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ʇʈɽɼʀʉʃʆɺʀɽ 

ʇʨʦʩʪʝʡʰʠʝ ʠʜʝʠ ʪʦʧʦʣʦʛʠʠ ʚʦʟʥʠʢʘʶʪ ʠʟ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ 

ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʦʢʨʫʞʘʶʱʠʤ ʤʠʨʦʤ. ʀʥʪʫʠʪʠʚʥʦ ʷʩʥʦ, ʯʪʦ 

ʚʳʩʢʘʟʳʚʘʥʠʷ ʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʬʠʛʫʨ ʥʝ ʚʧʦʣʥʝ 

ʠʩʯʝʨʧʳʚʘʶʪʩʷ ʩʚʝʜʝʥʠʷʤʠ ʦʙ ʠʭ çʤʝʪʨʠʯʝʩʢʠʭè ʩʚʦʡʩʪʚʘʭ (ʨʘʟʤʝʨʘʭ, 

ʫʛʣʘʭ ʠ ʪ. ʜ.). ʆʩʪʘʝʪʩʷ ʝʱʝ çʢʦʝ-ʯʪʦè ʟʘ ʧʨʝʜʝʣʘʤʠ ʩʪʘʨʦʡ ʛʝʦʤʝʪʨʠʠ. 

ʂʘʢʦʡ ʙʳ ʜʣʠʥʥʦʡ ʥʠ ʙʳʣʘ ʣʠʥʠʷ (ʚʝʨʝʚʢʘ, ʧʨʦʚʦʜ, ʜʣʠʥʥʘʷ ʤʦʣʝʢʫʣʘ), 

ʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʟʘʤʢʥʫʪʦʡ ʠʣʠ ʥʝʪ; ʝʩʣʠ ʣʠʥʠʷ ʟʘʤʢʥʫʪʘ, ʪʦ ʦʥʘ ʤʦʞʝʪ 

ʩʣʦʞʥʳʤ ʦʙʨʘʟʦʤ çʟʘʫʟʣʷʪʴʩʷè. ɼʚʝ (ʠʣʠ ʙʦʣʝʝ) ʟʘʤʢʥʫʪʳʝ ʣʠʥʠʠ 

ʤʦʛʫʪ çʟʘʮʝʧʣʷʪʴʩʷè ʦʜʥʘ ʩ ʜʨʫʛʦʡ ʠ ʧʨʠʪʦʤ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. 

ʊʝʣʘ, ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ, ʤʦʛʫʪ ʠʤʝʪʴ çʜʳʨʢʠè. ʕʪʠ ʩʚʦʡʩʪʚʘ ʪʝʣ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʪʝʤ, ʯʪʦ ʦʥʠ ʥʝ ʤʝʥʷʶʪʩʷ ʧʨʠ ʜʝʬʦʨʤʘʮʠʷʭ, 

ʜʦʧʫʩʢʘʶʱʠʭ ʣʶʙʳʝ ʨʘʩʪʷʞʝʥʠʷ ʙʝʟ ʨʘʟʨʳʚʦʚ. ʊʘʢʠʝ ʩʚʦʡʩʪʚʘ ʠ 

ʥʘʟʳʚʘʶʪʩʷ ʪʦʧʦʣʦʛʠʯʝʩʢʠʤʠ. ʂʨʦʤʝ ʵʣʝʤʝʥʪʘʨʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʬʠʛʫʨ, ʪʦʧʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʙʣʘʜʘʶʪ ʤʥʦʛʠʝ ʯʠʩʪʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ, ʠ ʠʤʝʥʥʦ ʵʪʦ ʦʧʨʝʜʝʣʷʝʪ ʠʭ ʚʘʞʥʦʩʪʴ. 
ʆʜʥʘʢʦ ʣʝʛʯʝ ʧʦʜʤʝʪʠʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʬʠʛʫʨ, ʯʝʤ ʩʦʟʜʘʪʴ ʠʭ çʠʩʯʠʩʣʝʥʠʝè, ʪ. ʝ. ʨʘʟʜʝʣ ʤʘʪʝʤʘʪʠʢʠ, 

ʦʙʣʘʜʘʶʱʠʡ ʪʦʯʥʳʤʠ ʧʦʥʷʪʠʷʤʠ, ʩʪʨʦʛʠʤʠ ʟʘʢʦʥʘʤʠ ʠ ʤʝʪʦʜʘʤʠ, 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʬʦʨʤʫʣʘʤʠ, ʠʟʦʙʨʘʞʘʶʱʠʤʠ ʪʦʧʦʣʦʛʠʯʝʩʢʠʝ 

ʚʝʣʠʯʠʥʳ. 
ʇʝʨʚʳʝ ʚʘʞʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʠ ʪʦʯʥʳʝ ʪʦʧʦʣʦʛʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ 

ʙʳʣʠ ʥʘʡʜʝʥʳ ʝʱʝ ʕʡʣʝʨʦʤ, ɻʘʫʩʩʦʤ ʠ ʈʠʤʘʥʦʤ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʙʝʟ 

ʧʨʝʫʚʝʣʠʯʝʥʠʷ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʪʦʧʦʣʦʛʠʷ ʢʘʢ ʨʘʟʜʝʣ ʥʘʫʢʠ 

ʦʩʥʦʚʘʥʘ ʚ ʢʦʥʮʝ XIX  ʚʝʢʘ ɸ. ʇʫʘʥʢʘʨʝ. ʇʨʦʮʝʩʩ ʧʦʩʪʨʦʝʥʠʷ 

ʪʦʧʦʣʦʛʠʠ ʠ ʨʝʰʝʥʠʷ ʝʝ ʚʥʫʪʨʝʥʥʠʭ ʟʘʜʘʯ ʦʢʘʟʘʣʩʷ ʪʨʫʜʥʳʤ ʠ 

ʜʣʠʪʝʣʴʥʳʤ: ʦʥ ʧʨʦʜʦʣʞʘʣʩʷ ʥʝ ʤʝʥʝʝ 70ð80 ʣʝʪ, ʥʘʧʦʣʥʝʥʥʳʭ ʛʣʫʙʦ-

ʢʠʤʠ ʦʪʢʨʳʪʠʷʤʠ ʠ, ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ, ʜʘʞʝ ʧʝʨʝʩʤʦʪʨʦʤ ʦʩʥʦʚ. ɺ ʥʝʤ 

ʧʨʠʥʷʣ ʫʯʘʩʪʠʝ ʨʷʜ ʥʘʠʙʦʣʝʝ ʚʳʜʘʶʱʠʭʩʷ ʤʘʪʝʤʘʪʠʢʦʚ ʩʚʦʝʛʦ 

ʚʨʝʤʝʥʠ.  ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʣʝʪ, ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʜʦ ʢʦʥʮʘ 50-ʭ 

ʛʦʜʦʚ, ʪʦʧʦʣʦʛʠʷ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʜʘʞʝ ʤʘʪʝʤʘʪʠʢʘʤʠ ʜʨʫʛʠʭ ʦʙʣʘʩʪʝʡ 

ʢʘʢ ʢʨʘʩʠʚʘʷ, ʥʦ ʙʝʩʧʦʣʝʟʥʘʷ ʠʛʨʫʰʢʘ. ɸʚʪʦʨ ʵʪʠʭ ʩʪʨʦʢ ʜʦʣʞʝʥ 

ʦʪʢʨʦʚʝʥʥʦ ʧʨʠʟʥʘʪʴʩʷ, ʯʪʦ ʝʱʝ ʚ ʩʪʫʜʝʥʯʝʩʢʠʝ ʚʨʝʤʝʥʘ, ʚ 50-ʭ ʛʦʜʘʭ 

XX ʚʝʢʘ, ʚʳʙʨʘʣ ʩʝʙʝ ʵʪʫ ʦʙʣʘʩʪʴ ʜʣʷ ʙʫʜʫʱʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, 

ʫʚʣʝʯʝʥʥʳʡ ʝʝ ʢʨʘʩʦʪʦʡ ʠ ʥʝʦʙʳʯʥʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʦʣʝʝ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʨʘʟʜʝʣʘʤʠ ʤʘʪʝʤʘʪʠʢʠ, ʠ ʧʨʠ ʵʪʦʤ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʨʝʤʷ 

(ʜʦ ʢʦʥʮʘ 60-ʭ ʛʦʜʦʚ) ʠʩʧʳʪʳʚʘʣ ʥʝʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʴ ʠʪʦʛʘʤʠ 

ʨʘʟʚʠʪʠʷ ʵʪʦʡ ʦʙʣʘʩʪʠ ʠʤʝʥʥʦ ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʢʘ ʧʨʠʣʦʞʝʥʠʡ. ʉʣʝʜʫʝʪ 

ʟʘʤʝʪʠʪʴ, ʯʪʦ ʨʷʜ ʢʨʘʩʠʚʳʭ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚ ʜʨʫʛʠʭ 

ʨʘʟʜʝʣʘʭ ʤʘʪʝʤʘʪʠʢʠ ʙʳʣ ʫʞʝ ʢ ʪʦʤʫ ʚʨʝʤʝʥʠ ʦʙʥʘʨʫʞʝʥ ð ʚ ʪʝʦʨʠʠ 

ʬʫʥʢʮʠʡ ʠ ʢʦʤʧʣʝʢʩʥʦʤ ʘʥʘʣʠʟʝ, ʚ ʢʘʯʝʩʪʚʝʥʥʦʡ ʪʝʦʨʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ 
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ʩʠʩʪʝʤ ʠ ʫʨʘʚʥʝʥʠʡ ʩ ʯʘʩʪʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ, ʚ ʪʝʦʨʠʠ ʦʧʝʨʘʪʦʨʦʚ ʠ 

ʜʘʞʝ ʚ ʘʣʛʝʙʨʝ. 
ʆʜʥʘʢʦ ʣʠʰʴ ʩ ʥʘʯʘʣʘ 70-ʭ ʛʦʜʦʚ XX ʚʝʢʘ ʥʘʯʘʣʦʩʴ ʠʥʪʝʥʩʠʚʥʦʝ 

ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʤʝʪʦʜʦʚ ʪʦʧʦʣʦʛʠʠ ʚ ʘʧʧʘʨʘʪ ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʟʠʢʠ. 

ʉʝʡʯʘʩ ʚʘʞʥʦʩʪʴ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʨʘʟʜʝʣʦʚ 

ʬʠʟʠʢʠ ʫʞʝ ʥʝ ʚʳʟʳʚʘʝʪ ʩʦʤʥʝʥʠʡ ð ʜʣʷ ʪʝʦʨʠʠ ʧʦʣʷ ʠ ʦʙʱʝʡ ʪʝʦʨʠʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ, ʬʠʟʠʢʠ ʘʥʠʟʦʪʨʦʧʥʳʭ ʩʧʣʦʰʥʳʭ ʩʨʝʜ ʠ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ, ʩʦʚʨʝʤʝʥʥʦʡ ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʠ ʠ ʪ. ʜ.  

ʂʦʤʧʴʶʪʝʨʳ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʯʠʩʣʝʥʥʳʝ ʤʦʜʝʣʠ ʨʘʟʣʠʯʥʳʭ 

ʦʙʲʝʢʪʦʚ. ʉ ʠʭ ʧʦʤʦʱʴʶ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʝʱʝ ʥʝ ʩʫʱʝʩʪʚʫʶʱʠʡ 

ʦʙʲʝʢʪ, ʧʦʣʫʯʠʪʴ ʝʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚʳʧʦʣʥʠʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʝʛʦ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʫʪʝʤ ʧʦʩʪʘʥʦʚʢʠ ʯʠʩʣʝʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʚʥʝʩʪʠ ʥʝʦʙʭʦʜʠʤʳʝ ʠʟʤʝʥʝʥʠʷ, ʧʦʜʛʦʪʦʚʠʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ, ʥʘʢʦʥʝʮ, ʠʟʛʦʪʦʚʠʪʴ ʦʙʲʝʢʪ. ʀʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʚʩʝʛʦ 

ʵʪʦʛʦ ʩʣʫʞʘʪ CAD/CAM/CAE ʩʠʩʪʝʤʳ. ʆʙʱʠʤ ʵʣʝʤʝʥʪʦʤ ʪʘʢʠʭ 

ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʛʝʦʤʝʪʨʠʠ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ 

ʦʙʲʝʢʪʘ.  ɺ ʨʘʙʦʪʝ ʩ ʩʠʩʪʝʤʘʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʦʙʣʘʩʪʠ ʟʥʘʥʠʷ. ʊʝʦʨʝʪʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʠ 

ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʛʝʦʤʝʪʨʠʠ, ʚʘʨʠʘʮʠʦʥʥʦʝ ʠʩʯʠʩʣʝʥʠʝ, ʪʦʧʦʣʦʛʠʷ ʠ 

ʨʘʟʜʝʣʳ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʪʝʤʘʪʠʢʠ. ɻʝʦʤʝʪʨʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʠʟʫʯʘʝʪ ʤʝʪʦʜʳ ʧʦʩʪʨʦʝʥʠʷ ʢʨʠʚʳʭ ʣʠʥʠʡ, ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʪʚʝʨʜʳʭ 

ʪʝʣ, ʤʝʪʦʜʳ ʚʳʧʦʣʥʝʥʠʷ ʥʘʜ ʥʠʤʠ ʨʘʟʣʠʯʥʳʭ ʦʧʝʨʘʮʠʡ ʠ ʤʝʪʦʜʳ 

ʫʧʨʘʚʣʝʥʠʷ ʯʠʩʣʝʥʥʳʤʠ ʤʦʜʝʣʷʤʠ.  

1. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ʢʘʢ ʠʩʪʦʯʥʠʢʠ 
ʚʠʟʫʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

 

1.1. ʆʧʠʩʘʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ 

ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ. ʅʘʩ ʙʫʜʝʪ ʠʥʪʝʨʝʩʦʚʘʪʴ  ʠʥʬʦʨʤʘʮʠʷ ʦ 

ʬʦʨʤʝ ʦʢʨʫʞʘʶʱʠʭ ʧʨʝʜʤʝʪʦʚ (ʠʩʪʠʥ), ʠʭ ʨʘʟʤʝʨʘʭ ʠ ʚʟʘʠʤʥʦʤ 

ʨʘʩʧʦʣʦʞʝʥʠʠ, ʥʝ ʚʜʘʚʘʷʩʴ ʚ ʧʦʜʨʦʙʥʦʩʪʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʤʳ ʙʫʜʝʤ ʠʟʫʯʘʪʴ ʠ ʤʦʜʝʣʠʨʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʨʝʘʣʴʥʳʭ ʠʣʠ ʚʦʦʙʨʘʞʘʝʤʳʭ ʦʙʲʝʢʪʦʚ 

(ʠʩʪʠʥ). ʅʘʰʝʡ ʢʦʥʝʯʥʦʡ ʮʝʣʴʶ ʷʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʛʝʦʤʝʪʨʠʠ ʵʪʠʭ ʦʙʲʝʢʪʦʚ (ʠʩʪʠʥ). ʕʪʠ ʤʦʜʝʣʠ ʥʫʞʥʳ ʜʣʷ 

http://stu.sernam.ru/book_stat1.php?id=16
http://edu.sernam.ru/book_kiber1.php?id=216
http://sernam.ru/book_e_math.php?id=135
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ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʤʘʪʝʨʠʘʣʴʥʳʭ ʮʝʥʥʦʩʪʝʡ.  

ɻʝʦʤʝʪʨʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠʟʫʯʘʝʪ ʤʝʪʦʜʳ ʧʦʩʪʨʦʝʥʠʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʶʱʝʡ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʧʨʝʜʤʝʪʦʚ ʦʢʨʫʞʘʶʱʝʛʦ ʤʠʨʘ. ʆʥʦ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ, ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʪʝʤʘʪʠʢʝ, 

ʚʘʨʠʘʮʠʦʥʥʦʤ ʠʩʯʠʩʣʝʥʠʠ, ʪʦʧʦʣʦʛʠʠ ʠ ʨʘʟʨʘʙʘʪʳʚʘʝʪ ʩʦʙʩʪʚʝʥʥʳʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

ʀʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʣʫʞʘʪ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʪʝʭ ʠʣʠ ʠʥʳʭ ʟʘʜʘʯ. ʀʩʧʦʣʴʟʫʝʤʳʝ 

ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʪ ʦʧʠʩʳʚʘʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʝʜʤʝʪʦʚ, 

ʩʦʟʜʘʚʘʪʴ ʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʠʭ ʧʫʪʝʤ 

ʧʨʦʚʝʜʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʨʘʩʯʝʪʦʚ ʠ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʇʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʳ ʩʤʦʞʝʤ ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʤʦʜʝʣʠʨʫʝʤʳʝ ʦʙʲʝʢʪʳ ʠ 

ʩʪʨʦʠʪʴ ʠʭ ʛʨʘʬʠʯʝʩʢʠʝ ʦʪʦʙʨʘʞʝʥʠʷ.  

ɼʣʷ ʦʧʠʩʘʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʢʨʫʞʘʶʱʠʭ ʧʨʝʜʤʝʪʦʚ ʤʳ 

ʙʫʜʝʤ ʩʪʨʦʠʪʴ ʪʚʝʨʜʳʝ ʪʝʣʘ ʠʣʠ ʧʨʦʩʪʦ ʪʝʣʘ. ʊʝʣʘ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʳ 

ʙʫʜʝʤ ʦʧʠʩʳʚʘʪʴ ʪʦʯʢʘʤʠ, ʣʠʥʠʷʤʠ ʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ. ɺʩʝ ʦʥʠ 

ʦʙʣʘʜʘʶʪ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʦʙʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʧʦʵʪʦʤʫ ʠʤʠ ʤʦʞʥʦ 

ʦʧʝʨʠʨʦʚʘʪʴ ʢʘʢ ʦʙʲʝʢʪʘʤʠ (ʠʩʪʠʥʘʤʠ). ʊʦʯʢʠ, ʣʠʥʠʠ, ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʪʝʣʘ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ (ʨʠʩ. 1.1).  

 

ʈʠʩ.1.1  

ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ʙʫʜʫʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʛʝʦʤʝʪʨʠʠ ʨʝʘʣʴʥʳʭ ʠʣʠ ʚʦʦʙʨʘʞʘʝʤʳʭ 

ʦʙʲʝʢʪʦʚ. ʄʳ ʙʫʜʝʤ ʩʪʨʦʠʪʴ ʠʭ ʚ ʪʨʝʭʤʝʨʥʦʤ ʝʚʢʣʠʜʦʚʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʫ ʩʯʠʪʘʷ ʠʭ ʥʝʠʟʤʝʥʥʳʤʠ ʚʦ ʚʨʝʤʝʥʠ.  

http://stu.sernam.ru/book_stat1.php?id=16
http://edu.sernam.ru/book_kiber1.php?id=216
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ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʤʳ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʝʢʘʨʪʦʚʳ 

ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. ɺ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

ʙʘʟʠʩʥʳʝ ʚʝʢʪʦʨʳ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʫʶ ʜʣʠʥʫ ʠ ʧʦʩʪʦʷʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ 

ʚ ʣʶʙʦʤ ʤʝʩʪʝ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʕʪʦ ʫʧʨʦʱʘʝʪ ʦʧʠʩʘʥʠʝ ʦʙʲʝʢʪʦʚ, ʪʘʢ ʢʘʢ 

ʙʘʟʠʩʥʳʝ ʚʝʢʪʦʨʳ ʧʨʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʠ ʚʳʩʪʫʧʘʶʪ ʚ ʨʦʣʠ 

ʢʦʥʩʪʘʥʪ. ʄʳ ʨʘʩʩʤʦʪʨʠʤ ʪʘʢʞʝ ʦʧʠʩʘʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʚ 

ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ.  

ʆʙʦʟʥʘʯʝʥʠʷ. ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʦʚ ʤʳ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʢʘʣʷʨʥʳʝ ʚʝʣʠʯʠʥʳ, ʚʝʢʪʦʨʳ, ʘ 

ʪʘʢʞʝ ʪʝʥʟʦʨʳ. ʉʢʘʣʷʨʥʳʝ ʚʝʣʠʯʠʥʳ ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ʩʪʨʦʯʥʳʤʠ 

ʙʫʢʚʘʤʠ ʣʘʪʠʥʩʢʦʛʦ ʠʣʠ ʛʨʝʯʝʩʢʦʛʦ ʘʣʬʘʚʠʪʘ. ɺʝʢʪʦʨʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ʩʪʨʦʯʥʳʤʠ ʙʫʢʚʘʤʠ ʣʘʪʠʥʩʢʦʛʦ ʘʣʬʘʚʠʪʘ, 

ʚʳʜʝʣʝʥʥʳʤʠ ʞʠʨʥʳʤ ʰʨʠʬʪʦʤ. ɼʚʫʭʤʝʨʥʳʝ ʚʝʢʪʦʨʳ ʙʫʜʝʤ 

ʦʙʦʟʥʘʯʘʪʴ ʩʪʨʦʯʥʳʤʠ ʙʫʢʚʘʤʠ ʣʘʪʠʥʩʢʦʛʦ ʘʣʬʘʚʠʪʘ, ʚʳʜʝʣʝʥʥʳʤʠ 

ʞʠʨʥʳʤ ʢʫʨʩʠʚʦʤ. ʊʦʯʢʠ ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ʧʨʦʧʠʩʥʳʤʠ ʣʘʪʠʥʩʢʠʤʠ 

ʙʫʢʚʘʤʠ. ʊʝʥʟʦʨʳ ʠ ʤʘʪʨʠʮʳ ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ʧʨʦʧʠʩʥʳʤʠ ʙʫʢʚʘʤʠ 

ʣʘʪʠʥʩʢʦʛʦ ʘʣʬʘʚʠʪʘ, ʚʳʜʝʣʝʥʥʳʤʠ ʞʠʨʥʳʤ ʰʨʠʬʪʦʤ.  

ʉʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʩ ʥʘʯʘʣʦʤ ʚ ʪʦʯʢʝ ʆ ʠ ʙʘʟʠʩʥʳʤʠ ʚʝʢʪʦʨʘʤʠ  ʝ1, ʝ2 , 

ʝ3 ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ʯʝʨʝʟ ʆʝ1ʝ2ʝ3.  

ɼʣʷ ʚʝʢʪʦʨʦʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʳ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʘʧʠʩʠ ʪʠʧʘ  

 

ʛʜʝ r1, r2, r3ð ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ r. ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʥʘʤ ʫʜʦʙʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʦʟʥʘʯʝʥʠʷ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʦʚ ʩ ʠʥʜʝʢʩʘʤʠ, ʨʘʚʥʳʤʠ 

ʝʝ ʥʦʤʝʨʫ. ɺ ʜʨʫʛʠʭ ʛʣʘʚʘʭ ʤʳ ʙʫʜʝʤ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʦʟʥʘʯʝʥʠʷ 

ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʦʚ ʯʝʨʝʟ x, y, z .  

ɼʣʷ ʦʧʠʩʘʥʠʷ ʩʣʦʞʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʥʘʤ ʧʦʪʨʝʙʫʶʪʩʷ 

ʚʝʢʪʦʨʳ ʢʘʢ ʚ ʪʨʝʭʤʝʨʥʦʤ, ʪʘʢ ʠ ʚ ʜʚʫʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, 

ʥʘʧʨʠʤʝʨ, ʥʘ ʦʙʣʘʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʧʦʚʝʨʭʥʦʩʪʠ. ɼʣʷ ʜʚʫʭʤʝʨʥʳʭ 

ʚʝʢʪʦʨʦʚ ʤʳ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʘʧʠʩʴ ʪʠʧʘ  

http://sernam.ru/lect_math1.php?id=18
http://lib.sernam.ru/book_dict.php?id=2
http://sernam.ru/lect_math1.php?id=5
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ʛʜʝ p1, p2 ð ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʨ.  

ʆʧʝʨʘʮʠʶ ʩʢʘʣʷʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ ʚʝʢʪʦʨʦʚ ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ 

ʪʦʯʢʦʡ: ʥʘʧʨʠʤʝʨ,  

 

ʉʠʤʚʦʣʦʤ Ĭ ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ʦʧʝʨʘʮʠʶ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ 

ʚʝʢʪʦʨʦʚ: ʥʘʧʨʠʤʝʨ,  

 

ɿʘʧʠʩʴ ʜʚʫʭ ʚʝʢʪʦʨʦʚ ʨʷʜʦʤ ʘb  ʙʫʜʝʪ ʦʟʥʘʯʘʪʴ ʦʧʝʨʘʮʠʶ ʜʠʘʜʥʦʛʦ 

ʧʨʦʠʟʚʝʜʝʥʠʷ ʚʝʢʪʦʨʦʚ ʘ ʠ b, ʥʘʧʨʠʤʝʨ,  

 

ʊʦʯʢʘ. ɻʝʦʤʝʪʨʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʳ ʥʘʯʥʝʤ ʠʟʫʯʘʪʴ ʩ ʧʨʦʩʪʳʭ 

ʦʙʲʝʢʪʦʚ, ʧʝʨʝʭʦʜʷ ʧʦʩʪʝʧʝʥʥʦ ʢ ʙʦʣʝʝ ʩʣʦʞʥʳʤ. ʊʦʯʢʘ R 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʦʧʠʩʳʚʘʝʪʩʷ ʢʦʦʨʜʠʥʘʪʘʤʠ  u1, u2, u3 

ʥʝʢʦʪʦʨʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. ɺ ʜʝʢʘʨʪʦʚʦʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʫ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʩ ʧʦʤʦʱʴʶ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘ                                

r=[ r1, r2, r3]T. ʈʘʜʠʫʩ-ʚʝʢʪʦʨ ʦʧʨʝʜʝʣʷʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʝʨʝʥʦʩʘ, 

ʧʝʨʝʚʦʜʷʱʝʝ ʥʘʯʘʣʴʥʫʶ ʪʦʯʢʫ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʚ 

ʟʘʜʘʥʥʫʶ ʪʦʯʢʫ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʂʦʤʧʦʥʝʥʪʳ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘ ʪʦʯʢʠ 

ʨʘʚʥʳ ʝʝ ʢʦʦʨʜʠʥʘʪʘʤ. ʈʘʜʠʫʩ-ʚʝʢʪʦʨ ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʦʩʪʦ ʚʝʢʪʦʨʘ 

ʩʚʷʟʘʥ ʩ ʥʘʯʘʣʦʤ ʢʦʦʨʜʠʥʘʪ. ʕʪʘ ʨʘʟʥʠʮʘ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʬʦʨʤʫʣʘʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ ʠ ʥʘ ʬʦʨʤʫʣʘʭ ʠʟʤʝʥʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ.  

http://stu.sernam.ru/book_ehm.php?id=65
http://lib.sernam.ru/book_dict.php?id=2
http://lib.sernam.ru/book_dict.php?id=2
http://lib.sernam.ru/book_dict.php?id=2
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1.2. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʜʝʢʘʨʪʦʚʳʭ ʧʨʷʤʦʫʛʦʣʴʥʳʭ 
ʢʦʦʨʜʠʥʘʪ 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʈʘʩʩʤʦʪʨʠʤ, ʢʘʢ 

ʠʟʤʝʥʷʪʩʷ ʜʝʢʘʨʪʦʚʳ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʦʜʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʢ ʜʨʫʛʦʡ. ʇʫʩʪʴ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʟʘʜʘʥʳ ʜʚʝ ʜʝʢʘʨʪʦʚʳ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʩʠʩʪʝʤʳ 

ʢʦʦʨʜʠʥʘʪ: ʆʝ1ʝ2ʝ3  ʠ ʆ̔1 2̔ 3̔ 

 

ʈʠʩ. 2.1  

ʇʫʩʪʴ ʧʦʣʦʞʝʥʠʝ ʥʝʢʦʪʦʨʦʡ ʪʦʯʢʠ R ʚ ʧʝʨʚʦʡ ʩʠʩʪʝʤʝ ʦʧʠʩʳʚʘʝʪʩʷ 

ʢʦʦʨʜʠʥʘʪʘʤʠ r1, r2, r3 ʢʦʪʦʨʳʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʝʢʪʦʨ r , ʘ ʚʦ ʚʪʦʨʦʡ 

ʩʠʩʪʝʤʝ ʧʦʣʦʞʝʥʠʝ ʵʪʦʡ ʞʝ ʪʦʯʢʠ ʦʧʠʩʳʚʘʝʪʩʷ ʢʦʦʨʜʠʥʘʪʘʤʠ ʭ1, ʭ2, 

ʭ3ʢʦʪʦʨʳʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʝʢʪʦʨ ʭ (ʨʠʩ. 2.1).  

ɿʘʤʝʪʠʤ, ʯʪʦ ʨʘʚʝʥʩʪʚʘʤʠ  

 

ʪʦʯʢʘ R ʦʧʠʩʳʚʘʝʪʩʷ ʚ ʨʘʟʥʳʭ ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ. ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ  

 

ʚʝʢʪʦʨ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʠʟ ʪʦʯʢʠ ʆ ʚ ʪʦʯʢʫ Q. ɽʩʣʠ ʢ ʚʝʢʪʦʨʫ q ʜʦʙʘʚʠʪʴ 

ʚʝʢʪʦʨ x. ʪʦ ʤʳ ʧʦʣʫʯʠʤ ʚʝʢʪʦʨ r . ʉʣʦʞʝʥʠʝ ʚʝʢʪʦʨʦʚ ʤʳ ʚʳʧʦʣʥʠʤ ʚ 

http://sernam.ru/lect_math1.php?id=18
http://sernam.ru/lect_math1.php?id=18
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ʧʝʨʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʚ ʥʝʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ 

ʪʦʯʢʘ ʦʧʠʩʳʚʘʝʪʩʷ ʚʝʢʪʦʨʦʤ r. ɼʣʷ ʵʪʦʛʦ ʨʘʟʣʦʞʠʤ ʦʨʪʳ 1̔, 2̔, 3̔ ʧʦ 

ʦʨʪʘʤ ʝ1, ʝ2, ʝ3: 

(2.3)  

ʛʜʝ aij , i,j=1,2 ,3ð ʢʦʤʧʦʥʝʥʪʳ ʦʨʪʦʚ 1̔, 2̔, 3̔ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

ʆʝ1ʝ2ʝ3.  ʉʣʦʞʠʚ ʚʝʢʪʦʨʳ q ʠ x ʧʦʣʫʯʠʤ ʨʘʚʝʥʩʪʚʦ  

 

ʦʪʢʫʜʘ ʩʣʝʜʫʶʪ ʬʦʨʤʫʣʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʠ ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʠʟ ʩʠʩʪʝʤʳ Q 1̔ 2̔ 3̔ ʚ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʆʝ1ʝ2ʝ3:  

(2.4) 

ɺ ʤʘʪʨʠʯʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ  (2.4) ʠʤʝʝʪ ʚʠʜ  

(2.5)  

ʛʜʝ ATð ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʥʘʷ ʤʘʪʨʠʮʘ ʧʦʚʦʨʦʪʘ:  

 

ʉʪʨʦʢʠ ʤʘʪʨʠʮʳ ɸ ʩʦʩʪʘʚʣʝʥʳ ʠʟ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʦʚ 1̔, 2̔, 3̔ . 

ʋʤʥʦʞʠʚ ʢʘʞʜʦʝ ʠʟ ʨʘʚʝʥʩʪʚ (2.3) ʩʢʘʣʷʨʥʦ ʥʘ ʝ1, ʝ2, ʝ3 ʧʦʣʫʯʠʤ ʝʱʝ 

ʦʜʥʦ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʢʦʤʧʦʥʝʥʪ ʤʘʪʨʠʮʳ ɸ:  

http://stu.sernam.ru/book_fan3.php?id=4
http://sernam.ru/lect_math1.php?id=5
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(2.6)  

ʀʟ (2.6) ʚʠʜʥʦ, ʯʪʦ ʙʘʟʠʩʥʳʝ ʚʝʢʪʦʨʳ ʝ1, ʝ2, ʝ3ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʩ 

ʙʘʟʠʩʥʳʤʠ ʚʝʢʪʦʨʘʤʠ 1̔, 2̔, 3̔ ʚʳʨʘʞʘʶʪʩʷ ʯʝʨʝʟ ʪʝ ʞʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, 

ʢʦʪʦʨʳʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ (2.3):  

(2.7)  

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʝʩʣʠ ʢʘʞʜʦʝ ʠ ʨʘʚʝʥʩʪʚ (2.7) ʫʤʥʦʞʠʪʴ ʩʢʘʣʷʨʥʦ ʥʘ 1̔, 

2̔, 3̔, ʪʦ ʧʦʣʫʯʠʤ ʨʘʚʝʥʩʪʚʘ (2.6).  

ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ o=o1 1̔ +o2 2̔ +o3 3̔ ʚʝʢʪʦʨ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʠʟ ʪʦʯʢʠ Q ʚ 

ʪʦʯʢʫ ʆ. ɺʳʧʦʣʥʠʚ ʩʣʦʞʝʥʠʝ ʚʝʢʪʦʨʦʚ o ʠ r  ʚʦ ʚʪʦʨʦʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ, ʤʳ ʧʦʣʫʯʠʤ ʚʝʢʪʦʨ x . ʇʨʠʨʘʚʥʷʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʦʚ, ʧʦʣʫʯʠʤ ʬʦʨʤʫʣʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʦʯʢʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʠʟ ʩʠʩʪʝʤʳ ʆʝ1ʝ2ʝ3 ʚ ʩʠʩʪʝʤʫ 

ʢʦʦʨʜʠʥʘʪ Q 1̔ 2̔ 3̔:  

(2.8)  

ɽʩʣʠ ʬʦʨʤʫʣʳ (2.8) ʧʨʠʤʝʥʠʪʴ ʜʣʷ ʪʦʯʢʠ Q, ʤʳ ʧʦʣʫʯʠʤ ʬʦʨʤʫʣʳ, 

ʚʳʨʘʞʘʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ o1,o2 ,o3 ʚʝʢʪʦʨʘ ʦ ʯʝʨʝʟ ʢʦʤʧʦʥʝʥʪʳ q1,q2 ,q3 

ʚʝʢʪʦʨʘ q:  

 

ʇʦʜʩʪʘʚʠʚ ʧʦʩʣʝʜʥʠʝ ʚ (2.8), ʧʦʣʫʯʠʤ  

http://sernam.ru/lect_math1.php?id=14
http://stu.sernam.ru/book_msh.php?id=54
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ɺ ʤʘʪʨʠʯʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (2.8) ʠʤʝʶʪ ʚʠʜ  

(2.9)  

ʋʤʥʦʞʠʚ ʨʘʚʝʥʩʪʚʦ (2.9) ʩʣʝʚʘ ʥʘ AT ʠ ʧʨʠʙʘʚʠʚ ʚʝʢʪʦʨ q, ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʦʡ (2.5) ʤʳ ʜʦʣʞʥʳ ʧʦʣʫʯʠʪʴ ʚʝʢʪʦʨ r. ʆʪʩʶʜʘ 

ʩʣʝʜʫʝʪ, ʯʪʦ  

(2.10)  

ʄʳ ʚʠʜʠʤ, ʯʪʦ ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʥʘʷ ʤʘʪʨʠʮʘ ʧʦʚʦʨʦʪʘ ʨʘʚʥʘ ʩʚʦʝʡ 

ʦʙʨʘʪʥʦʡ ʤʘʪʨʠʮʝ, ʪ. ʝ. ʤʘʪʨʠʮʘ ʧʦʚʦʨʦʪʘ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʷʚʣʷʝʪʩʷ 

ʦʨʪʦʛʦʥʘʣʴʥʦʡ. ʆʪʩʶʜʘ ʞʝ ʩʣʝʜʫʝʪ, ʯʪʦ ʦʧʨʝʜʝʣʠʪʝʣʴ ʤʘʪʨʠʮʳ ɸ ʨʘʚʝʥ 

ʝʜʠʥʠʮʝ:  

(2.11)  

ʇʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʦʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʇʫʩʪʴ 

ʥʝʢʦʪʦʨʳʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʚʝʢʪʦʨ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʆʝ1ʝ2ʝ3 

ʦʧʠʩʳʚʘʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ r1e1 +r2e2 +r3e3, ʘ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ Q 1̔ 2̔ 3̔ 

ʵʪʦʪ ʞʝ ʚʝʢʪʦʨ ʦʧʠʩʳʚʘʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ x1 1̔ +x2 2̔ +x3 3̔. ʉ ʫʯʝʪʦʤ 

ʬʦʨʤʫʣ (2.3) ʠ (2.7) ʧʦʣʫʯʠʤ, ʯʪʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʦʚ 

ʦʧʠʩʳʚʘʶʪʩʷ ʬʦʨʤʫʣʘʤʠ (2.4) ʠ (2.8), ʚ ʢʦʪʦʨʳʭ ʢʦʤʧʦʥʝʥʪʳ q1,q2 ,q3 ʠ  

o1,o2 ,o3 ʩʣʝʜʫʝʪ ʧʦʣʦʞʠʪʴ ʨʘʚʥʳʤʠ ʥʫʣʶ.  

ʇʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʭ ʜʚʫʭʤʝʨʥʳʭ ʪʦʯʝʢ. ʇʫʩʪʴ ʥʘ ʧʣʦʩʢʦʩʪʠ 

ʟʘʜʘʥʳ ʜʚʝ ʜʝʢʘʨʪʦʚʳ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ: Oe1e2 ʠ Qj1j2 

http://sernam.ru/lect_math1.php?id=14
http://stu.sernam.ru/book_fan3.php?id=4
http://stu.sernam.ru/book_algebra.php?id=122
http://sernam.ru/lect_math1.php?id=5
http://sernam.ru/book_e_math.php?id=96
http://sernam.ru/lect_math1.php?id=14
http://sernam.ru/lect_math1.php?id=18
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ʈʠʩ. 2.2  

ʇʫʩʪʴ ʧʦʣʦʞʝʥʠʝ ʥʝʢʦʪʦʨʦʡ ʪʦʯʢʠ ʈ ʚ ʧʝʨʚʦʡ ʩʠʩʪʝʤʝ ʦʧʠʩʳʚʘʝʪʩʷ 

ʚʝʢʪʦʨʦʤ p=p1e1 +p2e2, ʘ ʚʦ ʚʪʦʨʦʡ ʩʠʩʪʝʤʝ ʧʦʣʦʞʝʥʠʝ ʵʪʦʡ ʞʝ ʪʦʯʢʠ 

ʦʧʠʩʳʚʘʝʪʩʷ ʚʝʢʪʦʨʦʤ y=y1j1 +y2j 2 (ʨʠʩ. 2.2).  

ʈʘʟʣʦʞʠʤ ʚʝʢʪʦʨ q , ʥʘʧʨʘʚʣʝʥʥʳʡ ʠʟ ʪʦʯʢʠ ʆ ʚ ʪʦʯʢʫ Q, ʘ ʪʘʢʞʝ ʦʨʪʳ 

j 1 , j 2 ʧʦ ʦʨʪʘʤ e1 , e2:  

         (2.12)-(2.13) 

ʉʣʦʞʠʚ ʚʝʢʪʦʨʳ q ʠ ʫ, ʧʦʣʫʯʠʤ  

 

ʆʪʩʶʜʘ ʩʣʝʜʫʶʪ ʬʦʨʤʫʣʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʠ:  

(2.14) 

ʄʘʪʨʠʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ (2.14) ʩʦʚʧʘʜʘʝʪ ʩ (2.5): p=ATĀy+q. ʊʘʢ ʢʘʢ 

ʙʘʟʠʩʥʳʝ ʚʝʢʪʦʨʳ j 1 ʠ j 2 ʠʤʝʶʪ ʝʜʠʥʠʯʥʫʶ ʜʣʠʥʫ, ʨʘʚʝʥʩʪʚʘʤ (2.13) 

ʤʦʞʥʦ ʧʨʠʜʘʪʴ ʚʠʜ  

http://sernam.ru/lect_math1.php?id=14
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(2.15) 

ʝʩʣʠ ʦʙʝ ʢʦʦʨʜʠʥʘʪʥʳʝ ʩʠʩʪʝʤʳ ʧʨʘʚʳʝ ʠʣʠ ʣʝʚʳʝ, ʠ  

 

ʝʩʣʠ ʦʜʥʘ ʠʟ ʢʦʦʨʜʠʥʘʪʥʳʭ ʩʠʩʪʝʤ ʧʨʘʚʘʷ, ʘ ʜʨʫʛʘʷ ð ʣʝʚʘʷ. ʋʛʦʣ ű 

ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ ʠ e1 ʠ j 1 ʦʪʩʯʠʪʳʚʘʝʪʩʷ ʦʪ e1 ʚ ʩʪʦʨʦʥʫ ʚʝʢʪʦʨʘ e2 

ʇʫʩʪʴ ʦʙʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʷʚʣʷʶʪʩʷ ʧʨʘʚʳʤʠ (ʜʣʷ ʩʠʩʪʝʤ ʨʘʟʥʦʡ 

ʦʨʠʝʥʪʘʮʠʠ ʩʣʝʜʫʝʪ ʠʟʤʝʥʠʪʴ ʟʥʘʢ a21 ʠ  a22 ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ). 

ʄʘʪʨʠʮʘ ʧʦʚʦʨʦʪʘ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ, ʚʳʨʘʞʝʥʥʘʷ ʯʝʨʝʟ ʫʛʦʣ ű ʠʤʝʝʪ 

ʚʠʜ  

 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʢʦʦʨʜʠʥʘʪ (2.14) ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʩʠʩʪʝʤʳ ʩ 

ʙʘʟʠʩʥʳʤʠ ʚʝʢʪʦʨʘʤʠ e1 ʠ e2 ʢ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʩ ʙʘʟʠʩʥʳʤʠ 

ʚʝʢʪʦʨʘʤʠ j 1 ʠ j 2 ʧʨʠʤʝʪ ʚʠʜ  

(2.16) 

ʈʝʰʠʚ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (2.16) ʦʪʥʦʩʠʪʝʣʴʥʦ y1 ʠ  y2 ʧʦʣʫʯʠʤ 

ʦʙʨʘʪʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ  

(2.17) 

ɽʩʣʠ ʚ (2.17) ʧʦʣʦʞʠʪʴ p 1=0, p2 =0, ʪʦ ʧʦʣʫʯʠʤ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʆ ʚ 

ʩʠʩʪʝʤʝ ʩ ʙʘʟʠʩʥʳʤʠ ʚʝʢʪʦʨʘʤʠ j 1 ʠ j 2 , ʚʳʨʘʞʝʥʥʳʝ ʯʝʨʝʟ ʢʦʤʧʦʥʝʥʪʳ 

q1 ʠ q2 

http://sernam.ru/lect_math1.php?id=5
http://edu.sernam.ru/book_m_cat.php?id=34
http://edu.sernam.ru/book_p_math2.php?id=175
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(2.18) 

ɺ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʩ ʙʘʟʠʩʥʳʤʠ ʚʝʢʪʦʨʘʤʠ j 1 ʠ j 2 ʢʦʦʨʜʠʥʘʪʳ ʦ1 ʠ  ʦ2 

ʨʘʚʥʳ ʢʦʤʧʦʥʝʥʪʘʤ ʚʝʢʪʦʨʘ ʦ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʠʟ ʪʦʯʢʠ Q ʚ ʪʦʯʢʫ ʆ. ʉ 

ʫʯʝʪʦʤ ʬʦʨʤʫʣ (2.18) ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʠ (2.17) ʙʫʜʝʪ 

ʠʤʝʪʴ ʚʠʜ  

 

ɺʳʨʘʟʠʤ ʠʟ (2.18) ʢʦʦʨʜʠʥʘʪʳ q1 ʠ  q2 ʯʝʨʝʟ ʢʦʦʨʜʠʥʘʪʳ ʦ1 ʠ  ʦ2 ʠ 

ʧʦʜʩʪʘʚʠʤ ʠʭ ʚ (2.16). ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʤ  

(2.19) 

ʄʘʪʨʠʯʥʳʝ ʟʘʧʠʩʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ 

ʦʜʥʦʡ ʜʝʢʘʨʪʦʚʦʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʢ ʜʨʫʛʦʡ ʚ 

ʜʚʫʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʦʚʧʘʜʘʶʪ.  

ʇʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪ ʜʚʫʭʤʝʨʥʳʭ ʚʝʢʪʦʨʦʚ. ʇʫʩʪʴ 

ʥʝʢʦʪʦʨʳʡ ʜʚʫʭʤʝʨʥʳʡ ʚʝʢʪʦʨ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ Oe1e2 ʦʧʠʩʳʚʘʝʪʩʷ 

ʚʳʨʘʞʝʥʠʝʤ p1 e1 +p 2e2, ʘ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ Qj1j2 ʵʪʦʪ ʞʝ ʚʝʢʪʦʨ 

ʦʧʠʩʳʚʘʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ y1 j1 +y 2j2. ʉ ʫʯʝʪʦʤ ʬʦʨʤʫʣ (2.15) ʧʦʣʫʯʠʤ, 

ʯʪʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪ ʜʚʫʭʤʝʨʥʳʭ ʚʝʢʪʦʨʦʚ ʦʧʠʩʳʚʘʶʪʩʷ 

ʬʦʨʤʫʣʘʤʠ (2.16) ʠ (2.17), ʚ ʢʦʪʦʨʳʭ ʢʦʤʧʦʥʝʥʪʳ q1, q2 ʩʣʝʜʫʝʪ 

ʧʦʣʦʞʠʪʴ ʨʘʚʥʳʤʠ ʥʫʣʶ.  

1.3. ʄʦʜʠʬʠʢʘʮʠʠ ʚʝʢʪʦʨʦʚ ʠ ʪʦʯʝʢ 

ʄʦʜʠʬʠʢʘʮʠʷʤʠ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʠ ʬʦʨʤʳ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. ʄʥʦʛʠʝ ʣʠʥʠʠ, ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʪʝʣʘ 

ʦʧʠʩʳʚʘʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʤ ʦʙʨʘʟʦʤ ʩʚʷʟʘʥʥʳʤ ʥʘʙʦʨʦʤ ʪʦʯʝʢ, 

ʚʝʢʪʦʨʦʚ ʠ ʩʢʘʣʷʨʦʚ. ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʧʦʣʦʞʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʦʙʲʝʢʪʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʪʨʝʙʫʝʪʩʷ ʚʳʧʦʣʥʷʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

http://lib.sernam.ru/book_dict.php?id=2
http://sernam.ru/lect_math1.php?id=14
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ʤʦʜʠʬʠʢʘʮʠʠ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʦʚ ʪʦʯʝʢ ʠ ʚʝʢʪʦʨʦʚ, ʦʧʠʩʳʚʘʶʱʠʭ 

ʜʘʥʥʳʡ ʦʙʲʝʢʪ.  

ʉʜʚʠʛ ʪʦʯʢʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʇʨʦʩʪʝʡʰʝʡ ʤʦʜʠʬʠʢʘʮʠʝʡ ʪʦʯʢʠ 

ʷʚʣʷʝʪʩʷ ʝʝ ʩʜʚʠʛ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʥʘ ʚʝʢʪʦʨ ʩʜʚʠʛʘ t. ʇʦʣʦʞʝʥʠʝ ʪʦʯʢʠ 

ʜʦ ʤʦʜʠʬʠʢʘʮʠʠ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʠʩʭʦʜʥʳʤ ʠ ʦʧʠʩʳʚʘʪʴ ʨʘʜʠʫʩ-

ʚʝʢʪʦʨʦʤ r 0, ʧʦʣʦʞʝʥʠʝ ʪʦʯʢʠ ʧʦʩʣʝ ʤʦʜʠʬʠʢʘʮʠʠ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ 

ʥʦʚʳʤ ʠ ʦʧʠʩʳʚʘʪʴ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʦʤ r. ʇʦʣʦʞʝʥʠʝ ʪʦʯʢʠ ʧʦʩʣʝ 

ʤʦʜʠʬʠʢʘʮʠʠ ʙʫʜʝʪ ʦʧʠʩʳʚʘʪʴʩʷ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʦʤ, ʨʘʚʥʳʤ ʩʫʤʤʝ 

ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘ ʝʝ ʠʩʭʦʜʥʦʛʦ ʧʦʣʦʞʝʥʠʷ r 0 ʠ ʚʝʢʪʦʨʘ ʩʜʚʠʛʘ t 

(3.1)  

ʂʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ r  ʨʘʚʥʳ ʩʫʤʤʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪ 

ʚʝʢʪʦʨʦʚ r 0 ʠ t . 

ʇʦʚʦʨʦʪ ʪʦʯʢʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʦʢʨʫʛ ʦʩʠ. ʈʘʩʩʤʦʪʨʠʤ, ʢʘʢ 

ʠʟʤʝʥʠʪʩʷ ʨʘʜʠʫʩ-ʚʝʢʪʦʨ ʪʦʯʢʠ ʧʨʠ ʝʝ ʧʦʚʦʨʦʪʝ ʚʦʢʨʫʛ ʥʝʢʦʪʦʨʦʡ ʦʩʠ. 

ʇʫʩʪʴ ʥʘʯʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʪʦʯʢʠ ʦʧʠʩʳʚʘʝʪʩʷ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʦʤ r 0, ʘ 

ʦʩʴ ʚʨʘʱʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʯʢʦʡ Q ʠ ʦʨʪʦʤ v.  

 

ʈʠʩ. 3.1. ʇʦʚʦʨʦʪ ʪʦʯʢʠ ʚʦʢʨʫʛ ʦʩʠ  
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ʇʫʩʪʴ q ʝʩʪʴ ʨʘʜʠʫʩ-ʚʝʢʪʦʨ ʪʦʯʢʠ Q. ɺʳʧʦʣʥʠʤ ʧʦʚʦʨʦʪ ʪʦʯʢʠ ʚʦʢʨʫʛ 

ʦʩʠ ʥʘ ʫʛʦʣ Ŭ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ, ʝʩʣʠ ʚʟʛʣʷʜ ʥʘʧʨʘʚʠʪʴ ʥʘʚʩʪʨʝʯʫ 

ʚʝʢʪʦʨʫ v (ʨʠʩ. 3.1).  

ʇʦʩʪʨʦʠʤ ʚʝʢʪʦʨ p=r 0-q. ʈʘʟʣʦʞʠʤ ʚʝʢʪʦʨ p ʥʘ ʜʚʝ ʩʦʩʪʘʚʣʷʶʱʠʝ:  

(3.2)  

ʛʜʝ ʚʝʢʪʦʨ t ʧʘʨʘʣʣʝʣʝʥ ʚʝʢʪʦʨʫ v, ʘ ʚʝʢʪʦʨ n ʦʨʪʦʛʦʥʘʣʝʥ ʚʝʢʪʦʨʫ v. 

ʇʨʠ ʚʨʘʱʝʥʠʠ ʚʝʢʪʦʨ t ʥʝ ʠʟʤʝʥʠʪʩʷ, ʘ ʚʝʢʪʦʨ nʦʚʝʨʥʝʪʩʷ ʥʘ ʫʛʦʣ Ŭ ʚ 

ʩʪʦʨʦʥʫ ʚʝʢʪʦʨʘ  

(3.3)  

ʊʘʢ ʢʘʢ ʚʝʢʪʦʨ v ʠʤʝʝʪ ʝʜʠʥʠʯʥʫʶ ʜʣʠʥʫ, ʪʦ ʚʝʢʪʦʨ b ʙʫʜʝʪ ʠʤʝʪʴ 

ʜʣʠʥʫ, ʨʘʚʥʫʶ ʜʣʠʥʝ ʚʝʢʪʦʨʘ n. ʂʨʦʤʝ ʪʦʛʦ, ʦʥ ʦʨʪʦʛʦʥʘʣʝʥ ʚʝʢʪʦʨʘʤ v 

ʠ n. ʇʦʩʣʝ ʧʦʚʦʨʦʪʘ ʥʘ ʫʛʦʣ Ŭ ʚʝʢʪʦʨ nʩʪʘʥʝʪ ʨʘʚʥʳʤ ʚʝʢʪʦʨʫ ncosŬ+b 

sinŬ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʩʣʝ ʧʦʚʦʨʦʪʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʪʦʯʢʘ ʙʫʜʝʪ 

ʦʧʨʝʜʝʣʷʪʴʩʷ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʦʤ  

(3.4)  

ʛʜʝ p=r 0-q. ʇʨʝʦʙʨʘʟʫʝʤ ʚʳʨʘʞʝʥʠʝ  

(3.5)  

ʉ ʫʯʝʪʦʤ (3.5) ʚʳʨʘʞʝʥʠʝ (3.4) ʧʨʠʤʝʪ ʚʠʜ  

(3.6)  

ʄʘʪʨʠʮʘ ʧʦʚʦʨʦʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʚʝʥʩʪʚʦʤ  

http://sernam.ru/lect_math1.php?id=14
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ʛʜʝ  

 

ʄʘʪʨʠʮʘ ɸ ʷʚʣʷʝʪʩʷ ʦʨʪʦʛʦʥʘʣʴʥʦʡ. ʇʨʠ ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʠʠ ʤʘʪʨʠʮʳ ɸ 

ʠʟʤʝʥʠʪʩʷ ʪʦʣʴʢʦ ʟʥʘʢ ʧʝʨʝʜ ʧʦʩʣʝʜʥʠʤ ʝʝ ʩʣʘʛʘʝʤʳʤ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʚʦʨʦʪʫ ʪʦʯʢʠ ʥʘ ʫʛʦʣ ðŬ.  

ʉʠʤʤʝʪʨʠʷ ʪʦʯʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ. ʆʧʨʝʜʝʣʠʤ ʢʦʦʨʜʠʥʘʪʳ 

ʪʦʯʢʠ r, ʩʠʤʤʝʪʨʠʯʥʦʡ ʪʦʯʢʠ ʟʥʘʢ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ. ʇʫʩʪʴ 

ʧʣʦʩʢʦʩʪʴ ʩʠʤʤʝʪʨʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʯʢʦʡ Q ʠ ʜʚʫʤʷ ʦʨʪʘʤʠ u ʠ v 

(ʨʠʩ. 3.2).  

ʇʫʩʪʴ q ʝʩʪʴ ʨʘʜʠʫʩ-ʚʝʢʪʦʨ ʪʦʯʢʠ Q. ʇʦʩʪʨʦʠʤ ʚʝʢʪʦʨ p=r 0-q ʠ 

ʧʨʝʜʩʪʘʚʠʤ ʝʛʦ ʚ ʚʠʜʝ ʩʫʤʤʳ ʪʨʝʭ ʚʝʢʪʦʨʦʚ ð ʧʨʦʝʢʮʠʠ ʥʘ ʦʨʪ u ʠ, 

ʧʨʦʝʢʮʠʠ ʥʘ ʦʨʪ v ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩʦʩʪʘʚʣʷʶʱʝʡ n:  

(3.7)  

ʛʜʝ . ʇʦʩʣʝ ʟʝʨʢʘʣʴʥʦʛʦ ʦʪʨʘʞʝʥʠʷ 

ʚʝʢʪʦʨʘ  p ʝʛʦ ʥʦʨʤʘʣʴʥʘʷ ʢ ʧʣʦʩʢʦʩʪʠ ʩʦʩʪʘʚʣʷʶʱʘʷ ʠʟʤʝʥʠʪ ʟʥʘʢ ʥʘ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ.  

http://stu.sernam.ru/lect_alg.php?id=46
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ʈʠʩ. 3.2. ʉʠʤʤʝʪʨʠʷ ʪʦʯʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ  

ʇʦʣʦʞʝʥʠʝ ʩʠʤʤʝʪʨʠʯʥʦʡ ʪʦʯʢʠ ʙʫʜʝʪ ʦʧʠʩʳʚʘʪʴʩʷ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʦʤ  

(3.8)  

ʛʜʝ ʤʘʪʨʠʮʘ A=2 uu+2vv -Eð ʤʘʪʨʠʮʘ ʩʠʤʤʝʪʨʠʠ, uu, vvð ʜʠʘʜʥʳʝ 

ʧʨʦʠʟʚʝʜʝʥʠʷ ʚʝʢʪʦʨʦʚ.  

ʄʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʈʘʩʩʤʦʪʨʠʤ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ 

ʧʨʦʝʢʮʠʡ ʥʘ ʢʦʦʨʜʠʥʘʪʥʳʝ ʦʩʠ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʪʦʯʢʠ  r0 ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʢʦʪʦʨʦʡ ʜʨʫʛʦʡ ʪʦʯʢʠ Q, ʦʩʪʘʶʱʝʡʩʷ ʥʝʧʦʜʚʠʞʥʦʡ ʧʦʩʣʝ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ. ʇʫʩʪʴ q ʝʩʪʴ ʨʘʜʠʫʩ-ʚʝʢʪʦʨ ʪʦʯʢʠ Q. ɺ ʦʙʱʝʤ 

ʩʣʫʯʘʝ ʧʨʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʠ ʧʨʦʝʢʮʠʠ ʥʘ ʢʦʦʨʜʠʥʘʪʥʳʝ ʦʩʠ ʚʝʢʪʦʨʘ = 

p=r0-q ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ ʚ ʨʘʟʣʠʯʥʦʝ ʯʠʩʣʦ ʨʘʟ, ʪ. ʝ. ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ 

ʤʦʞʝʪ ʙʳʪʴ ʦʨʪʦʪʨʦʧʥʳʤ. ʇʫʩʪʴ ʧʨʦʝʢʮʠʷ ʚʝʢʪʦʨʘ p ʥʘ ʦʨʪ e1 ʧʨʠ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ m1 ʨʘʟ, ʧʨʦʝʢʮʠʷ ʚʝʢʪʦʨʘ p ʥʘ ʦʨʪ e2  

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ m2 ʨʘʟ, ʧʨʦʝʢʮʠʷ ʚʝʢʪʦʨʘ  p ʥʘ ʦʨʪ e3 ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 

m2 ʨʘʟ. ʊʦʛʜʘ ʧʦʣʦʞʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʦʯʢʠ ʧʦʩʣʝ ʤʦʜʠʬʠʢʘʮʠʠ 

ʙʫʜʝʪ ʦʧʠʩʳʚʘʪʴʩʷ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʦʤ  

http://sernam.ru/lect_math1.php?id=5
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(3.9)  

ʛʜʝ ɸ ð ʤʘʪʨʠʮʘ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ.  

ʄʦʜʠʬʠʢʘʮʠʷ ʚʝʢʪʦʨʦʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʌʦʨʤʫʣʳ ʤʦʜʠʬʠʢʘʮʠʠ 

ʩʚʦʙʦʜʥʦʛʦ ʚʝʢʪʦʨʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʣʫʯʠʤ ʠʟ ʬʦʨʤʫʣ ʤʦʜʠʬʠʢʘʮʠʠ 

ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘ, ʧʦʣʦʞʠʚ ʚ (3.1) t=0, ʘ ʚ (3.6), (3.8), (3.9) ð q=0. ɺʝʢʪʦʨ 

ʚ ʦʪʣʠʯʠʝ ʦʪ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘ ʥʝ ʧʨʠʚʷʟʘʥ ʥʠ ʢ ʢʘʢʦʡ ʪʦʯʢʝ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʧʦʵʪʦʤʫ ʤʦʜʠʬʠʢʘʮʠʠ ʚʝʢʪʦʨʘ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʚ 

ʤʝʩʪʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʥʘʯʘʣʦ ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʪʩʷ ʚ ʪʦʯʢʝ Q, ʘ 

ʢʦʦʨʜʠʥʘʪʥʳʝ ʦʩʠ ʧʘʨʘʣʣʝʣʴʥʳ ʠʩʭʦʜʥʳʤ ʢʦʦʨʜʠʥʘʪʥʳʤ ʦʩʷʤ. ʇʦʩʣʝ 

ʧʝʨʝʥʦʩʘ ʥʘʯʘʣʘ ʤʝʩʪʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʚ ʪʦʯʢʫ Q ʝʝ ʨʘʜʠʫʩ-

ʚʝʢʪʦʨ ʙʫʜʝʪ ʨʘʚʝʥ ʥʫʣʶ. ʕʪʠʤ ʦʪʣʠʯʘʶʪʩʷ ʤʦʜʠʬʠʢʘʮʠʠ ʚʝʢʪʦʨʘ ʠ 

ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘ.                                                                                                       

ʉʜʚʠʛ ʜʚʫʭʤʝʨʥʦʡ ʪʦʯʢʠ. ʈʘʩʩʤʦʪʨʠʤ ʤʦʜʠʬʠʢʘʮʠʠ ʜʚʫʭʤʝʨʥʳʭ 

ʪʦʯʝʢ. ɺʝʢʪʦʨʥʘʷ ʬʦʨʤʫʣʘ ʩʜʚʠʛʘ ʜʚʫʭʤʝʨʥʦʡ ʪʦʯʢʠ ʥʘ ʚʝʢʪʦʨ t 

ʩʦʚʧʘʜʘʝʪ ʩ (3.1)  

(3.10)  

ʇʦʚʦʨʦʪ ʜʚʫʭʤʝʨʥʦʡ ʪʦʯʢʠ ʚʦʢʨʫʛ ʪʦʯʢʠ. ʇʦʚʦʨʦʪʳ ʜʚʫʭʤʝʨʥʦʡ 

ʪʦʯʢʠ ʚʳʧʦʣʥʷʶʪʩʷ ʚʦʢʨʫʛ ʦʩʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʚ 

ʢʦʪʦʨʦʡ ʣʝʞʠʪ ʪʦʯʢʘ. ʇʫʩʪʴ ʥʘʯʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʪʦʯʢʠ ʦʧʠʩʳʚʘʝʪʩʷ 

ʨʘʜʠʫʩ-ʚʝʢʪʦʨʦʤ r 0 , ʘ ʥʝʧʦʜʚʠʞʥʘʷ ʪʦʯʢʘ Q ʠʤʝʝʪ ʨʘʜʠʫʩ-ʚʝʢʪʦʨ q.  

 

ʈʠʩ. 3.3. ɺʨʘʱʝʥʠʝ ʜʚʫʭʤʝʨʥʦʡ ʪʦʯʢʠ  
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ɺʳʧʦʣʥʠʤ ʧʦʚʦʨʦʪ ʪʦʯʢʠ ʚ ʧʣʦʩʢʦʩʪʠ ʥʘ ʫʛʦʣ Ŭ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ 

ʩʪʨʝʣʢʠ, ʝʩʣʠ ʚʟʛʣʷʜ ʥʘʧʨʘʚʠʪʴ ʥʘ ʧʣʦʩʢʦʩʪʴ (ʨʠʩ. 3.3).  

ʇʦʩʪʨʦʠʤ ʚʝʢʪʦʨ p= r 0-q  ʠ ʚʝʢʪʦʨ b, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʜʣʠʥʫ ʚʝʢʪʦʨʘ  p ʠ 

ʧʦʚʝʨʥʫʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʛʦ ʥʘ ʧʨʷʤʦʡ ʫʛʦʣ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ. 

ɺʝʢʪʦʨ b ʧʦʣʫʯʝʥ ʩ ʧʦʤʦʱʴʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ  

(3.11)  

ʛʜʝ ʜʚʫʭʤʝʨʥʘʷ ʤʘʪʨʠʮʘ N ʠʤʝʝʪ ʚʠʜ  

(3.12)  

ʇʦʩʣʝ ʧʦʚʦʨʦʪʘ ʥʘ ʫʛʦʣ Ŭ ʚʝʢʪʦʨ  p ʩʪʘʥʝʪ ʨʘʚʥʳʤ ʚʝʢʪʦʨʫ                                      

p cosŬ+b sinŬ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʩʣʝ ʧʦʚʦʨʦʪʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʪʦʯʢʘ 

ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʦʤ  

(3.13)  

ʛʜʝ A=cosŬE+sinŬN ð ʤʘʪʨʠʮʘ ʧʦʚʦʨʦʪʘ. ʄʘʪʨʠʮʘ ɸ ʷʚʣʷʝʪʩʷ 

ʦʨʪʦʛʦʥʘʣʴʥʦʡ. ʇʨʠ ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʠʠ ʤʘʪʨʠʮʳ ɸ ʠʟʤʝʥʠʪʩʷ ʪʦʣʴʢʦ 

ʟʥʘʢ ʧʝʨʝʜ ʧʦʩʣʝʜʥʠʤ ʝʝ ʩʣʘʛʘʝʤʳʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʚʦʨʦʪʫ ʪʦʯʢʠ 

ʥʘ ʫʛʦʣ ð Ŭ.  

ʉʠʤʤʝʪʨʠʷ ʜʚʫʭʤʝʨʥʦʡ ʪʦʯʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʠʥʠʠ. ʆʧʨʝʜʝʣʠʤ 

ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ r, ʩʠʤʤʝʪʨʠʯʥʦʡ ʪʦʯʢʠ  r0 ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʠʥʠʠ. 

ʇʫʩʪʴ ʣʠʥʠʷ ʩʠʤʤʝʪʨʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʯʢʦʡ Q ʠ ʦʨʪʦʤ v (ʨʠʩ. 3.4).  
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ʈʠʩ. 3.4. ʉʠʤʤʝʪʨʠʷ ʪʦʯʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʠʥʠʠ  

ʇʫʩʪʴ q ʝʩʪʴ ʨʘʜʠʫʩ-ʚʝʢʪʦʨ ʪʦʯʢʠ Q. ʇʦʩʪʨʦʠʤ ʚʝʢʪʦʨ p= r 0-q  ʠ 

ʧʨʝʜʩʪʘʚʠʤ ʝʛʦ ʚ ʚʠʜʝ ʩʫʤʤʳ ʜʚʫʭ ʚʝʢʪʦʨʦʚ ð ʧʨʦʝʢʮʠʠ ʥʘ ʦʨʪ v ʠ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʝʤʫ ʩʦʩʪʘʚʣʷʶʱʝʡ n:  

(3.14)  

ʛʜʝ .ʇʨʝʦʙʨʘʟʫʝʤ ʚʳʨʘʞʝʥʠʝ  

(3.15)  

ʛʜʝ ʜʠʘʜʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʚʝʢʪʦʨʦʚ. 

ʇʦʩʣʝ ʟʝʨʢʘʣʴʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʚʝʢʪʦʨʘ p ʝʛʦ ʥʦʨʤʘʣʴʥʘʷ ʢ ʣʠʥʠʠ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʠʟʤʝʥʠʪ ʟʥʘʢ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ. ʇʦʣʦʞʝʥʠʝ 

ʩʠʤʤʝʪʨʠʯʥʦʡ ʪʦʯʢʠ ʙʫʜʝʪ ʦʧʠʩʳʚʘʪʴʩʷ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʦʤ  
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(3.16)  

ʛʜʝ ʤʘʪʨʠʮʘ A=2vv-Eð ʤʘʪʨʠʮʘ ʩʠʤʤʝʪʨʠʠ.  

ʄʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʚ ʜʚʫʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʇʫʩʪʴ ʟʘʜʘʥʘ 

ʥʝʧʦʜʚʠʞʥʘʷ ʪʦʯʢʘ q ʠ ʪʨʝʙʫʝʪʩʷ ʤʘʩʰʪʘʙʠʨʦʚʘʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʝ 

ʧʦʣʦʞʝʥʠʷ ʜʨʫʛʠʭ ʪʦʯʝʢ. ʇʦʣʦʞʝʥʠʝ ʪʦʯʢʠ ʩ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʦʤ r 0 ʧʦʩʣʝ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʧʦ ʢʦʦʨʜʠʥʘʪʥʳʤ ʦʩʷʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʧʦʜʚʠʞʥʦʡ 

ʪʦʯʢʠ q ʙʫʜʝʪ ʦʧʠʩʳʚʘʪʴʩʷ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʦʤ  

 

(3.17) 

ʛʜʝ p1 ʠ p2 ð ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ p= r 0-q, m1  ð ʢʦʵʬʬʠʮʠʝʥʪ 

ʫʚʝʣʠʯʝʥʠʷ ʢʦʤʧʦʥʝʥʪʳ p1, m2ð ʢʦʵʬʬʠʮʠʝʥʪ ʫʚʝʣʠʯʝʥʠʷ 

ʢʦʤʧʦʥʝʥʪʳ p2. 

ʄʦʜʠʬʠʢʘʮʠʷ ʜʚʫʭʤʝʨʥʳʭ ʚʝʢʪʦʨʦʚ. ʄʦʜʠʬʠʢʘʮʠʠ ʩʚʦʙʦʜʥʦʛʦ 

ʜʚʫʭʤʝʨʥʦʛʦ ʚʝʢʪʦʨʘ ʧʦʣʫʯʠʤ ʠʟ ʤʦʜʠʬʠʢʘʮʠʡ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘ, 

ʧʦʣʦʞʠʚ ʚ (3.10) t=0, ʘ ʚ (3.14), (3.16), (3.17) ðq=0. ɺʝʢʪʦʨ ʚ ʦʪʣʠʯʠʝ 

ʦʪ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘ ʥʝ ʧʨʠʚʷʟʘʥ ʥʠ ʢ ʢʘʢʦʡ ʪʦʯʢʝ ʜʚʫʭʤʝʨʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʧʦʵʪʦʤʫ ʤʦʜʠʬʠʢʘʮʠʠ ʚʝʢʪʦʨʘ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʚ 

ʤʝʩʪʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʥʘʯʘʣʦ ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʪʩʷ ʚ ʪʦʯʢʝ Q, ʘ 

ʢʦʦʨʜʠʥʘʪʥʳʝ ʦʩʠ ʧʘʨʘʣʣʝʣʴʥʳ ʠʩʭʦʜʥʳʤ ʢʦʦʨʜʠʥʘʪʥʳʤ ʦʩʷʤ. ʕʪʠʤ 

ʦʪʣʠʯʘʶʪʩʷ ʤʦʜʠʬʠʢʘʮʠʠ ʚʝʢʪʦʨʘ ʠ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘ.  

1.4. ʆʜʥʦʨʦʜʥʳʝ ʢʦʦʨʜʠʥʘʪʳ 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʦʨʦʪʘ (3.6), ʩʠʤʤʝʪʨʠʠ (3.8), 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ (3.9) ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘ ʪʦʯʢʠ ʦʧʠʩʳʚʘʶʪʩʷ ʬʦʨʤʫʣʘʤʠ, 

ʠʤʝʶʱʠʤʠ ʦʜʠʥʘʢʦʚʳʡ ʚʠʜ:  

(4.1) 
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ʛʜʝ ð ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʡ ʚʝʢʪʦʨ ʩʜʚʠʛʘ. ʉʜʚʠʛ 

(3.1) ʪʦʯʢʠ ʦʧʠʩʳʚʘʝʪʩʷ ʵʪʦʡ ʞʝ ʬʦʨʤʫʣʦʡ ʩ ʝʜʠʥʠʯʥʦʡ ʤʘʪʨʠʮʝʡ ɸ ʠ 

ʚʝʢʪʦʨʦʤ t, ʨʘʚʥʳʤ ʚʝʢʪʦʨʫ ʩʜʚʠʛʘ. ɸʥʘʣʦʛʠʯʥʳʡ ʚʠʜ ʠʤʝʝʪ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʠ (2.5). ʇʨʝʦʙʨʘʟʦʚʘʥʠʷʤ ʢʦʦʨʜʠʥʘʪ ʠ 

ʤʦʜʠʬʠʢʘʮʠʷʤ ʪʦʯʢʠ ʤʦʞʥʦ ʧʨʠʜʘʪʴ ʝʜʠʥʳʡ ʧʨʦʩʪʦʡ ʚʠʜ  

(4.2)  

ɼʣʷ ʵʪʦʛʦ ʥʫʞʥʦ ʫʚʝʣʠʯʠʪʴ ʨʘʟʤʝʨʥʦʩʪʴ ʚʝʢʪʦʨʦʚ ʠ ʤʘʪʨʠʮ ʥʘ 

ʝʜʠʥʠʮʫ. ɺʝʢʪʦʨ, ʜʦʧʦʣʥʝʥʥʳʡ ʝʱʝ ʦʜʥʦʡ ʢʦʤʧʦʥʝʥʪʦʡ, ʥʘʟʳʚʘʝʪʩʷ 

ʨʘʩʰʠʨʝʥʥʳʤ ʚʝʢʪʦʨʦʤ. ʂʦʤʧʦʥʝʥʪʳ ʨʘʩʰʠʨʝʥʥʦʛʦ ʚʝʢʪʦʨʘ 

ʥʘʟʳʚʘʶʪʩʷ ʦʜʥʦʨʦʜʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ.  

ʇʨʝʜʩʪʘʚʠʤ ʢʘʞʜʳʡ ʨʘʜʠʫʩ-ʚʝʢʪʦʨ ʚ ʨʘʩʰʠʨʝʥʥʦʤ ʚʠʜʝ  

(4.3)  

ʄʘʪʨʠʮʘ A t ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʪʨʠʮʫ ɸ, ʦʢʘʡʤʣʝʥʥʫʶ ʩʥʠʟʫ 

ʥʫʣʷʤʠ, ʘ ʩʧʨʘʚʘ ð ʚʝʢʪʦʨʦʤ ʩʜʚʠʛʘ t ʚ ʨʘʩʰʠʨʝʥʥʦʤ ʚʠʜʝ  

(4.4)  

ʀʥʜʝʢʩ ʤʘʪʨʠʮʳ  A t  ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʦʥʘ ʷʚʣʷʝʪʩʷ ʨʘʩʰʠʨʝʥʥʦʡ, ʠ 

ʚʢʣʶʯʘʝʪ ʚʝʢʪʦʨ ʩʜʚʠʛʘ t. ɼʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ (4.1) ʙʫʜʝʤ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʘʧʠʩʴ  
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(4.5)  

ʩʯʠʪʘʷ, ʯʪʦ ʨʘʩʰʠʨʝʥʥʘʷ ʤʘʪʨʠʮʘ A t ʚʢʣʶʯʘʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʦ 

ʤʘʪʨʠʮʝ ɸ ʠ ʩʜʚʠʛ ʧʦ ʚʝʢʪʦʨʫ . ʈʘʩʰʠʨʝʥʥʳʡ 

ʚʝʢʪʦʨ Q ʦʧʠʩʳʚʘʝʪ ʪʦʯʢʫ, ʦʩʪʘʶʱʫʶʩʷ ʥʝʧʦʜʚʠʞʥʦʡ ʧʨʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ.  

ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ, ʥʘʧʨʠʤʝʨ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʨʘʮʠʦʥʘʣʴʥʳʭ ʢʨʠʚʳʭ 

ʠ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʥʘʨʷʜʫ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ʜʣʷ ʪʦʯʝʢ ʥʝʦʙʭʦʜʠʤ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʘʨʘʤʝʪʨ ð ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʚʝʩ (ʟʥʘʯʠʤʦʩʪʴ) ʪʦʯʢʠ. 

ʕʪʦʪ ʧʘʨʘʤʝʪʨ ʪʦʯʢʠ ʚ ʚʳʯʠʩʣʝʥʠʷʭ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʪʘʢ ʞʝ, ʢʘʢ ʠ 

ʢʦʦʨʜʠʥʘʪʳ, ʧʦʵʪʦʤʫ ʝʛʦ ʩʯʠʪʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʦʡ.  

ʇʨʠ ʥʘʣʠʯʠʠ ʫ ʪʦʯʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʳ w ʟʘʧʠʩʴ ʝʝ ʨʘʜʠʫʩ-

ʚʝʢʪʦʨʘ ʚ ʦʜʥʦʨʦʜʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ ʠʤʝʝʪ ʚʠʜ  

(4.6)  

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʜʥʦʨʦʜʥʳʭ ʢʦʦʨʜʠʥʘʪ ʚʳʯʠʩʣʝʥʠʷ ʧʨʦʠʟʚʦʜʷʪʩʷ 

ʜʣʷ ʦʜʥʦʨʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪ Ri, i=1, 2, 3, ʙʝʟ ʚʳʜʝʣʝʥʠʷ ʜʝʢʘʨʪʦʚʳʭ 

ʢʦʦʨʜʠʥʘʪ. ɼʝʢʘʨʪʦʚʳ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʧʦʣʫʯʘʶʪ ʥʘ ʢʦʥʝʯʥʦʤ ʵʪʘʧʝ 

ʚʳʯʠʩʣʝʥʠʡ ʜʝʣʝʥʠʝʤ  

 

ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚʝʢʪʦʨʳ R ʠ kR ʚ ʦʜʥʦʨʦʜʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʜʥʫ ʠ ʪʫ ʞʝ ʪʦʯʢʫ. ɼʣʷ ʪʦʯʝʢ, ʠʤʝʶʱʠʭ ʚʝʩ, ʩʜʚʠʛ, 

ʧʦʚʦʨʦʪ, ʩʠʤʤʝʪʨʠʷ, ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʠ ʜʨʫʛʠʝ ʤʦʜʠʬʠʢʘʮʠʠ 

ʦʧʠʩʳʚʘʶʪʩʷ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ (4.2).  
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ʉ ʧʦʤʦʱʴʶ ʦʜʥʦʨʦʜʥʳʭ ʢʦʦʨʜʠʥʘʪ ʠ ʨʘʩʰʠʨʝʥʥʳʭ ʤʘʪʨʠʮ ʫʜʦʙʥʦ 

ʦʧʠʩʳʚʘʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ. ʅʘʧʨʠʤʝʨ, ʧʝʨʝʭʦʜ ʠʟ ʩʠʩʪʝʤʳ 

ʢʦʦʨʜʠʥʘʪ Q 1̔ 2̔ 3̔ ʚ ʩʠʩʪʝʤʫ ʆʝ1ʝ2ʝ3 ʚʤʝʩʪʦ ʨʘʚʝʥʩʪʚ (2.4) ʤʦʞʝʪ ʙʳʪʴ 

ʦʧʠʩʘʥ ʤʘʪʨʠʯʥʳʤ ʨʘʚʝʥʩʪʚʦʤ  

(4.7) 

ʆʙʨʘʪʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ (2.8) ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʦ ʤʘʪʨʠʯʥʳʤ 

ʨʘʚʝʥʩʪʚʦʤ 

(4.8) 

ʂʦʤʧʦʥʝʥʪʳ o1, o2, o3 ʩʚʷʟʘʥʳ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ q1, q2, q3 ʩʦʦʪʥʦʰʝʥʠʷʤʠ  

(4.9)  

ʄʘʪʨʠʮʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ (4.7) ʠ (4.8) ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʨʘʚʝʥʩʪʚʫ                        

Ao ĀAq 
T= Aq 

T Ao =E  

ɼʚʫʭʤʝʨʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. ɼʚʫʭʤʝʨʥʳʝ ʪʦʯʢʠ ʚ ʦʜʥʦʨʦʜʥʳʭ 

ʢʦʦʨʜʠʥʘʪʘʭ ʠʤʝʶʪ ʘʥʘʣʦʛʠʯʥʳʡ ʚʠʜ  

(4.10)  
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ʇʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʚʫʭʤʝʨʥʳʭ ʨʘʩʰʠʨʝʥʥʳʭ ʚʝʢʪʦʨʦʚ ʘʥʘʣʦʛʠʯʥʳ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʨʘʩʰʠʨʝʥʥʳʭ ʚʝʢʪʦʨʦʚ. 

ʅʘʧʨʠʤʝʨ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʢʦʦʨʜʠʥʘʪ (2.16) ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʦ 

ʤʘʪʨʠʯʥʳʤ ʨʘʚʝʥʩʪʚʦʤ  

(4.11)  

ʆʙʨʘʪʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ (2.17) ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʦ ʤʘʪʨʠʯʥʳʤ 

ʨʘʚʝʥʩʪʚʦʤ  

(4.12)  

ʛʜʝ ʢʦʤʧʦʥʝʥʪʳ o1, o2 ʩʚʷʟʘʥʳ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ q1, q2 ʩʦʦʪʥʦʰʝʥʠʷʤʠ 

(2.18).  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʜʥʦʨʦʜʥʳʭ ʢʦʦʨʜʠʥʘʪ ʦʢʘʟʳʚʘʝʪʩʷ ʧʦʣʝʟʥʳʤ ʠ ʪʘʤ, 

ʛʜʝ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʪʦʯʢʠ ʦʪʩʫʪʩʪʚʫʝʪ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʝʝ 

ʧʦʣʘʛʘʶʪ ʨʘʚʥʦʡ ʝʜʠʥʠʮʝ.  

1.5. ɻʝʦʤʝʪʨʠʷ ʢʨʠʚʳʭ ʣʠʥʠʡ 

ʂʨʠʚʦʡ ʣʠʥʠʝʡ ʠʣʠ ʧʨʦʩʪʦ ʢʨʠʚʦʡ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ 

ʤʝʩʪʦ ʪʦʯʝʢ, ʢʦʦʨʜʠʥʘʪʳ ʢʦʪʦʨʳʭ ʦʧʠʩʳʚʘʶʪʩʷ ʥʝʧʨʝʨʳʚʥʳʤʠ ʠ 

ʦʜʥʦʟʥʘʯʥʳʤʠ ʬʫʥʢʮʠʷʤʠ r1 (t), r2 (t), r3 (t)ʧʘʨʘʤʝʪʨʘ t, ʧʨʠʥʠʤʘʶʱʝʛʦ 

ʟʥʘʯʝʥʠʷ ʥʘ ʦʪʨʝʟʢʝ.  

ɺ ʜʝʢʘʨʪʦʚʦʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ  ʆʝ1ʝ2ʝ3 ʢʨʠʚʫʶ 

ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʦʤ  
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(5.1)  

ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʢʨʠʚʦʡ ʚ ʚʠʜʝ (5.1) ʥʘʟʳʚʘʝʪʩʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤ. ɼʘʣʝʝ 

ʙʫʜʝʤ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʢʦʦʨʜʠʥʘʪʥʳʝ ʬʫʥʢʮʠʠ r i (t) ʠʤʝʶʪ 

ʥʝʧʨʝʨʳʚʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʜʦ ʣʶʙʦʛʦ ʧʦʨʷʜʢʘ, ʢʦʪʦʨʳʡ ʥʘʤ 

ʧʦʪʨʝʙʫʝʪʩʷ. ʊʦʯʢʫ ʢʨʠʚʦʡ r (t) ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʦʙʳʢʥʦʚʝʥʥʦʡ, ʝʩʣʠ ʚ 

ʵʪʦʡ ʪʦʯʢʝ ʥʝ ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʫʣʴ ʜʣʠʥʘ ʚʝʢʪʦʨʘ ʧʝʨʚʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʧʦ 

ʧʘʨʘʤʝʪʨʫ rǋ=dr /dt. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʪʦʯʢʫ ʢʨʠʚʦʡ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ 

ʦʩʦʙʦʡ.  

ʇʦʣʦʞʝʥʠʝ ʪʦʯʢʠ ʢʨʠʚʦʡ ʟʘʚʠʩʠʪ ʦʪ ʧʘʨʘʤʝʪʨʘ t, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʝʝ 

ʚʥʫʪʨʝʥʥʝʡ ʢʦʦʨʜʠʥʘʪʦʡ. ʇʘʨʘʤʝʪʨ t ʩʚʦʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʦʜʥʦʟʥʘʯʥʦ 

ʦʧʨʝʜʝʣʷʝʪ ʪʦʯʢʠ ʢʨʠʚʦʡ. ʅʦ ʪʘʢ ʢʘʢ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʦʥ ʥʠʯʝʤ ʥʝ ʩʚʷʟʘʥ 

ʩ ʢʨʠʚʦʡ, ʪʦ ʜʣʷ ʥʝʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʨʫʛʫʶ ʧʘʨʘʤʝʪʨʠʟʘʮʠʶ. ɼʣʷ 

ʵʪʦʛʦ ʜʦʩʪʘʪʦʯʥʦ ʚʚʝʩʪʠ ʥʦʚʳʡ ʧʘʨʘʤʝʪʨ v, ʢʦʪʦʨʳʡ ʩʚʷʟʘʥ ʩ 

ʧʘʨʘʤʝʪʨʦʤ t ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ  

(5.2)  

ʛʜʝ tmin= t (min), tmax= t (max). ɹʫʜʝʤ ʧʨʝʜʧʦʣʘʛʘʪʴ ʧʨʠ ʵʪʦʤ, ʯʪʦ ʬʫʥʢʮʠʷ 

t(v)ʷʚʣʷʝʪʩʷ ʚʟʘʠʤʥʦ ʦʜʥʦʟʥʘʯʥʦʡ ʠ ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʶʱʝʡ. ʂʦʛʜʘ 

ʧʘʨʘʤʝʪʨ v ʧʨʦʙʝʛʘʝʪ ʩʚʦʶ ʦʙʣʘʩʪʴ ʠʟʤʝʥʝʥʠʷ ʦʪ vmin ʜʦ vmax, ʧʘʨʘʤʝʪʨ t 

ʧʨʦʙʝʛʘʝʪ ʩʚʦʶ ʦʙʣʘʩʪʴ ʠʟʤʝʥʝʥʠʷ ʦʪ tmin ʜʦ tmax . ʂʨʠʚʘʷ (5.1), 

ʚʳʨʘʞʝʥʥʘʷ ʯʝʨʝʟ ʧʘʨʘʤʝʪʨ v, ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ  

 

ʇʨʠ ʵʪʦʤ ʬʦʨʤʘ ʢʨʠʚʦʡ ʦʩʪʘʥʝʪʩʷ ʧʨʝʞʥʝʡ. ʂʘʢ ʧʘʨʘʤʝʪʨ t, ʪʘʢ ʠ 

ʧʘʨʘʤʝʪʨ v ʦʜʠʥʘʢʦʚʦ ʛʦʜʷʪʩʷ, ʯʪʦʙʳ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʪʦʯʢʠ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʢʨʠʚʦʡ, ʠ ʚʳʙʦʨ ʧʘʨʘʤʝʪʨʘ ʟʘʚʠʩʠʪ ʦʪ ʥʘʩ. ʄʳ ʙʫʜʝʤ 

ʧʦʣʴʟʦʚʘʪʴʩʷ ʵʪʠʤ ʩʚʦʡʩʪʚʦʤ ʢʨʠʚʳʭ, ʯʪʦʙʳ ʩʦʛʣʘʩʦʚʘʪʴ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʜʣʠʥʳ ʢʨʠʚʳʭ. ʇʫʩʪʴ ʠʤʝʶʪʩʷ ʜʚʝ ʢʨʠʚʳʝ: ʧʝʨʚʘʷ  

a(t), ʚʪʦʨʘʷ c(v), , ʠ ʥʘʤ 

ʥʫʞʥʦ, ʯʪʦʙʳ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʜʣʠʥʳ ʢʨʠʚʳʭ ʙʳʣʠ ʦʜʠʥʘʢʦʚʳʤʠ.  
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ʀʟʤʝʥʠʤ ʧʘʨʘʤʝʪʨʠʟʘʮʠʶ ʚʪʦʨʦʡ ʢʨʠʚʦʡ ʪʘʢ, ʯʪʦʙʳ ʧʨʝʜʝʣʳ 

ʠʟʤʝʥʝʥʠʷ ʝʝ ʧʘʨʘʤʝʪʨʦʚ ʩʦʚʧʘʜʘʣʠ ʩ ʧʨʝʜʝʣʘʤʠ ʧʝʨʚʦʡ ʢʨʠʚʦʡ. ɼʣʷ 

ʵʪʦʛʦ ʫ ʚʪʦʨʦʡ ʢʨʠʚʦʡ ʚʚʝʜʝʤ ʧʘʨʘʤʝʪʨ t, ʩʚʷʟʘʥʥʳʡ ʧʘʨʘʤʝʪʨʦʤ v 

ʟʘʚʠʩʠʤʦʩʪʴʶ  

(5.3)  

ɺʪʦʨʘʷ ʢʨʠʚʘʷ ʪʝʧʝʨʴ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ c=c(t)=  c(v(t)), 

. ɺ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ ʧʘʨʘʤʝʪʨʦʤ ʢʨʠʚʦʡ ʤʦʞʝʪ 

ʩʣʫʞʠʪʴ ʜʣʠʥʘ ʝʝ ʜʫʛʠ, ʦʪʩʯʠʪʳʚʘʝʤʘʷ ʦʪ ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʠ. ɺ ʦʙʱʝʤ 

ʩʣʫʯʘʝ ʧʘʨʘʤʝʪʨ t, ʢʘʢ ʣʶʙʘʷ ʢʦʦʨʜʠʥʘʪʥʘʷ ʩʠʩʪʝʤʘ, ʤʦʞʝʪ ʙʳʪʴ 

ʦʧʨʝʜʝʣʝʥ ʫʜʦʙʥʳʤ ʜʣʷ ʥʘʩ ʩʧʦʩʦʙʦʤ.  

ɼʣʷ ʚʝʢʪʦʨʥʦʡ ʬʫʥʢʮʠʠ, ʢʘʢ ʠ ʜʣʷ ʩʢʘʣʷʨʥʦʡ, ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʧʨʦʠʟʚʦʜʥʳʝ. ʇʨʦʠʟʚʦʜʥʳʝ ʚʝʢʪʦʨʥʦʡ ʬʫʥʢʮʠʠ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʚʝʢʪʦʨʳ. ɼʣʷ ʣʶʙʳʭ ʚʝʢʪʦʨʥʳʭ ʬʫʥʢʮʠʡ a(t) ʠ  c(t) ʠ ʣʶʙʦʡ 

ʩʢʘʣʷʨʥʦʡ ʬʫʥʢʮʠʠ ɚ(t)ʩʧʨʘʚʝʜʣʠʚʳ ʧʨʘʚʠʣʘ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ  

 

ɺ ʜʝʢʘʨʪʦʚʦʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʧʨʦʠʟʚʦʜʥʳʝ 

ʚʝʢʪʦʨʥʦʡ ʬʫʥʢʮʠʠ ʧ-ʛʦ ʧʦʨʷʜʢʘ ʧʦ ʝʝ ʧʘʨʘʤʝʪʨʫ ʠʤʝʶʪ ʧʨʦʩʪʦʡ ʚʠʜ  

(5.4) 
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ɺ ʢʨʠʚʦʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʙʘʟʠʩʥʳʝ ʚʝʢʪʦʨʳ ʠʟʤʝʥʷʶʪ ʩʚʦʶ 

ʜʣʠʥʫ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʦʜʥʦʡ ʪʦʯʢʠ ʢ ʜʨʫʛʦʡ ʠ ʬʦʨʤʫʣʳ 

ʜʣʷ ʧʨʦʠʟʚʦʜʥʳʭ ʠʤʝʶʪ ʙʦʣʝʝ ʩʣʦʞʥʳʡ ʚʠʜ.  

ɽʩʣʠ ʢʦʦʨʜʠʥʘʪʥʳʝ ʬʫʥʢʮʠʠ ʢʨʠʚʦʡ ʚ ʥʝʢʦʪʦʨʦʡ ʪʦʯʢʝ ʜʦʩʪʘʪʦʯʥʦʝ 

ʯʠʩʣʦ ʨʘʟ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳ, ʪʦ ʚʝʢʪʦʨʥʫʶ ʬʫʥʢʮʠʶ ʢʨʠʚʦʡ ʚ 

ʦʢʨʝʩʪʥʦʩʪʠ ʵʪʦʡ ʪʦʯʢʠ ʤʦʞʥʦ ʨʘʟʣʦʞʠʪʴ ʚ ʨʷʜ ʊʝʡʣʦʨʘ  

(5.5) 

ʛʜʝ . ʇʨʦʠʟʚʦʜʥʳʝ ʚʳʯʠʩʣʝʥʳ ʧʨʠ 

ʥʝʢʦʪʦʨʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ tÒti Òt+æt. ɺʝʢʪʦʨ  qn ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʦʩʪʘʪʦʯʥʳʡ ʯʣʝʥ ʨʷʜʘ ʊʝʡʣʦʨʘ. ʀʟ ʩʚʦʡʩʪʚ ʨʷʜʦʚ ʊʝʡʣʦʨʘ 

ʢʦʦʨʜʠʥʘʪʥʦʡ ʬʫʥʢʮʠʠ r i (t) ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʠʥʘ ʚʝʢʪʦʨʘ qn  ʥʝ 

ʧʨʝʚʦʩʭʦʜʠʪ ʥʝʢʦʪʦʨʦʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʯʠʩʣʦ, ʧʦʩʪʦʷʥʥʦʝ ʜʣʷ ʚʩʝʭ t ʠʟ 

ʝʛʦ ʦʙʣʘʩʪʠ ʠʟʤʝʥʝʥʠʷ ʜʣʷ ʢʨʠʚʦʡ, ʠ ʯʪʦ ʧʨʝʜʝʣ ʜʣʠʥʳ ʦʩʪʘʪʦʯʥʦʛʦ 

ʚʝʢʪʦʨʘ ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʠʩʣʘ ʯʣʝʥʦʚ ʫʩʝʯʝʥʥʦʛʦ 

ʨʷʜʘ  

 

ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʢʨʠʚʦʡ r (t), t(v) ʧʨʦʠʟʚʦʜʥʳʝ ʧʦ 

ʥʦʚʦʤʫ ʧʘʨʘʤʝʪʨʫ ʚʳʨʘʞʘʶʪʩʷ ʯʝʨʝʟ ʧʨʦʠʟʚʦʜʥʳʝ ʧʦ ʩʪʘʨʦʤʫ 

ʧʘʨʘʤʝʪʨʫ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

 

http://stu.sernam.ru/book_msh.php?id=263
http://stu.sernam.ru/book_msh.php?id=117
http://sernam.ru/lect_math1.php?id=14
http://stu.sernam.ru/book_msh.php?id=263
http://stu.sernam.ru/book_msh.php?id=117
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ʀʩʩʣʝʜʫʝʤ ʧʦʚʝʜʝʥʠʝ ʢʨʠʚʦʡ ʥʘ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʤ ʫʯʘʩʪʢʝ ʚʙʣʠʟʠ 

ʦʙʳʢʥʦʚʝʥʥʦʡ ʪʦʯʢʠ. ɽʩʣʠ ʩʫʱʝʩʪʚʫʶʪ ʧʨʦʠʟʚʦʜʥʳʝ ʧʦ ʧʘʨʘʤʝʪʨʫ 

ʢʦʦʨʜʠʥʘʪʥʳʭ ʬʫʥʢʮʠʡ, ʪʦ ʢʨʠʚʘʷ ʪʘʢʞʝ ʠʤʝʝʪ ʧʨʦʠʟʚʦʜʥʳʝ ʧʦ 

ʧʘʨʘʤʝʪʨʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʦʨʷʜʢʘ. ʈʘʩʩʤʦʪʨʠʤ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʩʤʳʩʣ ʧʨʦʠʟʚʦʜʥʦʡ ʚʝʢʪʦʨʥʦʡ ʬʫʥʢʮʠʠ. ʇʫʩʪʴ ʧʨʠ 

ʢʘʢʦʤ-ʣʠʙʦ ʟʥʘʯʝʥʠʠ ʧʘʨʘʤʝʪʨʘ t ʨʘʜʠʫʩ-ʚʝʢʪʦʨ r (t) ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʥʝʢʦʪʦʨʫʶ ʪʦʯʢʫ R. ʇʝʨʝʡʜʝʤ ʢ ʜʨʫʛʦʤʫ ʧʘʨʘʤʝʪʨʫ t1=t+æt ʧʨʠ 

ʢʦʪʦʨʦʤ ʚʝʢʪʦʨʥʘʷ ʬʫʥʢʮʠʷ r (t+æt) ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʢʦʪʦʨʫʶ ʜʨʫʛʫʶ 

ʪʦʯʢʫ R1. ʈʘʟʥʦʩʪʴ ʵʪʠʭ ʜʚʫʭ ʟʥʘʯʝʥʠʡ ʚʝʢʪʦʨʥʦʡ ʬʫʥʢʮʠʠ                                

ær=r (t+æt)- r (t) ʦʧʠʩʳʚʘʝʪ ʭʦʨʜʫ RR1 (ʨʠʩ. 5.1).  

ɺʝʢʪʦʨ  

(5.6)  

ʧʘʨʘʣʣʝʣʝʥ ʭʦʨʜʝ RR1, ʥʦ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝ ʨʘʚʝʥ ʝʡ ʧʦ ʜʣʠʥʝ. 

ʋʩʪʨʝʤʠʤ æt ʢ ʥʫʣʶ, ʪʦʛʜʘ ʪʦʯʢʘ R1ʙʫʜʝʪ ʧʨʠʙʣʠʞʘʪʴʩʷ ʢ ʪʦʯʢʝ R, 

ʚʝʢʪʦʨ (5.6) ʙʫʜʝʪ ʩʪʨʝʤʠʪʴʩʷ ʢ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʢʨʠʚʦʡ ʚ ʪʦʯʢʝ R.  

 

ʈʠʩ. 5.1  

ʇʨʝʜʝʣ ʦʪʥʦʰʝʥʠʷ (5.6) ʧʨʠ æt Ÿ0 ʷʚʣʷʝʪʩʷ ʧʝʨʚʦʡ ʧʨʦʠʟʚʦʜʥʦʡ 

ʚʝʢʪʦʨʥʦʡ ʬʫʥʢʮʠʠ  

(5.7) 

http://sernam.ru/lect_math2.php?id=40
http://sernam.ru/lect_math1.php?id=14
http://edu.alnam.ru/book_kram.php?id=154
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʠʟʚʦʜʥʘʷ  rǋ(t) ʢʨʠʚʦʡ r (t) ʝʩʪʴ ʚʝʢʪʦʨ, 

ʥʘʧʨʘʚʣʝʥʥʳʡ ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʢʨʠʚʦʡ ʚ ʪʦʯʢʝ, ʦʧʨʝʜʝʣʷʝʤʦʡ 

ʧʘʨʘʤʝʪʨʦʤ t. ɿʘʤʝʪʠʤ, ʯʪʦ ʧʨʦʠʟʚʦʜʥʘʷ ʚʩʝʛʜʘ ʥʘʧʨʘʚʣʝʥʘ ʚ ʩʪʦʨʦʥʫ 

ʚʦʟʨʘʩʪʘʥʠʷ ʧʘʨʘʤʝʪʨʘ. ɿʥʘʷ ʧʝʨʚʫʶ ʧʨʦʠʟʚʦʜʥʫʶ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘ 

ʢʨʠʚʦʡ, ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʜʣʠʥʫ ʢʨʠʚʦʡ. ɼʣʠʥʘ ʢʨʠʚʦʡ ʨʘʚʥʘ ʧʨʝʜʝʣʫ, 

ʢ ʢʦʪʦʨʦʤʫ ʩʪʨʝʤʠʪʩʷ ʜʣʠʥʘ ʣʦʤʘʥʦʡ, ʚʧʠʩʘʥʥʦʡ ʚ ʢʨʠʚʫʶ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʜʣʠʥʘ ʢʨʠʚʦʡ ʨʘʚʥʘ ʠʥʪʝʛʨʘʣʫ  

(5.8)  

ʅʘʪʫʨʘʣʴʥʘʷ ʧʘʨʘʤʝʪʨʠʟʘʮʠʷ ʢʨʠʚʦʡ. 

ɼʣʠʥʘ ʚʝʢʪʦʨʘ ʧʨʦʠʟʚʦʜʥʦʡ ʟʘʚʠʩʠʪ ʦʪ ʩʧʦʩʦʙʘ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ 

ʢʨʠʚʦʡ. ʉʫʱʝʩʪʚʫʝʪ ʩʧʦʩʦʙ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʜʣʠʥʘ 

ʚʝʢʪʦʨʘ ʧʨʦʠʟʚʦʜʥʦʡ ʨʘʚʥʘ ʝʜʠʥʠʮʝ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʘʨʘʤʝʪʨʠʟʘʮʠʷ, ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʩʚʷʟʘʥʥʘʷ ʩ ʢʨʠʚʦʡ, ʘ ʠʤʝʥʥʦ: ʟʘ 

ʧʘʨʘʤʝʪʨ ʧʨʠʥʠʤʘʝʪʩʷ ʜʣʠʥʘ ʜʫʛʠ ʢʨʠʚʦʡ, ʦʪʩʯʠʪʳʚʘʝʤʘʷ ʦʪ ʥʝʢʦʪʦʨʦʡ 

ʝʝ ʪʦʯʢʠ (ʥʘʧʨʠʤʝʨ, ʥʘʯʘʣʴʥʦʡ). ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʜʣʠʥʘ 

ʭʦʨʜʳ RR1 ʩʪʨʝʤʠʪʩʷ ʢ ʜʣʠʥʝ ʜʫʛʠ æt, ʘ ʜʣʠʥʘ ʚʝʢʪʦʨʘ rǋ ʩʪʨʝʤʠʪʩʷ ʢ 

ʝʜʠʥʠʮʝ, ʢʦʛʜʘ æt  ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ. ɺʝʢʪʦʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ  

(5.9)  

ʛʜʝ s ð ʜʣʠʥʘ ʜʫʛʠ, ʥʘʟʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʢʨʠʚʦʡ ʩ ʥʘʪʫʨʘʣʴʥʦʡ 

ʧʘʨʘʤʝʪʨʠʟʘʮʠʝʡ.  

ʅʘʪʫʨʘʣʴʥʘʷ ʧʘʨʘʤʝʪʨʠʟʘʮʠʷ ʫʜʦʙʥʘ ʚ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, 

ʪʘʢ ʢʘʢ ʦʥʘ ʫʧʨʦʱʘʝʪ ʬʦʨʤʫʣʳ. ʉ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʥʘ ʥʝ 

ʚʩʝʛʜʘ ʫʜʦʙʥʘ, ʪʘʢ ʢʘʢ ʪʨʝʙʫʝʪ ʟʥʘʥʠʝ ʜʣʠʥʳ ʜʫʛʠ. 

ʉʦʧʨʦʚʦʞʜʘʶʱʠʡ ʪʨʝʭʛʨʘʥʥʠʢ. 

ɺ ʢʘʞʜʦʡ ʪʦʯʢʝ ʢʨʠʚʦʡ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʧʣʦʩʢʦʩʪʴ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫʶ ʝʝ ʧʝʨʚʦʡ ʧʨʦʠʟʚʦʜʥʦʡ. ʊʘʢʘʷ ʧʣʦʩʢʦʩʪʴ 

ʥʘʟʳʚʘʝʪʩʷ ʥʦʨʤʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʴʶ ʢʨʠʚʦʡ. ʇʣʦʩʢʦʩʪʴ, ʚ ʢʦʪʦʨʦʡ 

http://stu.sernam.ru/book_msh.php?id=117
http://sernam.ru/lect_math1.php?id=14
http://edu.alnam.ru/book_kram.php?id=154
http://edu.sernam.ru/book_m_cat.php?id=45
http://stu.sernam.ru/book_msh.php?id=117
http://stu.sernam.ru/book_msh.php?id=194
http://edu.sernam.ru/book_el_math.php?id=173
http://sernam.ru/lect_math2.php?id=84
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ʣʝʞʘʪ ʠ ʧʝʨʚʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʢʨʠʚʦʡ ʠ ʝʝ ʚʪʦʨʘʷ ʧʨʦʠʟʚʦʜʥʘʷ, 

ʥʘʟʳʚʘʝʪʩʷ ʩʦʧʨʠʢʘʩʘʶʱʝʡʩʷ ʧʣʦʩʢʦʩʪʴʶ. ɽʩʣʠ ʚʪʦʨʘʷ ʧʨʦʠʟʚʦʜʥʘʷ 

ʢʨʠʚʦʡ ʧʘʨʘʣʣʝʣʴʥʘ ʧʝʨʚʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʠʣʠ ʝʝ ʜʣʠʥʘ ʨʘʚʥʘ ʥʫʣʶ, ʪʦ ʚ 

ʢʘʯʝʩʪʚʝ ʩʦʧʨʠʢʘʩʘʶʱʝʡʩʷ ʧʣʦʩʢʦʩʪʠ ʤʦʞʥʦ ʚʟʷʪʴ ʣʶʙʫʶ ʧʣʦʩʢʦʩʪʴ, ʚ 

ʢʦʪʦʨʦʡ ʣʝʞʠʪ ʧʝʨʚʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʢʨʠʚʦʡ. ʊʦʯʢʘ ʢʨʠʚʦʡ, ʚ ʢʦʪʦʨʦʡ 

ʚʝʢʪʦʨʳ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʧʨʦʠʟʚʦʜʥʳʭ ʢʨʠʚʦʡ ʢʦʣʣʠʥʝʘʨʥʳ, 

ʥʘʟʳʚʘʝʪʩʷ ʪʦʯʢʦʡ ʨʘʩʧʨʷʤʣʝʥʠʷ. ʊʦʯʢʠ ʨʘʩʧʨʷʤʣʝʥʠʷ ʥʝ ʟʘʚʠʩʷʪ ʦʪ 

ʩʧʦʩʦʙʘ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʢʨʠʚʦʡ. ʅʘʟʚʘʥʠʝ ʩʦʧʨʠʢʘʩʘʶʱʝʡʩʷ 

ʧʣʦʩʢʦʩʪʠ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʦʥʘ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʟʘʜʘʥʥʫʶ ʪʦʯʢʫ 

ʢʨʠʚʦʡ ʩ ʥʘʠʚʳʩʰʠʤ ʧʦʨʷʜʢʦʤ ʢʘʩʘʥʠʷ, ʠ ʝʝ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ 

ʧʨʝʜʝʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʧʣʦʩʢʦʩʪʠ, ʧʦʩʪʨʦʝʥʥʦʡ ʧʦ ʪʨʝʤ ʙʝʩʢʦʥʝʯʥʦ 

ʙʣʠʟʢʠʤ ʪʦʯʢʘʤ ʢʨʠʚʦʡ.  

 

ʈʠʩ. 5.2. ʉʦʧʨʦʚʦʞʜʘʶʱʠʡ ʪʨʝʭʛʨʘʥʥʠʢ ʢʨʠʚʦʡ  

ʇʣʦʩʢʦʩʪʴ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘʷ ʥʦʨʤʘʣʴʥʦʡ ʠ ʩʦʧʨʠʢʘʩʘʶʱʝʡʩʷ 

ʧʣʦʩʢʦʩʪʷʤ, ʥʘʟʳʚʘʝʪʩʷ ʩʧʨʷʤʣʷʶʱʝʡ ʧʣʦʩʢʦʩʪʴʶ (ʨʠʩ. 5.2).  

ɽʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʚʜʦʣʴ ʧʝʨʚʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʢʨʠʚʦʡ, 

ʥʘʟʳʚʘʝʪʩʷ ʢʘʩʘʪʝʣʴʥʳʤ ʚʝʢʪʦʨʦʤ ʢʨʠʚʦʡ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ. ɽʜʠʥʠʯʥʳʡ 

ʚʝʢʪʦʨ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʚʜʦʣʴ ʣʠʥʠʠ ʧʝʨʝʩʝʯʝʥʠʷ ʥʦʨʤʘʣʴʥʦʡ ʠ 

ʩʦʧʨʠʢʘʩʘʶʱʝʡʩʷ ʧʣʦʩʢʦʩʪʝʡ ʠ ʥʘʧʨʘʚʣʝʥʥʳʡ ʚ ʩʪʦʨʦʥʫ 

ʚʪʦʨʦʡ ʧʨʦʠʟʚʦʜʥʦʡ (ʚ ʩʪʦʨʦʥʫ ʚʦʛʥʫʪʦʩʪʠ ʢʨʠʚʦʡ), ʥʘʟʳʚʘʝʪʩʷ 

ʛʣʘʚʥʦʡ ʥʦʨʤʘʣʴʶ ʢʨʠʚʦʡ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ. ɽʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ, 

ʥʘʧʨʘʚʣʝʥʥʳʡ ʚʜʦʣʴ ʣʠʥʠʠ ʧʝʨʝʩʝʯʝʥʠʷ ʥʦʨʤʘʣʴʥʦʡ ʩʧʨʷʤʣʷʶʱʝʡ 

ʧʣʦʩʢʦʩʪʝʡ ʠ ʦʙʨʘʟʫʶʱʠʡ ʩ ʢʘʩʘʪʝʣʴʥʳʤ ʠ ʥʦʨʤʘʣʴʥʳʤ ʚʝʢʪʦʨʦʤ 
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ʧʨʘʚʫʶ ʪʨʦʡʢʫ ʚʝʢʪʦʨʦʚ, ʥʘʟʳʚʘʝʪʩʷ ʙʠʥʦʨʤʘʣʴʶ ʢʨʠʚʦʡ ʚ ʜʘʥʥʦʡ 

ʪʦʯʢʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʢʘʞʜʦʡ ʪʦʯʢʦʡ ʢʨʠʚʦʡ ʩʚʷʟʘʥʳ ʪʨʠ ʚʟʘʠʤʥʦ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʝ ʧʣʦʩʢʦʩʪʠ: ʥʦʨʤʘʣʴʥʘʷ, ʩʦʧʨʠʢʘʩʘʶʱʘʷʩʷ ʠ 

ʩʧʨʷʤʣʷʶʱʘʷ, ʘ ʪʘʢʞʝ ʪʨʠ ʚʟʘʠʤʥʦ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʚʝʢʪʦʨʘ ʝʜʠʥʠʯʥʦʡ 

ʜʣʠʥʳ: ʢʘʩʘʪʝʣʴʥʳʡ t, ʥʦʨʤʘʣʴ n ʠ ʙʠʥʦʨʤʘʣʴ b =tĬ n ʉʦʚʦʢʫʧʥʦʩʪʴ 

ʪʨʝʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʣʦʩʢʦʩʪʝʡ ʠ ʪʨʝʭ ʚʝʢʪʦʨʦʚ t, n, b ʥʘʟʳʚʘʝʪʩʷ 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʤ ʪʨʝʭʛʨʘʥʥʠʢʦʤ ʢʨʠʚʦʡ.  

ʊʨʦʡʢʘ ʚʝʢʪʦʨʦʚ t, n, b ʚʳʨʘʞʘʝʪʩʷ ʯʝʨʝʟ ʧʨʦʠʟʚʦʜʥʳʝ ʚʝʢʪʦʨʥʦʡ 

ʬʫʥʢʮʠʠ ʢʨʠʚʦʡ. ʆʥʠ ʧʦʤʦʛʫʪ ʥʘʤ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʪʨʦʝʥʠʷ ʢʨʠʚʦʡ ʚ 

ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʡ ʦʢʨʝʩʪʥʦʩʪʠ ʢʘʞʜʦʡ ʝʝ ʪʦʯʢʠ. ʊʨʦʡʢʘ ʝʜʠʥʠʯʥʳʭ 

ʚʝʢʪʦʨʦʚ ʩʚʷʟʘʥʘ ʩʦʦʪʥʦʰʝʥʠʷʤʠ  

(5.10)  

ʌʦʨʤʫʣʳ ʌʨʝʥʝ-ʉʝʨʨʝ. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʥʘʤ ʠʟʚʝʩʪʥʦ ʫʨʘʚʥʝʥʠʝ ʢʨʠʚʦʡ ʩ ʥʘʪʫʨʘʣʴʥʦʡ 

ʧʘʨʘʤʝʪʨʠʟʘʮʠʝʡ (5.9). ɺ ʵʪʦʤ ʩʣʫʯʘʝ  

(5.11) 

ʀʟ ʪʦʛʦ, ʯʪʦ ʜʣʠʥʘ ʧʝʨʚʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʨʘʚʥʘ ʝʜʠʥʠʮʝ ʠ ʥʝ ʤʝʥʷʝʪʩʷ 

ʚʜʦʣʴ ʢʨʠʚʦʡ, ʩʣʝʜʫʝʪ  

(5.12) 

ʪ. e. ʚʝʢʪʦʨʳ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʦʨʪʦʛʦʥʘʣʴʥʳ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʪʦʨʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʢʨʠʚʦʡ ʩ ʥʘʪʫʨʘʣʴʥʦʡ 

ʧʘʨʘʤʝʪʨʠʟʘʮʠʝʡ ʥʘʧʨʘʚʣʝʥʘ ʧʦ ʛʣʘʚʥʦʡ ʥʦʨʤʘʣʠ:  
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(5.13)  

ʂʦʵʬʬʠʮʠʝʥʪ k ʥʘʟʳʚʘʝʪʩʷ ʢʨʠʚʠʟʥʦʡ ʢʨʠʚʦʡ ʣʠʥʠʠ. ʅʠʞʝ ʤʳ 

ʧʦʢʘʞʝʤ, ʯʪʦ ʦʙʨʘʪʥʘʷ ʝʡ ʚʝʣʠʯʠʥʘ ʨʘʚʥʘ ʨʘʜʠʫʩʫ ʦʢʨʫʞʥʦʩʪʠ, 

ʩʦʧʨʠʢʘʩʘʶʱʝʡʩʷ ʩ ʢʨʠʚʦʡ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʦʯʢʝ. ɹʠʥʦʨʤʘʣʴ ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʦʨʪʦʛʦʥʘʣʴʥʘ ʢʘʩʘʪʝʣʴʥʦʤʫ ʚʝʢʪʦʨʫ ʠ ʛʣʘʚʥʦʡ ʥʦʨʤʘʣʠ. 

ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ  

(5.14) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʢʪʦʨ  ʦʨʪʦʛʦʥʘʣʝʥ ʚʝʢʪʦʨʘʤ t ʠ b ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʥ ʧʘʨʘʣʣʝʣʝʥ ʛʣʘʚʥʦʡ ʥʦʨʤʘʣʠ. ʕʪʦ ʧʨʠʥʷʪʦ 

ʟʘʧʠʩʳʚʘʪʴ ʚ ʚʠʜʝ  

(5.15)  

ʂʦʵʬʬʠʮʠʝʥʪ ɢ ʥʘʟʳʚʘʝʪʩʷ ʢʨʫʯʝʥʠʝʤ ʢʨʠʚʦʡ ʣʠʥʠʠ. ʈʘʚʝʥʩʪʚʘ (5.13) 

ʠ (5.15) ʦʧʨʝʜʝʣʷʶʪ ʧʨʦʠʟʚʦʜʥʳʝ ʦʨʪʦʚ t ʠ b ʧʦ ʜʣʠʥʝ ʜʫʛʠ. ʅʘʡʜʝʤ 

ʧʨʦʠʟʚʦʜʥʫʶ ʥʦʨʤʘʣʠ ʧʦ ʜʣʠʥʝ ʜʫʛʠ  

(5.16)  

ʅʘʤʠ ʧʦʣʫʯʝʥʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʚʝʢʪʦʨʦʚ t, n ʠ b:  

(5.17)  
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ʢʦʪʦʨʳʝ ʠʟʚʝʩʪʥʳ ʢʘʢ ʬʦʨʤʫʣʳ ʌʨʝʥʝ-ʉʝʨʨʝ. ʆʥʠ ʚʳʨʘʞʘʶʪ 

ʧʨʦʠʟʚʦʜʥʳʝ ʚʝʢʪʦʨʦʚ ʩʦʧʨʦʚʦʞʜʘʶʱʝʛʦ ʪʨʝʭʛʨʘʥʥʠʢʘ ʚ ʚʠʜʝ 

ʨʘʟʣʦʞʝʥʠʷ ʧʦ ʩʘʤʠʤ ʵʪʠʤ ʚʝʢʪʦʨʘʤ. ʀʩʧʦʣʴʟʫʷ (5.10), (5.11) ʠ 

ʬʦʨʤʫʣʳ ʌʨʝʥʝ-ʉʝʨʨʝ, ʚʳʨʘʟʠʤ ʚʝʢʪʦʨʳ t, n ʠ b, ʢʨʠʚʠʟʥʫ ʠ ʢʨʫʯʝʥʠʝ 

ʢʨʠʚʦʡ ʯʝʨʝʟ ʧʨʦʠʟʚʦʜʥʳʝ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘ ʢʨʠʚʦʡ ʧʦ ʝʝ ʜʣʠʥʝ ʜʫʛʠ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

 

ʉʦʧʨʠʢʘʩʘʶʱʘʷʩʷ ʦʢʨʫʞʥʦʩʪʴ. 

ʇʦʷʩʥʠʤ, ʧʦʯʝʤʫ ʢʦʵʬʬʠʮʠʝʥʪ ʢ ʥʘʟʳʚʘʶʪ ʢʨʠʚʠʟʥʦʡ ʢʨʠʚʦʡ. 

ʇʦʩʪʨʦʠʤ ʦʢʨʫʞʥʦʩʪʴ ʨʘʜʠʫʩʦʤ ʨʘʚʥʳʤ ʥʝʢʦʪʦʨʦʡ ʚʝʣʠʯʠʥʝ ɟ. ɽʝ 

ʫʨʘʚʥʝʥʠʝ ʩ ʥʘʪʫʨʘʣʴʥʦʡ ʧʘʨʘʤʝʪʨʠʟʘʮʠʝʡ ʚ ʥʝʢʦʪʦʨʦʡ ʤʝʩʪʥʦʡ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʩ ʦʨʪʘʤʠ 1̔, ̔ 2, ̔ 3 ʠʤʝʝʪ ʚʠʜ  

 

ʅʦʨʤʘʣʴ ʢ ʦʢʨʫʞʥʦʩʪʠ ʠ ʧʨʦʠʟʚʦʜʥʳʝ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘ ʦʢʨʫʞʥʦʩʪʠ 

ʨʘʚʥʳ  
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ʆʯʝʚʠʜʥʦ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʢ ʜʣʷ ʦʢʨʫʞʥʦʩʪʠ ʚ 

ʬʦʨʤʫʣʝ (5.13) ʨʘʚʝʥ 1/ɟ . ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʤʳ ʧʦʩʪʨʦʠʤ ʜʣʷ 

ʢʨʠʚʦʡ ʩʦʧʨʠʢʘʩʘʶʱʫʶʩʷ ʩ ʥʝʡ ʦʢʨʫʞʥʦʩʪʴ (ʩ ʪʘʢʠʤ ʞʝ ʢʘʢ ʫ 

ʢʨʠʚʦʡ), ʪʦ ʨʘʜʠʫʩ ʵʪʦʡ ʦʢʨʫʞʥʦʩʪʠ ʙʫʜʝʪ ʨʘʚʝʥ ɟ (ʨʠʩ. 5.3).  

ɺʝʣʠʯʠʥʘ  ɟ =1/k ʥʘʟʳʚʘʝʪʩʷ ʨʘʜʠʫʩʦʤ ʢʨʠʚʠʟʥʳ ʢʨʠʚʦʡ. ɼʣʷ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʢʨʠʚʦʡ ʝʝ ʢʨʠʚʠʟʥʘ k  ʠ ʢʨʫʯʝʥʠʝ ɢ ʷʚʣʷʶʪʩʷ ʬʫʥʢʮʠʷʤʠ 

ʧʘʨʘʤʝʪʨʘ t.                                                                                          

ʇʦʷʩʥʠʤ, ʧʦʯʝʤʫ ʢʦʵʬʬʠʮʠʝʥʪ ɢ  ʥʘʟʳʚʘʶʪ ʢʨʫʯʝʥʠʝʤ ʢʨʠʚʦʡ. 

ʇʦʩʪʨʦʠʤ ʚ ʥʝʢʦʪʦʨʦʡ ʪʦʯʢʝ ʢʨʠʚʦʡ ʩʦʧʨʦʚʦʞʜʘʶʱʠʡ ʪʨʝʭʛʨʘʥʥʠʢ ʠ 

ʧʦʩʤʦʪʨʠʤ, ʢʘʢ ʦʥ ʙʫʜʝʪ ʩʝʙʷ ʚʝʩʪʠ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚʜʦʣʴ ʢʨʠʚʦʡ.  

 

ʈʠʩ. 5.3. ʉʦʧʨʠʢʘʩʘʶʱʘʷʩʷ ʩ ʢʨʠʚʦʡ ʦʢʨʫʞʥʦʩʪʴ  

 

ʈʠʩ. 5.4. ɺʝʢʪʦʨ ɼʘʨʙʫ  
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ʀʟ (5.17) ʧʦʣʫʯʠʤ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʘʨʘʤʝʪʨʘ ʥʘ ʥʝʙʦʣʴʰʫʶ 

ʚʝʣʠʯʠʥʫ æt ʢʘʩʘʪʝʣʴʥʳʡ ʚʝʢʪʦʨ t ʧʦʚʝʨʥʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʛʣʘʚʥʦʡ 

ʥʦʨʤʘʣʠ  n ʥʘ ʫʛʦʣ k , ʘ ʙʠʥʦʨʤʘʣʴ b ʧʦʚʝʨʥʝʪʩʷ ʚ ʩʪʦʨʦʥʫ, 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʛʣʘʚʥʦʡ ʥʦʨʤʘʣʠ n , ʥʘ ʫʛʦʣ  ɢ (ʨʠʩ. 5.4).  

ɽʩʣʠ ʥʘʙʣʶʜʘʪʴ ʵʪʦʪ ʧʨʦʮʝʩʩ, çʩʠʜʷ ʥʘ ʢʦʥʯʠʢʝ ʚʝʢʪʦʨʘ tè, ʪʦ ʤʳ 

ʫʚʠʜʠʤ, ʯʪʦ ʛʣʘʚʥʘʷ ʥʦʨʤʘʣʴ n ʠ ʩʦʧʨʠʢʘʩʘʶʱʘʷʩʷ ʧʣʦʩʢʦʩʪʴ 

ʧʦʚʝʨʥʫʣʠʩʴ ʚ ʩʪʦʨʦʥʫ ʙʠʥʦʨʤʘʣʠ b ʥʘ ʫʛʦʣ ɢ . ʊʝʧʝʨʴ ʧʨʝʜʩʪʘʚʠʤ, ʯʪʦ 

ʪʦʯʢʘ ʜʚʠʞʝʪʩʷ ʧʦ ʢʨʠʚʦʡ, ʧʨʦʭʦʜʷ ʝʜʠʥʠʮʫ ʜʣʠʥʳ ʝʝ ʜʫʛʠ ʟʘ ʝʜʠʥʠʮʫ 

ʚʨʝʤʝʥʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʩʦʧʨʦʚʦʞʜʘʶʱʝʛʦ 

ʪʨʝʭʛʨʘʥʥʠʢʘ ʚʦʢʨʫʛ ʢʘʩʘʪʝʣʴʥʦʛʦ ʚʝʢʪʦʨʘ ʙʫʜʝʪ ʨʘʚʥʘ ʢʨʫʯʝʥʠʶ 

ʢʨʠʚʦʡ ɢ. ɽʩʣʠ ʢʨʫʯʝʥʠʝ ɢ =0, ʪʦ ʢʨʠʚʘʷ ʷʚʣʷʝʪʩʷ ʧʣʦʩʢʦʡ. 

ʉʧʨʘʚʝʜʣʠʚʦ ʠ ʦʙʨʘʪʥʦʝ ʫʪʚʝʨʞʜʝʥʠʝ. ɽʩʣʠ ʢʨʫʯʝʥʠʝ ʢʨʠʚʦʡ ʨʘʚʥʦ 

ʥʫʣʶ, ʪʦ ʩʦʧʨʠʢʘʩʘʶʱʘʷʩʷ ʧʣʦʩʢʦʩʪʴ ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ ʢʨʠʚʦʡ ʦʜʥʘ ʠ ʪʘ 

ʞʝ, ʚʩʝ ʙʠʥʦʨʤʘʣʠ ʧʘʨʘʣʣʝʣʴʥʳ ʜʨʫʛ ʜʨʫʛʫ, ʘ ʢʨʠʚʘʷ ʷʚʣʷʝʪʩʷ ʧʣʦʩʢʦʡ.  

ʇʦʣʥʳʡ ʚʝʢʪʦʨ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʩʦʧʨʦʚʦʞʜʘʶʱʝʛʦ 

ʪʨʝʭʛʨʘʥʥʠʢʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʫʪʠ, ʧʨʦʭʦʜʠʤʦʤʫ ʧʦ ʢʨʠʚʦʡ, 

ʥʘʟʳʚʘʝʪʩʷ ʚʝʢʪʦʨʦʤ ɼʘʨʙʫ. ʆʥ ʨʘʚʝʥ  

(5.19)  

ɺʝʢʪʦʨ ɼʘʨʙʫ ʧʨʠʜʘʝʪ ʤʝʭʘʥʠʯʝʩʢʠʡ ʩʤʳʩʣ ʬʦʨʤʫʣʘʤ ʌʨʝʥʝ-ʉʝʨʨʝ 

(5.17), ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʪʦʨʦʛʦ ʧʦʩʣʝʜʥʠʝ ʠʤʝʶʪ ʚʠʜ  

 

ʅʘʪʫʨʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʢʨʠʚʦʡ. 

ʂʨʠʚʠʟʥʘ ʠ ʢʨʫʯʝʥʠʝ ʧʦʣʥʦʩʪʴʶ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʬʦʨʤʫ ʢʨʠʚʦʡ, ʝʩʣʠ ʥʝ 

ʩʯʠʪʘʪʴ ʝʝ ʧʦʣʦʞʝʥʠʝ ʠ ʦʨʠʝʥʪʘʮʠʶ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʆʥʠ ʪʘʢʞʝ 

ʷʚʣʷʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʜʣʠʥʳ ʜʫʛʠ ʢʘʢ ʧʘʨʘʤʝʪʨʘ  

(5.20) 

http://edu.sernam.ru/book_p_math1.php?id=122
http://sernam.ru/book_e_math.php?id=89
http://alnam.ru/book_tm1.php?id=50
http://edu.sernam.ru/book_p_math1.php?id=122
http://alnam.ru/book_tm1.php?id=52
http://sernam.ru/lect_math1.php?id=14
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ʊʘʢ ʢʘʢ ʜʣʠʥʘ ʜʫʛʠ, ʢʨʠʚʠʟʥʘ ʠ ʢʨʫʯʝʥʠʝ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʩʧʦʩʦʙʘ 

ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʠ ʦʪ ʚʳʙʦʨʘ ʢʦʦʨʜʠʥʘʪ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʪʦ ʠ ʬʫʥʢʮʠʠ 

k(s) ʠ ɢ(s) ʪʘʢʞʝ ʦʪ ʵʪʦʛʦ ʚʳʙʦʨʘ ʥʝ ʟʘʚʠʩʷʪ. ʋʨʘʚʥʝʥʠʷ (5.20) 

ʥʘʟʳʚʘʶʪʩʷ ʥʘʪʫʨʘʣʴʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʢʨʠʚʦʡ. ɽʩʣʠ ʜʚʝ ʢʨʠʚʳʝ 

ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʝ ʥʘʪʫʨʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʪʦ ʦʥʠ ʠʜʝʥʪʠʯʥʳ ʠ 

ʦʪʣʠʯʘʶʪʩʷ ʪʦʣʴʢʦ ʧʦʣʦʞʝʥʠʝʤ ʠ ʦʨʠʝʥʪʘʮʠʝʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʌʫʥʢʮʠʠ s (t), k (t), ɢ(t) ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʶʪ ʢʨʠʚʫʶ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 

ʧʦʣʦʞʝʥʠʷ ʠ ʦʨʠʝʥʪʘʮʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ.  

ʂʘʢ ʧʨʘʚʠʣʦ, ʧʘʨʘʤʝʪʨʠʟʘʮʠʷ ʢʨʠʚʦʡ ʥʝ ʷʚʣʷʝʪʩʷ ʥʘʪʫʨʘʣʴʥʦʡ. 

ʆʧʨʝʜʝʣʠʤ ʦʨʪʳ t, n ʠ b ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ k  ʠ ɢ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʡ 

ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ. ʇʨʦʠʟʚʦʜʥʳʝ ʧʦ ʧʘʨʘʤʝʪʨʫ ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ 

ʰʪʨʠʭʘʤʠ. ʇʝʨʚʫʶ, ʚʪʦʨʫʶ ʠ ʪʨʝʪʴʶ ʧʨʦʠʟʚʦʜʥʳʝ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘ 

ʢʨʠʚʦʡ ʧʦ ʝʝ ʧʘʨʘʤʝʪʨʫ ʧʨʝʜʩʪʘʚʠʤ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

(5.21)-(5.23)  

ɻʜʝ sǋ , sǋǋ ,sǋǋǋð ʧʝʨʚʘʷ, ʚʪʦʨʘʷ ʠ ʪʨʝʪʴʷ ʧʨʦʠʟʚʦʜʥʳʝ ʜʣʠʥʳ ʜʫʛʠ ʧʦ 

ʧʘʨʘʤʝʪʨʫ ʢʨʠʚʦʡ. ʀʟ (5.21) ʧʦʣʫʯʠʤ ʬʦʨʤʫʣʫ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ 

ʧʨʦʠʟʚʦʜʥʦʡ ʜʣʠʥʳ ʜʫʛʠ ʧʦ ʧʘʨʘʤʝʪʨʫ ʠ ʬʦʨʤʫʣʫ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ 

ʢʘʩʘʪʝʣʴʥʦʛʦ ʚʝʢʪʦʨʘ t: 

 (5.24)-(5.25) 

ʋʤʥʦʞʠʚ (5.21) ʚʝʢʪʦʨʥʦ ʥʘ (5.22), ʧʦʣʫʯʠʤ ʬʦʨʤʫʣʫ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʨʠʚʠʟʥʳ ʢʨʠʚʦʡ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʙʠʥʦʨʤʘʣʠ  

http://sernam.ru/lect_math2.php?id=84
http://edu.sernam.ru/book_m_cat.php?id=59
http://stu.sernam.ru/book_msh.php?id=117
http://stu.sernam.ru/book_msh.php?id=117
http://edu.sernam.ru/book_p_math1.php?id=122
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(5.26)  

ʋʤʥʦʞʠʚ (5.26) ʚʝʢʪʦʨʥʦ ʥʘ (5.25) ʠ ʠʩʧʦʣʴʟʫʷ ʨʘʚʝʥʩʪʚʦ ʜʣʷ ʜʚʦʡʥʦʛʦ 

ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ (rǋĬrǋǋ)Ĭt=(t Ārǋ) rǋǋ-(t Ārǋǋ) rǋ, ʧʦʣʫʯʠʤ 

ʬʦʨʤʫʣʫ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʢʪʦʨʘ ʛʣʘʚʥʦʡ ʥʦʨʤʘʣʠ  

(5.27)  

ʀʟ ʧʨʘʚʦʡ ʯʘʩʪʠ ʨʘʚʝʥʩʪʚʘ (5.27) ʚʠʜʥʦ, ʯʪʦ ʚʝʢʪʦʨ kn ʷʚʣʷʝʪʩʷ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʝʢʪʦʨʘ rǋǋ/(sǋ)2 ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʢ ʢʘʩʘʪʝʣʴʥʦʤʫ 

ʚʝʢʪʦʨʫ t (ʩʦʩʪʘʚʣʷʶʱʘʷ, ʧʘʨʘʣʣʝʣʴʥʘʷ t, ʚʳʯʠʪʘʝʪʩʷ). ʂʨʠʚʠʟʥʘ 

ʢʨʠʚʦʡ ʨʘʚʥʘ ʜʣʠʥʝ ʚʝʢʪʦʨʘ, ʩʪʦʷʱʝʛʦ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ  

(5.28) 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠ |rǋĬrǋǋ|Í0 ʨʘʜʠʫʩ ʩʦʧʨʠʢʘʩʘʶʱʝʡʩʷ ʦʢʨʫʞʥʦʩʪʠ 

ʦʧʨʝʜʝʣʠʪʩʷ ʬʦʨʤʫʣʦʡ  

(5.28.1)  

ʋʤʥʦʞʠʚ (5.26) ʩʢʘʣʷʨʥʦ ʥʘ (5.23), ʧʦʣʫʯʠʤ ʬʦʨʤʫʣʫ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʨʫʯʝʥʠʷ ʢʨʠʚʦʡ  

(5.29) 

ɽʩʣʠ ʢʨʠʚʠʟʥʘ ʢʨʠʚʦʡ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ ʥʝ ʨʘʚʥʘ ʥʫʣʶ, ʪʦ, ʧʦʜʝʣʠʚ ʦʙʝ 

ʯʘʩʪʠ ʨʘʚʝʥʩʪʚ (5.26) ʠ (5.27) ʥʘ ʢʨʠʚʠʟʥʫ (5.28), ʧʦʣʫʯʠʤ ʙʠʥʦʨʤʘʣʴ ʠ 

ʥʦʨʤʘʣʴ:  

http://sernam.ru/book_e_math.php?id=89
http://sernam.ru/lect_math1.php?id=14
http://sernam.ru/book_e_math.php?id=94
http://edu.sernam.ru/book_p_math1.php?id=122
http://sernam.ru/book_e_math.php?id=89
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ɽʩʣʠ ʠʟʚʝʩʪʥʘ ʚʝʢʪʦʨʥʘʷ ʬʫʥʢʮʠʷ ʣʠʥʠʠ (5.1), ʪʦ ʬʦʨʤʫʣʳ (5.24)-(5.31) 

ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʚʩʶ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʨʠʚʦʡ 

ʣʠʥʠʠ.  

ʀʟ ʬʦʨʤʫʣ (5.28) ʠ (5.29) ʚʠʜʥʦ, ʯʪʦ ʢʨʠʚʠʟʥʘ ʚʩʝʛʜʘ ʥʝʦʪʨʠʮʘʪʝʣʴʥʘ (ʚ 

ʯʠʩʣʠʪʝʣʝ ʠ ʟʥʘʤʝʥʘʪʝʣʝ ʩʪʦʷʪ ʢʚʘʜʨʘʪʥʳʝ ʢʦʨʥʠ), ʘ ʢʨʫʯʝʥʠʝ ʤʦʞʝʪ 

ʠʤʝʪʴ ʣʶʙʦʡ ʟʥʘʢ. ɽʩʣʠ ʢʨʠʚʠʟʥʘ ʨʘʚʥʘ ʥʫʣʶ, ʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʛʣʘʚʥʦʡ 

ʥʦʨʤʘʣʠ, ʙʠʥʦʨʤʘʣʠ ʠ ʢʨʫʯʝʥʠʝ ʥʝ ʦʧʨʝʜʝʣʝʥʳ. ɽʩʣʠ ʢʨʠʚʠʟʥʘ ʨʘʚʥʘ 

ʥʫʣʶ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʢʨʠʚʦʡ, ʪʦ ʦʥʘ ʷʚʣʷʝʪʩʷ ʧʨʷʤʦʡ ʣʠʥʠʝʡ. ɺʝʢʪʦʨ 

ʛʣʘʚʥʦʡ ʥʦʨʤʘʣʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʝʪ ʠʤʝʪʴ ʧʨʦʠʟʚʦʣʴʥʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʥʦʨʤʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. ɽʩʣʠ ʚʝʢʪʦʨʳ rǋ, rǋǋ , rǋǋǋ 

ʢʦʣʣʠʥʝʘʨʥʳ, ʪʦ ʢʨʫʯʝʥʠʝ ʢʨʠʚʦʡ ʨʘʚʥʦ ʥʫʣʶ ʠ ʢʨʠʚʘʷ ʷʚʣʷʝʪʩʷ 

ʧʣʦʩʢʦʡ.  

1.6. ɻʝʦʤʝʪʨʠʷ ʜʚʫʭʤʝʨʥʳʭ ʢʨʠʚʳʭ 

ʂʨʦʤʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʣʠʥʠʡ, ʜʣʷ ʥʘʩ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʙʫʜʫʪ 

ʠʤʝʪʴ ʜʚʫʭʤʝʨʥʳʝ ʢʨʠʚʳʝ ʥʘ ʧʣʦʩʢʦʩʪʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʚʫʭʤʝʨʥʳʤ 

ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʙʫʜʝʪ ʩʣʫʞʠʪʴ ʦʙʣʘʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʧʦʚʝʨʭʥʦʩʪʝʡ.  

ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ ʜʚʫʭʤʝʨʥʦʡ ʢʨʠʚʦʡ. ʇʫʩʪʴ ʥʘ ʧʣʦʩʢʦʩʪʠ 

ʦʧʨʝʜʝʣʝʥʘ ʜʝʢʘʨʪʦʚʘ ʧʨʷʤʦʫʛʦʣʴʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʩ ʥʘʯʘʣʦʤ ʚ 

ʪʦʯʢʝ ʆ ʠ ʙʘʟʠʩʥʳʤʠ ʚʝʢʪʦʨʘʤʠ ʝ1 ʠ ʝ2. ʂʦʤʧʦʥʝʥʪʳ ʜʚʫʭʤʝʨʥʳʭ 

ʚʝʢʪʦʨʦʚ ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ʯʝʨʝʟ ʭ ʠ ʫ.  

ɹʦʣʴʰʠʥʩʪʚʦ ʬʦʨʤʫʣ ʜʣʷ ʜʚʫʭʤʝʨʥʳʭ ʢʨʠʚʳʭ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʟ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʦʨʤʫʣ ʜʣʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʨʠʚʳʭ, ʧʦʣʦʞʠʚ ʚ 

ʥʠʭ ʪʨʝʪʴʶ ʢʦʦʨʜʠʥʘʪʫ ʨʘʚʥʦʡ ʥʫʣʶ ʠ ʦʧʫʩʪʠʚ ʝʝ ʠ ʚʩʝ ʚʝʢʪʦʨʳ, 

ʦʨʪʦʛʦʥʘʣʴʥʳʝ ʧʣʦʩʢʦʩʪʠ ʢʨʠʚʦʡ (ʚ ʠʭ ʯʠʩʣʝ ʙʠʥʦʨʤʘʣʴ). ʈʘʜʠʫʩ-

ʚʝʢʪʦʨ ʜʚʫʭʤʝʨʥʦʡ ʢʨʠʚʦʡ r (t)= [ x (t) y (t)] T ʙʫʜʝʪ ʦʧʠʩʳʚʘʪʴʩʷ 

ʚʳʨʘʞʝʥʠʝʤ  
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(6.1)  

ɼʣʷ ʜʚʫʭʤʝʨʥʦʡ ʢʨʠʚʦʡ r (s) ʬʦʨʤʫʣʳ ʌʨʝʥʝ-ʉʝʨʨʝ ʠʤʝʶʪ ʚʠʜ  

(6.2)  

ʛʜʝ t=dr /dsð ʢʘʩʘʪʝʣʴʥʳʡ ʚʝʢʪʦʨ ʢʨʠʚʦʡ, s ð ʜʣʠʥʘ ʜʫʛʠ ʢʨʠʚʦʡ. 

ʂʨʠʚʠʟʥʘ ʜʚʫʭʤʝʨʥʦʡ ʢʨʠʚʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʚʝʥʩʪʚʦʤ  

(6.3)  

ʅʘʪʫʨʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʚʫʭʤʝʨʥʦʡ ʢʨʠʚʦʡ ʚʳʨʘʞʘʝʪ ʝʝ ʢʨʠʚʠʟʥʫ ʢʘʢ 

ʬʫʥʢʮʠʶ ʜʫʛʠ ʚʜʦʣʴ ʢʨʠʚʦʡ ʠ ʠʤʝʝʪ ʚʠʜ  

 

ʏʪʦʙʳ ʩʦʭʨʘʥʠʪʴ ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ ʚʩʝʭ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʬʦʨʤʫʣ, 

ʩʣʝʜʫʝʪ ʧʝʨʝʦʧʨʝʜʝʣʠʪʴ ʦʧʝʨʘʮʠʶ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ ʜʣʷ 

ʜʚʫʭʤʝʨʥʳʭ ʚʝʢʪʦʨʦʚ. ʈʝʟʫʣʴʪʘʪʦʤ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ 

ʜʚʫʭʤʝʨʥʳʭ ʚʝʢʪʦʨʦʚ r 1= [ x1 y1] T  ʠ r 2= [ x2 y2] T  ʙʫʜʝʤ ʩʯʠʪʘʪʴ 

ʩʢʘʣʷʨʥʫʶ ʚʝʣʠʯʠʥʫ, ʨʘʚʥʫʶ  

(6.4)  

ɺʳʨʘʟʠʤ ʯʝʨʝʟ ʢʦʦʨʜʠʥʘʪʳ ʭ ʠ ʫ ʧʨʦʠʟʚʦʜʥʫʶ ʜʣʠʥʳ ʜʫʛʠ ʠ ʢʨʠʚʠʟʥʫ 

ʜʚʫʭʤʝʨʥʦʡ ʢʨʠʚʦʡ, ʠʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʳ (5.24) ʠ (5.26),  

http://sernam.ru/lect_math1.php?id=14
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(6.5)-(6.6)  

ʕʚʦʣʶʪʘ ʠ ɻʚʦʣʴʚʝʥʪʘ. ɼʣʷ ʢʘʞʜʦʡ ʦʙʳʢʥʦʚʝʥʥʦʡ ʪʦʯʢʠ ʢʨʠʚʦʡ 

ʤʦʞʥʦ ʫʢʘʟʘʪʴ ʮʝʥʪʨ ʢʨʠʚʠʟʥʳ. ɻʝʦʤʝʪʨʠʯʝʩʢʦʝ ʤʝʩʪʦ ʮʝʥʪʨʦʚ 

ʢʨʠʚʠʟʥʳ ʚʩʝʭ ʪʦʯʝʢ ʜʘʥʥʦʡ ʢʨʠʚʦʡ ʥʘʟʳʚʘʝʪʩʷ ʵʚʦʣʶʪʦʡ ʵʪʦʡ ʢʨʠʚʦʡ. 

ɺʳʨʘʞʝʥʠʝ ʜʣʷ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘ ʵʚʦʣʶʪʳ ʘ(t) ʧʦʣʫʯʠʤ, ʜʦʙʘʚʠʚ ʢ 

ʨʘʜʠʫʩ-ʚʝʢʪʦʨʫ ʢʨʠʚʦʡ r (t) ʚʝʢʪʦʨ ʥʦʨʤʘʣʠ, ʜʝʣʝʥʥʳʡ ʥʘ ʢʨʠʚʠʟʥʫ 

ʢʨʠʚʦʡ:  

(6.7)  

ʇʨʠ ʧʨʦʠʟʚʦʣʴʥʦʡ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʢʨʠʚʦʡ ʥʦʨʤʘʣʴ ʚʳʨʘʟʠʤ ʩ 

ʧʦʤʦʱʴʶ ʨʘʚʝʥʩʪʚʘ (5.27) ʠ ʧʦʣʫʯʠʤ  

(6.8) 

ɼʣʷ ʜʚʫʭʤʝʨʥʦʡ ʢʨʠʚʦʡ r (t)= [ x (t) y (t)] T ʟʘʧʠʰʝʤ ʚʝʢʪʦʨʥʦʝ ʨʘʚʝʥʩʪʚʦ 

(6.8) ʦʪʜʝʣʴʥʦ ʜʣʷ ʢʘʞʜʦʡ ʢʦʦʨʜʠʥʘʪʳ ʵʚʦʣʶʪʳ ʘ(t)= [ xʘ (t) yʘ (t)] T  

(6.9) 

ɺ ʪʦʯʢʘʭ ʨʘʩʧʨʷʤʣʝʥʠʷ ʨʘʜʠʫʩ-ʚʝʢʪʦʨ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʦʯʢʠ 

ʵʚʦʣʶʪʳ ʩʪʨʝʤʠʪʩʷ ʢ ʙʝʩʢʦʥʝʯʥʦʩʪʠ. ɽʩʣʠ ʪʦʯʢʘ ʨʘʩʧʨʷʤʣʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʪʦʯʢʦʡ ʧʝʨʝʛʠʙʘ, ʪʦ ʵʚʦʣʶʪʘ ʪʝʨʧʠʪ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʦʯʢʝ 

ʨʘʟʨʳʚ. ʕʚʦʣʶʪʘ ʚ ʢʘʞʜʦʡ ʩʚʦʝʡ ʪʦʯʢʝ ʢʘʩʘʝʪʩʷ ʥʦʨʤʘʣʠ ʢ ʠʩʭʦʜʥʦʡ 

ʢʨʠʚʦʡ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʦʯʢʝ. ʕʚʦʣʶʪʫ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ 

ʦʛʠʙʘʶʱʫʶ ʩʝʤʝʡʩʪʚʘ ʥʦʨʤʘʣʝʡ.  
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ʀʩʭʦʜʥʘʷ ʢʨʠʚʘʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʚʦʝʡ ʵʚʦʣʶʪʝ ʷʚʣʷʝʪʩʷ ʵʚʦʣʴʚʝʥʪʦʡ 

(ʨʘʟʚʝʨʪʢʦʡ). ɼʣʷ ʢʨʠʚʦʡ ʘ(s) ʵʚʦʣʴʚʝʥʪʘ ʦʧʠʩʳʚʘʝʪʩʷ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʦʤ  

(6.10)  

ʛʜʝ s ð ʜʣʠʥʘ ʜʫʛʠ ʢʨʠʚʦʡ ʘ(s), s0=const. t ð ʢʘʩʘʪʝʣʴʥʘʷ ʢ ʢʨʠʚʦʡ. ɼʣʷ 

ʟʘʜʘʥʥʦʡ ʧʣʦʩʢʦʡ ʢʨʠʚʦʡ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʤʥʦʞʝʩʪʚʦ ʵʚʦʣʴʚʝʥʪ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ s0  (ʠʣʠ ʦʪ ʪʦʛʦ, ʚ ʢʘʢʦʡ ʪʦʯʢʝ ʢʨʠʚʦʡ ʧʨʠʥʷʪʴ 

ʜʣʠʥʫ ʜʫʛʠ ʨʘʚʥʫʶ ʥʫʣʶ). ʅʘ ʨʠʩ. 6.1 ʧʦʢʘʟʘʥʘ ʢʨʠʚʘʷ ʘ(s) ʠ ʝʝ 

ʵʚʦʣʴʚʝʥʪʘ.  

ʕʚʦʣʴʚʝʥʪʘ ʩʪʨʦʠʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʦʣʦʞʠʤ, ʯʪʦ ʜʣʠʥʘ ʜʫʛʠ 

ʢʨʠʚʦʡ ʘ(s) ʦʪʩʯʠʪʳʚʘʝʪʩʷ ʦʪ ʪʦʯʢʠ C0. 

 

ʈʠʩ. 6.1. ʕʚʦʣʶʪʘ ʠ ʵʚʦʣʴʚʝʥʪʘ  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʪʦʯʢʠ ʄ ʵʚʦʣʴʚʝʥʪʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʥʝʢʦʪʦʨʦʡ 

ʪʦʯʢʝ ʉi ʠʩʭʦʜʥʦʡ ʢʨʠʚʦʡ, ʧʦʩʪʨʦʠʤ ʚ ʪʦʯʢʝ ʉi ʢʘʩʘʪʝʣʴʥʫʶ ʠ ʦʪʣʦʞʠʤ 

ʥʘ ʥʝʡ ʩ ʫʯʝʪʦʤ ʟʥʘʢʘ ʦʪʨʝʟʦʢ ʜʣʠʥʦʡ, ʨʘʚʥʦʡ ʜʣʠʥʝ ʜʫʛʠ ʉi ʉ0, ʚʟʷʪʦʡ 

ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʟʥʘʢʦʤ, ʝʩʣʠ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʚ ʪʦʯʢʝ ʉi, ʙʦʣʴʰʝ 

ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʚ ʪʦʯʢʝ ʉ0, ʠ ʚʟʷʪʦʡ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʟʥʘʢʦʤ ʚ 

ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ. ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʵʚʦʣʴʚʝʥʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʨʘʟʚʝʨʪʢʫ ʠʩʭʦʜʥʦʡ ʢʨʠʚʦʡ.  

ɼʣʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʨʘʚʝʥʩʪʚʘ (6.10) ʧʦʢʘʞʝʤ, ʯʪʦ ʵʚʦʣʶʪʘ ʢʨʠʚʦʡ  ʝʩʪʴ 

ʢʨʠʚʘʷ ʘ(s) . ɿʘʤʝʪʠʤ, ʯʪʦ ʧʘʨʘʤʝʪʨ s ʷʚʣʷʝʪʩʷ ʜʣʠʥʦʡ ʜʫʛʠ ʢʨʠʚʦʡ a(s) 

ʥʦ ʥʝ ʷʚʣʷʝʪʩʷ ʜʣʠʥʦʡ ʜʫʛʠ ʜʣʷ ʵʚʦʣʴʚʝʥʪʳ r(s) , ʧʦʵʪʦʤʫ ʨʘʜʠʫʩ-

ʚʝʢʪʦʨʘ ʵʚʦʣʶʪʳ ʚʳʨʘʟʠʪʩʷ ʧʨʘʚʦʡ ʯʘʩʪʴʶ ʬʦʨʤʫʣʳ (6.8). ʇʦʜʩʪʘʚʠʤ ʚ 
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ʬʦʨʤʫʣʫ ʵʚʦʣʶʪʳ (6.8) ʟʥʘʯʝʥʠʷ ʚʝʢʪʦʨʥʦʡ ʬʫʥʢʮʠʠ r  ʠ ʝʝ 

ʧʨʦʠʟʚʦʜʥʳʭ, ʚʳʨʘʞʝʥʥʳʝ ʯʝʨʝʟ ʚʝʢʪʦʨʥʫʶ ʬʫʥʢʮʠʶ a ʠ ʝʝ 

ʧʨʦʠʟʚʦʜʥʳʝ ʧʦ ʧʘʨʘʤʝʪʨʫ s: 

 

ʛʜʝ s ð ʜʣʠʥʘ ʜʫʛʠ ʢʨʠʚʦʡ a(s) , kð ʝʝ ʢʨʠʚʠʟʥʘ,nð ʛʣʘʚʥʘʷ ʥʦʨʤʘʣʴ ʠ 

t ð ʢʘʩʘʪʝʣʴʥʘʷ ʢʨʠʚʦʡ a(s) .  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʤ  

 

ʯʪʦ ʠ ʪʨʝʙʦʚʘʣʦʩʴ ʜʦʢʘʟʘʪʴ.  

1.7 ɻʝʦʤʝʪʨʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʇʦʚʝʨʭʥʦʩʪʴʶ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʤʝʩʪʦ ʪʦʯʝʢ, 

ʢʦʦʨʜʠʥʘʪʳ ʢʦʪʦʨʳʭ ʦʧʠʩʳʚʘʶʪʩʷ ʥʝʧʨʝʨʳʚʥʳʤʠ ʠ ʦʜʥʦʟʥʘʯʥʳʤʠ 

ʬʫʥʢʮʠʷʤʠ r1 (u,v), r2 (u,v) , r3 (u,v)  ʜʚʫʭ ʧʘʨʘʤʝʪʨʦʚ u ʠ v, 

ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʥʝʧʨʝʨʳʚʥʦʡ ʠ ʩʚʷʟʥʦʡ ʜʚʫʭʤʝʨʥʦʡ ʦʙʣʘʩʪʠ ɋ. ɺ 

ʜʝʢʘʨʪʦʚʦʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʆʝ1ʝ2e3 ʧʦʚʝʨʭʥʦʩʪʴ 

ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʦʤ  

(7.1)  

ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʚʠʜʝ (7.1) ʥʘʟʳʚʘʝʪʩʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʦʙʣʘʩʪʴ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 
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ʯʘʩʪʴ ʜʚʫʭʤʝʨʥʦʡ ʧʣʦʩʢʦʩʪʠ. ɺ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ ʦʙʣʘʩʪʴ ʠʟʤʝʥʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʷʤʦʫʛʦʣʴʥʠʢ, ʢʦʪʦʨʳʡ 

ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʯʝʪʳʨʴʤʷ ʯʠʩʣʘʤʠ umin, u max, vmin, v max. ʆʙʣʘʩʪʴ 

ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʧʨʦʩʪʝʡʰʝʛʦ ʩʣʫʯʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʥʝʨʘʚʝʥʩʪʚʘʤʠ  

 

ʊʘʢʫʶ ʦʙʣʘʩʪʴ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʤʦʛʫʪ ʠʤʝʪʴ ʦʯʝʥʴ ʤʥʦʛʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʥʦ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʝʪʘʣʠ 

ʩʣʦʞʥʦʡ ʬʦʨʤʳ ʥʝʦʙʭʦʜʠʤʳ, ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʱʝʛʦ ʚʠʜʘ. ɼʚʘ ʧʘʨʘʤʝʪʨʘ 

ʠ ʠ v ʦʧʨʝʜʝʣʷʶʪ ʪʦʯʢʫ ʧʦʚʝʨʭʥʦʩʪʠ. ɽʩʣʠ ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʩʘʤʠ 

ʷʚʣʷʶʪʩʷ ʬʫʥʢʮʠʷʤʠ ʜʚʫʭ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ0 ʠ v0, u=u(ʠ0 , v0), 

v=v(ʠ0 , v0) ʪʦ ʧʦʚʝʨʭʥʦʩʪʴ ʙʫʜʝʪ ʦʧʠʩʳʚʘʪʴʩʷ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʦʤ  

 

ʟʘʚʠʩʷʱʠʤ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʠ0 , v0. ʅʦʚʳʝ ʧʘʨʘʤʝʪʨʳ ʠ0 , v0 ʠʤʝʶʪ ʩʚʦʶ 

ʦʙʣʘʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ɋ0. ʌʦʨʤʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʧʦʩʦʙʘ ʝʝ 

ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʠ ʤʳ ʠʤʝʝʤ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʜʦʙʥʫʶ ʜʣʷ 

ʥʘʩ ʧʘʨʘʤʝʪʨʠʟʘʮʠʶ ʠ ʦʙʣʘʩʪʴ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ. ʇʘʨʘʤʝʪʨʳ 

ʧʦʚʝʨʭʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʢʦʦʨʜʠʥʘʪʘʤʠ ʚʥʫʪʨʝʥʥʝʡ ʜʚʫʭʤʝʨʥʦʡ ʩʠʩʪʝʤʳ 

ʢʦʦʨʜʠʥʘʪ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʡ ʜʣʷ ʧʨʦʩʪʦʪʳ ʤʳ ʙʫʜʝʤ ʚʳʙʠʨʘʪʴ 

ʜʝʢʘʨʪʦʚʫ ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʥʘ ʧʣʦʩʢʦʩʪʠ.  

ʏʘʩʪʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘ ʧʦʚʝʨʭʥʦʩʪʠ r  (u,v),ʧʦ 

ʧʘʨʘʤʝʪʨʘʤ u ʠ v ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʝʢʪʦʨʳ. ɹʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ 

ʯʘʩʪʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʠʩʣʝʥʥʳʤʠ 

ʥʠʞʥʠʤʠ ʠʥʜʝʢʩʘʤʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʥʦʤʝʨʫ ʧʘʨʘʤʝʪʨʘ, ʧʦ 

ʢʦʪʦʨʦʤʫ ʚʳʧʦʣʥʝʥʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝ  

http://edu.alnam.ru/book_dmath.php?id=255
http://stu.sernam.ru/book_stat1.php?id=16
http://sernam.ru/lect_math1.php?id=18
http://stu.sernam.ru/book_ehm.php?id=149
http://stu.sernam.ru/book_msh.php?id=117
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 (7.2) 

ɼʘʣʝʝ ʙʫʜʝʤ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʢʦʦʨʜʠʥʘʪʥʳʝ ʬʫʥʢʮʠʠ r i (u,v) ʠʤʝʶʪ 

ʥʝʧʨʝʨʳʚʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʧʦ ʢʘʞʜʦʤʫ ʧʘʨʘʤʝʪʨʫ ʣʶʙʦʛʦ ʧʦʨʷʜʢʘ, 

ʢʦʪʦʨʳʡ ʥʘʤ ʧʦʪʨʝʙʫʝʪʩʷ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʦʛʨʘʥʠʯʠʤʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝʤ 

ʧʦʚʝʨʭʥʦʩʪʝʡ, ʜʣʷ ʢʦʪʦʨʳʭ ʚʝʢʪʦʨʳ r 1 ʠ r2 ʥʝ ʢʦʣʣʠʥʝʘʨʥʳ ʠ ʥʝ 

ʦʙʨʘʱʘʶʪʩʷ ʚ ʥʫʣʴ. ʊʘʢʫʶ ʪʦʯʢʫ ʧʦʚʝʨʭʥʦʩʪʠ r  (u,v) ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ 

ʦʙʳʢʥʦʚʝʥʥʦʡ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʪʦʯʢʫ ʧʦʚʝʨʭʥʦʩʪʠ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ 

ʦʩʦʙʦʡ. ɺ ʦʙʳʢʥʦʚʝʥʥʦʡ ʪʦʯʢʝ ʩʫʱʝʩʪʚʫʝʪ ʝʜʠʥʩʪʚʝʥʥʘʷ ʢʘʩʘʪʝʣʴʥʘʷ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʦʩʢʦʩʪʴ. ʇʘʨʘʤʝʪʨʳ u ʠ v  ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʢʦʦʨʜʠʥʘʪʳ ʜʚʫʭʤʝʨʥʦʡ ʪʦʯʢʠ ʚ ʧʣʦʩʢʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ, ʪʦʛʜʘ ʨʘʜʠʫʩ-

ʚʝʢʪʦʨ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʬʫʥʢʮʠʶ ʪʦʯʢʠ 

ʧʣʦʩʢʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ.  

ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ r  (u,v), ʛʜʝ u=u(ʠ0 , v0), 

v=v(ʠ0 , v0) ʧʨʦʠʟʚʦʜʥʳʝ ʝʝ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘ ʧʦ ʥʦʚʳʤ ʧʘʨʘʤʝʪʨʘʤ 

ʚʳʨʘʞʘʶʪʩʷ ʯʝʨʝʟ ʧʨʦʠʟʚʦʜʥʳʝ ʧʦ ʩʪʘʨʳʤ ʧʘʨʘʤʝʪʨʘʤ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ:  

 

ɽʩʣʠ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʦʜʠʥ ʠʟ ʧʘʨʘʤʝʪʨʦʚ, ʘ ʜʨʫʛʦʡ ʠʟʤʝʥʷʪʴ ʚ 

ʥʝʢʦʪʦʨʳʭ ʧʨʝʜʝʣʘʭ, ʪʦ ʤʳ ʧʦʣʫʯʠʤ ʢʨʠʚʫʶ ʣʠʥʠʶ, ʢʦʪʦʨʘʷ ʣʝʞʠʪ ʥʘ 

http://stu.sernam.ru/book_msh.php?id=117
http://edu.alnam.ru/book_kram.php?id=154
http://stu.sernam.ru/book_msh.php?id=117
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ʧʦʚʝʨʭʥʦʩʪʠ. ʊʘʢʠʝ ʢʨʠʚʳʝ ʥʘʟʳʚʘʶʪʩʷ ʢʦʦʨʜʠʥʘʪʥʳʤʠ ʣʠʥʠʷʤʠ 

ʧʦʚʝʨʭʥʦʩʪʠ. ɹʫʜʝʤ ʥʘʟʳʚʘʪʴ u-ʣʠʥʠʷʤʠ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʢʨʠʚʳʝ, ʚʜʦʣʴ 

ʢʦʪʦʨʳʭ ʤʝʥʷʝʪʩʷ ʪʦʣʴʢʦ ʧʘʨʘʤʝʪʨ u, ʘ v-ʣʠʥʠʷʤʠ ð ʧʦʚʝʨʭʥʦʩʪʥʳʝ 

ʢʨʠʚʳʝ, ʚʜʦʣʴ ʢʦʪʦʨʳʭ ʤʝʥʷʝʪʩʷ ʪʦʣʴʢʦ ʧʘʨʘʤʝʪʨ v. ʇʨʦʠʟʚʦʜʥʳʝ r 1 ʠ 

r 2  ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʝʢʪʦʨʳ, 

ʢʘʩʘʪʝʣʴʥʳʝ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʢʦʦʨʜʠʥʘʪʥʳʤ ʣʠʥʠʷʤ.  

 

ʈʠʩ. 7.1. ʂʦʦʨʜʠʥʘʪʥʘʷ ʩʝʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ  

ɼʣʷ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʩʝʤʝʡʩʪʚʦ u-ʢʨʠʚʳʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʟʥʘʯʝʥʠʷʭ v, ʠ ʩʝʤʝʡʩʪʚʦ u-ʢʨʠʚʳʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ u. ɼʚʘ 

ʪʘʢʠʭ ʩʝʤʝʡʩʪʚʘ ʢʨʠʚʳʭ ʦʙʨʘʟʫʶʪ ʢʦʦʨʜʠʥʘʪʥʫʶ ʩʝʪʢʫ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

(ʨʠʩ. 7.1). ʅʘ ʢʦʦʨʜʠʥʘʪʥʦʡ ʩʝʪʢʝ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ 

ʢʨʠʚʦʣʠʥʝʡʥʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ.  

ʇʨʦʠʟʚʦʣʴʥʫʶ ʣʠʥʠʶ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ, ʝʩʣʠ ʚʚʝʩʪʠ 

ʟʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʧʦʚʝʨʭʥʦʩʪʠ u ʠ v ʦʪ ʥʝʢʦʪʦʨʦʛʦ ʦʙʱʝʛʦ ʜʣʷ 

ʥʠʭ ʧʘʨʘʤʝʪʨʘ t 

(7.3)  

ʈʘʜʠʫʩ-ʚʝʢʪʦʨ ʣʠʥʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʙʫʜʝʪ ʦʧʠʩʳʚʘʪʴʩʷ ʟʘʚʠʩʠʤʦʩʪʴʶ  

(7.4)  

http://stu.sernam.ru/book_msh.php?id=117
http://edu.alnam.ru/book_kram.php?id=154
http://edu.sernam.ru/book_m_cat.php?id=59
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ʏʝʨʝʟ ʢʘʞʜʫʶ ʪʦʯʢʫ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʤʥʦʞʝʩʪʚʦ 

ʨʘʟʣʠʯʥʳʭ ʢʨʠʚʳʭ (7.4). ʅʘʡʜʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘ (7.4) 

ʚʜʦʣʴ ʥʝʢʦʪʦʨʦʡ ʢʨʠʚʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ:  

(7.5)  

ʛʜʝ du=uǋdt, dv=vǋdt. ɺ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ uǋ ʠ vǋ ʥʝ 

ʦʙʨʘʱʘʶʪʩʷ ʚ ʥʫʣʴ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʪʘʢ ʢʘʢ ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʪʦʯʢʘ 

ʧʝʨʝʩʪʘʝʪ ʙʳʪʴ ʦʙʳʢʥʦʚʝʥʥʦʡ. ɺʝʢʪʦʨ ʧʨʦʠʟʚʦʜʥʦʡ (7.4)  

(7.6) 

ʣʝʞʠʪ ʚ ʧʣʦʩʢʦʩʪʠ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʚʝʢʪʦʨʘʤʠ r 1 ʠ r 2 . ɽʩʣʠ 

ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʪʦʯʢʫ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʨʦʚʝʩʪʠ ʯʝʨʝʟ ʥʝʝ 

ʚʩʝʚʦʟʤʦʞʥʳʝ ʢʨʠʚʳʝ, ʠʟʤʝʥʷʷ ʟʘʚʠʩʠʤʦʩʪʠ (7.3), ʪʦ ʧʨʦʠʟʚʦʜʥʳʝ ʚʩʝʭ 

ʵʪʠʭ ʢʨʠʚʳʭ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʦʯʢʝ ʙʫʜʫʪ ʣʝʞʘʪʴ ʚ ʧʣʦʩʢʦʩʪʠ, 

ʦʧʨʝʜʝʣʷʝʤʦʡ ʚʝʢʪʦʨʘʤʠ r 1 ʠ r 2 . ʕʪʘ ʧʣʦʩʢʦʩʪʴ ʥʘʟʳʚʘʝʪʩʷ ʢʘʩʘʪʝʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʴʶ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ (ʨʠʩ. 7.2).  

 

ʈʠʩ. 7.2. ʂʘʩʘʪʝʣʴʥʘʷ ʧʣʦʩʢʦʩʪʴ ʠ ʧʨʦʠʟʚʦʜʥʳʝ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘ 

ʧʦʚʝʨʭʥʦʩʪʠ  

ɼʠʬʬʝʨʝʥʮʠʘʣ (7.5) ʠʤʝʝʪ ʪʦ ʞʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʯʪʦ ʠ ʧʨʦʠʟʚʦʜʥʘʷ (7.6). 

ʀʟ (7.5) ʚʠʜʥʦ, ʯʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʘ ʠ ʧʨʦʠʟʚʦʜʥʦʡ (7.6) 

ʟʘʚʠʩʷʪ ʦʪ ʦʪʥʦʰʝʥʠʷ du:dt=  uǋ :vǋ. 

http://edu.sernam.ru/book_p_math1.php?id=45
http://sernam.ru/lect_math1.php?id=14
http://stu.sernam.ru/book_msh.php?id=117
http://edu.alnam.ru/book_kram.php?id=154
http://edu.sernam.ru/book_p_math1.php?id=123
http://edu.sernam.ru/book_p_math1.php?id=45
http://stu.sernam.ru/book_msh.php?id=117
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ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʨʠʚʦʡ (7.4) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʚʫʭʤʝʨʥʘʷ ʢʨʠʚʘʷ  

 

ʥʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʧʣʦʩʢʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ.  

ʇʝʨʚʘʷ ʢʚʘʜʨʘʪʠʯʥʘʷ ʬʦʨʤʘ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʄʝʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʳʨʘʞʘʶʪʩʷ ʯʝʨʝʟ ʤʝʪʨʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʢʨʠʚʳʭ ʥʘ ʥʠʭ. ʄʳ ʙʫʜʝʤ ʠʩʩʣʝʜʦʚʘʪʴ ʛʝʦʤʝʪʨʠʶ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʤʘʣʦʡ ʦʢʨʝʩʪʥʦʩʪʠ ʥʝʢʦʪʦʨʦʡ ʝʝ ʪʦʯʢʠ R, ʦʧʨʝʜʝʣʷʝʤʦʡ 

ʧʘʨʘʤʝʪʨʘʤʠ u ʠ v. ʉʤʝʩʪʠʤʩʷ ʠʟ ʪʦʯʢʠ R ʧʦ ʢʘʢʦʡ-ʥʠʙʫʜʴ ʢʨʠʚʦʡ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ (7.3) ʚ ʙʝʩʢʦʥʝʯʥʦ ʙʣʠʟʢʫʶ ʝʡ ʪʦʯʢʫ R 1,ʦʧʨʝʜʝʣʷʝʤʫʶ 

ʧʘʨʘʤʝʪʨʘʤʠ u+du, v+dv ʠ ʚʳʯʠʩʣʠʤ ʜʣʠʥʫ ʜʫʛʠ R R1. ʉ ʪʦʯʥʦʩʪʴʶ ʜʦ 

ʩʣʘʛʘʝʤʳʭ, ʣʠʥʝʡʥʦ ʟʘʚʠʩʷʱʠʭ ʦʪ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʭ ʚʝʣʠʯʠʥ, 

ʜʣʠʥʘ ʜʫʛʠ R R1 ʨʘʚʥʘ ʜʣʠʥʝ ʜʠʬʬʝʨʝʥʮʠʘʣʘ (7.5)  

 

ʂʚʘʜʨʘʪ ʜʣʠʥʳ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʡ ʜʫʛʠ ʨʘʚʝʥ  

(7.7) 

ʉʢʘʣʷʨʥʳʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʚʝʢʪʦʨʦʚ r 1 ʠ r 2 , ʢʘʢ ʠ ʩʘʤʠ ʚʝʢʪʦʨʳ, ʟʘʚʠʩʷʪ 

ʪʦʣʴʢʦ ʦʪ ʚʳʙʦʨʘ ʪʦʯʢʠ R ʠ ʷʚʣʷʶʪʩʷ ʥʝʢʦʪʦʨʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʵʪʦʡ ʪʦʯʢʝ. ɺʚʝʜʝʤ ʦʙʦʟʥʘʯʝʥʠʷ  

(7.8)  

ʊʦʛʜʘ ʢʚʘʜʨʘʪ ʜʣʠʥʳ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʡ ʜʫʛʠ ʢʨʠʚʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʬʦʨʤʫʣʦʡ  

(7.9)  

http://sernam.ru/lect_math2.php?id=17
http://sernam.ru/lect_math2.php?id=84
http://stu.sernam.ru/book_ehm.php?id=65


          ɸ.ɽ. ʂʦʥʦʥʶʢ  ɼʠʩʢʨʝʪʥʦ-ʥʝʧʨʝʨʳʚʥʘʷ ʤʘʪʝʤʘʪʠʢʘ 

 56 

ɺʳʨʘʞʝʥʠʝ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ (7.9) ʷʚʣʷʝʪʩʷ ʢʚʘʜʨʘʪʠʯʥʦʡ ʬʦʨʤʦʡ 

ʜʠʬʬʝʨʝʥʮʠʘʣʦʚ du, dv . ʆʥʦ ʥʘʟʳʚʘʝʪʩʷ ʧʝʨʚʦʡ ʦʩʥʦʚʥʦʡ 

ʢʚʘʜʨʘʪʠʯʥʦʡ ʬʦʨʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʝʨʚʘʷ ʦʩʥʦʚʥʘʷ 

ʢʚʘʜʨʘʪʠʯʥʘʷ ʬʦʨʤʘ ʷʚʣʷʝʪʩʷ ʤʝʪʨʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʩʣʫʞʠʪ ʜʣʷ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʭ ʠʟʤʝʨʝʥʠʡ ʚʜʦʣʴ 

ʧʦʚʝʨʭʥʦʩʪʠ. ɺʳʨʘʞʝʥʠʝ (7.9) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʤʘʪʨʠʯʥʦʤ ʚʠʜʝ  

(7.10)  

ʛʜʝ 
11 12

21 22

g g
G

g g

è ø
=é ù
é ùê ú

 ð ʤʘʪʨʠʮʘ ʧʝʨʚʦʡ ʢʚʘʜʨʘʪʠʯʥʦʡ ʬʦʨʤʳ.  

ʉ ʧʦʤʦʱʴʶ ʧʝʨʚʦʡ ʢʚʘʜʨʘʪʠʯʥʦʡ ʬʦʨʤʳ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʜʣʠʥʫ ʜʫʛʠ 

ʢʨʠʚʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʫʩʪʴ ʟʘʜʘʥ ʫʯʘʩʪʦʢ ʢʨʠʚʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ  

u=u (t), v=v (t), t0 ÒtÒt1. ʀʥʪʝʛʨʠʨʫʷ ʜʠʬʬʝʨʝʥʮʠʘʣ ʜʣʠʥʳ ʜʫʛʠ ds ʚ 

ʧʨʝʜʝʣʘʭ ʦʪ t0 ʜʦ t1,ʦʣʫʯʠʤ ʜʣʠʥʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʫʯʘʩʪʢʘ ʢʨʠʚʦʡ  

(7.11)  

ʇʝʨʚʘʷ ʢʚʘʜʨʘʪʠʯʥʘʷ ʬʦʨʤʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʚʳʯʠʩʣʷʪʴ ʫʛʣʳ 

ʤʝʞʜʫ ʢʨʠʚʳʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʫʩʪʴ ʠʤʝʶʪʩʷ ʜʚʝ ʢʨʠʚʳʝ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʦʭʦʜʷʱʠʝ ʯʝʨʝʟ ʦʙʱʫʶ ʪʦʯʢʫ ʄ. ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ du, 

dv ʜʠʬʬʝʨʝʥʮʠʘʣʳ ʧʘʨʘʤʝʪʨʦʚ ʧʦʚʝʨʭʥʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʤʫ ʩʤʝʱʝʥʠʶ ʚʜʦʣʴ ʧʝʨʚʦʡ ʢʨʠʚʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ 

ʯʝʨʝʟ ŭu, ŭvð ʜʠʬʬʝʨʝʥʮʠʘʣʳ ʧʘʨʘʤʝʪʨʦʚ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʤʫ ʩʤʝʱʝʥʠʶ ʚʜʦʣʴ ʚʪʦʨʦʡ ʢʨʠʚʦʡ. 

ʕʪʠ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʝ ʩʤʝʱʝʥʠʷ ʦʧʨʝʜʝʣʷʪʩʷ ʚʝʢʪʦʨʘʤʠ  

 

ɼʘʥʥʳʝ ʜʠʬʬʝʨʝʥʮʠʘʣʳ ʥʘʧʨʘʚʣʝʥʳ ʧʦ ʢʘʩʘʪʝʣʴʥʳʤ ʢ ʢʨʠʚʳʤ ʠ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʦʵʪʦʤʫ ʫʛʦʣ ʤʝʞʜʫ ʢʨʠʚʳʤʠ ʨʘʚʝʥ ʫʛʣʫ ʤʝʞʜʫ 

ʚʝʢʪʦʨʘʤʠ ʜʠʬʬʝʨʝʥʮʠʘʣʦʚ. ʅʘʡʜʝʤ ʢʦʩʠʥʫʩ ʫʛʣʘ ʤʝʞʜʫ ʢʨʠʚʳʤʠ ʥʘ 

http://edu.alnam.ru/book_math_al_3.php?id=44
http://sernam.ru/lect_math1.php?id=5
http://stu.sernam.ru/book_msh.php?id=194
http://stu.sernam.ru/book_msh.php?id=194
http://edu.sernam.ru/book_p_math1.php?id=45
http://edu.alnam.ru/book_math_al_3.php?id=44
http://scask.ru/book_agm.php?id=22
http://scask.ru/book_agm.php?id=22
http://edu.sernam.ru/book_m_cat.php?id=46
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ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʢ ʩʢʘʣʷʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʢʘʩʘʪʝʣʴʥʳʭ ʢ ʥʠʤ ʚʝʢʪʦʨʦʚ, 

ʜʝʣʝʥʥʦʝ ʥʘ ʧʨʦʠʟʚʝʜʝʥʠʝ ʜʣʠʥ ʵʪʠʭ ʚʝʢʪʦʨʦʚ:  

(7.12) 

ɺʳʨʘʞʝʥʠʝ (7.12) ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʫʛʦʣ ű ʤʝʞʜʫ ʢʦʦʨʜʠʥʘʪʥʦʡ 

 u-ʣʠʥʠʝʡ ʠ v-ʣʠʥʠʝʡ ʚ ʥʝʢʦʪʦʨʦʡ ʪʦʯʢʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʝʩʣʠ ʤʳ 

ʧʦʣʦʞʠʤ ʚ ʥʝʡ duÍ0, dv=0 , ŭu=0, ŭvÍ0: 

(7.13)  

ɿʥʘʢ ʢʦʩʠʥʫʩʘ ʫʛʣʘ ʤʳ ʚʟʷʣʠ ʩʦʚʧʘʜʘʶʱʠʤ ʩʦ ʟʥʘʢʦʤ g12 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʩʭʦʜʷ ʠʟ ʦʙʦʟʥʘʯʝʥʠʷ (7.8), ʫʛʦʣ ű ʤʳ ʠʟʤʝʨʷʝʤ ʤʝʞʜʫ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʢʦʦʨʜʠʥʘʪʥʳʭ u-ʣʠʥʠʠ ʠ v-ʣʠʥʠʠ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʦʯʢʝ. ɽʩʣʠ g12 =0, ʪʦ ʢʦʦʨʜʠʥʘʪʥʳʝ ʣʠʥʠʠ ʚ ʜʘʥʥʦʡ 

ʪʦʯʢʝ ʦʨʪʦʛʦʥʘʣʴʥʳ.  

ʇʝʨʚʘʷ ʢʚʘʜʨʘʪʠʯʥʘʷ ʬʦʨʤʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʧʣʦʱʘʜʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠʣʠ ʝʝ ʯʘʩʪʠ. ʇʫʩʪʴ ʥʘʤ ʪʨʝʙʫʝʪʩʷ ʚʳʯʠʩʣʠʪʴ ʧʣʦʱʘʜʴ 

ʯʘʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʥʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʧʣʦʩʢʦʩʪʠ ʠʤʝʝʪ 

ʦʙʣʘʩʪʴ ɋ. ʈʘʟʦʙʴʝʤ ʦʙʣʘʩʪʴ ɋ ʢʦʥʝʯʥʳʤ ʯʠʩʣʦʤ  

 

ʈʠʩ. 7.3. ɹʝʩʢʦʥʝʯʥʦ ʤʘʣʳʡ ʵʣʝʤʝʥʪ ʧʦʚʝʨʭʥʦʩʪʠ  

ʢʦʦʨʜʠʥʘʪʥʳʭ u-ʣʠʥʠʡ ʠ v-ʣʠʥʠʡ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʯʘʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ 

ʨʘʟʦʙʴʝʪʩʷ ʥʘ ʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʢʨʠʚʦʣʠʥʝʡʥʳʭ 

http://stu.sernam.ru/lect_alg.php?id=174
http://edu.alnam.ru/book_kram.php?id=154
http://edu.alnam.ru/book_math_al_3.php?id=44
http://edu.sernam.ru/book_p_math2.php?id=44
http://edu.sernam.ru/book_p_math2.php?id=44


          ɸ.ɽ. ʂʦʥʦʥʶʢ  ɼʠʩʢʨʝʪʥʦ-ʥʝʧʨʝʨʳʚʥʘʷ ʤʘʪʝʤʘʪʠʢʘ 

 58 

ʯʝʪʳʨʝʭʫʛʦʣʴʥʠʢʦʚ. ʆʜʠʥ ʠʟ ʪʘʢʠʭ ʯʝʪʳʨʝʭʫʛʦʣʴʥʠʢʦʚ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 

7.3.  

ʇʫʩʪʴ ʩʪʦʨʦʥʳ ʵʪʦʛʦ ʯʝʪʳʨʝʭʫʛʦʣʴʥʠʢʘ ʨʘʚʥʳ du, dv. ɺ ʧʝʨʚʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ ʧʣʦʱʘʜʴ ʯʝʪʳʨʝʭʫʛʦʣʴʥʠʢʘ ʨʘʚʥʘ  

 

ʇʨʝʜʩʪʘʚʠʤ ʢʚʘʜʨʘʪ ʜʣʠʥʳ ʚʝʢʪʦʨʘ r 1 Ĭ r 2 ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

(7.14)  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʣʦʱʘʜʴ ʯʝʪʳʨʝʭʫʛʦʣʴʥʠʢʘ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ 

ʦʧʨʝʜʝʣʠʪʩʷ ʬʦʨʤʫʣʦʡ  

(7.15)  

ɹʫʜʝʤ ʪʝʧʝʨʴ ʠʟʤʝʣʴʯʘʪʴ ʨʘʟʙʠʝʥʠʝ, ʫʚʝʣʠʯʠʚʘʷ ʯʠʩʣʦ ʢʦʦʨʜʠʥʘʪʥʳʭ 

ʣʠʥʠʡ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʥʘʠʙʦʣʴʰʠʝ ʠʟ ʟʥʘʯʝʥʠʡ du, dv 

ʩʪʨʝʤʠʣʠʩʴ ʢ ʥʫʣʶ. ɿʘ ʠʩʢʦʤʫʶ ʧʣʦʱʘʜʴ ʧʨʠʤʝʤ ʧʨʝʜʝʣ, ʢ ʢʦʪʦʨʦʤʫ 

ʩʪʨʝʤʠʪʩʷ ʩʫʤʤʘ ʧʣʦʱʘʜʝʡ ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʯʝʪʳʨʝʭʫʛʦʣʴʥʠʢʦʚ ʧʨʠ 

ʙʝʩʢʦʥʝʯʥʦʤ ʠʟʤʝʣʴʯʝʥʠʠ ʢʦʦʨʜʠʥʘʪʥʦʡ ʩʝʪʢʠ. ʀʟ ʪʝʦʨʠʠ 

ʢʨʘʪʥʳʭ ʠʥʪʝʛʨʘʣʦʚ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʝʩʣʠ ʬʫʥʢʮʠʷ g11 g22 -g12 2 

ʥʝʧʨʝʨʳʚʥʘ ʧʦ u ʠ v, ʪʦ ʧʨʝʜʝʣ ʫʢʘʟʘʥʥʦʡ ʩʫʤʤʳ ʩʫʱʝʩʪʚʫʝʪ, ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʩʧʦʩʦʙʘ ʨʘʟʙʠʝʥʠʷ ʠ ʨʘʚʝʥ ʜʚʦʡʥʦʤʫ ʠʥʪʝʛʨʘʣʫ ʦʪ 

ʫʢʘʟʘʥʥʦʡ ʬʫʥʢʮʠʠ ʧʦ ʦʙʣʘʩʪʠ ɋ ʠʟʤʝʥʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ ʠ ʠ v 

(7.16)  

ɿʘʤʝʪʠʤ, ʯʪʦ ʪʘʢ ʢʘʢ ʧʝʨʚʘʷ ʢʚʘʜʨʘʪʠʯʥʘʷ ʬʦʨʤʘ ʚ (7.9) ʦʧʨʝʜʝʣʷʝʪ 

ʢʚʘʜʨʘʪ ʜʣʠʥʳ ʜʫʛʠ, ʢʦʪʦʨʳʡ ʚ ʦʙʳʢʥʦʚʝʥʥʦʡ ʪʦʯʢʝ ʙʦʣʴʰʝ ʥʫʣʷ ʧʨʠ 

ʚʩʝʭ du, dv ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝ ʨʘʚʥʳʭ ʥʫʣʶ, ʪʦ ʦʧʨʝʜʝʣʠʪʝʣʴ ʤʘʪʨʠʮʳ G 

ʧʦʣʦʞʠʪʝʣʝʥ:  

http://sernam.ru/lect_math3.php?id=47
http://edu.alnam.ru/book_math_al_3.php?id=44
http://sernam.ru/book_e_math.php?id=96
http://sernam.ru/lect_math1.php?id=5
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(7.17)  

ʇʝʨʚʘʷ ʢʚʘʜʨʘʪʠʯʥʘʷ ʬʦʨʤʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʚʳʯʠʩʣʝʥʠʡ 

ʜʣʠʥ ʢʨʠʚʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʫʛʣʦʚ ʤʝʞʜʫ ʥʠʤʠ, 

ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ. ʊʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʠʟ ʟʥʘʥʠʷ ʧʝʨʚʦʡ ʢʚʘʜʨʘʪʠʯʥʦʡ ʬʦʨʤʳ, 

ʥʘʟʳʚʘʶʪʩʷ ʚʥʫʪʨʝʥʥʝʡ ʛʝʦʤʝʪʨʠʝʡ ʧʦʚʝʨʭʥʦʩʪʠ.  

ɺʪʦʨʘʷ ʢʚʘʜʨʘʪʠʯʥʘʷ ʬʦʨʤʘ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʅʘʡʜʝʤ ʥʦʨʤʘʣʴ ʢ ʧʦʚʝʨʭʥʦʩʪʠ. ʊʘʢ ʢʘʢ ʚʝʢʪʦʨʳ r 1 ʠ r2  ʣʝʞʘʪ ʚ 

ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʦʩʢʦʩʪʠ, ʪʦ ʠʭ ʚʝʢʪʦʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ ʢʘʩʘʪʝʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʇʦʜʝʣʠʚ ʚʝʢʪʦʨ r 1 Ĭ r 2 ʥʘ 

ʝʛʦ ʜʣʠʥʫ, ʦʧʨʝʜʝʣʷʝʤʫʶ ʚʳʨʘʞʝʥʠʝʤ (7.14), ʧʦʣʫʯʠʤ ʬʦʨʤʫʣʫ ʜʣʷ 

ʝʜʠʥʠʯʥʦʡ ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʦʯʢʝ  

(7.18)  

ʇʨʦʜʦʣʞʠʤ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʚʙʣʠʟʠ ʥʝʢʦʪʦʨʦʡ ʝʝ ʪʦʯʢʠ R 

ʧʫʪʝʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʨʠʚʳʭ ʥʘ ʥʝʡ. ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʫʶ ʢʨʠʚʫʶ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ɺʳʯʠʩʣʠʤ ʧʨʠʨʘʱʝʥʠʝ 

ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘ ʢʨʠʚʦʡ, ʢʦʪʦʨʦʝ ʦʥ ʧʦʣʫʯʠʪ ʧʨʠ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʤ 

ʧʨʠʨʘʱʝʥʠʠ ʝʝ ʧʘʨʘʤʝʪʨʘ dt. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʤ ʨʘʟʣʦʞʝʥʠʝ ʨʘʜʠʫʩ-

ʚʝʢʪʦʨʘ ʚ ʨʷʜ ʊʝʡʣʦʨʘ (5.5). ʇʨʠʨʘʱʝʥʠʝ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘ ʢʨʠʚʦʡ ær  ʩ 

ʪʦʯʥʦʩʪʴʶ ʜʦ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʤʘʣʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ  dt ʨʘʚʥʦ  

(7.19) 

ʅʘʡʜʝʤ ʧʨʦʝʢʮʠʶ ʧʨʠʨʘʱʝʥʠʷ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘ ʢʨʠʚʦʡ ær   ʥʘ ʥʦʨʤʘʣʴ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʤ ʧʨʦʠʟʚʦʜʥʳʝ 

ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘ ʢʨʠʚʦʡ  

http://sernam.ru/lect_math3.php?id=57
http://edu.alnam.ru/book_math_al_3.php?id=44
http://edu.sernam.ru/book_p_math1.php?id=123
http://edu.alnam.ru/book_kram.php?id=154
http://edu.sernam.ru/book_p_math1.php?id=123
http://sernam.ru/lect_math1.php?id=14
http://edu.sernam.ru/book_p_math1.php?id=123
http://stu.sernam.ru/book_msh.php?id=263
http://edu.sernam.ru/book_p_math1.php?id=123
http://edu.sernam.ru/book_p_math1.php?id=123
http://stu.sernam.ru/book_msh.php?id=117
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(7.20)                        

ɺʝʢʪʦʨ rǋ ʦʨʪʦʛʦʥʘʣʝʥ ʚʝʢʪʦʨʫ ʥʦʨʤʘʣʠ, ʧʦʵʪʦʤʫ ʦʩʥʦʚʥʫʶ ʨʦʣʴ ʚ 

ʧʨʦʝʢʮʠʠ ʥʘ ʥʦʨʤʘʣʴ ʧʨʠʨʘʱʝʥʠʷ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘ ær   ʙʫʜʝʪ ʠʛʨʘʪʴ 

ʚʪʦʨʘʷ ʧʨʦʠʟʚʦʜʥʘʷ. ʇʨʦʝʢʮʠʷ ʚʝʢʪʦʨʘ rǋǋ ʥʘ ʥʦʨʤʘʣʴ ʢ ʧʦʚʝʨʭʥʦʩʪʠ m 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠʩʢʨʠʚʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ (ʠʤʝʥʥʦ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʥʝ 

ʢʨʠʚʦʡ). ɽʩʣʠ ʤʳ ʠʤʝʝʤ ʢʨʠʚʫʶ ʥʘ ʧʣʦʩʢʦʩʪʠ, ʪʦ ʢʘʢ ʙʳ ʦʥʘ 

ʠʩʢʨʠʚʣʝʥʘ ʥʠ ʙʳʣʘ, ʧʨʦʝʢʮʠʷ ʚʝʢʪʦʨʘ rǋǋ ʥʘ ʥʦʨʤʘʣʴ ʢ ʧʣʦʩʢʦʩʪʠ 

ʙʫʜʝʪ ʨʘʚʥʘ ʥʫʣʶ. ʋʤʥʦʞʠʚ ʩʢʘʣʷʨʥʦ (7.19) ʥʘ ʥʦʨʤʘʣʴ ʢ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʧʦʣʫʯʠʤ  

 

ʉʢʘʣʷʨʥʳʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʚʝʢʪʦʨʦʚ r 11Ām, r 12 Ām, r 22 Ām ʟʘʚʠʩʷʪ ʪʦʣʴʢʦ 

ʦʪ ʚʳʙʦʨʘ ʪʦʯʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʷʚʣʷʶʪʩʷ ʥʝʢʦʪʦʨʦʡ ʝʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʚ ʵʪʦʡ ʪʦʯʢʝ. ɺʚʝʜʝʤ ʦʙʦʟʥʘʯʝʥʠʷ  

(7.21)  

ʊʦʛʜʘ ʜʣʷ ʛʣʘʚʥʦʡ ʯʘʩʪʠ ʦʪʢʣʦʥʝʥʠʷ ʢʨʠʚʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ 

ʢʘʩʘʪʝʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʦʣʫʯʠʤ ʟʥʘʯʝʥʠʝ  

(7.22)  

ɺ (7.22) ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʙʦʟʥʘʯʝʥʠʷ (7.21). ɺʳʨʘʞʝʥʠʝ ʚ ʩʢʦʙʢʘʭ 

ʧʨʘʚʦʡ ʯʘʩʪʠ (7.22) ʷʚʣʷʝʪʩʷ ʢʚʘʜʨʘʪʠʯʥʦʡ ʬʦʨʤʦʡ ʦʪ ʜʠʬʬʝʨʝʥʮʠʘʣʦʚ 

du, dv. ʆʥʦ ʥʘʟʳʚʘʝʪʩʷ ʚʪʦʨʦʡ ʦʩʥʦʚʥʦʡ ʢʚʘʜʨʘʪʠʯʥʦʡ ʬʦʨʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʊʘʢʞʝ ʢʘʢ ʠ ʧʝʨʚʘʷ ʢʚʘʜʨʘʪʠʯʥʘʷ ʬʦʨʤʘ, ʚʪʦʨʘʷ 

ʢʚʘʜʨʘʪʠʯʥʘʷ ʬʦʨʤʘ ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʩʣʫʞʠʪ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʩʢʨʠʚʣʝʥʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ. ɺʳʨʘʞʝʥʠʝ (7.22) 

ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʤʘʪʨʠʯʥʦʤ ʚʠʜʝ  

(7.23)  

http://sernam.ru/lect_math1.php?id=14
http://sernam.ru/book_e_math.php?id=89
http://edu.alnam.ru/book_dmath.php?id=213
http://sernam.ru/lect_math1.php?id=15
http://edu.sernam.ru/book_p_math1.php?id=123
http://sernam.ru/book_e_math.php?id=89
http://stu.sernam.ru/book_ehm.php?id=65
http://edu.sernam.ru/book_p_math1.php?id=123
http://edu.alnam.ru/book_math_al_3.php?id=44
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ʛʜʝ 
11 12

21 22

b b
B

b b

è ø
=é ù
é ùê ú

 ð ʤʘʪʨʠʮʘ ʚʪʦʨʦʡ ʢʚʘʜʨʘʪʠʯʥʦʡ ʬʦʨʤʳ.  

ʂʦʤʧʦʥʝʥʪʳ ʚʪʦʨʦʡ ʢʚʘʜʨʘʪʠʯʥʦʡ ʬʦʨʤʳ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʥʝʩʢʦʣʴʢʦ 

ʠʥʘʯʝ. ʀʩʧʦʣʴʟʫʝʤ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚʝʢʪʦʨ ʥʦʨʤʘʣʠ m ʚʩʝʛʜʘ ʦʨʪʦʛʦʥʘʣʝʥ 

ʚʝʢʪʦʨʘʤ r 1 ʠ r  . ɼʠʬʬʝʨʝʥʮʠʨʫʷ ʨʘʚʝʥʩʪʚʘ m Ār 1=0,  m Ār 2=0 ʧʦ u ʠ v, 

ʧʦʣʫʯʠʤ  

 

ʛʜʝ m1 , m2ð ʯʘʩʪʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʚʝʢʪʦʨʘ ʥʦʨʤʘʣʠ ʧʦ ʧʘʨʘʤʝʪʨʘʤ u 

ʠ v. ʇʦʜʩʪʘʚʠʤ ʚ ʵʪʠ ʨʘʚʝʥʩʪʚʘ ʦʙʦʟʥʘʯʝʥʠʷ (7.21):  

(7.24)  

ɼʘʣʝʝ ʚʳʯʠʩʣʠʤ ʜʠʬʬʝʨʝʥʮʠʘʣʳ  

 

ʠ ʧʝʨʝʤʥʦʞʠʤ ʠʭ ʩʢʘʣʷʨʥʦ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʜʝʤ ʢ ʨʘʚʝʥʩʪʚʫ  

(7.25)  

ɼʠʬʬʝʨʝʥʮʠʘʣʳ dr , dm ʙʝʨʫʪʩʷ ʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʪʦʯʢʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʨʠ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ du, dv. 

http://sernam.ru/lect_math1.php?id=5
http://edu.alnam.ru/book_math_al_3.php?id=44
http://sernam.ru/lect_math1.php?id=14
http://sernam.ru/book_e_math.php?id=89
http://stu.sernam.ru/book_ehm.php?id=149
http://sernam.ru/book_e_math.php?id=89
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ɼʝʨʠʚʘʮʠʦʥʥʳʝ ʬʦʨʤʫʣʳ ɺʝʡʥʛʘʨʪʝʥʘ. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʵʢʚʠʜʠʩʪʘʥʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘʤ ʥʝʦʙʭʦʜʠʤʦ ʙʫʜʝʪ 

ʫʤʝʪʴ ʦʧʨʝʜʝʣʷʪʴ ʧʨʦʠʟʚʦʜʥʳʝ ʚʝʢʪʦʨʘ ʥʦʨʤʘʣʠ. ɺʝʢʪʦʨ m ʭʘʨʘʢʪʝʨʝʥ 

ʪʝʤ, ʯʪʦ ʦʥ ʚʩʝʛʜʘ ʠʤʝʝʪ ʝʜʠʥʠʯʥʫʶ ʜʣʠʥʫ, ʠ ʧʦʵʪʦʤʫ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʝ 

ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʠ ʠ v ʥʝ ʩʦʜʝʨʞʘʪ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʧʘʨʘʣʣʝʣʴʥʳʭ m, ʪ. ʝ. 

ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʝ ʣʝʞʘʪ ʚ ʢʘʩʘʪʝʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ,  

 

ʀʩʧʦʣʴʟʫʷ ʵʪʦ, ʧʨʝʜʩʪʘʚʠʤ ʧʨʦʠʟʚʦʜʥʳʝ ʥʦʨʤʘʣʠ ʚ ʚʠʜʝ  

(7.26)  

ʛʜʝ b1
1, b2

1, b1
2, b2

2ð ʧʦʢʘ ʥʝʠʟʚʝʩʪʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʟʣʦʞʝʥʠʷ.  

ɿʥʘʢ ʤʠʥʫʩ ʚʳʙʨʘʥ ʠʟ ʩʦʦʙʨʘʞʝʥʠʡ ʫʜʦʙʩʪʚʘ ʚ ʜʘʣʴʥʝʡʰʝʤ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʵʪʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʤʥʦʞʠʤ ʢʘʞʜʦʝ ʠʟ ʨʘʚʝʥʩʪʚ (7.26) 

ʩʢʘʣʷʨʥʦ ʥʘ r 1 ʠ r 2. ʀʩʧʦʣʴʟʫʷ (7.8), ʧʦʣʫʯʠʤ ʜʚʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ  

(7.27) 

ʈʝʰʘʷ ʵʪʠ ʫʨʘʚʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʢʦʤʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʧʦʣʫʯʠʤ  

(7.28) 

http://stu.sernam.ru/book_msh.php?id=117
http://sernam.ru/book_e_math.php?id=89
http://sernam.ru/lect_math1.php?id=14
http://edu.sernam.ru/book_p_math1.php?id=123
http://stu.sernam.ru/book_msh.php?id=117
http://sernam.ru/book_e_math.php?id=89
http://edu.sernam.ru/book_m_cat.php?id=34
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ʛʜʝ 
11 12

11 22 12 21

21 22

g g
g g g g g G

g g
= - = =ð ʦʧʨʝʜʝʣʠʪʝʣʴ ʤʘʪʨʠʮʳ 

G. ʌʦʨʤʫʣʳ (7.26) ʩ ʫʯʝʪʦʤ (7.28) ʥʘʟʳʚʘʶʪʩʷ ʜʝʨʠʚʘʮʠʦʥʥʳʤʠ 

ʬʦʨʤʫʣʘʤʠ ɺʝʡʥʛʘʨʪʝʥʘ. ʆʥʠ ʚʳʨʘʞʘʶʪ ʯʘʩʪʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 

ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʯʝʨʝʟ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ 

ʢʚʘʜʨʘʪʠʯʥʳʭ ʬʦʨʤ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʦʯʢʝ. ɿʘʧʠʰʝʤ ʵʪʠ ʬʦʨʤʫʣʳ ʚ 

ʤʘʪʨʠʯʥʦʤ ʚʠʜʝ  

(7.29) 

ʛʜʝ ɺǋ ð ʤʘʪʨʠʮʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ (7.28).  

ɼʝʨʠʚʘʮʠʦʥʥʳʝ ʬʦʨʤʫʣʳ ɺʝʡʥʛʘʨʪʝʥʘ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʙʦʣʝʝ ʢʨʘʪʢʦ, 

ʝʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʘʪʨʠʮʫ, ʦʙʨʘʪʥʫʶ ʤʘʪʨʠʮʝ G. ɼʣʷ ʢʦʤʧʦʥʝʥʪ 

ʤʘʪʨʠʮʳ, ʦʙʨʘʪʥʦʡ ʤʘʪʨʠʮʝ G, ʚʚʝʜʝʤ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ:  

(7.30) 

ʛʜʝ  

 

ʄʘʪʨʠʮʘ ɺǋ ʩ ʫʯʝʪʦʤ (1.7.30) ʨʘʚʥʘ ɺǋ= ɺĀG-1, ʘ ʜʝʨʠʚʘʮʠʦʥʥʳʝ 

ʬʦʨʤʫʣʳ ɺʝʡʥʛʘʨʪʝʥʘ ʧʨʠʤʫʪ ʚʠʜ  

(7.31) 

http://sernam.ru/book_e_math.php?id=96
http://sernam.ru/lect_math1.php?id=5
http://stu.sernam.ru/book_ehm.php?id=149
http://edu.sernam.ru/book_p_math1.php?id=123
http://edu.alnam.ru/book_math_al_3.php?id=44
http://sernam.ru/lect_math1.php?id=5
http://stu.sernam.ru/book_algebra.php?id=122
http://sernam.ru/lect_math1.php?id=5
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1.8. ʂʨʠʚʠʟʥʘ ʣʠʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʊʝʦʨʝʤʘ ʄʝʥʴʝ. 

ʇʨʦʜʦʣʞʠʤ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʚʝʜʝʥʠʷ ʢʨʠʚʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩ 

ʧʦʤʦʱʴʶ ʚʪʦʨʦʡ ʢʚʘʜʨʘʪʠʯʥʦʡ ʬʦʨʤʳ. ʋʩʪʘʥʦʚʠʤ ʟʘʚʠʩʠʤʦʩʪʴ 

ʢʨʠʚʠʟʥʳ ʢʨʠʚʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ ʦʨʠʝʥʪʘʮʠʠ ʝʝ ʢʘʩʘʪʝʣʴʥʦʛʦ 

ʚʝʢʪʦʨʘ ʥʘ ʩʦʧʨʠʢʘʩʘʶʱʝʡʩʷ ʧʣʦʩʢʦʩʪʠ. ʈʘʩʩʤʦʪʨʠʤ ʨʘʚʝʥʩʪʚʦ  

(8.1)  

ɺʪʦʨʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘ ʢʨʠʚʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʛʣʘʩʥʦ 

(5.22) ʨʘʚʥʘ  

(8.2) 

ʛʜʝ nð ʛʣʘʚʥʘʷ ʥʦʨʤʘʣʴ ʢʨʠʚʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ʂʘʩʘʪʝʣʴʥʳʡ ʚʝʢʪʦʨ t 

ʢʨʠʚʦʡ ʣʝʞʠʪ ʚ ʢʘʩʘʪʝʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʠ ʦʨʪʦʛʦʥʘʣʝʥ ʥʦʨʤʘʣʠ 

ʧʦʚʝʨʭʥʦʩʪʠ m, ʧʦʵʪʦʤʫ ʨʘʚʝʥʩʪʚʦ (8.1) ʧʝʨʝʧʠʰʝʤ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ  

(8.3)  

ʂʚʘʜʨʘʪ ʜʠʬʬʝʨʝʥʮʠʘʣʘ ʜʣʠʥʳ ʜʫʛʠ ʢʨʠʚʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʚʝʥʩʪʚʦʤ 

(7.9). ʆʙʦʟʥʘʯʠʤ ʫʛʦʣ ʤʝʞʜʫ ʥʦʨʤʘʣʴʶ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʥʦʨʤʘʣʴʶ ʢ 

ʢʨʠʚʦʡ ʥʘ ʵʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʯʝʨʝʟ ɤ. ʈʘʟʜʝʣʠʤ ʧʦʩʣʝʜʥʝʝ ʨʘʚʝʥʩʪʚʦ ʥʘ 

ʢʚʘʜʨʘʪ ʜʠʬʬʝʨʝʥʮʠʘʣʘ ʜʣʠʥʳ ʜʫʛʠ ʠ ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ, 

ʩʚʷʟʳʚʘʶʱʝʝ ʢʨʠʚʠʟʥʫ ʢʨʠʚʦʡ, ʫʛʦʣ ʤʝʞʜʫ ʥʦʨʤʘʣʷʤʠ  ɤ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʢʚʘʜʨʘʪʠʯʥʳʭ ʬʦʨʤ ʧʦʚʝʨʭʥʦʩʪʠ:  

(8.4)  

ɼʣʷ ʫʷʩʥʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ ʧʦʩʣʝʜʥʝʛʦ ʩʦʦʪʥʦʰʝʥʠʷ 

ʨʘʩʩʤʦʪʨʠʤ ʨʠʩ. 8.1, ʛʜʝ ʧʦʢʘʟʘʥʳ ʥʝʢʦʪʦʨʘʷ ʢʨʠʚʘʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʝʡ ʥʦʨʤʘʣʴʥʦʝ ʩʝʯʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʦʭʦʜʷʱʝʝ 

http://edu.alnam.ru/book_math_al_3.php?id=44
http://edu.alnam.ru/book_dmath.php?id=213
http://sernam.ru/book_e_math.php?id=89
http://sernam.ru/lect_math1.php?id=14
http://edu.sernam.ru/book_p_math1.php?id=123

