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Ɋɚɫɫɦɨɬɪɟɧ ɦɧɨɝɨɝɨɥɨɜɵɣ ɡɜɟɡɞɧɵɣ ɞɚɬɱɢɤ 348К, ɪɚɡɪɚɛɨɬɤɚ ɤɨɬɨɪɨɝɨ ɡɚɜɟɪɲɢɥɚɫɶ ɜ ɈȺɈ «ɇɉɉ «Ƚɟɨɮɢ-
ɡɢɤɚ-Кɨɫɦɨɫ» ɜ 2013 ɝɨɞɭ. Ⱦɚɧɵ ɨɩɢɫɚɧɢɟ ɤɨɧɫɬɪɭɤɰɢɢ, ɫɨɫɬɚɜ ɢ ɨɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢɛɨɪɚ. ɂɡ ɨɫɨ-
ɛɟɧɧɨɫɬɟɣ ɤɨɧɫɬɪɭɤɰɢɢ ɫɬɨɢɬ ɜɵɞɟɥɢɬɶ ɦɨɧɨɥɢɬɧɵɣ ɤɨɪɩɭɫ ɨɛɴɟɤɬɢɜɚ, ɪɟɚɥɢɡɭɸɳɢɣ ɨɞɧɨɜɪɟɦɟɧɧɨ  
ɢ ɩɨɫɚɞɨɱɧɭɸ ɩɥɨɫɤɨɫɬɶ. Ɍɚɤɠɟ ɜ ɩɪɢɛɨɪɟ 348К ɩɪɢɦɟɧɟɧɚ ɫɩɟɰɢɚɥɶɧɚɹ ɫɢɫɬɟɦɚ – ɤɚɧɚɥ ɝɟɨɦɟɬɪɢɱɟɫɤɨɝɨ ɷɬɚ-
ɥɨɧɚ, ɤɨɬɨɪɚɹ ɹɜɥɹɟɬɫɹ ɧɟɪɚɫɫɬɪɚɢɜɚɟɦɨɣ ɨɩɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɨɣ ɢ ɮɨɪɦɢɪɭɟɬ ɧɚ ɮɨɬɨɩɪɢɟɦɧɨɣ ɦɚɬɪɢɰɟ 
ɲɟɫɬɶ ɢɡɨɛɪɚɠɟɧɢɣ ɞɥɹ ɚɜɬɨɧɨɦɧɨɣ ɨɰɟɧɤɢ ɢ ɤɨɦɩɟɧɫɚɰɢɢ ɫɢɫɬɟɦɚɬɢɱɟɫɤɢɯ ɩɨɝɪɟɲɧɨɫɬɟɣ ɨɩɪɟɞɟɥɟɧɢɹ ɨɪɢ-
ɟɧɬɚɰɢɢ, ɜɵɡɜɚɧɧɵɯ ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɢɦɢ ɜɨɡɞɟɣɫɬɜɢɹɦɢ. ɉɪɢɜɟɞɟɧɚ ɭɤɪɭɩɧɟɧɧɚɹ ɩɪɨɝɪɚɦɦɚ ɧɚɡɟɦɧɨɣ ɷɤɫɩɟ-
ɪɢɦɟɧɬɚɥɶɧɨɣ ɨɬɪɚɛɨɬɤɢ (ɇЭɈ) ɢ ɩɨɞɪɨɛɧɨɫɬɢ ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɯ ɢɫɩɵɬɚɧɢɣ. ɉɪɢ ɢɫɩɵɬɚɧɢɹɯ ɩɪɢɛɨɪɚ 348К 

ɜɩɟɪɜɵɟ ɛɵɥɚ ɜɧɟɞɪɟɧɚ ɩɪɨɜɟɪɤɚ ɩɨɝɪɟɲɧɨɫɬɟɣ ɜ ɭɫɥɨɜɢɹɯ ɩɨɞɜɢɠɧɨɝɨ ɨɫɧɨɜɚɧɢɹ. ɂɫɩɵɬɚɧɢɹ ɧɚ ɜɨɡɞɟɣɫɬɜɢɟ 
ɩɪɨɬɨɧɨɜ ɫ ɷɧɟɪɝɢɹɦɢ 50, 100 ɢ 200 Ɇɷȼ ɩɨɞ ɪɚɡɥɢɱɧɵɦɢ ɭɝɥɚɦɢ ɩɚɞɟɧɢɹ ɧɚ ɮɨɬɨɩɪɢɟɦɧɭɸ ɦɚɬɪɢɰɭ (ɎɉɆ) 

ɩɪɨɜɨɞɢɥɢɫɶ ɫ ɰɟɥɶɸ ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ ɢ ɤɚɱɟɫɬɜɟɧɧɨɣ ɨɰɟɧɤɢ ɜɥɢɹɧɢɹ ɩɚɞɚɸɳɢɯ ɩɪɨɬɨɧɨɜ ɧɚ ɢɡɨɛɪɚɠɟɧɢɟ.  
ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɚɧɚɥɢɡɚ ɜɨɡɧɢɤɚɸɳɢɯ ɭɫɬɨɣɱɢɜɵɯ ɞɟɮɟɤɬɧɵɯ ɩɢɤɫɟɥɟɣ ɧɚ ɎɆɉ ɛɵɥɨ ɨɩɪɟɞɟɥɟɧɨ, ɱɬɨ ɧɚɢ-
ɛɨɥɶɲɢɣ ɩɪɢɪɨɫɬ ɞɟɮɟɤɬɨɜ ɜɨɡɧɢɤɚɟɬ ɩɪɢ ɷɧɟɪɝɢɢ 200 Ɇɷȼ. ȼ ɯɨɞɟ ɧɚɬɭɪɧɵɯ ɢɫɩɵɬɚɧɢɣ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ  

ɢɡɦɟɪɟɧɢɹ ɜɪɟɦɟɧɢ ɩɨɫɬɪɨɟɧɢɹ ɧɚɱɚɥɶɧɨɣ ɨɪɢɟɧɬɚɰɢɢ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɧɚɬɭɪɧɵɯ ɢɫɩɵɬɚɧɢɣ ɛɵɥɢ ɨɰɟɧɟɧɵ 

ɫɥɭɱɚɣɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɩɨɝɪɟɲɧɨɫɬɟɣ ɨɩɪɟɞɟɥɟɧɢɹ ɨɪɢɟɧɬɚɰɢɢ ɨɞɧɢɦ ɛɥɨɤɨɦ ɨɩɬɢɱɟɫɤɢɦ (ȻɈ) ɢ ɞɜɭɦɹ ȻɈ 

ɡɚ 15 ɦɢɧ ɪɚɛɨɬɵ. Ɂɚɞɚɱɟɣ ɧɚɬɭɪɧɵɯ ɢɫɩɵɬɚɧɢɣ ɹɜɥɹɥɨɫɶ ɩɨɞɬɜɟɪɠɞɟɧɢɟ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɩɪɢɛɨɪɚ ɩɨ 
ɪɟɚɥɶɧɵɦ ɡɜɟɡɞɚɦ, ɬ. ɟ. ɩɨɞɬɜɟɪɠɞɟɧɢɟ ɩɪɚɜɢɥɶɧɨɫɬɢ ɜɵɛɪɚɧɧɵɯ ɚɥɝɨɪɢɬɦɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ, ɚ ɬɚɤɠɟ ɦɟɬɨ-
ɞɨɜ ɨɛɟɫɩɟɱɟɧɢɹ ɬɨɱɧɨɫɬɢ ɢ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ. ȼɫɹ ɩɪɨɝɪɚɦɦɚ ɇЭɈ ɛɵɥɚ ɜɵɩɨɥɧɟɧɚ ɭɫɩɟɲɧɨ, ɪɟɡɭɥɶɬɚɬɵ 

ɜɫɟɯ ɢɫɩɵɬɚɧɢɣ ɩɨɥɨɠɢɬɟɥɶɧɵɟ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɩɵɬɚɧɢɣ ɛɵɥ ɜɵɩɭɳɟɧ ɢɬɨɝɨɜɵɣ ɨɬɱɟɬ ɨ ɇЭɈ. ɉɨɫɥɟ 
ɩɪɨɜɟɞɟɧɢɹ ɧɚɡɟɦɧɵɯ ɢɫɩɵɬɚɧɢɣ ɩɟɪɜɨɝɨ ɲɬɚɬɧɨɝɨ ɩɪɢɛɨɪɚ 348К ɜ ɫɨɫɬɚɜɟ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɛɵɥɨ  
ɩɨɥɭɱɟɧɨ ɡɚɤɥɸɱɟɧɢɟ ɨ ɞɨɩɭɫɤɟ ɤ ɥɟɬɧɵɦ ɢɫɩɵɬɚɧɢɹɦ, ɧɚɱɚɥɨ ɤɨɬɨɪɵɯ ɫɨɫɬɨɹɥɨɫɶ ɜ 2014 ɝɨɞɭ. ɉɨ ɩɟɪɜɨɣ ɬɟ-
ɥɟɦɟɬɪɢɱɟɫɤɨɣ ɢɧɮɨɪɦɚɰɢɢ ɜɢɞɧɨ, ɱɬɨ ɩɪɢɛɨɪ 348К ɪɚɛɨɬɚɟɬ ɢ ɮɭɧɤɰɢɨɧɢɪɭɟɬ ɧɨɪɦɚɥɶɧɨ, ɜɵɞɚёɬ ɤɜɚɬɟɪ-
ɧɢɨɧ ɨɪɢɟɧɬɚɰɢɢ ɢ ɫɥɟɞɢɬ ɡɚ ɡɜёɡɞɚɦɢ ɜ ɲɬɚɬɧɨɦ ɪɟɠɢɦɟ. 

 

Кɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɡɜɟɡɞɧɵɣ ɞɚɬɱɢɤ, ɧɚɡɟɦɧɚɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɨɬɪɚɛɨɬɤɚ, ɬɨɱɧɨɫɬɧɵɟ ɢɫɩɵɬɚɧɢɹ, ɩɪɨ-
ɬɨɧɵ, ɡɜɟɡɞɧɨɟ ɧɟɛɨ. 
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This paper is about multi-headed star tracker 348K, which was developed by JSC “SPE “Geofizika-Cosmos” in 

2013. Concept, design and key features are described. The design features are to provide a monolithic body of the lens, 

which implements both the seating surfaces. Moreover,  in the device 348K a special system - channel geometric stan-

dard, which is high stability optical system and forms on the APS-based camera six images for self-supporting estima-

tion and compensation of systematic errors in the determination of orientation caused by the thermo-mechanical effect 

is employed. Also test program during the manufacturing and in-Earth validation as well as some tests details are pre-

sented. In tests, the star tracker 348K was first introduced check errors in a movable base. Testing the effect of protons 

with energies of 50, 100 and 200 MeV at different angles of incidence on the APS-based camera conducted to quantita-

tively and qualitatively assess the impact of the incident protons on the image. According to the analysis of emerging 

sustainable defective pixels on APS-based camera, it was determined that the greatest increase in defect occurs when 
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the energy is 200 MeV. During the full-scale tests measuring the time of construction of the initial orientatio was con-

ducted. According to the results of full-scale tests random error components determination of the orientation of one of 

the optical head and two optical head for 15 minutes of work were evaluated. The purpose of full-scale tests was to con-

firm the unit validation of availability on the real star, rather validation of the chosen algorithmic solutions, and meth-

ods to assurance of accuracy and sensitivity. The whole test program during the manufacturing and in-Earth validation 

was successful, the results of all tests are positive. According to the test results the final report on the ground-

experimental testing was released. After the ground tests of the first flight unit 348K on board the spacecraft was ob-

tained on admission to the conclusion of flight testing, the beginning of which is expected in 2014. 

 

Keywords: star tracker, in-Earth validation, accuracy tests, protons, real sky tests. 

 

ȼɜɟɞɟɧɢɟ. Ʉɨɧɰɟɩɰɢɹ ɦɧɨɝɨɝɨɥɨɜɨɝɨ ɡɜɟɡɞɧɨɝɨ 
ɞɚɬɱɢɤɚ 348Ʉ ɫɨɫɬɨɢɬ ɜ ɨɛɴɟɞɢɧɟɧɢɢ ɢɧɮɨɪɦɚɰɢɢ ɨɬ 
ɦɚɥɨɝɚɛɚɪɢɬɧɵɯ ɢ ɦɚɥɨɩɨɬɪɟɛɥɹɸɳɢɯ ɛɥɨɤɨɜ ɨɩɬɢ-

ɱɟɫɤɢɯ (ȻɈ) ɜ ɨɛɳɟɦ ɛɥɨɤɟ ɷɥɟɤɬɪɨɧɧɨɦ (Ȼɗ) ɫ ɰɟɥɶɸ 

ɩɨɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ, ɩɨɦɟɯɨɡɚɳɢɳɟɧɧɨɫɬɢ ɢ ɧɚɞɟɠ-

ɧɨɫɬɢ. Ɉɞɧɚɤɨ ɜ ɨɬɥɢɱɢɟ ɨɬ ɞɪɭɝɢɯ ɩɨɞɨɛɧɵɯ ɫɢɫɬɟɦ, 

ȻɈ ɩɪɢɛɨɪɚ 348Ʉ ɹɜɥɹɸɬɫɹ ɚɜɬɨɧɨɦɧɵɦɢ ɡɜɟɡɞɧɵɦɢ 

ɞɚɬɱɢɤɚɦɢ, ɤɨɬɨɪɵɟ ɩɟɪɟɞɚɸɬ ɤɜɚɬɟɪɧɢɨɧ ɨɪɢɟɧɬɚɰɢɢ 

ɢ ɭɝɥɨɜɭɸ ɫɤɨɪɨɫɬɶ ɩɨ ɝɚɥɶɜɚɧɢɱɟɫɤɢ ɪɚɡɜɹɡɚɧɧɨɦɭ 
ɢɧɬɟɪɮɟɣɫɭ RS-485 ɜ Ȼɗ. 

Ɍɚɤɨɟ ɪɟɲɟɧɢɟ ɩɨɡɜɨɥɹɟɬ ɨɛɟɫɩɟɱɢɬɶ ɝɢɛɤɨɫɬɶ ɢ 

ɩɪɨɫɬɨɬɭ ɪɚɛɨɬɵ ɫ ɩɪɢɛɨɪɨɦ 348Ʉ ɫɨ ɫɬɨɪɨɧɵ ɫɢɫɬɟ-
ɦɵ ɨɪɢɟɧɬɚɰɢɢ ɢ ɫɬɚɛɢɥɢɡɚɰɢɢ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚ-
ɬɚ (ɋɈɋ ɄȺ). Ɉɬ ɋɈɋ ɄȺ ɧɟ ɬɪɟɛɭɟɬɫɹ ɭɩɪɚɜɥɟɧɢɟ 
ȻɈ, ɤɨɧɬɪɨɥɶ ɢɯ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ, ɚɞɟɤɜɚɬɧɨɫɬɢ 

ɩɨɥɭɱɚɟɦɨɣ ɢɧɮɨɪɦɚɰɢɢ ɢ ɪɚɫɱɟɬɚ ɪɚɜɧɨɬɨɱɧɨɣ ɨɪɢ-

ɟɧɬɚɰɢɢ. ȼɫɟ ɷɬɢ ɡɚɞɚɱɢ ɪɟɲɚɟɬ ɦɚɥɨɝɚɛɚɪɢɬɧɵɣ ɪɟ-
ɡɟɪɜɢɪɨɜɚɧɧɵɣ Ȼɗ, ɨɞɢɧɚɤɨɜɵɣ ɞɥɹ ɥɸɛɨɝɨ ɤɨɥɢɱɟ-
ɫɬɜɚ ȻɈ (ɞɨ ɱɟɬɵɪɟɯ). 
Ʉ ɧɟɤɨɬɨɪɨɦɭ ɧɟɞɨɫɬɚɬɤɭ ɤɨɧɰɟɩɰɢɢ ɩɨɫɬɪɨɟɧɢɹ 

ɦɧɨɝɨɝɨɥɨɜɨɝɨ ɡɜɟɡɞɧɨɝɨ ɞɚɬɱɢɤɚ ɦɨɠɧɨ ɨɬɧɟɫɬɢ 

ɛɨɥɶɲɭɸ (ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɦɨɧɨɛɥɨɱɧɵɦ ɩɪɢɛɨɪɨɦ) 

ɫɥɨɠɧɨɫɬɶ ɧɚɡɟɦɧɨɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɨɬɪɚɛɨɬɤɢ 

(ɇɗɈ). ɇɗɈ ɬɚɤɨɝɨ ɩɪɢɛɨɪɚ ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɛɨɥɶɲɢɣ 

ɨɛɴɟɦ ɩɪɨɜɟɪɨɤ, ɚ ɡɧɚɱɢɬ, ɬɪɟɛɭɟɬ ɛɨɥɶɲɟɝɨ ɤɨɥɢɱɟ-
ɫɬɜɨ ɪɚɛɨɱɢɯ ɦɟɫɬ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ,  
ɚ ɬɚɤɠɟ ɛɨɥɟɟ ɫɥɨɠɧɵɯ ɦɟɬɨɞɢɤ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɯɚ-
ɪɚɤɬɟɪɢɫɬɢɤ. 

1. Ʉɨɧɫɬɪɭɤɰɢɹ ȻɈ ɡɜɟɡɞɧɨɝɨ ɞɚɬɱɢɤɚ 348Ʉ. 

ɋɨɫɬɚɜ ȻɈ ɫɥɟɞɭɸɳɢɣ: 

– ɨɛɴɟɤɬɢɜ ɜ ɦɨɧɨɥɢɬɧɨɦ ɤɨɪɩɭɫɟ, ɩɨɥɟ ɡɪɟɧɢɹ 19°; 

– ɤɚɧɚɥ ɝɟɨɦɟɬɪɢɱɟɫɤɨɝɨ ɷɬɚɥɨɧɚ (ɄȽɗ) [1]; 

– ɛɥɟɧɞɚ; 
– ɮɨɬɨɩɪɢɟɦɧɚɹ ɦɚɬɪɢɰɚ (ɎɉɆ) APS STAR-1000 

[2; 3] ɫ ɬɟɪɦɨɷɥɟɤɬɪɢɱɟɫɤɢɦ ɦɨɞɭɥɟɦ ɨɯɥɚɠɞɟɧɢɹ (ɌɗɆɈ); 

– ɩɥɚɬɵ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ȻɈ; 

– ɜɬɨɪɢɱɧɵɟ ɢɫɬɨɱɧɢɤɢ ɩɢɬɚɧɢɹ (ȼɂɉ); 

– ɤɭɛ-ɩɪɢɡɦɚ ɞɥɹ ɩɪɢɜɹɡɤɢ ȻɈ ɤ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢ-

ɧɚɬ ɄȺ. 

ɇɚ ɪɢɫ. 1 ɩɪɢɜɟɞɟɧɚ ɬɪɟɯɦɟɪɧɚɹ ɦɨɞɟɥɶ ȻɈ ɜ ɪɚɡ-
ɪɟɡɟ. 
ɂɡ ɨɫɨɛɟɧɧɨɫɬɟɣ ɤɨɧɫɬɪɭɤɰɢɢ ɫɬɨɢɬ ɜɵɞɟɥɢɬɶ ɦɨ-

ɧɨɥɢɬɧɵɣ ɤɨɪɩɭɫ ɨɛɴɟɤɬɢɜɚ, ɪɟɚɥɢɡɭɸɳɢɣ ɨɞɧɨɜɪɟ-
ɦɟɧɧɨ ɢ ɩɨɫɚɞɨɱɧɭɸ ɩɥɨɫɤɨɫɬɶ. Ɍɚɤɠɟ ɜ ȻɈ ɩɪɢɛɨɪɚ 
348Ʉ ɩɪɢɦɟɧɟɧɚ ɫɩɟɰɢɚɥɶɧɚɹ ɫɢɫɬɟɦɚ – ɤɚɧɚɥ ɝɟɨɦɟɬ-
ɪɢɱɟɫɤɨɝɨ ɷɬɚɥɨɧɚ. ɄȽɗ ɹɜɥɹɟɬɫɹ ɧɟɪɚɫɫɬɪɚɢɜɚɟɦɨɣ 

ɨɩɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɨɣ, ɫɨɫɬɨɹɳɟɣ ɢɡ ɨɫɜɟɬɢɬɟɥɹ (ɫɜɟ-
ɬɨɞɢɨɞɨɜ) ɢ ɨɩɬɢɱɟɫɤɨɝɨ ɷɥɟɦɟɧɬɚ (ɩɥɚɫɬɢɧɚ–ɩɪɢɡɦɚ), 
ɢ ɮɨɪɦɢɪɭɟɬ ɧɚ ɮɨɬɨɩɪɢɟɦɧɨɣ ɦɚɬɪɢɰɟ ȻɈ ɲɟɫɬɶ 
ɢɡɨɛɪɚɠɟɧɢɣ [4; 5]. ɉɪɢ ɢɡɦɟɧɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢ-

ɛɨɪɚ ɢɥɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɦɟɯɚɧɢɱɟɫɤɢɯ ɜɨɡɞɟɣɫɬɜɢɣ ɩɨ-

ɥɨɠɟɧɢɟ ɄȽɗ ɜ ɩɪɢɛɨɪɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ (ɨɩɪɟ-
ɞɟɥɹɟɦɨɣ ɩɨɫɚɞɨɱɧɨɣ ɩɥɨɫɤɨɫɬɶɸ) ɨɫɬɚɟɬɫɹ ɧɟɢɡɦɟɧ-

ɧɵɦ. ɂɡɦɟɧɟɧɢɟ ɩɨɥɨɠɟɧɢɹ ɢɡɨɛɪɚɠɟɧɢɣ ɄȽɗ ɧɚ 
ɎɉɆ ɭɤɚɡɵɜɚɟɬ ɜ ɬɚɤɨɦ ɫɥɭɱɚɟ ɧɚ ɢɡɦɟɧɟɧɢɟ ɩɨɥɨ-
ɠɟɧɢɹ ɫɚɦɨɣ ɎɉɆ – ɟɟ ɜɨɡɦɨɠɧɵɣ ɫɞɜɢɝ ɩɨɩɟɪɟɤ 
ɩɨɥɹ ɡɪɟɧɢɹ, ɭɝɥɨɜɨɟ ɩɟɪɟɦɟɳɟɧɢɟ ɢ ɢɡɦɟɧɟɧɢɟ ɮɨ-
ɤɭɫɧɨɝɨ ɪɚɫɫɬɨɹɧɢɹ ɨɛɴɟɤɬɢɜɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɟɚɥɢ-

ɡɭɟɬɫɹ ɚɜɬɨɧɨɦɧɚɹ ɨɰɟɧɤɚ ɢ ɤɨɦɩɟɧɫɚɰɢɹ ɫɢɫɬɟɦɚɬɢ-

ɱɟɫɤɢɯ ɩɨɝɪɟɲɧɨɫɬɟɣ ɨɩɪɟɞɟɥɟɧɢɹ ɨɪɢɟɧɬɚɰɢɢ, ɜɵ-

ɡɜɚɧɧɚɹ ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɢɦɢ ɜɨɡɞɟɣɫɬɜɢɹɦɢ. ɋɢɫɬɟ-
ɦɚ ɄȽɗ ɩɪɢɦɟɧɹɟɬɫɹ ɢ ɜ ɞɪɭɝɢɯ ɩɪɢɛɨɪɚɯ [6] ɈȺɈ 

«ɇɉɉ «Ƚɟɨɮɢɡɢɤɚ–Ʉɨɫɦɨɫ» ɢ ɡɚɳɢɳɟɧɚ ɞɜɭɦɹ ɩɚ-
ɬɟɧɬɚɦɢ [7; 8]. 

 

 

 
Ɋɢɫ. 1. Ȼɥɨɤ ɨɩɬɢɱɟɫɤɢɣ ɩɪɢɛɨɪɚ 348Ʉ ɜ ɪɚɡɪɟɡɟ 

 
Ɇɚɫɫɚ ȻɈ ɫɨɫɬɚɜɥɹɟɬ 1,2 ɤɝ, ɜɤɥɸɱɚɹ ɫɜɟɬɨɡɚɳɢɬ-

ɧɭɸ ɛɥɟɧɞɭ ɫ ɭɝɥɨɦ ɡɚɳɢɬɵ 40º ɨɬ ɋɨɥɧɰɚ ɢ 34º  

ɨɬ Ɂɟɦɥɢ. ɂɦɟɸɬɫɹ ɬɚɤɠɟ ɛɥɟɧɞɵ ɫ ɭɝɥɚɦɢ ɡɚɳɢɬɵ ɨɬ 
ɋɨɥɧɰɚ 30º (24º ɨɬ Ɂɟɦɥɢ) ɢ 25º (21º ɨɬ Ɂɟɦɥɢ). 

ɉɪɢ ɧɚɩɪɹɠɟɧɢɢ ɩɢɬɚɧɢɹ 27 ȼ ɩɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳ-

ɧɨɫɬɶ ȻɈ ɛɟɡ ɌɗɆɈ 3 ȼɬ (ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɫɚɞɨɱɧɨɣ 

ɩɥɨɫɤɨɫɬɢ ɨɬ –40 ɞɨ +5 °ɋ). ɉɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ ɫ 
ɜɤɥɸɱɟɧɧɵɦ ɌɗɆɈ ɦɟɧɟɟ 5,5 ȼɬ (ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɫɚ-
ɞɨɱɧɨɣ ɩɥɨɫɤɨɫɬɢ ɨɬ +5 ɞɨ +50 °ɋ). 

2. Ʉɨɧɫɬɪɭɤɰɢɹ Ȼɗ ɡɜɟɡɞɧɨɝɨ ɞɚɬɱɢɤɚ 348Ʉ. Ȼɗ 

ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɧɟɡɚɜɢɫɢɦɵɯ ɨɞɢɧɚɤɨɜɵɯ ɜɵɱɢɫɥɢ-

ɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ. Ʉ Ȼɗ ɦɨɠɟɬ ɛɵɬɶ ɩɨɞɤɥɸɱɟɧɨ ɞɨ 
4 ȻɈ. Ⱦɥɢɧɚ ɤɚɛɟɥɟɣ ɦɟɠɞɭ Ȼɗ ɢ ȻɈ ɞɨ 10 ɦ. Ȼɗ ɢɦɟ-
ɟɬ ɞɭɛɥɢɪɨɜɚɧɧɵɣ ɢɧɬɟɪɮɟɣɫ ɨɛɦɟɧɚ ɫ ɋɈɋ ɄȺ MIL 

STD 1553B (ȽɈɋɌ Ɋ52070–2003). ɇɚ ɪɢɫ. 2 ɩɪɢɜɟɞɟɧɚ 
ɬɪɟɯɦɟɪɧɚɹ ɦɨɞɟɥɶ ȻɈ ɜ ɪɚɡɛɨɪɟ. 
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Ɇɚɫɫɚ ɪɟɡɟɪɜɢɪɨɜɚɧɧɨɝɨ Ȼɗ ɫɨɫɬɚɜɥɹɟɬ 1,0 ɤɝ. ɉɨ-
ɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ Ȼɗ 1,5 ȼɬ (27 ȼ). Ⱦɨɩɭɫɬɢɦɚɹ 
ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɫɚɞɨɱɧɨɣ ɩɥɨɫɤɨɫɬɢ ɨɬ –40 ɞɨ +50 °ɋ 

ɡɚɞɚɟɬɫɹ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɨɫɧɨɜɚɧɢɹ. 
 

 
 

Ɋɢɫ. 2. Ɋɟɡɟɪɜɢɪɨɜɚɧɧɵɣ ɛɥɨɤ ɷɥɟɤɬɪɨɧɧɵɣ  

ɩɪɢɛɨɪɚ 348Ʉ 

 

3. Ɉɫɧɨɜɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɡɜɟɡɞɧɨɝɨ ɞɚɬɱɢɤɚ 348Ʉ: 

1) ɫɨɫɬɚɜ ɩɨɫɬɚɜɤɢ: 

– 4 ȻɈ + ɪɟɡɟɪɜɢɪɨɜɚɧɧɵɣ Ȼɗ (ɛɚɡɨɜɵɣ ɜɚɪɢɚɧɬ); 
– 3 ɜɚɪɢɚɧɬɚ ɄɉȺ; 

– ɧɚɛɨɪ ɫɜɟɬɨɡɚɳɢɬɧɵɯ ɛɥɟɧɞ: 25°, 30°, 40°; 

2) ɝɚɛɚɪɢɬɵ ɢ ɦɚɫɫɚ: 
– ȻɈ ɫ ɛɥɟɧɞɨɣ 40°: Ø 132 × 210 ɦɦ, 1,2 ɤɝ; 
– ɪɟɡɟɪɜɢɪɨɜɚɧɧɵɣ Ȼɗ: 166 × 94 × 37 ɦɦ, 1,0 ɤɝ; 
3) ɞɥɢɧɚ ɤɚɛɟɥɟɣ ȻɈ–Ȼɗ: 10 ɦ (ɛɚɡɨɜɵɣ ɜɚɪɢɚɧɬ); 
4) ɱɚɫɬɨɬɚ ɨɛɧɨɜɥɟɧɢɹ ɢɧɮɨɪɦɚɰɢɢ: 5 Ƚɰ; 

5) ɩɨɝɪɟɲɧɨɫɬɶ ɩɨ ɬɪɟɦ ɨɫɹɦ (ɩɪɢ ɚɤɬɢɜɧɵɯ 2 ȻɈ ɫ 
ɭɝɥɨɦ ɦɟɠɞɭ ɜɢɡɢɪɧɵɦɢ ɥɢɧɢɹɦɢ ~90°): 

– 15 ɭɝɥ. ɫ (ɦɚɤɫɢɦɚɥɶɧɚɹ); 
– 3 ɭɝɥ. ɫ (1σ ɫɥɭɱɚɣɧɚɹ); 
6) ɩɪɟɞɟɥɶɧɚɹ ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɫ ɫɨɯɪɚɧɟɧɢɟɦ ɬɨɱ-

ɧɨɫɬɢ ɢ ɜɟɪɨɹɬɧɨɫɬɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ: 
– ɞɥɹ 1 ȻɈ 0,2 °/ɫ; 
– ɞɥɹ 2...4 ȻɈ – ɛɨɥɶɲɟ 0,25 °/ɫ (ɡɚɜɢɫɢɬ ɨɬ ɜɡɚɢɦ-

ɧɨɝɨ ɪɚɫɩɨɥɨɠɟɧɢɹ); 
7) ɩɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ (27 ȼ): 

– 1 ȻɈ: 3,0 ȼɬ (ɌɗɆɈ ɜɵɤɥɸɱɟɧ) ɢɥɢ 5,5 ȼɬ (ɌɗɆɈ 

ɜɤɥɸɱɟɧ); 

– Ȼɗ: 1,5ȼɬ; 
8) ɪɟɫɭɪɫ: 150 000 ɱɚɫɨɜ ɞɥɹ ɜɚɪɢɚɧɬɚ 4 ȻɈ + ɪɟ-

ɡɟɪɜɢɪɨɜɚɧɧɵɣ Ȼɗ; 

9) ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɞɢɚɩɚɡɨɧ: –40...+50 °C (ɡɚɞɚɟɬɫɹ 
ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɨɫɚɞɨɱɧɨɣ ɩɥɨɫɤɨɫɬɢ); 

10) ɢɧɬɟɪɮɟɣɫɵ: 

– Ȼɗ–ȻЦȼɄ: MIL STD 1553B (ȽɈɋɌ Ɋ52070–2003); 

– ȻɈ–Ȼɗ: RS-485; 

11) ɩɨɦɟɯɨɡɚɳɢɳɟɧɧɨɫɬɶ ɢ ɧɟɤɨɬɨɪɵɟ ɨɫɨɛɟɧɧɨ-
ɫɬɢ: 

– Ȼɗ ɚɜɬɨɧɨɦɧɨ ɭɩɪɚɜɥɹɟɬ ɜɤɥɸɱɟɧɢɟɦ-ɜɵɤɥɸɱɟ-
ɧɢɟɦ ȻɈ ɢ ɨɫɭɳɟɫɬɜɥɹɟɬ ɤɨɧɬɪɨɥɶ ɞɚɧɧɵɯ ɨɬ ȻɈ; 

– 2 ɩɨɫɬɨɹɧɧɨ ɪɚɛɨɬɚɸɳɢɯ ȻɈ, ɨɫɬɚɥɶɧɵɟ ɜ ɯɨ-
ɥɨɞɧɨɦ ɪɟɡɟɪɜɟ; 

– Ʌɭɧɚ ɜ ɩɨɥɟ ɡɪɟɧɢɹ ȻɈ ɧɟ ɜɥɢɹɟɬ ɧɚ ɮɭɧɤɰɢɨɧɢ-

ɪɨɜɚɧɢɟ; 

– ɫɩɟɰɢɚɥɶɧɵɟ ɚɥɝɨɪɢɬɦɵ ɞɥɹ ɩɚɪɢɪɨɜɚɧɢɹ ɩɨɦɟɯ 
(ɩɪɨɬɨɧɵ, ɱɚɫɬɢɰɵ, ɡɜɟɡɞɨɩɨɞɨɛɧɵɟ ɨɛɴɟɤɬɵ, ɞɟɮɟɤɬ-
ɧɵɟ ɩɢɤɫɟɥɢ ɢ ɞɪ.) [9–11]; 

– ɬɨɥɶɤɨ ɪɚɞɢɚɰɢɨɧɧɨ ɫɬɨɣɤɢɟ ɷɥɟɤɬɪɨɧɧɵɟ ɤɨɦ-
ɩɨɧɟɧɬɵ. 

4. ɇɚɡɟɦɧɚɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɨɬɪɚɛɨɬɤɚ.  
ȼɫɟ ɪɚɛɨɬɵ ɩɨ ɩɨɞɬɜɟɪɠɞɟɧɢɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɢɛɨ-
ɪɚ ɦɨɠɧɨ ɭɫɥɨɜɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɞɜɟ ɱɚɫɬɢ – ɩɪɨɜɟɪɤɢ, 
ɤɨɬɨɪɵɦ ɩɨɞɜɟɪɝɚɟɬɫɹ ɤɚɠɞɵɣ ɢɡɝɨɬɚɜɥɢɜɚɟɦɵɣ ɩɪɢ-
ɛɨɪ, ɢ ɪɚɫɲɢɪɟɧɧɵɣ ɧɚɛɨɪ ɩɪɨɜɟɪɨɤ, ɤɨɬɨɪɵɦ ɩɨɞ-
ɜɟɪɝɚɟɬɫɹ ɩɟɪɜɵɣ ɨɛɪɚɡɟɰ ɫɟɪɢɢ ɢɥɢ ɨɛɪɚɡɟɰ ɞɥɹ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɯ ɢɫɩɵɬɚɧɢɣ. 
Ʉ ɨɫɧɨɜɧɵɦ ɩɪɨɜɟɪɤɚɦ ɤɚɠɞɨɝɨ ɩɪɢɛɨɪɚ ɨɬɧɨɫɹɬ-

ɫɹ ɫɥɟɞɭɸɳɢɟ ɜɢɞɵ ɢɫɩɵɬɚɧɢɣ: 
ɚ) ɩɪɨɜɟɪɤɢ ɬɨɱɧɨɫɬɢ ɢ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ: 
– ɩɪɢ ɧɟɩɨɞɜɢɠɧɨɦ ɨɫɧɨɜɚɧɢɢ; 
– ɩɪɢ ɩɨɞɜɢɠɧɨɦ ɨɫɧɨɜɚɧɢɢ (ɞɨ 0,2 °/ɫ); 
– ɜ ɭɫɥɨɜɢɹɯ ɜɚɤɭɭɦɚ ɢ ɬɟɦɩɟɪɚɬɭɪ ɨɬ –40 ɞɨ +50 °C; 
ɛ) ɩɪɨɜɟɪɤɚ ɜɪɟɦɟɧɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ; 
ɜ) ɩɪɨɜɟɪɤɚ ɫɥɟɠɟɧɢɹ – 4 ɱ; 
ɝ) ɦɟɯɚɧɢɱɟɫɤɢɟ ɢɫɩɵɬɚɧɢɹ: 
– ɬɟɪɦɨɜɢɛɪɨɰɢɤɥɢɪɨɜɚɧɢɟ; 
– ɲɢɪɨɤɨɩɨɥɨɫɧɚɹ ɫɥɭɱɚɣɧɚɹ ɜɢɛɪɚɰɢɹ; 
– ɫɢɧɭɫɨɢɞɚɥɶɧɚɹ ɜɢɛɪɚɰɢɹ; 
ɞ) ɧɚɪɚɛɨɬɤɚ: 
– 200 ɱ ɜ ɭɫɥɨɜɢɹɯ ɬɟɪɦɨɰɢɤɥɨɜ; 
– 100 ɱ ɜ ɭɫɥɨɜɢɹɯ ɜɚɤɭɭɦɚ ɢ ɬɟɪɦɨɰɢɤɥɨɜ; 
ɟ) ɩɪɨɜɟɪɤɢ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɜ ɭɫɥɨɜɢɹɯ ɩɨɦɟɯ 

ɩɨ ɰɟɩɹɦ ɩɢɬɚɧɢɹ; 
ɠ) ɩɪɨɜɟɪɤɢ ɭɪɨɜɧɹ ɩɨɦɟɯ, ɫɨɡɞɚɜɚɟɦɵɯ ɩɪɢɛɨɪɨɦ; 
ɡ) ɩɪɨɜɟɪɤɚ ɫɜɟɬɨɧɟɩɪɨɧɢɰɚɟɦɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɢ. 
ȼ ɯɨɞɟ ɧɚɡɟɦɧɨɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɨɬɪɚɛɨɬɤɢ 

ɛɵɥ ɬɚɤɠɟ ɩɪɨɜɟɞɟɧ ɪɚɫɲɢɪɟɧɧɵɣ ɧɚɛɨɪ ɢɫɩɵɬɚɧɢɣ, 
ɜɤɥɸɱɚɜɲɢɣ: 

1) ɩɪɨɜɟɪɤɢ ɩɪɨɝɪɚɦɦɧɨ-ɚɥɝɨɪɢɬɦɢɱɟɫɤɨɝɨ ɨɛɟɫ-
ɩɟɱɟɧɢɹ: 

– ɞɥɢɬɟɥɶɧɵɟ ɩɪɨɜɟɪɤɢ ɫɥɟɠɟɧɢɹ – ɞɨ 50 ɱ ɩɨɞɪɹɞ; 
– ɩɪɨɜɟɪɤɢ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɩɪɢ ɭɝɥɨɜɵɯ ɫɤɨ-

ɪɨɫɬɹɯ ɢ ɭɫɤɨɪɟɧɢɹɯ, ɩɪɟɜɵɲɚɸɳɢɯ ɬɪɟɛɨɜɚɧɢɹ ɌɁ; 
– ɩɪɨɜɟɪɤɢ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɢ ɧɚ ɨɬɫɭɬɫɬɜɢɟ 

ɫɛɨɟɜ ɨɛɦɟɧɚ ɜ ɭɫɥɨɜɢɹɯ ɬɟɪɦɨɰɢɤɥɨɜ; 
2) ɦɟɯɚɧɢɱɟɫɤɢɟ ɢɫɩɵɬɚɧɢɹ ɜ ɪɚɫɲɢɪɟɧɧɨɦ ɨɛɴɟɦɟ: 
– ɭɞɚɪ; 
– ɲɢɪɨɤɨɩɨɥɨɫɧɚɹ ɫɥɭɱɚɣɧɚɹ ɜɢɛɪɚɰɢɹ ɫ ɩɨɜɵ-

ɲɟɧɧɵɦ ɭɪɨɜɧɟɦ ɜɨɡɞɟɣɫɬɜɢɣ; 
– ɫɢɧɭɫɨɢɞɚɥɶɧɚɹ ɜɢɛɪɚɰɢɹ; 
– ɬɪɚɧɫɩɨɪɬɢɪɨɜɨɱɧɚɹ ɬɪɹɫɤɚ; 
3) ɭɫɤɨɪɟɧɧɵɟ ɪɟɫɭɪɫɧɵɟ ɢɫɩɵɬɚɧɢɹ; 
4) ɩɪɨɜɟɪɤɢ ɧɚ ɜɨɡɞɟɣɫɬɜɢɟ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɝɨ 

ɪɚɡɪɹɞɚ; 
5) ɩɪɨɜɟɪɤɢ ɧɚ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɭɸ ɫɨɜɦɟɫɬɢɦɨɫɬɶ;  
6) ɩɪɨɜɟɪɤɢ ɧɚ ɜɨɡɞɟɣɫɬɜɢɟ ɫɢɧɮɚɡɧɵɯ ɩɨɦɟɯ  

(ɫɨɜɦɟɫɬɧɨ ɫ ɪɚɡɪɚɛɨɬɱɢɤɨɦ ɄȺ); 
7) ɩɪɨɜɟɪɤɢ ɧɚ ɜɥɢɹɧɢɟ ɩɨɫɬɨɹɧɧɨɝɨ ɦɚɝɧɢɬɧɨɝɨ 

ɩɨɥɹ (ɫɨɜɦɟɫɬɧɨ ɫ ɪɚɡɪɚɛɨɬɱɢɤɨɦ ɄȺ); 
8) ɧɚɬɭɪɧɵɟ ɢɫɩɵɬɚɧɢɹ: 
– ɢɫɩɵɬɚɧɢɹ ɩɪɢ ɧɟɩɨɞɜɢɠɧɨɦ ɨɫɧɨɜɚɧɢɢ; 
– ɢɫɩɵɬɚɧɢɹ ɧɚ ɩɨɞɜɢɠɧɨɦ ɨɫɧɨɜɚɧɢɢ, ɜ ɬɨɦ ɱɢɫɥɟ 

ɩɪɢ ɭɝɥɨɜɵɯ ɫɤɨɪɨɫɬɹɯ, ɩɪɟɜɵɲɚɸɳɢɯ ɬɪɟɛɨɜɚɧɢɹ ɌɁ; 
– ɩɨɞɬɜɟɪɠɞɟɧɢɟ ɨɬɫɭɬɫɬɜɢɹ ɜɥɢɹɧɢɹ Ʌɭɧɵ ɜ ɩɨɥɟ 

ɡɪɟɧɢɹ ɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɢ ɫɥɟɠɟɧɢɹ; 
9) ɩɪɨɜɟɪɤɢ ɧɚ ɛɨɤɨɜɭɸ ɡɚɫɜɟɬɤɭ ɜ ɭɫɥɨɜɢɹɯ ɜɚ-

ɤɭɭɦɚ ɫ ɩɨɥɧɨɰɟɧɧɵɦ ɢɦɢɬɚɬɨɪɨɦ ɋɨɥɧɰɚ; 
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10) ɢɫɩɵɬɚɧɢɹ ɧɚ ɜɨɡɞɟɣɫɬɜɢɟ ɩɪɨɬɨɧɨɜ ɫ ɷɧɟɪ-
ɝɢɹɦɢ ɨɬ 50 ɞɨ 200 Ɇɷȼ. 

ȼɫɹ ɩɪɨɝɪɚɦɦɚ ɇɗɈ ɛɵɥɚ ɭɫɩɟɲɧɨ ɜɵɩɨɥɧɟɧɚ, ɪɟ-
ɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɩɨɥɨɠɢɬɟɥɶɧɵɟ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ 

ɛɵɥ ɜɵɩɭɳɟɧ ɢɬɨɝɨɜɵɣ ɨɬɱɟɬ ɨ ɇɗɈ. Ⱦɚɥɟɟ ɨɫɬɚɧɨ-
ɜɢɦɫɹ ɧɚ ɪɟɡɭɥɶɬɚɬɚɯ ɧɚɢɛɨɥɟɟ ɢɧɬɟɪɟɫɧɵɯ ɩɪɨɜɟɪɨɤ. 

5. Ɉɫɨɛɟɧɧɨɫɬɢ ɬɨɱɧɨɫɬɧɵɯ ɢɫɩɵɬɚɧɢɣ. Ⱦɥɹ 
ɩɪɨɜɟɞɟɧɢɹ ɩɚɫɩɨɪɬɢɡɚɰɢɢ ɫɢɫɬɟɦɚɬɢɱɟɫɤɢɯ ɩɨɝɪɟɲ-

ɧɨɫɬɟɣ ɨɩɪɟɞɟɥɟɧɢɹ ɨɪɢɟɧɬɚɰɢɢ ɢ ɞɥɹ ɩɪɨɜɟɪɤɢ ɬɨɱ-
ɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ɫɩɟɰɢɚɥɶɧɵɣ 

ɜɵɫɨɤɨɬɨɱɧɵɣ ɨɩɬɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɣ ɫɬɟɧɞ. ȼ ɫɨɫɬɚɜ 
ɫɬɟɧɞɚ ɜɯɨɞɢɬ ɝɪɚɧɢɬɧɨɟ ɪɚɡɜɹɡɚɧɧɨɟ ɨɫɧɨɜɚɧɢɟ, ɧɚ 
ɤɨɬɨɪɨɦ ɭɫɬɚɧɨɜɥɟɧ ɜɵɫɨɤɨɬɨɱɧɵɣ ɢɦɢɬɚɬɨɪ ɡɜɟɡɞɵ, 

ɢ ɫɩɟɰɢɚɥɶɧɚɹ ɩɪɢɡɦɟɧɧɚɹ ɫɢɫɬɟɦɚ, ɤɨɬɨɪɚɹ ɪɚɡɞɟɥɹɟɬ 
ɫɜɟɬɨɜɨɣ ɩɭɱɨɤ ɨɬ ɢɦɢɬɚɬɨɪɚ ɡɜɟɡɞɵ ɧɚ ɩɹɬɶ ɬɪɟɤɨɜ. 
ȼɡɚɢɦɧɨɟ ɭɝɥɨɜɨɟ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɢɦɢɬɢɪɭɟɦɵɦɢ 

ɡɜɟɡɞɚɦɢ ɚɬɬɟɫɬɭɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɝɨɧɢɨɦɟɬɪɚ ɫ ɩɨ-
ɝɪɟɲɧɨɫɬɶɸ ɦɟɧɟɟ 1 ɭɝɥ. ɫ. Ɍɚɤɠɟ ɢɦɟɟɬɫɹ ɜɨɡɦɨɠ-

ɧɨɫɬɶ ɪɚɡɜɨɪɨɬɚ ɩɪɢɡɦɟɧɧɨɣ ɫɢɫɬɟɦɵ ɜɨɤɪɭɝ ɨɫɢ, ɩɚ-
ɪɚɥɥɟɥɶɧɨɣ ɜɢɡɢɪɧɨɣ ɥɢɧɢɢ ɢɦɢɬɚɬɨɪɚ ɧɚ ɩɪɨɢɡɜɨɥɶ-
ɧɵɣ ɭɝɨɥ ɫ ɬɨɱɧɨɫɬɶɸ ~ 1 ɭɝɥ. ɫ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ,  

ɜ ɩɨɥɟ ɡɪɟɧɢɹ ȻɈ ɮɨɪɦɢɪɭɟɬɫɹ ɝɪɭɩɩɚ ɡɜɟɡɞ. 

ȻɈ ɩɪɢɛɨɪɚ 348Ʉ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɧɚ ɜɵɫɨɤɨɫɬɚ-
ɛɢɥɶɧɨɟ ɩɨɫɚɞɨɱɧɨɟ ɦɟɫɬɨ, ɡɚɤɪɟɩɥɟɧɧɨɟ ɧɚ ɜɵɫɨɤɨ-
ɬɨɱɧɨɦ ɩɨɜɨɪɨɬɧɨɦ ɫɬɨɥɟ ɫ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ. ɋɬɟɧɞ 

ɨɫɧɚɳɟɧ ɫɢɫɬɟɦɨɣ ɢɡ ɬɪɟɯ ɚɜɬɨɤɨɥɥɢɦɚɬɨɪɨɜ ɞɥɹ ɜɡɚ-
ɢɦɧɨɣ ɩɪɢɜɹɡɤɢ ɫɢɫɬɟɦ ɤɨɨɪɞɢɧɚɬ ȻɈ ɢ ɫɬɟɧɞɚ (ɫɜɹ-
ɡɚɧɧɨɣ ɫ ɜɢɡɢɪɧɨɣ ɥɢɧɢɟɣ ɢɦɢɬɚɬɨɪɚ ɢ ɨɫɶɸ ɜɪɚɳɟ-
ɧɢɹ ɩɨɜɨɪɨɬɧɨɝɨ ɫɬɨɥɚ). 
Ɍɟɦɩɟɪɚɬɭɪɚ ɩɨɦɟɳɟɧɢɹ, ɜ ɤɨɬɨɪɨɦ ɧɚɯɨɞɢɬɫɹ 

ɫɬɟɧɞ, ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ (20 ± 2) °ɋ. Ʉɥɚɫɫ 
ɱɢɫɬɨɬɵ ɩɨɦɟɳɟɧɢɹ 3-ɣ (ɤɨɥɢɱɟɫɬɜɨ ɩɵɥɢɧɨɤ ɜ 1 ɦ3 

ɧɟ ɛɨɥɟɟ 1000).  

Ƚɥɚɜɧɚɹ ɨɫɨɛɟɧɧɨɫɬɶ ɦɟɬɨɞɢɤɢ ɩɨɞɬɜɟɪɠɞɟɧɢɹ 
ɬɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɪɨɜɟɪɤɟ 
ɦɚɤɫɢɦɚɥɶɧɵɯ ɫɭɦɦɚɪɧɵɯ ɩɨɝɪɟɲɧɨɫɬɟɣ ɨɩɪɟɞɟɥɟɧɢɹ 
ɨɪɢɟɧɬɚɰɢɢ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ȻɈ ɜ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢ-

ɧɚɬ ɫɬɟɧɞɚ (ɢɦɢɬɢɪɭɟɦɨɣ ɝɟɨɰɟɧɬɪɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ 
ɤɨɨɪɞɢɧɚɬ). Ɍɚɤɨɣ ɩɨɞɯɨɞ ɪɟɚɥɢɡɭɟɬ ɩɪɨɜɟɪɤɭ ɚɛɫɨ-
ɥɸɬɧɵɯ ɩɨɝɪɟɲɧɨɫɬɟɣ, ɚ ɧɟ ɨɬɞɟɥɶɧɵɯ ɢɯ ɫɨɫɬɚɜ-
ɥɹɸɳɢɯ, ɤɚɤ, ɧɚɩɪɢɦɟɪ, ɩɨɝɪɟɲɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ  
ɤɨɨɪɞɢɧɚɬ ɨɞɢɧɨɱɧɨɣ ɡɜɟɡɞɵ ɢɥɢ ɨɰɟɧɤɢ ɫɥɭɱɚɣɧɨɣ 

ɫɨɫɬɚɜɥɹɸɳɟɣ ɩɨɝɪɟɲɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɨɪɢɟɧɬɚɰɢɢ. 

ɉɪɢ ɢɫɩɵɬɚɧɢɹɯ ɩɪɢɛɨɪɚ 348Ʉ ɜɩɟɪɜɵɟ ɛɵɥɚ ɜɧɟ-
ɞɪɟɧɚ ɩɪɨɜɟɪɤɚ ɩɨɝɪɟɲɧɨɫɬɟɣ ɜ ɭɫɥɨɜɢɹɯ ɩɨɞɜɢɠɧɨɝɨ 
ɨɫɧɨɜɚɧɢɹ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɪɨɝɪɚɦɦɧɵɣ 

ɪɚɡɜɨɪɨɬ ȻɈ ɫ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɶɸ 0,2 °/ɫ ɢ ɮɢɤɫɢɪɭɟɬ-
ɫɹ ɤɜɚɬɟɪɧɢɨɧ ɨɪɢɟɧɬɚɰɢɢ, ɜɵɞɚɜɚɟɦɵɣ ȻɈ, ɚ ɬɚɤɠɟ 
ɩɨɤɚɡɚɧɢɹ ɞɚɬɱɢɤɚ ɭɝɥɚ ɪɚɡɜɨɪɨɬɚ ɩɨɜɨɪɨɬɧɨɝɨ ɫɬɨɥɚ. 
ɇɚ ɨɫɧɨɜɟ ɷɬɢɯ ɞɚɧɧɵɯ ɩɪɨɜɨɞɢɬɫɹ ɪɚɫɱɟɬ ɩɨɝɪɟɲɧɨ-
ɫɬɟɣ ɨɩɪɟɞɟɥɟɧɢɹ ɨɪɢɟɧɬɚɰɢɢ ɧɚ ɤɚɠɞɨɦ ɬɚɤɬɟ ɩɨɥɭ-
ɱɟɧɢɹ ɢɧɮɨɪɦɚɰɢɢ. Ɉɞɧɚ ɤɨɧɬɪɨɥɶɧɚɹ ɡɚɞɚɱɚ ɜɵɩɨɥ-
ɧɹɟɬɫɹ ~ 50 ɫ, ɪɚɡɜɨɪɨɬ ɫɨɫɬɚɜɥɹɟɬ ɧɟ ɛɨɥɟɟ 10°, ɬɚɤ 
ɤɚɤ ɩɪɢ ɞɚɥɶɧɟɣɲɟɦ ɪɚɡɜɨɪɨɬɟ ɩɨɜɨɪɨɬɧɨɝɨ ɫɬɨɥɚ 
ɡɜɟɡɞɵ ɩɨɤɢɧɭɬ ɩɨɥɟ ɡɪɟɧɢɹ ɢ ɫɥɟɠɟɧɢɟ ɩɪɟɤɪɚɬɢɬɫɹ. 
ȼɟɥɢɱɢɧɵ ɫɭɦɦɚɪɧɵɯ ɩɨɝɪɟɲɧɨɫɬɟɣ ɫɬɟɧɞɚ ɭɞɨɛ-

ɧɟɟ ɜɫɟɝɨ ɜɵɪɚɡɢɬɶ ɤɚɤ ɦɚɤɫɢɦɚɥɶɧɭɸ ɨɲɢɛɤɭ ɜ ɡɧɚɧɢɢ 

ɩɨɥɨɠɟɧɢɹ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ȻɈ ɜ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢ-

ɧɚɬ ɫɬɟɧɞɚ. ɋ ɭɱɟɬɨɦ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɵɯ ɢ ɦɟɬɨɞɢɱɟ-
ɫɤɢɯ ɩɨɝɪɟɲɧɨɫɬɟɣ ɬɚɤɢɟ ɨɰɟɧɤɢ ɫɨɫɬɚɜɥɹɸɬ  
ɩɨɪɹɞɤɚ 2...3 ɭɝɥ. ɫ ɩɪɢ ɧɟɩɨɞɜɢɠɧɨɦ ɨɫɧɨɜɚɧɢɢ  

ɢ 5...6 ɭɝɥ. ɫ ɜ ɭɫɥɨɜɢɹɯ ɞɢɧɚɦɢɤɢ. 

6. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɧɚ ɜɨɡɞɟɣɫɬɜɢɟ ɩɪɨ-
ɬɨɧɨɜ. ɂɫɩɵɬɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɫ ɰɟɥɶɸ ɤɨɥɢɱɟɫɬɜɟɧ-

ɧɨɣ ɢ ɤɚɱɟɫɬɜɟɧɧɨɣ ɨɰɟɧɤɢ ɜɥɢɹɧɢɹ ɩɚɞɚɸɳɢɯ ɩɪɨ-
ɬɨɧɨɜ ɧɚ ɢɡɨɛɪɚɠɟɧɢɟ ɫ ɎɉɆ APS STAR-1000 [2; 3] ɜ 
ɫɨɫɬɚɜɟ ȻɈ ɩɪɢɛɨɪɚ 348Ʉ. ɉɪɢɱɟɦ ɨɰɟɧɤɚ ɩɪɨɜɨɞɢ-

ɥɚɫɶ ɩɨ ɞɜɭɦ ɤɪɢɬɟɪɢɹɦ: ɩɟɪɜɵɣ – ɨɰɟɧɤɚ ɤɨɥɢɱɟɫɬɜɚ 
ɩɨɦɟɯɨɜɵɯ ɢɡɨɛɪɚɠɟɧɢɣ ɨɬ ɩɚɞɚɸɳɢɯ ɧɚ ɎɉɆ ɩɪɨ-
ɬɨɧɨɜ ɢ ɩɪɨɜɟɪɤɚ ɦɟɬɨɞɨɜ ɩɚɪɢɪɨɜɚɧɢɹ ɢɯ ɜɥɢɹɧɢɹ; 
ɜɬɨɪɨɣ – ɨɰɟɧɤɚ ɤɨɥɢɱɟɫɬɜɚ ɭɫɬɨɣɱɢɜɵɯ ɞɟɮɟɤɬɧɵɯ 
ɩɢɤɫɟɥɟɣ ɎɉɆ, ɜɵɡɵɜɚɟɦɵɯ ɩɪɨɬɨɧɚɦɢ, ɧɚ ɤɨɧɟɰ 

ɫɪɨɤɚ ɠɢɡɧɢ ɩɪɢɛɨɪɚ. 
ɇɚ ɪɢɫ. 3 ɩɨɤɚɡɚɧ ȻɈ ɩɪɢɛɨɪɚ 348Ʉ ɜ ɯɨɞɟ ɢɫɩɵ-

ɬɚɧɢɣ ɧɚ ɩɪɨɬɨɧɧɨɦ ɭɫɤɨɪɢɬɟɥɟ ɎȽɍɉ ȽɇЦ ɂɌɗɎ  

(ɝ. Ɇɨɫɤɜɚ). 
 

 
 

Ɋɢɫ. 3. Ȼɥɨɤ ɨɩɬɢɱɟɫɤɢɣ ɩɪɢɛɨɪɚ 348Ʉ  

ɩɪɢ ɢɫɩɵɬɚɧɢɹɯ ɧɚ ɩɪɨɬɨɧɧɨɦ ɭɫɤɨɪɢɬɟɥɟ 
 

ɂɫɩɵɬɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɞɥɹ ɫɥɭɱɚɹ ɜɨɡɞɟɣɫɬɜɢɹ 
ɩɪɨɬɨɧɨɜ ɫ ɷɧɟɪɝɢɹɦɢ 50, 100 ɢ 200 Ɇɷȼ ɩɨɞ ɪɚɡɥɢɱ-
ɧɵɦɢ ɭɝɥɚɦɢ ɩɚɞɟɧɢɹ ɧɚ ɎɉɆ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫ-
ɫɥɟɞɨɜɚɧɢɹ ɯɚɪɚɤɬɟɪɚ ɢɡɨɛɪɚɠɟɧɢɣ ɨɬ ɩɚɞɚɸɳɢɯ ɧɚ 
ɎɉɆ ɩɪɨɬɨɧɨɜ ɛɵɥɢ ɞɨɪɚɛɨɬɚɧɵ ɚɥɝɨɪɢɬɦɵ ɩɚɪɢɪɨ-
ɜɚɧɢɹ ɜɥɢɹɧɢɹ ɩɪɨɬɨɧɨɜ ɩɪɢ ɩɨɢɫɤɟ, ɪɚɫɩɨɡɧɚɜɚɧɢɢ ɢ 

ɫɥɟɠɟɧɢɢ ɡɚ ɡɜɟɡɞɚɦɢ. 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɚɧɚɥɢɡɚ ɜɨɡɧɢɤɚɸɳɢɯ ɭɫɬɨɣɱɢɜɵɯ 
ɞɟɮɟɤɬɧɵɯ ɩɢɤɫɟɥɟɣ ɧɚ ɎɆɉ ɛɵɥɨ ɨɩɪɟɞɟɥɟɧɨ, ɱɬɨ 
ɧɚɢɛɨɥɶɲɢɣ ɩɪɢɪɨɫɬ ɞɟɮɟɤɬɨɜ ɜɨɡɧɢɤɚɟɬ ɩɪɢ ɷɧɟɪɝɢɢ 

200 Ɇɷȼ. Ⱦɚɥɶɧɟɣɲɢɟ ɢɫɩɵɬɚɧɢɹ ɩɨ ɧɚɛɨɪɭ ɫɭɦɦɚɪ-
ɧɨɝɨ ɮɥɸɟɧɫɚ ɩɪɨɬɨɧɨɜ ɩɪɨɜɨɞɢɥɢɫɶ ɧɚ ɷɧɟɪɝɢɢ  

200 Ɇɷȼ. Ɂɚ ɜɪɟɦɹ ɩɪɨɜɟɞɟɧɢɹ ɢɫɩɵɬɚɧɢɣ ȻɈ ɧɚɛɪɚɥ 
ɫɭɦɦɚɪɧɵɣ ɮɥɸɟɧɫ 1,43·1010 ɩɪɨɬɨɧ/cɦ2. ɂɫɩɨɥɶɡɭɹ 
ɫɩɟɰɢɚɥɶɧɵɟ ɦɟɬɨɞɢɤɢ ɩɟɪɟɫɱɟɬɚ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ 
ɦɨɞɟɥɢɪɨɜɚɧɢɟ, ɛɵɥɨ ɨɰɟɧɟɧɨ, ɱɬɨ ɤɨɥɢɱɟɫɬɜɨ ɨɛɪɚ-
ɡɨɜɚɜɲɢɯɫɹ ɞɟɮɟɤɬɧɵɯ ɩɢɤɫɟɥɟɣ ɤ ɤɨɧɰɭ ɫɪɨɤɚ ɚɤ-
ɬɢɜɧɨɝɨ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɧɚ ȽɋɈ ɧɟ ɩɨɜɥɢɹɟɬ ɧɚ ɯɚɪɚɤ-
ɬɟɪɢɫɬɢɤɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɢ ɫɥɟɠɟɧɢɹ. 

7. Ɋɟɡɭɥɶɬɚɬɵ ɧɚɬɭɪɧɵɯ ɢɫɩɵɬɚɧɢɣ. Ɂɚɞɚɱɟɣ 

ɧɚɬɭɪɧɵɯ ɢɫɩɵɬɚɧɢɣ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɹɜɥɹɥɨɫɶ ɩɨɞ-

ɬɜɟɪɠɞɟɧɢɟ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɩɪɢɛɨɪɚ ɩɨ ɪɟɚɥɶɧɵɦ 

ɡɜɟɡɞɚɦ, ɬ. ɟ. ɩɨɞɬɜɟɪɠɞɟɧɢɟ ɩɪɚɜɢɥɶɧɨɫɬɢ ɜɵɛɪɚɧ-

ɧɵɯ ɚɥɝɨɪɢɬɦɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ [12–14], ɚ ɬɚɤɠɟ ɦɟɬɨ-
ɞɨɜ ɨɛɟɫɩɟɱɟɧɢɹ ɬɨɱɧɨɫɬɢ ɢ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ (ɩɪɢ-

ɛɨɪɧɵɣ ɤɚɬɚɥɨɝ ɡɜɟɡɞ ɧɚɫɱɢɬɵɜɚɟɬ ɛɨɥɟɟ 2200 ɡɜɟɡɞ 

[15–18]).  

ɇɚ ɪɢɫ. 4 ɩɪɢɜɟɞɟɧɵ ɨɰɟɧɤɢ ɫɥɭɱɚɣɧɵɯ ɫɨɫɬɚɜ-
ɥɹɸɳɢɯ ɩɨɝɪɟɲɧɨɫɬɟɣ ɨɩɪɟɞɟɥɟɧɢɹ ɨɪɢɟɧɬɚɰɢɢ ɨɞ-

ɧɢɦ ȻɈ ɢ ɞɜɭɦɹ ȻɈ ɡɚ 15 ɦɢɧ ɪɚɛɨɬɵ. 
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Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫ. 4, ɩɨ ɩɨɤɚɡɚɧɢɹɦ ɞɜɭɯ ȻɈ ɩɪɢ-

ɛɨɪ 348Ʉ ɩɪɨɜɨɞɢɬ ɪɚɫɱɟɬ ɪɚɜɧɨɬɨɱɧɨɣ ɨɪɢɟɧɬɚɰɢɢ,  

ɚ ɋɄɈ ɩɨɝɪɟɲɧɨɫɬɟɣ ɫɨɫɬɚɜɥɹɸɬ ɦɟɧɟɟ 3 ɭɝɥ. ɫ ɩɨ 

ɜɫɟɦ ɬɪɟɦ ɨɫɹɦ. 

 

 
 

Ɋɢɫ. 4. Ɉɰɟɧɤɢ ɫɥɭɱɚɣɧɵɯ ɩɨɝɪɟɲɧɨɫɬɟɣ  

ɨɩɪɟɞɟɥɟɧɢɹ ɨɪɢɟɧɬɚɰɢɢ 

 

ȼ ɯɨɞɟ ɧɚɬɭɪɧɵɯ ɢɫɩɵɬɚɧɢɣ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɢɡ-
ɦɟɪɟɧɢɹ ɜɪɟɦɟɧɢ ɩɨɫɬɪɨɟɧɢɹ ɧɚɱɚɥɶɧɨɣ ɨɪɢɟɧɬɚɰɢɢ, 

ɩɪɢɱɟɦ ɧɚɱɚɥɨɦ ɨɬɫɱɟɬɚ ɜɪɟɦɟɧɢ ɹɜɥɹɥɫɹ ɦɨɦɟɧɬ ɩɨ-
ɞɚɱɢ ɩɢɬɚɧɢɣ ɧɚ Ȼɗ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɪɟɦɹ ɩɨɫɬɪɨɟ-
ɧɢɹ ɧɚɱɚɥɶɧɨɣ ɨɪɢɟɧɬɚɰɢɢ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ: 

– ɜɪɟɦɹ ɢɧɢɰɢɚɥɢɡɚɰɢɢ, ɤɨɧɮɢɝɭɪɢɪɨɜɚɧɢɹ  
ɢ ɫɚɦɨɩɪɨɜɟɪɤɢ Ȼɗ; 

– ɜɪɟɦɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɜɤɥɸɱɟɧɢɹ ȻɈ; 

– ɜɪɟɦɹ ɢɧɢɰɢɚɥɢɡɚɰɢɢ, ɤɨɧɮɢɝɭɪɢɪɨɜɚɧɢɹ  
ɢ ɫɚɦɨɩɪɨɜɟɪɤɢ ȻɈ; 

– ɜɪɟɦɹ ɩɪɨɜɟɞɟɧɢɹ ɤɚɥɢɛɪɨɜɤɢ ȻɈ ɩɨ ɄȽɗ; 

– ɜɪɟɦɹ ɩɨɢɫɤɚ ɢ ɫɟɥɟɤɰɢɢ ɫɜɟɬɨɜɵɯ ɢɫɬɨɱɧɢɤɨɜ; 
– ɜɪɟɦɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɡɜɟɡɞ ɢ ɪɚɫɱɟɬɚ ɤɜɚɬɟɪɧɢɨ-

ɧɚ ɨɪɢɟɧɬɚɰɢɢ. 

ȼɫɟɝɨ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ 30 ɡɚɦɟɪɨɜ (ɩɪɢ ɪɚɡɥɢɱɧɵɯ 
ɨɪɢɟɧɬɚɰɢɹɯ ȻɈ, ɧɚɩɪɚɜɥɟɧɢɹɯ ɜɪɚɳɟɧɢɹ ɢ ɭɝɥɨɜɵɯ 
ɫɤɨɪɨɫɬɹɯ), ɩɪɢɱɟɦ 10 ɡɚɦɟɪɨɜ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɩɪɢ 

ɧɚɥɢɱɢɢ Ʌɭɧɵ ɜ ɩɨɥɟ ɡɪɟɧɢɹ ȻɈ. Ɋɟɡɭɥɶɬɚɬɵ ɩɪɢɜɟ-
ɞɟɧɵ ɜ ɬɚɛɥɢɰɟ. 

                                

ȼɪɟɦɹ ɩɨɫɬɪɨɟɧɢɹ ɧɚɱɚɥɶɧɨɣ ɨɪɢɟɧɬɚɰɢɢ 
 

ȼɪɟɦɹ ɩɨɫɬɪɨɟɧɢɹ ɧɚɱɚɥɶɧɨɣ ɨɪɢɟɧɬɚɰɢɢ, ɫ 
|ω| = 15 "/c 

ɋɪɟɞɧɟɟ 8,6 

Ɇɚɤɫɢɦɚɥɶɧɨɟ 11,2 

Ɇɢɧɢɦɚɥɶɧɨɟ 7,8 

|ω| = 0,215 °/c 

ɋɪɟɞɧɟɟ 9,4 

Ɇɚɤɫɢɦɚɥɶɧɨɟ 14,5 

Ɇɢɧɢɦɚɥɶɧɨɟ 7,8 

 

Ɉɬɦɟɬɢɦ, ɱɬɨ ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɫɚɞɨɱɧɨɣ ɩɥɨɫɤɨɫɬɢ 

ɜɨ ɜɪɟɦɹ ɩɪɨɜɟɞɟɧɢɹ ɢɫɩɵɬɚɧɢɣ ɫɨɫɬɚɜɥɹɥɚ ɨɤɨɥɨ  
+5 °ɋ. ȼ ɪɟɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ ɤɨ ɜɪɟɦɟɧɢ 

ɩɨɫɬɪɨɟɧɢɹ ɧɚɱɚɥɶɧɨɣ ɨɪɢɟɧɬɚɰɢɢ ɦɨɠɟɬ ɞɨɛɚɜɢɬɶɫɹ 
ɜɪɟɦɹ ɨɯɥɚɠɞɟɧɢɹ ɎɉɆ (ɧɟ ɛɨɥɟɟ 60 ɫ ɩɪɢ ɬɟɦɩɟɪɚ-
ɬɭɪɟ ɩɨɫɚɞɨɱɧɨɣ ɩɥɨɫɤɨɫɬɢ 50 °ɋ).  

Ɂɚɤɥɸɱɟɧɢɟ. ȼɫɟ ɢɫɩɵɬɚɧɢɹ ɢɡ ɫɨɫɬɚɜɚ ɇɗɈ ɛɵɥɢ 

ɭɫɩɟɲɧɨ ɩɪɨɜɟɞɟɧɵ ɧɚ ɫɩɟɰɢɚɥɶɧɨ ɢɡɝɨɬɨɜɥɟɧɧɨɦ 

ɨɛɪɚɡɰɟ ɩɪɢɛɨɪɚ 348Ʉ. ȼ ɯɨɞɟ ɇɗɈ ɛɵɥɢ ɩɨɞɬɜɟɪ-
ɠɞɟɧɵ ɜɫɟ ɬɪɟɛɨɜɚɧɢɹ ɌɁ ɧɚ ɩɪɢɛɨɪ, ɨɬɪɚɛɨɬɚɧɵ ɦɟ-

ɬɨɞɢɤɢ ɧɚɡɟɦɧɨɣ ɨɬɪɚɛɨɬɤɢ, ɚ ɬɚɤɠɟ ɛɵɥɚ ɨɬɤɨɪɪɟɤ-
ɬɢɪɨɜɚɧɚ ɞɨɤɭɦɟɧɬɚɰɢɹ. ɉɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɧɚɡɟɦɧɵɯ 
ɢɫɩɵɬɚɧɢɣ ɩɟɪɜɨɝɨ ɲɬɚɬɧɨɝɨ ɩɪɢɛɨɪɚ 348Ʉ ɜ ɫɨɫɬɚɜɟ 
ɄȺ ɛɵɥɨ ɩɨɥɭɱɟɧɨ ɡɚɤɥɸɱɟɧɢɟ ɨ ɞɨɩɭɫɤɟ ɤ ɥɟɬɧɵɦ 

ɢɫɩɵɬɚɧɢɹɦ, ɧɚɱɚɥɨ ɤɨɬɨɪɵɯ ɫɨɫɬɨɹɥɨɫɶ ɜ 2014 ɝɨɞɭ. 
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