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Ɋɢɫ. 5. ɉɪɨɝɪɚɦɦɚ ɞɜɢɠɟɧɢɹ ɦɨɛɢɥɶɧɨɝɨ ɪɨɛɨɬɚ 

ɩɨ ɮɢɝɭɪɟ ɰɢɮɪɵ «ȼɨɫɟɦɶ» 
 

ɇɚ ɞɚɧɧɨɦ ɪɢɫɭɧɤɟ ɩɨɤɚɡɚɧɚ ɰɢɤɥɢɱɧɨɫɬɶ 
ɞɜɢɠɟɧɢɹ ɦɨɛɢɥɶɧɨɝɨ ɪɨɛɨɬɚ ɩɨ ɮɢɝɭɪɟ ɰɢɮɪɵ 
«ȼɨɫɟɦɶ»μ ɩɟɪɜɵɣ ɢ ɜɬɨɪɨɣ ɛɥɨɤɢ ɨɬɜɟɱɚɸɬ ɡɚ 
ɤɪɢɜɨɥɢɧɟɣɧɨɟ ɞɜɢɠɟɧɢɟ, ɜɬɨɪɨɣ ɢ ɱɟɬɜɟɪɬɵɣ ɡɚ 
ɩɪɹɦɨɥɢɧɟɣɧɨɟ. ɉɚɪɚɦɟɬɪɵ, ɡɚɞɚɜɚɟɦɵɟ ɞɥɹ ɞɜɢ-
ɠɟɧɢɹ ɩɨ ɩɨɥɭɨɤɪɭɠɧɨɫɬɢ, ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫɭɧɤɟ 6. 

 
Ɋɢɫ. 6. ɉɚɪɚɦɟɬɪɵ ɞɥɹ ɡɚɞɚɧɢɹ ɞɜɢɠɟɧɢɹ ɩɨ ɩɨɥɭ-

ɨɤɪɭɠɧɨɫɬɢ 
 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ 6, ɧɟɨɛɯɨɞɢɦɨ ɡɚɞɚɬɶ 
ɧɚɱɚɥɶɧɵɣ ɭɝɨɥ ɩɨɜɨɪɨɬɚ, ɥɢɧɟɣɧɭɸ ɫɤɨɪɨɫɬɶ, ɚ 
ɬɚɤɠɟ ɜɪɟɦɹ, ɡɚ ɤɨɬɨɪɨɟ ɛɭɞɟɬ ɜɵɩɨɥɧɹɬɶɫɹ ɞɚɧɧɨɟ 
ɞɟɣɫɬɜɢɟ. Ʉɚɤ ɨɬɦɟɱɚɥɨɫɶ ɜɵɲɟ, ɞɥɹ ɨɫɭɳɟɫɬɜɥɟ-
ɧɢɹ ɩɪɹɦɨɥɢɧɟɣɧɨɝɨ ɞɜɢɠɟɧɢɹ ɧɟ ɧɭɠɧɨ ɡɚɞɚɜɚɬɶ 
ɭɝɨɥ ɩɨɜɨɪɨɬɚ. ɉɚɪɚɦɟɬɪɵ ɜɪɟɦɟɧɢ ɢ ɥɢɧɟɣɧɨɣ 
ɫɤɨɪɨɫɬɢ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 7. 

 
Ɋɢɫ. 7. ɉɚɪɚɦɟɬɪɵ ɞɥɹ ɡɚɞɚɧɢɹ ɞɜɢɠɟɧɢɹ ɩɨ ɩɪɹ-

ɦɨɣ ɥɢɧɢɢ 
 

Ʌɢɬɟɪɚɬɭɪɚ 
1. Ɉɮɢɰɢɚɥɶɧɵɣ ɫɚɣɬ FОsЭo Дɗɥɟɤɬɪɨɧɧɵɣ ɪɟ-

ɫɭɪɫЖ. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚμ СЭЭЩμ//ааа.ПОsЭo-
НiНКcЭic.coЦ/ɫɜɨɛɨɞɧɵɣ.  

2. Book of exercises. Festo Didactic GmbH & Co 
KG 2007. 
γ. Ɇɨɛɢɥɶɧɵɟ ɪɨɛɨɬɵ ɢ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɵ 

Дɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫЖ. – 2013. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚμ 
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ȼɜɟɞɟɧɢɟ 
ȼ ɧɚɲɟ ɜɪɟɦɹ ɫɭɳɟɫɬɜɭɟɬ ɦɧɨɠɟɫɬɜɨ ɩɪɢɤɥɚɞ-

ɧɵɯ ɩɪɨɝɪɚɦɦ, ɩɨɡɜɨɥɹɸɳɢɯ ɦɨɞɟɥɢɪɨɜɚɬɶ ɢ ɫɢ-
ɦɭɥɢɪɨɜɚɬɶ ɪɚɛɨɬɭ ɪɚɡɥɢɱɧɵɯ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɢ-
ɫɬɟɦ. Ⱦɚɧɧɵɟ ɩɪɨɝɪɚɦɦɵ ɡɧɚɱɢɬɟɥɶɧɨ ɭɩɪɨɳɚɸɬ 
ɩɨɢɫɤ ɤɢɧɟɦɚɬɢɱɟɫɤɢɯ ɢ ɞɢɧɚɦɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬ-
ɪɨɜ ɦɟɯɚɧɢɡɦɨɜ, ɧɨ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɬɚɤɨɟ 
ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɧɚɩɪɚɜɥɟɧɨ ɧɚ ɪɟɲɟɧɢɟ 
ɩɪɹɦɵɯ ɡɚɞɚɱ ɤɢɧɟɦɚɬɢɤɢ ɢ ɨɛɪɚɬɧɵɯ ɞɢɧɚɦɢɤɢ 
(CATIA v5, SolidWorks). 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɭɩɪɚɜɥɟɧɢɹ ɛɨɥɶɲɢɣ ɢɧɬɟ-
ɪɟɫ ɩɪɟɞɫɬɚɜɥɹɸɬ ɪɟɲɟɧɢɹ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ ɤɢɧɟ-
ɦɚɬɢɤɢ ɢ ɩɪɹɦɨɣ ɡɚɞɚɱɢ ɞɢɧɚɦɢɤɢ. Ɉɫɧɨɜɧɚɹ 
ɱɚɫɬɶ CAD/CAE ɫɢɫɬɟɦ ɧɟ ɩɨɡɜɨɥɹɟɬ ɪɟɲɚɬɶ ɬɚɤɢɟ 
ɡɚɞɚɱɢ, ɥɢɛɨ ɩɨɥɭɱɟɧɢɟ ɬɨɱɧɵɯ ɢ ɧɚɝɥɹɞɧɵɯ ɪɟ-
ɲɟɧɢɣ ɩɪɟɞɫɬɚɜɥɹɟɬ ɡɧɚɱɢɬɟɥɶɧɵɟ ɬɪɭɞɧɨɫɬɢ 
(Matlab Simmechanics, ANSYS). 

Ɋɚɡɪɚɛɚɬɵɜɚɟɦɵɣ ɩɪɨɝɪɚɦɦɧɵɣ ɩɪɨɞɭɤɬ ɩɨɡ-
ɜɨɥɹɟɬ ɪɟɲɚɬɶ ɩɪɹɦɵɟ ɢ ɨɛɪɚɬɧɵɟ ɡɚɞɚɱɢ ɤɢɧɟɦɚ-
ɬɢɤɢ ɢ ɞɢɧɚɦɢɤɢ ɞɥɹ ɦɚɧɢɩɭɥɹɬɨɪɨɜ ɩɚɪɚɥɥɟɥɶ-
ɧɨɣ ɤɢɧɟɦɚɬɢɤɢ (ɪɢɫ. 1). ɉɪɢɱɢɧɵ ɪɚɡɪɚɛɨɬɤɢ 
ɞɚɧɧɨɝɨ ɩɪɨɞɭɤɬɚμ 

 ɭɩɪɨɳɟɧɢɟ ɪɚɫɱɟɬɚ ɨɛɪɚɬɧɵɯ ɡɚɞɚɱ ɤɢɧɟ-
ɦɚɬɢɤɢ ɢ ɞɢɧɚɦɢɤɢ ɞɥɹ ɡɚɞɚɱ ɭɩɪɚɜɥɟɧɢɹ, 

 ɩɪɨɜɟɞɟɧɢɟ ɪɚɫɱɟɬɚ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ 
ɩɪɨɰɟɫɫɚ ɭɩɪɚɜɥɟɧɢɹ ɞɥɹ ɜɨɡɦɨɠɧɨɫɬɢ ɜɫɬɪɚɢɜɚ-
ɧɢɹ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɜ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚ-
ɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɦɚɧɢɩɭɥɹɬɨɪɚ, 

 ɜɨɡɦɨɠɧɨɫɬɶ ɭɩɪɚɜɥɟɧɢɹ ɦɚɧɢɩɭɥɹɬɨɪɨɦ 
ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ, 

 ɭɧɢɮɢɤɚɰɢɹ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɤɨɦɩɥɟɤɫɚ 
ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɲɢɪɨɤɢɦ ɞɢɚɩɚɡɨɧɨɦ ɫɬɪɭɤɬɭɪ 
ɩɚɪɚɥɥɟɥɶɧɨɣ ɤɢɧɟɦɚɬɢɤɢ, 

 ɨɩɬɢɦɢɡɚɰɢɹ ɜɵɱɢɫɥɟɧɢɣ, 
 ɩɪɢɦɟɧɟɧɢɟ ɩɚɤɟɬɚ ɜ ɤɨɦɦɟɪɱɟɫɤɨɣ ɫɮɟɪɟ. 
ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɪɚɡɪɚɛɨɬɚɧɵ ɬɚɤɢɟ ɦɨɞɭɥɢ 

ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɪɨɞɭɤɬɚ ɤɚɤ ɛɥɨɤ ɜɵɱɢɫɥɟɧɢɹ 
L-ɤɨɨɪɞɢɧɚɬ ɢ ɛɥɨɤ ɜɵɱɢɫɥɟɧɢɹ ɪɚɛɨɱɟɣ ɡɨɧɵ, 
ɭɱɢɬɵɜɚɸɳɢɣ ɤɪɚɣɧɢɟ ɩɨɥɨɠɟɧɢɹ ɲɚɪɧɢɪɨɜ. 

ɋɥɟɞɭɸɳɟɣ ɜɚɠɧɨɣ ɡɚɞɚɱɟɣ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚ-
ɛɨɬɤɚ ɜɵɱɢɫɥɢɬɟɥɹ ɞɢɧɚɦɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ (ɩɨɞɜɢɠɧɨɣ ɩɥɚɬɮɨɪɦɵ). Ⱦɚɧɧɵɣ 
ɦɨɞɭɥɶ ɩɨɡɜɨɥɢɬ ɜɫɬɪɚɢɜɚɬɶ ɩɪɨɝɪɚɦɦɧɵɣ ɤɨɦ-
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ɩɥɟɤɫ ɜ ɫɢɫɬɟɦɭ ɭɩɪɚɜɥɟɧɢɹ ɦɚɧɢɩɭɥɹɬɨɪɚɦɢ ɩɚ-
ɪɚɥɥɟɥɶɧɨɣ ɫɬɪɭɤɬɭɪɵ. 

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɩɨɥɭɱɟɧɢɟ ɞɢ-
ɧɚɦɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɦɚɧɢɩɭɥɹɬɨɪɚ ɩɚɪɚɥɥɟɥɶɧɨɣ 
ɤɢɧɟɦɚɬɢɤɢ ɬɢɩɚ ɝɟɤɫɚɩɨɞ ɞɥɹ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨ-
ɫɬɪɚɧɟɧɧɨɝɨ ɡɚɤɨɧɚ ɞɜɢɠɟɧɢɹ ɩɥɚɬɮɨɪɦɵ, ɤɨɬɨɪɚɹ 
ɦɨɝɥɚ ɛɵ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɜ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɦ 
ɜɵɱɢɫɥɢɬɟɥɟ. 

ɉɪɟɞɫɬɚɜɥɟɧɧɚɹ ɜ ɪɚɛɨɬɟ ɞɢɧɚɦɢɱɟɫɤɚɹ ɦɨɞɟɥɶ 
ɝɟɤɫɚɩɨɞɚ, ɩɨɥɭɱɟɧɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɟɡɭɥɶɬɚ-
ɬɨɜ ɪɚɛɨɬɵ Д1Ж ɧɚ ɨɫɧɨɜɟ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, 
ɨɩɢɫɚɧɧɨɣ ɜ [2]. 

 
Ɋɢɫ. 1. Ɇɨɞɟɥɶ ɦɟɯɚɧɢɡɦɚ ɩɚɪɚɥɥɟɥɶɧɨɣ ɤɢɧɟɦɚ-

ɬɢɤɢ – ɝɟɤɫɚɩɨɞ 
 
ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 
Ʉɢɧɟɦɚɬɢɱɟɫɤɚɹ ɫɯɟɦɚ ɝɟɤɫɚɩɨɞɚ ɩɪɢɜɟɞɟɧɚ 

ɧɚ ɪɢɫɭɧɤɟ β. Ɉɧɚ ɢɦɟɟɬ ɞɜɟ ɩɥɚɬɮɨɪɦɵ, ɩɨɞɜɢɠ-
ɧɭɸ ɢ ɧɟɩɨɞɜɢɠɧɭɸ, ɲɚɪɧɢɪɧɨ ɫɨɟɞɢɧɟɧɧɵɟ ɲɟ-
ɫɬɶɸ ɫɬɟɪɠɧɹɦɢ ɩɟɪɟɦɟɧɧɨɣ ɞɥɢɧɵ. 

 
Ɋɢɫ. β. ɋɯɟɦɚ ɝɟɤɫɚɩɨɞɚ 

 
Ⱦɥɹ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ ɜɜɟɞɟɦ ɫɥɟ-

ɞɭɸɳɢɟ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ (ɪɢɫ. 2): XYZ – ɛɚɡɨ-
ɜɚɹ ɫɢɫɬɟɦɚ ɤɨɨɪɞɢɧɚɬ, ɫɜɹɡɚɧɧɚɹ ɫ ɧɟɩɨɞɜɢɠɧɨɣ 
ɩɥɚɬɮɨɪɦɨɣ ɝɟɤɫɚɩɨɞɚ, xyz – ɫɢɫɬɟɦɚ ɤɨɨɪɞɢɧɚɬ 
ɫɜɹɡɚɧɧɚɹ ɫ ɩɨɞɜɢɠɧɨɣ ɩɥɚɬɮɨɪɦɨɣ, x0y0z0 – ɧɟɩɨ-
ɞɜɢɠɧɚɹ ɫɢɫɬɟɦɚ ɤɨɨɪɞɢɧɚɬ ɫ ɧɚɱɚɥɨɦ ɜ ɬɨɱɤɟ o, 
ɩɨɥɭɱɟɧɧɚɹ ɩɚɪɚɥɥɟɥɶɧɵɦ ɩɟɪɟɧɨɫɨɦ ɛɚɡɨɜɨɣ ɫɢ-
ɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ XYZ ɧɚ ɜɟɤɬɨɪ H. ȼ ɧɚɱɚɥɶɧɨɦ 
ɩɨɥɨɠɟɧɢɢ ɩɨɞɜɢɠɧɨɣ ɩɥɚɬɮɨɪɦɵ ɫɢɫɬɟɦɚ ɤɨɨɪ-
ɞɢɧɚɬ x0y0z0 ɫɨɜɩɚɞɚɟɬ ɫ xyz. ɉɥɨɫɤɨɫɬɶ XOY ɫɨɜ-
ɩɚɞɚɟɬ ɫ ɩɥɨɫɤɨɫɬɶɸ ɧɟɩɨɞɜɢɠɧɨɣ ɩɥɚɬɮɨɪɦɵ, 
ɩɥɨɫɤɨɫɬɶ xoy ɫɨɜɩɚɞɚɟɬ ɫ ɩɥɨɫɤɨɫɬɶɸ ɩɨɞɜɢɠɧɨɣ 
ɩɥɚɬɮɨɪɦɵ. ɇɚɱɚɥɨ ɤɨɨɪɞɢɧɚɬ ɫɢɫɬɟɦɵ xyz ɫɦɟ-
ɳɟɧɨ ɨɬɧɨɫɢɬɟɥɶɧɨ ɛɚɡɨɜɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ 
XYZ ɧɚ ɪɚɫɫɬɨɹɧɢɟ, ɨɩɪɟɞɟɥɹɟɦɨɟ ɜɟɤɬɨɪɨɦ H: 

( , , ).H H Hx y z H Oo H
 

Ȼɭɞɟɦ ɫɱɢɬɚɬɶ, ɱɬɨ ɤɨɨɪɞɢɧɚɬɵ ɲɚɪɧɢɪɨɜ 
ɜɟɪɯɧɟɣ ɩɥɚɬɮɨɪɦɵ ɨɩɪɟɞɟɥɟɧɵ ɜ ɫɢɫɬɟɦɟ ɤɨɨɪ-
ɞɢɧɚɬ xyz ɤɚɤ  

( , , ), 1,6x y z ii i i i a . 
Ɋɚɫɫɦɨɬɪɢɦ ɡɚɞɚɱɭ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɨɪɞɢɧɚɬ 

ɲɚɪɧɢɪɨɜ ɜɟɪɯɧɟɣ ɩɥɚɬɮɨɪɦɵ ɜ ɛɚɡɨɜɨɣ ɫɢɫɬɟɦɟ 
ɤɨɨɪɞɢɧɚɬ ɩɪɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɦ ɩɨɜɨɪɨɬɟ ɩɥɚɬ-
ɮɨɪɦɵ, ɨɩɪɟɞɟɥɹɟɦɨɦ ɭɝɥɚɦɢ ɗɣɥɟɪɚ. 

 
Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɨɪɞɢɧɚɬ ɲɚɪɧɢɪɨɜ ɜɟɪɯɧɟɣ 

ɩɥɚɬɮɨɪɦɵ ɱɟɪɟɡ ɭɝɥɵ ɗɣɥɟɪɚ 
ɇɚɢɛɨɥɟɟ ɢɡɜɟɫɬɧɵɦ ɹɜɥɹɟɬɫɹ ɡɚɞɚɧɢɟ ɩɨɜɨɪɨ-

ɬɚ ɩɥɚɬɮɨɪɦɵ ɱɟɪɟɡ ɭɝɥɵ ɗɣɥɟɪɚ. Ɋɟɲɟɧɢɟ ɞɚɧɧɨɣ 
ɡɚɞɚɱɢ ɪɚɫɫɦɨɬɪɟɧɨ, ɧɚɩɪɢɦɟɪ, ɜ ДγЖ. ɉɨɷɬɨɦɭ ɛɭ-
ɞɟɦ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɟɝɨ ɤɚɤ ɛɚɡɨɜɨɟ. 

ɍɝɥɨɜɨɟ ɩɨɥɨɠɟɧɢɟ ɜɟɪɯɧɟɣ ɩɥɚɬɮɨɪɦɵ ɝɟɤɫɚ-
ɩɨɞɚ ɜ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ x0y0z0 ɨɩɪɟɞɟɥɹɟɬɫɹ ɫ 
ɩɨɦɨɳɶɸ ɬɪɟɯ ɭɝɥɨɜ ɗɣɥɟɪɚ – ȥ,ׇ,ĳ. Ɂɚɞɚɞɢɦ ɩɨ-
ɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɩɨɜɨɪɨɬɨɜμ 

' ' ' '' '' '' ,0 0 0 ȥ ĳ
ox oy oz

x y z x y z x y z xyz  
 

ɦɚɬɪɢɰɚ ɋ ɧɚɩɪɚɜɥɹɸɳɢɯ ɤɨɫɢɧɭɫɨɜ ɭɝɥɨɜ ɦɟɠɞɭ 
ɨɫɹɦɢ ɫɢɫɬɟɦ ɤɨɨɪɞɢɧɚɬ xyz ɢ x0y0z0, ɢɦɟɟɬ ɜɢɞμ 

  .

cos cosĳν cos ȥ sin ĳ sin ȥ sin cosĳν sin ȥ sin ĳ cos ȥ sin cosĳν
ȥ, ,ĳ cos sin ĳν cosȥ cosĳ sin ȥ sin sin ĳν sin ȥ cosĳ cosȥ sin sin ĳν

sin ; sinȥ cos ν cos ȥ cos ν
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Ɋɚɞɢɭɫ-ɜɟɤɬɨɪɵ ɤɨɧɟɱɧɵɯ ɩɨɥɨɠɟɧɢɣ ɲɚɪɧɢ-

ɪɨɜ ia' , 1,6i   ɜ ɛɚɡɨɜɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ XYZ 

ɩɨɫɥɟ ɩɨɜɨɪɨɬɚ ɩɨɞɜɢɠɧɨɣ ɩɥɚɬɮɨɪɦɵ ɧɚ ɭɝɥɵ 
ȥ,ׇ,ĳ ɢ ɩɚɪɚɥɥɟɥɶɧɨɝɨ ɩɟɪɟɧɨɫɚ ɧɚ ɜɟɤɬɨɪ 

( , , )M M Mx y zM  ɨɩɪɟɞɟɥɹɬɫɹ ɜɵɪɚɠɟɧɢɟɦμ 

   ȥ, ,ĳ ȥ, ,ĳ' , 1,6i i i     H Ma C a
 

ɝɞɟ , )( ,x yi zi i ia  – ɩɨɥɨɠɟɧɢɹ ɲɚɪɧɢɪɨɜ ɜ ɫɢɫɬɟ-
ɦɟ ɤɨɨɪɞɢɧɚɬ xyz. 

 
Ɉɩɪɟɞɟɥɟɧɢɟ ɞɢɧɚɦɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɝɟɤɫɚ-

ɩɨɞɚ 
Ɂɚ ɨɫɧɨɜɭ ɩɨɥɭɱɟɧɢɹ ɞɢɧɚɦɢɱɟɫɤɨɣ ɦɨɞɟɥɢ 

ɛɵɥɚ ɜɡɹɬɚ ɫɢɫɬɟɦɚ ɨɛɵɤɧɨɜɟɧɧɵɯ ɞɢɮɮɟɪɟɧɰɢ-
ɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɢɡ ɪɚɛɨɬɵ Д1Ж, ɨɬɪɚɠɚɸɳɚɹ ɞɢ-
ɧɚɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨɞɜɢɠɧɨɣ ɩɥɚɬɮɨɪ-
ɦɵ ɜɨ ɜɪɟɦɹ ɞɜɢɠɟɧɢɹμ 

6 6 6

,1 ,2 ,3
1 1 1
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1 1

6 3
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3 , ,3 1 2 3 ,
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i j
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ɝɞɟ ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ g ɧɚɩɪɚɜɥɟɧɧɨ 
ɩɪɨɬɢɜ ɨɫɢ OZ, 

,cos , 1,6i j i   – ɪɚɞɢɭɫ ɜɟɤɬɨɪ 
ɲɬɚɧɝɢ Aiai ɜ ɛɚɡɨɜɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ, M – ɦɚɫ-
ɫɚ ɩɥɚɬɮɨɪɦɵ, , ,E E EX Y Z  – ɥɢɧɟɣɧɵɟ ɭɫɤɨɪɟɧɢɹ 



XI Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ ɫɬɭɞɟɧɬɨɜ, ɚɫɩɢɪɚɧɬɨɜ ɢ ɦɨɥɨɞɵɯ ɭɱɺɧɵɯ 
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ɩɨ ɨɫɹɦ OX, OY, OZ, 
1 2 3, ,x y zJ J J    – ɦɨɦɟɧɬɵ 

ɫɢɥɵ ɜ ɨɛɨɛɳɟɧɧɵɯ ɤɨɨɪɞɢɧɚɬɚɯ. 
ȼ ɫɢɫɬɟɦɟ ɭɪɚɜɧɟɧɢɣ, ɨɩɢɫɚɧɧɨɣ ɜɵɲɟ, ɫɢɥɵ 

F i, 1,6i   – ɷɬɨ ɭɩɪɚɜɥɹɸɳɢɟ ɫɢɥɵ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ 
ɛɵɬɶ ɡɚɞɚɧɵ ɤɚɤ ɮɭɧɤɰɢɢ ɨɬ ɜɪɟɦɟɧɢ, ɨɛɨɛɳɟɧ-
ɧɵɯ ɤɨɨɪɞɢɧɚɬ XE, YE, ZE, ĳ1, ĳ2, ĳ3 ɢɥɢ ɮɭɧɤɰɢɢ 
ɞɥɢɧ ɫɜɨɢɯ ɫɬɟɪɠɧɟɣ, ɬɚɤ ɢ ɩɪɢ ɡɚɞɚɧɧɵɯ ɡɚɤɨɧɚɯ 
ɢɡɦɟɧɟɧɢɹ ɜɟɥɢɱɢɧ XE, YE, ZE, ĳ1, ĳ2, ĳ3 ɦɨɝɭɬ ɛɵɬɶ 
ɧɚɣɞɟɧɵ ɭɩɪɚɜɥɹɸɳɢɟ ɫɢɥɵ. 

ɋɨɝɥɚɫɧɨ ɢɫɬɨɱɧɢɤɭ Д1Ж ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɤɨɷɮ-
ɮɢɰɢɟɧɬɵ ɞɥɹ ɦɚɬɪɢɰɵ ɧɚɩɪɚɜɥɹɸɳɢɯ ɤɨɫɢɧɭɫɨɜ 
ɋ: 

, ., ,1 1 2 3 , ,2 1 2 3 , ,3 1 2 3( , , ), ( , , ), ( , , ), 1,6 1,3i j i j i jb b b i j            

 
Ɂɚɤɥɸɱɟɧɢɟ 
ɉɨɥɭɱɟɧɧɵɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɝɟɤɫɚɩɨɞɚ 

ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɚɥɝɨ-
ɪɢɬɦɨɜ ɭɩɪɚɜɥɟɧɢɹ ɩɪɢɜɨɞɚɦɢ ɦɚɧɢɩɭɥɹɬɨɪɚ. ɂɫ-
ɩɨɥɶɡɨɜɚɧɧɚɹ ɫɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ ɞɢɧɚɦɢɱɟɫɤɢɯ 
ɩɚɪɚɦɟɬɪɨɜ ɥɢɧɟɣɧɚɹ ɢ ɩɨɞɯɨɞɢɬ ɞɥɹ ɪɟɲɟɧɢɹ 
ɩɪɹɦɨɣ ɢ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ ɞɢɧɚɦɢɤɢ. 

ɉɪɢɤɥɚɞɧɵɟ ɪɟɚɥɢɡɚɰɢɢ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɢ ɞɢ-
ɧɚɦɢɱɟɫɤɨɣ ɦɨɞɟɥɟɣ ɦɨɝɭɬ ɛɵɬɶ ɪɚɡɥɢɱɧɵ. ɗɬɨ 
ɡɚɜɢɫɢɬ ɨɬ ɬɟɯɧɢɤɢ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɜɵɛɨɪɚ 
ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ, ɨɩɬɢɦɢɡɚɰɢɢ ɤɨɞɚ ɢ ɤɨɧ-
ɤɪɟɬɧɨɣ ɩɪɢɤɥɚɞɧɨɣ ɡɚɞɚɱɢ Д4Ж. Ⱦɚɧɧɵɣ ɜɨɩɪɨɫ 

ɡɚɫɥɭɠɢɜɚɟɬ ɨɬɞɟɥɶɧɨɣ ɫɬɚɬɶɢ ɢ ɫɟɪɶɟɡɧɨɝɨ ɚɧɚɥɢ-
ɡɚ. 

ȼ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɦ ɩɪɨɝɪɚɦɦɧɨɦ ɩɪɨɞɭɤɬɟ ɢɫ-
ɩɨɥɶɡɭɸɬɫɹ ɷɬɢ ɦɚɬɟɦɚɬɢɱɟɫɤɢ ɦɨɞɟɥɢ. Ɋɟɡɭɥɶɬɚ-
ɬɵ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɜɵɱɢɫɥɟɧɢɹ δ-ɤɨɨɪɞɢɧɚɬ 
(ɪɚɫɱɟɬ ɤɢɧɟɦɚɬɢɤɢ) ɛɵɥɢ ɩɪɨɜɟɪɟɧɵ ɫ ɢɫɩɨɥɶɡɨ-
ɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦɧɵɯ ɩɪɨɞɭɤɬɨɜ CATIA_v5 ɢ 
Matlab Simulink ДβЖ. Ⱥɥɝɨɪɢɬɦ ɜɵɱɢɫɥɟɧɢɹ ɞɢɧɚ-
ɦɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɦɚɧɢɩɭɥɹɬɨɪɚ ɧɚɯɨɞɢɬɫɹ ɧɚ 
ɷɬɚɩɟ ɪɚɡɪɚɛɨɬɤɢ. 
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ȼɜɟɞɟɧɢɟ 
Ʉɚɤ ɢɡɜɟɫɬɧɨ, Ɋɨɫɫɢɹ ɜɯɨɞɢɬ ɜ ɜɟɞɭɳɭɸ ɬɪɨɣɤɭ 

ɫɬɪɚɧ ɩɨ ɞɨɛɵɱɟ ɧɟɮɬɢ (ɩɨ ɢɬɨɝɚɦ β011 ɝɨɞɚ) [1]. 
ɇɚ ɬɟɪɪɢɬɨɪɢɢ Ɋɨɫɫɢɢ ɪɚɫɩɨɥɨɠɟɧɵ ɦɚɝɢɫɬɪɚɥɶ-
ɧɵɟ ɧɟɮɬɟɩɪɨɜɨɞɵ ɩɪɨɬɹɠɟɧɧɨɫɬɶɸ ɛɨɥɟɟ 
50 ɬɵɫ. ɤɦ. ɇɚ ɬɚɤɢɯ ɪɚɫɫɬɨɹɧɢɹɯ ɹɜɥɹɟɬɫɹ ɧɟɨɛ-
ɯɨɞɢɦɨɣ ɚɜɬɨɦɚɬɢɡɚɰɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫ-
ɫɨɜ ɢ ɩɪɨɢɡɜɨɞɫɬɜ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɞɢɫɬɚɧɰɢɨɧɧɨ 
ɭɩɪɚɜɥɹɬɶ ɩɪɨɢɫɯɨɞɹɳɢɦɢ ɩɪɨɰɟɫɫɚɦɢ ɢ ɜɟɫɬɢ ɢɯ 
ɤɨɧɬɪɨɥɶ, ɧɟɦɟɞɥɟɧɧɨ ɪɟɚɝɢɪɨɜɚɬɶ ɧɚ ɜɨɡɧɢɤɚɸ-
ɳɢɟ ɱɪɟɡɜɵɱɚɣɧɵɟ ɫɢɬɭɚɰɢɢ. ȼɚɠɧɵɦɢ ɷɥɟɦɟɧɬɚ-
ɦɢ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ ɹɜɥɹ-
ɸɬɫɹ ɞɚɬɱɢɤɢ ɢ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɞɚɜɥɟɧɢɹ. 

 
Ⱦɚɬɱɢɤɢ ɢ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɞɚɜɥɟɧɢɹ 
ɇɚ ɪɚɡɥɢɱɧɵɯ ɭɡɥɚɯ ɧɟɮɬɟɩɟɪɟɤɚɱɢɜɚɸɳɢɯ 

ɫɬɚɧɰɢɣ (ɇɉɋ) ɭɫɬɚɧɨɜɥɟɧɵ ɞɚɬɱɢɤɢ ɚɛɫɨɥɸɬɧɨɝɨ 
ɢ ɢɡɛɵɬɨɱɧɨɝɨ ɞɚɜɥɟɧɢɹ, ɞɚɬɱɢɤɢ ɭɪɨɜɧɹ. Ɉɧɢ 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɩɨɞɚɱɢ ɫɢɝɧɚɥɚ ɧɚ ɫɪɟɞɧɢɣ ɭɪɨ-
ɜɟɧɶ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɨɣ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɤɢ (ɧɚ 
ɩɪɨɝɪɚɦɦɢɪɭɟɦɵɟ ɥɨɝɢɱɟɫɤɢɟ ɤɨɧɬɪɨɥɥɟɪɵ ɗɅ-
ɋɂ-Ɍ (ɉɅɄ)). ɉɅɄ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɩɨɞɚɸɬ ɫɢɝ-
ɧɚɥ ɧɚ ɜɟɪɯɧɢɣ ɭɪɨɜɟɧɶ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɨɣ ɫɢ-

ɫɬɟɦɵ ɚɜɬɨɦɚɬɢɤɢ (ɧɚ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɟ ɪɚɛɨ-
ɱɢɟ ɦɟɫɬɚ (ȺɊɆ)), ɝɞɟ ɞɢɫɩɟɬɱɟɪ ɩɨɥɭɱɚɟɬ ɢɧɮɨɪ-
ɦɚɰɢɸ ɢ ɩɪɢɧɢɦɚɟɬ ɪɟɲɟɧɢɟ ɨ ɞɚɥɶɧɟɣɲɟɣ ɪɚɛɨɬɟ 
ɫɬɚɧɰɢɢ [2]. 

Ⱦɚɬɱɢɤɢ ɞɚɜɥɟɧɢɹ ɢɫɩɨɥɶɡɭɸɬɫɹ, ɧɚɩɪɢɦɟɪ, ɜ 
ɦɚɫɥɨɫɢɫɬɟɦɟ ɇɉɋ (ɪɢɫ. 1), ɨɬɜɟɱɚɸɳɟɣ ɡɚ ɫɦɚɡɤɭ 
ɩɨɞɲɢɩɧɢɤɨɜ ɦɚɝɢɫɬɪɚɥɶɧɵɯ ɧɚɫɨɫɨɜ ɢ ɷɥɟɤɬɪɨ-
ɞɜɢɝɚɬɟɥɟɣ, ɞɥɹ ɤɨɧɬɪɨɥɹ ɡɧɚɱɟɧɢɹ ɞɚɜɥɟɧɢɹ, ɩɨɞ 
ɤɨɬɨɪɵɦ ɦɚɫɥɨ ɩɟɪɟɤɚɱɢɜɚɟɬɫɹ ɦɚɫɥɨɧɚɫɨɫɚɦɢ ɢɡ 
ɦɚɫɥɨɛɚɤɨɜ [3]. 

Ⱦɥɹ ɤɨɧɬɪɨɥɹ ɫɬɟɩɟɧɢ ɧɚɝɪɟɜɚ ɩɨɞɲɢɩɧɢɤɨɜ 
ɭɫɬɚɧɨɜɥɟɧɵ ɬɟɪɦɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɫɨɩɪɨɬɢɜɥɟ-
ɧɢɹ ɩɥɚɬɢɧɨɜɵɟ Ɍɋɉ Ɇɟɬɪɚɧ-206 (100ɉ), ɩɪɢɜɟ-
ɞɟɧɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɤɨɬɨɪɵɯ ɫɨɫɬɚɜɥɹɟɬ ±0,05%. 

ȼ ɤɚɱɟɫɬɜɟ ɞɚɬɱɢɤɨɜ ɞɚɜɥɟɧɢɹ ɢ ɭɪɨɜɧɹ ɱɚɫɬɨ 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɢɫɤɪɟɬɧɵɟ ɞɚɬɱɢɤɢ, ɤɨɬɨɪɵɟ ɩɨɡ-
ɜɨɥɹɸɬ ɨɬɫɥɟɞɢɬɶ, ɞɨɫɬɢɝ ɥɢ ɞɚɧɧɵɣ ɩɚɪɚɦɟɬɪ 
ɤɨɧɤɪɟɬɧɨɝɨ ɡɧɚɱɟɧɢɹ ɢɥɢ ɧɟɬ. ɇɨ ɩɨɪɨɣ ɷɬɨɝɨ 
ɧɟɞɨɫɬɚɬɨɱɧɨμ ɟɫɥɢ ɧɭɠɧɨ ɫɨɩɨɫɬɚɜɥɟɧɢɟ 
ɞɜɭɯ ɢɥɢ ɛɨɥɟɟ ɩɚɪɚɦɟɬɪɨɜ, ɧɟɨɛɯɨɞɢɦɨ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɩɪɨɜɨɞɢɬɶ ɧɟɩɪɟɪɵɜɧɵɟ 
ɢɡɦɟɪɟɧɢɹ. 


