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Ɋɚɫɫɦɨɬɪɟɧɵ ɫɨɜɪɟɦɟɧɧɵɟ ɫɢɫɬɟɦɵ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɪɚɞɢɨɚɫɬɪɨɧɨɦɢɱɟɫɤɢɯ ɫɢɝɧɚɥɨɜ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɧɚ ɪɚ-

ɞɢɨɢɧɬɟɪɮɟɪɨɦɟɬɪɢɱɟɫɤɨɦ ɤɨɦɩɥɟɤɫɟ «Кɜɚɡɚɪ-КȼɈ». ɉɨɤɚɡɚɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɬɨɱɧɨɫɬɢ ɤɨɨɪɞɢɧɚɬɧɨ-
ɜɪɟɦɟɧɧɵɯ ɢɡɦɟɪɟɧɢɣ ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɫɢɫɬɟɦɵ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɫɢɝɧɚɥɨɜ. Ɋɚɫɫɦɨɬɪɟɧɚ ɫɬɪɭɤɬɭɪɚ  
ɢ ɩɪɢɧɰɢɩ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ Ɋ1002Ɇ, ɤɨɬɨɪɚɹ ɪɚɡɪɚɛɨɬɚɧɚ ɜ ИɉА ɊАɇ ɢ ɜɜɟɞɟɧɚ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ ɧɚ ɪɚɞɢɨɬɟ-
ɥɟɫɤɨɩɚɯ ɤɨɦɩɥɟɤɫɚ «Кɜɚɡɚɪ-КȼɈ». Эɬɚ 16-ɤɚɧɚɥɶɧɚɹ ɫɢɫɬɟɦɚ ɪɚɛɨɬɚɟɬ ɜ ɞɢɚɩɚɡɨɧɟ ɱɚɫɬɨɬ 0,1–1 ȽȽɰ  
ɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɪɟɝɢɫɬɪɚɰɢɸ ɞɚɧɧɵɯ ɫɨ ɫɤɨɪɨɫɬɶɸ ɞɨ 2 Ƚɛɢɬ/c ɜ ɲɢɪɨɤɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɦ ɮɨɪɦɚɬɟ VSI-H. 

ɋ 2011 ɝɨɞɚ ɫɢɫɬɟɦɵ Ɋ1002Ɇ ɪɚɛɨɬɚɸɬ ɧɚ ɪɚɞɢɨɬɟɥɟɫɤɨɩɚɯ ɤɨɦɩɥɟɤɫɚ ɜ ɤɚɱɟɫɬɜɟ ɲɬɚɬɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɜɨ ɜɫɟɯ ɪɚɞɢɨɢɧɬɟɪɮɟɪɨɦɟɬɪɢɱɟɫɤɢɯ ɧɚɛɥɸɞɟɧɢɹɯ, ɩɪɨɜɨɞɢɦɵɯ ɩɨ ɨɬɟɱɟɫɬɜɟɧɧɵɦ ɢ ɡɚɪɭɛɟɠ-

ɧɵɦ ɩɪɨɝɪɚɦɦɚɦ, ɜɤɥɸɱɚɹ ɬɪɚɟɤɬɨɪɧɵɟ ɢɡɦɟɪɟɧɢɹ ɤɨɫɦɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ. ɉɪɢɜɟɞɟɧ ɚɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚ-
ɛɨɬɵ ɫɢɫɬɟɦɵ Ɋ1002Ɇ ɧɚ ɪɚɞɢɨɬɟɥɟɫɤɨɩɚɯ ɡɚ ɧɟɫɤɨɥɶɤɨ ɥɟɬ. ɉɨɤɚɡɚɧ ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɷɮɮɟɤɬ ɨɬ ɡɚɦɟɧɵ 

ɡɚɪɭɛɟɠɧɵɯ ɫɢɫɬɟɦ ɧɚ Ɋ1002Ɇ, ɫɜɹɡɚɧɧɵɣ ɫ ɫɨɤɪɚɳɟɧɢɟɦ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɵɯ ɩɨɬɟɪɶ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɪɚ-
ɞɢɨɢɧɬɟɪɮɟɪɨɦɟɬɪɚ, ɭɥɭɱɲɟɧɢɟɦ ɥɢɧɟɣɧɨɫɬɢ ɢ ɫɬɚɛɢɥɶɧɨɫɬɢ ɮɚɡɨɜɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɤɚɧɚɥɨɜ ɡɚ ɫɱɟɬ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɹ ɰɢɮɪɨɜɨɣ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ. Ⱦɥɹ ɨɫɧɚɳɟɧɢɹ ɪɚɞɢɨɬɟɥɟɫɤɨɩɨɜ ɫ ɚɧɬɟɧɧɚɦɢ ɧɟɛɨɥɶɲɨɝɨ (12–13 ɦ) 

ɞɢɚɦɟɬɪɚ ɪɚɡɪɚɛɨɬɚɧɚ ɧɨɜɚɹ ɲɢɪɨɤɨɩɨɥɨɫɧɚɹ ɫɢɫɬɟɦɚ BRAS. Ɉɧɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɪɚɡɦɟɳɟɧɢɹ ɧɟɩɨɫɪɟɞɫɬ-

ɜɟɧɧɨ ɧɚ ɚɧɬɟɧɧɟ, ɩɨɡɜɨɥɹɟɬ ɨɬɤɚɡɚɬɶɫɹ ɨɬ ɜɵɫɨɤɨɱɚɫɬɨɬɧɵɯ ɮɢɞɟɪɨɜ ɢ ɩɟɪɟɞɚɜɚɬɶ ɰɢɮɪɨɜɵɟ ɩɨɬɨɤɢ 
ɩɨ ɨɩɬɢɱɟɫɤɢɦ ɥɢɧɢɹɦ ɱɟɪɟɡ ɢɧɬɟɪɮɟɣɫ 10G Ethernet. ɋɢɫɬɟɦɚ BRAS ɩɨɫɬɪɨɟɧɚ ɩɨ ɦɨɞɭɥɶɧɨɦɭ ɩɪɢɧɰɢɩɭ ɢ 
ɫɨɫɬɨɢɬ ɢɡ ɜɨɫɶɦɢ ɨɞɢɧɚɤɨɜɵɯ ɤɚɧɚɥɨɜ ɰɢɮɪɨɜɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɫɢɝɧɚɥɨɜ, ɪɚɛɨɬɚɸɳɢɯ ɜ ɞɢɚɩɚɡɨɧɟ ɩɪɨɦɟ-
ɠɭɬɨɱɧɵɯ ɱɚɫɬɨɬ 1–1,5 ȽȽɰ ɫ ɩɨɥɨɫɨɣ ɩɪɨɩɭɫɤɚɧɢɹ 512 ɆȽɰ. Ɉɧɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɮɨɪɦɢɪɨɜɚɧɢɟ ɢɧɮɨɪɦɚɰɢɨɧ-
ɧɨɝɨ ɩɨɬɨɤɚ ɜ ɦɟɠɞɭɧɚɪɨɞɧɨɦ ɮɨɪɦɚɬɟ VDIF ɫ ɫɭɦɦɚɪɧɨɣ ɫɤɨɪɨɫɬɶɸ 16 Ƚɛɢɬ/ɫ. ɉɪɢɜɟɞɟɧɚ ɫɬɪɭɤɬɭɪɚ, ɷɥɟ-
ɦɟɧɬɧɚɹ ɛɚɡɚ ɢ ɨɩɢɫɚɧɢɟ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ, ɫɪɚɜɧɟɧɢɟ ɫ ɡɚɪɭɛɟɠɧɵɦɢ ɚɧɚɥɨɝɚɦɢ, ɚ ɬɚɤɠɟ ɪɟɡɭɥɶɬɚɬɵ ɢɫɩɵ-

ɬɚɧɢɣ ɨɩɵɬɧɵɯ ɨɛɪɚɡɰɨɜ BRAS ɧɚ ɞɟɣɫɬɜɭɸɳɢɯ ɪɚɞɢɨɬɟɥɟɫɤɨɩɚɯ. Иɫɩɵɬɚɧɢɹ ɩɨɞɬɜɟɪɞɢɥɢ ɜɵɫɨɤɢɟ ɩɚɪɚ-
ɦɟɬɪɵ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɫɢɫɬɟɦɵ, ɩɨɡɜɨɥɹɸɳɢɟ ɡɚɦɟɬɧɨ ɩɨɜɵɫɢɬɶ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɪɚɞɢɨɢɧɬɟɪɮɟɪɨɦɟɬɪɚ ɢ 
ɭɜɟɥɢɱɢɬɶ ɱɢɫɥɨ ɞɨɫɬɭɩɧɵɯ ɞɥɹ ɧɚɛɥɸɞɟɧɢɹ ɤɨɫɦɢɱɟɫɤɢɯ ɢɫɬɨɱɧɢɤɨɜ ɪɚɞɢɨɢɡɥɭɱɟɧɢɹ.  

 

Кɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɪɚɞɢɨɢɧɬɟɪɮɟɪɨɦɟɬɪɢɹ ɫɨ ɫɜɟɪɯɞɥɢɧɧɵɦɢ ɛɚɡɚɦɢ, ɫɢɫɬɟɦɚ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɫɢɝɧɚɥɨɜ, ɜɢ-
ɞɟɨɤɨɧɜɟɪɬɨɪ, ɰɢɮɪɨɜɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɲɢɪɨɤɨɩɨɥɨɫɧɵɯ ɫɢɝɧɚɥɨɜ. 
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The paper is devoted to modern signals conversion systems which are used in radio interferometric “Quasar” 

network. The relations between coordinate-time measurements accuracy and system signal conversion parameters are 

showed. The structure, basic principles and performance of the regular system R1002M, which is developed in IAA 

RAS, with data stream 2 Gbit/s are considered. The 16-th channels system R1002M works in intermediate frequency 

range 0,1–1 GHz, and provides acquisition up to 2 Gbits/s data rate in widespread format VSI-H. Since 2011 the 

systems R1002M working on “Quasar” network radio telescopes as regular equipment, and are used in all VLBI 

observations carried out by domestic and foreign programs, including the trajectory measurements of spacecraft. The 

analysis of the operation results of R1002M are presented for last few years. The positive effect of replacing of foreign 

systems on the R1002M’s are showed. Its due to the reduction of radio interferometer instrumental sensitivity losses, 

improvement of linearity and stability of the channels phase characteristics by using digital signal processing. To equip 
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new radio telescopes with small antennas (12–13 m) diameter the new broadband acquisition system (BRAS) was 

developed. It is designed for accommodation directly on the antenna, which allows to refuse high frequency feeders and 

transmit digital date streams through optical fiber by 10G Ethernet interface. The system is constructed by a modular 

design and consists of eight identical digital signal conversion channels, working in intermediate frequency range of 1–

1,5 GHz with 512 MHz bandwidth. It provides formation of information data flow in the VDIF international format with 

a total data stream up to 16 Gbit/s. The structure, element base, description of the system, comparison with foreign 

analogues and also the results of development type BRAS testing on existing radio telescopes are given. Tests confirmed 

the high parameters of the developed system that allows you to significantly increase the sensitivity of the radio 

interferometer and increase the number of available observations for cosmic radio sources. 

 

Keywords: very long baseline radio interferometry, video convertor, digital conversion of wideband signals. 

 

ȼɜɟɞɟɧɢɟ. ɍɧɢɤɚɥɶɧɵɣ ɤɨɦɩɥɟɤɫ «Ʉɜɚɡɚɪ-ɄȼɈ» 
ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɩɨ 
ɚɫɬɪɨɮɢɡɢɤɟ, ɚɫɬɪɨɦɟɬɪɢɢ ɢ ɤɨɫɦɢɱɟɫɤɨɣ ɝɟɨɞɟɡɢɢ, ɚ 
ɬɚɤɠɟ ɩɪɢ ɪɟɲɟɧɢɢ ɪɹɞɚ ɜɚɠɧɵɯ ɩɪɢɤɥɚɞɧɵɯ ɡɚɞɚɱ, 
ɧɚɩɪɢɦɟɪ, ɜɵɫɨɤɨɬɨɱɧɨɝɨ ɤɨɨɪɞɢɧɚɬɧɨ-ɜɪɟɦɟɧɧɨɝɨ 
ɨɛɟɫɩɟɱɟɧɢɹ ɢ ɩɨɞɞɟɪɠɤɢ ɝɥɨɛɚɥɶɧɨɣ ɧɚɜɢɝɚɰɢɨɧɧɨɣ 
ɫɩɭɬɧɢɤɨɜɨɣ ɫɢɫɬɟɦɵ ȽɅɈɇȺɋɋ [1]. Ʉɨɦɩɥɟɤɫ ɨɛɴɟ-
ɞɢɧɹɟɬ ɧɚɡɟɦɧɵɟ ɪɚɞɢɨɚɫɬɪɨɧɨɦɢɱɟɫɤɢɟ ɨɛɫɟɪɜɚɬɨ-
ɪɢɢ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɜ ɬɪɟɯ ɫɭɛɴɟɤɬɚɯ Ɋɨɫɫɢɣɫɤɨɣ 
Ɏɟɞɟɪɚɰɢɢ – «ɋɜɟɬɥɨɟ» (ɩ. ɋɜɟɬɥɨɟ, Ʌɟɧɢɧɝɪɚɞɫɤɚɹ 
ɨɛɥɚɫɬɶ), «Ɂɟɥɟɧɱɭɤɫɤɚɹ» (ɫɬ. Ɂɟɥɟɧɱɭɤɫɤɚɹ, Ɋɟɫɩɭɛ-
ɥɢɤɚ Ʉɚɪɚɱɚɟɜɨ-ɑɟɪɤɟɫɢɹ) ɢ «Ȼɚɞɚɪɵ» (Ɍɭɧɤɢɧɫɤɢɣ 
ɪɚɣɨɧ, Ɋɟɫɩɭɛɥɢɤɚ Ȼɭɪɹɬɢɹ), ɤɨɬɨɪɵɟ ɨɛɪɚɡɭɸɬ ɪɚ-
ɞɢɨɢɧɬɟɪɮɟɪɨɦɟɬɪɢɱɟɫɤɭɸ ɫɟɬɶ ɫɨ ɫɜɟɪɯɛɨɥɶɲɢɦɢ 
ɛɚɡɚɦɢ (ɊɋȾȻ) 2015×4282×4405 ɤɦ, ɚ ɬɚɤɠɟ ɰɟɧɬɪ 
ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɨɛɪɚɛɨɬɤɢ ɊȺɇ [2]. Ʉɚɠɞɚɹ ɪɚɞɢɨɚɫ-
ɬɪɨɧɨɦɢɱɟɫɤɚɹ ɨɛɫɟɪɜɚɬɨɪɢɹ ɩɨɦɢɦɨ ɊɋȾȻ ɚɩɩɚɪɚɬ-
ɧɨ-ɩɪɨɝɪɚɦɦɧɵɯ ɫɪɟɞɫɬɜ ɨɫɧɚɳɟɧɚ ɚɩɩɚɪɚɬɭɪɨɣ ɤɨɫ-
ɦɢɱɟɫɤɨɣ ɝɟɨɞɟɡɢɢ, ɤɜɚɧɬɨɜɨ-ɨɩɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɨɣ, 
ɪɚɞɢɨɦɟɬɪɨɦ ɜɨɞɹɧɨɝɨ ɩɚɪɚ ɢ ɪɹɞɨɦ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ 
ɫɪɟɞɫɬɜ, ɤɨɬɨɪɵɟ ɫɨɫɬɚɜɥɹɸɬ ɫɬɚɰɢɸ ɤɨɥɨɰɢɪɨɜɚɧɧɵɯ 
ɫɪɟɞɫɬɜ [3].  
Ɉɫɧɨɜɧɵɦ ɢɫɬɨɱɧɢɤɨɦ ɪɚɞɢɨɚɫɬɪɨɧɨɦɢɱɟɫɤɢɯ ɧɚ-

ɛɥɸɞɚɬɟɥɶɧɵɯ ɞɚɧɧɵɯ ɧɚ ɤɚɠɞɨɣ ɫɬɚɧɰɢɢ ɤɨɦɩɥɟɤɫɚ 
ɹɜɥɹɟɬɫɹ ɩɨɥɧɨɩɨɜɨɪɨɬɧɵɣ ɩɪɟɰɢɡɢɨɧɧɵɣ ɪɚɞɢɨɬɟɥɟ-
ɫɤɨɩ ɫ ɞɢɚɦɟɬɪɨɦ ɡɟɪɤɚɥɚ 32 ɦ, ɨɫɧɚɳɟɧɧɵɣ ɜɵɫɨɤɨ-
ɱɭɜɫɬɜɢɬɟɥɶɧɵɦɢ ɨɯɥɚɠɞɚɟɦɵɦɢ ɩɪɢɟɦɧɢɤɚɦɢ ɪɚ-
ɞɢɨɢɡɥɭɱɟɧɢɹ ɫɚɧɬɢɦɟɬɪɨɜɨɝɨ ɞɢɚɩɚɡɨɧɚ ɜɨɥɧ [4]. 
ɉɪɢ ɪɚɞɢɨɢɧɬɟɪɮɟɪɨɦɟɬɪɢɢ ɜɵɞɟɥɟɧɢɟ, ɩɪɟɨɛɪɚɡɨɜɚ-
ɧɢɟ ɢ ɨɛɪɚɛɨɬɤɭ ɫɢɝɧɚɥɚ, ɩɪɢɧɹɬɨɝɨ ɩɪɢɟɦɧɨɣ ɫɢɫɬɟ-
ɦɨɣ ɪɚɞɢɨɬɟɥɟɫɤɨɩɚ ɨɬ ɪɚɞɢɨɢɫɬɨɱɧɢɤɨɜ ɟɫɬɟɫɬɜɟɧɧɨ-
ɝɨ ɢɥɢ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ, ɤ ɩɪɢɝɨɞɧɨɦɭ 
ɞɥɹ ɪɟɝɢɫɬɪɚɰɢɢ ɜɢɞɭ ɨɫɭɳɟɫɬɜɥɹɟɬ ɫɢɫɬɟɦɚ ɩɪɟɨɛɪɚ-
ɡɨɜɚɧɢɹ ɫɢɝɧɚɥɨɜ [5]. Ʉɥɸɱɟɜɵɟ ɩɚɪɚɦɟɬɪɵ ɬɚɤɨɣ 
ɫɢɫɬɟɦɵ (ɪɚɛɨɱɢɣ ɞɢɚɩɚɡɨɧ ɱɚɫɬɨɬ ∆fIF, ɩɨɥɨɫɚ ɩɪɨ-
ɩɭɫɤɚɧɢɹ ɤɚɧɚɥɚ B, ɱɢɫɥɨ ɤɚɧɚɥɨɜ m, ɱɢɫɥɨ ɛɢɬ ɜ ɨɞ-
ɧɨɣ ɜɵɛɨɪɤɟ ɫɢɝɧɚɥɚ b, ɤɨɷɮɮɢɰɢɟɧɬ ɢɧɫɬɪɭɦɟɧɬɚɥɶ-
ɧɵɯ ɩɨɬɟɪɶ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ η) ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ 
ɜɥɢɹɸɬ ɧɚ ɨɬɧɨɲɟɧɢɟ ɫɢɝɧɚɥ/ɲɭɦ ɧɚ ɜɵɯɨɞɟ ɤɨɪɪɟɥɹ-
ɬɨɪɚ SNR ɢ, ɜ ɤɨɧɟɱɧɨɦ ɫɱɟɬɟ, ɧɚ ɬɨɱɧɨɫɬɶ ɤɨɨɪɞɢɧɚɬ-
ɧɨ-ɜɪɟɦɟɧɧɵɯ ɢɡɦɟɪɟɧɢɣ, ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɪɟɞ-
ɧɟɤɜɚɞɪɚɬɢɱɟɫɤɨɣ ɨɲɢɛɤɨɣ ɢɡɦɟɪɟɧɢɹ ɝɪɭɩɩɨɜɨɣ ɡɚ-
ɞɟɪɠɤɢ ɫɢɝɧɚɥɨɜ ıĲ:  
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ɝɞɟ ηΣ – ɫɭɦɦɚɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɵɯ 
ɩɨɬɟɪɶ ɜ ɨɬɧɨɲɟɧɢɢ ɫɢɝɧɚɥ/ɲɭɦ ɧɚ ɜɵɯɨɞɟ ɪɚɞɢɨɢɧ-
ɬɟɪɮɟɪɨɦɟɬɪɚ; TA – ɲɭɦɨɜɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɫɢɝɧɚɥɚ  
ɜ ɚɧɬɟɧɧɟ; TS – ɲɭɦɨɜɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɢɟɦɧɨɣ  

ɫɢɫɬɟɦɵ ɪɚɞɢɨɬɟɥɟɫɤɨɩɚ; N = 2Bbm – ɫɤɨɪɨɫɬɶ ɢɧ-
ɮɨɪɦɚɰɢɨɧɧɨɝɨ ɩɨɬɨɤɚ ɧɚ ɜɵɯɨɞɟ ɪɚɞɢɨɬɟɥɟɫɤɨɩɚ; ĲC – 
ɜɪɟɦɹ ɭɫɪɟɞɧɟɧɢɹ ɜ ɤɨɪɪɟɥɹɬɨɪɟ. ɋɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟ-
ɫɤɚɹ ɩɨɥɨɫɚ ɱɚɫɬɨɬ ɩɪɢɧɢɦɚɟɦɨɝɨ ɫɢɝɧɚɥɚ ɩɪɢ ɫɢɧɬɟɡɟ 
m ɤɚɧɚɥɨɜ:  
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ɝɞɟ fi – ɱɚɫɬɨɬɚ ɧɚɫɬɪɨɣɤɢ i-ɝɨ ɤɚɧɚɥɚ; fIF – ɰɟɧɬɪɚɥɶ-
ɧɚɹ ɱɚɫɬɨɬɚ ɪɚɛɨɱɟɝɨ ɞɢɚɩɚɡɨɧɚ ∆fIF.  

ɒɬɚɬɧɚɹ ɫɢɫɬɟɦɚ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɫɢɝɧɚɥɨɜ 

Ɋ1002Ɇ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɫɟ ɪɚɞɢɨɬɟɥɟɫɤɨɩɵ 

ɤɨɦɩɥɟɤɫɚ «Ʉɜɚɡɚɪ-ɄȼɈ» ɨɫɧɚɳɟɧɵ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɜ 
ɂɉȺ ɊȺɇ 16-ɤɚɧɚɥɶɧɨɣ ɪɚɞɢɨɢɧɬɟɪɮɟɪɨɦɟɬɪɢɱɟɫɤɨɣ 

ɫɢɫɬɟɦɨɣ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɫɢɝɧɚɥɨɜ Ɋ1002Ɇ [6], ɤɨɬɨ-
ɪɚɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɪɟɝɢɫɬɪɚɰɢɸ ɞɚɧɧɵɯ ɫɨ ɫɤɨɪɨɫɬɶɸ 

ɞɨ 2 Ƚɛɢɬ/ɫ ɜ ɲɢɪɨɤɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɦ ɦɟɠɞɭɧɚɪɨɞ-

ɧɨɦ ɮɨɪɦɚɬɟ VSI-H. ɉɨ ɫɜɨɢɦ ɩɚɪɚɦɟɬɪɚɦ (ɞɢɚɩɚɡɨɧ 

ɱɚɫɬɨɬ, ɩɨɥɨɫɵ ɩɪɨɩɭɫɤɚɧɢɹ ɤɚɧɚɥɨɜ) ɫɢɫɬɟɦɚ 
Ɋ1002Ɇ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɛɨɥɶɲɢɧɫɬɜɭ ɢɡ ɧɚɯɨɞɹɳɢɯɫɹ ɜ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɡɚɪɭɛɟɠɧɵɯ ɫɢɫɬɟɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 
ɫɢɝɧɚɥɨɜ. ɂɡ-ɡɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ Ɋ1002Ɇ ɰɢɮɪɨɜɨɣ 

ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ ɧɚ ɜɢɞɟɨɱɚɫɬɨɬɚɯ ɩɨ ɧɟɤɨɬɨɪɵɦ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɨɧɚ ɩɪɟɜɨɫɯɨɞɢɬ ɲɢɪɨɤɨ ɪɚɫɩɪɨ-
ɫɬɪɚɧɟɧɧɵɟ ɡɚɪɭɛɟɠɧɵɟ ɫɢɫɬɟɦɵ (ɬɚɛɥ. 1). 

Ɋ1002Ɇ ɨɬɥɢɱɚɟɬɫɹ ɦɨɞɭɥɶɧɨɣ ɤɨɧɫɬɪɭɤɰɢɟɣ ɢ ɫɨ-
ɫɬɨɢɬ ɢɡ ɬɪɟɯ ɛɥɨɤɨɜ (ɪɢɫ. 1), ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɝɢɛɤɨɟ 
ɤɨɦɩɥɟɤɫɢɪɨɜɚɧɢɟ ɚɩɩɚɪɚɬɭɪɵ ɧɚ ɪɚɞɢɨɬɟɥɟɫɤɨɩɟ. 
Ɉɫɧɨɜɧɨɣ ɛɥɨɤ ɤɪɨɦɟ ɱɟɬɵɪɟɯ ɤɚɧɚɥɨɜ ɩɪɟɨɛɪɚɡɨɜɚ-
ɧɢɹ ɫɢɝɧɚɥɨɜ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶ ɫɢɝɧɚ-
ɥɨɜ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɱɚɫɬɨɬ (ɉɑ) ɢ ɫɢɧɬɟɡɚɬɨɪ ɬɚɤɬɨ-
ɜɵɯ ɱɚɫɬɨɬ. ȼ ɤɚɠɞɨɦ ɞɨɩɨɥɧɢɬɟɥɶɧɨɦ ɛɥɨɤɟ ɪɚɡɦɟ-
ɳɚɸɬɫɹ ɩɨ 6 ɤɚɧɚɥɨɜ. 
Ʉɚɠɞɵɣ ɜɢɞɟɨɤɨɧɜɟɪɬɨɪ ɫɢɫɬɟɦɵ Ɋ1002Ɇ ɫɨɞɟɪ-

ɠɢɬ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɱɚɫɬɨɬ ɫ ɦɚɥɨɲɭɦɹɳɢɦ ɝɟɬɟɪɨ-
ɞɢɧɨɦ, ɚɧɚɥɨɝɨ-ɰɢɮɪɨɜɨɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ (Ⱥɐɉ) 

ɬɢɩɚ LTC2299 ɢ ɩɪɨɝɪɚɦɦɢɪɭɟɦɭɸ ɥɨɝɢɱɟɫɤɭɸ ɢɧɬɟ-
ɝɪɚɥɶɧɭɸ ɫɯɟɦɭ (ɉɅɂɋ) ɬɢɩɚ XC4VSX35, ɜ ɤɨɬɨɪɨɣ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɪɚɡɞɟɥɟɧɢɟ ɜɟɪɯɧɟɣ ɢ ɧɢɠɧɟɣ ɛɨɤɨ-
ɜɵɯ ɩɨɥɨɫ ɫɢɝɧɚɥɚ ɢ ɮɨɪɦɢɪɨɜɚɧɢɟ ɩɨɥɨɫɵ ɩɪɨɩɭɫɤɚ-
ɧɢɹ ɤɚɧɚɥɚ [7; 8]. 

ɋɢɧɬɟɡɚɬɨɪ ɱɚɫɬɨɬ, ɫɜɹɡɚɧɧɵɣ ɫ ɫɢɫɬɟɦɨɣ ɱɚɫɬɨɬɧɨ-
ɜɪɟɦɟɧɧɨɣ ɫɢɧɯɪɨɧɢɡɚɰɢɢ (ɋɑȼɋ) ɪɚɞɢɨɬɟɥɟɫɤɨɩɚ, 
ɮɨɪɦɢɪɭɟɬ ɦɟɚɧɞɪ ɬɚɤɬɨɜɨɣ ɱɚɫɬɨɬɵ 64 ɆȽɰ, ɤɨɬɨ-
ɪɵɣ ɫɢɧɯɪɨɧɢɡɢɪɭɟɬ ɪɚɛɨɬɭ ɝɟɬɟɪɨɞɢɧɨɜ ɢ ɨɛɟɫɩɟɱɢ-

ɜɚɟɬ ɫɢɧɮɚɡɧɨɫɬɶ ɪɚɛɨɬɵ Ⱥɐɉ ɢ ɉɅɂɋ ɜɫɟɯ ɜɢɞɟɨ-
ɤɨɧɜɟɪɬɨɪɨɜ. ɉɨɬɨɤ ɞɚɧɧɵɯ ɜ ɮɨɪɦɚɬɟ VSI-H ɮɨɪɦɢ-

ɪɭɟɬɫɹ ɩɥɚɬɨɣ ɫɜɟɞɟɧɢɹ ɩɨɬɨɤɨɜ ɨɫɧɨɜɧɨɝɨ ɛɥɨɤɚ 
Ɋ1002Ɇ.  
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Ɍɚɛɥɢɰɚ 1 

Ɉɫɧɨɜɧыɟ ɩɚɪɚɦɟɬɪы ɫɢɫɬɟɦы Ɋ1002Ɇ 
 

Ɋɚɛɨɱɢɣ ɞɢɚɩɚɡɨɧ ɱɚɫɬɨɬ ɉɑ 
ɑɢɫɥɨ ɤɚɧɚɥɨɜ  
ɇɨɦɢɧɚɥɵ ɩɨɥɨɫ ɩɪɨɩɭɫɤɚɧɢɹ 
Ɉɫɥɚɛɥɟɧɢɟ ɲɭɦɨɜ ɡɟɪɤɚɥɶɧɨɝɨ ɤɚɧɚɥɚ 
ɋɄɈ ɝɟɬɟɪɨɞɢɧɨɜ 
Ɏɑɏ ɤɚɧɚɥɨɜ 
ɂɡɦɟɪɟɧɢɟ ɦɨɳɧɨɫɬɢ ɫɢɝɧɚɥɚ 
ɂɧɬɟɪɮɟɣɫ ɭɩɪɚɜɥɟɧɢɹ 
Ɏɨɪɦɚɬ ɜɵɯɨɞɧɵɯ ɫɢɝɧɚɥɨɜ 
ɋɭɦɦɚɪɧɚɹ ɫɤɨɪɨɫɬɶ ɢɧɮɨɪɦɚɰɢɨɧɧɨɝɨ ɩɨɬɨɤɚ ɧɚ ɜɵɯɨɞɟ 
Ɍɨɱɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɝɪɭɩɩɨɜɨɣ ɡɚɞɟɪɠɤɢ ɞɥɹ ɤɚɧɚɥɚ 16 ɆȽɰ, 
ɞɥɹ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɣ ɩɨɥɨɫɵ 720 ɆȽɰ 

100–1000 ɆȽɰ 
16 

0,5, 2, 4, 8, 16, 32 ɆȽɰ 
≥ 40 ɞȻ 
≤ 1,2 ɝɪɚɞ 
Ʌɢɧɟɣɧɵɟ 

ɉɨ ɉɑ ɢ ɩɨ ɜɢɞɟɨ 
RS-232, RS-485, Ethernet 

VSI-H 
Ⱦɨ 2 Ƚɛɢɬ/ɫ 

0,5–2 ɧɫ 
3–10 ɩɫ 

 

       
 

Ɋɢɫ. 1. ɋɢɫɬɟɦɚ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɫɢɝɧɚɥɨɜ Ɋ1002Ɇ: ɫɬɪɭɤɬɭɪɚ (ɫɥɟɜɚ) ɢ ɨɛɳɢɣ ɜɢɞ (ɫɩɪɚɜɚ) 
 

 

 
 

Ɋɢɫ. 2. ɋɪɟɞɧɟɟ ɱɢɫɥɨ ɧɚɛɥɸɞɟɧɢɣ, ɩɪɢɝɨɞɧɵɯ ɞɥɹ ɜɬɨɪɢɱɧɨɣ ɨɛɪɚɛɨɬɤɢ:  

ɚɛɫɨɥɸɬɧɨɟ ɡɧɚɱɟɧɢɟ (•) ɢ % ɨɬ ɨɛɳɟɝɨ ɱɢɫɥɚ ɧɚɛɥɸɞɟɧɢɣ ɡɚ ɫɟɫɫɢɸ (◊) 
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ɋ 2011 ɝ. ɫɢɫɬɟɦɵ Ɋ1002Ɇ ɪɚɛɨɬɚɸɬ ɧɚ ɜɫɟɯ ɪɚ-
ɞɢɨɬɟɥɟɫɤɨɩɚɯ ɤɨɦɩɥɟɤɫɚ «Ʉɜɚɡɚɪ-ɄȼɈ» ɜ ɤɚɱɟɫɬɜɟ 
ɲɬɚɬɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜɨ ɜɫɟɯ ɊɋȾȻ 
ɧɚɛɥɸɞɟɧɢɹɯ ɩɨ ɨɬɟɱɟɫɬɜɟɧɧɵɦ ɢ ɡɚɪɭɛɟɠɧɵɦ ɩɪɨ-
ɝɪɚɦɦɚɦ, ɜɤɥɸɱɚɹ ɬɪɚɟɤɬɨɪɧɵɟ ɢɡɦɟɪɟɧɢɹ ɤɨɫɦɢɱɟ-
ɫɤɢɯ ɚɩɩɚɪɚɬɨɜ «Ɇɚɪɫ-ɷɤɫɩɪɟɫɫ» ɢ «ȼɟɧɟɪɚ-ɷɤɫɩɪɟɫɫ»  
ɢ ɫɨɜɦɟɫɬɧɵɟ ɧɚɛɥɸɞɟɧɢɹ ɫ ɚɩɩɚɪɚɬɨɦ «ɋɩɟɤɬɪ-Ɋ»  
(ɩɪɨɟɤɬ «ɊɚɞɢɨȺɫɬɪɨɧ»). ɉɨɥɨɠɢɬɟɥɶɧɵɣ ɷɮɮɟɤɬ  
ɨɬ ɡɚɦɟɧɵ ɡɚɪɭɛɟɠɧɵɯ ɫɢɫɬɟɦ ɧɚ Ɋ1002Ɇ, ɫɜɹɡɚɧɧɵɣ 
ɫ ɫɨɤɪɚɳɟɧɢɟɦ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɵɯ ɩɨɬɟɪɶ ηΣ, ɚ ɬɚɤɠɟ 
ɩɪɚɤɬɢɱɟɫɤɢ ɢɞɟɚɥɶɧɨɣ ɥɢɧɟɣɧɨɫɬɶɸ ɢ ɫɬɚɛɢɥɶɧɨ-
ɫɬɶɸ ɮɚɡɨɜɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɤɚɧɚɥɨɜ, ɩɨɡɜɨɥɢɥ  
ɡɚɦɟɬɧɨ ɭɥɭɱɲɢɬɶ ɤɚɱɟɫɬɜɨ ɩɨɥɭɱɚɟɦɵɯ ɩɪɢ ɊɋȾȻ 
ɧɚɛɥɸɞɟɧɢɹɯ ɞɚɧɧɵɯ [9]. ɑɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɪɚɞɢɨɢɧ-
ɬɟɪɮɟɪɨɦɟɬɪɚ ɜɨɡɪɨɫɥɚ ɜ ɫɪɟɞɧɟɦ ɧɚ 20–30 %, ɩɪɢ 
ɷɬɨɦ ɪɚɡɛɪɨɫ ɡɧɚɱɟɧɢɣ SNR ɞɥɹ ɪɚɡɧɵɯ ɤɚɧɚɥɨɜ  
ɫɨɤɪɚɬɢɥɫɹ ɛɨɥɟɟ ɱɟɦ ɧɚ ɩɨɪɹɞɨɤ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɫɪɟɞɧɟɟ ɱɢɫɥɨ ɩɨɥɭɱɟɧɧɵɯ ɡɚ ɨɞɧɭ ɫɟɫɫɢɸ ɪɟɡɭɥɶɬɚ-
ɬɨɜ ɧɚɛɥɸɞɟɧɢɣ ɤɨɫɦɢɱɟɫɤɢɯ ɢɫɬɨɱɧɢɤɨɜ ɪɚɞɢɨɢɡɥɭ-
ɱɟɧɢɹ, ɩɪɢɝɨɞɧɵɯ ɞɥɹ ɜɬɨɪɢɱɧɨɣ ɨɛɪɚɛɨɬɤɢ (ɜ ɱɚɫɬ-
ɧɨɫɬɢ, ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɜɪɚɳɟɧɢɹ Ɂɟɦɥɢ),  
ɫ ɜɜɨɞɨɦ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ ɫɢɫɬɟɦ Ɋ1002Ɇ ɭɜɟɥɢɱɢɥɨɫɶ 
ɛɨɥɟɟ ɱɟɦ ɧɚ 20 % (ɪɢɫ. 2). 
ɇɨɜɚɹ ɫɢɫɬɟɦɚ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɫɢɝɧɚɥɨɜ BRAS. 

ɋɥɟɞɭɸɳɢɦ ɩɨɤɨɥɟɧɢɟɦ ɫɢɫɬɟɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɫɢɝ-
ɧɚɥɨɜ ɤɨɦɩɥɟɤɫɚ «Ʉɜɚɡɚɪ-ɄȼɈ» ɹɜɥɹɟɬɫɹ ɲɢɪɨɤɨɩɨ-
ɥɨɫɧɚɹ ɰɢɮɪɨɜɚɹ ɫɢɫɬɟɦɚ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɫɢɝɧɚɥɨɜ 
BRAS (Broadband Acquisition System) ɫ ɰɢɮɪɨɜɨɣ ɨɛ-
ɪɚɛɨɬɤɨɣ ɫɢɝɧɚɥɨɜ ɧɚ ɜɵɫɨɤɢɯ ɱɚɫɬɨɬɚɯ ɢ ɫɭɦɦɚɪɧɵɦ 
ɢɧɮɨɪɦɚɰɢɨɧɧɵɦ ɩɨɬɨɤɨɦ 16 Ƚɛɢɬ/c. ȼ ɩɟɪɜɭɸ ɨɱɟ-
ɪɟɞɶ, ɫɢɫɬɟɦɚ BRAS ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɩɟɪɫɩɟɤɬɢɜ-
ɧɵɯ ɪɚɞɢɨɢɧɬɟɪɮɟɪɨɦɟɬɪɨɜ ɧɚ ɚɧɬɟɧɧɚɯ ɦɚɥɨɝɨ ɞɢɚ-
ɦɟɬɪɚ [10–12], ɜ ɬɨɦ ɱɢɫɥɟ ɞɥɹ ɧɨɜɵɯ ɪɚɞɢɨɬɟɥɟɫɤɨ-
ɩɨɜ ɊɌ-13, ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɤɨɬɨɪɵɯ ɡɚɜɟɪɲɚɟɬɫɹ ɜ ɨɛ-
ɫɟɪɜɚɬɨɪɢɹɯ «Ɂɟɥɟɧɱɭɤɫɤɚɹ» ɢ «Ȼɚɞɚɪɵ», ɤɨɦɩɥɟɤɫɚ 
«Ʉɜɚɡɚɪ-ɄȼɈ».  
ɉɚɪɚɦɟɬɪɵ ɫɢɫɬɟɦɵ BRAS (ɬɚɛɥ. 2) ɩɨɡɜɨɥɹɸɬ 

ɫɤɨɦɩɟɧɫɢɪɨɜɚɬɶ ɩɨɬɟɪɢ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɪɚɞɢɨɢɧ-
ɬɟɪɮɟɪɨɦɟɬɪɚ, ɫɜɹɡɚɧɧɵɟ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɞɢɚɦɟɬɪɚ 
ɚɧɬɟɧɧ. Ɉɧɢ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɭɪɨɜɧɸ ɥɭɱɲɢɯ ɡɚɪɭɛɟɠɧɵɯ 

ɪɚɡɪɚɛɨɬɨɤ, ɚ ɩɨ ɫɨɨɬɧɨɲɟɧɢɸ ɰɟɧɚ–ɤɚɱɟɫɬɜɨ ɩɪɟɜɨɫ-
ɯɨɞɹɬ ɢɯ. Ʉɪɨɦɟ ɬɨɝɨ, ɫɢɫɬɟɦɚ BRAS ɨɬɥɢɱɚɟɬɫɹ ɬɟɦ, 
ɱɬɨ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɪɚɡɦɟɳɟɧɢɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ 
ɧɚ ɚɧɬɟɧɧɟ ɪɚɞɢɨɬɟɥɟɫɤɨɩɚ, ɚ ɧɟ ɜ ɚɩɩɚɪɚɬɧɨɦ ɩɨɦɟ-
ɳɟɧɢɢ, ɤɚɤ ɡɚɪɭɛɟɠɧɵɟ ɫɢɫɬɟɦɵ. Эɬɨ ɩɨɡɜɨɥɹɟɬ ɢɫ-
ɤɥɸɱɢɬɶ ɞɥɢɧɧɵɟ ɥɢɧɢɢ ɩɟɪɟɞɚɱɢ ɫɜɟɪɯɜɵɫɨɤɨɱɚɫ-
ɬɨɬɧɵɯ ɲɢɪɨɤɨɩɨɥɨɫɧɵɯ ɫɢɝɧɚɥɨɜ ɨɬ ɪɚɞɢɨɩɪɢɟɦɧɵɯ 
ɭɫɬɪɨɣɫɬɜ, ɚ ɫ ɜɵɯɨɞɚ ɫɢɫɬɟɦɵ ɩɨ ɨɩɬɢɱɟɫɤɢɦ ɥɢɧɢɹɦ 
ɫ ɜɵɫɨɤɨɣ ɧɚɞɟɠɧɨɫɬɶɸ ɩɟɪɟɞɚɜɚɬɶ ɰɢɮɪɨɜɵɟ ɩɨɬɨɤɢ 
ɞɚɧɧɵɯ ɱɟɪɟɡ ɢɧɬɟɪɮɟɣɫ Ethernet ɧɚ ɫɢɫɬɟɦɭ ɛɭɮɟɪɢ-
ɡɚɰɢɢ ɞɚɧɧɵɯ ɞɥɹ ɞɚɥɶɧɟɣɲɟɣ ɩɟɪɟɞɚɱɢ ɢɯ ɜ ɰɟɧɬɪ 
ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɨɛɪɚɛɨɬɤɢ. 
ɋɢɫɬɟɦɚ BRAS [13; 14] ɩɨɫɬɪɨɟɧɚ ɩɨ ɦɨɞɭɥɶɧɨɦɭ 

ɩɪɢɧɰɢɩɭ ɢ ɫɨɫɬɨɢɬ ɢɡ ɜɨɫɶɦɢ ɨɞɢɧɚɤɨɜɵɯ ɦɨɞɭɥɟɣ 
ɤɚɧɚɥɨɜ ɰɢɮɪɨɜɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɫɢɝɧɚɥɨɜ (Ʉɐɉ), 
ɪɚɛɨɬɚɸɳɢɯ ɜ ɞɢɚɩɚɡɨɧɟ ɉɑ 1–1,5 ȽȽɰ, ɦɨɞɭɥɹ ɫɢɧ-
ɯɪɨɧɢɡɚɰɢɢ ɢ ɭɡɥɚ ɩɢɬɚɧɢɹ, ɫɨɟɞɢɧɟɧɧɵɯ ɦɟɠɞɭ  
ɫɨɛɨɣ ɱɟɪɟɡ ɤɪɨɫɫ-ɩɥɚɬɭ (ɪɢɫ. 3). 
Ʉɚɠɞɵɣ Ʉɐɉ (ɪɢɫ. 4) ɫɨɞɟɪɠɢɬ ɭɫɢɥɢɬɟɥɶ (ɍɉɑ)  

ɫ ɮɢɥɶɬɪɨɦ, ɨɝɪɚɧɢɱɢɜɚɸɳɢɦ ɫɩɟɤɬɪ ɜɯɨɞɧɨɝɨ ɲɢɪɨ-
ɤɨɩɨɥɨɫɧɨɝɨ ɫɢɝɧɚɥɚ, ɚɬɬɟɧɸɚɬɨɪ ɞɥɹ ɚɜɬɨɦɚɬɢɱɟɫɤɨ-
ɝɨ ɩɨɞɞɟɪɠɚɧɢɹ ɨɩɬɢɦɚɥɶɧɨɝɨ ɭɪɨɜɧɹ ɫɢɝɧɚɥɚ, ɛɵɫɬ-
ɪɨɞɟɣɫɬɜɭɸɳɢɣ Ⱥɐɉ ɬɢɩɚ ADC081500, ɉɅɂɋ ɬɢɩɚ 
XC6SLX100T, ɜɵɩɨɥɧɹɸɳɭɸ ɮɭɧɤɰɢɢ ɰɢɮɪɨɜɨɝɨ  
2-ɛɢɬɨɜɨɝɨ ɤɜɚɧɬɨɜɚɧɢɹ ɫɢɝɧɚɥɨɜ ɢ ɮɨɪɦɢɪɨɜɚɧɢɹ 
ɰɢɮɪɨɜɵɯ ɩɨɬɨɤɨɜ ɜ ɮɨɪɦɚɬɟ VDIF (VLBI Data 
Interchange Format) ɞɥɹ ɢɧɬɟɪɮɟɣɫɚ 10G Ethernet,  
ɚ ɬɚɤɠɟ ɨɩɬɢɱɟɫɤɢɣ ɬɪɚɧɫɢɜɟɪ. ɇɚ ɦɨɞɭɥɶ ɫɢɧɯɪɨɧɢ-
ɡɚɰɢɢ, ɤɨɬɨɪɵɣ ɮɨɪɦɢɪɭɟɬ ɢ ɪɚɫɩɪɟɞɟɥɹɟɬ ɫɢɧɮɚɡɧɵɟ 
ɫɢɝɧɚɥɵ ɬɚɤɬɨɜɵɯ ɱɚɫɬɨɬ ɞɥɹ Ʉɐɉ, ɩɨɫɬɭɩɚɸɬ ɫɢɝɧɚ-
ɥɵ ɜɪɟɦɟɧɢ ɢ ɫɢɝɧɚɥɵ ɨɩɨɪɧɨɣ ɱɚɫɬɨɬɵ 100 ɆȽɰ ɨɬ 
ɋɑȼɋ-ɪɚɞɢɨɬɟɥɟɫɤɨɩɚ. ɍɩɪɚɜɥɟɧɢɟ ɫɢɫɬɟɦɨɣ ɨɫɭɳɟ-
ɫɬɜɥɹɟɬ ɰɟɧɬɪɚɥɶɧɵɣ ɤɨɦɩɶɸɬɟɪ ɭɩɪɚɜɥɟɧɢɹ ɪɚɞɢɨɬɟ-
ɥɟɫɤɨɩɨɦ. ȼ ɫɢɫɬɟɦɟ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɮɭɧɤɰɢɢ ɢɡɦɟ-
ɪɟɧɢɹ ɡɚɞɟɪɠɟɤ ɦɟɠɞɭ ɫɢɝɧɚɥɚɦɢ ɨɬ ɩɪɢɟɦɧɢɤɚ Ƚɥɨ-
ɛɚɥɶɧɨɣ ɫɩɭɬɧɢɤɨɜɨɣ ɧɚɜɢɝɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ (Ƚɇɋɋ) 
ɢ ɲɤɚɥɵ ɜɪɟɦɟɧɢ ɪɚɞɢɨɬɟɥɟɫɤɨɩɚ (ɒȼ), ɚɧɚɥɢɡɚ 
ɫɩɟɤɬɪɚ ɜɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ, ɜɵɞɟɥɟɧɢɹ ɢ ɢɡɦɟɪɟɧɢɹ 
ɮɚɡɵ ɫɢɝɧɚɥɚ ɮɚɡɨɜɨɣ ɤɚɥɢɛɪɨɜɤɢ ɪɚɞɢɨɬɟɥɟɫɤɨɩɚ,  
ɚ ɬɚɤɠɟ ɪɹɞ ɮɭɧɤɰɢɣ ɤɨɧɬɪɨɥɹ ɢ ɞɢɚɝɧɨɫɬɢɤɢ. 

 
 

Ɍɚɛɥɢɰɚ 2  

ɋɪɚɜɧɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɫɢɫɬɟɦы BRAS ɢ ɩɨɫɥɟɞɧɢɯ ɡɚɪɭɛɟɠɧыɯ ɪɚɡɪɚɛɨɬɨɤ 
 

ɋɢɫɬɟɦɚ, 
ɫɬɪɚɧɚ 

DBBC 2010, 
ɂɬɚɥɢɹ 

RDBE-H,  
ɋɒȺ 

CDAS,  
Ʉɢɬɚɣ 

BRAS, 
Ɋɨɫɫɢɹ 

ɑɢɫɥɨ ɜɯɨɞɨɜ ɉɑ 8 2 4 8 

ɑɢɫɥɨ ɤɚɧɚɥɨɜ 8 1 1 8 

ɉɨɥɨɫɚ ɩɪɨɩɭɫɤɚɧɢɹ ɤɚɧɚɥɚ, ɆȽɰ  1024 512 512 512 

Ⱦɢɚɩɚɡɨɧ ɜɯɨɞɧɵɯ ɱɚɫɬɨɬ Ⱥɐɉ, ɆȽɰ 0–3500 0–1536 50–1024 0–1536 

Ʉɜɚɧɬɨɜɚɧɢɟ, ɛɢɬ 1, 2 ɢɥɢ 4 2 1, 2 ɢɥɢ 4 2 ɢɥɢ 8 

Ɏɨɪɦɚɬ ɞɚɧɧɵɯ ɧɚ ɜɵɯɨɞɟ VDIF/VSI-H VDIF (10GE) VSI-H VDIF (10GE) 

ɋɭɦɦɚɪɧɚɹ ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ ɧɚ ɜɵɯɨɞɟ, Ƚɛɢɬ/ɫ 32 2 2 16 

Ɇɟɫɬɨ ɪɚɡɦɟɳɟɧɢɹ Ʌɚɛ. ɤɨɪɩɭɫ Ʌɚɛ. ɤɨɪɩɭɫ Ʌɚɛ. ɤɨɪɩɭɫ Ⱥɧɬɟɧɧɚ 

ɐɟɧɚ ɩɪɢ ɫɟɪɢɣɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ US$131 470 US$18 000 US$50 000 US$72 000 
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 85

 
 

Ɋɢɫ. 3. ɋɢɫɬɟɦɚ BRAS 

 

 
 

Ɋɢɫ. 4. Ʉɚɧɚɥ ɰɢɮɪɨɜɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɫɢɝɧɚɥɨɜ 
 

 
 

Ɋɢɫ. 5. Ʉɨɪɪɟɥɹɰɢɨɧɧɵɣ ɨɬɤɥɢɤ ɨɬ ɢɫɬɨɱɧɢɤɚ 0059+581 ɧɚ 
ɛɚɡɟ ɋɜɟɬɥɨɟ–Ɂɟɧɥɟɧɱɭɤɫɤɚɹ, ɩɨɥɭɱɟɧɧɵɣ ɩɪɢ ɧɚɛɥɸɞɟɧɢɹɯ 
10.08.2012 ɝ. ɜ ɞɢɚɩɚɡɨɧɟ ɞɥɢɧ ɜɨɥɧ 3,5 ɫɦ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ  
 

ɩɪɨɬɨɬɢɩɚ ɫɢɫɬɟɦɵ BRAS 
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Ɋɢɫ. 6. Ʉɨɪɪɟɥɹɰɢɨɧɧɵɣ ɨɬɤɥɢɤ ɨɬ ɢɫɬɨɱɧɢɤɚ 1803+784 ɧɚ ɛɚɡɟ Ȼɚɞɚɪɵ–Ɂɟɥɟɧɱɭɤɫɤɚɹ, 
ɩɨɥɭɱɟɧɧɵɣ ɩɪɢ ɧɚɛɥɸɞɟɧɢɹɯ 04.09.2014 ɝ. ɜ ɞɢɚɩɚɡɨɧɟ ɞɥɢɧ ɜɨɥɧ 3,5 ɫɦ ɫ ɢɫɩɨɥɶ- 
 

ɡɨɜɚɧɢɟɦ ɫɢɫɬɟɦɵ BRAS: SNR = 341 
 

 
ɂɫɩыɬɚɧɢɹ ɫɢɫɬɟɦы BRAS. Ⱦɜɭɯɤɚɧɚɥɶɧɵɣ ɩɪɨ-

ɬɨɬɢɩ ɫɢɫɬɟɦɵ ɛɵɥ ɢɫɫɥɟɞɨɜɚɧ ɜ ɭɫɥɨɜɢɹɯ ɪɟɚɥɶɧɵɯ 
ɊɋȾȻ-ɧɚɛɥɸɞɟɧɢɣ ɧɚ ɛɚɡɟ ɋɜɟɬɥɨɟ–Ɂɟɥɟɧɱɭɤɫɤɚɹ 
ɤɨɦɩɥɟɤɫɚ «Ʉɜɚɡɚɪ-ɄȼɈ» ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɲɬɚɬɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ 32-ɦɟɬɪɨɜɵɯ ɚɧɬɟɧɧ [15]. ɉɪɢ ɷɬɨɦ ɜ 
ɤɚɱɟɫɬɜɟ ɫɢɫɬɟɦɵ ɛɭɮɟɪɢɡɚɰɢɢ ɞɚɧɧɵɯ ɢɫɩɨɥɶɡɨɜɚ-
ɥɚɫɶ ɚɩɩɚɪɚɬɭɪɚ ɪɟɝɢɫɬɪɚɰɢɢ Mark5C ɮɢɪɦɵ 
Conduant Corp. (ɋɒȺ). ȼ ɯɨɞɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ 
ɫɟɚɧɫɚ ɊɋȾȻ ɧɚɛɥɸɞɚɥɢɫɶ 8 ɤɚɥɢɛɪɨɜɨɱɧɵɯ ɪɚɞɢɨɢɫ-
ɬɨɱɧɢɤɨɜ ɢɡ ɤɚɬɚɥɨɝɚ rfc_2012c ɫɨ ɫɩɟɤɬɪɚɥɶɧɵɦɢ 
ɩɥɨɬɧɨɫɬɹɦɢ ɦɨɳɧɨɫɬɢ ɩɨɬɨɤɚ ɢɡɥɭɱɟɧɢɹ ɨɬ 0,09 ɞɨ  
2 əɧɫɤɢɯ. Ɉɬ ɜɫɟɯ ɢɫɬɨɱɧɢɤɨɜ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɱɟɬɤɢɟ 
ɤɨɪɪɟɥɹɰɢɨɧɧɵɟ ɨɬɤɥɢɤɢ (ɪɢɫ. 5) ɫ ɨɬɧɨɲɟɧɢɟɦ ɫɢɝ-
ɧɚɥ/ɲɭɦ ɜ 4,7–4,8 ɪɚɡɚ ɛɨɥɶɲɢɦ, ɱɟɦ ɞɥɹ ɤɚɧɚɥɨɜ 
ɲɬɚɬɧɨɣ ɚɩɩɚɪɚɬɭɪɵ ɫ ɲɢɪɢɧɨɣ ɩɨɥɨɫɵ ɩɪɨɩɭɫɤɚɧɢɹ 
16 ɆȽɰ, ɱɬɨ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɨɨɬɧɨ-
ɲɟɧɢɸ ɩɨɥɨɫ ɩɪɨɩɭɫɤɚɧɢɹ ɤɚɧɚɥɨɜ ɲɬɚɬɧɨɣ ɚɩɩɚɪɚ-
ɬɭɪɵ ɢ ɫɢɫɬɟɦɵ BRAS. Эɤɫɩɟɪɢɦɟɧɬ ɩɨɤɚɡɚɥ, ɱɬɨ 
ɬɨɱɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɜɪɟɦɟɧɧɨɝɨ ɩɨɥɨɠɟɧɢɹ ɤɨɪɪɟ-
ɥɹɰɢɨɧɧɨɝɨ ɨɬɤɥɢɤɚ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɨɞɧɨɝɨ ɲɢɪɨ-
ɤɨɩɨɥɨɫɧɨɝɨ ɤɚɧɚɥɚ (m = 1, B = 512 ɆȽɰ) ɩɪɢɛɥɢɡɢ-
ɬɟɥɶɧɨ ɜ 1,6 ɪɚɡɚ ɜɵɲɟ ɬɨɱɧɨɫɬɢ, ɤɨɬɨɪɭɸ ɦɨɠɧɨ ɩɨ-
ɥɭɱɢɬɶ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 8 ɲɬɚɬɧɵɯ ɭɡɤɨɩɨɥɨɫɧɵɯ 
ɤɚɧɚɥɨɜ ɢ ɫɢɧɬɟɡɟ ɩɨɥɨɫɵ ɱɚɫɬɨɬ (Δfrms = 736 ɆȽɰ). 
ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɫɩɵɬɚɧɢɣ ɨɩɵɬ-

ɧɵɯ ɨɛɪɚɡɰɨɜ ɫɢɫɬɟɦɵ BRAS ɛɵɥɢ ɢɡɦɟɪɟɧɵ ɢɯ ɷɥɟɤ-
ɬɪɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɩɪɨɜɟɪɟɧɨ ɢ ɨɬɥɚɠɟɧɨ 
ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ, ɜɤɥɸɱɚɹ ɤɨɧɮɢɝɭɪɚɰɢɢ 
ɉɅɂɋ ɜ Ʉɐɉ ɢ ɦɨɞɭɥɹɯ ɫɢɧɯɪɨɧɢɡɚɰɢɢ. Ɇɟɯɚɧɢɱɟ-
ɫɤɢɟ ɢ ɤɥɢɦɚɬɢɱɟɫɤɢɟ ɢɫɩɵɬɚɧɢɹ ɨɩɵɬɧɵɯ ɨɛɪɚɡɰɨɜ 
ɩɨɞɬɜɟɪɞɢɥɢ ɜɨɡɦɨɠɧɨɫɬɶ ɢɯ ɷɤɫɩɥɭɚɬɚɰɢɢ ɧɟɩɨɫɪɟɞ-
ɫɬɜɟɧɧɨ ɧɚ ɚɧɬɟɧɧɟ ɪɚɞɢɨɬɟɥɟɫɤɨɩɚ. 
Ɉɛɴɟɤɬɨɜɵɟ ɢɫɩɵɬɚɧɢɹ ɨɩɵɬɧɵɯ ɨɛɪɚɡɰɨɜ BRAS 

ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɜ ɨɛɫɟɪɜɚɬɨɪɢɹɯ «Ɂɟɥɟɧɱɭɤɫɤɚɹ» ɢ 
«Ȼɚɞɚɪɵ». ɉɪɢ ɷɬɨɦ ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ ɲɬɚɬɧɨɟ ɨɛɨɪɭ-
ɞɨɜɚɧɢɟ 32-ɦɟɬɪɨɜɵɯ ɚɧɬɟɧɧ ɤɨɦɩɥɟɤɫɚ «Ʉɜɚɡɚɪ-
ɄȼɈ». ȼ ɯɨɞɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɊɋȾȻ-ɫɟɚɧɫɚ  
4 ɫɟɧɬɹɛɪɹ 2014 ɝɨɞɚ ɫ ɩɨɦɨɳɶɸ ɫɢɫɬɟɦɵ BRAS ɧɚ-
ɛɥɸɞɚɥɢɫɶ 25 ɨɩɨɪɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɪɚɞɢɨɢɡɥɭɱɟɧɢɹ  

ɫ ɩɥɨɬɧɨɫɬɶɸ ɩɨɬɨɤɚ ɨɬ 0,6 ɞɨ 7,6 əɧɫɤɢɯ, ɢɫɩɨɥɶɡɭɟ-
ɦɵɯ ɨɛɵɱɧɨ ɞɥɹ ɨɩɟɪɚɬɢɜɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɩɚɪɚɦɟɬ-
ɪɨɜ ɜɪɚɳɟɧɢɹ Ɂɟɦɥɢ ɧɚ ɤɨɦɩɥɟɤɫɟ «Ʉɜɚɡɚɪ-ɄȼɈ».  
ȼ ɪɟɡɭɥɶɬɚɬɟ ɨɛɪɚɛɨɬɤɢ ɧɚ ɩɪɨɝɪɚɦɦɧɨɦ ɤɨɪɪɟɥɹɬɨɪɟ 
ɜ ɂɉȺ ɊȺɇ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɱɟɬɤɢɟ ɨɬɤɥɢɤɢ (ɪɢɫ. 6) 
ɨɬ ɜɫɟɯ ɧɚɛɥɸɞɚɟɦɵɯ ɢɫɬɨɱɧɢɤɨɜ ɫ ɨɰɟɧɤɨɣ ɤɚɱɟɫɬɜɚ 
9 ɢɡ 10 ɜɨɡɦɨɠɧɵɯ.  
Ɂɚɤɥɸчɟɧɢɟ. ɍɧɢɤɚɥɶɧɵɣ ɪɚɞɢɨɢɧɬɟɪɮɟɪɨɦɟɬɪɢ-

ɱɟɫɤɢɣ ɤɨɦɩɥɟɤɫ «Ʉɜɚɡɚɪ-ɄȼɈ» ɨɫɧɚɳɟɧ ɨɬɟɱɟɫɬɜɟɧ-

ɧɨɣ ɚɩɩɚɪɚɬɭɪɨɣ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɫɢɝɧɚɥɨɜ, ɫɨɜɪɟɦɟɧ-

ɧɨɟ ɫɨɫɬɨɹɧɢɟ ɤɨɬɨɪɨɣ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɦɢɪɨɜɨɦɭ ɭɪɨɜ-
ɧɸ. ɒɬɚɬɧɚɹ ɫɢɫɬɟɦɚ Ɋ1002Ɇ ɫ ɰɢɮɪɨɜɨɣ ɨɛɪɚɛɨɬɤɨɣ 

ɫɢɝɧɚɥɨɜ ɧɚ ɜɢɞɟɨɱɚɫɬɨɬɚɯ ɯɨɪɨɲɨ ɡɚɪɟɤɨɦɟɧɞɨɜɚɥɚ 
ɫɟɛɹ ɩɪɢ ɪɚɛɨɬɟ ɤɨɦɩɥɟɤɫɚ «Ʉɜɚɡɚɪ-ɄȼɈ» ɤɚɤ ɩɨ ɨɬɟ-
ɱɟɫɬɜɟɧɧɵɦ, ɬɚɤ ɢ ɩɨ ɡɚɪɭɛɟɠɧɵɦ ɩɪɨɝɪɚɦɦɚɦ ɊɋȾȻ-

ɧɚɛɥɸɞɟɧɢɣ. ɋɨɡɞɚɧɢɟ ɧɨɜɨɣ ɲɢɪɨɤɨɩɨɥɨɫɧɨɣ ɫɢɫ-
ɬɟɦɵ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɫɢɝɧɚɥɨɜ BRAS ɩɨɡɜɨɥɹɟɬ ɨɫɧɚ-
ɫɬɢɬɶ ɩɟɪɫɩɟɤɬɢɜɧɵɟ ɪɚɞɢɨɬɟɥɟɫɤɨɩɵ ɧɚ ɦɚɥɵɯ  
ɚɧɬɟɧɧɚɯ. ȼɜɨɞ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ ɨɩɵɬɧɵɯ ɨɛɪɚɡɰɨɜ 
ɫɢɫɬɟɦɵ BRAS ɧɚ ɫɬɪɨɹɳɢɯɫɹ ɪɚɞɢɨɬɟɥɟɫɤɨɩɚɯ  
ɫ 13-ɦɟɬɪɨɜɵɦɢ ɚɧɬɟɧɧɚɦɢ ɩɥɚɧɢɪɭɟɬɫɹ ɜ 2015 ɝ. 
ȼɩɟɪɜɵɟ ɜ ɫɬɪɚɧɟ ɧɚ ɪɚɞɢɨɢɧɬɟɪɮɟɪɨɦɟɬɪɟ ɤɨɦ-

ɩɥɟɤɫɚ «Ʉɜɚɡɚɪ-ɄȼɈ» ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɊɋȾȻ-

ɧɚɛɥɸɞɟɧɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɲɢɪɨɤɨɩɨɥɨɫɧɵɯ ɤɚ-
ɧɚɥɨɜ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɫɢɝɧɚɥɨɜ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɬɚɤɢɯ 
ɤɚɧɚɥɨɜ ɧɚ ɚɧɬɟɧɧɚɯ ɛɨɥɶɲɨɝɨ ɞɢɚɦɟɬɪɚ ɩɨɡɜɨɥɢɬ 
ɡɚɦɟɬɧɨ ɩɨɜɵɫɢɬɶ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɪɚɞɢɨɢɧɬɟɪɮɟ-
ɪɨɦɟɬɪɚ ɢ ɭɜɟɥɢɱɢɬɶ ɱɢɫɥɨ ɞɨɫɬɭɩɧɵɯ ɞɥɹ ɧɚɛɥɸɞɟ-
ɧɢɹ ɢɫɬɨɱɧɢɤɨɜ ɤɨɫɦɢɱɟɫɤɨɝɨ ɪɚɞɢɨɢɡɥɭɱɟɧɢɹ. 
 

Ȼɢɛɥɢɨɝɪɚɮɢчɟɫɤɢɟ ɫɫыɥɤɢ 
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