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Ɉɩɢɫɵɜɚɟɬɫɹ ɫɬɭɞɟɧɱɟɫɤɢɣ ɩɪɨɟɤɬ ɫɜɟɪɯɦɚɥɨɝɨ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ SibCube. Ɉɩɪɟɞɟɥɟɧɵ ɰɟɥɢ (ɨɩɢɫɚ-
ɧɵ ɨɛɪɚɡɨɜɚɬɟɥɶɧɵɟ ɢ ɧɚɭɱɧɵɟ ɰɟɥɢ) ɢ ɡɚɞɚɱɢ ɩɪɨɟɤɬɚ SibCube, ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɮɢɡɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɢ ɬɟɯɧɢ-
ɱɟɫɤɢɯ ɩɪɨɛɥɟɦ, ɫɜɹɡɚɧɧɵɯ ɫ ɪɟɫɭɪɫɧɵɦɢ ɨɝɪɚɧɢɱɟɧɢɹɦɢ ɬɚɤɨɝɨ ɤɥɚɫɫɚ ɤɨɫɦɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ. Ɉɩɪɟɞɟɥɟɧɵ 

ɧɚɩɪɚɜɥɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɩɭɬɢ ɪɟɲɟɧɢɹ ɞɚɧɧɵɯ ɩɪɨɛɥɟɦ, ɚ ɢɦɟɧɧɨ, ɬɟɫɬɢɪɨɜɚɧɢɟ ɧɨɜɨɣ ɷɥɟɦɟɧɬɧɨɣ ɛɚɡɵ  

ɢ ɬɟɯɧɨɥɨɝɢɣ, ɜ ɱɚɫɬɧɨɫɬɢ, ɛɨɪɬɨɜɨɝɨ ɤɨɦɩɥɟɤɫɚ ɭɩɪɚɜɥɟɧɢɹ, ɜɵɩɨɥɧɟɧɧɨɝɨ ɩɨ ɬɟɯɧɨɥɨɝɢɢ «ɫɢɫɬɟɦɚ-ɧɚ-
ɤɪɢɫɬɚɥɥɟ», ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɩɨɞɞɟɪɠɢɜɚɸɳɟɝɨ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɣ ɫɬɚɧɞɚɪɬ SpaceWire. Ɉɬɪɚɛɨɬɤɚ  
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ ɚɤɬɭɚɥɶɧɚ ɜ ɫɜɹɡɢ ɫ ɤɨɧɫɟɪɜɚɬɢɜɧɨɫɬɶɸ ɤɨɫɦɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. Ɍɚɤ-
ɠɟ ɜ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɨɬɦɟɱɚɟɬɫɹ ɨɝɪɚɧɢɱɟɧɧɨɫɬɶ ɨɬɟɱɟɫɬɜɟɧɧɨɣ ɷɥɟɦɟɧɬɚɪɧɨɣ ɛɚɡɵ. ȼ ɧɚɲɟ ɜɪɟɦɹ 
ɜɫɟ ɱɚɳɟ ɝɨɜɨɪɹɬ ɨ ɢɦɩɨɪɬɨɡɚɦɟɳɟɧɢɢ. Ⱦɥɹ ɬɚɤɨɣ ɨɝɪɨɦɧɨɣ ɨɬɪɚɫɥɢ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ, ɤɚɤ ɫɩɭɬɧɢɤɨ-
ɫɬɪɨɟɧɢɟ ɢ ɤɨɫɦɢɱɟɫɤɚɹ ɨɛɥɚɫɬɶ, ɜ ɰɟɥɨɦ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɫɜɨɟɣ ɫɨɛɫɬɜɟɧɧɨɣ ɷɥɟɦɟɧɬɧɨɣ ɛɚɡɟ ɨɱɟɜɢɞɧɚ.  
Ɉɞɧɚɤɨ ɧɟɨɛɯɨɞɢɦɨ ɬɚɤɠɟ ɢ ɬɟɫɬɢɪɨɜɚɧɢɟ ɬɚɤɨɣ ɛɚɡɵ. Ɋɚɡɪɚɛɨɬɱɢɤɢ ɤɨɫɦɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ ɩɪɟɞɩɨɱɢɬɚ-
ɸɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɪɨɜɟɪɟɧɧɭɸ ɷɥɟɦɟɧɬɧɭɸ ɛɚɡɭ, ɨɩɚɫɚɹɫɶ ɧɟɞɨɫɬɚɬɨɱɧɨɣ ɧɚɞɟɠɧɨɫɬɢ ɧɟɩɪɨɜɟɪɟɧɧɵɯ ɷɥɟ-
ɦɟɧɬɨɜ. ɉɪɟɞɫɬɚɜɥɟɧɚ ɤɨɧɰɟɩɰɢɹ ɦɨɞɭɥɶɧɨɣ ɦɚɫɲɬɚɛɢɪɭɟɦɨɣ ɫɥɭɠɟɛɧɨɣ ɩɥɚɬɮɨɪɦɵ SibCube ɢ ɨɩɢɫɚɧɵ ɦɟ-
ɬɨɞɵ ɞɨɫɬɢɠɟɧɢɹ ɦɨɞɭɥɶɧɨɫɬɢ ɢ ɦɚɫɲɬɚɛɢɪɭɟɦɨɫɬɢ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɧɚ ɤɨɧɫɬɪɭɤɬɢɜɧɨɦ ɢ ɫɢɫɬɟɦɨɬɟɯɧɢɱɟ-
ɫɤɨɦ ɭɪɨɜɧɹɯ. 
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This paper describes a students’ project of nano-satellite “SibCube”. The paper defines the goals (there is 

description of educational and science goals) and tasks of the students’ project “SibCube”. There is also an analysis of 

the physical conditions and technical problems related to weight and size limitations of CubeSAT satellites. This paper 

also includes identification key problems of CubeSAT satellites research activity and ways to solve these key problems. 

It should be noted that there is such a research activity as a new element basis testing and new space technology 

testing. In particular, a board system of control that is executed on the “system on chip” technology and equipment that 

support the telecommunication standard SpaceWire are the current goal of testing for “SibCube” student project.  

A testing of application of the new element basis and the new space technology is topical as a result of a conservatism 

of the space industry. What is more, it might be noted that there is a limitation of the home produced element basis in 

the Russian Federation. Nowadays, it is popular to speak about an import substitution. The necessity of having the own 

element basis is clear for such large field of the Russian Federation as the satellite construction and the space industry 

on the whole. However, testing of this basis is required for using this element basis because spacecraft developers 

prefer to use an element basis with a high reliability that have already been tested in a space conditions. What is more, 

the concept of modular and scalable performance spacecraft platform as well as techniques to achieve modularity and 

scalability of an architecture for CubɟSAT construction and board system of control at a construction and systems 

engineering levels are included in this paper. 

 

Keywords: nano-satellite, ɋubeSAT, scalable modular architecture, the physical conditions, System-on-Chip, 

SpaceWire, orientation system.  
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ȼɜɟɞɟɧɢɟ. Ɋɚɡɜɢɬɢɟ ɤɨɫɦɢɱɟɫɤɨɣ ɨɬɪɚɫɥɢ ɹɜɥɹɟɬɫɹ 
ɨɞɧɢɦ ɢɡ ɩɨɤɚɡɚɬɟɥɟɣ ɪɚɡɜɢɬɢɹ ɝɨɫɭɞɚɪɫɬɜɚ. ɉɪɨɜɟɞɟ-
ɧɢɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɤɨɫɦɢɱɟɫɤɨɝɨ ɢ ɨɤɨɥɨɡɟɦɧɨɝɨ ɩɪɨ-
ɫɬɪɚɧɫɬɜɚ ɪɚɧɶɲɟ ɛɵɥɨ ɫɜɹɡɚɧɨ ɫɨ ɡɧɚɱɢɬɟɥɶɧɵɦɢ 

ɪɟɫɭɪɫɧɵɦɢ ɡɚɬɪɚɬɚɦɢ, ɧɚɥɢɱɢɟɦ ɤɜɚɥɢɮɢɰɢɪɨɜɚɧ-

ɧɵɯ ɫɩɟɰɢɚɥɢɫɬɨɜ, ɧɚɭɱɧɨ-ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɛɚɡɵ ɢ 

ɪɹɞɚ ɞɪɭɝɢɯ ɬɪɟɛɨɜɚɧɢɣ. Ɋɟɲɚɟɦɵɟ ɤɨɫɦɢɱɟɫɤɢɦɢ 

ɚɩɩɚɪɚɬɚɦɢ (ɄȺ) ɡɚɞɚɱɢ ɜɤɥɸɱɚɸɬ ɤɚɤ ɧɚɭɱɧɵɟ ɢɫ-
ɫɥɟɞɨɜɚɧɢɹ, ɬɚɤ ɢ ɤɨɧɤɪɟɬɧɵɟ ɤɨɦɦɟɪɱɟɫɤɢɟ ɜɨɡɦɨɠ-

ɧɨɫɬɢ, ɩɨɡɜɨɥɹɸɳɢɟ ɩɨɞɞɟɪɠɢɜɚɬɶ ɤɨɧɤɭɪɟɧɬɨɫɩɨ-
ɫɨɛɧɨɫɬɶ ɧɚ ɦɢɪɨɜɨɦ ɪɵɧɤɟ (ɫɩɭɬɧɢɤɨɜɵɟ ɬɟɥɟɤɨɦ-

ɦɭɧɢɤɚɰɢɨɧɧɵɟ ɫɢɫɬɟɦɵ, ɫɢɫɬɟɦɵ ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ 
ɡɨɧɞɢɪɨɜɚɧɢɹ ɢ ɦɨɧɢɬɨɪɢɧɝɚ Ɂɟɦɥɢ, ɧɚɜɢɝɚɰɢɨɧɧɵɟ 
ɫɢɫɬɟɦɵ). ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɜ ɫɩɭɬɧɢɤɨɫɬɪɨɟɧɢɢ ɧɚ-
ɛɥɸɞɚɟɬɫɹ ɬɟɧɞɟɧɰɢɹ ɦɢɧɢɚɬɸɪɢɡɚɰɢɢ ɫɩɭɬɧɢɤɨɜɵɯ 
ɩɥɚɬɮɨɪɦ ɢ ɪɨɫɬ ɩɨɩɭɥɹɪɧɨɫɬɢ ɦɚɥɵɯ ɢ ɫɜɟɪɯɦɚɥɵɯ 
ɤɨɫɦɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ (ɆɄȺ ɢ ɋɆɄȺ) [1]. Ⱦɥɹ ɆɄȺ 

ɢ ɋɆɄȺ ɫɭɳɟɫɬɜɭɟɬ ɦɚɫɫɨɜɚɹ ɤɥɚɫɫɢɮɢɤɚɰɢɹ [2]: 

– Mini (ɦɚɥɵɟ ɄȺ ɜɟɫɨɦ ɨɬ 1000 ɞɨ 500 ɤɝ); 
– Small (ɦɚɥɵɟ ɄȺ ɜɟɫɨɦ ɨɬ 500 ɞɨ 100 ɤɝ); 
– Micro (ɋɆɄȺ ɜɟɫɨɦ ɨɬ 100 ɞɨ 10 ɤɝ); 
– Nano (ɋɆɄȺ ɜɟɫɨɦ ɨɬ 10 ɞɨ 1 ɤɝ); 
– Pico (ɋɆɄȺ ɜɟɫɨɦ ɦɟɧɟɟ 1 ɤɝ). 
Ɉɞɧɢɦ ɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɬɟɧɞɟɧɰɢɢ ɦɢɧɢɚɬɸɪɢɡɚ-

ɰɢɢ, ɚ ɬɚɤɠɟ ɫɬɪɟɦɥɟɧɢɹ ɤ ɢɡɭɱɟɧɢɸ ɤɨɫɦɨɫɚ (ɞɨɫ-
ɬɭɩɧɨɦɭ ɷɤɨɧɨɦɢɱɟɫɤɢ) ɫɬɚɥɨ ɩɨɹɜɥɟɧɢɟ ɫɬɚɧɞɚɪɬɚ 
ɧɚɧɨɫɩɭɬɧɢɤɨɜ CubeSAT. Ⱦɚɧɧɵɣ ɫɬɚɧɞɚɪɬ ɛɵɥ ɪɚɡ-
ɪɚɛɨɬɚɧ ɜ 1998 ɝ. ɫɨɜɦɟɫɬɧɨ ɬɚɤɢɦɢ ɩɪɨɮɟɫɫɨɪɚɦɢ, 

ɤɚɤ Jordi Puig-Suari (Ʉɚɥɢɮɨɪɧɢɣɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟ-
ɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ) ɢ Bob Twiggs (ɋɬɷɧɞɮɨɪɞɫɤɢɣ 

ɭɧɢɜɟɪɫɢɬɟɬ), ɫ ɰɟɥɶɸ ɪɟɲɟɧɢɹ ɩɪɨɛɥɟɦɵ ɩɨɞɝɨɬɨɜɤɢ 

ɫɩɟɰɢɚɥɢɫɬɨɜ ɜ ɤɨɫɦɢɱɟɫɤɨɣ ɨɬɪɚɫɥɢ (ɩɪɨɜɟɞɟɧɢɹ 
ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɧɹɬɢɣ ɜ ɭɧɢɜɟɪɫɢɬɟɬɚɯ). ȼ ɤɨɧɰɟɩɰɢɸ 

CubeSAT ɛɵɥɢ ɡɚɥɨɠɟɧɵ ɫɥɟɞɭɸɳɢɟ ɩɨɥɨɠɟɧɢɹ [3]:  

– ɫɨɡɞɚɧɢɟ ɫɩɭɬɧɢɤɚ ɡɚ ɤɨɪɨɬɤɢɣ ɩɟɪɢɨɞ (1–2 ɝɨɞɚ); 
– ɫɬɨɢɦɨɫɬɶ ɫɨɡɞɚɧɢɹ ɫɩɭɬɧɢɤɚ ɦɟɧɟɟ 50 000 ɞɨɥɥ.; 
– ɚɤɬɢɜɧɨɟ ɩɪɢɜɥɟɱɟɧɢɟ ɫɬɭɞɟɧɬɨɜ, ɚɫɩɢɪɚɧɬɨɜ ɢ 

ɦɨɥɨɞɵɯ ɫɩɟɰɢɚɥɢɫɬɨɜ ɧɚ ɜɫɟɯ ɷɬɚɩɚɯ ɪɚɛɨɬ ɩɨ ɩɪɨɟɤ-
ɬɢɪɨɜɚɧɢɸ, ɫɨɡɞɚɧɢɸ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɩɭɬɧɢɤɚ.  
ɉɪɢ ɫɥɟɞɨɜɚɧɢɢ ɞɚɧɧɵɦ ɩɨɥɨɠɟɧɢɹɦ ɢɫɩɨɥɶɡɨɜɚ-

ɧɢɟ ɫɬɚɧɞɚɪɬɚ CubeSAT ɞɟɥɚɟɬ ɞɨɫɬɭɩɧɵɦ ɢɡɭɱɟɧɢɟ 
ɤɨɫɦɨɫɚ ɭɧɢɜɟɪɫɢɬɟɬɚɦ ɢ ɱɚɫɬɧɵɦ ɤɨɦɩɚɧɢɹɦ. ȼɚɠɧɨ 
ɨɬɦɟɬɢɬɶ ɨɫɨɛɭɸ ɪɨɥɶ CubeSAT ɜ ɨɛɪɚɡɨɜɚɧɢɢ. ɉɪɨ-
ɟɤɬɢɪɨɜɚɧɢɟ ɬɚɤɢɯ ɫɩɭɬɧɢɤɨɜ ɜ ɭɧɢɜɟɪɫɢɬɟɬɚɯ ɩɨɡɜɨ-
ɥɹɟɬ ɞɨɩɨɥɧɢɬɶ ɨɛɪɚɡɨɜɚɬɟɥɶɧɵɣ ɩɪɨɰɟɫɫ ɢ ɪɟɲɢɬɶ 
ɩɪɨɛɥɟɦɭ ɨɬɫɭɬɫɬɜɢɹ ɧɟɨɛɯɨɞɢɦɨɣ ɩɪɚɤɬɢɤɢ ɫɬɭɞɟɧɬɨɜ 

ɜ ɚɷɪɨɤɨɫɦɢɱɟɫɤɨɣ ɨɛɥɚɫɬɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɭɧɢ-

ɜɟɪɫɢɬɟɬɨɜ ɚɷɪɨɤɨɫɦɢɱɟɫɤɨɣ ɧɚɩɪɚɜɥɟɧɧɨɫɬɢ ɪɟɚɥɢ-

ɡɚɰɢɹ ɩɪɨɟɤɬɨɜ ɩɨ ɫɨɡɞɚɧɢɸ CubeSAT ɹɜɥɹɟɬɫɹ ɚɤɬɭ-
ɚɥɶɧɨɣ ɡɚɞɚɱɟɣ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɨɛɪɚ-
ɡɨɜɚɧɢɹ ɟɝɨ ɜɵɩɭɫɤɧɢɤɨɜ. 
ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɩɪɢɜɨɞɢɬɫɹ ɨɩɢɫɚɧɢɟ ɩɪɨɟɤɬɚ 

ɫɜɟɪɯɦɚɥɨɝɨ ɫɬɭɞɟɧɱɟɫɤɨɝɨ ɫɩɭɬɧɢɤɚ ɤɥɚɫɫɚ CubeSAT, 

ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɝɨ ɜ ɋɢɛɢɪɫɤɨɦ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɦ  

ɚɷɪɨɤɨɫɦɢɱɟɫɤɨɦ ɭɧɢɜɟɪɫɢɬɟɬɟ ɢɦ. Ɇ. Ɏ. Ɋɟɲɟɬɧɟɜɚ. 
ɉɪɨɜɨɞɢɬɫɹ ɚɧɚɥɢɡ ɮɢɡɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɩɨɥɟɬɚ, ɢɫɯɨ-
ɞɹ ɢɡ ɤɨɬɨɪɨɝɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦɵɣ ɤ ɪɟɲɟɧɢɸ 

ɤɪɭɝ ɡɚɞɚɱ ɞɥɹ ɭɫɩɟɲɧɨɝɨ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɄȺ ɧɚ 
ɨɪɛɢɬɟ. ɉɪɢɜɨɞɢɬɫɹ ɚɧɚɥɢɡ ɪɹɞɚ ɜɨɡɦɨɠɧɵɯ ɢɧɠɟ-
ɧɟɪɧɵɯ ɬɪɭɞɧɨɫɬɟɣ, ɫɜɹɡɚɧɧɵɯ ɫ ɪɚɡɪɚɛɨɬɤɨɣ ɄȺ, 

ɩɪɟɞɥɚɝɚɸɬɫɹ ɧɚɩɪɚɜɥɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɞɥɹ ɪɟɲɟɧɢɹ 
ɞɚɧɧɵɯ ɬɪɭɞɧɨɫɬɟɣ. ɉɪɢɜɨɞɹɬɫɹ ɧɟɤɨɬɨɪɵɟ ɬɟɯɧɢɱɟ-
ɫɤɢɟ ɤɨɧɰɟɩɰɢɢ ɢ ɨɛɨɫɧɨɜɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɢɯ 
ɩɪɢɦɟɧɟɧɢɹ, ɚ ɬɚɤɠɟ ɬɟɯɧɢɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ ɢɫ-
ɩɨɥɶɡɭɟɦɵɯ ɪɟɲɟɧɢɣ. 

Ɉɛɡɨɪ CubeSAT. Ɋɚɫɫɦɨɬɪɢɦ ɩɨɥɨɠɟɧɢɹ ɫɬɚɧɞɚɪ-
ɬɚ CubeSAT. ɋɬɚɧɞɚɪɬ ɧɚɤɥɚɞɵɜɚɟɬ ɦɚɫɫɨɝɚɛɚɪɢɬɧɵɟ 
ɨɝɪɚɧɢɱɟɧɢɹ ɧɚ ɚɩɩɚɪɚɬ, ɨɩɪɟɞɟɥɹɟɬ ɪɟɤɨɦɟɧɞɨɜɚɧ-

ɧɵɟ ɤ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɦɚɬɟɪɢɚɥɵ ɢ ɩɪɚɜɢɥɚ ɜɡɚɢɦɨ-
ɞɟɣɫɬɜɢɹ ɫ ɭɫɬɪɨɣɫɬɜɨɦ ɢɧɬɟɝɪɚɰɢɢ ɫ ɪɚɤɟɬɨɧɨɫɢɬɟ-
ɥɟɦ (ɩɭɫɤɨɜɵɦ ɤɨɧɬɟɣɧɟɪɨɦ P-POD). Ɉɫɬɚɥɶɧɵɟ ɯɚ-
ɪɚɤɬɟɪɢɫɬɢɤɢ ɚɩɩɚɪɚɬɚ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɪɚɡɪɚɛɨɬɱɢ-

ɤɨɦ. ɉɨ ɫɬɚɧɞɚɪɬɭ ɄȺ ɞɨɥɠɟɧ ɢɦɟɬɶ ɤɭɛɢɱɟɫɤɢɣ 

ɚɥɸɦɢɧɢɟɜɵɣ ɤɨɪɩɭɫ ɫ ɪɚɡɦɟɪɚɦɢ 10×10×10 ɫɦ3 ɢ 

ɦɚɫɫɨɣ ɧɟ ɛɨɥɟɟ 1,33 ɤɝ [4]. Ɍɚɤɨɣ ɫɩɭɬɧɢɤ ɧɚɡɵɜɚɟɬɫɹ 
CubeSAT 1U (single unit). ɋɬɚɧɞɚɪɬɨɦ ɩɪɟɞɭɫɦɚɬɪɢɜɚ-
ɟɬɫɹ ɫɨɡɞɚɧɢɟ ɚɩɩɚɪɚɬɨɜ ɛɨɥɶɲɟɝɨ ɪɚɡɦɟɪɚ – 2U, 3U 

(10×10×20 ɫɦ3 ɢ 10×10×30 ɫɦ3 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ). Ⱦɥɹ 
ɡɚɩɭɫɤɚ ɄȺ ɨɛɳɢɦ ɪɚɡɦɟɪɨɦ 3U ɛɵɥɨ ɪɚɡɪɚɛɨɬɚɧɨ 
ɫɬɚɧɞɚɪɬɧɨɟ ɭɫɬɪɨɣɫɬɜɨ P-POD (ɪɢɫ. 1) ɞɥɹ ɢɧɬɟɝɪɚ-
ɰɢɢ ɫ ɪɚɤɟɬɨɧɨɫɢɬɟɥɟɦ [5]. ȼɨɡɦɨɠɧɵ ɜɚɪɢɚɧɬɵ ɢɧɨɣ 

ɤɨɦɩɨɧɨɜɤɢ ɄȺ (ɪɢɫ. 1): 6U (30×20×10 ɫɦ3), 9U...NU, 

ɞɥɹ ɡɚɩɭɫɤɚ ɤɨɬɨɪɵɯ ɢɫɩɨɥɶɡɭɸɬɫɹ ɧɟɫɬɚɧɞɚɪɬɧɵɟ 
ɤɨɧɬɟɣɧɟɪɵ [6]. ȼɵɜɨɞ ɧɚ ɨɪɛɢɬɭ ɞɚɧɧɵɯ ɄȺ ɩɪɨɢɡ-
ɜɨɞɢɬɫɹ ɥɢɛɨ ɜ ɤɚɱɟɫɬɜɟ ɩɨɩɭɬɧɨɣ ɧɚɝɪɭɡɤɢ ɧɚ ɥɟɝɤɢɯ 

ɢ ɫɪɟɞɧɢɯ ɪɚɤɟɬɨɧɨɫɢɬɟɥɹɯ (Ɋɇ), ɥɢɛɨ ɫ ɛɨɪɬɚ ɦɟɠɞɭ-
ɧɚɪɨɞɧɨɣ ɤɨɫɦɢɱɟɫɤɨɣ ɫɬɚɧɰɢɢ. ȼ ɪɨɫɫɢɣɫɤɢɯ ɭɫɥɨ-
ɜɢɹɯ ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹɳɢɦ ɹɜɥɹɟɬɫɹ ɡɚɩɭɫɤ ɧɚ Ɋɇ 

«Ⱦɧɟɩɪ», ɱɶɹ ɩɨɥɟɡɧɚɹ ɧɚɝɪɭɡɤɚ (ɉɇ) ɫɨɫɬɚɜɥɹɟɬ ɞɨ 
3,75 ɬ. ɄȺ ɤɥɚɫɫɚ CubeSAT ɡɚɩɭɫɤɚɸɬɫɹ ɜ ɤɚɱɟɫɬɜɟ 
ɩɨɩɭɬɧɨɣ ɧɚɝɪɭɡɤɢ ɤ ɛɨɥɟɟ ɬɹɠɟɥɵɦ ɚɩɩɚɪɚɬɚɦ [1].  
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Ɋɢɫ. 2. Ʉɨɧɰɟɩɬ ɫɜɟɪɯɦɚɥɨɝɨ ɫɬɭɞɟɧɱɟɫɤɨɝɨ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ SibCube 

 

Ⱥɩɩɚɪɚɬɵ CubeSAT ɩɨɥɭɱɢɥɢ ɲɢɪɨɤɨɟ ɪɚɫɩɪɨ-
ɫɬɪɚɧɟɧɢɟ ɡɚ ɪɭɛɟɠɨɦ ɜ ɤɚɱɟɫɬɜɟ ɨɛɪɚɡɨɜɚɬɟɥɶɧɵɯ, 
ɧɚɭɱɧɵɯ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɧɫɬɪɭɦɟɧɬɨɜ ɩɨ ɩɪɢ-

ɱɢɧɟ ɧɢɡɤɨɣ ɫɬɨɢɦɨɫɬɢ ɪɚɡɪɚɛɨɬɤɢ ɢ ɡɚɩɭɫɤɚ. ɉɨ ɞɚɧ-

ɧɵɦ ɧɚ 14 ɫɟɧɬɹɛɪɹ 2014 ɝ. ɜɫɟɝɨ ɡɚɩɭɳɟɧɨ 272 ɫɩɭɬ-
ɧɢɤɚ ɤɥɚɫɫɚ CubeSAT [8]. ȼ Ɋɨɫɫɢɢ CubeSAT-

ɞɜɢɠɟɧɢɟ ɬɨɥɶɤɨ ɧɚɱɢɧɚɟɬ ɡɚɪɨɠɞɚɬɶɫɹ, ɢ ɨɞɢɧ ɢɡ 
ɩɪɨɟɤɬɨɜ ɞɚɧɧɨɝɨ ɞɜɢɠɟɧɢɹ – ɚɩɩɚɪɚɬ SibCube, ɪɚɡɪɚ-
ɛɚɬɵɜɚɟɦɵɣ ɜ ɋɢɛɢɪɫɤɨɦ ɚɷɪɨɤɨɫɦɢɱɟɫɤɨɦ ɭɧɢɜɟɪ-
ɫɢɬɟɬɟ ɢɦɟɧɢ ɚɤɚɞɟɦɢɤɚ Ɇ. Ɏ. Ɋɟɲɟɬɧɟɜɚ.  
ɉɪɨɟɤɬ SibCube. SibCube – ɩɪɨɟɤɬ ɫɬɭɞɟɧ- 

ɱɟɫɤɨɝɨ ɋɆɄȺ ɤɥɚɫɫɚ CubeSAT, ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɝɨ  
ɜ ɋɢɛȽȺɍ ɢɦɟɧɢ ɚɤɚɞɟɦɢɤɚ Ɇ. Ɏ. Ɋɟɲɟɬɧɟɜɚ (ɪɢɫ. 2). 

ɉɪɨɟɤɬ SibCube ɩɪɟɫɥɟɞɭɟɬ ɫɥɟɞɭɸɳɢɟ ɰɟɥɢ: 

– ɨɛɪɚɡɨɜɚɬɟɥɶɧɵɟ (ɪɚɡɜɢɬɢɟ ɬɟɯɧɢɱɟɫɤɨɝɨ ɩɨ-
ɬɟɧɰɢɚɥɚ ɫɬɭɞɟɧɬɨɜ ɜ ɨɛɥɚɫɬɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɤɨɫɦɢ-

ɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ ɢ ɩɨɞɝɨɬɨɜɤɚ ɫɢɥɶɧɨɣ ɤɨɦɚɧɞɵ ɫɩɟ-
ɰɢɚɥɢɫɬɨɜ);  

– ɧɚɭɱɧɵɟ (ɫɨɡɞɚɧɢɟ ɦɨɞɭɥɶɧɨɣ ɦɚɫɲɬɚɛɢɪɭɟɦɨɣ 

ɫɥɭɠɟɛɧɨɣ ɩɥɚɬɮɨɪɦɵ (ɋɉ) ɄȺ ɞɥɹ ɫɧɢɠɟɧɢɹ ɜɪɟɦɟ-
ɧɢ ɢ ɫɬɨɢɦɨɫɬɢ ɜɧɟɞɪɟɧɢɹ ɧɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ ɞɥɹ ɤɨɫ-
ɦɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ ɢ ɩɪɨɜɟɞɟɧɢɹ ɧɚɭɱɧɵɯ ɷɤɫɩɟɪɢ-

ɦɟɧɬɨɜ ɜ ɤɨɫɦɨɫɟ). 
Ɂɚɞɚɱɚ ɫɨɡɞɚɧɢɹ ɩɥɚɬɮɨɪɦɵ ɞɥɹ ɬɟɫɬɢɪɨɜɚɧɢɹ ɧɨ-

ɜɨɣ ɷɥɟɦɟɧɬɧɨɣ ɛɚɡɵ ɢ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, 
ɨɬɪɚɛɨɬɤɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ ɚɤɬɭɚɥɶ-
ɧɚ ɜ ɫɜɹɡɢ ɫ ɤɨɧɫɟɪɜɚɬɢɜɧɨɫɬɶɸ ɤɨɫɦɢɱɟɫɤɨɣ ɩɪɨ-
ɦɵɲɥɟɧɧɨɫɬɢ ɢ ɨɝɪɚɧɢɱɟɧɧɨɫɬɶɸ ɨɬɟɱɟɫɬɜɟɧɧɨɣ ɷɥɟ-
ɦɟɧɬɚɪɧɨɣ ɛɚɡɵ. ȼɵɛɨɪ ɧɚɞёɠɧɨɣ ɷɥɟɦɟɧɬɧɨɣ ɛɚɡɵ 

ɜɚɠɟɧ ɟɳɟ ɧɚ ɷɬɚɩɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɩɭɬɧɢɤɚ. Ɉɬɫɭɬ-
ɫɬɜɢɟ ɮɭɧɤɰɢɨɧɚɥɶɧɨ ɩɨɥɧɨɝɨ ɧɚɛɨɪɚ ɞɨɥɝɨɜɟɱɧɨɣ ɢ 

ɪɚɞɢɚɰɢɨɧɧɨ ɫɬɨɣɤɨɣ ɷɥɟɦɟɧɬɧɨɣ ɛɚɡɵ ɨɬɟɱɟɫɬɜɟɧɧɨ-
ɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɜɵɧɭɠɞɚɟɬ ɪɨɫɫɢɣɫɤɢɯ ɩɪɨɢɡɜɨɞɢɬɟ-
ɥɟɣ ɛɨɪɬɨɜɨɣ ɚɩɩɚɪɚɬɭɪɵ ɩɪɢɦɟɧɹɬɶ ɤɨɦɩɥɟɤɬɭɸɳɢɟ 
ɢɧɨɫɬɪɚɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɨɜɵɲɟ-
ɧɢɸ ɫɬɨɢɦɨɫɬɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɚɩɩɚɪɚɬɨɜ ɢ ɡɚɜɢɫɢɦɨ-
ɫɬɢ ɨɬ ɡɚɪɭɛɟɠɧɵɯ ɩɨɫɬɚɜɳɢɤɨɜ [9]. ȼɧɟɞɪɟɧɢɟ ɧɨɜɨɣ 

ɷɥɟɦɟɧɬɧɨɣ ɛɚɡɵ ɨɬɟɱɟɫɬɜɟɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɫɜɹɡɚ-
ɧɨ ɫ ɪɢɫɤɨɦ ɛɨɥɶɲɢɯ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɡɚɬɪɚɬ ɩɨ ɩɪɢ-

ɱɢɧɟ ɜɵɫɨɤɢɯ ɬɪɟɛɨɜɚɧɢɣ ɤ ɧɚɞёɠɧɨɫɬɢ ɚɩɩɚɪɚɬɚ ɢ 

ɜɵɫɨɤɢɯ ɮɢɧɚɧɫɨɜɵɯ ɪɢɫɤɚɯ ɩɪɢ ɨɬɤɚɡɟ ɄȺ. Ɂɧɚɱɟɧɢɟ 
ɪɢɫɤɚ ɨɬɤɚɡɚ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɧɟɩɪɨɜɟɪɟɧɧɨɣ  

ɜ ɤɨɫɦɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ ɬɟɯɧɨɥɨɝɢɢ ɨɬɟɱɟɫɬɜɟɧɧɨɝɨ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜɵɲɟ, ɱɟɦ ɩɪɢ ɩɪɢɦɟ-
ɧɟɧɢɢ ɩɪɨɜɟɪɟɧɧɨɣ ɡɚɪɭɛɟɠɧɨɣ ɷɥɟɦɟɧɬɧɨɣ ɛɚɡɵ.  

ȼ ɫɭɦɦɟ ɫ ɧɢɡɤɢɦɢ ɨɛɴɟɦɚɦɢ ɬɟɫɬɢɪɨɜɚɧɢɹ ɨɬɟɱɟɫɬ-
ɜɟɧɧɵɯ ɪɚɡɪɚɛɨɬɨɤ ɩɪɨɰɟɫɫ ɮɨɪɦɢɪɨɜɚɧɢɹ ɨɬɟɱɟɫɬ-
ɜɟɧɧɨɣ ɷɥɟɦɟɧɬɧɨɣ ɛɚɡɵ ɞɥɹ ɤɨɫɦɢɱɟɫɤɢɯ ɬɟɯɧɨɥɨɝɢɣ 

ɡɧɚɱɢɬɟɥɶɧɨ ɡɚɦɟɞɥɹɟɬ ɬɟɦɩɵ. ɉɨɷɬɨɦɭ ɢɫɩɨɥɶɡɨɜɚ-
ɧɢɟ ɫɩɟɰɢɚɥɶɧɵɯ ɄȺ ɫ ɧɢɡɤɨɣ ɫɬɨɢɦɨɫɬɶɸ ɢ ɫɪɚɜɧɢ-

ɬɟɥɶɧɨ ɦɚɥɵɦ ɜɪɟɦɟɧɢ ɪɚɡɪɚɛɨɬɤɢ ɞɥɹ ɞɚɧɧɵɯ ɰɟɥɟɣ 

ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɜɵɫɢɬ ɬɟɦɩɵ ɜɧɟɞɪɟɧɢɹ ɢ ɬɟɫɬɢɪɨɜɚ-
ɧɢɹ ɧɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ ɢ ɷɥɟɦɟɧɬɧɨɣ ɛɚɡɵ, ɱɬɨ ɞɚɫɬ 
ɜɵɫɨɤɢɟ ɤɨɧɤɭɪɟɧɬɧɵɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ɞɥɹ ɪɨɫɫɢɣɫɤɨɣ 

ɤɨɫɦɢɱɟɫɤɨɣ ɨɬɪɚɫɥɢ. ɉɨɞɨɛɧɵɦ ɡɚɞɚɱɚɦ ɭɞɨɜɥɟɬɜɨ-
ɪɹɸɬ ɋɆɄȺ ɤɥɚɫɫɚ CubeSAT, ɜ ɱɚɫɬɧɨɫɬɢ, ɪɚɡɪɚɛɚ-
ɬɵɜɚɟɦɵɣ ɚɩɩɚɪɚɬ SibCube. Ɉɞɧɨɣ ɢɡ ɬɚɤɢɯ ɡɚɞɚɱ, 
ɫɬɨɹɳɢɯ ɩɟɪɟɞ ɚɩɩɚɪɚɬɨɦ SibCube, ɹɜɥɹɟɬɫɹ ɨɬɪɚɛɨɬ-
ɤɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɨɝɨ ɫɬɚɧɞɚɪɬɚ 
SpaceWire ɢ ɛɨɪɬɨɜɨɝɨ ɤɨɦɩɥɟɤɫɚ ɭɩɪɚɜɥɟɧɢɹ, ɜɵɩɨɥ-
ɧɟɧɧɨɝɨ ɩɨ ɬɟɯɧɨɥɨɝɢɢ «ɫɢɫɬɟɦɚ-ɧɚ-ɤɪɢɫɬɚɥɥɟ»  

(ɋɧɄ, System-on-Chip – SoC) (ɩɪɢ ɩɨɞɞɟɪɠɤɟ Ɇɢɧɢɫɬɟɪ-
ɫɬɜɚ ɨɛɪɚɡɨɜɚɧɢɹ ɊɎ, ɫɨɝɥɚɲɟɧɢɟ № 14.ȼȼȼ.21.0113). 

Ɍɟɯɧɨɥɨɝɢɹ SpaceWire (SpW) – ɷɬɨ ɫɬɚɧɞɚɪɬ ɬɟɥɟ-
ɤɨɦɦɭɧɢɤɚɰɢɨɧɧɨɣ ɫɟɬɢ, ɩɪɢɦɟɧɹɟɦɨɣ ɜ ɤɨɫɦɢɱɟɫɤɢɯ 
ɚɩɩɚɪɚɬɚɯ, ɫɨɡɞɚɧɧɵɣ ɫɩɟɰɢɚɥɶɧɨ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɜ ɠɟɫɬɤɢɯ ɭɫɥɨɜɢɹɯ ɤɨɫɦɢɱɟɫɤɨɣ ɫɪɟɞɵ. ɋɟɬɶ SpW 

ɮɭɧɤɰɢɨɧɢɪɭɟɬ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ 
ɦɚɤɫɢɦɚɥɶɧɭɸ ɧɚɞɟɠɧɨɫɬɶ ɫɜɹɡɢ ɦɟɠɞɭ ɪɚɡɥɢɱɧɵɦɢ 

ɭɫɬɪɨɣɫɬɜɚɦɢ ɄȺ. ɂɫɩɨɥɶɡɭɟɬɫɹ ɞɟɰɟɧɬɪɚɥɢɡɨɜɚɧɧɚɹ 
ɫɬɪɭɤɬɭɪɚ ɢɡ ɦɧɨɠɟɫɬɜɚ SpW-ɦɚɪɲɪɭɬɢɡɚɬɨɪɨɜ,  

ɫɨɟɞɢɧɟɧɧɵɯ ɜ ɟɞɢɧɭɸ ɫɟɬɶ. Ⱦɚɧɧɵɟ ɩɨ ɷɬɨɣ ɫɟɬɢ ɦɨ-
ɝɭɬ ɩɟɪɟɞɚɜɚɬɶɫɹ ɩɨ ɪɚɡɥɢɱɧɵɦ ɦɚɪɲɪɭɬɚɦ ɫɨ ɫɤɨɪɨ-
ɫɬɶɸ ɞɨ 400 ɆȻ/ɫ ɩɪɢ ɪɚɫɫɬɨɹɧɢɢ ɦɟɠɞɭ ɭɡɥɚɦɢ ɞɨ  
10 ɦ [10]. Ɋɚɡɪɚɛɨɬɤɚ ɫɬɚɧɞɚɪɬɚ ɤɨɨɪɞɢɧɢɪɭɟɬɫɹ  
ȿɜɪɨɩɟɣɫɤɢɦ ɤɨɫɦɢɱɟɫɤɢɦ ɚɝɟɧɬɫɬɜɨɦ (ȿɄȺ), ɚ ɫɚɦ 

ɫɬɚɧɞɚɪɬ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜɨ ɦɧɨɠɟɫɬɜɟ ɦɢɫɫɢɣ ɤɚɤ ȿɄȺ, 

ɬɚɤ ɢ ɬɚɤɢɯ ɤɨɫɦɢɱɟɫɤɢɯ ɚɝɟɧɬɫɬɜ, ɤɚɤ NASA, JAXA  

ɢ CNSA.  

ɋɟɬɶ SpW ɭɫɬɨɣɱɢɜɚ ɤ ɨɬɤɚɡɚɦ ɢ ɫɛɨɹɦ, ɨɛɟɫɩɟɱɢ-

ɜɚɟɬ ɦɚɥɵɟ ɡɚɞɟɪɠɤɢ ɩɪɢ ɩɟɪɟɞɚɱɟ ɫɨɨɛɳɟɧɢɣ ɜɧɭɬɪɢ 

ɫɟɬɢ ɛɥɚɝɨɞɚɪɹ ɛɨɥɶɲɨɣ ɫɤɨɪɨɫɬɢ ɢ ɪɚɡɜɟɬɜɥɟɧɧɨɣ 

ɫɬɪɭɤɬɭɪɟ, ɢɦɟɟɬ ɧɢɡɤɨɟ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟ ɢ ɤɨɦ-

ɩɚɤɬɧɨɟ IP-ɹɞɪɨ. ȼɫɹ ɪɚɛɨɬɚ ɩɨ ɩɟɪɟɞɚɱɟ ɞɚɧɧɵɯ  
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ɜ ɫɟɬɢ ɜɨɡɥɚɝɚɟɬɫɹ ɧɚ ɦɚɪɲɪɭɬɢɡɚɬɨɪɵ SpW, ɱɬɨ ɭɩ-

ɪɨɳɚɟɬ ɭɫɬɪɨɣɫɬɜɨ ɤɨɧɟɱɧɵɯ ɭɡɥɨɜ ɫɟɬɢ [11]. 

Ⱥɧɚɥɢɡ ɮɢɡɢчɟɫɤɢɯ ɭɫɥɨɜɢɣ. Ɍɪɟɛɨɜɚɧɢɹ ɤ ɧɚ-
ɞɟɠɧɨɫɬɢ ɢ ɤɨɧɫɬɪɭɤɰɢɢ ɚɩɩɚɪɚɬɚ ɞɥɹ ɪɚɛɨɬɵ ɧɚ ɩɪɨ-
ɬɹɠɟɧɢɢ ɫɪɨɤɚ ɡɚɩɥɚɧɢɪɨɜɚɧɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɄȺ 

ɨɩɪɟɞɟɥɹɸɬɫɹ ɪɹɞɨɦ ɮɚɤɬɨɪɨɜ: ɫɪɨɤɨɦ ɫɭɳɟɫɬɜɨɜɚɧɢɹ 
ɧɚ ɨɪɛɢɬɟ ɞɨ ɫɝɨɪɚɧɢɹ ɜ ɫɥɨɹɯ ɚɬɦɨɫɮɟɪɵ, ɮɢɡɢɱɟ-
ɫɤɢɦɢ ɭɫɥɨɜɢɹɦɢ ɧɚ ɨɪɛɢɬɟ, ɩɨɫɬɚɜɥɟɧɧɵɦɢ ɡɚɞɚɱɚɦɢ 

ɢ ɧɚɛɨɪɨɦ ɉɇ. Ⱦɥɹ ɩɪɚɜɢɥɶɧɨɣ ɨɰɟɧɤɢ ɫɪɨɤɚ ɫɭɳɟɫɬ-
ɜɨɜɚɧɢɹ ɢ ɜɵɛɨɪɚ ɩɚɪɚɦɟɬɪɨɜ ɚɩɩɚɪɚɬɭɪɵ ɜɚɠɧɨ ɢɡɭ-
ɱɢɬɶ ɢ ɭɱɟɫɬɶ ɮɚɤɬɨɪɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ – ɫɨɫɬɚɜ ɢ 

ɩɥɨɬɧɨɫɬɶ ɚɬɦɨɫɮɟɪɵ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɨɪɛɢɬɵ, ɪɚɞɢɚ-
ɰɢɨɧɧɵɟ ɭɫɥɨɜɢɹ.  
ɍɫɥɨɜɢɹ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɨɩɪɟɞɟɥɹɸɬɫɹ ɜɵɫɨ-

ɬɨɣ ɢ ɩɚɪɚɦɟɬɪɚɦɢ ɨɪɛɢɬɵ ɄȺ. Ɉɪɛɢɬɚ ɚɩɩɚɪɚɬɚ 
SibCube ɛɭɞɟɬ ɧɚɯɨɞɢɬɶɫɹ ɜ ɞɢɚɩɚɡɨɧɟ ɜɵɫɨɬ ɨɬ 400 

ɞɨ 700 ɤɦ, ɞɚɧɧɵɟ ɨɪɛɢɬɵ ɹɜɥɹɸɬɫɹ ɧɚɢɛɨɥɟɟ ɩɨɞɯɨ-
ɞɹɳɢɦɢ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɄȺ ɤɥɚɫɫɚ CubeSAT.  

Ɉɪɛɢɬɵ ɹɜɥɹɸɬɫɹ ɛɥɢɡɤɢɦɢ ɤ ɤɪɭɝɨɜɵɦ ɫ ɩɟɪɢɨɞɨɦ 

ɨɛɪɚɳɟɧɢɹ ɩɨɪɹɞɤɚ 90–100 ɦɢɧ. Ɇɚɤɫɢɦɚɥɶɧɨɟ ɨɤɧɨ 
ɜɢɞɢɦɨɫɬɢ ɫɨɫɬɚɜɢɬ 5–15 ɦɢɧ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɵɫɨ-
ɬɵ ɢ ɷɤɫɰɟɧɬɪɢɫɢɬɟɬɚ ɨɪɛɢɬɵ, ɧɟɨɛɯɨɞɢɦɵɟ ɩɚɪɚɦɟɬ-
ɪɵ ɨɪɛɢɬɵ ɛɭɞɭɬ ɜɵɛɪɚɧɵ ɩɨɫɥɟ ɪɚɡɪɚɛɨɬɤɢ ɋɉ  

ɢ ɩɨɫɬɚɧɨɜɤɢ ɡɚɞɚɱɢ ɩɟɪɟɞ ɄȺ. ȼɵɛɪɚɧɧɵɟ ɜɵɫɨɬɵ 

ɨɪɛɢɬ ɥɟɠɚɬ ɜ ɜɟɪɯɧɟɣ ɚɬɦɨɫɮɟɪɟ (ɨɛɥɚɫɬɶ ɚɬɦɨɫɮɟɪɵ 

ɜɵɲɟ 50 ɤɦ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ Ɂɟɦɥɢ), ɝɞɟ ɟɳɟ ɩɪɢɫɭɬɫɬ-
ɜɭɟɬ ɚɬɦɨɫɮɟɪɧɵɣ ɜɨɡɞɭɯ (ɧɚ ɜɵɫɨɬɚɯ ɩɨɪɹɞɤɚ 400 ɤɦ 

ɤɨɧɰɟɧɬɪɚɰɢɹ ɫɨɫɬɚɜɥɹɟɬ 10-14 ɝ/ɫɦ3). ɋɥɟɞɨɜɚɬɟɥɶɧɨ, 
ɛɭɞɟɬ ɩɪɢɫɭɬɫɬɜɨɜɚɬɶ ɬɨɪɦɨɠɟɧɢɟ ɄȺ ɨɛ ɚɬɦɨɫɮɟɪɭ  
ɢ ɩɨɫɬɟɩɟɧɧɨɟ ɟɝɨ ɫɧɢɠɟɧɢɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɟɪɯɧɹɹ 
ɝɪɚɧɢɰɚ ɬɪɟɛɨɜɚɧɢɣ ɤ ɫɪɨɤɭ ɚɤɬɢɜɧɨɝɨ ɫɭɳɟɫɬɜɨɜɚɧɢɹ 
ɢ ɧɚɞёɠɧɨɫɬɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɪɟɦɟɧɟɦ ɧɚɯɨɠɞɟɧɢɹ ɧɚ 
ɨɪɛɢɬɟ ɞɨ ɫɝɨɪɚɧɢɹ ɜ ɫɥɨɹɯ ɚɬɦɨɫɮɟɪɵ.  

Ⱦɥɹ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɄȺ ɚɤɬɭɚɥɶɧɚ ɩɪɨɛɥɟɦɚ 
ɡɚɳɢɬɵ ɷɥɟɤɬɪɨɧɧɵɯ ɭɡɥɨɜ ɨɬ ɢɨɧɢɡɢɪɭɸɳɢɯ ɢɡɥɭɱɟ-
ɧɢɣ. ɋɭɳɟɫɬɜɭɟɬ ɞɜɚ ɬɢɩɚ ɷɮɮɟɤɬɨɜ, ɜɥɢɹɸɳɢɯ ɧɚ 
ɷɥɟɤɬɪɨɧɢɤɭ ɄȺ – ɧɚɤɨɩɥɟɧɢɟ ɩɨɥɧɨɣ ɩɨɝɥɨɳɟɧɧɨɣ 

ɞɨɡɵ (total ionizing dose – TID) ɢ ɜɨɡɞɟɣɫɬɜɢɟ ɨɞɢɧɨɱ-
ɧɵɯ ɢɨɧɢɡɢɪɭɸɳɢɯ ɱɚɫɬɢɰ (Single Event Effects – 

SEE). TID-ɷɮɮɟɤɬ ɫɜɹɡɚɧ ɫ ɨɛɳɢɦ ɩɨɜɵɲɟɧɧɵɦ ɪɚ-
ɞɢɚɰɢɨɧɧɵɦ ɮɨɧɨɦ ɢ ɩɪɢɜɨɞɢɬ ɤ ɦɟɞɥɟɧɧɨɣ ɞɟɝɪɚɞɚ-
ɰɢɢ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɷɥɟɦɟɧɬɨɜ, ɱɬɨ ɜɥɟɱɟɬ ɡɚ ɫɨ-
ɛɨɣ ɩɚɞɟɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢ ɜɵɜɨɞ ɢɡ ɫɬɪɨɹ ɥɨɝɢɱɟ-
ɫɤɢɯ ɷɥɟɦɟɧɬɨɜ ɦɢɤɪɨɫɯɟɦ. 

Ɉɩɚɫɧɨ ɜɥɢɹɧɢɟ ɞɚɠɟ ɨɞɢɧɨɱɧɵɯ ɢɨɧɢɡɢɪɭɸɳɢɯ 
ɱɚɫɬɢɰ. Ɉɛɵɱɧɨ ɷɬɨ ɜɵɫɨɤɨɷɧɟɪɝɟɬɢɱɧɵɟ ɱɚɫɬɢɰɵ 

ɬɹɠɟɥɵɯ ɚɬɨɦɨɜ (ɨɬ 105 Ƚɷȼ ɢ ɜɵɲɟ). ɉɨɩɚɞɚɧɢɟ ɞɚɠɟ 
ɨɞɧɨɣ ɬɚɤɨɣ ɱɚɫɬɢɰɵ ɦɨɠɟɬ ɜɵɡɵɜɚɬɶ ɧɟɨɛɪɚɬɢɦɵɟ 
ɩɨɫɥɟɞɫɬɜɢɹ [12]. Ⱦɚɧɧɵɟ ɱɚɫɬɢɰɵ ɩɪɢ ɫɬɨɥɤɧɨɜɟɧɢɢ 

ɫ ɦɢɤɪɨɫɯɟɦɨɣ ɜɵɡɵɜɚɸɬ ɫɟɪɶɟɡɧɵɟ ɧɚɪɭɲɟɧɢɹ ɜ ɟё 
ɪɚɛɨɬɟ, ɩɪɢ ɩɨɩɚɞɚɧɢɢ ɜ ɄȺ ɩɨɪɨɠɞɚɸɬɫɹ ɥɢɜɧɢ ɜɬɨ-
ɪɢɱɧɵɯ ɡɚɪɹɠɟɧɧɵɯ ɱɚɫɬɢɰ, ɱɬɨ ɧɟɝɚɬɢɜɧɨ ɫɤɚɡɵɜɚɟɬ-
ɫɹ ɧɚ ɪɚɛɨɬɟ ɦɢɤɪɨɫɯɟɦɵ, ɦɨɠɟɬ ɜɵɣɬɢ ɢɡ ɫɬɪɨɹ ɫɪɚɡɭ 
ɛɨɥɶɲɚɹ ɱɚɫɬɶ ɦɢɤɪɨɫɯɟɦɵ, ɩɟɪɟɤɥɸɱɢɬɶɫɹ ɫɪɚɡɭ 
ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɹɱɟɟɤ ɩɚɦɹɬɢ. Ⱦɥɹ ɷɮɮɟɤɬɢɜɧɨɣ 

ɡɚɳɢɬɵ ɄȺ ɨɬ ɢɨɧɢɡɢɪɭɸɳɢɯ ɢɡɥɭɱɟɧɢɣ ɬɪɟɛɭɟɬɫɹ 
ɩɪɨɜɟɫɬɢ ɚɧɚɥɢɡ ɪɚɞɢɚɰɢɨɧɧɵɯ ɭɫɥɨɜɢɣ ɧɚ ɢɫɩɨɥɶ-
ɡɭɟɦɨɣ ɨɪɛɢɬɟ. ȼ ɨɛɳɢɯ ɱɟɪɬɚɯ ɦɨɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ 
ɨɫɧɨɜɧɵɦɢ ɢɨɧɢɡɢɪɭɸɳɢɦɢ ɜɨɡɞɟɣɫɬɜɢɹɦɢ, ɫɨɫɬɚɜ ɢ 

ɷɧɟɪɝɢɢ ɤɨɬɨɪɵɯ ɫɥɟɞɭɟɬ ɩɨɞɪɨɛɧɨ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ, 
ɹɜɥɹɸɬɫɹ ɝɚɥɚɤɬɢɱɟɫɤɨɟ ɤɨɫɦɢɱɟɫɤɨɟ ɢɡɥɭɱɟɧɢɟ, ɫɨɥ-
ɧɟɱɧɵɟ ɤɨɫɦɢɱɟɫɤɢɟ ɥɭɱɢ ɢ ɱɚɫɬɢɰɵ ɪɚɞɢɚɰɢɨɧɧɨɝɨ 

ɩɨɹɫɚ Ɂɟɦɥɢ (ɊɉɁ) [13]. ȼɵɛɪɚɧɧɵɟ ɨɪɛɢɬɵ ɪɚɫɩɨɥɚ-
ɝɚɸɬɫɹ ɜ ɨɛɥɚɫɬɢ ɫ ɧɢɡɤɢɦ ɭɪɨɜɧɟɦ ɪɚɞɢɚɰɢɢ, ɬɚɤ ɤɚɤ 
ɧɚɯɨɞɹɬɫɹ ɜ ɊɉɁ, ɧɢɠɧɹɹ ɝɪɚɧɢɰɚ ɤɨɬɨɪɨɝɨ ɜ ɨɛɥɚɫɬɢ 

ɝɟɨɦɚɝɧɢɬɧɨɝɨ ɷɤɜɚɬɨɪɚ ɧɚɱɢɧɚɟɬɫɹ ɧɚ ɜɵɫɨɬɟ ɨɤɨɥɨ 
1000 ɤɦ [14]. Ɋɚɫɩɨɥɨɠɟɧɢɟ ɧɢɠɟ ɊɉɁ ɞɚɟɬ ɜɨɡɦɨɠ-

ɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɬɶ ɢɧɞɭɫɬɪɢɚɥɶɧɭɸ ɷɥɟɦɟɧɬɧɭɸ ɛɚɡɭ 
ɜ ɛɨɪɬɨɜɨɣ ɷɥɟɤɬɪɨɧɢɤɟ. Ʉɚɤ ɩɨɤɚɡɵɜɚɟɬ ɩɪɚɤɬɢɤɚ, 
ɄȺ ɧɚ ɢɧɞɭɫɬɪɢɚɥɶɧɨɣ ɷɥɟɦɟɧɬɧɨɣ ɛɚɡɟ ɦɨɝɭɬ ɢɦɟɬɶ 
ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɣ ɫɪɨɤ ɚɤɬɢɜɧɨɝɨ ɫɭɳɟɫɬɜɨɜɚɧɢɹ. 
ɋɭɳɟɫɬɜɭɟɬ ɞɨɫɬɚɬɨɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɄȺ ɤɥɚɫɫɚ 
CubeSAT, ɫɪɨɤ ɚɤɬɢɜɧɨɝɨ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɤɨɬɨɪɵɯ 
ɞɨɫɬɢɝɚɟɬ ɭɠɟ 6–8 ɥɟɬ. ɇɚɩɪɢɦɟɪ, Cute-1 (ɛɨɥɟɟ 11 ɥɟɬ), 
Swiss-Cube (ɛɨɥɟɟ 5 ɥɟɬ), Delphi-C3 (ɛɨɥɟɟ 6 ɥɟɬ) [8]. 

Ʉɪɨɦɟ ɷɬɨɝɨ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɢɧɞɭɫɬɪɢɚɥɶɧɨɣ ɷɥɟ-
ɦɟɧɬɧɨɣ ɛɚɡɵ ɫɧɢɠɚɟɬ ɫɬɨɢɦɨɫɬɶ ɄȺ ɧɚ ɩɨɪɹɞɤɢ, ɱɬɨ 
ɹɜɥɹɟɬɫɹ ɜɚɠɧɵɦ ɞɥɹ ɫɬɭɞɟɧɱɟɫɤɨɝɨ ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɝɨ 
ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ.  
Ɍɟɯɧɢчɟɫɤɢɣ ɚɧɚɥɢɡ. ɂɦɟɟɬ ɦɟɫɬɨ ɪɹɞ ɫɟɪɶɟɡɧɵɯ 

ɦɚɥɨɝɚɛɚɪɢɬɧɵɯ ɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɨɝɪɚɧɢɱɟɧɢɣ, ɫɜɹ-
ɡɚɧɧɵɯ ɫɨ ɫɩɟɰɢɮɢɤɨɣ ɋɆɄȺ. Ɇɚɥɵɟ ɪɚɡɦɟɪɵ ɚɩɩɚ-
ɪɚɬɚ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɦɚɥɚɹ ɩɥɨɳɚɞɶ ɫɨɥɧɟɱɧɵɯ ɛɚ-
ɬɚɪɟɣ ɧɚɤɥɚɞɵɜɚɸɬ ɫɬɪɨɝɢɟ ɬɪɟɛɨɜɚɧɢɹ ɧɚ ɷɧɟɪɝɨɩɨ-
ɬɪɟɛɥɟɧɢɟ ɛɨɪɬɨɜɨɣ ɷɥɟɤɬɪɨɧɢɤɢ ɢ ɉɇ, ɦɨɳɧɨɫɬɶ 
ɩɟɪɟɞɚɬɱɢɤɚ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɨɥɭ-
ɱɟɧɧɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɩɟɪɜɨɝɨ ɩɪɨ-
ɬɨɬɢɩɚ ɚɩɩɚɪɚɬɚ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɧɚ ɩɪɨɫɬɟɣɲɚɹ ɤɨɧ-

ɮɢɝɭɪɚɰɢɹ ɫɨɥɧɟɱɧɵɯ ɛɚɬɚɪɟɣ – ɤɚɠɞɚɹ ɫɬɨɪɨɧɚ ɚɩɩɚ-
ɪɚɬɚ ɛɭɞɟɬ ɨɛɲɢɬɚ ɫɨɥɧɟɱɧɵɦɢ ɩɚɧɟɥɹɦɢ. ɉɪɢ  

ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɬɢɩɨɪɚɡɦɟɪɚ ɫɨɥɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ  
8×4 ɫɦ2 (ɩɨ 2 ɷɥɟɦɟɧɬɚ ɧɚ ɤɚɠɞɭɸ ɫɬɨɪɨɧɭ ɄȺ) ɨɛɳɚɹ 
ɩɥɨɳɚɞɶ ɛɚɬɚɪɟɣ ɫɨɫɬɚɜɢɬ ɩɨɪɹɞɤɚ 380 ɫɦ2, ɱɬɨ ɞɚɫɬ 
ɦɚɤɫɢɦɚɥɶɧɭɸ ɦɝɧɨɜɟɧɧɭɸ ɦɨɳɧɨɫɬɶ ɩɨɪɹɞɤɚ 2 ȼɬ 
ɩɪɢ ɩɪɨɱɢɯ ɪɚɜɧɵɯ ɭɫɥɨɜɢɹɯ.  
Ⱦɥɹ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɨɥɭɱɟɧ-

ɧɨɣ ɷɧɟɪɝɢɢ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɩɪɢɧɹɬɶ ɤɨɦɩɥɟɤɫɧɵɟ 
ɦɟɪɵ. ȼ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ, ɭɩɪɚɜɥɹɟɦɨɟ ɜɤɥɸɱɟɧɢɟ ɢ 

ɨɬɤɥɸɱɟɧɢɟ ɩɨɞɫɢɫɬɟɦ ɋɉ ɢ ɦɨɞɭɥɟɣ ɉɇ. Ɉɞɧɢɦ ɢɡ 
ɧɚɢɛɨɥɟɟ ɬɪɟɛɨɜɚɬɟɥɶɧɵɯ ɤ ɦɨɳɧɨɫɬɢ ɭɫɬɪɨɣɫɬɜ ɹɜ-
ɥɹɟɬɫɹ ɩɟɪɟɞɚɬɱɢɤ, ɦɨɳɧɨɫɬɶ ɩɟɪɟɞɚɸɳɢɯ ɭɫɬɪɨɣɫɬɜ 
ɞɥɹ ɋɆɄȺ ɫɨɫɬɚɜɥɹɟɬ ɩɨɪɹɞɤɚ 1–2 ȼɬ. Ⱦɥɹ ɫɧɢɠɟɧɢɹ 
ɜɪɟɦɟɧɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɟɪɟɞɚɬɱɢɤɚ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɪɟɠɢɦ ɧɚɤɨɩɥɟɧɢɹ ɬɟɥɟɦɟɬɪɢɢ – ɚɩɩɚ-
ɪɚɬ ɞɨɥɠɟɧ ɧɚɤɚɩɥɢɜɚɬɶ ɬɟɥɟɦɟɬɪɢɸ ɜ ɫɜɨɟɣ ɩɚɦɹɬɢ ɢ 

ɩɟɪɟɞɚɜɚɬɶ ɟё ɬɨɥɶɤɨ ɩɪɢ ɧɚɯɨɠɞɟɧɢɢ ɜ ɡɨɧɟ ɞɨɫɬɭɩ-

ɧɨɫɬɢ ɐɍɉ. Ⱦɚɧɧɚɹ ɦɟɪɚ ɩɨɡɜɨɥɢɬ ɞɟɪɠɚɬɶ ɩɟɪɟɞɚɬ-
ɱɢɤ ɜɵɤɥɸɱɟɧɧɵɦ ɛɨɥɶɲɭɸ ɱɚɫɬɶ ɜɪɟɦɟɧɢ, ɱɬɨ ɩɨɜɵ-

ɫɢɬ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɟ ɚɩɩɚɪɚɬɚ. Ⱦɥɹ ɩɪɢɟɦɚ ɢ ɩɟɪɟ-
ɞɚɱɢ ɢɧɮɨɪɦɚɰɢɢ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɪɚɞɢɨɥɸɛɢ-

ɬɟɥɶɫɤɢɣ ɍɄȼ-ɞɢɚɩɚɡɨɧ 430–440 ɆȽɰ, ɭɩɪɚɜɥɟɧɢɟ 
ɚɩɩɚɪɚɬɨɦ ɛɭɞɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɱɟɪɟɡ ɐɍɉ ɋɢɛȽȺɍ. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɪɚɞɢɨɥɸɛɢɬɟɥɶɫɤɨɝɨ ɞɢɚɩɚɡɨɧɚ ɩɨ-
ɡɜɨɥɢɬ ɩɪɢɜɥɟɱɶ ɪɚɞɢɨɥɸɛɢɬɟɥɟɣ ɤ ɩɪɢɟɦɭ ɬɟɥɟɦɟɬ-
ɪɢɢ ɨɬ ɄȺ, ɱɬɨ ɩɨɡɜɨɥɢɬ ɪɚɫɲɢɪɢɬɶ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨ 
ɨɬɫɥɟɠɢɜɚɧɢɸ ɄȺ. Ɍɚɤɠɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɜɨɡɦɨɠ-

ɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 800 ɆȽɰ ɪɚɞɢɨɥɸɛɢɬɟɥɶɫɤɨɣ 

ɩɨɥɨɫɵ ɱɚɫɬɨɬ, ɱɬɨ ɩɨɡɜɨɥɢɬ ɭɜɟɥɢɱɢɬɶ ɫɤɨɪɨɫɬɶ ɩɟ-
ɪɟɞɚɱɢ ɞɚɧɧɵɯ. 
ɋɥɭɠɟɛɧɚɹ ɩɥɚɬɮɨɪɦɚ. ɇɚ ɬɟɤɭɳɢɣ ɦɨɦɟɧɬ ɩɟ-

ɪɟɞ ɤɨɦɚɧɞɨɣ ɪɚɡɪɚɛɨɬɱɢɤɨɜ SibCube ɫɬɨɢɬ ɡɚɞɚɱɚ 
ɪɚɡɪɚɛɨɬɤɢ ɢ ɬɟɫɬɢɪɨɜɚɧɢɹ ɋɉ, ɤɨɬɨɪɚɹ ɩɨɫɥɭɠɢɬ 
ɨɫɧɨɜɨɣ ɞɥɹ ɩɟɪɜɨɝɨ ɢ ɩɨɫɥɟɞɭɸɳɢɯ ɚɩɩɚɪɚɬɨɜ.  
ɋɉ ɛɭɞɟɬ ɜɤɥɸɱɚɬɶ ɛɨɪɬɨɜɨɣ ɤɨɦɩɥɟɤɫ ɭɩɪɚɜɥɟɧɢɹ, 
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ɫɢɫɬɟɦɭ ɷɥɟɤɬɪɨɩɢɬɚɧɢɹ, ɩɪɢɟɦɨɩɟɪɟɞɚɬɱɢɤ, ɫɢɫɬɟɦɭ 
ɨɪɢɟɧɬɚɰɢɢ ɢ ɪɚɡɪɚɛɨɬɚɧɧɭɸ ɤɨɧɫɬɪɭɤɰɢɸ ɤɨɪɩɭɫɚ. 
Ɋɚɡɪɚɛɨɬɤɚ ɜɟɞɟɬɫɹ ɫ ɰɟɥɶɸ ɨɛɟɫɩɟɱɟɧɢɹ ɦɨɞɭɥɶ-

ɧɨɣ ɦɚɫɲɬɚɛɢɪɭɟɦɨɣ ɚɪɯɢɬɟɤɬɭɪɵ ɚɩɩɚɪɚɬɚ, ɤɨɬɨɪɚɹ 
ɩɨɡɜɨɥɢɬ ɭɜɟɥɢɱɢɜɚɬɶ ɪɚɡɦɟɪɵ ɚɩɩɚɪɚɬɚ ɞɨ ɮɨɪɦɚɬɚ 
3U ɛɟɡ ɩɪɢɧɰɢɩɢɚɥɶɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɤɨɪɩɭɫɚ ɢ ɋɉ, 

ɱɬɨ ɩɨɡɜɨɥɢɬ ɪɚɫɲɢɪɢɬɶ ɮɭɧɤɰɢɨɧɚɥɶɧɨɫɬɶ ɚɩɩɚɪɚɬɚ 
ɢ ɤɪɭɝ ɪɟɲɚɟɦɵɯ ɡɚɞɚɱ. Ʉɪɨɦɟ ɷɬɨɝɨ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɦɨɞɭɥɶɧɨɣ ɦɚɫɲɬɚɛɢɪɭɟɦɨɣ ɩɥɚɬɮɨɪɦɵ ɜɩɨɫɥɟɞɫɬ-
ɜɢɢ ɫɧɢɡɢɬ ɜɪɟɦɹ ɢ ɫɬɨɢɦɨɫɬɶ ɫɨɡɞɚɧɢɹ ɩɨɫɥɟɞɭɸɳɢɯ 
ɚɩɩɚɪɚɬɨɜ. Ɇɚɫɲɬɚɛɢɪɭɟɦɨɫɬɶ ɚɩɩɚɪɚɬɚ ɩɥɚɧɢɪɭɟɬɫɹ 
ɨɛɟɫɩɟɱɢɬɶ ɧɚ ɭɪɨɜɧɟ ɤɨɪɩɭɫɚ ɢ ɷɥɟɤɬɪɨɧɢɤɢ. ȼɵ-

ɛɪɚɧɧɵɣ ɤɨɧɫɬɪɭɤɬɢɜ ɤɨɪɩɭɫɚ ɢ ɷɥɟɤɬɪɨɧɢɤɢ ɢɦɟɟɬ 
ɫɬɟɤɨɜɵɣ ɬɢɩ, ɝɞɟ ɤɚɠɞɚɹ ɩɥɚɬɚ ɫɬɚɧɞɚɪɬɢɡɢɪɨɜɚɧɧɨɝɨ 
ɪɚɡɦɟɪɚ ɡɚɤɪɟɩɥɹɟɬɫɹ ɜ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɪɚɦɤɟ, ɨɛɪɚɡɭɹ 
ɦɨɞɭɥɶ. Ɇɨɞɭɥɢ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɜɟɪɬɢɤɚɥɶɧɨ ɞɪɭɝ ɧɚɞ 

ɞɪɭɝɨɦ, ɨɛɪɚɡɭɹ ɧɟɫɭɳɭɸ ɤɨɧɫɬɪɭɤɰɢɸ ɤɨɪɩɭɫɚ. 
ȼɟɪɯɧɢɣ ɢ ɧɢɠɧɢɣ ɦɨɞɭɥɶ ɜɵɩɨɥɧɹɸɬ ɪɨɥɶ ɤɪɵɲɤɢ 

ɤɨɪɩɭɫɚ. Ⱦɥɹ ɫɨɟɞɢɧɟɧɢɹ ɩɥɚɬ ɦɟɠɞɭ ɫɨɛɨɣ ɢɫɩɨɥɶ-
ɡɭɸɬɫɹ ɦɟɠɩɥɚɬɧɵɟ ɪɚɡɴɟɦɵ (ɪɢɫ. 3). ɇɚ ɭɪɨɜɧɟ ɷɥɟɤ-
ɬɪɨɧɢɤɢ ɦɚɫɲɬɚɛɢɪɭɟɦɨɫɬɶ ɛɭɞɟɬ ɨɛɟɫɩɟɱɢɜɚɬɶɫɹ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɨɝɨ ɫɬɚɧɞɚɪɬɚ 
SpaceWire. 

 

 
 

Ɋɢɫ. 3. Ʉɨɧɰɟɩɬ ɦɨɞɭɥɶɧɨɣ ɫɬɪɭɤɬɭɪɵ ɄȺ SibCube 
 

ɋɬɟɤɨɜɚɹ ɤɨɦɩɨɧɨɜɤɚ ɜɵɛɪɚɧɚ ɜɫɥɟɞɫɬɜɢɟ ɬɚɤɢɯ 
ɩɪɟɢɦɭɳɟɫɬɜ, ɤɚɤ:  

– ɭɩɪɨɳɟɧɢɟ ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɹ, ɧɚɪɚɫɬɢɬɶ ɤɨɧɫɬ-
ɪɭɤɰɢɸ ɞɨ 2U ɢɥɢ 3U ɦɨɠɧɨ ɩɭɬёɦ ɞɨɛɚɜɥɟɧɢɹ ɧɨɜɵɯ 
ɩɥɚɬ ɜ ɫɬɟɤ; 

– ɭɦɟɧɶɲɟɧɢɟ ɫɬɨɢɦɨɫɬɢ ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɹ (ɞɥɹ 
ɪɚɫɲɢɪɟɧɢɹ ɤɨɧɫɬɪɭɤɰɢɢ ɧɟɨɛɯɨɞɢɦɚ ɥɢɲɶ ɦɢɧɢ-

ɦɚɥɶɧɚɹ ɞɨɪɚɛɨɬɤɚ ɢ ɪɚɡɪɚɛɨɬɤɚ ɬɨɥɶɤɨ ɧɨɜɵɯ ɤɨɦɩɨ-
ɧɟɧɬɨɜ ɉɇ); 

– ɨɛɥɟɝɱɟɧɢɟ ɄȺ ɜɫɥɟɞɫɬɜɢɟ ɡɚɦɟɧɵ ɤɚɛɟɥɶɧɨɣ ɫɟ-
ɬɢ ɦɟɠɩɥɚɬɧɵɦɢ ɪɚɡɴɟɦɚɦɢ (ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɟɫ 
ɤɚɛɟɥɶɧɨɣ ɫɟɬɢ ɄȺ ɞɨɫɬɢɝɚɟɬ 7–10 % ɨɬ ɨɛɳɟɣ ɦɚɫɫɵ ɄȺ). 

ɋɨɡɞɚɧɢɟ ɛɨɪɬɨɜɨɝɨ ɤɨɦɩɥɟɤɫɚ ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɢɫ-
ɯɨɞɢɬ ɧɚ ɨɫɧɨɜɟ ɢɦɟɸɳɟɝɨɫɹ ɭ ɋɢɛȽȺɍ ɡɚɞɟɥɚ ɩɨ 
ɪɚɡɪɚɛɨɬɤɟ ɛɨɪɬɨɜɵɯ ɫɢɫɬɟɦ ɄȺ ɧɚ ɨɫɧɨɜɟ ɫɟɬɟɜɨɣ 

ɬɟɯɧɨɥɨɝɢɢ SpaceWire. Ɇɨɞɭɥɶ ɛɨɪɬɨɜɨɝɨ ɤɨɦɩɶɸɬɟ-
ɪɚ, ɪɟɚɥɢɡɭɸɳɢɣ ɨɫɧɨɜɧɵɟ ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɢ ɭɩɪɚɜ-
ɥɹɸɳɢɟ ɞɟɣɫɬɜɢɹ ɧɚ ɛɨɪɬɭ ɆɄȺ, ɨɫɧɨɜɚɧ ɧɚ ɫɨɮɬ-
ɩɪɨɰɟɫɫɨɪɟ LEON3, ɜɫɬɪɚɢɜɚɟɦɨɦ ɜ ɩɪɨɝɪɚɦɦɢɪɭɟ-
ɦɭɸ ɥɨɝɢɱɟɫɤɭɸ ɢɧɬɟɝɪɚɥɶɧɭɸ ɫɯɟɦɭ (ɉɅɂɋ) ɬɢɩɚ 
flash-FPGA Actel. Ⱦɚɧɧɚɹ ɉɅɂɋ ɢɦɟɟɬ ɪɚɞɫɬɨɣɤɢɟ 
ɜɟɪɫɢɢ ɫ ɫɨɜɦɟɫɬɢɦɨɫɬɶɸ pin-to-pin [15]. ɂɫɩɨɥɶɡɨɜɚ-
ɧɢɟ ɉɅɂɋ ɨɛɭɫɥɨɜɥɟɧɨ ɝɢɛɤɨɫɬɶɸ ɪɚɡɪɚɛɨɬɤɢ ɢ 

ɫɪɚɜɧɢɬɟɥɶɧɨɣ ɞɟɲɟɜɢɡɧɨɣ – ɉɅɂɋ ɦɨɠɧɨ ɫɤɨɧɮɢ-

ɝɭɪɢɪɨɜɚɬɶ ɥɸɛɵɦ ɧɟɨɛɯɨɞɢɦɵɦ ɨɛɪɚɡɨɦ, ɬɨɝɞɚ ɤɚɤ 
ɩɪɨɢɡɜɨɞɫɬɜɨ ɋȻɂɋ ɷɤɨɧɨɦɢɱɟɫɤɢ ɨɩɪɚɜɞɚɧɧɨ ɬɨɥɶɤɨ 
ɩɪɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɛɨɥɶɲɢɯ ɩɚɪɬɢɹɯ [16]. ɉɪɢ ɷɬɨɦ 

ɜɨɡɦɨɠɧɨ ɫɨɡɞɚɧɢɟ ɧɟɞɨɪɨɝɨɣ ɋɧɄ, ɩɨɦɟɫɬɢɜ ɜ ɉɅɂɋ 

ɧɟ ɬɨɥɶɤɨ ɩɪɨɰɟɫɫɨɪ, ɧɨ ɢ ɤɨɞɟɤ ɢɧɬɟɪɮɟɣɫɨɜ ɜɜɨɞɚ-
ɜɵɜɨɞɚ, ɬɚɤɢɯ ɤɚɤ SpaceWire. ɂɫɩɨɥɶɡɭɹ ɉɅɂɋ, ɦɵ 

ɩɨɥɭɱɚɟɦ ɨɫɧɨɜɧɵɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ɋɧɄ – ɤɨɦɩɚɤɬ-
ɧɨɫɬɶ ɩɪɢ ɦɨɧɬɚɠɟ ɢ ɧɢɡɤɨɟ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟ,  
ɚ ɬɚɤɠɟ, ɭɩɪɨɳɟɧɢɟ ɢ ɭɞɟɲɟɜɥɟɧɢɟ ɪɚɡɪɚɛɨɬɤɢ ɜɫɥɟɞ-
ɫɬɜɢɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɨɬɤɪɵɬɨɣ ɪɟɚɥɢɡɚɰɢɢ ɫɨɮɬ-
ɩɪɨɰɟɫɫɨɪɚ LEON3. Ɋɚɡɪɚɛɨɬɤɚ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫ-
ɩɟɱɟɧɢɹ (ɉɈ) ɞɥɹ ɄȺ ɫɨɩɪɹɠɟɧɚ ɫ ɨɩɪɟɞɟɥɟɧɧɵɦɢ 

ɫɥɨɠɧɨɫɬɹɦɢ. Ʉɥɸɱɟɜɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɪɚɡɪɚɛɨɬɤɢ 

ɉɈ ɞɥɹ ɄȺ ɹɜɥɹɟɬɫɹ ɜɥɢɹɧɢɟ ɧɚ ɄȺ ɩɨɫɥɟ ɡɚɩɭɫɤɚ 
ɬɨɥɶɤɨ ɩɨɫɪɟɞɫɬɜɨɦ ɬɟɥɟɤɨɦɚɧɞ, ɚ ɡɧɚɱɢɬ ɩɪɨɝɪɚɦɦ-

ɧɚɹ ɱɚɫɬɶ ɚɩɩɚɪɚɬɚ ɞɨɥɠɧɚ ɛɵɬɶ ɩɨɞɜɟɪɝɧɭɬɚ ɬɳɚ-
ɬɟɥɶɧɵɦ ɩɪɨɜɟɪɤɚɦ. Ɍɚɤɨɟ ɉɈ ɞɨɥɠɧɨ ɛɵɬɶ ɦɚɤɫɢ-

ɦɚɥɶɧɨ ɧɚɞɟɠɧɵɦ, ɢɧɚɱɟ ɜɟɥɢɤ ɪɢɫɤ ɩɨɬɟɪɹɬɶ ɚɩɩɚɪɚɬ 
ɢɡ-ɡɚ ɩɪɨɝɪɚɦɦɧɵɯ ɨɲɢɛɨɤ. Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɞɟɠ-

ɧɨɫɬɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɨɩɟɪɚɰɢɨɧɧɵɟ ɫɢɫɬɟɦɵ ɪɟɚɥɶɧɨ-
ɝɨ ɜɪɟɦɟɧɢ (ɈɋɊȼ). ɈɋɊȼ ɨɬɥɢɱɚɸɬɫɹ ɩɪɟɞɫɤɚɡɭɟ-
ɦɵɦ ɜɪɟɦɟɧɟɦ ɪɟɚɤɰɢɢ ɧɚ ɜɧɟɲɧɢɟ ɫɨɛɵɬɢɹ ɢ ɜɵɫɨ-
ɤɨɣ ɫɬɟɩɟɧɶɸ ɧɚɞɟɠɧɨɫɬɢ. ɉɪɢ ɷɬɨɦ ɫɨɡɞɚɧɢɟ ɉɈ ɞɥɹ 
ɬɚɤɢɯ ɫɢɫɬɟɦ ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɫɥɨɠɧɨɣ ɡɚɞɚɱɟɣ [17]. 

Ⱦɥɹ ɫɧɢɠɟɧɢɹ ɫɬɨɢɦɨɫɬɢ ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɢɫ-
ɩɨɥɶɡɨɜɚɬɶ Ɉɋ ɦɹɝɤɨɝɨ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ RTEMS ɫ 
ɨɬɤɪɵɬɵɦ ɫɜɨɛɨɞɧɵɦ ɢɫɯɨɞɧɵɦ ɤɨɞɨɦ. 

ɋɢɫɬɟɦɚ ɨɪɢɟɧɬɚɰɢɢ (ɋɈ) ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɜɚɠ-

ɧɟɣɲɢɯ ɫɢɫɬɟɦ ɄȺ, ɨɬɜɟɱɚɸɳɢɯ ɡɚ ɩɪɚɜɢɥɶɧɭɸ ɪɚɛɨ-
ɬɭ ɚɩɩɚɪɚɬɚ ɢ ɉɇ. ȼ ɨɛɹɡɚɧɧɨɫɬɢ ɋɈ ɜɯɨɞɹɬ: ɫɬɚɛɢɥɢ-

ɡɚɰɢɹ ɄȺ, ɞɟɦɩɮɢɪɨɜɚɧɢɟ ɤɨɥɟɛɚɧɢɣ, ɨɪɢɟɧɬɚɰɢɹ ɜ 
ɜɵɛɪɚɧɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ [18]. Ⱦɥɹ ɩɪɨɟɤɬɚ ɛɵɥɚ ɜɵ-

ɛɪɚɧɚ ɚɤɬɢɜɧɚɹ ɦɚɝɧɢɬɧɚɹ ɋɈ (ȺɆɋɈ) ɜɫɥɟɞɫɬɜɢɟ 
ɧɢɡɤɨɣ ɫɬɨɢɦɨɫɬɢ ɢ ɫɥɨɠɧɨɫɬɢ ɢɡɝɨɬɨɜɥɟɧɢɹ, ɚ ɬɚɤɠɟ 
ɜɨɡɦɨɠɧɨɫɬɢ ɚɤɬɢɜɧɨɣ ɨɪɢɟɧɬɚɰɢɢ. ɉɪɢɧɰɢɩ ɞɟɣɫɬ-
ɜɢɹ ȺɆɋɈ ɫɨɫɬɨɢɬ ɜ ɫɨɡɞɚɧɢɢ ɢɫɩɨɥɧɢɬɟɥɶɧɵɦɢ  

ɨɪɝɚɧɚɦɢ (ɂɈ) ɦɚɝɧɢɬɧɨɝɨ ɦɨɦɟɧɬɚ, ɤɨɬɨɪɵɣ ɨɪɢɟɧ-

ɬɢɪɭɟɬ ɚɩɩɚɪɚɬ ɩɨ ɥɢɧɹɦ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ Ɂɟɦɥɢ.  

ɂɈ ɛɭɞɭɬ ɜɵɩɨɥɧɟɧɵ ɜ ɜɢɞɟ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɤɚɬɭɲɟɤ. 
Ɇɚɝɧɢɬɧɵɣ ɦɨɦɟɧɬ, ɫɨɡɞɚɜɚɟɦɵɣ ɂɈ, ɡɚɜɢɫɢɬ ɨɬ 

ɜɟɥɢɱɢɧɵ ɬɨɤɚ, ɩɥɨɳɚɞɢ ɜɢɬɤɚ ɢ ɤɨɥɢɱɟɫɬɜɚ ɜɢɬɤɨɜ: 
 m = I · S · N. (1) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɫɬɚɟɬ ɜɨɩɪɨɫ ɨ ɜɵɛɨɪɟ ɧɚɢɛɨɥɟɟ 
ɨɩɬɢɦɚɥɶɧɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɢ ɞɢɚɦɟɬɪɚ 
ɜɢɬɤɨɜ (ɤɚɤ ɫɥɟɞɫɬɜɢɟ ɦɚɫɫɵ), ɦɨɳɧɨɫɬɢ ɢ ɫɨɡɞɚɜɚɟ-
ɦɨɝɨ ɦɚɝɧɢɬɧɨɝɨ ɦɨɦɟɧɬɚ (1). Ⱦɥɹ ɭɜɟɥɢɱɟɧɢɹ ɫɨɡɞɚ-
ɜɚɟɦɨɝɨ ɦɚɝɧɢɬɧɨɝɨ ɦɨɦɟɧɬɚ ɛɵɥ ɜɵɛɪɚɧ ɜɚɪɢɚɧɬ 
ɡɚɛɨɪɬɧɨɝɨ ɤɪɟɩɥɟɧɢɹ ɂɈ ȺɆɋɈ, ɦɚɤɫɢɦɚɥɶɧɨ ɢɫ-
ɩɨɥɶɡɭɸɳɢɣ ɞɨɫɬɭɩɧɭɸ ɩɥɨɳɚɞɶ ɛɨɤɨɜɵɯ ɫɬɨɪɨɧ 

ɚɩɩɚɪɚɬɚ. Ʉɚɪɤɚɫ ɂɈ ɜɵɫɬɭɩɚɟɬ ɬɚɤɠɟ ɤɚɤ ɤɪɨɧɲɬɟɣɧ 

ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɫɨɥɧɟɱɧɵɯ ɛɚɬɚɪɟɣ. ɉɪɟɞɥɨɠɟɧɧɵɣ 

ɤɨɧɰɟɩɬ ɂɈ ɦɨɠɧɨ ɜɢɞɟɬɶ ɧɚ ɪɢɫ. 4.  
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Ɂɚɤɥɸчɟɧɢɟ. Ɂɚ ɫɱёɬ ɩɪɨɟɤɬɧɨɣ ɦɨɞɟɥɢ ɨɛɭɱɟɧɢɹ 
ɢ ɥɢɱɧɨɣ ɡɚɢɧɬɟɪɟɫɨɜɚɧɧɨɫɬɢ ɫɬɭɞɟɧɬɨɜ ɜ ɤɨɫɦɢɱɟ-
ɫɤɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ ɦɨɠɟɬ ɛɵɬɶ ɪɟɲɟɧɚ ɩɪɨɛɥɟɦɚ ɨɬ-
ɫɭɬɫɬɜɢɹ ɧɟɨɛɯɨɞɢɦɨɣ ɩɪɚɤɬɢɤɢ ɫɬɭɞɟɧɬɨɜ. ɋɨɡɞɚɧɢɟ 
ɄȺ ɩɨɡɜɨɥɢɬ ɪɟɲɢɬɶ ɩɪɨɛɥɟɦɭ ɨɬɨɪɜɚɧɧɨɫɬɢ ɢɫɫɥɟ-
ɞɨɜɚɧɢɣ ɨɬ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɢ ɤɨɧɫɨɥɢɞɢ-
ɪɨɜɚɬɶ ɫɬɭɞɟɧɱɟɫɤɭɸ ɧɚɭɤɭ ɜ ɜɭɡɟ ɜ ɪɚɛɨɬɟ ɧɚɞ ɩɪɨɟɤ-
ɬɨɦ. Ʉɚɤ ɪɟɡɭɥɶɬɚɬ, ɩɪɨɝɧɨɡɢɪɭɟɬɫɹ ɩɨɜɵɲɟɧɢɟ ɷɮ-
ɮɟɤɬɢɜɧɨɫɬɢ ɨɛɭɱɟɧɢɹ. ɋɬɭɞɟɧɬɵ ɦɨɝɭɬ ɫɚɦɨɫɬɨɹ-
ɬɟɥɶɧɨ ɩɪɢɧɹɬɶ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɭɱɚɫɬɢɟ ɜɨ ɜɫɟɯ 
ɷɬɚɩɚɯ ɪɚɡɪɚɛɨɬɤɢ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɄȺ, ɱɬɨ ɩɨɡɜɨɥɢɬ 
ɜɩɨɫɥɟɞɫɬɜɢɢ ɩɪɢɦɟɧɢɬɶ ɢɦ ɫɜɨɢ ɡɧɚɧɢɹ ɜ ɞɚɥɶɧɟɣ-
ɲɟɣ ɪɚɛɨɬɟ ɧɚ ɩɪɟɞɩɪɢɹɬɢɢ ɧɚɞ ɛɨɥɶɲɢɦɢ ɄȺ. Ɍɚɤɠɟ 
ɫɬɭɞɟɧɬɵ, ɡɚɧɢɦɚɸɳɢɟɫɹ ɪɭɤɨɜɨɞɹɳɟɣ ɢ ɤɨɧɬɪɨɥɢ-
ɪɭɸɳɟɣ ɞɟɹɬɟɥɶɧɨɫɬɶɸ ɜ ɪɚɦɤɚɯ ɬɚɤɢɯ ɩɪɨɟɤɬɨɜ, ɩɨ-
ɥɭɱɚɸɬ ɩɪɚɤɬɢɱɟɫɤɢɟ ɧɚɜɵɤɢ ɨɪɝɚɧɢɡɚɰɢɢ ɩɪɨɟɤɬɨɜ, 
ɮɨɪɦɢɪɨɜɚɧɢɹ ɦɢɫɫɢɢ ɩɪɨɟɤɬɚ, ɧɚɜɵɤɢ ɪɚɛɨɬɵ ɜ ɤɨ-
ɦɚɧɞɟ, ɩɪɨɜɟɞɟɧɢɹ ɫɨɜɟɳɚɧɢɣ, ɨɰɟɧɤɢ ɫɬɨɢɦɨɫɬɢ  
ɢ ɪɢɫɤɚ ɩɪɨɟɤɬɨɜ.  
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɪɚɛɨɬɟ ɨɩɢɫɚɧ ɫɬɭɞɟɧɱɟɫɤɢɣ 

ɩɪɨɟɤɬ SibCube, ɩɪɢɜɟɞɟɧɵ ɰɟɥɢ ɢ ɡɚɞɚɱɢ, ɩɪɟɫɥɟɞɭɟ-
ɦɵɟ ɚɩɩɚɪɚɬɨɦ. ɉɪɨɜɟɞɟɧ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ 
ɮɢɡɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɢ ɬɟɯɧɢɱɟɫɤɢɯ ɩɪɨɛɥɟɦ, ɫɜɹɡɚɧ-
ɧɵɯ ɫ ɦɚɫɫɨɝɚɛɚɪɢɬɧɵɦɢ ɨɝɪɚɧɢɱɟɧɢɹɦɢ. Ɉɩɪɟɞɟɥёɧ 
ɧɚɛɨɪ ɢɫɩɨɥɶɡɭɟɦɵɯ ɪɟɲɟɧɢɣ ɢ ɬɟɯɧɨɥɨɝɢɣ (ɬɟɯɧɨɥɨ-
ɝɢɢ SoC ɢ SpW), ɫɮɨɪɦɢɪɨɜɚɧɚ ɤɨɧɰɟɩɰɢɹ ɦɨɞɭɥɶɧɨɣ 
ɦɚɫɲɬɚɛɢɪɭɟɦɨɣ ɋɉ ɄȺ, ɤɨɬɨɪɭɸ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ 
SibCube, ɚ ɬɚɤɠɟ ɨɩɪɟɞɟɥɟɧɵ ɦɟɬɨɞɵ ɞɨɫɬɢɠɟɧɢɹ  
ɦɨɞɭɥɶɧɨɫɬɢ ɢ ɦɚɫɲɬɚɛɢɪɭɟɦɨɫɬɢ ɚɪɯɢɬɟɤɬɭɪɵ ɤɚɤ 
ɧɚ ɤɨɧɫɬɪɭɤɬɢɜɧɨɦ ɭɪɨɜɧɟ, ɬɚɤ ɢ ɜ ɨɬɧɨɲɟɧɢɢ ɛɨɪɬɨ-
ɜɨɝɨ ɤɨɦɩɥɟɤɫɚ ɭɩɪɚɜɥɟɧɢɹ. ɋɞɟɥɚɧ ɷɫɤɢɡɧɵɣ ɩɪɨɟɤɬ 
ɫɩɭɬɧɢɤɚ. Ʉɪɨɦɟ ɷɬɨɝɨ, ɜ ɪɚɛɨɬɟ ɩɪɢɜɟɞɟɧ ɤɨɧɰɟɩɬ 
ɪɟɲɟɧɢɹ ɞɥɹ ɋɈ ɋɆɄȺ SibCube ɢ ɨɛɨɫɧɨɜɚɧɢɟ ɬɚɤɨ-
ɝɨ ɜɵɛɨɪɚ. 

 
Ȼɥɚɝɨɞɚɪɧɨɫɬɢ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɵɩɨɥɧɟɧɨ ɩɪɢ 

ɩɨɞɞɟɪɠɤɟ Ɇɢɧɢɫɬɟɪɫɬɜɚ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɧɚɭɤɢ Ɋɨɫ-
ɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ, ɫɨɝɥɚɲɟɧɢɟ № 14.574.21.0041 ɨɬ 
19.06.2014 ɝ. 
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