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Ⱥɧɧɨɬɚɰɢɹ 
ɋɬɪɟɦɢɬɟɥɶɧɨɟ ɪɚɡɜɢɬɢɟ ɛɟɫɩɪɨɜɨɞɧɵɯ ɫɢɫɬɟɦ ɫɜɹɡɢ ɩɪɢɜɨɞɢɬ ɤ ɩɨɫɬɨɹɧɧɨɦɭ ɭɫɥɨɠɧɟɧɢɸ 
ɦɟɬɨɞɨɜ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɱɚɫɬɨɬɧɨɝɨ ɫɩɟɤɬɪɚ. ɑɢɫɥɨ ɭɫɥɭɝ ɛɟɫɩɪɨɜɨɞɧɨɣ 
ɫɜɹɡɢ ɪɚɫɬɟɬ ɢ ɬɪɟɛɭɟɬɫɹ ɜɵɞɟɥɟɧɢɟ ɜɫɟ ɛɨɥɶɲɟɝɨ ɱɢɫɥɚ ɞɢɚɩɚɡɨɧɨɜ ɱɚɫɬɨɬ ɞɥɹ ɢɯ 
ɨɛɟɫɩɟɱɟɧɢɹ. ɉɨɦɟɯɢ ɨɬ ɨɞɧɨɜɪɟɦɟɧɧɨ ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɨɞɧɨɦ ɱɚɫɬɨɬɧɨɦ ɞɢɚɩɚɡɨɧɟ 
ɪɚɞɢɨɩɟɪɟɞɚɬɱɢɤɨɜ ɩɪɢɜɨɞɹɬ ɤ ɡɧɚɱɢɬɟɥɶɧɵɦ ɢɫɤɚɠɟɧɢɹɦ ɜ ɩɟɪɟɞɚɜɚɟɦɨɣ ɢɧɮɨɪɦɚɰɢɢ ɢ 
ɦɨɝɭɬ ɡɧɚɱɢɬɟɥɶɧɨ ɡɚɬɪɭɞɧɹɬɶ ɪɚɛɨɬɭ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ ɪɚɡɥɢɱɧɨɝɨ 
ɧɚɡɧɚɱɟɧɢɹ. Ⱦɨɫɬɢɠɟɧɢɹ ɜ ɫɮɟɪɟ ɩɪɨɝɪɚɦɦɧɨ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ ɪɚɞɢɨɫɢɫɬɟɦ ɢ ɜ ɱɚɫɬɧɨɫɬɢ 
ɤɨɝɧɢɬɢɜɧɨɝɨ ɪɚɞɢɨ ɩɨɡɜɨɥɹɸɬ ɪɟɲɢɬɶ ɭɤɚɡɚɧɧɵɟ ɩɪɨɛɥɟɦɵ. ȼ ɫɭɳɟɫɬɜɭɸɳɟɦ ɫɬɚɧɞɚɪɬɟ 
ɤɨɝɧɢɬɢɜɧɨɝɨ ɪɚɞɢɨ IEEE 802.22 ɢɫɩɨɥɶɡɭɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɩɨɞɯɨɞɵ ɤ ɞɟɬɟɤɬɢɪɨɜɚɧɢɸ 
ɫɢɝɧɚɥɚ ɩɟɪɜɢɱɧɨɝɨ ɩɨɥɶɡɨɜɚɬɟɥɹ ɤɚɧɚɥɚ. ȼɵɫɨɤɚɹ ɬɨɱɧɨɫɬɶ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɫɢɝɧɚɥɚ 
ɧɟɨɛɯɨɞɢɦɚ ɞɥɹ ɫɬɚɛɢɥɶɧɨɣ ɪɚɛɨɬɵ ɫɟɧɫɢɧɝɚ ɤɨɝɧɢɬɢɜɧɨɝɨ ɪɚɞɢɨ ɢ ɜɫɟɣ ɫɢɫɬɟɦɵ ɜ ɰɟɥɨɦ. 
Ʉɚɠɞɵɣ ɦɟɬɨɞ, ɩɪɢɦɟɧɹɟɦɵɣ ɜ ɫɬɚɧɞɚɪɬɟ IEEE 802.22, ɢɦɟɟɬ ɫɜɨɢ ɩɪɟɢɦɭɳɟɫɬɜɚ ɢ 
ɧɟɞɨɫɬɚɬɤɢ. ɉɪɢɦɟɧɟɧɢɟ ɬɨɝɨ ɢɥɢ ɢɧɨɝɨ ɦɟɬɨɞɚ ɡɚɜɢɫɢɬ ɨɬ ɭɫɥɨɜɢɣ ɪɚɞɢɨɨɛɫɬɚɧɨɜɤɢ. ȼ 
ɫɬɚɬɶɟ ɩɪɨɜɨɞɢɬɫɹ ɚɧɚɥɢɡ ɦɟɬɨɞɨɜ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɩɪɢɦɟɧɹɟɦɵɯ ɜ ɫɬɚɧɞɚɪɬɟ ɤɨɝɧɢɬɢɜɧɨɝɨ 
ɪɚɞɢɨ ɩɭɬɟɦ ɢɦɢɬɚɰɢɨɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɫɪɟɞɟ MATLAB. 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɤɨɝɧɢɬɢɜɧɨɟ ɪɚɞɢɨ; ɞɟɬɟɤɬɢɪɨɜɚɧɢɟ ɫɢɝɧɚɥɚ ɩɟɪɜɢɱɧɨɝɨ ɩɨɥɶɡɨɜɚɬɟɥɹ; 
ɢɦɢɬɚɰɢɨɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɜ ɫɪɟɞɟ MATLAB. 
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Annotation 
The rapid development of wireless communication systems leads to a constant complication of 
methods for regulating the use of the frequency spectrum. The number of wireless 
communication services is growing and more and more frequency bands need to be allocated to 
provide them. Interference from simultaneously used in one frequency range of radio transmitters 
leads to significant distortions in transmitted information and can significantly hinder the 
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operation of telecommunication systems for various purposes. Achievements in the field of 
software-oriented radio systems and, in particular, cognitive radio allow solving these problems. 
The existing standard of IEEE 802.22 cognitive radio uses different approaches to detecting the 
signal of the primary user of the channel. High accuracy of signal detection is necessary for stable 
operation of sensing of cognitive radio and the whole system. Each method used in the IEEE 
802.22 standard has its advantages and disadvantages. The application of this or that method 
depends on the radio conditions. The article analyzes methods for detecting the cognitive radio 
used in the standard by simulation in the MATLAB environment. 
Keywords: cognitive radio; primary signal detection; simulation in MATLAB environment. 
 

ȼȼȿȾȿɇɂȿ 
ɉɨɞɯɨɞ ɤ ɩɨɫɬɪɨɟɧɢɸ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɯ ɫɢɫɬɟɦ ɛɟɫɩɪɨɜɨɞɧɨɣ ɫɜɹɡɢ, ɩɨɥɭɱɢɜɲɢɣ ɧɚɡɜɚɧɢɟ 

ɤɨɝɧɢɬɢɜɧɨɟ ɪɚɞɢɨ, ɹɜɥɹɟɬɫɹ ɩɟɪɟɞɨɜɨɣ ɬɟɯɧɨɥɨɝɢɟɣ, ɩɨɡɜɨɥɹɸɳɟɣ ɨɛɟɫɩɟɱɢɬɶ ɪɚɰɢɨɧɚɥɶɧɨɟ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɪɚɞɢɨɱɚɫɬɨɬɧɨɝɨ ɫɩɟɤɬɪɚ Д1-2]. Ʉɪɨɦɟ ɬɨɝɨ, ɡɧɚɧɢɟ ɨ ɫɨɫɬɨɹɧɢɢ ɫɩɟɤɬɪɚ ɦɨɠɟɬ ɛɵɬɶ 
ɩɪɢɦɟɧɟɧɨ ɞɥɹ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɹ ɡɚɩɭɫɤɚ ɪɚɫɲɢɪɟɧɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɩɪɢɟɦɧɢɤɚ, ɚ ɬɚɤɠɟ 
ɚɞɚɩɬɢɜɧɨɝɨ ɩɨɞɚɜɥɟɧɢɹ ɩɨɦɟɯ Д3Ж. Ɉɞɧɨɣ ɢɡ ɨɫɧɨɜɧɵɯ ɡɚɞɚɱ ɩɪɢ ɪɚɛɨɬɟ ɤɨɝɧɢɬɢɜɧɨɝɨ ɪɚɞɢɨ, 
ɹɜɥɹɟɬɫɹ ɩɪɨɜɟɞɟɧɢɟ ɩɨɫɬɨɹɧɧɨɝɨ ɫɟɧɫɢɧɝɚ (ɦɨɧɢɬɨɪɢɧɝɚ) ɪɚɞɢɨɱɚɫɬɨɬɧɨɝɨ ɫɩɟɤɬɪɚ ɧɚ ɭɫɥɨɜɢɟ 
ɨɬɫɭɬɫɬɜɢɹ ɩɟɪɜɢɱɧɨɝɨ ɩɨɥɶɡɨɜɚɬɟɥɹ ɢ ɩɨɢɫɤɚ ɧɨɜɵɯ ɫɜɨɛɨɞɧɵɯ ɭɱɚɫɬɤɨɜ ɧɚ ɫɥɭɱɚɣ 
ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɟɪɟɫɬɪɨɢɬɶɫɹ ɧɚ ɞɪɭɝɭɸ ɱɚɫɬɨɬɭ Д4Ж. 

ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɫɟɧɫɢɧɝ ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɞɜɭɯ ɷɬɚɩɚɯ: ɛɵɫɬɪɵɣ ɢ ɬɨɱɧɵɣ ɫɟɧɫɢɧɝ Д4-6]. 

ɇɚ ɷɬɚɩɟ ɛɵɫɬɪɨɝɨ ɫɤɚɧɢɪɨɜɚɧɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɚɥɝɨɪɢɬɦ ɝɪɭɛɨɝɨ ɫɟɧɫɢɧɝɚ, ɧɚɩɪɢɦɟɪ, 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɟɬɟɤɬɨɪ ɷɧɟɪɝɢɢ. ɋɬɚɞɢɹ ɬɨɱɧɨɝɨ ɫɟɧɫɢɧɝɚ ɢɧɢɰɢɢɪɭɟɬɫɹ ɧɚ ɨɫɧɨɜɟ ɪɟɡɭɥɶɬɚɬɨɜ 
ɛɵɫɬɪɨɝɨ ɫɟɧɫɢɧɝɚ. Ɍɨɱɧɵɣ ɦɨɧɢɬɨɪɢɧɝ ɜɤɥɸɱɚɟɬ ɛɨɥɟɟ ɩɨɞɪɨɛɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɫɨɫɬɨɹɧɢɹ 
ɡɚɧɹɬɨɫɬɢ ɪɚɞɢɨɱɚɫɬɨɬɧɨɝɨ ɫɩɟɤɬɪɚ, ɝɞɟ ɭɠɟ ɩɪɢɦɟɧɹɸɬɫɹ ɛɨɥɟɟ ɫɥɨɠɧɵɟ ɢ ɬɨɱɧɵɟ ɦɟɬɨɞɵ. ɗɬɨ 
ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ ɭɫɬɪɚɧɟɧɢɹ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ [7], ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɜɨɡɧɢɤɧɭɬɶ ɩɪɢ ɫɛɨɪɟ 
ɢɧɮɨɪɦɚɰɢɢ ɜɬɨɪɢɱɧɵɦ ɩɨɥɶɡɨɜɚɬɟɥɟɦ ɨ ɫɨɫɬɨɹɧɢɢ ɡɚɧɹɬɨɫɬɢ ɱɚɫɬɨɬɧɵɯ ɪɟɫɭɪɫɨɜ ɤɚɧɚɥɚ ɫɜɹɡɢ ɢ 
ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɩɨɜɥɢɹɬɶ ɧɚ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɪɚɛɨɬɵ ɤɨɝɧɢɬɢɜɧɨɣ ɫɢɫɬɟɦɵ. ɇɟɫɤɨɥɶɤɨ ɦɟɬɨɞɨɜ, 
ɤɨɬɨɪɵɟ ɛɵɥɢ ɩɪɟɞɥɨɠɟɧɵ ɢ ɜɤɥɸɱɟɧɵ ɜ ɩɪɨɟɤɬ ɫɬɚɧɞɚɪɬɚ, ɜɤɥɸɱɚɸɬ ɞɟɬɟɤɬɢɪɨɜɚɧɢɟ ɷɧɟɪɝɢɢ, 
ɫɟɧɫɢɧɝ ɩɨ ɮɨɪɦɟ ɜɨɥɧɵ (ɨɛɧɚɪɭɠɟɧɢɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ PN511 ɢɥɢ PN63 ɢ/ɢɥɢ ɨɛɧɚɪɭɠɟɧɢɟ 
ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɫɟɝɦɟɧɬɚ), ɞɟɬɟɤɬɢɪɨɜɚɧɢɟ ɩɨ ɰɢɤɥɨɫɬɚɰɢɨɧɚɪɧɵɦ ɩɪɢɡɧɚɤɚɦ ɢ ɩɪɢɦɟɧɟɧɢɟ 
ɫɨɝɥɚɫɨɜɚɧɧɨɝɨ ɮɢɥɶɬɪɚ. Ȼɚɡɨɜɚɹ ɫɬɚɧɰɢɹ ɦɨɠɟɬ ɪɚɫɩɪɟɞɟɥɹɬɶ ɧɚɝɪɭɡɤɭ ɩɨ ɫɟɧɫɢɧɝɭ ɦɟɠɞɭ 
ɚɛɨɧɟɧɬɫɤɢɦɢ ɫɬɚɧɰɢɹɦɢ. Ɋɟɡɭɥɶɬɚɬɵ ɩɨɫɬɭɩɚɸɬ ɜ ɛɚɡɨɜɭɸ ɫɬɚɧɰɢɸ, ɤɨɬɨɪɚɹ ɢɫɩɨɥɶɡɭɟɬ ɷɬɢ 
ɪɟɡɭɥɶɬɚɬɵ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɩɟɪɟɞɚɱɚɦɢ. 

ȼ ɨɛɳɟɦ ɜɢɞɟ ɫɤɚɧɢɪɨɜɚɧɢɹ ɫɩɟɤɬɪɚ ɦɨɠɧɨ ɜɵɪɚɡɢɬɶ ɤɚɤ ɡɚɞɚɱɭ ɛɢɧɚɪɧɨɣ ɩɪɨɜɟɪɤɢ 
ɝɢɩɨɬɟɡɵ: 0H  – ɩɟɪɜɢɱɧɵɣ ɩɨɥɶɡɨɜɚɬɟɥɶ ɨɬɫɭɬɫɬɜɭɟɬ, 1H  – ɩɟɪɜɢɱɧɵɣ ɩɨɥɶɡɨɜɚɬɟɥɶ  ɪɚɛɨɬɚɟɬ ɫɨ 
ɫɩɟɤɬɪɨɦ. ȼɟɪɨɹɬɧɨɫɬɶ ɤɨɪɪɟɤɬɧɨɝɨ ɨɛɧɚɪɭɠɟɧɢɹ ɩɟɪɜɢɱɧɵɯ ɩɨɥɶɡɨɜɚɬɟɥɟɣ 

dP  ɢ ɜɟɪɨɹɬɧɨɫɬɶ 
ɥɨɠɧɨɣ ɬɪɟɜɨɝɢ 

fP  ɢɦɟɸɬ ɜɚɠɧɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɨɛɧɚɪɭɠɟɧɢɹ ɢ 
ɨɩɪɟɞɟɥɹɸɬɫɹ ɤɚɤ:     (1)                                                                                              ۄ           ۃ            ۄ           ۃ 

Ɉɞɧɨɣ ɢɡ ɝɪɭɩɩ ɦɟɬɨɞɨɜ ɫɤɚɧɢɪɨɜɚɧɢɹ ɫɩɟɤɬɪɚ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ ɨɛɧɚɪɭɠɟɧɢɹ ɩɟɪɟɞɚɬɱɢɤɚ – 

ɦɟɬɨɞ ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɨɛɧɚɪɭɠɟɧɢɢ ɜɬɨɪɢɱɧɵɦɢ ɩɨɥɶɡɨɜɚɬɟɥɹɦɢ ɫɥɚɛɨɝɨ ɫɢɝɧɚɥɚ ɨɬ ɩɟɪɜɢɱɧɨɝɨ 
ɩɟɪɟɞɚɬɱɢɤɚ. Ɉɛɨɛɳɺɧɧɚɹ ɦɨɞɟɥɶ ɦɟɬɨɞɚ ɨɛɧɚɪɭɠɟɧɢɹ ɩɟɪɟɞɚɬɱɢɤɚ ɦɨɠɟɬ ɛɵɬɶ ɜɵɪɚɠɟɧɚ ɤɚɤ:  ሺ ሻ  { ሺ ሻ                   ሺ ሻ   ሺ ሻ                                                                        (2) 

ɝɞɟ x(n) – ɩɪɢɧɹɬɵɣ ɫɢɝɧɚɥ, y(n) – ɩɟɪɟɞɚɜɚɟɦɵɣ ɫɢɝɧɚɥ, w(n) – ɲɭɦ.  
ɇ0 – ɧɭɥɟɜɚɹ ɝɢɩɨɬɟɡɚ, ɫɨɝɥɚɫɧɨ ɤɨɬɨɪɨɣ ɜ ɨɩɪɟɞɟɥɟɧɧɨɣ ɩɨɥɨɫɟ ɱɚɫɬɨɬ ɧɟɬ ɩɟɪɜɢɱɧɵɣ 
ɩɨɥɶɡɨɜɚɬɟɥɟɣ, ɚ ɇ1 ɭɤɚɡɵɜɚɟɬ ɧɚ ɧɚɥɢɱɢɟ ɩɟɪɜɢɱɧɵɯ ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɜ ɞɚɧɧɨɣ ɩɨɥɨɫɟ ɱɚɫɬɨɬ Д8Ж. 
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Ⱦɥɹ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɧɚɢɛɨɥɟɟ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɫɢɫɬɟɦɚɯ 
ɤɨɝɧɢɬɢɜɧɨɝɨ ɪɚɞɢɨ ɦɟɬɨɞɨɜ ɦɨɧɢɬɨɪɢɧɝɚ ɡɚɧɹɬɨɫɬɢ ɱɚɫɬɨɬɧɵɯ ɪɟɫɭɪɫɨɜ ɤɚɧɚɥɨɜ ɫɜɹɡɢ ɩɪɨɜɟɞɟɦ 
ɢɯ ɢɦɢɬɚɰɢɨɧɧɨɣ ɦɨɞɟɥɢɪɨɜɚɧɢɟ.  

 

ɈȻɇȺɊɍɀȿɇɂȿ ɗɇȿɊȽɂɂ ȾȿɌȿɊɆɂɇɂɊɈȼȺɇɇɕɏ ɋɂȽɇȺɅɈȼ ȼ ȺȾȾɂɌɂȼɇɈɆ 
ɒɍɆȿ 

ɇ0: ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɨɬɫɱɟɬɨɜ ɹɜɥɹɟɬɫɹ ɧɟɤɨɬɨɪɨɣ ɫɥɭɱɚɣɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶɸ u


 ɫ 
ɧɭɥɟɜɵɦ ɦɚɬɟɦɚɬɢɱɟɫɤɢɦ ɨɠɢɞɚɧɢɟɦ, ɞɢɫɩɟɪɫɢɟɣ ɢ ɝɚɭɫɫɨɜɫɤɢɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ, ɬɚɤ ɱɬɨ 
ɤɨɪɪɟɥɹɰɢɨɧɧɚɹ ɮɭɧɤɰɢɹ ɪɚɜɧɚ Д9Ж: 












0,0

0,2






u
R

       (3) 

Ⱥɥɶɬɟɪɧɚɬɢɜɧɚɹ ɝɢɩɨɬɟɡɚ:
01 HH  : ɜɵɛɨɪɤɚ ɫɨɫɬɨɢɬ ɢɡ ɫɦɟɫɢ ɲɭɦɚ ɢ ɫɢɝɧɚɥɚ 

iii usx  ,         (4) 

ɝɞɟ Si –ɫɢɝɧɚɥ,   i=1,..., N. 

Ɋɟɲɟɧɢɟ ɜ ɩɨɥɶɡɭ ɬɨɣ ɢɥɢ ɢɧɨɣ ɝɢɩɨɬɟɡɵ ɩɪɢɧɢɦɚɟɬɫɹ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɮɢɤɫɢɪɨɜɚɧɧɵɯ N 

ɨɬɫɱɟɬɨɜ. 
Ɍɨɝɞɚ ɨɬɧɨɲɟɧɢɟ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɪɚɜɧɨ: 

])
2

(
2

exp[)(
1

01

2

01 








N

i

i

u

mm
x

mm
xg




.       (5) 

ɉɪɢɧɹɬɢɟ ɪɟɲɟɧɢɹ ɜ ɩɨɥɶɡɭ 0H  ɩɪɢɧɢɦɚɟɬɫɹ ɬɨɝɞɚ, ɤɨɝɞɚ (ɧɚɱɚɥɶɧɚɹ ɝɢɩɨɬɟɡɚ ɛɨɥɟɟ 
ɩɪɚɜɞɨɩɨɞɨɛɧɚ): 

1)(  hxg
 .         (6) 

 

 

 
 

Ɋɢɫ. 1. Ɂɚɜɢɫɢɦɨɫɬɶ ɜɟɪɨɹɬɧɨɫɬɟɣ ɨɲɢɛɨɤ ɩɪɨɰɟɞɭɪɵ ɨɛɧɚɪɭɠɟɧɢɹ ɫɢɝɧɚɥɚ ɜ ɚɞɞɢɬɢɜɧɨɦ ɲɭɦɟ  
ɨɬ ɨɬɧɨɲɟɧɢɹ ɫɢɝɧɚɥ/ɲɭɦ (ɨɬ 0,1 ɞɨ 2) 

Fig. 1. Dependence of the error probabilities of the signal detection procedure in additive noise 

 on the signal-to-noise ratio (from 0.1 to 2) 
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ɈȻɇȺɊɍɀȿɇɂȿ ɗɇȿɊȽɂɂ ɋɂȽɇȺɅɈȼ ɋ ɇȿɂɁȼȿɋɌɇɈɃ ɑȺɋɌɈɌɈɃ 
ȼ ȺȾȾɂɌɂȼɇɈɆ ɒɍɆȿ 

ɉɭɫɬɶ ɧɚɱɚɥɨ ɢ ɞɥɢɬɟɥɶɧɨɫɬɶ ɫɢɝɧɚɥɚ )cos( 0ias ii   ɢɡɜɟɫɬɧɵ, ɧɨ ɧɟɢɡɜɟɫɬɧɚ ɱɚɫɬɨɬɚ 0 . 

Ʌɨɝɚɪɢɮɦɢɱɟɫɤɨɟ ɨɬɧɨɲɟɧɢɟ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɞɥɹ ɩɪɨɢɡɜɨɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɤɪɭɝɨɜɨɣ ɱɚɫɬɨɬɵ ɛɭɞɟɬ 
ɢɦɟɬɶ ɜɢɞ: 

)]cos2)(cos[
2

1
)/(

1

22

2 



N

i

iii

u

iaxiaxl 




.      (7) 

ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɧɭɥɟɜɨɣ ɝɢɩɨɬɟɡɵ (ɫɢɝɧɚɥ ɨɬɫɭɬɫɬɜɭɟɬ) ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ ɛɭɞɟɬ 
ɝɚɭɫɫɨɜɫɤɨɣ ɫ ɧɭɥɟɜɵɦ ɦɚɬɟɦɚɬɢɱɟɫɤɢɦ ɨɠɢɞɚɧɢɟɦ ɢ ɞɢɫɩɟɪɫɢɟɣ. ɉɨɷɬɨɦɭ ɰɟɥɟɫɨɨɛɪɚɡɧɨ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɧɟɪɚɜɟɧɫɬɜɨ: 

)(|)/(|  hxl 


,        (8) 

ɜɵɩɨɥɧɟɧɢɟ ɤɨɬɨɪɨɝɨ ɩɪɢɧɢɦɚɟɬɫɹ ɡɚ ɩɪɢɡɧɚɤ ɧɟɫɩɪɚɜɟɞɥɢɜɨɫɬɢ ɧɭɥɟɜɨɣ ɝɢɩɨɬɟɡɵ. 
Ƚɪɚɧɢɰɚ ɤɪɢɬɢɱɟɫɤɨɣ ɨɛɥɚɫɬɢ ɡɚɜɢɫɢɬ ɨɬ ɜɵɛɢɪɚɟɦɨɣ ɱɚɫɬɨɬɵ. Ⱦɨɥɠɧɨ ɜɵɩɨɥɧɹɬɶɫɹ 

ɪɚɜɟɧɫɬɜɨ: 
2/)()(  hDh l ,         (9) 

ɝɞɟ ɢɦɟɟɬ ɦɟɫɬɨ: 
))(1(2 2/ hF .        (10) 

ȼɟɪɨɹɬɧɨɫɬɶ ɩɪɟɜɵɲɟɧɢɹ ɷɬɨɝɨ ɩɨɪɨɝɚ ɩɪɢ ɧɚɥɢɱɢɢ ɫɢɝɧɚɥɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɨɨɬɧɨɲɟɧɢɟɦ 

))(/)/(((1(21 2.   lDxlMhF



                              

 (11) 

 

 
Ɋɢɫ. 2. Ɂɚɜɢɫɢɦɨɫɬɶ ɜɟɪɨɹɬɧɨɫɬɟɣ ɨɲɢɛɨɤ ɩɪɨɰɟɞɭɪɵ ɨɛɧɚɪɭɠɟɧɢɹ ɫɢɝɧɚɥɚ ɜ ɚɞɞɢɬɢɜɧɨɦ ɲɭɦɟ  

ɨɬ ɨɬɧɨɲɟɧɢɹ ɫɢɝɧɚɥ/ɲɭɦ (ɨɬ 0,1 ɞɨ 2) 
Fig. 2. Dependence of the error probabilities of the signal detection procedure in additive noise  

on the signal-to-noise ratio (from 0.1 to 2) 
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ȾȿɌȿɄɌɂɊɈȼȺɇɂȿ ɋɂȽɇȺɅɈȼ ɉɈ ɉɊɂɁɇȺɄȺɆ ɐɂɄɅɂɑȿɋɄɈɃ 
ɋɌȺɐɂɈɇȺɊɇɈɋɌɂ 

ɉɪɢɧɢɦɚɟɦɵɣ ɫɢɝɧɚɥ x(t) ɫɱɢɬɚɟɬɫɹ ɰɢɤɥɨɫɬɚɰɢɨɧɚɪɧɵɦ, ɟɫɥɢ ɟɝɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ 
ɢ ɚɜɬɨɤɨɪɪɟɥɹɰɢɹ ɢɦɟɟɬ ɩɪɢɡɧɚɤɢ ɩɟɪɢɨɞɢɱɧɨɫɬɢ: 

mx (t+T0) = mx (t)       (12) 

 

Rx (t+T0, u+T0) = Rx (t, u)       (13) 

ɝɞɟ ɩɟɪɢɨɞ ɦɚɬ. ɨɠɢɞɚɧɢɹ ɢ ɚɜɬɨɤɨɪɪɟɥɹɰɢɢ ɪɚɜɟɧ T0. ȿɫɥɢ t ɢ u ɡɚɦɟɧɢɬɶ ɜ ɚɜɬɨɤɨɪɪɟɥɹɰɢɨɧɧɨɦ 
ɭɪɚɜɧɟɧɢɢ ɧɚ t+τ/2 ɢ t-τ/2, ɬɨ ɩɨɥɭɱɢɦ   ቀ         ቁ  ∑   ሺ ሻ             (14) 

ɝɞɟ     ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɰɢɤɥɢɱɟɫɤɭɸ ɚɜɬɨɤɨɪɪɟɥɹɰɢɨɧɧɭɸ ɮɭɧɤɰɢɸ (CAF), ɚ α ɨɛɨɡɧɚɱɚɟɬ 
ɰɢɤɥɢɱɟɫɤɭɸ ɱɚɫɬɨɬɭ. ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɰɢɤɥɢɱɟɫɤɚɹ ɱɚɫɬɨɬɚ – ɷɬɨ ɢɡɜɟɫɬɧɵɣ ɩɚɪɚɦɟɬɪ ɧɚ 
ɩɪɢɟɦɧɨɣ ɫɬɨɪɨɧɟ. CAF ɜɵɱɢɫɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ:    ሺ ሻ    ∫   ቀ         ቁ                       (15) 

ɐɢɤɥɢɱɟɫɤɚɹ ɫɩɟɤɬɪɚɥɶɧɚɹ ɩɥɨɬɧɨɫɬɶ (CSD) ɩɨɥɭɱɚɟɬɫɹ ɬɚɤ:    ሺ ሻ  ∫    ሺ ሻ                      (16) 

ɋɢɝɧɚɥɵ, ɩɟɪɟɞɚɜɚɟɦɵɟ ɨɫɧɨɜɧɵɦɢ ɩɨɥɶɡɨɜɚɬɟɥɹɦɢ, ɜ ɨɫɧɨɜɧɨɦ ɫɨɞɟɪɠɚɬ ɰɢɤɥɢɱɟɫɤɢɟ 
ɩɪɟɮɢɤɫɵ, ɪɚɫɲɢɪɹɸɳɢɟɫɹ ɤɨɞɨɜɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɢ ɬ.ɩ., ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɩɟɪɢɨɞɢɱɧɨɫɬɶ ɜ 
ɢɯ ɫɬɚɬɢɫɬɢɤɟ, ɤɚɤ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ ɢ ɚɜɬɨɤɨɪɪɟɥɹɰɢɹ. Ʉɨɝɞɚ ɜɵɱɢɫɥɹɟɬɫɹ CSD ɞɥɹ ɬɚɤɢɯ 
ɫɢɝɧɚɥɨɜ, ɷɬɨ ɩɨɦɨɝɚɟɬ ɜɵɞɟɥɹɬɶ ɬɚɤɢɟ ɩɟɪɢɨɞɢɱɧɨɫɬɢ. ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ ɤɨɪɪɟɥɢɪɨɜɚɧɧɨɝɨ 
ɫɢɝɧɚɥɚ ɩɪɢɜɨɞɢɬ ɤ ɩɢɤɭ ɧɚ ɱɚɫɬɨɬɚɯ, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɫɩɟɰɢɮɢɱɟɫɤɢɦɢ ɞɥɹ ɫɢɝɧɚɥɚ, ɢ ɩɨɢɫɤ 
ɷɬɢɯ ɩɢɤɨɜ ɩɨɦɨɝɚɟɬ ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɩɪɢɫɭɬɫɬɜɢɹ ɨɫɧɨɜɧɨɝɨ ɩɨɥɶɡɨɜɚɬɟɥɹ, ɬɨɝɞɚ ɤɚɤ ɲɭɦ ɹɜɥɹɟɬɫɹ 
ɫɥɭɱɚɣɧɵɦ ɩɨ ɫɜɨɟɣ ɩɪɢɪɨɞɟ ɢ ɨɧ ɧɟ ɩɪɨɹɜɥɹɟɬ ɬɚɤɢɯ ɩɟɪɢɨɞɢɱɧɨɫɬɟɣ, ɩɨɷɬɨɦɭ ɨɧ ɧɟ ɜɵɞɟɥɹɟɬɫɹ 
ɜ ɩɪɨɰɟɫɫɟ ɤɨɪɪɟɥɹɰɢɢ Д10Ж. ɗɬɨ ɦɨɠɧɨ ɩɪɨɧɚɛɥɸɞɚɬɶ ɧɚ ɩɨɥɭɱɟɧɧɵɯ ɝɪɚɮɢɤɚɯ (ɪɢɫ. 3-5).  

 

 
 

Ɋɢɫ. 3. ɐɢɤɥɢɱɟɫɤɚɹ ɫɩɟɤɬɪɚɥɶɧɚɹ ɩɥɨɬɧɨɫɬɶ ɞɥɹ ɫɢɝɧɚɥɚ + ɲɭɦ 

Fig. 3. Cyclic spectral density for the signal + noise 
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Ɋɢɫ. 4. ɐɢɤɥɢɱɟɫɤɚɹ ɫɩɟɤɬɪɚɥɶɧɚɹ ɩɥɨɬɧɨɫɬɶ ɫɢɝɧɚɥɚ ɛɟɡ ɲɭɦɚ 

Fig. 4. Cyclic spectral density of the signal without noise 

 

 
Ɋɢɫ. 5. ɐɢɤɥɢɱɟɫɤɚɹ ɫɩɟɤɬɪɚɥɶɧɚɹ ɩɥɨɬɧɨɫɬɶ ɲɭɦɚ 

Fig. 5. Cyclic noise spectral density 

 

ȺɇȺɅɂɁ ɗɎɎȿɄɌɂȼɇɈɋɌɂ ɆȿɌɈȾɈȼ ȾȿɌȿɄɌɂɊɈȼȺɇɂə ɋɂȽɇȺɅɈȼ 
Ⱥɧɚɥɢɡ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɟɞɥɨɠɟɧɧɵɯ ɦɟɬɨɞɨɜ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɩɪɨɜɟɞɟɧ ɜ ɫɪɟɞɟ MATLAB ɫ 

ɩɨɦɨɳɶɸ ɢɦɢɬɚɰɢɨɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. ȼ ɤɚɱɟɫɬɜɟ ɤɪɢɬɟɪɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɜɵɛɪɚɧɚ 
ɜɟɪɨɹɬɧɨɫɬɶ ɨɛɳɟɣ ɨɲɢɛɤɢ pɨɲ. 

ɂɡ ɝɪɚɮɢɤɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɧɚ ɪɢɫɭɧɤɟ 6 ɜɢɞɧɨ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ ɦɟɬɨɞɨɦ ɜ 
ɭɫɥɨɜɢɹɯ ɧɢɡɤɢɯ ɡɧɚɱɟɧɢɣ ɨɬɧɨɲɟɧɢɹ ɫɢɝɧɚɥ/ɲɭɦ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɩɨ ɩɪɢɡɧɚɤɚɦ 
ɰɢɤɥɢɱɟɫɤɨɣ ɫɬɚɰɢɨɧɚɪɧɨɫɬɢ.  

Ɇɟɬɨɞɵ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɷɧɟɪɝɢɢ ɩɪɢ ɜɵɫɨɤɨɦ ɭɪɨɜɧɟ ɲɭɦɚ ɜ ɥɢɧɢɢ ɫɜɹɡɢ ɢɦɟɸɬ ɜɵɫɨɤɭɸ 
ɜɟɪɨɹɬɧɨɫɬɶ ɨɲɢɛɤɢ ɨɛɧɚɪɭɠɟɧɢɹ ɫɢɝɧɚɥɚ ɩɟɪɜɢɱɧɨɝɨ ɩɨɥɶɡɨɜɚɬɟɥɹ ɤɚɧɚɥɚ. ȼ ɩɥɚɧɟ ɫɥɨɠɧɨɫɬɢ, 
ɞɟɬɟɤɬɨɪ ɷɧɟɪɝɢɢ ɩɪɨɳɟ ɜ ɪɟɚɥɢɡɚɰɢɢ ɢ ɬɪɟɛɭɟɬ ɦɟɧɶɲɟ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɫɪɚɜɧɟɧɢɢ ɫ 
ɦɟɬɨɞɨɦ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɩɨ ɩɪɢɡɧɚɤɚɦ ɰɢɤɥɨɫɬɚɰɢɨɧɚɪɧɨɫɬɢ. ɉɨɷɬɨɦɭ ɷɬɢ ɦɟɬɨɞɵ ɩɪɢɧɹɬɨ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɜɦɟɫɬɟ ɜ ɤɨɝɧɢɬɢɜɧɨɦ ɪɚɞɢɨ, ɩɪɢ ɛɵɫɬɪɨɦ ɫɟɧɫɢɧɝɟ ɝɞɟ ɧɟɬ ɬɪɟɛɨɜɚɧɢɹ ɜɵɫɨɤɨɣ 
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ɬɨɱɧɨɫɬɢ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɢ ɬɨɱɧɨɦ ɫɟɧɫɢɧɝɟ, ɝɞɟ ɩɪɨɜɨɞɢɬɫɹ ɛɨɥɟɟ ɬɳɚɬɟɥɶɧɨɟ ɫɤɚɧɢɪɨɜɚɧɢɟ 
ɫɩɟɤɬɪɚ. ɉɪɨɛɥɟɦɚ ɫ ɨɩɪɟɞɟɥɟɧɢɟɦ ɩɟɪɜɢɱɧɨɝɨ ɩɨɥɶɡɨɜɚɬɟɥɹ ɫɜɹɡɚɧɚ ɫɨ ɫɜɨɣɫɬɜɚɦɢ ɪɟɚɥɶɧɵɯ 
ɤɚɧɚɥɨɜ ɫɜɹɡɢ. Ɇɧɨɝɨɥɭɱɟɜɨɟ ɡɚɬɭɯɚɧɢɟ, ɡɚɬɟɧɟɧɢɹ, ɢ ɞɪɭɝɢɟ ɮɚɤɬɨɪɵ ɜɵɧɭɠɞɚɸɬ ɫɢɫɬɟɦɭ 
ɤɨɝɧɢɬɢɜɧɨɝɨ ɪɚɞɢɨ ɪɚɛɨɬɚɬɶ ɜ ɭɫɥɨɜɢɹɯ ɫɥɨɠɧɨɣ ɩɨɦɟɯɨɜɨɣ ɨɛɫɬɚɧɨɜɤɟ. ɇɟɤɨɬɨɪɵɟ 
ɥɢɰɟɧɡɢɪɨɜɚɧɧɵɟ ɫɢɝɧɚɥɵ (ɧɚɩɪɢɦɟɪ, ɰɢɮɪɨɜɨɟ ɬɟɥɟɜɢɞɟɧɢɟ) ɞɨɥɠɧɵ ɛɵɬɶ ɞɟɬɟɤɬɢɪɨɜɚɧɵ ɩɪɢ 
ɧɢɡɤɨɦ ɡɧɚɱɟɧɢɢ SNR.  

 

 
Ɋɢɫ. 6. ɋɪɚɜɧɢɬɟɥɶɧɵɣ ɝɪɚɮɢɤ ɬɪɟɯ ɦɟɬɨɞɨɜ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɫɢɝɧɚɥɚ  

Fig. 6. Comparative graph of three methods of signal detection 

 

ɁȺɄɅɘɑȿɇɂȿ 
ɂɡ ɩɪɨɜɟɞɟɧɧɨɝɨ ɚɧɚɥɢɡɚ ɜɢɞɧɨ, ɱɬɨ ɞɚɠɟ ɧɚɢɛɨɥɟɟ ɬɨɱɧɵɣ ɦɟɬɨɞ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɩɨ 

ɰɢɤɥɨɫɬɚɰɢɨɧɚɪɧɨɫɬɢ ɩɪɢ ɧɢɡɤɢɯ ɡɧɚɱɟɧɢɹɯ ɫɢɝɧɚɥ/ɲɭɦ ɧɟ ɦɨɠɟɬ ɝɚɪɚɧɬɢɪɨɜɚɬɶ ɬɨɱɧɨɫɬɶ 
ɨɩɪɟɞɟɥɟɧɢɹ. ȼ ɬɚɤɢɯ ɫɥɭɱɚɹɯ ɫɢɫɬɟɦɚ ɦɨɠɟɬ ɫɬɚɥɤɢɜɚɬɶɫɹ ɫ ɩɪɨɛɥɟɦɨɣ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ 
ɩɪɢɫɭɬɫɬɜɢɹ ɩɟɪɜɢɱɧɨɝɨ ɩɨɥɶɡɨɜɚɬɟɥɹ. ɉɨɷɬɨɦɭ ɞɥɹ ɫɬɚɛɢɥɶɧɨɫɬɢ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ ɧɟɨɛɯɨɞɢɦɨ 
ɩɪɢɦɟɧɹɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɢɧɫɬɪɭɦɟɧɬɵ ɢɡ ɨɛɥɚɫɬɢ ɦɟɬɨɞɨɜ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɹ. 
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