʨʦʙʦʯʦʶ ʚʠʩʦʪʦʶ (ʪʦʚʱʠʥʦʶ ʰʚʘ). ɸʣʝ ʤʽʮʥʽʩʪʴ ʰʚʽʚ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠʤʝʪʴʩʷ ʟʘ ʚʠʢʦʥʘʥʥʷ ʫʤʦʚʠ ʾʭ ʤʽʮʥʦʩʪʽ ʥʘ ʟʨʽʟ 
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[]ʟʨ ʟʨ
ʟʨ

F

A
t = ¢ t,                                  (3.12) 

ʜʝ 
çðt  ï ʬʘʢʪʠʯʥʝ ʫʩʝʨʝʜʥʝʥʝ ʜʦʪʠʯʥʝ ʥʘʧʨʫʞʝʥʥʷ ʚ ʰʚʽ; []

çð
t  

ï ʜʦʧʫʩʪʠʤʝ ʫʩʝʨʝʜʥʝʥʝ ʜʦʪʠʯʥʝ ʥʘʧʨʫʞʝʥʥʷ ʥʘ ʟʨʽʟ ʰʚʘ, ʷʢʝ 
ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʚʥʠʤ 

[] ( )[]0,5...0,8
çð p
t s= .   (3.13) 

ɼʣʷ ʩʪʘʣʝʡ ʨʝʢʦʤʝʥʜʫʶʪʴ ʧʨʠʡʤʘʪʠ ï  

[] ( )[]0,7...0,8
çð p
t s= . 

ʇʽʜʩʪʘʥʦʚʢʘ (3.10) ʜʦ (3.11) ʜʘʻ ʫʤʦʚʫ ʤʽʮʥʦʩʪʽ ʢʫʪʦʚʠʭ 
ʰʚ̔ʚ ʫ ʨʦʟʛʦʨʥʫʪʦʤʫ ʚʠʛʣʷʜʽ: 

[]
2 0 7

ʟʨ ʟʨ
ʰ ʰ

F

· , h l
t = ¢ t.                        (3.14) 

ɿʘ ʜʦʧʦʤʦʛʦʶ (3.14) ʤʦʞʥʘ ʧʝʨʝʚʽʨʠʪʠ ʤʽʮʥʽʩʪʴ ʰʚʽʚ, 
ʢʦʣʠ ʚʽʜʦʤʽ ʚʩʽ ʧʘʨʘʤʝʪʨʠ ʟôʻʜʥʘʥʥʷ. ʄʦʞʥʘ, ʥʘʚʧʘʢʠ, ʟʥʘʡʪʠ 

ʦʜʠʥ ʽʟ ʨʦʟʤʽʨʽʚ hh , 
ʰl , ʢʦʣʠ ʚʽʜʦʤʠʡ ʽʥʰʠʡ. ɿʘʟʚʠʯʘʡ, ʙʝʨʫʪʴ 

hh , ʱʦ ʜʦʨʽʚʥʶʻ ʪʦʚʱʠʥʽ ʣʠʩʪʘ ʯʠ ʪʨʦʭʠ ʤʝʥʰʠʡ, ʧʽʩʣʷ ʯʦʛʦ 

ʟʥʘʭʦʜʷʪʴ 
ʰl . 

ʑʦʙ ʚʨʘʭʫʚʘʪʠ ʟʥʠʞʝʥʫ ʷʢʽʩʪʴ ʢʽʥʮʽʚ ʰʚʘ (ʥʝʧʨʦʚʘʨʫ), 

ʬʘʢʪʠʯʥʘ ʜʦʚʞʠʥʘ ʰʚʘ ʤʘʻ ʙʫʪʠ ʥʘ 10 ʤʤ ʙʽʣʴʰʝ ʟʘ 

ʨʦʟʨʘʭʫʥʢʦʚʫ. ʇʨʠ ʧʦʚʥʦʤʫ ʨʦʟʨʘʭʫʥʢʫ ʟôʻʜʥʘʥʥʷ ʪʨʝʙʘ, 

ʧʨʠʨʦʜʥʦ, ʮʽʢʘʚʠʪʠʩʴ ʤʽʮʥʽʩʪʶ ʥʝ ʪʽʣʴʢʠ ʩʘʤʠʭ ʰʚʽʚ, ʘʣʝ ʱʝ ʡ 

ʟôʻʜʥʫʚʘʣʴʥʠʭ ʣʠʩʪʽʚ.  

 ʇʨʠʢʣʘʜ. ʅʝʦʙʭʽʜʥʦ ʨʦʟʨʘʭʫʚʘʪʠ ʥʘ ʩʢʦʣʶʚʘʥʥʷ (ʟʨʽʟ) ʪʘ 

ʟʤʠʥʘʥʥʷ ʚʨʫʙʢʫ ʢʨʦʢʚô̫ ʥʦʾ ʥʦʛʠ ʚ ʟʘʪʷʞʢʫ (ʨʠʩ.3.7 ).  
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 ʈʠʩ. 3.7 

 

ʉʫʤʘʨʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʨʦʢʚʫ 30=F ʢʅ. ʄʘʪʝʨʽʘʣ ï 

ʩʦʩʥʘ, ʜʦʧʫʩʪʠʤʝ ʥʘʧʨʫʞʝʥʥʷ ʥʘ ʟʤʠʥʘʥʥʷ ʚʟʜʦʚʞ ʚʦʣʦʢʦʥ 

[] 8
ʟʤ

s = ʄʇʘ, ʜʦʧʫʩʪʠʤʝ ʥʘʧʨʫʞʝʥʥʷ ʥʘ ʩʢʦʣʶʚʘʥʥʷ 

[] 0,8
ʟʤ
t = ʄʇʘ, ʜʦʧʫʩʪʠʤʝ ʥʘʧʨʫʞʝʥʥʷ ʥʘ ʩʪʠʩʢ 

[] 12
ʟʤ

s = ʄʇʘ. ɺʠʩʦʪʘ ʢʨʦʢʚʠ - ,ʉD 1 8= ʤ, ʜʦʚʞʠʥʠ ʥʦʛʠ 

ʢʨʦʢʚʠ - AC=3ʤ. ʇʝʨʝʨʽʟ ʥʦʛʠ ʢʨʦʢʚʠ - 1020³=³bh ʩʤ. ʇʨʠ 

ʨʦʟʨʘʭʫʥʢʘʭ ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʥʘʧʨʫʞʝʥʥʷ ʟʤʠʥʘʥʥʷ ʪʘ 

ʩʢʦʣʶʚʘʥʥʷ ʨʦʟʧʦʜʽʣʝʥʽ ʨʽʚʥʦʤʽʨʥʦ ʧʦ ʚʽʜʧʦʚʽʜʥʠʭ ʧʣʦʱʘʭ 

ʟʤʠʥʘʥʥʷ ʪʘ ʩʢʦʣʶʚʘʥʥʷ . 

ʈʦʟʚôʷʟʘʥʥʷ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʫʩʠʣ,ɹ ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ 

ʢʨʦʢʚʽ ʨʦʟʛʣʷʥʝʤʦ ʨʽʚʥʦʚʘʛʫ ʚʫʟʣʽʚ ʉ ʪʘ ɸ. ɿ ʫʤʦʚʠ ʨʽʚʥʦʚʘʛʠ 

ʚʩʭ̔ ʩʠʣ, ʧʨʠʢʣʘʜʝʥʠʭ ʜʦ ʚʫʟʣʘ ʉ ʥʘ ʚʽʩʴ ʫ-ʽʚ (ʨʠʩ.3.7,ʙ ) 

ʟʥʘʭʦʜʠʤʦ:  

2 cos 0;
2cos

F
F N Nb

b
- = = , 

 ʜʝ 6,0
3

8,1
cos ==b . 

ɺ ʨʝʟʫʣʴʪʘʪʽ, ʟʥʘʭʦʜʠʤʦ:        
30

25
1,2

N= = ʢʅ. 

ʂʽʥʝʮʴ ʟʘʪʷʞʢʠ ʟʘʟʥʘʻ ʩʢʦʣʶʚʘʥʥʷ ʚʟʜʦʚʞ ʚʦʣʦʢʦʥ 

ʤʘʪʝʨʽʘʣʫ ʦʩʥʦʚʠ ʘʨʢʠ ʧʽʜ ʜʽʻʶ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʩʠʣʠ (ʨʠʩ.3.7, ʚ) 
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2,4
cos 25 20

3
H N a= = =ʢʅ. 

ɼʦʚʞʠʥʫ ʟʘʪʷʞʢʠ ʧʝʨʝʜ ʚʨʫʙʢʦʶ ʚʠʟʥʘʯʠʤʦ ʟ ʫʤʦʚʠ  

[]max ʟʨ
ʩʢ

H H

S a b
t t= = ¢

Ö
. 

ʇʽʜʩʪʘʚʠʚʰʠ ʚ ʟʘʧʠʩʘʥʫ ʬʦʨʤʫʣʫ ʜʘʥʽ ʤʘʪʝʨʽʘʣʫ ʪʘ ʢʨʦʢʚʠ, 

ʟʥʘʭʦʜʠʤʦ ʥʝʦʙʭʽʜʥʫ ʧʣʦʱʫ ʩʢʦʣʶʚʘʥʥʷ 

[]

316 10 22 10 200
0,8

ʩʢ

ʟʨ

H
S

t

-Ö -= = = Ö =ʩʤ2 
.. 

ʊʦʜʽ 
200

20
10

ʩʢS
a

b
= = = ʩʤ. 

ɿʘ ʫʤʦʚʠ ʤʽʮʥʦʩʪʽ ʥʘ ʟʤʠʥʘʥʥʷ ʟʥʘʭʦʜʠʤʦ ʙʝʟʧʝʯʥʫ ʧʣʦʱʫ 

ʟʤʠʥʘʥʥʷ ʚʨʫʙʢʠ 

[]

3
2 2

ʟʤ

ʟʤ

H 20 10
S ʤ 20ʩʤ

8s

-Ö
= = = . 

ɿʚʽʜʩʠ ʛʣʠʙʠʥʘ ʚʨʫʙʢʠ ,ʟʤS 25
y 2 5ʩʤ

b 10
= = = . 

ɿʘ ʥʦʨʤʘʤʠ ʜʦʟʚʦʣʷʻʪʴʩʷ ʜʦʚʦʜʠʪʠ ʛʣʠʙʠʥʫ ʚʨʫʙʢʠ ʜʦ 1/3 

ʚʠʩʦʪʠ ʟʘʪʞ̫ʢʠ. 

ɿʘʧʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʶ 

1. ʗʢʠʡ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ ʥʘʟʠʚʘʶʪʴ ʯʠʩʪʠʤ ʟʩʫʚʦʤ? 
2. ɿʘʧʠʰʽʪʴ ʟʘʢʦʥ ɻʫʢʘ ʜʣʷ ʯʠʩʪʦʛʦ ʟʩʫʚʫ. 
3. ɿʘʧʠʰʽʪʴ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʤʦʜʫʣʝʤ ʟʩʫʚʫ Gʪʘ ʤʦʜʫʣʝʤ 
ʧʨʫʞʥʦʩʪʽ ʟʘ ʨʦʟʪʷʛʫ E . 

4. ʗʢ ʚʠʟʥʘʯʘʶʪʴʩʷ ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ʚ ʩʪʨʠʞʥʷʭ ʟʘ 
ʜʝʬʦʨʤʘʮʽʾ ʯʠʩʪʦʛʦ ʟʩʫʚʫ? 

5. ɿʘʧʠʰʽʪʴ ʫʤʦʚʠ ʤʽʮʥʦʩʪʽ ʥʘ ʟʨʽʟ ʪʘ ʟʽʤôʷʪʪʷ. 
6. ʗʢ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʢʫʪʦʚʽ ʟʚʘʨʥʽ ʰʚʠ? 
7. ʏʦʤʫ ʜʦʨʽʚʥʶʶʪʴ ʛʦʣʦʚʥʽ ʥʘʧʨʫʞʝʥʥʷ ʟʘ ʯʠʩʪʦʛʦ 
ʟʩʫʚʫ? 

8. ɼʦ ʷʢʦʛʦ ʚʠʜʫ ʥʘʧʨʫʞʝʥʥʦʛʦ ʩʪʘʥʫ ʚʽʜʥʦʩʠʪʴʩʷ ʯʠʩʪʠʡ 
ʟʩʫʚ? 

9. ʗʢʫ ʫʤʦʚʫ ʤʽʮʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 
ʛʣʠʙʠʥʠ ʚʨʫʙʢʠ ʚ ʜʝʨʝʚô̫ ʥʠʭ ʟô̒ ʜʥʘʥʥʷʭ? 
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ʊɽʄɸ 4 (ʣʝʢʮʽʾ 8,9) 

ɻɽʆʄɽʊʈʀʏʅɯ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ 

ʇʃʆʉʂʀʍ ʇɽʈɽʈɯɿɯɺ 

 

4.1. ʉʪʘʪʠʯʥʽ ʤʦʤʝʥʪʠ ʪʘ ʤʦʤʝʥʪʠ ʽʥʝʨʮʽʾ ʧʣʦʩʢʠʭ 

ʬʽʛʫʨ 

ʋ ʧʦʧʝʨʝʜʥʽʭ ʨʦʟʜʽʣʘʭ, ʧʨʠ ʚʠʚʯʝʥʥʽ ʜʝʬʦʨʤʘʮʽʡ ʨʦʟʪʷʛʫ 

ʘʙʦ ʩʪʠʩʢʫ ʩʪʨʠʞʥʽʚ, ʚʘʞʣʠʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʚʘʣʘ ʚʝʣʠʯʠʥʘ ʧʣʦʱʽ 

ʾʭ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ A. ʇʨʠ ʨʦʟʛʣʷʜʽ ʽʥʰʠʭ ʚʠʜʽʚ 

ʜʝʬʦʨʤʘʮʽʡ ʪʘʢʠʭ ʷʢ ʢʨʫʯʝʥʥʷ, ʯʠ ʧʦʧʝʨʝʯʥʠʡ ʘʙʦ ʧʦʟʜʦʚʞʥʽʡ 

ʟʛʠʥ, ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʚʚʝʜʝʥʥʽ ʽʥʰʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʚʝʣʠʯʠʥ: ʩʪʘʪʠʯʥʠʭ ʤʦʤʝʥʪʽʚ ʪʘ ʤʦʤʝʥʪʽʚ ʽʥʝʨʮʽʾ ʧʣʦʩʢʦʾ 

ʬʽʛʫʨʠ. 
 

 
ʈʠʩ. 4.1 

 

ʈʦʟʛʣʷʥʝʤʦ ʧʣʦʩʢʫ ʬʽʛʫʨʫ ʧʣʦʱʝʶ A  (ʨʠʩ. 4.1). ɺʠʨʽʞʝʤʦ 

ʟ ʥʝʾ ʝʣʝʤʝʥʪʘʨʥʫ ʧʣʦʱʠʥʢʫ dA ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ x , y. ʊʦʜʽ 

ʩʪʘʪʠʯʥʠʤʠ ʤʦʤʝʥʪʘʤʠ xS  ʽ yS  ʬʽʛʫʨʠ ʚʽʜʥʦʩʥʦ ʦʩʝʡ Ox  ʽ 

Oy  ʥʘʟʠʚʘʶʪʴʩʷ ʚʝʣʠʯʠʥʠ: 

x
A

S ydA=ñ ,          y
A

S xdA=ñ .                        (4.1) 

ɺʠʭʦʜʷʯʠ ʟ ʪʝʦʨʝʤʠ ʧʨʦ ʤʦʤʝʥʪ ʨʽʚʥʦʜʽʡʥʦʾ, ʮʽ ʚʝʣʠʯʠʥʠ 

ʤʦʞʥʘ ʧʦʜʘʪʠ ʫ ʪʘʢʦʤʫ ʚʠʛʣʷʜʽ: 

x cS A·y= ,         y cS A·x= ,                           (4.2) 
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ʜʝ 
cx , 

cy  ï ʢʦʦʨʜʠʥʘʪʠ ʮʝʥʪʨʘ ʚʘʛʠ ʬʽʛʫʨʠ. 

ʌʦʨʤʫʣʠ (4.2) ʤʦʞʫʪʴ ʩʣʫʞʠʪʠ ʪʘʢʦʞ ʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʢʦʦʨʜʠʥʘʪ ʮʝʥʪʨʘ ʚʘʛʠ ʬʽʛʫʨʠ. ɰʭ ʘʥʘʣʽʟ ʧʦʢʘʟʫʻ, ʱʦ ʩʪʘʪʠʯʥʽ 

ʤʦʤʝʥʪʠ ʚʽʜʥʦʩʥʦ ʦʩʝʡ, ʷʢʽ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʮʝʥʪʨ ʚʘʛʠ ʬʽʛʫʨʠ, 

ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ, ʘ ʦʩʽ, ʱʦ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʮʝʥʪʨ ʚʘʛʠ ʧʣʦʩʢʦʾ 

ʬʽʛʫʨʠ, ʥʘʟʠʚʘʶʪʴʩʷ ʮʝʥʪʨʘʣʴʥʠʤʠ ʦʩʷʤʠ. ʈʦʟʤʽʨʥʽʩʪʶ 

ʩʪʘʪʠʯʥʦʛʦ ʤʦʤʝʥʪʫ ʧʣʦʩʢʦʾ ʬʽʛʫʨʠ ʻ ʦʜʠʥʠʮʷ ʜʦʚʞʠʥʠ ʫ 

ʪʨʝʪʴʦʤʫ ʩʪʝʧʝʥʽ. 

ʆʩʴʦʚʠʤʠ ʤʦʤʝʥʪʘʤʠ ʽʥʝʨʮʽʾ ʧʣʦʩʢʦʾ ʬʽʛʫʨʠ ʚʽʜʥʦʩʥʦ 

ʙʫʜʴ-ʷʢʦʾ ʦʩʽ, ʱʦ ʣʝʞʠʪʴ ʫ ʧʣʦʱʠʥʽ ʬʽʛʫʨʠ, ʥʘʟʠʚʘʶʪʴʩʷ 

ʚʝʣʠʯʠʥʠ, ʷʢʽ ʯʠʩʝʣʴʥʦ ʨʽʚʥʽ ʦʜʥʦʤʫ ʟ ʽʥʪʝʛʨʘʣʽʚ: 
2

x
A

I y dA=ñ ,            
2

y
A

I x dA=ñ .                    (4.3) 

ʇʦʜʽʙʥʦ, ʷʢ ʽ ʫ ʚʠʧʘʜʢʫ ʩʪʘʪʠʯʥʠʭ ʤʦʤʝʥʪʽʚ, ʚʠʨʘʟʠ (4.3) 

ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʽ ʚ ʽʥʰʦʤʫ ʚʠʛʣʷʜʽ:  
2

x xI i ·A= ,           
2

y yI i ·A= ,                          (4.4) 

ʜʝ 
xi , yi  ï ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʦʨʜʠʥʘʪ ʜʦ ʚʽʜʧʦʚʽʜʥʠʭ ʦʩʝʡ, ʷʢʽ ʱʝ 

ʥʘʟʠʚʘʶʪʴ ʨʘʜʽʫʩʘʤʠ ʽʥʝʨʮʽʾ ʧʝʨʝʨʽʟʫ. 

ʉʫʤʘ ʦʩʴʦʚʠʭ ʤʦʤʝʥʪʽʚ ʽʥʝʨʮʽʾ ʥʘʟʠʚʘʻʪʴʩʷ ʧʦʣʷʨʥʠʤ 

ʤʦʤʝʥʪʦʤ ʽʥʝʨʮʽʾ ʽ ʟʘʧʠʩʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 
2

p x y
A

I I I dA= + = rñ .                              (4.5) 

ʗʢ ʧʦʣ̫ʨʥʠʡ, ʪʘʢ ʽ ʦʩʴʦʚʽ ʤʦʤʝʥʪʠ ʽʥʝʨʮʽʾ ʤʘʶʪʴ 

ʨʦʟʤʽʨʥʽʩʪʴ ʦʜʠʥʠʮʽ ʜʦʚʞʠʥʠ ʫ ʯʝʪʚʝʨʪʦʤʫ ʩʪʝʧʝʥʽ ʽ ʤʦʞʫʪʴ 

ʥʘʙʫʚʘʪʠ ʪʽʣʴʢʠ ʜʦʜʘʪʥʽʭ ʟʥʘʯʝʥʴ. 

ɺʽʜʮʝʥʪʨʦʚʠʤ ʤʦʤʝʥʪʦʤ ʽʥʝʨʮʽʾ  ʧʣʦʩʢʦʾ ʬʽʛʫʨʠ 

ʚʽʜʥʦʩʥʦ ʜʚʦʭ ʚʟʘʻʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʦʩʝʡ Ox  ʽ Oy , 

ʥʘʟʠʚʘʻʪʴʩʷ ʛʝʦʤʝʪʨʠʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʷʢʘ ʯʠʩʝʣʴʥʦ 

ʜʦʨʽʚʥʶʻ ʽʥʪʝʛʨʘʣʦʚʽ 

xy
A

I xydA=ñ .                                     (4.6) 

ʗʢ ʚʠʜʥʦ ʽʟ ʟʘʧʠʩʘʥʦʛʦ ʚʠʨʘʟʫ, ʚʽʜʮʝʥʪʨʦʚʽ ʤʦʤʝʥʪʠ 

ʽʥʝʨʮʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʜʘʪʥʽʤʠ, ʚʽʜôʻʤʥʠʤʠ ʽ ʨʽʚʥʠʤʠ ʥʫʣʶ.  

ɺʽʜʥʦʰʝʥʥʷ ʦʩʴʦʚʠʭ ʤʦʤʝʥʪʽʚ ʽʥʝʨʮʽʾ ʜʦ ʚʝʣʠʯʠʥ, ʱʦ 

ʚʠʨʘʞʘʶʪʴ ʥʘʡʙʽʣʴʰʫ ʚʽʜʩʪʘʥʴ ʛʨʘʥʠʯʥʦʾ ʪʦʯʢʠ ʧʝʨʝʨʽʟʫ ʜʦ 
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ʚʽʜʧʦʚʽʜʥʦʾ ʦʩʽ ʥʘʟʠʚʘʶʪʴʩʷ ʦʩʴʦʚʠʤʠ ʤʦʤʝʥʪʘʤʠ ʦʧʦʨʫ ʧʣʦʩʢʦʾ 

ʬʽʛʫʨʠ: 

yx
x y

max max

II
W ; W

y x
= = .                                (4.7) 

ʊʫʪ 
xW , yW  ï ʚʽʜʧʦʚʽʜʥʦ ʤʦʤʝʥʪʠ ʦʧʦʨʫ ʬʽʛʫʨʠ ʚʽʜʥʦʩʥʦ 

ʦʩʝʡ Ox  ʽ Oy ; 
maxx , 

maxy  ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʦʩʝʡ ʜʦ 

ʥʘʡʚʽʜʜʘʣʝʥʽʰʠʭ ʪʦʯʦʢ ʬʽʛʫʨʠ. 

ʇʦʣʷʨʥʠʤ ʤʦʤʝʥʪʦʤ ʦʧʦʨʫ ʧʣʦʩʢʦʾ ʬʽʛʫʨʠ ʥʘʟʠʚʘʻʪʴʩʷ 

ʚʝʣʠʯʠʥʘ 

p

p

max

I
W =

r
,                                         (4.8) 

ʜʝ 
maxr  ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʧʦʯʘʪʢʫ ʢʦʦʨʜʠʥʘʪ ʜʦ ʥʘʡʚʽʜʜʘʣʝʥʽʰʦʾ 

ʪʦʯʢʠ ʬʽʛʫʨʠ. 

 

4.2. ʄʦʤʝʥʪʠ ʽʥʝʨʮʽʾ ʪʘ ʤʦʤʝʥʪʠ ʦʧʦʨʫ ʜʝʷʢʠʭ ʧʨʦʩʪʠʭ ʬʽʛʫʨ 

 

ʇʨʷʤʦʢʫʪʥʠʢ, ʢʚʘʜʨʘʪ. ɿʥʘʡʜʝʤʦ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ 

ʧʨʷʤʦʢʫʪʥʠʢʘ ʟ ʦʩʥʦʚʥʦʶ b  ʽ ʚʠʩʦʪʦʶ h  ʚʽʜʥʦʩʥʦ ʦʩʝʡ Ox  ʽ 

Oy, ʱʦ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʮʝʥʪʨ ʧʨʷʤʦʢʫʪʥʠʢʘ (ʨʠʩ. 4.2). 
 

 

ʈʠʩ. 4.2 
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ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ 
xI  ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʬʦʨʤʫʣʘʤʠ 

(4.3). ɼʚʦʤʘ ʥʝʩʢʽʥʯʝʥʥʦ ʙʣʠʟʴʢʠʤʠ ʦʜʥʘ ʜʦ ʦʜʥʦʾ ʧʨʷʤʠʤʠ 

ʚʠʨʽʞʝʤʦ ʝʣʝʤʝʥʪʘʨʥʫ ʩʤʫʞʢʫ ʟ ʦʩʥʦʚʦʶ b  ʽ ʚʠʩʦʪʦʶ dy, ʱʦ 

ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʚʽʜʩʪʘʥʽ y  ʚʽʜ ʦʩʽ x. ɰʾ ʧʣʦʱʘ dA ʨʽʚʥʘ  

dA b dy= Ö 

ʽ, ʦʯʝʚʠʜʥʦ,  
2

2 3

2
12

h

x
h

I y bdy bh
+

-
= =ñ .                          (4.9) 

ʊʘʢ ʩʘʤʦ ʦʪʨʠʤʘʻʤʦ  
3 12yI bh= .                                    (4.10) 

ʄʦʤʝʥʪʠ ʦʧʦʨʫ ʙʫʜʫʪʴ, ʚʽʜʧʦʚʽʜʥʦ: 

2

2

6
2

6
2

x
x

y

y

I
W bh ;

h

I
W bh .

b

= =

= =

                             (4.11)  

ɼʣʷ ʢʚʘʜʨʘʪʘ ʽʟ ʩʪʦʨʦʥʦʶ a  ʦʪʨʠʤʘʻʤʦ:  
4

4

12

6

x y

x y

I I a ;

W W a .

= =

= =
                             (4.12) 

ʂʨʫʛ. ʂʨʫʛʦʚʝ ʢʽʣʴʮʝ. ʈʦʟʛʣʷʥʝʤʦ ʢʨʫʛ ʜʽʘʤʝʪʨʦʤ D  

(ʨʠʩ. 4.2, ʙ). ɼʚʦʤʘ ʢʦʥʮʝʥʪʨʠʯʥʠʤʠ ʢʦʣʘʤʠ ʟ ʨʘʜʽʫʩʘʤʠ r ʽ 

dr+ r, ʚʠʨʽʞʝʤʦ ʝʣʝʤʝʥʪʘʨʥʫ ʧʣʦʱʠʥʢʫ ʟ ʧʣʦʱʝʶ  

2dA ·d= pr r. 

ʇʦʣʷʨʥʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʢʨʫʛʘ  
2

2 4 42 32 0 1
D

p
O

I · ·d D , D= r pr r=p ºñ .           (4.13) 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʩʴʦʚʠʭ ʤʦʤʝʥʪʽʚ ʢʨʫʛʘ ʩʢʦʨʠʩʪʘʻʤʦʩʴ 

ʨʽʚʥʦʟʥʘʯʥʽʩʪʶ ʦʩʝʡ Ox  ʽ Oy, ʘ ʪʘʢʦʞ ʬʦʨʤʫʣʦʶ (4.6): 
4 40 5 64 0 05x y pI I . I D , D .= = =p º  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʽʚ ʦʧʦʨʫ ʢʨʫʛʘ ʩʢʦʨʠʩʪʘʻʤʦʩʴ 

ʬʦʨʤʫʣʦʶ 
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3 316 0 2
2

p

p

I
W D , D

d
= =p º . 

ʊʦʜʽ                
3 332 0 1x yW W D , D= =p º . 

 

 

 

 
 

ʈʠʩ. 4.3 
ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʣʷʨʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʢʨʫʛʦʚʦʛʦ 

ʢʽʣʴʮʷ (ʨʠʩ. 4.3) ʽʟ ʟʦʚʥʽʰʥʽʤ ʜʽʘʤʝʪʨʦʤ D  ʪʘ ʚʥʫʪʨʽʰʥʽʤ d  

ʚʠʢʦʨʠʩʪʘʻʤʦ ʬʦʨʤʫʣʫ (4.13) ʟ ʽʥʪʝʛʨʫʚʘʥʥʷʤ ʫ ʤʝʞʘʭ ʚʽʜ 2d  

ʜʦ 2D , ʪʦʙʪʦ 

( ) ( )
2

3 4 4 4 4

2

2 0 1
32

D

p

d

I d D d , D d
p

= p r r= - º -ñ .     (4.14) 

ʌʦʨʤʫʣʠ ʜʣʷ ʦʩʴʦʚʠʭ ʤʦʤʝʥʪʽʚ ʽʥʝʨʮʽʾ ʢʽʣʴʮʷ ʥʘʩʪʫʧʥʽ: 

( ) ( )4 4 4 40 5 0 05
64

x y pI I , I D d , D d
p

= = = - º -.        

(4.15) 

ɺʽʜʧʦʚʽʜʥʽ ʬʦʨʤʫʣʠ ʜʣʷ ʤʦʤʝʥʪʽʚ ʦʧʦʨʫ ʢʽʣʴʮʷ ʟʥʘʡʜʝʤʦ 

ʥʘ ʦʩʥʦʚʽ ʬʦʨʤʫʣ (4.13) ï (4.15): 

( ) ( )
3

4 3 41 0 2 1
16

p

D
W , D

p
= -a º -a, /D da= ; 
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( ) ( )
3

4 3 41 0 1 1
32

x y

D
W W , D

p
= = -a º -a. 

ɺʠʟʥʘʯʝʥʥʷ ʩʪʘʪʠʯʥʠʭ ʤʦʤʝʥʪʽʚ ʪʘ ʦʩʴʦʚʠʭ ʤʦʤʝʥʪʽʚ 

ʽʥʝʨʮʽʾ ʩʢʣʘʜʥʠʭ ʧʝʨʝʨʽʟʽʚ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʽʟ ʧʨʦʩʪʠʭ (ʢʦʣʦ, 

ʧʨʷʤʦʢʫʪʥʠʢ, ʪʨʠʢʫʪʥʠʢ) ʚʠʤʘʛʘʻ ʙʽʣʴʰ ʩʢʣʘʜʥʽʰʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʦʨʤʫʣ ʧʘʨʘʣʝʣʴʥʦʛʦ ʧʝʨʝʥʦʩʫ ʪʘ 

ʧʦʚʦʨʦʪʫ ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ ʬʽʛʫʨʠ. ɻʝʦʤʝʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʪʠʧʦʚʠʭ ʧʝʨʝʨʽʟʽʚ ʟʚʝʜʝʥʽ ʚ ʪʘʙʣ. 4.1. 

 
ʊʘʙʣʠʮʷ 4.1. ɿʥʘʯʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʝʷʢʠʭ ʪʠʧʦʚʠʭ 

ʧʝʨʝʨʟ̔ʽʚ  

ʌʦʨʤʘ ʧʝʨʝʨʽʟʫ 
ʇʣʦʱʘ 

ʧʝʨʝʨʽʟʫ, ʤ2 ʄʦʤʝʥʪ ʽʥʝʨʮʽʾ, ʤ4 ʄʦʤʝʥʪ 

ʦʧʦʨʫ, ʤ3 

1 2 3 4 

 

.A bh=  

3

3

;
12

.
12

x

y

bh
I

hb
I

=

=

 

2

2

;
6

.
6

x

y

bh
W

hb
W

=

=

 

 

1
;

2

.
3

c

A bh

h
y

=

=

 

3

3

;
36

.
48

x

y

bh
I

hb
I

=

=

 

2

2

;
24

.
24

x

y

bh
W

hb
W

=

=

 

 

( )

( )
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4.3. ʄʦʤʝʥʪʠ ʽʥʝʨʮʽʾ ʟʘ ʧʘʨʘʣʝʣʴʥʦʛʦ ʧʝʨʝʥʦʩʫ  

ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ 

 

ʈʦʟʛʣʷʥʝʤʦ ʧʣʦʩʢʫ ʬʽʛʫʨʫ ʟ ʧʣʦʱʝʶ A, ʚʽʜʥʝʩʝʥʫ ʜʦ 

ʜʦʚʽʣʴʥʦʾ ʧʨʷʤʦʢʫʪʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ 1 1Ox y  (ʨʠʩ. 4.3). 

ʅʝʭʘʡ ʪʦʯʢʘ C  ʻ ʮʝʥʪʨʦʤ ʚʘʛʠ ʮʴʦʛʦ ʧʝʨʝʨʽʟʫ, ʘ ʦʩʽ x  ʽ y, ʱʦ 

ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʪʦʯʢʫ C, ʧʘʨʘʣʝʣʴʥʽ ʦʩʷʤ 1Ox  ʽ 1Oy . ʊʦʜʽ, ʟʘ 

ʦʟʥʘʯʝʥʥʷʤ (4.3), ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ 
1x

I  ʚʽʜʥʦʩʥʦ ʦʩʽ 1Ox  ʙʫʜʝ  

( )
1

2 2 22x
A A A A

I y a dA y dA a ydA a dA= + = + +ñ ñ ñ ñ.     (4.16) 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʧʝʨʰʠʡ ʽʥʪʝʛʨʘʣ ʨʽʚʥʦʩʪʽ (4.16) ʜʦʨʽʚʥʶʻ 

ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ 
xI  ʚʽʜʥʦʩʥʦ ʦʩʽ x, ʘ ʜʨʫʛʠʡ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ 

ʥʫʣʴ (ʷʢ ʩʪʘʪʠʯʥʠʡ ʤʦʤʝʥʪ ʧʣʦʩʢʦʾ ʬʽʛʫʨʠ ʚʽʜʥʦʩʥʦ ʮʝʥʪʨʘʣʴʥʦʾ 

ʦʩʽ x), ʚʠʨʘʟ (4.16) ʥʘʙʫʚʘʻ ʥʘʩʪʫʧʥʦʛʦ ʚʠʛʣʷʜʫ 

1

2

x xI I a A= + .                                   (4.17) 
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  a)     ʙ)  

ʈʠʩ. 4.4 

 

ʊʘʢ ʩʘʤʦ ʤʦʞʥʘ ʧʦʢʘʟʘʪʠ, ʱʦ  

1

2

y yI I b A= + ,                                   (4.18) 

1 1x y xyI I abA= + . 

ɸʥʘʣʽʟʫʶʯʠ ʚʠʚʝʜʝʥʽ ʬʦʨʤʫʣʠ, ʤʦʞʥʘ ʧʨʠʡʪʠ ʜʦ 

ʚʠʩʥʦʚʢʫ, ʱʦ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʧʣʦʩʢʦʾ ʬʽʛʫʨʠ ʚʽʜʥʦʩʥʦ ʜʦʚʽʣʴʥʦʾ 

ʦʩ̔  ʟʘʚʞʜʠ ʙʫʜʝ ʙʽʣʴʰʠʤ ʚʽʜ ʤʦʤʝʥʪʘ ʽʥʝʨʮʽʾ ʚʽʜʥʦʩʥʦ 

ʮʝʥʪʨʘʣʴʥʦʾ ʦʩʽ, ʱʦ ʧʘʨʘʣʝʣʴʥʘ ʧʝʨʰʽʡ. 

 

4.4. ʄʦʤʝʥʪʠ ʽʥʝʨʮʽʾ ʟʘ ʧʦʚʦʨʦʪʫ ʦʩʝʡ. ɻʦʣʦʚʥʽ ʦʩʽ ʪʘ 

ʛʦʣʦʚʥʽ ʤʦʤʝʥʪʠ ʽʥʝʨʮʽʾ 

ɺʽʟʴʤʝʤʦ ʜʦʚʽʣʴʥʫ ʧʣʦʩʢʫ ʬʽʛʫʨʫ, ʤʦʤʝʥʪʠ ʽʥʝʨʮʽʾ ʷʢʦʾ 

ʚʽʜʥʦʩʥʦ ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ Oxy ʚ̔ ʜʦʤʽ ʽ ʟʘʧʠʩʫʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ: 

2

x
A

I y dS=ñ ,     
2

y
A

I x dA=ñ ,     xy
A

I xydA=ñ .      (4.19) 

ʅʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʚʝʣʠʯʠʥʠ 
1x

I , 
1y

I , 
1 1x yI  ʚʽʜʥʦʩʥʦ 

ʧʦʚʝʨʥʫʪʠʭ ʦʩʝʡ 1x , 1y  (ʨʠʩ. 4.3, ʙ). ʇʽʩʣʷ ʧʦʚʦʨʦʪʫ ʦʩʝʡ ʥʦʚʽ 

ʢʦʦʨʜʠʥʘʪʠ ʝʣʝʤʝʥʪʽʚ ʧʣʦʱʽ dA ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ: 

1x xcos y sin= a+ a,    1y ycos x sin= a- a,      (4.20) 

ʜʝ    a ï ʢʫʪ ʧʦʚʦʨʦʪʫ. 

ʊʦʜʽ ʦʩʥʦʚʥʠʡ ʤʦʤʝʥʪ 
1x

I  ʙʫʜʝ 

y 
y1 

y 

x 

x1 

Ŭ 

x1 
y1 

C 

dA 

x 

ʫ  

ʭ ʚ 
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( )
1

2 2 2 2 2

2

x
A A A

A

I y cos x sin dA y cos y dA sin x dA

sin cos xydA.

= a- a = a + a -

- a a

ñ ñ ñ

ñ
 

ʇʽʩʣʷ ʚʽʜʧʦʚʽʜʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ: 

1

2 2

2 2

2

2 2

x x y xy

x y x y

xy

I I cos I sin I sin

I I I I
cos I sin

= a+ a- a=

+ -
= + a- a

        (4.21) 

ɸʥʘʣʦʛʽʯʥʦ, ʜʣʷ ʽʥʰʠʭ ʤʦʤʝʥʪʽʚ ʽʥʝʨʮʽʾ ʙʫʜʝʤʦ ʤʘʪʠ: 

1

2 2 2

2
2 2 2

y y x xy

x y x y x y

I I cos I sin I sin

I I I I I I
sin ;

= a+ a+ a=

+ - -
= + + a

            (4.22) 

1 1
2 2

2

x y

x y xy

I I
I I cos sin

-
= a+ a.                   (4.23) 

ɯʟ ʬʦʨʤʫʣ (4.21), (4.22) ʥʝʚʘʞʢʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʩʫʤʘ 

1 1x y x yI I I I+ = + ʻ ʚʝʣʠʯʠʥʦʶ ʩʪʘʣʦʶ ʽ ʜʦʨʽʚʥʶʻ ʧʦʣʷʨʥʦʤʫ 

ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ ʬʽʛʫʨʠ ʚʽʜʥʦʩʥʦ ʧʦʯʘʪʢʫ ʢʦʦʨʜʠʥʘʪ. 

ɸʥʘʣʽʟ ʬʦʨʤʫʣʠ (4.23) ʧʦʢʘʟʫʻ, ʱʦ ʟʤʽʥʘ ʚʽʜʮʝʥʪʨʦʚʦʛʦ 

ʤʦʤʝʥʪʫ 
1 1x yI  ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ xyI  ʜʦ xyI- . ʊʦʙʪʦ, ʧʨʠ 

ʧʝʚʥʦʤʫ ʧʦʚʦʨʦʪʽ ʢʦʦʨʜʠʥʘʪʥʠʭ ʦʩʝʡ *a  ʚʽʜʮʝʥʪʨʦʚʠʡ ʤʦʤʝʥʪ 

ʽʥʝʨʮʽʾ ( )xyI *a  ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʢʫʪ ʚ ʥʫʣʴ. 

ʊʘʢʽ ʦʩʽ ʢʦʦʨʜʠʥʘʪ ʥʘʟʠʚʘʶʪʴʩʷ ʛʦʣʦʚʥʠʤʠ ʦʩʷʤʠ ʽʥʝʨʮʽʾ. 

ɸ ʷʢʱʦ ʧʦʯʘʪʦʢ ʢʦʦʨʜʠʥʘʪ ʩʧʽʚʧʘʜʘʻ ʟ ʮʝʥʪʨʦʤ ʚʘʛʠ ʬʽʛʫʨʠ, ʪʦ 

ʪʘʢʽ ʦʩʽ ʙʫʜʫʪʴ ʥʘʟʠʚʘʪʠʩʷ ʛʦʣʦʚʥʠʤʠ ʮʝʥʪʨʘʣʴʥʠʤʠ ʦʩʷʤʠ. 

ʐʣʷʭʦʤ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʟʘ ʟʤʽʥʥʦʶ a ʚʠʨʘʟʽʚ (4.21), 

(4.22) ʥʝʚʘʞʢʦ ʧʦʢʘʟʘʪʠ, ʱʦ ʫʤʦʚʦʶ ʝʢʩʪʨʝʤʘʣʴʥʦʩʪʽ ʤʦʤʝʥʪʽʚ 

ʽʥʝʨʮʽʾ 
1x

I , 
1y

I  ʻ ʨʽʚʥʽʩʪʴ ʥʫʣʶ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ 

1 1x yI . ʊʦʙʪʦ, ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʢʫʪʘ *a  ʧʨʠʨʽʚʥʷʻʤʦ ʚʠʨʘʟ (4.23) 

ʜʦ ʥʫʣʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ, ʦʪʨʠʤʘʻʤʦ 

( )2 2 xy y xtg * I / I Ia = - .                                (4.24) 
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ɸʥʘʣʽʟʫʶʯʠ ʧʦʧʝʨʝʜʥʽʡ ʘʙʟʘʮ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, 

ʱʦ ʛʦʣʦʚʥʠʤʠ, ʷʚʣʷʶʪʴʩʷ ʪʽ ʦʩʽ, ʜʣʷ ʷʢʠʭ ʦʩʴʦʚʽ ʤʦʤʝʥʪʠ 

ʽʥʝʨʮʽʾ ʧʨʠʡʤʘʶʪʴ ʥʘʡʙʽʣʴʰʽ ʯʠ ʥʘʡʤʝʥʰʽ ʟʥʘʯʝʥʥʷ. 

ʌʦʨʤʫʣʠ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʛʦʣʦʚʥʠʭ ʤʦʤʝʥʪʽʚ ʽʥʝʨʮʽʾ 

ʙʫʜʫʪʴ ʥʘʩʪʫʧʥʠʤʠ:  
2 2

1

2 2

2

2

2

* * *

x y xy

* * *

y x xy

I I cos I sin I sin ;

I I cos I sin I sin .

= a + a - a

= a + a + a
.                 (4.25) 

ɺʠʢʣʶʯʠʚʰʠ ʟ ʮʠʭ ʬʦʨʤʫʣ ʚʝʣʠʯʠʥʠ 
2 2* *cos , sin ,a a ʪʘ 

2 *sin a, ʧʽʩʣʷ ʥʠʟʢʠ ʧʝʨʝʪʚʦʨʝʥʴ, ʦʪʨʠʤʘʻʤʦ ʟʥʘʯʝʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʽ ʤʽʥʽʤʘʣʴʥʦʛʦ ʤʦʤʝʥʪʽʚ ʽʥʝʨʮʽʾ: 

2

2

1 2
2 2

x y x y

, xy

I I I I
I I

+ -å õ
= ° +æ ö

ç ÷
.                 (4.26) 

ʊʫʪ ʚʝʣʠʯʠʥʦʶ 1I  ʧʦʟʥʘʯʘʻʪʴʩʷ ʙʽʣʴʰʠʡ ʟ ʜʚʦʭ ʛʦʣʦʚʥʠʭ 

ʤʦʤʝʥʪʽʚ ʽʥʝʨʮʽʾ, ʘ ʚʝʣʠʯʠʥʦʶ 2I  ï ʤʝʥʰʠʡ. ʋʨʘʭʦʚʫʶʯʠ, ʱʦ 

ʩʫʤʘ ʦʩʴʦʚʠʭ ʤʦʤʝʥʪʽʚ ʽʥʝʨʮʽʾ ʚʽʜʥʦʩʥʦ ʜʚʦʭ ʚʟʘʻʤʥʦ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʦʩʝʡ ʧʝʨʝʨʽʟʫ ʻ ʚʝʣʠʯʠʥʦʶ ʩʪʘʣʦʶ, ʤʦʞʥʘ 

ʜʽʡʪʠ ʚʠʩʥʦʚʢʫ, ʱʦ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ 1I  ʚʽʜʥʦʩʥʦ 

ʧʝʨʰʦʾ ʛʦʣʦʚʥʦʾ ʦʩʽ ʤʘʻ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ, ʘ ʚʽʜʥʦʩʥʦ ʽʥʰʦʾ 

ï ʤʽʥʽʤʘʣʴʥʝ.  

       

ɿʘʧʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʶ 

1. ʗʢʽ ɺʠ ʟʥʘʻʪʝ ʛʝʦʤʝʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʦʩʢʠʭ 

ʧʝʨʝʨʽʟʽʚ? 

       2.  ʑʦ ʪʘʢʝ ʩʪʘʪʠʯʥʠʡ ʤʦʤʝʥʪ ʧʣʦʩʢʦʾ ʬʽʛʫʨʠ? 

       3. ʗʢʘ ʨʦʟʤʽʨʥʽʩʪʴ ʦʩʴʦʚʠʭ ʤʦʤʝʥʪʽʚ ʽʥʝʨʮʽʾ? 

       4. ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ʦʩʴʦʚʦʛʦ ʤʦʤʝʥʪʫ ʦʧʦʨʫ ʧʣʦʩʢʦʾ 

ʬʽʛʫʨʠ. 

       5. ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ʧʦʣʷʨʥʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ. 

6. ʗʢʽ ʟʥʘʯʝʥʥʷ ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʚʽʜʮʝʥʪʨʦʚʠʡ ʤʦʤʝʥʪ 

ʽʥʝʨʮʽʾ ʧʣʦʩʢʦʾ ʬʽʛʫʨʠ? 

7. ʑʦ ʪʘʢʝ ʧʦʣʷʨʥʠʡ ʤʦʤʝʥʪ ʦʧʦʨʫ ʧʣʦʩʢʦʾ ʬʽʛʫʨʠ? 

8. ɿʘʧʠʰʽʪʴ ʤʦʤʝʥʪʠ ʽʥʝʨʮʽʾ ʪʘ ʦʧʦʨʫ ʧʨʷʤʦʢʫʪʥʠʢʘ. 
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9. ɿʘʧʠʰʽʪʴ ʧʦʣʷʨʥʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʪʘ ʧʦʣʷʨʥʠʡ ʤʦʤʝʥʪ 

ʦʧʦʨʫ ʢʨʫʛʘ. 

10. ʗʢ ʟʥʘʭʦʜʠʪʴʩʷ ʧʦʣʷʨʥʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʢʽʣʴʮʷ 

11. ɺʠʟʥʘʯʝʥʥʷ ʦʩʴʦʚʠʭ ʤʦʤʝʥʪʽʚ ʽʥʝʨʮʽʾ ʟʘ ʧʘʨʘʣʝʣʴʥʦʛʦ 

ʧʝʨʝʥʦʩʫ ʦʩʝʡ. 

12. ʑʦ ʻ ʽʥʚʘʨʽʘʥʪʦʤ ʚ ʟʘʣʝʞʥʦʩʪʷʭ ʤʽʞ ʦʩʴʦʚʠʤʠ 

ʤʦʤʝʥʪʘʤʠ ʽʥʝʨʮʽʾ?  

13. ʗʢʽ ʦʩʽ ʢʦʦʨʜʠʥʘʪ ʥʘʟʠʚʘʶʪʴʩʷ ʛʦʣʦʚʥʠʤʠ 

ʮʝʥʪʨʘʣʴʥʠʤʠ ʦʩʷʤʠ? 

14. ʗʢʽ ʦʩʴʦʚʽ ʤʦʤʝʥʪʠ ʽʥʝʨʮʽʾ ʥʘʟʠʚʘʶʪʴʩʷ ʛʦʣʦʚʥʠʤʠ? 

 

 

ʊɽʄɸ 5 (ʣʝʢʮʽʾ 10.11) 

ʂʈʋʏɽʅʅʗ ɺɸʃɯɺ ʊɸ ʉʊʈʀɾʅɯɺ 

 

5.1. ʂʨʫʪʥʠʡ ʤʦʤʝʥʪ. ɽʧʶʨʠ ʢʨʫʪʥʠʭ ʤʦʤʝʥʪʽʚ 

ɼʝʬʦʨʤʘʮʽʷ ʢʨʫʯʝʥʥʷ ʚʠʥʠʢʘʻ ʫ ʚʘʣʘʭ ʤʘʰʠʥ, ʧʨʫʞʠʥʘʭ, 

ʙʦʣʪʘʭ ʧʨʠ ʟʘʢʨʫʯʫʚʘʥʥʽ ʢʨʫʪʥʠʤʠ ʤʦʤʝʥʪʘʤʠ ʾʭ ʧʦʟʜʦʚʞʥʽʭ 

ʦʩʝʡ. ʗʢʱʦ ʫ ʧʣʦʱʠʥʽ ʚʽʣʴʥʦʛʦ ʪʦʨʮ̫  ʚʘʣʘ ʧʨʠʢʣʘʩʪʠ ʧʘʨʫ ʩʠʣ ʟ 

ʤʦʤʝʥʪʦʤ M , ʘ ʜʨʫʛʠʡ ʢʽʥʝʮʴ ʞʦʨʩʪʢʦ ʟʘʪʠʩʥʫʪʠ (ʨʠʩ. 5.1), ʪʦ ʚ 

ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʨʽʟʘʭ ʚʟʜʦʚʞ ʦʩʽ ʚʘʣʘ ʚʠʥʠʢʥʫʪʴ ʚʥʫʪʨʽʰʥʽ 

ʩʠʣʠ. ʈʽʚʥʦʜʽʡʥʠʡ ʤʦʤʝʥʪ ʮʠʭ ʚʥʫʪʨʽʰʥʽʭ ʩʠʣ ʥʘʟʠʚʘʻʪʴʩʷ 

ʤʦʤʝʥʪʦʤ ʢʨʫʯʝʥʥʷ, ʘʙʦ 

ʢʨʫʪʥʠʤ ʤʦʤʝʥʪʦʤ. ʗʢʱʦ ʜʦ 

ʚʘʣʘ ʧʨʠʢʣʘʜʝʥʦ ʜʝʢʽʣʴʢʘ ʧʘʨ 

ʩʠʣ ʟ ʤʦʤʝʥʪʘʤʠ
iM , ʪʦ 

ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ʚ ʜʦʚʽʣʴʥʦʤʫ 

ʧʝʨʝʨʽʟʽ ʚʘʣʘ ʯʠʩʝʣʴʥʦ 

ʜʦʨʽʚʥʶʻ ʘʣʛʝʙʨʠʯʥʽʡ ʩʫʤʽ 

ʤʦʤʝʥʪʽʚ ʚʽʜʥʦʩʥʦ ʦʩʽ ʚʘʣʘ 

ʚʩʽʭ ʧʘʨ ʟʦʚʥʽʰʥʽʭ ʩʠʣ, 

ʨʦʟʤʽʱʝʥʠʭ ʟ ʦʜʥʦʛʦ ʙʦʢʫ ʚʽʜ 

ʨʦʟʛʣʷʜʫʚʘʥʦʛʦ ʧʝʨʝʨʽʟʫ. 

ʂʨʫʪʥʠʡ ʤʦʤʝʥʪ ʢʨT  ʚʚʘʞʘʻʪʴʩʷ ʜʦʜʘʪʥʽʤ, ʷʢʱʦ ʚʽʥ 

ʦʙʝʨʪʘʻ ʧʝʨʝʨʽʟ ʟʘ ʭʦʜʦʤ ʩʪʨʽʣʢʠ ʛʦʜʠʥʥʠʢʘ, ʢʦʣʠ ʜʠʚʠʪʠʩʷ ʥʘ 

ʧʝʨʝʨʽʟ ʚʟʜʦʚʞ ʟʦʚʥʽʰʥʴʦʾ ʥʦʨʤʘʣʽ (ʨʠʩ. 5.2). 
 

 
ʈʠʩ. 5.1 
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ʈʠʩ. 5.2 

 

5.2. ʅʘʧʨʫʞʝʥʥʷ ʽ ʜʝʬʦʨʤʘʮʽʾ ʧʨʠ ʢʨʫʯʝʥʥʽ 

ʈʦʟʛʣʷʜʘʶʯʠ ʢʨʫʯʝʥʥʷ ʚʘʣʘ ʢʨʫʛʣʦʛʦ ʧʝʨʝʨʽʟʫ (ʨʠʩ. 5.3), 

ʣʝʛʢʦ ʚʩʪʘʥʦʚʠʪʠ, ʱʦ ʧʽʜ ʜʽʻʶ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ, ʷʢʠʡ 

ʧʨʠʢʣʘʜʝʥʠʡ ʜʦ ʚʽʣʴʥʦʛʦ ʢʽʥʮʷ, ʙʫʜʴ-ʷʢʠʡ ʧʝʨʝʨʽʟ ʥʘ ʚʽʜʩʪʘʥʽ x  

ʚʽʜ ʟʘʪʠʩʥʝʥʥʷ ʧʦʚʝʨʪʘʻʪʴʩʷ ʚʽʜʥʦʩʥʦ ʥʝʨʫʭʦʤʦʛʦ ʧʝʨʝʨʽʟʫ ʥʘ 

ʜʝʷʢʠʡ ʢʫʪ j ï ʢʫʪ ʟʘʢʨʫʯʫʚʘʥʥʷ. ʄʽʞ ʧʨʠʨʦʩʪʦʤ ʢʫʪʘ 

ʟʘʢʨʫʯʫʚʘʥʥʷ dj ʽ  

 
ʈʠʩ. 5.3 

 

ʢʨʫʪʥʠʤ ʤʦʤʝʥʪʦʤ ʢʨT  ʽʩʥʫʻ ʟʘʣʝʞʥʽʩʪʴ, ʷʢʘ ʤʘʻ ʚʠʛʣʷʜ ʘʥʘʣʦʛʽʾ 

ʟʘʢʦʥʫ ɻʫʢʘ ʜʣʷ ʨʦʟʪʷʛʫ ʽ ʩʪʠʩʢʫ: 

ʢʨ

p

T
d dx

GI
j= .                                    (5.1) 

ʊʫʪ G  ï ʤʦʜʫʣʴ ʟʩʫʚʫ ʤʘʪʝʨʽʘʣʫ ʚʘʣʘ, 
2

p
A

I dA= rñ , 

4 4

2 32
p

r d
I
p p
= =  ï ʧʦʣʷʨʥʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʚʘʣʘ ʢʨʫʛʣʦʛʦ 

ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ. ɼʦʙʫʪʦʢ pGI  ʥʘʟʠʚʘʻʪʴʩʷ ʞʦʨʩʪʢʽʩʪʶ 

ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʚʘʣʘ ʧʨʠ ʢʨʫʯʝʥʥʽ. 
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ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʞʦʨʩʪʢʽʩʪʴ ʚʘʣʘ ʽ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ʢʨT  

ʩʪʘʣʽ, ʽʥʪʝʛʨʫʚʘʥʥʷʤ ʚʠʨʘʟʫ (5.1) ʧʦ ʜʦʚʞʠʥʽ ʟʥʘʭʦʜʠʤʦ ʧʦʚʥʠʡ 

ʢʫʪ ʟʘʢʨʫʯʫʚʘʥʥʷ ʚʘʣʘ 

ʢʨ

p

T l

G I

Ö
j=

Ö
.                                      (5.2) 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʫʪʘ ʟʘʢʨʫʯʫʚʘʥʥʷ ʚ ʛʨʘʜʫʩʘʭ ʬʦʨʤʫʣʫ 

(5.2) ʥʝʦʙʭʽʜʥʦ ʧʦʤʥʦʞʠʪʠ ʥʘ ʚʝʣʠʯʠʥʫ 180̄ p. 

ʂʨʫʪʥʠʡ ʤʦʤʝʥʪ, ʷʢʠʡ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʽʟ ʨʽʚʥʷʥʴ 

ʩʪʘʪʠʢʠ ʯʝʨʝʟ ʟʦʚʥʽʰʥʽ ʤʦʤʝʥʪʠ, ʷʚʣʷʻ ʩʦʙʦʶ ʩʫʤʘʨʥʠʡ ʤʦʤʝʥʪ 

ʝʣʝʤʝʥʪʘʨʥʠʭ ʧʘʨ ʚʥʫʪʨʽʰʥʽʭ ʟʫʩʠʣʴ, ʜʦʪʠʯʥʠʭ ʜʦ ʧʣʦʱʠʥ 

ʧʝʨʝʨʽʟʫ: 

ʢʨ
A

T dAr= rtñ ,                                 (5.3) 

ʜʝ rt ï ʜʦʪʠʯʥʝ ʥʘʧʨʫʞʝʥʥʷ, ʱʦ ʚʠʥʠʢʘʻ ʚ ʧʣʦʱʠʥʽ ʥʘ ʚʽʜʜʘʣʽ 

r ʚʽʜ ʦʩʽ ʩʪʨʠʞʥʷ (ʨʠʩ. 5.4). 

ʈʦʟʚôʷʟʦʢ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ (5.3) ʚʽʜʥʦʩʥʦ ʜʦʪʠʯʥʦʛʦ 

ʥʘʧʨʫʞʝʥʥʷ rt ʻ ʩʢʣʘʜʥʦʶ ʤʘʪʝʤʘʪʠʯʥʦʶ ʟʘʜʘʯʝʶ ʚ ʪʝʦʨʽʾ 

ʧʨʫʞʥʦʩʪʽ. ʁʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʧʨʦʩʪʠʤʠ ʤʝʪʦʜʘʤʠ ʦʧʦʨʫ 

ʤʘʪʝʨʽʘʣʽʚ ʤʦʞʣʠʚʝ, ʷʢʱʦ ʧʨʠʡʥʷʪʠ ʨʷʜ ʛʽʧʦʪʝʟ, ʷʢʽ 

ʧʽʜʪʚʝʨʜʞʫʶʪʴʩʷ ʜʘʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʽ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʦʯʥʦʛʦ 

ʨʦʟʚôʷʟʢʫ: 

1. ʇʣʦʩʢʽ ʧʦʧʝʨʝʯʥʽ ʧʝʨʝʨʽʟʠ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʚʘʣʘ ʜʦ 
ʜʝʬʦʨʤʘʮʽʾ ʟʘʣʠʰʘʶʪʴʩʷ ʧʣʦʩʢʠʤʠ ʽ ʧʽʩʣʷ ʜʝʬʦʨʤʘʮʽʾ (ʛʽʧʦʪʝʟʘ 

ʧʣʦʩʢʠʭ ʧʝʨʝʨʽʟʽʚ). 

2. ʈʘʜʽʫʩʠ ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʨʽʟʽʚ ʥʝ ʚʠʢʨʠʚʣʶʶʪʴʩʷ. 

3. ʋ ʧʨʦʮʝʩʽ ʜʝʬʦʨʤʘʮʽʾ ʚʘʣʘ ʚʽʜʩʪʘʥʽ ʤʽʞ ʨʽʟʥʠʤʠ 

ʧʦʧʝʨʝʯʥʠʤʠ ʧʝʨʝʨʽʟʘʤʠ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʟʤʽʥʥʠʤʠ. 
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ʈʠʩ. 5.4 

 

ʈʠʩ. 5.5 

 

ʇʨʠʡʥʷʪʽ ʛʽʧʦʪʝʟʠ ʝʢʚʽʚʘʣʝʥʪʥʽ ʧʨʠʧʫʱʝʥʥʶ, ʱʦ 

ʜʝʬʦʨʤʘʮʽʷ ʯʠʩʪʦʛʦ ʟʩʫʚʫ ʧʨʠ ʢʨʫʯʝʥʥʽ, ʘ, ʟʥʘʯʠʪʴ, ʽ ʜʦʪʠʯʥʝ 

ʥʘʧʨʫʞʝʥʥʷ rt, ʙʫʜʫʪʴ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʽ ʚʽʜʩʪʘʥʽ ʪʦʯʦʢ ʚʽʜ 

ʮʝʥʪʨʘ ʧʝʨʝʨʽʟʫ. ʗʢʱʦ ʫ ʬʦʨʤʫʣʽ (5.3) ʧʽʜʽʥʪʝʛʨʘʣʴʥʠʡ ʚʠʨʘʟ 

ʧʦʤʥʦʞʠʪʠ ʽ ʧʦʜʽʣʠʪʠ ʥʘ r, ʪʦ ʚʽʜʥʦʰʝʥʥʷ rt r ʙʫʜʝ ʩʪʘʣʦʶ 

ʚʝʣʠʯʠʥʦʶ ʽ ʡʦʛʦ ʤʦʞʥʘ ʚʠʥʝʩʪʠ ʟʘ ʟʥʘʢ ʽʥʪʝʛʨʘʣʘ 

2 2

ʢʨ p
A

A

T dA dA I
r r rt t t

= r Ö = r =
r r rñ ñ . 

ɿʚʽʜcʠ 

ʢʨ

p

T

I
rt = r.                                        (5.4) 

ɽʧʶʨʘ ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ rt ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 5.5. 

ʄʘʢʩʠʤʘʣʴʥʝ ʥʘʧʨʫʞʝʥʥʷ ʚʠʥʠʢʘʻ ʙʽʣʷ ʢʦʥʪʫʨʫ ʧʝʨʝʨʽʟʫ, ʜʣʷ 

ʷʢʦʛʦ 
max rr =: 

ʢʨ

max

p

T
r

I
t = .                                       (5.5) 

ɿʤʽʥʠʚʰʠ ʚʽʜʥʦʰʝʥʥʷ pI r  ʧʦʣʷʨʥʠʤ ʤʦʤʝʥʪʦʤ ʦʧʦʨʫ 

pW , ʜʽʩʪʘʥʝʤʦ 



 83 

ʢʨ

max

p

T

W
t = ,                                         (5.6) 

ʜʝ                                     
31

2
pW r= på 30 2. d . 

 

5.3. ʈʦʟʨʘʭʫʥʦʢ ʚʘʣʽʚ ʥʘ ʢʨʫʯʝʥʥʷ 

ʈʦʟʨʘʭʫʥʦʢ ʚʘʣʽʚ ʥʘ ʢʨʫʯʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʾʭ ʨʦʟʨʘʭʫʥʢʫ ʥʘ 

ʤʮ̔ʥ̔ʩʪʴ ʽ ʞʦʨʩʪʢʽʩʪʴ. ʋʤʦʚʫ ʤʽʮʥʦʩʪʽ ʟʘʧʠʩʫʶʪʴ ʫ ʚʠʛʣʷʜʽ 

[]ʢʨ

max

p

T

W
t = ¢ t,                                 (5.7) 

ʜʝ [] ï ë

ï ën

t
t = ; [] ì ö

ì ön

t
t = ï ʜʦʧʫʩʪʠʤʝ ʜʦʪʠʯʥʝ ʥʘʧʨʫʞʝʥʥʷ ʜʣʷ 

ʧʣʘʩʪʠʯʥʠʭ ʘʙʦ ʢʨʠʭʢʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʅʘ ʦʩʥʦʚʽ ʫʤʦʚʠ (5.7), ʤʦʞʥʘ ʨʦʟʚôʷʟʫʚʘʪʠ ʟʘʜʘʯʽ ʪʨʴʦʭ 

ʪʠʧʽʚ: 

ʘ) ʚʠʟʥʘʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʜʽʘʤʝʪʨʘ ʚʘʣʘ, ʷʢʱʦ ʚʽʜʦʤʽ 

ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ʪʘ ʜʦʧʫʩʪʠʤʝ ʥʘʧʨʫʞʝʥʥʷ; 

ʙ) ʧʝʨʝʚʽʨʢʘ ʥʘʧʨʫʞʝʥʴ, ʷʢʱʦ ʚʽʜʦʤʽ ʜʽʘʤʝʪʨ ʚʘʣʘ ʽ 

ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ; 

ʚ) ʚʠʟʥʘʯʝʥʥʷ ʜʦʧʫʩʪʠʤʦʛʦ ʤʦʤʝʥʪʫ, ʷʢʠʤ ʤʦʞʥʘ 

ʥʘʚʘʥʪʘʞʫʚʘʪʠ ʚʘʣ ʧʝʚʥʦʛʦ ʜʽʘʤʝʪʨʘ ʟ ʚʽʜʦʤʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʜʽʘʤʝʪʨʘ ʚʘʣʘ ʟʥʘʭʦʜʷʪʴ ʩʧʦʯʘʪʢʫ 

ʥʝʦʙʭʽʜʥʠʡ ʤʦʤʝʥʪ ʦʧʦʨʫ: 

[]
ʢʨ

p

T
W =

t
.                                     (5.8) 

ɿʚʽʜʢʠ 

[]
3

0 2

ʢʨT
d

.
=

Ö t
. 

ɼʣʷ ʪʨʫʙʯʘʪʦʛʦ ʚʘʣʘ ( )3 40 2 1pW . D= -a. 
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ʊʦʜʽ            
[]( )

3
40 2 1

ʢʨT
D

.
=

Ö t -a
, d Da= . 

ɼʦʧʫʩʪʠʤʠʡ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ʰʫʢʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

[ ] []pʢʨ
M W= Ö t.                              (5.10) 

ʄʦʞʝ ʩʪʘʪʠʩʴ, ʱʦ ʚʘʣ, ʟʘʜʦʚʦʣʴʥʷʶʯʠ ʫʤʦʚʫ ʤʽʮʥʦʩʪʽ, 

ʙʫʜʝ ʥʝʜʦʩʪʘʪʥʴʦ ʞʦʨʩʪʢʠʤ. ʎʝ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʚʠʥʠʢʥʝʥʥʷ 

ʥʝʙʝʟʧʝʯʥʠʭ ʢʦʣʠʚʘʥʴ. ʊʦʤʫ ʜʫʞʝ ʯʘʩʪʦ ʩʪʘʚʠʪʴʩʷ ʫʤʦʚʘ, ʱʦʙ 

ʢʨʽʤ ʤʽʮʥʦʩʪʽ ʚʘʣ ʤʘʚ ʜʦʩʪʘʪʥʶ ʞʦʨʩʪʢʽʩʪʴ, ʪʦʙʪʦ ʚʠʢʦʥʫʚʘʣʘʩʴ 

ʫʤʦʚʘ: 

[]ʢʨ

p

T

G I
q= ¢ q,                                (5.11) 

ʜʝ [] lq =j ï ʜʦʧʫʩʪʠʤʠʡ ʚʽʜʥʦʩʥʠʡ ʢʫʪ ʟʘʢʨʫʯʫʚʘʥʥʷ, 

ʫʥʦʨʤʦʚʘʥʠʡ ʪʝʭʥʽʯʥʠʤʠ ʫʤʦʚʘʤʠ. ɿʘʣʝʞʥʦ ʚʽʜ ʧʨʠʟʥʘʯʝʥʥʷ 

ʚʘʣʘ ʡʦʛʦ ʚʝʣʠʯʠʥʘ ʤʦʞʝ ʧʨʠʡʤʘʪʠʩʴ ʚ ʛʨʘʥʠʮʷʭ: 

[]( ) 20 26 3 5 10, , ʨʘʜ ʤ-q = · Ö , 

ʘ ʚ ʛʨʘʜʫʩʘʭ ʥʘ ʤʝʪʨ ï []( )0 15 2, ʛʨʘʜ ʤq = · . 

ɿ ʚʠʨʘʟʫ (5.11) ʟʥʘʭʦʜʠʤʦ 

[]
ʢʨ

p

T
I

G
=
Ö q

. 

ʋ ʚʠʧʘʜʢʫ ʩʫʮʽʣʴʥʦʛʦ ʚʘʣʘ, ʧʽʜʩʪʘʚʠʚʰʠ 
4 32pI d=p , 

ʟʥʘʭʦʜʠʤʦ 

[]
4

32 ʢʨT
d

G

Ö
=

ÖpÖ q
.                                 (5.12) 

ɼʣʷ ʪʨʫʙʯʘʪʦʛʦ ʚʘʣʘ  

( )
2

41
32

p

D
I
p
= -a. 

ʆʪʞʝ, 
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[]( )
4

4

32

1

ʢʨT
D

G

Ö
=

ÖpÖ q Ö -a
.                          (5.13) 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʟʥʘʯʠʚʰʠ ʜʽʘʤʝʪʨʠ ʚʘʣʘ ʽʟ ʫʤʦʚʠ ʤʽʮʥʦʩʪʽ 

ʪʘ ʫʤʦʚʠ ʞʦʨʩʪʢʦʩʪʽ, ʚʠʙʠʨʘʻʤʦ ʙʽʣʴʰʠʡ ʽ ʟʘʦʢʨʫʛʣʶʻʤʦ ʜʦ 

ʙʣʠʞʯʦʛʦ ʩʪʘʥʜʘʨʪʥʦʛʦ, ʷʢʠʡ ʙʠ ʜʦʨʽʚʥʶʚʘʚ: 30, 35, 40, 45, 50, 

60, 70, 80, 90, 100 ʤʤ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʢʨʫʪʥʠʭ ʤʦʤʝʥʪʽʚ ʧʦʪʨʽʙʥʦ 

ʟʥʘʪʠ ʚʝʣʠʯʠʥʫ ʤʦʤʝʥʪʽʚ ʟʦʚʥʽʰʥʽʭ ʧʘʨ ʩʠʣ, ʱʦ ʧʝʨʝʜʘʶʪʴʩʷ ʥʘ 

ʚʘʣ. ʆʩʪʘʥʥʽ ʟʥʘʭʦʜʷʪʴʩʷ, ʷʢʱʦ ʚʽʜʦʤʘ ʧʦʪʫʞʥʽʩʪʴ P, ʱʦ 
ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ ʚʘʣ ʧʨʠ ʚʽʜʦʤʽʡ ʢʫʪʦʚʽʡ ʰʚʠʜʢʦʩʪʽ w ʡʦʛʦ 

ʦʙʝʨʪʦʚʦʛʦ ʨʫʭʫ. 

ʗʢʱʦ ʧʦʪʫʞʥʽʩʪʴ ʟʘʜʘʥʘ ʚ ʢʽʣʦʚʘʪʘʭ, ʘ ʰʚʠʜʢʽʩʪʴ 

ʦʙʝʨʪʘʥʥʷ ï ʚ ʨʘʜʽʘʥʘʭ ʥʘ ʩʝʢʫʥʜʫ, ʪʦ ʤʽʞ ʮʠʤʠ ʚʝʣʠʯʠʥʘʤʠ 

ʽʩʥʫʻ ʟʘʣʝʞʥʽʩʪʴ 

1000
P

T , ʅĀʤ=
w

.                                   (5.14) 

ɺ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʚʘʣʘ ʚʽʜʦʤʘ 

ʧʦʪʫʞʥʽʩʪʴ P  ʽ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ï n, ʦʙʝʨʪʽʚ ʟʘ ʭʚʠʣʠʥʫ, 

ʪʦʜʽ, ʚʠʭʦʜʷʯʠ ʟ ʬʦʨʤʫʣʠ ï 30nw= p  ʪʘ ʬʦʨʤʫʣʠ (5.14), 

ʜʽʩʪʘʻʤʦ 

9 549
P

T , , ʢʅĀʤ
n

= .                                    (5.15) 

 

5.4. ʂʨʫʯʝʥʥʷ ʩʪʨʠʞʥʽʚ ʥʝʢʨʫʛʣʠʭ ʧʝʨʝʨʽʟʽʚ 

ʇʨʠ ʢʨʫʯʝʥʥʽ ʩʪʨʠʞʥʽʚ ʯʠ ʚʘʣʽʚ ʢʨʫʛʣʠʭ ʧʝʨʝʨʽʟʽʚ 

ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʪʘ ʢʫʪʽʚ ʟʘʢʨʫʯʫʚʘʥʥʷ ʙʫʣʦ ʦʙʫʤʦʚʣʝʥʝ 

ʧʨʠʡʥʷʪʪʷʤ ʥʠʟʢʠ ʛʽʧʦʪʝʟ. ʆʜʥʽʻʶ ʽʟ ʦʩʥʦʚʥʠʭ ʛʽʧʦʪʝʟ ʙʫʣʘ 

ʛʽʧʦʪʝʟʘ ʧʣʦʩʢʠʭ ʧʝʨʝʨʽʟʽʚ. ʋ ʚʠʧʘʜʢʫ ʩʪʨʠʞʥʷ ʥʝʢʨʫʛʣʦʛʦ 

ʧʝʨʝʨʽʟʫ (ʥʘʧʨʠʢʣʘʜ, ʧʨʷʤʦʢʫʪʥʦʛʦ) ʮʷ ʛʽʧʦʪʝʟʘ ʥʝ ʤʦʞʝ ʙʫʪʠ 

ʩʧʨʘʚʝʜʣʠʚʦʶ, ʙʦ ʥʘʚʽʪʴ ʧʨʠ ʚʽʟʫʘʣʴʥʦʤʫ ʩʧʦʩʪʝʨʝʞʝʥʥʽ ʚʠʜʥʦ 

(ʨʠʩ. 5.6) ʷʢ ʩʽʪʢʘ ʧʨʷʤʠʭ ʣʽʥʽʡ, ʱʦ ʧʝʨʝʜ ʮʠʤ ʙʫʣʘ ʥʘʥʝʩʝʥʘ ʥʘ 

ʙʨʫʩ (ʩʪʨʠʞʝʥɹ) ʧʨʷʤʦʢʫʪʥʦʛʦ ʧʝʨʝʨʽʟʫ, ʚʠʢʨʠʚʣʶʻʪʴʩʷ, ʘ 

ʧʝʨʝʨʽʟʠ, ʷʢʽ ʙʫʣʠ ʜʦ ʜʝʬʦʨʤʘʮʽʾ ʧʣʦʩʢʠʤʠ, ʥʘʙʫʚʘʶʪʴ ʭʚʠʣʷʩʪʦʾ 

ʬʦʨʤʠ. ʗʚʠʱʝ ʚʠʢʨʠʚʣʝʥʥʷ ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʨʽʟʽʚ ʥʘʟʠʚʘʻʪʴʩʷ 
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ʜʝʧʣʘʥʘʮʽʻʶ ʽ ʻ ʥʘʩʣʽʜʢʦʤ ʧʦʷʚʠ ʧʨʠ ʢʨʫʯʝʥʥʽ ʧʦʟʜʦʚʞʥʽʭ 

ʧʝʨʝʤʽʱʝʥʴ. 

 
ʈʠʩ. 5.6 

 

ʊʦʤʫ, ʚ ʦʧʦʨʽ ʤʘʪʝʨʽʘʣʽʚ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʪʘ 

ʢʫʪʽʚ ʟʘʢʨʫʯʫʚʘʥʥʷ ʥʝʢʨʫʛʣʠʭ ʧʝʨʝʨʽʟʽʚ ʩʪʨʠʞʥʷ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʝʤʧʽʨʠʯʥʽ ʬʦʨʤʫʣʠ. ʊʦʙʪʦ ʪʘʢʽ ʬʦʨʤʫʣʠ, ʷʢʽ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʚʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʦʛʦʜʞʫʶʪʴʩʷ ʽʟ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʬʦʨʤʫʣʘʤʠ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ. ʊʘʢ, ʤʘʢʩʠʤʘʣʴʥʽ 

ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ, ʱʦ ʜʽʶʪʴ ʧʦʩʝʨʝʜʠʥʽ ʜʦʚʰʦʾ ʩʪʦʨʦʥʠ 

ʧʨʷʤʦʢʫʪʥʦʛʦ ʧʝʨʝʨʽʟʫ (ʨʠʩ. 5.6, ʙ) ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

kp

max

kp

T

W
t = ,                                     (5.16) 

ʜʝ 
2

kpW hb=b  ï ʧʦʣʷʨʥʠʡ ʤʦʤʝʥʪ ʦʧʦʨʫ ʧʨʷʤʦʢʫʪʥʦʛʦ ʧʝʨʝʨʽʟʫ 

ʧʨʠ ʢʨʫʯʝʥʥʽ. 

ʂʫʪ ʟʘʢʨʫʯʫʚʘʥʥʷ ʧʝʨʝʨʽʟʽʚ ʩʪʨʠʞʥʷ ʪʘʢʦʞ ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ, ʷʢʘ ʘʥʘʣʦʛʽʯʥʘ ʚʽʜʧʦʚʽʜʥʽʡ ʬʦʨʤʫʣʽ ʦʧʦʨʫ ʤʘʪʝʨʽʘʣʽʚ 

(5.2) ʜʣʷ ʩʪʨʠʞʥʽʚ ʢʨʫʛʣʦʛʦ ʧʝʨʝʨʽʟʫ: 

kp

kp

T l

GI
j= ,     (5.17) 

ʜʝ 
3

kpI hb=a  ï ʛʝʦʤʝʪʨʠʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʷʤʦʢʫʪʥʦʛʦ 

ʧʝʨʝʨʽʟʫ, ʱʦ ʟʘ ʨʦʟʤʽʨʥʽʩʪʶ ʚʽʜʧʦʚʽʜʘʻ ʧʦʣʷʨʥʦʤʫ ʤʦʤʝʥʪʦʚʽ 

ʽʥʝʨʮʽʾ ʧʝʨʝʨʽʟʫ. ʂʦʝʬʽʮʽʻʥʪʠ a ʽ b ʟʥʘʭʦʜʷʪʴʩʷ ʝʤʧʽʨʠʯʥʦ ʽ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʩʪʦʨʽʥ ʧʨʷʤʦʢʫʪʥʠʢʘ. ʅʘʧʨʫʞʝʥʥʷ 
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ʧʦʩʝʨʝʜʠʥʽ ʢʦʨʦʪʰʦʾ ʩʪʦʨʦʥʠ ʧʨʷʤʦʢʫʪʥʠʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ 

maxt=gt.                                       (5.18) 

ʂʦʝʬʽʮʽʻʥʪʠ a, b, g ʜʣʷ ʨʽʟʥʠʭ ʚʽʜʥʦʰʝʥʴ ʩʪʦʨʽʥ 

ʧʨʷʤʦʢʫʪʥʠʢʘ ʙʝʨʫʪʴ ʽʟ ʪʘʙʣʠʮʽ 5.1: 
 

ʊʘʙʣʠʮʷ 5.1. ʂʦʝʬʽʮʽʻʥʪʠ a, b, g 

h b a b g h b a b g 

1,0 0,141 0,208 1,000 5,0 0,291 0,291 0,744 

1,5 0,196 0,231 0,859 6,0 0,299 0,299 0,743 

2,0 0,229 0,246 0,795 8,0 0,307 0,307 0,742 

3,0 0,263 0,267 0,753 10,0 0,313 0,313 0,742 

4,0 0,281 0,282 0,745 ¤ 0,333 0,333 0,742 
 

ɸʥʘʣʽʟ ʬʦʨʤʫʣ (5.16), (5.17) ʪʘ ʢʦʝʬʽʮʽʻʥʪʽʚ, ʥʘʚʝʜʝʥʠʭ ʫ 

ʪʘʙʣʠʮʽ, ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʧʨʠ ʯʠʩʪʦʤʫ ʢʨʫʯʝʥʥʽ 

ʩʪʨʠʞʥʽʚ, ʱʦ ʤʘʶʪʴ ʧʦʧʝʨʝʯʥʽ ʧʝʨʝʨʽʟʠ ʫ ʚʠʛʣʷʜʽ ʚʫʟʴʢʠʭ 

ʧʨʷʤʦʢʫʪʥʠʢʽʚ ( )10h b² , ʢʦʝʬʽʮʽʻʥʪʠ a ʽ b ʨʽʚʥʽ ʤʽʞ ʩʦʙʦʶ ʽ 

ʜʦʨʽʚʥʶʶʪʴ ï 1 3. ʊʦʤʫ ʜʣʷ ʪʘʢʠʭ ʧʝʨʝʨʽʟʽʚ ʛʝʦʤʝʪʨʠʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʞʥʘ ʰʫʢʘʪʠ ʟʘ ʩʧʨʦʱʝʥʠʤʠ ʬʦʨʤʫʣʘʤʠ: 

31

3
kpI hb= ,    

21

3
kpW hb= .                            (5.19) 

ʊʘʢʽ ʩʪʨʠʞʥʽ ʱʝ ʥʘʟʠʚʘʶʪʴ ʪʦʥʢʦʩʪʽʥʥʠʤʠ ʩʪʨʠʞʥʷʤʠ 

ʚʽʜʢʨʠʪʦʛʦ ʧʨʦʬʽʣʶ. ɰʭ ʧʝʨʝʨʽʟʠ ʤʦʞʫʪʴ ʩʢʣʘʜʘʪʠʩʷ ʟ ʦʜʥʽʻʾ ʘʙʦ 

ʢʽʣʴʢʦʭ ʚʫʟʴʢʠʭ ʩʤʫʞʦʢ (ʨʠʩ. 5.7). 

 
ʈʠʩ. 5.7 

ʄʦʤʝʥʪ ʽʥʝʨʮʽʾ ʪʘʢʦʛʦ ʧʝʨʝʨʽʟʫ ʦʙʯʠʩʣʶʻʪʴʩʷ ʷʢ ʩʫʤʘ 

ʤʦʤʝʥʪʽʚ ʽʥʝʨʮʽʾ ʢʦʞʥʦʾ ʩʤʫʞʢʠ ʦʢʨʝʤʦ: 

ʚ 

Űmax 
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3

1

1

3

n

k i i

i

I hb
=

= hä ,                                 (5.20) 

ʜʝ h ï ʧʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʦʨʤʠ 

(ʦʙʨʠʩʫ) ʧʝʨʝʨʽʟʫ: ʜʣʷ ʢʫʪʥʠʢʘ 1 0,h= ; ʜʣʷ ʰʚʝʣʝʨʘ 112,h= ; 

ʜʣʷ ʪʘʚʨʘ 115,h= ; ʜʣʷ ʜʚʦʪʘʚʨʘ 1 2,h= . 

ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʧʦ ʪʦʚʱʠʥʽ ʩʪʽʥʢʠ (ʩʤʫʞʢʠ ʧʝʨʝʨʽʟʫ) 

ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʟʘ ʣʽʥʽʡʥʠʤ ʟʘʢʦʥʦʤ ʽ 

ñʦʙʪʽʢʘʶʪʴò ʢʦʥʪʫʨ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 

5.7, ʙ. ʅʘʡʙʽʣʴʰʽ ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ʚʠʥʠʢʘʶʪʴ ʧʦʩʝʨʝʜʠʥʽ 

ʜʦʚʞʠʥʠ ʧʨʷʤʦʢʫʪʥʦʾ ʩʤʫʞʢʠ ʟ ʥʘʡʙʽʣʴʰʦʶ ʪʦʚʱʠʥʦʶ ʽ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

kp

max max

kp

T
b

I
t = ,                                      (5.21) 

ʜʝ 
maxb  ï ʥʘʡʙʽʣʴʰʘ ʰʠʨʠʥʘ ʩʤʫʞʢʠ ʫ ʩʢʣʘʜʥʦʤʫ ʧʝʨʝʨʽʟʽ. 

ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʩʤʫʞʢʠ ʫʪʚʦʨʶʶʪʴ ʟʘʤʢʥʫʪʠʡ ʧʨʦʬʽʣʴ, 

ʪʦ ʡʦʛʦ ʞʦʨʩʪʢʽʩʪʴ ʟʙʽʣʴʰʫʻʪʴʩʷ ʫ ʜʝʩʷʪʢʠ ʨʘʟʽʚ, ʪʦʤʫ ʱʦ ʫ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʣʝʯʝ ʧʘʨʠ ʚʥʫʪʨʽʰʥʽʭ ʩʠʣ ʤʘʻ ʚʝʣʠʯʠʥʫ 

ʧʦʨʷʜʢʫ ñʜʽʘʤʝʪʨʘò dʧʝʨʝʨʽʟʫ, ʱʦ ʦʙʤʝʞʫʻʪʴʩʷ ʩʝʨʝʜʥʴʦʶ 

ʣʽʥʽʻʶ ʩʪʽʥʢʠ ʧʨʦʬʽʣʶ (ʨʠʩ. 5.8 ʘ, ʙ). ɼʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ, ʱʦ 

ʚʠʥʠʢʘʶʪʴ ʫ ʩʪʽʥʢʘʭ ʟʘʤʢʥʫʪʦʛʦ ʧʝʨʝʨʽʟʫ ( )ʟ.t , ʚʚʘʞʘʶʪʴʩʷ 

ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʠʤʠ ʧʦ ʚʩʽʡ ʪʦʚʱʠʥʽ ʩʪʽʥʢʠ. 

kp

ʟ. ʟ.

kp

T
,

W
t =                                          (5.22) 

ʜʝ ʜʣʷ ʟʘʤʢʥʫʪʦʛʦ ʧʨʦʬʽʣʶ (ʩʪʘʣʦʾ ʪʦʚʱʠʥʠ b) ʛʝʦʤʝʪʨʠʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʨʽʚʥʶʶʪʴ: 
24ʟ.

kp ʩʨ ʩʨI bS l= ; 2ʟ.

kp ʩʨW A b= ; 

ʩʨ il h=ä  ï ʩʫʤʘʨʥʘ ʜʦʚʞʠʥʘ ʢʦʥʪʫʨʫ; ʩʨA  ï ʧʣʦʱʘ ʢʦʥʪʫʨʫ, 

ʱʦ ʦʙʤʝʞʝʥʘ ʩʝʨʝʜʥʴʦʶ ʣʽʥʽʻʶ. 
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ʈʠʩ. 5.8 

ɼʣʷ ʢʨʫʛʦʚʦʛʦ ʪʦʥʢʦʩʪʽʥʥʦʛʦ ʢʽʣʴʮʷ (ʟ ʩʝʨʝʜʥʽʤ ʜʽʘʤʝʪʨʦʤ 

d  ʪʘ ʪʦʚʱʠʥʦʶ b) ʧʣʦʱʘ ʢʦʥʪʫʨʫ 
2

cpA d=p, ʘ ʛʝʦʤʝʪʨʠʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʟ.

kI , 
ʟ.

kW  ʙʫʜʫʪʴ ʥʘʩʪʫʧʥʠʤʠ: 

31

4

ʟ.

kI bd= p ,     
21

2
2

ʟ. ʟ.

k kW I d bd= = p .            (5.23) 

ʇʦʨʽʚʥʷʻʤʦ ʢʫʪ ʟʘʢʨʫʯʫʚʘʥʥʷ ʪʘ ʜʦʪʠʯʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ 

ʩʪʨʠʞʥʷ ʚʽʜʢʨʠʪʦʛʦ ʧʨʦʬʽʣʶ ( )ʚ. ʚ.,j t  ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʪʨʠʞʥʷ ʟʘʤʢʥʫʪʦʛʦ ʧʨʦʬʽʣʶ ï 
ʟ.j , 

ʟ.t 

3 2 2

3 2 2

3 3 3

4 4 4

ʟ.
kpʚ. k

ʚ.

ʟ. kp kp

T l GI b d d d

GI T l d b b b

j p
= Ö = = Ö =

j p
; 

3 3

2 2

ʟ.

ʚ. k k

ʚ.

ʟ. k k

M W d d

W M b b

t
= Ö = Ö =

t
. 

ʆʪʞʝ, ʧʨʠ ʦʜʥʘʢʦʚʠʭ ʢʨʫʪʥʠʭ ʤʦʤʝʥʪʘʭ ʩʪʨʠʞʝʥʴ 

ʟʘʤʢʥʫʪʦʛʦ ʧʨʦʬʽʣʶ ʫ 
2 2d b  ʞʦʨʩʪʢʽʰʠʡ ʚʽʜ ʩʪʨʠʞʥʷ 

ʚʽʜʢʨʠʪʦʛʦ ʧʨʦʬʽʣʶ, ʘ ʤʘʢʩʠʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ʚ ʥʴʦʤʫ ʫ d b  

ʨʘʟ ʤʝʥʰʽ ʚʽʜ ʥʘʧʨʫʞʝʥʴ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʩʪʨʠʞʥʽ ʚʽʜʢʨʠʪʦʛʦ 

ʧʨʦʬʽʣʶ. 

ʇʨʠʡʥʷʚʰʠ, ʥʘʧʨʠʢʣʘʜ, 0 1b , d= , ʦʜʝʨʞʠʤʦ ʟʥʘʯʝʥʥʷ 

ʚʽʜʥʦʰʝʥʴ 75ʚ. ʟ.j j =, ʘ 15ʚ. ʟ.t t =. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ 

ʚʽʜʥʦʰʝʥʥʷ d b  ʫ ʜʚʘ ʨʘʟʠ ï ʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʥʘʧʨʫʞʝʥʥʷʤʠ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʫ ʩʪʽʣʴʢʠ ʞ, ʘ ʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʢʫʪʘʤʠ ʟʘʢʨʫʪʫ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʞʝ ʫ  
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 ʯʦʪʠʨʠ ʨʘʟʠ. 

 

ʇʨʠʢʣʘʜ 1. 

ɼʣʷ ʟʘʜʘʥʦʛʦ ʚʘʣʘ (ʨʠʩ. 5.9) ʚʠʟʥʘʯʠʪʠ ʜʽʘʤʝʪʨʠ ʦʢʨʝʤʠʭ 

ʡʦʛʦ ʜʽʣʷʥʦʢ (ʟ ʫʤʦʚʠ ʤʽʮʥʦʩʪʽ ʥʘ ʢʨʫʯʝʥʥʷ ʟʘ ʟʘʜʘʥʠʤ ʟʘʧʘʩʦʤ 

ʤʽʮʥʦʩʪʽ 2 7ʤʮn .= ) ʽ ʚʝʣʠʯʠʥʫ ʢʫʪʽʚ ʟʘʢʨʫʪʫ ʥʘ ʦʢʨʝʤʠʭ 

ʜʽʣʷʥʢʘʭ, ʧʦʨʽʚʥʷʚʰʠ ʾʭ ʟ ʚʝʣʠʯʠʥʦʶ ʜʦʧʫʩʪʠʤʦʛʦ ʢʫʪʘ ʟʘʢʨʫʪʫ, 

ʷʢʱʦ [] 2ʛʨʘʜ ʤq = , 0 4a . ʤ= . 

ʅʘ ʚʘʣʽ ʻ ʦʜʠʥ ʚʝʜʫʯʠʡ ʽ ʯʦʪʠʨʠ ʚʝʜʝʥʽ ʰʢʽʚʠ, ʧʦʪʫʞʥʦʩʪʽ 

ʷʢʠʭ ʥʘ ʰʢʽʚʘʭ: 

1 4P ʢɺʪ= ; 2 1P ʢɺʪ= ; 
3 2P ʢɺʪ= ; 4 3K ʢɺʪ= , 

ʧʨʠ ʢʫʪʦʚʽʡ ʰʚʠʜʢʦʩʪʽ 150
ʨʘʜ

ʩ
w= . ʄʘʪʝʨʽʘʣ ʚʘʣʘ ï 

ʘʣʶʤʽʥʽʻʚʠʡ ʩʧʣʘʚ ɸʄɻ, ʜʣʷ ʷʢʦʛʦ ʤʦʜʫʣʴ ʟʩʫʚʫ 

4 3

2
2 7 10 2 7 10

ʢʅ
G , ʄʇʘ ,

ʩʤ
= Ö = Ö . 

 

ʈʦʟʚôʷʟʦʢ. 

1. ɺʠʟʥʘʯʘʻʤʦ ʧʦʪʫʞʥʽʩʪʴ 
0P  ʥʘ ʚʝʜʫʯʦʤʫ ʰʢʽʚʽ ʚʘʣʘ 

 

0 1 2 3 4 4 1 2 3 2P P P P P ʢɺʪ=- + + + =- + + + =. 

ʅʘʧʨʷʤʦʢ 
0T  ʙʫʜʝ ʩʧʽʚʧʘʜʘʪʠ ʟ ʤʦʤʝʥʪʦʤ 1T . 

2. ɿʥʘʭʦʜʠʤʦ ʢʨʫʪʥʽ ʤʦʤʝʥʪʠ, ʱʦ ʧʝʨʝʜʘʶʪʴʩʷ ʥʘ ʚʘʣ ʟʘ 

ʬʦʨʤʫʣʦʶ 

 

[ ]100
P

T ʢʅ ʩʤ= Ö
w

; 1

4
100 2 67

150
T , ʢʅ ʩʤ= = Ö; 

 

2

1
100 0 67

150
T , ʢʅ ʩʤ= = Ö;   3

2
100 1 33

150
T , ʢʅ ʩʤ= = Ö;   

4

2
100 2

150
T ʢʅĀʩʤ= = . 
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ʈʠʩ. 5.9 

ʄʦʤʝʥʪ 
0ʊ ʥʘ ʚʝʜʫʯʦʤʫ ʚʘʣʽ ʟʥʘʭʦʜʠʤʦ ʟ ʫʤʦʚʠ ʨʽʚʥʦʚʘʛʠ 

() 0
kp

T =ä ;
1 0 2 3 4 0T T T T T- - + + + =; 

0 2 3 4 1 1 33T T T T T , ʢʅ ʩʤ= + + - = Ö. 

3. ɿʥʘʭʦʜʠʤʦ ʢʨʫʪʥʽ ʤʦʤʝʥʪʠ ʥʘ ʦʢʨʝʤʠʭ ʧʨʦʤʽʞʢʘʭ: 

ʥʘ ʧʨʦʤʽʞʢʫ 1-0: 

1 2 67ʢʨT T , ʢʅ ʩʤ= = Ö; 

ʥʘ ʧʨʦʤʽʞʢʫ 0-2: 

1 0 2 67 1 33 4ʢʨT T T , , ʢʅ ʩʤ= + = + = Ö; 

ʥʘ ʧʨʦʤʽʞʢʫ 2-3: 

1 0 2 2 67 1 33 0 67 3 33ʢʨT T T T , , , , ʢʅ ʩʤ= + - = + - = Ö; 

ʥʘ ʧʨʦʤʽʞʢʫ 3-4: 
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1 0 2 3 2 67 1 33 0 67 1 33 2ʢʨt T T T T , , , , ʢʅ ʩʤ= + - - = + - - = Ö. 

ɿʘ ʦʜʝʨʞʘʥʠʤʠ ʜʘʥʠʤʠ ʙʫʜʫʻʤʦ ʝʧʶʨʫ ʢʨʫʪʥʠʭ ʤʦʤʝʥʪʽʚ 

(ʨʠʩ. 5.9, ʙ). 

4. ɼʦʧʫʩʪʠʤʝ ʜʦʪʠʯʥʝ ʥʘʧʨʫʞʝʥʥʷ ʜʣʷ ʩʧʣʘʚʫ ɸʄɻ ʧʨʠ 

ʢʦʝʬʽʮʽʻʥʪʦʚʽ ʟʘʧʘʩʫ 2 7ʤʮn .=  ʜʦʨʽʚʥʶʻ 

[] [] 2

210
0 5 0 5 0 5 38 9 3 89

2 7

ʤʮ

ʤʮ

ʢʅ
, , , , ʄʇʘ ,

n . ʩʤ

s
t = s = = Ö = =. 

5. ɿ ʫʤʦʚʠ ʤʽʮʥʦʩʪʽ ʟʥʘʭʦʜʠʤʦ ʥʝʦʙʭʽʜʥʽ ʜʽʘʤʝʪʨʠ ʚʘʣʘ ʽ 

ʟʘʦʢʨʫʛʣʶʻʤʦ ʾʭ ʜʦ ʩʪʘʥʜʘʨʪʥʠʭ ʟʥʘʯʝʥʴ 

[]
3

0 2

ʢʨT
d

,
²

t
; 3

1

2 67
1 5

0 2 3 89

,
d , ʩʤ

, ,
= =

Ö
. 

ʇʨʠʡʤʘʻʤʦ 1 30d ʤʤ= . 

3
2

4
1 7

0 2 3 89
d . cʤ

, ,
= =

Ö
; ʧʨʠʡʤʘʻʤʦ 2 30d ʤʤ= . 

3
3

3 33
1 6

0 2 3 89

,
d . cʤ

, ,
= =

Ö
; ʧʨʠʡʤʘʻʤʦ 

3 30d ʤʤ= . 

3
4

2
1 4

0 2 3 89
d . ʩʤ

, ,
= =

Ö
; ʧʨʠʡʤʘʻʤʦ 4 30d ʤʤ= . 

ʆʪʞʝ, ʜʣʷ ʚʩʽʭ ʜʽʣʷʥʦʢ ʚʘʣʘ ʜʽʘʤʝʪʨ ʙʫʜʝ ʦʜʠʥ30d ʤʤ= . 

6. ʂʫʪʠ ʟʘʢʨʫʪʫ ʥʘ ʦʢʨʝʤʠʭ ʜʽʣʷʥʢʘʭ ʚʘʣʘ ʟʥʘʭʦʜʠʤʦ ʟʘ 

ʬʦʨʤʫʣʦʶ (5.2), ʜʝ ʧʦʣʷʨʥʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʚʘʣʘ ʜʦʨʽʚʥʶʻ 
4 4 40 1 0 1 3 8 1pI , d , , ʩʤ= = Ö = . 

ɺʽʜʨʽʟʦʢ 1-0: 

1 0 3

2 67 1 5 40 180
0 42

2 7 10 8 1 3 14

, ,
,

, , ,
-

Ö Ö Ö ¯
j = = ¯

Ö Ö Ö
. 

ɺʽʜʨʽʟʦʢ 0-2: 

0 2 3

4 40 180
0 42

2 7 10 8 1 3 14
,

, , ,
-

Ö Ö ¯
j = = ¯

Ö Ö Ö
. 

ɺʽʜʨʽʟʦʢ 2-3: 
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3 2 3

3 33 40 180
0 35

2 7 10 8 1 3 14

,
,

, , ,
-

Ö Ö ¯
j = = ¯

Ö Ö Ö
. 

ɺʽʜʨʽʟʦʢ 3-4: 

3 4 3

2 40 180
0 21

2 7 10 8 1 3 14
,

, , ,
-

Ö Ö ¯
j = = ¯

Ö Ö Ö
. 

ɿʘ ʦʜʝʨʞʘʥʠʤʠ ʜʘʥʠʤʠ ʙʫʜʫʻʤʦ ʝʧʶʨʫ ʢʫʪʽʚ ʟʘʢʨʫʯʫʚʘʥʥʷ 

(ʨʠʩ. 5.9, ʙ). 

ɿʥʘʭʦʜʠʤʦ ʚʽʜʥʦʩʥʽ ʢʫʪʠ ʟʘʢʨʫʯʫʚʘʥʥʷ lq=j: 

[]1 0
1 0

0 42
0 7

1 5 1 5 0 4

, ʛʨʘʜ
,

, a , , ʤ

-
-

j å õ
q = = = < qæ ö

Ö Ö ç ÷
; 

[]0 2
0 2

0 42
1 05

0 4

, ʛʨʘʜ
,

a , ʤ

-
-

j å õ
q = = = < qæ ö

ç ÷
; 

[]2 3
2 3

0 35
0 87

0 4

, ʛʨʘʜ
,

a , ʤ

-
-

j å õ
q = = = < qæ ö

ç ÷
; 

[]3 4
3 4

0 21
0 52

0 4

, ʛʨʘʜ
,

a , ʤ

-
-

j å õ
q = = = < qæ ö

ç ÷
. 

ɺʩʽ ʚʽʜʥʦʩʥʽ ʢʫʪʠ ʟʘʢʨʫʯʫʚʘʥʥʷ ʤʝʥʰʽ ʚʽʜ ʜʦʧʫʩʪʠʤʦʛʦ. 

ʆʪʞʝ, ʞʦʨʩʪʢʽʩʪʴ ʚʘʣʘ ʥʘ ʚʩʽʭ ʡʦʛʦ ʜʽʣʷʥʢʘʭ ʟʘʙʝʟʧʝʯʝʥʘ. 

 

ʇʨʠʢʣʘʜ 2. 

ɼʦ ʩʪʘʣʝʚʦʛʦ ʚʘʣʘ (ʨʠʩ. 5.10, ʘ) ʧʨʠʢʣʘʜʝʥʽ ʪʨʠ ʚʽʜʦʤʠʭ 

ʢʨʫʪʥʽ ʤʦʤʝʥʪʠ: 

1 11T , ʢʅ ʤ= Ö; 2 1 5T , ʢʅ ʤ= Ö; 
3 1 4T , ʢʅ ʤ= Ö 

ʽ ʦʜʠʥ ʥʝʚʽʜʦʤʠʡ ïX , ʷʢʠʡ ʧʨʠʢʣʘʜʝʥʠʡ ʜʦ ʧʨʘʚʦʛʦ ʢʽʥʮʝʚʦʛʦ 
ʧʝʨʝʨʽʟʫ. 

ʅʝʦʙʭʽʜʥʦ: 

1) ʫʩʪʘʥʦʚʠʪʠ, ʧʨʠ ʷʢʦʤʫ ʟʥʘʯʝʥʥʽ X  ʢʫʪ ʧʦʚʦʨʦʪʫ 

ʧʨʘʚʦʛʦ ʢʽʥʮʝʚʦʛʦ ʧʝʨʝʨʽʟʫ ʚʘʣʘ ʜʦʨʽʚʥʶʻ ʥʫʣʶ; 

2) ʜʣʷ ʟʥʘʡʜʝʥʦʛʦ X  ʧʦʙʫʜʫʚʘʪʠ ʝʧʶʨʫ ʢʨʫʪʥʠʭ 

ʤʦʤʝʥʪʽʚ; 
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3) ʧʽʜʽʙʨʘʪʠ ʜʽʘʤʝʪʨ ʚʘʣʘ ʩʪʘʣʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʟ 

ʫʤʦʚʠ ʤʽʮʥʦʩʪʽ, ʧʦʢʣʘʚʰʠ [] 40ʄʇʘt =  ʽ ʟʘʦʢʨʫʛʣʠʪʠ ʡʦʛʦ ʜʦ 

ʥʘʡʙʣʠʞʯʦʛʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʦʟʤʽʨʫ; 

4) ʧʦʙʫʜʫʚʘʪʠ ʝʧʶʨʫ ʢʫʪʽʚ ʟʘʢʨʫʪʫ. 
 

 

ʈʠʩ. 5.10 

ʈʦʟʤʽʨʠ ʜʽʣʷʥʦʢ ʚʘʣʘ ʜʦʨʽʚʥʶʶʪʴ: 11a , ʤ= , 1 5b , ʤ= ; 

1 4c , ʤ= . ʇʨʠʡʤʘʻʤʦ ʜʣʷ ʩʪʘʣʽ 
48 10G ʄʇʘ= Ö . 

ɺʢʘʟʽʚʢʘ.  

ʇʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʮʽʻʾ ʟʘʜʘʯʽ ʥʝʦʙʭʽʜʥʦ ʩʢʦʨʠʩʪʘʪʠʩʴ 

ʧʨʠʥʮʠʧʦʤ ʩʫʧʝʨʧʦʟʠʮʽʾ. ɿʛʽʜʥʦ ʟ ʮʠʤ ʧʨʠʥʮʠʧʦʤ, ʢʫʪ ʧʦʚʦʨʦʪʫ 
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ʢʽʥʮʝʚʦʛʦ ʧʝʨʝʨʽʟʫ ʚʘʣʘ ʚʽʜ ʜʽʾ ʩʠʩʪʝʤʠ ʢʨʫʪʥʠʭ ʤʦʤʝʥʪʽʚ ʤʦʞʥʘ 

ʦʜʝʨʞʘʪʠ ʷʢ ʩʫʤʫ ʨʝʟʫʣʴʪʘʪʽʚ ʜʽʾ ʢʦʞʥʦʛʦ ʟ ʮʠʭ ʤʦʤʝʥʪʽʚ, 

ʧʨʠʢʣʘʜʝʥʠʭ ʜʦ ʚʘʣʘ ʧʦʩʣʽʜʦʚʥʦ ʘʙʦ ʫ ʜʦʚʽʣʴʥʦʤʫ ʧʦʨʷʜʢʫ. 

ʈʦʟʚôʷʟʦʢ.  

ʅʝʚʽʜʦʤʠʡ ʤʦʤʝʥʪ X  ʟʥʘʡʜʝʤʦ ʽʟ ʨʽʚʥʷʥʥʷ 

ʧʝʨʝʤʽʱʝʥʴ0Kj =, ʪʦʙʪʦ 

() ( ) () ( )1 2 3 0T T T X-j +j +j +j =; 

( ) ( ) ( )2 31
2

0
p p p p

T a b T a b c X a b cT a

GI GI GI GI

+ + + + +
- + + + =. 

ʇʦʤʥʦʞʠʚʰʠ ʧʨʘʚʫ ʽ ʣʽʚʫ ʯʘʩʪʠʥʫ ʨʽʚʥʷʥʥʷ ʥʘ ʚʝʣʠʯʠʥʫ 

pGI  ʽ, ʧʽʜʩʪʘʚʠʚʰʠ ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ, ʦʜʝʨʞʠʤʦ 

( ) ( )

( )

11 11 1 5 11 1 5 1 4 11 1 5 1 4

2 11 1 5 1 4 0

, , , , , , , , ,

X , , , .

- Ö + Ö + + Ö + + +

+ Ö Ö + + =
 

ɿʚʽʜʢʠ: 

( )
8 29

1 63
5 1

,
X , ʢʅ ʤ

,
=- =- Ö. 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʝʧʶʨʠ ʢʨT  ʟʥʘʭʦʜʠʤʦ ʟʥʘʯʝʥʥʷ ʢʨʫʪʥʠʭ 

ʤʦʤʝʥʪʽʚ ʥʘ ʢʦʞʥʦʤʫ ʚʽʜʨʽʟʢʫ ʚʘʣʘ. 

( )1 63IT X , ʢʅ ʤ= =- Ö; 

( )3 1 63 1 4 0 23IIT X T , , , ʢʅ ʤ= + =- + =- Ö; 

( )3 2 1 63 1 4 1 5 1 27IIIT X T T , , , , ʢʅ ʤ= + + =- + + = Ö; 

( )1 1 27 11 0 17IV IIIT T T , , , ʢʅ ʤ= - = - = Ö. 

ɽʧʶʨʘ ʢʨT  ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʨʠʩ. 5.10, ʙ. 

ɼʽʘʤʝʪʨ ʚʘʣʘ ʚʠʟʥʘʯʠʤʦ ʟ ʫʤʦʚʠ ʤʽʮʥʦʩʪʽ ʥʘ ʢʨʫʯʝʥʥʷ 

[]
max

ʢʨ

max

p

T

W
t = ¢ t. 

ɿʥʘʭʦʜʠʤʦ ʟʥʘʯʝʥʥʷ ʧʦʣʷʨʥʦʛʦ ʤʦʤʝʥʪʫ ʦʧʦʨʫ 
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[]
( ) ( )4 3 3

3

1 63
0 407 10 40 7

40 10

max

ʢʨ

p

T .
W . ʤ . ʩʤ-= = = Ö =

t Ö
. 

ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʥʘʙʣʠʞʝʥʦʶ ʬʦʨʤʫʣʦʶ
30 2pW . dº , 

ʟʥʘʡʜʝʤʦ ʥʝʦʙʭʽʜʥʠʡ ʜʽʘʤʝʪʨ ʧʝʨʝʨʽʟʫ ʚʘʣʘ 

( )3 3
40 7

5 88
0 2 0 2

pW .
d . ʩʤ

. .
= = = . 

ʇʨʠʡʤʘʻʤʦ60 6ʚ ʤʤ ʩʤ= = . 

ʇʦʣʷʨʥʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʜʦʨʽʚʥʶʻ 

( )4 4 40 1 0 1 6 130pI , d . ʩʤ= = Ö = . 

ɾʦʨʩʪʢʽʩʪʴ ʧʨʠ ʢʨʫʯʝʥʥʽ ʜʦʨʽʚʥʶʻ 

( )4 3 8 28 10 10 130 10 104pGI ʢʅ ʤ-= Ö Ö Ö Ö = Ö. 

ɽʧʶʨʫ ʢʫʪʽʚ ʟʘʢʨʫʪʫ ʙʫʜʫʻʤʦ, ʧʦʯʠʥʘʶʯʠ ʚʽʜ ʣʽʚʦʛʦ, 

ʟʘʤʢʥʝʥʦʛʦ ʧʝʨʝʨʽʟʫ ʚʘʣʘ ʟʘ ʬʦʨʤʫʣʦʶ (5.2). 

ɼʣʷ ʢʦʞʥʦʾ ʜʽʣʷʥʢʠ ʦʜʝʨʞʠʤʦ 

1 63 1 1 180
0 99

104 3 14
I

. .
.

.

Ö Ö ¯
j =- =- ¯

Ö
; 

0 23 1 4 180
0 17

104 3 14
II

. .
.

.

Ö Ö ¯
j =- =- ¯

Ö
; 

1 27 1 5 180
1 05

104 3 14
III

. .
.

.

Ö Ö ¯
j = = ¯

Ö
; 

0 17 1 1 180
0 11

104 3 14
IV

. .
.

.

Ö Ö ¯
j = = ¯

Ö
; 

0IV II II ij +j +j +j =. 

ʆʪʞʝ, ʤʦʤʝʥʪ X  ʟʥʘʡʜʝʥʦ ʧʨʘʚʠʣʴʥʦ. ɽʧʶʨʘ j 

ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʨʠʩ. 5.10, ʚ. 

ɿʥʘʭʦʜʠʤʦ ʥʘʡʙʽʣʴʰʠʡ ʚʽʜʥʦʩʥʠʡ ʢʫʪ ʟʘʢʨʫʯʫʚʘʥʥʷ: 

0 99
0 9

1 1

I
I

I

. ʛʨʘʜ
.

l . ʤ

j
q = = = ; 

1 05
0 7

1 5

III
III

III

. ʛʨʘʜ
.

l . ʤ

j
q = = = . 

ʅʘʡʙ̔ ʣʴʰʠʡ ʚʽʜʥʦʩʥʠʡ ʢʫʪ ʟʘʢʨʫʯʫʚʘʥʥʷ ʥʘ 1ʤ ʜʦʚʞʠʥʠ 

ʚʘʣʘ ʚʠʥʠʢʘʻ ʥʘ ʧʝʨʰʽʡ ʜʽʣʷʥʮʽ ʽ ʜʦʨʽʚʥʶʻ 

0 9max I

ʛʨʘʜ
.
ʤ

q =q = . 
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ɿʘʧʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʶ 

1. ʂʦʣʠ ʚʠʥʠʢʘʻ ʜʝʬʦʨʤʘʮʽʷ ʢʨʫʯʝʥʥʷ ʩʪʨʠʞʥʷ? 

2. ʗʢʘ ʚʝʣʠʯʠʥʘ ʥʘʟʠʚʘʻʪʴʩʷ ʢʨʫʪʥʠʤ ʤʦʤʝʥʪʦʤ? 

3. ʗʢʝ ʧʨʘʚʠʣʦ ʟʥʘʢʽʚ ʜʣʷ ʢʨʫʪʥʠʭ ʤʦʤʝʥʪʽʚ? 

4. ʗʢ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʟʘʢʦʥ ɻʫʢʘ ʜʣʷ ʢʨʫʯʝʥʥʷ? 

5. ɿʘʧʠʰʽʪʴ ʚʠʨʘʟ ʜʣʷ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʚ ʽʥʪʝʛʨʘʣʴʥʦʤʫ 
ʚʠʛʣʷʜʽ. 

6. ʉʬʦʨʤʫʣʶʡʪʝ ʛʽʧʦʪʝʟʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ 
ʚʠʚʦʜʽ ʬʦʨʤʫʣ ʜʣʷ ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʫ ʚʘʣʘʭ, ʱʦ 

ʟʘʢʨʫʯʫʶʪʴʩʷ. 

7. ɿʘʧʠʰʽʪʴ ʫʤʦʚʫ ʤʽʮʥʦʩʪʽ ʚʘʣʘ, ʱʦ ʟʘʢʨʫʯʫʻʪʴʩʷ. 

8. ɿʘʧʠʰʽʪʴ ʫʤʦʚʫ ʞʦʨʩʪʢʦʩʪʽ ʚʘʣʘ, ʱʦ ʟʘʢʨʫʯʫʻʪʴʩʷ. 

9.  ʗʢ ʟʘʧʠʩʫʻʪʴʩʷ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ʯʝʨʝʟ ʧʦʪʫʞʥʽʩʪʴ, ʱʦ 

ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ ʚʘʣ, ʪʘ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ? 

10. ɿʘʧʠʰʽʪʴ ʬʦʨʤʫʣʠ ʜʣʷ ʥʘʧʨʫʞʝʥʴ ʪʘ ʢʫʪʽʚ ʟʘʢʨʫʪʫ ʜʣʷ 

ʩʪʨʠʞʥʽʚ ʥʝʢʨʫʛʣʠʭ ʧʝʨʝʨʽʟʽʚ. 

11. ʋ ʷʢʠʭ ʤʽʩʮʷʭ ʧʝʨʝʨʽʟʽʚ ʚʽʜʢʨʠʪʦʛʦ ʧʨʦʬʽʣʶ ʚʠʥʠʢʘʶʪʴ 
ʥʘʡʙʽʣʴʰʽ ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ? 

12. ʗʢ ʟʘʧʠʩʫʶʪʴʩʷ ʛʝʦʤʝʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ 
ʧʝʨʝʨʽʟʽʚ ʫ ʚʠʛʣʷʜʽ ʚʫʟʴʢʠʭ ʧʨʷʤʦʢʫʪʥʠʢʽʚ? 

13. ʗʢ ʙʫʜʫʶʪʴʩʷ ʝʧʶʨʠ ʢʫʪʽʚ ʟʘʢʨʫʪʫ ʚʘʣʘ? 

14. ɿʘʧʠʰʽʪʴ ʬʦʨʤʫʣʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʽʘʤʝʪʨʘ ʚʘʣʘ, 

ʚʠʭʦʜʷʯʠ ʟ ʫʤʦʚʠ ʞʦʨʩʪʢʦʩʪʽ. 
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ʊɽʄɸ 6 (ʣʝʢʮʽʷ 12) 

ʈʆɿʈɸʍʋʅʆʂ ʎʀʃɯʅɼʈʀʏʅʀʍ ʇʈʋɾʀʅ  

ɿ ʄɸʃʀʄ ʂʈʆʂʆʄ 

 

6.1. ɺʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʚ ʮʠʣʽʥʜʨʠʯʥʽʡ ʧʨʫʞʠʥʽ 

ɻʚʠʥʪʦʚʽ ʮʠʣʽʥʜʨʠʯʥʽ ʧʨʫʞʠʥʠ ʻ ʦʜʥʠʤʠ ʽʟ 

ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʝʣʝʤʝʥʪʽʚ ʤʝʭʘʥʽʟʤʽʚ ʫ ʪʝʭʥʽʮʽ ʪʘ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ. ʊʦʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʪʘʢʠʭ ʧʨʫʞʠʥ ʜʦʩʠʪʴ 

ʩʢʣʘʜʥʠʡ, ʦʩʢʽʣʴʢʠ ʜʨʽʪ ʧʨʫʞʠʥʠ ʤʦʞʝ ʦʜʥʦʯʘʩʥʦ ʟʘʟʥʘʚʘʪʠ 

ʜʝʬʦʨʤʘʮʽʡ ʢʨʫʯʝʥʥʷ, ʟʩʫʚʫ ʪʘ ʟʛʠʥʫ. ʈʘʟʦʤ ʟ ʪʠʤ, ʷʢʱʦ ʢʫʪ 

ʥʘʭʠʣʫ ʚʠʪʢʽʚ ʥʝʚʝʣʠʢʠʡ, ʪʦ ʚʧʣʠʚʦʤ ʟʛʠʥʫ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ. 

ɸ ʧʨʠ ʚʝʣʠʢʠʭ ʚʽʜʥʦʰʝʥʥʷʭ ʜʽʘʤʝʪʨʽʚ ʧʨʫʞʠʥʠ ʽ ʜʨʦʪʫ ʤʦʞʥʘ 

ʙʫʜʝ ʟʥʝʭʪʫʚʘʪʠ ʪʘʢʦʞ ʽ ʟʩʫʚʦʤ. 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʨʫʞʠʥ ʟ ʤʘʣʠʤ ʢʫʪʦʤ ʥʘʭʠʣʫ ʚʠʪʢʽʚ 

( )10 15j¢ ·  ̄ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʬʦʨʤʫʣʠ ʜʣʷ ʥʘʧʨʫʞʝʥʴ ʽ 

ʧʝʨʝʤʽʱʝʥʴ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʫ ʩʪʨʠʞʥʷʭ ʧʨʠ ʾʭ ʢʨʫʯʝʥʥʽ ʪʘ 

ʟʩʫʚʦʚʽ.  
 

 
ʈʠʩ. 6.1 

 

ɺʠʟʥʘʯʠʤʦ ʥʘʧʨʫʞʝʥʥʷ ʫ ʧʦʧʝʨʝʯʥʦʤʫ ʧʝʨʝʨʽʟʽ ʚʠʪʢʘ 

ʧʨʫʞʠʥʠ, ʱʦ ʥʘʚʘʥʪʘʞʝʥʘ ʨʦʟʪʷʛʫʚʘʣʴʥʦʶ ʩʠʣʦʶ F  (ʨʠʩ. 6.1 ʘ). 

ʎʝʡ ʚʠʪʦʢ ʧʝʨʝʙʫʚʘʻ ʧʽʜ ʜʽʻʶ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʟʚʦʜʠʪʴʩʷ ʜʦ 

ʧʘʨʠ ʩʠʣ ʟ ʢʨʫʪʥʠʤ ʤʦʤʝʥʪʦʤ 
ʢʨT  ʪʘ ʧʝʨʝʨʽʟʫʶʯʦʾ ʩʠʣʠ F  ʫ 

ʧʣʦʱʠʥʽ ʧʝʨʝʨʽʟʫ. ɺʽʜ ʦʙʦʭ ʮʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʫ ʧʦʧʝʨʝʯʥʦʤʫ 

ʧʝʨʝʨʽʟʽ ʚʠʪʢʘ ʧʨʫʞʠʥʠ ʚʠʥʠʢʘʶʪʴ ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ 

F 
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(ʨʠʩ. 6.2, ʘ, ʙ). ʉʫʤʘʨʥʝ ʜʦʪʠʯʥʝ ʥʘʧʨʫʞʝʥʥʷ ʜʦʩʷʛʘʻ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʙʽʣʷ ʢʨʘʡʥʴʦʾ ʚʥʫʪʨʽʰʥʴʦʾ ʪʦʯʢʠ 

ʧʝʨʝʨʽʟʫ (ʨʠʩ. 6.2, ʚ) 

max 2

2
1

ʢʨ

ʢʨ F

p

T F F R

W A rr
t t t

p

å õ
= + = + = +æ ö

ç ÷
,                           (6.1) 

ʜʝ R  ï ʨʘʜʽʫʩ ʚʠʪʢʘ ʧʨʫʞʠʥʠ, rï ʨʘʜʽʫʩ ʢʨʫʛʣʦʛʦ ʜʨʦʪʫ 

ʧʨʫʞʠʥʠ.  

 

 
ʈʠʩ. 6.2 

 

ʗʢʱʦ ʫ ʬʦʨʤʫʣʽ (6.1) ʚʽʜʥʦʰʝʥʥʷ 
2R

r
 ʟʥʘʯʥʦ ʙʽʣʴʰʽ ʚʽʜ 

ʦʜʠʥʠʮʽ, ʪʦ ʮʽʻʶ ʦʜʠʥʠʮʝʶ ʚ ʜʫʞʢʘʭ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ, ʘ 

ʥʘʧʨʫʞʝʥʥʷ ʦʙʯʠʩʣʶʚʘʪʠ ʥʘʙʣʠʞʝʥʦ 

max 3

2FR

r
t

p
º .                                        (6.2) 

ʇʨʠ ʪʦʯʥʽʰʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʤʘʢʩʠʤʘʣʴʥʽ ʜʦʪʠʯʥʽ 

ʥʘʧʨʫʞʝʥʥʷ maxt , ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʨʽʟʘʭ ʚʠʪʢʽʚ 

ʧʨʫʞʠʥʠ ʟ ʩʝʨʝʜʥʽʤ ʜʽʘʤʝʪʨʦʤ ʚʠʪʢʽʚ 2D R= , ʚʠʛʦʪʦʚʣʝʥʦʾ ʟ 

ʢʨʫʛʣʦʛʦ ʜʨʦʪʫ ʜʽʘʤʝʪʨʦʤ 2d r=  ʽ ʥʘʚʘʥʪʘʞʝʥʦʾ ʨʦʟʪʷʛʫʚʘʣʴʥʠʤ 

ʘʙʦ ʩʪʠʩʢʫʚʘʣʴʥʠʤ ʟʫʩʠʣʣʷʤ P, ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

max

ʢʨ

P

T
k

W
t = ,                                       (6.3) 

ʜʝ 
ʢʨT  ï ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ, ʱʦ ʚʠʥʠʢʘʻ ʫ ʧʦʧʝʨʝʯʥʦʤʫ ʧʝʨʝʪʠʥʽ 

ʚʠʪʢʘ ʧʨʫʞʠʥʠ ʚʽʜ ʜʽʾ ʟʫʩʠʣʣʷ P , 

2
ʢʨ

D
T F R F= Ö = Ö; 

PW  ï ʧʦʣʷʨʥʠʡ ʤʦʤʝʥʪ ʦʧʦʨʫ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʚʠʪʢʘ 

ʧʨʫʞʠʥʠ, 
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3 16PW dp= Ö ; 

k  ï ʧʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ 

ʧʦʧʝʨʝʯʥʦʾ ʩʠʣʠ, ʟʛʠʥʫ, ʦʩʴʦʚʦʾ ʩʠʣʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʚʠʪʢʘʭ 

ʧʨʫʞʠʥʠ. 

ʂʦʝʬʽʮʽʻʥʪ k  ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ d D  ʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʝʤʧʽʨʠʯʥʦʶ ʟʘʣʝʞʥʽʩʪʶ 
1 0.25

0.615
1

d D
k d D

d D

-
= +

-
. 

ʃʝʛʢʦ ʙʘʯʠʪʠ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ k ʟʙʽʣʴʰʫʻʪʴʩʷ ʽʟ 

ʟʙʽʣʴʰʝʥʥʷʤ ʚʽʜʥʦʰʝʥʥʷ d D. ʊʘʢ, ʜʣʷ 
1

20

d

D
=  ʮʝʡ ʢʦʝʬʽʮʽʻʥʪ 

ʜʦʨʽʚʥʶʻ 1,07, ʘ ʫ ʚʠʧʘʜʢʫ 
1

5

d

D
=  ʚʽʥ ʧʨʠʙʣʠʟʥʦ ʜʦʨʽʚʥʶʻ 1,31. 

 

6.2. ɺʠʟʥʘʯʝʥʥʷ ʧʝʨʝʤʽʱʝʥʴ ʮʠʣʽʥʜʨʠʯʥʦʾ ʧʨʫʞʠʥʠ 

ʪʘ ʩʠʩʪʝʤ ʧʨʫʞʠʥ. ʇʦʪʝʥʮʽʘʣʴʥʘ ʝʥʝʨʛʽʷ ʜʝʬʦʨʤʘʮʽʾ 

ʧʨʫʞʠʥʠ 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʧʨʫʞʠʥʠ 

ʟʥʘʡʜʝʤʦ ʝʣʝʤʝʥʪʘʨʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʝʣʝʤʝʥʪʘ ʧʨʫʞʠʥʠ, ʷʢʠʡ 

ʤʦʞʥʘ ʫʤʦʚʥʦ ʚʠʨʽʟʘʪʠ ʜʚʦʤʘ ʩʽʯʥʠʤʠ ʧʣʦʱʠʥʘʤʠ, ʱʦ 

ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʚʽʩʴ ʧʨʫʞʠʥʠ (ʨʠʩ. 6.1, ʙ). ʎʝʡ ʝʣʝʤʝʥʪ, 

ʜʦʚʞʠʥʦʶ ds, ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ ʜʽʻʶ ʢʨʫʪʥʠʭ ʤʦʤʝʥʪʽʚ 
ʢpT , ʱʦ 

ʧʨʠʢʣʘʜʝʥʽ ʜʦ ʡʦʛʦ ʢʽʥʮʽʚ. 

ʇʦʚʦʨʦʪ ʢʽʥʮʝʚʠʭ ʧʝʨʝʨʽʟʽʚ ʦʜʠʥ ʚʽʜʥʦʩʥʦ ʦʜʥʦʛʦ ʥʘ ʢʫʪ 

ʟʘʢʨʫʯʫʚʘʥʥʷ dj ʚʠʢʣʠʢʘʻ ʧʝʨʝʤʽʱʝʥʥʷ dl, ʧʨʠʯʦʤʫ  

·
· p

FRds
d Rd R

G I
l j= = ,                                  (6.4) 

ʜʝ G  ï ʤʦʜʫʣʴ ʟʩʫʚʫ ʤʘʪʝʨʽʘʣʫ ʧʨʫʞʠʥʠ, 4 2pI rp=  ï ʧʦʣʷʨʥʠʡ 

ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʧʝʨʝʨʽʟʫ ʜʨʦʪʫ ʧʨʫʞʠʥʠ, 2s Rnpº , n  ï ʯʠʩʣʦ 

ʚʠʪʢʽʚ ʧʨʫʞʠʥʠ. 

ɯʥʪʝʛʨʫʚʘʥʥʷ ʨʽʚʥʦʩʪʽ (6.4) ʧʦ ʜʦʚʞʠʥʽ ʚʠʪʢʽʚ ʧʨʫʞʠʥʠ s  

ʧʨʠʚʦʜʠʪʴ ʜʦ ʬʦʨʤʫʣʠ ʜʣʷ ʩʫʤʘʨʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ l  
3 3

4

8

4 p

nFD FD n

GI Gd

p
l= = ,                                         (6.5) 
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ʌʦʨʤʫʣʫ (6.5) ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʽ ʚ ʽʥʰʦʤʫ ʚʠʛʣʷʜʽ 
F

C
l= ,                                             (6.6) 

ʜʝ     
4

3
,

8

G d ʅ
C

ʤD n

Ö è ø
= é ùÖ Öê ú

 ï ʞʦʨʩʪʢʽʩʪʴ ʧʨʫʞʠʥʠ. 

ʇʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʩʠʩʪʝʤʠ ʧʨʫʞʠʥ ʨʽʟʥʠʭ ʞʦʨʩʪʢʦʩʪʝʡ 

1 2, , , nC C C , ʱʦ ʟôʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ ʧʦʩʣʽʜʦʚʥʦ, ʩʫʤʘʨʥʘ ʾʭ 

ʞʦʨʩʪʢʽʩʪʴ C  ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ 

1 2

1 1 1 1

nC C C C
= + + +. 

ʗʢʱʦ ʧʨʫʞʠʥʠ ʟôʻʜʥʘʥʽ ʧʘʨʘʣʝʣʴʥʦ, ʪʦ     1 2 2C C C C= + + +. 

ʂʨʽʤ ʧʦʟʜʦʚʞʥʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʥʘ ʮʠʣʽʥʜʨʠʯʥʫ 

ʧʨʫʞʠʥʫ ʤʦʞʝ ʜʽʷʪʠ ʽ ʧʦʧʝʨʝʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʇʨʠ ʟʛʠʥʽ 

ʧʨʫʞʠʥʠ, ʟʘʢʨʽʧʣʝʥʦʾ ʦʜʥʠʤ ʢʽʥʮʝʤ ʪʘ ʥʘʚʘʥʪʘʞʝʥʦʾ 

ʧʦʧʝʨʝʯʥʦʶ ʩʠʣʦʶ ʈ ʥʘ ʽʥʰʦʤʫ, ʧʝʨʝʤʽʱʝʥʥʷ ʚʽʣʴʥʦʛʦ ʢʽʥʮʷ 

ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ 
2 2

2

3
1

3 2

nPRl E R

EI G l

p
l

å õ
= + +æ ö

ç ÷
,                                  (6.7) 

ʜʝ n, R, l ï ʢʽʣʴʢʽʩʪʴ ʚʠʪʢʽʚ, ʨʘʜʽʫʩ ʪʘ ʜʦʚʞʠʥʘ ʧʨʫʞʠʥʠ; ɯ ï 

ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʧʝʨʝʨʽʟʫ ʜʨʦʪʫ; E, G ï ʤʦʜʫʣʽ ʧʨʫʞʥʦʩʪʽ ʪʘ ʟʩʫʚʫ 

ʤʘʪʝʨʽʘʣʫ ʜʨʦʪʫ ʧʨʫʞʠʥʠ. 

ʋ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʧʨʫʞʠʥʘ ʦʮʽʥʶʻʪʴʩʷ  ʾʾ ʟʜʘʪʥʽʩʪʶ 

ʧʦʛʣʠʥʘʪʠ ʧʝʚʥʫ ʯʘʩʪʠʥʫ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʱʦ ʧʦʷʚʣʷʻʪʴʩʷ ʚ 

ʢʦʥʩʪʨʫʢʮʽʾ ʯʠ ʤʘʰʠʥʽ ʚʽʜ ʥʝʩʧʦʜʽʚʘʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʫʜʘʨʽʚ ʪʘ 

ʧʦʰʪʦʚʭʽʚ, ʷʢʠʭ ʚʦʥʘ ʤʦʞʝ ʟʘʟʥʘʪʠ. ɿʛʘʜʘʥʘ ʝʥʝʨʛʽʷ ʥʝ ʧʦʚʠʥʥʘ 

ʧʝʨʝʚʠʱʫʚʘʪʠ ʪʫ ʧʦʪʝʥʮ̔ ʘʣʴʥʫ ʝʥʝʨʛʽʶ ʜʝʬʦʨʤʘʮʽʾ ʧʨʫʞʠʥʠ, 

ʷʢʫ ʚʦʥʘ ʤʦʞʝ ʥʘʢʦʧʠʯʠʪʠ ʚ ʩʦʙʽ. ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʮʽʻʾ ʝʥʝʨʛʽʾ, 

ʟʘ  ʫʤʦʚʠ ʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʟʤʽʱʝʥʥʷʤ ʧʨʫʞʠʥʠ l ʪʘ 

ʩʠʣʦʶ F , ʱʦ ʜʽʻ ʥʘ ʥʝʾ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʬʦʨʤʫʣʫ 
2 3

4

1 4

2

nF D
U F

Gd
l= = .                          (6.8) 

ɺʠʨʘʟʠʚʰʠ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ / 2êðT F D= Ö , ʱʦ ʩʢʨʫʯʫʻ 

ʚʠʪʢʠ ʧʨʫʞʠʥʠ, ʯʝʨʝʟ ʚʽʜʧʦʚʽʜʥʝ ʤʘʢʩʠʤʘʣʴʥʝ ʜʦʪʠʯʥʝ 
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ʥʘʧʨʫʞʝʥʥʷ 
maxt ʪʘ ʽʥʰʽ ʛʝʦʤʝʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʫʞʠʥʠ, 

ʬʦʨʤʫʣʘ (6.8) 

ʤʦʞʝ ʙʫʪʠ ʟʚʝʜʝʥʘ ʜʦ ʚʠʛʣʷʜʫ 
2

max
0

4
U V

G

t
= ,                                          (6.9) 

ʜʝ   max 3

16FR

d
t

p
= ;    

2

0 2
4

d
V Rn

p
p= -ʧʦʯʘʪʢʦʚʠʡ ʦʙôʻʤ ʧʨʫʞʠʥʠ.  

ʇʦʪʝʥʮʽʘʣʴʥʘ ʝʥʝʨʛʽʷ ʜʝʬʦʨʤʘʮʽʾ ʧʨʫʞʠʥʠ ʜʦʩʛ̫ʥʝ ʩʚʦʛʦ 

ʛʨʘʥʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʨʠ ʥʘʙʫʪʪʽ ʤʘʢʩʠʤʘʣʴʥʠʤ ʜʦʪʠʯʥʠʤ 

ʥʘʧʨʫʞʝʥʥʷʤ ʚʽʜʧʦʚʽʜʥʦʛʦ ʛʨʘʥʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ - max ãðt t= . 

ʊʦʜʽ ʜʦʧʫʩʪʠʤʘ ʧʦʪʝʥʮʽʘʣʴʥʘ ʝʥʝʨʛʽʷ ʧʨʫʞʠʥʠ, ʱʦ ʤʦʞʝ 

ʧʦʛʣʠʥʫʪʠ ʧʝʚʥʫ ʯʘʩʪʠʥʫ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʊ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ 

[]
[]

2

0
4

U V T
G

t
= = .                               (6.10) 

ɿ ʬʦʨʤʫʣʠ (6.10) ʣʝʛʢʦ ʚʠʚʝʩʪʠ ʬʦʨʤʫʣʫ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʧʦʯʘʪʢʦʚʦʛʦ ʦʙôʻʤʫ 
0V ʧʨʫʞʠʥʠ(ʯʝʨʝʟ 

ʧʘʨʘʤʝʪʨʠ , ,R d n), ʱʦ ʤʦʞʝ ʧʦʛʣʠʥʫʪʠ ʟʘʜʘʥʫ ʚʝʣʠʯʠʥʫ 

ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ T- 

[]
0 2

4GT
V

t
= .                                          (6.11) 

ʄʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʥʝʮʠʣʽʥʜʨʠʯʥʠʭ ʧʨʫʞʠʥ ʻ ʟʥʘʯʥʦ 

ʩʢʣʘʜʥʽʰʠʤʠ ʽ ʾʭ ʤʦʞʥʘ ʟʥʘʡʪʠ ʚ ʩʧʝʮʽʘʣʴʥʽʡ ʣʽʪʝʨʘʪʫʨʽ. 

 

6.3. ʇʨʘʢʪʠʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʩʪʘʪʠʯʥʦ ʥʝʚʠʟʥʘʯʥʠʭ 

ʩʠʩʪʝʤ ʮʠʣʽʥʜʨʠʯʥʠʭ ʧʨʫʞʠʥ 

ɼʣʷ ʟʘʜʘʥʦʾ ʩʪʘʪʠʯʥʦ ʥʝʚʠʟʥʘʯʥʦ ʾ ʩʠʩʪʝʤʠ ʧʨʫʞʠʥ (ʨʠʩ. 6.3) 

ʚʠʟʥʘʯʠʪʠ ʧʝʨʝʤʽʱʝʥʥʷ ʪʦʯʢʠ ɸ, ʥʘʡʙʽʣʴʰʝ ʥʘʧʨʫʞʝʥʫ ʧʨʫʞʠʥʫ 

ʽ ʚʝʣʠʯʠʥʫ ʥʘʧʨʫʞʝʥʥʷ ʚ ʥʽʡ, ʷʢʱʦ ʩʝʨʝʜʥʽʡ ʜʽʘʤʝʪʨ ʙʽʣʴʰʦʾ 

ʧʨʫʞʠʥʠ 30ʙD ʩʤ= , ʤʝʥʰʦʾ 10ʤD ʩʤ= , ʜʽʘʤʝʪʨ ʜʨʦʪʫ ʙʽʣʴʰʦʾ  

ʧʨʫʞʠʥʠ 3ʙd ʩʤ= , ʤʝʥʰʦʾ 2ʤd ʩʤ= , ʤʘʪʝʨʽʘʣ ʾʭ ï ʩʪʘʣʴ 

( 48 10G ʄʇʘ= Ö ). ʏʠʩʣʦ ʚʠʪʢʽʚ ʢʦʞʥʦʾ ʧʨʫʞʠʥʠ 1 100n = , 2 80n = , 

3 60n = . 
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ʅʘʚʘʥʪʘʞʝʥʥʷ F, ʧʨʠʢʣʘʜʝʥʝ ʜʦ ʩʠʩʪʝʤʠ ʧʨʫʞʠʥ ʚ ʪʦʯʮʽ 

ɺ, ʨʽʚʥʝ 2F êÍ= . 

 

                     
           ʈʠʩ. 6.3                                  ʈʠʩ. 6.4                                        ʈʠʩ. 6.5  

 

ʈʦʟʚôʷʟʦʢ. 

ʈʝʘʢʮʽʾ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʩʠʩʪʝʤʽ ʧʽʜ ʜʽʻʶ ʩʠʣʠ F , 

ʧʦʟʥʘʯʫʻʤʦ ʚʽʜʧʦʚʽʜʥʦ ʯʝʨʝʟ 1X  ʽ 2X  (ʨʠʩ. 6.4). 

ʈʽʚʥʷʥʥʷ ʩʪʘʪʠʢʠ ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ 

1 2 0X X F+ - =,                                     (ʘ) 

ʆʩʢʽʣʴʢʠ ʙʽʣʴʰʝ ʨʽʚʥʷʥʴ ʩʪʘʪʠʢʠ ʩʢʣʘʩʪʠ ʥʝʤʦʞʣʠʚʦ, ʪʦ 

ʟʘʜʘʯʘ ʦʜʠʥ ʨʘʟ ʩʪʘʪʠʯʥʦ ʥʝʚʠʟʥʘʯʥʘ, ʽ ʜʣʷ ʾʾ ʨʦʟʚôʷʟʘʥʥʷ ʪʨʝʙʘ 

ʟʘʧʠʩʘʪʠ ʱʝ ʦʜʥʝ ʨʽʚʥʷʥʥʷ ʧʝʨʝʤʽʱʝʥʴ. ʋʤʦʚʥʦ ʚʽʜʢʠʥʝʤʦ 

ʚʝʨʭʥ  ʁ ʦʧʦʨʫ ʧʨʫʞʠʥʠ ʽ ʟʘʧʠʰʝʤʦ ʫʤʦʚʫ ʚʽʜʩʫʪʥʦʩʪ̔ 

ʧʝʨʝʤʽʱʝʥʥʷ ʦʧʦʨʥʦʛʦ ʧʝʨʝʨʽʟʫ ʧʨʫʞʠʥʠ 3 (ʨʠʩ. 6.5). 

1

1 2 3 2

1 1 1
0

F
X

C C C C

å õ
+ + - =æ ö

ç ÷
,                              (ʙ) 

ʟʚʽʜʢʠ  

1

2 2

1 3

1

F
X

C C

C C

=

+ +

. 

ɺʨʘʭʦʚʫʶʯʠ (ʘ), ʟʥʘʭʦʜʠʤʦ 

2 1X F X= - .                                            (ʚ) 

 

ʆʙʯʠʩʣʶʻʤʦ ʚʽʜʥʦʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʝʡ ʧʨʫʞʠʥ 
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3 4

2 1 2 1

1 2 1 2

1,25
C D d n

C D d n

å õ å õ å õ
= =æ ö æ ö æ ö
ç ÷ ç ÷ ç ÷

; 

43

3 32 2

3 2 3 2

0,14
D nC d

C D d n

å õå õ å õ
= =æ öæ ö æ ö
ç ÷ ç ÷ç ÷

. 

ʆʪʞʝ, ʰʫʢʘʥʽ ʨʝʘʢʮʽʾ, ʷʢʽ ʻ ʦʜʥʦʯʘʩʥʦ ʟʫʩʠʣʣʷʤʠ iF  ʫ 

ʚʽʜʧʦʚʽʜʥʠʭ ʧʨʫʞʠʥʘʭ, ʜʦʨʽʚʥʶʶʪʴ  

1 1 3

2000
840

1 1,25 0,14
X F F ʥ= =- = =

+ +
, 

2 2 2000 840 1160X F ʥ=- = - = . 

ʇʦʣʷʨʥʽ ʤʦʤʝʥʪʠ ʦʧʦʨʫ ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʨʽʟʽʚ ʧʨʫʞʠʥ 

 
3 3

3 6 3

2 1

3,14 3
5,3 5,3 10

16 16

bd
W W ʩʤ ʤ

p -Ö
= = = = = Ö, 

3 3
3 6 3

3

3,14 2
1,57 1,57 10

16 16

ʤd
W ʩʤ ʤ

p -Ö
= = = = Ö . 

ʇʦʧʨʘʚʦʯʥʽ ʢʦʝʬʽʮʽʻʥʪʠ 

 

1 2

3
1 0,25

330 0,615 1,142
3 30

1
30

k k

-

= = + =

-

, 

3

2
1 0,25

210 0,615 1,308
2 10

1
10

k

-

= + =

-

. 

ʄʘʢʩʠʤʘʣʴʥ̔ ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ʫ ʧʨʫʞʠʥʘʭ 

ʜʦʨʽʚʥʶʶʪ:ɹ 

ʫ ʧʨʫʞʠʥʽ 1: 

1

5

max 6 2

840 0,15
1,142 272 10

5,3 10

H

ʤ
t

-

Ö
= = Ö

Ö
; 

ʫ ʧʨʫʞʠʥʽ 2:  

2

5

max 6 2

1160 0,15
1,142 373 10

5,3 10

H

ʤ
t

-

Ö
= = Ö

Ö
; 

ʫ ʧʨʫʞʠʥʽ 3: 
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3

5

max 6 2

840 0,15
1,308 350 10

1,5 10

H

ʤ
t

-

Ö
= = Ö

Ö
. 

ʆʪʞʝ ʧʨʫʞʠʥʘ 3 ʻ ʥʘʡʙʽʣʴʰ ʥʘʧʨʫʞʝʥʦʶ ʧʨʫʞʠʥʦʶ. 

ʇʝʨʝʤʽʱʝʥʥʷ ʪʦʯʢʠ A  ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ ʷʢ ʦʩʘʜʢʫ 

ʧʨʫʞʠʥʠ 3, ʪʦʙʪʦ 
3 6

21

3 10 4 8

3

840 8 10 10 60
3,2 10 3,2

8 10 2 10

X
ʤ cʤ

C
l

-
-

-

Ö Ö Ö Ö
= = = Ö =

Ö Ö Ö
. 

 

 

ɿʘʧʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʶ 

 

1. ʗʢʽ ʜʝʬʦʨʤʘʮʽʾ ʚʨʘʭʦʚʫʶʪʴʩʷ ʟʘ ʨʦʟʨʘʭʫʥʢʫ ʮʠʣʽʥʜʨʠʯʥʦʾ     
ʧʨʫʞʠʥʠ? 

2. ɿʘʧʠʰʽʪʴ ʚʠʨʘʟ ʜʦʪʠʯʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʚ ʮʠʣʽʥʜʨʠʯʥʽʡ 
ʧʨʫʞʠʥʽ. 

3. ʗʢʽ ʬʘʢʪʦʨʠ ʚʨʘʭʦʚʫ̒  ʧʦʧʨʘʚʦʯʥʠʡ  ʫ ʬʦʨʤʫʣʽ ʜʣʷ 

ʥʘʧʨʫʞʝʥʴ? 

4. ɿʘʧʠʰʽʪʴ ʚʠʨʘʟ ʜʣʷ ʩʫʤʘʨʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʚʠʪʢʽʚ 
ʧʨʫʞʠʥʠ. 

5. ʗʢ ʟʘʧʠʩʫʻʪʴʩʷ ʩʫʤʘʨʥʘ ʞʦʨʩʪʢʽʩʪʴ ʩʠʩʪʝʤʠ ʧʨʫʞʠʥ ʟʘ 
ʨʽʟʥʠʭ ʩʧʦʩʦʙʽʚ ʾʭ ʟô̒ ʜʥʘʥʥʷ? 

6. ʈʦʟʢʘʞʽʪʴ ʧʨʦ ʧʦʨʷʜʦʢ ʨʦʟʨʘʭʫʥʢʫ ʩʪʘʪʠʯʥʦ ʥʝʚʠʟʥʘʯʥʦʾ 
ʩʠʩʪʝʤʠ ʧʨʫʞʠʥ. 

7. ʗʢ ʟʘʧʠʩʫʻʪʴʩʷ ʧʝʨʝʤʽʱʝʥʥʷ ʧʨʫʞʠʥʠ, ʟʘʱʝʤʣʝʥʦʾ ʦʜʥʠʤ 

ʢʽʥʮʝʤ ʽ ʥʘʚʘʥʪʘʞʝʥʦʾ ʧʦʧʝʨʝʯʥʦʶ ʩʠʣʦʶ ʥʘ ʽʥʰʦʤʫ? 

8. ɿʘʧʠʰʽʪʴ ʬʦʨʤʫʣʫ ʜʣʷ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʜʝʬʦʨʤʘʮʽʾ 
ʧʨʫʞʠʥʠ. 

9. ɿʘʧʠʰʽʪʴ ʚʠʨʘʟ ʜʣʷ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʧʦʯʘʪʢʦʚʦʛʦ ʦʙôʻʤʫ 
ʧʨʫʞʠʥʠ. 
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ʊɽʄɸ 7 (ʣʝʢʮʽʾ 13,14) 

ʅɸʇʈʋɾɽʅʀʁ ʊɸ ɼɽʌʆʈʄʆɺɸʅʀʁ ʉʊɸʅ ʋ ʊʆʏʎɯ 

ʊɯʃɸ 

 

7.1. ʇʦʥʷʪʪʷ ʧʨʦ ʧʨʦʩʪʦʨʦʚʠʡ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ 

ʈʦʟʛʣʷʥʝʤʦ ʧʨʫʞʥʝ ʪʽʣʦ, ʷʢʝ ʥʘʚʘʥʪʘʞʝʥʝ ʟʨʽʚʥʦʚʘʞʝʥʦʶ 

ʩʠʩʪʝʤʦʶ ʩʠʣ (ʨʠʩ. 7.1). ʅʘʚʢʦʣʦ ʜʦʚʽʣʴʥʦʾ ʪʦʯʢʠ M ʚʩʝʨʝʜʠʥʽ 

ʮʴʦʛʦ ʪʽʣʘ ʚʠʜʽʣʠʤʦ ʝʣʝʤʝʥʪʘʨʥʠʡ (ʥʝʩʢʽʥʯʝʥʥʦ ʤʘʣʠʡ) 

ʧʘʨʘʣʝʣʝʧʽʧʝʜ, ʱʦ ʤʘʻ ʛʨʘʥʽ, ʧʘʨʘʣʝʣʴʥʽ ʚʽʜʧʦʚʽʜʥʠʤ 

ʢʦʦʨʜʠʥʘʪʥʠʤ ʦʩʷʤ Ox , Oy Oz. ʽ  

 
 

 
                 ʘ)                                                                                 ʙ)             

ʈʠʩ. 7.1 
 

ʅʘ ʛʨʘʥʷʭ ʮʴʦʛʦ ʧʘʨʘʣʝʣʝʧʽʧʝʜʘ ʚʠʥʠʢʘʶʪʴ ʪʨʠ ʥʦʨʤʘʣʴʥʽ 

- , ,x y zs s s  ̔ ʰʽʩʪʴ ʜʦʪʠʯʥʠʭ - zx zy, , , ,  xy xz yz yxt t t t t t 

ʥʘʧʨʫʞʝʥ.ɹ ʎʽ ʥʘʧʨʫʞʝʥʥʷ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ ʪʘʙʣʠʮʽ 

(ʤʘʪʨʠʮʽ), ʜʝ ʥʘ ʛʦʣʦʚʥʽʡ ʜʽʘʛʦʥʘʣʽ ʙʫʜʫʪʴ ʟʘʧʠʩʘʥʽ ʥʦʨʤʘʣʴʥʽ 

ʥʘʧʨʫʞʝʥʥʷ, ʘ ʚʽʜʧʦʚʽʜʥʽ ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ, ʱʦ ʜʽʶʪʴ ʥʘ 

ʜʘʥʽʡ ʛʨʘʥʽ, ʙʫʜʫʪʴ ʨʦʟʪʘʰʦʚʘʥʽ ʚʠʱʝ, ʘʙʦ ʥʠʞʯʝ ʥʦʨʤʘʣʴʥʠʭ 

ʥʘʧʨʫʞʝʥʴ ʚ ʩʪʦʚʧʯʠʢʫ ʮʽʻʾ ʢʚʘʜʨʘʪʥʦʾ ʤʘʪʨʠʮʽ: 

x , ,

{ } , ,

, ,

xy xz

yx y yz

zx zy z

Ts

s t t

t s t

t t s

å õ
æ ö
=æ ö
æ ö
ç ÷

.  
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     ʊʘʢʘ ʤʘʪʨʠʮʷ ʙʫʜʝ ʩʠʤʝʪʨʠʯʥʦʶ, ʙʦ ʟʘ ʟʘʢʦʥʦʤ ʧʘʨʥʦʩʪʽ 

ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ (1.10) ʤʽʞ ʜʦʪʠʯʥʠʤʠ ʥʘʧʨʫʞʝʥʥʷʤʠ, ʱʦ 

ʜʽʶʪʴ ʥʘ ʜʚʦʭ ʚʟʘʻʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʧʣʦʱʠʥʢʘʭ 

ʩʧʨʘʚʝʜʣʠʚʽ ʨʽʚʥʦʩʪʽ: 

; ;yx xy zx xz zy yzt t t t t t= = = .                  (7.1)  

 

        ʇʦʙʫʜʦʚʘʥʫ ʪʘʢʠʤ ʯʠʥʦʤ ʩʠʤʝʪʨʠʯʥʫ ʢʚʘʜʨʘʪʥʫ 

ʤʘʪʨʠʮʶ { }Ts  ʥʘʟʠʚʘʶʪʴ ʱʝ ʪʝʥʟʦʨʦʤ ʥʘʧʨʫʞʝʥʴ. 

ʅʘʧʨʫʞʝʥʥʷ, ʷʢʽ ʻ ʩʢʣʘʜʦʚʠʤʠ ʪʝʥʟʦʨʘ ʥʘʧʨʫʞʝʥʴ, ʥʘʟʠʚʘʶʪʴ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʝʥʟʦʨʘ ʥʘʧʨʫʞʝʥʴ.  ʅʘʷʚʥʽʩʪʴ ʪʝʥʟʦʨʘ 

ʥʘʧʨʫʞʝʥʴ ʦʟʥʘʯʘʻ, ʱʦ ʥʘʤ ʚʽʜʦʤʽ ʚʩʽ ʥʘʧʨʫʞʝʥʥʷ, ʷʢʽ ʜʽʶʪʴ ʥʘ 

ʙʫʜʴ-ʷʢʠʭ ʧʣʦʱʠʥʢʘʭ, ʧʨʦʚʝʜʝʥʠʭ ʚ ʦʢʦʣʽ ʪʦʯʢʠ, ʪʦʙʪʦ 

ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ ʚ ʪʦʯʮʽ ʪʽʣʘ ʧʦʚʥʽʩʪʶ ʚʽʜʦʤʠʡ. 

 ʗʢʱʦ ʦʜʥʦʯʘʩʥʦ ʥʘ ʪʨʴʦʭ ʚʟʘʻʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ 

ʛʨʘʥʷʭ ʧʘʨʘʣʝʣʝʧʽʧʝʜʘ ʙʫʜʫʪʴ ʜʽʷʪʠ ʥʦʨʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ 

(ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʚʝʣʠʯʠʥʠ ʜʦʪʠʯʥʠʭ), ʪʦ ʪʘʢʠʡ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ ʫ 

ʜʘʥʽʡ ʪʦʯʮʽ ʪʽʣʘ ʙʫʜʝ ʥʘʟʠʚʘʪʠʩʷ ʧʨʦʩʪʦʨʦʚʠʤ ʘʙʦ 

ʪʨʠʚʠʤʽʨʥʠʤ. ʈʘʟʦʤ ʟ ʪʠʤ, ʣʝʛʢʦ ʧʦʢʘʟʘʪʠ, ʱʦ ʟʘʚʞʜʠ ʤʦʞʥʘ 

ʟʥʘʡʪʠ ʪʘʢʠʭ ʪʨʠ ʚʟʘʻʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽ ʥʘʧʨʷʤʢʠ, ʷʢʽ 

ʩʣʫʞʘʪʴ ʥʦʨʤʘʣʷʤʠ ʜʦ ʧʣʦʱʠʥʦʢ, ʜʝ ʜʽʶʪʴ ʪʽʣʴʢʠ ʥʦʨʤʘʣʴʥʽ 

ʥʘʧʨʫʞʝʥʥʷ, ʘ ʜʦʪʠʯʥʽ ʧʦʚʥʽʩʪʶ ʚʽʜʩʫʪʥʽ. ʊʘʢʽ ʧʣʦʱʠʥʢʠ 

ʥʘʟʠʚʘʶʪʴ ʛʦʣʦʚʥʠʤʠ, ʘ ʥʦʨʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ, ʱʦ ʜʽʶʪʴ ʥʘ 

ʥʠʭ ï ʛʦʣʦʚʥʠʤʠ ʥʘʧʨʫʞʝʥʥʷʤʠ (ʨʠʩ. 7.1, ʙ). ɼʦʚʝʜʝʥʦ, ʱʦ 

ʛʦʣʦʚʥʽ ʥʘʧʨʫʞʝʥʥʷ ʻ ʝʢʩʪʨʝʤʘʣʴʥʠʤʠ ʫ ʜʘʥʽʡ ʪʦʯʮʽ ʪʽʣʘ. 

ʇʦʟʥʘʯʘʶʪʴ ʾʭ ʽʥʜʝʢʩʘʤʠ 1, 2, 3 ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙʠ 

1 2 3s s s² ² . 

ɻʦʣʦʚʥʽ ʥʘʧʨʫʞʝʥʥʷ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʠʙʨʘʥʦʾ ʩʠʩʪʝʤʠ 

ʢʦʦʨʜʠʥʘʪ, ʪʦʤʫ ʚʦʥʠ ʻ ʽʥʚʘʨʽʘʥʪʘʤʠ (ʚʝʣʠʯʠʥʘʤʠ, ʱʦ ʥʝ 

ʟʤʽʥʶʶʪʴʩʷ) ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʦʦʨʜʠʥʘʪ. ɼʣʷ ʦʙôʻʤʥʦʛʦ 

ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʟʥʘʯʝʥʥʷ ʛʦʣʦʚʥʠʭ ʥʘʧʨʫʞʝʥʴ ʟʥʘʭʦʜʷʪʴ ʽʟ 

ʢʫʙʽʯʥʦʛʦ ʨʽʚʥʷʥʥʷ 
3 2

1 2 3 0I I Is s s- + - =.                                 (7.2) 

ʜʝ ʩʪʘʣʽ ʚʝʣʠʯʠʥʠ ï 
1I , 

2I , 
3I  ʻ ̔ʥʚʘʨʽʘʥʪʘʤʠ ʥʘʧʨʫʞʝʥʦʛʦ 

ʩʪʘʥʫ ʚ ʜʘʥʽʡ ʪʦʯʮʽ ʽ ʟʘʧʠʩʫʶʪʴʩʷ ʧʝʚʥʠʤ ʯʠʥʦʤ ʯʝʨʝʟ 
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ʢʦʤʧʦʥʝʥʪʠ ʪʝʥʟʦʨʘ ʥʘʧʨʫʞʝʥʴ, ʘʙʦ ʛʦʣʦʚʥʽ ʥʘʧʨʫʞʝʥʥʷ 
1s ,

2s , 

3s :  

1 1 2 3x y zI consts s s s s s= + + = + + =;          (7.3) 

2 2 2

2 1 2 2 3 3 1x y y z z x xy yz zxI consts s s s s s t t t ss s s ss= + + - - - = + + =

;                         
2 2 2

3 1 2 32x y z xy yz zx x yz y zx z xyI consts s s t t t s t s t st ss s= + - - - = =. 

ɺʝʣʠʯʠʥʠ (7.3)  ʻ ʽʥʚʘʨʽʘʥʪʥʠʤʠ ʚʽʜʥʦʩʥʦ ʚʠʙʦʨʫ ʩʠʩʪʝʤʠ 

ʢʦʦʨʜʠʥʘʪ.  

 

7.2. ʇʣʦʩʢʠʡ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ 

ʇʣʦʩʢʠʤ ʥʘʟʠʚʘʶʪʴ ʪʘʢʠʡ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ, ʟʘ ʷʢʦʛʦ ʦʜʥʘ 

ʟ ʛʨʘʥʝʡ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʧʘʨʘʣʝʣʝʧʽʧʝʜʘ ʚʽʣʴʥʘ ʚʽʜ ʥʘʧʨʫʞʝʥʴ, 

ʘʙʦ ʦʜʥʝ ʟ ʛʦʣʦʚʥʠʭ ʥʘʧʨʫʞʝʥʴ 1s , 
2s  ,

3s  ʨʽʚʥʝ ʥʫʣʝʚʽ 

(ʨʠʩ. 7.2).  

 
 

 
                                           ʘ)                                                                             ʙ) 

ʈʠʩ. 7.2 

 

ʅʘʧʨʫʞʝʥʥʷ , ,x y xys s t, ʱʦ ʜʽʶʪʴ ʥʘ ʛʨʘʥʷʭ 

ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʧʘʨʘʣʝʣʝʧʽʧʝʜʘ (ʨʠʩ. 7.2,ʘ) ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ 

ʯʝʨʝʟ ʛʦʣʦʚʥʽ ʥʘʧʨʫʞʝʥʥʷ 1s , 
2s  ʽʟ ʚʠʨʘʟʽʚ (1.8)-(1.10) ʜʣʷ 

ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʥʦʨʤʘʣʴʥʠʭ ʽ ʜʦʪʠʯʥʦʛʦ ʥʘʧʨʫʞʝʥʴ ʥʘ ʜʚʦʭ 

ʚʟʘʻʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʧʣʦʱʠʥʢʘʭ ʟʘ ʣʽʥʽʡʥʦʛʦ 
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ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʠʥʮʠʧ ʩʫʧʝʨʧʦʟʠʮʽʾ, 

ʢʦʣʠ ʥʘʧʨʷʤʢʠ ,a b ʩʧʽʚʧʘʜʘʶʪʴ ʟ ʥʘʧʨʷʤʢʘʤʠ ,x y : 

1 2 1 2 cos2
2 2

x

y

s s s s s
a

s

û + -î
= °ü
îý

,              (7.4, ʘ) 

1 2 sin 2
2

xy

s s
t a

-
= .                          (7.4, ʙ) 

    ʂʦʣʠ x ys s> , ʪʦ ʢʫʪ a ʙʫʜʝ ʢʫʪʦʤ ʥʘʭʠʣʫ ʘʣʛʝʙʨʠʯʥʦ 

ʙʽʣʴʰʦʛʦ ʟ ʛʦʣʦʚʥʠʭ ʥʘʧʨʫʞʝʥʴ ʜʦ ʥʘʧʨʷʤʢʫ ʥʘʧʨʫʞʝʥʥ
x̫s .  

ʅʘ ʦʩʥʦʚʽ ʧʝʨʰʦʛʦ ʽʥʚʘʨʽʘʥʪʘ ʪʝʥʟʦʨʘ ʥʘʧʨʫʞʝʥʴ (7.3) 

ʣʝʛʢʦ ʧʦʢʘʟʘʪʠ, ʱʦ 1 2 x ys s s s+ = +. ʊʦʙʪʦ, ʩʫʤʘ ʥʦʨʤʘʣʴʥʠʭ 

ʥʘʧʨʫʞʝʥʴ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʥʘ ʜʚʦʭ ʚʟʘʻʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ 

ʧʣʦɦʠʥʢʘʭ, ʻ ʟʘʚʞʜʠ ʚʝʣʠʯʠʥʦʶ ʩʪʘʣʦʶ. 

ʄʘʢʩʠʤʘʣʴʥʽ ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ʜʽʶʪʴ ʫ ʧʣʦʱʠʥʘʭ ʧʽʜ 

ʢʫʪʦʤ / 4p  ʜʦ ʥʘʧʨʷʤʫ ʛʦʣʦʚʥʠʭ ʥʘʧʨʫʞʝʥʴ 1s  ʪʘ 2s  ʽ ʨʽʚʥʽ 

1 2
max

2

s s
t

-
= .                                     (7.5) 

ɻʦʣʦʚʥʽ ʥʘʧʨʫʞʝʥʥʷ, ʧʦʣʦʞʝʥʥʷ ʛʦʣʦʚʥʠʭ ʧʣʦʱʠʥʦʢ 

ʚʽʜʥʦʩʥʦ ʟʘʜʘʥʠʭ ʪʘ ʤʘʢʩʠʤʘʣʴʥʽ ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ʤʦʞʥʘ 

ʟʥʘʭʦʜʠʪʠ ʛʨʘʬʽʯʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʙʫʜʦʚʠ, ʷʢʘ ʥʘʟʠʚʘʻʪʴʩʷ 

ʢʨʫʛʦʤ ʄʦʨʘ. ʂʦʦʨʜʠʥʘʪʠ ʢʦʞʥʦʾ ʪʦʯʢʠ ʥʘ ʢʨʫʟʽ ʄʦʨʘ 

ʚʠʟʥʘʯʘʶʪʴ ʩʦʙʦʶ ʚʝʣʠʯʠʥʠ s ʽ t ʥʘ ʦʜʥʽʡ ʟ ʧʣʦʱʠʥʦʢ, 

ʧʨʦʚʝʜʝʥʽʡ ʯʝʨʝʟ ʪʦʯʢʫ ʪʽʣʘ, ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ ʷʢʦʾ ʤʠ ʚʠʚʯʘʻʤʦ. 

ʇʦʷʩʥʠʤʦ ʧʦʙʫʜʦʚʫ ʢʨʫʛʘ ʄʦʨʘ ʥʘ ʧʨʠʢʣʘʜʽ (ʨʠʩ. 7.3). 

ɺ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ s t-  ʟʥʘʭʦʜʠʤʦ ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʦʢ 

xD  ʽ yD , ʷʢʽ ʚʽʜʧʦʚʽʜʥʦ ʫ ʤʘʩʰʪʘʙʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʥʘʧʨʫʞʝʥʠʡ 

ʩʪʘʥ ʚ ʧʣʦʱʠʥʘʭ ʟ ʥʦʨʤʘʣʷʤʠ xn  ʽ yn . ʇʨʠ ʟʥʘʭʦʜʞʝʥʥʽ ʪʦʯʦʢ 

xD  ʽ yD  ʪʨʝʙʘ ʧʘʤôʷʪʘʪʠ ʧʨʘʚʠʣʘ ʟʥʘʢʽʚ ʜʣʷ ʥʘʧʨʫʞʝʥʴ s ʽ t. 

ʅʘʧʨʫʞʝʥʥʷ s ʚʚʘʞʘʶʪʴ ʜʦʜʘʪʥʽʤ, ʷʢʱʦ ʚʦʥʦ ʚʠʢʣʠʢʘʻ 

ʜʝʬʦʨʤʘʮʽʶ ʨʦʟʪʷʛʫ ʚ ʝʣʝʤʝʥʪʽ; ʥʘʧʨʫʞʝʥʥʷ t ʚʚʘʞʘʶʪʴ 

ʜʦʜʘʪʥʽʤ, ʷʢʱʦ ʚʦʥʦ ʧʦʚʝʨʪʘʻ ʚʠʜʽʣʝʥʠʡ ʝʣʝʤʝʥʪ ʪʽʣʘ ʟʘ 

ʛʦʜʠʥʥʠʢʦʚʦʶ ʩʪʨʽʣʢʦʶ; xy yxt t=- . 
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ʊʦʯʢʘ C, ʚ ʷʢʽʡ ʣʽʥʽʷ x yD D  (ʜʽʘʤʝʪʨ ʢʦʣʘ) ʧʝʨʝʪʠʥʘʻ ʚʽʩʴ 

s, ʻ ʮʝʥʪʨʦʤ ʢʦʣʘ. ʈʘʜʽʫʩʦʤ xCD  ʙʫʜʫʻʤʦ ʢʨʫʛ ʄʦʨʘ. 

ɼʚʽ ʪʦʯʢʠ ʢʦʣʘ, ʱʦ ʣʝʞʘʪʴ ʥʘ ʦʩʽ s (ʪ. 1 ʽ ʪ. 2), 

ʚʽʜʦʙʨʘʞʫʶʪʴ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ ʫ ʛʦʣʦʚʥʠʭ ʧʣʦʱʠʥʢʘʭ 

ʝʣʝʤʝʥʪʘ: ʟʥʘʯʝʥʥʷ t ʜʣʷ 

 
                               ʘ)                                                                                       ʙ) 

ʈʠʩ. 7.3 
 

ʮʠʭ ʪʦʯʦʢ ʨʽʚʥʽ ʥʫʣʶ. ɺʽʜʨʽʟʢʠ 01 ʽ 02, ʱʦ ʚʽʜʩʽʢʘʶʪʴʩʷ ʢʦʣʦʤ 

ʥʘ ʦʩʽ s, ʽ ʙʫʜʫʪʴ ʟʥʘʯʝʥʥʷʤʠ ʛʦʣʦʚʥʠʭ ʥʘʧʨʫʞʝʥʴ 1s  ʽ 2s  (ʫ 

ʧʨʠʡʥʷʪʦʤʫ ʤʘʩʰʪʘʙʽ): 

ʘʙʦ           

1 2 2

2

2

1 2

2

1 ,

,
2 2

x x x

x y x y

yx

OC C OC CA A D
s

s

s s s s s
t

s

û
= ° = ° +ü
ý

+ -û å õ
= ° +ü æ ö
ý ç ÷

                  (7.6) 

ʱʦ ʪʦʪʦʞʥʘ ʽʟ ʬʦʨʤʫʣʦʶ (7.3, ʘ). 

ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʥʘʧʨʷʤʢʫ ʛʦʣʦʚʥʠʭ ʥʘʧʨʫʞʝʥʴ ʚʽʜʥʦʩʥʦ 

ʥʘʧʨʫʞʝʥʥʷ 
xs  ʰʫʢʘʻʤʦ ʪʦʯʢʫ 

xD¡ ï ʜʟʝʨʢʘʣʴʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ 

ʪ. 
xD . ʅʘʧʨʷʤ ʘʣʛʝʙʨʠʯʥʦ ʙʽʣʴʰʦʛʦ ʛʦʣʦʚʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ (ʚ 

ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ 1s) ʚʽʜʥʦʩʥʦ ʥʘʧʨʷʤʢʫ ʥʘʧʨʫʞʝʥʥʷ xs  

ʚʠʟʥʘʯʘʻ ʧʨʷʤʘ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʢʨʘʡʥʶ ʣʽʚʫ ʪʦʯʢʫ 

ʧʦʙʫʜʦʚʠ (ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʪʦʯʢʫ 2) ʽ ʪʦʯʢʫ 
xD¡: 

Űʭʫ 

ůʭ 

ů1 

ů1 

ů2 

ů2 

ůʫ 

-Ŭ 
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ʘʙʦ                       
2

,
2

2
2 .

yxx x

x x

yxx x

x yx

A D
tg

A

A D
tg

CA

t
a

s s

t
a

s s

¡
=- =-

-

= =-
-

                (7.7) 

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʟʥʘʢʫ ʢʫʪʘ a, ʪʦ ʚʽʥ ʧʦʚʠʥʝʥ ʙʫʪʠ 
ʚʽʜôʻʤʥʠʤ, ʙʦ ʚʠʤʽʨʶʻʪʴʩʷ ʚʽʜʥʦʩʥʦ ʦʩʽ x  ʟʘ ʛʦʜʠʥʥʠʢʦʚʦʶ 

ʩʪʨʽʣʢʦʶ. ʇʨʘʚʠʣʴʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʷʤʢʫ ʙʽʣʴʰʦʛʦ 

ʛʦʣʦʚʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʱʝ ʽ ʪʠʤ, ʱʦ ʚʦʥʦ 

ʟʘʚʞʜʠ ʥʘʧʨʷʤʣʝʥʝ ʚ ʩʪʦʨʦʥʫ ʪʦʛʦ ʢʫʪʘ ʝʣʝʤʝʥʪʘ (ʨʠʩ. 7.3, ʘ), ʜʦ 

ʷʢʦʛʦ ʥʘʧʨʷʤʣʝʥʽ ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ Űʫʭ ʪʘ Űʭʫ. 

ʆʪʞʝ, ʥʘ ʦʩʥʦʚʽ ʬʦʨʤʫʣ (7.6) ʤʘʢʩʠʤʘʣʴʥʝ ʜʦʪʠʯʥʝ 

ʥʘʧʨʫʞʝʥʥʷ (7.5) ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ 

2

21 2
max .

2 2

x y

yx

s ss s
t t

-å õ-
= = +æ ö

ç ÷
                        (7.8) 

ʈʝʟʫʣʴʪʘʪʠ ʦʜʝʨʞʘʥʽ ʜʣʷ ʧʣʦʩʢʦʛʦ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ, 

ʤʦʞʥʘ ʧʦʰʠʨʠʪʠ ʥʘ ʚʠʧʘʜʦʢ ʦʙôʻʤʥʦʛʦ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʜʣʷ 

ʥʘʭʠʣʝʥʦʾ ʧʣʦʱʠʥʢʠ, ʧʘʨʘʣʝʣʴʥʦʾ ʜʦ ʦʜʥʦʛʦ ʟ ʛʦʣʦʚʥʠʭ 

ʥʘʧʨʫʞʝʥʴ (ʥʘʧʨʠʢʣʘʜ, 
3s ). ʊʦʜʽ ʥʦʨʤʘʣʴʥʽ, ʜʦʪʠʯʥʽ 

ʥʘʧʨʫʞʝʥʥʷ ,a as t, ʱʦ ʙʫʜʫʪʴ ʚʠʥʠʢʘʪʠ ʥʘ ʮʽʡ ʧʣʦʱʠʥʮ̔ , ʥʝ 

ʙʫʜʫʪʴ ʟʘʣʝʞʘʪʠ ʚʽʜ ʥʴʦʛʦ ʽ ʙʫʜʫʪɹ ʣʝʞʘʪʠ ʥʘ ʢʨʫʟ̔  ʄʦʨʘ, 

ʧʦʙʫʜʦʚʘʥʦʤʫ ʥʘ ʛʦʣʦʚʥʠʭ ʥʘʧʨʫʞʝʥʥʷʭ 
1 2,s s (ʨʠʩ.7.4). ʈʘʜʽʫʩ 

ʪʘʢʦʛʦ ʢʨʫʛʘ ʄʦʨʘ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ- 1 2
3

2
R
s s-
= , ʘ ʮʝʥʪʨ 

ʙʫʜʝ ʟʥʘʭʦʜʠʪʠʩʷ ʚ ʪʦʯʮʽ 1 2
3 , 0

2
C
s s+å õ
æ ö
ç ÷

. ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʨʝʘʣʽʟʘʮʽʾ ʮʴʦʛʦ ʤʝʪʦʜʫ ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ ʬʦʨʤʫʣʠ ʜʣʷ 

ʥʘʧʨʫʞʝʥʴ ia as t ʥʘ ʧʣʦʱʠʥʮ̔  ʟ ʥʦʨʤʘʣʣʶ na, ʘʥʘʣʦʛʽʯʥʽ 

ʬʦʨʤʫʣʘʤ (7.4) ʜʣʷ ʧʣʦʱʠʥʢʠ ʟ ʥʦʨʤʘʣʣʶ 
xn  .  

 ʊʘʢ ʩʘʤʦ, ʷʢ ʜʣʷ ʧʣʦʱʠʥʦʢ, ʧʘʨʘʣʝʣʴʥʠʭ ʜʦ ʛʦʣʦʚʥʦʛʦ 

ʥʘʧʨʫʞʝʥʥʷ 
3s, ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ  ʢʨʫʛʠ ʄʦʨʘ ʽ ʜʣʷ 
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ʧʣʦʱʠʥʦʢ, ʧʘʨʘʣʝʣʴʥʠʭ ʜʦ ʛʦʣʦʚʥʠʭ ʥʘʧʨʫʞʝʥʴ 
1 2is s ʟ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʨʘʜʽʫʩʘʤʠ  ʪʘ ʮʝʥʪʨʘʤʠ 3 2
1 , 0

2
C
s s+å õ
æ ö
ç ÷

 

ʪʘ 1 3
2 , 0

2
C
s s+å õ
æ ö
ç ÷

. ʉʠʩʪʝʤʫ ʢʨʫʛʽʚ ʄʦʨʘ, ʧʦʙʫʜʦʚʘʥʠʭ ʜʣʷ 

ʧʣʦʱʠʥʦʢ, ʧʘʨʘʣʝʣʴʥʠʭ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʦʞʥʦʛʦ ʟ ʪʨʴʦʭ ʛʦʣʦʚʥʠʭ 

ʥʘʧʨʫʞʝʥʴ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.7.4.  

 

 
 

ʈʠʩ. 7.4 

   ʃʝʛʢʦ ʜʦʢʘʟʘʪʠ, ʱʦ ʚʩʽ ʤʦʞʣʠʚʽ ʧʘʨʠ ʥʘʧʨʫʞʝʥʴ ,a as t, ʱʦ 

ʜʽʶʪʴ ʥʘ ʧʣʦʱʠʥʢʘʭ, ʷʢʽ ʧʝʨʝʪʠʥʘʶʪʴ ʫʩʽ ʪʨʠ ʛʦʣʦʚʥʠʭ 

ʥʘʧʨʷʤʢʠ, ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʟʘʰʪʨʠʭʦʚʘʥʽʡ ʦʙʣʘʩʪʽ ʤʽʞ ʢʨʫʛʘʤʠ 

ʄʦʨʘ ( )ò î ÷êàDa .  ɿ ʘʥʘʣʽʟʫ ʨʠʩ.7.4 ʚʠʜʥʦ, ʱʦ ʫ ʚʠʧʘʜʢʫ 

ʦʙôʻʤʥʦʛʦ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʝʢʩʪʨʝʤʘʣʴʥʠʤʠ ʥʦʨʤʘʣʴʥʠʤʠ 

ʥʘʧʨʫʞʝʥʥʷʤʠ ʻ ʛʦʣʦʚʥʽ ʥʘʧʨʫʞʝʥʥʷ 
1 3,s s: 

max 1 min 3;s s s s= = .                                      (7.9) 

    ɿ ʨʠʩ.7.4 ʪʘʢʦʞ ʚʠʜʥʦ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʝ ʜʦʪʠʯʥʝ ʥʘʧʨʫʞʝʥʥʷ, 

ʷʢʝ ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ ʥʘ ʥʘʭʠʣʝʥʠʭ ʧʣʦʱʠʥʢʘʭ, ʜʦʨʽʚʥʶʻ 

ʨʘʜʽʫʩʦʚʽ ʥʘʡʙʽʣʴʰʦʛʦ ʢʨʫʛʘ ʄʦʨʘ 1 3
2 2

2
C D R

s s-
= =  , 

ʧʦʙʫʜʦʚʘʥʦʛʦ ʥʘ ʛʦʣʦʚʥʠʭ ʥʘʧʨʫʞʝʥʥʷʭ 
1 3,s s, ʪʦʙʪʦ 
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                                         1 3
max

2

s s
t

-
= .                                       

(7.10) 

   ʂʫʪ ʥʘʭʠʣʫ ʪʘʢʦʾ ʧʣʦʱʠʥʢʠ ʜʦ ʛʦʣʦʚʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ 
1s  

ʜʦʨʽʚʥʶʻ a= 45 . 

 

 

7.3. ʋʟʘʛʘʣʴʥʝʥʠʡ ʪʘ ʦʙôʻʤʥʠʡ ʟʘʢʦʥʠ ɻʫʢʘ 

ʗʢʱʦ ʽʟʦʪʨʦʧʥʠʡ ʤʘʪʝʨʽʘʣ ʧʨʘʮʶʻ ʚ ʤʝʞʘʭ ʟʘʢʦʥʫ ɻʫʢʘ, ʪʦ 

ʚʽʜʥʦʩʥʽ ʣʽʥʽʡʥʽ ʜʝʬʦʨʤʘʮʽʾ 
1e, 2e, 

3e ʫ ʥʘʧʨʷʤʢʘʭ ʜʽʾ 

ʥʘʧʨʫʞʝʥʴ 1s , 2s , 
3s  (ʨʠʩ. 7.5) ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ ʬʦʨʤʫʣ 

ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʟʘʢʦʥʫ ɻʫʢʘ, ʟʘʧʠʩʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʧʨʠʥʮʠʧʫ 

ʩʫʧʝʨʧʦʟʠʮʽʾ -   
i i i ie e e e¡ ¡¡ ¡¡¡= + +, 

 ʜʝ 1,2,3i= ; ʰʪʨʠʭʠ ʙʽʣʷ ʩʢʣʘʜʦʚʠʭ ʚʽʜʥʦʩʥʠʭ ʜʝʬʦʨʤʘʮʽʡ
ie 

ʦʟʥʘʯʘʶʪʴ ʥʘʣʝʞʥʽʩʪʴ ʜʦ ʚʽʜʧʦʚʽʜʥʠʭ ʛʦʣʦʚʥʠʭ ʥʘʧʨʫʞʝʥʴ: 1s , 

2s , 
3s .  ɿʘ ʩʧʽʚʧʘʜʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʰʪʨʠʭʽʚ ʟ ʥʦʤʝʨʦʤ ʜʝʬʦʨʤʘʮʽʾ 

ʟʘʧʠʩʫʻʪʴʩʷ ʨʝʟʫʣʴʪʘʪ ʟʘʢʦʥʫ ɻʫʢʘ ʜʣʷ ʧʦʟʜʦʚʞʥʴʦʾ ʜʝʬʦʨʤʘʮʽʾ 

(1.12), ʘ ʚ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ - ʜʣʷ ʧʦʧʝʨʝʯʥʦʾ (1.13). 

  ʅʘʧʨʠʢʣʘʜ, 
1 1 / Ee s¡= , ʘ 

1 2 / Ee ms¡¡=-  ʽ 
1 3 / Ee ms¡¡¡=- .  

ʇʽʜʩʫʤʦʚʫʶʯʠ ʮʽ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʪʨʴʦʭ ʥʘʧʨʷʤʢʽʚ, 

ʦʜʝʨʞʠʤʦ: 

( )1 1 2 3

1

E
e s m s s= - +è øê ú, 

( )2 2 3 1

1

E
e s m s s= - +è øê ú,                          (7.11) 

( )3 3 1 2

1

E
e s m s s= - +è øê ú. 

ʌʦʨʤʘ ʟʘʧʠʩʫ ʟʘʢʦʥʫ ɻʫʢʘ ʫ ʚʠʛʣʷʜʽ (7.11) ʻ ʦʩʥʦʚʥʦʶ.  
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ʈʠʩ. 7.5 

 

ʇʨʦʪʝ ʫ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʟʘʜʘʯ ʦʧʦʨʫ 

ʤʘʪʝʨʽʘʣʽʚ (ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ) ʧʦʪʨʽʙʥʦ ʤʘʪʠ ʽʥʰʫ ʬʦʨʤʫ ʟʘʧʠʩʫ,  

ʢʦʣʠ ʥʘʧʨʫʞʝʥʥʷ ʚʠʨʘʞʝʥʽ ʯʝʨʝʟ ʜʝʬʦʨʤʘʮʽʾ: 

1 1 ;
1 1 2

E m
s e q

m m

å õ
= +æ ö
+ -ç ÷

 

2 2 ,
1 1 2

E m
s e q

m m

å õ
= +æ ö
+ -ç ÷

                         (7.12) 

3 3 ,
1 1 2

E m
s e q

m m

å õ
= +æ ö
+ -ç ÷

 

ʜʝ 
1 2 3q e e e= + + ï ʦʙôʻʤʥʘ ʜʝʬʦʨʤʘʮʽʷ. ʈʽʚʥʷʥʥʷ (7.12) 

ʬʨʘʥʮʫʟʴʢʠʡ ʤʘʪʝʤʘʪʠʢ ɻ. ʃʷʤʝ ʟʘʧʨʦʧʦʥʫʚʘʚ ʟʘʧʠʩʫʚʘʪʠ ʚ 

ʜʝʱʦ ʽʥʰʦʤʫ ʚʠʛʣʷʜʽ: 

1 1

2 2

3 3

2 ;

2 ;

2 ,

G

G

G

s e lq

s e lq

s e lq

= +

= +

= +

                                  (7.13) 

ʜʝ 
( )

;
2 1

E
G

m
=

+
 

( )( )1 1 2

Em
l

m m
=
+ -

 ï ʧʘʨʘʤʝʪʨʠ (ʩʪʘʣʽ) ʃʷʤʝ. 

ʌʦʨʤʫʣʠ (7.11) ï (7.13) ʩʧʨʘʚʝʜʣʠʚʽ ʥʝ ʪʽʣʴʢʠ ʜʣʷ 

ʛʦʣʦʚʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʪʘ ʛʦʣʦʚʥʠʭ ʥʘʧʨʫʞʝʥʴ, ʘ ʡ ʜʣʷ ʚʽʜʥʦʩʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ , ,x y ze e e ʟʘ ʙʫʜʴ-ʷʢʠʤʠ ʪʨʴʦʤʘ ʚʟʘʻʤʥʦ 
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ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʤʠ ʥʘʧʨʷʤʘʤʠ ʜʽʾ ʥʘʧʨʫʞʝʥʴ , ,x y zs s s. ʎʝ 

ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʟʘ ʤʘʣʠʭ ʜʝʬʦʨʤʘʮʽʡ ʽʟʦʪʨʦʧʥʦʛʦ ʪʽʣʘ ʚʧʣʠʚ 

ʟʩʫʚʫ ʥʘ ʣʽʥʽʡʥʽ ʜʝʬʦʨʤʘʮʽʾ ʻ ʚʝʣʠʯʠʥʦʶ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ 

ʤʘʣʠʟʥʠ. ʇʨʠ ʮʴʦʤʫ, ʜʦ ʪʨʴʦʭ ʟʘʣʝʞʥʦʩʪʝʡ ʜʣʷ  ʣʽʥʽʡʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ ʜʦʜʘʶʪʴʩʷ ʱʝ ʪʨʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʢʫʪʦʚʽ 

ʜʝʬʦʨʤʘʮʽʾ ʯʝʨʝʟ ʚʽʜʧʦʚʽʜʥʽ ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ: 

/ ; / ; / .xy xy xz xz yz yzG G Gg t g t g t= = =                 (7.14) 

          

ɺ ʦʢʨʝʤʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʦʜʥʝ ʟ ʛʦʣʦʚʥʠʭ ʥʘʧʨʫʞʝʥʴ ʚ 

(7.11) ʜʦʨʽʚʥʶʻ ʥʫʣʝʚʽ ( )3 0s = , ʦʜʝʨʞʠʤʦ ʟʘʢʦʥ ɻʫʢʘ ʜʣʷ 

ʧʣʦʩʢʦʛʦ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ. ʆʙʝʨʥʝʥʘ ʬʦʨʤʘ ʟʘʧʠʩʫ ʟʘʢʦʥʫ 

ɻʫʢʘ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʘʻ ʚʠʛʣʷʜ: 

( )

( )

1 1 22

2 2 32

;
1

.
1

E

E

s e me
m

s e me
m

= +
-

= +
-

                            (7.15) 

ɺʽʜʥʦʩʥʘ ʟʤʽʥʘ ʦʙôʻʤʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʦʙôʻʤʥʦʛʦ ʟʘʢʦʥʫ 

ɻʫʢʘ 

( )1 2 3 1 2 3 0

1 2
/ K

E

m
q e e e s s s s

-
= + + = + + =,     (7.16) 

ʜʝ 
( )3 1 2

E
K

m
=

-
 ï ʤʦʜʫʣʴ ʦʙôʻʤʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʝʣʝʤʝʥʪʘ; m ï 

ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ; ( )0 1 2 3

1

3
s s s s= + +  ï ʩʝʨʝʜʥʻ 

(ʛʽʜʨʦʩʪʘʪʠʯ-ʥʝ) ʥʘʧʨʫʞʝʥʥʷ. 

ɸʥʘʣʽʟ ʬʦʨʤʫʣʠ (7.16) ʧʦʢʘʟʫʻ, ʱʦ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ 

ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ ʤʘʪʝʨʽʘʣʫ ʜʦʨʽʚʥʶʻ ʥʫʣʶ ( )0m= , 

ʩʪʠʩʣʠʚʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʙʫʜʝ ʥʘʡʙʽʣʴʰʦʶ, ʘ ʪʘʢʠʡ ʤʘʪʝʨʽʘʣ 

ʥʘʟʠʚʘʶʪʴ ʽʜʝʘʣʴʥʦ ʩʪʠʩʣʠʚʠʤ. ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ 0,5m= , 

ʚʽʜʥʦʩʥʘ ʟʤʽʥʘ ʦʙôʻʤʫ 0q= , ʤʘʪʝʨʽʘʣ ʥʘʟʠʚʘʶʪʴ ʥʝʩʪʠʩʣʠʚʠʤ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʦʙôʻʤʥʘ 

ʜʝʬʦʨʤʘʮʽʷ q ʟʘʣʠʰʘʻʪʴʩʷ ʧʨʫʞʥʦʶ ʪʘ ʧʨʦʧʦʨʮʽʡʥʦʶ ʜʦ 
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ʩʝʨʝʜʥʴʦʛʦ ʥʘʧʨʫʞʝʥʥ ̫
0s  ʧʨʠ ʜʦʩʠʪʴ ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʥʷʭ ʮʴʦʛʦ 

ʥʘʧʨʫʞʝʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʤʘʣʦʚʫʛʣʝʮʝʚʦʾ ʩʪʘʣʽ 

( 200ʧʨ ʄʇʘs = ) ʚʦʥʘ ʟʘʣʠʰʘʻʪʴʩʷ ʧʨʫʞʥʦʶ ʥʘʚʽʪʴ ʟʘ 

ʛʽʜʨʦʩʪʘʪʠʯʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ 
0 2000ʄʇʘs= , ʷʢʝ ʚ 4õ5 ʨʘʟ  

ʧʝʨʝʚʠʱʫʻ ʛʨʘʥʠʮʶ ʤʽʮʥʦʩʪʽ ʩʪʘʣʽ (400 500ʚ ʄʇʘs= · ). 

 

7.4. ʇʦʪʝʥʮʽʘʣʴʥʘ ʝʥʝʨʛʽʷ ʧʨʫʞʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ 

ɽʥʝʨʛʽʷ, ʢ̫ʫ ʥʘʚʘʥʪʘʞʝʥʝ ʪʽʣʦ ʥʘʢʦʧʠʯʫʻ ʧʨʠ ʧʨʫʞʥʦʤʫ 

ʜʝʬʦʨʤʫʚʘʥʥʽ, ʥʘʟʠʚʘʻʪʴʩʷ ʧʦʪʝʥʮʽʘʣʴʥʦʶ ʝʥʝʨʛʽʻʶ ʧʨʫʞʥʦʾ 

ʜʝʬʦʨʤʘʮʽʾ. ʅʘʟʚʘʥʘ ʝʥʝʨʛʽʷ ʯʠʩʝʣʴʥʦ ʜʦʨʽʚʥʶʻ ʨʦʙʦʪʽ 

ʟʦʚʥʽʰʥʽʭ ʩʠʣ, ʟʘʪʨʘʯʝʥʽʡ ʥʘ ʧʨʫʞʥʝ ʜʝʬʦʨʤʫʚʘʥʥʷ ʪʽʣʘ: 

FU A= . ʇʨʠ ʚʠʚʯʝʥʥʽ ʪʝʤʠ ʣʽʥʽʡʥʦʛʦ ʨʦʟʪʷʛʫ (ʩʪʠʩʢʫ) ʙʫʣʦ 

ʧʦʢʘʟʘʥʦ, ʱʦ ʟʘ ʧʨʫʞʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʩʪʨʠʞʥʷ ʩʠʣʦʶ F ʮʷ 

ʨʽʚʥʽʩʪʴ ʤʘʻ ʚʠʛʣʷʜ (2.20) - 

1
.

2
U F l= ÖD 

ʇʦʜʽʣʠʚʰʠ ʚʝʣʠʯʠʥʫ U ʥʘ ʦʙôʻʤ ʟʨʘʟʢʘ V ʙʫʣʦ ʟʥʘʡʜʝʥʦ 

ʚʝʣʠʯʠʥʫ ʧʠʪʦʤʦʾ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʜʝʬʦʨʤʘʮʽʾ (2.22) - 

1
.

2
u U V s e= = Ö 

ʋ ʚʠʧʘʜʢʫ ʦʙôʻʤʥʦʛʦ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ, ʟ ʥʘʧʨʫʞʝʥʥʷʤʠ 

1 2 3, ,s s s ʪʘ ʚʽʜʧʦʚʽʜʥʠʤʠ ʜʝʬʦʨʤʘʮʽʷʤʠ 
1 2 3, ,e e e, 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʦʙôʻʤʫ ʙʫʜʝ ʚʽʜʙʫʚʘʪʠʩʷ ʫ ʪʨʴʦʭ 

ʥʘʧʨʷʤʢʘʭ. ʊʦʤʫ ʧʠʪʦʤʘ ʧʦʪʝʥʮʽʘʣʴʥʘ ʝʥʝʨʛʽʷ ʜʝʬʦʨʤʘʮʽʾ ʙʫʜʝ 

ʜʦʨʽʚʥʶʚʘʪʠ (ʟʛʽʜʥʦ ʧʨʠʥʮʠʧʫ ʩʫʧʝʨʧʦʟʠʮʽʾ) ʩʫʤʽ ʪʨʴʦʭ 

ʩʢʣʘʜʦʚʠʭ 
1 2 3, ,u u u : 

1 2 3 1 1 2 2 3 3

1 1 1
.

2 2 2
u u u u se s e s e= + + = + +                  (7.17) 

ɺʠʨʘʟʠʚʰʠ ʫ ʬʦʨʤʫʣʽ (7.17) ʚʝʣʠʯʠʥʠ ʚʽʜʥʦʩʥʠʭ ʣʽʥʽʡʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ ʟ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʟʘʢʦʥʫ ɻʫʢʘ 

(7.11), ʦʪʨʠʤʘʻʤʦ ʥʘʩʪʫʧʥʠʡ ʚʠʨʘʟ ʜʣʷ ʧʠʪʦʤʦʾ ʧʦʪʝʥʮʽʘʣʴʥʦʾ 

ʝʥʝʨʛʽʾ ʜʝʬʦʨʤʘʮʽʾ: 

2 2 2

1 2 3 1 2 2 3 3 1

1
2 ( )

2
u

E
s s s m ss s s s sè ø= + + - + +ê ú.   (7.18) 
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ʈʘʟʦʤ ʟ ʪʠʤ, ʜʝʬʦʨʤʘʮʽʷ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʦʙôʻʤʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʡʦʛʦ ʦʙôʻʤʫ ʪʘ ʬʦʨʤʠ. ʊʦʤʫ 

ʧʦʚʥʫ ʧʠʪʦʤʫ ʧʦʪʝʥʮʽʘʣʴʥʫ ʝʥʝʨʛʽʶ ʜʝʬʦʨʤʘʮʽʾ ʤʦʞʥʘ 

ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ ʩʢʣʘʜʦʚʽ: 

V ôu u u= + ,   (7.19) 

ʜʝ 
Vu  ï ʧʠʪʦʤʘ ʧʦʪʝʥʮʽʘʣʴʥʘ ʝʥʝʨʛʽʷ, ʱʦ ʧʦʚôʷʟʘʥʘ ʟʽ ʟʤʽʥʦʶ 

ʦʙôʻʤʫ; 
ʬu  ï ʧʠʪʦʤʘ ʧʦʪʝʥʮʽʘʣʴʥʘ ʝʥʝʨʛʽʷ, ʱʦ ʧʦʚôʷʟʘʥʘ ʟʽ 

ʟʤ̔ʥʦʶ ʬʦʨʤʠ (ʙʝʟ ʟʤʽʥʠ ʦʙôʻʤʫ). ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʘʣʝʞʥʦʩʪʽ 

(7.16) ʜʣʷ ʦʙôʻʤʥʦʛʦ ʟʘʢʦʥʫ ɻʫʢʘ, ʟʥʘʭʦʜʠʤʦ 

2

0 1 2 3

1 1 2
( ) .

2 6
Vu

E

m
s q s s s

-
= = + +       (7.20) 

ʎʶ ʞ ʩʘʤʫ ʬʦʨʤʫʣʫ ʜʣʷ u ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ, ʷʢʱʦ ʫ 

ʬʦʨʤʫʣʫ (7.20) ʧʽʜʩʪʘʚʠʪʠ ʟʥʘʯʝʥʥʷ 
1 2 3 0s s s s= = =. 

ɺʝʣʠʯʠʥʫ ʩʢʣʘʜʦʚʦʾ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʜʝʬʦʨʤʘʮʽʾ 
ʬu , 

ʱʦ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʚ ʪʽʣʽ ʧʨʠ ʟʤʽʥʽ ʡʦʛʦ ʬʦʨʤʠ, ʟʥʘʭʦʜʠʤʦ ʷʢ 

ʨʽʟʥʠʮʶ: 

( ) ( ) ( )

( )

2 2 2

1 2 2 3 3 1

2 2 2

1 2 3 1 2 2 3 3 1

1

6

1
.

3

ô Vu u u
E

E

m
s s s s s s

m
s s s ss s s s s

+ è ø= - = - + - + - =
ê ú

+
= + + - - -

        

(7.21) 

ʎʝ ʽ ʻ ʬʦʨʤʫʣʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʠʪʦʤʦʾ ʧʦʪʝʥʮʽʘʣʴʥʦʾ 

ʝʥʝʨʛʽʾ ʬʦʨʤʦʟʤʽʥʠ. 

ʇʨʠʢʣʘʜ. 

ɼʣʷ ʟʘʜʘʥʦʛʦ ʝʣʝʤʝʥʪʘ (ʨʠʩ.7.6) ʚʠʟʥʘʯʠʪʠ ʛʨʘʬʽʯʥʠʤ ʽ 

ʘʥʘʣʽʪʠʯʥʠʤ ʰʣʷʭʦʤ ʚʝʣʠʯʠʥʫ ʽ ʥʘʧʨʷʤʢʠ ʛʦʣʦʚʥʠʭ ʥʘʧʨʫʞʝʥʴ, 

ʚʢʘʟʘʪʠ ʧʦʣʦʞʝʥʥʷ ʧʣʦʱʠʥʦʢ, ʜʝ ʜʽʶʪʴ ʤʘʢʩʠʤʘʣʴʥʽ ʜʦʪʠʯʥʽ 

ʥʘʧʨʫʞʝʥʥʷ ʽ ʟʥʘʡʪʠ ʾʭ ʚʝʣʠʯʠʥʫ; ʚʠʟʥʘʯʠʪʠ ʚʽʜʥʦʩʥʽ ʣʽʥʽʡʥʽ 

ʜʝʬʦʨʤʘʮʽʾ ʚ ʥʘʧʨʷʤʢʫ ʚʩʽʭ ʛʦʣʦʚʥʠʭ ʥʘʧʨʫʞʝʥʴ ʽ ʚʽʜʥʦʩʥʫ 

ʟʤʽʥʫ ʦʙôʻʤʫ; ʟʥʘʡʪʠ ʚʝʣʠʯʠʥʫ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʜʝʬʦʨʤʘʮʽʾ 

u, ʘ ʪʘʢʦʞ ʾʾ ʩʢʣʘʜʦʚʽ ,ʬ vu u ; ʧʝʨʝʚʽʨʠʪʠ ʝʣʝʤʝʥʪ ʥʘ ʤʽʮʥʽʩʪʴ ʟʘ 

ʚʜ̔ʧʦʚʽʜʥʦʶ ʜʣʷ ʜʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʝʦʨʽʻʶ ʤʽʮʥʦʩʪʽ; 

20x ʄʇʘs=- ; 60y ʄʇʘs= ; 20yx ʄʇʘt =- , ʤʘʪʝʨʽʘʣ ï ʩʪʘʣʴ 

ʉʪ 3, 1,5ʧʣn = . 
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ɻʨʘʬʽʯʥʘ ʧʦʙʫʜʦʚʘ ʢʨʫʛʘ ʄʦʨʘ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʚʝʣʠʯʠʥʠ 

ʽ ʥʘʧʨʷʤʢʫ ʛʦʣʦʚʥʠʭ ʥʘʧʨʫʞʝʥʴ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ 

(ʨʠʩ. 7.5, ʙ): 

ï ʚ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ s t-  ʟʥʘʭʦʜʠʤʦ ʪʦʯʢʠ ( ),x x yxD s t , 

( ),y y xyD s t ; 

ï ʥʘ ʜʽʘʤʝʪʨʽ 
x yD D  ʙʫʜʫʻʤʦ ʢʨʫʛ ʄʦʨʘ (ʮʝʥʪʨ ʢʨʫʛʘ ï ʪ. 

C ); 

ï ʚʜ̔ʨ̔ʟʢʠ 01 ʽ 03, ʱʦ ʚʽʜʩʽʢʘʶʪʴʩʷ ʢʦʣʦʤ ʥʘ ʦʩʽ s 

ʙʫʜʫʪʴ ʟʥʘʯʝʥʥʷʤʠ ʛʦʣʦʚʥʠʭ ʥʘʧʨʫʞʝʥʴ ʽ ʧʽʩʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʙʫʜʫʪʴ ʜʦʨʽʚʥʶʚʘʪʠ 
1 65ʄʇʘsº , 

3 25ʄʇʘsº- , ( 2 0s = ); 

ï ʟʥʘʭʦʜʠʤʦ ʪʦʯʢʫ 
xD¡ ʷʢ ʜʟʝʨʢʘʣʴʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʪʦʯʢʠ 

xD  ʽ ʧʨʦʚʦʜʠʤʦ ʧʨʷʤʫ 3 xD¡ ï ʥʘʧʨʷʤ ʛʦʣʦʚʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ 1s  

ʧʽʜ ʢʫʪʦʤ a ʜʦ ʦʩʽ s. 

ɽʣʝʤʝʥʪ, ʦʙʤʝʞʝʥʠʡ ʛʦʣʦʚʥʠʤʠ ʧʣʦʱʠʥʢʘʤʠ, ʧʦʢʘʟʘʥʠʡ 

ʥʘ ʨʠʩ. 7.6, ʚ. ɿ ʨʠʩʫʥʢʘ 7.6, ʙ ʟʥʘʭʦʜʠʤʦ ʤʘʢʩʠʤʘʣʴʥʝ ʜʦʪʠʯʥʝ 

ʥʘʧʨʫʞʝʥʥʷ 
maxt , ʷʢʝ ʜʦʨʽʚʥʶʻ ʨʘʜʽʫʩʫ ʧʦʙʫʜʦʚʘʥʦʛʦ ʢʦʣʘ ï 

max 1 45C ʄʇʘt = º . 

 

 
 

 

ʘ) ʙ) ʚ) 

ʈʠʩ. 7.6 

ʇʣʦʱʠʥʠ, ʚ ʷʢʠʭ ʜʽʶʪʴ 
maxt , ʥʘʭʠʣʝʥʽ ʧʽʜ ʢʫʪʦʤ / 4p  ʜʦ 

ʛʦʣʦʚʥʠʭ ʧʣʦʱʠʥʦʢ ʟ ʥʘʧʨʫʞʝʥʥʷʤʠ 1s   ̔ 3s ; 
maxt  ʜʽʶʪʴ ʟʘʚʞʜʠ 

ʚ ʥʘʧʨʷʤʢʘʭ ʚʽʜ ʤʝʥʰʦʛʦ ʛʦʣʦʚʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʜʦ ʙʽʣʴʰʦʛʦ, ʷʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ. 
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ʇʝʨʝʚʽʨʷʻʤʦ ʦʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʪʠʯʥʦ ʟʘ 

ʬʦʨʤʫʣʘʤʠ (7.4) - (7.7): 

( )
2

2

1

20 60 20 60
20 64,8

2 2
ʄʇʘs

- + - -å õ
= + + - =æ ö

ç ÷
; 

( )
2

2

3

20 60 20 60
20 24,8

2 2
ʄʇʘs

- + - -å õ
= - + - =-æ ö

ç ÷
; 

( )2 20
tg2 0.5

20 60
a

Ö -
=- =-
- -

;    13 15a ¡=- .̄ 

ʆʩʢʽʣʴʢʠ ʚ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ x ys s< , ʪʦ ʦʜʝʨʞʘʥʠʡ ʢʫʪ  ʻ 

ʢʫʪʦʤ ʥʘʭʠʣʫ ʘʣʛʝʙʨʠʯʥʦ ʤʝʥʰʦʛʦ ʛʦʣʦʚʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ 
3s  

ʜʦ ʥʘʧʨʷʤʢʫ ʥʘʧʨʫʞʝʥʥʷ 
xs . ʂʫʪ ʥʘʭʠʣʫ ʘʣʛʝʙʨʠʯʥʦ ʙʽʣʴʰʦʛʦ 

ʛʦʣʦʚʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ 
1 13 15 90 76 45a ¡ ¡=- ¯ + ¯= ¯, ʱʦ ʟʙʽʛʘʻʪʴʩʷ 

ʟ ʨʝʟʫʣʴʪʘʪʦʤ ʛʨʘʬʽʯʥʦʾ ʧʦʙʫʜʦʚʠ. ʄʘʢʩʠʤʘʣʴʥʝ ʜʦʪʠʯʥʝ 

ʥʘʧʨʫʞʝʥʥʷ ʜʦʨʽʚʥʶʻ - 

( )
max

64,8 24,8
44,8

2
ʄʇʘt

- -
= = . 

ʊʘʢʠʤ ʯʠʥʦʤ ʚʝʣʠʯʠʥʠ ʛʦʣʦʚʥʠʭ ʥʘʧʨʫʞʝʥʴ 1s , 
3s , ʘ 

ʪʘʢʦʞ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʜʦʪʠʯʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ 
maxt , ʱʦ ʟʥʘʡʜʝʥʽ 

ʛʨʘʬʽʯʥʠʤ ʽ ʘʥʘʣʽʪʠʯʥʠʤ ʤʝʪʦʜʦʤ, ʤʽʞ ʩʦʙʦʶ ʩʧʽʚʧʘʜʘʶʪʴ. ʆʩʪʘʥʥʻ 

ʧʽʜʪʚʝʨʜʞʫʻ ʧʨʘʚʠʣʴʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ. 
ɿʥʘʭʦʜʠʤʦ ʚʽʜʥʦʩʥʽ ʧʦʜʦʚʞʝʥʥʷ ʚ ʥʘʧʨʷʤʢʫ ʚʩʽʭ ʪʨʴʦʭ 

ʛʦʣʦʚʥʠʭ ʥʘʧʨʫʞʝʥʴ ʜʣʷ ʝʣʝʤʝʥʪʘ ʟʽ ʩʪʘʣʽ (
52 10E ʄʇʘ= Ö , 

0,3m= ): 

( ) 6

1 5

1
64,8 0.3 0 24,8 361.2 10

2 10
e -è ø= - - = Öê úÖ

; 

( ) 6

2 5

1
0 0.3 64,8 24,8 60 10

2 10
e -è ø= - - =- Öê úÖ

; 

( ) 6

3 5

1
24,8 0,3 64,8 0 221.2 10

2 10
e -è ø= - - + =- Öê úÖ

. 

ɿʥʘʭʦʜʠʤʦ ʚʽʜʥʦʩʥʫ ʟʤʽʥʫ ʦʙôʻʤʫ 
6 6 6 6361.2 10 60 10 221.2 10 80 10q - - - -= Ö - Ö - Ö = Ö. 
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ɿʥʘʭʦʜʠʤʦ ʚʝʣʠʯʠʥʠ ʧʠʪʦʤʦʾ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʝʥʝʨʛʽʾ u ʪʘ ʾʾ 

ʩʢʣʘʜʦʚʽ ,V ôu u : 

( ) ( )
2 2 2

5

1
64,8 24,8 0,6 64,8 24,8 1,444 10

4 10
u -è ø= + + Ö Ö = Ö

ê úÖ
ʄʇʘ; 

2 2

5

1 0,6
(64,8 24,8) 0,053 10

12 10
Vu --
= - = Ö
Ö

 ʄʇʘ; 

( ) ( )
2 2 2

5

1 0,3
64,8 24,8 64,8 24,8 1,391 10

6 10
ôu -+ è ø= + + Ö = Ö

ê úÖ
 ʄʇʘ. 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʩʢʣʘʜʦʚʠʤʠ ,V ôu u  ʧʠʪʦʤʦʾ 

ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʙʫʜʝ ʥʘʩʪʫʧʥʠʤ ï 

: 3,7 :96,3.V ôu u =  

ɺʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʦʚʦʾ ʧʠʪʦʤʦʾ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʝʥʝʨʛʽʾ 

ʜʝʬʦʨʤʘʮʽʾ ï ʚʝʣʠʯʠʥʠ 
ôu   ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʘʪʠ ʾʾ ʜʣʷ 

ʧʝʨʝʚʽʨʢʠ ʤʽʮʥʦʩʪ̔ ʚʠʜʽʣʝʥʦʛʦ ʝʣʝʤʝʥʪʘ ʪʽʣʘ ʟʘ ʝʥʝʨʛʝʪʠʯʥʦʶ 

ʪʝʦʨʽʻʶ ʤʽʮʥʦʩʪʽ (ʪʝʦʨʽʾ ʛʨʘʥʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʧʠʪʦʤʦʾ 

ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʜʝʬʦʨʤʘʮʽʾ ʬʦʨʤʦʟʤʽʥʠ). ʋʤʦʚʘ ʤʽʮʥʦʩʪʽ 

ʟʘ ʮʽʻʶ ʪʝʦʨʽʻʶ ʜʣʷ ʧʣʦʩʢʦʛʦ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʤʘʻ ʚʠʛʣʷʜ: 

[]2 2

1 2 3 1åêâIYs s s ss s= + - ¢, 

ʜʝ      [] / .ʧʣ ʧʣns s=  

ɼʣʷ ʩʪʘʣʽ ʉʪ 3 ʛʨʘʥʠʮʷ ʧʣʠʥʥʦʩʪʽ 240ʧʣ ʄʇʘs = , ʪʦʤʫ 

[]
240

160
1.5

ʄʇʘs= = . 

ʇʽʜʩʪʘʚʠʚʰʠ  ʚʝʣʠʯʠʥʠ ʛʦʣʦʚʥʠʭ ʪʘ ʜʦʧʫʩʪʠʤʦʛʦ 

ʥʘʧʨʫʞʝʥʴ ʫ ʥʘʚʝʜʝʥʫ ʫʤʦʚʫ ʤʽʮʥʦʩʪʽ, ʦʜʝʨʞʠʤʦ: 

( )
2264,8 24,8 64,8 24,8 160+ - + Ö <;       80,1 160< . 

ɹʘʯʠʤʦ, ʱʦ ʥʝʨʽʚʥʽʩʪʴ ʟʘʜʦʚʦʣʴʥʷʻʪʴʩʷ, ʘ ʪʦʤʫ ʤʽʮʥʽʩʪʴ 

ʝʣʝʤʝʥʪʘ ʟʘʙʝʟʧʝʯʝʥʘ. 
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ɿʘʧʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʶ 

 

1. ʗʢʠʡ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ ʥʘʟʠʚʘʻʪʴʩʷ ʪʨʠʚʠʤʽʨʥʠʤ? 

2. ʗʢʽ ʥʘʧʨʫʞʝʥʥʷ ʥʘʟʠʚʘʶʪʴʩʷ ʛʦʣʦʚʥʠʤʠ? 

3. ʑʦ ʪʘʢʝ ʽʥʚʘʨʽʘʥʪʠ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ? 

4. ʗʢʠʡ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ ʥʘʟʠʚʘʻʪʴʩʷ ʧʣʦʩʢʠʤ? 

5. ɿʘʧʠʰʽʪʴ ʚʠʨʘʟ ʜʣʷ ʛʦʣʦʚʥʠʭ ʥʘʧʨʫʞʝʥʴ ʟʘ ʧʣʦʩʢʦʛʦ 

ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ. 

6. ɼʣʷ ʯʦʛʦ ʙʫʜʫʶʪʴʩʷ ʢʨʫʛʠ ʄʦʨʘ? 

7. ɿʘʧʠʰʽʪʴ ʚʠʨʘʟ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʠʭ ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ. 

8. ʗʢʽ ʟʘʣʝʞʥʦʩʪʽ ʥʘʟʠʚʘʶʪʴ ʫʟʘʛʘʣʴʥʝʥʠʤ ʟʘʢʦʥʦʤ ɻʫʢʘ? 

9. ɿʘʧʠʰʽʪʴ ʫʟʘʛʘʣʴʥʝʥʠʡ ʟʘʢʦʥ ɻʫʢʘ ʯʝʨʝʟ ʩʪʘʣʽ ʃʷʤʝ. 

10. ɿʘʧʠʰʽʪʴ ʦʙʝʨʥʝʥʫ ʬʦʨʤʫ ʟʘʢʦʥʫ ɻʫʢʘ ʜʣʷ ʧʣʦʩʢʦʛʦ 

ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ. 

11. ɿʘʧʠʰʽʪʴ ʦʙʻʤʥʠʡ ʟʘʢʦʥ ɻʫʢʘ. 

12. ʗʢ ʟʘʧʠʩʫʻʪʴʩʷ ʚʠʨʘʟ ʜʣʷ ʧʠʪʦʤʦʾ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʝʥʝʨʛʽʾ 
ʜʝʬʦʨʤʘʮʽʾ ʟʘ ʧʨʦʩʪʦʨʦʚʦʛʦ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ? 

13. ʗʢ ʟʘʧʠʩʫʻʪʴʩʷ ʩʢʣʘʜʦʚʘ ʧʠʪʦʤʦʾ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʝʥʝʨʛʽʾ 

ʜʝʬʦʨʤʘʮʽʾ, ʱʦ ʧʦʚôʷʟʘʥʘ ʟʽ ʟʤʽʥʦʶ ʦʙôʻʤʫ?  

14. ʗʢ ʟʘʧʠʩʫʻʪʴʩʷ ʩʢʣʘʜʦʚʘ ʧʠʪʦʤʦʾ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʝʥʝʨʛʽʾ 
ʜʝʬʦʨʤʘʮʽʾ, ʱʦ ʧʦʚôʷʟʘʥʘ ʟʽ ʟʤʽʥʦʶ ʬʦʨʤʠ ? 
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ʊɽʄɸ 8 (ʣʝʢʮʽʾ 15,16) 

ʊɽʆʈɯɰ ʄɯʎʅʆʉʊɯ ɼʃʗ ʂʈʀʍʂʀʍ ʊɸ 

ʇʃɸʉʊʀʏʅʀʍ ʄɸʊɽʈɯɸʃɯɺ 

 

8.1. ɿʘʚʜʘʥʥʷ ʪʝʦʨʽʡ ʤʽʮʥʦʩʪʽ. ʂʨʠʭʢʝ ʪʘ ʧʣʘʩʪʠʯʥʝ  

ʨʫʡʥʫʚʘʥʥʷ 

ʄʽʮʥʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʙʫʜʴ-ʷʢʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʾʾ 

ʝʣʝʤʝʥʪʽʚ ʦʜʥʘʢʦʚʠʤ ʯʠʥʦʤ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʛʦ, ʟ ʷʢʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʚʠʛʦʪʦʚʣʝʥʘ ʮʷ ʢʦʥʩʪʨʫʢʮʽʷ ʽ ʷʢʦʛʦ ʚʠʜʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʦʥʘ 

ʧʦʚʠʥʥʘ ʚʠʪʨʠʤʫʚʘʪʠ. ʇʽʜ ʩʘʤʦʶ ʤʽʮʥʽʩʪʶ ʤʘʪʝʨʽʘʣʫ 

ʨʦʟʫʤʽʶʪʴ ʙʝʟʧʦʩʝʨʝʜʥʶ ʟʜʘʪʥʽʩʪʴ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʜʫ ʤʘʪʝʨʽʘʣʫ 

ʧʨʦʪʠʜʽʷʪʠ ʨʫʡʥʫʚʘʥʥʶ. ʎʴʦʤʫ ʧʦʩʣʫʛʦʚʫʻ ʢʽʣʴʢʽʩʥʘ ʦʮʽʥʢʘ, ʱʦ 

ʚʠʥʠʢʘʻ ʥʘ ʦʩʥʦʚʽ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ 

ʚ ʝʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʽʾ. ʅʝʜʦʩʪʘʪʥʷ ʤʽʮʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ 

ʢʦʥʩʪʨʫʢʮʽʾ ʚʝʜʝ ʜʦ ʚʪʨʘʪʠ ʮʠʤ ʤʘʪʝʨʽʘʣʦʤ ʟʜʘʪʥʦʩʪʽ ʯʠʥʠʪʠ 

ʦʧʽʨ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ï ʘʞ ʜʦ ʨʫʡʥʫʚʘʥʥʷ. 

ʗʢʱʦ ʝʣʝʤʝʥʪ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʘʮʶʻ ʚ ʩʪʘʥʽ ʧʨʦʩʪʦʛʦ 

ʨʦʟʪʷʛʫ ʘʙʦ ʩʪʠʩʢʫ, ʪʦ ʚʠʟʥʘʯʝʥʥʷ ʛʨʘʥʠʯʥʦʛʦ ʩʪʘʥʫ ʮʴʦʛʦ 

ʝʣʝʤʝʥʪʘ ʻ ʥʝʩʢʣʘʜʥʠʤ. ʄʘʢʩʠʤʘʣʴʥʝ ʥʘʧʨʫʞʝʥʥʷ, ʷʢʝ ʙʫʜʝ 

ʚʽʜʧʦʚʽʜʘʪʠ ʟʘ ʚʠʥʠʢʥʝʥʥʷ ʮʴʦʛʦ ʥʝʙʝʟʧʝʯʥʦʛʦ ʩʪʘʥʫ ʤʘʻ, ʙʫʪʠ 

ʨʽʚʥʠʤ: 

ï ʛʨʘʥʠʮʽ ʧʣʠʥʥʦʩʪʽ (
ʧʣs ) ï ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʩʪʘʥʫ 

ʧʣʠʥʥʦʩʪʽ ʚ ʧʣʘʩʪʠʯʥʦʤʫ ʤʘʪʝʨʽʘʣʽ; 

ï ʛʨʘʥʠʮʽ ʤʽʮʥʦʩʪʽ (ʤʮs ), ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʨʫʡʥʫʚʘʥʥʷ 

ʢʨʠʭʢʦʛʦ ʤʘʪʝʨʽʘʣʫ; 

ï ʛʨʘʥʠʮʽ ʚʪʦʤʠ (
rs ) ï ʧʨʠ ʧʦʚʪʦʨʥʦʟʤʽʥʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʚʠʟʥʘʯʝʥʥʷ ʮʠʭ ʤʝʭʘʥʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʞʣʠʚʝ ʥʘ ʦʩʥʦʚʽ ʙʝʟʧʦʩʝʨʝʜʥʽʭ ʚʠʧʨʦʙʫʚʘʥʴ 

ʟʨʘʟʢʽʚ ʤʘʪʝʨʽʘʣʫ ʥʘ ʩʧʝʮʽʘʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʣʴʥʠʭ ʤʘʰʠʥʘʭ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʞ ʚʠʟʥʘʯʝʥʥʷ ʥʝʙʝʟʧʝʯʥʠʭ (ʛʨʘʥʠʯʥʠʭ) 

ʩʪʘʥʽʚ ʧʨʠ ʩʢʣʘʜʥʠʭ ʥʘʧʨʫʞʝʥʠʭ ʩʪʘʥʘʭ, ʢʦʣʠ ʚʠʥʠʢʘʻ ʜʝʢʽʣʴʢʘ 

ʚʠʜʽʚ ʜʝʬʦʨʤʘʮʽʡ, ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʝ. ʊʦʤʫ ʫ ʮʠʭ ʚʠʧʘʜʢʘʭ 

ʜʦʚʦʜʠʪʴʩʷ ʢʦʨʠʩʪʫʚʘʪʠʩʴ ʥʠʟʢʦʶ ʛʽʧʦʪʝʟ ʧʨʦ ʧʦʚʝʜʽʥʢʫ 

ʤʘʪʝʨʽʘʣʫ ʚ ʛʨʘʥʠʯʥʦʤʫ ʥʘʧʨʫʞʝʥʦʤʫ ʩʪʘʥʽ, ʷʢʽ ʚ ʩʫʢʫʧʥʦʩʪʽ 

ʥʘʟʠʚʘʶʪʴ ʪʦʶ ʯʠ ʽʥʰʦʶ ñʪʝʦʨʽʻʶ ʤʽʮʥʦʩʪʽò. ʊʘʢʠʤ ʯʠʥʦʤ, 
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ʟʘʚʜʘʥʥʷʤ ʪʝʦʨʽʾ ʤʽʮʥʦʩʪʽ ʻ ʚʠʨʘʞʝʥʥʷ ʫʤʦʚ ʚʠʥʠʢʥʝʥʥʷ ʚ 

ʝʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʽʡ ʛʨʘʥʠʯʥʠʭ ʥʘʧʨʫʞʝʥʠʭ ʩʪʘʥʽʚ ʧʨʠ 

ʙʫʜʴ-ʷʢʦʤʫ ʩʢʣʘʜʥʦʤʫ ʥʘʧʨʫʞʝʥʦʤʫ ʩʪʘʥʽ, ʢʦʣʠ ʚʽʜʦʤʽ 

ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʫ, ʦʜʝʨʞʘʥʽ ʧʨʠ ʡʦʛʦ 

ʚʠʧʨʦʙʫʚʘʥʥʽ ʚ ʫʤʦʚʘʭ ʣʽʥʽʡʥʦʛʦ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ. 

ʋ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʚʠʨʘʞʝʥʥʽ ʫʤʦʚʘ ʜʦʩʷʛʥʝʥʥʷ 

ʤʘʪʝʨʽʘʣʦʤ ʛʨʘʥʠʯʥʦʛʦ ʩʪʘʥʫ ʤʦʞʝ ʤʘʪʠ ʚʠʛʣʷʜ: 

( )1 2 3, , ʛʨF Fs s s= ,                              (8.1) 

ʜʝ F ï ʜʝʷʢʘ ʬʫʥʢʮʽʷ ʚʽʜ ʛʦʣʦʚʥʠʭ ʥʘʧʨʫʞʝʥʴ, ʘ ʛʨF  ï ʛʨʘʥʠʯʥʝ 

ʟʥʘʯʝʥʥʷ ʮʽʻʾ ʬʫʥʢʮʽʾ ʧʨʠ ʧʝʚʥʦʤʫ ʦʜʥʦʚʽʩʥʦʤʫ ʥʘʧʨʫʞʝʥʦʤʫ 

ʩʪʘʥʽ. 

ʊʦʜʽ ʫʤʦʚʘ ʤʽʮʥʦʩʪʽ, ʟ ʜʝʷʢʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʟʘʧʘʩʫ (1n> ) 

ʙʫʜʝ ʤʘʪʠ ʚʠʛʣʷʜ: 

[]/ʛʨF F n F¢ =                                 (8.2) 

ʊʫʪ n  ï ʢʦʝʬʽʮʽʻʥʪ ʟʘʧʘʩʫ, []F  ï ʜʦʧʫʩʪʠʤʝ ʟʥʘʯʝʥʥʷ 

ʚʠʙʨʘʥʦʾ ʬʫʥʢʮʽʾ. 

ʋ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ, ʜʣʷ ʙʽʣʴʰʦʾ ʟʨʦʟʫʤʽʣʦʩʪʽ ʪʘ 

ʢʦʥʢʨʝʪʥʦʩʪʽ, ʬʫʥʢʮʽʶ ( )1 2 3, ,F s s s ʥʘʟʠʚʘʶʪʴ ʝʢʚʽʚʘʣʝʥʪʥʠʤ 

ʥʘʧʨʫʞʝʥʥʷʤ ( ).ʝʢʚs , ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʥʘʧʨʫʞʝʥʥʶ ʫ 

ʨʦʟʪʷʛʥʫʪʦʤʫ (ʩʪʠʩʥʫʪʦʤʫ) ʟʨʘʟʢʫ ʽ ʨʽʚʥʦʥʝʙʝʟʧʝʯʥʝ ʟʘʜʘʥʦʤʫ 

ʦʙôʻʤʥʦʤʫ ʥʘʧʨʫʞʝʥʦʤʫ ʩʪʘʥʫ. ɿʘ ʜʦʧʫʩʪʠʤʝ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ 

[]F  ʙʝʨʫʪʴ ʜʦʧʫʩʪʠʤʝ ʥʘʧʨʫʞʝʥʥʷ []s  ʧʨʠ ʦʜʥʦʚʽʩʥʦʤʫ 

ʥʘʧʨʫʞʝʥʦʤʫ ʩʪʘʥʽ. ʊʦʙʪʦ, ʫʤʦʚʘ ʤʽʮʥʦʩʪʽ ʚʞʝ ʟʘʧʠʩʫʻʪʴʩʷ ʫ 

ʚʠʛʣʷʜʽ: 

[].ʝʢʚ is s¢ ,                                      (8.3.) 

ʜʝ ̔ ï ʽʥʜʝʢʩ, ʷʢʠʤ ʧʦʟʥʘʯʘʻʪʴʩʷ ʫʤʦʚʥʠʡ ʥʦʤʝʨ ʪʝʦʨʽʾ ʤʽʮʥʦʩʪʽ. 

ɺʚʝʜʝʥʥʷ ʚʝʣʠʯʠʥʠ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʧʦʣʝʛʰʫʻ 

(ʬʦʨʤʘʣʽʟʫʻ) ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʧʘʩʫ ʤʽʮʥʦʩʪʽ n  

ʝʣʝʤʝʥʪʘ ʢʦʥʩʪʨʫʢʮʽʾ ʟʘ ʬʦʨʤʫʣʦʶ  

. ./ʛʨ ʝʢʚ in s s=  

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʧʦʢʘʟʫʶʪʴ, ʱʦ ʫʩʧʽʰʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʦʾ, ʯʠ ʽʥʰʦʾ ʪʝʦʨʽʾ 
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ʤʽʮʥʦʩʪʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʛʦ, ʤʽʮʥʽʩʪʴ ʷʢʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ï ʢʨʠʭʢʠʭ ʯʠ ʧʣʘʩʪʠʯʥʠʭ, ʘ ʟʚʽʜʩʠ ï ʷʢʝ 

ʨʫʡʥʫʚʘʥʥʷ ʤʦʞʝ ʚʽʜʙʫʪʠʩʴ ï ʢʨʠʭʢʝ ʯʠ ʧʣʘʩʪʠʯʥʝ. ɿʘ ʛʦʣʦʚʥʠʡ 

ʢʨʠʪʝʨʽʡ ʪʘʢʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʙʠʨʘʶʪʴ ʚʝʣʠʯʠʥʫ  ʟʘʣʠʰʢʦʚʦʾ 

ʜʝʬʦʨʤʘʮʽʾ ʧʨʠ ʨʫʡʥʫʚʘʥʥʽ. 

ʂʨʠʭʢʠʤ ʥʘʟʠʚʘʶʪʴ ʪʘʢʝ ʨʫʡʥʫʚʘʥʥʷ ʪʚʝʨʜʠʭ ʪʽʣ, ʢʦʣʠ 

ʧʣʘʩʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ ʧʽʩʣʷ ʨʫʡʥʫʚʘʥʥʷ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ 

ʧʨʫʞʥʠʭ, ʘ ʛʨʘʥʠʯʥʠʡ ʦʧʽʨ ʤʘʪʝʨʽʘʣʫ  ʧʦʚôʷʟʘʥʠʡ ʟ ʜʦʩʷʛʥʝʥʥʷʤ 

ʛʨʘʥʠʮʽ ʤʽʮʥʦʩʪʽ. ʈʫʡʥʫʚʘʥʥʷ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʣhʷʭʦʤ ʚʽʜʨʠʚʫ ʦʜʥʽʻʾ ʯʘʩʪʠʥʠ ʪʽʣʘ ʚʽʜ ʽʥʰʦʾ. 

ʇʣʘʩʪʠʯʥʠʤ ʚʚʘʞʘʻʪʴʩʷ ʪʘʢʝ ʨʫʡʥʫʚʘʥʥʷ, ʷʢʝ ʧʦʚôʷʟʘʥʝ ʟ 

ʚʝʣʠʢʠʤʠ ʧʣʘʩʪʠʯʥʠʤʠ ʜʝʬʦʨʤʘʮʽʷʤʠ, ʱʦ ʚ ʜʝʩʷʪʢʠ ʨʘʟʽʚ 

ʧʝʨʝʚʠʱʫʶʪʴ ʧʨʫʞʥʽ ʜʝʬʦʨʤʘʮʽʾ. ʇʨʠ ʪʘʢʦʤʫ ʨʫʡʥʫʚʘʥʥʽ 

ʛʨʘʥʠʯʥʠʡ ʩʪʘʥ ʧʦʚôʷʟʫʶʪʴ ʟ ʛʨʘʥʠʮʝʶ ʧʣʠʥʥʦʩʪʽ, ʘ ʩʘʤʝ 

ʨʫʡʥʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ ʟʩʫʚʫ (ʟʨʽʟʫ). ʊʦʤʫ ʛʨʘʥʠʯʥʠʤ 

ʜʦʪʠʯʥʠʤ ʥʘʧʨʫʞʝʥʥʷʤ ʩʣʽʜ ʚʚʘʞʘʪʠ ʥʘʧʨʫʞʝʥʥʷ 
ʧʣt , ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʛʨʘʥʠʮʽ ʧʣʠʥʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ. 

ʇʨʠ ʪʘʢʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʥʝʦʙʭʽʜʥʦ ʪʘʢʦʞ ʟʚʘʞʘʪʠ ʽ ʥʘ 

ʨʝʞʠʤ ʚʠʧʨʦʙʫʚʘʥʴ: ʰʚʠʜʢʽʩʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʪʝʤʧʝʨʘʪʫʨʫ 

ʩʝʨʝʜʦʚʠʱʘ ʽ ʩʘʤʝ ʩʝʨʝʜʦʚʠʱʝ, ʘ ʪʘʢʦʞ ʚʠʜ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ. 

ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʧʣʘʩʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʭʘʨʘʢʪʝʨʥʽ ʚʝʣʠʢʽ  

ʩʪʠʩʢʫʚʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ. 

ʈʘʟʦʤ ʟ ʪʠʤ, ʫ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʨʝʘʣʴʥʝ ʨʫʡʥʫʚʘʥʥʷ ʪʽʣʘ 

ʤʦʞʝ ʤʘʪʠ ʦʟʥʘʢʠ ʢʨʠʭʢʦʛʦ ʽ ʧʣʘʩʪʠʯʥʦʛʦ ʨʫʡʥʫʚʘʥʴ. ʊʦʜʽ ʪʘʢʝ 

ʨʫʡʥʫʚʘʥʥʷ ʥʘʟʠʚʘʶʪʴ ʢʚʘʟʽʢʨʠʭʢʠʤ ʘʙʦ ʢʚʘʟʽʧʣʘʩʪʠʯʥʠʤ. 

 

8.2. ʂʣʘʩʠʯʥ ̔ʪʝʦʨʽʾ ʤʽʮʥʦʩʪʽ ʜʣʷ ʢʨʠʭʢʦʛʦ ʨʫʡʥʫʚʘʥʥʷ 

ʆʜʥʠʤʠ ʽʟ ʥʘʡʙʽʣʴʰ ʜʘʚʥʽʭ ʽ ʧʨʦʩʪʠʭ ʪʝʦʨʽʡ ʤʽʮʥʦʩʪʽ ʻ 

ʪʝʦʨʽʾ ʤʽʮʥʦʩʪʽ, ʷʢʽ ʟ ʧʝʚʥʠʤ ʥʘʙʣʠʞʝʥʥʷʤ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ 

ʧʨʠ ʢʨʠʭʢʦʤʫ ʨʫʡʥʫʚʘʥʥʽ. ʇʝʨʰʦʶ ʪʝʦʨʽʻʶ ʤʽʮʥʦʩʪʽ ʘʙʦ 

ʪʝʦʨʽʻʶ ʤʽʮʥʦʩʪʽ ʥʘʡʙʽʣʴʰʠʭ ʥʦʨʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ ʻ 

ʢʨʠʪʝʨʽʡ, ʷʢʠʡ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʛʽʧʦʪʝʟʽ, ʱʦ ʛʨʘʥʠʯʥʠʡ ʩʪʘʥ 

ʤʘʪʝʨʽʘʣʫ ʚ ʦʢʦʣʽ ʨʦʟʛʣʷʜʫʚʘʥʦʾ ʪʦʯʢʠ ʥʘʩʪʫʧʘʻ ʪʦʜʽ, ʢʦʣʠ 

ʥʘʡʙʽʣʴʰʝ ʥʦʨʤʘʣʴʥʝ ʥʘʧʨʫʞʝʥʥʷ maxs  ʜʦʩʷʛʘʣʦ ʙ ʩʚʦʛʦ 

ʛʨʘʥʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʛʨs . ʎʷ ʪʝʦʨʽʷ ʧʦʚôʷʟʫʻʪʴʩʷ ʟ ʽʤʝʥʘʤʠ 

ʢʣʘʩʠʢʽʚ ʥʘʫʢʠ ɻʘʣʽʣʝʦ ɻʘʣʽʣʝʷ ʪʘ ʃʡ̫ʙʥʽʮʘ. 
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ɿʛʽʜʥʦ ʮʽʻʾ ʪʝʦʨʽʾ, ʷʢʱʦ ʚʽʜʦʤʽ ʛʦʣʦʚʥʽ ʥʘʧʨʫʞʝʥʥʷ 

1 2 3s s s² ² , ʱʦ ʜʽʶʪʴ ʫ ʜʘʥʽʡ ʪʦʯʮʽ, ʪʦ ʢʨʠʪʝʨʽʡ ʛʨʘʥʠʯʥʦʛʦ 

ʩʪʘʥʫ ʪʘ ʫʤʦʚʘ ʤʽʮʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦ ʤʘʶʪʴ ʚʠʛʣʷʜ: 

.1 1 .ʝʢʚ ʛʨ ʨs s s= = , 1 ps sè ø¢ê ú,                     (8.4) 

ʘʙʦ                      .1 3 .ʝʢʚ ʛʨ ʩs s s= = ;    3 cs sè ø<ê ú. 

ʊʫʪ 
. .

;
ʛʨ ʨ ʛʨ c

p c

p cn n

s s
s sè ø è ø= =ê ú ê ú  ï ʜʦʧʫʩʪʠʤʽ ʥʘʧʨʫʞʝʥʥʷ 

ʧʨʠ ʨʦʟʪʷʛʫ ʪʘ ʩʪʠʩʢʫ ʚʽʜʧʦʚʽʜʥʦ. 

ʇʨʠʯʠʥʦʶ ʨʫʡʥʫʚʘʥʥʷ ʢʨʠʭʢʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʩʢʣʦ, ʛʽʧʩ, 

ʢʝʨʘʤʽʢʘ) ʻ ʚʠʥʠʢʥʝʥʥʷ ʽ ʧʦʰʠʨʝʥʥʷ ʪʨʽʱʠʥ, ʜʝ ʛʦʣʦʚʥʫ ʨʦʣʴ 

ʚʽʜʽʛʨʘʶʪʴ ʥʘʡʙʽʣʴʰʽ ʨʦʟʪʷʛʫʚʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ. ʈʘʟʦʤ ʟ ʪʠʤ, 

ʬʦʨʤʫʣʠ (8.4) ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʚʧʣʠʚʫ ʽʥʰʠʭ ʛʦʣʦʚʥʠʭ ʥʘʧʨʫʞʝʥʴ 

ʥʘ ʤʽʮʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʻ ʾʾ ʦʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ. ʎʷ ʪʝʦʨʽʷ ʥʝ 

ʟʦʚʩʽʤ ʚʽʜʧʦʚʽʜʘʻ ʜʘʥʠʤ ʚʠʧʨʦʙʫʚʘʥʴ ʙʽʣʴʰʦʩʪʽ ʨʝʘʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ (ʢʨʽʤ ʥʘʟʚʘʥʠʭ ʚʠʱʝ). ʅʝ ʤʦʞʝ ʚʦʥʘ ʧʦʷʩʥʠʪʠ ʽ 

ʥʘʜʟʚʠʯʘʡʥʦ ʚʝʣʠʢʫ ʤʽʮʥʽʩʪʴ ʤʘʪʝʨʽʘʣʽʚ ʟʘ ʚʠʩʦʢʦʛʦ 

ʛʽʜʨʦʩʪʘʪʠʯʥʦʛʦ ʪʠʩʢʫ. 

ɼʨʫʛʘ ʪʝʦʨʽʷ ʤʽʮʥʦʩʪʽ, ʘʙʦ ʪʝʦʨʽʷ ʥʘʡʙʽʣʴʰʠʭ ʣʽʥʽʡʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ, ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʛʽʧʦʪʝʟʽ, ʱʦ ʛʨʘʥʠʯʥʠʡ ʩʪʘʥ 

ʤʘʪʝʨʽʘʣʫ ʚ ʦʢʦʣʽ ʨʦʟʛʣʷʜʫʚʘʥʦʾ ʪʦʯʢʠ ʥʘʩʪʫʧʘʻ ʪʦʜʽ, ʢʦʣʠ ʚ ʥʽʡ 

ʥʘʡʙʽʣʴʰʘ ʚʽʜʥʦʩʥʘ ʣʽʥʽʡʥʘ ʜʝʬʦʨʤʘʮʽʷ 
maxe  ʜʦʩʷʛʥʝ ʛʨʘʥʠʯʥʦʛʦ 

ʟʥʘʯʝʥʥʷ .ʛʨe  

ʊʦʙʪʦ, ʷʢʱʦ ʚʽʜʦʤʽ ʛʦʣʦʚʥʽ ʜʝʬʦʨʤʘʮʽʾ 
1 2 3e e e² ², ʜʝ 

1 maxe e= , ʪʦ ʢʨʠʪʝʨʽʻʤ ʛʨʘʥʠʯʥʦʛʦ ʩʪʘʥʫ ʙʫʜʝ: 

1 .ʛʨe e= ,                                            (8.5) 

ʘ ʫʤʦʚʘ ʤʽʮʥʦʩʪʽ ʟʘʧʠʩʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ: 

[]1 /p ne e e¢ = .                                   (8.6) 

ɺʚʘʞʘʶʯʠ, ʱʦ ʥʘ ʣʽʚʫ ʽ ʧʨʘʚʫ ʯʘʩʪʠʥʠ ʥʝʨʽʚʥʦʩʪʽ (8.6) 

ʧʦʰʠʨʶʻʪʴʩʷ ʟʘʢʦʥ ɻʫʢʘ: 

( ) [][]1 1 2 3

1
, / ,E

E
e s m s s e s= - + =è øê ú  
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ʫʤʦʚʫ ʤʽʮʥʦʩʪʽ, ʟʘ ʜʨʫʛʦʶ ʪʝʦʨʽʻʶ ʤʽʮʥʦʩʪʽ, ʤʦʞʥʘ 

ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ:  

( )[]. 1 2 3 ,ʝʢʚ ɯɯs s m s s s= - + ¢                     (8.7) 

ʜʝ []s  ï ʜʦʧʫʩʪʠʤʝ ʥʘʧʨʫʞʝʥʥʷ ʧʨʠ ʦʩʴʦʚʦʤʫ ʨʦʟʪʷʛʫ 

(ʩʪʠʩʢʫ). 

ʆʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʜʨʫʛʦʾ ʪʝʦʨʽʾ ʤʽʮʥʦʩʪʽ, ʷʢʘ ʙʫʣʘ 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʱʝ ɽ. ʄʘʨʽʦʪʪʦʤ (1662ʨ.), ʻ ʪʝ, ʱʦ ʚʦʥʘ ʥʝ 

ʚʨʘʭʦʚʫʻ ʚʟʘʻʤʦʜʽʾ ʪʨʴʦʭ ʛʦʣʦʚʥʠʭ ʜʝʬʦʨʤʘʮʽʡ. ɼʣʷ ʪʘʢʠʭ 

ʢʨʠʭʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʷʢ ʬʦʩʬʦʨ ʜʨʫʛʘ ʪʝʦʨʽʷ ʤʽʮʥʦʩʪʽ 

ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ  ̔ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ʋ ʚʠʧʘʜʢʫ ʞ ʧʣʘʩʪʠʯʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʜʘʥʘ ʪʝʦʨʽʷ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʙʦ ʪʝʦʨʝʪʠʯʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʥʝ ʧʽʜʪʚʝʨʜʞʫʶʪʴʩʷ ʜʦʩʣʽʜʥʠʤʠ ʜʘʥʠʤʠ. 

 

8.3.ʂʣʘʩʠʯʥʽ ʪʝʦʨʽʾ ʤʽʮʥʦʩʪʽ ʜʣʷ ʧʣʘʩʪʠʯʥʦʛʦ 

ʨʫʡʥʫʚʘʥʥʷ 

ʇʣʘʩʪʠʯʥʝ ʨʫʡʥʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʥʝʦʙʤʝʞʝʥʦʾ ʟʤʽʥʠ ʬʦʨʤʠ ʪʽʣʘ (ʟʩʫʚʫ ʯʘʩʪʠʥ ʪʽʣʘ ʤʽʞ 

ʩʦʙʦʶ), ʪʦʙʪʦ ʧʨʠʥʮʠʧʦʚʦ  ʽʥʰʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʥʽʞ ʧʨʠ ʢʨʠʭʢʦʤʫ 

ʨʫʡʥʫʚʘʥʥʽ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʽ ʥʝ ʧʽʜʪʚʝʨʜʞʫʶʪʴʩʷ ʪʝʦʨʝʪʠʯʥʽ 

ʨʦʟʨʘʭʫʥʢʠ ʟʘ ʧʝʨʰʦʶ ʽ ʜʨʫʛʦʶ ʪʝʦʨʽʻʶ ʤʽʮʥʦʩʪʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ. ʊʦʤʫ ʐ. ʂʫʣʦʥʦʤ (1773ʨ.), ʘ 

ʧʽʟʥʽʰʝ ɸ. ʊʨʝʩʢʘ (1868ʨ.)ʙʫʣʘ ʚʠʢʣʘʜʝʥʘ ʽ ʦʙˇʨʫʥʪʦʚʘʥʘ ʪʨʝʪʷ 

ʪʝʦʨʽʷ  ʤʽʮʥʦʩʪʽ, ʷʢʘ ʜʽʩʪʘʣʘ ʥʘʟʚʫ ʪʝʦʨʽʾ ʤʽʮʥʦʩʪʽ ʥʘʡʙʽʣʴʰʠʭ 

ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ. ʎʷ ʪʝʦʨʽʷ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʛʽʧʦʪʝʟʽ, ʱʦ 

ʛʨʘʥʠʯʥʠʡ ʩʪʘʥ ʚ ʦʢʦʣʽ ʨʦʟʛʣʷʜʫʚʘʥʦʾ ʪʦʯʢʠ ʪʽʣʘ ʥʘʩʪʫʧʠʪʴ ʪʦʜʽ, 

ʢʦʣʠ ʥʘʡʙʽʣʴʰʝ ʜʦʪʠʯʥʝ ʥʘʧʨʫʞʝʥʥʷ 
maxt  ʜʦʩʷʛʥʝ ʛʨʘʥʠʯʥʦʛʦ 

ʟʥʘʯʝʥʥʷ 
.ï ët : 

max .ï ët t=                                          (8.8) 

ɼʣʷ ʦʙôʻʤʥʦʛʦ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ 

1 3

max ,
2

s s
t

-
=  

ʘ ʫ ʚʠʧʘʜʢʫ ʣʽʥʽʡʥʦʛʦ ʩʪʘʥʫ ï ʨʦʟʪʷʛʫ (ʩʪʠʩʢʫ) ï 

. .0,5ï ë ï ët s=  

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʠʭ ʚʠʨʘʟʽʚ, ʫʤʦʚʘ (8.8) ʤʘʻ ʚʠʛʣʷʜ 
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1 3 .ï ës s s- = ,                                    (8.9) 

ʘ ʫʤʦʚʘ ʤʽʮʥʦʩʪʽ  

[]. 1 3ʝʢʚ ɯɯɯs s s s= - ¢ .                        (8.10) 

ʋʤʦʚʘ (8.9) ʨʦʟʛʣʷʜʘ̒ʪʩɹ ̫ ʱʝ ʡ ̫ ʢ ʫʤʦʚʘ ʧʦʯʘʪʢʫ 

ʚʠʥʠʢʥʝʥʥʷ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʚ ʤʘʪʝʨʽʘʣʽ. ɹ. ʉʝʥ-ɺʝʥʘʥ ʫ 

1881ʨ. ʟʘʧʨʦʧʦʥʫʚʘʚ ʚʚʘʞʘʪʠ ʾʾ ʫʤʦʚʦ  ʁʧʣʘʩʪʠʯʥʦʩʪʽ. ɿʛʽʜʥʦ ʽʟ 

ʥʝʶ ʧʣʘʩʪʠʯʥʘ ʜʝʬʦʨʤʘʮʽʷ ʫ ʜʘʥʽʡ ʪʦʯʮʽ ʪʽʣʘ ʚʠʥʠʢʘʻ ʪʦʜʽ, 

ʢʦʣʠ ʥʘʡʙʽʣʴʰʝ ʜʦʪʠʯʥʝ ʥʘʧʨʫʞʝʥʥʷ ʜʦʩʷʛʘʻ ʧʝʚʥʦʾ 

(ʭʘʨʘʢʪʝʨʥʦʾ ʜʣʷ ʜʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ) ʚʝʣʠʯʠʥʠ, ʱʦ ʜʦʨʽʚʥʶʻ 

ʛʨʘʥʠʮʽ ʧʣʠʥʥʦʩʪʽ ʧʨʠ ʯʠʩʪʦʤʫ ʟʩʫʚʽ. 

ʅʝʜʦʣʽʢʦʤ ʪʨʝʪʴʦʾ ʪʝʦʨʽʾ ʤʽʮʥʦʩʪʽ ʻ ʪʝ, ʱʦ ʚʦʥʘ ʥʝ 

ʚʨʘʭʦʚʫʻ ʧʨʦʤʽʞʥʦʛʦ ʛʦʣʦʚʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ 2s, ʷʢʝ ʪʘʢʦʞ 

ʚʧʣʠʚʘʻ ʥʘ ʤʽʮʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʨʦʟʭʦʜʞʝʥʥʷ 

ʤʽʞ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʜʦʩʣʽʜʥʠʭ ʜʘʥʠʭ 

ʜʦʩʷʛʘʻ 10-15%. ʗʢʱʦ ʤʘʪʝʨʽʘʣ ʤʘʻ ʨʽʟʥʽ ʛʨʘʥʠʯʥ̔ ʟʥʘʯʝʥʥʷ 

ʥʘʧʨʫʞʝʥʴ ʟʘ ʨʦʟʪʷʛʫ ʽ ʩʪʠʩʢʫ, ʪʦ ʐ.ʂʫʣʦʥ ʚʠʚʽʚ ʫʤʦʚʫ, ʷʢʘ 

ʽʜʝʥʪʠʯʥʘ ʫʤʦʚʽ, ʦʜʝʨʞʘʥʽʡ ʧʽʟʥʽʰʝ ʄʦʨʦʤ, ʜʦʧʫʩʪʠʚʰʠ, ʱʦ 

ʛʨʘʥʠʯʥʘ ʢʨʠʚʘ, ʷʢʘ ʦʛʠʥʘʻ ʢʦʣʘ ʥʘʧʨʫʞʝʥʴ, ʻ ʧʨʷʤʦʶ . 

ʋ ʚʠʧʘʜʢʫ ʨʽʚʥʦʤʽʨʥʦʛʦ ʪʨʠʚʽʩʥʦʛʦ ʨʦʟʪʷʛʫ, ʱʦ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʢʨʠʭʢʠʤ ʨʫʡʥʫʚʘʥʥʷʤ, ʜʘʥʫ ʪʝʦʨʽʶ ʤʽʮʥʦʩʪʽ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʥʝ ʤʦʞʥʘ. 

ʑʝ ʦʜʥʽʻʶ ʪʝʦʨʽʻʶ ʤʽʮʥʦʩʪʽ ʜʣʷ ʧʣʘʩʪʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʷʢʘ ʜʦʩʠʪʴ ʟʘʜʦʚʽʣʴʥʦ ʦʧʠʩʫʻ ʧʨʦʮʝʩʠ ʨʫʡʥʫʚʘʥʥʷ, ʻ ʪʘʢ ʟʚʘʥʘ 

ʝʥʝʨʛʝʪʠʯʥʘ ʪʝʦʨʽʷ ʤʽʮʥʦʩʪʽ ʘʙʦ ʯʝʪʚʝʨʪʘ (ɯV) ʪʝʦʨʽʷ 

ʤʽʮʥʦʩʪʽ. ɺʧʝʨʰʝ ʮʶ ʪʝʦʨʽʶ ʫ 1904 ʨ. ʟʘʧʨʦʧʦʥʫʚʘʚ ʧʨʦʬʝʩʦʨ 

ʃʴʚʽʚʩʴʢʦʾ ʧʦʣʽʪʝʭʥʽʢʠ ʄ. ɻʫʙʝʨ. ʅʠʤ ʙʫʣʘ ʫʪʦʯʥʝʥʘ ʛʽʧʦʪʝʟʘ 

ʽʪʘʣʽʡʩʴʢʦʛʦ ʤʘʪʝʤʘʪʠʢʘ ɽ. ɹʝʣʴʪʨʘʤʽ (1885 ʨ.), ʷʢʠʡ ʧʦʤʠʣʢʦʚʦ 

ʩʪʚʝʨʜʞʫʚʘʚ, ʱʦ ʨʫʡʥʫʚʘʥʥʷ ʙʫʜʴ-ʷʢʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʦʜʽ, ʢʦʣʠ ʧʦʚʥʘ ʧʠʪʦʤʘ ʧʦʪʝʥʮʽʘʣʴʥʘ ʝʥʝʨʛʽʷ 

ʜʝʬʦʨʤʘʮʽʾ u  ʚ ʨʦʟʛʣʷʜʫʚʘʥʽʡ ʪʦʯʮʽ ʜʦʩʷʛʥʝ ʩʚʦʛʦ ʢʨʠʪʠʯʥʦʛʦ 

ʟʥʘʯʝʥʥʷ .ʛʨu u= , ʜʝ 
2

. . / 2ʛʨ ʛʨu ɽs=  ï ʜʣʷ ʚʠʧʘʜʢʫ ʣʽʥʽʡʥʦʛʦ 

ʨʦʟʪʷʛʫ. ʇʦʤʠʣʢʦʚʽʩʪʴ ʡʦʛʦ ʧʦʣʷʛʘʣʘ ʚ ʪʦʤʫ, ʱʦ ʽʟ ʮʴʦʛʦ 

ʪʚʝʨʜʞʝʥʥʷ ʚʠʧʣʠʚʘʣʘ ʤʦʞʣʠʚʽʩʪʴ ʨʫʡʥʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʧʨʠ 

ʚʩʝʩʪʦʨʦʥʥʴʦʤʫ ʨʽʚʥʦʤʽʨʥʦʤʫ ʩʪʠʩʢʫ 

( )3 1 2

ʛʨ

ʛʨp
s

m
=

-
, ʱʦ 
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ʘʙʩʦʣʶʪʥʦ ʥʝ ʚʽʜʧʦʚʽʜʘʣʦ ʨʝʟʫʣʴʪʘʪʘʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ. ʊʦʤʫ ɻʫʙʝʨ ʟʘʧʨʦʧʦʥʫʚʘʚ ʚʽʜʢʠʥʫʪʠ ʫ ʢʨʠʪʝʨʽʾ 

ɹʝʣʴʪʨʘʤʽ ʝʥʝʨʛʽʶ, ʷʢʘ ʪʨʘʪʠʣʘʩʴ ʥʘ ʟʤʽʥʫ ʦʙôʻʤʫ, ʟʘʣʠʰʠʚʰʠ 

ʝʥʝʨʛʽʶ ʬʦʨʤʦʟʤʽʥʠ  

. .ʬ ʬʛʨu u=                                                   (8.11). 

 

ʊʫʪ        ( )2 2 2

1 2 3 1 2 2 3 3 1

1

3
ʬu

E

m
s s s ss s s s s

+
= + + - - - ,      

ʘ                                
2 2

. . .

1 1

3 3
ʬʛʨ ʛʨ ʧʣu

ɽ E

m m
s s

+ +
= ¹ . 

ʇʽʜʩʪʘʚʠʚʰʠ ʮʽ ʚ ʫʤʦʚʫ (8.11), ʢʨʠʪʝʨʽʡ ɻʫʙʝʨʘ ʤʦʞʥʘ 

ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ 

 

2 2 2

. 1 2 3 1 2 2 3 1 3ʝʢʚ ɯV ʧʣs s s s ss s s ss s= + + - - - =    (8.12) 

 

ɿʚʽʜʩʠ ʫʤʦʚʘ ʤʽʮʥʦʩʪʽ ʟʘʧʠʰʝʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ 

 

[]2 2 2

1 2 3 1 2 2 3 1 3s s s ss s s ss s+ + - - - ¢.           (8.13) 

 

          ʋʤʦʚʫ (8.13) ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʚ ʽʥʰʦʤʫ ʚʠʛʣʷʜʽ, 

ʙʽʣʴʰ ʟʨʫʯʥʦʤʫ ʜʣʷ ʧʨʘʢʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ:  

 

( ) ( ) ( ) []
2 2 2

1 2 2 3 1 30,5 s s s s s s sè ø- + - + - ¢
ê ú

.  (8.14) 

 

ʅʝʦʙʭʽʜʥʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʣʽʚʽ ʩʪʦʨʦʥʠ ʥʝʨʽʚʥʦʩʪʝʡ (8.13), 

(8.14) ʻ ʥʝ ʱʦ ʽʥʰʝ, ʷʢ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʧʨʫʞʝʥʴ is. ʊʦʙʪʦ, 

ʝʢʚʽʚʘʣʝʥʪʥʝ ʥʘʧʨʫʞʝʥʥʷ ʯʝʪʚʝʨʪʦʾ ʪʝʦʨʽʾ ʤʽʮʥʦʩʪʽ ʪʦʪʦʞʥʝ  

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ ï 
.ʝʢʚ ɯV is s= . ʏʝʪʚʝʨʪʘ ʪʝʦʨʽʷ ʤʽʮʥʦʩʪʽ 

ʜʝʱʦ ʢʨʘʱʝ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʤʠ ʜʣʷ ʧʣʘʩʪʠʯʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʥʽʞ ʪʨʝʪʷ. ɸʣʝ ʚʦʥʘ ʥʝ ʚʨʘʭʦʚʫ ̒ ʚʠʧʘʜʢʫ, ʢʦʣʠ 

ʤʘʪʝʨʽʘʣʠ ʤʘʶʪʴ ʨʽʟʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʦʨʫ ʧʨʠ ʨʦʟʪʷʛʫ ʪʘ 

ʩʪʠʩʢʫ. 
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8.4. ʋʟʘʛʘʣʴʥʝʥʽ ʪʝʦʨʽʾ ʤʽʮʥʦʩʪʽ 

ʈʦʟʛʣʷʥʫʪʽ ʢʣʘʩʠʯʥʽ ʪʝʦʨʽʾ ʥʝ ʻ ʫʥʽʚʝʨʩʘʣʴʥʠʤʠ, ʙʦ ʦʜʥʽ 

ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʪʽʣʴʢʠ ʜʣʷ ʢʨʠʭʢʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʘ ʽʥʰʽ 

ʜʦʙʨʝ ʚʽʜʦʙʨʘʞʘʶʪʴ ʧʣʘʩʪʠʯʥʝ ʨʫʡʥʫʚʘʥʥʷ. ʂʨʽʤ ʪʦʛʦ, 

ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʥʝʦʜʥʘʢʦʚʽʩʪʴ ʦʧʦʨʫ ʨʦʟʪʷʛʫ ʪʘ ʩʪʠʩʢʫ, ʘ 

ʪʘʢʦʞ ʘʥʽʟʦʪʨʦʧʽʶ ʤʘʪʝʨʽʘʣʫ ʫ ʨʽʟʥʠʭ ʥʘʧʨʷʤʢʘʭ. 

ʆʜʥʽʻʶ ʟ ʪʘʢʠʭ ʫʟʘʛʘʣʴʥʝʥʠʭ ʪʝʦʨʽʡ ʤʽʮʥʦʩʪʽ ʻ ʪʝʦʨʽʷ 

ʤʽʮʥʦʩʪʽ ʄʦʨʘ, ʷʢʘ ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʜʝʱʦ ʽʥʰʠʭ ʧʨʠʧʫʱʝʥʥʷʭ, 

ʥʽʞ ʢʣʘʩʠʯʥʽ. ʆ.ʄʦʨʦʤ ʚ 1900 ʨ. ʙʫʣʦ ʚʠʩʣʦʚʣʝʥʦ ʽʜʝʶ, ʱʦ 

ʨʫʡʥʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʝʚʥʦʾ ʚʟʘʻʤʦʜʽʾ 

ʥʦʨʤʘʣʴʥʠʭ ʽ ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ: ʨʫʡʥʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʚʽʜ 

ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʚʠʜʰʝ  ʪʘʤ, ʜʝ 

ʧʝʨʝʚʘʞʘʻ ʨʦʟʪʷʛ ʽ ʥʘʚʧʘʢʠ ï ʤʘʪʝʨʽʘʣ ʤʘʻ ʙʽʣʴʰʠʡ ʦʧʽʨ ʚ 

ʟʦʥʽ ʩʪʠʩʢʫʚʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ.  

ʎʷ ʽʜʝʷ ʜʫʞʝ ʣʝʛʢʦ ʽʣʶʩʪʨʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ 

ʢʨʫʛʽʚ ʄʦʨʘ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʨʽʟʥʠʭ ʢʦʤʙʽʥʘʮʽʡ ʟʥʘʯʝʥʴ ʛʦʣʦʚʥʠʭ 

ʥʘʧʨʫʞʝʥʴ ʫ ʨʦʟʛʣʷʜʫʚʘʥʽʡ ʪʦʯʮʽ ʪʽʣʘ. 

 
ʈʠʩ. 8.1 

 

ʅʝʭʘʡ ʽʟ ʨʷʜʫ ʧʨʦʩʪʠʭ ʜʦʩʣʽʜʽʚ (ʥʘ ʩʪʠʩʢ, ʨʦʟʪʷʛ, ʟʩʫʚ) 

ʦʜʝʨʞʘʥʽ ʛʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ ʛʦʣʦʚʥʠʭ ʥʘʧʨʫʞʝʥʴ, ʧʨʠ ʷʢʠʭ 

ʤʘʪʝʨʽʘʣ ʧʝʨʝʭʦʜʠʪʴ ʫ ʧʣʘʩʪʠʯʥʠʡ ʩʪʘʥ ʘʙʦ ʨʫʡʥʫʻʪʴʩʷ. ʂʦʣʠ ʥʘ 

ʮʠʭ ʛʨʘʥʠʯʥʠʭ ʥʘʧʨʫʞʝʥʥʷʭ ʧʦʙʫʜʫʚʘʪʠ ʢʨʫʛʠ ʄʦʨʘ (ʨʠʩ. 8.1), 

ʪʦ ʚʠʷʚʠʪʴʩʷ, ʱʦ ʦʙʚʽʜʥʘ ʜʦ ʥʠʭ ʻ ʛʨʘʥʠʯʥʦʶ ʢʨʠʚʦʶ, ʫ 
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ʩʝʨʝʜʠʥʽ ʷʢʦʾ ʟʥʘʯʝʥʥʷ ʥʦʨʤʘʣʴʥʠʭ ʽ ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ, ʱʦ ʻ 

ʢʦʦʨʜʠʥʘʪʘʤʠ ʧʣʦʱʠʥʠ ,s t, ʙʫʜʫʪʴ ʙʝʟʧʝʯʥʠʤʠ ʜʣʷ ʦʜʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ. ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʦʙʚʽʜʥʫ ʮʠʭ ʢʨʫʛʽʚ ʟ ʜʦʩʪʘʪʥʴʦʶ 

ʪʦʯʥʽʩʪʶ ʤʦʞʥʘ ʟʘʤʽʥʠʪʠ ʧʨʷʤʠʤʠ ʄN ʪʘ M N¡ ¡, ʱʦ ʻ 

ʜʦʪʠʯʥʠʤʠ ʜʦ ʜʚʦʭ ʢʨʫʛʽʚ: ʜʣʷ ʦʩʴʦʚʦʛʦ ʨʦʟʪʷʛʫ ʟ ʛʨʘʥʠʯʥʠʤ 

ʥʘʧʨʫʞʝʥʥʷʤ .ʛʨ ʨs  (ʮʝʥʪʨ ʆ1) ʽ ʜʣʷ ʦʩʴʦʚʦʛʦ ʩʪʠʩʢʫ ʟ 

ʛʨʘʥʠʯʥʠʤ ʥʘʧʨʫʞʝʥʥʷʤ .ʛʨ ʩs  (ʮʝʥʪʨ ʆ2). ʈʽʚʥʷʥʥʷ ʧʨʷʤʦʾ ʄN -

a ʚt s= Ö + ʣʝʛʢʦ ʧʦʙʫʜʫʚʘʪʠ, ʚʠʨʘʟʠʚʰʠ ʥʘʧʨʫʞʝʥʥʷ s, t 

ʯʝʨʝʟ ʛʦʣʦʚʥʽ ʥʘʧʨʫʞʝʥʥʷ 
1s, 

3s , ʘ ʧʦʩʪʽʡʥʽ ,a ʚ ʯʝʨʝʟ 

ʛʨʘʥʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ .ʛʨ ʨs , .ʛʨ ʩs .   
 

 
ʈʠʩ. 8.2 

 

ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʦʙʚʽʜʥʫ ʮʠʭ ʢʨʫʛʽʚ ʟ ʜʦʩʪʘʪʥʴʦʶ ʪʦʯʥʽʩʪʶ 

ʤʦʞʥʘ ʟʘʤʽʥʠʪʠ ʧʨʷʤʠʤʠ ʄN ʪʘ M N¡ ¡, ʱʦ ʻ ʜʦʪʠʯʥʠʤʠ ʜʦ ʜʚʦʭ 

ʢʨʫʛʽʚ: ʜʣʷ ʦʩʴʦʚʦʛʦ ʨʦʟʪʷʛʫ ʟ ʛʨʘʥʠʯʥʠʤ ʥʘʧʨʫʞʝʥʥʷʤ .ʛʨ ʨs  

(ʮʝʥʪʨ ʆ1) ʽ ʜʣʷ ʦʩʴʦʚʦʛʦ ʩʪʠʩʢʫ ʟ ʛʨʘʥʠʯʥʠʤ ʥʘʧʨʫʞʝʥʥʷʤ .ʛʨ ʩs  

(ʮʝʥʪʨ ʆ2). ʈʽʚʥʷʥʥʷ ʧʨʷʤʦ ʾʄN - a ʚt s= Ö + ʣʝʛʢʦ ʧʦʙʫʜʫʚʘʪʠ, 

ʚʠʨʘʟʠʚʰʠ ʥʘʧʨʫʞʝʥʥʷ s, t ʯʝʨʝʟ ʛʦʣʦʚʥʽ ʥʘʧʨʫʞʝʥʥʷ 
1s , 

.ʛʨʩs  
.ʛʨ ps  
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3s , ʘ ʧʦʩʪʽʡʥʽ ,a ʚ ʯʝʨʝʟ ʛʨʘʥʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ .ʛʨ ʨs , .ʛʨ ʩs . ʋ 

ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʚʦʥʦ ʟʘʧʠʰʝʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ: 

1 3 .ʛʨ ʨs ys s- = ,                                   (8.15) 

ʜʝ                                      . ./ʛʨ ʨ ʛʨʩy s s= . 

 ʂʨʠʪʝʨʽʡ ʤʽʮʥʦʩʪʽ ʄʦʨʘ ʙʫʜʝ ʤʘʪʠ ʚʠʛʣʷʜ: 

[]. 1 3ʝʢʚ ʄ p
s s ys s= - ¢ .                            (8.16) 

 

ʉʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ y ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 8.1 ʟʘ 

ʜʘʥʠʤʠ [5]. 
ʊʘʙʣʠʮʷ 8.1 ï ɿʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ y  ʜʣʷ ʜʝʷʢʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʄʘʪʝʨʽʘʣ  y 

ʉʽʨʽ ʯʘʚʫʥʠ  0,2

é0,4 

ʂʦʚʢʽ ʯʘʚʫʥʠ 0,7

é0,95 

ɺʠʩʦʢʦʤʽʮʥʽ ʯʘʚʫʥʠ 0,2

é0,3 

ʉʢʣʦ, ʩʠʪʘʣʠ 0,07

é0,2 

ɺʫʛʣʝʛʨʘʬʽʪʦʚʽ ʢʦʤʧʦʟʠʮʽʾ, ʛʨʘʬʽʪʠ 0,2

é0,6 

ʄʝʪʘʣʦʢʝʨʘʤʽʯʥʽ ʢʦʤʧʦʟʠʮʽʾ ʥʘ ʦʩʥʦʚʽ 

ʢʘʨʙʽʜʫ ʚʦʣʴʬʨʘʤʫ, ʢʘʨʙʽʜʫ ʢʨʝʤʥʽʶ 

0,1

é0,4 

ɺʫʛʣʝʮʝʚʽ ʩʪʘʣʽ 0,9

é1,0 

ʊʝʨʤʦʨʝʘʢʪʠʚʥʽ ʧʣʘʩʪʤʘʩʠ 0,2

é0,5 

 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʚʠʷʩʥʠʪʠ, ʯʠ ʟʘʜʦʚʦʣʴʥʷʻʪʴʩʷ ʫʤʦʚʘ 

ʤʽʮʥʦʩʪʽ ʚ ʜʝʷʢʽʡ ʪʦʯʮʽ ʪʽʣʘ ʧʨʠ ʚʠʥʠʢʥʝʥʥʽ ʫ ʥʽʡ ʛʦʣʦʚʥʠʭ 

ʥʘʧʨʫʞʝʥʴ 1s  ʽ 3s, ʥʝʦʙʭʽʜʥʦ ʧʦʙʫʜʫʚʘʪʠ ʥʘ ʮʠʭ ʥʘʧʨʫʞʝʥʥʷʭ 

ʚʽʜʧʦʚʽʜʥʠʡ ʢʨʫʛ ʄʦʨʘ (ʰʪʨʠʭʦʚʘ ʢʨʠʚʘ). ʗʢʱʦ ʢʨʫʛ ʙʫʜʝ 

ʨʦʟʤ̔ ʱʝʥʠʡ ʤʽʞ ʧʨʷʤʠʤʠ MN i MôNô, ʪʦ ʤʘʪʝʨʽʘʣ ʚ ʦʢʦʣʽ 

ʨʦʟʛʣʷʜʫʚʘʥʦʾ ʪʦʯʢʠ ʤʘʻ ʧʝʚʥʠʡ ʟʘʧʘʩ ʤʽʮʥʦʩʪʽ, ʘ ʫ ʚʠʧʘʜʢʫ ʾʭ 
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ʧʝʨʝʪʠʥʘʥʥʷ ï ʤʽʮʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʻ ʥʝʜʦʩʪʘʪʥʴʦʶ. ɼʦʪʠʢʘʥʥʷ 

ʢʨʫʛʘ ʄʦʨʘ ʜʦ ʧʨʷʤʠʭ MN i MôNô ʩʚʜ̔ʯʠʪʴ, ʱʦ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ 

ʻ ʛʨʘʥʠʯʥʠʤ ʘʙʦ ʜʦʧʫʩʪʠʤʠʤ. 

ʊʝʦʨʽʷ  ʤʽʮʥʦʩʪʽ ʄʦʨʘ ʥʘʙʫʣʘ ʰʠʨʦʢʦʛʦ ʧʦʰʠʨʝʥʥʷ ʚ 

ʽʥʞʝʥʝʨʥʽʡ ʧʨʘʢʪʠʮʽ, ʦʩʦʙʣʠʚʦ ʚ ʨʦʟʨʘʭʫʥʢʘʭ ʛʽʨʥʠʯʠʭ ʧʦʨʽʜ. ɼʦ 

ʥʝʜʦʣʽʢʽʚ ʪʝʦʨʽʾ ʚʽʜʥʦʩʷʪʴ ʚʽʜʩʫʪʥʽʩʪʴ ʪʝʦʨʝʪʠʯʥʦʛʦ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʟʘʤʽʥʠ ʦʛʠʥʘʶʯʦʾ ʢʨʫʛʽʚ ʄʦʨʘ ʧʨʷʤʦʶ ʪʘ 

ʥʝʚʨʘʭʫʚʘʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʛʦʣʦʚʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ. 

ʗʢʱʦ ʪʝʦʨʽʷ ʤʽʮʥʦʩʪʽ ʄʦʨʘ ʦʙôʻʜʥʫ ̒ʧʝʨʰʫ ʽ ʪʨʝʪʶ ʪʝʦʨʽʾ 

ʤʽʮʥʦʩʪʽ, ʪʦ ʫʟʘʛʘʣʴʥʝʥʘ ʪʝʦʨʽʷ ʇʠʩʘʨʝʥʢʘ-ʃʝʙʝʜʻʚʘ ʦʙôʻʜʥʘʣʘ 

ʧʝʨʰʫ ʪʘ ʯʝʪʚʝʨʪʫ ʪʝʦʨʽʾ ʤʽʮʥʦʩʪʽ. ɿʛʽʜʥʦ ʮʽʻʾ ʪʝʦʨʽʾ ʤʽʮʥʦʩʪʽ 

ʥʘʩʪʘʥʥʷ ʛʨʘʥʠʯʥʦʛʦ ʩʪʘʥʫ, ʟʫʤʦʚʣʝʥʝ ʟʜʘʪʥʽʩʪʶ ʤʘʪʝʨʽʘʣʫ 

ʯʠʥʠʪʠ ʦʧʽʨ ʷʢ ʜʦʪʠʯʥʠʤ, ʪʘʢ ʽ ʥʦʨʤʘʣʴʥʠʤ ʥʘʧʨʫʞʝʥʥʷʤ. 

ɺʧʣʠʚ ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʫ ʮʽʡ ʪʝʦʨʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʛʨʘʥʠʯʥʠʤ 

ʟʥʘʯʝʥʥʷʤ ʧʠʪʦʤʦʾ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʜʝʬʦʨʤʘʮʽʾ 

(ʚʝʣʠʯʠʥʦʶ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ 
is). 

 ʋ ʥʘʡʧʨʦʩʪʽʰʦʤʫ ʚʠʛʣʷʜʽ ʢʨʠʪʝʨʽʡ ʛʨʘʥʠʯʥʦʛʦ ʩʪʘʥʫ ʟʘ 

ʪʝʦʨʽʻʶ ʇʠʩʘʨʝʥʢʘ-ʃʝʙʝʜʻʚʘ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ: 

( )1 .1i ʛʨ ʨys y s s+ - =    (8.17) 

ʜʝ   
2 2 2

1 2 3 1 2 2 3 1 3is s s s ss s s ss= + + - - - ;     

0 1y< ¢. 

 

ɿʘ ʮʽʻʶ ʪʝʦʨʽʻʶ ʫʤʦʚʘ ʤʽʮʥʦʩʪʽ ʤʘʻ ʚʠʛʣʷʜ: 

 

( ) []. 11ʝʢʚ ʇ ʃ i p
s ys y s s- = + - ¢ .                   (8.18) 

ʎʶ ʪʝʦʨʽʶ ʚʚʘʞʘʶʪʴ ʫʥʽʚʝʨʩʘʣʴʥʦʶ, ʙʦ ʾʾ ʤʦʞʥʘ 

ʟʘʩʪʦʩʫʚʘʪʠ ʷʢ ʜʣʷ ʽʜʝʘʣʴʥʦ ʧʣʘʩʪʠʯʥʠʭ ( )1y= , ʪʘʢ ʽ ʜʣʷ 

ʜ̔ʝʘʣʴʥʦ ʢʨʠʭʢʠʭ ( )0y=  ʤʘʪʝʨʽʘʣʽʚ, ʘ ʪʘʢʦʞ ʜʣʷ ʤʘʪʝʨʽʘʣʽʚ ʟ 

ʧʨʦʤʽʞʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ɿʘʣʝʞʥʦ ʚʽʜ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ   

. ./ʛʨ ʨ ʛʨʩy s s=  ʫʤʦʚʘ (8.18) ʤʦʞʝ ʪʨʘʥʩʬʦʨʤʫʚʘʪʠʩ ̫ʫ ʧʝʨʰʫ ʪʘ 

ʯʝʪʚʝʨʪʫ ʪʝʦʨʽʾ ʤʽʮʥʦʩʪʽ. ɺʦʜʥʦʯʘʩ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʦʥʘ 

ʜʦʩʠʪʴ ʜʦʙʨʝ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʣʘʩʫ ʤʘʪʝʨʽʘʣʽʚ. 
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ʑʝ ʦʜʥʦʶ ʽʟ ʧʦʰʠʨʝʥʠʭ ʫʟʘʛʘʣʴʥʝʥʠʭ ʪʝʦʨʽʡ  ʚʚʘʞʘʶʪʴ  

ʪʝʦʨʽʶ ʤʽʮʥʦʩʪʽ ɹʫʞʠʥʩʴʢʦʛʦ ï ʗʛʥʘ. ʋ 1929ʨ. ɹʫʞʠʥʩʴʢʠʡ 

ʜʦʧʫʩʪʠʚ, ʱʦ ʛʨʘʥʠʯʥʠʡ ʩʪʘʥ ʤʘʪʝʨʽʘʣʫ ʥʘʩʪʫʧʘʻ, ʢʦʣʠ  ʝʥʝʨʛʽʷ 

ʬʦʨʤʦʟʤʽʥʠ, ʷʢʘ ʟʘʧʠʩʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ  ʢʚʘʜʨʘʪʠʯʥʦ ʾʬʫʥʢʮʽʾ 

ʢʫʣʴʦʚʦʛʦ ʪʝʥʟʦʨʘ, ʜʦʩʷʛʘʻ ʢʨʠʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ: 
2 2

0 0i A B Cs s s= + + ,                                (8.19) 

ʜʝ ʢʦʝʬʽʮʽʻʥʪʠ ɸ, ɺ, ʉ ʚʠʟʥʘʯʘʶʪʴ ʽʟ ʜʦʩʣʽʜʽʚ ʥʘ ʨʦʟʪʷʛ, 

ʩʪʠʩʢ ʪʘ ʢʨʫʯʝʥʥʷ. 

      ɿʘʜʦʚʦʣʴʥʠʚʰʠ ʫʤʦʚʫ (8.19) ʟʘʜʘʥʠʤ ʛʨʘʥʠʯʥʠʤ 

ʩʪʘʥʘʤ ʥʘ ʨʦʟʪʷʛ, ʩʪʠʩʢ ʪʘ ʢʨʫʯʝʥʥʷ, ʪʘ ʚʠʨʘʟʠʚʰʠ ʾʾ ʯʝʨʝʟ 

ʛʦʣʦʚʥʽ ʥʘʧʨʫʞʝʥʥʷ,  ʫʤʦʚʘ ʤʽʮʥʦʩʪʽ, ʚʽʜʧʦʚʽʜʥʦ ɹʫʞʠʥʩʴʢʦʤʫ, 

ʙʫʜʝ ʤʘʪʠ ʚʠʛʣʷʜ 

2 2 2

1 2 3s s s+ + - ( )1 2 2 3 3 12
2 1

2

p c

k

s s
ss s s s s

t

å õ
- + + +æ ö

ç ÷
     

( )( )1 2 3c p p cs s s s s s s+ - + + = .                                   (8.20) 

          ɿʘʣʝʞʥʦ ʚʽʜ ʬʦʨʤʠ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʛʨʘʥʠʯʥʦʛʦ 

ʥʘʧʨʫʞʝʥʥʷkt  ʯʝʨʝʟ ʚʽʜʧʦʚʽʜʥʽ ʥʘʧʨʫʞʝʥʥʷ ,p cs s ʛʨʘʥʠʯʥʘ 

ʧʦʚʝʨʭʥʷ  ʤʦʞʝ ʧʝʨʝʪʚʦʨʶʚʘʪʠʩʴ ʚ ʧʦʚʝʨʭʥʽ ʦʙʝʨʪʘʥʥʷ ʜʨʫʛʦʛʦ 

ʧʦʨʷʜʢʫ, ʷʢʽ ʨʘʥʽʰʝ ʙʫʣʠ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʽʥʰʠʤʠ ʝʥʝʨʛʝʪʠʯʥʠʤʠ 

ʪʝʦʨʽʷʤʠ. 

     ɺʠʭʦʜʷʯʠ ʟ ʜʝʱʦ ʽʥʰʠʭ ʤʽʨʢʫʚʘʥʴ, ʖ.ʗʛʥ  ʫ 1931ʨ. 

ʟʘʧʨʦʧʦ-ʥʫʚʘʚ  ʰʫʢʘʪʠ ʨʽʚʥʷʥʥʷ ʧʦʚʝʨʭʥʽ, ʱʦ ʽʥʪʝʨʧʨʝʪʫʻ  

ʪʝʦʨʽʶ ʤʽʮʥʦʩʪʽ, ʫ ʚʠʛʣʷʜʽ ʩʠʤʝʪʨʠʯʥʦʛʦ ʨʽʚʥʷʥʥʷ ʜʨʫʛʦʛʦ 

ʧʦʨʷʜʢʫ ʩʪʦʩʦʚʥʦ ʛʦʣʦʚʥʠʭ  ʥʘʧʨʫʞʝʥʴ - 

 
2 2 2

1 2 3s s s+ + +( )1 2 2 3 3 1a ss s s ss+ + +( )1 2 3b cs s s+ + =, (8.21) 

 

ʢ̫ʝ ʧʨʠ ʧʝʚʥʠʭ ʟʥʘʯʝʥʥʷʭ  ʩʪʘʣʠʭ  a, b, c ʣʝʛʢʦ ʟʚʦʜʠʪʴʩʷ 

ʜʦ ʨʽʚʥʷʥʥʷ (8.20).                                         

ʂʨʽʤ ʟʛʘʜʘʥʠʭ ʪʝʦʨʽʡ ʤʽʮʥʦʩʪʽ, ʽʩʥʫʻ ʱʝ ʮʽʣʠʡ ʨʷʜ ʽʥʰʠʭ 

ʪʝʦʨʽʡ ʤʽʮʥʦʩʪʽ, ʱʦ ʦʙôʻʜʥʫʶʪʴ ʢʣʘʩʠʯʥʽ ʪʘ ʫʟʘʛʘʣʴʥʝʥʽ ʪʝʦʨʽʾ 

ʤʽʮʥʦʩʪʽ ʷʢ ʜʣʷ ʽʟʦʪʨʦʧʥʠʭ,  ʪʘʢ ʽ ʜʣʷ ʘʥʽʟʦʪʨʦʧʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʋ 

ʟʚôʷʟʢʫ ʽʟ ʾʭ ʙʽʣʴʰʦʶ ʩʢʣʘʜʥʽʩʪʶ ʪʘ ʤʦʞʣʠʚʽʩʪʶ ʜʣʷ 

ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʚʦʥʠ ʥʝ ʧʨʠʚʦʜʠʣʠʩʴ, ʘʣʝ ʾʭ ʤʦʞʥʘ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. 
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ʇʨʠʢʣʘʜ. ɺʠʟʥʘʯʠʪʠ ʝʢʚʽʚʘʣʝʥʪʥʽ ʥʘʧʨʫʞʝʥʥʷ ʟʘ ʧʝʨʰʦʶ 

ï ʯʝʪʚʝʨʪʦʶ ʪʝʦʨʽʷʤʠ ʤʽʮʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʟʘ ʫʟʘʛʘʣʴʥʝʥʠʤʠ 

ʪʝʦʨʽʷʤʠ ʄʦʨʘ ʪʘ ʇʠʩʘʨʝʥʢʘ-ʃʝʙʝʜʻʚʘ, ʢʦʣʠ ʚ ʦʢʦʣʽ ʪʦʯʢʠ ʪʽʣʘ 

ʜʽʶʪʴ ʛʦʣʦʚʥʽ ʥʘʧʨʫʞʝʥʥʷ: 
1 16ʄʇʘs= ; 

2 12ʄʇʘs=- ; 

3 72ʄʇʘs=- . 

ʄʘʪʝʨʽʘʣ ʪʽʣʘ ï ʩʽʨʠʡ ʯʘʚʫʥ, ʜʣʷ ʷʢʦʛʦ [] 26 ,
p

ʄʇʘs =  

[] 140 ,
c

ʄʇʘs =  ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ 0,25; 0,2m y= = . 

ʈʦʟʚôʷʟʦʢ. ɿʛʽʜʥʦ ʟ ʧʝʨʰʦʶ ʪʝʦʨʽʻʶ ʤʽʮʥʦʩʪʽ ï ʪʝʦʨʽʻʶ 

ʥʘʡʙʽʣʴʰʠʭ ʥʦʨʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ, ʤʘʻʤʦ: 

. . 316 ; 72 .p c

ʝʢʚ I I ʝʢʚ Iʄʇʘ ʄʇʘs s s s= = = =  

ɿʘ ʪʝʦʨʽʻʶ ʥʘʡʙʽʣʴʰʠʭ ʣʽʥʽʡʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ï ʜʨʫʛʦʶ 

ʪʝʦʨʽʻʶ ʤʽʮʥʦʩʪʽ:  

( ) ( ). 1 2 3 16 0,25 12 72 37 .ʝʢʚ ɯɯ ʄʇʘs s m s s= - + = - - - =  

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʪʨʝʪʴʦʾ ʪʝʦʨʽʾ ʤʽʮʥʦʩʪʽ ï ʪʝʦʨʽʾ ʥʘʡʙʽʣʴʰʠʭ 

ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ: 

. 1 3 16 ( 72) 88ʝʢʚ ɯɯɯ ʄʇʘs s s= - = - - = . 

ɽʢʚʽʚʘʣʝʥʪʥʽ ʥʘʧʨʫʞʝʥʥʷ ʟʘ ʝʥʝʨʛʝʪʠʯʥʦʶ ʪʝʦʨʽʻʶ ï 

ʯʝʪʚʝʨʪʦʶ ʪʝʦʨʽʻʶ ʤʽʮʥʦʩʪʽ, ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

( ) ( ) ( )

( ) ( ) ( )

2 2 2

. 1 2 2 3 3 1

2 2 2

1

2

1
16 12 12 72 72 16 77,9

2

ʝʢʚ IV i

ʄʇʘ

s s s s s s s s= = - + - + - =

= + + - + + - - =

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʪʝʦʨʽʾ ʄʦʨʘ: 

. 1 3ʝʢʚʄs s ys= - , 

( ). 16 0,2 72 30,4ʝʢʚʄ ʄʇʘs = - - = . 

ɿʘ ʪʝʦʨʽʻʶ ʇʠʩʘʨʝʥʢʘ-ʃʝʙʝʜʻʚʘ: 

( ) ( ). 11 0,2 77,9 1 0,2 16

15,6 12,8 28,4 .

ʝʢʚ ʇ ʃ i

ʄʇʘ

s ys y s- = + - = Ö + - =

= + =
 

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʚʝʣʠʯʠʥʠ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʟʘ 

ʨʽʟʥʠʤʠ ʪʝʦʨʽʷʤʠ ʤʽʮʥʦʩʪʽ, ʙʘʯʠʤʦ ʾʭʥʽ ʽʩʪʦʪʥʽ ʨʦʟʭʦʜʞʝʥʥʷ: 

ʚʽʜ  . 72c

ʝʢʚ I ʄʇʘs =        ʜʦ 
. 28,4ʝʢʚ ʇ ʃ ʄʇʘs - = . 
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ɺʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʩʽʨʠʡ ʯʘʚʫʥ ï ʢʨʠʭʢʠʡ ʤʘʪʝʨʽʘʣ, 

ʚʠʢʣʶʯʠʤʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʨʝʪʴʦʾ ʪʘ ʯʝʪʚʝʨʪʦʾ ʪʝʦʨʽʾ ʤʽʮʥʦʩʪʽ, ʷʢʽ 

ʧʨʠʜʘʪʥʽ ʜʣʷ ʧʣʘʩʪʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʘ ʪʘʢʦʞ ʜʨʫʛʦʾ ʪʝʦʨʽʾ, ʱʦ ʥʝ 

ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢ ʤʘʣʦʡʤʦʚʽʨʥʘ. 

ɿʘʩʪʦʩʫʻʤʦ ʧʝʨʰʫ ʪʝʦʨʽʶ: 

[]

[]

.

.

16 26 ;

72 140 ;

p

ʝʢʚ ɯ p

c

ʝʢʚ ɯ c

ʄʇʘ ʄʇʘ

ʄʇʘ ʄʇʘ

s s

s s

= < =

= < =
 

ɿʘ ʫʟʘʛʘʣʴʥʝʥʠʤʠ ʪʝʦʨʽʷʤʠ: 

[]

[]

.

.

30,4 26 ;

28,4 26 .

ʝʢʚ ʄ p

ʝʢʚ ʇ ʃ p

ʄʇʘ ʄʇʘ

ʄʇʘ ʄʇʘ

s s

s s-

= > =

= > =
 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʝʨʰʦʾ ʪʝʦʨʽʾ ʧʨʠʚʦʜʠʪʴ ʜʦ ʥʝʧʨʘʚʠʣʴʥʦʛʦ 

ʚʠʩʥʦʚʢʫ ʧʨʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʮʥʦʩʪʽ [] []( ). ., ,p c

ʝʢʚ ɯ ʝʢʚ ɯp c
s s s s< , 

ʦʩʢʽʣʴʢʠ ʮʷ ʪʝʦʨʽʷ ʥʝ ʚʨʘʭʦʚʫʻ ʨʽʟʥʠʮʶ ʚ ʦʧʦʨʽ ʤʘʪʝʨʽʘʣʫ ʟʘ 

ʨʦʟʪʷʛʫ ʪʘ ʩʪʠʩʢʫ. ʎʶ ʨʽʟʥʠʮʶ ʚʨʘʭʦʚʫʶʪʴ ʫʟʘʛʘʣʴʥʝʥʽ ʪʝʦʨʽʾ, 

ʷʢʽ ʩʚʽʜʯʘʪʴ, ʱʦ ʤʽʮʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʚ ʦʢʦʣʽ ʨʦʟʛʣʷʜʫʚʘʥʦʾ ʪʦʯʢʠ 

ʪʽʣʘ ʥʝ ʟʘʙʝʟʧʝʯʝʥʘ. 

 

ɿʘʧʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʶ 

 

1. ʑʦ ʪʘʢʝ ʤʽʮʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ?  

2. ʗʢʽ ʟʘʚʜʘʥʥʷ ʪʝʦʨʽʡ ʤʽʮʥʦʩʪʽ? 

3. ʑʦ ʪʘʢʝ ʛʨʘʥʠʯʥʠʡ ʩʪʘʥ ʤʘʪʝʨʽʘʣʫ? 

4. ʑʦ ʪʘʢʝ ʝʢʚʽʚʽʚʘʣʝʥʪʥʝ ʥʘʧʨʫʞʝʥʥʷ? 

5. ʗʢ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪ ʟʘʧʘʩʫ ʤʽʮʥʦʩʪʽ ʝʣʝʤʝʥʪʘ  

ʢʦʥʩʪʨʫʢʮʽʾ? 

6. ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ʧʦʥʷʪʪʷ ,, ʢʨʠʭʢʦʛʦ ʨʫʡʥʫʚʘʥʥʷôô. 

7. ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ʧʦʥʷʪʪʷ ,, ʧʣʘʩʪʠʯʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷôô. 

8. ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʰʦʾ ʪʝʦʨʽʾ ʤʽʮʥʦʩʪʽ. 

9. ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ʜʨʫʛʦʾ ʪʝʦʨʽʾ ʤʽʮʥʦʩʪʽ . 

10. ʗʢʽ ʥʝʜʦʣʽʢʠ ʢʣʘʩʠʯʥʠʭ ʪʝʦʨʽʡ ʤʽʮʥʦʩʪʽ ʜʣʷ ʢʨʠʭʢʦʛʦ 

ʨʫʡʥʫʚʘʥʥʷ? 

11. ʅʘ ʷʢʽʡ ʛʽʧʦʪʝʟʽ ˇʨʫʥʪʫʻʪʴʩʷ III ʪʝʦʨʽ ̫ʤʽʮʥʦʩʪʽ? 

12. ʑʦ ʪʘʢʝ ʝʥʝʨʛʝʪʠʯʥʘ ʪʝʦʨʽ ̫ʤʽʮʥʦʩʪʽ? 
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13. ʗʢʽ ʥʝʜʦʣʽʢʠ ʢʣʘʩʠʯʥʠʭ ʪʝʦʨʽʡ ʤʽʮʥʦʩʪʽ ʜʣʷ 

ʧʣʘʩʪʠʯʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ? 

14. ʅʘ ʷʢʠʭ ʛʽʧʦʪʝʟʘʭ ʧʦʙʫʜʦʚʘʥʘ ʪʝʦʨʽ ̫ʤʽʮʥʦʩʪʽ ʄʦʨʘ  ̔

ʷʢʽ ʾʾ ʦʩʥʦʚʥʽ ʥʝʜʦʣʽʢʠ? 

15. ɼʘʡʪʝ ʚʠʟʥʘʯʝʥʥʷ ʫʟʘʛʘʣʴʥʝʥʦʾ ʪʝʦʨʽʾ ʤʽʮʥʦʩʪʽ 

ʇʠʩʘʨʝʥʢʘ -ʃʝʙʝʜʻʚʘ. 

16. ʗʢʽ ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʫʟʘʛʘʣʴʥʝʥʦʾ ʪʝʦʨʽʾ 

ɹʫʞʠʥʩʴʢʦʛʦ ï ʗʛʥʘ? 

17. ʗʢʽ ʦʩʥʦʚʥʽ ʩʪʘʣʽ ʤʘʪʝʨʽʘʣʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ 

ʧʦʙʫʜʦʚʽ ʪʝʦʨʽʡ ʤʽʮʥʦʩʪʽ? 

18. ʗʢʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʦʧʠʩʫʻʪʴʩʷ ʨʽʟʥi ʟʥʘʯʝʥʥʷ ʦʧʦʨʫ 

ʤʘʪʝʨʽʘʣʫ ʟʘ ʨʦʟʪʷʛʫ ʪʘ ʩʪʠʩʢʫ? 

 

 

 

ʊɽʄɸ 9 (ʣʝʢʮʽʾ 17-19) 

ʄɽʍɸʅɯʂɸ ʈʋʁʅʋɺɸʅʅʗ ʄɸʊɽʈɯɸʃɯɺ ɿ ʊʈɯʑʀʅɸʄʀ 

 

9.1. ʂʨʠʭʢʝ ʨʫʡʥʫʚʘʥʥʷ. ʂʨʠʪʝʨʽʡ ʨ̂ʽʬʬʽʪʩʘ 

ʅʘʜʟʚʠʯʘʡʥʦ ʽʥʪʝʥʩʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʘʣʽʚ ʚ ʍɯʍ ïʍʍ 

ʩʪʦʣʽʪʪʷʭ ʧʨʠʟʚʝʣʦ ʜʦ ʪʦʛʦ, ʱʦ ʯʠʩʣʦ ʘʚʘʨʽʡ ʪʘ ʥʝʱʘʩʥʠʭ 

ʚʠʧʘʜʢʽʚ, ʧʦʚôʷʟʘʥʠʭ ʟ ʧʦʷʚʦʶ ʪʨʽʱʠʥ ʚ ʢʦʣʝʩʘʭ, ʢʦʥʩʪʨʫʢʮʽʷʭ, 

ʢʦʨʘʙʣʷʭ, ʣʽʪʘʢʘʭ ʪʘ ʤʘʰʠʥʘʭ, ʜʦʩʷʛʣʦ ʢʘʪʘʩʪʨʦʬʽʯʥʠʭ ʨʦʟʤʽʨʽʚ. 

ʎʝ ʧʨʠʚʝʣʦ ʜʦ ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʞʝʨʪʚ ʪʘ ʚʝʣʠʢʠʭ 

ʝʢʦʥʦʤʽʯʥʠʭ ʚʪʨʘʪ. ʅʘʧʨʠʢʣʘʜ, ʟʘʛʘʣʴʥʽ ʚʪʨʘʪʠ, ʧʦʚôʷʟʘʥʽ ʟ 

ʨʫʡʥʫʚʘʥʥʷʤ ʢʦʥʩʪʨʫʢʮʽʡ, ʫ 1982 ʨʦʮʽ ʚ ʉʐɸ ʩʪʘʥʦʚʠʣʠ 119 

ʤʣʨʜ. ʜʦʣ. (ʧʨʠʙʣʠʟʥʦ 5% ʚʘʣʦʚʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʧʨʦʜʫʢʪʫ). ʅʘ 

ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚʦʥʠ ʱʝ ʟʙʽʣʴʰʠʣʠʩʴ (ʘʚʘʨʽʾ ñʐʘʪʣʽʚò, 

ʣʽʪʘʢʽʚ ʪʘ ʢʦʨʘʙʣʽʚ). 

ʇʨʠ ʮʴʦʤʫ, ʫ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʪʘʢʽ ʨʫʡʥʫʚʘʥʥʷ 

ʚʽʜʙʫʚʘʣʠʩʷ ʟʘ ʥʘʧʨʫʞʝʥ,ɹ ʷʢʽ ʙʫʣʠ ʟʥʘʯʥʦ ʤʝʥʰʠʤʠ ʚʽʜ 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʽ ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʙʫʣʠ ʧʦʜʽʙʥʽ ʥʘ ʢʨʠʭʢʽ 

ʨʫʡʥʫʚʘʥʥʷ ʟʚʘʨʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʤʘʣʦʤʽʮʥʠʭ ʩʪʘʣʝʡ. ɺʠʧʘʜʢʠ 

ʨʫʡʥʫʚʘʥʥʷ ʧʨʠ ʤʘʣʠʭ ʥʘʧʨʫʞʝʥʥʷʭ ʫ ʚʠʩʦʢʦʤʽʮʥʠʭ ʤʘʪʝʨʽʘʣʘʭ 

ʩʪʠʤʫʣʶʚʘʣʠ ʨʦʟʚʠʪʦʢ ʦʢʨʝʤʦʛʦ ʥʘʧʨʷʤʫ ʚ ʥʘʫʮʽ -  ʤʝʭʘʥʽʢʠ 

ʨʫʡʥʫʚʘʥʥʷ. ʇʦʷʚʘ ʮʴʦʛʦ ʥʘʧʨʷʤʫ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʪʦʤʫ, ʱʦ 

ʤ̔ ʮʥʽʩʪʴ ʪʚʝʨʜʦʛʦ ʜʝʬʦʨʤʽʚʥʦʛʦ ʪʽʣʘ ʟ ʢʨʠʭʢʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʷʚʥʦʩʪʽ ʚ ʥʴʦʤʫ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 
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ʜʝʬʝʢʪʽʚ ʪʠʧʫ ʤʽʢʨʦʪʨʽʱʠʥ, ʱʦ ʻ ʚʧʣʠʚʦʤ ʷʢ ʩʘʤʦʾ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʤʘʪʝʨʽʘʣʫ, ʪʘʢ ʽ ʪʝʭʥʦʣʦʛʽʾ ʡʦʛʦ ʦʙʨʦʙʢʠ. ʎʝ ʽ 

ʥʘʷʚʥʽʩʪʴ ʚʢʣʶʯʝʥʴ ʟ ʽʥʰʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʜʝʬʝʢʪʽʚ, ʩʧʨʠʯʠʥʝʥʠʭ 

ʚʽʜʧʫʩʢʥʦʶ ʢʨʠʭʢʽʩʪʶ ʘʙʦ ʥʝʧʨʘʚʠʣʴʥʦ ʧʨʦʚʝʜʝʥʦʛʦ 

ʮʝʤʝʥʪʫʚʘʥʥʷ. ɼʝʬʝʢʪʠ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʪʘʢʦʞ ʚʥʘʩʣʽʜʦʢ 

ʥʝʧʨʘʚʠʣʴʥʦʾ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ, ʘʙʦ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʯʝʨʝʟ ʥʘʜʤʽʨʥʝ ʪʝʨʪʷ ʪʘ ʟʥʦʰʫʚʘʥʥʷ. ʈʫʡʥʫʚʘʥʥʷ ʪʚʝʨʜʠʭ ʪʽʣ 

ʚʽʜʙʫʚʘʪ̒ɹʩʷ ʚʥʘʩʣʽʜʦʢ ʨʦʟʚʠʪʢʫ ʮʠʭ ʪʨʽʱʠʥʦʧʦʜʽʙʥʠʭ ʜʝʬʝʢʪʽʚ, 

ʚ ʦʢʦʣʽ ʷʢʠʭ ʜʝʬʦʨʤʘʮʽʾ ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʘ ʤʝʞʝʶ ʧʨʫʞʥʦʩʪʽ.  

ɿʛʽʜʥʦ ʧʦʩʪʫʣʘʪʽʚ ʘʥʛʣʽʡʩʴʢʦʛʦ ʚʯʝʥʦʛʦ-ʤʝʭʘʥʽʢʘ 

ʂ.ʄʽʣʣʝʨʘ: óóéʚʩʽ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʽ ʤʘʪʝʨʽʘʣʠ ʤʘʶʪʴ ʧʨʠʨʦʜʥʽ 

ʪʨʽʱʠʥʠ, ʨʽʚʥʽ ʟʘ ʜʦʚʞʠʥʦʶ ʨʦʟʤʽʨʫ ʟʝʨʥʘ; ʱʦ ʩʪʘʜʽʾ ʟʘʨʦʜʞʝʥʥʷ 

ʪʨʽʱʠʥʠ ʥʝ ʽʩʥʫʻ ʽ ʢʦʥʩʪʨʫʢʮʽʶ ʩʣʽʜ ʦʮʽʥʶʚʘʪʠ ʚʠʭʦʜʷʯʠ ʟ ʪʦʛʦ, 

ʯʠ ʪʨʽʱʠʥʘ ʚ ʥʽʡ ʧʦʰʠʨʶʚʘʪʠʤʝʪʴʩʷ, ʯʠ ʥʽ , ʯʠ ʟʫʧʠʥʠʪʴʩʷ, ʯʠ 

ʧʨʠʰʚʠʜʰʠʪʴ ʩʚʽʡ ʨʽʩʪôô. ʅʘʷʚʥʽʩʪʴ ʜʝʬʝʢʪʽʚ ʽ, ʟʦʢʨʝʤʘ, ʪʨʽʱʠʥ 

ʫ ʢʦʥʩʪʨʫʢʮʽʷʭ, ʩʪʚʦʨʶʻ ʟʘʛʨʦʟʫ ʨʘʧʪʦʚʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʘʙʦ 

ʟʥʘʯʥʦ ʟʤʝʥʰʫʻ ʾʭ ʤʽʮʥʽʩʪʴ ʪʘ ʨʝʩʫʨʩ. 

ʋ ʟʚôʷʟʢʫ ʽʟ ʥʘʟʚʘʥʠʤʠ ʬʘʢʪʦʨʘʤʠ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʧʦʨʷʜ ʽʟ ʢʨʠʪʝʨʽʷʤʠ ʤʽʮʥʦʩʪʽ, ʱʦ ʥʝ ʧʝʨʝʜʙʘʯʘʶʪʴ ʥʘʷʚʥʦʩʪʽ 

ʪʨʽʱʠʥ, ʬʦʨʤʫʚʘʪʠ ʽ ʢʦʨʠʩʪʫʚʘʪʠʩʴ ʢʨʠʪʝʨʽʷʤʠ ʨʫʡʥʫʚʘʥʥʷ, 

ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʥʘʷʚʥʽʩʪʴ, ʭʘʨʘʢʪʝʨ ʪʘ ʚʧʣʠʚ ʤʽʢʨʦ- ʽ 

ʤʘʢʨʦʪʨʽʱʠʥ ʥʘ ʨʫʡʥʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʟʘ ʥʘʧʨʫʞʝʥ,ɹ ʷʢʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʥʠʞʯʠʤʠ ʟʘ ʛʨʘʥʠʮʶ ʤʽʮʥʦʩʪʽ (ʘʙʦ ʥʘʚʽʪʴ ʟʘ 

ʛʨʘʥʠʮʶ ʧʣʠʥʥʦʩʪʽ). 

ɺʧʝʨʰʝ ʪʘʢʠʡ ʢʨʠʪʝʨʽʡ ʙʫʚ ʩʬʦʨʤʫʣʴʦʚʘʥʠʡ ʘʥʛʣʽʡʩʴʢʠʤ 

ʽʥʞʝʥʝʨʦʤ ɸ. ʨ̂ʽʬʬʽʪʩʦʤ (1920), ʟʛʽʜʥʦ ʷʢʦʛʦ ʪʨʽʱʠʥʘ ʧʦʯʠʥʘʻ 

ʨʦʩʪʠ ʚ ʜʝʬʦʨʤʦʚʘʥʦʤʫ ʢʨʠʭʢʦʤʫ ʪʽʣʽ ʟʘ ʪʘʢʦʛʦ 

ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ 
êðs , ʟʘ ʷʢʦʛʦ ʰʚʠʜʢʽʩʪʴ ʚʠʚʽʣʴʥʝʥʥ ̫

ʝʥʝʨʛʽ ʾʧʨʫʞʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʪʽʣʘ W , ʧʽʜ ʯʘʩ ʾʾ ʧʦʰʠʨʝʥʥʷ, 

ʧʝʨʝʚʠʱʫʻ ʧʨʠʨʽʩʪ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ ʪʽʣʘ U  ʥʘ ʥʦʚʠʭ 

ʧʦʚʝʨʭʥ̫ʭ ʪʨʽʱʠʥʠ, ʪʦʙʪʦ ʥʘʩʪʘʥʝ ʨʽʚʥʽʩʪʴ  

( ( , ) ( , )) 0êðU l W l
l

g s
µ

- =
µ

.                                 (9.1) 

ʇʨʠ ʮʴʦʤʫ, ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʚʝʣʠʯʠʥʘ ( ),U l g  ʧʨʦʧʦʨʮʽʡʥʘ 

ʧʨʠʨʦʩʪʫ ʧʦʚʝʨʭʥʽ ʫʪʚʦʨʝʥʦʾ ʪʨʽʱʠʥʠ ʪʘ ʚʝʣʠʯʠʥʠ ʧʠʪʦʤʦʾ 

ʛʫʩʪʠʥʠ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ g, ʷʢʘ ʯʠʩʝʣʴʥʦ ʜʦʨʽʚʥʶʻ ʝʥʝʨʛʽʾ, 
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ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʦʜʠʥʠʮʽ ʧʣʦʱʽ ʥʦʚʦʾ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ 

- 

( ), 4U l lg g= ,                                     (9.2) 

ʜʝ 2l  ï ʜʦʚʞʠʥʘ ʪʨʽʱʠʥʠ. 

 
ʈʠʩ. 9.1. ʘ ï ʨʦʟʧʦʜʽʣ ʥʘʧʨʫʞʝʥʴ ʚ ʧʣʘʩʪʠʥʽ ʟ ʝʣʽʧʪʠʯʥʦʶ ʪʨʽʱʠʥʦʶ;  

ʙ ï ʛʨʘʬʽʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʛʨʘʥʠʯʥʠʤ ʥʘʧʨʫʞʝʥʥʷʤ ʪʘ ʢʨʠʪʠʯʥʦʶ ʜʦʚʞʠʥʦʶ 

ʪʨʽʱʠʥʦʶ 
 

ɼʣʷ ʜʦʚʝʜʝʥʥʷ ʮʴʦʛʦ ʧʨʠʧʫʱʝʥʥʷ ʙʫʣʘ ʨʦʟʛʣʷʥʫʪʘ 

ʥʝʩʢʽʥʯʝʥʥʘ ʧʣʘʩʪʠʥʢʘ ʦʜʠʥʠʯʥʦʾ ʪʦʚʱʠʥʠ, ʱʦ ʨʦʟʪʷʛʫʚʘʣʘʩʴ 

ʨ̔ ʚʥʦʤʽʨʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ s ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʪʨʽʱʠʥʠ 

ʜʦʚʞʠʥʦʶ 2l  (ʨʠʩ. 9.1). ʅʝʦʙʭʽʜʥʦ ʙʫʣʦ ʟʥʘʡʪʠ ʥʘʧʨʫʞʝʥʥʷ 

ʢʨs s= , ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʷʢʦʛʦ ʪʨʽʱʠʥʘ ʧʦʯʥʝ ʨʫʭʘʪʠʩʷ. ʊʘʢʝ 

ʥʘʧʨʫʞʝʥʥʷ ʥʘʟʠʚʘʶʪʴ ʛʨʘʥʠʯʥʠʤ ʘʙʦ ʢʨʠʪʠʯʥʠʤ. ɼʦʚʞʠʥʘ 

ʪʨʽɦʠʥʠ, ʧʨʠ ʷʢʽʡ ʜʦʩʷʛʘʻʪʴʩʷ ʪʘʢʝ ʥʘʧʨʫʞʝʥʥʷ, ʥʘʟʠʚʘʻʪʴʩʷ 

ʢʨʠʪʠʯʥʦʶ ʜʦʚʞʠʥʦʶ 2 ʢʨl . 

ɺʚʘʞʘʶʯʠ, ʱʦ ʧʣʘʩʪʠʥʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʣʽʥʽʡʥʦʤʫ 

ʥʘʧʨʫʞʝʥʦʤʫ ʩʪʘʥʽ, ʚʠʨʘʟ ʜʣʷ ʧʠʪʦʤʦʾ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʜʝʬʦʨʤʘʮʽʾ 

ʤʘ̒ ʚʠʛʣʷʜ: 
2

2
w

E

s
= .                                           (9.3) 

ɹʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʚʠʭʦʜʷʯʠ ʟ ʧʨʠʥʮʠʧʫ ʉʝʥ-ɺʝʥʘʥʘ, ʱʦ ʪʘ 

ʯʘʩʪʠʥʘ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʝʥʝʨʛʽʾ, ʢʦʪʨʘ ʧʨʠʧʘʜʘʻ ʥʘ ʟʦʥʫ 

ʟʤʝʥʰʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʚ ʧʣʘʩʪʠʥʮʽ ʟ ʪʨʽʱʠʥʦʶ (ʚʝʣʠʯʠʥʫ ʮʽʻʾ 



 139 

ʟʦʥʠ ʧʨʠʡʤʘʻʤʦ ʨʽʚʥʦʶ ʧʣʦʱʽ ʢʨʫʛʘ ʟ ʨʘʜʽʫʩʦʤ 2 lÖ) ʽ ʥʘ ʷʢʫ 

ʟʤʝʥʰʫʻʪʴʩʷ ʧʦʚʥʘ ʝʥʝʨʛʽʷ ʧʣʘʩʪʠʥʢʠ, ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ: 

( )
2 2

2, 2ʙʝʟʪʨʽʱʠʥʠ ʟʪʨʽʱʠʥʦʶ

l
W l W W w l

E

s
s p p= - = Ö = Ö      (9.4) 

ʈʝʟʫʣʴʪʘʪ (9.4) ʚʽʜʧʦʚʽʜʘʻ ʪʦʯʥʦʤʫ ʨʦʟʚôʷʟʢʫ ɯʥʛʣʽʩʘ (1912) ʜʣʷ 

ʧʣʦʱʠʥʠ ʟ ʝʣʽʧʪʠʯʥʠʤ ʦʪʚʦʨʦʤ. 

ɿʘ ʝʥʝʨʛʝʪʠʯʥʠʤ ʢʨʠʪʝʨʽʻʤ ʛʨʘʥʠʯʥʦʾ ʨʽʚʥʦʚʘʛʠ ʪʨʽʱʠʥʠ 

(9.1) ʟʤʝʥʰʝʥʥʷ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʜʝʬʦʨʤʘʮʽʾ ʧʦʚʠʥʥʦ 

ʜʦʨʽʚʥʶʚʘʪʠ ʚʠʪʨʘʪʽ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ g ʥʘ 

ʧʨʠʨʦʩʪʽ ʜʦʚʞʠʥʠ ʪʨʽʱʠʥʠ 0ld> , ʪʦʙʪʦ ʚʦʥʦ ʝʢʚʽʚʘʣʝʥʪʥʝ 

ʚʠʨʘʟʫ 
W Ud d= ,                                              (9.5) 

ʜʝ 
2 2 22W l l

W l l l
l l E E

ps ps
d d d d

å õµ µ
= = Ö = Öæ ö
µ µç ÷

,

( )4 4
U

U l l l l
l l

d d g d g d
µ µ
= = Ö = Ö
µ µ

. 

 

ʊʦʜʽ, ʟ ʫʤʦʚʠ (9.5) ʦʪʨʠʤʫʻʤʦ 
2

2 4
l

E

ps
g= .                                       (9.6) 

ɿ ʬʦʨʤʫʣʠ (9.6) ʚʠʟʥʘʯʠʤʦ ʛʨʘʥʠʯʥʝ ʥʘʧʨʫʞʝʥʥʷ 
ʢʨs s= : 

2
êð

E

l

g
s

p
= .                                       (9.7) 

ɿʘ ʬʦʨʤʫʣʦʶ (9.7) ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʢʨʠʪʠʯʥʝ ʥʘʧʨʫʞʝʥʥʷ 

êðs , ʧʨʠʢʣʘʜʝʥʝ ʜʦ ʧʣʘʩʪʠʥʠ, ʧʨʠ ʷʢʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʩʘʤʦʯʠʥʥʝ, ʙʝʟ ʜʦʜʘʪʢʦʚʦʾ ʨʦʙʦʪʠ ʟʦʚʥʽʰʥʽʭ ʩʠʣ, ʧʦʰʠʨʝʥʥʷ 

ʪʨʽʱʠʥʠ ʧʦʯʘʪʢʦʚʦʾ ʜʦʚʞʠʥʠ 2l . ʌʘʢʪʠʯʥʦ, ʚʝʣʠʯʠʥʘ 
ʢʨs  

ʚʠʟʥʘʯʘʻ ʤʽʮʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʟʘ ʜʘʥʦʾ ʜʦʚʞʠʥʠ ʪʨʽʱʠʥʠ, ʪʦʤʫ ʾʾ 

ʱʝ ʥʘʟʠʚʘʶʪʴ ʟʘʣʠʰʢʦʚʦʶ ʤʽʮʥʽʩʪʶ. ʆʯʝʚʠʜʥʦ, ʱʦ 
ʢʨs  

ʚʽʜʨʽʟʥʷʻʪʴʩʷ (ʫ ʤʝʥʰʫ ʩʪʦʨʦʥʫ) ʚʽʜ ʤʽʮʥʦʩʪʽ ʥʘ ʨʦʟʨʠʚ 

ʦʜʥʦʨʽʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɼʣʷ ʚʠʧʘʜʢʫ ʧʣʦʩʢʦʛʦ ʜʝʬʦʨʤʦʚʘʥʦʛʦ 
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ʩʪʘʥʫ ʫ ʬʦʨʤʫʣʽ (9.7) ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ E  ʥʝʦʙʭʽʜʥʦ ʟʘʤʽʥʠʪʠ 

ʚʝʣʠʯʠʥʦʶ( )21E n- . 

ʌʦʨʤʫʣʫ (9.7), ʷʢʘ ʧʝʨʝʚʽʨʷʣʘʩʴ ɸ. ʨ̂ʽʬʬʽʪʩʦʤ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʤʦʞʥʘ ʱʝ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ ʟʘʣʝʞʥʦʩʪʽ  

ʢʨ l consts Ö = ,                                    (9.8) 

ɼʣʷ ʩʢʣʷʥʠʭ ʢʦʣʙ ʪʘ ʮʠʣʽʥʜʨʠʯʥʠʭ ʪʨʫʙʦʢ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʮʽʻʾ 

ʚʝʣʠʯʠʥʠ ʜʦʨʽʚʥʶʚʘʣʦ ï 262ʇʘ ʩʤÖ .  

ʆʜʥʠʤ ʟ ʥʝʜʦʣʽʢʽʚ ʬʦʨʤʫʣʠ (9.7) ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʥʝʾ, ʥʘʷʚʥʽʩʪʴ ʚ ʪʽʣʽ ʪʨʽʱʠʥʠ ʤʽʢʨʦʩʢʦʧʽʯʥʦʾ 

ʜʦʚʞʠʥʠ ʝʢʚʽʚʘʣʝʥʪʥʘ ʥʝʩʢʽʥʯʝʥʥʦ ʚʝʣʠʢʠʤ ʛʨʘʥʠʯʥʠʤ  

ʥʘʧʨʫʞʝʥʥʷʤ (ʨʠʩ. 9.1, ʙ), ʷʢʽ ʤʦʞʫʪʴ ʧʝʨʝʚʠʱʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥ ̔

ʛʨʘʥʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ʦʜʥʦʨʽʜʥʦʛʦ ʪʽʣʘ, ʯʦʛʦ ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʚ ʨʝʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʘʭ. ɼʝʪʘʣʴʥʽʰʽ ʤʘʪʝʤʘʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʦʢʘʟʫʶʪʴ, ʱʦ ʮʴʦʛʦ ʥʝʜʦʣʽʢʫ ʤʦʞʥʘ ʣʝʛʢʦ ʧʦʟʙʫʪʠʩʷ, ʷʢʱʦ 

ʜʦʧʫʩʪʠʪʠ ʥʘʷʚʥʽʩʪʴ ʫ ʤʘʪʝʨʽʘʣʘʭ ʧʦʯʘʪʢʦʚʠʭ ʤʽʢʨʦʪʨʽʱʠʥ ʟ 

ʜʦʚʞʠʥʘʤʠ 
02l  ʢʦʪʨʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʝʚʥʠʤ ʟʥʘʯʝʥʥʷʤ 0

êðs . ʊʘʢʽ 

ʜʦʧʫʱʝʥʥʷ ʜʝʱʦ ʫʟʘʛʘʣʴʥʶʶʪʴ ʢʨʠʪʝʨʽʡ ɸ. ʨ̂ʽʬʬʽʪʩʘ, 

ʦʜʥʦʯʘʩʥʦ ʫʩʢʣʘʜʥʶʶʯʠ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ (ʫ 

ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ) ʥʘʟʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ɿ ʬʦʨʤʫʣʠ (9.7) ʤʦʞʥʘ ʟʥʘʡʪʠ ʪʘʢʦʞ ʽ ʢʨʠʪʠʯʥʫ ʜʦʚʞʠʥʫ 

ʪʨʽʱʠʥʠ: 

2

2
ʢʨ

ʢʨ

E
l

g

ps
= .                                         (9.9) 

ɺʠʭʦʜʷʯʠ ʟ ʮʽʻʾ ʬʦʨʤʫʣʠ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʧʦʷʚʘ ʪʨʽʱʠʥʠ ʚ ʪʽʣʽ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ 

ʪʽʣʴʢʠ ʫ ʨʘʟʽ ʜʦʩ̫ ʛʥʝʥʥʷ ʥʝʶ ʢʨʠʪʠʯʥʦʾ ʜʦʚʞʠʥʠ. ɻʨʘʬʽʯʥʘ 

ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʥʠʤʠ ʧʦʜʘʥʘ ʥʘ ʨʠʩ. 9.1, ʙ. ɸʥʘʣʽʟ ʮʽʻʾ 

ʟʘʣʝʞʥʦʩʪʽ ʪʘ ʧʨʘʢʪʠʯʥʠʡ ʜʦʩʚʽʜ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʢʘʟʫʻ, ʱʦ 

ʪʨʽʱʠʥʫ ʟ ʢʨʠʪʠʯʥʠʤ ʥʘʧʨʫʞʝʥʥʷʤ, ʙʽʣʴʰʠʤ ʚʽʜ 0,8 ʧʣs , ʤʦʞʥʘ 

ʥʝ ʚʨʘʭʦʚʫʚʘʪʠ ʫ ʨʦʟʨʘʭʫʥʢʘʭ ʥʘ ʤʽʮʥʽʩʪʴ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ 

ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ ʟʽ ʩʪʘʣʽ 15ʍ2ʅʄʌɸ ʜʦʚʞʠʥʘ 
0l  

ʜʦʨʽʚʥʶʻ ʧʨʠʙʣʠʟʥʦ 10 ʤʤ, ʘ ʜʣʷ ʣʝʛʦʚʘʥʦʾ ʩʪʘʣʽ 1ʍ18ʅ8 ʚʦʥʘ 

ʟʤʝʥʰʫʻʪʴʩʷ ʙʽʣʴʰʝ ʷʢ ʫ 10 ʨʘʟʽʚ ʽ ʜʦʨʽʚʥʶʻ 0,8 ʤʤ. ʋ ʚʠʧʘʜʢʘʭ 

0l l<  ʥʝʦʙʭʽʜʥʦ ʢʦʨʠʩʪʫʚʘʪʠʩʴ ʟʚʠʯʘʡʥʠʤʠ ʪʝʦʨʽʷʤʠ ʤʽʮʥʦʩʪʽ. 
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ʈʘʟʦʤ ʟ ʪʠʤ, ʝʢʩʧʝʨʠʤʝʥʪʠ, ʧʨʦʚʝʜʝʥʽ ʩʘʤʠʤ 

ɸ. ʨ̂ʽʬʬʽʪʩʦʤ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʥʠʤ ʢʨʠʪʝʨʽʶ, 

ʦʪʨʠʤʘʣʠ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʪʽʣʴʢʠ ʜʣʷ ʪʘʢʦʛʦ ʽʜʝʘʣʴʥʦ ʢʨʠʭʢʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʷʢ ʩʢʣʦ. ɽʢʩʧʝʨʠʤʝʥʪʠ, ʷʢʽ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʜʣʷ ʩʪʘʣʝʡ, 

ʜʘʣʠ ʥʝʛʘʪʠʚʥʽ ʨʝʟʫʣʴʪʘʪʠ. ʇʦʷʩʥʝʥʥʷ ʮʴʦʤʫ ʬʘʢʪʦʚʽ ʜʘʣʠ 

ʪʽʣʴʢʠ ʯʝʨʝʟ 25 ʨʦʢʽʚ ʘʥʛʣʽʡʩʴʢʽ ʤʝʭʘʥʽʢʠ ɽ.ʆʨʦʚʘʥ ʪʘ ɼʞ.ɯʨʚʽʥ, 

ʷʢʽ ʜʦʧʫʩʪʠʣʠ, ʱʦ ʫ ʢʚʘʟʽʢʨʠʭʢʠʭ ʤʘʪʝʨʽʘʣʘʭ ʪʠʧʫ ʩʪʘʣʝʡ ʫ 

ʟʦʥʽ ʚʝʨʰʠʥʠ ʪʨʽʱʠʥʠ ʧʦʷʚʣʷʶʪʴʩʷ ʧʣʘʩʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ, ʱʦ 

ʯʠʥʷʪʴ ʚʝʣʠʢʠʡ ʦʧʽʨ ʧʦʰʠʨʝʥʥʶ ʪʨʽʱʠʥʠ.  

ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʥʠʤʠ ʙʫʣʘ ʜʦʜʘʪʢʦʚʦ ʚʨʘʭʦʚʘʥʘ ʧʠʪʦʤʘ 

ʝʥʝʨʛʽʷ 
ʧʣg, ʱʦ ʟʘʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʣʘʩʪʠʯʥʝ ʜʝʬʦʨʤʫʚʘʥʥʷ: 

ʝʬ ʧʣg g g= + , 

ʷʢʘ ʩʪʘʣʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʫ ʬʦʨʤʫʣʘʭ (9.7), (9.8). 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ( )3 410 10ʧʣg gº · . 

ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʩʪʘʣʽ21 /ɼʞ ʤgº , ʘ 22000 /ʧʣ ɼʞ ʤg º . ʆʪʞʝ, ʽʟ 

ʜʦʩʪʘʪʥʴʦʶ ʪʦʯʥʽʩʪʶ ʬʦʨʤʫʣʫ (9.7) ʤʦʞʥʘ ʧʝʨʝʟʘʧʠʩʘʪʠ ʫ 

ʚʠʛʣʷʜʽ: 

2 ʧʣ
ʢʨ

E

l

g
s

p
= .          (9.9ʘ) 

ɿʘʟʥʘʯʠʤʦ, ʱʦ ʚʥʘʩʣʽʜʦʢ ʽʩʪʦʪʥʦʾ ʚʽʜʤʽʥʥʦʩʪʽ ʫ ʢʽʣʴʢʦʩʪʽ 

ʝʥʝʨʛʽʾ, ʷʢʘ ʡʜʝ ʥʘ ʨʫʡʥʫʚʘʥʥʷ ʢʨʠʭʢʠʭ ʪʘ ʢʚʘʟʽʢʨʠʭʢʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʧʨʦʩʫʚʘʥʥʷ ʪʨʽʱʠʥ ʫ 

ʢʚʘʟʽʢʨʠʭʢʠʭ (ʘ ʪʘʢʦʞ ʚôʷʟʢʠʭ) ʤʘʪʝʨʽʘʣʘʭ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʚʥʘʩʣʽʜʦʢ ʨʦʙʦʪʠ ʟʦʚʥʽʰʥʽʭ ʟʫʩʠʣʴ, ʧʨʠʢʣʘʜʝʥʠʭ ʜʦ ʪʽʣʘ. ʊʦʜʽ ʷʢ 

ʜʣʷ ʧʨʦʩʫʚʘʥʥʷ ʪʨʽʱʠʥ ʫ ʢʨʠʭʢʠʭ ʤʘʪʝʨʽʘʣʘʭ ʮʽʣʢʦʤ ʚʠʩʪʘʯʘʻ 

ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʜʝʬʦʨʤʘʮʽʾ, ʱʦ ʻ ʚ ʢʦʥʩʪʨʫʢʮʽʾ. 

 

ʇʨʠʢʣʘʜ. ʗʢʱʦ ʜʣʷ ʢʦʨʘʙʣʷ ʯʠ ʤʦʩʪʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʤôʷʢʦʾ 

ʩʪʘʣʽ ( )5 2 510 / , 2,1 10 , 580ʧʣ ʧʣɼʞ ʤ ɽ ʄʇʘ ʄʇʘg s= = Ö =  

ʤʦʞʥʘ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʥʘ ʢʨʠʪʠʯʥʫ ʜʦʚʞʠʥʫ ʪʨʽʱʠʥʠ 2 1ʢʨl ʤ= , 

ʪʦ ʧʨʠ ʧʣʦʩʢʦʤʫ ʥʘʧʨʫʞʝʥʦʤʫ ʩʪʘʥʽ, ʟʛʽʜʥʦ ʟ ʬʦʨʤʫʣʦʶ (9.9ʘ), 

ʟʘʣʠʰʢʦʚʘ ʤʽʮʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ ï 

.2ʢʨ ʧʣ ʢʨɽ ls g p= º163,5ʄʇʘ. ɼʣʷ ʢʨʠʪʠʯʥʦʾ ʜʦʚʞʠʥʠ 
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2 2ʢʨl ʤ=  ʦʪʨʠʤʫʻʤʦ ( )163,5 2 115,6ʢʨ ʄʇʘs = = . ʉʘʤʝ ʥʘ ʮʝʡ 

ʨʽʚʝʥʴ ʥʘʧʨʫʞʝʥʴ ʦʨʽʻʥʪʫʶʪʴʩʷ, ʢʦʣʠ ʧʨʦʝʢʪʫʶʪʴ ʚʝʣʠʢʽ 

ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʟʘʧʘʩʫ 5. 

ʗʢ ʧʦʢʘʟʘʣʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʪʘ ʜʦʜʘʪʢʦʚʽ ʪʝʦʨʝʪʠʯʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʝʥʝʨʛʝʪʠʯʥʠʡ ʢʨʠʪʝʨʽʡ ɸ. ʨ̂ʽʬʬʽʪʩʘ ʥʝ ʻ ʜʦʩʪʘʪʥʽʤ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʯʘʪʢʫ ʧʨʦʩʫʚʘʥʥʷ ʪʨʽʱʠʥʠ, ʘ ʪʘʢʦʞ 

ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʷʤʢʫ ʾʾ ʧʦʰʠʨʝʥʥʷ. ɸʣʝ ʡʦʛʦ, ʟ ʜʦʩʪʘʪʥʽʤ 

ʫʩʧʽʭʦʤ, ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ 

ʨʦʟʨʘʭʫʥʢʽʚ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʰʠʭ ʢʨʠʪʝʨʽʾʚ, ʢʦʣʠ 

ʥʘʟʚʘʥʽ ʚʠʱʝ ʬʘʢʪʦʨʠ ʫʞʝ ʚʽʜʦʤʽ. 

 

9.2. ʉʠʣʦʚʠʡ ʢʨʠʪʝʨʽʡ ɯʨʚʽʥʘ  

ʅʦʚʠʤ ʝʪʘʧʦʤ (ʧʽʩʣʷ ɸ. ʨ̂ʽʬʬʽʪʩʘ) ʨʦʟʚʠʪʢʫ ʤʝʭʘʥʽʢʠ 

ʨʫʡʥʫʚʘʥʥʷ ʩʪʘʣʦ ʚʠʷʚʣʝʥʥʷ ʘʩʠʤʧʪʦʪʠʢʠ ʧʦʣʷ ʥʘʧʨʫʞʝʥʴ ʽ 

ʧʝʨʝʤʽʱʝʥʴ ʙʽʣʷ ʪʨʽʱʠʥʠ ʚ ʜʝʬʦʨʤʽʚʥʦʤʫ ʪʚʝʨʜʦʤʫ ʪʽʣʽ. 

ɺʧʝʨʰʝ ʮʶ ʘʩʠʤʧʪʦʪʠʢʫ ʧʦʙʫʜʫʚʘʚ ɯ. ʉʥʝʜʜʦʥ (1946 ʨ.), ʘ ʧʦʪʽʤ 

ʫʟʘʛʘʣʴʥʠʚ ʄ. ɺʽʣʴʷʤʩ (1952 ʨ.). ʅʠʤʠ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʢʦʤʧʦʥʝʥʪʠ ʪʝʥʟʦʨʘ ʥʘʧʨʫʞʝʥʴ , ,r rq qs s t (ʨʠʩ. 9.2) ʚ ʦʢʦʣʽ 

ʚʝʨʰʠʥʠ ʪʨʽʱʠʥʠ ʜʣʷ ʚʠʧʘʜʢʫ ʜʚʦʚʠʤʽʨʥʦʾ ʟʘʜʘʯʽ ʤʦʞʥʘ 

ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ: 
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f f
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p p

t q q
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ç ÷ ç ÷ ç ÷

,        (9.10, ʘ) 

ʜʝ ʚʝʣʠʯʠʥʠ ( ) ( ), , ,I IIK l K ls s  ʥʘʟʚʘʥʽ ʢʦʝʬʽʮʽʻʥʪʘʤʠ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ (ʂɯʅ), ʷʢʽ ʻ ʚʘʛʦʚʠʤ ʧʘʨʘʤʝʪʨʦʤ 

ʢʦʨʝʥʝʚʦʾ ʩʠʥʛʫʣʷʨʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ ʙʽʣʷ ʚʝʨʰʠʥʠ ʪʨʽʱʠʥʠ; 

ʨʦʟʤʽʨʥʽʩʪʴ ʂɯʅ: [ ][]
3

2 .H ʤ
-

Ö  

ʂʦʝʬʽʮʽʻʥʪʠ ,I IIK K  ʻ ʬʫʥʢʮʽʷʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷs, 

ʜʦʚʞʠʥʠ ʪʨʽʱʠʥʠ l  ʽ ʢʦʥʬʽʛʫʨʘʮʽʾ ʪʽʣʘ, ʘʣʝ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʢʦʦʨʜʠʥʘʪ r  ʽ q (ʨʠʩ. 9.2); ()1O  ï ʚʝʣʠʯʠʥʘ, ʦʙʤʝʞʝʥʘ 

ʧʨʠ 0r ­ . ʌʫʥʢʮʽʾ ()if q  ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʟʘʣʝʞʥʽʩʪʴ 

ʩʠʥʛʫʣʷʨʥʦʾ ʯʘʩʪʠʥʠ ʥʘʧʨʫʞʝʥʴ ʚʽʜ ʧʦʣʷʨʥʦʛʦ ʢʫʪʘ q: 
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ʈʠʩ. 9.2 

 

() ()1 2

1 3 1 3
5cos cos ; 5sin 3sin ;

4 2 2 4 2 2
f f

q q q q
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= - =- -æ ö æ ö
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() ()

() ()
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1 3 3 3
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4 2 2 4 2 2

1 3 1 3
sin sin ; cos 3cos .

4 2 2 4 2 2

f f

f f

q q q q
q q

q q q q
q q

å õ å õ
= + =- +æ ö æ ö
ç ÷ ç ÷

å õ å õ
= + = +æ ö æ ö
ç ÷ ç ÷

 

ʇʦʜʽʙʥʠʡ ʨʦʟʧʦʜʽʣ ʤʘʻ ʤʽʩʮʝ ʽ ʚ ʧʨʦʩʪʦʨʦʚʽʡ ʟʘʜʘʯʽ, ʘʣʝ ʫ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʦʷʚʣʷʻʪʴʩʷ ʱʝ ʦʜʠʥ ʢʦʝʬʽʮʽʻʥʪ
IIIK . ʅʘ ʨʠʩ. 9.3 

ʧʦʢʘʟʘʥʦ, ʟ ʷʢʠʤ ʪʠʧʦʤ ʟʤʽʱʝʥʥʷ ʙʝʨʝʛʽʚ ʪʨʽʱʠʥʠ ʧʦʚôʷʟʘʥʽ 

ʢʦʝʬʽʮʽʻʥʪʠ, ,I II IIIK K K . 
 

 
ʈʠʩ. 9.3. ʉʭʝʤʘ ʟʤʽʱʝʥʥʷ ʙʝʨʝʛʽʚ ʪʨʽʱʠʥʠ: ʘ ï ʨʦʟʢʨʠʪʪʷ (ʚʽʜʨʠʚ);  

ʙ ï ʧʦʧʝʨʝʯʥʠʡ ʟʩʫʚ; ʚ ï ʧʦʟʜʦʚʞʥʽʡ ʟʩʫʚ. 

 

ʅʘʧʨʫʞʝʥʥʷ ʧʦʟʜʦʚʞʥʴʦʛʦ ʟʩʫʚʫ (ʨʠʩ. 9.3, ʚ) ʜʣʷ 

ʧʨʦʩʪʦʨʦʚʦʾ ʟʘʜʘʯʽ ʟʥʘʭʦʜʷʪʴ ʟʘ ʪʘʢʠʤʠ ʥʘʙʣʠʞʝʥʠʤʠ 

ʬʦʨʤʫʣʘʤʠ: 
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sin ; cos .
2 22 2

III III
zx zy

K K

r r

q q
t t

p p
= =       (9.10, ʙ) 

ʌʦʨʤʫʣʠ (9.10) ʟ ʜʦʩʪʘʪʥʴʦʶ ʪʦʯʥʽʩʪʶ ʤʦʞʥʘ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʪʽʣʴʢʠ ʫ ʤʘʣʦʤʫ ʦʢʦʣʽ ʚʽʩʪʨʷ ʪʨʽʱʠʥʠ, ʢʦʣʠ 

0,05r l¢ . 

ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʨʦʟʧʦʜʽʣʫ (9.10), ʘʥʛʣʽʡʩʴʢʠʡ ʤʝʭʘʥʽʢ 

ɼʞ. ɯʨʚʽʥ ʫ 1957 ʨʦʮʽ ʟʘʧʨʦʧʦʥʫʚʘʚ ʥʦʚʠʡ ʢʨʠʪʝʨʽʡ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʧʦʯʘʪʢʫ ʨʦʩʪʫ ʪʨʽʱʠʥʠ ʫ ʜʝʬʦʨʤʦʚʘʥʦʤʫ ʪʚʝʨʜʦʤʫ 

ʪʽʣʽ. ʅʘʟʚʘʥʠʡ ʢʨʠʪʝʨʽʡ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʢʦʥʮʝʧʮʽʾ ʛʨʘʥʠʯʥʠʭ 

ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ. ʎʝʡ ʢʨʠʪʝʨʽʡ 

ʧʨʠʡʥʷʪʦ ʥʘʟʠʚʘʪʠ ʩʠʣʦʚʠʤ. ɺʽʥ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʟʨʫʰʝʥʥʷ 

ʪʨʽʱʠʥʠ ʨʦʟʢʨʠʪʪʷ ʧʦʯʠʥʘʻʪʴʩʷ ʚ ʤʦʤʝʥʪ, ʢʦʣʠ ʢʦʝʬʽʮʽʻʥʪ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ 
iK  ʜʦʩʷʛʘʻ ʢʨʠʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ

icK , 

ʪʦʙʪʦ  

i icK K= , ( ), ,i I II III= ,                           (9.11) 

ʜʝ 
icK  ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʜʘʪʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʯʠʥʠʪʠ ʦʧʽʨ 

ʧʦʰʠʨʝʥʥʶ ʚ ʥʴʦʤʫ ʪʨʽʱʠʥʠ (ʡʦʛʦ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʴ), ʷʢʫ 

ʥʘʟʠʚʘʶʪ ɹ ʢʨʠʪʠʯʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʤʘʪʝʨʽʘʣʽʚ ʽ ʚʠʟʥʘʯʘʶʪʴ ʟ ʜʦʩʣʽʜʽʚ ʥʘ ʩʧʝʮʽʘʣʴʥʠʭ ʟʨʘʟʢʘʭ ʟ 

ʥʘʜʨʽʟʦʤ.  

ɺ ʦʩʥʦʚʽ ʢʨʠʪʝʨʽʶ ɼʞ. ɯʨʚʽʥʘ ʜʣʷ ʪʨʽʱʠʥ ʚʽʜʨʠʚʫ 

( )0, 0, 0I II IIIK K K¸ = = ʙʫʣʦ ʪʚʝʨʜʞʝʥʥʷ, ʱʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

s ʙʫʜʝ ʛʨʘʥʠʯʥʦ-ʨʽʚʥʦʚʘʞʥʠʤ 
ʢʨs s= , ʷʢʱʦ ʜʣʷ 

ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʪʽʣʘ ʟ ʪʨʽʱʠʥʦʶ ʢʦʝʬʽʮʽʻʥʪ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʥʘʧʨʫʞʝʥʴ ( ),I ʢʨK ls  ʜʦʨʽʚʥʶʻ ʚʝʣʠʯʠʥʽ
IcK  ï ʜʝʷʢʽʡ ʩʪʘʣʽʡ ʜʣʷ 

ʜʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ʊʦʙʪʦ,                       ( )* ,I I ʢʨ IcK K l Ks= = ,  

ʜʝ ( ) ( ) ( ), / ; /I ʢʨ ʢʨ I IK l l Y l d Y l ds s p= Ö  ï ʬʫʥʢʮʽʷ, ʱʦ 

ʚʨʘʭʦʚʫʻ ʨʦʟʤʽʨʠ ʧʣʘʩʪʠʥʠ, ʬʦʨʤʫ ʪʨʽʱʠʥʠ ʪʘ ʩʧʦʩʽʙ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. ɼʣʷ ʥʝʩʢʽʥʯʝʥʥʦʾ ʧʣʘʩʪʠʥʠ ( )1IY l d ¹. ʊʦʜʽ 

                                ;IK ls p=  
II IIIK K lt p= = . 
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ɼʣʷ ʧʣʘʩʪʠʥʠ ʩʢʽʥʯʝʥʦʾ ʰʠʨʠʥʠ d ʽʟ ʮʝʥʪʨʘʣʴʥʦʶ 

ʪʨʽʱʠʥʦʶ ʢʦʨʠʩʪʫʶʪʴʩʷ  ʚʽʜʦʤʠʤ ʝʤʧʽʨʠʯʥʠʤ ʨʦʟʚôʷʟʢʦʤ  

ʂ.ʌʝʜʜʝʨʩʝʥʘ- 

secIK l l ds p p= Ö . 

ɼʣʷ ʨʦʟʪʷʛʥʫʪʦʾ ʧʣʘʩʪʠʥʠ ʟ ʤʘʣʦʶ ʙʽʯʥʦʶ ʪʨʽʱʠʥʦʶ ʂɯʅ 

1,12IK ls p= . ɿʘ ʽʥʰʠʭ ʩʭʝʤ ʥʘʚʘʥʪʘʞʝʥʥʷ ʬʫʥʢʮʽʾ 

, ʪʘI II IIIY Y Y  ʤʦʞʥʘ ʟʥʘʡʪʠ ʽʟ ʚʽʜʦʤʠʭ ʜʦʚʽʜʥʠʢʽʚ, ʘʙʦ ʰʣʷʭʦʤ 

ʨʦʟʚôʷʟʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʟʘʜʘʯ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ (ʪʘʙʣ. 9.1). 

ʋ ʚʠʧʘʜʢʫ ʧʣʦʩʢʦʾ ʜʝʬʦʨʤʘʮʽʾ ʢʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʂɯʅ 

ʧʦʟʥʘʯʘʶʪʴ ʨʠʤʩʴʢʠʤʠ ʮʠʬʨʘʤʠ ,Ic IIcK K , ʘ ʜʣʷ ʧʣʦʩʢʦʛʦ 

ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʟʙʝʨʽʛʘʻʪʴʩʷ ʟʘʧʠʩ 
1 2,c cK K . ɺ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʾʭ ʚʝʣʠʯʠʥʠ ʟʘʣʝʞʘʪʴ ʱʝ ʽ ʚʽʜ ʪʦʚʱʠʥʠ ʟʨʘʟʢʘ t. ʇʨʠ  

t­¤
1c IcK K­ . ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

1cK  ʚʽʜʧʦʚʽʜʘʻ ʜʝʷʢʦʤʫ 

ʟʥʘʯʝʥʥʶ *t t= . ɼʣʷ ʤʝʪʘʣʽʚ ʚʽʜʥʦʰʝʥʥʷ max

1 / 1,5 3c IcK K = ·. ʊʘʢ, 

ʫ ʚʠʧʘʜʢʫ ʧʦʧʝʨʝʜʥʴʦʾ ʟʘʜʘʯʽ, ʜʣʷ ʩʪʘʣʽ ɸ588, ʢʦʣʠ ʪʦʚʱʠʥʘ 

ʩʪʽʥʢʠ ʢʦʥʩʪʨʫʢʮʽʾ 3,8t ʩʤ= , ʟʥʘʯʝʥʥʷ ʂɯʅ: 

123IcK ʄʇʘ ʤ= Ö , ʘ 
1 203ʩK ʄʇʘ ʤ= Ö , ʪʦʙʪʦ 

1 1,65ʩ ɯʩʂ ʂ= . 

ɻʨʘʥʠʯʥʝ ʥʘʧʨʫʞʝʥʥʷ ʜʣʷ ʟʛʘʜʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʪʨʽʱʠʥʦʶ 
2 1l ʤ=  ʟʥʘʭʦʜʠʤʦ ʟʘ 

ʬʦʨʤʫʣʦʶ1 1 203
161,9

0,5

c
ʢʨ

K
ʄʇʘ

l
s

p p
= = =

Ö
, 

ʘ ʜʣʷ ʪʨʽʱʠʥʠ ï 2 2l ʤ=  ʤʘʻʤʦ 
1 161,9 / 2 114,5ʢʨ ʄʇʘs = = .  

ɼʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʘʡʞʝ ʩʧʽʚʧʘʜʘʶʪʴ ʟ ʧʦʧʝʨʝʜʥʽʤʠ 

ʨʝʟʫʣʴʪʘʪʘʤʠ, ʟʥʘʡʜʝʥʠʤʠ ʟʘ ʬʦʨʤʫʣʘʤʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʢʨʠʪʝʨʽʶ ɸ. ˆʨʽʬʬʽʪʩʘ.  
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ʊʘʙʣʠʮʷ 9.1. 
ɺʠʜ 

ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʉʭʝʤʘ ʌʫʥʢʮʽʷ ʬʦʨʤʠ ʦʙôʻʢʪʘ  

ʈʦʟʪʷʛ 

ʥʝʦʙʤʝʞʝʥʦʾ 

ʧʣʘʩʪʠʥʠ ʟ 

ʧʦʭʠʣʦʶ 

ʪʨʽʱʠʥʦʶ ʚ 

ʩʝʨʝʜʠʥʽ 

 

 

ʈʦʟʪʷʛ, ʘʙʦ 

ʟʛʠʥ ʚ ʾʾ 

ʧʣʦʱʠʥʽ, 

ʩʤʫʛʠ ʟ 

ʦʜʥʦʙʽʯʥʦʶ 

ʪʨʽʱʠʥʦʶ 

 

 

 

ʈʦʟʪʷʛ ʩʤʫʛʠ 

ʟ ʧʦʧʝʨʝʯʥʦʶ 

ʪʨʽʱʠʥʦʶ 

ʧʦʩʝʨʝʜʠʥʽ 

 

 

 

ʈʦʟʪʷʛ ʩʤʫʛʠ  

ʟ ʜʚʦʤʘ 

ʙʦʢʦʚʠʤʠ 

ʪʨʽʱʠʥʘʤʠ 

 

 

ɿʛʠʥ ʚ 

ʧʣʦʱʠʥʽ 

ʩʤʫʛʠ ʟ 

ʧʦʧʝʨʝʯʥʦʶ 

ʪʨʽʱʠʥʦʶ 

ʧʦʩʝʨʝʜʠʥʽ 

 

 

 

b
2

sin=
I

Y . 

sin cosY
II

b b= Ö . 

 

 
2

1,12 0,231 10,55IY
s

a a= - + - 

3 421,72 30,39 ; / 2 .l da a a- + =  

2
1,122 1,4 7,33

M

IY a a= - + -  

3 4 213,08 14 ; 1,5 / .M da a s- + =  

 

 

 

1/ cos
2

l
Y
I d

p
= . 

 

 

 

 

2
( 0.1sin )

2 2
Y
I

d l l
tg

l d d

p p

p
= + . 

 

 

2

3

3 4

1 1 3
(1

2 1 2 8

0.69 0.46 );(0 1),

Y
I

a a
a a

a

a a a

=
-

+ + -
-

- + ¢ ¢

 

0.5Y
I

a=  - ʥʘʙʣʠʞʝʥʘ ʬʦʨʤʫʣʘ 

ɹ.ʃ.ʃʦʟʦʚʦʛʦ ʪʘ ɺ.ɺ.ʇʘʥʘʩʶʢʘ   

ʜʣʷ / 05l da= ¢ ,(ʧʦʭʠʙʢʘ <3%). 
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  ʈʘʟʦʤ ʟ ʪʠʤ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʂɯʅ 
IcK  (ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʪʦʚʱʠʥʠ 

ʩʪʽʥʢʠ) ʚ 1,65 ʨʘʟ ʾʭ ʟʘʥʠʞʫʻ,ʪʦʙʪʦ: 

( )
123

0,5 98,1
0,5

ɯ

ʢʨl ʄʇʘs
p

= = =
Ö

  ̔ ( )
123

1ɯ

ʢʨls
p

= = = 

69,4ʄʇʘ= , ʚʽʜʧʦʚʽʜʥʦ. 

ɺ ʫʤʦʚʘʭ ʢʨʠʭʢʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ɼʞ. ɯʨʚʽʥ ʜʦʚʽʚ, 

ʱʦ ʢʨʠʪʝʨʽʡ (9.11) ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʝʥʝʨʛʝʪʠʯʥʽʡ ʢʦʥʮʝʧʮʽʾ 

ɸ. ʨ̂ʽʬʬʽʪʩʘ, ʷʢʱʦ ʫ (9.7) ʧʦʢʣʘʩʪʠ  

*2IcK Eg= .                                     (9.12) 

ʊʫʪ *E E¹  ï ʜʣʷ ʧʣʦʩʢʦʛʦ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ; 

( )* 21E E n= -  ï ʜʣʷ ʧʣʦʩʢʦʾ ʜʝʬʦʨʤʘʮʽʾ. ʊʝʨʤʽʥ ñʩʠʣʦʚʠʡò 

ʧʦʚôʷʟʘʥʠʡ ʟ ʘʥʘʣʽʟʦʤ ʥʘʧʨʫʞʝʥʴ ï ʚʥʫʪʨʽʰʥʽʭ ʟʫʩʠʣʴ. 
ɼʣʷ ʤʝʪʘʣʫ ʩʪʨʫʢʪʫʨʥʘ ʤʦʜʝʣʴ ʢʨʠʭʢʦʛʦ ʨʫʡʥʫʚʘʥʥʷ 

ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʡʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ 
ʥʘʚʘʥʪʘʞʝʥʥʷ, ʢʦʣʠ ʟʦʥʘ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʩʫʤʽʨʥʘ ʽʟ 
ʚʝʣʠʯʠʥʦʶ ʩʪʨʫʢʪʫʨʥʦʛʦ ʝʣʝʤʝʥʪʘ (ʩʫʙʟʝʨʥʘ) 

ʟ ʟd d n= Ö (
ʟd  ï 

ʜʽʘʤʝʪʨ ʟʝʨʥʘ, 
ʟn  ï ʢʽʣʴʢʽʩʪʴ ʟʝʨʝʥ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʨʦʟʤʽʨ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʝʣʝʤʝʥʪʘ). ʊʦʜʽ ʚʝʣʠʯʠʥʫ 
ɯcK , ʷʢʫ ʱʝ ʥʘʟʠʚʘʶʪʴ 

ʚôʷʟʢʽʩʪʶ ʨʫʡʥʫʚʘʥʥʷ ʧʨʠ ʧʣʦʩʢʦʤʫ ʜʝʬʦʨʤʦʚʘʥʦʤʫ ʩʪʘʥʽ, 
ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ  

2ɯc kK ds p= ,                                  (9.13) 

ʜʝ 
k k kP As=  ï ʦʧʽʨ ʚʽʜʨʠʚʫ, 

kA ï ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ 

ʟʨʘʟʢʘ ʧʽʩʣʷ ʨʫʡʥʫʚʘʥʥʷ. 
ʃ. ɹʝʨʝʞʥʠʮʴʢʠʤ ʪʘ ɺ. ʇʘʥʘʩʶʢʦʤ ʢʨʠʪʝʨʽʡ ɼʞ. ɯʨʚʽʥʘ 

ʧʦʰʠʨʝʥʦ ʥʘ ʧʣʦʩʢʠʡ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ, ʢʦʣʠ 

( ) ( ) ( ), 0; , 0, , 0I II IIIK l K l K ls s s¸ ¸ =.            (9.14) 

ʁʦʛʦ ʨʦʟʚʠʪʢʦʤ ʩʪʘʚ ʪʘʢ ʟʚʘʥʠʡ qs  ï ʢʨʠʪʝʨʽʡ, ʱʦ 

ʚʩʪʘʥʦʚʣʶʻ ʥʘʧʨʷʤ ʧʦʯʘʪʢʦʚʦʛʦ ʧʨʦʩʫʚʘʥʥʷ ʪʨʽʱʠʥʠ: ʪʨʽʱʠʥʘ 
ʨʦʩʪʝ ʚʟʜʦʚʞ ʝʣʝʤʝʥʪʘʨʥʠʭ ʧʣʦʱʠʥʦʢ, ʱʦ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ 
ʬʨʦʥʪ ʪʨʽʱʠʥʠ ʽ ʥʘ ʷʢʠʭ ʩʠʥʛʫʣʷʨʥʘ ʯʘʩʪʠʥʘ 
ʨʦʟʪʷʛʫʚʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ ʜʦʩʷʛʘʻ ʤʘʢʩʠʤʫʤʫ: 

( )* max, ;q qs q a s=  
*

0q

q q

s

q =

µ
=

µ
,             (9.16) 
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ʜʝ *q q=  ï ʢʫʪ ʧʦʯʘʪʢʦʚʦʛʦ ʥʘʧʨʷʤʢʫ ʨʦʩʪʫ ʪʨʽʱʠʥʠ, a ï ʢʫʪ 
ʦʨʽʻʥʪʘʮʽʾ ʪʨʽʱʠʥʠ ʚʽʜʥʦʩʥʦ ʥʘʚʘʥʪʘʞʝʥʥʷs. 
ʋ ʤʝʞʘʭ ʧʣʦʩʢʦʾ ʟʘʜʘʯʽ, ʜʣʷ ʚʠʧʘʜʢʽʚ ʟʤʽʰʘʥʦʛʦ ʭʘʨʘʢʪʝʨʫ 

ʨʫʡʥʫʚʘʥʥʷ, ʂ. ʇʘʣʘʥʽʩʚʘʤʽ ʪʘ ɺ. ʂʥʘʫʩʩʦʤ (1978) ʙʫʣʦ 
ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʫʪʦʯʥʝʥʠʡ ʢʨʠʪʝʨʽʡ ʨʫʡʥʫʚʘʥʥʷ 

( ) ( )
2 2

1 1 2 2 2 11,5 1; 2 / 3,C C C CK K K K K K+ = =       (9.17) 

ʷʢʠʡ ʧ̔ʜʪʚʝʨʜʞʫʻʪʴʩʷ (ʟ ʧʝʚʥʦʶ ʪʦʯʥʽʩʪʶ) qs - ʢʨʠʪʝʨʽʻʤ. 

ʆ. ɸʥʜʨʝʡʢʽʚʠʤ ʢʨʠʪʝʨʽʡ ɼʞ. ɯʨʚʽʥʘ ʧʦʰʠʨʝʥʦ ʥʘ ʚʠʧʘʜʦʢ 
ʧʨʦʩʪʦʨʦʚʦʾ ʟʘʜʘʯʽ ï  

( ) ( ) ( ), 0; , 0; , 0I II IIIK l K l K ls s s¸ ¸ .̧             (9.18) 

ɯʩʥʫʶʪʴ ʱʝ ʽʥʰʽ ʧʽʜʭʦʜʠ, ʢʦʪʨʽ ʚʨʘʭʦʚʫʶʪʴ ʧʦʷʚʫ 
ʧʣʘʩʪʠʯʥʠʭ ʟʦʥ ʥʘ ʢʽʥʯʠʢʫ ʪʨʽʱʠʥʠ, ʷʢʽ ʥʘʟʠʚʘʶʪʴ 
ʜʝʬʦʨʤʘʮʽʡʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʤʽʮʥʦʩʪʽ ʪʘ ʨʫʡʥʫʚʘʥʥʷ. 

 

9.3. ɼʝʬʦʨʤʘʮʽʡʥʽ ʢʨʠʪʝʨʽʾ ʨʫʡʥʫʚʘʥʥʷ. 
kd-ʢʨʠʪʝʨʽʡ 

ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ, ʨʫʡʥʫʚʘʥʥʷ ʤʝʪʘʣʽʚ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʦʧʝʨʝʜʥʽʤ ʨʦʟʚʠʪʢʦʤ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ 

ʙʽʣʷ ʢʦʥʮʝʥʪʨʘʪʦʨʽʚ ʥʘʧʨʫʞʝʥʴ. ʄ.ʗ. ʃʝʦʥʦʚ, ɺ.ɺ. ʇʘʥʘʩʶʢ ʪʘ 

ɼ.ʉ. ɼʘʛʜʝʡʣ ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʢʨʠʪʝʨʽʾ, ʷʢʽ ʜʘʶʪʴ ʟʤʦʛʫ 

ʚʠʟʥʘʯʠʪʠ ʨʦʟʤʽʨ ʧʣʘʩʪʠʯʥʦʾ ʟʦʥʠ ʽ ʨʦʟʢʨʠʪʪʷ ʚʽʩʪʨʷ ʪʨʽʱʠʥʠ ʫ 

ʧʨʫʞʥʦ-ʧʣʘʩʪʠʯʥʦʤʫ ʪʽʣʽ. ʎʽ ʢʨʠʪʝʨʽʾ ʜʽʩʪʘʣʠ ʥʘʟʚʫ 

ʜʝʬʦʨʤʘʮʽʡʥʦ-ʝʥʝʨʛʝʪʠʯʥʠʭ ʘʙʦ 
kd-ʢʨʠʪʝʨʽʾʚ.  

 
ʈʠʩ. 9.4 

 

ɿʛʽʜʥʦ ʟ 
kd-ʢʨʠʪʝʨʽʻʤ ʚʚʘʞʘʶʪʴ, ʱʦ ʫʤʦʚʦʶ ʨʫʡʥʫʚʘʥʥʷ 

ʤʘʪʝʨʽʘʣʫ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʝʥʥʷ ʚʝʣʠʯʠʥʠ ʨʦʟʢʨʠʪʪʷ ʪʨʽʱʠʥʠ 

Id (ʨʠʩ. 9.4, ʘ) ʾʾ ʢʨʠʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ 
Icd : 

I Icd d= ,                                        (9.19) 

I 

I 
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ʜʝ 
Ic cdd e=  ï ʢʦʥʩʪʘʥʪʘ ʤʘʪʝʨʽʘʣʫ, ʷʢʘ ʬʽʢʩʫʻʪʴʩʷ ʚ ʤʦʤʝʥʪ 

ʧʦʯʘʪʢʫ ʨʫʭʫ ʪʨʽʱʠʥʠ; 
ce ï ʛʨʘʥʠʯʥʝ ʟʥʘʯʝʥʥʷ ʜʝʬʦʨʤʘʮʽʾ, ʧʨʠ 

ʷʢʽʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʦʟʨʠʚ ʤʘʪʝʨʽʘʣʫ; d  ï ʧʝʚʥʘ ʧʦʯʘʪʢʦʚʘ 

ʜʦʚʞʠʥʘ ʝʣʝʤʝʥʪʘ ʤʘʪʝʨʽʘʣʫ ʚ ʟʦʥʽ ʧʝʨʝʜʨʫʡʥʫʚʘʥʥʷ (ʨʠʩ. 9.4, ʙ). 

ʅʝʦʙʭʽʜʥʦ ʨʦʟʚôʷʟʘʪʠ ʧʨʫʞʥʦ-ʧʣʘʩʪʠʯʥʫ ʟʘʜʘʯʫ ʜʣʷ ʪʽʣʘ ʟ 

ʪʨʽʱʠʥʦʶ ʽ ʦʪʨʠʤʘʪʠ ʬʦʨʤʫʣʫ ʜʣ̫ ʚʝʣʠʯʠʥʠ ʨʦʟʢʨʠʪʪʷ 
Id. 

ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʚ ʟʦʥʽ ʧʝʨʝʜʨʫʡʥʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣ ʜʝʬʦʨʤʫʻʪʴʩʷ 

ʟʘ ʛʨʘʥʠʮʝ  ʁ ʧʨʫʞʥʦʩʪʽ, ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʡʦʛʦ ʽʥʪʝʥʩʠʚʥʝ 

ʧʣʘʩʪʠʯʥʝ ʪʝʯʽʥʥʷ ʪʘ ʧʦʜʘʣʴʰʝ ʣʦʢʘʣʴʥʝ ʨʫʡʥʫʚʘʥʥʷ. ʊʘʢʘ 

ʫʷʚʥʘ ʟʦʥʘ ʤʦʜʝʣʶʻʪʴʩʷ ʨʦʟʨʽʟʦʤ ʥʘ ʧʨʦʜʦʚʞʝʥʥʽ ʪʨʽʱʠʥʠ, ʥʘ 

ʙʝʨʝʛʘʭ ʷʢʦʛʦ ʜʽʶʪʴ ʫʩʝʨʝʜʥʝʥʽ ʥʘʧʨʫʞʝʥʥʷ 
0s. ʎʽ ʥʘʧʨʫʞʝʥʥʷ, 

ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʦʜʝʣʽ ʤʘʪʝʨʽʘʣʫ, ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ 

( )0 0,5ʧʣ ʧʣ ʤʮs s s s¢ ¢ +  ʽ ʻ ʽʥʪʝʛʨʘʣʴʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ 

ʤʽʮʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʥʘ ʚʽʜʨʠʚ. ɰʭ ʚʠʟʥʘʯʘʶʪʴ ʟ ʫʤʦʚʠ 

ʨʽʚʥʦʚʝʣʠʢʦʩʪʽ ʧʣʦʱ, ʱʦ ʦʙʤʝʞʫʶʪʴʩʷ ʽʩʪʠʥʥʦʶ (ʢʨʠʚʘ 1) ʪʘ 

ʤʦʜʝʣʴʥʦʶ (ʣʘʤʘʥʘ 2) ʜʽʘʛʨʘʤʘʤʠ 

ʜʝʬʦʨʤʫʚʘʥʥʷ (ʨʠʩ. 9.5). ʌʘʢʪʠʯʥʦ, 

ʮʷ ʫʤʦʚʘ  ̒ʫʤʦʚʦʶ ʨʽʚʥʦʩʪʽ ʝʥʝʨʛʽʡ 

ʨʫʡʥʫʚʘʥʥʷ ʨʝʘʣʴʥʦʛʦ ʪʽʣʘ ʪʘ ʤʦʜʝʣʽ. 

ɼʦ ʜʦʩʷʛʥʝʥʥʷ ʚʝʣʠʯʠʥʠ 
0sʟʚ'ʷʟʦʢ 

ʤʽʞ ʥʘʧʨʫʞʝʥʥʷʤʠ ʽ ʜʝʬʦʨʤʘʮʽʷʤʠ ʫ 

ʤʘʪʝʨʽʘʣʽ ʦʧʠʩʫʻʪʴʩʷ ʣʽʥʽʡʥʠʤ 

ʟʘʢʦʥʦʤ ɻʫʢʘ. ʅʘʧʨʫʛʠ 
0s  

ʚʚʘʞʘʶʪʴʩʷ ʥʫʣʴʦʚʠʤʠ, ʷʢʱʦ 

ʨʦʟʢʨʠʪʪʷ ʪʨʽʱʠʥʠ ʧʝʨʝʚʠʱʫʻ 

ʚʝʣʠʯʠʥʫ 
Icd. ʋ ʨʘʤʢʘʭ ʧʨʠʡʥʷʪʦʾ 

ʤʦʜʝʣʽ ʜʣʷ ʜʘʥʦʛʦ ʧʨʫʞʥʦ-ʧʣʘʩʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʟʘʢʦʥʫ 

ʨʦʟʧʦʜʽʣʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ  ʩʠʣ ʟʯʝʧʣʝʥʥʷ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʘʪʦʤʘʤʠ 

ʚʝʣʠʯʠʥʠ 
Icd , 

0s  ʟʚôʷʟʘʥʽ ʟ ʛʫʩʪʠʥʦʶ ʝʥʝʨʛʽʾ ʨʫʡʥʫʚʘʥʥʷ g 

ʟʘʣʝʞʥʽʩʪ ʁ

0 2Ics d gÖ = .                                      (9.20) 

ʋʤʦʚʠ (9.19), (9.20) ʻ ʦʩʥʦʚʥʠʤʠ ʫʤʦʚʘʤʠ  
kd-ʢʨʠʪʝʨʽ,ʁ 

ʱʦ ʟʚʦʜʷʪʴ ʥʝʣʽʥʽʡʥʫ ʟʘʜʘʯʫ ʜʣʷ ʢʨʠʭʢʦʛʦ ʪʽʣʘ ʟ ʪʨʽʱʠʥʘʤʠ ʜʦ 
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ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ ʣʽʥʽʡʥʦʾ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ ʟ ʜʦʜʘʪʢʦʚʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʨʝʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ɼʦʚʞʠʥʫ ʩʘʤʦʾ ʟʦʥʠ ʧʝʨʝʜʨʫʡʥʫʚʘʥʥʷ ʫ ʚʠʛʣʷʜʽ 

ʧʣʘʩʪʠʯʥʦʾ ʟʦʥʠ ʥʫʣʴʦʚʦʾ ʪʦʚʱʠʥʠ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ 

ʧʨʦʜʦʚʞʝʥʥʽ ʦʩʽ ʪʨʽʱʠʥʠ, ʚʧʝʨʰʝ ʚʠʟʥʘʯʠʚ ɼ. ɼʘ̌ʜʝʡʣ (1960). 

ʇʽʟʥʽʰʝ ɹ. ʂʫʜʨʷʚʮʝʚʠʤ ʪʘ ʽʥʰʠʤʠ ʘʚʪʦʨʘʤʠ (1970) ʨʦʟʤʽʨʠ ʮʽʻʾ 

ʟʦʥʠ ʙʫʣʠ ʫʪʦʯʥʝʥʽ ʜʣʷ ʧʣʘʩʪʠʥʠ ʥʝʦʙʤʝʞʝʥʠʭ ʨʦʟʤʽʨʽʚ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʪʝʦʨʽʾ ʤʘʣʠʭ ʧʨʫʞʥʦ-ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʫ 

ʚʠʛʣʷʜʽ ʬʦʨʤʫʣʠ 
2

22

I
ʧʣ

ʧʣ

K
r

ps
= .                                      (9.21) 

ɺʨʘʭʦʚʫʶʯʠ ʚʠʨʘʟ 
IK ls p=  ʪʘ ʬʦʨʤʫʣʫ (9.21), 

ʦʜʝʨʞʠʤʦ  

( )
2

0.5 /ï ë ï ër ls s= Ö.   (9.21, ʘ) 

ʊʦʜʽ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʣʘʩʪʠʯʥʦʾ ʟʦʥʠ, ʧʦʣʦʚʠʥʫ ʜʦʚʞʠʥʠ 

ʪʨʽʱʠʥʠ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ 

( )
2

1 0.5 /ʧʣ ʧʣ ʧʣl l r l s sè ø= + = +
ê ú

.  (9.21, ʙ) 

ʊʘʢʘ ʧʦʧʨʘʚʢʘ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʪʠ ʢʨʠʪʝʨʽʡ ɯʨʚʽʥʘ 

ʥʘʚʽʪʴ ʫ ʥʝʣʽʥʽʡʥʠʭ ʟʘʜʘʯʘʭ, ʧʽʜʩʪʘʚʠʚʰʠ ʫ ʚʽʜʧʦʚʽʜʥʽ ʬʦʨʤʫʣʠ 

ʟʘʤʽʩʪʴ ʚʝʣʠʯʠʥʠ l  ʚʝʣʠʯʠʥʫ 
ʧʣl r+ . ʇʨʠ ʮʴʦʤʫ, ʥʝʦʙʭʽʜʥʦ 

ʧʘʤôʷʪʘʪʠ, ʱʦ ʨʦʟʤʽʨʠ ʧʣʘʩʪʠʯʥʦʾ ʟʦʥʠ ʧʨʠ ʧʣʦʩʢʽʡ ʜʝʬʦʨʤʘʮʽʾ 

ʫ ʧôʷʪʴ-ʰʽʩʪʴ ʨʘʟ ʤʝʥʰʽ ʥʽʞ ʧʨʠ ʧʣʦʩʢʦʤʫ ʥʘʧʨʫʞʝʥʦʤʫ ʩʪʘʥʽ.  

ʋ ʥʘʡʧʨʦʩʪʽʰʦʤʫ ʚʠʧʘʜʢʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʝʩʢʽʥʯʝʥʥʦʾ 

ʧʣʘʩʪʠʥʠ ʨʦʟʧʦʜʽʣʝʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ s (ʨʠʩ. 9.1, ʘ) ʚʝʣʠʯʠʥʘ 

ï 

0

0

8
ln sec

2
I

l

E

s ps
d

p s

è ø
= Öé ù

ê ú
.                             (9.22) 

ʈʦʟʢʣʘʚʰʠ ʧʨʠʚʝʜʝʥʫ ʬʫʥʢʮʽʶ ʚ ʨʷʜ ʪʘ, ʦʙʤʝʞʠʚʰʠʩʴ 

ʧʝʨʰʠʤ ʯʣʝʥʦʤ (ʧʨʠ ʫʤʦʚʽ, ʱʦ 
00,6s s¢ ), ʦʪʨʠʤʘʻʤʦ 

2

0

I

l

E

ps
d

s
=
Ö

.                                      (9.23) 

ɿ ʢʨʠʪʝʨʽʶ (9.19) ʪʘ ʬʦʨʤʫʣʠ (9.23) ʣʝʛʢʦ ʦʪʨʠʤʘʪʠ ʚʠʨʘʟ 

ʜʣʷ ʛʨʘʥʠʯʥʦʛʦ ʥʘʧʨʫʞʝʥʥ ̫
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0 Ic
ʢʨ

E

l

s d
s

p

Ö
= .                                  (9.24) 

ʇʽʜʩʪʘʚʠʚʰʠ ʫ ʬʦʨʤʫʣʫ (9.24) ʟʘʣʝʞʥʽʩʪʴ (9.20), 

ʦʪʨʠʤʫʻʤʦ ʚʽʜʧʦʚʽʜʥʠʡ ʢʨʠʪʝʨʽʡ ɸ. ʨ̂ʽʬʬʽʪʩʘ (9.7). ʇʨʦʪʝ, 

ʦʩʪʘʥʥʽʡ ʜʘʻ ʧʨʠ 0l ­  ʬʽʟʠʯʥʦ ʥʝʨʝʘʣʴʥʠʡ ʨʝʟʫʣʴʪʘʪ 
ʢʨs ­¤ 

(ʪʦʙʪʦ, ʤʽʮʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʻ ʙʝʟʤʝʞʥʦ ʚʝʣʠʢʦʶ). ʆʜʥʦʯʘʩʥʦ, ʜʣʷ 

ʢd - ʢʨʠʪʝʨʽʶ ʮʷ ʫʤʦʚʘ ʦʟʥʘʯʘʻ, ʱʦ 
0ʢʨs s­  (ʪʦʙʪʦ, ʪʽʣʦ ʟ 

ʪʨʽʱʠʥʦʶ ʥʫʣʴʦʚʦʾ ʜʦʚʞʠʥʠ ʤʘʻ ʤʽʮʥʽʩʪʴ ʙʝʟʜʝʬʝʢʪʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ). 

kd-ʢʨʠʪʝʨʽʡ ʩʧʨʠʷʚ ʬʦʨʤʫʣʶʚʘʥʥʶ, ʙʣʠʟʴʢʦʛʦ ʟʘ 

ʽʜʝʦʣʦʛʽʻʶ, ʢʨʠʪʝʨʽʶ ʂʈʊ (ʢʨʠʪʠʯʥʦʛʦ ʨʦʟʢʨʠʪʪʷ ʪʨʽʱʠʥʠ), 

ʦʜʥʦʛʦ ʟ ʥʘʡʙʽʣʴʰ ʚʞʠʚʘʥʠʭ ʫ ʥʝʣʽʥʽʡʥʽʡ ʤʝʭʘʥʽʮʽ ʨʫʡʥʫʚʘʥʥʷ. 

ʆʩʪʘʥʥʽʡ ʙʫʚ ʧʦʚʥʽʩʪʶ ʩʬʦʨʤʫʣʴʦʚʘʥʠʡ ɸ. ʋʝʣʣʩʦʤ ʫ 1963 ʨʦʮʽ. 

ʇʨʠ ʨʝʘʣʽʟʘʮʽʾ ʽʥʰʠʭ ʤʝʭʘʥʽʟʤʽʚ ʟʤʽʱʝʥʥʷ ʙʝʨʝʛʽʚ 

ʪʨʽʱʠʥʠ (ʧʦʧʝʨʝʯʥʠʡ II  ʪʘ ʧʦʟʜʦʚʞʥʽʡ III  ʟʩʫʚʠ) ʢʨʠʪʝʨʽʘʣʴʥʽ 

ʨʽʚʥʷʥʥʷ ʘʥʘʣʦʛʽʯʥʽ ʧʦʧʝʨʝʜʥʴʦʤʫ: 

,II IIc III IIIcd d d d= = .                              (9.25) 

ʄʽʞ ʙʘʟʦʚʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʨʠʪʝʨʽʾʚ 
IcK , 

IIcK  ʽ
IIIcK , 

ʘ ʪʘʢʦʞ 
Icd , 

IIcd  ʽ 
IIIcd  ʽʩʥʫʻ ʚʟʘʻʤʦʟʚôʷʟʦʢ, ʱʦ ʚʠʧʣʠʚʘʻ ʽʟ 

ʚʽʜʦʤʠʭ ʨʦʟʚôʷʟʢʽʚ ɺ.ʇʘʥʘʩʶʢʘ, ʆ.ɸʥʜʨʝʡʢʽʚʘ, ʄ.ʉʘʚʨʫʢʘ ʪʘ ʽʥ. 

ʜʣʷ ʚʽʜʧʦʚʽʜʥʠʭ ʧʨʫʞʥʠʭ ʟʘʜʘʯ: 
2

*

0,2

Ic
Ic

K

E
d

s
= ;    ( )

2

0,2

1IIc
IIc

K

G
d n

t
= Ö -;   

2

0,2

2 IIIc
IIIc

K

G
d

pt
= ,           

(9.26) 

ʜʝ ʧʨʠʡʤʘʻʪʴʩʷ, ʱʦ0 0,2s s= , ʘ 0 0,2t t= . 

ɺ ʨʘʤʢʘʭ 
ʢd-ʢʨʠʪʝʨʽʶ ɺ. ʇʘʥʘʩʶʢʦʤ, ʗ. ɯʚʘʥʠʮʴʢʠʤ ʪʘ 

ɸ. ɸʥʜʨʝʡʢʽʚʠʤ ʨʦʟʨʦʙʣʝʥʦ ʫʟʘʛʘʣʴʥʝʥʠʡ ʢʨʠʪʝʨʽʡ ʨʫʡʥʫʚʘʥʥʷ 
ʪʽʣʘ (1985) ʫ ʚʠʧʘʜʢʫ ʤʦʞʣʠʚʦʾ ʦʜʥʦʯʘʩʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʪʨʴʦʭ 

ʤʘʢʨʦʤʝʭʘʥʽʟʤʽʚ ʨʫʡʥʫʚʘʥʥʷ ( )0, 0, 0,I II IIIK K K¸ ¸ ¸ . 

ʆʪʨʠʤʘʥʦ ʥʘʙʣʠʞʝʥʝ ʢʨʠʪʝʨʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 
ʢʨʠʪʠʯʥʦʛʦ ʨʦʟʤʽʨʫ ʜʦʚʞʠʥʠ ʪʨʽʱʠʥʠ  

1 2 3

1

n n n

I II III

IC IIC IIIC

K K K

K K K

å õ å õ å õ
+ + =æ ö æ ö æ ö

ç ÷ ç ÷ ç ÷
,                          (9.27) 
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ʷʢʠʡ ʧʽʟʥʽʰʝ (2000) ʙʫʚ ʫʪʦʯʥʝʥʠʡ (ʜʣʷ ʽʟʦʪʨʦʧʥʠʭ ʤʘʪʝʨʽʘʣʽʚ) 

ʜʝʪʝʨʤʽʥʽʟʘʮʽʻʶ ʧʦʢʘʟʥʠʢʽʚ ʩʪʝʧʝʥʽʚ 
in ( )1 2 3 4n n n= = = ʜʣʷ ʚʩʽʭ 

ʪʨʴʦʭ ʚʽʜʥʦʰʝʥʴ ʂɯʅ. 
ɻʦʣʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ 

kd-ʢʨʠʪʝʨʽʶ ʻ ʪʝ, ʱʦ ʚʽʥ 

ʝʢʩʧʝʨʠʤʝʥʪʘ- ʣʴʥʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʪʽʣʴʢʠ ʜʣʷ ʽʜʝʘʣʴʥʦ 
ʧʣʘʩʪʠʯʥʠʭ ʽʟʦʪʨʦʧʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʦʜʥʦʤʫ ʽʟ ʥʘʧʨʫʞʝʥʠʭ 
ʩʪʘʥʽʚ. ʗʢʱʦ ʤʘʪʝʨʽʘʣ ʥʝ ʽʟʦʪʨʦʧʥʠʡ ʽ ʤʦʞʣʠʚʘ ʨʝʘʣʽʟʘʮʽʷ ʚʩʽʭ 
ʪʨʴʦʭ ʤʘʢʨʦʤʝʭʘʥʽʟʤʽʚ ʨʫʡʥʫʚʘʥʥʷ, ʪʦ ʥʝʦʙʭʽʜʥʦ ʚʚʦʜʠʪʠ ʽʥʰʽ 
ʧʘʨʘʤʝʪʨʠ ʤʘʪʝʨʽʘʣʫ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ʂʨʽʤ 
ʪʦʛʦ, ʙʝʟʧʦʩʝʨʝʜʥʻ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ 

icd  

ʤʦʞʣʠʚʝ ʪʽʣʴʢʠ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʣʽʥʽʡʥʦʾ ʤʝʭʘʥʽʢʠ ʨʫʡʥʫʚʘʥʥʷ. 
ʍʦʯʘ ʷʢʽʩʥʽ ʚʠʩʥʦʚʢʠ 

kd-ʢʨʠʪʝʨʽʶ ʤʦʞʥʘ ʧʦʰʠʨʠʪʠ ʽ ʥʘ ʜʫʞʝ 

ʚôʷʟʢʽ ʤʘʪʝʨʽʘʣʠ, ʨʦʩʽʡʩʴʢʠʡ ʤʝʭʘʥʽʢ ʖ.ʄ. ʈʘʙʦʪʥʦʚ ʧʽʜʜʘʚ 
ʩʫʤʥʽʚʫ ʪʚʝʨʜʞʝʥʥʷ, ʱʦ ʚʝʣʠʯʠʥʠ 

icdʤʦʞʥʘ ʚʚʘʞʘʪʠ 

ʫʥʽʚʝʨʩʘʣʴʥʠʤʠ ʩʪʘʣʠʤʠ ʤʘʪʝʨʽʘʣʫ. 
 
 
9.4. ʊʝʦʨʝʪʠʯʥʘ ʪʘ ʨʝʘʣʴʥʘ ʤʽʮʥʽʩʪʴ ʪʚʝʨʜʠʭ ʪʽʣ 

ʄʽʮʥʽʩʪʴ, ʞʦʨʩʪʢʽʩʪʴ ʪʘ ʧʣʘʩʪʠʯʥʽʩʪʴ ʪʚʝʨʜʠʭ ʪʽʣ ʻ 

ʚʠʟʥʘʯʘʣʴʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʷʢʽ ʥʝʦʙʭʽʜʥʽ ʢʦʥʩʪʨʫʢʪʦʨʫ 

ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʪʘ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ. 

ʄʽʮʥʽʩʪʴ ʙʫʜʴ-ʷʢʦʛʦ ʪʚʝʨʜʦʛʦ ʪʽʣʘ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʩʠʣʘʤʠ 

ʧʨʠʪʷʛʘʥʥʷ (ʥʘ ʚʽʜʩʪʘʥʷʭ x ʧʦʨʷʜʢʫ 
910-ʤ.) ʤʽʞ ʘʪʦʤʘʤʠ ʫ 

ʢʨʠʩʪʘʣʽʯʥʠʭ ˇʨʘʪʢʘʭ (ʢʨʠʚʘ 2 ʥʘ ʨʠʩ. 9.6).  

ʈʘʟʦʤ ʟ ʪʠʤ, ʧʨʠ ʩʠʣʦʚʦʤʫ ʟʙʣʠʞʝʥʥʽ ʘʪʦʤʽʚ ʜʦ ʚʽʜʩʪʘʥʝʡ 
1010- ʤ. ʤʽʞ ʥʠʤʠ ʚʠʥʠʢʘʶʪʴ ʩʠʣʠ ʚʽʜʰʪʦʚʭʫʚʘʥʥʷ (ʢʨʠʚʘ 3). 

ʊʦʤʫ ʧʨʠ ʟʤʽʥʽ ʤʝʭʘʥʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ ʘʪʦʤʘ ʡʦʛʦ ʥʘʧʨʫʞʝʥʠʡ 

ʩʪʘʥ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʨʽʚʥʦʜʽʡʥʦ ʁ ʮʠʭ ʩʠʣ (ʢʨʠʚʘ 1), ʷʢʫ 

ʥʘʙʣʠʞʝʥʦ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ ʬʦʨʤʫʣʠ 

2 7
1 ,

C R
F

x x

å õ
= -æ ö
ç ÷

 

ʜʝ ʉ ï ʩʪʘʣʘ ʙʝʟʜʝʬʝʢʪʥʦʛʦ ʢʨʠʩʪʘʣʘ; 
7R a= ;

103 10 .a ʤ-º Ö  ï 

ʚʽʜʩʪʘʥʴ ʤʽʞ ʘʪʦʤʘʤʠ ʢʨʠʩʪʘʣʘ ʫ ʨʽʚʥʦʚʘʞʥʦʤʫ ʩʪʘʥʽ, x  ï 

ʘʙʩʦʣʶʪʥʝ ʟʤʽʱʝʥʥʷ ʚ ʢʨʠʩʪʘʣʽʯʥʽʡ ˇʨʘʪʮ ̔ ʧʨʠ ʜʝʬʦʨʤʘʮʽʾ 

ʚôʷʟʝʡ. ɼʣʷ ʥʝʥʘʚʘʥʪʘʞʝʥʦʛʦ ʪʽʣʘ ʨʽʚʥʦʜʽʡʥʘ F ʜʦʨʽʚʥʶʻ ʥʫʣʶ. 
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ʇ̔ ʜ ʪʝʦʨʝʪʠʯʥʦʶ ʤʽʮʥʽʩʪʶ ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ ʪʘʢʝ 

ʥʘʧʨʫʞʝʥʥʷ 
ʪʝʦʨs , ʷʢʝ ʥʝʦʙʭʽʜʥʦ ʧʨʠʢʣʘʩʪʠ, ʱʦʙ ʟʨʫʡʥʫʚʘʪʠ 

ʽʜʝʘʣʴʥʠʡ ʢʨʠʩʪʘʣ, ʪʦʙʪʦ ʧʝʨʝʙʦʨʦʪʠ ʩʠʣʠ ʚôʷʟʝʡ ʤʽʞ ʘʪʦʤʘʤʠ ʫ 

ˇʨʘʪʮʽ. ʊʘʢʝ ʨʫʡʥʫʚʘʥʥʷ ʤʦʞʥʘ ʟʜʽʡʩʥʶʚʘʪʠ ʜʚʦʤʘ ʩʧʦʩʦʙʘʤʠ: 

ʚʽʜʨʠʚʦʤ (ʯʝʨʝʟ ʥʦʨʤʘʣʴʥʝ ʥʘʧʨʫʞʝʥʥʷ) ʪʘ ʟʩʫʚʦʤ (ʧʽʜ ʜʽʻʶ 

ʜʦʪʠʯʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ).  

ɹʽʣʴʰʽʩʪʴ ʥʘʫʢʦʚʮʽʚ ʚʚʘʞʘʻ, ʱʦ ʩʠʣʠ ʚʟʘʻʤʦʜʽʾ ʘʪʦʤʽʚ 

ʤʘʶʪʴ ʩʠʥʫʩʦʾʜʘʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʟʤʽʥʠ ʚʽʜʩʪʘʥʽ x  ʤʽʞ ʥʠʤʠ 

ʟ ʧʝʚʥʠʤ ʧʝʨʽʦʜʦʤ l (ʨʠʩ.9.7). ʊʦʙʪʦ, ʚʝʣʠʯʠʥʫ ʥʦʨʤʘʣʴʥʦʛʦ 

ʥʘʧʨʫʞʝʥʥʷ ʚ ʢʨʠʩʪʘʣʽʯʥʽʡ ˇʨʘʪʮʽ ʤʦʞʥʘ ʘʧʨʦʢʩʠʤʫʚʘʪʠ 

ʩʠʥʫʩʦʾʜʦʶ: 

() ()
2

sin sin 2ʪʝʦʨ ʪʝʦʨ

x a
x x

p
s s s pe

l l

è ø
= Ö = Öé ù

ê ú
,           (9.28) 

ʜʝ 
ʪʝʦʨs  ï ʪʝʦʨʝʪʠʯʥʘ ʤʽʮʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ, () /x x ae = -ʚʽʜʥʦʩʥʘ 

ʣʽʥʽʡʥʘ ʜʝʬʦʨʤʘʮʽʷ. 

ʈʘʟʦʤ ʟ ʪʠʤ, ʫ ʟʦʥʽ ʧʨʫʞʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʤʘʻ ʚʠʢʦʥʫʚʘʪʠʩʷ 

ʟʘʢʦʥ ɻʫʢʘ 

() ()x E xs e= Ö .                                    (9.29) 
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ʈʠʩ. 9.7 ʈʠʩ. 9.6  
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ʇʨʦʜʠʬʝʨʝʥʮʽʶʻʤʦ ʨʽʚʥʦʩʪʽ (9.28) ʽ (9.29) ʟʘ ʟʤʽʥʥʦʶ e 

ʪʘ ʧʨʠʨʽʚʥʷʻʤʦ ʾʭ ʧʨʠ 0e= , ʚʚʘʞʘʶʯʠ, ʱʦ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʚʝʣʠʯʠʥʘ ()cos 2 1
a

xpe
l

å õ
ºæ ö

ç ÷
: 

0

2ʪʝʦʨ

d a
E

d e

s
s p

e l=

å õ
= º Öæ ö
ç ÷

.                          (9.30) 

ɿʚʽʜʢʠ ʦʪʨʠʤʘʻʤʦ 

( )/ 2ʪʝʦʨE as l p= .                                   (9.31) 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʧʽʜʭʦʜʫ ɽ.ʆʨʦʚʘʥʘ 

(1949), ʨʦʙʦʪʘ ɸ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʟʘʪʨʘʪʠʪʠ ʥʘ ʨʦʟʨʠʚ ʤʽʞʘʪʦʤʥʠʭ 

ʚôʷʟʝʡ, ʜʦʨʽʚʥʶʻ ʧʣʦʱʽ ʧʽʜ ʢʨʠʚʦʶ (ʨʠʩ. 9.7), ʱʦ ʘʧʨʦʢʩʠʤʫʻ 

ʟʤʽʥʫ ʥʘʧʨʫʞʝʥʥʷ ()xs . ʎ̫  ʨʦʙʦʪʘ ʤʘʻ ʜʦʨʽʚʥʶʚʘʪʠ ʧʠʪʦʤʽʡ 

ʧʦʚʝʨʭʥʝʚʽʡ ʝʥʝʨʛʽʾ 2g, ʱʦ ʟʘʪʨʘʯʫʻʪʴʩʷ ʥʘ ʫʪʚʦʨʝʥʥʷ ʜʚʦʭ 

ʧʦʚʝʨʭʦʥʴ ʪʨʽʱʠʥʠ ʚ ʢʨʠʩʪʘʣʽ: 
/ 2

0

sin 2 2ʪʝʦʨ ʪʝʦʨ

x
A dx

l
l

s p s g
l p

å õ
= = =æ ö

ç ÷
ñ , 

ʟʚʽʜʢʠ                                   

   2 /ʪʝʦʨs gp l= .                                 (9.32) 

ʇʝʨʝʤʥʦʞʠʚʰʠ ʬʦʨʤʫʣʠ (9.31) ʽ (9.32), ʦʪʨʠʤʘʻʤʦ ʚʽʜʦʤʫ 

ʬʦʨʤʫʣʫ ɽ.ʆʨʦʚʘʥʘ: 

ʪʝʦʨ

E

a

g
s = ,                                      (9.33) 

ʷʢʘ (ʟʘ ʩʚʦʻʶ ʽʜʝʦʣʦʛʽʻʶ) ʽʜʝʥʪʠʯʥʘ ʬʦʨʤʫʣʽ ɸ. ʨ̂ʽʬʬʽʪʩʘ (9.7) ʽ 

ʜʦʟʚʦʣʷʻ ʨʦʟʛʣʷʜʘʪʠ ʭʘʨʘʢʪʝʨ ʨʫʡʥʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʟ ʧʦʟʠʮʽʡ 

ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ. 

ɿʘʩʪʦʩʫʻʤʦ ʮʶ ʬʦʨʤʫʣʫ ʜʦ ʩʪʘʣʽ, ʢʦʣʠ: 
11 22 10 / ;E ʅ ʤ= Ö  

1 / ;ʅ ʤg=  103,4 10 .a ʤ-= Ö   

ʊʦʜʽ  10 22,5 10 / 0,125 8.ʪʝʦʨ ʅ ʤ ɽ ɽs = Ö = ¹ 

ɸʥʘʣʦʛ̔ʯʥʠʤ ʩʧʦʩʦʙʦʤ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ  ̔ ʚʝʣʠʯʠʥʫ 

ʪʝʦʨʝʪʠʯʥʦʛʦ ʜʦʪʠʯʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ, ʷʢʱʦ ʧʨʠʡʥʷʪʠ alº . 
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2 0,16ʪʝʦʨG Gt p= = .                                (9.34) 

ɼʝʪʘʣʴʥʽʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʽʥʰʠʭ ʥʘʫʢʦʚʮʽʚ ʧʦʢʘʟʫʶʪʴ, ʱʦ 

ʬʦʨʤʫʣʘ ɽ.ʆʨʦʚʘʥʘ (9.33) ʜʘʻ ʜʝʱʦ ʟʘʚʠʱʝʥʽ ʟʥʘʯʝʥʥʷ 

(ʟʙʝʨʽʛʘʶʯʠ ʧʦʨʷʜʦʢ) ʜʣʷ ʪʝʦʨʝʪʠʯʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ, ʷʢʝ ʤʦʞʝ 

ʟʥʘʭʦʜʠʪʠʩʴ ʚ ʤʝʞʘʭ: 

0,09 0,2ʪʝʦʨ Es = · Ö.                               (9.35) 

ʆʩʪʘʥʥʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʽʜʪʚʝʨʜʞʫʻ ʧʨʘʚʠʣʴʥʽʩʪʴ 

ʧʦʧʝʨʝʜʥʽʭ ʤʽʨʢʫʚʘʥʴ. ʈʘʟʦʤ ʟ ʪʠʤ, ʨʝʘʣʴʥʘ ʤʽʮʥʽʩʪʴ ʤʘʪʝʨ̔ʘʣʽʚ 

ʚʠʷʚʣʷʻʪʴʩʷ ʥʠʞʯʦʶ ʚʽʜ ʪʝʦʨʝʪʠʯʥʦʾ ʧʨʠʙʣʠʟʥʦ ʥʘ 2 ʧʦʨʷʜʢʠ 

(ʪʘʙʣ. 9.2.). ʌʽʟʠʢʠ ʧʨʠʧʫʩʢʘʶʪʴ, ʱʦ ʧʨʠʯʠʥʦʶ ʨʦʟʭʦʜʞʝʥʴ 

ʪʝʦʨʝʪʠʯʥʦʾ ʽ ʨʝʘʣʴʥʦʾ ʤʽʮʥʦʩʪʽ ʻ ʪʝ, ʱʦ ʚ ʦʩʥʦʚʽ ʪʝʦʨʝʪʠʯʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ ʻ ʽʜʝʘʣʴʥʠʡ ʢʨʠʩʪʘʣ, ʘ ʚ ʨʝʘʣʴʥʦʤʫ ʢʨʠʩʪʘʣʽ ʟʘʚʞʜʠ 

ʧʨʠʩʫʪʥʽ ʜʝʬʝʢʪʠ ʢʨʠʩʪʘʣʽʯʥʦʾ ʙʫʜʦʚʠ.  

 

ʊʘʙʣʠʮʷ 9.2. 

ʄʝʪʘʣ 

ʄʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

,E ʄʇʘ ,ʪʝʦʨʄʇʘs  ,ʤʮʄʇʘs  

Fea 3211 10Ö  
317 10Ö  200 

Cu 3112 10Ö  
314 10Ö  140 

Al  370 10Ö  
38 10Ö  80 

ɺʧʝʨʰʝ ʮʽ ʧʨʠʧʫʱʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʽʜʪʚʝʨʜʠʚ 

ɸ. ʨ̂ʽʬʬʽʪʩ (1920), ʷʢʠʡ ʜʦʩʣʽʜʞʫʚʘʚ ʩʢʣʷʥʽ ʚʦʣʦʢʥʘ. ʊʘʢ, 

ʚʦʣʦʢʥʦ ʜʽʘʤʝʪʨʦʤ 1 ʤʤ ʤʘʣʦ ʤʽʮʥʽʩʪʴ ʚʽʢʦʥʥʦʛʦ ʩʢʣʘ ï 

0,15...0,2 ɻʇʘ, ʘ ʚʦʣʦʢʥʦ ʜʽʘʤʝʪʨʦʤ 0,25 ʤʢʤ ï 6 ɻʇʘ, ʷʢʘ ʯʝʨʝʟ 

ʢʽʣʴʢʘ ʛʦʜʠʥ ʩʧʘʜʘʣʘ ʜʦ 3,5 ɻʇʘ. ɽʢʩʪʨʘʧʦʣʶʶʯʠ ʦʪʨʠʤʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ, ʚʽʥ ʚʩʪʘʥʦʚʠʚ, ʱʦ ʤʽʮʥʽʩʪʴ ʥʘʡʪʦʥʰʠʭ ʢʨʠʩʪʘʣʽʚ 

ʩʢʣʘ ʤʘʻ ʜʦʨʽʚʥʶʚʘʪʠ 11 ɻʇʘ, ʪʦʙʪʦ ʙʣʠʟʴʢʦʶ ʜʦ ʪʝʦʨʝʪʠʯʥʦʾ ï 

14 ɻʇʘ. ʇʦʜʽʙʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʘʣʝ ʚʞʝ 

ʥʘ ʟʨʘʟʢʘʭ ʤʦʥʦʢʨʠʩʪʘʣʽʚ ʟ ʢʘʤôʷʥʦʾ 

ʩʦʣʽ, ʙʫʣʠ ʦʪʨʠʤʘʥʽ ɸ.ʌ. ʁʦʬʬʝ 

(1924). ʗʢʱʦ ʫ ʧʦʚʽʪʨʽ ʮʽ 

ʤʦʥʦʢʨʠʩʪʘʣʠ ʤʘʣʠ ʛʨʘʥʠʮʶ 

ʤʽʮʥʦʩʪʽ 4,4 ʄʇʘ, ʪʦ ʚʞʝ ʫ ʛʘʨʷʯʽʡ 

ʚʦʜʽ ʾʭ ʤʽʮʥʽʩʪʴ ʟʨʦʩʪʘʣʘ ʜʦ 160 

 
ʈʠʩ. 9.8 
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ʄʇʘ. ʎʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʚʥʘʩʣʽʜʦʢ ʨʦʟʯʠʥʝʥʥʷ 

ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ ʟʥʠʢʘʶʪʴ ʜʝʬʝʢʪʠ, ʷʢʽ ʙʫʣʠ ʥʘ ʥʽʡ, ʪʦʤʫ 

ʤʽʮʥʽʩʪʴ ʟʨʘʟʢʘ ʨʽʟʢʦ ʟʨʦʩʪʘʻ. ʂʨʽʤ ʪʦʛʦ, ʩʪʘʪʠʩʪʠʯʥʽ ʪʝʦʨʽʾ 

ʤʽʮʥʦʩʪʽ ʪʝʦʨʝʪʠʯʥʦ ʧʽʜʪʚʝʨʜʠʣʠ ʥʝʛʘʪʠʚʥʫ ʨʦʣʴ ʜʝʬʝʢʪʽʚ ʫ 

ʢʨʠʩʪʘʣʘʭ ʽ ʚʩʪʘʥʦʚʠʣʠ, ʱʦ ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʷʚʠ ʫ ʪʽʣʽ 

ʥʝʙʝʟʧʝʯʥʦʛʦ ʜʝʬʝʢʪʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʨʘʟʦʤ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ 

ʦʙôʻʤʫ ʪʽʣʘ (ʪʘʢ ʟʚʘʥʠʡ ʤʘʩʰʪʘʙʥʠʡ ʝʬʝʢʪ). ʅʘ ʨʠʩ. 9.8. 

ʧʦʢʘʟʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʽʮʥʦʩʪʽ ʩʢʣʷʥʠʭ ʚʦʣʦʢʦʥ ʚʽʜ ʾʭ ʜʽʘʤʝʪʨʘ 

d. ɻʨʘʬʽʢ ʦʜʝʨʞʘʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ, ʘʣʝ ʚʽʥ 

ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʪʘʪʠʩʪʠʯʥʠʭ ʪʝʦʨʽʡ ʤʽʮʥʦʩʪʽ. 

ʅʘʧʨʠʢʣʘʜ, ʚʦʣʦʢʥʦ ʢʨʠʩʪʘʣʘ ʟʘʣʽʟʘ ʜʽʘʤʝʪʨʦʤ 1,6 ʤʢʤ  ʤʘʻ 

ʤʽʮʥʽʩʪʴ
313,4 10ʤʮs = Ö  ʄʇʘ, ʱʦ ʤʘʡʞʝ ʫ ʩʪʦ ʨʘʟʽʚ ʙʽʣʴʰʝ ʚʽʜ 

ʤʽʮʥʦʩʪʽ ʤʦʥʦʢʨʠʩʪʘʣʽʚ ʟʘʣʽʟʘ ʜʣʷ ʟʨʘʟʢʽʚ ʟʚʠʯʘʡʥʠʭ ʨʦʟʤʽʨʽʚ. 

 ʂʨʽʤ ʜʝʬʝʢʪʽʚ, ʱʦ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʚʟʘʻʤʦʜʽʾ ʜʠʩʣʦʢʘʮʽʡ ʥʘ 

ʨʽʚʥʽ ʢʨʠʩʪʘʣʽʯʥʦʾ ʨʝʰʽʪʢʠ, ʚ ʤʘʪʝʨʽʘʣʽ ʤʦʞʫʪʴ ʙʫʪʠ ʪʘʢʦʞ ʽ 

ʪʨʽʱʠʥʠ, ʧʦʭʦʜʞʝʥʥʷ ʷʢʠʭ ʧʦʚôʷʟʘʥʦ ʟ ʧʝʨʝʜʽʩʪʦʨʽʻʶ ʮʴʦʛʦ 

ʤʘʪʝʨʽʘʣʫ. ʊʨʽʱʠʥʠ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʽ ʚ ʧʨʦʮʝʩʽ ʡʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʂʦʞʥʠʡ ʚʠʜ ʪʘʢʠʭ ʜʝʬʝʢʪʽʚ ʧʦ-

ʩʚʦʻʤʫ ʚʧʣʠʚʘʻ ʥʘ ʤʽʮʥʽʩʪʴ ʤʘʪʝʨʽʘʣʽʚ ʽ ʻ ʧʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʴ 

ʤʝʭʘʥʽʢʠ ʨʫʡʥʫʚʘʥʥʷ. 

ʈʘʟʦʤ ʟ ʪʠʤ, ʟʛʘʜʘʥʠʡ ʚʠʱʝ, ʤʘʩʰʪʘʙʥʠʡ ʝʬʝʢʪ ʩʚʽʜʯʠʪʴ 

ʧʨʦ ʪʝ, ʱʦ ʚʝʣʠʢʽ ʪʽʣʘ, ʷʢ ʧʨʘʚʠʣʦ, ʤʘʶʪʴ ʤʝʥʰʫ ʤʽʮʥʽʩʪʴ, ʥʽʞ 

ʤʘʣʽ ʪʽʣʘ ʪʽʻʾ ʩʘʤʦʾ ʬʦʨʤʠ. ɺʧʝʨʰʝ ʚʧʣʠʚ ʦʙôʻʤʫ ʟʨʘʟʢʽʚ ʥʘ 

ʛʨʘʥʠʮʶ ʤʽʮʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʦʧʠʩʘʚ ʰʚʝʜʩʴʢʠʡ ʤʘʪʝʤʘʪʠʢ ʽ 

ʤʝʭʘʥʽʢ ɺ. ɺʝʡʙʫʣ (1939) ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʤʝʪʦʜʫ. 

ɺʽʥ ʧʦʢʘʟʘʚ, ʱʦ ʜʣʷ ʜʚʦʭ ʧʦʜ̔ ʙʥʠʭ ʟʨʘʟʢʽʚ ʟ ʦʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, 

ʘʣʝ ʨʽʟʥʦʛʦ ʦʙôʻʤʫ 
1V  ʽ 

2V , ʚʽʜʥʦʰʝʥʥʷ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ʛʨʘʥʠʮʴ 

ʤʽʮʥʦʩʪʽ 
1 2,ʤʮ ʤʮs s  ʙʫʜʫʪʴ ʧʦʚôʷʟʘʥʽ ʟʘʣʝʞʥʽʩʪʶ 

1

1 2

2 1

m

ʤʮ

ʤʮ

V

V

s

s

å õ
=æ ö
ç ÷

,                            (9.36) 

ʜʝ m  - ʧʦʩʪʽʡʥʘ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʡʦʛʦ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ 

ʪʘ ʟʥʘʭʦʜʠʪʴʩʷ ʽʟ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

ʌʦʨʤʫʣʘ (9.36) ʙʫʣʘ ʧʽʜʪʚʝʨʜʞʝʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʫʢʨʘʾʥʩʴʢʠʤ ʚʯʝʥʠʤ ʄ. ɼʘʚʠʜʝʥʢʦʚʠʤ (1947) ʥʘ ʮʠʣʽʥʜʨʠʯʥʠʭ 

ʟʨʘʟʢʘʭ ʽʟ ʢʨʠʭʢʦʾ ʩʪʘʣʽ. ʊʘʢ, ʜʣʷ ʟʨʘʟʢʽʚ ʟ ʜʽʘʤʝʪʨʘʤʠ 
1 4d ʤʤ=  
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ʪʘ 
2 10d ʤʤ= , ʜʦʚʞʠʥʘʤʠ 

1 20l ʤʤ=  ʪʘ 
2 50l ʤʤ=  ʙʫʣʦ 

ʟʥʘʡʜʝʥʦ, ʚʽʜʧʦʚʽʜʥʦ, ʛʨʘʥʠʮʽ ʤʽʮʥʦʩʪʽ 
1 650ʤʮ ʄʇʘs =  ʪʘ 

2 576ʤʮ ʄʇʘs = . ʇʘʨʘʤʝʪʨ m, ʚʠʟʥʘʯʝʥʠʡ ʟ ʬʦʨʤʫʣʠ (9.36), 

ʜʦʨʽʚʥʶʚʘʚ 22,7m= .  

ɼʣʷ ʮʴʦʛʦ ʞ ʤʘʪʝʨʽʘʣʫ (22,7m= ) ʛʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʟʨʘʟʢʘ 

ʟ 1d ʤʤ=  ʪʘ 5l ʤʤ= ʟʘ ʬʦʨʤʫʣʦʶ (9.36) ʜʦʨʽʚʥʶʻ 

780ʤʮ ʄʇʘs = . ɽʢʩʧʝʨʠʤʝʥʪʠ ʜʘʣʠ ʟʥʘʯʝʥʥʷ 750ʤʮ ʄʇʘs = . 

ʇʦʭʠʙʢʘ ʩʢʣʘʜʘʻ ʚʩʴʦʛʦ 4 %. ɼʣʷ ʽʥʰʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʚʠʜʽʚ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʘʨʘʤʝʪʨʘ m ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʽʥʰʽ ʟʥʘʯʝʥʥ.̫ 

ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʛʨʘʥʠʮʽ ʚʪʦʤʠ ʥʘ ʟʛʠʥ ʜʚʦʭ ʟʨʘʟʢʽʚ ʟ 

ʜʽʘʤʝʪʨʘʤʠ 10 ʤʤ ʽ 100 ʤʤ ʚʠʷʚʠʣʦʩʷ, ʱʦ ʜʣʷ ʙʽʣʴʰʦʛʦ ʟʨʘʟʢʘ 

ʚʦʥʘ ʟʤʝʥʰʠʣʘʩʴ ʥʘ 40%, ʘ ʩʪʘʣʘ 5m= . ɼʣʷ ʚʦʣʦʢʥʠʩʪʠʭ 

ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʘʨʘʤʝʪʨ m  ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 

1 2m< <. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʫ ʤʝʭʘʥʽʮʽ ʢʨʠʭʢʦʛʦ 

ʨʫʡʥʫʚʘʥʥʷ ʨʦʟʛʣʷʜʘʣʦʩʴ ʫ ʧʨʘʮʷʭ ɸ.ʄ. ʌʨʝʡʜʝʥʪʘʣʷ, ʘ ʜʣʷ 

ʦʮʽʥʢʠ ʤʽʮʥʦʩʪʽ ʚʦʣʦʢʥʠʩʪʠʭ ʢʦʤʧʦʟʠʪʽʚ - ʫ ʧʨʘʮʷʭ 

ʖ.ʄ. ʈʘʙʦʪʥʦʚʘ. 

 

ɿʘʧʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʶ 

 

1. ʗʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʫ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʢʨʠʪʝʨʽʾ 

ʤʽʮʥʦʩʪʽ, ʘʣʝ ʚʨʘʭʦʚʫʶʪʴ ʢʨʠʪʝʨʽʾ ʨʫʡʥʫʚʘʥʥʷ? 

2. ɺ ʯʦʤʫ ʩʫʪʴ ʢʨʠʪʝʨʽʶ ʨʫʡʥʫʚʘʥʥʷ ɻʨʽʬʬʽʪʩʘ? 

3. ʑʦ ʪʘʢʝ ʧʠʪʦʤʘ ʛʫʩʪʠʥʘ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ? 

4. ɿʘʧʠʰʽʪʴ ʬʦʨʤʫʣʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʛʦ 

ʥʘʧʨʫʞʝʥʥʷ 
ʢps . 

5. ʑʦ ʪʘʢʝ ʢʨʠʪʠʯʥʘ ʜʦʚʞʠʥʘ ʪʨʽʱʠʥʠ? 

6. ʗʢʽ ʜʦʜʘʪʢʦʚʽ ʬʘʢʪʦʨʠ ʜʦ ʢʨʠʪʝʨʽʶ ʨʫʡʥʫʚʘʥʥʷ 

ɻʨʽʬʬʽʪʩʘ ʚʨʘʭʫʚʘʣʠ ɼʞ.ɯʨʚʽʥ ʪʘ ɽ.ʆʨʦʚʘʥ? 

7. ɺ ʯʦʤʫ ʩʫʪʴ ʩʠʣʦʚʦʛʦ ʢʨʠʪʝʨʽʶ ɯʨʚʽʥʘ? 

8. ʑʦ ʪʘʢʝ ʢʦʝʬʽʮʽʻʥʪ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ? 

9. ʗʢʘ ʨʦʟʤʽʨʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ? 

10. ʗʢ ʧʦʟʥʘʯʘʶʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 
ʥʘʧʨʫʞʝʥʴ  
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       ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʪʠʧʦʤ ʟʤʽʱʝʥʥʷ ʙʝʨʝʛʽʚ ʪʨʽʱʠʥʠ? 

12.  ʗʢ ʚʠʟʥʘʯʘʶʪʴʩʷ ʢʨʠʪʠʯʥʽ ʟʥʘʯʝʥʥʽ ʂɯʅ? 

13.  ɺ ʯʦʤʫ ʧʦʣʷʛʘʻ ʩʫʪʴ qs - ʢʨʠʪʝʨʽ?ʁ 

14.  ɿʘʧʠʰʽʪʴ ʫʪʦʯʥʝʥʠʡ ʢʨʠʪʝʨʽʡ ʨʫʡʥʫʚʘʥʥʷ ʜʣʷ ʧʣʦʩʢʦʾ 

ʟʘʜʘʯʽ. 

15.  ʅʘʟʚʽʪʴ ʜʝʬʦʨʤʘʮʽʡʥʽ ʢʨʠʪʝʨʽʾ ʨʫʡʥʫʚʘʥʥʷ. 

16.  ʗʢ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʝʣʠʯʠʥʘ ʨʦʟʢʨʠʪʪʷ ʪʨʽʱʠʥʠ 
1d? 

17.  ɿʘʧʠʰʽʪʴ ʢʨʠʪʝʨʽʣʴʥʝ ʨʽʚʥʷʥʥʷ ʇʘʥʘʩʶʢʘ ï 

ɸʥʜʨʝʡʢʽʚʘ ʜʣʷ  ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʠʯʥʦʛʦ ʨʦʟʤʽʨʫ ʜʦʚʞʠʥʠ 

ʪʨʽʱʠʥʠ. 

18.  ʗʢʘ ʤʽʮʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʚʚʘʞʘʻʪʴʩʷ ʪʝʦʨʝʪʠʯʥʦʶ? 

19.   ɺ ʯʦʤʫ ʧʦʣʷʛʘʻ ʷʚʠʱʝ ʤʘʩʰʪʘʙʥʦʛʦ ʝʬʝʢʪʫ? 

20.   ʗʢʘ ʧʨʠʯʠʥʘ ʨʦʟʭʦʜʞʝʥʴ ʤʽʞ ʪʝʦʨʝʪʠʯʥʦʶ ʪʘ 

ʨʝʘʣʴʥʦʶ ʤʽʮʥʽʩʪʶ? 

 

 

 

ʊɽʄɸ 10 (ʣʝʢʮʽʾ 20-23) 

ɿɻʀʅ ɹɸʃʆʂ 

10.1. ʇʦʧʝʨʝʯʥʘ ʩʠʣʘ ʽ ʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ 

ɺʠʚʯʝʥʥʷ ʜʝʬʦʨʤʘʮʽʾ ʟʛʠʥʫ ʤʘʻ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʫ 

ʨʦʟʨʘʭʫʥʢʘʭ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ. ʆʟʥʘʢʦʶ ʜʝʬʦʨʤʘʮʽʾ ʟʛʠʥʫ 

ʩʪʨʠʞʥʷ ʻ ʟʤʽʥʘ ʢʨʠʚʠʥʠ ʡʦʛʦ ʧʦʟʜʦʚʞʥʴʦʾ ʦʩʽ. ʉʪʨʠʞʥʽ, ʱʦ 

ʧʨʘʮʶʶʪʴ ʥʘ ʟʛʠʥ, ʥʘʟʠʚʘʶʪʴ ʙʘʣʢʘʤʠ. ɺ ʽʥʞʝʥʝʨʥʽʡ ʧʨʘʢʪʠʮʽ 

ʯʘʩʪʦ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥ ɹʪʘ ʧʨʦʛʠʥʽʚ ʫ 

ʙʘʣʢʘʭ. ʎʝ ʟʚôʷʟʘʥʦ ʟ ʧʨʦʝʢʪʫʚʘʥʥʷʤ ʨʽʟʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ 

ʩʧʦʨʫʜ, ʜʝ ʤʘʢʩʠʤʘʣʴʥʽ ʚʝʣʠʯʠʥʠ ʥʘʧʨʫʞʝʥʴ ʽ ʧʝʨʝʤʽʱʝʥʴ ʥʝ 

ʧʦʚʠʥʥʽ ʧʝʨʝʚʠʱʫʚʘʪʠ ʜʦʧʫʩʪʠʤʠʭ. ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʚʩʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ (ʘ ʦʪʞʝ ʽ ʨʝʘʢʮʽʾ ʦʧʦʨ), ʜʽʶʪʴ ʚ ʦʜʥʽʡ ʧʣʦʱʠʥʽ, 

ʟʛʠʥ ʥʘʟʠʚʘʶʪʴ ʧʣʦʩʢʠʤ. ʗʢʱʦ ʜʝʬʦʨʤʘʮʽʷ ʦʩʽ ʙʘʣʢʠ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʧʣʦʱʠʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʪʦ ʪʘʢʠʡ ʟʛʠʥ 

ʥʘʟʠʚʘʻʪʴʩʷ ʧʨʷʤʠʤ. ʂʦʣʠ ʞ ʚʠʢʨʠʚʣʝʥʥʷ ʦʩʽ ʙʘʣʢʠ ʥʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʧʣʦʱʠʥ ̔ʥʘʚʘʥʪʘʞʝʥʥʷ, ʪʦ ʪʘʢʠʡ ʟʛʠʥ ʥʘʟʠʚʘʶʪʴ 

ʢʦʩʠʤ. 
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ʅʘʟʚʘʥʽ ʚʠʜʠ ʟʛʠʥʫ ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ ʪʽʣʴʢʠ ʟʘ ʫʤʦʚʠ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʨʫʭʦʤʦʩʪʽ ʙʘʣʢʠ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ ʜʽʻʶ 

ʟʦʚʥʽʰʥʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʾʾ ʧʝʚʥʠʤ ʯʠʥʦʤ 

ʟʘʢʨʽʧʣʶʶʪʴ. ɯʩʥʫʻ ʪʨʠ ʦʩʥʦʚʥʠʭ ʪʠʧʠ ʟʘʢʨʽʧʣʝʥʥʷ:  

 

 

 

ʈʠʩ. 10.1 

 

ʘ) ʰʘʨʥʽʨʥʦ ï ʨʫʭʦʤʘ ʦʧʦʨʘ (ʨʠʩ. 10.1, ʘ), ʫ ʷʢʽʡ ʚʠʥʠʢʘʻ 

ʪʽʣʴʢʠ ʦʜʥʘ ʩʢʣʘʜʦʚʘ ʨʝʘʢʮʽʾ - 
yR , ʱʦ ʥʘʧʨʘʚʣʝʥʘ ʚʟʜʦʚʞ 

ʦʧʦʨʥʦʛʦ ʩʪʨʠʞʥʷ; 

     ʙ) ʰʘʨʥʽʨʥʦ ï ʥʝʨʫʭʦʤʘ ʦʧʦʨʘ (ʨʠʩ. 10.1, ʙ), ʫ ʷʢʽʡ ʤʦʞʫʪʴ 

ʚʠʥʠ- ʢʘʪʠ ʜʚʽ ʩʢʣʘʜʦʚʠʭ ʨʝʘʢʮʽʾ-ʚʝʨʪʠʢʘʣʴʥʘ 
yR  ʪʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʘ 
xR . 

     ʚ) ʞʦʨʩʪʢʝ ʟʘʱʝʤʣʝʥʥʷ (ʟʘʪʠʩʥʝʥʥʷ), ʜʝ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʪʨʠ 

ʩʢʣʘʜʦʚʽ - ʚʝʨʪʠʢʘʣʴʥʘ 
yR  ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʘ 

xR  ʨʝʘʢʮʽʾ, ʘ ʪʘʢʦʞ 

ʦʧʦʨʥʠʡ ʤʦʤʝʥʪ 
cM ( ʨʠʩ. 10.1, ʚ). 

ɯʩʥʫʶʪʴ ʽ ʽʥʰʽ ʪʠʧʠ ʟʘʢʨʽʧʣʝʥʴ (ʥʘʧʨʠʢʣʘʜ, ʧʨʫʞʥʽ 

ʟʘʢʨʽʧʣʝʥʥʷ), ʘʣʝ ʚʦʥʠ ʚ ʜʘʥʽʡ ʣʝʢʮʽʾ ʨʦʟʛʣʷʜʘʪʠʩʷ ʥʝ ʙʫʜʫʪʴ. 

ʈʦʟʛʣʷʜʘʶʯʠ ʙʘʣʢʫ, ʷʢʘ ʥʘʚʘʥʪʘʞʝʥʘ ʜʦʚʽʣʴʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 

(ʨʠʩ. 10.2,ʘ) ʜʦʩʣʽʜʠʤʦ, ʷʢʽ ʚʥʫʪʨʽʰʥʽ ʩʠʣʠ ʚʠʥʠʢʘʶʪʴ ʫ ʾʾ 

ʧʝʨʝʨʽʟʘʭ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʘʻʤʦ ʤʝʪʦʜ ʧʝʨʝʨʽʟʽʚ. 

ʈʦʟʛʣʷʜʘʶʯʠ ʨʽʚʥʦʚʘʛʫ ʧʨʘʚʦʾ ʽ ʣʽʚʦʾ ʯʘʩʪʠʥʠ ʙʘʣʢʠ, ʤʦʞʥʘ 

ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ ʨʽʚʥʦʚʘʛʠ ʜʽʶ 

y 

x 
A 

Ry 

ʘ) 

y 

x 
B 

Ry 
Rx 

ʙ) 

y 

x 

C 

Ry 

Rx 
MC 

ʚ) 
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ʚʽʜʢʠʥʫʪʦʾ ʯʘʩʪʠʥʠ ʧʦʪʨʽʙʥʦ ʟʘʤʽʥʷʪʠ ʦʜʥʽʻʶ ʨʽʚʥʦʜʽʡʥʦʶ 

ʩʠʣʦʶ ()Q x  ʪʘ ʦʜʥʽʻʶ ʧʘʨʦʶ ʟ ʨʽʚʥʦʜʽʡʥʠʤ ʤʦʤʝʥʪʦʤ ()M x . 

ʉʠʣʫ ()Q x  ʥʘʟʚʝʤʦ ʧʦʧʝʨʝʯʥʦʶ ʩʠʣʦʶ, ʘ ʤʦʤʝʥʪ ()M x  ï 

ʟʛʠʥʘʣʴʥʠʤ ʤʦʤʝʥʪʦʤ (ʨʠʩ. 10.2, ʙ). 

 

 

ʈʠʩ. 10.2 

 

ʇʦʧʝʨʝʯʥʘ ʩʠʣʘ ʻ ʨʽʚʥʦʜʽʡʥʦʶ ʚʥʫʪʨʽʰʥʽʭ ʩʠʣ, ʱʦ ʜʽʶʪʴ ʫ 

ʧʣʦʱʠʥʽ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ, ʘ ʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ  ̒

ʤʦʤʝʥʪʦʤ ʧʘʨʠ, ʫʪʚʦʨʝʥʦʾ ʚʥʫʪʨʽʰʥʽʤʠ ʩʠʣʘʤʠ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʤʠ ʜʦ ʧʣʦʱʠʥʠ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ. 

             ʆʪʞʝ, ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʧʨʷʤʦʛʦ ʟʛʠʥʫ ʚ ʧʦʧʝʨʝʯʥʠʭ 

ʧʝʨʝʨʽʟʘʭ ʙʘʣʢʠ ʚʠʥʠʢʘʶʪʴ ʜʚʘ ʚʥʫʪʨʽʰʥʽʭ ʩʠʣʦʚʠʭ ʬʘʢʪʦʨʠ: 

ʧʦʧʝʨʝʯʥʘ ʩʠʣʘ ()Q x  ʽ ʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ ()M x . ʊʘʢʠʡ ʟʛʠʥ 

ʥʘʟʠʚʘʻʪʴʩʷ ʧʦʧʝʨʝʯʥʠʤ. ɺ ʦʢʨʝʤʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʟʦʚʥʽʰʥʽ 

ʩʠʣʠ ʟʚʦʜʷʪʴʩʷ ʜʦ ʧʘʨʠ ʩʠʣ, ʘ ʧʦʧʝʨʝʯʥʘ ʩʠʣʘ ʜʦʨʽʚʥʶʻ ʥʫʣʝʚʽ, ʫ 

ʧʦʧʝʨʝʯʥʦʤʫ ʧʝʨʝʨʽʟʽ ʙʘʣʢʠ ʚʠʥʠʢʘʻ ʣʠʰʝ ʦʜʠʥ ʟʛʠʥʘʣʴʥʠʡ 
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ʤʦʤʝʥʪ M . ʊʘʢʠʡ ʟʛʠʥ ʥʘʟʠʚʘʻʪʴʩʷ ʯʠʩʪʠʤ ʟʛʠʥʦʤ. 

 

 

ʈʠʩ. 10.3 

 

ɿʥʘʢ ʧʦʧʝʨʝʯʥʦʾ ʩʠʣʠ ʧʦʚôʷʟʫʶʪʴ ʟ ʭʘʨʘʢʪʝʨʦʤ ʜʝʬʦʨʤʘʮʽʾ 

ʟʩʫʚʫ: ʷʢʱʦ ʮʷ ʩʠʣʘ ʥʘʤʘʛʘʻʪʴʩʷ ʟʩʫʥʫʪʠ ʣʽʚʫ ʯʘʩʪʠʥʫ ʙʘʣʢʠ 

ʚʽʜʥʦʩʥʦ ʧʨʘʚʦʾ ʜʦʛʦʨʠ (ʨʠʩ. 10.3, a), ʪʦ ʚʦʥʘ ʜʦʜʘʪʥʘ, ʚ 

ʧʨʦʪʠʣʝʞʥʦʤʫ ʚʠʧʘʜʢʫ ï ʚʽʜôʻʤʥʘ. ɿʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ 

ʚʚʘʞʘʶʪʴ ʜʦʜʘʪʥʽʤ, ʷʢʱʦ ʚ ʙʘʣʮʽ ʨʦʟʪʷʛʫʶʪʴʩʷ ʥʠʞʥʽ ʚʦʣʦʢʥʘ 

(ʨʠʩ. 10.3,ʙ) ʽ ʚʽʜôʻʤʥʠʤ ï ʧʨʠ ʚʠʛʠʥʽ ʙʘʣʢʠ ʦʧʫʢʣʽʩʪʶ ʜʦʛʦʨʠ 

(ʨʦʟʪʷʛʫʶʪʴʩʷ ʚʝʨʭʥʽ ʚʦʣʦʢʥʘ). 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ ʟʛʠʥʘʣʴʥʠʤ ʤʦʤʝʥʪʦʤ 

()M x , ʧʦʧʝʨʝʯʥʦʶ ʩʠʣʦ  ʁ ()Q x  ʪʘ ʨʦʟʧʦʜʽʣʝʥʠʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ ()q x  ʨʦʟʛʣʷʥʝʤʦ ʩʪʘʪʠʯʥʫ ʨʽʚʥʦʚʘʛʫ, ʚʠʨʽʟʘʥʦʛʦ 

ʟ ʙʘʣʢʠ ʝʣʝʤʝʥʪʘ ʜʦʚʞʠʥʦʶ dx, ʱʦ ʥʘʚʘʥʪʘʞʝʥʠʡ ʮʠʤʠ 

ʟʫʩʠʣʣʷʤʠ ʫ ʚʠʛʣʷʜʽ, ʟʦʙʨʘʞʝʥʦʤʫ ʥʘ ʨʠʩʫʥʢʫ  10.3, ʚ. ʇʨʠ 

ʮʴʦʤʫ, ʽ ʟʛʠʥʘʣʴʥʽ, ʽ ʧʦʧʝʨʝʯʥʽ ʩʠʣʠ, ʱʦ ʜʽʶʪʴ ʧʨʘʚʦʨʫʯ ʚʽʜ 

ʝʣʝʤʝʥʪʘ, ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʟʥʘʯʝʥʴ ʣʽʚʦʨʫʯ ʚʽʜ ʥʴʦʛʦ 

ʧʨʠʨʦʩʪʘʤʠ dM  ʽ dQ . 

ɿ ʫʤʦʚ ʨʽʚʥʦʚʘʛʠ ʝʣʝʤʝʥʪʘ ʚʽʜ ʜʽʾ ʧʨʠʢʣʘʜʝʥʠʭ ʜʦ ʥʴʦʛʦ ʫʩʽʭ 

ʥʘʚʘʥʪʘʞʝʥʴ, ʘ ʪʘʢʦʞ ʜʦʧʫʱʝʥʥʷ, ʱʦ ʨʦʟʧʦʜʽʣʝʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ 

()q x  ʥʘ ʤʘʣʦʤʫ ʚʽʜʨʽʟʢʫ dx ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʨʽʚʥʦʤʽʨʥʦ 

ʨʦʟʧʦʜʽʣʝʥʠʤ, ʦʜʝʨʞʫʻʤʦ: 
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ɿʚʽʜʢʠ 

                  

() () () ()

()
()

0: 0,

;

Y Q x q x dx Q x dQ x

dQ x
q x

dx

S = - + + + =

=- (10.1) 

() () () () ()
2

0: 0,
2

C

dx
M M x Q x dx q x M x dM xS = + - - - = 

ʟʚʽʜʢʠ, ʥʝʭʪʫʶʯʠ ʢʚʘʜʨʘʪʦʤ ʤʘʣʦʾ ʚʝʣʠʯʠʥʠ, ʦʜʝʨʞʠʤʦ  

()
()

dM x
Q x

dx
= .                                 (10.2) 

        ʇʨʦʜʠʬʝʨʝʥʮʽʶʚʘʚʰʠ ʚʠʨʘʟ (10.2) ʟʘ ʟʤʽʥʥʦʶ ʭ, ʽʟ 

ʚʨʘʭʫʚʘʥ- ʥʷʤ ʬʦʨʤʫʣʠ (10.1), ʦʜʝʨʞʠʤʦ 

()
()

2

2

d M x
q x

dx
=- .                                     (10.3) 

ɸʥʘʣʽʟ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ(10.1)- (10.3) ʚʝʜʝ ʜʦ 

ʥʘʩʪʫʧʥʠʭ ʚʠʩʥʦʚʢʽʚ: 

1. ʗʢʱʦ ʚʠʨʘʟʠ ʜʣʷ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ ʟʘʧʠʩʘʪʠ 

ʧʦʣʽʥʦʤʘʤʠ, ʪʦ ʩʪʝʧʽʥʴ ʧʦʣʽʥʦʤʘ ʜʣʷ ()M x  ʙʫʜʝ ʥʘ ʦʜʠʥʠʮʶ 

ʚʠʱʠʡ ʚʽʜ ʩʪʝʧʝʥʷ ʧʦʣʽʥʦʤʘ ʜʣʷ ()Q x , ʘ ʩʪʝʧʽʥʴ ʧʦʣʽʥʦʤʘ ʜʣʷ 

()Q x , ʫ ʩʚʦʶ ʯʝʨʛʫ, ʙʫʜʝ ʥʘ ʦʜʠʥʠʮʶ ʚʠʱʠʡ ʚʽʜ ʩʪʝʧʝʥʷ 

ʧʦʣʽʥʦʤʘ ʜʣʷ ()q x . 

2. ʗʢʱʦ ʥʘ ʧʝʚʥʦʤʫ ʚʽʜʨʽʟʢʫ ʙʘʣʢʠ ʚʽʜʩʫʪʥʻ ʨʦʟʧʦʜʽʣʝʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ - 0q= , ʪʦ ʥʘ ʮʴʦʤʫ ʞ ʚʽʜʨʽʟʢʫ ʧʦʧʝʨʝʯʥʘ ʩʠʣʘ ʻ 

ʩʪʘʣʦʶ - Q const= , ʘ ʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ ʻ ʣʽʥʽʡʥʦʶ ʬʫʥʢʮʽʻʶ; 

ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ - q const= , ʪʦ ʧʦʧʝʨʝʯʥʘ ʩʠʣʘ ʻ ʣʽʥʽʡʥʦʶ 

ʬʫʥʢʮʽʻʶ, ʘ ʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ ʧʦʣʽʥʦʤʦʤ ʜʨʫʛʦʛʦ ʩʪʝʧʝʥʷ. 

3. ʈʽʚʥʽʩʪʴ ʥʫʣʶ ʫ ʧʝʚʥʽʡ ʪʦʯʮʽ 
0x  ʧʦʧʝʨʝʯʥʦʾ ʩʠʣʠ 

( )0 0Q x =  ʻ ʫʤʦʚʦʶ ʝʢʩʪʨʝʤʘʣʴʥʦʩʪʽ ʟʛʠʥʘʣʴʥʦʛʦ ʤʦʤʝʥʪʫ - 
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()0 max,
min

M x M= . ʗʢʱʦ ʞ ʧʦʧʝʨʝʯʥʘ ʩʠʣʘ 0Q=  ʥʘ ʧʝʚʥʦʤʫ 

ʚʽʜʨʽʟʢʫ ʙʘʣʢʠ, ʪʦ ʪʦʜʽ ʥʘ ʮʴʦʤʫ ʚʽʜʨʽʟʢʫ ʤʦʤʝʥʪ M const=  

(ʚʠʧʘʜʦʢ ʯʠʩʪʦʛʦ ʟʛʠʥʫ). 

 

10.2. ʅʘʧʨʫʞʝʥʥʷ ʽ ʜʝʬʦʨʤʘʮʽʾ ʧʨʠ ʟʛʠʥ ̔

ʗʢ ʙʫʣʦ ʩʢʘʟʘʥʦ ʚʠʱʝ, ʧʨʠ ʧʦʧʝʨʝʯʥʦʤʫ ʟʛʠʥʽ ʚ ʧʝʨʝʨʽʟʘʭ 

ʙʘʣʢʠ ʚʠʥʠʢʘʶʪʴ ʧʦʧʝʨʝʯʥʘ ʩʠʣʘ Q  ʽ ʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ M , 

ʷʢʽ ʻ ʟʘ ʩʚʦʻʶ ʧʨʠʨʦʜʦʶ ʨʽʚʥʦʜʽʡʥʠʤʠ ʚʽʜʧʦʚʽʜʥʠʭ ʚʥʫʪʨʽʰʥʽʭ 

ʟʫʩʠʣʴ. 

ʇʦʧʝʨʝʯʥʘ ʩʠʣʘ Q, ʱʦ ʚʠʥʠʢʘʻ ʫ ʧʣʦʱʠʥʽ ʧʦʧʝʨʝʯʥʦʛʦ 

ʧʝʨʝʨʽʟʫ ʙʘʣʢʠ, ʻ ʨʽʚʥʦʜʽʡʥʦʶ ʝʣʝʤʝʥʪʘʨʥʠʭ ʜʦʪʠʯʥʠʭ ʟʫʩʠʣʴ 
yt 

(ʨʠʩ. 10.4, ʘ)  

() y

A

Q x dAt=ñ .                                    (10.4) 

ɿʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ M  ʻ ʨʽʚʥʦʜʽʡʥʦʶ ʤʦʤʝʥʪʽʚ 

ʝʣʝʤʝʥʪʘʨʥʠʭ ʥʦʨʤʘʣʴʥʠʭ ʟʫʩʠʣʴ 
xdAs  (ʨʠʩ. 10.4, ʙ) - 

() ·x

A

M x y dAs=ñ .                              (10.5) 

ɺʠʟʥʘʯʝʥʥʷ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ʥʘʧʨʫʞʝʥʴ 
yt ʽ 

xs  ʚ 

ʧʝʨʝʨʽʟʘʭ ʙʘʣʢʠ ʽʟ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ (10.4) ʽ (10.5) ʻ ʩʪʘʪʠʯʥʦ 

ʥʝʚʠʟʥʘʯʥʦʶ ʟʘʜʘʯʝʶ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ. ʊʦʤʫ ʚ ʦʧʦʨʽ ʤʘʪʝʨʽʘʣʽʚ 

ʢʦʨʠʩʪʫʶʪʴʩʷ ʥʘʙʣʠʞʝʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʧʝʚʥʠʭ 

ʛʽʧʦʪʝʟʘʭ ʱʦʜʦ ʭʘʨʘʢʪʝʨʫ ʨʦʟʧʦʜʽʣʫ ʥʘʧʨʫʞʝʥʴ 
yt ʽ 

xs  ʫ 

ʧʣʦʱʠʥʘʭ ʧʝʨʝʨʽʟʫ. 
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ʈʠʩ. 10.4 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʦʨʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ 
xs  ʨʦʟʛʣʷʥʝʤʦ 

ʚʠʧʘʜʦʢ ʯʠʩʪʦʛʦ ʟʛʠʥʫ, ʟʘ ʷʢʦʛʦ ʧʦʧʝʨʝʯʥʘ ʩʠʣʘ 0Q¹  ʽ ʤʦʞʫʪʴ 

ʙʫʪʠ ʩʧʨʘʚʝʜʣʠʚʠʤʠ ʥʘʩʪʫʧʥʽ ʛʽʧʦʪʝʟʠ: 

ï ʧʦʧʝʨʝʯʥʽ ʧʝʨʝʨʽʟʠ ʙʘʣʢʠ, ʧʣʦʩʢʽ ʽ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽ ʜʦ ʾʾ 
ʦʩʴʦʚʦʾ ʣʽʥʽʾ ʜʦ ʜʝʬʦʨʤʘʮʽʾ, ʟʘʣʠʰʘʶʪʴʩʷ ʧʣʦʩʢʠʤʠ ʽ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʤʠ ʜʦ ʮʽʻʾ ʣʽʥʽʾ ʽ ʧʽʩʣʷ ʜʝʬʦʨʤʘʮʽʾ 

(ʛʽʧʦʪʝʟʘ ʧʣʦʩʢʠʭ ʧʝʨʝʨʽʟʽʚ); 

ï ʧʦʟʜʦʚʞʥʽ ʚʦʣʦʢʥʘ ʙʘʣʢʠ ʧʨʠ ʾʾ ʜʝʬʦʨʤʘʮʽʾ ʟʘʟʥʘʶʪʴ 
ʪʽʣʴʢʠ ʧʨʦʩʪʦʛʦ ʨʦʟʪʷʛʫ ʘʙʦ ʩʪʠʩʢʫ, ʘʣʝ ʥʝ ʪʠʩʥʫʪʴ ʦʜʥʽ 

ʥʘ ʦʜʥʠʭ ʫ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ; 

ï ʜʝʬʦʨʤʘʮʽʾ ʚʦʣʦʢʦʥ ʧʦ ʰʠʨʠʥʽ ʧʝʨʝʨʽʟʫ ʥʝ ʟʤʽʥʶʪʁ ʩɹʷ, 

ʘ ʧʦ ʚʠʩʦʪʽ ʟʤʽʥʶʪʁʴʩʷ ʥʝʧʝʨʝʨʚʥʦ. 

ɺʠʭʦʜʷʯʠ ʽʟ ʧʝʨʰʦʾ ʛʽʧʦʪʝʟʠ, ʣʝʛʢʦ ʜʦʚʝʩʪʠ, ʱʦ 

ʜʝʬʦʨʤʘʮʽʾ ʧʦʟʜʦʚʞʥʽʭ ʚʦʣʦʢʦʥ ʙʘʣʢʠ ʤʘʶʪʴ ʟʤʽʥʶʚʘʪʠʩʷ 

ʧʨʦʧʦʨʮʽʡʥʦ ʟʘʣʝʞʥʦ ʚʽʜ ʚʽʜʩʪʘʥʽ y  ʜʦ ʥʝʡʪʨʘʣʴʥʦʾ ʦʩʽ ʩʪʨʠʞʥʷ, 

ʪʦʙʪʦ 
0·ye e= , ʜʝ 

0e ï ʚʝʣʠʯʠʥʘ, ʷʢʘ ʯʠʩʝʣʴʥʦ ʨʽʚʥʘ ʢʨʠʚʠʥʽk 

ʥʝʡʪʨʘʣʴʥʦʾ ʦʩʽ ʩʪʨʠʞʥʷ:  

e=k·y .                                          (10.6) 

ʜʝ k = 1/ɟ; ɟ ï ʨʘʜʽʫʩ ʢʨʠʚʠʥʠ ʥʝʡʪʨʘʣʴʥʦʾ ʦʩʽ ʩʪʨʠʞʥʷ. 
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ɼʨʫʛʘ ʛʽʧʦʪʝʟʘ ʝʢʚʽʚʘʣʝʥʪʥʘ ʫʤʦʚʽ, ʱʦ ʟʘ ʯʠʩʪʦʛʦ ʟʛʠʥʫ 

ʧʦʧʝʨʝʯʥʽ ʥʦʨʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ 
ys  ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ 

( )0ys = . ʊʦʙʪʦ, ʥʘ ʦʩʥʦʚʽ ʟʘʢʦʥʫ ɻʫʢʘ, ʥʦʨʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ʚ 

ʙʘʣʮʽ ʙʫʜʫʪʴ ʜʦʨʽʚʥʶʚʘʪʠ  

xs=kÖEy .                                       (10.7) 

ʇʽʜʩʪʘʚʠʚʰʠ ʚʠʨʘʟ (10.7) ʫ ʨʽʚʥʷʥʥʷ (10.5), ʦʪʨʠʤʘʻʤʦ  

M =k 2

A

E y dA=ñ kÖ
zEI ,                            (10.8) 

ʜʝ 2

z

A

I y dA=ñ  ï ʦʩʴʦʚʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ 

ʚʽʜʥʦʩʥʦ ʦʩʽ Oz 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ (10.8) ʤʦʞʥʘ ʧʝʨʝʧʠʩʘʪʠ ʚ ʽʥʰʦʤʫ 

ʚʠʛʣʷʜʽ: 

k
z

M

EI
= ,                                          (10.9) 

ʷʢʝ ʱʝ ʥʘʟʠʚʘʶʪʴ ʟʘʢʦʥʦʤ ɻʫʢʘ ʟʘ ʟʛʠʥʫ. 

ʆʙôʻʜʥʘʚʰʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (10.7) ʪʘ (10.9), ʦʪʨʠʤʘʻʤʦ 

ʚʠʨʘʟ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʦʨʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ ʫ ʙʘʣʮʽ: 

·x

z

M
y

I
s = .                                         (10.10) 

ɿ ʦʜʝʨʞʘʥʦʾ ʬʦʨʤʫʣʠ ʚʠʜʥʦ, ʱʦ ʥʘʡʙʽʣʴʰʽ ʨʦʟʪʷʛʫʚʘʣʴʥʽ 

ʪʘ ʩʪʠʩʢʫʚʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ʚʠʥʠʢʘʶʪʴ ʫ ʥʘʡʚʽʜʜʘʣʝʥʽʰʠʭ ʚʽʜ 

ʥʝʡʪʨʘʣʴʥʦʾ ʦʩʽ ʙʘʣʢʠ ʪʦʯʢʘʭ. ʗʢʱʦ ʧʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ 

ʩʠʤʝʪʨʠʯʥʠʡ ʚʽʜʥʦʩʥʦ ʦʩʽ Oz, ʪʦ ʤʽʞ ʟʛʘʜʘʥʠʤʠ ʥʘʧʨʫʞʝʥʥʷʤʠ 

ʽʩʥʫʻ ʟʘʣʝʞʥʽʩʪʴ: 

( ) ( ) maxmax minx x

z z

M M
y

I W
s s=- = =,                  (10.11) 

ʜʝ 
max/z zW I y=  ï ʦʩʴʦʚʠʡ ʤʦʤʝʥʪ ʦʧʦʨʫ ʧʝʨʝʨʽʟʫ ʙʘʣʢʠ. 
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ɼʣʷ ʙʘʣʢʠ ʧʨʷʤʦʢʫʪʥʦʛʦ ʧʝʨʝʨʽʟʫ: max
2

h
y = , 

3

12
z

bh
I = , 

2

6
z

bh
W = . ɼʣʷ ʙʘʣʢʠ ʢʨʫʛʣʦʛʦ ʧʝʨʝʨʽʟʫ (ʜʽʘʤʝʪʨʦʤ d ) 

3 3/32 0,1W d dp= º . ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʝʨʽʟʽʚ ʙʘʣʦʢ ʽʥʰʦʾ 

ʬʦʨʤʠ (ʪʨʠʢʫʪʥʠʢ, ʰʚʝʣʝʨ, ʜʚʦʪʘʚʨ ʪʦʱʦ) ʧʦʜʘʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

ʪʘʙʣʠʮʴ ʚ ʨʽʟʥʠʭ ʜʦʚʽʜʥʠʢʘʭ, ʘ ʪʘʢʦʞ ʫ ʪʘʙʣ. 4.1. 

ʆʪʨʠʤʘʥʽ ʚʠʨʘʟʠ ʜʣʷ ʥʦʨʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ ʧʨʠ ʯʠʩʪʦʤʫ 

ʟʛʠʥʽ ʫ ʚʠʧʘʜʢʫ ʧʦʧʝʨʝʯʥʦʛʦ ʟʛʠʥʫ, ʢʦʣʠ 0Q¸ , ʚʞʝ ʥʝ ʙʫʜʫʪʴ 

ʪʦʯʥʠʤʠ. ʎʝ ʧʦʚôʷʟʘʥʦ ʽʟ ʪʠʤ, ʱʦ ʜʣʷ ʧʦʧʝʨʝʯʥʦʛʦ ʟʛʠʥʫ 

ʛʽʧʦʪʝʟʘ ʧʣʦʩʢʠʭ ʧʝʨʝʨʽʟʽʚ ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ. ɸʣʝ, ʷʢ ʧʦʢʘʟʘʣʠ 

ʪʦʯʥʽʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʨʽʚʥʷʥʴ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ, 

ʬʦʨʤʫʣʦʶ (10.10) ʤʦʞʥʘ ʢʦʨʠʩʪʫʚʘʪʠʩʴ ʽ ʫ ʚʠʧʘʜʢʘʭ 

ʧʦʧʝʨʝʯʥʦʛʦ ʟʛʠʥʫ, ʧʽʜʩʪʘʚʠʚʰʠ ʚ ʥʝʾ ʟʘʤʽʩʪʴ ʩʪʘʣʦʛʦ 

ʟʛʠʥʘʣʴʥʦʛʦ ʤʦʤʝʥʪʫ ʟʤʽʥʥʠʡ ʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ ()M x  ï 

()
·

z

M x
y

I
s= .                                      (10.12) 

ʇʦʭʠʙʢʘ, ʷʢʘ ʧʨʠ ʮʴʦʤʫ ʜʦʧʫʩʢʘʻʪʴʩ,̫ ʥʝ ʧʝʨʝʚʠʱʫʚʘʪʠʤʝ 

2%, ʷʢʱʦ ʚʽʜʥʦʰʝʥʥʷ ʜʦʚʞʠʥʠ ʧʨʦʛʦʥʫ l  ʜʦ ʚʠʩʦʪʠ ʧʝʨʝʨʽʟʫ h  

ʙʫʜʝ ʟʘʜʦʚʦʣʴʥʷʪʠ ʥʝʨʽʚʥʽʩʪʴ 4 5l h² ·. ʇʨʦʪʝ ʪʘʢʘ ʦʮʽʥʢʘ 

ʩʧʨʘʚʝʜʣʠʚʘ ʪʽʣʴʢʠ ʜʣʷ ʽʟʦʪʨʦʧʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɼʣʷ ʘʥʽʟʦʪʨʦʧʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʧʦʭʠʙʢʘ ʬʦʨʤʫʣʠ (10.12) ʤʦʞʝ ʙʫʪʠ ʟʥʘʯʥʦ ʙʽʣʴʰʦʶ. 

ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʜʝʨʝʚôʷʥʦʾ (ʩʦʩʥʦʚʦʾ) ʙʘʣʢʠ ʚʦʥʘ ʤʦʞʝ (ʧʨʠ 

4l h=  ʽ ʨʽʟʥʠʭ ʨʦʟʧʦʜʽʣʝʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ) ʧʝʨʝʚʠʱʫʚʘʪʠ 

15 20%· . ʋ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʨʦʟʚôʷʟʢʠ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ, ʘʙʦ ʪʦʯʥʽʰʽ ʨʽʚʥʷʥʥʷ ʟʛʠʥʫ ʙʘʣʦʢ.  

ɿʘ ʨʦʟʨʘʭʫʥʢʫ ʙʘʣʢʠ ʥʘ ʤʽʮʥʽʩʪʴ ʟ ʥʝʚʠʩʦʢʠʤ ʨʽʚʥʝʤ 

ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʾʾ ʤʽʮʥʽʩʪʴ ʙʫʜʝ 

ʟʘʙʝʟʧʝʯʝʥʘ, ʢʦʣʠ ʟʘʜʦʚʦʣʴʥʷʻʪʴʩʷ ʫʤʦʚʘ ʤʽʮʥʦʩʪʽ ʜʣʷ 

ʤʘʢʩʠʤʘʣʴʥʠʭ ʥʦʨʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʫ ʾʾ 

ʥʝʙʝʟʧʝʯʥʦʤʫ ʧʝʨʝʨʽʟʽ  

[]maxs s¢ . 
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ʇʽʜʩʪʘʚʠʚʰʠ ʟʥʘʯʝʥʥʷ 
maxs  ʽʟ ʬʦʨʤʫʣʠ (10.11), ʦʜʝʨʞʠʤʦ 

ʫʤʦʚʫ ʤʽʮʥʦʩʪʽ ʜʣʷ ʙʘʣʢʠ ʟ ʩʠʤʝʪʨʠʯʥʠʤ ʧʝʨʝʨʽʟʦʤ: 

[]maxM

W
s¢ .                                 (10.13) 

ɿ ʮʽʻʾ ʫʤʦʚʠ ʚʠʧʣʠʚʘʻ ʫʤʦʚʘ ʧʽʜʙʦʨʫ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ 

ʙʘʣʢʠ:                                    

[]
maxM

W
s

² .                                    (10.14) 

ɿʘ ʦʜʝʨʞʘʥʠʤ ʯʠʩʣʦʚʠʤ ʟʥʘʯʝʥʥʷʤ ʦʩʴʦʚʦʛʦ ʤʦʤʝʥʪʫ 

ʦʧʦʨʫ ʧʽʜʙʠʨʘʻʤʦ ʚʽʜʧʦʚʽʜʥʠʡ ʩʪʘʥʜʘʨʪʥʠʡ ʧʨʦʬʽʣʴ ʘʙʦ 

ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʨʷʤʦʢʫʪʥʦʛʦ ʯʠ ʢʨʫʛʣʦʛʦ ʧʝʨʝʨʽʟʽʚ. 

ʗʢʱʦ ʞ ʧʝʨʝʨʽʟ ʥʝʩʠʤʝʪʨʠʯʥʠʡ, ʪʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʝʥʰʠʡ ʟ ʜʚʦʭ 

ʤʦʤʝʥʪʽʚ ʦʧʦʨʫ ʧʝʨʝʨʽʟʫ. ʋ ʚʠʧʘʜʢʫ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʥʝʦʜʥʘʢʦʚʦ 

ʧʨʘʮʶʻ ʥʘ ʨʦʟʪʷʛ ʽ ʩʪʠʩʢ, ʧʝʨʝʚʽʨʢʫ ʥʘ ʤʽʮʥʽʩʪʴ ʥʝʦʙʭʽʜʥʦ 

ʨʦʙʠʪʠ ʦʢʨʝʤʦ ʜʣʷ ʢʦʞʥʦʛʦ ʚʠʜʫ ʜʝʬʦʨʤʘʮʽʾ ʟʘ ʚʽʜʧʦʚʽʜʥʠʤʠ 

ʜʦʧʫʩʪʠʤʠʤʠ ʥʘʧʨʫʞʝʥʥʷʤʠ. 

 

10.3. ɼʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ʟʘ ʧʦʧʝʨʝʯʥʦʛʦ ʟʛʠʥʫ ʙʘʣʢʠ. 

ʌʦʨʤʫʣʘ ɾʫʨʘʚʩʴʢʦʛʦ 

ʇʦʧʝʨʝʯʥʠʡ ʟʛʠʥ ʙʘʣʢʠ ʚʠʢʣʠʢʘʻ ʫ ʾʾ ʧʦʧʝʨʝʯʥʠʭ 

ʧʝʨʝʨʽʟʘʭ ʜʽʶ ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ 
yt, ʨʽʚʥʦʜʽʡʥʦʶ ʷʢʠʭ ʻ 

ʧʝʨʝʨʽʟʫʶʯʘ ʩʠʣʘ Q. ʌʦʨʤʫʣʠ ʨʦʟʧʦʜʽʣʫ ʮʠʭ ʥʘʧʨʫʞʝʥʴ 

ʟʥʘʭʦʜʷʪʴʩʷ ʤʝʪʦʜʘʤʠ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ. ɰʭ ʘʥʘʣʽʟ ʧʦʢʘʟʫʻ, ʱʦ 

ʩʫʪʪʻʚʠʭ ʟʥʘʯʝʥʴ ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ʜʦʩʷʛʘʶʪʴ ʫ 

ʪʦʥʢʦʩʪʽʥʥʠʭ ʧʝʨʝʨʽʟʘʭ ʪʘ ʫ ʧʝʨʝʨʽʟʘʭ ʬʦʨʤʠ ʚʠʩʦʢʠʭ ʽ ʚʫʟʴʢʠʭ 

ʧʨʷʤʦʢʫʪʥʠʢʽʚ. ɺʧʝʨʰʝ ʝʣʝʤʝʥʪʘʨʥʠʤ ʤʝʪʦʜʦʤ, ʙʝʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʚʥʷʥʥʷ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ, ʬʦʨʤʫʣʫ ʜʣʷ ʜʦʪʠʯʥʠʭ 

ʥʘʧʨʫʞʝʥʴ ʚʠʚʽʚ ʫʯʝʥʠʡ ɼ.ɯ. ɾʫʨʘʚʩʴʢʠʡ (1856 ʨ.). ʎʝ ʩʪʘʣʦ 

ʤʦʞʣʠʚʠʤ ʟʘ ʩʧʨʘʚʝʜʣʠʚʦʩʪʽ ʛʽʧʦʪʝʟʠ, ʱʦ ʚʦʥʠ ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ 

ʨʽʚʥʦʤʽʨʥʦ ʧʦ ʰʠʨʠʥʽ ʧʝʨʝʨʽʟʫ (ʨʠʩ. 10.5, ʘ) ʽ ʜʣʷ ʥʠʭ 

ʟʘʣʠʰʘʻʪʴʩʷ ʩʧʨʘʚʝʜʣʠʚʦʶ ʛʽʧʦʪʝʟʘ ʧʘʨʥʦʩʪʽ ʜʦʪʠʯʥʠʭ 
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ʥʘʧʨʫʞʝʥʴ ( )x yt t= . ʌʦʨʤʫʣʘ ʜʣʷ ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ 

ʥʦʩʠʪʴ ʥʘʟʚʫ ʬʦʨʤʫʣʠ ɾʫʨʘʚʩʴʢʦʛʦ, ʱʦ ʤʘʻ ʚʠʛʣʷʜ:  

*

Z
y

Z

QS

bI
t= ,                                    (10.15) 

ʜʝ ï Q  ï ʧʝʨʝʨʽʟʫʶʯʘ ʩʠʣʘ ʚ ʜʘʥʦʤʫ ʧʝʨʝʨʽʟʽ; *

ZS  ï ʩʪʘʪʠʯʥʠʡ 

ʤʦʤʝʥʪ ʚʽʜʥʦʩʥʦ ʥʝʡʪʨʘʣʴʥʦʾ ʦʩʽ ʚʜ̔ʩ̔ʯʝʥʦʾ ʧʣʦʱʽ; 
ZI  ï ʦʩʴʦʚʠʡ 

ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʧʝʨʝʨʽʟʫ ʚʽʜʥʦʩʥʦ ʥʝʡʪʨʘʣʴʥʦʾ ʦʩʽ; b  ï ʰʠʨʠʥʘ 

ʧʝʨʝʨʽʟʫ. 

 

ʈʠʩ. 10. 5 

 

ʋ ʚʠʧʘʜʢʫ ʧʨʷʤʦʢʫʪʥʠʢʘ ʟ ʚʠʩʦʪʦʶ h  ʪʘ ʰʠʨʠʥʦʶ b  

(ʨʠʩ.10.5, ʙ) ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʪʘ ʩʪʘʪʠʯʥʠʡ ʤʦʤʝʥʪ ʯʘʩʪʠʥʠ 

ʧʝʨʝʨʽʟʫ ʚʽʜʥʦʩʥʦ ʥʝʡʪʨʘʣʴʥʦʾ ʦʩʽ z  ʜʦʨʽʚʥʶʶʪʴ 

( )
2/ 23 2

*

2

2
; 1 .

12 8

h

z z

y

ybh bh
² S btdt

h

å õ
æ ö= = = -
æ ö
ç ÷

ñ             (10.16) 

ɺʠʨʘʟ (10.15) ʜʣʷ ʜʦʪʠʯʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ 
yt ʥʘʙʫʜʝ 

ʚʠʛʣʷʜʫ  

( )
2

2

23
1

2
y

yQ

bh h
t

å õ
æ ö= -
æ ö
ç ÷

.                             (10.17) 
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ɸʥʘʣʽʟ ʬʦʨʤʫʣʠ (10.17) ʧʦʢʘʟʫʻ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʽ ʜʦʪʠʯʥʽ 

ʥʘʧʨʫʞʝʥʥʷ ʚʠʥʠʢʘʶʪʴ ʥʘ ʥʝʡʪʨʘʣʴʥʽʡ ʦʩʽ ʙʘʣʢʠ ʽ ʜʦʨʽʚʥʶʶʪʴ: 

max

3 3

2 2

Q Q

bh A
t = = .                                       (10.18) 

ɼʣʷ ʢʨʫʛʣʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʨʘʜʽʫʩʘ r  (ʨʠʩ. 10.6) 

ʚʽʜʧʦʚʽʜʥʽ ʚʝʣʠʯʠʥʠ ʫ ʬʦʨʤʫʣʽ ɾʫʨʘʚʩʴʢʦʛʦ (10.15) ʙʫʜʫʪʴ 

ʜʦʨʽʚʥʶʚʘʪʠ: 

( )
3

* 2 2 2 2 2
2

2 ,
3

r r

Z

y y

S tdA t r t dt r y= = - = -ñ ñ  

() 2 22 ,dA b t dt r t dt= = -   () 2 22 ,b t r t= -    
4

,
4

Z

r
I
p
=  

ʘ ʢʽʥʮʝʚʠʡ ʚʠʨʘʟ ʜʣʷ ʜʦʪʠʯʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ 
yt ʤʘʻ 

ʚʠʛʣʷʜ: 

( )2 2

3
y

Z

Q
r y

I
t= - .                                 (10.19) 

 

ʈʠʩ. 10.6 

 

ɿ ʬʦʨʤʫʣʠ (10.16) ʣʝʛʢʦ ʦʪʨʠʤʘʪʠ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

ʜʦʪʠʯʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʚ ʢʨʫʛʣʦʤʫ ʧʝʨʝʨʽʟʽ, ʧʦʢʣʘʚʰʠ 0y= : 
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max 2

4 4

3 3

Q Q

r A
t

p
= = .                                   (10.20) 

ʇʦʨʽʚʥʷʥʥʷ ʬʦʨʤʫʣ (10.16)-(10.20) ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ ʧʦʢʘʟʫʻ, ʱʦ ʾʭ ʧʦʭʠʙʢʠ ʥʝ 

ʧʝʨʝʚʠʱʫʶʪʴ 5 %. ʊʦʤʫ ʮʽ ʬʦʨʤʫʣʠ ʟ ʜʦʩʪʘʪʥʴʦʶ ʪʦʯʥʽʩʪʶ 

ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʫ ʨʦʟʨʘʭʫʥʢʘʭ ʙʘʣʦʢ ʥʘ ʤʽʮʥʽʩʪʴ. 

 

10.4. ɿʽʛʥʫʪʘ ʚʽʩʴ ʙʘʣʢʠ ʪʘ ʾʾ ʜʠʬʝʨʝʥʮʽʘʣʥɹʝ ʨʽʚʥʷʥʥʷ 

ʇʦʧʝʨʝʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʟʛʠʥʘʶʪʴ ʙʘʣʢʫ, ʜʝʬʦʨʤʫʶʪʴ 

ʾʾ ʧʦʟʜʦʚʞʥʶ ʚʽʩʴ, ʧʝʨʝʪʚʦʨʶʶʯʠ ʾʾ ʚ ʜʝʷʢʫ ʢʨʠʚʫ (ʨʠʩ. 10.7). 

ʇʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʙʘʣʦʢ ʥʘ ʞʦʨʩʪʢʽʩʪʴ ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʧʨʦʛʠʥ ʫ 

ʨʽʟʥʠʭ ʪʦʯʢʘʭ ʥʘ ʦʩʽ ʙʘʣʢʠ, ʘ ʤʘʢʩʠʤʘʣʴʥʠʡ ʧʨʦʛʠʥ ʥʝ ʧʦʚʠʥʝʥ 

ʧʝʨʝʚʠʱʫʚʘʪʠ ʜʦʧʫʩʪʠʤʦʛʦ. 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʚʠʚʝʩʪʠ ʜʠʬʝʨʝʥʮʽʘʣʥɹʝ ʨʽʚʥʷʥʥʷ ʣʽʥ̔ʾ 

ʧʨʦʛʠʥʽʚ ʙʘʣʢʠ (ʘʙʦ ʧʨʫʞʥʦʾ ʣʽʥʽʾ), ʩʢʦʨʠʩʪʘʻʤʦʩʴ ʟʘʣʝʞʥʽʩʪʶ 

(10.6) ʤʽʞ ʢʨʠʚʠʥʦʶ i ʽ ʟʛʠʥʘʣʴʥʠʤ ʤʦʤʝʥʪʦʤ M . ʋ ʮʽʡ 

ʨʽʚʥʦʩʪʽ ʢʨʠʚʠʥʫ ʧʨʫʞʥʦʾ ʣʽʥʽʾ ʤʦʞʥʘ ʥʘʙʣʠʞʝʥʦ ʟʘʤʽʥʠʪʠ 

ʜʨʫʛʦʶ ʧʦʭʽʜʥʦʶ ʚʽʜ ʧʨʦʛʠʥʽʚ ʙʘʣʢʠ 

() ()x y xk ¡¡º . 

ʇʦʭʠʙʢʘ ʮʴʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʝʢʚʽʚʘʣʝʥʪʥʘ ʚʝʣʠʯʠʥʽ ()
2

y¡  ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʦʜʠʥʠʮʝʶ. ɺ ʨʝʟʫʣʴʪʘʪʽ, ʜʠʬʝʨʝʥʮʽʘʣʥɹʝ ʨʽʚʥʷʥʥʷ 

ʟʽʛʥʫʪʦʾ ʦʩʽ ʙʘʣʢʠ ʙʫʜʝ ʤʘʪʠ ʚʠʛʣʷʜ 

() ()EIy x M x¡¡= .                            (10.21) 

 

ʗʢʱʦ ʚʽʩʴ ʦʨʜʠʥʘʪ 

Oy  ʥʘʧʨʘʚʣʝʥʘ ʚʥʠʟ, 

ʪʦ ʫ ʨʽʚʥʷʥʥʽ (10.21) 

ʧʝʨʝʜ ʚʝʣʠʯʠʥʦʶ 

ʟʛʠʥʘʣʴʥʦʛʦ ʤʦʤʝʥʪʫ 

()M x  ʥʝʦʙʭʽʜ-ʥʦ 

 

ʈʠʩ. 10.7 
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ʧʦʩʪʘʚʠʪʠ ʟʥʘʢ ñïò. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʥʘʢʠ ʟʛʠʥʘʣʴʥʦʛʦ 

ʤʦʤʝʥʪʫ ()M x ʪʘ ʜʨʫʛʦʾ ʧʦʭʽʜʥʦʾ ()y x¡¡ ʨʽʟʥʽ. ɯʥʪʝʛʨʫʶʯʠ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ (10.21), ʦʜʝʨʞʠʤʦ ʨʽʚʥʷʥʥʷ ʟʽʛʥʫʪʦʾ 

ʦʩʽ ʙʘʣʢʠ ʫ ʚʠʛʣʷʜʽ  

() () () ()0 0 ·EIy x EIy EIy x x¡= + +F,              (10.22) 

ʜʝ                  () ()( )
0

x

x M t x t dtF = -ñ ; EI const= . 

ɼʠʬʝʨʝʥʮʽʶʶʯʠ ʨʽʚʥʷʥʥʷ (10.22) ʟʘ ʟʤʽʥʥʦʶ x , 

ʦʜʝʨʞʫʻʤʦ ʨʽʚʥʷʥʥʷ ʢʫʪʽʚ ʧʦʚʦʨʦʪʫ ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʨʽʟʽʚ 

ʟʽʛʥʫʪʦʾ ʦʩʽ ʙʘʣʢʠ 

() () ()0EIy x EIy x¡ ¡ ¡= +F .                       (10.23) 

ʉʪʘʣʽ ʽʥʪʝʛʨʫʚʘʥʥʷ ()0y  ʪʘ ()0y¡  ʤʘʶʪʴ, ʚʽʜʧʦʚʽʜʥʦ 

ʬʽʟʠʯʥʠʡ ʟʤʽʩʪ ʧʨʦʛʠʥʫ ʙʘʣʢʠ ʪʘ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʾʾ ʧʝʨʝʨʽʟʫ ʚ 

ʧʦʯʘʪʢʫ ʢʦʦʨʜʠʥʘʪʥʦʾ ʩʠʩʪʝʤʠ. ɰʭ ʧʨʠʡʥʷʪʦ ʥʘʟʠʚʘʪʠ ʱʝ 

ʧʦʯʘʪʢʦʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

ʌʫʥʢʮʽʷ ()xF  ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ ʙʘʣʢʠ. ʋ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʥʘʚʘʥʪʘʞʝʥʴ, ʷʢʽ ʯʘʩʪʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʥʘ 

ʧʨʘʢʪʠʮʽ, ʾʾ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ 

()
( )

( ) ( ) ( )
2

2 3
3 4 4

0 0·
2! 3! 2! 3! 4!

i i i i

i i i

M x a F qx x
x M Q x b x c x d

-
è øF = + + + - + - - -
ê úä ä ä ,(10.

24) 

ʜʝ 
ia , 

ib  ï ʚʽʜʩʪʘʥʽ ʜʦ ʪʦʯʦʢ ʧʨʠʢʣʘʜʘʥʥʷ ʟʦʩʝʨʝʜʞʝʥʠʭ 

ʤʦʤʝʥʪʽʚ 
iM  ʪʘ ʩʠʣ 

iF ; ,i ic d  ï ʚʽʜʩʪʘʥʽ ʜʦ ʧʦʯʘʪʢʫ ʪʘ ʢʽʥʮʷ 

ʧʨʠʢʣʘʜʘʥʥʷ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 
iq . 

ʋ ʨʽʚʥʷʥʥʽ (10.24) ʩʠʣʘ 
0Q ʽ ʤʦʤʝʥʪ 

0M  ʜʽʶʪʴ ʫ ʧʝʨʝʨʽʟʽ, 

ʷʢʠʡ ʩʧʽʚʧʘʜʘʻ ʟ ʧʦʯʘʪʢʦʤ ʢʦʦʨʜʠʥʘʪ. ɿʥʘʢʠ ñ+ò ʯʠ ñïò ʧʝʨʝʜ 

ʫʩʽʤʘ ʚʝʣʠʯʠʥʘʤʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʦʛʦ, ʫ ʷʢʦʤʫ ʥʘʧʨʷʤʢʫ ʙʫʜʝ 

ʧʝʨʝʤʽʱʫʚʘʪʠʩʴ ʚʽʜ ʾʭ ʜʽʾ ʧʦʯʘʪʦʢ ʢʦʦʨʜʠʥʘʪ ʧʨʫʞʥʦʾ ʣʽʥʽʾ 

ʙʘʣʢʠ. ʈʽʚʥʷʥʥʷ ʧʝʨʝʤʽʱʝʥʴ ʧʨʫʞʥʦʾ ʣʽʥʽʾ ʙʘʣʢʠ (10.22), ʢʫʜʠ 

ʚʭʦʜʠʪʴ ʬʫʥʢʮʽʷ ʥʘʚʘʥʪʘʞʝʥʴ ʫ ʚʠʛʣʷʜʽ (10.24), ʥʘʟʠʚʘʻʪʴʩʷ 
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ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʨʽʚʥʷʥʥʷʤ ʧʨʦʛʠʥʽʚ. ʇʦʯʘʪʢʦʚʽ ʧʘʨʘʤʝʪʨʠ ()0y , 

()0y¡ , 
0Q  ʪʘ 

0M  ʚʠʟʥʘʯʘʶʪʴ ʟ ʫʤʦʚ ʥʘ ʦʧʦʨʘʭ ʙʘʣʢʠ. 

ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʢʦʥʩʦʣʽ (ʨʠʩ. 10.6) ʙʫʜʝ: ()0 0y = ; ()0 0y¡ = ; 

0Q F= ; 
0M Fl=-. ʊʦʜʽ, ʚʠʭʦʜʷʯʠ ʽʟ ʥʘʚʝʜʝʥʠʭ ʜʘʥʠʭ, ʨʽʚʥʷʥʥʷ 

ʧʨʦʛʠʥʽʚ ʢʦʥʩʦʣʽ ʤʘʪʠʤʝ ʚʠʛʣʷʜ: 

() 2 32 6EIy x Flx Fx=- + .                         (10.25) 

ɼʠʬʝʨʝʥʮʽʶʶʯʠ ʮʝʡ ʚʠʨʘʟ ʜʣʷ ʧʨʦʛʠʥʽʚ, ʜʽʩʪʘʥʝʤʦ 

ʨʽʚʥʷʥʥʷ ʢʫʪʽʚ ʧʦʚʦʨʦʪʫ ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʨʽʟʽʚ ʢʦʥʩʦʣʽ  

() 2 2EIy x Flx Fx¡ =- + .                           (10.26) 

ʅʘ ʚʽʣʴʥʦʤʫ ʢʥ̔ʮʽ ʢʦʥʩʦʣʽ, ʧʨʠ x l= , ʤʘʻʤʦ: 

() 31

3
AEIy l EIf Fl= =- ;           

3

3
A

Fl
f

EI
=- ; 

() 21

2
AEIy l EI Fl¡ = Q =- ;         

2

2
A

Fl

EI
Q =- . 

ɿʥʘʢ ñïò ʜʣʷ ʧʝʨʝʤʽʱʝʥʥʷ 
Af  ʦʟʥʘʯʘʻ, ʱʦ ʚʦʥʦ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʥʘʧʨʷʤʢʫ ʧʨʦʪʠʣʝʞʥʦʤʫ ʜʦ ʜʦʜʘʪʥʦʛʦ ʥʘʧʨʷʤʢʫ 

ʦʩʽ Oy . 

ɺʽʜôʻʤʥʠʡ ʟʥʘʢ ʢʫʪʘ 
AQ  ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʢʽʥʮʝʚʠʡ ʧʝʨʝʨʽʟ 

ʢʦʥʩʦʣʽ ʧʦʚʝʨʪʘʻʪʴʩʷ ʟʘ ʭʦʜʦʤ ʩʪʨʽʣʢʠ ʛʦʜʠʥʥʠʢʘ. 

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʫʥʢʮʽʾ ()xF  ʚ 

ʫʥʽʚʝʨʩʘʣʴʥʦʤʫ ʨʽʚʥʷʥʥʽ ʧʨʦʛʠʥʽʚ, ʪʦ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʥʘ ʫʚʘʟʽ, 

ʱʦ ʚʨʘʭʫʚʘʥʥʷ ʢʦʞʥʦʛʦ ʟ ʯʣʝʥʽʚ ʫ ʥʴʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʫʤʦʚ: 

{ }, , ,i i i ix a b c d² . 

ʇʨʠʢʣʘʜ 1. ɼʣʷ ʟʘʜʘʥʦʾ ʢʦʥʩʦʣʴʥʦʾ ʙʘʣʢʠ ʧʦʙʫʜʫʚʘʪʠ 

ʝʧʶʨʠ ʧʦʧʝʨʝʯʥʠʭ ʩʠʣ ʽ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ (ʨʠʩ. 10.8). 
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ʈʠʩ. 10.8 

ɼʽʣʷʥʢʘ ɸ ï ɺ: 0 1,0x¢ ¢ . 20A BQ F ʢʅ- =- =- ; 

    0AM = ;   20BM F ʢʅʤ=- =- . 

ɼʽʣʷʥʢʘ ɺ ï ʉ:    0 1.0x¢ ¢ ; () 20 60Q x F qx x=- + =- +; 

    20BQ ʢʅ=- ; 40CQ ʢʅ= ; ()0 020 60 0Q x x=- + =, 

0 0.33x ʤ= .  

    () ( ) ( )
2

21 20 1 30
2

qx
M x F x x x=- + + =- + +; 

    20BM ʢʅʤ=- , 10CM ʢʅʤ= ,                                                 

()0 min 23.4M x M ʢʅʤ= =- . 
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ɼʽʣʷʥʢʘ ʉ ï D:   1.0 20 60 40C DQ F q êÍ- =- + Ö =- + =. 

    
2

2.0 40 90 50 80
2

C

ql
M F M êÍ ì=- Ö + + =- + + =, 

    3.0 1.0 1.5 60 30 50 20DM F q M êÍ ì=- Ö + Ö Ö + =- + + =. 

ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʙʫʜʫʻʤʦ ʝʧʶʨʠ 

() (),Q x M x  (ʨʠʩ. 10.8). 

ʇʨʠʢʣʘʜ 2. ɼʣ̫ ʟʘʜʘʥʦʾ ʙʘʣʢʠ (ʨʠʩ. 10.9) ʧʽʜʽʙʨʘʪʠ 

ʜʚʦʪʘʚʨʦʚʠʡ, ʢʨʫʛʣʠʡ ʽ ʧʨʷʤʦʢʫʪʥʠʡ ʧʝʨʝʨʽʟʠ (ʧʨʠʡʤʘʶʯʠ ʜʣʷ 

ʧʨʷʤʦʢʫʪʥʦʛʦ ʧʝʨʝʨʽʟʫ ʚʽʜʥʦʰʝʥʥʷ ʚʠʩʦʪʠ ʜʦ ʰʠʨʠʥʠ / 2h b= ) ʽ 

ʧʦʨʽʚʥʷʪʠ ʚʘʛʫ ʦʜʥʦʛʦ ʤʝʪʨʘ ʜʦʚʞʠʥʠ ʢʦʞʥʦʛʦ ʧʨʦʬʽʣʶ. 

ɺʠʢʦʥʘʪʠ ʧʦʚʥʫ ʧʝʨʝʚʽʨʢʫ ʤʽʮʥʦʩʪʽ ʜʚʦʪʘʚʨʦʚʦʾ ʙʘʣʢʠ ʽ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʪʦʜ ʧʦʯʘʪʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʟʦʙʨʘʟʠʪʠ 

ʧʨʫʞʥʫ ʣʽʥʽʶ. 

ʄʘʪʝʨʽʘʣ ʙʘʣʢʠ ï ʩʪʘʣʴ ʉʪ3, 52 10E ʄʇʘ= Ö , 

[]160ʄʇʘs= ,   50M ʢʅʤ= ,   20 /q ʢʅ ʤ= ,   40F ʢʅ= . 

ʇʦʙʫʜʦʚʘ ʝʧʶʨ ʧʦʧʝʨʝʯʥʠʭ ʩʠʣ ʽ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ. 

ɺʠʟʥʘʯʠʤʦ ʦʧʦʨʥʽ ʨʝʘʢʮʽʾ. ʇʨʠʡʤʘʻʤʦ ʥʘʧʨʷʤ ʜʚʦʭ 

ʨʝʘʢʮʽʡ ɸ ʪʘ ɺ ʚʛʦʨʫ ʽ ʟʘʧʠʩʫʻʤʦ ʫʤʦʚʠ ʨʽʚʥʦʚʘʛʠ: 

0AM =ä : 4 5 4.5 5 0B M q FÖ + - Ö Ö - Ö =, 

ʟʚʽʜʢʠ                 
50 20 5 4.5 40 5

150
4

B ʢʅ
- + Ö Ö + Ö
= = .               

ʈʝʘʢʮʽʷ ɺ ʥʘʧʨʷʤʣʝʥʘ ʚʛʦʨʫ. 

0BM =ä : 4 5 0.5 1 0yA M q FÖ - + Ö Ö + Ö =, 

ʟʚʽʜʢʠ                   
50 20 5 0.5 40

10
4

yA ʢʅ
- Ö Ö -

= =- . 

ʈʝʘʢʮʽʷ yA  ʥʘʧʨʷʤʣʝʥʘ ʥʝ ʚʛʦʨʫ, ʷʢ ʙʫʣʦ ʧʨʠʡʥʷʪʦ, ʘ ʚʥʠʟ. 

ʇʝʨʝʚʽʨʢʘ:   0Y=ä : 10 20 5 40 150 0- - Ö - + =. 

ɿʥʘʭʦʜʠʤʦ ʭʘʨʘʢʪʝʨʥʽ ʟʥʘʯʝʥʥʷ ʦʨʜʠʥʘʪ ʝʧʶʨ Q ʽ ʄ ʥʘ ʦʢʨʝʤʠʭ 

ʜʽʣʷʥʢʘʭ ʙʘʣʢʠ. 

 ɼʽʣʷʥʢʘ ɸ ï ʉ: 
10 2x¢ ¢: 

               10A C yQ A ʢʅ- = =- ; ()1 1·yM x A x= ; 

               0AM = , 2 20CM A ʢʅʤ= Ö =- ; 
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ʈʠʩ. 10.9 

 

ɼʽʣʷʥʢʘ ʉ ï ɺ: 
20 2x¢ ¢: 

               ( )2 2 210 20yQ x A qx x= - =- -; 

               10CQ êÍ=- , 10 20 2 50BQ ʢʅ=- - Ö =-; 

              ( ) ( ) ( )
2

22
2 2 2 22 10 2 50 10

2
y

qx
M x A x M x x= + - - =- + - -; 

              10 2 50 70CM ʢʅʤ=- Ö - =- ; 

               210 4 50 10 2 130BM ʢʅʤ=- Ö - - Ö =-. 

ɼʽʣʷʥʢʘ ʂ ï ɽ: 
30 2x¢ ¢: 

               ()3 3 320Q x qx x= = ; 

               0EQ = , 20 2 40KQ ʢʅ= Ö = ; 

               ()
2

23
3 310

2

qx
M x x=- =- , 0EM = ;  

4 

y 
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               210 2 40KM ʢʅʤ=- Ö =- . 

ɼʽʣʷʥʢʘ ʂ ï ɺ : 
42 3x¢ ¢: 

               () ( ) ( )4 4 42 20 2 40Q x q x F x= + + = + +;  

               ( )
( )

( )4

4 4

2 2
2

2

q x
M x F x

+
= - -;  

               20 2 40 80KQ ʢʅ= Ö + = ,  

               20 3 40 100BQ ʢʅ= Ö + = ; 

               210 2 40KM ʢʅʤ=- Ö =- ; 

               210 3 40 1 130BM ʢʅʤ=- Ö - Ö =-. 

ɿʘ ʦʜʝʨʞʘʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʙʫʜʫʻʤʦ ʝʧʶʨʠ ()Q x  ʽ ()M x  

(ʨʠʩ. 10.9). ɽʧʶʨʠ ʜʣʷ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ ()M x  ʚʽʜʢʣʘʜʘʻʤʦ 

ʟʽ ʩʪʦʨʦʥʠ ʨʦʟʪʷʛʥʫʪʠʭ ʚʦʣʦʢʦʥ. 

 

ʇʽʜʙʽʨ ʧʝʨʝʨʽʟʽʚ ʟ ʫʤʦʚʠ ʤʽʮʥʦʩʪʽ ʟʘ ʥʦʨʤʘʣʴʥʠʤʠ 

ʥʘʧʨʫʞʝʥʥʷʤʠ 

ɼʣʷ ʧʽʜʙʦʨʫ ʧʝʨʝʨʽʟʽʚ ʩʢʦʨʠʩʪʘʻʤʦʩʴ ʬʦʨʤʫʣʦʶ (10.14) 

[]
maxM

W
s

² . 

ʅʘʡʙʽʣʴʰʠʡ ʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ ʟʘ ʘʙʩʦʣʶʪʥʦʶ 

ʚʝʣʠʯʠʥʦʶ 
max 130M êÍ ì=  ʚʠʥʠʢʘʻ ʚ ʧʝʨʝʨʽʟʽ ɺ. ʊʦʜʽ 

ʥʝʦʙʭʽʜʥʠʡ ʦʩʴʦʚʠʡ ʤʦʤʝʥʪ ʦʧʦʨʫ ʧʝʨʝʨʽʟʫ ʙʫʜʝ 

6 3 3

3

130
812 10 812

160 10
W ʤ ʩʤ-² = Ö =

Ö
. 

ʇʽʜʙʠʨʘʻʤʦ ʧʝʨʝʨʽʟʠ: 

ʘ) ʜʚʦʪʘʚʨʦʚʠʡ  ̂ˉ40 (ɻʆʉʊ 8239), ʜʣʷ ʷʢʦʛʦ  
3947W ʩʤ= , 271.4A ʩʤ= , 418930zI ʩʤ= ; 

ʙ) ʢʨʫʛʣʠʡ, ʜʽʘʤʝʪʨʦʤ d: 

0 3 30.1 812W d ʩʤ= = , 3
812

20.1
0.1

d ʩʤ= = , 

2
23.14 20.1

318
4

A ʩʤ
Ö

= = ; 
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ʚ) ʧʨʷʤʦʢʫʪʥʠʡ, ʟ ʚʽʜʥʦʰʝʥʥʷʤ ʚʠʩʦʪʠ ʜʦ ʰʠʨʠʥʠ 2
h

b
= : 

2 3
32

812
6 3

bh b
W ʩʤ= = = , 3

3 812
10.7

2
b ʩʤ

Ö
= = , 21.4h ʩʤ= , 

210.7 21.4 228A ʩʤ= Ö = . 

ɺʽʜʥʦʰʝʥʥʷ ʧʣʦʱ ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʨʽʟʽʚ ʙʫʜʝ: 

1 2 3: : 71,4:228:318 1:3,2:4,45A A A= = . 

ʊʦʙʪʦ, ʚʘʛʘ ʦʜʥʦʛʦ ʤʝʪʨʘ ʧʨʷʤʦʢʫʪʥʦʛʦ ʧʝʨʝʨʽʟʫ 

ʩʪʘʥʦʚʠʪʴ 320%, ʘ ʚʘʛʘ ʦʜʥʦʛʦ ʤʝʪʨʘ ʢʨʫʛʣʦʛʦ ʧʝʨʝʨʽʟʫ 445% ʚʽʜ 

ʚʘʛʠ ʧʝʨʝʨʽʟʫ ʜʚʦʪʘʚʨʦʚʦʛʦ. 

 

ʇʝʨʝʚʽʨʢʘ ʟʚʝʜʝʥʠʭ ʥʘʧʨʫʞʝʥʴ ʟʘ ʪʝʦʨʽʻʶ ʤʽʮʥʦʩʪʽ 

ʥʘʡʙʽʣʴʰʠʭ ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ 

ʅʝʙʝʟʧʝʯʥʠʤ ʻ ʧʝʨʝʨʽʟ ʙʘʣʢʠ ʧʨʘʚʦʨʫʯ ʚʽʜ ʦʧʦʨʠ ɺ, ʫ 

ʷʢʦʤʫ 130M ʢʅʤ=  ʽ 100Q ʢʅ= . 

ʋʤʦʚʘ ʤʽʮʥʦʩʪʽ ʟʘ ʪʝʦʨʽʻʶ ʤʽʮʥʦʩʪʽ ʤʘʢʩʠʤʘʣʴʥʠʭ 

ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʤʘʻ ʚʠʛʣʷʜ 

[]2 2

. 4åêâ ²²²s s t s= + ¢ , 

ʜʝ s ʽ t ï ʥʦʨʤʘʣʴʥʝ ʽ ʜʦʪʠʯʥʝ ʥʘʧʨʫʞʝʥʥʷ ʫ ʥʝʙʝʟʧʝʯʥʦʤʫ 

ʧʝʨʝʨʽʟʽ ʥʘ ʧʝʨʝʭʦʜʽ ʚʽʜ ʩʪʽʥʢʠ ʜʦ ʧʦʣʠʯʢʠ ʜʚʦʪʘʚʨʘ. 

ʎʽ ʥʘʧʨʫʞʝʥʥʷ ʜʦʨʽʚʥʶʶʪʴ: 
3 2

5

. 8 2

130 10 18.7 10
1280 10 128

18930 10
ʩʪ

z

M ʅ
y ʄʇʘ

I ʤ
s

-

-

Ö Ö Ö
= = = Ö =

Ö
; 

( )
max

max,
· 2

ʧʦʣ
ʧʦʣ

z

QS bt
S h t

d I
t= = -. 

ʊʫʪ 
zI - ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʜʚʦʪʘʚʨʘ; d ï ʰʠʨʠʥʘ ʩʪʽʥʢʠ ʜʚʦʪʘʚʨʘ; h 

ï ʚʠʩʦʪʘ ʜʚʦʪʘʚʨʘ; b, t ï ʰʠʨʠʥʘ ʽ ʪʦʚʱʠʥʘ ʧʦʣʠʯʢʠ ʜʚʦʪʘʚʨʘ; 

.ñòy -ʦʨʜʠʥʘʪʘ ʪʦʯʢʠ ʧʝʨʝʭʦʜʫ ʚʽʜ ʩʪʽʥʢʠ ʜʦ ʧʦʣʠʯʢʠ. 

ʉʧʦʯʘʪʢʫ ʟʥʘʭʦʜʠʤʦ ʩʪʘʪʠʯʥʠʡ ʤʦʤʝʥʪ ʧʦʣʠʯʢʠ ʚʽʜʥʦʩʥʦ 

ʥʝʡʪʨʘʣʴʥʦʾ ʦʩʽ ʧʝʨʝʨʽʟʫ ʆʭ (ʨʠʩ. 10.9): 

315.5 1.3
38.7 390

2
ʧʦʣS ʩʤ

Ö
= Ö = . 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʜʦʪʠʯʥʝ ʥʘʧʨʫʞʝʥʥʷ tʥʘ ʧʝʨʝʭʦʜʽ ʚʽʜ ʧʦʣʠʯʢʠ ʜʦ 

ʩʪʽʥʢʠ ʜʚʦʪʘʚʨʘ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ  

 
3 6

5

2 8 2

100 10 390 10
257 10 25,7

0.8 10 18930 10

ʅ
ʄʇʘ

ʤ
t

-

- -

Ö Ö Ö
= = Ö =

Ö Ö Ö
. 

ɽʢʚʽʚʘʣʝʥʪʥʝ ʥʘʧʨʫʞʝʥʥʷ ʟʘ ʪʝʦʨʽʻʶ 

ʤʽʮʥʦʩʪʽ ʥʘʡʙʽʣʴʰʠʭ ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ  
2 2 2

. 10 1,28 4 0,257 137,5åêâ ²²²s = + Ö =  ʄʇʘ, 

ʦʪʞʝ [].ʝʢʚ ɯɯɯs s< . 

 

ʇʦʙʫʜʦʚʘ ʧʨʫʞʥʦʾ ʣʽʥʽʾ 

ɺʠʙʠʨʘʻʤʦ ʢʦʦʨʜʠʥʘʪʥʫ ʩʠʩʪʝʤʫ ʟ 

ʧʦʯʘʪʢʦʤ ʥʘ ʣʽʚʽʡ ʦʧʦʨʽ ʙʘʣʢʠ, ʚʽʩʴ 

ʧʨʦʛʠʥʽʚ y  ʥʘʧʨʷʤʣʷʻʤʦ ʚʥʠʟ.  

ʄʘʻʤʦ ()0 0y =  ʽ ()4 0y = . 

ɼʣʷ 2 4x¢ ¢: 

() () ( ) ( )
2 430 2 2

2! 3! 4!
z z

M A q
EI y x EI y x x x x¡= + - - + -. 

ɿ ʫʤʦʚʠ ʨʽʚʥʦʩʪʽ ʥʫʣʝʚʽ ʧʨʦʛʠʥʫ ʚ ʦʧʦʨʽ ɺ ʙʘʣʢʠ 

ʟʥʘʭʦʜʠʤʦ ʚʝʣʠʯʠʥʫ ()0zEI y¡  ʟ ʨʽʚʥʷʥʥʷ: 

() () 2 3 450 10 20
4 0 4 2 4 2 0,

2 6 24
z zEI y EI y¡= Ö + Ö + Ö + Ö = 

ʟʚʽʜʢʠ ï () 20 55zEI y ʢʅʤ¡ =- . 

ɼʣʷ 2 4x¢ ¢ ʨʽʚʥʷʥʥʷ ʧʨʫʞʥʦʾ ʣʽʥʽʾ ʥʘʙʫʜʝ ʚʠʛʣʷʜʫ: 

() ( ) ( )
2 4355 25 2 1,67 0.83 2zEI y x x x x x=- + - + + -. 

ɼʣʷ ʩʝʨʝʜʠʥʠ ʧʨʦʛʦʥʫ ( )2x=  ʦʜʝʨʞʠʤʦ: 

() 3 32 55 2 1,67 2 96,7zEI y ʢʅʤ=- Ö + Ö =- , 

()
3

2

11 8

96,7 10
2 0,26 10 0,26

2 10 18930 10
y ʤ ʩʤ-

-

Ö
=- =- Ö =-

Ö Ö Ö
.  

ʎʝʡ ʧʨʦʛʠʥ ʥʘʧʨʷʤʣʝʥʠʡ ʚʛʦʨʫ. 

ɼʣʷ 5 7x¢ ¢ ʨʚ̔ʥʥ̫ʥʷ ʧʨʫʞʥʦʾ ʣʽʥʽʾ ʙʫʜʝ: 

 
ʈʠʩ. 10.10 
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() ( ) ( ) ( ) ( )
2 4 3 33 150 40

55 25 2 1,67 0,83 2 4 5
6 6

zEI y x x x x x x x=- + - + + - - - + -

 

 

 
ʈʠʩ. 10.11 

 

 

ɼʣʷ ʢʽʥʮʷ ʙʘʣʢʠ 7x=  ʦʜʝʨʞʠʤʦ: 

() 2 3 4 3 3 37 55 7 25 5 1.67 7 0.83 5 25 3 6.67 2 710.3zEI y ʢʅʤ=- Ö + Ö + Ö + Ö - Ö + Ö =

 

()
3

2

max 11 8

710 10
7 1,88 10 1,88

2 10 18930 10
y y ʤ ʩʤ-

-

Ö
= = = Ö =

Ö Ö Ö
. 

ʇʨʦʛʠʥ ʢʽʥʮʷ ʙʘʣʢʠ ʥʘʧʨʷʤʣʝʥʠʡ ʚʥʠʟ (ʨʠʩ. 10.11).  

 

10.5. ɿʛʠʥ ʙʘʣʢʠ ʥʘ ʧʨʫʞʥ̔ʡ ʦʩʥʦʚʽ 

ʈʦʟʨʘʭʫʥʦʢ ʩʪʨʽʯʢʦʚʠʭ ʬʫʥʜʘʤʝʥʪʽʚ ʙʫʜʽʚʝʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʧʦʢʨʠʪʴ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ ʪʘ ʘʝʨʦʜʨʦʤʽʚ, ʨʝʡʦʢ 

ʪʘ ʰʧʘʣ ʟʘʣʽʟʥʠʯʥʠʭ ʢʦʣʽʡ, ʱʦ ʣʝʞʘʪʴ ʥʘ ʧʨʫʞʥʠʭ ʦʩʥʦʚʘʭ, 

ʚʠʤʘʛʘ ̒ʟʥʘʥʥʷ ʟʘʢʦʥʽʚ ʨʦʟʧʦʜʽʣʫ ʨʝʘʢʪʠʚʥʦʛʦ ʪʠʩʢʫ ʮʠʭ ʦʩʥʦʚ. 

ʇʽʜ ʧʨʫʞʥʠʤʠ ʦʩʥʦʚʘʤʠ ʨʦʟʫʤʽʶʪʴ ʪʘʢʽ ʦʩʥʦʚʠ, ʷʢʽ ʧʽʜ ʜʽʻʶ 

ʟʦʚʥʽʰʥʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʚʣʘʩʥʦʾ ʚʘʛʠ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʫʞʥʦ 

ʧʨʦʪʠʜʽʶʪʴ ʾʭ ʧʨʦʛʠʥʘʤ (ʨʠʩ.10.12, ʘ).  

ɯʩʥʫʶʪʴ ʨʽʟʥʽ ʤʦʜʝʣʽ ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ ʟʛʘʜʘʥʠʤʠ 

ʧʨʦʛʠʥʘʤʠ ʪʘ ʨʝʘʢʮʽʻʶ ʧʨʫʞʥʦʾ ʦʩʥʦʚʠ. ʆʜʥʽʻʶ ʽʟ ʥʘʡʧʨʦʩʪʽʰʠʭ 

ʤʦʜʝʣʝʡ, ʘ ʪʦʤʫ ʡ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ, ʻ ʤʦʜʝʣʴ ʌʫʩʩʘ ï ɺʽʥʢʣʝʨʘ. 

ʋʧʝʨʰʝ ʮʶ ʤʦʜʝʣʴ ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʄ.ʌʫʩʩ (1801) ʪʘ ɽ.ɺʽʥʢʣʝʨ 

(1867). ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʥʝʶ ʨʝʘʢʮʽʷ ʧʨʫʞʥʦʾ ʦʩʥʦʚʠ ʥʘ ʙʘʣʢʫ ʚ 
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ʢʦʞʥʽʡ ʪʦʯʮʽ ʧʨʦʧʦʨʮʽʡʥʘ ʜʦ ʧʨʦʛʠʥʫ ʙʘʣʢʠ, ʘʣʝ ʧʨʦʪʠʣʝʞʥʘ ʟʘ 

ʥʘʧʨʷʤʦʤ: 

() ()p x k y x= Ö ,                                             (10.27) 

 ʜʝ  ()y x - ʧʨʦʛʠʥ ʙʘʣʢʠ; 
2

í
k

ì

è ø
é ù
ê ú

- ʢʦʝʬʽʮʽʻʥʪ 

ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ,

  
ʈʠʩ. 10.12 

 

ʚʽʜʥʝʩʝʥʠʡ ʜʦ ʦʜʠʥʠʯʥʦʾ ʰʠʨʠʥʠ ʧʽʜʦʰʚʠ ʙʘʣʢʠ, ʷʢʠʡ ʱʝ 

ʥʘʟʠʚʘʶʪʴ ʧʦʛʦʥʥʠʤ  ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʦʩʪʝʣʽ. ʇʦʛʦʥʥʠʡ  

ʢʦʝʬʽʮʽʻʥʪ ʧʦʩʪʝʣʽ ʚʠʟʥʘʯʘʶʪʴ ʷʢ ʜʦʙʫʪʦʢ  ʢʦʝʬʽʮʽʻʥʪʘ 

ʧʦʜʘʪʣʠʚʦʩʪʽ ˇʨʫʥʪʫ (ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʩʪʝʣʽ) 1 3

í
k

ì

è ø
é ù
ê ú

 ʥʘ ʰʠʨʠʥʫ 

ʧʽʜʦʰʚʠ ʙʘʣʢʠ b [ʤ] -   

1k k b= . 

ʂʦʝʬʽʮ̔̒ ʥʪ ʧʦʩʪʝʣʽ 
1k  ʚʠʟʥʘʯʘʻʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 

ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʩʪʝʣʽ 
1k  ʜʣʷ ʜʝʷʢʠʭ  ˇʨʫʥʪʽʚ ʥʘʚʝʜʝʥʽ ʚ 

ʪʘʙʣ.10.1. 
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ʊʘʙʣʠʮ̫ 10.1. ʂʦʝʬʽʮʽʻʥʪʠ 
1k  

ʇʨʫʞʥʘ ʦʩʥʦʚʘ 
1 , /k Mí ì 3  

 

ʇʣʠʚʫʥ 

ʇʽʩʦʢ, ʛʨʘʚʽʡ 

ʑʽʣʴʥʠʡ ʧʽʩʦʢ 

ʋʪʨʘʤʙʦʚʘʥʘ ʦʩʥʦʚʘ 

ʄôʷʢʘ ʩʢʘʣʘ 

ʉʢʘʣʘ  

 

1é5 

5é50 

50é100 

100é200 

200é1000 

1000é.15000 

 

 ɼʘʥʘ ʤʦʜʝʣʴ ʻ ʪʽʣʴʢʠ ʜʝʷʢʠʤ  ʥʘʙʣʠʞʝʥʥʷʤ ʜʦ ʨʝʘʣʴʥʦʾ 

ʨʦʙʦʪʠ ʦʩʥʦʚʠ ʽ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʧʝʚʥʘ ʩʠʩʪʝʤʘ ʦʢʨʝʤʠʭ, 

ʥʝ ʟʚôʷʟʘʥʠʭ ʤʽʞ ʩʦʙʦʶ, ʧʨʫʞʠʥ ʟ ʣʽʥʽʡʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 
k  (10.12, ʙ). ʈʘʟʦʤ ʟ ʪʠʤ, ʮʝ ʽ ʻ ʦʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʜʘʥʦʾ 

ʤʦʜʝʣʽ, ʙʦ ʚʦʥʘ ʥʝ ʚʨʘʭʦʚʫʻ ʨʦʟʧʦʜʽʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʩʥʦʚʠ ʽ 

ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʘʚʠʱʝʥʠʭ ʟʥʘʯʝʥʴ ʤʘʢʩʠʤʘʣʴʥʠʭ 

ʥʘʧʨʫʞʝʥʴ ʫ ʙʘʣʮʽ. ɭʜʠʥʠʤ ʚʠʧʘʜʢʦʤ, ʜʝ ʤʦʜʝʣʴ ʌʫʩʩʘ - 

ɺʽʥʢʣʝʨʘ ʻ ʪʦʯʥʦʶ, ʢʦʣʠ ʧʦʛʦʥʥʘ ʨʝʘʢʮʽʷ ʦʩʥʦʚʠ ʩʪʚʦʨʶʻʪʴʩʷ 

ʛʽʜʨʘʚʣʽʯʥʠʤ ʪʠʩʢʦʤ ʨʽʜʠʥʠ,  

ʥʘ ʷʢʽʡ ʣʝʞʠʪʴ ʙʘʣʢʘ (ʪʫʪ 
1k g= -ʧʠʪʦʤʘ ʚʘʛʘ ʨʽʜʠʥʠ), ʘ ʧʦʚʥʘ 

ʨʝʘʢʮʽʷ ʜʦʨʽʚʥʶʻ ʧʽʜʡʦʤʥʽʡ ʩʠʣʽ ɸʨʭʽʤʝʜʘ. 

ʊʦʯʥʽʰʠʤʠ ʟʘ ʤʦʜʝʣʴ ʌʫʩʩʘ - ɺʽʥʢʣʝʨʘ ʻ ʤʦʜʝʣʽ, ʱʦ 

ʦʧʠʩʫʶʪʴʩʷ ʜʚʦʤʘ ʘʙʦ ʜʝʢʽʣʴʢʦʤʘ ʫʟʘʛʘʣʴʥʝʥʠʤʠ ʧʨʫʞʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʎʝ ʤʦʜʝʣʽ ʇ.ʃ.ʇʘʩʪʝʨʥʘʢʘ, ɺ.ɿ.ɺʣʘʩʦʚʘ, 

ʄ.ʄ.ʃʝʦʥʪʴʻʚʘ, ʄ.ʄ.ʌʽʣʦʥʝʥʢʘ-ɹʦʨʦʜʠʯʘ ʪʘ ʽʥʰʽ, ʘʣʝ ʚʦʥʠ ʻ 

ʟʥʘʯʥʦ ʩʢʣʘʜʥʽʰʠʤʠ, ʪʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʽʣʴʢʠ ʚ 

ʩʧʝʮʽʘʣʴʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ. 

       ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʟʘʜʘʯʘ ʧʨʦ ʟʛʠʥ ʙʘʣʢʠ ʩʪʘʣʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ 

ʧʝʨʝʨʽʟʫ, ʱʦ ʣʝʞʠʪʴ ʚʽʥʢʣʝʨʦʚʽʡ ʦʩʥʦʚʽ (ʨʠʩ.10.12, ʘ). ɹʘʣʢʘ 

ʥʘʚʘʥʪʘʞʝʥʘ ʨʦʟʧʦʜʽʣʝʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ()q x  ʪʘ ʨʝʘʢʮʽʻʶ 

ʦʩʥʦʚʠ ()p x . ɼʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʧʨʦʛʠʥʽʚ ʪʘʢʦʾ ʙʘʣʢʠ 

ʦʜʝʨʞʠʤʦ, ʧʽʜʩʪʘʚʠʚʰʠ ʫ ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ (10.3) 

ʟʥʘʯʝʥʥʷ ʟʛʠʥʘʣʴʥʦʛʦ ʤʦʤʝʥʪʫ (10.21), ʟʘ ʫʤʦʚʠ, ʱʦ ʚʽʩʴ ʆy 

ʥʘʧʨʘʚʣʝʥʘ ʚʥʠʟ ʽ ʟʥʘʢ ʜʨʫʛʦʾ ʧʦʭʽʜʥʦʾ ()y x¡¡ ʙʫʜʝ ʚʽʜôʻʤʥʠʤ ʟʘ 

ʜʦʜʘʪʥʦʛʦ ʟʛʠʥʘʣʴʥʦʛʦ ʤʦʤʝʥʪʫ ()M x .ʊʦʙʪʦ,  
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()EIy M x¡¡=- ,  ʘ   ()EIy Q x¡¡¡=-  .                       (10.28) 

ʇʨʦʜʠʬʝʨʝʥʮʽʶʚʘʚʰʠ ʦʩʪʘʥʥʶ ʟʘʣʝʞʥʽʩʪʴ (10.28) ʟʘ ʟʤʽʥʥʦʶ 

ʭ, ʪʘ ʚʨʘʭʦʚʫʶʯʠ ʨʽʚʥʷʥʥʷ (10.1), ʦʪʨʠʤʘʻʤʦ 

 

() () ()IVEIy x q x p x= - .                        (10.29) 

ʇʽʜʩʪʘʚʠʚʰʠ ʚ ʨʽʚʥʷʥʥʷ (10.29) ʟʘʣʝʞʥʽʩʪʴ (10.27), 

ʦʜʝʨʞʠʤʦ ʥʘʩʪʫʧʥʝ ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ 

() ()
()44IV

q x
y x a y x

EI
+ = ,                         (10.30) 

ʜʝ                      4
4

1
4

4

k k
a ʘʙʦ a

EI EI ʤ

è ø
= = é ù

ê ú
. 

 

ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʨʦʟʚôʷʟʢʫ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ 

(10.30) ʨʦʟʛʣʷʥʝʤʦ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʙʝʟʤʝʞʥʦ ʜʦʚʛʘ ʙʘʣʢʘ 

ʥʘʚʘʥʪʘʞʝʥʘ ʟʦʩʝʨʝʜʞʝʥʦʶ ʩʠʣʦʶ ʈ (ʨʠʩ.10.13), ʘ ʨʦʟʧʦʜʽʣʝʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜʩʫʪʥʻ ()( )0q x ¹ . ɿʘ ʪʘʢʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʨʽʚʥʷʥʥʷ (10.30) ʟʚʦʜʠʪʴʩʷ ʜʦ ʚʠʛʣʷʜʫ 

() ()44 0IVy x a y x+ =.                         (10.31) 

 
 

ʈʠʩ. 10.13 

 

ɿʘʛʘʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ ʙʫʜʝ ʥʘʩʪʫʧʥʠʤ 

 

() ( )

( )

sin cos

sin cos .

ax

ax

y x e A ax B ax

e C ax D ax-

= + +

+ +
                  (10.32) 

ʊʫʪ ʩʪʘʣʽ ɸ,ɺ,ʉ,D  ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʥʘ 

ʢʽʥʮʷʭ ʙʘʣʢʠ, ʘʙʦ ʽʥʰʠʭ ʫʤʦʚ. ɼʣʷ ʥʝʩʢʽʥʯʝʥʥʦ ʜʦʚʛʦʾ ʙʘʣʢʠ, ʟ 

ʫʤʦʚʠ ʦʙʤʝʞʝʥʦʩʪʽ ʧʝʨʝʤʽʱʝʥʴ ()y x  ʪʘ ʩʫʤʘʨʥʦʾ ʨʝʘʢʮʽʾ ʦʩʥʦʚʠ 
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ʜʣʷ x­+¤, ʥʝʦʙʭʽʜʥʦ ʧʦʢʣʘʩʪʠ ʥʫʣʶ ʩʪʘʣʽ ʽʥʪʝʛʨʫʚʘʥʥʷ 

0A B= =. ɺ ʨʝʟʫʣʴʪʘʪʽ, ʧʨʦʛʠʥʠ ʚ ʙʝʟʤʝʞʥʦ ʚʽʜʜʘʣʝʥʠʭ ʪʦʯʢʘʭ 

ʤʘʶʪʴ ʙʫʪʠ ʙʣʠʟʴʢʠʤʠ ʜʦ ʥʫʣʷ, ʘ ʩʫʤʘʨʥʦʾ ʨʝʘʢʮʽʷ ʤʘʻ 

ʜʦʨʽʚʥʶʚʘʪʠ ʩʠʣʽ ʈ. 

 ɿʘ ʮʠʤʠ ʫʤʦʚʘʤʠ ʧʝʨʰʠʡ ʜʦʜʘʥʦʢ ʚʠʨʘʟʫ (10.32) 

ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʚ ʥʫʣʴ. ʆʪʞʝ, ʚʠʨʘʟ ʜʣʷ ʧʨʦʛʠʥʽʚ ʤʦʞʝ ʙʫʪʠ 

ʟʘʧʠʩʘʥʠʡ ʫ ʚʠʛʣʷʜʽ 

                                () ( )sin cos .axy x e C ax D ax-= +             

(10.33) 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʣʠʭ  ʉ  ʽ  D  ʥʝʦʙʭ̔ʜʥʦ ʟʘʧʠʩʘʪʠ ʜʚʘ 

ʜʦʜʘʪʢʦʚʠʭ ʨʽʚʥʷʥʥʷ, ʷʢʽ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟ ʫʤʦʚ, ʱʦ ʚʥʘʩʣʽʜʦʢ 

ʩʠʤʝʪʨʽʾ ʙʘʣʢʠ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʫʪ ʧʦʚʦʨʦʪʫ ʧʝʨʝʨʽʟʫ  ʚ 

ʧʦʯʘʪʢʫ ʢʦʦʨʜʠʥʘʪ (ʢʫʪ ʥʘʭʠʣʫ ʜʦʪʠʯʥʦʾ ʜʦ ʣʽʥʽʾ ʧʨʦʛʠʥʽʚ) ʤʘʻ 

ʜʦʨʽʚʥʶʚʘʪʠ ʥʫʣʶ -  ()0 0y¡ = , ʘ ʧʦʧʝʨʝʯʥʘ ʩʠʣʘ ʩʧʨʘʚʘ ʚʽʜ 

ʪʦʯʢʠ ʧʨʠʢʣʘʜʘʥʥʷ  ʩʠʣʠ ʈ ʜʦʨʽʚʥʶʻ ()0 /2Q P=- . 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʝʨʰʫ ʫʤʦʚʫ, ʧʨʦʜʠʬʝʨʝʥʮʽʶʻʤʦ ʚʠʨʘʟ (10.32)   

() ( )( )sin ( )cosaxy x ae C D ax D C ax-¡ =- + + - , 

ʪʘ ʧʦʢʣʘʚʰʠ  ʚ ʥʴʦʤʫ 0x= , ʦʜʝʨʞʠʤʦ  

0,C D C D- = =.                                          (10.34) 

ʅʘ ʦʩʥʦʚʽ ʦʜʝʨʞʘʥʦʾ ʟʘʣʝʞʥʦʩʪʽ (10.34) ʚʠʨʘʟ (10.33) ʜʣʷ 

ʧʨʦʛʠʥʽʚ ʙʘʣʢʠ ʪʨʘʥʩʬʦʨʤʫʻʪʴʩʷ ʚ ʥʘʩʪʫʧʥʠʡ  

() ( )sin cos .axy x e C ax ax-= +                      (10.35) 

ɼʣʷ ʪʦʛʦ, ʱʦʙʠ ʚʠʟʥʘʯʠʪʠ ʩʪʘʣʫ ʉ , ʩʢʦʨʠʩʪʘʚʰʠʩʴ ʜʨʫʛʦʶ 

ʛʨʘʥʠʯʥʦʶ ʫʤʦʚʦʶ ʜʣʷ ʧʦʧʝʨʝʯʥʦʾ ʩʠʣʠ ()Q x  ʚ ʧʦʯʘʪʢʫ 

ʢʦʦʨʜʠʥʘʪ, ʟʥʘʡʜʝʤʦ ʧʦʭʽʜʥʽ ʚʠʱʠʭ ʧʦʨʷʜʢʽʚ ʚʽʜ ʧʨʦʛʠʥʫ ()y x : 

() 2 sinaxy x ae C ax-¡ =- ; 

() 22 (cos sinaxy x a e C ax ax-¡¡=- - );  () 34 cosaxy x a e C ax-¡¡¡= . 

     ʇʽʜʩʪʘʚʠʚʰʠ ʟʥʘʯʝʥʥʷ ʪʨʝʪʴʦʾ ʧʦʭʽʜʥʦʾ ʚʽʜ ʧʨʦʛʠʥʫ ʫ 

ʚʠʨʘʟ (10.28) ʜʣʷ ʧʦʧʝʨʝʯʥʦʾ ʩʠʣʠ, ʪʘ ʟʘʜʦʚʦʣʴʥʠʚʰʠ ʛʨʘʥʠʯʥʫ 

ʫʤʦʚʫ ʜʣʷ ʥʝʾ ʚ ʧʦʯʘʪʢʫ ʢʦʦʨʜʠʥʘʪ ( 0x= ), ʦʪʨʠʤʘʻʤʦ 

3

3
4 ;

2 8

P P
EIa C C

EIa
= = .                       (10.36) 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʧʽʩʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʣʦʾ ʉ, ʦʩʪʘʪʦʯʥʽ ʚʠʨʘʟʠ 

ʜʣʷ ʧʨʦʛʠʥʫ, ʟʛʠʥʘʣʴʥʦʛʦ ʤʦʤʝʥʪʫ ʪʘ ʧʦʧʝʨʝʯʥʦʾ ʩʠʣʠ ʜʣʷ 

ʙʝʟʤʝʞʥʦ ʜʦʚʛʦʾ ʙʘʣʢʠ, ʥʘʚʘʥʪʘʞʝʥʦʾ ʟʦʩʝʨʝʜʞʝʥʦʶ ʩʠʣʦʶ, 

ʤʘʶʪʴ ʚʠʛʣʷʜ: 

() ( )3
sin cos ;

8

axP
y x e ax ax

EIa

-= +  

() ( )cos sin
4

axP
M x e ax ax

a

-= - ; () cos
2

axP
Q x e ax-=- .     (10.37) 

ʆʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʟʘʩʪʦʩʦʚʫʶʯʠ ʤʝʪʦʜ ʩʫʧʝʨʧʦʟʠʮʽʾ, 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʽ ʜʣʷ ʽʥʰʠʭ ʚʠʧʘʜʢʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ: ʜʽʾ 

ʜʝʢʽʣʴʢʦʭ ʩʠʣ, ʘʙʦ ʧʘʨʠ  ʩʠʣ ʟ ʤʦʤʝʥʪʦʤ ʄ; ʜʽʾ ʨʦʟʧʦʜʽʣʝʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ()q x  , ʷʢʱʦ ʟʘʤʽʩʪʴ ʩʠʣʠ ʈ  ʫ ʬʦʨʤʫʣʘʭ (10.37) 

ʧʽʜʩʪʘʚʠʪʠ ʚʝʣʠʯʠʥʫ ()q x dx ʽ ʧʨʦʽʥʪʝʛʨʫʚʘʪʠ ʢʦʞʥʠʡ ʟ ʚʠʨʘʟʽʚ 

ʚ ʤʝʞʘʭ ʜʽʾ ʮʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ.  

ʄ.ʄ. ʌʽʣʦʥʝʥʢʦ-ɹʦʨʦʜʠʯʝʤ ʪʘ ʉ.ʃ. ʇʦʩʘʮʴʢʠʤ ʜʦʩʣʽʜʞʝʥʦ 

ʤʦʞʣʠʚ̔ʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʚôʷʟʢʽʚ ʜʣʷ ʙʝʟʤʝʞʥʦ ʜʦʚʛʦʾ ʙʘʣʢʠ  

ʫ ʧʨʘʢʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʙʘʣʦʢ ʩʢʽʥʯʝʥʦʾ ʜʦʚʞʠʥʠ. ʅʠʤʠ ʙʫʣʦ 

ʚʠʢʦʨʠʩʪʘʥʦ ʪʦʡ ʬʘʢʪ, ʱʦ ʟʽʛʥʫʪʘ ʚʽʩʴ ʙʘʣʢʠ ʻ ʭʚʠʣʷʩʪʦʶ 

ʢʨʠʚʦʶ ʟ ʤʘʢʩʠʤʫʤʦʤ ʚ ʪʦʯʮʽ ʧʨʠʢʣʘʜaʥʥʷ ʩʠʣʠ ʪʘ ʜʦʚʞʠʥʦ  ʁ

ʧʽʚʭʚʠʣʽ 0x
a

p
= . ʃʝʛʢʦ ʜʦʩʣʽʜʠʪʠ, ʱʦ ʥʘ ʚʽʜʜʘʣʽ 

0 / 2x   ʚʽʜ 

ʧʦʯʘʪʢʫ ʢʦʦʨʜʠʥʘʪ ʧʨʦʛʠʥ ʙʘʣʢʠ ʩʢʣʘʜʘʻ 4% ʚʽʜ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʧʨʦʛʠʥʫ, ʘ ʥʘ ʚʽʜʜʘʣʽ 
0x  - ʫʞʝ ʣʠʰʝ 0,2%.  ʊʦʙʪʦ, ʜʣʷ 

ʢʦʨʦʪʢʠʭ ʙʘʣʦʢ ʟ ʜʦʚʞʠʥʦʶ 
02l x² , ʟ ʜʦʩʪʘʪʥʴʦʶ ʜʣʷ ʧʨʘʢʪʠʢʠ 

ʪʦʯʥʽʩʪʶ, ʤʦʞʥʘ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʨʦʟʚôʷʟʢʘʤʠ ʜʣʷ ʙʝʟʤʝʞʥʦ 

ʜʦʚʛʠʭ ʙʘʣʦʢ.  

ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʜʦʚʛʦʾ ʙʝʪʦʥʥʦʾ 
4

2
2 10

Mí
E

ì

å õ
= Öæ ö

ç ÷
ʙʘʣʢʠ ʟ 

ʧʨʷʤʦʢʫʪʥʠʤ ʧʝʨʝʨʽʟʦʤ (ʟ ʚʠʩʦʪʦʶ 0,5h ì=  ʪʘ ʰʠʨʠʥʦʶ b=1ʤ , 

I =0,01ʤ4), ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʧʨʫʞʥʽʡ ʫʪʨʘʤʙʦʚʘʥʽʡ ʦʩʥʦʚʽ, 

ʜʣʷ ʷʢʦ ʾ 
3

1 200 /k Mí ì= , ʘ ʧʘʨʘʤʝʪʨ   

4
4

200 1
0,7

4 4 2 10 0,01

k
a

EI ì
= = =

Ö Ö Ö
 . 

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʜʦʚʞʠʥʘ ʧʽʚʭʚʠʣʽ ʧʨʦʛʠʥʫ ʜʦʨʽʚʥʶʻ  
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0

3,14
4,5

0,7
x ì

a

p
= = = . ʊʦʤʫ ʜʣʷ ʢʦʨʦʪʢʦʾ ʙʘʣʢʠ ʜʦʚʞʠʥʦʶ 

9l ʤ= , ʥʘʚʘʥʪʘʞʝʥʦʾ ʧʦʩʝʨʝʜʠʥʽ ʟʦʩʝʨʝʜʞʝʥʦʶ ʩʠʣʦʶ ʈ, 

ʤʦʞʥʘ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʬʦʨʤʫʣʘʤʠ (10.37) ʜʣʷ ʥʝʩʢʽʥʯʝʥʥʦ ʜʦʚʛʦʾ 

ʙʘʣʢʠ. 

ʊʦʯʥ̔ ʨʦʟʚôʷʟʢʠ ʜʣʷ ʢʦʨʦʪʢʠʭ ʙʘʣʦʢ ʜʦʚʽʣʥɹʦʾ ʜʦʚʞʠʥʠ 

ʦʜʝʨʞʘʥʽ ʚ ʦʨʠʛʽʥʘʣʴʥʠʭ ʨʦʙʦʪʘʭ ʆ.ʄ. ʂʨʠʣʦʚʘ ʪʘ ɯ.ɻ. ɹʫʙʥʦʚʘ ʫ 

ʙʫʜʽʚʝʣʴʥʽʡ ʤʝʭʘʥʽʮʽ ʢʦʨʘʙʣʷ, ʜʝ ʆ.ʄ. ʂʨʠʣʦʚʠʤ ʙʫʣʠ 

ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʚʽʜʦʤʽ ʬʫʥʢʮʽʾ, ʘ ɯ.ɻ. ɹʫʙʥʦʚʠʤ ʩʢʣʘʜʝʥʽ 

ʩʧʝʮʽʘʣʴʥʽ ʪʘʙʣʠʮʽ . 

ɿʘʧʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʶ 

1. ʗʢʠʡ ʟʛʠʥ ʙʘʣʢʠ ʥʘʟʠʚʘʻʪʴʩʷ ʧʨʷʤʠʤ? 

2. ʑʦ ʪʘʢʝ ʧʦʧʝʨʝʯʥʘ ʩʠʣʘ ʪʘ ʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ ʚ 

ʧʝʨʝʨʽʟʽ ʙʘʣʢʠ? 

3. ʗʢʝ ʟʛʠʥ ʥʘʟʠʚʘʻʪʴʩʷ ʯʠʩʪʠʤ? 

4. ʗʢʠʡ ʟʛʠʥ ʥʘʟʠʚʘʻʪʴʩʷ ʧʦʧʝʨʝʯʥʠʤ? 

5. ʗʢʽ ʛʽʧʦʪʝʟʠ ʧʨʠʡʤʘʶʪʴʩʷ ʟʘ ʯʠʩʪʦʛʦ ʟʛʠʥʫ ʙʘʣʢʠ? 

6. ɿʘʧʠʰʽʪʴ ʟʘʢʦʥ ɻʫʢʘ ʟʘ ʜʝʬʦʨʤʘʮʽʾ ʟʛʠʥʫ. 

7. ɿʘʧʠʰʽʪʴ ʫʤʦʚʫ ʤʽʮʥʦʩʪʽ ʟʘ ʜʝʬʦʨʤʘʮʽʾ ʟʛʠʥʫ. 

8. ɿʘʧʠʰʽʪʴ ʬʦʨʤʫʣʫ ɾʫʨʘʚʩʴʢʦʛʦ ʜʣʷ ʜʦʪʠʯʥʠʭ ʚ 

ʧʝʨʝʨʽʟʘʭ ʙʘʣʢʠ. 

9. ɿʘʧʠʰʽʪʴ ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʧʨʫʞʥʦʾ ʣʽʥʽʾ 

ʙʘʣʢʠ. 

10. ʗʢ ʟʥʘʭʦʜʷʪʴʩʷ ʩʪʘʣʽ ʽʥʪʝʛʨʫʚʘʥʥʷ ʨʽʚʥʷʥʥʷ ʧʨʫʞʥʦʾ 

ʣʽʥʽʾ ʙʘʣʢʠ? 

11. ɿʘʧʠʰʽʪʴ ʫʥʽʚʝʨʩʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʧʨʦʛʠʥʽʚ ʙʘʣʢʠ. 

12. ɿ ʷʢʠʭ ʫʤʦʚ ʟʥʘʭʦʜʷʪʴʩʷ ʧʦʯʘʪʢʦʚʽ ʧʘʨʘʤʝʪʨʠ 

ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʧʨʦʛʠʥʽʚ ʙʘʣʢʠ? 

13. ʗʢʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʫʞʥʦʾ ʦʩʥʦʚʠ ʤʦʜʝʣʽ 
ʌʫʩʩʘ ï ɺʽʥʢʣʝʨʘ? 

14. ʗʢʽ ʥʝʜʦʣʽʢʠ ʧʨʫʞʥʦʾ ʦʩʥʦʚʠ ʤʦʜʝʣʽ ʌʫʩʩʘ ï 

ɺʽʥʢʣʝʨʘ? 

15. ʗʢ ʟʥʘʭʦʜʠʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪ ʧʦʩʪʝʣʽ k ? 

16. ɿʘʧʠʰʽʪʴ ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʧʨʦʛʠʥʽʚ ʙʘʣʢʠ ʥʘ 

ʧʨʫʞʥʽʡ ʦʩʥʦʚʽ. 
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17. ɿʘʧʠʰʽʪʴ ʟʘʛʘʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ 

ʨʽʚʥʷʥʥʷ ʧʨʦʛʠʥʽʚ ʜʣʷ ʙʝʟʤʝʞʥʦʾ ʙʘʣʢʠ ʥʘ ʧʨʫʞʥʽʡ 

ʦʩʥʦʚʽ. 

18. ʋ ʷʢʠʭ ʚʠʧʘʜʢʘʭ ʨʦʟʚôʷʟʦʢ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ 

ʧʨʦʛʠʥʽʚ ʜʣʷ ʙʝʟʤʝʞʥʦʾ ʙʘʣʢʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ 

ʢʦʨʦʪʢʦʾ ʙʘʣʢʠ? 

 

ʊɽʄɸ 11 (ʣʝʢʮʽʾ 24-26). 

ʉʂʃɸɼʅʀʁ ʆʇɯʈ 

 

11.1. ʂʦʩʠʡ ʟʛʠʥ 

ʆʧ̔ʨ ʩʪʨʠʞʥʷ, ʧʨʠ ʷʢʦʤʫ ʚʠʥʠʢʘʻ ʪʽʣʴʢʠ ʦʜʠʥ ʚʠʜ 

ʜʝʬʦʨʤʘʮʽʾ (ʨʦʟʪʷʛ ʘʙʦ ʩʪʠʩʢ, ʢʨʫʯʝʥʥʷ ʯʠ ʧʨʷʤʠʡ ʟʛʠʥ), 

ʧʨʠʡʥʷʪʦ ʥʘʟʠʚʘʪʠ ʧʨʦʩʪʠʤ. ʇʨʠ ʩʫʤʽʩʥʽʡ ʜʽʾ ʜʝʢʽʣʴʢʦʭ ʚʠʜʽʚ 

ʜʝʬʦʨʤʘʮʽʾ ʚʠʥʠʢʘʻ ʪʘʢ ʟʚʘʥʠʡ ʩʢʣʘʜʥʠʡ ʦʧʽʨ ʩʪʨʠʞʥʽʚ. ʆʜʥʠʤ 

ʽʟ ʪʘʢʠʭ ʚʠʧʘʜʢʽʚ ʻ ʢʦʩʠʡ ʟʛʠʥ. 

 
ʈʠʩ. 11.1 

 

ʂʦʩʠʤ ʟʛʠʥʦʤ ʥʘʟʠʚʘʻʪʴʩʷ ʪʘʢʠʡ ʚʠʜ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʙʨʫʩʘ (ʩʪʨʠʞʥʷ), ʧʨʠ ʷʢʦʤʫ ʚ ʡʦʛʦ ʧʦʧʝʨʝʯʥʦʤʫ ʧʝʨʝʨʽʟʽ ʚʠʥʠʢʘʻ 

ʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ, ʧʣʦʱʠʥʘ ʜʽʾ ʷʢʦʛʦ mm ʥʝ ʧʨʦʭʦʜʠʪʴ ʥʽ 

ʯʝʨʝʟ ʦʜʥʫ ʟ ʛʦʣʦʚʥʠʭ ʦʩʝʡ. ʊʘʢʠʡ ʤʦʤʝʥʪ ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ ʫ 

ʨʝʟʫʣʴʪʘʪʽ ʜʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʮʝʥʪʨ ʚʘʛʠ 

ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʙʨʫʩʘ ʧʽʜ ʜʦʚʽʣʴʥʠʤ ʢʫʪʦʤ ʜʦ ʡʦʛʦ 

ʛʦʣʦʚʥʠʭ ʮʝʥʪʨʘʣʴʥʠʭ ʦʩʝʡ (ʨʠʩ. 11.1). ʅʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ 

ʟʘʢʦʥ ʨʦʟʧʦʜʽʣʫ ʥʘʧʨʫʞʝʥʴ ʫ ʧʦʧʝʨʝʯʥʦʤʫ ʧʝʨʝʨʽʟʽ ʙʨʫʩʘ ʧʨʠ 
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ʢʦʩʦʤʫ ʟʛʠʥʽ. ɼʣʷ ʮʴʦʛʦ ʟʦʙʨʘʟʠʤʦ ʢʦʩʠʡ ʟʛʠʥ ʷʢ ʩʫʤʫ ʜʚʦʭ 

ʧʨʷʤʠʭ ʟʛʠʥʽʚ ʚʽʜ ʜʽʾ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ zM  ʽ yM , ʱʦ 

ʚʠʥʠʢʘʶʪʴ ʫ ʛʦʣʦʚʥʠʭ ʧʣʦʱʠʥʘʭ ʙʨʫʩʘ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʧʨʠʥʮʠʧ ʜʦʜʘʚʘʥʥʷ ʜʽʾ ʩʠʣ, ʟʛʽʜʥʦ ʷʢʦʛʦ ʥʦʨʤʘʣʴʥʝ ʥʘʧʨʫʞʝʥʥʷ 

ʚʽʜ ʨʝʟʫʣʴʪʫʶʯʦʛʦ ʤʦʤʝʥʪʫ ʚ ʜʦʚʽʣʴʥʽʡ ʪʦʯʮʽ ( ),A z y  ʜʦʨʽʚʥʶʻ 

ʩʫʤʽ ʥʘʧʨʫʞʝʥʴ ʚʽʜ ʜʽʾ ʢʦʞʥʦʛʦ ʽʟ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ zM  ʽ 

yM : 

( ), ,
yz

z y

MM
y z y z

I I
s =° °                               (11.1) 

ʜʝ zI  ʽ yI  ï ʤʦʤʝʥʪʠ ʽʥʝʨʮʽʾ ʧʝʨʝʨʽʟʫ ʚʽʜʥʦʩʥʦ ʛʦʣʦʚʥʠʭ ʦʩʝʡ. 

ɿʛʠʥʘʣʴʥʽ ʤʦʤʝʥʪʠ zM  ʽ yM  ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ ʯʝʨʝʟ 

ʩʫʤʘʨʥʠʡ ʤʦʤʝʥʪ ʄ: 

sin ; cos ,y zM M M Mj j= =                         (11.2) 

ʜʝ                                     
2 2.z yM M M= +  

ʌʦʨʤʫʣʘ (11.1) ʜʣʷ ʥʦʨʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ, ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʟʘʣʝʞʥʦʩʪʝʡ (11.2), ʥʘʙʝʨʝ ʚʠʛʣʷʜʫ: 

( ), cos sin .
z y

y z
y z M

I I
s j j

å õ
=° +æ öæ ö

ç ÷

                      (11.3) 

ʄʦʤʝʥʪʠ , ,y zM M M  ʚʚʘʞʘʶʪʴʩʷ ʜʦʜʘʪʥʠʤʠ, ʢʦʣʠ ʚʦʥʠ 

ʚʠʢʣʠʢʘʶʪʴ ʨʦʟʪʷʛ ʫ ʧʝʨʰʦʤʫ ʢʚʘʜʨʘʥʪʽ ʢʦʦʨʜʠʥʘʪʥʦʾ ʩʠʩʪʝʤʠ. 

ɿ ʬʦʨʤʫʣʠ (11.3) ʚʠʜʥʦ, ʱʦ ʥʘʧʨʫʞʝʥʥʷ s ʻ ʣʽʥʽʡʥʦʶ 

ʬʫʥʢʮʽʻʶ ʢʦʦʨʜʠʥʘʪ y  ʽ z. ʊʦʤʫ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʚʝʣʠʯʠʥʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʫ ʧʣʦʱʠʥʽ ʧʝʨʝʨʽʟʫ ʟʘʚʞʜʠ ʟʥʘʡʜʫʪʴʩʷ ʪʦʯʢʠ, ʜʝ 

ʥʘʧʨʫʞʝʥʥʷ ʙʫʜʫʪʴ ʜʦʨʽʚʥʶʚʘʪʠ ʥʫʣʶ. ɿʛʘʜʘʥʽ ʪʦʯʢʠ ʙʫʜʫʪʴ 

ʫʪʚʦʨʶʚʘʪʠ ʣʽʥʽʶ, ʷʢʘ ʥʘʟʠʚʘʻʪʴʩʷ ʥʝʡʪʨʘʣʴʥʦʶ ʣʽʥʽʻʶ ʝʧʶʨʠ 

ʥʘʧʨʫʞʝʥʴ.  

ɰʾ ʨʽʚʥʷʥʥʷ ʟʥʘʡʜʝʤʦ ʟ ʬʦʨʤʫʣʠ (11.3), ʧʦʢʣʘʚʰʠ 

( ), 0y zs = , ʪʦʙʪʦ: 
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cos sin 0
z y

y z

I I
+ =j j ,                             (11.4) 

ʟʚʽʜʢʠ                             ,z

y

I
y tg z kz

I
j=- =  

ʜʝ                                          z

y

I
k tg tg

I
j a=- = . 

ʂʫʪ a ï ʮʝ ʢʫʪ ʥʘʭʠʣʫ ʥʝʡʪʨʘʣʴʥʦʾ ʣʽʥʽʾ ʜʦ ʦʩʽ z. ʋ 
ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʢʫʪ a ʥʝ ʜʦʨʽʚʥʶʻ ʢʫʪʫ j, ʪʦʤʫ 

ʥʝʡʪʨʘʣʴʥʘ ʚʽʩʴ ʥʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʜʦ ʧʣʦʱʠʥʠ, ʫ ʷʢʽʡ ʜʽʻ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. ɺʠʥʷʪʢʦʤ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʧʘʜʢʠ, ʢʦʣʠ 0j= ,  

90j=  ʘʙʦ z yI I=  (ʢʚʘʜʨʘʪ, ʢʨʫʛ). 

 
ʈʠʩ. 11.2 

 

ʈʘʟʦʤ ʟ ʪʠʤ, ʚ ʫʩʽʭ ʚʠʧʘʜʢʘʭ ʥʝʡʪʨʘʣʴʥʘ ʣʽʥʽʷ (ʚʽʩʴ) ʻ 

ʣʽʥʽʻʶ ʧʝʨʝʪʠʥʫ ʧʣʦʱʠʥʠ ʧʝʨʝʨʽʟʫ ʟ ʧʣʦʱʠʥʦʶ ʧʨʦʩʪʦʨʦʚʦʾ 

ʝʧʶʨʠ ʥʦʨʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ (ʨʠʩ. 11.2). ɸʥʘʣʽʟ ʮʽʻʾ ʝʧʶʨʠ 

ʧʦʢʘʟʫʻ, ʱʦ ʥʘʡʙʽʣʴʰʽ ʟʘ ʚʝʣʠʯʠʥʦʶ ʥʦʨʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʪʦʯʢʘʭ ʥʘʡʚʽʜʜʘʣʝʥʽʰʠʭ ʚʽʜ ʥʝʡʪʨʘʣʴʥʦʾ ʣʽʥʽʾ. ɼʣʷ 

ʧʨʷʤʦʢʫʪʥʦʛʦ ʧʝʨʝʨʽʟʫ ʮʠʤʠ ʪʦʯʢʘʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʢʫʪʦʚʽ ʪʦʯʢʠ 

ɸ ʽ ɺ. ɿʘ ʘʙʩʦʣʶʪʥʦʶ ʚʝʣʠʯʠʥʦʶ ʤʘʢʩʠʤʘʣʴʥʝ ʥʘʧʨʫʞʝʥʥʷ  

ʤʦʞʥʘ ʟʥʘʡʪʠ ʟʘ ʬʦʨʤʫʣʦʶ 
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max 1 ,
y yz z z

z y z z y

M MM M W

W W W M W
s

å õ
= + = + Öæ öæ ö

ç ÷

                (11.5) 

ʜʝ 

2 2

,
6 6

z y

bh hb
W W= =  ï ʤʦʤʝʥʪʠ ʦʧʦʨʫ ʧʨʷʤʦʢʫʪʥʠʢʘ 

ʚʽʜʥʦʩʥʦ ʦʩʝʡ z  ʽ y . 

ʇʽʜʩʪʘʚʠʚʰʠ ʫ ʬʦʨʤʫʣʠ (11.5) ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥ 

, , iy z y zM M W W, ʦʪʨʠʤʘʻʤʦ: 

max 2

6
cos sin .

M h

bh b
s j j

å õ
= +æ ö

ç ÷
                      (11.6) 

ʇʨʠ ʩʪʘʣʦʤʫ ʟʛʠʥʘʣʴʥʦʤʫ ʤʦʤʝʥʪʽ ʤʘʢʩʠʤʘʣʴʥʝ 

ʥʦʨʤʘʣʴʥʝ ʥʘʧʨʫʞʝʥʥʷ ʻ ʬʫʥʢʮʽʻʶ ʢʫʪʘ j. ɼʦʩʣʽʜʠʚʰʠ ʡʦʛʦ ʥʘ 

ʝʢʩʪʨʝʤʫʤ ( )max / 0d ds j= , ʦʪʨʠʤʘʻʤʦ: 

h
tg

b
j= ,  ʘ  

2 2

max 2 2

6 6M M

bh hb
s

å õ å õ
= +æ ö æ ö
ç ÷ ç ÷

. 

ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʧʣʦʱʠʥʘ ʟʛʠʥʘʣʴʥʦʛʦ ʤʦʤʝʥʪʫ ʤʘʻ ʙʫʪʠ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʶ ʜʦ ʜʽʘʛʦʥʘʣʽ ʧʨʷʤʦʢʫʪʥʠʢʘ (ʨʠʩ. 11.2), ʘ 

ʥʘʡʙʽʣʴʰʝ ʥʘʧʨʫʞʝʥʥʷ ʜʦʨʽʚʥʶʻ ʢʚʘʜʨʘʪʥʦʤʫ ʢʦʨʝʥʶ ʽʟ ʩʫʤʠ 

ʢʚʘʜʨʘʪʽʚ ʥʘʡʙʽʣʴʰʠʭ ʥʘʧʨʫʞʝʥʴ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʧʨʷʤʦʤʫ 

ʟʛʠʥʽ ʚ ʦʜʥʽʡ ʽ ʚ ʜʨʫʛʽʡ ʧʣʦʱʠʥʘʭ. 

ʅʝʙʝʟʧʝʯʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʜʝʬʦʨʤʘʮʽʾ ʢʦʩʦʛʦ ʟʛʠʥʫ 

ʧʨʦʝʢʪʘʥʪʘʤ ʜʘʚʥʦ ʚʽʜʦʤʘ. ʅʘʧʨʠʢʣʘʜ, ʚʽʜʭʠʣʝʥʥ ̫ ʧʣʦʱʠʥʠ 

ʟʛʠʥʘʣʴʥʦʛʦ ʤʦʤʝʥʪʫ ʚʩʴʦʛʦ ʥʘ ʢʫʪ 5j=  ʧʨʠ / 4h b= , ʟʛʽʜʥʦ ʟ 

ʬʦʨʤʫʣʦ  ʁ (11.6) ʚʝʜʝ ʜʦ ʨʽʟʢʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʥʘʧʨʫʞʝʥʥʷ: 

( )max 2 2

6 6
cos5 4 sin5 1,35

M M

bh bh
s = + Ö = . 

ʊʦʙʪʦ, ʥʘʧʨʫʞʝʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 35% ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ 

ʧʨʷʤʠʤ ʟʛʠʥʦʤ.  

ʇʝʨʝʚʽʨʢʘ ʤʽʮʥʦʩʪʽ ʙʘʣʢʠ ʧʨʠ ʢʦʩʦʤʫ ʟʛʠʥʽ ʧʦʣʷʛʘʻ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʥʦʨʤʘʣʴʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ, ʱʦ 
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ʚʠʥʠʢʘʻ ʫ ʧʝʨʝʨʽʟʽ ʟ ʥʘʡʙʽʣʴʰʠʤ ʨʽʚʥʦʜʽʡʥʠʤ ʟʛʠʥʘʣʴʥʠʤ 

ʤʦʤʝʥʪʦʤ 
maxM , ʟ ʜʦʧʫʩʪʠʤʠʤ ʥʘʧʨʫʞʝʥʥʷʤ []s : 

[]1
yz z

z z y

MM W

W M W
s

å õ
+ Ö ¢æ öæ ö
ç ÷

.                        (11.7) 

ʌʦʨʤʘ ʧʽʜʙʦʨʫ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʙʘʣʢʠ ʤʘʻ ʚʠʛʣʷʜ: 

[]
1

yz z
z

z y

MM W
W

M Ws

å õ
² + Öæ öæ ö

ç ÷

.                           (11.8.) 

ʋ ʚʠʧʘʜʢʫ ʧʨʷʤʦʢʫʪʥʦʛʦ ʧʝʨʝʨʽʟʫ ʚʽʜʥʦʰʝʥʥʷ 

/ /z yW W h b= , ʪʦʤʫ ʬʦʨʤʫʣʘ ʧʽʜʙʦʨʫ ʧʝʨʝʨʽʟʫ (11.8) ʙʫʜʝ: 

[]
1 .

yz
z

z

MM h
W

M bs

å õ
= + Öæ ö

ç ÷
                                (11.9) 

ɼʣʷ ʦʩʪʘʪʦʯʥʦʛʦ ʧʽʜʙʦʨʫ ʧʨʷʤʦʢʫʪʥʦʛʦ ʧʝʨʝʨʽʟʫ 

ʚʽʜʥʦʰʝʥʥʷ /h b ʤʫʩʠʪʴ ʙʫʪʠ ʥʘʧʝʨʝʜ ʟʘʜʘʥʠʤ. 

ɺʠʟʥʘʯʝʥʥʷ ʧʝʨʝʤʽʱʝʥʴ ʧʨʠ ʢʦʩʦʤʫ ʟʛʠʥʽ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʰʣʷʭʦʤ ʟʥʘʭʦʜʞʝʥʥʷ ʢʦʞʥʦʾ ʽʟ ʩʢʣʘʜʦʚʠʭ ʫ ʥʘʧʨʷʤʢʫ ʛʦʣʦʚʥʠʭ 

ʦʩʝʡ ʟ ʧʦʜʘʣʴʰʠʤ ʾʭ ʛʝʦʤʝʪʨʠʯʥʠʤ ʩʫʤʫʚʘʥʥʷʤ. ʅʘʧʨʠʢʣʘʜ, 

ʧʦʚʥʠʡ ʧʨʦʛʠʥ ʢʦʥʩʦʣʽ, ʥʘʚʘʥʪʘʞʝʥʦʾ ʢʽʥʮʝʚʦʶ ʩʠʣʦʶ ʧʽʜ ʢʫʪʦʤ 
j ʜʦ ʚʝʨʪʠʢʘʣʴʥʦʾ ʦʩʽ (ʨʠʩ. 11.3), ʜʦʨʽʚʥʶʻ: 

2 2 ,y zf f f= +       (11.10) 

ʜʝ           

3

cos ;
3

y

z

FL
f

EI
j=  

3

sin ;
3

z

y

FL
f

EI
j=  

L  ï ʜʦʚʞʠʥʘ ʢʦʥʩʦʣʽ. 

ʅʘʧʨʷʤʦʢ ʧʦʚʥʦʛʦ 

ʧʨʦʛʠʥʫ ʫʪʚʦʨʶʻ ʟ ʚʽʩʩʶ y  

ʢʫʪ a:  

.z z

y y

f I
tg tg

f I
a j= = Ö  (11.11) 

 
ʈʠʩ. 11.3 
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ʇʦʨʽʚʥʷʥʥʷ ʜʘʥʦʾ ʬʦʨʤʫʣʠ ʟ ʬʦʨʤʫʣʦʶ (11.4) ʧʦʢʘʟʫʻ, ʱʦ 

ʢʫʪ ʥʘʭʠʣʫ ʧʨʦʛʠʥʫ ʜʦ ʦʩʽ y  ʜʦʨʽʚʥʶʻ ʢʫʪʫ ʥʘʭʠʣʫ ʥʝʡʪʨʘʣʴʥʦʾ 

ʣʽʥʽʾ ʜʦ ʦʩʽ z. ʆʪʞʝ, ʥʘʧʨʷʤʢʠ ʧʨʦʛʠʥʫ ʪʘ ʥʝʡʪʨʘʣʴʥʦʾ ʣʽʥʽʾ 

ʤʽʞ ʩʦʙʦʶ ʚʟʘʻʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽ. ʈʘʟʦʤ ʟ ʪʠʤ, ʫ ʟʘʛʘʣʴʥʦʤʫ 

ʚʠʧʘʜʢʫ ʢʫʪʠ a ʽ j ʥʝʨʽʚʥʽ. ʊʦʙʪʦ, ʧʨʠ ʢʦʩʦʤʫ ʟʛʠʥʽ ʥʘʧʨʷʤʦʢ 

ʜʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʥʘʧʨʷʤʦʢ ʜʽʾ ʧʨʦʛʠʥʫ ʤʽʞ ʩʦʙʦʶ ʥʝ 

ʟʙʽʛʘʶʪʴʩʷ, ʟʘ ʚʠʥʷʪʢʦʤ ʚʠʧʘʜʢʫ, ʢʦʣʠ z yI I= . 

 

11.2. ʇʦʟʘʮʝʥʪʨʦʚʠʡ ʨʦʟʪʷʛ ʘʙʦ ʩʪʠʩʢ 

ʇʦʟʘʮʝʥʪʨʦʚʠʡ ʨʦʟʪʷʛ ʘʙʦ ʩʪʠʩʢ ʩʪʨʠʞʥʷ ʚʠʥʠʢʘʻ ʪʦʜʽ, 

ʢʦʣʠ ʣʽʥʽʷ ʜʽʾ ʨʽʚʥʦʜʽʡʥʦʾ ʥʘʚʘʥʪʘʞʝʥʥʷ F  ʧʨʦʭʦʜʠʪʴ 

ʧʘʨʘʣʝʣʴʥʦ ʜʦ ʦʩʽ ʩʪʨʠʞʥʷ ʟ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʦʤ e (ʨʠʩ. 11.4). 

ɹʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ʜʣʷ ʩʪʨʠʞʥʷ ʚʝʣʠʢʦʾ ʞʦʨʩʪʢʦʩʪʽ ʜʝʬʦʨʤʘʮʽʾ 

ʧʦʟʜʦʚʞʥʴʦʛʦ ʟʛʠʥʫ ʚʽʜʩʫʪʥʽ ʽ ʚʝʣʠʯʠʥʘ ñeò ʟʘʣʠʰʘʻʪʴʩʷ 

ʩʪʘʣʦʶ. ɺʠʢʦʨʠʩʪʘʚʰʠ ʧʨʘʚʠʣʦ ʧʘʨʘʣʝʣʴʥʦʛʦ ʧʝʨʝʥʦʩʫ, ʜʽʶ 

ʧʦʟʘʮʝʥʪʨʦʚʦʾ ʩʠʣʠ F  ʨʦʟʢʣʘʜʘʻʤʦ ʥʘ ʝʢʚʽʚʘʣʝʥʪʥʫ ʾʡ ʩʠʩʪʝʤʫ 

ʜʽʾ ʮʝʥʪʨʘʣʴʥʦʾ (ʦʩʴʦʚʦʾ) ʩʠʣʠ F  ʪʘ ʧʘʨʠ ʩʠʣ ʟ ʤʦʤʝʥʪʦʤ 

M F e= Ö. ʉʢʣʘʜʦʚʠʤʠ ʜʘʥʦʛʦ ʤʦʤʝʥʪʫ ʻ ʤʦʤʝʥʪʠ ʚʽʜʥʦʩʥʦ 

ʚʽʜʧʦʚʽʜʥʠʭ ʦʩʝʡ ʧʝʨʝʨʽʟʫ: ;y p z pM Fz M Fy= = , ʜʝ ,p py z  ï 

ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʢʠ ʧʨʠʢʣʘʜʘʥʥʷ ʨʽʚʥʦʜʽʶʯʦʾ F  ʧʦʟʘʮʝʥʪʨʦʚʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʛʦʣʦʚʥʽʡ ʮʝʥʪʨʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ. 

ʊʦʜʽ, ʟʛʽʜʥʦ ʟ ʧʨʠʥʮʠʧʦʤ ʩʫʧʝʨʧʦʟʠʮʽʾ, ʥʦʨʤʘʣʴʥʝ 

ʥʘʧʨʫʞʝʥʥʷ s ʫ ʜʦʚʽʣʴʥʽʡ ʪʦʯʮʽ ʧʝʨʝʨʽʟʫ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ y  ʽ z  

ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ: 

( ),
y z

y z

M MN
y z z y

A I I
s =° ° ° .                       (11.12) 

ʜʝ ,y zI I  ï ʛʦʣʦʚʥʽ ʤʦʤʝʥʪʠ ʽʥʝʨʮʽʾ ʧʝʨʝʨʽʟʫ; A  ï ʧʣʦʱʘ 

ʧʝʨʝʨʽʟʫ ʩʪʨʠʞʥʷ. 

ɺʚʘʞʘʶʯʠ, ʱʦ ʧʦʟʜʦʚʞʥʷ ʩʠʣʘ N F=  ʪʘ, ʧʽʜʩʪʘʚʠʚʰʠ 

ʟʘʤʽʩʪʴ ʤʦʤʝʥʪʽʚ yM  ʽ zM  ʾʭ ʟʥʘʯʝʥʥʷ, ʦʜʝʨʞʠʤʦ ʜʣʷ ʜʦʚʽʣʴʥʦʾ 

ʪʦʯʢʠ ʧʝʨʝʨʽʟʫ 
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( )
2 2

, 1
p p

y z

z z y yF
y z

A i i

å õ
=° + +æ öæ ö

ç ÷

s ,                    (11.13) 

ʜʝ ,y zi i  ï ʛʦʣʦʚʥʽ ʨʘʜʽʫʩʠ ʽʥʝʨʮʽʾ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ. 

 
ʈʠʩ. 11.4 

 

ʂʚʘʜʨʘʪʠ ʛʦʣʦʚʥʠʭ ʨʘʜʽʫʩʽʚ ʽʥʝʨʮʽʾ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ 

ʬʦʨʤʫʣʠ (11.13), ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

2 y

y

I
i

A
= , 

2 z
z

I
i

A
= . 

ʊʘʢ ʩʘʤʦ, ʷʢ ʽ ʧʨʠ ʢʦʩʦʤʫ ʟʛʠʥʽ, ʧʨʠ ʧʦʟʘʮʝʥʪʨʦʚʦʤʫ 

ʨʦʟʪʷʛʫ ʘʙʦ ʩʪʠʩʢʫ ʣʽʥʽʻʶ ʧʝʨʝʪʠʥʫ ʧʣʦʱʠʥʠ ʥʘʧʨʫʞʝʥʴ ʟ 

ʧʣʦʠɦʥʦʶ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʩʪʨʠʞʥʷ ʻ ʥʝʡʪʨʘʣʴʥʘ ʣʽʥʽʷ 

ʝʧʶʨʠ ʥʘʧʨʫʞʝʥʴ. ɰʾ ʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʻʤʦ, ʧʨʠʨʽʚʥʷʚʰʠ ʚʠʨʘʟ 

(11.13) ʜʦ ʥʫʣʷ: 

2 2
1 0

p p

z y

y y z z

i i
+ + =.                            (11.14) 

ɺʚ̔ʚʰʠ ʧʦʟʥʘʯʝʥʥʷ: 
22

; ,
yz

y z

p p

ii
a a

y z
=- =-                        (11.15) 

ʨʽʚʥʷʥʥʷ (11.14) ʟʚʦʜʠʪʴʩʷ ʜʦ ʢʘʥʦʥʽʯʥʦʛʦ ʨʽʚʥʷʥʥʷ ʧʨʷʤʦʾ 

ʝ 
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1,
y z

y z

a a
+ = 

ʜʝ ,y za a  ï ʚʽʜʨʽʟʢʠ, ʱʦ ʚʽʜʩʽʢʘʶʪʴʩʷ ʥʝʡʪʨʘʣʴʥʦʶ ʣʽʥʽʻʶ ʝʧʶʨʠ 

ʥʦʨʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ ʥʘ ʛʦʣʦʚʥʠʭ ʮʝʥʪʨʘʣʴʥʠʭ ʦʩʷʭ (ʨʠʩ. 

11.5). 

ɺ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʩʠʣʘ ʧʨʠʢʣʘʜʘʻʪʴʩʷ ʥʘ ʦʜʥʽʡ ʟ 

ʢʦʦʨʜʠʥʘʪʥʠʭ ʦʩʝʡ, ʥʘʧʨʠʢʣʘʜ ʦʩʽ Oy, ʤʘʪʠʤʝʤʦ 0pz = , ʦʪʞʝ 

2

; ,z
z y

p

i
a a

y
=¤ =-  

 
ʈʠʩ. 11.5 

 

ʘ ʥʝʡʪʨʘʣʴʥʘ ʣʽʥʽʷ ʙʫʜʝ ʧʘʨʘʣʝʣʴʥʦʶ ʦʩʽ Oz. ʇʨʠ 0py =  

ʥʝʡʪʨʘʣʴʥʘ ʣʽʥʽʷ ʙʫʜʝ ʧʘʨʘʣʝʣʴʥʦʶ ʦʩʽ yO . 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʽʜ ʪʦʯʢʠ ʧʨʠʢʣʘʜʝʥʥʷ ʧʦʟʘʮʝʥʪʨʦʚʦʾ ʩʠʣʠ 

ʟʘʣʝʞʠʪʴ ʧʦʣʦʞʝʥʥʷ ʥʝʡʪʨʘʣʴʥʦʾ ʣʽʥʽʾ ʚʽʜʥʦʩʥʦ ʧʝʨʝʨʽʟʫ: ʚʦʥʘ 

ʤʦʞʝ ʧʝʨʝʪʠʥʘʪʠ ʧʝʨʝʨʽʟ, ʙʫʪʠ ʜʦʪʠʯʥʦʶ ʜʦ ʥʴʦʛʦ ʘʙʦ 

ʧʨʦʭʦʜʠʪʠ ʧʦʟʘ ʧʝʨʝʨʽʟʦʤ (ʨʠʩ. 11.5). ɺʽʜʧʦʚʽʜʥʦ ʥʘʧʨʫʞʝʥʥʷ 

ʙʫʜʫʪʴ ʤʘʪʠ ʨʽʟʥʽ ʟʥʘʢʠ, ʘʙʦ ʦʜʠʥ ʟʥʘʢ, ʷʢʱʦ ʥʝʡʪʨʘʣʴʥʘ ʣʽʥʽʷ 

ʜʦʪʠʯʥʘ ʜʦ ʧʝʨʝʨʽʟʫ ʯʠ ʧʨʦʭʦʜʠʪʴ ʧʦʟʘ ʥʠʤ. 
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ʈʠʩ. 11.6 

 

ʋ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʩʪʠʩʢʫ ʩʪʨʠʞʥʷ (ʢʦʣʦʥʠ) ʚʠʤʘʛʘʻʪʴʩʷ, 

ʱʦʙ ʥʘʧʨʫʞʝʥʥʷ ʫ ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʨʽʟʘʭ ʙʫʣʠ ʪʽʣʴʢʠ ʦʜʥʦʛʦ 

ʟʥʘʢʫ ï ʩʪʠʩʢʫʶʯʠʤʠ. ʎʝ ʩʪʦʩʫʻʪʴʩʷ ʢʦʥʩʪʨʫʢʮʽʡ ʽʟ ʢʨʠʭʢʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʜʫʞʝ ʧʦʛʘʥʦ ʧʨʘʮʶʶʪʴ ʥʘ ʨʦʟʪʷʛ, ʪʦʤʫ 

ʚʠʥʠʢʥʝʥʥʷ ʚ ʾʭ ʧʝʨʝʨʽʟʘʭ ʨʦʟʪʷʛʫʶʯʠʭ ʥʘʧʨʫʞʝʥʴ ʤʦʞʝ 

ʧʨʠʚʝʩʪʠ ʜʦ ʨʫʡʥʫʚʘʥʥʷ. ʊʦʜ ̔ʥʝʦʙʭʽʜʥʦ ʨʦʟʚôʷʟʫʚʘʪʠ ʦʙʝʨʥʝʥʫ 

ʟʘʜʘʯʫ: ʟʘ ʧʦʣʦʞʝʥʥʷʤ ʥʝʡʪʨʘʣʴʥʦʾ ʣʽʥʽʾ, ʷʢʘ ʙʝʨʝʪʴʩʷ ʜʦʪʠʯʥʦʶ 

ʜʦ ʧʝʨʝʨʽʟʫ, ʰʫʢʘʪʠ ʚʩʽ ʪʦʯʢʠ ʧʨʠʢʣʘʜʝʥʥʷ ʧʦʟʘʮʝʥʪʨʦʚʦʾ ʩʠʣʠ. 

ɿôʻʜʥʘʚʰʠ ʾʭ, ʦʪʨʠʤʘʻʤʦ ʟʘʤʢʥʫʪʫ ʣʽʥʽʶ, ʷʢʘ ʦʙʤʝʞʫʻ ʦʙʣʘʩʪʴ, 

ʱʦ ʥʦʩʠʪʴ ʥʘʟʚʫ ʷʜʨʘ ʧʝʨʝʨʽʟʫ. ʇʦʟʘʮʝʥʪʨʦʚʽ ʩʠʣʠ, ʷʢʽ 

ʧʨʠʢʣʘʜʝʥʽ ʫ ʤʝʞʘʭ ʷʜʨʘ ʧʝʨʝʨʽʟʫ, ʚʠʢʣʠʢʘʶʪʴ ʫ ʚʩʴʦʤʫ ʧʝʨʝʨʽʟʽ 

ʥʘʧʨʫʞʝʥʥʷ ʣʠʰʝ ʦʜʥʦʛʦ ʟʥʘʢʫ. ʂʦʦʨʜʠʥʘʪʠ ʪʦʯʦʢ ʢʦʥʪʫʨʫ ʷʜʨʘ 

ʟʥʘʭʦʜʠʤʦ ʽʟ ʬʦʨʤʫʣʠ (11.15): 
22

; ,
yz

ʷ ʷ

y z

ii
y z

a a
=- =-                            (11.16) 

ʜʝ ya  ʽ za  ï ʚʽʜʨʽʟʢʠ, ʱʦ ʚʽʜʩʽʢʘʶʪʴʩʷ ʥʘ ʛʦʣʦʚʥʠʭ ʮʝʥʪʨʘʣʴʥʠʭ 

ʦʩʷʭ ʜʦʪʠʯʥʦʛʦ ʜʦ ʧʝʨʝʨʽʟʫ, ʷʢʘ ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʚʚʘʞʘʻʪʴʩʷ 

ʥʝʡʪʨʘʣʴʥʦʶ ʣʽʥʽʻʶ ʧʝʨʝʨʽʟʫ (ʨʠʩ. 11.7, ʘ). 

ɼʣʷ ʧʨʠʢʣʘʜʫ ʧʦʙʫʜʫʻʤʦ ʷʜʨʦ ʧʝʨʝʨʽʟʫ ʜʣʷ ʝʣʽʧʩʘ ʟ 

ʧʽʚʦʩʷʤʠ ʘ, ʚ (ʨʠʩ.11.7, ʙ). 
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ʈʠʩ. 11.7 

 

ɻʝʦʤʝʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘʢʦʛʦ ʝʣʽʧʩʘ: ;A abp=  

31
;

4
zI abp=  

31
; ; .

4 2 2

yz
y z z

II b a
I ba i i

A A
p= - = = = 

ʇʨʦʚʽʚʰʠ ʥʝʡʪʨʘʣʴʥʫ ʣʽʥʽʶ, ʜʦʪʠʯʥʫ ʜʦ ʝʣʽʧʩʘ ʚ ʪʦʯʮʽ 

( )0,b  ʽ ʧʘʨʘʣʝʣʴʥʫ ʜʦ ʦʩʽ z, ʦʪʨʠʤʘʻʤʦ: 

2 / 4
; 0.

4
ʷ ʷ

b b
y z

b
=- =- = 

ɸʥʘʣʦʛʽʯʥʦ, ʜʦʪʠʯʥʽʡ ʚ ʪʦʯʮʽ ( ),0a  ʙʫʜʫʪʴ ʚʽʜʧʦʚʽʜʘʪʠ 

ʪʦʯʢʠ: 

0;
4

ʷ ʷ

a
y z= =-. 

ɺʠʢʦʨʠʩʪʘʚʰʠ ʧʨʠʥʮʠʧ ʩʠʤʝʪʨʽʾ, ʟʥʘʡʜʝʤʦ ʱʝ ʜʚʽ ʪʦʯʢʠ 

ʷʜʨʘ ʧʝʨʝʨʽʟʫ, ʷʢʽ ʪʘʢʦʞ ʙʫʜʫʪʴ ʩʠʤʝʪʨʠʯʥʽ ʜʦ ʟʥʘʡʜʝʥʠʭ. 

ɼʦʜʘʪʢʦʚʽ ʤʘʪʝʤʘʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʢʨʠʚʘ, ʷʢʘ 

ʙʫʜʝ ʟôʻʜʥʫʚʘʪʠ ʮʽ ʯʦʪʠʨʠ ʪʦʯʢʠ, ʙʫʜʝ ʝʣʽʧʩʦʤ ʽʟ ʧʽʚʦʩʷʤʠ / 4a , 

/ 4b . 

ɸʥʘʣʦʛʽʯʥʦ ʙʫʜʫʶʪʴʩʷ ʷʜʨʘ ʧʝʨʝʨʽʟʽʚ ʽ ʜʣʷ ʽʥʰʠʭ 

ʧʝʨʝʨʽʟʽʚ. ʅʝʙʝʟʧʝʯʥʠʤʠ ʪʦʯʢʘʤʠ ʮʠʭ ʧʝʨʝʨʽʟʽʚ ʻ ʪʦʯʢʠ, ʫ ʷʢʠʭ 

ʚʠʥʠʢʘʶʪʴ ʝʢʩʪʨʝʤʘʣʴʥʽ ʥʦʨʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ. ʎʝ ʢʦʥʪʫʨʥʽ 

ʪʦʯʢʠ, ʷʢʽ ʥʘʡʚʽʜʜʘʣʝʥʽʰʽ ʚʽʜ ʥʝʡʪʨʘʣʴʥʦʾ ʣʽʥʽʾ. ʇʽʜʩʪʘʚʣʷʶʯʠ 

ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʦʢ ʫ ʬʦʨʤʫʣʠ (11.12), (11.13), ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ 

ʚʝʣʠʯʠʥʫ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ ʽ ʚʠʢʦʥʘʪʠ ʧʝʨʝʚʽʨʢʫ 

ʤʽʮʥʦʩʪʽ. ɼʣʷ ʧʝʨʝʨʽʟʽʚ, ʱʦ ʤʘʶʪʴ ʜʚʽ ʦʩʽ ʩʠʤʝʪʨʽʾ, ʫʤʦʚʫ 

ʤʽʮʥʦʩʪʽ ʢʨʘʱʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫ ʪʘʢʦʤʫ ʚʠʛʣʷʜʽ: 
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[]max

y z

y z

M MF

A W W
s s=° ° ° ¢.                  (11.17) 

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʛʦʣʦʚʥʠʭ ʤʦʤʝʥʪʽʚ ʽʥʝʨʮʽʾ ʩʢʣʘʜʥʠʭ 

ʧʝʨʝʨʽʟʽʚ, ʾʭ ʨʦʟʙʠʚʘʶʪʴ ʥʘ ʧʨʦʩʪʽ ʝʣʝʤʝʥʪʠ ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʬʦʨʤʫʣʠ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʤʦʤʝʥʪʘʤʠ ʽʥʝʨʮʽʾ ʚʽʜʥʦʩʥʦ ʚʟʘʻʤʥʦ-

ʧʘʨʘʣʝʣʴʥʠʭ ʦʩʝʡ, ʟ ʷʢʠʭ ʦʜʥʘ ʚʽʩʴ ʮʝʥʪʨʘʣʴʥʘ: 

 
2

Cy yI I a A= + . 
2

Cz zI I b A= + .                   (11.18) 

 

ʊʫʪ ʯʝʨʝʟ 
CyI  ʽ 

Cz
I  ʧʦʟʥʘʯʝʥʽ ʛʦʣʦʚʥʽ ʤʦʤʝʥʪʠ ʽʥʝʨʮʽʾ 

ʬʽʛʫʨʠ ʚʽʜʥʦʩʥʦ ʾʾ ʚʣʘʩʥʠʭ ʛʦʣʦʚʥʠʭ ʮʝʥʪʨʘʣʴʥʠʭ ʦʩʝʡ, ʯʝʨʝʟ a  

ʽ b  ï ʚʽʜʧʦʚʽʜʥʽ ʢʦʦʨʜʠʥʘʪʠ ʮʝʥʪʨʘ ʚʘʛʠ ʬʽʛʫʨʠ ʫ ʩʠʩʪʝʤʽ 

ʛʦʣʦʚʥʠʭ ʮʝʥʪʨʘʣʴʥʠʭ ʦʩʝʡ ʚʩʴʦʛʦ ʧʝʨʝʨʽʟʫ. 

ɼʣʷ ʬʽʛʫʨ, ʧʦʢʘʟʘʥʠʭ ʥʘ ʨʠʩ. 11.8, ʛʦʣʦʚʥʽ ʤʦʤʝʥʪʠ ʽʥʝʨʮʽʾ 

ʜʦʨʽʚʥʶʶʪʴ: 

ʘ) ʜʣʷ ʧʨʷʤʦʢʫʪʥʠʢʘ: 
3 /12yI bh= ,  

3 /12zI hb= ; 

ʙ) ʜʣʷ ʢʚʘʜʨʘʪʘ: 
1 1

4 12y z y zI I I I a= = = = ; 

ʚ) ʜʣʷ ʪʨʠʢʫʪʥʠʢʘ: 
3 36yI bh= ; 

ʛ) ʜʣʷ ʨʽʚʥʦʩʪʦʨʦʥʥʴʦʛʦ ʪʨʠʢʫʪʥʠʢʘ: 

4 3

96
y z

a
I I= = ; 

ʜ) ʜʣʷ ʢʨʫʛʘ: 

4

4
y z

r
I I

p
= = ; 

ʝ) ʜʣʷ ʧʽʚʢʨʫʛʘ: 
40.1096yI rº , 

4

8
z

r
I
p
= . 
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ʈʠʩ. 11.8 

 

ʇʨʠʢʣʘʜ. ɼʣʷ ʟʘʜʘʥʦʛʦ ʧʝʨʝʨʽʟʫ (ʨʠʩ. 11.9) ʧʦʪʨʽʙʥʦ 

ʚʠʟʥʘʯʠʪʠ ʜʦʧʫʩʪʠʤʝ ʥʘʚʘʥʪʘʞʝʥʥʷ []F , ʨʽʚʥʦʜʽʡʥʘ F  ʷʢʦʛʦ 

ʧʨʠʢʣʘʜʝʥʘ ʫ ʪʦʯʮʽ ɺ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ 60By ñì¡= , 20Bz ñì¡=  ʚ 

ʜʦʧʦʤʽʞʥʡ ʩʠʩʪʝʤ ̔ʢʦʦʨʜʠʥʘʪ Oy z¡ ¡, ʘ ʜʦʧʫʩʪʠʤʽ ʥʘʧʨʫʞʝʥʥʷ 

ʜʦʨʽʚʥʶʶʪʴ: ʥʘ ʩʪʠʩʢ - [] 20,0
c

ʄʇʘs = ; ʥʘ ʨʦʟʪʷʛ- 

[] 2,0
p

ʄʇʘs = . 

 

ʈʦʟʚôʷʟʫʚʘʥʥʷ. 

1. ɺʠʟʥʘʯʝʥʥʷ ʧʦʣʦʞʝʥʥʷ ʛʦʣʦʚʥʠʭ ʮʝʥʪʨʘʣʴʥʠʭ 

ʦʩʝʡ ʽ ʦʙʯʠʩʣʝʥʥʷ ʛʦʣʦʚʥʠʭ ʤʦʤʝʥʪʽʚ ʽʥʝʨʮʽʾ ʧʝʨʝʨʽʟʫ 

 

ɺʽʩʴ ʩʠʤʝʪʨʽʾ z  ʻ ʦʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ ʮʝʥʪʨʘʣʴʥʠʭ ʦʩʝʡ 

ʧʝʨʝʨʽʟʫ. ɼʨʫʛʘ ʛʦʣʦʚʥʘ ʮʝʥʪʨʘʣʴʥʘ ʚʽʩʴ y  ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ 

ʮʝʥʪʨ ʚʘʛʠ ʧʝʨʝʨʽʟʫ C  ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʦʩʽ z . 

 



 198 

 
ʈʠʩ. 11.9 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪʠ 
Cz¡ ʮʝʥʪʨʘ ʚʘʛʠ C  ʬʽʛʫʨʠ ʫ 

ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ Oy z¡ ¡ ʨʦʟʙʠʚʘʻʤʦ ʚʝʩʴ ʧʝʨʝʨʽʟ ʥʘ ʜʚʘ 

ʪʨʠʢʫʪʥʠʢʠ ʟ ʧʣʦʱʘʤʠ 1A  ʽ ʮʝʥʪʨʘʤʠ ʚʘʛʠ 
11( 30 )CC z ʩʤ¡=  ʽ 

ʧʨʷʤʦʢʫʪʥʠʢ ʟ ʧʣʦʱʝʶ 2A  ʽ ʮʝʥʪʨʦʤ ʚʘʛʠ 2C
2

( 45 )Cz ʩʤ¡= . 

ʆʢʨʝʤʽ ʧʣʦʱʽ ʜʦʨʽʚʥʶʶʪʴ: 

2

1 1

1 30 90
1350

2 2
A b h ʩʤ

Ö
= = = , 

2

2 2 30 90 2700A b h ʩʤ= = Ö = . 

ʂʦʦʨʜʠʥʘʪʘ 
Cz¡ ʮʝʥʪʨʘ ʚʘʛʠ C  ʜʦʨʽʚʥʶʻ: 

1 21 2

1 2

2 2 1350 30 2700 45
37.5

2 1350 2700

C C

C

A z A z
z ʩʤ

A A

+ Ö Ö + Ö
¡= = =

+ Ö +
. 

ʏʝʨʝʟ ʮʝʥʪʨ ʚʘʛʠ C  ʧʨʦʚʦʜʠʤʦ ʱʝ ʦʜʥʫ ʛʦʣʦʚʥʫ 

ʮʝʥʪʨʘʣʴʥʫ ʚʽʩʴ y, ʘ ʯʝʨʝʟ ʮʝʥʪʨʠ ʚʘʛʠ 1C  ʽ 2C  ʦʢʨʝʤʠʭ ʯʘʩʪʠʥ 
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ʧʝʨʝʨʽʟʫ ï ʦʩʽ 1y  ʽ 2y , ʧʘʨʘʣʝʣʴʥʽ ʦʩʽ y. ʂʦʦʨʜʠʥʘʪʠ ʮʝʥʪʨʽʚ 

ʚʘʛʠ 1C  ʽ 2C  ʫ ʩʠʩʪʝʤʽ ʛʦʣʦʚʥʠʭ ʮʝʥʪʨʘʣʴʥʠʭ ʦʩʝʡ ʜʦʨʽʚʥʶʶʪʴ: 

1 7.5a ʩʤ=- , 2 7.5a ʩʤ= . 

ɻʦʣʦʚʥʽ ʤʦʤʝʥʪʠ ʽʥʝʨʮʽʾ ʚʠʟʥʘʯʘʻʤʦ ʟʘ ʬʦʨʤʫʣʘʤʠ (11.18): 
3 3 3

2 2 21 2
1 1 2 2

3
2 4

30 90
2( ) 2 1350 7.5

36 12 36

30 90
2700 7.5 3341250 ,

12

y

b h b h
I A a A a

ʩʤ

å õÖ
= + + + = + Ö +æ ö

ç ÷

Ö
+ + Ö =

 

3 3
21 2

1 1 2

3 3
2 4

1 1
2 ( )

36 3 2 12

90 30 90 30
2 1350 25 2025000 .

36 12

z

hb hb
I A b b

ʩʤ

å õ
= + + + =æ ö
ç ÷

å õÖ Ö
= + Ö + =æ ö
ç ÷

. 

 

2. ɺʠʟʥʘʯʝʥʥʷ ʧʦʣʦʞʝʥʥʷ ʥʝʡʪʨʘʣʴʥʦʾ ʦʩʽ. 

ɿʘ ʬʦʨʤʫʣʘʤʠ (11.14) ʟʥʘʭʦʜʠʤʦ: 

2 23341250
619

5400

y

y

I
i ʩʤ

A
= = = ,   2 22025000

375 .
5400

z
z

I
i ʩʤ

A
= = =  

ʂʦʦʨʜʠʥʘʪʠ ʪʦʯʢʠ ʧʨʠʢʣʘʜʘʥʥʷ ʨʽʚʥʦʜʽʶʯʦʾ F  

ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦʨʽʚʥʶʶʪʴ ʫ ʩʠʩʪʝʤʽ ʛʦʣʦʚʥʠʭ ʮʝʥʪʨʘʣʴʥʠʭ 

ʦʩʝʡ: 

15py ʩʤ= , 17,5pz ʩʤ=- . 

ɺʽʜʨʽʟʢʠ, ʱʦ ʚʽʜʩʽʢʘʶʪʴʩʷ ʥʝʡʪʨʘʣʴʥʦʶ ʚʽʩʩʶ ʥʘ ʛʦʣʦʚʥʠʭ 

ʮʝʥʪʨʘʣʴʥʠʭ ʦʩʷʭ ʧʝʨʝʨʽʟʫ, ʚʠʟʥʘʯʘʻʤʦ ʟʘ ʬʦʨʤʫʣʘʤʠ (11.15): 
2

375
25

15

z
y

p

i
a ʩʤ

y
=- =- =-, 

2
619

35,4
17.5

y

z

p

i
a ʩʤ

z
=- = = . 

  ʅʘ ʨʠʩ.11.9 ʥʝʡʪʨʘʣʴʥʘ ʚʽʩʴ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʪʦʯʢʠ 

1 2,K K . 

 

3. ɺʠʟʥʘʯʝʥʥʷ ʜʦʧʫʩʪʠʤʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥ.̫ 

ʅʝʙʝʟʧʝʯʥʠʤʠ ʪʦʯʢʘʤʠ ʫ ʧʝʨʝʨʽʟʽ ʻ ʪʦʯʢʠ, ʥʘʡʚʽʜʜʘʣʝʥʽʰʽ 

ʚʽʜ ʥʝʡʪʨʘʣʴʥʦʾ ʦʩʽ. ʊʘʢʠʤʠ ʪʦʯʢʘʤʠ ʻ ʪʦʯʢʘ 3(45,-37.5), ʫ ʷʢʽʡ 
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ʚʠʥʠʢʘʻ ʥʘʡʙʽʣʴʰʝ ʩʪʠʩʢʫʚʘʣʴʥʝ ʥʘʧʨʫʞʝʥʥʷ ʽ ʪʦʯʢʘ 1(-15,52.5), 

ʫ ʷʢʽʡ ʚʠʥʠʢʘʻ ʥʘʡʙʽʣʴʰʝ ʨʦʟʪʷʛʫʚʘʣʴʥʝ ʥʘʧʨʫʞʝʥʥʷ. 

ʅʦʨʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ʫ ʮʠʭ ʪʦʯʢʘʭ ʚʠʟʥʘʯʘʻʤʦ ʟʘ 

ʬʦʨʤʫʣʘʤʠ (11.13): 

( )( )
3 4 4 2

17.5 37.5 15 45 3.86
1 ,

5400 10 619 375 5400 10

F H
F

ʤ
s

- -

è - Ö - øÖ è ø
=- + + =-é ù é ùÖ Ö ê úê ú

; 

( ) ( )
1 4 4 2

17.5 52.5 15 15 1.08
1 ,

5400 10 619 375 5400 10

F H
F

ʤ
s

- -

è - Ö Ö - ø è ø
=- + + =é ù é ùÖ Ö ê úê ú

. 

ɿ ʫʤʦʚ ʤʽʮʥʦʩʪʽ ʥʘ ʨʦʟʪʷʛ ʽ ʩʪʠʩʢ ʟʥʘʭʦʜʠʤʦ: 

[] 5

1 4

1.08
; 20 10

5400 10p

F
s s

-

Ö
¢ = Ö

Ö
,      

610 1pF H MH= = , 

[] 5

3 4

3.86
; 200 10

5400 10c
Fs s

-
¢ = Ö

Ö
, 

62.8 10 2.8cF H MH= Ö = . 

ʄʝʥʰʘ ʟ ʦʜʝʨʞʘʥʠʭ ʜʚʦʭ ʩʠʣ ʻ ʜʦʧʫʩʪʠʤʦʶ: 

[] 1
p

F MH= . 

4. ʇʦʙʫʜʦʚʘ ʝʧʶʨʠ ʥʦʨʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ. 

ɼʣʷ ʦʜʝʨʞʘʥʥʷ ʧʦʚʥʦʾ ʢʘʨʪʠʥʠ ʨʦʟʧʦʜʽʣʫ ʥʦʨʤʘʣʴʥʠʭ 

ʥʘʧʨʫʞʝʥʴ ʫ ʧʝʨʝʨʽʟʽ ʩʪʨʠʞʥʷ ʧʦʙʫʜʫʻʤʦ ʾʭ ʝʧʶʨʫ (ʨʠʩ. 11.10). 

ɼʣʷ ʢʫʪʦʚʠʭ ʪʦʯʦʢ ʧʝʨʝʨʽʟʫ ʟʥʘʭʦʜʠʤʦ ʟʘ ʬʦʨʤʫʣʦʶ 

(11.13): 

( )
6

5

0 4 2

10
1 1.06 1.8 4.8 10 0,48

5400 10

H
ʄʇʘ

ʤ
s

-
=- + - =- Ö =-

Ö
; 

( )
6

5

1 4 2

10
1 1.48 0.60 20.0 10 2

5400 10

H
ʄʇʘ

ʤ
s

-
=- - - = Ö =

Ö
; 

( )
6

5

2 4 2

10
1 1.48 0.60 2.2 10 0,22

5400 10

H
ʄʇʘ

ʤ
s

-
=- - + =- Ö =-

Ö

; ( )
6

5

3 4 2

10
1 1.06 1.80 71.5 10 7,15

5400 10

H
ʄʇʘ

ʤ
s

-
=- + + =- Ö =-

Ö
 

. 
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ɺʽʜʢʣʘʚʰʠ (ʫ ʤʘʩʰʪʘʙʽ) 

ʟʥʘʯʝʥʥʷ ʟʥʘʡʜʝʥʠʭ 

ʥʘʧʨʫʞʝʥʴ ʫ ʚʽʜʧʦʚʽʜʥʠʭ 

ʪʦʯʢʘʭ, ʦʜʝʨʞʠʤʦ ʝʧʶʨʫ 

ʥʦʨʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ ʫ 

ʧʦʧʝʨʝʯʥʦʤʫ ʧʝʨʝʨʽʟʽ 

ʩʪʨʠʞʥʷ (ʨʠʩ.11.10). 

 

 

 

 

 

 

 

 

 

 
 

ʈʠʩ. 11.10 

 

 

11.3. ɿʛʠʥ ʟ ʢʨʫʯʝʥʥʷʤ 

 

      ʋ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʩʢʣʘʜʥʦʛʦ ʦʧʦʨʫ ʜʦʚʦʜʠʪʴʩʷ 

ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʩʪʨʠʞʥʽ ʟ ʣʘʤʘʥʦʶ ʚʽʩʩʶ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʜʚʦʭ 

ʚʟʘʻʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʜʽʣʷʥʦʢ (ʨʠʩ. 11.11) ʘʙʦ ʤʘʰʠʥʥʠʭ 

ʚʘʣʽʚ, ʷʢʽ ʦʜʥʦʯʘʩʥʦ ʟʘʟʥʘʶʪʴ ʟʛʠʥʫ ʟ ʢʨʫʯʝʥʥʷʤ.  

ʗʢ ʫ ʧʝʨʰʦʤʫ, ʪʘʢ ʽ ʫ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʘʭ ʜʽʣʷʥʢʘ ɸɺ 

ʩʪʨʠʞʥʷ (ʚʘʣʘ) ʧʨʘʮʶʻ ʥʘ ʟʛʠʥ (
çãM Fl= ) ʪʘ ʟʘʢʨʫʯʫʻʪʴʩʷ 

ʧʘʨʦʶ ʩʠʣ ʟ ʤʦʤʝʥʪʘʤʠ Fa  ʘʙʦ / 2FD , ʚʽʜʧʦʚʽʜʥʦ. ɽʧʶʨʠ 

ʟʛʠʥʘʣʴʥʠʭ ʪʘ ʢʨʫʪʥʠʭ ʤʦʤʝʥʪʽʚ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 11.11. ʗʢ 

ʚʠʜʥʦ ʟ ʝʧʶʨ, ʥʝʙʝʟʧʝʯʥʠʤ ʧʝʨʝʨʽʟʦʤ ʦʙʦʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚ 

ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʙʫʜʝ ʦʧʦʨʥʠʡ ʧʝʨʝʨʽʟ, ʜʝ ʦʜʥʦʯʘʩʥʦ ʚʠʥʠʢʘʶʪʴ 

ʤʘʢʩʠʤʘʣʴʥʠʡ ʟʛʠʥʘʣʴʥʠʡ ʪʘ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪʠ. ɺʽʜ ʜʽʾ ʮʠʭ 

ʤʦʤʝʥʪʽʚ ʫ ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʨʽʟʘʭ ʩʪʨʠʞʥʷ ʚʠʥʠʢʘʶʪʴ ʥʦʨʤʘʣʴʥʽ 
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ʪʘ ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ. ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʧʨʠ ʪʘʢʦʛʦ ʪʠʧʫ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʫ ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʨʽʟʘʭ ʢʦʥʩʪʨʫʢʮʽʾ ʚʠʥʠʢʘʶʪʴ 

ʱʝ ʽ ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ʚʽʜ ʜʽʾ ʧʦʧʝʨʝʯʥʠʭ ʩʠʣ, ʱʦ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ ɾʫʨʘʚʩʴʢʦʛʦ (10.12). ɸʣʝ ʚ ʮʠʭ 

ʚʠʧʘʜʢʘʭ ʾʭ ʚʧʣʠʚ ʥʘʩʪʽʣʴʢʠ ʤʘʣʠʡ, ʱʦ ʥʠʤʠ, ʷʢ ʧʨʘʚʠʣʦ, 

ʥʝʭʪʫʶʪʴ. 

 

 
ʈʠʩ. 11.11 

 

ɹʫʜʝʤʦ ʚʚʘʞʘʪʠ ʩʧʦʯʘʪʢʫ, ʱʦ ʧʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ ʩʪʨʠʞʥʷ 

(ʚʘʣʘ) ʥʘ ʜʽʣʷʥʮʽ ɸɺ  ̒ʢʨʫʛʦʤ. ʊʦʜʽ ʤʘʢʩʠʤʘʣʴʥʽ ʥʦʨʤʘʣʴʥʽ ʽ 

ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ʟʥʘʭʦʜʷʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ: 
 

max max; .
ʢʨʟʛ

z p

TM

W W
= =s t                            (11.18) 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʫʤʦʚʫ (8.10) ʪʝʦʨʽʾ ʤʽʮʥʦʩʪʽ ʥʘʡʙʽʣʴʰʠʭ 

ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ 

[]2 24III

ʝʢʚs s t s= + ¢ , 

ʪʘ ʧʽʜʩʪʘʚʠʚʰʠ ʚ ʥʝʾ ʚʠʨʘʟʠ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʠʭ ʥʦʨʤʘʣʴʥʠʭ ʪʘ 

ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ, ʦʪʨʠʤʘʻʤʦ: 
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[]
2 2

çã êðIII

åêâ

z

M T

W
s s

+
= ¢ , ʘʙʦ [],

III

ðî çð

z

M

W
s¢     (11.19) 

ʜʝ ʯʝʨʝʟ 
III

ʨʦʟʨM  ʧʦʟʥʘʯʝʥʦ ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʤʦʤʝʥʪ, ʷʢʠʡ 

ʜʦʨʽʚʥʶʻ 2 2III

ðî çð çã êðM M T= +  ʟʘ ʫʤʦʚʠ, ʱʦ 2p zW W= . 

ɿ ʫʤʦʚʠ (11.19) ʜʽʩʪʘʻʤʦ ʬʦʨʤʫʣʫ ʧʽʜʙʦʨʫ ʢʨʫʛʣʦʛʦ 

ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʧʨʠ ʩʫʤʽʩʥʽʡ ʜʽʾ ʟʛʠʥʫ ʪʘ ʢʨʫʯʝʥʥʷ: 

[]
.

III

ðî çð

z

M
W

s
²                                     (11.20) 

ʇʨʠ ʧʝʨʝʚʽʨʮʽ ʤʽʮʥʦʩʪʽ ʟʘ ʝʥʝʨʛʝʪʠʯʥʦʶ ʪʝʦʨʽʻʶ (ʫʤʦʚʘ 

(8.14)) ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʤʦʤʝʥʪ ʨʦʟʨM  ʥʝʦʙʭʽʜʥʦ ʦʙʯʠʩʣʶʚʘʪʠ ʟʘ 

ʬʦʨʤʫʣʦʶ 

2 20,75 .IV

ðî çð çã êðM M T= +                             (11.21) 

ʋ ʜʨʫʛʦʤʫ ʚʠʧʘʜʢʫ (ʨʠʩ. 11.11) ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ, ʱʦ 

ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ ʚʘʣ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ ,P ʢɺʪ ʪʘ ʯʘʩʪʦʪʠ 

ʦʙʝʨʪʘʥʥʷ 
1,n ʭʚ-  ʽ ʚʠʨʘʞʘʻʪʴʩʷ ʯʝʨʝʟ ʥʠʭ ʟʘ ʬʦʨʤʫʣʦʶ (5.15): 

9,549êð

P
T êÍ ì

n
= Ö. 

ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʩʪʨʠʞʝʥʴ ɸɺ ʧʨʷʤʦʢʫʪʥʦʛʦ ʧʝʨʝʨʽʟʫ 

ʚʠʩʦʪʦʶ h  ʽ ʰʠʨʠʥʦʶ b, ʪʦ ʧʨʠ ʢʨʫʯʝʥʥʽ ʤʘʢʩʠʤʘʣʴʥʽ ʜʦʪʠʯʥʽ 

ʥʘʧʨʫʞʝʥʥʷ ʚʠʥʠʢʘʶʪʴ ʧʦʩʝʨʝʜʠʥʽ ʜʦʚʰʦʾ ʩʪʦʨʦʥʠ ʽ 

ʜʦʨʽʚʥʶʶʪʴ 

max 2
,

êðT

hb
t

b
=                                   (11.22) 

ʜʝ ʢʦʝʬʽʮʽʻʥʪ b ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʩʪʦʨʽʥ ʧʨʷʤʦʢʫʪʥʠʢʘ 

ʽ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ: 

1
0,21

3
b¢ ¢,                                  (11.23) 

ʜʝ ʣʽʚʝ ʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʘʻ ʢʚʘʜʨʘʪʫ, ʘ ʧʨʘʚʝ ʚʽʜʥʦʰʝʥʥʶ 

/ 10h b> . 
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ʗʢʱʦ ʩʠʣʠ, ʱʦ ʟʛʠʥʘʶʪʴ ʚʘʣ, ʥʝ ʣʝʞʘʪʴ ʚ ʦʜʥʽʡ ʧʣʦʱʠʥʽ, 

ʪʦ ʪʦʜʽ ʚ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʬʦʨʤʫʣʘʭ (11.19) (11.21) ʟʘʤʽʩʪʴ 

ʚʝʣʠʯʠʥʠ 
ʟʛM  ʥʝʦʙʭʽʜʥʦ ʧʽʜʩʪʘʚʠʪʠ ʚʝʣʠʯʠʥʫ ʧʦʚʥʦʛʦ 

ʟʛʠʥʘʣʴʥʦʛʦ ʤʦʤʝʥʪʫ  

2 2

. . ,ʟʛ ʧ ʛ ʚM M M= +  

ʜʝ 
ʛM  ʽ 

ʚM  ï ʟʛʠʥʘʣʴʥʽ ʤʦʤʝʥʪʠ, ʱʦ ʜʽʶʪʴ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʪʘ 

ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʘʭ ʚʽʜʧʦʚʽʜʥʦ. 

 

ʇʨʠʢʣʘʜ. ʇʝʨʝʚʽʨʠʪʠ ʤʽʮʥʽʩʪʴ ʚʘʣʘ ʟʫʙʯʘʪʦʾ ʧʝʨʝʜʘʯʽ, 

ʚʠʛʦʪʦʚʣʝʥʦʛʦ ʽʟ ʩʪʘʣʽ ʉʪ 4, ʛʨʘʥʠʮʷ ʧʣʠʥʥʦʩʪʽ ʜʣʷ ʷʢʦʾ 

260ʧʣ ʄʇʘs = . ʇʦʪʫʞʥʽʩʪʴ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ, ʜʦʨʽʚʥʶʻ 

40ʈ ʢɺʪ=  ʧʨʠ ʢʫʪʦʚʽʡ ʰʚʠʜʢʦʩʪʽ 
11000n ʭʚ-= ; ʜʦʧʫʩʪʠʤʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʟʘʧʘʩʫ ʤʽʮʥʦʩʪʽ [] 2,5n = . ɼʽʘʤʝʪʨ ʚʘʣʘ 35d ʤʤ= , ʘ 

ʜʽʘʤʝʪʨ ʟʫʙʯʘʪʦʾ ʧʝʨʝʜʘʯʽ 300D ʤʤ=  (ʨʠʩ. 11.12). ɼʦʚʞʠʥʠ 

ʜʽʣʷʥʦʢ ʚʘʣʘ - 2AC CB l ʤ= = = . 

ʈʦʟʚôʷʟʫʚʘʥʥʷ. ɺʠʟʥʘʯʠʤʦ ʚʝʣʠʯʠʥʫ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ, 

ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ ʚʘʣ: 

40
9,549 9,549 0,38

1000
ʢʨ

P
T ʢʅ ʤ

n
= = Ö = Ö. 

ʂʦʣʦʚʝ ʟʫʩʠʣʣʷ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ ʚ ʧʝʨʝʜʘʯʽ, ʟʥʘʭʦʜʠʤʦ ʟʘ 

ʬʦʨʤʫʣʦʶ: 

2 / 2 0,38 / 0,3 2,53 .t ʢʨF T D ʢʅ= = Ö =  

ʈʘʜʽʘʣʴʥʝ ʟʫʩʠʣʣʷ ʟʥʘʭʦʜʠʤʦ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

0,36 0,36 2,53 0,913r tF F ʢʅ= Ö = Ö = . 

ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʚʘʣʘ ʤʘʻ ʚʠʛʣʷʜ ʥʘ ʨʠʩ. 11.12, ʙ. 

ʄʘʢʩʠʤʘʣʴʥʠʡ ʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥ̔ 

ʜʦʨʽʚʥʶʻ: 

/ 2 2,53 0,2 / 2 0,253ʚ

ʟʛ tM Fl ʢʅ ʤ= = Ö = Ö. 
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ʄʘʢʩʠʤʘʣʴʥʠʡ ʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ 

ʧʣʦʱʠʥʽ (ʨʘʜʽʘʣʴʥʝ ʟʫʩʠʣʣʷ rF  ʥʘʧʨʘʚʣʝʥʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦ) 

ʜʦʨʽʚʥʶʻ: 

 

/ 2 0,913 0,2 / 2 0,0913ʛ

ʟʛ rM F l ʢʅ ʤ= = Ö = Ö. 

 

 
ʈʠʩ. 11.12 

 

ʄʘʢʩʠʤʘʣʴʥʠʡ ʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ 

ʧʣʦʱʠʥʽ ʜʦʨʽʚʥʶʻ: 

/ 2 2,53 0,2 / 2 0,253ʚ

ʟʛ tM Fl ʢʅ ʤ= = Ö = Ö. 

ʄʘʢʩʠʤʘʣʴʥʠʡ ʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ 

ʧʣʦʱʠʥʽ (ʨʘʜʽʘʣʴʥʝ ʟʫʩʠʣʣʷ rF  ʥʘʧʨʘʚʣʝʥʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦ) 

ʜʦʨʽʚʥʶʻ: 

/ 2 0,913 0,2 / 2 0,0913ʛ

ʟʛ rM F l ʢʅ ʤ= = Ö = Ö. 
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ɿʘ ʟʥʘʡʜʝʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʤʦʤʝʥʪʽʚ ʙʫʜʫʻʤʦ ʝʧʶʨʠ ,ʢʨT  

ʚ

ʟʛM  
ʛ

ʟʛM  (ʨʠʩ. 11.12 ʚ, ʛ, ʜ) ʪʘ ʚʠʟʥʘʯʘʻʤʦ ʥʝʙʝʟʧʝʯʥʠʡ ʧʝʨʝʨʽʟ. 

ɿ ʝʧʶʨ ʚʠʜʥʦ, ʱʦ ʥʝʙʝʟʧʝʯʥʠʡ ʧʝʨʝʨʽʟ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʤʽʩʮʽ 

ʟʘʢʨʽʧʣʝʥʥʷ ʟʫʙʯʘʪʦʛʦ ʢʦʣʝʩʘ. 

ɼʣ̫ ʟʥʘʭʦʜʞʝʥʥʷ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ 
ʝʢʚs  

ʟʘʩʪʦʩʫʻʤʦ ʫʤʦʚʫ (8.14) ʝʥʝʨʛʝʪʠʯʥʦ ʾʪʝʦʨʽ ʾʤʽʮʥʦʩʪʽ  

,

IV

ðî çðIV

åêâ

z

M

W
s =

                                      
(11.24) 

ʜʝ    2 2

. 0,75 ,IV

ðî çð çã çâ êðM M T= +  ( ) ( )
2 2

.

ʚ ʛ

ʟʛ ʟʚ ʟʛ ʟʛM ʄ ʄ= + .    

ʊʦʜʽ   ( ) ( )
2 2

. 0,0913 0,253 0,269 ,ʟʛ ʟʚM ʢʅ ʤ= + = Ö 

ʘ                   2 20,269 0,75 0,38 0,425 .IV

ʨʦʟʨM ʢʅ ʤ= + Ö = Ö 

ɿʘ ʬʦʨʤʫʣʦʶ (11.24) ʟʥʘʭʦʜʠʤʦ 
3

3 9

0,425 10
99,1 .

0,1 35 10

IV

ʝʢʚ ʄʇʘs
-

Ö
= =

Ö Ö
 

ɺʠʟʥʘʯʠʤʦ ʢʦʝʬʽʮʽʻʥʪ ʟʘʧʘʩʫ ʤʽʮʥʦʩʪʽ  

260
2,62

99,1

ʧʣ
ʧʣ IV

ʝʢʚ

n
s

s
= = = . 

ʇʦʨʽʚʥʶʶʯʠ ʟʥʘʡʜʝʥʫ ʚʝʣʠʯʠʥʫ 
ʧʣn  ʟ ʜʦʧʫʩʪʠʤʠʤ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʟʘʧʘʩʫ ʤʽʮʥʦʩʪʽ []n , ʙʘʯʠʤʦ, ʱʦ []ʧʣn n> , ʪʦʙʪʦ 

ʤʽʮʥʽʩʪʴ ʚʘʣʘ ʟʘʙʝʟʧʝʯʝʥʘ. 

 

 

11.4. ʈʦʟʨʘʭʫʥʦʢ ʢʨʠʚʠʭ ʩʪʨʠʞʥʽʚ 

 

ʇʦʨʷʜ ʽʟ ʢʦʩʠʤ ʟʛʠʥʦʤ, ʧʦʟʘʮʝʥʪʨʦʚʠʤ ʨʦʟʪʷʛʦʤ ʽ ʩʪʠʩʢʦʤ, 

ʟʛʠʥʦʤ ʟ̔ ʢʨʫʯʝʥʥʷʤ, ʝɦ ʦʜʥʠʤ ʚʠʧʘʜʢʦʤ ʩʢʣʘʜʥʦʛʦ ʦʧʦʨʫ ʻ 

ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʪʘ ʧʝʨʝʤʽʱʝʥʴ ʫ ʢʨʠʚʠʭ ʩʪʨʠʞʥʷʭ, ʷʢʽ 

ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚ ʜʝʷʢʠʭ ʽʥʞʝʥʝʨʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ 

(ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʠʭ ʛʘʢʘʭ, ʘʨʢʘʭ, ʢʽʣʴʮʷʭ ʣʘʥʮʶʛʽʚ, ʟʘʤʢʥʫʪʠʭ 
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ʛʦʣʦʚʢʘʭ ʰʘʪʫʥʽʚ ʪʘ ʽʥ.). ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʦʩʽ ʢʨʠʚʠʭ 

ʩʪʨʠʞʥʽʚ ʻ ʧʣʦʩʢʠʤʠ ʢʨʠʚʠʤʠ. ɹʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ʧʝʨʝʨʽʟʠ ʮʠʭ 

ʩʪʨʠʞʥʽʚ ʻ ʩʪʘʣʠʤʠ ʽ ʩʠʤʝʪʨʠʯʥʠʤʠ. ʈʘʜʽʫʩ ʢʨʠʚʠʥʠ ʦʩʽ ʩʪʨʠʞʥʷ 

R ʚʚʘʞʘʪʠʤʝʤʦ ʩʪʘʣʠʤ.  

ʋ ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʨʽʟʘʭ ʧʣʦʩʢʦʛʦ ʢʨʠʚʦʛʦ ʩʪʨʠʞʥʷ 

ʚʠʥʠʢʘʶʪʴ ʪʨʠ ʚʥʫʪʨʽʰʥʽʭ ʩʠʣʦʚʠʭ ʬʘʢʪʦʨʠ: ʧʦʟʜʦʚʞʥʷ ʩʠʣʘ N, 

ʧʦʧʝʨʝʯʥʘ ʩʠʣʘ Q  ʪʘ ʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ ʄ (ʨʠʩ. 11.13). 

 

ʈʠʩ. 11.13 

ʇʦʟʜʦʚʞʥʷ ʩʠʣʘ N ʫ ʜʦʚʽʣʴʥʦʤʫ ʧʝʨʝʨʽʟʽ ʩʪʨʠʞʥʷ ʜʦʨʽʚʥʶʻ 

ʩʫʤʽ ʧʨʦʝʢʮʽʡ ʚʩʽʭ ʩʠʣ ʥʘ ʚʽʩʴ ʭ, ʱʦ ʨʦʟʤʽʱʝʥʽ ʟ ʦʜʥʦʛʦ ʙʦʢʫ ʚʽʜ 

ʧʝʨʝʨʽʟʫ. ʉʠʣʠ, ʱʦ ʜʽʪʁʴ ʥʘ ʨʦʟʪʷʛ (ʚʽʜ ʧʝʨʝʨʽʟʫ) ʧʨʠʡʤʘʶʪʴʩʷ 

ʜʦʜʘʪʥʠʤʠ.  

ʇʦʧʝʨʝʯʥʘ ʩʠʣʘ Q  ʜʦʨʽʚʥʶʻ ʩʫʤʽ ʧʨʦʝʢʮʽʡ ʚʩʽʭ ʩʠʣ ʥʘ ʚʽʩʴ 

y, ʱʦ ʨʦʟʤʽʱʝʥʽ ʟ ʦʜʥʦʛʦ ʙʦʢʫ ʚʽʜ ʧʝʨʝʨʽʟʫ. ʉʠʣʘ Q  ʚʚʘʞʘʻʪʴʩʷ 

ʜʦʜʘʪʥʦʶ (Q>0), ʷʢʱʦ ʦʙʝʨʪʘʻ ʧʝʨʝʨʽʟ ʟʘ ʛʦʜʠʥʥʠʢʦʚʦʶ 

ʩʪʨʽʣʢʦʶ. 
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ɿʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ ʄ ʜʦʨʽʚʥʶʻ ʩʫʤʽ ʤʦʤʝʥʪʽʚ ʣʽʚʠʭ ʘʙʦ 

ʧʨʘʚʠʭ ʚʽʜ ʧʝʨʝʨʽʟʫ ʩʠʣ ʚʽʜʥʦʩʥʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʦʩʽ, ʱʦ 

ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʮʝʥʪʨ ʚʘʛʠ ôôʉôô ʧʝʨʝʨʽʟʫ. ɿʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ 

ʚʚʘʞʘʻʪʴʩʷ ʜʦʜʘʪʥʠʤ, ʷʢʱʦ ʚʽʥ ʟʙʽʣʴʰʫʻ ʢʨʠʚʠʥʫ ʩʪʨʠʞʥʷ.  

ʋ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʨʘʜʽʫʩʘ ʢʨʠʚʠʥʠ ʦʩʽ ʩʪʨʠʞʥʷ R 

ʜʦ ʚʠʩʦʪʠ ʧʝʨʝʨʽʟʫ h ʨʦʟʨʽʟʥʷʶʪʴ ʩʪʨʠʞʥʽ ʤʘʣʦʾ ʢʨʠʚʠʥʠ, ʚ ʷʢʠʭ 

h/R<1/5, ʪʘ ʩʪʨʠʞʥʽ ʚʝʣʠʢʦʾ ʢʨʠʚʠʥʠ, ʚ ʷʢʠʭ h/R²1/5. ʊʘʢʠʡ 

ʨʦʟʧʦʜʽʣ ʨʦʙʠʪʴʩʷ ʟ ʪʦʾ ʧʨʠʯʠʥʠ, ʱʦ ʜʣʷ ʩʪʨʠʞʥʽʚ ʤʘʣʦʾ ʢʨʠʚʠʥʠ 

ʥʘʧʨʫʞʝʥʥʷ ʚ ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʨʽʟʘʭ ʦʙʯʠʩʣʶʶʪʴ ʟʘ ʬʦʨʤʫʣʘʤʠ 

(1.5), (10.12) ʪʘ (10.15) ʜʣʷ ʧʨʷʤʠʭ ʩʪʨʠʞʥʽʚ: 

N

N

A
s = ,     M

z

My

I
s = ,   z

y

z

QS

bI
t= .                        (11.25) 

ɼʣʷ ʩʪʨʠʞʥʽʚ ʚʝʣʠʢʦʾ ʢʨʠʚʠʥʠ ʧʨʠ ʦʙʯʠʩʣʝʥʥʽ ʥʘʧʨʫʞʝʥʥʷ 

Ms  ʥʝʦʙʭʽʜʥʦ ʜʦʜʘʪʢʦʚʦ ʚʨʘʭʦʚʫʚʘʪʠ ʢʨʠʚʠʥʫ ʩʪʨʠʞʥʷ ʽ ʪʦʡ 

ʬʘʢʪ, ʱʦ ʨʘʜʽʫʩ ʢʨʠʚʠʥʠ ʩʪʨʠʞʥʷ R, ʥʘ ʷʢʦʤʫ ʤʽʩʪʷʪʴʩʷ ʮʝʥʪʨʠ 

ʚʘʛʠ ʧʝʨʝʨʽʟʫ ʽ ʨʘʜʽʫʩ ʥʝʡʪʨʘʣʴʥʦʛʦ ʰʘʨʫ 
0R , ʜʝ ʥʘʧʨʫʞʝʥʥʷ 

ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ, ʥʝ ʩʧʽʚʧʘʜʘʶʪʴ. ɺʽʜʩʪʘʥʴ ʚʽʜ ʥʝʡʪʨʘʣʴʥʦʛʦ 

ʰʘʨʫ ʜʦ ʮʝʥʪʨʘ ʚʘʛʠ ʧʦʟʥʘʯʘʶʪʴ ʯʝʨʝʟ ʚʝʣʠʯʠʥʫ   ʝ=
0R R- . 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʴ 
Ms  ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʛʽʧʦʪʝʟʘ 

ʧʣʦʩʢʠʭ ʧʝʨʝʨʽʟʽʚ, ʟʛʽʜʥʦ ʷʢʦʾ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʚʽʜʥʦʩʥʝ 

ʚʠʜʦʚʞʝʥʥʷ ʜʦʚʽʣʴʥʦʛʦ ʚʦʣʦʢʥʘ ʩʪʨʠʞʥʷ ʫ ʚʠʛʣʷʜʽ: 

/x yje e r= ,                                                     (11.26) 
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ʜʝ 
0R yr= +- ʨʘʜʽʫʩ ʢʨʠʚʠʥʠ ʜʦʚʽʣʴʥʦʛʦ ʚʦʣʦʢʥʘ; 

( )/d dje j j=D  

- ʚʽʜʥʦʩʥʠʡ ʧʨʠʨʽʩʪ ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʧʝʨʝʨʽʟʫ; y  - 

ʢʦʦʨʜʠʥʘʪʘ ʪʦʯʢʠ ʧʝʨʝʨʽʟʫ ʩʪʨʠʞʥʷ ʚʽʜʥʦʩʥʦ ʦʩʽ z, ʱʦ ʟʙʽʛʘʻʪʴʩʷ 

ʟ ʥʝʡʪʨʘʣʴʥʦʶ ʚʩ̔ʩʶ. 

 ɺʠʢʦʨʠʩʪʘʚʰʠ ʱʝ ʦʜʥʫ ʛʽʧʦʪʝʟʫ ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ ʪʠʩʢʫ 

ʤʽʞ ʧʦʟʜʦʚʞʥʽʤʠ ʚʦʣʦʢʥʘʤʠ ʢʨʠʚʦʛʦ ʩʪʨʠʞʥʷ (ʚʦʣʦʢʥʘ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʣʽʥʽʡʥʦʤʫ ʥʘʧʨʫʞʝʥʦʤʫ ʩʪʘʥʽ), ʥʘ ʦʩʥʦʚʽ ʟʘʢʦʥʫ 

ɻʫʢʘ ʟʘʧʠʰʝʤʦ ʚʠʨʘʟ ʜʣʷ ʥʦʨʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ ʫ ʮʠʭ 

ʧʝʨʝʨʽʟʘʭ  

0

M

y
E

R y
js e=
+

.   (11.27) 

ʋ ʬʦʨʤʫʣʫ (11.27) ʚʭʦʜʠʪʴ ʜʚʽ ʥʝʚʽʜʦʤʠʭ ʚʝʣʠʯʠʥʠ jeʪʘ 

0R , ʷʢʽ ʟʥʘʭʦʜʠʤʦ ʟ ʜʚʦʭ ʨʽʚʥʷʥʴ ʨʽʚʥʦʚʘʛʠ ʜʣʷ ʝʣʝʤʝʥʪʘ 

ʢʨʠʚʦʛʦ ʩʪʨʠʞʥʷ, ʱʦ ʟʥʘʭʦʜʠʪʴʩ̫ ʚ ʫʤʦʚʘʭ ʯʠʩʪʦʛʦ ʟʛʠʥʫ: 

0; 0M

A

X dAsS = =ñ ;                               (11.28) 

 0;z M

A

M y dA MsS = =ñ .                               (11.29) 

ʇʽʜʩʪʘʚʠʚʰʠ ʚ ʨʽʚʥʷʥʥʷ (11.28) ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʥʷ 
Ms  ʟ 

(11.27), ʦʜʝʨʞʠʤʦ 

0

0
A

y
E dA

R y
je =

+ñ
. 

ʆʩʢʽʣʴʢʠ ʫ ʮʴʦʤʫ ʚʠʨʘʟʽ 0E je¸ , ʪʦ 
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0 0
A

R
dA

r

r

-
=ñ .                                (11.30) 

ɿʚʽʜʢʠ            0
A

dA
A dA

r
- =ñ , ʘʙʦ 

0

A

A
R

dA

r

=

ñ
.                                              (11.31) 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʜʣʷ ʧʨʷʤʦʢʫʪʥʦʛʦ ʧʝʨʝʨʽʟʫ ʟ ʨʦʟʤʽʨʘʤʠ 

b h³ : ,A bh dA bdr= = , ʪʦ  

2

1

0 R

R

bh
R

bdr

r

=

ñ
2

1

h

R
ln

R

= .                                  (11.32) 

ɿʘ ʘʥʘʣʦʛʽʻ,ʁ ʜʣʷ ʢʨʫʛʣʦʛʦ ʧʝʨʝʨʽʟʫ ʟ ʜ̔ʘʤʝʪʨʦʤ d ʙʫʜʝʤʦ ʤʘʪʠ: 

2

0
2 24 2 4

d
R

( R R d )
=

- -
.   (11.33) 

ʇʽʜʩʪʘʚʠʚʰʠ ʟʥʘʯʝʥʥʷ 
Ms  ʫ ʜʨʫʛʝ ʨʽʚʥʷʥʥʷ ʨʽʚʥʦʚʘʛʠ (11.29), 

ʦʜʝʨʞʠʤʦ 

2

A

y
E dA Mje

r
=ñ .                                        (11.34) 

ɯʥʪʝʛʨʘʣ ʚ ʨʽʚʥʷʥʥʽ (11.34) ʤʦʞʥʘ ʧʝʨʝʪʚʦʨʠʪʠ ʜʦ ʥʘʩʪʫʧʥʦʛʦ 

ʚʠʛʣʷʜʫ: 

( )2
0

0

A A A

y Ry y
dA ydA R dA

r

r r r

-
= = -ñ ñ ñ ñ. 
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ʆʩʪʘʥʥʽʡ ʽʟ ʜʚʦʭ ʽʥʪʝʛʨʘʣʽʚ ʜʦʨʽʚʥʶʻ ʥʫʣʝʚʽ (ʨʽʚʥʷʥʥʷ (11.30)), ʘ 

ʧʝʨʰʠʡ, ʟʘ ʚʠʟʥʘʯʝʥʥʷʤ, ʻ ʩʪʘʪʠʯʥʠʤ ʤʦʤʝʥʪʦʤ 
zS  ʧʣʦʱʽ 

ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʚʽʜʥʦʩʥʦ ʥʝʡʪʨʘʣʴʥʦʾ ʦʩʽ z. ʊʦʤʫ 

2

z

A A

y
dA ydA Ae S
r

= = =ñ ñ .                       (11.35) 

ʊʘʢʠʤ ʯʠʥʦʤ,  ʥʘ ʦʩʥʦʚʽ ʬʦʨʤʫʣ (11.34), (11.35), ʤʦʞʥʘ ʟʥʘʡʪʠ 

ʚʝʣʠʯʠʥʫ 

M

AeE
je= .     (11.36)  

ʇʽʜʩʪʘʚʠʚʰʠ ʚʠʨʘʟ (11.36) ʫ ʬʦʨʤʫʣʫ (11.27), ʦʜʝʨʞʠʤʦ 

ʢʽʥʮʝʚʠʡ ʚʠʨʘʟ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ  ʥʦʨʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ ʫ 

ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʨʽʟʘʭ ʢʨʠʚʠʭ ʩʪʨʠʞʥʽʚ 

0( )
M

My

Ae R y
s =

+
 .                                      (11.37) 

ʊʫʪyï ʢʦʦʨʜʠʥʘʪʘ ʪʦʯʢʠ, ʚ ʷʢʽʡ ʚʠʟʥʘʯʘʶʪʴ ʥʘʧʨʫʞʝʥʥʷ 

ʚʽʜʥʦʩʥʦ ʥʝʡʪʨʘʣʴʥʦʾ ʦʩʽ z; e ï ʢʦʦʨʜʠʥʘʪʘ ʮʝʥʪʨʘ ʧʝʨʝʨʽʟʫ 

ʚʽʜʥʦʩʥʦ ʥʝʡʪʨʘʣʴʥʦʾ ʦʩʽ.  

ɸʙʩʦʣʶʪʥʽ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʫ ʢʨʘʡʥ̔ʭ ʚʦʣʦʢʥʘʭ ʢʨʠʚʦʛʦ 

ʩʪʨʠʞʥʷ, ʟʛʽʜʥʦ ʟ ʬʦʨʤʫʣʦʶ (11.37), ʦʙʯʠʩʣʶʶʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʘʤʠ:  

1
1

1

M

My

AeR
s = ;  2

2

2

M

My

AeR
s =  ,                            (11.38) 
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ʜʝ 
1 0 1R R y= + ,  

2 0 2R R y= + , - ʨʘʜʽʫʩʠ ʢʨʠʚʠʥ ʢʨʘʡʥʽʭ ʚʦʣʦʢʦʥ 

ʢʨʠʚʦʛʦ ʩʪʨʠʞʥʷ; 
1 2y ,y  - ʚʽʜʩʪʘʥʽ ʚʽʜ ʥʝʡʪʨʘʣʴʥʦʾ ʣʽʥʽʾ ʜʦ ʮʠʭ 

ʚʦʣʦʢʦʥ (ʨʠʩ.11.14).  

ɺ ʨʦʟʨʘʭʫʥʢʘʭ ʥʘ ʤʽʮʥʽʩʪʴ ʢʨʠʚʠʭ ʩʪʨʠʞʥʽʚ ʢʦʨʠʩʪʫʶʪʴʩʷ 

ʩʫʤʘʨʥʠʤʠ ʥʦʨʤʘʣʴʥʠʤʠ ʥʘʧʨʫʞʝʥʥʷʤʠ ʚ ʜʦʚʽʣʴʥʦʤʫ ʧʝʨʝʨʽʟʽ 

ʩʪʨʠʞʥʷ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ  

N Ms s s= + .                                               (11.39) 

 

 

ʈʠʩ.11.14 

ʆʪʞʝ, ʟ ʬʦʨʤʫʣ (11.37), (11.38) ʚʠʜʥʦ, ʱʦ ʥʦʨʤʘʣʴʥʽ 

ʥʘʧʨʫʞʝʥʥʷ ʧʨʠ ʯʠʩʪʦʤʫ ʟʛʠʥʽ ʢʨʠʚʠʭ ʩʪʨʠʞʥʽʚ ʚʝʣʠʢʦʾ 

ʢʨʠʚʠʥʠ ʟʤʽʥʶʶʪʴʩʷ ʟʘ ʛʽʧʝʨʙʦʣʽʯʥʠʤ ʟʘʢʦʥʦʤ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʣʽʥʽʡʥʦʛʦ ʟʘʢʦʥʫ ʫ ʧʨʷʤʠʭ ʩʪʨʠʞʥʷʭ. ʇʨʠ ʮʴʦʤʫ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʨʽʟʢʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʘʧʨʫʞʝʥʴ ʟʙʦʢʫ ʚʚʽʛʥʫʪʦʩʪʽ ʢʨʠʚʦʛʦ 

ʩʪʨʠʞʥʷ. ʊʦʙʪʦ, ʮʝ ʦʙʣʘʩʪʴ ʧʽʜʚʠʱʝʥʦ ʾʥʝʙʝʟʧʝʢʠ ʧʦʷʚʠ ʪʨʽʱʠʥ 
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ʫ ʢʨʠʭʢʦʤʫ ʤʘʪʝʨʽʘʣ ̔ʪʘ ʦʙʣʘʩʪʴ ʧʦʷʚʠ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ï 

ʜʣʷ ʧʣʘʩʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ʇʨʠʢʣʘʜ. ʂʨʠʚʠʡ ʩʪʨʠʞʝʥʴ ʫ ʚʠʛʣʷʜʽ ʯʚʝʨʪʽ ʢʽʣʴʮʷ ʩʪʘʣʦʛʦ 

ʧʝʨʝʨʽʟʫ ʟ ʨʦʟʤʽʨʘʤʠ 4 , 16b cʤ h ʩʤ= =  ʪʘ ʨʘʜʽʫʩʦʤ ʢʨʠʚʠʥʠ ʦʩʽ 

ʩʪʨʠʞʥʷ 50R ʩʤ=  (ʨʠʩ.11.15) ʥʘʚʘʥʪʘʞʝʥʠʡ  ʥʘ ʚʽʣʴʥʦʤʫ ʢʽʥʮʽ 

ʩʠʣʦʶ 64F ʢʅ= . ʅʝʦʙʭʽʜʥʦ ʧʦʙʫʜʫʚʘʪʠ ʝʧʶʨʠ , ,N Q M , ʪʘ 

ʚʠʟʥʘʯʠʪʠ ʫ ʥʝʙʝʟʧʝʯʥʦʤʫ ʧʝʨʝʨʽʟʽ ʥʘʧʨʫʞʝʥʥʷ 
1 2, ,N M Ms s s, ʘ 

ʪʘʢʦʞ ʩʫʤʘʨʥʽ ʥʦʨʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ 
max min,s s . 

 

ʈʠʩ.11.15 

 

ɺʥʫʪʨʽʰʥʽ ʩʠʣʦʚʽ ʬʘʢʪʦʨʠ , ,N Q M  ʫ ʜʦʚʽʣʴʥʦʤʫ ʧʝʨʝʨʽʟʽ 

ʩʪʨʠʞʥʷ ʟʘʣʝʞʘʪʴ ʚʽʜ ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʫʪʘ j ʽ ʤʘʶʪʴ ʚʠʛʣʷʜ: 
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( ) sin 64sin ;

( ) cos 64cos ;

( ) sin 32sin .

N F ʢʅ

Q F ʢʅ

N FR ʢʅ ʤ

j j j

j j j

j j j

=- =-

= =

= = Ö

 

ɽʧʶʨʠ , ,N Q M  ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ.11.15 ʙ,ʚ,ʛ. ɸʥʘʣʽʟ ʮʠʭ ʝʧʶʨ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʚʠʩʥʦʚʢʫ, ʱʦ ʥʘʡʥʝʙʝʟʧʝʯʥʽʰʠʤ ʧʝʨʝʨʽʟʦʤ 

ʩʪʨʠʞʥʷ ʟʘ ʪʘʢʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʻ ʧʝʨʝʨʽʟ, ʷʢʠʡ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ 

ʪ.ɺ, ʜʝ  

/ 2j p= , a  64 , 32N ʢʅ M ʢʅ ʤ=- = Ö. 

ʅʘʧʨʫʞʝʥʥʷ  
2 2

64
1

4 16
N

N ʢʅ ʢʅ

A ʩʤ ʩʤ
s = =- =

Ö
. 

ʆʩʢʽʣʴʢʠ ʚʽʜʥʦʰʝʥʥʷ 
50

3,1 5
16

R

h
= = <, ʪʦ ʨʦʟʛʣʷʜʫʚʘʥʠʡ 

ʩʪʨʠʞʝʥʴ ʚʚʘʞʘʻʪʴʩʷ ʩʪʨʠʞʥʝʤ ʚʝʣʠʢʦʾ ʢʨʠʚʠʥʠ ʽ ʜʣʷ ʡʦʛʦ 

ʨʦʟʨʘʭʫʥʢʫ ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʬʦʨʤʫʣʠ (11.31)- (11.38). 

ʈʘʜʽʫʩ ʢʨʠʚʠʥʠ ʥʝʡʪʨʘʣʴʥʦʛʦ ʰʘʨʫ 
0R  ʟʥʘʡʜʝʤʦ ʟʘ 

ʬʦʨʤʫʣʦʶ (11.32):          0
2

1

16 16
49,57

58 ln1,381
lnln

42

h
R

R

R

= = = = ʩʤ. 

ʊʦʜʽ 
0 50 49,57e R R= - = - =0,43ʩʤ. 

ʂʦʦʨʜʠʥʘʪʠ ʢʨʘʡʥʽʭ ʪʦʯʦʢ ʧʝʨʝʨʽʟʫ 
1 2,y y  ʚʽʜʥʦʩʥʦ 

ʥʝʡʪʨʘʣʴʥʦʾ ʣʽʥʽʾ ʙʫʜʫʪʴ ʜʦʨʽʚʥʶʚʘʪʠ 

1 28 0,43 7,57 , 8 0,43 8,43 .y ʩʤ y ʩʤ=- + =- = + = 

ɿʥʘʭʦʜʠʤʦ ʥʦʨʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ 
Ms  ʫ ʢʨʘʡʥʽʭ ʚʦʣʦʢʥʘʭ 

ʧʝʨʝʨʽʟʫ ʩʪʨʠʞʥʷ: 
2

1
1 2

1

32 7,57 10
21

64 0,43 42
M

My ʢʅ

AeR ʩʤ
s

Ö Ö
= =- =-

Ö Ö
; 
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2

2
2 2

2

32 8,43 10
16,9

64 0,43 58
M

My ʢʅ

AeR ʩʤ
s

Ö Ö
= = =

Ö Ö
. 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʨʠʚʠʭ ʩʪʨʠʞʥʽʚ ʥʘ ʤʽʮʥʽʩʪʴ ʥʝʦʙʭʽʜʥʦ 

ʟʥʘʪʠ ʩʫʤʘʨʥʽ ʥʘʧʨʫʞʝʥʥʷ ʫ ʢʨʘʡʥʽʭ ʚʦʣʦʢʥʘʭ ʧʝʨʝʨʽʟʫ. ʅʘʟʚʘʥʽ 

ʥʘʧʨʫʞʝʥʥʷ ʜʦʨʽʚʥʶʶʪʴ: 
2

max 2

2

min 1

16,9 1 15,9 / ;

21 1 22 / .

M N

M N

ʢʅ ʩʤ

ʢʅ ʩʤ

s s s

s s s

= + = - =

= + =- - =-
 

ɼʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ 
yt ʥʝ ʩʧʨʘʚʣʷʶʪʴ ʟʥʘʯʥʦʛʦ ʚʧʣʠʚʫ ʥʘ 

ʤʽʮʥʽʩʪʴ ʩʪʨʠʞʥʽʚ (ʟʘ ʚʠʥʷʪʢʦʤ ʪʦʥʢʦʩʪʽʥʥʠʭ ʧʝʨʝʨʽʟʽʚ ʘʙʦ 

ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ), ʘʣʝ ʫ ʨʘʟʽ ʧʦʪʨʝʙʠ ʾʭ ʤʦʞʥʘ ʟʥʘʡʪʠ ʟʘ 

ʬʦʨʤʫʣʦʶ ɾʫʨʘʚʩʴʢʦʛʦ (11.25). 

 

ɿʘʧʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʶ 

1. ʑʦ ʪʘʢʝ ʩʢʣʘʜʥʠʡ ʦʧʽʨ ʩʪʨʠʞʥʷ? 

2. ʑʦ ʥʘʟʠʚʘʻʪʴʩʷ ʢʦʩʠʤ ʟʛʠʥʦʤ ʙʨʫʩʘ? 

3. ʗʢ ʟʘʧʠʩʫʻʪʴʩʷ ʥʘʧʨʫʞʝʥʥʷ ʟʘ ʢʦʩʦʛʦ ʟʛʠʥʫ ʙʨʫʩʘ? 

4. ʗʢ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʫʤʘʨʥʠʡ ʤʦʤʝʥʪ, ʱʦ ʜʽʻ ʥʘ ʙʨʫʩ? 

5. ʑʦ ʥʘʟʠʚʘʻʪʴʩʷ ʥʝʡʪʨʘʣʴʥʦʶ ʣʽʥʽʻʶ ʝʧʶʨʠ ʥʘʧʨʫʞʝʥʴ? 

6. ɿʘʧʠʰʽʪʴ ʫʤʦʚʫ ʤʽʮʥʦʩʪʽ ʟʘ ʢʦʩʦʛʦ ʟʛʠʥʫ. 

7. ʗʢ ʟʘʧʠʩʫʻʪʴʩʷ ʧʦʚʥʠʡ ʧʨʦʛʠʥ ʙʘʣʢʠ? 

8. ʗʢ ʩʧʽʚʚʽʜʥʦʩʷʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʥʘʧʨʷʤʢʠ ʧʨʦʛʠʥʫ  ʪʘ                 

ʥʝʡʪʨʘʣʴʥʦʾ ʣʽʥʽʾ ʧʝʨʝʨʽʟʫ? 

9. ʗʢʠʡ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʥʘʟʠʚʘʻʪʴʩʷ 

ʧʦʟʘʮʝʥʪʨʦʚʠʤ ʨʦʟʪʷʛʦʤ ʘʙʦ ʩʪʠʩʢʦʤ ʩʪʨʠʞʥʷ? 

10. ɿʘʧʠʰʽʪʴ ʨʽʚʥʷʥʥʷ ʥʝʡʪʨʘʣʴʥʦʾ ʣʽʥʽʾ  ʟʘ 

ʧʦʟʘʮʝʥʪʨʦʚʦʛʦ ʨʦʟʪʷʛʫ ʘʙʦ ʩʪʠʩʢʫ ʩʪʨʠʞʥʷ. 

11. ʑʦ ʪʘʢʝ ʷʜʨʦ ʧʝʨʝʨʽʟʫ? 

12. ʗʢ ʟʘʧʠʩʫʻʪʴʩʷ ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʤʦʤʝʥʪ ʜʣʷ ʪʝʦʨʽʾ 

ʥʘʡʙʽʣʴʰʠʭ ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ? 

13. ʗʢ ʟʘʧʠʩʫʻʪʴʩʷ ʫʤʦʚʘ ʤʽʮʥʦʩʪʽ ʟʘ ʝʥʝʨʛʝʪʠʯʥʦʶ 

ʪʝʦʨʽʻʶ? 

14. ɿʘʧʠʰʽʪʴ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʢʨʫʪʥʠʤ ʤʦʤʝʥʪʦʤ, 

ʧʦʪʫʞʥʽʩʪʶ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ ʚʘʣ, ʪʘ ʯʘʩʪʦʪʦʶ 

ʦʙʝʨʪʘʥʥʷ. 

15. ɿʘʧʠʰʽʪʴ ʟʘʣʝʞʥʽʩʪʴ ʜʣʷ ʧʦʚʥʦʛʦ ʟʛʠʥʘʣʴʥʦʛʦ 

ʤʦʤʝʥʪʫ. 
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16. ʗʢʽ ʚʥʫʪʨʽʰʥʽ ʩʠʣʦʚʽ ʬʘʢʪʦʨʠ ʚʠʥʠʢʘʶʪʴ ʫ ʧʦʧʝʨʝʯʥʠʭ 

ʧʝʨʝʨʽʟʘʭ ʢʨʠʚʦʛʦ ʩʪʨʠʞʥʷ? 

17. ʗʢ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʜʽʣ ʢʨʠʚʠʭ ʩʪʨʠʞʥʽʚ ʟʘ ʚʝʣʠʯʠʥʦʶ 

ʢʨʠʚʠʥʠ ʦʩʽ ʩʪʨʠʞʥʷ? 

18. ʗʢʽ ʛʽʧʦʪʝʟʠ ʦʧʦʨʫ ʤʘʪʝʨʽʘʣʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ 

ʦʙʯʠʩʣʝʥʥʽ ʥʘʧʨʫʞʝʥʴ ʫ ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʨʽʟʘʭ ʢʨʠʚʠʭ 

ʩʪʨʠʞʥʽʚ? 

19. ɿʘʧʠʰʽʪʴ ʬʦʨʤʫʣʠ ʜʣʷ ʥʘʧʨʫʞʝʥʴ ʫ ʧʦʧʝʨʝʯʥʠʭ 

ʧʝʨʝʨʽʟʘʭ ʢʨʠʚʠʭ ʩʪʨʠʞʥʽʚ. 

20. ɿ ʷʢʦʾ ʫʤʦʚʠ ʨʽʚʥʦʚʘʛʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʘʜʽʫʩ ʢʨʠʚʠʥʠ 

ʥʝʡʪʨʘʣʴʥʦʛʦ ʰʘʨʫ ʢʨʠʚʦʛʦ ʩʪʨʠʞʥʷ? 

21. ɿʘ ʷʢʠʤ ʟʘʢʦʥʦʤ ʟʤʽʥʶʶʪʴʩʷ ʥʦʨʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ʫ 

ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʨʽʟʘʭ ʢʨʠʚʠʭ ʩʪʨʠʞʥʽʚ? 

 

 

ʊɽʄɸ 12 (ʣʝʢʮʽʾ 27-30) 

ɺʀɿʅɸʏɽʅʅʗ ʇɽʈɽʄɯʑɽʅʔ ʋ ʉʊʈʀɾʅɽɺʀʍ 

ʉʀʉʊɽʄɸʍ. ʈʆɿʈɸʍʋʅʆʂ ʅɽʈʆɿʈɯɿʅʀʍ ɹɸʃʆʂ 

 

12.1. ʈʦʙʦʪʘ ʩʠʣ ʪʘ ʧʦʪʝʥʮʽʘʣʴʥʘ ʝʥʝʨʛʽʷ ʜʝʬʦʨʤʘʮʽʾ ʚ 

ʩʪʨʠʞʥʝʚʠʭ ʩʠʩʪʝʤʘʭ 

ʈʦʙʦʪʘ ʟʦʚʥʽʰʥʴʦʾ ʩʠʣʠ ʟʘ ʨʦʟʪʷʛʫ ʘʙʦ ʩʪʠʩʢʫ ʩʪʨʠʞʥʷ 

ʟʘʧʠʩʫʻʪʴʩʷ ʬʦʨʤʫʣʦʶ (2.20) ʫ ʚʠʛʣʷʜʽ: 

1
.

2
A F l= D 

ʅʝʚʘʞʢʦ ʧʦʢʘʟʘʪʠ, ʱʦ ʫ ʤʝʞʘʭ ʟʘʢʦʥʫ ɻʫʢʘ ʚʠʚʝʜʝʥʘ 

ʬʦʨʤʫʣʘ ʙʫʜʝ ʤʘʪʠ ʪʘʢʠʡ ʩʘʤʠʡ ʚʠʛʣʷʜ ʽ ʜʣʷ ʚʠʧʘʜʢʽʚ ʽʥʰʠʭ 

ʜʝʬʦʨʤʘʮʽʡ (ʟʛʠʥʫ, ʢʨʫʯʝʥʥʷ, ʟʩʫʚʫ). ʊʦʙʪʦ, ʫ ʟʘʛʘʣʴʥʦʤʫ 

ʚʠʧʘʜʢʫ ʾʾ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ - 

1

2
A F= D,                                     (12.1) 

ʜʝ ʚʝʣʠʯʠʥʫ F  ʙʫʜʝʤʦ ʥʘʟʠʚʘʪʠ ʫʟʘʛʘʣʴʥʝʥʦʶ ʩʠʣʦʶ, ʘ D 

ï ʚʽʜʧʦʚʽʜʥʠʤ ʫʟʘʛʘʣʴʥʝʥʠʤ ʧʝʨʝʤʽʱʝʥʥʷʤ, ʥʘ ʷʢʦʤʫ ʫʟʘʛʘʣʴʥʝʥʘ 

ʩʠʣʘ ʚʠʢʦʥʫʻ ʨʦʙʦʪʫ. ʋ ʜʝʷʢʠʭ ʧʽʜʨʫʯʥʠʢʘʭ ʚʝʣʠʯʠʥʫ D 

ʥʘʟʠʚʘʶʪʴ ʱʝ ʫʟʘʛʘʣʴʥʝʥʦʶ ʢʦʦʨʜʠʥʘʪʦʶ. 

ʇʽʜ ʫʟʘʛʘʣʴʥʶʶʯʦʶ ʩʠʣʦʶ ʥʘʜʘʣʽ ʙʫʜʝʤʦ ʨʦʟʫʤʽʪʠ ʥʝ 

ʪʽʣʴʢʠ ʩʠʣʫ ʯʠ ʛʨʫʧʫ ʩʠʣ, ʘ ʡ ʨʦʟʧʦʜʽʣʝʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʘʙʦ 
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ʧʘʨʫ ʩʠʣ (ʨʠʩ. 12.1). ʂʨʽʤ ʪʦʛʦ, ʩʫʤʘʨʥʘ ʨʦʙʦʪʘ ʚʽʜ ʜʽʾ ʜʝʢʽʣʴʢʦʭ 

ʩʠʣ ʜʦʨʽʚʥʶʻ ʩʫʤʽ ʨʦʙʽʪ ʚʽʜ ʜʽʾ ʢʦʞʥʦʾ ʟ ʥʠʭ ï 

i

i

A AS=ä .                                    (12.2) 

ʂʨʽʤ ʟʦʚʥʽʰʥʽʭ ʩʠʣ, ʧʨʠ ʜʝʬʦʨʤʫʚʘʥʥʽ ʩʪʨʠʞʥʽʚ ʨʦʙʦʪʫ 

ʚʠʢʦʥʫʶʪʴ ʽ ʚʥʫʪʨʽʰʥʽ ʩʠʣʠ. ɺʦʥʠ ʟʘʚʞʜʠ ʜʽʶʪʴ ʫ 

ʧʨʦʪʠʣʝʞʥʦʤʫ ʥʘʧʨʷʤʢʫ ʜʦ ʧʝʨʝʤʽʱʝʥʴ, ʪʦʤʫ ʾʭ ʨʦʙʦʪʘ 

ʚʚʘʞʘʻʪʴʩʷ ʚʽʜôʻʤʥʦʶ ʚʝʣʠʯʠʥʦʶ. 

 
ʈʠʩ. 12.1 

ʅʘʧʨʠʢʣʘʜ, ʝʣʝʤʝʥʪʘʨʥʘ ʨʦʙʦʪʘ, ʷʢʫ ʥʘ ʧʝʨʝʤʽʱʝʥʥʽ 

ʩʪʨʠʞʥʷ ( )dxD  ʚʠʢʦʥʫʻ ʧʦʟʜʦʚʞʥʷ ʩʠʣʘ N  (ʨʠʩ. 12.1, ʚ) 

ʜʦʨʽʚʥʶʻ  

() ( )
21

,
2 2

N
dV N N dx dx

EA
=- ÖD =-                    (12.3) 

ʜʝ ʚʚʘʞʘʣʦʩʴ, ʱʦ ʚʠʜʦʚʞʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʤʝʞʘʭ 

ʟʘʢʦʥʫ ɻʫʢʘ ( )dx Ndx EAD = . 

ɼʣʷ ʩʪʨʠʞʥʷ ʜʦʚʞʠʥʦʶ l  ʦʪʨʠʤʘʻʤʦ: 

()
2

0
2

l
N

V N dx
EA

=-ñ .                                  (12.4) 

ɸʥʘʣʦʛʽʯʥʦ, ʷʢ ʜʣʷ ʜʝʬʦʨʤʘʮʽʾ ʨʦʟʪʷʛʫ ï ʩʪʠʩʢʫ, ʣʝʛʢʦ 

ʦʪʨʠʤʘʪʠ ʚʠʨʘʟ ʜʣʷ ʨʦʙʦʪʠ ʚʥʫʪʨʽʰʥʽʭ ʩʠʣ ʚʽʜ ʟʛʠʥʘʣʴʥʦʛʦ ʪʘ 

ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʽʚ ʥʘ ʚʽʜʧʦʚʽʜʥʠʭ ʢʫʪʘʭ ʧʦʚʦʨʦʪʫ ʧʝʨʝʨʽʟʽʚ: 

( )
2

0

,
2

l
M

V M dx
EI

=-ñ      ( )
2

0
2

l
ʢʨ

ʢʨ

k

T
V T dx

GI
=-ñ .         (12.5) 

ʈʘʟʦʤ ʟ ʪʠʤ, ʨʦʙʦʪʘ ʧʦʧʝʨʝʯʥʠʭ ʩʠʣ ʧʨʠ ʟʩʫʚʽ ʜʚʦʭ 

ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʨʽʟʽʚ ʦʜʠʥ ʚʽʜʥʦʩʥʦ ʦʜʥʦʛʦ, ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʘ 

ʧʦʜʽʙʥʠʤ ʯʠʥʦʤ, ʘʣʝ ʽʟ ʜʝʷʢʠʤ ʧʦʧʨʘʚʦʯʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ, ʱʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʦʨʤʠ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ: 
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()
2

0
2

l
Q

V Q k dx
GA

=-ñ ,                              (12.6) 

ʜʝ 1,2k  ï ʜʣʷ ʧʨʷʤʦʢʫʪʥʦʛʦ ʪʘ ʢʨʫʛʣʦʛʦ ʧʝʨʝʨʽʟʽʚ; 

ʜʚk A Aº  ï ʜʣʷ ʜʚʦʪʘʚʨʘ (A  ï ʟʘʛʘʣʴʥʘ ʧʣʦʱʘ, 
ʜʚA  ï ʧʣʦʱʘ 

ʩʪʽʥʢʠ ʜʚʦʪʘʚʨʘ). 

ʉʫʤʘʨʥʘ ʨʦʙʦʪʘ ʢʦʞʥʦʛʦ ʽʟ ʚʥʫʪʨʽʰʥʽʭ ʬʘʢʪʦʨʽʚ 

ʚʠʟʥʘʯʘʻʪʴʩʷ, ʷʢ ʩʫʤʘ ʨʦʙʽʪ ʢʦʞʥʦʾ ʽʟ ʚʥʫʪʨʽʰʥʽʭ ʩʠʣ ʦʢʨʝʤʦ: 
22 2 2

0

1

2

l
ʢʨ

k

TN M Q
V k dx

EA EI GA GI

å õ
=- + + +æ ö

æ ö
ç ÷
ñ .                (12.7) 

ʗʢʱʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʜʽʶʪʴ ʚ ʧʨʫʞʥʠʭ ʩʠʩʪʝʤʘʭ, ʻ 

ʩʪʘʪʠʯʥʠʤʠ, ʪʦ ʨʦʙʦʪʘ ʚʥʫʪʨʽʰʥʽʭ ʩʠʣ, ʚʟʷʪʘ ʟʽ ʧʨʦʪʠʣʝʞʥʠʤ 

ʟʥʘʢʦʤ, ʜʦʨʽʚʥʶʻ ʧʦʪʝʥʮʽʡʥʽʡ ʝʥʝʨʛʽʾ ʜʝʬʦʨʤʘʮʽʾ, ʱʦ 

ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʫ ʩʠʩʪʝʤʽ: 

 
22 2 2

0

1
.

2

l
ʢʨ

k

TN M Q
U V k dx

EA EI GA GI

å õ
=- = + + +æ ö

æ ö
ç ÷
ñ          (12.8) 

 

12.2 ʄʦʞʣʠʚʘ ʨʦʙʦʪʘ ʟʦʚʥʽʰʥʽʭ ʪʘ ʚʥʫʪʨʽʰʥʽʭ ʩʠʣ. 

ɯʥʪʝʛʨʘʣ ʄʦʨʘ 

ɿʦʚʥʽʰʥʽ ʩʠʣʠ, ʱʦ ʜʝʬʦʨʤʫʶʪʴ ʧʨʫʞʥʫ ʩʠʩʪʝʤʫ, ʢʨʽʤ 

ʜʽʡʩʥʦʾ ʨʦʙʦʪʠ, ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠ ʽ ʪʘʢ ʟʚʘʥʫ ʤʦʞʣʠʚʫ ʨʦʙʦʪʫ 

ʥʘ ʚʽʜʧʦʚʽʜʥʠʭ ʤʦʞʣʠʚʠʭ ʧʝʨʝʤʽʱʝʥʥʷʭ. ɿʘ ʤʦʞʣʠʚʽ 

ʧʝʨʝʤʽʱʝʥʥʷ ʧʨʠʡʤʘʶʪʴ ʤʘʣ̔ ʧʝʨʝʤʽʱʝʥʥʷ ʧʨʫʞʥʦʾ ʩʠʩʪʝʤʠ, 

ʱʦ ʜʦʧʫʩʢʘʶʪʴʩʷ ʟʚôʷʟʢʘʤʠ ʩʠʩʪʝʤʠ ʽ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʠʣ, ʱʦ 

ʚʠʢʦʥʫʶʪʴ ʥʘ ʥʠʭ ʨʦʙʦʪʫ. 

ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʚʝʣʠʯʠʥʠ ʤʦʞʣʠʚʦʾ ʨʦʙʦʪʠ ʚʽʜ ʜʽʾ 

ʟʦʚʥʽʰʥʽʭ ʪʘ ʚʥʫʪʨʽʰʥʽʭ ʩʠʣ ʨʦʟʛʣʷʥʝʤʦ ʧʨʦʩʪʫ ʙʘʣʢʫ, ʷʢʘ 

ʩʧʦʯʘʪʢʫ ʥʘʚʘʥʪʘʞʫʻʪʴʩʷ ʩʠʩʪʝʤʦʶ ʩʠʣ F , ʘ ʧʽʟʥʽʰʝ ʩʠʩʪʝʤʦʶ 

ʩʠʣ P  (ʨʠʩ. 12.2). 

ʇʦʚʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʪʦʯʢʠ ʧʨʠʢʣʘʜʝʥʥʷ ʩʠʩʪʝʤʠ ʩʠʣ F  

ʙʫʜʝ: 

F FF FPD =D +D. 
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ʊʦʜʽ ʩʫʤʘʨʥʘ ʨʦʙʦʪʘ ʩʠʩʪʝʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷ F  ʽ P  ʥʘ 

ʚʽʜʧʦʚʽʜʥʠʭ ʧʝʨʝʤʽʱʝʥʥʷʭ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ: 

I FF FP PPA A A A= + + ,                             (12.9) 

ʜʝ FFA , PPA  ï ʜʽʡʩʥʽ ʨʦʙʦʪʠ, ʱʦ ʚʠʢʦʥʫʶʪʴʩʷ ʩʠʩʪʝʤʘʤʠ 

ʩʠʣ F  ʽ P  ʥʘ ʚʽʜʧʦʚʽʜʥʠʭ ʧʝʨʝʤʽʱʝʥʥʷʭ ʽ ʦʙʯʠʩʣʶʶʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ (12.1), ʘ ʚʝʣʠʯʠʥʘ 

FP FPA F= ÖD,                                  (12.10) 

ʥʘʟʠʚʘʻʪʴʩʷ ʤʦʞʣʠʚʦʶ ʨʦʙʦʪʦʶ. ɺʦʥʘ ʥʝ ʤʘʻ ʤʥʦʞʥʠʢʘ 

1 2 ʫ ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ, ʪʦʤʫ ʱʦ ʩʠʣʘ F , ʷʢʘ ʚʠʢʦʥʫʚʘʣʘ ʨʦʙʦʪʫ 

ʥʘ ʧʝʨʝʤʽʱʝʥʥʽ FPD , ʥʘʜʘʣʽ ʟʘʣʠʰʘʣʘʩʴ ʩʪʘʣʦʶ (ʨʠʩ.12.2, ʚ). ʋ 

ʟʚôʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʧʝʨʝʤʽʱʝʥʥʷ FPD  ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʠʩʪʝʤʠ ʩʠʣ 

F , ʪʦ ʪʘʢʝ ʧʝʨʝʤʽʱʝʥʥʷ (ʟʘ ʦʟʥʘʯʝʥʥʷʤ) ʻ ʤʦʞʣʠʚʠʤ, ʘ ʨʦʙʦʪʘ 

FPA  ïʤʦʞʣʠʚʦʶ. 

 

 
ʈʠʩ. 12.2 

 

ʈʘʟʦʤ ʽʟ ʟʦʚʥʽʰʥʽʤʠ ʩʠʣʘʤʠ ʤʦʞʣʠʚʫ ʨʦʙʦʪʫ ʙʫʜʫʪʴ 

ʚʠʢʦʥʫʚʘʪʠ ʽ ʚʥʫʪʨʽʰʥʽ ʩʠʣʠ. ʊʘʢ, ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ ʧʨʫʞʥʦʾ 

ʩʠʩʪʝʤʠ (ʨʠʩ. 12.2) ʩʠʩʪʝʤʦʶ ʩʠʣ F  ʫ ʩʪʨʠʞʥʷʭ ʩʠʩʪʝʤʠ 

ʚʠʥʠʢʘʶʪʴ ʚʥʫʪʨʽʰʥʽ ʩʠʣʠ FN , FM , FQ  ʽ 
kFM , ʷʢʽ ʙʫʜʫʪʴ 

ʚʠʢʦʥʫʚʘʪʠ ʤʦʞʣʠʚʫ ʨʦʙʦʪʫ ʥʘ ʝʣʝʤʝʥʪʘʨʥʠʭ ʧʝʨʝʤʽʱʝʥʥʷʭ: 

, , , ,kPP P P

k

T dxN dx M dx F dx
k

EA EI GA GI
 

FFD  
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ʱʦ ʟôʷʚʣʷʶʪʴʩʷ ʷʢ ʨʝʟʫʣʴʪʘʪ ʜʽʾ ʚʥʫʪʨʽʰʥʽʭ ʩʠʣ PN , PM , 

PQ  ʽ 
kPT . 

ʊʦʜʽ ʤʦʞʣʠʚʘ ʨʦʙʦʪʘ FPV  ʚʥʫʪʨʽʰʥʽʭ ʩʠʣ ʩʪʘʥʫ F  ʥʘ 

ʧʝʨʝʤʽʱʝʥʥʷʭ, ʚʠʢʣʠʢʘʥʠʭ ʩʪʘʥʦʤ ʥʘʚʘʥʪʘʞʝʥʴ P, ʙʫʜʝ 

ʜʦʨʽʚʥʶʚʘʪʠ: 

0

l

kF kPF P F P F P
FP

k

T TN N M M Q Q
V k k

EA EI GA GI

å õ
=- + + +æ ö
ç ÷
ñ .    (12.11) 

ɸʥʘʣʽʟ ʧʨʠʨʦʜʠ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʤʦʞʣʠʚʠʭ ʧʝʨʝʤʽʱʝʥʴ 

ʧʦʢʘʟʫʻ, ʱʦ ʪʝʨʤʽʥ ñʤʦʞʣʠʚʽò ʻ ʚʽʜʥʦʩʥʠʤ. ɹʦ ʧʝʨʝʤʽʱʝʥʥʷ 

ʧʝʚʥʦʾ ʪʦʯʢʠ ʧʨʫʞʥʦʾ ʩʠʩʪʝʤʠ, ʜʝ ʧʨʠʢʣʘʜʝʥʘ ʩʠʣʘ F , ʻ 
ñʤʦʞʣʠʚʠʤò ʚʽʜʥʦʩʥʦ ʮʽʻʾ ʩʠʩʪʝʤʠ ʩʠʣ, ʘʣʝ ʚʦʜʥʦʯʘʩ ʻ ʜʽʡʩʥʠʤ ʽ 

ʘʙʩʦʣʶʪʥʦ ʨʝʘʣʴʥʠʤ ʜʣʷ ʩʠʩʪʝʤʠ ʩʠʣ P . 

ɺʠʟʥʘʯʠʪʠ ʮʽ ʧʝʨʝʤʽʱʝʥʥʷ ʤʦʞʥʘ, ʩʢʦʨʠʩʪʘʚʰʠʩʴ 

ʚʽʜʧʦʚʽʜʥʠʤ ʧʨʠʥʮʠʧʦʤ ʤʦʞʣʠʚʠʭ ʧʝʨʝʤʽʱʝʥʴ. ɿʛʽʜʥʦ ʟ ʮʠʤ 

ʧʨʠʥʮʠʧʦʤ, ʫ ʤʘʪʝʨʽʘʣʴʥʽʡ ʩʠʩʪʝʤʽ, ʱʦ ʧʝʨʝʙʫʚʘʻ ʫ ʩʪʘʥʽ 

ʨʽʚʥʦʚʘʛʠ ʧʽʜ ʜʽʻʶ ʧʨʠʢʣʘʜʝʥʠʭ ʜʦ ʥʝʾ ʩʠʣ, ʨʦʙʦʪʘ ʮʠʭ ʩʠʣ ʥʘ 

ʤʦʞʣʠʚʠʭ ʙʝʟʤʝʞʥʦ ʤʘʣʠʭ ʧʝʨʝʤʽʱʝʥʥʷʭ ʩʠʩʪʝʤʠ ʟ ʧʦʣʦʞʝʥʥʷ 

ʨʽʚʥʦʚʘʛʠ ʜʦʨʽʚʥʶʻ ʥʫʣʝʚʽ. 

ʈʦʟʛʣʷʜʘʶʯʠ ʨʦʙʦʪʫ ʧʨʫʞʥʠʭ ʩʠʩʪʝʤ ʫ ʤʝʞʘʭ ʟʘʢʦʥʫ 

ɻʫʢʘ, ʧʨʠʥʮʠʧ ʤʦʞʣʠʚʠʭ ʧʝʨʝʤʽʱʝʥʴ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʽ ʜʣʷ 

ʤʘʣʠʭ ʩʢʽʥʯʝʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʫ ʚʠʛʣʷʜʽ  

0FP FPA V+ =.                                  (12.12) 

ʊʦʙʪʦ, ʫ ʚʠʧʘʜʢʫ ʧʨʫʞʥʦʾ ʨʽʚʥʦʚʘʛʠ ʩʫʤʘ ʤʦʞʣʠʚʠʭ ʨʦʙʽʪ, 

ʟʦʚʥʽʰʥʽʭ ʪʘ ʚʥʫʪʨʽʰʥʽʭ ʩʠʣ, ʧʨʠʢʣʘʜʝʥʠʭ ʜʦ ʩʠʩʪʝʤʠ, ʜʦʨʽʚʥʶʻ 

ʥʫʣʝʚʽ. 

ʇʨʠʢʣʘʜʦʤ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʛʠʥʽʚ ʫ ʜʦʚʽʣʴʥʽʡ ʪʦʯʮʽ 

ʤʦʞʝ ʙʫʪʠ ʙʘʣʢʘ ʥʘ ʜʚʦʭ ʦʧʦʨʘʭ (ʨʠʩ. 12.2), ʥʘʚʘʥʪʘʞʝʥʘ 

ʩʠʩʪʝʤʦʶ ʩʠʣ P. ɿʘʤʽʩʪʴ ʩʠʩʪʝʤʠ ʩʠʣ F  ʙʫʜʝʤʦ ʧʨʠʢʣʘʜʘʪʠ 

ʦʜʠʥʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ( )1F = : ʦʜʠʥʠʯʥʫ ʩʠʣʫ, ʷʢʱʦ 

ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʘʪʠ ʧʨʦʛʠʥ, ʽ ʦʜʠʥʠʯʥʠʡ ʤʦʤʝʥʪ, ʷʢʱʦ 

ʧʦʪʨʽʙʥʦ ʚʠʟʥʘʯʠʪʠ ʢʫʪ ʧʦʚʦʨʦʪʫ ʫ ʧʝʚʥʽʡ ʪʦʯʮʽ. ɺʨʘʭʦʚʫʶʯʠ ʫ 

ʬʦʨʤʫʣʽ (12.11) ʪʽʣʴʢʠ ʚʧʣʠʚ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ, ʟʘʧʠʰʝʤʦ 

ʨʽʚʥʷʥʥʷ (12.12) ʫ ʨʦʟʛʦʨʥʫʪʦʤʫ ʚʠʛʣʷʜʽ: 



 221 

1

1

0

1 0,

l
p

P

M M
dx

EI
ÖD - =ñ  

ʟʚʽʜʢʠ 

1
1

0

,

l

P
P

M M
dx

EI
D =ñ                                (12.13) 

ʜʝ 1M , PM  ï ʘʥʘʣʽʪʠʯʥʽ ʚʠʨʘʟʠ ʜʣʷ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ 

ʚʽʜ ʚʽʜʧʦʚʽʜʥʠʭ ʩʠʣʦʚʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʜʽʣʷʥʮʽ [ ]0,l . 

ʌʦʨʤʫʣʘ (12.13) ʥʦʩʠʪʴ ʥʘʟʚʫ ʽʥʪʝʛʨʘʣʘ ʄʦʨʘ ʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʝʤʽʱʝʥʴ ʫ ʜʦʚʽʣʴʥʠʭ 

ʧʨʫʞʥʠʭ ʩʠʩʪʝʤʘʭ. ʗʢʱʦ ʚ ʦʩʪʘʥʥʽʭ, ʢʨʽʤ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ, 

ʚʠʥʠʢʘʶʪʴ ʱʝ ʽʥʰʽ ʚʥʫʪʨʽʰʥʽ ʩʠʣʦʚʽ ʬʘʢʪʦʨʠ, ʪʦ ̔ʥʪʝʛʨʘʣ ʄʦʨʘ 

ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʤʘʻ ʚʠʛʣʷʜ: 

11 1 1
1

0

.

l

k kPP P P
P

k

T TN N M M Q Q
k dx

EA EI GA GI

å õ
D = + + +æ ö

ç ÷
ñ    (12.14) 

ʅʝʦʙʭʽʜʥʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʚʠʨʘʟʠ ʜʣʷ 

ʚʥʫʪʨʽʰʥʽʭ ʩʠʣ ʻ ʨʽʟʥʠʤʠ ʥʘ ʯʘʩʪʠʥʘʭ ʜʽʣʷʥʢʠ, ʪʦ ʽʥʪʝʛʨʘʣ ʄʦʨʘ 

ʥʝʦʙʭʽʜʥʦ ʦʙʯʠʩʣʶʚʘʪʠ ʥʘ ʢʦʞʥʽʡ ʜʽʣʷʥʮʽ ʦʢʨʝʤʦ, ʘ ʨʝʟʫʣʴʪʘʪʠ 

ñʧʽʜʩʫʤʦʚʫʚʘʪʠò. ʗʢʱʦ ʨʝʟʫʣʴʪʘʪ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ ʚʽʜôʻʤʥʠʡ, ʪʦ 

ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʜʽʡʩʥʠʡ ʥʘʧʨʷʤʦʢ ʧʝʨʝʤʽʱʝʥʴ ʙʫʜʝ ʧʨʦʪʠʣʝʞʥʠʤ 

ʜʦ ʥʘʧʨʷʤʢʫ ʦʜʠʥʠʯʥʦʾ ʩʠʣʠ. 

 

12.3. ʉʧʦʩʦʙʠ ʦʙʯʠʩʣʝʥʥʷ ʽʥʪʝʛʨʘʣʘ ʄʦʨʘ 

ʘ) ʉʧʦʩʽʙ ɺʝʨʝʱʘʛʽʥʘ. ʇʨʠ ʦʙʯʠʩʣʝʥʥʽ ʽʥʪʝʛʨʘʣʘ ʄʦʨʘ ʫ 

ʪʦʤʫ ʚʠʛʣʷʜʽ, ʷʢ ʚʽʥ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʬʦʨʤʫʣʦʶ (12.14), ʚ 

ʽʥʞʝʥʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʚʠʥʠʢʘʶʪʴ ʜʝʷʢʽ ʤʘʪʝʤʘʪʠʯʥʽ 

ʫʩʢʣʘʜʥʝʥʥʷ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʚʽʜʨʽʟʢʽʚ ʟ ʨʽʟʥʠʤʠ 

ʚʠʨʘʟʘʤʠ ʧʽʜʽʥʪʝʛʨʘʣʴʥʠʭ ʬʫʥʢʮʽʡ. ʊʦʤʫ ʽʩʥʫʻ ʥʠʟʢʘ ʩʧʦʩʦʙʽʚ, 

ʷʢʽ ʩʧʨʦʱʫʶʪʴ ʡʦʛʦ ʦʙʯʠʩʣʝʥʥʷ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʝʧʶʨʠ 

ʚʥʫʪʨʽʰʥʽʭ ʩʠʣ ʟʤʽʥʶʶʪʴʩʷ ʟʘ ʧʝʚʥʠʤʠ ʟʘʢʦʥʘʤʠ. ʆʜʥʠʤ ʽʟ 

ʥʘʡʧʨʦʩʪʽʰʠʭ ʚʠʧʘʜʢʽʚ ʻ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʦʜʥʘ ʽʟ ʝʧʶʨ (ʚʘʥʪʘʞʥʘ 

ʯʠ ʦʜʠʥʠʯʥʘ) ʻ ʣʽʥʽʡʥʦʶ ʬʫʥʢʮʽʻʶ (ʨʠʩ. 12.3), ʘ ʽʥʰʘ 

ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʜʦʚʽʣʴʥʠʤ ʟʘʢʦʥʦʤ. 
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ʅʝʭʘʡ ʝʧʶʨʘ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ ʚʽʜ ʦʜʠʥʠʯʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʻ ʧʨʷʤʦʶ ʣʽʥʽʻʶ ï 1( )M x ax b= +, ʘ ʚʘʥʪʘʞʥʘ ï 

()pM x  ʻ ʜʦʚʽʣʴʥʦʶ ʬʫʥʢʮʽʻʶ ʚʽʜ x . 

 
ʈʠʩ. 12.3 

ʇʽʜʩʪʘʚʠʤʦ ʮʽ ʚʠʨʘʟʠ ʫ ʬʦʨʤʫʣʫ ʄʦʨʘ (12.13) ʟʘ ʫʤʦʚʠ, 

ʱʦ ʞʦʨʩʪʢʽʩʪʴ EI  - ʩʪʘʣʘ ʚʝʣʠʯʠʥʘ. ɼʽʩʪʘʻʤʦ 

( ) ()
() ()1

0 0 0

.

l l l
p

p p p

ax b M x a b
dx xM x dx M x dx

EI ES EI

+ Ö
D = = +ñ ñ ñ

 

ɼʨʫʛʠʡ ʽʥʪʝʛʨʘʣ ʚ ʦʩʪʘʥʥʽʡ ʬʦʨʤʫʣʽ ʻ ʧʣʦʱʝʶ ʝʧʶʨʠ w 

ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ ()pM x , ʘ ʧʝʨʰʠʡ ï ʩʪʘʪʠʯʥʠʤ ʤʦʤʝʥʪʦʤ 

ʮʽʻʾ ʧʣʦʱʽ ʚʽʜʥʦʩʥʦ ʦʩʽ pM : 

()
0

;

l

ʤ pA M x dx=ñ  ()
0

l

p cxM x dx xw= Öñ ,       (12.15) 

ʜʝ cx  ï ʚʽʜʩʪʘʥʴ ʜʦ ʮʝʥʪʨʘ ʚʘʛʠ ʝʧʶʨʠ pM . 

ɸʤ 
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ʇʽʜʩʪʘʚʠʚʰʠ ʦʩʪʘʥʥʽ ʧʦʟʥʘʯʝʥʥʷ ʫ ʬʦʨʤʫʣʫ ʜʣʷ 1pD , 

ʦʪʨʠʤʘʻʤʦ  

( )1
ʤ

p c

A
ax b

EI
D = +. 

ɿʘ ʦʟʥʘʯʝʥʥʷʤ, ʚʠʨʘʟ ʫ ʜʫʞʢʘʭ ʻ ʦʨʜʠʥʘʪʦʶ 
cy  ʝʧʶʨʠ 

1M , ʪʦʤʫ ʦʩʪʘʪʦʯʥʘ ʬʦʨʤʫʣʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʝʤʽʱʝʥʥʷ ʚ 

ʧʨʫʞʥʽʡ ʩʠʩʪʝʤʽ (ʬʦʨʤʫʣʘ ɺʝʨʝʱʘʛʽʥʘ) ʤʘʻ ʚʠʛʣʷʜ 

1
ʤ c

p

A y

EI
D = .                                   (12.16) 

ɺʽʜʧʦʚʽʜʥʽ ʬʦʨʤʫʣʠ ʚʽʜ ʜʽʾ ʧʦʟʜʦʚʞʥʽʭ ʪʘ ʧʦʧʝʨʝʯʥʠʭ ʩʠʣ, 

ʘ ʪʘʢʦʞ ʢʨʫʪʥʠʭ ʤʦʤʝʥʪʽʚ ʙʫʜʫʪʴ: 

1 ;ʤ c
p

A y

EA
D =  1 ;ʤ c

p

A y
k

GA
D =  1 ,ʤ c

p

k

A y

GI
D =  (12.17) 

ʜʝ (ʪʘʢ ʩʘʤʦ ʷʢ ʽ ʧʨʠ ʟʛʠʥʽ) 
ʤA  ï ʧʣʦʱʘ ñʚʘʥʪʘʞʥʦʾò 

ʝʧʶʨʠ pN , pQ  ʽ ʨM ; 
cy  ï ʦʨʜʠʥʘʪʘ ʚʽʜʧʦʚʽʜʥʦʾ ñʦʜʠʥʠʯʥʦʾò 

ʝʧʶʨʠ. 

ʇʝʨʝʜ ʬʦʨʤʫʣʘʤʠ (12.15), (12.16) ʩʪʘʚʠʪʴʩʷ ʟʥʘʢ ñ-ñ, ʷʢʱʦ 

ʧʝʨʝʤʥʦʞʫʚʘʥʽ ʝʧʶʨʠ ʨʦʟʤʽʱʝʥʽ ʧʦ ʨʽʟʥʽ ʙʦʢʠ ʥʫʣʴʦʚʦʾ ʣʽʥʽʾ. 

ʂʨʽʤ ʪʦʛʦ, ʷʢʱʦ ʣʽʥʽʡʥʘ ʝʧʶʨʘ ʤʘʻ ʪʦʯʢʫ ʧʝʨʝʣʦʤʫ, ʘʙʦ ʚ ʷʢʽʡʩʴ 

ʪʦʯʮʽ ʩʪʨʠʞʝʥʴ ʟʤʽʥʶʻ ʩʚʦʶ ʞʦʨʩʪʢʽʩʪʴ, ʪʦ ʬʦʨʤʫʣʫ ɺʝʨʝʱʘʛʽʥʘ 

ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʫʚʘʪʠ ʤʽʞ ʮʠʤʠ ʪʦʯʢʘʤʠ, ʘ ʨʝʟʫʣʴʪʘʪ 

ʧʽʜʩʫʤʫʚʘʪʠ. 

ʙ) ʉʧʦʩʽʙ ʉʽʤʧʩʦʥʘïʂʦʨʥʦʫʭʦʚʘ. ʑʝ ʦʜʠʥ ʩʧʦʩʽʙ 

ʦʙʯʠʩʣʝʥʥʷ ʽʥʪʝʛʨʘʣʫ ʄʦʨʘ ʟʘʧʨʦʧʦʥʫʚʘʚ ʄ.ɺ. ʂʦʨʥʦʫʭʦʚ, ʷʢʠʡ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʬʦʨʤʫʣʽ ʉʽʤʧʩʦʥʘ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʦʟʥʘʯʝʥʦʛʦ 

ʽʥʪʝʛʨʘʣʫ: 

() () ( ) ()
0

0 4 2
6

l
l

y x dx y y l y l= + +è øê úñ ,              (12.18) 

ʜʝ ʚʝʣʠʯʠʥʠ ʫ ʢʚʘʜʨʘʪʥʠʭ ʜʫʞʢʘʭ ï ʟʥʘʯʝʥʥʷ 

ʧʽʜʽʥʪʝʛʨʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ()y x  ʫ ʧʝʚʥʠʭ ʪʦʯʢʘʭ ʽʥʪʝʨʚʘʣʫ 

ʽʥʪʝʛʨʫʚʘʥʥʷ. 
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ʊʘʙʣʠʮʷ 12.1. ʈʝʟʫʣʴʪʘʪʠ ʧʝʨʝʤʥʦʞʝʥʥʷ ʦʢʨʝʤʠʭ ʝʧʶʨ 
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ʇʽʜʩʪʘʚʠʚʰʠ ʫ ʬʦʨʤʫʣʫ (12.18) ʟʘʤʽʩʪʴ ʧʽʜʽʥʪʝʛʨʘʣʴʥʦʾ 

ʬʫʥʢʮʽʾ ʚʝʣʠʯʠʥʫ 

() () ()1

1
,py x M x M x

EI
= Ö                          (12.19) 

ʦʜʝʨʞʠʤʦ ʬʦʨʤʫʣʫ ʉʤ̔ʧʩʦʥʘ-ʂʦʨʥʦʫʭʦʚʘ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ 

ʽʥʪʝʛʨʘʣʫ ʄʦʨʘ: 

() () ( ) ( )1 1 10 0 4 2 2
6

p p p

l
M M M l M l

EI
èD = Ö + +ê  

() ()1 pM l M l ø+ Ö ú,                              (12.20) 

ʜʝ ʚʝʣʠʯʠʥʠ ʫ ʢʚʘʜʨʘʪʥʠʭ ʜʫʞʢʘʭ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥʷʤ 

ʝʧʶʨ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ ʥʘ ʨʠʩ. 12.3. 
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ɿʘʫʚʘʞʠʤʦ, ʱʦ ʬʦʨʤʫʣʘ (12.20) ʻ ʪʦʯʥʦʶ, ʷʢʱʦ ʜʦʙʫʪʦʢ 

() ()1pM x M xÖ  ʻ ʧʦʣʽʥʦʤʦʤ ʥʝ ʚʠʱʝ ʪʨʝʪʴʦʛʦ ʩʪʝʧʝʥʷ. ɼʣʷ 

ʝʢʦʥʦʤʽʾ ʯʘʩʫ ʧʨʦʚʝʜʝʥʥʷ ʧʽʜʨʘʭʫʥʢʽʚ, ʨʝʟʫʣʴʪʘʪʠ 

ʧʝʨʝʤʥʦʞʝʥʥʷ ʝʧʶʨ, ʷʢʽ ʥʘʡʯʘʩʪʽʰʝ ʪʨʘʧʣʷʶʪʴʩʷ, ʟʚʝʜʝʥʽ ʫ 

ʪʘʙʣʠʮʶ 12.1. 

 

12.4. ʈʽʚʥʷʥʥʷ ʪʨʴʦʭ ʤʦʤʝʥʪʽʚ 

ɺ ʨʦʟʨʘʭʫʥʢʘʭ ʙʘʣʦʢ ʥʘ ʤʽʮʥʽʩʪʴ ʪʘ ʞʦʨʩʪʢʽʩʪʴ ʫ ʙʽʣʴʰʦʩʪʽ 

ʚʠʧʘʜʢʽʚ ʜʦʚʦʜʠʪʴʩʷ ʤʘʪʠ ʩʧʨʘʚʫ ʽʟ ʩʪʘʪʠʯʥʦ ʥʝʚʠʟʥʘʯʝʥʠʤʠ 

ʙʘʣʢʘʤʠ, ʷʢʽ ʱʝ ʥʘʟʠʚʘʶʪʴ ʥʝʨʦʟʨʽʟʥʠʤʠ.  

ʉʪʫʧʽʥʴ ʩʪʘʪʠʯʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʥʝʨʦʟʨʽʟʥʦʾ ʙʘʣʢʠ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʽʣʴʢʽʩʪʶ ʟʘʡʚʠʭ ʟʚôʷʟʢʽʚ Z, ʱʦ ʜʦʨʽʚʥʶʻ: 

3Z C= -,                                       (12.21) 

ʜʝ C  ï ʢʽʣʴʢʽʩʪʴ ʦʧʦʨʥʠʭ ʩʪʨʠʞʥʽʚ (ʟʘʱʝʤʣʝʥʥʷ ʦʧʦʨʥʦʛʦ 

ʧʝʨʝʨʽʟʫ ʚʽʜʧʦʚʽʜʘʻ ʪʨʴʦʤ ʦʧʦʨʥʠʤ ʩʪʨʠʞʥʷʤ, ʘ ʥʝʨʫʭʦʤʘ ʦʧʦʨʘ 

ï ʜʚʦʤ). 

ʅʝʭʘʡ ʟʘʜʘʥʘ ʥʝʨʦʟʨʽʟʥʘ ʙʘʣʢʘ ʟ ʜʦʚʽʣʴʥʦʶ ʢʽʣʴʢʽʩʪʶ 

ʧʨʦʛʦʥʽʚ (ʨʠʩ.12.4, ʘ). ɿʘ ʦʩʥʦʚʥʫ ʩʠʩʪʝʤʫ (ʩʠʩʪʝʤʫ ʩʪʘʪʠʯʥʦ 

ʚʠʟʥʘʯʥʠʭ ʙʘʣʦʢ) ʜʣʷ ʮʽʻʾ ʙʘʣʢʠ ʧʨʠʡʤʘʻʤʦ ʨʷʜ ʧʨʦʩʪʠʭ ʙʘʣʦʢ, 

ʱʦ ʦʪʨʠʤʫʶʪʴʩʷ ʧʽʩʣʷ ʫʤʦʚʥʦʛʦ ʚʢʣʶʯʝʥʥʷ ʰʘʨʥʽʨʽʚ ʥʘ ʢʦʞʥʽʡ 

ʧʨʦʤʽʞʥʽʡ ʦʧʦʨʽ ʥʝʨʦʟʨʽʟʥʦʾ ʙʘʣʢʠ (ʨʠʩ. 12.4, ʙ). 

ʇʨʠ ʪʘʢʽʡ ʦʩʥʦʚʥʽʡ ʩʠʩʪʝʤʽ ʥʝʚʽʜʦʤʠʤʠ ʫ ʨʽʚʥʷʥʥʷʭ 

ʧʝʨʝʤʽʱʝʥʴ ʙʫʜʫʪɹ  ʟʛʠʥʘʣʴʥʽ ʤʦʤʝʥʪʠ ʚ ʦʧʦʨʥʠʭ ʧʝʨʝʨʽʟʘʭ 

ʥʝʨʦʟʨʽʟʥʦʾ ʙʘʣʢʠ. ʇʨʠʧʫʩʪʠʚʰʠ, ʱʦ ʮʽ ʤʦʤʝʥʪʠ ʜʦʜʘʪʥʽ, 

ʧʨʠʢʣʘʜʝʤʦ ʾʭ ʨʘʟʦʤ ʽʟ ʟʘʜʘʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʜʦ ʧʨʦʩʪʠʭ 

ʙʘʣʦʢ ʦʩʥʦʚʥʦʾ ʩʠʩʪʝʤʠ. ʇʽʜ ʜʽʻʶ ʪʘʢʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʙʘʣʢʠ 

ʦʩʥʦʚʥʦʾ ʩʠʩʪʝʤʠ ʜʝʬʦʨʤʫʶʪʴʩʷ. ɿʦʢʨʝʤʘ, ʾʭ ʦʧʦʨʥʽ ʧʝʨʝʨʽʟʠ 

ʧʦʚʝʨʪʘʶʪʴʩʷ ʦʜʠʥ ʚʽʜʥʦʩʥʦ ʦʜʥʦʛʦ ʥʘ ʷʢʠʡʩʴ ʢʫʪ, ʧʦʟʥʘʯʝʥʠʡ 

ʥʘ n -ʥʽʡ ʦʧʦʨʽ ʯʝʨʝʟ n n n
¡ ¡¡Q ¹Q +Q (ʨʠʩ.12.4, ʚ). 

ʈʽʚʥʷʥʥʷ ʧʝʨʝʤʽʱʝʥʴ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʫʤʦʚʠ, ʱʦ ʟʘʜʘʥʘ 

ʥʝʨʦʟʨʽʟʥʘ ʙʘʣʢʘ ʧʨʦʭʦʜʠʪʴ ʩʫʮʽʣʴʥʦ ʥʘʜ ʫʩ̔ ʤʘ ʦʧʦʨʘʤʠ, ʽ ʪʦʤʫ 

ʦʧʦʨʥʽ ʧʝʨʝʨʽʟʠ ʦʜʥʦʧʨʦʛʽʥʥʠʭ ʙʘʣʦʢ ʦʩʥʦʚʥʦʾ ʩʠʩʪʝʤʠ ʥʝ 

ʤʦʞʫʪʴ ʧʦʚʝʨʪʘʪʠʩʷ ʦʜʠʥ ʚʽʜʥʦʩʥʦ ʦʜʥʦʛʦ, ʪʦʙʪʦ ʾʭ ʚʟʘʻʤʥʠʡ 

ʢʫʪ ʧʦʚʦʨʦʪʫ ʤʘʻ ʜʦʨʽʚʥʶʚʘʪʠ ʥʫʣʝʚʽ: 0nQ = . 
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ɺʝʣʠʯʠʥʘ ʢʫʪʘ 
nQ  ʟʘʣʝʞʠʪʴ ʣʠʰʝ ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʚʦʭ 

ʩʫʤʽʞʥʠʭ ʟ n -ʥʦʶ ʦʧʦʨʦʶ ʧʨʦʛʦʥʽʚ ʽ ʪʦʤʫ ʢʦʞʥʝ ʟ ʨʽʚʥʷʥʴ 

ʧʝʨʝʤʽʱʝʥʴ ʚʤʽʱʫʻ ʣʠʰʝ ʪʨʠ ʥʝʚʽʜʦʤʽ: ʦʧʦʨʥʠʡ ʤʦʤʝʥʪ ʥʘ 

ʜʘʥʽʡ ʦʧʦʨʽ ʪʘ ʥʘ ʦʧʦʨʘʭ ʣʽʚʦʨʫʯ ʽ ʧʨʘʚʦʨʫʯ ʚʽʜ ʥʝʾ. 

 
ʈʠʩ. 12.4 

ʇʨʠ ʚʠʚʝʜʝʥʥʽ ʢʘʥʦʥʽʯʥʦʛʦ ʨʽʚʥʥ̫ʥʷ ʤʝʪʦʜʫ ʩʠʣ ʫ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʥʘʚʘʥʪʘʞʫʻʤʦ ʦʩʥʦʚʥʫ ʩʠʩʪʝʤʫ ʧʦ ʯʝʨʟʽ 

ʥʝʚʽʜʦʤʠʤʠ ʦʧʦʨʥʠʤʠ ʤʦʤʝʥʪʘʤʠ 1nM - , nM  ʽ 1nM + , 

ʧʨʠʡʤʘʶʯʠ ʾʭ ʨʽʚʥʠʤʠ ʦʜʠʥʠʮʽ, ʽ ʟʘʜʘʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʥʘ 

ʧʨʦʛʦʥ.̔ 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʘʢʦʥ ʥʝʟʘʣʝʞʥʦʩʪʽ ʜʽʾ ʩʠʣ ʽ ʟʘʢʦʥ ɻʫʢʘ, 

ʟʦʙʨʘʟʠʤʦ ʢʫʪ nQ  ʷʢ ʩʫʤʫ ʜʦʙʫʪʢʽʚ ʢʫʪʽʚ ʧʦʚʦʨʦʪʫ ʚʽʜ 

ʦʜʠʥʠʯʥʠʭ ʦʧʦʨʥʠʭ ʤʦʤʝʥʪʽʚ ʥʘ ʚʝʣʠʯʠʥʫ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʤʦʤʝʥʪʫ ʪʘ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʚʽʜ ʧʨʦʛʽʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ: 

, 1 1 , , 1 1 0.n n n n n n n n n npM M Md d d- - + ++ Ö + Ö +D =     (12.22) 



 227 

ʂʦʝʬʽʮʽʻʥʪʠ ,i kd  ʟʥʘʭʦʜʷʪʴʩʷ ʤʝʪʦʜʦʤ ɺʝʨʝʱʘʛʽʥʘ 

ʰʣʷʭʦʤ ʧʝʨʝʤʥʦʞʝʥʥʷ ʝʧʶʨ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ ʚʽʜ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʦʧʦʨ ʦʩʥʦʚʥʦʾ ʩʠʩʪʝʤʠ (ʨʠʩ. 12.1) ʚʽʜʧʦʚʽʜʥʠʤʠ 

ʦʜʠʥʠʯʥʠʤʠ ʤʦʤʝʥʪʘʤʠ. ɺʽʣʴʥʠʡ ʯʣʝʥ npD  ï ʚʟʘʻʤʥʠʡ ʢʫʪ 

ʧʦʚʦʨʦʪʫ ʦʧʦʨʥʠʭ ʧʝʨʝʨʽʟʽʚ ʧʨʦʩʪʠʭ ʙʘʣʦʢ ʦʩʥʦʚʥʦʾ ʩʠʩʪʝʤʠ ʥʘ 

n-ʡ ʦʧʦʨʽ ʚʽʜ ʜʽʾ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʧʨʦʛʦʥʽ, ʧʦʜʘʤʦ ʷʢ ʩʫʤʫ ʢʫʪʽʚ 

ʧʦʚʦʨʦʪʫ ʣʽʚʦʨʫʯ ( )`nq  ʽ ʧʨʘʚʦʨʫʯ ( )nq¡¡ ʚʽʜ n -ʾ ʦʧʦʨʠ: 

np n nq q¡ ¡¡D = +. 

ʊʦʜʽ ʢʘʥʦʥʽʯʥʝ ʨʽʚʥʷʥʥʷ ʤʝʪʦʜʫ ʩʠʣ ʧʝʨʝʭʦʜʠʪʴ (ʧʽʩʣʷ 

ʧʝʨʝʤʥʦʞʝʥʥʷ ʝʧʶʨ ʦʩʥʦʚʥʦʾ ʩʠʩʪʝʤʠ ʩʧʦʩʦʙʦʤ ɺʝʨʝʱʘʛʽʥʘ) ʫ 

ʪʘʢ ʟʚʘʥʝ ʨʽʚʥʷʥʥʷ ʪʨʴʦʭ ʤʦʤʝʥʪʽʚ, ʷʢʝ ʜʣʷ nïʾ  ʦʧʦʨʠ ʥʝʨʦʟʨʽʟʥʦʾ 

ʙʘʣʢʠ ʩʪʘʣʦʾ ʞʦʨʩʪʢʦʩʪʽ EI  (ʨʠʩ. 12.4, ʘ) ʧʨʠʡʤʘʻ ʚʠʛʣʷʜ: 

( ) ( )1 n n 1 1 n 1 6n n n n n nM l M l l M l EI q q- + + +
¡ ¡¡+ + + =- +,    

(12.23) 

ʜʝ 
nq ï ʢʫʪ ʧʦʚʦʨʦʪʫ ʧʨʘʚʦʛʦ ʦʧʦʨʥʦʛʦ ʧʝʨʝʨʽʟʫ ʧʨʦʩʪʦʾ ʙʘʣʢʠ 

ʣʽʚʦʨʫʯ ʚʽʜ n-ʥʦʾ ʦʧʦʨʠ, 
nq¡¡ ï ʢʫʪ ʧʦʚʦʨʦʪʫ ʣʽʚʦʛʦ ʦʧʦʨʥʦʛʦ 

ʧʝʨʝʨʽʟʫ ʧʨʦʩʪʦʾ ʙʘʣʢʠ ʧʨʘʚʦʨʫʯ ʚʽʜ n -ʥʦʾ ʦʧʦʨʠ. 

ʈʽʚʥʷʥʥʷʤ ʪʨʴʦʭ ʤʦʤʝʥʪʽʚ ʤʦʞʥʘ ʢʦʨʠʩʪʫʚʘʪʠʩʴ ʪʘʢʦʞ ʫ 

ʚʠʧʘʜʢʫ ʛʣʫʭʠʭ ʟʘʱʝʤʣʝʥʴ ʢʽʥʮʝʚʠʭ ʧʝʨʝʨʽʟʽʚ ʥʝʨʦʟʨʽʟʥʦʾ ʙʘʣʢʠ. 

ʅʝʭʘʡ, ʥʘʧʨʠʢʣʘʜ, ʣʽʚʠʡ ʢʽʥʮʝʚʠʡ ʧʝʨʝʨʽʟ ʥʝʨʦʟʨʽʟʥʦʾ ʙʘʣʢʠ 

ʛʣʫʭʦ ʟʘʢʨʽʧʣʝʥʠʡ ʥʘ ʦʧʦʨʽ n  (ʨʠʩ. 12.5, ʘ). ʊʦʜʽ ʫ ʨʽʚʥʷʥʥʽ 

(12.23) ʤʦʞʥʘ ʧʦʢʣʘʩʪʠ 0nl = , 0nq¡= , ʘ ʩʘʤʝ ʨʽʚʥʷʥʥʷ ʥʘʙʫʚʘʻ 

ʪʘʢʦʛʦ ʚʠʛʣʜ̫ʫ: 

1 1 12 6n n n n nM l M l EIq+ + +
¡¡+ =- .                    (12.24) 

 

 
ʈʠʩ. 12.5 

ʗʢʱʦ ʥʘ n -ʽʡ ʦʧʦʨʽ ʟʘʢʨʽʧʣʝʥʠʡ ʧʨʘʚʠʡ ʢʽʥʮʝʚʠʡ ʧʝʨʝʨʽʟ, 

ʪʦ 1 0nl += , 0n
¡¡Q =, ʪʦʜʽ ʤʘʪʠʤʝʤʦ 
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1 2 6n n n n nM l M l EIq-
¡¡+ =- .                        (12.25) 

ɼʣʷ ʟʨʫʯʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʫ ʥʝʨʦʟʨʽʟʥʠʭ ʙʘʣʦʢ ʜʦʮʽʣʴʥʦ 

ʟʘʟʜʘʣʝʛʽʜʴ ʚʠʟʥʘʯʠʪʠ ʢʫʪʠ ʧʦʚʦʨʦʪʫ ʦʧʦʨʥʠʭ ʧʝʨʝʨʽʟʽʚ ʧʨʦʩʪʦʾ 

ʙʘʣʢʠ ʜʣʷ ʢʽʣʴʢʦʭ ʥʘʡʧʨʦʩʪʽʰʠʭ ʚʠʧʘʜʢʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ʢʦʨʠʩʪʫʶʯʠʩʴ ʩʧʦʩʦʙʦʤ ɺʝʨʝʱʘʛʽʥʘ. 

 

12.5. ʂʫʪʠ ʧʦʚʦʨʦʪʫ ʦʧʦʨʥʠʭ ʧʝʨʝʨʽʟʽʚ ʧʨʦʩʪʦʾ ʙʘʣʢʠ 

ʜʣʷ ʜʝʷʢʠʭ ʥʘʚʘʥʪʘʞʝʥʴ 

ɺ ʧʨʘʚʠʭ ʯʘʩʪʠʥʘʭ ʨʽʚʥʷʥʴ ʪʨʴʦʭ ʤʦʤʝʥʪʽʚ (12.23)-(12.25) 

ʻ ʚʝʣʠʯʠʥʠ 
iq, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢ ʢʫʪʠ ʧʦʚʦʨʦʪʫ ʦʧʦʨʥʠʭ 

ʧʝʨʝʨʽʟʽʚ ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʨʦʛʦʥʽ. ɰʭ ʟʥʘʯʝʥʥʷ ʜʣʷ ʜʝʷʢʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʧʨʦʩʪʦʾ ʙʘʣʢʠ (ʨʠʩ. 12.6) ʥʘʚʝʜʝʥʽ ʥʠʞʯʝ. 

 

( )
6

Fab
EI l b

l
q¡¡= + ,                          ʘ) 

 

( )
6

Fab
EI l a

l
q¡= + ,                          ʙ)  

 

2

16

Fl
EI EIq q¡¡ ¡= = ,                          ʚ) 

 

( )2 2 2 2
2

12 2

q d c c d
EI l

l
q

- å õ+
¡¡= -æ ö

ç ÷
,      ʛ) 

 

( )2 2 2 2
2

12 2

q b a a b
EI l

l
q

- å õ+
¡= -æ ö

ç ÷
,      ʜ) 

 

3

24

ql
EI EIq q¡¡ ¡= = ,                          ʝ) 

 

( )2 23
6

M
EI l b

l
q¡¡=- - ,                      ʞ) 

 

( )2 23
6

M
EI l a

l
q¡=- - ,                         ʟ) 

ʈʠʩ. 12.6 

ʈʠʩ. 12.6. 



 229 

12.6. ɿʛʠʥʘʣʴʥʽ ʤʦʤʝʥʪʠ ʽ ʧʦʧʝʨʝʯʥʽ ʩʠʣʠ ʫ ʜʦʚʽʣʴʥʦʤʫ 

ʧʝʨʝʨʽʟʽ n -ʥʦʛʦ ʧʨʦʛʦʥʫ ʙʘʣʢʠ 

ʇʽʩʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʦʨʥʠʭ ʤʦʤʝʥʪʽʚ ʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ ʽ 

ʧʦʧʝʨʝʯʥʘ ʩʠʣʘ ʚ n -ʦʤʫ ʧʨʦʛʦʥʽ ʥʝʨʦʟʨʽʟʥʦʾ ʙʘʣʢʠ ʟʥʘʭʦʜʷʪʴʩʷ 

ʷʢ ʜʣʷ ʩʪʘʪʠʯʥʦ ʚʠʟʥʘʯʥʦʾ ʙʘʣʢʠ, ʥʘʚʘʥʪʘʞʝʥʦʾ ʟʘʜʘʥʠʤ 

ʧʨʦʛʽʥʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʽ ʦʧʦʨʥʠʤʠ ʤʦʤʝʥʪʘʤʠ (ʨʠʩ. 12.7). 

ʇʨʠ ʮʴʦʤʫ, ʦʜʝʨʞʠʤʦ ʪʘʢʽ ʟʘʛʘʣʴʥʽ ʚʠʨʘʟʠ ʜʣʷ ʟʛʠʥʘʣʴʥʦʛʦ 

ʤʦʤʝʥʪʫ ʽ ʧʦʧʝʨʝʯʥʦʾ ʩʠʣʠ: 

() ()

( )

1
1

1 1 ,

n n
p n

n n

n n n

n

M M
M x M x M x x

l l

x
M M M

l

-
-

- -

= + + - =

= + -

          (12.26) 

() () 1 .n n
p

n

dM M M
Q x Q x

dx l

--
= = +  

ʏʝʨʝʟ ()pM x  ʽ ()pQ x  ʧʦʟʥʘʯʝʥʽ ʟʛʠʥʘʣʴʥʽ ʤʦʤʝʥʪʠ ʽ 

ʧʦʧʝʨʝʯʥʽ ʩʠʣʠ ʚʽʜ ʧʨʦʛʽʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʩʪʘʪʠʯʥʦ 

ʚʠʟʥʘʯʥʽʡ ʧʨʦʩʪʽʡ ʙʘʣʮʽ 

 
ʈʠʩ. 12.7 

 

ɿʥʘʶʯʠ ʧʦʧʝʨʝʯʥʽ ʩʠʣʠ nQ¡ ʽ nQ¡¡, ʱʦ ʚʠʥʠʢʘʶʪʴ ʣʚ̔ʦʨʫʯ ʽ 

ʧʨʘʚʦʨʫʯ ʚʽʜ n -ʦʾ ʦʧʦʨʠ ʙʘʣʢʠ (ʨʠʩ.12.6), ʤʦʞʝʤʦ ʟ ʫʤʦʚʠ 

ʨʽʚʥʦʚʘʛʠ ʚʝʨʪʠʢʘʣʴʥʠʭ ʩʠʣ ʚʠʟʥʘʯʠʪʠ ʦʧʦʨʥʫ ʨʝʘʢʮʽʶ nR : 

0Y=ä :  0n n nQ R Q¡ ¡¡+ - =, 

ʟʚʽʜʢʠ                                      n n nR Q Q¡¡ ¡= - . 
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ɼʦʜʘʪʥʽʡ ʟʥʘʢ ʨʝʘʢʮʽʾ, ʦʙʯʠʩʣʝʥʦʾ ʟʘ ʦʪʨʠʤʘʥʦʶ 

ʬʦʨʤʫʣʦʶ, ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʨʝʘʢʮʽʷ ʥʘʧʨʷʤʣʝʥʘ ʚʛʦʨʫ. 

 

ʇʨʠʢʣʘʜ. ɼʣʷ ʟʘʜʘʥʦʾ ʥʝʨʦʟʨʽʟʥʦʾ ʙʘʣʢʠ (ʨʠʩ. 12.8, ʘ, ʙ) 

ʪʨʝʙʘ ʧʦʙʫʜʫʚʘʪʠ ʝʧʶʨʠ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ ʽ ʧʦʧʝʨʝʯʥʠʭ ʩʠʣ, 

ʧʽʜʽʙʨʘʪʠ ʟ ʫʤʦʚʠ ʤʽʮʥʦʩʪʽ ʜʚʦʪʘʚʨʦʚʠʡ ʧʝʨʝʨʽʟ ʽ ʚʠʟʥʘʯʠʪʠ 

ʧʨʦʛʠʥ ʫ ʧʝʨʝʨʽʟʽ ɸ, ʷʢʱʦ: 

1 3l ʤ= , 2 4l ʤ= , 
3 1l ʤ= , 2a ʤ= , 1b ʤ= ,  

120M ʢʅʤ= , 30q ʢʅ ʤ= . 

 
ʈʠʩ. 12.8 

 

ʄʘʪʝʨʽʘʣ ʙʘʣʢʠ ï ʩʪʘʣʴ, ʜʣʷ ʷʢʦʾ [] 160ʄʇʘs= , 

52 10E ʄʇʘ= Ö . 

 

ʈʦʟʚôʷʟʫʚʘʥʥʷ. 

1. ɺʠʟʥʘʯʝʥʠʭ ʦʧʦʨʥʠʭ ʤʦʤʝʥʪʽʚ. 

ɿʥʘʭʦʜʠʤʦ ʟʘ ʬʦʨʤʫʣʦʶ (12.21) ʩʪʫʧʽʥʴ ʩʪʘʪʠʯʥʦʾ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʙʘʣʢʠ: 

5 3 2Z= - =. 
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ɹʘʣʢʘ ʜʚʽʯʽ ʩʪʘʪʠʯʥʦ ʥʝʚʠʟʥʘʯʥʘ ʽ ʜʣʷ ʾʾ ʨʦʟʚôʷʟʘʥʥʷ ʪʨʝʙʘ 

ʩʢʣʘʩʪʠ ʜʚʘ ʨʽʚʥʷʥʥʷ ʪʨʴʦʭ ʤʦʤʝʥʪʽʚ, ʘ ʩʘʤʝ ʜʣʷ ʦʧʦʨ 0 ʽ 1. 

0n= : 
0 1 1 1 02 6M l M l EIq¡¡+ =- , 

1n= : ( ) ( )0 1 1 1 2 2 2 1 12 6M l M l l M l EI q q¡ ¡¡+ + + =- +. 

ɿʘ ʬʦʨʤʫʣʘʤʠ (12.ʝ), (12.ʞ), (12.ʟ) (ʨʠʩ. 12.6) ʟʥʘʭʦʜʠʤʦ: 

( ) ( )2 2 2 2 2

0 1

1

120
3 3 3 2 40

6 6 3

M
EI l b ʢʅ ʤ

l
¡¡= - = - Ö =

Ö
q , 

( ) ( )2 2 2 2 2

1 1

1

120
3 3 3 1 20

6 6 3

M
EI l a ʢʅ ʤ

l
q¡=- - =- - Ö =

Ö
, 

3 3
22

1

30 4
80

24 24

ql
EI ʢʅ ʤq

Ö
¡¡= = = . 

ʂʨʽʤ ʪʦʛʦ, ʤʘʻʤʦ: 
2

3
2

30 1
15

2 2

ql
M ʢʅ ʤ

Ö
=- =- =- . 

ʈʽʚʥʷʥʥʷ ʪʨʴʦʭ ʤʦʤʝʥʪʽʚ ʥʘʙʫʚʘʶʪʴ ʚʠʛʣʷʜʫ: 

0 16 3 6 40 240M M+ =- Ö =-, 

( )0 13 14 6 20 80 15 4 540M M+ =- Ö + + Ö =-. 

ʈʦʟʚôʷʟʘʚʰʠ ʨʽʚʥʷʥʥʷ, ʟʥʘʭʦʜʠʤʦ: 

0 23.2M ʢʅʤ=- , 1 33.6M ʢʅ ʤ=- . 

2. ʇʦʙʫʜʦʚʘ ʝʧʶʨ ()M x  ʽ ()Q x . 

ɿʛʠʥʘʣʴʥʽ ʤʦʤʝʥʪʠ ʽ ʧʦʧʝʨʝʯʥʽ ʩʠʣʠ ʥʘ ʧʨʦʛʦʥʘʭ ʙʘʣʢʠ 

ʟʥʘʭʦʜʠʤʦ ʟʘ ʬʦʨʤʫʣʘʤʠ (4) ʽ (5). 

ʇʨʦʛʽʥ 0-1 

ɺʽʜʨʽʟʦʢ 1 0 2x- ¢ ¢: 

                ()
120 33.6 23.2

23.2 36.6 23.2
3 3.0

M x x x x
- +

= - + = -, 

                ()0 23.2M ʢʅ ʤ=- , 

                ()2 50.0M ʢʅ ʤ= . 

ɺʽʜʨʽʟʦʢ ɯɯï2 3x¢ ¢: 

                () 36.6 23.2 120 36.6 143.2M x x x= - - = - , 
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                ()2 70M ʢʅ ʤ=- , 

                ()3 36.6M ʢʅ ʤ=- . 

ɼʣʷ ʚʩʴʦʛʦ ʧʨʦʛʦʥʫ: 

                36.6
dM

Q ʢʅ
dx

= = . 

ʇʨʦʛʽʥ 1-2 

ɼʣʷ ʚʩʴʦʛʦ ʧʨʦʛʦʥʫ: 

                
() 2

2

30 4 30 15 33,6
33,6

2 2 4,0

64,7 15 33,6,

M x x x x

x x

Ö - +
= - - + =

= - -

 

                () 64.7 30Q x x= - . 

ʄʘʢʩʠʤʘʣʴʥʠʡ ʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ ʚʠʥʠʢʘʻ ʫ ʧʝʨʝʨʽʟʽ ʟ 

ʘʙʩʮʠʩʦʶ 
0x , ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʫʤʦʚʠ () 0Q x = : 

064.7 30 0x- =, 
0 2.16x ʤ= , 

2

max 64.7 2.16 15 2.16 33.6 26.4M ʢʅʤ= Ö - Ö - = , 

()0 64.7Q ʢʅ= , 

()4 55.3Q ʢʅ=- . 

ʂʦʥʩʦʣ ɹ

()
2

215
2

qx
M x x=- =- , 

()0 0M = , ()1 15M ʢʅ ʤ= , 

()0 0Q = , ()1 30Q ʢʅ= . 

ɿʘ ʦʜʝʨʞʘʥʠʤʠ ʜʘʥʠʤʠ ʥʘ ʨʠʩ. 12.9 ʧʦʙʫʜʦʚʘʥʦ ʝʧʶʨʠ 

ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ ʽ ʧʦʧʝʨʝʯʥʠʭ ʩʠʣ. 

3. ʇʽʜʙʽʨ ʧʝʨʝʨʽʟʫ ʙʘʣʢʠ. 

ʄʘʢʩʠʤʘʣʴʥʠʡ ʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ ʫ ʙʘʣʮʽ ʜʦʨʽʚʥʶʻ: 

max 70M ʢʅʤ= . 
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ʈʠʩ. 12.9 

 

ɿ ʫʤʦʚʠ ʤʽʮʥʦʩʪʽ ʟʥʘʭʦʜʠʤʦ ʧʦʪʨʙ̔ʥʠʡ ʤʦʤʝʥʪ ʦʧʦʨʫ 

ʧʝʨʝʨʽʟʫ: 

[]

3
6 3 3max

6

70 10
437 10 437

160 10

M
W ʤ ʩʤ

s

-Ö
² = = Ö =

Ö
. 

ʇʨʠʡʤʘʻʤʦ ʜʚʦʪʘʚʨ ˉ30 (ɻʆʉʊ 8239), ʜʣʷ ʷʢʦʛʦ 
3472xW ʩʤ= , 

47080xI ʩʤ= . 

4. ɺʠʟʥʘʯʝʥʥʷ ʧʨʦʛʠʥʫ ʫ ʧʝʨʝʨʽʟʽ A  ʙʘʣʢʠ. 

ʇʨʦʛʠʥ ʚʠʟʥʘʯʘʻʤʦ ʟʘ ʤʝʪʦʜʦʤ ɺʝʨʝʱʘʛʽʥʘ. ɼʣʷ ʮʴʦʛʦ 

ʧʨʠʢʣʘʜʘʻʤʦ ʫ ʧʝʨʝʨʽʟʽ A  ʩʪʘʪʠʯʥʦ ʥʝʚʠʟʥʘʯʝʥʦʾ ʙʘʣʢʠ 1-2 

ʦʩʥʦʚʥʦʾ ʩʠʩʪʝʤʠ ʦʜʠʥʠʯʥʫ ʙʝʟʨʦʟʤʽʨʥʫ ʩʠʣʫ ʽ ʙʫʜʫʻʤʦ ʝʧʶʨʫ 

ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ 1M  (ʨʠʩ. 12.10, ʘ, ʙ). 
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ʈʠʩ. 12.10 

 

ɽʧʶʨʫ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ M  ʚʽʜ ʟʘʜʘʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʨʦʛʦʥʽ 1-2 ʧʨʝʜʩʪʘʚʣʷʻʤʦ ʷʢ ʩʫʤʫ 

ʧʘʨʘʙʦʣʽʯʥʦʾ ʝʧʶʨʠ ʜʣʷ ʧʨʦʩʪʦʾ ʙʘʣʢʠ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ 

ʦʨʜʠʥʘʪʦʶ 
2 2

2 30 4
60

8 8

ql
M ʢʅ ʤ

Ö
= = = , 

ʽ ʜʚʦʭ ʪʨʠʢʫʪʥʠʭ ʝʧʶʨ ʚʽʜ ʦʧʦʨʥʠʭ ʤʦʤʝʥʪʽʚ (ʨʠʩ. 12.10, ʚ). 

ʇʝʨʝʤʥʦʞʫʶʯʠ ʝʧʶʨʠ, ʦʜʝʨʞʫʻʤʦ: 

( )
2 5 1 1

2 60.0 2.0 1.0 4.0 1.0 33.6 15.0 51.4
3 8 2 2

AEIf ʢʅ ʤ= Ö Ö Ö Ö Ö - Ö Ö Ö + =3

; 
3

2

11 8

51.4 10
0.36 10 0.36

2 10 7080 10
Af ʤ cʤ-

-

Ö
= = Ö =
Ö Ö Ö

. 
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ɿʘʧʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʶ 

 

1. ɿʘʧʠʰʽʪʴ ʚʠʨʘʟ ʜʣʷ ʨʦʙʦʪʠ ʫʟʘʛʘʣʴʥʝʥʦʾ ʩʠʣʠ ʥʘ 

ʚʽʜʧʦʚʽʜʥʦʤʫ ʫʟʘʛʘʣʴʥʝʥʦʤʫ ʧʝʨʝʤʽʱʝʥʥʽ. 

2. ʑʦ ʪʘʢʝ ʫʟʘʛʘʣʴʥʝʥʘ ʩʠʣʘ 

3. ʗʢ ʟʘʧʠʩʫʻʪʴʩʷ ʨʦʙʦʪʘ ʚʥʫʪʨʽʰʥʽʭ ʩʠʣ 

4. ʏʦʤʫ ʜʦʨʽʚʥʶʻ ʧʦʪʝʥʮʽʘʣʴʥʘ ʝʥʝʨʛʽʷ ʜʝʬʦʨʤʘʮʽʾ 

5. ʑʦ ʥʘʟʠʚʘʻʪʴʩʷ ʤʦʞʣʠʚʦʶ ʨʦʙʦʪʦʶ 

6. ɿʘʧʠʰʽʪʴ ʚʠʨʘʟ ʜʣʷ ʤʦʞʣʠʚʦʾ ʨʦʙʦʪʠ ʚʥʫʪʨʽʰʥʽʭ 

ʩʠʣ. 

7. ʗʢ ʯʠʪʘʻʪʴʩʷ ʧʨʠʥʮʠʧ ʤʦʞʣʠʚʭ ʧʝʨʝʤʽʱʝʥʴ 

8. ɿʘʧʠʰʽʪʴ ʚʠʨʘʟ ʜʣʷ ʽʥʪʝʛʨʘʣʫ ʄʦʨʘ. 

9. ʋ ʷʢʦʤʫ ʚʠʧʘʜʢʫ ʽʥʪʝʛʨʘʣ ʄʦʨʘ ʦʙʠʩʣʶʚʘʪʠ 

ʩʧʦʩʦʙʦʤ ɺʝʨʝʱʘʛʽʥʘ 

10. ɿʘʧʠʰʽʪʴ ʬʦʨʤʫʣʫ ɺʝʨʝʱʘʛʽʥʘ. 

11. ɿʘʧʠʰʽʪʴ ʬʦʨʤʫʣʫ ʉʽʤʧʩʦʥʘ ï ʂʦʨʥʦʫʭʦʚʘ. 

12. ʗʢ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʪʫʧʽʥʴ ʩʪʘʪʠʯʥʦʾ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʥʝʨʦʟʨʽʟʥʦʾ ʙʘʣʢʠ 

13. ʑʦ ʪʘʢʝ ʦʩʥʦʚʥʘ ʩʠʩʪʝʤʘ 

14. ʗʢʘ ʫʤʦʚʘ ʟʘʧʠʩʫʻʪʴʩʷ ʜʣʷ ʧʨʦʛʽʥʥʦʛʦ ʢʫʪʘ 

ʧʦʚʦʨʦʪʫ 

15. ɿʘʧʠʰʽʪʴ ʨʽʚʥʷʥʥ̫  ʪʨʴʦʭ ʤʦʤʝʥʪʽʚ ʜʣʷ n - ʦʾ 

ʦʧʦʨʠ ʥʝʨʦʟʨʽʟʥʦʾ ʙʘʣʢʠ. 

16. ɿʘʧʠʰʽʪʴ ʚʠʨʘʟ ʜʣʷ ʜʣʷ ʟʛʠʥʘʣʴʥʦʛʦ ʤʦʤʝʥʪʫ ʚ 

n - ʤʫ ʧʨʦʛʦʥʽ ʥʝʨʦʟʨʽʟʥʦʾ ʙʘʣʢʠ. 

17. ɿʘʧʠʰʽʪʴ ʚʠʨʘʟ ʜʣʷ ʜʣʷ ʧʦʧʝʨʝʯʥʦʾ ʩʠʣʠ ʚ n - ʤʫ 

ʧʨʦʛʦʥʽ ʥʝʨʦʟʨʽʟʥʦʾ ʙʘʣʢʠ. 

18. ɿʘʧʠʰʽʪʴ ʫʤʦʚʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʝʘʢʮʽʾ n - ʦʾ 

ʦʧʦʨʠ ʥʝʨʦʟʨʽʟʥʦʾ ʙʘʣʢʠ. 
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ʊɽʄɸ 13 (ʣʝʢʮʽʾ 31,32). 

ʈʆɿʈɸʍʋʅʆʂ ʇʃʆʉʂʀʍ ʈɸʄ 

 

13.1. ʆʩʥʦʚʥʽ ʧʦʥʷʪʪʷ ʪʘ ʚʠʟʥʘʯʝʥʥʷ. ʈʦʟʨʘʭʫʥʦʢ 

ʩʪʘʪʠʯʥʦ ʚʠʟʥʘʯʥʠʭ ʨʘʤ 

ɺ ʢʦʥʩʪʨʫʢʮʽʷʭ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʪʨʠʞʥʽ ʟ 

ʣʘʤʘʥʦʶ ʚʽʩʩʶ ï ʨʘʤʠ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʬʝʨʤ, ʜʝ ʩʪʨʠʞʥʽ 

ʦʙʦʚôʷʟʢʦʚʦ ʤʫʩʷʪʴ ʙʫʪʠ ʟôʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ ʰʘʨʥʽʨʘʤʠ, ʱʦ 

ʥʘʚʘʥʪʘʞʝʥʽ ʩʠʣʘʤʠ, ʧʨʠʢʣʘʜʝʥʠʤʠ ʫ ʚʫʟʣʘʭ, ʨʘʤʠ ʤʘʶʪʴ ʦʜʠʥ 

ʘʙʦ ʜʝʢʽʣʴʢʘ ʞʦʨʩʪʢʠʭ ʚʫʟʣʽʚ. ʈʘʤʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʤʦʞʫʪʴ 

ʩʢʣʘʜʘʪʠʩʷ ʷʢ ʟ ʧʨʷʤʦʣʽʥʽʡʥʠʭ, ʪʘʢ ʽ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʉʪʘʪʠʯʥʦ ʥʝʚʠʟʥʘʯʥʦʶ ʧʣʦʩʢʦʶ ʨʘʤʦʶ ʥʘʟʠʚʘʻʪʴʩʷ ʪʘʢʘ 

ʛʝʦʤʝʪʨʠʯʥʦ ʥʝʟʤʽʥʥʘ ʩʪʨʠʞʥʝʚʘ ʩʠʩʪʝʤʘ, ʫ ʷʢʽʡ ʦʧʦʨʥʽ ʨʝʘʢʮʽʾ 

ʘʙʦ ʚʥʫʪʨʽʰʥʽ ʟʫʩʠʣʣʷ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʟʥʘʯʝʥʥʽ ʟ ʫʤʦʚʠ 

ʨʽʚʥʦʚʘʛʠ ʩʠʣ. ʉʠʩʪʝʤʘ ʻ ʛʝʦʤʝʪʨʠʯʥʦ ʥʝʟʤʽʥʥʦʶ, ʷʢʱʦ 

ʧʝʨʝʤʽʱʝʥʥʷ ʦʢʨʝʤʠʭ ʾʾ ʪʦʯʦʢ ʤʦʞʣʠʚʽ ʪʽʣʴʢʠ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʜʝʬʦʨʤʘʮʽʾ ʩʠʩʪʝʤʠ. ɼʣʷ ʾʾ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʥʘʢʣʘʩʪʠ ʥʘ 

ʥʝʾ (ʚ ʾʾ ʧʣʦʱʠʥʽ) ʥʝ ʤʝʥʰʝ ʷʢ ʪʨʠ ʚôʷʟʽ. ʅʠʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʪʨʠ 

ʦʧʦʨʥʽ ʩʪʨʠʞʥʽ, ʱʦ ʥʝ ʧʝʨʝʪʠʥʘʶʪʴʩʷ ʚ ʦʜʥʽʡ ʪʦʯʮʽ, ʘʙʦ ʥʝ 

ʧʘʨʘʣʝʣʴʥʽ ʤʽʞ ʩʦʙʦʶ. 

ʉʪʘʪʠʯʥʘ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʟôʷʚʣʷʻʪʴʩʷ ʯʝʨʝʟ ʪʝ, ʱʦ ʪʘʢʘ 

ʩʠʩʪʝʤʘ ʤʘʻ ʪʘʢ ʟʚʘʥʽ ʟʘʡʚʽ ʟʚôʷʟʢʠ. ɿʘʡʚʠʤʠ ʥʘʟʠʚʘʶʪʴʩʷ 

ʟʚôʷʟʢʠ, ʷʢʽ ʥʘʷʚʥʽ ʫ ʩʠʩʪʝʤʽ ʧʦʥʘʜ ʪʽ, ʱʦ ʧʦʪʨʽʙʥʽ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʦʾ ʥʝʟʤʽʥʥʦʩʪʽ ʽ ʥʝʨʫʭʦʤʦʩʪʽ ʨʘʤʠ ʧʨʠ 

ʜʽʾ ʥʘ ʥʝʾ ʥʘʚʘʥʪʘʞʝʥʥʷ.  ʇʣʦʩʢʠʤʠ ʥʘʟʠʚʘʶʪʴʩʷ ʪʘʢʽ ʨʘʤʠ, ʦʩʽ 

ʩʪʨʠʞʥʽʚ ʷʢʠʭ ʣʝʞʘʪʴ ʚ ʦʜʥʽʡ ʧʣʦʱʠʥʽ ʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʽʻ ʫ ʮʽʡ 

ʞʝ ʧʣʦʱʠʥʽ. 

ʂʽʣʴʢʽʩʪʴ ʟʘʡʚʠʭ ʟʚôʷʟʢʽʚ ʫ ʩʪʘʪʠʯʥʦ ʥʝʚʠʟʥʘʯʥʽʡ ʧʣʦʩʢʽʡ 

ʨʘʤʽ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʟʘ ʬʦʨʤʫʣʦʶ: 
3ɿ ʧ ʐ= - ,                                     (13.1) 

ʜʝ n  ï ʢʽʣʴʢʽʩʪʴ ʟʘʤʢʥʫʪʠʭ ʢʦʥʪʫʨʽʚ, ʐ ï ʢʽʣʴʢʽʩʪʴ ʦʜʠʥʠʯʥʠʭ 

ʰʘʨʥʽʨʽʚ, ʪʦʙʪʦ ʰʘʨʥʽʨʽʚ, ʫ ʷʢʠʭ ʟôʻʜʥʫʶʪʴʩʷ ʧʦ ʜʚʘ ʩʪʨʠʞʥʽ. 

(ʐʘʨʥʽʨ, ʚ ʷʢʦʤʫ ʟôʻʜʥʫʻʪʴʩʷ k  ʩʪʨʠʞʥʽʚ, ʤʽʩʪʠʪʴ 1k-  

ʦʜʠʥʠʯʥʠʭ ʰʘʨʥʽʨʽʚ). 

ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʩʪʘʪʠʯʥʦ ʚʠʟʥʘʯʥʦʾ ʨʘʤʠ, ʷʢʱʦ ʚʦʥʘ ʤʘʻ 

ʙʽʣʴʰʝ ʥʽʞ ʦʜʥʫ ʦʧʦʨʫ, ʩʧʦʯʘʪʢʫ ʤʝʪʦʜʘʤʠ ʩʪʘʪʠʢʠ ʟʥʘʭʦʜʷʪʴ 

ʦʧʦʨʥʽ ʨʝʘʢʮʽʾ. ʇʦʙʫʜʦʚʘ ʝʧʶʨ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ ʄ, 
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ʧʦʧʝʨʝʯʥʠʭ ʩʠʣ Q ʪʘ ʧʦʟʜʦʚʞʥʽʭ ʩʠʣ N ʫ ʨʘʤʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʜʣʷ 

ʢʦʞʥʦʛʦ ʧʨʷʤʦʣʽʥʽʡʥʦʛʦ ʝʣʝʤʝʥʪʘ ʨʘʤʠ ʪʘʢ ʷʢ ʜʣʷ ʙʘʣʢʠ 

(ʩʪʨʠʞʥʷ). 

ɼʣʷ ʟʫʩʠʣʴ N ʽ Q ʧʨʘʚʠʣʦ ʟʥʘʢʽʚ ʟʘʣʠʰʘʻʪʴʩʷ ʪʘʢʠʤ 

ʩʘʤʠʤ, ʷʢ ʽ ʧʨʠʡʥʷʪʝ ʨʘʥʽʰʝ: 

0,N> ʷʢʦɦ ʟʫʩʠʣʣʷ ʨʦʟʪʷʛʫʻ ʩʪʨʠʞʝʥʴ; 

0,Q>  ʷʢʱʦ ʧʦʧʝʨʝʯʥʘ ʩʠʣʘ ʦʙʝʨʪʘʻ ʧʝʨʝʨʽʟ ʟʘ 

ʛʦʜʠʥʥʠʢʦʚʦʶ ʩʪʨʽʣʢʦʶ. 

ʆʨʜʠʥʘʪʠ ʝʧʶʨ ʚʽʜʢʣʘʜʘʶʪʴʩʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʦʩʝʡ 

ʩʪʨʠʞʥʽʚ ʨʘʤʠ. ʇʨʠ ʮʴʦʤʫ, ʜʦʜʘʪʥʽ ʟʥʘʯʝʥʥʷ ʙʫʜʝʤʦ ʚʽʜʢʣʘʜʘʪʠ 

ʽʟ ʟʦʚʥʽʰʥʴʦʛʦ ʙʦʢʫ ʨʘʤʠ, ʘ ʚʽʜôʻʤʥʽ ï ʽʟ ʚʥʫʪʨʽʰʥʴʦʛʦ. ɼʣʷ 

ʟʛʠʥʘʣʴʥʦʛʦ ʤʦʤʝʥʪʫ ʄ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʘʚʠʣʘ ʟʥʘʢʽʚ ʥʝ 

ʚʩʪʘʥʦʚʣʶʶʪʴ, ʘ ʦʨʜʠʥʘʪʠ ʝʧʶʨ ʚʽʜʢʣʘʜʘʶʪʴ ʟʽ ʩʪʦʨʦʥʠ 

ʨʦʟʪʷʛʥʫʪʠʭ (ʘʙʦ ʩʪʠʩʥʫʪʠʭ) ʚʦʣʦʢʦʥ. ʋ ʜʝʷʢʠʭ ʧʽʜʨʫʯʥʠʢʘʭ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʘʚʠʣʦ ʧʫʥʢʪʠʨʥʦʾ ʣʽʥʽʾ.  

ʊʘʢʫ ʣʽʥʽʶ ʧʨʦʚʦʜʷʪʴ ʧʘʨʘʣʝʣʴʥʦ ʦʩʽ ʢʦʞʥʦʛʦ ʩʪʨʠʞʥʷ 

ʚʩʝʨʝʜʠʥʽ ʘʙʦ ʟʦʚʥʽ ʨʘʤʠ. ʊʦʜʽ ʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ ʚʚʘʞʘʻʪʴʩʷ 

ʜʦʜʘʪʥʽʤ, ʢʦʣʠ ʚʽʥ ʨʦʟʪʷʛʫʻ ʮʶ ʣʽʥʽʶ. 

ʇʦʙʫʜʫʻʤʦ ʝʧʶʨʠ N, Q ʽ ʄ ʜʣʷ ʨʘʤʠ, ʟʦʙʨʘʞʝʥʦʾ ʥʘ ʨʠʩ. 

13.1. ʆʩʢʽʣʴʢʠ ʨʘʤʘ ʤʘʻ ʪʽʣʴʢʠ ʦʜʥʫ ʦʧʦʨʫ, ʪʦ ʦʧʦʨʥʽ ʨʝʘʢʮʽʾ 

ʨʘʤʠ ʟʥʘʭʦʜʠʪʠ ʥʝ ʙʫʜʝʤʦ, ʘ ʝʧʶʨʠ ʧʦʯʥʝʤʦ ʙʫʜʫʚʘʪʠ ʟ 

ʚʽʣʴʥʦʛʦ ʢʽʥʮʷ ʩʪʨʠʞʥʷ ɸɺ ʨʘʤʠ. 

 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʝʧʶʨ N  ̔Q ʟʥʘʭʦʜʠʤʦ, ʱʦ 

ʥʘ ʜʽʣʷʥʮʽ ɸɺ: 0; 2N Q P= =-; 

ʥʘ ʜʽʣʷʥʮʽ ɺʉ: 2 ; 0N P Q=- =; 

ʥʘ ʜʽʣʷʥʮʽ ʉD: 2 ;N P Q P=- =; 

ʥʘ ʜʽʣʷʥʮʽ Dɽ:  ; 2N P Q P= = . 

ɿʘ ʦʜʝʨʞʘʥʠʤʠ ʜʘʥʠʤʠ ʙʫʜʫʻʤʦ ʝʧʶʨʠ N, Q (ʨʠʩ 13.1, ʘ, 

ʙ). 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʝʧʶʨ ʤʦʤʝʥʪʽʚ ʄ ʙʫʜʝʤʦ ʦʙʯʠʩʣʶʚʘʪʠ 

ʟʥʘʯʝʥʥʷ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ ʫ ʭʘʨʘʢʪʝʨʥʠʭ ʪʦʯʢʘʭ ɸ, ɺ, ʉ, D, 

ɽ, ʚʨʘʭʦʚʫʶʯʠ ʧʨʘʚʠʣʦ ʧʫʥʢʪʠʨʥʦʾ ʣʽʥʽʾ:  

0;AM =   · 2 ;BM P AB Pl= =-  2 .CM Pl=-  
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ʈʠʩ. 13.1 

 

 

ʋ ʧʝʨʝʨʽʟʽ D ʥʘ ʝʧʶʨʽ ʄ ʤʘʻ ʙʫʪʠ ʩʪʨʠʙʦʢ ʥʘ ʚʝʣʠʯʠʥʫ 

ʧʨʠʢʣʘʜʝʥʦʛʦ ʤʦʤʝʥʪʫ m. ʊʦʤʫ ʚ ʪʦʯʮʽ D, ʷʢʘ ʱʝ ʥʘʣʝʞʠʪʴ 

ʩʪʨʠʞʥʶ ɺD, ʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ ʜʦʨʽʚʥʶʻ 
( )

·
ɺD

D ʉM ʄ ʈʉD ʈl= + =-. 

ɿʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ ʩʧʨʘʚʘ ʚʽʜ ʪʦʯʢʠ D ʫ ʥʝʩʢʽʥʯʝʥʥʦ 

ʙʣʠʟʴʢʡ̔ ʜʦ ʥʝʾ ʪʦʯʮʽ, ʱʦ ʚʞʝ ʥʘʣʝʞʠʪʴ ʩʪʨʠʞʥʶ Dɽ, ʙʫʜʝ 

ʜʦʨʽʚʥʶʚʘʪʠ 
( )

0;

2 · 4 .

ɺD

D

E

M ʈl m

M P Dɽ ʈl

=- + =

= =
 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʤʝʥʪʠ ʫ ʩʪʨʠʞʥʷʭ ɸɺ ʽ ɺD ʚʠʷʚʠʣʠʩʷ 

ʚʽʜôʻʤʥʠʤʠ, ʘ ʧʫʥʢʪʠʨʥʘ ʣʽʥʽʷ ʩʪʠʩʥʫʪʦʶ, ʪʦʤʫ ʦʨʜʠʥʘʪʠ 

ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ ʙʫʜʝʤʦ ʚʽʜʢʣʘʜʘʪʠ ʽʟ ʧʨʦʪʠʣʝʞʥʦʾ ʩʪʦʨʦʥʠ 
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(ʥʘ ʨʦʟʪʷʛʥʫʪʠʭ ʚʦʣʦʢʥʘʭ). ʋ ʩʪʨʠʞʥʽ Dɽ ʧʫʥʢʪʠʨʥʘ ʣʽʥʽʷ 

ʨʦʟʪʷʛʥʫʪʘ, ʪʦʤʫ ʝʧʶʨʘ ʄ ʙʫʜʝ ʚʽʜʢʣʘʜʝʥʘ ʥʘ ʾʾ ʙʦʮʽ. ɿʘʛʘʣʴʥʠʡ 

ʚʠʛʣʷʜ ʝʧʶʨʠ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 13.1, ʛ. 

 

13.2. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʩʠʣ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʩʪʘʪʠʯʥʦ ʥʝʚʠʟʥʘʯʥʠʭ ʨʘʤ 

ʇʨʠ ʨʦʟʚôʷʟʫʚʘʥʥʽ ʨʘʤʠ ʤʝʪʦʜʦʤ ʩʠʣ ʫʪʚʦʨʶʶʪʴ ʩʧʦʯʘʪʢʫ 

ʩʪʘʪʠʯʥʦ ʚʠʟʥʘʯʥʫ ʦʩʥʦʚʥʫ ʩʠʩʪʝʤʫ ʰʣʷʭʦʤ ʚʽʜʢʠʜʘʥʥʷ ʟʘʡʚʠʭ 

ʟʚôʷʟʢʽʚ. ʆʩʥʦʚʥʘ ʩʠʩʪʝʤʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʛʝʦʤʝʪʨʠʯʥʦ 

ʥʝʟʤʽʥʥʦʶ, ʪʦʙʪʦ ʪʘʢʦʶ, ʱʦ ʾʾ ʧʝʨʝʤʽʱʝʥʥʷ ʤʦʞʫʪʴ ʚʽʜʙʫʚʘʪʠʩʴ 

ʣʠʰʝ ʟʘ ʨʘʭʫʥʦʢ ʜʝʬʦʨʤʘʮʽʡ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ, ʘ ʥʝ ʟʘ ʨʘʭʫʥʦʢ 

ʾʭ ʧʝʨʝʤʽʱʝʥʥʷ ʷʢ ʞʦʨʩʪʢʦʛʦ ʮʽʣʦʛʦ. ʆʪʞʝ, ʦʩʥʦʚʥʦʶ ʩʠʩʪʝʤʦʶ 

ʥʘʟʠʚʘʻʪʴʩʷ ʙʫʜʴ-ʷʢʠʡ ʽʟ ʩʪʘʪʠʯʥʦ ʚʠʟʥʘʯʫʚʘʥʠʭ ʚʘʨʽʘʥʪʽʚ 

ʨʦʟʛʣʷʜʫʚʘʥʦʾ ʩʠʩʪʝʤʠ, ʟʜʦʙʫʪʦʾ ʟʚʽʣʴʥʝʥʥʷʤ ʾʾ  ʚʽʜ ʟʘʡʚʠʭ 

ʟʚôʷʟʢʽʚ. ʆʩʥʦʚʥʘ ʩʠʩʪʝʤʘ ʤʘʻ ʙʫʪʠ ʝʢʚʽʚʘʣʝʥʪʥʦʶ ʦʩʥʦʚʥʽʡ 

ʩʠʩʪʝʤʽ, ʱʦʙʠ ʾʾ ʜʝʬʦʨʤʘʮʽʾ ʥʝ ʚʽʜʨʽʟʥʷʣʠʩʷ ʚʽʜ ʜʝʬʦʨʤʘʮʽʡ 

ʚʠʭʽʜʥʦʾ ʩʪʘʪʠʯʥʦ ʥʝʚʠʟʥʘʯʥʦʾ ʩʠʩʪʝʤʠ. 

ʆʩʥʦʚʥʫ ʩʠʩʪʝʤʫ ʟʘʚʘʥʪʘʞʫʶʪʴ ʧʦʩʣʽʜʦʚʥʦ ʥʝʚʽʜʦʤʠʤʠ 

ʨʝʘʢʮʽʷʤʠ ʫ ʚʽʜʢʠʥʫʪʠʭ ʟʚôʷʟʢʘʭ, ʧʨʠʡʥʷʚʰʠ ʾʭ ʨʽʚʥʠʤʠ ʦʜʠʥʠʮʽ 

ʽ ʙʫʜʫʶʪʴ ʝʧʶʨʠ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ ʚʽʜ ʮʠʭ ʦʜʠʥʠʯʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ, ʘ ʪʘʢʦʞ ʝʧʶʨʫ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ ʚʽʜ ʟʘʜʘʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʨʘʤʠ. 

ʋʤʦʚʠ ʚʽʜʩʫʪʥʦʩʪʽ ʧʝʨʝʤʽʱʝʥʴ ʫ ʟʘʜʘʥʽʡ ʨʘʤʽ, ʚ ʥʘʧʨʷʤʘʭ 

ʰʫʢʘʥʠʭ ʥʝʚʽʜʦʤʠʭ
iX , ʟʘʧʠʩʫʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʪʘʢ ʟʚʘʥʠʭ 

ʢʘʥʦʥʽʯʥʠʭ ʨʽʚʥʷʥʴ ʤʝʪʦʜʫ ʩʠʣ: 

1 11 2 12 1 1

1 21 2 22 2 2

1 1 2 2

... 0,

... 0,

......................................................

... 0.

n n p

n n p

n n n nn np

X X X

X X X

X X X

d d d

d d d

d d d

+ + + +D =

+ + + +D =

+ + + +D =

                   (13.2) 

ʂʦʝʬʽʮʽʻʥʪʠ 
iid ʽ 

ikd, ʱʦ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʧʝʨʝʤʽʱʝʥʥʷ ʚʽʜ 

ʦʜʠʥʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʦʩʥʦʚʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʚʽʣʴʥʽ ʯʣʝʥʠ 
ipD  

ʢʘʥʦʥʽʯʥʠʭ ʨʽʚʥʷʥʴ, ʷʢʽ ʻ ʧʝʨʝʤʽʱʝʥʥʷʤʠ ʚ ʦʩʥʦʚʥʽʡ ʩʠʩʪʝʤʽ ʚʽʜ 

ʟʘʜʘʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʜʦʮʽʣʴʥʦ ʦʙʯʠʩʣʶʚʘʪʠ ʟʘ ʩʧʦʩʦʙʦʤ 

ɺʝʨʝʱʘʛʽʥʘ (12.16), ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʽʜʧʦʚʽʜʥʽ ʝʧʶʨʠ: 

( )cy EIwD= Ö .                                    (13.3) 
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ʇʽʩʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʝʚʽʜʦʤʠʭ ʟ ʢʘʥʦʥʽʯʥʠʭ ʨʽʚʥʷʥʴ, 

ʟʛʠʥʘʣʴʥʽ ʤʦʤʝʥʪʠ ʫ ʜʦʚʽʣʴʥʦʤʫ ʧʝʨʝʨʽʟʽ ʨʘʤʠ ʟʥʘʭʦʜʷʪʴ 

ʩʧʦʩʦʙʦʤ ʜʦʜʘʚʘʥʥʷ ʜʽʾ ʩʠʣ: 

1 1 2 2pM M M X M X= + + +é.+n nM X .                     (13.4) 

ʊʫʪ ʧʦʟʥʘʯʝʥʽ: 
pM  ï ʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ ʚ ʦʩʥʦʚʥʽʡ 

ʩʠʩʪʝʤʽ ʚʽʜ ʟʘʜʘʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ; iM  ï ʟʛʠʥʘʣʴʥʽ ʤʦʤʝʥʪʠ ʚʽʜ 

ʦʜʠʥʠʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ1iX = . 

ʇʦʧʝʨʝʯʥʽ ʩʠʣʠ ʜʦʮʽʣʴʥʦ ʚʠʟʥʘʯʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʜʠʬʝʨʝʥʮʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ: 

x

dM
Q tg

dx
a= = ,                                      (13.5) 

ʜʝ a ï ʢʫʪ ʤʽʞ ʚʽʩʩʶ ʝʣʝʤʝʥʪʘ ʽ ʜʦʪʠʯʥʦʶ ʜʦ ʝʧʶʨʠ ʄ . 

ʇʦʧʝʨʝʯʥʘ ʩʠʣʘ ʙʫʜʝ ʧʨʠ ʮʴʦʤʫ ʜʦʜʘʪʥʦʶ, ʢʦʣʠ ʚʽʩʴ 

ʝʣʝʤʝʥʪʘ ʪʨʝʙʘ ʧʦʚʝʨʥʫʪʠ ʜʦ ʩʧʽʚʧʘʜʘʥʥʷ ʟ ʜʦʪʠʯʥʦʶ ʜʦ 

ʝʧʶʨʠ ʄ ʟʘ ʭʦʜʦʤ ʛʦʜʠʥʥʠʢʦʚʦʾ ʩʪʨʽʣʢʠ ʥʘ ʢʫʪ ʤʝʥʰʠʡ ʚʽʜ 90Á. 

ʇʦʟʜʦʚʞʥʽ ʩʠʣʠ ʚ ʝʣʝʤʝʥʪʘʭ ʨʘʤʠ ʟʥʘʭʦʜʷʪʴ ʟ ʫʤʦʚ 

ʨʚ̔ʥʦʚʘʛʠ ʚʠʨʽʟʘʥʠʭ ʚʫʟʣʽʚ, ʥʘʚʘʥʪʘʞʝʥʠʭ ʟʘʜʘʥʠʤʠ ʟʦʚʥʽʰʥʽʤʠ 

ʩʠʣʘʤʠ, ʚʽʜʦʤʠʤʠ ʫʞʝ ʧʦʧʝʨʝʯʥʠʤʠ ʩʠʣʘʤʠ ʽ ʥʝʚʽʜʦʤʠʤʠ 

ʧʦʟʜʦʚʞʥʽʤʠ ʩʠʣʘʤʠ. ʈʦʟʪʷʛʫʚʘʣʴʥʽ ʧʦʟʜʦʚʞʥʽ ʩʠʣʠ ʚʚʘʞʘʶʪʴʩʷ 

ʜʦʜʘʪʥʽʤʠ, ʩʪʠʩʢʫʚʘʣʴʥʽ ï ʚʽʜôʻʤʥʠʤʠ. 

 

13.3. ʇʨʘʢʪʠʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʩʪʘʪʠʯʥʦ ʥʝʚʠʟʥʘʯʥʠʭ ʨʘʤ 

ʇʨʠʢʣʘʜ. ɼʣʷ ʟʘʜʘʥʦʾ ʨʘʤʠ (ʨʠʩ. 13.2) ʪʨʝʙʘ ʧʦʙʫʜʫʚʘʪʠ 

ʝʧʶʨʠ ʟʛʠʥʘʣʴʥʠʭ ʤʦʤʝʥʪʽʚ, ʧʦʧʝʨʝʯʥʠʭ ʽ ʧʦʟʜʦʚʞʥʽʭ ʩʠʣ, 

ʧʽʜʽʙʨʘʪʠ ʜʚʦʪʘʚʨʦʚʠʡ ʧʝʨʝʨʽʟ ʽ ʚʠʟʥʘʯʠʪʠ ʛʦʨʠʟʦʥʪʘʣʴʥʝ 

ʧʝʨʝʤʽʱʝʥʥʷ ʧʝʨʝʨʽʟʫ ɸ.  

3h ʤ= , 6l ʤ= , 40q ʢH ʤ= , 50M ʢH ʤ= Ö. 

ʄʘʪʝʨʽʘʣ ï ʩʪʘʣʴ, ʜʣʷ ʷʢʦʾ []160ʄʇʘs= ,
52·10E ʄʇʘ= . 
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ʈʠʩ. 13.2 

 

ʈʦʟʚôʷʟʘʥʥʷ. Paʤa ʤʘʻ ʪʨʠ ʟʘʤʢʥʫʪʽ ʢʦʥʪʫʨʠ( )3n= , 

ʧʦʟʥʘʯʝʥʽ ʥʘ ʨʠʩ. 13.3, ʘ ʨʠʤʩʴʢʠʤʠ ʮʠʬʨʘʤʠ ɯ, ɯɯ, ɯɯɯ, ʯʦʪʠʨʠ 

ʦʜʠʥʠʯʥʽ ʽ ʜʚʘ ʧʦʜʚʽʡʥʽ ʰʘʨʥʽʨʠ (ʐ = 8). ɿʘ ʬʦʨʤʫʣʦʶ (13.1) 

ʟʥʘʭʦʜʠʤʦ ʢʽʣʴʢʽʩʪʴ ʟʘʡʚʠʭ ʟʚôʷʟʢʽʚ 
3 3 8 1ɿ= Ö - =, 

ʦʪʞʝ ʨʘʤʘ ʦʜʠʥ ʨʘʟ ʩʪʘʪʠʯʥʦ ʥʝʚʠʟʥʘʯʥʘ. 

ɼʚʽ ʟ ʤʦʞʣʠʚʠʭ ʦʩʥʦʚʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʜʘʥʦʾ ʨʘʤʠ ʧʦʢʘʟʘʥʽ 

ʥʘ ʨʠʩ. 13.3 ʙ, ʚ. 

ʈʠʩ. 13.3 
 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʦʙʠʨʘʻʤʦ ʦʩʥʦʚʥʫ ʩʠʩʪʝʤʫ 13.3, ʙ, ʚ ʷʢʽʡ 

ʥʝʚʽʜʦʤʠʤ ʟʫʩʠʣʣʷʤ, ʱʦ ʤʘʻ ʙʫʪʠ ʚʠʟʥʘʯʝʥʠʤ ʟ ʢʘʥʦʥʽʯʥʦʛʦ 

ʨʽʚʥʷʥʥʷ, ʻ ʟʛʠʥʘʣʴʥʠʡ ʤʦʤʝʥʪ ʫ ʣʽʚʦʤʫ ʚʝʨʭʥʴʦʤʫ ʚʫʟʣʽ ʨʘʤʠ. 

ʇʦʨʽʚʥʷʥʦ ʟ ʦʩʥʦʚʥʦʶ ʩʠʩʪʝʤʦʶ (ʨʠʩ. 13.3, ʚ), ʚ ʷʢʽʡ ʥʝʚʽʜʦʤʠʤ 

ʻ ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʦʧʦʨʥʦʾ ʨʝʘʢʮʽʾ, ʩʠʩʪʝʤʘ ʥʘ ʨʠʩ. 13.3, ʙ 

ʟʨʫʯʥʽʰʘ, ʦʩʢʽʣʴʢʠ ʦʙôʻʤ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʨʦʙʦʪʠ ʧʨʠ ʾʾ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʤʝʥʰʠʡ. 

ʉʠʩʪʝʤʘ, ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩ. 13.3, ʛ, ʛʝʦʤʝʪʨʠʯʥʦ ʟʤʽʥʥʘ 

(ʥʘʧʨʷʤʠ ʪʨʴʦʭ ʦʧʦʨʥʠʭ 

ʩʪʨʠʞʥʽʚ ʨʘʤʠ ʧʝʨʝʪʠʥʘʶʪʴʩʷ ʚ 

ʦʜʥʽʡ ʪʦʯʮʽ, ʥʘʚʢʦʣʦ ʷʢʦʾ ʨʘʤʘ 

 
ʈʠʩ. 13.4 


