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Аɧɧɨɬаɰиɹ. Ɋɚɫɫɦɨɬɪɟɧɵ ɜɨɡɦɨɠɧɨɫɬɢ ɩɚɤɟɬɚ MATLAB Robotics Toolbox ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
ɞɜɢɠɟɧɢɹ ɪɚɛɨɱɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɨɝɨ ɷɤɫɤɚɜɚɬɨɪɚ. Ɋɟɲɟɧɵ ɩɪɹɦɚɹ ɢ ɨɛɪɚɬ-

ɧɚɹ ɡɚɞɚɱɢ ɤɢɧɟɦɚɬɢɤɢ ɦɚɧɢɩɭɥɹɬɨɪɚ ɷɤɫɤɚɜɚɬɨɪɚ, ɚ ɬɚɤɠɟ ɡɚɞɚɱɚ ɭɩɪɚɜɥɟɧɢɹ ɟɝɨ ɤɢɧɟɦɚ-
ɬɢɱɟɫɤɨɣ ɦɨɞɟɥɶɸ. Вɵɩɨɥɧɟɧ ɚɧɚɥɢɡ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɫɬɪɨɟɧɧɵɯ ɮɭɧɤɰɢɣ 
Robotics Toolbox ɞɥɹ ɪɟɲɟɧɢɹ ɭɤɚɡɚɧɧɵɯ ɡɚɞɚɱ. 
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Аɧɨɬаɰіɹ. Ɋɨɡɝɥɹɧɭɬɨ ɦɨɠɥɢɜɨɫɬɿ ɩɚɤɟɬɚ MATLAB Robotics Toolbox ɞɥɹ ɦɨɞɟɥɸɜɚɧɧɹ ɪɭɯɭ 
ɪɨɛɨɱɨɝɨ ɨɛɥɚɞɧɚɧɧɹ ɪɨɛɨɬɢɡɨɜɚɧɨɝɨ ɟɤɫɤɚɜɚɬɨɪɚ. Ɋɨɡɜ’ɹɡɚɧɨ ɩɪɹɦɭ ɬɚ ɨɛɟɪɧɟɧɭ ɡɚɞɚɱɿ ɤɿɧɟ-
ɦɚɬɢɤɢ ɦɚɧɿɩɭɥɹɬɨɪɚ, ɚ ɬɚɤɨɠ ɡɚɞɚɱɭ ɤɟɪɭɜɚɧɧɹ ɣɨɝɨ ɤɿɧɟɦɚɬɢɱɧɨɸ ɦɨɞɟɥɥɸ. Вɢɤɨɧɚɧɨ 
ɚɧɚɥɿɡ ɟɮɟɤɬɢɜɧɨɫɬɿ ɜɢɤɨɪɢɫɬɚɧɧɹ ɜɛɭɞɨɜɚɧɢɯ ɮɭɧɤɰɿɣ Robotics Toolbox ɞɥɹ ɪɨɡɜ’ɹɡɚɧɧɹ ɜɤɚɡɚ-

ɧɢɯ ɡɚɞɚɱ. 
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SIMULATION OF EXCAVATOR KINEMATICS 

IN MATLAB ROBOTICS TOOLBOX 
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Abstract. The features of MATLAB Robotics Toolbox for robotic excavator equipment movement simu-

lation have been considered. Direct and inverse kinematics of excavator manipulator and the problem 

of its kinematic control have been solved. The performance analysis of Robotics Toolbox built-in func-

tions for specified problems solving has been performed. 
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ȼɜɟɞɟɧɢɟ 
 

ɋɭɳɟɫɬɜɟɧɧɨɝɨ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɨɞɧɨɤɨɜɲɨɜɨɝɨ ɷɤɫɤɚɜɚɬɨɪɚ 
(ɗɈ), ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɨɫɧɨɜɧɵɯ 
ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɲɢɧ, ɦɨɠɧɨ ɞɨɫɬɢɱɶ ɥɢɲɶ 
ɡɚ ɫɱёɬ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɫɢɫɬɟɦ ɚɜɬɨɦɚ-
ɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ, ɤɚɤ ɟɝɨ ɨɬɞɟɥɶɧɵɦɢ 

ɩɨɞɫɢɫɬɟɦɚɦɢ, ɬɚɤ ɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɪɨ-
ɰɟɫɫɨɦ ɤɨɩɚɧɢɹ. ȼ ɩɨɫɥɟɞɧɟɦ ɫɥɭɱɚɟ ɫɢɫɬɟɦɚ 
ɭɩɪɚɜɥɟɧɢɹ ɞɨɥɠɧɚ ɨɛɟɫɩɟɱɢɜɚɬɶ ɞɜɢɠɟɧɢɟ 

ɤɨɜɲɚ ɩɨ ɨɩɪɟɞɟɥɟɧɧɨɣ ɬɪɚɟɤɬɨɪɢɢ ɫ ɡɚɞɚɧ-

ɧɨɣ ɬɨɱɧɨɫɬɶɸ, ɫ ɦɢɧɢɦɚɥɶɧɨɣ ɞɥɢɬɟɥɶɧɨ-
ɫɬɶɸ ɢ ɷɧɟɪɝɨёɦɤɨɫɬɶɸ ɩɪɨɰɟɫɫɚ.  
 

ɋɨɜɪɟɦɟɧɧɚɹ ɬɟɧɞɟɧɰɢɹ ɪɚɡɜɢɬɢɹ ɫɢɫɬɟɦ 

ɭɩɪɚɜɥɟɧɢɹ ɪɚɛɨɱɢɦ ɩɪɨɰɟɫɫɨɦ ɤɨɩɚɧɢɹ ɫɜɹ-
ɡɚɧɚ ɫ ɪɨɛɨɬɢɡɚɰɢɟɣ ɷɤɫɤɚɜɚɬɨɪɨɜ, ɩɨɷɬɨɦɭ 
ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɬɚɤɢɯ ɫɢɫɬɟɦ ɰɟɥɟɫɨɨɛɪɚɡɧɨ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɦɟɬɨɞɵ ɪɨ-
ɛɨɬɨɬɟɯɧɢɤɢ [1, 2]. 
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Ⱥɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ 

 

Ɉɞɧɢɦɢ ɢɡ ɩɟɪɜɵɯ ɪɨɛɨɬɨɬɟɯɧɢɱɟɫɤɢɣ ɩɨɞ-

ɯɨɞ ɤ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ ɷɤɫ-
ɤɚɜɚɬɨɪɚ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɩɪɟɞɥɨɠɢɥɢ ɉ. ȼɚɯɚ 
ɫ ɫɨɚɜɬɨɪɚɦɢ ɜ [3], ɝɞɟ ɛɵɥɚ ɪɚɫɫɦɨɬɪɟɧɚ ɞɢ-

ɧɚɦɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɨɝɨ ɷɤɫ-
ɤɚɜɚɬɨɪɚ. ȼ [4–6] Ʉɨɢɜɨ ɩɨɥɭɱɢɥ ɭɬɨɱɧɟɧɧɵɟ 
ɤɢɧɟɦɚɬɢɱɟɫɤɢɟ ɢ ɞɢɧɚɦɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɷɤɫ-
ɤɚɜɚɬɨɪɚ ɢ ɩɪɟɞɥɨɠɢɥ ɉȾ ɢ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɵ 

ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɰɟɫɫɨɦ ɤɨɩɚɧɢɹ. Ⱦɚɥɶ-
ɧɟɣɲɟɟ ɪɚɡɜɢɬɢɟ ɷɬɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɥɭɱɢɥɢ 

ɜ [7–9] ɢ ɦɧɨɝɢɯ ɞɪɭɝɢɯ ɪɚɛɨɬɚɯ. 
 

ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɪɨɛɨɬɢɡɢɪɨ-
ɜɚɧɧɵɯ ɷɤɫɤɚɜɚɬɨɪɨɜ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɨɫɭɳɟ-
ɫɬɜɥɹɬɶ ɫ ɩɪɢɜɥɟɱɟɧɢɟɦ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ 

ɩɚɤɟɬɨɜ ɩɪɢɤɥɚɞɧɵɯ ɩɪɨɝɪɚɦɦ, ɨɪɢɟɧɬɢɪɨ-
ɜɚɧɧɵɯ ɧɚ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɪɨɛɨɬɨɬɟɯɧɢɱɟ-
ɫɤɢɯ ɫɢɫɬɟɦ. Ʉ ɬɚɤɢɦ ɩɚɤɟɬɚɦ, ɧɚɩɪɢɦɟɪ, ɨɬ-
ɧɨɫɹɬɫɹ Microsoft Robotics Developer Studio, 

LabVIEW Robotics, ɚ ɬɚɤɠɟ MATLAB Robot-

ics Toolbox. Robotics Toolbox [10] ɨɛɥɚɞɚɟɬ 
ɲɢɪɨɤɢɦ ɧɚɛɨɪɨɦ ɢɧɫɬɪɭɦɟɧɬɨɜ ɞɥɹ ɦɨɞɟ-
ɥɢɪɨɜɚɧɢɹ ɤɢɧɟɦɚɬɢɤɢ ɢ ɞɢɧɚɦɢɤɢ ɪɨɛɨɬɨɜ, 
ɩɨɫɬɪɨɟɧɢɹ ɬɪɚɟɤɬɨɪɢɣ ɢɯ ɞɜɢɠɟɧɢɹ ɢ ɬ.ɞ. 

ɗɬɨ, ɚ ɬɚɤɠɟ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɞɪɭɝɢɯ ɫɪɟɞɫɬɜ MATLAB ɩɨ ɢɫɫɥɟɞɨɜɚɧɢɸ, 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ɢ ɨɩɬɢɦɢɡɚɰɢɢ ɫɢɫɬɟɦ 

ɭɩɪɚɜɥɟɧɢɹ ɢ ɟɝɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɧɚ ɛɟɫ-
ɩɥɚɬɧɨɣ ɨɫɧɨɜɟ ɞɟɥɚɸɬ Robotics Toolbox 

ɜɟɫɶɦɚ ɩɪɢɜɥɟɤɚɬɟɥɶɧɵɦ ɩɚɤɟɬɨɦ ɞɥɹ ɪɚɡɪɚ-
ɛɨɬɤɢ ɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɨɛɨɬɨɬɟɯɧɢɱɟɫɤɢɯ 

ɫɢɫɬɟɦ ɢ ɤɨɦɩɥɟɤɫɨɜ. 
 

ɐɟɥɶ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

 

ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ 

ɭɩɪɚɜɥɟɧɢɹ ɦɚɧɢɩɭɥɹɬɨɪɨɦ ɗɈ ɧɟɨɛɯɨɞɢɦɨ 
ɪɚɫɫɦɨɬɪɟɬɶ ɟɝɨ ɤɢɧɟɦɚɬɢɤɭ [1], ɬ.ɟ. ɧɚɣɬɢ 

ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ ɩɨɥɨɠɟɧɢɟ ɦɚɧɢɩɭɥɹɬɨɪɚ 
ɤɚɤ ɮɭɧɤɰɢɸ ɜɪɟɦɟɧɢ ɢ ɫɨɨɬɧɨɲɟɧɢɹ ɦɟɠɞɭ 
ɨɛɨɛɳɟɧɧɵɦɢ ɤɨɨɪɞɢɧɚɬɚɦɢ ɢ ɩɨɥɨɠɟɧɢɟɦ 

ɤɨɜɲɚ.  
 

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɢɡɭɱɟɧɢɟ 
ɜɨɡɦɨɠɧɨɫɬɟɣ Robotics Toolbox ɞɥɹ ɢɫɫɥɟɞɨ-
ɜɚɧɢɹ ɤɢɧɟɦɚɬɢɤɢ ɦɚɧɢɩɭɥɹɬɨɪɚ ɗɈ. Ⱦɥɹ 
ɷɬɨɝɨ ɜ ɪɚɛɨɬɟ ɪɟɲɚɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

– ɩɨɫɬɪɨɟɧɢɟ ɢɦɢɬɚɰɢɨɧɧɨɣ ɦɨɞɟɥɢ ɦɚɧɢɩɭ-

ɥɹɬɨɪɚ ɗɈ ɜ Robotics Toolbox; 

– ɪɟɲɟɧɢɟ ɩɪɹɦɨɣ ɢ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱ ɤɢɧɟɦɚ-
ɬɢɤɢ ɦɚɧɢɩɭɥɹɬɨɪɚ ɷɤɫɤɚɜɚɬɨɪɚ; 
– ɩɥɚɧɢɪɨɜɚɧɢɟ ɬɪɚɟɤɬɨɪɢɣ ɦɚɧɢɩɭɥɹɬɨɪɚ 
ɩɪɢ ɩɟɪɟɦɟɳɟɧɢɢ ɤɨɜɲɚ ɢɡ ɨɞɧɨɣ ɬɨɱɤɢ ɩɪɨ-
ɫɬɪɚɧɫɬɜɚ ɜ ɞɪɭɝɭɸ. 

ɋɨɡɞɚɧɢɟ ɦɨɞɟɥɢ ɦɚɧɢɩɭɥяɬɨɪɚ 

 

ɋ ɬɨɱɤɢ ɡɪɟɧɢɹ ɪɨɛɨɬɨɬɟɯɧɢɤɢ, ɷɤɫɤɚɜɚɬɨɪ 
ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɣ 

ɦɚɧɢɩɭɥɹɬɨɪ ɥɢɛɨ ɫ ɩɹɬɶɸ ɫɬɟɩɟɧɹɦɢ ɫɜɨɛɨ-
ɞɵ ɬɢɩɚ P-RRRR (1 ɩɨɫɬɭɩɚɬɟɥɶɧɨɟ ɢ 4 ɜɪɚ-
ɳɚɬɟɥɶɧɵɯ ɫɨɱɥɟɧɟɧɢɹ), ɥɢɛɨ RRRR-ɬɢɩɚ. 
ɉɨɫɤɨɥɶɤɭ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɪɢ ɤɨɩɚɧɢɢ 

ɩɨɫɬɭɩɚɬɟɥɶɧɨɟ ɩɟɪɟɦɟɳɟɧɢɟ ɛɚɡɨɜɨɣ ɱɚɫɬɢ 

ɷɤɫɤɚɜɚɬɨɪɚ ɧɟ ɜɵɩɨɥɧɹɟɬɫɹ, ɬɨ ɨɝɪɚɧɢɱɢɦɫɹ 
ɪɚɫɫɦɨɬɪɟɧɢɟɦ ɦɚɧɢɩɭɥɹɬɨɪɚ RRRR-ɬɢɩɚ.  
 

ɉɨɫɬɪɨɢɦ ɦɨɞɟɥɶ ɦɚɧɢɩɭɥɹɬɨɪɚ ɷɤɫɤɚɜɚɬɨɪɚ 
ɜ Robotics Toolbox, ɫɨɡɞɚɜ ɜɟɤɬɨɪ L ɨɛɴɟɤ-
ɬɨɜ Link: 

 

L(i)=Link([theta(i),d(i), a(i), 

           alpha(i), sigma(i)]),  

 

ɝɞɟ theta(i) – ɭɝɨɥ ɦɟɠɞɭ ɫɨɱɥɟɧɟɧɢɹɦɢ 

ɦɚɧɢɩɭɥɹɬɨɪɚ; d(i) – ɫɦɟɳɟɧɢɟ ɡɜɟɧɚ; 
a(i) – ɞɥɢɧɚ ɡɜɟɧɚ; alpha(i) – ɭɝɨɥ ɩɨɜɨ-
ɪɨɬɚ ɡɜɟɧɚ (ɤɨɧɫɬɚɧɬɚ); sigma(i) – ɬɢɩ ɫɨɟ-
ɞɢɧɟɧɢɹ (ɞɥɹ ɜɪɚɳɚɬɟɥɶɧɨɝɨ ɫɨɱɥɟɧɟɧɢɹ 
sigma= 0).  

 

Ɋɚɫɫɦɨɬɪɢɦ ɷɤɫɤɚɜɚɬɨɪ ɫɨ ɫɥɟɞɭɸɳɢɦɢ ɝɟɨ-
ɦɟɬɪɢɱɟɫɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɦɚɧɢɩɭɥɹɬɨɪɚ: 

1 0,05a  ɦ, 2 5,16a  ɦ, 3 2,59a  ɦ, 4 1,33a  ɦ. 

ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɟ ɫɨɟɞɢɧɟɧɢɟ ɡɜɟɧɶɟɜ ɨɫɭ-
ɳɟɫɬɜɥɹɟɬɫɹ ɤɨɦɚɧɞɨɣ SerialLink. 
 
manip=SerialLink(L, 'name', 'arm') 

 

manip =  

arm (4 axis, RRRR, stdDH) 

  +---+-------+---+-----+-------+ 

  | j | theta | d |   a | alpha | 

  +---+-------+---+-----+-------+ 

  |  1|     q1| 0 | 0.05| -1.571| 

  |  2|     q2| 0 | 5.16|      0| 

  |  3|     q3| 0 | 2.59|      0| 

  |  4|     q4| 0 | 1.33|      0| 

  +---+-------+---+-----+-------+ 

 

grav= 0 base=1 0 0 0 tool=1 0 0 0 

      0      0 1 0 0      0 1 0 0 

   9.81      0 0 1 0      0 0 1 0 

       0 0          0 0 0 1 

 

ɂɧɮɨɪɦɚɰɢɹ ɨ ɫɨɡɞɚɧɧɨɦ SerialLink – 

ɨɛɴɟɤɬɟ ɨɬɨɛɪɚɠɚɟɬ ɟɝɨ ɨɛɳɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢ-

ɤɢ: ɦɚɧɢɩɭɥɹɬɨɪ ɢɦɟɟɬ 4 ɡɜɟɧɚ ɫ ɜɪɚɳɚɬɟɥɶ-
ɧɵɦɢ ɫɨɱɥɟɧɟɧɢɹɦɢ (ɩɪɢɡɧɚɤ RRRR), ɩɪɢ ɟɝɨ 
ɫɨɡɞɚɧɢɢ ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ ɫɬɚɧɞɚɪɬɧɨɟ ɩɪɟɨɛ-

ɪɚɡɨɜɚɧɢɟ Ⱦɟɧɚɜɢɬɚ-ɏɚɪɬɟɧɛɟɪɝɚ (ɩɪɢɡɧɚɤ 
stdDH); ɜ ɬɚɛɥɢɰɟ ɩɪɢɜɟɞɟɧɵ ɤɢɧɟɦɚɬɢɱɟ-
ɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɨɛɴɟɤɬɚ. Ʉɪɨɦɟ ɬɨɝɨ, ɧɚ ɷɤ-
ɪɚɧ ɜɵɜɨɞɹɬɫɹ ɜɟɤɬɨɪ grav, ɤɨɦɩɨɧɟɧɬɵ ɤɨ-
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ɬɨɪɨɝɨ ɭɤɚɡɵɜɚɸɬ ɧɚ ɨɫɶ, ɜɞɨɥɶ ɤɨɬɨɪɨɣ ɞɟɣ-

ɫɬɜɭɟɬ ɫɢɥɚ ɬɹɠɟɫɬɢ, ɢ ɞɜɟ 4  4 ɦɚɬɪɢɰɵ ɨɞ-

ɧɨɪɨɞɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ, ɯɚɪɚɤɬɟɪɢɡɭɸ-

ɳɢɟ ɩɨɥɨɠɟɧɢɟ ɛɚɡɨɜɨɣ ɱɚɫɬɢ ɷɤɫɤɚɜɚɬɨɪɚ 
(base) ɢ ɟɝɨ ɤɨɜɲɚ (tool) ɜ ɛɚɡɨɜɨɣ ɫɢɫɬɟɦɟ 
ɤɨɨɪɞɢɧɚɬ. 
 

ɉɪяɦɚя ɤɢɧɟɦɚɬɢɤɚ 
 

Ɋɟɲɢɦ ɩɪɹɦɭɸ ɡɚɞɚɱɭ ɤɢɧɟɦɚɬɢɤɢ, ɬ.ɟ. ɧɚɣ-

ɞɟɦ ɡɚɜɢɫɢɦɨɫɬɶ s = f(q) ɨɛɨɛɳɟɧɧɵɯ ɤɨɨɪ-
ɞɢɧɚɬ q = [1  2  3  4]

T (ɭɝɥɨɜ ɦɟɠɞɭ ɫɨɨɬ-
ɜɟɬɫɬɜɭɸɳɢɦɢ ɡɜɟɧɶɹɦɢ ɦɚɧɢɩɭɥɹɬɨɪɚ 
ɷɤɫɤɚɜɚɬɨɪɚ) ɢ ɩɨɥɨɠɟɧɢɟɦ ɟɝɨ ɤɨɜɲɚ. ɂɡ-
ɜɟɫɬɧɨ [1, 2, 10], ɱɬɨ ɩɨɥɨɠɟɧɢɟ ɢ ɨɪɢɟɧɬɚ-
ɰɢɸ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɪɚɛɨɱɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ ɦɨɠɧɨ ɡɚɞɚɬɶ 44 ɦɚɬ-
ɪɢɰɟɣ ɨɞɧɨɪɨɞɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 
 

000 1

    
R p

T ,   (1) 

 

ɝɞɟ R – ɦɚɬɪɢɰɚ ɩɨɜɨɪɨɬɚ ɪɚɡɦɟɪɧɨɫɬɢ 33, 

ɨɫɭɳɟɫɬɜɥɹɸɳɚɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɩɪɨɢɡɜɨɥɶ-
ɧɨɝɨ 31 ɜɟɤɬɨɪɚ p ɢɡ ɫɜɹɡɚɧɧɨɣ ɫɢɫɬɟɦɵ ɤɨ-
ɨɪɞɢɧɚɬ ɜ ɚɛɫɨɥɸɬɧɭɸ. 

 

Ɋɚɫɫɦɨɬɪɢɦ ɩɟɪɟɦɟɳɟɧɢɟ ɦɚɧɢɩɭɥɹɬɨɪɚ ɷɤɫ-
ɤɚɜɚɬɨɪɚ ɢɡ ɧɚɱɚɥɶɧɨɝɨ ɩɨɥɨɠɟɧɢɹ 

0 [0 30 60 30 ]T q
  

 (ɪɢɫ. 1, ɚ) ɜ ɤɨɧɟɱɧɨɟ 
[0 60 96 70 ]T

f  q
  

 (ɪɢɫ. 1, ɛ). 

 

ɉɨɫɬɪɨɟɧɢɟ ɦɚɬɪɢɰ ɨɞɧɨɪɨɞɧɨɝɨ ɩɪɟɨɛɪɚɡɨ-
ɜɚɧɢɹ ɜ Robotics Toolbox ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɢ 

ɩɨɦɨɳɢ ɤɨɦɚɧɞɵ fkine(q). ɇɚɩɪɢɦɟɪ, ɞɥɹ 
ɭɤɚɡɚɧɧɵɯ ɜɵɲɟ ɡɧɚɱɟɧɢɣ q0 ɢ qf ɢɫɩɨɥɶɡɨ-
ɜɚɧɢɟ ɤɨɦɚɧɞɵ fkine ɞɚɟɬ ɫɥɟɞɭɸɳɢɣ ɪɟ-
ɡɭɥɶɬɚɬ 
 

 

Tn=manip.fkine(qn) 

   Tn = 

   0.5000 -0.8660       0   7.4267 

   0.0000  0.0000  1.0000  -0.0000 

  -0.8660 -0.5000  0.0000   0.1332 

        0       0       0   1.0000 

 

Tf=manip.fkine(qf); 

 

   Tf = 

  -0.2810  -0.9597  0       4.3476 

   0.0000  -0.0000  1.0000 -0.0000 

  -0.9597   0.2810  0.0000  1.6643 

        0        0       0  1.0000 

 

ɉɨɥɭɱɟɧɧɵɟ ɨɞɧɨɪɨɞɧɵɟ ɦɚɬɪɢɰɵ Tn, Tf ɢ 

ɹɜɥɹɸɬɫɹ ɪɟɲɟɧɢɹɦɢ ɩɪɹɦɨɣ ɡɚɞɚɱɢ ɤɢɧɟɦɚ-
ɬɢɤɢ ɞɥɹ ɡɚɞɚɧɧɵɯ nq  ɢ 

fq . ɉɟɪɜɵɟ ɬɪɢ 

ɷɥɟɦɟɧɬɚ 4-ɝɨ ɫɬɨɥɛɰɚ ɜ ɦɚɬɪɢɰɟ ɨɞɧɨɪɨɞɧɨ-
ɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɨɬɨɛɪɚɠɚɸɬ ɩɨɥɨɠɟɧɢɟ 
ɤɨɜɲɚ ɜ ɛɚɡɨɜɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ, ɚ 33 

ɩɨɞɦɚɬɪɢɰɚ ɜ ɥɟɜɨɦ ɜɟɪɯɧɟɦ ɭɝɥɭ – ɟɝɨ ɨɪɢ-

ɟɧɬɚɰɢɸ.  

 

Ɉɛɪɚɬɧɚя ɡɚɞɚɱɚ ɤɢɧɟɦɚɬɢɤɢ 

 

ɉɪɚɤɬɢɱɟɫɤɢɣ ɢɧɬɟɪɟɫ ɢɦɟɟɬ ɨɛɪɚɬɧɚɹ ɡɚɞɚɱɚ 
ɤɢɧɟɦɚɬɢɤɢ (ɈɁɄ), ɤɨɬɨɪɚɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ 
ɨɩɪɟɞɟɥɟɧɢɢ ɬɪɟɛɭɟɦɵɯ ɨɛɨɛɳɟɧɧɵɯ ɤɨɨɪ-
ɞɢɧɚɬ q ɩɨ ɡɚɞɚɧɧɨɦɭ ɠɟɥɚɟɦɨɦɭ ɩɨɥɨɠɟɧɢɸ 

ɢ ɨɪɢɟɧɬɚɰɢɢ ɤɨɜɲɚ s = s*. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɷɬɚ 
ɡɚɞɚɱɚ ɧɟ ɢɦɟɟɬ ɨɞɧɨɡɧɚɱɧɨɝɨ ɪɟɲɟɧɢɹ, ɩɨ-
ɫɤɨɥɶɤɭ ɦɨɠɟɬ ɫɭɳɟɫɬɜɨɜɚɬɶ ɛɟɫɤɨɧɟɱɧɨɟ 
ɦɧɨɠɟɫɬɜɨ ɤɨɦɛɢɧɚɰɢɣ ɨɛɨɛɳɟɧɧɵɯ ɤɨɨɪ-
ɞɢɧɚɬ q, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɡɚɞɚɧɧɨɟ ɩɨɥɨɠɟ-
ɧɢɟ ɤɨɜɲɚ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɰɟɥɟɫɨɨɛɪɚɡɧɨ  
ɢɫɩɨɥɶɡɨɜɚɬɶ ɪɚɡɥɢɱɧɵɟ ɤɪɢɬɟɪɢɢ, ɨɩɬɢɦɢ-

ɡɢɪɭɸɳɢɟ ɪɟɲɟɧɢɟ ɈɁɄ [11].  

 

ȼ Robotics Toolbox ɈɁɄ ɪɟɲɚɟɬɫɹ ɩɪɢ ɩɨɦɨ-
ɳɢ ɮɭɧɤɰɢɢ ikine. Ʉ ɫɨɠɚɥɟɧɢɸ, ɢɫɩɨɥɶɡɨ-
ɜɚɧɢɟ ɷɬɨɣ ɮɭɧɤɰɢɢ ɧɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɟɞɢɧɫɬ-
ɜɟɧɧɨɫɬɶ ɪɟɲɟɧɢɹ, ɚ ɬɚɤɠɟ ɧɟ ɩɨɡɜɨɥɹɟɬ 
ɭɱɢɬɵɜɚɬɶ ɨɝɪɚɧɢɱɟɧɢɹ, ɧɚɤɥɚɞɵɜɚɟɦɵɟ ɢɫ-

  
ɚ     ɛ    ɜ 

 

Ɋɢɫ. 1. ɉɨɥɨɠɟɧɢɹ ɢ ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ ɦɚɧɢɩɭɥɹɬɨɪɚ ɷɤɫɤɚɜɚɬɨɪɚ: ɚ – ɧɚɱɚɥɶɧɨɟ ɩɨɥɨɠɟ-
ɧɢɟ; ɛ – ɤɨɧɟɱɧɨɟ ɩɨɥɨɠɟɧɢɟ ɩɪɢ ɩɥɨɫɤɨɦ ɞɜɢɠɟɧɢɢ; ɜ – ɤɨɧɟɱɧɨɟ ɩɨɥɨɠɟɧɢɟ ɩɪɢ ɩɪɨ-
ɫɬɪɚɧɫɬɜɟɧɧɨɦ ɞɜɢɠɟɧɢɢ 
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ɩɨɥɧɢɬɟɥɶɧɵɦɢ ɝɢɞɪɨɰɢɥɢɧɞɪɚɦɢ ɧɚ ɨɛɥɚɫɬɶ 
Sq ɢɡɦɟɧɟɧɢɹ ɨɛɨɛɳɟɧɧɵɯ ɤɨɨɪɞɢɧɚɬ. ȼ ɪɟ-
ɡɭɥɶɬɚɬɟ ɪɟɲɟɧɢɟ ɈɁɄ ɜ Robotics Toolbox 

ɦɨɠɟɬ ɞɚɬɶ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɪɟɚɥɢɡɭɟɦɵɣ ɪɟ-
ɡɭɥɶɬɚɬ. Ɍɚɤ, ɩɪɢɦɟɧɟɧɢɟ ɮɭɧɤɰɢɢ ikine 

ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɡɧɚɱɟɧɢɣ ɨɛɨɛɳɟɧɧɵɯ ɤɨ-
ɨɪɞɢɧɚɬ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɩɟɪɟɦɟɳɟɧɢɟ 
ɤɨɜɲɚ ɜ ɩɨɥɨɠɟɧɢɟ, ɡɚɞɚɜɚɟɦɨɟ ɨɛɨɛɳɟɧɧɨɣ 

ɦɚɬɪɢɰɟɣ Tf (ɪɢɫ. 1, ɛ), ɜɨɡɜɪɚɳɚɟɬ ɫɥɟɞɭɸ-

ɳɢɟ ɡɧɚɱɟɧɢɹ 
 

q =-0.0000  0.2866 -2.4791  1.3214 

 

ɋɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɩɨɥɨɠɟɧɢɟ ɦɚɧɢɩɭɥɹɬɨɪɚ 
Ɉɗ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫ. 2. Ɉɱɟɜɢɞɧɨ, ɱɬɨ 
ɞɥɹ ɷɤɫɤɚɜɚɬɨɪɚ ɬɚɤɚɹ ɤɨɧɮɢɝɭɪɚɰɢɹ ɹɜɥɹɟɬ-
ɫɹ ɬɟɯɧɢɱɟɫɤɢ ɧɟɪɟɚɥɢɡɭɟɦɨɣ. Ʉɪɨɦɟ ɬɨɝɨ, 
ɞɚɧɧɨɟ ɩɨɥɨɠɟɧɢɟ ɤɨɜɲɚ ɧɟ ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɜɨɡɦɨɠɧɨɫɬɢ ɜɵɩɨɥɧɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ 

ɨɩɟɪɚɰɢɢ ɤɨɩɚɧɢɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɫɬɪɨɟɧ-

ɧɵɯ ɜɨɡɦɨɠɧɨɫɬɟɣ Robotics Toolbox ɞɥɹ ɪɟ-
ɲɟɧɢɹ ɈɁɄ ɦɚɧɢɩɭɥɹɬɨɪɚ ɧɟɞɨɫɬɚɬɨɱɧɨ ɢ 

ɩɪɢɯɨɞɢɬɫɹ ɩɪɢɜɥɟɤɚɬɶ ɜɨɡɦɨɠɧɨɫɬɢ ɞɪɭɝɢɯ 
ɩɚɤɟɬɨɜ ɪɚɫɲɢɪɟɧɢɹ MATLAB, ɧɚɩɪɢɦɟɪ, 
Optimization Toolbox, ɢɥɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɢɧɵɟ 
ɩɪɨɰɟɞɭɪɵ ɱɢɫɥɟɧɧɨɝɨ ɪɟɲɟɧɢɹ ɈɁɄ, ɧɚ-
ɩɪɢɦɟɪ, [11]. 

 
Ɋɢɫ. 2. Ɉɬɪɚɛɨɬɤɚ ɦɚɧɢɩɭɥɹɬɨɪɨɦ ɗɈ ɨɛɨɛ-

ɳɟɧɧɵɯ ɤɨɨɪɞɢɧɚɬ, ɜɵɱɢɫɥɟɧɧɵɯ ɩɪɢ 

ɩɨɦɨɳɢ ɮɭɧɤɰɢɢ ikine 

 

Ʉɢɧɟɦɚɬɢɱɟɫɤɨɟ ɭɩɪɚɜɥɟɧɢɟ 
 

ɉɟɪɟɞ ɪɚɡɪɚɛɨɬɤɨɣ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɗɈ, 

ɫ ɭɱɟɬɨɦ ɞɢɧɚɦɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɧɟɨɛ-
ɯɨɞɢɦɨ ɪɟɲɢɬɶ ɡɚɞɚɱɭ ɤɢɧɟɦɚɬɢɱɟɫɤɨɝɨ 
ɭɩɪɚɜɥɟɧɢɹ [2]. Ʉɢɧɟɦɚɬɢɱɟɫɤɨɟ ɭɩɪɚɜɥɟɧɢɟ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɞɜɚ ɷɬɚɩɚ: 
 

– ɩɥɚɧɢɪɨɜɚɧɢɟ ɬɪɚɟɤɬɨɪɢɢ, ɬ.ɟ. ɩɪɟɞɜɚɪɢ-

ɬɟɥɶɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɡɚɤɨɧɚ ɢɡɦɟɧɟɧɢɹ 
ɨɛɨɛɳɟɧɧɵɯ ɤɨɨɪɞɢɧɚɬ q(t) ɧɚ ɧɟɤɨɬɨɪɨɦ 

ɜɪɟɦɟɧɧɨɦ ɨɬɪɟɡɤɟ t[t0, tf]; 

– ɨɬɪɚɛɨɬɤɚ ɩɨɥɭɱɟɧɧɨɣ ɬɪɚɟɤɬɨɪɢɢ ɝɢɞɪɨ-
ɩɪɢɜɨɞɚɦɢ. 

 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɨɬɪɢɦ ɩɟɪɜɭɸ ɡɚɞɚɱɭ– 

ɩɥɚɧɢɪɨɜɚɧɢɹ ɬɪɚɟɤɬɨɪɢɢ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ 
ɨɛɨɛɳɟɧɧɵɯ ɤɨɨɪɞɢɧɚɬ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ 

ɝɥɚɞɤɨɫɬɶ ɩɟɪɟɦɟɳɟɧɢɹ ɪɚɛɨɱɟɝɨ ɨɛɨɪɭɞɨɜɚ-
ɧɢɹ ɢɡ ɩɨɥɨɠɟɧɢɹ ɢɡ q0 ɜ ɩɨɥɨɠɟɧɢɟ qf ɡɚ 
ɜɪɟɦɹ t[t0, tf] ɫ ɤɪɚɟɜɵɦɢ ɭɫɥɨɜɢɹɦɢ  
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ɉɨɫɬɚɜɥɟɧɧɚɹ ɡɚɞɚɱɚ ɢɦɟɟɬ ɛɟɫɤɨɧɟɱɧɨɟ 
ɦɧɨɠɟɫɬɜɨ ɪɟɲɟɧɢɣ. ɋ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɬɨɱ-
ɤɢ ɡɪɟɧɢɹ, ɩɪɢɜɥɟɤɚɬɟɥɶɧɵɦ ɹɜɥɹɟɬɫɹ ɞɜɢ-

ɠɟɧɢɟ ɩɨ ɩɪɹɦɨɣ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɨɛɨɛɳɟɧ-

ɧɵɯ ɤɨɨɪɞɢɧɚɬ Q = q1q2q3 q4. 

 

Ɋɚɫɩɪɨɫɬɪɚɧёɧɧɵɣ ɩɨɞɯɨɞ ɤ ɩɨɫɬɪɨɟɧɢɸ 

ɬɪɚɟɤɬɨɪɢɢ, ɩɟɪɟɜɨɞɹɳɟɣ ɦɚɧɢɩɭɥɹɬɨɪ ɢɡ 
0q  

ɜ fq  ɢ ɭɞɨɜɥɟɬɜɨɪɹɸɳɟɣ ɭɫɥɨɜɢɸ ɝɥɚɞɤɨ-
ɫɬɢ, ɫɨɫɬɨɢɬ ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɢɧɬɟɪɩɨɥɹɰɢ-

ɨɧɧɨɝɨ ɩɨɥɢɧɨɦɚ. ɉɨɥɢɧɨɦɨɦ ɫ ɦɢɧɢɦɚɥɶ-
ɧɨɣ ɫɬɟɩɟɧɶɸ, ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɦ ɭɫɥɨɜɢɹɦ 

(2), ɹɜɥɹɟɬɫɹ ɩɨɥɢɧɨɦ ɩɹɬɨɝɨ ɩɨɪɹɞɤɚ (ɤɜɢɧ-

ɬɢɤ) [2] 

 
2 3 4 5

0 1 2 3 4 5( )q t a a t a t a t a t a t      .   (3) 

 

ɉɪɨɢɡɜɨɞɧɵɟ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɨɬ 
(3) ɬɚɤɠɟ ɹɜɥɹɸɬɫɹ ɝɥɚɞɤɢɦɢ ɩɨɥɢɧɨɦɚɦɢ 

 
2 3 4

1 2 3 4 5( ) 2 3 4 5q t a a t a t a t a t     , (4) 

 
2 3

2 3 4 5( ) 2 6 12 20q t a a t a t a t    . (5) 

 

Ɉɩɪɟɞɟɥɢɬɶ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ak 

ɦɨɠɧɨ, ɪɟɲɢɜ ɫɥɟɞɭɸɳɭɸ ɫɢɫɬɟɦɭ 
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ȼ Robotics Toolbox ɝɥɚɞɤɚɹ ɢɧɬɟɪɩɨɥɹɰɢɹ 
ɦɟɠɞɭ ɞɜɭɦɹ ɤɨɧɮɢɝɭɪɚɰɢɹɦɢ q0 ɢ qf ɜ ɩɪɨ-
ɫɬɪɚɧɫɬɜɟ ɩɪɢɫɨɟɞɢɧɟɧɧɵɯ ɤɨɨɪɞɢɧɚɬ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɮɭɧɤɰɢɢ jtraj, 

ɤɨɬɨɪɚɹ, ɩɨɦɢɦɨ ɜɟɤɬɨɪɚ ɭɝɥɨɜ q, ɧɟɨɛɯɨɞɢ-
ɦɵɯ ɞɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɞɜɢɠɟɧɢɹ ɦɟɠɞɭ 
ɞɜɭɦɹ ɬɨɱɤɚɦɢ q0 (1N) ɢ qf (1N) ɜ ɩɪɢɫɨɟ-
ɞɢɧɟɧɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ, ɜɨɡɜɪɚɳɚɟɬ ɜɟɤɬɨɪɵ 

ɩɪɢɫɨɟɞɢɧɟɧɧɵɯ ɫɤɨɪɨɫɬɟɣ q  ɢ ɭɫɤɨɪɟɧɢɣ q  

[10]. Ɉɬɜɟɬ ɜɵɞɚɟɬɫɹ ɜ ɜɢɞɟ ɬɪёɯ ɦɚɬɪɢɰ, ɤɚ-
ɠɞɚɹ ɫɬɪɨɤɚ ɜ ɤɨɬɨɪɵɯ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɲɚɝɭ 
ɩɨ ɜɪɟɦɟɧɢ m, ɚ ɱɢɫɥɨ ɫɬɨɥɛɰɨɜ ɪɚɜɧɨ ɱɢɫɥɭ 
ɡɜɟɧɶɟɜ ɦɚɧɢɩɭɥɹɬɨɪɚ N.  
 

Ɋɚɫɫɦɨɬɪɢɦ ɞɜɢɠɟɧɢɟ ɤɨɜɲɚ ɜ ɯz ɩɥɨɫɤɨɫɬɢ 
ɞɟɤɚɪɬɨɜɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ (ɩɥɨɫɤɚɹ ɡɚ-
ɞɚɱɚ) ɦɟɠɞɭ ɞɜɭɦɹ ɩɨɥɨɠɟɧɢɹɦɢ q0 =  

=[0 -30 60 30]T (ɪɢɫ. 1, ɚ) ɢ qf =  

=[0 -60 96 70]T (ɪɢɫ. 1, ɛ) ɡɚ ɜɪɟɦɹ 
t[t0, tf], ɝɞɟ t0 = 0, tf = 5 ɫ ɢ ɲɚɝ ɩɨ ɜɪɟɦɟɧɢ 
m = 50 ɦɫ. ɉɨɬɪɟɛɭɟɦ, ɱɬɨɛɵ ɬɪɚɟɤɬɨɪɢɹ 
ɞɜɢɠɟɧɢɹ ɡɭɛɶɟɜ ɤɨɜɲɚ ɩɪɟɞɫɬɚɜɥɹɥɚ ɫɨɛɨɣ 
ɩɪɹɦɭɸ ɜ ɞɟɤɚɪɬɨɜɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ 
(ɪɢɫ. 1, ɚ). Ɋɢɫ. 3 ɨɬɨɛɪɚɠɚɟɬ ɢɡɦɟɧɟɧɢɟ 
ɨɛɨɛɳɟɧɧɵɯ ɤɨɨɪɞɢɧɚɬ q(t), ɢɯ ɫɤɨɪɨɫɬɟɣ 

( )tq  ɢ ɭɫɤɨɪɟɧɢɣ ( )tq  ɫ ɬɟɱɟɧɢɟɦ ɜɪɟɦɟɧɢ 

ɩɪɢ ɞɜɢɠɟɧɢɢ ɦɚɧɢɩɭɥɹɬɨɪɚ ɷɤɫɤɚɜɚɬɨɪɚ ɨɬ 
ɬɨɱɤɢ qn ɞɨ ɬɨɱɤɢ qf. Ɉɱɟɜɢɞɧɨ, ɱɬɨ q1 = 0, 
ɬ.ɤ. ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɩɥɨɫɤɚɹ ɡɚɞɚɱɚ. Ʉɚɤ ɜɢ-
ɞɢɦ, ɬɪɚɟɤɬɨɪɢɢ ɩɪɢɫɨɟɞɢɧɟɧɧɵɯ ɤɨɨɪɞɢɧɚɬ 
(ɪɢɫ. 3, ɚ) ɹɜɥɹɸɬɫɹ ɝɥɚɞɤɢɦɢ, ɚ ɞɜɢɠɟɧɢɟ ɜ 
ɩɪɨɫɬɪɚɧɫɬɜɟ ɨɛɨɛɳɟɧɧɵɯ ɤɨɨɪɞɢɧɚɬ Q ɨɫɭ-
ɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɩɪɹɦɨɣ (ɪɢɫ. 4).  
 
Ɉɩɪɟɞɟɥɢɦ ɬɪɚɟɤɬɨɪɢɸ ɞɜɢɠɟɧɢɹ ɤɨɜɲɚ ɜ 
ɞɟɤɚɪɬɨɜɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ. Ⱦɥɹ ɷɬɨɝɨ 
ɪɟɲɢɦ ɩɪɹɦɭɸ ɡɚɞɚɱɭ ɤɢɧɟɦɚɬɢɤɢ 

 

T=manip.fkine(q); p=transl(T); 

 

Ⱦɜɢɠɟɧɢɟ ɤɨɜɲɚ ɜ ɬɪɟɯ ɩɥɨɫɤɨɫɬɹɯ ɞɟɤɚɪɬɨ-
ɜɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ 
ɪɢɫ. 5, ɚ ɩɭɧɤɬɢɪɧɨɣ ɥɢɧɢɟɣ, ɚ ɬɪɚɟɤɬɨɪɢɹ 

ɩɟɪɟɦɟɳɟɧɢɹ ɤɨɜɲɚ ɜ xz-ɩɥɨɫɤɨɫɬɢ – ɧɚ 
ɪɢɫ. 5, ɛ. ɂɡ ɪɢɫ. 5, ɛ ɜɢɞɧɨ, ɱɬɨ ɬɪɚɟɤɬɨɪɢɹ 
ɞɜɢɠɟɧɢɹ ɤɨɜɲɚ ɧɟɫɤɨɥɶɤɨ ɨɬɥɢɱɚɟɬɫɹ ɨɬ 
ɩɪɹɦɨɥɢɧɟɣɧɨɣ. ɉɨɫɤɨɥɶɤɭ ɩɪɢ ɤɨɩɚɧɢɢ ɷɤɫ-
ɤɚɜɚɬɨɪɨɦ ɧɟɨɛɯɨɞɢɦɨ ɞɨɫɬɚɬɨɱɧɨ ɬɨɱɧɨ (ɫ 
ɬɨɱɧɨɫɬɶɸ ɞɨ ɫɚɧɬɢɦɟɬɪɚ) ɩɪɢɞɟɪɠɢɜɚɬɶɫɹ 
ɡɚɞɚɧɧɨɣ ɬɪɚɟɤɬɨɪɢɢ, ɬɨ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫ-
ɩɨɥɶɡɨɜɚɬɶ ɢɧɵɟ ɚɥɝɨɪɢɬɦɵ ɨɩɪɟɞɟɥɟɧɢɹ 
ɜɟɤɬɨɪɨɜ ,q q  ɢ q , ɧɚɩɪɢɦɟɪ, ɪɟɚɥɢɡɭɟɦɵɣ 

ɮɭɧɤɰɢɟɣ ctraj.  
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Ɋɢɫ. 4. ɉɪɹɦɨɥɢɧɟɣɧɨɟ ɞɜɢɠɟɧɢɟ ɜ ɩɪɨ-

ɫɬɪɚɧɫɬɜɟ ɨɛɨɛɳɟɧɧɵɯ ɤɨɨɪɞɢɧɚɬ Q 
 

Ɏɭɧɤɰɢɹ ctraj ɜɨɡɜɪɚɳɚɟɬ ɬɪɚɟɤɬɨɪɢɸ ɜ 
ɞɟɤɚɪɬɨɜɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ ɜ ɜɢɞɟ ɬɪɟɯ-
ɦɟɪɧɨɣ ɦɚɬɪɢɰɵ 44n (n – ɱɢɫɥɨ ɬɨɱɟɤ, ɪɚɡ-
ɛɢɜɚɸɳɢɯ ɬɪɚɟɤɬɨɪɢɸ ɧɚ ɨɬɪɟɡɤɢ) ɨɞɧɨɪɨɞ-
ɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɨɬ ɩɨɥɨɠɟɧɢɹ Tn ɞɨ Tf  
c ɬɪɚɩɟɰɟɢɞɚɥɶɧɵɦ ɩɪɨɮɢɥɟɦ ɫɤɨɪɨɫɬɢ 

 

Ts=ctraj(Tn,Tf,lenth(t)) 

 

ɏɨɬɹ ɤɪɢɜɵɟ ɬɪɚɟɤɬɨɪɢɣ ɜ ɤɚɠɞɨɣ ɢɡ ɩɥɨɫɤɨ-
ɫɬɟɣ, ɜɵɱɢɫɥɟɧɧɵɟ ɪɚɡɥɢɱɧɵɦɢ ɦɟɬɨɞɚɦɢ, 
ɨɬɥɢɱɚɸɬɫɹ ɧɟɡɧɚɱɢɬɟɥɶɧɨ (ɪɢɫ. 5, ɚ), ɫɨɨɬ-
ɜɟɬɫɬɜɭɸɳɢɟ ɨɛɨɛɳɟɧɧɵɟ ɤɨɨɪɞɢɧɚɬɵ ɫɭ-
ɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɸɬɫɹ ɞɪɭɝ ɨɬ ɞɪɭɝɚ 
(ɪɢɫ. 3, ɚ), ɢ ɩɨɥɭɱɟɧɧɚɹ ɫ ɩɨɦɨɳɶɸ ɮɭɧɤɰɢɢ 

ctraj ɬɪɚɟɤɬɨɪɢɹ ɡɭɛɶɟɜ ɤɨɜɲɚ ɜ ɞɟɤɚɪɬɨɜɨɣ 

ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɪɹ-
ɦɭɸ (ɪɢɫ. 5, ɛ). 

0 1 2 3 4 5
-150

-100

-50

0

50

100

Вɪɟɦя, c

q
i, 
ɝɪ
аɞ
ɭɫ
ɵ

 

 

q
2
,(jtraj) 

q
3
,(jtraj)

q
4
,(jtraj)

q
2
,(ctraj)

q
3
,(ctraj)

q
4
,(ctraj)

0 1 2 3 4 5
-0.2

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

0.2

0.25

0.3

Вɪɟɦя, c

d
q

/d
t,
 ɪ
аɞ

/ɫ

 

 

dq
2
 /dt

dq
3
 /dt

dq
4
 /dt

0 1 2 3 4 5
-0.2

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

0.2

Вɪɟɦя, c

d
2
q
/ d

t2
, 
ɪа
ɞ/
ɫ2

 

 

d
2
q

2
 /dt

2
d

2
q

3
 /dt2 d

2
q

4
 /dt

2

 
     ɚ          ɛ            ɜ 

 

Ɋɢɫ. 3. Ⱦɜɢɠɟɧɢɟ ɤɨɜɲɚ ɯz ɩɥɨɫɤɨɫɬɢ ɢɡ ɬɨɱɤɢ q0 ɜ ɬɨɱɤɭ qf : ɚ – ɡɚɜɢɫɢɦɨɫɬɶ q(t); ɛ – ɡɚɜɢɫɢ-

ɦɨɫɬɶ ( )tq ; ɜ – ɡɚɜɢɫɢɦɨɫɬɶ ( )tq  
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ɛ 

Ɋɢɫ. 5. Ɍɪɚɟɤɬɨɪɢɢ ɩɟɪɟɦɟɳɟɧɢɹ: ɚ – ɢɡɦɟɧɟ-
ɧɢɹ ɤɚɠɞɨɣ ɢɡ ɤɨɨɪɞɢɧɚɬ; ɛ – ɞɜɢɠɟɧɢɟ 
ɜ xz-ɩɥɨɫɤɨɫɬɢ 

 

ɉɨɥɨɠɟɧɢɟ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɤɨɜɲɚ ɨɬɧɨ-
ɫɢɬɟɥɶɧɨ ɛɚɡɨɜɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɦɨɠɧɨ 
ɨɩɪɟɞɟɥɢɬɶ ɢ ɩɪɢ ɩɨɦɨɳɢ ɫɢɫɬɟɦɵ ɭɝɥɨɜ 
ɗɣɥɟɪɚ, ɜ ɱɚɫɬɧɨɫɬɢ, ɨɞɧɨɣ ɢɡ ɬɚɤɢɯ ɫɢɫɬɟɦ 

ɹɜɥɹɸɬɫɹ ɭɝɥɵ ɤɪɟɧɚ, ɬɚɧɝɚɠɚ ɢ ɪɵɫɤɚɧɶɹ 
(ɄɌɊ) [1]. ɂɡɦɟɧɟɧɢɟ ɭɝɥɨɜ ɄɌɊ ɤɨɜɲɚ ɫ ɬɟ-
ɱɟɧɢɟɦ ɜɪɟɦɟɧɢ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫ. 6. 
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Ɋɢɫ. 6. Ɂɚɜɢɫɢɦɨɫɬɶ ɭɝɥɨɜ ɤɪɟɧɚ, ɬɚɧɝɚɠɚ ɢ 

ɪɵɫɤɚɧɶɹ ɨɬ ɜɪɟɦɟɧɢ 

ɇɚɣɞɟɦ ɬɟɩɟɪɶ ɡɚɤɨɧ ɢɡɦɟɧɟɧɢɹ ɤɨɨɪɞɢɧɚɬ 
q(t) ɩɪɢ ɩɟɪɟɦɟɳɟɧɢɢ ɤɨɜɲɚ ɷɤɫɤɚɜɚɬɨɪɚ ɩɨ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɬɪɚɟɤɬɨɪɢɢ ɢɡ ɩɨɥɨɠɟɧɢɹ 

0 [0 60 96 70 ]T q
  

 (ɪɢɫ. 1, ɛ) ɜ ɩɨɥɨɠɟɧɢɟ 
[ 90 30 60 10 ]T

f   q
   

 (ɪɢɫ. 1, ɜ) ɡɚ ɜɪɟɦɹ 
tf = 25 c ɫ ɩɪɟɠɧɢɦ ɲɚɝɨɦ ɩɨ ɜɪɟɦɟɧɢ 

m = 50 ɦɫ. ɉɨɞɨɛɧɭɸ ɬɪɚɟɤɬɨɪɢɸ ɨɩɢɫɵɜɚɟɬ 
ɤɨɜɲ ɷɤɫɤɚɜɚɬɨɪɚ ɩɪɢ ɩɟɪɟɦɟɳɟɧɢɢ ɨɬ ɡɚɛɨɹ 
ɤ ɦɟɫɬɭ ɜɵɝɪɭɡɤɢ ɝɪɭɧɬɚ. Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟ-
ɥɢɪɨɜɚɧɢɹ, ɩɨɥɭɱɟɧɧɵɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɮɭɧɤɰɢɢ jtraj, ɨɬɨɛɪɚɠɟɧɵ ɧɚ ɪɢɫ. 7. Ʉɚɤ 
ɜɢɞɧɨ, ɬɪɚɟɤɬɨɪɢɢ ɢɡɦɟɧɟɧɢɹ ɨɛɨɛɳɟɧɧɵɯ 
ɤɨɨɪɞɢɧɚɬ ɹɜɥɹɸɬɫɹ ɝɥɚɞɤɢɦɢ ɢ ɬɟɯɧɢɱɟɫɤɢ 

ɪɟɚɥɢɡɭɟɦɵɦɢ. 
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Ɋɢɫ. 7. Ⱦɜɢɠɟɧɢɟ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ: ɚ – ɡɚɜɢɫɢ-

ɦɨɫɬɶ q(t), ɛ – ɡɚɜɢɫɢɦɨɫɬɶ ( )tq , ɜ – ɡɚ-
ɜɢɫɢɦɨɫɬɶ ( )tq  
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ȼɵɜɨɞɵ 

 

Robotics Toolbox ɹɜɥɹɟɬɫɹ ɭɞɨɛɧɵɦ ɢ ɷɮɮɟɤ-
ɬɢɜɧɵɦ ɩɪɢɥɨɠɟɧɢɟɦ MATLAB ɞɥɹ ɦɨɞɟɥɢ-

ɪɨɜɚɧɢɹ ɪɨɛɨɬɨɜ-ɦɚɧɢɩɭɥɹɬɨɪɨɜ ɢ, ɜ ɬɨɦ 

ɱɢɫɥɟ, ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɵɯ ɷɤɫɤɚɜɚɬɨɪɨɜ. Ɉɧ 

ɥɟɝɤɨ ɩɨɡɜɨɥɹɟɬ ɫɨɡɞɚɬɶ ɦɨɞɟɥɶ ɦɚɧɢɩɭɥɹɬɨ-
ɪɚ, ɨɛɥɚɞɚɟɬ ɲɢɪɨɤɢɦ ɧɚɛɨɪɨɦ ɜɫɬɪɨɟɧɧɵɯ 
ɮɭɧɤɰɢɣ ɞɥɹ ɪɟɲɟɧɢɹ ɬɢɩɨɜɵɯ ɡɚɞɚɱ ɪɨɛɨɬɨ-
ɬɟɯɧɢɤɢ.  

 

ɏɨɬɹ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɨɬɪɟɧɵ ɥɢɲɶ ɧɟ-
ɤɨɬɨɪɵɟ ɜɨɩɪɨɫɵ ɤɢɧɟɦɚɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ 
ɦɚɧɢɩɭɥɹɬɨɪɚ ɷɤɫɤɚɜɚɬɨɪɚ, Toolbox ɩɨɡɜɨɥɹ-
ɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɫ ɭɱɟɬɨɦ 

ɦɚɫɫɨɜɨ-ɢɧɟɪɰɢɨɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɢ ɞɟɣɫɬ-
ɜɭɸɳɢɯ ɜɧɟɲɧɢɯ ɫɢɥ.  
 

ɇɟɤɨɬɨɪɵɟ ɧɟɞɨɫɬɚɬɤɢ ɩɚɤɟɬɚ, ɬɚɤɢɟ ɤɚɤ ɧɟ-
ɨɞɧɨɡɧɚɱɧɨɫɬɶ ɪɟɲɟɧɢɹ ɈɁɄ ɢ ɜɵɫɨɤɚɹ ɡɚɜɢ-

ɫɢɦɨɫɬɶ ɩɨɥɭɱɟɧɧɵɯ ɪɟɲɟɧɢɣ ɨɬ ɢɫɯɨɞɧɵɯ 
ɞɚɧɧɵɯ, ɤɨɦɩɟɧɫɢɪɭɸɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶɸ 

ɩɪɢɦɟɧɟɧɢɹ ɞɪɭɝɢɯ ɩɪɢɥɨɠɟɧɢɣ MATLAB ɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɨɛɫɬɜɟɧɧɵɯ ɩɪɨɝɪɚɦɦ. Ʉɪɨ-
ɦɟ ɬɨɝɨ, ɢɫɯɨɞɧɵɟ ɤɨɞɵ Robotics Toolbox ɨɬ-
ɤɪɵɬɵ ɢ ɦɨɝɭɬ ɫɜɨɛɨɞɧɨ ɢɡɦɟɧɹɬɶɫɹ ɢ ɭɥɭɱ-
ɲɚɬɶɫɹ ɩɨɥɶɡɨɜɚɬɟɥɹɦɢ. 

 

ɉɨɦɢɦɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, Robotics Toolbox 

ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɞɥɹ ɚɧɚɥɢɡɚ ɷɤɫɩɟ-
ɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɪɚ-
ɛɨɬɟ ɫ ɪɟɚɥɶɧɵɦɢ ɪɨɛɨɬɚɦɢ, ɚ ɬɚɤɠɟ ɦɨɠɟɬ 
ɩɪɢɦɟɧɹɬɶɫɹ ɜ ɨɛɪɚɡɨɜɚɬɟɥɶɧɵɯ ɰɟɥɹɯ. 
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