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1 Ⱦɨɧɟɰɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 

2 ɍɧɢɜɟɪɫɢɬɟɬ ȼɟɪɫɚɥɹ ɋɟɧ Ʉɚɧɬɟɧ-ɚɧ-Иɜɥɢɧ 
3 ɍɧɢɜɟɪɫɢɬɟɬ ɋɟɪɠɢ-ɉɨɧɬɭɚɡ, Ɏɪɚɧɰɢɹ 

artemmelnyk@gmail.com, slava.khomenko@gmail.com 
 

ɄɂɇȿɆȺɌɂɑȿɋɄȺə ɆɈȾȿɅɖ ɊɈȻɈɌȺ ɋ ɒȿɋɌɖɘ ɋɌȿɉȿɇəɆɂ 
ɋȼɈȻɈȾɕ ɂ ȼɈɁɆɈɀɇɈɋɌɖɘ ɍɑȿɌȺ ɁȺɁɈɊȺ ȼ ɋɍɋɌȺȼȺХ 

Дɚɧɵ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɩɨɫɬɪɨɟɧɢɸ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ ɫ ɲɟɫɬɶɸ ɫɬɟɩɟɧɹɦɢ 
ɫɜɨɛɨɞɵ. Дɥɹ ɪɟɲɟɧɢɹ ɷɬɨɣ ɡɚɞɚɱɢ ɩɪɢɦɟɧɟɧ ɤɥɚɫɫɢɱɟɫɤɢɣ ɦɚɬɪɢɱɧɵɣ ɩɨɞɯɨɞ. Ɉɧ ɢɫɩɨɥɶɡɨɜɚɧ ɞɥɹ ɫɨɫɬɚɜɥɟɧɢɹ 
ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɬɪɟɯ ɬɢɩɨɜɵɯ ɤɨɧɮɢɝɭɪɚɰɢɣ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ Katana. ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɧɚ 
ɜɨɡɦɨɠɧɨɫɬɶ ɭɱɟɬɚ ɜɟɥɢɱɢɧɵ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɡɚɡɨɪɚ ɞɥɹ ɤɚɠɞɨɝɨ ɫɭɫɬɚɜɚ ɪɨɛɨɬɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɦɨɞɟɥɟɣ. 

ȼɜɟɞɟɧɢɟ. ɉɪɨɛɥɟɦɚ ɢ ɟɟ ɫɜɹɡɶ ɫ ɧɚɭɱɧɵɦɢ ɢ ɩɪɚɤɬɢɱɟɫɤɢɦɢ ɡɚɞɚɱɚɦɢ. Ⱦɥɹ ɷɮɮɟɤɬɢɜɧɨɝɨ 
ɭɩɪɚɜɥɟɧɢɹ ɪɨɛɨɬɨɦ ɧɟɨɛɯɨɞɢɦɨ ɢɦɟɬɶ ɟɝɨ ɬɨɱɧɭɸ ɤɢɧɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɲɢɪɨɤɨ 
ɩɪɢɦɟɧɹɸɬɫɹ ɢ ɯɨɪɨɲɨ ɢɡɭɱɟɧɵ ɩɨɞɯɨɞɵ ɤ ɫɨɫɬɚɜɥɟɧɢɸ ɭɪɚɜɧɟɧɢɣ, ɨɩɢɫɵɜɚɸɳɢɯ ɤɢɧɟɦɚɬɢɤɭ ɪɨɛɨɬɨɜ-
ɦɚɧɢɩɭɥɹɬɨɪɨɜ, ɧɚɢɛɨɥɶɲɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɭɱɢɥɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ⱦɟɧɚɜɢɬɚ-ɏɚɪɬɟɧɛɟɪɝɚ. Ⱦɚɧɧɚɹ 
ɦɟɬɨɞɢɤɚ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɩɢɫɚɧɢɹ ɹɜɥɹɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɨɛɳɟɣ, ɢ ɬɪɟɛɭɟɬ ɤɨɧɤɪɟɬɢɡɚɰɢɢ ɞɥɹ ɤɚɠɞɨɝɨ ɬɢɩɚ 
ɪɨɛɨɬɨɜ. Ɍɚɤɠɟ, ɜ ɥɢɬɟɪɚɬɭɪɟ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɤɥɚɫɫɢɱɟɫɤɨɝɨ ɩɨɞɯɨɞɚ ɨɩɢɫɚɧɢɹ ɤɢɧɟɦɚɬɢɤɢ ɪɨɛɨɬɨɜ Д1, 2] ɧɟ 
ɩɪɢɧɢɦɚɸɬ ɜɨ ɜɧɢɦɚɧɢɟ ɜɟɥɢɱɢɧɭ ɜɨɡɦɨɠɧɵɯ ɨɬɤɥɨɧɟɧɢɣ ɩɪɢɫɨɟɞɢɧɟɧɧɵɯ ɭɝɥɨɜ ɨɬ ɪɚɫɱɟɬɧɵɯ ɡɧɚɱɟɧɢɣ. ɗɬɨ 
ɫɜɹɡɚɧɨ, ɧɚɩɪɢɦɟɪ, ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ ɡɚɡɨɪɨɦ Д3-5]  ɜ ɫɭɫɬɚɜɚɯ ɪɨɛɨɬɨɜ, ɨ ɱɟɦ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɩɪɚɤɬɢɤɚ ɢɯ 
ɞɥɢɬɟɥɶɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ. ɍɱɟɬ ɜɟɥɢɱɢɧɵ ɡɚɡɨɪɚ ɜ ɭɪɚɜɧɟɧɢɹɯ ɤɢɧɟɦɚɬɢɤɢ ɧɟɨɛɯɨɞɢɦ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ 
ɭɩɪɚɜɥɟɧɢɹ ɪɨɛɨɬɨɦ-ɦɚɧɢɩɭɥɹɬɨɪɨɦ, ɚ ɬɚɤɠɟ ɩɪɢ ɟɝɨ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɤɚɥɢɛɪɨɜɤɟ. 

ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ ɫ ɲɟɫɬɶɸ ɫɬɟɩɟɧɹɦɢ ɫɜɨɛɨɞɵ 
KКЭКЧК 6Ɇ ɫ ɭɱɟɬɨɦ ɡɚɡɨɪɨɜ ɜ ɫɭɫɬɚɜɚɯ ɪɨɛɨɬɚ.  

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɞɚɧɧɨɣ ɰɟɥɢ ɬɪɟɛɭɟɬɫɹ ɪɟɲɟɧɢɟ ɫɥɟɞɭɸɳɢɯ ɡɚɞɚɱ: ɫɢɫɬɟɦɚɬɢɡɢɪɨɜɚɬɶ ɨɫɧɨɜɧɵɟ 
ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɢɧɟɦɚɬɢɤɢ ɬɪɟɯ ɤɨɧɮɢɝɭɪɚɰɢɣ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ KКЭКЧК; ɜɵɩɨɥɧɢɬɶ ɚɧɚɥɢɡ 
ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ ɦɚɧɢɩɭɥɹɬɨɪɚ, ɧɚ ɨɫɧɨɜɟ ɱɟɝɨ ɜɵɛɪɚɬɶ ɛɚɡɨɜɭɸ ɢ ɥɨɤɚɥɶɧɵɟ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ; 
ɩɪɨɢɡɜɟɫɬɢ ɮɨɪɦɚɥɢɡɨɜɚɧɧɭɸ ɡɚɩɢɫɶ ɭɪɚɜɧɟɧɢɣ ɤɢɧɟɦɚɬɢɤɢ ɜ ɦɚɬɪɢɱɧɨɦ ɜɢɞɟ. 

Иɡɥɨɠɟɧɢɟ ɦɚɬɟɪɢɚɥɚ ɢ ɪɟɡɭɥɶɬɚɬɵ. Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɚɦɢ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɪɨɛɨɬ-
ɦɚɧɢɩɭɥɹɬɨɪ ɫ ɲɟɫɬɶɸ ɫɬɟɩɟɧɹɦɢ ɫɜɨɛɨɞɵ KКЭКЧК ɲɜɟɣɰɚɪɫɤɨɝɨ ɩɪɨɢɡɜɨɞɢɬɟɥɹ Neuronics. Ɉɛɳɢɣ ɜɢɞ ɬɪɟɯ 
ɤɨɧɮɢɝɭɪɚɰɢɣ ɦɚɧɢɩɭɥɹɬɨɪɚ KКЭКЧК ɫ ɪɚɡɥɢɱɧɵɦ ɬɢɩɨɦ ɝɪɭɡɨɡɚɯɜɚɬɵɜɚɸɳɟɝɨ ɨɪɝɚɧɚ ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫ. 1. 
Ɇɚɧɢɩɭɥɹɬɨɪ ɢɦɟɟɬ ɲɟɫɬɶ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ, ɤɚɠɞɨɟ ɫɨɱɥɟɧɟɧɢɟ ɦɚɧɢɩɭɥɹɬɨɪɚ – ɜɪɚɳɚɬɟɥɶɧɨɟ ɫ 
ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɩɪɢɜɨɞɨɦ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ, ɫɨɨɫɧɨ ɦɨɧɬɢɪɭɟɦɵɦ ɫ ɜɨɥɧɨɜɵɦ ɪɟɞɭɤɬɨɪɨɦ Harmonic Drive. 
Ⱦɜɢɝɚɬɟɥɢ ɩɢɬɚɸɬɫɹ ɨɬ ɢɧɞɢɜɢɞɭɚɥɶɧɨ ɭɩɪɚɜɥɹɟɦɵɯ ɒɂɆ-ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ. ɋɢɫɬɟɦɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 
ɡɚɦɤɧɭɬɚɹ ɩɨ ɩɨɥɨɠɟɧɢɸ ɢ/ɢɥɢ ɩɨ ɫɤɨɪɨɫɬɢ ɞɜɢɝɚɬɟɥɹ. ɍɩɪɚɜɥɟɧɢɟ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɦɢ ɫɢɫɬɟɦɚɦɢ 
ɨɬɞɟɥɶɧɵɯ ɫɭɫɬɚɜɨɜ ɪɟɚɥɢɡɨɜɚɧɨ ɧɚ ɛɚɡɟ ɥɨɤɚɥɶɧɨɝɨ ɤɨɧɬɪɨɥɥɟɪɚ ɪɨɛɨɬɚ, ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɦɨɠɟɬ 
ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɨɬ ɤɨɦɩɶɸɬɟɪɚ, ɥɢɛɨ ɫ ɩɨɦɨɳɶɸ PLC-ɤɨɧɬɪɨɥɥɟɪɚ. 
 

                      
                     

 
                                    ɚ)                                                              ɛ)                                                        ɜ) 

Ɋɢɫɭɧɨɤ 1 – Ɉɛɳɢɣ ɜɢɞ ɬɪɟɯ ɤɨɧɮɢɝɭɪɚɰɢɣ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ Katana: 
ɚ – 6Ɇ180, ɛ – 6Ɇ90Ⱥ, ɜ – 6Ɇ90ȼ [6] 
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Ⱦɚɧɧɵɟ ɩɨ ɷɥɟɤɬɪɨɩɪɢɜɨɞɭ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥ.1. Ɋɟɤɨɦɟɧɞɭɟɦɚɹ ɦɚɤɫɢɦɚɥɶɧɚɹ ɡɚɝɪɭɡɤɚ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ 
ɪɨɛɨɬɚ ɫɨɫɬɚɜɥɹɟɬ 500 ɝ, ɱɬɨ, ɭɱɢɬɵɜɚɹ ɜɵɫɨɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɛɵɫɬɪɨɞɟɣɫɬɜɢɹ ɢ ɬɨɱɧɨɫɬɢ, ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɪɨɛɨɬ ɜ ɤɚɱɟɫɬɜɟ ɢɧɬɟɪɚɤɬɢɜɧɨɝɨ ɩɨɦɨɳɧɢɤɚ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ ɱɟɥɨɜɟɤɨɦ, ɚ ɬɚɤɠɟ ɪɟɲɚɬɶ ɪɹɞ 
ɩɪɚɤɬɢɱɟɫɤɢɯ ɜɨɩɪɨɫɨɜ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ (ɦɢɤɪɨɫɜɚɪɤɚ, ɦɚɧɢɩɭɥɹɰɢɹ ɨɛɴɟɤɬɚɦɢ ɧɚ 
ɤɨɧɜɟɣɟɪɧɨɣ ɥɢɧɢɢ) ɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɟɝɨ ɜ ɭɱɟɛɧɨ-ɞɢɞɚɤɬɢɱɟɫɤɢɯ ɰɟɥɹɯ Д7-9]. 
 

Ɍɚɛɥɢɰɚ 1 – Ɉɫɧɨɜɧɵɟ ɞɚɧɧɵɟ ɗɆɋ ɦɚɧɢɩɭɥɹɬɨɪɚ KКЭКЧК ɤɨɧɮɢɝɭɪɚɰɢɢ 6Ɇ180 Д6] 
 

ɇɨɦɟɪ 
ɫɨɱɥɟ-
ɧɟɧɢɹ 

Ⱦɜɢɝɚɬɟɥɶ Ɋɟɞɭɤɬɨɪ 
Ɇɨɳɧɨɫɬɶ 

ɞɜɢɝɚɬɟɥɹ, ȼɬ 
ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ, 

ɨɛ/ɦɢɧ 
ɄɉȾ 

ɋɭɦɦɚɪɧɨɟ 
ɩɟɪɟɞɚɬɨɱɧɨɟ ɱɢɫɥɨ 

ɄɉȾ 

1 44,5 

6400 

0,84 100 

0,80 

2 47,9 0,85 371 
3 23,2 0,79 371 
4 44,5 0,84 100 
5 3,88 

7800 0,81 100 
6 3,88 

  
Ⱦɥɹ ɫɨɫɬɚɜɥɟɧɢɹ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɦɚɧɢɩɭɥɹɬɨɪɚ ɡɚɞɚɸɬɫɹ ɛɚɡɨɜɨɣ ɫɢɫɬɟɦɨɣ ɤɨɨɪɞɢɧɚɬ ɢ 

ɫɢɫɬɟɦɨɣ ɤɨɨɪɞɢɧɚɬ ɤɚɠɞɨɝɨ ɡɜɟɧɚ. Ȼɚɡɨɜɨɣ ɫɢɫɬɟɦɨɣ ɤɨɨɪɞɢɧɚɬ ɧɚɡɵɜɚɸɬ «ɧɭɥɟɜɭɸ» ɫɢɫɬɟɦɭ ɤɨɨɪɞɢɧɚɬ 
( )000 ,, zyx , ɩɪɟɞɫɬɚɜɥɹɸɳɭɸ ɫɨɛɨɣ ɢɧɟɪɰɢɚɥɶɧɭɸ ɫɢɫɬɟɦɭ ɤɨɨɪɞɢɧɚɬ ɦɚɧɢɩɭɥɹɬɨɪɚ. ɑɬɨ ɤɚɫɚɟɬɫɹ ɤɚɠɞɨɝɨ 
ɡɜɟɧɚ, ɬɨ ɧɚ ɨɫɢ ɟɝɨ ɫɨɱɥɟɧɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬ ɞɟɤɚɪɬɨɜɭ ɨɪɬɨɧɨɪɦɢɪɨɜɚɧɧɭɸ ɫɢɫɬɟɦɭ ɤɨɨɪɞɢɧɚɬ ( )1,,, iii zyx , ɝɞɟ 

ni ,...,2,1= , ɚ n  ɪɚɜɧɨ ɱɢɫɥɭ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɦɚɧɢɩɭɥɹɬɨɪɚ. Ⱦɥɹ ɫɥɭɱɚɹ ɫ ɜɪɚɳɚɬɟɥɶɧɵɦ ɫɨɱɥɟɧɟɧɢɟɦ, 
ɤɨɬɨɪɨɟ ɢɦɟɟɬ ɬɨɥɶɤɨ ɨɞɧɭ ɫɬɟɩɟɧɶ ɫɜɨɛɨɞɵ, ɤɚɠɞɚɹ ɫɢɫɬɟɦɚ ɤɨɨɪɞɢɧɚɬ ( )iii zyx ,, ɦɚɧɢɩɭɥɹɬɨɪɚ KКЭКЧК 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ )1( +i -ɭ ɫɨɱɥɟɧɟɧɢɸ ɢ ɫɜɹɡɚɧɚ ɫ i -ɦ ɡɜɟɧɨɦ. Ʉɨɝɞɚ ɷɥɟɤɬɪɨɩɪɢɜɨɞ ɩɪɢɜɨɞɢɬ ɜ ɞɜɢɠɟɧɢɟ i -ɟ 
ɫɨɱɥɟɧɟɧɢɟ, i -ɟ ɡɜɟɧɨ ɧɚɱɢɧɚɟɬ ɞɜɢɝɚɬɶɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ )1( −i -ɝɨ ɡɜɟɧɚ, ɢ ɩɨɫɤɨɥɶɤɭ i -ɹ ɫɢɫɬɟɦɚ ɤɨɨɪɞɢɧɚɬ 
ɫɜɹɡɚɧɚ ɫ i -ɦ ɡɜɟɧɨɦ, ɬɨ ɨɧɚ ɞɜɢɠɟɬɫɹ ɜɦɟɫɬɟ ɫ ɧɢɦ. Ɍɚɤ ɠɟ ɫɩɪɚɜɟɞɥɢɜɨ, ɱɬɨ n -ɹ ɫɢɫɬɟɦɚ ɤɨɨɪɞɢɧɚɬ ɞɜɢɠɟɬɫɹ 
ɜɦɟɫɬɟ ɫ ɩɨɫɥɟɞɧɢɦ n -ɦ ɡɜɟɧɨɦ ɦɚɧɢɩɭɥɹɬɨɪɚ. 

Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɜɪɚɳɚɬɟɥɶɧɵɯ ɢ ɩɨɫɬɭɩɚɬɟɥɶɧɵɯ ɫɜɹɡɟɣ ɦɟɠɞɭ ɫɨɫɟɞɧɢɦɢ ɡɜɟɧɶɹɦɢ Ⱦɟɧɚɜɢɬ ɢ ɏɚɪɬɟɧɛɟɪɝ 
(Ⱦɏ-ɩɪɟɞɫɬɚɜɥɟɧɢɟ) ɩɪɟɞɥɨɠɢɥɢ ɦɚɬɪɢɱɧɵɣ ɦɟɬɨɞ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɩɨɫɬɪɨɟɧɢɹ ɫɢɫɬɟɦ ɤɨɨɪɞɢɧɚɬ, 
ɫɜɹɡɚɧɧɵɯ ɫ ɤɚɠɞɵɦ ɡɜɟɧɨɦ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɰɟɩɢ Д1, 2]. ɋɦɵɫɥ ɷɬɢɯ ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɫɨɫɬɨɢɬ ɜ ɮɨɪɦɢɪɨɜɚɧɢɢ 
ɨɞɧɨɪɨɞɧɨɣ ɦɚɬɪɢɰɵ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ, ɢɦɟɸɳɢɣ ɪɚɡɦɟɪɧɨɫɬɶ 4ɯ4 ɢ ɨɩɢɫɵɜɚɸɳɟɣ ɩɨɥɨɠɟɧɢɟ ɫɢɫɬɟɦɵ 
ɤɨɨɪɞɢɧɚɬ ɤɚɠɞɨɝɨ ɡɜɟɧɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɩɪɟɞɵɞɭɳɟɝɨ ɡɜɟɧɚ. 

 

 
Ɋɢɫɭɧɨɤ 2 – ɋɢɫɬɟɦɚ ɤɨɨɪɞɢɧɚɬ ɡɜɟɧɚ ɢ ɟɟ ɩɚɪɚɦɟɬɪɵ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɨɞɟɪɧɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 

Дɟɧɚɜɢɬɚ-ɏɚɪɬɟɧɛɟɪɝɚ [6] 
 

ɗɬɨ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɪɟɨɛɪɚɡɨɜɚɬɶ ɤɨɨɪɞɢɧɚɬɵ ɫɯɜɚɬɚ ɦɚɧɢɩɭɥɹɬɨɪɚ ɢɡ ɫɢɫɬɟɦɵ 
ɨɬɫɱɟɬɚ, ɫɜɹɡɚɧɧɨɣ ɫ ɩɨɫɥɟɞɧɢɦ ɡɜɟɧɨɦ, ɜ ɛɚɡɨɜɭɸ ɫɢɫɬɟɦɭ ɨɬɫɱɟɬɚ, ɹɜɥɹɸɳɭɸɫɹ ɢɧɟɪɰɢɚɥɶɧɨɣ ɫɢɫɬɟɦɨɣ 
ɤɨɨɪɞɢɧɚɬ ɞɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɞɢɧɚɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ. Ɍɚɤ, ɞɥɹ ɦɚɧɢɩɭɥɹɬɨɪɚ KКЭКЧК ɫ ɲɟɫɬɶɸ ɫɬɟɩɟɧɹɦɢ 
ɫɜɨɛɨɞɵ ɞɨɥɠɧɵ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɵ ɫɟɦɶ ɫɢɫɬɟɦ ɤɨɨɪɞɢɧɚɬ, ɚ ɢɦɟɧɧɨ ( )000 ,, zyx , ( )111 ,, zyx ,..., ( )666 ,, zyx . 

Ʉɚɠɞɚɹ ɫɢɫɬɟɦɚ ɤɨɨɪɞɢɧɚɬ ɮɨɪɦɢɪɭɟɬɫɹ ɧɚ ɨɫɧɨɜɟ ɫɥɟɞɭɸɳɢɯ ɬɪɟɯ ɩɪɚɜɢɥ: 1) ɨɫɶ 1−iz  ɧɚɩɪɚɜɥɟɧɚ ɜɞɨɥɶ 
ɨɫɢ i -ɝɨ ɫɨɱɥɟɧɟɧɢɹ; 2) ɨɫɶ ix  ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɚ ɨɫɢ 1−iz  ɢ ɟё ɧɚɩɪɚɜɥɟɧɢɟ ɩɪɢɧɢɦɚɟɬɫɹ ɥɢɛɨ ɜɞɨɥɶ i-ɝɨ ɡɜɟɧɚ 

ɥɢɛɨ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɟɦɭ;  3) ɨɫɶ iy  ɞɨɩɨɥɧɹɟɬ ɨɫɢ ix  ɢ iz  ɞɨ ɞɟɤɚɪɬɨɜɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ. 
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ɗɬɢ ɩɪɚɜɢɥɚ  ɨɫɬɚɜɥɹɸɬ ɫɜɨɛɨɞɭ ɜ ɜɵɛɨɪɟ 0-ɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɨɫɶ z0  ɧɚɩɪɚɜɥɟɧɚ 
ɜɞɨɥɶ ɨɫɢ ɩɟɪɜɨɝɨ ɫɨɱɥɟɧɟɧɢɹ. ɉɨɫɥɟɞɧɹɹ, n-ɹ ɫɢɫɬɟɦɚ ɤɨɨɪɞɢɧɚɬ ɬɚɤɠɟ ɦɨɠɟɬ ɛɵɬɶ ɜɵɛɪɚɧɚ ɜ ɩɪɨɢɡɜɨɥɶɧɨɣ 
ɬɨɱɤɟ n-ɝɨ ɡɜɟɧɚ ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɨɫɶ xn ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɚ ɨɫɢ zn-1. 

ɗɬɢ ɩɪɚɜɢɥɚ ɨɩɢɫɚɧɢɹ ɡɜɟɧɶɟɜ ɡɚɜɢɫɹɬ ɨɬ ɱɟɬɵɪɟɯ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 
ɤɚɠɞɨɦɭ ɡɜɟɧɭ. Ʌɸɛɨɟ ɜɪɚɳɚɬɟɥɶɧɨɟ ɢɥɢ ɩɨɫɬɭɩɚɬɟɥɶɧɨɟ ɞɜɢɠɟɧɢɟ ɩɨɥɧɨɫɬɶɸ ɨɩɢɫɵɜɚɟɬɫɹ ɧɚɛɨɪɨɦ ɢɡ 
ɱɟɬɵɪɟɯ ɩɚɪɚɦɟɬɪɨɜ, ɤɨɬɨɪɵɟ ɨɩɪɟɞɟɥɹɸɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɢɫ. 2 ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 1) ia  - ɥɢɧɟɣɧɨɟ 
ɫɦɟɳɟɧɢɟ - ɪɚɫɫɬɨɹɧɢɟ ɨɬ 1−iz  ɞɨ iz  ɜɞɨɥɶ 1−ix ; 2) iα  - ɭɝɥɨɜɨɟ ɫɦɟɳɟɧɢɟ – ɭɝɨɥ, ɧɚ ɤɨɬɨɪɵɣ ɧɚɞɨ ɩɨɜɟɪɧɭɬɶ 

ɨɫɶ 1−iz  ɜɨɤɪɭɝ ɨɫɢ ix , ɱɬɨɛɵ ɨɧɚ ɫɬɚɥɚ ɤɨɥɥɢɧɟɚɪɧɨɣ ɫ ɨɫɶɸ iz  (ɡɧɚɤ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɚɜɢɥɨɦ 
ɩɪɚɜɨɣ ɪɭɤɢ); 3) id  - ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɨɫɢ 1−ix  ɞɨ ɨɫɢ ix , ɨɬɫɱɢɬɵɜɚɟɦɨɟ ɜɞɨɥɶ ɨɫɢ z ; 4) iθ  - ɩɪɢɫɨɟɞɢɧɟɧɧɵɣ 

ɭɝɨɥ – ɭɝɨɥ ɧɚ ɤɨɬɨɪɵɣ ɧɚɞɨ ɩɨɜɟɪɧɭɬɶ ɨɫɶ 1−ix  ɜɨɤɪɭɝ ɨɫɢ iz , ɱɬɨɛɵ ɨɧɚ ɫɬɚɥɚ ɤɨɥɥɢɧɟɚɪɧɨɣ ɫ ɨɫɶɸ ix  (ɡɧɚɤ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɚɜɢɥɨɦ ɩɪɚɜɨɣ ɪɭɤɢ). 

Ⱦɥɹ ɜɪɚɳɚɬɟɥɶɧɵɯ ɫɨɱɥɟɧɟɧɢɣ ɩɚɪɚɦɟɬɪɵ id , ia  ɢ iα  ɹɜɥɹɸɬɫɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɫɨɱɥɟɧɟɧɢɹ, ɢɯ 
ɧɚɡɵɜɚɸɬ ɩɪɢɫɨɟɞɢɧɟɧɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ, ɩɨɞɱɟɪɤɢɜɚɹ ɬɨ, ɱɬɨ ɨɧɢ ɹɜɥɹɸɬɫɹ ɩɨɫɬɨɹɧɧɵɦɢ ɞɥɹ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɪɨɛɨɬɚ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ iθ  ɹɜɥɹɟɬɫɹ ɩɟɪɟɦɟɧɧɨɣ ɜɟɥɢɱɢɧɨɣ, ɢɡɦɟɧɹɸɳɟɣɫɹ ɩɪɢ ɜɪɚɳɟɧɢɢ i -

ɝɨ ɡɜɟɧɚ ɨɬɧɨɫɢɬɟɥɶɧɨ )1( −i -ɝɨ. Ɉ ɜɟɥɢɱɢɧɟ iθ  ɝɨɜɨɪɹɬ ɤɚɤ ɨ ɩɪɢɫɨɟɞɢɧɟɧɧɨɣ ɩɟɪɟɦɟɧɧɨɣ, ɩɨɞɪɚɡɭɦɟɜɚɹ ɬɟɦ 
ɫɚɦɵɦ, ɱɬɨ ɨɧɚ ɦɨɠɟɬ ɦɟɧɹɬɶ ɫɜɨɟ ɡɧɚɱɟɧɢɟ. 

Ȼɚɡɢɪɭɹɫɶ ɧɚ ɢɡɥɨɠɟɧɧɵɯ ɜɵɲɟ ɨɫɧɨɜɧɵɯ ɩɪɚɜɢɥɚɯ ɩɨɫɬɪɨɟɧɢɹ ɨɪɬɨɧɨɪɦɢɪɨɜɚɧɧɵɯ ɫɢɫɬɟɦ ɤɨɨɪɞɢɧɚɬ 
ɡɜɟɧɶɟɜ, ɚ ɬɚɤɠɟ ɭɱɢɬɵɜɚɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢɣ ɫɦɵɫɥ ɩɚɪɚɦɟɬɪɨɜ ɫɨɱɥɟɧɟɧɢɣ ɢ ɡɜɟɧɶɟɜ, ɛɵɥɚ ɫɮɨɪɦɢɪɨɜɚɧɚ 
ɨɪɬɨɧɨɪɦɢɪɨɜɚɧɧɚɹ ɫɢɫɬɟɦɚ ɤɨɨɪɞɢɧɚɬ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ KКЭКЧК. ɋɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɩɪɨɧɭɦɟɪɨɜɚɧɵ ɜ 
ɩɨɪɹɞɤɟ ɜɨɡɪɚɫɬɚɧɢɹ – ɨɬ ɨɫɧɨɜɚɧɢɹ ɤ ɫɯɜɚɬɭ ɦɚɧɢɩɭɥɹɬɨɪɚ (ɪɢɫ. 3). ɉɪɟɞɥɚɝɚɟɦɵɣ ɫɩɨɫɨɛ ɜɵɛɨɪɚ ɫɢɫɬɟɦ 
ɤɨɨɪɞɢɧɚɬ ɧɟ ɹɜɥɹɟɬɫɹ ɟɞɢɧɫɬɜɟɧɧɵɦ. 

 
                                      ɚ)                                                                             ɛ)                                                    ɜ) 

Ɋɢɫɭɧɨɤ 3 – Кɨɧɮɢɝɭɪɚɰɢɢ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ Katana ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɢɦ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ: 
ɚ - 6Ɇ180; ɛ - 6Ɇ90Ⱥ; ɜ - 6Ɇ90ȼ [6] 

 
ȼ ɬɚɛɥ. 2 ɫɜɟɞɟɧɵ ɞɚɧɧɵɟ ɩɨ ɤɢɧɟɦɚɬɢɤɟ ɬɪɟɯ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɤɨɧɮɢɝɭɪɚɰɢɣ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ 

Katana. ɇɚ ɨɫɧɨɜɚɧɢɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɬɚɛɥ. 1 ɢ ɩɨɥɶɡɭɹɫɶ ɮɨɪɦɭɥɨɣ ɪɚɫɱɟɬɚ ɦɨɦɟɧɬɚ 
 

RiRiMi
nMi

nMi
i i

P
M ηη

ω
⋅⋅⋅=  (1) 

 
ɩɨɥɭɱɟɧɵ ɜɟɥɢɱɢɧɵ ɦɨɦɟɧɬɨɜ ɤɚɠɞɨɝɨ ɫɭɫɬɚɜɚ ɪɨɛɨɬɚ, ɨɧɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 2. 
 

Ɍɚɛɥɢɰɚ 2 – Ȼɚɡɨɜɵɟ ɜɟɥɢɱɢɧɵ ɢ ɤɨɨɪɞɢɧɚɬɵ ɤɢɧɟɦɚɬɢɤɢ ɦɚɧɢɩɭɥɹɬɨɪɚ KКЭКЧК ɫɟɪɢɢ 450 
 

ɋɨɱɥɟɧɟɧɢɟ 
i 

6M180 6Ɇ90Ⱥ 6Ɇ90B ɉɪɟɞɟɥɵ 
ɢɡɦɟɧɟɧɢɹ ɭɝɥɨɜ 

ɇɨɦɢɧɚɥɶɧɵɣ 
ɦɨɦɟɧɬ di ai αi di ai αi di ai αi 

1 0 0 0 0 0 0 0 0 0 +/-169.5ɨ 4,46 ɇɦ 
2 0 0 90 0 0 90 0 0 90 +102ɨ/-30ɨ 18,03 ɇɦ 
3 0 a2 0 0 a2 0 0 a2 0 +/-122.5ɨ 8,12 ɇɦ 
4 0 a3 0 0 a3 0 0 a3 0 +/-112ɨ 4,46 ɇɦ 
5 a4 +a5 0 -90 a4 0 -90 a4 0 -90 +/-168ɨ 0,31 ɇɦ 
6 ɫɯɜɚɬ a5 0 -90 a5 0 90 +299.5ɨ/-29.5ɨ 0,31 ɇɦ 
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ɂɡ Д1, 2] ɢɡɜɟɫɬɧɨ, ɱɬɨ ɤɨɨɪɞɢɧɚɬɵ ɬɨɱɤɢ ir , ɡɚɞɚɧɧɵɟ ɜ i -ɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ, ɦɨɠɧɨ ɩɪɟɨɛɪɚɡɨɜɚɬɶ ɜ 
ɤɨɨɪɞɢɧɚɬɵ ɬɨɱɤɢ 1−ir  ɨɬɧɨɫɢɬɟɥɶɧɨ )1( −i -ɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ, ɜɵɩɨɥɧɹɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɫɥɟɞɭɸɳɢɯ 
ɨɩɟɪɚɰɢɣ: 1) )( iROTα  - ɩɨɜɨɪɨɬ ɜɨɤɪɭɝ ɨɫɢ 1−ix  ɧɚ ɭɝɨɥ iα ; 2) )( iaTRANS  - ɫɞɜɢɝ ɜɞɨɥɶ ɨɫɢ 1−ix  ɧɚ 
ɪɚɫɫɬɨɹɧɢɟ ia ; 3) )( iROT θ  - ɩɨɜɨɪɨɬ ɜɨɤɪɭɝ ɨɫɢ iz  ɧɚ ɭɝɨɥ iθ ; 4) )( idTRANS  - ɫɞɜɢɝ ɜɞɨɥɶ ɨɫɢ iz  ɧɚ 
ɪɚɫɫɬɨɹɧɢɟ id . 

Ʉɚɠɞɭɸ ɢɡ ɷɬɢɯ ɱɟɬɵɪɟɯ ɨɩɟɪɚɰɢɣ ɦɨɠɧɨ ɨɩɢɫɚɬɶ ɨɞɧɨɪɨɞɧɨɣ ɦɚɬɪɢɰɟɣ ɷɥɟɦɟɧɬɚɪɧɨɝɨ ɩɨɜɨɪɨɬɚ ɢɥɢ 
ɫɞɜɢɝɚ, ɚ ɩɪɨɢɡɜɟɞɟɧɢɟ ɬɚɤɢɯ ɦɚɬɪɢɰ ɞɚɫɬ ɨɞɧɨɪɨɞɧɭɸ ɦɚɬɪɢɰɭ ɫɥɨɠɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ i

i A1− , ɧɚɡɵɜɚɟɦɭɸ 

Ⱦɏ-ɦɚɬɪɢɰɟɣ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɞɥɹ ɫɦɟɠɧɵɯ ɫɢɫɬɟɦ ɤɨɨɪɞɢɧɚɬ ɫ ɧɨɦɟɪɚɦɢ  i  ɢ )1( −i . Ɍɚɤɢɦ ɨɛɪɚɡɨɦ 
ɩɨɥɭɱɚɟɦ: 
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(2) 

Ɉɫɧɨɜɵɜɚɹɫɶ ɧɚ ɦɚɬɪɢɰɟ i
i A1−  ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɫɦɟɠɧɵɯ ɫɢɫɬɟɦ ɤɨɨɪɞɢɧɚɬ (2) ɢ ɩɪɢɧɢɦɚɹ ɜɨ ɜɧɢɦɚɧɢɟ 

ɩɚɪɚɦɟɬɪɵ ɤɢɧɟɦɚɬɢɤɢ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ (ɬɚɛɥ. 1), ɧɚɦɢ ɩɨɥɭɱɟɧɵ ɨɞɧɨɪɨɞɧɵɟ ɦɚɬɪɢɰɵ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 
ɫɢɫɬɟɦ ɤɨɨɪɞɢɧɚɬ ɡɜɟɧɶɟɜ ɬɪɟɯ ɤɨɧɮɢɝɭɪɚɰɢɣ ɦɚɧɢɩɭɥɹɬɨɪɚ KКЭКЧК. Ɇɚɬɪɢɰɵ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɤɨɨɪɞɢɧɚɬ ɫ 1-ɝɨ 
ɩɨ 4-ɟ ɡɜɟɧɨ 1

0A  - 5
4A  ɢɞɟɧɬɢɱɧɵ ɞɥɹ ɜɫɟɯ ɬɪɟɯ ɤɨɧɮɢɝɭɪɚɰɢɣ ɦɚɧɢɩɭɥɹɬɨɪɚ (3-7ɚ). Ɇɚɬɪɢɰɚ 6

5A  ɧɟ ɢɦɟɟɬ 
ɫɦɵɫɥɚ ɞɥɹ ɤɨɧɮɢɝɭɪɚɰɢɢ ɦɚɧɢɩɭɥɹɬɨɪɚ 6M180, ɬɚɤ ɤɚɤ ɟɝɨ ɡɚɯɜɚɬɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɫɨɧɚɩɪɚɜɥɟɧɨ ɫ 5-ɦ ɡɜɟɧɨɦ ɢ 
ɟɝɨ ɞɥɢɧɧɚ ɭɠɟ ɭɱɢɬɵɜɚɟɬɫɹ ɜ ɦɚɬɪɢɰɟ 5

4A . Ɇɚɬɪɢɰɚ (7ɛ) ɨɬɧɨɫɢɬɫɹ ɤ ɤɨɧɮɢɝɭɪɚɰɢɹɦ ɬɢɩɨɜ 6Ɇ90Ⱥ ɢ 6Ɇ90B,  

ɦɚɬɪɢɰɟ 6
5A  ɨɬɜɟɱɚɸɬ ɭɪɚɜɧɟɧɢɹ (8ɚ) ɢ (8ɛ) ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ: 
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ɂɫɩɨɥɶɡɭɹ ɦɚɬɪɢɰɵ i
i A1− , ɦɨɠɧɨ ɫɜɹɡɚɬɶ ɨɞɧɨɪɨɞɧɵɟ ɤɨɨɪɞɢɧɚɬɵ ip  ɬɨɱɤɢ p  (ɤɨɬɨɪɚɹ ɩɨɤɨɢɬɫɹ ɜ i -ɣ 

ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ) ɫ ɨɞɧɨɪɨɞɧɵɦɢ ɤɨɨɪɞɢɧɚɬɚɦɢ 1−ip  ɨɬɧɨɫɢɬɟɥɶɧɨ )1( −i -ɣ ɫɢɫɬɟɦɵ ɨɬɫɱɟɬɚ, ɫɜɹɡɚɧɧɨɣ ɫ 
)1( −i -ɦ ɡɜɟɧɨɦ. ɗɬɚ ɫɜɹɡɶ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɪɚɜɟɧɫɬɜɨɦ: 
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iiii zyxp )1,,,( 1111 −−−− =   ɢ T

iiii zyxp )1,,,(= . 

ɉɪɨɢɡɜɟɞɟɧɢɟ ɨɞɧɨɪɨɞɧɵɯ ɦɚɬɪɢɰ ɜɢɞɚ i
i A1−  ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɞɧɨɪɨɞɧɭɸ ɦɚɬɪɢɰɭ iT0  ɩɪɢ ɩɨɦɨɳɢ 

ɤɨɬɨɪɨɣ ɨɩɪɟɞɟɥɹɸɬ ɩɨɥɨɠɟɧɢɟ i -ɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɨɬɧɨɫɢɬɟɥɶɧɨ ɛɚɡɨɜɨɣ: 
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ɝɞɟ  [ ]iiii asnR =0  - ɦɚɬɪɢɰɚ ɨɩɪɟɞɟɥɹɸɳɚɹ ɨɪɢɟɧɬɚɰɢɸ i -ɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ, ɫɜɹɡɚɧɧɨɣ ɫ  

i -ɦ ɡɜɟɧɨɦ, ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɛɚɡɨɜɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ (ɜɟɪɯɧɹɹ ɥɟɜɚɹ ɩɨɞɦɚɬɪɢɰɚ ɦɚɬɪɢɰɵ iT0  

ɪɚɡɦɟɪɧɨɫɬɶɸ 3ɯ3); ip0  - ɜɟɤɬɨɪ ɫɨɟɞɢɧɹɸɳɢɣ ɧɚɱɚɥɨ ɛɚɡɨɜɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɫ ɧɚɱɚɥɨɦ i -ɣ 

ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ (ɜɟɪɯɧɹɹ ɩɪɚɜɚɹ ɩɨɞɦɚɬɪɢɰɚ ɦɚɬɪɢɰɵ iT0 , ɢɦɟɸɳɚɹ ɪɚɡɦɟɪɧɨɫɬɶ 3ɯ1). 
ȼ ɱɚɫɬɧɨɫɬɢ, ɩɪɢ 6=i  ɦɵ ɩɨɥɭɱɚɟɦ ɦɚɬɪɢɰɭ 

6
0A=T , ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬ ɩɨɥɨɠɟɧɢɟ ɢ ɨɪɢɟɧɬɚɰɢɸ 

ɫɯɜɚɬɚ ɦɚɧɢɩɭɥɹɬɨɪɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɛɚɡɨɜɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ. ɗɬɭ ɦɚɬɪɢɰɭ ɱɚɫɬɨ ɧɚɡɵɜɚɸɬ «ɦɚɬɪɢɰɟɣ 
ɦɚɧɢɩɭɥɹɬɨɪɚ»: 
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ɝɞɟ  р - ɜɟɤɬɨɪ ɩɨɥɨɠɟɧɢɹ ɫɯɜɚɬɚ; n  - ɜɟɤɬɨɪ ɧɨɪɦɚɥɢ ɤ ɫɯɜɚɬɭ; s  - ɤɚɫɚɬɟɥɶɧɵɣ ɜɟɤɬɨɪ ɫɯɜɚɬɚ;  
 a  - ɜɟɤɬɨɪ ɩɨɞɯɨɞɚ ɫɯɜɚɬɚ. 

Ʉɚɫɚɬɟɥɶɧɵɣ ɜɟɤɬɨɪ n  ɫɯɜɚɬɚ ɥɟɠɢɬ ɜ ɩɥɨɫɤɨɫɬɢ ɞɜɢɠɟɧɢɹ ɩɚɥɶɰɟɜ ɫɯɜɚɬɚ ɢ ɭɤɚɡɵɜɚɟɬ ɧɚɩɪɚɜɥɟɧɢɟ 
ɞɜɢɠɟɧɢɹ ɩɚɥɶɰɟɜ ɜɨ ɜɪɟɦɹ ɨɬɤɪɵɜɚɧɢɹ ɢ ɡɚɤɪɵɜɚɧɢɹ ɫɯɜɚɬɚ. ȼɟɤɬɨɪ ɩɨɞɯɨɞɚ ɫɯɜɚɬɚ a  ɧɚɩɪɚɜɥɟɧ ɩɨ ɧɨɪɦɚɥɢ ɤ 
ɩɥɨɫɤɨɫɬɢ ɡɚɯɜɚɬɚ, ɬ.ɟ. ɩɟɪɩɟɧɞɢɤɭɥɹɪɟɧ ɤɪɟɩɥɟɧɢɸ ɢɧɫɬɪɭɦɟɧɬɚ ɜ ɫɯɜɚɬɟ. ȼɟɤɬɨɪ ɩɨɥɨɠɟɧɢɹ ɫɯɜɚɬɚ p  
ɨɩɪɟɞɟɥɹɟɬɫɹ ɥɢɧɢɟɣ, ɧɚɩɪɚɜɥɟɧɧɨɣ ɢɡ ɧɚɱɚɥɚ ɛɚɡɨɜɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɤ ɧɚɱɚɥɭ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɫɯɜɚɬɚ, 
ɤɨɬɨɪɨɟ, ɤɚɤ ɩɪɚɜɢɥɨ, ɪɚɫɩɨɥɨɠɟɧɨ ɜ ɬɨɱɤɟ, ɤɨɬɨɪɚɹ ɹɜɥɹɟɬɫɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢɦ ɰɟɧɬɪɨɦ ɩɨɥɧɨɫɬɶɸ ɫɠɚɬɵɯ 
ɩɚɥɶɰɟɜ. 

Ɋɟɲɟɧɢɟ ɩɪɹɦɨɣ ɡɚɞɚɱɢ ɤɢɧɟɦɚɬɢɤɢ ɞɥɹ ɦɚɧɢɩɭɥɹɬɨɪɚ ɩɨ ɭɪɚɜɧɟɧɢɸ (11) ɩɪɢɜɨɞɢɬ ɤ ɟɞɢɧɫɬɜɟɧɧɨɣ 
ɦɚɬɪɢɰɟ T  ɩɪɢ ɡɚɞɚɧɧɵɯ ɡɧɚɱɟɧɢɹɯ iθ  ɞɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɫɥɭɱɚɹ ɜɪɚɳɚɬɟɥɶɧɵɯ ɫɨɱɥɟɧɟɧɢɣ. Ⱦɥɹ ɤɚɠɞɨɝɨ 
ɫɨɱɥɟɧɟɧɢɹ ɦɚɧɢɩɭɥɹɬɨɪɚ ɢɡɜɟɫɬɧɵ ɨɝɪɚɧɢɱɟɧɢɹ, ɤɨɬɨɪɵɟ ɨɩɪɟɞɟɥɹɸɬɫɹ ɮɢɡɢɱɟɫɤɢɦɢ ɩɪɟɞɟɥɚɦɢ ɢɡɦɟɧɟɧɢɹ 

iθ . ȼ ɬɚɛɥ. 2 ɭɤɚɡɚɧɵ ɬɚɤɢɟ ɩɪɟɞɟɥɵ ɞɥɹ ɪɨɛɨɬɚ KКЭКЧК ɫɟɪɢɢ 450 ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɤɨɨɪɞɢɧɚɬɚɯ ɞɥɹ ɤɚɠɞɨɝɨ 
ɫɭɫɬɚɜɚ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɢɡɥɨɠɟɧɧɵɦ,  ɞɥɹ ɦɚɧɢɩɭɥɹɬɨɪɚ KКЭКЧК ɤɨɧɮɢɝɭɪɚɰɢɢ 6Ɇ180 ɩɨɥɭɱɚɟɦ ɤɨɧɟɱɧɵɟ 
ɭɪɚɜɧɟɧɢɹ: 
 

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )

( ) ( )












⋅++=
⋅+⋅⋅⋅⋅−⋅⋅⋅⋅−

−⋅⋅⋅⋅−⋅⋅⋅⋅=
⋅−⋅⋅⋅⋅−⋅⋅⋅⋅−

−⋅⋅⋅⋅−⋅⋅⋅⋅=

;cossin

;sincoscoscossinsinsincossincossinsin

cossinsincossincoscoscoscossin

;sinsincoscossinsincoscossincossincos

cossinsincoscoscoscoscoscoscos

5432

515432154321

5432154321

515432154321

5432154321

θθθθ
θθθθθθθθθθθθ

θθθθθθθθθθ
θθθθθθθθθθθθ

θθθθθθθθθθ

z

y

x

n

n

n

 

 
(12) 

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )

( ) ( )( )












−++−+++=
⋅+⋅⋅⋅⋅+⋅⋅⋅⋅+

+⋅⋅⋅⋅+⋅⋅⋅⋅−=
⋅−⋅⋅⋅⋅+⋅⋅⋅⋅+

+⋅⋅⋅⋅−⋅⋅⋅⋅=

;2coscos

;coscossincossinsinsinsinsincossinsin

sinsinsincossinsincoscoscossin

;cossinsincossinsincossinsincossincos

sincoscoscoscossinsinsincoscos

54325432

515432154321

5432154321

515432154321

5432154321

θθθθθθθθ
θθθθθθθθθθθθ

θθθθθθθθθθ
θθθθθθθθθθθθ

θθθθθθθθθθ

z

y

x

s

s

s

 

(13) 
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( ) ( )
( ) ( )( )
( )








++=

−−−−+++=
++⋅−=

;cos

;2coscos

;sincos

432

43214321

4321

θθθ

θθθθθθθθ
θθθθ

z

y

x

a

a

a
 

 

 

(14) 

( ) ( )( ) ( ) ( )( )(
( ) ( ) ( )( ))

( ) ( )( ) ( ) ( )( )(
( ) ( ) ( )( ))

( ) ( ) ( ) ( )












++⋅+++⋅+⋅=
−−−−+++⋅++

++++−−⋅+−++⋅=
−−−++++−⋅++

++++−−⋅+−++⋅=

.cossinsin

;2coscos

sinsinsinsin

;2sinsin

coscoscoscos

4325432322

4321332154

321321321212

4321332154

321321321212

θθθθθθ
θθθθθθθθ

θθθθθθθθθθ
θθθθθθθθ

θθθθθθθθθθ

aaaap

aa

aap

aa

aap

z

y

x

 (15) 

 

ɉɪɢɜɟɞɟɧɧɵɟ ɭɪɚɜɧɟɧɢɹ (12-15) ɩɨɡɜɨɥɹɸɬ ɨɩɪɟɞɟɥɢɬɶ ɤɨɧɟɱɧɵɟ ɩɨɥɨɠɟɧɢɹ ɫɯɜɚɬɚ ɧɚ ɛɚɡɟ ɤɨɨɪɞɢɧɚɬ 
ɨɬɞɟɥɶɧɵɯ ɫɨɱɥɟɧɟɧɢɣ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ iθ . 

ɉɪɢ ɧɚɥɢɱɢɢ ɡɚɡɨɪɚ ɧɚ ɜɵɯɨɞɟ ɫɨɱɥɟɧɟɧɢɣ ɪɟɲɟɧɢɟ ɞɚɧɧɨɣ ɡɚɞɚɱɢ ɡɧɚɱɢɬɟɥɶɧɨ ɭɫɥɨɠɧɹɟɬɫɹ. ȼ ɷɬɨɣ 
ɪɚɛɨɬɟ ɧɚɦɢ ɩɪɟɞɥɚɝɚɟɬɫɹ ɭɱɢɬɵɜɚɬɶ ɡɚɡɨɪ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ:  

 

( )iiii Mδθθθ +′= , (16) 
 

ɝɞɟ ( )ii Mδθ  - ɮɭɧɤɰɢɹ ɨɬɤɥɨɧɟɧɢɹ ɩɪɢɫɨɟɞɢɧɟɧɧɨɝɨ ɭɝɥɚ, ɨɩɢɫɵɜɚɸɳɚɹ ɡɚɡɨɪ ɜ i -ɦ ɫɨɱɥɟɧɟɧɢɢ; 
iθ ′  - ɭɝɨɥ 

ɩɟɪɟɞ ɡɚɡɨɪɨɦ; 
iθ  - ɭɝɨɥ ɧɚ ɜɵɯɨɞɟ ɫɭɫɬɚɜɚ. 

Ɍɢɩɨɜɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɜɟɥɢɱɢɧɵ ɨɬɤɥɨɧɟɧɢɹ ɩɪɢɫɨɟɞɢɧɟɧɧɨɝɨ ɭɝɥɚ ɨɬ ɦɨɦɟɧɬɚ ɩɪɢ ɧɚɥɢɱɢɢ ɡɚɡɨɪɚ ɜ 
ɫɨɱɥɟɧɟɧɢɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 4. 

 

 
Ɋɢɫɭɧɨɤ 4 –Зɚɡɨɪ ɜ ɫɭɫɬɚɜɟ ɪɨɛɨɬɚ 

 
Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɷɬɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɦɟɟɬ ɜɢɞ: 

 

( ) ( ) 







+⋅⋅=

Hi

i
Hiii M

M
kMM sign

2

1δδθ , (17) 

 

ɝɞɟ ( )iMsign  - ɮɭɧɤɰɢɹ ɡɧɚɤɚ ɦɨɦɟɧɬɚ, ɞɟɣɫɬɜɭɸɳɟɝɨ ɧɚ i-ɟ ɫɨɱɥɟɧɟɧɢɟ; 

δ  - ɜɟɥɢɱɢɧɚ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɡɚɡɨɪɚ ɫɨ ɫɬɨɪɨɧɵ ɜɵɯɨɞɧɨɝɨ ɜɚɥɚ ɪɟɞɭɤɬɨɪɚ (ɞɥɹ ɪɟɞɭɤɬɨɪɨɜ Maxon, 
ɩɪɢɦɟɧɹɸɳɢɯɫɹ ɜ ɪɨɛɨɬɚɯ-ɦɚɧɢɩɭɥɹɬɨɪɚɯ KКЭКЧК ɫɟɪɢɢ 200, ɨɧɚ ɫɨɫɬɚɜɥɹɟɬ 0,035 ɪɚɞ. ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ 
ɧɚɝɪɭɡɤɢ); 

4.005.0 ÷=Hk  - ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɦɚɬɟɪɢɚɥɚ ɡɭɛɱɚɬɵɯ ɤɨɥɟɫ ɢ ɤɨɧɫɬɪɭɤɰɢɢ ɪɟɞɭɤɬɨɪɚ; 

HiM  - ɧɨɦɢɧɚɥɶɧɵɣ ɦɨɦɟɧɬ ɧɚ ɜɵɯɨɞɟ i-ɝɨ ɫɨɱɥɟɧɟɧɢɹ. 
Ɉɰɟɧɤɚ ɩɨɜɟɞɟɧɢɹ ɦɨɞɟɥɢ ɩɪɢ ɢɫɯɨɞɧɨɦ ɡɚɡɨɪɟ δ =0 ɜɵɩɨɥɧɟɧɚ ɧɚ ɛɚɡɟ ɩɪɨɟɤɰɢɣ ɜɟɤɬɨɪɚ ɩɨɥɨɠɟɧɢɹ 

ɫɯɜɚɬɚ. ȼɨɫɩɨɥɶɡɨɜɚɜɲɢɫɶ ɦɚɬɪɢɰɟɣ ɦɚɧɢɩɭɥɹɬɨɪɚ (11), ɛɵɥɢ ɩɨɫɱɢɬɚɧɵ ɩɪɨɟɤɰɢɢ ɜɟɤɬɨɪɚ ɩɨɥɨɠɟɧɢɹ. ɗɬɚ 
ɨɩɟɪɚɰɢɹ ɪɟɚɥɢɡɨɜɚɧɚ ɞɥɹ ɢɫɯɨɞɧɨɝɨ ɫɨɫɬɨɹɧɢɹ (ɪɢɫ.3, ɚ) ɢ ɞɥɹ ɩɨɜɨɪɨɬɚ ɱɟɬɜɟɪɬɨɝɨ ɡɜɟɧɚ ɧɚ ɭɝɨɥ 

2

π  ɩɨ ɱɚɫɨɜɨɣ 

ɫɬɪɟɥɤɟ, ɚ ɬɚɤɠɟ ɞɥɹ ɫɥɭɱɚɹ ɜɟɪɬɢɤɚɥɶɧɨ ɜɵɩɪɹɦɥɟɧɧɨɝɨ ɦɚɧɢɩɭɥɹɬɨɪɚ. 
Ⱦɥɹ ɢɫɯɨɞɧɨɝɨ ɩɨɥɨɠɟɧɢɹ ɫɢɫɬɟɦɵ ɩɪɢɫɨɟɞɢɧɟɧɧɵɟ ɭɝɥɵ ɪɚɜɧɵ TT )0,0,0,0,0(),,,,( 54321 == θθθθθθ ; 

ɩɨɞɫɬɚɜɥɹɹ ɢɯ ɡɧɚɱɟɧɢɹ ɜ ɭɪɚɜɧɟɧɢɟ (15) ɩɨɥɭɱɢɦ ɩɪɨɟɤɰɢɢ ɜɟɤɬɨɪɚ ɩɨɥɨɠɟɧɢɹ ɫɯɜɚɬɚ: 



ISSN 2074-2630             ɇɚɭɤɨɜɿ ɩɪɚɰɿ Дɨɧɟɰɶɤɨɝɨ ɧɚɰɿɨɧɚɥɶɧɨɝɨ ɬɟɯɧɿɱɧɨɝɨ ɭɧɿɜɟɪɫɢɬɟɬɭ            № 10(180), 2011 

 119 

TT
zyx aaaapppp ),0,(),,( 5432 ++== .

 
(18) 

 

Ⱦɥɹ ɜɬɨɪɨɝɨ ɫɥɭɱɚɹ – ɩɨɥɨɠɟɧɢɹ ɩɨɫɥɟ ɩɨɜɨɪɨɬɚ – ɩɪɢɫɨɟɞɢɧɟɧɧɵɟ ɭɝɥɵ T)0,
2

,0,0,0(
πθ −= , ɚ ɩɪɨɟɤɰɢɢ 

ɜɟɤɬɨɪɚ ɩɨɥɨɠɟɧɢɹ ɫɯɜɚɬɚ ɛɭɞɭɬ ɪɚɜɧɵ: 
 

TT
zyx aaaapppp )0,0,(),,( 5432 +++== . (19) 

 

Ɋɨɛɨɬ ɜ ɜɟɪɬɢɤɚɥɶɧɨɦ ɩɨɥɨɠɟɧɢɢ: 
 

TT
zyx aaaapppp ),0,0(),,( 5432 +++== , (20) 

 

ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬ ɩɪɚɜɢɥɶɧɨɫɬɶ ɨɫɧɨɜɧɵɯ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɩɨɥɨɠɟɧɢɣ. Ƚɟɨɦɟɬɪɢɱɟɫɤɢɣ ɫɦɵɫɥ ɞɨɤɚɡɚɬɟɥɶɫɬɜɚ 
ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɞɥɹ ɫɥɭɱɚɟɜ (19) ɢ (20) ɦɚɧɢɩɭɥɹɬɨɪ ɧɚɯɨɞɢɬɫɹ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ,  ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ, ɥɢɛɨ 
ɜɟɪɬɢɤɚɥɶɧɨɦ ɩɨɥɨɠɟɧɢɢ, ɢ ɟɝɨ ɩɪɨɟɤɰɢɹ ɧɚ ɨɫɶ ɯ ɢɥɢ z ɪɚɜɧɚ ɫɭɦɦɚɪɧɨɣ ɞɥɢɧɟ ɟɝɨ ɡɜɟɧɶɟɜ. 
 

                   
            ɚ)                                                            ɛ)                                                         ɜ) 

Ɋɢɫɭɧɨɤ 5 – ɉɨɥɨɠɟɧɢɹ ɡɜɟɧɶɟɜ ɦɚɧɢɩɭɥɹɬɨɪɚ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɉɈ Webots 
 

ɇɚ ɪɢɫ. 5 ɝɪɚɮɢɱɟɫɤɢ ɨɬɨɛɪɚɠɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɩɪɨɜɟɪɤɢ ɭɪɚɜɧɟɧɢɣ (12-15) ɜ ɫɪɟɞɟ ɜɢɪɬɭɚɥɶɧɨɝɨ 
ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ Webots, ɩɨɞɬɜɟɪɞɢɜɲɢɟ ɞɨɤɚɡɚɬɟɥɶɫɬɜɨ ɢɯ ɩɪɚɜɢɥɶɧɨɫɬɢ: ɚ) ɢɫɯɨɞɧɨɟ 
ɩɨɥɨɠɟɧɢɟ – ɮɨɪɦɭɥɚ (18);  ɛ) ɝɨɪɢɡɨɧɬɚɥɶɧɨɟ ɩɨɥɨɠɟɧɢɟ ɪɭɤɢ ɩɨɫɥɟ ɩɨɜɨɪɨɬɚ ɬɪɟɬɶɟɝɨ ɫɭɫɬɚɜɚ (19); ɜ) 
ɜɟɪɬɢɤɚɥɶɧɨɟ ɩɨɥɨɠɟɧɢɟ ɪɭɤɢ (20). 
 

 
 

Ɋɢɫɭɧɨɤ 6 – Ɍɪɚɟɤɬɨɪɢɹ ɞɜɢɠɟɧɢɹ ɫɯɜɚɬɚ ɢɡ ɢɫɯɨɞɧɨɝɨ ɩɨɥɨɠɟɧɢɹ (ɬɨɱɤɚ Ⱥ) ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɟ (Ȼ) ɢ 
ɜɟɪɬɢɤɚɥɶɧɨɟ (ȼ) ɩɪɢ ɭɱɟɬɟ ɡɚɡɨɪɚ (ɫɩɥɨɲɧɚɹ ɥɢɧɢɹ) ɢ ɛɟɡ ɧɟɝɨ (ɲɬɪɢɯɨɜɚɹ) 

 
Ɂɚɡɨɪ δ =0,035 ɪɚɞ. ɜ ɫɭɫɬɚɜɚɯ ɪɨɛɨɬɚ ɫɭɳɟɫɬɜɟɧɧɵɦ ɨɛɪɚɡɨɦ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɩɟɪɟɞɜɢɠɟɧɢɢ ɫɯɜɚɬɚ 

(ɪɢɫ. 6), ɨɬɪɢɰɚɬɟɥɶɧɨ ɜɥɢɹɹ ɧɚ ɬɨɱɧɨɫɬɶ ɟɝɨ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ. 
Ⱥɜɬɨɪɵ ɜɵɪɚɠɚɸɬ ɛɥɚɝɨɞɚɪɧɨɫɬɶ ɪɭɤɨɜɨɞɫɬɜɭ ɥɚɛɨɪɚɬɨɪɢɢ LISV ȼɟɪɫɚɥɶɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ ɋɟɧ Ʉɚɧɟɬ-

ɚɧ-ɂɜɥɢɧ ɡɚ ɩɪɟɞɨɫɬɚɜɥɟɧɧɭɸ ɜɨɡɦɨɠɧɨɫɬɶ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɥɢɰɟɧɡɢɨɧɧɵɦ ɩɪɨɝɪɚɦɦɧɵɦ ɨɛɟɫɩɟɱɟɧɢɟɦ 
Webots (Cyberbotics) ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɪɨɛɨɬɚ. 
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ȼɵɜɨɞɵ ɢ ɧɚɩɪɚɜɥɟɧɢɟ ɞɚɥɶɧɟɣɲɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. ɉɪɟɞɫɬɚɜɥɟɧɧɵɣ ɩɪɢɧɰɢɩ ɩɨɫɬɪɨɟɧɢɹ 
ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɪɨɛɨɬɚ ɩɨɡɜɨɥɢɥ ɩɨɥɭɱɢɬɶ ɨɫɧɨɜɧɵɟ ɦɚɬɪɢɰɵ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɤɨɨɪɞɢɧɚɬ ɪɨɛɨɬɚ ɫ 
ɲɟɫɬɶɸ ɫɬɟɩɟɧɹɦɢ ɫɜɨɛɨɞɵ, ɩɨɤɚɡɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɭɱɟɬɚ ɜɟɥɢɱɢɧɵ ɡɚɡɨɪɨɜ ɜ ɫɭɫɬɚɜɚɯ. Ɋɟɡɭɥɶɬɢɪɭɸɳɚɹ ɦɨɞɟɥɶ 
ɩɪɟɞɥɚɝɚɟɬɫɹ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɚɥɝɨɪɢɬɦɨɜ ɭɩɪɚɜɥɟɧɢɹ ɪɨɛɨɬɨɦ-ɦɚɧɢɩɭɥɹɬɨɪɨɦ Katana ɫ 
ɚɜɬɨɦɚɬɢɱɟɫɤɢɦ «ɜɵɛɨɪɨɦ» ɡɚɡɨɪɚ, ɚ ɬɚɤɠɟ ɩɪɢ ɤɚɥɢɛɪɨɜɤɟ ɪɨɛɨɬɚ Д10-12].  

ȼ ɞɚɥɶɧɟɣɲɟɦ ɩɥɚɧɢɪɭɟɬɫɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɩɪɨɜɟɪɤɚ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɦɨɞɟɥɟɣ ɧɚ ɞɟɣɫɬɜɭɸɳɟɦ 
ɥɚɛɨɪɚɬɨɪɧɨɦ ɨɛɨɪɭɞɨɜɚɧɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɢɤɪɨɷɥɟɤɬɪɨɦɚɲɢɧɧɵɯ ɞɚɬɱɢɤɨɜ SCA121-T (ɢɧɤɥɢɧɨɦɟɬɪ) ɢ 
ADXL 150 (ɬɪɟɯɨɫɟɜɨɣ ɚɤɫɟɥɟɪɨɦɟɬɪ), ɦɨɧɬɢɪɭɟɦɵɯ ɧɚ ɜɵɯɨɞɟ ɫɭɫɬɚɜɚ ɪɨɛɨɬɚ. 
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Ʉіɧɟɦɚɬɢɱɧɚ ɦɨɞɟɥɶ ɪɨɛɨɬɚ ɡ ɲіɫɬɶɨɦɚ 
ɫɬɭɩɟɧɹɦɢ ɫɜɨɛɨɞɢ і ɦɨɠɥɢɜіɫɬɸ ɜɪɚɯɭɜɚɧɧɹ 
ɡɚɡɨɪɭ ɜ ɫɭɝɥɨɛɚɯ. Ⱦɚɧɨ ɪɟɤɨɦɟɧɞɚɰɿʀ ɞɨ ɩɨɛɭɞɨɜɢ 
ɤɿɧɟɦɚɬɢɱɧɨʀ ɦɨɞɟɥɿ ɪɨɛɨɬɚ-ɦɚɧɿɩɭɥɹɬɨɪɚ ɡ 
ɲɿɫɬɶɨɦɚ ɫɬɭɩɟɧɹɦɢ ɫɜɨɛɨɞɢ. Ⱦɥɹ ɜɢɪɿɲɟɧɧɹ ɰɿєʀ 
ɡɚɞɚɱɿ ɡɚɫɬɨɫɨɜɚɧɨ ɤɥɚɫɢɱɧɢɣ ɦɚɬɪɢɱɧɢɣ ɩɿɞɯɿɞ. 
Ƀɨɝɨ ɜɢɤɨɪɢɫɬɚɧɨ ɞɥɹ ɫɤɥɚɞɚɧɧɹ ɦɚɬɟɦɚɬɢɱɧɢɯ 
ɦɨɞɟɥɟɣ ɬɪɶɨɯ ɬɢɩɨɜɢɯ ɤɨɧɮɿɝɭɪɚɰɿɣ ɪɨɛɨɬɚ-
ɦɚɧɿɩɭɥɹɬɨɪɚ Katana. ɉɪɨɚɧɚɥɿɡɨɜɚɧɨ ɦɨɠɥɢɜɿɫɬɶ 
ɜɪɚɯɭɜɚɧɧɹ ɜɟɥɢɱɢɧɢ ɦɟɯɚɧɿɱɧɨɝɨ ɡɚɡɨɪɭ ɞɥɹ 
ɤɨɠɧɨɝɨ ɫɭɝɥɨɛɭ ɪɨɛɨɬɚ, ɜɢɤɨɪɢɫɬɨɜɭɸɱɢ 
ɪɨɡɪɨɛɥɟɧɿ ɦɚɬɟɦɚɬɢɱɧɿ ɦɨɞɟɥɿ.   
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A Kinematic Model of a Robot with Six Degrees Of 
Freedom and a Possibility of Taking into Account 
Gaps in the Joints. The construction of a cinematic 
model for a six degree-of-freedom robot-manipulator 
is presented in this article. To solve this problem, the 
classical mathematical matrix approach was 
implemented. It is applied to compose mathematic 
models for three typical configurations of the robot 
manipulator Katana. The possibility of taking into 
account the value of a mechanical gap in each joint of 
the robot using these models is analyzed.  
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