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ʇʈɽɼʀʉʃʆɺʀɽ 

MATLAB ï ʩʨʝʜʘ ʜʣʷ ʨʝʰʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ, ʘ ʪʘʢʞʝ 

ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʡ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ MATLAB  ʧʨʠ ʦʙʫ-

ʯʝʥʠʠ ʚʳʩʰʝʡ ʤʘʪʝʤʘʪʠʢʝ ʧʦʤʦʛʘʝʪ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ 

ʩʪʫʜʝʥʪʦʚ, ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʨʝʰʝʥʠʷ ʪʨʫʜʦʝʤʢʠʭ 

ʟʘʜʘʯ, ʜʝʣʘʝʪ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʙʦʣʝʝ ʫʚʣʝʢʘʪʝʣʴʥʳʤ. 

ɺ ʧʦʩʦʙʠʠ ʦʧʠʩʘʥʳ ʵʣʝʤʝʥʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʘʢʝʪʘ MATLAB, ʥʝʦʙʭʦ-

ʜʠʤʳʝ ʧʨʠ ʠʟʫʯʝʥʠʠ ʤʘʪʝʤʘʪʠʢʠ; ʠʟʣʘʛʘʶʪʩʷ ʦʩʥʦʚʳ ʣʠʥʝʡʥʦʡ ʠ ʚʝʢʪʦʨʥʦʡ ʘʣ-

ʛʝʙʨʳ, ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʠ. 

ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʩʦʩʪʦʠʪ ʠʟ ʩʝʤʠ ʛʣʘʚ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪ ʪʝʦʨʝ-

ʪʠʯʝʩʢʫʶ ʠ ʧʨʘʢʪʠʯʝʩʢʫʶ ʯʘʩʪʴ, ʢʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ ʠ ʟʘʜʘʥʠʷ ʜʣʷ ʩʘʤʦʩʪʦʷ-

ʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʩʪʫʜʝʥʪʦʚ. ʀʟʣʦʞʝʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʦʧʨʦʚʦʞʜʘ-

ʝʪʩʷ ʨʝʰʝʥʠʝʤ ʧʨʠʤʝʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ MATLAB.  

ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʧʨʠʚʦʜʷʪʩʷ ʥʘʯʘʣʴʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʩʠʩʪʝʤʝ MATLAB, ʩʦ-

ʜʝʨʞʘʱʠʝ ʦʧʠʩʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʨʘʙʦʯʝʛʦ ʦʢʥʘ, ʦʧʝʨʘʮʠʠ ʩ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤʠ ʠ 

ʢʦʤʧʣʝʢʩʥʳʤʠ ʯʠʩʣʘʤʠ, ʘ ʪʘʢʞʝ ʩ ʩʠʤʚʦʣʴʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ, ʦʩʦʙʝʥʥʦʩʪʠ 

ʨʘʙʦʪʳ ʩ m-ʬʘʡʣʘʤʠ.  

ɺʪʦʨʘʷ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʤʘʩʩʠʚʦʚ, ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʩʧʦʩʦʙʳ ʟʘʜʘʥʠʷ ʚʝʢʪʦʨʦʚ ʠ ʤʘʪʨʠʮ ʚ MATLAB  ʠ ʦʧʝʨʘʮʠʠ ʥʘʜ ʥʠʤʠ. 

ɺ ʪʨʝʪʴʝʡ ʛʣʘʚʝ ʠʟʣʦʞʝʥʳ ʦʩʥʦʚʳ ʣʠʥʝʡʥʦʡ ʘʣʛʝʙʨʳ, ʨʘʩʩʤʦʪʨʝʥʳ ʤʝʪʦ-

ʜʳ ʨʝʰʝʥʠʡ ʩʠʩʪʝʤ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ, ʚʳʯʠʩʣʝʥʠʡ ʩʦʙ-

ʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʠ ʩʦʙʩʪʚʝʥʥʳʭ ʚʝʢʪʦʨʦʚ ʤʘʪʨʠʮʳ. 

ɺ ʯʝʪʚʝʨʪʦʡ ʛʣʘʚʝ ʦʪʨʘʞʝʥʳ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʨʝʜʩʪʚ ʛʨʘʬʠʯʝʩʢʦʡ 

ʚʠʟʫʘʣʠʟʘʮʠʠ MATLAB, ʦʧʠʩʳʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ ʚ ʨʘʟ-

ʣʠʯʥʳʭ ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ ʢʘʢ ʥʘ ʧʣʦʩʢʦʩʪʠ, ʪʘʢ ʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʇʷʪʘʷ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʚʝʢʪʦʨʥʦʡ ʘʣʛʝʙʨʝ. 

ɺ hʝʩʪʦʡ ʠ ʩʝʜʴʤʦʡ ʛʣʘʚʘʭ ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʘʥʘʣʠʪʠʯʝʩʢʦʡ 

ʛʝʦʤʝʪʨʠʠ ʥʘ ʧʣʦʩʢʦʩʪʠ ʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʪʝʭʥʠʯʝʩʢʠʭ ʩʧʝʮʠʘʣʴʥʦ-

ʩʪʝʡ ʆʤʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʥʦ ʪʘʢʞʝ ʤʦʞʝʪ 

ʙʳʪʴ ʧʦʣʝʟʥʦ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ.  

ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʩʚʦʶ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬʝʩʩʦʨʫ ʉ.ʀ. ʉʧʠ-

ʚʘʢʫ, ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬʝʩʩʦʨʫ ʖ.ʌ. ʉʪʨʫʛʦʚʫ, ʢ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪʫ ɺ.ʅ. ʉʪʝʧʘʥʦʚʫ, 

ʢ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪʫ ʃ.ɺ. ɹʝʣʴʛʘʨʪ ʃ.ɺ., ʢ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪʫ ʄ.ɺ. ʄʝʥʜʟʠʚ, ʠ ʢʦʣ-

ʣʝʢʪʠʚʫ ʢʘʬʝʜʨʳ çɺʳʩʰʘʷ ʤʘʪʝʤʘʪʠʢʘè ʟʘ ʧʦʣʝʟʥʳʝ ʩʦʚʝʪʳ ʠ ʮʝʥʥʳʝ ʟʘʤʝʯʘ-

ʥʠʷ.  
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ɻʃɸɺɸ 1. ʅɸʏɸʃʆ ʈɸɹʆʊʓ ɺ MATLAB  

MATLAB  (ʦʪ ʘʥʛʣ. MATrix  LABoratory) ï ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦ-

ʛʦ ʫʨʦʚʥʷ ʠ ʩʠʩʪʝʤʘ ʠʥʞʝʥʝʨʥʳʭ ʠ ʥʘʫʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ, ʨʘʟʨʘʙʦʪʯʠʢʦʤ ʢʦʪʦ-

ʨʦʛʦ ʷʚʣʷʝʪʩʷ ʢʦʨʧʦʨʘʮʠʷ MathWorks Inc. (ʉʐɸ).  

ʉʠʩʪʝʤʘ MATLAB  ʧʦʟʚʦʣʷʝʪ: 

V ʚʳʧʦʣʥʷʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʚʳʯʠʩʣʝʥʠʷ;  

V ʤʦʜʝʣʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʩʠʩʪʝʤʳ;  

V ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʝ, ʦʙʨʘʙʘʪʳʚʘʪʴ ʠʭ ʠ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ; 

V ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʘʣʛʦʨʠʪʤʳ, ʧʨʠʣʦʞʝʥʠʷ ʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ.  

ʇʨʠ ʠʟʫʯʝʥʠʠ ʤʘʪʝʤʘʪʠʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ: 

Á ʷʟʳʢ MATLAB  (ʇʘʩʢʘʣʴ- ʠ ʉʠ- ʧʦʜʦʙʥʳʡ, ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ), 

Á ʩʨʝʜʘ MATLAB   (ʢʦʤʘʥʜʥʦʝ ʦʢʥʦ, ʨʝʜʘʢʪʦʨ, ʦʪʣʘʜʯʠʢ), 

Á ʫʧʨʘʚʣʷʝʤʘʷ ʛʨʘʬʠʢʘ (ʧʦʩʪʨʦʝʥʠʝ 2D, 3D ʛʨʘʬʠʢʦʚ, ʩʦʟʜʘʥʠʝ ʘʥʠʤʘʮʠʠ), 

Á ʙʠʙʣʠʦʪʝʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ (ʦʪ ʩʘʤʳʭ ʧʨʦʩʪʳʭ (sin(x), cos(x) 

ʠ ʪ.ʧ.) ʜʦ ʙʦʣʝʝ ʩʣʦʞʥʳʭ, ʢʘʢ ʥʘʭʦʞʜʝʥʠʝ ʦʙʨʘʪʥʦʡ ʤʘʪʨʠʮʳ, ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘ-

ʯʝʥʠʡ, ʵʢʩʪʨʝʤʫʤʦʚ, ʧʨʦʠʟʚʦʜʥʳʭ ʠ ʠʥʪʝʛʨʘʣʦʚ ʬʫʥʢʮʠʡ ʠ ʤʥʦʞʝʩʪʚʦ ʜʨʫʛʠʭ), 

Á ʧʨʦʛʨʘʤʤʥʳʡ ʠʥʪʝʨʬʝʡʩ (ʥʘʙʦʨ ʚʩʪʨʦʝʥʥʳʭ ʧʨʦʮʝʜʫʨ, ʬʫʥʢʮʠʡ ʠ ʢʦʥ-

ʩʪʘʥʪ). 

 MATLAB  ʄʘʩʩʠʚ ï ʦʩʥʦʚʥʘʷ ʬʦʨʤʘ, ʠʩʧʦʣʴʟʫʝʤʘʷ  ʜʣʷ ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ.

ɺ ʩʨʝʜʝ MATLAB  ʤʦʞʥʦ ʨʘʙʦʪʘʪʴ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: 

1) ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʥʘʙʦʨʦʤ ʢʦʤʘʥʜ (ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʨʝʟʫʣʴʪʘʪ rʚʳʯʠʩ-

ʣʝʥʠʷ ʧʨʠʩʚʘʠʚʘʶʪʩʷ ʥʝʢʦʪʦʨʳʤ ʧʝʨʝʤʝʥʥʳʤ); 

2) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤ, ʥʘʧʠʩʘʥʥʳʭ ʥʘ ʷʟʳʢʝ MATLAB , ʧʨʠ ʧʦ-

ʚʚʦʜʘ ʜʘʥʥʳʭ, ʚʳʯʠʩʣʝʥʠʡ ʠ ʚʳʚʦʜʘ ʨʝʟʫʣʴʪʘʪʦʚ. ʤʦʱʠ 

ɺr ʙʦʨ ʩʧʦʩʦʙʘ ʨʘʙʦʪʳ ʟʘʚʠʩʠʪ ʦʪ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ MATLAB . ʇʨʝ-

ʠʤʫʱʝʩʪʚʦ ʚʪʦʨʦʛʦ ʩʧʦʩʦʙʘ ʩʦʩʪʦʠʪ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤ ʚ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ. 

 

1.1. ʈɸɹʆʏɽɽ ʆʂʅʆ 

ɼʣʷ ʟʘʧʫʩʢʘ MATLAB  ʥʝʦʙʭʦʜʠʤʦ ʱʝʣʢʥʫʪʴ ʤʳʰʴʶ ʧʦ ʷʨʣʳʢʫ  ʥʘ 

ʨʘʙʦʯʝʤ ʩʪʦʣʝ ʢʦʤʧʴʶʪʝʨʘ.  

ʇʦʩʣʝ ʯʝʛʦ ʥʘ ʵʢʨʘʥʝ ʢʦʤʧʴʶʪʝʨʘ ʧʦʷʚʠʪʩʷ ʨʘʙʦʯʝʝ ʦʢʥʦ (ʨʠʩ. 1.1), ʚ ʢʦʪʦ-

ʨʦʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʘʩʧʦʣʦʞʝʥʳ: 

¶ ʧʘʥʝʣʴ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ ʧʨʦʩʪʦʪʳ ʠ ʢʦʤʬʦʨʪʘ ʧʨʠ ʨʘʙʦ-

ʪʝ ʩ ʩʠʩʪʝʤʦʡ MATLAB  (ʨʠʩ. 1.2); 
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¶ ʦʢʥʦ Current Folder  (ʪʝʢʫʱʘʷ ʧʘʧʢʘ), ʛʜʝ ʧʦʢʘʟʘʥʦ ʩʦʜʝʨʞʠʤʦʝ ʪʝʢʫʱʝʡ 

ʧʘʧʢʠ (ʨʠʩ. 1.3); 

¶ ʦʢʥʦ Command Window (ʢʦʤʘʥʜʥʦʝ ʦʢʥʦ), ʚ ʢʦʪʦʨʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʚʚʦʜ ʢʦʤʘʥʜ ʠ ʚʳʚʦʜ ʨʝʟʫʣʴʪʘʪʘ ʠʭ ʚʳʧʦʣʥʝʥʠʷ (ʨʠʩ. 1.4); 

¶ ʦʢʥʦ Workspace (ʨʘʙʦʯʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ), ʢʦʪʦʨʦʝ ʩʦʜʝʨʞʠʪ ʧʝʨʝʯʝʥʴ ʪʝ-

ʢʫʱʠʭ ʧʝʨʝʤʝʥʥʳʭ ʠ ʠʭ ʦʧʠʩʘʥʠʝ (ʨʠʩ. 1.5); 

¶ ʦʢʥʦ Command History (ʠʩʪʦʨʠʷ ʢʦʤʘʥʜ), ʦʪʦʙʨʘʞʘʶʱʝʝ ʩʧʠʩʦʢ ʨʘʥʝʝ 

ʚʚʝʜʝʥʥʳʭ ʢʦʤʘʥʜ (ʨʠʩ. 1.5). 

ɺ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʦʜʥʦʛʦ ʠʟ ʥʠʭ ʚ ʨʘʙʦʯʝʤ ʦʢʥʝ, ʠʭ ʤʦʞʥʦ ʘʢʪʠʚʠʟʠʨʦ-

ʚʘʪʴ, ʥʘʧʨʠʤʝʨ, ʯʝʨʝʟ ʢʥʦʧʢʫ Layout ʚʢʣʘʜʢʠ HOME. 

 

 

 

ʈʠʩ. 1.1. ʈʘʙʦʯʝʝ ʦʢʥʦ ʩʨʝʜʳ MATLAB  ʧʨʠ ʦʪʢʨʳʪʦʡ ʚʢʣʘʜʢʝ HOME 
 

ʅʘʟʥʘʯʝʥʠʝ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʢʥʦʧʦʢ ʚʢʣʘʜʢʠ HOME (ʨʠʩ. 1.2): 

New Script (ʥʦʚʳʡ ʩʮʝʥʘʨʠʡ) ʦʪʢʨʳʚʘʝʪ ʥʦʚʦʝ ʦʢʥʦ ʜʣʷ ʨʘʙʦʪʳ ʚ ʨʝʜʘʢʪʦʨʝ 

m-ʬʘʡʣʦʚ; 

New (ʥʦʚʳʡ) ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʥʦʚʳʡ ʦʙʲʝʢʪ (ʩʢʨʠʧʪ, ʬʫʥʢʮʠʶ, ʝʸ ʛʨʘʬʠʢ 

ʠ.ʪ.ʧ.); 

Open (ʦʪʢʨʳʪʴ) ʦʪʢʨʳʚʘʝʪ ʜʠʘʣʦʛʦʚʦʝ ʦʢʥʦ ʜʣʷ ʚʳʙʦʨʘ m-ʬʘʡʣʘ, ʩʦʟʜʘʥʥʦ-

ʛʦ ʨʘʥʝʝ; 

Simulink ʦʪʢʨʳʚʘʝʪ ʦʢʥʦ ʜʣʷ ʨʘʙʦʪʳ ʚ ʙʠʙʣʠʦʪʝʢʝ Simulink; 

Layout (ʩʣʦʠ) ʠ Preferences (ʩʚʦʡʩʪʚʘ) ï ʫʧʨʘʚʣʝʥʠʝ ʚʥʝʰʥʠʤ ʚʠʜʦʤ ʧʨʦ-

ʛʨʘʤʤʳ; 

Help (ʧʦʤʦʱʴ) ï ʩʧʨʘʚʢʘ ʧʦ ʨʘʙʦʪʝ ʩ ʩʠʩʪʝʤʦʡ. 
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ʈʠʩ. 1.2. ʇʘʥʝʣʴ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʨʠ ʦʪʢʨʳʪʦʡ ʚʢʣʘʜʢʝ HOME 

 

 

ʘ 

 

ʙ 

ʈʠʩ. 1.3. ʘ ï ʧʘʧʢʘ Current Folder  ʠ ʝʝ ʩʦʜʝʨʞʠʤʦʝ; ʙ ï ʠʟʤʝʥʝʥʠʝ ʪʝʢʫʱʝʛʦ ʢʘʪʘ-

ʣʦʛʘ: ʚ ʩʪʨʦʢʝ ʚʚʦʜʘ ʥʘ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ (ʮʠʬʨʘ ç1è), ʠʩʧʦʣʴʟʫʷ ʢʦʤʘʥʜʫ cd 

<ʧʫʪʴ> ʚ Command Window (ʮʠʬʨʘ ç2è) 
 

 

 

  
  

 
1 

2 
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1.2. ɸʈʀʌʄɽʊʀʏɽʉʂʀɽ ʆʇɽʈɸʎʀʀ ʉ ʏʀʉʃɸʄʀ 

ɺ MATLAB  ʜʣʷ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʩ ʯʠʩʣʘʤʠ ʠʩʧʦʣʴʟʫʶʪ ʩʠʤʚʦ-

ʣʳ, ʧʦʢʘʟʘʥʥʳʝ ʚ ʪʘʙʣ. 1.1.  

ʊʘʙʣʠʮʘ 1.1 

ʆʧʝʨʘʮʠʠ ʩ ʯʠʩʣʘʤʠ (ʩʢʘʣʷʨʘʤʠ) 

ʆʧʝʨʘʮʠʷ ʉʠʤʚʦʣ ʇʨʠʤʝʨ  

ʉʣʦʞʝʥʠʝ + 5+7 

ɺʳʯʠʪʘʥʠʝ ï 5-7 

ʋʤʥʦʞʝʥʠʝ * 5*7 

ɼʝʣʝʥʠʝ ʩʣʝʚʘ ʥʘʧʨʘʚʦ / 5/7 

ɼʝʣʝʥʠʝ ʩʧʨʘʚʘ ʥʘʣʝʚʦ \ 5\7 

ɺʦʟʚʝʜʝʥʠʝ ʚ ʩʪʝʧʝʥʴ ^ 5^7 

 

1.3. ɺʓʏʀʉʃɽʅʀʗ ɺ ʂʆʄɸʅɼʅʆʄ ʆʂʅɽ 

ɺʚʦʜ ʢʦʤʘʥʜʳ ʚ Command Window ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʣʝ ʩʠʤʚʦʣʘ (>>) 

(ʨʠʩ. 1.4) ʚʚʝʜʝʥʠʝʤ ʚ ʵʪʦʡ ʩʪʨʦʢʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʦʤʘʥʜʳ ʠ ʟʘʚʝʨʰʘʝʪʩʷ 

ʥʘʞʘʪʠʝʤ ʢʣʘʚʠʰʠ Enter. 

 

ʈʠʩ. 1.4. ʆʢʥʦ Command Window 

ʇʨʠʤʝʨ 1.1. ʅʘʡʪʠ ʩʫʤʤʫ ʜʚʫʭ ʯʠʩʝʣ 5 ʠ 7. 

ʈʝʰʝʥʠʝ. ʇʦʩʣʝ ʚʚʦʜʘ ʢʦʤʘʥʜʳ 5+7 ʠ ʥʘʞʘʪʠʷ ʢʣʘʚʠʰʠ Enter ʥʘ ʵʢʨʘʥʝ ʚ 

Command Window ʧʦʷʚʠʪʩʷ ʩʠʩʪʝʤʥʘʷ ʧʝʨʝʤʝʥʥʘʷ ans
1
, ʢʦʪʦʨʦʡ ʧʨʠʩʚʦʝʥ ʨʝ-

ʟʫʣʴʪʘʪ ʚʳʯʠʩʣʝʥʠʷ 12.  

>> 5+7 

ans= 

      12 

                                                           
1
 ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʦʧʝʨʘʪʦʨʘ ʧʨʠʩʚʘʠʚʘʥʠʷ (=) ʨʝʟʫʣʴʪʘʪ ʚʚʝʜʝʥʥʦʡ ʢʦʤʘʥʜʳ ʘʚʪʦʤʘʪʠ-

ʯʝʩʢʠ ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʩʠʩʪʝʤʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ans. 
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ʉʠʤʚʦʣ (>>) ʠ ʤʠʛʘʶʱʘʷ ʚʝʨʪʠʢʘʣʴʥʘʷ ʣʠʥʠʷ ʥʘ ʩʣʝʜʫʶʱʝʡ ʩʪʨʦʢʝ (ʨʠʩ. 

1.5, ʢʨʘʩʥʘʷ ʨʘʤʢʘ) ʧʦʢʘʟʳʚʘʶʪ ʛʦʪʦʚʥʦʩʪʴ ʩʠʩʪʝʤʳ ʢ ʨʘʙʦʪʝ. ʂʦʤʘʥʜʘ 5+7 ʩʦ-

ʭʨʘʥʠʣʘʩʴ ʚ ʦʢʥʝ Command History, ʘ ʟʥʘʯʝʥʠʝ ʧʝʨʝʤʝʥʥʦʡ ans ï ʚ ʦʢʥʝ 

Workspace (ʨʠʩ. 1.5). 

 ɿʥʘʯʝʥʠʝ ʧʝʨʝʤʝʥʥʦʡ ans ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʜʘʣʴʥʝʡʰʝʤ. 

ʅʘʧʨʠʤʝʨ: 

> 5+7 

ans= 

      12 

>> 3+ans 

ans= 

      15 

ʇʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʝ ʩʠʩʪʝʤʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ans ʚ ʦʢʥʝ Command Window 

ʠʟʤʝʥʠʣʦʩʴ ʥʘ 15. ɿʘʧʠʩʠ ʚ ʦʢʥʘʭ Workspace ʠ Command History  ʪʘʢʞʝ ʠʟʤʝ-

ʥʠʣʠʩʴ. 

 ʉʠʤʚʦʣ (;) ʚ ʢʦʥʮʝ ʩʪʨʦʢʠ ʙʣʦʢʠʨʫʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʚʳʚʦʜ ʟʥʘʯʝʥʠʡ ʧʝ-

ʨʝʤʝʥʥʳʭ ʚ Command Window.  

ʇʨʠʤʝʨ 1.2. ɺʳʯʠʩʣʠʪʴ ʩʫʤʤʫ ʜʚʫʭ ʯʠʩʝʣ 5 ʠ 7 ʙʝʟ ʚʳʚʦʜʘ ʨʝʟʫʣʴʪʘʪʘ ʥʘ 

ʵʢʨʘʥ. 

ʈʝʰʝʥʠʝ. ɼʣʷ ʟʘʧʨʝʪʘ ʚʳʚʦʜʘ ʨʝʟʫʣʴʪʘʪʘ ʥʘ ʵʢʨʘʥ ʚ ʢʦʥʮʝ ʢʦʤʘʥʜʳ 5+7 ʧʦ-

ʩʪʘʚʠʤ ʪʦʯʢʫ ʩ ʟʘʧʷʪʦʡ (;) (ʨʠʩ. 1.6, ʢʨʘʩʥʘʷ ʨʘʤʢʘ): 

 

ʈʠʩ. 1.5. ʈʝʟʫʣʴʪʘʪ ʚʳʯʠʩʣʝʥʠʷ ʚ ʦʢʥʝ Command Window (ʢʨʘʩʥʘʷ ʨʘʤʢʘ), ʩʦʭʨʘʥʝʥ-

ʥʘʷ ʢʦʤʘʥʜʘ ʚ ʦʢʥʝ Command History (ʟʝʣʝʥʘʷ ʨʘʤʢʘ), ʟʥʘʯʝʥʠʝ ʧʝʨʝʤʝʥʥʦʡ ans ʚ 

ʦʢʥʝ Workspace (ʩʠʥʷʷ ʨʘʤʢʘ) 
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>> 5+7; 

>> 

ɿʘʤʝʪʠʤ, ʯʪʦ ʚ ʦʢʥʝ Command History ʪʘʢ ʞʝ, ʢʘʢ ʚ ʧʨʠʤʝʨʝ 1.1, ʧʦʷʚʠʪʩʷ 

ʚʚʝʜʝʥʥʘʷ ʢʦʤʘʥʜʘ 5+7, ʚ ʦʢʥʝ Workspace ï ʟʘʧʠʩʴ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʧʝʨʝʤʝʥ-

ʥʦʡ ans (ʨʠʩ. 1.6). 

 ʈʝʜʘʢʪʠʨʦʚʘʪʴ ʚʚʝʜʝʥʥʫʶ ʢʦʤʘʥʜʫ ʤʦʞʥʦ ʪʦʣʴʢʦ ʜʦ ʥʘʞʘʪʠʷ ʢʣʘʚʠʰʠ 

Enter. ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʥʦʚʦʡ ʢʦʤʘʥʜʥʦʡ ʩʪʨʦʢʝ ʨʘʥʝʝ ʚʚʝʜʝʥʥʦʡ ʢʦ-

ʤʘʥʜʳ ʤʦʞʥʦ ʩʢʦʧʠʨʦʚʘʪʴ ʝʝ ʠʟ ʦʢʥʘ Command History ʠʣʠ ʧʨʦʣʠʩʪʘʪʴ 

ʠʩʪʦʨʠʶ ʨʘʥʝʝ ʚʚʝʜʝʥʥʳʭ ʢʦʤʘʥʜ ʢʣʘʚʠʰʘʤʠ ¬ ʠ ® ʚ Command Window. 

ɼʣʷ ʟʘʧʠʩʠ ʩʦʜʝʨʞʠʤʦʛʦ ʨʘʙʦʯʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʬʘʡʣ (*.mat) ʩʫʱʝʩʪʚʫʝʪ 

ʢʦʤʘʥʜʘ Save Workspace Asé. ɼʣʷ ʟʘʛʨʫʟʢʠ ʜʘʥʥʳʭ ʠʟ ʬʘʡʣʘ (*.mat) ʚ Work-

space ʚ ʢʦʤʘʥʜʥʦʤ ʦʢʥʝ ʚʚʦʜʠʪʩʷ ʢʦʤʘʥʜʘ Load Workspace. 
 

1.4. ʌʆʈʄɸʊ ɺʓɺʆɼɸ ʏʀʉʃɸ ʅɸ ʕʂʈɸʅ 

ɺ MATLAB  ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʨʠʬʤʝʪʠʢʘ ʜʚʦʡʥʦʡ ʪʦʯʥʦʩʪʠ ʜʣʷ ʜʝʩʷʪʠʯʥʳʭ 

ʯʠʩʝʣ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ, ʯʠʩʣʦ ʭʨʘʥʠʪʩʷ ʚ ʬʦʨʤʘʪʝ long (double) ï ʩʪʘʥʜʘʨʪ 

ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʠ IEEE, ʘ ʤʦʜʫʣʠ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʯʠʩʝʣ ʧʨʠʥʘʜʣʝʞʘʪ ʠʥʪʝʨʚʘ-

ʣʫ [10
-308

; 10
308

]. ʇʨʠ ʚʳʯʠʩʣʝʥʠʷʭ ʢʦʣʠʯʝʩʪʚʦ ʟʥʘʯʘʱʠʭ ʜʝʩʷʪʠʯʥʳʭ ʮʠʬʨ ʯʠʩ-

ʣʘ ʜʦʩʪʠʛʘʝʪ 16. ɺ ʢʦʤʘʥʜʥʦʤ ʦʢʥʝ ʥʝ ʚʩʝʛʜʘ ʦʪʦʙʨʘʞʘʶʪʩʷ ʚʩʝ 16 ʟʥʘʯʘʱʠʭ 

 

ʈʠʩ. 1.6.  ɺʚʝʜʝʥʥʘʷ ʢʦʤʘʥʜʘ ʚ ʦʢʥʝ Command Window (ʢʨʘʩʥʘʷ ʨʘʤʢʘ), ʩʦʭʨʘʥʝʥ-

ʥʘʷ ʢʦʤʘʥʜʘ ʚ ʦʢʥʝ Command History (ʟʝʣʝʥʘʷ ʨʘʤʢʘ), ʟʥʘʯʝʥʠʝ ʧʝʨʝʤʝʥʥʦʡ ans ʚ 

ʦʢʥʝ Workspace (ʩʠʥʷʷ ʨʘʤʢʘ) 
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ʮʠʬʨ ʯʠʩʣʘ (ʟʘʚʠʩʠʪ ʦʪ ʬʦʨʤʘʪʘ ʚʳʚʦʜʘ), ʧʨʠ ʵʪʦʤ ʚ Workspace ʯʠʩʣʦ ʩʦʭʨʘʥʷ-

ʝʪʩʷ ʩʦ ʚʩʝʤʠ ʝʛʦ ʮʠʬʨʘʤʠ.  

ʇʦ ʫʤʦʣʯʘʥʠʶ ʯʠʩʣʘ ʚ MATLAB ʭʨʘʥʷʪʩʷ ʚ ʬʦʨʤʘʪʝ short (ʪʘʙʣ. 1.2). 

ʉʧʦʩʦʙʳ ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʘʪʘ: 

1) ʚ ʢʦʤʘʥʜʥʦʤ ʦʢʥʝ ʩ ʧʦʤʦʱʴʶ ʢʦʤʘʥʜʳ format, ʧʦʩʣʝ ʢʦʪʦʨʦʛʦ ʫʢʘʟʳ-

ʚʘʝʪʩʷ ʥʫʞʥʳʡ ʬʦʨʤʘʪ, ʥʘʧʨʠʤʝʨ, long ʠ ʪ.ʜ. (1-ʡ ʩʪʦʣʙʝʮ ʪʘʙʣ. 1.2), 

2) ʩ ʧʦʤʦʱʴʶ ʢʥʦʧʢʠ Preferences ʚʢʣʘʜʢʠ HOME ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʙʦ-

ʨʦʤ ʬʦʨʤʘʪʘ ʚ ʚʳʧʘʜʘʶʱʝʤ ʤʝʥʶ Numeric Format (ʨʠʩ. 1.7).  

ʇʨʠʤʝʨ 1.3. ʆʪʦʙʨʘʟʠʪʴ ʨʝʟʫʣʴʪʘʪ ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʘʥʜʳ 96/288 ʚ ʨʘʟʣʠʯ-

ʥʳʭ ʬʦʨʤʘʪʘʭ ʯʠʩʝʣ.  

ʈʝʰʝʥʠʝ ʧʨʠʤʝʨʘ ʧʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʝ 1.2. 

ʊʘʙʣʠʮʘ 1.2 

ʅʝʢʦʪʦʨʳʝ ʬʦʨʤʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʯʠʩʝʣ ʚ MATLAB  

ʌʦʨʤʘʪ ʆʧʠʩʘʥʠʝ ʇʨʠʤʝʨ ʚ MATLAB  

short ʌʦʨʤʘʪ ʯʠʩʣʘ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʪʦʯʢʦʡ, 

ʩ 4 ʜʝʩʷʪʠʯʥʳʤʠ ʮʠʬʨʘʤʠ ʧʦʩʣʝ ʜʝʩʷ-

ʪʠʯʥʦʡ ʪʦʯʢʠ (ʧʦ ʫʤʦʣʯʘʥʠʶ) 

>> 96/288 

ans= 

      0.3333 

long ʌʦʨʤʘʪ ʯʠʩʣʘ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʪʦʯʢʦʡ, 

ʩ 15 ʮʠʬʨʘʤʠ ʧʦʩʣʝ ʜʝʩʷʪʠʯʥʦʡ ʪʦʯʢʠ 

>> 96/288 

ans= 

      0.333333333333333 

short e ʌʦʨʤʘʪ ʯʠʩʣʘ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ, ʩ 4 

ʮʠʬʨʘʤʠ ʧʦʩʣʝ ʜʝʩʷʪʠʯʥʦʡ ʪʦʯʢʠ 

>> 96/288 

ans= 

      3.3333e-01 

long e ʌʦʨʤʘʪ ʯʠʩʣʘ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ, ʩ 15 

ʮʠʬʨʘʤʠ ʧʦʩʣʝ ʜʝʩʷʪʠʯʥʦʡ ʪʦʯʢʠ 

>> 96/288 

ans= 

      3.333333333333333e-01 

 

ʈʠʩ. 1.7.  ʀʟʤʝʥʝʥʠʝ ʬʦʨʤʘʪʘ ʯʠʩʣʘ ʚ Numeric Format (ʢʨʘʩʥʘʷ ʨʘʤʢʘ) 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣ. 1.2 

bank ɿʘʧʠʩʴ ʜʦ ʩʦʪʳʭ ʜʦʣʝʡ >> 96/288 

ans= 

      0.33 

rational ɿʘʧʠʩʴ ʚ ʚʠʜʝ ʦʙʳʢʥʦʚʝʥʥʦʡ ʜʨʦʙʠ >> 96/288 

ans= 

      1/3 
 

1.5. ʇɽʈɽʄɽʅʅɸʗ  

ʇʝʨʝʤʝʥʥʫʶ ʚ MATLAB ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʝʟ ʝʝ ʦʙʲʷʚʣʝʥʠʷ, ʜʣʷ ʵʪʦʛʦ 

ʪʨʝʙʫʝʪʩʷ ʟʘʜʘʪʴ ʝʝ ʟʥʘʯʝʥʠʝ ʧʦʩʣʝ ʦʧʝʨʘʪʦʨʘ ʧʨʠʩʚʘʠʚʘʥʠʷ (=). 

>>ʀʤʷ ʧʝʨʝʤʝʥʥʦʡ = ʟʥʘʯʝʥʠʝ ʧʝʨʝʤʝʥʥʦʡ 

ʈʝʟʫʣʴʪʘʪ ʙʫʜʝʪ ʚʳʚʝʜʝʥ ʚ ʢʦʤʘʥʜʥʦʝ ʦʢʥʦ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʀʤʷ ʧʝʨʝʤʝʥʥʦʡ =  

                             ʨʝʟʫʣʴʪʘʪ 

ʀʤ ̫ʧʝʨʝʤʝʥʥʦʡ ʚ MATLAB  ʦʙʦʟʥʘʯʘʝʪʩʷ ʧʨʦʠʟʚʦʣʴʥʳʤ ʥʘʙʦʨʦʤ ʣʘʪʠʥ-

ʩʢʠʭ ʙʫʢʚ, ʮʠʬʨ ʠ ʟʥʘʢʦʚ ʧʦʜʯʝʨʢʠʚʘʥʠʷ ( _ ), ʥʘʯʠʥʘʝʪʩʷ ʩ ʙʫʢʚʳ (ʩ ʫʯʝʪʦʤ ʨʝ-

ʛʠʩʪʨʘ) ʠ ʩʦʜʝʨʞʠʪ ʥʝ ʙʦʣʝʝ 31 ʩʠʤʚʦʣʘ. ʇʝʨʝʤʝʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʯʠʩʣʦʚʳʤʠ 

ʠʣʠ ʩʠʤʚʦʣʴʥʳʤʠ, ʚʝʢʪʦʨʥʳʤʠ ʠʣʠ ʤʘʪʨʠʯʥʳʤʠ.  

ʇʨʠʤʝʨ 1.4. ɺ ʢʦʤʘʥʜʥʦʤ ʦʢʥʝ ʚʳʯʠʩʣʠʪʴ ʩʫʤʤʫ ʜʚʫʭ ʯʠʩʝʣ 5 ʠ 7 ʠ ʧʨʠ-

ʩʚʦʠʪ ɹʨʝʟʫʣʴʪʘʪ ʧʝʨʝʤʝʥʥʦʡ ʩ ʠʤʝʥʝʤ ʭ.  

ʈʝʰʝʥʠʝ. ʇʦʩʣʝ ʩʠʤʚʦʣʘ (>>) ʚʚʝʩʪʠ ʢʦʤʘʥʜʫ ʭ=5+7, ʥʘʞʘʪʴ ʢʣʘʚʠʰʫ 

Enter. ɺ ʢʦʤʘʥʜʥʦʤ ʦʢʥʝ ʧʦʷʚʠʪʩʷ ʩʣʝʜʫʶʱʝʝ: 

>> ʭ=5+7 

ʭ= 

     12 
 

 ʉʠʤʚʦʣ (é) ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʝʨʝʥʦʩʘ ʜʣʠʥʥʳʭ ʢʦʤʘʥʜ ʥʘ ʩʣʝʜʫʶʱʫʶ 

ʩʪʨʦʢʫ. 

ʇʨʠʤʝʨ 1.5. ʇʨʦʜʦʣʞʠʪʴ ʢʦʤʘʥʜʫ 10+9+8+7+6+5+4+3+2+1+20+21+22+ 

+23+24+25+26+27+28+29+30+31 ʥʘ ʩʣʝʜʫʶʱʫʶ ʩʪʨʦʢʫ. 

ʈʝʰʝʥʠʝ. ɺ ʢʦʥʮʝ ʩʪʨʦʢʠ 10+9+8+7+6+5+4+3+2+1+20+21+ ʧʦʩʪʘʚʠʪʴ ʪʨʠ 

ʪʦʯʢʠ (é), ʧʨʦʜʦʣʞʠʪʴ+22+23+24+25+26+27+28+29+30+31 ʚ ʩʣʝʜʫʶʱʝʡ ʩʪʨʦ-

ʢʝ ʠ ʥʘʞʘʪʴ ʢʣʘʚʠʰʫ Enter (ʨʠʩ. 1.8, ʢʨʘʩʥʘʷ ʨʘʤʢʘ).   

 ʉʠʤʚʦʣ (%) ʦʟʥʘʯʘʝʪ, ʯʪʦ ʪʝʢʩʪ ʧʦʩʣʝ ʥʝʛʦ ï ʢʦʤʤʝʥʪʘʨʠʡ. 

ɽʩʣʠ ʚ ʢʦʥʮʝ ʢʦʤʘʥʜʳ ʭ=5+7 ʧʦʩʣʝ ʩʠʤʚʦʣʘ (%) ʟʘʧʠʩʘʪʴ ʧʨʝʜʣʦʞʝʥʠʝ 

çʩʣʦʞʠʤ ʜʚʘ ʯʠʩʣʘ: 5 ʠ 7è, ʪʦ ʩʠʩʪʝʤʘ ʚʳʧʦʣʥʠʪ ʢʦʤʘʥʜʫ ʭ=5+7, ʘ ʟʘʧʠʩʴ ç % 

ʩʣʦʞʠʤ ʜʚʘ ʯʠʩʣʘ: 5 ʠ 7è ʠʛʥʦʨʠʨʫʝʪ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʢʦʤʘʥʜʥʦʤ ʦʢʥʝ ʧʦʷʚʠʪʩʷ 

ʩʣʝʜʫʶʱʝʝ (ʨʠʩ. 1.8, ʩʠʥʷʷ ʨʘʤʢʘ): 
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>> ʭ=5+7               % ʩʣʦʞʠʤ ʜʚʘ ʯʠʩʣʘ: 5 ʠ 7 

ʭ= 

     12 

 

ʈʠʩ. 1.8. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʤʚʦʣʦʚ: (é)  (ʢʨʘʩʥʘʷ ʨʘʤʢʘ) ʠ (%) (ʩʠʥʷʷ ʨʘʤʢʘ) 

 ɺ MATLAB  ʠʤʝʶʪʩʷ ʟʘʨʝʟʝʨʚʠʨʦʚʘʥʥʳʝ ʠʤʝʥʘ ʧʝʨʝʤʝʥʥʳʭ (ʪʘʙʣ. 1.3), 

ʢʦʪʦʨʳʝ ʥʝʣʴʟʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʠʤʝʥʠ ʟʘʜʘʚʘʝʤʦʡ ʧʝʨʝʤʝʥʥʦʡ. 

ʊʘʙʣʠʮʘ 1.3 

ɺʩʪʨʦʝʥʥʳʝ ʧʝʨʝʤʝʥʥʳʝ MATLAB  

ʀʤʷ  

ʧʝʨʝʤʝʥʥʦʡ 

MATLAB  

ʆʧʠʩʘʥʠʝ 

i ʠʣʠ j ʄʥʠʤʘʷ ʝʜʠʥʠʮʘ. 

pi ʏʠʩʣʦ ˊ.  

eps ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʯʠʩʣʘ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ (eps = 2
-52

). 

realmin ʅʘʠʤʝʥʴʰʝʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ. 

realmax ʅʘʠʙʦʣʴʰʝʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ. 

Inf ʄʘʰʠʥʥʘʷ ʙʝʩʢʦʥʝʯʥʦʩʪʴ (ʚʳʭʦʜ ʨʝʟʫʣʴʪʘʪʘ ʟʘ ʨʘʤʢʠ ʠʥʪʝʨʚʘʣʘ ʜʣʷ 

ʯʠʩʝʣ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ, ʥʘʧʨʠʤʝʨ, 1/0).  

NAN ʅʝʦʧʨʝʜʝʣʝʥʥʳʡ ʯʠʩʣʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ (Not-a-Number), ʥʘʧʨʠʤʝʨ, 0/0. 

rand ʈʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʦʝ ʩʣʫʯʘʡʥʦʝ ʯʠʩʣʦ ʥʘ ʠʥʪʝʨʚʘʣʝ [0,1]. 

ans ʈʝʟʫʣʴʪʘʪ ʧʦʩʣʝʜʥʝʡ ʦʧʝʨʘʮʠʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʦʧʝʨʘʪʦʨʘ ʧʨʠʩʚʘʠʚʘ-

ʥʠʷ. 
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1.6. ɺʉʊʈʆɽʅʅʓɽ ʄɸʊɽʄɸʊʀʏɽʉʂʀɽ ʌʋʅʂʎʀʀ 

ɺ MATLAB  ʩʦʜʝʨʞʠʪʩʷ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʩʪʨʦʝʥʥʳʭ ʬʫʥʢʮʠʡ (ʪʘʙʣ. 

1.4, 1.5). ɼʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʩʧʠʩʢʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʚ 

MATLAB  ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʤʘʥʜʘ help elfun. 

 ʉ ʬʫʥʢʮʠʷʤʠ ʤʦʞʥʦ ʚʳʧʦʣʥʷʪʴ ʪʝ ʞʝ ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ʜʝʡʩʪʚʠʷ, ʯʪʦ ʠ ʩ 

ʯʠʩʣʘʤʠ (ʪʘʙʣ. 1.1). 

ʊʘʙʣʠʮʘ 1.4 

ɺʩʪʨʦʝʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ 

ʂʦʤʘʥʜʘ 

MATLAB  

ʆʧʠʩʘʥʠʝ ʇʨʠʤʝʨ ʚ MATLAB  

abs(x) ɸʙʩʦʣʶʪʥʘʷ ʚʝʣʠʯʠʥʘ (ʤʦʜʫʣʴ) ʯʠʩʣʘ x >> abs(-34) 

ans =  

        34 

sqrt(x) ʂʚʘʜʨʘʪʥʳʡ ʢʦʨʝʥʴ ʠʟ ʯʠʩʣʘ ʭ >> sqrt(12) 

ans =  

       3.4641 

factorial(n) ʌʘʢʪʦʨʠʘʣ (ρϽςϽȣϽὲ ὲȦ) >> factorial(5) 

ans =  

       120 

exp(x) ʕʢʩʧʦʥʝʥʪʘ (ʝ
ʭ
) >> exp(4) 

ans = 

       54.5982 

log(x) ʃʦʛʘʨʠʬʤ ʧʦ ʦʩʥʦʚʘʥʠʶ e (ʥʘʪʫʨʘʣʴʥʳʡ 

ʣʦʛʘʨʠʬʤ lnx) 

>> log(5) 

ans =  

       1.6094 

log2(x) ʃʦʛʘʨʠʬʤ ʧʦ ʦʩʥʦʚʘʥʠʶ 2  >> log2(5) 

ans =   

         2.3219 

log10(x) ʃʦʛʘʨʠʬʤ ʧʦ ʦʩʥʦʚʘʥʠʶ 10 >> log10(5) 

ans =  

       0.6990 

sin(x) 

 

 

sind(x) 

 

ʉʠʥʫʩ ʫʛʣʘ ʭ (ʭ ʚ ʨʘʜʠʘʥʘʭ) 

 

 

ʉʠʥʫʩ ʫʛʣʘ ʭ (ʭ ʚ ʛʨʘʜʫʩʘʭ) 

>> sin(pi/6) 

ans =  

        0.5000 

>> sind(30) 

ans =  

        0.5000 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣ.1.4 

cos(x) 

 

 

cosd(x) 

 

 

ʂʦʩʠʥʫʩ ʫʛʣʘ ʭ (ʭ ʚ ʨʘʜʠʘʥʘʭ) 

 

 

ʂʦʩʠʥʫʩ ʫʛʣʘ ʭ (ʭ ʚ ʛʨʘʜʫʩʘʭ) 

>> cos(pi/2) 

ans =  

       0.0000 

>> cosd(90) 

ans =  

       0.0000 

tan(x) 

 

 

tand(x) 

ʊʘʥʛʝʥʩ ʫʛʣʘ ʭ (ʭ ʚ ʨʘʜʠʘʥʘʭ) 

 

 

ʊʘʥʛʝʥʩ ʫʛʣʘ ʭ (ʭ ʚ ʛʨʘʜʫʩʘʭ) 

>> tan(pi/4) 

ans =  

       1.0000 

>> tand(45) 

ans =  

      1.0000 

cot(x) 

 

 

cotd(x) 

ʂʦʪʘʥʛʝʥʩ ʫʛʣʘ ʭ (ʭ ʚ ʨʘʜʠʘʥʘʭ) 

 

 

ʂʦʪʘʥʛʝʥʩ ʫʛʣʘ ʭ (ʭ ʚ ʛʨʘʜʫʩʘʭ) 

>> cot(pi/4) 

ans =  

       1.0000 

>> cotd(45) 

ans =  

      1.0000 

asin(x) 

 

 

asind(x) 

ɸʨʢʩʠʥʫʩ ʯʠʩʣʘ ʭ (ʨʝʟʫʣʴʪʘʪ ʧʨʝʜʩʪʘʚʣʷ-

ʝʪʩʷ ʚ ʨʘʜʠʘʥʘʭ) 

 

ɸʨʢʩʠʥʫʩ ʯʠʩʣʘ ʭ (ʨʝʟʫʣʴʪʘʪ ʧʨʝʜʩʪʘʚʣʷ-

ʝʪʩʷ ʚ ʛʨʘʜʫʩʘʭ) 

>> asin(1) 

ans =  

       1.5708 

>> asind(1) 

ans =  

      90 

acos(x) 

 

 

acosd(x) 

ɸʨʢʢʦʩʠʥʫʩ ʯʠʩʣʘ ʭ (ʨʝʟʫʣʴʪʘʪ ʧʨʝʜʩʪʘʚ-

ʣʷʝʪʩʷ ʚ ʨʘʜʠʘʥʘʭ) 

 

ɸʨʢʢʦʩʠʥʫʩ ʯʠʩʣʘ ʭ (ʨʝʟʫʣʴʪʘʪ ʧʨʝʜʩʪʘʚ-

ʣʷʝʪʩʷ ʚ ʛʨʘʜʫʩʘʭ) 

>> acos(-1) 

ans =  

       3.1416 

>> acosd(-1) 

ans =  

      180 

atan(x) 

 

 

atand(x) 

ɸʨʢʪʘʥʛʝʥʩ ʯʠʩʣʘ ʭ (ʨʝʟʫʣʴʪʘʪ ʧʨʝʜʩʪʘʚ-

ʣʷʝʪʩʷ ʚ ʨʘʜʠʘʥʘʭ) 

 

ɸʨʢʪʘʥʛʝʥʩ ʯʠʩʣʘ ʭ (ʨʝʟʫʣʴʪʘʪ ʧʨʝʜʩʪʘʚ-

ʣʷʝʪʩʷ ʚ ʛʨʘʜʫʩʘʭ) 

>> atan(1.7321) 

ans =  

       1.0472 

>> atand(1.7321) 

ans =  

      60.0007 

acot(x) 

 

 

acotd(x) 

ɸʨʢʢʦʪʘʥʛʝʥʩ ʯʠʩʣʘ ʭ (ʚ ʨʘʜʠʘʥʘʭ) 

 

 

ɸʨʢʢʦʪʘʥʛʝʥʩ ʯʠʩʣʘ ʭ (ʚ ʛʨʘʜʫʩʘʭ) 

>> acot(1) 

ans =  

       0.7854 

>> acotd(1) 

ans =  

      45 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣ.1.4 
 

round(x) ʆʢʨʫʛʣʝʥʠʝ ʯʠʩʣʘ ʭ ʜʦ ʙʣʠʞʘʡʰʝʛʦ ʮʝʣʦʛʦ 

ʟʥʘʯʝʥʠʷ 

>> round(19/5) 

ans = 

       4 

>> round(16/5) 

ans = 

       3 

fix(x)  ʆʢʨʫʛʣʝʥʠʝ ʯʠʩʣʘ x ʜʦ ʙʣʠʞʘʡʰʝʛʦ ʮʝʣʦʛʦ 

ʟʥʘʯʝʥʠʷ x ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʥʫʣʷ 

>> fix(11/4)  

ans = 

     2  

>> fix(-11/4)  

ans = 

     -2  

ceil(x) ʆʢʨʫʛʣʝʥʠʝ ʯʠʩʣʘ ʭ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʣʶʩ 

ʙʝʩʢʦʥʝʯʥʦʩʪʠ (ʚʳʧʦʣʥʷʝʪʩʷ ʜʦ ʮʝʣʦʛʦ 

ʟʥʘʯʝʥʠʷ, ʥʝ ʤʝʥʴʰʝʛʦ, ʯʝʤ ʭ) 

>> ceil(13/6) 

ans = 

      3 

>> ceil(-13/6) 

ans = 

      -2 

floor(x) ʆʢʨʫʛʣʝʥʠʝ ʯʠʩʣʘ ʭ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʤʠʥʫʩ 

ʙʝʩʢʦʥʝʯʥʦʩʪʠ (ʚrʧʦʣʥʷʝʪʩʷ ʜʦ ʮʝʣʦʛʦ 

ʟʥʘʯʝʥʠʷ, ʥʝ ʙʦʣʴʰʝʛʦ, ʯʝʤ ʭ) 

>> floor(13/6) 

ans = 

        2 

>> floor(-13/6) 

ans = 

        -3 

sign(x) ɿʥʘʢ ʯʠʩʣʘ ʭ: 

-1, ʝʩʣʠ x<0,  

 

 

0, ʝʩʣʠ x=0, 

 

 

1, ʝʩʣʠ x>0 

 

>> sign(-7) 

ans = 

        -1 

>> sign(0) 

ans = 

        0 

>> sign(7) 

ans = 

        1 

ʇʨʠʤʝʨʳ ʟʘʧʠʩʠ ʥʝʢʦʪʦʨʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ ʚ MATLAB : 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ɿʘʧʠʩʴ ʚ MATLAB  

-0,347Ĭ10
-5
 -3.470e-6 ʠʣʠ -0,347*10^(-5) 

24Ĭ52 24*52 

xe12

3
+
p

 
pi/3+exp(12*x) 
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11615 --+ yx  abs(ʭ)+sqrt(5*y-1)-6^11 

sin 23+sin 23Á sin(23)+sind(23) 

7log18lg5ln 3-+  log(5)+log10(18)-log3(7) 

1.7. ʆʏʀʑɽʅʀɽ ʂʆʄɸʅɼʅʆɻʆ ʆʂʅɸ ʀ ʈɸɹʆʏɽɻʆ 

ʇʈʆʉʊʈɸʅʉʊɺɸ 

ʂʦʤʘʥʜʘ 

MATLAB  

ʆʧʠʩʘʥʠʝ 

>> clc ʆʯʠʱʘʝʪ ʢʦʤʘʥʜʥʦʝ ʦʢʥʦ, ʥʦ ʟʥʘʯʝʥʠʷ ʨʘʥʝʝ ʩʦʟʜʘʥʥʳʭ ʧʝʨʝ-

ʤʝʥʥʳʭ ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʧʘʤʷʪʠ ʢʦʤʧʴʶʪʝʨʘ.  

>> clear  ʆʯʠʱʘʝʪ ʨʘʙʦʯʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ (ʫʜʘʣʷʝʪ ʚʩʝ ʧʝʨʝʤʝʥʥʳʝ). 

>> clear all ʆʯʠʱʘʝʪ ʨʘʙʦʯʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʦʪ ʚʩʝʭ ʧʝʨʝʤʝʥʥʳʭ, ʚʢʣʶʯʘʷ 

ʢʣʘʩʩʳ, ʬʫʥʢʮʠʠ, ʩʢʦʤʧʠʣʠʨʦʚʘʥʥʳʝ ʬʘʡʣʳ. 

>> clear x y   ʆʯʠʱʘʝʪ ʨʘʙʦʯʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʪʦʣʴʢʦ ʦʪ ʫʢʘʟʘʥʥʳʭ ʧʝʨʝʤʝʥ-

ʥʳʭ x, y. 

ɺʳʟʚʘʪʴ ʢʦʤʘʥʜʫ clear ʤʦʞʥʦ: 

1) ʚ ʢʦʤʘʥʜʥʦʤ ʦʢʥʝ: >>clear  

2) ʥʘ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʥʘʞʘʪʠʝʤ ʢʥʦʧʢʠ Clear Workspace.  
 

 ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʦʯʠʱʘʪʴ ʨʘʙʦʯʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʢʦʤʘʥʜʦʡ clear ʠʣʠ clear all 

ʚ ʥʘʯʘʣʝ ʢʘʞʜʦʡ ʟʘʜʘʯʠ, ʠʥʘʯʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʨʝʤʝʥʥʦʡ ʩ ʪʘʢʠʤ ʞʝ 

ʠʤʝʥʝʤ ʚ ʥʦʚʳʭ ʚʳʯʠʩʣʝʥʠʷʭ, ʧʨʠʚʝʜʝʪ ʢ ʥʝʚʝʨʥʦʤʫ ʨʝʟʫʣʴʪʘʪʫ.  

 

1.8. ʂʆʄʇʃɽʂʉʅʓɽ ʏʀʉʃɸ 

ʂʦʤʧʣʝʢʩʥʳʤ ʯʠʩʣʦʤ ʥʘʟʳʚʘʝʪʩʷ ʚʳʨʘʞʝʥʠʝ  

, 

ὼȟώ ɴ Ὑ, ,  ï ʤʥʠʤʘʷ ʝʜʠʥʠʮʘ,  ï ʜʝʡʩʪʚʠʪʝʣʴʥʘ ̫ʯʘʩʪʴ,  

ï ʤʥʠʤʘ ̫ʯʘʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʯʠʩʣʘ z. 

ɿʘʧʠʩʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʯʠʩʣʘ  ʥʘʟʳʚʘʝʪʩʷ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʬʦʨʤʦʡ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʯʠʩʣʘ . 

ʏʠʩʣʦ ᾀ ὼ Ὥώ ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ ʢ ʯʠʩʣʫ . 

ʏʠʩʣʦ ʥʘʟʳʚʘʝʪʩʷ ʢʦʤʧʣʝʢʩʥʦ ʩʦʧʨʷʞʝʥʥʳʤ ʢ ʯʠʩʣʫ .  

ʇʫʩʪʴ ʜʘʥʳ ʜʚʘ ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʣʘ , . 

, 

, 

, 

iyxz +=

12 -=i i zx Re= zy Im=

iyxz +=

z

iyxz +=

iyxz -= iyxz +=

111 iyxz += 222 iyxz +=

212121 , yyxxzz ==Ú=

( ) ( )212121 yyixxzz +++=+

( )( ) ( )21212121 yyixxzzzz -+-=-+=-
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,  

 ( ). 

Cʪʝʧʝʥʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʯʠʩʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

, n NÍ . 

ʇʨʠ  ʙʫʜʝʤ ʧʦʣʘʛʘʪʴ  ʠ . 

ʇʫʩʪʴ ʥʘ ʧʣʦʩʢʦʩʪʠ ʟʘʜʘʥʘ ʜʝʢʘʨʪʦʚʘ ʧʨʷʤʦʫʛʦʣʴʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʆʭʫ. 

ʂʦʤʧʣʝʢʩʥʦʝ ʯʠʩʣʦ  ʠʟʦʙʨʘʞʘʝʪʩʷ ʥʘ ʧʣʦʩʢʦʩʪʠ ʆʭʫ ʪʦʯʢʦʡ  (ʨʠʩ. 

1.9, ʘ) ʠʣʠ ʝʝ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʦʤ
1
 (ʨʠʩ. 1.9, ʙ). ʇʣʦʩʢʦʩʪʴ ʆʭʫ ʥʘʟʳʚʘʝʪʩʷ ʢʦʤ-

ʧʣʝʢʩʥʦʡ ʧʣʦʩʢʦʩʪʴʶ, ʦʩʴ ʆʭ ï ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʦʩʴʶ, ʦʩʴ ʆʫ ï ʤʥʠʤʦʡ ʦʩʴʶ. 
 

ɺʚʝʜʝʤ ʧʦʣʷʨʥʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ, ʩʦʚʤʝʱʘʷ ʧʦʣʶʩ ʩ ʥʘʯʘʣʦʤ ʢʦʦʨʜʠ-

ʥʘʪ, ʘ ʧʦʣʷʨʥʫʶ ʦʩʴ ʩ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʧʦʣʫʦʩʴʶ ʆʭ (ʨʠʩ. 1.10).  

                                                           
1
 ɺʝʢʪʦʨ, ʠʩʭʦʜʷʱʠʡ ʠʟ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ ʚ ʪʦʯʢʫ (x,y).  

( ) ( )2121212121 xyyxiyyxxzz ++-=Ö

( )( )
( )( ) 2

2

2

2

2121

2

2

2

2

2121

2222

2211

22

11

2

1

yx

yxxy
i

yx

yyxx

iyxiyx

iyxiyx

iyx

iyx

z

z

+

-
+

+

+
=

-+

-+
=

+

+
= 0222 ¸+= iyxz

)()'& 2
n

n zzzz ÖÖÖ=

0̧z 10=z ( )nn zz 1-- =

iyxz += ( )yx,

  

ʘ ʙ 

ʈʠʩ. 1.9. ʀʟʦʙʨʘʞʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʯʠʩʣʘ z = x+iy:  

ʘ ï ʪʦʯʢʦʡ; ʙ ï ʚʝʢʪʦʨʦʤ (ʦʙʦʟʥʘʯʝʥʥʳʤ ʢʘʢ z) 

 

ʈʠʩ. 1.10. ʇʦʣʷʨʥʳʝ ʢʦʦʨʜʠʥʘʪʳ (r, ű) ʪʦʯʢʠ (x,y),  

ʠʟʦʙʨʘʞʘʶʱʝʡ ʢʦʤʧʣʝʢʩʥʦʝ ʯʠʩʣʦ  

 

iyxz +=

   O                      x        x 

z = x+iy 
y 

 

y 

   O                      x        x 

z  

 

y 

 

y 

O                x         x 

ű 

  r 

z = x+iy 

 

y 

 

y 

y 

 

y 
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ʇʦʣʷʨʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʪʦʯʢʠ (x,y), ʠʟʦʙʨʘʞʘʶʱʝʡ ʢʦʤʧʣʝʢʩʥʦʝ ʯʠʩʣʦ 

, ̫ ʚʣʷʶʪʩʷ ʯʠʩʣʘ r, ű, ʛʜʝ r ï ʧʦʣʷʨʥʳʡ ʨʘʜʠʫʩ
1
 ʠ ű ï ʧʦʣʷʨʥʳʡ ʫʛʦʣ

2
. 

ʇʦʣʷʨʥʳʡ ʨʘʜʠʫʩ  ʪʦʯʢʠ (x,y), ʠʟʦʙʨʘʞʘʶʱʝʡ ʢʦʤʧʣʝʢʩʥʦʝ 

ʯʠʩʣʦ , ʥʘʟʳʚʘʝʪʩʷ ʤʦʜʫʣʝʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʯʠʩʣʘ  ʠ ʦʙʦʟʥʘʯʘ-

ʝʪʩʷ . 

ʀʪʘʢ, ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ, 

. 
 

ɿʘʤʝʪʠʤ, ʯʪʦ ; ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ  ɻʝʦʤʝʪʨʠʯʝ-

ʩʢʠ  ʝʩʪʴ ʜʣʠʥʘ  ʚʝʢʪʦʨʘ  (ʨʠʩ. 1.10). 

ʇʦʣʷʨʥʳʡ ʫʛʦʣ ű ʦʧʨʝʜʝʣʝʥ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʩʣʘʛʘʝʤʦʛʦ, ʢʨʘʪʥʦʛʦ , 

, k ZÍ , ʛʜʝ  ï ʦʜʥʦ ʠʟ ʟʥʘʯʝʥʠʡ ʧʦʣʷʨʥʦʛʦ ʫʛʣʘ ʜʘʥʥʦʡ ʪʦʯʢʠ.    

ɺ ʣʶʙʦʤ ʧʦʣʫʠʥʪʝʨʚʘʣʝ  ʠʣʠ  ʜʣʠʥʳ  ʩʦʜʝʨʞʠʪʩʷ ʨʦʚ-

ʥʦ ʦʜʥʦ ʠʟ ʯʠʩʝʣ , k ZÍ . ɿʥʘʯʝʥʠʝ ʧʦʣʷʨʥʦʛʦ ʫʛʣʘ ʠʟ ʧʦʣʫʠʥʪʝʨʚʘʣʘ 

 ʥʘʟʳʚʘʝʪʩʷ ʛʣʘʚʥʳʤ
3
 (ʨʠʩ. 1.10). 

ʄʥʦʞʝʩʪʚʦ ʚʩʝʭ ʟʥʘʯʝʥʠʡ ʧʦʣʷʨʥʦʛʦ ʫʛʣʘ ʪʦʯʢʠ (x,y), ʠʟʦʙʨʘʞʘʶʱʝʡ ʢʦʤ-

ʧʣʝʢʩʥʦʝ ʯʠʩʣʦ , ʥʘʟʳʚʘʝʪʩʷ ʘʨʛʫʤʝʥʪʦʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʯʠʩʣʘ 

 ʠ ʦʙʦʟʥʘʯʘʝʪʩʷ , ʛʣʘʚʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʣʷʨʥʦʛʦ ʫʛʣʘ ʥʘʟʳʚʘʝʪʩʷ 

ʛʣʘʚʥʳʤ ʟʥʘʯʝʥʠʝʤ ʘʨʛʫʤʝʥʪʘ ʯʠʩʣʘ  ʠ ʦʙʦʟʥʘʯʘʝʪʩʷ . 

ɼʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʯʠʩʣʘ  ʘʨʛʫʤʝʥʪ ʥʝ ʦʧʨʝʜʝʣʝʥ.  

ɼʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʯʠʩʣʘ  ʩʫʱʝʩʪʚʫʝʪ ʙʝʩʢʦʥʝʯʥʦ ʤʥʦʛʦ ʘʨʛʫʤʝʥʪʦʚ ʠ  

Arg arg  2 ,  z z k k Zp= + Í. 

ɼʣʷ ʛʣʘʚʥʦʛʦ ʟʥʘʯʝʥʠʷ ʘʨʛʫʤʝʥʪʘ  ʩʧʨʘʚʝʜʣʠʚʘ ʬʦʨʤʫʣʘ: 

 

                                                           
1
 ɼʣʠʥʘ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘ ʪʦʯʢʠ (x,y).  

2
 ʋʛʦʣ, ʥʘ ʢʦʪʦʨʳʡ ʥʘʜʦ ʧʦʚʝʨʥʫʪʴ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ ʧʦʣʷʨʥʫʶ ʦʩʴ, ʯʪʦʙʳ ʝʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʩʦʚʧʘʣʦ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘ ʪʦʯʢʠ (x,y). 
3
 ʀʥʦʛʜʘ ʛʣʘʚʥʳʤʠ ʥʘʟʳʚʘʶʪʩʷ ʟʥʘʯʝʥʠʷ ʧʦʣʷʨʥʦʛʦ ʫʛʣʘ ʠʟ ʧʦʣʫʠʥʪʝʨʚʘʣʘ . 

iyxz +=

22 yxr +=

iyxz += iyxz +=

rz=

22 yxiyxz +=+=

0²z  0=z 0.=z

z r z

p2

pjj k20+= 0j

( ]paa 2, + [ )paa 2, + p2

pj k20+

( ]pp,-

iyxz +=
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0=z
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2
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ʇʨʠʤʝʨ 1.6. ʅʘʡʪʠ ʤʦʜʫʣʴ ʠ ʛʣʘʚʥʦʝ ʟʥʘʯʝʥʠʝ ʘʨʛʫʤʝʥʪʘ ʯʠʩʣʘ :  

ʘ)   ʙ)  ʚ)  ʛ)  

ʈʝʰʝʥʠʝ. ʘ) , ʟʥʘʯʠʪ, , . ʊʦʛʜʘ .  

ʇʦʩʢʦʣʴʢʫ , ʪʦ .  

ʙ) , , . ʊʦʛʜʘ .  

ʇʦʩʢʦʣʴʢʫ , ʪʦ . 

ʚ) , ʪʦ , . ʊʦʛʜʘ .  

ʇʦʩʢʦʣʴʢʫ , ʪʦ  

. 

ʛ) , , . ʊʦʛʜʘ
 

.  

ʇʦʩʢʦʣʴʢʫ , ʪʦ 

. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ MATLAB  ʧʨʠ ʨʘʙʦʪʝ ʩ ʢʦʤʧʣʝʢʩʥʳʤʠ ʯʠʩʣʘʤʠ 

ɺ MATLAB  ʢʦʤʧʣʝʢʩʥʳʝ ʯʠʩʣʘ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʚʠʜʝ x+yi (ʠʣʠ x +yj), ʛʜʝ 

ʧʝʨʝʤʝʥʥʘʷ i (ʠʣʠ j) ʦʙʦʟʥʘʯʘʝʪ ʤʥʠʤʫ  ʁʝʜʠʥʠʮʫ, x, y ï ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ ʠ ʤʥʠ-

ʤʘʷ ʯʘʩʪʠ, ʥʘʧʨʠʤʝʨ: 

>>  3+4i                          % ʚʚʝʜʝʤ ʢʦʤʧʣʝʢʩʥʦʝ ʯʠʩʣʦ 3+4i 

ans = 

      3.0000 + 4.0000i 

ɼʣʷ ʨʘʙʦʪʳ ʩ ʢʦʤʧʣʝʢʩʥʳʤʠ ʯʠʩʣʘʤʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʩʪʨʦʝʥʥʳʝ ʬʫʥʢʮʠʠ, 

ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣ. 1.5.  

ʊʘʙʣʠʮʘ 1.5 

ʌʫʥʢʮʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʨʘʙʦʪʝ ʩ ʢʦʤʧʣʝʢʩʥʳʤʠ ʯʠʩʣʘʤʠ 

ʂʦʤʘʥʜʘ MATLAB  ʆʧʠʩʘʥʠʝ ʇʨʠʤʝʨ ʚ MATLAB  

complex(x,y) ʂʦʤʧʣʝʢʩʥʦʝ ʯʠʩʣʦ (x ï ʜʝʡʩʪʚʠ-

ʪʝʣʴʥʘʷ, y ï ʤʥʠʤʘʷ ʯʘʩʪʴ). 

>> complex(3,5) 

ans =  

      3.0000 +5.0000i 

real(z) ɼʝʡʩʪʚʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʢʦʤʧʣʝʢʩ-

ʥʦʛʦ ʯʠʩʣʘ z. 

>> real(3 +5i) 

ans =  

         3 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣ.1.5 
 

imag(z) ʄʥʠʤʘʷ ʯʘʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʯʠʩʣʘ 

z. 

>> imag(3+5i) 

ans =  

         5 

conj(z) ʂʦʤʧʣʝʢʩʥʦʝ ʯʠʩʣʦ, ʩʦʧʨʷʞʝʥʥʦʝ 

ʯʠʩʣʫ z. 

>> conj(3+5i) 

ans =  

        3.0000 - 5.0000i 

abs(z) ʄʦʜʫʣʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʯʠʩʣʘ z. 

 

>> abs(3+5i) 

ans =  

        5.8310 

angle(z) ɸʨʛʫʤʝʥʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʯʠʩʣʘ z (ʚ 

ʜʠʘʧʘʟʦʥʝ [- ;́+ ]́, ʚ ʨʘʜʠʘʥʘʭ). 

>> angle(3+5i) 

ans =  

        1.0304 

isreal(z) 1, ʝʩʣʠ z ï ʜʝʡʩʪʚʠʪʝʣʴʥʦʝ ʯʠʩʣʦ,  

 

 

 

0, ʝʩʣʠ z ï ʢʦʤʧʣʝʢʩʥʦʝ ʯʠʩʣʦ 

 

>> isreal(3) 

ans = 

         logical  

          1 

>> isreal(3+5i) 

ans = 

        logical  

          0 

 

 ɺ MATLAB  ʟʥʘʯʝʥʠʝ logical = 1, ʝʩʣʠ ʨʝʟʫʣʴʪʘʪ ʚʳʯʠʩʣʝʥʠʷ ʦʧʝʨʘʮʠʠ 

ʝʩʪʴ çʠʩʪʠʥʘè, logical = 0, ʝʩʣʠ ʨʝʟʫʣʴʪʘʪ ʚʳʯʠʩʣʝʥʠʷ ʦʧʝʨʘʮʠʠ ʝʩʪʴ 

çʣʦʞʴè.  

1.9. ʉʀʄɺʆʃʔʅʓɽ ɺʓʏʀʉʃɽʅʀʗ 

ɺ MATLAB  ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʠʤʚʦʣʴʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʩʪʨʦʝʥ-

ʥʳʝ ʬʫʥʢʮʠʠ:  

 

ʜʣʷ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʘʨʛʫʤʝʥʪʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʢʘʯʝʩʪʚʝ ʘʨʛʫʤʝʥʪʦʚ 

ʬʫʥʢʮʠʷ syms ʧʨʠʥʠʤʘʝʪ ʠʤʝʥʘ ʧʝʨʝʤʝʥʥʳʭ, ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʯʝʨʝʟ ʧʨʦʙʝʣ. 

ʅʘʧʨʠʤʝʨ: 

>> syms x1 x2 y1 y2 

ʊʘʢʞʝ ʤʦʞʥʦ ʫʢʘʟʘʪʴ ʪʠʧ ʦʙʲʷʚʣʷʝʤʳʭ ʧʝʨʝʤʝʥʥʳʭ: 

>> syms p q r real  % ʧʝʨʝʤʝʥʥʳʝ p, q, r ï ʚʝʱʝʩʪʚʝʥʥʳʝ ʧʝʨʝʤʝʥʥʳʝ 

sym ʠʣʠ syms 
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ʅʘʜ ʩʠʤʚʦʣʴʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ ʚ MATLAB  ʤʦʞʥʦ ʚʳʧʦʣʥʷʪʴ ʪʝ ʞʝ ʜʝʡ-

ʩʪʚʠʷ, ʯʪʦ ʠ ʥʘʜ ʯʠʩʣʘʤʠ: 

>> syms x y A B % ʚʚʝʜʝʤ ʩʠʤʚʦʣʴʥʳʝ ʧʝʨʝʤʝʥʥʳʝ 

>> s = x^4 - sqrt(y) + 5*A % ʟʘʜʘʜʠʤ s 

s = 

   5*A + x^4 - y^(1/2) 

>> t = B-3*x % ʟʘʜʘʜʠʤ t 

t = 

   B - 3*x 

>> u = s/t  % ʟʘʜʘʜʠʤ u 

u = 

   (5*A + x^4 - y^(1/2))/(B - 3*x) 

ʇʨʠ ʚʳʯʠʩʣʝʥʠʠ ʟʥʘʯʝʥʠʡ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʦʪ ʯʠʩʣʘ, ʩʦʜʝʨ-

ʞʘʱʝʛʦ ,́ ʚʦʟʥʠʢʘʝʪ ʧʦʛʨʝʰʥʦʩʪʴ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʦʯʝʚʠʜʥʦʡ ʦʰʠʙʢʝ. ʇʨʠʤʝʨ: 

ʚʳʯʠʩʣʠʤ ʟʥʘʯʝʥʠʝ sin( )́ 

>> sin(pi) 

ans = 

   1.2246e-16 

ʆʪʚʝʪ ʧʦʣʫʯʝʥ ʚ ʬʦʨʤʘʪʝ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ, ʦʜʥʘʢʦ ʥʝ ʨʘʚʝʥ ʥʫʣʶ. ʕʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʢʦʥʩʪʘʥʪʘ  ́ʚ ʧʨʦʛʨʘʤʤʝ MATLAB  ʟʘʜʘʝʪʩʷ ʧʨʠʙʣʠʞʝʥʥʦ 

ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 15 ʟʥʘʢʘ. ʏʪʦʙʳ ʚʤʝʩʪʦ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʧʦʣʫʯʠʪʴ ʪʦʯʥʳʡ ʨʝ-

ʟʫʣʴʪʘʪ, ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʩʠʤʚʦʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚʳʨʘʞʝʥʠʷ ()́, ʠʩʧʦʣʴ-

ʟʫʷ ʢʦʤʘʥʜʫ sym pi. 

>>sym pi 

>> sin(pi)  

 ans = 

    0 

ʂʘʢ ʚʠʜʠʤ, ʵʪʦ ʚʝʨʥʳʡ ʦʪʚʝʪ. 

ʊʘʙʣʠʮʘ 1.6 

ʌʫʥʢʮʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʨʘʙʦʪʝ ʩ ʩʠʤʚʦʣʴʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ 

ʂʦʤʘʥʜʘ 

MATLAB  

ʇʨʠʤʝʨ ʈʝʰʝʥʠʝ ʚ MATLAB  

expand(f) ʈʘʩʢʨʳʪʴ ʩʢʦʙʢʠ 

(x+2)(3x-9) 

>>syms x 

>>P=x+2; 

>>Q=3*x-9; 

>>R=expand(P*Q) 

R = 

       3*x^2 - 3*x - 18 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣ.1.6 
 

factor(f) ʈʘʟʣʦʞʠʪʴ ʥʘ ʤʥʦʞʠʪʝ-

ʣʠ ʤʥʦʛʦʯʣʝʥ 

P=x
4
  + x

2
 - 6 

>>syms x 

>>P = x^4 + x^2 - 6; 

>>P = factor(P) 

P = 

      [ x^2 - 2, x^2 + 3] 

simplify(f) ʋʧʨʦʩʪʠʪʴ ʚʳʨʘʞʝʥʠʝ 

 

>>syms x 

>>T = (x^4 - 4*x^3 + x^2 - 6)/(x + 1); 

>>T = simplify(T) 

T = 

      x^3 - 5*x^2 + 6*x - 6 

pretty(f) ɿʘʧʠʩʘʪʴ ʚʳʨʘʞʝʥʠʝ 

  

ʚ çʝʩʪʝʩʪʚʝʥʥʦʤè ʚʠʜʝ 

>>syms x 

>>F = (x^2 + 6*x - 11)/(4-x^3) 

F = 

    -(x^2 + 6*x - 11)/(x^3 - 4) 

>>F = pretty(F) 

F = 

       2 

      x  + 6 x - 11 

    - ------------- 

           3 

          x  - 4 

subs(f, old, new) ɺʳʧʦʣʥʠʪʴ ʧʦʜʩʪʘʥʦʚʢʫ 

x=1-x ʚ ʚʳʨʘʞʝʥʠʝ 

 

>>syms x 

>>Q = (x - 5 + x^5)/x^3; 

>>R = subs(Q,x,1-x) 

R = 

      (x + (x - 1)^5 + 4)/(x - 1)^3 

1.10. M-ʌɸʁʃʓ 

ʌʘʡʣʳ ʩʮʝʥʘʨʠʠ ʠʣʠ ʩʢʨʠʧʪ-ʬʘʡʣʳ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʪʴ ʬʘʡʣ ʩʦ ʩʧʠʩʢʦʤ 

ʢʦʤʘʥʜ (ʬʘʡʣ-ʧʨʦʛʨʘʤʤʫ), ʩʦʭʨʘʥʠʪʴ ʠ ʟʘʧʫʩʪʠʪʴ ʝʛʦ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʩʢʨʠʧʪ-

ʬʘʡʣʘ ʢʦʤʘʥʜʳ ʚʳʧʦʣʥʷʶʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ. ʂʦʤʘʥʜʳ ʤʦʞʥʦ ʦʪʨʝʜʘʢʪʠʨʦ-

ʚʘʪʴ, ʟʘʪʝʤ ʬʘʡʣ ʩʣʝʜʫʝʪ ʧʝʨʝʩʦʭʨʘʥʠʪʴ ʠ ʚʳʧʦʣʥʠʪʴ ʩʥʦʚʘ.  

ɺ MATLAB  ʪʘʢʠʝ ʬʘʡʣʳ ʥʘʟʳʚʘʶʪ m-ʬʘʡʣʘʤʠ, ʯʪʦ ʧʨʠ ʠʭ ʩʦʭʨʘʥʝʥʠʠ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝ .m. 

 ɽʩʣʠ ʚ ʩʪʨʦʢʝ m-ʬʘʡʣʘ ʚʩʪʨʝʯʘʝʪʩʷ ʩʠʤʚʦʣ (;), ʪʦ ʨʝʟʫʣʴʪʘʪ ʚʳʧʦʣʥʝʥʠʷ 

ʢʦʤʘʥʜʳ ʵʪʦʡ ʩʪʨʦʢʠ ʥʝ ʙʫʜʝʪ ʚʳʚʝʜʝʥ ʚ ʢʦʤʘʥʜʥʦʝ ʦʢʥʦ. 
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ɼʣʷ ʩʦʟʜʘʥʠʷ ʬʘʡʣʘ-ʩʮʝʥʘʨʠʷ ʥʫʞʥʦ ʚʦ ʚʢʣʘʜʢʝ HOME ʥʘ ʧʘʥʝʣʠ ʠʥʩʪʨʫ-

ʤʝʥʪʦʚ ʥʘʞʘʪʴ ʢʥʦʧʢʫ New Script ʠʣʠ New, ʘ ʟʘʪʝʤ ʚʳʙʨʘʪʴ Script ʠʟ ʥʠʩʧʘʜʘ-

ʶʱʝʛʦ ʤʝʥʶ (ʨʠʩ. 1.11, ʘ) ʠʣʠ ʥʘʙʨʘʪʴ çeditè ʚ ʢʦʤʘʥʜʥʦʡ ʩʪʨʦʢʝ. (ʨʠʩ. 1.11, ʙ). 

 

ʇʦʩʣʝ ʚʳʟʦʚʘ ʨʝʜʘʢʪʦʨʘ ʥʘ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʦʷʚʷʪʩʷ ʪʨʠ ʥʦʚʳʭ 

ʚʢʣʘʜʢʠ EDITOR, PUBLISH ʠ VIEW (ʨʠʩ. 1.12, ʘ). ʅʘʙʦʨ ʢʦʤʘʥʜ ʦʩʫʱʝʩʪʚʣʷʝʪ-

ʩʷ ʚ ʦʢʥʝ Untitled.m. ʂʘʞʜʘʷ ʥʘʧʠʩʘʥʥʘʷ ʩʪʨʦʢʘ ʙʫʜʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʦʥʫʤʝ-

ʨʦʚʘʥʘ ʧʦʩʣʝ ʥʘʞʘʪʠʷ ʢʣʘʚʠʰʠ Enter. ʈʝʜʘʢʪʦʨ m-ʬʘʡʣʦʚ ʚʳʧʦʣʥʷʝʪ ʩʠʥʪʘʢʩʠ-

ʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʧʦ ʤʝʨʝ ʚʚʦʜʘ ʪʝʢʩʪʘ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫ-

ʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʮʚʝʪʦʚʳʝ ʚʳʜʝʣʝʥʠʷ (ʨʠʩ.1.12, ʙ):  

 ʢʣʶʯʝʚʳʝ ʩʣʦʚʘ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ï ʩʠʥʠʡ ʮʚʝʪ; 

 ʦʧʝʨʘʪʦʨʳ, ʢʦʥʩʪʘʥʪʳ ʠ ʧʝʨʝʤʝʥʥʳʝ ï ʯʝʨʥʳʡ ʮʚʝʪ; 

 ʢʦʤʤʝʥʪʘʨʠʠ ʧʦʩʣʝ ʟʥʘʢʘ % ï ʟʝʣʝʥʳʡ ʮʚʝʪ; 

 ʩʠʤʚʦʣʴʥʳʝ ʧʝʨʝʤʝʥʥʳʝ (ʚ ʘʧʦʩʪʨʦʬʘʭ) ï ʬʠʦʣʝʪʦʚʳʡ ʮʚʝʪ; 

 ʩʠʥʪʘʢʩʠʯʝʩʢʠʝ ʦʰʠʙʢʠ ï ʢʨʘʩʥʳʡ ʮʚʝʪ. 

ɹʣʘʛʦʜʘʨʷ ʮʚʝʪʦʚʳʤ ʚʳʜʝʣʝʥʠʷʤ ʚʝʨʦʷʪʥʦʩʪʴ ʩʠʥʪʘʢʩʠʯʝʩʢʠʭ ʦʰʠʙʦʢ ʨʝʟ-

ʢʦ ʩʥʠʞʘʝʪʩʷ. 

ʇʝʨʝʜ ʟʘʧʫʩʢʦʤ ʩʦʟʜʘʥʥʳʡ ʩʢʨʠʧʪ-ʬʘʡʣ ʥʝʦʙʭʦʜʠʤʦ ʩʦʭʨʘʥʠʪʴ. ɼʣʷ ʵʪʦʛʦ 

ʥʫʞʥʦ ʥʘʞʘʪʴ ʢʥʦʧʢʫ Save ʚʢʣʘʜʢʠ EDITOR, ʘ ʟʘʪʝʤ ʚʳʙʨʘʪʴ Save ʠʣʠ Save 

Asé, ʫʢʘʟʘʪʴ ʤʝʩʪʦ ʩʦʭʨʘʥʝʥʠʷ (ʚ ʧʘʧʢʝ Current Folder) ʠ ʥʦʚʦʝ ʠʤʷ ʬʘʡʣʘ ʚ 

ʦʪʢʨʳʚʰʝʤʩʷ ʦʢʥʝ (ʨʠʩ. 1.12, ʙ). ʇʨʠ ʩʦʭʨʘʥʝʥʠʠ ʢ ʠʤʝʥʠ ʬʘʡʣʘ ʜʦʙʘʚʣʷʝʪʩʷ 

ʨʘʩʰʠʨʝʥʠʝ .m. 

  
ʘ ʙ 

ʈʠʩ. 1.11. ʉʦʟʜʘʥʠʝ m-ʬʘʡʣʘ: ʘ ï ʥʘ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ; ʙ ï ʚ ʢʦʤʘʥʜʥʦʤ ʦʢʥʝ 
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ɼʣʷ ʟʘʧʫʩʢʘ ʬʘʡʣʘ-ʩʮʝʥʘʨʠʷ ʥʝʦʙʭʦʜʠʤʦ ʥʘ ʚʢʣʘʜʢʝ EDITOR ʧʘʥʝʣʠ ʠʥ-

ʩʪʨʫʤʝʥʪʦʚ ʥʘʞʘʪʴ ʢʥʦʧʢʫ Run ʠʣʠ ʚʚʝʩʪʠ ʠʤʷ ʬʘʡʣʘ ʚ ʢʦʤʘʥʜʥʦʤ ʦʢʥʝ, ʘ ʟʘ-

ʪʝʤ ʥʘʞʘʪʴ ʢʣʘʚʠʰʫ Enter. 

 M-ʬʘʡʣ ʙʫʜʝʪ ʚʳʧʦʣʥʝʥ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʦʥ ʥʘʭʦʜʠʪʩʷ ʚ ʪʝʢʫ-

ʱʝʡ ʧʘʧʢʝ MATLAB . 

ʇʨʠʤʝʨ 1.7. ʉʣʦʞʠʪʴ ʢʦʤʧʣʝʢʩʥʳʝ ʯʠʩʣʘ z1=-3+4i ʠ z2=2Ŀe
i0.5́
, ʚʳʯʠʩʣʠʪʴ 

ʘʨʛʫʤʝʥʪ ʠ ʤʦʜʫʣʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʯʠʩʣʘ z2.  

ʈʝʰʝʥʠʝ. ʉʦʟʜʘʜʠʤ m-ʬʘʡʣ complex.m: 

z1= - 3+4i; % ʟʘʜʘʜʠʤ z1  

z2=2*(exp(i*0.5*pi)) % ʟʘʜʘʜʠʤ z2  

z3=z1+z2 % ʥʘʡʜʝʤ ʩʫʤʤʫ z1+z2 

phi=angle(z2) % ʥʘʡʜʝʤ ʘʨʛʫʤʝʥʪ z2 

r=abs(z2) % ʥʘʡʜʝʤ ʤʦʜʫʣʴ z2 

ʈʝʟʫʣʴʪʘʪ ʧʦʷʚʠʪʩʷ ʚ ʢʦʤʘʥʜʥʦʤ ʦʢʥʝ: 

z2 = 

   0.0000 + 2.0000i 

z3 = 

  -3.0000 + 6.0000i 

phi = 

    1.5708 

r = 

     2 

ʌʘʡʣ-ʬʫʥʢʮʠʷ 

ɺ ʦʪʣʠʯʠʠ ʦʪ ʬʘʡʣʦʚ-ʩʮʝʥʘʨʠʝʚ ʬʘʡʣ-ʬʫʥʢʮʠʠ ʠʤʝʶʪ ʚʭʦʜʥʳʝ ʠ ʚʳʭʦʜ-

ʥʳʝ ʧʘʨʘʤʝʪʨʳ. 

 
 

ʘ ʙ 

ʈʠʩ. 1.12. ʆʢʥʦ ʨʝʜʘʢʪʦʨʘ: ʘ ï ʥʦʚʳʝ ʚʢʣʘʜʢʠ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ;  

ʙ ï ʩʦʭʨʘʥʝʥʠʝ m-ʬʘʡʣʘ, ʮʚʝʪʦʚʦʝ ʚr ʜʝʣʝʥʠʝ ʪʝʢʩʪʘ 
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ʌʘʡʣ-ʬʫʥʢʮʠʷ ʩʦʩʪʦʠʪ ʠʟ: 

1) ʟʘʛʦʣʦʚʢʘ; 

2) ʢʦʤʤʝʥʪʘʨʠʷ; 

3) ʪʝʣʘ ʬʫʥʢʮʠʠ. 

ʉʦʟʜʘʥʠʝ m-ʬʫʥʢʮʠʡ ʘʥʘʣʦʛʠʯʥʦ ʩʦʟʜʘʥʠʶ m-ʬʘʡʣʦʚ, ʘ ʧʨʘʚʠʣʘ ʦʬʦʨʤʣʝ-

ʥʠʷ ʩʣʝʜʫʶʱʠʝ:  

× ʟʘʛʦʣʦʚʦʢ ʷʚʣʷʝʪʩʷ ʧʝʨʚʦʡ ʩʪʨʦʢʦʡ ʠ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 

ʛʜʝ function ï ʦʙʷʟʘʪʝʣʴʥʦʝ ʩʣʫʞʝʙʥʦʝ ʩʣʦʚʦ, f_name ï ʠʤʷ ʬʫʥʢʮʠʠ, ʚ ʢʦʪʦʨʦʤ 

ʥʝ ʜʦʧʫʩʢʘʶʪʩʷ ʧʨʦʙʝʣʳ; 

× ʪʝʢʩʪ ʢʦʤʤʝʥʪʘʨʠʷ ʚ ʢʘʞʜʦʡ ʩʪʨʦʢʝ ʥʘʯʠʥʘʝʪʩʷ ʩ %. ʄʝʞʜʫ ʙʣʦʢʦʤ ʢʦʤ-

ʤʝʥʘʨʠʝʚ ʠ ʟʘʛʦʣʦʚʢʦʤ ʬʫʥʢʮʠʠ ʥʝ ʜʦʣʞʥʦ ʙʳʪʴ ʧʫʩʪʳʭ ʩʪʨʦʢ; 

× ʪʝʣʦ ʬʫʥʢʮʠʠ ʩʦʩʪʦʠʪ ʠʟ ʚʳʧʦʣʥʷʝʤʦʛʦ ʢʦʜʘ MATLAB, ʢʦʪʦʨʳʡ ʩʦʚʝʨ-

ʰʘʝʪ ʜʝʡʩʪʚʠʷ ʠʣʠ  ʧʨʦʠʟʚʦʜʠʪ ʚʳʯʠʩʣʝʥʠʷ ʠ ʧʨʠʩʚʘʠʚʘʝʪ ʨʝʟʫʣʴʪʘʪʳ ʚʳʭʦʜ-

ʥʳʤ ʘʨʛʫʤʝʥʪʘʤ. 

 ʇʝʨʝʜ ʚʳʟʦʚʦʤ ʩʦʟʜʘʥʥʦʡ ʬʘʡʣ-ʬʫʥʢʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʩʦʭʨʘʥʠʪʴ ʝʝ ʘʥʘʣʦ-

ʛʠʯʥʦ m-ʬʘʡʣʫ.  

ʆʙʨʘʱʝʥʠʝ ʢ ʬʘʡʣ-ʬʫʥʢʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʢʦʤʘʥʜʥʦʤ ʦʢʥʝ ʧʦʩʨʝʜʩʪʚʦʤ 

ʚʚʦʜʘ ʠʤʝʥʠ ʬʫʥʢʮʠʠ ʩ ʫʢʘʟʘʥʠʝʤ ʢʦʥʢʨʝʪʥʳʭ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʧʦʩʣʝʜʫ-

ʶʱʠʤ ʥʘʞʘʪʠʝʤ ʢʣʘʚʠʰʠ Enter. 

ʇʨʠʤʝʨ 1.8. ʉʦʟʜʘʪʴ ʬʘʡʣ-ʬʫʥʢʮʠʶ, ʚʳʯʠʩʣʷʶʱʫʶ ʟʥʘʯʝʥʠʝ ʚʳʨʘʞʝʥʠʷ 

Ὡ , ʠ ʥʘʡʪʠ ʝʝ ʟʥʘʯʝʥʠʝ ʧʨʠ x=3. 

ʈʝʝhʥʠʝ. ʉʦʟʜʘʜʠʤ ʬʘʡʣ-ʬʫʥʢʮʠʶ my_function.m: 

function  f=my_function(x)  

f=exp( - x)*sqrt((x^3 - 4*x)/(x^7+6));  

ɼʣʷ ʚʳʟʦʚʘ ʬʫʥʢʮʠʠ ʚ ʢʦʤʘʥʜʥʦʤ ʦʢʥʝ ʥʘʙʝʨʝʤ ʩʣʝʜʫʶʱʝʝ: 

>> my_function(3) 

ʈʝʟʫʣʴʪʘʪ ʪʘʢʞʝ ʧʦʷʚʠʪʩʷ ʚ ʢʦʤʘʥʜʥʦʤ ʦʢʥʝ: 

ans = 

      0.0041 

ʆʧʝʨʘʪʦʨʳ ʦʪʥʦʰʝʥʠʷ 

ʆʧʝʨʘʪʦʨʳ ʦʪʥʦʰʝʥʠʷ ʚ ʩʠʩʪʝʤʝ MATLAB  ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʦʵʣʝʤʝʥʪ-

ʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʜʚʫʭ ʯʠʩʝʣ, ʚʝʢʪʦʨʦʚ ʠʣʠ ʤʘʪʨʠʮ. ɺʘʞʥʦ, ʯʪʦʙʳ ʚʝʢʪʦʨʘ ʠʣʠ 

ʤʘʪʨʠʮʳ ʠʤʝʣʠ ʦʜʠʥʘʢʦʚʳʡ ʨʘʟʤʝʨ. 

 

function[ʚʳʭʦʜʥʳʝ_ʧʘʨʘʤʝʪʨʳ] = f_name(ʚʭʦʜʥʳʝ_ʧʘʨʘʤʝʪʨʳ), 
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ʊʘʙʣʠʮʘ 1.7 

 ʆʧʝʨʘʪʦʨʳ ʦʪʥʦʰʝʥʠʷ  

ɿʘʧʠʩʴ ʚ MATLAB  ʆʧʠʩʘʥʠʝ 

= = ʈʘʚʥʦ 

~ = ʅʝ ʨʘʚʥʦ 

< ʄʝʥʴʰʝ 

> ɹʦʣʴʰʝ 

< = ʄʝʥʴʰʝ ʠʣʠ ʨʘʚʥʦ 

> = ɹʦʣʴʰʝ ʠʣʠ ʨʘʚʥʦ 

ʃʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʪʦʨʳ 

ʃʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʪʦʨʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʣʦʛʠʯʝʩʢʠʭ ʚʳʨʘʞʝ-

ʥʠʡ. 

ʊʘʙʣʠʮʘ 1.8 

ʃʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʪʦʨʳ 

ɿʘʧʠʩʴ ʚ MATLAB  ʆʧʠʩʘʥʠʝ 

& ʃʦʛʠʯʝʩʢʦʝ ʀ 

| ʃʦʛʠʯʝʩʢʦʝ ʀʃʀ 

~ ʃʦʛʠʯʝʩʢʦʝ ʅɽ 

ʋʩʣʦʚʥʳʝ ʦʧʝʨʘʪʦʨʳ 

ʋʩʣʦʚʥʳʝ ʦʧʝʨʘʪʦʨʳ ʩʣʫʞʘʪ ʜʣʷ ʦʙʲʝʜʠʥʝʥʠʷ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʦʧʝʨʘ-

ʪʦʨʦʚ ʚ ʚʳʨʘʞʝʥʠʷ. 

ʊʘʙʣʠʮʘ 1.9 

ʋʩʣʦʚʥʳʝ ʦʧʝʨʘʪʦʨʳ 

ɿʘʧʠʩʴ ʚ MATLAB  ʆʧʠʩʘʥʠʝ ʇʨʠʤʝʨ ʚ MATLAB  

ʆʧʝʨʘʪʦʨ ʧʝʨʝʢʣʶʯʝʥʠʷ 

switch <ʚʳʨʘʞʝʥʠʝ> 

case  <ʟʥʘʯʝʥʠʝ1> 

ʠʥʩʪʨʫʢʮʠʠ 

case  <ʟʥʘʯʝʥʠʝ2> 

ʠʥʩʪʨʫʢʮʠʠ 

otherwise 

ʠʥʩʪʨʫʢʮʠʠ 

end 

ʀʩʧʦʣʴʟʫʝʪʩʷ ʩ ʦʧʝʨʘʪʦʨʘʤʠ 

case (ʩ ʫʢʘʟʘʥʠʝʤ ʫʩʣʦʚʠʡ) ʠ 

otherwise (ʧʨʠ ʥʝʚʳʧʦʣʥʝʥʠʠ 

ʚʩʝʭ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ 

ʫʩʣʦʚʠʡ); ʚʳʧʦʣʥʷʝʪ ʨʘʟʣʠʯ-

ʥʳʝ ʛʨʫʧʧʳ ʠʥʩʪʨʫʢʮʠʡ ʚ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʷ ʥʝʢʦʪʦ-

ʨʦʛʦ ʣʦʛʠʯʝʩʢʦʛʦ ʫʩʣʦʚʠʷ. 

switch (2*a-b) 

case 4 

c=4 

case -5 

c=-5 

otherwise 

c=NaN 

end 

ʆʧʝʨʘʪʦʨ ʫʩʣʦʚʠʷ 

if  ʣʦʛʠʯʝʩʢʦʝ_ʚʳʨʘʞʝʥʠʝ 

ʠʥʩʪʨʫʢʮʠʷ  

end 

ʠʣʠ 

ʀʩʧʦʣʴʟʫʝʪʩʷ ʩ ʦʧʝʨʘʪʦʨʘʤʠ 

else ʠ elseif; ʚʳʧʦʣʥʷʝʪ ʛʨʫʧʧʫ 

ʠʥʩʪʨʫʢʮʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʥʝʢʦʪʦʨʳʤʠ ʣʦʛʠʯʝʩʢʠʤʠ 

if a<b 

a=a+1 

else 

b=b+1 
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if ʣʦʛʠʯʝʩʢʦʝ_ʚʳʨʘʞʝʥʠʝ         

ʠʥʩʪʨʫʢʮʠʷ 

else 

ʠʥʩʪʨʫʢʮʠʷ 

end 

ʠʣʠ 

if ʣʦʛʠʯʝʩʢʦʝ_ʚʳʨʘʞʝʥʠʝ           

ʠʥʩʪʨʫʢʮʠʷ 

elseif ʣʦʛʠʯʝ-

ʩʢʦʝ_ʚʳʨʘʞʝʥʠʝ           

ʠʥʩʪʨʫʢʮʠʷ 

else 

ʠʥʩʪʨʫʢʮʠʷ 

end 

ʫʩʣʦʚʠʷʤʠ, ʦʧʠʩʘʥʥʳʤʠ ʚ ʚʠʜʝ 

ʣʦʛʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ. 

end 

ʆʧʝʨʘʪʦʨ ʮʠʢʣʘ 

ʆʧʝʨʘʪʦʨʳ ʮʠʢʣʘ ʩʣʫʞʘʪ ʜʣʷ ʦʙʲʝʜʠʥʝʥʠʷ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʦʧʝʨʘʪʦ-

ʨʦʚ, ʚʢʣʶʯʘʷ ʫʩʣʦʚʥʳʝ, ʚ ʚʳʨʘʞʝʥʠʷ. 

ʊʘʙʣʠʮʘ 1.10 

ʆʧʝʨʘʪʦʨʳ ʮʠʢʣʘ 

ɿʘʧʠʩʴ ʚ MATLAB  ʆʧʠʩʘʥʠʝ ʇʨʠʤʝʨ ʚ MATLAB  

ʆʧʝʨʘʪʦʨ ʮʠʢʣʘ ʩ ʥʝʦʧʨʝʜʝʣʝʥʥʳʤ ʯʠʩʣʦʤ ʦʧʝʨʘʮʠʡ 

while ʚʳʨʘʞʝʥʠʝ 

ʠʥʩʪʨʫʢʮʠʠ 

end 

ɺʳʧʦʣʥʷʝʪ ʛʨʫʧʧʫ ʠʥʩʪʨʫʢ-

ʮʠʡ ʥʝʢʦʪʦʨʦʝ ʯʠʩʣʦ ʨʘʟ, ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʳʤ ʣʦ-

ʛʠʯʝʩʢʠʤ ʫʩʣʦʚʠʝʤ ʟʘʚʝʨʰʝ-

ʥʠʷ. 

a = 3; 

while a <= 10 

a = a + 1; 

end 

ʆʧʝʨʘʪʦʨ ʮʠʢʣʘ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʯʠʩʣʦʤ ʦʧʝʨʘʮʠʡ 

for <ʧʝʨʝʤʝʥʥʘʷ ʮʠʢʣʘ> = 

<ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ>: 

<ʧʨʠʨʘʱʝʥʠʝ>:<ʢʦʥʝʯʥʦʝ 

ʟʥʘʯʝʥʠʝ> ʠʥʩʪʨʫʢʮʠʠ 

end 

ɺʳʧʦʣʥʷʝʪ ʛʨʫʧʧʫ ʠʥʩʪʨʫʢ-

ʮʠʡ ʦʛʨʘʥʠʯʝʥʥʦʝ ʯʠʩʣʦ ʨʘʟ. 

n=0 

for k = 1:2:4 

n = x(k)+n; 

end 

 

 ɺʩʝ ʫʩʣʦʚʥʳʝ ʦʧʝʨʘʪʦʨʳ ʠ ʦʧʝʨʘʪʦʨʳ ʮʠʢʣʘ ʚʢʣʶʯʘʶʪ ʦʧʝʨʘʪʦʨ end, 

ʯʪʦʙʳ ʫʢʘʟʘʪʴ ʢʦʥʝʮ ʙʣʦʢʘ, ʚ ʢʦʪʦʨʦʤ ʜʝʡʩʪʚʫʝʪ ʵʪʦʪ ʦʧʝʨʘʪʦʨ. 

ʇʨʠʤʝʨ 1.9. ʉʦʟʜʘʪʴ ʧʨʦʛʨʘʤʤʫ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʩʫʤʤʳ ʧʝʨʚʳʭ ʜʝʩʷʪʠ 

ʯʣʝʥʦʚ ʨʷʜʘ  
Ȧ Ȧ Ȧ

Ễ
Ȧ
. 

ʈʝʰʝʥʠʝ. ʉʦʟʜʘʜʠʤ m-ʬʘʡʣ sum.m: 
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% ʇʨʦʛʨʘʤʤʘ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʩʫʤʤʳ 10- ʪʠ ʧʝʨʚʳʭ ʯʣʝʥʦʚ ʨʷʜʘ 

% 3/1!+5/2!+7/3!+...+21/10!  

n=0;  

for  i=1:10  

    n=n+(2*i+1)/factorial(i); % ʪʝʣʦ ʮʠʢʣʘ 

end  

n % ʚʳʚʦʜ ʨʝʟʫʣʴʪʘʪʘ ʚ ʢʦʤʘʥʜʥʦʝ ʦʢʥʦ 

ʈʝʟʫʣʴʪʘʪ ʧʦʷʚʠʪʩʷ ʚ ʢʦʤʘʥʜʥʦʤ ʦʢʥʝ ʧʦʩʣʝ ʥʘʞʘʪʠʷ ʢʥʦʧʢʠ Run ʥʘ ʧʘʥʝʣʠ 

ʠʥʩʪʨʫʤʝʥʪʦʚ: 

>> sum 

n = 

    7.1548 
 

ʂʆʅʊʈʆʃʔʅʓɽ ɺʆʇʈʆʉʓ  

1. ʏʪʦ ʪʘʢʦʝ MATLAB? ɼʣʷ ʯʝʛʦ ʦʥ ʠʩʧʦʣʴʟʫʝʪʩʷ? 

2. ʂʘʢʘʷ ʬʦʨʤʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ MATLAB  ʜʣʷ ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ? 

3. ɺ ʢʘʢʦʤ ʦʢʥʝ MATLAB  ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʚʦʜ ʯʠʩʝʣ, ʧʝʨʝʤʝʥʥʳʭ, ʚʳʨʘ-

ʞʝʥʠʡ, ʢʦʤʘʥʜ ʠ ʚʳʚʦʜ ʨʝʟʫʣʴʪʘʪʘ ʠʭ ʚʳʧʦʣʥʝʥʠʷ? 

4. ɺ ʢʘʢʦʤ ʦʢʥʝ MATLAB  ʩʦʜʝʨʞʠʪʩʷ ʧʝʨʝʯʝʥʴ ʪʝʢʫʱʠʭ ʧʝʨʝʤʝʥʥʳʭ ʠ ʠʭ 

ʦʧʠʩʘʥʠʝ?  

5. ɺ ʢʘʢʦʤ ʦʢʥʝ MATLAB  ʦʪʦʙʨʘʞʘʝʪʩʷ ʩʧʠʩʦʢ ʨʘʥʝʝ ʚʚʝʜʝʥʥʳʭ ʢʦʤʘʥʜ ʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʩʤʦʪʨ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʯʠʩʣʝʥʠʡ ʠ ʦʪʦʙʨʘʞʝʥʠʷ ʪʝʢʩʪʦʚ ʧʨʦ-

ʛʨʘʤʤ? 

6. ɺ ʢʘʢʦʤ ʦʢʥʝ MATLAB  ʧʦʢʘʟʳʚʘʶʪʩʷ ʧʝʨʝʯʝʥʴ ʢʦʤʘʥʜ, ʚʚʦʜʠʤʳʭ ʚ ʪʝ-

ʯʝʥʠʝ ʢʘʞʜʦʛʦ ʩʝʘʥʩʘ ʨʘʙʦʪʳ ʩ ʫʢʘʟʘʥʠʝʤ ʜʘʪʳ ʠ ʚʨʝʤʝʥʠ ʩʝʘʥʩʘ?  

7. ʄʦʞʥʦ ʣʠ ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʢʦʤʘʥʜʳ, ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʢʦʤʘʥʜʥʦʤ ʦʢʥʝ? 

8. ɼʣʷ ʯʝʛʦ ʚ MATLAB  ʚ ʢʦʥʮʝ ʩʪʨʦʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʠʤʚʦʣ (;)? 

9. ʂʘʢʦʡ ʨʘʟʜʝʣʠʪʝʣʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ MATLAB  ʜʣʷ ʦʪʜʝʣʝʥʠʷ ʯʘʩʪʝʡ ʜʨʦʙ-

ʥʦʛʦ ʯʠʩʣʘ? 

10. ʂʘʢʦʡ ʬʦʨʤʘʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʯʠʩʣʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

MATLAB  ʧʦ ʫʤʦʣʯʘʥʠʶ? 

11. ʄʦʞʥʦ ʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʥʘʯʝʥʠʝ ʧʝʨʝʤʝʥʥʦʡ ans ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʚʳ-

ʯʠʩʣʝʥʠʡ? 

12. ʂʘʢʦʡ ʩʠʤʚʦʣ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʜʣʠʥʥʳʭ ʬʦʨʤʫʣʘʭ ʜʣʷ ʧʝʨʝʥʦʩʘ ʥʘ ʩʣʝʜʫ-

ʶʱʫʶ ʩʪʨʦʢʫ? 

13. ʂʘʢʦʡ ʩʠʤʚʦʣ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʚʚʦʜʘ ʢʦʤʤʝʥʪʘʨʠʷ? 

14. ʂʘʢ ʠʟʤʝʥʠʪʴ ʬʦʨʤʘʪ ʚʳʚʦʜʘ ʯʠʩʣʘ ʥʘ ʵʢʨʘʥ? ʇʝʨʝʯʠʩʣʠʪʝ ʦʩʥʦʚʥʳʝ 

ʬʦʨʤʘʪʳ. 
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15. ʇʝʨʝʯʠʩʣʠʪʴ ʚʩʪʨʦʝʥʥʳʝ ʠʤʝʥʘ ʧʝʨʝʤʝʥʥʳʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʠʩʪʝʤʦʡ 

MATLAB . 

16. ʈʘʩʩʢʘʟʘʪʴ ʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʷʭ MATLAB, ʧʨʠʚʝʩʪʠ ʧʨʠʤʝʨʳ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ. 

17. ʂʘʢʠʝ ʢʦʤʘʥʜʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʯʠʱʝʥʠʷ ʢʦʤʘʥʜʥʦʛʦ ʦʢʥʘ ʠ ʨʘʙʦʯʝʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ? 

18. ɺ ʢʘʢʦʤ ʚʠʜʝ ʟʘʧʠʩʳʚʘʶʪʩʷ ʢʦʤʧʣʝʢʩʥʳʝ ʯʠʩʣʘ ʚ MATLAB? ʂʘʢʠʝ 

ʬʫʥʢʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʘʙʦʪʳ ʩ ʢʦʤʧʣʝʢʩʥʳʤʠ ʯʠʩʣʘʤʠ? 

ʂʆʅʊʈʆʃʔʅʓɽ ɿɸɼɸʅʀʗ 

1. ɺʳʯʠʩʣʠʪʴ: 

▪

▪
pϽ
▪

▪

ȿ▪ ȿ
, ʛʜʝ n ï ʥʦʤʝʨ ʚʘʨʠʘʥʪʘ. 

2. ɺʳʯʠʩʣʠʪʴ ʚʳʨʘʞʝʥʠʝ ʧʨʠ ʟʘʜʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ, ʠʩʧʦʣʴʟʫʷ 

ʦʧʝʨʘʪʦʨ ʧʨʠʩʚʘʠʚʘʥʠʷ: 

Ѝ╪ ▪ϽЍ╫ , ʛʜʝ ╪ ╬◄▌
p

▪
ȟ╫ ▄Ѝ▪ ἴἶ ▪, n ï ʥʦʤʝʨ ʚʘʨʠʘʥʪʘ. 

3. ʉʦʟʜʘʪʴ ʧʨʦʛʨʘʤʤʫ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʜʝʡʩʪʚʠʡ : 

ʘ) ʯʠʩʣʦ z1 ʧʝʨʝʚʝʩʪʠ ʚ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʫʶ ʬʦʨʤʫ;  

ʙ) ʯʠʩʣʦ z2 ʧʝʨʝʚʝʩʪʠ ʚ ʘʣʛʝʙʨʘʠʯʝʩʢʫʶ ʬʦʨʤʫ;  

ʚ) ʚʳʯʠʩʣʠʪʴ ʟʘʜʘʥʥʦʝ ʚʳʨʘʞʝʥʠʝ z3, ʝʩʣʠ  

◑
▪

▪Ͻ░ ȟ◑
▪
Ͻ▄

░Ⱬ

▪ ȟ◑ Ѝ◑Ͻ◑ ◑

ȿ◑ȿ
 .  
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ɻʃɸɺɸ 2. ʄɸʉʉʀɺʓ 

2.1. ʆʇɽʈɸʎʀʀ ʅɸɼ ʄɸʊʈʀʎɸʄʀ ɺ ʃʀʅɽʁʅʆʁ ɸʃɻɽɹʈɽ  

ʄʘʪʨʠʮʝʡ ʨʘʟʤʝʨʘ nm³  ʥʘʟʳʚʘʝʪʩʷ ʧʨʷʤʦʫʛʦʣʴʥʘʷ ʪʘʙʣʠʮʘ ʠʟ mĀn ʯʠʩʝʣ, 

ʩʦʩʪʦʷʱʘʷ ʠʟ m ʩʪʨʦʢ ʠ ʠʟ n ʩʪʦʣʙʮʦʚ, ,m  n NÍ . 

ʏʠʩʣʦ ija , ʥʘʭʦʜʷʱʝʝʩʷ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ i-ʡ ʩʪʨʦʢʠ ʠ j-ʛʦ ʩʪʦʣʙʮʘ, ʥʘʟʳʚʘ-

ʝʪʩʷ ʵʣʝʤʝʥʪʦʤ ʤʘʪʨʠʮʳ ( njmi ,1,,1 == ). 

ʆʙʦʟʥʘʯʝʥʠʝ ʤʘʪʨʠʮʳ: ɸ, nmA ³ ; ( )
nmijaɸ
³

= ; 

ö
ö
ö
ö
ö

÷

õ

æ
æ
æ
æ
æ

ç

å

=

mnmm

n

n

aaa

aaa

aaa

A

2

2222

2

2

21

22221

11211

. 

ʄʘʪʨʠʮʘ ʨʘʟʤʝʨʘ n³1  ʥʘʟʳʚʘʝʪʩʷ ʩʪʨʦʢʦʡ (ʠʣʠ ʚʝʢʪʦʨ-ʩʪʨʦʢʦʡ), ʯʠʩʣʦ 

ʵʣʝʤʝʥʪʦʚ ʩʪʨʦʢʠ ï ʝʝ ʜʣʠʥʦʡ. ʄʘʪʨʠʮʘ ʨʘʟʤʝʨʘ 1³m  ʥʘʟʳʚʘʝʪʩʷ ʩʪʦʣʙʮʦʤ 

(ʠʣʠ ʚʝʢʪʦʨ-ʩʪʦʣʙʮʦʤ), ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ ʩʪʦʣʙʮʘ ï ʝʛʦ ʚʳʩʦʪʦʡ. 

ʅʫʣʝʚʦʡ ʤʘʪʨʠʮʝʡ ʥʘʟʳʚʘʝʪʩʷ ʤʘʪʨʠʮʘ, ʫ ʢʦʪʦʨʦʡ ʚʩʝ ʵʣʝʤʝʥʪʳ ʨʘʚʥʳ ʥʫ-

ʣʶ (ʦʙʦʟʥʘʯʝʥʠʝ: nmʆ ³  ʠʣʠ ʆ). 

ʇʨʠʤʝʨ 2.1. öö
÷

õ
ææ
ç

å -
=

054

891
A  ï ʤʘʪʨʠʮʘ ʨʘʟʤʝʨʘ 2Ĭ3; ( )4573 -  ï ʩʪʨʦʢʘ 

ʜʣʠʥʳ 4, 

ö
ö
ö

÷

õ

æ
æ
æ

ç

å

3

2

1

 ï ʩʪʦʣʙʝʮ ʚʳʩʦʪʳ 3. 

ʄʘʪʨʠʮʘ, ʫ ʢʦʪʦʨʦʡ ʯʠʩʣʦ ʩʪʨʦʢ ʨʘʚʥʦ ʯʠʩʣʫ ʩʪʦʣʙʮʦʚ (nm= ), ʥʘʟʳʚʘʝʪʩʷ 

ʢʚʘʜʨʘʪʥʦʡ ʤʘʪʨʠʮʝʡ ʧʦʨʷʜʢʘ n. 

ʕʣʝʤʝʥʪʳ iia , ni ,1= , ʢʚʘʜʨʘʪʥʦʡ ʤʘʪʨʠʮʳ nnA ³, ʥʘʟʳʚʘʝʤʳʝ ʜʠʘʛʦʥʘʣʴ-

ʥʳʤʠ, ʦʙʨʘʟʫʶʪ ʛʣʘʚʥʫʶ ʜʠʘʛʦʥʘʣʴ ʤʘʪʨʠʮʳ.  

ʇʨʠʤʝʨ 2.2.                    ï ʢʚʘʜʨʘʪʥʘʷ ʤʘʪʨʠʮʘ ʧʦʨʷʜʢʘ 3. 

ʂʚʘʜʨʘʪʥʘʷ ʤʘʪʨʠʮʘ, ʫ ʢʦʪʦʨʦʡ ʚʩʝ ʵʣʝʤʝʥʪʳ, ʢʨʦʤʝ ʵʣʝʤʝʥʪʦʚ ʛʣʘʚʥʦʡ 

ʜʠʘʛʦʥʘʣʠ, ʨʘʚʥʳ ʥʫʣʶ, ʥʘʟʳʚʘʝʪʩʷ ʜʠʘʛʦʥʘʣʴʥʦʡ.  

ʇʨʠʤʝʨ 2.3. 

ö
ö
ö

÷

õ

æ
æ
æ

ç

å-

600

040

003

, 
ö
ö
ö

÷

õ

æ
æ
æ

ç

å

-100

000

007

 ï ʜʠʘʛʦʥʘʣʴʥʳʝ ʤʘʪʨʠʮʳ. 

ɼʠʘʛʦʥʘʣʴʥʘʷ ʤʘʪʨʠʮʘ, ʫ ʢʦʪʦʨʦʡ ʚʩʝ ʜʠʘʛʦʥʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʨʘʚʥʳ ʝʜʠ-

ʥʠʮʝ, ʥʘʟʳʚʘʝʪʩʷ ʝʜʠʥʠʯʥʦʡ (ʦʙʦʟʥʘʯʝʥʠʝ: E ʠʣʠ nE , ʛʜʝ n ï ʝʝ ʧʦʨʷʜʦʢ). 
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ʇʨʠʤʝʨ 2.4. öö
÷

õ
ææ
ç

å
=

10

01
E  ï ʝʜʠʥʠʯʥʘʷ ʤʘʪʨʠʮʘ ʧʦʨʷʜʢʘ 2. 

ʂʚʘʜʨʘʪʥʘʷ ʤʘʪʨʠʮʘ ʥʘʟʳʚʘʝʪʩʷ ʚʝʨʭʥʝʡ ʪʨʝʫʛʦʣʴʥʦʡ (ʥʠʞʥʝʡ ʪʨʝʫʛʦʣʴ-

ʥʦʡ), ʝʩʣʠ ʚʩʝ ʝʝ ʵʣʝʤʝʥʪʳ ʩʥʠʟʫ (ʩʚʝʨʭʫ) ʦʪ ʛʣʘʚʥʦʡ ʜʠʘʛʦʥʘʣʠ ʨʘʚʥʳ ʥʫʣʶ. 

ʇʨʠʤʝʨ 2.5.  

ö
ö
ö

÷

õ

æ
æ
æ

ç

å -

200

000

151

 ï ʚʝʨʭʥʷʷ ʪʨʝʫʛʦʣʴʥʘ ̫ʤʘʪʨʠʮʘ, 

ö
ö
ö

÷

õ

æ
æ
æ

ç

å

- 217

046

001

 

ï ʥʠʞʥ̫̫  ʪʨʝʫʛʦʣʴʥʘ ̫ʤʘʪʨʠʮʘ. 

ɼʚʝ ʤʘʪʨʠʮʳ ( )
nmijaɸ
³

=  ʠ ()
nmijbB
³

=  ʥʘʟʳʚʘʶʪʩʷ ʨʘʚʥʳʤʠ, ʝʩʣʠ 

ijij ba = , njmi ,1,,1 == .  

ʆʙʦʟʥʘʯʝʥʠʝ: BA= . 

ʉʫʤʤʦʡ ʜʚʫʭ ʤʘʪʨʠʮ ( )
nmijaɸ
³

=  ʠ ()
nmijbB
³

=  ʥʘʟʳʚʘʝʪʩʷ ʤʘʪʨʠʮʘ 

()
nmijcC
³

=
 
 ʩ ʵʣʝʤʝʥʪʘʤʠ 

ijbijaijc += , njmi ,1,,1 == . 

ʆʙʦʟʥʘʯʝʥʠʝ: BAC += . 

ʇʨʦʠʟʚʝʜʝʥʠʝʤ ʤʘʪʨʠʮʳ ( )
nmijaɸ
³

=  ʥʘ ʯʠʩʣʦ a ʥʘʟʳʚʘʝʪʩʷ ʤʘʪʨʠʮʘ 

()
nmijbB
³

=  ʩ ʵʣʝʤʝʥʪʘʤʠ  

ijaijb a= , njmi ,1,,1 == . 

ʆʙʦʟʥʘʯʝʥʠʝ: AB a= . 

ʆʧʝʨʘʮʠʠ ʩʣʦʞʝʥʠʷ ʤʘʪʨʠʮ ʠ ʫʤʥʦʞʝʥʠʷ ʤʘʪʨʠʮʳ ʥʘ ʯʠʩʣʦ ʥʘʟʳʚʘʶʪʩʷ 

ʣʠʥʝʡʥʳʤʠ.  

ʄʘʪʨʠʮʫ AÖ-)1(  ʥʘʟʳʚʘʶʪ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʤʘʪʨʠʮʝ A ʠ ʦʙʦʟʥʘʯʘʶʪA- . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, AA Ö-=- )1( . 

ʈʘʟʥʦʩʪʴʶ ʤʘʪʨʠʮ A ʠ B  ʦʜʠʥʘʢʦʚʦʛʦ ʨʘʟʤʝʨʘ ʥʘʟʳʚʘʶʪ ʩʫʤʤʫ )( BA -+  

(ʦʙʦʟʥʘʯʝʥʠʝ: BA- ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, )( BABA -+=- . 

ʇʨʠʤʝʨ 2.6. öö
÷

õ
ææ
ç

å

-
=

152

013
A , öö

÷

õ
ææ
ç

å -
=

350

121
B ,  

öö
÷

õ
ææ
ç

å -
=+

402

134
BA , öö

÷

õ
ææ
ç

å

-
=Ö

3156

039
3 A , öö

÷

õ
ææ
ç

å

--

-
=-

2102

112
BA . 
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ʇʫʩʪʴ mAAA ,,, 21 2  ï ʤʘʪʨʠʮʳ ʦʜʠʥʘʢʦʚʦʛʦ ʨʘʟʤʝʨʘ, maaa ,,, 21 2  ï ʯʠʩʣʘ. 

ʄʘʪʨʠʮʘ mmAAA aaa +++ 22211  ʥʘʟʳʚʘʝʪʩʷ ʣʠʥʝʡʥʦʡ ʢʦʤʙʠʥʘʮʠʝʡ ʤʘʪʨʠʮ 

mAAA ,,, 21 2 , ʘ ʯʠʩʣʘ maaa ,,, 21 2  ï ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʵʪʦʡ ʣʠʥʝʡʥʦʡ ʢʦʤʙʠ-

ʥʘʮʠʠ. 

ʇʫʩʪʴ ʜʘʥʳ ʤʘʪʨʠʮʳ ( )nn aaaA 2211 =³ , 

ö
ö
ö
ö
ö

÷

õ

æ
æ
æ
æ
æ

ç

å

=³

n

n

b

b

b

B
4
2

1

1 . 

ʊʦʛʜʘ ( ) ( )

1

2
1 1 1 2 1 1 2 2n n nn n

n

b

b
A B a a a a b a b a b

b

³ ³

å õ
æ ö
æ ö
æ ö
æ ö
æ ö
ç ÷

Ö = Ö = + + +. 

ʇʨʦʠʟʚʝʜʝʥʠʝʤ ʤʘʪʨʠʮʳ ʨʘʟʤʝʨʘ n³1  ʥʘ ʤʘʪʨʠʮʫ ʨʘʟʤʝʨʘ 1³n  ʷʚʣʷʝʪʩʷ 

ʤʘʪʨʠʮʘ ʨʘʟʤʝʨʘ 11³  (ʤʘʪʨʠʮʘ ʧʦʨʷʜʢʘ 1). ɼʘʥʥʘʷ ʦʧʝʨʘʮʠʷ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦ-

ʧʦʣʘʛʘʶʱʝʡ ʜʣʷ ʫʤʥʦʞʝʥʠʷ ʤʘʪʨʠʮ. 

ʇʨʠʤʝʨ 2.7. ( ) ( )( )( )

5

3 2 1 4 3 5 2 4 1 0 15 8 23

0

å õ
æ ö
Ö = Ö + Ö + Ö = + =æ ö
æ ö
ç ÷

. 

ʇʨʦʠʟʚʝʜʝʥʠʝʤ ʤʘʪʨʠʮʳ ( )i km pA a³ =  ʥʘ ʤʘʪʨʠʮʫ ( )k jp nB b³ =  ʥʘʟʳʚʘʝʪ-

ʩʷ ʤʘʪʨʠʮʘ ὅ ὧ  ʩ ʵʣʝʤʝʥʪʘʤʠ  

1 1 2 2
1

p

i j i j in nj ik kj
k

ijc a b a b a b a b
=

= + + + =ä , 1, ,i m= 1,j n= . 

ʆʙʦʟʥʘʯʝʥʠʝ: BAC Ö=  ʠʣʠ ABC= .  

ʇʨʠʤʝʨ 2.8. ʇʫʩʪʴ ʟʘʜʘʥʳ ʤʘʪʨʠʮʳ öö
÷

õ
ææ
ç

å
=³

42

31
22A , öö

÷

õ
ææ
ç

å
=³

170

065
32B . 

ʊʦʛʜʘ 

öö
÷

õ
ææ
ç

å
=öö
÷

õ
ææ
ç

å
Ööö
÷

õ
ææ
ç

å
=Ö ³³

44010

3275

170

065

42

31
3222 BA , 

2232 ³³ÖAB

 

ʥʝ ʦʧʨʝʜʝʣʝʥʦ. 

ʇʨʠʤʝʨ 2.9. ʇʫʩʪʴ ʟʘʜʘʥʳ ʤʘʪʨʠʮʳ öö
÷

õ
ææ
ç

å
=

16

20
A , öö

÷

õ
ææ
ç

å-
=

10

53
B .  

ʊʦʛʜʘ  

öö
÷

õ
ææ
ç

å

-
=öö
÷

õ
ææ
ç

å

Ö+ÖÖ+-Ö

Ö+ÖÖ+-Ö
=öö
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õ
ææ
ç
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Ööö
÷

õ
ææ
ç

å
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125002)3(0

10

53
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öö
÷

õ
ææ
ç

å -
=öö
÷

õ
ææ
ç

å

Ö+ÖÖ+Ö

Ö+Ö-Ö+Ö-
=öö
÷

õ
ææ
ç

å
Ööö
÷

õ
ææ
ç

å-
=

16

130

11206100

152)3(650)3(

16

20

10

53
BA , 

BAAB¸ . 

ʄʘʪʨʠʮʳ A ʠ B, ʜʣʷ ʢʦʪʦʨʳʭ BAAB= , ʥʘʟʳʚʘʶʪʩʷ ʧʝʨʝʩʪʘʥʦʚʦʯʥʳʤʠ. 

ʇʝʨʝʩʪʘʥʦʚʦʯʥʳʤʠ ʤʦʛʫʪ ʙʳʪʴ ʣʠʰʴ ʢʚʘʜʨʘʪʥʳʝ ʤʘʪʨʠʮʳ ʦʜʥʦʛʦ ʨʘʟʤʝʨʘ. 

ɽʩʣʠ A ï ʢʚʘʜʨʘʪʥʘʷ ʤʘʪʨʠʮʘ, ʘ E  ï ʝʜʠʥʠʯʥʘʷ ʤʘʪʨʠʮʘ ʪʦʛʦ ʞʝ ʧʦʨʷʜʢʘ, 

ʪʦ AEAAE == . 

ʄʘʪʨʠʮʘ ( )
mnji

T aA
³

= , ʚ ʢʦʪʦʨʦʡ ʢʘʞʜʳʡ ʩʪʦʣʙʝʮ ʩʦʩʪʘʚʣʝʥ ʠʟ ʵʣʝʤʝʥʪʦʚ 

ʩʪʨʦʢʠ ʤʘʪʨʠʮʳ ( )
nmijaA
³

=  ʩ ʪʝʤ ʞʝ ʥʦʤʝʨʦʤ, ʥʘʟʳʚʘʝʪʩʷ ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʥʦʡ 

ʢ ʤʘʪʨʠʮʝ A. 

ɽʩʣʠ 
TAA= , ʪʦ ʤʘʪʨʠʮʘ A ʥʘʟʳʚʘʝʪʩʷ ʩʠʤʤʝʪʨʠʯʥʦʡ. 

ʇʨʠʤʝʨ 2.10. 

ö
ö
ö

÷

õ

æ
æ
æ

ç

å

-

=öö
÷

õ
ææ
ç

å

-
18

06

79

107

869
T

. 

ɼʣʷ ʥʘʪʫʨʘʣʴʥʦʛʦ ʯʠʩʣʘ k ʧʦʣʦʞʠʤ )()'& 2
ʨʘʟk

k AAAA ÖÖÖ= . 

ʕʣʝʤʝʥʪʘʨʥʳʤʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤʠ ʤʘʪʨʠʮʳ ʥʘʟʳʚʘʶʪ ʩʣʝʜʫʶʱʠʝ ʧʨʝʦʙ-

ʨʘʟʦʚʘʥʠʷ: 

Á ʫʤʥʦʞʝʥʠʝ ʩʪʨʦʢʠ (ʩʪʦʣʙʮʘ) ʥʘ ʥʝʥʫʣʝʚʦʝ ʯʠʩʣʦ; 

Á ʧʝʨʝʩʪʘʥʦʚʢʘ ʜʚʫʭ ʩʪʨʦʢ (ʩʪʦʣʙʮʦʚ); 

Á ʧʨʠʙʘʚʣʝʥʠʝ ʢ ʦʜʥʦʡ ʩʪʨʦʢʝ (ʩʪʦʣʙʮʫ) ʜʨʫʛʦʡ ʩʪʨʦʢʠ (ʩʪʦʣʙʮʘ). 

ɼʚʝ ʤʘʪʨʠʮʳ A ʠ B  ʥʘʟʳʚʘʶʪʩʷ ʵʢʚʠʚʘʣʝʥʪʥʳʤʠ, ʝʩʣʠ ʦʜʥʘ ʠʟ ʥʠʭ ʧʦʣʫ-

ʯʘʝʪʩʷ ʠʟ ʜʨʫʛʦʡ ʩ ʧʦʤʦʱʴʶ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ (ʦʙʦʟʥʘʯʝʥʠʝ: 

BA~ ). 

ɺʝʜʫʱʠʤ ʵʣʝʤʝʥʪʦʤ ʩʪʨʦʢʠ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʧʝʨʚʳʡ ʩʣʝʚʘ ʥʝʥʫʣʝʚʦʡ ʵʣʝ-

ʤʝʥʪ ʩʪʨʦʢʠ. 

ʄʘʪʨʠʮʘ, ʫ ʢʦʪʦʨʦʡ ʚʝʜʫʱʠʡ ʵʣʝʤʝʥʪ ʢʘʞʜʦʡ ʩʪʨʦʢʠ ʨʘʩʧʦʣʦʞʝʥ ʧʨʘʚʝʝ 

ʚʝʜʫʱʝʛʦ ʵʣʝʤʝʥʪʘ ʧʨʝʜʳʜʫʱʝʡ ʩʪʨʦʢʠ, ʥʘʟʳʚʘʝʪʩʷ ʩʪʫʧʝʥʯʘʪʦʡ. 

ʇʨʠʤʝʨ 2.11.                       ï ʩʪʫʧʝʥʯʘʪʘ ̫ʤʘʪʨʠʮʘ.  
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ʄʦʞʥʦ ʜʦʢʘʟʘʪʴ, ʯʪʦ ʣʶʙʘʷ ʤʘʪʨʠʮʘ ʩ ʧʦʤʦʱʴʶ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʨʝʦʙʨʘʟʦ-

ʚʘʥʠʡ ʥʘʜ ʩʪʨʦʢʘʤʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʘ ʚ ʩʪʫʧʝʥʯʘʪʫʶ. 

ʇʨʠʤʝʨ 2.12. ʇʨʝʦʙʨʘʟʫʡʪʝ ʤʘʪʨʠʮʫ 
ö
ö
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ʚ ʩʪʫʧʝʥʯʘʪʫʶ ʩ ʧʦʤʦ-

ʱʴʶ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʥʘʜ ʩʪʨʦʢʘʤʠ.  

ʈʝʰʝʥʠʝ. ʂʦ ʚʪʦʨʦʡ (II) ʩʪʨʦʢʝ ʟʘʜʘʥʥʦʡ ʤʘʪʨʠʮʳ ʧʨʠʙʘʚʠʤ ʧʝʨʚʫʶ (I) 

ʩʪʨʦʢʫ, ʫʤʥʦʞʝʥʥʫʶ ʥʘ (ï2):  
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. 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʪʘʢʦʛʦ ʚʠʜʘ ʦʙʦʟʥʘʯʠʤ ʢʘʢ { }III Ö-+ )2( . 

ɺ ʧʦʣʫʯʝʥʥʦʡ ʤʘʪʨʠʮʝ ʢ ʪʨʝʪʴʝʡ (III) ʩʪʨʦʢʝ ʧʨʠʙʘʚʠʤ ʧʝʨʚʫʶ (I) ʩʪʨʦʢʫ, 

ʫʤʥʦʞʝʥʥʫʶ ʥʘ (-1) , ʠ ʧʦʣʫʯʠʤ ʩʪʫʧʝʥʯʘʪʫʶ ʤʘʪʨʠʮʫ, ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʟʘʜʘʥ-

ʥʦʡ: 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ MATLAB  ʧʨʠ ʨʘʙʦʪʝ ʩ ʤʘʪʨʠʮʘʤʠ 

 MATLAB  ʜʣʷ ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ  ʄʘʩʩʠʚ ï ʦʩʥʦʚʥʘʷ ʬʦʨʤʘ, ʠʩʧʦʣʴʟʫʝʤʘʷ .

ʇʨʦʩʪʝʡʰʠʡ ʦʜʥʦʤʝʨʥʳʡ ʤʘʩʩʠʚ ï ʵʪʦ ʩʪʨʦʢʘ (ʚʝʢʪʦʨ-ʩʪʨʦʢʘ) ʠʣʠ ʩʪʦʣʙʝʮ 

(ʚʝʢʪʦʨ-ʩʪʦʣʙʝʮ). ɼʚʫʤʝʨʥʳʡ ʤʘʩʩʠʚ ï ʵʪʦ ʤʘʪʨʠʮʘ. ʏʠʩʣʦ ʷʚʣʷʝʪʩʷ ʤʘʪʨʠʮʝʡ 

ʨʘʟʤʝʨʘ 1Ĭ1.  

ɺ MATLAB  ʨʘʟʣʠʯʘʶʪ ʯʝʪʳʨʝ ʛʨʫʧʧʳ ʦʧʝʨʘʮʠʡ ʥʘʜ ʤʘʩʩʠʚʘʤʠ (ʯʠʩʣʘʤʠ, 

ʚʝʢʪʦʨʘʤʠ, ʤʘʪʨʠʮʘʤʠ):  

ʘ)  ʦʧʝʨʘʮʠʠ ʥʘʜ ʯʠʩʣʘʤʠ (ʪʘʙʣ. 1.1); 

ʙ) ʦʧʝʨʘʮʠʠ ʥʘʜ ʚʝʢʪʦʨʘʤʠ, ʤʘʪʨʠʮʘʤʠ ʧʦ ʧʨʘʚʠʣʘʤ ʣʠʥʝʡʥʦʡ ʘʣʛʝʙʨʳ 

(ʪʘʙʣ. 2.2, 2.5);  

ʚ) ʦʧʝʨʘʮʠʠ ʜʝʣʝʥʠʷ ʤʘʪʨʠʮ (ʩʣʝʚʘ ʥʘʧʨʘʚʦ ʠ ʩʧʨʘʚʘ ʥʘʣʝʚʦ) (ʪʘʙʣ. 2.6); 

ʛ) ʧʦʵʣʝʤʝʥʪʥʳʝ ʦʧʝʨʘʮʠʠ ʥʘʜ ʚʝʢʪʦʨʘʤʠ, ʤʘʪʨʠʮʘʤʠ (ʧʝʨʝʜ ʩʠʤʚʦʣʦʤ 

ʦʧʝʨʘʪʦʨʘ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʘʚʠʪʴ ʪʦʯʢʫ (.)) (ʪʘʙʣ. 2.3, 2.7). 

 ʇʦʵʣʝʤʝʥʪʥʳʝ ʦʧʝʨʘʮʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʫʜʦʙʥʳ ʧʨʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʜʣʷ 

 ʠʟʙʝʞʘʥʠʷ ʯʨʝʟʤʝʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʧʝʨʘʪʦʨʦʚ ʮʠʢʣʘ.
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2.2. ʉʇʆʉʆɹʓ ɿɸɼɸʅʀʗ ɺɽʂʊʆʈʆɺ ɺ MATLAB  

ʉʧʦʩʦʙʳ ʟʘʜʘʥʠʷ ʚʝʢʪʦʨʦʚ ʇʨʠʤʝʨ ʚ MATLAB  

ʇʦʵʣʝʤʝʥʪʥʳʡ ʚʚʦʜ ʚʝʢʪʦʨ-ʩʪʨʦʢʠ >> a=[1 2 3 4] 

a= 

       1    2    3    4 

ʇʦʵʣʝʤʝʥʪʥʳʡ ʚʚʦʜ ʚʝʢʪʦʨ-ʩʪʦʣʙʮʘ >> b=[1;2;3;4] 

b= 

       1   

       2   

       3   

       4 

ʆʙʲʝʜʠʥʝʥʠʝ ʜʚʫʭ ʠ ʙʦʣʝʝ ʚʝʢʪʦʨʦʚ >> v1=[1 2]; v2=[3 4];  

>> v=[v1 v2] 

v= 

       1    2    3    4 

ʉ ʧʦʤʦʱʴʶ ʦʧʝʨʘʪʦʨʘ çʜʚʦʝʪʦʯʠʝè (:) ʚ 

ʬʦʨʤʘʪʝ a:h:b 

(ʧʦʩʪʨʦʝʥʠʝ ʚʝʢʪʦʨʘ ʩ ʵʣʝʤʝʥʪʘʤʠ ʠʟ ʦʪ-

ʨʝʟʢʘ [a,b], ʛʜʝ ʘ ï ʧʝʨʚʳʡ ʵʣʝʤʝʥʪ, b ï ʧʦ-

ʩʣʝʜʥʠʡ ʵʣʝʤʝʥʪ ʚʝʢʪʦʨʘ, h ï ʰʘʛ) 

>> [2:0.5:3.5] 

ans= 

    2.0000     2.5000    3.0000   3.5000  

>> u=[12:-3:0] 

u=  

     12    9    6    3    0 

ʉ ʧʦʤʦʱʴʶ ʦʧʝʨʘʪʦʨʘ çʜʚʦʝʪʦʯʠʝè (:) ʚ 

ʬʦʨʤʘʪʝ a:b 

(ʧʦʩʪʨʦʝʥʠʝ ʚʝʢʪʦʨʘ ʩ ʵʣʝʤʝʥʪʘʤʠ ʠʟ ʦʪ-

ʨʝʟʢʘ [a,b] ʩ hʘʛʦʤ 1) 

>>c=[-2:3] 

c=  

    -2    -1     0     1    2    3 

 

ʉ ʧʦʤʦʱʴʶ ʢʦʤʘʥʜʳ linspace(a,b,n) 

(ʧʦʩʪʨʦʝʥʠʝ ʚʝʢʪʦʨʘ ʩ n ʵʣʝʤʝʥʪʘʤʠ ʠʟ ʦʪ-

ʨʝʟʢʘ [a,b], ʛʜʝ ʘ ï ʧʝʨʚʳʡ ʵʣʝʤʝʥʪ, b ï ʧʦ-

ʩʣʝʜʥʠʡ ʵʣʝʤʝʥʪ ʚʝʢʪʦʨʘ) 

>>d=linspace(3,15,5) 

d=  

     3    6    9   12   15 

 

ʇʨʠʤʝʨ 2.13. ʉʦʟʜʘʪʴ ʚʝʢʪʦʨ-ʩʪʨʦʢʫ, ʩʦʜʝʨʞʘʱʫʶ ʵʣʝʤʝʥʪʳ ʦʪ -5 ʜʦ 1 ʩ 

ʰʘʛʦʤ 0.3. 

ʈʝʰʝʥʠʝ. ʇʦʩʣʝ ʩʠʤʚʦʣʘ (>>) ʚʚʝʩʪʠ ʢʦʤʘʥʜʘ x=[-5:0.3:1] ʠ ʥʘʞʘʪʴ ʢʣʘʚʠ-

ʰʫ Enter. ɺ ʢʦʤʘʥʜʥʦʤ ʦʢʥʝ ʧʦʷʚʠʪʩʷ ʩʣʝʜʫʶʱʝʝ: 

>>x=[-5:0.3:1]                        % ʩʦʟʜʘʜʠʤ ʚʝʢʪʦʨ-ʩʪʨʦʢʫ  

x = 

  Columns 1 through 7 

          -5.0000   -4.7000   -4.4000   -4.1000   -3.8000   -3.5000   -3.2000 
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          Columns 8 through 14 

          -2.9000   -2.6000   -2.3000   -2.0000   -1.7000   -1.4000   -1.1000 

          Columns 15 through 21 

          -0.8000   -0.5000   -0.2000    0.1000    0.4000    0.7000    1.0000 

ɿʘʤʝʪʠʤ, ʯʪʦ ʩʦʦʙʱʝʥʠʷ Columns 1 through 7, Columns 8 through 14 ʠ Col-

umns 15 through 21 ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʨʝʟʫʣʴʪʘʪ (21 ʵʣʝʤʝʥʪ ʚʝʢʪʦʨʘ) ʚ ʦʜʥʫ 

ʩʪʨʦʢʫ ʥʝ ʧʦʤʝʱʘʝʪʩʷ: ʚ ʧʝʨʚʦʡ ʩʪʨʦʢʝ ʧʦʤʝʩʪʠʣʠʩʴ ʩ 1 ʧʦ 7 ʵʣʝʤʝʥʪʳ ʚʝʢʪʦʨʘ, 

ʚʦ ʚʪʦʨʦʡ ʩʪʨʦʢʝ ï ʩ 8 ʧʦ 14 ʵʣʝʤʝʥʪʳ ʚʝʢʪʦʨʘ, ʚ ʪʨʝʪʴʝʡ ʩʪʨʦʢʝ ï ʩ 15 ʧʦ 21 

ʵʣʝʤʝʥʪʳ ʚʝʢʪʦʨʘ. 

ʊʘʙʣʠʮʘ 2.1 

ɺʩʪʨʦʝʥʥʳʝ ʬʫʥʢʮʠʠ MATLAB  ʜʣʷ ʨʘʙʦʪʳ ʩ ʚʝʢʪʦʨʘʤʠ 

ʂʦʤʘʥʜʘ 

MATLAB  

ʆʧʠʩʘʥʠʝ ʇʨʠʤʝʨ ʚ MATLAB  

length(x) ɺʳʚʦʜʠʪ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ ʚʝʢʪʦʨʘ 

ʭ 

>> x= [6 1 3 -7]; 

>>length(x) 

ans= 

        4 

mean(x) ɺʳʯʠʩʣʷʝʪ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʵʣʝʤʝʥʪʦʚ 

ʚʝʢʪʦʨʘ x 

>> mean(x) 

ans= 

         0.7500 

sum(x) ɺʳʯʠʩʣʷʝʪ ʩʫʤʤʫ ʵʣʝʤʝʥʪʦʚ ʚʝʢʪʦʨʘ ʭ >> sum(x) 

ans= 

       3 

sort(x) ʉʦʟʜʘʝʪ ʚʝʢʪʦʨ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʵʣʝʤʝʥʪʦʚ 

ʚʝʢʪʦʨʘ ʭ, ʩʦʩʪʘʚʣʝʥʥʳʭ ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ 

>> sort (x) 

ans= 

       -7   1  3  6   

min(x) ʅʘʭʦʜʠʪ ʤʠʥʠʤʘʣʴʥʳʡ ʵʣʝʤʝʥʪ (ʩ ʫʯʝ-

ʪʦʤ ʟʥʘʢʘ) ʚʝʢʪʦʨʘ x 

>> min(x) 

ans= 

       -7 

max(x) ʅʘʭʦʜʠʪ ʤʘʢʩʠʤʘʣʴʥʳʡ ʵʣʝʤʝʥʪ (ʩ ʫʯʝ-

ʪʦʤ ʟʥʘʢʘ) ʚʝʢʪʦʨʘ x 

>> max(x) 

ans= 

       6 
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2.3. ʆʇɽʈɸʎʀʀ ʅɸɼ ɺɽʂʊʆʈɸʄʀ ɺ MATLAB  

ʊʘʙʣʠʮʘ 2.2 

ʆʧʝʨʘʮʠʠ ʥʘʜ ʚʝʢʪʦʨʘʤʠ ʧʦ ʧʨʘʚʠʣʘʤ ʣʠʥʝʡʥʦʡ ʘʣʛʝʙʨʳ 

ʆʧʝʨʘʮʠʷ ɿʘʧʠʩʴ ʚ MATLAB  ʇʨʠʤʝʨ ʚ MATLAB  

ʉʣʦʞʝʥʠʝ ʚʝʢʪʦʨʦʚ 

ʦʜʠʥʘʢʦʚʦʛʦ ʨʘʟʤʝʨʘ 

 

x+y 

 

>> x=[1 3 5]; y=[2 4 7];  

>> x+y 

ans =  

        3    7    12 

ɺʳʯʠʪʘʥʠʝ ʚʝʢʪʦʨʦʚ 

ʦʜʠʥʘʢʦʚʦʛʦ ʨʘʟʤʝʨʘ 

xïy >> xïy 

ans =  

         -1    -1    -2 

ʋʤʥʦʞʝʥʠʝ ʚʝʢʪʦʨʘ ʥʘ 

ʯʠʩʣʦ 

x*n ʠʣʠ n*x,  

ʛʜʝ n ï ʣʶʙʦʝ ʯʠʩʣʦ 

>> x*3 

ans =  

          3     9    15 

ʊʨʘʥʩʧʦʥʠʨʦʚʘʥʠʝ 

ʚʝʢʪʦʨʘ 

x' >> x' 

ans =  

          1 

          3 

          5 

ʇʨʦʠʟʚʝʜʝʥʠʝ ʜʚʫʭ 

ʚʝʢʪʦʨʦʚ  

x*y  >> x'*y 

ans =  

         2      4      7 

         6    12    21 

       10    20    35 

 

ʊʘʙʣʠʮʘ 2.3 

ʇʦʵʣʝʤʝʥʪʥʳʝ ʦʧʝʨʘʮʠʠ ʥʘʜ ʚʝʢʪʦʨʘʤʠ  

ʆʧʝʨʘʮʠʷ ɿʘʧʠʩʴ ʚ MATLAB  ʇʨʠʤʝʨ ʚ MATLAB  

ʇʦʵʣʝʤʝʥʪʥʦʝ ʫʤʥʦ-

ʞʝʥʠʝ ʚʝʢʪʦʨʦʚ ʦʜʠ-

ʥʘʢʦʚʦʛʦ ʨʘʟʤʝʨʘ 

 

x.*y 

 

>>x=[1 3 5]; y=[2 4 7];  

>>x.*y 

ans =  

        2     12    35 

ʇʦʵʣʝʤʝʥʪʥʦʝ ʜʝʣʝʥʠʝ 

ʚʝʢʪʦʨʦʚ ʦʜʠʥʘʢʦʚʦʛʦ 

ʨʘʟʤʝʨʘ ʩʣʝʚʘ ʥʘʧʨʘʚʦ  

x./y 

 

>>x=[1 3 5]; y=[2 4 7];  

>>x./y 

ans =  

       0.5000     0.7500     0.7143 

ʇʦʵʣʝʤʝʥʪʥʦʝ ʜʝʣʝʥʠʝ 

ʚʝʢʪʦʨʦʚ ʦʜʠʥʘʢʦʚʦʛʦ 

ʨʘʟʤʝʨʘ ʩʧʨʘʚʘ ʥʘʣʝʚʦ 

x.\y 

 

>>x=[1 3 5]; y=[2 4 7];  

>>x.\y 

ans = 

       2.0000     1.3333     1.400 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣ. 2.3 
 

ʇʦʵʣʝʤʝʥʪʥʦʝ 

ʚʦʟʚʝʜʝʥʠʝ ʚ ʩʪʝʧʝʥʴ 

 

x.^y 

(x ʠ y ï ʚʝʢʪʦʨʳ ʦʜʠ-

ʥʘʢʦʚʦʛʦ ʨʘʟʤʝʨʘ) 

 

x.^n 

(n ï ʣʶʙʦʝ ʯʠʩʣʦ) 

 

>>x=[1 3 5];  y=[2 4 7];  

>>x.^y 

ans =  

        1      81     78125 

>>x.^2 

ans =  

        1       9      25 

 

ʋʨʦʚʥʠ ʧʨʠʦʨʠʪʝʪʘ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ: 

1) ʚʦʟʚʝʜʝʥʠʝ ʚ ʩʪʝʧʝʥʴ: (.^), (̂ ); 

2) ʫʤʥʦʞʝʥʠʝ: (.*), (*) ʠ ʜʝʣʝʥʠʝ: (./), (/), (.\), (\); 

3) ʩʣʦʞʝʥʠʝ (+) ʠ ʚʳʯʠʪʘʥʠʝ (-). 

ʆʧʝʨʘʪʦʨʳ ʦʜʥʦʛʦ ʫʨʦʚʥʷ ʠʤʝʶʪ ʨʘʚʥʳʡ ʧʨʠʦʨʠʪʝʪ ʠ ʚʳʧʦʣʥʷʶʪʩʷ ʩʣʝʚʘ 

ʥʘʧʨʘʚʦ. ʇʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ ʤʦʞʥʦ ʠʟʤʝʥʠʪʴ ʧʨʠ ʧʦʤʦʱʠ ʩʢʦʙʦʢ. 

ʇʦʵʣʝʤʝʥʪʥʳʝ ʦʧʝʨʘʮʠʠ ʥʘʜ ʚʝʢʪʦʨʘʤʠ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʚʳʯʠʩʣʝ-

ʥʠ̫ ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʠ ʧʨʠ ʥʝʩʢʦʣʴʢʠʭ ʟʥʘʯʝʥʠʷʭ ʝʝ ʘʨʛʫʤʝʥʪʘ. 

ʇʨʠʤʝʨ 2.14. ɺʳʯʠʩʣʠʪʴ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ 
16

72
3

4

+

+-
=

x

xx
y  ʧʨʠ x=1,2,3,4,5. 

ʈʝʰʝʥʠʝ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʚʝʢʪʦʨʘ x ʩ ʵʣʝʤʝʥʪʘʤʠ 1, 2, 3, 4, 5 ʚ ʢʦʤʘʥʜʥʦʤ 

ʦʢʥʝ ʧʦʩʣʝ ʩʠʤʚʦʣʘ (>>) ʚʚʝʩʪʠ ʢʦʤʘʥʜʫ x=[1:5], ʥʘʞʠʤʘʝʤ ʢʣʘʚʠʰʫ Enter. 

ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʟʘʜʘʥʥʦʡ ʬʫʥʢʮʠʠ ʧʨʠ x=1,2,3,4,5 ʚʚʝʩʪʠ ʢʦʤʘʥ-

ʜʫ y=(x.^4-2*x+7)./(6*x.^3+1). ʊʦʛʜʘ ʚ ʢʦʤʘʥʜʥʦʤ ʦʢʥʝ ʧʦʷʚʠʪʩʷ ʩʣʝʜʫʶʱʝʝ: 

>> x=[1:5]                              % ʩʦʟʜʘʜʠʤ ʚʝʢʪʦʨ-ʩʪʨʦʢʫ ʩ ʵʣʝʤʝʥʪʘʤʠ 1,2,3,4,5 

x = 

1 2  3  4  5 

>> y=(x.^4-2*x+7)./(6*x.^3+1)   % ʚʳʯʠʩʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʟʘʜʘʥʥʦʡ ʬʫʥʢʮʠʠ 

y = 

     0.8571    0.3878    0.5031    0.6623    0.8282 

ɿʘʤʝʪʠʤ, ʯʪʦ ʧʦʵʣʝʤʝʥʪʥʳʝ ʦʧʝʨʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ 
4x , 

3x
 
ʠ ʧʨʠ ʜʝʣʝʥʠʠ.  

ʇʨʠʤʝʨ 2.15. ʇʦʩʪʨʦʠʪʴ ʪʘʙʣʠʮʫ ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʠ 
2sin ( )

( ) 2 ln
2 cos( )

xx
f x e x

x
= + Ö Ö
-

ʥʘ ʦʪʨʝʟʢʝ [3;5] ʩ ʰʘʛʦʤ 0.1. 

ʈʝʰʝʥʠʝ. ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ: 

>> x=[3:0.1:5]                        % ʩʦʟʜʘʜʠʤ ʚʝʢʪʦʨ-ʩʪʨʦʢʫ 

x = 

  Columns 1 through 8 

    3.0000    3.1000    3.2000    3.3000    3.4000    3.5000    3.6000    3.7000 
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  Columns 9 through 16 

    3.8000    3.9000    4.0000    4.1000    4.2000    4.3000    4.4000    4.5000 

  Columns 17 through 21 

    4.6000    4.7000    4.8000    4.9000    5.0000 

>> f=((sin(x)).^2)./(2-cos(x))+2*exp(x).*log(x) % ʚʳʯʠʩʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʠ 

f = 

  Columns 1 through 8 

   44.1391   50.2302   57.0712   64.7491   73.3607   83.0135   93.8274  105.9356 

  Columns 9 through 16 

  119.4864  134.6447  151.5941  170.5388  191.7061  215.3489  241.7484  271.2177 

  Columns 17 through 21 

304.1048  340.7971  381.7252  427.3683  478.2593 

 

2.4. ʉʇʆʉʆɹʓ ɿɸɼɸʅʀʗ ʄɸʊʈʀʎ ɺ MATLAB  

ʉʧʦʩʦʙʳ ʟʘʜʘʥʠʷ ʤʘʪʨʠʮ ʇʨʠʤʝʨ ʚ MATLAB  

ʇʦʵʣʝʤʝʥʪʥʳʡ ʚʚʦʜ ʚʝʢʪʦʨ-ʩʪʨʦʢʠ  >>A=[1 2 3; 4 5 6] 

ɸ=  

       1    2    3     

       4    5    6 

ʆʙʲʝʜʠʥʝʥʠʝ ʚʝʢʪʦʨʦʚ >>a1=[2 4 6]; a2=[3 5 7]; a3=[1 8 9]; 

>>B=[a1; a2; a3] 

B= 

       2     4     6 

       3     5     7 

       1     8     9 

ʉ ʫʢʘʟʘʥʠʝʤ ʰʘʛʘ ʠʟʤʝʥʝʥʠʷ ʚ ʩʪʨʦʢʘʭ >>C=[1:3:10; 2:-1:-1; 8:11; -3:5:12] 

ʉ=  

       1      4      7     10 

       2      1      0     -1 

       8      9    10     11 

      -3      2      7     12 

 

ʊʘʙʣʠʮʘ 2.4 

ɺʩʪʨʦʝʥʥʳʝ ʬʫʥʢʮʠʠ MATLAB  ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʪʨʠʮ 

ʂʦʤʘʥʜʘ 

MATLAB  

ʆʧʠʩʘʥʠʝ ʇʨʠʤʝʨ ʚ MATLAB  

zeros(m,n) ʉʦʟʜʘʝʪ ʤʘʪʨʠʮʫ ʨʘʟʤʝʨʘ mĬn ʩ 

ʥʫʣʝʚʳʤʠ ʵʣʝʤʝʥʪʘʤʠ (m ï ʢʦ-

ʣʠʯʝʩʪʚʦ ʩʪʨʦʢ, n ï ʢʦʣʠʯʝʩʪʚʦ 

ʩʪʦʣʙʮʦʚ) 

>>O=zeros(2,4) 

O = 

     0     0     0     0 

     0     0     0     0 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣ. 2.4 

eye(m, n) ʉʦʟʜʘʝʪ ʝʜʠʥʠʯʥʫʶ ʤʘʪʨʠʮʫ ɽmĬn >>E1=eye(2,3) 

E1 = 

     1     0     0 

     0     1     0 

>> E2=eye(3,3) 

E2 = 

     1     0     0 

     0     1     0 

     0     0     1 

ones(m, n) ʉʦʟʜʘʝʪ ʤʘʪʨʠʮʫ ʨʘʟʤʝʨʘ mĬn ʩ 

ʝʜʠʥʠʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ 

>> I=ones(3,2) 

I = 

     1     1 

     1     1 

     1     1 

rand(m, n) ʉʦʟʜʘʝʪ ʤʘʪʨʠʮʫ ʨʘʟʤʝʨʘ mĬn ʠʟ 

ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ, ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0 

ʜʦ 1 

>> D=rand(2,3) 

D = 

   0.8147   0.1270    0.6324 

   0.9058   0.9134    0.0975 

magic(n) ʉʦʟʜʘʝʪ ʤʘʛʠʯʝʩʢʫʶ ʤʘʪʨʠʮʫ 

ʨʘʟʤʝʨʘ nĬn (ʩʫʤʤʘ ʵʣʝʤʝʥʪʦʚ 

ʢʘʞʜʦʡ ʩʪʨʦʢʠ, ʢʘʞʜʦʛʦ ʩʪʦʣʙʮʘ 

ʠ ʢʘʞʜʦʡ ʜʠʘʛʦʥʘʣʠ ʦʜʠʥʘʢʦʚʘ) 

>>M=magic(4) 

M = 

    16      2      3    13 

      5    11    10      8 

      9      7      6    12 

      4    14    15      1 

tril(A)  ʉʦʟʜʘʝʪ ʥʠʞʥʶʶ ʪʨʝʫʛʦʣʴʥʫʶ 

ʤʘʪʨʠʮʫ ʥʘ ʦʩʥʦʚʝ ʟʘʜʘʥʥʦʡ 

ʤʘʪʨʠʮʳ A 

>>A=[-1 4 9; 0 7 2] 

ɸ=  

       -1    4    9     

        0    7    2 

>>T1 =tril(A) 

T1 = 

     1     0     0 

     2     4     0 

     3     7     9 

triu(A) ʉʦʟʜʘʝʪ ʚʝʨʭʥʶʶ ʪʨʝʫʛʦʣʴʥʫʶ 

ʤʘʪʨʠʮʫ ʥʘ ʦʩʥʦʚʝ ʟʘʜʘʥʥʦʡ 

ʤʘʪʨʠʮʳ A 

>>A=[-1 4 9; 0 7 2]; 

>>T2= triu(A) 

T2 = 

     1     3     5 

     0     4     7 

     0     0     9 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣ. 2.4 

size(A) ɺʳʯʠʩʣʷʝʪ ʢʦʣʠʯʝʩʪʚʦ ʩʪʨʦʢ ʠ 

ʩʪʦʣʙʮʦʚ ʤʘʪʨʠʮʳ [m n] ʤʘʪʨʠ-

ʮʳ ɸ ʨʘʟʤʝʨʘ mĬn 

>>A=[-1 4 9; 0 7 2]; 

>> size(A) 

ans= 

      2   3 

min(A) ʉʦʟʜʘʝʪ ʚʝʢʪʦʨ-ʩʪʨʦʢʫ, ʩʦʩʪʦʷ-

ʱʫʶ ʠʟ ʤʠʥʠʤʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʢʘʞʜʦʛʦ ʩʪʦʣʙʮʘ ʤʘʪʨʠʮʳ ɸ 

>>A=[-1 4 9; 0 7 2]; 

>> min(A) 

ans= 

      -1    4    2   

max(A) ʉʦʟʜʘʝʪ ʚʝʢʪʦʨ-ʩʪʨʦʢʫ, ʩʦʩʪʦʷ-

ʱʫʶ ʠʟ ʤʘʢʩʠʤʘʣʴʥʳʭ ʵʣʝʤʝʥ-

ʪʦʚ ʢʘʞʜʦʛʦ ʩʪʦʣʙʮʘ ʤʘʪʨʠʮʳ ɸ 

>>A=[-1 4 9; 0 7 2]; 

>> max(A) 

ans= 

       0    7   9   

[a,k]=min(A,[],d) ʉʦʟʜʘʝʪ ʚʝʢʪʦʨ-ʩʪʨʦʢʫ a, ʩʦʩʪʦ-

ʷʱʫʶ ʠʟ ʤʠʥʠʤʘʣʴʥʳʭ ʵʣʝʤʝʥ-

ʪʦʚ ʢʘʞʜʦʛʦ ʩʪʦʣʙʮʘ ʤʘʪʨʠʮʳ ɸ, 

k ï ʥʦʤʝʨʘ ʵʣʝʤʝʥʪʦʚ (ʧʨʠ d=1 

ʧʦ ʩʪʦʣʙʮʘʤ,  ʧʨʠ d=2 ʧʦ ʩʪʨʦ-

ʢʘʤ) 

>>A=[-1 4 9; 0 7 2]; 

>> [a,k]=min(A,[],1) 

ʘ= 

    -1     4     2 

k= 

     1     1     2 

>> [a,k]=min(A,[],2) 

ʘ= 

     -1 

      0 

k= 

      1 

      1 

[a,k]=max(A,[],d) ʉʦʟʜʘʝʪ ʚʝʢʪʦʨ-ʩʪʨʦʢʫ a, ʩʦʩʪʦ-

ʷʱʫʶ ʠʟ ʤʘʢʩʠʤʘʣʴʥʳʭ ʵʣʝʤʝʥ-

ʪʦʚ ʢʘʞʜʦʛʦ ʩʪʦʣʙʮʘ ʤʘʪʨʠʮʳ ɸ, 

k ï ʥʦʤʝʨʘ ʵʣʝʤʝʥʪʦʚ (ʧʨʠ d=1 

ʧʦ ʩʪʦʣʙʮʘʤ,  ʧʨʠ d=2 ʧʦ ʩʪʨʦ-

ʢʘʤ) 

>>A=[-1 4 9; 0 7 2]; 

>> [a,k]=max(A,[],1) 

ʘ= 

     0    7    9 

k= 

     2    2    1 

>> [a,k]=max (A,[],2) 

ʘ= 

      9 

      7 

k= 

      3 

      2 
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2.5. ʆʇɽʈɸʎʀʀ ʅɸɼ ʄɸʊʈʀʎɸʄʀ ɺ MATLAB  

ʊʘʙʣʠʮʘ 2.5 

ʆʧʝʨʘʮʠʠ ʥʘʜ ʤʘʪʨʠʮʘʤʠ ʧʦ ʧʨʘʚʠʣʘʤ ʣʠʥʝʡʥʦʡ ʘʣʛʝʙʨʳ 

ʆʧʝʨʘʮʠʷ ɿʘʧʠʩʴ ʚ MATLAB ʇʨʠʤʝʨ ʚ MATLAB 

ʉʣʦʞʝʥʠʝ ʤʘʪʨʠʮ ʦʜʠʥʘʢʦ-

ʛʦ ʨʘʟʤʝʨʘ 
A + B >>A=[3 1; 4 5; 0 1]; 

>>B=[0 -2; 8 3; 1 9]; 

>> A + B 

ans = 

        3     -1     

        12      8 

        1    10          

ɺʳʯʠʪʘʥʠʝ ʤʘʪʨʠʮ ʦʜʠʥʘ-

ʢʦʛʦ ʨʘʟʤʝʨʘ 
A ï B >> A ï B 

ans = 

       3     3       

      -4     2 

      -1    -8    

ʋʤʥʦʞʝʥʠʝ ʤʘʪʨʠʮʳ ʥʘ 

ʯʠʩʣʦ 
k*A  

ʠʣʠ  

A*k  

(k - ʣʶʙʦʝ ʯʠʩʣʦ) 

>>k=-2; 

>>k*A 

ans = 

       -6     -2 

       -8   -10    

        0     -2       

ʊʨʘʥʩʧʦʥʠʨʦʚʘʥʠʝ ʤʘʪʨʠ-

ʮ  r
A' >>A' 

ans = 

       3     4     0    

       1     5     1 

ɺʦʟʚʝʜʝʥʠʝ ʢʚʘʜʨʘʪʥʦʡ 

ʤʘʪʨʠʮʳ ɸ ʚ ʮʝʣʫʶ ʩʪʝ-

ʧʝʥʴ n  

(ɸ
0
=E ʧʨʠ n=0, E ï ʝʜʠ-

ʥʠʯʥʘʷ ʤʘʪʨʠʮʘ ʪʦʛʦ ʞʝ 

ʧʦʨʷʜʢʘ, ʢʘʢ ɸ) 

 

ɸn̂ 

 

 

 

>>A=[3 1; 4 5]; n=3; 

>>A^n 

ans = 

         71      53    

       212    177 

>>A^0 

ans = 

         1     0 

         0     1 

ʆʙʨʘʱʝʥʠʝ ʢʚʘʜʨʘʪʥʦʡ 

ʤʘʪʨʠʮʳ  

(ʚʳʯʠʩʣʝʥʠʝ ʤʘʪʨʠʮʳ ɸ
-1
, 

ʦʙʨʘʪʥʦʡ ʟʘʜʘʥʥʦʡ ʤʘʪʨʠ-

ʮʝ ɸ, ɸɸ
-1
=ɸ

-1
ɸ=ɽ) 

inv(A)  

 

>>A=[3 1; 4 5]; n=3; 

>>inv(A) 

ans = 

         0.4545   -0.0909 

        -0.3636    0.2727 

ɸ^(-1) >>A=[3 1; 4 5]; n=3; 

>> ɸ^(-1) 

ans = 

         0.4545   -0.0909 

        -0.3636    0.2727 
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ʊʘʙʣʠʮʘ 2.6 

ɼʝʣʝʥʠʝ ʤʘʪʨʠʮ ʚ MATLAB  

ʆʧʝʨʘʮʠʷ ɿʘʧʠʩʴ ʚ MATLAB 

(ʦʧʠʩʘʥʠʝ) 

ʇʨʠʤʝʨ  

ʚ MATLAB 

ɼʝʣʝʥʠʝ ʤʘʪʨʠʮ  

ʩʣʝʚʘ ʥʘʧʨʘʚʦ 

 

A/B 

(ʵʢʚʠʚʘʣʝʥʪʥʘ ʫʤʥʦʞʝʥʠʶ 

ʤʘʪʨʠʮʳ ɸ ʥʘ ʤʘʪʨʠʮʫ ɺ
-1
, 

ʪ.ʝ. A/B= ɸɺ
-1
) 

>>A=[3 1; 4 5]; 

>>B=[0 -2; 8 3]; 

>>A/B 

ans = 

        0.0625    0.3750    

       -1.7500    0.5000   

ɼʝʣʝʥʠʝ ʤʘʪʨʠʮ 

ʩʧʨʘʚʘ ʥʘʣʝʚʦ  

A\B 

(ʵʢʚʠʚʘʣʝʥʪʥʘ ʫʤʥʦʞʝʥʠʶ 

ʤʘʪʨʠʮʳ ɸ
-1
 ʥʘ ʤʘʪʨʠʮʫ ɺ, 

ʪ.ʝ. A\B= ɸ
-1
 ɺ) 

>>A\B 

ans = 

     -0.7273     -1.1818     

      2.1818     1.5455     

 

ʊʘʙʣʠʮʘ 2.7 

ʇʦʵʣʝʤʝʥʪʥʳʝ ʦʧʝʨʘʮʠʠ ʥʘʜ ʤʘʪʨʠʮʘʤʠ  

ʆʧʝʨʘʮʠʷ ɿʘʧʠʩʴ ʚ MATLAB   

(ʦʧʠʩʘʥʠʝ) 

ʇʨʠʤʝʨ ʚ MATLAB  

ʇʦʵʣʝʤʝʥʪʥʦʝ ʫʤʥʦʞʝ-

ʥʠʝ ʤʘʪʨʠʮ ʦʜʠʥʘʢʦʚʦʛʦ 

ʨʘʟʤʝʨʘ 

A.*B 

( ʣɻʝʤʝʥʪʳ ʤʘʪʨʠʮʳ A 

ʫʤʥʦʞʘʶʪʩʷ ʥʘ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʝ ʵʣʝʤʝʥʪʳ  

ʤʘʪʨʠʮʳ B) 

>>A=[3 1; 4 5]; 

>>B=[0 -2; 8 3]; 

>>A.*B 

ans = 

        0     -2     

      32    15      

ʇʦʵʣʝʤʝʥʪʥʦʝ ʜʝʣʝʥʠʝ 

(ʩʣʝʚʘ ʥʘʧʨʘʚʦ) ʤʘʪʨʠʮ 

ʦʜʠʥʘʢʦʚʦʛʦ ʨʘʟʤʝʨʘ 

A./B  

 ( ʣɻʝʤʝʥʪʳ ʤʘʪʨʠʮʳ A ʜʝ-

ʣʷʪʩʷ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ B) 

 

>>A=[3 1; 4 5]; 

>>B=[0 -2; 8 3]; 

>> A./B 

ans = 

              Inf        -0.5000     

        0.5000       1.6667     

ʇʦʵʣʝʤʝʥʪʥʦʝ ʜʝʣʝʥʠʝ 

(ʩʧʨʘʚʘ ʥʘʣʝʚʦ) ʤʘʪʨʠʮ 

ʦʜʠʥʘʢʦʚʦʛʦ ʨʘʟʤʝʨʘ 

A.\B 

( ʣɻʝʤʝʥʪʳ ʤʘʪʨʠʮʳ ɺ  ʜʝ-

ʣʷʪʩʷ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ ɸ) 

 

>>A=[3 1; 4 5]; 

>>B=[0 -2; 8 3]; 

>> A.\B 

ans = 

        0.0000    -2.0000     

        2.0000     0.6000      
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣ. 2.7 

ʇʦʵʣʝʤʝʥʪʥʦʝ ʚʦʟʚʝʜʝ-

ʥʠʝ ʚ ʩʪʝʧʝʥʴ 

A.^n  

(ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ ɸ  

ʚʦʟʚʦʜʷʪʩʷ ʚ n-ʶ ʩʪʝʧʝʥʴ) 

 

>>A=[3 1; 4 5]; 

>>n=4; 

>>A.^n 

ans = 

         81            1         

       256         625 

>>A.^(-1) 

ans = 

      0.3333    1.0000 

      0.2500    0.2000 

ʇʦʵʣʝʤʝʥʪʥʦʝ ʧʨʠʙʘʚʣʝ-

ʥʠʝ ʢ ʤʘʪʨʠʮʝ ʯʠʩʣʘ 

A+k  

(ʵʢʚʠʚʘʣʝʥʪʥʦ A+k*E, ʛʜʝ k 

ï ʯʠʩʣʦ, E ï ʤʘʪʨʠʮʘ ʩ ʝʜʠ-

ʥʠʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ  ʪʦʛʦ 

ʞʝ ʨʘʟʤʝʨʘ, ʢʘʢ ʠ ɸ) 

>>A=[3 1; 4 5]; 

>>k=-4; 

>> A+k 

ans = 

         -1    -3      

          0     1       

 

2.6. ʀɿɺʃɽʏɽʅʀɽ ʀ ɺʉʊɸɺʂɸ ʏɸʉʊɽʁ ʄɸʊʈʀʎʓ ɺ MATLAB  

ʊʘʙʣʠʮʘ 2.8 

ʀʟʚʣʝʯʝʥʠʝ ʠ ʚʩʪʘʚʢʘ ʯʘʩʪʝʡ ʤʘʪʨʠʮʳ 

ʆʧʝʨʘʮʠʷ ɿʘʧʠʩʴ ʚ MATLAB   ʇʨʠʤʝʨ ʚ MATLAB  

ʀʟʚʣʝʯʝʥʠʝ ʟʥʘʯʝʥʠʷ 

ʵʣʝʤʝʥʪʘ ʠʟ ʤʘʪʨʠʮʳ 

a=A(i,j) 

(a ï ʵʣʝʤʝʥʪ ʤʘʪʨʠʮʳ ɸ, ʩʪʦ-

ʷʱʠʡ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ i-ʡ 

ʩʪʨʦʢʠ ʠ j-ʛʦ ʩʪʦʣʙʮʘ) 

>>A=[3 1 7; 4 5 6; 9 0 -2] 

A= 

        3   1    7 

        4   5    6 

        9   0   -2 

>>A(2,3) 

ans =  

         6 

ɺʩʪʘʚʢʘ ʟʥʘʯʝʥʠʷ 

ʵʣʝʤʝʥʪʘ ʚ ʤʘʪʨʠʮʫ 

A(i,j)=k 

(k ï ʟʥʘʯʝʥʠʝ, ʥʘ ʢʦʪʦʨʦʝ 

ʥʝʦʙʭʦʜʠʤʦ ʟʘʤʝʥʠʪʴ ʵʣʝ-

ʤʝʥʪ ʤʘʪʨʠʮʳ ɸ, ʩʪʦʷʱʠʡ ʥʘ 

ʧʝʨʝʩʝʯʝʥʠʠ i-ʡ ʩʪʨʦʢʠ ʠ j-ʛʦ 

ʩʪʦʣʙʮʘ) 

>>A=[3 1 7; 4 5 6; 9 0 -2]; 

>>A(1,2)=4; 

A = 

        3     4     7 

        4     5     6 

        9     0    -2 

ʀʟʚʣʝʯʝʥʠʝ ʩʪʨʦʢʠ ʠʟ 

ʤʘʪʨʠʮʳ 

A(m,:) 

(ʠʟʚʣʝʢʘʝʪ m-ʶ ʩʪʨʦʢʫ ʠʟ 

ʤʘʪʨʠʮʳ A) 

>>A=[3 1 7; 4 5 6; 9 0 -2]; 

>>A(3,:) 

ans = 

        9    0    -2 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣ. 2.8 

ʀʟʚʣʝʯʝʥʠʝ ʩʪʦʣʙʮʘ 

ʠʟ ʤʘʪʨʠʮʳ 

A(:,n) 

(ʠʟʚʣʝʢʘʝʪ n-ʡ ʩʪʦʣʙʝʮ ʠʟ 

ʤʘʪʨʠʮʳ A) 

>>A=[3 1 7; 4 5 6; 9 0 -2]; 

>>A(:,2) 

ans = 

        1 

        5 

        0 

ɺʩʪʘʚʢʘ ʩʪʨʦʢʠ ʚ 

ʤʘʪʨʠʮʫ 

A(m,:)=[x1 x2 é xk] 

(x1, x2, é ,xk ï ʢʦʦʨʜʠʥʘʪʳ 

ʚʝʢʪʦʨ-ʩʪʨʦʢʠ ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʝʛʦ ʨʘʟʤʝʨʘ, ʥʘ ʢʦʪʦʨʳʡ 

ʥʝʦʙʭʦʜʠʤʦ ʟʘʤʝʥʠʪʴ m-ʶ 

ʩʪʨʦʢʫ ʤʘʪʨʠʮʳ ɸ) 

>>A=[3 1 7; 4 5 6; 9 0 -2]; 

>>A(1,:)=[-2 -1 5] 

A = 

       -2    -1    5 

        4     5    6 

        9     0   -2 

ɺʩʪʘʚʢʘ ʩʪʦʣʙʮʘ ʚ 

ʤʘʪʨʠʮʫ 

A(:,n)=[x1;x2;é;xk] 

(x1, x2,é ,xk ï ʢʦʦʨʜʠʥʘʪʳ 

ʚʝʢʪʦʨ-ʩʪʦʣʙʮʘ ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʝʛʦ ʨʘʟʤʝʨʘ, ʥʘ ʢʦʪʦʨʳʡ 

ʥʝʦʙʭʦʜʠʤʦ ʟʘʤʝʥʠʪʴ n-ʡ 

ʩʪʦʣʙʝʮ ʤʘʪʨʠʮʳ ɸ) 

>>A=[3 1 7; 4 5 6; 9 0 -2]; 

>>A(:,3)=[0;-4;7] 

A = 

        3     1     0 

        4     5    -4 

        9     0     7 

ʀʟʚʣʝʯʝʥʠʝ ʤʘʪʨʠʮʳ 

ʠʟ ʤʘʪʨʠʮʳ 

ʉʦʟʜʘʝʪ ʤʘʪʨʠʮʫ, ʩʦʜʝʨʞʘ-

ʱʫʶ ʥʝʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʝʥ-

ʥʳʝ ʵʣʝʤʝʥʪʳ  

ʠʩʭʦʜʥʦʡ 

>>A=[3 1 7; 4 5 6; 9 0 -2]; 

>>B=A(2:3, 1:2) 

B = 

       4     5 

       9     0 

ɺʩʪʘʚʢʘ ʤʘʪʨʠʮʳ ʚ 

ʤʘʪʨʠʮʫ 

ɼʦʙʘʚʣʷʝʪ ʚ ʤʘʪʨʠʮʫ ʵʣʝ-

ʤʝʥʪʳ ʚ ʚʠʜʝ ʤʘʪʨʠʮʳ 

>>A=[3 1 7; 4 5 6; 9 0 -2]; 

>>C=[0 1; 1 0]; 

>>A(2:3,2:3)=C 

A = 

        3     1     7 

        4     0     1 

        9     1     0 

 çʈʘʩʪʷʛʠʚʘʥʠʝè ʤʘʪ-

ʨʠʮʳ ʚ ʚʝʢʪʦʨ 

A(:) 

(ʠʟ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ AmĬn 

ʩʦʟʜʘʝʪ ʚʝʢʪʦʨ ʨʘʟʤʝʨʘ mĬn) 

>>A=[3 1 7; 4 5 6; 9 0 -2]; 

>>A(:) 

ans = 

       3 

       4 

       9 

       1 

       5 

       0 

       7 

       6 

      -2 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣ. 2.8 

ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ ʢʦʥ-

ʢʘʪʝʥʘʮʠʷ (ʦʙʲʝʜʠ-

ʥʝʥʠʝ) 

ʉʦʟʜʘʝʪ ʥʦʚʫʶ ʤʘʪʨʠʮʫ ʧʫ-

ʪʝʤ ʦʙʲʝʜʠʥʝʥʠʷ ʤʘʪʨʠʮ  ʩ 

ʦʜʠʥʘʢʦʚʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʩʪʨʦʢ 

>>A1=[2;3;4]; 

>>A2=[5 6; 7 8; 9 0]; 

>>A3=[1 0 2; -2 7 8; 3 4 -5]; 

>>D=[A1,A2,A3] 

D = 

     2     5     6     1     0     2 

     3     7     8    -2     7     8 

     4     9     0     3     4    -5 

ɺʝʨʪʠʢʘʣʴʥʘʷ ʢʦʥʢʘ-

ʪʝʥʘʮʠʷ (ʦʙʲʝʜʠʥʝ-

ʥʠʝ) 

ʉʦʟʜʘʝʪ ʥʦʚʫʶ ʤʘʪʨʠʮʫ ʧʫ-

ʪʝʤ ʦʙʲʝʜʠʥʝʥʠʷ ʤʘʪʨʠʮ  ʩ 

ʦʜʠʥʘʢʦʚʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʩʪʦʣʙʮʦʚ 

>>B1=[2 3 4]; 

>>B2=[5 6 7;8 9 0]; 

>>B3=[1 0 2; -2 7 8; 3 4 -5]; 

>>P=[B1;B2;B3] 

P = 

     2     3     4 

     5     6     7 

     8     9     0 

     1     0     2 

    -2     7     8 

     3     4    -5 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʟʥʘʪʴ ʦʙ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʝʨʝʤʝʥʥʳʭ ʨʘ-

ʙʦʯʝʛʦ ʦʢʥʘ, ʩʫʱʝʩʪʚʫʝʪ ʢʦʤʘʥʜʘ whos. 

ʂʦʤʘʥʜʘ 

MATLAB  

ʆʧʠʩʘʥʠʝ ʇʨʠʤʝʨ ʚ MATLAB  

>> whos ɺʳʚʦʜʠʪ ʚ ʢʦʤʘʥʜ-

ʥʦʝ ʦʢʥʦ ʩʧʠʩʦʢ ʧʝ-

ʨʝʤʝʥʥʳʭ ʨʘʙʦʯʝʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʩ ʦʧʠ-

ʩʘʥʠʝʤ ʠʭ ʥʝʢʦʪʦ-

ʨʳʭ ʘʪʨʠʙʫʪʦʚ. 

>>A=[1 2 3; 4 5 6]; x=[-2  3]; a=7; 

>> whos  

Name      Size            Bytes  Class     Attributes 

 

  A           2x3                48     double               

  a            1x1                  8     double               

  x            1x2                16     double   

 

ʂʆʅʊʈʆʃʔʅʓɽ ɺʆʇʈʆʉʓ  

1. ɺ ʯʝʤ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʩʢʘʣʷʨʥʳʤ ʟʥʘʯʝʥʠʝʤ, ʤʘʪʨʠʮʝʡ ʠ ʚʝʢʪʦʨʦʤ ʚ 

MATLAB ?  

2. ʏʝʤ ʚ MATLAB  ʦʪʣʠʯʘʶʪʩʷ ʢʦʤʘʥʜʳ (*) ʠ (.*)? 

3. ʏʪʦ ʦʪʦʙʨʘʟʠʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʘʥʜʳ x=[-10:0.5:5]? 

4. ʉʧʦʩʦʙʳ ʟʘʜʘʥʠʷ ʚʝʢʪʦʨʦʚ ʚ MATLAB .  

5. ʅʘʟʚʘʪʴ ʚʩʪʨʦʝʥʥʳʝ ʬʫʥʢʮʠʠ MATLAB  ʜʣʷ ʨʘʙʦʪʳ ʩ ʚʝʢʪʦʨʘʤʠ. 
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6. ʅʘʟʚʘʪʴ ʦʧʝʨʘʮʠʠ ʥʘʜ ʚʝʢʪʦʨʘʤʠ ʚ MATLAB . 

7. ʆʩʦʙʝʥʥʦʩʪʠ ʧʦʵʣʝʤʝʥʪʥʳʭ ʦʧʝʨʘʮʠʡ ʥʘʜ ʚʝʢʪʦʨʘʤʠ. 

8. ʂʘʢʦʡ ʧʨʠʦʨʠʪʝʪ ʚʳʧʦʣʥʝʥʠʷ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʚ MATLAB ? 

9. ʉʧʦʩʦʙʳ ʟʘʜʘʥʠʷ ʤʘʪʨʠʮ ʚ MATLAB . 

10. ʅʘʟʚʘʪʴ ʚʩʪʨʦʝʥʥʳʝ ʬʫʥʢʮʠʠ MATLAB  ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʪʨʠʮ. 

11. ʂʘʢʠʝ ʦʧʝʨʘʮʠʠ ʥʘʜ ʤʘʪʨʠʮʘʤʠ ʩʫʱʝʩʪʚʫʶʪ ʚ MATLAB . 

12. ʏʪʦ ʦʟʥʘʯʘʝʪ ʟʘʧʠʩʴ ɸ' ʚ MATLAB, ʛʜʝ ˍ
ρ ς
σ τ
υ φ

? 

13. ʆʩʦʙʝʥʥʦʩʪʠ ʜʝʣʝʥʠʷ ʤʘʪʨʠʮ MATLAB . 

14. ʅʘ ʢʘʢʦʡ ʵʣʝʤʝʥʪ ʚ ʤʘʪʨʠʮʝ ɸ ʩʩʳʣʘʝʪʩʷ ʢʦʤʘʥʜʘ A(3,2)? 

15.  ʏʪʦ ʦʟʥʘʯʘʶʪ ʢʦʤʘʥʜʳ: ɸ(2,:) ʠ ɸ(:,2)? 

 

ʂʆʅʊʈʆʃʔʅʓɽ ɿɸɼɸʅʀʗ 

1. ʀʩʧʦʣʴʟʫʷ ʢʦʤʘʥʜʫ rand, ʩʦʟʜʘʪʴ ʚʝʢʪʦʨʘ a1Ĭ(2Ĭn), b(2n)Ĭ1, c1Ĭ(2n) ʩʦʩʪʦʷʱʠʝ ʠʟ 

ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0 ʜʦ 1. ʀʩʧʦʣʴʟʫʷ 

MATLAB, ʥʘʡʪʠ: 

a) ʩʫʤʤʫ ʠ ʨʘʟʥʦʩʪʴ ʚʝʢʪʦʨʦʚ a ʠ c, 

ʙ) ʧʨʦʠʟʚʝʜʝʥʠʝ ʚʝʢʪʦʨʦʚ c ʠ b, 

ʚ) ʥʘʡʪʠ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚʝʢʪʦʨʘ a, 

ʛ) ʚʳʯʠʩʣʠʪʴ ʩʫʤʤʫ ʵʣʝʤʝʥʪʦʚ ʚʝʢʪʦʨʘ b, 

ʜ) ʥʘʡʪʠ ʤʠʥʠʤʘʣʴʥʳʡ ʠ ʤʘʢʩʠʤʘʣʴʥʳʡ ʵʣʝʤʝʥʪʳ c, ʨʝʟʫʣʴʪʘʪ ʧʨʦʚʝʨʠʪʴ 

ʩʦʨʪʠʨʦʚʢʦʡ. 

2. ɺʳʚʝʩʪʠ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ )(xf  ʥʘ ʦʪʨʝʟʢʝ [n-3;n] ʩ ʰʘʛʦʤ 0.1, ʛʜʝ n ï 

ʥʦʤʝʨ ʚʘʨʠʘʥʪʘ. 

 ̄ ʌʫʥʢʮʠʷ  ̄ ʌʫʥʢʮʠʷ 
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ɻʃɸɺɸ 3. ʃʀʅɽʁʅɸʗ ɸʃɻɽɹʈɸ 

3.1. ʆʇʈɽɼɽʃʀʊɽʃʔ ʂɺɸɼʈɸʊʅʆʁ ʄɸʊʈʀʎʓ 

ʇʝʨʝʩʪʘʥʦʚʢʦʡ n ʨʘʟʣʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘʟʳʚʘʝʪʩʷ ʠʭ ʫʧʦʨʷʜʦʯʝʥʥʘʷ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ. ʏʠʩʣʦ ʚʩʝʭ ʧʝʨʝʩʪʘʥʦʚʦʢ ʠʟ n ʨʘʟʣʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʳʯʠʩ-

ʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ !nPn =  

ʇʫʩʪʴ ( )naaa ,,, 21 2  ï ʥʝʢʦʪʦʨʘʷ ʧʝʨʝʩʪʘʥʦʚʢʘ ʯʠʩʝʣ 1, 2, é, n. ɹʫʜʝʤ ʛʦ-

ʚʦʨʠʪʴ, ʯʪʦ ʧʘʨʘ ʵʣʝʤʝʥʪʦʚ ( ) jiji <,,aa , ʦʙʨʘʟʫʝʪ ʠʥʚʝʨʩʠʶ, ʝʩʣʠ ji aa > . 

ʏʠʩʣʦʤ ʠʥʚʝʨʩʠʡ ʚ ʧʝʨʝʩʪʘʥʦʚʢʝ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʚʩʝʭ ʧʘʨ ʵʣʝ-

ʤʝʥʪʦʚ ʧʝʨʝʩʪʘʥʦʚʢʠ, ʦʙʨʘʟʫʶʱʠʭ ʠʥʚʝʨʩʠʶ (ʦʙʦʟʥʘʯʝʥʠʝ: ( )ninv aaa ,,, 21 2 ). 

ɽʩʣʠ ( )ninv aaa ,,, 21 2  ï ʯʝʪʥʦʝ (ʥʝʯʝʪʥʦʝ), ʪʦ ʧʝʨʝʩʪʘʥʦʚʢʘ ( )naaa ,,, 21 2  

ʥʘʟʳʚʘʝʪʩʷ ʯʝʪʥʦʡ (ʥʝʯʝʪʥʦʡ). 

ʇʨʠʤʝʨ 3.1. ʇʫʩʪʴ ʜʘʥʳ ʯʠʩʣʘ 1,2,3. ɼʣʷ ʥʠʭ ʠʤʝʝʪʩʷ 3! = 6 ʧʝʨʝʩʪʘʥʦʚʦʢ:  

(1,2,3), (1,3,2), (2,1,3), (2,3,1), (3,1,2), (3,2,1). 

Á ( ) 03,2,1 =inv  (ʥʠʢʘʢʘʷ ʧʘʨʘ ʥʝ ʦʙʨʘʟʫʝʪ ʠʥʚʝʨʩʠʶ);  

Á ( ) 12,3,1 =inv  (ʠʥʚʝʨʩʠʶ ʦʙʨʘʟʫʝʪ ʦʜʥʘ ʧʘʨʘ (3,2));  

Á ( ) 13,1,2 =inv ; 

Á ( ) 21,3,2 =inv  (ʠʥʚʝʨʩʠʠ ʦʙʨʘʟʫʶʪ ʜʚʝ ʧʘʨʳ (2,1), (3,1));  

Á ( ) 22,1,3 =inv ;  

Á ( ) 31,2,3 =inv  (ʠʥʚʝʨʩʠʠ ʦʙʨʘʟʫʶʪ ʪʨʠ ʧʘʨʳ (3,2), (3,1), (2,1)). 

ʇʝʨʝʩʪʘʥʦʚʢʠ (1,2,3), (2,3,1), (3,1,2) ï ʯʝʪʥʳʝ, ʘ ʧʝʨʝʩʪʘʥʦʚʢʠ (1,3,2), 

(2,1,3), (3,2,1) ï ʥʝʯʝʪʥʳʝ. 

ʆʧʨʝʜʝʣʠʪʝʣʝʤ ʢʚʘʜʨʘʪʥʦʡ ʤʘʪʨʠʮʳ ( )
nnijaA
³

=  ʥʘʟʳʚʘʝʪʩʷ ʘʣʛʝʙʨʘʠʯʝ-

ʩʢʘʷ ʩʫʤʤʘ ʚʩʝʚʦʟʤʦʞʥʳʭ ʧʨʦʠʟʚʝʜʝʥʠʡ ʵʣʝʤʝʥʪʦʚ ʵʪʦʡ ʤʘʪʨʠʮʳ, ʚʟʷʪʳʭ ʧʦ 

ʦʜʥʦʤʫ ʠʟ ʢʘʞʜʦʡ ʩʪʨʦʢʠ ʠ ʧʦ ʦʜʥʦʤʫ ʠʟ ʢʘʞʜʦʛʦ ʩʪʦʣʙʮʘ. ʉʦʤʥʦʞʠʪʝʣʠ ʚ 

ʢʘʞʜʦʤ ʩʣʘʛʘʝʤʦʤ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʧʦʨʷʜʢʝ ʩʣʝʜʦʚʘʥʠʷ ʩʪʨʦʢ, ʘ ʥʦʤʝʨʘ ʩʪʦʣʙ-

ʮʦʚ ʦʙʨʘʟʫʶʪ ʧʝʨʝʩʪʘʥʦʚʢʠ; ʩʣʘʛʘʝʤʳʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʯʝʪʥʳʤ ʧʝʨʝʩʪʘʥʦʚ-

ʢʘʤ, ʙʝʨʫʪʩʷ ʩʦ ʟʥʘʢʦʤ çʧʣʶʩè, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʝʯʝʪʥʳʤ ï ʩʦ ʟʥʘʢʦʤ çʤʠ-

ʥʫʩè. 

ʆʙʦʟʥʘʯʝʥʠʝ: Adet , 
nnija
³

, 

nnnn

n

n

aaa

aaa

aaa

2

2222

2

2

21

22221

11211

. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ: 
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ʇʨʠ 2,1=n  ʠ 3 ʧʦʣʫʯʠʤ: 1111 aa = , 21122211
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ʇʨʠʤʝʨ 3.2. ʘ) 312110735)2(
57

32
-=--=Ö-Ö-=

-
; 

ʙ)  243)1(57204614253607)1(1

743

612

501

=Ö-Ö-ÖÖ-ÖÖ-ÖÖ+ÖÖ+Ö-Ö=- . 

ʇʨʠ ʚʳʯʠʩʣʝʥʠʠ ʦʧʨʝʜʝʣʠʪʝʣʷ 3-ʛʦ ʧʦʨʷʜʢʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶ-

ʱʫʶ ʩʭʝʤʫ, ʥʘʟʳʚʘʝʤʫ  ʁçʧʨʘʚʠʣʦʤ ʪʨʝʫʛʦʣʴʥʠʢʦʚè: 

 

 

 

 

 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʤʠʥʦʨʦʤ ijM  ʵʣʝʤʝʥʪʘ ija  ʤʘʪʨʠʮʳ ( )
nnijaA
³

=  ʥʘʟʳʚʘ-

ʝʪʩʷ ʦʧʨʝʜʝʣʠʪʝʣʴ ʤʘʪʨʠʮʳ, ʧʦʣʫʯʝʥʥʦʡ ʠʟ ʤʘʪʨʠʮʳ ɸ ʚʳʯʝʨʢʠʚʘʥʠʝʤ i -ʡ 

ʩʪʨʦʢʠ ʠ j -ʛʦ ʩʪʦʣʙʮʘ. 

ɸʣʛʝʙʨʘʠʯʝʩʢʠʤ  ʜʦʧʦʣʥʝʥʠʝʤ ʵʣʝʤʝʥʪʘ ija  ʤʘʪʨʠʮʳ ( )
nnijaA
³

=  ʥʘʟʳʚʘʝʪ-

ʩ ̫ʯʠʩʣʦ ij
ji

ij MA Ö-= +)1( . 

ʇʨʠʤʝʨ 3.3. ʅʘʡʜʠʪʝ ʘʣʛʝʙʨʘʠʯʝʩʢʠʝ ʜʦʧʦʣʥʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ  

ö
ö
ö
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ʈʝʰʝʥʠʝ.  
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ʉʚʦʡʩʪʚʘ ʦʧʨʝʜʝʣʠʪʝʣʷ 

V ʆʧʨʝʜʝʣʠʪʝʣʴ ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʥʦʡ ʤʘʪʨʠʮʳ ʨʘʚʝʥ ʦʧʨʝʜʝʣʠʪʝʣʶ ʠʩʭʦʜ-

ʥʦʡ.  

V  ɽʩʣʠ ʵʣʝʤʝʥʪʳ ʢʘʢʦʡ-ʣʠʙʦ ʩʪʨʦʢʠ ʦʧʨʝʜʝʣʠʪʝʣʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ 

ʩʫʤʤʳ ʜʚʫʭ ʩʣʘʛʘʝʤʳʭ, ʪʦ ʦʧʨʝʜʝʣʠʪʝʣʴ ʨʘʚʝʥ ʩʫʤʤʝ ʜʚʫʭ ʦʧʨʝʜʝʣʠʪʝʣʝʡ, ʚ 

ʧʝʨʚʦʤ ʠʟ ʢʦʪʦʨʳʭ ʵʣʝʤʝʥʪʳ ʦʪʤʝʯʝʥʥʦʡ ʩʪʨʦʢʠ ʨʘʚʥʳ ʧʝʨʚʳʤ ʩʣʘʛʘʝʤʳʤ, ʚʦ 

ʚʪʦʨʦʤ ï ʚʪʦʨʳʤ. 

V ɽʩʣʠ ʚʩʝ ʵʣʝʤʝʥʪʳ ʢʘʢʦʡ-ʣʠʙʦ ʩʪʨʦʢʠ ʦʧʨʝʜʝʣʠʪʝʣʷ ʠʤʝʶʪ ʦʙʱʠʡ ʤʥʦ-

ʞʠʪʝʣʴ, ʪʦ ʵʪʦʪ ʦʙʱʠʡ ʤʥʦʞʠʪʝʣʴ ʤʦʞʥʦ ʚʳʥʝʩʪʠ ʟʘ ʟʥʘʢ ʦʧʨʝʜʝʣʠʪʝʣʷ. 

V ɽʩʣʠ ʚ ʤʘʪʨʠʮʝ ʧʦʤʝʥʷʪʴ ʤʝʩʪʘʤʠ ʜʚʝ ʩʪʨʦʢʠ, ʪʦ ʦʧʨʝʜʝʣʠʪʝʣʴ ʠʟʤʝʥʠʪ 

ʩʚʦʡ ʟʥʘʢ. 

V ʆʧʨʝʜʝʣʠʪʝʣʴ ʤʘʪʨʠʮʳ ʩ ʜʚʫʤʷ ʦʜʠʥʘʢʦʚʳʤʠ ʩʪʨʦʢʘʤʠ ʨʘʚʝʥ ʥʫʣʶ. 

V ʆʧʨʝʜʝʣʠʪʝʣʴ ʤʘʪʨʠʮʳ ʩ ʜʚʫʤʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤʠ ʩʪʨʦʢʘʤʠ ʨʘʚʝʥ ʥʫ-

ʣʶ. 

V ʆʧʨʝʜʝʣʠʪʝʣʴ ʤʘʪʨʠʮʳ ʥʝ ʤʝʥʷʝʪʩʷ, ʝʩʣʠ ʢʦ ʚʩʝʤ ʵʣʝʤʝʥʪʘʤ ʥʝʢʦʪʦʨʦʡ 

ʩʪʨʦʢʠ ʤʘʪʨʠʮʳ ʧʨʠʙʘʚʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʵʣʝʤʝʥʪʳ ʜʨʫʛʦʡ ʩʪʨʦʢʠ, ʫʤʥʦ-

ʞʝʥʥʳʝ ʥʘ ʦʜʥʦ ʠ ʪʦ ʞʝ ʯʠʩʣʦ. 

V  ʆʧʨʝʜʝʣʠʪʝʣʴ ʤʘʪʨʠʮʳ ʨʘʚʝʥ ʩʫʤʤʝ ʧʨʦʠʟʚʝʜʝʥʠʡ ʵʣʝʤʝʥʪʦʚ ʣʶʙʦʡ 

ʩʪʨʦʢʠ ʤʘʪʨʠʮʳ ʥʘ ʠʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʝ ʜʦʧʦʣʥʝʥʠʷ. 

V ʉʫʤʤʘ ʧʨʦʠʟʚʝʜʝʥʠʡ ʵʣʝʤʝʥʪʦʚ ʢʘʢʦʡ-ʣʠʙʦ ʩʪʨʦʢʠ ʤʘʪʨʠʮʳ ʥʘ ʘʣʛʝʙʨʘʠ-

ʯʝʩʢʠʝ ʜʦʧʦʣʥʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʜʨʫʛʦʡ ʩʪʨʦʢʠ ʨʘʚʥʘ ʥʫʣʶ. 

V ɼʣʷ ʣʶʙʳʭ ʢʚʘʜʨʘʪʥʳʭ ʤʘʪʨʠʮ A,B  ʦʜʥʦʛʦ ʧʦʨʷʜʢʘ ʠʤʝʝʪ ʤʝʩʪʦ ʨʘʚʝʥ-

ʩʪʚʦ: BABA detdet)det( Ö=Ö . 

ɺʩʝ ʩʚʦʡʩʪʚʘ ʦʧʨʝʜʝʣʠʪʝʣʷ, ʢʘʩʘʶʱʠʝʩʷ ʩʪʨʦʢ, ʩʧʨʘʚʝʜʣʠʚʳ ʠ ʜʣʷ ʩʪʦʣʙ-

ʮʦʚ. 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ MATLAB  ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʦʧʨʝʜʝʣʠʪʝʣʷ 

ɺ MATLAB  ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʦʧʨʝʜʝʣʠʪʝʣʷ ʢʚʘʜʨʘʪʥʦʡ ʤʘʪʨʠʮʳ ɸ ʠʩʧʦʣʴ-

ʟʫʝʪʩʷ ʚʩʪʨʦʝʥʥʘʷ ʬʫʥʢʮʠʷ 

 

ʇʨʠʤʝʨ 3.4. ɺʳʯʠʩʣʠʪʴ, ʠʩʧʦʣʴʟʫʷ MATLAB, ʦʧʨʝʜʝʣʠʪʝʣʴ ʤʘʪʨʠʮʳ  

ö
ö
ö

÷

õ

æ
æ
æ

ç

å

-=

743

612

501

ɸ . 

ʈʝʰʝʥʠʝ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʢʚʘʜʨʘʪʥʦʡ ʤʘʪʨʠʮʳ ɸ ʚ ʢʦʤʘʥʜʥʦʤ ʦʢʥʝ ʧʦʩʣʝ 

ʩʠʤʚʦʣʘ (>>) ʚʚʝʩʪʠ ʢʦʤʘʥʜʫ A=[1 0 5; 2 -1 6; 3 4 7] ʠ ʥʘʞʘʪʴ ʢʣʘʚʠʰʫ Enter. 

ɺ ʢʦʤʘʥʜʥʦʤ ʦʢʥʝ ʧʦʷʚʠʪʩʷ ʩʣʝʜʫʶʱʝʝ: 

>> A=[1 0 5; 2 -1 6; 3 4 7] 

A = 

       1     0     5 

       2     -1    6 

       3     4     7 

ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʦʧʨʝʜʝʣʠʪʝʣʷ ʟʘʜʘʥʥʦʡ ʤʘʪʨʠʮʳ ʚʚʝʩʪʠ ʢʦʤʘʥʜʫ det(A), ʚ 

ʢʦʤʘʥʜʥʦʤ ʦʢʥʝ ʧʦʷʚʠʪʩʷ ʩʣʝʜʫʶʱʝʝ: 

>>det(A) 

ans = 

       24 

 
3.2. ʆɹʈɸʊʅɸʗ ʄɸʊʈʀʎɸ  

ʂʚʘʜʨʘʪʥʘʷ ʤʘʪʨʠʮʘ ( )
nnijaA
³

=  ʥʘʟʳʚʘʝʪʩʷ  ʥʝʚʳʨʦʞʜʝʥʥʦʡ (ʚʳʨʦʞʜʝʥ-

ʥʦʡ), ʝʩʣʠ 0det ¸A  ( 0det =A ). 

ʄʘʪʨʠʮʘ 1-A  ʥʘʟʳʚʘʝʪʩʷ ʦʙʨʘʪʥʦʡ ʢ ʤʘʪʨʠʮʝ ( )
nnijaA
³

= , ʝʩʣʠ ʠʤʝʪʁ ʤʝ-

ʩʪʦ ʨʘʚʝʥʩʪʚʘ: 

EAAAA == -- 11 ,                                               (3.1) 

ʛʜʝ E  ï ʝʜʠʥʠʯʥʘʷ ʤʘʪʨʠʮʘ ʧʦʨʷʜʢʘ n. 

1-A  ʩʫʱʝʩʪʚʫʝʪ ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ 0det ¸A . 

ɽʩʣʠ 1-A ï ʤʘʪʨʠʮʘ, ʦʙʨʘʪʥʘʷ ʢ ʤʘʪʨʠʮʝA, 1-B ï ʤʘʪʨʠʮʘ, ʦʙʨʘʪʥʘʷ ʢ ʤʘʪ-

ʨʠʮʝ ɺ, ʪʦ ʠʤʝʶʪ ʤʝʩʪʦ ʩʣʝʜʫʶʱʠʝ ʨʘʚʝʥʩʪʚʘ: 

V ( )11 detdet
--= AA ; 

det(A) 
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V AB ʥʝʚʳʨʦʞʜʝʥʥʘ ʠ 111)( ---= ABAB ; 

V ( ) AA =
-- 11 ; 

V ( ) ( )TT AA 11 --
= . 

ʉʧʦʩʦʙʳ ʥʘʭʦʞʜʝʥʠʷ ʦʙʨʘʪʥʦʡ ʤʘʪʨʠʮʳ 

ʇʫʩʪʴ ʟʘʜʘʥʘ ʤʘʪʨʠʮʘ ( )
nnijaA
³

= , 0det ¸A . 

ʉʧʦʩʦʙ 1. ʅʘʭʦʞʜʝʥʠʝ ʦʙʨʘʪʥʦʡ ʤʘʪʨʠʮʳ 1-A  ʧʦ ʬʦʨʤʫʣʝ: 

ö
ö
ö
ö
ö

÷

õ

æ
æ
æ
æ
æ

ç

å

Ö=-

nnnn

n

n

AAA

AAA

AAA

A
A

2

2222

2

2

21

22212

12111

1

det

1
.                              (3.2) 

ʇʨʠʤʝʨ 3.5. ʅʘʡʪʠ ʤʘʪʨʠʮʫ, ʦʙʨʘʪʥʫʶ ʢ ʤʘʪʨʠʮʝ  

ö
ö
ö

÷

õ

æ
æ
æ

ç

å

-=

743

612

501

ɸ . 

ʈʝʰʝʥʠʝ.  ʇʦʩʢʦʣʴʢʫ 024

743

612

501

)det( ¸=-=A  (ʧʨʠʤʝʨ 3.2, ʙ), ʪʦ ʤʘʪʨʠʮʘ 

1-A  ʩʫʱʝʩʪʚʫʝʪ. ʅʘʡʜʝʤ 1-A  ʧʦ ʬʦʨʤʫʣʝ (3.2).  

ʇʦʜʩʪʘʚʠʚ ʚ (3.2) ʘʣʛʝʙʨʘʠʯʝʩʢʠʝ ʜʦʧʦʣʥʝʥʠʷ (ʩʤʦʪʨʠ ʧʨʠʤʝʨ 3.3) 

3111 -=A , 412=A , 1113=A , 2021=A , 822 -=A , 423 -=A , 531=A , 432=A , 133 -=A , 

ʧʦʣʫʯʠʤ  

.

1411

484

52031

24

1

det

1

332313

322212

312111
1

ö
ö
ö

÷

õ

æ
æ
æ

ç

å

--

-

-

Ö=
ö
ö
ö

÷

õ

æ
æ
æ

ç

å

Ö=-

AAA

AAA

AAA

A
A  

ʉʜʝʣʘʝʤ ʧʨʦʚʝʨʢʫ ʨʘʚʝʥʩʪʚʘ EAA =-1 :  

EAA =
ö
ö
ö

÷

õ

æ
æ
æ

ç

å

Ö=
ö
ö
ö

÷

õ

æ
æ
æ

ç

å

-
ö
ö
ö

÷

õ

æ
æ
æ

ç

å

--

-

-

Ö=-

2400

0240

0024

24

1

743

612

501

1411

484

52031

24

11
. 

ʆʪʚʝʪ: .

1411

484

52031

24

11

ö
ö
ö

÷

õ

æ
æ
æ

ç

å

--

-

-

Ö=-A  
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ʃʝʛʢʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʜʣʷ  ʥʘʭʦʞʜʝʥʠʷ ʦʙʨʘʪʥʦʡ ʤʘʪʨʠʮʳ 1-A  ʧʦ ʬʦʨʤʫʣʝ 

(3.2) ʥʫʞʥʦ ʚʳʯʠʩʣʠʪʴ ʦʜʠʥ ʦʧʨʝʜʝʣʠʪʝʣʴ n-ʛʦ ʧʦʨʷʜʢʘ ʠ n
2
 ʦʧʨʝʜʝʣʠʪʝʣʝʡ (nï

1)-ʛʦ ʧʦʨʷʜʢʘ, ʪ.ʝ. ʧʦʪʨʝʙʫʝʪʩʷ ʧʨʦʜʝʣʘʪʴ n(n
2
ï1)/3+(nï1)+n

2
(n(n-1)(nï2)/3+(nï

2))ån
5
/3 ʫʤʥʦʞʝʥʠʡ ʠ ʜʝʣʝʥʠʡ. ʌʦʨʤʫʣʘ (3.2) ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʪʝʦ-

ʨʠʠ. ʅʘ ʧʨʘʢʪʠʢʝ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ 1-A  ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʨʝ-

ʦʙʨʘʟʦʚʘʥʠʡ (ʟʘ 2n
3
 ʫʤʥʦʞʝʥʠʡ ʠ ʜʝʣʝʥʠʡ).  

ʉʧʦʩʦʙ 2. ʅʘʭʦʞʜʝʥʠʝ ʦʙʨʘʪʥʦʡ ʤʘʪʨʠʮʳ 1-A  ʤʝʪʦʜʦʤ ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ: 

1) ʩʦʩʪʘʚʠʪʴ ʤʘʪʨʠʮʫ ʨʘʟʤʝʨʘ nn 2³ , ʚ ʧʝʨʚʳʭ n ʩʪʦʣʙʮʘʭ ʢʦʪʦʨʦʡ ʩʪʦʠʪ 

ʤʘʪʨʠʮʘ A, ʚ ʩʣʝʜʫʶʱʠʭ n ʩʪʦʣʙʮʘʭ ï ʝʜʠʥʠʯʥʘʷ ʤʘʪʨʠʮʘ ɽn: 

( )nEA| ; 

2) ʩ ʧʦʤʦʱʴʶ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʥʘʜ ʩʪʨʦʢʘʤʠ ʜʘʥʥʫʶ ʤʘʪ-

ʨʠʮʫ ʧʨʠʚʝʩʪʠ ʢ ʚʠʜʫ:  

( )( )1|~| -AEEA nn . 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ MATLAB  ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʦʙʨʘʪʥʦʡ ʤʘʪʨʠʮʳ 

ɺ MATLAB  ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʤʘʪʨʠʮʳ 1-A , ʦʙʨʘʪʥʦʡ ʢ ʥʝʚʳʨʦʞʜʝʥʥʦʡ 

ʤʘʪʨʠʮʝ ( )
nnijaA
³

= , ʠʩʧʦʣʴʟʫʪʁʩʷ ʩʣʝʜʫʶʱʠʝ ʚʩʪʨʦʝʥʥʳʝ ʬʫʥʢʮʠʠ: 

  

ʠ 

ʇʨʠʤʝʨ 3.6. ʀʩʧʦʣʴʟʫʷ MATLAB , ʥʘʡʪʠ ʤʘʪʨʠʮʫ, ʦʙʨʘʪʥʫʶ ʢ ʤʘʪʨʠʮʝ  
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ʈʝʰʝʥʠʝ. ɺ ʧʨʠʤʝʨʝ 3.4 ʦʧʠʩʘʥʦ, ʢʘʢ ʟʘʜʘʝʪʩʷ ʤʘʪʨʠʮʘ, ʚʦ ʚʩʝʭ ʧʦʩʣʝʜʫʶ-

ʱʠʭ ʧʨʠʤʝʨʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘ ʞʝ ʢʦʤʘʥʜʘ. ʈʘʥʝʝ (ʧʨʠʤʝʨ 3.4) ʙʳʣ ʚʳʯʠʩʣʝʥ 

ʦʧʨʝʜʝʣʠʪʝʣʴ ʤʘʪʨʠʮʳ det(A) Í 0, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ɸ ï ʥʝʚʳʨʦʞʜʝʥʥʘʷ ʤʘʪʨʠʮʘ. 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʦʙʨʘʪʥʦʡ ʤʘʪʨʠʮʳ ʚʚʝʩʪʠ ʢʦʤʘʥʜʫ inv(A). ɺ ʢʦʤʘʥʜʥʦʤ ʦʢʥʝ 

ʧʦʷʚʠʪʩʷ ʩʣʝʜʫʶʱʝʝ: 

>>inv(A) 

ans = 

   -1.2917    0.8333    0.2083 

    0.1667   -0.3333    0.1667 

    0.4583   -0.1667   -0.0417 

ɿʘʤʝʪʠʤ, ʯʪʦ ʚʚʦʜ ʢʦʤʘʥʜʳ: 

>> ɸ^(-1)  

inv(A) ɸ^(-1) 
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ʧʨʠʚʝʜʝʪ ʢ ʪʘʢʦʤʫ ʞʝ ʨʝʟʫʣʴʪʘʪʫ. 

ʉʜʝʣʘʝʤ ʧʨʦʚʝʨʢʫ ʨʘʚʝʥʩʪʚʘ EAA =-1 : 

>>E= A*inv(A)  

E = 

    1.0000    0.0000    0.0000 

    0.0000    1.0000    0.0000 

    0.0000    0.0000    1.0000 

3.3. ʈɸʅɻ ʄɸʊʈʀʎʓ  

ʇʫʩʪʴ ʜʘʥʘ ʤʘʪʨʠʮʘ ( )
nmijaA
³

= . 

ʄʠʥʦʨʦʤ k-ʛʦ ʧʦʨʷʜʢʘ ʤʘʪʨʠʮʳ A ʥʘʟʳʚʘʝʪʩʷ ʦʧʨʝʜʝʣʠʪʝʣʴ kïʛʦ ʧʦʨʷʜʢʘ, 

ʩʦʩʪʘʚʣʝʥʥʳʡ ʠʟ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ A, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ ʧʨʦʠʟ-

ʚʦʣʴʥʦ ʚʳʙʨʘʥʥʳʭ k ʩʪʨʦʢ ʠ k ʩʪʦʣʙʮʦʚ ( k NÍ  ʪʘʢʦʝ, ʯʪʦ ( )nmk ;min¢ ). 

ʂʦʣʠʯʝʩʪʚʦ ʤʠʥʦʨʦʚ kïʛʦ ʧʦʨʷʜʢʘ ʤʘʪʨʠʮʳ ɸ ʨʘʚʥʦ k
n

k
m CC Ö , ʛʜʝ 

!)!(

!

kkn

n
Ck

n
-

=  ï ʯʠʩʣʦ ʩʦʯʝʪʘʥʠʡ ʠʟ n ʵʣʝʤʝʥʪʦʚ ʧʦ k.  

ʇʨʠʤʝʨ 3.7. ʄʘʪʨʠʮʘ öö
÷

õ
ææ
ç

å
=

232221

131211

aaa

aaa
A  ʠʤʝʝʪ ʤʠʥʦʨʳ k-ʛʦ ʧʦʨʷʜʢʘ, ʛʜʝ 

2,1=k  ( ( )3;2min¢k ).  

ʄʠʥʦʨʳ 1-ʛʦ ʧʦʨʷʜʢʘ ʝʩʪʴ ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ (ʠʭ ʯʠʩʣʦ ʨʘʚʥʦ 61
3

1
2 =ÖCC ).  

ʏʠʩʣʦ ʤʠʥʦʨʦʚ 2-ʛʦ ʧʦʨʷʜʢʘ (ʦʧʨʝʜʝʣʠʪʝʣʝʡ 2-ʛʦ ʧʦʨʷʜʢʘ) ʨʘʚʥʦ 

32

3

2

2 =ÖCC : 

2221

1211

aa

aa
, 

2321

1311

aa

aa
, 

2321

1312

aa

aa
. 

ʄʠʥʦʨ r-ʛʦ ʧʦʨʷʜʢʘ ʤʘʪʨʠʮʳ A ʥʘʟʳʚʘʝʪʩʷ ʙʘʟʠʩʥʳʤ, ʝʩʣʠ ʦʥ ʦʪʣʠʯʝʥ ʦʪ 

ʥʫʣʷ, ʘ ʚʩʝ ʤʠʥʦʨʳ ʧʦʨʷʜʢʘ )1( +r , ʝʩʣʠ ʦʥʠ ʩʫʱʝʩʪʚʫʶʪ, ʨʘʚʥʳ ʥʫʣʶ.  

ʇʦʨʷʜʦʢ ʙʘʟʠʩʥʦʛʦ ʤʠʥʦʨʘ ʥʘʟʳʚʘʝʪʩʷ ʨʘʥʛʦʤ ʤʘʪʨʠʮʳ A ʠ ʦʙʦʟʥʘʯʘʝʪʩʷ

)(Ar . 

ʇʦ ʦʧʨʝʜʝʣʝʥʠʶ ʙʫʜʝʤ ʧʦʣʘʛʘʪʴ 0)( =Or .  

ʃʠʥʝʡʥʦʡ ʢʦʤʙʠʥʘʮʠʝʡ ʩʪʨʦʢ maaa ,,, 21 2  ʦʜʠʥʘʢʦʚʦʡ ʜʣʠʥʳ ʥʘʟʳʚʘʝʪʩʷ 

ʩʪʨʦʢʘ mmaCaCaC +++ 32211 , ʯʠʩʣʘ mCCC ,...,, 21  ï ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʣʠʥʝʡ-

ʥʦʡ ʢʦʤʙʠʥʘʮʠʠ.  

ʉʪʨʦʢʠ maaa ,,, 21 2  ʦʜʠʥʘʢʦʚʦʡ ʜʣʠʥʳ ʥʘʟʳʚʘʶʪʩʷ ʣʠʥʝʡʥʦ ʥʝʟʘʚʠʩʠʤʳʤʠ, 

ʝʩʣʠ ʨʘʚʝʥʩʪʚʦ 

02211 =+++ mmaCaCaC 3 , 
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ʛʜʝ 0  ï ʥʫʣʝʚʘʷ ʩʪʨʦʢʘ, ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ 0...21 ==== mCCC . 

ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ, ʩʪʨʦʢʠ ʥʘʟʳʚʘʶʪʩʷ ʣʠʥʝʡʥʦ ʟʘʚʠʩʠʤʳʤʠ. 

ʉʧʨʘʚʝʜʣʠʚʳ ʩʣʝʜʫʶʱʠʝ ʫʪʚʝʨʞʜʝʥʠʷ: 

V cʪʨʦʢʠ maaa ,,, 21 2  (m > 1) ʣʠʥʝʡʥʦ ʟʘʚʠʩʠʤʳ ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ 

ʭʦʪʷ ʙʳ ʦʜʥʘ ʠʟ ʩʪʨʦʢ ʝʩʪʴ ʣʠʥʝʡʥʘʷ ʢʦʤʙʠʥʘʮʠʷ ʦʩʪʘʣʴʥʳʭ; 

V ʝʩʣʠ ʩʨʝʜʠ ʩʪʨʦʢ  maaa ,,, 21 2  (m > 1) ʠʤʝʝʪʩʷ ʭʦʪʷ ʙʳ ʦʜʥʘ ʥʫʣʝʚʘʷ ʩʪʨʦ-

ʢʘ, ʪʦ ʜʘʥʥʳʝ ʩʪʨʦʢʠ ʣʠʥʝʡʥʦ ɿʘʚʠʩʠʤʳ; 

V ʝʩʣʠ ʩʨʝʜʠ ʩʪʨʦʢ maaa ,,, 21 2  (m > 1) ʠʤʝʶʪʩʷ ʣʠʥʝʡʥʦ ʟʘʚʠʩʠʤʳʝ ʩʪʨʦʢʠ, 

ʪʦ ʩʪʨʦʢʠ maaa ,,, 21 2  
ʣʠʥʝʡʥʦ ʟʘʚʠʩʠʤʳ;  

V  ʚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʤʘʪʨʠʮʝ ʢʘʞʜʘʷ ʩʪʨʦʢʘ ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʦʡ ʢʦʤʙʠʥʘʮʠʝʡ 

ʩʪʨʦʢ, ʚ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʦʞʝʥ ʙʘʟʠʩʥʳʡ ʤʠʥʦʨ (ʪʝʦʨʝʤʘ ʦ ʙʘʟʠʩʥʦʤ ʤʠʥʦʨʝ); 

V ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʩʪʨʦʢʠ ʤʘʪʨʠʮʳ ( )
nnijaA
³

=
 
ʙʳʣʠ ʣʠʥʝʡʥʦ ʟʘʚʠʩʠʤʳʤʠ 

ʥʝʦʙʭʦʜʠʤʦ ʠ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ 0det =A . 

ɺʩʝ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʫʪʚʝʨʞʜʝʥʠʷ, ʢʘʩʘʶʱʠʝʩʷ ʩʪʨʦʢ, ʩʧʨʘʚʝʜʣʠʚʳ ʠ ʜʣʷ 

ʩʪʦʣʙʮʦʚ. 

ʉʚʦʡʩʪʚʘ ʨʘʥʛʘ ʤʘʪʨʠʮʳ  

V (ʊʝʦʨʝʤʘ ʦ ʨʘʥʛʝ ʤʘʪʨʠʮʳ). ʈʘʥʛ ʤʘʪʨʠʮʳ ʨʘʚʝʥ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʯʠʩʣʫ 

ʣʠʥʝʡʥʦ ʥʝʟʘʚʠʩʠʤʳʭ ʩʪʨʦʢ (ʩʪʦʣʙʮʦʚ) ʚ ʵʪʦʡ ʤʘʪʨʠʮʝ. 

V ʄʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʣʠʥʝʡʥʦ ʥʝʟʘʚʠʩʠʤʳʭ ʩʪʨʦʢ ʚ ʤʘʪʨʠʮʝ ʨʘʚʥʦ ʤʘʢ-

ʩʠʤʘʣʴʥʦʤʫ ʯʠʩʣʫ ʣʠʥʝʡʥʦ ʥʝʟʘʚʠʩʠʤʳʭ ʩʪʦʣʙʮʦʚ ʚ ʵʪʦʡ ʤʘʪʨʠʮʝ. 

V ʕʣʝʤʝʥʪʘʨʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʘʪʨʠʮʳ ʥʝ ʤʝʥʷʶʪ ʨʘʥʛʘ ʤʘʪʨʠʮʳ. 

V ʇʨʠ ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʠʠ ʤʘʪʨʠʮʳ ʝʝ ʨʘʥʛ ʥʝ ʤʝʥʷʝʪʩʷ. 

V ʈʘʥʛ ʩʪʫʧʝʥʯʘʪʦʡ ʤʘʪʨʠʮʳ ʨʘʚʝʥ ʯʠʩʣʫ ʝʝ ʥʝʥʫʣʝʚʳʭ ʩʪʨʦʢ. 

ɺr ʯʠʩʣʝʥʠʝ ʨʘʥʛʘ ʤʘʪʨʠʮʳ 

ʇʫʩʪʴ ʜʘʥʘ ʤʘʪʨʠʮʘ ( )
nmijaA
³

= .  

ʈʘʩʩʤʦʪʨʠʤ ʩʧʦʩʦʙʳ ʚʳʯʠʩʣʝʥʠʷ ʨʘʥʛʘ ʤʘʪʨʠʮʳ )(Ar , ʛʜʝ 

( )nmAr ;min)(0 ¢¢ . 

ʉʧʦʩʦʙ 1. ɺʳʯʠʩʣʝʥʠʝ ʨʘʥʛʘ ʤʘʪʨʠʮʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ. 

ʐʘʛ 1. ɽʩʣʠ ʚʩʝ ʤʠʥʦʨʳ 1-ʛʦ ʧʦʨʷʜʢʘ (ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ) ʨʘʚʥʳ ʥʫʣʶ, ʪʦ 

ʤʘʪʨʠʮʘ ʥʫʣʝʚʘʷ, ʠ 0)( =Ar . 

ʐʘʛ 2. ʇʫʩʪʴ ʩʫʱʝʩʪʚʫʝʪ ʦʪʣʠʯʥʳʡ ʦʪ ʥʫʣʷ (ʥʝʥʫʣʝʚʦʡ) ʤʠʥʦʨ 1-ʛʦ ʧʦʨʷʜ-

ʢʘ. ɽʩʣʠ ʚʩʝ ʤʠʥʦʨʳ 2-ʛʦ ʧʦʨʷʜʢʘ ʨʘʚʥʳ ʥʫʣʶ, ʪʦ ʙʘʟʠʩʥʳʤ ʤʠʥʦʨʦʤ ʷʚʣʷʝʪʩʷ 

ʣʶʙʦʡ ʥʝʥʫʣʝʚʦʡ ʤʠʥʦʨ 1-ʛʦ ʧʦʨʷʜʢʘ, ʠ 1)( =Ar .  
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ʐʘʛ 3. ʇʫʩʪʴ ʩʫʱʝʩʪʚʫʝʪ ʥʝʥʫʣʝʚʦʡ ʤʠʥʦʨ 2-ʛʦ ʧʦʨʷʜʢʘ. ɽʩʣʠ ʚʩʝ ʤʠʥʦʨʳ 

3-ʛʦ ʧʦʨʷʜʢʘ ʨʘʚʥʳ ʥʫʣʶ, ʪʦ ʙʘʟʠʩʥʳʤ ʤʠʥʦʨʦʤ ʷʚʣʷʝʪʩʷ ʣʶʙʦʡ ʥʝʥʫʣʝʚʦʡ ʤʠ-

ʥʦʨ 2ïʛʦ ʧʦʨʷʜʢʘ, ʠ 2)( =Ar .  

ʇʨʦʜʦʣʞʘ ̫ʧʨʦʮʝʩʩ, ʥʘʡʜʝʤ ʙʘʟʠʩʥʳʡ ʤʠʥʦʨ ʤʘʪʨʠʮʳ (ʨʘʥʛ ʤʘʪʨʠʮʳ). 

ʇʨʠʤʝʨ 3.8. ʅʘʡʪʠ ʨʘʥʛ ʤʘʪʨʠʮʳ ʠ ʫʢʘʞʠʪʝ ʦʜʠʥ ʠʟ ʙʘʟʠʩʥʳʭ ʤʠʥʦʨʦʚ:  

ö
ö
ö

÷

õ

æ
æ
æ

ç

å

-=

1002

612

501

ɸ . 

ʈʝʰʝʥʠʝ. 3)(0 ¢¢ Ar .  

ʐʘʛ 1. ʅʘʡʜʝʤ ʥʝʥʫʣʝʚʦʡ ʤʠʥʦʨ 1-ʛʦ ʧʦʨʷʜʢʘ: 011 ¸=M . ʊʦʛʜʘ 1)( ²Ar . 

ʐʘʛ 2. ʉʫʱʝʩʪʚʫʝʪ ʥʝʥʫʣʝʚʦʡ ʤʠʥʦʨ 2-ʛʦ ʧʦʨʷʜʢʘ, ʥʘʧʨʠʤʝʨ, 

.01
12

01
2 ¸-=

-
=M  ʊʦʛʜʘ 2)( ²Ar .  

ʐʘʛ 3. ʄʠʥʦʨ 3-ʛʦ ʧʦʨʷʜʢʘ 0

501

612

501

2

1002

612

501

3 =-Ö=-=M . ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

2)( =Ar . ʆʜʥʠʤ ʠʟ ʙʘʟʠʩʥʳʭ ʤʠʥʦʨʦʚ ʷʚʣʷʝʪʩʷ 
12

01
2

-
=M . 

ʉʧʦʩʦʙ 2. ɺʳʯʠʩʣʝʥʠʝ ʨʘʥʛʘ ʤʘʪʨʠʮʳ ʤʝʪʦʜʦʤ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʨʝʦʙʨʘʟʦ-

ʚʘʥʠʡ. 

ʄʘʪʨʠʮʫ A ʧʨʠʚʦʜʠʤ ʢ ʩʪʫʧʝʥʯʘʪʦʤʫ ʚʠʜʫ ʩ ʧʦʤʦʱʴʶ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʨʝ-

ʦʙʨʘʟʦʚʘʥʠʡ. ʇʦʩʢʦʣʴʢʫ ʵʣʝʤʝʥʪʘʨʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʘʪʨʠʮʳ ʥʝ ʤʝʥʷʶʪ 

ʨʘʥʛʘ ʤʘʪʨʠʮʳ, ʪʦ ʨʘʥʛ ʤʘʪʨʠʮʳ A ʨʘʚʝʥ ʨʘʥʛʫ ʧʦʣʫʯʝʥʥʦʡ ʩʪʫʧʝʥʯʘʪʦʡ ʤʘʪ-

ʨʠʮʳ.  

ʇʨʠʤʝʨ 3.9. ʅʘʡʪʠ ʤʝʪʦʜʦʤ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʨʘʥʛ ʤʘʪʨʠʮʳ 

ö
ö
ö

÷

õ

æ
æ
æ

ç

å

-=

1002

612

501

ɸ . 

ʈʝʰʝʥʠʝ. ʇʨʠʚʝʜʝʤ ʤʘʪʨʠʮʫ A ʢ ʩʪʫʧʝʥʯʘʪʦʤʫ ʚʠʜʫ ʩ ʧʦʤʦʱʴʶ ʵʣʝʤʝʥ-

ʪʘʨʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ: 

{ }
{ }

1 0 5 1 0 5

2 1 6 2 ~ 0 1 4

2 0 10 2 0 0 0

A II I

III I

å õ å õ
æ ö æ ö
= - - Ö - -æ ö æ ö
æ ö æ ö- Öç ÷ ç ÷

. 

ʋ ʧʦʣʫʯʝʥʥʦʡ ʩʪʫʧʝʥʯʘʪʦʡ ʤʘʪʨʠʮʳ 2 ʥʝʥʫʣʝʚʳʝ ʩʪʨʦʢʠ, ʨʘʥʛ ʝʝ ʨʘʚʝʥ 2. 

ʀʟ ʨʘʚʝʥʩʪʚʘ ʨʘʥʛʦʚ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʤʘʪʨʠʮ ʠʤʝʝʤ 2)( =Ar .  
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ MATLAB  ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʨʘʥʛʘ ʤʘʪʨʠʮʳ 

ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʨʘʥʛʘ ʤʘʪʨʠʮʳ ( )
nmijaA
³

=  ʚ MATLAB  ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʚʩʪʨʦʝʥʥʘʷ ʬʫʥʢʮʠʷ 

 

ʇʨʠʤʝʨ 3.10. ʅʘʡʪʠ ʨʘʥʛ ʤʘʪʨʠʮʳ 

ö
ö
ö

÷

õ

æ
æ
æ

ç

å

-=

1002

612

501

ɸ , ʠʩʧʦʣʴʟʫʷ MATLAB . 

ʈʝʰʝʥʠʝ. ɺʚʝʜʝʤ ʢʦʤʘʥʜʫ rank(A). ɺ ʢʦʤʘʥʜʥʦʤ ʦʢʥʝ ʧʦʷʚʠʪʩʷ ʩʣʝʜʫʶ-

ʱʝʝ: 

>>rank(A) 

ans = 

       2 

ʇʨʠʤʝʨ 3.11. ɼʘʥʳ ʤʘʪʨʠʮʳ  

öö
÷

õ
ææ
ç

å

-

-
=

224

312
A , öö

÷

õ
ææ
ç

å

--

-
=

603

725
C , 

ö
ö
ö

÷

õ

æ
æ
æ

ç

å

--

-

=

245

531

562

B . 

ʅʘʡʪʠ, ʠʩʧʦʣʴʟʫʷ MATLAB : 

a) ʩʫʤʤʫ ʠ ʨʘʟʥʦʩʪʴ ʤʘʪʨʠʮ A ʠ ʉ, 

ʙ) ʧʨʦʠʟʚʝʜʝʥʠʝ ʤʘʪʨʠʮ C ʠ B, 

ʚ) ʨʝʟʫʣʴʪʘʪ ʧʨʦʠʟʚʝʜʝʥʠʷ ʤʘʪʨʠʮ C ʠ B ʫʤʥʦʞʠʪʴ ʥʘ ʯʠʩʣʦ 5, 

ʛ) ʦʧʨʝʜʝʣʠʪʝʣʴ ʤʘʪʨʠʮʳ ɺ, 

ʜ) ʤʘʪʨʠʮʫ, ʦʙʨʘʪʥʫʶ ʤʘʪʨʠʮʝ ɺ, 

ʝ) ʟʥʘʯʝʥʠʝ ʚʳʨʘʞʝʥʠʷ (A-C)ĿB
3
Ŀ(A+C)

T
. 

ʈʝʰʝʥʠʝ ʧʨʠʤʝʨʘ ʧʦʢʘʟʘʥʦ ʚ ʩʣʝʜʫʶʱʝʡ ʪʘʙʣʠʮʝ: 

ɼʝʡʩʪʚʠʝ ʈʝʟʫʣʴʪʘʪ ʚ ʢʦʤʘʥʜʥʦʤ ʦʢʥʝ 

ʇʦʩʪʨʦʠʪ ɹʤʘʪʨʠʮ rA, ʉ, ɺ.  >> A=[-2 1 3;4 2 -2] 

A = 

       -2     1     3 

        4     2    -2 

>> C=[5 -2 7;-3 0 -6] 

C = 

        5    -2     7 

       -3     0    -6 

>> B=[2 6 -5; 1 3 5; -5 4 -2] 

B = 

        2     6    -5 

rank(A) 
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        1     3     5 

       -5     4    -2 

ʘ) ʅʘʡʪʠ ʩʫʤʤʫ ʠ ʨʘʟʥʦʩʪʴ ʤʘʪʨʠʮ A ʠ ʉ >> A+C 

ans = 

     3    -1    10 

     1     2    -8  

>> A-C 

ans = 

    -7     3    -4 

     7     2     4 

ʙ) ʅʘʡʪʠ ʧʨʦʠʟʚʝʜʝʥʠʝ ʤʘʪʨʠʮ C ʠ B >> C*B 

ans = 

   -27    52   -49 

    24   -42    27 

ʚ) ʈʝʟʫʣʴʪʘʪ ʧʨʦʠʟʚʝʜʝʥʠʷ ʤʘʪʨʠʮ C ʠ B 

ʫʤʥʦʞʠʪʴ ʥʘ ʯʠʩʣʦ 5 

>> ans*5 

ans = 

  -135   260  -245 

   120  -210   135 

ʛ) ʅʘʡʪʠ ʦʧʨʝʜʝʣʠʪʝʣʴ ʤʘʪʨʠʮʳ ɺ >> det(B) 

ans = 

   -285.0000 

ʜ) ʅʘʡʪʠ ʤʘʪʨʠʮʫ, ʦʙʨʘʪʥʫʶ ʤʘʪʨʠʮʝ ɺ >> inv(B) 

ans = 

    0.0912    0.0281   -0.1579 

    0.0807    0.1018    0.0526 

   -0.0667    0.1333    0.0000 

ʝ) ʅʘʡʪʠ ʟʥʘʯʝʥʠʝ ʚʳʨʘʞʝʥʠʷ  

(A-C)ĿB
3
Ŀ(A+C)

T
 

 

>> (A-C)*B^3*(A+C)' 

ans = 

       38834      -29635 

      -25084       18460 

 

3.4. ʉʀʉʊɽʄʓ ʃʀʅɽʁʅʓʍ ɸʃɻɽɹʈɸʀʏɽʉʂʀʍ ʋʈɸɺʅɽʅʀʁ 

ʉʠʩʪʝʤʘ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ (ʉʃɸʋ) ʠʤʝʝʪ ʚʠʜ: 
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              (3.3) 
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ʛʜʝ nxxx ,,, 21 2  ï ʥʝʠʟʚʝʩʪʥʳʝ, ʯʠʩʣʘ ija  ï ʢʦʵʬʬʠʮʠʝʥʪ rʩʠʩʪʝʤʳ, jb  ï ʩʚʦ-

ʙʦʜʥʳʝ ʯʣʝʥ,r jij ba , , njmi ,1,,1 == , ï ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ ʯʠʩʣʘ. 

ʉʦʚʦʢʫʧʥʦʩʪʴ n ʯʠʩʝʣ ***
nxxx ,,, 21 2 , ʪʘʢʠʭ, ʯʪʦ ʧʨʠ ʠʭ ʧʦʜʩʪʘʥʦʚʢʝ ʚ ʩʠʩʪʝ-

ʤʫ (3.3) ʚʤʝʩʪʦ ʥʝʠʟʚʝʩʪʥʳʭ nxxx ,,, 21 2  ʢʘʞʜʦʝ ʠʟ ʫʨʘʚʥʝʥʠʡ ʩʠʩʪʝʤʳ ʦʙʨʘʱʘ-

ʝʪʩʷ ʚ ʨʘʚʝʥʩʪʚʦ, ʥʘʟʳʚʘʝʪʩʷ ʨʝʰʝʥʠʝʤ ʩʠʩʪʝʤʳ (3.3). 

ɺʚʝʜʝʤ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

ö
ö
ö
ö
ö

÷

õ

æ
æ
æ
æ
æ

ç

å

=

mnmm

n

n

aaa

aaa

aaa

A

2

2222

2

2

21

22221

11211

, ( )

ö
ö
ö
ö
ö

÷

õ

æ
æ
æ
æ
æ

ç

å

==

mmnmm

n

n

b

b

b

aaa

aaa

aaa

BAA
2

2

2222

2

2

2

1

21

22221

11211

| , 

( )TnxxxX ,,, 21 2= , ( )TmbbbB ,,, 21 2= . 

ʄʘʪʨʠʮʘ A ʥʘʟʳʚʘʝʪʩʷ ʦʩʥʦʚʥʦʡ  ʤʘʪʨʠʮʝʡ, ʘ ʤʘʪʨʠʮʘ A  ï ʨʘʩʰʠʨʝʥʥʦʡ 

ʤʘʪʨʠʮʝʡ, Xï ʩʪʦʣʙʮʦʤ ʥʝʠʟʚʝʩʪʥʳʭ, B  ï ʩʪʦʣʙʮʦʤ ʩʚʦʙʦʜʥʳʭ ʯʣʝʥʦʚ (3.3). 

ʀʩʧʦʣʴʟʫʷ ʚʚʝʜʝʥʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ, ʟʘʧʠʰʝʤ ʩʠʩʪʝʤʫ (3.3) ʚ ʤʘʪʨʠʯʥʦʡ 

ʬʦʨʤʝ  

BAX= .                        (3.4) 

ʅʘʧʨʠʤʝʨ, 
í
ì
ë

=-

=+

2

4

21

21

xx

xx
 ʠʤʝʝʪ ʤʘʪʨʠʯʥʫʶ ʬʦʨʤʫ BAX= , ʛʜʝ öö

÷

õ
ææ
ç

å

-
=

11

11
A , 

öö
÷

õ
ææ
ç

å
=

2

1

x

x
X , öö

÷

õ
ææ
ç

å
=

2

4
B . 

ɼʣʷ ʉʃɸʋ (3.3) ʚʦʟʤʦʞʥʳ 3 ʩʣʫʯʘʷ:  

1) ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ; 

2) ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʙʝʩʢʦʥʝʯʥʦʝ ʤʥʦʛʦ ʨʝʰʝʥʠʡ; 

3) ʩʠʩʪʝʤʘ ʥʝ ʠʤʝʝʪ ʨʝʰʝʥʠʡ. 

ɺ 1) ʠ 2) ʩʣʫʯʘʝ ʉʃɸʋ (3.3) ʥʘʟʳʚʘʝʪʩʷ ʩʦʚʤʝʩʪʥʦʡ, ʚ 3) ʩʣʫʯʘʝ ï ʥʝʩʦʚ-

ʤʝʩʪʥʦʡ. 

ʊʝʦʨʝʤʘ 3.1. (ʂʨʦʥʝʢʝʨʘ-ʂʘʧʝʣʣʠ). ʉʃɸʋ (3.3) ʩʦʚʤʝʩʪʥʘ ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ 

ʪʦʛʜʘ, ʢʦʛʜʘ () ()ArAr = .  

ʊʝʦʨʝʤʘ 3.2. (ʦ ʯʠʩʣʝ ʨʝʰʝʥʠʡ). ʇʫʩʪʴ ʜʘʥʘ ʉʃɸʋ (3.3), () ()ArAr = . ʊʦ-

ʛʜʘ: 

1) ʝʩʣʠ nAr =)( , ʪʦ ʩʠʩʪʝʤʘ (3.3) ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ;  

2) ʝʩʣʠ nAr <)( , ʪʦ ʩʠʩʪʝʤʘ (3.3) ʠʤʝʝʪ  ʙʝʩʢʦʥʝʯʥʦ ʤʥʦʛʦ ʨʝʰʝʥʠʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʉʃɸʋ (3.3) ʥʘ ʩʦʚʤʝʩʪʥʦʩʪʴ ʠ ʥʝʩʦʚʤʝʩʪʥʦʩʪʴ ʩ ʧʦʤʦʱʴʶ 

ʪʝʦʨʝʤ 3.1 ʠ 3.2 ʤʦʞʥʦ ʠʟʦʙʨʘʟʠʪʴ ʩʭʝʤʘʪʠʯʝʩʢʠ (ʨʠʩ. 3.1).   
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ʈʠʩ. 3.1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʉʃɸʋ ʥʘ ʩʦʚʤʝʩʪʥʦʩʪʴ ʠ ʥʝʩʦʚʤʝʩʪʥʦʩʪʴ 

ʇʨʠʤʝʨ 3.12. ʀʩʩʣʝʜʦʚʘʪʴ ʥʘ ʩʦʚʤʝʩʪʥʦʩʪʴ ʉʃɸʋ:  

1) 
í
ì
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4
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                     2) 
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ì
ë
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ʈʝʰʝʥʠʝ. 1) öö
÷

õ
ææ
ç

å

-
=

11

11
A ,  ö

ö

÷

õ

æ
æ

ç

å

-
=

2

4

11

11
A , () () 2== ArAr .  

ʇʦ ʪʝʦʨʝʤʝ ʂʨʦʥʝʢʝʨʘ-ʂʘʧʝʣʣʠ ʩʠʩʪʝʤʘ ʩʦʚʤʝʩʪʥʘ. ʇʦʩʢʦʣʴʢʫ 2=n  ʠ 

() nAr = , ʪʦ ʧʦ ʪʝʦʨʝʤʝ 3.2 ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ. 

2) öö
÷

õ
ææ
ç

å
=

22

11
A ,  ö

ö

÷

õ

æ
æ

ç

å
=

8

4

22

11
A , ()1=Ar , ()1=Ar , () ()1== ArAr .  

ʇʦ ʪʝʦʨʝʤʝ ʂʨʦʥʝʢʝʨʘ-ʂʘʧʝʣʣʠ ʩʠʩʪʝʤʘ ʩʦʚʤʝʩʪʥʘ. ʇʦʩʢʦʣʴʢʫ 2=n  ʠ 

() nAr < , ʪʦ ʧʦ ʪʝʦʨʝʤʝ 3.2 ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʙʝʩʢʦʥʝʯʥʦ ʤʥʦʛʦ ʨʝʰʝʥʠʡ. 

3) öö
÷

õ
ææ
ç

å
=

22

11
A ,  ö

ö

÷

õ

æ
æ

ç

å
=

9

4

22

11
A , ()1=Ar , () 2=Ar , () ()ArAr ¸ .  

ʉʠʩʪʝʤʘ ʥʝ ʠʤʝʝʪ ʨʝʰʝʥʠʡ (ʨʠʩ. 3.1). 

ʆʪʚʝʪ. 1) ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ; 2) ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʙʝʩʢʦ-

ʥʝʯʥʦ ʤʥʦʛʦ ʨʝʰʝʥʠʡ; 3) ʩʠʩʪʝʤʘ ʥʝ ʠʤʝʝʪ ʨʝʰʝʥʠʡ. 

ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʉʃɸʋ, ʢʦʛʜʘ ʯʠʩʣʦ ʫʨʘʚʥʝʥʠʡ ʩʦʚʧʘʜʘ-

ʝʪ ʩ ʯʠʩʣʦʤ ʥʝʠʟʚʝʩʪʥʳʭ. 

ʉʃɸʋ (3.3) 

 

 

 

 
ʅʝʪ ʨʝʰʝʥʠʡ 

ʉʫʱʝʩʪʚʫʝʪ ʝʜʠʥ-

ʩʪʚʝʥʥʦʝ  ʨʝʰʝʥʠʝ 

ʉʫʱʝʩʪʚʫʝʪ  

ʙʝʩʢʦʥʝʯʥʦ 

ʤʥʦʛʦ ʨʝʰʝʥʠʡ 
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ʂʨʘʤʝʨʦʚʩʢʠʝ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ 

ʈʘʩʩʤʦʪʨʠʤ ʩʠʩʪʝʤʫ ʠʟ n ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ n ʥʝʠʟʚʝʩʪʥʳʤʠ: 

î
î

í

î
î

ì

ë

=++

=++

=++

.

...

11

22121

11111

nnnnn

nn

nn

bxaxa

bxaxa

bxaxa

3

3

3

 

ʂʨʘʤʝʨʦʚʩʢʦʡ ʥʘʟʳʚʘʝʪʩʷ ʩʠʩʪʝʤʘ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʯʠʩʣʦ ʫʨʘʚʥʝʥʠʡ 

ʢʦʪʦʨʦʡ ʨʘʚʥʦ ʯʠʩʣʫ ʥʝʠʟʚʝʩʪʥʳʭ ʠ ʦʩʥʦʚʥʘʷ ʤʘʪʨʠʮʘ ʥʝʚʳʨʦʞʜʝʥʥʘ.  

ɿʘʧʠʰʝʤ ʢʨʘʤʝʨʦʚʩʢʫʶ ʩʠʩʪʝʤʫ ʚ ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ:  

BAX= ,             (3.5) 

ʛʜʝ ( )
nnijaA
³

= , 0det ¸A , ( )TnbbB ,,12= , ( )TnxxX ,,12= . 

ʊʝʦʨʝʤʘ 3.3. (ʂʨʘʤʝʨʘ). ʂʨʘʤʝʨʦʚʩʢʘʷ ʩʠʩʪʝʤʘ (3.5) ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ 

ʨʝʰʝʥʠʝ, ʢʦʪʦʨʦʝ ʥʘʭʦʜʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

BAX 1-= .                 (3.6) 

ʅʘʭʦʞʜʝʥʠʝ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ (3.5) ʧʦ ʬʦʨʤʫʣʝ (3.6) ʥʘʟʳʚʘʝʪʩʷ ʤʘʪʨʠʯ-

ʥʳʤ ʩʧʦʩʦʙʦʤ. 

ʆʙʦʟʥʘʯʠʤ 0det ¸=D A  ʠ ʟʘʧʠʰʝʤ (3.6) ʚ ʨʘʟʚʝʨʥʫʪʦʤ ʚʠʜʝ: 
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11 .    (3.7) 

ɿʘʤʝʥʷʷ j-ʡ ʩʪʦʣʙʝʮ ʦʧʨʝʜʝʣʠʪʝʣʷ Dʥʘ ʩʪʦʣʙʝʮ ʩʚʦʙʦʜʥʳʭ ʯʣʝʥʦʚ, ʧʦʣʫ-

ʯʠʤ ʦʧʨʝʜʝʣʠʪʝʣʴ 
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ɿʘʤʝʪʠʤ, ʯʪʦ  
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ʀʟ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʚʝʥʩʪʚʘ ʠ (3.7) ʠʤʝʝʤ ʬʦʨʤʫʣʳ, ʢʦʪʦʨʳʝ ʥʘʟʳʚʘʶʪʩʷ 

ʬʦʨʤʫʣʘʤʠ ʂʨʘʤʝʨʘ: 

D

D
=

D

D
=

D

D
= n

nxxx ,,, 2
2

1
1 2 .            (3.8) 

ʇʨʠʤʝʨ 3.13. ʈʝʰʠʪ ɹʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ: ʘ) ʤʘʪʨʠʯʥʳʤ ʩʧʦʩʦʙʦʤ; ʙ) ʩ ʧʦ-

ʤʦʱʴʶ ʬʦʨʤʫʣ ʂʨʘʤʝʨʘ: 
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ʈʝʰʝʥʠʝ. ʇʦʣʘʛʘʷ , öö
÷
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ææ
ç
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x

x
X , , ʟʘʧʠʰʝʤ ʩʠʩʪʝʤʫ ʚ 

ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ: . 

ʇʦʩʢʦʣʴʢʫ 02
11

11
det ¸-=

-
==D A , ʩʠʩʪʝʤʘ ʢʨʘʤʝʨʦʚʩʢʘʷ, ʠʤʝʝʪ ʝʜʠʥ-

ʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ. ʅʘʡʜʝʤ ʝʛʦ ʤʘʪʨʠʯʥʳʤ ʩʧʦʩʦʙʦʤ (3.6) ʠ ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣ 

ʂʨʘʤʝʨʘ (3.8).  

ʘ) ʉ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣʳ (3.2) ʚʳʯʠʩʣʠʤ 1-A . ɸʣʛʝʙʨʘʠʯʝʩʢʠʝ ʜʦʧʦʣʥʝʥʠʷ: 

111 -=A , 112 -=A , 121 -=A , 122=A . 
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ʇʨʦʚʝʨʠʤ ʨʘʚʝʥʩʪʚʦ EAA =-1 :  
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ʇʦ ʬʦʨʤʫʣʝ (3.6) ʧʦʣʫʯʠʤ 
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11BAX ,  

 1,3 21 == xx . 

ʙ) ɺʳʯʠʩʣʠʤ ʦʧʨʝʜʝʣʠʪʝʣʠ 1D ʠ 2D , ʧʦʣʫʯʝʥʥʳʝ ʠʟ D ʟʘʤʝʥʦʡ 1-ʛʦ ʩʪʦʣʙ-

ʮʘ ʠ 2-ʛʦ ʩʪʦʣʙʮʘ ʥʘ ʩʪʦʣʙʝʮ ʩʚʦʙʦʜʥʳʭ ʯʣʝʥʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ:  

6
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=D , 2
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2 -==D .
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ʇʦʜʩʪʘʚʠʚ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚʦ ʚʩʝ ʫʨʘʚʥʝʥʠʷ ʠʩʭʦʜʥʦʡ ʩʠʩʪʝʤʳ, ʫʙʝ-

ʜʠʤʩʷ ʚ ʧʨʘʚʠʣʴʥʦʩʪʠ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʰʝʥʠʷ.  

ʆʪʚʝʪ. . 

ʄʝʪʦʜ ɻʘʫʩʩʘ 

ʄʘʪʨʠʯʥʳʡ ʩʧʦʩʦʙ ʠ ʬʦʨʤʫʣʳ ʂʨʘʤʝʨʘ ʩʚʷʟʘʥʳ ʩ ʚʳʯʠʩʣʝʥʠʷʤʠ ʦʧʨʝʜʝ-

ʣʠʪʝʣʝʡ, ʧʦʵʪʦʤʫ ʯʘʱʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʪʝʦʨʠʠ. ɽʩʣʠ ʧʨʠ ʨʝʰʝʥʠʠ ʉʃɸʋ ʤʘʪ-

ʨʠʯʥʳʤ ʩʧʦʩʦʙʦʤ ʥʫʞʥʦ ʧʨʦʜʝʣʘʪʴ ʧʨʠʤʝʨʥʦ 32n  ʦʧʝʨʘʮʠʡ, ʪʦ  ʤʝʪʦʜʦʤ ɻʘʫʩ-

ʩʘ ʤʦʞʥʦ ʥʘʡʪʠ ʨʝʰʝʥʠʝ ʚ 3 ʨʘʟʘ ʙʳʩʪʨʝʝ.  

ʄʝʪʦʜ ɻʘʫʩʩʘ (ʠʣʠ ʤʝʪʦʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʠʩʢʣʶʯʝʥʠʷ ʥʝʠʟʚʝʩʪʥʳʭ) ï

ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʝʰʝʥʠʷ ʉʃɸʋ.  

ʄʝʪʦʜ ɻʘʫʩʩʘ ʩʦʩʪʦʠʪ ʠʟ 2 ʵʪʘʧʦʚ: ʧʨʷʤʦʛʦ ʠ ʦʙʨʘʪʥʦʛʦ ʭʦʜʘ. 

ʇʨʠ ʧʨʷʤʦʤ ʭʦʜʝ ʨʘʩʰʠʨʝʥʥʘʷ ʤʘʪʨʠʮʘ ʉʃɸʋ ʧʨʠʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʥʘʜ ʝʝ ʩʪʨʦʢʘʤʠ ʢ ʩʪʫʧʝʥʯʘʪʦʤʫ ʚʠʜʫ. ʇʨʠ ʨʝ-

ʰʝʥʠʠ ʩʠʩʪʝʤʳ n ʫʨʘʚʥʝʥʠʡ ʩ n ʥʝʠʟʚʝʩʪʥʳʤʠ ʪʨʝʙʫʝʪʩʷ ʚʳʧʦʣʥʠʪʴ ( )33/2 nº  

ʦʧʝʨʘʮʠʡ. 

ʇʨʠ ʦʙʨʘʪʥʦʤ ʭʦʜʝ ʚʳʯʠʩʣʷʪʩʷ ʟʥʘʯʝʥʠʷ ʥʝʠʟʚʝʩʪʥʳʭ. ʇʨʠ ʨʝʰʝʥʠʠ ʩʠ-

ʩʪʝʤʳ n ʫʨʘʚʥʝʥʠʡ ʩ n ʥʝʠʟʚʝʩʪʥʳʤʠ ʪʨʝʙʫʝʪʩʷ ʚʳʧʦʣʥʠʪʴ 2n  ʦʧʝʨʘʮʠʡ. 

ʊʨʫʜʦʝʤʢʦʩʪʴ ʤʝʪʦʜʘ ʚ ʦʩʥʦʚʥʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʷʤʳʤ ʭʦʜʦʤ. ʏʠʩʣʦ 

ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʜʝʡʩʪʚʠʡ ʥʝʥʘʤʥʦʛʦ ʙʦʣʴʰʝ ʯʠʩʣʘ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʜʝʡʩʪʚʠʡ, 

ʪʨʝʙʫʝʤʳʭ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʦʜʥʦʛʦ ʦʧʨʝʜʝʣʠʪʝʣʷ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʵʣʝʤʝʥʪʘʨʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤ ʉʃɸʋ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʘʢʠʝ 

ʞʝ ʵʣʝʤʝʥʪʘʨʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʪʨʦʢ ʝʝ ʨʘʩʰʠʨʝʥʥʦʡ ʤʘʪʨʠʮʳ, ʠ ʉʃɸʋ ʦʜ-

ʥʦʟʥʘʯʥʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦ ʩʚʦʝʡ ʨʘʩʰʠʨʝʥʥʦʡ ʤʘʪʨʠʮʝ.  

ɸʣʛʦʨʠʪʤ ʧʨʷʤʦʛʦ ʭʦʜʘ ʤʝʪʦʜʘ ɻʘʫʩʩʘ: 

1)  ʟʘʧʠʩʳʚʘʝʪʩʷ ʨʘʩʰʠʨʝʥʥʘʷ ʤʘʪʨʠʮʘ ʉʃɸʋ ( )BAA |= ; 

2) ʩ ʧʦʤʦʱʴʶ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʥʘʜ ʩʪʨʦʢʘʤʠ ʨʘʩʰʠʨʝʥʥʘʷ 

ʤʘʪʨʠʮʘ A ʧʨʠʚʦʜʠʪʩʷ ʢ ʪʨʘʧʝʮʠʝʚʠʜʥʦʡ ʤʘʪʨʠʮʝ;  

3) ʝʩʣʠ ʧʦʷʚʣʷʝʪʩʷ ʩʪʨʦʢʘ ( )b|000 2 , 0̧b , ʪʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʝʢʨʘ-

ʱʘʶʪʩʷ, ʠ ʜʝʣʘʝʪʩʷ ʚʳʚʦʜ ʦ ʥʝʩʦʚʤʝʩʪʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʡ ʉʃɸʋ; 

3) ʝʩʣʠ ʚ ʧʦʣʫʯʝʥʥʦʡ ʤʘʪʨʠʮʝ ʙʫʜʝʪ ʩʪʨʦʢʘ ( )0|000 2 , ʪʦ ʵʪʦʡ ʩʪʨʦʢʝ ʙʫ-

ʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʫʨʘʚʥʝʥʠʝ 0010 =Ö++Ö nxx 3  ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʝʡ ʵʪʦʡ ʤʘʪʨʠʮʝ ʉʃɸʋ ʜʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʤʦʞʥʦ ʦʧʫʩʪʠʪʴ. 

ʄʝʪʦʜ ɻʫʘʩʩʘ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʩʦʚʤʝʩʪ-

ʥʦʩʪʴ ʠʣʠ ʥʝʩʦʚʤʝʩʪʥʦʩʪʴ ʉʃɸʋ. ɺ ʩʣʫʯʘʝ ʩʦʚʤʝʩʪʥʦʩʪʠ ʥʘʭʦʞʜʝʥʠʷ ʚʩʝʭ ʝʝ 

ʨʝʰʝʥʠʡ ʧʨʠ ʧʨʷʤʦʤ ʭʦʜʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʯʠʩʣʷʶʪʩʷ ʨʘʥʛʠ ()Ar  ʠ ()Ar , ʘ ʧʨʠ 

ʦʙʨʘʪʥʦʤ ʭʦʜʝ ʚ ʩʣʫʯʘʝ ʩʦʚʤʝʩʪʥʦʩʪʠ ʉʃɸʋ ʥʘʭʦʜʷʪʩʷ ʚʩʝ ʝʝ ʨʝʰʝʥʠʷ. 

1,3 21 == xx
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ʇʨʠʤʝʨ 3.14. ʀʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ɻʘʫʩʩʘ, ʠʩʩʣʝʜʦʚʘʪʴ ʉʃɸʋ ʥʘ ʩʦʚʤʝʩʪ-

ʥʦʩʪʴ:  
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î
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î
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=+
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3

32
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xx
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,     ʙ) 
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421
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xxx
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. 

ɺ ʩʣʫʯʘʝ ʩʦʚʤʝʩʪʥʦʩʪʠ ʥʘʡʪʠ ʚʩʝ ʨʝʰʝʥʠʷ. 

ʈʝʰʝʥʠʝ. ʘ) ʇʨʷʤʦʡ ʭʦʜ. ʈʘʩʰʠʨʝʥʥʫʶ ʤʘʪʨʠʮʫ ʩ ʧʦʤʦʱʴʶ ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʨʠʚʝʜʝʤ ʢ ʩʪʫʧʝʥʯʘʪʦʤʫ ʚʠʜʫ: 
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() ()3== ArAr , 3=n . ʀʟ ʪʝʦʨʝʤ 3.1 ʠ 3.2 (ʨʠʩ. 3.1) ʧʦʣʫʯʠʤ, ʯʪʦ ʩʠʩʪʝʤʘ ʠʤʝʝʪ 

ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ.  

ɿʘʧʠʰʝʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫ  ʁʧʦʣʫʯʝʥʥʦʡ ʩʪʫʧʝʥʯʘʪʦʡ 

ʤʘʪʨʠʮʝ:  

î
í

î
ì

ë

=

-=-

=+

62        

1   

3          

3

32

21

x

xx

xx

. 

ʆʙʨʘʪʥʳʡ ʭʦʜ. ʀʟ ʪʨʝʪʴʝʛʦ ʫʨʘʚʥʝʥʠʷ ʧʦʣʫʯʠʤ 33=x , ʠʟ ʚʪʦʨʦʛʦ ʫʨʘʚʥʝ-

ʥʠʷ 2311 32 =+-=+-= xx , ʠʟ ʧʝʨʚʦʛʦ ʫʨʘʚʥʝʥʠʷ 1 23 3 2 1x x= - = - =.  

ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 11=x , 22=x , 33=x  ʧʦʜʩʪʘʚʠʤ ʚ ʣʝʚʳʝ ʯʘʩʪʠ ʫʨʘʚ-

ʥʝʥʠʡ ʠʩʭʦʜʥʦʡ ʩʠʩʪʝʤʳ ʠ ʫʙʝʜʠʤʩʷ ʚ ʧʨʘʚʠʣʴʥʦʩʪʠ ʥʘʡʜʝʥʥʦʛʦ ʨʝʰʝʥʠʷ.  
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() () 2== ArAr , 3=n , () nAr < . 
ʀʟ ʪʝʦʨʝʤ 3.1 ʠ 3.2 (ʨʠʩ. 3.1) ʩʣʝʜʫʝʪ, ʯʪʦ ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʙʝʩʢʦʥʝʯʥʦ ʤʥʦʛʦ 

ʨʝʰʝʥʠʡ.  
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ɿʘʧʠʰʝʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʧʦʣʫʯʝʥʥʦʡ ʩʪʫʧʝʥʯʘʪʦʡ 

ʤʘʪʨʠʮʝ: 
í
ì
ë

=+-

=++

12

1

32

421

xx

xxx
. ʇʦʩʢʦʣʴʢʫ 02

20

11
¸-=

-
, 1x  ʠ 2x  ʚʳʨʘʟʠʤ ʯʝʨʝʟ 3x  

ʠ 4x .  

ʇʝʨʝʥʝʩʝʤ ʯʣʝʥʳ ʩ ʥʝʠʟʚʝʩʪʥʳʤʠ 3x  ʠ 4x  ʚ ʧʨʘʚʫʶ ʯʘʩʪʴ:  

í
ì
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32

421

12    

1

xx

xxx
. 

ʇʦʣʦʞʠʚ 13 Cx =  ʠ 24 Cx = , ʛʜʝ 21, CC  ï ʧʨʦʠʟʚʦʣʴʥʳʝ ʧʦʩʪʦʷʥʥʳʝ, ʧʦʣʫ-

ʯʠʤ:  
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1
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Cxx
. 

ʆʙʨʘʪʥʳʡ ʭʦʜ. ɺʳʨʘʟʠʤ ʥʝʠʟʚʝʩʪʥʳʝ 1x  ʠ 2x : 
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ʆʙʱʝʝ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʠʤʝʝʪ ʚʠʜ  
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ʛʜʝ 2,1 CC  ï ʧʨʦʠʟʚʦʣʴʥʳʝ ʧʦʩʪʦʷʥʥʳʝ.  

ʇʦʣʫʯʝʥʥʳʝ ʚʳʨʘʞʝʥʠʷ ( )211 23
2

1
CCx --=  , 

2

11
2

-
=

C
x , ,  

ʧʦʜʩʪʘʚʠʤ ʚ ʣʝʚʳʝ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʡ ʠʩʭʦʜʥʦʡ ʩʠʩʪʝʤʳ ʠ ʫʙʝʜʠʤʩʷ ʚ ʧʨʘʚʠʣʴ-

ʥʦʩʪʠ ʥʘʡʜʝʥʥʦʛʦ ʨʝʰʝʥʠʷ.  
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() 2=Ar , ()3=Ar , () ()ArAr ¸ , ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʩʭʦʜʥʘʷ ʩʠʩʪʝʤʘ ʥʝʩʦʚʤʝʩʪʥʘ. 

ʇʦʷʚʣʝʥʠʝ ʩʪʨʦʢʠ ( )4  |0  0  0  0  ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʩʦʚʤʝʩʪʥʦʩʪʴ ʠʩʭʦʜʥʦʡ ʩʠʩʪʝ-

ʤ .r 

13 Cx = 24 Cx =
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ʆʪʚʝʪ. ʘ) ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ: 11=x , 22=x , 33=x ; ʙ) 

ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʙʝʩʢʦʥʝʯʥʦ ʤʥʦʛʦ ʨʝʰʝʥʠʡ: ( )211 23
2

1
CCx --=  , 

2

11
2

-
=

C
x , 

, , ʛʜʝ 21, CC  ï ʧʨʦʠʟʚʦʣʴʥʳʝ ʧʦʩʪʦʷʥʥʳʝ; ʚ) ʩʠʩʪʝʤʘ ʥʝ ʠʤʝʝʪ 

ʨʝʰʝʥʠʡ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ MATLAB  ʧʨʠ ʨʝʰʝʥʠʠ ʉʃɸʋ 

ɼʣʷ ʨʝʰʝʥʠʷ ʉʃɸʋ 

BAX= , 

ʛʜʝ ( )
nnijaA
³

= , 0det ¸A , ( )TnbbB ,,12= , ( )TnxxX ,,12= , ʚ MATLAB  ʠʩʧʦʣʴ-

ʟʫʶʪʩʷ ʚʩʪʨʦʝʥʥʳʝ ʬʫʥʢʮʠʠ: 

 

 

 

 

ʠ 

ʇʨʠʤʝʨ 3.15. ʈʝʰʠʪʴ ʉʃɸʋ ʚ MATLAB : 

î
í

î
ì

ë

=++

-=--

=+-

75

1032

139

321

321

321

xxx

xxx

xxx

. 

ʈʝʰʝʥʠʝ. ɿʘʧʠʰʝʤ ʉʃɸʋ ʚ ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ: 

BAX= , 

ʛʜʝ  

ö
ö
ö

÷

õ

æ
æ
æ

ç

å

--

-

=

151

312

911

A , 
ö
ö
ö

÷

õ

æ
æ
æ

ç

å

=

3

2

1

x

x

x

X , 
ö
ö
ö

÷

õ

æ
æ
æ

ç

å

-=

7

10

13

B . 

ɿʘʜʘʜʠʤ ʤʘʪʨʠʮʫ A ʠ ʚʝʢʪʦʨ-ʩʪʦʣʙʝʮ B ʚ ʢʦʤʘʥʜʥʦʤ ʦʢʥʝ: 

>> A=[1 -1 9; 2 -1 -3; 1 5 1] 

A = 

     1    -1     9 

     2    -1    -3 

     1     5     1 

>>B=[13; -10; 7] 

B = 

     13 

    -10 

       7 

13 Cx = 24 Cx =

A\B 
 

linsolve(A,B) 
 



71 
 

ɺ ʩʣʝʜʫʶʱʝʡ ʪʘʙʣʠʮʝ ʧʦʢʘʟʘʥʦ ʪʨʠ ʩʧʦʩʦʙʘ ʨʝʰʝʥʠʷ ʉʃɸʋ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ MATLAB : 

1 ʩʧʦʩʦʙ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʩʪʨʦʝʥʥʦʡ ʬʫʥʢʮʠʠ linsolve(A,B) 

>> X=linsolve(A,B) 

X = 

      -1.6441 

       1.3729 

       1.7797 

2 ʩʧʦʩʦʙ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʝʣʝʥʠʷ ʤʘʪʨʠʮ ʩʧʨʘʚʘ ʥʘʣʝʚʦ 

ɺʳʯʠʩʣʠʤ ʦʧʨʝʜʝʣʠʪʝʣʴ ʤʘʪʨʠʮʳ ɸ. 

 

>>det(A) 

ans = 

     118 

ʅʘʡʜʝʤ ʚʝʢʪʦʨ ʍ. >>X=A\B 

X = 

      -1.6441 

       1.3729 

       1.7797 

3 ʩʧʦʩʦʙ. ʄʝʪʦʜʦʤ ɻʘʫʩʩʘ 

ʇʦʩʪʨʦʠʤ ʨʘʩʰʠʨʝʥʥʫʶ ʤʘʪʨʠʮʫ ʉʃɸʋ, ʠʩ-

ʧʦʣʴʟʫʷ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʢʦʥʢʘʪʝʥʘʮʠʶ.  

 

>>C=[A, B] 

C = 

      1    -1     9    13 

      2    -1    -3   -10 

      1     5     1     7 

ʇʨʠʚʝʜʝʤ ʤʘʪʨʠʮʫ C ʢ ʪʨʝʫʛʦʣʴʥʦʤʫ ʚʠʜʫ, 

ʠʩʧʦʣʴʟʫʷ ʚʩʪʨʦʝʥʥʫʶ ʬʫʥʢʮʠʶ rref(ʉ). 

>>D=rref(C) 

D = 

    1.0000    0.0000    0.0000   -1.6441 

    0.0000    1.0000    0.0000    1.3729 

    0.0000    0.0000    1.0000    1.7797 

ʇʨʠʩʚʦʠʤ ʟʥʘʯʝʥʠʝ ʧʦʩʣʝʜʥʝʛʦ ʩʪʦʣʙʮʘ (ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ 4-ʛʦ) ʤʘʪʨʠʮʳ D ʚʝʢʪʦʨʫ X. 

>>X=D( : , 4) 

X = 

    -1.6441 

     1.3729 

     1.7797 

ʇʨʠʤʝʨ 3.16. ʈʝʰʠʪʴ ʩʠʩʪʝʤ rʫʨʘʚʥʝʥʠʡ ʠʟ ʧʨʠʤʝʨʘ 3.14: 

ʘ) ,     ʙ) ,   ʚ) . 

ʈʝʰʝʥʠʝ. ʘ) ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʉʃɸʋ ʥʘ ʩʦʚʤʝʩʪʥʦʩʪʴ ʠ ʥʘʭʦʞʜʝʥʠʷ ʝʜʠʥ-

ʩʪʚʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʩʦʟʜʘʜʠʤ ʩʢʨʠʧʪ-ʬʘʡʣ: 

î
í

î
ì

ë

=+

=+

=+

5

4

3

32

31

21

xx

xx

xx

î
í

î
ì

ë

=++-

=++-

=++

42222

2

1

4321
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xxxx

xxxx

xxx

î
í

î
ì

ë

=++

=+++

=++

72

1568
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421

4321

421

xxx

xxxx

xxx
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m-ʬʘʡʣ syslae.m 

disp( 'ʀʩʩʣʝʜʦʚʘʥʠʝ ʉʃɸʋ ʥʘ ʩʦʚʤʝʩʪʥʦʩʪʴ')  

disp( ' ' ) % ʚʳʚʦʜ ʧʫʩʪʦʡ ʩʪʨʦʢʠ ʥʘ ʵʢʨʘʥ 

disp( 'ʆʩʥʦʚʥʘʷ ʤʘʪʨʠʮʘ: ' )  

A=[1 1 0; 1 0 1; 0 1 1]   

disp( 'ʏʠʩʣʦ ʫʨʘʚʥʝʥʠʡ: ' )  

n = length(A(:,1))  

disp( 'ɺʝʢʪʦʨ ʩʚʦʙʦʜʥʳʭ ʯʣʝʥʦʚ: ' )  

B=[3;4;5]  

disp( 'ʈʘʩʰʠʨʝʥʥʘʷ ʤʘʪʨʠʮʘ: ' )  

AB = [A B]  

disp( 'ʈʘʥʛ ʨʘʩʰʠʨʝʥʥʦʡ ʤʘʪʨʠʮʳ: ' )  

rAB = rank(AB)  

disp( 'ʈʘʥʛ ʦʩʥʦʚʥʦʡ ʤʘʪʨʠʮʳ: ' )  

rA = rank(A)  

% ʇʨʦʚʝʨʢʘ ʩʦʚʤʝʩʪʥʦʩʪʠ 

% ʝʩʣʠ r(AB)ʥʝ ʨʘʚʝʥ r(ɸ), ʪʦ ʩʠʩʪʝʤʘ ʥʝʩʦʚʤʝʩʪʥʘ  

if  rAB~=rA  

disp( 'ʉʠʩʪʝʤʘ ʥʝʩʦʚʤʝʩʪʥʘ: ' )  

% ʝʩʣʠ r(AB)=r(ɸ)=n,ʪʦ ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ  

elseif  (rAB==rA) & (rA==n )  

disp( 'ʉʠʩʪʝʤʘ ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ: ' )  

X = linsolve(A,B)  

disp ( ' ʇʨʦʚʝʨʢʘ:' )  

B_=A*X 

% ʝʩʣʠ r(AB)=r(ɸ)<n,ʪʦ ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʙʝʩʢʦʥʝʯʥʦ ʤʥʦʛʦ ʨʝʰʝʥʠʡ 

else  (rAB==rA) & (rA<n )    

disp( 'ʉʠʩʪʝʤʘ ʠʤʝʝʪ ʙʝʩʢʦʥʝʯʥʦ ʤʥʦʛʦ ʨʝʰʝʥʠʡ: ' )  

end  

ʇʦʩʣʝ ʚʟrʦʚʘ ʠ ʚʳʧʦʣʥʝʥʠʷ m-ʬʘʡʣʘ syslae.m ʚ ʢʦʤʘʥʜʥʦʤ ʦʢʥʝ ʧʦʷʚʠʪʩʷ 

ʩʣʝʜʫʶʱʝʝ ʩʦʦʙʱʝʥʠʝ: 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʉʃɸʋ ʥʘ ʩʦʚʤʝʩʪʥʦʩʪʴ 

ʆʩʥʦʚʥʘʷ ʤʘʪʨʠʮʘ: 

A = 

     1     1     0 

     1     0     1 

     0     1     1 

ʏʠʩʣʦ ʫʨʘʚʥʝʥʠʡ: 

n = 

     3 

ɺʝʢʪʦʨ ʩʚʦʙʦʜʥʳʭ ʯʣʝʥʦʚ: 

B = 
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     3 

     4 

     5 

ʈʘʩʰʠʨʝʥʥʘʷ ʤʘʪʨʠʮʘ: 

AB = 

     1     1     0     3 

     1     0     1     4 

     0     1     1     5 

ʈʘʥʛ ʨʘʩʰʠʨʝʥʥʦʡ ʤʘʪʨʠʮʳ: 

rAB = 

     3 

ʈʘʥʛ ʦʩʥʦʚʥʦʡ ʤʘʪʨʠʮʳ: 

rA = 

     3 

ʉʠʩʪʝʤʘ ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ 

X = 

     1 

     2 

     3 

ʇʨʦʚʝʨʢʘ: 

B_ = 

     3 

     4 

     5 

ʙ) ɿʘʤʝʥʠʤ ʚ m-ʬʘʡʣʝ syslae.m ʤʘʪʨʠʮʫ ɸ ʠ ʚʝʢʪʦʨ ɺ ʥʘ 

A=[1 1 0 1; 1 -1 1 1; 2 -2 2 2] ʠ B = [1;2;4] 

ʠ ʧʦʣʫʯʠʤ ʩʦʦʙʱʝʥʠʝ: 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʉʃɸʋ ʥʘ ʩʦʚʤʝʩʪʥʦʩʪʴ 

ʆʩʥʦʚʥʘʷ ʤʘʪʨʠʮʘ: 

A = 

     1     1     0     1 

     1    -1     1     1 

     2    -2     2     2 

ʏʠʩʣʦ ʫʨʘʚʥʝʥʠʡ: 

n = 

     3 

ɺʝʢʪʦʨ ʩʚʦʙʦʜʥʳʭ ʯʣʝʥʦʚ: 

B = 

     1 

     2 

     4 

ʈʘʩʰʠʨʝʥʥʘʷ ʤʘʪʨʠʮʘ: 
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AB = 

     1     1     0     1     1 

     1    -1     1     1     2 

     2    -2     2     2     4 

ʈʘʥʛ ʨʘʩʰʠʨʝʥʥʦʡ ʤʘʪʨʠʮʳ: 

rAB = 

     2 

ʈʘʥʛ ʦʩʥʦʚʥʦʡ ʤʘʪʨʠʮʳ: 

rA = 

     2 

ans = 

  logical 

   1 

ʉʠʩʪʝʤʘ ʠʤʝʝʪ ʙʝʩʢʦʥʝʯʥʦ ʤʥʦʛʦ ʨʝʰʝʥʠʡ 

ʚ) ɿʘʤʝʥʠʤ ʚ m-ʬʘʡʣʝ syslae.m ʤʘʪʨʠʮʫ ɸ ʠ ʚʝʢʪʦʨ ɺ ʥʘ 

A=[1 1 0 2; 1 8 6 5; 1 1 0 2] ʠ B = [3;1;7] 

ʠ ʧʦʣʫʯʠʤ ʩʦʦʙʱʝʥʠʝ: 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʉʃɸʋ ʥʘ ʩʦʚʤʝʩʪʥʦʩʪʴ 

ʆʩʥʦʚʥʘʷ ʤʘʪʨʠʮʘ: 

A = 

     1     1     0     2 

     1     8     6     5 

     1     1     0     2 

ʏʠʩʣʦ ʫʨʘʚʥʝʥʠʡ: 

n = 

     3 

ɺʝʢʪʦʨ ʩʚʦʙʦʜʥʳʭ ʯʣʝʥʦʚ: 

B = 

     3 

     1 

     7 

ʈʘʩʰʠʨʝʥʥʘʷ ʤʘʪʨʠʮʘ: 

AB = 

     1     1     0     2     3 

     1     8     6     5     1 

     1     1     0     2     7 

ʈʘʥʛ ʨʘʩʰʠʨʝʥʥʦʡ ʤʘʪʨʠʮʳ: 

rAB = 

     3 

ʈʘʥʛ ʦʩʥʦʚʥʦʡ ʤʘʪʨʠʮʳ: 

rA = 

     2 

ʉʠʩʪʝʤʘ ʥʝʩʦʚʤʝʩʪʥʘ 
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3.5. ʉʆɹʉʊɺɽʅʅʓɽ ɿʅɸʏɽʅʀʗ ʀ ʉʆɹʉʊɺɽʅʅʓɽ ɺɽʂʊʆʈʓ 

ʂɺɸɼʈɸʊʅʆʁ ʄɸʊʈʀʎʓ 

ʏʠʩʣʦ l ʥʘʟʳʚʘʝʪʩʷ ʩʦʙʩʪʚʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʤʘʪʨʠʮʳ ɸ, ʝʩʣʠ ʩʫʱʝʩʪʚʫʝʪ 

ʚʝʢʪʦʨ 0̧X , ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʡ ʫʩʣʦʚʠʶ  

      XAX l= .                                                 (3.9) 

ɺʝʢʪʦʨ X  ʥʘʟʳʚʘʝʪʩʷ ʩʦʙʩʪʚʝʥʥʳʤ ʚʝʢʪʦʨʦʤ ʢʚʘʜʨʘʪʥʦʡ ʤʘʪʨʠʮʳ ɸ, ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʠʤ ʩʦʙʩʪʚʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ l.  

ʇʫʩʪʴ ( )TnxxxX ,,, 21 2=  ï ʩʦʙʩʪʚʝʥʥʳʡ ʚʝʢʪʦʨ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʦʙ-

ʩʪʚʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ l ʤʘʪʨʠʮʳ ( )
nnijaA
³

= . ɿʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ (3.9) ʚ ʚʠʜʝ: 

0)( =- XEA l .                                       (3.10) 

ʉʠʩʪʝʤʘ (3.10) ʠʤʝʝʪ ʥʝʪʨʠʚʠʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ  

0)det(

21

22221

11211

=

-

-

-

=-

l

l

l

l

nnnn

n

n

aaa

aaa

aaa

EA

2

2222

2

2

.                    (3.11) 

ʄʥʦʛʦʯʣʝʥ n-ʡ ʩʪʝʧʝʥʠ  

nn
nnn pppEAf ++++-=-= -
- lllll 1
1

1)1()det()( 3           (3.12)  

ʥʘʟʳʚʘʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʤ ʤʥʦʛʦʯʣʝʥʦʤ ʤʘʪʨʠʮʳ ɸ. 

ʉʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʘʪʨʠʮʳ ɸ ʷʚʣʷʶʪʩʷ ʢʦʨʥʷʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ 

ʫʨʘʚʥʝʥʠʷ  

0)( =lf .                                              (3.13) 

ʂʦʵʬʬʠʮʠʝʥʪʳ nppp ,,, 21 2  ʤʥʦʛʦʯʣʝʥʘ )(lf  ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʯʝʨʝʟ ʤʠ-

ʥʦʨʳ ʤʘʪʨʠʮʳ ɸ, ʥʘʧʨʠʤʝʨ, ( )nn
n aaap +++-= - 32211

1
1 )1( , Apn det= . 

ʉʫʤʤʘ ʵʣʝʤʝʥʪʦʚ ʛʣʘʚʥʦʡ ʜʠʘʛʦʥʘʣʠ ʤʘʪʨʠʮʳ ʥʘʟʳʚʘʝʪʩʷ ʩʣʝʜʦʤ ʤʘʪʨʠʮʳ.  

ʀʤʝʶʪ ʤʝʩʪʦ ʩʣʝʜʫʶʱʠʝ ʨʘʚʝʥʩʪʚʘ: 

An det21 =lll 2 , nnn aaa +++=+++ 22 221121 lll . 

ʇʨʠʤʝʨ 3.17. ʅʘʡʪʠ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠ ʩʦʙʩʪʚʝʥʥʳʝ ʚʝʢʪʦʨʳ ʤʘʪʨʠ-

ʮʳ 
öö
÷

õ
ææ
ç

å-
=

01

21
A . 

ʈʝʰʝʥʠʝ. ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʡ ʤʥʦʛʦʯʣʝʥ ʤʘʪʨʠʮʳ ɸ  

( )( ) 221
1

21
)det()( 2 -+=----=

-

--
=-= llll

l

l
ll EAf  

ʠʤʝʝʪ 2 ʢʦʨʥʷ 11=l  ʠ 22 -=l , ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʩʦʙʩʪʚʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʤʘʪʨʠʮʳ ɸ.  
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ʅʘʡʜʝʤ ʩʦʙʩʪʚʝʥʥʡr ʚʝʢʪʦʨ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 11=l . ʇʦʜʩʪʘʚʠʤ 1l=  ʚ 

(3.10), ʪ.ʝ. 0)( =- XEA , ʠ ʧʦʣʫʯʠʤ ʦʜʥʦʨʦʜʥʫʶ ʩʠʩʪʝʤʫ:  

öö
÷

õ
ææ
ç

å
=öö
÷

õ
ææ
ç

å
öö
÷

õ
ææ
ç

å

-

-
=öö

÷

õ
ææ
ç

å

-

--

0

0

11

22

11

211

y

x
X  

ʵʢʚʠʚʘʣʝʥʪʥʫ  ʁʫʨʘʚʥʝʥʠʶ 0=-yx . ʇʨʠ 1=y  ʧʦʣʫʯʠʤ 1=x . ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

öö
÷

õ
ææ
ç

å
=

1

1
1X  ï ʩʦʙʩʪʚʝʥʥʳʡ ʚʝʢʪʦʨ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʦʙʩʪʚʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ 11=l . 

ɿʘʤʝʪʠʤ, ʯʪʦ ʩʦʙʩʪʚʝʥʥʳʤ ʚʝʢʪʦʨʦʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʩʦʙʩʪʚʝʥʥʦʤʫ ʟʥʘʯʝ-

ʥʠʶ 11=l , ʙʫʜʝʪ ʣʶʙʦʡ ʠʟ ʚʝʢʪʦʨʦʚ öö
÷

õ
ææ
ç

å

1

1
C , 0̧=constC .  

ʅʘʡʜʝʤ ʩʦʙʩʪʚʝʥʥʳʡ ʚʝʢʪʦʨ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 22 -=l . ʇʦʜʩʪʘʚʠʤ 2-=l  

ʚ (3.10), ʪ.ʝ. 0)2( =+ XEA , ʠ ʧʦʣʫʯʠʤ ʦʜʥʦʨʦʜʥʫʶ ʩʠʩʪʝʤʫ:  

öö
÷

õ
ææ
ç

å
=öö
÷

õ
ææ
ç

å
öö
÷

õ
ææ
ç

å
=öö

÷

õ
ææ
ç

å +-

0

0

21

21

21

221

y

x
X . 

ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʫʨʘʚʥʝʥʠʶ 02 =+ yx . ʇʨʠ 1=y  ʧʦʣʫʯʠʤ 2-=x . ʊʘʢʠʤ ʦʙʨʘ-

ʟʦʤ,   öö
÷

õ
ææ
ç

å-
=

1

2
2X  ï  ʩʦʙʩʪʚʝʥʥʳʡ ʚʝʢʪʦʨ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʦʙʩʪʚʝʥʥʦʤʫ ʟʥʘ-

ʯʝʥʠʶ 22 -=l . ɿʘʤʝʪʠʤ, ʯʪʦ ʩʦʙʩʪʚʝʥʥʳʤ ʚʝʢʪʦʨʦʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʩʦʙ-

ʩʪʚʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ 22 -=l , ʙʫʜʝʪ ʣʶʙʦʡ ʠʟ ʚʝʢʪʦʨʦʚ öö
÷

õ
ææ
ç

å-

1

2
C , 0̧=constC .  

ʉʧʨʘʚʝʜʣʠʚʳ ʩʣʝʜʫʶʱʠʝ ʫʪʚʝʨʞʜʝʥʠʷ: 

V ʃʁ ʙʘʷ ʢʚʘʜʨʘʪʥʘʷ ʤʘʪʨʠʮʘ ɸ ʧʦʨʷʜʢʘ n ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʦʙʩʪʚʝʥʥʳʤʠ ʟʥʘ-

ʯʝʥʠʷʤʠ nlll ,...,, 21  ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʚʝʜʝʥʘ ʢ ʜʠʘʛʦʥʘʣʴʥʦʤʫ ʚʠʜʫ  

ö
ö
ö
ö
ö

÷

õ

æ
æ
æ
æ
æ

ç

å

==-

n

DAPP

l

l

l

000

00

00

2

1

1

2222

2

2

, 

ʛʜʝ ʤʘʪʨʠʮʘ P  ʩʦʩʪʘʚʣʝʥʘ ʠʟ ʩʦʙʩʪʚʝʥʥʳʭ ʚʝʢʪʦʨʦʚ nXXX ,,, 21 2 , ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʠʭ ʩʦʙʩʪʚʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ nlll ,...,, 21 . 

V ʃʁ ʙʫʶ ʜʝʡʩʪʚʠʪʝʣʴʥʫʶ ʩʠʤʤʝʪʨʠʯʥʫʶ ʤʘʪʨʠʮʫ ʤʦʞʥʦ ʜʠʘʛʦʥʘʣʠʟʠʨʦ-

ʚʘʪʴ. 

V ɽʩʣʠ nlll ,...,, 21  ï ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʘʪʨʠʮʳ ɸ, ʪʦ 22
2

2
1 ,...,, nlll  ï ʩʦʙ-

ʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʘʪʨʠʮʳ ɸ
2
. 

V ɽʩʣʠ l ï ʩʦʙʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʥʝʚʳʨʦʞʜʝʥʥʦʡ ʤʘʪʨʠʮʳ ɸ, ʪʦ 1-l  ï ʩʦʙ-

ʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʤʘʪʨʠʮʳ 1-A . 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ MATLAB  ʧʨʠ ʥʘʭʦʞʜʝʥʠʠ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʠ 

ʩʦʙʩʪʚʝʥʥʳʭ ʚʝʢʪʦʨʦʚ ʢʚʘʜʨʘʪʥʦʡ ʤʘʪʨʠʮʳ  

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʢʚʘʜʨʘʪʥʦʡ ʤʘʪʨʠʮʳ ( )
nnijaA
³

=
 
ʚ 

MATLAB  ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʩʪʨʦʝʥʥʘ ̫ʬʫʥʢʮʠ:̫ 

 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʩʦʙʩʪʚʝʥ-

ʥʳʭ ʚʝʢʪʦʨʦʚ ʢʚʘʜʨʘʪʥʦʡ ʤʘʪʨʠʮʳ ( )
nnijaA
³

=
 
ʚ MATLAB  ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʩʪʨʦ-

ʝʥʥʘʷ ʬʫʥʢʮʠʷ: 

 

ɿʜʝʩʴ ʩʪʦʣʙʮʳ ʤʘʪʨʠʮʳ R ʝʩʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʚʝʢʪʦʨʘ ʤʘʪʨʠʮʳ ɸ, ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʝ ʩʦʙʩʪʚʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ, ʢʦʪʦʨʳʝ ʩʪʦʷʪ ʥʘ ʜʠʘʛʦʥʘʣʠ ʤʘʪʨʠʮʳ U. 

ʇʨʠʤʝʨ 3.18. ʀʩʧʦʣʴʟʫʷ ʚʩʪʨʦʝʥʥʳʝ ʬʫʥʢʮʠʠ eig(ɸ) ʠ [R U]=eig(ɸ), ʥʘʡʪʠ 

ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠ ʩʦʙʩʪʚʝʥʥʳʝ ʚʝʢʪʦʨʳ ʤʘʪʨʠʮ: 

 ʘ)
öö
÷

õ
ææ
ç

å-
=

01

21
A  ʠʟ ʧʨʠʤʝʨʘ 3.17;      ʙ) 

ö
ö
ö

÷

õ

æ
æ
æ

ç

å

-

=

209

654

713

B . 

ʈʝʰʝʥʠʝ ʧʦʢʘʟʘʥʦ ʚ ʩʣʝʜʫʶʱʝʡ ʪʘʙʣʠʮʝ: 

ʘ) ʙ) 

Cʦʟʜʘʜʠʤ ʤʘʪʨʠʮʳ ɸ ʠ ɺ 

>>A=[-1 2; 1 0]     

A = 

       -1    2 

        1    0 

>>B=[3 1 7; 4 5 6; 9 0 -2]  

ɺ = 

       3     1     7 

       4     5     6 

       9     0    -2 

ɺr ʯʠʩʣʠʤ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʘʪʨʠʮ ɸ ʠ ɺ,  

ʠʩʧʦʣʴʟʫʷ ʚʩʪʨʦʝʥʥʫʶ ʬʫʥʢʮʠʶ eig(ɸ) 

>>eig(A) 

ans = 

         -2 

          1 

 

>>eig(B)   

ans = 

       -7.6718 

        9.9731 

        3.6988 

ɺr ʯʠʩʣʠʤ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ  

ʩʦʙʩʪʚʝʥʥʳʝ ʚʝʢʪʦʨʳ ʤʘʪʨʠʮ ɸ ʠ ɺ 

>>[R U]=eig(A) 

R = 

>>[R U]=eig(B) 

R = 

[R U]=eig(ɸ) 

eig(ɸ) 
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   -0.8944   -0.7071 

    0.4472   -0.7071 

U = 

    -2     0 

     0     1 

    0.5193   -0.4718    0.0950 

    0.2263   -0.8073   -0.9841 

   -0.8241   -0.3546    0.1501 

U = 

   -7.6718            0                 0 

         0       9.9731                 0 

         0                0        3.6988 

ʇʨʠʤʝʨ 3.19. ʅʘʡʪʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʤʥʦʛʦʯʣʝʥʘ ʠ 

ʩʣʝʜ ʤʘʪʨʠʮ ʠʟ ʧʨʠʤʝʨʘ 3.18. 

ʈʝʰʝʥʠʝ. ʀʩʧʦʣʴʟʫʝʤ ʚʩʪʨʦʝʥʥʳʝ ʬʫʥʢʮʠʠ MATLAB : 

ʂʦʤʘʥʜʘ MATLAB ʆʧʠʩʘʥʠʝ 

trace(A) ɺʳʯʠʩʣʷʝʪ ʩʣʝʜ ʤʘʪʨʠʮʳ ɸ (ʩʫʤʤʘ ʜʠʘʛʦʥʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʤʘʪʨʠʮʳ) 

poly(A) ɺʳʯʠʩʣʷʝʪ ʢʦʵʬʬʠʮʠʝʥʪʳ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʤʥʦʛʦʯʣʝʥʘ 

ʤʘʪʨʠʮʳ ɸ 

 

ʘ) ʙ) 

>>trace(A) 

ans =  

          -1 

 >>trace(ɺ) 

ans = 

         6 

>>poly(A) 

ans = 

          1     1    -2 

 >>poly(B) 

ans = 

         1.0000 -6.0000 -68.0000  283.0000 

 

ʂʆʅʊʈʆʃʔʅʓɽ ɺʆʇʈʆʉʓ 

1. ʂʘʢ ʚ MATLAB  ʚʳʯʠʩʣʷʝʪʩʷ ʦʧʨʝʜʝʣʠʪʝʣʴ? 

2. ʉʧʦʩʦʙʳ ʚʳʯʠʩʣʝʥʠʷ ʦʙʨʘʪʥʦʡ ʤʘʪʨʠʮʳ ʚ MATLAB . 

3. ɼʣʷ ʯʝʛʦ ʚ MATLAB  ʩʣʫʞʠʪ ʢʦʤʘʥʜʘ rank(A), ʛʜʝ ɸ ï ʤʘʪʨʠʮʘ? 

4. ʂʘʢʠʝ ʢʦʤʘʥʜʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʉʃɸʋ ʚ MATLAB ? 

5. ʏʝʤ ʦʪʣʠʯʘʶʩʷ ʢʦʤʘʥʜʳ eig(ɸ) ʠ [R U]=eig(A)? 

6. ʂʘʢ ʚʳʯʠʩʣʠʪʴ ʩʣʝʜ ʤʘʪʨʠʮʳ ʚ MATLAB ? 

ʂʆʅʊʈʆʃʔʅʓɽ ɿɸɼɸʅʀʗ 

1. ʉʦʟʜʘʪʴ ʤʘʪʨʠʮʳ ɸ2ʭ3, ɺ3ʭ3, ʉ2ʭ3 ʠʟ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩ-

ʧʨʝʜʝʣʝʥʥʳʭ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0 ʜʦ 1. ʅʘʡʪʠ, ʠʩʧʦʣʴʟʫʷ MATLAB : 

a) ʩʫʤʤʫ ʠ ʨʘʟʥʦʩʪʴ ʤʘʪʨʠʮ A ʠ ʉ, 

ʙ) ʧʨʦʠʟʚʝʜʝʥʠʝ ʤʘʪʨʠʮ C ʠ B, 

ʚ) ʨʝʟʫʣʴʪʘʪ ʧʨʦʠʟʚʝʜʝʥʠʷ ʤʘʪʨʠʮ C ʠ B ʫʤʥʦʞʠʪʴ ʥʘ ʯʠʩʣʦ 5, 

ʛ) ʦʧʨʝʜʝʣʠʪʝʣʴ ʤʘʪʨʠʮʳ ɺ, 

ʜ) ʤʘʪʨʠʮʫ, ʦʙʨʘʪʥʫʶ ʤʘʪʨʠʮʝ ɺ, 
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ʝ) ʩʦʙʩʪʚʝʥʥʳʝ ʯʠʩʣʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʩʦʙʩʪʚʝʥʥʳʝ ʚʝʢʪʦʨʘ ʤʘʪʨʠ-

ʮʳ ɺ. 

2. ʅʘʡʪʠ, ʠʩʧʦʣʴʟʫʷ MATLAB , ʟʥʘʯʝʥʠʝ ʟʘʜʘʥʥʦʛʦ ʚʳʨʘʞʝʥʠʷ, ʛʜʝ A, B, C 

ï ʤʘʪʨʠʮʳ ʠʟ ʟʘʜʘʥʠʷ 1. 

 ̄ ɺʳʨʘʞʝʥʠʝ  ̄ ɺʳʨʘʞʝʥʠʝ 

1. TCABCA )(2)( 4 -**-  16. TCABCA )()(4 2 +**+-  

2. TCABCA )()(2 3 +**-  17. TCABCA ))(2()( 3 --**-  

3. TCABCA )(5)( 2 -**+  18. TCABCA ))(5()( 4 +-**-  

4. TCABCA )()(4 5 +**+  19. TCABCA )()(9 5 -**+  

5. TCABCA )(3)( 5 -**-  20. TCABCA )()(7 4 +**+-  

6. TCABCA )()(5 2 +**-  21. TCABCA )(9)( 2 -**-  

7. TCABCA )(4)( 3 -**+  22. TCABCA ))(3()( 3 +-**-  

8. TCABCA )()(3 2 +**+  23. TCABCA )()(9 5 -**+-  

9. TCABCA )(6)( 3 -**-  24. TCABCA ))(8()( 4 +-**+  

10. TCABCA )()(8 4 +**-  25. TCABCA )()(2 3 -**--  

11. TCABCA )()(3 5 -**+-  26. TCABCA )())(3( 2 +**--  

12. TCABCA )()(6 4 +**+  27. TCABCA ))(2()( 5 --**+  

13. TCABCA )(7)( 3 -**-  28. TCABCA )()(7 4 +**+  

14. TCABCA )(8)(6 2 +**--  29. TCABCA )()(5 3 -**--  

15. TCABCA )()(7 5 -**+  30. TCABCA ))(4()( 2 +-**-  

3. ʈʝʰʠʪʴ ʉʃɸʋ, ʠʩʧʦʣʴʟʫʷ MATLAB : 

1 2 3

1 2 3

1 2 3

( 15),5 (1 ),2 0,5 2,6

( 10),3 5,2 ( 2),5 ( 3),7

10,2 ( 17),4 0,3 ( 20),5.

n x n x x

n x x n x n

x n x x n

- * - + * + * =-ë
î
- * - * + + * = +ì

î * - - * + * = -í

 

ʛʜʝ n ï ʥʦʤʝʨ ʚʘʨʠʘʥʪʘ.   
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ɻʃɸɺɸ 4. ɻʈɸʌʀʂɸ ɺ MATLAB  

MATLAB  ʦʙʣʘʜʘʝʪ ʤʦʱʥʳʤʠ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʛʨʘʬʠʯʝʩʢʠʤʠ ʚʦʟʤʦʞʥʦ-

ʩʪʷʤʠ. ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʨʘʩʩʤʦʪʨʝʥʳ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʠʟ ʥʠʭ.  

 

4.1. ɼɺʋʄɽʈʅɸʗ ɻʈɸʌʀʂɸ 

ʇʦʩʪʨʦʝʥʠʝ ʛʨʘʬʠʢʦʚ ʬʫʥʢʮʠʡ, ʟʘʜʘʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠ 

ɺ MATLAB  ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʘ ʬʫʥʢʮʠʠ y=y(x), ʟʘʜʘʥʥʦʡ ʘʥʘʣʠʪʠʯʝ-

ʩʢʠ, ʚ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ (x,y) ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʩʪʨʦʝʥʥʘʷ ʬʫʥʢʮʠʷ 

ezplot ʩʦ ʩʣʝʜʫʶʱʠʤ ʩʠʥʪʘʢʩʠʩʦʤ: 

 

 

ʇʝʨʚʳʡ (ʦʙʷʟʘʪʝʣʴʥʳʡ) ʘʨʛʫʤʝʥʪ y ï ʩʠʤʚʦʣʴʥʦʝ ʚʳʨʘʞʝʥʠʝ ʠʣʠ ʪʝʢʩʪʦʚʘʷ 

ʩʪʨʦʢʘ ʩ ʦʧʠʩʘʥʠʝʤ ʬʫʥʢʮʠʠ; ʚʪʦʨʦʡ (ʥʝʦʙʷʟʘʪʝʣʴʥʳʡ) ʘʨʛʫʤʝʥʪ [xmin, xmax, 

ymin, ymax] ï ʚʝʢʪʦʨ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʧʨʝʜʝʣʳ ʠʟʤʝʥʝʥʠʷ ʭ ʠ ʫ. ɽʩʣʠ ʟʥʘʯʝʥʠʷ 

ʥʝ ʫʢʘʟʘʥʳ, ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ὼɴ ς“ȟς“. 

ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʦʡ ʢʦʤʘʥʜʳ ʛʨʘʬʠʢ ʬʫʥʢʮʠʠ y=y(x) ʧʦʷʚʠʪʩʷ ʚ ʦʪ-

ʜʝʣʴʥʦʤ ʛʨʘʬʠʯʝʩʢʦʤ ʦʢʥʝ, ʥʘʟʳʚʘʝʤʦʤ çFigure 1è. 

ʇʨʠʤʝʨ 4.1. ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ ʬʫʥʢʮʠʠ y=xsin2x. 

ʈʝʰʝʥʠʝ. ʘ) ɺʚʝʜʝʤ ʢʦʤʘʥʜʫ  

>> ezplot('x*sin(2*x)') 

ʠ ʛʨʘʬʠʢ ʬʫʥʢʮʠʠ y=xsin2x ʧʦʷʚʠʪʩʷ ʚ ʦʢʥʝ çFigure 1è (ʨʠʩ. 4.1, ʘ). 

ʌʫʥʢʮʠʶ ʤʦʞʥʦ ʟʘʜʘʪʴ ʚ ʚʠʜʝ ʩʠʤʚʦʣʴʥʦʛʦ ʚʳʨʘʞʝʥʠʷ: 

>> syms x 

>>ezplot(x*sin(2*x)) 

ʙ) ɺʚʝʜʝʤ ʢʦʤʘʥʜʫ ʩ ʫʢʘʟʘʥʠʝʤ ʧʨʝʜʝʣʦʚ ʠʟʤʝʥʝʥʠʷ ʭ ʠ ʫ:  

>> ezplot('x*sin(2*x)', [-20,20,-30,30])        

ʠ ʛʨʘʬʠʢ ʬʫʥʢʮʠʠ y=xsin2x ʧʦʷʚʠʪʩʷ ʚ ʦʢʥʝ çFigure 1è (ʨʠʩ. 4.1, ʙ). 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʛʨʘʬʠʢʦʚ ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʢʦʤʘʥʜʳ: 

ʂʦʤʘʥʜʘ MATLAB  ʆʧʠʩʘʥʠʝ 

grid on ʅʘʥʦʩʠʪ ʢʦʦʨʜʠʥʘʪʥʫʶ ʩʝʪʢʫ ʥʘ ʪʝʢʫʱʠʝ ʦʩʠ 

grid off ʋʜʘʣʷʝʪ ʢʦʦʨʜʠʥʘʪʥʫʶ ʩʝʪʢʫ 

axis equal ʉʦʟʜʘʝʪ ʦʜʠʥʘʢʦʚʳʡ ʤʘʩʰʪʘʙ ʧʦ ʦʙʝʠʤ ʢʦʦʨʜʠ-

ʥʘʪʥʳʤ ʦʩʷʤ x ʠ y 

axis([xmin, xmax, ymin, ymax]) ʄʘʩʰʪʘʙʠʨʫʝʪ ʜʚʫʤʝʨʥʳʝ ʛʨʘʬʠʢʠ ʬʫʥʢʮʠʠ 

 

ezplot('y', [xmin, xmax, ymin, ymax]) 
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 ʉ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ ezplot ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʢʨʠʚʫʶ, ʟʘʜʘʥʥʫʶ ʫʨʘʚʥʝ-

ʥʠʝʤ F(x,y)=0. 

ʇʨʠʤʝʨ 4.2. ʇʦʩʪʨʦʠʪʴ ʦʢʨʫʞʥʦʩʪʴ, ʟʘʜʘʥʥʫ  ʁʫʨʘʚʥʝʥʠʝʤ x
2
+y

2
=4, ʩ ʧʦ-

ʤʦʱʴʶ ʬʫʥʢʮʠʠ ezplot. 

ʈʝʰʝʥʠʝ. ʘ) ɺʚʝʜʝʤ ʢʦʤʘʥʜʫ: 

>> ezplot('x^2+y^2-4') 

ʠ ʚ ʦʢʥʝ çFigure 1è ʧʦʷʚʠʪʩʷ ʦʢʨʫʞʥʦʩʪʴ (ʨʠʩ. 4.2, ʘ). 

ʙ) ɺ ʬʫʥʢʮʠʠ ezplot ʜʦʙʘʚʠʤ ʚʪʦʨʦʡ ʘʨʛʫʤʝʥʪ ï ʚʝʢʪʦʨ [-2.2,2.2], ʦʧʨʝʜʝ-

ʣʷʶʱʠʡ ʧʨʝʜʝʣʳ ʠʟʤʝʥʝʥʠʷ ʭ: 

>> ezplot('x^2+y^2-4', [-2.2,2.2]) 

ʂʦʤʘʥʜʦʡ grid on ʥʘʥʝʩʝʤ ʢʦʦʨʜʠʥʘʪʥʫʶ ʩʝʪʢʫ ʥʘ ʪʝʢʫʱʠʝ ʦʩʠ: 

>> grid on 

ʂʦʤʘʥʜʦʡ axis equal ʩʦʟʜʘʜʠʤ ʦʜʠʥʘʢʦʚʳʡ ʤʘʩʰʪʘʙ ʧʦ ʦʙʝʠʤ ʢʦʦʨʜʠʥʘʪ-

ʥʳʤ ʦʩʷʤ x ʠ y: 

>> axis equal 

ɺ ʦʢʥʝ çFigure 1è ʧʦʷʚʠʪʩʷ ʦʢʨʫʞʥʦʩʪʴ (ʨʠʩ. 4.2, ʙ). 
 

 ʉ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ ezplot ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʢʨʠʚʫʶ, ʟʘʜʘʥʥʫʶ ʧʘʨʘʤʝʪ-

ʨʠʯʝʩʢʠ: x=x(t),y=y(t). 

ʇʨʠʤʝʨ 4.3. ʇʦʩʪʨʦʠʪʴ ʢʨʠʚʫʶ, ʟʘʜʘʥʥʫʶ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠ: 

x=t
2
, y=2t(3-t

2
)/3. 

ʈʝʰʝʥʠʝ. ɺʚʝʜʝʤ ʢʦʤʘʥʜʫ: 

>> ezplot('t^2', '2*t*(3-t^2)/3', [-2.3  2.3])  

ʠ ʚ ʦʢʥʝ çFigure 1è ʧʦʷʚʠʪʩʷ ʢʨʠʚʘʷ (ʨʠʩ. 4.3). 

 

a ʙ 

ʈʠʩ. 4.1.  ɻʨʘʬʠʢ ʬʫʥʢʮʠʠ y=xsin2x, ʧʦʩʪʨʦʝʥʥʳʡ  ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʘʥʜʳ:  

ʘ ï ezplot('y'), ʙ ï ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʘʥʜʳ  ezplot('y', [xmin, xmax, ymin, ymax]) 

 
 



82 
 

 

 

ɺ MATLAB  ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʨʠʚʳʭ, ʟʘʜʘʥʥʳʭ ʚ ʧʦʣʷʨʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ, 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʩʪʨʦʝʥʥʘʷ ʬʫʥʢʮʠʷ ezpolar ʩʦ ʩʣʝʜʫʶʱʠʤ ʩʠʥʪʘʢʩʠʩʦʤ: 

ʇʝʨʚʳʡ (ʦʙʷʟʘʪʝʣʴʥʳʡ) ʘʨʛʫʤʝʥʪ r  ï ʩʠʤʚʦʣʴʥʦʝ ʚʳʨʘʞʝʥʠʝ ʠʣʠ ʪʝʢʩʪʦʚʘʷ 

ʩʪʨʦʢʘ ʩ ʦʧʠʩʘʥʠʝʤ ʬʫʥʢʮʠʠ r=r(ű); ʚʪʦʨʦʡ (ʥʝʦʙʷʟʘʪʝʣʴʥʳʡ) ʘʨʛʫʤʝʥʪ [Ŭ, ɓ] ï 

ʚʝʢʪʦʨ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʧʨʝʜʝʣʳ ʠʟʤʝʥʝʥʠʷ ʧʦʣʷʨʥʦʛʦ ʫʛʣʘ ű. ɽʩʣʠ ʟʥʘʯʝʥʠʷ ʥʝ 

ʫʢʘʟʘʥʳ, ʩʯʠʪʘʝʪʩʷ, ʯʪʦ •ᶰπȟς“. 

ʇʨʠʤʝʨ 4.4. ʇʦʩʪʨʦʠʪʴ ʢʨʠʚʫʶ, ʚ ʧʦʣʷʨʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ: r=2(1-cos ű). 

ʈʝʰʝʥʠʝ. ɺʚʝʜʝʤ ʢʦʤʘʥʜʫ: 

>> syms phi 

>> ezpolar(2*(1-cos(phi)))  

  

a ʙ 

ʈʠʩ. 4.2. ʆʢʨʫʞʥʦʩʪʴ, ʟʘʜʘʥʥʘʷ  ʫʨʘʚʥʝʥʠʝʤ x
2
+y

2
=4 

 

 

ʈʠʩ. 4.3. ʂʨʠʚʘʷ x=t
2
, y=2t(3-t

2
)/3, ʧʦʩʪʨʦʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ ʢʦʤʘʥʜʳ  ezplot 

ezpolar ('r', [Ŭ, ɓ]) 
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ʠ ʚ ʦʢʥʝ çFigure 1è ʧʦʷʚʠʪʩʷ ʢʘʨʜʠʦʠʜʘ (ʨʠʩ. 4.4). 

ʇʦʩʪʨʦʝʥʠʝ ʛʨʘʬʠʢʦʚ ʬʫʥʢʮʠʡ, ʟʘʜʘʥʥʳʭ ʪʘʙʣʠʯʥʦ 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʘ ʬʫʥʢʮʠʠ y=y(x), ʟʘʜʘʥʥʦʡ ʪʘʙʣʠʯʥʦ, ʚ MATLAB  

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʩʪʨʦʝʥʥʘʷ ʬʫʥʢʮʠʷ plot ʩʦ ʩʣʝʜʫʶʱʠʤ ʩʠʥʪʘʢʩʠʩʦʤ: 

 

 

ʛʜʝ ʭ, y ï ʟʘʜʘʥʥʳʝ ʚʝʢʪʦʨʳ ʦʜʠʥʘʢʦʚʦʛʦ ʨʘʟʤʝʨʘ. 

ɼʣʷ ʠʟʤʝʥʝʥʠʷ ʩʪʠʣ ̫ʠʟʦʙʨʘʞʝʥʠʷ ʣʠʥʠʠ ʠ ʪʦʯʝʢ ʜʦʙʘʚʣʷʝʪʩʷ ʩʪʨʦʢʦʚʘ ̫

ʧʝʨʝʤʝʥʥʘ ̫s  

 

 

ʉʪʨʦʢʦʚʘʷ ʧʝʨʝʤʝʥʥʘʷ s ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʜʦ ʪʨʝʭ ʩʠʤʚʦʣʦʚ-ʤʘʨʢʝʨʦʚ, ʧʨʠ-

ʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣ. 4.1. 

ʊʘʙʣʠʮʘ 4.1  

ʊʠʧʳ ʠ ʮʚʝʪʘ ʣʠʥʠʡ ʠ ʫʟʣʦʚʳʭ ʪʦʯʝʢ  

ɺʠʜ ʄʘʨʢʝʨ MATLAB  ɺʠʜ ʄʘʨʢʝʨ MATLAB  

ʊʠʧ ʣʠʥʠʠ ʊʠʧ ʪʦʯʢʠ 

ʉʧʣʦʰʥʘʷ - ʊʦʯʢʘ . 

ʐʪʨʠʭʦʚʘʷ -- ɿʚʝʟʜʦʯʢʘ *  

ʇʫʥʢʪʠʨʥʘʷ : ʇʣʶʩ + 

ʐʪʨʠʭ-ʧʫʥʢʪʠʨʥʘʷ -. ʂʨʝʩʪ x 

ʎʚʝʪ ʂʨʫʛ o 

ʂʨʘʩʥʳʡ (red) r ʂʚʘʜʨʘʪ s 

ɾʝʣʪʳʡ (yellow) y ʈʦʤʙ d 

 

ʈʠʩ. 4.4. ʂʨʠʚʘʷ  r=2(1-cos ű), ʧʦʩʪʨʦʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ ʢʦʤʘʥʜʳ  ezpolar 

plot(x, y) 
 

plot(x, y, 's') 
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ɿʝʣʝʥʳʡ (green) g ʊʨʝʫʛʦʣʴʥʠʢ  

ʚʥʠʟ,  

ʚʚʝʨʭ,  

ʚʣʝʚʦ,  

ʚʧʨʘʚʦ 

 

v 

^ 

< 

> 

ɻʦʣʫʙʦʡ (cyan) c 

ʉʠʥʠʡ (blue) b 

ʌʠʦʣʝʪʦʚʳʡ (magenta) m 

ɹʝʣʳʡ (white) w ʇʷʪʠʫʛʦʣʴʥʠʢ p 

ʏʸʨʥʳʡ (black) k ʐʝʩʪʠʫʛʦʣʴʥʠʢ h 

ʇʨʠʤʝʨ 4.5. ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ ʬʫʥʢʮʠʠ y=2sin3x+1 ʥʘ ʦʪʨʝʟʢʝ [0;10] ʩ ʰʘ-

ʛʦʤ 0.1. 

ʈʝʰʝʥʠʝ. ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ: 

>> x=[0:0.1:10];                % ʟʘʜʘʝʤ ʜʠʘʧʘʟʦʥ ʠ ʰʘʛ ʠʟʤʝʥʝʥʠʷ ʘʨʛʫʤʝʥʪʘ x 

>> y=2*sin(3*x)+1;           % ʟʘʜʘʝʤ ʬʫʥʢʮʠʶ y=2sin3x+1 

>> plot(x,y)                       % ʩʪʨʦʠʤ ʛʨʘʬʠʢ ʬʫʥʢʮʠʠ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʦʢʥʝ 

ɻʨʘʬʠʢ ʬʫʥʢʮʠʠ y=2sin3x+1 ʥʘ ʦʪʨʝʟʢʝ [0;10] ʧʦʷʚʠʪʩʷ ʚ ʦʢʥʝ çFigure 1è 

(ʨʠʩ. 4.5, ʘ). 

ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ: 

ɻʨʘʬʠʢ ʬʫʥʢʮʠʠ ʧʦʷʚʠʪʩʷ ʚ ʦʢʥʝ çFigure 1è (ʨʠʩ. 4.5, ʙ) ʩʦ ʩʣʝʜʫʶʱʠʤ 

ʩʪʠʣʝʤ (ʪʘʙʣ. 4.1): ʪʠʧ ʣʠʥʠʠ ï ʰʪʨʠʭ-ʧʫʥʢʪʠʨʥʘʷ (-.), ʪʠʧ ʪʦʯʢʠ ï ʢʨʝʩʪ (ʭ), 

ʮʚʝʪ ï ʬʠʦʣʝʪʦʚʳʡ (m). 

 ʌʫʥʢʮʠʶ plot(x,y) ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ 

ʬʫʥʢʮʠʡ, ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʥʘʯʘʣʘ ʟʘʜʘʝʪʩʷ ʚʝʢ-

ʪʦʨ t, ʘ ʟʘʪʝʤ ʚʝʢʪʦʨʘ x ʠ y. 

>> plot(x,y,'-.xm')             % ʩʪʨʦʠʤ ʛʨʘʬʠʢ ʬʫʥʢʮʠʠ y(x) c ʫʢʘʟʘʥʠʝʤ ʩʪʠʣʷ 

  

a ʙ 

ʈʠʩ. 4.5. ɻʨʘʬʠʢ ʬʫʥʢʮʠʠ y=2sin3x+1, ʧʦʩʪʨʦʝʥʥʳʡ ʥʘ ʦʪʨʝʟʢʝ [0;10]: ʘ ï ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʢʦʤʘʥʜʳ plot(x,y); ʙ ï ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʘʥʜʳ plot(x,y,'-.xm') 
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ʇʨʠʤʝʨ 4.6. ʇʦʩʪʨʦʠʪʴ ʮʠʢʣʦʠʜʫ x=t-sin(t), y=(1-cos(t))/2 ʥʘ ʦʪʨʝʟʢʝ [0;6ˊ]. 

ʈʝʰʝʥʠʝ. ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ: 

>>t=[0:pi/60:6*pi];        % ʟʘʜʘʝʤ ʜʠʘʧʘʟʦʥ ʠ ʰʘʛ ʠʟʤʝʥʝʥʠʷ ʘʨʛʫʤʝʥʪʘ t 

>>x=t-sin(t);                  % ʟʘʜʘʝʤ ʬʫʥʢʮʠʶ x= t-sin(t) 

>>y=(1-cos(t))/2;           % ʟʘʜʘʝʤ ʬʫʥʢʮʠʶ y=(1-cos(t))/2 

>>plot(x,y)                    % ʩʪʨʦʠʤ ʛʨʘʬʠʢ ʬʫʥʢʮʠʠ y(x) ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʦʢʥʝ 

ɻʨʘʬʠʢ ʬʫʥʢʮʠʠ ʧʦʷʚʠʪʩʷ ʚ ʦʢʥʝ çFigure 1è (ʨʠʩ. 4.6). 

ɿʘʤʝʪʠʤ, ʯʪʦ ʢʦʤʘʥʜʦʡ plot ʤʦʞʥʦ ʩʪʨʦʠʪʴ ʛʨʘʬʠʢʠ ʘʥʘʣʠʪʠʯʝʩʢʠ ʟʘʜʘʥ-

ʥʳʭ ʬʫʥʢʮʠʡ, ʜʣʷ ʵʪʦʛʦ ʥʘʜʦ ʣʠʰʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʩʪʨʦʠʪʴ ʚʝʢʪʦʨ ʟʥʘʯʝʥʠʡ 

ʥʝʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ, ʠ ʧʨʠ ʟʘʜʘʥʠʠ ʬʫʥʢʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦ-

ʵʣʝʤʝʥʪʥʳʝ ʦʧʝʨʘʮʠʠ. 

ɺ MATLAB  ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʨʠʚʳʭ ʚ ʧʦʣʷʨʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʠʩʧʦʣʴ-

ʟʫʝʪʩʷ ʚʩʪʨʦʝʥʥʘʷ ʬʫʥʢʮʠʷ polar ʩʦ ʩʣʝʜʫʶʱʠʤ ʩʠʥʪʘʢʩʠʩʦʤ: 

 

ʇʝʨʚʳʡ ʘʨʛʫʤʝʥʪ phi ï ʚʝʢʪʦʨ ʟʥʘʯʝʥʠʡ ʧʦʣʷʨʥʦʛʦ ʫʛʣʘ, ʚʪʦʨʦʡ ʘʨʛʫʤʝʥʪ r 

ï ʚʝʢʪʦʨ ʟʥʘʯʝʥʠʡ ʧʦʣʷʨʥʦʛʦ ʨʘʜʠʫʩʘ. 

ɼʣʷ ʠʟʤʝʥʝʥʠʷ ʩʪʠʣ ̫ʠʟʦʙʨʘʞʝʥʠʷ ʣʠʥʠʠ ʠ ʪʦʯʝʢ ʜʦʙʘʚʣʷʝʪʩʷ ʩʪʨʦʢʦʚʘʷ 

ʧʝʨʝʤʝʥʥʘʷ s  

 

 

ʇʨʠʤʝʨ 4.7. ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ ʬʫʥʢʮʠʠ r=2cos(3ű) ʥʘ ʦʪʨʝʟʢʝ [0;]́ ʩ ʰʘ-

ʛʦʤ ˊ/60. 

 

ʈʠʩ. 4.6. ɻʨʘʬʠʢ ʬʫʥʢʮʠʠ  x=t-sin(t), y=(1-cos(t))/2,  ʧʦʩʪʨʦʝʥʥʳʡ ʥʘ ʦʪʨʝʟʢʝ [0;6ˊ] 

 

polar(phi, r, 's') 

polar(phi,r) 
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ʈʝʰʝʥʠʝ. ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ: 

>> phi=[0:pi/60:pi]; 

>> r=2*cos(3*phi); 

>> polar(phi,r) 

ɻʨʘʬʠʢ ʬʫʥʢʮʠʠ ʧʦʷʚʠʪʩʷ ʚ ʦʢʥʝ çFigure 1è (ʨʠʩ. 4.7). 

ɼʣʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ ʚ MATLAB ʠʩʧʦʣʴ-

ʟʫʝʪʩʷ ʚʩʪʨʦʝʥʥʘʷ ʬʫʥʢʮʠʷ: 

 

ɿʜʝʩʴ real(Z), imag(Z) ï ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ ʠ ʤʥʠʤʘʷ ʯʘʩʪʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʯʠʩʣʘ. 

ʇʨʠʤʝʨ 4.8. ʇʦʩʪʨʦʠʪʴ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʳ ʪʨʝʭ ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ (10i-4), 

(12i+6) ʠ (-13i-3): ʘ) ʙʝʟ ʫʢʘʟʘʥʠʷ ʩʪʠʣʷ; ʙ) ʩ ʫʢʘʟʘʥʠʝʤ ʩʪʠʣʷ. 

ʈʝʰʝʥʠʝ. ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ: 

ʘ) ʙ) 

>> x=[10*i-4,12*i+6,-13*i-3]; 

>> compass(x) 

>> x=[10*i-4,12*i+6,-13*i-3]; 

>> compass(x,'--.r') 

ʈʘʜʠʫʩ-ʚʝʢʪʦʨʳ ʧʦʷʚʷʪʩʷ ʚ ʦʢʥʝ çFigure 1è (ʨʠʩ. 4.8). 

 

 

ʈʠʩ. 4.7.  ɻʨʘʬʠʢ ʬʫʥʢʮʠʠ r=2cos(3ű) ʥʘ ʦʪʨʝʟʢʝ [0;]́ ʩ ʰʘʛʦʤ ˊ/60 

compass (real(Z), imag(Z)) 
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4.2. ʇʆʉʊʈʆɽʅʀɽ ʅɽʉʂʆʃʔʂʀʍ ɻʈɸʌʀʂʆɺ ɺ ʆɼʅʆʄ ʆʂʅɽ 

ʇʦ ʫʤʦʣʯʘʥʠʶ ʢʘʞʜʳʡ ʧʦʩʣʝʜʫʶʱʠʡ ʛʨʘʬʠʢ ʩʪʨʦʠʪʩʷ ʚ MATLAB  ʥʘ ʤʝ-

ʩʪʝ ʧʨʝʜʳʜʫʱʝʛʦ, ʧʦʵʪʦʤʫ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʜʚʫʭ ʠʣʠ ʙʦʣʝʝ ʛʨʘʬʠʢʦʚ ʚ ʦʜʥʦʤ 

ʦʢʥʝ ʥʫʞʥʦ ʚʳʧʦʣʥʠʪʴ ʦʜʥʫ ʠʟ ʩʣʝʜʫʶʱʠʭ ʢʦʤʘʥʜ: 

ʂʦʤʘʥʜʘ MATLAB  ʆʧʠʩʘʥʠʝ 

>> plot(x1,y1,x2,y2,é) ʉʪʨʦʠʪ ʛʨʘʬʠʢʠ ʬʫʥʢʮʠʡ y1(x1), y2(x2),é. ʚ ʦʜʥʦʤ ʛʨʘ-

ʬʠʯʝʩʢʦʤ ʦʢʥʝ, ʢʨʠʚʳʝ ʦʪʦʙʨʘʞʘʶʪʩʷ ʨʘʟʥʳʤ ʮʚʝʪʦʤ 

>> hold on  ʇʦʟʚʦʣʷʝʪ ʚ ʦʜʥʦʤ ʛʨʘʬʠʯʝʩʢʦʤ ʦʢʥʝ ʩʦʭʨʘʥʷʪʴ ʛʨʘʬʠʢʠ, 

ʧʦʩʪʨʦʝʥʥʳʝ ʨʘʥʝʝ, ʜʦʧʦʣʥʷʷ ʠʭ ʥʦʚʳʤʠ; ʙʫʜʝʪ ʚʳʧʦʣ-

ʥʷʪʴʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʙʫʜʝʪ ʚʚʝʜʝʥʘ ʢʦʤʘʥʜʘ ʦʪʢʣʶ-

ʯʝʥʠʷ hold off. 

ʇʨʠʤʝʨ 4.9. ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢʠ ʬʫʥʢʮʠʡ y=2sin(3x)+1 ʠ y=0.2x, ʭⱦ[0;10], ʚ 

ʦʜʥʦʤ ʦʢʥʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʘʥʜʳ: ʘ) plot(x,y1,x,y2); ʙ) hold on. 

ʈʝʰʝʥʠʝ. ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ: 

ʘ) ʙ) 

>> x=[0:0.1:10]; 

>> y1=2*sin(3*x)+1; 

>> y2=0.2*x; 

>> plot(x,y1,x,y2) 

>> x=[0:0.1:10];  

>> y1=2*sin(3*x)+1;  

>> plot(x,y1) 

>> hold on 

>> x1=[0,10];  

>> y2=0.2*x1; 

>> plot(x1,y2) 

  

a ʙ 

ʈʠʩ. 4.8.  ʈʘʜʠʫʩ-ʚʝʢʪʦʨʳ ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ: ʘ ï ʙʝʟ ʫʢʘʟʘʥʠʷ ʩʪʠʣʷ;  

ʙ ï ʩ  ʫʢʘʟʘʥʠʝʤ ʩʪʠʣʷ 
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ɻʨʘʬʠʢʠ ʬʫʥʢʮʠʡ, ʧʦʩʪʨʦʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʭ ʨʘʟʥʳʭ ʢʦʤʘʥʜ, 

ʠʜʝʥʪʠʯʥʳ (ʨʠʩ. 4.9, ʘ,ʙ). 

ʇʨʠʤʝʨ 4.10. ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢʠ ʬʫʥʢʮʠʡ y=2sin(3x)+1 ʠ y=0.2x, ʭⱦ[0;10],  

ʚ ʦʜʥʦʤ ʦʢʥʝ ʩ ʫʢʘʟʘʥʠʝʤ ʩʪʠʣʝʡ. 

ʈʝʰʝʥʠʝ. ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ: 

>> x=[0:0.1:10];                      % ʟʘʜʘʝʤ ʜʠʘʧʘʟʦʥ ʠ ʰʘʛ ʠʟʤʝʥʝʥʠʷ ʘʨʛʫʤʝʥʪʘ ʭ 

>> y1=2*sin(3*x)+1;                % ʟʘʜʘʝʤ ʬʫʥʢʮʠʶ y1=2sin(3x)+1 

>> y2=0.2*x;                            % ʟʘʜʘʝʤ ʬʫʥʢʮʠʶ y2=0.2x 

>>plot(x,y1,'--* r',x,y2,'-.m') )   % ʩʪʨʦʠʤ ʛʨʘʬʠʢʠ ʬʫʥʢʮʠʡ y1(x), y2(x) 

ɻʨʘʬʠʢʠ ʬʫʥʢʮʠʡ ʧʦʷʚʷʪʩʷ ʚ ʦʢʥʝ çFigure 1è (ʨʠʩ. 4.10). 

 

ʘ ʙ 

ʈʠʩ. 4.9.  ɻʨʘʬʠʢʠ ʬʫʥʢʮʠʡ y=2sin(3x)+1 ʠ y=0.2x,  ʭ[10;0]צ, ʧʦʩʪʨʦʝʥʥʳʝ ʚ 
ʦʜʥʦʤ ʦʢʥʝ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʘʥʜʳ: ʘ ï plot(x,y1,x,y2); ʙ ï hold on ʠ  plot(x,y) 

 

 ɼʣʷ ʠʟʤʝʥʝʥʠʷ ʩʪʠʣʷ ʠʟʦʙʨʘʞʝʥʠʷ ʣʠʥʠʡ ʠ ʪʦʯʝʢ ʢʘʞʜʦʛʦ ʛʨʘʬʠʢʘ ʜʦʙʘʚ-

ʣʷʶʪʩʷ ʩʪʨʦʢʦʚʳʝ ʧʝʨʝʤʝʥʥʳʝ s1, s2,é: 

plot(x1,y1,'s1',x2,y2,'s2') 

 

ʈʠʩ. 4.10.  ɻʨʘʬʠʢʠ ʬʫʥʢʮʠʡ y=2sin(3x)+1 ʠ y=0.2x, ʧʦʩʪʨʦʝʥʥʳʝ ʚ ʦʜʥʦʤ  

ʛʨʘʬʠʯʝʩʢʦʤ ʦʢʥʝ ʩ ʫʢʘʟʘʥʠʝʤ ʩʪʠʣʝʡ 
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ʇʨʠʤʝʨ 4.11. ʇʦʩʪʨʦʠʪʴ ʚ ʦʜʥʦʤ ʛʨʘʬʠʯʝʩʢʦʤ ʦʢʥʝ ʩ ʫʢʘʟʘʥʠʝʤ ʩʪʠʣʷ ʛʨʘ-

ʬʠʢʠ ʬʫʥʢʮʠʡ r=2cos(3ű) ʠ r=2sin(ű) ʥʘ ʦʪʨʝʟʢʝ [0;]́ ʩ ʰʘʛʦʤ ˊ/60. 

ʈʝʰʝʥʠʝ. ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ: 

>> phi=[0:pi/60:2*pi]; 

>> r=2*cos(3*phi); 

>> polar(phi,r,'--xr') 

>> hold on; 

>> r=2*sin(phi); 

>> polar(phi,r,'-ok'); 

>> hold off 

ɻʨʘʬʠʢʠ ʬʫʥʢʮʠʡ ʧʦʷʚʷʪʩʷ ʚ ʦʢʥʝ çFigure 1è (ʨʠʩ. 4.11). 

4.3. ʇʆʉʊʈʆɽʅʀɽ ʅɽʉʂʆʃʔʂʀʍ ɻʈɸʌʀʂʆɺ ɺ ʇʆɼʆʂʅɸʍ  

ʆɼʅʆɻʆ ɻʈɸʌʀʏɽʉʂʆɻʆ ʆʂʅɸ 

ɺ MATLAB  ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʛʨʘʬʠʢʦʚ ʚ ʦʜʥʦʤ ʛʨʘʬʠʯʝʩʢʦʤ 

ʦʢʥʝ, ʥʦ ʚ ʨʘʟʥʳʭ ʧʦʜʦʢʥʘʭ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʩʪʨʦʝʥʥʘʷ ʬʫʥʢʮʠʷ subplot ʩʦ ʩʣʝ-

ʜʫʁʱʠʤ ʩʠʥʪʘʢʩʠʩʦʤ: 

 

 

ʛʜʝ m ï ʯʠʩʣʦ ʧʦʜʦʢʦʥ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ, n ï ʯʠʩʣʦ ʧʦʜʦʢʦʥ ʧʦ ʚʝʨʪʠʢʘʣʠ, p ï ʥʦ-

ʤʝʨ ʧʦʜʦʢʥʘ, ʚ ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʚʳʚʦʜʠʪʴʩʷ ʪʝʢʫʱʠʡ ʛʨʘʬʠʢ ʬʫʥʢʮʠʠ. 

 ʇʦʜʦʢʥʘ ʦʪʩʯʠʪʳʚʘʶʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʦ ʩʪʨʦʢʘʤ ʩʣʝʚʘ ʥʘʧʨʘʚʦ. 

ʇʨʠʤʝʨ 4.12. ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢʠ ʬʫʥʢʮʠʡ y=2sin(3x)+1, y=0.2x, ʭⱦ[0;10], ʚ 

ʦʜʥʦʤ ʛʨʘʬʠʯʝʩʢʦʤ ʦʢʥʝ, ʥʦ ʚ ʨʘʟʥʳʭ ʧʦʜʦʢʥʘʭ. 

 

ʈʠʩ. 4.11.  ɻʨʘʬʠʢʠ ʬʫʥʢʮʠʡ  r=2cos(3ű) ʠ r=2sin(ű) ʥʘ ʦʪʨʝʟʢʝ [0;]́ ʩ ʰʘʛʦʤ ˊ/60 ʚ 

ʦʜʥʦʤ ʛʨʘʬʠʯʝʩʢʦʤ ʦʢʥʝ ʩ ʫʢʘʟʘʥʠʝʤ ʩʪʠʣʷ 

subplot(m, n, p) 
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ʈʝʰʝʥʠʝ. ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ: 

>>x=[0:0.1:10];                       % ʟʘʜʘʝʤ ʜʠʘʧʘʟʦʥ ʠ ʰʘʛ ʠʟʤʝʥʝʥʠʷ ʘʨʛʫʤʝʥʪʘ ʭ 

>>y1=2*sin(3*x)+1;               % ʟʘʜʘʝʤ ʬʫʥʢʮʠʶ y1=2sin(3x)+1 

>>y2=0.2*x;                            % ʟʘʜʘʝʤ ʬʫʥʢʮʠʶ y2=0.2x 

>>subplot(1,2,1), plot(x,y1);  % ʛʨʘʬʠʢ y1(ʭ) ʧʦʷʚʠʪʩʷ ʚ 1 ʧʦʜʦʢʥʝ  

>>subplot(1,2,2), plot(x,y2);  % ʛʨʘʬʠʢ y2(ʭ) ʧʦʷʚʠʪʩʷ ʚʦ 2 ʧʦʜʦʢʥʝ 

ɻʨʘʬʠʢʠ ʧʦʷʚʷʪʩʷ ʚ ʦʢʥʝ çFigure 1è (ʨʠʩ. 4.12). 

4.4. ʇʆʉʊʈʆɽʅʀɽ ʇʆɺɽʈʍʅʆʉʊɽʁ, ʂʈʀɺʓʍ ɺ ʇʈʆʉʊʈɸʅʉʊɺɽ 

ʇʦʩʪʨʦʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʟʘʜʘʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠ 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʘ ʬʫʥʢʮʠʠ z=f(x, y), ʟʘʜʘʥʥʦʡ ʘʥʘʣʠʪʠʯʝʩʢʠ, ʚ 

MATLAB  ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʩʪʨʦʝʥʥʘʷ ʬʫʥʢʮʠʷ ezsurf ʩʦ ʩʣʝʜʫʶʱʠʤ ʩʠʥʪʘʢʩʠʩʦʤ: 

 

 

ʇʝʨʚʳʡ (ʦʙʷʟʘʪʝʣʴʥʳʡ) ʘʨʛʫʤʝʥʪ f ï ʩʠʤʚʦʣʴʥʦʝ ʚʳʨʘʞʝʥʠʝ ʠʣʠ ʪʝʢʩʪʦʚʘʷ 

ʩʪʨʦʢʘ ʩ ʦʧʠʩʘʥʠʝʤ ʬʫʥʢʮʠʠ; ʚʪʦʨʦʡ (ʥʝʦʙʷʟʘʪʝʣʴʥʳʡ) ʘʨʛʫʤʝʥʪ [xmin, xmax, 

ymin, ymax] ï ʚʝʢʪʦʨ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʧʨʝʜʝʣʳ ʠʟʤʝʥʝʥʠʷ ʭ ʠ ʫ. ɽʩʣʠ ʧʨʝʜʝʣʳ 

ʥʝ ʫʢʘʟʘʥʳ, ʪʦ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ὼɴ ς“ȟς“. 

ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʦʡ ʢʦʤʘʥʜʳ ʛʨʘʬʠʢ ʬʫʥʢʮʠʠ f=f(x, y) ʧʦʷʚʠʪʩʷ ʚ 

ʦʪʜʝʣʴʥʦʤ ʛʨʘʬʠʯʝʩʢʦʤ ʦʢʥʝ. 

ʇʨʠʤʝʨ 4.13. ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ ʬʫʥʢʮʠʠ Ὢ ὼ ώ. 

ʈʝʰʝʥʠʝ. ʘ) ɺʚʝʜʝʤ ʢʦʤʘʥʜʫ: 

 

ʈʠʩ. 4.12.  ɻʨʘʬʠʢʠ ʬʫʥʢʮʠʡ y=2sin(3x)+1 ʠ y=0.2x, ʭⱦ[0;10], ʧʦʩʪʨʦʝʥʥʳʝ  

ʚ ʨʘʟʥʳʭ ʧʦʜʦʢʥʘʭ ʦʜʥʦʛʦ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʢʥʘ 
 

ezsurf('f ', [xmin, xmax, ymin, ymax]) 
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>> ezsurf('sqrt(x^2 - y^2)') 

ʠ ʛʨʘʬʠʢ ʬʫʥʢʮʠʠ Ὢ ὼ ώ ʧʦʷʚʠʪʩʷ ʚ ʦʢʥʝ çFigure 1è (ʨʠʩ. 4.13, ʘ). 

ʌʫʥʢʮʠʶ ʤʦʞʥʦ ʟʘʜʘʪʴ ʚ ʚʠʜʝ ʩʠʤʚʦʣʴʥʦʛʦ ʚʳʨʘʞʝʥʠʷ: 

>> syms x y 

>> ezsurf(sqrt(x^2 - y^2)) 

ʙ) ɺʚʝʜʝʤ ʢʦʤʘʥʜʫ ʩ ʫʢʘʟʘʥʠʝʤ ʧʨʝʜʝʣʦʚ ʠʟʤʝʥʝʥʠʷ ʭ ʠ ʫ:  

>> ezsurf ('sqrt(x^2 - y^2)', [-40,40,-15,15])        

ʠ ʛʨʘʬʠʢ ʬʫʥʢʮʠʠ Ὢ ὼ ώ ʧʦʷʚʠʪʩʷ ʚ ʦʢʥʝ çFigure 1è (ʨʠʩ. 4.13, ʙ). 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʝʪʯʘʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ z=z(x, y), ʟʘʜʘʥʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠ, 

ʚ MATLAB  ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʩʪʨʦʝʥʥʘʷ ʬʫʥʢʮʠʷ ezmesh ʩʦ ʩʣʝʜʫʶʱʠʤ ʩʠʥʪʘʢʩʠ-

ʩʦʤ: 

 

 

ɸʨʛʫʤʝʥʪʳ x, y, z (ʦʙʷʟʘʪʝʣʴʥʳʝ) ï ʩʠʤʚʦʣʴʥʳʝ ʚʳʨʘʞʝʥʠʷ ʠʣʠ ʪʝʢʩʪʦʚʳʝ 

ʩʪʨʦʢʠ ʚʠʜʘ x = x(u,v), y = y(u,v) ʠ z = z(u,v), ʛʜʝ u, v ï ʧʘʨʘʤʝʪʨʳ; ʯʝʪʚʝʨʪʳʡ 

(ʥʝʦʙʷʟʘʪʝʣʴʥʳʡ) ʘʨʛʫʤʝʥʪ [umin, umax, vmin, vmax] ï ʚʝʢʪʦʨ, ʦʧʨʝʜʝʣʷʶʱʠʡ 

ʧʨʝʜʝʣʳ ʠʟʤʝʥʝʥʠʷ u ʠ v. ɽʩʣʠ ʧʨʝʜʝʣʳ ʥʝ ʫʢʘʟʘʥʳ, ʪʦ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ όȟὺɴ

ς“ȟς“. 

ʇʨʠʤʝʨ 4.14. ʇʦʩʪʨʦʠʪʴ ʧʦʚʝʨʭʥʦʩʪʴ, ʟʘʜʘʥʥʫʶ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠ, ʠʩʧʦʣʴ-

ʟʫʷ ʢʦʤʘʥʜʫ ezmesh: 

x=u
2 
cosv, y=2u sinv, z=u+v. 

ʈʝʰʝʥʠʝ. ɺʚʝʜʝʤ ʢʦʤʘʥʜʫ: 

>> ezmesh('u^2 * cos(v)','2*u*sin(v)','u+v',[-5 5 0 2*pi]) 

ʠ ʚ ʦʢʥʝ çFigure 1è ʧʦʷʚʠʪʩʷ ʧʦʚʝʨʭʥʦʩʪʴ (ʨʠʩ. 4.14). 
 

  

a ʙ 

ʈʠʩ. 4.13. ɻʨʘʬʠʢ ʬʫʥʢʮʠʠ  Ὢ ὼ ώ, ʧʦʩʪʨʦʝʥʥʳʡ  ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʘʥʜ: 

ʘ ï ezsurf('f'), ʙ ï ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʘʥʜʳ  ezurf('f', [xmin, xmax, ymin, ymax]) 
 

ezmesh(x,y,z,[umin,umax,vmin,vmax]) 

)
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 ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʝʪʯʘʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ z=z(x, y) ʩ ʟʘʢʨʘʩʢʦʡ ʷʯʝʝʢ ʚ 

MATLAB  ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʩʪʨʦʝʥʥʘʷ ʬʫʥʢʮʠʷ ezsurf. 

ʇʨʠʤʝʨ 4.15. ʇʦʩʪʨʦʠʪʴ ʧʦʚʝʨʭʥʦʩʪʴ, ʟʘʜʘʥʥʫʶ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠ, ʠʩʧʦʣʴ-

ʟʫʷ ʢʦʤʘʥʜʫ ezsurf: 

x=u
2
cosv, y=2usinv, z=u+v. 

ʈʝʰʝʥʠʝ. ɺʚʝʜʝʤ ʢʦʤʘʥʜʫ: 

>> ezsurf('u^2 * cos(v)','2*u*sin(v)','u+v',[-5 5 0 2*pi]) 

ʠ ʚ ʦʢʥʝ çFigure 1è ʧʦʷʚʠʪʩʷ ʧʦʚʝʨʭʥʦʩʪʴ (ʨʠʩ. 4.15). 

 

ʇʦʩʪʨʦʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʟʘʜʘʥʥʳʭ ʪʘʙʣʠʯʥʦ 

ɺ MATLAB  ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʘ ʬʫʥʢʮʠʠ z=f(x, y) ʚ ʜʝʢʘʨʪʦʚʦʡ ʩʠ-

ʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʩʪʨʦʝʥʥʘʷ ʬʫʥʢʮʠʷ plot3 ʩʦ ʩʣʝʜʫʶʱʠʤ ʩʠʥʪʘʢ-

ʩʠʩʦʤ: 

 

 

ɿʜʝʩʴ x ï ʤʘʪʨʠʮʘ ʧʝʨʚʳʭ ʢʦʦʨʜʠʥʘʪ ʩʝʪʢʠ ʪʦʯʝʢ, y ï ʤʘʪʨʠʮʘ ʚʪʦʨʳʭ ʢʦ-

ʦʨʜʠʥʘʪ, z ï ʤʘʪʨʠʮʘ ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʠ ʜʚʫʭ ʧʝʨʝʤʝʥʥʳʭ. 

ʇʝʨʝʜ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʠ plot3 ʥʝʦʙʭʦʜʠʤʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʤʘʪʨʠʮʳ 

ʟʥʘʯʝʥʠʡ ʢʦʦʨʜʠʥʘʪʥʦʡ ʩʝʪʢʠ x ʠ y. ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʪʨʠʮʳ ʟʥʘʯʝʥʠʡ ʢʦ-

ʦʨʜʠʥʘʪʥʦʡ ʩʝʪʢʠ x, y ʠʟ ʚʝʢʪʦʨʦʚ x1, y1 ʚ MATLAB  ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʩʪʨʦʝʥʥʘʷ 

ʬʫʥʢʮʠʷ meshgrid: 

 

 

ʇʨʠʤʝʨ 4.16. ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ ʬʫʥʢʮʠʠ:  

  

ʈʠʩ. 4.14. ʇʦʚʝʨʭʥʦʩʪʴ  x=u
2 
cosv,  

y=2u sinv, z=u+v, ʧʦʩʪʨʦʝʥʥʘʷ ʩ ʧʦʤʦ-

ʱʴʶ ʢʦʤʘʥʜʳ  ezmesh 

ʈʠʩ. 4.15. ʇʦʚʝʨʭʥʦʩʪʴ  x=u
2 
cosv,  

y=2u sinv, z=u+v, ʧʦʩʪʨʦʝʥʥʘʷ ʩ ʧʦʤʦ-

ʱʴʶ ʢʦʤʘʥʜʳ  ezsurf 

plot3( x, y, z) 

[x, y]=meshgrid(x1, y1) 
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ʘ) 33 yxz -=

 

ʥʘ ʠʥʪʝʨʚʘʣʘʭ [-10;10] ʧʦ ʦʩʷʤ OX ʠ OY ʩ ʰʘʛʦʤ 0.5; 

ʙ) ( )22 yxez +-=

  

ʥʘ ʠʥʪʝʨʚʘʣʘʭ [-1;1] ʠ [-2;2] ʧʦ ʦʩʷʤ OX ʠ OY ʩ ʰʘʛʦʤ 0.1 ʠ 

0.2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʈʝʰʝʥʠʝ. ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ: 

ʘ) ʙ) 

>>[x,y]=meshgrid([-10:0.5:10]);  

>>z=x.^3-y.^3; 

>>plot3(x,y,z); 

>>grid on 

>>[x,y]=meshgrid([-1:0.1:1],[-2:0.2:2]); 

>>z=exp(-x.^2-y.^2); 

>>plot3(x,y,z); 

 

ɻʨʘʬʠʢʠ ʬʫʥʢʮʠʡ 33 yxz -= , ( )22 yxez +-=

  

ʧʦʷʚʷʪʩʷ ʚ ʦʢʥʝ çFigure 1è (ʨʠʩ. 

4.16, ʘ,ʙ). 

ʇʦʩʪʨʦʝʥʠʝ ʢʨʠʚʳʭ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʌʫʥʢʮʠʷ plot3 ʠʩʧʦʣʴʟʫʝʪʩʷ ʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʨʠʚʳʭ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʂʦʤʘʥʜʘ MATLAB  ʆʧʠʩʘʥʠʝ 

>> plot3(x,y,t) ʉʪʨʦʠʪ ʢʨʠʚʫʶ x=x(t), y=y(t) ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʇʨʠʤʝʨ 4.17. ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ ʚʠʥʪʦʚʦʡ ʣʠʥʠʠ tytx 4cos,4sin == , [ ]p5;0Ít . 

ʈʝʰʝʥʠʝ. ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ: 

>>t=[0:pi/60:5*pi]; 

>>x=sin(4*t); 

>>y=cos(4*t); 

>>plot3(x,y,t) 

  

ʘ ʙ 

ʈʠʩ. 4.16. ɻʨʘʬʠʢʠ ʬʫʥʢʮʠʠ: ʘ ï 
33 yxz -= , ʙ ï ( )22 yxez +-=  
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ɻʨʘʬʠʢ ʚʠʥʪʦʚʦʡ ʣʠʥʠʠ tytx 4cos,4sin == , [ ]p5;0Ít

 

 ʧʦʷʚʠʪʩʷ ʚ ʦʢʥʝ 

çFigure 1è (ʨʠʩ. 4.17). 

ʉʝʪʯʘʪʳʝ 3d-ʛʨʘʬʠʢʠ ʩ ʦʢʨʘʩʢʦʡ 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʝʪʯʘʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ z=z(x,y), ʮʚʝʪ ʢʦʪʦʨʦʡ ʤʝʥʷʝʪʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʷ z, ʚ MATLAB  ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʩʪʨʦʝʥʥʘʷ ʬʫʥʢʮʠʷ  

 

 

ʇʨʠʤʝʨ 4.18. ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ ʬʫʥʢʮʠʠ z=x
3
-y

3
, ʠʩʧʦʣʴʟʫʷ ʢʦʤʘʥʜʫ mesh. 

ʈʝʰʝʥʠʝ. ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ:  

>>[x,y]=meshgrid([-10:0.5:10]); 

>>z=x.^3-y.^3; 

>>mesh(z) 

ɻʨʘʬʠʢ ʬʫʥʢʮʠʠ z=x
3
-y

3
, ʧʦʩʪʨʦʝʥʥʳʡ ʩ ʧʦʤʦʱʴʶ ʢʦʤʘʥʜʳ  mesh, 

 
ʧʦʷʚʠʪ-

ʩ ̫ʚ ʦʢʥʝ çFigure 1è (ʨʠʩ. 4.18). 

ʆʩʦʙʝʥʥʦ ʥʘʛʣʷʜʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʧʦʚʝʨʭʥʦʩʪʷʭ ʜʘʶʪ ʩʝʪʯʘʪʳʝ ʛʨʘʬʠ-

ʢʠ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʟʘʢʨʘʩʢʫ ʷʯʝʝʢ. ʊʘʢʦʡ ʛʨʘʬʠʢ ʬʫʥʢʮʠʠ 

z=z(x,y) ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ, ʠʩʧʦʣʴʟʫʷ ʢʦʤʘʥʜʫ  

 

 

ʇʨʠʤʝʨ 4.19. ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ ʬʫʥʢʮʠʠ z=x
3
-y

3
, ʠʩʧʦʣʴʟʫʷ ʢʦʤʘʥʜʫ surf. 

ʈʝʰʝʥʠʝ. ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ:  

>>[x,y]=meshgrid([-10:0.5:10]); 

>>z=x.^3-y.^3; 

>>surf(x,y,z) 

 

ʈʠʩ. 4.17. ɻʨʘʬʠʢ  ʚʠʥʪʦʚʦʡ ʣʠʥʠʠ tytx 4cos,4sin == , [ ]p5;0Ít  

mesh(z) 

 

surf(x, y, z) 
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ɻʨʘʬʠʢ ʬʫʥʢʮʠʠ z=x
3
-y

3 
, ʧʦʩʪʨʦʝʥʥʳʡ ʩ ʧʦʤʦʱʴʶ ʢʦʤʘʥʜʳ  surf , ʧʦʷʚʠʪ-

ʩʷ ʚ ʦʢʥʝ çFigure 1è (ʨʠʩ. 4.19). 

ʂʦʥʪʫʨʥʳʝ ʛʨʘʬʠʢʠ 

ʂʦʥʪʫʨʥʳʝ ʛʨʘʬʠʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʬʫʥʢ-

ʮʠʡ ʜʚʫʭ ʧʝʨʝʤʝʥʥʳʭ ʚʠʜʘ z(x,y)=const ʠ ʷʚʣʷʶʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʢ ʩʦʟʜʘʥʠʶ 

ʪʨʝʭʤʝʨʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʥʪʫʨʥʳʡ ʛʨʘʬʠʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦ-

ʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʧʨʦʝʮʠʨʦʚʘʥʥʳʭ ʥʘ ʧʣʦʩʢʦʩʪʴ (ʭ,ʫ) ʣʠʥʠʡ ʧʝʨʝʩʝʯʝʥʠʷ ʧʦ-

ʚʝʨʭʥʦʩʪʠ z(ʭ,ʫ) ʧʣʦʩʢʦʩʪʷʤʠ. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʦʥʪʫʨʥʳʭ ʛʨʘʬʠʢʦʚ ʚ MATLAB  ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʩʪʨʦʝʥʥʘʷ 

ʬʫʥʢʮʠʷ contour ʩʦ ʩʣʝʜʫʶʱʠʤ ʩʠʥʪʘʢʩʠʩʦʤ: 

 

 

ɿʜʝʩʴ z ï ʤʘʪʨʠʮʘ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʟʘʜʘʥʠʝʤ ʜʠʘʧʘʟʦʥʦʚ ʠʟʤʝʥʝʥʠʷ ʭ ʠ ʫ 

(ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ) ʠ ʩ ʫʢʘʟʘʥʠʝʤ ʩʧʝʮʠʬʠʢʘʮʠʡ ʜʣʷ x ʠ y (ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ), s ï 

ʩʪʨʦʢʦʚʘʷ ʢʦʥʩʪʘʥʪʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʟʘʜʘʚʘʪʴ ʩʪʠʣʴ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʘ. 

ʇʨʠʤʝʨ 4.20. ʇʦʩʪʨʦʠʪʴ ʢʦʥʪʫʨʥʳʡ ʛʨʘʬʠʢ ʬʫʥʢʮʠʠ z=x
3
-y

3
. 

ʈʝʰʝʥʠʝ. ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ:  

>>[x,y]=meshgrid([-10:0.5:10]); 

>>z=x.^3-y.^3; 

>>contour(x,y,z) 

ɻʨʘʬʠʢ ʬʫʥʢʮʠʠ z=x
3
-y

3 
, ʧʦʩʪʨʦʝʥʥʳʡ ʩ ʧʦʤʦʱʴʶ ʢʦʤʘʥʜʳ contour, ʧʦ-

ʷʚʠʪʩʷ ʚ ʦʢʥʝ çFigure 1è (ʨʠʩ. 4.20). 
 

  

ʈʠʩ. 4.18.  ɻʨʘʬʠʢ ʬʫʥʢʮʠʠ  z=x
3
-y

3
, 

ʧʦʩʪʨʦʝʥʥʳʡ ʩ ʧʦʤʦʱʴʶ ʢʦʤʘʥʜʳ  mesh 

ʈʠʩ. 4.19.  ɻʨʘʬʠʢ ʬʫʥʢʮʠʠ  z=x
3
-y

3
, 

ʧʦʩʪʨʦʝʥʥʳʡ ʩ ʧʦʤʦʱʴʶ ʢʦʤʘʥʜʳ  surf 

contour (z), contour(z, 's') 

 
contour(x, y, z), contour(x, y, z, 's') 
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ɼʣʷ ʠʟʦʙʨʘʞʝʥʠʷ ʛʨʘʬʠʢʘ ʧʦʚʝʨʭʥʦʩʪʠ z=z(ʭ,ʫ) ʠ ʝʝ ʧʨʦʝʢʮʠʠ ʚ MATLAB  

ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʤʘʥʜʳ: 

 

 

ʇʨʠʤʝʨ 4.21. ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ ʬʫʥʢʮʠʠ z=x
3
-y

3
 ʠ ʝʛʦ ʧʨʦʝʢʮʠʶ ʥʘ ʧʣʦʩ-

ʢʦʩʪʴ ʍʆY: ʘ) ʠʩʧʦʣʴʟʫʷ ʢʦʤʘʥʜʫ meshc; ʙ) ʠʩʧʦʣʴʟʫʷ ʢʦʤʘʥʜʫ surfc. 

ʈʝʰʝʥʠʝ. ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ:  

ʘ) ʙ) 

>>[x,y]=meshgrid([-10:0.5:10]); 

>>z=x.^3-y.^3; 

>> meshc (x,y,z) 

>>[x,y]=meshgrid([-10:0.5:10]); 

>>z=x.^3-y.^3; 

>> surfc (x,y,z) 

ɻʨʘʬʠʢ ʬʫʥʢʮʠʠ z=x
3
-y

3  
ʠ ʝʛʦ ʧʨʦʝʢʮʠʠ ʥʘ ʧʣʦʩʢʦʩʪʴ ʍʆY, ʧʦʩʪʨʦʝʥʥʳʝ ʩ 

ʧʦʤʦʱʴʶ ʢʦʤʘʥʜ meshc ʠ surfc, ʧʦʷʚʠʪʩʷ ʚ ʦʢʥʝ çFigure 1è (ʨʠʩ. 4.21). 

 ʌʫʥʢʮʠʷ contour3(x,y,z) ʧʦʟʚʦʣʷʝʪ ʩʪʨʦʠʪʴ ʪʨʝʭʤʝʨʥʳʝ ʢʦʥʪʫʨʥʳʝ ʛʨʘʬʠʢʠ. 

 

 

 

ʈʠʩ. 4.20. ɻʨʘʬʠʢ ʬʫʥʢʮʠʠ  z=x
3
-y

3
, ʧʦʩʪʨʦʝʥʥʳʡ ʩ ʧʦʤʦʱʴʶ ʢʦʤʘʥʜʳ contour 

meshc(x,y,z) 

 
surfc(x,y,z) 
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4.5. ʆʌʆʈʄʃɽʅʀɽ ɻʈɸʌʀʂʆɺ 

ʅʘʩʪʨʦʠʪʴ ʚʥʝʰʥʠʡ ʚʠʜ ʛʨʘʬʠʢʦʚ ʚ ʩʨʝʜʝ MATLAB  ʤʦʞʥʦ, ʠʩʧʦʣʴʟʫʷ ʢʦ-

ʤʘʥʜʳ ʫʧʨʘʚʣʝʥʠʷ ʛʨʘʬʠʢʦʡ ʠʣʠ ʠʥʩʪʨʫʤʝʥʪʳ ʤʝʥʶ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʢʥʘ.  

ʊʘʙʣʠʮʘ 4.2 

ʂʦʤʘʥʜʳ ʫʧʨʘʚʣʝʥʠʷ ʦʩʷʤʠ 

ʂʦʤʘʥʜʘ MATLAB  ʆʧʠʩʘʥʠʝ 

axis square ɼʝʣʘʝʪ ʦʩʠ x ʠ y ʨʘʚʥʦʡ ʜʣʠʥʳ 

axis auto ɺʦʟʚʨʘʱʘʝʪ ʟʥʘʯʝʥʠʷ ʦʩʝʡ ʧʦ ʫʤʦʣʯʘʥʠʶ ʠ 

ʧʝʨʝʭʦʜʠʪ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʨʝʞʠʤ 

axis manual ʌʠʢʩʠʨʫʝʪ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʚ ʪʝʢʫʱʝʤ ʩʦ-

ʩʪʦʷʥʠʠ 

axis tight ʋʩʪʘʥʘʚʣʠʚʘʝʪ ʜʠʘʧʘʟʦʥʳ ʢʦʦʨʜʠʥʘʪ ʧʦ 

ʦʩʷʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʠʘʧʘʟʦʥʘʤʠ ʠʟʤʝʥʝ-

ʥʠʷ ʜʘʥʥʳʭ 

axis on ɺʢʣʶʯʘʝʪ ʦʙʦʟʥʘʯʝʥʠʷ ʦʩʝʡ ʠ ʤʝʪʦʢ ʧʨʦʤʝ-

ʞʫʪʦʯʥʳʭ ʜʝʣʝʥʠʡ 

axis off ɺʳʢʣʶʯʘʝʪ ʦʙʦʟʥʘʯʝʥʠʷ ʦʩʝʡ ʠ ʤʝʪʦʢ ʧʨʦ-

ʤʝʞʫʪʦʯʥʳʭ ʜʝʣʝʥʠʡ 

axis([Xmin, Xmax, Ymin, Ymax, Zmin, 

Zmax]) 

ʄʘʩʰʪʘʙʠʨʫʝʪ ʪʨʝʭʤʝʨʥʳʝ ʛʨʘʬʠʢʠ ʬʫʥʢ-

ʮʠʠ 

 
 

 

  

ʘ ʙ 

ʈʠʩ. 4.21. ɻʨʘʬʠʢ ʬʫʥʢʮʠʠ z=x
3
-y

3
 ʠ ʝʛʦ ʧʨʦʝʢʮʠʷ ʥʘ ʧʣʦʩʢʦʩʪʴ ʍʆY,  

ʧʦʩʪʨʦʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʢʦʤʘʥʜʳ: ʘ ï mesh, ʙ ï surfc 
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ʊʘʙʣʠʮʘ 4.3 

ʆʪʦʙʨʘʞʝʥʠʝ ʩʝʪʢʠ ʥʘ ʛʨʘʬʠʢʝ, ʩʦʟʜʘʥʠʝ ʧʦʜʧʠʩʝʡ ʠ ʜʦʙʘʚʣʝʥʠʷ ʣʝʛʝʥʜʳ 

ʂʦʤʘʥʜʘ MATLAB  ʆʧʠʩʘʥʠʝ 

title ('ɿʘʛʦʣʦʚʦʢ ʛʨʘʬʠʢʘ') ʉʦʟʜʘʝʪ ʥʘʜʧʠʩʴ ʟʘʛʦʣʦʚʢʘ ʛʨʘʬʠʢʘ 

xlable('ʇʦʜʧʠʩʴ ʦʩʠ Ox') ʉʦʟʜʘʝʪ ʧʦʜʧʠʩʴ ʦʩʠ Ox 

ylable('ʇʦʜʧʠʩʴ ʦʩʠ Oy') ʉʦʟʜʘʝʪ ʧʦʜʧʠʩʴ ʦʩʠ Oy 

text(x,y, 'ʪʝʢʩʪ') ʉʦʟʜʘʝʪ ʪʝʢʩʪʦʚʫʶ ʥʘʜʧʠʩʴ ʚ ʢʦʦʨʜʠʥʘʪʘʭ 

(x,y) ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʢʥʘ 

legend('ʧʦʜʧʠʩʴ ʚʳʚʦʜʠʤʦʡ ʬʫʥʢʮʠʠ 

ˉ1', ' ʧʦʜʧʠʩʴ ʚʳʚʦʜʠʤʦʡ ʬʫʥʢʮʠʠ 

ˉ2',é) 

ɼʦʙʘʚʣʷʝʪ ʣʝʛʝʥʜʫ ʢ ʪʝʢʫʱʝʤʫ ʛʨʘʬʠʢʫ 

 
ʊʘʙʣʠʮʘ 4.4 

ʂʦʤʘʥʜʳ ʜʣʷ ʦʬʦʨʤʣʝʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʛʨʘʬʠʢʦʚ 

ʂʦʤʘʥʜʘ MATLAB  ʆʧʠʩʘʥʠʝ 

shading flat ʋʜʘʣʷʝʪ ʩʝʪʢʫ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

colormap([ʧʘʣʠʪʨʘ]) ɿʘʜʘʝʪ ʦʢʨʘʩʢʫ ʧʦʚʝʨʭʥʦʩʪʠ 

colorbar ɺʳʚʦʜʠʪ ʚʝʨʪʠʢʘʣʴʥʫʶ ʰʢʘʣʫ ʮʚʝʪʦʚ ʪʝ-

ʢʫʱʝʛʦ ʛʨʘʬʠʢʘ 

view(az,el) ʀʟʤʝʥʷʝʪ ʫʛʦʣ ʥʘʙʣʶʜʝʥʠʷ ʛʨʘʬʠʢʘ (az ï 

ʘʟʠʤʫʪ, el ï ʫʛʦʣ ʚʦʟʚʳʰʝʥʠʷ) 

 

ʇʨʠʤʝʨ 4.22. ʆʬʦʨʤʠʪ ɹʛʨʘʬʠʢ ʬʫʥʢʮʠʠ z=3x
2
+2y

2
, ʠʩʧʦʣʴʟʫʷ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʝ ʢʦʤʘʥʜʳ. 

ʈʝʰʝʥʠʝ. ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ: 

>>[x,y]=meshgrid([-10:0.5:10]); 

>>z=3*x.^2+2*y.^2; 

>>surf(x,y,z) 

>>axis([-10, 10, -10, 10, -30, 150]); 

>>title('ɻʨʘʬʠʢ ʬʫʥʢʮʠʠ z=3x^2+2y^2'); 

>>xlabel('X'); 

>>ylabel('Y'); 

>>zlabel('Z', 'Rotation',0); 

>>colorbar; 

ɺ ʛʨʘʬʠʯʝʩʢʦʤ ʦʢʥʝ ʧʦʷʚʠʪʩʷ ʛʨʘʬʠʢ ʬʫʥʢʮʠʠ z(x,y)=3x
2
+2y

2
 (ʨʠʩ. 4.22). 
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ʈʠʩ. 4.22. ɻʨʘʬʠʢ ʬʫʥʢʮʠʠ z(x,y)=3x
2
+2y

2 

ɼʨʫʛʦʡ ʩʧʦʩʦʙ ʬʦʨʤʘʪʠʨʦʚʘʥʠʷ ʚʠʜʘ ʛʨʘʬʠʢʘ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʩʪʨʫʤʝʥ-

ʪʦʚ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʢʥʘ. ʀʟ ʤʝʥʶ Insert (ʚʝʨʭʥʷʷ ʧʘʥʝʣʴ ʠʥʩʪʨʫʤʝʥʪʦʚ) ʜʦʩʪʫʧʥʦ 

ʜʦʙʘʚʣʝʥʠʝ ʣʝʛʝʥʜʳ, ʧʦʜʧʠʩʝʡ ʛʨʘʬʠʢʘ ʠ ʦʩʝʡ, ʪʝʢʩʪʦʚʳʭ ʙʣʦʢʦʚ, ʩʝʪʢʠ ʛʨʘʬʠ-

ʢʘ, ʰʢʘʣʳ ʮʚʝʪʦʚ. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʪʨʝʜʘʢʪʠʨʦʚʘʪʴ ʚʠʜ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʛʨʘʬʠʢʘ, ʥʝʦʙ-

ʭʦʜʠʤʦ ʥʘʞʘʪʴ View  Property Editor ʥʘ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʦʢʥʘ Figures ʠ 

ʚʳʙʨʘʪʴ ʤʳʰʢʦʡ ʠʥʪʝʨʝʩʫʶʱʠʡ ʵʣʝʤʝʥʪ ʛʨʘʬʠʢʘ (ʨʠʩ. 4.23). 

ʇʨʠʤʝʨ 4.23. ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ ʬʫʥʢʮʠʠ z=3x
2
+2y

2
 ʩ ʨʘʟʣʠʯʥʦʡ ʦʢʨʘʩʢʦʡ ʚ 

ʦʜʥʦʤ ʦʢʥʝ, ʥʦ ʚ ʨʘʟʥʳʭ ʝʛʦ ʧʦʜʦʙʣʘʩʪʷʭ. 

ʈʝʰʝʥʠʝ. ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ: 
>>[x,y]=meshgrid([-10:0.5:10]); 

>>z=3*x.^2+2*y.^2; 

>>subplot(2,2,1), surf(x,y,z), axis([-10, 10, -10, 10, -50, 200]); 

>>subplot(2,2,2), mesh(x,y,z), axis([-10, 10, -10, 10, -50, 200]); 

>>subplot(2,2,3), meshc(x,y,z), axis([-10, 10, -10, 10, -50, 200]); 

>>subplot(2,2,4), plot3(x,y,z), axis([-10, 10, -10, 10, -50, 200]); 

 ʘ ʙ  

ʈʠʩ. 4.23 
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ɺ ʛʨʘʬʠʯʝʩʢʦʤ ʦʢʥʝ ʧʦʷʚʠʪʩʷ ʥʝʩʢʦʣʴʢʦ ʛʨʘʬʠʢʦʚ ʩ ʨʘʟʣʠʯʥʦʡ ʦʢʨʘʩʢʦʡ 

(ʨʠʩ. 4.24). 

ʀʥʦʛʜʘ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʛʨʘʬʠʢʦʚ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʤʘʩʰʪʘʙʳ ʧʦ ʦʩʠ OY. ʇʦʜʦʙʥʦʝ ʩʣʫʯʘʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʢʦʛʜʘ ʩʢʦ-

ʨʦʩʪʴ ʚʦʟʨʘʩʪʘʥʠʷ/ʫʙʳʚʘʥʠʷ ʜʚʫʭ ʬʫʥʢʮʠʡ ʦʪʣʠʯʘʝʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ. 

ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʘʩʰʪʘʙʦʚ ʧʦ ʦʩʠ ʦʨʜʠʥʘʪ ʚ MATLAB ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʚʩʪʨʦʝʥʥʘʷ ʬʫʥʢʮʠʷ plotyy: 

 

ʇʨʠʤʝʨ 4.24. ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢʠ ʬʫʥʢʮʠʡ f1(x)=2/x
2
 ʠ f2(x)=3000/x

2
 ʚ ʦʜ-

ʥʦʤ ʦʢʥʝ. 

ʈʝʰʝʥʠʝ. ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ: 

>> x=[0.5:0.01:3]; 

>> f1=2./(x.^2); 

>> f1=2./x.^2; 

>> f2=3000./x.^2;  

>> plotyy(x,f1,x,f2) 

ɻʨʘʬʠʢʠ ʟʘʜʘʥʥʳʭ ʬʫʥʢʮʠʡ ʧʦʷʚʷʪʩʷ ʚ ʦʢʥʝ çFigure 1è (ʨʠʩ. 4.25). 

 

ʈʠʩ. 4.24.   ɻʨʘʬʠʢ ʬʫʥʢʮʠʠ z(x,y)=3x
2
+2y

2
 ʩ ʨʘʟʣʠʯʥʦʡ ʦʢʨʘʩʢʦʡ ʚ ʦʜʥʦʤ 

ʦʢʥʝ, ʥʦ  ʚ ʨʘʟʥʳʭ ʝʛʦ ʧʦʜʦʙʣʘʩʪʷʭ 

plotyy (x,y1,x,y2) 
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ʊʘʙʣʠʮʘ 4.5 

ʂʦʤʘʥʜʳ ʜʣʷ ʟʘʜʘʥʠʷ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʤʘʩʰʪʘʙʦʚ 

ʂʦʤʘʥʜʘ MATLAB   ʆʧʠʩʘʥʠʝ 

semilogx(x1,y1,x2,y2...) ɿʘʜʘʝʪ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʡ ʤʘʩʰʪʘʙ ʧʦ ʦʩʠ x ʠ ʣʠʥʝʡʥʳʡ 

ʧʦ ʦʩʠ y 

semilogy(x1,y1,x2,y2...) ɿʘʜʘʝʪ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʡ ʤʘʩʰʪʘʙ ʧʦ ʦʩʠ y ʠ ʣʠʥʝʡʥʳʡ 

ʧʦ ʦʩʠ x  

loglog(x1,y1,x2,y2...) ɿʘʜʘʝʪ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʡ ʤʘʩʰʪʘʙ ʧʦ ʦʙʝʠʤ ʦʩʷʤ 

ʇʨʠʤʝʨ 4.25. ʇʦʩʪʨʦʠʪʴ ʚ ʦʜʥʦʤ ʛʨʘʬʠʯʝʩʢʦʤ ʦʢʥʝ ʛʨʘʬʠʢʠ ʬʫʥʢʮʠʡ 

f1=ln(0.2x+1) ʠ f2=cos(ln(x+1)). 

ʈʝʰʝʥʠʝ. ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ: 

>> x=[0:0.01:10]; 

>> f1=log(0.2*x+1); 

>> f2=cos(log(x+1)); 

>> semilogx(x,f1,x,f2) 

ɻʨʘʬʠʢʠ ʟʘʜʘʥʥʳʭ ʬʫʥʢʮʠʡ ʧʦʷʚʷʪʩʷ ʚ ʦʢʥʝ çFigure 1è (ʨʠʩ. 4.26). 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʫʩʦʯʥʦ-ʥʝʧʨʝʨʳʚʥʳʭ ʬʫʥʢʮʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʫʥʢʮʠʷ 

ʢʦʥʢʘʪʝʥʘʮʠʠ (ʦʧʝʨʘʮʠʠ ʦʙʲʝʜʠʥʝʥʠʷ ʠʟ ʪʘʙʣ. 2.8) ʚʝʢʪʦʨʦʚ. 

ʇʨʠʤʝʨ 4.26. ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ ʬʫʥʢʮʠʠ 

, 2 ;

cos , ;

1, 2 .

x ʝʩʣʠ x

y x ʝʩʣʠ x

x
ʝʩʣʠ x

p p p

p p

p p
p

ë
î- - - < <-
î
= - < <ì
î
î - < <
í

 

 

ʈʠʩ. 4.25. ɻʨʘʬʠʢʠ ʬʫʥʢʮʠʡ f1(x)=2/x
2
 ʠ f2(x)=3000/x

2
 ʚ ʦʜʥʦʤ ʦʢʥʝ 
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ʈʝʰʝʥʠʝ. ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ: 

>>x1=[-2*pi:0.1:-pi]; 

>>x2=[-pi:0.1:pi]; 

>>x3=[pi:0.1:2*pi]; 

>>x=[x1,x2,x3]; 

>>y1=-x1-pi; 

>>y2=cos(x2)+1; 

>>y3=x3/pi-1; 

>>y=[y1,y2,y3]; 

>>plot(x,y) 

ɺ ʛʨʘʬʠʯʝʩʢʦʤ ʦʢʥʝ ʧʦʷʚʠʪʩʷ ʛʨʘʬʠʢ ʟʘʜʘʥʥʦʡ ʬʫʥʢʮʠʠ (ʨʠʩ. 4.27). 

 
 

ʈʠʩ. 4.26. ɻʨʘʬʠʢʠ ʬʫʥʢʮʠʡ  

f1=log(0.2x+1) ʠ f2=cos(log(x+1))  

ʚ ʦʜʥʦʤ ʦʢʥʝ 

ʈʠʩ. 4.27 

 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʪʦʣʙʯʘʪʦʡ ʜʠʘʛʨʘʤʤʳ ʚ MATLAB  ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʤʘʥʜʘ: 

ʊʘʙʣʠʮʘ 4.6 

ʂʦʤʘʥʜʳ ʜʣʷ ʟʘʜʘʥʠʷ ʩʪʦʣʙʯʘʪʦʡ ʜʠʘʛʨʘʤʤʳ 

ʂʦʤʘʥʜʘ MATLAB   ʆʧʠʩʘʥʠʝ 

bar(y') ɺr ʚʦʜʠʪ ʛʨʘʬʠʢ ʵʣʝʤʝʥʪʦʚ ʦʜʥʦʤʝʨʥʦʛʦ ʤʘʩʩʠʚʘ y ʚ 

ʚʠʜʝ ʩʪʦʣʙʯʘʪʦʡ ʜʠʘʛʨʘʤʤʳ bar(y, '<ʪʠʧ ʣʠʥʠʠ> ') 

bar(x, y)  ɺr ʚʦʜʠʪ ʛʨʘʬʠʢ ʵʣʝʤʝʥʪʦʚ ʤʘʩʩʠʚʘ y ʚ ʚʠʜʝ ʩʪʦʣʙʮʦʚ ʚ 

ʧʦʟʠʮʠʷʭ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʤʘʩʩʠʚʦʤ x, ʵʣʝʤʝʥʪʳ ʢʦʪʦʨʦ-

ʛʦ ʜʦʣʞʥʳ ʙʳʪʴ ʫʧʦʨʷʜʦʯʝʥʳ ʚ ʧʦʨʷʜʢʝ ʚʦʟʨʘʩʪʘʥʠʷ 

bar(x, y, '<ʪʠʧ ʣʠʥʠʠ> ') 

bar(y) 
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ʇʨʠʤʝʨ 4.27. ʀʟʦʙʨʘʟʠʪʴ ʬʫʥʢʮʠʶ y= e
-x 

cos(x)
 
ʥʘ ʦʪʨʝʟʢʝ [-1,1] ʚ ʚʠʜʝ 

ʩʪʦʣʙʯʘʪʦʡ ʜʠʘʛʨʘʤʤʳ. 

ʈʝʰʝʥʠʝ. ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ: 

>>x=[-1:0.1:1]; 

>>y=cos(x).*exp(-x); 

>>bar(x,y) 

ʀʟʦʙʨʘʞʝʥʠʝ ʬʫʥʢʮʠʠ y= e
-x 

cos(x)
 
ʚ ʚʠʜʝ ʩʪʦʣʙʯʘʪʦʡ ʜʠʘʛʨʘʤʤʳ ʧʦʷʚʠʪʩʷ 

ʚ ʦʢʥʝ çFigure 1è (ʨʠʩ. 4.28, ʘ). 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʪʫʧʝʥʯʘʪʦʛʦ ʛʨʘʬʠʢʘ ʚ MATLAB  ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʤʘʥʜʘ: 

ʢʦʪʦʨʘʷ ʩʪʨʦʠʪ ʛʨʘʬʠʢ ʬʫʥʢʮʠʠ y ʚ ʚʠʜʝ ʩʪʫʧʝʥʯʘʪʦʡ ʜʠʘʛʨʘʤʤʳ, ʘʥʘʣʦʛʠʯʥʦʡ 

ʩʪʦʣʙʯʘʪʦʡ, ʥʦ ʙʝʟ ʚʝʨʪʠʢʘʣʴʥʳʭ ʣʠʥʠʡ, ʠ ʢʦʤʘʥʜʘ: 

 

ʢʦʪʦʨʘʷ ʩʪʨʦʠʪ ʛʨʘʬʠʢ ʬʫʥʢʮʠʠ y ʦʪ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ x ʚ ʚʠʜʝ ʩʪʫʧʝʥ-

ʯʘʪʦʡ ʜʠʘʛʨʘʤʤʳ. 

ʇʨʠʤʝʨ 4.28. ʀʟʦʙʨʘʟʠʪʴ ʬʫʥʢʮʠʶ y= e
-x 

cos(x)
 
ʥʘ ʦʪʨʝʟʢʝ [-1,1] ʚ ʚʠʜʝ ʩʪʫ-

ʧʝʥʯʘʪʦʛʦ ʛʨʘʬʠʢʘ. 

ʈʝʰʝʥʠʝ. ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ: 

>>x=[-1:0.1:1]; 

>>y=cos(x).*exp(-x); 

>>stairs(x,y) 

ʀʟʦʙʨʘʞʝʥʠʝ ʬʫʥʢʮʠʠ y= e
-x 

cos(x)
 
ʚ ʚʠʜʝ ʩʪʫʧʝʥʯʘʪʦʛʦ ʛʨʘʬʠʢʘ ʧʦʷʚʠʪʩʷ ʚ 

ʦʢʥʝ çFigure 1è (ʨʠʩ. 4.28, ʙ). 

  

ʘ ʙ 

ʈʠʩ. 4.28 

stairs(x, y) 

stairs(y) 
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ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʨʫʛʦʚʦʡ ʜʠʘʛʨʘʤʤʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʤʘʥʜʘ: 

 

ɼʠʘʛʨʘʤʤʘ ʩʪʨʦʠʪʩʷ ʧʦ ʜʘʥʥʳʤ ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ ʚʝʢʪʦʨʘ x/sum(x), ʛʜʝ 

sum(x) - ʩʫʤʤʘ ʵʣʝʤʝʥʪʦʚ ʚʝʢʪʦʨʘ. 

ɼʣʷ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʦʜʥʦʛʦ ʠʟ ʩʝʢʪʦʨʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʤʘʥʜʘ:  

 

ʛʜʝ ʧʦʟʠʮʠʷ a ʦʧʨʝʜʝʣʷʝʪ ʥʦʤʝʨ ʦʪʜʝʣʝʥʥʦʛʦ ʩʝʢʪʦʨʘ. 

ʇʨʠʤʝʨ 4.29. ʇʨʦʠʣʣʶʩʪʨʠʨʦʚʘʪʴ ʥʘ ʢʨʫʛʦʚʦʡ ʜʠʘʛʨʘʤʤʝ ʩʦʦʪʥʦʰʝʥʠʝ 

ʥʘʙʦʨʘ ʜʘʥʥʳʭ (29.6; 15.2; 8.5) ʚ ʧʨʦʮʝʥʪʘʭ. 

ʈʝʰʝʥʠʝ. ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ: 

>>x=[29.6 15.2 8.5]; 

>>pie(x,[0 1 0]) 

ʈʝʟʫʣʴʪʘʪ ʧʦʷʚʠʪʩʷ ʚ ʦʢʥʝ çFigure 1è (ʨʠʩ. 4.29). 

 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʠʩʪʦʛʨʘʤʤʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʤʘʥʜʘ: 

 

ʛʜʝ n ï ʢʦʣʠʯʝʩʪʚʦ ʠʥʪʝʨʚʘʣʦʚ. ɽʩʣʠ ʧʘʨʘʤʝʪʨ n ʥʝ ʫʢʘʟʘʥ, ʪʦ ʯʠʩʣʦ ʠʥʪʝʨʚʘʣʦʚ 

ʨʘʚʥʦ 10. 

ʇʨʠʤʝʨ 4.30. ʇʦʩʪʨʦʠʪʴ ʛʠʩʪʦʛʨʘʤʤʫ ʜʣʷ ʥʘʙʦʨʘ ʜʘʥʥʳʭ (0.6 0.8 1.3 1.6 1.9 

2.3 2.6 2.8 6.3 7.8). 

ʈʝʰʝʥʠʝ. ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ: 

 

ʈʠʩ. 4.29.  ʂʨʫʛʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʜʘʥʥʳʭ (29.6; 15.2; 8.5) ʚ ʧʨʦʮʝʥʪʘʭ 

pie(x,[0 0 é 0 a]), 

hist(y, n) 

pie(x) 
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>>y=[0.6 0.8 1.3 1.6 1.9 2.3 2.6 2.8 6.3 7.8]; 

>>hist(y) 

ʈʝʟʫʣʴʪʘʪ ʧʦʷʚʠʪʩʷ ʚ ʦʢʥʝ çFigure 1è (ʨʠʩ. 4.30). 

 

ʂʆʅʊʈʆʃʔʅʓɽ ɺʆʇʈʆʉʓ 

1. ɼʣʷ ʯʝʛʦ ʩʣʫʞʠʪ ʠ ʢʘʢʦʡ ʩʠʥʪʘʢʩʠʩ ʠʤʝʝʪ ʢʦʤʘʥʜʘ ezplot? 

2. ʅʘʟʦʚʠʪʝ ʢʦʤʘʥʜʳ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪʥʦʡ ʩʝʪʢʦʡ ʚ MATLAB . 

3. ʆʧʠʰʠʪʝ ʨʝʟʫʣʴʪʘʪ ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʘʥʜʳ axis([-10, 5, 0, 10]). 

4. ʂʦʤʘʥʜʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʘ ʬʫʥʢʮʠʠ, ʟʘʜʘʥʥʦʡ ʪʘʙʣʠʯʥʦ. 

5. ʂʦʤʘʥʜʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ, ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠ. 

6. ʂʘʢ ʚ MATLAB  ʧʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ ʬʫʥʢʮʠʠ ʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʚ ʇʉʂ? 

7. ʂʘʢ ʠʟʤʝʥʠʪʴ ʮʚʝʪ ʠ ʩʪʠʣʴ ʦʪʦʙʨʘʞʝʥʠʷ ʣʠʥʠʡ ʥʘ ʛʨʘʬʠʢʝ? 

8. ʂʘʢ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʠʪʴ ʢʦʤʧʣʝʢʩʥʦʝ ʯʠʩʣʦ z=3i-5 ʚ MATLAB ? 

9. ʅʘʟʦʚʠʪʝ ʩʧʦʩʦʙʳ ʧʦʩʪʨʦʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʛʨʘʬʠʢʦʚ ʚ ʦʜʥʦʡ ʩʠʩʪʝʤʝ ʢʦ-

ʦʨʜʠʥʘʪ ʚ MATLAB ? 

10. ʂʘʢ ʧʦʩʪʨʦʠʪʴ ʥʝʩʢʦʣʴʢʦ ʛʨʘʬʠʢʦʚ ʚ ʦʜʥʦʤ ʛʨʘʬʠʯʝʩʢʦʤ ʦʢʥʝ, ʥʦ ʚ ʨʘʟ-

ʥʳʭ ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ ʚ MATLAB ? 

11. ʂʘʢ ʚ MATLAB  ʧʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ ʬʫʥʢʮʠʠ ʜʚʫʭ ʧʝʨʝʤʝʥʥʳʭ? 

12. ʏʝʤ ʦʪʣʠʯʘʶʪʩʷ ʢʦʤʘʥʜʳ mesh(z) ʠ surf(x, y, z)? 

13. ʂʘʢ ʩʜʝʣʘʪʴ ʧʦʜʧʠʩʠ ʢ ʦʩʷʤ, ʟʘʛʦʣʦʚʦʢ ʛʨʘʬʠʢʘ ʠ ʜʦʙʘʚʠʪʴ ʣʝʛʝʥʜʫ? 

14. ɼʣʷ ʯʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʤʘʥʜʘ plotyy (x,y1,x,y2)? 

15. ʂʘʢʠʝ ʢʦʤʘʥʜʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʠʟʦʙʨʘʞʝʥʠʷ ʩʪʦʣʙʯʘʪʦʡ, ʩʪʫʧʝʥʯʘʪʦʡ, 

ʢʨʫʛʦʚʦʡ ʜʠʘʛʨʘʤʤ ʠ ʛʠʩʪʦʛʨʘʤʤʳ? 

 

ʈʠʩ. 4.30.  ɻʠʩʪʦʛʨʘʤʤʘ ʜʣʷ ʜʘʥʥʳʭ (0.6 0.8 1.3 1.6 1.9 2.3 2.6 2.8 6.3 7.8) 
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ʂʆʅʊʈʆʃʔʅʓɽ ɿɸɼɸʅʀʗ 

1. ʇʦʩʪʨʦʠʪʴ ʪʨʠ ʛʨʘʬʠʢʘ ʬʫʥʢʮʠʡ ʚ ʦʜʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʩʘʤʦʩʪʦʷ-

ʪʝʣʴʥʦ ʟʘʜʘʚ ʰʘʛ ʠ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʘʨʛʫʤʝʥʪʘ: 

Ù ÎØ Îȟ  

Ù
Ø

Î

Î

ς
ȟ  

Ù Î ρÌÎ Ø, 

ʛʜʝ n ï ʥʦʤʝʨ ʚʘʨʠʘʥʪʘ. 

2. ʇʦʩʪʨʦʠʪʴ ʜʚʘ ʛʨʘʬʠʢʘ ʬʫʥʢʮʠʡ ʚ ʦʜʥʦʡ ʧʦʣʷʨʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʚ 

ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ ʘʨʛʫʤʝʥʪʘ [0...2ˊ]: 

Ò ὲὸ ὸȟ  

Ò ÃÏÓ , 

ʛʜʝ n ï ʥʦʤʝʨ ʚʘʨʠʘʥʪʘ. 

3. ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢʠ ʪʨʝʭʤʝʨʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚ ʦʜʥʦʤ ʦʢʥʝ, ʥʦ ʥʘ ʨʘʟʥʳʭ 

ʢʦʦʨʜʠʥʘʪʥʳʭ ʦʩʷʭ: 

ᾀ ὲὼ ώȟ  

ᾀ
ÓÉÎὼ

ὲὼ Ѝὲώ
ȟ  

ᾀ ÌÎὼ ὲώȟ  

ᾀ Ѝὼ ὲ ώ, 

ʛʜʝ n ï ʥʦʤʝʨ ʚʘʨʠʘʥʪʘ. 
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ɻʃɸɺɸ 5. ɺɽʂʊʆʈʅɸʗ ɸʃɻɽɹʈɸ 

5.1. ʃʀʅɽʁʅʓɽ ʆʇɽʈɸʎʀʀ ʅɸɼ ɺɽʂʊʆʈɸʄʀ 

ɺʝʢʪʦʨʦʤ ʥʘʟʳʚʘʝʪʩʷ ʣʶʙʘʷ ʫʧʦʨʷʜʦʯʝʥʥʘʷ ʧʘʨʘ ʪʦʯʝʢ ɸ ʠ ɺ. ɽʩʣʠ ɸ ï 

ʧʝʨʚʘʷ ʪʦʯʢʘ, ʝʝ ʥʘʟʳʚʘʶʪ ʥʘʯʘʣʦʤ ʚʝʢʪʦʨʘ, ɺ ï ʝʛʦ ʢʦʥʮʦʤ.  

ʆʙʦʟʥʘʯʝʥʠʝ: AB ʠʣʠ a . 

ʅʘ ʯʝʨʪʝʞʝ ʚʝʢʪʦʨ AB ʠʟʦʙʨʘʞʘʶʪ ʢʘʢ ʦʪʨʝʟʦʢ AB ʩʦ ʩʪʨʝʣʢʦʡ, ʧʦʩʪʘʚ-

ʣʝʥʥʦʡ ʚ ʢʦʥʮʝ ʦʪʨʝʟʢʘ (ʨʠʩ. 5.1).  

  

ʈʠʩ. 5.1 

ɺʝʢʪʦʨ, ʫ ʢʦʪʦʨʦʛʦ ʥʘʯʘʣʦ ʠ ʢʦʥʝʮ ʩʦʚʧʘʜʘʶʪ, ʥʘʟʳʚʘʝʪʩʷ ʥʫʣʝʚʳʤ. ʆʙʦ-

ʟʥʘʯʝʥʠʝ: 0. 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʘʯʘʣʦʤ ʠ ʢʦʥʮʦʤ ʚʝʢʪʦʨʘ ʥʘʟʳʚʘʝʪʩʷ ʜʣʠʥʦʡ ʚʝʢʪʦʨʘ.  

ʆʙʦʟʥʘʯʝʥʠʝ: ὃὄᴆ (ʠʣʠ ȿὥᴆȿ). 

ɺʝʢʪʦʨ, ʜʣʠʥʘ ʢʦʪʦʨʦʛʦ ʨʘʚʥʘ ʝʜʠʥʠʮʝ, ʥʘʟʳʚʘʝʪʩʷ ʝʜʠʥʠʯʥʳʤ ʚʝʢʪʦʨʦʤ.  

ʆʙʦʟʥʘʯʝʥʠʝ: Ὡᴆ. 

ɺʝʢʪʦʨʳ a  ʠ b ʥʘʟʳʚʘʶʪʩʷ  ʢʦʣʣʠʥʝʘʨʥʳʤʠ, ʝʩʣʠ ʦʥʠ ʣʝʞʘʪ ʥʘ ʦʜʥʦʡ ʧʨʷ-

ʤʦʡ ʠʣʠ ʥʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʷʤʳʭ. ʆʙʦʟʥʘʯʝʥʠʝ: ba || . 

ʂʦʣʣʠʥʝʘʨʥʳʝ ʚʝʢʪʦʨʳ a  ʠ b ʤʦʛʫʪ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʳ ʦʜʠʥʘʢʦʚʦ (ba¬¬) ʠ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ (ba¬®).  

ʅʫʣʝʚʦʡ ʚʝʢʪʦʨ ʩʯʠʪʘʝʤ ʢʦʣʣʠʥʝʘʨʥʳʤ ʣʶʙʦʤʫ ʚʝʢʪʦʨʫ. 

ɽʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ, ʥʘʧʨʘʚʣʝʥʠʝ ʢʦʪʦʨʦʛʦ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʦʩʠ l, 

ʥʘʟʳʚʘʝʪʩʷ ʦʨʪʦʤ ʦʩʠ l. 

ɺʝʢʪʦʨʳ a  ʠ b ʥʘʟʳʚʘʶʪʩʷ  ʨʘʚʥʳʤʠ (a= b), ʝʩʣʠ  

1) ʦʥʠ ʢʦʣʣʠʥʝʘʨʥʳ (ba || ),  

2) ʦʜʠʥʘʢʦʚʦ ʥʘʧʨʘʚʣʝʥʳ (ba¬¬),  

3) ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʝ ʜʣʠʥʳ, ʪ.ʝ. a = b . 

ʀʟ ʵʪʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʩʣʝʜʫʝʪ, ʯʪʦ ʚʝʢʪʦʨ ʤʦʞʥʦ ʧʝʨʝʤʝʱʘʪʴ ʚ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝ ʧʘʨʘʣʣʝʣʴʥʦ ʩʘʤʦʤʫ ʩʝʙʝ. ʊʘʢʠʝ ʚʝʢʪʦʨʳ ʥʘʟʳʚʘʶʪʩʷ ʩʚʦʙʦʜʥʳʤʠ. 

A 

             AB  

                    

                        B  

   A 

                   a 

                    

                            B  
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ɺʝʢʪʦʨʳ a , b, c  ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʥʘʟʳʚʘʶʪʩʷ ʢʦʤʧʣʘʥʘʨʥʳʤʠ, ʝʩʣʠ ʦʥʠ ʣʝ-

ʞʘʪ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ ʠʣʠ ʥʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʣʦʩʢʦʩʪʷʭ. 

ʃʠʥʝʡʥʳʤʠ ʦʧʝʨʘʮʠʷʤʠ ʷʚʣʷʶʪʩʷ ʦʧʝʨʘʮʠʠ ʩʣʦʞʝʥʠʷ ʚʝʢʪʦʨʦʚ ʠ ʫʤʥʦʞʝ-

ʥʠʷ ʚʝʢʪʦʨʘ ʥʘ ʯʠʩʣʦ. 

ʇʫʩʪʴ a  ʠ b ï ʧʨʦʠʟʚʦʣʴʥʳʝ ʚʝʢʪʦʨʳ. ʇʝʨʝʥʝʩʝʤ ʥʘʯʘʣʦ ʚʝʢʪʦʨʘ b  ʚ ʢʦʥʝʮ 

ʚʝʢʪʦʨʘ a . ɺʝʢʪʦʨ a b+ , ʩʦʝʜʠʥʷʶʱʠʡ ʥʘʯʘʣʦ ʚʝʢʪʦʨʘ a  ʩ ʢʦʥʮʦʤ ʚʝʢʪʦʨʘ b , 

ʥʘʟʳʚʘʝʪʩʷ ʩʫʤʤʦʡ a  ʠ b . 

ʕʪʦ ʧʨʘʚʠʣʦ ʩʣʦʞʝʥʠʷ ʚʝʢʪʦʨʦʚ ʥʘʟʳʚʘʝʪʩʷ ʧʨʘʚʠʣʦʤ ʪʨʝʫʛʦʣʴʥʠʢʘ: ʥʘʯʘ-

ʣʦ ʚʝʢʪʦʨʘ b  ʩʦʚʤʝʱʘʝʪʩʷ ʩ ʢʦʥʮʦʤ ʚʝʢʪʦʨʘ a; ʚʝʢʪʦʨ a b+  ʥʘʧʨʘʚʣʝʥ ʦʪ 

ʥʘʯʘʣʘ a  ʢ ʢʦʥʮʫ b  (ʨʠʩ. 5.2, ʘ).  

ʉʫʤʤʫ ʜʚʫʭ ʚʝʢʪʦʨʦʚ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʧʦ ʧʨʘʚʠʣʫ ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʘ: ʥʘʯʘ-

ʣʘ ʚʝʢʪʦʨʦʚ a  ʠ b  ʩʦʚʤʝʱʘʶʪʩʷ ʚ ʦʜʥʦʡ ʪʦʯʢʝ; ʚʝʢʪʦʨ a b+  ʝʩʪʴ ʜʠʘʛʦʥʘʣʴ 

ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʘ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʥʘ ʚʝʢʪʦʨʘʭ a  ʠ b  (ʨʠʩ. 5.2, ʙ). 

  

ʘ ʙ 

ʈʠʩ. 5.2 

ʇʨʦʠʟʚʝʜʝʥʠʝʤ ʚʝʢʪʦʨʘ a  ʥʘ ʯʠʩʣʦ RÍl  ʥʘʟʳʚʘʝʪʩʷ ʚʝʢʪʦʨ ab l= , ʫʜʦ-

ʚʣʝʪʚʦʨʷʶʱʠʡ ʫʩʣʦʚʠʷʤ:  

1) |||||| ab Ö=l ,  

2) ab || , ʪ.ʝ. b ʢʦʣʣʠʥʝʘʨʝʥ a , 

3) ab¬¬, ʝʩʣʠ 0>l ; ab¬®, ʝʩʣʠ 0<l ;  0=b , ʝʩʣʠ 0=l  ʠʣʠ 0=a . 

ɺʝʢʪʦʨʦʤ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ ʚʝʢʪʦʨʫ a , ʥʘʟʳʚʘʝʪʩʷ ʚʝʢʪʦʨ ( )1 a a- Ö =-.  

ʈʘʟʥʦʩʪʴʶ ʚʝʢʪʦʨʦʚ a  ʠ b  ʥʘʟʳʚʘʝʪʩʷ ʚʝʢʪʦʨ ba- , ʩʦʝʜʠʥʷʶʱʠʡ ʢʦʥʮʳ 

ʚʝʪʦʨʦʚ a  ʠ b, ʚʳʭʦʜʷʱʠʭ ʠʟ ʦʜʥʦʡ ʪʦʯʢʠ ʠ ʥʘʧʨʘʚʣʝʥʥʳʡ ʢ ʢʦʥʮʫ ʚʝʢʪʦʨʘ a

(ʨʠʩ. 5.3).  

b 

b 
a 

a+b 

a 

b 

b 

a 

a+b 

a 
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ʃʠʥʝʡʥʳʝ ʦʧʝʨʘʮʠʠ ʥʘʜ ʚʝʢʪʦʨʘʤʠ ʦʙʣʘʜʘʶʪ ʩʣʝʜʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ: 

1. abba +=+ .  

2. ( ) ( )cbacba ++=++ . 

3. ( ) aaa mlml +=+ . 

4. ( )( )aa lmml = , RÍml, . 

5. ( ) aaba lll +=+ . 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ MATLAB  ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʦʪʨʝʟʢʘ  

ʥʘ ʧʣʦʩʢʦʩʪʠ ʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ɼʣʷ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʪʨʝʟʢʘ ʚ MATLAB  ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʩʪʨʦ-

ʝʥʥʳʝ ʬʫʥʢʮʠʠ: 

 

 

ʛʜʝ x1,y1 ï ʢʦʦʨʜʠʥʘʪʳ ʥʘʯʘʣʘ ʦʪʨʝʟʢʘ; x2,y2 ï ʢʦʦʨʜʠʥʘʪʳ ʢʦʥʮʘ ʦʪʨʝʟʢʘ;    

Color ï ʮʚʝʪ ʣʠʥʠʠ (ʧʦ ʫʤʦʣʯʘʥʠʶ ʩʠʥʠʡ); letter ï ʙʫʢʚʘ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʮʚʝʪ 

ʣʠʥʠʠ; LineWidth ï ʪʦʣʱʠʥʘ ʣʠʥʠʠ (ʧʦ ʫʤʦʣʯʘʥʠʶ 0.5 ʧʪ); number ï ʮʠʬʨʘ, 

ʦʧʨʝʜʝʣʷʶʱʘʷ ʪʦʣʱʠʥʫ ʣʠʥʠʠ. 

 ʌʫʥʢʮʠʷ line ʧʦʟʚʦʣʷʝʪ ʩʪʨʦʠʪʴ ʦʪʨʝʟʢʠ ʢʘʢ ʥʘ ʧʣʦʩʢʦʩʪʠ, ʪʘʢ ʠ ʚ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ. 

ʇʨʠʤʝʨ 5.1. ʇʦʩʪʨʦʠʪʴ ʦʪʨʝʟʢʠ ɸ1ɸ2, B1B2, C1C2, ʛʜʝ ɸ1(1;1), ɸ2(3;1), 

B1(1;1), B2(-1;3), C1(1;1), C2(-1;-1) ʨʘʟʥʳʤʠ ʩʪʠʣʷʤʠ. 

ʈʝʰʝʥʠʝ. ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ: 

>>grid on, axis equal, hold on 

>>line([1; 3],[ 1; 1]) 

>>line([1; -1], [1;3], 'Color','m') 

>>line([1; -1],[ 1; -1],'Color','y','LineWidth', 3) 

 

ʈʠʩ. 5.3 

line([x1; x2],[y1; y2], 'Color','letter','LineWidth',number) 
 

line([x1;x2],[ y1;y2]) 

  a - b 

b 

b 

a a 
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ʆʪʨʝʟʢʠ ʧʦʷʚʷʪʩʷ ʚ ʦʢʥʝ çFigure 1è (ʨʠʩ. 5.4). 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ MATLAB  ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʚʝʢʪʦʨʘ ʥʘ ʧʣʦʩʢʦʩʪʠ  

ɼʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʩʪʨʝʣʢʠ ʥʘ ʢʦʥʮʝ ʦʪʨʝʟʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʨʝʫʛʦʣʴʥʳʡ 

ʤʘʨʢʝʨ. ʌʫʥʢʮʠʷ ʚ MATLAB : 

 

 

ʛʜʝ x,y ï ʵʪʦ ʢʦʦʨʜʠʥʘʪʳ ʢʦʥʮʘ ʦʪʨʝʟʢʘ (ʚʝʢʪʦʨʘ); s ï ʥʘʧʨʘʚʣʝʥʠʝ ʩʪʨʝʣʦʯʢʠ 

(ʦʜʠʥ ʠʟ ʯʝʪʳʨʝʭ ʪʨʝʫʛʦʣʴʥʳʭ ʤʘʨʢʝʨʦʚ) ʩ ʫʢʘʟʘʥʠʝʤ ʮʚʝʪʘ; LineWidth ï ʪʦʣ-

ʱʠʥʘ ʣʠʥʠʠ (ʧʦ ʫʤʦʣʯʘʥʠʶ 0.5 ʧʪ); number ï ʮʠʬʨʘ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʪʦʣʱʠʥʫ 

ʣʠʥʠʠ. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʜʧʠʩʘʪʴ ʚʝʢʪʦʨʳ ʥʘ ʛʨʘʬʠʢʝ, ʚ MATLAB  ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʢʦʤʘʥʜʘ 

 

 

ʛʜʝ x,y ï ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘʜʧʠʩʠ, name ï ʥʘʜʧʠʩʴ.  

ʇʨʠʤʝʨ 5.2. ʇʫʩʪʴ ʟʘʜʘʥʳ ʚʝʢʪʦʨʳ ὃὃᴆ, ὄὄᴆ, ὅὅᴆ, ʛʜʝ ɸ1(1;1), ɸ2(3;1), 

B1(1;1), B2(-1;3), C1(1;1), C2(-1;-1). ʊʨʝʙʫʝʪʩʷ: 

ʘ) ʧʦʩʪʨʦʠʪʴ ʚʝʢʪʦʨʘ ʨʘʟʥʳʤʠ ʩʪʠʣʷʤʠ;  

ʙ) ʜʦʙʘʚʠʪʴ ʧʦ ʜʚʝ ʥʘʜʧʠʩʠ ʢ ʚʝʢʪʦʨʘʤ ʠʟ ʧʨʝʜʳʜʫʱʝʛʦ ʧʨʠʤʝʨʘ, ʠʩʧʦʣʴ-

ʟʫʷ ʦʙʳʯʥʳʡ ʠ ʧʦʣʫʞʠʨʥʳʡ ʰʨʠʬʪ (ʜʦʙʘʚʠʚ ç\bfè ʧʝʨʝʜ ʪʝʢʩʪʦʤ ʥʘʜʧʠʩʠ). ʉʠ-

ʥʠʡ ʚʝʢʪʦʨ ʦʙʦʟʥʘʯʠʪʴ ʙʫʢʚʦʡ x, ʬʠʦʣʝʪʦʚʳʡ ï y, ʞʝʣʪʳʡ ï z. 

ʈʝʰʝʥʠʝ. ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ: 

ʘ) ʙ) 

>>grid on, axis equal, hold on 

>>line([1; 3],[ 1; 1]) 

>>plot(3,1,'>') 

>>line([1; -1], [1;3], 'Color','m') 

>>text(2.75,0.75,'\bfx') 

>>text(-0.75,2.5,'\bfy') 

>>text(-0.5,-0.75,'\bfz') 

>>text(2.75,1.25,'x') 

 

ʈʠʩ. 5.4.  ʆʪʨʝʟʢʠ ɸ1ɸ2, B1B2, C1C2 

plot(x,y,ôsô,ôLineWidthô,number) 

text(x,y, 'name') 
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>>plot(-1,3,'^m') 

>>line([1; -1],[ 1; -1],'Color','y','LineWidth', 3) 

>>plot(-1,-1,'vy','LineWidth',3) 

>>text(-0.5,2.75,'y') 

>>text(-0.75,-0.5,'z') 

ɺʝʢʪʦʨʳ ὃὃᴆ, ὄὄᴆ, ὅὅᴆ ʧʦʷʚʷʪʩʷ ʚ ʦʢʥʝ çFigure 1è (ʨʠʩ. 5.5, ʘ,ʙ).  

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʚʝʢʪʦʨʘ ʥʘ ʧʣʦʩʢʦʩʪʠ ʚ MATLAB  ʩʫʱʝʩʪʚʫʝʪ ʝʱʝ ʦʜʥʘ 

ʬʫʥʢʮʠʷ: 

 

ʛʜʝ x_begin ʠ y_begin ï ʢʦʦʨʜʠʥʘʪʳ ʥʘʯʘʣʘ ʚʝʢʪʦʨʘ; x_shift ʠ y_shift ï ʚʝʣʠʯʠʥʘ 

ʩʜʚʠʛʘ ʢʦʥʮʘ ʚʝʢʪʦʨʘ ʧʦ x ʠ y ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʯʘʣʘ, ʧʘʨʘʤʝʪʨ scale=1; LineSpec 

(ʥʝʦʙʷʟʘʪʝʣʴʥʳʡ) ï ʧʘʨʘʤʝʪʨʳ ʩʪʠʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʣʠʥʠʠ ʠ ʪʦʯʝʢ. 

ʇʨʠʤʝʨ 5.3. ʇʦʩʪʨʦʠʪʴ ʚʝʢʪʦʨʳ ὃὃᴆ, ὄὄᴆ, ὅὅᴆ, ʛʜʝ ɸ1, B1, C1 ï ʥʘʯʘʣʦ 

ʢʦʦʨʜʠʥʘʪ, ɸ2(3;1), B2(-1;3), C2(-1;-1). 

ʈʝʰʝʥʠʝ. ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ: 

>>grid on, axis equal, hold on 

>>quiver(0, 0, 3, 1, 1) 

>>quiver(0, 0, -1, 3, 1, 'm') 

>>quiver(0, 0, -1, -1, 1, 'y', 'lineWidth', 3) 

ɺʝʢʪʦʨʳ ὃὃᴆ, ὄὄᴆ, ὅὅᴆ, ʧʦʷʚʷʪʩʷ ʚ ʦʢʥʝ çFigure 1è (ʨʠʩ. 5.6).  

ɿʘʤʝʪʠʤ, ʯʪʦ ʝʩʣʠ ʚʝʢʪʦʨ ʚʳʭʦʜʠʪ ʠʟ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ, ʪʦ ʚʝʣʠʯʠʥʳ 

x_shift ʠ y_shift ʨʘʚʥʳ ʢʦʦʨʜʠʥʘʪʘʤ ʢʦʥʮʘ ʚʝʢʪʦʨʘ. ʆʜʥʘʢʦ, ʚ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ 

ʥʝʦʙʭʦʜʠʤʦ ʫʢʘʟʘʪʴ ʩʜʚʠʛ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ. ʇʨʠʚʝʜʸʤ ʧʨʠʤʝʨ ʧʦʩʪʨʦʝʥʠʷ ʚʝʢ-

ʪʦʨʘ, ʚʳʭʦʜʷʱʝʛʦ ʥʝ ʠʟ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ. 

ʘ  ʙ  

ʈʠʩ. 5.5. ʀʟʦʙʨʘʞʝʥʠʝ ʚʝʢʪʦʨʦʚ ὃὃᴆ, ὄὄᴆ, ὅὅᴆ:  

ʘ ï ʨʘʟʥʳʤʠ ʩʪʠʣʷʤʠ; ʙ ï ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʥʘʜʧʠʩʝʡ 

quiver(x_begin, y_begin, x_shift, y_shift, scale, 'LineSpec') 
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ʇʨʠʤʝʨ 5.4. ʇʦʩʪʨʦʠʪʴ ʚʝʢʪʦʨʳ ὃὃᴆ, ὄὄᴆ, ὅὅᴆ, ʛʜʝ ɸ1(1;1), ɸ2(3;1), 

B1(1;1), B2(-1;3), C1(1;1), C2(-1;-1). 

ʈʝʰʝʥʠʝ. ɼʣʷ ʢʘʞʜʦʛʦ ʚʝʢʪʦʨʘ ʥʘ ʤʝʩʪʝ ʚʝʣʠʯʠʥ x_shift ʠ y_shift ʟʘʧʠʰʝʤ 

ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʢʦʦʨʜʠʥʘʪʘʤʠ x ʠ y ʢʦʥʮʘ ʠ ʥʘʯʘʣʘ ʚʝʢʪʦʨʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʚʝʢʪʦʨʘ ὃὃᴆ ʧʦʣʫʯʠʤ: x_shift =3-1, y_shift = 1-1. 

>>grid on, axis equal, hold on 

>>quiver(1, 1, 3-1, 1-1, 1) 

>>quiver(1, 1, -1-1, 3-1, 1, 'm') 

>>quiver(1, 1, -1-1, -1-1, 1, 'y', 'lineWidth', 3) 

ɺʝʢʪʦʨʳ ὃὃᴆ, ὄὄᴆ, ὅὅᴆ ʧʦʷʚʷʪʩʷ ʚ ʦʢʥʝ çFigure 1è (ʨʠʩ. 5.7).  

 

 ʌʫʥʢʮʠʶ quiver ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʚʝʢʪʦʨʥʳʭ ʧʦʣʝʡ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ MATLAB  ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʚʝʢʪʦʨʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʚʝʢʪʦʨʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʪʘʢʞʝ, ʢʘʢ ʠ ʥʘ ʧʣʦʩʢʦʩʪʠ, ʩʫʝɦ-

ʩʪʚʫʝʪ ʜʚʘ ʩʧʦʩʦʙʘ: 

1) ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʬʫʥʢʮʠʠ 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʣʷ ʠʟʦʙʨʘʞʝʥʠʷ ʩʪʨʝʣʦʢ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʤʘʥʜʘ:  

2) ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʬʫʥʢʮʠʠ  

ʇʨʠʤʝʨ 5.5. ʇʦʩʪʨʦʠʪʴ ʚʝʢʪʦʨʳ ὃὃᴆ, ὄὄᴆ, ὅὅᴆ, ʛʜʝ ɸ1(0;0;0), ɸ2(2;0;0), 

B1(0;0;0), B2(0;2;0), C1(0;0;0), C2(0;0;2). 

ʈʠʩ. 5.6 ʈʠʩ. 5.7 

plot3(x,y,z,'s') 

quiver3(x_begin, y_begin, z_begin, x_shift, y_shift, z_shift, scale, 'LineSpec') 

 

line([x1; x2],[y1; y2], [z1; z2], 'Color','letter','LineWidth',number) 
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ʈʝʰʝʥʠʝ. ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ: 

>>grid on, axis equal, hold on 

>>line([0;2],[0;0],[0;0],'LineWidth', 3) 

>>plot3(2,0,0,'>','LineWidth', 3) 

>>line([0;0],[0;2],[0;0], 'Color','r','LineWidth', 3) 

>>plot3(0,2,0,'^r','LineWidth', 3) 

>>line([0;0],[0;0],[0;2],'Color','g','LineWidth', 3) 

>>plot3(0,0,2,'^g','LineWidth',3) 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʣʦʩʴ ʧʣʦʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʚ ʦʢʥʝ çFigure 1è (ʨʠʩ. 5.8, 

ʘ).  

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʝʛʦ ʦʙʲʸʤʥʳʤ, ʥʝʦʙʭʦʜʠʤʦ ʥʘʞʘʪʴ ʢʥʦʧʢʫ çRotate 

3Dè ʥʘ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʦʢʥʘ çFigure 1è, ʟʘʪʝʤ ʧʝʨʝʚʝʩʪʠ ʢʫʨʩʦʨ ʥʘ ʛʨʘʬʠʢ 

ʠ ʚʨʘʱʘʪʴ ʝʛʦ, ʜʦʙʠʚʘʷʩʴ ʥʫʞʥʦʛʦ ʨʘʢʫʨʩʘ.  

ʆʜʠʥ ʠʟ ʚʦʟʤʦʞʥʳʭ ʨʘʢʫʨʩʦʚ ʧʨʠʚʝʜʝʥ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʦʢʥʝ (ʨʠʩ. 5.8, ʙ). 

ʇʨʠʤʝʨ 5.6. ʇʦʩʪʨʦʠʪʴ ʚʝʢʪʦʨʳ ὃὃᴆ, ὄὄᴆ, ὅὅᴆ, ʛʜʝ ɸ1(0;0;0), ɸ2(2;0;0), 

B1(0;0;0), B2(0;2;0), C1(0;0;0), C2(0;0;2), ʠʩʧʦʣʴʟʫʷ ʬʫʥʢʮʠʶ quiver3. 

ʈʝʰʝʥʠʝ. ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ: 

>>grid on, axis equal, hold on 

>>quiver3(0,0,0,2,0,0,1,'LineWidth',3) 

>>quiver3(0,0,0,0,2,0,1,'r','LineWidth',3) 

>>quiver3(0,0,0,0,0,2,1,'g','LineWidth',3) 

ʀʟʦʙʨʘʞʝʥʠʷ ʚʝʢʪʦʨʦʚ ὃὃᴆ, ὄὄᴆ, ὅὅᴆ ʧʦʷʚʷʪʩʷ ʚ ʦʢʥʝ çFigure 1è (ʨʠʩ. 

5.9). 

ʘ  ʙ  

ʈʠʩ. 5.8. ʀʟʦʙʨʘʞʝʥʠʝ ʚʝʢʪʦʨʦʚ  ὃὃᴆ, ὄὄᴆ, ὅὅᴆ, ʧʦʣʫʯʝʥʥʦʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʤʘʥʜʳ:  ʘ ï  line (ʧʣʦʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ), ʙ ï  plot3 (ʦʙʲʝʤʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ) 
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 ɺ ʜʘʣʴʥʝʡʰʝʤ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʚʝʢʪʦʨʦʚ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʫʥʢʮʠʶ 

quiver ʠ quiver3. 
 

5.2. ʇʈʆɽʂʎʀʗ ɺɽʂʊʆʈɸ ʅɸ ʆʉʔ, ʆʉʅʆɺʅʓɽ ʉɺʆʁʉʊɺɸ 

ʇʫʩʪʴ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʟʘʜʘʥʳ ʪʦʯʢʘ ʄ ʠ ʦʩʴ l (ʥʘʧʨʘʚʣʝʥʥʘʷ ʧʨʷʤʘʷ). 

ʇʨʦʝʢʮʠʝʡ ʪʦʯʢʠ ʄ ʥʘ ʦʩʴ l  ʥʘʟʳʚʘʝʪʩʷ ʦʩʥʦʚʘʥʠʝ ʄ1 ʧʝʨʧʝʥʜʠʢʫʣʷʨʘ, 

ʦʧʫʱʝʥʥʦʛʦ ʠʟ ʪʦʯʢʠ ʄ ʥʘ ʦʩʴ l . 

ʊʦʯʢʘ ʄ1 ʝʩʪʴ ʪʦʯʢʘ ʧʝʨʝʩʝʯʝʥʠʷ ʦʩʠ l  ʩ ʧʣʦʩʢʦʩʪʴʶ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ 

ʪʦʯʢʫ ʄ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʩʠ l (ʨʠʩ. 5.10, ʘ). 

ɽʩʣʠ ʪʦʯʢʘ ʄ ʠ ʦʩʴ l ʟʘʜʘʥʳ ʥʘ ʧʣʦʩʢʦʩʪʠ, ʪʦʯʢʘ ʄ1 ʝʩʪʴ ʪʦʯʢʘ ʧʝʨʝʩʝʯʝʥʠʷ 

ʦʩʠ l  ʩ ʧʨʷʤʦʡ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʪʦʯʢʫ ʄ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʩʠ  l (ʨʠʩ. 5.10, 

ʙ). 

ʇʫʩʪʴ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʟʘʜʘʥʳ ʦʩʴ l ʠ ʚʝʢʪʦʨ AB  ʠ ɸ1, ɺ1 ï ʧʨʦʝʢʮʠʠ ʥʘ ʦʩʴ l 

ʥʘʯʘʣʘ A ʠ ʢʦʥʮʘ ɺ ʚʝʢʪʦʨʘ AB  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

  

ʘ ʙ 

ʈʠʩ. 5.10 

ʘ  ʙ  

ʈʠʩ. 5.9. ʀʟʦʙʨʘʞʝʥʠʝ ʚʝʢʪʦʨʦʚ  ὃὃᴆ, ὄὄᴆ, ὅὅᴆ, ʧʦʣʫʯʝʥʥʦʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʤʘʥʜʳ  quiver3:  ʘ ï  ʧʣʦʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, ʙ ï  ʦʙʲʝʤʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 

l 

ʄ 

ʄ
l 

ʄ 

ʄ1 
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ʇʨʦʝʢʮʠʝʡ ʚʝʢʪʦʨʘ AB  ʥʘ ʦʩʴ l  ʥʘʟʳʚʘʝʪʩʷ ʯʠʩʣʦ, ʨʘʚʥʦʝ ʜʣʠʥʝ ʚʝʢʪʦʨʘ 

1 1A B , ʚʟʷʪʦʝ ʩʦ ʟʥʘʢʦʤ ç+è, ʝʩʣʠ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ 1 1A B  ʩʦʚʧʘʜʘʝʪ ʩ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʦʩʠ l, ʠ ʩʦ ʟʥʘʢʦʤ çïè, ʝʩʣʠ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ 
1 1A B ʧʨʦʪʠʚʦ-

ʧʦʣʦʞʥʦ ʥʘʧʨʘʚʣʝʥʠʶ ʦʩʠ l (ʨʠʩ. 5.11, ʘ, ʙ). ʆʙʦʟʥʘʯʝʥʠʝ: ABʧʨl . 

  

ʘ ʙ 

ʈʠʩ. 5.11 

ɽʩʣʠ ʦʩʴ l ʠ ʚʝʢʪʦʨ ABʟʘʜʘʥʳ ʥʘ ʧʣʦʩʢʦʩʪʠ, ʪʦ ʚʦʟʤʦʞʥʳ ʜʚʘ ʩʣʫʯʘʷ: 

ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ 
1 1A B  ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʦʩʠ l (5.12, ʘ); ʥʘʧʨʘʚʣʝ-

ʥʠʝ ʚʝʢʪʦʨʘ 
1 1A B  ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʥʘʧʨʘʚʣʝʥʠʶ ʦʩʠ l (5.12, ʙ). 

  

ʘ ʙ 

ʈʠʩ. 5.12 

ɽʩʣʠ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ 
1 1A B  ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʦʩʠ l (ʨʠʩ. 

5.11, ʘ, 5.12, ʘ), ʪʦ 11BAABʧʨl = ; ʝʩʣʠ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ 1 1A B ʧʨʦʪʠʚʦʧʦ-

ʣʦʞʥʦ ʥʘʧʨʘʚʣʝʥʠʶ ʦʩʠ l (ʨʠʩ. 5.11, ʙ, 5.12, ʙ), ʪʦ 11BAABʧʨl -= ; ʝʩʣʠ ʪʦʯʢʠ 

1A , 
1B  ʩʦʚʧʘʜʘʶʪ (0=AB  ʠʣʠ lAB^ ), ʪʦ ABʧʨl  = 0. 

l 

A 

B 

A1 B1 

l 

A 

B 

A1 B1 

l 

A 
B 

A1 B1 l 

A 
B 

A1 B1 
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ʇʫʩʪʴ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʟʘʜʘʥʳ ʚʝʢʪʦʨ a , ʦʩʴ l ʠ ʫʛʦʣ
1
 (ű ) ʤʝʞʜʫ ʚʝʢʪʦʨʦʤ a  

ʠ ʦʩʴʶ l. 

ʅʘ ʨʠʩ. 5.13 ʧʦʢʘʟʘʥ rʩʣʫʯʘʠ, ʢʦʛʜʘ ʚʝʢʪʦʨ a  ʠ ʦʩʴ l ʟʘʜʘʥʳ ʥʘ ʧʣʦʩʢʦʩʪʠ: 

2
0

p
j<¢  ʠ pj

p
¢<

2
. 

 

 

ʘ ʙ 

ʈʠʩ. 5.13 

ʊʝʦʨʝʤʘ 5.1. ʇʨʦʝʢʮʠʷ ʚʝʢʪʦʨʘ a  ʥʘ ʦʩʴ l ʨʘʚʥʘ ʧʨʦʠʟʚʝʜʝʥʠʶ ʤʦʜʫʣʷ 

ʚʝʢʪʦʨʘ a  ʥʘ ʢʦʩʠʥʫʩ ʫʛʣʘ ű ʤʝʞʜʫ ʚʝʢʪʦʨʦʤ a  ʠ ʦʩʴʶ l, ʪ.ʝ. jcosÖ=aaʧʨl .  

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʈʘʩʩʤʦʪʨʠʤ ʪʨʠ ʩʣʫʯʘʷ:  

1) 
2

0
p

j<¢ . ʊʦʛʜʘ jcos1 Ö== aaaʧʨl . 

2) pj
p

¢<
2

. ʊʦʛʜʘ ( ) jjp coscos1 Ö=-Ö-=-= aaaaʧʨl . 

3) 
2

p
j= . ʊʦʛʜʘ jcos0 Ö== aaʧʨl . ʊʝʦʨʝʤʘ ʜʦʢʘʟʘʥʘ. 

ʇʫʩʪʴ ʟʘʜʘʥʳ ʚʝʢʪʦʨʳ a , b ʠ ʦʩʴ l. ʃʠʥʝʡʥʳʝ ʦʧʝʨʘʮʠʠ ʥʘʜ ʧʨʦʝʢʮʠʷʤʠ 

ʚʝʢʪʦʨʘ ʥʘ ʦʩʴ ʦʙʣʘʜʘʶʪ ʩʣʝʜʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ: 

1) ( ) bʧʨaʧʨbaʧʨ lll +=+ ,   

2) ( ) aʧʨaʧʨ ll Ö=Ö ll , ʛʜʝ RÍl . 

ʉʧʨʘʚʝʜʣʠʚʳ ʩʣʝʜʫʶʱʠʝ ʫʪʚʝʨʞʜʝʥʠʷ: 

V ʇʨʦʝʢʮʠʷ ʚʝʢʪʦʨʘ ʥʘ ʦʩʴ ʧʦʣʦʞʠʪʝʣʴʥʘ (ʦʪʨʠʮʘʪʝʣʴʥʘ), ʝʩʣʠ ʚʝʢʪʦʨ ʦʙʨʘ-

ʟʫʝʪ  ʩ ʦʩʴʶ ʦʩʪʨʳʡ (ʪʫʧʦʡ) ʫʛʦʣ, ʠ ʨʘʚʥʘ ʥʫʣʶ, ʝʩʣʠ ʵʪʦʪ ʫʛʦʣ ï ʧʨʷʤʦʡ. 

V ʇʨʦʝʢʮʠʠ ʨʘʚʥʳʭ ʚʝʢʪʦʨʦʚ ʥʘ ʦʜʥʫ ʠ ʪʫ ʞʝ ʦʩʴ ʨʘʚʥʳ. 

                                                           
1
 ʋʛʦʣ, ʥʘ ʢʦʪʦʨʳʡ ʥʘʜʦ ʧʦʚʝʨʥʫʪʴ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ ʦʩʴ l, ʯʪʦʙʳ ʝʝ ʥʘʧʨʘʚʣʝʥʠʝ 

ʩʦʚʧʘʣʦ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʘʥʥʦʛʦ ʚʝʢʪʦʨʘ. 

 

l 

 a 

a1 

a 

ű 

l 

a 

a1 

a 
ű 
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V ʇʨʦʝʢʮʠʷ ʣʠʥʝʡʥʦʡ ʢʦʤʙʠʥʘʮʠʠ ʚʝʢʪʦʨʦʚ a , b  ʥʘ ʦʩʴ l ʨʘʚʥʘ ʣʠʥʝʡʥʦʡ 

ʢʦʤʙʠʥʘʮʠʠ ʧʨʦʝʢʮʠʡ ʚʝʢʪʦʨʦʚ a , b  ʥʘ ʦʩʴ l:  

( ) bʧʨaʧʨbaʧʨ lll Ö+Ö=Ö+Ö mlml ,  RÍml, . 

5.3. ɹɸɿʀʉ ʀ ʂʆʆʈɼʀʅɸʊʓ ɺɽʂʊʆʈɸ. ʆʈʀɽʅʊɸʎʀʗ ɹɸɿʀʉɸ 

ʇʫʩʪʴ ʜʘʥʳ ʧʨʷʤʘʷ L ʠ ʥʝʥʫʣʝʚʦʡ ʚʝʢʪʦʨ a, ʣʝʞʘʱʠʡ ʥʘ ʥʝʡ (ʨʠʩ. 5.14).  

ʃʝʤʤʘ (ʦ ʢʦʣʣʠʥʝʘʨʥʳʭ ʚʝʢʪʦʨʘʭ). ɽʩʣʠ ʚʝʢʪʦʨʳ a  ʠ b  ʢʦʣʣʠʥʝʘʨʥʳ, 

0̧a , ʪʦ ʩʫʱʝʩʪʚʫʝʪ ʠ ʧʨʠʪʦʤ ʪʦʣʴʢʦ ʦʜʥʦ ʯʠʩʣʦ RÍa , ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʝ ʨʘ-

ʚʝʥʩʪʚʫ ab Ö=a . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʶʙʦʡ ʚʝʢʪʦʨ b, ʣʝʞʘʱʠʡ ʥʘ ʧʨʷʤʦʡ l, ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜ-

ʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ab Ö=a , RÍa  ʠ ʪʘʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʝʜʠʥʩʪʚʝʥʥʦ. ʕʪʦ ʦʟʥʘ-

ʯʘʝʪ, ʯʪʦ ʣʶʙʦʡ ʚʝʢʪʦʨ ʥʘ ʧʨʷʤʦʡ L, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʝʨʘʮʠʠ ʫʤʥʦʞʝʥʠʷ 

ʚʝʢʪʦʨʘ ʥʘ ʯʠʩʣʦ ʤʦʞʝʪ ʙʳʪʴ ʦʜʥʦʟʥʘʯʥʦ ʚʳʨʘʞʝʥ ʯʝʨʝʟ ʚʝʢʪʦʨ a . 

ɹʘʟʠʩʦʤ ʥʘ ʧʨʷʤʦʡ L ʥʘʟʳʚʘʝʪʩʷ ʣʶʙʦʡ ʥʝʥʫʣʝʚʦʡ ʚʝʢʪʦʨ a, ʣʝʞʘʱʠʡ ʥʘ 

ʵʪʦʡ ʧʨʷʤʦʡ. 

ʇʫʩʪʴ ab Ö=a , ʪʦʛʜʘ ʯʠʩʣʦ RÍa  ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʢʦʦʨʜʠʥʘʪʦʡ ʚʝʢʪʦʨʘ 

b ʚ ʙʘʟʠʩʝ a  ʠ ʦʙʦʟʥʘʯʘʪʴ )(a=b . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʘʟʠʩʦʤ ʥʘ ʧʨʷʤʦʡ ʷʚʣʷʝʪʩʷ ʣʶʙʦʡ ʥʝʥʫʣʝʚʦʡ ʚʝʢʪʦʨ.  

ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʦʙʱʠʡ ʩʣʫʯʘʡ ʧʣʦʩʢʦʩʪʠ ʠʣʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʧʦʧʳʪʘʝʤ-

ʩʷ ʦʪʚʝʪʠʪʴ ʥʘ ʩʣʝʜʫʶʱʠʡ ʚʦʧʨʦʩ: ʩʢʦʣʴʢʦ ʠ ʢʘʢʠʭ ʚʝʢʪʦʨʦʚ ʥʫʞʥʦ ʟʘʜʘʪʴ, ʯʪʦ-

ʙʳ ʯʝʨʝʟ ʥʠʭ ʩ ʧʦʤʦʱʴʶ ʦʧʝʨʘʮʠʠ ʩʣʦʞʝʥʠʷ ʚʝʢʪʦʨʦʚ ʠ ʫʤʥʦʞʝʥʠʷ ʚʝʢʪʦʨʘ ʥʘ 

ʯʠʩʣʦ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʦʜʥʦʟʥʘʯʥʦ ʚʳʨʘʟʠʪʴ ʣʶʙʦʡ ʜʨʫʛʦʡ ʚʝʢʪʦʨ? ʆʪʚʝʪ ʥʘ 

ʵʪʦʪ ʚʦʧʨʦʩ ʜʘʶʪ ʩʣʝʜʫʶʱʠʝ ʜʚʝ ʪʝʦʨʝʤʳ, ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʢʦʪʦʨʳʭ ʤʦʞʥʦ 

ʥʘʡʪʠ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʰʢʦʣʴʥʳʭ ʫʯʝʙʥʠʢʘʭ.  

ʊʝʦʨʝʤʘ 5.2. ʃʶʙʦʡ ʚʝʢʪʦʨ, ʣʝʞʘʱʠʡ ʥʘ ʧʣʦʩʢʦʩʪʠ, ʤʦʞʥʦ ʨʘʟʣʦʞʠʪʴ ʧʦ 

ʜʚʫʤ ʜʘʥʥʳʤ ʥʝʢʦʣʣʠʥʝʘʨʥʳʤ ʚʝʢʪʦʨʘʤ, ʣʝʞʘʱʠʤ ʚ ʵʪʦʡ ʞʝ ʧʣʦʩʢʦʩʪʠ, ʧʨʠʪʦʤ 

ʝʜʠʥʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ. 

ʊʝʦʨʝʤʘ 5.3. ʃʶʙʦʡ ʚʝʢʪʦʨ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʦʞʥʦ ʨʘʟʣʦʞʠʪʴ ʧʦ ʪʨʝʤ ʥʝ-

ʢʦʤʧʣʘʥʘʨʥʳʤ ʚʝʢʪʦʨʘʤ ʠ ʧʨʠʪʦʤ ʝʜʠʥʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ. 

ɹʘʟʠʩʦʤ ʥʘ ʧʣʦʩʢʦʩʪʠ ʥʘʟʳʚʘʝʪʩʷ ʣʶʙʘʷ ʫʧʦʨʷʜʦʯʝʥʥʘʷ ʧʘʨʘ ʥʝʢʦʣʣʠʥʝ-

ʘʨʥʳʭ ʚʝʢʪʦʨʦʚ. 

 

ʈʠʩ. 5.14 

L 
a 
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ɹʘʟʠʩʦʤ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʥʘʟʳʚʘʝʪʩʷ ʣʶʙʘʷ ʫʧʦʨʷʜʦʯʝʥʥʘʷ ʪʨʦʡʢʘ ʥʝʢʦʤ-

ʧʣʘʥʘʨʥʳʭ ʚʝʢʪʦʨʦʚ. 

ʏʪʦ ʦʟʥʘʯʘʝʪ ʫʧʦʨʷʜʦʯʝʥʥʘʷ? 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʫʶ ʧʣʦʩʢʦʩʪʴ  ́ʠ ʪʨʠ ʚʝʢʪʦʨʘ a , b , pÍc .  

ʇʫʩʪʴ a , b ï ʥʝʢʦʣʣʠʥʝʘʨʥʳ. ʊʦʛʜʘ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 

bac Ö+Ö= ba ,     (5.1) 

ʛʜʝ RÍba, .  

ɹʫʜʝʤ ʩʯʠʪʘʪʴ aï ʧʝʨʚʳʤ, b ï ʚʪʦʨʳʤ. ʊʦʛʜʘ ʟʘʧʠʩʴ ( )ba,  ʚ ʙʘʟʠʩʝ a , b  

ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʝʪ ʚʝʢʪʦʨ c .  

ʏʠʩʣʘ ba,  ʥʘʟʳʚʘʶʪʩʷ ʢʦʦʨʜʠʥʘʪʘʤʠ ʚʝʢʪʦʨʘ c  ʚ ʙʘʟʠʩʝ a , b .  

ʆʙʦʟʥʘʯʝʥʠʝ: ( )ba,=c .  

ɽʩʣʠ ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʚʝʢʪʦʨ b ï ʧʝʨʚʳʤ, a  ï ʚʪʦʨʳʤ, ʪʦʪ ʞʝ ʩʘʤʳʡ ʚʝʢʪʦʨ 

c  ʩʣʝʜʫʝʪ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ c=( )ab, . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʦʨʜʠʥʘʪʳ ʚʝʢʪʦʨʘ c  ʚ ʟʘʜʘʥʥʦʤ ʙʘʟʠʩʝ ʟʘʚʠʩʷʪ ʦʪ ʪʦʛʦ, 

ʢʘʢʦʡ ʚʝʢʪʦʨ ʩʯʠʪʘʪʴ ʧʝʨʚʳʤ, ʘ ʢʘʢʦʡ ʚʪʦʨʳʤ, ʪ.ʝ. ʜʣʷ ʟʘʜʘʥʥʦʡ ʧʘʨʳ ʥʝʢʦʣʣʠ-

ʥʝʘʨʥʳʭ ʚʝʢʪʦʨʦʚ a  ʠ b ʩʫʱʝʩʪʚʫʝʪ 2 ʙʘʟʠʩʘ: a , b ʠ b , a  ʥʘ ʧʣʦʩʢʦʩʪʠ.  

ɺ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʠʯʝʛʦ ʥʝ ʤʝʥʷʝʪʩʷ, ʪʦʣʴʢʦ ʚʤʝʩʪʦ (5.1) 

ʠʤʝʝʤ ʩʣʝʜʫʶʱʝʝ ʨʘʟʣʦʞʝʥʠʝ: 

cbad Ö+Ö+Ö= gba ,     (5.2) 

ʛʜʝ a , b, c  ï ʥʝʢʦʤʧʣʘʥʘʨʥʳʝ ʚʝʢʪʦʨʳ, RÍgba ,, .       

ʏʠʩʣʘ gba ,,  ʥʘʟʳʚʘʶʪʩʷ ʢʦʦʨʜʠʥʘʪʘʤʠ ʚʝʢʪʦʨʘ d  ʚ ʙʘʟʠʩʝ a , b , c . 

ʆʙʦʟʥʘʯʝʥʠʝ: ( )gba ,,=d .  

ʋʧʨʘʞʥʝʥʠʝ. ʉʢʦʣʴʢʦ ʙʘʟʠʩʦʚ ʩʫʱʝʩʪʚʫʝʪ ʜʣʷ ʪʨʝʭ ʟʘʜʘʥʥʳʭ ʥʝʢʦʤʧʣʘ-

ʥʘʨʥʳʭ ʚʝʢʪʦʨʦʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ? 

ɹʘʟʠʩ ʥʘʟʳʚʘʝʪʩʷ ʦʨʪʦʛʦʥʘʣʴʥʳʤ, ʝʩʣʠ ʚʩʝ ʙʘʟʠʩʥʳʝ ʚʝʢʪʦʨʳ ʧʦʧʘʨʥʦ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ. 

ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʥʫʣʝʚʦʡ ʚʝʢʪʦʨ ʦʨʪʦʛʦʥʘʣʝʥ ʣʶʙʦʤʫ ʚʝʢʪʦʨʫ. 

ʆʨʪʦʛʦʥʘʣʴʥʳʡ ʙʘʟʠʩ, ʫ ʢʦʪʦʨʦʛʦ ʜʣʠʥʳ ʚʩʝʭ ʙʘʟʠʩʥʳʭ ʚʝʢʪʦʨʦʚ ʨʘʚʥʳ 

ʝʜʠʥʠʮʝ, ʥʘʟʳʚʘʝʪʩʷ ʦʨʪʦʥʦʨʤʠʨʦʚʘʥʥʳʤ. 

ʅʘ ʧʣʦʩʢʦʩʪʠ ʦʨʪʦʥʦʨʤʠʨʦʚʘʥʥʳʤ ʙʘʟʠʩʦʤ ʷʚʣʷʝʪʩʷ ʧʘʨʘ ʚʝʢʪʦʨʦʚ ji, , 

ji^ , 1,1 == ji .   

ɺ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʨʪʦʥʦʨʤʠʨʦʚʘʥʥʳʤ ʙʘʟʠʩʦʤ ʷʚʣʷʝʪʩʷ ʪʨʦʡʢʘ ʚʝʢʪʦʨʦʚ 

kji ,, , ji^ , ki^ , kj ^ , 1,1,1 === kji .   
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ɺʚʝʜʝʤ ʧʦʥʷʪʠʝ ʦʨʠʝʥʪʘʮʠʠ ʪʨʦʡʢʠ ʥʝʢʦʤʧʣʘʥʘʨʥʳʭ ʚʝʢʪʦʨʦʚ.  

ʇʫʩʪʴ ʜʘʥʳ ʜʚʘ ʦʨʪʦʥʦʨʤʠʨʦʚʘʥʥʳʭ ʙʘʟʠʩʘ 
321 ,, eee  ʠ 

321 ,, fff . ʄʦʞʥʦ ʣʠ 

ʩʦʚʤʝʩʪʠʪʴ ʵʪʠ ʙʘʟʠʩʳ ʧʨʠ ʧʦʤʦʱʠ ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ? 

ʇʦʥʷʪʥʦ, ʯʪʦ ʚʝʢʪʦʨʳ 
1e  ʠ 

1f  ʤʦʞʥʦ ʚʩʝʛʜʘ ʩʦʚʤʝʩʪʠʪʴ. ʊʦʛʜʘ ʩʦʚʧʘʜʫʪ 

ʧʣʦʩʢʦʩʪʠ ʚʝʢʪʦʨʦʚ 
21,ee  ʠ 

21, ff . ʇʦʚʦʨʘʯʠʚʘʷ ʵʪʫ ʧʣʦʩʢʦʩʪʴ ʚʦʢʨʫʛ ʥʘʧʨʘʚʣʝ-

ʥʠʷ 
1e , ʚʩʝʛʜʘ ʤʦʞʥʦ ʩʦʚʤʝʩʪʠʪʴ ʚʝʢʪʦʨʳ 2e  ʠ 

2f . ʊʘʢ ʢʘʢ ʙʘʟʠʩʳ ʦʨʪʦʥʦʨʤʠ-

ʨʦʚʘʥʥʳʝ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 
3e  ʙʫʜʝʪ ʢʦʣʣʠʥʝʘʨʝʥ 

3f . ɺʦʟʤʦʞʥʳ ʜʚʘ ʩʣʫʯʘʷ: 

¬¬3e 3f  ʠ ¬®3e 3f . 

ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʙʘʟʠʩʳ 
321 ,, eee  ʠ 

321 ,, fff  ʩʦʚʤʝʱʘʶʪʩʷ, ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ï ʥʝʪ. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʵʪʠ ʙʘʟʠʩʳ ʥʝ ʩʦʚʤʝʱʘʶʪʩʷ, ʪ.ʝ. ¬®3e 3f  ʠ ʨʘʩʩʤʦʪʨʠʤ 

ʝʱʝ ʦʜʠʥ ʦʨʪʦʥʦʨʤʠʨʦʚʘʥʥʳʡ ʙʘʟʠʩ 
321 ,, ggg . ʇʦʚʪʦʨʷʷ ʦʧʠʩʘʥʥʫʶ ʚʳʰʝ ʧʨʦ-

ʮʝʜʫʨʫ ʩʦʚʤʝʱʝʥʠʷ, ʧʦʣʫʯʠʤ, ʯʪʦ ʵʪʦʪ ʙʘʟʠʩ ʩʦʚʧʘʜʘʝʪ ʣʠʙʦ ʩ ʙʘʟʠʩʦʤ 
321 ,, eee , 

ʣʠʙʦ ʩ ʙʘʟʠʩʦʤ 
321 ,, fff . ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʥʦʞʝʩʪʚʦ ʚʩʝʭ ʦʨʪʦʥʦʨʤʠʨʦʚʘʥʥʳʭ 

ʙʘʟʠʩʦʚ ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ ʜʚʘ ʢʣʘʩʩʘ. ɹʘʟʠʩʳ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʦʜʥʦʤʫ ʢʣʘʩʩʫ, 

ʩʦʚʤʝʱʘʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʧʝʨʝʤʝʱʝʥʠʝʤ, ʘ ʙʘʟʠʩʳ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʨʘʟʣʠʯ-

ʥʳʤ ʢʣʘʩʩʘʤ, ʥʝ ʩʦʚʤʝʱʘʶʪʩʷ. ʕʪʠ ʢʣʘʩʩʳ ʥʘʟʳʚʘʶʪʩʷ ʢʣʘʩʩʘʤʠ ʦʨʠʝʥʪʘʮʠʠ 

ʠʣʠ ʧʨʦʩʪʦ ʦʨʠʝʥʪʘʮʠʝʡ ʙʘʟʠʩʦʚ. 

ɺʳʚʦʜ: ɹʘʟʠʩʦʚ ʤʥʦʛʦ, ʦʨʠʝʥʪʘʮʠʡ ï ʜʚʝ. 

ʋʧʦʨʷʜʦʯʝʥʥʘʷ ʪʨʦʡʢʘ ʥʝʢʦʤʧʣʘʥʘʨʥʳʭ ʚʝʢʪʦʨʦʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʥʘʟʳʚʘ-

ʝʪʩʷ ʧʨʘʚʦʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ (ʠʣʠ ʧʨʘʚʦʡ), ʝʩʣʠ ʠʟ ʢʦʥʮʘ ʪʨʝʪʴʝʛʦ ʚʝʢʪʦʨʘ ʢʨʘʪ-

ʯʘʡʰʠʡ ʧʦʚʦʨʦʪ ʦʪ ʧʝʨʚʦʛʦ ʢʦ ʚʪʦʨʦʤʫ ʚʠʜʝʥ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ. ɺ ʧʨʦ-

ʪʠʚʥʦʤ ʩʣʫʯʘʝ, ʪʨʦʡʢʘ ʥʘʟʳʚʘʝʪʩʷ ʣʝʚʦʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ (ʠʣʠ ʣʝʚʦʡ) (ʨʠʩ. 5.15, 

ʘ,ʙ). 

  

ʘ ʙ 

ʈʠʩ. 5.15. ʘ ï ʧʨʘʚʘʷ ʪʨʦʡʢʘ, ʙ ï ʣʝʚʘʷ ʪʨʦʡʢʘ 

ʇʨʦʩʪʨʘʥʩʪʚʦ, ʚ ʢʦʪʦʨʦʤ ʚʳʙʨʘʥ ʙʘʟʠʩ ï ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ. 

e1 

e2 
e3 

e1 

e2 

e3 



120 
 

ʇʫʩʪʴ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʟʘʜʘʥʘ ʜʝʢʘʨʪʦʚʘ ʧʨʷʤʦʫʛʦʣʴʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ 

(ɼʇʉʂ) ʆʭyz ʩ ʦʨʪʦʥʦʨʤʠʨʦʚʘʥʥʳʤ ʙʘʟʠʩʦʤ kji ,, . ʇʫʩʪʴ a  ï ʧʨʦʠʟʚʦʣʴʥʳʡ 

ʚʝʢʪʦʨ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʉʦʚʤʝʩʪʠʤ ʝʛʦ ʥʘʯʘʣʦ ʩ ʥʘʯʘʣʦʤ ʢʦʦʨʜʠʥʘʪ: OMa=  (ʨʠʩ. 

5.16). 321 ,, MMM  ï ʧʨʦʝʢʮʠʠ ʪʦʯʢʠ ʄ ʥʘ ʢʦʦʨʜʠʥʘʪʥʳʝ ʦʩʠ Ox, Oy, Oz ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ.  

ʊʦʛʜʘ ʠʤʝʝʤ: 1OMaʧʨOx = , 2OMaʧʨOy = , 3OMaʧʨOz = . 

ʀʟ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ ʧʦʣʫʯʠʤ PMPMOMa ++= 11 , 

ʦʪʢʫʜʘ 321 OMOMOMa ++= . 

ʊʘʢ ʢʘʢ  

iOMOM 11= , jOMOM 22= ,  kOMOM 33= ,  

ʪʦ 

kOMjOMiOMa 321 ++= .        (5.3) 

ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ zyx aaa ,,  ʧʨʦʝʢʮʠʠ ʚʝʢʪʦʨʘ OMa=  ʥʘ ʢʦʦʨʜʠʥʘʪʥʳʝ 

ʦʩʠ Ox, Oy, Oz ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ:  

1OMax = , 2OMay = , 3OMaz= . 

ʊʦʛʜʘ ʚʳʨʘʞʝʥʠʝ (5.3) ʧʨʠʤʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

kajaiaa zyx ++= .      (5.4) 

ʇʦ ʪʝʦʨʝʤʝ 5.3 ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ a  ʚ ʚʠʜʝ (5.4) ʝʜʠʥʩʪʚʝʥʥʦ. 
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ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ a  ʚ ʚʠʜʝ (5.4) ʥʘʟʳʚʘʝʪʩʷ ʨʘʟʣʦʞʝʥʠʝʤ ʚʝʢʪʦʨʘ a  

ʧʦ ʦʨʪʦʥʦʨʤʠʨʦʚʘʥʥʦʤʫ ʙʘʟʠʩʫ kji
CCC

,, . 

zyx aaa ,,  ï ʢʦʦʨʜʠʥʘʪʳ ʚʝʢʪʦʨʘ a  ʚ ʙʘʟʠʩʝ kji ,, , ʪ.ʝ. a }{ ; ;x y za a a= . 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ MATLAB  ʧʨʠ ʥʘʭʦʞʜʝʥʠʠ ʨʘʟʣʦʞʝʥʠʷ 

ʚʝʢʪʦʨʘ ʧʦ ʟʘʜʘʥʥʦʤʫ ʙʘʟʠʩʫ 

ʇʨʠʤʝʨ 5.7. ʈʘʟʣʦʞʠʪʴ ʚʝʢʪʦʨ ὨӶ ρρȠχȠρσ ʧʦ ʙʘʟʠʩʫ ʚʝʢʪʦʨʦʚ 

ὥ ςȟρȟσ , ὦ ςȟρȟσ ʠ ὧӶ ρȟςȟς. 

ʈʝʰʝʥʠʝ. ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ: 

>> d=[11;-3;13]; 

>> a=[2;-1;3]; 

>> b=[2;1;3]; 

>> c=[1;-2;-2]; 

>> A=[a,b,c]; 

>> A\d 

ans = 

         3.0000 

         2.0000 

         1.0000 

ʆʪʚʝʪ: Ὠᴆ σz ὥᴆ ςz ὦᴆ ὧᴆ. 

 

5.4. ɼʃʀʅɸ ɺɽʂʊʆʈɸ. ʅɸʇʈɸɺʃʗʖʑʀɽ ʂʆʉʀʅʋʉʓ ɺɽʂʊʆʈɸ 

ʅʘʡʜʝʤ ʜʣʠʥʫ ʚʝʢʪʦʨʘ a  ʚ ɼʇʉʂ.  

ʀʟ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ (ʨʠʩ. 5.16) ʠʤʝʝʤ  

2

3

2

2

2

1

2
OMOMOMOM ++= , 

ʪ.ʝ.  

222
2

zyx aaaa ++= . 

ʇʦʣʫʯʠʣʠ 

222
zyx aaaa ++= .      (5.5) 

ʇʨʠʤʝʨ 5.8. ʅʘʡʪʠ ʜʣʠʥʫ ʚʝʢʪʦʨʘ kjia -+= 32 . 

ʈʝʰʝʥʠʝ. 1,3,2 -=== zyx aaa . ʇʦ ʬʦʨʤʫʣʝ (5.5) ʠʤʝʝʤ:  

( ) 14132
222 =-++=a . 

ʆʪʚʝʪ. 14=a . 
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ʇʫʩʪʴ gba ,,  ï ʫʛʣʳ ʤʝʞʜʫ ʚʝʢʪʦʨʦʤ 0̧a  ʠ ʢʦʦʨʜʠʥʘʪʥʳʤʠ ʦʩʷʤʠ Ox, 

Oy, Oz ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦ ʪʝʦʨʝʤʝ 5.1 ʠʤʝʝʤ  

acosÖ=aax , bcosÖ=aay , gcosÖ=aaz .   (5.6) 

ʀʟ ʚʳʨʘʞʝʥʠʷ (5.6) ʧʦʣʫʯʠʤ: 

a

ax=acos , 
a

ay
=bcos , 

a

az=gcos .                   (5.7) 

ʏʠʩʣʘ gba cos,cos,cos  ʥʘʟʳʚʘʶʪʩʷ ʥʘʧʨʘʚʣʷʶʱʠʤʠ ʢʦʩʠʥʫʩʘʤʠ ʚʝʢ-

ʪʦʨʘ a . 

ʇʦʜʩʪʘʚʠʚ ʚʳʨʘʞʝʥʠʷ (5.6) ʚ ʨʘʚʝʥʩʪʚʦ 
222

2

zyx aaaa ++= , ʧʦʣʫʯʠʤ ʩʣʝ-

ʜʫʶʱʝʝ ʩʦʦʪʥʦʰʝʥʠʝ: 

1coscoscos 222 =++ gba . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ ʚ ʟʘʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʦʧʨʝ-

ʜʝʣʷʝʪʩʷ ʝʛʦ ʥʘʧʨʘʚʣʷʶʱʠʤʠ ʢʦʩʠʥʫʩʘʤʠ. 

ʃʝʛʢʦ ʚʠʜʝʪʴ, ʯʪʦ ʢʦʦʨʜʠʥʘʪʘʤʠ ʝʜʠʥʠʯʥʦʛʦ ʚʝʢʪʦʨʘ e ʷʚʣʷʶʪʩʷ ʥʘʧʨʘʚ-

ʣʷʶʱʠʝ ʢʦʩʠʥʫʩʳ: (cos ; cos ; cos )e a b g= . 

ʇʨʠʤʝʨ 5.9. ʅʘʡʪʠ ʥʘʧʨʘʚʣʷʶʱʠʝ ʢʦʩʠʥʫʩʳ ʚʝʢʪʦʨʘ kjia -+= 32 . 

ʈʝʰʝʥʠʝ. 1,3,2 -=== zyx aaa , 14=a . ʇʦ ʬʦʨʤʫʣʝ (5.7) ʠʤʝʝʤ:  

14

2
cos =a , 

14

3
cos =b , 

14

1
cos

-
=g . 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ MATLAB  ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʜʣʠʥʳ ʚʝʢʪʦʨʘ ʠ  

ʥʘʧʨʘʚʣʷʶʱʠʭ ʢʦʩʠʥʫʩʦʚ ʚʝʢʪʦʨʘ  

ɺ MATLAB  ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʜʣʠʥʳ ʚʝʢʪʦʨʘ ὥᴆ ʩʫʱʝʩʪʚʫʝʪ ʚʩʪʨʦʝʥʥʘʷ 

ʬʫʥʢʮʠʷ  

ʇʨʠʤʝʨ 5.10.  ɺʳʯʠʩʣʠʪʴ ʜʣʠʥʫ ʚʝʢʪʦʨʘ ὥᴆ τȠπȠσ: 

ʘ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʨʤʫʣʳ (5.5); 

ʙ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʩʪʨʦʝʥʥʦʡ ʬʫʥʢʮʠʠ norm. 

ʈʝʰʝʥʠʝ: ʘ) ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʬʦʨʤʫʣʦʡ (5.5). ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ: 

>> a=[4 0 3]; 

>> dlina=sqrt(sum(a.^2))           % ʥʘʡʜʝʤ ʜʣʠʥʫ ʚʝʢʪʦʨʘ 

dlina = 

         5 

norm(a) 
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ʙ) ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ: 

>> norm(a) 

ans = 

         5 

ʇʨʠʤʝʨ 5.11. ɼʘʥ ʚʝʢʪʦʨ ὥᴆ τȠπȠσ. ʅʘʡʪʠ: 

ʘ) ʦʨʪ ʚʝʢʪʦʨʘ ὥᴆ;  

ʙ) ʥʘʧʨʘʚʣʷʶʱʠʝ ʢʦʩʠʥʫʩʳ ὥᴆ ʧʦ ʬʦʨʤʫʣʝ (5.7) (ʨʝʟʫʣʴʪʘʪ ʧʝʨʝʚʝʩʪʠ ʚ ʛʨʘ-

ʜʫʩʳ);  

ʚ) ʫʛʦʣ ʥʘʢʣʦʥʘ ʚʝʢʪʦʨʘ ὥᴆ ʢ ʦʩʠ ʆY (ʚ ʛʨʘʜʫʩʘʭ). 

ʈʝʰʝʥʠʝ: ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ: 

ʘ) ʙ) ʚ) 

>> a=[4 0 3]; 

>> a0=a/norm(a) 

a0 = 

   0.8000   0   0.6000 

>> cos_a=a(1)/norm(a) 

cos_a = 

    0.8000 

>> cos_b=a(2)/norm(a) 

cos_b = 

     0 

>> cos_g=a(3)/norm(a) 

cos_g = 

    0.6000 

>> cos_a_grad=cos_a*180/pi 

cos_a_grad = 

   45.8366 

>> cos_b_grad=cos_b*180/pi 

cos_b_grad = 

     0 

>> cos_g_grad=cos_g*180/pi 

cos_g_grad = 

   34.3775 

>> b=acos(a(2)/norm(a))*180/pi 

b = 

       90  

 

 

5.5. ɼɽʁʉʊɺʀʗ ʅɸɼ ɺɽʂʊʆʈɸʄʀ ɺ ʂʆʆʈɼʀʅɸʊʅʆʁ ʌʆʈʄɽ 

ʇʫʩʪʴ ʜʘʥʳ ʚʝʢʪʦʨʳ ( )zyx aaaa ,,= , ( )zyx bbbb ,,=  ʚ ʢʦʦʨʜʠʥʘʪʥʦʡ ʬʦʨ-

ʤʝ.  

ʉʧʨʘʚʝʜʣʠʚʳ ʩʣʝʜʫʶʱʠʝ ʩʚʦʡʩʪʚʘ: 

1) ( )yyyyxx babababa °°°=° ,, , 

2) ( )zyx aaaa llll ,,= . 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ.  

1) ( )( )=++°++=° kbjbibkajaiaba zyxzyx  
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( ) ( ) ( ) ( ).,, yyyyxxzzyyxx bababakbajbaiba °°°=°+°+°=  

2) ( ) ( )zyxzyxzyx aaakajaiakajaiaa llllllll ,,=++=++= .  

ʈʘʚʝʥʩʪʚʦ ʚʝʢʪʦʨʦʚ: Ú=ba zzyyxx bababa === ,, . 

ʋʩʣʦʚʠʝ ʢʦʣʣʠʥʝʘʨʥʦʩʪʠ ʜʚʫʭ ʚʝʢʪʦʨʦʚ: Úba ||  
z

z

y

y

x

x

b

a

b

a

b

a
== . 

ʂʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʠ ʚʝʢʪʦʨʘ 

ʇʫʩʪʴ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʟʘʜʘʥʘ ɼʇʉʂ ʆʭyz ʠ ʄ ï ʧʨʦʠʟʚʦʣʴʥʘʷ ʪʦʯʢʘ.  

ʂʦʦʨʜʠʥʘʪʘʤʠ ʪʦʯʢʠ ʄ ʥʘʟʳʚʘʶʪʩʷ ʢʦʦʨʜʠʥʘʪʳ ʝʝ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘ OM .  

ʇʫʩʪʴ ʜʘʥʳ ʜʚʝ ʪʦʯʢʠ ( )111 ,, zyxA , ( )222 ,, zyxB  (ʨʠʩ. 5.17).  

ʅʘʡʜʝʤ ʢʦʦʨʜʠʥʘʪʳ ʚʝʢʪʦʨʘ AB.  

ʀʤʝʝʤ OBABOA =+ . ʆʪʢʫʜʘ ʧʦʣʫʯʠʤ: 

( )=++-++=-= kzjyixkzjyixOAOBAB 111222

( ) ( ) ( )kzzjyyixx 121212 -+-+-=  -  

ʨʘʟʣʦʞʝʥʠʝ ʚʝʢʪʦʨʘ ABʚ ʙʘʟʠʩʝ kji ,, . 

ɽʩʣʠ ʠʟʚʝʩʪʥʳ ʥʘʯʘʣʦ ( )111 ,, zyxA  ʠ ʢʦʥʝʮ ( )222 ,, zyxB  ʚʝʢʪʦʨʘ AB, ʪʦ ʝʛʦ 

ʢʦʦʨʜʠʥʘʪʳ ʨʘʚʥʳ: AB }{2 1 2 1 2 1; ;x x y y z z= - - -. 

ɼʝʡʩʪʚʠʷ ʥʘʜ ʚʝʢʪʦʨʘʤʠ ʚ ʢʦʦʨʜʠʥʘʪʥʦʡ ʬʦʨʤʝ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ MATLAB   

ʇʨʠʤʝʨ 5.12. ɼʘʥʳ ʪʦʯʢʠ A(1,1), B(3,2), C(2,0). ʊʨʝʙʫʝʪʩʷ:  
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ʘ) ʥʘʡʪʠ ʢʦʦʨʜʠʥʘʪʳ ʚʝʢʪʦʨʦʚ ὃὄᴆ ʠ ὄὅᴆ;  

ʙ) ʚʳʯʠʩʣʠʪʴ ʩʫʤʤʫ ʠ ʨʘʟʥʦʩʪʴ ʚʝʢʪʦʨʦʚ ὃὄᴆ ʠ ὄὅᴆ;   

ʚ) ʠʟʦʙʨʘʟʠʪʴ ʚʝʢʪʦʨʘ  ὃὄᴆ ̉ ὄὅᴆȠ   ʯʝʨʥʳʤ, ὃ˞ᴆ  ʟʝʣʝʥʳʤ, ὅὃᴆ ʬʠʦʣʝʪʦʚʳʤ, 

ʦʙʦʟʥʘʯʠʪʴ ʚʝʨʰʠʥʳ. 

ʈʝʰʝʥʠʝ. ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ: 

 ʘ) ʙ) 

>> A=[1,1]; 

>> B=[3,2]; 

>> C=[2,0]; 

>> AB=B-A 

AB = 

     2     1 

>> BC=C-B 

BC = 

     -1   -2 

>>summa=AB+BC 

summa = 

     1    -1 

>>raznost=AB-BC 

raznost = 

     3     3 

ʚ) ʇʦʩʪʨʦʠʤ ʚʝʢʪʦʨʳ: 

>>grid on, axis equal, hold on 

>>quiver(1,1,3-1,2-1,1,'k','LineWidth',1) 

>>quiver(3,2,2-3,0-2,1,'k','LineWidth',1) 

>>quiver(1,1,2-1,0-1,1,'g','LineWidth',6) 

>>quiver(2,0,1-2,1-0,1,'m','LineWidth',3) 

>>text(0.9,1.1,'\bfA') 

>>text(3.01,1.9,'\bfB') 

>>text(2.12,0.06,'\bfC') 

>>text(1.7,0.12,'\bfAC','Color','green','rotation',-45) 

>>text(1.2,1,'\bfCA','Color','magenta','rotation',-45) 

ʀʟʦʙʨʘʞʝʥʠʝ ʚʝʢʪʦʨʦʚ ʧʦʷʚʠʪʩʷ ʚ ʦʢʥʝ çFigure 1è (ʨʠʩ. 5.18, ʘ).  

ʇʨʠʤʝʨ 5.13. ɼʘʥ ʧʘʨʘʣʣʝʣʦʛʨʘʤʤ ABCD, ʠʟʚʝʩʪʥʳ ʢʦʦʨʜʠʥʘʪʳ ʪʨʸʭ ʝʛʦ 

ʚʝʨʰʠʥ A(1,3), B(3,7), C(8,7). ʊʨʝʙʫʝʪʩʷ:  

ʘ) ʥʘʡʪʠ ʢʦʦʨʜʠʥʘʪʳ ʯʝʪʚʝʨʪʦʡ ʚʝʨʰʠʥʳ D(x,y);  

ʙ) ʧʦʩʪʨʦʠʪʴ ʧʘʨʘʣʣʝʣʦʛʨʘʤʤ. 

ʈʝʰʝʥʠʝ. ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ: 

 ʘ) ʙ) 

>>A=[1,3]; 

>>B=[3,7]; 

>>C=[8,7]; 

>>AC=C-A; % ʢʦʦʨʜʠʥʘʪʳ ʚʝʢʪʦʨʘ ɸʉ 

>>AB=B-A; % ʢʦʦʨʜʠʥʘʪʳ ʚʝʢʪʦʨʘ ɸɺ 

>>AD=AC-AB; % ʢʦʦʨʜʠʥʘʪʳ ʚʝʢʪʦʨʘ ɸD 

>>D=AD+A  % ʢʦʦʨʜʠʥʘʪʳ ʚʝʨʰʠʥʳ D 

>>A=[1,3]; 

>>B=[3,7]; 

>>C=[8,7]; 

>>D=[6,3]; 

>>grid on, axis equal, hold on 

>>quiver(1,3,3-1,7-3,1,'k','LineWidth',1) 

>>quiver(3,7,8-3,7-7,1,'k','LineWidth',1) 
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D = 

     6     3 

>>quiver(8,7,6-8,3-7,1,'k','LineWidth',1) 

>>quiver(1,3,6-1,3-3,1,'k','LineWidth',1) 

>>text(1.1,2.8,'\bfA') 

>>text(2.8,7.2,'\bfB') 

>>text(7.8,7.2,'\bfC') 

>>text(6.1,2.8,'\bfD') 

ʀʟʦʙʨʘʞʝʥʠʝ ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʘ ʧʦʷʚʠʪʩʷ ʚ ʦʢʥʝ çFigure 1è (ʨʠʩ. 5.18, ʙ).  

ʇʨʠʤʝʨ 5.14. ɼʘʥʳ ʪʦʯʢʠ A(-2;-3), B(-3;-3). ʊʨʝʙʫʝʪʩʷ:  

ʘ) ʥʘʡʪʠ ʢʦʦʨʜʠʥʘʪʳ ʚʝʢʪʦʨʘ υϽὃὄᴆ;  

ʙ) ʧʦʩʪʨʦʠʪʴ ʚʝʢʪʦʨ υϽὃὄᴆ. 

ʈʝʰʝʥʠʝ. ʘ) ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ: 

>>A=[-2,-3]; 

>>B=[-4,-3]; 

>>AB=B-A;             % ʢʦʦʨʜʠʥʘʪʳ ʚʝʢʪʦʨʘ ɸɺ 

>>proizv=5*AB       % ʢʦʦʨʜʠʥʘʪʳ ʚʝʢʪʦʨʘ 5ɸɺ 

proizv = 

   -10     0 

ʙ) ʇʦʩʪʨʦʠʤ ʚʝʢʪʦʨʳ ὃὄᴆ ̉ ὃὅᴆ υϽὃὄ, ʛʜʝ ʪʦʯʢʘ ʉ ï ʢʦʥʝʮ ʚʝʢʪʦʨʘ υϽὃὄᴆ. 

ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ: 

>>C=proizv+A      % ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʉ - ʢʦʥʮʘ ʚʝʢʪʦʨʘ 5ɸɺ 

C = 

       -12    -3 

>>grid on, axis equal, hold on 

>>quiver(-2,-3,-12-(-2),-3-(-3),1,'m','LineWidth',4) 

>>quiver(-2,-3,-4-(-2),-3-(-3),1,'k','LineWidth',3) 

ʘ  ʙ  

ʈʠʩ. 5.18. ʘ ï ʠʟʦʙʨʘʞʝʥʠʝ ʚʝʢʪʦʨʦʚ ὃὄᴆ ʠ ὄὅᴆ; ʠʟ ʧʨʠʤʝʨʘ 5.12;  

ʙ ï ʠʟʦʙʨʘʞʝʥʠʝ ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʘ ʠʟ ʧʨʠʤʝʨʘ 5.13 
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>>text(-3.9,-3.3,'\bfAB') 

>>text(-11.8,-3.4,'\bfAC','Color','magenta') 

ɺʝʢʪʦʨʳ ὃὄᴆ ̉ ὃὅᴆ ʧʦʷʚʷʪʩʷ ʚ ʦʢʥʝ çFigure 1è (ʨʠʩ. 5.19).  

ʇʨʠʤʝʨ 5.15. ɺʳʯʠʩʣʠʪʴ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʟʘʜʘʥ-

ʥʳʤʠ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘʤʠ ὶᴆ  πȢρ ᴆ  πȢωᴆ ςὯᴆ , ὶᴆ  πȢυ ᴆ  πȢωςᴆ Ὧᴆ. 

ʈʝʰʝʥʠʝ. ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ: 

>>rl=[0.1,0.9,2]; 

>>r2=[0.5,0.2,1]; 

>>s=r2-rl; 

>>s=norm(s) 

s = 

       1.2845 

ʂʦʤʘʥʜʳ ʠʟ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ 

ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʥʘ ʧʣʦʩʢʦʩʪʠ, ʫʙʨʘʚ ʪʨʝʪʴʶ ʢʦʦʨʜʠʥʘʪʫ ʚʝʢʪʦʨʦʚ. 
 

5.6. ʉʂɸʃʗʈʅʆɽ ʇʈʆʀɿɺɽɼɽʅʀɽ ɺɽʂʊʆʈʆɺ, ɽɻʆ ʉɺʆʁʉʊɺɸ 

ʉʢʘʣʷʨʥʳʤ ʧʨʦʠʟʚʝʜʝʥʠʝʤ baÖ ʚʝʢʪʦʨʦʚ 0̧a  ʠ 0̧b  ʥʘʟʳʚʘʝʪʩʷ ʯʠʩ-

ʣʦ, ʨʘʚʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʶ ʜʣʠʥ ʵʪʠʭ ʚʝʢʪʦʨʦʚ ʥʘ ʢʦʩʠʥʫʩ ʫʛʣʘ ʤʝʞʜʫ ʥʠʤʠ:  

jcosbaba Ö=Ö , 
ö
ö

÷

õ

æ
æ

ç

å
=

Ø

ba,j . 

ɽʩʣʠ 0=a  ʠ 0=b , ʪʦ ʩʢʘʣʷʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʩʯʠʪʘʝʪʩʷ ʨʘʚʥʳʤ ʥʫʣʶ. 

ʆʙʦʟʥʘʯʝʥʠʝ: baÖ, ba , ( )ba, . 

ʉʚʦʡʩʪʚʘ baÖ: 

1) bʧʨaaʧʨbba
ab

==Ö ,  

 

ʈʠʩ. 5.19 
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2) abba Ö=Ö  (ʢʦʤʤʫʪʘʪʠʚʥʦʩʪʴ), 

3) ( ) cabacba Ö+Ö=+Ö ,  

4) ( ) ( )baba ÖÖ=ÖÖ ll , RÍl , 

5) 
22

aa = ,  

6) baba ^Ú=Ö 0 . 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ.  

1) ʊʘʢ ʢʘʢ aʧʨa
b

=Ö jcos  (ʨʠʩ. 5.20) ʠ bʧʨb
a

=Ö jcos , ʪʦ  

bʧʨaaʧʨbba
ab

==Ö . 

2) abbaba Ö=Ö=Ö jcos . 

3) ( ) ( ) ( ) cabacʧʨbʧʨacbʧʨacba
aaa

Ö+Ö=+=+=+Ö . 

4) ( ) ( ) ( )baaʧʨbaʧʨbba
bb

ÖÖ==Ö=ÖÖ llll . 

5) 
22

0cos aaaaaa =Ö=Ö= . 

6) ʇʫʩʪʴ Ý=Ý=Ý=Ö
2

0cos0
p

jjba ba^ .  

ʇʫʩʪʴ ba^ Ý=Ý=Ý 0cos
2

j
p

j 00=ÖÖ=Ö baba .  

ʉʚʦʡʩʪʚʘ ʜʦʢʘʟʘʥʳ. 

 

ɿʘʤʝʯʘʥʠʝ. ʀʟ ʩʚʦʡʩʪʚʘ 
22

aa =  ʠʤʝʝʤ, ʯʪʦ aaa Ö= . 

ʇʫʩʪʴ ʟʘʜʘʥ kji ,,  ï ʦʨʪʦʥʦʨʤʠʨʦʚʘʥʥʳʡ ʙʘʟʠʩ. ʀʩʧʦʣʴʟʫʷ ʩʚʦʡʩʪʚʘ 5 ʠ 6 

ʩʢʘʣʷʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ, ʧʦʣʫʯʠʤ ʜʣʷ ʙʘʟʠʩʥʳʭ ʚʝʢʪʦʨʦʚ 1=Ö=Ö=Ö jkjjii

, 0=Ö=Ö=Ö ikkjji .  

ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʩʦʩʪʘʚʠʤ ʪʘʙʣʠʮʫ ʚʳʯʠʩʣʝʥʠʷ ʩʢʘʣʷʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ 

ʙʘʟʠʩʥʳʭ ʚʝʢʪʦʨʦʚ kji ,, :  

 

ʈʠʩ. 5.20 

b 

a 

ű 
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 i  j  k  

i  1 0 0 

j  0 1 0 

k  0 0 1 

ɺʳʯʠʩʣʝʥʠʝ ʩʢʘʣʷʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ (ʚ ʢʦʦʨʜʠʥʘʪʥʦʡ ʬʦʨʤʝ) 

ʇʫʩʪʴ ʚ ɼʇʉʂ ʩ ʦʨʪʦʥʦʨʤʠʨʦʚʘʥʥʳʤ ʙʘʟʠʩʦʤ kji ,,  ʟʘʜʘʥʳ ʚʝʢʪʦʨʳ 

kajaiaa zyx ++= , kbjbibb zyx ++= .  

ʅʘʡʜʝʤ ʩʢʘʣʷʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʵʪʠʭ ʚʝʢʪʦʨʦʚ:  

( )( )=++Ö++=Ö kbjbibkajaiaba zyxzyx +++ kibajibaiiba zxyxxx

,zzyyxx

zzyzxzzyyyxy

bababa

kkbajkbaikbakjbajjbaijba

++=

=++++++
 

zzyyxx babababa ++=Ö .                        (5. 8) 

ʇʨʠʤʝʥʝʥʠʝ ʩʢʘʣʷʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ ʚ ʚʝʢʪʦʨʥʦʡ ʘʣʛʝʙʨʝ 

ʘ) ɼʣʠʥʘ ʚʝʢʪʦʨʘ 

ʌʦʨʤʫʣʫ (5.5) ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʜʣʠʥʳ ʚʝʢʪʦʨʘ  ( )zyx aaaa ,,=  ʤʦʞʥʦ ʧʦ-

ʣʫʯʠʪʴ, ʧʦʜʩʪʘʚʠʚ (5.8) ʚ ʨʘʚʝʥʩʪʚʦ aaa Ö= . 

ʙ) ʋʛʦʣ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ 

ʇʫʩʪʴ ʟʘʜʘʥʳ ʥʝʥʫʣʝʚʳʝ ʚʝʢʪʦʨʳ ὥᴆ ὥȠ ὥȠὥ , ὦᴆ ὦȠὦȠὦ . ʀʟ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʘʣʷʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ jcosbaba Ö=Ö  ʠʤʝʝʤ  

ba

ba

Ö

Ö
=jcos . 

ʀʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʳ (5.5) ʠ (5.8), ʧʦʣʫʯʠʤ: 

222222
cos

zyxzyx

zzyyxx

bbbaaa

bababa

++Ö++

++
=j .    (5.9) 

ʚ) ʋʩʣʦʚʠʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʩʪʠ 

ʀʟ (5.9) ʧʦʣʫʯʠʤ ʫʩʣʦʚʠʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʩʪʠ ʚʝʢʪʦʨʦʚ ὥᴆ ὥȠὥȠὥ , 

ὦᴆ ὦȠὦȠὦ : 

Úb̂a 0=++ zzyyxx bababa .          (5.10) 
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ʛ) ʇʨʦʝʢʮʠʷ ʚʝʢʪʦʨʘ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ʜʨʫʛʦʛʦ ʚʝʢʪʦʨʘ 

ʊʘʢ ʢʘʢ bʧʨaaʧʨbba
ab

==Ö , ʪʦ 
a

ba
bʧʨ

a

Ö
= , 

b

ba
aʧʨ

b

Ö
= . 

ʀʩʧʦʣʴʟʫʷ (5.5) ʠ (5.8), ʧʦʣʫʯʠʤ ʬʦʨʤʫʣʳ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʧʨʦʝʢʮʠʠ ʚʝʢ-

ʪʦʨʘ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ʜʨʫʛʦʛʦ ʚʝʢʪʦʨʘ: 

222
zyx

zzyyxx

a
aaa

bababa

a

ba
bʧʨ

++

++
=

Ö
= ,    (5.11) 

222
zyx

zzyyxx

b
bbb

bababa

b

ba
aʧʨ

++

++
=

Ö
= .   (5.12) 

ʜ) ʈʘʙʦʪʘ ʧʦʩʪʦʷʥʥʦʡ ʩʠʣʳ 

ʇʫʩʪʴ ʤʘʪʝʨʠʘʣʴʥʘʷ ʪʦʯʢʘ ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʨʷʤʦʣʠʥʝʡʥʦ ʠʟ ʧʦʣʦʞʝʥʠʷ ɸ ʚ 

ʧʦʣʦʞʝʥʠʝ ɺ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʦʩʪʦʷʥʥʦʡ ʩʠʣʳ F , ʦʙʨʘʟʫʶʱʝʡ ʫʛʦʣ ű ʩ ʧʝʨʝ-

ʤʝʱʝʥʠʝʤ SAB=  (ʨʠʩ. 5.21).  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʨʘʙʦʪʘ ʩʠʣʳ F  ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ S ʨʘʚʥʘ  

jcosSFA Ö= ,  

ʪ.ʝ. 

SFA Ö= . 

ʇʨʠʤʝʨ 5.16. ʅʘʡʪʠ ʫʛʦʣ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ ( )0,1,2=a , ( )3,1,1-=b  ʠ 

bʧʨ
a

, aʧʨ
b

. 

ʈʝʰʝʥʠʝ. 0,1,2 === zyx aaa , 3,1,1 =-== zyx bbb . 

55

1

91114

12
cos

222222
=

++Ö+

-
=

++Ö++

++
=

Ö

Ö
=

zyxzyx

zzyyxx

bbbaaa

bababa

ba

ba
j , 

5

1

14

12

222
=

+

-
=

++

++
=

Ö
=

zyx

zzyyxx

a
aaa

bababa

a

ba
bʧʨ , 

 

ʈʠʩ. 5.21 

S 

F 

ű 

A 
B 
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11

1

911

12

222
=

++

-
=

++

++
=

Ö
=

zyx

zzyyxx

b
bbb

bababa

b

ba
aʧʨ . 

ʆʪʚʝʪ. 
55

1
cos =j , 

5

1
=bʧʨ

a
, 

11

1
=aʧʨ

b
. 

ʇʨʠʤʝʨ 5.17. ʅʘʡʪʠ ʨʘʙʦʪʫ ʩʠʣʳ Ὂᴆ τȠςȠσ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʚʜʦʣʴ ʣʠ-

ʥʠʠ L ʦʪ ʪʦʯʢʠ A(2;4;6) ʢ ʪʦʯʢʝ B(3;5;7).   ʇʦʜ ʢʘʢʠʤ ʫʛʣʦʤ ʢ ɸɺ ʥʘʧʨʘʚʣʝʥʘ ʩʠ-

ʣʘ F ? 

ʈʝʰʝʥʠʝ. Ὓᴆ ὃὄᴆ ρȠρȠρȢ ɿʥʘʯʠʪ, 9324 =++=Ö= SFA  (ʝʜ. ʨʘʙʦʪʳ). 

ʅʘʡʜʝʤ ʫʛʦʣ ű ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ F  ʠ S  ʧʦ ʬʦʨʤʫʣʝ: 

87

9

329

9

1119416

9
cos =

Ö
=

++Ö++
=

Ö

Ö
=

SF

SF
j . 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ MATLAB  ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʩʢʘʣʷʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʩʢʘʣʷʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ ʜʚʫʭ ʚʝʢʪʦʨʦʚ ὥᴆ ʠ ὦᴆ ʚ MATLAB  

ʩʫʱʝʩʪʚʫʝʪ ʚʩʪʨʦʝʥʥʘʷ ʬʫʥʢʮʠʷ  

 

ʇʨʠʤʝʨ 5.18. ɺʳʯʠʩʣʠʪ ɹ ʩʢʘʣʷʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʜʚʫʭ ʚʝʢʪʦʨʦʚ ὥᴆ={3;-

2;5}, ὦᴆ={4;1;-3}:  

ʘ) ʠʩʧʦʣʴʟʫʷ ʦʧʝʨʘʮʠʶ ʧʦʵʣʝʤʝʥʪʥʦʛʦ ʫʤʥʦʞʝʥʠʷ;  

ʙ) ʠʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʫ (5.8);  

ʚ) ʠʩʧʦʣʴʟʫʷ ʚʩʪʨʦʝʥʥʫʶ ʬʫʥʢʮʠʶ dot(a,b). 

ʈʝʰʝʥʠʝ. ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ: 

ʘ) ʙ) ʚ) 

>> a=[3,-2,5]; b=[4,1,-3]; 

>> sum(a.*b) 

ans = 

  -5 

>> a*b' 

ans = 

          -5  

 

>> dot(a,b) 

ans = 

    -5 

ʇʨʠʤʝʨ 5.19. ɼʘʥʳ ʚʝʢʪʦʨʘ ὥᴆ={3;-2;5} ʠ ὦᴆ={4;1;-3}. ʊʨʝʙʫʝʪʩʷ:  

ʘ) ʚʳʯʠʩʣʠʪʴ ʚ ʛʨʘʜʫʩʘʭ ʫʛʦʣ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ a ʠ b, ʠʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʫ 

(5.9); ʙ) ʥʘʡʪʠ ʧʨʦʝʢʮʠʶ ʚʝʢʪʦʨʘ ὥᴆ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ ὦᴆ ʧʦ ʬʦʨʤʫʣʝ (5.12). 

ʈʝʰʝʥʠʝ. ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ: 

ʘ) ʙ) 

>>phi=acos(dot(a,b)/(norm(a)*norm(b)))*180/pi 

phi = 

         99.1530 

>>proekt=dot(a,b)/norm(b) 

proekt = 

            -0.9806 

dot(a,b) 
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5.7. ɺɽʂʊʆʈʅʆɽ ʇʈʆʀɿɺɽɼɽʅʀɽ ɺɽʂʊʆʈʆɺ, ɽɻʆ ʉɺʆʁʉʊɺɸ 

ɺʝʢʪʦʨʥʳʤ ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʚʝʢʪʦʨʘ a  ʥʘ ʚʝʢʪʦʨ b  ʥʘʟʳʚʘʝʪʩʷ ʚʝʢʪʦʨ c , 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʡ ʫʩʣʦʚʠʷʤ: 

1) ,^ ^c a c b  (ʚʝʢʪʦʨ c  ʧʝʨʧʝʥʜʠʢʫʣʷʨʝʥ ʢʘʞʜʦʤʫ ʠʟ ʚʝʢʪʦʨʦʚ a  ʠ b ); 

2) jsinbac Ö= , ʛʜʝ ű ï ʫʛʦʣ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ a  ʠ b ; 

3) ʫʧʦʨʷʜʦʯʝʥʥʘʷ ʪʨʦʡʢʘ ʚʝʢʪʦʨʦʚ a , b , c  ʦʙʨʘʟʫʝʪ ʧʨʘʚʫʶ ʪʨʦʡʢʫ. 

ʆʙʦʟʥʘʯʝʥʠʝ: c a b= ³ ʠʣʠ ,c a bè ø=
ê ú. 

ɿʘʤʝʯʘʥʠʝ.  

1) ʇʨʠʚʝʜʝʥʥʳʝ ʫʩʣʦʚʠʷ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʶʪ ʚʝʢʪʦʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ, 

ʝʩʣʠ ʚʝʢʪʦʨʳ a  ʠ b  ï ʥʝʢʦʣʣʠʥʝʘʨʥʳ. ɽʩʣʠ a , b  ï ʢʦʣʣʠʥʝʘʨʥʳ, ʪʦ ʚʝʢʪʦʨ-

ʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʝʩʪʴ ʥʫʣʝʚʦʡ ʚʝʢʪʦʨ. 

2) ɺʝʢʪʦʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʚ ʪʨʝʭʤʝʨʥʦʤ ʦʨʠʝʥʪʠʨʦ-

ʚʘʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ɻʝʦʤʝʪʨʠʯʝʩʢʠʡ ʩʤʳʩʣ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ 

ʀʟ ʫʩʣʦʚʠʷ 2 ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ ʚʳʪʝʢʘʝʪ ʚʘʞʥʦʝ ʛʝʦ-

ʤʝʪʨʠʯʝʩʢʦʝ ʩʣʝʜʩʪʚʠʝ (ʨʠʩ. 5.22): ʚʝʢʪʦʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ba³  ʧʦ ʘʙʩʦʣʶʪ-

ʥʦʡ ʚʝʣʠʯʠʥʝ ʯʠʩʣʝʥʥʦ ʨʘʚʥʦ ʧʣʦʱʘʜʠ ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʘ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʥʘ ʚʝʢ-

ʪʦʨʘʭ a  ʠ b : 

ʧʘʨSbaba =Ö=³ jsin . 

ʉʧʨʘʚʝʜʣʠʚʘ ʩʣʝʜʫʶʱʘʷ ʬʦʨʤʫʣʘ:  

( )222

bababa Ö-Ö=³ .                             (5.13) 

ʇʨʠʤʝʨ 5.20. ʅʘʡʪʠ ʧʣʦʱʘʜʴ ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʘ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʥʘ ʚʝʢʪʦʨʘʭ 

{ }1; 1;2a= -  ʠ { }0; 1;0b= - , ʠʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʫ (5.13). 

 

ʈʠʩ. 5.22 

a 

b 

ű 

Sʧʘʨ 

aĬb 
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ʈʝʰʝʥʠʝ. 1;1;6
22

=Ö== baba . ʇʦʜʩʪʘʚʠʚ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚ (5.13), 

ʧʦʣʫʯʠʤ: 

( ) 35136
222

=-=Ö-Ö=³= bababaSʧʘʨ . 

ʉʚʦʡʩʪʚʘ ba³ : 

1) abba ³-=³  (ʘʥʪʠʢʦʤʤʫʪʘʪʠʚʥʦʩʪʴ), 

2) ( ) cbcacba ³+³=³+  (ʜʠʩʪʨʠʙʫʪʠʚʥʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʦʞʝʥʠʷ), 

3) ( ) ( )baba ³Ö=³Ö ll , RÍl , 

4) .||0 baba Ú=³  

ɼʦʢʘʞʝʤ ʩʚʦʡʩʪʚʘ 1) ʠ 4). 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. 1) ɺʝʢʪʦʨʳ a b³  ʠ b a³  - ʢʦʣʣʠʥʝʘʨʥʳ, ʠʤʝʶʪ ʦʜʠ-

ʥʘʢʦʚʫʶ ʜʣʠʥʫ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʥʘʧʨʘʚʣʝʥʳ, ʪʘʢ ʢʘʢ ʪʨʦʡʢʠ a ,b ,a b³  ʠ a ,

b ,b a³  ʦʙʨʘʟʫʶʪ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʦʨʠʝʥʪʘʮʠʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

abba ³-=³ . 

4) ʅʝʦʙʭʦʜʠʤʦʩʪʴ. ʇʫʩʪʴ 0 sin 0 0³ = Ý ³ = = Ý =a b a b a b aj  ʠʣʠ 

0=b , ʠʣʠ sin 0=j . ɺ ʧʝʨʚʦʤ ʠ ʚʪʦʨʦʤ ʩʣʫʯʘʷʭ ʦʜʠʥ ʠʟ ʩʦʤʥʦʞʠʪʝʣʝʡ ï ʥʫʣʝʚʦʡ 

ʚʝʢʪʦʨ. .||baÝ  ɽʩʣʠ sin 0=j , ʪʦ 0=j  ʠʣʠ =j p, ʦʪʢʫʜʘ ʩʣʝʜʫʝʪ .||ba   

ɼʦʩʪʘʪʦʯʥʦʩʪʴ.Ýba || 0=j ʠʣʠ sin 0 0 0.= Ý = Ý ³ = Ý ³ =a b a bj p j   

ʀʟ ʩʚʦʡʩʪʚ 2 ʠ 3 ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ ʧʦʣʫʯʠʤ ʩʦʦʪʥʦʰʝʥʠʝ, ʥʘʟʳʚʘ-

ʝʤʦʝ ʩʚʦʡʩʪʚʦʤ ʣʠʥʝʡʥʦʩʪʠ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ ʧʦ ʧʝʨʚʦʤʫ ʩʦʤʥʦʞʠʪʝ-

ʣ :ʁ 

( ) ( ) ( )cbcacba ³Ö+³Ö=³Ö+Ö mlml , RÍml, . 

ɺʝʢʪʦʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʣʠʥʝʡʥʦ ʠ ʧʦ ʚʪʦʨʦʤʫ ʩʦʤʥʦʞʠʪʝʣʶ. 

ʇʫʩʪʴ ʟʘʜʘʥ ʦʨʪʦʥʦʨʤʠʨʦʚʘʥʥʳʡ ʙʘʟʠʩ kji ,, .  

ʀʟ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ ʚʳʪʝʢʘʶʪ ʩʣʝʜʫʶʱʠʝ ʩʦʦʪʥʦʝh-

ʥʠʷ ʜʣʷ ʙʘʟʠʩʥʳʭ ʚʝʢʪʦʨʦʚ:  

kji =³ , ikj =³ , jik =³ . 

ʇʦʣʴʟʫʷʩʴ ʩʚʦʡʩʪʚʦʤ 1 ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ, ʧʦʣʫʯʠʤ ʝʱʝ ʪʨʠ ʨʘʚʝʥ-

ʩʪʚʘ: 

kij -=³ , ijk -=³ , jki -=³ . 

ʀʟ ʩʚʦʡʩʪʚʘ 4 ʠʤʝʝʤ: 

0=³=³=³ kkjjii . 
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ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʩʦʩʪʘʚʠʤ ʪʘʙʣʠʮʫ ʚʳʯʠʩʣʝʥʠʷ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ 

ʙʘʟʠʩʥʳʭ ʚʝʢʪʦʨʦʚ kji ,,  (ʚʝʢʪʦʨʳ ʣʝʚʦʛʦ ʩʪʦʣʙʮʘ ʫʤʥʦʞʘʶʪʩʷ ʥʘ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʝ ʚʝʢʪʦʨʳ ʚʝʨʭʥʝʡ ʩʪʨʦʢʠ): 

 

 

 

 

 

ʋʜʦʙʥʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʦʡ (ʨʠʩ. 5.23): ʝʩʣʠ ʥʘʧʨʘʚʣʝʥʠʝ 

ʢʨʘʪʯʘʡʰʝʛʦ ʧʫʪʠ ʦʪ ʧʝʨʚʦʛʦ ʚʝʢʪʦʨʘ ʢʦ ʚʪʦʨʦʤʫ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʩʪʨʝʣʢʠ, ʪʦ ʚʝʢʪʦʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʨʘʚʥʦ ʪʨʝʪʴʝʤʫ ʚʝʢʪʦʨʫ, ʝʩʣʠ ʥʝ ʩʦʚʧʘʜʘʝʪ 

ï ʪʨʝʪʠʡ ʚʝʢʪʦʨ ʙʝʨʝʪʩʷ ʩʦ ʟʥʘʢʦʤ çʤʠʥʫʩè. 

 

 

 

 

 

 

ʈʠʩ. 5.23 

 

ɺʳʯʠʩʣʝʥʠʝ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ (ʚ ʢʦʦʨʜʠʥʘʪʥʦʡ ʬʦʨʤʝ) 

ʇʫʩʪʴ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʟʘʜʘʥʘ ɼʇʉʂ ʩ ʦʨʪʦʥʦʨʤʠʨʦʚʘʥʥʳʤ ʙʘʟʠʩʦʤ kji ,, .  

ʇʫʩʪʴ ʟʘʜʘʥʳ ʚʝʢʪʦʨʳ kajaiaa zyx ++= , kbjbibb zyx ++= .  

ʅʘʡʜʝʤ ʚʝʢʪʦʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʵʪʠʭ ʚʝʢʪʦʨʦʚ:  

( )( )=++³++=³ kbjbibkajaiaba zyxzyx  

( ) ( ) ( ) ( ) ( )+³+³+³+³+³= jjbaijbakibajibaiiba yyxyzxyxxx

( ) ( ) ( ) ( )=³+³+³+³+ kkbajkbaikbakjba zzyzxzzy  

=+-+++--+= 000 ibajbaibakbajbakba yzxzzyxyzxyx

( ) ( ) ( )kbabajbabaibaba xyyxxzzxyzzy -+---= . 

ʃʝʛʢʦ ʚʠʜʝʪʴ, ʯʪʦ 

( ) ( ) ( )=-+--- kbabajbabaibaba xyyxxzzxyzzy  

zyx

zyx
yx

yx

zx

zx

zy

zy

bbb

aaa

kji

k
bb

aa
j

bb

aa
i

bb

aa
=+-= . 

 i  j  k  

i  0  k  - j  

j  - k  0  i  

k  j  - i  0  

i 

j 
k 
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ʆʢʦʥʯʘʪʝʣʴʥʦ ʧʦʣʫʯʠʤ ʬʦʨʤʫʣʫ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝ-

ʥʠʷ:   

zyx

zyx

bbb

aaa

kji

ba =³ .                       (5.14) 

ʇʨʠʤʝʨ 5.21. ɺʳʯʠʩʣʠʪʴ ʚʝʢʪʦʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʚʝʢʪʦʨʦʚ ὥᴆ ρȠςȠπ, 

ὦᴆ ςȠσȠυ. 

ʈʝʰʝʥʠʝ. ʀʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʫ (5.14), ʧʦʣʫʯʠʤ: 

{ }1 2 0 10 ( 5) ( 1) 10 5 10;5; 1

2 3 5

i j k

a b i j k i j k³ = =- - - + - =- + - = - -

-

. 

ʇʨʠʤʝʥʝʥʠʝ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ 

ʘ) ʇʣʦʱʘʜʴ ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʘ ʠ ʪʨʝʫʛʦʣʴʥʠʢʘ 

ʇʣʦʱʘʜʴ ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʘ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʥʘ ʚʝʢʪʦʨʘʭ  a  ʠ b, ʚʳʯʠʩʣʷʝʪ-

ʩʷ ʧʦ ʬʦʨʤʫʣʝ:  

baSʧʘʨ ³= . 

ʇʣʦʱʘʜʴ ʪʨʝʫʛʦʣʴʥʠʢʘ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʥʘ ʚʝʢʪʦʨʘʭ  a  ʠ b, ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ:  

baSS ʧʘʨʪʨʝʫʛ ³==
2

1

2

1
. 

ʇʨʠʤʝʨ 5.22. ʅʘʡʪʠ ʧʣʦʱʘʜʴ ʪʨʝʫʛʦʣʴʥʠʢʘ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʥʘ ʚʝʢʪʦʨʘʭ 

{ }1;2;0a=  ʠ { }2;3; 5b= -. 

ʈʝʰʝʥʠʝ. ʀʟ ʧʨʠʤʝʨʘ 5.21 ʠʤʝʝʤ: { }10;5; 1a b³ = - -. 

14
2

3
126

2

1
125100

2

1

2

1
==++=³= baSʪʨʝʫʛ . 

ʙ) ʋʩʣʦʚʠʝ ʢʦʣʣʠʥʝʘʨʥʦʩʪʠ ʚʝʢʪʦʨʦʚ 

ba || Ú 0==³

zyx

zyx

bbb

aaa

kji

ba Ú
z

z

z

y

x

x

b

a

b

a

b

a
== . 

ʚ) ʄʦʤʝʥʪ ʩʠʣʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʯʢʠ 

ʇʫʩʪʴ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʟʘʜʘʥʳ ʪʦʯʢʠ ɸ ʠ ʄ.  

ʇʫʩʪʴ ʚ ʪʦʯʢʝ ɸ ʧʨʠʣʦʞʝʥʘ ʩʠʣʘ F = AB (ʨʠʩ. 5.24).  
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ʀʟʚʝʩʪʥʦ, ʯʪʦ ʤʦʤʝʥʪʦʤ ʩʠʣʳ F  ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʯʢʠ ʄ ʥʘʟʳʚʘʝʪʩʷ ʚʝʢ-

ʪʦʨ m, ʢʦʪʦʨʳʡ: 

1) ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʪʦʯʢʫ ʄ, 

2) ʧʝʨʧʝʥʜʠʢʫʣʷʨʝʥ ʧʣʦʩʢʦʩʪʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʪʦʯʢʠ ʄ, ɸ, ɺ,  

3) ʯʠʩʣʝʥʥʦ ʨʘʚʝʥ jsinMAFMNFm Ö=Ö= , ʛʜʝ MN ï ʧʣʝʯʦ, ű ï ʫʛʦʣ ʤʝʞ-

ʜʫ ʚʝʢʪʦʨʘʤʠ F  ʠ MA, 

4) ʦʙʨʘʟʫʝʪ ʧʨʘʚʫʶ ʪʨʦʡʢʫ ʩ ʚʝʢʪʦʨʘʤʠ MA ʠ AB. 

ʆʪʢʫʜʘ ʠʤʝʝʤ, ʯʪʦ m= FMA³ . 

ʛ) ʃʠʥʝʡʥʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ 

ʇʫʩʪʴ ʪʚʝʨʜʦʝ ʪʝʣʦ ʚʨʘʱʘʝʪʩʷ ʩ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ w ʚʦʢʨʫʛ ʥʝʧʦʜʚʠʞʥʦʡ 

ʦʩʠ. ʉʢʦʨʦʩʪʴ v  ʪʦʯʢʠ ʄ  ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʥʘʭʦʜʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ ʕʡʣʝʨʘ: 

OMv ³=w , ʛʜʝ ʆ ï ʥʝʢʦʪʦʨʘʷ ʥʝʧʦʜʚʠʞʥʘʷ ʪʦʯʢʘ ʦʩʠ (ʨʠʩ. 5.25).  

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ MATLAB   ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ ʜʚʫʭ ʚʝʢʪʦʨʦʚ ὥᴆ ʠ ὦᴆ ʚ MATLAB  

ʩʫʱʝʩʪʚʫʝʪ ʚʩʪʨʦʝʥʥʘʷ ʬʫʥʢʮʠʷ  

ʇʨʠʤʝʨ 5.23. ɼʘʥʳ ʚʝʢʪʦʨʘ  ὥᴆ={3;-2;5}, ὦᴆ={4;1;-3}. ɺʳʯʠʩʣʠʪʴ:  

ʘ) ʚʝʢʪʦʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ὥᴆ ʠ ὦᴆ ʧʦ ʬʦʨʤʫʣʝ (5.14);  

ʙ) ʚʝʢʪʦʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ὥᴆ ʠ ὦᴆ, ʠʩʧʦʣʴʟʫʷ ʢʦʤʘʥʜʫ cross(a,b);  

ʚ) ʧʣʦʱʘʜʴ ʪʨʝʫʛʦʣʴʥʠʢʘ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʥʘ ʚʝʢʪʦʨʘʭ ὥᴆ ʠ ὦᴆ. 

ʈʝʰʝʥʠʝ. ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ: 

ʘ) ʙ) ʚ) 

>> syms i j k >> cross(a,b) >>S=norm(cross(a,b))/2 

  

 

ʈʠʩ. 5.24 

 

ʈʠʩ. 5.25 
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>> det([i j k;a;b]) 

ans = 

         i + 29*j + 11*k 

ans = 

       1    29    11 

 

S = 

   15.5161 

 

ʇʨʠʤʝʨ 5.24. ɺʳʯʠʩʣʠʪ ɹ ʧʣʦʱʘʜʴ ʪʨʝʫʛʦʣʴʥʠʢʘ, ʟʘʜʘʥʥʦʛʦ ʨʘʜʠʫʩ-

ʚʝʢʪʦʨʘʤʠ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ὥᴆ ςȠσ, ὦᴆ υȠρ, ὧᴆ φȠυ. 

ʈʝʰʝʥʠʝ. ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ: 

>>S=norm(cross(ʘ,b))/2 

S = 

      6.5000 

5.8. ʉʄɽʐɸʅʅʆɽ ʇʈʆʀɿɺɽɼɽʅʀɽ ɺɽʂʊʆʈʆɺ, ɽɻʆ ʉɺʆʁʉʊɺɸ 

ʉʤʝʰʘʥʥʳʤ ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʚʝʢʪʦʨʦʚ a ,b ,c  ʥʘʟʳʚʘʝʪʩʷ ʯʠʩʣʦ, ʨʘʚʥʦʝ 

ʩʢʘʣʷʨʥʦʤʫ ʧʨʦʠʟʚʝʜʝʥʠʶ ʚʝʢʪʦʨʘ a  ʥʘ ʚʝʢʪʦʨ cb³ . 

ʆʙʦʟʥʘʯʝʥʠʝ: ( )cba ³Ö , cba  ʠʣʠ ( )cba ,, . 

ʊʝʦʨʝʤʘ 5.4. (ɻʝʦʤʝʪʨʠʯʝʩʢʠʡ ʩʤʳʩʣ ʩʤʝʰʘʥʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ) ʉʤʝʰʘʥ-

ʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʥʝʢʦʤʧʣʘʥʘʨʥʳʭ ʚʝʢʪʦʨʦʚ a ,b ,c  ʧʦ ʤʦʜʫʣʶ ʨʘʚʥʦ ʦʙʲʝʤʫ 

ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʥʘ ʩʦʤʥʦʞʠʪʝʣʷʭ. ʆʥʦ ʧʦʣʦʞʠʪʝʣʴʥʦ, ʝʩʣʠ 

ʪʨʦʡʢʘ a ,b ,cï ʧʨʘʚʘʷ, ʠ ʦʪʨʠʮʘʪʝʣʴʥʦ, ʝʩʣʠ ʪʨʦʡʢʘ  a ,b ,cï ʣʝʚʘʷ.  

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʇʦʩʪʨʦʠʤ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜ, ʨʝʙʨʘʤʠ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ 

ʚʝʢʪʦʨʳ a ,b ,c, ʦʩʥʦʚʘʥʠʝʤ ï ʧʘʨʘʣʣʝʣʦʛʨʘʤʤ, ʧʦʩʪʨʦʝʥʥʳʡ ʥʘ ʚʝʢʪʦʨʘʭ b ,c  

(ʨʠʩ. 5.26). ɿʜʝʩʴ ű ï ʫʛʦʣ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ  b  ʠ c ; ɗ ï ʫʛʦʣ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ 

a  ʠ cb³ .   

ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʩʢʘʣʷʨʥʦʛʦ ʠ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ 

ʠʤʝʝʤ 

( ) qjq cossincos ÖÖÖ=Ö³Ö=³Ö cbacbacba . 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʙʲʝʤ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ ʨʘʚʝʥ  

hSV ʦʩʥʜʘʧʘʨʘʣʣ Ö=- ,  

 

ʈʠʩ. 5.26.  ʇʘʨʘʣʣʝʣʝʧʠʧʝʜ, ʨʝʙʨʘʤʠ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʚʝʢʪʦʨʳ a ,b ,c  

b 

a 

ű 

h 

bxc 

c ɗ h 
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ʛʜʝ  

cbcbSʦʩʥ ³=Ö= jsin. , 

qcosÖ=ah  ï ʚʳʩʦʪʘ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ( )=³Ö cba ʜʘʧʘʨʘʣʣV - . 

ʇʦʣʫʯʠʣʠ, ʯʪʦ ʩʤʝʰʘʥʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʥʝʢʦʤʧʣʘʥʘʨʥʳʭ ʚʝʢʪʦʨʦʚ a , b , 

c  ʧʦ ʤʦʜʫʣʶ ʨʘʚʥʦ ʦʙʲʝʤʫ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʥʘ ʩʦʤʥʦʞʠʪʝʣʷʭ. 

ɼʦʢʘʞʝʤ, ʯʪʦ ʩʤʝʰʘʥʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦ, ʝʩʣʠ ʪʨʦʡʢʘ a ,b ,c

ï ʧʨʘʚʘʷ, ʠ ʦʪʨʠʮʘʪʝʣʴʥʦ, ʝʩʣʠ ʪʨʦʡʢʘ  a ,b ,cï ʣʝʚʘʷ. 

ɿʘʤʝʪʠʤ ʠʟ ʨʘʚʝʥʩʪʚʘ ( ) qcosÖ³Ö=³Ö cbacba , ʯʪʦ ʟʥʘʢ ʩʤʝʰʘʥʥʦʛʦ 

ʧʨʦʠʟʚʝʜʝʥʠʷ ʩʦʚʧʘʜʘʝʪ ʩʦ ʟʥʘʢʦʤ qcos .  

ʉʤʝʰʘʥʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦ, ʢʦʛʜʘ ʚʝʢʪʦʨ a  ʥʘʧʨʘʚʣʝʥ ʚ ʪʫ 

ʞʝ ʩʪʦʨʦʥʫ ʦʪ ʧʣʦʩʢʦʩʪʠ ʚʝʢʪʦʨʦʚ b  ʠ c, ʯʪʦ ʠ ʚʝʢʪʦʨ cb³, ʪ.ʝ. ʪʨʦʡʢʘ a ,b ,c  

ï ʧʨʘʚʘʷ ʪʨʦʡʢʘ. ɸʥʘʣʦʛʠʯʥʦ ʜʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʩʤʝʰʘʥʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʣʝʚʦʡ 

ʪʨʦʡʢʠ ʦʪʨʠʮʘʪʝʣʴʥʦ. ʊʝʦʨʝʤʘ ʜʦʢʘʟʘʥʘ. 

ʉʚʦʡʩʪʚʘ ʩʤʝʰʘʥʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ: 

1) ɺʝʢʪʦʨʳ a ,b ,c  ʢʦʤʧʣʘʥʘʨʥʳ ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʠʭ ʩʤʝʰʘʥʥʦʝ 

ʧʨʦʠʟʚʝʜʝʥʠʝ ʨʘʚʥʦ ʥʫʣʶ, ʪ.ʝ.  

( )cba ,, =0. 

2) ʉʤʝʰʘʥʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʥʝ ʤʝʥʷʝʪʩʷ ʧʨʠ ʮʠʢʣʠʯʝʩʢʦʡ ʧʝʨʝʩʪʘʥʦʚʢʝ 

ʝʛʦ ʩʦʤʥʦʞʠʪʝʣʝʡ:  

( )cba ³Ö = ( )acb ³Ö = ( )bac ³Ö . 

3) ʉʤʝʰʘʥʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʥʝ ʤʝʥʷʝʪʩʷ ʧʨʠ ʧʝʨʝʤʝʥʝ ʤʝʩʪʘʤʠ ʟʥʘʢʦʚ 

ʩʢʘʣʷʨʥʦʛʦ ʠ ʚʝʢʪʦʨʥʦʛʦ ʫʤʥʦʞʝʥʠʷ: 

( )cba ³Ö =( )cba Ö³ . 

4) ʉʤʝʰʘʥʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʤʝʥʷʝʪ ʟʥʘʢ ʧʨʠ ʧʝʨʝʤʝʥʝ ʤʝʩʪ ʣʶʙʳʭ ʜʚʫʭ 

ʚʝʢʪʦʨʦʚ-ʩʦʤʥʦʞʠʪʝʣʝʡ:  

( ) ( )( ) ( )( ) ( ), , , , , , , , , , , , .=- = =- = =-a b c b a c b c a c b a c a b a c b 

5) ʉʤʝʰʘʥʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʣʠʥʝʡʥʦ ʧʦ ʧʝʨʚʦʤʫ ʩʦʤʥʦʞʠʪʝʣʶ: 

( ) ( ) ( )cbacbacbaa ,,,,,, 2121 mlml +=+ . 

(ɸʥʘʣʦʛʠʯʥʦ ʠʤʝʝʪ ʤʝʩʪʦ ʣʠʥʝʡʥʦʩʪʴ ʩʤʝʰʘʥʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ ʧʦ ʚʪʦ-

ʨʦʤʫ, ʪʨʝʪʴʝʤʫ ʩʦʤʥʦʞʠʪʝʣʶ). 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ.  
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1) ʅʝʦʙʭʦʜʠʤʦʩʪʴ. ʇʫʩʪʴ , ,a b c ʢʦʤʧʣʘʥʘʨʥʳ. ʊʦʛʜʘ ʚʝʢʪʦʨ cb³  ʙʫʜʝʪ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʝʥ ʧʣʦʩʢʦʩʪʠ, ʚ ʢʦʪʦʨʦʡ ʣʝʞʘʪ ʚʝʢʪʦʨʳ  a ,b ,c. ɿʥʘʯʠʪ,  cb³  

ʧʝʨʧʝʥʜʠʢʫʣʷʨʝʥ  ʚʝʢʪʦʨʫ a, ʦʪʢʫʜʘ ʠʤʝʝʤ: ( )cba ³Ö =0, ʪ.ʝ. ( )cba ,, =0.  

ɼʦʩʪʘʪʦʯʥʦʩʪʴ.  ʇʫʩʪʴ ( )cba ,, =0. ʈʘʚʝʥʩʪʚʦ ( ) 0cossin,, =ÖÖ= qjcbacba  

ʚʦʟʤʦʞʥʦ ʚ ʩʣʝʜʫʶʱʠʭ ʩʣʫʯʘʷʭ:  

¶ ʭʦʪʷ ʙʳ ʦʜʠʥ ʠʟ ʚʝʢʪʦʨʦʚ ʥʫʣʝʚʦʡ, ʪʦʛʜʘ ʚʝʢʪʦʨʳ , ,a b c ʢʦʤʧʣʘʥʘʨʥʳ, 

¶ jsin =0, ʪʦʛʜʘ b , c  ï ʢʦʣʣʠʥʝʘʨʥʳ. ɿʥʘʯʠʪ, ʚʝʢʪʦʨʳ , ,a b c ʢʦʤʧʣʘʥʘʨʥʳ, 

¶ qcos =0, ʪʦʛʜʘ cba ³^ . ɿʥʘʯʠʪ, a  ʧʘʨʘʣʣʝʣʝʥ ʧʣʦʩʢʦʩʪʠ ʚʝʢʪʦʨʦʚ b , c . 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ , ,a b c ʢʦʤʧʣʘʥʘʨʥʳ. 

2) ɼʘʥʥʦʝ ʩʚʦʡʩʪʚʦ ʚʝʨʥʦ, ʪʘʢ ʢʘʢ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝ ʤʝʥʷʝʪʩʷ ʥʠ ʦʙʲʝʤ ʧʘ-

ʨʘʣʣʝʣʝʧʠʧʝʜʘ, ʥʠ ʦʨʠʝʥʪʘʮʠʷ ʝʛʦ ʨʝʙʝʨ. 

3) ʀʟ ʩʚʦʡʩʪʚʘ ʩʢʘʣʷʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ ʠʤʝʝʤ: ( )cba Ö³ = ( )bac ³Ö . ʇʦ 

ʧʨʝʜʳʜʫʱʝʤʫ ʩʚʦʡʩʪʚʫ ( )bac ³Ö = ( )cba ³Ö . ʆʢʦʥʯʘʪʝʣʴʥʦ ʠʤʝʝʤ: ( )cba ³Ö =

( )cba Ö³ . 

4) ɺʝʨʥʦ ʚ ʩʠʣʫ ʘʥʪʠʢʦʤʤʫʪʘʪʠʚʥʦʩʪʠ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ ʠ ʢʦʤʤʫ-

ʪʘʪʠʚʥʦʩʪʠ ʩʢʘʣʷʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ. 

5) ɼʦʢʘʟʳʚʘʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʚʦʡʩʪʚʘ ʣʠʥʝʡʥʦʩʪʠ ʩʢʘʣʷʨʥʦʛʦ ʧʨʦ-

ʠʟʚʝʜʝʥʠʷ. ʉʚʦʡʩʚʘ ʜʦʢʘʟʘʥʳ. 

ɺʳʯʠʩʣʝʥʠʝ ʩʤʝʰʘʥʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ (ʚ ʢʦʦʨʜʠʥʘʪʥʦʡ ʬʦʨʤʝ) 

ʇʫʩʪʴ ʚ ɼʇʉʂ ʩ ʦʨʪʦʥʦʨʤʠʨʦʚʘʥʥʳʤ ʙʘʟʠʩʦʤ kji ,,  ʟʘʜʘʥʳ ʚʝʢʪʦʨʳ  

kajaiaa zyx ++= , kbjbibb zyx ++= , kcjcicc zyx ++= . 

ʅʘʡʜʝʤ ʩʤʝʰʘʥʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʵʪʠʭ ʚʝʢʪʦʨʦʚ, ʠʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʳ ʜʣʷ 

ʩʢʘʣʷʨʥʦʛʦ ʠ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʡ ʚ ʢʦʦʨʜʠʥʘʪʥʦʡ ʬʦʨʤʝ:  

( )( ) =Ö++=³Ö

zyx

zyxzyx

ccc

bbb

kji

kajaiacba  

 

 

zyx

zyx

zyx

yx

yx
z

zx

zx
y

zy

zy
x

ccc

bbb

aaa

cc

bb
a

cc

bb
a

cc

bb
a =+-= . 

( ) =
ö
ö

÷

õ

æ
æ

ç

å
+-Ö++= k

cc

bb
j

cc

bb
i

cc

bb
kajaia

yx

yx

zx

zx

zy

zy

zyx



140 
 

ʉʤʝʰʘʥʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʚʝʢʪʦʨʦʚ  ( )zyx aaaa ,,= , ( )zyx bbbb ,,= , 

( )zyx cccc ,,=  ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

( )
zyx

zyx

zyx

ccc

bbb

aaa

cba =,, .     (5.15) 

ʇʨʠʤʝʨ 5.25. ɺʳʯʠʩʣʠʪʴ ʩʤʝʰʘʥʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʚʝʢʪʦʨʦʚ ὥᴆ ρȠςȠπ, 

ὦᴆ ςȠσȠυ, ὧᴆ ρȠπȠρ. 

ʈʝʰʝʥʠʝ. ʀʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʫ (5.15), ʧʦʣʫʯʠʤ: 

( ) 9

101

033

021

5

101

532

021

,, =

-

-=Ö+

-

-== IIIII

ccc

bbb

aaa

cba

zyx

zyx

zyx

. 

ʇʨʠʤʝʥʝʥʠʝ ʩʤʝʰʘʥʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ 

ʘ) ʆʧʨʝʜʝʣʝʥʠʝ ʚʟʘʠʤʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʚʝʢʪʦʨʦʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ɽʩʣʠ ( )0,, >cba , ʪʦ a ,b ,cï ʧʨʘʚʘʷ ʪʨʦʡʢʘ, ʝʩʣʠ ( )0,, <cba , ʪʦ a ,b ,c

ï ʣʝʚʘʷ ʪʨʦʡʢʘ.  

ʙ) ʋʩʣʦʚʠʝ ʢʦʤʧʣʘʥʘʨʥʦʩʪʠ ʚʝʢʪʦʨʦʚ 

ɺʝʢʪʦʨʳ a ,b ,c  ʢʦʤʧʣʘʥʘʨʥʳ Ú( )0,, =cba Ú 0=

zyx

zyx

zyx

ccc

bbb

aaa

. 

ʚ) ʆʙʲʝʤ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ ʠ ʪʨʝʫʛʦʣʴʥʦʡ ʧʠʨʘʤʠʜʳ 

ʆʙʲʝʤ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʥʘ ʚʝʢʪʦʨʘʭ a ,b ,c, ʨʘʚʝʥ ʤʦʜʫʣʶ 

ʩʤʝʰʘʥʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ ʵʪʠʭ ʚʝʢʪʦʨʦʚ:  

ʜʘʧʘʨʘʣʣV - =( )cba ,, . 

ʆʙʲʝʤ ʪʨʝʫʛʦʣʴʥʦʡ ʧʠʨʘʤʠʜʳ, ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʚʝʢʪʦʨʘʭ a ,b ,c, ʚʳʯʠʩʣʷ-

ʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ:  

ʧʠʨʘʤV = ( )cba ,,
6

1
. 

ʇʨʠʤʝʨ 5.26. ʆʧʨʝʜʝʣʠʪʴ ʦʨʠʝʥʪʘʮʠʶ ʚʝʢʪʦʨʦʚ: ὥᴆ ρȠςȠπ, ὦᴆ

ςȠσȠυ, ὧᴆ ρȠπȠρ. 

ʈʝʰʝʥʠʝ. ʀʟ ʧʨʠʤʝʨʘ 5.25 ʠʤʝʝʤ: ( )9,, =cba . ɿʥʘʯʠʪ, ʫʧʦʨʷʜʦʯʝʥʥʘʷ 

ʪʨʦʡʢʘ ʚʝʢʪʦʨʦʚ a ,b ,c  ʷʚʣʷʝʪʩʷ ʧʨʘʚʦʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ (ʧʨʘʚʦʡ). 

ʆʪʚʝʪ. a ,b ,c  ï ʧʨʘʚʘʷ ʪʨʦʡʢʘ. 
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ʇʨʠʤʝʨ 5.27. ʇʨʦʚʝʨʠʪʴ, ʢʦʤʧʣʘʥʘʨʥʳ ʣʠ ʚʝʢʪʦʨʳ: ὥᴆ ρȠςȠπ, ὦᴆ

ςȠτȠπ, ὧᴆ ρȠπȠρ. 

ʈʝʰʝʥʠʝ. ɽʩʣʠ ( )0,, =cba , ʪʦ ʚʝʢʪʦʨʳ a ,b ,c  ï ʢʦʤʧʣʘʥʘʨʥʳ.  

ɺʳʯʠʩʣʠʤ  

( ) 0

101

042

021

,, =

-

==

zyx

zyx

zyx

ccc

bbb

aaa

cba Ý  ʚʝʢʪʦʨʳ a ,b ,c  ï ʢʦʤʧʣʘ-

ʥʘʨʥʳ. 

ʆʪʚʝʪ. ɺʝʢʪʦʨʳ a ,b ,c  ï ʢʦʤʧʣʘʥʘʨʥʳ. 

ʇʨʠʤʝʨ 5.28. ʅʘʡʪʠ ʦʙʲʝʤ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʥʘ ʚʝʢʪʦʨʘʭ  

ὥᴆ ςȠρȠπ, ὦᴆ σȠρȠυ, ὧᴆ ςȠρȠπ. 

ʈʝʰʝʥʠʝ. ʜʘʧʘʨʘʣʣV - =( )cba ,, . 

( ) 20

012

513

012

,, -=

-

==

zyx

zyx

zyx

ccc

bbb

aaa

cba  Ý ʜʘʧʘʨʘʣʣV - =( ) 2020,, =-=cba . 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ MATLAB  ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʩʤʝʰʘʥʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ 

ʇʨʠʤʝʨ 5.29. ɺʳʯʠʩʣʠʪʴ ʩʤʝʰʘʥʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʚʝʢʪʦʨʦʚ ὥᴆ σȠςȠυ, 

ὦᴆ τȠρȠσ, ὧᴆ ρȠςȠς. 

ʈʝʰʝʥʠʝ. ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ: 
>> c=[1 2 -2]; 

>> dot(a,cross(b,c)) 

ans = 

    37 

ʇʨʠʤʝʨ 5.30. ɼʘʥʳ ʚʝʢʪʦʨʳ ὥᴆ σȠςȠυ, ὦᴆ τȠρȠσ. ʊʨʝʙʫʝʪʩʷ: 

ʘ) ʥʘʡʪʠ ʢʦʦʨʜʠʥʘʪʳ ʚʝʢʪʦʨʘ Ὠᴆ=3*ὥᴆ+ὦᴆ, ʢʦʤʧʣʘʥʘʨʥʦʛʦ ʚʝʢʪʦʨʘʤ ὥᴆ

σȠςȠυ ʠ ὦᴆ τȠρȠσ;  

ʙ) ʧʨʦʚʝʨʠʪ,ɹ ʯʪʦ ʠʭ ʩʤʝʰʘʥʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʨʘʚʥʦ ʥʫʣʶ. 

ʈʝʰʝʥʠʝ. ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ: 

ʘ) ʙ) 

>> d=3*a+b 

d = 

      13    -5    12 

>> dot(a,cross(b,d)) 

ans = 

           0 

ʇʨʠʤʝʨ 5.31. ɼʘʥʳ ʪʨʠ ʚʝʢʪʦʨʘ ὥᴆ ςȠςȠτ, ὦᴆ ςȠπȠυ, ὧᴆ σȠρȠυ. 

ʊʨʝʙʫʝʪʩʷ:  

ʘ) ʚʳʯʠʩʣʠʪʴ ʦʙʲʝʤ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʥʘ ʚʝʢʪʦʨʘʭ ὥᴆ, ὦᴆ ʠ ὧᴆ. 
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ʙ) ʚʳʯʠʩʣʠʪʴ ʦʙʲʝʤ ʧʠʨʘʤʠʜʳ, ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʚʝʢʪʦʨʘʭ ὥᴆ, ὦᴆ ʠ ὧᴆ. 
ʚ) ʥʘʡʪʠ ʚʳʩʦʪʫ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ, ʧʨʦʚʝʜʝʥʥʫʶ ʠʟ ʚʝʨʰʠʥʳ ʢ ʦʩʥʦʚʘʥʠʶ, 

ʧʦʩʪʨʦʝʥʥʦʤʫ ʥʘ ʚʝʢʪʦʨʘʭ ὥᴆ ʠ ὦᴆ. 
ʈʝʰʝʥʠʝ. ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ: 

ʘ) ʙ) ʚ) 

>>a=[2,-2,4];  

>>b=[2,0,-5];  

>>c=[3,1,5]; 

>>V_par=dot(a,cross(b,c)) 

V_par = 

             68 

>>V_pir=V_par/6 

V_pir = 

         11.3333 

 

>>h=V_par/norm(cross(a,b)) 

h = 

       3.2418 

 

 

ɿʘʢʨʘʰʠʚʘʥʠʝ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ MATLAB  

ɼʣʷ ʟʘʢʨʘʰʠʚʘʥʠʷ ʪʨʝʫʛʦʣʴʥʠʢʘ ʚ MATLAB  ʩʫʱʝʩʪʚʫʝʪ ʚʩʪʨʦʝʥʥʘʷ 

ʬʫʥʢʮʠʷ  

 

ʛʜʝ X, Y ʠ Z ï ʚʝʢʪʦʨʳ, ʩʦʩʪʘʚʣʝʥʥʳʝ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʦʨʜʠʥʘʪ ʚʝʨʰʠʥ 

ʧʦʣʠʛʦʥʘ; C ï ʮʚʝʪ ʟʘʢʨʘʩʢʠ ʧʦʣʠʛʦʥʘ. 

ʇʨʠʤʝʨ 5.32. ʘ) ʇʦʩʪʨʦʠʪʴ ʪʨʝʫʛʦʣʴʥʠʢ, ʚʝʨʰʠʥʳ ʢʦʪʦʨʦʛʦ ʨʘʩʧʦʣʦʞʝʥʳ ʚ 

ʪʦʯʢʘʭ, ʟʘʜʘʥʥʳʭ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘʤʠ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ὥᴆ ςȠσ, ὦᴆ υȠρ, 

ὧᴆ φȠυ; ʙ) ʟʘʢʨʘʩʠʪʴ ʪʨʝʫʛʦʣʴʥʠʢ, ʠʩʧʦʣʴʟʫʷ ʢʦʤʘʥʜʫ patch.  

ʈʝʰʝʥʠʝ. ʘ) ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ: 

>>a=[2,3];  

>>b=[5,1];  

>>c=[6,5]; 

>>hold on; 

>>axis([0, 7, 0, 7]); 

>>grid on; 

>>ylabel('ʫ'); xlabel('x'); title('ʊʨʝʫʛʦʣʴʥʠʢ', 'FontName', 'Arial Cyr'); 

>>plot(a(1),a(2),'*m', 'MarkerSize', 8) 

>>plot(b(1),b(2),'*m', 'MarkerSize', 8) 

>>plot(c(1),c(2),'*m', 'MarkerSize', 8) 

>>quiver(a(1),a(2),b(1)-a(1),b(2)-a(2),1,'k','LineWidth',1) 

>>quiver(b(1),b(2),c(1)-b(1),c(2)-b(2),1,'k','LineWidth',1) 

>>quiver(c(1),c(2),a(1)-c(1),a(2)-c(2),1,'k','LineWidth',1) 

ʊʨʝʫʛʦʣʴʥʠʢ ʧʦʷʚʠʪʩʷ ʚ ʦʢʥʝ çFigure 1è (ʨʠʩ. 5.27, ʘ).  

ʙ) ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ: 

>>C=[0.8,0.5,0.8];  

patch(X,Y,Z,C) 
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>>x=[a(1),b(1),c(1)]; y=[a(2),b(2),c(2)];  

>>patch(x,y,C); 

ɿʘʢʨʘʰʝʥʥʳʡ ʪʨʝʫʛʦʣʴʥʠʢ ʧʦʷʚʠʪʩʷ ʚ ʦʢʥʝ çFigure 1è (ʨʠʩ. 5.27, ʙ).  

ɼʣʷ ʟʘʜʘʥʠʷ ʮʚʝʪʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʪʘʙʣʠʮʘ RGB: 

ɿʥʘʯʝʥʠʝ RGB ʎʚʝʪ ɿʥʘʯʝʥʠʝ RGB ʎʚʝʪ 

[1 1 0] yellow [0 1 0] green 

[1 0 1] magenta [0 0 1] blue 

[0 1 1] cyan [1 1 1] white 

[1 0 0] red [0 0 0] black 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʮʚʝʪʘ ʟʘʜʘʝʪʩʷ ʟʥʘʯʝʥʠʝʤ ʦʪ 0 ʜʦ 1. 

ʇʨʠʤʝʨ 5.33. ʅʘʡʪʠ ʜʣʠʥʫ ʤʝʜʠʘʥʳ m, ʧʨʦʚʝʜʝʥʥʦʡ ʠʟ ʚʝʨʰʠʥʳ ʉ ʪʨʝ-

ʫʛʦʣʴʥʠʢʘ ɸɺʉ, ʝʩʣʠ ʝʛʦ ʚʝʨʰʠʥʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʪʦʯʢʘʭ, ʟʘʜʘʥʥʳʭ ʨʘʜʠʫʩ-

ʚʝʢʪʦʨʘʤʠ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ὥᴆ ςȠσ, ὦᴆ υȠρ, ὧᴆ φȠυ. 

ʈʝʰʝʥʠʝ. ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ: 

>>M=(a+b)/2; 

>>quiver(c(1),c(2),M(1)-c(1),M(2)-c(2),1,'k','LineWidth',1) 

>>m=M-c; 

>>m=norm(m) 

>>text(1.7,3.1,'\bfA') 

>>text(5.2,0.9,'\bfB') 

>>text(6.1,5.2,'\bfC') 

>>text(3.3,1.8,'\bfM') 

m = 

       3.9051 

  

ʘ ʙ 

ʈʠʩ. 5.27.  ʊʨʝʫʛʦʣʴʥʠʢ,ʧʦʩʪʨʦʝʥʥʳʡ ʥʘ ʚʝʢʪʦʨʘʭ ὥᴆ ςȠσ, ὦᴆ υȠρ, ὧᴆ
φȠυ: ʘ ï ʥʝʟʘʢʨʘʰʝʥʥʳʡ, ʙ ï ʟʘʢʨʘʰʝʥʥʳʡ 
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ʊʨʝʫʛʦʣʴʥʠʢ ʧʦʷʚʠʪʩʷ ʚ ʦʢʥʝ çFigure 1è (ʨʠʩ. 5.28). 

 

ʂʆʅʊʈʆʃʔʅʓɽ ɺʆʇʈʆʉʓ 

1. ʂʘʢʘʷ ʢʦʤʘʥʜʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʪʨʝʟʢʘ ʚ 

MATLAB ? 

2. ʏʪʦ ʙʫʜʝʪ ʠʟʦʙʨʘʞʝʥʦ ʚ ʦʢʥʝ "Figure" ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʘʥʜʳ 

plot(7,4,'>')?  

3. ʂʘʢ ʚ MATLAB  ʧʦʩʪʨʦʠʪʴ ʚʝʢʪʦʨ ʥʘ ʧʣʦʩʢʦʩʪʠ? 

4. ɼʣʷ ʯʝʛʦ ʠʩʧʦʣʴʟʫʶʪ ʢʦʤʘʥʜʫ text(x,y, 'name')? 

5. ʂʘʢ ʚ MATLAB  ʧʦʩʪʨʦʠʪʴ ʚʝʢʪʦʨ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ? 

6. ʂʘʢ ʫʢʘʟʘʪʴ ʪʦʣʱʠʥʫ ʠ ʮʚʝʪ ʣʠʥʠʠ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʚʝʢʪʦʨʘ? 

7. ʂʘʢ ʧʦʜʦʙʨʘʪʴ ʥʫʞʥʳʡ ʨʘʢʫʨʩ ʧʨʠ ʦʪʦʙʨʘʞʝʥʠʠ ʚʝʢʪʦʨʦʚ ʚ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝ? 

8. ʂʘʢʘʷ ʢʦʤʘʥʜʘ ʩʣʫʞʠʪ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʜʣʠʥʳ ʚʝʢʪʦʨʘ ʚ MATLAB ? 

9. ʏʪʦ ʧʦʣʫʯʠʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʘʥʜʳ dot(a,b), ʛʜʝ ὥᴆ

σȠςȠυ, ὦᴆ τȠρȠσ? 

10. ɺʳʯʠʩʣʝʥʠʝ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ ʚ MATLAB . 

11. ʂʦʤʙʠʥʘʮʠʷ ʢʘʢʠʭ ʢʦʤʘʥʜ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʩʤʝʰʘʥʥʦʛʦ 

ʧʨʦʠʟʚʝʜʝʥʠʷ ʚ MATLAB ? 

12. ɼʣʷ ʯʝʛʦ ʚ MATLAB  ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʤʘʥʜʘ patch(X,Y,Z,C)? 

 

ʂʆʅʊʈʆʃʔʅʓɽ ɿɸɼɸʅʀʗ 

1. ʇʦʩʪʨʦʠʪʴ ʚʝʢʪʦʨʘ !!ᴆ, ""ᴆ, #ὅᴆ,  ʚ ʦʜʥʦʤ ʛʨʘʬʠʯʝʩʢʦʤ ʦʢʥʝ ʨʘʟʥʳʤʠ 

ʩʪʠʣʷʤʠ, ʛʜʝ ɸ1(0,0,0), ɸ2(n,5,2), B1(1,2, 4), B2(n+1,n,0), C1(1,n,0), C2(n,3,n), n ï 

ʥʦʤʝʨ ʚʘʨʠʘʥʪʘ. ʇʦʜʦʙʨʘʪʴ ʫʜʘʯʥʳʡ ʨʘʢʫʨʩ ʠʭ ʦʪʦʙʨʘʞʝʥʠʷ ʚ ʛʨʘʬʠʯʝʩʢʦʤ 

ʦʢʥʝ. 

 

ʈʠʩ. 5.28 
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2. ɼʘʥʳ ʚʝʢʪʦʨʳ: ὥᴆ ὲȠὲ ςȠὲ φȟ   ὦᴆ ςὲȠὲ ρȠὲȟ   ὧᴆ

ὲ σȠὲ ρȠὲȟ  Ὠᴆ ὲ φȠὲ υȠυὲ. ʅʘʡʪʠ: 

ʘ) ʨʘʟʣʦʞʝʥʠʝ ʚʝʢʪʦʨʘ Ὠᴆ ʧʦ ʚʝʢʪʦʨʘʤ ὥᴆȟὦᴆ ̉ ὧᴆ.  

ʙ) ʧʨʦʝʢʮʠʶ ʚʝʢʪʦʨʘ ὥᴆ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ ὦᴆ ὧᴆ.  

3. ʇʦʩʪʨʦʠʪʴ ʪʨʝʫʛʦʣʴʥʠʢ, ʚʝʨʰʠʥʳ ʢʦʪʦʨʦʛʦ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʪʦʯʢʘʭ, ʟʘʜʘʥ-

ʥʳʭ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘʤʠ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ὥᴆ ὲ ρȠὲ ςȟ ὦᴆ υὲȠὲ, ὧᴆ

ὲ υȠτὲ, ʥʘʡʪʠ ʝʛʦ ʧʣʦʱʘʜʴ, ʜʣʠʥʫ ʚʳʩʦʪʳ ʠ ʤʝʜʠʘʥʳ, ʦʧʫʱʝʥʥʳʭ ʠʟ ʚʝʨ-

ʰʠʥʳ ɺ ʥʘ ʩʪʦʨʦʥʫ ɸʉ.  

4. ʃʝʞʘʪ ʣʠ ʪʦʯʢʠ A(n+1, n+2, n), B(n+2, n, -n), C(n-1, -4n, n), D(n, 2n, n) ʚ 

ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ?   

5. ɼʘʥʳ ʪʨʠ ʚʝʢʪʦʨʘ ὥᴆ ςὲȠςὲȠὲ σȟ ὦᴆ σὲȠὲ ρȠυὲ, ὧᴆ

ὲ ςȠὲȠτὲ. ʊʨʝʙʫʝʪʩʷ:  

ʘ) ʚʳʯʠʩʣʠʪʴ ʦʙʲʝʤ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʥʘ ʚʝʢʪʦʨʘʭ ὥᴆȟὦᴆ ̉ ὧᴆ. 

ʙ) ʚʳʯʠʩʣʠʪʴ ʦʙʲʝʤ ʧʠʨʘʤʠʜʳ, ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʚʝʢʪʦʨʘʭ ὥᴆȟὦᴆ ̉ ὧᴆ. 

ʚ) ʥʘʡʪʠ ʚʳʩʦʪʫ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ, ʧʨʦʚʝʜʝʥʥʫʶ ʠʟ ʚʝʨʰʠʥʳ ʢ ʦʩʥʦʚʘʥʠʶ, 

ʧʦʩʪʨʦʝʥʥʦʤʫ ʥʘ ʚʝʢʪʦʨʘʭ ὥᴆ ̉ ὦᴆ. 
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ɻʃɸɺɸ 6. ɸʅɸʃʀʊʀʏɽʉʂɸʗ ɻɽʆʄɽʊʈʀʗ ʅɸ ʇʃʆʉʂʆʉʊʀ 

ʇʫʩʪʴ ʥʘ ʧʣʦʩʢʦʩʪʠ ʟʘʜʘʥʘ ɼʇʉʂ ʠ ʥʝʢʦʪʦʨʘʷ ʣʠʥʠʷ L.  

ʋʨʘʚʥʝʥʠʝ 0),( =yxF  ʥʘʟʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʣʠʥʠʠ L (ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʘʜʘʥ-

ʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ), ʝʩʣʠ ʵʪʦʤʫ ʫʨʘʚʥʝʥʠʁ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʢʦʦʨʜʠʥʘʪʳ x ʠ 

y ʣʶʙʦʡ ʪʦʯʢʠ, ʣʝʞʘʱʝʡ ʥʘ ʣʠʥʠʠ L, ʠ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʢʦʦʨʜʠʥʘʪʳ x ʠ y ʥʠ 

ʦʜʥʦʡ ʪʦʯʢʠ, ʥʝ ʣʝʞʘʱʝʡ ʥʘ ʣʠʥʠʠ L. 

ʀʟ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʪʝʢʘʝʪ, ʯʪʦ ʩʘʤʘ ʣʠʥʠʷ L ʝʩʪʴ ʤʥʦʞʝʩʪʚʦ ʚʩʝʭ ʪʦʯʝʢ 

ʧʣʦʩʢʦʩʪʠ, ʢʦʦʨʜʠʥʘʪʳ ʢʦʪʦʨʳʭ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʨʘʚʥʝʥʠʶ 0),( =yxF
 
(ʚ ʟʘʜʘʥ-

ʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ). 

ʂʦʦʨʜʠʥʘʪʳ x ʠ y ʥʘʟʳʚʘʶʪʩʷ ʪʝʢʫʱʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʪʦʯʝʢ ʣʠʥʠʠ. 

ʇʨʠʤʝʨʘʤʠ ʫʨʘʚʥʝʥʠʡ ʣʠʥʠʠ ʷʚʣʷʶʪʩʷ 0=-yx , 022 =-yx , 422 =+yx ; 

ʚʳʨʦʞʜʝʥʥʦʡ ʣʠʥʠʠ 022 =+yx  (ʪʦʯʢʘ (0,0)).  

0122 =++yx  ʥʝ ʷʚʣʷʝʪʩʷ ʫʨʘʚʝʥʠʝʤ ʣʠʥʠʠ (ʥʝʪ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʙʨʘ-

ʟʘ). 

 

6.1. ʋʈɸɺʅɽʅʀʗ ʇʈʗʄʆʁ ʅɸ ʇʃʆʉʂʆʉʊʀ 

ʋʨʘʚʥʝʥʠʝ ʧʨʷʤʦʡ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʟʘʜʘʥʥʫʶ ʪʦʯʢʫ ʠ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʟʘʜʘʥʥʦʤʫ ʚʝʢʪʦʨʫ 

ʊʝʦʨʝʤʘ 6.1. (ʦʩʥʦʚʥʘʷ ʪʝʦʨʝʤʘ ʦ ʧʨʷʤʦʡ ʥʘ ʧʣʦʩʢʦʩʪʠ). ʅʘ ʧʣʦʩʢʦʩʪʠ ʚ 

ɼʇʉʂ ʢʘʞʜʘʷ ʧʨʷʤʘʷ ʟʘʜʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʧʝʨʚʦʡ ʩʪʝʧʝʥʠ, ʠ ʥʘʦʙʦʨʦʪ: ʢʘʞʜʦʝ 

ʫʨʘʚʥʝʥʠʝ ʧʝʨʚʦʡ ʩʪʝʧʝʥʠ ʟʘʜʘʝʪ ʧʨʷʤʫʶ ʥʘ ʧʣʦʩʢʦʩʪʠ ʚ ɼʇʉʂ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ɼʦʢʘʞʝʤ, ʯʪʦ ʥʘ ʧʣʦʩʢʦʩʪʠ ʚ ɼʇʉʂ ʢʘʞʜʘʷ ʧʨʷʤʘʷ ʟʘʜʘ-

ʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʧʝʨʚʦʡ ʩʪʝʧʝʥʠ. 

ʇʫʩʪʴ ʥʘ ʧʣʦʩʢʦʩʪʠ ʟʘʜʘʥʘ ɼʇʉʂ, ʠʤʝʝʪʩʷ ʧʨʷʤʘʷ L, ʧʨʦʭʦʜʷʱʘʷ ʯʝʨʝʟ 

ʪʦʯʢʫ ),( 000 yxM , ( )BAN ,=
 
 ï ʥʝʥʫʣʝʚʦʡ ʚʝʢʪʦʨ, ʧʝʨʧʝʥʢʫʣʷʨʥʳʡ L (ʨʠʩ. 6.1).  

ɺʦʟʴʤʝʤ ʣʶʙʫʶ ʪʦʯʢʫ LyxM Í),( . ʇʦʩʢʦʣʴʢʫ NMM ^0 , ʧʦ ʫʩʣʦʚʠʶ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʩʪʠ ʠʤʝʝʤ 00 =ÖNMM , ʪ.ʝ.  

( ) ( ) 000 =-+- yyBxxA .                                    (6.1) 

ʋʨʘʚʥʝʥʠʝ (6.1) ʥʘʟʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʧʨʷʤʦʡ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʟʘʜʘʥ-

ʥʫʶ ʪʦʯʢʫ ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʟʘʜʘʥʥʦʤʫ ʚʝʢʪʦʨʫ. 

ʋʨʘʚʥʝʥʠʝ (6.1) ʷʚʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʧʝʨʚʦʡ ʩʪʝʧʝʥʠ, ʪʘʢ ʢʘʢ ὃȠὄ

πȠπȢ  

ɼʦʢʘʟʘʣʠ, ʯʪʦ ʥʘ ʧʣʦʩʢʦʩʪʠ ʚ ɼʇʉʂ ʢʘʞʜʘʷ ʧʨʷʤʘʷ ʟʘʜʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ 

ʧʝʨʚʦʡ ʩʪʝʧʝʥʠ. 
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ʋʧʨʘʞʥʝʥʠʝ. ɼʦʢʘʞʠʪʝ, ʯʪʦ ʢʘʞʜʦʝ ʫʨʘʚʥʝʥʠʝ ʧʝʨʚʦʡ ʩʪʝʧʝʥʠ ʟʘʜʘʝʪ ʧʨ̫-

ʤʫʶ ʥʘ ʧʣʦʩʢʦʩʪʠ ʚ ɼʇʉʂ. 

ʇʨʠʤʝʨ 6.1. ɿʘʧʠʩʘʪʴ ʫʨʘʚʥʝʥʠʝ ʧʨʷʤʦʡ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʪʦʯʢʫ 

)1,7(0 -M  ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʚʝʢʪʦʨʫ ὔᴆ τȠσ. 

 ʈʝʰʝʥʠʝ: ʇʦ ʬʦʨʤʫʣʝ (6.1) ʠʤʝʝʤ 0)1(3)7(4 =++- yx . 

ʆʙʱʝʝ ʫʨʘʚʥʝʥʠʝ ʧʨʷʤʦʡ 

ɺʝʢʪʦʨ ὔᴆ ὃȠὄ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʡ ʧʨʷʤʦʡ, ʥʘʟʳʚʘʝʪʩʷ ʥʦʨʤʘʣʴʥʳʤ 

ʚʝʢʪʦʨʦʤ ʵʪʦʡ ʧʨʷʤʦʡ. 

ɽʩʣʠ CByAx =-- 00 , ʪʦ ʫʨʘʚʥʝʥʠʝ (6.1) ʧʨʠʤʝʪ ʚʠʜ: 

0=++ CByAx .                                                    (6.2) 

ʋʨʘʚʥʝʥʠʝ (6.2) ʥʘʟʳʚʘʝʪʩʷ ʦʙʱʠʤ ʫʨʘʚʥʝʥʠʝʤ ʧʨʷʤʦʡ. 

ʆʙʱʝʝ ʫʨʘʚʥʝʥʠʝ ʧʨʷʤʦʡ (6.2) ʥʘʟʳʚʘʝʪʩʷ ʧʦʣʥʳʤ, ʝʩʣʠ ʚʩʝ CBA ,, ʥʝ ʨʘʚ-

ʥʳ ʥʫʣʶ. ɽʩʣʠ ʭʦʪʷ ʙʳ ʦʜʠʥ ʠʟ ʢʦʵʬʬʠʮʠʝʥʪʦʚ CBA ,,
 
ʨʘʚʝʥ ʥʫʣʶ, ʪʦ ʫʨʘʚʥʝ-

ʥʠʝ ʥʘʟʳʚʘʝʪʩʷ ʥʝʧʦʣʥʳʤ. 

ɺʠʜʳ ʥʝʧʦʣʥʳʭ ʫʨʘʚʥʝʥʠʡ: 

1 0=+ByAx  ʫʨʘʚʥʝʥʠʝ ʧʨʷʤʦʡ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ (0,0) 

2 0=+CAx  ʫʨʘʚʥʝʥʠʝ ʧʨʷʤʦʡ, ʧʘʨʘʣʣʝʣʴʥʦʡ ʦʩʠ ʆʫ 

3 0=+CBy  ʫʨʘʚʥʝʥʠʝ ʧʨʷʤʦʡ, ʧʘʨʘʣʣʝʣʴʥʦʡ ʦʩʠ ʆʭ 

4 0=Ax  ʫʨʘʚʥʝʥʠʝ ʦʩʠ ʆʫ 

5 0=By  ʫʨʘʚʥʝʥʠʝ ʦʩʠ ʆʭ 

ʋʨʘʚʥʝʥʠʝ ʧʨʷʤʦʡ ʚ çʦʪʨʝʟʢʘʭè 

ɽʩʣʠ CBA ,, ʥʝ ʨʘʚʥʳ ʥʫʣʶ, ʪʦ ʠʟ ʦʙʱʝʛʦ ʫʨʘʚʥʝʥʠʷ (6.2) ʧʦʣʫʯʠʤ 

  
ρ. 

 

ʈʠʩ. 6.1. ʇʨʷʤʘʷ L, ʧʨʦʭʦʜʷʱʘʷ ʯʝʨʝʟ ʪʦʯʢʫ ),( 000 yxM , ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ   

ʚʝʢʪʦʨʫ ὔᴆ ὃȠὄ 

O                                
L 

x 

y 

ὓ ὼȟώ  

ὓὼȟώ 

ὔᴆ ὃȠὄ 
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ʇʦʣʦʞʠʚ 
B

C
b

A

C
a -=-= , , ʠʤʝʝʤ ʫʨʘʚʥʝʥʠʝ ʧʨʷʤʦʡ ʚ çʦʪʨʝʟʢʘʭè: 

1=+
b

y

a

x
.                                                  (6.3) 

ɻʝʦʤʝʪʨʠʯʝʩʢʠʡ ʩʤʳʩʣ ba,
 

(ʨʠʩ. 6.2): ʚʝʣʠʯʠʥʳ ʦʪʨʝʟʢʦʚ, ʦʪʩʝʢʘʝʤʳʝ 

ʧʨʷʤʦʡ ʥʘ ʦʩʷʭ ʆʭ ʠ ʆʫ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʦʪʩʯʠʪʳʚʘʪʁʩʷ ʦʪ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ). 

 

ʇʨʠʤʝʨ 6.2. ɼʘʥʦ ʦʙʱʝʝ ʫʨʘʚʥʝʥʠʝ ʧʨʷʤʦʡ 0234 =-+ yx . ɿʘʧʠʩʘʪʴ ʫʨʘʚ-

ʥʝʥʠʝ ʧʨʷʤʦʡ ʚ çʦʪʨʝʟʢʘʭè. 

 ʈʝʰʝʥʠʝ: 234 =+ yx , 1
2

3

2

4
=+

yx
, ρ, ρ (ʨʠʩ. 6.2, a). 

ʂʘʥʦʥʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʧʨʷʤʦʡ 

ʃʶʙʦʡ ʥʝʥʫʣʝʚʦʡ ʚʝʢʪʦʨ, ʧʘʨʘʣʣʝʣʴʥʳʡ ʜʘʥʥʦʡ ʧʨʷʤʦʡ, ʥʘʟʳʚʘʝʪʩʷ ʝʝ 

ʥʘʧʨʘʚʣʷʶʱʠʤ ʚʝʢʪʦʨʦʤ. 

ʇʫʩʪʴ ʥʘ ʧʣʦʩʢʦʩʪʠ ʚ ɼʇʉʂ ήᴆ ὰȠά  ï ʥʘʧʨʘʚʣʷʶʱʠʡ ʚʝʢʪʦʨ ʧʨʷʤʦʡ L, 

ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʪʦʯʢʫ ),( 111 yxM  (ʨʠʩ. 6.3, ʘ).  

ʇʫʩʪʴ ),( yxM  ï ʪʦʯʢʘ, ʣʝʞʘʱʘʷ ʥʘ ʜʘʥʥʦʡ ʧʨʷʤʦʡ, ʪʦʛʜʘ ʚʝʢʪʦʨ r MM1

ʠ q  ï ʢʦʣʣʠʥʝʘʨʥʳ, ʠ ʧʦ ʫʩʣʦʚʠʶ ʢʦʣʣʠʥʝʘʨʥʦʩʪʠ ʜʚʫʭ ʚʝʢʪʦʨʦʚ ʠʤʝʝʤ: 

m

yy

l

xx 11 -
=

-
.                                            (6.4) 

  

ʘ) ʙ) 

 
 

ʚ) ʛ) 

ʈʠʩ. 6.2. ʘ ï 0,0 >> ba , ʙ ï 0,0 >< ba , ʚ ï 0,0 <> ba , ʛ ï 0,0 << ba  

y 

x O a

b

x 

y 

O a

b

x O 

y 

a

b

x O 

y 

a

b
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ʋʨʘʚʥʝʥʠʝ (6.4) ʥʘʟʳʚʘʝʪʩʷ ʢʘʥʦʥʠʯʝʩʢʠʤ ʫʨʘʚʥʝʥʠʝʤ ʧʨʷʤʦʡ. 

ɽʩʣʠ 0=l , ʪʦ ʠʟ qMM l=1  ʧʦʣʫʯʠʤ 01=-xx . 

ʇʨʠʤʝʨ 6.3. ɿʘʧʠʩʘʪʴ ʫʨʘʚʥʝʥʠʝ ʧʨʷʤʦʡ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʪʦʯʢʫ 

( )5,20 -M  ʠ ʧʘʨʘʣʣʝʣʴʥʦʡ ʚʝʢʪʦʨʫ ( )3;1-=q . 

ʈʝʰʝʥʠʝ: ʇʦ ʬʦʨʤʫʣʝ (6.4) ʠʤʝʝʤ  
3

5

1

2

-

-
=

+ yx
. 

ʋʨʘʚʥʝʥʠʝ ʧʨʷʤʦʡ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʜʚʝ ʟʘʜʘʥʥʳʝ ʪʦʯʢʠ 

ʇʫʩʪʴ ʥʘ ʧʨʷʤʦʡ L ʟʘʜʘʥʳ ʜʚʝ ʪʦʯʢʠ ),(
111

yxM  ʠ  ),(
222

yxM  (ʨʠʩ. 6.3, ʙ). 

ʇʦʜʩʪʘʚʠʚ ( )121221 , yyxxMMq --==  ʚ (6.4), ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ ʧʨʷ-

ʤʦʡ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʜʚʝ ʟʘʜʘʥʥʳʝ ʪʦʯʢʠ ),( 111 yxM  ʠ  ),( 222 yxM : 

12

1

12

1

yy

yy

xx

xx

-

-
=

-

-
.                                           (6.5)     

ʇʨʠʤʝʨ 6.4. ɿʘʧʠʩʘʪʴ ʫʨʘʚʥʝʥʠʝ ʧʨʷʤʦʡ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʪʦʯʢʠ: 

ʘ) ( )4,11-M  ʠ ( )5,32 -M ;  

ʙ) )4,3(1M  ʠ ( )4,52M .  

ʈʝʰʝʥʠʝ: ʇʦ ʬʦʨʤʫʣʝ (6.5) ʠʤʝʝʤ: 

ʘ)  
45

4

13

1

-

-
=

+-

+ yx
, ʪ.ʝ. 

1

4

2

1 -
=

-

+ yx
;  

ʙ) 
44

4

35

3

-

-
=

-

- yx
, ʪ.ʝ. 

0

4

2

3 -
=

- yx
, 04=-y , 4=y . 

 

 

 
 

ɸ 

 

ʙ 

ʈʠʩ. 6.3. ʇʨʷʤʘʷ L, ʧʨʦʭʦʜʷʱʘʷ: ʘ  ï ʯʝʨʝʟ ʪʦʯʢʫ ),( 111 yxM  ʩ ʥʘʧʨʘʚʣʷʶʱʠʤ  

ʚʝʢʪʦʨʦʤ ή ὰȠά ; ʙ  ï ʯʝʨʝʟ ʪʦʯʢʠ ),( 111 yxM  ʠ  ),( 222 yxM  

O x 

y                                           L 
 
 
 

                                             
 

                                      
     

),( mlq=

O x 

y                                           L 
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ʇʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʧʨʷʤʦʡ 

ɺ (6.4) ʧʦʣʦʞʠʤ t
m

yy
t

l

xx
=

-
=

- 11 , , ʠ ʧʦʣʫʯʠʤ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʫʨʘʚ-

ʥʝʥʠʷ ʧʨʷʤʦʡ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʪʦʯʢʫ ),( 111 yxM , ʩ ʥʘʧʨʘʚʣʷʶʱʠʤ ʚʝʢʪʦ-

ʨʦʤ ( )mlq ,= : 

í
ì
ë

Í+=

+=

Rtmtyy

ltxx

,1

1
.                                          (6.6) 

ʋʨʘʚʥʝʥʠʝ ʧʨʷʤʦʡ ʩ ʫʛʣʦʚʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ɽʩʣʠ 0̧B , ʪʦ ʠʟ ʦʙʱʝʛʦ ʫʨʘʚʥʝʥʠʷ (6.2) ʧʨʷʤʦʡ ʧʦʣʫʯʠʤ 

bkxy += ,                                                    (6.7) 

ʛʜʝ 
B

A
k -= ,  

B

C
b -= . 

atg=k  (Ŭ  ï ʫʛʦʣ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʧʨʷʤʦʡ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʦʩʠ ʆʭ, 0 Ò Ŭ < ,́ 
2

p
a¸ ), b ï ʦʨʜʠʥʘʪʘ ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʧʨʷʤʦʡ ʩ ʦʩʴʶ Oy 

(ʨʠʩ. 6.4). 

k ʥʘʟʳʚʘʝʪʩʷ ʫʛʣʦʚʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʨʷʤʦʡ, ʘ ʫʨʘʚʥʝʥʠʝ (6.7) ï ʫʨʘʚʥʝ-

ʥʠʝʤ ʧʨʷʤʦʡ ʩ ʫʛʣʦʚʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ.  

ɽʩʣʠ 0=B , 0̧A , ʪʦ ʠʟ ʦʙʱʝʛʦ ʫʨʘʚʥʝʥʠʷ (6.2) ʧʨʷʤʦʡ ʧʦʣʫʯʠʤ 
A

C
x -= . 

 

 

 

           

ʘ ʙ ɺ 

 

ʈʠʩ. 6.4. ʘ  ï 0=a , k=0; ʙ  ï 
2

0
p

a<< , k>0; ʚ  ï pa
p

<<
2

, k<0 

y                                 
                                   
b                
 

x ʆ 

y                                 
                                   
b                
 

x ʆ 

a

y                                 
                                   
b                
 

x ʆ 

a
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ʋʨʘʚʥʝʥʠʝ ʧʨʷʤʦʡ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʟʘʜʘʥʥʫʶ ʪʦʯʢʫ  

ʩ ʟʘʜʘʥʥʳʤ ʫʛʣʦʚʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʇʫʩʪʴ ʧʨʷʤʘʷ L ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʪʦʯʢʫ ),( 111 yxM , Ŭ ï ʫʛʦʣ ʥʘʢʣʦʥʘ 

ʧʨʷʤʦʡ L ʢ ʦʩʠ ʆʭ, k ï ʝʝ ʫʛʣʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ. ʊʘʢ ʢʘʢ L),( 111 ÍyxM , ʪʦ 

bkxy += 11  ʠʣʠ 11 kxyb -= . ʇʦʜʩʪʘʚʠʤ ʜʘʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʚ (6.7) ʠ ʧʦʣʫ-

ʯʠʤ 11 kxykxbkxy -+=+= , ʪ.ʝ.  

)( 11 xxkyy -=- .
                                                      

(6.8) 

ʋʨʘʚʥʝʥʠʝ (6.8) ʥʘʟʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʧʨʷʤʦʡ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʟʘʜʘʥ-

ʥʫʶ ʪʦʯʢʫ ),( 111 yxM  ʩ ʟʘʜʘʥʥʳʤ ʫʛʣʦʚʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ k. 

ʅʦʨʤʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʧʨʷʤʦʡ 

ʇʫʩʪʴ ʥʘ ʧʣʦʩʢʦʩʪʠ ʟʘʜʘʥʘ ʧʨʷʤʘʷ L, ʨ ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ 

O(0,0) ʜʦ ʧʨʷʤʦʡ L, Ŭ ï ʫʛʦʣ ʤʝʞʜʫ ʚʝʢʪʦʨʦʤ ( )aasin;cos=n , ʧʝʨʧʝʥʜʠʢʫʣʷʨ-

ʥʤr ʢ ʧʨʷʤʦʡ L, ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʦʩʠ ʆʭ (ʨʠʩ. 6.5, ʘ).  

ʇʫʩʪʴ L),( 000 ÍyxM (ʨʠʩ. 6.5, ʙ), ʪʦʛʜʘ  

0
0

0 OMn
n

OMn
OMʧʨp

n
Ö=

Ö
== . 

ɺʦʟʴʤʝʤ ʥʘ ʧʨʷʤʦʡ L ʧʨʦʠʟʚʦʣʴʥʫʶ ʪʦʯʢʫ ),( yxM (ʨʠʩ. 6.5, ʚ), ʦʪʢʫʜʘ 

nMM ^0 . ʇʦ ʫʩʣʦʚʠʶ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʩʪʠ ʧʦʣʫʯʠʤ 00 =Ö MMn .  

ʆʪʢʫʜʘ ( )00 =-Ö OMOMn , 00=Ö-Ö OMnOMn . ʇʦʩʢʦʣʴʢʫ  

0OMnp Ö=
 
ʠ aa sincos yxOMn +=Ö

 
, 

ʪʦ ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʦʣʫʯʠʤ 

0sincos =-+ pyx aa . 
                                                  

(6.9)
 

ʋʨʘʚʥʝʥʠʝ (6.9) ʥʘʟʳʚʘʝʪʩʷ ʥʦʨʤʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʧʨʷʤʦʡ. 

   

ʘ ʙ ʚ 

ʈʠʩ. 6.5 

ὲᴆ 

y 

 x O 

ὴ 

‌ 

x O 

y 

ὴ 

ὲᴆ 

‌ 

ὓ ὼȟώ  

O x 

y 

ὓ ὼȟώ  
ὴ 

ὲᴆ 
‌ 

ὓὼȟώ 
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6.2. ɺɿɸʀʄʅʆɽ ʈɸʉʇʆʃʆɾɽʅʀɽ ɼɺʋʍ ʇʈʗʄʓʍ ʅɸ ʇʃʆʉʂʆʉʊʀ 

ʋʛʣʦʤ ʤʝʞʜʫ ʜʚʫʤʷ ʧʨʷʤʳʤʠ 1L  ʠ 2L  ʥʘ ʧʣʦʩʢʦʩʪʠ ʥʘʟʳʚʘʝʪʩʷ ʣʶʙʦʡ ʠʟ 

ʜʚʫʭ ʩʤʝʞʥʳʭ ʫʛʣʦʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʠʤʠ ʧʨʠ ʧʝʨʝʩʝʯʝʥʠʠ (ʨʠʩ. 6.6, ʘ). 

ʇʨʷʤʳʝ ʟʘʜʘʥʳ ʦʙʱʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ 

ʇʫʩʪʴ ʜʚʝ ʧʨʷʤʳʝ ʟʘʜʘʥʳ ʦʙʱʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ: 

.0:

0:

2222

1111

=++

=++

CyBxAL

CyBxAL
 

ὔᴆ ὃȠὄ , ὔᴆ ὃȠὄ  ï ʥʦʨʤʘʣʴʥʳʝ ʚʝʢʪʦʨʳ ʧʨʷʤʳʭ 1L , 2L , ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ (ʨʠʩ. 6.6, ʙ). 

ʋʛʦʣ ʤʝʞʜʫ ʜʚʫʤʷ ʧʨʷʤʳʤʠ ʨʘʚʥʷʝʪʩʷ ʫʛʣʫ ű ʤʝʞʜʫ ʠʭ ʥʦʨʤʘʣʴʥʳʤʠ ʚʝʢ-

ʪʦʨʘʤʠ, ʧʦʵʪʦʤʫ 

2
2

2
2

2
1

2
1

2121

21

21cos
BABA

BBAA

NN

NN

+Ö+

+
=

Ö

Ö
=j .                        (6.10) 

ʇʨʠʤʝʨ 6.5. ʅʘʡʪʠ ʫʛʦʣ ʤʝʞʜʫ ʧʨʷʤʳʤʠ 032 =++ yx  ʠ 0943 =-+- yx . 

ʈʝʰʝʥʠʝ. ὔᴆ ρȠς ʠ ὔᴆ σȠτ
 
ï ʥʦʨʤʘʣʴʥʳʝ ʚʝʢʪʦʨʳ ʟʘʜʘʥʥʳʭ ʧʨʷ-

ʤʳʭ. ʇʦ ʬʦʨʤʫʣʝ (6.10) ʠʤʝʝʤ 

447,0
5

5

55

5

16941

83
cos º==

+Ö+

+-
=j , 

ʦʪʢʫʜʘ 435,63ºj . 

 

 

 

  

ʘ ʙ 

ʈʠʩ. 6.6.  ʘ  ï ʋʛʣʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʧʨʠ ʧʝʨʝʩʝʯʝʥʠʠ ʧʨʷʤʳʭ 
1L ʠ 2L ;  

ʙ  ï ʫʛʦʣ ű ʤʝʞʜʫ ʥʦʨʤʘʣʴʥʳʤʠ ʚʝʢʪʦʨʘʤʠ 1N  
ʠ 2N  

y 

ʆ                                         ʭ 

 

1L 2L

 

1Ly 
 
 
 
 
 
 
 
O 
 
 

x 

2L

• 

• 

ὔᴆ ὃȠὄ  

ὔᴆ ὃȠ ὄ  
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ʋʩʣʦʚʠʝ ʧʘʨʘʣʣʝʣʴʥʦʩʪʠ ʜʚʫʭ ʧʨʷʤʳʭ 

ʇʨʷʤʳʝ 1L  ʠ 2L  ʧʘʨʘʣʣʝʣʴʥʳ ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʠʭ ʥʦʨʤʘʣʴʥʳʝ 

ʚʝʢʪʦʨʳ ὔᴆ ὃȠὄ , ὔᴆ ὃȠ ὄ
 
ʢʦʣʣʠʥʝʘʨʥʳ (ʨʠʩ. 6.7, ʘ), ʪ.ʝ. 12 NN l= , ʠ 

ʝʩʣʠ 22,BA  Í 0, ʪʦ 

2

1

2

1

B

B

A

A
= .                                                

 
(6.11)

 

ʇʨʠʤʝʨ 6.6. ʇʦʢʘʟʘʪʴ, ʯʪʦ ʧʨʷʤʳʝ 0142 =-+ yx  ʠ 013126 =++ yx  ʧʘʨʘʣ-

ʣʝʣʴʥʳ. 

ʈʝʰʝʥʠʝ. ὔᴆ ςȠτ, ὔᴆ φȠρς
 
ï ʥʦʨʤʘʣʴʥʳʝ ʚʝʢʪʦʨʳ ʟʘʜʘʥʥʳʭ ʧʨʷʤʳʭ. 

ʇʦʩʢʦʣʴʢʫ ʫʩʣʦʚʠʝ ʧʘʨʘʣʣʝʣʴʥʦʩʪʠ ʜʚʫʭ ʧʨʷʤʳʭ (6.11) ʚʳʧʦʣʥʷʝʪʩʷ: 

12

4

6

2
= , 

ʟʥʘʯʠʪ, ʧʨʷʤʳʝ ʧʘʨʘʣʣʝʣʴʥʳ. 

ʋʩʣʦʚʠʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʩʪʠ ʜʚʫʭ ʧʨʷʤʳʭ 

ʇʨʷʤʳʝ 1L  ʠ 2L  ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʠʭ ʥʦʨ-

ʤʘʣʴʥʳʝ ʚʝʢʪʦʨʳ ὔᴆ ὃȠ ὄ , ὔᴆ ὃȠὄ
 
ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ (ʨʠʩ. 6.7, ʙ), ʪ.ʝ. 

0cos =j  ʠʣʠ 

02121 =+ BBAA .                                    
 
(6.12)

 

ʇʨʠʤʝʨ 6.7. ʇʦʢʘʟʘʪʴ, ʯʪʦ ʧʨʷʤʳʝ 0534 =+- yx  ʠ 0986 =++ yx  ʧʝʨʧʝʥʜʠʢʫ-

ʣʷʨʥʳ. 

ʈʝʰʝʥʠʝ. ὔᴆ τȠσ, ὔᴆ φȠψ
 
ï ʥʦʨʤʘʣʴʥʳʝ ʚʝʢʪʦʨʳ ʟʘʜʘʥʥʳʭ ʧʨʷʤʳʭ. 

ʇʦʩʢʦʣʴʢʫ ʫʩʣʦʚʠʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʩʪʠ ʜʚʫʭ ʧʨʷʤʳʭ (6.12)  

08)3(642121 =Ö-+Ö=+ BBAA  

  

ʘ ʙ 

ʈʠʩ. 6.7. ʘ  ï ʧʨʷʤʳʝ 
1L ʠ 2L  ʧʘʨʘʣʣʝʣʴʥʳ, ʙ  ï ʧʨʷʤʳʝ 

1L ʠ 2L  ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ 

  y 

x 

1L

2L

ὔᴆ 

ὔᴆ 

0 

y 

0 
2L

ὔᴆ 

ὔᴆ 

ὒ 
x 
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ʚʳʧʦʣʥʷʝʪʩʷ, ʟʥʘʯʠʪ, ʧʨʷʤʳʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ. 

ʇʨʷʤʳʝ ʟʘʜʘʥʳ ʢʘʥʦʥʠʯʝʩʢʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ 

ʇʫʩʪʴ ʜʚʝ ʧʨʷʤʳʝ ʟʘʜʘʥʳ ʢʘʥʦʥʠʯʝʩʢʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ: 

.:

:

2

2

2

2
2

1

1

1

1
1

m

yy

l

xx
L

m

yy

l

xx
L

-
=

-

-
=

-

 

( )111 ,mlq = , ( )222 ,mlq =  ï ʥʘʧʨʘʚʣʷʶʱʠʝ ʚʝʢʪʦʨʳ ʧʨʷʤʳʭ 
1L , 

2L , ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ. 

ʋʛʦʣ ʤʝʞʜʫ ʜʚʫʤʷ ʧʨʷʤʳʤʠ ʨʘʚʥʷʝʪʩʷ ʫʛʣʫ ű  ʤʝʞʜʫ ʠʭ ʥʘʧʨʘʚʣʷʶʱʠʤʠ 

ʚʝʢʪʦʨʘʤʠ, ʧʦʵʪʦʤʫ 

2
2

2
2

2
1

2
1

2121

21

21cos
mlml

mmll

qq

qq

+Ö+

+
=

Ö

Ö
=j .                         (6.13)

 

ʋʩʣʦʚʠʝ ʧʘʨʘʣʣʝʣʴʥʦʩʪʠ ʜʚʫʭ ʧʨʷʤʳʭ 

ʇʨʷʤʳʝ 1L  ʠ 2L  ʧʘʨʘʣʣʝʣʴʥʳ ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʠʭ ʥʘʧʨʘʚʣʷʶ-

ʱʠʝ ʚʝʢʪʦʨʳ ( )111 ,mlq = , ( )222 ,mlq =
 
ʢʦʣʣʠʥʝʘʨʥʳ, ʪ.ʝ.  

2

1

2

1

m

m

l

l
= .                                                 

 
(6.14)

 

ʋʩʣʦʚʠʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʩʪʠ ʜʚʫʭ ʧʨʷʤʳʭ 

ʇʨʷʤʳʝ 1L  ʠ 2L  ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʠʭ 

ʥʘʧʨʘʚʣʷʶʱʠʝ ʚʝʢʪʦʨʳ ( )111 ,mlq = , ( )222 ,mlq =
 
ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ, ʪ.ʝ. 0cos =j  

ʠʣʠ 

02121 =+ mmll .                                        
 
(6.15)

 

ʇʨʷʤʳʝ ʟʘʜʘʥʳ ʫʨʘʚʥʝʥʠʷʤʠ ʩ ʫʛʣʦʚʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʇʫʩʪʴ ʜʚʝ ʧʨʷʤʳʝ ʟʘʜʘʥʳ ʫʨʘʚʥʝʥʠʷʤʠ ʩ ʫʛʣʦʚʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ: 

.:

:

222

111

bxkyL

bxkyL

+=

+=
 

1k , 2k  ï ʫʛʣʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʷʤʳʭ 
1L , 

2L , ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʫʩʪʴ 
12 aaj -= ï ʦʜʠʥ ʠʟ ʫʛʣʦʚ ʤʝʞʜʫ ʧʨʷʤʳʤʠ 

1L  ʠ 
2L , ʛʜʝ 

1a , 
2a  
ï 

ʫʛʣʳ ʥʘʢʣʦʥʳ ʧʨʷʤʳʭ 
1L  ʠ 

2L  ʢ ʦʩʠ ʆʭ (ʨʠʩ. 6.8). ʊʦʛʜʘ  

( )
21

12

21

12
12

1tgtg1

tgtg
tgtg

kk

kk

+

-
=

+

-
=-=

aa

aa
aaj . 
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ɽʩʣʠ ʧʦʤʝʥʷʪʴ ʤʝʩʪʘʤʠ 1k , 2k , ʪʦ ʧʦʣʫʯʠʤ ʜʨʫʛʦʡ ʚʪʦʨʦʡ ʫʛʦʣ ʤʝʞʜʫ 
1L  

ʠ 2L . ɽʩʣʠ ʥʫʞʝʥ ʦʩʪʨʳʡ ʫʛʦʣ, ʪʦ 

21

12

1
tg

kk

kk

+

-
=j .                                              (6.16)

 

ʋʩʣʦʚʠʝ ʧʘʨʘʣʣʝʣʴʥʦʩʪʠ ʜʚʫʭ ʧʨʷʤʳʭ 

ʇʨʷʤʳʝ 1L ʠ 2L  ʧʘʨʘʣʣʝʣʴʥʳ ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ű=0, 0tg =j , ʪ.ʝ. 

21 kk = .                                                     (6.17)
 

ʋʩʣʦʚʠʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʩʪʠ ʜʚʫʭ ʧʨʷʤʳʭ 

ʇʨʷʤʳʝ 1L ʠ 2L  ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ 
2

p
j= , jtg

ʥʝ ʩʫʱʝʩʪʚʫʝʪ, 0
1

ctg
12

21 =
-

+
=

kk

kk
j , ʪ.ʝ. 

1
2

1

k
k -= .                                                 

 
(6.18)

 

 

6.3. ʈɸʉʉʊʆʗʅʀɽ ʆʊ ʊʆʏʂʀ ɼʆ ʇʈʗʄʆʁ 

ʇʫʩʪʴ ʥʘ ʧʣʦʩʢʦʩʪʠ ʧʨʷʤʘʷ L ʟʘʜʘʥʘ ʦʙʱʠʤ ʫʨʘʚʥʝʥʠʝʤ: 

0=++ CByAx . 

ʈʘʩʩʪʦʷʥʠʝ d ʦʪ ʪʦʯʢʠ ),( 00 yxM  ʜʦ ʧʨʷʤʦʡ 0=++ CByAx  (ʨʠʩ. 6.9, ʘ) 

ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

22

00

BA

CByAx
d

+

++
= .                                         (6.19)   

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚʦʟʴʤʝʤ ʪʦʯʢʫ L),( 111 ÍyxM , ὔᴆ ὃȠὄ ï ʥʦʨʤʘʣʴʥʳʡ 

ʚʝʢʪʦʨ ʧʨʷʤʦʡ L (ʨʠʩ. 6.9, ʙ). ʈʘʩʩʪʦʷʥʠʝ d ʦʪ ʪʦʯʢʠ ),( 00 yxM  ʜʦ ʧʨʷʤʦʡ L: 

 

ʈʠʩ. 6.8 

 

1L

O 

y 2L

x 

• 
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.
)()(

22

1100

22

101001
01

BA

ByAxByAx

BA

ByyAxx

N

NMM
MMʧʨd

N
+

--+
=

+

-+-
=

Ö
==  

ʇʦʩʢʦʣʴʢʫ L),( 111 ÍyxM , ʪʦ 011 =++ CByAx  ʠ 11 ByAxC --= , ʧʦʣʫʯʠʤ 

ʬʦʨʤʫʣʫ (6.19). 

ɺ ʬʦʨʤʫʣʝ (6.19) ʚʳʨʘʞʝʥʠʝ ʧʦʜ ʤʦʜʫʣʝʤ ʠʤʝʝʪ ʟʥʘʢ ç+è, ʝʩʣʠ ʪʦʯʢʘ ʠ 

ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ ʦʪ ʧʨʷʤʦʡ (ʨʠʩ. 6.9, ʘ), ʟʥʘʢ 

çïè, ʝʩʣʠ ʦʥʠ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦ ʦʜʥʫ ʩʪʦʨʦʥʫ ʦʪ ʧʨʷʤʦʡ (ʨʠʩ. 6.10). 

ʇʨʠʤʝʨ 6.8. ʅʘʡʪʠ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʪʦʯʢʠ ( )5,20M  ʜʦ ʧʨʷʤʦʡ:  

ʘ) 0234 =-+- yx ; ʙ) 01734 =-+- yx . 

ʈʝʰʝʥʠʝ: ὔᴆ τȠσ ï ʥʦʨʤʘʣʴʥʳʡ ʚʝʢʪʦʨ ʜʘʥʥʦʡ ʧʨʷʤʦʡ.  

ʘ) ʇʦ ʬʦʨʤʫʣʝ (6.19) ʠʤʝʝʤ: 

1
5

5

5

5

3)4(

25324

22
===

+-

-Ö+Ö-
=d . 

 
 

ʘ ʙ 

ʈʠʩ. 6.9 

 

ʈʠʩ. 6.10 

L 

( )000 , yxM
y 

d 

x  O 

 

 

O 

L 

y 

( )111 , yxM
( )000 , yxM

ὔᴆ ὃȠὄ 
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L 

( )000 , yxM
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x 
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ɿʘʤʝʪʠʤ, ʯʪʦ ʪʦʯʢʘ ( )5,20M  ʠ ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦ ʦʜʥʫ ʩʪʦ-

ʨʦʥʫ ʦʪ ʧʨʷʤʦʡ (ʟʥʘʢ ç+è). 

ʙ) ʇʦ ʬʦʨʤʫʣʝ (6.19) ʠʤʝʝʤ: 

2
5

10

5

10

3)4(

175324

22
==

-
=

+-

-Ö+Ö-
=d . 

ɿʘʤʝʪʠʤ, ʯʪʦ ʪʦʯʢʘ ( )5,20M  ʠ ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦ ʦʜʥʫ ʩʪʦ-

ʨʦʥʫ ʦʪ ʧʨʷʤʦʡ (ʟʥʘʢ çïè). 

 

6.4. ʂʈʀɺʓɽ ɺʊʆʈʆɻʆ ʇʆʈʗɼʂɸ 

ʃʠʥʠʝʡ (ʢʨʠʚʦʡ) ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʥʘʟʳʚʘʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʪʦʯʝʢ ʧʣʦʩʢʦʩʪʠ, 

ʜʝʢʘʨʪʦʚʳʝ ʢʦʦʨʜʠʥʘʪʳ ʢʦʪʦʨʳʭ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʘʣʛʝʙʨʘʠʯʝʩʢʦʤʫ ʫʨʘʚʥʝʥʠʶ 

ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ ʦʪʥʦʩʠʪʝʣʴʥʦ x,y 

0222 22 =+++++ FEyDxCyBxyAx ,                               (6.20) 

ʛʜʝ ɸ, ɺ, ʉ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝ ʨʘʚʥʳ ʥʫʣʶ. 

ʋʨʘʚʥʝʥʠʝ (6.20) ʥʘʟʳʚʘʝʪʩʷ ʦʙʱʠʤ ʫʨʘʚʥʝʥʠʝʤ ʣʠʥʠʠ (ʢʨʠʚʦʡ) ʚʪʦʨʦʛʦ 

ʧʦʨʷʜʢʘ. 

ʃʝʤʤʘ 6.1. ʇʫʩʪʴ ʚ ɼʇʉʂ ʆʭy ʟʘʜʘʥʦ ʫʨʘʚʥʝʥʠʝ (6.20). ʇʨʠ ʧʦʤʦʱʠ ʧʘ-

ʨʘʣʣʝʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʦʚʦʨʦʪʘ ʦʩʝʡ ʢʦʦʨʜʠ-

ʥʘʪ ʥʘ ʥʝʢʦʪʦʨʳʡ ʫʛʦʣ Ŭ ʫʨʘʚʥʝʥʠʝ (6.20) ʧʨʠʚʦʜʠʪʩʷ ʢ ʚʠʜʫ (ʚ ʥʦʚʦʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ O
ó
uv)  

 .022 =¡+¡+¡ FvCuA                                                         (6.21) 

ɺʝʣʠʯʠʥʘ 2BAC-  ʥʘʟʳʚʘʝʪʩʷ ʠʥʚʘʨʠʘʥʪʦʤ ʫʨʘʚʥʝʥʠʷ (6.20). 

ʃʠʥʠʠ (ʢʨʠʚʳʝ) ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ 3 ʪʠʧʘ: 

1) ʵʣʣʠʧʪʠʯʝʩʢʠʡ, ʝʩʣʠ 02>-BAC ; 

2) ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʡ, ʝʩʣʠ 02<-BAC ; 

3) ʧʘʨʘʙʦʣʠʯʝʩʢʠʡ, ʝʩʣʠ 02=-BAC . 

ʊʝʦʨʝʤʘ 6.2. ʇʫʩʪʴ ʚ ɼʇʉʂ ʆʭy ʟʘʜʘʥʦ ʫʨʘʚʥʝʥʠʝ (6.20). ʊʦʛʜʘ ʩʫʱʝʩʪʚʫ-

ʝʪ ʧʨʷʤʦʫʛʦʣʴʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ uv, ʚ ʢʦʪʦʨʦʡ ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʧʨʠʥʠʤʘʝʪ 

ʦʜʠʥ ʠʟ 9 ʢʘʥʦʥʠʯʝʩʢʠʭ ʚʠʜʦʚ: 

1) 1
2

2

2

2

=+
b

v

a

u
 (ʵʣʣʠʧʩ);  

2) 1
2

2

2

2

-=+
b

v

a

u
 (ʤʥʠʤʳʡ ʵʣʣʠʧʩ); 

3) 0
2

2

2

2

=+
b

v

a

u
 (ʪʦʯʢʘ); 
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4) 1
2

2

2

2

=-
b

v

a

u
 (ʛʠʧʝʨʙʦʣʘ); 

5) 0
2

2

2

2

=-
b

v

a

u
 (ʧʘʨʘ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʧʨʷʤʳʭ); 

6) puv 22=  (ʧʘʨʘʙʦʣʘ); 

7) 022 =-av  (ʧʘʨʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʷʤʳʭ); 

8) 022 =+av  (ʧʘʨʘ ʤʥʠʤʳʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʷʤʳʭ); 

9) 02=v  (ʧʘʨʘ ʩʦʚʧʘʜʘʶɦʠʭ ʧʨʷʤʳʭ). 

ʋʨʘʚʥʝʥʠʷ (1-9) ʥʘʟʳʚʘʶʪʩʷ ʢʘʥʦʥʠʯʝʩʢʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʣʠʥʠʡ 2-ʛʦ ʧʦʨʷʜ-

ʢʘ. ʂ ʵʣʣʠʧʪʠʯʝʩʢʦʤʫ ʪʠʧʫ ʦʪʥʦʩʷʪʩʷ ʣʠʥʠʠ (1-3), ʢ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʤʫ ï ʣʠʥʠʠ 

(4-5), ʢ ʧʘʨʘʙʦʣʠʯʝʩʢʦʤʫ ï (6-9).  

ʃʠʥʠʠ (ʢʨʠʚʳʝ) ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʙʳʚʘʶʪ ʥʝʚʳʨʦʞʜʝʥʥʳʤʠ (ʵʪʦ ʣʠʥʠʠ, 

ʦʧʠʩʳʚʘʝʤʳʝ ʫʨʘʚʥʝʥʠʷʤʠ 1,4,6, ʠ ʥʘʟʳʚʘʝʤʳʝ ʵʣʣʠʧʩʦʤ, ʛʠʧʝʨʙʦʣʦʡ, ʧʘʨʘʙʦ-

ʣʦʡ) ʠ ʚʳʨʦʞʜʝʥʥʳʤʠ (ʦʩʪʘʣʴʥʳʝ 6 ʚʠʜʦʚ). 

ʆʧʠʩʘʥʥʳʡ ʧʦʜʭʦʜ ʥʘʟʳʚʘʝʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠʤ. 

ɻʝʦʤʝʪʨʠʯʝʩʢʠ ʢʨʠʚʳʝ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʝʱʝ ʚ ʜʨʝʚʥʝʡ 

ɻʨʝʮʠʠ ʢʘʢ ʢʦʥʠʯʝʩʢʠʝ ʩʝʯʝʥʠʷ (ʧʝʨʝʩʝʯʝʥʠʝ ʧʣʦʩʢʦʩʪʠ ʩ ʢʦʥʫʩʦʤ) (ʨʠʩ. 6.11). 

ʕʣʣʠʧʩ 

ʕʣʣʠʧʩʦʤ ʥʘʟʳʚʘʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʚʩʝʭ ʪʦʯʝʢ ʧʣʦʩʢʦʩʪʠ, ʩʫʤʤʘ ʨʘʩʩʪʦʷʥʠʡ 

ʦʪ ʢʘʞʜʦʡ ʠʟ ʢʦʪʦʨʳʭ ʜʦ ʜʚʫʭ ʜʘʥʥʳʭ ʪʦʯʝʢ (ʬʦʢʫʩʦʚ) ʧʣʦʩʢʦʩʪʠ ʝʩʪʴ ʚʝʣʠʯʠʥʘ 

ʧʦʩʪʦʷʥʥʘʷ, ʙʦʣʴʰʘʷ, ʯʝʤ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʬʦʢʫʩʘʤʠ. 

ʇʫʩʪʴ ʥʘ ʧʣʦʩʢʦʩʪʠ ʟʘʜʘʥʘ ɼʇʉʂ. 

ʈʘʩʧʦʣʦʞʠʤ ʬʦʢʫʩʳ ʵʣʣʠʧʩʘ ʥʘ ʦʩʠ ʆʭ ʩʠʤʤʝʪʨʠʯʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʯʘʣʘ 

ʢʦʦʨʜʠʥʘʪ ʆ(0,0). ʆʙʦʟʥʘʯʠʤ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʬʦʢʫʩʘʤʠ ʯʝʨʝʟ 2ʩ, ʪ.ʝ. 

cFF 221 = , ʪʦʛʜʘ )0,(1 cF - , )0,(2 cF  ï ʬʦʢʫʩʳ ʵʣʣʠʧʩʘ. ʆʙʦʟʥʘʯʠʤ ʩʫʤʤʫ ʨʘʩ-

ʩʪʦʷʥʠʡ ʦʪ ʣʶʙʦʡ ʪʦʯʢʠ ʄ(ʭ,ʫ) ʵʣʣʠʧʩʘ ʜʦ ʬʦʢʫʩʦʚ F1 ʠ F2  ʯʝʨʝʟ 2a, ʪ.ʝ. 

aMFMF 221 =+ . ʀʟ ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʣʠʧʩʘ ʩʣʝʜʫʝʪ 2a>2c, ʪ.ʝ. a>c.  

ʕʣʣʠʧʩ ʟʘʜʘʝʪʩʷ ʢʘʥʦʥʠʯʝʩʢʠʤ ʫʨʘʚʥʝʥʠʝʤ: 

1
2

2

2

2

=+
b

y

a

x
.
                                                

(6.22) 

ʂʨʠʚʘʷ ʩʠʤʤʝʪʨʠʯʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʡ ʆʭ, ʆʫ ʠ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ ʆ(0,0), 

ʧʝʨʝʩʝʢʘʝʪ ʦʩʠ ʆʭ, ʆʫ ʚ ʪʦʯʢʘʭ (ïʘ, 0), (ʘ, 0), (0, ïb), (0, b), ʛʜʝ 222 cbʘ += , 

ʥʘʟʳʚʘʝʤʳʤʠ ʝʛʦ ʚʝʨʰʠʥʘʤʠ (ʨʠʩ. 6.12). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʠ ʆʭ, ʆʫ ʷʚʣʷʶʪʩʷ 

ʦʩʷʤʠ ʩʠʤʤʝʪʨʠʠ ʵʣʣʠʧʩʘ. ʅʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ ʆ(0,0) ʥʘʟʳʚʘʝʪʩʷ ʮʝʥʪʨʦʤ ʣɻ-

ʣʠʧʩʘ. ʏʠʩʣʘ 2a, 2b ʥʘʟʳʚʘʶʪʩʷ ʦʩʷʤʠ, a, b ï ʧʦʣʫʦʩʷʤʠ ʵʣʣʠʧʩʘ. 
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ʕʢʩʮʝʥʪʨʠʩʠʪʝʪ 1<=
a

c
e  ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʬʦʨʤʫ ʵʣʣʠʧʩʘ.  

ɽʩʣʠ ba= , ʪʦ 0=e  ʠ 
222 ayx =+  ï ʦʢʨʫʞʥʦʩʪʴ. 

ʇʣʘʥʝʪʳ ʠ ʥʝʢʦʪʦʨʳʝ ʢʦʤʝʪʳ ʜʚʠʞʫʪʩʷ ʧʦ ʵʣʣʠʧʪʠʯʝʩʢʠʤ ʪʨʘʝʢʪʦʨʠʷʤ. 

ʕʢʩʮʝʥʪʨʠʩʠʪʝʪʳ ʧʣʘʥʝʪʥʳʭ ʦʨʙʠʪ ʙʣʠʟʢʠ ʢ 0, ʘ ʢʦʤʝʪʥʳʭ ʙʣʠʟʢʠ ʢ 1. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʣʘʥʝʪʳ ʜʚʠʞʫʪʩʷ ʧʦʯʪʠ ʧʦ ʦʢʨʫʞʥʦʩʪʠ, ʘ ʢʦʤʝʪʳ ʪʦ ʧʨʠʙʣʠʞʘʶʪʩʷ ʢ 

ʩʦʣʥʮʫ (ʩʦʣʥʮʝ ʥʘʭʦʜʠʪʩʷ ʚ ʦʜʥʦʤ ʠʟ ʬʦʢʫʩʦʚ ʠʭ ʦʨʙʠʪʳ), ʪʦ ʫʜʘʣʷʶʪʩʷ ʦʪ ʥʝ-

ʛʦ. 

   

ʘ ʙ ʚ 

 

 

 

ʛ ʜ e 

 

ʈʠʩ. 6.11. ʅʝʚʳʨʦʞʜʝʥʥʳʝ ʢʦʥʠʯʝʩʢʠʝ ʩʝʯʝʥʠʷ: ʵʣʣʠʧʩ (ʘ), ʧʘʨʘʙʦʣʘ (ʙ),  

ʛʠʧʝʨʙʦʣʘ (ʚ); ʚʳʨʦʞʜʝʥʥʳʝ ʢʦʥʠʯʝʩʢʠʝ ʩʝʯʝʥʠʷ: ʪʦʯʢʘ (ʛ), ʧʨʷʤʘʷ (ʜ),  

ʧʘʨʘ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʧʨʷʤʳʭ (ʝ) 



160 
 

 

ʋʨʘʚʥʝʥʠʝ ʵʣʣʠʧʩʘ ʩ ʮʝʥʪʨʦʤ ʚ ʪʦʯʢʝ ( )00, yx  ʩ ʧʦʣʫʦʩʷʤʠ a, b ʠʤʝʝʪ ʚʠʜ: 

1
)()(

2

2
0

2

2
0 =

-
+

-

b

yy

a

xx
. 

ɽʩʣʠ Rba == , ʪʦ ʵʣʣʠʧʩ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʦʢʨʫʞʥʦʩʪʴ (ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʵʣ-

ʣʠʧʩʘ). 

ʋʨʘʚʥʝʥʠʝ ʦʢʨʫʞʥʦʩʪʠ ʩ ʮʝʥʪʨʦʤ ʚ ʪʦʯʢʝ ( )00, yx  ʨʘʜʠʫʩʘ R ʠʤʝʝʪ ʚʠʜ: 

22
0

2
0 )()( Ryyxx =-+- . 

ʇʨʠʤʝʨ 6.9. ʋʩʪʘʥʦʚʠʪʴ ʚʠʜ ʢʨʠʚʦʡ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʟʘʜʘʥʥʦʡ ʫʨʘʚʥʝʥʠʝʤ 

0436894 22 =+--+ yxyx .  

ʈʝʰʝʥʠʝ. ɿʘʜʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʠʤʝʝʪ ʚʠʜ: 

0222 22 =+++++ FEyDxCyBxyAx , 

ʛʜʝ 9,0,4 === CBA . ʇʦʩʢʦʣʴʢʫ ʠʥʚʘʨʠʘʥʪ 0362 >=-BAC , ʢʨʠʚʘʷ ʦʪʥʦʩʠʪ-

ʩʷ ʢ ʵʣʣʠʧʪʠʯʝʩʢʦʤʫ ʪʠʧʫ. 

ʉʛʨʫʧʧʠʨʫʝʤ ʩʣʘʛʘʝʤʳʝ, ʩʦʜʝʨʞʘʱʠʝ ʪʦʣʴʢʦ ʭ ʠ ʫ: 

4)4(9)2(4 22 -=-+- yyxx . 

ɺʳʨʘʞʝʥʠʷ ʚ ʩʢʦʙʢʘʭ ʜʦʧʦʣʥʠʤ ʜʦ ʧʦʣʥʳʭ ʢʚʘʜʨʘʪʦʚ: 

3644)44(9)12(4 22 ++-=+-++- yyxx . 

36)2(9)1(4 22 =-+- yx , 

1
9

)2(

4

)1( 22

=
-

+
- yx

. 

ʆʪʚʝʪ. ʕʣʣʠʧʩ ʩ ʮʝʥʪʨʦʤ ʚ ʪʦʯʢʝ (1,2) ʩ ʧʦʣʫʦʩʷʤʠ a=2 ʠ b=3. 

ʋʧʨʘʞʥʝʥʠʝ. ʇʦʩʪʨʦʡʪʝ ʵʣʣʠʧʩ.  

ʇʨʠʤʝʨ 6.10. ʋʩʪʘʥʦʚʠʪʴ ʚʠʜ ʢʨʠʚʦʡ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʟʘʜʘʥʥʦʡ ʫʨʘʚʥʝʥʠ-

ʝʤ 0584 22 =+++ yyx .  

 

ʈʠʩ. 6.12 

y 

x  a

b

               
            O a-

b-

)0,(1 cF - )0,(2 cF

M
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ʈʝʰʝʥʠʝ. ɿʘʜʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʠʤʝʝʪ ʚʠʜ: 

0222 22 =+++++ FEyDxCyBxyAx , 

ʛʜʝ 4,0,1 === CBA . ʇʦʩʢʦʣʴʢʫ ʠʥʚʘʨʠʘʥʪ 042 >=-BAC , ʢʨʠʚʘʷ ʵʣʣʠʧʪʠ-

ʯʝʩʢʦʛʦ ʪʠʧʘ. 

ʉʛʨʫʧʧʠʨʫʝʤ ʩʣʘʛʘʝʤʳʝ, ʩʦʜʝʨʞʘʱʠʝ ʪʦʣʴʢʦ ʭ ʠ ʫ: 

5)2(4 22 -=++ yyx . 

ɺʳʨʘʞʝʥʠʝ ʚ ʩʢʦʙʢʘʭ ʜʦʧʦʣʥʠʤ ʜʦ ʧʦʣʥʦʛʦ ʢʚʘʜʨʘʪʘ: 

5)112(4 22 -=-+++ yyx , 1)12(4 22 -=+++ yyx , 

1)1(4 22 -=++ yx ,  

1
4/1

)1(

1

22

-=
+

+
yx

. 

ʆʪʚʝʪ. ʄʥʠʤʳʡ ʵʣʣʠʧʩ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ MATLAB  ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʦʢʨʫʞʥʦʩʪʠ, ʵʣʣʠʧʩʘ 

ʇʨʠʤʝʨ 6.11. ʇʦʩʪʨʦʠʪʴ ʦʢʨʫʞʥʦʩʪʴ ʩ ʮʝʥʪʨʦʤ ʚ ʪʦʯʢʝ M(2,3) ʠ ʨʘʜʠʫʩʦʤ 

R=4. 

ʈʝʰʝʥʠʝ. ʋʨʘʚʥʝʥʠʝ ʦʢʨʫʞʥʦʩʪʠ ʠʤʝʝʪ ʚʠʜ: (x-2)
2
+(y-3)

2
=4

2
.  

ʇʦʩʪʨʦʠʤ ʦʢʨʫʞʥʦʩʪʴ ʩ ʧʦʤʦʱʴʶ ʢʦʤʘʥʜʳ ezplot (ʩʤ. ʧʨʠʤʝʨ 4.2): 

>> ezplot('(x-2)^2+(y-3)^2-16',[-3,7,-2,8]) 

>> grid on 

>> axis equal 

>>xlabel('x'); 

>>ylabel('y'); 

ɺ ʦʢʥʝ çFigure 1è ʧʦʷʚʠʪʩʷ ʦʢʨʫʞʥʦʩʪʴ (ʨʠʩ. 6.13). 

 

ʇʨʠʤʝʨ 6.12. ʇʦʩʪʨʦʠʪʴ ʵʣʣʠʧʩ ʩ ʮʝʥʪʨʦʤ ʚ ʪʦʯʢʝ (-1,-5), ʝʩʣʠ ʝʛʦ ʧʦʣʫʦʩʠ 

ʨʘʚʥʳ: ʘ) a=4 ʠ b=3; ʙ) a=2 ʠ b=5. 

 

ʈʠʩ. 6.13. ʆʢʨʫʞʥʦʩʪʴ ʩ ʮʝʥʪʨʦʤ ʚ ʪʦʯʢʝ M(2,3) ʠ ʨʘʜʠʫʩʦʤ R=4 
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ʈʝʰʝʥʠʝ. ʇʦʩʪʨʦʠʤ ʵʣʣʠʧʩ ʩ ʧʦʤʦʱʴʶ ʢʦʤʘʥʜʳ ezplot. 

ʘ) ʋʨʘʚʥʝʥʠʝ ʵʣʣʠʧʩʘ ʠʤʝʝʪ ʚʠʜ: (x+1)
2
/16+(y+5)

2
/9=1.  

>> ezplot('(x+1)^2/16+(y+5)^2/9-1',[-6,4,-9,-1]) 

>> grid on 

>> axis equal 

>>xlabel('x'); 

>>ylabel('y'); 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʘʥʜ ʚ ʦʢʥʝ çFigure 1è ʧʦʷʚʠʪʩʷ ʵʣʣʠʧʩ (ʨʠʩ. 

6.14, ʘ). 

ʙ) ʋʨʘʚʥʝʥʠʝ ʵʣʣʠʧʩʘ ʠʤʝʝʪ ʚʠʜ: (x+1)
2
/4+(y+5)

2
/25=1. ɺʳʧʦʣʥʠʤ ʢʦʤʘʥ-

ʜʳ ʧʨʝʜʳʜʫʱʝʛʦ ʧʫʥʢʪʘ, ʠʟʤʝʥʠʚ ʪʦʣʴʢʦ ʧʝʨʚʫʶ ʢʦʤʘʥʜʫ: 

>> ezplot('(x+1)^2/4+(y+5)^2/25-1',[-4,2,-11,1]) 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʘʥʜ ʚ ʦʢʥʝ çFigure 1è ʧʦʷʚʠʪʩʷ ʵʣʣʠʧʩ (ʨʠʩ. 

6.14, ʙ). 
 

ɻʠʧʝʨʙʦʣʘ 

ɻʠʧʝʨʙʦʣʦʡ ʥʘʟʳʚʘʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʚʩʝʭ ʪʦʯʝʢ ʧʣʦʩʢʦʩʪʠ, ʤʦʜʫʣʴ ʨʘʟʥʦʩʪʠ 

ʨʘʩʩʪʦʷʥʠʡ ʦʪ ʢʘʞʜʦʡ ʠʟ ʢʦʪʦʨʳʭ ʜʦ ʜʚʫʭ ʜʘʥʥʳʭ ʪʦʯʝʢ (ʬʦʢʫʩʦʚ) ʪʦʡ ʞʝ ʧʣʦʩ-

ʢʦʩʪʠ ʝʩʪʴ ʚʝʣʠʯʠʥʘ ʧʦʩʪʦʷʥʥʘʷ ʠ ʤʝʥʴʰʘʷ, ʯʝʤ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʬʦʢʫʩʘʤʠ. 

ʇʫʩʪʴ ʥʘ ʧʣʦʩʢʦʩʪʠ ʟʘʜʘʥʘ ɼʇʉʂ. 

ʈʘʩʧʦʣʦʞʠʤ ʬʦʢʫʩʳ ʛʠʧʝʨʙʦʣʳ ʥʘ ʦʩʠ ʆʭ ʩʠʤʤʝʪʨʠʯʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ ʆ(0,0). ʆʙʦʟʥʘʯʠʤ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʬʦʢʫʩʘʤʠ ʯʝʨʝʟ 2ʩ, ʪ.ʝ. 

cFF 221 = , ʪʦʛʜʘ )0,(1 cF - , )0,(2 cF  ï ʬʦʢʫʩʳ ʛʠʧʝʨʙʦʣʳ. ʆʙʦʟʥʘʯʠʤ ʤʦʜʫʣʴ 

ʨʘʟʥʦʩʪʠ ʨʘʩʩʪʦʷʥʠʡ ʦʪ ʣʶʙʦʡ ʪʦʯʢʠ ʄ(ʭ,ʫ) ʛʠʧʝʨʙʦʣʳ ʜʦ ʬʦʢʫʩʦʚ F1 ʠ F2  ʯʝ-

ʨʝʟ 2a, ʪ.ʝ. aMFMF 221 =- . ʊʦʛʜʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʛʠʧʝʨʙʦʣʳ 2a<2c, ʪ.ʝ. a<c. 

ɻʠʧʝʨʙʦʣʘ ʟʘʜʘʝʪʩʷ ʢʘʥʦʥʠʯʝʩʢʠʤ ʫʨʘʚʥʝʥʠʝʤ: 

ʘ  ʙ  

ʈʠʩ. 6.14. ʕʣʣʠʧʩ ʩ ʮʝʥʪʨʦʤ ʚ ʪʦʯʢʝ (-1,-5) ʩ ʧʦʣʫʦʩʷʤʠ: ʘ  ï a=4 ʠ b=3; ʙ  ï a=2 ʠ b=5. 
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1
2

2

2

2

=-
b

y

a

x
.
                                             

(6.23) 

ʂʨʠʚʘʷ ʩʠʤʤʝʪʨʠʯʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʡ ʆʭ, ʆʫ ʠ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ ʆ(0,0), 

ʧʝʨʝʩʝʢʘʝʪ ʦʩ ɹʆʭ ʚ ʪʦʯʢʘʭ (ïʘ, 0), (ʘ, 0), ʥʘʟʳʚʘʝʤʳʤʠ ʝʝ ʚʝʨʰʠʥʘʤʠ. ʎʝʥʪʨ 

ʩʠʤʤʝʪʨʠʠ ʆ(0,0) ʥʘʟʳʚʘʝʪʩʷ ʮʝʥʪʨʦʤ ʛʠʧʝʨʙʦʣʳ. 

ʇʨʷʤʦʫʛʦʣʴʥʠʢ ʩʦ ʩʪʦʨʦʥʘʤʠ 2a ʠ 2b, ʛʜʝ 
222 bca -= , ʥʘʟʳʚʘʝʪʩʷ ʧʨʷʤʦ-

ʫʛʦʣʴʥʠʢʦʤ ʛʠʧʝʨʙʦʣʳ. ʏʠʩʣʘ 2a ʠ 2b ʥʘʟʳʚʘʶʪʩʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʠ ʤʥʠʤʦʡ 

ʦʩʷʤʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, a ʠ b ï ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʠ ʤʥʠʤʦʡ ʧʦʣʫʦʩʷʤʠ ʛʠʧʝʨʙʦʣʳ. 

ʇʨʷʤʳʝ x
a

b
y °=  ʷʚʣʷʶʪʩʷ ʘʩʠʤʧʪʦʪʘʤʠ ʛʠʧʝʨʙʦʣʳ (ʨʠʩ. 6.15). 

ʕʢʩʮʝʥʪʨʠʩʠʪʝʪ ʛʠʧʝʨʙʦʣʳ 1>=
a

c
e .  

ʋʨʘʚʥʝʥʠʝ ʛʠʧʝʨʙʦʣʳ ʩ ʮʝʥʪʨʦʤ ʚ ʪʦʯʢʝ ( )00, yx  ʩ ʧʦʣʫʦʩʷʤʠ a, b ʠʤʝʝʪ 

ʚʠʜ: 

1
)()(

2

2
0

2

2
0 =

-
-

-

b

yy

a

xx
. 

ʇʨʠʤʝʨ 6.13. ʋʩʪʘʥʦʚʠʪʴ ʚʠʜ ʢʨʠʚʦʡ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʟʘʜʘʥʥʦʡ ʫʨʘʚʥʝ-

ʥʠʝʤ 0443629 22 =-++- yxyx .  

ʈʝʰʝʥʠʝ. ɿʘʜʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʠʤʝʝʪ ʚʠʜ: 

0222 22 =+++++ FEyDxCyBxyAx , 

ʛʜʝ 9,0,1 -=== CBA . ʇʦʩʢʦʣʴʢʫ ʠʥʚʘʨʠʘʥʪ 092 <-=-BAC , ʢʨʠʚʘʷ ʦʪʥʦ-

ʩʠʪʩʷ ʢ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʤʫ ʪʠʧʫ. 

ʉʛʨʫʧʧʠʨʫʝʤ ʩʣʘʛʘʝʤʳʝ, ʩʦʜʝʨʞʘʱʠʝ ʪʦʣʴʢʦ ʭ ʠ ʫ: 

44)4(9)2( 22 =--+ yyxx . 

 

 

ʈʠʩ. 6.15 

 

 

  

 

x x 
aa-

 
)0,(1 cF - )0,(2 cF

b-

b

x
a

b
y=x

a

b
y -=

y 
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ɺʳʨʘʞʝʥʠʷ ʚ ʩʢʦʙʢʘʭ ʜʦʧʦʣʥʠʤ ʜʦ ʧʦʣʥʳʭ ʢʚʘʜʨʘʪʦʚ: 

36144)44(9)12( 22 -+=+--++ yyxx . 

9)2(9)1( 22 =--+ yx , 

1
1

)2(

9

)1( 22

=
-

-
- yx

. 

ʆʪʚʝʪ. ɻʠʧʝʨʙʦʣʘ ʩ ʮʝʥʪʨʦʤ ʚ ʪʦʯʢʝ (1,2) ʩ ʧʦʣʫʦʩʷʤʠ a=3 ʠ b=1.  

ʋʧʨʘʞʥʝʥʠʝ. ʇʦʩʪʨʦʡʪʝ ʛʠʧʝʨʙʦʣʫ.  

ʇʨʠʤʝʨ 6.14. ʋʩʪʘʥʦʚʠʪʴ ʚʠʜ ʢʨʠʚʦʡ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʟʘʜʘʥʥʦʡ ʫʨʘʚʥʝ-

ʥʠʝʤ 012884 22 =--+- yxyx .  

ʈʝʰʝʥʠʝ. ɿʘʜʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʠʤʝʝʪ ʚʠʜ: 

0222 22 =+++++ FEyDxCyBxyAx , 

ʛʜʝ 1,0,4 -=== CBA . ʇʦʩʢʦʣʴʢʫ ʠʥʚʘʨʠʘʥʪ 042 <-=-BAC , ʢʨʠʚʘʷ ʛʠʧʝʨ-

ʙʦʣʠʯʝʩʢʦʛʦ ʪʠʧʘ. 

ʉʛʨʫʧʧʠʨʫʝʤ ʩʣʘʛʘʝʤʳʝ, ʩʦʜʝʨʞʘʱʠʝ ʪʦʣʴʢʦ ʭ ʠ ʫ: 

12)8()2(4 22 =+-+ yyxx . 

ɺʳʨʘʞʝʥʠʷ ʚ ʩʢʦʙʢʘʭ ʜʦʧʦʣʥʠʤ ʜʦ ʧʦʣʥʳʭ ʢʚʘʜʨʘʪʦʚ: 

16412)168()12(4 22 -+=++-++ yyxx . 

0)4()1(4 22 =+-+ yx , ( )( ) 0)4()1(2)4()1(2 =++++-+ yxyx , 

( )( ) 0422422 =+++--+ yxyx , 

( )( ) 06222 =++-- yxyx , 

ʆʪʚʝʪ. 022 =--yx , 062 =++yx  ï ʜʚʝ ʧʝʨʝʩʝʢʘʶʱʠʝʩʷ ʧʨʷʤʳʝ. 

ʋʧʨʘʞʥʝʥʠʝ. ʇʦʩʪʨʦʡʪʝ ʥʘ ʧʣʦʩʢʦʩʪʠ ʜʚʝ ʧʝʨʝʩʝʢʘʶʱʠʝʩʷ ʧʨʷʤʳʝ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ MATLAB  ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʛʠʧʝʨʙʦʣʳ 

ʇʨʠʤʝʨ 6.15. ʇʦʩʪʨʦʠʪʴ ʛʠʧʝʨʙʦʣʫ ʩ ʮʝʥʪʨʦʤ ʚ ʪʦʯʢʝ (0,0), ʝʩʣʠ:  

ʘ) ʬʦʢʫʩʳ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʦʩʠ OX, ʧʦʣʫʦʩʠ ʨʘʚʥʳ a=3 ʠ b=5;   

ʙ) ʬʦʢʫʩʳ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʦʩʠ OY, ʧʦʣʫʦʩʠ ʨʘʚʥʳ a=6 ʠ b=2. 

ʈʝʰʝʥʠʝ. ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ: 

ʘ) ʙ) 

>>ezplot('x^2/9 - y^2/25 - 1') 

>>grid on 

>>axis equal 

>>xlabel('x'); 

>>ylabel('y'); 

>> ezplot('y^2/4 - x^2/36 - 1') 

>>grid on 

>>axis equal 

>>xlabel('x'); 

>>ylabel('y'); 

ɺ ʦʢʥʝ çFigure 1è ʧʦʷʚʠʪʩʷ ʛʠʧʝʨʙʦʣʘ (ʨʠʩ. 6.16). 
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ʇʘʨʘʙʦʣʘ 

ʇʘʨʘʙʦʣʦʡ ʥʘʟʳʚʘʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʪʦʯʝʢ ʧʣʦʩʢʦʩʪʠ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ 

ʨʘʚʥʦʫʜʘʣʝʥʘ ʦʪ ʜʘʥʥʦʡ ʪʦʯʢʠ (ʬʦʢʫʩʘ) ʠ ʦʪ ʜʘʥʥʦʡ ʧʨʷʤʦʡ (ʜʠʨʝʢʪʨʠʩʳ), ʥʝ 

ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʜʘʥʥʫʶ ʪʦʯʢʫ. 

ʈʘʩʧʦʣʦʞʠʤ ʬʦʢʫʩ F  ʧʘʨʘʙʦʣʳ ʥʘ ʦʩʠ ʆʭ ʪʘʢ, ʯʪʦʙʳ ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ 

ʆ(0,0) ʙʳʣʦ ʩʝʨʝʜʠʥʦʡ ʧʝʨʧʝʥʜʠʢʫʣʷʨʘ FD, ʦʧʫʱʝʥʥʦʛʦ ʠʟ ʬʦʢʫʩʘ F  ʥʘ ʜʠ-

ʨʝʢʪʨʠʩʫ d. ʆʙʦʟʥʘʯʠʤ ʜʣʠʥʫ ʧʝʨʧʝʥʜʠʢʫʣʷʨʘ FD
 
ʯʝʨʝʟ ʨ. 

ʇʘʨʘʙʦʣʘ ʟʘʜʘʝʪʩʷ ʢʘʥʦʥʠʯʝʩʢʠʤ ʫʨʘʚʥʝʥʠʝʤ: 

pxy 22 = .
                                                

(6.24) 

p>0 ʥʘʟʳʚʘʝʪʩʷ ʧʘʨʘʤʝʪʨʦʤ ʧʘʨʘʙʦʣʳ.  

ʇʦ ʦʧʨʝʜʝʣʝʥʠʶ ʧʘʨʘʙʦʣʳ, ʜʣʷ ʣʶʙʦʡ ʪʦʯʢʠ ʄ(ʭ,ʫ) ʧʘʨʘʙʦʣʳ ʠʤʝʝʤ

MKFM =  (ʨʠʩ. 6.17).  

ʇʫʩʪʴ ö
÷

õ
æ
ç

å
0,

2

p
F  ï ʬʦʢʫʩ, ʪʦʛʜʘ 

2

p
x -=   ï ʫʨʘʚʥʝʥʠʝ ʜʠʨʝʢʪʨʠʩʳ. ʂʨʠʚʘʷ 

ʩʠʤʤʝʪʨʠʯʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʆʭ. ʊʦʯʢʘ ʧʝʨʝʩʝʯʝʥʠʷ ʧʘʨʘʙʦʣʳ ʩ ʦʩʴʁ ʆʭ 

ʥʘʟʳʚʘʝʪʩʷ ʚʝʨʰʠʥʦʡ ʧʘʨʘʙʦʣʳ. ʆ(0,0) ʷʚʣʷʝʪʩʷ ʚʝʨʰʠʥʦʡ ʧʘʨʘʙʦʣʳ (ʨʠʩ. 6.17).  

ɽʩʣʠ ö
÷

õ
æ
ç

å

2
,0

p
F  ï ʬʦʢʫʩ, ʪʦ 

2

p
y -=  ï ʫʨʘʚʥʝʥʠʝ ʜʠʨʝʢʪʨʠʩʳ ʠ ʢʨʠʚʘʷ ʩʠʤ-

ʤʝʪʨʠʯʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʆʫ, ʟʘʜʘʝʪʩʷ ʢʘʥʦʥʠʯʝʩʢʠʤ ʫʨʘʚʥʝʥʠʝʤ: 

pyx 22 = .
                                                

(6.25) 

ʘ  ʙ  

ʈʠʩ. 6.16. ɻʠʧʝʨʙʦʣʘ ʩ ʮʝʥʪʨʦʤ ʚ ʪʦʯʢʝ (0,0): ʘ  ï  ʬʦʢʫʩʳ  ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʦʩʠ 

OX, ʧʦʣʫʦʩʠ ʨʘʚʥʳ a=3 ʠ b=5; ʙ  ï ʬʦʢʫʩʳ  ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʦʩʠ OY,  

ʧʦʣʫʦʩʠ ʨʘʚʥʳ a=6 ʠ b=2 
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ʂʘʥʦʥʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʧʘʨʘʙʦʣʳ ʩ ʮʝʥʪʨʦʤ ʚ ʪʦʯʢʝ ( )00, yx  ʠʤʝʝʪ ʚʠʜ: 

)(2)( 0
2

0 xxpyy -°=-  ʠʣʠ )(2)( 0
2

0 yypxx -°=- . 

ʇʨʠʤʝʨ 6.16. ʋʩʪʘʥʦʚʠʪʴ ʚʠʜ ʢʨʠʚʦʡ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʟʘʜʘʥʥʦʡ ʫʨʘʚʥʝʥʠ-

ʝʤ 03242 2 =-+- yxx .  

ʈʝʰʝʥʠʝ. ʉʛʨʫʧʧʠʨʫʝʤ ʩʣʘʛʘʝʤʳʝ, ʩʦʜʝʨʞʘʱʠʝ ʪʦʣʴʢʦ ʭ ʠ ʫ: 

32)2(2 2 =+- yxx . 

ɺʳʨʘʞʝʥʠʝ ʚ ʩʢʦʙʢʘʭ ʜʦʧʦʣʥʠʤ ʜʦ ʧʦʣʥʦʛʦ ʢʚʘʜʨʘʪʘ: 

32)112(2 2 =+-+- yxx . 

52)12(2 2 =++- yxx , 52)1(2 2 =+- yx , 

52)1(2 2 +-=- yx , ö
÷

õ
æ
ç

å
--=-

2

5
)1( 2 yx . 

ʆʪʚʝʪ. ö
÷

õ
æ
ç

å
--=-

2

5
)1( 2 yx ï ʧʘʨʘʙʦʣʘ. 

ʋʧʨʘʞʥʝʥʠʝ. ʇʦʩʪʨʦʡʪʝ ʧʘʨʘʙʦʣʫ.  

ʇʨʠʤʝʨ 6.17. ʋʩʪʘʥʦʚʠʪʴ ʚʠʜ ʢʨʠʚʦʡ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʟʘʜʘʥʥʦʡ ʫʨʘʚʥʝʥʠ-

ʝʤ 0862 =+- yy .  

ʈʝʰʝʥʠʝ. ʉʛʨʫʧʧʠʨʫʝʤ ʩʣʘʛʘʝʤʳʝ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʧʦʣʥʦʛʦ ʢʚʘʜʨʘʪʘ: 

08)996( 2 =+-+- yy , 01)96( 2 =-+- yy ,  

01)3( 2 =--y , ( )( ) 01)3(1)3( =+--- yy ,  

01)3( =--y , 01)3( =+-y . 

ʆʪʚʝʪ. 4=y  ʠ 2=y  ï ʧʘʨʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʷʤʳʭ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ MATLAB  ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʧʘʨʘʙʦʣʳ 

ʇʨʠʤʝʨ 6.18. ʇʦʩʪʨʦʠʪʴ ʧʘʨʘʙʦʣʫ ʩ ʚʝʨʰʠʥʦʡ ʚ ʪʦʯʢʝ O(2,-1), ʝʩʣʠ:  

a) ʝʝ ʬʦʢʫʩ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʦʩʠ OX ʠ p=3;  

 

ʈʠʩ. 6.17 

 

F O ὴ
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ʙ) ʝʝ ʬʦʢʫʩ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʦʩʠ OX ʠ p= -4;  

ʚ) ʝʝ ʬʦʢʫʩ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʦʩʠ OY ʠ p=8; ʛ) ʝʝ ʬʦʢʫʩ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʦʩʠ 

OY ʠ p=-6. 

ʈʝʰʝʥʠʝ. ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ: 

ʘ) ʙ) 

>>ezplot('(x-2) - 6*(y+1)^2') 

>>grid on 

>>axis ([0 6 -4 2]) 

>>xlabel('x'); 

>>ylabel('y'); 

>>ezplot('(x-2) + 8*(y+1)^2') 

>>grid on 

>>axis equal  

>>xlabel('x'); 

>>ylabel('y'); 

ʚ) ʛ) 

>>ezplot('(y+1) - 16*(x-2)^2') 

>>grid on 

>>axis equal  

>>xlabel('x'); 

>>ylabel('y'); 

>> ezplot('(y+1) + 12*(x-2)^2') 

>>grid on 

>>axis ([0 6 -6 0]) 

>>xlabel('x'); 

>>ylabel('y'); 

ɺ ʦʢʥʝ çFigure 1è ʧʦʷʚʠʪʩʷ ʧʘʨʘʙʦʣʘ (ʨʠʩ. 6.18). 

ʘ ʙ  
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ʇʨʠʚʝʜʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʢʨʠʚʦʡ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʢ ʢʘʥʦʥʠʯʝʩʢʦʤʫ ʚʠʜʫ 

ʂʚʘʜʨʘʪʠʯʥʦʡ ʬʦʨʤʦʡ ( )21,xxf  ʦʪ ʜʚʫʭ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʧʝʨʝʤʝʥʥʳʭ 

21,xx  ʥʘʟʳʚʘʝʪʩʷ ʬʫʥʢʮʠʷ 

( ) 2
2222112

2
11121 2, xaxxaxaxxf ++= ,                                 (6.26) 

ʛʜʝ 221211 ,, aaa
 
ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝ ʨʘʚʥʳ ʥʫʣʶ. 

ʉʠʤʤʝʪʨʠʯʥʘʷ ʤʘʪʨʠʮʘ öö
÷

õ
ææ
ç

å
=

2212

1211

aa

aa
A  ʥʘʟʳʚʘʝʪʩʷ ʤʘʪʨʠʮʝʡ ʢʚʘʜʨʘʪʠʯ-

ʥʦʡ ʬʦʨʤʳ ( )21,xxf .  

ʇʝʨʝʭʦʜʫ ʦʪ ʦʜʥʦʡ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʢ ʜʨʫʛʦʡ (ʩ ʪʝʤ ʞʝ 

ʥʘʯʘʣʦʤ) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʠʥʝʡʥʘʷ ʟʘʤʝʥʘ ʩʪʘʨʳʭ ʢʦʦʨʜʠʥʘʪ ʥʘ ʥʦʚʳʝ ʩ ʥʝʚʳʨʦ-

ʞʜʝʥʥʦʡ ʤʘʪʨʠʮʝʡ, ʘ ʧʝʨʝʭʦʜʫ ʦʪ ʦʜʥʦʡ ɼʇʉʂ ʢ ʜʨʫʛʦʡ ï ʣʠʥʝʡʥʘʷ ʟʘʤʝʥʘ ʢʦ-

ʦʨʜʠʥʘʪ ʩ ʦʨʪʦʛʦʥʘʣʴʥʦʡ
1
 ʤʘʪʨʠʮʝʡ.  

ʃʠʥʝʡʥʘʷ ʟʘʤʝʥʘ ʧʝʨʝʤʝʥʥʳʭ  

í
ì
ë

+=

+=

2221212

2121111

ypypx

ypypx
                                                         (6.27) 

ʩ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʤʘʪʨʠʮʝʡ öö
÷

õ
ææ
ç

å
=

2221

1211

pp

pp
P  ʧʝʨʝʚʦʜʠʪ ʢʚʘʜʨʘʪʠʯʥʫʶ ʬʦʨʤʫ 

(6.26) ʩ ʤʘʪʨʠʮʝʡ ɸ ʚ ʢʚʘʜʨʘʪʠʯʥʫʶ ʬʦʨʤʫ: 
2
22

2
11 yy ll +       (6.28) 

                                                           

1
  ʂʚʘʜʨʘʪʥʘʷ ʤʘʪʨʠʮʘ P  ʩ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʥʘʟʳʚʘʝʪʩʷ ʦʨʪʦʛʦʥʘʣʴʥʦʡ, 

ʝʩʣʠ ʦʥʘ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʨʘʚʝʥʩʪʚʫ 1-=PPT . 

ʚ  ʛ  

ʈʠʩ. 6.18.  ʇʘʨʘʙʦʣʘ ʩ ʮʝʥʪʨʦʤ ʚ ʪʦʯʢʝ (2,-1): ʘ  ï ʬʦʢʫʩ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʦʩʠ OX ʠ 

p=3; ʙ  ï ʬʦʢʫʩ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʦʩʠ OX ʠ p= -4; ʚ  ï ʬʦʢʫʩ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʦʩʠ OY ʠ 

p=8; ʛ  ï ʬʦʢʫʩ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʦʩʠ OY ʠ p=-6 
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ʦʪ ʥʦʚʳʭ ʧʝʨʝʤʝʥʥʳʭ y1, y2 ʩ ʤʘʪʨʠʮʝʡ öö
÷

õ
ææ
ç

å
==

2

1

0

0

l

l
APPD T

, ʛʜʝ 21,ll  ï ʩʦʙ-

ʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʘʪʨʠʮʳ A, ʘ ʩʪʦʣʙʮʳ ʤʘʪʨʠʮʳ ʈ ï ʩʦʙʩʪʚʝʥʥʳʝ ʚʝʢʪʦʨʳ 

ʤʘʪʨʠʮʳ ɸ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʛʦʚʦʨʷʪ, ʯʪʦ ʢʚʘʜʨʘʪʠʯʥʘʷ ʬʦʨʤʘ (6.26) ʧʨʠʚʝʜʝʥʘ ʢ ʢʘʥʦʥʠ-

ʯʝʩʢʦʤʫ ʚʠʜʫ (6.28).  

ʇʨʠʤʝʨ 6.19. ʇʨʠʚʝʩʪʠ ʢ ʢʘʥʦʥʠʯʝʩʢʦʤʫ ʚʠʜʫ ʢʚʘʜʨʘʪʠʯʥʫʶ ʬʦʨʤʫ 

( ) 2
221

2
121 362429, xxxxxxf +-= . ʅʘʡʪʠ ʦʨʪʦʛʦʥʘʣʴʥʫʶ ʤʘʪʨʠʮʫ. 

ʈʝʰʝʥʠʝ. ɿʘʧʠʰʝʤ ʤʘʪʨʠʮʫ ʢʚʘʜʨʘʪʠʯʥʦʡ ʬʦʨʤʳ öö
÷

õ
ææ
ç

å

-

-
=

3612

1229
A .  

ʅʘʡʜʝʤ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʘʪʨʠʮʳ ɸ:   

( )( )

,090065144651044

1443629
3612

1229
)det()(

22 =+-=-+-=

=---=
--

--
=-=

llll

ll
l

l
ll EAf

 

201=l  ʠ 452=l . 

ʂʘʥʦʥʠʯʝʩʢʠʤ ʚʠʜʦʤ ʢʚʘʜʨʘʪʠʯʥʦʡ ʬʦʨʤʳ ʙʫʜʝʪ 2
2

2
121 4520),( yyyyf += . 

ʅʘʡʜʝʤ ʦʨʪʦʛʦʥʘʣʴʥʫʶ ʤʘʪʨʠʮʫ P. ʉʦʙʩʪʚʝʥʥʳʡ ʚʝʢʪʦʨ, ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʡ 201=l , ʧʦʣʫʯʠʤ ʠʟ ʦʜʥʦʨʦʜʥʦʡ ʩʠʩʪʝʤʳ:  

öö
÷

õ
ææ
ç

å
=öö
÷

õ
ææ
ç

å
öö
÷

õ
ææ
ç

å

-

-
=öö
÷

õ
ææ
ç

å
öö
÷

õ
ææ
ç

å

--

--

0

0

1612

129

203612

122029

2

1

2

1

x

x

x

x
, 

ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʫʨʘʚʥʝʥʠʶ 043 21 =- xx . ʕʪʦ ʫʨʘʚʥʝʥʠʝ ʠʤʝʝʪ ʙʝʩʢʦʥʝʯʥʦʝ 

ʤʥʦʞʝʩʪʚʦ ʨʝʰʝʥʠʡ. ʇʦʣʘʛʘʷ, ʥʘʧʨʠʤʝʨ, 41 -=x , ʥʘʡʜʝʤ 32 -=x . ʊʘʢʠʤ ʦʙʨʘ-

ʟʦʤ,  {ï4; ï3}
ʊ
 ï ʩʦʙʩʪʚʝʥʥʳʡ ʚʝʢʪʦʨ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʦʙʩʪʚʝʥʥʦʤʫ ʟʥʘʯʝ-

ʥʠʶ 201=l . ʆʪʤʝʪʠʤ, ʯʪʦ ʣʶʙʦʡ ʠʟ ʚʝʢʪʦʨʦʚ ʉ{ï4; ï3}
ʊ
 ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʩʦʙ-

ʩʪʚʝʥʥʳʤ ʚʝʢʪʦʨʦʤ, 0̧=constC .  

ɸʥʘʣʦʛʠʯʥʦ ʠʟ ʩʠʩʪʝʤʳ  

öö
÷

õ
ææ
ç

å
=öö
÷

õ
ææ
ç

å
öö
÷

õ
ææ
ç

å

--

--
=öö
÷

õ
ææ
ç

å
öö
÷

õ
ææ
ç

å

--

--

0

0

912

1216

453612

124529

2

1

2

1

x

x

x

x
, 

ʨʘʚʥʦʩʠʣʴʥʦʡ ʫʨʘʚʥʝʥʠʶ 034 21 =+ xx , ʥʘʭʦʜʠʤ ʩʦʙʩʪʚʝʥʥʳʡ ʚʝʢʪʦʨ {3; ï4}
ʊ
, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʦʙʩʪʚʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ 452=l .  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʚʫʤ ʨʘʟʣʠʯʥʳʤ ʩʦʙʩʪʚʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ 201=l , 452=l  

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʚʘ ʦʨʪʦʥʦʨʤʠʨʦʚʘʥʥʳʭ ʩʦʙʩʪʚʝʥʥʳʭ ʚʝʢʪʦʨʘ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝ-

ʣʷʶʪʩʷ ʦʜʥʦʟʥʘʯʥʦ: 

5

1
{ï4; ï3}

ʊ
; 

5

1
{3; ï4}

ʊ
. 



170 
 

ʆʨʪʦʛʦʥʘʣʴʥʘʷ ʤʘʪʨʠʮʘ P  ʠ ʬʦʨʤʫʣʳ ʟʘʤʝʥʳ ʧʝʨʝʤʝʥʥʳʭ ʠʤʝʶʪ ʚʠʜ: 
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4
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. 

ʇʨʦʚʝʨʠʤ ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ: 
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APPT , 

ʙ) ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʧʦʜʩʪʘʥʦʚʢʦʡ 
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ì

ë

--=

+-=

212

211
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5
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5

3

5
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yyx

yyx

 ʚ ʢʚʘʜʨʘʪʠʯʥʫʶ ʬʦʨ-

ʤʫ ( ) 2
221

2
121 362429, xxxxxxf +-=  ʠʤʝʝʤ 2

2
2
121 4520),( yyyyf += . 

ɿʘʤʝʯʘʥʠʝ. ɽʩʣʠ 451=l  ʠ 202=l , ʪʦ ʢʘʥʦʥʠʯʝʩʢʠʤ ʚʠʜʦʤ ʢʚʘʜʨʘʪʠʯʥʦʡ 

ʬʦʨʤʳ ( ) 2
221

2
121 362429, xxxxxxf +-=

 
ʙʫʜʝʪ ʢʘʥʦʥʠʯʝʩʢʘʷ ʬʦʨʤʘ 

2
2

2
121 2045),( yyyyf += , ʦʨʪʦʛʦʥʘʣʴʥʘʷ ʤʘʪʨʠʮʘ ʠ ʬʦʨʤʫʣʳ ʟʘʤʝʥʳ ʧʝʨʝʤʝʥʥʳʭ 

ʠʤʝʶʪ ʚʠʜ: 

ö
ö
ö
ö

÷

õ

æ
æ
æ
æ

ç

å
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5
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P ,   

î
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5

4

5

3

yyx

yyx

. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʨʠʚʳʭ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʷʚʣʷʝʪʩʷ 

ʚʦʧʨʦʩ ʦ ʚʳʙʦʨʝ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʚ ʢʦʪʦʨʦʡ ʢʚʘʜʨʘʪʠʯʥʘʷ ʯʘʩʪʴ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʝʛʦ ʫʨʘʚʥʝʥʠʷ ʩʦʜʝʨʞʠʪ ʪʦʣʴʢʦ ʢʚʘʜʨʘʪʳ ʢʦʦʨʜʠʥʘʪ (ʥʝ ʩʦʜʝʨʞʠʪ 

ʧʨʦʠʟʚʝʜʝʥʠʡ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʢʦʦʨʜʠʥʘʪ).  

ʇʨʠʤʝʨ 6.20. ʇʨʠʚʝʩʪʠ ʢ ʢʘʥʦʥʠʯʝʩʢʦʤʫ ʚʠʜʫ ʫʨʘʚʥʝʥʠʝ ʢʨʠʚʦʡ ʚʪʦʨʦʛʦ 

ʧʦʨʷʜʢʘ: ςωὼ ςτὼὼ σφὼ τὼ ςὼ χπ π. 

ʈʝʰʝʥʠʝ. ɼʣʷ ʧʨʠʚʝʜʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʢʨʠʚʦʡ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʢ ʢʘʥʦʥʠʯʝ-

ʩʢʦʤʫ ʚʠʜʫ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʨʪʦʛʦʥʘʣʴʥʘʷ ʤʘʪʨʠʮʘ P . ʀʟ ʧʨʝʜʳʜʫʱʝʛʦ 

ʧʨʠʤʝʨʘ ʠʤʝʝʤ: 
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. 

ʇʦʜʩʪʘʚʠʚ x1 ʠ x2 ʚ ʠʩʭʦʜʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʧʦʣʫʯʠʤ: 

ςπώ τυώ τ
τ

υ
ώ

σ

υ
ώ ς

σ

υ
ώ

τ

υ
ώ χπ πȢ 
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ʇʨʠʚʝʜʝʤ ʧʦʜʦʙʥʳʝ: 

ςπώ τυώ ςώ τώ χπ πȢ 

ʉʛʨʫʧʧʠʨʫʝʤ ʩʣʘʛʘʝʤʳʝ, ʩʦʜʝʨʞʘʱʠʝ ʪʦʣʴʢʦ y1 ʠ ʫ2: 

ςπώ ςώ τυώ τώ χπȢ 

ɺʳʨʘʞʝʥʠʷ ʚ ʩʢʦʙʢʘʭ ʜʦʧʦʣʥʠʤ ʜʦ ʧʦʣʥʳʭ ʢʚʘʜʨʘʪʦʚ: 

ςπώ
ρ

ςπ
τυώ

ς

τυ

ςυςυ

σφ
Ȣ 

ʈʘʟʜʝʣʠʚ ʧʦʣʫʯʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʥʘ ʧʨʘʚʫʶ ʯʘʩʪʴ, ʥʘʡʜʝʤ ʢʘʥʦʥʠʯʝʩʢʦʝ 

ʫʨʘʚʥʝʥʠʝ ʵʣʣʠʧʩʘ: 

ώ
ρ
ςπ

ώ
ς
τυ ρȢ 

ʇʨʠʤʝʨ 6.21. ʇʨʠʚʝʩʪʠ ʫʨʘʚʥʝʥʠʷ ʢʨʠʚʳʭ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʢ ʢʘʥʦʥʠʯʝʩʢʦ-

ʤʫ ʚʠʜʫ ʠ ʦʧʨʝʜʝʣʠʪʴ ʠʭ ʪʠʧ:  

ʘ) ςωὼ ςτὼώσφώ ψςὼ ωφώ ωρ π;  
ʙ) τὼ ςτὼώρρώ φτὼ τςώ ρ π;  
ʚ) ὼ τὼώτώ τὼ ώ ρυ π. 
ʈʝʰʝʥʠʝ. ɼʣʷ ʨʝʰʝʥʠʷ ʩʦʟʜʘʜʠʤ ʩʢʨʠʧʪ-ʬʘʡʣ: 

m-ʬʘʡʣ square_form.m 

disp( 'ʇʨʠʚʝʜʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʢʨʠʚʦʡ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ 

a_1*x^2+a_2*xy+a_3*y^2+a_4*x+a_5*y+a_6=0 ʢ ʢʘʥʦʥʠʯʝʩʢʦʤʫ ʚʠ-

ʜʫ')  

r= 'ɺʚʝʜʠʪʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʨʘʚʥʝʥʠʷ ʚ ʚʠʜʝ ʚʝʢʪʦʨʘ [a_1 a_2 a_3 

a_4 a_5 a_6]:' ;  

koef=input(r)  

A=[koef(1) koef(2)/2; koef(2)/2 koef(3)];  

disp( 'ʄʘʪʨʠʮʘ ʩʦʙʩʪʚʝʥʥʳʭ ʚʝʢʪʦʨʦʚ (P) ʠ ʤʘʪʨʠʮʘ ʩʦʙʩʪʚʝʥʥʳʭ 

ʟʥʘʯʝʥʠʡ (D):')  

[P,D]=eig(A)  

syms x y x1  y1  

X1Y1=[x1;y1];  

disp( 'ʂʦʵʬʬʠʮʠʝʥʪʳ ʢʘʥʦʥʠʯʝʩʢʦʛʦ ʚʠʜʘ ʢʚʘʜʨʘʪʠʯʥʦʡ ʬʦʨʤʳ:')  

kanon_koef=[D(1,1) D(2,2)]  

X2Y2=P*X1Y1;  

x2=X2Y2(1); y2=X2Y2(2);  

dis p( 'ʅʘʯʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ:')  

f=koef(1)*x^2+koef(2)*x*y+koef(3)*y^2+koef(4)*x+koef(5)*y+koe

f(6);  

disp([char(f), '= 0' ])  

f_1=simplify(subs(f, [x y], [x2 y2]));  
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cxy = coeffs(f_1, [x1 y1]);  

if  (length(cxy)==5)  

   f_2= - 1*((x+(cxy(4)/(2*cxy(5))))^(2)/((cxy(1) -

((cxy(4))^2)/(4*cxy(5)) -

((cxy(2))^2)/(4*cxy(3)))/cxy(5))+(y+(cxy(2)/(2*cxy(3))))^(2)/

((cxy(1) - ((cxy(4))^2)/(4*cxy(5)) -

((cxy(2))^2)/(4*cxy(3)))/cxy(3)));  

   disp( 'Kʘʥʦʥʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ:')  

   pretty(f_2)  

   f_ 3=(cxy(1) - ((cxy(4))^2)/(4*cxy(5)) -

((cxy(2))^2)/(4*cxy(3)))/(cxy(1) - ((cxy(4))^2)/(4*cxy(5)) -

((cxy(2))^2)/(4*cxy(3)));  

   disp([ '= ' ,char(f_3)])  

end  

if  (length(cxy)==4 )  

   f_2=(y+cxy(2)/(2*cxy(3)))^2 -

(cxy(2)^2)/(4*cxy(3))+cxy(4)*(x+cxy(1)/cxy(4));  

   disp( 'ʇʨʠʚʝʜʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ:')  

   pretty(f_2)  

   disp([ '= 0' ])  

end  

if (D(1,1)>0 & D(2,2)>0)  

    disp( 'ʂʨʠʚʘʷ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʪʠʧʘ.')  

elseif (D(1,1)*D(2,2)<0)  

    disp( 'ʂʨʠʚʘʷ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʪʠʧʘ.')  

elseif (D(1,1)==0 || D(2,2)==0)  

    disp( 'ʂʨʠʚʘʷ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ ʪʠʧʘ.')  

end  

 

ʇʦʩʣʝ ʚʳʟʦʚʘ ʠ ʚʳʧʦʣʥʝʥʠʷ m-ʬʘʡʣʘ square_form.m ʚ ʢʦʤʘʥʜʥʦʤ ʦʢʥʝ 

ʧʦʷʚʠʪʩʷ ʩʣʝʜʫʶʱʝʝ ʩʦʦʙʱʝʥʠʝ: 

>> square_form 

ʇʨʠʚʝʜʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʢʨʠʚʦʡ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ 

a_1*x^2+a_2*xy+a_3*y^2+a_4*x+a_5*y+a_6=0 ʢ ʢʘʥʦʥʠʯʝʩʢʦʤʫ ʚʠʜʫ 

ɺʚʝʜʠʪʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʨʘʚʥʝʥʠʷ ʚ ʚʠʜʝ ʚʝʢʪʦʨʘ [a_1 a_2 a_3 a_4 a_5 a_6]: 

ʘ) ɺʚʝʜʝʤ ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʨʘʚʥʝʥʠʷ ʚ ʚʠʜʝ ʚʝʢʪʦʨʘ ʠ ʥʘʞʤʝʤ ʢʣʘʚʠʰʫ En-

ter:  

[29, -24, 36, 82, -96, -91] 

ʈʝʟʫʣʴʪʘʪ ʧʦʷʚʠʪʩʷ ʚ ʢʦʤʘʥʜʥʦʤ ʦʢʥʝ: 

koef = 

    29   -24    36    82   -96   -91 

ʄʘʪʨʠʮʘ ʩʦʙʩʪʚʝʥʥʳʭ ʚʝʢʪʦʨʦʚ (P) ʠ ʤʘʪʨʠʮʘ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ (D): 
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P = 

   -0.8000   -0.6000 

   -0.6000    0.8000 

D = 

   20.0000              0 

              0   45.0000 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʢʘʥʦʥʠʯʝʩʢʦʛʦ ʚʠʜʘ ʢʚʘʜʨʘʪʠʯʥʦʡ ʬʦʨʤʳ: 

kanon_koef = 

   20.0000   45.0000 

ʅʘʯʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ: 

29*x^2 - 24*x*y + 82*x + 36*y^2 - 96*y ï 91=0 

Kʘʥʦʥʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ: 

 
= 1 

(x - 1/5)^2/9 + (y - 7/5)^2/4 - 1= 0 

ʂʨʠʚʘʷ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʪʠʧʘ. 

ʙ) ɺʚʝʜʝʤ ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʨʘʚʥʝʥʠʷ ʚ ʚʠʜʝ ʚʝʢʪʦʨʘ ʠ ʥʘʞʤʝʤ ʢʣʘʚʠʰʫ En-

ter: 

[4, 24, 11, 64, 42, 51] 

ʈʝʟʫʣʴʪʘʪ ʧʦʷʚʠʪʩʷ ʚ ʢʦʤʘʥʜʥʦʤ ʦʢʥʝ: 

koef = 

     4    24    11    64    42    51 

ʄʘʪʨʠʮʘ ʩʦʙʩʪʚʝʥʥʳʭ ʚʝʢʪʦʨʦʚ (P) ʠ ʤʘʪʨʠʮʘ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ (D): 

P = 

 

   -0.8000    0.6000 

    0.6000    0.8000 

D = 

   -5.0000         0 

         0   20.0000 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʢʘʥʦʥʠʯʝʩʢʦʛʦ ʚʠʜʘ ʢʚʘʜʨʘʪʠʯʥʦʡ ʬʦʨʤʳ: 

kanon_koef = 

   -5.0000   20.0000 

ʅʘʯʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ: 

4*x^2 + 24*x*y + 64*x + 11*y^2 + 42*y + 51=0 

Kʘʥʦʥʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ: 
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=1 

ʂʨʠʚʘʷ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʪʠʧʘ. 

ʚ) ɺʚʝʜʝʤ ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʨʘʚʥʝʥʠʷ ʚ ʚʠʜʝ ʚʝʢʪʦʨʘ ʠ ʥʘʞʤʝʤ ʢʣʘʚʠʰʫ En-

ter: 

[1, 4, 4, 4, 1, -15] 

ʈʝʟʫʣʴʪʘʪ ʧʦʷʚʠʪʩʷ ʚ ʢʦʤʘʥʜʥʦʤ ʦʢʥʝ: 

koef = 

     1     4     4     4     1   -15 

ʄʘʪʨʠʮʘ ʩʦʙʩʪʚʝʥʥʳʭ ʚʝʢʪʦʨʦʚ (P) ʠ ʤʘʪʨʠʮʘ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ (D): 

P = 

   -0.8944    0.4472 

    0.4472    0.8944 

D = 

     0     0 

     0     5 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʢʘʥʦʥʠʯʝʩʢʦʛʦ ʚʠʜʘ ʢʚʘʜʨʘʪʠʯʥʦʡ ʬʦʨʤʳ: 

kanon_koef = 

     0     5 

ʅʘʯʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ: 

x^2 + 4*x*y + 4*x + 4*y^2 + y ï 15=0 

ʇʨʠʚʝʜʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ: 

 
=0 

ʂʨʠʚʘʷ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ ʪʠʧʘ. 

ʂʆʅʊʈʆʃʔʅʓɽ ɺʆʇʈʆʉʓ 

1. ʂʘʢʠʝ ʬʫʥʢʮʠʠ ʠ ʢʦʤʘʥʜʳ MATLAB, ʠʟ ʨʘʟʜʝʣʘ çʄʘʩʩʠʚʳè ʤʦʞʥʦ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʠ ʥʘ ʧʣʦʩʢʦʩʪʠ? 

2. ʂʘʢʠʝ ʬʫʥʢʮʠʠ ʠ ʢʦʤʘʥʜʳ MATLAB, ʠʟ ʨʘʟʜʝʣʘ çʃʠʥʝʡʥʘʷ ʘʣʛʝʙʨʘè 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʠ ʥʘ ʧʣʦʩʢʦ-

ʩʪʠ? 

3. ʂʘʢʠʝ ʬʫʥʢʮʠʠ ʠ ʢʦʤʘʥʜʳ MATLAB, ʠʟ ʨʘʟʜʝʣʘ çɺʝʢʪʦʨʥʘʷ ʘʣʛʝʙʨʘè 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʠ ʥʘ ʧʣʦʩʢʦ-

ʩʪʠ? 
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4. ʂʘʢʠʝ ʬʫʥʢʮʠʠ ʠ ʢʦʤʘʥʜʳ MATLAB, ʠʟ ʨʘʟʜʝʣʘ çɻʨʘʬʠʢʘè ʤʦʞʥʦ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʠ ʥʘ ʧʣʦʩʢʦʩʪʠ? 

ʂʆʅʊʈʆʃʔʅʓɽ ɿɸɼɸʅʀʗ 

1. ʇʦʩʪʨʦʠʪʴ ʦʢʨʫʞʥʦʩʪʴ ʩ ʮʝʥʪʨʦʤ ʚ ʪʦʯʢʝ M(n,30-n) ʠ ʨʘʜʠʫʩʦʤ R=2n, ʛʜʝ 

n ï ʥʦʤʝʨ ʚʘʨʠʘʥʪʘ. 

2. ʇʦʩʪʨʦʠʪʴ ʵʣʣʠʧʩ ʩ ʮʝʥʪʨʦʤ ʚ ʪʦʯʢʝ (-n,n-15), ʝʩʣʠ ʝʛʦ ʧʦʣʫʦʩʠ ʨʘʚʥʳ: ʘ) 

a=n ʠ b=n/10; ʙ) a=n/2 ʠ b=3n. 

3. ʇʦʩʪʨʦʠʪʴ ʛʠʧʝʨʙʦʣʫ ʩ ʮʝʥʪʨʦʤ ʚ ʪʦʯʢʝ (4,-3), ʝʩʣʠ ʝʸ ʧʦʣʫʦʩʠ ʨʘʚʥʳ 

a=Ѝὲ ʠ b=2n, ʘ ʬʦʢʫʩʳ: ʘ) ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʦʩʠ OX; ʙ) ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʦʩʠ OY. 

4.  ʇʦʩʪʨʦʠʪʴ ʧʘʨʘʙʦʣʫ ʩ ʚʝʨʰʠʥʦʡ ʚ ʪʦʯʢʝ O(2-n,n-1), ʝʩʣʠ: ʘ) ʝʝ ʬʦʢʫʩ 

ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʦʩʠ ʘʙʩʮʠʩʩ ʠ p= -n/5; ʙ) ʝʝ ʬʦʢʫʩ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʦʩʠ ʦʨʜʠʥʘʪ ʠ 

p=Ѝὲ σ. 

5. ʇʨʠʚʝʩʪʠ ʢʚʘʜʨʘʪʠʯʥʫʶ ʬʦʨʤʫ ʢʨʠʚʦʡ ʢ ʢʘʥʦʥʠʯʝʩʢʦʤʫ ʚʠʜʫ ʠ ʦʧʨʝʜʝ-

ʣʠʪʴ ʪʠʧ ʢʨʠʚʦʡ: ʘ) ὲὼ ὲ τὼώ ςz ὲ ώ τz ὲὼ ςz ὲ τώ

ςz ὲ ρ π;  
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ɻʃɸɺɸ 7. ɸʅɸʃʀʊʀʏɽʉʂɸʗ ɻɽʆʄɽʊʈʀʗ ɺ 

ʇʈʆʉʊʈɸʅʉʊɺɽ 

ʇʫʩʪʴ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʟʘʜʘʥʘ ɼʇʉʂ Oxyz ʠ ʥʝʢʦʪʦʨʘʷ ʧʦʚʝʨʭʥʦʩʪʴ S.  

ʋʨʘʚʥʝʥʠʝ  

0),,( =zyxF                                                      (7.1) 

ʥʘʟʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ S (ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʘʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨ-

ʜʠʥʘʪ), ʝʩʣʠ ʝʤʫ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʢʦʦʨʜʠʥʘʪʳ ʣʶʙʦʡ ʪʦʯʢʠ SzyxM Í),,( , ʠ ʥʝ 

ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ, ʥʝ ʣʝʞʘʱʠʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ S. 

ʀʟ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʪʝʢʘʝʪ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ ʝʩʪʴ ʤʥʦʞʝʩʪʚʦ ʚʩʝʭ ʪʦʯʝʢ ʧʨʦ-

ʩʪʨʘʥʩʪʚʘ, ʢʦʦʨʜʠʥʘʪʳ ʢʦʪʦʨʳʭ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʨʘʚʥʝʥʠʶ 0),,( =zyxF
 
(ʚ ʟʘ-

ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ). ʂʦʦʨʜʠʥʘʪʳ x, y, z ʥʘʟʳʚʘʶʪʩʷ ʪʝʢʫʱʠʤʠ ʢʦʦʨʜʠ-

ʥʘʪʘʤʠ ʪʦʯʝʢ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʃʠʥʠʶ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʝʨʝʩʝʯʝʥʠʝ ʜʚʫʭ ʧʦ-

ʚʝʨʭʥʦʩʪʝʡ (ʢʘʢ ʤʥʦʞʝʩʪʚʦ ʪʦʯʝʢ, ʥʘʭʦʜʷʱʠʭʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘ ʜʚʫʭ ʧʦʚʝʨʭ-

ʥʦʩʪʷʭ) ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʜʘʥʠʝʤ ʜʚʫʭ ʫʨʘʚʥʝʥʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʚʘ ʫʨʘʚʥʝʥʠʷ 

í
ì
ë

=

=

,0),,(

0),,(

2

1

zyxF

zyxF

                                                              
(7.2) 

ʥʘʟʳʚʘʶʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ ʣʠʥʠʠ L, ʝʩʣʠ ʠʤ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʢʦʦʨʜʠʥʘʪʳ ʣʶʙʦʡ 

ʪʦʯʢʠ, ʣʝʞʘʱʝʡ ʥʘ ʣʠʥʠʠ L, ʠ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʢʦʦʨʜʠʥʘʪʳ ʥʠ ʦʜʥʦʡ ʪʦʯʢʠ, 

ʥʝ ʣʝʞʘʱʝʡ ʥʘ ʣʠʥʠʠ L. 

ʅʘʧʨʠʤʝʨ, ʦʢʨʫʞʥʦʩʪʴ ʝʩʪʴ ʧʝʨʝʩʝʯʝʥʠʝ ʜʚʫʭ ʩʬʝʨ: 

îí

î
ì
ë

=++

=-+-+-

1

14)3()2()1(

222

222

zyx

zyx
 

 

7.1. ʋʈɸɺʅɽʅʀʗ ʇʃʆʉʂʆʉʊʀ ɺ ʇʈʆʉʊʈɸʅʉʊɺɽ 

ʊʝʦʨʝʤʘ 7.1. (ʦʩʥʦʚʥʘʷ ʪʝʦʨʝʤʘ ʦ ʧʣʦʩʢʦʩʪʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ). ɽʩʣʠ ʚ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ ʟʘʜʘʥʘ ɼʇʉʂ Oxyz, ʪʦ ʣʶʙʘʷ ʧʣʦʩʢʦʩʪʴ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʟʘʜʘʝʪʩʷ 

ʫʨʘʚʥʝʥʠʝʤ ʧʝʨʚʦʡ ʩʪʝʧʝʥʠ, ʠ ʥʘʦʙʦʨʦʪ
1
. 

ʋʨʘʚʥʝʥʠʝ ʧʣʦʩʢʦʩʪʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʟʘʜʘʥʥʫʶ ʪʦʯʢʫ  

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʟʘʜʘʥʥʦʤʫ ʚʝʢʪʦʨʫ 

ʇʫʩʪʴ ʚ ɼʇʉʂ ʧʣʦʩʢʦʩʪʴ ʈ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʪʦʯʢʫ ),,( 0000 zyxM  ʧʝʨʧʝʥʜʠ-

ʢʫʣʷʨʥʘ ʥʝʥʫʣʝʚʦʤʫ ʚʝʢʪʦʨʫ ὔᴆ ὃȠὄȠὅ (ʨʠʩ. 7.1).
 
ɺʦʟʴʤʝʤ ʣʶʙʫʶ ʪʦʯʢʫ 

),,( zyxM  ʧʨʦʩʪʨʘʥʩʪʚʘ. PzyxM Í),,(  ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ NMM ^0 .  

                                                           
1
  ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʪʝʦʨʝʤʳ ʘʥʘʣʦʛʠʯʥʦ ʩʣʫʯʘʶ ʧʨʷʤʦʡ ʥʘ ʧʣʦʩʢʦʩʪʠ. 
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ʇʦ ʫʩʣʦʚʠʶ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʩʪʠ ʠʤʝʝʤ 00 =ÖNMM , ʪ.ʝ.  

( ) ( ) ( ) 0000 =-+-+- zzCyyBxxA .                          (7.3) 

ʋʨʘʚʥʝʥʠʝ (7.3) ʥʘʟʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʧʣʦʩʢʦʩʪʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʜʘʥ-

ʥʫʶ ʪʦʯʢʫ ),,( 0000 zyxM
 
 ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʟʘʜʘʥʥʦʤʫ ʚʝʢʪʦʨʫ ὔᴆ ὃȠὄȠὅ. 

ʆʙʱʝʝ ʫʨʘʚʥʝʥʠʝ ʧʣʦʩʢʦʩʪʠ 

ʅʝʥʫʣʝʚʦʡ ʚʝʢʪʦʨ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʡ ʧʣʦʩʢʦʩʪʠ, ʥʘʟʳʚʘʝʪʩʷ ʥʦʨʤʘʣʴʥʳʤ 

ʚʝʢʪʦʨʦʤ ʵʪʦʡ ʧʣʦʩʢʦʩʪʠ. 

ɽʩʣʠ ʦʙʦʟʥʘʯʠʪʴ DCzByAx =--- 000 , ʪʦ ʫʨʘʚʥʝʥʠʝ (7.3) ʧʨʠʤʝʪ ʚʠʜ: 

0=+++ DCzByAx .                                         (7.4) 

ʋʨʘʚʥʝʥʠʝ (7.4) ʥʘʟʳʚʘʝʪʩʷ ʦʙʱʠʤ ʫʨʘʚʥʝʥʠʝʤ ʧʣʦʩʢʦʩʪʠ. 

ʆʙʱʝʝ ʫʨʘʚʥʝʥʠʝ ʧʨʷʤʦʡ (7.4) ʥʘʟʳʚʘʝʪʩʷ ʧʦʣʥʳʤ, ʝʩʣʠ ʚʩʝ DCBA ,,,  ʥʝ 

ʨʘʚʥʳ ʥʫʣʶ. ɽʩʣʠ ʭʦʪʷ ʙʳ ʦʜʠʥ ʠʟ ʢʦʵʬʬʠʮʠʝʥʪʦʚ DCBA ,,,
 
ʨʘʚʝʥ ʥʫʣʶ, ʪʦ 

ʫʨʘʚʥʝʥʠʝ ʥʘʟʳʚʘʝʪʩʷ ʥʝʧʦʣʥʳʤ.  

ɺʠʜʳ ʥʝʧʦʣʥʳʭ ʫʨʘʚʥʝʥʠʡ: 

1 0=++ CzByAx  ʫʨʘʚʥʝʥʠʝ ʧʣʦʩʢʦʩʪʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʥʘʯʘʣʘ ʢʦʦʨ-

ʜʠʥʘʪ (0,0,0) 

2 0=++ DByAx  ʫʨʘʚʥʝʥʠʝ ʧʣʦʩʢʦʩʪʠ, ʧʘʨʘʣʣʝʣʴʥʦʡ ʦʩʠ ʆz 

3 0=++ DCzAx  ʫʨʘʚʥʝʥʠʝ ʧʣʦʩʢʦʩʪʠ, ʧʘʨʘʣʣʝʣʴʥʦʡ ʦʩʠ ʆy 

4 0=++ DCzBy  ʫʨʘʚʥʝʥʠʝ ʧʣʦʩʢʦʩʪʠ, ʧʘʨʘʣʣʝʣʴʥʦʡ ʦʩʠ ʆx 

5 0=+ByAx  ʫʨʘʚʥʝʥʠʝ ʧʣʦʩʢʦʩʪʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʦʩʴ ʆz 

6 0=+CzAx  ʫʨʘʚʥʝʥʠʝ ʧʣʦʩʢʦʩʪʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʦʩʴ ʆʫ 

7 0=+CzBy  ʫʨʘʚʥʝʥʠʝ ʧʣʦʩʢʦʩʪʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʦʩʴ ʆʭ 

 

ʈʠʩ. 7.1. ʇʣʦʩʢʦʩʪʴ, ʧʨʦʭʦʜʷʱʘʷ ʯʝʨʝʟ ʪʦʯʢʫ ),,( 0000 zyxM  ʧʝʨʧʝʥʜʠʢʫʣʷʨ-

ʥʦ ʚʝʢʪʦʨʫ ὔᴆ ὃȠὄȠὅ 

y 

x 

z 

O 
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8 0=+DAx  ʫʨʘʚʥʝʥʠʝ ʧʣʦʩʢʦʩʪʠ, ʧʘʨʘʣʣʝʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʆʫz 

9 0=+DBy  ʫʨʘʚʥʝʥʠʝ ʧʣʦʩʢʦʩʪʠ, ʧʘʨʘʣʣʝʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʆxz 

10 0=+DCz  ʫʨʘʚʥʝʥʠʝ ʧʣʦʩʢʦʩʪʠ, ʧʘʨʘʣʣʝʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʆxy 

11 0=Ax  ʫʨʘʚʥʝʥʠʝ ʧʣʦʩʢʦʩʪʠ ʆyz 

12 0=By  ʫʨʘʚʥʝʥʠʝ ʧʣʦʩʢʦʩʪʠ ʆxz 

13 0=Cz  ʫʨʘʚʥʝʥʠʝ ʧʣʦʩʢʦʩʪʠ ʆxy 

ʋʨʘʚʥʝʥʠʝ ʧʣʦʩʢʦʩʪʠ ʚ çʦʪʨʝʟʢʘʭè 

ɽʩʣʠ ʚ ʦʙʱʝʤ ʫʨʘʚʥʝʥʠʠ (7.4) DCBA ,,,  ʥʝ ʨʘʚʥʳ ʥʫʣʶ, ʪʦ ʧʦʣʫʯʠʤ  

   
ρ. 

ʇʦʣʦʞʠʚ 
C

D
c

B

D
b

A

D
a -=-=-= ,, , ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ ʧʣʦʩʢʦʩʪʠ ʚ çʦʪʨʝʟ-

ʢʘʭè: 

1=++
c

z

b

y

a

x
.                                            (7.5) 

ɻʝʦʤʝʪʨʠʯʝʩʢʠʡ ʩʤʳʩʣ cba ,,
 

(ʨʠʩ. 7.2): ʦʥʠ ʨʘʚʥʳ ʚʝʣʠʯʠʥʘʤ ʦʪʨʝʟʢʦʚ, 

ʢʦʪʦʨʳʝ ʦʪʩʝʢʘʶʪ ʧʣʦʩʢʦʩʪʠ ʥʘ ʆʭ, ʆʫ ʠ ʆz, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʦʪʩʯʠʪʳʚʘʶʪʩʷ ʦʪ 

ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ). 

ʋʨʘʚʥʝʥʠʝ ʧʣʦʩʢʦʩʪʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʟʘʜʘʥʥʳʝ ʪʨʠ ʪʦʯʢʠ 

ʇʫʩʪʴ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚ ɼʇʉʂ Oxyz ʟʘʜʘʥʘ ʧʣʦʩʢʦʩʪʴ, ʧʨʦʭʦʜʷʱʘʷ ʯʝʨʝʟ 

ʪʨʠ ʪʦʯʢʠ ( )1111 ,, zyxM , ( )2222 ,, zyxM , ( )3333 ,, zyxM . ʇʫʩʪʴ ),,( zyxM  ï ʪʦʯʢʘ, 

ʣʝʞʘʱʘʷ ʥʘ ʜʘʥʥʦʡ ʧʣʦʩʢʦʩʪʠ (ʨʠʩ. 7.3). ʊʦʛʜʘ ʚʝʢʪʦʨʳ MM1 , 21MM , 31MM  ï 

ʢʦʤʧʣʘʥʘʨʥʳ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ: 

 

ʈʠʩ. 7.2 

                                 ō                y 

      a 
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0

131313

121212

111

=

---

---

---

zzyyxx

zzyyxx

zzyyxx

.                                             (7.6)     

ʋʨʘʚʥʝʥʠʝ (7.6) ʥʘʟʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʧʣʦʩʢʦʩʪʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʪʨʠ 

ʟʘʜʘʥʥʳʝ ʪʦʯʢʠ. 

ʇʨʠʤʝʨ 7.1. ʅʘʧʠʩʘʪʴ ʫʨʘʚʥʝʥʠʝ ʧʣʦʩʢʦʩʪʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʪʨʠ ʪʦʯʢʠ 

( ) ( ) ( )2,4,0,1,1,3,0,2,1 321 MMM -- . 

ʈʝʰʝʥʠʝ: ʇʦ ʬʦʨʤʫʣʝ (7.6) ʧʦʣʫʯʠʤ: 

09)2(9

221

114

21

022410

012113

021

=+--=--

-+

=

--+

---+

--+

zy

zyxzyx

. 

ʆʪʚʝʪ. 02=++- zy . 

ʅʦʨʤʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʧʣʦʩʢʦʩʪʠ 

ʇʫʩʪʴ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚ ɼʇʉʂ Oxyz ʜʘʥʘ ʧʣʦʩʢʦʩʪʴ. ʇʨʦʚʝʜʝʤ ʯʝʨʝʟ ʥʘʯʘ-

ʣʦ ʢʦʦʨʜʠʥʘʪ ʧʨʷʤʫʶ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫʶ ʢ ʧʣʦʩʢʦʩʪʠ, ɺ ï ʪʦʯʢʘ ʧʝʨʝʩʝʯʝʥʠʷ 

ʧʣʦʩʢʦʩʪʠ ʠ ʵʪʦʡ ʧʨʷʤʦʡ, ʨ=OB, gba ,,
 
ï ʫʛʣr, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʝʪ ʝʜʠʥʠʯʥʳʡ 

ʚʝʢʪʦʨ ( )gba cos;cos;cos=n , ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʡ ʢ ʧʣʦʩʢʦʩʪʠ, ʩ ʦʩʷʤʠ ʢʦʦʨ-

ʜʠʥʘʪ ʆʭ, Oy, Oz, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. 7.4). 

ʇʫʩʪʴ ),,( zyxM  ï ʧʨʦʠʟʚʦʣʴʥʘʷ ʪʦʯʢʘ ʥʘ ʧʣʦʩʢʦʩʪʠ. ʊʦʛʜʘ: 

gba coscoscos zyxnOM
n

nOM
OMʧʨp

n
++=Ö=

Ö
== , 

0coscoscos =-++ pzyx gba .                            (7.7)     

ʋʨʘʚʥʝʥʠʝ (7.7) ʥʘʟʳʚʘʝʪʩʷ ʥʦʨʤʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʧʣʦʩʢʦʩʪʠ. ɽʩʣʠ 

ʧʣʦʩʢʦʩʪʠ ʧʘʨʘʣʣʝʣʴʥʳ, ʪʦ ʫʛʦʣ ʤʝʞʜʫ ʥʠʤʠ ʨʘʚʝʥ 0 ʠʣʠ .́ 

 

ʈʠʩ. 7.3 
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ʋʨʘʚʥʝʥʠʷ ʧʣʦʩʢʦʩʪʠ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ MATLAB  

ʇʨʠʤʝʨ 7.2. ɼʘʥʘ ʧʣʦʩʢʦʩʪʴ 2x+3y+z-2=0. ʅʘʡʪʠ ʦʨʪ ʚʝʢʪʦʨʘ ʥʦʨʤʘʣʠ 

ʧʣʦʩʢʦʩʪʠ. 

ʈʝʰʝʥʠʝ. ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ: 

>>A=2 ;B=3 ;C=1 ;D=-2;  

>>N=[A,B,C];  

>>mod_N=norm(N) 

>>cos_alpha=A/mod_N; cos_beta=B/mod_N; cos_gamma=C/mod_N; 

>>N_0=[cos_alpha cos_beta cos_gamma] 

mod_N = 

    3.7417 

N_0 = 

    0.5345    0.8018    0.2673 

ʇʨʦʚʝʨʠʤ ʨʘʚʝʥʩʪʚʦ ʜʣʷ ʥʘʧʨʘʚʣʷʶʱʠʭ ʢʦʩʠʥʫʩʦʚ: 

>>sum=cos_alpha^2+cos_beta^2+cos_gamma^2 

sum = 

   1 

ʇʨʠʤʝʨ 7.3. ʉʦʩʪʘʚʠʪʴ ʫʨʘʚʥʝʥʠʝ ʧʣʦʩʢʦʩʪʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʪʦʯʢʫ 

ʄ0(1;2;1) ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʚʝʢʪʦʨʫ ὔᴆ ρȠςȠσ. 

ʈʝʰʝʥʠʝ. ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ: 

>>A=1; B=-2; C=-3; x0=1; y0=2; z0=1; 

>>syms x y z; 

>>f=(A*(x -x0)+B*(y-y0)+C*(z-z0)); 

>>g=char(f); 

>>[g ' = 0'] 

    'x - 2*y - 3*z + 6 = 0' 

 

ʈʠʩ. 7.4 
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7.2. ɺɿɸʀʄʅʆɽ ʈɸʉʇʆʃʆɾɽʅʀɽ ɼɺʋʍ ʇʃʆʉʂʆʉʊɽʁ 

ʋʛʣʦʤ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ ʥʘʟʳʚʘʝʪʩʷ ʣʶʙʦʡ ʠʟ ʜʚʫʭ ʩʤʝʞʥʳʭ ʜʚʫʛʨʘʥ-

ʥʳʭ ʫʛʣʦʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʧʣʦʩʢʦʩʪʷʤʠ ʧʨʠ ʠʭ ʧʝʨʝʩʝʯʝʥʠʠ (ʨʠʩ. 7.5).  

ʇʫʩʪʴ ʜʚʝ ʧʣʦʩʢʦʩʪʠ ʟʘʜʘʥʳ ʦʙʱʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ:
 
 

.0:

0:

22222

11111

=+++

=+++

DzCyBxAP

DzCyBxAP
 

ὔᴆ ὃȠὄȠ ὅ , ὔᴆ ὃȠ ὄȠὅ  ï ʥʦʨʤʘʣʴʥʳʝ ʚʝʢʪʦʨʳ ʧʣʦʩʢʦʩʪʝʡ 1P , 2P , 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʋʛʦʣ ʤʝʞʜʫ ʜʚʫʤʷ ʧʣʦʩʢʦʩʪʷʤʠ ʨʘʚʥʷʝʪʩʷ ʫʛʣʫ ű ʤʝʞʜʫ ʠʭ ʥʦʨʤʘʣʴʥʳʤʠ 

ʚʝʢʪʦʨʘʤʠ, ʧʦʵʪʦʤʫ 

2
2

2
2

2
2

2
1

2
1

2
1

212121

21

21cos
CBACBA

CCBBAA

NN

NN

++Ö++

++
=

Ö

Ö
=j .                (7.8) 

ʋʩʣʦʚʠʝ ʧʘʨʘʣʣʝʣʴʥʦʩʪʠ ʜʚʫʭ ʧʣʦʩʢʦʩʪʝʡ 

ʇʣʦʩʢʦʩʪʠ 1P  ʠ 2P  ʧʘʨʘʣʣʝʣʴʥʳ ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʠʭ ʥʦʨʤʘʣʴʥʳʝ 

ʚʝʢʪʦʨʳ ὔᴆ ὃȠὄȠὅ , ὔᴆ ὃȠ ὄȠ ὅ  ʢʦʣʣʠʥʝʘʨʥʳ (ʨʠʩ. 7.6), ʪ.ʝ.  

12 NN l= , ʠ ʝʩʣʠ 222 ,, CBA  ʥʝ ʨʘʚʥʳ ʥʫʣʶ, ʪʦ 

2

1

2

1

2

1

C

C

B

B

A

A
== .                                                 

 
(7.9)

 

ʇʨʠʤʝʨ 7.4. ʇʘʨʘʣʣʝʣʴʥʳ ʣʠ ʧʣʦʩʢʦʩʪʠ  

01442 =--+ zyx , 053126 =+-+ zyx ? 

ʈʝʰʝʥʠʝ. ὔᴆ ςȠ τȠ ρ ʠ ὔᴆ φȠρςȠ σ  ï ʥʦʨʤʘʣʴʥʳʝ ʚʝʢʪʦʨʳ ʟʘ-

ʜʘʥʥʳʭ ʧʣʦʩʢʦʩʪʝʡ. ʇʦʩʢʦʣʴʢʫ ʫʩʣʦʚʠʝ ʧʘʨʘʣʣʝʣʴʥʦʩʪʠ ʜʚʫʭ ʧʣʦʩʢʦʩʪʝʡ (7.9) 

ʚʳʧʦʣʥʷʝʪʩʷ: 

3

1

12

4

6

2

-

-
== , 

ʟʥʘʯʠʪ, ʧʣʦʩʢʦʩʪʠ ʧʘʨʘʣʣʝʣʴʥʳ. 

 

ʈʠʩ. 7.5 
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ʋʩʣʦʚʠʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʩʪʠ ʜʚʫʭ ʧʣʦʩʢʦʩʪʝʡ 

ʇʣʦʩʢʦʩʪʠ 1P  ʠ 2P  ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʠʭ ʥʦʨ-

ʤʘʣʴʥʳʝ ʚʝʢʪʦʨʳ ὔᴆ ὃȠὄȠ ὅ , ὔᴆ ὃȠ ὄȠ ὅ   ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ (ʨʠʩ. 

7.7), ʪ.ʝ.  

0212121 =++ CCBBAA .                                        
 
(7.10) 

ʇʨʠʤʝʨ 7.5. ʇʝʨʧʝʥʜʠʢʫʣʷʨʥʳ ʣʠ ʧʣʦʩʢʦʩʪʠ ʧʣʦʩʢʦʩʪʠ  

0573 =+-+ zyx , 09242 =-++ zyx ? 

ʈʝʰʝʥʠʝ. ὔᴆ ρȠ σȠχ ʠ ὔᴆ ςȠτȠ ς  ï ʥʦʨʤʘʣʴʥʳʝ ʚʝʢʪʦʨʳ ʟʘʜʘʥʥʳʭ 

ʧʣʦʩʢʦʩʪʝʡ. ʇʦʩʢʦʣʴʢʫ ʫʩʣʦʚʠʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʩʪʠ ʜʚʫʭ ʧʣʦʩʢʦʩʪʝʡ (7.10) 

ʚʳʧʦʣʥʷʝʪʩʷ: 

02)7(4321 =Ö-+Ö+Ö , 

ʟʥʘʯʠʪ, ʧʣʦʩʢʦʩʪʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ. 

 

ʈʠʩ. 7.6 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ MATLAB  ʧʨʠ ʥʘʭʦʞʜʝʥʠʠ ʫʛʣʘ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ 

ʇʨʠʤʝʨ 7.6. ʅʘʡʪʠ ʫʛʦʣ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ ʭ+z-1=0 ʠ x+0,5z-1=0. 

ʈʝʰʝʥʠʝ. ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ 

>>A1=2;B1=-4;C1=3; 

>>Nl=[A1,B1,C1];  

>>A2=1;B2=-3;C2=5; 

>>N2=[A2,B2,C2];  

>>alpha_rad=acos((dot(Nl,N2))/norm(Nl)/norm(N2))  

alpha_rad = 

                0.4269 

>>alpha_grad=alpha*180/pi 

alpha_grad = 

                24.4588 

ʇʨʠʤʝʨ 7.7. ʉʦʩʪʘʚʠʪʴ ʫʨʘʚʥʝʥʠʝ ʧʣʦʩʢʦʩʪʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʪʦʯʢʠ 

ɸ(1;3;2), B(1;2;1) ʠ C(2;2;2). 

ʈʝʰʝʥʠʝ. ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ 

>>syms x y z; 

>>x1=1; y1=3; z1=2; x2=1; y2=2; z2=1; x3=2; y3=2; z3=2; 

>>d=[(x-x1) (y-y1) (z-z1); (x2-x1) (y2-y1) (z2-z1); (x3-x1) (y3-y1) (z3-z1)];  

>>d=det(d); 

>>g=char(d); 

>>[g ' = 0'] 

ans = 

    'z - y - x + 2 = 0' 

7.3. ʈɸʉʉʊʆʗʅʀɽ ʆʊ ʊʆʏʂʀ ɼʆ ʇʃʆʉʂʆʉʊʀ 

ʇʫʩʪʴ ʧʣʦʩʢʦʩʪʴ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʟʘʜʘʥʘ ʦʙʱʠʤ ʫʨʘʚʥʝʥʠʝʤ: 

0=+++ DCzByAx . 

ʈʘʩʩʪʦʷʥʠʝ d ʦʪ ʪʦʯʢʠ ),,( 000 zyxM  ʜʦ ʧʣʦʩʢʦʩʪʠ 0=+++ DCzByAx  

ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ
1
 

222

000

CBA

DCzByAx
d

++

+++
= .                                   (7.11) 

ɺʳʯʠʩʣʝʥʠʝ ʚ MATLAB  ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʪʦʯʢʠ ʜʦ ʧʣʦʩʢʦʩʪʠ 

ʇʨʠʤʝʨ 7.8. ʅʘʡʪʠ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʪʦʯʢʠ ʄ0(1;2;1) ʜʦ ʧʣʦʩʢʦʩʪʠ 2x+3y-z-

3=0. 

ʈʝʰʝʥʠʝ. ʀʟ ʫʨʘʚʥʝʥʠʷ ʧʣʦʩʢʦʩʪʠ: ὔᴆ ςȠσȠ ρ, D=-3.  

ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ: 

                                                           
1
  ɺʳʚʦʜ ʬʦʨʤʫʣʳ ʘʥʘʣʦʛʠʯʥʦ ʩʣʫʯʘʶ ʧʨʷʤʦʡ ʥʘ ʧʣʦʩʢʦʩʪʠ. 
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>>M=[1, 2, 1]; 

>>N=[2, 3, -1]; 

>>D=-3; 

>>d=abs(dot(M,N)+D)/norm(N) 

d = 

    1.0690 

7.4. ʇʈʗʄɸʗ ɺ ʇʈʆʉʊʈɸʅʉʊɺɽ 

ʆʙʱʠʝ ʫʨʘʚʥʝʥʠʷ ʧʨʷʤʦʡ 

ʇʫʩʪʴ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʟʘʜʘʥʘ ɼʇʉʂ Oxyz ʠ ʧʨʦʠʟʚʦʣʴʥʘʷ ʧʨʷʤʘʷ L ʢʘʢ ʣʠ-

ʥʠʷ ʧʝʨʝʩʝʯʝʥʠʷ ʜʚʫʭ ʧʣʦʩʢʦʩʪʝʡ (ʨʠʩ. 7.8): 

í
ì
ë

=+++

=+++

.0

0

2222

1111

DzCyBxA

DzCyBxA

                                             

(7.12)   

ɼʚʘ ʫʨʘʚʥʝʥʠʷ (7.12) ʩʦʚʤʝʩʪʥʦ ʦʧʨʝʜʝʣʷʶʪ ʧʨʷʤʫʶ L ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦ-

ʛʜʘ, ʢʦʛʜʘ ʜʚʝ ʧʣʦʩʢʦʩʪʠ ʥʝ ʧʘʨʘʣʣʝʣʴʥʳ ʠ ʥʝ ʩʦʚʧʘʜʘʶʪ, ʪ.ʝ. ʥʦʨʤʘʣʴʥʳʝ ʚʝʢ-

ʪʦʨʳ ʧʣʦʩʢʦʩʪʝʡ ὔᴆ ὃȠ ὄȠ ὅ , ὔᴆ ὃȠ ὄȠ ὅ  ʥʝ ʢʦʣʣʠʥʝʘʨʥʳ. 

ʋʨʘʚʥʝʥʠʷ (7.12) ʥʘʟʳʚʘʶʪʩʷ ʦʙʱʠʤʠ ʫʨʘʚʥʝʥʠʝʤʠ ʧʨʷʤʦʡ ʚ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝ.  

ʂʘʥʦʥʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠ ̫ʧʨʷʤʦʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʃʶʙʦʡ ʥʝʥʫʣʝʚʦʡ ʚʝʢʪʦʨ, ʧʘʨʘʣʣʝʣʴʥʳʡ ʜʘʥʥʦʡ ʧʨʷʤʦʡ, ʥʘʟʳʚʘʝʪʩʷ ʝʝ 

ʥʘʧʨʘʚʣʷʶʱʠʤ ʚʝʢʪʦʨʦʤ. 

ʇʫʩʪʴ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚ ɼʇʉʂ Oxyz ʟʘʜʘʥʘ ʥʝʢʦʪʦʨʘʷ ʧʨʷʤʘʷ L, ʧʨʦʭʦʜʷ-

ʘɦ ̫ʯʝʨʝʟ ʪʦʯʢʫ ),,( 0000 zyxM  ʩ ʥʘʧʨʘʚʣʷʶʱʠʤ ʚʝʢʪʦʨʦʤ ήᴆ ὰȠάȠὲ. 

ʇʫʩʪʴ LzyxM Í),,( , ʪʦʛʜʘ ʚʝʢʪʦʨʳ ὓὓᴆ ʠ ήᴆ ï ʢʦʣʣʠʥʝʘʨʥʳ, ʠ ʧʦ ʫʩʣʦʚʠʶ 

ʢʦʣʣʠʥʝʘʨʥʦʩʪʠ ʜʚʫʭ ʚʝʢʪʦʨʦʚ ʠʤʝʝʤ: 

 

ʈʠʩ. 7.8. ʇʨʷʤʘʷ L ʢʘʢ ʧʝʨʝʩʝʯʝʥʠʝ ʜʚʫʭ ʧʣʦʩʢʦʩʪʝʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. 
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ʋʨʘʚʥʝʥʠ ̫ (7.13) ʥʘʟʳʚʘʪʁʩʷ ʢʘʥʦʥʠʯʝʩʢʠʤʠ ʫʨʘʚʥʝʥʠʤ̫ʠ ʧʨʷʤʦʡ ʚ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ. 

ʋʨʘʚʥʝʥʠ ̫ʧʨʷʤʦʡ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʜʚʝ ʟʘʜʘʥʥʳʝ ʪʦʯʢʠ 

ʇʫʩʪʴ ʜʘʥʘ ʧʨʷʤʘʷ L ʠ ʪʦʯʢʠ LzyxM Í),,( 0000 , LzyxM Í),,( 1111 . 

ʇʦʜʩʪʘʚʠʚ ( )01010110 ,, zzyyxxMMq ---==
 
ʚ (7.13), ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠ ̫

ʧʨʷʤʦʡ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʜʚʝ ʟʘʜʘʥʥʳʝ ʪʦʯʢʠ ),,( 0000 zyxM  ʠ ),,( 1111 zyxM : 
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-
.                                (7.14) 

ʇʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʧʨʷʤʦʡ 

ɺ (7.13) ʧʦʣʦʞʠʤ t
n

zz
t

m

yy
t

l

xx
=

-
=

-
=

- 000 ,, , RtÍ , ʠ ʧʦʣʫʯʠʤ ʧʘʨʘʤʝʪ-

ʨʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʧʨʷʤʦʡ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʪʦʯʢʫ ),,( 0000 zyxM  ʩ ʥʘʧʨʘʚ-

ʣʷʶʱʠʤ ʚʝʢʪʦʨʦʤ ήᴆ ὰȠάȠὲ: 
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mtyy
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                                             (7.15) 

ʋʨʘʚʥʝʥʠʷ (7.15) ʥʘʟʳʚʘʶʪʩʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʧʨʷʤʦʡ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. 

 

7.5. ɺɿɸʀʄʅʆɽ ʈɸʉʇʆʃʆɾɽʅʀɽ ɼɺʋʍ ʇʈʗʄʓʍ ɺ 

ʇʈʆʉʊʈɸʅʉʊɺɽ 

ʋʛʣʦʤ ʤʝʞʜʫ ʜʚʫʤʷ ʧʨʷʤʳʤʠ 1L  ʠ 2L  ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʥʘʟʳʚʘʝʪʩʷ ʫʛʦʣ 

ʤʝʞʜʫ ʜʚʫʤʷ ʧʝʨʝʩʝʢʘʶʱʠʤʠʩʷ ʧʨʷʤʳʤʠ, ʧʨʦʭʦʜʷʱʠʤʠ ʯʝʨʝʟ ʧʨʦʠʟʚʦʣʴʥʫʶ 

ʪʦʯʢʫ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʘʨʘʣʣʝʣʴʥʦ ʧʨʷʤʳʤ 1L  ʠ 2L  (ʨʠʩ. 7.9). 

ʇʫʩʪʴ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʜʚʝ ʧʨʷʤʳʝ 1L  ʠ 2L  ʟʘʜʘʥʳ ʢʘʥʦʥʠʯʝʩʢʠʤʠ ʫʨʘʚʥʝ-

ʥʠʷʤʠ: 
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ʊʦʯʢʠ 11111 ),,( LzyxM Í , 22222 ),,( LzyxM Í ,  ήᴆ ὰȠάȟ ὲ , ήᴆ

ὰȠάȠὲ  ï ʥʘʧʨʘʚʣʷʶʱʠʝ ʚʝʢʪʦʨʳ ʧʨʷʤʳʭ 1L  ʠ 2L ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʋʛʦʣ ʤʝʞʜʫ ʜʚʫʤʷ ʧʨʷʤʳʤʠ 

ʋʛʦʣ ʤʝʞʜʫ ʜʚʫʤʷ ʧʨʷʤʳʤʠ ʨʘʚʥʷʝʪʩʷ ʫʛʣʫ ű  ʤʝʞʜʫ ʠʭ ʥʘʧʨʘʚʣʷʶʱʠʤʠ 

ʚʝʢʪʦʨʘʤʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ: 

2
2

2
2

2
2
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2
1
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1

212121

21

21cos
nmlnml

nnmmll
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++Ö++

++
=

Ö

Ö
=j .                  (7.16)

 

ɺʳʯʠʩʣʝʥʠʝ ʫʛʣʘ ʤʝʞʜʫ ʧʨʷʤʳʤʠ ʚ MATLAB  

ʇʨʠʤʝʨ 7.9. ʅʘʡʪʠ ʫʛʦʣ ʤʝʞʜʫ ʧʨʷʤʳʤʠ 

  ʠ  . 

ʈʝʰʝʥʠʝ. ʀʟ ʫʨʘʚʥʝʥʠʡ ʧʝʨʚʦʡ ʧʨʷʤʦʡ ʥʘʧʨʘʚʣʷʶʱʠʡ ʚʝʢʪʦʨ: ήᴆ

ρȠςȠρ. ʀʟ ʫʨʘʚʥʝʥʠʡ ʚʪʦʨʦʡ ʧʨʷʤʦʡ ʥʘʧʨʘʚʣʷʶʱʠʡ ʚʝʢʪʦʨ: ήᴆ σȠρȠς.  

ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ: 

>>q1=[-1,2,1]; 

>>q2=[3,1,2]; 

>>phi=acos(abs(dot(q1,q2))/(norm(q1)*norm(q2))) 

ʈʝʟʫʣʴʪʘʪ: 

phi = 

    1.4615 

ʋʩʣʦʚʠʝ ʧʘʨʘʣʣʝʣʴʥʦʩʪʠ ʜʚʫʭ ʧʨʷʤʳʭ 

ʇʨʷʤʳʝ 1L  ʠ 2L  ʧʘʨʘʣʣʝʣʴʥʳ ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʠʭ ʥʘʧʨʘʚʣʷʶ-

ʱʠʝ ʚʝʢʪʦʨʳ ή
ρ
ᴆ ὰρȠάρȠ ὲρ , ήᴆ ὰȠ άȠ ὲ  ʢʦʣʣʠʥʝʘʨʥʳ, ʪ.ʝ. 
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(7.17) 
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ʋʩʣʦʚʠʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʩʪʠ ʜʚʫʭ ʧʨʷʤʳʭ 

ʇʨʷʤʳʝ 1L  ʠ 2L  ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʠʭ ʥʘʧʨʘʚ-

ʣʷʶʱʠʝ ʚʝʢʪʦʨʳ ήᴆ ὰȠ άȠ ὲ , ήᴆ ὰȠ άȠ ὲ
 
ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ, ʪ.ʝ.     

0212121 =++ nnmmll .                                        
 
(7.18) 

ʋʩʣʦʚʠʝ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʜʚʫʭ ʧʨʷʤʳʭ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ʇʨʷʤʳʝ 1L  ʠ 2L  ʣʝʞʘʪ ʥʘ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʠʭ 

ʥʘʧʨʘʚʣʷʶʱʠʝ ʚʝʢʪʦʨʳ ήᴆ ὰȠ άȠ ὲ , ήᴆ ὰȠ άȠ ὲ
 
ʠ ʚʝʢʪʦʨ ὼ

ὼȠ  ώ ώȠ ᾀ ᾀ  ʢʦʤʧʣʘʥʘʨʥʳ, ʪ.ʝ. 
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zzyyxx

,                                  (7.19) 

ʛʜʝ ʪʦʯʢʠ 11111 ),,( LzyxM Í , 22222 ),,( LzyxM Í . 

ʇʨʠ ʵʪʦʤ ʝʩʣʠ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ (7.17), ʪʦ ʜʚʝ ʧʨʷʤʳʝ, ʣʝʞʘʱʠʝ ʥʘ ʦʜ-

ʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʧʘʨʘʣʣʝʣʴʥʳ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʦʥʠ ʧʝʨʝʩʝʢʘʶʪʩʷ. 

ʇʨʠʚʝʜʝʥʠʝ ʦʙʱʠʭ ʫʨʘʚʥʝʥʠʡ ʧʨʷʤʦʡ ʢ ʢʘʥʦʥʠʯʝʩʢʠʤ ʫʨʘʚʥʝʥʠʷʤ 

ʇʫʩʪʴ ʜʘʥʘ ʧʨʷʤʘʷ ʦʙʱʠʤʠ ʫʨʘʚʥʝʥʠʤ̫ʠ  

í
ì
ë

=+++

=+++
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2222
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DzCyBxA

DzCyBxA
                                    (7.20) 

ʇʨʠʚʝʜʝʤ ʫʨʘʚʥʝʥʠʷ ʧʨʷʤʦʡ (7.20) ʢ ʢʘʥʦʥʠʯʝʩʢʠʤ ʫʨʘʚʥʝʥʠʷʤ (7.13). 

ʉʧʦʩʦʙ 1. ʅʘʡʜʝʤ ʢʘʢʫʶ-ʥʠʙʫʜʴ ʪʦʯʢʫ ( )0000 ,, zyxM , ʣʝʞʘʱʫʶ ʥʘ ʧʨʷ-

ʤʦʡ (ʨʠʩ. 7.10). ɼʣʷ ʵʪʦʛʦ ʧʦʣʦʞʠʤ constz =0  ( constx =0   ʠʣʠ consty =0 ), 

ʥʘʧʨʠʤʝʨ, 00=z  ( 00=x  ʠʣʠ 00=y ), ʠ ʧʦʜʩʪʘʚʠʤ ʵʪʦ ʟʥʘʯʝʥʠʝ ʚ (7.20), 

ʥʘʡʜʝʤ 0x , 0y  ( 0y , 0z ʠʣʠ 0x , 0z ). 

ʅʘʧʨʘʚʣʷʶʱʠʡ ʚʝʢʪʦʨ ήᴆ ὰȠάȠὲ ʧʨʷʤʦʡ ʧʝʨʧʝʥʜʠʢʫʣʷʨʝʥ ʥʦʨʤʘʣʴʥʳʤ 

ʚʝʢʪʦʨʘʤ ὔᴆ ὃȠὄȠ ὅ , ὔᴆ ὃȠὄȠ ὅ  ʧʣʦʩʢʦʩʪʝʡ (7.20): 

222

11121

CBA

CBA

kji

NNq =³= .                                  (7.21) 
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ʉʧʦʩʦʙ 2. ʅʘʡʜʝʤ ʢʘʢʠʝ-ʥʠʙʫʜʴ ʜʚʝ ʪʦʯʢʠ ( )0000 ,, zyxM , 

( )1111 ,, zyxM , ʣʝʞʘʱʠʝ ʥʘ ʧʨʷʤʦʡ (ʨʠʩ. 7.11). ʅʘʧʨʘʚʣʷʶʱʠʡ ʚʝʢʪʦʨ ʧʨ̫-

ʤʦʡ ήᴆ ὓὓᴆ ὼ ὼȠώ ώȠᾀ ᾀ . 

 

ʇʨʠʤʝʨ 7.10. ʇʨʠʚʝʩʪʠ ʦʙʱʠʝ ʫʨʘʚʥʝʥʠʷ ʧʨʷʤʦʡ 

í
ì
ë

=--+

=-++

01532

0842

zyx

zyx
 

ʢ ʢʘʥʦʥʠʯʝʩʢʠʤ ʫʨʘʚʥʝʥʠʷʤ. 

ʈʝʰʝʥʠʝ.  

ʉʧʦʩʦʙ 1. ʅʘʡʜʝʤ ʪʦʯʢʫ ( )0000 ,, zyxM , ʣʝʞʘʱʫʶ ʥʘ ʧʨʷʤʦʡ. ʇʫʩʪʴ 

00=x . ʇʦʜʩʪʘʚʠʤ 00==xx  ʚ ʟʘʜʘʥʥʳʝ ʫʨʘʚʥʝʥʠʷ: 

í
ì
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=--
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ʈʠʩ. 7.10 
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ʦʪʢʫʜʘ 
í
ì
ë

=

=

1

2

z

y
, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ( )0 0,2,1M . 

ʅʘʡʜʝʤ ʥʘʧʨʘʚʣʷʶʱʠʡ ʚʝʢʪʦʨ ʧʨʷʤʦʡ 

ήᴆ ὔ ὔ
ᴆ ᴆ Ὧᴆ

ρ ς τ
ς σ υ

ςςᴆ ρσᴆ Ὧᴆ ςςȠρσȠρ. 

ʂʘʥʦʥʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʧʨʷʤʦʡ ʠʤʝʶʪ ʚʠʜ: 

1

1

13

2

22 -

-
=

-
=

-

zyx
. 

ʉʧʦʩʦʙ 2. ʇʦʣʘʛʘʷ 00==xx , ʥʘʡʜʝʤ ʪʦʯʢʫ( )1,2,00M , ʣʝʞʘʱʫʶ ʥʘ ʧʨʷ-

ʤʦʡ. ʇʦʜʩʪʘʚʠʤ 00==zz  ʚ ʟʘʜʘʥʥʳʝ ʫʨʘʚʥʝʥʠʷ: 

í
ì
ë

=-+

=-+

0132

082

yx

yx
, 

ʦʪʢʫʜʘ 
í
ì
ë

=

-=

15

22

y

x
, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʰʣʠ ʝʱʝ ʦʜʥʫ ʪʦʯʢʫ ( )0,15,221 -M , ʣʝʞʘʱʫʶ ʥʘ 

ʧʨʷʤʦʡ. 

ʅʘʧʨʘʚʣʷʶʱʠʡ ʚʝʢʪʦʨ ʧʨʷʤʦʡ ήᴆ ὓὓᴆ ὼ ὼȠώ ώȠᾀ ᾀ, ʪ.ʝ. 

ήᴆ ὓὓᴆ ςςȠρσȠρ. 

ʂʘʥʦʥʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʧʨʷʤʦʡ ʠʤʝʶʪ ʚʠʜ: 
1

1

13

2

22 -

-
=

-
=

-

zyx
. 

ʆʪʚʝʪ. 
1

1

13

2

22 -

-
=

-
=

-

zyx
. 

ʇʣʦʩʢʦʩʪʴ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ MATLAB  

ʇʨʠʤʝʨ 7.11. ʉʦʩʪʘʚʠʪʴ ʢʘʥʦʥʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʧʨʷʤʦʡ, ʦʙʨʘʟʦʚʘʥʥʦʡ 

ʧʝʨʝʩʝʯʝʥʠʝʤ ʜʚʫʭ ʧʣʦʩʢʦʩʪʝʡ: 2x+2z-1=0 ʠ x+2y+2z-1=0, ʠ ʧʦʩʪʨʦʠʪʴ ʧʣʦʩʢʦ-

ʩʪʠ. 

ʈʝʰʝʥʠʝ. ɼʣʷ ʨʝʰʝʥʠʷ ʩʦʟʜʘʜʠʤ ʩʢʨʠʧʪ-ʬʘʡʣ: 

m-ʬʘʡʣ eqofl.m 

% ʀʟ ʫʨʘʚʥʝʥʠʷ ʧʝʨʚʦʡ ʧʣʦʩʢʦʩʪʠ 

A1=2; B1=0; C1=2; D1=- 1; N1=[ A1, B1, C1];  

b01= - D1/C1; b11= - A1/C1; b21= - B1/C1;  

X=0:0.025:1; Y=0:0.025:1;  

%ʇʦʩʪʨʦʝʥʠʝ ʧʝʨʚʦʡ ʧʣʦʩʢʦʩʪʠ 

[x,y]=meshgrid(X,Y);  

z1=b01+b11*x+b21*y;  

mesh(x,y,z1, 'LineWidth' ,1)  
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hold on 

% ʀʟ ʫʨʘʚʥʝʥʠʷ ʚʪʦʨʦʡ ʧʣʦʩʢʦʩʪʠ 

A2=1;B2=2;C2=2;D2= - 1;N2=[A2,B2,C2];   

b02= - D2/C2;b12= - A2/C2;b22= - B2/C2;  

X=0:0.025:1; Y=0:0.025:1;  

%ʇʦʩʪʨʦʝʥʠʝ ʚʪʦʨʦʡ ʧʣʦʩʢʦʩʪʠ 

[ x, y]= meshgrid ( X, Y) ;  

z2=b02+b12*x+b22*y;  

mesh(x,y,z2, 'LineWidth' ,1)  

xlabel( ' ʭ' );ylabel( ' ʫ' );zlabel( 'z' );  

%ʋʨʘʚʥʝʥʠʝ ʧʨʷʤʦʡ 

z0=0;  

syms x y z x0  y0 ;  

[x0,y0]=solve(A1*x0+B1*y0+D1, A2*x0+B2*y0+D2);  

s=cross(N1,N2);  

ur_1=(x - x0)/s(1);  

ur_2=(y - y0)/s(2);  

ur_3=(z - z0)/s(3);  

g1=char(ur_1); g2=char(ur_2); g3=char(ur_3);  

[ g1 ' = '  g2 ' = '  g3]  

ʇʦʩʣʝ ʚʳʟʦʚʘ ʠ ʚʳʧʦʣʥʝʥʠʷ m-ʬʘʡʣʘ eqofl.m ʚ ʢʦʤʘʥʜʥʦʤ ʦʢʥʝ ʧʦʷʚʠʪʩʷ 

ʩʣʝʜʫʶʱʝʝ ʩʦʦʙʱʝʥʠʝ: 

ans = 

    '1/8 - x/4 = 1/8 - y/2 = z/4' 

ʇʣʦʩʢʦʩʪʠ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 7.12.  

ʇʨʠʤʝʨ 7.12. ʉʦʩʪʘʚʠʪʴ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʧʨʷʤʦʡ, ʦʙʨʘʟʦʚʘʥʥʦʡ 

ʧʝʨʝʩʝʯʝʥʠʝʤ ʜʚʫʭ ʧʣʦʩʢʦʩʪʝʡ: 2x+2z-1=0 ʠ x+2y+2z-1=0. 

 

ʈʠʩ. 7.12.  ʇʣʦʩʢʦʩʪʠ 2x+2z-1=0 ʠ x+2y+2z-1=0 
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ʈʝʰʝʥʠʝ. ɼʣʷ ʨʝʰʝʥʠʷ ʩʦʟʜʘʜʠʤ ʩʢʨʠʧʪ-ʬʘʡʣ: 

m-ʬʘʡʣ parameqofl.m 

%ʀʟ ʫʨʘʚʥʝʥʠʷ ʧʝʨʚʦʡ ʧʣʦʩʢʦʩʪʠ 

A1=2;B1=0;C1=2;D1= - 1;N1=[A1,B1,C1];  

%ʀʟ ʫʨʘʚʥʝʥʠʷ ʚʪʦʨʦʡ ʧʣʦʩʢʦʩʪʠ 

A2=1;B2=2;C2=2;D2= - 1;N2=[A2,B2,C2];  

%ʋʨʘʚʥʝʥʠʝ ʧʨʷʤʦʡ 

z0=0;  

syms x y z x0 y0 t ;  

[x0,y0]=solve(A1*x0+B1*y0+D1, A2*x0+B2*y0+D2);  

s=cross(N1,N2);  

ur_1=x0+s(1)*t;  

ur_2= y0+s(2)*t;  

ur_3= z0+s(3)*t;  

g1=char(ur_1); g2=char(ur_2); g3=char(ur_3);  

[ 'x = '  g1 '   y = '  g2 '   z = '  g3]  

ʇʦʩʣʝ ʚʳʟʦʚʘ ʠ ʚʳʧʦʣʥʝʥʠʷ m-ʬʘʡʣʘ parameqofl.m ʚ ʢʦʤʘʥʜʥʦʤ ʦʢʥʝ ʧʦ-

ʷʚʠʪʩʷ ʩʣʝʜʫʶʱʝʝ ʩʦʦʙʱʝʥʠʝ: 

ans = 

    'x = 1/2 - 4*t;   y = 1/4 - 2*t;   z = 4*t' 

ʇʨʠʤʝʨ 7.13. ʅʘʡʪʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʨʷʤʳʤʠ  

 ʠ  . 

ʈʝʰʝʥʠʝ. ʀʟ ʫʨʘʚʥʝʥʠʷ ʧʝʨʚʦʡ ʧʨʷʤʦʡ ʠʤʝʝʤ: ʄ1(2;-1;3), ήᴆ σȠςȠρ. ʀʟ 

ʫʨʘʚʥʝʥʠʷ ʚʪʦʨʦʡ ʧʨʷʤʦʡ ʠʤʝʝʤ: ʄ2(-1;4;1), ήᴆ ςȠρȠς. ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ 

>>M1=[2,-1,3];q1=[3,2,1]; 

>>M2=[-1,4,1];q2=[2,1,-2]; 

>>d=abs((dot(cross(M1,q1),q2) +dot(cross(M2,q2),q1))/norm(cross(q1,q2))) 

d = 

    6.0083 

 

7.6. ɺɿɸʀʄʅʆɽ ʈɸʉʇʆʃʆɾɽʅʀɽ ʇʈʗʄʆʁ ʀ ʇʃʆʉʂʆʉʊʀ ɺ 

ʇʈʆʉʊʈɸʅʉʊɺɽ 

ʇʫʩʪʴ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚ ɼʇʉʂ Oxyz ʟʘʜʘʥʳ ʧʣʦʩʢʦʩʪʴ ʈ ʠ ʧʨʷʤʘʷ L ʫʨʘʚ-

ʥʝʥʠʷʤʠ: 

ʈ: 
0=+++ DCzByAx , 

L: 
n

zz

m

yy

l

xx 000 -
=

-
=

-
. 
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ὔᴆ ὃȠὄȠὅ
 
ï ʥʦʨʤʘʣʴʥʳʡ ʚʝʢʪʦʨ ʧʣʦʩʢʦʩʪʠ ʈ, ήᴆ ὰȠ άȠ ὲ ï ʥʘʧʨʘʚʣʷ-

ʶʱʠʡ ʚʝʢʪʦʨ ʧʨʷʤʦʡ L.  

ɺʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʨʷʤʦʡ ʠ ʧʣʦʩʢʦʩʪʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ: 

1) ʇʨʷʤʘʷ ʠ ʧʣʦʩʢʦʩʪʴ ʧʝʨʝʩʝʢʘʶʪʩʷ (ʨʠʩ. 7.13), ʚ ʯʘʩʪʥʦʩʪʠ, ʦʥʠ ʧʝʨʧʝʥ-

ʜʠʢʫʣʷʨʥʳ (ʨʠʩ. 7.14), 

2) ʇʨʷʤʘʷ ʠ ʧʣʦʩʢʦʩʪʴ ʧʘʨʘʣʣʝʣʴʥʳ (ʨʠʩ. 7.15), ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʷʤʘʷ ʣʝʞʠʪ 

ʥʘ ʧʣʦʩʢʦʩʪʠ (ʨʠʩ. 7.16). 

 

 

ʈʠʩ. 7.13. ʇʝʨʝʩʝʯʝʥʠʝ ʧʨʷʤʦʡ ʠ ʧʣʦʩʢʦʩʪʠ 

 

ʈʠʩ. 7.14. ʇʨʷʤʘʷ L ʠ ʧʣʦʩʢʦʩʪʴ ʈ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ 

y 

x 

O 

 z   

       z 
                        L             
                                   
 
 

      P   

 
            O 
                                                                          
                                               y                                        
 
x                  
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ʇʦʜ ʫʛʣʦʤ ʤʝʞʜʫ ʧʨʷʤʦʡ ʠ ʧʣʦʩʢʦʩʪʴʶ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʦʩʪʨʳʡ ʫʛʦʣ ʤʝʞ-

ʜʫ ʧʨʷʤʦʡ ʠ ʝʝ ʧʨʦʝʢʮʠʝʡ ʥʘ ʵʪʫ ʧʣʦʩʢʦʩʪʴ (ʨʠʩ. 7.17).  

ʇʫʩʪʴ j ï ʫʛʦʣ ʤʝʞʜʫ ʧʨʷʤʦʡ ʠ ʧʣʦʩʢʦʩʪʴʶ, ʪʦʛʜʘ j
p
-

2
 ï ʫʛʦʣ ʤʝʞʜʫ 

ʚʝʢʪʦʨʘʤʠ ὔᴆ ὃȠὄȠὅ, ήᴆ ὰȠάȠὲ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ,  

2222222
cos

nmlCBA

CnBmAl

++Ö++

++
=ö
÷

õ
æ
ç

å
-j
p

. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ,  

jj
p

sin
2

cos =ö
÷

õ
æ
ç

å
- . 

ʆʪʢʫʜʘ ʧʦʣʫʯʠʤ: 

222222
sin

nmlCBA

CnBmAl

++Ö++

++
=j .                   (7.22) 

 

 

ʈʠʩ. 7.15. ʇʨʷʤʘʷ L ʠ ʧʣʦʩʢʦʩʪʴ ʈ ʧʘʨʘʣʣʝʣʴʥʳ 

 

 

ʈʠʩ. 7.16. ʇʨʷʤʘʷ L ʣʝʞʠʪ ʚ ʧʣʦʩʢʦʩʪʠ ʈ 

 O 

z 
 

y 
  

x 
  

L 
  

P 
  

z 

x 
y 

P L 
O 
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ʘ) ʋʩʣʦʚʠʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʩʪʠ ʧʨʷʤʦʡ ʠ ʧʣʦʩʢʦʩʪʠ 

ʇʨʷʤʘʷ L ʠ ʧʣʦʩʢʦʩʪʴ ʈ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʚʝʢ-

ʪʦʨʳ ὔᴆ ὃȠὄȠὅ, ήᴆ ὰȠάȠὲ
 
ʢʦʣʣʠʥʝʘʨʥʳ (ʨʠʩ. 7.14), ʪ.ʝ. 

n

ʉ

m

B

l

A
== .                                                  

 
(7.23)

 

ʙ) ʋʩʣʦʚʠʝ ʧʘʨʘʣʣʝʣʴʥʦʩʪʠ ʧʨʷʤʦʡ ʠ ʧʣʦʩʢʦʩʪʠ 

ʇʨʷʤʘʷ L ʠ ʧʣʦʩʢʦʩʪʴ ʈ ʧʘʨʘʣʣʝʣʴʥʳ ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʚʝʢʪʦʨʳ 

ὔᴆ ὃȠὄȠὅ, ήᴆ ὰȠ άȠ ὲ
 
ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ (ʨʠʩ. 7.15), ʪ.ʝ.  

0=++ CnBmAl .                                             
 
(7.24) 

ʚ) ʋʩʣʦʚʠʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʧʨʷʤʦʡ ʧʣʦʩʢʦʩʪʠ 

ʇʨʷʤʘʷ L ʣʝʞʠʪ ʚ ʧʣʦʩʢʦʩʪʠ ʈ, ʝʩʣʠ 0=++ CnBmAl  ʠ

0000 =+++ DCzByAx , ʛʜʝ ʪʦʯʢʘ ( )000 ,, zyx , ʣʝʞʘʱʘʷ ʥʘ ʧʨʷʤʦʡ, ʣʝʞʠʪ ʠ ʥʘ 

ʧʣʦʩʢʦʩʪʠ (ʨʠʩ. 7.16). 

ʇʨʠʤʝʨ 7.14. ɼʘʥʳ ʧʨʷʤʘʷ 
1

12

6

5

4

3 -
=

-

+
=

- zyx
 ʠ ʧʣʦʩʢʦʩʪʴ 

0982 =-++ zyx . ʇʘʨʘʣʣʝʣʴʥʳ ʣʠ ʧʨʷʤʘʷ ʠ ʧʣʦʩʢʦʩʪʴ? ʃʝʞʠʪ ʣʠ ʧʨʷʤʘʷ ʚ 

ʧʣʦʩʢʦʩʪʠ? 

ʈʝʰʝʥʠʝ. ʇʨʷʤʘʷ ʠ ʧʣʦʩʢʦʩʪʴ ʧʘʨʘʣʣʝʣʴʥʳ, ʧʦʩʢʦʣʴʢʫ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦ-

ʚʠʝ ʧʘʨʘʣʣʝʣʴʥʦʩʪʠ ʧʨʷʤʦʡ ʠ ʧʣʦʩʢʦʩʪʠ (7.24): 

018)6(241 =Ö+-Ö+Ö=++ CnBmAl . 

ʇʨʷʤʘʷ ʥʝ ʣʝʞʠʪ ʚ ʧʣʦʩʢʦʩʪʠ, ʪʘʢ ʢʘʢ ʪʦʯʢʘ ( )( )12,5,3,, 000 -=zyx , ʣʝʞʘʱʘʷ 

ʥʘ ʧʨʷʤʦʡ, ʥʝ ʣʝʞʠʪ ʥʘ ʧʣʦʩʢʦʩʪʠ: 

 

ʈʠʩ. 7.17. ʋʛʦʣ (ű) ʤʝʞʜʫ ʧʨʷʤʦʡ L ʠ ʧʣʦʩʢʦʩʪʴʶ ʈ 

 ʫ 

 ʭ 

L             

 

O 

z            

ὔᴆ 
 ήᴆ 
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089128)5(231000 ¸=Ö+-Ö+Ö=+++ DCzByAx . 

ʆʪʚʝʪ. ʇʨʷʤʘʷ ʧʘʨʘʣʣʝʣʴʥʘ ʟʘʜʘʥʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʥʝ ʣʝʞʠʪ ʚ ʧʣʦʩʢʦʩʪʠ. 

ʇʨʠʤʝʨ 7.15.  ʅʘʡʪʠ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʧʨʷʤʦʡ 

36

1

1

2 zyx
=

+
=

-

-
 ʠ ʧʣʦʩʢʦʩʪʠ 0982 =-++ zyx . 

ʈʝʰʝʥʠʝ. ὔᴆ ρȠςȠ ψ
 
ï ʥʦʨʤʘʣʴʥʳʡ ʚʝʢʪʦʨ ʧʣʦʩʢʦʩʪʠ, ήᴆ ρȠφȠσ

 
 ï 

ʥʘʧʨʘʚʣʷʶʱʠʡ ʚʝʢʪʦʨ ʧʨʷʤʦʡ.  

ʇʨʷʤʘʷ ʠ ʧʣʦʩʢʦʩʪʴ ʧʝʨʝʩʝʢʘʶʪʩʷ, ʧʦʩʢʦʣʴʢʫ 

0353862)1(1 ¸=Ö+Ö+-Ö=++ CnBmAl . 

ʇʨʷʤʘʷ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʪʦʯʢʫ ( )( )0,1,2,, 000 -=zyx . 

ɿʘʧʠʰʝʤ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʧʨʷʤʦʡ (6.45): 

î
í

î
ì

ë

=

+-=

-=

tz

ty

tx

3

61

2

 

ʇʦʜʩʪʘʚʠʤ ʠʭ ʚ ʫʨʘʚʥʝʥʠʝ ʧʣʦʩʢʦʩʪʠ 0982 =-++ zyx : 

09)3(8)16(2)2( =-+-++- ttt , ʦʪʢʫʜʘ 
35

9
=t . 

ʇʦʜʩʪʘʚʠʤ 
35

9
=t  ʚ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʧʨʷʤʦʡ ʠ ʧʦʣʫʯʠʤ ʢʦʦʨʜʠ-

ʥʘʪʳ ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʧʨʷʤʦʡ ʠ ʧʣʦʩʢʦʩʪʠ: 

î
î
î

í

î
î
î

ì

ë

=

=+-=

=-=

35

27

35

19

35

54
1

35

61

35

9
2

z

y

x

  

ʆʪʚʝʪ. ö
÷

õ
æ
ç

å

35

27
,

35

19
,

35

61
. 

 

7.7. ʈɸʉʉʊʆʗʅʀɽ ʆʊ ʊʆʏʂʀ ɼʆ ʇʈʗʄʆʁ ɺ ʇʈʆʉʊʈɸʅʉʊɺɽ 

ʇʨʠʤʝʨ 7.16. ʇʫʩʪʴ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚ ɼʇʉʂ ʟʘʜʘʥʳ ʪʦʯʢʘ ),,( 1111 zyxM  ʠ 

ʧʨʷʤʘʷ L: 
n

zz

m

yy

l

xx 000 -
=

-
=

-
. ʅʘʡʪʠ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʪʦʯʢʠ ),,( 1111 zyxM

 
ʜʦ 

ʧʨʷʤʦʡ L. 

ʈʝʰʝʥʠʝ. ʇʦʩʢʦʣʴʢʫ 
n

zz

m

yy

l

xx 000 -
=

-
=

-

 

 ï ʫʨʘʚʥʝʥʠ ̫ʧʨʷʤʦʡ L, ʪʦ 

ήᴆ ὰȠάȠὲ ï ʥʘʧʨʘʚʣʷʶʱʠʡ ʚʝʢʪʦʨ ʧʨʷʤʦʡ L. ʇʨʦʚʝʜʝʤ ʧʣʦʩʢʦʩʪʴ ʈ, ʧʨʦʭʦ-
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ʜʷʱʫʶ ʯʝʨʝʟ ʪʦʯʢʫ ),,( 1111 zyxM  ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫʶ ʧʨʷʤʦʡ L. ʊʦʛʜʘ ὔᴆ ήᴆ, 

ʛʜʝ ὔᴆ ï ʥʦʨʤʘʣʴʥʳʡ ʚʝʢʪʦʨ ʧʣʦʩʢʦʩʪʠ ʈ, ʠ ʫʨʘʚʥʝʥʠʝ ʧʣʦʩʢʦʩʪʠ ʈ ʠʤʝʝʪ ʚʠʜ: 

0)()()( 111 =-+-+- zznyymxxl . 

ʇʫʩʪʴ ʅ ï ʪʦʯʢʘ ʧʝʨʝʩʝʯʝʥʠʷ ʧʨʷʤʦʡ L ʠ ʧʣʦʩʢʦʩʪʠ P.  

ʅʘʡʜʝʤ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʅ: 

1) ʧʨʠʚʝʜʝʤ ʫʨʘʚʥʝʥʠʷ ʧʨʷʤʦʡ L ʢ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤʫ ʚʠʜʫ 
î
í

î
ì

ë

+=

+=

+=

ntzz

mtyy

ltxx

0

0

0

, 

2) ʧʦʜʩʪʘʚʠʤ 
î
í

î
ì

ë

+=

+=

+=

ntzz

mtyy

ltxx

0

0

0

 

 ʚ ʫʨʘʚʥʝʥʠʝ ʧʣʦʩʢʦʩʪʠ ʈ ʠ ʥʘʡʜʝʤ t, 

3) ʧʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ t ʧʦʜʩʪʘʚʠʤ ʚ 
î
í

î
ì

ë

+=

+=

+=

ntzz

mtyy

ltxx

0

0

0

, ʥʘʡʜʝʤ ʢʦʦʨʜʠʥʘʪʳ 

ʪʦʯʢʠ ʅ.  

ʀʩʢʦʤʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʪʦʯʢʠ ),,( 1111 zyxM
 
ʜʦ ʧʨʷʤʦʡ L ʨʘʚʥʦ Ὠ Ὄὓᴆ. 

ʇʨʷʤʘʷ ʠ ʧʣʦʩʢʦʩʪʴ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ MATLAB  

ʇʨʠʤʝʨ 7.17. ʃʝʞʘʪ ʣʠ ʥʘ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʨʷʤʳʝ 

 ʠ   ? 

ʈʝʰʝʥʠʝ. ʀʟ ʫʨʘʚʥʝʥʠʡ ʧʝʨʚʦʡ ʧʨʷʤʦʡ ʠʤʝʝʤ: ʄ1(3;7;2), ήᴆ σȠσȠρ.    

ʀʟ ʫʨʘʚʥʝʥʠʡ ʚʪʦʨʦʡ ʧʨʷʤʦʡ ʠʤʝʝʤ: ʄ2(-2;-8;4), ήᴆ ςȠρȠσ.  

ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ: 

>> M1=[3,7,2]; q1=[3,3,-1]; 

>> M2=[-2,-8,4]; q2=[-2,-1,-3]; 

>>d=det([M2-M1;q1;q2]) 

d = 

    -109.0000 

ʆʪʚʝʪ. ʇʨʷʤʳʝ ʥʝ ʣʝʞʘʪ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ. 

ʇʨʠʤʝʨ 7.18. ʇʝʨʝʩʝʢʘʶʪʩʷ ʣʠ ʧʨʷʤʘʷ  ʠ ʧʣʦʩʢʦʩʪʴ x+2y-

5z-1=0? 

ʈʝʰʝʥʠʝ. ʀʟ ʫʨʘʚʥʝʥʠʡ ʧʨʷʤʦʡ ʚʠʜʥʦ ʥʘʧʨʘʚʣʷʶʱʠʡ ʚʝʢʪʦʨ ʠʤʝʝʪ ʢʦʦʨ-

ʜʠʥʘʪʳ: q1=(5;-2;1). ʀʟ ʫʨʘʚʥʝʥʠʷ ʧʣʦʩʢʦʩʪʠ ʠʤʝʝʤ ʢʦʦʨʜʠʥʘʪʳ ʥʦʨʤʘʣʴʥʦʛʦ 

ʚʝʢʪʦʨʘ ὔᴆ ρȠςȠυ. ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ: 
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>>q=[5, -2, 1]; 

>>N=[1, 2, -5]; 

>>d=dot(q,N) 

d = 

    -4 

ʆʪʚʝʪ. ʇʨʷʤʘʷ ʠ ʧʣʦʩʢʦʩʪʴ ʧʝʨʝʩʝʢʘʶʪʩʷ. 

ʇʨʠʤʝʨ 7.19. ʅʘʡʪʠ ʫʛʦʣ ʤʝʞʜʫ ʧʨʷʤʦʡ   ʠ ʧʣʦʩʢʦʩʪʴʶ x-

2y+4z-1=0. 

ʈʝʰʝʥʠʝ. ʀʟ ʫʨʘʚʥʝʥʠʡ ʧʨʷʤʦʡ ʥʘʧʨʘʚʣʷʶʱʠʡ ʚʝʢʪʦʨ ʠʤʝʝʪ ʢʦʦʨʜʠʥʘʪʳ: 

ήᴆ σȠςȠ τ. ʀʟ ʫʨʘʚʥʝʥʠʷ ʧʣʦʩʢʦʩʪʠ ʠʤʝʝʤ ʢʦʦʨʜʠʥʘʪʳ ʥʦʨʤʘʣʴʥʦʛʦ ʚʝʢ-

ʪʦʨʘ ὔᴆ ρȠ ςȠτ. ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ: 

>>q=[3,-2,-4]; 

>>N=[1,-2,4]; 

>>phi=asin(abs(dot(q,N))/(norm(q)*norm(N))) 

phi = 

        0.3733 

ʇʨʠʤʝʨ 7.20. ʅʘʡʪʠ ʪʦʯʢʫ ʧʝʨʝʩʝʯʝʥʠʷ ʧʨʷʤʦʡ  ʠ ʧʣʦʩ-

ʢʦʩʪʠ x+2y-5z-1=0. 

ʈʝʰʝʥʠʝ. ʀʟ ʫʨʘʚʥʝʥʠʡ ʧʨʷʤʦʡ ʠʤʝʝʤ: ʄ(-1;-2;1), ήᴆ υȠςȠρ.  

ʀʟ ʫʨʘʚʥʝʥʠʷ ʧʣʦʩʢʦʩʪʠ ʠʤʝʝʤ: ὔᴆ ρȠςȠυ, D=-1. ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ: 

>>q=[5;-2;1]; 

>>N=[1;2;-5];D=-1; 

>>M=[-1;-2;1]; 

>>XYZ= M - q.*(N'*M+D)./( N'* q) 

XYZ = 

       -14.7500 

          3.5000 

        -1.7500 

 

 ɽʩʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʯʠʩʣʝʥʠʷ MATLAB  ʚʳʜʘʝʪ Nan, ʪʦ ʧʨʷʤʘʷ ʣʝʞʠʪ ʚ 

ʧʣʦʩʢʦʩʪʠ. 

 

7.8. ʇʆɺɽʈʍʅʆʉʊʀ ɺʊʆʈʆɻʆ ʇʆʈʗɼʂɸ 

ʇʦʚʝʨʭʥʦʩʪʴʶ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʥʘʟʳʚʘʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʪʦʯʝʢ ʧʨʦʩʪʨʘʥ-

ʩʪʚʘ, ʜʝʢʘʨʪʦʚʳʝ ʢʦʦʨʜʠʥʘʪʳ ʢʦʪʦʨʳʭ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʘʣʛʝʙʨʘʠʯʝʩʢʦʤʫ ʫʨʘʚʥʝ-

ʥʠʶ ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ ʦʪʥʦʩʠʪʝʣʴʥʦ x,y, z: 

0222222222 =+++++++++ nMzLyGxFxzEyzDxyCzByAx ,   (7.25) 

ʛʜʝ ʯʠʩʣʘ FEDCBA ,,,,,  ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝ ʨʘʚʥʳ ʥʫʣʶ. 
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ʋʨʘʚʥʝʥʠʝ (7.25) ʥʘʟʳʚʘʝʪʩʷ ʦʙʱʠʤ ʫʨʘʚʥʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ ʚʪʦʨʦʛʦ ʧʦ-

ʨʷʜʢʘ. 

ʊʝʦʨʝʤʘ 7.2. ʂʘʞʜʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʩ ʧʦʤʦʱʴʶ ʧʦʜʭʦʜʷ-

ʱʝʛʦ ʚʳʙʦʨʘ ɼʇʉʂ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʦʜʥʦʤʫ ʠ ʪʦʣʴʢʦʤʫ ʦʜʥʦʤʫ ʠʟ ʥʠʞʝ ʧʝʨʝ-

ʯʠʩʣʝʥʥʳʭ 17 ʪʠʧʦʚ: 

 (1-3)      

î
í

î
ì

ë

--

-

-

=++

ʵʣʣʠʧʩʦʠʜʤʥʠʤʳʡ

ʪʦʯʢʘ

ʵʣʣʠʧʩʦʠʜ

c

z

b

y

a

x

1

0

1

2

2

2

2

2

2

 

(4-6)       

î
í

î
ì

ë

--

-

-

=-+

ʜʛʠʧʝʨʙʦʣʦʠʳʡʜʚʫʧʦʣʦʩʪʥ

ʢʦʥʫʩ

ʜʛʠʧʝʨʙʦʣʦʠʥʳʡʦʜʥʦʧʦʣʦʩʪ

c

z

b

y

a

x

1

0

1

2

2

2

2

2

2

 

(7)          ʧʘʨʘʙʦʣʦʠʜʢʠʡʵʣʣʠʧʪʠʯʝʩz
b

y

a

x
-=+

2

2

2

2

  

(8)          ʧʘʨʘʙʦʣʦʠʜʝʩʢʠʡʛʠʧʝʨʙʦʣʠʯz
b

y

a

x
-=-

2

2

2

2

  

(9-11)     

î
í

î
ì

ë

--

-

-

=+

ʮʠʣʠʥʜʨʢʠʡʵʣʣʠʧʪʠʯʝʩʤʥʠʤʳʡ

Ozʧʨʷʤʘʷ

ʮʠʣʠʥʜʨʢʠʡʵʣʣʠʧʪʠʯʝʩ

b

y

a

x

1

0

1

2

2

2

2

 

(12-13)   
í
ì
ë

-

-
=-

ʧʣʦʩʢʦʩʪʝʡʠʭʩʷʧʝʨʝʩʝʢʘʶʱʧʘʨʘ

ʮʠʣʠʥʜʨʝʩʢʠʡʛʠʧʝʨʙʦʣʠʯ

b

y

a

x

0

1

2

2

2

2

 

(14)        ʮʠʣʠʥʜʨʩʢʠʡʧʘʨʘʙʦʣʠʯʝy
a

x
-=

2

2

  

(15-17)   

î
í

î
ì

ë

--

-

-

=

ʧʣʦʩʢʦʩʪʠʳʝʧʘʨʘʣʣʝʣʴʥʤʥʠʤʳʝ

Oyzʧʣʦʩʢʦʩʪʴ

ʧʣʦʩʢʦʩʪʝʡʳʭʧʘʨʘʣʣʝʣʴʥʧʘʨʘ

a

x

1

0

1

2

2

 

ʋʨʘʚʥʝʥʠʷ (1-17) ʥʘʟʳʚʘʶʪʩʷ ʢʘʥʦʥʠʯʝʩʢʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʧʦʚʝʨʭʥʦʩʪʝʡ 2-

ʛʦ ʧʦʨʷʜʢʘ. ʇʦʚʝʨʭʥʦʩʪʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʙʳʚʘʶʪ ʥʝʚʳʨʦʞʜʝʥʥʳʤʠ (ʪʘʙʣ. 7.1, 

9 ʪʠʧʦʚ) ʠ ʚʳʨʦʞʜʝʥʥʳʤʠ (ʦʩʪʘʣʴʥʳʝ 8 ʪʠʧʦʚ).   
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ʊʘʙʣʠʮʘ 7.1 

ʅʝʚʳʨʦʞʜʝʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ 

ʅʘʟʚʘʥʠʝ  ʂʘʥʦʥʠʯʝʩʢʦʝ 

ʫʨʘʚʥʝʥʠʝ 

ʀʟʦʙʨʘʞʝʥʠʝ 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣ. 7.1 
 

ʵʣʣʠʧʪʠʯʝʩʢʠʡ 

ʧʘʨʘʙʦʣʦʠʜ z
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ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʡ 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣ. 7.1 
 

ʧʘʨʘʙʦʣʠʯʝʩʢʠʡ 

ʮʠʣʠʥʜʨ y
a

x
=

2

2

 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ MATLAB  ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ 

ʇʨʠʤʝʨ 7.21. ʇʦʩʪʨʦʠʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʩ ʮʝʥʪʨʦʤ ʚ ʪʦʯʢʝ 

O(0,0), ʝʩʣʠ:  

a) ɻ ʣʣʠʧʩʦʠʜ, a=3, b=5, ʩ=4;  

ʙ) ʦʜʥʦʧʦʣʦʩʪʥʡr ʛʠʧʝʨʙʦʣʦʠʜ, a=5, b=2, c=3;  

ʚ) ʜʚʫʧʦʣʦʩʪʥʡr ʛʠʧʝʨʙʦʣʦʠʜ, a=7, b=1, c=4;  

ʛ) ʵʣʣʠʧʪʠʯʝʩʢʠʡ ʧʘʨʘʙʦʣʦʠʜ, ʘ=9, b=16;  

ʜ) ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʡ ʧʘʨʘʙʦʣʦʠʜ, a=16, b=25;  

ʝ) ʜʝʡʩʪʚʠʪʝʣʴʥʳʡ ʢʦʥʫʩ, a=1, b=7, c=3. 

ʈʝʰʝʥʠʝ: ʘ)
 
ʕʣʣʠʧʩʦʠʜ

 
1

2

2

2

2

2

2

=++
c

z

b

y

a

x
, a=3, b=5, ʩ=4. ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ: 

>>a=3;b=5;c=4; 

>>syms u v 

>>ezsurf(a.*sin(u).*cos(v),b.*sin(u).*sin(v),c.*cos(u)); 

>>grid on 

ʀʟʦʙʨʘʞʝʥʠʝ ʵʣʣʠʧʩʦʠʜʘ ʧʦʷʚʠʪʩʷ ʚ ʦʢʥʝ çFigure 1è (ʨʠʩ. 7.18). 

 

ʈʠʩ. 7.18. ʕʣʣʠʧʩʦʠʜ 

y 

 

x 
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ʙ)
 
ʆʜʥʦʧʦʣʦʩʪʥʳʡ ʛʠʧʝʨʙʦʣʦʠʜ 1

2

2

2

2

2

2

=-+
c

z

b

y

a

x
, a=3, b=2, c=1. ɺʚʝʜʝʤ 

ʢʦʤʘʥʜʳ: 
>> a=3;b=2;c=1; 

>>syms u v 

>> ezsurf(a.*cosh(u).*cos(v),b.*cosh(u).*sin(v),c.*sinh(u)); 

>>grid on 

>>axis([-20 20 -20 20 -5 5]) 

ʀʟʦʙʨʘʞʝʥʠʝ ʦʜʥʦʧʦʣʦʩʪʥʦʛʦ ʛʠʧʝʨʙʦʣʦʠʜʘ ʧʦʷʚʠʪʩʷ ʚ ʦʢʥʝ çFigure 1è 

(ʨʠʩ. 7.19). 

ʚ)
 
ɼʚʫʧʦʣʦʩʪʥʳʡ ʛʠʧʝʨʙʦʣʦʠʜ

 
1
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2

-=-+
c

z

b

y

a

x
, a=4, b=5, c=3. ɺʚʝʜʝʤ 

ʢʦʤʘʥʜʳ: 
>> a=4;b=5;c=3; 

>>syms u v 

>> ezsurf(a.*cosh(u),b.*sinh(u).*sin(v),c.*sinh(u).*cos(v)) 

>>hold on 

>>ezsurf(-a.*cosh(u),b.*sinh(u).*sin(v),c.*sinh(u).*cos(v)); 

>>grid on 

>>axis([-20 20 -25 25 -15 15]) 

ʀʟʦʙʨʘʞʝʥʠʝ ʜʚʫʧʦʣʦʩʪʥʦʛʦ ʛʠʧʝʨʙʦʣʦʠʜʘ ʧʦʷʚʠʪʩʷ ʚ ʦʢʥʝ çFigure 1è 

(ʨʠʩ. 7.20). 

 

ʈʠʩ. 7.19.  ʆʜʥʦʧʦʣʦʩʪʥʳʡ ʛʠʧʝʨʙʦʣʦʠʜ 
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ʛ)
 
ʕʣʣʠʧʪʠʯʝʩʢʠʡ ʧʘʨʘʙʦʣʦʠʜ

 
z

b

y

a

x
=+

2

2

2

2

, ʘ=9, b=16. ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ: 

>> a=9;b=16; 

>>syms u v 

>> ezsurf(sqrt(a).*u.*cos(v),sqrt(b).*u.*sin(v),0.5.*(u^2)); 

>>grid on 

ʀʟʦʙʨʘʞʝʥʠʝ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʧʘʨʘʙʦʣʦʠʜʘ
 
ʧʦʷʚʠʪʩʷ ʚ ʦʢʥʝ çFigure 1è (ʨʠʩ. 

7.21). 

 

ʈʠʩ. 7.20.  ɼʚʫʧʦʣʦʩʪʥʳʡ ʛʠʧʝʨʙʦʣʦʠʜ 

 

ʈʠʩ. 7.21.  ʕʣʣʠʧʪʠʯʝʩʢʠʡ ʧʘʨʘʙʦʣʦʠʜ 
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ʜ)
 
ɻʠʧʝʨʙʦʣʠʯʝʩʢʠʡ ʧʘʨʘʙʦʣʦʠʜ

 
z

b

y

a

x
=-

2

2

2

2

, ʘ=49, b=4. ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ: 

>> a=49;b=4; 

>>syms u v 

>>ezsurf(sqrt(a).*u.*cosh(v),sqrt(b).*u.*sinh(v),0.5.*(u^2),[-2:0.05*pi:2]); 

>>grid on 

>>axis([-20 20 -30 30 0 2]) 

ʀʟʦʙʨʘʞʝʥʠʝ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʧʘʨʘʙʦʣʦʠʜʘ
 
ʧʦʷʚʠʪʩʷ ʚ ʦʢʥʝ çFigure 1è 

(ʨʠʩ. 7.22). 

ʝ)
 
ʂʦʥʫʩ 

 
0

2

2

2

2

2

2

=-+
c

z

b

y

a

x
, a=1;b=7;c=3. ɺʚʝʜʝʤ ʢʦʤʘʥʜʳ: 

>> a=1;b=7;c=3; 

>>syms u v 

>> ezsurf(a.*u.*cos(v),b.*u.*sin(v),c.*u); 

>>grid on 

ʀʟʦʙʨʘʞʝʥʠʝ ʢʦʥʫʩʘ
 
ʧʦʷʚʠʪʩʷ ʚ ʦʢʥʝ çFigure 1è (ʨʠʩ. 7.23). 

 

ʈʠʩ. 7.22.  ɻʠʧʝʨʙʦʣʠʯʝʩʢʠʡ ʧʘʨʘʙʦʣʦʠʜ 
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ʂʆʅʊʈʆʃʔʅʓɽ ɺʆʇʈʆʉʓ 

1. ʂʘʢʠʝ ʬʫʥʢʮʠʠ ʠ ʢʦʤʘʥʜʳ MATLAB, ʠʟ ʨʘʟʜʝʣʘ çʄʘʩʩʠʚʳè ʤʦʞʥʦ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ? 

2. ʂʘʢʠʝ ʬʫʥʢʮʠʠ ʠ ʢʦʤʘʥʜʳ MATLAB, ʠʟ ʨʘʟʜʝʣʘ çʃʠʥʝʡʥʘʷ ʘʣʛʝʙʨʘè 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʠ ʚ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝ? 

3. ʂʘʢʠʝ ʬʫʥʢʮʠʠ ʠ ʢʦʤʘʥʜʳ MATLAB, ʠʟ ʨʘʟʜʝʣʘ çɺʝʢʪʦʨʥʘʷ ʘʣʛʝʙʨʘè 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʠ ʚ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝ? 

4. ʂʘʢʠʝ ʬʫʥʢʮʠʠ ʠ ʢʦʤʘʥʜʳ MATLAB, ʠʟ ʨʘʟʜʝʣʘ çɻʨʘʬʠʢʘè ʤʦʞʥʦ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ? 

 

ʂʆʅʊʈʆʃʔʅʓɽ ɿɸɼɸʅʀʗ 

1. ʉʦʩʪʘʚʠʪʴ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʧʨʷʤʦʡ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʧʝʨʝʩʝʯʝ-

ʥʠʝʤ ʜʚʫʭ ʧʣʦʩʢʦʩʪʝʡ: 2nx-z-n=0 ʠ x+ny+z-n/5=0. ʅʘʡʪʠ ʫʛʦʣ ʤʝʞʜʫ ʵʪʠʤʠ 

ʧʣʦʩʢʦʩʪʷʤʠ. 

2. ʅʘʡʪʠ ʨʘʩʩʪʦʷʥʠʝ ʠ ʫʛʦʣ ʤʝʞʜʫ ʧʨʷʤʳʤʠ  ʠ 
Ѝ

. 

3. ɼʘʥʘ ʧʣʦʩʢʦʩʪʴ 2x+3y+z-2=0. ʅʘʡʪʠ: ʘ) ʜʣʠʥʫ ʚʝʢʪʦʨʘ ʥʦʨʤʘʣʠ ʧʣʦʩʢʦ-

ʩʪʠ; ʙ) ʥʘʧʨʘʚʣʷʶʱʠʝ ʢʦʩʠʥʫʩʳ; ʚ) ʥʘʡʪʠ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʪʦʯʢʠ ʄ(10-n;n+2;Ѝὲ) 

ʜʦ ʜʘʥʥʦʡ ʧʣʦʩʢʦʩʪʠ. 

 

ʈʠʩ. 7.23.  ʂʦʥʫʩ 
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4. ʅʘʡʪʠ ʪʦʯʢʫ ʧʝʨʝʩʝʯʝʥʠʷ ʧʨʷʤʦʡ  ʠ ʧʣʦʩʢʦʩʪʠ x+ny+z-

n/5=0. 

5. ʇʦʩʪʨʦʠʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʩ ʮʝʥʪʨʦʤ ʚ ʪ. O(-n/4,30-n), ʝʩʣʠ 

a=10/n, b=3n, ʩ=2+n: ʘ) ʵʣʣʠʧʩʦʠʜ; ʙ) ʦʜʥʦʧʦʣʦʩʪʥʳʡ ʛʠʧʝʨʙʦʣʦʠʜ; ʚ) ʜʚʫʧʦ-

ʣʦʩʪʥʡr ʛʠʧʝʨʙʦʣʦʠʜ; ʛ) ʵʣʣʠʧʪʠʯʝʩʢʠʡ ʧʘʨʘʙʦʣʦʠʜ; ʜ) ʜʝʡʩʪʚʠʪʝʣʴʥʳʡ ʢʦʥʫʩ. 
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