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1. ʃʘʙʦʨʘʪʦʨʥʘʷ ʨʘʙʦʪʘ ˉ1 

ʂʆʄʇʔʖʊɽʈʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʉɺʆɹʆɼʅʓʍ ʂʆʃɽɹɸʅʀʁ 

ʄɸʊɽʄɸʊʀʏɽʉʂʆɻʆ ʄɸʗʊʅʀʂɸ ɺ ʇɸʂɽʊɽ MATHCAD 

 

ʎʝʣʴ ʨʘʙʦʪʳ:  

1. ʇʦʩʪʨʦʠʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʧʦʣʫʯʠʪʴ 

ʨʝʰʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩʨʝʜʩʪʚʘʤʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ 

çMathCADè;  

2. ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʛʨʘʬʠʢʘʤ ʩʦʧʦʩʪʘʚʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʨʝʰʝʥʠʡ ʪʦʯʥʦʛʦ 

ʠ ʧʨʠʙʣʠʞʸʥʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ; 

3. ʇʨʝʜʩʪʘʚʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʚ ʚʠʜʝ ʘʥʠʤʠʨʦʚʘʥʥʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ, ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʩ 

ʧʦʤʦʱʴʶ ʢʦʤʧʦʥʝʥʪʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ çMathCADè. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʤʘʷʪʥʠʢ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ 

ʪʨʝʥʠʷ ʚ ʪʦʯʢʝ ʧʦʜʚʝʩʘ. 

ɸʧʧʘʨʘʪʥʳʝ ʩʨʝʜʩʪʚʘ: ʚʠʨʪʫʘʣʴʥʘʷ ʣʘʙʦʨʘʪʦʨʠʷ ʥʘ ʕɺʄ IBM PC, 

ʧʨʦʛʨʘʤʤʥʳʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʧʘʢʝʪ çMathCADè. 

 

1.1 ʇʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ 

ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʤʘʷʪʥʠʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʨʫʟ ʤʘʩʩʦʡ m, 

ʧʦʜʚʝʰʝʥʥʳʡ ʥʘ ʥʝʚʝʩʦʤʦʤ ʩʪʝʨʞʥʝ ʜʣʠʥʳ ǎ. ɺʝʨʪʠʢʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ 

ʩʪʝʨʞʥʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʦʞʝʥʠʶ ʨʘʚʥʦʚʝʩʠʷ ʤʘʷʪʥʠʢʘ.  

 



 

        

         ű       ǎ 

         mg 

 

ʈʠʩ.1. ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʤʘʷʪʥʠʢ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʠʣ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ 

ʪʦʯʢʝ ʧʦʜʚʝʩʘ. 

 

ʉʦʩʪʘʚʠʤ ʩʫʤʤʫ ʤʦʤʝʥʪʦʚ ʜʣʷ ʜʘʥʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ: 

ä=eÖ MJ , 

ʛʜʝ J ï ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʛʨʫʟʘ, ὐ άὰ ȟ 

Ů ï ʫʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ ʛʨʫʟʘ. 

ʇʨʝʜʩʪʘʚʠʤ ʫʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ ʢʘ ̇̆̒̓̏ ̅̌ ̠̠̔̑́̃̎̆̎̉Ȣ ʢ ʚʪʦʨʫʶ 

ʧʨʦʠʟʚʦʜʥʫʶ ʦʪ ʦʙʦʙʱʸʥʥʦʡ ʢʦʦʨʜʠʥʘʪʳ ű ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʩʪʝʨʞʥʷ ʦʪ 

ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʠ ʟʘʧʠʰʝʤ: 

ὐϽ• άὫ ίὭὲ•Ȣ 

ɿʥʘʢ çïè ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʧʨʘʚʣʝʥʠʝ 

ʦʪʢʣʦʥʝʥʠʷ ʛʨʫʟʘ ʠ ʚʝʢʪʦʨʘ ʤʦʤʝʥʪʘ ʩʦʚʧʘʜʘʶʪ.  

ʈʘʟʜʝʣʠʤ ʦʙʝ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ ʥʘ  ὐ άὰ  ʠ ʧʦʣʫʯʠʤ ʣʠʥʝʡʥʦʝ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʩ ʧʦʩʪʦʷʥʥʳʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ: 



 •
  
ÓÉÎ• πȢ                                                                     (1.1) 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʧʨʠ ʤʘʣʳʭ ʫʛʣʘʭ jºjsin , ʪʦʛʜʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ 

ʫʨʘʚʥʝʥʠʝ ʧʨʠʤʝʪ ʚʠʜ: 

•
  
• πȢ                                                                        (1.2) 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʟʘʜʘʯ ʜʘʥʥʦʡ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ 

ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʰʝʥʠʡ ʫʨʘʚʥʝʥʠʡ (1.1) ʠ (1.2), ʧʝʨʚʦʝ ʠʟ ʢʦʪʦʨʳʭ 

ʷʚʣʷʝʪʩʷ ʪʦʯʥʳʤ (ʥʝʣʠʥʝʡʥʳʤ), ʚʪʦʨʦʝ ï ʧʨʠʙʣʠʞʸʥʥʳʤ (ʣʠʥʝʡʥʳʤ). 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

(ʥʘʯʘʣʴʥʳʭ ʫʛʣʘʭ ʦʪʢʣʦʥʝʥʠʷ): 

1) 30Á; 

2) 90Á; 

3) 179Á,  

ʘ ʪʘʢʞʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʪʦʯʢʝ ʧʦʜʚʝʩʘ:  

1) ʦʪʩʫʪʩʪʚʠʠ ʩʠʣ ʩʦʧʨʦʪʠʚʣʝʥʠʷ; 

2) ʥʘʣʠʯʠʠ ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ; 

3) ʥʘʣʠʯʠʠ ʩʫʭʦʛʦ ʪʨʝʥʠʷ. 

 

1.2 ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʦʣʝʙʘʥʠʡ ʤʘʷʪʥʠʢʘ 

 

ʆʧʳʪ ˉ1.  

ʇʦʚʝʜʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʪʨʝʥʠʷ. 

1.2.1 ʈʝʰʝʥʠʝ ʪʦʯʥʦʛʦ ʫʨʘʚʥʝʥʠʷ. 

ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ: 

3,0l=  (ʤ) - ʜʣʠʥʘ ʩʪʝʨʞʥʷ ʤʘʷʪʥʠʢʘ; 

ooo 179;90;300 =j - ʫʛʣʳ ʦʪʢʣʦʥʝʥʠʷ ʛʨʫʟʘ ʦʪ ʧʦʣʦʞʝʥʠʷ 

ʨʘʚʥʦʚʝʩʠʷ; 

00 =w (ʩ-1) - ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʤʘʷʪʥʠʢʘ; 

 

A
f0

w0

å
æ
ç

õ
ö
÷

:=



                    - ʚʝʢʪʦʨ-ʩʪʦʣʙʝʮ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ; 

 

ʇʝʨʝʦʙʦʟʥʘʯʠʤ 10 x;x jj &  ʠ ʟʘʧʠʰʝʤ:  

 

 

                                          - ʚʝʢʪʦʨ-ʩʪʦʣʙʝʮ ʨʝʰʝʥʠʷ   

                                              ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ. 

                                               

ɺ ʧʝʨʚʦʡ ʩʪʨʦʢʝ ʚʝʢʪʦʨ-ʩʪʦʣʙʮʘ D(t,x) ʟʘʧʠʩʳʚʘʝʪʩʷ ʧʝʨʚʘʷ ʧʨʦʠʟʚʦʜʥʘʷ 

ʦʙʦʙʱʸʥʥʦʡ ʢʦʦʨʜʠʥʘʪʳ, ʚʦ ʚʪʦʨʦʡ ï ʚʪʦʨʘʷ ʧʨʦʠʟʚʦʜʥʘʷ, ʚʳʨʘʞʝʥʥʘʷ ʠʟ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ. 

                                               - ʦʧʝʨʘʪʦʨ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʤʝʪʦʜʦʤ ʈʫʥʛʝ-ʂʫʪʪʘ IV ʧʦʨʷʜʢʘ ʩ 

ʧʦʩʪʦʷʥʥʳʤ ʰʘʛʦʤ. 

ɺ ʩʢʦʙʢʘʭ ʥʘ ʧʝʨʚʦʤ ʤʝʩʪʝ ʦʧʝʨʘʪʦʨʘ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚʝʢʪʦʨ ʥʘʯʘʣʴʥʳʭ 

ʫʩʣʦʚʠʡ (ɸ), ʟʘʪʝʤ ï ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ ʚ ʩʝʢʫʥʜʘʭ (ʥʘʯʘʣʴʥʦʝ ʠ ʢʦʥʝʯʥʦʝ 

ʟʥʘʯʝʥʠʝ), ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʯʝʪʥʳʭ ʪʦʯʝʢ ʥʘ ʟʘʜʘʥʥʦʤ ʦʪʨʝʟʢʝ ʚʨʝʤʝʥʠ ʠ ʚʝʢʪʦʨ-

ʩʪʦʣʙʝʮ ʨʝʰʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (D(t,x)). 

                        - ʩʯʸʪʯʠʢ ʢʦʣʠʯʝʩʪʚʘ ʪʦʯʝʢ;  

 

                                                                                     - ʧʝʨʝʦʙʦʟʥʘʯʝʥʠʷ,   

                                              

ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ. 

    

1.2.2 ʈʝʰʝʥʠʝ ʧʨʠʙʣʠʞʸʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ. 

ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ: 

3,0l= ʤ - ʜʣʠʥʘ ʩʪʝʨʞʥʷ ʤʘʷʪʥʠʢʘ; 

ooo 179;90;300 =y - ʫʛʣʳ ʦʪʢʣʦʥʝʥʠʷ ʛʨʫʟʘ ʦʪ ʧʦʣʦʞʝʥʠʷ 

ʨʘʚʥʦʚʝʩʠʷ; 
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00 =r (ʩ-1) - ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʤʘʷʪʥʠʢʘ; 

 

                    - ʚʝʢʪʦʨ-ʩʪʦʣʙʝʮ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ; 

 

 

    - ʚʝʢʪʦʨ-ʩʪʦʣʙʝʮ ʨʝʰʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ  

                                       ʫʨʘʚʥʝʥʠʷ; 

 

                                                   - ʦʧʝʨʘʪʦʨ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʤʝʪʦʜʦʤ ʈʫʥʛʝ-ʂʫʪʪʘ IV ʧʦʨʷʜʢʘ ʩ 

ʧʦʩʪʦʷʥʥʳʤ ʰʘʛʦʤ; 

                                - ʩʯʸʪʯʠʢ ʢʦʣʠʯʝʩʪʚʘ ʪʦʯʝʢ;  

 

                                                                              -            - ʧʝʨʝʦʙʦʟʥʘʯʝʥʠʷ, 

 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ.  

 

1.2.3 ʇʦʩʪʨʦʝʥʠʝ ʛʨʘʬʠʢʦʚ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ ʧʨʠ ʪʦʯʥʳʭ (ű0, ɤ0) ʠ ʧʨʠʙʣʠʞʸʥʥʳʭ (ɣ0, ɟ0) 

ʚʳʯʠʩʣʝʥʠʷʭ. 
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ʈʠʩ.1.2 ɿʘʚʠʩʠʤʦʩʪʴ ʫʛʣʦʚ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ 
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ʈʠʩ.1.3 ɿʘʚʠʩʠʤʦʩʪʴ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʦʪ ʚʨʝʤʝʥʠ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʦʚ, ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʧʝʨʠʦʜʘʤʠ ʢʦʣʝʙʘʥʠʡ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʥʘʨʘʩʪʘʝʪ ʠ ʟʘ 6 ʧʦʣʥʳʭ ʧʝʨʠʦʜʦʚ ʥʝ ʧʨʝʚʳʰʘʝʪ 0,2 ʩ.  

ʙ) ű0=90Á 
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ʈʠʩ.1.4 ɿʘʚʠʩʠʤʦʩʪʴ ʫʛʣʦʚ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ 
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ʈʠʩ.5. ɿʘʚʠʩʠʤʦʩʪʴ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʦʪ ʚʨʝʤʝʥʠ. 



ʈʘʟʥʦʩʪʴ ʤʝʞʜʫ ʧʝʨʠʦʜʘʤʠ ʢʦʣʝʙʘʥʠʡ ʚʦʟʨʦʩʣʘ ʠ ʟʘ 6 ʧʝʨʠʦʜʦʚ ʜʦʩʪʠʛʣʘ 

ʟʥʘʯʝʥʠʷ ʚ 1,3 ʩ. 

ʚ) ű0=179Á 
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ʈʠʩ.1.6 ɿʘʚʠʩʠʤʦʩʪʴ ʫʛʣʦʚ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ 
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ʈʠʩ1.7 ɿʘʚʠʩʠʤʦʩʪʴ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʦʪ ʚʨʝʤʝʥʠ 

 

ʅʘ ʧʦʣʫʯʝʥʥʳʭ ʚʠʙʨʦʛʨʘʤʤʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʣʥʦʝ ʥʝʩʦʚʧʘʜʝʥʠʝ 

ʧʝʨʠʦʜʦʚ ʢʦʣʝʙʘʥʠʡ ʠ ʩʫʱʝʩʪʚʝʥʥʘʷ ʨʘʟʥʠʮʘ ʚ ʘʤʧʣʠʪʫʜʘʭ. ʇʦʛʨʝʰʥʦʩʪʴ 

ʚʝʣʠʢʘ, ʠ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʨʝʰʝʥʠʝ ʧʨʠʙʣʠʞʸʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʥʝʧʨʠʝʤʣʝʤʦ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʤʘʣʳʭ ʫʛʣʘʭ ʥʘʯʘʣʴʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ (ʤʝʥʝʝ 30Á) 

ʚʝʣʠʯʠʥʳ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʪʦʯʥʳʤ ʠ 

ʧʨʠʙʣʠʞʸʥʥʳʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʷʤ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʶʪʩʷ 

ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʇʨʠ ʫʛʣʘʭ, ʙʣʠʟʢʠʭ ʢ 180Á ʵʪʦ ʨʘʟʣʠʯʠʝ ʚʝʩʴʤʘ ʩʫʱʝʩʪʚʝʥʥʦ ʠ 

ʥʝ ʧʦʟʚʦʣʷʝʪ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠʙʣʠʞʸʥʥʳʤ ʫʨʘʚʥʝʥʠʝʤ. 



ʆʧʳʪ ˉ2.  

1.3 ʇʦʚʝʜʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ ʧʨʠ ʥʘʣʠʯʠʠ ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ. 

 

 

        

         ű       ǎ 

         mg 

b 

 

ʈʠʩ.1.8 ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʤʘʷʪʥʠʢ ʧʨʠ ʥʘʣʠʯʠʠ ʚʷʟʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ 

ʪʦʯʢʝ ʧʦʜʚʝʩʘ 

 

1.3.1 ʈʝʰʝʥʠʝ ʪʦʯʥʦʛʦ ʫʨʘʚʥʝʥʠʷ. 

 

ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ: 

3,0l= ʤ; 

ooo 179;90;300 =j ; 

00 =w (ʩ-1); 

                   - ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʪʫʭʘʥʠʷ; 

 

                   - ʚʝʢʪʦʨ-ʩʪʦʣʙʝʮ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ; 

 

                                   - ʚʝʢʪʦʨ-ʩʪʦʣʙʝʮ ʨʝʰʝʥʠʷ  

                                                             ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ; 
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                                                                 - ʦʧʝʨʘʪʦʨ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ    

ʤʝʪʦʜʦʤ ʈʫʥʛʝ-ʂʫʪʪʘ IV ʧʦʨʷʜʢʘ ʩ ʧʦʩʪʦʷʥʥʳʤ ʰʘʛʦʤ; 

                             - ʩʯʸʪʯʠʢ ʢʦʣʠʯʝʩʪʚʘ ʪʦʯʝʢ;  

 

                                                                             . 

    

1.3.2 ʈʝʰʝʥʠʝ ʧʨʠʙʣʠʞʸʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

 

ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ: 

3,0l= ʤ ; 

ooo 179;90;300 =y ; 

00 =r (ʩ-1); 

 

                  ; 

 

 

                 ;      

 

                                             ; 

 

 

 

                                           ; 

 

                                   ;  

 

                                                                             . 
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1.3.3 ʇʦʩʪʨʦʝʥʠʝ ʛʨʘʬʠʢʦʚ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ ʧʨʠ ʪʦʯʥʳʭ (ű0, ɤ0) ʠ ʧʨʠʙʣʠʞʸʥʥʳʭ (ɣ0, ɟ0) 

ʚʳʯʠʩʣʝʥʠʷʭ. 

ʘ) ű0=30Á 
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ʈʠʩ.1.9 ɿʘʚʠʩʠʤʦʩʪʴ ʫʛʣʦʚ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ 
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ʈʠʩ.1.10 ɿʘʚʠʩʠʤʦʩʪʴ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʦʪ ʚʨʝʤʝʥʠ 

 

ʅʘʙʣʶʜʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʝ ʩʦʚʧʘʜʝʥʠʝ ʛʨʘʬʠʢʦʚ ʪʦʯʥʦʛʦ ʠ 

ʧʨʠʙʣʠʞʸʥʥʦʛʦ ʚʳʯʠʩʣʝʥʠʡ. 

 

ʙ) ű0=90Á 
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ʈʠʩ.1.11 ɿʘʚʠʩʠʤʦʩʪʴ ʫʛʣʦʚ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ 
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ʈʠʩ.1.12 ɿʘʚʠʩʠʤʦʩʪʴ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʦʪ ʚʨʝʤʝʥʠ 

 

ʇʦʷʚʠʣʦʩʴ ʨʘʩʭʦʞʜʝʥʠʝ ʤʝʞʜʫ ʟʘʚʠʩʠʤʦʩʪʷʤʠ. ʈʘʟʥʦʩʪʴ ʧʝʨʠʦʜʦʚ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 0,1 ʩ. ʂʨʦʤʝ ʪʦʛʦ, ʠʤʝʝʪ ʤʝʩʪʦ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʘʤʧʣʠʪʫʜ 

ʢʦʣʝʙʘʥʠʡ (ʧʦʛʨʝʰʥʦʩʪʴ ʦʢʦʣʦ 10%). ʇʨʠʤʝʥʝʥʠʝ ʧʨʠʙʣʠʞʸʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʫʞʝ ʥʝʞʝʣʘʪʝʣʴʥʦ.  

ʚ) ű0=179Á 
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ʈʠʩ.1.13. ɿʘʚʠʩʠʤʦʩʪʴ ʫʛʣʦʚ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ 
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ʈʠʩ.1.14 ɿʘʚʠʩʠʤʦʩʪʴ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʦʪ ʚʨʝʤʝʥʠ 

 

ʇʨʠ ʪʘʢʦʤ ʟʥʘʯʝʥʠʠ ʥʘʯʘʣʴʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʨʘʩʭʦʞʜʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʞʝ ʚ ʧʝʨʚʳʝ ʤʦʤʝʥʪʳ ʢʦʣʝʙʘʥʠʡ. ʇʦʣʥʦʝ ʥʝʩʦʚʧʘʜʝʥʠʝ ʧʦ 

ʧʝʨʠʦʜʘʤ ʠ ʘʤʧʣʠʪʫʜʘʤ (ʦʰʠʙʢʘ ʦʢʦʣʦ 40%), ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʥʝʧʨʠʝʤʣʝʤʦʩʪʴ ʨʘʩʯʝʪʦʚ ʧʦ  ʧʨʠʙʣʠʞʸʥʥʦʤʫ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤʫ 

ʫʨʘʚʥʝʥʠʶ. 

 

ʆʧʳʪ ˉ3.  

1.4 ʇʦʚʝʜʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ ʧʨʠ ʥʘʣʠʯʠʠ ʩʫʭʦʛʦ ʪʨʝʥʠʷ 
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         mg 

 

ʈʠʩ.1.15 ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʤʘʷʪʥʠʢ ʧʨʠ ʥʘʣʠʯʠʠ ʩʫʭʦʛʦ ʪʨʝʥʠʷ ʚ ʪʦʯʢʝ 

ʧʦʜʚʝʩʘ 



1.4.1 ʈʝʰʝʥʠʝ ʪʦʯʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

 

ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ: 

3,0l= ʤ; 

ooo 179;90;300 =j ; 

00 =w (ʩ-1); 

           ; 

 

                 ; 

 

 

                                          - ʚʝʢʪʦʨ-ʩʪʦʣʙʝʮ ʨʝʰʝʥʠʷ  

                                                                   ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ; 

 

 

                                      ; 

 

                       ;  

 

                                                                        . 

    

 

1.4.2 ʈʝʰʝʥʠʝ ʧʨʠʙʣʠʞʸʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

 

ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ: 

3,0l= ʤ ; 

ooo 179;90;300 =y ; 

00 =r (ʩ-1); 
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                  ; 

 

           ; 

 

                                                 ; 

 

 

 

                                           ; 

                         ;  

 

                                                                              . 

 

1.4.3 ʇʦʩʪʨʦʝʥʠʝ ʛʨʘʬʠʢʦʚ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ ʧʨʠ ʪʦʯʥʳʭ (ű0, ɤ0) ʠ ʧʨʠʙʣʠʞʸʥʥʳʭ (ɣ0, ɟ0) 

ʚʳʯʠʩʣʝʥʠʷʭ 
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ʈʠʩ.1.16 ɿʘʚʠʩʠʤʦʩʪʴ ʫʛʣʦʚ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ 
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ʈʠʩ.1.17 ɿʘʚʠʩʠʤʦʩʪʴ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʦʪ ʚʨʝʤʝʥʠ 

 

ʅʝʩʦʚʧʘʜʝʥʠʝ ʘʤʧʣʠʪʫʜ ʠ ʧʝʨʠʦʜʦʚ ʢʦʣʝʙʘʥʠʡ ʦʯʝʥʴ ʤʘʣʦ. ɺʦʟʤʦʞʥʦ 

ʧʨʠʤʝʥʝʥʠʝ ʧʨʠʙʣʠʞʸʥʥʳʭ ʚʳʯʠʩʣʝʥʠʡ. 

 

ʙ) ű0=90Á 
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ʈʠʩ1.18 ɿʘʚʠʩʠʤʦʩʪʴ ʫʛʣʦʚ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ 
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ʈʠʩ.1.19. ɿʘʚʠʩʠʤʦʩʪʴ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʦʪ ʚʨʝʤʝʥʠ 



ʈʘʟʥʦʩʪʴ ʧʝʨʠʦʜʦʚ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 2 ʩ. ʅʝʞʝʣʘʪʝʣʴʥʦ ʧʨʠʤʝʥʝʥʠʝ 

ʧʨʠʙʣʠʞʸʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ.  

 

ʚ) ű0=179Á 
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ʈʠʩ.1.20 ɿʘʚʠʩʠʤʦʩʪʴ ʫʛʣʦʚ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ 
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ʈʠʩ.1.21 ɿʘʚʠʩʠʤʦʩʪʴ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʦʪ ʚʨʝʤʝʥʠ 

 

ʇʨʠ ʪʘʢʦʤ ʟʥʘʯʝʥʠʠ ʥʘʯʘʣʴʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʨʘʩʭʦʞʜʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʞʝ ʚ ʧʝʨʚʳʝ ʤʦʤʝʥʪʳ ʢʦʣʝʙʘʥʠʡ. ʇʦʣʥʦʝ ʥʝʩʦʚʧʘʜʝʥʠʝ ʧʦ 

ʧʝʨʠʦʜʘʤ ʠ ʘʤʧʣʠʪʫʜʘʤ. ʅʝʧʨʠʝʤʣʝʤʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ ʧʦ ʧʨʠʙʣʠʞʸʥʥʦʤʫ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤʫ ʫʨʘʚʥʝʥʠʶ. 

  



1.5 ɸʥʠʤʘʮʠʷ ʢʦʣʝʙʘʥʠʡ ʤʘʷʪʥʠʢʘ 

 

ʆʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʚʠʟʫʘʣʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʨʝʰʝʥʠʝʤ ʪʝʭ ʠʣʠ ʠʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʉ 

ʧʦʤʦʱʴʶ ʘʥʠʤʘʮʠʠ ʤʳ ʤʦʞʝʤ ʫʚʠʜʝʪʴ ʧʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʥʘʛʣʷʜʥʦ ʦʮʝʥʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʥʘʰʝʡ ʨʘʙʦʪʳ 

ʠ ʩʜʝʣʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʚʳʚʦʜʳ. 

ʇʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ çMathCADè ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʠʪʴ ʘʥʠʤʘʮʠʶ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ 

ʰʘʛʦʚ. 

ʐʘʛ 1. ɺʳʟʳʚʘʝʤ ʥʘ ʨʘʙʦʯʠʡ ʣʠʩʪ ʧʨʦʛʨʘʤʤʳ ʧʦʣʷʨʥʳʡ ʛʨʘʬʠʢ. 

ʐʘʛ 2. ɿʘʜʘʸʤ ʜʣʠʥʫ ʩʪʝʨʞʥʷ (ʠʣʠ ʨʘʜʠʫʩ ʧʦʣʷʨʥʦʛʦ ʛʨʘʬʠʢʘ) R ʠ ʪʦʯʢʫ 

q (ʨʘʜʠʫʩ-ʚʝʢʪʦʨ ʮʝʥʪʨʘ ʛʨʫʟʘ) ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʷʪʥʠʢʘ: 

R 0 10, 30..:=    q 28.5:=  

ʐʘʛ 3. ʊʝʧʝʨʴ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʫʛʣʦʚʳʭ 

ʟʥʘʯʝʥʠʡ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʙʫʜʝʪ ʧʨʦʭʦʜʠʪʴ ʤʘʷʪʥʠʢ (ʧʨʠ ʵʪʦʤ ʫʯʠʪʳʚʘʝʤ ʫʛʦʣ 

ʥʘʯʘʣʴʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ, ʥʘʧʨʠʤʝʨ 90Á ö
÷

õ
æ
ç

åp

2
). ɼʣʷ ʵʪʦʛʦ ʚ ʧʘʢʝʪʝ çMathCADè 

ʝʩʪʴ ʚʩʪʨʦʝʥʥʘʷ ʧʝʨʝʤʝʥʥʘʷ FRAME, ʢʦʪʦʨʘʷ ʫʧʨʘʚʣʷʝʪ ʤʫʣʴʪʠʧʣʠʢʘʮʠʝʡ. 

ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʧʝʨʝʤʝʥʥʦʡ ʠ ʟʘʜʘʜʠʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ: 

f Z
1àð( )

FRAM E

p

2
-:=

 

ʉʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʧʝʨʝʤʝʥʥʘʷ FRAME ʟʘʧʠʩʳʚʘʝʪʩʷ 

ʢʘʢ ʠʥʜʝʢʩ, ʘ ʫʛʦʣ ʥʘʯʘʣʴʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ö
÷

õ
æ
ç

åp

2
 ʚʳʯʠʪʘʝʪʩʷ ʠʟ ʟʥʘʯʝʥʠʷ 

ʫʛʣʦʚʦʡ ʢʦʦʨʜʠʥʘʪʳ Z
1àð( )

. 

 

ʐʘʛ 4. ʉʪʨʦʠʤ ʛʨʘʬʠʢ ʚ ʧʦʣʷʨʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ: 
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ʈʠʩ. 1.22 ɺʠʟʫʘʣʠʟʘʮʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ ʚ ʧʨʦʛʨʘʤʤʝ 

çMathCADè 

 

ʏʪʦʙʳ ʫʚʝʣʠʯʠʪʴ ʨʘʟʤʝʨ ʪʦʯʢʠ q, ʥʫʞʥʦ, ʜʚʘ ʨʘʟʘ ʱʸʣʢʥʫʚ ʧʦʣʷʨʥʳʡ 

ʛʨʘʬʠʢ, ʚ ʧʦʷʚʠʚʰʝʤʩʷ ʜʠʘʣʦʛʦʚʦʤ ʦʢʥʝ ʚʳʙʨʘʪʴ ʚʢʣʘʜʢʫ çʉʣʝʜè(çTraceè) ʠ 

ʚʦ ʚʪʦʨʦʡ ʩʪʨʦʢʝ ʠʟʤʝʥʠʪʴ ʪʦʣʱʠʥʫ ʪʦʯʢʠ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.1.23. 

 

 

ʈʠʩ. 1.23 ʀʟʤʝʥʝʥʠʝ ʪʦʣʱʠʥʳ ʪʦʯʢʠ 

 



ʐʘʛ 5. ɺʳʙʠʨʘʝʤ çɸʥʠʤʘʮʠʷ (Animate)è ʠʟ ʤʝʥʶ çʀʥʩʪʨʫʤʝʥʪʳ 

(Tools)è, ʯʪʦʙʳ ʦʪʢʨʳʪʴ ʜʠʘʣʦʛʦʚʦʝ ʦʢʥʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʘʥʠʤʘʮʠʠ. ʊʝʧʝʨʴ 

ʥʫʞʥʦ ʧʦʣʥʦʩʪʴʶ ʚʳʜʝʣʠʪʴ ʧʦʣʷʨʥʳʡ ʛʨʘʬʠʢ ʠ ʚ ʜʠʘʣʦʛʦʚʦʤ ʦʢʥʝ ʚʚʝʩʪʠ 

ʥʘʯʘʣʴʥʫʶ ʠ ʢʦʥʝʯʥʫʶ ʚʝʣʠʯʠʥʫ ʢʘʜʨʘ, ʠ ʩʢʦʨʦʩʪʴ (ʢʘʜʨ/ʩʝʢ). ɺ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʥʘʯʘʣʴʥʳʡ ʢʘʜʨ: 0; ʢʦʥʝʯʥʳʡ: 2000; ʩʢʦʨʦʩʪʴ: 

250
8

2000
= (ʢʘʜʨ/ʩʝʢ), 

ʛʜʝ 8 ʩʝʢʫʥʜ ï ʚʨʝʤʷ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʥʘʙʣʶʜʘʪʴ 

ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

 

ʈʠʩ. 1.24 ɼʠʘʣʦʛʦʚʦʝ ʦʢʥʦ çɿʘʧʠʩʘʪʴ ʘʥʠʤʘʮʠʶè 

 

ʐʘʛ 6. ʑʸʣʢʘʝʤ ʢʥʦʧʢʫ çʘʥʠʤʘʮʠʷè. ʇʨʦʛʨʘʤʤʘ ʚ ʜʠʘʣʦʛʦʚʦʤ ʦʢʥʝ 

ʧʨʝʜʦʩʪʘʚʠʪ ʘʥʠʤʠʨʦʚʘʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʣʷʨʥʦʛʦ ʛʨʘʬʠʢʘ, ʘ ʟʘʪʝʤ 

ʧʦʟʚʦʣʠʪ ʧʨʦʩʤʦʪʨʝʪʴ ʘʥʠʤʘʮʠʶ ʢʘʢ ʚʠʜʝʦʨʦʣʠʢ ʚ ʦʪʜʝʣʴʥʦʤ ʦʢʥʝ.  

 

1.6 ʇʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ 

1. ʇʦ ʥʦʤʝʨʫ ʚʘʨʠʘʥʪʘ ʠʟ ʪʘʙʣʠʮʳ 1.1 ʚʳʙʨʘʪʴ ʜʣʠʥʫ ʤʘʷʪʥʠʢʘ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ (ʩʦʧʨʦʪʠʚʣʝʥʠʷ) ʠ ʚʠʜ ʩʠʣʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʪʦʯʢʝ 

ʧʦʜʚʝʩʘ. 

2. ʀʩʩʣʝʜʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʠʣ ʩʦʧʨʦʪʠʚʣʝʥʠʷ: 



      2.1.  ʉʦʩʪʘʚʠʪʴ ʧʨʦʛʨʘʤʤʫ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʪʦʯʥʦʛʦ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʤʘʷʪʥʠʢʘ ʚ ʩʨʝʜʝ çMathCADè 

ʤʝʪʦʜʦʤ ʈʫʥʛʝ-ʂʫʪʪʘ IV ʧʦʨʷʜʢʘ ʩ ʧʦʩʪʦʷʥʥʳʤ ʰʘʛʦʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. 

      2.2. ʉʦʩʪʘʚʠʪʴ ʧʨʦʛʨʘʤʤʫ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʧʨʠʙʣʠʞʸʥʥʦʛʦ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʤʘʷʪʥʠʢʘ ʚ ʩʨʝʜʝ çMathCADè 

ʤʝʪʦʜʦʤ ʈʫʥʛʝ-ʂʫʪʪʘ IV ʧʦʨʷʜʢʘ ʩ ʧʦʩʪʦʷʥʥʳʤ ʰʘʛʦʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. 

      2.3. ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ 

ʤʘʷʪʥʠʢʘ ʧʨʠ ʪʦʯʥʳʭ ʠ ʧʨʠʙʣʠʞʸʥʥʳʭ ʚʳʯʠʩʣʝʥʠʷʭ, ʚʘʨʴʠʨʫʷ ʫʛʦʣ 

ʥʘʯʘʣʴʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʧʦ ʪʨʸʤ ʟʥʘʯʝʥʠʷʤ: 30Á, 90Á, 179Á. ʉʨʘʚʥʠʪʴ 

ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ. 

3. ʀʩʩʣʝʜʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ ʧʨʠ ʥʘʣʠʯʠʠ ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ, ʩʣʝʜʫʷ 

ʫʢʘʟʘʥʠʷʤ ʧʫʥʢʪʦʚ 2.1-2.3. 

4. ʀʩʩʣʝʜʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ ʧʨʠ ʥʘʣʠʯʠʠ ʩʠʣ ʩʫʭʦʛʦ ʪʨʝʥʠʷ, 

ʩʣʝʜʫʷ ʫʢʘʟʘʥʠʷʤ ʧʫʥʢʪʦʚ 2.1-2.3. 

5. ʇʨʝʜʩʪʘʚʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʚ ʚʠʜʝ ʘʥʠʤʠʨʦʚʘʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ 

ʧʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤʳ ʧʨʠ:  

1) ʦʪʩʫʪʩʪʚʠʠ ʩʠʣ ʩʦʧʨʦʪʠʚʣʝʥʠʷ; 

2) ʥʘʣʠʯʠʠ ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ; 

3) ʥʘʣʠʯʠʠ ʩʫʭʦʛʦ ʪʨʝʥʠʷ. 

6. ʈʝʟʫʣʴʪʘʪʳ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʩʦʭʨʘʥʠʪʴ ʢʘʢ ʬʘʡʣ MathCADʘ, ʘ 

ʪʘʢʞʝ ʦʬʦʨʤʠʪʴ ʦʪʯʝʪ ʚ ʨʝʜʘʢʪʦʨʝ çWordè ʩ ʥʝʦʙʭʦʜʠʤʳʤʠ ʛʨʘʬʠʢʘʤʠ, 

ʬʦʨʤʫʣʘʤʠ, ʧʦʷʩʥʝʥʠʷʤʠ ʠ ʚʳʚʦʜʘʤʠ. 

ʇʨʠʤʝʯʘʥʠʝ: ʧʫʥʢʪ 2 ʚʳʧʦʣʥʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʦ ʜʣʷ ʚʩʝʭ ʚʘʨʠʘʥʪʦʚ! 

ʇʫʥʢʪ 3 ʠʣʠ 4 ʚʳʙʠʨʘʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʤʝʨʦʤ ʚʘʨʠʘʥʪʘ ʠʟ ʪʘʙʣʠʮʳ 1. 

ʊʘʙʣʠʮʘ 1. 

ˉ ʧ/ʧ 1 2 3 4 5 6 7 8 9 10 

ɼʣʠʥʘ ʥʠʪʠ ǎ, 

ʩʤ 

40 45 50 55 60 65 70 75 80 85 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ  

0,5 0,6 0,7 0,6 0,5 0,5 0,6 0,7 0,6 0,5 

ɺʠʜ ʩʠʣʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʚ ʪʦʯʢʝ ʧʦʜʚʝʩʘ 

ɺʷʟʢ

ʦʝ  

ɺʷʟʢ

ʦʝ  

ʉʫʭ

ʦʝ 

ʉʫʭʦ

ʝ  

ɺʷʟʢ

ʦʝ  

ʉʫʭʦ

ʝ  

ɺʷʟʢ

ʦʝ  

ʉʫʭʦ

ʝ  

ʉʫʭʦ

ʝ  

ɺʷʟʢ

ʦʝ 



 

1.7 ɺʆʇʈʆʉʓ ɼʃʗ ʉɸʄʆʂʆʅʊʈʆʃʗ 

 

1. ʂʘʢʠʤ ʦʙʨʘʟʦʤ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʧʘʢʝʪʝ 

çMathCADè ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 

ʢʦʣʝʙʘʥʠʡ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ? 

2. ɺʠʜʳ ʩʠʣ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʠ ʦʩʦʙʝʥʥʦʩʪʠ 

ʩʦʩʪʘʚʣʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʢʘʞʜʦʛʦ ʚʠʜʘ. 

3. ʂʘʢʠʤ ʦʙʨʘʟʦʤ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚʝʢʪʦʨ-ʩʪʦʣʙʝʮ ʨʝʰʝʥʠʷ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ? 

4. ʇʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʘʥʠʤʘʮʠʠ ʚ ʧʘʢʝʪʝ çMathCADè. 

5. ʇʦ ʢʘʢʦʤʫ ʟʘʢʦʥʫ ʫʙʳʚʘʶʪ ʫʩʣʦʚʥʳʝ ʘʤʧʣʠʪʫʜʳ ʩʚʦʙʦʜʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʤʘʷʪʥʠʢʘ ʧʨʠ ʜʝʡʩʪʚʠʠ ʣʠʥʝʡʥʦ-ʚʷʟʢʦʛʦ ʠ ʩʫʭʦʛʦ ʪʨʝʥʠʷ? 

  



2.1 ʃʘʙʦʨʘʪʦʨʥʘ  ̫ʨʘʙʦʪʝ ˉ2 

ʂʆʄʇʔʖʊɽʈʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʉɺʆɹʆɼʅʓʍ ʂʆʃɽɹɸʅʀʁ 

ʄɸʊɽʄɸʊʀʏɽʉʂʆɻʆ ʄɸʗʊʅʀʂɸ ʉʈɽɼɽ MATLAB /Simulink  

 

ʎʝʣʴ ʨʘʙʦʪʳ: 

1.ʇʦʩʪʨʦʠʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ ʠ ʧʦʣʫʯʠʪʴ ʨʝʰʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʩʨʝʜʩʪʚʘʤʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ çMATLAB /Simulinkè 

2.ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʧʦʩʪʨʦʠʤ ʛʨʘʬʠʢʠ ʨʝʰʝʥʠʷ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ  

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʤʘʷʪʥʠʢ ʩ ʪʨʝʥʠʝʤ ʚ ʪʦʯʢʝ 

ʧʦʜʚʝʩʘ. 

ɸʧʧʘʨʘʪʥʳʝ ʩʨʝʜʩʪʚʘ: ʚʠʨʪʫʘʣʴʥʘʷ ʣʘʙʦʨʘʪʦʨʠʷ ʥʘ ʕɺʄ IBM PC, 

ʧʨʦʛʨʘʤʤʥʳʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʧʘʢʝʪ çMATLAB /Simulinkè. 

 

2. 1. ʇʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ 

 

ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʤʘʷʪʥʠʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʨʫʟ ʤʘʩʩʦʡ m, 

ʧʦʜʚʝʰʝʥʥʳʡ ʥʘ ʥʝʚʝʩʦʤʦʤ ʩʪʝʨʞʥʝ ʜʣʠʥʳ L. ɺʝʨʪʠʢʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ 

ʩʪʝʨʞʥʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʦʞʝʥʠʶ ʨʘʚʥʦʚʝʩʠʷ ʤʘʷʪʥʠʢʘ. 

ʈʠʩ. 2.1 ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ ʧʨʠ ʥʘʣʠʯʠʠ 

ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ ʚ ʪʦʯʢʝ ʧʦʜʚʝʩʘ 



 

ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ: 

L = 0.3 (m) ï ʜʣʠʥʘ ʩʪʝʨʞʥʷ ʤʘʷʪʥʠʢʘ; 

ű0 = 90Á ï ʥʘʯʘʣʴʥʳʡ ʫʛʦʣ ʦʪʢʣʦʥʝʥʠʷ ʛʨʫʟʘ ʦʪ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ; 

‘ πȢπφ (ʅȚʤȚc) ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ ʚ ʧʦʜʚʝʩʝ; 

ɤ = 0 (ʨʘʜ/c) ï ʥʘʯʘʣʴʥʘʷ  ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʤʘʷʪʥʠʢʘ. 

ʉʦʩʪʘʚʠʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʜʘʥʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ: 

Ὅ• ‘• άὫὒÓÉÎ•,   

ʛʜʝ I = mL2  - ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʤʘʩʩʳ m ʤʘʷʪʥʠʢʘ. 

ʊʦʛʜʘ  

• ‘• ÓÉÎ•. 

ɿʘʪʝʤ, ʟʘʤʝʥʷʷ ʧʨʦʠʟʚʦʜʥʳʝ ʦʧʝʨʘʪʦʨʦʤ ʃʘʧʣʘʩʘ, ʧʦʣʫʯʠʤ: 

ὴ• ‘ẗὴẗ• ÓÉÎ• π. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʫʯʠʤ:  

• ‘• ÓÉÎ• . 

ʇʦ ʧʦʣʫʯʝʥʥʦʤʫ ʚʳʨʘʞʝʥʠʶ ʩʪʨʦʠʤ ʩʭʝʤʫ ʤʦʜʝʣʠ  ʚ Simulink/MATLAB  

(ʨʠʩ. 2.1): 

ʈʠʩ. 2.1 ɹʣʦʢ-ʩʭʝʤʘ Simulink-ʤʦʜʝʣʠ ʢʦʣʝʙʘʥʠʡ ʤʘʷʪʥʠʢʘ 



ʈʘʩʯʝʪ ʧʦʩʪʦʷʥʥʳʭ ʠʥʪʝʛʨʘʪʦʨʦʚ:  

z0 = ű(0) = pi/2; 

-z1 - ‘ᴂ ű0 = ᾀ= •π = 0; 

z1 = ‘  = ï 0.66 . 

ʀʥʪʝʨʬʝʡʩʳ ʙʣʦʢʦʚ ï ʠʥʪʝʛʨʘʪʦʨʦʚ (çIntegrator1è, çIntegratorè) 

ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 2.3 - ʨʠʩ.2.4. ɼʣʷ ʠʥʪʝʛʨʘʪʦʨʦʚ çIntegrator4è, çIntegrator3è 

ʧʦʩʪʦʷʥʥʳʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʜʠʥʘʢʦʚʳʝ. 

ʈʝʟʫʣʴʪʘʪ ʚʳʚʦʜʠʪʩʷ ʚ ʚʠʜʝ ʛʨʘʬʠʢʘ ʩ ʧʦʤʦʱʴʶ ʙʣʦʢʘ çScopeè (ʨʠʩ. 2.5). 

  

ʈʠʩ. 2.3 ʀʥʪʝʨʬʝʡʩʳ ʥʘʩʪʨʦʡʢʠ ʙʣʦʢʘ 

çIntegrator1è 

ʈʠʩ.2.4 ʀʥʪʝʨʬʝʡʩʳ ʥʘʩʪʨʦʡʢʠ ʙʣʦʢʘ 

çIntegrator2è 

 

  



ʈʠʩ. 2.5 ɻʨʘʬʠʢʠ ʟʘʪʫʭʘʶʱʠʭ ʢʦʣʝʙʘʥʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ, ʧʦʩʪʨʦʝʥʥʳʝ 

ʧʦ ʪʦʯʥʦʤʫ ʠ ʧʨʠʙʣʠʞʝʥʥʦʤʫ ʫʨʘʚʥʝʥʠʷʤ 

ɿʘʢʣʶʯʝʥʠʝ: ʧʦʩʣʝ ʧʦʩʪʨʦʝʥʠʷ ʙʣʦʢ-ʩʭʝʤʳ ʠ ʛʨʘʬʠʢʦʚ ʟʘʪʫʭʘʶʱʠʭ 

ʢʦʣʝʙʘʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʫʩʣʦʚʥʘʷ ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ 

ʫʤʝʥʴʰʘʪʩʷ ʧʦ ʵʢʩʧʦʥʝʥʪʝ (ʧʦ ʟʘʢʦʥʫ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʧʨʦʛʨʝʩʩʠʠ). ɼʦ 

ʚʨʝʤʝʥʠ t1=0,5ʩ ʛʨʘʬʠʢʠ ʢʦʣʝʙʘʥʠʡ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʦ ʪʦʯʥʦʡ ʠ ʧʨʠʙʣʠʞʸʥʥʦʡ 

ʬʦʨʤʫʣʘʤ, ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ. ɻʨʘʬʠʢ ʢʦʣʝʙʘʥʠʡ ʤʘʷʪʥʠʢʘ, 

ʨʘʩʩʯʠʪʘʥʥʳʡ ʧʦ ʧʨʠʙʣʠʞʸʥʥʦʡ ʬʦʨʤʫʣʝ, ʟʘʪʫʭʘʝʪ ʜʦʣʴʰʝ, ʯʝʤ ʛʨʘʬʠʢ, 

ʨʘʩʩʯʠʪʘʥʥʳʡ ʧʦ ʪʦʯʥʦʡ ʬʦʨʤʫʣʝ.  

 

ʉʇʀʉʆʂ ʀʉʇʆʃʔɿʆɺɸʅʅʆʁ ʃʀʊɽʈɸʊʋʈʓ 

 

1. MATLAB 6/6.1/6.5 + Simulink 4/5 ʚ ʤʘʪʝʤʘʪʠʢʝ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ / 

ɼʴʷʢʦʥʦʚ ɺ.ʇ. ʇʦʣʥʦʝ ʨʫʢʦʚʦʜʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʷ - ʄ.: ʉʆʃʆʅ-ʇʨʝʩʩ. ï 2003. 

ï 576 ʩ. 

2. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʚʠʟʫʘʣʠʟʘʮʠʷ ʜʚʠʞʝʥʠʡ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ 

MATLAB: ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ / ɺ.ʉ.ʑʝʨʙʘʢʦʚ, ʄ. ʉ. ʂʦʨʳʪʦʚ, ɸ.ɸ. ʈʫʧʧʝʣʴ ʠ 

ʜʨ.ï ʆʤʩʢ: ʉʠʙɸɼʀ, 2007. ï 84ʩ. 

3. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʠ ʩʠʩʪʝʤ ʚ MATLAB. ʋʯʝʙʥʳʡ ʢʫʨʩ / 

ʃʘʟʘʨʝʚ ʖ. - ʉʇʙ.: ʇʠʪʝʨ, 2005, 512 ʩ. 

  



3. ʃʘʙʦʨʘʪʦʨʥʘʷ ʨʘʙʦʪʘ ˉ3 

ʂʆʄʇʔʖʊɽʈʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʉɺʆɹʆɼʅʓʍ 

ʂʆʃɽɹɸʅʀʁ ʄɸʊɽʄɸʊʀʏɽʉʂʆɻʆ ʄɸʗʊʅʀʂɸ ɺ ʉʈɽɼɽ 

MATLAB /SimMechanics 

ʎʝʣʴ ʨʘʙʦʪʳ:  

1. ʇʦʩʪʨʦʠʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ c ʚʷʟʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʩʨʝʜʩʪʚʘʤʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ çMATLAB /SimMechanicsè;  

2. ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠ ʫʛʣʘ ʤʘʷʪʥʠʢʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ; 

3. ɺʦʩʩʦʟʜʘʪʴ ʘʥʠʤʘʮʠʶ ʟʘʪʫʭʘʶʱʠʭ ʢʦʣʝʙʘʥʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʘʷʪʥʠʢʘ ʩ ʚʷʟʢʠʤ ʪʨʝʥʠʝʤ ʚ ʪʦʯʢʝ ʧʦʜʚʝʩʘ ʩʨʝʜʩʪʚʘʤʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ 

çMATLAB /SimMechanicsè; 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʤʘʷʪʥʠʢ ʩ ʚʷʟʢʠʤ ʪʨʝʥʠʝʤ ʚ 

ʪʦʯʢʝ ʧʦʜʚʝʩʘ. 

ɸʧʧʘʨʘʪʥʳʝ ʩʨʝʜʩʪʚʘ: ʚʠʨʪʫʘʣʴʥʘʷ ʣʘʙʦʨʘʪʦʨʠʷ ʥʘ ʕɺʄ IBM PC, 

ʧʨʦʛʨʘʤʤʥʳʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʧʘʢʝʪ çMATLAB /SimMechanicsè. 

 

3.1 ʇʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ 

ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʤʘʷʪʥʠʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʨʫʟ ʤʘʩʩʦʡ m, 

ʧʦʜʚʝʰʝʥʥʳʡ ʥʘ ʥʝʚʝʩʦʤʦʤ ʩʪʝʨʞʥʝ ʜʣʠʥʳ ǎ.  

 

ʈʠʩ.1. ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʤʘʷʪʥʠʢ ʩ ʚʷʟʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʚ ʪʦʯʢʝ ʧʦʜʚʝʩʘ 

 



ʀʩʭʦʜʥʳʝ ʧʘʨʦʘʤʝʪʨʳ ʤʦʜʝʣʠ: 

l= 0.3 (m) - ʜʣʠʥʘ ʩʪʝʨʞʥʷ ʤʘʷʪʥʠʢʘ; 

‘ πȢπσ  (ʅ*ʤ*c) - ʢʦʵʬʬʠʮʠʝʥʪ ʚʷʟʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʦʩʠ ʤʘʷʪʥʠʢʘ; 

ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ: 

f 90°:=  - ʥʘʯʘʣʴʥʳʡ ʫʛʦʣ ʦʪʢʣʦʥʝʥʠʷ ʤʘʷʪʥʠʢʘ ʦʪ ʧʦʣʦʞʝʥʠʷ 

ʨʘʚʥʦʚʝʩʠʷ; 

ɤ = 0 (ʩ-1) ï ʥʘʯʘʣʴʥʘʷ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʤʘʷʪʥʠʢʘ. 

ʅʘ ʨʠʩ.2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʧʨʦʛʨʘʤʤʳ, ʨʝʘʣʠʟʫʶʱʝʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʩʚʦʙʦʜʥʳʭ ʟʘʪʫʭʘʶʱʠʭ ʢʦʣʝʙʘʥʠʡ ʤʘʷʪʥʠʢʘ ʚ ʧʘʢʝʪʝ 

çMATLAB /SimMechanics. 

ʈʠʩ. 2. ɹʣʦʢ-ʩʭʝʤʘ ʧʨʦʛʨʘʤʤʳ, ʨʝʘʣʠʟʫʶʱʝʡ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʩʚʦʙʦʜʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ c ʚʷʟʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʩʨʝʜʩʪʚʘʤʠ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʧʘʢʝʪʘ çMATLAB /Simmechanicsè 

ʈʘʩʩʤʦʪʨʠʤ ʩʦʩʪʘʚ, ʥʘʟʥʘʯʝʥʠʝ ʠ ʥʘʩʪʨʦʡʢʫ ʢʘʞʜʦʛʦ ʠʟ ʙʣʦʢʦʚ 

ʧʨʦʛʘʤʤʳ. 

ɹʣʦʢ çMachine Environmentè ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʘʥʠʤʘʮʠʶ ʢʦʣʝʙʘʥʠʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ. ʇʘʨʘʤʝʪʨʳ ʙʣʦʢʘ ʟʘʜʘʥʳ ʧʦ ʫʤʦʣʯʘʥʠʶ. 

ɹʣʦʢ çGroundè (ʨʠʩ. 3) ʷʚʣʷʝʪʩʷ ʦʧʦʨʦʡ, ʢ ʥʝʤʫ ʞʝʩʪʢʦ ʧʨʠʩʦʝʜʠʥʝʥ ʧʨʠ 

ʧʦʤʦʱʠ ʙʣʦʢʘ çWeldè (ʨʠʩ. 4) ʙʣʦʢ çBody1è (ʨʠʩ. 5). ʉʦʚʦʢʫʧʥʦʩʪʴ ʵʪʠʭ ʪʨʝʭ 

ʙʣʦʢʦʚ ʨʝʘʣʠʟʫʝʪ ʩʪʦʡʢʫ.  



 

 

ʈʠʩ. 3 ʀʥʪʝʨʬʝʡʩ ʥʘʩʪʨʦʡʢʠ ʙʣʦʢʘ 

çGroundè 
ʈʠʩ.4 ʀʥʪʝʨʬʝʡʩ ʥʘʩʪʨʦʡʢʠ ʙʣʦʢʘ çWeldè 

 

ʈʠʩ. 5 ʀʥʪʝʨʬʝʡʩ ʥʘʩʪʨʦʡʢʠ ʙʣʦʢʘ çBody1è 

 

ɹʣʦʢ çRevoluteè (ʨʠʩ. 6) ʨʝʘʣʠʟʫʝʪ ʚʨʘʱʘʪʝʣʴʥʫʶ ʢʠʥʝʤʘʪʠʯʝʩʢʫʶ ʧʘʨʫ 

5 ʢʣʘʩʩʘ. ɺ ʧʘʨʘʤʝʪʨʘʭ ʙʣʦʢʘ ʫʩʪʘʥʦʚʣʝʥʦ ʟʥʘʯʝʥʠʝ 3 ʚʥʝʰʥʠʭ ʚʳʭʦʜʦʚ ʜʣʷ 

ʩʝʥʩʦʨʘ ʠ ʧʨʠʚʦʜʘ ʠ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ. ʆʩʴ ʚʨʘʱʝʥʠʷ ï Z. ʂ ʙʣʦʢʫ çRevoluteè 

ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʙʣʦʢ çBodyè (ʨʠʩ. 7), ʨʝʘʣʠʟʫʶʱʠʡ ʩʘʤ ʤʘʷʪʥʠʢ. 



 

 

ʈʠʩ. 6 ʀʥʪʝʨʬʝʡʩ ʥʘʩʪʨʦʡʢʠ ʙʣʦʢʘ 

çRevoluteè 

ʈʠʩ. 7 ʀʥʪʝʨʬʝʡʩ ʥʘʩʪʨʦʡʢʠ ʙʣʦʢʘ 

çBodyè 

ɺ ʧʘʨʘʤʝʪʨʘʭ ʙʣʦʢʘ çBodyè ʟʘʜʘʝʤ ʢʦʦʨʜʠʥʘʪʳ ʢʦʥʮʦʚ ʤʘʷʪʥʠʢʘ, 

ʤʘʪʨʠʮʫ ʠʥʝʨʮʠʠ ʜʣʷ ʤʘʷʪʥʠʢʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. ɺ 

ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ ʵʪʦʛʦ ʟʚʝʥʘ ʥʝʦʙʭʦʜʠʤʦ ʫʢʘʟʘʪʴ ʤʘʩʩʫ ʪʝʣʘ (ʤʘʩʩʫ 

ʧʨʠʥʠʤʘʝʤ ʨʘʚʥʦʡ 1 ʢʛ), ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʣʘʚʥʳʭ 

ʮʝʥʪʨʘʣʴʥʳʭ ʦʩʝʡ ʩʠʤʤʝʪʨʠʠ, ʘ ʪʘʢʞʝ ʢʦʦʨʜʠʥʘʪʳ ʢʦʥʮʦʚ ʟʚʝʥʘ ʠ ʝʛʦ ʮʝʥʪʨʘ 

ʤʘʩʩ. ʇʨʠ ʵʪʦʤ ʢʦʦʨʜʠʥʘʪʳ ʤʦʞʥʦ ʟʘʜʘʚʘʪʴ ʢʘʢ ʚ ʛʣʦʙʘʣʴʥʦʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ (world), ʪʘʢ ʠ ʚ ʣʦʢʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ (CS1, CS2) ʟʚʝʥʘ. 

ɺ ʩʪʦʣʙʮʝ Sow port ʥʘʩʪʨʘʠʚʘʝʪʩʷ ʦʪʦʙʨʘʞʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʦʨʪʘ ʥʘ 

ʙʣʦʢʝ. ɺ ʩʪʦʣʙʮʝ Port side ï ʥʘʩʪʨʦʡʢʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʦʨʪʘ. ʉʪʦʣʙʝʮ Name 

ʦʪʚʝʯʘʝʪ ʟʘ ʥʘʠʤʝʥʦʚʘʥʠʝ ʢʘʞʜʦʛʦ ʧʦʨʪʘ: CS1, CS2 ï ʧʦʨʪʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʢʨʘʡʥʠʤ ʪʦʯʢʘʤ ʟʚʝʥʘ, CG ï ʮʝʥʪʨ ʤʘʩʩ ʟʚʝʥʘ (ʪ.ʢ ʮʝʥʪʨ ʤʘʩʩ ʟʚʝʥʘ ʥʝ 

ʫʯʘʩʪʚʫʝʪ ʚ ʩʦʝʜʠʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʟʚʝʥʴʷʤʠ, ʥʘ ʩʭʝʤʝ ʦʥ ʥʝ ʦʪʦʙʨʘʞʘʝʪʩʷ). ɺ 

ʩʣʝʜʫʶʱʠʭ ʩʪʦʣʙʮʘʭ ʟʘʜʘʶʪʩʷ ʢʦʦʨʜʠʥʘʪʳ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʪʦʯʝʢ ʠ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ, ʚ 

ʢʦʪʦʨʦʡ ʧʨʦʚʦʜʠʪʩʷ ʟʘʜʘʥʠʝ ʧʦʣʦʞʝʥʠʡ ʪʦʯʝʢ ʟʚʝʥʘ. 



ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʘ ʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʤʘʷʪʥʠʢʘ ʠʩʧʦʣʴʟʫʝʤ ʙʣʦʢ 

çJoint Sensorè (ʨʠʩ. 8). ɺ ʧʘʨʘʤʝʪʨʘʭ ʙʣʦʢʘ ʫʩʪʘʥʘʚʣʠʚʘʝʤ ʚʳʚʦʜ çAngleè ʠ 

çAngle velocityè, ʚʢʣʶʯʘʝʤ ʚʳʚʦʜ ʩʠʛʥʘʣʘ ʨʘʟʜʝʣʴʥʦ. 

 

ʈʠʩ. 8 ʀʥʪʝʨʬʝʡʩ ʥʘʩʪʨʦʡʢʠ ʙʣʦʢʘ çBody1è 

ɺʳʚʦʜ ʧʦʢʘʟʘʥʠʡ ʥʘ ʵʢʨʘʥ ʚ ʚʠʜʝ ʛʨʘʬʠʢʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʙʣʦʢʦʚ çScopeè (ʨʠʩ. 9) ʠ çScope1è (ʨʠʩ.10). 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʙʣʦʢʦʚ çJoint Sensorè, çGainè, çJoint Actuatorè, 

çRevoluteè. ʨʝʘʣʠʟʫʶʪ ʚʷʟʢʦʝ ʪʨʝʥʠʝ ʚ ʦʧʦʨʝ ʤʘʷʪʥʠʢʘ. C ʧʦʤʦʱʴʶ ʙʣʦʢʘ 

çJoint Sensorè ʠʟʤʝʨʷʝʤ ʫʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ ʤʘʷʪʥʠʢʘ, ʫʤʥʦʞʘʝʤ ʝʝ 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʙʣʦʢʘ çGainè. ʄʥʦʞʠʪʝʣʴ çGainè ʧʨʠʥʠʤʘʝʤ 

ʨʘʚʥʳʤ -0.03. ɿʘʪʝʤ ʬʦʨʤʠʨʫʝʤ ʤʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʨʘʱʝʥʠʶ ʩ ʧʦʤʦʱʴʶ 

çJoint Actuatorè (ʨʠʩ. 11), ʨʝʟʫʣʴʪʘʪ ʧʦʜʘʝʤ ʥʘ ʙʣʦʢ çRevoluteè.  

 



ʈʠʩ. 11 ʀʥʪʝʨʬʝʡʩ ʥʘʩʪʨʦʡʢʠ ʙʣʦʢʘ çJoint Actuatorè 

 

ɿʘʜʘʥʠʝ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʨʝʘʣʠʟʫʝʪʩʷ ʙʣʦʢʦʤ çJoint Initial Conditionè 

(ʨʠʩ. 12) 

ʈʠʩ. 12 ʀʥʪʝʨʬʝʡʩ ʥʘʩʪʨʦʡʢʠ ʙʣʦʢʘ çJoint Initial Conditionè 

 

ɹʣʦʢʦʤ çJoint Sensorè ʢʨʦʤʝ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠʟʤʝʨʷʝʪʩʷ ʪʘʢʞʝ ʫʛʦʣ 

ʧʦʚʦʨʦʪʘ ʤʘʷʪʥʠʢʘ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʚʳʚʦʜʷʪʩʷ ʩ ʧʦʤʦʱʴʶ ʙʣʦʢʦʚ 

çScopeè (ʜʣʷ ű)  ʠ çScope1è (ʜʣʷ ɤ). 



ʈʠʩ. 13. ʈʝʟʫʣʴʪʘʪ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʘ ʠʟʤʝʥʝʥʠʷ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʤʘʷʪʥʠʢʘ ʩ ʧʦʤʦʱʴʶ 

ʙʣʦʢʘ çScopeè 

 

ʈʠʩ. 14. ʈʝʟʫʣʴʪʘʪ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʘ ʠʟʤʝʥʝʥʠʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʤʘʷʪʥʠʢʘ ʩ 

ʧʦʤʦʱʴʶ ʙʣʦʢʘ çScope1è 

ɿʘʢʣʶʯʝʥʠʝ:  

¶ ʧʦʩʪʨʦʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ c ʚʷʟʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʩʨʝʜʩʪʚʘʤʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ çMATLAB /SimMechanicsè; ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ 

ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʤʘʷʪʥʠʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ; 

¶ ʚʦʩʩʦʟʜʘʥʘ ʘʥʠʤʘʮʠʷ ʟʘʪʫʭʘʶʱʠʭ ʢʦʣʝʙʘʥʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʘʷʪʥʠʢʘ ʩ ʚʷʟʢʠʤ ʪʨʝʥʠʝʤ ʚ ʪʦʯʢʝ ʧʦʜʚʝʩʘ. 

  



3.2 ʇʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ 

1. ʇʦ ʥʦʤʝʨʫ ʚʘʨʠʘʥʪʘ ʠʟ ʪʘʙʣʠʮʳ 3.1 ʚʳʙʨʘʪʴ ʜʣʠʥʫ ʤʘʷʪʥʠʢʘ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ (ʩʦʧʨʦʪʠʚʣʝʥʠʷ) ʠ ʚʠʜ ʩʠʣʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʪʦʯʢʝ 

ʧʦʜʚʝʩʘ. 

2. ʉʦʩʪʘʚʠʪʴ ʙʣʦʢ-ʩʭʝʤʫ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ ʚ ʧʘʢʝʪʝ SimMechanics/MATLAB  c ʟʘʜʘʥʥʳʤ 

ʚʠʜʦʤ ʥʝʫʧʨʫʛʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʚʷʟʢʠʤ ʠʣʠ ʩʫʭʠʤ ʪʨʝʥʠʝʤ). 

3. ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ 

ʤʘʷʪʥʠʢʘ ʧʨʠ ʝʛʦ ʥʘʯʘʣʴʥʦʤ ʦʪʢʣʦʥʝʥʠʷ ʥʘ 90Á ʠ 179Á ʠ ʥʫʣʝʚʦʡ ʥʘʯʘʣʴʥʦʡ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ. 

4. ʅʘʙʣʶʜʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʚʠʜʝ ʘʥʠʤʠʨʦʚʘʥʥʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤʳ  

6. ʈʝʟʫʣʴʪʘʪʳ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʩʦʭʨʘʥʠʪʴ ʚ ʬʦʨʤʘʪʝ .slx, ʘ ʪʘʢʞʝ 

ʦʬʦʨʤʠʪʴ ʦʪʯʝʪ ʚ ʨʝʜʘʢʪʦʨʝ çWordè ʩ ʥʝʦʙʭʦʜʠʤʳʤʠ ʛʨʘʬʠʢʘʤʠ, ʬʦʨʤʫʣʘʤʠ, 

ʧʦʷʩʥʝʥʠʷʤʠ ʠ ʚʳʚʦʜʘʤʠ. 

ʊʘʙʣʠʮʘ 1 ï ʀʩʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ 

ˉ ʚʘʨʠʘʥʪʘ 1 2 3 4 5 6 7 8 9 10 

ɼʣʠʥʘ ʥʠʪʠ ǎ, 

ʩʤ 

40 45 50 55 60 65 70 75 80 85 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ  

0,5 0,6 0,7 0,26 0,35 0,15 0,46 0,37 0,46 0,55 

ɺʠʜ ʩʠʣʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʚ ʪʦʯʢʝ ʧʦʜʚʝʩʘ 

ɺʷʟʢ

ʦʝ  

ɺʷʟʢ

ʦʝ  

ʉʫʭ

ʦʝ 

ʉʫʭʦ

ʝ  

ɺʷʟʢ

ʦʝ  

ʉʫʭʦ

ʝ  

ɺʷʟʢ

ʦʝ  

ʉʫʭʦ

ʝ  

ʉʫʭʦ

ʝ  

ɺʷʟʢ

ʦʝ 

 

3.3 ɺʆʇʈʆʉʓ ɼʃʗ ʉɸʄʆʂʆʅʊʈʆʃʗ 

 

1. ʂʘʢʦʚ ʦʙʱʠʡ ʧʦʨʷʜʦʢ ʩʦʩʪʘʚʣʝʥʠʷ ʙʣʦʢ-ʩʭʝʤʳ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʥʘ ʧʨʠʤʝʨʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ ʚ ʧʘʢʝʪʝ 

SimMechanics/MATLAB ? 

2. ʂʘʢ ʬʦʨʤʠʨʫʝʪʩʷ ʤʘʪʨʠʮʘ ʠʥʝʨʮʠʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʚ ʙʣʦʢʝ çBodyè? 



3. ʉ ʧʦʤʦʱʴʶ ʢʘʢʠʭ ʩʨʝʜʩʪʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦʣʫʯʝʥʠʝ 

ʛʨʘʬʠʢʦʚ ʠʟʤʝʥʝʥʠʷ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʠ ʩʠʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ ʚ ʧʘʢʝʪʝ SimMechanics/MATLAB ? 

4. ʂʘʢʠʤ ʦʙʨʘʟʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʘʥʠʤʘʮʠʠ ʜʚʠʞʝʥʠʷ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʚ ʧʘʢʝʪʝ SimMechanics/MATLAB ? 

5. ʂʘʢ ʟʘʜʘʝʪʩʷ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚʷʟʢʦʝ ʠʣʠ ʩʫʭʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, 

ʜʝʡʩʪʚʫʶʱʝʝ ʚ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʭ, ʚ ʧʘʢʝʪʝ 

SimMechanics/MATLAB ? 

 

ʉʇʀʉʆʂ ʀʉʇʆʃʔɿʆɺɸʅʅʆʁ ʃʀʊɽʈɸʊʋʈʓ 

1. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʚʠʟʫʘʣʠʟʘʮʠʷ ʜʚʠʞʝʥʠʡ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ 

MATLAB: ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ / ɺ.ʉ.ʑʝʨʙʘʢʦʚ, ʄ. ʉ. ʂʦʨʳʪʦʚ, ɸ.ɸ. ʈʫʧʧʝʣʴ, 

ɺ.ɸ. ɻʣʫʰʝʮ, ʉ.ɸ.ʄʠʣʶʰʝʥʢʦ. ï ʆʤʩʢ: ʀʟʜ-ʚʦ ʉʠʙɸɼʀ, 2007. ï 84ʩ. 

2. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʤʝʭʘʪʨʦʥʥʳʭ ʩʠʩʪʝʤ ʚ ʩʨʝʜʝ MATLAB (Simulink / 

SimMechanics): ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʜʣʷ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ/ ɺ.ʄ. 

ʄʫʩʘʣʠʤʦʚ, ɻ.ɹ. ɿʘʤʦʨʫʝʚ, ʀ.ʀ. ʂʘʣʘʧʳʰʠʥʘ, ɸ.ɼ. ʇʝʨʝʯʝʩʦʚʘ, ʂ.ɸ. ʅʫʞʜʠʥ. 

ï ʉʇʙ: ʅʀʋ ʀʊʄʆ, 2013. ï 114 ʩ. 

  



4.1 ʃʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʝ ˉ4 

ʂʆʄʇʔʖʊɽʈʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɼɺʀɾɽʅʀʗ 

ʈʓʏɸɾʅʆɻʆ ʄɽʍɸʅʀʍɿʄɸ ɺ ʉʈɽɼɽ MATLAB /SimMechanics 

 

ʎʝʣʴ ʨʘʙʦʪʳ: 

1. ʇʦʩʪʨʦʠʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʜʚʠʞʝʥʠʷ ʨʳʯʘʞʥʦʛʦ ʤʝʭʘʥʠʟʤʘ 

ʩʨʝʜʩʪʚʘʤʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ çMATLAB /SimMechʘnicsè; 

2. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʣʫʯʠʪʴ ʛʨʘʬʠʢʠ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʳʯʘʞʥʦʛʦ 

ʤʝʭʘʥʠʟʤʘ, ʧʦʣʫʯʠʪʴ ʘʥʠʤʘʮʠʦʥʥʫʶ ʢʘʨʪʠʥʫ ʝʛʦ ʜʚʠʞʝʥʠʷ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʨʳʯʘʞʥʳʡ ʤʝʭʘʥʠʟʤ ʤʝʰʘʪʝʣʷ ʩ ʧʨʠʣʦʞʝʥʥʦʡ ʢ 

ʥʝʤʫ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʦʡ. 

ɸʧʧʘʨʘʪʥʳʝ ʩʨʝʜʩʪʚʘ: ʚʠʨʪʫʘʣʴʥʘʷ ʣʘʙʦʨʘʪʦʨʠʷ ʥʘ ʕɺʄ IBM PC, 

ʧʨʦʛʨʘʤʤʥʳʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʧʘʢʝʪ çSimMechʘnics/Simulink/MATLABè. 

 

  

4.1 ʆʧʠʩʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ, ʨʝʘʣʠʟʘʮʠʷ ʤʦʜʝʣʠ 

 

ʅʘ ʨʠʩ. 4.1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʨʳʯʘʞʥʦʛʦ ʤʝʭʘʥʠʟʤʘ 

ʤʝʰʘʪʝʣʷ. 

ʈʠʩ. 4.1 ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʤʝʭʘʥʠʟʤʘ: 1 ï ʢʨʠʚʦʰʠʧ, 2 ï ʰʘʪʫʥ, 3 ï 

ʧʦʣʟʫʥ, 4 ïʨʘʙʦʯʠʡ ʦʨʛʘʥ ʤʝʭʘʥʠʟʤʘ - ʤʝʰʘʪʝʣʴ 



 

ɺ ʪʘʙʣ. 4.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʤʝʭʘʥʠʟʤʘ. 

ʊʘʙʣ. 4.1 - ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʤʝʭʘʥʠʟʤʘ 

ˉ ʟʚʝʥʘ/ 

ʚʝʣʠʯʠʥʘ 

1 2 3 4 

l, ʤ 0.5 1 - 1 

m, ʢʛ 1 2.5 5 3 

Ƚz, ʢʛĀʤ
2 0.02 0.2 0.006 0.25 

 

ɹʣʦʢ-ʩʭʝʤʘ ʤʦʜʝʣʠ ʤʝʭʘʥʠʟʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 4.2. 

 

ʈʠʩ. 4.2 ɹʣʦʢ-ʩʭʝʤʘ ʤʦʜʝʣʠ ʨʳʯʘʞʥʦʛʦ ʤʝʭʘʥʠʟʤʘ 

ʈʘʩʩʤʦʪʨʠʤ ʩʦʩʪʘʚ ʠ ʥʘʩʪʨʦʡʢʫ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʠ ʧʦʜʩʠʩʪʝʤ 

 

4.2 ɺʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʧʦʜʩʠʩʪʝʤʳ 

ʅʘ ʨʠʩ. 4.3 ʠ 4.4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʭʝʤʳ ʧʦʜʩʠʩʪʝʤ çʉʪʦʡʢʘè ʠ 

çʅʘʧʨʘʚʣʷʶʱʘʷè ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

  
ʈʠʩ. 4.3 ʇʦʜʩʠʩʪʝʤʘ çʉʪʦʡʢʘè ʈʠʩ. 4.4 ʇʦʜʩʠʩʪʝʤʘ çʅʘʧʨʘʚʣʷʶʱʘʷè 

 



ʇʦʜʩʠʩʪʝʤʘ çɿʘʜʘʥʠʝ ʜʚʠʞʝʥʠʷ ʢʨʠʚʦʰʠʧʘè ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 4.5. ʉ 

ʝʝ ʧʦʤʦʱʴʶ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʨʠʚʦʰʠʧʘ: 

ʥʘʯʘʣʴʥʳʡ ʫʛʦʣ ʧʦʚʦʨʦʪʘ, ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ, ʫʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ.  

ɺ ʙʣʦʢʝ çJoint Actuatorè (ʨʠʩ. 4.6) ʚ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʘ ʟʘʜʘʥʠʷ ʜʚʠʞʝʥʠʷ 

ʚʳʙʠʨʘʝʤ ʢʠʥʝʤʘʪʠʯʝʩʢʠʡ ʤʝʪʦʜ çMotionè, ʘ ʪʘʢʞʝ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

ɹʣʦʢ çConstantè ʦʧʨʝʜʝʣʷʝʪ ʥʘʯʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʢʨʠʚʦʰʠʧʘ, ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʥʘʯʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ 0 ʨʘʜ. ɹʣʦʢ çIntegratorè ʦʧʨʝʜʝʣʷʝʪ ʫʛʣʦʚʫʶ 

ʩʢʦʨʦʩʪʴ, ʘ ʙʣʦʢ çIntegrator1è ï ʫʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ ʢʨʠʚʦʰʠʧʘ. 

 

ʈʠʩ. 4.5 ʇʦʜʩʠʩʪʝʤʘ çɿʘʜʘʥʠʝ ʜʚʠʞʝʥʠʷ ʢʨʠʚʦʰʠʧʘè 

ʅʘ ʨʠʩ. 5.2 ʧʨʝʜʩʪʘʚʣʝʥ ʠʥʪʝʨʬʝʡʩ ʙʣʦʢʘ Integrator1. 

  

ʈʠʩ. 4.6 ʀʥʪʝʨʬʝʡʩ ʙʣʦʢʘ çJoint Actuatorè ʈʠʩ.4.7 ʀʥʪʝʨʬʝʡʩ ʙʣʦʢʘ çIntegrator1è 

 



ɿʥʘʯʝʥʠʝ ʚ ʧʦʣʝ çInitial conditionè ʦʧʨʝʜʝʣʷʝʪ ʫʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ 

ʢʨʠʚʦʰʠʧʘ, ʢʦʪʦʨʘʷ ʨʘʚʥʘ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 2 ʨʘʜ/c. 

ʇʦʜʩʠʩʪʝʤʘ çʀʟʤʝʨʝʥʠʷ ʢʨʠʚʦʰʠʧè ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 4.8. 

 

ʈʠʩ. 4.8 ʇʦʜʩʠʩʪʝʤʘ çʀʟʤʝʨʝʥʠʷ ʢʨʠʚʦʰʠʧè 

ʅʘ ʨʠʩ. 4.9 ʠ 4.10 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʤʦʱʥʦʩʪʠ ʠ ʨʘʙʦʪʳ. 

 

ʈʠʩ. 4.9 ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʤʦʱʥʦʩʪʠ 

 

ʈʠʩ. 4.10 ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʨʘʙʦʪʳ 


