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ȼЫȾȿɅȿɇɂȿ ɋɂȽɇȺɅɈȼ ɌȺɄɌɈȼɈɃ ɋɂɇɏɊɈɇɂɁȺɐɂɂ  
ȼ ɋɂɋɌȿɆȺɏ ɉȿɊȿȾȺɑɂ ɂɇɎɈɊɆȺɐɂɂ ɊȿɀɂɆȺ VDL-2 

ɋɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɨɛɦɟɧɚ ɞɚɧɧɵɦɢ (ȺɈȾ) ɩɨ ɥɢɧɢɢ «ɫɚɦɨɥёɬ‒

ɫɚɦɨɥёɬ», «ɫɚɦɨɥёɬ‒ɡɟɦɥɹ» ɩɨɥɭɱɚɸɬ ɜɫɟ ɛɨɥɟɟ ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ. Ⱥɜ-

ɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɣ ɨɛɦɟɧ ɞɚɧɧɵɦɢ ɜ ɬɚɤɢɯ ɫɢɫɬɟɦɚɯ ɜɟɞёɬɫɹ ɜ Ɉȼɑ ɞɢɚɩɚɡɨɧɟ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɟɠɢɦɨɜ VDL-2 ɢɥɢ VDL-4 [ȼɞɨɜɢɧ, 2008]. ɋɬɪɭɤɬɭɪɚ ɩɨɫɬɪɨ-

ɟɧɢɹ ɩɪɢёɦɧɢɤɨɜ ɫɢɫɬɟɦ ȺɈȾ ɩɪɟɞɩɨɥɚɝɚɟɬ ɧɚɥɢɱɢɟ ɜ ɢɯ ɫɨɫɬɚɜɟ ɫɯɟɦɵ ɬɚɤɬɨ-

ɜɨɣ ɫɢɧɯɪɨɧɢɡɚɰɢɢ (Ɍɋ), ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɫɬɪɨɢɬɶɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɡɥɢɱ-

ɧɵɯ ɩɪɢɧɰɢɩɨɜ. ȼɵɞɟɥɟɧɢɟ ɫɢɝɧɚɥɚ Ɍɋ ɜ ɬɚɤɢɯ ɫɢɫɬɟɦɚɯ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɰɢɮ-

ɪɨɜɵɦɢ ɫɩɨɫɨɛɚɦɢ. Ɉɞɧɢɦ ɢɡ ɮɚɤɬɨɪɨɜ, ɨɬ ɤɨɬɨɪɨɝɨ ɡɚɜɢɫɢɬ ɤɚɱɟɫɬɜɨ ɩɪɢɧɢɦɚ-

ɟɦɨɣ ɢɧɮɨɪɦɚɰɢɢ ɜ ɫɢɫɬɟɦɚɯ VDL-2, ɹɜɥɹɟɬɫɹ ɜɵɛɨɪ ɫɩɨɫɨɛɚ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ 

ɫɢɝɧɚɥɚ Ɍɋ. 

ȼ ɫɬɚɬɶɟ ɪɚɫɫɦɨɬɪɟɧ ɫɩɨɫɨɛ ɜɵɞɟɥɟɧɢɹ ɫɢɝɧɚɥɚ ɬɚɤɬɨɜɨɣ ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɚ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɮɪɨɧɬɨɜ, ɤɨɬɨɪɵɣ ɪɟɚɥɢɡɨɜɚɧ ɧɚ ɛɚɡɟ 

ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɚɜɬɨɪɚɦɢ ɩɪɨɝɪɚɦɦɧɨ-ɚɩɩɚɪɚɬɧɨɝɨ ɩɪɢёɦɧɢɤɚ. ɂɡɭɱɟɧɢɟ ɩɪɢɧ-

ɰɢɩɨɜ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ Ɍɋ ɜ ɪɟɠɢɦɟ VDL-2 ɩɨɡɜɨɥɢɬ ɜ ɞɚɥɶɧɟɣɲɟɦ ɩɪɨɜɨɞɢɬɶ 

ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɪɚɡɥɢɱɧɵɯ ɫɩɨɫɨɛɨɜ ɜɵɞɟɥɟɧɢɹ ɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɢɝɧɚɥɚ 

Ɍɋ ɢ ɩɪɢɦɟɧɹɬɶ ɞɚɧɧɵɣ ɩɪɨɝɪɚɦɦɧɨ-ɚɩɩɚɪɚɬɧɵɣ ɩɪɢёɦɧɢɤ ɞɥɹ ɞɚɥɶɧɟɣɲɢɯ 

ɢɫɫɥɟɞɨɜɚɧɢɣ. 

Ʉɥɸɱɟɜыɟ ɫɥɨɜɚ: VDL-2, ɫɢɫɬɟɦɵ ɬɚɤɬɨɜɨɣ ɫɢɧɯɪɨɧɢɡɚɰɢɢ, ɞɟɬɟɤɬɨɪ 

Ƚɚɪɞɧɟɪɚ, ɫɤɪɟɦɛɥɟɪ, ɤɜɚɞɪɚɬɭɪɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ, ɩɪɨɝɪɚɦɦɧɨ-ɚɩɩɚɪɚɬɧɵɣ 
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EXTRACTION OF RUN-UP SIGNALS IN SYSTEMS OF INFORMATION 

COMMUNICATION IN VDL-2 MODE 

Air-to-air and air-to-ground automated data exchange systems are increasingly 

common. Automated data exchange (ADE) in such systems is conducted in VHF 

band with the use of VDL-2 ɢɥɢ VDL-4 modes [Vdovin, 2008]. The design of ADE 

receivers implies a clock sync (CS) circuit in their composition which can be con-

structed differently. A run-up signal in such systems is extracted digitally.  One of the 

factors influencing the quality if received information in VDL-2 systems is selection 

of a technique of run-up signal regeneration.   

The article considers a technique of run-up signal regeneration with use of front 

reconstruction which is implemented in a hardware-software receiver developed by 

the authors. Research of CS regeneration principles will enable to conduct a compara-

tive analysis of different techniques of extracting and forming a run-up signal and to 

apply the hardware-software receiver for further research.  

Key words: VDL-2, clock sync systems, Gardner detector, scrambler, quadrature 

components, hardware-software receiver.  

 

ɋɨɡɞɚɧɢɟ ɤɨɦɩɥɟɤɫɧɨɣ ɫɟɬɢ ɚɜɢɚɰɢɨɧɧɨɣ ɷɥɟɤɬɪɨɫɜɹɡɢ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ 

ɨɫɧɨɜɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɬɟɯɧɢɱɟɫɤɨɝɨ ɪɚɡɜɢɬɢɹ ȿɋ ɈɪȼȾ Ɋɨɫɫɢɢ ɜ ɨɛɥɚɫɬɢ 

ɚɜɢɚɰɢɨɧɧɨɣ ɫɜɹɡɢ. ɋɟɬɢ ɚɜɢɚɰɢɨɧɧɨɣ ɷɥɟɤɬɪɨɫɜɹɡɢ, ɢɦɟɸɳɢɟ ɪɚɡɥɢɱɧɭɸ ɚɪ-

ɯɢɬɟɤɬɭɪɭ ɢ ɢɫɩɨɥɶɡɭɸɳɢɟ ɪɚɡɧɨɨɛɪɚɡɧɵɟ ɩɪɨɬɨɤɨɥɵ ɢ ɩɪɨɰɟɞɭɪɵ ɨɛɦɟɧɚ ɢɧ-

ɮɨɪɦɚɰɢɟɣ, ɹɜɥɹɸɬɫɹ ɨɫɧɨɜɧɨɣ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɪɟɞɨɣ ɞɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ 

ɨɛɫɥɭɠɢɜɚɧɢɹ ɢ ɨɪɝɚɧɢɡɚɰɢɢ ɜɨɡɞɭɲɧɨɝɨ ɞɜɢɠɟɧɢɹ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɩɨɥɟɬɨɜ 

ɝɪɚɠɞɚɧɫɤɨɣ ɚɜɢɚɰɢɢ. ɋɜɹɡɶ ɞɢɫɩɟɬɱɟɪɨɜ ɫ ɜɨɡɞɭɲɧɵɦɢ ɫɭɞɚɦɢ (ȼɋ) ɜ ɡɨɧɟ 



 

 

ɩɪɹɦɨɣ ɜɢɞɢɦɨɫɬɢ ɜ Ɉȼɑ ɞɢɚɩɚɡɨɧɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɩɟɪɟɞɚɱɢ ɪɟɱɢ 

ɢ ɞɚɧɧɵɯ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɡɧɵɯ ɪɟɠɢɦɨɜ ɢ ɩɪɨɬɨɤɨɥɨɜ ɞɨɫɬɭɩɚ ɤ ɤɚɧɚɥɭ 

ɫɜɹɡɢ. ɒɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɭɱɢɥɢ ɪɟɠɢɦɵ VDL-2 ɢ VDL-4. 

Ɋɟɠɢɦ VDL-2 ɢɫɩɨɥɶɡɭɟɬ ɞɥɹ ɩɟɪɟɞɚɱɢ ɜ Ɉȼɑ-ɞɢɚɩɚɡɨɧɟ 8-ɩɨɡɢɰɢɨɧɧɭɸ 

ɮɚɡɨɜɭɸ ɦɚɧɢɩɭɥɹɰɢɸ ɫ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɦ ɤɨɞɢɪɨɜɚɧɢɟɦ (D8PSK) ɢ ɩɪɢ-

ɩɨɞɧɹɬɨ-ɤɨɫɢɧɭɫɨɢɞɚɥɶɧɵɦ ɮɨɪɦɢɪɭɸɳɢɦ ɮɢɥɶɬɪɨɦ ɫ α=0,6 [Ⱥɜɢɚɰɢɨɧɧɚɹ 

ɷɥɟɤɬɪɨɫɜɹɡɶ. Ɍɨɦ 3 ɋɢɫɬɟɦɵ ɫɜɹɡɢURL: 

http://airspot.ru/book/file/585/an10_v3_cons_ru.pdf; ɋɤɥɹɪ, 2003]. ɉɨɞɥɟɠɚɳɚɹ 

ɩɟɪɟɞɚɱɟ ɢɧɮɨɪɦɚɰɢɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨ ɤɨɞɢɪɭɟɬɫɹ 3-ɦɹ ɛɢɬɚɦɢ ɧɚ ɫɢɦɜɨɥ, 

ɩɟɪɟɞɚɜɚɟɦɵɦɢ ɡɚ ɫɱɟɬ ɢɡɦɟɧɟɧɢɣ ɩɨ ɮɚɡɟ. ɋɢɦɜɨɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɫɨɫɬɚɜɥɹɟɬ 

10500 Ȼɨɞ, ɤɨɬɨɪɵɟ ɩɪɢ 3-ɯ ɛɢɬɚɯ ɧɚ ɫɢɦɜɨɥ ɞɚɸɬ ɢɧɮɨɪɦɚɰɢɨɧɧɭɸ ɫɤɨɪɨɫɬɶ 

ɩɟɪɟɞɚɱɢ 31500 ɛɢɬ/ɫ, ɜ ɤɚɧɚɥɟ ɫ ɫɟɬɤɨɣ ɱɚɫɬɨɬ 25 ɤȽɰ.  

Ɉɬɥɢɱɢɬɟɥɶɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɪɟɠɢɦɚ VDL-2 ɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɧɟ 

ɬɨɥɶɤɨ ɤɨɧɬɪɨɥɹ ɫɨɨɛɳɟɧɢɹ ɧɚ ɭɪɨɜɧɟ ɰɟɥɨɫɬɧɨɫɬɢ, ɧɨ ɢ ɩɪɹɦɨɝɨ ɢɫɩɪɚɜɥɟɧɢɹ 

ɨɲɢɛɨɤ. Ⱦɚɧɧɨɟ ɩɪɟɢɦɭɳɟɫɬɜɨ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɤɨɞɢɪɨɜɚɧɢɟɦ ɤɚɞɪɚ ɞɚɧɧɵɯ 

ɤɨɞɨɦ Ɋɢɞɚ-ɋɨɥɨɦɨɧɚ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɧɟ ɜɫɟ ɢɫɤɚɠɟɧɧɵɟ ɫɨɨɛɳɟɧɢɹ ɩɟɪɟɞɚɜɚɬɶ 

ɩɨɜɬɨɪɧɨ. 

ɉɟɪɟɞɚɱɚ ɰɢɮɪɨɜɵɯ ɞɚɧɧɵɯ ɜ ɪɟɠɢɦɟ VDL-4 ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɫɬɚɧɞɚɪɬɧɨɦ 

25 ɤȽɰ Ɉȼɑ ɤɚɧɚɥɟ ɫɜɹɡɢ ɫɨ ɫɤɨɪɨɫɬɶɸ 19,200 ɤɛɢɬ/ɫ, ɢɫɩɨɥɶɡɭɹ Ƚɚɭɫɫɨɜɭ ɱɚ-

ɫɬɨɬɧɭɸ ɦɚɧɢɩɭɥɹɰɢɸ (GFSK). ȼ VDL-4 ɜɪɟɦɹ ɞɥɹ ɩɟɪɟɞɚɱɢ ɢɧɮɨɪɦɚɰɢɢ ɪɚɡ-

ɞɟɥɟɧɨ ɧɚ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɤɨɪɨɬɤɢɯ ɫɥɨɬɨɜ ɮɢɤɫɢɪɨɜɚɧɧɨɣ ɞɥɢɧɵ, ɤɚɠɞɵɣ 

ɢɡ ɤɨɬɨɪɵɯ ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɪɚɞɢɨɬɪɚɧɫɩɨɧɞɟɪɚɦɢ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɦɢ ɧɚ 

ȼɋ ɢɥɢ ɜ ɫɨɫɬɚɜɟ ɫɬɚɰɢɨɧɚɪɧɵɯ ɧɚɡɟɦɧɵɯ ɫɬɚɧɰɢɣ ɞɥɹ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ [Ʉɥё-

ɫɨɜɚ, 2012]. 

ȼ ɰɢɮɪɨɜɵɯ ɫɢɫɬɟɦɚɯ ɪɚɞɢɨɫɜɹɡɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɩɟɰɢɚɥɶɧɵɟ ɜɢɞɵ ɦɨɞɭɥɹ-

ɰɢɢ, ɨɬɥɢɱɚɸɳɢɟɫɹ ɨɬ ɚɧɚɥɨɝɨɜɵɯ. Эɬɨ ɜɵɡɜɚɧɨ ɤɚɤ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɰɢɮɪɨɜɨɝɨ 

ɫɢɝɧɚɥɚ, ɩɨɡɜɨɥɹɸɳɟɝɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɡɚ-

ɜɢɫɢɦɨɫɬɢ ɦɟɠɞɭ ɦɨɞɭɥɢɪɭɟɦɵɦ ɢ ɦɨɞɭɥɢɪɭɸɳɢɦ ɫɢɝɧɚɥɚɦɢ, ɬɚɤ ɢ ɧɟɨɛɯɨ-

ɞɢɦɨɫɬɶɸ ɨɛɟɫɩɟɱɟɧɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɫɨɜɦɟɫɬɢɦɨɫɬɢ ɫ ɞɪɭɝɢɦɢ ɫɭɳɟɫɬɜɭ-

ɸɳɢɦɢ ɫɢɫɬɟɦɚɦɢ ɫɜɹɡɢ. Ʉ ɩɪɢёɦɧɢɤɚɦ ɜ ɬɚɤɢɯ ɫɢɫɬɟɦɚɯ ɩɪɟɞɴɹɜɥɹɸɬɫɹ ɩɨ-



 

 

ɜɵɲɟɧɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɬɨɱɧɨɫɬɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɧɟɫɭɳɟɣ ɢ ɬɨɱɧɨɫɬɢ ɜɨɫɫɬɚ-

ɧɨɜɥɟɧɢɹ ɫɢɝɧɚɥɨɜ ɬɚɤɬɨɜɨɣ ɫɢɧɯɪɨɧɢɡɚɰɢɢ. Ɉɞɢɧ ɢɡ ɜɨɡɦɨɠɧɵɯ ɜɚɪɢɚɧɬɨɜ ɪɟ-

ɚɥɢɡɚɰɢɢ ɩɪɢɟɦɧɢɤɚ ɪɟɠɢɦɚ VDL-2 ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪиɫ. 1 [Ɏɟɟɪ, 2000]. ȼ ɫɨ-

ɫɬɚɜ ɩɪɢɟɦɧɢɤɚ ɜɯɨɞɢɬ: ɉɎ ‒ ɩɨɥɨɫɨɜɨɣ ɮɢɥɶɬɪ; ɋȼɇ – ɫɯɟɦɚ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ 

ɧɟɫɭɳɟɣ; ɋȼɌɑ – ɫɯɟɦɚ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɬɚɤɬɨɜɨɣ ɱɚɫɬɨɬɵ; Ʉ1, Ʉ2 – ɤɥɸɱɢ; 

ɎɉɄ1, ɎɉɄ2 ‒ ɮɢɥɶɬɪɵ ɫ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ «ɩɪɢɩɨɞɧɹɬɵɣ ɤɨɫɢɧɭɫ». 

Ɉɫɨɛɟɧɧɨɫɬɶɸ ɩɪɢёɦɧɢɤɨɜ, ɩɪɢɦɟɧɹɟɦɵɯ ɜ ɰɢɮɪɨɜɵɯ ɫɢɫɬɟɦɚɯ ɪɚɞɢɨɫɜɹɡɢ, 

ɹɜɥɹɟɬɫɹ ɧɚɥɢɱɢɟ ɜ ɢɯ ɫɨɫɬɚɜɟ ɫɢɫɬɟɦɵ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɧɟɫɭɳɟɣ (ɋȼɇ) ɢ ɫɢ-

ɫɬɟɦɵ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɬɚɤɬɨɜɨɣ ɱɚɫɬɨɬɵ (ɋȼɌɑ) (ɪиɫ. 1). 

 

 

 

 

 

 

 

 

Ɋиɫ. 1. ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɩɪɢёɦɧɢɤɚ VDL-2 

ɋȼɌɑ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɬɚɤɬɨɜɵɯ ɢɦɩɭɥɶɫɨɜ, ɤɨɬɨɪɵɟ ɫɢɧ-

ɯɪɨɧɢɡɢɪɭɸɬ ɪɚɛɨɬɭ ɰɢɮɪɨɜɵɯ ɫɯɟɦ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɫɢɝɧɚɥɨɜ VDL ɪɟɠɢɦɚ 2, ɢ 

ɫɥɭɠɢɬ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɨɬɫɱɟɬɧɵɯ ɬɚɤɬɨɜɵɯ ɢɦɩɭɥɶɫɨɜ, ɤɨɬɨɪɵɟ ɨɛɟɫɩɟɱɢ-

ɜɚɸɬ ɜɡɹɬɢɟ ɨɬɫɱɟɬɨɜ ɫɢɝɧɚɥɚ ɧɚ ɜɵɯɨɞɟ ɫɨɝɥɚɫɨɜɚɧɧɵɯ ɮɢɥɶɬɪɨɜ (ɎɉɄ1, 

ɎɉɄ2) ɜ ɦɨɦɟɧɬɵ ɦɚɤɫɢɦɭɦɚ ɨɬɧɨɲɟɧɢɹ ɫɢɝɧɚɥ/ɲɭɦ. ȼ ɩɪɨɰɟɫɫɟ ɞɟɦɨɞɭɥɹɰɢɢ 

ɰɢɮɪɨɜɵɯ ɫɢɝɧɚɥɨɜ ɫɢɫɬɟɦɚ Ɍɋ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɪɚɜɢɥɶɧɵɣ ɜɵɛɨɪ ɨɬɫɱɟɬɧɵɯ 

ɦɨɦɟɧɬɨɜ. Эɬɚ ɡɚɞɚɱɚ ɪɟɲɚɟɬɫɹ ɩɭɬɟɦ ɩɨɞɫɬɪɨɣɤɢ ɬɚɤɬɨɜɨɝɨ ɝɟɧɟɪɚɬɨɪɚ ɫɢɝɧɚ-

ɥɨɦ ɩɨɝɪɟɲɧɨɫɬɢ, ɮɨɪɦɢɪɭɟɦɵɦ ɫɩɟɰɢɚɥɶɧɵɦ ɞɟɬɟɤɬɨɪɨɦ. ɋɭɳɟɫɬɜɭɟɬ ɧɟ-

ɫɤɨɥɶɤɨ ɫɢɫɬɟɦ Ɍɋ: ɫɢɫɬɟɦɵ Ɍɋ ɫ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ ɮɪɨɧɬɨɜ; ɫɢɫɬɟɦɵ Ɍɋ ɫ ɨɬ-

ɫɬɚɸɳɢɦ ɢ ɨɩɟɪɟɠɚɸɳɢɦ ɨɬɫɱɟɬɚɦɢ; ɫɢɫɬɟɦɚ Ɍɋ ɫ ɞɟɬɟɤɬɨɪɨɦ ɩɨɝɪɟɲɧɨɫɬɢ 

Ƚɚɪɞɧɟɪɚ [ɂɜɚɳɟɧɤɨ, 2012]. 

Ɋɚɛɨɬɚ ɫɢɫɬɟɦɵ Ɍɋ ɫ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ ɮɪɨɧɬɨɜ ɨɫɧɨɜɚɧɚ ɧɚ ɫɜɨɣɫɬɜɚɯ ɰɢɮ-

ɉɎ ɋȼɇ 

ɎɉɄ1 

ɋȼɌɑ 

900 

ɎɉɄ2 

Ʉ1 

Ʉ2 

I(t) 

Q(t) 



 

 

ɪɨɜɨɝɨ ɫɢɝɧɚɥɚ ɢɡɦɟɧɹɬɶ ɫɜɨɣ ɡɧɚɤ ɧɚ ɜɵɯɨɞɟ ɎɉɄ1, ɎɉɄ2. Эɬɨɬ ɮɚɤɬ ɢɫɩɨɥɶ-

ɡɭɟɬɫɹ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɨɩɨɪɧɨɝɨ ɝɚɪɦɨɧɢɱɟɫɤɨɝɨ ɤɨɥɟɛɚɧɢɹ, ɱɚɫɬɨɬɚ ɢ ɧɚɱɚɥɶɧɚɹ 

ɮɚɡɚ ɤɨɬɨɪɨɝɨ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɬɚɤɬɨɜɨɣ ɱɚɫɬɨɬɟ. Ⱦɥɹ ɧɨɪɦɚɥɶɧɨɣ ɪɚɛɨɬɵ ɬɚɤɨɣ 

ɫɢɫɬɟɦɵ ɧɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ ɞɚɧɧɵɟ, ɩɟɪɟɞɚɜɚɟɦɵɟ ɩɨ ɪɚɞɢɨɤɚɧɚɥɭ, ɩɪɟɞɜɚɪɢ-

ɬɟɥɶɧɨ ɩɨɞɜɟɪɝɥɢɫɶ ɨɩɟɪɚɰɢɢ ɫɤɪɟɦɛɥɢɪɨɜɚɧɢɹ, ɤɨɬɨɪɚɹ ɭɫɬɪɚɧɹɟɬ ɞɥɢɬɟɥɶɧɵɟ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɞɢɧɚɤɨɜɵɯ ɫɢɦɜɨɥɨɜ ɩɭɬɟɦ ɞɨɛɚɜɥɟɧɢɹ ɤ ɰɢɮɪɨɜɨɦɭ ɫɢɝ-

ɧɚɥɭ ɩɫɟɜɞɨɫɥɭɱɚɣɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. ȼ ɫɢɫɬɟɦɚɯ VDL-2 ɩɪɢɦɟɧɹɟɬɫɹ 

ɫɤɪɟɦɛɥɟɪ ɫ ɨɛɪɚɡɭɸɳɢɦ ɩɨɥɢɧɨɦɨɦ [Ⱥɜɢɚɰɢɨɧɧɚɹ ɷɥɟɤɬɪɨɫɜɹɡɶ. Ɍɨɦ 3. ɋɢ-

ɫɬɟɦɵ ɫɜɹɡɢURL: http://airspot.ru/book/file/585/an10_v3_cons_ru.pdf]: 

G(ɯ) = 1 + ɯ + ɯ15. 

ɋɤɪɟɦɛɥɢɪɨɜɚɧɧɵɟ ɞɚɧɧɵɟ ɩɨɡɜɨɥɹɸɬ ɩɨɥɭɱɢɬɶ ɜ ɫɢɫɬɟɦɟ Ɍɋ ɫ ɜɨɫɫɬɚɧɨɜ-

ɥɟɧɢɟɦ ɮɪɨɧɬɨɜ ɨɬɤɥɢɤ ɫɢɝɧɚɥɚ ɧɚ ɫɢɦɜɨɥɶɧɨɣ ɱɚɫɬɨɬɟ, ɤɨɬɨɪɵɣ ɫ ɬɨɱɧɨɫɬɶɸ 

ɞɨ ɮɚɡɵ ɩɪɢɜɹɡɚɧ ɤ ɜɯɨɞɧɵɦ ɞɚɧɧɵɦ, ɩɨɫɬɭɩɚɸɳɢɦ ɧɚ ɩɪɢёɦɧɢɤ. Эɬɨ ɩɨɡɜɨɥɹ-

ɟɬ ɬɨɱɧɨ ɨɬɫɥɟɠɢɜɚɬɶ ɦɨɦɟɧɬɵ ɬɚɤɬɢɪɨɜɚɧɢɹ ɤɥɸɱɟɣ Ʉ1 ɢ Ʉ2. ɋȼɌɑ ɭɩɪɚɜɥɹɟɬ 

ɤɥɸɱɚɦɢ Ʉ1 ɢ Ʉ2 ɬɚɤ, ɱɬɨɛɵ ɨɧɢ ɨɬɤɪɵɜɚɥɢɫɶ ɬɨɥɶɤɨ ɜ ɦɨɦɟɧɬɵ ɜɪɟɦɟɧɢ ɩɨ-

ɫɬɭɩɥɟɧɢɹ ɬɪɢɛɢɬɨɜ. 

ȼ ɫɢɫɬɟɦɚɯ Ɍɋ ɫ ɨɬɫɬɚɸɳɢɦɢ ɢ ɨɩɟɪɟɠɚɸɳɢɦɢ ɨɬɫɱɟɬɚɦɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɚ-

ɤɨɟ ɫɜɨɣɫɬɜɨ, ɱɬɨ ɞɜɚ ɨɬɫɱɟɬɚ, ɜɡɹɬɵɟ ɫ ɎɉɄ1 ɢɥɢ ɎɉɄ2 ɪɚɧɶɲɟ ɢ ɩɨɡɠɟ ɨɬɫɱɟ-

ɬɚ, ɩɨ ɤɨɬɨɪɨɦɭ ɜɵɧɨɫɢɬɫɹ ɪɟɲɟɧɢɟ, ɪɚɜɧɵ ɞɪɭɝ ɞɪɭɝɭ. ȿɫɥɢ ɠɟ ɨɬɫɱɟɬ, ɩɨ ɤɨ-

ɬɨɪɨɦɭ ɜɵɧɨɫɢɬɫɹ ɪɟɲɟɧɢɟ, ɛɟɪёɬɫɹ ɧɟ ɜ ɢɫɬɢɧɧɵɣ ɨɬɫɱɟɬɧɵɣ ɦɨɦɟɧɬ, ɬɨ ɨɬ-

ɫɱёɬɵ, ɜɡɹɬɵɟ ɧɚ ɜɪɟɦɹ ɪɚɧɶɲɟ ɢ ɩɨɡɠɟ ɨɬɫɱɟɬɚ, ɩɨ ɤɨɬɨɪɨɦɭ ɜɵɧɨɫɢɬɫɹ ɪɟɲɟ-

ɧɢɟ, ɛɭɞɭɬ ɨɬɥɢɱɚɬɶɫɹ, ɢ ɡɧɚɤ ɢɯ ɪɚɡɧɨɫɬɢ ɨɞɧɨɡɧɚɱɧɨ ɭɤɚɠɟɬ ɩɨɥɨɠɟɧɢɟ ɢɫ-

ɬɢɧɧɨɝɨ ɨɬɫɱɟɬɧɨɝɨ ɦɨɦɟɧɬɚ. ɑɚɫɬɨɬɚ ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɜ ɬɚɤɢɯ ɫɢɫɬɟɦɚɯ ɞɨɥɠɧɚ 

ɛɵɬɶ ɜ ɬɪɢ ɪɚɡɚ ɛɨɥɶɲɟ, ɱɟɦ ɜ ɫɢɫɬɟɦɚɯ Ɍɋ ɫ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ ɮɪɨɧɬɨɜ. 

ɋɢɫɬɟɦɚ Ɍɋ ɫ ɞɟɬɟɤɬɨɪɨɦ ɩɨɝɪɟɲɧɨɫɬɢ Ƚɚɪɞɧɟɪɚ ɪɚɛɨɬɚɟɬ ɩɨ ɫɥɟɞɭɸɳɟɦɭ 

ɩɪɢɧɰɢɩɭ: ɧɚ ɤɚɠɞɨɦ ɬɚɤɬɟ ɛɟɪёɬɫɹ ɨɬɫɱёɬ ɩɨɫɪɟɞɢ ɬɚɤɬɨɜɨɝɨ ɢɧɬɟɪɜɚɥɚ P(n-

1/2) ɢ ɟɫɥɢ P(n-1/2) = 0, ɬɨ ɨɬɫɱɟɬɵ, ɩɨ ɤɨɬɨɪɵɦ ɜɵɧɨɫɢɬɫɹ ɪɟɲɟɧɢɟ, ɛɟɪɭɬɫɹ ɜ 

ɢɫɬɢɧɧɵɟ ɨɬɫɱёɬɧɵɟ ɦɨɦɟɧɬɵ, ɜ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ ɮɨɪɦɢɪɭɟɬɫɹ ɫɢɝɧɚɥ ɩɨ-

ɝɪɟɲɧɨɫɬɢ: 

e(n)=P(n-1/2){sign[P(n)]- sign[P(n-1)]}, 



 

 

ɝɞɟ P(n) ‒ ɨɬɫɱёɬ, ɩɨ ɤɨɬɨɪɨɦɭ ɜɵɧɨɫɢɬɫɹ ɪɟɲɟɧɢɟ ɧɚ ɡɚɞɚɧɧɨɦ ɬɚɤɬɨɜɨɦ ɢɧ-

ɬɟɪɜɚɥɟ; 

P(n-1) ‒ ɨɬɫɱёɬ, ɩɨ ɤɨɬɨɪɨɦɭ ɜɵɧɨɫɢɬɫɹ ɪɟɲɟɧɢɟ ɧɚ ɩɪɟɞɵɞɭɳɟɦ ɬɚɤɬɨɜɨɦ 

ɢɧɬɟɪɜɚɥɟ; 

sign[x] ‒ ɮɭɧɤɰɢɹ ɨɩɪɟɞɟɥɟɧɢɹ ɡɧɚɤɚ. 

ȼ ɷɬɢɯ ɫɢɫɬɟɦɚɯ ɱɚɫɬɨɬɚ ɜɡɹɬɢɹ ɨɬɫɱёɬɨɜ ɞɨɥɠɧɚ ɛɵɬɶ ɜɞɜɨɟ ɛɨɥɶɲɟ ɬɚɤɬɨ-

ɜɨɣ ɱɚɫɬɨɬɵ. 

ȼ ɪɚɛɨɬɟ ɪɟɚɥɢɡɨɜɚɧɚ ɫɢɫɬɟɦɚ Ɍɋ ɫ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ ɮɪɨɧɬɨɜ. ɂɫɯɨɞɧɵɟ 

ɞɚɧɧɵɟ ɮɨɪɦɢɪɨɜɚɥɢɫɶ ɚɩɩɚɪɚɬɧɨɣ ɱɚɫɬɶɸ ɫɢɫɬɟɦɵ ɧɚ ɛɚɡɟ ɲɢɪɨɤɨɩɨɥɨɫɧɨɝɨ 

SDR (Software-definedradio) ɩɪɢёɦɧɢɤɚ, ɜ ɫɨɫɬɚɜ ɤɨɬɨɪɨɝɨ ɜɯɨɞɢɬ ɚɧɚɥɨɝɨ-

ɰɢɮɪɨɜɨɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ RTL2832U ɢ ɦɨɞɭɥɶ ɩɨɧɢɠɟɧɢɹ ɱɚɫɬɨɬɵ R820T. ɇɚ 

ɜɯɨɞ SDR ɩɪɢёɦɧɢɤɚ ɩɨɫɬɭɩɚɥ ɪɟɚɥɶɧɵɣ ɫɢɝɧɚɥ, ɮɨɪɦɢɪɭɟɦɵɣ ɥɨɤɚɥɶɧɨɣ ɤɨɧ-

ɬɪɨɥɶɧɨ-ɤɨɪɪɟɤɬɢɪɭɸɳɟɣ ɫɬɚɧɰɢɟɣ ɅɄɄɋ-2000, ɪɚɫɩɨɥɨɠɟɧɧɨɣ ɜ ɚɷɪɨɩɨɪɬɭ 

ɂɪɤɭɬɫɤ. ɅɄɄɋ ɮɨɪɦɢɪɭɟɬ ɢ ɩɟɪɟɞɚёɬ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ ɩɨɩɪɚɜɤɢ ɩɨɬɪɟɛɢ-

ɬɟɥɹɦ, ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɢɯ ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ [ɋɤɪɵɩɧɢɤ, 

2014]. Ɉɛɪɚɛɨɬɤɚ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɜɟɥɚɫɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦɧɨɣ 

ɫɪɟɞɵ LabView 2010 [ɋɭɪɚɧɨɜ, 2007]. 

ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɫɢɫɬɟɦɵ Ɍɋ ɫ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ ɮɪɨɧɬɨɜ ɢɡɨɛɪɚɠɟɧɚ ɧɚ 

ɪиɫ. 2. ȼ ɟё ɫɨɫɬɚɜ ɜɯɨɞɢɬ ɮɨɪɦɢɪɨɜɚɬɟɥɶ ɦɟɚɧɞɪɨɜɨɝɨ ɫɢɝɧɚɥɚ Sign(xi), ɞɢɮɮɟ-

ɪɟɧɰɢɪɭɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ d/dt, ɭɫɬɪɨɣɫɬɜɨ ɜɵɱɢɫɥɟɧɢɹ ɚɛɫɨɥɸɬɧɨɝɨ ɡɧɚɱɟɧɢɹ 

||, ɩɨɥɨɫɨɜɨɣ ɮɢɥɶɬɪ ɉɎ ɢ ɮɨɪɦɢɪɨɜɚɬɟɥɶ ɩɪɹɦɨɭɝɨɥɶɧɵɯ ɢɦɩɭɥɶɫɨɜ Ɏɉɂ. 

ɋɢɝɧɚɥ ɫ ɜɵɯɨɞɚ ɮɢɥɶɬɪɨɜ ɎɉɄ1 ɢɥɢ ɎɉɄ2 (ɪиɫ. 3) ɩɨɫɬɭɩɚɟɬ ɧɚ ɮɨɪɦɢɪɨɜɚ-

ɬɟɥɶ ɦɟɚɧɞɪɨɜɨɝɨ ɫɢɝɧɚɥɚ, ɤɨɬɨɪɵɣ ɮɨɪɦɢɪɭɟɬ ɪɚɡɧɨɩɨɥɹɪɧɵɟ ɧɚɩɪɹɠɟɧɢɹ, ɩɨ-

ɤɚɡɚɧɧɵɟ ɧɚ ɪиɫ. 4. 

ȼ ɞɢɮɮɟɪɟɧɰɢɪɭɸɳɟɦ ɭɫɬɪɨɣɫɬɜɟ ɦɟɚɧɞɪɨɜɵɣ ɫɢɝɧɚɥ ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɜ ɫɟ-

ɪɢɸ ɤɨɪɨɬɤɢɯ ɪɚɡɧɨɩɨɥɹɪɧɵɯ ɢɦɩɭɥɶɫɨɜ, ɢɡɨɛɪɚɠёɧɧɵɯ ɧɚ ɪиɫ. 5, ɤɨɬɨɪɵɟ, 

ɩɪɨɣɞɹ ɱɟɪɟɡ ɭɫɬɪɨɣɫɬɜɨ ɜɵɱɢɫɥɟɧɢɹ ɚɛɫɨɥɸɬɧɨɝɨ ɡɧɚɱɟɧɢɹ, ɩɪɟɨɛɪɚɡɭɸɬɫɹ ɜ 

ɤɨɪɨɬɤɢɟ ɨɞɧɨɩɨɥɹɪɧɵɟ ɢɦɩɭɥɶɫɵ (ɪиɫ. 6), ɜ ɫɩɟɤɬɪɟ ɤɨɬɨɪɵɯ ɮɨɪɦɢɪɭɟɬɫɹ ɫɨ-

ɫɬɚɜɥɹɸɳɚɹ ɧɚ ɫɢɦɜɨɥɶɧɨɣ ɫɤɨɪɨɫɬɢ, ɩɪɢɜɹɡɚɧɧɚɹ ɩɨ ɮɚɡɟ ɤ ɜɯɨɞɧɨɦɭ ɫɢɝɧɚɥɭ 

(ɪиɫ. 7). Ɂɚɞɚɱɟɣ ɩɨɥɨɫɨɜɨɝɨ ɮɢɥɶɬɪɚ ɹɜɥɹɟɬɫɹ ɜɵɞɟɥɟɧɢɟ ɷɬɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ 

Ud/dt 



 

 

(ɪиɫ. 8), ɩɪɟɞɫɬɚɜɥɹɸɳɟɣ ɫɨɛɨɣ ɧɚɩɪɹɠɟɧɢɟ ɫɢɧɭɫɨɢɞɚɥɶɧɨɣ ɮɨɪɦɵ, ɩɨɫɬɭɩɚ-

ɸɳɟɟ ɧɚ ɮɨɪɦɢɪɨɜɚɬɟɥɶ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɫ ɜɵɯɨɞɚ ɤɨɬɨɪɨɝɨ ɫɢɝ-

ɧɚɥ ɩɨɞɚёɬɫɹ ɧɚ ɤɥɸɱɢ Ʉ1, Ʉ2 (ɪиɫ. 9).  

 

 

 

 

Ɋиɫ. 2. ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɫɢɫɬɟɦɵ Ɍɋ ɫ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ ɮɪɨɧɬɨɜ 

 

 

Ɋиɫ. 3. ȼɵɯɨɞɧɨɣ ɫɢɝɧɚɥ ɫ ɎɉɄ1 

 

Ɋиɫ. 4. ɋɢɝɧɚɥ ɧɚ ɜɵɯɨɞɟ Sign(xi) 

 

Ɋиɫ. 5. ȼɵɯɨɞɧɨɣ ɫɢɝɧɚɥ ɞɢɮɮɟɪɟɧɰɢɪɭɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ 
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Ɋиɫ. 6. ɋɢɝɧɚɥ ɧɚ ɜɵɯɨɞɟ ɭɫɬɪɨɣɫɬɜɚ ɜɵɱɢɫɥɟɧɢɹ ɚɛɫɨɥɸɬɧɨɝɨ ɡɧɚɱɟɧɢɹ 

 

 

Ɋиɫ. 7. ɋɨɫɬɚɜɥɹɸɳɚɹ ɫɩɟɤɬɪɚ ɧɚ ɫɢɦɜɨɥɶɧɨɣ ɫɤɨɪɨɫɬɢ 

 

 

 

Ɋиɫ. 8. ȼɵɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɨɥɨɫɨɜɨɝɨ ɮɢɥɶɬɪɚ 
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Ɋиɫ. 9. ɂɦɩɭɥɶɫɵ ɬɚɤɬɨɜɨɣ ɫɢɧɯɪɨɧɢɡɚɰɢɢ 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɪɚɛɨɬɟ ɛɵɥ ɪɟɚɥɢɡɨɜɚɧ ɚɥɝɨɪɢɬɦ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɫɢɝɧɚɥɨɜ 

Ɍɋ, ɢɫɩɨɥɶɡɭɸɳɢɣ ɫɩɨɫɨɛ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɮɪɨɧɬɨɜ, ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɹɟɬ ɜɵɞɟ-

ɥɹɬɶ ɢ ɮɨɪɦɢɪɨɜɚɬɶ ɢɡ ɩɪɢɧɢɦɚɟɦɨɝɨ ɪɟɚɥɶɧɨɝɨ ɪɚɞɢɨɫɢɝɧɚɥɚ ɢɦɩɭɥɶɫɵ ɫɢɧ-

ɯɪɨɧɢɡɚɰɢɢ, ɩɪɢɜɹɡɚɧɧɵɟ ɩɨ ɮɚɡɟ ɤ ɜɯɨɞɧɨɦɭ ɫɢɝɧɚɥɭ. ɇɟɬɨɱɧɨɟ ɜɨɫɫɬɚɧɨɜɥɟ-

ɧɢɟ ɢɦɩɭɥɶɫɨɜ Ɍɋ ɜɟɞёɬ ɤ ɭɯɭɞɲɟɧɢɸ ɨɬɧɨɲɟɧɢɹ ɫɢɝɧɚɥ/ɲɭɦ ɜ ɩɪɢёɦɧɢɤɟ, ɡɚ 

ɫɱɟɬ ɬɨɝɨ, ɱɬɨ ɜɡɹɬɢɟ ɨɬɫɱɟɬɨɜ ɩɪɨɢɫɯɨɞɢɬ ɧɟ ɜ ɬɨɱɤɚɯ ɦɚɤɫɢɦɭɦɚ ɜɵɯɨɞɧɨɝɨ 

ɫɢɝɧɚɥɚ ɎɉɄ.  

Ⱦɚɧɧɚɹ ɪɚɛɨɬɚ ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɩɪɨɝɪɚɦɦɧɨ-ɚɩɩɚɪɚɬɧɨɦ ɫɩɨɫɨɛɟ ɩɪɢёɦɚ ɢ ɨɛ-

ɪɚɛɨɬɤɢ ɫɢɝɧɚɥɚ, ɤɨɬɨɪɵɣ ɧɚ ɫɨɜɪɟɦɟɧɧɨɦ ɷɬɚɩɟ ɪɚɡɜɢɬɢɹ ɪɚɞɢɨɩɪɢёɦɚ ɫɱɢɬɚ-

ɟɬɫɹ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦ. Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɩɪɨɝɪɚɦɦɧɨ-ɚɩɩɚɪɚɬɧɵɣ ɦɨɞɭɥɶ 

ɜ ɞɚɥɶɧɟɣɲɟɦ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɨɱɧɨɫɬɢ ɢ ɞɪɭɝɢɯ ɢɡ-

ɜɟɫɬɧɵɯ ɫɩɨɫɨɛɨɜ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɢɦɩɭɥɶɫɨɜ Ɍɋ. 
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