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Ⱥɧɧɨɬɚɰɢɹ 

ȼ ɫɬɚɬɶɟ ɨɩɢɫɚɧɚ ɢɦɢɬɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ ɰɢɮɪɨɜɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ, 
ɩɪɟɞɧɚɡɧɚɱɟɧɧɚɹ ɞɥɹ ɭɥɭɱɲɟɧɢɹ ɤɚɱɟɫɬɜɚ ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɝɨ ɩɪɨɰɟɫɫɚ. Ⱦɚɧɧɚɹ ɦɨɞɟɥɶ 
ɪɚɡɪɚɛɨɬɚɧɚ ɜ ɫɪɟɞɟ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ LКЛVIEА®. ɉɨɤɚɡɚɧɚ ɜɢɡɭɚɥɢɡɚɰɢɹ 
ɩɪɨɰɟɫɫɚ ɰɢɮɪɨɜɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɱɚɫɬɨɬɵ ɨɫɧɨɜɚɧɧɨɝɨ ɧɚ ɪɚɡɦɧɨɠɟɧɢɢ ɫɩɟɤɬɪɚ 
ɫɢɝɧɚɥɚ ɩɪɢ ɟɝɨ ɞɢɫɤɪɟɬɢɡɚɰɢɢ, ɧɚ ɩɪɢɦɟɪɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɱɚɫɬɨɬɵ ɩɨɥɨɫɨɜɨɝɨ ɫɢɝɧɚɥɚ 
ɜɜɟɪɯ ɢ ɜɧɢɡ. ɉɪɟɞɫɬɚɜɥɟɧɵ ɨɫɧɨɜɧɵɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɦɨɞɟɥɢ, 
ɜɨɡɦɨɠɧɨɫɬɶ ɧɚɫɬɪɨɣɤɢ ɩɨɥɨɫɨɜɨɝɨ ɮɢɥɶɬɪɚ ɞɥɹ ɜɵɞɟɥɟɧɢɹ ɬɪɟɛɭɟɦɨɣ ɤɨɩɢɢ ɢɫɯɨɞɧɨɝɨ 
ɫɢɝɧɚɥɚ ɜ ɪɚɡɦɧɨɠɟɧɧɨɦ ɫɩɟɤɬɪɟ ɞɢɫɤɪɟɬɢɡɢɪɨɜɚɧɧɨɝɨ ɫɢɝɧɚɥɚ ɧɚ ɝɚɪɦɨɧɢɤɚɯ ɱɚɫɬɨɬɵ 
ɞɢɫɤɪɟɬɢɡɚɰɢɢ. 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɰɢɮɪɨɜɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɱɚɫɬɨɬɵ; ɞɢɫɤɪɟɬɢɡɚɰɢɹ; ɢɦɢɬɚɰɢɨɧɧɨɟ 
ɦɨɞɟɥɢɪɨɜɚɧɢɟ; ɤɨɦɩɶɸɬɟɪɧɚɹ ɦɨɞɟɥɶ; ɫɩɟɤɬɪ ɫɢɝɧɚɥɚ. 
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Abstract  
The article describes a simulation model of a digital frequency converter, designed to improve the 

quality of the educational process. This model was developed in the environment of computer 

sТЦЮХКЭТШЧ LКЛVIEА®. TСО sЭЮНв НОЦШЧsЭrКЭОs ЭСО vТsЮКХТгКЭТШЧ ШП НТРТЭКХ ПrОqЮОЧМв МШЧvОrsТШЧ 
based on the reproduction signal spectrum during a sampling signal, the example of the frequency 

conversion bandpass signal up and down. The authors describe the basic operational capabilities 

of the model, the possibility of the bandpass filter settings to select the desired copy of the 

original signal in the reproduction spectrum of the sampled signal at harmonics of the sampling 

frequency. 

Keywords: frequency conversion; sampling; simulation modeling; a computer model; signal 

spectrum. 

Вɜɟɞɟɧɢɟ 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ, ɩɪɢ ɨɛɭɱɟɧɢɢ 

ɫɩɟɰɢɚɥɢɫɬɨɜ ɜ ɨɛɥɚɫɬɢ ɪɚɞɢɨɫɜɹɡɢ, 
ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɫɨɜɪɟɦɟɧɧɵɟ ɪɚɞɢɨɩɪɢɟɦɧɵɟ ɢ 
ɪɚɞɢɨɩɟɪɟɞɚɸɳɢɟ ɭɫɬɪɨɣɫɬɜɚ ɫ ɰɢɮɪɨɜɵɦɢ 
ɦɟɬɨɞɚɦɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɢ ɨɛɪɚɛɨɬɤɢ 
ɪɚɞɢɨɫɢɝɧɚɥɨɜ. Ⱦɚɧɧɵɟ ɦɟɬɨɞɵ ɫɭɳɟɫɬɜɟɧɧɨ 

ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɢɡɜɟɫɬɧɵɯ ɚɧɚɥɨɝɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ, 
ɱɬɨ ɡɚɬɪɭɞɧɹɟɬ ɢɯ ɩɨɧɢɦɚɧɢɟ ɢ ɜɨɫɩɪɢɹɬɢɟ. 
ɇɚɢɥɭɱɲɢɦ ɫɩɨɫɨɛɨɦ ɭɫɜɨɢɬɶ ɫɭɬɶ ɫɥɨɠɧɵɯ 
ɩɪɨɰɟɫɫɨɜ ɹɜɥɹɟɬɫɹ ɢɦɢɬɚɰɢɨɧɧɨɟ 
ɦɨɞɟɥɢɪɨɜɚɧɢɟ, ɞɟɥɚɸɳɟɟ ɷɬɢ ɩɪɨɰɟɫɫɵ 
ɧɚɝɥɹɞɧɵɦɢ, ɫɩɨɫɨɛɫɬɜɭɹ ɮɨɪɦɢɪɨɜɚɧɢɸ ɛɨɥɟɟ 
ɝɥɭɛɨɤɢɯ ɡɧɚɧɢɣ ɭ ɨɛɭɱɚɸɳɢɯɫɹ. Ɉɞɧɢɦ ɢɡ 
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ɨɫɧɨɜɧɵɯ ɩɪɨɰɟɫɫɨɜ ɰɢɮɪɨɜɨɣ ɨɛɪɚɛɨɬɤɢ 
ɫɢɝɧɚɥɨɜ ɜ ɪɚɞɢɨɬɟɯɧɢɤɟ, ɹɜɥɹɟɬɫɹ ɰɢɮɪɨɜɨɟ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɱɚɫɬɨɬɵ. ȼ ɨɬɥɢɱɢɢ ɨɬ 
ɚɧɚɥɨɝɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ ɞɥɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 
ɱɚɫɬɨɬɵ ɪɚɞɢɨɫɢɝɧɚɥɚ ɜɦɟɫɬɨ ɫɦɟɫɢɬɟɥɹ ɢ 
ɝɟɬɟɪɨɞɢɧɚ ɩɪɢɦɟɧɹɟɬɫɹ ɚɧɚɥɨɝɨ-ɰɢɮɪɨɜɨɟ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ, ɚ ɬɨɱɧɟɟ ɟɝɨ ɩɟɪɜɵɣ ɷɬɚɩ – 

ɞɢɫɤɪɟɬɢɡɚɰɢɹ ɫɢɝɧɚɥɚ. ɂɡɜɟɫɬɧɨ Д4, 5Ж, ɱɬɨ ɩɪɢ 
ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɚɧɚɥɨɝɨɜɨɝɨ ɧɟɩɪɟɪɵɜɧɨɝɨ 
ɫɢɝɧɚɥɚ ɩɪɨɢɫɯɨɞɢɬ ɪɚɡɦɧɨɠɟɧɢɟ ɟɝɨ ɫɩɟɤɬɪɚ – 

ɮɨɪɦɢɪɨɜɚɧɢɟ ɟɝɨ ɤɨɩɢɣ ɧɚ ɝɚɪɦɨɧɢɤɚɯ ɱɚɫɬɨɬɵ 
ɞɢɫɤɪɟɬɢɡɚɰɢɢ. ɂɫɩɨɥɶɡɭɹ ɩɨɥɨɫɨɜɨɣ ɮɢɥɶɬɪ, 
ɬɟɨɪɟɬɢɱɟɫɤɢ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɥɸɛɭɸ ɤɨɩɢɸ 
ɫɩɟɤɬɪɚ, ɱɬɨ, ɮɚɤɬɢɱɟɫɤɢ, ɢ ɟɫɬɶ ɩɟɪɟɧɨɫ ɫɩɟɤɬɪɚ 
ɜ ɞɪɭɝɭɸ ɨɛɥɚɫɬɶ ɱɚɫɬɨɬ. Ⱥɧɚɥɨɝɢɱɧɨ, 
ɞɢɫɤɪɟɬɢɡɢɪɭɹ ɩɨɥɨɫɨɜɨɣ ɪɚɞɢɨɱɚɫɬɨɬɧɵɣ 
ɫɢɝɧɚɥ, ɦɨɠɧɨ ɨɫɭɳɟɫɬɜɢɬɶ ɩɟɪɟɧɨɫ ɟɝɨ ɫɩɟɤɬɪɚ ɜ 
ɨɛɥɚɫɬɶ ɧɢɡɤɢɯ ɱɚɫɬɨɬ. ɂɦɟɧɧɨ ɷɬɢ ɩɪɨɰɟɫɫɵ 
ɰɢɮɪɨɜɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɱɚɫɬɨɬɵ ɢ ɧɭɠɞɚɸɬɫɹ 
ɜ ɨɛɟɫɩɟɱɟɧɢɢ ɧɚɝɥɹɞɧɨɫɬɢ ɩɪɢ ɢɡɭɱɟɧɢɢ 
ɰɢɮɪɨɜɵɯ ɪɚɞɢɨɬɟɯɧɢɱɟɫɤɢɯ ɭɫɬɪɨɣɫɬɜ. ɇɚɢɛɨɥɟɟ 
ɭɞɨɛɧɵɦ ɢ ɟɫɬɟɫɬɜɟɧɧɵɦ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ 
ɫɩɨɫɨɛɨɦ ɪɟɲɟɧɢɟ ɷɬɨɣ ɡɚɞɚɱɢ ɹɜɥɹɟɬɫɹ 
ɢɦɢɬɚɰɢɨɧɧɨɟ ɤɨɦɩɶɸɬɟɪɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ. 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɡɚɞɚɱɚ ɩɨɫɬɪɨɟɧɢɹ ɤɨɦɩɶɸɬɟɪɧɨɣ 
ɦɨɞɟɥɢ ɰɢɮɪɨɜɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ 
ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ. 

Ɉɫɧɨɜɧɚɹ ɱɚɫɬɶ 
ɐɟɥɶɸ ɫɬɚɬɶɢ ɹɜɥɹɟɬɫɹ ɨɩɢɫɚɧɢɟ ɫɩɨɫɨɛɚ 

ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɝɨ 
ɩɪɨɰɟɫɫɚ ɩɪɢ ɢɡɭɱɟɧɢɢ ɬɟɨɪɢɢ ɰɢɮɪɨɜɨɝɨ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɱɚɫɬɨɬɵ ɧɚ ɨɫɧɨɜɟ ɩɨɫɬɪɨɟɧɢɹ 
ɤɨɦɩɶɸɬɟɪɧɨɣ ɢɦɢɬɚɰɢɨɧɧɨɣ ɦɨɞɟɥɢ.  

ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ 
ɧɟɨɛɯɨɞɢɦɨ ɜɵɛɪɚɬɶ ɫɪɟɞɭ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ 
ɪɚɡɪɚɛɨɬɚɬɶ ɢɦɢɬɚɰɢɨɧɧɭɸ ɦɨɞɟɥɶ ɩɪɨɰɟɫɫɚ 
ɰɢɮɪɨɜɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɱɚɫɬɨɬɵ. 
ɂɦɢɬɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ ɰɢɮɪɨɜɨɝɨ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ ɞɨɥɠɧɚ ɨɛɟɫɩɟɱɢɜɚɬɶ 
ɫɥɟɞɭɸɳɢɟ ɮɭɧɤɰɢɢ:  

- Ɋɟɚɥɢɡɨɜɵɜɚɬɶ ɰɢɮɪɨɜɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ 
ɱɚɫɬɨɬɵ ɫɢɝɧɚɥɚ ɜɜɟɪɯ ɢ  ɜɧɢɡ; 

- Ɉɬɨɛɪɚɠɚɬɶ ɫɩɟɤɬɪɵ ɢɫɯɨɞɧɨɝɨ ɢ 
ɞɢɫɤɪɟɬɢɡɢɪɨɜɚɧɧɨɝɨ ɫɢɝɧɚɥɨɜ, ɫɩɟɤɬɪ ɤɨɩɢɢ 
ɢɫɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ, ɜɵɞɟɥɟɧɧɨɝɨ ɩɨɥɨɫɨɜɵɦ 
ɮɢɥɶɬɪɨɦ ɧɚ ɡɚɞɚɧɧɨɣ ɱɚɫɬɨɬɟ; 

- ɉɪɟɞɨɫɬɚɜɥɹɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɜɵɛɨɪɚ 
ɱɚɫɬɨɬɵ ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɢ ɧɚɫɬɪɨɣɤɢ ɩɚɪɚɦɟɬɪɨɜ 
ɩɨɥɨɫɨɜɨɝɨ ɮɢɥɶɬɪɚ. 

- ȼɫɟ ɨɩɟɪɚɰɢɢ ɞɨɥɠɧɵ ɨɬɨɛɪɚɠɚɬɶɫɹ ɜ 
ɪɟɚɥɶɧɨɦ ɦɚɫɲɬɚɛɟ ɜɪɟɦɟɧɢ. 

ȼɚɠɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɦɨɞɟɥɢɪɭɟɦɨɝɨ 
ɩɪɨɰɟɫɫɚ ɹɜɥɹɟɬɫɹ ɧɟɜɨɡɦɨɠɧɨɫɬɶ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɚɧɚɥɨɝɨɜɨɝɨ 
ɫɢɝɧɚɥɚ, ɬɚɤ ɤɚɤ ɜ ɥɸɛɨɦ ɫɥɭɱɚɟ ɜ ɤɨɦɩɶɸɬɟɪɟ ɨɧ 
ɭɠɟ ɛɭɞɟɬ ɩɪɟɞɫɬɚɜɥɟɧ ɫɜɨɢɦɢ ɨɬɫɱɟɬɚɦɢ. 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜ ɩɪɨɰɟɫɫɟ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɛɭɞɟɬ 
ɮɚɤɬɢɱɟɫɤɢ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɩɟɪɟɞɢɫɤɪɟɬɢɡɚɰɢɹ 
ɭɠɟ ɞɢɫɤɪɟɬɧɨɝɨ ɫɢɝɧɚɥɚ.  

Ɋɚɡɪɚɛɨɬɤɚ ɦɨɞɟɥɢ 
Ⱦɥɹ ɪɚɡɪɚɛɨɬɤɢ ɤɨɦɩɶɸɬɟɪɧɨɣ ɦɨɞɟɥɢ 

ɰɢɮɪɨɜɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ ɛɵɥɚ 
ɜɵɛɪɚɧɚ ɫɪɟɞɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ LКЛVIEА® 
(ɜɟɪɫɢɹ 2011), ɬɚɤ ɤɚɤ ɞɚɧɧɚɹ ɫɪɟɞɚ ɢɦɟɟɬ 
ɨɛɲɢɪɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɞɥɹ ɫɨɡɞɚɧɢɹ ɢɧɬɟɪɮɟɣɫɚ 
ɩɪɨɝɪɚɦɦɵ, ɫɩɨɫɨɛɧɚ ɟɞɢɧɨɜɪɟɦɟɧɧɨ ɩɪɨɜɨɞɢɬɶ 
ɢɡɦɟɪɟɧɢɹ, ɨɛɪɚɛɨɬɤɭ ɞɚɧɧɵɯ ɢ ɜɢɡɭɚɥɢɡɚɰɢɸ 
ɩɪɨɰɟɫɫɨɜ. Ɍɚɤ ɠɟ LКЛVIEА® ɩɪɨɫɬɚ ɜ ɨɫɜɨɟɧɢɢ 
ɢ ɢɦɟɟɬ ɨɛɲɢɪɧɭɸ ɪɟɫɭɪɫɧɭɸ ɛɚɡɭ. 

Ɋɚɡɪɚɛɨɬɤɚ ɦɨɞɟɥɢ ɩɪɨɜɟɞɟɧɚ ɜ ɞɜɚ ɨɫɧɨɜɧɵɯ 
ɷɬɚɩɚ: 

1) ɫɨɡɞɚɧɢɟ ɫɟɝɦɟɧɬɚ ɦɨɞɟɥɢ, ɨɬɜɟɱɚɸɳɟɝɨ ɡɚ
ɝɟɧɟɪɚɰɢɸ ɫɢɝɧɚɥɚ; 

2) ɫɨɡɞɚɧɢɟ ɚɥɝɨɪɢɬɦɚ, ɨɫɭɳɟɫɬɜɥɹɸɳɟɝɨ
ɞɢɫɤɪɟɬɢɡɚɰɢɸ ɫɢɝɧɚɥɚ. 

Ⱦɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ ɰɢɮɪɨɜɨɝɨ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɱɚɫɬɨɬɵ ɫɢɝɧɚɥɚ ɜɧɢɡ ɢ ɜɜɟɪɯ 
ɝɟɧɟɪɢɪɭɟɬɫɹ ɩɨɥɨɫɨɜɨɣ ɫɢɝɧɚɥ, ɜ ɤɨɬɨɪɨɦ 
ɧɚɫɬɪɚɢɜɚɟɬɫɹ ɡɧɚɱɟɧɢɟ ɧɟɫɭɳɟɣ ɱɚɫɬɨɬɵ 
(ɫɪɟɞɧɟɝɨ ɡɧɚɱɟɧɢɹ ɫɩɟɤɬɪɚ ɫɢɝɧɚɥɚ, Fɫɪ Ƚɰ). 
ɒɢɪɢɧɚ ɫɩɟɤɬɪɚ ɮɢɤɫɢɪɨɜɚɧɚ ɢ ɪɚɜɧɚ 10% ɨɬ 
ɫɪɟɞɧɟɝɨ ɡɧɚɱɟɧɢɹ ɫɩɟɤɬɪɚ ɫɢɝɧɚɥɚ. 

ȼ ɫɪɟɞɟ LКЛVIEА® ɞɚɧɧɵɣ ɫɢɝɧɚɥ 
ɪɟɚɥɢɡɨɜɚɧ ɫɭɦɦɨɣ 11 ɫɢɧɭɫɨɢɞ, ɫ ɰɟɧɬɪɚɥɶɧɨɣ 
ɫɢɧɭɫɨɢɞɨɣ, ɱɚɫɬɨɬɚ ɤɨɬɨɪɨɣ ɪɚɜɧɚ Fɫɪ, Ƚɰ. 
Ɉɫɬɚɥɶɧɵɟ 10 ɫɢɧɭɫɨɢɞ ɨɬɫɬɨɹɬ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɧɚ 
ɜɟɥɢɱɢɧɭ ɪɚɜɧɭɸ 1% ɨɬ Fɫɪ Ƚɰ, ɩɟɪɜɵɟ 5 ɜɜɟɪɯ 
ɩɨ ɱɚɫɬɨɬɧɨɦɭ ɞɢɚɩɚɡɨɧɭ, ɩɨɫɥɟɞɧɢɟ ɜɧɢɡ ɩɨ 
ɱɚɫɬɨɬɧɨɦɭ ɞɢɚɩɚɡɨɧɭ. Ⱥɦɩɥɢɬɭɞɚ ɧɚɢɜɵɫɲɟɣ ɩɨ 
ɱɚɫɬɨɬɟ ɫɢɧɭɫɨɢɞɵ ɮɢɤɫɢɪɨɜɚɧɚ ɢ ɪɚɜɧɚ 10 ȼ, 
ɚɦɩɥɢɬɭɞɵ ɨɫɬɚɥɶɧɵɯ ɫɢɧɭɫɨɢɞ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ 
ɫɧɢɠɚɸɬɫɹ ɧɚ 3% ɨɬ ɩɪɟɞɵɞɭɳɟɣ. 

Ⱥɥɝɨɪɢɬɦ, ɪɟɚɥɢɡɭɸɳɢɣ ɞɢɫɤɪɟɬɢɡɚɰɢɸ 
ɢɫɫɥɟɞɭɟɦɨɝɨ ɫɢɝɧɚɥɚ, ɨɫɧɨɜɚɧ ɧɚ ɛɚɡɟ ɰɢɤɥɚ ПШr. 
Ⱦɚɧɧɵɣ ɚɥɝɨɪɢɬɦ ɩɪɟɨɛɪɚɡɭɟɬ ɜɯɨɞɧɨɣ ɦɚɫɫɢɜ 
ɞɚɧɧɵɯ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɝɟɧɟɪɢɪɭɟɦɨɦɭ 
ɫɢɝɧɚɥɭ, ɨɛɧɭɥɹɹ ɜɫɟ ɡɧɚɱɟɧɢɹ ɦɚɫɫɢɜɚ, ɤɪɨɦɟ ɬɟɯ 
ɡɧɚɱɟɧɢɣ, ɢɧɞɟɤɫ ɤɨɬɨɪɵɯ ɪɚɜɟɧ Ф*Ns (Ns – 

ɩɟɪɢɨɞ ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɜ ɨɬɫɱɟɬɚɯ ɫɢɝɧɚɥɚ, Ф – 

ɰɟɥɨɟ ɩɨɥɨɠɢɬɟɥɶɧɨɟ ɱɢɫɥɨ, ɪɚɜɧɨɟ ɨɬ 1 ɞɨ Fs*Э 
(Fs – ɱɚɫɬɨɬɚ ɞɢɫɤɪɟɬɢɡɚɰɢɢ, Э – ɞɥɢɬɟɥɶɧɨɫɬɶ 
ɫɢɝɧɚɥɚ ɪɚɜɧɚɹ 1 ɫ)). Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɚɥɝɨɪɢɬɦ 
ɨɫɬɚɜɥɹɟɬ ɩɨ 1 ɨɬɫɱɟɬɭ ɢɫɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ ɫ 
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ɩɟɪɢɨɞɨɦ ɪɚɜɧɵɦ ɩɟɪɢɨɞɭ ɞɢɫɤɪɟɬɢɡɚɰɢɢ. 
ɑɚɫɬɨɬɚ ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɡɚɞɚɟɬɫɹ ɩɨɥɶɡɨɜɚɬɟɥɟɦ. 

ɉɨɫɥɟ ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɫɢɝɧɚɥ ɩɨɫɬɭɩɚɟɬ ɧɚ 
ɜɯɨɞ ɩɨɥɨɫɨɜɨɝɨ ɮɢɥɶɬɪɚ Ȼɚɬɬɟɪɜɨɪɬɚ ɫ 
ɢɡɦɟɧɹɟɦɨɣ ɩɨɥɨɫɨɣ ɩɪɨɩɭɫɤɚɧɢɹ ɞɥɹ ɜɵɞɟɥɟɧɢɹ 
ɧɟɨɛɯɨɞɢɦɨɣ ɫɞɜɢɧɭɬɨɣ ɤɨɩɢɢ ɫɩɟɤɬɪɚ ɢɫɯɨɞɧɨɝɨ 
ɫɢɝɧɚɥɚ. 

Ɋɚɡɪɚɛɨɬɚɧ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɢɣ ɢɧɬɟɪɮɟɣɫ 
ɩɪɨɝɪɚɦɦɵ (ɪɢɫ. 1). ɂɧɬɟɪɮɟɣɫ ɩɪɨɝɪɚɦɦɵ 

ɨɬɨɛɪɚɠɚɟɬ ɨɫɰɢɥɥɨɝɪɚɦɦɵ ɢɫɯɨɞɧɨɝɨ ɢ 
ɞɢɫɤɪɟɬɢɡɢɪɨɜɚɧɧɨɝɨ ɫɢɝɧɚɥɚ, ɫɩɟɤɬɪ ɢɫɯɨɞɧɨɝɨ 
ɫɢɝɧɚɥɚ, ɫɩɟɤɬɪ ɞɢɫɤɪɟɬɢɡɢɪɨɜɚɧɧɨɝɨ ɫɢɝɧɚɥɚ, ɢ 
ɫɩɟɤɬɪ, ɜɵɞɟɥɟɧɧɵɣ ɩɨɥɨɫɨɜɵɦ ɮɢɥɶɬɪɨɦ. ɉɪɢ 
ɩɨɦɨɳɢ ɢɧɬɟɪɮɟɣɫɚ, ɩɨɥɶɡɨɜɚɬɟɥɶ ɡɚɞɚɟɬ ɬɚɤɢɟ 
ɩɚɪɚɦɟɬɪɵ ɤɚɤ: ɫɪɟɞɧɹɹ ɱɚɫɬɨɬɚ ɝɟɧɟɪɢɪɭɟɦɨɝɨ 
ɫɢɝɧɚɥɚ; ɱɚɫɬɨɬɚ ɞɢɫɤɪɟɬɢɡɚɰɢɢ; ɜɟɪɯɧɹɹ ɢ 
ɧɢɠɧɹɹ ɝɪɚɧɢɰɚ ɩɨɥɨɫɵ ɩɪɨɩɭɫɤɚɧɢɹ ɩɨɥɨɫɨɜɨɝɨ 
ɮɢɥɶɬɪɚ. 

Ɋɢɫ. 1. ɉɨɥɶɡɨɜɚɬɟɥɶɫɤɢɣ ɢɧɬɟɪɮɟɣɫ ɩɪɨɝɪɚɦɦɵ 

Fig. 1. The user interface 

Ɋɟɡɭɥɶɬɚɬɵ 
Ⱦɥɹ ɞɟɦɨɧɫɬɪɚɰɢɢ ɪɚɛɨɬɵ ɢɦɢɬɚɰɢɨɧɧɨɣ 

ɦɨɞɟɥɢ ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɰɢɮɪɨɜɨɝɨ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɱɚɫɬɨɬɵ ɫɢɝɧɚɥɚ ɜɜɟɪɯ ɢ ɜɧɢɡ. 

ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ ɱɚɫɬɨɬɵ ɫɢɝɧɚɥɚ ɜɜɟɪɯ 
ɨɫɭɳɟɫɬɜɥɟɧɨ ɧɚ ɩɪɢɦɟɪɟ ɩɨɥɨɫɨɜɨɝɨ ɫɢɝɧɚɥɚ ɫ 
ɧɚɢɜɵɫɲɟɣ ɱɚɫɬɨɬɨɣ ɫɩɟɤɬɪɚ ɫɢɝɧɚɥɚ ɪɚɜɧɨɣ 

4200 Ƚɰ, ɲɢɪɢɧɨɣ ɫɩɟɤɬɪɚ 400 Ƚɰ. ɑɚɫɬɨɬɚ 
ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɟɨɪɟɦɨɣ 
Ʉɨɬɟɥɶɧɢɤɨɜɚ ɪɚɜɧɚ 9000 Ƚɰ. ɉɨɥɨɫɚ ɩɪɨɩɭɫɤɚɧɢɹ 
ɩɨɥɨɫɨɜɨɝɨ ɮɢɥɶɬɪɚ ɧɚɫɬɪɨɟɧɚ ɧɚ ɞɢɚɩɚɡɨɧ ɱɚɫɬɨɬ 
ɪɚɜɧɵɣ 30500 Ƚɰ – 31500 Ƚɰ. 

ɇɚ ɪɢɫɭɧɤɟ 2 ɩɪɟɞɫɬɚɜɥɟɧɵ ɨɫɰɢɥɥɨɝɪɚɦɦɵ 
ɢɫɯɨɞɧɨɝɨ ɢ ɞɢɫɤɪɟɬɢɡɢɪɨɜɚɧɧɨɝɨ ɫɢɝɧɚɥɚ. 
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Ɋɢɫ. 2. Ɉɫɰɢɥɥɨɝɪɚɦɦɵ: ɚ) ɢɫɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ; ɛ) ɞɢɫɤɪɟɬɢɡɢɪɨɜɚɧɧɨɝɨ ɫɢɝɧɚɥɚ 

Fig. 2. Oscillograms of: a) the original signal; b) the sampled signal 

ɇɚ ɪɢɫɭɧɤɟ 3 ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɩɟɤɬɪɨɝɪɚɦɦɵ 
ɢɫɯɨɞɧɨɝɨ ɢ ɞɢɫɤɪɟɬɢɡɢɪɨɜɚɧɧɨɝɨ ɫɢɝɧɚɥɚ, ɚ 

ɬɚɤɠɟ ɤɨɩɢɢ ɫɩɟɤɬɪɚ ɢɫɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ, 
ɜɵɞɟɥɟɧɧɨɝɨ ɩɨɥɨɫɨɜɵɦ ɮɢɥɶɬɪɨɦ. 

Ɋɢɫ. 3. ɋɩɟɤɬɪɨɝɪɚɦɦɵ ɫɢɝɧɚɥɨɜ, ɢɥɥɸɫɬɪɢɪɭɸɳɢɟ ɩɪɨɰɟɫɫ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɱɚɫɬɨɬɵ ɜɜɟɪɯ:  
ɚ) ɢɫɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ; ɛ) ɩɪɟɨɛɪɚɡɨɜɚɧɧɨɝɨ ɫɢɝɧɚɥɚ; ɜ) ɞɢɫɤɪɟɬɢɡɢɪɨɜɚɧɧɨɝɨ ɫɢɝɧɚɥɚ 

Fig. 3. Signal spectrogram illustrating the process of frequency up-conversion: a) the original signal 

; b) the converted signal; c) the sampled signal 

Ⱦɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɰɢɮɪɨɜɨɝɨ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɜɧɢɡ, ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɞɢɫɤɪɟɬɢɡɚɰɢɸ, ɧɚɡɵɜɚɟɦɭɸ ɩɨɥɨɫɨɜɨɣ 
ɞɢɫɤɪɟɬɢɡɚɰɢɟɣ. Ɂɞɟɫɶ ɱɚɫɬɨɬɚ ɞɢɫɤɪɟɬɢɡɚɰɢɢ 
ɜɵɛɢɪɚɟɬɫɹ ɫɨɝɥɚɫɧɨ ɮɨɪɦɭɥɟ (1): 
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ɝɞɟ Fc – ɫɪɟɞɧɹɹ ɱɚɫɬɨɬɚ ɫɩɟɤɬɪɚ ɩɨɥɨɫɨɜɨɝɨ 
ɫɢɝɧɚɥɚ, Ƚɰ, 
B – ɲɢɪɢɧɚ ɫɩɟɤɬɪɚ ɩɨɥɨɫɨɜɨɝɨ ɫɢɝɧɚɥɚ, Ƚɰ, 
m – ɩɪɨɢɡɜɨɥɶɧɨɟ ɩɨɥɨɠɢɬɟɥɶɧɨɟ ɰɟɥɨɟ ɱɢɫɥɨ, 
ɜɵɛɢɪɚɟɦɨɟ ɬɚɤ, ɱɬɨɛɵ ɜɵɩɨɥɧɹɥɨɫɶ 
ɫɨɨɬɧɨɲɟɧɢɟ Fs≥2B. [2] 

ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɫɝɟɧɟɪɢɪɨɜɚɧ ɫɢɝɧɚɥ ɫɨ 
ɫɪɟɞɧɟɣ ɱɚɫɬɨɬɨɣ Fɫ=500 ɤȽɰ, ɲɢɪɢɧɨɣ ɫɩɟɤɬɪɚ 
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B=50 ɤȽɰ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɮɨɪɦɭɥɨɣ (1) 
ɪɚɫɫɱɢɬɚɧɚ ɱɚɫɬɨɬɚ ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɩɪɢ Ц = 6, 
158,3 ɤȽɰ ≥ Fs ≤ 150 ɤȽɰ. ɑɚɫɬɨɬɚ ɞɢɫɤɪɟɬɢɡɚɰɢɢ 
ɩɪɢɧɹɬɚ ɪɚɜɧɨɣ Fs=155 ɤȽɰ. ɇɚ ɪɢɫɭɧɤɟ 4 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɩɟɤɬɪ ɢɫɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ, ɫɩɟɤɬɪ 

ɞɢɫɤɪɟɬɢɡɢɪɨɜɚɧɧɨɝɨ ɫɢɝɧɚɥɚ ɢ ɤɨɩɢɹ ɫɩɟɤɬɪɚ, 
ɜɵɞɟɥɟɧɧɚɹ ɩɨɥɨɫɨɜɵɦ ɮɢɥɶɬɪɨɦ, ɜɵɩɨɥɧɹɸɳɢɦ 
ɜ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɮɭɧɤɰɢɸ ɮɢɥɶɬɪɚ ɧɢɠɧɢɯ 
ɱɚɫɬɨɬ, ɬɚɤ ɤɚɤ ɧɚɫɬɪɨɟɧ ɧɚ ɞɢɚɩɚɡɨɧ ɨɬ 1 Ƚɰ ɞɨ 61 
ɤȽɰ. 

Ɋɢɫ. 4. ɋɩɟɤɬɪɨɝɪɚɦɦɵ ɫɢɝɧɚɥɨɜ, ɢɥɥɸɫɬɪɢɪɭɸɳɢɟ ɩɪɨɰɟɫɫ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɱɚɫɬɨɬɵ ɜɧɢɡ:  
ɚ) ɢɫɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ; ɛ) ɩɪɟɨɛɪɚɡɨɜɚɧɧɨɝɨ ɫɢɝɧɚɥɚ; ɜ) ɞɢɫɤɪɟɬɢɡɢɪɨɜɚɧɧɨɝɨ ɫɢɝɧɚɥɚ 

Fig. 4. Signal spectrogram illustrating the process of frequency down-conversion: a) the original signal; 

b) the converted signal; c) the sampled signal

Ɍɚɤɠɟ ɦɨɞɟɥɶ ɩɨɡɜɨɥɹɟɬ ɧɚɛɥɸɞɚɬɶ ɷɮɮɟɤɬ 
ɧɚɥɨɠɟɧɢɹ ɤɨɩɢɣ ɫɩɟɤɬɪɚ ɫɢɝɧɚɥɚ ɩɪɢ 
ɧɟɤɨɪɪɟɤɬɧɨɦ ɜɵɛɨɪɟ ɱɚɫɬɨɬɵ ɞɢɫɤɪɟɬɢɡɚɰɢɢ. 
ɇɚɩɪɢɦɟɪ, ɞɚɧɧɵɣ ɷɮɮɟɤɬ ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ 

ɭɜɟɥɢɱɟɧɢɢ ɡɧɚɱɟɧɢɹ ɱɚɫɬɨɬɵ ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɞɨ 
Fs=165 ɤȽɰ, ɱɬɨ ɧɟ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɸ 
ɮɨɪɦɭɥɵ (1) (ɪɢɫ. 5). 

Ɋɢɫ. 5. ɋɩɟɤɬɪ ɞɢɫɤɪɟɬɢɡɢɪɨɜɚɧɧɨɝɨ ɫɢɝɧɚɥɚ ɩɪɢ Fs=165 ɤȽɰ 

Fig. 5. Spectrum of sampled signal at Fs = 165 kHz 
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Зɚɤɥɸɱɟɧɢɟ 

Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɢɦɢɬɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ 
ɰɢɮɪɨɜɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ ɩɨɡɜɨɥɹɟɬ 
ɝɥɭɛɠɟ ɭɫɜɨɢɬɶ ɫɭɬɶ ɰɢɮɪɨɜɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 
ɱɚɫɬɨɬɵ, ɧɚɝɥɹɞɧɨ ɜɢɡɭɚɥɢɡɢɪɭɹ ɜɫɟ ɨɫɧɨɜɧɵɟ 
ɷɬɚɩɵ ɷɬɨɝɨ ɩɪɨɰɟɫɫɚ: ɨɬɨɛɪɚɠɚɸɬɫɹ 
ɨɫɰɢɥɥɨɝɪɚɦɦɵ ɢɫɯɨɞɧɨɝɨ ɢ 
ɞɢɫɤɪɟɬɢɡɢɪɨɜɚɧɧɨɝɨ ɫɢɝɧɚɥɚ; ɫɩɟɤɬɪɨɝɪɚɦɦɚ 
ɢɫɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ; ɜɢɡɭɚɥɢɡɢɪɭɟɬɫɹ ɷɮɮɟɤɬ 
ɪɚɡɦɧɨɠɟɧɢɹ ɫɩɟɤɬɪɚ ɩɪɢ ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɫɢɝɧɚɥɚ; 
ɪɟɚɥɢɡɭɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɜɵɞɟɥɟɧɢɹ ɬɪɟɛɭɟɦɨɣ 
ɤɨɩɢɢ ɫɩɟɤɬɪɚ ɫɢɝɧɚɥɚ ɩɨɥɨɫɨɜɵɦ ɮɢɥɶɬɪɨɦ. 

Ⱦɚɧɧɚɹ ɦɨɞɟɥɶ, ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɧɚ ɜ 
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɦ ɩɪɨɰɟɫɫɟ ɤɚɮɟɞɪɵ 
ɂɧɮɨɪɦɚɰɢɨɧɧɨ-ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ 
ɢ ɬɟɯɧɨɥɨɝɢɣ ɇɂɍ «ȻɟɥȽɍ» ɩɪɢ ɢɡɭɱɟɧɢɢ 
ɩɪɢɧɰɢɩɨɜ ɩɨɫɬɪɨɟɧɢɹ ɰɢɮɪɨɜɵɯ ɫɢɫɬɟɦ 
ɩɟɪɟɞɚɱɢ ɢɧɮɨɪɦɚɰɢɢ ɜ ɫɩɟɰɢɚɥɶɧɵɯ 
ɞɢɫɰɢɩɥɢɧɚɯ. 
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