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ȽɂɊɈɋɌȺȻɂɅɂɁȺɐɂə ɉɅȺɌɎɈɊɆɕ ȻȿɋɉɂɅɈɌɇɈȽɈ  
ɅȿɌȺɌȿɅɖɇɈȽɈ ȺɉɉȺɊȺɌȺ ȾɅə ȺɗɊɈɎɈɌɈɋɔȿɆɄɂ  

ɂ ȼɂȾȿɈɇȺȻɅɘȾȿɇɂə  
ȼ ɫɬɚɬɶɟ ɩɪɢɜɟɞɟɧ ɚɥɝɨɪɢɬɦ ɭɩɪɚɜɥɟɧɢɹ ɫɟɪɜɨɩɪɢɜɨɞɚɦɢ ɝɢɪɨɫɬɚɛɢɥɢɡɢɪɨ-

ɜɚɧɧɨɣ ɩɥɚɬɮɨɪɦɵ ɛɟɫɩɢɥɨɬɧɨɝɨ ɥɟɬɚɬɟɥɶɧɨɝɨ ɚɩɩɚɪɚɬɚ (ȻɉɅȺ) ɞɥɹ ɚɷɪɨɮɨɬɨ-

ɫɴɟɦɤɢ ɢ ɜɢɞɟɨɧɚɛɥɸɞɟɧɢɹ ɧɚ ɨɫɧɨɜɟ ɢɧɮɨɪɦɚɰɢɢ ɬɪɟɯɨɫɟɜɨɝɨ ɚɤɫɟɥɟɪɨɦɟɬɪɚ 

ɢ ɝɢɪɨɫɤɨɩɚ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɧɚ ɤɨɪɩɭɫɟ ȻɉɅȺ. Ɋɚɫɫɦɨɬɪɟɧɚ ɪɟɚɥɢɡɚɰɢɹ ɚɥɝɨ-

ɪɢɬɦɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦɢɪɭɟɦɨɣ ɚɩɩɚɪɚɬɧɨɣ ɩɥɚɬɮɨɪɦɵ Arduino 

ɜɟɪɫɢɢ UNO ɢ ɫɟɪɜɨɩɪɢɜɨɞɨɜ SG90. 

Ʉɥɸчеɜые ɫɥɨɜɚ: ɛɟɫɩɢɥɨɬɧɵɣ ɥɟɬɚɬɟɥɶɧɵɣ ɚɩɩɚɪɚɬ, ɝɢɪɨɫɬɚɛɢɥɢɡɢɪɨɜɚɧ-

ɧɚɹ ɩɥɚɬɮɨɪɦɚ, ɦɢɤɪɨɦɟɯɚɧɢɱɟɫɤɢɣ ɚɤɫɟɥɟɪɨɦɟɬɪ, ɦɢɤɪɨɦɟɯɚɧɢɱɟɫɤɢɣ ɝɢɪɨ-

ɫɤɨɩ. 
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THE GYRO STABILIZATION OF THE UNMANNED AIRCRAFT PLAT-

FORM FOR AERIAL PHOTOGRAPHY AND VIDEO SURVEILLANCE 

The article presents a control algorithm for the servo drives of the gyro stabilized 

platform for unmanned aircraft vehicle (PUAV) for aerial photography and surveil-

lance on the basis of the data from the 3-axis accelerometer and gyroscope located on 

the body of the UAV. The implementation of the algorithm using the servo SG90 

with a programmable Arduino UNO hardware platform is reviewed. 



Keywords: unmanned aircraft vehicle, gyro stabilized platform, micromechanical 

accelerometer, micromechanical gyroscope. 

 

ɉɪɟɞɩɨɫɵɥɤɚɦɢ ɩɪɢɦɟɧɟɧɢɹ ȻɉɅȺ ɜ ɤɚɱɟɫɬɜɟ ɧɨɜɨɝɨ ɢɧɫɬɪɭɦɟɧɬɚ ɞɥɹ 

ɚɷɪɨɮɨɬɨɫɴɟɦɤɢ ɢ ɜɢɞɟɨɧɚɛɥɸɞɟɧɢɹ ɹɜɥɹɸɬɫɹ ɧɟɞɨɫɬɚɬɤɢ ɞɜɭɯ ɬɪɚɞɢɰɢɨɧɧɵɯ 

ɫɩɨɫɨɛɨɜ ɩɨɥɭɱɟɧɢɹ ɞɚɧɧɵɯ ɫ ɩɨɦɨɳɶɸ ɤɨɫɦɢɱɟɫɤɢɯ ɫɩɭɬɧɢɤɨɜ (ɤɨɫɦɢɱɟɫɤɚɹ 

ɫɴɟɦɤɚ) ɢ ɜɨɡɞɭɲɧɵɯ ɩɢɥɨɬɢɪɭɟɦɵɯ ɚɩɩɚɪɚɬɨɜ (ɚɷɪɨɮɨɬɨɫɴɟɦɤɚ). Ⱦɚɧɧɵɟ 

ɫɩɭɬɧɢɤɨɜɨɣ ɫɴɟɦɤɢ ɩɨɡɜɨɥɹɸɬ ɩɨɥɭɱɢɬɶ ɫɧɢɦɤɢ ɫ ɦɚɤɫɢɦɚɥɶɧɵɦ ɨɛɳɟɞɨ-

ɫɬɭɩɧɵɦ ɪɚɡɪɟɲɟɧɢɟɦ 0,5 ɦ, ɱɬɨ ɧɟɞɨɫɬɚɬɨɱɧɨ ɞɥɹ ɤɪɭɩɧɨɦɚɫɲɬɚɛɧɨɝɨ ɤɚɪɬɢ-

ɪɨɜɚɧɢɹ. Ʉɪɨɦɟ ɬɨɝɨ, ɧɟ ɜɫɟɝɞɚ ɭɞɚɟɬɫɹ ɩɨɞɨɛɪɚɬɶ ɛɟɡɨɛɥɚɱɧɵɟ ɫɧɢɦɤɢ ɢɡ ɚɪɯɢ-

ɜɚ. ȼ ɫɥɭɱɚɟ ɫɴɟɦɤɢ ɩɨɞ ɡɚɤɚɡ ɬɟɪɹɟɬɫɹ ɨɩɟɪɚɬɢɜɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɞɚɧɧɵɯ. 

Ɍɪɚɞɢɰɢɨɧɧɚɹ ɚɷɪɨɮɨɬɨɫɴɟɦɤɚ, ɤɨɬɨɪɚɹ ɩɪɨɜɨɞɢɬɫɹ ɫ ɩɨɦɨɳɶɸ ɫɚɦɨɥɟɬɨɜ 

ɢɥɢ ɜɟɪɬɨɥɟɬɨɜ, ɬɪɟɛɭɟɬ ɜɵɫɨɤɢɯ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɡɚɬɪɚɬ ɧɚ ɨɛɫɥɭɠɢɜɚɧɢɟ ɢ ɡɚ-

ɩɪɚɜɤɭ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɨɜɵɲɟɧɢɸ ɫɬɨɢɦɨɫɬɢ ɤɨɧɟɱɧɨɣ ɩɪɨɞɭɤɰɢɢ [Ɂɢɧɱɟɧɤɨ, 

2011]. 

ɉɪɢɦɟɧɟɧɢɟ ɫɬɚɧɞɚɪɬɧɵɯ ɚɜɢɚɰɢɨɧɧɵɯ ɤɨɦɩɥɟɤɫɨɜ ɧɟɪɟɧɬɚɛɟɥɶɧɨ ɜ ɫɥɟɞɭ-

ɸɳɢɯ ɫɥɭɱɚɹɯ: 

- ɫɴɟɦɤɚ ɧɟɛɨɥɶɲɢɯ ɨɛɴɟɤɬɨɜ ɢ ɦɚɥɵɯ ɩɨ ɩɥɨɳɚɞɢ ɬɟɪɪɢɬɨɪɢɣ. ȼ ɷɬɨɦ ɫɥɭ-

ɱɚɟ ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɢ ɜɪɟɦɟɧɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɨɪɝɚɧɢɡɚɰɢɸ ɪɚɛɨɬ, ɩɪɢɯɨɞɹɳɢɟɫɹ 

ɧɚ ɟɞɢɧɢɰɭ ɨɬɫɧɹɬɨɣ ɩɥɨɳɚɞɢ, ɫɭɳɟɫɬɜɟɧɧɨ ɩɪɟɜɨɫɯɨɞɹɬ ɚɧɚɥɨɝɢɱɧɵɟ ɩɨɤɚɡɚ-

ɬɟɥɢ ɩɪɢ ɫɴɟɦɤɟ ɛɨɥɶɲɢɯ ɩɥɨɳɚɞɟɣ (ɬɟɦ ɛɨɥɟɟ ɞɥɹ ɨɛɴɟɤɬɨɜ, ɡɧɚɱɢɬɟɥɶɧɨ ɭɞɚ-

ɥɟɧɧɵɯ ɨɬ ɚɷɪɨɞɪɨɦɚ); 

- ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɪɨɜɟɞɟɧɢɹ ɪɟɝɭɥɹɪɧɨɣ ɫɴɟɦɤɢ ɜ ɰɟɥɹɯ ɦɨɧɢɬɨɪɢɧɝɚ 

ɩɪɨɬɹɠɟɧɧɵɯ ɨɛɴɟɤɬɨɜ: ɬɪɭɛɨɩɪɨɜɨɞɵ, ɅЭɉ, ɬɪɚɧɫɩɨɪɬɧɵɟ ɦɚɝɢɫɬɪɚɥɢ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɥɸɫɚɦɢ ɩɪɢɦɟɧɟɧɢɹ ȻɉɅȺ ɹɜɥɹɸɬɫɹ:  

1. Ɋɟɧɬɚɛɟɥɶɧɨɫɬɶ. 

2. ȼɨɡɦɨɠɧɨɫɬɶ ɫɴɟɦɤɢ ɫ ɧɟɛɨɥɶɲɢɯ ɜɵɫɨɬ ɢ ɜɛɥɢɡɢ ɨɛɴɟɤɬɨɜ. 

3. ɉɨɥɭɱɟɧɢɟ ɫɧɢɦɤɨɜ ɜɵɫɨɤɨɝɨ ɪɚɡɪɟɲɟɧɢɹ. Ɉɩɟɪɚɬɢɜɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ 

ɫɧɢɦɤɨɜ.  



4. ȼɨɡɦɨɠɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɜ ɡɨɧɚɯ ɱɪɟɡɜɵɱɚɣɧɵɯ ɫɢɬɭɚɰɢɣ ɛɟɡ ɪɢɫɤɚ ɞɥɹ 

ɠɢɡɧɢ ɢ ɡɞɨɪɨɜɶɹ ɩɢɥɨɬɨɜ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɛɨɥɶɲɚɹ ɱɚɫɬɶ ɫɭɳɟɫɬɜɭɸɳɢɯ ɢ ɷɤɫɩɥɭɚɬɢɪɭɟɦɵɯ 

ȻɉɅȺ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɜɨɡɞɭɲɧɨɣ ɪɚɡɜɟɞɤɢ ɢ ɧɚɛɥɸɞɟɧɢɹ, ɤɨɬɨɪɵɟ ɨɫɭ-

ɳɟɫɬɜɥɹɸɬɫɹ ɫ ɩɨɦɨɳɶɸ ɮɨɬɨ- ɢ ɜɢɞɟɨɫɴɟɦɤɢ. 

Ʉ ɩɨɥɟɡɧɨɣ ɧɚɝɪɭɡɤɟ ɞɥɹ ɡɚɞɚɱ ɚɷɪɨɮɨɬɨɫɴɟɦɤɢ ɨɬɧɨɫɢɬɫɹ ɰɢɮɪɨɜɚɹ ɮɨɬɨ-

ɤɚɦɟɪɚ, ɤɚɤ ɞɨɩɨɥɧɟɧɢɟ ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɜɢɞɟɨɤɚɦɟɪɚ, ɬɟɩɥɨɜɢɡɨɪ, ɂɄ-

ɤɚɦɟɪɚ. 

Ɋɟɡɭɥɶɬɚɬɵ ɚɷɪɨɮɨɬɨɫɴɟɦɤɢ ɫ ȻɉɅȺ ɦɨɝɭɬ ɩɪɢɦɟɧɹɬɶɫɹ ɜ ɪɚɡɧɵɯ ɨɛɥɚɫɬɹɯ, 

ɬɚɤɢɯ ɤɚɤ ɪɟɤɥɚɦɧɚɹ ɫɴɟɦɤɚ ɨɛɴɟɤɬɨɜ ɧɟɞɜɢɠɢɦɨɫɬɢ, ɪɚɡɥɢɱɧɵɣ ɦɨɧɢɬɨɪɢɧɝ 

(ɷɤɨɥɨɝɢɱɟɫɤɢɣ, ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɣ) ɢ ɬ. ɞ. 

ȼɵɩɨɥɧɟɧɢɟ ɚɷɪɨɮɨɬɨɫɴɟɦɤɢ ɫ ɰɟɥɶɸ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɝɨ ɤɚɪɬɨɝɪɚɮɢɪɨɜɚ-

ɧɢɹ ɩɪɟɞɴɹɜɥɹɟɬ ɩɨɜɵɲɟɧɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɜɵɯɨɞɧɵɦ ɞɚɧɧɵɦ, ɚ ɢɦɟɧɧɨ, ɤ ɜɵ-

ɞɟɪɠɢɜɚɧɢɸ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɫɴɟɦɤɢ. ɇɟɛɨɥɶɲɢɟ ȻɉɅȺ ɷɤɨɧɨɦɢɱ-

ɧɵ ɜ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɩɨɪɬɚɬɢɜɧɵ, ɨɞɧɚɤɨ ɦɟɧɟɟ ɫɬɚɛɢɥɶɧɵ ɫ ɷɬɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ. 

Ʉɚɤ ɫɥɟɞɫɬɜɢɟ, ɛɥɨɤɢ ɫɧɢɦɤɨɜ, ɩɨɥɭɱɟɧɧɵɟ ɫ ȻɉɅȺ, ɨɛɥɚɞɚɸɳɢɟ ɨɬɥɢɱɧɨɣ ɞɟ-

ɬɚɥɶɧɨɫɬɶɸ, ɹɪɤɨɫɬɶɸ ɢ ɤɨɧɬɪɚɫɬɨɦ ɦɨɝɭɬ ɢɦɟɬɶ ɧɢɡɤɨɟ ɮɨɬɨɝɪɚɦɦɟɬɪɢɱɟɫɤɨɟ 

ɤɚɱɟɫɬɜɨ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɬɪɚɞɢɰɢɨɧɧɵɯ ɮɨɬɨɝɪɚɦɦɟɬɪɢɱɟɫɤɢɯ ɩɚɤɟɬɨɜ. 

ɋ ɷɬɨɣ ɰɟɥɶɸ ɧɟɨɛɯɨɞɢɦɨ ɧɚ ɛɨɪɬɭ ȻɉɅȺ ɢɦɟɬɶ ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɭɸ ɩɥɚɬ-

ɮɨɪɦɭ, ɫɨɡɞɚɸɳɭɸ ɧɟɨɛɯɨɞɢɦɵɟ ɭɫɥɨɜɢɹ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɜɵɫɨɤɨɝɨ ɤɚɱɟɫɬɜɚ 

ɚɷɪɨɮɨɬɨɝɪɚɮɢɪɨɜɚɧɢɹ. 

1 ȺɅȽɈɊɂɌɆ ɋɌȺȻɂɅɂɁȺɐɂɂ ȽɂɊɈɉɅȺɌɎɈɊɆɕ 

Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɝɢɪɨɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɨɣ ɩɥɚɬɮɨɪɦɵ (Ƚɋɉ) ȻɉɅȺ ɧɟɨɛɯɨ-

ɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɥɟɞɭɸɳɢɟ ɨɫɧɨɜɧɵɟ ɛɥɨɤɢ (ɪиɫ. 1): 

- ɛɥɨɤ ɚɤɫɟɥɟɪɨɦɟɬɪɨɜ ‒ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɨɟɤɰɢɣ ɜɟɤɬɨɪɚ ɤɚɠɭɳɟɝɨɫɹ 

ɭɫɤɨɪɟɧɢɹ ɚ


 ɧɚ ɨɫɢ ɫɜɹɡɚɧɧɨɝɨ ɬɪɟɯɝɪɚɧɧɢɤɚ; 

- ɛɥɨɤ ɩɟɪɟɫɱɟɬɚ ‒ ɞɥɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɩɪɨɟɤɰɢɣ ɜɟɤɬɨɪɚ ɤɚɠɭɳɟɝɨɫɹ ɭɫɤɨ-

ɪɟɧɢɹ ɚ


 ɧɚ ɨɫɢ ɝɟɨɝɪɚɮɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ; 



- ɧɚɜɢɝɚɰɢɨɧɧɵɣ ɚɥɝɨɪɢɬɦ ‒ ɞɥɹ ɜɵɪɚɛɨɬɤɢ ɤɨɨɪɞɢɧɚɬ ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ 

ɨɛɴɟɤɬɚ ɢ ɫɤɨɪɨɫɬɟɣ ɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɤɨɦɩɨɧɟɧɬ ɜɟɤɬɨɪɚ ɚɛɫɨɥɸɬɧɨɣ ɭɝɥɨɜɨɣ 

ɫɤɨɪɨɫɬɢ ɝɟɨɝɪɚɮɢɱɟɫɤɨɝɨ ɬɪɟɯɝɪɚɧɧɢɤɚ g


; 

- ɛɥɨɤ ɝɢɪɨɫɤɨɩɨɜ ‒ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɨɟɤɰɢɣ ɚɛɫɨɥɸɬɧɨɣ ɭɝɥɨɜɨɣ ɫɤɨɪɨ-

ɫɬɢ 


 ɧɚ ɪɟɛɪɚ ɫɜɹɡɚɧɧɨɝɨ ɬɪɟɯɝɪɚɧɧɢɤɚ; 

- ɚɥɝɨɪɢɬɦ ɨɪɢɟɧɬɚɰɢɢ ‒ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɨɪɢɟɧɬɚɰɢɢ ɢ ɮɨɪɦɢɪɨɜɚɧɢɹ 

ɦɚɬɪɢɰɵ ɩɟɪɟɯɨɞɚ C, ɢɫɩɨɥɶɡɭɟɦɨɣ ɜ ɛɥɨɤɟ ɩɟɪɟɫɱɟɬɚ.   

 

Риɫ. 1. Ɉɛɨɛɳɟɧɧɚɹ ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ Ȼɂɇɋ 

Ⱥɥɝɨɪɢɬɦ ɨɪɢɟɧɬɚɰɢɢ ɦɨɠɟɬ ɛɵɬɶ ɪɟɚɥɢɡɨɜɚɧ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɡɥɢɱɧɵɯ 

ɤɢɧɟɦɚɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ, ɬɚɤɢɯ, ɤɚɤ ɭɝɥɵ Эɣɥɟɪɚ-Ʉɪɵɥɨɜɚ, ɧɚɩɪɚɜɥɹɸɳɢɟ 

ɤɨɫɢɧɭɫɵ, ɤɜɚɬɟɪɧɢɨɧɵ ɢ ɞɪ. [Ɇɚɬɜɟɟɜ, 2009]. 

Ɋɚɫɫɦɨɬɪɢɦ ɡɚɞɚɱɭ ɨɩɪɟɞɟɥɟɧɢɹ ɨɪɢɟɧɬɚɰɢɢ, ɫɤɨɪɨɫɬɢ ɢ ɤɨɨɪɞɢɧɚɬ ȻɉɅȺ, 

ɧɚ ɤɨɬɨɪɨɦ ɩɨ ɫɬɪɨɢɬɟɥɶɧɵɦ ɨɫɹɦ ɠɟɫɬɤɨ ɡɚɤɪɟɩɥɟɧɵ ɞɚɬɱɢɤɢ ɝɢɪɨɫɤɨɩɨɜ ɢ ɚɤ-

ɫɟɥɟɪɨɦɟɬɪɨɜ, ɨɬɧɨɫɢɬɟɥɶɧɨ ɝɟɨɝɪɚɮɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ. Эɬɢ ɭɝɥɵ 

ɨɩɪɟɞɟɥɢɦ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ (ɪиɫ. 2). 

ȼɜɟɞɟɦ ɬɪɟɯɝɪɚɧɧɢɤ OXYZ, ɪɟɛɪɚ ɤɨɬɨɪɨɝɨ ɧɚɩɪɚɜɢɦ ɜɞɨɥɶ ɫɬɪɨɢɬɟɥɶɧɵɯ 

ɨɫɟɣ ɅȺ. ɉɨɥɨɠɟɧɢɟ ɫɬɪɨɢɬɟɥɶɧɵɯ ɨɫɟɣ ȻɉɅȺ (ɫɜɹɡɚɧɧɚɹ ɫɢɫɬɟɦɚ ɤɨɨɪɞɢɧɚɬ) 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɝɟɨɝɪɚɮɢɱɟɫɤɨɝɨ ɬɪɟɯɝɪɚɧɧɢɤɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɪɟɦɹ ɭɝɥɚɦɢ, ɤɨɬɨ-

ɪɵɟ ɧɚɡɵɜɚɸɬɫɹ ɭɝɥɚɦɢ ɪɵɫɤɚɧɢɹ (ɤɭɪɫɚ) ψ, ɬɚɧɝɚɠɚ   ɢ ɤɪɟɧɚ γ.  



ȼɜɟɞёɦ ɦɚɬɪɢɰɭ Ⱥ, ɤɨɬɨɪɚɹ ɹɜɥɹɟɬɫɹ ɢɫɤɨɦɨɣ ɦɚɬɪɢɰɟɣ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɨɬ 

ɬɪёɯɝɪɚɧɧɢɤɚ OXgYgZg ɤ OXYZ 







coscossinsinsincossinsincossincossin

cossinsinsincoscoscossinsincoscoscos

sincossincoscos

Ⱥ

.  (1) 

Ɍɚɤ ɤɚɤ ɜ ɚɥɝɨɪɢɬɦɟ ɝɢɪɨɩɥɚɬɮɨɪɦɵ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɢɧ-

ɮɨɪɦɚɰɢɢ ɢɡ ɫɜɹɡɚɧɧɨɝɨ ɬɪɟɯɝɪɚɧɧɢɤɚ ɜ ɝɟɨɝɪɚɮɢɱɟɫɤɭɸ ɫɢɫɬɟɦɭ ɤɨɨɪɞɢɧɚɬ, ɬɨ 

ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɨɛɪɚɬɧɭɸ ɦɚɬɪɢɰɭ 

   XYZȺZYX 1
ggg


. 

 

Риɫ. 2. ȼɡɚɢɦɧɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɫɜɹɡɚɧɧɨɣ ɢ ɝɟɨɝɪɚɮɢɱɟɫɤɨɣ  

ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ 

Ɇɚɬɪɢɰɵ ɧɚɩɪɚɜɥɹɸɳɢɯ ɤɨɫɢɧɭɫɨɜ ɨɪɬɨɝɨɧɚɥɶɧɵ, ɢ ɞɥɹ ɧɢɯ ɜɵɩɨɥɧɹɟɬɫɹ 

ɪɚɜɟɧɫɬɜɨ  

                                                            
T1 AA 

,                                                      (2) 

ɝɞɟ Ɍ ‒ ɫɢɦɜɨɥ ɬɪɚɧɫɩɨɧɢɪɨɜɚɧɢɹ. 

ȼɜɟɞɟɦ ɦɚɬɪɢɰɭ ɋ= TA , ɤɨɬɨɪɚɹ ɧɚ ɨɫɧɨɜɚɧɢɢ (1) ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ 









coscossinsinsincossinsinsincossincos

cossincoscossin

sincossincossinsinsincoscoscoscoscos

C

.

   

(3) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɚɬɪɢɰɚ ɋ ɨɫɭɳɟɫɬɜɥɹɟɬ ɩɟɪɟɯɨɞ ɨɬ ɫɜɹɡɚɧɧɨɝɨ ɬɪɟɯɝɪɚɧɧɢ-

ɤɚ OXYZ ɤ ɝɟɨɝɪɚɮɢɱɟɫɤɨɦɭ OXgYgZg . 

Ⱥɛɫɨɥɸɬɧɚɹ ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɬɪɟɯɝɪɚɧɧɢɤɚ ggg ZYOX ɫɤɥɚɞɵɜɚ-

ɟɬɫɹ ɢɡ ɩɟɪɟɧɨɫɧɨɣ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ Ɂɟɦɥɢ ɜɨɤɪɭɝ ɫɜɨɟɣ ɨɫɢ ɢ ɨɬɧɨɫɢɬɟɥɶ-

ɧɨɣ ɫɤɨɪɨɫɬɢ ɩɟɪɟɦɟɳɟɧɢɹ ɅȺ ɫ ɩɭɬɟɜɨɣ ɫɤɨɪɨɫɬɶɸ Vɩ: 

                                                     
ɨɬɧɩɟɪ0 


. 

                                                

(4) 

ɉɪɨɟɤɰɢɢ ɜɟɤɬɨɪɚ ɚɛɫɨɥɸɬɧɨɣ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ ɫɜɹɡɚɧɧɨɝɨ ɬɪɟɯɝɪɚɧɧɢɤɚ 

ɧɚ ɫɜɨɢ ɪёɛɪɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶɸ ɩɨɜɨɪɨɬɨɜ ɦɨɝɭɬ ɛɵɬɶ ɡɚ-

ɩɢɫɚɧɵ ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ: 
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,                       (5) 

ɝɞɟ 
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.                            (6) 

ɉɟɪɜɨɟ ɫɥɚɝɚɟɦɨɟ ɩɪɚɜɨɣ ɱɚɫɬɢ (6) ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɟɪɟɧɨɫɧɭɸ ɭɝɥɨɜɭɸ 

ɫɤɨɪɨɫɬɶ ɫɜɹɡɚɧɧɨɝɨ ɬɪɟɯɝɪɚɧɧɢɤɚ, ɚ ɜɬɨɪɨɟ ‒ ɨɬɧɨɫɢɬɟɥɶɧɭɸ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 

ɩɚɪɚɦɟɬɪɨɜ ɨɪɢɟɧɬɚɰɢɢ ɝɢɪɨɩɥɚɬɮɨɪɦɵ ɧɟɨɛɯɨɞɢɦɨ ɚɥɝɨɪɢɬɦɢɱɟɫɤɢ ɫɤɨɦɩɟɧ-

ɫɢɪɨɜɚɬɶ ɫɨɫɬɚɜɥɹɸɳɢɟ ɩɟɪɟɧɨɫɧɨɣ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ, ɜɵɡɜɚɧɧɨɣ ɜɪɚɳɟɧɢɟɦ 

Ɂɟɦɥɢ ɢ ɩɟɪɟɦɟɳɟɧɢɟɦ ɅȺ ɜɞɨɥɶ ɟɟ ɩɨɜɟɪɯɧɨɫɬɢ.  

ɉɪɨɟɤɰɢɢ ɚɛɫɨɥɸɬɧɨɣ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɬɪɟɯɝɪɚɧɧɢɤɚ ɧɚ ɟɝɨ ɨɫɢ: 
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                                          (7) 

ȼɟɤɬɨɪ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ Ɂɟɦɥɢ   ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɟ ɩɪɨɟɤɰɢɢ ɧɚ ɨɫɢ ɝɟɨ-

ɝɪɚɮɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ (ɪиɫ. 3, ɛ): 

                              

 cosXg ,   
 sinYg ,   

0Zg 
,
                         

 (8) 

ɝɞɟ Xg
, Yg

 
‒ ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ ɢ ɜɟɪɬɢɤɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɢɟ ɭɝɥɨɜɨɣ ɫɤɨɪɨ-

ɫɬɢ Ɂɟɦɥɢ. 

 

 

 

 

 

 

 

 

                   ɚ)                                                          ɛ) 

Риɫ. 3. ɉɪɨɟɤɰɢɢ ɜɟɤɬɨɪɨɜ ɥɢɧɟɣɧɨɣ ɫɤɨɪɨɫɬɢ ɨɛɴɟɤɬɚ (ɚ) ɢ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ 

Ɂɟɦɥɢ (ɛ) ɧɚ ɪɟɛɪɚ ɝɟɨɝɪɚɮɢɱɟɫɤɨɝɨ ɬɪɟɯɝɪɚɧɧɢɤɚ 

Ƚɨɪɢɡɨɧɬɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ Ɂɟɦɥɢ cos
 ɩɪɢɜɨɞɢɬ ɤ 

ɜɪɚɳɟɧɢɸ ɩɥɨɫɤɨɫɬɢ ɝɨɪɢɡɨɧɬɚ, ɩɪɢɱɟɦ, ɟɫɥɢ ɧɚɛɥɸɞɚɬɶ ɷɬɨ ɜɪɚɳɟɧɢɟ ɫ ɩɨɥɨ-

ɠɢɬɟɥɶɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ ɨɫɢ OX , ɬɨ ɜɨɫɬɨɱɧɚɹ ɱɚɫɬɶ ɩɥɨɫɤɨɫɬɢ ɝɨɪɢɡɨɧɬɚ ɛɭ-

ɞɟɬ ɨɩɭɫɤɚɬɶɫɹ, ɚ ɡɚɩɚɞɧɚɹ ‒ ɩɨɞɧɢɦɚɬɶɫɹ. ȼɟɪɬɢɤɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɭɝɥɨɜɨɣ 

ɫɤɨɪɨɫɬɢ Ɂɟɦɥɢ sin
 ɩɪɢɜɨɞɢɬ ɤ ɜɪɚɳɟɧɢɸ ɩɥɨɫɤɨɫɬɢ ɝɨɪɢɡɨɧɬɚ ɜɨɤɪɭɝ 

ɦɟɫɬɧɨɣ ɜɟɪɬɢɤɚɥɢ ɩɪɨɬɢɜ ɱɚɫɨɜɨɣ ɫɬɪɟɥɤɢ, ɟɫɥɢ ɧɚɛɥɸɞɚɬɶ ɡɚ ɜɪɚɳɟɧɢɟɦ ɫ 

ɩɨɥɨɠɢɬɟɥɶɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ gOY
(ɪиɫ. 3, ɛ). 

ɋɤɨɪɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɞɨɥɝɨɬɵ, ɨɩɪɟɞɟɥɹɟɦɭɸ ɩɨ ɩɚɪɚɥɥɟɥɢ (ɪиɫ. 4, ɚ) ɦɨɠɧɨ 

ɩɪɟɞɫɬɚɜɢɬɶ ɱɟɪɟɡ ɜɨɫɬɨɱɧɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ ɥɢɧɟɣɧɨɣ ɫɤɨɪɨɫɬɢ ɨɛɴɟɤɬɚ  
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,                                               (9) 

ɝɞɟ ɞɥɹ ɷɥɥɢɩɫɚ Ʉɪɚɫɨɜɫɤɨɝɨ (ɪиɫ. 4)   22
1 sine1/aR ; 

a – ɛɨɥɶɲɚɹ ɩɨɥɭɨɫɶ ɡɟɦɧɨɝɨ ɫɮɟɪɨɢɞɚ ‒ ɪɚɞɢɭɫ ɨɤɪɭɠɧɨɫɬɢ ɷɤɜɚɬɨɪɚ (a = 6 

378 245 ɦ); 

b – ɦɚɥɚɹ ɩɨɥɭɨɫɶ ɡɟɦɧɨɝɨ ɫɮɟɪɨɢɞɚ (b = 6 356 863 ɦ). 

 

Риɫ. 4. ɍɝɥɨɜɵɟ ɫɤɨɪɨɫɬɢ: (ɚ) ; (ɛ)   

ȿɫɥɢ ɨɛɴɟɤɬ ɩɟɪɟɦɟɳɚɟɬɫɹ ɜ ɩɥɨɫɤɨɫɬɢ ɦɟɪɢɞɢɚɧɚ, ɬɨ ɞɨɥɝɨɬɚ ɨɫɬɚɟɬɫɹ ɩɨ-

ɫɬɨɹɧɧɨɣ, ɚ ɩɪɢɪɚɳɟɧɢɟ ɲɢɪɨɬɵ ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ 

ɭɝɥɨɜɭɸ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɬɪɟɯɝɪɚɧɧɢɤɚ ggg ZYOX

 
ɜɨɤɪɭɝ ɨɫɢ gZ

 (ɪиɫ. 4, ɛ). 

ȼɟɤɬɨɪ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ  ɧɚɩɪɚɜɥɟɧ ɜ ɨɬɪɢɰɚɬɟɥɶɧɭɸ ɫɬɨɪɨɧɭ ɨɫɢ gOZ , ɬ. ɟ. 

ɧɚ ɡɚɩɚɞ, ɚ ɟɝɨ ɦɨɞɭɥɶ ɪɚɜɟɧ 
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,                                                (10) 

ɝɞɟ 
 3222

2 )sine1/)e1(aR 
,    2222 a/bae  .  

ɉɨɞɫɬɚɜɢɜ (9) ɢ (10) ɜ (8), ɩɨɥɭɱɢɦ: 
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.                                     (11) 

ɑɬɨɛɵ ɝɢɪɨɩɥɚɬɮɨɪɦɚ ȻɉɅȺ ɫɥɟɞɢɥɚ ɡɚ ɜɪɚɳɟɧɢɹɦɢ ɝɟɨɝɪɚɮɢɱɟɫɤɨɝɨ ɬɪɟɯ-

ɝɪɚɧɧɢɤɚ, ɧɚ ɟɟ ɞɜɢɝɚɬɟɥɢ ɧɟɨɛɯɨɞɢɦɨ ɩɨɞɚɜɚɬɶ ɭɩɪɚɜɥɹɸɳɢɟ ɜɨɡɞɟɣɫɬɜɢɹ, 

ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɟ ɭɝɥɨɜɵɦ ɫɤɨɪɨɫɬɹɦ ɜɪɚɳɟɧɢɹ ɝɟɨɝɪɚɮɢɱɟɫɤɨɝɨ ɬɪɟɯɝɪɚɧɧɢ-

ɤɚ (8) ɢɥɢ (11):   
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                (12)

 

 

ɋɨɫɬɚɜɥɹɸɳɢɟ ɩɟɪɟɧɨɫɧɨɣ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ 
ɩеɪ  ɜɵɪɚɛɚɬɵɜɚɸɬɫɹ ɧɚ ɨɫ-

ɧɨɜɟ ɩɨɤɚɡɚɧɢɣ ɚɤɫɟɥɟɪɨɦɟɬɪɨɜ.  

Ⱥɛɫɨɥɸɬɧɨɟ ɭɫɤɨɪɟɧɢɟ а


 ɟɫɬɶ ɩɪɨɢɡɜɨɞɧɚɹ ɨɬ ɜɟɤɬɨɪɚ ɚɛɫɨɥɸɬɧɨɣ ɫɤɨɪɨɫɬɢ 

V


, ɜɡɹɬɚɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɢɧɟɪɰɢɚɥɶɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ  
V

dt

dа



, 

ɝɞɟ d/dt ‒ ɫɢɦɜɨɥ ɚɛɫɨɥɸɬɧɨɣ ɩɪɨɢɡɜɨɞɧɨɣ. 

ɉɨ ɬɟɨɪɟɦɟ ɨ ɫɜɹɡɢ ɚɛɫɨɥɸɬɧɨɣ ɩɪɨɢɡɜɨɞɧɨɣ ɨɬ ɜɟɤɬɨɪɚ ɫ ɩɪɨɢɡɜɨɞɧɨɣ ɨɬ 

ɬɨɝɨ ɠɟ ɜɟɤɬɨɪɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɨɞɜɢɠɧɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɢɦɟɟɦ 

VV
t

V
dt

dа


xa




, 

ɝɞɟ t


 ‒ ɫɢɦɜɨɥ ɩɪɨɢɡɜɨɞɧɨɣ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɨɞɜɢɠɧɨɣ ɋɄ 00Х0ɍ0Z0;  

ɚ 
 ‒ ɚɛɫɨɥɸɬɧɚɹ ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɋɄ 00Х0ɍ0Z0  (ɩɥɚɬɮɨɪɦɵ). 



ɉɪɨɟɤɰɢɢ ɚɛɫɨɥɸɬɧɨɝɨ ɥɢɧɟɣɧɨɝɨ ɭɫɤɨɪɟɧɢɹ ɬɨɱɤɢ 00 ɧɚ ɨɫɢ ɬɪɟɯɝɪɚɧɧɢɤɚ 

00Х0ɍ0Z0 ɨɩɪɟɞɟɥɹɸɬɫɹ ɜ ɜɢɞɟ ɡɚɜɢɫɢɦɨɫɬɟɣ: 
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                                     (13) 

ɍɱɢɬɵɜɚɹ, ɱɬɨ ɚɤɫɟɥɟɪɨɦɟɬɪɵ ɢɡɦɟɪɹɸɬ ɪɚɡɧɨɫɬɶ ɚɛɫɨɥɸɬɧɨɝɨ ɭɫɤɨɪɟɧɢɹ ɢ 

ɭɫɤɨɪɟɧɢɹ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ  
g-wа 
   

ɩɨɫɥɟ ɩɨɞɫɬɚɧɨɜɤɢ ɡɚɜɢɫɢɦɨɫɬɟɣ (9), (10) ɢ (11) ɜ (13), ɩɨɥɭɱɚɟɦ ɜɵɪɚɠɟɧɢɹ ɞɥɹ 

ɫɨɫɬɚɜɥɹɸɳɢɯ ɤɚɠɭɳɟɝɨɫɹ ɭɫɤɨɪɟɧɢɹ: 
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‒ 

ɩɪɨɟɤɰɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɭɫɤɨɪɟɧɢɹ ɧɚ ɨɫɢ ɝɟɨɝɪɚɮɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢ-

ɧɚɬ;  
 sinV2 Zg , 

gcosV2 Zg 
,  

  sinVcosV2 XgYg

 
‒ ɩɪɨɟɤɰɢɢ Ʉɨɪɢɨ-

ɥɢɫɨɜɚ ɭɫɤɨɪɟɧɢɹ ɧɚ OXgYgZg. 

ɂɧɟɪɰɢɚɥɶɧɵɟ ɱɭɜɫɬɜɢɬɟɥɶɧɵɟ ɷɥɟɦɟɧɬɵ ɝɢɪɨɩɥɚɬɮɨɪɦɵ ɠɟɫɬɤɨ ɭɫɬɚɧɨɜ-

ɥɟɧɵ ɧɚ ɛɨɪɬɭ ɥɟɬɚɬɟɥɶɧɨɝɨ ɚɩɩɚɪɚɬɚ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɚɤɫɟɥɟɪɨɦɟɬɪɵ ɢɡɦɟɪɹɸɬ 

ɩɪɨɟɤɰɢɢ ɜɟɤɬɨɪɚ ɤɚɠɭɳɟɝɨɫɹ ɭɫɤɨɪɟɧɢɹ ɧɚ ɪɟɛɪɚ ɫɜɹɡɚɧɧɨɝɨ ɫ ɨɛɴɟɤɬɨɦ ɬɪɟɯ-

ɝɪɚɧɧɢɤɚ, ɢ ɩɨɤɚɡɚɧɢɹ ɚɤɫɟɥɟɪɨɦɟɬɪɨɜ ɧɟɨɛɯɨɞɢɦɨ ɩɟɪɟɩɪɨɟɤɬɢɪɨɜɚɬɶ ɜ ɝɟɨ-

ɝɪɚɮɢɱɟɫɤɭɸ ɫɢɫɬɟɦɭ ɤɨɨɪɞɢɧɚɬ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɢɧɮɨɪɦɚɰɢɟɣ, ɜɵɪɚɛɨɬɚɧɧɨɣ 

ɜ ɛɥɨɤɟ ɨɪɢɟɧɬɚɰɢɢ. 

ɉɪɢ ɞɜɢɠɟɧɢɢ ɥɟɬɚɬɟɥɶɧɨɝɨ ɚɩɩɚɪɚɬɚ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ Ɂɟɦɥɢ ɧɟɨɛɯɨɞɢɦɨ, 

ɱɬɨɛɵ ɧɚ ɜɯɨɞɵ ɩɟɪɜɵɯ ɢɧɬɟɝɪɚɬɨɪɨɜ ɩɨɫɬɭɩɚɥɢ ɬɨɥɶɤɨ ɭɫɤɨɪɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶ-



ɧɨɝɨ ɞɜɢɠɟɧɢɹ XgV
, ZgV

. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɭɫɤɨɪɟɧɢɹ Ʉɨɪɢɨɥɢɫɚ ɢ ɭɫɤɨɪɟɧɢɹ, 

ɫɜɹɡɚɧɧɵɟ ɫ ɤɪɢɜɨɥɢɧɟɣɧɨɫɬɶɸ ɞɜɢɠɟɧɢɹ ɨɛɴɟɤɬɚ ɜɞɨɥɶ ɫɮɟɪɢɱɟɫɤɨɣ ɩɨɜɟɪɯ-

ɧɨɫɬɢ Ɂɟɦɥɢ, ɞɨɥɠɧɵ ɛɵɬɶ ɫɤɨɦɩɟɧɫɢɪɨɜɚɧɵ. ɂɡ ɜɵɪɚɠɟɧɢɣ (14) ɫɥɟɞɭɟɬ, ɱɬɨ 

ɤɨɦɩɟɧɫɢɪɭɸɳɢɟ («ɜɪɟɞɧɵɟ») ɫɨɫɬɚɜɥɹɸɳɢɟ ɭɫɤɨɪɟɧɢɹ ɪɚɜɧɵ: 

 

 

     (15) 

 

 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚ ɜɯɨɞɵ ɩɟɪɜɵɯ ɢɧɬɟɝɪɚɬɨɪɨɜ ɧɟɨɛɯɨɞɢɦɨ ɩɨɞɚɜɚɬɶ ɫɥɟ-

ɞɭɸɳɢɟ ɜɟɥɢɱɢɧɵ: 
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,                                            (16) 

ɝɞɟ Xga
, Zga

, Zga
 ‒ ɩɪɨɟɤɰɢɢ ɜɟɤɬɨɪɚ ɤɚɠɭɳɟɝɨɫɹ ɭɫɤɨɪɟɧɢɹ ɧɚ ɨɫɢ ɝɟɨɝɪɚɮɢ-

ɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ. 

ɋɨɫɬɚɜɥɹɸɳɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɨɛɴɟɤɬɚ ɨɛɪɚɡɭɸɬɫɹ ɩɨ-

ɫɥɟ ɢɬɟɪɢɪɨɜɚɧɢɹ ɭɫɤɨɪɟɧɢɣ (16), ɫ ɭɱɟɬɨɦ ɜɜɨɞɚ ɧɚɱɚɥɶɧɵɯ ɫɤɨɪɨɫɬɟɣ )t(V 0Xg  

ɢ )t(V 0Zg : 
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              (17) 

ȼ ɞɚɥɶɧɟɣɲɟɦ, ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɚɛɫɨɥɸɬɧɨɣ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ ɝɟɨɝɪɚɮɢɱɟ-

ɫɤɨɝɨ ɬɪɟɯɝɪɚɧɧɢɤɚ ( Zg,Yg,Xg  ), ɚ ɬɚɤ ɠɟ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɜɪɟɞɧɵɯ ɫɨɫɬɚɜ-
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ɥɹɸɳɢɯ ɭɫɤɨɪɟɧɢɹ (ɮɨɪɦɭɥɚ 15) ɧɚɦ ɩɨɧɚɞɨɛɢɬɫɹ ɤɨɨɪɞɢɧɚɬɚ ɲɢɪɨɬɵ φ, ɤɨɬɨ-

ɪɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɜɬɨɪɢɱɧɨɝɨ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ (ɫ ɭɱɟɬɨɦ ɧɚɱɚɥɶɧɵɯ 

ɡɧɚɱɟɧɢɣ ɤɨɨɪɞɢɧɚɬ): 
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                                       (18) 

ȿɫɥɢ ɫɨɫɬɚɜɥɹɸɳɢɟ ɩɟɪɟɧɨɫɧɨɣ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ ɫɤɨɦɩɟɧɫɢɪɨɜɚɧɵ (12), ɬɨ 

ɩɪɨɟɤɰɢɢ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ ɬɪёɯɝɪɚɧɧɢɤɚ OXYZ ɨɬɧɨɫɢɬɟɥɶɧɨ ɝɟɨɝɪɚɮɢɱɟɫɤɨɣ 

ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ OXgYgZg ɢɦɟɸɬ ɜɢɞ: 
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                                    (19) 

Ɋɚɡɪɟɲɚɹ ɭɪɚɜɧɟɧɢɹ (19) ɨɬɧɨɫɢɬɟɥɶɧɨ   ,, , ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɢɡɜɟɫɬɧɭɸ 

ɫɢɫɬɟɦɭ ɤɢɧɟɦɚɬɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ ɜ ɭɝɥɚɯ Эɣɥɟɪɚ-Ʉɪɵɥɨɜɚ: 

                                 

 

 






















.sincostg

;cossin

;sincos
cos

1

ɨɬɧ
Z

ɨɬɧ
Y

ɨɬɧ
X

ɨɬɧ
Z

ɨɬɧ
Y

ɨɬɧ
Z

ɨɬɧ
Y







                             (20) 

ɇɟɞɨɫɬɚɬɨɤ ɭɪɚɜɧɟɧɢɣ (20) – ɢɯ ɧɟɤɨɪɪɟɤɬɧɨɫɬɶ ɩɪɢ ϑ = ± 900. ɋɥɟɞɨɜɚɬɟɥɶ-

ɧɨ, ɢɫɩɨɥɶɡɨɜɚɬɶ ɢɯ ɦɨɠɧɨ ɬɨɥɶɤɨ ɜ ɨɝɪɚɧɢɱɟɧɧɨɦ ɞɢɚɩɚɡɨɧɟ ɭɝɥɨɜ ϑ ɢɥɢ ɠɟ 

ɧɟɨɛɯɨɞɢɦɨ ɢɫɤɥɸɱɚɬɶ ɧɟɤɨɪɪɟɤɬɧɭɸ ɫɢɬɭɚɰɢɸ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦɢ ɚɥɝɨɪɢɬɦɚ-

ɦɢ (ɭɪɚɜɧɟɧɢɹ ɉɭɚɫɫɨɧɚ ɢɥɢ ɭɪɚɜɧɟɧɢɹ ɫ ɩɚɪɚɦɟɬɪɚɦɢ Ɋɨɞɪɢɝɚ-Ƚɚɦɢɥɶɬɨɧɚ). 

ȼɵɪɚɠɟɧɢɹ (15)‒(20) ɫɨɫɬɚɜɥɹɸɬ ɚɥɝɨɪɢɬɦ ɪɚɛɨɬɵ ɝɢɪɨɩɥɚɬɮɨɪɦɵ ȻɉɅȺ, 

ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬ ɪɚɛɨɬɭ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ. Ɋɟɚɥɢɡɚɰɢɹ ɷɬɨɝɨ ɚɥ-

ɝɨɪɢɬɦɚ ɩɨɤɚɡɚɧɚ ɜ ɜɢɞɟ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ (ɪиɫ. 5). 
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Риɫ. 5. ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɝɢɪɨɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɨɣ ɩɥɚɬɮɨɪɦɵ 

Ɋɚɛɨɬɚ ɝɢɪɨɩɥɚɬɮɨɪɦɵ ɩɪɨɢɫɯɨɞɢɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. Ȼɥɨɤ ɚɤɫɟɥɟɪɨɦɟɬ-

ɪɨɜ ɜɵɪɚɛɚɬɵɜɚɟɬ ɩɪɨɟɤɰɢɢ ɜɟɤɬɨɪɚ ɤɚɠɭɳɟɝɨɫɹ ɭɫɤɨɪɟɧɢɹ Z,Y,X aaa
 
ɧɚ ɪɟɛɪɚ 

ɫɜɹɡɚɧɧɨɝɨ ɬɪёɯɝɪɚɧɧɢɤɚ. ɉɟɪɟɫɱɟɬ ɤɨɦɩɨɧɟɧɬ ɜɟɤɬɨɪɚ ɤɚɠɭɳɟɝɨɫɹ ɭɫɤɨɪɟɧɢɹ 

ɢɡ ɫɜɹɡɚɧɧɨɝɨ ɬɪɟɯɝɪɚɧɧɢɤɚ ɜ ɝɟɨɝɪɚɮɢɱɟɫɤɢɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɦɚɬ-

ɪɢɰɵ ɋ (ɜɵɪɚɠɟɧɢɟ 3), ɤɨɬɨɪɚɹ ɜɵɱɢɫɥɹɟɬɫɹ ɧɚ ɨɫɧɨɜɟ ɩɨɤɚɡɚɧɢɣ ɞɚɬɱɢɤɚ ɭɝɥɨ-

ɜɵɯ ɫɤɨɪɨɫɬɟɣ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɞɟɥɢɪɭɟɬɫɹ ɩɥɨɫɤɨɫɬɶ ɝɨɪɢɡɨɧɬɚ, ɧɚ ɤɨɬɨɪɭɸ ɩɪɨɟɰɢɪɭ-

ɸɬɫɹ ɜɟɤɬɨɪɚ ɤɚɠɭɳɟɝɨɫɹ ɭɫɤɨɪɟɧɢɹ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɟɪɟɫɱɟɬɚ ɨɛɪɚɡɭɸɬɫɹ ɩɪɨ-

ɟɤɰɢɢ ɤɚɠɭɳɟɝɨɫɹ ɭɫɤɨɪɟɧɢɹ Zg,Yg,Xg aaa
 
ɧɚ ɨɫɢ ɝɟɨɝɪɚɮɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɤɨ-

ɨɪɞɢɧɚɬ. ɂɡ ɫɨɫɬɚɜɥɹɸɳɢɯ Zg,Yg,Xg aaa
 ɢɫɤɥɸɱɚɸɬɫɹ ɤɨɦɩɟɧɫɢɪɭɸɳɢɟ ɭɫɤɨ-

ɪɟɧɢɹ 
k
Xga

, 
k
Yga

, 
k
Zga

, ɫɮɨɪɦɢɪɨɜɚɧɧɵɟ ɧɚ ɨɫɧɨɜɚɧɢɢ ɪɚɜɟɧɫɬɜɚ (15), ɜ ɪɟɡɭɥɶ-

ɬɚɬɟ ɱɟɝɨ ɨɛɪɚɡɭɸɬɫɹ ɭɫɤɨɪɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ ȻɉɅȺ XgV
, YgV

, 

ZgV
 ɩɨ ɮɨɪɦɭɥɟ (16). Ⱦɜɭɤɪɚɬɧɨɟ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ XgV

, ɧɚ ɨɫɧɨɜɟ ɭɪɚɜɧɟɧɢɣ 

(17) ɢ (18) ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɤɨɨɪɞɢɧɚɬɭ ɲɢɪɨɬɵ ɢ ɫɤɨɪɨɫɬɢ ɥɟɬɚɬɟɥɶɧɨɝɨ 

ɚɩɩɚɪɚɬɚ. ɉɨ ɢɧɮɨɪɦɚɰɢɢ ɨɛ ɭɝɥɨɜɵɯ ɫɤɨɪɨɫɬɹɯ  ɢ  , ɲɢɪɨɬɟ   ɢ ɭɝɥɨɜɨɣ 



ɫɤɨɪɨɫɬɢ Ɂɟɦɥɢ Ω ɜɵɪɚɛɚɬɵɜɚɸɬɫɹ ɩɪɨɟɤɰɢɢ ɚɛɫɨɥɸɬɧɨɣ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ 

ɝɟɨɝɪɚɮɢɱɟɫɤɨɝɨ ɬɪёɯɝɪɚɧɧɢɤɚ ɧɚ ɫɜɨɢ ɨɫɢ Xg
, Yg

, Zg
 ɧɚ ɨɫɧɨɜɟ ɫɨɨɬɧɨɲɟ-

ɧɢɣ (11). ɋɨɫɬɚɜɥɹɸɳɢɟ ɩɟɪɟɧɨɫɧɨɣ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ 
ɩɟɪ
Z

ɩɟɪ
,Y

ɩɟɪ
,X 

 
ɩɨɥɭɱɚɟɦ 

ɩɨɫɥɟ ɩɟɪɟɫɱёɬɚ ɫ ɩɨɦɨɳɶɸ ɦɚɬɪɢɰɵ 
1C
. 

ȼɵɪɚɛɨɬɤɚ ɩɚɪɚɦɟɬɪɨɜ ɨɪɢɟɧɬɚɰɢɢ ɭɝɥɨɜ ɪɵɫɤɚɧɢɹ ψ, ɬɚɧɝɚɠɚ   ɢ ɤɪɟɧɚ γ 

ɩɪɨɢɫɯɨɞɢɬ ɧɚ ɨɫɧɨɜɟ ɢɡɦɟɪɟɧɢɣ Ⱦɍɋ. Ɍɪɢ Ⱦɍɋ ɢɡɦɟɪɹɸɬ ɩɪɨɟɤɰɢɢ ɜɟɤɬɨɪɚ 

ɚɛɫɨɥɸɬɧɨɣ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ ɥɟɬɚɬɟɥɶɧɨɝɨ ɚɩɩɚɪɚɬɚ Z,Y,X 
 
ɧɚ ɪёɛɪɚ ɫɜɹ-

ɡɚɧɧɨɝɨ ɬɪёɯɝɪɚɧɧɢɤɚ. ɂɡ ɩɨɤɚɡɚɧɢɣ Ⱦɍɋ ɜɵɱɢɬɚɸɬɫɹ ɩɪɨɟɤɰɢɢ ɜɟɤɬɨɪɚ ɭɝɥɨ-

ɜɨɣ ɫɤɨɪɨɫɬɢ ɝɟɨɝɪɚɮɢɱɟɫɤɨɝɨ ɬɪёɯɝɪɚɧɧɢɤɚ ɧɚ ɨɫɢ ɫɜɹɡɚɧɧɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢ-

ɧɚɬ 
ɩɟɪ
Z

ɩɟɪ
,Y

ɩɟɪ
,X  , ɤɨɬɨɪɵɟ ɞɥɹ ȻɉɅȺ ɹɜɥɹɸɬɫɹ ɩɟɪɟɧɨɫɧɨɣ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɶɸ, 

ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɨɛɪɚɡɭɸɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɵɟ ɭɝɥɨɜɵɟ ɫɤɨɪɨɫɬɢ 
ɨɬɧ
Z

ɨɬɧ
,Y

ɨɬɧ
,X  . ɉɨ 

ɢɧɮɨɪɦɚɰɢɢ ɨ ɩɪɨɟɤɰɢɹɯ 
ɨɬɧ
Z

ɨɬɧ
,Y

ɨɬɧ
,X 

 ɜɵɪɚɛɚɬɵɜɚɸɬɫɹ ɭɝɥɵ ɪɵɫɤɚɧɢɹ ψ, ɬɚɧ-

ɝɚɠɚ  ɢ ɤɪɟɧɚ γ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟɦ ɭɪɚɜɧɟɧɢɣ (20). ɇɚ ɨɫɧɨɜɚɧɢɢ ɡɧɚɱɟɧɢɣ ɭɝ-

ɥɨɜ ψ,  , γ ɮɨɪɦɢɪɭɸɬɫɹ ɦɚɬɪɢɰɵ ɋ ɢ 
T1 CC 

. Ɍɚɤ ɠɟ ɡɧɚɱɟɧɢɹ ψ ɢ   ɹɜɥɹ-

ɸɬɫɹ ɭɩɪɚɜɥɹɸɳɢɦɢ ɫɢɝɧɚɥɚɦɢ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɞɜɢɝɚɬɟɥɹɦɢ ɝɢɪɨɩɥɚɬɮɨɪɦɵ, 

ɷɬɢ ɫɢɝɧɚɥɵ ɨɛɪɚɛɚɬɵɜɚɸɬɫɹ ɜ ɒɂɆ ɢ ɩɨɞɚɸɬɫɹ ɤɚɤ ɭɩɪɚɜɥɹɸɳɢɣ ɫɢɝɧɚɥ ɜ 

ɜɢɞɟ ɢɦɩɭɥɶɫɨɜ ɧɚ ɩɥɚɬɭ ɭɩɪɚɜɥɟɧɢɹ ɫɟɪɜɨɩɪɢɜɨɞɚ. 

2 ɇȺɑȺɅɖɇȺə ȼɕɋɌȺȼɄȺ ȽɂɊɈɉɅȺɌɎɈɊɆɕ 

Ⱦɥɹ ɡɚɩɭɫɤɚ ɚɥɝɨɪɢɬɦɨɜ ɪɚɛɨɬɵ ɝɢɪɨɩɥɚɬɮɨɪɦɵ ɧɟɨɛɯɨɞɢɦɨ ɜɜɟɫɬɢ ɧɚɱɚɥɶ-

ɧɨɟ ɡɧɚɱɟɧɢɟ ɲɢɪɨɬɵ ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ ȻɉɅȺ ɢ ɩɚɪɚɦɟɬɪɵ ɨɪɢɟɧɬɚɰɢɢ ‒ ɭɝɥɨ-

ɜɨɟ ɩɨɥɨɠɟɧɢɟ ȻɉɅȺ, ɧɚ ɤɨɬɨɪɨɦ ɠɟɫɬɤɨ ɡɚɤɪɟɩɥɟɧɵ ɞɚɬɱɢɤɢ ɚɤɫɟɥɟɪɨɦɟɬɪɨɜ 

ɢ ɝɢɪɨɫɤɨɩɨɜ, ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɝɟɨɝɪɚɮɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ. ɇɚɱɚɥɶɧɚɹ 

ɜɵɫɬɚɜɤɚ ɦɨɠɟɬ ɛɵɬɶ ɚɜɬɨɧɨɦɧɨɣ ɢ ɫ ɩɪɢɜɥɟɱɟɧɢɟɦ ɢɧɮɨɪɦɚɰɢɢ ɨɬ ɞɪɭɝɢɯ 

ɧɚɜɢɝɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ (ɦɚɝɧɢɬɨɦɟɬɪɨɜ, ɫɢɫɬɟɦ ɫɩɭɬɧɢɤɨɜɨɣ ɧɚɜɢɝɚɰɢɢ ɢ ɞɪɭ-

ɝɢɯ). 

Ɋɚɫɫɦɨɬɪɢɦ ɚɜɬɨɧɨɦɧɵɣ ɫɩɨɫɨɛ ɧɚɱɚɥɶɧɨɣ ɜɵɫɬɚɜɤɢ ɝɢɪɨɩɥɚɬɮɨɪɦɵ ɧɚ ɧɟ-

ɩɨɞɜɢɠɧɨɦ ɨɬɧɨɫɢɬɟɥɶɧɨ Ɂɟɦɥɢ ȻɉɅȺ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɜɯɨɞɧɨɣ ɢɡɦɟɪɢɬɟɥɶ-

ɧɨɣ ɢɧɮɨɪɦɚɰɢɟɣ ɹɜɥɹɸɬɫɹ ɭɫɤɨɪɟɧɢɟ ɫɢɥɵ ɬɹɠɟɫɬɢ ɞɥɹ ɚɤɫɟɥɟɪɨɦɟɬɪɨɜ ɢ ɭɝ-



ɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɫɭɬɨɱɧɨɝɨ ɜɪɚɳɟɧɢɹ Ɂɟɦɥɢ ɞɥɹ Ⱦɍɋ. ȼ ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ ɜɪɟ-

ɦɟɧɢ ȻɉɅȺ ɡɚɧɢɦɚɟɬ ɩɪɨɢɡɜɨɥɶɧɨɟ ɩɨɥɨɠɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɝɟɨɝɪɚɮɢɱɟɫɤɨɝɨ 

ɬɪёɯɝɪɚɧɧɢɤɚ OXgYgZg, ɨɩɪɟɞɟɥɹɟɦɨɟ ɭɝɥɚɦɢ 0,0,0  , ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɢɫ-

ɤɨɦɵɦɢ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɧɚɱɚɥɶɧɨɣ ɜɵɫɬɚɜɤɢ.  

ɉɨɥɶɡɭɹɫɶ ɩɨɤɚɡɚɧɢɹɦɢ ɚɤɫɟɥɟɪɨɦɟɬɪɚ, ɧɟ ɬɪɭɞɧɨ ɧɚɣɬɢ ɧɚɱɚɥɶɧɵɟ ɭɝɥɵ 

ɬɚɧɝɚɠɚ ɢ ɤɪɟɧɚ 
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(21) 

ɂɡ ɫɢɝɧɚɥɨɜ ɚɤɫɟɥɟɪɨɦɟɬɪɚ ɧɟɜɨɡɦɨɠɧɨ ɧɚɣɬɢ ɨɪɢɟɧɬɚɰɢɸ ɥɟɬɚɬɟɥɶɧɨɝɨ 

ɚɩɩɚɪɚɬɚ ɜ ɚɡɢɦɭɬɟ (ɩɨ ɭɝɥɭ ,0
). Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɱɚɥɶɧɨɝɨ ɭɝɥɚ ɪɵɫɤɚɧɢɹ 

ɢɫɩɨɥɶɡɭɟɦ ɫɢɝɧɚɥɵ Ⱦɍɋ. ɇɚɱɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɭɝɥɚ ɪɵɫɤɚɧɢɹ ɦɨɠɟɬ ɛɵɬɶ ɩɨ-

ɥɭɱɟɧɨ ɩɨ ɫɢɝɧɚɥɭ ɨɞɧɨɝɨ ɩɪɨɞɨɥɶɧɨɝɨ Ⱦɍɋ ɢ ɧɚɣɞɟɧɧɨɦɭ ɩɨ ɜɵɪɚɠɟɧɢɸ (21) 

ɭɝɥɭ 0 : 

                                 
,sincoscos 0B00ȽX 
                                 (22) 

ɨɬɤɭɞɚ 

;sincoscos 0BX00Ƚ 
  

;
cos

sin
cos

0Ƚ

0BX
0 




 

 

                                        

;
cos

sin
arccos

0Ƚ

0BX
0 




                                     

(23) 

Ɍɚɤ ɤɚɤ  sinB
 ɢ  cosȽ , ɬɨ, ɩɨɞɫɬɚɜɢɜ ɞɚɧɧɵɟ ɪɚɜɟɧɫɬɜɚ ɜ ɜɵ-

ɪɚɠɟɧɢɟ (23), ɩɨɥɭɱɢɦ ɜɵɪɚɠɟɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɱɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɭɝɥɚ 

ɪɵɫɤɚɧɢɹ ɢ ɨɩɪɟɞɟɥɢɦ ɨɪɢɟɧɬɚɰɢɸ ɥɟɬɚɬɟɥɶɧɨɝɨ ɚɩɩɚɪɚɬɚ ɜ ɚɡɢɦɭɬɟ 

                                    

.
coscos

sinsin
arccos

0

0X
0 




                                    (24) 

ɉɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɱɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɭɝɥɨɜ 0,0,0 
 ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ 

ɧɚɱɚɥɶɧɭɸ ɦɚɬɪɢɰɭ ɩɟɪɟɯɨɞɚ С0. 



ɂɧɮɨɪɦɚɰɢɹ ɨɛ ɭɝɥɚɯ ɤɪɟɧɚ ɢ ɬɚɧɝɚɠɚ ( , ), ɧɚɣɞɟɧɧɚɹ ɩɨ ɩɨɤɚɡɚɧɢɹɦ ɚɤ-

ɫɟɥɟɪɨɦɟɬɪɨɜ ɧɚ ɡɟɦɥɟ ɜ ɩɨɤɨɟ, ɩɨɫɬɭɩɚɟɬ ɱɟɪɟɡ ɒɂɆ ɧɚ ɭɩɪɚɜɥɹɸɳɭɸ ɩɥɚɬɭ 

ɫɟɪɜɨɞɜɢɝɚɬɟɥɟɣ. ɋɟɪɜɨɞɜɢɝɚɬɟɥɢ ɢɡɧɚɱɚɥɶɧɨ ɩɪɢ ɫɛɨɪɤɟ ɝɢɪɨɩɥɚɬɮɨɪɦɵ ɜɵ-

ɫɬɚɜɥɹɸɬɫɹ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦ ɨɫɹɦ. Ʉɨɝɞɚ ɧɚ ɩɥɚɬɭ ɤɨɧɬɪɨɥɹ ɩɪɢɜɨɞɚ ɩɨɫɬɭ-

ɩɚɟɬ ɭɩɪɚɜɥɹɸɳɢɣ ɫɢɝɧɚɥ, ɦɨɬɨɪɵ ɜɤɥɸɱɚɬɫɹ ɢ ɧɚɱɧɭɬ ɜɪɚɳɚɬɶ ɩɥɚɬɮɨɪɦɭ. 

ɋ ɜɵɯɨɞɧɨɝɨ ɜɚɥɚ ɫɟɪɜɨɩɪɢɜɨɞɚ ɫɧɢɦɚɟɬɫɹ ɫɢɝɧɚɥ, ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ ɫɢɝɧɚɥɨɦ 

ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ, ɞɜɢɝɚɬɟɥɢ ɛɭɞɭɬ ɪɚɛɨɬɚɬɶ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɫɢɝɧɚɥ ɫ ɞɚɬɱɢɤɚ ɨɛ-

ɪɚɬɧɨɣ ɫɜɹɡɢ ɧɟ ɭɪɨɜɧɹɟɬɫɹ ɫ ɭɩɪɚɜɥɹɸɳɢɦ ɫɢɝɧɚɥɨɦ, ɤɚɤ ɬɨɥɶɤɨ ɪɚɫɫɨɝɥɚɫɨɜɚ-

ɧɢɟ ɩɪɟɤɪɚɬɢɬɶɫɹ, ɭɩɪɚɜɥɹɸɳɚɹ ɩɥɚɬɚ ɫɟɪɜɨɩɪɢɜɨɞɚ ɨɬɤɥɸɱɢɬ ɞɜɢɝɚɬɟɥɢ, ɝɢɪɨ-

ɩɥɚɬɮɨɪɦɚ ɧɚɯɨɞɢɬɫɹ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɩɨɥɨɠɟɧɢɢ ɩɨ ɜɫɟɦ ɨɫɹɦ. 

Ɋɟɚɥɢɡɚɰɢɹ ɩɨɥɭɱɟɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɭɩɪɚɜɥɟɧɢɹ ɫɟɪɜɨɩɪɢɜɨɞɚɦɢ ɝɢɪɨɫɬɚɛɢ-

ɥɢɡɢɪɨɜɚɧɧɨɣ ɩɥɚɬɮɨɪɦɵ ɛɵɥɚ ɨɫɭɳɟɫɬɜɥɟɧɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦɢɪɭ-

ɟɦɨɣ ɚɩɩɚɪɚɬɧɨɣ ɩɥɚɬɮɨɪɦɵ Arduino ɜɟɪɫɢɢ UNO. Эɥɟɤɬɪɢɱɟɫɤɚɹ ɫɯɟɦɚ ɝɢɪɨ-

ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɨɣ ɩɥɚɬɮɨɪɦɵ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪиɫ. 6. 

ɂɡ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɯɟɦɵ ɜɢɞɧɨ, ɱɬɨ ɪɨɥɶ ɜɵɱɢɫɥɢɬɟɥɹ ɜɵɩɨɥɧɹɟɬ ɦɢɤɪɨ-

ɤɨɧɬɪɨɥɥɟɪ ATmega328, ɬɪёɯɨɫɟɜɵɟ ɆЭɆɋ (ɦɢɤɪɨɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɟ ɫɢ-

ɫɬɟɦɵ) ɞɚɬɱɢɤɢ ɝɢɪɨɫɤɨɩɚ ɢ ɚɤɫɟɥɟɪɨɦɟɬɪɚ ɜɵɩɨɥɧɟɧɵ ɧɚ ɦɢɤɪɨɫɯɟɦɟ MPU 

6050. Ɇɢɤɪɨɫɯɟɦɚ MPU-6050, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɭɫɬɚɧɨɜɥɟɧɚ ɧɚ ɦɨɞɭɥɟ GY-521, 

ɤɨɬɨɪɵɣ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɜɫɸ ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɨɛɜɹɡɤɭ, ɫɬɚɛɢɥɢɡɚɬɨɪ ɧɚɩɪɹɠɟ-

ɧɢɹ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɪɚɛɨɬɵ ɦɢɤɪɨɫɯɟɦɵ. ȼ ɤɚɱɟɫɬɜɟ ɫɟɪɜɨɩɪɢɜɨɞɨɜ ɢɫɩɨɥɶ-

ɡɨɜɚɥɢɫɶ ɲɚɝɨɜɵɟ ɞɜɢɝɚɬɟɥɢ ɮɢɪɦɵ TowerPro – SG90MicroServo. Ɋɚɡɪɚɛɨɬɤɚ 

ɩɪɨɝɪɚɦɦ ɜɟɥɚɫɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɪɟɞɵ Arduino IDE.  
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Риɫ. 6. Эɥɟɤɬɪɢɱɟɫɤɚɹ ɫɯɟɦɚ ɝɢɪɨɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɨɣ ɩɥɚɬɮɨɪɦɵ 

Ɋɚɡɪɚɛɨɬɚɧɧɨɟ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɫ ɫɟɪɜɨɩɪɢɜɨɞɚɦɢ ɩɨɡɜɨɥɹɟɬ ɷɮ-

ɮɟɤɬɢɜɧɨ ɫɬɚɛɢɥɢɡɢɪɨɜɚɬɶ ɩɥɚɬɮɨɪɦɭ ɩɥɨɳɚɞɶɸ S=50 ɫɦ2 ɦɚɤɟɬɚ ȻɉɅȺ 

ɫ ɧɚɝɪɭɡɤɨɣ ɦɚɫɫɨɣ 300 ɝ ɩɪɢ ɡɚɞɚɧɧɵɯ ɭɝɥɨɜɵɯ ɫɤɨɪɨɫɬɹɯ ɤɪɟɧɚ ɢ ɬɚɧɝɚɠɚ ɞɨ 

180 0/c ɜ ɞɢɚɩɚɡɨɧɟ ɭɝɥɨɜ ɤɪɟɧɚ ɢ ɬɚɧɝɚɠɚ ± 85º. ɉɨɝɪɟɲɧɨɫɬɶ ɫɬɚɛɢɥɢɡɚɰɢɢ 

ɧɟ ɩɪɟɜɵɲɚɟɬ 0,5º.  
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