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            ʋ ʜʘʥʦʤʫ ʧʽʜʨʫʯʥʠʢʫ, ʧʦʨʷʜ ʟ ʢʣʘʩʠʯʥʠʤ ʢʫʨʩʦʤ ʚʠʱʦʾ 

ʤʘʪʝʤʘʪʠʢʠ, ʨʦʟʛʣʷʥʫʪʽ ʩʫʯʘʩʥʽ ʤʝʪʦʜʠ ʨʦʟʚ'ʷʟʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʟʘʜʘʯ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ Mathcad.  

            ɸʚʪʦʨʠ, ʩʧʠʨʘʶʯʠʩʴ ʥʘ ʙʘʛʘʪʦʨʽʯʥʠʡ ʜʦʩʚʽʜ, ʧʨʘʛʥʫʣʠ ʟʨʦʙʠʪʠ 

ʚʠʢʣʘʜʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʦʜʥʦʯʘʩʥʦ ʩʪʨʦʛʠʤ ʽ ʜʦʩʪʫʧʥʠʤ. 

 ʂʨʽʤ ʪʝʦʨʝʪʠʯʥʠʭ ʚʽʜʦʤʦʩʪʝʡ, ʥʘʚʝʜʝʥʦ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ 

ʧʨʠʢʣʘʜʽʚ ʟ ʜʦʢʣʘʜʥʠʤ ʧʦʷʩʥʝʥʥʷʤ ʩʧʦʩʦʙʽʚ ʾʭ ʨʦʟʚ'ʷʟʘʥʥʷ. 

ʄʘʡʞʝ ʚʩʽ ʧʨʠʢʣʘʜʠ ʨʦʟʚôʷʟʫʶʪʴʩʷ ʷʢ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ, 

ʪʘʢ ʽ ʫ ʩʝʨʝʜʦʚʠʱʽ Mathcad. ʋ ʢʽʥʮʽ ʢʦʞʥʦʛʦ ʨʦʟʜʽʣʫ ʥʘʚʦʜʷʪʴʩʷ 

ʟʘʚʜʘʥʥʷ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʾ ʨʦʙʦʪʠ, ʘ ʚ ɼʦʜʘʪʢʫ ʤʽʩʪʷʪʴʩʷ ʢʦʨʦʪʢʽ 

ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʫʥʽʚʝʨʩʘʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ Mathcad.    

     ʇʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʩʪʫʜʝʥʪʽʚ ʚʠɦʠʭ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʽʚ. 

ɯʣ. 292 .ʊʘʙʣ. 2 .ɹʽʙʣʦʛʨ.: 16 ʥʘʡʤ. 
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ɺʉʊʋʇ 

     ʉʝʨʡʦʟʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʧʽʜʛʦʪʦʚʢʘ ʧʦ ʧʨʘʚʫ ʟʘʡʤʘʻ ʦʩʦʙʣʠʚʝ ʤʽʩʮʝ ʚ 

ʦʩʚʽʪʽ ʽʥʞʝʥʝʨʘ. ʇʨʠ ʮʴʦʤʫ, ʭʦʯʘ ʤʘʪʝʤʘʪʠʢʘ ʚʘʞʣʠʚʘ ʽ ʢʦʨʠʩʥʘ ʩʘʤʘ ʧʦ 

ʩʦʙʽ, ʚʦʥʘ ʩʣʫʞʠʪʴ ʩʚʦʛʦ ʨʦʜʫ ʬʫʥʜʘʤʝʥʪʦʤ ʜʣʷ ʚʠʚʯʝʥʥʷ ʨʷʜʫ ʜʠʩʮʠʧʣʽʥ, 

ʷʢʽ ʩʫʪʪʻʚʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʘʪʝʤʘʪʠʯʥʽ ʤʝʪʦʜʠ. ʄʦʚʘ ʡʜʝ ʧʨʦ ʪʝʦʨʝʪʠʯʥʫ 

ʤʝʭʘʥʽʢʫ, ʦʧʽʨ ʤʘʪʝʨʽʘʣʽʚ, ʤʘʪʝʤʘʪʠʯʥʫ ʬʽʟʠʢʫ, ʬʽʟʠʢʫ, ʘ ʪʘʢʦʞ ʧʨʦ ʨʷʜ 

ʩʧʝʮʽʘʣʴʥʠʭ ʜʠʩʮʠʧʣʽʥ, ʦʩʚʦʾʪʠ ʷʢʽ, ʥʝ ʚʦʣʦʜʽʶʯʠ ʤʘʪʝʤʘʪʠʯʥʠʤ ʘʧʘʨʘʪʦʤ, 

ʧʨʦʩʪʦ ʥʝ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʠʤ. 

     ʗʢ ʚʽʜʦʤʦ, ʦʩʥʦʚʠ ʢʣʘʩʠʯʥʦʛʦ ʢʫʨʩʫ ʚʠʱʦʾ ʤʘʪʝʤʘʪʠʢʠ ʙʫʣʠ ʟʘʢʣʘʜʝʥʽ 

ʢʽʣʴʢʘ ʩʪʦʣʽʪʴ ʪʦʤʫ. ʁʦʛʦ ʧʦʣʦʞʝʥʥʷ. ʷʢ ʽ ʨʘʥʽʰʝ, ʘʢʪʫʘʣʴʥʽ ʽ ʤʘʶʪʴ 

ʥʝʤʠʥʫʱʫ ʮʽʥʥʽʩʪʴ. ʆʜʥʘʢ ʥʘʫʢʘ ʥʝ ʩʪʦʾʪʴ ʥʘ ʤʽʩʮʽ: ʚʽʜʢʨʠʪʪʷ ʢʦʤʧ'ʶʪʝʨʘ 

ʩʪʘʣʦ ʧʦʪʫʞʥʠʤ ʧʦʰʪʦʚʭʦʤ ʜʦ ʨʦʟʚʠʪʢʫ ʥʦʚʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʜʣʷ ʾʾ 

ʧʨʦʛʨʝʩʫ. ʋ ʨʦʟʧʦʨʷʜʞʝʥʥʽ ʚʯʝʥʠʭ ʽ ʜʦʩʣʽʜʥʠʢʽʚ ʟ'ʷʚʠʣʠʩʷ ʝʬʝʢʪʠʚʥʽ 

ʟʘʩʦʙʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʚ'ʷʟʫʚʘʪʠ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʟʘʜʘʯ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʘʢʝʪʽʚ ʩʧʝʮʽʘʣʴʥʠʭ ʧʨʦʛʨʘʤ. ʎʷ ʦʙʩʪʘʚʠʥʘ ʧʦʩʣʫʞʠʣʘ 

ʽʜʝʻʶ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʽʜʨʫʯʥʠʢʘ, ʚ ʷʢʦʤʫ, ʧʦʨʷʜ ʟ ʢʣʘʩʠʯʥʠʤ ʧʽʜʭʦʜʦʤ, 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʙ ʩʫʯʘʩʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʮʽʻʾ 

ʤʝʪʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫʥʽʚʝʨʩʘʣʴʥʝ ʤʘʪʝʤʘʪʠʯʥʝ ʩʝʨʝʜʦʚʠʱʝ Mathcad.  

     ʇʨʦʩʪʦʪʘ ʽʥʪʝʨʬʝʡʩʫ ʩʝʨʝʜʦʚʠʱʘ Mathcad ʽ ʰʠʨʦʢʠʡ ʥʘʙʽʨ ʛʨʘʬʽʯʥʠʭ, 

ʘʥʘʣʽʪʠʯʥʠʭ ʽ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʚ'ʷʟʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʟʘʜʘʯ 

ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʝʡ ʧʘʢʝʪ ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ. ʇʘʢʝʪ 

Mathcad ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʜʣʷ ʤʦʜʝʨʥʽʟʘʮʽʾ ʧʨʦʛʨʘʤ ʽ ʣʝʢʮʽʡ ʟ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʜʠʩʮʠʧʣʽʥ, ʪʘʢ ʽ ʜʣʷ ʨʦʟʚ'ʷʟʘʥʥʷ ʨʽʟʥʠʭ ʟʘʜʘʯ ʧʨʠ 

ʩʘʤʦʩʪʽʡʥʽʡ ʨʦʙʦʪʽ ʩʪʫʜʝʥʪʽʚ. ʉʝʨʝʜʦʚʠʱʝ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ ʷʢ 

ʯʠʩʝʣʴʥʽ, ʪʘʢ  ʽ ʘʥʘʣʽʪʠʯʥʽ (ʩʠʤʚʦʣʴʥʽ) ʦʙʯʠʩʣʝʥʥʷ, ʤʘʻ ʟʨʫʯʥʠʡ 

ʤʘʪʝʤʘʪʠʢʦ - ʦʨʽʻʥʪʦʚʘʥʠʡ ʽʥʪʝʨʬʝʡʩ, ʧʽʜ ʷʢʠʤ ʤʘʻʪʴʩʷ ʥʘ ʫʚʘʟʽ ʩʫʢʫʧʥʽʩʪʴ 

ʟʘʩʦʙʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʢʝʨʫʚʘʥʥʷ ʩʠʩʪʝʤʦʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʣʘʚʽʘʪʫʨʠ ʽ 

ʤʠʰʽ. ʅʝʦʙʭʽʜʥʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʫ ʩʝʨʝʜʦʚʠʱʽ Mathcad  ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʪʘʢʠʡ ʽʥʪʝʨʬʝʡʩ, ʱʦ ʢʦʨʠʩʪʫʚʘʯ, ʷʢʠʡ ʤʘʻ ʝʣʝʤʝʥʪʘʨʥʽ ʥʘʚʠʯʢʠ ʨʦʙʦʪʠ ʟ 

Word ʽ Excel, ʤʦʞʝ ʚʽʜʨʘʟʫ ʞ ʧʦʯʘʪʠ ʨʦʙʦʪʫ ʫ Mathcad. 

     ʂʦʨʦʪʢʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʟʘʩʦʙʠ ʽ ʧʨʠʡʦʤʠ ʨʦʙʦʪʠ ʟ ʩʝʨʝʜʦʚʠʱʝʤ ʧʨʠ 

ʨʦʟʚôʷʟʫʚʘʥʥʽ  ʤʘʪʝʤʘʪʠʯʥʠʭ ʟʘʜʘʯ ʥʘʚʝʜʝʥʽ ʫ ʜʦʜʘʪʢʫ. 

     ɹʽʣʴʰʽʩʪʴ ʟ ʨʦʟʛʣʷʥʫʪʠʭ ʫ ʧʽʜʨʫʯʥʠʢʫ ʧʨʠʢʣʘʜʽʚ ʨʦʟʚôʷʟʫʻʪʴʩʷ ʷʢ 

ʪʨʘʜʠʮʽʡʥʠʤʠ ʩʧʦʩʦʙʘʤʠ, ʪʘʢ ʽ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʝʨʝʜʦʚʠʱʘ Mathcad. 

ʅʝʦʙʭʽʜʥʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʤʦʞʣʠʚʦʩʪʽ Mathcad ʥʝ ʩʣʽʜ ʚʚʘʞʘʪʠ 

ʙʝʟʤʝʞʥʠʤʠ. ɺʽʥ ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʣʽʥʽʡʥʽʡ ʪʘ ʚʝʢʪʦʨʥʽʡ 

ʘʣʛʝʙʨʽ, ʧʨʠ ʟʥʘʭʦʜʞʝʥʥʽ ʛʨʘʥʠʮʴ ʬʫʥʢʮʽʡ, ʧʦʭʽʜʥʠʭ ʪʘ ʽʥʪʝʛʨʘʣʽʚ, ʧʨʠ 
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ʩʫʤʫʚʘʥʥʽ ʨʷʜʽʚ, ʜʦʩʣʽʜʞʝʥʥʽ ʾʭ ʟʙʽʞʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʧʨʠ ʨʦʟʢʣʘʜʘʥʥʽ 

ʬʫʥʢʮʽʡ ʫ ʨʷʜʠ ʊʝʡʣʦʨʘ  ʘʙʦ  ʄʘʢʣʦʨʝʥʘ. ʆʜʥʘʢ ʢʦʣʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ 

ʨʽʚʥʷʥʴ, ʱʦ ʨʦʟʚ'ʷʟʫʶʪʴʩʷ ʫ ʩʝʨʝʜʦʚʠʱʽ Mathcad, ʜʦʩʠʪʴ ʚʫʟʴʢʝ ʽ ʚʠʤʘʛʘʻ 

ʜʦʜʘʪʢʦʚʠʭ ʧʦʧʝʨʝʜʥʽʭ ʜʽʡ. ʅʝ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʜʦʮʽʣʴʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷ 

Mathcad ʫ ʘʥʘʣʽʪʠʯʥʽʡ ʛʝʦʤʝʪʨʽʾ.  

     ɹʘʞʘʥʦ ʟʚʝʨʪʘʪʠʩʷ ʜʦ Mathcad ʫ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʧʦʪʨʽʙʥʦ ʟʘʦʱʘʜʠʪʠ 

ʯʘʩ ʽ ʫʥʠʢʥʫʪʠ ʤʦʞʣʠʚʠʭ ʧʦʤʠʣʦʢ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʛʨʦʤʽʟʜʢʠʭ ʨʫʯʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ. ʊʘʢʦʞ ʚʽʥ ʙʫʜʝ ʢʦʨʠʩʥʠʡ ʚʩʽʤ, ʭʪʦ ʥʝ ʚʠʚʯʘʚ ʤʘʪʝʤʘʪʠʢʫ 

ʧʦʛʣʠʙʣʝʥʦ, ʘʣʝ ʩʪʠʢʘʻʪʴʩʷ ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʽ 

ʤʝʪʦʜʠ, ʚʠʢʦʥʫʶʯʠ ʧʝʚʥʽ ʜʦʩʣʽʜʞʝʥʥʷ. 

     ɼʘʥʠʡ ʧʽʜʨʫʯʥʠʢ ʨʦʟʨʘʭʦʚʘʥʠʡ ʥʘ ʩʪʫʜʝʥʪʽʚ ʪʝʭʥʽʯʥʠʭ ʚʫʟʽʚ. ɸʚʪʦʨʠ, 

ʩʧʠʨʘʶʯʠʩʴ ʥʘ ʙʘʛʘʪʦʨʽʯʥʠʡ ʜʦʩʚʽʜ ʚʠʢʣʘʜʘʥʥʷ ʢʫʨʩʫ ʚʠʱʦʾ ʤʘʪʝʤʘʪʠʢʠ, 

ʧʨʘʛʥʫʣʠ ʟʨʦʙʠʪʠ ʚʠʢʣʘʜʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʦʜʥʦʯʘʩʥʦ ʩʪʨʦʛʠʤ ʽ ʜʦʩʪʫʧʥʠʤ. 

ʂʨʽʤ ʪʝʦʨʝʪʠʯʥʠʭ ʚʽʜʦʤʦʩʪʝʡ, ʥʘʚʝʜʝʥʦ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʧʨʠʢʣʘʜʽʚ ʟ 

ʜʦʢʣʘʜʥʠʤ ʧʦʷʩʥʝʥʥʷʤ ʩʧʦʩʦʙʽʚ ʾʭ ʨʦʟʚ'ʷʟʘʥʥʷ. ʈʦʟʪʘʰʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ 

ʧʽʜʨʫʯʥʠʢʘ ʚʽʜʧʦʚʽʜʘʻ ʥʘʚʯʘʣʴʥʽʡ ʧʨʦʛʨʘʤʽ ʜʠʩʮʠʧʣʽʥʠ çɺʠʱʘ 

ʤʘʪʝʤʘʪʠʢʘè.  
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1. ʃɯʅɯʁʅɸ ɸʃɻɽɹʈɸ 
 

        ɼʦ ʩʠʩʪʝʤ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ ʟʚʦʜʷʪʴʩʷ ʯʠʩʣʝʥʥʽ 

ʤʘʪʝʤʘʪʠʯʥʽ ʽ ʧʨʠʢʣʘʜʥʽ ʟʘʜʘʯʽ. ʅʠʞʯʝ ʙʫʜʫʪʴ ʨʦʟʛʣʷʥʫʪʽ ʨʽʟʥʽ ʤʝʪʦʜʠ 

ʨʦʟʚ'ʷʟʘʥʥʷ ʮʠʭ ʩʠʩʪʝʤ ʽ ʚʘʞʣʠʚʽ ʩʫʧʫʪʥʽ ʚʽʜʦʤʦʩʪʽ, ʱʦ ʩʧʨʠʷʶʪʴ 

ʜʦʩʷʛʥʝʥʥʶ ʮʽʻʾ ʤʝʪʠ. 

1.1. ʄʘʪʨʠʮʽ  

ʊʝʦʨʽʶ ʤʘʪʨʠʮʴ ʩʧʨʘʚʝʜʣʠʚʦ ʚʚʘʞʘʶʪʴ ʘʨʠʬʤʝʪʠʢʦʶ ʚʠʱʦʾ 

ʤʘʪʝʤʘʪʠʢʠ. ɺʦʥʘ ʤʘʻ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ  ʧʨʠ ʚʠʚʯʝʥʥʽ ʙʘʛʘʪʴʦʭ 

ʨʦʟʜʽʣʽʚ ʤʘʪʝʤʘʪʠʢʠ, ʧʨʠʢʣʘʜʥʠʭ ʪʘ ʽʥʞʝʥʝʨʥʠʭ ʥʘʫʢ. ɺʚʝʜʝʤʦ ʧʦʥʷʪʪʷ 

ʤʘʪʨʠʮʽ. 

1.1.1.ʆʩʥʦʚʥʽ ʧʦʥʷʪʪʷ ʪʘ ʚʠʟʥʘʯʝʥʥʷ 

 

               ɺʠʟʥʘʯʝʥʥʷ 1. ʊʘʙʣʠʮʶ ʯʠʩʝʣ (ʚʟʘʛʘʣʽ ʢʘʞʫʯʠ ʢʦʤʧʣʝʢʩʥʠʭ),          

ʟʘʧʠʩʘʥʫ ʫ ʬʦʨʤʽ 
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ʙʫʜʝʤʦ ʥʘʟʠʚʘʪʠ ʤʘʪʨʠʮʝʶ ʨʦʟʤʽʨʫ .nm³  

ʎʝ ʪʽʣʴʢʠ ʦʜʠʥ ʽʟ ʤʦʞʣʠʚʠʭ ʚʠʜʽʚ ʤʘʪʨʠʮʴ. ɯʩʥʫʶʪʴ ʢʚʘʜʨʘʪʥʽ, 

ʦʜʠʥʠʯʥʽ, ʥʫʣʴʦʚʽ ʤʘʪʨʠʮʽ ʽ ʪ.ʧ. ʏʠʩʣʘ jia  ʥʘʟʠʚʘʶʪʴʩʷ ʝʣʝʤʝʥʪʘʤʠ 

ʤʘʪʨʠʮʽ, ʜʝ i ï ʮʝ ʥʦʤʝʨ ʨʷʜʢʘ, ʘ j  - ʥʦʤʝʨ ʩʪʦʚʧʮʷ, ʥʘ ʧʝʨʝʪʠʥʽ ʷʢʠʭ 

ʟʥʘʭʦʜʠʪʴʩʷ ʜʘʥʠʡ ʝʣʝʤʝʥʪ. ɿʘʫʚʘʞʠʤʦ, ʱʦ ʪʘʢʦʞ ʧʨʠʡʥʷʪʽ ʩʢʦʨʦʯʝʥʽ 

ʧʦʟʥʘʯʝʥʥʷ ʤʘʪʨʠʮʴ, ʥʘʧʨʠʢʣʘʜ,    []ijaA= , []ijbB= . 

ʗʢʱʦ ʤʘʪʨʠʮʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʜʥʦʛʦ ʨʷʜʢʘ, ʪʦʙʪʦ ʤʘʻ ʨʦʟʤʽʨ (1Ĭn), ʪʦ 

ʚʦʥʘ ʥʘʟʠʚʘʻʪʴʩʷ ʤʘʪʨʠʮʝʶ-ʨʷʜʢʦʤ. ʄʘʪʨʠʮʷ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʜʥʦʛʦ 

ʩʪʦʚʧʮʷ, ʪʦʙʪʦ ʤʘʻ ʨʦʟʤʽʨ (mĬ1), ʥʘʟʠʚʘʻʪʴʩʷ ʤʘʪʨʠʮʝʶ-ʩʪʦʚʧʮʝʤ. 

ʈʦʟʛʣʷʥʝʤʦ ʢʚʘʜʨʘʪʥʫ ʤʘʪʨʠʮʶ ʧʦʨʷʜʢʫ n 
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ɰʾ ʝʣʝʤʝʥʪʠ 11a , 22a ,. 33a , é,nna , ʱʦ ʤʘʶʪʴ ʦʜʥʘʢʦʚʽ ʥʦʤʝʨʠ 

ʨʷʜʢʽʚ ʽ ʩʪʦʚʧʮʽʚ, ʫʪʚʦʨʶʶʪʴ, ʪʘʢ ʟʚʘʥʫ, ʛʦʣʦʚʥʫ ʜʽʘʛʦʥʘʣʴ. ɽʣʝʤʝʥʪʠ na1 , 

)1(2 -na , )2(3 -na , é, 1na  ʫʪʚʦʨʶʶʪʴ ʧʦʙʽʯʥʫ (ʘʙʦ ʥʝʛʦʣʦʚʥʫ) ʜʽʘʛʦʥʘʣʴ 

ʤʘʪʨʠʮʽ. 

ʂʚʘʜʨʘʪʥʫ ʤʘʪʨʠʮʶ, ʫʩʽ ʝʣʝʤʝʥʪʠ ʷʢʦʾ, ʟʘ ʚʠʥʷʪʢʦʤ ʪʠʭ, ʱʦ 

ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ  ʛʦʣʦʚʥʽʡ ʜʽʘʛʦʥʘʣʽ, ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ, ʥʘʟʠʚʘʶʪʴ 

ʜʽʘʛʦʥʘʣʴʥʦʶ ʤʘʪʨʠʮʝʶ.  

ʗʢʱʦ ʚʩʽ ʥʝʥʫʣʴʦʚʽ ʝʣʝʤʝʥʪʠ ʜʽʘʛʦʥʘʣʴʥʦʾ ʤʘʪʨʠʮʽ ʜʦʨʽʚʥʶʶʪʴ 

ʦʜʠʥʠʮʽ, ʪʦ ʤʘʻʤʦ ʦʜʠʥʠʯʥʫ ʤʘʪʨʠʮʶ, ʷʢʫ ʟʘʟʚʠʯʘʡ ʧʦʟʥʘʯʘʶʪʴ ʯʝʨʝʟ E, 

ʪʦʙʪʦ                           
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ʄʘʪʨʠʮʷ, ʫʩʽ ʝʣʝʤʝʥʪʠ ʷʢʦʾ ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ, ʥʘʟʠʚʘʻʪʴʩʷ ʥʫʣʴʦʚʦʶ  

(ʥʫʣʴʦʚʽ ʤʘʪʨʠʮʽ ʤʦʞʫʪʴ ʤʘʪʠ ʨʽʟʥʽ ʨʦʟʤʽʨʥʦʩʪʽ). 

ʂʚʘʜʨʘʪʥʘ ʤʘʪʨʠʮʷ ʥʘʟʠʚʘʻʪʴʩʷ ʩʠʤʝʪʨʠʯʥʦʶ, ʷʢʱʦ ʜʣʷ ʫʩʽʭ i  ʪʘ j  

ʤʘʶʪʴ ʤʽʩʮʝ ʨʽʚʥʦʩʪʽ jiij aa = . 

1.1.2. ʈʽʚʥʽʩʪʴ ʤʘʪʨʠʮʴ 

                      ɺʠʟʥʘʯʝʥʥʷ 2.  ɼʚʽ ʤʘʪʨʠʮʽ A = [aij ]ʪʘ B = [bij ]  ʚʚʘʞʘʶʪʴʩʷ 

ʨʽʚʥʠʤʠ (A = B) ʪʦʜʽ ʽ ʪʽʣʴʢʠ ʪʦʜʽ, ʷʢʱʦ ʚʦʥʠ ʤʘʶʪʴ 

ʦʜʥʘʢʦʚʽ ʨʦʟʤʽʨʠ ʽ ʜʣʷ ʚʩʽʭ ʾʭ ʚʽʜʧʦʚʽʜʥʠʭ ʝʣʝʤʝʥʪʽʚ 
ʚʠʢʦʥʫʻʪʴʩʷ ʨʽʚʥʽʩʪʴ  aij  = bij . 

1.1.3. ʉʫʤʘ ʤʘʪʨʠʮʴ 

 ɺʠʟʥʘʯʝʥʥʷ 3.  ʉʫʤʦʶ ʜʚʦʭ ʤʘʪʨʠʮʴ ][ ijaA=  ʪʘ ][ ijbB=  

ʦʜʥʘʢʦʚʠʭ ʨʦʟʤʽʨʽʚ ʥʘʟʠʚʘʻʪʴʩʷ ʤʘʪʨʠʮʷ ][ ijcC=  ʪʘʢʦʛʦ ʞ 

ʨʦʟʤʽʨʫ, ʝʣʝʤʝʥʪʠ ʷʢʦʾ ʜʦʨʽʚʥʶʶʪʴ ʩʫʤʘʤ ʚʽʜʧʦʚʽʜʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʤʘʪʨʠʮʴ-ʜʦʜʘʥʢʽʚ, ʪʦʙʪʦ BAC += , ʢʦʣʠ ijijij bac +=                         

( mi ,1= , nj ,1= ). 

ʆʧʝʨʘʮʽʷ ʟʥʘʭʦʜʞʝʥʥʷ ʩʫʤʠ ʤʘʪʨʠʮʴ ʥʘʟʠʚʘʻʪʴʩʷ ʜʦʜʘʚʘʥʥʷʤ ʤʘʪʨʠʮʴ 
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øa1 + d1 a2 + d2 a3 + d3

b1 + f1 b2 + f2 b3 + f3
. 

ɼʣʷ ʩʫʤʠ ʤʘʪʨʠʮʴ ʤʘʶʪʴ ʤʽʩʮʝ ʥʘʩʪʫʧʥʽ  ʚʣʘʩʪʠʚʦʩʪʽ: 

1. A + B = B + A  (ʢʦʤʫʪʘʪʠʚʥʽʩʪʴ); 

2. (A + B) + C = A + (B + C)  (ʘʩʦʮʽʘʪʠʚʥʽʩʪʴ). 

ʂʨʽʤ ʪʦʛʦ, A + O = A, ʜʝ O ï ʥʫʣʴʦʚʘ ʤʘʪʨʠʮʷ ʪʦʛʦ ʞ ʨʦʟʤʽʨʫ, ʱʦ ʡ 

ʤʘʪʨʠʮʷ A. 

ʇʨʠʢʣʘʜ 1. ʋ ʩʝʨʝʜʦʚʠʱʽ Mathcad ʚʠʢʦʥʘʪʠ ʦʧʝʨʘʮʽʶ ʜʦʜʘʚʘʥʥʷ 

ʤʘʪʨʠʮʴ A ʪʘ B, ʷʢʱʦ  
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ʈʦʟʚôʷʟʘʥʥʷ. 

1. ɺʭʦʜʷʪʴ ʚ ʩʝʨʝʜʦʚʠʱʝ Mathcad. 

2. ʂʣʘʮʘʥʥʷʤ ʣʽʚʦʾ ʢʥʦʧʢʠ ʤʠʰʽ ʧʦ ʧʫʥʢʪʫ ʛʦʣʦʚʥʦʛʦ ʤʝʥʶ ɺʠʜ 

(View) ʚʽʜʢʨʠʚʘʶʪʴ ʩʧʘʜʘʶʯʝ ʤʝʥʶ ʟʽ ʩʧʠʩʢʦʤ ʜʦʩʪʫʧʥʠʭ (ʯʽʪʢʠʡ ʰʨʠʬʪ) ʽ 

ʥʝʜʦʩʪʫʧʥʠʭ ʢʦʤʘʥʜ. ɼʘʣʽ ʚʽʜʢʨʠʚʘʶʪʴ ʧʘʥʝʣʴ ʦʧʝʨʘʮʽʡ ʟ ʤʘʪʨʠʮʷʤʠ ʪʘ 

ʚʝʢʪʦʨʘʤʠ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʢʣʘʮʥʫʪʠ ʢʫʨʩʦʨʦʤ ʤʠʰʽ ʧʦ ʢʥʦʧʮʽ  ʚ 

ʧʘʥʝʣʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ. ʇʨʠ ʮʴʦʤʫ ʥʘ ʝʢʨʘʥʽ ʟôʷʚʣʷʻʪʴʩʷ ʧʘʥʝʣʴ 

ʦʧʝʨʘʮʽʡ ʟ ʤʘʪʨʠʮʷʤʠ ʪʘ ʚʝʢʪʦʨʘʤʠ: 

 
 

ʈʠʩ. 1.1  
 

3. ʋ ʨʦʙʦʯʫ ʦʙʣʘʩʪʴ ʩʝʨʝʜʦʚʠʱʘ ʚʚʦʜʷʪʴ A: (ʥʘ ʝʢʨʘʥʽ ʟôʷʚʣʷʻʪʴʩʷ 

A :=). 

4. ʂʣʘʮʘʥʥʷʤ ʢʫʨʩʦʨʫ ʤʠʰʽ ʧʦ ʢʥʦʧʮʽ  ʧʘʥʝʣʝʡ ʦʧʝʨʘʮʽʡ ʟ ʤʘʪʨʠʮʷʤʠ 

ʪʘ ʚʝʢʪʦʨʘʤʠ ʚʽʜʢʨʠʚʘʶʪʴ ʚʽʢʥʦ ʜʽʘʣʦʛʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʤʽʨʽʚ ʤʘʪʨʠʮʽ  

(ʨʠʩ. 1.2): 
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ʈʠʩ. 1.2 
 

ʋ ʮʴʦʤʫ ʚʽʢʥʽ ʚʚʦʜʷʪʴ ʥʝʦʙʭʽʜʥʽ ʨʦʟʤʽʨʠ ʤʘʪʨʠʮʽ A ʪʘ ʥʘʪʠʩʢʘʶʪʴ 

ʢʥʦʧʢʫ ʆʂ. 

5. ʋ ʨʦʙʦʯʽʡ ʦʙʣʘʩʪʽ ʩʝʨʝʜʦʚʠʱʘ ʩʧʨʘʚʘ ʚʽʜ ʟʥʘʢʘ ʧʨʠʩʚʦʶʚʘʥʥʷ 

ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʧʦʣʝ ʚʚʦʜʫ ʤʘʪʨʠʮʽ ʟ ʧʦʟʥʘʯʝʥʠʤʠ ʧʦʟʠʮʽʷʤʠ ʜʣʷ ʚʚʝʜʝʥʥʷ 

ʝʣʝʤʝʥʪʽʚ (ʨʠʩ. 1.3). 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʚʚʝʩʪʠ ʟʥʘʯʝʥʥʷ ʜʝʷʢʦʛʦ ʝʣʝʤʝʥʪʘ, ʫʩʪʘʥʦʚʣʶʶʪʴ 

ʢʫʨʩʦʨ ʚ ʧʦʟʥʘʯʝʥʽʡ ʧʦʟʠʮʽʾ ʽ ʟ ʢʣʘʚʽʘʪʫʨʠ ʚʚʦʜʷʪʴ ʥʝʦʙʭʽʜʥʽ ʟʥʘʯʝʥʥʷ, 

ʧʽʩʣʷ ʯʦʛʦ ʢʫʨʩʦʨ ʧʝʨʝʚʦʜʷʪʴ ʜʦ ʽʥʰʦʛʦ ʝʣʝʤʝʥʪʘ.   

ɿʘʫʚʘʞʠʤʦ, ʷʢʱʦ ʯʠʩʣʦ ʧʦʜʘʥʦ ʟ ʜʝʩʷʪʢʦʚʠʤ ʧʦʨʷʜʢʦʤ, ʪʦ ʮʽʣʫ 

ʯʘʩʪʠʥʫ ʚʽʜ ʜʝʩʷʪʢʦʚʦʾ ʚʽʜʦʢʨʝʤʣʶʶʪʴ ʢʨʘʧʢʦʶ. 

 

 
ʈʠʩ. 1.3  

 

6. ɸʥʘʣʦʛʽʯʥʦ ʚʚʦʜʷʪʴ ʤʘʪʨʠʮʶ B. 

7. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʩʫʤʠ ʜʚʦʭ ʤʘʪʨʠʮʴ ʚ ʨʦʙʦʯʽʡ ʦʙʣʘʩʪʽ ʩʝʨʝʜʦʚʠʱʘ 

ʚʚʦʜʷʪʴ A + B =    ʉʠʤʚʦʣ ç=è ʙʝʨʫʪʴ ʟ ʧʘʥʝʣʽ ʢʘʣʴʢʫʣʷʪʦʨʘ. ʇʨʠ ʮʴʦʤʫ ʥʘ 

ʝʢʨʘʥʽ ʟôʷʚʣʷʻʪʴʩʷ ʨʝʟʫʣʴʪʘʪ ʦʙʯʠʩʣʝʥʴ (ʨʠʩ. 1.4): 
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ʈʠʩ. 1.4 

1.1.4. ʄʥʦʞʝʥʥʷ ʤʘʪʨʠʮʽ ʥʘ ʯʠʩʣʦ 

 ɺʠʟʥʘʯʝʥʥʷ 4.  ɼʦʙʫʪʢʦʤ ʤʘʪʨʠʮʽ A = [aij ]  ʥʘ ʯʠʩʣʦ l 

ʥʘʟʠʚʘʻʪʴʩʷ ʤʘʪʨʠʮʷ C = [cij ]  ʪʘʢʦʛʦ ʞ ʨʦʟʤʽʨʫ, ʱʦ ʡ 

ʤʘʪʨʠʮʷ A, ʝʣʝʤʝʥʪʠ ʷʢʦʾ ʦʪʨʠʤʫʶʪʴʩʷ ʟ ʚʽʜʧʦʚʽʜʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʤʘʪʨʠʮʽ A ʤʥʦʞʝʥʥʷʤ ʾʭ ʥʘ ʯʠʩʣʦ l. 

[]ijcAʉ =Ö=l ,     ʜʝ ijij ac Ö=l  (i = 1, m , j = 1, n ). 

ʅʘʧʨʠʢʣʘʜ, 

.

333

222

111

333

222

111

ù
ù
ù

ú

ø

é
é
é

ê

è

=

ù
ù
ù

ú

ø

é
é
é

ê

è

Ö

cba

cba

cba

cba

cba

cba

lll

lll

lll

l
 

ʆʯʝʚʠʜʥʦ, ʦʧʝʨʘʮʽʷ ʤʥʦʞʝʥʥʷ ʤʘʪʨʠʮʽ ʥʘ ʯʠʩʣʦ ʤʘʻ ʪʘʢʽ ʚʣʘʩʪʠʚʦʩʪʽ: 

1. .)( BABA lll +=+   2. AAA mlml +=+ )( .  3. ).()( AA mllm =  

4. 1 Ö A = A.    5. 0 Ö A = 0. 
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ʇʨʠʢʣʘʜ 2. ʋ ʩʝʨʝʜʦʚʠʱʽ Mathcad ʚʠʢʦʥʘʪʠ ʦʧʝʨʘʮʽʶ ʤʥʦʞʝʥʥʷ 

ʤʘʪʨʠʮʽ A ʥʘ ʯʠʩʣʦ  
5

3
-=l , ʷʢʱʦ 

A = 
ê
é
è

ú
ù
ø1 1.2 1.4 1.7

2 1.3 1.8 3

1.1 4.5 3.8 4
. 

ʈʦʟʚôʷʟʘʥʥʷ. 

1. ʋ ʨʦʙʦʯʫ ʦʙʣʘʩʪʴ ʩʝʨʝʜʦʚʠʱʘ ʚʚʦʜʷʪʴ ʤʘʪʨʠʮʶ A. 

2. ɼʣʷ ʚʚʝʜʝʥʥʷ l ʟʜʽʡʩʥʶʶʪʴ ʪʘʢʽ ʦʧʝʨʘʮʽʾ: 

ʘ) ɺʽʜʢʨʠʚʘʶʪʴ ʩʠʤʚʦʣʠ ʛʨʝʮʴʢʦʛʦ ʘʣʬʘʚʽʪʫ ʰʣʷʭʦʤ ʥʘʪʠʩʢʘʥʥʷ 

ʢʫʨʩʦʨʫ ʤʠʰʽ ʥʘ ʚʽʜʧʦʚʽʜʥʫ ʢʥʦʧʢʫ  ʟʘʩʦʙʽʚ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʤʝʥʶ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʦʧʝʨʘʮʽʡ. 

ʙ) ʋ ʚʽʢʥʽ, ʱʦ ʟôʷʚʠʣʦʩʷ, ʦʙʠʨʘʶʪʴ ʩʠʤʚʦʣ l ʰʣʷʭʦʤ ʥʘʪʠʩʢʘʥʥʷ ʥʘ 

ʥʴʦʛʦ ʢʫʨʩʦʨʦʤ ʤʠʰʽ, ʧʦʪʽʤ ʟ ʢʣʘʚʽʘʪʫʨʠ ʚʚʦʜʷʪʴ ʩʠʤʚʦʣ ʧʨʠʩʚʦʻʥʥʷ (:), ʥʘ 

ʝʢʨʘʥʽ ʟôʷʚʣʷʻʪʴʩʷ .:=l  

ʚ) ʋ ʧʘʥʝʣʽ ʽʥʩʪʨʫʤʝʥʪʽʚ ʢʘʣʴʢʫʣʷʪʦʨʘ (ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʰʣʷʭʦʤ 

ʥʘʪʠʩʢʘʥʥʷ ʢʫʨʩʦʨʫ ʤʠʰʽ ʥʘ ʢʥʦʧʢʫ ʦʧʝʨʘʮʽʡ ʢʘʣʴʢʫʣʷʪʦʨʘ) ʢʣʘʮʘʶʪʴ 

ʢʫʨʩʦʨʦʤ ʤʠʰʽ ʥʘ ʩʠʤʚʦʣ ʯʘʩʪʢʠ (·) ʽ ʟʘ ʰʘʙʣʦʥʦʤ, ʱʦ ʟôʷʚʣʷʻʪʴʩʷ, 

ʚʚʦʜʷʪʴ ʟʥʘʯʝʥʥʷ ʯʠʩʝʣʴʥʠʢʘ ʪʘ ʟʥʘʤʝʥʥʠʢʘ. 

3. ʋ ʨʦʙʦʯʽʡ ʦʙʣʘʩʪʽ ʩʝʨʝʜʦʚʠʱʘ ʚʚʦʜʷʪʴ ʚʠʨʘʟ =³Al  

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʟʥʘʢ ʤʥʦʞʝʥʥʷ (³) ʨʝʢʦʤʝʥʜʫʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟ 

ʧʘʥʝʣʝʡ ʽʥʩʪʨʫʤʝʥʪʽʚ ʢʘʣʴʢʫʣʷʪʦʨʘ. 

ʇʨʠ ʮʴʦʤʫ ʥʘ ʝʢʨʘʥʽ ʟôʷʚʣʷʻʪʴʩʷ ʨʝʟʫʣʴʪʘʪ ʦʙʯʠʩʣʝʥʴ (ʨʠʩ. 1.5). 

ʋ ʨʘʟʽ, ʢʦʣʠ ʥʝʦʙʭʽʜʥʦ ʦʪʨʠʤʘʪʠ ʨʝʟʫʣʴʪʘʪ ʥʝ ʫ ʚʠʛʣʷʜʽ ʜʝʩʷʪʢʦʚʦʛʦ 

ʜʨʦʙʫ, ʘ ʫ ʚʠʛʣʷʜʽ ʟʚʠʯʘʡʥʦʛʦ ʜʨʦʙʫ, ʪʦ ʟʘʤʽʩʪʴ ʩʠʤʚʦʣʫ ç=è ʥʝʦʙʭʽʜʥʦ 

ʚʚʝʩʪʠ ʟʥʘʢ ʩʠʤʚʦʣʴʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʥʴ çè (ʨʠʩ. 1.5 ). ʉʠʤʚʦʣ çè 

ʙʝʨʫʪʴ ʟ ʧʘʥʝʣʽ ʚʽʜʥʦʰʝʥʴ (ʨʠʩ. 1.5). 

 

1.1.5. ɺʽʜʥʽʤʘʥʥʷ ʤʘʪʨʠʮʴ 
 

ʈʽʟʥʠʮʷ A - B ʜʚʦʭ ʤʘʪʨʠʮʴ ʦʜʥʘʢʦʚʦʛʦ ʨʦʟʤʽʨʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʽʩʪʶ 

A - B = A + (-1)B. 

ʅʘʧʨʠʢʣʘʜ ,  

ê
é
è

ú
ù
ø4 5

6 7

8 9
 - 
ê
é
è

ú
ù
ø7 1

3 4

2 0
 = 
ê
é
è

ú
ù
ø-3 4

3 3

6 9
. 
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ʈʠʩ. 1.5  

1.1.6. ʄʥʦʞʝʥʥʷ ʤʘʪʨʠʮʴ 

 ɺʠʟʥʘʯʝʥʥʷ 5.  ʄʥʦʞʝʥʥʷ ʤʘʪʨʠʮʽ A ʥʘ ʤʘʪʨʠʮʶ B ʤʦʞʥʘ 

ʟʜʽʡʩʥʠʪʠ ʪʦʜʽ ʽ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ ʯʠʩʣʦ ʩʪʦʚʧʮʽʚ ʤʘʪʨʠʮʽ A 

ʚʽʜʧʦʚʽʜʘʻ ʯʠʩʣʫ ʨʷʜʢʽʚ ʤʘʪʨʠʮʽ B. 

ʅʝʭʘʡ ʟʘʜʘʥʦ ʜʚʽ ʤʘʪʨʠʮʽ  A = [aik]mĬn ʪʘ   B = [bkj]nĬp  . 

 ɺʠʟʥʘʯʝʥʥʷ 6.  ɼʦʙʫʪʢʦʤ AĀB ʤʘʪʨʠʮʽ A ʨʦʟʤʽʨʫ (mĬn) ʪʘ 

ʤʘʪʨʠʮʽ B ʨʦʟʤʽʨʫ (nĬp) ʥʘʟʠʚʘʻʪʴʩʷ ʤʘʪʨʠʮʷ C ʨʦʟʤʽʨʫ 

(mĬp), ʝʣʝʤʝʥʪʠ ʷʢʦʾ ijc  ʜʦʨʽʚʥʶʶʪʴ ʩʫʤʽ ʜʦʙʫʪʢʽʚ ʝʣʝʤʝʥʪʽʚ 

i-ʛʦ ʨʷʜʢʘ ʤʘʪʨʠʮʽ A ʥʘ ʚʽʜʧʦʚʽʜʥʽ ʝʣʝʤʝʥʪʠ j-ʛʦ ʩʪʦʚʧʮʷ 
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ʤʘʪʨʠʮʽ B, ʪʦʙʪʦ ʝʣʝʤʝʥʪʠ ʤʘʪʨʠʮʽ C ʟʥʘʭʦʜʷʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ:

cij  = ai1 b1j + ai2 b2j + ai3 b3j + é + ain bnj = ä
k = 1

n
 aik bkj    

(i = 1, m ; j = 1, p ). 

ʇʨʠʢʣʘʜ 3. ʆʙʯʠʩʣʠʪʠ AĿB, ʷʢʱʦ    

A = 
ê
é
è

ú
ù
ø3 0 1

2 1 2
;   B = 

ê
é
è

ú
ù
ø1 0 2

1 2 3

4 3 5
. 

ʈʦʟʚôʷʟʘʥʥʷ. 

AĿB = 
ê
é
è

ú
ù
ø3Ŀ1 + 0Ŀ1 + 4Ŀ13Ŀ0 + 0Ŀ2 + 1Ŀ33Ŀ2 + 0Ŀ3 + 1Ŀ5

2Ŀ1 + 1Ŀ1 + 2Ŀ42Ŀ0 + 1Ŀ2 + 2Ŀ32Ŀ2 + 1Ŀ3 + 2Ŀ5
 ==  

ê
é
è

ú
ù
ø7 3 11

11 8 17
 . 

ʆʯʝʚʠʜʥʦ, ʱʦ ʜʣʷ ʢʚʘʜʨʘʪʥʠʭ ʤʘʪʨʠʮʴ, ʱʦ ʤʘʶʪʴ ʦʜʥʘʢʦʚʽ ʧʦʨʷʜʢʠ, 

ʦʧʝʨʘʮʽʷ ʤʥʦʞʝʥʥʷ ʟʘʚʞʜʠ ʤʦʞʣʠʚʘ. 

ɿʘʟʥʘʯʠʤʦ, ʱʦ, ʚʟʘʛʘʣʽ ʢʘʞʫʯʠ, ʤʥʦʞʝʥʥʷ ʤʘʪʨʠʮʴ ʥʝ ʻ ʢʦʤʫʪʘʪʠʚʥʠʤ, 

ʪʦʙʪʦ AĿB Í BĿA. 

ʇʨʠʢʣʘʜ 4.      AɇB = 
ê
é
è

ú
ù
ø1 2

3 4  ɇ 
ê
é
è

ú
ù
ø2 0

3 -1  = 
ê
é
è

ú
ù
ø8 -2

18 -4 . 

BĿA = 
ê
é
è

ú
ù
ø2 0

3 -1
 Ŀ 
ê
é
è

ú
ù
ø1 2

3 4
 = 
ê
é
è

ú
ù
ø2 4

0 2
. 

ʋ ʯʘʩʪʠʥʥʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ AĿB = BĿA, ʤʘʪʨʠʮʽ ʥʘʟʠʚʘʶʪʴʩʷ 

ʢʦʤʫʪʘʪʠʚʥʠʤʠ. ʃʝʛʢʦ ʧʦʢʘʟʘʪʠ, ʱʦ ʦʜʠʥʠʯʥʘ ʤʘʪʨʠʮʷ ʢʦʤʫʪʘʪʠʚʥʘ ʟ 

ʙʫʜʴ-ʷʢʦʶ ʢʚʘʜʨʘʪʥʦʶ ʤʘʪʨʠʮʝʶ ʪʦʛʦ ʞ ʧʦʨʷʜʢʫ. 

ʄʘʶʪʴ ʤʽʩʮʝ ʥʘʩʪʫʧʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 
1.  ʉʧʦʣʫʯʥʠʡ ʟʘʢʦʥ: 

(A Ŀ B) Ŀ C = A Ŀ (B Ŀ C). 

2.  ʈʦʟʧʦʜʽʣʴʥʠʡ ʟʘʢʦʥ: 

(A + B) Ŀ C = A Ŀ C + B Ŀ C, 

A Ŀ (B + C) = A Ŀ B + A Ŀ C. 

ʆʧʝʨʘʮʽʷ ʤʥʦʞʝʥʥʷ ʤʘʪʨʠʮʴ ʧʨʠʨʦʜʥʠʤ ʯʠʥʦʤ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʥʘ 

ʚʠʧʘʜʦʢ ʜʝʢʽʣʴʢʦʭ ʩʧʽʚʤʥʦʞʥʠʢʽʚ. ʅʘ ʧʽʜʩʪʘʚʽ ʮʴʦʛʦ ʜʣʷ ʢʚʘʜʨʘʪʥʠʭ 

ʤʘʪʨʠʮʴ ʤʦʞʥʘ ʚʚʝʩʪʠ ʧʦʥʷʪʪʷ ʩʪʝʧʝʥʷ ʤʘʪʨʠʮʽ:  A2 = A Ŀ A; 

)()'& 2
n

n AAAA ÖÖÖ=
. 
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ɿʘʫʚʘʞʝʥʥʷ. ʗʢʱʦ ʩʢʦʨʠʩʪʘʪʠʩʷ ʦʧʝʨʘʮʽʻʶ ʜʦʙʫʪʢʫ ʤʘʪʨʠʮʴ, ʪʦ 

ʣʽʥʽʡʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʛʣʷʜʫ 

y1 = a11x1 + a12x2 + é + a1nxn,

y2 = a21x1 + a22x2 + é + a2nxn ,

é,

ym = am1x1 + am2x2 + é + amnxn

 

ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʦʜʥʽʻʶ ʤʘʪʨʠʯʥʦʶ ʨʽʚʥʽʩʪʶ 

ê
é
é
è

ú
ù
ù
ø

y1

y2

é

ym

 = 

ê
é
é
è

ú
ù
ù
ø

a11 a12 é a1n

a21 a22 é a2n

é é é é

a2n am1 am2 amn

 Ŀ 

ê
é
é
è

ú
ù
ù
ø

x1

x2

é

xm

 

 

ʘʙʦ ʚ ʤʘʪʨʠʯʥʽʡ ʬʦʨʤʽ           Y = A Ŀ X,                                                 (1. 1) 

 

ʜʝ  Y = 

ê
é
é
è

ú
ù
ù
ø

y1

y2

é

ym

;    A =  

ê
é
é
è

ú
ù
ù
ø

a11 a12 é a1n

a21 a22 é a2n

é é é é

a2n am1 am2 amn

;    X = 

ê
é
é
è

ú
ù
ù
ø

x1

x2

é

xm

. 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ (1.1) ʙʫʜʝ ʜʦʩʠʪʴ ʢʦʨʠʩʥʠʤ ʜʣʷ ʨʦʟʚôʷʟʫʚʘʥʥʷ 

ʚʽʜʧʦʚʽʜʥʠʭ ʟʘʜʘʯ ʣʽʥʽʡʥʦʾ ʘʣʛʝʙʨʠ. 

ʇʨʠʢʣʘʜ 5. ʋ ʩʝʨʝʜʦʚʠʱʽ Mathcad ʚʠʢʦʥʘʪʠ ʦʧʝʨʘʮʽʶ ʤʥʦʞʝʥʥʷ 

ʤʘʪʨʠʮʽ A ʥʘ ʤʘʪʨʠʮʶ B, ʷʢʱʦ 

A = 
ê
é
è

ú
ù
ø4 1 3

7 8 -2

-1 3 4
;   B = 

ê
é
è

ú
ù
ø-3 4

2 7

-1 8
. 

ʈʦʟʚôʷʟʘʥʥʷ. 

1. ʋ ʨʦʙʦʯʫ ʦʙʣʘʩʪʴ ʩʝʨʝʜʦʚʠʱʘ Mathcad ʚʚʦʜʷʪʴ ʤʘʪʨʠʮʽ A ʪʘ B (ʜʠʚ. 

ʨʠʩ. 1.6). 

2. ɼʘʣʽ ʚʠʢʦʥʫʶʪʴ ʦʧʝʨʘʮʽʶ   A Ā B =  

ɿʘʫʚʘʞʝʥʥʷ. ʋ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʟʥʘʢ ʤʥʦʞʝʥʥʷ çĀè ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟ ʧʘʥʝʣʽ ʽʥʩʪʨʫʤʝʥʪʽʚ ʢʘʣʴʢʫʣʷʪʦʨʘ (ʨʠʩ. 1.6) 

3. ʇʽʩʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʥʘʢʘ ç=è ʥʘ ʝʢʨʘʥʽ ʟôʷʚʣʷʻʪʴʩʷ ʨʝʟʫʣʴʪʘʪ 

ʤʥʦʞʝʥʥʷ (ʨʠʩ. 1.6): 
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ʈʠʩ. 1.6 

1.1.7. ʊʨʘʥʩʧʦʥʫʚʘʥʥʷ ʤʘʪʨʠʮʴ 

 ɺʠʟʥʘʯʝʥʥʷ 7.  ʊʨʘʥʩʧʦʥʫʚʘʥʥʷʤ ʤʘʪʨʠʮʽ A ʥʘʟʠʚʘʻʪʴʩʷ 

ʦʧʝʨʘʮʽʷ ʟʘʤʽʥʠ ʨʷʜʢʽʚ ʮʽʻʾ ʤʘʪʨʠʮʽ ʾʾ ʩʪʦʚʧʮʷʤʠ ʽʟ 

ʟʙʝʨʝʞʝʥʥʷʤ ʾʭ ʥʦʤʝʨʽʚ. 

ʄʘʪʨʠʮʷ, ʦʪʨʠʤʘʥʘ ʪʘʢʠʤ ʯʠʥʦʤ ʟ ʤʘʪʨʠʮʽ A, ʥʘʟʠʚʘʻʪʴʩʷ 

ʪʨʘʥʩʧʦʥʦʚʘʥʦʶ ʚʽʜʥʦʩʥʦ ʤʘʪʨʠʮʽ A ʽ ʧʦʟʥʘʯʘʻʪʴʩʷ ʪʘʢ:  A', A
T
, 

t
A. 

ʆʪʞʝ, ʥʝʭʘʡ ʟʘʜʘʥʦ ʤʘʪʨʠʮʶ A ʨʦʟʤʽʨʫ (mĬn): 

A = 

ê
é
é
è

ú
ù
ù
ø

a11 a12 é a1n

a21 a22 é a2n

é é é é

am1 am2 é amn

.    

ʇʝʨʝʩʪʘʚʠʤʦ ʚ ʥʽʡ ʨʷʜʢʠ ʟʽ ʩʪʦʚʧʮʷʤʠ ʽʟ ʟʙʝʨʝʞʝʥʥʷʤ ʾʭ ʥʦʤʝʨʽʚ:  

AT = 

ê
é
é
è

ú
ù
ù
ø

a11 a21 é am1

a12 a22 é am2

é é é é

a1n a2n é amn

. 

ʇʨʠʢʣʘʜ 6. ʊʨʘʥʩʧʦʥʫʚʘʪʠ ʤʘʪʨʠʮʶ  

A = 
ê
é
è

ú
ù
ø1 4 2 3

0 1 4 2

3 1 2 -1
 . 
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ʈʦʟʚôʷʟʘʥʥʷ. 

ɿʛʽʜʥʦ ʟ ʦʧʝʨʘʮʽʻʶ ʪʨʘʥʩʧʦʥʫʚʘʥʥʷ ʟʘʤʽʥʠʤʦ ʨʷʜʢʠ ʤʘʪʨʠʮʽ ʾʾ 

ʩʪʦʚʧʮʷʤʠ, ʟʙʝʨʽʛʘʶʯʠ ʚʽʜʧʦʚʽʜʥʽ ʥʦʤʝʨʠ (ʧʝʨʰʠʡ ʨʷʜʦʢ ʟʘʧʠʩʫʻʪʴʩʷ ʥʘ 

ʤʽʩʮʽ ʧʝʨʰʦʛʦ ʩʪʦʚʧʮʷ, ʜʨʫʛʠʡ ï ʥʘ ʤʽʩʮʽ ʜʨʫʛʦʛʦ ʽ ʪ. ʜ.). 

ʆʪʞʝ,        A' = 

ê
é
è

ú
ù
ø

1 0 3

4 1 1

2 4 2

3 2 -1

. 

ʇʨʠʢʣʘʜ 7. ʋ ʩʝʨʝʜʦʚʠʱʽ Mathcad ʚʠʢʦʥʘʪʠ ʦʧʝʨʘʮʽʶ ʪʨʘʥʩʧʦʥʫʚʘʥʥʷ 

ʤʘʪʨʠʮʽ      A = 

ê
é
é
è

ú
ù
ù
ø2 0

1 4
-2 -1
7 8

. 

ʈʦʟʚôʷʟʘʥʥʷ. 

ʋ ʩʝʨʝʜʦʚʠʱʝ Mathcad ʚʚʦʜʷʪʴ ʤʘʪʨʠʮʶ A. 

ɺʽʜʢʨʠʚʘʶʪʴ ʧʘʥʝʣʴ ʤʘʪʨʠʯʥʠʭ ʦʧʝʨʘʮʽʡ (ʨʠʩ. 1.7). ɼʣʷ ʮʴʦʛʦ 

ʥʝʦʙʭʽʜʥʦ ʢʣʘʮʥʫʪʠ ʢʫʨʩʦʨʦʤ ʤʠʰʽ ʧʦ ʢʥʦʧʮʽ  ʚ ʧʘʥʝʣʽ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʽʥʩʪʨʫʤʝʥʪʽʚ. ʅʘ ʝʢʨʘʥʽ ʟôʷʚʣʷʻʪʴʩʷ ʧʘʥʝʣʴ ʦʧʝʨʘʮʽʡ ʟ ʤʘʪʨʠʮʷʤʠ ʪʘ 

ʚʝʢʪʦʨʘʤʠ. ʇʦʪʽʤ ʪʨʝʙʘ ʢʣʘʮʥʫʪʠ ʢʫʨʩʦʨʦʤ ʤʠʰʽ ʧʦ ʢʥʦʧʮʽ  ʧʘʥʝʣʽ 

ʤʘʪʨʠʯʥʠʭ ʦʧʝʨʘʮʽʡ. ʋ ʟʨʘʟʦʢ, ʱʦ ʟôʷʚʣʷʻʪʴʩʷ ʥʘ ʝʢʨʘʥʽ, ʚʚʦʜʷʪʴ 

ʥʘʡʤʝʥʫʚʘʥʥʷ ʤʘʪʨʠʮʽ, ʱʦ ʙʫʜʝ ʪʨʘʥʩʧʦʥʫʚʘʪʠʩʷ (ʩʠʤʚʦʣ ɸ). ʇʽʩʣʷ 

ʥʘʪʠʩʢʘʥʥʷ ʢʫʨʩʦʨʦʤ ʤʠʰʽ ʥʘ ʩʠʤʚʦʣ ç=è ʥʘ ʝʢʨʘʥʽ ʟôʷʚʠʪʴʩʷ 

ʪʨʘʥʩʧʦʥʦʚʘʥʘ ʤʘʪʨʠʮʷ (ʨʠʩ. 1.7).  

 

 
ʈʠʩ. 1.7 
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1.2. ɺʠʟʥʘʯʥʠʢʠ 

 

1.2.1. ɺʠʟʥʘʯʥʠʢʠ 2-ʛʦ ʽ 3-ʛʦ ʧʦʨʷʜʢʽʚ  

 

ɹʫʜʴ-ʷʢʠʡ ʢʚʘʜʨʘʪʥʽʡ ʤʘʪʨʠʮʽ ʤʦʞʥʘ ʧʦʩʪʘʚʠʪʠ ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʜʝʷʢʝ 

ʯʠʩʣʦ, ʷʢʝ ʥʘʟʠʚʘʻʪʴʩʷ ʚʠʟʥʘʯʥʠʢʦʤ (ʘʙʦ ʜʝʪʝʨʤʽʥʘʥʪʦʤ). ɺʠʟʥʘʯʥʠʢʠ 

ʙʫʚʘʶʪʴ ʜʨʫʛʦʛʦ, ʪʨʝʪʴʦʛʦ ʪʘ ʽʥʰʠʭ ʧʦʨʷʜʢʽʚ. ʇʦʨʷʜʦʢ ʚʠʟʥʘʯʥʠʢʘ 

ʩʧʽʚʧʘʜʘʻ ʽʟ ʢʽʣʴʢʽʩʪʶ ʡʦʛʦ ʨʷʜʢʽʚ (ʘʙʦ ʩʪʦʚʧʮʽʚ), ʘ ʦʙʯʠʩʣʶʶʪʴʩʷ ʚʦʥʠ ʟʘ 

ʧʝʚʥʠʤʠ ʧʨʘʚʠʣʘʤʠ. ʆʪʞʝ, ʟʚʝʨʥʝʤʦʩʴ ʜʦ ʢʦʥʢʨʝʪʥʠʭ ʚʠʟʥʘʯʝʥʴ. 
 

 ɺʠʟʥʘʯʝʥʥʷ 1.  ɺʠʟʥʘʯʥʠʢʦʤ  ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʥʘʟʠʚʘʻʪʴʩʷ        

ʯʠʩʣʦ, ʱʦ ʜʦʨʽʚʥʶʻ   

                        21122211

2221

1211
det aaaa

aa

aa
A Ö-Ö==  .                                   (1.2) 

ʅʘʧʨʠʢʣʘʜ, 

î
î
î

î
î
î1 -1

2 3
 = 1Ŀ3 - (-1)Ŀ2 = 5. 

 

 ɺʠʟʥʘʯʝʥʥʷ 2. ɺʠʟʥʘʯʥʠʢʦʤ  3-ʛʦ ʧʦʨʷʜʢʫ ʥʘʟʠʚʘʻʪʴʩʷ ʯʠʩʣʦ,  

ʱʦ ʜʦʨʽʚʥʶʻ 

det A = 

î
î
î
î

î
î
î
îa11 a12 a13

a21 a22 a23

a31 a32 a33

 = a11Ŀa22Ŀa33 + a12Ŀa23Ŀa31 + a13Ŀa21Ŀa32 - 

- a13Ŀa22Ŀa31 - a11Ŀa23Ŀa32 - a12Ŀa21Ŀa33 .                                                (1.3) 

 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʟʦʚʥʽʰʥʶ ʛʨʦʤʽʟʜʢʽʩʪʴ ʬʦʨʤʫʣʠ (1.3), ʾʾ ʜʦʩʠʪʴ ʣʝʛʢʦ 

ʟʘʧʘʤôʷʪʘʪʠ, ʷʢʱʦ ʢʝʨʫʚʘʪʠʩʷ, ʪʘʢ ʟʚʘʥʠʤ, ʧʨʘʚʠʣʦʤ ʪʨʠʢʫʪʥʠʢʽʚ (ʨʠʩ.1.8): 

 
 

¶¶¶

¶¶¶

¶¶¶

¶¶¶

¶¶¶

¶¶¶

+ -

 
                   ʘ   ʙ 

ʈʠʩ. 1.8.  
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ʊʨʠ ʧʝʨʰʠʭ ʜʦʜʘʥʢʠ ʫ (1.3) ʙʝʨʫʪʴʩʷ ʟ ʪʠʤ ʞʝ ʟʥʘʢʦʤ, ʷʢʠʡ ʚʠʭʦʜʠʪʴ 

ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʝʤʥʦʞʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʛʦʣʦʚʥʦʾ ʜʽʘʛʦʥʘʣʽ ʽ ʝʣʝʤʝʥʪʽʚ, ʱʦ 

ʤʽʩʪʷʪʴʩʷ ʫ ʚʝʨʰʠʥʘʭ ʪʨʠʢʫʪʥʠʢʽʚ, ʱʦ ʤʘʶʪʴ ʩʪʦʨʦʥʫ, ʧʘʨʘʣʝʣʴʥʫ ʜʦ 

ʛʦʣʦʚʥʦʾ ʜʽʘʛʦʥʘʣʽ (ʨʠʩ. 1.8ʘ). 

ʊʨʠ ʦʩʪʘʥʥʽ ʜʦʜʘʥʢʠ ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ (1.3) ʻ ʚʟʷʪʠʤʠ ʟ ʧʨʦʪʠʣʝʞʥʠʤ 

ʟʥʘʢʦʤ ʜʦʙʫʪʢʘʤʠ ʝʣʝʤʝʥʪʽʚ ʧʦʙʽʯʥʦʾ ʜʽʘʛʦʥʘʣʽ ʪʘ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʤʽʩʪʷʪʴʩʷ 

ʫ ʚʝʨʰʠʥʘʭ ʪʨʠʢʫʪʥʠʢʽʚ, ʱʦ ʤʘʶʪʴ ʩʪʦʨʦʥʫ, ʧʘʨʘʣʝʣʴʥʫ ʜʦ ʧʦʙʽʯʥʦʾ 

ʜʽʘʛʦʥʘʣʽ (ʨʠʩ. 1.8ʙ). 

ʇʨʠʢʣʘʜ 1. ʆʙʯʠʩʣʠʪʠ ʚʠʟʥʘʯʥʠʢ    

det A = 
î
î
î

î
î
î1 2 3

0 4 -1

3 1 0
. 

ʈʦʟʚôʷʟʘʥʥʷ. 

ɿʛʽʜʥʦ ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ (1.3)  

 

det A = 
î
î
î

î
î
î1 2 3

0 4 -1

3 1 0
 = 1Ŀ4Ŀ0 + 2 (-1)Ŀ3 + 0Ŀ1Ŀ3 - 3Ŀ4Ŀ3 - 2Ŀ0Ŀ0 - (-1)Ŀ1Ŀ1 = 

= -6 - 36 + 1 = -41. 

1.2.2. ʆʩʥʦʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʟʥʘʯʥʠʢʽʚ  

 

          ɿʘʫʚʘʞʠʤʦ, ʱʦ ʥʘʩʪʫʧʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʧʨʘʚʝʜʣʠʚʽ ʜʣʷ ʚʠʟʥʘʯʥʠʢʽʚ 

ʙʫʜʴ-ʷʢʦʛʦ ʧʦʨʷʜʢʫ. ʆʜʥʘʢ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʛʨʦʤʽʟʜʢʠʭ ʚʠʢʣʘʜʦʢ 

ʘʙʦ ʩʧʨʦʩʪʠʪʠ ʾʭ,  ʧʨʠ ʜʦʚʝʜʝʥʥʽ  ʦʙʤʝʞʠʤʦʩʷ ʚʠʟʥʘʯʥʠʢʘʤʠ 3-ʛʦ ʧʦʨʷʜʢʫ.  

1. ɺʠʟʥʘʯʥʠʢ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʧʨʠ ʡʦʛʦ ʪʨʘʥʩʧʦʥʫʚʘʥʥʽ,ʪʦʙʪʦ 

det AT = det A. 

      ɼʣʷ ʜʦʚʝʜʝʥʥʷ ʜʦʩʪʘʪʥʴʦ ʨʦʟʢʨʠʪʠ ʦʙʠʜʚʘ ʮʽ ʚʠʟʥʘʯʥʠʢʠ,ʚʠʢʦʨʠʩʪʘʚʰʠ  

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (1.3).  ʉʝʥʩ  ʜʘʥʦʾ ʚʣʘʩʪʠʚʦʩʪʽ  ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʨʷʜʢʠ 

ʪʘ ʩʪʦʚʧʮʽ ʚʠʟʥʘʯʥʠʢʘ ʨʽʚʥʦʧʨʘʚʥʽ. ʊʦʙʪʦ, ʷʢʱʦ ʜʝʷʢʝ ʪʚʝʨʜʞʝʥʥʷ 

ʩʧʨʘʚʝʜʣʠʚʝ ʜʣʷ ʩʪʦʚʧʮʽʚ ʚʠʟʥʘʯʥʠʢʘ, ʪʦ ʚʦʥʦ ʙʫʜʝ ʩʧʨʘʚʝʜʣʠʚʠʤ ʽ ʜʣʷ 

ʡʦʛʦ ʨʷʜʢʽʚ. 

ʂʦʞʥʠʡ ʜʦʜʘʥʦʢ ʫ ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ ʨʽʚʥʦʩʪʽ (1. 3) ʤʽʩʪʠʪʴ ʫ ʷʢʦʩʪʽ  

ʤʥʦʞʥʠʢʘ ʝʣʝʤʝʥʪʠ ʨʷʜʢʽʚ ʪʘ ʩʪʦʚʧʮʽʚ ʚʠʟʥʘʯʥʠʢʘ. ʗʢʱʦ ʚʩʽ ʝʣʝʤʝʥʪʠ 

ʜʝʷʢʦʛʦ ʨʷʜʢʘ (ʘʙʦ ʩʪʦʚʧʮʷ) ʚʠʟʥʘʯʥʠʢʘ ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ, ʪʦ ʢʦʞʥʠʡ 

ʜʦʜʘʥʦʢ ʤʘʻ ʤʥʦʞʥʠʢ, ʱʦ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. ʊʦʙʪʦ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʚʠʟʥʘʯʥʠʢ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. ʆʪʞʝ, ʜʦʚʝʜʝʥʘ ʥʘʩʪʫʧʥʘ ʚʣʘʩʪʠʚʽʩʪʴ. 
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2. ɺʠʟʥʘʯʥʠʢ, ʫ ʷʢʦʛʦ ʫʩʽ ʝʣʝʤʝʥʪʠ ʜʝʷʢʦʛʦ ʩʪʦʚʧʮʷ (ʨʷʜʢʘ) ʥʫʣʴʦʚʽ, 

ʪʘʢʦʞ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. 

3. ʇʨʠ ʧʝʨʝʩʪʘʥʦʚʮʽ ʜʚʦʭ ʩʪʦʚʧʮʽʚ (ʨʷʜʢʽʚ) ʚʠʟʥʘʯʥʠʢʘ ʡʦʛʦ 

ʘʙʩʦʣʶʪʥʘ ʚʝʣʠʯʠʥʘ ʥʝ ʟʤʽʥʶʻʪʴʩʷ, ʘ ʟʥʘʢ ʟʤʽʥʶʻʪʴʩʷ ʥʘ 

ʧʨʦʪʠʣʝʞʥʠʡ. 

       ɼʦʚʝʜʝʥʥʷ ʚʠʧʣʠʚʘʻ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʚʠʟʥʘʯʝʥʥʷ ʜʝʪʝʨʤʽʥʘʥʪʘ. 

ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʚʠʟʥʘʯʥʠʢʘ 2-ʛʦ ʧʦʨʷʜʢʫ  

det A = 
î
î
î
î

î
î
î
îa11 a12

a21 a22
 = a11 a22 - a12 a21. 

det A1 = 
î
î
î
î

î
î
î
îa12 a11

a22 a21
 = a12 a21 - a11 a22 = - (a11 a22 - a12 a21) = - det A. 

3. ɺʠʟʥʘʯʥʠʢ, ʱʦ ʤʽʩʪʠʪʴ ʜʚʘ ʦʜʥʘʢʦʚʠʭ ʨʷʜʢʠ ʯʠ ʩʪʦʚʧʮʽ, ʜʦ-

ʨʽʚʥʶʻ ʥʫʣʶ. 

ɼʣʷ ʜʦʚʝʜʝʥʥʷ ʮʽʻʾ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʤʽʥʷʻʤʦ ʤʽʩʮʷʤʠ ʜʚʘ ʦʜʥʘʢʦʚʠʭ 

ʩʪʦʚʧʮʽ. ʊʦʜʽ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʚʠʟʥʘʯʥʠʢ ʥʝ ʤʦʞʝ ʟʤʽʥʠʪʠʩʷ (ʘʜʞʝ ʩʪʦʚʧʮʽ 

ʦʜʥʘʢʦʚʽ), ʘ ʟ ʽʥʰʦʛʦ ʙʦʢʫ, ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟʽ ʚʣʘʩʪʠʚʽʩʪʶ 2,  ʡʦʛʦ ʟʥʘʢ 

ʧʦʚʠʥʝʥ ʟʤʽʥʠʪʠʩʷ ʥʘ ʧʨʦʪʠʣʝʞʥʠʡ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʘʻʤʦ  

det A = - det A;    2 det A = 0;    det A = 0. 

4. ʄʥʦʞʝʥʥʷ ʙʫʜʴ-ʷʢʦʛʦ ʩʪʦʚʧʯʠʢʘ (ʨʷʜʢʘ) ʚʠʟʥʘʯʥʠʢʘ ʥʘ ʜʦʚʽʣʴʥʝ 

ʯʠʩʣʦ ʨʽʚʥʦʟʥʘʯʥʝ ʤʥʦʞʝʥʥʶ ʩʘʤʦʛʦ ʚʠʟʥʘʯʥʠʢʘ ʥʘ ʮʝ ʯʠʩʣʦ.  

ɼʦʚʝʜʝʥʥʷ ʮʽʻʾ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʚʝʜʝʥʦ ʥʠʞʯʝ. 

  

ɿʚʽʜʩʠ ʚ ʷʢʦʩʪʽ ʥʘʩʣʽʜʢʫ ʦʪʨʠʤʫʻʤʦ ʱʝ ʦʜʠʥ ʩʧʦʩʽʙ ʜʦʚʝʜʝʥʥʷ 

ʚʣʘʩʪʠʚʦʩʪʽ 2. ɼʣʷ ʮʴʦʛʦ ʜʦʩʪʘʪʥʴʦ ʧʦʢʣʘʩʪʠ  .  

5. ʗʢʱʦ ʚʽʜʧʦʚʽʜʥʽ ʝʣʝʤʝʥʪʠ ʜʚʦʭ ʧʘʨʘʣʝʣʴʥʠʭ ʨʷʜʢʽʚ (ʘʙʦ ʩʪʦʚʧʮʽʚ) 

ʧʨʦʧʦʨʮʽʡʥʽ, ʪʦ ʚʠʟʥʘʯʥʠʢ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. 

  ɼʽʡʩʥʦ, ʷʢʱʦ, ʥʘʧʨʠʢʣʘʜ, ʧʨʦʧʦʨʮʽʡʥʽ ʚʽʜʧʦʚʽʜʥʽ ʝʣʝʤʝʥʪʠ ʧʝʨʠhʭ 

ʜʚʦʭ ʩʪʦʚʧʮʽʚ, ʪʦ 
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(ʟʘ ʚʣʘʩʪʠʚʽʩʪʶ 3). 

 

6. ʗʢʱʦ ʝʣʝʤʝʥʪʠ ʜʝʷʢʦʛʦ ʨʷʜʢʘ (ʘʙʦ ʩʪʦʚʧʮʷ) ʚʠʟʥʘʯʥʠʢʘ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʩʫʤʠ, ʪʦ ʮʝʡ ʚʠʟʥʘʯʥʠʢ ʤʦʞʥʘ 

ʧʨʝʜʩʪʘʚʠʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ:  

 
         ɼʦʚʝʜʝʥʥʷ ʮʽʻʾ ʚʣʘʩʪʠʚʦʩʪʽ ʦʜʝʨʞʫʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʯʝʨʝʟ 

ʨʦʟʢʨʠʪʪʷ ʚʠʟʥʘʯʥʠʢʽʚ. 

7. ɺʝʣʠʯʠʥʘ ʚʠʟʥʘʯʥʠʢʘ ʥʝ ʟʤʽʥʠʪʴʩʷ, ʷʢʱʦ ʜʦ ʫʩʽʭ ʝʣʝʤʝʥʪʽʚ  ʙʫʜʴ-

ʷʢʦʛʦ ʡʦʛʦ ʩʪʦʚʧʮʷ (ʨʷʜʢʘ) ʜʦʜʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʝʣʝʤʝʥʪʠ  ʧʘʨʘʣʝʣʴʥʦʛʦ 

ʩʪʦʚʧʮʷ (ʨʷʜʢʘ), ʧʦʤʥʦʞʝʥʽ  ʥʘ ʦʜʥʝ ʡ ʪʝ ʞ ʯʠʩʣʦ,ʪʦʙʪʦ: 

 
ɼʦʚʝʜʝʤʦ ʮʶ ʚʣʘʩʪʠʚʽʩʪʴ. ʂʦʨʠʩʪʫʶʯʠʩʴ ʚʣʘʩʪʠʚʽʩʪʶ 6, ʤʘʻʤʦ: 

 

333231

232221

131211

aaa

aaa

aaa

=

  , 

ʦʩʢʽʣʴʢʠ ʜʨʫʛʠʡ ʜʦʜʘʥʦʢ  ʟʘ ʚʣʘʩʪʠʚʽʩʪʶ 3 ʜʦʨʽʚʥʶʻ ʥʫʣʶ. 

     ʅʘʩʪʫʧʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʪʨʝʙʫʶʪʴ ʜʦʜʘʪʢʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʆʪʞʝ, ʜʘʤʦ 

ʚʠʟʥʘʯʝʥʥʷ ʤʽʥʦʨʽʚ ʽ ʘʣʛʝʙʨʘʾʯʥʠʭ ʜʦʧʦʚʥʝʥʴ.  

ʈʦʟʛʣʷʥʝʤʦ ʚʠʟʥʘʯʥʠʢ n-ʛʦ ʧʦʨʷʜʢʫ. 

 

det A = 

î
î
î
î
î

î
î
î
î
î

a11 a12 é a1j é a1n

a21 a22 é a2j é a2n

é é é é é é

ai1 ai2 é aij é ain

é é é é é é

an1 an2 é anj é ann

. 
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ʈʦʟʛʣʷʥʝʤʦ ʜʦʚʽʣʴʥʠʡ ʝʣʝʤʝʥʪ ʚʠʟʥʘʯʥʠʢʘ aij. ʗʢʱʦ ʚʠʢʨʝʩʣʠʪʠ ʟ 

ʪʘʢʦʛʦ ʚʠʟʥʘʯʥʠʢʘ -̔ʡ ʨʷʜʦʢ ʪʘ j-ʡ ʩʪʦʚʧʝʮʴ, ʥʘ ʧʝʨʝʪʠʥʽ ʷʢʠʭ ʟʥʘʭʦʜʠʪʴʩʷ 

ʝʣʝʤʝʥʪ aij, ʪʦ ʦʜʝʨʞʠʤʦ ʚʠʟʥʘʯʥʠʢ (n-1) ʧʦʨʷʜʢʫ. ʁʦʛʦ ʥʘʟʠʚʘʶʪʴ 

ʤʽʥʦʨʦʤ ʝʣʝʤʝʥʪʘ aij  ʪʘ ʧʦʟʥʘʯʘʶʪʴ Mij, ʪʦʙʪʦ: 

                       ɺʠʟʥʘʯʝʥʥʷ 3. ʄʽʥʦʨʦʤ Mij  ʝʣʝʤʝʥʪʘ aij  ʚʠʟʥʘʯʥʠʢʘ n-ʛʦ 

ʧʦʨʷʜʢʫ ʥʘʟʠʚʘʻʪʴʩʷ ʚʠʟʥʘʯʥʠʢ (n-1)-ʛʦ ʧʦʨʷʜʢʫ, ʷʢʠʡ 

ʦʪʨʠʤʫʶʪʴ ʟ ʚʠʟʥʘʯʥʠʢʘ det A ʰʣʷʭʦʤ ʚʠʢʨʝʩʣʶʚʘʥʥʷ -̔ʛʦ 

ʨʷʜʢʘ ʪʘ j-ʛʦ ʩʪʦʚʧʮʷ, ʥʘ ʧʝʨʝʪʠʥʽ ʷʢʠʭ ʟʥʘʭʦʜʠʪʴʩʷ 

ʝʣʝʤʝʥʪ aij . 

ʇʨʠʢʣʘʜ 2. ɿʥʘʡʪʠ ʤʽʥʦʨʠ M11,  M13 ʚʠʟʥʘʯʥʠʢʘ 

 

D = 
î
î
î

î
î
î1 4 -1

2 0 3

1 -1 2
. 

ʈʦʟʚôʷʟʘʥʥʷ. 

M11 = 
î
î
î

î
î
î0 3

-1 2
 = 0Ŀ2 - (-1)Ŀ3 = 3. 

M13 = 
î
î
î

î
î
î2 0

1 -1
 = 2Ŀ(-1) - 0Ŀ1 = -2. 

 

                      ɺʠʟʥʘʯʝʥʥʷ 4. ɸʣʛʝʙʨʘʾʯʥʠʤ ʜʦʧʦʚʥʝʥʥʷʤ Aij  ʝʣʝʤʝʥʪʘ aij  

ʚʠʟʥʘʯʥʠʢʘ D ʥʘʟʠʚʘʶʪʴ ʤʽʥʦʨ ʮʴʦʛʦ ʝʣʝʤʝʥʪʘ Mij , 

ʧʦʤʥʦʞʝʥʠʡ ʥʘ (-1)i + j, ʪʦʙʪʦ Aij  = (-1)i + j  Mij . 

ʇʨʠʢʣʘʜ 3. ɿʥʘʡʪʠ ʘʣʛʝʙʨʘʾʯʥʽ ʜʦʧʦʚʥʝʥʥʷ ɸ21, ɸ22, ɸ23 ʚʠʟʥʘʯʥʠʢʘ 

D = 
î
î
î

î
î
î1 4 -1

2 0 3

1 -1 2
. 

ʈʦʟʚôʷʟʘʥʥʷ.  

A21 = (-1)2 + 1 M21 = - M21 = - 
î
î
î

î
î
î4 -1

-1 2
 = - (4Ö2 - (-1)Ö(-1)) = -7. 

A22 = (-1)2 + 2 M22 = M22 = 
î
î
î

î
î
î1 -1

1 2
 = 1Ö2 - (-1)Ö1 = 3. 

A23 = (-1)2 + 3 M23 = - M23 = - 
î
î
î

î
î
î1 4

1 -1
 = - (1Ö(-1) - 4Ö1) = 6. 



21 
 

8 . ɺʠʟʥʘʯʥʠʢ ʜʦʨʽʚʥʶʻ ʩʫʤʽ ʜʦʙʫʪʢʽʚ ʝʣʝʤʝʥʪʽʚ ʙʫʜʴ-ʷʢʦʛʦ ʨʷʜʢʘ  

(ʩʪʦʚʧʮʷ) ʥʘ ʚʽʜʧʦʚʽʜʥʽ ʾʤ ʘʣʛʝʙʨʘʾʯʥʽ ʜʦʧʦʚʥʝʥʥʷ. 

                        det A = 

î
î
î
î
î
î

î
î
î
î
î
î

a11 a12 é a1j é a1n

a21 a22 é a2j é a2n

é é é é é é

ai1 ai2 é aij é ain

é é é é é é

an1 an2 é anj é ann

 =                   (1.4) 

= a1jA1j + a2jA2j + é + anjAnj . 

        ɿʘʫʚʘʞʝʥʥʷ. ɼʣʷ ʚʠʟʥʘʯʥʠʢʘ 3-ʛʦ ʧʦʨʷʜʢʫ ʜʦʚʝʜʝʥʥʷ ʮʽʻʾ ʚʣʘʩʪʠʚʦʩʪʽ  

ʦʜʝʨʞʫʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʡʦʛʦ ʨʦʟʢʨʠʪʪʷ, ʘ ʪʘʢʦʞ  

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʥʷʪʪʷ ʘʣʛʝʙʨʘʾʯʥʦʛʦ ʜʦʧʦʚʥʝʥʥʷ.  

       ʎʷ ʚʣʘʩʪʠʚʽʩʪʴ ʬʘʢʪʠʯʥʦ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʩʧʦʩʽʙ 

ʨʦʟʢʨʠʪʪʷ ʚʠʟʥʘʯʥʠʢʽʚ ʙʫʜʴ-ʷʢʦʛʦ ʧʦʨʷʜʢʫ.  ɰʾ ʽʥʘʢʰʝ ʥʘʟʠʚʘʶʪʴ 

ʨʦʟʢʣʘʜʘʥʥʷʤ ʚʠʟʥʘʯʥʠʢʘ ʟʘ ʝʣʝʤʝʥʪʘʤʠ ʡʦʛʦ ʨʷʜʢʘ (ʘʙʦ ʩʪʦʚʧʮʷ). 

ʇʨʠʢʣʘʜ 4. ʆʙʯʠʩʣʠʪʠ ʚʠʟʥʘʯʥʠʢ ʰʣʷʭʦʤ ʡʦʛʦ ʨʦʟʢʣʘʜʘʥʥʷ ʟʘ 

ʝʣʝʤʝʥʪʘʤʠ ʜʨʫʛʦʛʦ ʨʷʜʢʘ 

D = 
î
î
î

î
î
î1 3 1

2 4 -1

0 2 1
. 

ʈʦʟʚôʷʟʘʥʥʷ.  

D = 
î
î
î

î
î
î1 3 1

2 4 -1

0 2 1
 = 2ĿA21 + 4ĿA22 + (-1)ĿA23 =  

= 2Ŀ(-1)3M21 + 4Ŀ(-1)4M22 + (-1) (-1)5A23 =  

= -2Ŀ
î
î
î

î
î
î3 1

2 1
 + 4Ŀ

î
î
î

î
î
î1 1

0 1
 + 
î
î
î

î
î
î1 3

0 2
 =  

= -2 (3Ŀ1 - 1Ŀ2) + 4Ŀ(1Ŀ1 - 0Ŀ1) + (1Ŀ2 - 3Ŀ0) = 4. 

9. ʉʫʤʘ ʜʦʙʫʪʢʽʚ ʫʩʽʭ ʝʣʝʤʝʥʪʽʚ ʦʜʥʦʛʦ ʨʷʜʢʘ (ʩʪʦʚʧʮʷ) ʥʘ 

ʘʣʛʝʙʨʘʾʯʥʽ ʜʦʧʦʚʥʝʥʥʷ ʽʥʰʦʛʦ ʨʷʜʢʘ (ʩʪʦʚʧʮʷ) ʜʦʨʽʚʥʶʻ ʥʫʣʶ. 

       ɼʦʚʝʜʝʥʥʷ ʧʨʦʚʝʜʝʤʦ ʜʣʷ ʚʠʟʥʘʯʥʠʢʘ 3-ʛʦ ʧʦʨʷʜʢʫ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ  

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ  (1.3) ʽ ʚʣʘʩʪʠʚʦʩʪʽ 8 ʤʘʻʤʦ: 
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ʗʢʱʦ ʫ ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ ʦʩʪʘʥʥʴʦʾ ʨʽʚʥʦʩʪʽ ʫ ʨʦʟʢʣʘʜʽ ʟʘʤʽʥʠʪʠ ʧʝʨʰʽ 

ʩʧʽʚʤʥʦʞʥʠʢʠ (ʘ ʮʝ - ʝʣʝʤʝʥʪʠ ʧʝʨʰʦʛʦ ʨʷʜʢʘ ʚʠʟʥʘʯʥʠʢʘ) ʥʘ ʝʣʝʤʝʥʪʠ, 

ʥʘʧʨʠʢʣʘʜ, ʜʨʫʛʦʛʦ ʨʷʜʢʘ, ʪʦ ʦʜʝʨʞʠʤʦ 

 

 

ʱʦ ʡ ʧʦʪʨʽʙʥʦ ʙʫʣʦ ʜʦʚʝʩʪʠ. 

1.2.3.ʇʨʘʢʪʠʯʥʠʡ ʧʨʠʡʦʤ ʦʙʯʠʩʣʝʥʥʷ ʚʠʟʥʘʯʥʠʢʽʚ 
 

ʗʢʱʦ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʚʠʟʥʘʯʥʠʢʽʚ 2-ʛʦ ʪʘ 3-ʛʦ ʧʦʨʷʜʢʽʚ ʽʩʥʫʶʪʴ ʟʨʫʯʥʽ 

ʽ ʧʨʦʩʪʽ ʬʦʨʤʫʣʠ, ʪʦ ʜʣʷ ʚʠʟʥʘʯʥʠʢʽʚ ʚʠʱʠʭ ʧʦʨʷʜʢʽʚ ʟʘʣʠʰʘʶʪʴʩʷ 

ʬʦʨʤʫʣʠ ʜʣʷ ʨʦʟʢʣʘʜʘʥʥʷ ʾʭ ʟʘ ʝʣʝʤʝʥʪʘʤʠ ʨʷʜʢʘ (ʩʪʦʚʧʮʷ) ʪʘ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʠʟʥʘʯʥʠʢʽʚ.  

ɿʘʛʘʣʴʥʘ ʽʜʝʷ ʧʦ ʦʧʪʠʤʽʟʘʮʽʾ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦʙ ʫ 

ʜʝʷʢʦʤʫ ʨʷʜʢʫ ʘʙʦ ʩʪʦʚʧʮʽ ʜʘʥʦʛʦ ʚʠʟʥʘʯʥʠʢʘ n -ʛʦ ʧʦʨʷʜʢʫ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ, ʟʦʢʨʝʤʘ, ʚʣʘʩʪʠʚʽʩʪʴ 7, ʦʜʝʨʞʘʪʠ )1( -n  ʥʫʣʴʦʚʠʡ 

ʝʣʝʤʝʥʪ. ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʟʘʤʽʩʪʴ ʚʠʟʥʘʯʥʠʢʘ n - ʛʦ ʧʦʨʷʜʢʫ ʬʘʢʪʠʯʥʦ 

ʜʦʚʝʜʝʪʴʩʷ ʦʙʯʠʩʣʶʚʘʪʠ ʦʜʠʥ ʚʠʟʥʘʯʥʠʢ )1( -n -ʛʦ ʧʦʨʷʜʢʫ, ʧʦʤʥʦʞʝʥʠʡ ʥʘ 

ʜʝʷʢʝ ʯʠʩʣʦ.   ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦ ʦʙʯʠʩʣʝʥʥʷ ʚʠʟʥʘʯʥʠʢʽʚ ʥʘʟʠʚʘʻʪʴʩʷ 

ʤʝʪʦʜʦʤ ʟʥʠʞʝʥʥʷ ʧʦʨʷʜʢʫ ʚʠʟʥʘʯʥʠʢʘ. ʇʨʦʽʣʶʩʪʨʫʻʤʦ ʡʦʛʦ ʥʘ 

ʢʦʥʢʨʝʪʥʦʤʫ ʧʨʠʢʣʘʜʽ. 

 

ʇʨʠʢʣʘʜ 5. ʆʙʯʠʩʣʠʪʠ ʚʠʟʥʘʯʥʠʢ 

 

D = 

î
î
î
î
î

î
î
î
î
î1 3 -2 -2 1

0 -2 2 1 0

-1 2 1 -1 3

1 -1 3 0 1

2 2 3 -2 1

. 
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ʈʦʟʚôʷʟʘʥʥʷ.  

ʈʦʟʛʣʷʥʝʤʦ ʜʘʥʠʡ ʚʠʟʥʘʯʥʠʢ. ɼʨʫʛʠʡ ʨʷʜʦʢ ʚʞʝ ʤʘʻ ʜʚʘ ʥʫʣʽ. 

ʇʦʢʘʞʝʤʦ, ʱʦ ʚ ʮʴʦʤʫ ʨʷʜʢʫ ʤʦʞʥʘ ʫ ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʝʪʚʦʨʝʥʴ ʦʪʨʠʤʘʪʠ ʱʝ 

ʜʚʘ ʥʫʣʴʦʚʠʭ ʝʣʝʤʝʥʪʘ. ɿʘʫʚʘʞʠʤʦ, ʱʦ ʫ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʜʽʾ ʪʨʝʙʘ 

ʚʠʢʦʥʫʚʘʪʠ ʥʘʜ ʩʪʦʚʧʮʷʤʠ. ʆʪʞʝ, ʜʦ ʝʣʝʤʝʥʪʽʚ ʜʨʫʛʦʛʦ ʩʪʦʚʧʮʷ ʜʦʜʘʤʦ 

ʚʽʜʧʦʚʽʜʥʽ ʝʣʝʤʝʥʪʠ ʪʨʝʪʴʦʛʦ ʩʪʦʚʧʮʷ.  

ʊʦʜʽ ʦʪʨʠʤʘʻʤʦ 

D = 

î
î
î
î
î

î
î
î
î
î1 1 -2 -2 1

0 0 2 1 0

-1 3 1 -1 3

1 2 3 0 1

2 5 3 -2 1

. 

 

ɼʘʣʽ ʚʩʽ ʝʣʝʤʝʥʪʠ ʯʝʪʚʝʨʪʦʛʦ ʩʪʦʚʧʮʷ, ʧʦʤʥʦʞʝʥʽ ʥʘ (-2), ʜʦʜʘʤʦ ʜʦ 

ʚʽʜʧʦʚʽʜʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʨʝʪʴʦʛʦ ʩʪʦʚʧʮʷ. 

D = 

î
î
î
î
î

î
î
î
î
î1 1 -2 -2 1

0 0 0 1 0

-1 3 3 -1 3

1 2 3 0 1

2 5 7 -2 1

. 

ʆʯʝʚʠʜʥʦ, ʱʦ ʜʘʣʽ ʪʨʝʙʘ ʨʦʟʢʣʘʩʪʠ ʦʩʪʘʥʥʽʡ ʚʠʟʥʘʯʥʠʢ  ʟʘ ʝʣʝʤʝʥʪʘʤʠ 

ʜʨʫʛʦʛʦ ʨʷʜʢʘ. ʇʨʠ ʮʴʦʤʫ ʟʘʤʽʩʪʴ ʜʘʥʦʛʦ ʚʠʟʥʘʯʥʠʢʘ ʦʜʝʨʞʠʤʦ ʚʠʟʥʘʯʥʠʢ  

4 ï ʛʦ ʧʦʨʷʜʢʫ. 

 

D = 

î
î
î
î

î
î
î
î

1 1 -2 -2 1

0 0 0 1 0

-1 3 3 -1 3

1 2 3 0 1

2 5 7 -2 1

 = 1Ŀ(-1)2 + 4Ŀ

î
î
î

î
î
î

1 1 2 1

-1 3 3 3

1 2 3 1

2 5 7 1

 =  

 

= 

î
î
î
î

î
î
î
î1 1 2 1

-1 3 3 3

1 2 3 1

2 5 7 1

. 

 



24 
 

ɼʣʷ ʧʦʜʘʣʴʰʠʭ ʜʽʡ ʪʨʝʙʘ ʫʚʘʞʥʦ ʨʦʟʛʣʷʥʫʪʠ ʦʩʪʘʥʥʽʡ ʚʠʟʥʘʯʥʠʢ. ʗʢʱʦ 

ʜʦ ʝʣʝʤʝʥʪʽʚ ʧʝʨʰʦʛʦ ʩʪʦʚʧʮʷ ʜʦʜʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʝʣʝʤʝʥʪʠ ʯʝʪʚʝʨʪʦʛʦ 

ʩʪʦʚʧʮʷ, ʧʦʤʥʦʞʝʥʽ ʥʘ (-1),  ʫ ʧʝʨʰʦʤʫ ʩʪʦʚʧʮʽ ʟ'ʷʚʣʷʪʴʩʷ ʚʽʜʨʘʟʫ ʜʚʘ ʥʫʣʽ:  

 

D = 

î
î
î

î
î
î

1 1 2 1

-1 3 3 3

1 2 3 1

2 5 7 1

 = 

î
î
î

î
î
î

0 1 2 1

-4 3 3 3

0 2 3 1

1 5 7 1

. 

 

ʇʦʪʽʤ ʝʣʝʤʝʥʪʠ ʯʝʪʚʝʨʪʦʛʦ ʨʷʜʢʘ ʧʦʤʥʦʞʠʤʦ ʥʘ 4 ʪʘ ʜʦʜʘʤʦ ʾʭ ʜʦ 

ʚʽʜʧʦʚʽʜʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʨʫʛʦʛʦ ʨʷʜʢʘ. 

 

D = 

î
î
î

î
î
î

0 1 2 1

-4 3 3 3

0 2 3 1

1 5 7 1

 = 

î
î
î

î
î
î

0 1 2 1

0 23 31 7

0 2 3 1

1 5 7 1

. 

 

ʈʦʟʢʣʘʜʘʻʤʦ ʦʩʪʘʥʥʽʡ  ʚʠʟʥʘʯʥʠʢ ʟʘ ʝʣʝʤʝʥʪʘʤʠ ʧʝʨʰʦʛʦ ʩʪʦʚʧʮʷ. 

 

D = 

î
î
î
î

î
î
î
î0 1 2 1

0 23 31 7

0 2 3 1

1 5 7 1

 = 1Ŀ(-1)4 + 1Ŀ
î
î
î

î
î
î1 2 1

23 31 7

2 3 1
 =  

 

= - 
î
î
î

î
î
î1 2 1

23 31 7

2 3 1
 = 
î
î
î

î
î
î-1 2 1

-23 31 7

-2 3 1
. 

       ɼʘʣʽ ʜʽʻʤʦ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʜʦ ʝʣʝʤʝʥʪʽʚ ʪʨʝʪʴʦʛʦ ʩʪʦʚʧʮʷ ʜʦʜʘʤʦ 

ʚʽʜʧʦʚʽʜʥʽ ʝʣʝʤʝʥʪʠ ʧʝʨʰʦʛʦ: 

 

D = 
î
î
î

î
î
î-1 2 1

-23 31 7

-2 3 1
 = 
î
î
î

î
î
î-1 2 0

-23 31 -16

-2 3 -1
. 

 

ʅʘʨʝʰʪʽ, ʝʣʝʤʝʥʪʠ ʧʝʨʰʦʛʦ ʩʪʦʚʧʮʷ ʧʦʤʥʦʞʠʤʦ ʥʘ 2 ʪʘ ʜʦʜʘʤʦ ʾʭ ʜʦ 

ʚʽʜʧʦʚʽʜʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʨʫʛʦʛʦ ʩʪʦʚʧʮʷ. 
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D = 
î
î
î

î
î
î-1 2 0

-23 31 -16

-2 3 1
 = 
î
î
î

î
î
î-1 0 0

23 -15 -16

-2 -1 1
. 

 

ɼʘʣʽ ʨʦʟʢʣʘʜʝʤʦ ʚʠʟʥʘʯʥʠʢ ʟʘ ʝʣʝʤʝʥʪʘʤʠ ʧʝʨʰʦʛʦ ʨʷʜʢʘ. 

D = 
î
î
î

î
î
î-1 0 0

23 -15 -16

-2 -1 1
 = -1Ŀ(-1)2Ŀ

î
î
î

î
î
î-15 -16

-1 -1
 =  

 

= -1Ŀ
î
î
î

î
î
î-15 -16

-1 -1
 = -15 + 16 = 1. 

     ɿʘʫʚʘʞʠʤʦ, ʱʦ ʧʨʠʡʦʤ, ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʠʡ ʥʘ ʜʘʥʦʤʫ ʧʨʠʢʣʘʜʽ, 

ʟʘʚʞʜʠ ʙʝʟʜʦʛʘʥʥʦ ʧʨʘʮʶʻ. ʃʠʰʝ ʫ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ 

ʧʝʚʥʽ ʥʝʟʨʫʯʥʦʩʪʽ, ʘʣʝ ʾʭ ʚʜʘʻʪʴʩʷ ʧʦʜʦʣʘʪʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʣʘʩʪʠʚʦʩʪʽ 

ʚʠʟʥʘʯʥʠʢʽʚ.  

ʇʨʠʢʣʘʜ 6. ʋ ʩʝʨʝʜʦʚʠʱʽ Mathcad ʦʙʯʠʩʣʠʪʠ ʚʠʟʥʘʯʥʠʢ 

det A = 

î
î
î
î

î
î
î
î1 1 1 1

1 -1 2 2

1 1 -1 3

1 1 1 -1

. 

ʈʦʟʚôʷʟʘʥʥʷ. 

1. ʋ ʩʝʨʝʜʦʚʠʱʝ Mathcad ʚʚʦʜʷʪʴ ʤʘʪʨʠʮʶ ɸ (ʟʛʽʜʥʦ ʟ ʤʝʪʦʜʠʢʦʶ, ʱʦ 

ʦʧʠʩʘʥʘ ʫ ʧʨʠʢʣʘʜʽ 2 ʧ.1.1.4). 

2. ɺʽʜʢʨʠʚʘʶʪʴ ʧʘʥʝʣʴ ʢʘʣʴʢʫʣʷʪʦʨʘ (ʨʠʩ. 1.9). 

3. ʋ ʩʝʨʝʜʦʚʠʱʽ Mathcad ʚʚʦʜʷʪʴ ʚʠʨʘʟ  detA: 

ʅʘ ʝʢʨʘʥʽ ʧʨʠ ʮʴʦʤʫ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ 

detA:= 

4. ɼʘʣʽ ʥʘ ʧʘʥʝʣʽ ʢʘʣʴʢʫʣʷʪʦʨʘ  ʥʘʪʠʩʢʘʶʪʴ ʢʫʨʩʦʨʦʤ ʤʠʰʽ ʥʘ ʢʥʦʧʢʫ 

|X| 

5. ʋ ʟʨʘʟʢʫ, ʱʦ ʟôʷʚʣʷʻʪʴʩʷ, ʚʚʦʜʷʪʴ ʧʦʟʥʘʯʝʥʥʷ ɸ. 

6. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʫ ʫ ʥʦʚʦʤʫ ʨʷʜʢʫ ʚʚʦʜʷʪʴ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ  

detA = 

ʇʽʩʣʷ ʮʴʦʛʦ ʟôʷʚʣʷʻʪʴʩʷ ʨʝʟʫʣʴʪʘʪ:  detA = -8. 

ʍʽʜ ʪʘʢʠʭ ʦʙʯʠʩʣʝʥʴ ʚʽʜʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 1.9: 
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ʈʠʩ. 1.9.  

 

1.3. ʆʙʝʨʥʝʥʘ ʤʘʪʨʠʮʷ 
 

ʄʘʪʨʠʮʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʤʘʪʝʤʘʪʠʮʽ, ʟʦʢʨʝʤʘ, ʜʣʷ ʢʦʤʧʘʢʪʥʦʛʦ 

ʟʘʧʠʩʫ ʩʠʩʪʝʤ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʘʙʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ. ʋ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʢʽʣʴʢʽʩʪʴ ʨʷʜʢʽʚ ʤʘʪʨʠʮʽ ʚʽʜʧʦʚʽʜʘʻ ʢʽʣʴʢʦʩʪʽ ʨʽʚʥʷʥʴ, ʘ 

ʢʽʣʴʢʽʩʪʴ ʩʪʦʚʧʮʽʚ ï ʢʽʣʴʢʦʩʪʽ ʥʝʚʽʜʦʤʠʭ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʚôʷʟʫʚʘʥʥʷ 

ʩʠʩʪʝʤ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ ʟʚʦʜʠʪʴʩʷ ʜʦ ʦʧʝʨʘʮʽʡ ʟ ʤʘʪʨʠʮʷʤʠ. ɼʘʣʽ ʙʫʜʝ 

ʨʦʟʛʣʷʜʘʪʠʩʷ, ʪʘʢ ʟʚʘʥʠʡ, ʤʘʪʨʠʯʥʠʡ ʩʧʦʩʽʙ ʨʦʟʚôʷʟʫʚʘʥʥʷ  ʣʽʥʽʡʥʠʭ 

ʩʠʩʪʝʤ, ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʷʢʦʛʦ ʥʘʡʚʘʞʣʠʚʽʰʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ ʦʙʝʨʥʝʥʘ 

ʤʘʪʨʠʮʷ. ɿʚʝʨʥʝʤʦʩʴ ʜʦ ʚʠʚʯʝʥʥʷ ʮʴʦʛʦ ʧʠʪʘʥʥʷ. 

1.3.1. ʆʩʥʦʚʥʽ ʧʦʥʷʪʪʷ ʪʘ ʚʠʟʥʘʯʝʥʥʷ. ʋʤʦʚʠ ʽʩʥʫʚʘʥʥʷ ʦʙʝʨʥʝʥʦʾ 

ʤʘʪʨʠʮʽ 

ʅʝʭʘʡ ɸ ï ʢʚʘʜʨʘʪʥʘ ʤʘʪʨʠʮʷ n-ʛʦ ʧʦʨʷʜʢʫ: 

 

A = 

ê
é
é
è

ú
ù
ù
ø

a11 a12 a13 é a1n

a21 a22 a23 é a2n

é é é é é

an1 an2 an3 é ann

, 

 

ʘ  ɽ ï ʦʜʠʥʠʯʥʘ ʢʚʘʜʨʘʪʥʘ ʤʘʪʨʠʮʷ ʪʦʛʦ ʞ ʧʦʨʷʜʢʫ. 
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                      ɺʠʟʥʘʯʝʥʥʷ 1. ʆʙʝʨʥʝʥʦʶ ʚʽʜʥʦʩʥʦ ʟʘʜʘʥʦʾ ʢʚʘʜʨʘʪʥʦʾ 

ʤʘʪʨʠʮʽ ɸ ʥʘʟʠʚʘʻʪʴʩʷ ʤʘʪʨʠʮʷ A-1, ʷʢʘ ʧʽʩʣʷ ʤʥʦʞʝʥʥʷ ʥʘ 

ʚʠʭʽʜʥʫ ʤʘʪʨʠʮʶ ɸ ʷʢ ʟʣʽʚʘ, ʪʘʢ ʽ ʩʧʨʘʚʘ ʜʘʻ ʦʜʠʥʠʯʥʫ 

ʤʘʪʨʠʮʶ. ʆʪʞʝ,   A-1ĀA = AĀA-1 = E. 

ɺʚʝʜʝʤʦ ʜʝʷʢʽ ʜʦʜʘʪʢʦʚʽ ʚʠʟʥʘʯʝʥʥʷ. 

                      ɺʠʟʥʘʯʝʥʥʷ 2. ʂʚʘʜʨʘʪʥʘ ʤʘʪʨʠʮʷ ʥʘʟʠʚʘʻʪʴʩʷ ʥʝʦʩʦʙʣʠʚʦʶ 

(ʥʝʚʠʨʦʜʞʝʥʦʶ), ʷʢʱʦ ʾʾ ʚʠʟʥʘʯʥʠʢ ʚʽʜʤʽʥʥʠʡ ʚʽʜ ʥʫʣʷ, ʪʦʙʪʦ 

det A Í 0. ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ det A = 0, ʤʘʪʨʠʮʷ ʥʘʟʠʚʘʻʪʴʩʷ 

ʦʩʦʙʣʠʚʦʶ, ʘʙʦ ʩʠʥʛʫʣʷʨʥʦʶ. 

                      ɺʠʟʥʘʯʝʥʥʷ 3. ʇʨʠʻʜʥʘʥʦʶ ʤʘʪʨʠʮʝʶ A
ï

 ʜʦ ʤʘʪʨʠʮʽ ɸ 

ʥʘʟʠʚʘʻʪʴʩʷ ʤʘʪʨʠʮʷ, ʱʦ ʦʪʨʠʤʫʻʪʴʩʷ ʟ ʤʘʪʨʠʮʽ ɸ ʰʣʷʭʦʤ 

ʟʘʤʽʥʠ ʾʾ ʝʣʝʤʝʥʪʽʚ ʥʘ ʚʽʜʧʦʚʽʜʥʽ ʾʤ ʘʣʛʝʙʨʘʾʯʥʽ ʜʦʧʦʚʥʝʥʥʷ ʟ 

ʥʘʩʪʫʧʥʠʤ ʪʨʘʥʩʧʦʥʫʚʘʥʥʷʤ.  

ʆʪʞʝ:    A
ï

 = 

ê
é
é
è

ú
ù
ù
ø

A11 A21 A31 é An1

A12 A22 A32 é An2

é é é é é

A1n A2n A3n é Ann

. 

ʄʘʻ ʤʽʩʮʝ ʪʝʦʨʝʤʘ ʧʨʦ ʽʩʥʫʚʘʥʥʷ ʦʙʝʨʥʝʥʦʾ ʤʘʪʨʠʮʽ. 

ʊɽʆʈɽʄɸ 1. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʢʚʘʜʨʘʪʥʘ ʤʘʪʨʠʮʷ ɸ ʤʘʣʘ 

ʦʙʝʨʥʝʥʫ, ʥʝʦʙʭʽʜʥʦ ʪʘ ʜʦʩʪʘʪʥʴʦ, ʱʦʙ ʚʦʥʘ ʙʫʣʘ 

ʥʝʚʠʨʦʜʞʝʥʦʶ, ʪʦʙʪʦ det A Í 0. 

ɼʦʚʝʜʝʥʥʷ. 

ʇʦʟʥʘʯʠʤʦ det A = D. ʅʝʭʘʡ, ʟʛʽʜʥʦ ʟ ʫʤʦʚʦʶ ʪʝʦʨʝʤʠ, D Í 0. 

ɼʦʚʝʜʝʤʦ, ʱʦ ʫ ʤʘʪʨʠʮʽ ɸ ʽʩʥʫʻ ʦʙʝʨʥʝʥʘ. ʇʦʤʥʦʞʠʤʦ ʧʨʠʻʜʥʘʥʫ ʤʘʪʨʠʮʶ 

ʥʘ ʯʠʩʣʦ 
1

D
. ʇʨʠ ʮʴʦʤʫ ʦʪʨʠʤʘʻʤʦ 

A* = 
1

D
 A
ï
 = 

ê
é
é
é
é
è

ú
ù
ù
ù
ù
ø

A11

D

A21

D

A31

D
é

An1

D

A12

D

A22

D
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é
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D
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D
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D
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D
é
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D

. 



28 
 

 

ɼʦʚʝʜʝʤʦ, ʱʦ A* = A-1. ɼʣʷ ʮʴʦʛʦ ʪʨʝʙʘ ʟʥʘʡʪʠ ʜʦʙʫʪʦʢ A*ĿA ʪʘ AĿA* . 

ʗʢʱʦ ʙʫʜʝ ʚʠʢʦʥʫʚʘʪʠʩʷ ʫʤʦʚʘ A*ĿA = AĿA* = E, ʪʦ ʪʝʦʨʝʤʫ ʙʫʜʝ ʜʦʚʝʜʝʥʦ. 
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ʈʦʟʛʣʷʥʝʤʦ ʜʽʘʛʦʥʘʣʴʥʽ ʝʣʝʤʝʥʪʠ ʤʘʪʨʠʮʽ ʉ. 

c11 = a11 
A11

D
 + a12 

A12

D
 + é + a1n 

A1n

D
 =  

= 
1

D
 (a11 A11 + a12 A12 + é + a1n A1n) = 

D

D
 = 1. 

 

ɸʥʘʣʦʛʽʯʥʦ ʜʦʚʦʜʷʪʴ, ʱʦ ʫʩʽ ʝʣʝʤʝʥʪʠ cii  = 1 (i = 2, n ) . 

ʈʝʰʪʘ ʝʣʝʤʝʥʪʽʚ cij  (i Í j) ʙʫʜʫʪʴ ʦʪʨʠʤʫʚʘʪʠʩʷ, ʷʢ ʩʫʤʘ ʜʦʙʫʪʢʫ 

ʝʣʝʤʝʥʪʽʚ ʦʜʥʦʛʦ ʨʷʜʢʘ ʥʘ ʘʣʛʝʙʨʘʾʯʥʝ ʜʦʧʦʚʥʝʥʥʷ ʜʨʫʛʦʛʦ ʨʷʜʢʘ. ʊʘʢʘ 

ʩʫʤʘ ʜʦʙʫʪʢʽʚ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʪʝʦʨʝʤʦʶ ( 2.2)  ʜʦʨʽʚʥʶʻ ʥʫʣʶ. 

 

cij  = ai1 
Aj1

D
 + ai2 

Aj2

D
 + é + ain 

Ajn

D
 = . 

 

= 
1

D
 (ai1 Aj1 + ai2 Aj2 + é + ain Ajn) = 

0

D
 = 0. 

 

ʆʪʞʝ, AĿA* = E. ɸʥʘʣʦʛʽʯʥʦ ʜʦʚʦʜʠʪʴʩʷ, ʱʦ ʽ A*ĿA = E. ʊʘʢʠʤ ʯʠʥʦʤ, 

AĿA* = A*ĿA= E. ʊʝʦʨʝʤʫ ʜʦʚʝʜʝʥʦ. 

1.3.2. ʇʦʙʫʜʦʚʘ ʦʙʝʨʥʝʥʦʾ ʤʘʪʨʠʮʽ 

ɯʩʥʫʻ ʙʘʛʘʪʦ ʩʧʦʩʦʙʽʚ ʧʦʙʫʜʦʚʠ ʦʙʝʨʥʝʥʦʾ ʤʘʪʨʠʮʽ. ʅʘʡʙʽʣʴʰ 

ʧʦʰʠʨʝʥʠʤʠ ʟ ʥʠʭ ʻ ʤʝʪʦʜ ʧʨʠʻʜʥʘʥʦʾ ʤʘʪʨʠʮʽ, ʤʝʪʦʜ ʝʣʝʤʝʥʪʘʨʥʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ, ʤʝʪʦʜ ʞʦʨʜʘʥʦʚʠʭ ʚʠʢʣʶʯʝʥʴ ʽ ʪ. ʜ. 

ʈʦʟʛʣʷʥʝʤʦ ʤʝʪʦʜ ʧʨʠʻʜʥʘʥʦʾ ʤʘʪʨʠʮʽ. ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʦʙʝʨʥʝʥʦʾ 

ʤʘʪʨʠʮʽ ʟʘ ʮʠʤ ʤʝʪʦʜʦʤ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʢʫ ʩʭʝʤʫ: 
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1. ʆʙʯʠʩʣʶʻʪʴʩʷ ʚʠʟʥʘʯʥʠʢ ʚʠʭʽʜʥʦʾ ʤʘʪʨʠʮʽ ɸ. ʗʢʱʦ det A Í 0, 

ʦʙʝʨʥʝʥʘ ʤʘʪʨʠʮʷ ʽʩʥʫʻ. 

2. ɹʫʜʫʻʪʴʩʷ ʤʘʪʨʠʮʷ ʟ ʘʣʛʝʙʨʘʾʯʥʠʭ ʜʦʧʦʚʥʝʥʴ ʝʣʝʤʝʥʪʽʚ ʜʘʥʦʾ 

ʤʘʪʨʠʮʽ. 

3. ʆʜʝʨʞʘʥʘ ʤʘʪʨʠʮʷ ʟ ʘʣʛʝʙʨʘʾʯʥʠʭ ʜʦʧʦʚʥʝʥʴ ʪʨʘʥʩʧʦʥʫʻʪʴʩʷ (ʪʠʤ 

ʩʘʤʠʤ ʬʦʨʤʫʻʪʴʩʷ ʧʨʠʻʜʥʘʥʘ ʤʘʪʨʠʮʷ). 

4. ʅʘʨʝʰʪʽ ʢʦʞʝʥ ʝʣʝʤʝʥʪ ʧʨʠʻʜʥʘʥʦʾ ʤʘʪʨʠʮʽ ʜʽʣʠʪʴʩʷ  ʥʘ ʚʠʟʥʘʯʥʠʢ 

ʚʠʭʽʜʥʦʾ ʤʘʪʨʠʮʽ (det A). ʆʪʞʝ,  ʦʜʝʨʞʫʻʪʴʩʷ ʤʘʪʨʠʮʷ, ʦʙʝʨʥʝʥʘ ʜʦ ʜʘʥʦʾ. 

ʇʨʠʢʣʘʜ 1. ʇʦʙʫʜʫʚʘʪʠ ʦʙʝʨʥʝʥʫ ʜʦ ɸ ʤʘʪʨʠʮʶ. 

A = 
ê
é
è

ú
ù
ø1 2 -1

3 0 2

4 -2 5
. 

ʈʦʟʚô̫ ʟʘʥʥʷ.  

1. ʆʙʯʠʩʣʠʤʦ ʚʠʟʥʘʯʥʠʢ ʟʘʜʘʥʦʾ ʤʘʪʨʠʮʽ. 

det A = 
î
î
î

î
î
î1 2 -1

3 0 2

4 -2 5
 = 
î
î
î

î
î
î5 0 4

3 0 2

4 -2 5
 =

= -2 (-1)3 + 2 
î
î
î

î
î
î5 4

3 2
 = 2 (10 - 12) = -4 Í 0 

ʆʪʞʝ, ʦʙʝʨʥʝʥʘ ʤʘʪʨʠʮʷ ʽʩʥʫʻ. 

2. ɿʘʤʽʥʶʻʤʦ  ʢʦʞʝʥ ʝʣʝʤʝʥʪ ʚʠʭʽʜʥʦʾ ʤʘʪʨʠʮʽ ʥʘ ʡʦʛʦ ʘʣʛʝʙʨʘʾʯʥʝ 

ʜʦʧʦʚʥʝʥʥʷ. 

A11 = 
î
î
î

î
î
î0 2

-2 5
 = 4,  A12 = - 

î
î
î

î
î
î3 2

4 5
 = -7, ,

24

03
13

-
=A  

 

A21 = - 
î
î
î

î
î
î2 -1

-2 5
 = -8,  A22 = 

î
î
î

î
î
î1 -1

4 5
 = 9, A23 = - 

î
î
î

î
î
î1 2

4 -2
 = 10, 

 

A31 = 
î
î
î

î
î
î2 -1

0 2
 = 4,   A32 = - 

î
î
î

î
î
î1 -1

3 2
 = -5,  A33 = 

î
î
î

î
î
î1 2

3 0
 = -6, 

 

ê
é
è

ú
ù
ø4 -7 -6

-8 9 10

4 -5 -6
. 

3. ʌʦʨʤʫʻʤʦ ʧʨʠʻʜʥʘʥʫ ʤʘʪʨʠʮʶ  
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A
ï

 = 
ê
é
è

ú
ù
ø4 -8 4

-7 9 5

-6 10 -6
. 

 

4. ʆʪʞʝ, ʦʙʝʨʥʝʥʘ ʤʘʪʨʠʮʷ ʤʘʻ ʚʠʛʣʷʜ: 

 

A-1 = 
1

-4
 
ê
é
è

ú
ù
ø4 -8 4

-7 9 5

-6 10 -6
 = 

ê
é
é
è

ú
ù
ù
ø

-1 2 1

7

4
-
9

4

5

4

3

2
-
5

2

3

2

. 

ʇʝʨʝʚʽʨʢʘ: 

ê
é
è

ú
ù
ø1 2 -1

3 0 2

4 -2 5
 

ê
é
é
è

ú
ù
ù
ø

-1 2 1

7

4
-
9

4

5

4

3

2
-
5

2

3

2

 = 
ê
é
è

ú
ù
ø1 0 0

0 1 0

0 0 1
.. 

ʇʨʠʢʣʘʜ 2. ɿʘʩʦʙʘʤʠ ʩʝʨʝʜʦʚʠʱʘ Mathcad ʧʦʙʫʜʫʚʘʪʠ ʦʙʝʨʥʝʥʫ 

ʤʘʪʨʠʮʶ ʜʦ ʜʘʥʦʾ  

A = 
ê
é
è

ú
ù
ø2 1 -1

0 3 2

1 4 0
. 

ʈʦʟʚô̫ ʟʘʥʥʷ. 

1. ʋ ʩʝʨʝʜʦʚʠʱʽ Mathcad ʚʚʦʜʷʪʴ ʚʠʭʽʜʥʫ ʤʘʪʨʠʮʶ ɸ (ʟʛʽʜʥʦ ʟ 

ʤʝʪʦʜʠʢʦʶ, ʱʦ ʦʧʠʩʘʥʘ ʚ ʧʨʠʢʣʘʜʽ 2 ʧ.1.1.4). 

2. ɺʽʜʢʨʠʚʘʶʪʴ ʧʘʥʝʣʴ ʢʘʣʴʢʫʣʷʪʦʨʘ (ʨʠʩ. 1.10). 

3. ʋ ʩʝʨʝʜʦʚʠʱʽ Mathcad  ʚʚʦʜʷʪʴ ʚʠʨʘʟ   AOBER: 

ʅʘ ʝʢʨʘʥʽ ʧʨʠ ʮʴʦʤʫ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ   AOBER: = 
4. ɼʘʣʽ ʚ ʧʘʥʝʣʽ ʢʘʣʴʢʫʣʷʪʦʨʘ ʥʘʪʠʩʢʘʶʪʴ ʢʫʨʩʦʨʦʤ ʤʠʰʽ ʥʘ ʢʥʦʧʢʫ 

                                       X-1 . 

5. ʋ ʟʨʘʟʢʫ, ʱʦ ʟô̫ ʚʣʷʻʪʴʩʷ, ʚʚʦʜʷʪʴ ʧʦʟʥʘʯʝʥʥʷ ɸ. 

6. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʫ ʫ ʥʦʚʦʤʫ ʨʷʜʢʫ ʚʚʦʜʷʪʴ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

AOBER= 

(ʧʨʠ ʮʴʦʤʫ ʥʘ ʝʢʨʘʥʽ ʟô̫ ʚʣʷʻʪʴʩʷ ʨʝʟʫʣʴʪʘʪ (ʨʠʩ.1.10 : 1-ʡ ʚʘʨʽʘʥʪ)). 

7. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʦʙʝʨʥʝʥʫ ʤʘʪʨʠʮʶ ʟ ʝʣʝʤʝʥʪʘʤʠ ʫ ʚʠʛʣʷʜʽ 

ʟʚʠʯʘʡʥʠʭ ʜʨʦʙʽʚ, ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʟʥʘʢ ʩʠʤʚʦʣʴʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ 

() ʟ ʧʘʥʝʣʝʡ ʚʽʜʥʦʰʝʥʴ (ʨʠʩ. 1.10 : 2-ʡ ʚʘʨʽʘʥʪ). ʇʨʠ ʮʴʦʤʫ ʦʙʝʨʥʝʥʘ 

ʤʘʪʨʠʮʷ ʥʘ ʝʢʨʘʥʽ ʙʫʜʝ ʚʽʜʦʙʨʘʞʘʪʠʩʷ ʪʘʢ, ʷʢ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1.10: 
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ʈʠʩ. 1.10  

 
1.4. ʈʘʥʛ ʤʘʪʨʠʮʽ 

 

ʈʦʟʛʣʷʥʝʤʦ ʫ ʤʘʪʨʠʮʽ ɸ ʨʦʟʤʽʨʫ (m³n) ʤʽʥʦʨʠ ʨʽʟʥʠʭ ʧʦʨʷʜʢʽʚ. 

 

A = 

ê
é
é
è

ú
ù
ù
ø

a11 a12 é a1n

a21 a22 é a2n

é é é é

am1 am2 é amn

. 

ʄʽʥʦʨʠ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ï ʮʝ ʩʘʤʽ ʝʣʝʤʝʥʪʠ ʤʘʪʨʠʮʽ. ʗʩʥʘ ʨʽʯ, ʱʦ 

ʩʝʨʝʜ ʤʽʥʦʨʽʚ ʤʦʞʫʪʴ ʟʫʩʪʨʽʯʘʪʠʩʷ ʪʘʢʽ, ʱʦ ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ, ʪʘ ʪʘʢʽ, ʱʦ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʥʫʣʷ. ʅʝʭʘʡ r ï ʤʘʢʩʠʤʘʣʴʥʠʡ ʧʦʨʷʜʦʢ ʚʽʜʤʽʥʥʦʛʦ ʚʽʜ 

ʥʫʣʷ ʤʽʥʦʨʫ, ʪʦʙʪʦ ʫʩʽ ʤʽʥʦʨʠ, ʧʦʨʷʜʦʢ  ʷʢʠʭ ʚʠʱʝ r, ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ. ʋ 

ʪʘʢʦʤʫ ʨʘʟʽ ʚʽʜʟʥʘʯʘʶʪʴ, ʱʦ ʤʘʪʨʠʮʷ ɸ ʤʘʻ ʨʘʥʛ r.  
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              ɺʠʟʥʘʯʝʥʥʷ 1. ʈʘʥʛ ʤʘʪʨʠʮʽ ï ʮʝ ʥʘʡʙʽʣʴʰʠʡ ʧʦʨʷʜʦʢ 

ʚʽʜʤʽʥʥʠʭ ʚʽʜ ʥʫʣʷ ʤʽʥʦʨʽʚ ʮʽʻʾ ʤʘʪʨʠʮʽ (ʪʘʢʽ ʤʽʥʦʨʠ 

ʥʘʟʠʚʘʶʪʴʩʷ ʙʘʟʠʩʥʠʤʠ). 

ɿʘʟʚʠʯʘʡ ʨʘʥʛ ʤʘʪʨʠʮʽ ɸ ʧʦʟʥʘʯʘʻʪʴʩʷ r(ɸ) , rA, r. 

ʊɽʆʈɽʄɸ ʇʈʆ ʈɸʅɻ ʄɸʊʈʀʎɯ: 

 ʈʘʥʛ ʤʘʪʨʠʮʽ ʜʦʨʽʚʥʶʻ ʥʘʡʙʽʣʴʰʦʤʫ ʯʠʩʣʫ ʣʽʥʽʡʥʦ 

ʥʝʟʘʣʝʞʥʠʭ ʨʷʜʢʽʚ (ʘʙʦ ʩʪʦʚʧʮʽʚ) ʤʘʪʨʠʮʽ. ʇʨʠʯʦʤʫ ʨʘʥʛ ʧʦ 

ʩʪʦʚʧʮʷʭ ʟʙʽʛʘʻʪʴʩʷ ʟ ʨʘʥʛʦʤ ʧʦ ʨʷʜʢʘʭ. 

ʈʘʥʛ ʤʘʪʨʠʮʽ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʧʨʠ ʝʣʝʤʝʥʪʘʨʥʠʭ 

ʧʝʨʝʪʚʦʨʝʥʥʷʭ ʤʘʪʨʠʮʽ (ʜʠʚ. ʧ. 1. 4 .2). 

 

1.4.1. ɼʚʘ ʩʧʦʩʦʙʠ ʦʙʯʠʩʣʝʥʥʷ ʨʘʥʛʫ ʤʘʪʨʠʮʽ 

 

1. ʄʝʪʦʜ ʦʪʦʯʫʶʯʠʭ ʤʽʥʦʨʽʚ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚ ʥʝʥʫʣʴʦʚʽʡ ʤʘʪʨʠʮʽ  ɸ 

ʰʫʢʘʶʪʴʩʷ ʜʦʚʽʣʴʥʽ ʙʘʟʠʩʥʽ ʤʽʥʦʨʠ.  ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ɸ ï ʮʝ ʢʚʘʜʨʘʪʥʘ 

ʤʘʪʨʠʮʷ, ʱʦ ʤʘʻ 3 ʨʷʜʢʠ ʽ 3 ʩʪʦʚʧʮʽ (ʷʢʱʦ ʢʽʣʴʢʽʩʪʴ ʾʭ ʽʥʰʘ, ʧʦʰʫʢ 

ʨʘʥʛʫ ʧʨʦʭʦʜʠʪʴ ʟʘ ʪʽʻʶ ʞ ʩʭʝʤʦʶ). ʆʩʢʽʣʴʢʠ ʤʘʻʤʦ ʥʝʥʫʣʴʦʚʫ 

ʤʘʪʨʠʮʶ, ʪʦ ʩʝʨʝʜ ʾʾ ʝʣʝʤʝʥʪʽʚ ʻ ʥʝ ʨʽʚʥʽ ʥʫʣʶ. ʂʦʞʝʥ ʝʣʝʤʝʥʪ ï ʮʝ 

ʤʽʥʦʨ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ. ʊʦʙʪʦ rang AÓ 1. ɼʘʣʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʤʽʥʦʨʠ 

ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ. ʗʢʱʦ ʚʩʽ ʚʦʥʠ ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ, ʪʦ rang A= 1, ʷʢʱʦ 

ʥʽ, ʪʦ rang AÓ 2. ʅʘʨʝʰʪʽ ʨʦʟʛʣʷʜʘʻʤʦ ʤʽʥʦʨ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ. ʗʢʱʦ 

ʚʽʥ ʥʝ ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʪʦ rang A= 3. ʗʢʱʦ ʚʽʥ ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʪʦ 

 rangA=2. (ɼʦ ʨʝʯʽ, ʤʦʞʥʘ ʧʦʯʠʥʘʪʠ ʟ ʤʽʥʦʨʽʚ ʥʘʡʚʠʱʦʛʦ ʧʦʨʷʜʢʫ.   

ʗʢʱʦ ʤʽʥʦʨ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ ʥʝ ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʪʦ ʥʘ ʮʴʦʤʫ 

ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʥʘ ʧʨʠʧʠʥʠʪʠ, ʪʦʤʫ ʱʦ rang A=3. ʗʢʱʦ ʤʘʻʤʦ ʽʥʰʠʡ 

ʨʝʟʫʣʴʪʘʪ, ʪʦ ʟʚʝʨʪʘʻʤʦʩʴ ʜʦ ʤʽʥʦʨʽʚ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ  ʽ ʪ. ʽ.).  

2. ʄʝʪʦʜ ʝʣʝʤʝʥʪʘʨʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʝʣʝʤʝʥʪʘʨʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʟʥʘʭʦʜʠʪʴʩʷ ʜʝʷʢʘ ʤʘʢʩʠʤʘʣʴʥʘ ʣʽʥʽʡʥʦ 

ʥʝʟʘʣʝʞʥʘ ʩʠʩʪʝʤʘ ʨʷʜʢʽʚ ʤʘʪʨʠʮʽ (ʤʝʪʦʜ ɻʘʫʩʩʘ). 

            ɺʠʟʥʘʯʝʥʥʷ 2.  ɽʣʝʤʝʥʪʘʨʥʠʤʠ ʧʝʨʝʪʚʦʨʝʥʥʷʤʠ ʤʘʪʨʠʮʽ   

ʥʘʟʠʚʘʶʪʴ ʥʘʩʪʫʧʥʽ ʜʽʾ: 

ʘ) ʧʝʨʝʩʪʘʥʦʚʢʘ ʤʽʩʮʷʤʠ (ʪʨʘʥʩʧʦʟʠʮʽʷ) ʨʷʜʢʽʚ ʯʠ ʩʪʦʚʧʮʽʚ 

ʤʘʪʨʠʮʽ; 

ʙ) ʤʥʦʞʝʥʥʷ ʫʩʽʭ ʝʣʝʤʝʥʪʽʚ ʨʷʜʢʘ (ʩʪʦʚʧʮʷ) ʥʘ ʜʦʚʽʣʴʥʝ 

ʯʠʩʣʦ, ʚʽʜʤʽʥʥʝ ʚʽʜ ʥʫʣʷ;  
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ʚ) ʜʦʜʘʚʘʥʥʷ ʜʦ ʝʣʝʤʝʥʪʽʚ ʨʷʜʢʘ (ʩʪʦʚʧʮʷ) ʚʽʜʧʦʚʽʜʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʽʥʰʦʛʦ ʨʷʜʢʘ (ʩʪʦʚʧʮʷ), ʧʦʤʥʦʞʝʥʠʭ ʥʘ ʜʝʷʢʝ 

ʯʠʩʣʦ; 

ʛ) ʟʘʤʽʥʘ ʨʷʜʢʽʚ ʩʪʦʚʧʮʷʤʠ, ʘ ʩʪʦʚʧʮʽʚ ï ʚʽʜʧʦʚʽʜʥʠʤʠ 

ʨʷʜʢʘʤʠ; 

ʜ) ʚʠʢʨʝʩʣʝʥʥʷ ʨʷʜʢʘ (ʩʪʦʚʧʮʷ), ʫʩʽ ʝʣʝʤʝʥʪʠ ʷʢʦʛʦ 

ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ. 

     ʄʦʞʥʘ ʧʦʢʘʟʘʪʠ, ʱʦ ʝʣʝʤʝʥʪʘʨʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʝ ʟʤʽʥʶʶʪʴ 

ʨʘʥʛʫ  ʤʘʪʨʠʮʽ. 

            ɺʠʟʥʘʯʝʥʥʷ 3.  ɼʚʽ ʤʘʪʨʠʮʽ ɸ ʽ B ʥʘʟʠʚʘʶʪʴʩʷ 

ʝʢʚʽʚʘʣʝʥʪʥʠʤʠ, ʷʢʱʦ      ʤʘʻ ʤʽʩʮʝ ʨʽʚʥʽʩʪʴ r(ɸ) = r (ɺ). ʋ 

ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʟʘʧʠʩʫʶʪʴ ɸ ~ ɺ. 

ʋ ʧʦʜʘʣʴʰʦʤʫ ʧʨʠ ʨʦʟʚ'ʷʟʘʥʥʽ ʟʘʜʘʯ ʜʦʩʠʪʴ ʢʦʨʠʩʥʦ ʤʘʪʠ ʥʘ ʫʚʘʟʽ ʪʘʢʫ 

ʣʝʤʫ. 

           ʃʝʤʘ. ʗʢʱʦ ʫʩʽ ʤʽʥʦʨʠ r-ʛʦ ʧʦʨʷʜʢʫ ʤʘʪʨʠʮʽ ɸ ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ,    

ʪʦ    ʽ ʚʩʽ ʤʽʥʦʨʠ ʧʦʨʷʜʢʫ ʚʠʱʝ, ʥʽʞ r, ʪʘʢʦʞ ʜʦʨʽʚʥʶʶʪʴ 

ʥʫʣʶ. 

                      ɺʠʟʥʘʯʝʥʥʷ 4. ʋʩʷʢʠʡ ʚʽʜʤʽʥʥʠʡ ʚʽʜ ʥʫʣʷ ʤʽʥʦʨ ʤʘʪʨʠʮʽ, 

ʧʦʨʷʜʦʢ ʷʢʦʛʦ ʚʽʜʧʦʚʽʜʘʻ ʾʾ ʨʘʥʛʫ, ʥʘʟʠʚʘʻʪʴʩʷ ʙʘʟʠʩʥʠʤ 

ʤʽʥʦʨʦʤ ʮʽʻʾ ʤʘʪʨʠʮʽ. 

ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʤʘʪʨʠʮʷ ʤʦʞʝ ʤʘʪʠ ʥʝ ʦʜʠʥ ʙʘʟʠʩʥʠʡ ʤʽʥʦʨ, ʘ 

ʜʝʢʽʣʴʢʘ. ʇʨʦʪʝ ʧʦʨʷʜʢʠ ʫʩʽʭ ʙʘʟʠʩʥʠʭ ʤʽʥʦʨʽʚ ʦʜʥʘʢʦʚʽ ʽ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʨʘʥʛʦʚʽ ʤʘʪʨʠʮʽ. 

ʉʪʦʚʧʮʽ ʪʘ ʨʷʜʢʠ, ʷʢʽ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʚ ʫʪʚʦʨʝʥʥʽ ʙʘʟʠʩʥʦʛʦ ʤʽʥʦʨʫ, 

ʪʘʢʦʞ ʥʘʟʠʚʘʶʪʴʩʷ ʙʘʟʠʩʥʠʤʠ. 

ʇʨʠʢʣʘʜ 1. ʄʝʪʦʜʦʤ ʦʪʦʯʫʶʯʠʭ ʤʽʥʦʨʽʚ ʦʙʯʠʩʣʠʪʠ ʨʘʥʛ ʤʘʪʨʠʮʽ 

A = 
ê
é
è

ú
ù
ø4 2 3

5 2 1

9 4 4
. 

 

ʈʦʟʚôʷʟʘʥʥʷ. 

ʘ) ʆʙʯʠʩʣʶʻʤʦ ʙʫʜʴ-ʷʢʝ ʦʪʦʯʝʥʥʷ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ. 
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ê
é
è

ú
ù
ø4 2 3

5 2 1

9 4 4
. 

 

ʗʩʥʘ ʨʽʯ, ʱʦ ʦʪʦʯʝʥʥʷ D1  ̧0 ; ʪʦʜʽ ʧʝʨʝʭʦʜʷʪʴ ʜʦ ʘʥʘʣʽʟʫ ʦʪʦʯʝʥʥʷ 

ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ.  

ʙ) ɺʽʜʦʢʨʝʤʣʶʻʤʦ ʙʫʜʴ-ʷʢʝ ʦʪʦʯʝʥʥʷ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ. 

 

ê
é
è

ú
ù
ø4 2 3

5

9

2 1

4 4
. 

 

D2 = 
î
î
î

î
î
î2 1

4 4
 = 8 - 4 ̧  0. 

 

ʆʩʢʽʣʴʢʠ D2  ̧0, ʪʦ ʧʝʨʝʭʦʜʠʤʦ ʜʦ ʦʪʦʯʝʥʥʷ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ. 

ê
é
è

ú
ù
ø4 2 3

5 2 1

9 4 4
. 

 

ʆʪʦʯʝʥʥʷ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ ï ʮʝ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʠʟʥʘʯʥʠʢ ʤʘʪʨʠʮʽ ɸ. 

ɿʚʽʜʪʠ ʤʘʻʤʦ: 

 

D3 = 
î
î
î

î
î
î4 2 3

5 2 1

9 4 4
 = 
î
î
î

î
î
î4 2 3

1 0 -2

9 4 4
 = 
î
î
î

î
î
î4 2 11

1 0 0

9 4 22
 =  

 

= 1Ö(-1)2 + 1 
î
î
î

î
î
î2 11

4 22
 = 0. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʘʥʛ ʚʠʭʽʜʥʦʾ ʤʘʪʨʠʮʽ r(A) = 2. 

ʅʝʦʙʭʽʜʥʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʜʘʥʠʡ ʤʝʪʦʜ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʛʨʦʤʽʟʜʢʽʩʪʶ 

(ʦʩʦʙʣʠʚʦ, ʢʦʣʠ ʤʘʪʨʠʮʷ ʤʘʻ ʟʥʘʯʥʽ ʧʦʨʷʜʢʠ). ʋ ʟʚôʷʟʢʫ ʟ ʚʠʱʝʟʘʟʥʘʯʝʥʠʤ, 

ʮʝʡ ʤʝʪʦʜ ʥʝ ʟʥʘʡʰʦʚ ʰʠʨʦʢʦʛʦ ʧʨʘʢʪʠʯʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ. ʅʘ ʧʨʘʢʪʠʮʽ 

ʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ, ʱʦ ʟʘʩʥʦʚʘʥʽ ʥʘ ʧʦʥʷʪʪʷʭ 

ʝʢʚʽʚʘʣʝʥʪʥʦʩʪʽ  ʤʘʪʨʠʮʴ ʪʘ ʝʣʝʤʝʥʪʘʨʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ. ʆʪʞʝ, ʟʚʝʨʥʝʤʦʩʴ 

ʜʦ ʥʘʩʪʫʧʥʦʛʦ ʧʨʘʚʠʣʘ. 
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ʇʨʘʚʠʣʦ ʦʙʯʠʩʣʝʥʥʷ ʨʘʥʛʫ ʤʘʪʨʠʮʽ. ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʨʘʥʛʫ ʤʘʪʨʠʮʽ 

ɸ ʾʾ ʥʝʦʙʭʽʜʥʦ ʟʚʝʩʪʠ ʜʦ ʪʨʘʧʝʮʽʻʚʠʜʥʦʾ ʬʦʨʤʠ. ʊʦʜʽ ʨʘʥʛ ʤʘʪʨʠʮʽ ɸ ʙʫʜʝ 

ʜʦʨʽʚʥʶʚʘʪʠ ʯʠʩʣʫ ʥʝʥʫʣʴʦʚʠʭ ʨʷʜʢʽʚ ʪʨʘʧʝʮʽʻʚʠʜʥʦʾ ʬʦʨʤʠ ʤʘʪʨʠʮʽ. 

                 ɺʠʟʥʘʯʝʥʥʷ 5. ʄʘʪʨʠʮʷ ɸ ʤʘʻ ʪʨʘʧʝʮʽʻʚʠʜʥʫ ʬʦʨʤʫ, ʷʢʱʦ: 

 ʘ) ʝʣʝʤʝʥʪʠ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʥʠʞʯʝ ʝʣʝʤʝʥʪʽʚ a11, a22, é, ann,    

ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʥʘ ʥʫʣʴ; 

        ʙ) ʝʣʝʤʝʥʪʠ a11, a22, é, ann ʚʽʜʤʽʥʥʽ  ʚʽʜ ʥʫʣʷ; 

        ʚ) ʫʩʽ ʝʣʝʤʝʥʪʠ ʦʩʪʘʥʥʽʭ )( nm-  ʨʷʜʢʽʚ (ʧʨʠnm² ) 

ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʥʘ ʥʫʣʴ. 

ʇʨʠʢʣʘʜ ʪʨʘʧʝʮʽʻʚʠʜʥʦʾ ʬʦʨʤʠ ʤʘʪʨʠʮʽ ɸ: 

A = 

ê
é
è

ú
ù
ø

2 3 4 5

0 1 2 0

0 0 4 5

0 0 0 0

. 

ʄʘʪʨʠʮʶ ɸ ʜʦ ʪʨʘʧʝʮʽʻʚʠʜʥʦʾ ʬʦʨʤʠ ʟʚʦʜʷʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʣʛʦʨʠʪʤʫ 

ɻʘʫʩʩʘ. ɯʜʝʷ ʘʣʛʦʨʠʪʤʫ ɻʘʫʩʩʘ ʧʦʣʷʛʘʻ ʚ ʪʘʢʦʤʫ. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʟʘ 

ʙʘʟʠʩʥʠʡ ʦʙʠʨʘʶʪʴ ʨʷʜʦʢ, ʫ ʷʢʦʛʦ a1j  ̧0. ʁʦʛʦ ʩʪʘʚʣʷʪʴ ʥʘ ʧʝʨʰʝ ʤʽʩʮʝ ʫ 

ʩʠʩʪʝʤʽ ʨʷʜʢʽʚ. ʇʦʪʽʤ ʧʝʨʰʠʡ ʨʷʜʦʢ ʥʝʦʙʭʽʜʥʦ ʧʦʤʥʦʞʠʪʠ ʥʘ ʪʘʢʠʡ 

ʤʥʦʞʥʠʢ, ʱʦʙ ʧʽʩʣʷ ʜʦʜʘʚʘʥʥʷ ʜʦ ʜʨʫʛʦʛʦ ʨʷʜʢʘ  ʡʦʛʦ ʝʣʝʤʝʥʪ a12 

ʧʝʨʝʪʚʦʨʶʚʘʚʩʷ ʥʘ ʥʫʣʴ. ɸʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ ʜʦʙʠʚʘʶʪʴʩʷ, ʱʦʙ ʨʝʰʪʘ 

ʝʣʝʤʝʥʪʽʚ a1j (j  ̧1) ʧʝʨʝʪʚʦʨʠʣʘʩʴ ʥʘ ʥʫʣʴ. ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʟʥʦʚʫ 

ʦʙʠʨʘʶʪʴ ʙʘʟʠʩʥʠʡ ʨʷʜʦʢ (ʧʝʨʰʠʡ ʨʷʜʦʢ ʧʨʠ ʮʴʦʤʫ ʟʘʣʠʰʘʻʪʴʩʷ 

ʥʝʟʤʽʥʥʠʤ), ʧʨʠʯʦʤʫ ʮʝ ʙʫʜʝ ʨʷʜʦʢ, ʚ ʷʢʦʛʦ a1j = 0, ʘ a2j  ̧0. ʎʝʡ ʨʷʜʦʢ 

ʩʪʘʚʣʷʪʴ ʥʘ ʜʨʫʛʝ ʤʽʩʮʝ ʫ ʩʠʩʪʝʤʽ ʨʷʜʢʽʚ ʽ ʜʦʙʠʚʘʶʪʴʩʷ, ʱʦʙ ʨʝʰʪʘ 

ʝʣʝʤʝʥʪʽʚ a2j (j > 2) ʧʝʨʝʪʚʦʨʠʣʘʩʴ  ʥʘ ʥʫʣʴ. ɸʥʘʣʦʛʽʯʥʦ ʜʽʶʪʴ ʽ ʜʘʣʽ. 

ʇʨʠʢʣʘʜ 2. ʆʙʯʠʩʣʠʪʠ ʨʘʥʛ ʤʘʪʨʠʮʽ ɸ ʰʣʷʭʦʤ ʟʚʝʜʝʥʥʷ ʾʾ ʜʦ 

ʪʨʘʧʝʮʽʻʚʠʜʥʦʾ  ʬʦʨʤʠ, ʷʢʱʦ 

A = 
ê
é
è

ú
ù
ø2 3 5 -3 -2

3 4 3 -1 -3

1 1 -2 2 -1
. 

ʈʦʟʚôʷʟʘʥʥʷ.  

1) ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʦʙʠʨʘʶʪʴ ʙʘʟʠʩʥʠʡ ʨʷʜʦʢ ʽ ʩʪʘʚʣʷʪʴ ʡʦʛʦ ʫ ʩʠʩʪʝʤʽ 

ʨʷʜʢʽʚ ʥʘ ʧʝʨʰʝ ʤʽʩʮʝ. ɿʘ ʙʘʟʠʩʥʠʡ ʪʫʪ ʤʦʞʥʘ ʧʨʠʡʤʘʪʠ ʽ ʧʝʨʰʠʡ, ʽ 
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ʜʨʫʛʠʡ, ʽ ʪʨʝʪʽʡ ʨʷʜʢʠ. ʇʨʦʪʝ ʜʣʷ ʟʨʫʯʥʦʩʪʽ ʦʙʯʠʩʣʶʚʘʥʴ ʦʙʠʨʘʶʪʴ ʪʨʝʪʽʡ, 

ʘʜʞʝ ʫ ʥʴʦʛʦ a11 = 1, ʘ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʜʦʩʠʪʴ ʧʨʦʩʪʦ ʤʦʞʥʘ ʜʦʙʠʪʠʩʷ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘ ʥʫʣʴ ʫʩʽʭ ʢʦʝʬʽʮʽʻʥʪʽʚ, ʱʦ ʩʪʦʷʪʴ ʥʠʞʯʝ ʝʣʝʤʝʥʪʘ a11. 

ʆʪʞʝ, ʤʘʻʤʦ   
ê
é
è

ú
ù
ø2 3 5 -3 -2

3 4 3 -1 -3

1 1 -2 2 -1
 ~ 
ê
é
è

ú
ù
ø1 1 -2 2 -1

2 3 5 -3 -2

3 4 3 -1 -3
. 

ɽʣʝʤʝʥʪʠ ʧʝʨʰʦʛʦ ʨʷʜʢʘ ʤʥʦʞʠʤʦ ʥʘ (-2) ʽ ʜʦʜʘʻʤʦ ʡʦʛʦ ʝʣʝʤʝʥʪʠ ʜʦ 

ʚʽʜʧʦʚʽʜʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʨʫʛʦʛʦ ʨʷʜʢʘ: 

ê
é
è

ú
ù
ø1 1 -2 2 -1

2 3 5 -3 -2

3 4 3 -1 -3
 ~ 
ê
é
è

ú
ù
ø1 1 -2 2 -1

0 1 9 -7 0

3 4 3 -1 -3
. 

ɽʣʝʤʝʥʪʠ ʧʝʨʰʦʛʦ ʨʷʜʢʘ ʤʥʦʞʠʤʦ ʥʘ (-3) ʽ ʜʦʜʘʻʤʦ ʾʭ ʜʦ ʚʽʜʧʦʚʽʜʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʪʨʝʪʴʦʛʦ ʨʷʜʢʘ: 

ê
é
è

ú
ù
ø1 1 -2 2 -1

0 1 9 -7 0

3 4 3 -1 -3
 ~ 
ê
é
è

ú
ù
ø1 1 -2 2 -1

0 1 9 -7 0

0 1 9 -7 0
. 

 

2) ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʟʥʦʚʫ ʦʙʠʨʘʻʤʦ ʙʘʟʠʩʥʠʡ ʨʷʜʦʢ, ʘʣʝ ʪʘʢʠʡ, ʫ 

ʷʢʦʛʦ a1j = 0, ʘ a2j  ̧0. 

ʊʘʢʠʤ ʨʷʜʢʦʤ ʤʦʞʝ ʩʣʫʞʠʪʠ ʷʢ ʜʨʫʛʠʡ, ʪʘʢ ʽ ʪʨʝʪʽʡ. ʅʝʭʘʡ ʙʘʟʠʩʥʠʤ 

ʥʘ ʮʴʦʤʫ ʝʪʘʧʽ ʙʫʜʝ ʜʨʫʛʠʡ ʨʷʜʦʢ. ʊʦʜʽ ʥʝʦʙʭʽʜʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʝʣʝʤʝʥʪʘʨʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʜʦʙʠʪʠʩʷ, ʱʦʙ ʝʣʝʤʝʥʪ a32 ʧʝʨʝʪʚʦʨʠʚʩʷ ʥʘ 

ʥʫʣʴ.  

ʆʪʞʝ, ʤʘʻʤʦ: 

ê
é
è

ú
ù
ø1 1 -2 2 -1

0 1 9 -7 0

0 1 9 -7 0
 ~ 
ê
é
è

ú
ù
ø1 1 -2 2 -1

0 1 9 -7 0

0 0 0 0 0
. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʭʽʜʥʘ ʤʘʪʨʠʮʷ ʟʚʝʜʝʥʘ ʜʦ ʪʨʘʧʝʮʽʻʚʠʜʥʦʾ ʬʦʨʤʽ, ʽ ʧʨʠ 

ʮʴʦʤʫ ʦʯʝʚʠʜʥʦ, ʱʦ r(ɸ) = 2. 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʤʦʞʥʘ ʧʨʦʜʦʚʞʠʪʠ ʚʠʢʦʥʫʚʘʪʠ ʝʣʝʤʝʥʪʘʨʥʽ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʪʦʚʧʮʽʚ ʟ ʪʠʤ, ʱʦʙ ʜʦʙʠʪʠʩʷ ʙʽʣʴʰ ʚʠʪʦʥʯʝʥʦʛʦ ʚʠʛʣʷʜʫ 

ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʤʘʪʨʠʮʽ: 

ê
é
è

ú
ù
ø1 1 -2 2 -1

0 1 9 -7 0
 ~ 
ê
é
è

ú
ù
ø1 1 2 2 0

0 1 9 -7 0
 ~ 
ê
é
è

ú
ù
ø1 1 2 2

0 1 9 -7
 ~ 

 

~ 
ê
é
è

ú
ù
ø1 1 -7 2

0 1 0 -7
 ~ 
ê
é
è

ú
ù
ø1 1 -7 9

0 1 0 0
 ~ 
ê
é
è

ú
ù
ø1 1 0 9

0 1 0 0
 ~  
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~ 
ê
é
è

ú
ù
ø1 1 0

0 1 0
 ~ 
ê
é
è

ú
ù
ø1 1

0 1
. 

ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ: 

A = 
ê
é
è

ú
ù
ø2 3 5 -3 -2

3 4 3 -1 -3

1 1 -2 2 -1
 ~ 
ê
é
è

ú
ù
ø1 1

0 1
. 

ʇʨʠʢʣʘʜ 3. ʋ ʩʝʨʝʜʦʚʠʱʽ Mathcad ʦʙʯʠʩʣʠʪʠ ʨʘʥʛ ʤʘʪʨʠʮʽ 

A = 
ê
é
è

ú
ù
ø0 -1 3 0 2

2 -4 1 5 3

-4 5 7 -10 0
. 

ʈʦʟʚôʷʟʘʥʥʷ. 

1. ʋ ʩʝʨʝʜʦʚʠʱʝ Mathcad ʚʚʦʜʷʪʴ ʚʠʭʽʜʥʫ ʤʘʪʨʠʮʶ ɸ (ʟʛʽʜʥʦ ʟ 

ʤʝʪʦʜʠʢʦʶ, ʦʧʠʩʘʥʦʶ ʚ ʧʨʠʢʣʘʜʽ 2 ʧ.1.1.4). 

2. ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʨʘʥʛʫ ʤʘʪʨʠʮʴ ʚ ʩʝʨʝʜʦʚʠʱʽ Mathcad ʽʩʥʫʻ 

ʚʤʦʥʪʦʚʘʥʘ ʬʫʥʢʮʽʷ rank( ). 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʾʾ ʚʠʢʣʠʢʘʪʠ, ʥʝʦʙʭʽʜʥʦ: 

ʘ) ʥʘʪʠʩʥʫʪʠ ʢʫʨʩʦʨʦʤ ʤʠʰʽ ʥʘ ʢʥʦʧʢʫ f(x)  ʟ ʛʨʫʧʠ ʧʽʢʪʦʛʨʘʬʽʯʥʦʛʦ 

ʤʝʥʶ çʛʦʣʦʚʥʝè; 

ʙ) ʫ ʩʧʠʩʢʫ ʬʫʥʢʮʽʡ, ʱʦ ʟôʷʚʣʷʶʪʴʩʷ ʥʘ ʝʢʨʘʥʽ, ʪʨʝʙʘ ʦʙʨʘʪʠ ʬʫʥʢʮʽʶ 

rank( ) ʽ ʥʘʪʠʩʥʫʪʠ ʢʫʨʩʦʨʦʤ ʤʠʰʽ ʥʘ ʢʥʦʧʢʫ ʆʂ. 

3. ʋ ʩʝʨʝʜʦʚʠʱʝ Mathcad ʚʚʦʜʷʪʴ    rang A :  

ʇʨʠ ʮʴʦʤʫ ʥʘ ʝʢʨʘʥʽ ʟôʷʚʣʷʻʪʴʩʷ   rang A :=  

4. ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʚʠʢʣʠʢʘʶʪʴ ʚʤʦʥʪʦʚʘʥʫ ʬʫʥʢʮʽʶ rank( ), ʽ ʥʘ 

ʝʢʨʘʥʽ ʤʦʥʽʪʦʨʘ ʙʫʜʝ ʬʦʨʤʫʚʘʪʠʩʷ ʚʠʨʘʟ ʚʠʜʫ:     rang A := rank(ɸ) 

5. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʟʥʘʯʝʥʥʷ ʨʘʥʛʫ ʚʚʦʜʷʪʴ ʚʠʨʘʟ   rank ɸ =  

ʉʠʤʚʦʣ (=) ʤʦʞʥʘ ʚʢʘʟʘʪʠ ʟ ʢʥʦʧʦʢ ʧʘʥʝʣʝʡ ʢʘʣʴʢʫʣʷʪʦʨʘ. ʇʨʠ ʮʴʦʤʫ ʥʘ 

ʝʢʨʘʥʽ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ  ʨʝʟʫʣʴʪʘʪ ʦʙʯʠʩʣʶʚʘʥʴ (ʨʠʩ. 1.11). 
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ʈʠʩ. 1.11 

 

1.5. ʉʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ 

 

ɯʩʥʫʻ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ, ʷʢʽ ʤʦʞʥʘ  ʦʧʠʩʘʪʠ  

ʩʠʩʪʝʤʦʶ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ (ʉʃɸʈ), ʧʨʠʯʦʤʫ ʜʦʩʠʪʴ 

ʰʠʨʦʢʠʡ ʢʣʘʩ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʦʙôʻʢʪʽʚ, ʷʢʽ ʦʧʠʩʫʶʪʴʩʷ ʪʘʢʠʤʠ 

ʨʽʚʥʷʥʥʷʤʠ, ʥʘʣʝʞʠʪʴ ʜʦ ʟʘʜʘʯ ʝʢʦʥʦʤʽʢʠ. ʎʝ, ʥʘʧʨʠʢʣʘʜ, ʪʨʘʥʩʧʦʨʪʥʽ 

ʟʘʜʘʯʽ, ʟʘʜʘʯʽ ʧʣʘʥʫʚʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʪʦʱʦ. 

 

1.5.1. ʆʩʥʦʚʥʽ ʧʦʥʷʪʪʷ ʪʘ ʚʠʟʥʘʯʝʥʥʷ 

 

ʉʠʩʪʝʤʫ ʨʽʚʥʷʥʴ ʚʠʛʣʷʜʫ  

 

                         

íî
ì
îë

a11 x1 + a12 x2 + a13 x3 +é + a1n xn = b1,

a21 x1 + a22 x2 + a23 x3 +é + a2n xn = b2 ,

é,

am1 x1 + am2 x2 + am3 x3 +é + amn xn = bm

           (1.5) 

 

ʥʘʟʠʚʘʶʪʴ ʩʠʩʪʝʤʦʶ m ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ ʟ n ʥʝʚʽʜʦʤʠʤʠ x1, 

x2, é, xn; aij  ʥʘʟʠʚʘʶʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʩʠʩʪʝʤʠ (i = 1, m , j = 1, n ); bi 

(i = 1, m ) ï ʚʽʣʴʥʽ ʯʣʝʥʠ, ʘʙʦ ʧʨʘʚʽ ʯʘʩʪʠʥʠ ʨʽʚʥʷʥʴ. 
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                      ɺʠʟʥʘʯʝʥʥʷ 1. ʉʫʢʫʧʥʽʩʪʴ ʯʠʩʝʣ x1 = a1, x2 = a2, é, xn = an 

ʥʘʟʠʚʘʻʪʴʩʷ ʨʦʟʚôʷʟʢʦʤ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ 

ʨʽʚʥʷʥʴ, ʷʢʱʦ ʢʦʞʥʝ ʨʽʚʥʷʥʥʷ ʩʠʩʪʝʤʠ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ 

ʪʦʪʦʞʥʽʩʪʴ ʧʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ ʚ ʥʴʦʛʦ ʯʠʩʝʣ ai ʟʘʤʽʩʪʴ 

ʚʽʜʧʦʚʽʜʥʠʭ ʥʝʚʽʜʦʤʠʭ xi ʜʣʷ ʚʩʽʭ i = 1, n . 

ɼʣʷ ʙʫʜʴ-ʷʢʦʾ ʩʠʩʪʝʤʠ (1.5) ʤʦʞʣʠʚʽ ʪʽʣʴʢʠ ʪʨʠ ʚʠʧʘʜʢʠ: 

1) ʩʠʩʪʝʤʘ ʥʝ ʤʘʻ ʞʦʜʥʦʛʦ ʨʦʟʚôʷʟʢʫ (ʥʝʩʫʤʽʩʥʘ ʩʠʩʪʝʤʘ); 

2) ʩʠʩʪʝʤʘ ʤʘʻ ʻʜʠʥʠʡ ʨʦʟʚôʷʟʦʢ; 

3) ʩʠʩʪʝʤʘ ʤʘʻ ʙʝʟʣʽʯ ʨʦʟʚôʷʟʢʽʚ.  

                      ɺʠʟʥʘʯʝʥʥʷ 2.  ʉʠʩʪʝʤʘ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ, ʷʢʘ 

ʤʘʻ, ʧʨʠʥʘʡʤʥʽ, ʦʜʠʥ ʨʦʟʚôʷʟʦʢ, ʥʘʟʠʚʘʻʪʴʩʷ ʩʫʤʽʩʥʦʶ, ʘ 

ʩʠʩʪʝʤʘ, ʷʢʘ ʥʝ ʤʘʻ ʨʦʟʚôʷʟʢʫ, ʥʘʟʠʚʘʻʪʴʩʷ ʥʝʩʫʤʽʩʥʦʶ. 

                      ɺʠʟʥʘʯʝʥʥʷ 3.  ʋʩʷ ʤʥʦʞʠʥʘ ʨʦʟʚôʷʟʢʽʚ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ 

(1.5) ʥʘʟʠʚʘʻʪʴʩʷ ʟʘʛʘʣʴʥʠʤ ʨʦʟʚôʷʟʢʦʤ.  

                      ɺʠʟʥʘʯʝʥʥʷ 4.  ɼʚʽ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ 

ʥʘʟʠʚʘʶʪʴʩʷ ʝʢʚʽʚʘʣʝʥʪʥʠʤʠ, ʷʢʱʦ ʚʦʥʠ ʤʘʶʪʴ ʦʜʥʫ ʡ ʪʫ ʞ 

ʤʥʦʞʠʥʫ ʨʦʟʚôʷʟʢʽʚ. 

                      ɺʠʟʥʘʯʝʥʥʷ 5.  ʗʢʱʦ ʚʩʽ ʚʽʣʴʥʽ ʯʣʝʥʠ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ 

ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ, bi=0 (i = 1, m ), ʪʦ 

ʪʘʢʫ ʩʠʩʪʝʤʫ ʥʘʟʠʚʘʶʪʴ ʦʜʥʦʨʽʜʥʦʶ. ʗʢʱʦ ʧʨʠʥʘʡʤʥʽ ʦʜʠʥ 

ʚʽʣʴʥʠʡ ʯʣʝʥ bi ʥʝ ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʪʦ ʩʠʩʪʝʤʫ ʣʽʥʽʡʥʠʭ 

ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ ʥʘʟʠʚʘʶʪʴ ʥʝʦʜʥʦʨʽʜʥʦʶ. 

ʂʦʝʬʽʮʽʻʥʪʠ ʧʨʠ ʥʝʚʽʜʦʤʠʭ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ, ʱʦ ʟʘʧʠʩʘʥʽ ʫ ʚʠʛʣʷʜʽ 

ʤʘʪʨʠʮʽ ɸ 

                    A = 

ê
é
é
è

ú
ù
ù
ø

a11 a12 a13 é a1n

a21 a22 a23 é a2n

é é é é é

am1 am2 am3 é amn

                                 (1.6) 

ʥʘʟʠʚʘʶʪʴ ʤʘʪʨʠʮʝʶ ʢʦʝʬʽʮʽʻʥʪʽʚ ʩʠʩʪʝʤʠ. 

ʗʢʱʦ ʢʽʣʴʢʽʩʪʴ ʨʽʚʥʷʥʴ ʩʠʩʪʝʤʠ m ʜʦʨʽʚʥʶʻ ʢʽʣʴʢʦʩʪʽ ʥʝʚʽʜʦʤʠʭ n, ʪʦ 

ʩʠʩʪʝʤʘ ʤʘʻ ʢʚʘʜʨʘʪʥʫ ʤʘʪʨʠʮʶ ɸ ʧʦʨʷʜʢʫ n. ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʚʠʟʥʘʯʥʠʢ 

D = det A ʥʘʟʠʚʘʶʪʴʩʷ ʚʠʟʥʘʯʥʠʢʦʤ ʩʠʩʪʝʤʠ. 
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ɺʽʣʴʥʽ ʯʣʝʥʠ ʩʠʩʪʝʤʠ, ʱʦ ʟʘʧʠʩʘʥʽ ʫ ʚʠʛʣʷʜʽ  

B = 

ê
é
é
è

ú
ù
ù
ø

b1

b2

é

bm

                                                            (1.7) 

ʥʘʟʠʚʘʶʪʴʩʷ ʚʝʢʪʦʨʦʤ-ʩʪʦʚʧʮʝʤ ʚʽʣʴʥʠʭ ʯʣʝʥʽʚ. 

ʅʝʚʽʜʦʤʽ ʩʠʩʪʝʤʠ x1, x2, é, xn, ʱʦ ʟʘʧʠʩʘʥʽ ʫ ʚʠʛʣʷʜʽ ʤʘʪʨʠʮʽ-ʩʪʦʚʧʮʷ               

X = 

ê
é
é
è

ú
ù
ù
ø

x1

x2

é

xm

                                                           (1.8) 

ʥʘʟʠʚʘʶʪʴʩʷ ʚʝʢʪʦʨʦʤ-ʩʪʦʚʧʮʝʤ ʥʝʚʽʜʦʤʠʭ. 

ʄʘʪʨʠʮʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʩʠʩʪʝʤʠ, ʜʦʧʦʚʥʝʥʘ ʩʧʨʘʚʘ ʚʝʢʪʦʨʦʤ-ʩʪʦʚʧʮʝʤ 

ʚʽʣʴʥʠʭ ʯʣʝʥʽʚ, ʥʘʟʠʚʘʻʪʴʩʷ ʨʦʟʰʠʨʝʥʦʶ ʤʘʪʨʠʮʝʶ ʢʦʝʬʽʮʽʻʥʪʽʚ ʩʠʩʪʝʤʠ. 

ʊʘʢʘ ʤʘʪʨʠʮʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʝʨʝʟ Aľ ʽ ʤʘʻ ʚʠʛʣʷʜ: 

     

                    Aľ = 

ê
é
é
è

ú
ù
ù
ø

a11 a12 a13 é a1n | b1

a21 a22 a23 é a2n | b2

é é é é é | é

am1 am2 am3 é amn | bm

.                       (1.9) 

ʇʨʠʡʤʘʶʯʠ ʜʦ ʫʚʘʛʠ ʤʘʪʨʠʮʽ ʚʠʛʣʷʜʫ (1.6), (1.7), (1.8), ʩʠʩʪʝʤʫ 

ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ (1.5) ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʤʘʪʨʠʯʥʽʡ ʬʦʨʤʽ: 

   

A Ŀ X = B.                                                 (1.10) 

 

ʗʢʱʦ ʧʦʟʥʘʯʠʪʠ ʩʪʦʚʧʮʽ ʤʘʪʨʠʮʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʩʠʩʪʝʤʠ ʯʝʨʝʟ 

 A1, A2, é, An, ʪʦ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ (1.5) ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʪʘʢʽʡ ʬʦʨʤʽ: 

A1 x1 + A2 x2 + é + An xn = B.                            (1.11) 

ʆʩʥʦʚʥʠʤ ʧʠʪʘʥʥʷʤ ʧʨʠ ʨʦʟʚôʷʟʫʚʘʥʥʽ ʪʘ ʜʦʩʣʽʜʞʝʥʥʽ ʩʠʩʪʝʤʠ 

ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ ʻ ʧʠʪʘʥʥʷ ʧʨʦ ʩʫʤʽʩʥʽʩʪʴ ʩʠʩʪʝʤʠ. 

 

       ʊɽʆʈɽʄɸ ʂʨʦʥʝʢʝʨʘ-ʂʘʧʝʣʣʽ 

( ʢʨʠʪʝʨʽʡ ʩʫʤʽʩʥʦʩʪʽ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ 

ʨʽʚʥʷʥʴ): 
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 ʉʠʩʪʝʤʘ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ ʤʘʻ ʨʦʟʚôʷʟʦʢ 

ʪʦʜʽ ʽ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ ʨʘʥʛ ʤʘʪʨʠʮʽ ʩʠʩʪʝʤʠ ʥʝ 

ʟʤʽʥʶʻʪʴʩʷ ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʜʦ ʥʝʾ ʩʪʦʚʧʮʷ ʜʦʚʽʣʴʥʠʭ ʯʣʝʥʽʚ 

(ʨʦʟʰʠʨʝʥʘ ʤʘʪʨʠʮʷ).  

ʎʝʡ ʨʦʟʚôʷʟʦʢ ʻʜʠʥʠʡ, ʷʢʱʦ ʮʝʡ ʨʘʥʛ ʤʘʪʨʠʮʽ ʜʦʨʽʚʥʶʻ 

ʢʽʣʴʢʦʩʪʽ  ʥʝʚʽʜʦʤʠʭ.      

ʗʢʱʦ ʨʘʥʛ ʤʘʪʨʠʮʽ ʤʝʥʰʝ ʯʠʩʣʘ ʥʝʚʽʜʦʤʠʭ, ʩʠʩʪʝʤʘ ʤʘʻ 

ʙʝʟʣʽʯ ʨʦʟʚôʷʟʢʽʚ. 

ɯʥʘʢʰʝ ʢʘʞʫʯʠ, ʩʠʩʪʝʤʘ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ ʤʘʻ 

ʨʦʟʚôʷʟʦʢ ʪʦʜʽ ʽ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ ʨʘʥʛ ʤʘʪʨʠʮʽ ʩʠʩʪʝʤʠ 

ʜʦʨʽʚʥʶʻ ʨʘʥʛʫ ʨʦʟʰʠʨʝʥʦʾ ʤʘʪʨʠʮʽ ʩʠʩʪʝʤʠ 

ʈʦʟʛʣʷʥʝʤʦ ʜʝʷʢʽ ʤʝʪʦʜʠ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʩʠʩʪʝʤ ʨʽʚʥʷʥʴ, ʫ ʷʢʠʭ 

ʢʽʣʴʢʽʩʪʴ ʥʝʚʽʜʦʤʠʭ ʩʧʽʚʧʘʜʘʻ ʟ ʢʽʣʴʢʽʩʪʶ ʨʽʚʥʷʥʴ. 

  

1.5.2. ʇʨʘʚʠʣʦ ʂʨʘʤʝʨʘ* 

 

ɼʣʷ ʩʠʩʪʝʤ ʟ ʢʚʘʜʨʘʪʥʦʶ ʤʘʪʨʠʮʝʶ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʨʠ ʥʝʚʽʜʦʤʠʭ 

ʩʧʨʘʚʝʜʣʠʚʘ ʥʘʩʪʫʧʥʘ ʪʝʦʨʝʤʘ. 

ʊɽʆʈɽʄɸ 1. ʗʢʱʦ ʚʠʟʥʘʯʥʠʢ ʤʘʪʨʠʮʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʩʠʩʪʝʤʠ D = det A 

ʚʽʜʤʽʥʥʠʡ ʚʽʜ ʥʫʣʷ (ʪʦʙʪʦ r(A) = n), ʪʦ ʩʠʩʪʝʤʘ ʩʫʤʽʩʥʘ ʽ ʤʘʻ 

ʻʜʠʥʠʡ ʨʦʟʚôʷʟʦʢ, ʷʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ 

xj = 
Dj

D
,                                      (1.12) 

ʜʝ Dj ï ʜʦʧʦʤʽʞʥʠʡ ʚʠʟʥʘʯʥʠʢ, ʷʢʠʡ ʦʪʨʠʤʫʻʪʴʩʷ ʟ ʚʠʟʥʘʯʥʠʢʘ D ʰʣʷʭʦʤ 

ʟʘʤʽʥʠ j-ʛʦ ʩʪʦʚʧʮʷ ʩʪʦʚʧʮʝʤ ʚʽʣʴʥʠʭ ʯʣʝʥʽʚ, (j = 1, n ). 

ɼʦʚʝʜʝʥʥʷ. 

ʆʩʢʽʣʴʢʠ D  ̧0, ʪʦ ʤʘʪʨʠʮʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʩʠʩʪʝʤʠ ɸ ʥʝʚʠʨʦʜʞʝʥʘ ʽ ʤʘʻ 

ʦʙʝʨʥʝʥʫ ɸ-1, ʧʨʠʯʦʤʫ ʤʘʪʨʠʮʷ ɸ-1 ʙʫʜʝ ʻʜʠʥʦʶ. 

ʃʽʚʫ ʪʘ ʧʨʘʚʫ ʯʘʩʪʠʥʫ ʩʠʩʪʝʤʠ  A Ŀ X = B 

 

ʧʦʤʥʦʞʠʤʦ ʥʘ ɸ-1 ʟʣʽʚʘ. ʊʦʜʽ ʦʪʨʠʤʘʻʤʦ  ɸ-1 Ŀ A Ŀ X = ɸ-1 Ŀ B,  

E Ŀ X = ɸ-1 Ŀ B  ,                        X = ɸ-1 Ŀ B.                                                 (1.13) 

                                                           
*
 ʂʨʘʤʝʨ ɻʘʙʨʽʝʣʴ (1704 ï 1752) ï ʰʚʝʡʮʘʨʩʴʢʠʡ ʤʘʪʝʤʘʪʠʢ.  
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ʋ ʩʠʣʫ ʪʦʛʦ, ʱʦ ʤʘʪʨʠʮʷ ɸ-1 ʻʜʠʥʘ, ʦʪʨʠʤʘʻʤʦ ʻʜʠʥʠʡ ʨʦʟʚôʷʟʦʢ 

ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ. ʈʽʚʥʽʩʪʴ (1.13) ʟʘʧʠʰʝʤʦ ʚ ʢʦʦʨʜʠʥʘʪʥʽʡ ʬʦʨʤʽ  

ê
é
é
è

ú
ù
ù
ø

x1

x2

é

xn

 = 

ê
é
é
é
è

ú
ù
ù
ù
ø

A11

D

A12

D

A13

D
é

A1n

D

A21

D

A22

D

A23

D
é

A2n

D

é é é é é

An1

D

An2

D

An3

D
é

Ann

D

 Ŀ 

ê
é
é
è

ú
ù
ù
ø

b1

b2

é

bn

 =  

 = 

ê
é
é
è

ú
ù
ù
ø

1

D
 (b1 A11 + b2 A21 + é + bn An1)

1

D
 (b1 A12 + b2 A22 + é + bn An2)

é

1

D
 (b1 An2 + b2 An2 + é + bn Ann)

 = 

ê
é
é
é
è

ú
ù
ù
ù
ø

D1

D

D2

D

é

Dn

D

   .                               (1.14) 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚ ʜʫʞʢʘʭ  ʚʠʨʘʟʫ (1.14) 

b1 A1j + b2 A2j + é + bn Anj 

ʻ ʥʽʯʠʤ ʽʥʰʠʤ, ʷʢ ʨʦʟʢʣʘʜʘʥʥʷʤ ʚʠʟʥʘʯʥʠʢʘ Dj ʟʘ ʝʣʝʤʝʥʪʘʤʠ j-ʛʦ  

ʩʪʦʚʧʮʷ.  ʊʘʢʠʤ ʯʠʥʦʤ,   xj = 
Dj

D
, (j = 1, n ) ʻ ʻʜʠʥʠʤ ʨʦʟʚôʷʟʢʦʤ ʚʠʭʽʜʥʦʾ 

ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ. 

ʇʨʠʢʣʘʜ 1. ɿʘ ʧʨʘʚʠʣʦʤ ʂʨʘʤʝʨʘ ʨʦʟʚôʷʟʘʪʠ ʩʠʩʪʝʤʫ ʣʽʥʽʡʥʠʭ 

ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ 

íî
ì
î
ëx1 + x2 + x3 = 4,

2x1 + x2 + 3x3 = 7,

3x1 + 2x3 = 5.

 

ʈʦʟʚôʷʟʘʥʥʷ. 

ʆʙʯʠʩʣʠʤʦ ʚʠʟʥʘʯʥʠʢ ʤʘʪʨʠʮʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʩʠʩʪʝʤʠ 

D = 
î
î
î

î
î
î1 1 1

2 1 3

3 0 2
 = 
î
î
î

î
î
î1 1 1

1 0 2

3 0 2
 = 1Ŀ(-1)1 + 2Ŀ

î
î
î

î
î
î1 2

3 2
 = 4. 

ʆʩʢʽʣʴʢʠ D  ̧0, ʪʦ ʟʘʜʘʥʘ ʩʠʩʪʝʤʘ ʩʫʤʽʩʥʘ ʽ ʤʘʻ ʻʜʠʥʠʡ ʨʦʟʚôʷʟʦʢ. 

ʆʙʯʠʩʣʠʤʦ ʜʦʧʦʤʽʞʥʽ ʚʠʟʥʘʯʥʠʢʠ. 

D1 = 
î
î
î

î
î
î4 1 1

7 1 3

5 0 2
 = 
î
î
î

î
î
î4 1 1

3 0 2

5 0 2
 = 1Ŀ(-1)1 + 2Ŀ

î
î
î

î
î
î3 2

5 2
 = 4. 
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D2 = 
î
î
î

î
î
î1 1 4

2 1 7

3 0 5
 = 
î
î
î

î
î
î0 0 1

-1 -5 3

1 -3 2
 = 1Ŀ(-1)1 + 3Ŀ

î
î
î

î
î
î-1 -5

1 -3
 = 8. 

D3 = 
î
î
î

î
î
î1 1 4

2 1 7

3 0 5
 = 
î
î
î

î
î
î1 1 4

1 0 3

3 0 5
 = 1Ŀ(-1)1 + 2Ŀ

î
î
î

î
î
î1 3

3 5
 = 4. 

 

ɿʘ ʬʦʨʤʫʣʘʤʠ (1.12) ʟʥʘʡʜʝʤʦ ʢʦʨʝʥʽ ʩʠʩʪʝʤʠ 

x1 = 
D1

D
 = 

4

4
 = 1, x2 = 

D2

D
 = 

8

4
 = 2, x3 = 

D3

D
 = 

4

4
 = 1. 

ʇʝʨʝʚʽʨʢʘ:   

.51213

,713212

,4121

¹Ö+Ö

¹Ö++Ö

¹++

 

ʇʨʠʢʣʘʜ 2. ɿʘ ʧʨʘʚʠʣʦʤ ʂʨʘʤʝʨʘ ʚ ʩʝʨʝʜʦʚʠʱʽ Mathcad ʨʦʟʚôʷʟʘʪʠ 

ʩʠʩʪʝʤʫ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ 

íî
ì
îë

x1 + x2 + x3 = -2,

4x1 + 2x2 + x3 = -4,

9x1 + 3x2 + x3 = -8.

 

ʈʦʟʚôʷʟʘʥʥʷ. 

1. ʋ ʩʝʨʝʜʦʚʠʱʝ Mathcad ʚʚʦʜʷʪʴ ʚʠʨʘʟ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʚʠʟʥʘʯʥʠʢʘ 

ʤʘʪʨʠʮʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʩʠʩʪʝʤʠ ʪʘ ʜʦʧʦʤʽʞʥʠʭ ʚʠʟʥʘʯʥʠʢʽʚ. ʇʦʢʘʞʝʤʦ ʧʦ 

ʝʪʘʧʘʭ, ʷʢ ʮʷ ʦʧʝʨʘʮʽʷ ʚʠʢʦʥʫʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʥʠʢʘ ʤʘʪʨʠʮʽ ʢʦʝʬʽʮʽʻʥʪʽʚ: 

ʘ) ʚʚʦʜʷʪʴ ʟʘʤʽʥʫ   detA :  

(ʧʨʠ ʮʴʦʤʫ ʥʘ ʝʢʨʘʥʽ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ  detA := ) 

ʙ) ʚʽʜʢʨʠʚʘʶʪʴ ʧʘʥʝʣʴ ʦʧʝʨʘʮʽʡ ʟ ʤʘʪʨʠʮʷʤʠ ʪʘ ʚʝʢʪʦʨʘʤʠ, ʢʣʘʮʥʫʚʰʠ 

ʢʫʨʩʦʨʦʤ ʤʠʰʽ ʧʦ ʢʥʦʧʮʽ ʚ ʧʘʥʝʣʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ; 

ʚ) ʥʘ ʧʘʥʝʣʽ ʽʥʩʪʨʫʤʝʥʪʽʚ ʦʧʝʨʘʮʽʡ ʟ ʤʘʪʨʠʮʷʤʠ ʪʘ ʚʝʢʪʦʨʘʤʠ 

ʥʘʪʠʩʢʘʶʪʴ ʢʫʨʩʦʨʦʤ ʤʠʰʽ ʥʘ ʢʥʦʧʢʫ |X|, ʧʨʠ ʮʴʦʤʫ ʥʘ ʝʢʨʘʥʽ ʟôʷʚʣʷʻʪʴʩʷ   

detA := |  |  

ʛ) ʥʘ ʧʘʥʝʣʽ ʽʥʩʪʨʫʤʝʥʪʽʚ ʦʧʝʨʘʮʽʡ ʟ ʤʘʪʨʠʮʷʤʠ ʪʘ ʚʝʢʪʦʨʘʤʠ 

ʥʘʪʠʩʢʘʶʪʴ ʢʫʨʩʦʨʦʤ ʤʠʰʽ ʥʘ ʢʥʦʧʢʫ  ʬʦʨʤʫʚʘʥʥʷ ʤʘʪʨʠʮʽ ʽ ʚʢʘʟʫʶʪʴ 

ʧʦʨʷʜʢʠ ʚʠʟʥʘʯʥʠʢʘ, ʱʦ ʚʚʦʜʠʪʴʩʷ; 

ʜ) ʚʚʦʜʷʪʴ ʝʣʝʤʝʥʪʠ ʚʠʟʥʘʯʥʠʢʘ. 

ʇʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʪʘʢʠʭ ʚʠʟʥʘʯʥʠʢʽʚ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.1.12. 

2. ɺʠʚʦʜʷʪʴ ʟʥʘʯʝʥʥʷ ʚʠʟʥʘʯʥʠʢʽʚ ʟʛʽʜʥʦ ʟ ʘʨʠʬʤʝʪʠʯʥʠʤʠ ʚʠʨʘʟʘʤʠ: 

 

detA =  

detA1 =  



44 
 

detA2 = 

detA3 = 

3. ɺʚʦʜʷʪʴ ʘʨʠʬʤʝʪʠʯʥʽ ʚʠʨʘʟʠ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʢʦʨʝʥʽʚ  

X1 := 
detA1

detA
 , 

X2 := 
detA2

detA
 , 

X3 := 
detA3

detA
 . 

2. ʆʙʯʠʩʣʶʶʪʴ ʢʦʨʝʥʽ ʩʠʩʪʝʤʠ, ʫʚʽʚʰʠ ʚ ʩʝʨʝʜʦʚʠʱʝ Mathcad 

ʚʽʜʧʦʚʽʜʥʽ ʚʠʨʘʟʠ. 

  

 
 

ʈʠʩ. 1.12  
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1.5.3. ʄʘʪʨʠʯʥʠʡ ʤʝʪʦʜ  

ɼʣʷ ʩʠʩʪʝʤ ʟ ʥʝʚʠʨʦʜʞʝʥʦʶ ʢʚʘʜʨʘʪʥʦʶ ʤʘʪʨʠʮʝʶ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʩʠʩʪʝʤʠ ʜʦʩʠʪʴ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʘʪʨʠʯʥʠʡ ʤʝʪʦʜ. 

ʆʪʞʝ, ʥʝʭʘʡ ʜʘʥʘ ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ ʫ ʤʘʪʨʠʯʥʽʡ ʬʦʨʤʽ: 

ɸ Ö ʍ = ɺ.                                                               (1.15) 

ɿʛʽʜʥʦ ʟ ʫʤʦʚʦʶ ʟʘʜʘʯʽ ʤʘʪʨʠʮʷ ɸ ʻ ʥʝʚʠʨʦʜʞʝʥʦʶ, ʪʦʜʽ ʫ ʥʝʾ ʽʩʥʫʻ 

ʦʙʝʨʥʝʥʘ ʤʘʪʨʠʮʷ A-1, ʧʨʠʯʦʤʫ ʪʘʢʘ ʤʘʪʨʠʮʷ ʙʫʜʝ ʻʜʠʥʦʶ. 

A-1 Ö (ɸ Ö ʍ ) = A-1 Ö ɺ;  (A-1 Ö ɸ) Ö ʍ = A-1 Ö ɺ;  ɽ   ʍ = A-1 Ö ɺ; 

                                           ʍ = A-1 Ö ɺ.                                                       (1.16) 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ (1.16) ʟʘʜʘʻ ʤʘʪʨʠʯʥʫ ʬʦʨʤʫ ʨʦʟʚôʷʟʢʫ ʩʠʩʪʝʤ 

ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ  ʨʽʚʥʷʥʴ ʨʦʟʤʽʨʫ n³n ʟ ʥʝʚʠʨʦʜʞʝʥʦʶ ʤʘʪʨʠʮʝʶ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ɸ. 

ʌʦʨʤʫʣʘ (1.16) ʦʪʨʠʤʘʣʘ ʰʠʨʦʢʝ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʜʣʷ ʪʠʭ ʚʠʧʘʜʢʽʚ, 

ʢʦʣʠ, ʦʜʠʥ ʨʘʟ ʦʙʯʠʩʣʠʚʰʠ ʦʙʝʨʥʝʥʫ ʤʘʪʨʠʮʶ A-1, ʘ ʧʦʪʽʤ ʪʽʣʴʢʠ 

ʟʤʽʥʶʶʯʠ ʚʝʢʪʦʨ ɺ, ʦʪʨʠʤʫʶʪʴ ʩʠʩʪʝʤʫ ʨʦʟʚôʷʟʢʽʚ. 

ʊʘʢʠʡ ʧʽʜʭʽʜ ʥʘʙʫʚʘʻ ʩʚʦʻʾ ʘʢʪʫʘʣʴʥʦʩʪʽ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ 

ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ, ʢʦʣʠ ʥʝʦʙʭʽʜʥʦ ʦʪʨʠʤʫʚʘʪʠ ʩʫʢʫʧʥʽʩʪʴ ʨʦʟʚôʷʟʢʽʚ.  

ʇʨʠʢʣʘʜ 3. ʄʘʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ ʨʦʟʚôʷʟʘʪʠ ʩʠʩʪʝʤʫ ʣʽʥʽʡʥʠʭ 

ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ 

íî
ì
îë

x1 + x2 + x3 = -2,

4x1 + 2x2 + x3 = 2,

9x1 + 3x2 + x3 = 4.

 

ʈʦʟʚôʷʟʘʥʥʷ. 

ʆʙʯʠʩʣʠʤʦ ʚʠʟʥʘʯʥʠʢ ʤʘʪʨʠʮʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʩʠʩʪʝʤʠ 

detA = 
î
î
î

î
î
î1 1 1

4 2 1

9 3 1
 = 
î
î
î

î
î
î0 1 1

2 2 1

6 3 1
 =  

= 1Ö(-1)1 + 3Ö
î
î
î

î
î
î2 1

6 2
 = -2. 

ʆʩʢʽʣʴʢʠ det A  ̧0, ʪʦ ʚʠʭʽʜʥʘ ʩʠʩʪʝʤʘ ʤʘʻ ʻʜʠʥʠʡ ʨʦʟʚôʷʟʦʢ. 

ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʦʙʝʨʥʝʥʫ ʤʘʪʨʠʮʶ A-1 ʜʦ 

ʤʘʪʨʠʮʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʩʠʩʪʝʤʠ ɸ. 

ɼʣʷ ʮʴʦʛʦ ʟʥʘʡʜʝʤʦ ʚʽʜʧʦʚʽʜʥʽ ʘʣʛʝʙʨʘʾʯʥʽ ʜʦʧʦʚʥʝʥʥʷ. 

A11 = -1;  A12 = 5;  A13 = -6; 

A21 = 2;  A22 = -8;  A23 = 6; 
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A31 = -1;  A32 = 3;  A33 = -2. 

ʇʨʠʻʜʥʘʥʘ ʤʘʪʨʠʮʷ ʙʫʜʝ ʤʘʪʠ ʚʠʛʣʷʜ  Aľ = 
ê
é
è

ú
ù
ø-1 2 -1

5 -8 3

-6 6 -2
. 

ʆʙʝʨʥʝʥʘ ʤʘʪʨʠʮʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ:   A-1 = 

ê
é
é
è

ú
ù
ù
ø

1

2
-1

1

2

-
5

2
4 -

3

2

3 -3 1

. 

ɹʝʟʧʦʩʝʨʝʜʥʴʦ ʨʦʟʚôʷʟʦʢ ʚʠʭʽʜʥʦʾ ʩʠʩʪʝʤʠ ʟʥʘʡʜʝʤʦ ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

X = A-1ĿB = 

ê
é
é
è

ú
ù
ù
ø

1

2
-1

1

2

-
5

2
4 -

3

2

3 -3 1

Ŀ
ê
é
é
è

ú
ù
ù
ø-2

2

4
 = 
ê
é
é
è

ú
ù
ù
ø-1

7

-8
 . 

 

ʆʪʞʝ,  x1 = -1,  x2 = 7,  x3 = -8. 

ʇʝʨʝʚʽʨʢʘ:    

.4873)1(9

2872)1(4

2871

=-Ö+-Ö

=-Ö+-Ö

-=-+-

 

ʇʨʠʢʣʘʜ 4. ʋ ʩʝʨʝʜʦʚʠʱʽ Mathcad ʤʘʪʨʠʯʥʠʤ ʩʧʦʩʦʙʦʤ ʨʦʟʚôʷʟʘʪʠ 

ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ: 

íî
ì
îë

x1 + 2x2 + 3x3 = 7,

x1 - 3x2 + 2x3 = 5,

x1 + x2 + x3 = 3.

 

ʈʦʟʚôʷʟʘʥʥʷ. 

1. ʋ ʩʝʨʝʜʦʚʠʱʝ Mathcad ʚʚʦʜʷʪʴ ʤʘʪʨʠʮʶ ʢʦʝʬʽʮʽʻʥʪʽʚ ʩʠʩʪʝʤʠ ɸ ʪʘ 

ʤʘʪʨʠʮʶ-ʩʪʦʚʧʝʮʴ ʚʽʣʴʥʠʭ ʯʣʝʥʽʚ B. 

ɺʽʜʟʥʘʯʠʤʦ ʝʪʘʧʠ ʚʚʝʜʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʤʘʪʨʠʮʽ A: 

ʘ) ʚʚʦʜʷʪʴ ʟʤʽʥʥʫ ɸ : (ʧʨʠ ʮʴʦʤʫ ʥʘ ʝʢʨʘʥʽ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ A :=  ) 

ʙ) ʚʽʜʢʨʠʚʘʶʪʴ ʧʘʥʝʣʴ ʦʧʝʨʘʮʽʡ ʟ ʤʘʪʨʠʮʷʤʠ ʪʘ ʚʠʟʥʘʯʥʠʢʘʤʠ, 

ʢʣʘʮʥʫʚʰʠ ʢʫʨʩʦʨʦʤ ʤʠʰʽ ʧʦ ʚʽʜʧʦʚʽʜʥʽʡ ʢʥʦʧʮʽ ʚ ʧʘʥʝʣʽ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʽʥʩʪʨʫʤʝʥʪʽʚ; 

ʚ) ʥʘ ʧʘʥʝʣʽ ʦʧʝʨʘʮʽʡ ʟ ʤʘʪʨʠʮʷʤʠ ʪʘ ʚʠʟʥʘʯʥʠʢʘʤʠ ʥʘʪʠʩʢʘʶʪʴ 

ʢʫʨʩʦʨʦʤ ʤʠʰʽ ʥʘ ʢʥʦʧʢʫ ʬʦʨʤʫʚʘʥʥʷ ʤʘʪʨʠʮʽ ʽ ʚʢʘʟʫʶʪʴ ʧʦʨʷʜʢʠ  

ʤʘʪʨʠʮʽ, ʱʦ ʚʚʦʜʠʪʴʩʷ (3Ĭ3); 

ʛ) ʚʚʦʜʷʪʴ ʝʣʝʤʝʥʪʠ ʤʘʪʨʠʮʽ. 

ʇʨʠ ʮʴʦʤʫ ʥʘ ʝʢʨʘʥʽ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʪʘʢʘ ʽʥʬʦʨʤʘʮʽʷ: 
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ɸ :=
ê
é
è

ú
ù
ø1 2 3

1 -3 2

1 1 1
   B :=

ê
é
è

ú
ù
ø7

5

3
  

2. ʌʦʨʤʫʶʪʴ ʤʘʪʝʤʘʪʠʯʥʠʡ ʚʠʨʘʟ, ʟʛʽʜʥʦ ʟ ʥʠʤ ʙʫʜʫʪʴ ʚʠʟʥʘʯʘʪʠʩʷ 

ʢʦʨʝʥʽ ʚʠʭʽʜʥʦʛʦ ʨʽʚʥʷʥʥʷ: 

ʍ := ɸ-1 Ö ɺ 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʤʘʪʨʠʮʷ ɸ-1 ʚʚʦʜʠʪʴʩʷ ʯʝʨʝʟ ʢʥʦʧʢʫ ʧʘʥʝʣʽ 

ʢʘʣʴʢʫʣʷʪʦʨʘ. 

3. ʆʪʨʠʤʫʶʪʴ ʢʦʨʝʥʽ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ, ʚʚʽʚʰʠ ʚʠʨʘʟ ʍ =  

ʅʘ ʝʢʨʘʥʽ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʨʝʟʫʣʴʪʘʪ ʦʙʯʠʩʣʝʥʴ ʫ ʚʠʛʣʷʜʽ 

X :=
ê
é
è

ú
ù
ø1

0

2
 

4. ʋ ʩʝʨʝʜʦʚʠʱʽ Mathcad ʜʦʩʠʪʴ ʣʝʛʢʦ ʚʠʢʦʥʘʪʠ ʧʝʨʝʚʽʨʢʫ, ʚʚʽʚʰʠ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ    ɸ Ö ʍ ï ɺ =  

ʅʘ ʝʢʨʘʥʽ ʧʨʠ ʮʴʦʤʫ ʟôʷʚʣʷʻʪʴʩʷ ʽʥʬʦʨʤʘʮʽʷ ʚʠʜʫ   ɸ Ö ʍ ï ɺ = 
ê
é
è

ú
ù
ø0

0

0
. 

ʇʨʦʮʝʩ ʨʦʟʚôʷʟʫʚʘʥʥʷ  ʟʘʜʘʥʦʾ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʫ ʩʝʨʝʜʦʚʠʱʽ Mathcad 

ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 1.13. 

1.5.4. ʄʝʪʦʜ ɻʘʫʩʩʘ* 

ʄʝʪʦʜ ɻʘʫʩʩʘ, ʷʢʠʡ ʽʥʘʢʰʝ ʥʘʟʠʚʘʶʪʴ ʤʝʪʦʜʦʤ ʚʠʢʣʶʯʝʥʥʷ ʥʝʚʽʜʦʤʠʭ, 

ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʩʠʩʪʝʤʫ n ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ 

                      

íî
ì
îë

a11 x1 + a12 x2 + a13 x3 +é + a1n xn = b1 ,

a21 x1 + a22 x2 + a23 x3 +é + a2n xn = b2 ,

é,

an1 x1 + an2 x2 + an3 x3 +é + ann xn = bn.

              (1.17) 

ʚʽʜʥʦʩʥʦ n ʥʝʚʽʜʦʤʠʭ x1, x2, é, xn ʟʚʦʜʷʪʴ ʧʦʩʣʽʜʦʚʥʠʤʠ ʚʠʢʣʶʯʝʥʥʷʤʠ 

ʥʝʚʽʜʦʤʠʭ ʜʦ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʩʠʩʪʝʤʠ ʟ ʪʨʠʢʫʪʥʦʶ ʤʘʪʨʠʮʝʶ: 

 

                                                           
*
 ʂʘʨʣ ʌʨʽʜʨʽʭ ɻʘʫʩʩ (1777-1855) ï ʥʽʤʝʮʴʢʠʡ ʤʘʪʝʤʘʪʠʢ. 
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ʈʠʩ. 1.13  

 

 

                       

íî
ì
îë

x1 + a12' x2 + a13' x3 +é + a1n' xn = b1',

x2 + a23' x3 +é + a2n' xn = b2',

é,

xn = bn'.

            (1.18) 

ʇʨʦʮʝʩ ʟʚʝʜʝʥʥʷ ʩʠʩʪʝʤʠ (1.17) ʜʦ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʬʦʨʤʠ (1.18) 

ʥʘʟʠʚʘʻʪʴʩʷ ʧʨʷʤʠʤ ʭʦʜʦʤ ʤʝʪʦʜʫ ɻʘʫʩʩʘ. ʇʨʷʤʠʡ ʭʽʜ ʤʝʪʦʜʫ ɻʘʫʩʩʘ 

ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʧʘʨʘʪʫ ʝʣʝʤʝʥʪʘʨʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ, ʷʢʠʡ 

ʜʝʪʘʣʴʥʦ ʚʠʢʣʘʜʘʚʩʷ ʚ ʧ.1.4.3. ɿʘʫʚʘʞʠʤʦ, ʱʦ ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ 

ʝʣʝʤʝʥʪʘʨʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʪʽʣʴʢʠ ʜʣʷ ʨʷʜʢʽʚ ʩʠʩʪʝʤʠ 

(1.17). ʂʨʽʤ ʪʦʛʦ, ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ, ʢʦʣʠ ʚ ʩʠʩʪʝʤʽ (1.17) ʤʘʪʨʠʮʷ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ɸ ʥʝʚʠʨʦʜʞʝʥʘ, ʪʦ ʮʶ ʩʠʩʪʝʤʫ ʟʘʚʞʜʠ ʤʦʞʥʘ ʟʚʝʩʪʠ ʜʦ 

ʪʨʠʢʫʪʥʦʾ ʬʦʨʤʽ (1.18). ɿʚʦʨʦʪʥʠʡ ʭʽʜ ʤʝʪʦʜʫ ɻʘʫʩʩʘ ʧʦʣʷʛʘʻ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʚʠʟʥʘʯʝʥʥʽ ʢʦʨʝʥʽʚ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ, ʷʢʽ ʟʥʘʭʦʜʷʪʴ ʟʘ 

ʨʝʢʫʨʝʥʪʥʠʤʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ 
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xn = bn';    xi = bi' - ä
k = i + 1

n
 aik' xk.                                   (1.19) 

ɼʣʷ ʟʨʫʯʥʦʩʪʽ ʦʙʯʠʩʣʝʥʴ ʝʣʝʤʝʥʪʘʨʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ (1.17) 

ʚʠʢʦʥʫʶʪʴ ʩʪʦʩʦʚʥʦ ʾʾ ʤʘʪʨʠʯʥʦʾ ʬʦʨʤʠ. ʊʦʤʫ ʟʘʧʠʩʫʶʪʴ ʨʦʟʰʠʨʝʥʫ 

ʤʘʪʨʠʯʥʫ ʩʠʩʪʝʤʫ 

Aľ = 

ê
é
é
è

ú
ù
ù
ø

a11 a12 a13 é a1n | b1

a21 a22 a23 é a2n | b2

é é é é é | é

am1 am2 am3 é amn | bm

. 

 

ɼʘʣʽ ʧʨʷʤʠʤ ʭʦʜʦʤ ʤʝʪʦʜʫ ɻʘʫʩʩʘ ʟʚʦʜʷʪʴ ʾʾ ʜʦ ʚʠʛʣʷʜʫ: 

 

                       Aľ = 

ê
é
é
è

ú
ù
ù
ø

1 a12' a13' é a1n' | b1'

0 1 a23' é a2n' | b2'

é é é é é | é

0 0 0 é 1 | bm'

.                            (1.20) 

 

ʅʘ ʦʩʥʦʚʽ ʤʘʪʨʠʮʽ (1.20) ʟʘʧʠʩʫʶʪʴ ʝʢʚʽʚʘʣʝʥʪʥʫ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ ʽ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʝʢʫʨʝʥʪʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (1.19), ʚʠʟʥʘʯʘʶʪʴ ʢʦʨʝʥʽ 

ʚʠʭʽʜʥʦʾ ʩʠʩʪʝʤʠ. 

 ʇʨʦʽʣʶʩʪʨʫʻʤʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʧʘʨʘʪʫ ʤʝʪʦʜʫ ɻʘʫʩʩʘ ʥʘ ʢʦʥʢʨʝʪʥʦʤʫ 

ʧʨʠʢʣʘʜ.̔ 

ʇʨʠʢʣʘʜ 5. ʄʝʪʦʜʦʤ ɻʘʫʩʩʘ ʨʦʟʚôʷʟʘʪʠ ʩʠʩʪʝʤʫ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ 

ʨʽʚʥʷʥʴ 

íî
ì
î
ëx1 + x2 + x3 = -2 ,

4x1 + 2x2 + x3 = -4 ,

9x1 + 3x2 + x3 = -8.

 

ʈʦʟʚôʷʟʘʥʥʷ. 

ɿʘʧʠʰʝʤʦ ʨʦʟʰʠʨʝʥʫ ʤʘʪʨʠʮʶ ʢʦʝʬʽʮʽʻʥʪʽʚ ʩʠʩʪʝʤʠ ʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʝʣʝʤʝʥʪʘʨʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʥʘʜ ʨʷʜʢʘʤʠ ʟʚʝʜʝʤʦ ʾʾ ʜʦ ʪʨʠʢʫʪʥʦʾ ʬʦʨʤʠ. 

ê
é
è

ú
ù
ø1 1 1 | -2

4 2 1 | -4

9 3 1 | -8
 ~ 
ê
é
è

ú
ù
ø1 1 1 | -2

0 -2 -3 | 4

9 3 1 | -8
 ~  
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~ 
ê
é
è

ú
ù
ø1 1 1 | -2

0 -2 -3 | 4

0 0 1 | -2
. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʷʤʠʡ ʭʽʜ ʤʝʪʦʜʫ ɻʘʫʩʩʘ ʟʘʚʝʨʰʝʥʦ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʟʚʦʨʦʪʥʦʛʦ ʭʦʜʫ ʥʘ ʦʩʥʦʚʽ ʦʩʪʘʥʥʴʦʾ ʤʘʪʨʠʮʽ ʟʘʧʠʰʝʤʦ ʝʢʚʽʚʘʣʝʥʪʥʫ 

ʩʠʩʪʝʤʫ ʜʦ ʟʘʜʘʥʦʾ. 

íî
ì
îë

x1 + x2 + x3 = -2,

-2x2 - 3x3 = 4,

 x3 = -2.

 

ʈʝʘʣʽʟʫʶʯʠ ʟʚʦʨʦʪʥʠʡ ʭʽʜ ʤʝʪʦʜʫ ɻʘʫʩʩʘ, ʚʠʟʥʘʯʘʶʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʢʦʨʝʥʽ ʚʠʭʽʜʥʦʾ ʩʠʩʪʝʤʠ. ʉʧʨʘʚʜʽ, ʟ ʦʩʪʘʥʥʴʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʤʘʪʨʠʮʽ ʚʠʭʦʜʠʪʴ, ʱʦ x3 = -2. ʇʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ x3 ʚ 

ʧʝʨʝʜʦʩʪʘʥʥʻ ʨʽʚʥʷʥʥʷ ʤʘʻʤʦ   x2 + 
2

3
Ŀ(-2) = -2;  x2 = 1. 

ʅʘʨʝʰʪʽ, ʟ ʧʝʨʰʦʾ ʨʽʚʥʦʩʪʽ ʤʘʻʤʦ:  x1 + 1 - 2 = -2;  x1 = -1. 

ʆʪʞʝ, ʚʠʭʽʜʥʘ ʩʠʩʪʝʤʘ ʤʘʻ ʪʘʢʠʡ ʨʦʟʚôʷʟʦʢ:   x1 = -1;  x2 = 1;  x3 = -2. 

ʇʨʠʢʣʘʜ 6. ʋ ʩʝʨʝʜʦʚʠʱʽ Mathcad ʨʦʟʚôʷʟʘʪʠ ʩʠʩʪʝʤʫ ʣʽʥʽʡʥʠʭ 

ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ ʤʝʪʦʜʦʤ ɻʘʫʩʩʘ, ʷʢʱʦ: 

 

íî
ì
îë

2x1 - 3x2 + 4x3 = -6 ,

x1 + 4x2 - x3 = 3 ,

5x1 - 6x2 + 3x3 = -1.

 

ʈʦʟʚôʷʟʦʢ 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʫ ʩʝʨʝʜʦʚʠʱʽ Mathcad ʽʩʥʫʻ ʩʪʘʥʜʘʨʪʥʘ ʬʫʥʢʮʽʷ rref( ), 

ʷʢʘ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠ ʽ ʧʨʷʤʠʡ, ʽ ʟʚʦʨʦʪʥʠʡ ʭʽʜ ʤʝʪʦʜʫ ɻʘʫʩʩʘ. 

ɺʠʟʥʘʯʠʤʦ ʤʝʪʦʜʠʢʫ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ. 

1. ʋ ʩʝʨʝʜʦʚʠʱʽ Mathcad ʚʚʦʜʷʪʴ ʤʘʪʨʠʮʶ ʢʦʝʬʽʮʽʻʥʪʽʚ ʩʠʩʪʝʤʠ ʪʘ 

ʚʝʢʪʦʨ-ʩʪʦʚʧʝʮʴ ʚʽʣʴʥʠʭ ʯʣʝʥʽʚ. ʇʨʠ ʮʴʦʤʫ ʢʦʨʠʩʪʫʶʪʴʩʷ ʤʝʪʦʜʠʢʦʶ 

ʧʨʠʢʣʘʜʫ 4.  

ʅʘ ʤʦʥʽʪʦʨʽ ʢʦʤʧôʶʪʝʨʘ ʽʥʬʦʨʤʘʮʽʷ ʙʫʜʝ ʚʽʜʦʙʨʘʞʘʪʠʩʷ ʪʘʢʠʤ ʯʠʥʦʤ: 

A := 
ê
é
è

ú
ù
ø2 -3 4

1 4 -1

5 -6 3
 ; B := 

ê
é
è

ú
ù
ø-6

3

-1
. 

ʇʽʩʣʷ ʚʚʝʜʝʥʥʷ ʟʥʘʯʝʥʴ ʤʘʪʨʠʮʽ ɸ ʪʘ ɺ ʥʝʦʙʭʽʜʥʦ ʧʨʠʩʚʦʾʪʠ ʟʤʽʥʥʠʡ 

ORIGIN ʦʟʥʘʯʝʥʥʷ, ʱʦ ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ. ʎʝ ʚʠʢʦʥʫʻʪʴʩʷ ʜʣʷ ʪʦʛʦ, ʱʦʙ 
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ʩʝʨʝʜʦʚʠʱʝ ʥʫʤʝʨʫʚʘʣʦ ʨʷʜʢʠ ʪʘ ʩʪʦʚʧʮʽ ʤʘʪʨʠʮʴ, ʧʦʯʠʥʘʶʯʠ ʟ ʦʜʠʥʠʮʽ. 

ʆʪʞʝ, ʚʚʦʜʷʪʴ   ORIGIN: = 1 

2. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʩʬʦʨʤʫʚʘʪʠ ʨʦʟʰʠʨʝʥʫ ʤʘʪʨʠʮʶ ʩʠʩʪʝʤʠ, ʚ 

ʩʝʨʝʜʦʚʠʱʽ Mathcad ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʬʫʥʢʮʽʷ augment(A, B).  ʊʘʢʘ 

ʬʫʥʢʮʽʷ ʜʦʜʘʻ ʜʦ ʩʪʦʚʧʮʽʚ ʤʘʪʨʠʮʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʩʠʩʪʝʤʠ A ʩʧʨʘʚʘ ʩʪʦʚʧʝʮʴ 

ʚʽʣʴʥʠʭ ʯʣʝʥʽʚ B. 

ʆʪʞʝ, ʚ ʩʝʨʝʜʦʚʠʱʝ Mathcad ʚʚʦʜʷʪʴ ʚʠʨʘʟ: 

ROZSHM := augment(A, B) 

3. ɼʣʷ ʚʠʚʝʜʝʥʥʷ ʨʦʟʰʠʨʝʥʦʾ ʤʘʪʨʠʮʽ ʥʘ ʝʢʨʘʥʽ ʢʦʤʧôʶʪʝʨʘ ʚ 

ʩʝʨʝʜʦʚʠʱʽ Mathcad ʚʚʦʜʷʪʴ  ROZSHM = 

ʇʨʠ ʮʴʦʤʫ ʥʘ ʝʢʨʘʥʽ ʙʫʜʝ ʚʽʜʦʙʨʘʞʘʪʠʩʷ ʪʘʢʘ ʽʥʬʦʨʤʘʮʽʷ: 

ROZSHM := 
ê
é
è

ú
ù
ø2 -3 4 -6

1 4 -1 2

5 -6 3 -1
 

4. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʫ ɻʘʫʩʩʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʤʦʥʪʦʚʘʥʫ  

ʬʫʥʢʮʽʶ rref( ). ɼʣʷ ʮʴʦʛʦ ʚʚʦʜʷʪʴ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

TRM := rref(ROZSHM) 

5. ɹʝʟʧʦʩʝʨʝʜʥʴʦ ʪʨʠʢʫʪʥʠʡ ʚʠʛʣʷʜ ʨʦʟʰʠʨʝʥʦʾ ʤʘʪʨʠʮʽ ʥʘ ʝʢʨʘʥʽ 

ʢʦʤʧôʶʪʝʨʘ ʚʠʢʣʠʢʘʻʪʴʩʷ ʟʘʧʠʩʦʤ  TRM =  

ʇʨʠ ʮʴʦʤʫ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʨʝʟʫʣʴʪʘʪ  

 

TRM := 
ê
é
è

ú
ù
ø1 0 0 1

0 1 0 0

0 0 1 -2
 

ɿʨʦʟʫʤʽʣʦ, ʱʦ ʦʩʪʘʥʥʽʡ ʩʪʦʚʧʯʠʢ ʤʽʩʪʠʪʴ ʟʥʘʯʝʥʥʷ ʢʦʨʝʥʽʚ ʩʠʩʪʝʤʠ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʪʘʢʦʾ ʤʘʪʨʠʮʽ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʝʢʚʽʚʘʣʝʥʪʥʫ ʩʠʩʪʝʤʫ 

ʚʽʜʥʦʩʥʦ ʟʘʜʘʥʦʾ ʫ ʚʠʛʣʷʜʽ: 

íî
ì
îë

x1 + 0 x2 + 0 x3 = 1,

0 x1 + x2 + 0 x3 = 0,

0 x1 + 0 x2 + x3 = -2.

 

ɿ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʚʠʭʦʜʠʪʴ, ʱʦ x1 = 1; x2 = 0; x3 = -2. 

6. ʇʨʦʛʨʘʤʥʦ ʦʩʪʘʥʥʽʡ ʩʪʦʚʧʝʮʴ ʨʦʟʰʠʨʝʥʦʾ ʤʘʪʨʠʮʽ (ʩʪʦʚʧʮʷ 

ʨʦʟʚôʷʟʢʽʚ) ʤʦʞʥʘ ʚʽʜʦʢʨʝʤʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʤʦʥʪʦʚʘʥʦʾ ʬʫʥʢʮʽʾ 

submatrix (A, ir , jr , ic, jc). ʊʘʢʘ ʬʫʥʢʮʽʷ ʬʦʨʤʫʻ ʤʘʪʨʠʮʶ, ʷʢʘ ʻ ʙʣʦʢʦʤ 

ʤʘʪʨʠʮʽ ɸ, ʨʦʟʪʘʰʦʚʘʥʠʤ ʚ ʨʷʜʢʘʭ ʟ ir  ʧʦ jr  ʪʘ  ʚ ʩʪʦʚʧʮʷʭ ʟ ic ʧʦ jc. 
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ʆʪʞʝ, ʚʽʜʦʢʨʝʤʠʤʦ ʚʽʜ ʨʦʟʰʠʨʝʥʦʾ ʤʘʪʨʠʮʽ ʨʦʟʚôʷʟʦʢ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʬʫʥʢʮʽʾ submatrix (A, ir , jr , ic, jc) ʪʘʢʠʤ ʯʠʥʦʤ: 

ʍ := submatrix(TRM, 1, 3, 4, 4) 

7. ɹʝʟʧʦʩʝʨʝʜʥʴʦ ʨʝʟʫʣʴʪʘʪ ʨʦʟʚôʷʟʢʫ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʥʘ ʝʢʨʘʥ 

ʢʦʤʧôʶʪʝʨʘ ʤʦʞʥʘ ʚʠʚʝʩʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʚʝʨʪʘʥʥʷ   ʍ =  

ʧʽʩʣʷ ʯʦʛʦ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʪʘʢʘ ʽʥʬʦʨʤʘʮʽʷ  

X = 
ê
é
è

ú
ù
ø1

0

2
 

8.  ʇʝʨʝʚʽʨʢʘ ʨʦʟʚôʷʟʢʫ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʚʝʨʪʘʥʥʷ  

ɸ Ö ʍ ï ɺ =  

ʅʘ ʝʢʨʘʥʽ ʢʦʤʧôʶʪʝʨʘ ʟôʷʚʣʷʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ɸ Ö ʍ ï ɺ = 
ê
é
è

ú
ù
ø0

0

0
      

ɹʝʟʧʦʩʝʨʝʜʥʴʦ ʧʨʦʮʝʩ ʨʦʟʚôʷʟʢʫ ʫ ʩʝʨʝʜʦʚʠʱʽ Mathcad ʽʣʶʩʪʨʫʻ 

 ʨʠʩ. 1.14: 

 

 
ʈʠʩ. 1.14  
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1.5.5. ʆʜʥʦʨʽʜʥʽ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ 

 ɺʠʟʥʘʯʝʥʥʷ  6.  ʃʽʥʽʡʥʝ ʨʽʚʥʷʥʥʷ ʥʘʟʠʚʘʻʪʴʩʷ ʦʜʥʦʨʽʜʥʠʤ, 

ʷʢʱʦ ʚʽʣʴʥʠʡ ʯʣʝʥ ʨʽʚʥʷʥʥʷ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. ʉʠʩʪʝʤʘ, ʷʢʘ 

ʤʽʩʪʠʪʴ ʪʽʣʴʢʠ ʦʜʥʦʨʽʜʥʽ ʨʽʚʥʷʥʥʷ, ʥʘʟʠʚʘʻʪʴʩʷ ʦʜʥʦʨʽʜʥʦʶ. 

ʆʜʥʦʨʽʜʥʘ ʩʠʩʪʝʤʘ m ʨʽʚʥʷʥʴ ʽʟ n ʥʝʚʽʜʦʤʠʤʠ ʤʘʻ ʚʠʛʣʷʜ: 

                       

íî
ì
îë

a11 x1 + a12 x2 + a13 x3 +é + a1n xn = 0,

a21 x1 + a22 x2 + a23 x3 +é + a2n xn = 0,

é,

am1 x1 + am2 x2 + am3 x3 +é + amn xn = 0.

                (1.21) 

ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʦʜʥʦʨʽʜʥʘ ʩʠʩʪʝʤʘ ʟʘʚʞʜʠ ʩʫʤʽʩʥʘ, ʦʩʢʽʣʴʢʠ ʤʘʻ 

ʧʨʠʥʘʡʤʥʽ ʦʜʠʥ ʨʦʟʚôʷʟʦʢ: x1 = x2 = é = xn = 0. 

 ɺʠʟʥʘʯʝʥʥʷ 7. ʗʢʱʦ ʦʜʥʦʨʽʜʥʘ ʩʠʩʪʝʤʘ ʤʘʻ ʦʜʠʥ-ʻʜʠʥʠʡ 

ʨʦʟʚôʷʟʦʢ, ʪʦ ʚʽʥ ʙʫʜʝ ʥʫʣʴʦʚʠʤ, ʽ ʩʠʩʪʝʤʘ ʥʘʟʠʚʘʻʪʴʩʷ ʪʨʠ-

ʚʽʘʣʴʥʦ ʩʫʤʽʩʥʦʶ. 

                       ɺʠʟʥʘʯʝʥʥʷ 8.  ʗʢʱʦ ʦʜʥʦʨʽʜʥʘ ʩʠʩʪʝʤʘ ʤʘʻ ʙʽʣʴʰʝ, ʥʽʞ 

ʦʜʠʥ ʨʦʟʚôʷʟʦʢ, ʪʦ ʩʝʨʝʜ ʥʠʭ ʻ ʥʝʥʫʣʴʦʚʽ, ʽ ʫ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ 

ʩʠʩʪʝʤʘ ʥʘʟʠʚʘʻʪʴʩʷ ʥʝʪʨʠʚʽʘʣʴʥʦ ʩʫʤʽʩʥʦʶ. 

ʇʨʠ ʨʦʟʚôʷʟʫʚʘʥʥʽ ʪʘ ʜʦʩʣʽʜʞʝʥʥʽ ʦʜʥʦʨʽʜʥʠʭ ʩʠʩʪʝʤ ʣʽʥʽʡʥʠʭ 

ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ ʟʘʚʞʜʠ ʚʠʥʠʢʘʻ ʧʠʪʘʥʥʷ: ʟʘ ʷʢʠʭ ʫʤʦʚ ʦʜʥʦʨʽʜʥʘ 

ʩʠʩʪʝʤʘ (1.21) ʤʘʻ, ʦʢʨʽʤ ʚʢʘʟʘʥʦʛʦ ʪʨʠʚʽʘʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ, ʽʥʰʽ ʨʦʟʚôʷʟʢʠ 

(ʪʦʙʪʦ ʻ ʥʝʪʨʠʚʽʘʣʴʥʦ ʩʫʤʽʩʥʦʶ)? 

ʎʝ ʧʠʪʘʥʥʷ ʨʦʟʚôʷʟʫʻʪʴʩʷ ʜʦʩʠʪʴ ʧʨʦʩʪʦ. ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʽʩʥʫʚʘʥʥʷ 

ʥʝʪʨʠʚʽʘʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʩʠʩʪʝʤʠ (1.21) ʝʢʚʽʚʘʣʝʥʪʥʝ ʣʽʥʽʡʥʽʡ ʟʘʣʝʞʥʦʩʪʽ 

ʩʪʦʚʧʮʽʚ ʤʘʪʨʠʮʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʩʠʩʪʝʤʠ (1.21). ɸʜʞʝ ʣʽʥʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ 

ʩʪʦʚʧʮʽʚ ʪʘʢʦʾ ʤʘʪʨʠʮʽ ʦʟʥʘʯʘʻ, ʱʦ ʽʩʥʫʶʪʴ ʯʠʩʣʘ x1, x2, x3, é, xn, ʪʘʢʽ, ʱʦ 

ʥʝ ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ, ʽ ʪʘʢʽ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʶʪʴ  ʨʽʚʥʷʥʥʷʤ (1.21). ʇʨʦʪʝ ʚ 

ʩʠʣʫ ʪʝʦʨʝʤʠ ʧʨʦ ʙʘʟʠʩʥʠʡ ʤʽʥʦʨ ʣʽʥʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ʩʪʦʚʧʮʽʚ ʤʘʪʨʠʮʽ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʩʠʩʪʝʤʠ (1.21) ʙʫʜʝ ʤʘʪʠ ʤʽʩʮʝ ʪʦʜʽ ʡ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ 

ʧʦʨʷʜʦʢ r ʾʾ ʙʘʟʠʩʥʦʛʦ ʤʽʥʦʨʫ ʙʫʜʝ ʤʝʥʰʝ ʯʠʩʣʘ n ʾʾ ʩʪʦʚʧʮʽʚ. ʊʘʢʽ 

ʤʽʨʢʫʚʘʥʥʷ ʧʨʠʚʦʜʷʪʴ ʜʦ ʥʘʩʪʫʧʥʦʾ ʪʝʦʨʝʤʠ. 

ʊɽʆʈɽʄɸ 2. ʆʜʥʦʨʽʜʥʘ ʩʠʩʪʝʤʘ (1.21) ʙʫʜʝ ʤʘʪʠ 

ʥʝʪʨʠʚʽʘʣʴʥʽ ʨʦʟʚôʷʟʢʠ ʪʦʜʽ ʽ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ ʾʾ ʨʘʥʛ r 

ʤʘʪʨʠʮʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʩʠʩʪʝʤʠ ʤʝʥʰʝ ʯʠʩʣʘ n ʾʾ ʩʪʦʚʧʮʽʚ. 
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ʅʘʩʣʽʜʦʢ ʪʝʦʨʝʤʠ 2. ʆʜʥʦʨʽʜʥʘ ʩʠʩʪʝʤʘ ʨʦʟʤʽʨʥʦʩʪʽ (n ³ 

n) ʤʘʻ ʥʝʪʨʠʚʽʘʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ ʪʦʜʽ ʽ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ 

ʚʠʟʥʘʯʥʠʢ, ʩʢʣʘʜʝʥʠʡ ʟ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʨʠ ʥʝʚʽʜʦʤʠʭ, ʜʦʨʽʚʥʶʻ 

ʥʫʣʶ. 

ʉʧʨʘʚʜʽ, ʫ ʚʠʧʘʜʢʫ ʢʚʘʜʨʘʪʥʦʾ ʦʜʥʦʨʽʜʥʦʾ ʩʠʩʪʝʤʠ (1.21), ʪʦʙʪʦ ʢʦʣʠ 

nm= , ʨʘʥʛ r ʾʾ ʤʘʪʨʠʮʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʩʠʩʪʝʤʠ ʙʫʜʝ ʤʝʥʰʝ ʯʠʩʣʘ m = n 

ʪʦʜʽ ʽ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ ʚʠʟʥʘʯʥʠʢ ʮʽʻʾ ʤʘʪʨʠʮʽ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. 

ʇʨʠʢʣʘʜ 7.  ɺʩʪʘʥʦʚʠʪʠ, ʯʠ ʤʘʻ ʥʝʥʫʣʴʦʚʽ ʨʦʟʚôʷʟʢʠ ʩʠʩʪʝʤʘ 

ʦʜʥʦʨʽʜʥʠʭ ʨʽʚʥʷʥʴ 

íî
ì
îë

x1 - 3x2 + 2x3 = 0,

2x1 - x2 + x3 = 0,

8x1 + x2 - x3 = 0.

 

ʈʦʟʚôʷʟʘʥʥʷ. 

ʉʧʦʯʘʪʢʫ ʦʙʯʠʩʣʠʤʦ  ʚʠʟʥʘʯʥʠʢ ʤʘʪʨʠʮʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʩʠʩʪʝʤʠ.  

D = 
î
î
î

î
î
î1 -3 2

2 -1 1

8 1 -1
 = 
î
î
î

î
î
î1 -3 -1

2 -1 0

8 1 0
 = -1Ŀ(-1)3+1Ŀ

î
î
î

î
î
î2 -1

8 1
 = -10. 

ʆʩʢʽʣʴʢʠ D  ̧0, ʪʦ ʚʠʭʽʜʥʘ ʩʠʩʪʝʤʘ ʤʘʻ ʻʜʠʥʠʡ ʨʦʟʚôʷʟʦʢ: 

 x1 = 0; x2 = 0; x3 = 0.  

ʇʨʠʢʣʘʜ 8. ʇʨʠ ʷʢʦʤʫ ʟʥʘʯʝʥʥʽ a ʦʜʥʦʨʽʜʥʘ ʩʠʩʪʝʤʘ  

í
ì
ë

ax1 + x2 + 5x3 = 0,

7x1 - ax2 + x3 = 0,

-3x1 + 2x2 + 3x3 = 0.

ʤʘʻ ʥʝʥʫʣʴʦʚʽ ʨʦʟʚôʷʟʢʠ? 

ʈʦʟʚôʷʟʘʥʥʷ. 

ɿʥʘʡʜʝʤʦ ʚʠʟʥʘʯʥʠʢ ʤʘʪʨʠʮʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʩʠʩʪʝʤʠ. 

D = 
î
î
î

î
î
îa 1 5

7 -a 1

-3 2 3
 = 
î
î
î

î
î
îa 1 (5 + a)

7 -a 8

-3 2 0
 = 

î
î
î
î

î
î
î
îa

ç
æ
å

÷
ö
õ2

3
a + 1 (5 + a)

7
ç
æ
å

÷
ö
õ14

3
 - a 8

-3 0 0

 = 

= -3Ŀ(-1)3+1Ŀ

î
î
î
î

î
î
î
î

ç
æ
å

÷
ö
õ2

3
a + 1 (5 + a)

ç
æ
å

÷
ö
õ14

3
 - a 8

 = -3Ŀ
ê
é
è

ú
ù
ø16

3
a + 8 - 

70

3
 + 5a - 

14

3
a - 3a2  =  

= -3a2 - 17a + 46. 

 

ʆʯʝʚʠʜʥʦ, ʱʦ ʪʘʢʠʡ ʚʠʟʥʘʯʥʠʢ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʥʘʯʝʥʥʷ a. 
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ɼʘʣʽ ʚʽʜʟʥʘʯʠʤʦ, ʱʦ ʥʝʥʫʣʴʦʚʠʡ ʨʦʟʚôʷʟʦʢ ʽʩʥʫʻ ʣʠʰʝ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, 

ʢʦʣʠ D = 0, ʪʦʙʪʦ ʢʦʣʠ  -3a2 - 17a + 46 = 0. 

ʈʦʟʚôʷʟʘʚʰʠ ʪʘʢʝ ʢʚʘʜʨʘʪʥʝ ʨʽʚʥʷʥʥʷ, ʟʥʘʡʜʝʤʦ ʜʚʘ ʢʦʨʝʥʽ: 

 a1 = 2;  a2 = -23/3. 

ʆʪʞʝ, ʚʠʭʽʜʥʘ ʩʠʩʪʝʤʘ ʤʘʻ ʥʝʥʫʣʴʦʚʽ ʨʦʟʚôʷʟʢʠ ʪʽʣʴʢʠ ʧʨʠ 

ʚʠʱʝʚʢʘʟʘʥʠʭ ʟʥʘʯʝʥʥʷʭ a. 

ʇʨʠʢʣʘʜ 9. ʋ ʩʝʨʝʜʦʚʠʱʽ Mathcad ʜʦʩʣʽʜʠʪʠ ʥʘ ʩʫʤʽʩʥʽʩʪʴ ʦʜʥʦʨʽʜʥʫ 

ʩʠʩʪʝʤʫ  

íî
ì
îë

4x1 - 9x2 + 8x3 + 5x4 = 0,

-3x1 + 2x2 - 5x3 + 3x4 = 0,

3x1 - 4x2 + 7x3 + 5x4 = 0,

2x1 + x2 + 4x3 + 3x4 = 0.

 

ʈʦʟʚôʷʟʘʥʥʷ. 

1. ʋ ʩʝʨʝʜʦʚʠʱʝ Mathcad ʚʚʦʜʷʪʴ ʤʘʪʨʠʮʶ ʢʦʝʬʽʮʽʻʥʪʽʚ ʩʠʩʪʝʤʠ 

ʟʛʽʜʥʦ ʟ ʤʝʪʦʜʠʢʦʶ ʧʨʠʢʣʘʜʫ 4. ʇʨʠ ʮʴʦʤʫ ʥʘ ʤʦʥʽʪʦʨʽ ʢʦʤʧôʶʪʝʨʘ ʙʫʜʝ 

ʚʽʜʦʙʨʘʞʘʪʠʩʷ: 

A := 

ê
é
é
è

ú
ù
ù
ø4 -9 8 5

-3 2 -5 3

3 -4 7 5

2 1 4 3

 

2. ɼʘʣʽ ʦʙʯʠʩʣʶʶʪʴ ʚʠʟʥʘʯʥʠʢ ʮʽʻʾ ʤʘʪʨʠʮʽ. ɼʣʷ ʮʴʦʛʦ:  

ʘ) ʚʚʦʜʷʪʴ ʟʤʽʥʥʫ detA : (ʥʘ ʝʢʨʘʥʽ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ detA :=  ) 

a) ʚʽʜʢʨʠʚʘʶʪʴ ʧʘʥʝʣʴ ʦʧʝʨʘʮʽʡ ʟ ʤʘʪʨʠʮʷʤʠ ʪʘ ʚʝʢʪʦʨʘʤʠ, ʢʣʘʮʥʫʚʰʠ 

ʢʫʨʩʦʨʦʤ ʤʠʰʽ ʧʦ ʢʥʦʧʮʽ ʚ ʧʘʥʝʣʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ; 

ʙ) ʥʘ ʧʘʥʝʣʽ ʽʥʩʪʨʫʤʝʥʪʽʚ ʦʧʝʨʘʮʽʡ ʟ ʤʘʪʨʠʮʷʤʠ ʪʘ ʚʝʢʪʦʨʘʤʠ 

ʥʘʪʠʩʢʘʶʪʴ ʢʫʨʩʦʨʦʤ ʤʠʰʽ ʥʘ ʢʥʦʧʢʫ |X|, ʧʨʠ ʮʴʦʤʫ ʥʘ ʝʢʨʘʥʽ ʟôʷʚʣʷʻʪʴʩʷ   

detA := |ƴ|, 

ʛ) ʚ ʦʪʨʠʤʘʥʠʡ ʰʘʙʣʦʥ ʚʚʦʜʷʪʴ ʧʦʟʥʘʯʝʥʥʷ ʤʘʪʨʠʮʽ ɸ:  

detA := |ɸ| 

3. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʯʠʩʣʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʚʠʟʥʘʯʥʠʢʘ ʚʚʦʜʷʪʴ ʚʠʨʘʟ 

detA :=  (ʧʨʠ ʮʴʦʤʫ ʥʘ ʝʢʨʘʥʽ ʤʦʥʽʪʦʨʘ ʤʘʻʤʦ:  detA = -136  ). 

ʆʩʢʽʣʴʢʠ detA  ̧0, ʜʘʥʘ ʩʠʩʪʝʤʘ ʤʘʻ ʻʜʠʥʠʡ ʨʦʟʚôʷʟʦʢ, ʷʢʠʡ ʜʣʷ  

ʦʜʥʦʨʽʜʥʦʾ ʩʠʩʪʝʤʠ ʻ ʥʫʣʴʦʚʠʤ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʩʠʩʪʝʤʘ ʤʘʻ ʪʽʣʴʢʠ 

ʪʨʠʚʽʘʣʴʥʽʡ ʨʦʟʚôʷʟʦʢ.  

ʇʨʦʮʝʩ ʨʝʘʣʽʟʘʮʽʾ ʦʙʯʠʩʣʝʥʴ ʫ ʩʝʨʝʜʦʚʠʱʽ Mathcad ʥʘʚʝʜʝʥʦ ʥʘ  

ʨʠʩ. 1.15: 
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ʈʠʩ. 1.15 

 
1.6. ɿʘʚʜʘʥʥʷ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʛʦ ʨʦʟʚôʷʟʫʚʘʥʥʷ 

 (ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʥʘʪʠ ʷʢ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ, 

 ʪʘʢ ʽ ʫ ʩʝʨʝʜʦʚʠʱʽ Mathcad) 

 

ɺʠʢʦʥʘʪʠ ʜʽʾ :BA ml+  

1. ,5,0;1,1 == ml  

A = 
ê
é
è

ú
ù
ø3 4 -1

-2 0 3/4

7 0.1 8
;    B = 

ê
é
è

ú
ù
ø1/4 3 -0.8

-3 0.6 3/7

6 4 2
. 

2. ,3/1;7,0 -== ml  

A = 
ê
é
è

ú
ù
ø1 4 -0.7

1/3 7 8
;   B = 

ê
é
è

ú
ù
ø2/5 0.1 7

-3 -1 4
. 

 

3. ,2,0;6/1 == ml   

A = 
ê
é
è

ú
ù
ø1 4

3 -7

3/6 0.1
;   B = 

ê
é
è

ú
ù
ø-7 8

9 0.1

-1/8 4
. 
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4. ,1,0;6,1 =-= ml  

A = 
ê
é
è

ú
ù
ø7 -1

8/11 0.25
;   B = 

ê
é
è

ú
ù
ø6/11 7

0 -0.8
. 

  

ʆʙʯʠʩʣʠʪʠ ʜʦʙʫʪʢʠ ʤʘʪʨʠʮʴ A Ā B ʪʘ B Ā A, ʷʢʱʦ ʚʦʥʠ ʽʩʥʫʶʪʴ: 

 

 1. A = 
ê
é
è

ú
ù
ø1 2 0

3 1 -4
; B = 

ê
é
è

ú
ù
ø-2 3

4 5

-1 4
. 

 2. A = 
ê
é
è

ú
ù
ø1 3 5

-2 0 4

1 2 4
; B = 

ê
é
è

ú
ù
ø2 3 3

0 4 0

-1 -2 4
. 

 3. A = 
ê
é
è

ú
ù
ø2 -1 1

4 0 2
; B = 

ê
é
è

ú
ù
ø1 2

3 4

-1 3
. 

 4. A = 
ê
é
è

ú
ù
ø1 2 1

0 -1 3

4 5 1
; B = 

ê
é
è

ú
ù
ø1 2 5

0 -1 -1

3 4 6
. 

 5. A = 
ê
é
è

ú
ù
ø1 2 3

8 3 4

5 6 -1
; B = 

ê
é
è

ú
ù
ø3 0

1 -2

3 7
. 

 

ɺʠʟʥʘʯʠʪʠ ʤʘʪʨʠʮʶ C, ʷʢʱʦ ʟʘʜʘʥʦ ʪʘʢʽ ʫʤʦʚʠ: 

 

1. C = A Ā B - 2B;      A = 
ê
é
è

ú
ù
ø-2 1

2 -3
; B = 

ê
é
è

ú
ù
ø1 4

3 -4
. 

2. C = 3A - B Ā A;      A = 
ê
é
è

ú
ù
ø1 4

0 -2
; B = 

ê
é
è

ú
ù
ø0 1

4 2
. 

3. C = (2A - B) Ā (3A);    A = 
ê
é
è

ú
ù
ø2 1

4 2
;B = 

ê
é
è

ú
ù
ø-1 0

4 -2
. 

 

4. C = A2 - B Ā D;     A = 
ê
é
è

ú
ù
ø4 2

-1 4
;  B = 

ê
é
è

ú
ù
ø2

-1
;  D = [-1  4]. 
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5. C = 2B Ā D - 4A2;   A = 
ê
é
è

ú
ù
ø1 -2

-1 3
;    B = 

ê
é
è

ú
ù
ø-1

4
;  D = [2  -1]. 

 

ɺʠʢʦʥʘʪʠ ʦʧʝʨʘʮʽʶ ʪʨʘʥʩʧʦʥʫʚʘʥʥʷ ʤʘʪʨʠʮʽ A: 

1. A = 
ê
é
è

ú
ù
ø1 -1 2

3 7 8

9 10 -1
      2. A = [1  4  5  7  -1]            3. A = 

ê
é
é
è

ú
ù
ù
ø

1

2

0

-1

4

 

ʆʙʯʠʩʣʠʪʠ ʚʠʟʥʘʯʥʠʢ: 

 

1. 

î
î
î
î

î
î
î
î2 -1 1 0

0 1 2 -1

3 -1 2 3

3 1 6 1

 2. 

î
î
î
î

î
î
î
î

5 6 0 0 0

1 5 6 0 0

0 1 5 6 0

0 0 1 5 6

0 0 0 1 5

 3. 

î
î
î
î

î
î
î
î

2 1 1 1 1

1 3 1 1 1

1 1 4 1 1

1 1 1 5 1

1 1 1 1 6

 

 

ʆʙʯʠʩʣʠʪʠ ʦʙʝʨʥʝʥʫ ʤʘʪʨʠʮʶ ʚʽʜʥʦʩʥʦ ʟʘʜʘʥʦʾ. ɺʠʢʦʥʘʪʠ ʧʝʨʝʚʽʨʢʫ 

 

1. 

ê
é
é
è

ú
ù
ù
ø3 0 0

0 0 -1

0 2 0
  2. 

ê
é
é
è

ú
ù
ù
ø5 0 0

4 5 0

-10 4 5
     3. 

ê
é
é
è

ú
ù
ù
ø1 2 0

-1 1 2

3 0 1
   4. 

ê
é
é
è

ú
ù
ù
ø2 7 3

3 9 4

1 5 3
 

 

ʆʙʯʠʩʣʠʪʠ ʨʘʥʛ ʤʘʪʨʠʮʽ 

1. 

ê
é
é
è

ú
ù
ù
ø2 -1 3 -2 4

4 -2 5 1 7

2 -1 1 8 2
 2. 

ê
é
é
è

ú
ù
ù
ø

0 1 1 0 0

1 1 0 0 0

0 1 0 1 1

1 0 1 0 0

0 0 1 1 0

     3. 

ê
é
é
è

ú
ù
ù
ø1 3 5 -1

2 -1 -3 4

5 1 -1 4

7 7 9 1

  

 4. 

ê
é
é
è

ú
ù
ù
ø0 1 0 4 3 1

0 1 3 0 2 1

2 1 0 0 1 1

-1 2 -1 -1 -1 1

   5. 

ê
é
é
è

ú
ù
ù
ø3 -1 3 2 5

5 -3 2 3 4

1 -3 -5 0 -7

7 -5 1 4 1

6. 

ê
é
é
è

ú
ù
ù
ø0 2 -2 4

2 3 -4 6

-4 0 2 0
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ʈʦʟʚôʷʟʘʪʠ ʟʘʜʘʯʫ ʩʠʩʪʝʤʠ ʪʨʴʦʭ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ ʟ 

ʪʨʴʦʤʘ ʥʝʚʽʜʦʤʠʤʠ. ʅʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʾʾ ʨʦʟʚôʷʟʦʢ ʟʘ ʜʦʧʦʤʦʛʦʶ:  

ʘ) ʧʨʘʚʠʣʘ ʂʨʘʤʝʨʘ; ʙ) ʤʘʪʨʠʯʥʦʛʦ ʤʝʪʦʜʫ; ʚ) ʤʝʪʦʜʫ ɻʘʫʩʩʘ. 

 

1. 

íî
ì
î
ë2x1 + 3x2 - 4x3 = 5

x1 + 2x2 - 3x3 = 3

3x1 - x2 + 2x3 = 2

 2.  

íî
ì
î
ë3x1 + 2x2 - 3x3 = -1

2x1 - x2 + 3x3 = 2

x1 + x2 + 2x3 = 3

 

 3. 

íî
ì
î
ë2x1 + x2 + 3x3 = 1

-x1 + 2x2 - 2x3 = -1

x1 - 2x2 + 3x3 = 2

4.  

íî
ì
î
ëx1 + 2x2 - 3x3 = -2

2x1 + 3x2 - x3 = 0

-x1 + 2x2 - 2x3 = 1

  

5.  

íî
ì
î
ë2x1 + x2 - 2x3 = 3

-x1 + 3x2 + x3 = -4

3x1 - x2 + 3x3 = -4

   6. 

íî
ì
î
ëx1 + x2 - 2x3 = 6

2x1 + 3x2 - 7x3 = 16

5x1 + 2x2 + x3 = 16

 

 

ɺʠʟʥʘʯʠʪʠ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ a, ʧʨʠ ʷʢʦʤʫ ʦʜʥʦʨʽʜʥʘ ʩʠʩʪʝʤʘ ʤʘʻ 

ʥʝʥʫʣʴʦʚʽ ʨʦʟʚôʷʟʢʠ. 

 

1. 

í
ì
ëa2 x1 + 3x2 + 2x3 = 0

ax1 - x2 + x3 = 0

8x1 - x2 + 4x3 = 0

 2. 

íî
ì
î
ë-x1 + x2 + 4x3 = 0

ax1 + ax2 + 4x3 = 0

-2x1 - 7x2 + 5x3 = 0
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2. ɺɽʂʊʆʈʅɸ ɸʃɻɽɹʈɸ 

 

2. 1. ɺʩʪʫʧ 

 

  ʇʦʨʷʜ ʟ, ʪʘʢ ʟʚʘʥʠʤʠ, ʩʢʘʣʷʨʥʠʤʠ  ʚʝʣʠʯʠʥʘʤʠ, ʷʢʽ ʧʦʚʥʽʩʪʶ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʯʠʩʣʦʤ, ʽʩʥʫʶʪʴ ʚʝʢʪʦʨʥʽ ʚʝʣʠʯʠʥʠ, ʜʣʷ ʟʘʚʜʘʥʥʷ ʷʢʠʭ 

ʦʜʥʦʛʦ ʯʠʩʣʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʥʝʜʦʩʪʘʪʥʴʦ: ʥʝʦʙʭʽʜʥʦ ʚʢʘʟʘʪʠ ʱʝ ʚʣʘʩʪʠʚʠʡ 

ʾʤ ʥʘʧʨʷʤʦʢ. ɺʝʢʪʦʨʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʻ, ʥʘʧʨʠʢʣʘʜ,  ʩʠʣʘ, ʱʦ ʜʽʻ ʥʘ 

ʤʘʪʝʨʽʘʣʴʥʫ ʪʦʯʢʫ, ʰʚʠʜʢʽʩʪʴ ʘʙʦ ʧʨʠʩʢʦʨʝʥʥʷ ʮʽʻʾ ʪʦʯʢʠ ʽ ʪʘʢ ʜʘʣʽ.  ɸ ʦʩʴ 

ʪʝʤʧʝʨʘʪʫʨʘ, ʤʘʩʘ, ʜʦʚʞʠʥʘ, ʦʙ'ʻʤ  ï ʮʝ ʩʢʘʣʷʨʥʽ ʚʝʣʠʯʠʥʠ.  

 ɺʟʘʛʘʣʽ ʚʝʢʪʦʨʥʦʶ ʚʝʣʠʯʠʥʦʶ, ʘʙʦ ʚʝʢʪʦʨʦʤ,  ʥʘʟʠʚʘʻʪʴʩʷ ʚʝʣʠʯʠʥʘ, 

ʱʦ ʤʘʻ ʥʘʧʨʷʤʦʢ. 

          ʅʘʚʝʜʝʤʦ ʩʪʨʦʛʽʰʝ ʚʠʟʥʘʯʝʥʥʷ, ʧʨʠʡʥʷʪʝ ʚ ʤʘʪʝʤʘʪʠʮʽ.  

 

  ɺʠʟʥʘʯʝʥʥʷ 1. ɺʽʜʨʽʟʦʢ ʧʨʷʤʦʾ ʣʽʥʽʾ ʥʘʟʠʚʘʶʪʴ ʩʧʨʷʤʦʚʘʥʠʤ   

ʚʽʜʨʽʟʢʦʤ ʘʙʦ ʚʝʢʪʦʨʦʤ, ʷʢʱʦ  ʚʢʘʟʘʥʦ, ʷʢʠʡ ʟ ʡʦʛʦ ʢʽʥʮʽʚ 

ʚʚʘʞʘʶʪʴ ʧʦʯʘʪʢʦʤ ʚʝʢʪʦʨʘ, ʘ ʷʢʠʡ ʢʽʥʮʝʤ.  

 ɻʨʘʬʽʯʥʦ ʚʝʢʪʦʨʠ ʟʦʙʨʘʞʫʶʪʴ  ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 

 

     
                                                    

ʈʠʩ. 2. 1 

 

 ʗʢ ʙʘʯʠʤʦ, ʧʦʟʥʘʯʘʶʪʴʩʷ ʚʝʢʪʦʨʠ ʘʙʦ ʯʝʨʝʟ AB, ʢʦʣʠ ʚʽʜʦʤʽ ʧʦʯʘʪʦʢ 

ɸ ʪʘ ʢʽʥʝʮʴ ɺ ʚʝʢʪʦʨʘ, ʘʙʦ ʧʨʦʩʪʦ ʘ. (ɹʝʟʫʤʦʚʥʦ, ʟ ʮʽʻʶ ʤʝʪʦʶ  ʤʦʞʥʘ 

ʙʨʘʪʠ ʙʫʜʴ-ʷʢʽ ʽʥʰʽ ʙʫʢʚʠ). ʌʘʢʪʠʯʥʦ, ʜʣʷ ʪʦʛʦ, ʱʦʙ ʟʘʜʘʪʠ ʚʝʢʪʦʨ, ʪʨʝʙʘ 

ʟʥʘʪʠ ʜʚʘ ʡʦʛʦ ʧʘʨʘʤʝʪʨʠ: ʜʦʚʞʠʥʫ ʪʘ ʥʘʧʨʷʤʦʢ. ɸʣʝ ʥʝ ʩʣʽʜ ʚʚʘʞʘʪʠ, ʱʦ 

ʻʜʠʥʠʤ ʽ ʥʘʡʢʨʘʱʠʤ ʩʧʦʩʦʙʦʤ ʟʘʚʜʘʥʥʷ ʚʝʢʪʦʨʘ ʻ ʩʘʤʝ ʛʝʦʤʝʪʨʠʯʥʠʡ. ɼʣʷ 

ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʚʯʝʥʥʷ ʚʝʢʪʦʨʽʚ ʢʦʨʠʩʥʦ ʤʘʪʠ ʫ ʨʦʟʧʦʨʷʜʞʝʥʥʽ ʧʝʚʥʽ 

ʘʥʘʣʽʪʠʯʥʽ ʚʠʨʘʟʠ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʪʨʦʭʠ ʧʽʟʥʽʰʝ ʟʚʝʨʥʝʤʦʩʴ ʜʦ ʪʘʢʠʭ 

ʧʦʥʷʪʴ, ʷʢ ʢʦʦʨʜʠʥʘʪʠ ʚʝʢʪʦʨʘ, ʤʦʜʫʣʴ ʚʝʢʪʦʨʘ ʽ ʥʘʧʨʷʤʥʽ ʢʦʩʠʥʫʩʠ 

ʚʝʢʪʦʨʘ. ʊʘʢʦʞ ʧʽʜʢʨʝʩʣʠʤʦ, ʱʦ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʥʝ ʙʫʜʝ ʟʘʪʚʝʨʜʞʫʚʘʪʠʩʴ 

ʧʨʦʪʠʣʝʞʥʝ, ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ʚʝʢʪʦʨʠ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʫ ʪʨʠʢʫʪʥʽʡ 

ʜʝʢʘʨʪʦʚʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ. ɸ ʟʘʨʘʟ ʟʚʝʨʥʝʤʦʩʴ ʜʦ ʜʝʷʢʠʭ ʜʦʧʦʤʽʞʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ. 

 

          2. 2. ʇʨʦʝʢʮʽʷ ʚʝʢʪʦʨʘ ʥʘ ʚʽʩʴ 

 

 ɺʠʟʥʘʯʝʥʥʷ 2. ɺʝʢʪʦʨʥʽʡ ʧʨʦʝʢʮʽʻʶ ʚʝʢʪʦʨʘ ɸɺ ʥʘ ʚʽʩʴ ʆʍ 

ʥʘʟʠʚʘʻʪʴʩʷ ʚʝʢʪʦʨ 11BA , ʜʝ 1A  ʽ 1B - ʚʽʜʧʦʚʽʜʥʽ ʧʨʦʝʢʮʽʾ 
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ʧʦʯʘʪʢʫ ʪʘ ʢʽʥʮʷ ʚʝʢʪʦʨʘ (ʨʠʩ. 2.2). 

 

 

  

 

 

 

 

 

ʈʠʩ.2.2 

 

ɺʠʟʥʘʯʝʥʥʷ 3 .ʉʢʘʣʷʨʥʦʶ ʧʨʦʝʢʮʽʻʶ ʚʝʢʪʦʨʘ ɸɺ ʥʘ ʚʽʩʴ ʆʍ 

ʥʘʟʠʚʘʻʪʴʩʷ ʯʠʩʣʦ (ʩʢʘʣʷʨ) , ʱʦ ʜʦʨʽʚʥʶʻ ʜʦʙʫʪʢʫ ʜʦʚʞʠʥʠ 

ʚʝʢʪʦʨʘɸɺ ʥʘ ʢʦʩʠʥʫʩ a, ʜʝ a- ʢʫʪ ʤʽʞ ʚʝʢʪʦʨʦʤ ʽ ʚʽʩʩʶ. 

 ʆʯʝʚʠʜʥʦ , ʱʦ ʩʢʘʣʷʨʥʘ ʧʨʦʝʢʮʽʷ ʚʝʢʪʦʨʘ ʤʦʞʝ ʙʫʪʠ ʷʢ ʜʦʜʘʪʥʦʶ,  ʪʘʢ ʽ 

ʚʽʜôʻʤʥʦʶ  ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʫʪʘ a. ɺ ʧʦʜʘʣʴʰʦʤʫ ʙʫʜʝʤʦ ʢʘʟʘʪʠ 

çʧʨʦʝʢʮʽʷ ʚʝʢʪʦʨʘ ʥʘ ʚʽʩʴè, ʤʘʶʯʠ ʥʘ ʫʚʘʟʽ  ʩʢʘʣʷʨʥʫ ʧʨʦʝʢʮʽʶ. 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʚʽʜʦʤʽ ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʦʢ ),,( 111 zyxA  ʽ ),,( 222 zyxB . 

ʅʘ ʨʠʩ. 2. 2 ʥʘʧʨʷʤʦʢ ʚʝʢʪʦʨʘ 
11ɺɸ  ʩʧʽʚʧʘʜʘʻ ʟ ʥʘʧʨʷʤʢʦʤ ʦʩʽ ʆʍ (ʚʟʘʛʘʣʽ 

ʢʘʞʫʯʠ, ʚʽʥ ʤʦʞʝ ʙʫʪʠ ʽ ʧʨʦʪʠʣʝʞʥʠʤ), ʘ ʜʦʚʞʠʥʘ, ʦʯʝʚʠʜʥʦ, ʜʦʨʽʚʥʶʻ 

ʨʽʟʥʠʮʽ ʘʙʩʮʠʩ ʪʦʯʦʢ ɺ  ̔ɸ ʚʽʜʧʦʚʽʜʥʦ, ʘ ʩʘʤʝ, .12 xx -  ɸʥʘʣʦʛʽʯʥʦ ʤʦʞʥʘ 

ʟʥʘʡʪʠ ʧʨʦʝʢʮʽʾ ʚʝʢʪʦʨʘ ʥʘ ʦʩʽ ʦʨʜʠʥʘʪ ʪʘ ʘʧʣʽʢʘʪ. ʄʘʻ ʤʽʩʮʝ ʥʘʩʪʫʧʥʝ 

ʚʠʟʥʘʯʝʥʥʷ. 

ɺʠʟʥʘʯʝʥʥʷ 3.  ʂʦʦʨʜʠʥʘʪʠ ʚʝʢʪʦʨʘ ï ʮʝ ʡʦʛʦ ʧʨʦʝʢʮʽʾ   ʥʘ 

ʚʽʜʧʦʚʽʜʥʽ ʢʦʦʨʜʠʥʘʪʥʽ ʚʽʩʽ.  

 ʑʦʙ ʟʥʘʡʪʠ ʢʦʦʨʜʠʥʘʪʠ ʚʝʢʪʦʨʘ, ʪʨʝʙʘ ʚʽʜʥʷʪʠ ʚʽʜ ʢʦʦʨʜʠʥʘʪ ʢʽʥʮʷ 

ʚʝʢʪʦʨʘ ʚʽʜʧʦʚʽʜʥʽ ʢʦʦʨʜʠʥʘʪʠ ʡʦʛʦ ʧʦʯʘʪʢʫ. ɸ ʩʘʤʝ: 

{ }{ }.,,,, 121212 ZYXzzyyxxAB =---=  ʊʦʙʪʦ ʫ ʬʽʛʫʨʥʠʭ ʜʫʞʢʘʭ ʟʘʧʠʩʘʥʽ 

ʢʦʦʨʜʠʥʘʪʠ ʚʝʢʪʦʨʘ. (ʋ ʢʽʥʮʽ ʜʘʥʦʛʦ ʨʦʟʜʽʣʫ (ʧ. 2.10) ʢʦʦʨʜʠʥʘʪʠ ʚʝʢʪʦʨʘ 

ʙʫʜʫʪʴ ʚʠʟʥʘʯʝʥʽ ʚ ʜʝʱʦ ʽʥʰʽʡ ʽʥʪʝʨʧʨʝʪʘʮʽʾ).  ɼʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʾʭ 

ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʜʦʚʞʠʥʠ ʚʝʢʪʦʨʘ, ʘʙʦ, ʷʢ ʧʨʠʡʥʷʪʦ ʢʘʟʘʪʠ, ʤʦʜʫʣʷ 

ʚʝʢʪʦʨʘ. ɼʦ ʨʝʯʽ, ʮʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʜʚʦʤʘ ʩʧʦʩʦʙʘʤʠ. ʇʦ ʧʝʨʰʝ, ʦʩʢʽʣʴʢʠ 

ʦʩʪʘʥʥʽʡ ʜʦʨʽʚʥʶʻ ʜʦʚʞʠʥʽ ʚʽʜʨʽʟʢʘ ʤʽʞ ʧʦʯʘʪʢʦʤ ʽ ʢʽʥʮʝʤ ʚʝʢʪʦʨʘ,  ʤʦʞʥʘ 

ʩʢʦʨʠʩʪʘʪʠʩʴ ʟʚʠʯʘʡʥʦʶ ʬʦʨʤʫʣʦʶ ʜʣʷ ʨʦʟʰʫʢʫ  ʚʽʜʩʪʘʥʽ ʤʽʞ ʜʚʦʤʘ 

ʪʦʯʢʘʤʠ. ɸ ʩʘʤʝ, ʥʝʭʘʡ ʟʘʜʘʥʽ ʢʦʦʨʜʠʥʘʪʠ  ʪʦʯʦʢ ),,,( 111 zyxA  ʽ  ),,,( 222 zyxB . 

ʊʦʜʽ ʤʦʜʫʣʴ ʚʝʢʪʦʨʘ ʜʦʨʽʚʥʶʻ  

                         .)()()( 2

12

2

12

2

12 zzyyxxAB -+-+-=                              (2.1) 

 ʇʦ ʜʨʫʛʝ, ʪʦʡ ʞʝ ʨʝʟʫʣʴʪʘʪ ʦʜʝʨʞʫʻʪʴʩʷ, ʷʢʱʦ ʟʘ ʜʦʧʦʤʦʛʦʶ  

ʧʘʨʘʣʝʣʴʥʦʛʦ ʧʝʨʝʥʦʩʫ ʧʦʻʜʥʘʪʠ ʧʦʯʘʪʦʢ ʚʝʢʪʦʨʘ ʟ ʧʦʯʘʪʢʦʤ ʢʦʦʨʜʠʥʘʪ, 

ʧʦʙʫʜʫʚʘʪʠ ʧʨʷʤʦʢʫʪʥʠʡ ʧʘʨʘʣʝʣʝʧʽʧʝʜ ʪʘʢ, ʱʦʙ ʚʝʢʪʦʨ ABʙʫʚ 
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ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʦʜʥʽʡ ʟ ʡʦʛʦ ʜʽʘʛʦʥʘʣʝʡ, ʘ ʚʠʤʽʨʠ ʧʘʨʘʣʝʣʝʧʽʧʝʜʘ 

ʩʧʽʚʧʘʜʘʣʠ ʟ ʡʦʛʦ ʧʨʦʝʢʮʽʷʤʠ ʥʘ ʦʩʽ ʢʦʦʨʜʠʥʘʪ (ʨʠʩ. 2.3). 

 

 

 

 

 

 

 

     

 

  

ʈʠʩ.2.3 

 

ɼʚʽʯʽ ʚʠʢʦʨʠʩʪʘʚʰʠ ʪʝʦʨʝʤʫ ʇʽʬʘʛʦʨʘ,   ʦʜʝʨʞʠʤʦ ʪʫ ʩʘʤʫ ʬʦʨʤʫʣʫ (2.1). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʜʫʣʴ ʚʝʢʪʦʨʘ ʜʦʨʽʚʥʶʻ ʢʚʘʜʨʘʪʥʦʤʫ ʢʦʨʝʥʶ ʟ ʩʫʤʠ 

ʢʚʘʜʨʘʪʽʚ ʡʦʛʦ ʢʦʦʨʜʠʥʘʪ 

                .)()()( 2222

12

2

12

2

12 ZYXzzyyxxAB ++=-+-+-=  

ʅʘʧʨʷʤʦʢ ʚʝʢʪʦʨʘ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʡʦʛʦ ʥʘʧʨʷʤʥʠʭ 

ʢʦʩʠʥʫʩʽʚ. ʆʩʪʘʥʥʽ ï ʮʝ ʢʦʩʠʥʫʩʠ ʢʫʪʽʚ gba ,, , ʷʢʽ ʜʘʥʠʡ ʚʝʢʪʦʨ ʫʪʚʦʨʶʻ 

ʚʽʜʧʦʚʽʜʥʦ ʟ ʦʩʷʤʠ  ʘʙʩʮʠʩ, ʦʨʜʠʥʘʪ ʪʘ ʘʧʣʽʢʘʪ.   ʅʘʧʨʷʤʥʽ ʢʦʩʠʥʫʩʠ 

ʜʦʨʽʚʥʶʶʪʴ: 

                    .cos,cos,cos
AB

Z

AB

Y

AB

X
=== gba                             (2.2)  

ʆʯʝʚʠʜʥʦ    .1coscoscos 222 =++ gba     

                                               

2. 3. ʃʽʥʽʡʥʽ  ʦʧʝʨʘʮʽʾ ʟ ʚʝʢʪʦʨʘʤʠ 

 

 ʇʽʜ ʣʽʥʽʡʥʠʤʠ ʦʧʝʨʘʮʽʷʤʠ ʟ ʚʝʢʪʦʨʘʤʠ ʨʦʟʫʤʽʶʪʴ ʤʥʦʞʝʥʥʷ ʚʝʢʪʦʨʘ 

ʥʘ ʯʠʩʣʦ, ʘ ʪʘʢʦʞ  ʜʦʜʘʚʘʥʥʷ ʽ ʚʽʜʥʽʤʘʥʥʷ ʚʝʢʪʦʨʽʚ. ʈʦʟʛʣʷʥʝʤʦ ʩʧʦʯʘʪʢʫ 

ʛʝʦʤʝʪʨʠʯʥʽ ʩʧʦʩʦʙʠ ʜʦʜʘʚʘʥʥʷ ʚʝʢʪʦʨʽʚ (ʨʠʩ. 2. 4). 

  

 
ʈʠʩ. 2. 4 

a  

b  

 

O 

a  

b  

c  
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     ʉʫʤʦ  ʁʜʚʦʭ ʚʝʢʪʦʨʚ̔ a   ̔ b  ̒ʚʝʢʪʦʨ bac += , ʧʦʯʘʪʦʢ ʷʢʦʛʦ ʩʧʽʚʧʘʜʘʻ ʟ 

ʧʦʯʘʪʢʦʤ ʚʝʢʪʦʨʘ a, ʘ ʢʽʥʝʮʴ ʟ ʢʽʥʮʝʤ ʚʝʢʪʦʨʘ b , ʟʘ ʫʤʦʚʦʶ, ʱʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʘʨʘʣʝʣʴʥʦʛʦ ʧʝʨʝʥʦʩʫ ʧʦʯʘʪʦʢ ʚʝʢʪʦʨʘ b  ʧʦʻʜʥʫʻʪʴʩʷ ʟ  

ʢʽʥʮʝʤ ʚʝʢʪʦʨʘ a . ʎʝ ʧʨʘʚʠʣʦ ʥʘʟʠʚʘ̒ʪɹʩʷ ʧʨʘʚʠʣʦʤ ʪʨʠʢʫʪʥʠʢʘ 

ɺʦʥʦ ʫʟʘʛʘʣʴʥʶʻʪʴʩʷ ʥʘ ʙʫʜʴ-ʷʢʝ ʢʽʥʮʝʚʝ ʯʠʩʣʦ ʚʝʢʪʦʨʽʚ. ʅʝʭʘʡ ʜʘʥ̔ n  

ʚʝʢʪʦʨʚ̔  naaa ,,, 21 2 . ɹʫʜʫʻʪʴʩʷ ʚʝʢʪʦʨ 1a , ̔ ʟ ʡʦʛʦ ʢ̔ʥʮ̫ ʙʫʜʫʻʪʴʩʷ ʚʝʢʪʦʨ 2ʘ, 

ʟ̔ ʢʥ̔ʮ̫ 2ʘ  ʚʝʢʪʦʨ 3ʘ  ̔ʪʘʢ ʜʘʣʽ. ʆʯʝʚʠʜʥʦ, ʩʫʤʦ  ʁʮʠʭ ʚʝʢʪʦʨʚ̔ ʙʫʜʝ 

ʟʘʤʠʢʘʶʯʠʡ ʚʝʢʪʦʨ naaab +++= 221 , ʧʦʯʘʪʦʢ ʷʢʦʛʦ ʩʧʽʚʧʘʜʘʻ ʟ ʧʦʯʘʪʢʦʤ 

ʚʝʢʪʦʨʘ 1ʘ, ʘ ʢʽʥʝʮʴ ï ʟ ʢ̔ʥʮʝʤ ʚʝʢʪʦʨʘ nʘ . ʉʬʦʨʤʫʣʴʦʚʘʥʝ ʧʨʘʚʠʣʦ 

ʜʦʜʘʚʘʥʥʷ ʚʝʢʪʦʨʚ̔ ʥʘʟʠʚʘ̒ʪɹʩʷ ʧʨʘʚʠʣʦʤ ʙʘʛʘʪʦʢʫʪʥʠʢʘ. 

     ʉʣʽʜ ʪʘʢʦʞ ʟʛʘʜʘʪʠ ʧʨʦ ʧʨʘʚʠʣʦ ʧʘʨʘʣʝʣʦʛʨʘʤʘ ʜʦʜʘʚʘʥʥʷ ʚʝʢʪʦʨʽʚ, ʷʢʝ 

ʧʦʚʠʥʥʦ ʙʫʪʠ ʟʥʘʡʦʤʠʤ ʟ ʰʢʽʣʴʥʦʛʦ ʢʫʨʩʫ ʬʽʟʠʢʠ. ʇʨʠ ʜʦʜʘʚʘʥʥʽ ʜʚʦʭ 

ʚʝʢʪʦʨʽʚ a   ̔ b  ʪʨʝʙʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʨʘʣʝʣʴʥʦʛʦ ʧʝʨʝʥʦʩʫ ʨʦʟʤʽʩʪʠʪʠ ʾʭ 

ʪʘʢ, ʱʦʙ ʚʦʥʠ ʤʘʣʠ ʟʘʛʘʣʴʥʠʡ ʧʦʯʘʪʦʢ. ʇʦʪʽʤ ʥʘ ʮʠʭ ʚʝʢʪʦʨʘʭ ʙʫʜʫʻʪʴʩʷ 

ʧʘʨʘʣʝʣʦʛʨʘʤ. ʐʫʢʘʥʦʶ ʩʫʤʦʶ bac +=   ʙʫʜʝ ʚʝʢʪʦʨ, ʱʦ ʤʘʻ ʩʧʽʣʴʥʽʡ 

ʧʦʯʘʪʦʢ ʟ ʜʘʥʠʤʠ ʚʝʢʪʦʨʘʤʠ ʽ ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʜʽʘʛʦʥʘʣʽ ʧʘʨʘʣʝʣʦʛʨʘʤʘ 

(ʨʠʩ. 2.5). 

 

 

 

 

 

ʈʠʩ. 2.5 

 ʄʥʦʞʝʥʥʷ ʚʝʢʪʦʨʘ ʥʘ ʯʠʩʣʦ m ʜʘʻ ʥʦʚʠʡ ʚʝʢʪʦʨ, ʷʢʠʡ ʜʦʚʰʝ (ʧʨʠ 
m > 1) ʘʙʦ ʢʦʨʦʪʰʝ (ʧʨʠ m < 1) ʟʘ ʜʘʥʠʡ ʚʝʢʪʦʨ ʫ m ʨʘʟʽʚ, ʧʨʠʯʦʤʫ ʡʦʛʦ 

ʥʘʧʨʷʤʦʢ ʟʙʝʨʽʛʘʻʪʴʩʷ, ʷʢʱʦ m ʜʦʜʘʪʥʝ ʯʠʩʣʦ ʽ ʟʤʽʥʶʻʪʴʩʷ ʥʘ 

ʧʨʦʪʠʣʝʞʥʠʡ, ʷʢʱʦ m ʚʽʜôʻʤʥʝ. 

 ɿʚʝʨʥʝʤʦʩʷ ʜʦ ʘʥʘʣʽʪʠʯʥʦʛʦ ʩʧʦʩʦʙʫ ʚʠʢʦʥʘʥʥʷ ʣʽʥʽʡʥʠʭ ʦʧʝʨʘʮʽʡ ʟ 

ʚʝʢʪʦʨʘʤʠ. ʅʝʭʘʡ ʟʘʜʘʥʽ ʜʚʘ ʚʝʢʪʦʨʠ { }111 ,, ZYXa=  ʽ  { }222 ,, ZYXb= . ʇʨʠ 

ʜʦʜʘʚʘʥʥʽ ʚʝʢʪʦʨʽʚ ʾʭ ʚʽʜʧʦʚʽʜʥʽ ʢʦʦʨʜʠʥʘʪʠ ʜʦʜʘʶʪʴʩʷ, ʧʨʠ ʚʽʜʥʽʤʘʥʥʽ ï 

ʚʽʜʥʽʤʘʶʪʴʩʷ, ʪʦʙʪʦ 

                                { }.,, 212121

_

ZZYYXXba °°°=°                           (2.3) 

ʄʥʦʞʝʥʥʷ ʚʝʢʪʦʨʘ ʥʘ ʯʠʩʣʦ (ʩʢʘʣʷʨ) m, ʦʟʥʘʯʘʻ ʤʥʦʞʝʥʥʷ ʥʘ ʮʝ ʯʠʩʣʦ ʚʩʽʭ 

ʢʦʦʨʜʠʥʘʪ ʚʝʢʪʦʨʘ, ʪʦʙʪʦ  

                                             { }111 ,, mZmYmXam = .                               (2.4) 

(ɼʝʪʘʣʴʥʠʡ ʜʦʢʘʟ ʩʧʽʚʚʽʜʥʦʰʝʥʴ (2.3) ʽ (2.4) ʜʠʚ. ʚ ʧ. 2.10).  
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ʄʦʞʥʘ ʧʦʢʘʟʘʪʠ, ʱʦ ʤʦʜʫʣʴ ʚʝʢʪʦʨʘ { }111 ,, mZmYmXam =  ʚ m ʨʘʟʽʚ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʤʦʜʫʣʷ ʚʝʢʪʦʨʘ { }111 ,, ZYXa= . ɼʽʡʩʥʦ,       

( ) ( ) ( )=++=
2

1

2

1

2

1 mZmYmXma .2

1

2

1

2

1 amZYXm =++  

 ɼʦ ʨʝʯʽ, ʚʽʜʥʽʤʘʥʥʷ ʜʝʷʢʦʛʦ ʚʝʢʪʦʨʘ ʜʦʮʽʣʴʥʦ ʟʘʤʽʥʠʪʠ ʥʘ ʜʦʜʘʚʘʥʥʷ, 

ʘ ʩʘʤʝ ( ) .1 baba Ö-+=-  ɯ ʥʘʨʝʰʪʽ, ʚʩʝ, ʱʦ ʙʫʣʦ ʩʢʘʟʘʥʦ ʧʨʦ ʣʽʥʽʡʥʽ 

ʦʧʝʨʘʮʽʾ ʥʘʜ ʜʚʦʤʘ  ʚʝʢʪʦʨʘʤʠ  ʧʨʠʨʦʜʥʦ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʥʘ ʚʠʧʘʜʦʢ 

ʙʫʜʴ-ʷʢʦʾ ʢʽʥʮʝʚʦʾ ʢʽʣʴʢʦʩʪʽ ʚʝʢʪʦʨʽʚ, ʱʦ ʜʦʜʘʶʪʴʩʷ, ʚʽʜʥʽʤʘʶʪʴʩʷ, ʘʙʦ 

ʤʥʦʞʘʪʴʩʷ ʥʘ ʜʝʷʢʝ ʯʠʩʣʦ. 

 

2.4. ʈʽʚʥʽʩʪʴ ʚʝʢʪʦʨʽʚ 

 

 ɼʚʘ ʚʝʢʪʦʨʠ ʚʚʘʞʘʶʪʴʩʷ ʨʽʚʥʠʤʠ, ʷʢʱʦ ʚʦʥʠ ʤʘʶʪʴ ʦʜʥʘʢʦʚʽ ʤʦʜʫʣʽ 

ʽ ʦʜʥʘʢʦʚʠʡ ʥʘʧʨʷʤʦʢ. ʊʦʤʫ ʚʩʽ ʚʝʢʪʦʨʠ, ʷʢʽ ʩʧʽʚʧʘʜʫʪʴ ʧʨʠ ʧʘʨʘʣʝʣʴʥʦʤʫ 

ʧʝʨʝʥʦʩʽ, ʽʜʝʥʪʠʬʽʢʫʶʪʴʩʷ, ʪʦʙʪʦ, ʚʟʘʛʘʣʽ ʢʘʞʫʯʠ, ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʦʜʠʥ ʽ 

ʪʦʡ ʞʝ ʚʝʢʪʦʨ.  

   ɯʥʘʢʰʝ ʤʦʞʥʘ ʢʘʟʘʪʠ ʪʘʢ: ʜʚʘ ʚʝʢʪʦʨʠ ʻ ʨʽʚʥʠʤʠ, ʷʢʱʦ ʚʦʥʠ ʤʘʶʪʴ 

ʨʽʚʥʽ ʢʦʦʨʜʠʥʘʪʠ. 

2.5. ʂʦʣʽʥʝʘʨʥʽ ʚʝʢʪʦʨʠ 

 

ɼʚʘ ʚʝʢʪʦʨʠ ʥʘʟʠʚʘʶʪʴʩʷ ʢʦʣʽʥʝʘʨʥʠʤʠ, ʷʢʱʦ ʚʦʥʠ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ 

ʦʜʥʽʡ ʧʨʷʤʽʡ, ʘʙʦ ʥʘ ʧʘʨʘʣʝʣʴʥʠʭ ʧʨʷʤʠʭ (ʨʠʩ.2. 6). 

 

 

 

 

 

 

 

                               

ʈʠʩ.2.6 

 

ʗʢʱʦ ʟʘʜʘʥʽ ʜʚʘ ʚʝʢʪʦʨʠ { }111 ,, ZYXa=  ʽ  { }222 ,, ZYXb= , ʪʦ 

ʥʝʦʙʭʽʜʥʘ ʽ ʜʦʩʪʘʪʥʷ ʫʤʦʚʘ ʾʭ ʢʦʣʽʥʝʘʨʥʦʩʪʽ ʤʘʻ ʚʠʛʣʷʜ: 

.
2

1

2

1

2

1

Z

Z

Y

Y

X

X
==  

ʊʦʙʪʦ ʫ ʢʦʣʽʥʝʘʨʥʠʭ ʚʝʢʪʦʨʽʚ ʚʽʜʧʦʚʽʜʥʽ ʢʦʦʨʜʠʥʘʪʠ ʧʨʦʧʦʨʮʽʡʥʽ. 

ɼʦʚʝʜʝʤʦ ʮʝ ʪʚʝʨʜʞʝʥʥʷ. ɼʽʡʩʥʦ, ʥʝʭʘʡ ʚʝʢʪʦʨʠ { }111 ,, ZYXa= ʽ 

{ }222 ,, ZYXb=  ʢʦʣʽʥʝʘʨʥʽ.  ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʘʨʘʣʝʣʴʥʦʛʦ ʧʝʨʝʥʦʩʫ ʾʭ 

ʤʦʞʥʘ çʧʝʨʝʪʷʛʥʫʪʠè ʥʘ ʦʜʥʫ ʧʨʷʤʫ. ʊʦʤʫ ʚʦʥʠ ʤʦʞʫʪʴ ʚʽʜʨʽʟʥʷʪʠʩʷ 

ʪʣ̔ʴʢʠ ʜʦʚʞʠʥʦʶ, ʤʘʶʯʠ ʘʙʦ ʦʜʥʘʢʦʚʠʡ, ʘʙʦ ʧʨʦʪʠʣʝʞʥʠʡ ʥʘʧʨʷʤʦʢ. 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ, ʥʘʧʨʠʢʣʘʜ, ʚʝʢʪʦʨ b  ʫ ʚʠʛʣʷʜʽ: 

{ } { },.,,, 111222 mZmYmXZYXb ==  ʜʝ m  - ʜʝʷʢʘ ʩʪʘʣʘ. ɿʚʽʜʢʠ ʚʠʧʣʠʚʘʻ 

ʧʨʦʧʦʨʮʽʡʥʽʩʪʴ ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʦʨʜʠʥʘʪ ʫ ʢʦʣʽʥʝʘʨʥʠʭ ʚʝʢʪʦʨʽʚ. ɿʚʦʨʦʪʥʝ 

ʪʚʝʨʜʞʝʥʥʷ ʜʦʚʦʜʠʪʴʩʷ ʘʥʘʣʦʛʽʯʥʦ. 

 

2.6. ʂʦʤʧʣʘʥʘʨʥʽ ʚʝʢʪʦʨʠ 

 

ʂʦʤʧʣʘʥʘʨʥʽ ʚʝʢʪʦʨʽ ï ʮʝ ʚʝʢʪʦʨʠ, ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʦʜʥʽʡ ʧʣʦʱʠʥʽ ʘʙʦ 

ʥʘ ʧʘʨʘʣʝʣʴʥʠʭ ʧʣʦʱʠʥʘʭ (ʨʠʩ.2. 7).  

 

 
 

ʈʠʩ.2.7 

ʊʝʨʤʽʥ çʢʦʤʧʣʘʥʘʨʥʠʡè ʤʘʻ ʧʦʭʦʜʞʝʥʥʷ ʚʽʜ ʘʙʨʝʚʽʘʪʫʨʠ, ʱʦ 

ʩʢʣʘʜʝʥʘ ʟ ʜʚʦʭ ʩʣʽʚ, ʷʢʽ  ʘʥʛʣʽʡʩʴʢʦʶ ʤʦʚʦʶ ʟʘʧʠʩʫʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ: ñthe 

Common planeò(çʟʘʛʘʣʴʥʘ (ʦʜʥʘ ʡ ʪʘ ʞ) ʧʣʦʱʠʥʘè). ʂʦʣʠ ʚʽʜ ʧʝʨʰʦʛʦ ʟ ʮʠʭ 

ʩʣʽʚ ʚʟʷʪʠ 3 ʙʫʢʚʠ, ʘ ʚʽʜ ʜʨʫʛʦʛʦ ï 4, ʦʜʝʨʞʠʤʦ   çcomplanè, ʟʚʽʜʢʠ ʡ 

ʧʦʭʦʜʠʪʴ ʮʝʡ ʪʝʨʤʽʥ.        ʋʤʦʚʠ, ʟʘ ʷʢʠʤʠ ʜʚʘ ʚʝʢʪʦʨʠ ʢʦʤʧʣʘʥʘʨʥʽ, 

ʙʫʜʫʪʴ ʨʦʟʛʣʷʥʫʪʽ ʥʠʞʯʝ (ʘ ʩʘʤʝ -  ʧʨʠ ʚʠʚʯʝʥʥʽ ʟʤʽʰʘʥʦʛʦ ʜʦʙʫʪʢʫ 

ʚʝʢʪʦʨʽʚ). 

 

2.7. ʉʢʘʣʷʨʥʠʡ ʜʦʙʫʪʦʢ ʜʚʦʭ ʚʝʢʪʦʨʽʚ 
 

ʉʢʘʣʷʨʥʠʤ ʜʦʙʫʪʢʦʤ ʜʚʦʭ ʚʝʢʪʦʨʽʚ { }111 ,, ZYXa=  ʽ { }222 ,, ZYXb=  

ʥʘʟʠʚʘʻʪʴʩʷ ʯʠʩʣʦ (ʩʢʘʣʷʨ), ʱʦ ʜʦʨʽʚʥʶʻ ,cosjÖÖ= baba  ʜʝ j - ʢʫʪ ʤʽʞ 

ʚʝʢʪʦʨʘʤʠ (ʨʠʩ.2.8).   

 

 

 

 

 

 

ʈʠʩ.2.8 
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ʗʢʱʦ ʚʽʜʦʤʽ ʢʦʦʨʜʠʥʘʪʠ ʚʝʢʪʦʨʽʚ, ʪʦ ʤʦʞʥʘ ʟʥʘʡʪʠ ʩʢʘʣʷʨʥʠʡ 

ʜʦʙʫʪʦʢ ʟʘ ʬʦʨʤʫʣʦʶ  .212121 ZZYYXXba ++=  ɼʦʚʝʜʝʥʥʷ ʾʾ ʤʦʞʥʘ ʧʨʦʚʝʩʪʠ, 

ʚʠʢʦʨʠʩʪʘʚʰʠ ʨʦʟʢʣʘʜʘʥʥʷ ʚʝʢʪʦʨʽʚ a  ʽ bʟʘ ʙʘʟʠʩʦʤ 

ʫ ʪʨʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ (ʜʠʚ. ʧ. 2.10-2.12). 

 ɺʽʜʟʥʘʯʠʤʦ ʜʝʷʢʽ ʟʘʜʘʯʽ, ʨʦʟʚôʷʟʘʥʥʷ ʷʢʠʭ ʤʦʞʣʠʚʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʢʘʣʷʨʥʦʛʦ ʜʦʙʫʪʢʫ. 

1. ʄʝʭʘʥʽʯʥʘ ʨʦʙʦʪʘ ɸ ʩʠʣʠ F, ʷʢʱʦ ʚʝʢʪʦʨ ʧʝʨʝʤʽʱʝʥʥʷ - ,S  

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ .SFA Ö=  

2. ʂʦʩʠʥʫʩ ʢʫʪʘ ʤʽʞ ʚʝʢʪʦʨʘʤʠ .cos
ba

ba

Ö

Ö
=j  

3. ʅʝʦʙʭʽʜʥʘ ʽ ʜʦʩʪʘʪʥʷ ʫʤʦʚʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʩʪʽ ʜʚʦʭ ʚʝʢʪʦʨʽʚ ʤʘʻ 
ʚʠʛʣʷʜ .0=ba   

4. .0cos
2

02

aaaaaa =ÖÖ==Ö  (ʊʦʙʪʦ ʩʢʘʣʷʨʥʠʡ ʢʚʘʜʨʘʪ 
2

a  ʚʝʢʪʦʨʘ 

ʜʦʨʽʚʥʶʻ ʢʚʘʜʨʘʪʫ ʡʦʛʦ ʤʦʜʫʣʷ). 

5. ɿʥʘʭʦʜʞʝʥʥʷ ʧʨʦʝʢʮʽʾ ʚʝʢʪʦʨʘ a  ʥʘ ʚʝʢʪʦʨ b .  

 ʗʢ ʚʽʜʦʤʦ, ʧʨʦʝʢʮʽʷ ʚʝʢʪʦʨʘ ʥʘ ʚʽʩʴ ï ʮʝ ʜʦʙʫʪʦʢ ʤʦʜʫʣʷ 

ʚʝʢʪʦʨʘ ʥʘ ʢʦʩʠʥʫʩ ʢʫʪʘ j, ʱʦ ʫʪʚʦʨʶʻ ʚʝʢʪʦʨ ʽʟ ʚʽʩʩʶ. ʋ ʜʘʥʦʤʫ 

ʚʠʧʘʜʢʫ ʚʝʢʪʦʨ b  ʚʽʜʽʛʨʘʻ ʨʦʣʴ ʮʽʻʾ ʦʩʽ, ʘ ʪʦʤʫ ʦʜʝʨʞʫʻʤʦ: 

          
b

ba

ba

ba
aaaʧʨ

b

Ö
=

Ö

Ö
Ö=Ö= jcos ʘʙʦ .cos

a

ba
bbʧʨ

a

Ö
=Ö= j  

 

2.8. ɺʝʢʪʦʨʥʠʡ ʜʦʙʫʪʦʢ ʚʝʢʪʦʨʽʚ 

      ɺʝʢʪʦʨʥʠʤ ʜʦʙʫʪʢʦʤ ʚʝʢʪʦʨʘ ʘ ʥʘ ʚʝʢʪʦʨ b  ʥʘʟʠʚʘʻʪʴʩʷ ʪʨʝʪʽʡ 

ʚʝʢʪʦʨ bac ³= , ʷʢʠʡ ʤʘʻ  ʥʘʩʪʫʧʥʽ ʚʣʘʩʪʠʚʦʩʪʽ: 

 1.  ɺʝʢʪʦʨ  ʩ ʻ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʤ ʜʦ ʚʝʢʪʦʨʽʚ  ʘ ʽ  b  ʡ ʫʪʚʦʨʶʻ  ʟ   

ʥʠʤʠ, ʪʘʢ ʟʚʘʥʫ, ʧʨʘʚʫ ʪʨʽʡʢʫ ʚʝʢʪʦʨʽʚ. ʆʩʪʘʥʥʻ ʦʟʥʘʯʘʻ ʱʦ, 

ʷʢʱʦ  ʩʧʦʩʪʝʨʽʛʘʯ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʢʽʥʮʽ ʚʝʢʪʦʨʘ ʩ, ʪʦ 

ʥʘʡʢʦʨʦʪʰʠʡ ʧʦʚʦʨʦʪ ʚʽʜ ʚʝʢʪʦʨʘ ʘ ʜʦ ʚʝʢʪʦʨʘ b  ʚʽʥ ʙʘʯʠʪʴ 

ʧʨʦʪʠ ʛʦʜʠʥʥʠʢʦʚʦʾ ʩʪʨʽʣʢʠ.  

(ʗʢʱʦ ʮʝʡ ʧʦʚʦʨʦʪ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʛʦʜʠʥʥʠʢʦʚʦʶ ʩʪʨʽʣʢʦʶ, ʪʦ 

ʪʨʽʡʢʘ ʚʝʢʪʦʨʽʚ ʥʘʟʠʚʘʻʪʴʩʷ  ʣʽʚʦʶ). 

 2. ʗʢʱʦ ʫ ʚʝʢʪʦʨʥʦʤʫ ʜʦʙʫʪʢʫ ʚʝʢʪʦʨʠ ʧʦʤʽʥʷʪʠ ʤʽʩʮʷʤʠ ,  

              ʪʦʜʽ ʤʘʻʤʦ:    .abba ³-=³      

          3. ʄʦʜʫʣʴ ʚʝʢʪʦʨʥʦʛʦ ʜʦʙʫʪʢʫ ʜʦʨʽʚʥʶʻ ʧʣʦʱʽ ʧʘʨʘʣʝʣʦʛʨʘʤʘ,               

ʧʦʙʫʜʦʚʘʥʦʛʦ ʥʘ ʚʝʢʪʦʨʘʭ  ʘ  ʽ  b, ʪʦʙʪʦ ,sinjÖÖ=³ baba  

ʜʝ j - ʮʝ ʢʫʪ ʤʽʞ  ʮʠʤʠ ʚʝʢʪʦʨʘʤʠ  (ʨʠʩ. 2. 9). 
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ʈʠʩ.2.9 

 

ɼʦ ʨʝʯʽ, ʷʢʱʦ ʪʨʝʙʘ ʟʥʘʡʪʠ ʧʣʦʱʫ  ʪʨʠʢʫʪʥʠʢʘ, ʫ ʷʢʦʛʦ ʜʚʽ ʩʪʦʨʦʥʠ 

ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʚʝʢʪʦʨʘʭ ʘ ʽ  b, ʢʦʨʠʩʪʫʻʤʦʩʴ ʪʽʻʶ ʞ ʬʦʨʤʫʣʦʶ, 

ʧʦʤʥʦʞʠʚʰʠ ʾʾ ʥʘ .
2

1
 

          4. ʗʢʱʦ ʚʽʜʦʤʽ ʢʦʦʨʜʠʥʘʪʠ ʚʝʢʪʦʨʽʚ, ʘ ʩʘʤʝ: { }111 ,, ZYXa= ,      

{ }222 ,, ZYXb= ,  ʪʦ ʢʦʦʨʜʠʥʘʪʠ ʚʝʢʪʦʨʘ bac ³=  ʤʦʞʥʘ 

ʟʥʘʡʪʠ, ʨʦʟʢʨʠʚʰʠ ʟʘ  ʝʣʝʤʝʥʪʘʤʠ ʧʝʨʰʦʛʦ ʨʷʜʢʘ ʥʘʩʪʫʧʥʠʡ 

ʚʠʟʥʘʯʥʠʢ: 

,

222

111

ZYX

ZYX

kji

bac =³=
 

ʜʝ kji ,,  - ʪʘʢ ʟʚʘʥʽ, ʦʨʪʠ ʜʝʢʘʨʪʦʚʦʾ ʧʨʷʤʦʢʫʪʥʦʾ ʩʠʩʪʝʤʠ 

ʢʦʦʨʜʠʥʘʪ ʫ ʪʨʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ, ʘʙʦ, ʱʦ ʪʝ ʞ ʩʘʤʝ, ʮʝ  ʚʝʢʪʦʨʠ, 

ʤʦʜʫʣʽ ʷʢʠʭ ʜʦʨʽʚʥʶʶʪʴ ʦʜʠʥʠʮʽ, ʘ ʥʘʧʨʷʤʢʠ ʩʧʽʚʧʘʜʘʶʪʴ ʽʟ 

ʜʦʜʘʪʥʠʤʠ ʥʘʧʨʷʤʢʘʤʠ ʚʽʜʧʦʚʽʜʥʠʭ ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ (ʪʦʙʪʦ ʦʩʝʡ 

ʘʙʩʮʠʩ, ʦʨʜʠʥʘʪ ʪʘ ʘʧʣʽʢʘʪ) (ʜʠʚ. ʪʘʢʦʞ ʧ. 2. 12). 

 ʉʘʤʝ ʢʦʝʬʽʮʽʻʥʪʠ ʧʨʠ kji ,,  ʧʽʩʣʷ ʨʦʟʢʨʠʪʪʷ ʚʠʟʥʘʯʥʠʢʘ ʟʘ 

ʝʣʝʤʝʥʪʘʤʠ ʧʝʨʰʦʛʦ ʨʷʜʢʘ ʻ ʢʦʦʨʜʠʥʘʪʘʤʠ ʚʝʢʪʦʨʘ ʩ ( ʚʝʢʪʦʨʥʦʛʦ 

 ʜʦʙʫʪʢʫ). 

5. ɯʟ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʫʥʢʪʫ ʤʘʻʤʦ: ʚʝʢʪʦʨʥʠʡ ʜʦʙʫʪʦʢ ʜʚʦʭ 

ʢʦʣʽʥʝʘʨʥʠʭ ʚʝʢʪʦʨʽʚ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. ʎʝʡ ʚʠʩʥʦʚʦʢ ʤʦʞʥʘ 

ʟʨʦʙʠʪʠ, ʚʠʢʦʨʠʩʪʘʚʰʠ ʨʦʟʛʣʷʥʫʪʽ ʚʠʱʝ ʨʝʟʫʣʴʪʘʪʠ. ɸ ʩʘʤʝ: ʫ 

ʢʦʣʽʥʝʘʨʥʠʭ ʚʝʢʪʦʨʽʚ ʚʽʜʧʦʚʽʜʥʽ ʢʦʦʨʜʠʥʘʪʠ ʧʨʦʧʦʨʮʽʡʥʽ, ʘ 

ʚʠʟʥʘʯʥʠʢ, ʱʦ ʤʘʻ ʧʨʦʧʦʨʮʽʡʥʽ ʨʷʜʢʠ, ʜʦʨʽʚʥʶʻ ʥʫʣʶ. 

 

ɿʚʝʨʥʝʤʦʩʴ ʜʦ ʧʨʠʢʣʘʜʽʚ. 

 

 ʇʨʠʢʣʘʜ 1. ɿʥʘʡʪʠ ʧʣʦʱʫ ʪʨʠʢʫʪʥʠʢʘ, ʟʘʜʘʥʦʛʦ ʡʦʛʦ ʚʝʨʰʠʥʘʤʠ 

).4,5,3(),4,0,2(),1,4,3( -- CBA  
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ʈʦʟʚôʷʟʘʥʥʷ. 

ʐʫʢʘʥʘ ʧʣʦʱʘ ʜʦʨʽʚʥʶʻ ʧʦʣʦʚʠʥʽ ʧʣʦʱʽ ʧʘʨʘʣʝʣʦʛʨʘʤʘ, ʧʦʙʫʜʦʚʘʥʦʛʦ ʥʘ 

ʚʝʢʪʦʨʘʭ AB  ʽ  .ACɿʥʘʡʜʝʤʦ ʢʦʦʨʜʠʥʘʪʠ ʮʠʭ ʚʝʢʪʦʨʽʚ.  

{ }{ } { }.5,1,6,5,4,1)1(4,40,32 -==--=----== bACaAB  

ɺʝʢʪʦʨʥʠʡ ʜʦʙʫʪʦʢ ʮʠʭ ʚʝʢʪʦʨʽʚ 

 
;252525

516

541 kji

kji

ba ---=

-

--=³
 { }.25,25,25 ---=³ACAB   

ʊʦʤʫ .)..(1875
2

1
)25()25()25(

2

1

2

1 222 ʦʜʢʚACABS =-+-+-Ö=³Ö=  

 

    ʈʦʟʛʣʷʥʝʤʦ ʨʦʟʚ'ʷʟʘʥʥʷ ʮʴʦʛʦ ʧʨʠʢʣʘʜʫ ʫ ʩʝʨʝʜʦʚʠʱʽ Mathcad. ɼʣʷ 

ʚʚʝʜʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʚʝʢʪʦʨʽʚ ʥʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʠʪʠ ʢʫʨʩʦʨ (ʯʝʨʚʦʥʠʡ 

ʭʨʝʩʪʠʢ) ʚ ʨʦʙʦʯʽʡ ʯʘʩʪʠʥʽ ʚʽʢʥʘ ʩʝʨʝʜʦʚʠʱʘ ʽ ʚʠʢʣʠʢʘʪʠ ʧʘʥʝʣʴ çMatrixè, ʥʘ 

ʷʢʠʡ ʚʠʙʠʨʘʻʪʴʩʷ ʽʥʩʪʨʫʤʝʥʪ "ʉʪʚʦʨʠʪʠ ʤʘʪʨʠʮʶ ʘʙʦ ʚʝʢʪʦʨè, ʧʨʠ ʮʴʦʤʫ 

ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʦʢ ʟʘʜʘʶʪʴʩʷ ʤʘʪʨʠʮʝʶ - ʨʷʜʢʦʤ, ʘ ʢʦʦʨʜʠʥʘʪʠ ʚʝʢʪʦʨʘ - 

ʤʘʪʨʠʮʝʶ ʩʪʦʚʧʯʠʢʦʤ. ʂʥʦʧʢʘ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʚʝʢʪʦʨʥʦʛʦ ʜʦʙʫʪʢʫ 

ʚʝʢʪʦʨʽʚ, ʷʢʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʨʦʟʚ'ʷʟʘʥʥʷ ʧʨʠʢʣʘʜʫ, ʨʦʟʪʘʰʦʚʘʥʘ ʥʘ ʮʽʡ 

ʞʝ ʧʘʥʝʣʽ - ʮʝ ʽʥʩʪʨʫʤʝʥʪ (çɺʝʢʪʦʨʥʠʡ ʜʦʙʫʪʦʢè). ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʜʽʡ ʜʠʚʽʪʴʩʷ 

ʥʘ ʨʠʩ. 2.10. 

ʇʨʠʢʣʘʜ 2. ʅʝʭʘʡ  kji ,,  - ʦʨʪʠ ʜʝʢʘʨʪʦʚʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ. ɿʥʘʡʪʠ 

.,, kijiii ³³³   

ʈʦʟʚôʷʟʘʥʥʷ. 

ʆʯʝʚʠʜʥʦ,ʱʦ { } { } { }.1,0,0,0,1,0,0,0,1 === kji ʂʦʨʠʩʪʫʶʯʠʩʴ 

ʚʣʘʩʪʠʚʽʩʪʶ 4, ʤʘʻʤʦ: ,0

001

001 ==³

kji

ii  ʪʦʤʫ ʱʦ ʫ ʚʠʟʥʘʯʥʠʢʫ ʜʨʫʛʠʡ ʽ 

ʪʨʝʪʽʡ ʨʷʜʢʠ ʦʜʥʘʢʦʚʽ. .
10

01

00

01

01

00

010

001 kkji

kji

ji =Ö+Ö-Ö==³   

ɸʥʘʣʦʛʽʯʥʦ ʦʜʝʨʞʫʻʤʦ .jki -=³   

ʈʦʟʚô̫ ʟʘʥʥʷ ʮʴʦʛʦ ʧʨʠʢʣʘʜʫ ʫ ʩʝʨʝʜʦʚʠʱʽ Mathcad ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ.2.11.   
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2.9. ɿʤʽʰʘʥʠʡ ʜʦʙʫʪʦʢ ʚʝʢʪʦʨʽʚ 

 

 ɿʤʽʰʘʥʠʤ (ʘʙʦ ʚʝʢʪʦʨʥʦ-ʩʢʘʣʷʨʥʠʤ) ʜʦʙʫʪʢʦʤ ʪʨʴʦʭ ʚʝʢʪʦʨʽʚ  

cba ,,  (ʫʟʷʪʠʤ ʫ ʟʘʟʥʘʯʝʥʦʤʫ ʧʦʨʷʜʢʫ) ʥʘʟʠʚʘʻʪʴʩʷ ʩʢʘʣʷʨʥʠʡ ʜʦʙʫʪʦʢ 

ʚʝʢʪʦʨʘ a  ʥʘ ʚʝʢʪʦʨʥʠʡ ʜʦʙʫʪʦʢ .cb³  ʇʦʟʥʘʯʝʥʥʷ ʟʤʽʰʘʥʦʛʦ ʜʦʙʫʪʢʫ: 

cba . ɿʘʫʚʘʞʠʤʦ, ʱʦ ʧʨʠ ʢʨʫʛʦʚʽʡ ʧʝʨʝʩʪʘʥʦʚʮʽ ʩʧʽʚʤʥʦʞʥʠʢʽʚ ʟʤʽʰʘʥʠʡ 

ʜʦʙʫʪʦʢ ʥʝ ʟʤʽʥʶʻʪʴʩʷ, ʧʨʠ ʧʝʨʝʩʪʘʥʦʚʮʽ ʜʚʦʭ ʩʧʽʚʤʥʦʞʥʠʢʽʚ ï ʟʤʽʥʶʻ 

ʟʥʘʢ ʥʘ ʧʨʦʪʠʣʝʞʥʠʡ: 

).()()( bcaabccabbacacbcba -=-=-===  

ʋ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʪʨʝʙʘ ʟʥʘʡʪʠ ʯʠʩʣʦ, ʷʢʦʤʫ ʜʦʨʽʚʥʶʻ ʟʤʽʰʘʥʠʡ 

ʜʦʙʫʪʦʢ, ʘʙʦ ʟʥʘʢ ʮʴʦʛʦ ʯʠʩʣʘ. ʅʘʡʧʨʦʩʪʽʰʝ ʟʨʦʙʠʪʠ ʮʝ, ʷʢʱʦ ʚʽʜʦʤʽ 

ʢʦʦʨʜʠʥʘʪʠ ʚʩʽʭ ʪʨʴʦʭ ʚʝʢʪʦʨʽʚ. ʅʝʭʘʡ { }111 ,, ZYXa= , { }222 ,, ZYXb= , 

{ }333 ,, ZYXc= . ʊʦʜʽ  

.

333

222

111

ZYX

ZYX

ZYX

cba =  

     ɿʤʽʰʘʥʠʡ ʜʦʙʫʪʦʢ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʙʘʛʘʪʴʦʭ ʟʘʜʘʯ 

ʘʥʘʣʽʪʠʯʥʦʾ ʛʝʦʤʝʪʨʽʾ. ɺʽʜʤʽʪʠʤʦ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʽ. 

1. ʋʤʦʚʘ ʢʦʤʧʣʘʥʘʨʥʦʩʪʠ. ʗʢʱʦ ʪʨʠ ʚʝʢʪʦʨʠ ʢʦʤʧʣʘʥʘʨʥʽ, ʪʦ ʾʭ ʟʤʽʰʘʥʠʡ 
ʜʦʙʫʪʦʢ ʜʦʨʽʚʥʶʻ ʥʫʣʶ.  

2. ʆʨʽʻʥʪʘʮʽʷ ʪʨʽʡʢʠ ʚʝʢʪʦʨʽʚ ʫ ʪʨʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ. ʗʢʱʦ ʩʠʩʪʝʤʘ ʽʟ 

ʪʨʴʦʭ ʚʝʢʪʦʨʽʚ ʧʨʘʚʘ, ʪʦ cba  >0, ̫ ʢʱʦ ʪʨʽʡʢʘ ʚʝʢʪʦʨʽʚ ʣʽʚʘ, ʪʦ cba  < 0. 

3. ʆʙ'ʻʤ ʧʘʨʘʣʝʣʝʧʽʧʝʜʘ: ʤʦʜʫʣʴ ʟʤʽʰʘʥʦʛʦ ʜʦʙʫʪʢʫ ʪʨʴʦʭ  

ʥʝʢʦʤʧʣʘʥʘʨʥʠʭ ʚʝʢʪʦʨʽʚ ʜʦʨʽʚʥʶʻ ʦʙôʻʤʫ ʧʘʨʘʣʝʣʝʧʽʧʝʜʘ,  

ʧʦʙʫʜʦʚʘʥʦʛʦ ʥʘ ʮʠʭ ʚʝʢʪʦʨʘʭ (ʨʠʩ.2.12).  

4. ʆʙ'ʻʤ ʪʝʪʨʘʝʜʨʘ, ʧʦʙʫʜʦʚʘʥʦʛʦ ʥʘ ʪʨʴʦʭ ʚʝʢʪʦʨʘʭ, ʜʦʨʽʚʥʶʻ ʤʦʜʫʣʶ 
ʟʤʽʰʘʥʦʛʦ ʜʦʙʫʪʢʫ ʮʠʭ ʚʝʢʪʦʨʽʚ, ʧʦʜʽʣʝʥʦʤʫ ʥʘ 6. 
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     ʇʨʠʢʣʘʜ 3. ɿʥʘʡʪʠ ʦʙ'ʻʤ ʧʘʨʘʣʝʣʝʧʽʧʝʜʘ, ʧʦʙʫʜʦʚʘʥʦʛʦ ʥʘ ʚʝʢʪʦʨʘʭ  

{1, 2, 3}, { -1, 3, 4}, {2, 5, 2}.  

     ʈʦʟʚôʷʟʘʥʥʷ. 

     ʄʘʻʤʦ        ).27(

252

431

321

-°=-°=V  

ɺʽʜʧʦʚʽʜʴ ʧʦʚʠʥʥʘ ʙʫʪʠ ʜʦʜʘʪʥʦʶ, ʪʦʤʫ .).(27 ʦʜʢʫʙV= .  

ʈʦʟʚôʷʟʫʚʘʥʥʷ ʮʴʦʛʦ ʧʨʠʢʣʘʜʫ ʚ  Mathcad ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʠʭ 

ʞʝ ʽʥʩʪʨʫʤʝʥʪʽʚ ʽ ʟʘʩʦʙʽʚ, ʱʦ ʽ ʧʦʧʝʨʝʜʥʽ ʟʘʜʘʯʽ. ʈʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʽ ʥʘ 

ʨʠʩ. 2.13.  

 

 
ʈʠʩ.2.13  

 

     ʇʨʠʢʣʘʜ 4. ɿʥʘʡʪʠ ʦʙ'ʻʤ ʪʨʠʢʫʪʥʦʾ ʧʽʨʘʤʽʜʠ ABCD ʟ ʚʝʨʰʠʥʘʤʠ ʫ 

ʪʦʯʢʘʭ  A(2, -1, 1), B(5, 5, 4), C(3, 2 -1), D(4, 1, 3). 

     ʈʦʟʚôʷʟʘʥʥʷ.  

     ʐʫʢʘʥʠʡ ʦʙ'ʻʤ ʜʦʨʽʚʥʶʻ 
6

1
 ʚʽʜ ʦʙôʻʤʫ ʧʘʨʘʣʝʣʝʧʽʧʝʜʘ, ʧʦʙʫʜʦʚʘʥʦʛʦ ʥʘ 

ʚʝʢʪʦʨʘʭ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʨʝʙʨʘʭ ʧʽʨʘʤʽʜʠ ʽ ʤʘʶʪʴ ʩʧʽʣʴʥʠʡ ʧʦʯʘʪʦʢ. 

ʅʝʭʘʡ ʦʩʪʘʥʥʽʡ ʟʥʘʭʦʜʠʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, ʫ ʪʦʯʮʽ ɸ. ʆʪʞʝ, 
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{ } { } { }2,2,2,2,3,1,3,6,3 =-== ADACAB . ʊʦʤʫ    .3

222

231

363

6

1
=-°=V  

ɿʚʽʜʩʠ .)..(3 ʦʜʢʫʙV=  

ʋ ʩʝʨʝʜʦʚʠʱʽ Mathcad ʮʝʡ ʧʨʠʢʣʘʜ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 2.14: 

 

 
ʈʠʩ. 2.14  

2.10. ʃʽʥʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʝʢʪʦʨʽʚ 

     ʋ ʜʘʥʦʤʫ ʽ ʥʘʩʪʫʧʥʠʭ ʨʦʟʜʽʣʘʭ ʜʝʷʢʽ ʨʦʟʛʣʷʥʫʪʽ ʚʠʱʝ ʧʠʪʘʥʥʷ ʥʘʙʫʜʫʪʴ 

ʥʦʚʦʛʦ ʟʤʽʩʪʫ ʽ ʙʫʜʫʪʴ ʧʦʛʣʠʙʣʝʥʽ, ʟʘʚʜʷʢʠ, ʟʦʢʨʝʤʘ, ʥʦʚʠʤ  ʧʦʥʷʪʪʷʤ: 

ʣʽʥʽʡʥʽʡ ʟʘʣʝʞʥʦʩʪʽ ʚʝʢʪʦʨʽʚ ʽ  ʙʘʟʠʩʫ ʥʘ ʧʣʦʱʠʥʽ ʪʘ ʫ ʧʨʦʩʪʦʨʽ. ɿ ʽʥʰʦʛʦ 

ʙʦʢʫ, ʮʽ ʧʦʥʷʪʪʷ ʤʘʶʪʴ ʩʘʤʦʩʪʽʡʥʠʡ ʽʥʪʝʨʝʩ ʽ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ 

ʚʝʢʪʦʨʥʽʡ ʘʣʛʝʙʨʽ. 

     ɿʘʩʪʦʩʦʚʫʶʯʠ ʣʽʥʽʡʥʽ ʦʧʝʨʘʮʽʾ ʥʘʜ ʚʝʢʪʦʨʘʤʠ naaa ,..., 21 , ʤʦʞʥʘ ʩʢʣʘʩʪʠ 
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ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʠʛʣʷʜʫ  nnaaaa llll ++++ ...332211 , ʘʙʦ, ʷʢ ʢʘʞʫʪʴ, ʣʽʥʽʡʥʽ 

ʢʦʤʙʽʥʘʮʽʾ ʚʝʢʪʦʨʽʚ, ʜʝ nllll ,...,,, 321 - ʯʠʩʣʘ, ʷʢʽ ʥʘʟʠʚʘʶʪʴʩʷ 

ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʮʠʭ ʢʦʤʙʽʥʘʮʽʡ.  

ɺʠʟʥʘʯʝʥʥʷ 5.  ɺʝʢʪʦʨʠ naaa ,...,, 21 ʥʘʟʠʚʘʶʪʴʩʷ ʣʽʥʽʡʥʦ 

ʟʘʣʝʞʥʠʤʠ, ʪʦʜʽ ʽ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ ʽʩʥʫʶʪʴ ʜʽʡʩʥʽ ʯʠʩʣʘ 

nllll ,...,,, 321 , ʱʦ ʥʝ ʚʩʽ ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ ʦʜʥʦʯʘʩʥʦ, ʜʣʷ 

ʷʢʠʭ ʤʘʻ ʤʽʩʮʝ ʨʽʚʥʽʩʪʴ: .0...332211 =++++ nnaaaa llll  

ɺʝʢʪʦʨʠ naaa ,...,, 21  ʥʘʟʠʚʘʶʪʴʩʷ ʣʽʥʽʡʥʦ ʥʝʟʘʣʝʞʥʠʤʠ, ʷʢʱʦ ʾʭ ʣʽʥʽʡʥʘ 

ʢʦʤʙʽʥʘʮʽʷ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʥʫʣʴ  ʪʽʣʴʢʠ ʧʨʠ ʨʽʚʥʦʩʪʽ ʥʫʣʶ ʚʩʽʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʣʽʥʽʡʥʦʾ ʢʦʤʙʽʥʘʮʽʾ. 

 ɿʘʫʚʘʞʠʤʦ, ʯʪʦ ʩʫʢʫʧʥʽʩʪʴ ʚʝʢʪʦʨʚ̔ naaa ,...,, 21  ʥʘʟʠʚʘʶʪ ɹʩʠʩʪʝʤʦ ʁ

ʚʝʢʪʦʨʚ̔. 

 ʋʤʦʚʠ ʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʚʝʢʪʦʨʽʚ ʤʽʩʪʷʪʴ ʥʘʩʪʫʧʥʽ ʪʝʦʨʝʤʠ.  

 ʊɽʆʈɽʄɸ 1. ʉʠʩʪʝʤʘ ʚʝʢʪʦʨʽʚ naaa ,...,, 21  ʻ ʣʽʥʽʡʥʦ ʟʘʣʝʞʥʘ 

ʪʦʜʽ ʡ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ, ʧʨʠʥʘʡʤʥʽ, ʦʜʠʥ ʟ ʮʠʭ ʚʝʢʪʦʨʽʚ 

ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʣʽʥʽʡʥʦʾ ʢʦʤʙʽʥʘʮʽʾ  ʽʥʰʠʭ 

ʚʝʢʪʦʨʽʚ.  

 ʊɽʆʈɽʄɸ 2.  ɼʚʘ ʚʝʢʪʦʨʠ ʣʽʥʽʡʥʦ ʟʘʣʝʞʥʽ ʪʦʜʽ ʽ ʪʽʣʴʢʠ 

ʪʦʜʽ, ʢʦʣʠ ʚʦʥʠ ʢʦʣʽʥʝʘʨʥʽ. 

 ʊɽʆʈɽʄɸ  3. ʊʨʠ ʚʝʢʪʦʨʠ ʣʽʥʽʡʥʦ ʟʘʣʝʞʥʽ ʪʦʜʽ ʽ ʪʽʣʴʢʠ 

ʪʦʜʽ, ʢʦʣʠ ʚʦʥʠ ʢʦʤʧʣʘʥʘʨʥʽ. 

 

2.11. ɺʝʢʪʦʨʥʠʡ ʙʘʟʠʩ. ʂʦʦʨʜʠʥʘʪʠ ʚʝʢʪʦʨʘ 

ɺʠʟʥʘʯʝʥʥʷ 6. ʋʧʦʨʷʜʢʦʚʘʥʘ ʩʠʩʪʝʤʘ ʣʽʥʽʡʥʦ ʥʝʟʘʣʝʞʥʠʭ  

ʚʝʢʪʦʨ̔ʚ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʩʪʦʨʫ ʥʘʟʠʚʘʻʪʴʩʷ ʡʦʛʦ ʙʘʟʠʩʦʤ, 

ʷʢʱʦ ʙʫʜʴ-ʷʢʠʡ ʚʝʢʪʦʨ ʮʴʦʛʦ ʧʨʦʩʪʦʨʫ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ 

ʫ ʚʠʛʣʷʜʽ ʣʽʥʽʡʥʦʾ ʢʦʤʙʥ̔ʘʮ̔ʾ ʚʝʢʪʦʨʚ̔ ʮʽʻʾ ʩʠʩʪʝʤʠ. 

 ʂʽʣʴʢʽʩʪʴ ʚʝʢʪʦʨʚ̔, ̫ʢʽ ʫʪʚʦʨʶʶʪʴ ʙʘʟʠʩ, ʥʘʟʳʚʘʪ̒ɹʩʷ ʨʦʟʤʽʨʥʽʩʪʶ 

ʧʨʦʩʪʦʨʫ. 

ɺʽʜʟʥʘʯʠʤʦ,  ʱʦ ʤʘʶʪʴ ʤʽʩʮʝ ʥʘʩʪʫʧʥʽ  ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʟʘʪʚʝʨʜʞʝʥʥʷ. 

ɿʘʪʚʝʨʜʞʝʥʥʷ 1. ɹʫʜʴ-ʷʢʘ ʫʧʦʨʷʜʢʦʚʘʥʘ ʪʨ̔ʡʢʘ ʥʝʢʦʤʧʣʘʥʘʨʥʠʭ ʚʝʢʪʦʨʚ̔ 

321 ,, eee  ʫʪʚʦʨʶʻ ʙʘʟʠʩ ʫ ʪʨʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ. 

ɿʘʪʚʝʨʜʞʝʥʥʷ 2.  ɹʫʜʴ-ʷʢʘ ʫʧʦʨʷʜʢʦʚʘʥʘ ʧʘʨʘ ʥʝʢʦʣʥ̔ʝʘʨʥʠʭ ʚʝʢʪʦʨʚ̔ 

21, ee , ɦ ʦ ʥʘʣʝʞʘʪʴ ʜʘʥʽʡ ʧʣʦʱʠʥʽ, ʫʪʚʦʨʶʻ ʙʘʟʠʩ ʥʘ ʮʽʡ ʧʣʦʱʠʥʽ. 

ɹʝʟʧʦʩʝʨʝʜʥʴʦ ʛʝʦʤʝʪʨʠʯʥʘ ʥ̔ʪʝʨʧʨʝʪʘʮʽ̫  ʚʝʢʪʦʨʥʦʛʦ ʙʘʟʠʩʫ ʫ ʪʨʠʤʽʨʥʦʤʫ 

ʧʨʦʩʪʦʨʽ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.15. 

 ʊʫʪ 321 ,, eee  - ʚʝʢʪʦʨʠ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʙʘʟʠʩ ʫ ʧʨʦʩʪʦʨʽ. ɺʝʢʪʦʨ a  - 

ʜʦʚʽʣʴʥʠʡ ʚʝʢʪʦʨ ʧʨʦʩʪʦʨʫ. ʇʨʠ ʮʴʦʤʫ ʦʯʝʚʠʜʥʦ, ʱʦ  332211 eeea lll ++= . 
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ʅʝʭʘʡ 321 ,, eee  - ʜʦʚʽʣʴʥʠʡ ʙʘʟʠʩ ʫ ʧʨʦʩʪʦʨʽ. 

ʊʦʜʽ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʚʝʢʪʦʨʘ a  ʽʩʥʫʶʪʴ ʜʽʡʩʥʽ ʯʠʩʣʘ zyx ,,  , ʪʘʢʽ, ɦ ʦ 

ʚʠʢʦʥʫʻʪʴʩʷ ʨʽʚʥʽʩʪʴ:                     321 ezeyexa ++=                                   (2. 5) 

ʈʽʚʥʽʩʪʴ (2.5) ʧʨʠʡʥʷʪʦ ʥʘʟʠʚʘʪʠ ʨʦʟʢʣʘʜʘʥʥʷʤ ʚʝʢʪʦʨʘ a  ʧʦ ʙʘʟʠʩʫ 

321 ,, eee , ʘ ʫʧʦʨʷʜʢʦʚʘʥʫ ʩʠʩʪʝʤʫ ʯʠʩʝʣ zyx ,, - ʢʦʦʨʜʠʥʘʪʘʤʠ ʚʝʢʪʦʨʘ a  ʚ 

ʮʴʦʤʫ ʙʘʟʠʩ.̔ 

   
ʊɽʆʈɽʄɸ  4. ʂʦʞʝʥ ʚʝʢʪʦʨ ʪʨʠʤʽʨʥʦʛʦ ʧʨʦʩʪʦʨʫ 

ʦʜʥʦʟʥʘʯʥʦ ʨʦʟʢʣʘʜʘʻʪʴʩʷ ʟʘ ʙʘʟʠʩʦʤ 321 ,, eee . 

ʅʘʩʣʽʜʦʢ ʪʝʦʨʝʤʠ 4.  ʈʽʚʥʽ ʚʝʢʪʦʨʠ ʤʘʶʪʴ ʨʽʚʥʽ ʚʽʜʧʦʚʽʜʥʽ ʢʦʦʨʜʠʥʘʪʠ ʫ 

ʜʘʥʦʤʫ ʙʘʟʠʩʽ, ʽ, ʥʘʚʧʘʢʠ, ʷʢʱʦ ʚʽʜʧʦʚʽʜʥʽ ʢʦʦʨʜʠʥʘʪʠ ʜʚʦʭ ʚʝʢʪʦʨʽʚ ʚ 

ʜʝʷʢʦʤʫ ʙʘʟʠʩʽ ʨʽʚʥʽ, ʪʦ ʨʽʚʥʽ ʽ ʩʘʤʽ ʚʝʢʪʦʨʠ. 

 ɸʨʠʬʤʝʪʠʯʥ ̔ ʦʧʝʨʘʮʾʾ ʥʘʜ ʚʝʢʪʦʨʘʤʠ, ʱʦ ʟʘʜʘʥ ̔ ʩʚʦʾʤʠ 

ʢʦʦʨʜʠʥʘʪʘʤʠ, ʤʦʞʥʘ ʚʠʢʦʥʫʚʘʪʠ  ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʝʦʨʝʤʠ 5. 

ʊɽʆʈɽʄɸ 5. ʇʨʠ ʜʦʜʘʚʘʥʥʽ ʚʝʢʪʦʨʚ̔ ʾ ʭ ʚʽʜʧʦʚʽʜʥʽ 

ʢʦʦʨʜʠʥʘʪʠ ʫ ʜʝʷʢʦʤʫ ʙʘʟʠʩ ̔ 321 ,, eee  ʜʦʜʘʶʪʴʩʷ, ʘ ʧʨʠ 

ʤʥʦʞʝʥʥʽ ʚʝʢʪʦʨʘ ʥʘ ʜʦʚʽʣʴʥʝ ʯʠʩʣʦ a, ʚʩʽ ʡʦʛʦ ʢʦʦʨʜʠʥʘʪʠ 

ʤʥʦʞʘʪʴʩʷ ʥʘ ʮʝ ʯʠʩʣʦ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ̫ ʢʱʦ ʚʝʢʪʦʨʠ a  ʠ b  ʧʨʝʜʩʪʘʚʣʝʥ ̔ʚ ʜʝʷʢʦʤʫ ʙʘʟʠʩ ̔ 321 ,, eee  

312111 ezeyexa ++= , 322212 ezeyexb ++= , 

ʪʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʝʦʨʝʤʠ 5  

( ) ( ) ( )321221121 ezzeyyexxba °+°+°=° , 

( ) ( ) ( )312111 ezeyexa aaaa ++= . 

2.12. ɸʬ̔ʥʥʘ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ 

 ɸʬ̔ʥʥʘ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʫ ʧʨʦʩʪʦʨʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʚʜʘʥʥʷʤ ʙʘʟʠʩʫ 

321 ,, eee  ʟ ʟʘʛʘʣʴʥʠʤ ʧʦʯʘʪʢʦʤ ʫ ʬʽʢʩʦʚʘʥʽʡ ʪʦʯʮʽ O , ʷʢʘ ʥʘʟʠʚʘ̒ʪɹʩʷ 

ʧʦʯʘʪʢʦʤ ʢʦʦʨʜʠʥʘʪ. ʇʨʷʤ̔, ʱʦ ʧʨʦʭʦʜʷʪ ɹʯʝʨʝʟ ʧʦʯʘʪʦʢ ʢʦʦʨʜʠʥʘʪ ʫ 

ʥʘʧʨʷʤʢʫ ʙʘʟʠʩʥʠʭ ʚʝʢʪʦʨʚ̔, ʥʘʟʠʚʘʶʪʩɹʷ ʦʩʷʤʠ ʢʦʦʨʜʠʥʘʪ     (ʨʠʩ. 2.16).  

 

a

2e

1e

3e
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ʈʠʩ. 2.16 

ɺʝʢʪʦʨ OM , ʷʢʠʡ ʟ'ʻʜʥʫʻ ʧʦʯʘʪʦʢ ʢʦʦʨʜʠʥʘʪ ʟ ʜʦʚʽʣʴʥʦʶ ʪʦʯʢʦʶ M , 

ʥʘʟʠʚʘ̒ʪɹʩʷ ʨʘʜʫ̔ʩʦʤ-ʚʝʢʪʦʨʦʤ ʪʦʯʢʠ M .  

ɺʠʟʥʘʯʝʥʥʷ 7. ɸʬ̔ʥʥʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʪʦʯʢʠ M  

ʥʘʟʠʚʘʶʪɹ ʢʦʦʨʜʠʥʘʪʠ ʡʦʛʦ ʨʘʜ̔ʫʩʘ-ʚʝʢʪʦʨʘ OM  ʫ 

 ʜʘʥʦʤʫ ʙʘʟʠʩ.̔ ʇʨʠ ʮʴʦʤʫ ʟʘʧʠʩʫʁ ʪɹ }{ .,, zyxOM=  

2.13. ɼʝʢʘʨʪʦʚʘ ʧʨʷʤʦʢʫʪʥʘ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ 

 ɹʘʟʠʩ ʥʘʟʠʚʘʶʪ ɹʦʨʪʦʥʦʨʤʦʚʘʥʠʤ, ̫ʢʱʦ ʡʦʛʦ ʚʝʢʪʦʨʠ ʦʜʠʥʠʯʥʽ ʪʘ 

ʧʦʧʘʨʥʦ ʦʨʪʦʛʦʥʘʣʴʥ.̔ ʉʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ, ʙʘʟʠʩ ʷʢʦʾ ʻ ʦʨʪʦʥʦʨʤʦʚʘʥʠʡ, 

ʥʘʟʠʚʘ̒ʪɹʩʷ ʜʝʢʘʨʪʦʚʦ ʁ ʧʨʷʤʦʢʫʪʥʦʶ ʩʠʩʪʝʤʦ ʁ ʢʦʦʨʜʠʥʘʪ. ɹʘʟʠʩʥ ̔

ʚʝʢʪʦʨʠ ʮʽʻʾ  ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʫ ʧʨʦʩʪʦʨʽ, ʷʢ ʚʞʝ ʚʢʘʟʫʚʘʣʦʩʴ ʚʠʱʝ,  

ʧʦʟʥʘʯʘʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ  ʯʝʨʝʟ kji ,, (ʨʠʩ. 2.17). 

 

ʈʠʩ.2.17 

 

 ʈʦʟʢʣʘʜʘʥʥʷ  ʜʦʚʽʣʴʥʦʛʦ ʚʝʢʪʦʨʘ a  ʫ ʧʨʦʩʪʦʨʽ ʟʘ  ʚʢʘʟʘʥʠʤ ʙʘʟʠʩʦʤ 

ʤʘʻ ʚʠʛʣʷʜ   kzjyixa ++=  ʘʙʦ { }.,, zyxa=  

ʋ  ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʷʢ ʫʞʝ ʟʛʘʜʫʚʘʣʦʩʷ ʚʠʱʝ, ʧʨʷʤʦʢʫʪʥʠʤʠ 

ʢʦʦʨʜʠʥʘʪʘʤʠ ʚʝʢʪʦʨʘ a  ʥʘʟʠʚʘʶʪʩɹʷ ʧʨʦʝʢʮʽʾ ʚʝʢʪʦʨʘ a  ʥʘ ʦʩ ̔

ʢʦʦʨʜʠʥʘʪ. 
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     ʇʨʠʢʣʘʜ 5. ɿ'ʷʩʫʚʘʪʠ, ʯʠ ʙʫʜʫʪ ɹʚʝʢʪʦʨʠ { }5;1;31 -=x  { }15;3;92 -=x  

ʣʽʥʽʡʥʦ ʟʘʣʝʞʥʠʤʠ.  

     ʈʦʟʚôʷʟʘʥʥʷ. 

     ɼʚʘ ʚʝʢʪʦʨʠ ʙʫʜʫʪ ɹʣʽʥʽʡʥʦ ʟʘʣʝʞʥʠʤʠ ʪʦʜʽ ʽ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ ʽʩʥʫʶʪ ɹ

1l   ̔ 2l, ʱʦ ʥʝ ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ, ʜʣʷ ʷʢʠʭ ʩʧʨʘʚʝʜʣʠʚʘ ʨʽʚʥʽʩʪʴ 

.02211 =+ xx ll  

ɿʘʧʠʰʝʤʦ ʦʩʪʘʥʥʶ ʨʽʚʥʽʩʪʴ ʫ ʢʦʦʨʜʠʥʘʪʥʡ̔ ʬʦʨʤ ̔ 

{ } { } { }0;0;0015;3;95;1;3 21 =--+- ll . 

ɺʠʢʦʥʘʚʰʠ  ʦʧʝʨʘʮʽʾ ʤʥʦʞʝʥʥʷ ʚʝʢʪʦʨʘ ʥʘ ʯʠʩʣʦ  ̔ʜʦʜʘʚʘʥʥʷ ʚʝʢʪʦʨʚ̔, 

ʦʜʝʨʞʠʤʦ:    { } { }.0,0,00155;3;93 212121 =--+- llllll  

ʇʨʠʨʽʚʥʷʚʰʠ ʚʽʜʧʦʚʽʜʥʽ ʢʦʦʨʜʠʥʘʪʠ, ʤʘʻʤʦ ʩʠʩʪʝʤʫ: 

î
í

î
ì

ë

=-

=-

=+-

.0155

,03

,093

21

21

21

ll

ll

ll

 

ʃʝʛʢʦ ʙʘʯʠʪʠ, ʱʦ ʚʠʢʦʥʫʻʪʴʩʷ ʨʽʚʥʽʩʪʴ 21 3l=l , ʘʙʦ .03 2212 =+ xx ll  

ɿʚʽʜʩʠ  .3 12 xx -=  ʊʘʢʠʤ ʯʠʥʦʤ, ʚʝʢʪʦʨʠ 1x  ̔ 2x ʣʽʥʽʡʥʦ ʟʘʣʝʞʥʽ. 

ɺʠʟʥʘʯʝʥʥʷ ʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʚʝʢʪʦʨʽʚ ʟʚʦʜʠʪʴʩʷ ʜʦ ʨʦʟʚô̫ ʟʫʚʘʥʥʷ 

ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ ʦʜʥʦʨʽʜʥʠʭ ʨʽʚʥʷʥʴ. ʊʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʥʦʚʥʦʾ ʤʘʪʨʠʮʽ 

ʩʠʩʪʝʤʠ  (ʤʘʪʨʠʮʽ ɸ) ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ - ʯʠ ʙʫʜʫʪʴ ʚʝʢʪʦʨʠ 1x ʽ 

2x ʟʘʣʝʞʥʠʤʠ. 

      ʈʦʟʚô̫ ʟʘʥʥʷ  ʧʨʠʢʣʘʜʫ 5 ʫ ʩʝʨʝʜʦʚʠʱʽ Mathcad ʥʘʚʝʜʝʥʝ ʥʘ ʨʠʩ. 2.18. 

ʆʩʢʽʣʴʢʠ ʨʘʥʛ ʦʩʥʦʚʥʦʾ ʤʘʪʨʠʮʽ ʩʠʩʪʝʤʠ ʜʦʨʽʚʥʶʻ 1, ʨʽʚʥʷʥʥʷ ʩʠʩʪʝʤʠ ʻ 

ʣʽʥʽʡʥʦ ʟʘʣʝʞʥʠʤʠ. ɿʚʽʜʩʠ ʚʠʧʣʠʚʘʻ  ʣʽʥʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʝʢʪʦʨʽʚ 1x ( ʍ1) ʽ 

2x (ʍ2).  

 
ʈʠʩ.2.18  
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ʇʨʠʢʣʘʜ 6. ʏʠ ʤʦʞʫʪʴ ʚʝʢʪʦʨʠ { }4;3;21 -=x , { }5;1;32 -=x  ʠ 

{ }3;4;13 -=x  ʫʪʚʦʨʶʚʘʪʠ ʙʘʟʠʩ?  

      ʈʦʟʚôʷʟʘʥʥʷ. 
     ɺʝʢʪʦʨʠ 21, xx   ̔ 3x  ʙʫʜʫʪ ɹʫʪʚʦʨʶʚʘʪʠ ʙʘʟʠʩ, ʷʢʱʦ ʚʦʥʠ ʻ ʣʽʥʽʡʥʦ 

ʥʝʟʘʣʝʞʥʽ. ʇʨʠ ʮʴʦʤʫ ʨʽʚʥʽʩʪʴ 0332211 =a+a+a xxx  ʧʦʚʠʥʥʘ 

ʚʠʢʦʥʫʚʘʪʠʩʴ ʪʽʣʴʢʠ ʧʨʠ 0321 =a=a=a . 

ʇʨʝʜʩʪʘʚʣʷʶʯʠ ʣʽʥʽʡʥʫ ʢʦʤʙʥ̔ʘʮʁ̔ ʜʘʥʠʭ ʚʝʢʪʦʨʽʚ ʫ ʢʦʦʨʜʠʥʘʪʥʽʡ ʬʦʨʤʽ, 

ʤʘʻʤʦ   { } { } { } { }0;0;003;4;15;1;31;3;2 321 =-+-+- aaa . 

ɺʠʢʦʥʘʚʰʠ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʦʜʝʨʞʫʻʤʦ 

{ }{ }.0;0;035;43;32 321321321 =++---++ aaaaaaaaa  

ʉʢʣʘʜʝʤʦ ʩʠʩʪʝʤʫ ʣʽʥʽʡʥʠʭ ʦʜʥʦʨʽʜʥʠʭ ʨʽʚʥʷʥʴ: 

î
í

î
ì

ë

=++

=---

=++

.035

,043

,032

321

321

321

aaa

aaa

aaa

 

ɰʾ ʚʠʟʥʘʯʥʠʢ, ʩʢʣʘʜʝʥʠʡ ʽʟ ʢʦʝʬ̔ʮ̔ ʥ̒ʪ̔ʚ ʧʨʠ ʥʝʚʽʜʦʤʠʭ, ʥʝ ʜʦʨʽʚʥʶʻ ʥʫʣʶ: 

.0

351

413

132

¸---=D  

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʠʩʪʝʤʘ ʤʘʻ ʪʽʣʴʢʠ ʪʨʠʚʽʘʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ: .0321 === aaa  

ʈʦʟʚô̫ ʟʘʥʥʷ  ʧʨʠʢʣʘʜʫ 6 ʫ ʩʝʨʝʜʦʚʠʱʽ Mathcad ʥʘʚʝʜʝʥʝ ʥʘ ʨʠʩ. 2.19: 

 

 
ʈʠʩ. 2.19 
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      ʆʩʢʽʣʴʢʠ  ʚʠʟʥʘʯʥʠʢ ʦʩʥʦʚʥʦʾ ʤʘʪʨʠʮʽ ʩʠʩʪʝʤʠ ɸ ʥʝ ʜʦʨʽʚʥʶʻ 0, ʪʦ 

ʦʜʥʦʨʽʜʥʘ ʩʠʩʪʝʤʘ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ ʤʘʻ ʪʽʣʴʢʠ ʪʨʠʚʽʘʣʴʥʠʡ ʨʦʟʚô̫ ʟʦʢ.        

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʝʢʪʦʨʠ 32,1 ,ʭʭʭ  ʻ ʣʽʥʽʡʥʦ ʥʝʟʘʣʝʞʥʽ ʽ ʫʪʚʦʨʶʶʪʴ ʙʘʟʠʩ ʫ 

ʧʨʦʩʪʦʨʽ. ʆʪʞʝ, ʜʘʥʘ ʩʠʩʪʝʤʘ ʚʝʢʪʦʨʚ̔ ʣʽʥʽʡʥʦ ʥʝʟʘʣʝʞʥʘ, ʘ ʪʦʤʫ ʫʪʚʦʨʶʻ 

ʙʘʟʠʩ ʫ ʪʨʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ. 

ʇʨʠʢʣʘʜ 7. ɺʝʢʪʦʨʳ { } { } { }1;1;1,0;1;1,0;0;1 === cba  ʫʪʚʦʨʶʶʪʴ ʙʘʟʠʩ 

ʫ ʧʨʦʩʪʦʨʽ.  ɿʥʘʡʪʠ ʢʦʦʨʜʠʥʘʪʠ ʚʝʢʪʦʨʘ kid -=2  ʫ ʙʘʟʠʩ ̔ cba ,, . 

     ʈʦʟʚôʷʟʘʥʥʷ. 

     ʗʢʱʦ ʚʝʢʪʦʨʠ cba ,,  ʫʪʚʦʨʶʶʪʴ ʙʘʟʠʩ ʫ ʧʨʦʩʪʦʨʽ, ʪʦ ʜʦʚʽʣʴʥʠʡ ʚʝʢʪʦʨ 

d  ʤʦʞʥʘ ʨʦʟʢʣʘʩʪʠ ʫ ʙʘʟʠʩ ̔ cba ,,  ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: cbad gba ++= . 

ɸʙʦ, ʧʽʜʩʪʘʚʠʚʰʠ ʢʦʦʨʜʠʥʘʪʠ ʽ ʧʨʠʨʽʚʥʷʚʰʠ, 

{ } { } { } { }.1;1;10;1;10;0;11;0;2 gba ++=  

ʈʦʟʢʨʠʻʤʦ ʜʫʞʢʠ ʩʧʨʘʚʘ, ʪʦʜʽ { } }.;;{1;0;2 ggbgba +++= ʅʘʨʝʰʪʽ ʤʘʻʤʦ 

ʩʠʩʪʝʤʫ:
î
í

î
ì

ë

-=

=+

=++

.1

,0

,2

g

gb

gba

 ɰʾ ʨʦʟʚôʷʟʘʥʥʷ ʥʝ ʩʢʣʘʜʘʻ ʪʨʫʜʥʦʱʽʚ: 

1;1;2 -=g=b=a . 

ʆʪʞʝ, ʚʝʢʪʦʨ d  ʫ ʥʦʚʦʤʫ ʙʘʟʠʩ ̔ʤʘʻ ʢʦʦʨʜʠʥʘʪʠ: { }1;1;2 -d , a ʡʦʛʦ ʨʦʟʢʣʘʜ 

ʫ ʙʘʟʠʩ ̔ cba ,,  ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ:   cbad -+=2 . 

ʋ ʩʝʨʝʜʦʚʠʱʽ Mathcad ʮʝʡ ʧʨʠʢʣʘʜ ʨʦʟʚô̫ ʟʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 

 
ʈʠʩ. 2.20  
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ʅʝʦʙʭʽʜʥʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʨʦʟʚô̫ ʟʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ 

ʚʠʢʦʥʫʚʘʣʦʩʴ ʤʘʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ. 

2.14. ɺʠʨʘʟ ʚʝʢʪʦʨʘ ʯʝʨʝʟ ʨʘʜʽʫʩʠ-ʚʝʢʪʦʨʠ ʡʦʛʦ ʧʦʯʘʪʢʫ ʪʘ ʢʽʥʮʷ 

 ʈʦʟʛʣʷʥʝʤʦ ʜʦʚʽʣʴʥʠʡ ʚʝʢʪʦʨ AB, ʟʘʜʘʥʠʡ ʫ ʜʝʢʘʨʪʦʚʡ̔ ʧʨʷʤʦʢʫʪʥʽʡ 

ʩʠʩʪʝʤ ̔ʢʦʦʨʜʠʥʘʪ. ʅʝʭʘʡ ʚʽʜʦʤʽ ʢʦʦʨʜʠʥʘʪʠ ʡʦʛʦ ʧʦʯʘʪʢʫ ʪʘ ʢʽʥʮʷ: 

( )111 ,, zyxA   ̔ ( )222 ,, zyxB  (ʨʠʩ. 2. 21).  

 

 

 

 

 

 

 

 

 

 

 

                                                       ʈʠʩ.  2.21 

 

12 rrAB -= , ʘʙʦ ʫ ʢʦʦʨʜʠʥʘʪʥʡ̔ ʬʦʨʤ ̔ { }121212 ;; zzyyxxAB ---= . ʊʘʢʠʤ 

ʯʠʥʦʤ, ʤʘʻʤʦ ʱʝ ʦʜʠʥ ʧʽʜʭʽʜ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʚʝʢʪʦʨʘ. 

ʇʨʠʢʣʘʜ 8.  ɼʘʥʦ ʢʦʦʨʜʠʥʘʪʠ ʚʝʨʰʠʥ ʪʨʠʢʫʪʥʠʢʘ 

),2;1;0(: AABC ),2;3;1(B .)2;1;1( --C  ɿʘʩʦʙʘʤʠ ʚʝʢʪʦʨʥʦʾ ʘʣʛʝʙʨʠ ʟʥʘʡʪʠ 

ʜʦʚʞʠʥʫ ʩʪʦʨʦʥʠ AB  ʪʘ ʢʫʪ ʤʽʞ ʩʪʦʨʦʥʘʤʠ AB   ̔ AC .  

 ɼʦʚʞʠʥʘ ʩʪʦʨʦʥʠ AB  ʜʦʨʽʚʥʶʻ ʤʦʜʫʣʶ ʚʝʢʪʦʨʘ  ,AB  ʪʦʤʫ ʟʥʘʡʜʝʤʦ 

ʢʦʦʨʜʠʥʘʪʠ ʚʝʢʪʦʨʘ AB :   

    { }{ }0;2;1)22();13();01( =---=AB , ʘʙʦ jiAB 2+= . ʂʦʨʠʩʪʫʶʯʠʩʴ 

ʚʠʟʥʘʯʝʥʥʷʤ ʤʦʜʫʣʷ ʚʝʢʪʦʨʘ, ʦʜʝʨʞʠʤʦ: 521 2 =+=AB  ʦʜ. ʜʦʚʞ. 

 ʂʫʪ ʤʽʞ ʩʪʦʨʦʥʘʤʠ AB   ̔ AC  ʜʦʨʽʚʥʶʻ ʢʫʪʫ ʤʽʞ AB  ʠ AC . 

ʆʩʢʽʣʴʢʠ  { },0;2;1=AB  { }{ },4;2;1)22();11();01( --=----=Aʉ  

ʪʦ    
( ) ( )

.
105

3

215

042211
cos -=

Ö

Ö-+Ö-+Ö
=a  

ʆʩʪʘʪʦʯʥʦ .
105

3
arccos ö

÷

õ
æ
ç

å
-=a  

ʈʦʟʚô̫ ʟʫʚʘʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʫ  ʩʝʨʝʜʦʚʠʱʽ Mathcad ʚʠʛʣʷʜʘʻ ʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ (ʨʠʩ.2.22): 

 

r 1

r 2

AB
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ʈʠʩ.2.22 

 

2.15. ɿʘʚʜʘʥʥʷ ʜʣʷ ʩʘʤʦʩʪʽʡʥʦʛʦ ʨʦʟʚôʷʟʫʚʘʥʥʷ 

 (ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʥʘʪʠ ʷʢ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ 

 ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ, ʪʘʢ ʽ ʫ ʩʝʨʝʜʦʚʠʱʽ Mathcad) 

 

1. ɿʘʜʘʥʽ  ʚʝʢʪʦʨʠ, ʟʦʙʨʘʞʝʥʽ ʥʘ ʤʘʣʶʥʢʫ.  ʇʦʙʫʜʫʚʘʪʠ (ʧʨʝʜʩʪʘʚʠʚʰʠ ʫ    

ʛʨʘʬʽʯʥʽʡ ʬʦʨʤʽ) ʾʭ ʣʽʥʽʡʥʫ ʢʦʤʙʽʥʘʮʽʶ    

   

 

 


