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Иɫɫɥɟɞɭɟɬɫɹ ɩɪɨɛɥɟɦɚ ɜɨɡɦɨɠɧɨɫɬɢ ɫɨɡɞɚɧɢɹ ɫɢɫɬɟɦɵ ɢɦɢɬɚɰɢɢ ɧɟɜɟɫɨɦɨɫɬɢ ɜ ɧɚɡɟɦɧɵɯ ɭɫɥɨɜɢɹɯ ɞɥɹ 
ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɵɯ ɤɨɫɦɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ. ɉɪɟɞɥɚɝɚɟɬɫɹ ɭɩɪɨɳɟɧɢɟ ɢ ɭɧɢɮɢɤɚɰɢɹ ɤɨɧɫɬɪɭɤɰɢɢ ɫɢɫɬɟɦɵ 

ɢɦɢɬɚɰɢɢ ɧɟɜɟɫɨɦɨɫɬɢ ɞɥɹ ɩɨɞɜɢɠɧɵɯ ɷɥɟɦɟɧɬɨɜ ɬɪɚɧɫɮɨɪɦɢɪɭɟɦɵɯ ɦɟɯɚɧɢɡɦɨɜ КА ɡɚ ɫɱɟɬ ɛɥɨɤɚ ɭɩɪɚɜɥɟ-
ɧɢɹ ɧɚ ɨɫɧɨɜɟ ɤɨɦɩɶɸɬɟɪɚ ɢ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɉɈ ɢ ɧɟɨɛɯɨɞɢɦɨɝɨ ɤɨɥɢɱɟɫɬɜɨ ɦɨɞɭɥɟɣ 
ɨɛɟɡɜɟɲɢɜɚɧɢɹ. ɉɪɟɞɥɚɝɚɟɦɚɹ ɫɢɫɬɟɦɚ ɢɦɢɬɚɰɢɢ ɧɟɜɟɫɨɦɨɫɬɢ ɧɟ ɨɝɪɚɧɢɱɢɜɚɟɬ ɡɨɧɭ ɩɪɨɜɟɞɟɧɢɹ ɦɨɧɬɚɠɧɨ-
ɫɛɨɪɨɱɧɵɯ ɪɚɛɨɬ ɫ ɤɨɫɦɢɱɟɫɤɢɦ ɚɩɩɚɪɚɬɨɦ, ɬ. ɟ. ɦɨɠɟɬ ɛɵɬɶ ɪɚɫɩɨɥɨɠɟɧɚ ɜ ɰɟɯɚɯ, ɨɛɨɪɭɞɨɜɚɧɧɵɯ ɩɨɞɜɟɫ-
ɧɵɦɢ ɤɪɚɧɚɦɢ ɢɥɢ ɤɪɚɧ-ɛɚɥɤɚɦɢ, ɧɟ ɫɨɡɞɚɜɚɹ ɩɨɦɟɯ ɞɥɹ ɢɯ ɪɚɛɨɬɵ, ɬ. ɟ. ɦɨɠɟɬ ɦɨɧɬɢɪɨɜɚɬɶɫɹ ɩɨ ɦɟɫɬɭ ɧɚ 
ɫɬɟɧɚɯ, ɩɨɬɨɥɤɟ ɢ ɜ ɫɥɨɠɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ ɧɟ ɡɚɧɢɦɚɬɶ ɪɚɛɨɱɟɟ ɩɪɨɫɬɪɚɧɫɬɜɨ ɧɚɞ ɤɨɫɦɢɱɟɫɤɢɦ ɚɩɩɚɪɚɬɨɦ.  

Сɢɫɬɟɦɚ ɢɦɢɬɚɰɢɢ ɧɟɜɟɫɨɦɨɫɬɢ ɩɨɡɜɨɥɹɟɬ ɨɛɟɡɜɟɲɢɜɚɬɶ ɷɥɟɦɟɧɬɵ ɤɨɧɫɬɪɭɤɰɢɢ, ɢɦɟɸɳɢɟ ɪɚɡɧɭɸ ɫɤɨ-
ɪɨɫɬɶ ɞɜɢɠɟɧɢɹ, ɢ ɩɪɟɨɞɨɥɟɜɚɬɶ ɫɥɨɠɧɵɟ ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ ɜ ɩɪɨɰɟɫɫɟ ɪɚɫɤɪɵɬɢɹ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɦɟ-
ɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɫɬɨɹɧɧɨ ɭɞɟɪɠɢɜɚɬɶ ɜɟɫɶ ɨɛɴɟɤɬ ɜ ɰɟɥɨɦ ɜ ɨɛɟɡɜɟɲɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ. Кɪɨɦɟ ɬɨɝɨ, ɫɢɫ-
ɬɟɦɚ ɢɦɢɬɚɰɢɢ ɧɟɜɟɫɨɦɨɫɬɢ ɩɨɡɜɨɥɹɟɬ ɫɧɢɦɚɬɶ ɜɟɫɨɜɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ (ɩɨɫɪɟɞɫɬɜɨɦ ɜɟɫɨɢɡɦɟɪɢɬɟɥɶɧɨɣ 
ɹɱɟɣɤɢ) ɩɪɢ ɧɚɡɟɦɧɵɯ ɢɫɩɵɬɚɧɢɹɯ – ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɦ ɭɬɨɱɧɟɧɢɢ ɩɚɪɚɦɟɬɪɨɜ ɩɪɢ ɮɢɡɢɱɟɫɤɨɣ ɨɬɪɚɛɨɬɤɟ 
ɦɟɯɚɧɢɡɦɨɜ ɪɚɫɤɪɵɬɢɹ ɚɧɬɟɧɧɵɯ ɫɢɫɬɟɦ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ. Ⱦɚɧɧɵɟ ɜɩɨɫɥɟɞɫɬɜɢɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ 
ɛɨɥɟɟ ɤɚɱɟɫɬɜɟɧɧɨɣ ɢɦɢɬɚɰɢɢ ɧɟɜɟɫɨɦɨɫɬɢ ɩɪɢ ɪɚɫɤɪɵɬɢɢ ɚɧɬɟɧɧɵɯ ɫɢɫɬɟɦ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ.  
Ⱦɚɟɬɫɹ ɨɛɨɫɧɨɜɚɧɢɟ ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɞɚɧɧɨɣ ɫɢɫɬɟɦɵ ɢɦɢɬɚɰɢɢ ɧɟɜɟɫɨɦɨɫɬɢ, ɭɤɚɡɵɜɚɸɬɫɹ 

ɟё ɩɪɟɢɦɭɳɟɫɬɜɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɫɢɫɬɟɦɚɦɢ ɢɦɢɬɚɰɢɢ ɧɟɜɟɫɨɦɨɫɬɢ. 
 

Кɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɫɢɫɬɟɦɚ ɢɦɢɬɚɰɢɢ ɧɟɜɟɫɨɦɨɫɬɢ, ɤɨɫɦɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ, ɭɩɪɚɜɥɟɧɢɟ, ɢɫɩɵɬɚɧɢɹ, ɦɨɞɭɥɶ 
ɨɛɟɡɜɟɲɢɜɚɧɢɹ, ɤɨɧɫɨɥɶɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ. 
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We study the problem of the possibility of creating a system of weightlessness simulation in ground conditions for 

large spacecraft. It is proposed to simplify and unify the system design of weightlessness simulation for mobile elements 

transformed mechanisms SC by the control unit on the basis of the computer and the microcontroller, appropriate 

software and the necessary number of modules weightlessness simulation. The proposed system simulate 

weightlessness, does not limit the area of installation and assembly work with the spacecraft, i. e. may be located in the 

shops equipped with an overhead crane or crane girders, not interfering with their work, that is, can be mounted in 

place on the walls, the ceiling and in the folded position does not occupy a working space over the spacecraft.  

The system simulating weightlessness allows weightlessness simulation structural elements having different speed 

and overcome the complex motion path during the expansion, so it is possible to constantly keep the whole object in 

general weightlessness state. In addition the system allows the simulation of weightlessness shoot weight characteristics 

(via the load cell) during ground tests – experimental specification parameters for physical development of mechanisms 
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disclosure of antenna systems of the spacecraft. They are subsequently used to better simulate weightlessness when 

disclosing antenna systems of the spacecraft.  

The substantiation of the prospects of this system simulate weightlessness is given, its advantages in comparison 

with other systems simulate weightlessness is indicated. 

 

Keywords: system of weightlessness simulation, spacecraft, control, test module weightlessness simulation 

cantilevered construction. 

 

ȼɜɟɞɟɧɢɟ. ɋɢɫɬɟɦɚ ɢɦɢɬɚɰɢɢ ɧɟɜɟɫɨɦɨɫɬɢ ɦɨɠɟɬ 
ɧɚɣɬɢ ɩɪɢɦɟɧɟɧɢɟ ɜ ɪɚɡɥɢɱɧɵɯ ɨɛɥɚɫɬɹɯ ɩɪɨɦɵɲ-

ɥɟɧɧɨɫɬɢ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɚɜɢɚɰɢɨɧɧɨɣ ɢ ɪɚɤɟɬɧɨ-
ɤɨɫɦɢɱɟɫɤɨɣ. ȼ ɱɚɫɬɧɨɫɬɢ, ɫɢɫɬɟɦɚ ɨɬɧɨɫɢɬɫɹ ɤ 
ɢɫɩɵɬɚɬɟɥɶɧɨɣ ɬɟɯɧɢɤɟ, ɤ ɧɚɡɟɦɧɵɦ ɢɫɩɵɬɚɧɢɹɦ ɦɟ-
ɯɚɧɢɡɦɨɜ, ɢɦɟɸɳɢɯ ɝɢɛɤɭɸ, ɦɧɨɝɨɡɜɟɧɧɭɸ ɤɨɧɫɬ- 
ɪɭɤɰɢɸ, ɪɚɫɫɱɢɬɚɧɧɭɸ ɧɚ ɪɚɛɨɬɭ ɜ ɧɟɜɟɫɨɦɨɫɬɢ. 

ɉɨɞɨɛɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ (ɫɤɥɚɞɧɵɟ ɩɚɧɟɥɢ ɫɨɥɧɟɱ-
ɧɵɯ ɛɚɬɚɪɟɣ ɤɨɫɦɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ, ɪɚɫɤɪɵɜɚɟɦɵɟ 
ɦɧɨɝɨɡɜɟɧɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɬ. ɩ.) ɧɟɨɛɯɨɞɢɦɨ ɪɚɜ-
ɧɨɦɟɪɧɨ ɨɛɟɡɜɟɲɢɜɚɬɶ, ɩɪɢɥɚɝɚɹ ɭɫɢɥɢɟ ɤ ɤɚɠɞɨɦɭ 
ɡɜɟɧɭ ɤɨɧɫɬɪɭɤɰɢɢ, ɜ ɩɪɨɰɟɫɫɟ ɩɟɪɟɦɟɳɟɧɢɹ ɷɬɢɯ 
ɡɜɟɧɶɟɜ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝ ɞɪɭɝɚ. ɋɢɫɬɟɦɚ ɢɦɢɬɚɰɢɢ 

ɧɟɜɟɫɨɦɨɫɬɢ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɞɥɹ ɨɛɟɡɜɟɲɢ-

ɜɚɧɢɹ ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɵɯ ɬɪɚɧɫɮɨɪɦɢɪɭɟɦɵɯ ɤɨɧɫɬ-
ɪɭɤɰɢɣ ɢ ɭɫɬɪɚɧɟɧɢɹ ɞɟɮɨɪɦɚɰɢɣ ɢɥɢ ɪɚɡɪɭɲɟɧɢɣ 

ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɢɥɵ ɬɹɠɟɫɬɢ ɩɪɢ ɧɚɡɟɦɧɵɯ ɢɫɩɵɬɚ-
ɧɢɹɯ (ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɭɬɨɱɧɟɧɢɹ ɢɥɢ ɢɞɟɧɬɢɮɢ-

ɤɚɰɢɢ ɩɚɪɚɦɟɬɪɨɜ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɤɨɧɫɬɪɭɤ-
ɰɢɢ ɦɟɯɚɧɢɡɦɨɜ ɧɚ Ɂɟɦɥɟ) ɢɥɢ ɩɪɢ ɮɢɡɢɱɟɫɤɨɣ ɨɬɪɚ-
ɛɨɬɤɟ ɢ ɩɨɜɟɪɤɟ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɬɪɚɧɫ-
ɮɨɪɦɢɪɭɟɦɵɦɢ ɤɨɧɫɬɪɭɤɰɢɹɦɢ ɧɚ Ɂɟɦɥɟ ɞɥɹ ɩɪɨɜɟ-
ɞɟɧɢɹ ɥёɬɧɵɯ ɢɫɩɵɬɚɧɢɣ [1; 2].  

ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ. ɋɨɡɞɚɧɢɟ ɫɬɚɰɢɨɧɚɪɧɵɯ ɩɨɪ-
ɬɚɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ, ɧɚ ɤɨɬɨɪɵɯ ɪɚɡɦɟɳɚɟɬɫɹ ɫɢɫ-
ɬɟɦɚ ɨɛɟɡɜɟɲɢɜɚɧɢɹ, ɩɪɟɞɩɨɥɚɝɚɟɬ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɨɬ-
ɞɟɥɶɧɨɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɭɱɚɫɬɤɚ, ɬɨɱɧɨɟ ɩɨɡɢɰɢɨ-
ɧɢɪɨɜɚɧɢɟ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ (ɄȺ) ɢɥɢ ɨɬɞɟɥɶ-
ɧɵɯ ɷɥɟɦɟɧɬɨɜ ɟɝɨ ɤɨɧɫɬɪɭɤɰɢɢ ɩɨɞ ɫɨɨɬɜɟɬɫɬɜɭɸ-

ɳɢɦɢ ɷɥɟɦɟɧɬɚɦɢ ɫɢɫɬɟɦɵ. ɗɬɨ ɧɚɤɥɚɞɵɜɚɟɬ ɨɝɪɚɧɢ-

ɱɟɧɢɹ ɢ ɫɨɡɞɚɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɬɪɭɞɧɨɫɬɢ ɩɪɢ ɪɚɛɨ-
ɬɟ ɫ ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɵɦɢ ɄȺ [3–8].  

ȼɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɤɨɧɫɬɪɭɤɰɢɢ, ɤɨɬɨɪɚɹ 
ɧɟ ɨɝɪɚɧɢɱɢɜɚɟɬ ɡɨɧɭ ɩɪɨɜɟɞɟɧɢɹ ɦɨɧɬɚɠɧɨ-
ɫɛɨɪɨɱɧɵɯ ɪɚɛɨɬ ɫ ɄȺ, ɬ. ɟ. ɦɨɠɟɬ ɛɵɬɶ ɪɚɫɩɨɥɨɠɟɧɚ 
ɜ ɰɟɯɚɯ, ɨɛɨɪɭɞɨɜɚɧɧɵɯ ɩɨɞɜɟɫɧɵɦɢ ɤɪɚɧɚɦɢ ɢɥɢ 

ɤɪɚɧ-ɛɚɥɤɚɦɢ, ɬɟɦ ɫɚɦɵɦ ɧɟ ɫɨɡɞɚɜɚɹ ɩɨɦɟɯ ɞɥɹ ɢɯ 
ɪɚɛɨɬɵ, ɬ. ɟ. ɦɨɠɟɬ ɦɨɧɬɢɪɨɜɚɬɶɫɹ ɩɨ ɦɟɫɬɭ ɧɚ ɫɬɟɧɚɯ, 
ɩɨɬɨɥɤɟ ɢ ɜ ɫɥɨɠɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ ɧɟ ɡɚɧɢɦɚɬɶ ɪɚɛɨ-
ɱɟɟ ɩɪɨɫɬɪɚɧɫɬɜɨ ɧɚɞ ɄȺ. ɋɤɚɡɚɧɧɨɟ ɞɚɟɬ ɜɨɡɦɨɠ-

ɧɨɫɬɶ ɩɨɡɢɰɢɨɧɢɪɨɜɚɬɶ ɧɚɭɱɧɭɸ ɡɚɞɚɱɭ ɪɚɡɪɚɛɨɬɤɢ 

«ɦɨɛɢɥɶɧɨɣ» ɫɢɫɬɟɦɵ ɢɦɢɬɚɰɢɢ ɧɟɜɟɫɨɦɨɫɬɢ ɤɚɤ ɧɨ-
ɜɭɸ ɢ ɚɤɬɭɚɥɶɧɭɸ. 

ɐɟɥɶ ɢɡɨɛɪɟɬɟɧɢɹ. ɐɟɥɶɸ ɢɡɨɛɪɟɬɟɧɢɹ ɹɜɥɹɟɬɫɹ 
ɭɩɪɨɳɟɧɢɟ ɢ ɭɧɢɮɢɤɚɰɢɹ ɤɨɧɫɬɪɭɤɰɢɢ, ɫɨɡɞɚɧɢɟ ɜɨɡ- 
ɦɨɠɧɨɫɬɢ ɢɦɢɬɚɰɢɢ ɧɟɜɟɫɨɦɨɫɬɢ ɜ ɧɚɡɟɦɧɵɯ ɭɫɥɨ- 
ɜɢɹɯ ɞɥɹ ɩɨɞɜɢɠɧɵɯ ɷɥɟɦɟɧɬɨɜ ɬɪɚɧɫɮɨɪɦɢɪɭɟɦɵɯ 
ɦɟɯɚɧɢɡɦɨɜ ɄȺ ɛɨɥɶɲɢɯ ɝɚɛɚɪɢɬɨɜ ɢ ɡɧɚɱɢɬɟɥɶɧɵɯ 

ɩɟɪɟɦɟɳɟɧɢɣ ɨɛɟɡɜɟɲɢɜɚɟɦɵɯ ɩɨɞɜɢɠɧɵɯ ɷɥɟɦɟɧɬɨɜ 
ɤɨɧɫɬɪɭɤɰɢɣ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ ɪɚɛɨɬɵ ɜ 
ɫɨɫɬɨɹɧɢɢ ɧɟɜɟɫɨɦɨɫɬɢ. ɍɤɚɡɚɧɧɚɹ ɰɟɥɶ ɞɨɫɬɢɝɚɟɬɫɹ 
ɬɟɦ, ɱɬɨ ɜ ɩɪɟɞɥɚɝɚɟɦɨɣ ɫɢɫɬɟɦɟ ɢɦɢɬɚɰɢɢ 

ɧɟɜɟɫɨɦɨɫɬɢ ɢɦɟɟɬɫɹ ɛɥɨɤ ɭɩɪɚɜɥɟɧɢɹ ɧɚ ɨɫɧɨɜɟ 
ɤɨɦɩɶɸɬɟɪɚ ɢ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ 

ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɢ ɧɟɨɛɯɨɞɢɦɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɦɨɞɭɥɟɣ ɨɛɟɡɜɟɲɢɜɚɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɬɪɟɛɭɟɦɨ- 
ɦɭ ɤɨɥɢɱɟɫɬɜɭ ɬɨɱɟɤ ɩɪɢɥɨɠɟɧɢɹ ɭɫɢɥɢɹ ɨɛɟɡɜɟɲɢ- 

ɜɚɧɢɹ. 
Ɉɩɢɫɚɧɢɟ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɨɛɢɥɶɧɨɣ ɫɢɫɬɟɦɵ 

ɢɦɢɬɚɰɢɢ ɧɟɜɟɫɨɦɨɫɬɢ. Ʉɚɠɞɵɣ ɦɨɞɭɥɶ ɨɛɟɡɜɟɲɢ-

ɜɚɧɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɨɧɫɨɥɶɧɭɸ ɤɨɧɫɬɪɭɤɰɢɸ, 

ɤɪɟɩɹɳɭɸɫɹ ɧɚ ɫɬɟɧɭ ɢɥɢ ɩɨɬɨɥɨɤ, ɢɦɟɸɳɭɸ ɜɨɡ-
ɦɨɠɧɨɫɬɶ ɜɪɚɳɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɨɱɤɢ ɤɪɟɩɥɟɧɢɹ, 
ɩɨɞɨɛɧɨ ɷɥɟɤɬɪɢɱɟɫɤɨɦɭ ɤɨɧɫɨɥɶɧɨɦɭ ɤɪɚɧɭ ɫ ɫɟɪɜɨ- 
ɩɪɢɜɨɞɨɦ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɨɱɤɢ ɤɪɟɩɥɟɧɢɹ ɞɨɫɬɢ- 

ɝɚɟɬɫɹ ɬɪɟɛɭɟɦɵɣ ɭɝɨɥ ɩɨɜɨɪɨɬɚ ɫɬɪɟɥɵ. ȼ ɫɥɭɱɚɟ 
ɤɪɟɩɥɟɧɢɹ ɧɚ ɫɬɟɧɭ ɭɝɨɥ ɩɨɜɨɪɨɬɚ ɫɬɪɟɥɵ – 180º,  

ɜ ɫɥɭɱɚɟ ɤɪɟɩɥɟɧɢɹ ɧɚ ɩɨɬɨɥɨɤ – 360º. ȼɬɨɪɨɣ 

ɫɟɪɜɨɩɪɢɜɨɞ ɭɫɬɚɧɨɜɥɟɧ ɧɚ ɧɟɤɨɬɨɪɨɦ ɪɚɫɫɬɨɹɧɢɢ ɨɬ 
ɩɟɪɜɨɝɨ ɧɚ ɫɬɪɟɥɟ ɢ ɩɨɡɜɨɥɹɟɬ ɜɪɚɳɚɬɶɫɹ ɧɚ 270º 

ɜɬɨɪɨɣ ɱɚɫɬɢ ɤɨɧɫɬɪɭɤɰɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɟɪɜɨɣ. 

ɋɨɜɦɟɫɬɧɵɦ ɫɨɝɥɚɫɨɜɚɧɧɵɦ ɞɜɢɠɟɧɢɟɦ ɩɨ ɪɚɞɢɭɫɚɦ 

ɩɨɜɨɪɨɬɚ ɨɛɟɢɯ ɫɟɪɜɨɩɪɢɜɨɞɨɜ ɞɨɫɬɢɝɚɟɬɫɹ ɬɪɟɛɭɟɦɚɹ 
ɬɪɚɟɤɬɨɪɢɹ ɞɜɢɠɟɧɢɹ ɝɪɭɡɨɡɚɯɜɚɬɧɨɝɨ ɨɪɝɚɧɚ, ɭɫɬɚɧɚ- 
ɜɥɢɜɚɟɦɨɝɨ ɧɚ ɤɨɧɰɟ ɜɬɨɪɨɣ ɱɚɫɬɢ ɤɨɧɫɬɪɭɤɰɢɢ. 

Ɇɨɞɭɥɶɧɵɣ ɩɪɢɧɰɢɩ ɩɨɫɬɪɨɟɧɢɹ ɩɨɡɜɨɥɹɟɬ ɚɞɚɩ- 

ɬɢɪɨɜɚɬɶ ɫɢɫɬɟɦɭ ɩɨɞ ɪɚɡɥɢɱɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɡ 
ɧɟɛɨɥɶɲɨɝɨ, ɷɤɨɧɨɦɢɱɟɫɤɢ ɨɛɨɫɧɨɜɚɧɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ 
ɬɢɩɨɪɚɡɦɟɪɨɜ ɦɨɞɭɥɟɣ, ɤɨɬɨɪɵɟ ɩɨɞɛɢɪɚɸɬɫɹ, ɢɫɯɨɞɹ 
ɢɡ ɝɟɨɦɟɬɪɢɢ ɢ ɧɟɨɛɯɨɞɢɦɨɝɨ ɱɢɫɥɚ ɬɨɱɟɤ 
ɩɪɢɥɨɠɟɧɢɹ ɭɫɢɥɢɹ ɨɛɟɡɜɟɲɢɜɚɧɢɹ ɩɪɢɦɟɧɢɬɟɥɶɧɨ  
ɤ ɤɨɧɤɪɟɬɧɨɦɭ ɨɛɴɟɤɬɭ. Ʉɪɨɦɟ ɷɬɨɝɨ, ɤɨɧɫɬɪɭɤɰɢɹ 
ɩɨɡɜɨɥɹɟɬ ɪɚɫɩɨɥɨɠɢɬɶ ɬɨɱɤɢ ɩɪɢɥɨɠɟɧɢɹ ɭɫɢɥɢɣ 

ɨɛɟɡɜɟɲɢɜɚɧɢɹ ɤɨɦɩɚɤɬɧɨ, ɤɨɝɞɚ ɩɟɪɜɨɧɚɱɚɥɶɧɨ 
ɷɥɟɦɟɧɬɵ ɨɛɟɡɜɟɲɢɜɚɟɦɨɝɨ ɨɛɴɟɤɬɚ ɧɚɯɨɞɹɬɫɹ ɜ 
ɫɥɨɠɟɧɧɨɦ ɩɨɥɨɠɟɧɢɢ, ɪɚɫɩɨɥɚɝɚɹ ɦɨɞɭɥɢ ɧɚ ɫɬɟɧɚɯ 
ɢɥɢ ɩɨɬɨɥɤɟ ɩɨ ɪɚɡɧɵɟ ɫɬɨɪɨɧɵ ɨɬ ɨɛɟɡɜɟɲɢɜɚɟɦɨɝɨ 
ɨɛɴɟɤɬɚ, ɚ ɡɚɬɟɦ ɩɨ ɦɟɪɟ ɪɚɫɤɪɵɬɢɹ ɢ ɩɪɢɜɟɞɟɧɢɹ ɜ 
ɪɚɛɨɱɟɟ ɫɨɫɬɨɹɧɢɟ ɩɟɪɟɦɟɳɚɬɶ ɷɬɢ ɬɨɱɤɢ – ɤɚɠɞɭɸ ɩɨ 
ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɣ ɬɪɚɟɤɬɨɪɢɢ ɫ ɪɚɡɧɵɦɢ ɫɤɨɪɨɫɬɹɦɢ ɜ 
ɫɥɟɞɹɳɟɦ ɪɟɠɢɦɟ, ɩɨ ɦɟɪɟ ɪɚɫɤɪɵɬɢɹ (ɩɟɪɟɦɟɳɟɧɢɹ) 
ɫɨɫɬɚɜɧɵɯ ɱɚɫɬɟɣ ɨɛɴɟɤɬɚ ɨɛɟɡɜɟɲɢɜɚɧɢɹ [9–12]. 

ɋ ɭɱɟɬɨɦ ɜɵɲɟɢɡɥɨɠɟɧɧɨɝɨ ɫɨɡɞɚɧɚ ɭɧɢɜɟɪɫɚɥɶ-
ɧɚɹ ɫɢɫɬɟɦɚ ɢɦɢɬɚɰɢɢ ɧɟɜɟɫɨɦɨɫɬɢ. ɋɢɫɬɟɦɚ ɜɤɥɸɱɚ-
ɟɬ ɜ ɫɟɛɹ (ɪɢɫ. 1) ɛɥɨɤ ɭɩɪɚɜɥɟɧɢɹ 1 ɢ ɧɟɨɛɯɨɞɢɦɨɟ 
ɤɨɥɢɱɟɫɬɜɨ ɦɨɞɭɥɟɣ ɨɛɟɡɜɟɲɢɜɚɧɢɹ (ɞɥɹ ɩɪɢɦɟɪɚ ɧɚ 
ɪɢɫ. 1 ɩɨɤɚɡɚɧɚ ɫɢɫɬɟɦɚ ɫ ɞɜɭɦɹ ɦɨɞɭɥɹɦɢ 2 ɢ 3). 

Ʉɚɠɞɵɣ ɦɨɞɭɥɶ 2 ɢɥɢ 3 (ɪɢɫ. 2) ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ 
ɞɜɚ ɫɟɪɜɨɩɪɢɜɨɞɚ (Ɇ1 ɢ Ɇ2). ɉɟɪɜɵɣ ɫɟɪɜɨɩɪɢɜɨɞ 4 

ɤɪɟɩɢɬɫɹ ɤ ɫɬɟɧɟ ɢɥɢ ɤ ɩɨɬɨɥɤɭ. ɇɚ ɪɚɛɨɱɢɣ ɜɚɥ 6 ɫɟɪ-
ɜɨɩɪɢɜɨɞɚ 4 ɤɪɟɩɢɬɫɹ ɩɨɜɨɪɨɬɧɚɹ ɤɨɧɫɨɥɶ 7, ɧɚ ɤɨɧɰɟ 
ɤɨɬɨɪɨɣ ɪɚɫɩɨɥɨɠɟɧ ɜɬɨɪɨɣ ɫɟɪɜɨɩɪɢɜɨɞ 5, ɜ ɫɜɨɸ 

ɨɱɟɪɟɞɶ, ɢɦɟɸɳɢɣ ɫɨɛɫɬɜɟɧɧɭɸ ɩɨɜɨɪɨɬɧɭɸ ɤɨɧɫɨɥɶ 8, 

ɧɚ ɤɨɧɰɟ ɤɨɬɨɪɨɣ ɧɚɯɨɞɢɬɫɹ ɝɪɭɡɨɡɚɯɜɚɬɧɵɣ ɨɪɝɚɧ 9 

(ɪɢɫ. 3). Ƚɪɭɡɨɡɚɯɜɚɬɧɵɣ ɨɪɝɚɧ 9 ɫɨɫɬɨɢɬ ɢɡ ɜɟɫɨɢɡɦɟ-
ɪɢɬɟɥɶɧɨɣ ɹɱɟɣɤɢ 10, ɫɨɟɞɢɧɟɧɧɨɣ ɫ ɩɥɚɬɮɨɪɦɨɣ 11, 

ɧɚ ɤɨɬɨɪɨɣ ɭɫɬɚɧɨɜɥɟɧ ɷɥɟɤɬɪɨɩɪɢɜɨɞ 12, ɪɟɞɭɤɬɨɪ 
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ɤɨɬɨɪɨɝɨ ɫɜɹɡɚɧ ɫ ɤɚɬɭɲɤɨɣ 13, ɧɚ ɤɨɬɨɪɨɣ ɧɚɦɨɬɚɧ 

ɫɬɪɨɩ 14. ɋɬɪɨɩ ɢɞɟɬ ɧɚ ɬɪɨɫɨɭɤɥɚɞɱɢɤ 15, ɧɚ ɤɨɬɨɪɨɦ 

ɭɫɬɚɧɨɜɥɟɧ ɞɚɬɱɢɤ ɭɝɥɚ 16, ɨɩɪɟɞɟɥɹɸɳɢɣ ɟɝɨ ɜɟɪɬɢ-

ɤɚɥɶɧɨɟ ɨɬɤɥɨɧɟɧɢɟ, ɢ ɞɚɬɱɢɤ ɪɚɫɯɨɞɚ ɫɬɪɨɩɚ 17. 
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ȼ ɰɟɥɨɦ ɩɪɟɞɥɚɝɚɟɦɚɹ ɫɢɫɬɟɦɚ ɢɦɢɬɚɰɢɢ 

ɧɟɜɟɫɨɦɨɫɬɢ ɪɚɛɨɬɚɟɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

– ɩɟɪɟɞ ɩɪɨɰɟɫɫɨɦ ɪɚɫɤɪɵɬɢɹ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ 
ɧɟɨɛɯɨɞɢɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɦɨɞɭɥɟɣ 2 ɢ 3, ɫɨɨɬɜɟɬɫɬ-
ɜɭɸɳɟɟ ɤɨɥɢɱɟɫɬɜɭ ɬɨɱɟɤ ɩɪɢɥɨɠɟɧɢɹ ɭɫɢɥɢɹ ɨɛɟɡ-
ɜɟɲɢɜɚɧɢɹ, ɝɢɛɤɢɟ ɫɜɹɡɢ 18 ɝɪɭɡɨɡɚɯɜɚɬɧɨɝɨ ɨɪɝɚɧɚ 9 

ɩɪɢɫɨɟɞɢɧɹɸɬɫɹ ɤ ɷɥɟɦɟɧɬɚɦ ɨɛɟɡɜɟɲɢɜɚɟɦɨɝɨ  
ɨɛɴɟɤɬɚ 19, ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ ɫɥɨɠɟɧɧɨɦ ɩɨɥɨɠɟɧɢɢ 

(ɫɦ. ɪɢɫ. 1); 

– ɩɪɢ ɪɚɫɤɪɵɬɢɢ ɷɥɟɦɟɧɬɵ ɨɛɟɡɜɟɲɢɜɚɟɦɨɝɨ 
ɨɛɴɟɤɬɚ 19 (ɪɢɫ. 4 ɢ 5) ɧɚɱɢɧɚɸɬ ɩɨɫɬɭɩɚɬɟɥɶɧɨɟ ɞɜɢ-

ɠɟɧɢɟ, ɫɢɫɬɟɦɚ ɢɦɢɬɚɰɢɢ ɧɟɜɟɫɨɦɨɫɬɢ ɩɨ ɫɢɝɧɚɥɚɦ ɫ 
ɞɚɬɱɢɤɨɜ ɭɝɥɚ 16 ɨɫɭɳɟɫɬɜɥɹɟɬ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɟ 
ɦɨɞɭɥɟɣ 2 ɢ 3 ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɝɢɛɤɢɟ ɫɜɹɡɢ 18 

ɛɵɥɢ ɜɟɪɬɢɤɚɥɶɧɵɟ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɨɛɴɟɤɬɭ ɨɛɟɡɜɟ-
ɲɢɜɚɧɢɹ 19 ɜɩɥɨɬɶ ɞɨ ɤɨɧɟɱɧɨɝɨ ɪɚɫɩɨɥɨɠɟɧɢɹ ɫɢɫ-
ɬɟɦɵ (ɪɢɫ. 5). 

ɋɢɝɧɚɥɵ ɫ ɞɚɬɱɢɤɚ ɭɝɥɚ 16 ɩɨɫɬɭɩɚɸɬ ɜ ɫɢɫɬɟɦɭ 
ɭɩɪɚɜɥɟɧɢɹ 1, ɜ ɤɨɬɨɪɨɣ ɡɚɞɚɸɬɫɹ ɚɥɝɨɪɢɬɦ ɢ ɞɢɧɚ-
ɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ (ɫɤɨɪɨɫɬɢ, ɭɫɤɨɪɟɧɢɹ) ɫɟɪ-
ɜɨɩɪɢɜɨɞɨɜ (Ɇ1 ɢ Ɇ2) ɫ ɰɟɥɶɸ ɩɨɞɞɟɪɠɚɧɢɹ ɜɟɪɬɢ-

ɤɚɥɶɧɨɫɬɢ ɝɢɛɤɨɣ ɫɜɹɡɢ 18. 

ɋɢɫɬɟɦɚ ɢɦɢɬɚɰɢɢ ɧɟɜɟɫɨɦɨɫɬɢ ɩɨɡɜɨɥɹɟɬ ɨɛɟɡɜɟ-
ɲɢɜɚɬɶ ɷɥɟɦɟɧɬɵ ɤɨɧɫɬɪɭɤɰɢɢ, ɢɦɟɸɳɢɟ ɪɚɡɧɭɸ ɫɤɨ-
ɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɜ ɩɪɨɰɟɫɫɟ ɪɚɫɤɪɵɬɢɹ, ɬɚɤ ɤɚɤ ɪɚɛɨɬɚɟɬ 
ɜ ɫɥɟɞɹɳɟɦ ɪɟɠɢɦɟ ɩɨ ɫɢɝɧɚɥɚɦ ɫ ɞɚɬɱɢɤɨɜ ɭɝɥɚ ɨɬ-
ɤɥɨɧɟɧɢɹ 16, ɢ ɤɚɠɞɵɣ ɦɨɞɭɥɶ 2 ɢ 3 ɫɢɫɬɟɦɵ ɪɚɛɨɬɚɟɬ 
ɧɚ «ɫɜɨɣ» ɷɥɟɦɟɧɬ ɨɛɟɡɜɟɲɢɜɚɟɦɨɣ ɤɨɧɫɬɪɭɤɰɢɢ 19. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɦɟɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɭɞɟɪɠɢɜɚɬɶ 
ɜɟɫɶ ɨɛɴɟɤɬ ɜ ɰɟɥɨɦ ɜ ɨɛɟɡɜɟɲɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ. Ɍɚɤ,  
ɜ ɩɪɢɜɟɞɟɧɧɨɦ ɩɪɢɦɟɪɟ (ɪɢɫ. 6) ɦɨɞɭɥɶ 2 ɩɪɨɯɨɞɢɬ 
ɩɪɹɦɨɥɢɧɟɣɧɭɸ ɬɪɚɟɤɬɨɪɢɸ ɨɬ ɬɨɱɤɢ А ɞɨ ɬɨɱɤɢ ȼ,  

ɚ ɦɨɞɭɥɶ 3 ɩɪɨɯɨɞɢɬ ɫɥɨɠɧɭɸ ɬɪɚɟɤɬɨɪɢɸ ɨɬ ɬɨɱɤɢ А 

ɞɨ ɬɨɱɤɢ С ɢ ɞɚɥɟɟ – ɞɨ ɬɨɱɤɢ D. 
 

 
 

Ɋɢɫ. 4. ɉɪɨɦɟɠɭɬɨɱɧɨɟ ɩɨɥɨɠɟɧɢɟ 
 

 
 

Ɋɢɫ. 5. Ʉɨɧɟɱɧɨɟ ɩɨɥɨɠɟɧɢɟ 



 

 
 

Аɜɢɚɰɢɨɧɧɚɹ ɢ ɪɚɤɟɬɧɨ-ɤɨɫɦɢɱɟɫɤɚɹ ɬɟɯɧɢɤɚ 
 

 177
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Ɂɚɤɥɸɱɟɧɢɟ. ɉɪɢ ɛɨɥɶɲɢɯ ɝɚɛɚɪɢɬɚɯ ɢ ɫɥɨɠɧɵɯ 
ɤɨɧɫɬɪɭɤɰɢɹɯ ɩɪɢɜɨɞɨɜ ɪɚɫɤɪɵɬɢɹ ɚɧɬɟɧɧɵɯ ɫɢɫɬɟɦ 

ɡɚɱɚɫɬɭɸ ɫɥɨɠɧɨ ɩɪɟɞɨɫɬɚɜɢɬɶ ɬɨɱɧɵɟ ɪɚɫɱɟɬɧɵɟ ɞɚɧ-

ɧɵɟ ɧɟɨɛɯɨɞɢɦɵɯ ɭɫɢɥɢɣ ɨɛɟɡɜɟɲɢɜɚɧɢɹ, ɜɤɥɸɱɚɸ-

ɳɢɯ ɜ ɫɟɛɹ ɧɟ ɬɨɥɶɤɨ ɫɨɛɫɬɜɟɧɧɨ ɦɚɫɫɨɜɟɫɨɜɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɧɫɬɪɭɤɰɢɢ, ɧɨ ɭɫɢɥɢɹ ɢ ɦɨɦɟɧɬɵ, 

ɫɜɹɡɚɧɧɵɟ ɫ ɞɢɧɚɦɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ 

ɩɪɨɰɟɫɫɚ ɪɚɫɤɪɵɬɢɹ [12–15]. ɉɪɟɞɥɚɝɚɟɦɚɹ ɫɢɫɬɟɦɚ 
ɢɦɢɬɚɰɢɢ ɧɟɜɟɫɨɦɨɫɬɢ ɩɨɡɜɨɥɹɟɬ ɫɧɢɦɚɬɶ ɜɟɫɨɜɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ (ɩɨɫɪɟɞɫɬɜɨɦ ɜɟɫɨɢɡɦɟɪɢɬɟɥɶɧɨɣ 

ɹɱɟɣɤɢ), ɩɪɢ ɧɚɡɟɦɧɵɯ ɢɫɩɵɬɚɧɢɹɯ – 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɦ ɭɬɨɱɧɟɧɢɢ ɩɚɪɚɦɟɬɪɨɜ ɩɪɢ ɮɢɡɢ-

ɱɟɫɤɨɣ ɨɬɪɚɛɨɬɤɟ ɦɟɯɚɧɢɡɦɨɜ ɪɚɫɤɪɵɬɢɹ ɚɧɬɟɧɧɵɯ 
ɫɢɫɬɟɦ ɄȺ. Ⱦɚɧɧɵɟ ɜɩɨɫɥɟɞɫɬɜɢɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ 
ɛɨɥɟɟ ɤɚɱɟɫɬɜɟɧɧɨɣ ɢɦɢɬɚɰɢɢ ɧɟɜɟɫɨɦɨɫɬɢ ɩɪɢ 

ɪɚɫɤɪɵɬɢɢ ɚɧɬɟɧɧɵɯ ɫɢɫɬɟɦ ɄȺ.  
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