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ɇɚ ɮɚɤɭɥɶɬɟɬɟ ɤɨɦɩɶɸɬɟɪɧɵɯ ɬɟɯɧɨɥɨ-
ɝɢɣ ɢ ɢɧɮɨɪɦɚɬɢɤɢ ɋɉɛȽɗɌɍ «ɅɗɌɂ» 

ɜ ɪɚɦɤɚɯ ɉɪɨɝɪɚɦɦɵ ɫɬɪɚɬɟɝɢɱɟɫɤɨɝɨ ɪɚɡ-
ɜɢɬɢɹ (ɉɋɊ) ɧɚ 2012–2016 ɝɝ. ɫɨɡɞɚёɬɫɹ ɧɚ- 
ɭɱɧɨ-ɩɟɞɚɝɨɝɢɱɟɫɤɚɹ ɲɤɨɥɚ ɦɟɬɨɞɨɜ ɢ ɬɟɯ-
ɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ ɰɢɮɪɨɜɨɣ ɨɛɪɚɛɨɬɤɢ ɫɢɝ-
ɧɚɥɨɜ (ɐɈɋ). ȼ ɞɚɧɧɨɣ ɲɤɨɥɟ ɩɪɟɞɩɨɥɚɝɚ-
ɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɢɧɨɝɨ 
ɩɨɞɯɨɞɚ ɤ ɤɨɧɬɪɨɥɸ ɡɧɚɧɢɣ ɫɬɭɞɟɧɬɨɜ 
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ɢ ɢɧɵɯ ɭɱɚɳɢɯɫɹ (ɤɭɪɫɵ ɩɨɜɵɲɟɧɢɹ ɤɜɚɥɢ-

ɮɢɤɚɰɢɢ ɢ ɩɪɨɱɟɟ), ɨɫɧɨɜɚɧɧɨɝɨ ɧɚ ɩɪɨɜɟɪ-
ɤɟ  ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ, ɱɬɨ ɢɫɤɥɸɱɚ-
ɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɭɝɚɞɵɜɚɧɢɹ ɩɪɚɜɢɥɶɧɨɝɨ 
ɨɬɜɟɬɚ.
Ɋɚɧɟɟ ɩɪɨɜɨɞɢɥɚɫɶ ɪɚɡɪɚɛɨɬɤɚ ɫɢɫɬɟɦ 

ɷɥɟɤɬɪɨɧɧɨɝɨ ɨɛɭɱɟɧɢɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ 

ɫ ɨɛɨɡɧɚɱɟɧɧɵɦ ɩɨɞɯɨɞɨɦ, ɧɨ ɜ ɞɪɭɝɢɯ ɩɪɟɞ-

ɦɟɬɧɵɯ ɨɛɥɚɫɬɹɯ. ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɦɨɠɧɨ 

ȼ ɫɢɫɬɟɦɚɯ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɤɨɧɬɪɨɥɹ ɡɧɚɧɢɣ, ɩɪɢɦɟɧɹɟɦɵɯ ɜ ɪɨɫɫɢɣɫɤɢɯ 
ɭɱɪɟɠɞɟɧɢɹɯ ɜɵɫɲɟɝɨ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɝɨ ɨɛɪɚɡɨɜɚɧɢɹ, ɨɛɵɱɧɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɢɧɰɢɩ 

ɬɟɫɬɢɪɨɜɚɧɢɹ: ɫɬɭɞɟɧɬɭ ɩɪɟɞɥɚɝɚɟɬɫɹ ɧɟɫɤɨɥɶɤɨ ɜɚɪɢɚɧɬɨɜ ɨɬɜɟɬɚ, ɢɡ ɤɨɬɨɪɵɯ ɨɧ 

ɜɵɛɢɪɚɟɬ ɨɞɢɧ ɢɥɢ ɧɟɫɤɨɥɶɤɨ. ɉɪɢ ɷɬɨɦ ɬɟɫɬɢɪɭɸɳɭɸ ɫɢɫɬɟɦɭ «ɧɟ ɢɧɬɟɪɟɫɭɟɬ» 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɚɥɝɨɪɢɬɦ ɪɟɲɟɧɢɹ, ɤɨɬɨɪɵɦ ɩɨɥɶɡɨɜɚɥɫɹ ɫɬɭɞɟɧɬ. Ɍɟɦ ɫɚɦɵɦ ɫɬɚ-
ɧɨɜɢɬɫɹ ɜɨɡɦɨɠɧɨɣ ɫɢɬɭɚɰɢɹ, ɤɨɝɞɚ ɫɬɭɞɟɧɬ ɦɨɠɟɬ ɧɚɭɝɚɞ ɜɵɛɪɚɬɶ ɜɚɪɢɚɧɬ ɨɬɜɟ-
ɬɚ, ɤɨɬɨɪɵɣ, ɟɫɥɢ ɩɨɜɟɡёɬ, ɨɤɚɠɟɬɫɹ ɜɟɪɧɵɦ.
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ɩɪɢɜɟɫɬɢ ɫɢɫɬɟɦɭ «Ʉɨɧɫɬɪɭɤɬɨɪ ɤɨɦɛɢɧɚ-
ɬɨɪɧɵɯ ɤɨɥɥɟɤɰɢɣ», ɨɛɟɫɩɟɱɢɜɚɸɳɭɸ ɚɜɬɨ-
ɦɚɬɢɱɟɫɤɭɸ ɜɟɪɢɮɢɤɚɰɢɸ ɪɟɲɟɧɢɣ ɡɚɞɚɱ 
ɩɨ ɤɨɦɛɢɧɚɬɨɪɢɤɟ ɧɚ ɨɫɧɨɜɟ ɮɨɪɦɚɥɶɧɨɝɨ 
ɨɩɢɫɚɧɢɹ ɭɫɥɨɜɢɹ1, ɚ ɬɚɤɠɟ ɫɢɫɬɟɦɭ Wise 

TasksGeometry2, ɨɫɭɳɟɫɬɜɥɹɸɳɭɸ ɚɧɚɥɨ-

ɝɢɱɧɭɸ ɩɨɞɞɟɪɠɤɭ ɡɚɞɚɱ ɧɚ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ 
ɩɨɫɬɪɨɟɧɢɹ3.

ȼ ɫɬɚɬɶɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɩɨɞɯɨɞ ɤ ɚɜɬɨ-
ɦɚɬɢɡɚɰɢɢ ɜɟɪɢɮɢɤɚɰɢɢ ɡɚɞɚɱ ɜ ɨɛɥɚɫɬɢ 

ɐɈɋ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɟɞɦɟɬɧɨ-ɨɪɢɟɧɬɢ-

ɪɨɜɚɧɧɨɝɨ ɹɡɵɤɚ ɫɢɫɬɟɦɵ WiseTasks DSP. 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱ ɩɪɨɢɫɯɨɞɢɬ ɧɚ ɹɡɵɤɟ 
MATLAB4. ȼɚɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɫɢɫɬɟɦɚ 
WiseTasksDSP ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɧɟ ɬɨɥɶɤɨ ɞɥɹ 
ɢɡɭɱɟɧɢɹ ɐɈɋ ɢ ɩɪɨɜɟɪɤɢ ɡɧɚɧɢɣ ɫɬɭɞɟɧɬɨɜ 
ɩɨ ɐɈɋ, ɧɨ ɢ ɞɥɹ ɨɫɜɨɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸ-

ɳɢɯ ɩɪɨɝɪɚɦɦɧɵɯ ɫɪɟɞɫɬɜ MATLAB, ɪɟɚ-
ɥɢɡɭɸɳɢɯ ɰɢɮɪɨɜɭɸ ɮɢɥɶɬɪɚɰɢɸ, ɫɩɟɤ-
ɬɪɚɥɶɧɵɣ ɚɧɚɥɢɡ, ɦɧɨɝɨɫɤɨɪɨɫɬɧɭɸ ɨɛɪɚ-
ɛɨɬɤɭ ɫɢɝɧɚɥɨɜ, ɤɜɚɧɬɨɜɚɧɢɟ ɢ ɞɪɭɝɢɟ ɨɩɟ-
ɪɚɰɢɢ ɐɈɋ.

1   . . Ⱥɜɬɨɦɚɬɢɡɚɰɢɹ ɩɪɨɜɟɪɤɢ ɪɟɲɟ-
ɧɢɹ ɡɚɞɚɱ ɩɨ ɮɨɪɦɚɥɶɧɨɦɭ ɨɩɢɫɚɧɢɸ ɟɟ ɭɫɥɨɜɢɹ. 
Ʉɨɦɩɶɸɬɟɪɧɵɟ ɢɧɫɬɪɭɦɟɧɬɵ ɜ ɨɛɪɚɡɨɜɚɧɢɢ, № 4 
(2006), ɋɉɛ, ȺɇɈ ɄɂɈ. ɋ. 51–57.
2  Wise tasks — ɭɦɧɵɟ ɡɚɞɚɱɢ (ɚɧɝɥ.).
3   . . Ɋɚɡɪɚɛɨɬɤɚ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɧ-
ɧɨɝɨ ɨɛɭɱɟɧɢɹ ɞɥɹ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɜɟɪɢɮɢɤɚɰɢɢ 
ɪɟɲɟɧɢɣ ɡɚɞɚɱ ɩɨ ɨɩɢɫɚɧɢɸ ɭɫɥɨɜɢɹ ɧɚ ɩɪɟɞɦɟɬ-
ɧɨ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ ɹɡɵɤɚɯ. Ɇɚɬɟɪɢɚɥɵ XVIII 
Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɧɚɭɱɧɨ-ɦɟɬɨɞɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧ-
ɰɢɢ «ɋɨɜɪɟɦɟɧɧɨɟ ɨɛɪɚɡɨɜɚɧɢɟ: ɫɨɞɟɪɠɚɧɢɟ, ɬɟɯ-
ɧɨɥɨɝɢɢ, ɤɚɱɟɫɬɜɨ». ɈɈɈ «Ɍɟɯɧɨɥɢɬ», ɋɉɛ, 2012. 
Ɍ. 1. ɋ. 223–224.

 . .,  . .,  . .  Ⱥɜ-
ɬɨɦɚɬɢɡɚɰɢɹ ɩɪɨɜɟɪɤɢ ɪɟɲɟɧɢɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ 
ɡɚɞɚɱ ɩɨ ɨɩɢɫɚɧɢɸ ɢɯ ɭɫɥɨɜɢɣ ɧɚ ɩɪɟɞɦɟɬɧɨ-ɨɪɢ-
ɟɧɬɢɪɨɜɚɧɧɨɦ ɹɡɵɤɟ. ȺɇɈ «ɄɂɈ», Ʉɨɦɩɶɸɬɟɪɧɵɟ 
ɢɧɫɬɪɭɦɟɧɬɵ ɜ ɨɛɪɚɡɨɜɚɧɢɢ (№ 1, 2012). ɋ. 37–44.
4   . . MATLAB 7.*/R2006/2007. ɋɚɦɨ-
ɭɱɢɬɟɥɶ. Ɇ.: «ȾɆɄ-ɉɪɟɫɫ», 2008.

ɋɭɳɟɫɬɜɭɸɳɢɟ ɩɨɫɨɛɢɹ ɩɨ ɢɡɭɱɟɧɢɸ 

MATLAB ɦɨɠɧɨ ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɬɶ ɩɨ ɬɪёɦ 

ɬɢɩɚɦ:

1) ɧɚɛɨɪ ɡɚɞɚɧɢɣ ɞɥɹ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɝɨ 
ɜɵɩɨɥɧɟɧɢɹ ɜ ɫɪɟɞɟ MATLAB;

2) ɜɢɞɟɨɞɟɦɨɧɫɬɪɚɰɢɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ 
ɜ ɫɪɟɞɟ MATLAB;

3) ɢɧɬɟɪɚɤɬɢɜɧɵɣ ɜɢɞɟɨɪɨɥɢɤ ɪɟɲɟɧɢɹ 
ɡɚɞɚɱ ɜ ɫɪɟɞɟ MATLAB.

ȼɟɪɢɮɢɤɚɰɢɸ ɪɟɲɟɧɢɣ ɡɚɞɚɱ ɨɛɟɫɩɟɱɢ-

ɜɚɸɬ ɩɨɫɨɛɢɹ ɬɪɟɬɶɟɝɨ ɬɢɩɚ, ɧɚɩɪɢɦɟɪ, ɬɪɟ-
ɧɚɠёɪ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɩɨ ɨɛɪɚɛɨɬɤɟ ɚɭɞɢɨ-
ɫɢɝɧɚɥɨɜ ɧɚ ɫɚɣɬɟ Mathworks5. Ɉɞɧɚɤɨ ɬɚɤɢɟ 
ɡɚɞɚɱɢ ɧɟ ɩɪɟɞɩɨɥɚɝɚɸɬ ɧɚɩɢɫɚɧɢɟ M-ɮɚɣ-

ɥɨɜ, ɚ ɩɨɞɞɟɪɠɢɜɚɸɬ ɬɨɥɶɤɨ ɜɜɨɞ ɪɟɲɟɧɢɹ 
ɜ ɤɨɦɚɧɞɧɨɣ ɫɬɪɨɤɟ. ɉɨɷɬɨɦɭ ɞɚɧɧɵɣ ɬɪɟɧɚ-
ɠёɪ ɩɨɡɜɨɥɹɟɬ ɪɟɲɚɬɶ ɬɨɥɶɤɨ ɩɪɨɫɬɵɟ ɡɚɞɚ-
ɱɢ, ɪɟɲɟɧɢɟ ɤɨɬɨɪɵɯ ɭɦɟɳɚɟɬɫɹ ɜ 2–3 ɫɬɪɨ-
ɤɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɜɟɪɢɮɢɤɚɰɢɹ ɜ ɞɚɧɧɨɦ ɫɥɭ-
ɱɚɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɨɫɢɦɜɨɥɶɧɨɟ ɫɪɚɜ-
ɧɟɧɢɟ ɜɜɟɞёɧɧɵɯ ɬɟɫɬɢɪɭɟɦɵɦ ɫɬɪɨɤ ɫ ɷɬɚ-
ɥɨɧɧɵɦ ɪɟɲɟɧɢɟɦ, ɱɬɨ ɨɬɫɟɤɚɟɬ ɜɨɡɦɨɠ-

ɧɨɫɬɶ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɪɚɡɧɵɦɢ ɫɩɨɫɨɛɚɦɢ.

ɇɚɩɪɢɦɟɪ, ɬɚɤɚɹ ɩɪɨɫɬɚɹ ɡɚɞɚɱɚ, ɤɚɤ ɩɟ- 
ɪɟɞɢɫɤɪɟɬɢɡɚɰɢɹ (ɢɡɦɟɧɟɧɢɟ ɱɚɫɬɨɬɵ ɞɢɫ-
ɤɪɟɬɢɡɚɰɢɢ) ɡɜɭɤɚ, ɡɚɩɢɫɚɧɧɨɝɨ ɜ ɦɚɬɪɢɰɭ y, 

ɫ ɱɚɫɬɨɬɵ 44100 Ƚɰ ɧɚ 16000 Ƚɰ ɢɦɟɟɬ ɟɞɢɧ-

ɫɬɜɟɧɧɨɟ ɩɪɚɜɢɥɶɧɨɟ ɪɟɲɟɧɢɟ ɫ ɢɫɩɨɥɶɡɨɜɚ-
ɧɢɟɦ ɬɪɟɧɚɠёɪɚ Mathworks:

y1=resample(y, 16000, 44100).

ɋɥɟɞɭɸɳɟɟ ɮɚɤɬɢɱɟɫɤɢ ɩɪɚɜɢɥɶɧɨɟ ɪɟ- 
ɲɟɧɢɟ ɩɪɢ ɞɚɧɧɨɦ ɩɨɞɯɨɞɟ ɛɭɞɟɬ ɩɪɢɡɧɚɧɨ 
ɧɟɜɟɪɧɵɦ:

fs=44100; fs_new=16000; y1=resample(y, fs_

new, fs).

ɉɪɢ ɪɟɲɟɧɢɢ ɞɚɧɧɨɣ ɡɚɞɚɱɢ ɜ ɫɢɫɬɟɦɟ 
WiseTasksDSP ɜɟɪɢɮɢɤɚɰɢɹ ɛɭɞɟɬ ɫɨɫɬɨɹɬɶ 
ɜ ɫɥɟɞɭɸɳɟɦ: ɧɚ ɪɚɡɥɢɱɧɵɯ ɢɫɯɨɞɧɵɯ ɫɢɝ-

5  www.mathworks.com
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ɧɚɥɚɯ y ɛɭɞɟɬ ɩɪɨɜɟɪɹɬɶɫɹ ɩɪɚɜɢɥɶɧɨɫɬɶ 
ɜɵɞɚɜɚɟɦɵɯ ɫɤɪɢɩɬɨɦ ɫɬɭɞɟɧɬɚ ɜɵɯɨɞɧɵɯ 
ɫɢɝɧɚɥɨɜ y1. ȿɫɥɢ ɪɟɲɟɧɢɟ ɫɬɭɞɟɧɬɚ ɩɪɨɲɥɨ 
ɜɫɟ ɬɟɫɬɵ, ɬɨ ɨɧɨ ɩɪɢɡɧɚёɬɫɹ ɜɟɪɧɵɦ. ɉɪɢ 

ɷɬɨɦ ɧɟ ɜɚɠɧɨ, ɤɚɤɢɦ ɢɦɟɧɧɨ ɫɩɨɫɨɛɨɦ ɫɬɭ-
ɞɟɧɬ ɪɟɲɚɥ ɡɚɞɚɱɭ.

   , 

  

ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɨɩɢɫɵɜɚɟɬɫɹ ɨɛɳɢɣ ɩɨɞ-

ɯɨɞ ɤ ɪɚɡɪɚɛɨɬɤɟ ɫɢɫɬɟɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɜɟ- 
ɪɢɮɢɤɚɰɢɢ ɡɚɞɚɱ6.

Ɇɨɞɟɥɶ ɠɢɡɧɟɧɧɨɝɨ ɰɢɤɥɚ ɫɢɫɬɟɦɵ ɢɡɨ-
ɛɪɚɠɟɧɚ ɧɚ ɪɢɫ. 1 ɜ ɮɨɪɦɟ UML-ɞɢɚɝɪɚɦɦɵ 

ɞɟɹɬɟɥɶɧɨɫɬɢ7. ȼ ɞɚɧɧɨɣ ɞɢɚɝɪɚɦɦɟ ɞɟɣɫɬ-
ɜɭɸɬ ɫɥɟɞɭɸɳɢɟ ɚɤɬёɪɵ:

6   . . Ɇɨɞɟɥɶ ɠɢɡɧɟɧɧɨɝɨ ɰɢɤɥɚ ɫɢɫɬɟ-
ɦɵ ɷɥɟɤɬɪɨɧɧɨɝɨ ɨɛɭɱɟɧɢɹ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ ɚɜɬɨ-
ɦɚɬɢɱɟɫɤɭɸ ɩɪɨɜɟɪɤɭ ɡɚɞɚɱ// ɂɡɜɟɫɬɢɹ ɋɉɛȽɗɌɍ 
«ɅɗɌɂ». 2013. № 7. ɋ. 117–124.
7   . . ɋɚɦɨɭɱɢɬɟɥɶ UML 2. ɋɉɛ. Ȼɏȼ-
ɉɟɬɟɪɛɭɪɝ. 2007. 576 ɫ.

·  — ɨɩɵɬɧɵɣ ɩɪɟ-
ɩɨɞɚɜɚɬɟɥɶ, ɝɥɭɛɨɤɨ ɜɥɚɞɟɸɳɢɣ ɩɪɟɞ-

ɦɟɬɧɨɣ ɨɛɥɚɫɬɶɸ ɢ ɹɜɥɹɸɳɢɣɫɹ ɢɧɠɟɧɟ-
ɪɨɦ ɩɨ ɡɧɚɧɢɹɦ (ɭɦɟɟɬ ɫɬɪɨɢɬɶ ɨɧɬɨɥɨ-
ɝɢɢ);

·  — ɩɨɥɶɡɨɜɚɬɟɥɶ ɫɢɫɬɟ-
ɦɵ ɷɥɟɤɬɪɨɧɧɨɝɨ ɨɛɭɱɟɧɢɹ, ɫɨɫɬɚɜɥɹɸ-

ɳɢɣ ɡɚɞɚɱɢ ɞɥɹ ɫɢɫɬɟɦɵ, ɚɧɚɥɢɡɢɪɭɸ-

ɳɢɣ ɪɟɡɭɥɶɬɚɬɵ ɢɯ ɪɟɲɟɧɢɹ ɢ ɢɦɟɸɳɢɣ 

ɜɨɡɦɨɠɧɨɫɬɶ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɫ ɩɪɨɝɪɚɦ-

ɦɢɫɬɨɦ ɢ ɩɪɟɩɨɞɚɜɚɬɟɥɟɦ;

·  — ɪɚɡɪɚɛɨɬɱɢɤ ɫɢɫɬɟɦɵ 

ɷɥɟɤɬɪɨɧɧɨɝɨ ɨɛɭɱɟɧɢɹ, ɜɡɚɢɦɨɞɟɣɫɬɜɭ-
ɸɳɢɣ ɜ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɫ ɦɟɬɚɩɪɟɩɨɞɚ-
ɜɚɬɟɥɟɦ ɢ ɩɪɟɩɨɞɚɜɚɬɟɥɟɦ;

·  — ɩɨɥɶɡɨɜɚɬɟɥɶ ɫɢɫɬɟɦɵ 

ɷɥɟɤɬɪɨɧɧɨɝɨ ɨɛɭɱɟɧɢɹ, ɤɨɬɨɪɵɣ ɪɟɲɚɟɬ 
ɜ ɧɟɣ ɡɚɞɚɱɢ ɢ ɢɦɟɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɨɛɪɚɬ-
ɧɨɣ ɫɜɹɡɢ ɫ ɩɪɟɩɨɞɚɜɚɬɟɥɟɦ.

Ɉɩɢɫɚɧɢɟ ɞɟɣɫɬɜɢɣ ɦɨɞɟɥɢ ɩɪɢɜɟɞɟɧɨ 
ɜ ɬɚɛɥ. 1.

 1
    

ɋɨɫɬɚɜɥɟɧɢɟ ɨɧɬɨɥɨɝɢɢ 

ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ
Ɇɟɬɚɩɪɟɩɨɞɚɜɚɬɟɥɶ ɫɨɫɬɚɜɥɹɟɬ ɧɚ ɨɫɧɨɜɟ ɫɜɨɢɯ ɡɧɚɧɢɣ ɨ ɩɪɟɞ-

ɦɟɬɧɨɣ ɨɛɥɚɫɬɢ ɟё ɨɧɬɨɥɨɝɢɸ, ɤɨɬɨɪɚɹ ɛɭɞɟɬ ɥɟɠɚɬɶ ɜ ɨɫɧɨɜɟ 
ɩɪɟɞɦɟɬɧɨ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ ɹɡɵɤɨɜ ɨɩɢɫɚɧɢɹ ɭɫɥɨɜɢɹ 
ɢ ɪɟɲɟɧɢɹ. ɉɪɢ ɷɬɨɦ ɨɧ ɩɪɢɧɢɦɚɟɬ ɜɨ ɜɧɢɦɚɧɢɟ ɡɚɦɟɱɚɧɢɹ 
ɩɪɟɩɨɞɚɜɚɬɟɥɹ, ɜɨɡɧɢɤɲɢɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɢɫɬɟɦɵ.

Ɋɚɡɪɚɛɨɬɤɚ ɩɪɟɞɦɟɬɧɨ-ɨɪɢ-

ɟɧɬɢɪɨɜɚɧɧɵɯ ɹɡɵɤɨɜ
Ɇɟɬɚɩɪɟɩɨɞɚɜɚɬɟɥɶ ɪɚɡɪɚɛɚɬɵɜɚɟɬ ɩɪɟɞɦɟɬɧɨ-ɨɪɢɟɧɬɢɪɨɜɚɧ-

ɧɵɟ ɹɡɵɤɢ ɨɩɢɫɚɧɢɹ ɭɫɥɨɜɢɹ ɡɚɞɚɱ ɢ ɨɩɢɫɚɧɢɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ 
ɧɚ ɨɫɧɨɜɟ ɨɧɬɨɥɨɝɢɢ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ, ɨɧɬɨɥɨɝɢɢ ɚɛɫɬɪɚɤɬ-
ɧɵɯ ɡɚɞɚɱ ɢ ɚɛɫɬɪɚɤɬɧɨɣ ɦɨɞɟɥɢ ɹɡɵɤɚ.

ɉɪɨɜɟɪɤɚ ɹɡɵɤɨɜ ɧɚ ɪɟɚɥɢ-

ɡɭɟɦɨɫɬɶ
ɉɪɨɝɪɚɦɦɢɫɬ ɩɪɨɜɟɪɹɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɪɟɚɥɢɡɚɰɢɢ ɹɡɵɤɨɜ ɨɩɢ-

ɫɚɧɢɹ ɭɫɥɨɜɢɹ ɡɚɞɚɱ ɢ ɨɩɢɫɚɧɢɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ. ȿɫɥɢ ɭ ɧɟɝɨ 
ɟɫɬɶ ɡɚɦɟɱɚɧɢɹ, ɨɧ ɫɨɨɛɳɚɟɬ ɢɯ ɦɟɬɚɩɪɟɩɨɞɚɜɚɬɟɥɸ, ɢɧɚɱɟ 
ɩɪɢɫɬɭɩɚɟɬ ɤ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ɢ ɪɟɚɥɢɡɚɰɢɢ ɧɨɜɨɣ ɫɢɫɬɟɦɵ 

ɢɥɢ ɦɨɞɢɮɢɤɚɰɢɢ ɫɭɳɟɫɬɜɭɸɳɟɣ.
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ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɢ ɪɟɚɥɢɡɚ-
ɰɢɹ ɫɢɫɬɟɦɵ

ɉɪɨɝɪɚɦɦɢɫɬ ɩɪɨɟɤɬɢɪɭɟɬ, ɪɟɚɥɢɡɭɟɬ ɢ ɬɟɫɬɢɪɭɟɬ ɧɨɜɭɸ ɫɢɫɬɟ-
ɦɭ ɷɥɟɤɬɪɨɧɧɨɝɨ ɨɛɭɱɟɧɢɹ ɢɥɢ ɦɨɞɢɮɢɰɢɪɭɟɬ ɫɭɳɟɫɬɜɭɸɳɭɸ 

ɫɢɫɬɟɦɭ. ɉɪɢ ɷɬɨɦ ɨɧ ɩɪɢɧɢɦɚɟɬ ɜɨ ɜɧɢɦɚɧɢɟ ɡɚɦɟɱɚɧɢɹ ɩɪɟ-
ɩɨɞɚɜɚɬɟɥɹ, ɜɨɡɧɢɤɲɢɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɢɫɬɟɦɵ.

ɋɨɫɬɚɜɥɟɧɢɟ ɡɚɞɚɱ ɉɪɟɩɨɞɚɜɚɬɟɥɶ ɫɨɫɬɚɜɥɹɟɬ ɧɨɜɵɟ ɡɚɞɚɱɢ ɧɚ ɩɪɟɞɦɟɬɧɨ-ɨɪɢɟɧ-

ɬɢɪɨɜɚɧɧɨɦ ɹɡɵɤɟ ɨɩɢɫɚɧɢɹ ɭɫɥɨɜɢɣ (ɢɥɢ ɤɨɪɪɟɤɬɢɪɭɟɬ ɪɚɧɟɟ 
ɫɨɫɬɚɜɥɟɧɧɵɟ ɡɚɞɚɱɢ), ɩɪɢɧɢɦɚɹ ɜɨ ɜɧɢɦɚɧɢɟ ɜɨɩɪɨɫɵ ɫɬɭɞɟɧ-

ɬɨɜ, ɜɨɡɧɢɤɲɢɟ ɩɪɢ ɪɟɲɟɧɢɢ ɪɚɧɟɟ ɫɨɫɬɚɜɥɟɧɧɵɯ ɡɚɞɚɱ, 
ɢ ɜɵɜɨɞɵ, ɫɞɟɥɚɧɧɵɟ ɢɦ ɜ ɩɪɨɰɟɫɫɟ ɚɧɚɥɢɡɚ ɪɟɡɭɥɶɬɚɬɨɜ ɪɟɲɟ-
ɧɢɹ ɡɚɞɚɱ ɫɬɭɞɟɧɬɚɦɢ. ɉɪɢ ɧɚɥɢɱɢɢ ɡɚɦɟɱɚɧɢɣ ɩɨ ɹɡɵɤɭ ɩɪɟ-
ɩɨɞɚɜɚɬɟɥɶ ɫɨɨɛɳɚɟɬ ɢɯ ɦɟɬɚɩɪɟɩɨɞɚɜɚɬɟɥɸ. ɉɪɢ ɧɚɥɢɱɢɢ 

ɡɚɦɟɱɚɧɢɣ ɩɨ ɢɧɬɟɪɮɟɣɫɭ ɩɪɟɩɨɞɚɜɚɬɟɥɶ ɫɨɨɛɳɚɟɬ ɢɯ ɩɪɨɝɪɚɦ-

ɦɢɫɬɭ. ɉɪɢ ɨɬɫɭɬɫɬɜɢɢ ɡɚɦɟɱɚɧɢɣ ɩɪɟɩɨɞɚɜɚɬɟɥɶ ɞɚёɬ ɫɬɭɞɟɧ-

ɬɚɦ ɡɚɞɚɧɢɟ, ɫɨɫɬɨɹɳɟɟ ɜ ɪɟɲɟɧɢɢ ɡɚɞɚɱ ɫ ɩɨɦɨɳɶɸ ɫɢɫɬɟɦɵ.

Ɋɟɲɟɧɢɟ ɡɚɞɚɱ ɋɬɭɞɟɧɬ ɪɟɲɚɟɬ ɜ ɫɢɫɬɟɦɟ ɷɥɟɤɬɪɨɧɧɨɝɨ ɨɛɭɱɟɧɢɹ ɡɚɞɚɱɢ, 

ɫɨɫɬɚɜɥɟɧɧɵɟ ɩɪɟɩɨɞɚɜɚɬɟɥɟɦ. ȿɫɥɢ ɭ ɧɟɝɨ ɜɨɡɧɢɤɚɸɬ ɜɨɩɪɨ-
ɫɵ ɜ ɩɪɨɰɟɫɫɟ ɪɟɲɟɧɢɹ, ɨɧ ɡɚɞɚёɬ ɢɯ ɩɪɟɩɨɞɚɜɚɬɟɥɸ, ɢɧɚɱɟ 
ɜɵɡɵɜɚɟɬ ɚɜɬɨɦɚɬɢɱɟɫɤɭɸ ɜɟɪɢɮɢɤɚɰɢɸ ɪɟɲɟɧɢɣ, ɪɟɡɭɥɶɬɚɬɵ 

ɤɨɬɨɪɨɣ ɫɬɚɧɨɜɹɬɫɹ ɞɨɫɬɭɩɧɵ ɩɪɟɩɨɞɚɜɚɬɟɥɸ.

Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɉɪɟɩɨɞɚɜɚɬɟɥɶ ɚɧɚɥɢɡɢɪɭɟɬ ɪɟɡɭɥɶɬɚɬɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɜɟɪɢ-

ɮɢɤɚɰɢɢ ɪɟɲɟɧɢɣ ɫɬɭɞɟɧɬɨɜ. ȼɵɜɨɞɵ, ɫɞɟɥɚɧɧɵɟ ɜ ɯɨɞɟ ɚɧɚ-
ɥɢɡɚ, ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɪɟɩɨɞɚɜɚɬɟɥɟɦ ɞɥɹ ɫɨɫɬɚɜɥɟɧɢɹ ɧɨɜɵɯ 
ɢɥɢ ɤɨɪɪɟɤɬɢɪɨɜɤɢ ɪɚɧɟɟ ɫɨɫɬɚɜɥɟɧɧɵɯ ɡɚɞɚɱ.

  1

ɉɪɟɞɫɬɚɜɥɟɧɧɚɹ ɧɚ ɪɢɫ. 1 (ɫ. 96) ɦɨɞɟɥɶ 
ɠɢɡɧɟɧɧɨɝɨ ɰɢɤɥɚ ɩɨɡɜɨɥɹɟɬ ɫɩɪɨɟɤɬɢɪɨ-
ɜɚɬɶ ɫɢɫɬɟɦɭ ɷɥɟɤɬɪɨɧɧɨɝɨ ɨɛɭɱɟɧɢɹ ɧɚ 
ɨɫɧɨɜɚɧɢɢ ɨɧɬɨɥɨɝɢɢ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ, 

ɨɧɬɨɥɨɝɢɢ ɚɛɫɬɪɚɤɬɧɵɯ ɡɚɞɚɱ, ɦɨɞɟɥɢ ɚɛ- 

ɫɬɪɚɤɬɧɨɝɨ ɩɪɟɞɦɟɬɧɨ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɝɨ 
ɹɡɵɤɚ ɞɥɹ ɨɩɢɫɚɧɢɹ ɭɫɥɨɜɢɣ ɡɚɞɚɱ8.

  

ȼ ɩɪɨɰɟɫɫɟ ɪɚɡɪɚɛɨɬɤɢ ɫɢɫɬɟɦɵ ɛɵɥɚ ɫɨ- 
ɫɬɚɜɥɟɧɚ ɨɧɬɨɥɨɝɢɹ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ  

8  Ƚɟɧɟɪɚɰɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɡɚɞɚɱ ɢ ɜɟɪɢɮɢɤɚɰɢɹ 
ɪɟɲɟɧɢɣ ɜ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɫɢɫɬɟɦɚɯ ɩɨɞ-
ɞɟɪɠɤɢ ɨɛɭɱɟɧɢɹ /  . .,  . ., 

 . . ɢ ɞɪ. ɋɉɛ. ɂɡɞ-ɜɨ ɋɉɛȽɗɌɍ ɅɗɌɂ. 
2012. 154 ɫ.

ɞɥɹ ɡɚɞɚɱ ɩɨ ɐɈɋ. Ɉɧɬɨɥɨɝɢɹ ɛɵɥɚ ɫɨɡɞɚɧɚ 
ɜ ɫɢɫɬɟɦɟ Protégé9. ɂɟɪɚɪɯɢɹ ɤɥɚɫɫɨɜ ɞɚɧ-

ɧɨɣ ɨɧɬɨɥɨɝɢɢ ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫ. 2 (ɫ. 96), 

ɨɩɢɫɚɧɢɟ ɤɥɚɫɫɨɜ ɩɪɢɜɟɞɟɧɨ ɜ ɬɚɛɥ. 2   

(ɫ. 97). ȼ ɨɧɬɨɥɨɝɢɢ ɩɪɢɫɭɬɫɬɜɭɟɬ ɨɞɧɨ 
ɫɜɨɣɫɬɜɨ ɬɢɩɚ ɞɚɧɧɵɯ (DataTypeProperty) 

hasVerifier, ɢɦɟɸɳɟɟ ɜ ɤɚɱɟɫɬɜɟ ɨɛɥɚɫɬɢ 

ɨɩɪɟɞɟɥɟɧɢɹ (Domain) ɤɥɚɫɫ DSPStatement, 

ɜ ɤɚɱɟɫɬɜɟ ɨɛɥɚɫɬɢ ɡɧɚɱɟɧɢɹ (Range) ɬɢɩ 

string.

9  http://protege.stanford.edu/
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. 1. Ɇɨɞɟɥɶ ɠɢɡɧɟɧɧɨɝɨ ɰɢɤɥɚ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɧɧɨɝɨ ɨɛɭɱɟɧɢɹ

. 2. ɂɟɪɚɪɯɢɹ ɤɥɚɫɫɨɜ ɨɧɬɨɥɨɝɢɢ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ ɐɈɋ

МȍȚȈȗȘȍȗȖȌȈȊȈȚȍȓȤ ǷȘȖȋȘȈȔȔȐșȚ ǷȘȍȗȖȌȈȊȈȚȍȓȤ ǹȚțȌȍȕȚ

ǹȖșȚȈȊȓȍȕȐȍ ȖȕȚȖȓȖȋȐȐ
ȗȘȍȌȔȍȚȕȖȑ ȖȉȓȈșȚȐ

ǸȈȏȘȈȉȖȚȒȈ
ȗȘȍȌȔȍȚȕȖ-

ȖȘȐȍȕȚȐȘȖȊȈȕȕȣȝ
яȏȣȒȖȊ

ǷȘȖȊȍȘȒȈ яȏȣȒȖȊ ȕȈ
ȘȍȈȓȐȏțȍȔȖșȚȤ

[ȍșȚȤ ȏȈȔȍȟȈȕȐя]

ǷȘȖȍȒȚȐȘȖȊȈȕȐȍ Ȑ
ȘȍȈȓȐȏȈȞȐя șȐșȚȍȔȣ

ǹȖșȚȈȊȓȍȕȐȍ ȏȈȌȈȟ

ǸȍȠȍȕȐȍ ȏȈȌȈȟ

[ȗȘȐȕяȚȖ]

[ȍșȚȤ ȏȈȔȍȟȈȕȐя ȗȖ ȐȕȚȍȘȜȍȑșț]
[ȍșȚȤ ȏȈȔȍȟȈȕȐя ȗȖ яȏȣȒȈȔ]

[ȕȍȚ ȏȈȔȍȟȈȕȐȑ]

[ȍșȚȤ ȊȖȗȘȖșȣ]

АȕȈȓȐȏ
ȘȍȏțȓȤȚȈȚȖȊ

[ȕȍȚ ȊȖȗȘȖșȖȊ]

Thing
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DSPTool

BlockSetTool

BlockTool

FunctionTool

ToolboxTool
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DSPStatement ɋɬɪɭɤɬɭɪɢɪɨɜɚɧɧɨɟ ɭɫɥɨɜɢɟ ɡɚɞɚɱɢ
DSPTool ɂɧɫɬɪɭɦɟɧɬ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɩɨ ɐɈɋ ɜ ɩɚɤɟɬɟ MATLAB

BlockSetTool Ȼɢɛɥɢɨɬɟɤɚ ɷɥɟɦɟɧɬɨɜ Simulink

BlockTool ɗɥɟɦɟɧɬ Simulink

FunctionTool Ɏɭɧɤɰɢɹ MATLAB

ToolboxTool Ȼɢɛɥɢɨɬɟɤɚ ɮɭɧɤɰɢɣ MATLAB

  WiseTasksDSP

ɋɢɫɬɟɦɚ WiseTasksDSP ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ 
ɦɨɞɭɥɶ ɩɪɟɩɨɞɚɜɚɬɟɥɹ ɢ ɦɨɞɭɥɶ ɫɬɭɞɟɧɬɚ10. 

ȼ ɦɨɞɭɥɟ ɩɪɟɩɨɞɚɜɚɬɟɥɹ ɩɟɞɚɝɨɝ ɜɜɨɞɢɬ 
ɭɫɥɨɜɢɟ ɡɚɞɚɱɢ ɧɚ ɩɪɟɞɦɟɬɧɨ-ɨɪɢɟɧɬɢɪɨɜɚɧ-

ɧɨɦ ɹɡɵɤɟ. Ɂɚɞɚɱɚ ɩɨ ɐɈɋ ɢɦɟɟɬ ɫɥɟɞɭɸ-

ɳɭɸ ɫɬɪɭɤɬɭɪɭ:
· ɡɚɝɨɥɨɜɨɤ;
· ɬɟɤɫɬɨɜɨɟ ɭɫɥɨɜɢɟ;
· ɩɨɹɫɧɹɸɳɟɟ ɢɡɨɛɪɚɠɟɧɢɟ ɤ ɬɟɤɫɬɨɜɨ-
ɦɭ ɭɫɥɨɜɢɸ;

· ɢɧɫɬɪɭɦɟɧɬɵ;

· ɜɟɪɢɮɢɤɚɬɨɪ.
ɇɚɢɛɨɥɶɲɢɣ ɢɧɬɟɪɟɫ ɩɪɢɦɟɧɢɬɟɥɶɧɨ 

ɤ ɐɈɋ ɩɪɟɞɫɬɚɜɥɹɸɬ ɩɨɫɥɟɞɧɢɟ ɞɜɟ ɫɬɪɭɤ-
ɬɭɪɧɵɟ ɟɞɢɧɢɰɵ (ɢɧɫɬɪɭɦɟɧɬɵ ɢ ɜɟɪɢɮɢ-

ɤɚɬɨɪ).

10   . . Ɍɪɟɧɚɠɟɪ ɩɨ ɪɟɲɟɧɢɸ ɡɚɞɚɱ ɜ 
ɨɛɥɚɫɬɢ ɰɢɮɪɨɜɨɣ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ ɫ ɩɨɦɨɳɶɸ 
ɢɧɠɟɧɟɪɧɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɩɚɤɟɬɚ MATLAB 
[Ɍɟɤɫɬ]/Ʉɥɢɨɧɫɤɢɣ Ⱦ.Ɇ., ɉɟɪɱɟɧɨɤ Ɉ.ȼ. // Ɇɚɬɟ-
ɪɢɚɥɵ XIX Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɧɚɭɱɧɨ-ɦɟɬɨɞɢɱɟɫɤɨɣ 
ɤɨɧɮɟɪɟɧɰɢɢ «ɋɨɜɪɟɦɟɧɧɨɟ ɨɛɪɚɡɨɜɚɧɢɟ: ɫɨɞɟɪ-
ɠɚɧɢɟ, ɬɟɯɧɨɥɨɝɢɢ, ɤɚɱɟɫɬɜɨ», 24 ɚɩɪɟɥɹ 2013. Ɍɟ-
ɡɢɫɵ ɞɨɤɥɚɞɚ. ɋɉɛ, 2013. Ɍ. 1. C. 149–151.

 . . Ⱥɜɬɨɦɚɬɢɡɚɰɢɹ ɜɟɪɢɮɢɤɚɰɢɢ ɪɟ-
ɲɟɧɢɹ ɡɚɞɚɱ ɜ ɨɛɥɚɫɬɢ ɰɢɮɪɨɜɨɣ ɨɛɪɚɛɨɬɤɢ ɫɢɝ-
ɧɚɥɨɜ [Ɍɟɤɫɬ]/ɉɟɪɱɟɧɨɤ Ɉ.ȼ., Ʉɥɢɨɧɫɤɢɣ Ⱦ.Ɇ. // 
Ʉɨɦɩɶɸɬɟɪɧɵɟ ɢɧɫɬɪɭɦɟɧɬɵ ɜ ɨɛɪɚɡɨɜɚɧɢɢ. ɋɉɛ. 
2012. № 3. ɋ.  28–37.

 — ɫɩɢɫɨɤ ɮɭɧɤɰɢɣ 

MATLAB (ɢɡ ɫɬɚɧɞɚɪɬɧɨɝɨ ɧɚɛɨɪɚ) ɢ ɷɥɟ-
ɦɟɧɬɨɜ Simulink, ɞɨɫɬɭɩɧɵɯ ɫɬɭɞɟɧɬɭ ɩɪɢ 

ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ. Ɍɚɤɠɟ ɜ ɧɟɝɨ ɦɨɠɧɨ ɜɤɥɸ-

ɱɚɬɶ ɝɪɭɩɩɵ ɮɭɧɤɰɢɣ ɢ ɷɥɟɦɟɧɬɨɜ. ɉɪɢɦɟɪɵ: 

«ɮɭɧɤɰɢɹ fft» (ɜɵɱɢɫɥɟɧɢɟ ɩɪɹɦɨɝɨ ȾɉɎ 

ɫ ɩɨɦɨɳɶɸ ɚɥɝɨɪɢɬɦɨɜ ȻɉɎ), «ɮɭɧɤɰɢɹ 
ifft» (ɜɵɱɢɫɥɟɧɢɟ ɨɛɪɚɬɧɨɝɨ ȾɉɎ ɫ ɩɨɦɨ-
ɳɶɸ ɚɥɝɨɪɢɬɦɨɜ ȻɉɎ), «ɧɚɛɨɪ ɮɭɧɤɰɢɣ 

Signal Processing Toolbox» (ɛɢɛɥɢɨɬɟɤɚ 
ɮɭɧɤɰɢɣ ɞɥɹ ɰɢɮɪɨɜɨɣ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚ-
ɥɨɜ), «ɷɥɟɦɟɧɬ ɋɭɦɦɚɬɨɪ» (ɷɥɟɦɟɧɬ Simulink, 

ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɫɭɦɦɢɪɨɜɚɧɢɹ ɜɯɨ-
ɞɨɜ). ɉɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ ɫɬɭɞɟɧɬɵ ɬɚɤɠɟ 
ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɥɸɛɵɟ ɚɪɢɮɦɟɬɢɱɟɫɤɢɟ 
ɮɭɧɤɰɢɢ ɢ ɨɩɟɪɚɰɢɢ, ɩɨɞɞɟɪɠɢɜɚɟɦɵɟ ɩɪɨ-
ɝɪɚɦɦɧɨɣ ɫɢɫɬɟɦɨɣ MATLAB.

 — ɥɨɝɢɱɟɫɤɚɹ ɮɭɧɤɰɢɹ 
MATLAB, ɩɪɨɜɟɪɹɸɳɚɹ ɪɟɲɟɧɢɟ ɭɱɟɧɢɤɚ 
ɩɭɬёɦ ɩɟɪɟɛɨɪɚ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɢ ɜɨɡ-
ɜɪɚɳɚɸɳɚɹ ɡɧɚɱɟɧɢɟ «ɢɫɬɢɧɚ», ɟɫɥɢ ɪɟɲɟ-
ɧɢɟ ɩɪɢɡɧɚɧɨ ɜɟɪɧɵɦ ɧɚ ɜɫɟɯ ɢɬɟɪɚɰɢɹɯ 
ɰɢɤɥɨɜ. Ɉɫɨɛɟɧɧɨɫɬɶɸ ɮɭɧɤɰɢɢ ɹɜɥɹɟɬɫɹ 
ɨɛɹɡɚɬɟɥɶɧɨɟ ɩɪɢɫɭɬɫɬɜɢɟ ɦɚɤɪɨɤɨɦɚɧɞɵ 

«Ɋɟɲɟɧɢɟ», ɧɚ ɦɟɫɬɨ ɤɨɬɨɪɨɣ ɩɪɢ ɩɪɨɜɟɪɤɟ 
ɩɨɞɫɬɚɜɥɹɟɬɫɹ ɫɤɪɢɩɬ-ɪɟɲɟɧɢɟ ɫɬɭɞɟɧɬɚ.
Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɦɨɞɭ-

ɥɟ ɫɬɭɞɟɧɬɚ. ɗɬɨɬ ɦɨɞɭɥɶ ɩɨɡɜɨɥɹɟɬ ɡɚɝɪɭ-
ɡɢɬɶ ɡɚɞɚɱɭ, ɜɜɟɫɬɢ ɫɤɪɢɩɬ-ɪɟɲɟɧɢɟ, ɢɫɩɨɥɶ-
ɡɭɹ ɬɨɥɶɤɨ ɪɚɡɪɟɲёɧɧɵɟ ɢɧɫɬɪɭɦɟɧɬɵ, 
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ɢ ɜɵɡɜɚɬɶ ɩɪɨɜɟɪɤɭ, ɬ.ɟ. ɡɚɩɭɫɬɢɬɶ ɜɟɪɢɮɢɤɚ-
ɬɨɪ ɫ ɩɨɞɫɬɚɜɥɟɧɧɵɦ ɜ ɧɟɝɨ ɫɤɪɢɩɬɨɦ-ɪɟɲɟ-
ɧɢɟɦ.

Ⱦɚɥɟɟ ɩɪɢɜɟɞёɧ ɩɪɢɦɟɪ ɫɬɪɭɤɬɭɪɢɪɨɜɚɧ-

ɧɨɣ ɡɚɞɚɱɢ ɩɨ ɐɈɋ. Ɉɧɚ ɩɨɫɜɹɳɟɧɚ ɧɚɯɨɠ-

ɞɟɧɢɸ ɜɟɪɯɧɟɣ ɝɪɚɧɢɱɧɨɣ ɱɚɫɬɨɬɵ ɫɩɟɤɬɪɚ 
ɚɧɚɥɨɝɨɜɨɝɨ (ɧɟɩɪɟɪɵɜɧɨɝɨ) ɫɢɝɧɚɥɚ ɢ ɩɪɨ-
ɜɟɪɤɟ ɜɵɛɪɚɧɧɨɣ ɱɚɫɬɨɬɵ ɞɢɫɤɪɟɬɢɡɚɰɢɢ 

ɞɢɫɤɪɟɬɧɨɝɨ ɫɢɝɧɚɥɚ ɧɚ ɞɨɩɭɫɬɢɦɨɫɬɶ 
ɞɥɹ ɬɨɱɧɨɝɨ (ɛɟɡ ɩɨɬɟɪɶ ɢɧɮɨɪɦɚɰɢɢ) ɜɨɫ-
ɫɬɚɧɨɜɥɟɧɢɹ ɢɫɯɨɞɧɨɝɨ (ɚɧɚɥɨɝɨɜɨɝɨ) ɫɢɝɧɚ-
ɥɚ ɢɡ ɞɢɫɤɪɟɬɧɨɝɨ ɧɚ ɨɫɧɨɜɟ ɬɟɨɪɟɦɵ Ʉɨ- 
ɬɟɥɶɧɢɤɨɜɚ11. ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɜɟɪɯɧɟɣ ɝɪɚ-
ɧɢɱɧɨɣ ɱɚɫɬɨɬɵ ɫɩɟɤɬɪɚ ɚɧɚɥɨɝɨɜɨɝɨ ɫɢɝɧɚ-
ɥɚ ɢɫɩɨɥɶɡɭɟɬɫɹ 10%-ɧɵɣ ɤɪɢɬɟɪɢɣ (ɧɚ ɩɪɚɤ-
ɬɢɤɟ ɬɚɤɠɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɢ ɞɪɭɝɢɟ ɤɪɢɬɟɪɢɢ 

ɨɩɪɟɞɟɥɟɧɢɹ ɜɟɪɯɧɟɣ ɝɪɚɧɢɱɧɨɣ ɱɚɫɬɨɬɵ), 

ɬ.ɟ. ɡɚ ɜɟɪɯɧɸɸ ɝɪɚɧɢɱɧɭɸ ɱɚɫɬɨɬɭ ɩɪɢɧɢ-

ɦɚɟɬɫɹ ɬɚ ɱɚɫɬɨɬɚ, ɩɪɢ ɤɨɬɨɪɨɣ ɡɧɚɱɟɧɢɟ ɚɦ- 

ɩɥɢɬɭɞɧɨɝɨ ɫɩɟɤɬɪɚ ɫɢɝɧɚɥɚ ɫɨɫɬɚɜɥɹɟɬ 10% 

ɨɬ ɦɚɤɫɢɦɭɦɚ.
ɍɫɥɨɜɢɟ ɡɚɞɚɱɢ ɦɨɠɟɬ ɛɵɬɶ ɫɮɨɪɦɭɥɢɪɨ-

ɜɚɧɨ ɧɚ ɩɪɟɞɦɟɬɧɨ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɦ ɹɡɵɤɟ 
ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ:

Ɂɚɝɨɥɨɜɨɤ. Ɉɩɪɟɞɟɥɟɧɢɟ ɜɟɪɯɧɟɣ ɝɪɚɧɢɱ-
ɧɨɣ ɱɚɫɬɨɬɵ ɫɩɟɤɬɪɚ ɚɧɚɥɨɝɨɜɨɝɨ ɫɢɝɧɚɥɚ 
ɢ ɩɪɨɜɟɪɤɚ ɜɵɛɪɚɧɧɨɣ ɱɚɫɬɨɬɵ ɞɢɫɤɪɟɬɢɡɚ-
ɰɢɢ ɞɢɫɤɪɟɬɧɨɝɨ ɫɢɝɧɚɥɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ 

ɫ ɬɟɨɪɟɦɨɣ Ʉɨɬɟɥɶɧɢɤɨɜɚ.
Ɍɟɤɫɬɨɜɨɟ ɭɫɥɨɜɢɟ. Ⱦɚɧ ɢɫɯɨɞɧɵɣ ɚɧɚ-

ɥɨɝɨɜɵɣ ɫɢɝɧɚɥ s(n) ɞɥɢɧɵ N (ɨɬɫɱёɬɵ ɯɪɚ-
ɧɹɬɫɹ ɜ ɦɚɫɫɢɜɟ S,  T_an — ɲɚɝ ɩɨ ɜɪɟɦɟɧɢ 

ɞɥɹ ɡɧɚɱɟɧɢɣ ɚɧɚɥɨɝɨɜɨɝɨ ɫɢɝɧɚɥɚ). ɑɚɫɬɨɬɚ 
ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɞɢɫɤɪɟɬɧɨɝɨ ɫɢɝɧɚɥɚ Fs. 

ɋ ɩɨɦɨɳɶɸ MATLAB ɨɩɪɟɞɟɥɢɬɶ ɜɟɪɯɧɸɸ 

ɝɪɚɧɢɱɧɭɸ ɱɚɫɬɨɬɭ ɫɩɟɤɬɪɚ ɚɧɚɥɨɝɨɜɨɝɨ ɫɢɝ-
ɧɚɥɚ (Fup) ɩɨ 10%-ɧɨɦɭ ɤɪɢɬɟɪɢɸ ɢ ɩɪɨɜɟ-

11   . . ɐɢɮɪɨɜɚɹ ɨɛɪɚɛɨɬɤɚ ɫɢɝɧɚɥɨɜ. 
3-ɟ ɢɡɞɚɧɢɟ. ɋɉɛ.: Ȼɏȼ-ɉɟɬɟɪɛɭɪɝ, 2011.

ɪɢɬɶ, ɩɨɞɯɨɞɢɬ ɥɢ ɞɚɧɧɚɹ ɱɚɫɬɨɬɚ ɞɢɫɤɪɟɬɢ-

ɡɚɰɢɢ ɞɥɹ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɚɧɚɥɨɝɨɜɨɝɨ ɫɢɝɧɚ-
ɥɚ ɜ ɞɢɫɤɪɟɬɧɨɦ ɜɢɞɟ ɛɟɡ ɩɨɬɟɪɶ ɢɧɮɨɪɦɚ-
ɰɢɢ. ȿɫɥɢ ɩɨɞɯɨɞɢɬ, ɩɪɢɫɜɨɢɬɶ ɩɟɪɟɦɟɧɧɨɣ 

isOK ɡɧɚɱɟɧɢɟ true. ȿɫɥɢ ɧɟ ɩɨɞɯɨɞɢɬ, ɩɪɢ-

ɫɜɨɢɬɶ isOK=false ɢ ɡɚɞɚɬɶ ɦɢɧɢɦɚɥɶɧɭɸ 

ɰɟɥɭɸ ɱɚɫɬɨɬɭ ɞɢɫɤɪɟɬɢɡɚɰɢɢ Fsnew, 

ɞɥɹ ɤɨɬɨɪɨɣ ɜɵɩɨɥɧɹɟɬɫɹ ɭɫɥɨɜɢɟ ɬɟɨɪɟɦɵ 

Ʉɨɬɟɥɶɧɢɤɨɜɚ.
ɂɧɫɬɪɭɦɟɧɬɵ. ɇɚɛɨɪ ɮɭɧɤɰɢɣ Signal 

Processing Toolbox

Ɏɭɧɤɰɢɹ fft
Ɏɭɧɤɰɢɹ max

ȼɟɪɢɮɢɤɚɬɨɪ:
function ver=ver_freqs()

M=10; % Ʉɨɥɢɱɟɫɬɜɨ ɬɟɫɬɨɜ.
N=100; % Ʉɨɥɢɱɟɫɬɜɨ ɨɬɫɱёɬɨɜ ɜ ɦɚɫɫɢɜɟ 
ɫɢɝɧɚɥɚ.
eps=0.001;% Ʉɨɧɫɬɚɧɬɚ ɞɥɹ ɫɪɚɜɧɟɧɢɹ 
ɢɫɬɢɧɧɵɯ ɱɚɫɬɨɬ ɢ ɡɧɚɱɟɧɢɣ
% ɱɚɫɬɨɬ, ɧɚɣɞɟɧɧɵɯ ɫɬɭɞɟɧɬɨɦ.

thresh=0.1;% ɉɨɪɨɝ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 10%-

ɧɵɦ ɤɪɢɬɟɪɢɟɦ.

T_an=2.2e-5;% ɒɚɝ ɩɨ ɜɪɟɦɟɧɢ ɞɥɹ ɡɧɚɱɟ-
ɧɢɣ ɚɧɚɥɨɝɨɜɨɝɨ ɫɢɝɧɚɥɚ.
Fs=1000; % ɑɚɫɬɨɬɚ ɞɢɫɤɪɟɬɢɡɚɰɢɢ, Ƚɰ.

flag=false;% Ɏɥɚɝ ɩɪɚɜɢɥɶɧɨɫɬɢ ɩɪɨɯɨɠ-

ɞɟɧɢɹ i-ɝɨ ɬɟɫɬɚ.
for i = 1:M% ɐɢɤɥ ɞɥɹ ɬɟɫɬɨɜ.

S=rand (N,1);% Ɇɚɫɫɢɜ ɫɥɭɱɚɣɧɵɯ 
ɱɢɫɟɥ ɫ ɪɚɜɧɨɦɟɪɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ 

 % (ɦɚɫɫɢɜ ɡɧɚɱɟɧɢɣ ɚɧɚɥɨɝɨɜɨɝɨ ɫɢɝɧɚ-
ɥɚ)

% Ɇɚɤɪɨɫ ɞɥɹ ɩɨɞɫɬɚɧɨɜɤɢ ɫɤɪɢɩɬɚ-ɪɟ-
ɲɟɧɢɹ ɫɬɭɞɟɧɬɚ.

Ɋɟɲɟɧɢɟ
% ɉɪɨɜɟɪɤɚ ɩɪɚɜɢɥɶɧɨɫɬɢ ɪɟɲɟɧɢɹ
W=abs(fft(S));% Ⱥɦɩɥɢɬɭɞɧɵɣ ɫɩɟɤɬɪ 
ɫɢɝɧɚɥɚ
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Wmax=max(W);% Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟ-
ɧɢɟ ɚɦɩɥɢɬɭɞɧɨɝɨ ɫɩɟɤɬɪɚ
Wup=thresh*Wmax;% Ɂɧɚɱɟɧɢɟ ɚɦɩɥɢ-
ɬɭɞɧɨɝɨ ɫɩɟɤɬɪɚ ɩɨ% ɡɚɞɚɧɧɨɦɭ ɤɪɢɬɟ-
ɪɢɸ
for j= 1:N% ɂɳɟɦ ɧɚɢɦɟɧɶɲɭɸ ɱɚɫɬɨɬɭ, 
ɧɚ ɤɨɬɨɪɨɣ ɚɦɩɥɢɬɭɞɧɵɣ ɫɩɟɤɬɪ ɧɟ

if W(j)<=Wup% ɩɪɟɜɵɲɚɟɬ ɩɨɪɨɝɚ
Fup1=1/(T_an*N)*(j-1);% ɂɫɬɢɧɧɚɹ 
ɜɟɪɯɧɹɹ ɝɪɚɧɢɱɧɚɹ ɱɚɫɬɨɬɚ ɫɩɟɤɬɪɚ
break; % ɫɢɝɧɚɥɚ ɩɨ ɡɚɞɚɧɧɨɦɭ ɤɪɢɬɟ-
ɪɢɸ

end
end
if abs(Fup1-Fup) < eps% ɋɪɚɜɧɢɜɚɟɦ 
ɢɫɬɢɧɧɭɸ ɝɪɚɧɢɱɧɭɸ ɱɚɫɬɨɬɭ ɫ ɨɬɜɟɬɨɦ

% ɫɬɭɞɟɧɬɚ
if Fs>=2*Fup1% ɉɪɨɜɟɪɹɟɦ ɜɵɩɨɥɧɟ-
ɧɢɟ ɭɫɥɨɜɢɹ ɬɟɨɪɟɦɵ Ʉɨɬɟɥɶɧɢɤɨɜɚ

flag = isOK;
else% ȿɫɥɢ ɨɧɨ ɧɟ ɜɵɩɨɥɧɹɟɬɫɹ,

Fsnew1 = ceil (2*Fup1);% ɬɨ ɧɚɯɨɞɢɦ 
ɢɫɬɢɧɧɭɸ ɧɚɢɦɟɧɶɲɭɸ ɰɟɥɭɸ ɱɚɫɬɨ-
ɬɭ
% ɞɢɫɤɪɟɬɢɡɚɰɢɢ, ɭɞɨɜɥɟɬɜɨɪɹɸɳɭɸ 
ɭɫɥɨɜɢɸ ɬɟɨɪɟɦɵ Ʉɨɬɟɥɶɧɢɤɨɜɚ
flag = ~isOK & (abs(Fsnew1-
Fsnew)<eps);

end
else

flag=false;
end
if ~flag% ȿɫɥɢ ɬɟɫɬ ɩɪɨɣɞɟɧ ɧɟɩɪɚɜɢɥɶ-
ɧɨ, ɬɨ ɫɟɪɢɹ ɬɟɫɬɨɜ ɩɪɟɪɵɜɚɟɬɫɹ

break;
end

end
ver=flag;% ȿɫɥɢ ɪɟɲɟɧɢɟ ɩɪɚɜɢɥɶɧɨ ɩɪɨ-
ɲɥɨ ɜɫɟ ɬɟɫɬɵ, ɬɨ ɨɧɨ ɜɟɪɧɨ.
Ɂɚɞɚɱɚ, ɜɜɟɞёɧɧɚɹ ɜ ɦɨɞɭɥɟ ɩɪɟɩɨɞɚɜɚɬɟ-

ɥɹ, ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ. 3 (ɫ. 99). ȼɜɨɞ ɭɫɥɨɜɢɹ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɫɬɪɭɤɬɭɪɢɪɨ-
ɜɚɧɧɨɝɨ ɪɟɞɚɤɬɨɪɚ ɩɪɟɞɦɟɬɧɨ-ɨɪɢɟɧɬɢɪɨ-
ɜɚɧɧɵɯ ɹɡɵɤɨɜ12.
Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɧɟɨɛɯɨɞɢɦɨ ɟё ɡɚ- 

ɝɪɭɡɢɬɶ ɜ ɦɨɞɭɥɶ ɫɬɭɞɟɧɬɚ. ɋɤɪɢɩɬ-ɪɟɲɟɧɢɟ 
ɞɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɡɚɞɚɱɢ ɦɨɠɟɬ ɛɵɬɶ 
ɫɥɟɞɭɸɳɢɦ:

W=abs(fft(S));% ɇɚɯɨɞɢɦ ɚɦɩɥɢɬɭɞɧɵɣ 
ɫɩɟɤɬɪ ɫɢɝɧɚɥɚ

Wmax=max(W);% Ɉɩɪɟɞɟɥɹɟɦ ɦɚɤɫɢ-
ɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɚɦɩɥɢɬɭɞɧɨɝɨ ɫɩɟɤɬɪɚ

Wup=0.1*Wmax;% Ɉɩɪɟɞɟɥɹɟɦ ɡɧɚɱɟɧɢɟ 
ɚɦɩɥɢɬɭɞɧɨɝɨ ɫɩɟɤɬɪɚ ɩɨ ɡɚɞɚɧɧɨɦɭ ɤɪɢɬɟ-
ɪɢɸ

for j= 1:N% ɂɳɟɦ ɧɚɢɦɟɧɶɲɭɸ ɱɚɫɬɨɬɭ, 
ɧɚ ɤɨɬɨɪɨɣ ɚɦɩɥɢɬɭɞɧɵɣ ɫɩɟɤɬɪ ɧɟ

if W(j)<=Wup% ɩɪɟɜɵɲɚɟɬ ɩɨɪɨɝɚ
Fup=1/(T_an*N)*(j-1);% ȼɟɪɯɧɹɹ ɝɪɚɧɢɱ-

ɧɚɹ ɱɚɫɬɨɬɚ
break;
end
end
if Fs>=2*Fup% ɉɪɨɜɟɪɹɟɦ ɜɵɩɨɥɧɟɧɢɟ 

ɭɫɥɨɜɢɹ ɬɟɨɪɟɦɵ Ʉɨɬɟɥɶɧɢɤɨɜɚ
isOK=true;
else % ȿɫɥɢ ɨɧɨ ɧɟ ɜɵɩɨɥɧɹɟɬɫɹ,
Fsnew = ceil(2*Fup);% ɬɨ ɧɚɯɨɞɢɦ ɧɚɢ-

ɦɟɧɶɲɭɸ ɰɟɥɭɸ ɱɚɫɬɨɬɭ
% ɞɢɫɤɪɟɬɢɡɚɰɢɢ, ɭɞɨɜɥɟɬɜɨɪɹɸɳɭɸ 

ɭɫɥɨɜɢɸ ɬɟɨɪɟɦɵ Ʉɨɬɟɥɶɧɢɤɨɜɚ
isOK = false;
end
ȼɜɟɞɹ ɪɟɲɟɧɢɟ, ɫɬɭɞɟɧɬ ɨɬɩɪɚɜɥɹɟɬ ɟɝɨ 

ɧɚ ɩɪɨɜɟɪɤɭ, ɡɚɤɥɸɱɚɸɳɭɸɫɹ ɜ ɡɚɩɭɫɤɟ 
ɮɭɧɤɰɢɢ. ȼ ɯɨɞɟ ɩɪɨɜɟɪɤɢ ɩɪɢɜɟɞёɧɧɚɹ 

12   . .,  . .,  . .  Ⱥɜ-
ɬɨɦɚɬɢɡɚɰɢɹ ɩɪɨɜɟɪɤɢ ɪɟɲɟɧɢɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ 
ɡɚɞɚɱ ɩɨ ɨɩɢɫɚɧɢɸ ɢɯ ɭɫɥɨɜɢɣ ɧɚ ɩɪɟɞɦɟɬɧɨ-ɨɪɢ-
ɟɧɬɢɪɨɜɚɧɧɨɦ ɹɡɵɤɟ. ȺɇɈ «ɄɂɈ». Ʉɨɦɩɶɸɬɟɪɧɵɟ 
ɢɧɫɬɪɭɦɟɧɬɵ ɜ ɨɛɪɚɡɨɜɚɧɢɢ (№1, 2012). ɋ. 37–44.
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ɜ ɥɢɫɬɢɧɝɟ 2 ɮɭɧɤɰɢɹ-ɜɟɪɢɮɢɤɚɬɨɪ ɜɧɚɱɚɥɟ 
ɨɩɪɟɞɟɥɹɟɬ ɧɚɱɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɞɥɹ ɜɵɩɨɥ-
ɧɟɧɢɹ ɬɟɫɬɨɜ. Ⱦɚɥɟɟ ɜ ɰɢɤɥɟ ɨɪɝɚɧɢɡɭɟɬɫɹ 
ɬɟɫɬɢɪɨɜɚɧɢɟ ɪɟɲɟɧɢɹ ɫɬɭɞɟɧɬɚ. ɇɚ ɤɚɠɞɨɦ 

ɬɟɫɬɟ ɜɵɩɨɥɧɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɲɚɝɢ:

1) ɨɩɪɟɞɟɥɟɧɢɟ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɣ 

ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɪɟɲɟɧɢɹ;
2) ɜɵɡɨɜ ɫɤɪɢɩɬɚ-ɪɟɲɟɧɢɹ;
3) ɩɪɨɜɟɪɤɚ ɩɪɚɜɢɥɶɧɨɫɬɢ ɨɬɜɟɬɨɜ, ɨɩɪɟ-
ɞɟɥёɧɧɵɯ ɜ ɩ. 2.

Ɋɚɫɫɱɢɬɚɧɧɵɟ ɨɬɜɟɬɵ ɡɚɜɢɫɹɬ ɨɬ ɦɚɫɫɢɜɚ 
ɨɬɫɱёɬɨɜ ɫɢɝɧɚɥɚ, ɡɚɞɚɜɚɟɦɨɝɨ ɜɨ ɜɪɟɦɹ ɜɵ- 

ɩɨɥɧɟɧɢɹ ɤɚɠɞɨɝɨ ɬɟɫɬɚ ɫɥɭɱɚɣɧɵɦ ɨɛɪɚ-
ɡɨɦ, ɩɨɷɬɨɦɭ ɫɬɭɞɟɧɬɭ ɛɟɫɫɦɵɫɥɟɧɧɨ ɫɜɨ-

ɞɢɬɶ ɫɤɪɢɩɬ-ɪɟɲɟɧɢɟ ɤ ɩɪɨɫɬɨɦɭ ɩɪɢɫɜɚɢɜɚ-
ɧɢɸ ɩɟɪɟɦɟɧɧɵɦ Fs ɢ Fup ɱɢɫɥɨɜɵɯ ɡɧɚɱɟ-
ɧɢɣ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɨɬɜɟɬɵ ɛɭɞɭɬ ɧɟɜɟɪɧɵ 

ɧɚɜɟɪɧɹɤɚ.

ȼ ɫɬɚɬɶɟ ɨɛɨɡɧɚɱɟɧ ɨɛɳɢɣ ɩɨɞɯɨɞ ɤ ɩɪɨɟɤ-
ɬɢɪɨɜɚɧɢɸ ɫɢɫɬɟɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɜɟɪɢɮɢ-

ɤɚɰɢɢ ɪɟɲɟɧɢɣ ɡɚɞɚɱ, ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɵ 

ɜɨɡɦɨɠɧɨɫɬɢ ɫɢɫɬɟɦɵ WiseTasksDSP ɞɥɹ 
ɪɟɲɟɧɢɹ ɭɱɟɛɧɵɯ ɡɚɞɚɱ. ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ 
ɩɪɢɜɟɞɟɧɚ ɨɞɧɚ ɢɡ ɱɚɫɬɨ ɜɫɬɪɟɱɚɸɳɢɯɫɹ 
ɭɱɟɛɧɵɯ ɡɚɞɚɱ ɩɨ ɐɈɋ, ɫɜɹɡɚɧɧɚɹ ɫ ɨɩɪɟɞɟ-
ɥɟɧɢɟɦ ɜɟɪɯɧɟɣ ɝɪɚɧɢɱɧɨɣ ɱɚɫɬɨɬɵ ɫɩɟɤɬɪɚ 

. 3. Ɇɨɞɭɥɶ ɩɪɟɩɨɞɚɜɚɬɟɥɹ ɫɢɫɬɟɦɵ WiseTasksDSP
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ɚɧɚɥɨɝɨɜɨɝɨ ɫɢɝɧɚɥɚ ɢ ɩɪɨɜɟɪɤɨɣ ɱɚɫɬɨɬɵ 

ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɞɢɫɤɪɟɬɧɨɝɨ ɫɢɝɧɚɥɚ ɜ ɫɨɨɬ-
ɜɟɬɫɬɜɢɢ ɫ ɬɟɨɪɟɦɨɣ Ʉɨɬɟɥɶɧɢɤɨɜɚ.
ɋɢɫɬɟɦɚ WiseTasksDSP ɦɨɠɟɬ ɬɚɤɠɟ ɢɫ- 

ɩɨɥɶɡɨɜɚɬɶɫɹ ɞɥɹ ɪɟɲɟɧɢɹ ɪɹɞɚ ɞɪɭɝɢɯ ɢɡ- 
ɜɟɫɬɧɵɯ ɜ ɐɈɋ ɡɚɞɚɱ. Ʉ ɢɯ ɱɢɫɥɭ ɨɬɧɨɫɹɬɫɹ, 
ɧɚɩɪɢɦɟɪ, ɩɨɢɫɤ ɨɩɬɢɦɚɥɶɧɵɯ ɩɨ ɦɟɬɨɞɭ 
ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɥɢ- 

ɧɟɣɧɨɝɨ ɩɪɟɞɫɤɚɡɚɧɢɹ, ɫɢɧɬɟɡ Ʉɂɏ-ɮɢɥɶ-
ɬɪɨɜ ɫ Ⱥɑɏ, ɧɚɢɦɟɧɟɟ ɨɬɥɢɱɚɸɳɟɣɫɹ ɨɬ ɷɬɚ-
ɥɨɧɧɨɣ ɜ ɫɦɵɫɥɟ ɡɚɞɚɧɧɨɝɨ ɤɪɢɬɟɪɢɹ, ɫɢɧɬɟɡ 
ɚɞɚɩɬɢɜɧɵɯ ɮɢɥɶɬɪɨɜ13, ɩɨɫɬɪɨɟɧɢɟ ɨɩɬɢ-

ɦɚɥɶɧɨɝɨ ɤɥɚɫɫɢɮɢɤɚɬɨɪɚ ɜ ɞɜɭɦɟɪɧɨɦ ɩɪɨ-

13   . . ɐɢɮɪɨɜɚɹ ɨɛɪɚɛɨɬɤɚ ɫɢɝɧɚɥɨɜ. 
3-ɟ ɢɡɞɚɧɢɟ ɋɉɛ.: Ȼɏȼ-ɉɟɬɟɪɛɭɪɝ, 2011.

 . .,  . . ɐɢɮɪɨɜɚɹ ɨɛ-
ɪɚɛɨɬɤɚ ɫɢɝɧɚɥɨɜ. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɜ MATLAB — 
ɋɉɛ.: Ȼɏȼ-ɉɟɬɟɪɛɭɪɝ, 2008.

 .,  . ɐɢɮɪɨɜɚɹ ɨɛɪɚɛɨɬɤɚ 
ɫɢɝɧɚɥɨɜ. Ɇ.–ɋɉɛ.–Ʉɢɟɜ: ȼɢɥɶɹɦɫ, 2004.

 . .,  . .,  . ., 
 . . Ɉɫɧɨɜɵ ɰɢɮɪɨɜɨɣ ɨɛɪɚɛɨɬɤɢ ɫɢɝ-

ɧɚɥɨɜ. 2-ɟ ɢɡɞ.  ɋɉɛ.: Ȼɏȼ-ɉɟɬɟɪɛɭɪɝ, 2005.
 . .,  . .,  

. .,  . . ɐɢɮɪɨɜɚɹ ɨɛɪɚɛɨɬɤɚ ɫɢɝɧɚɥɨɜ ɢ 
MATLAB. ɋɉɛ.: Ȼɏȼ-ɉɟɬɟɪɛɭɪɝ, 2013.

ɫɬɪɚɧɫɬɜɟ14 ɢ ɩɪ. ɋɢɫɬɟɦɚ WiseTasksDSP 

ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɨɣ ɞɥɹ ɦɧɨɝɢɯ 
ɪɟɚɥɶɧɵɯ ɧɚɭɱɧɵɯ ɡɚɞɚɱ, ɫɥɨɠɧɨɫɬɶ ɤɨɬɨ-
ɪɵɯ ɧɚ ɧɟɫɤɨɥɶɤɨ ɩɨɪɹɞɤɨɜ ɜɵɲɟ, ɩɨ ɫɪɚɜ-
ɧɟɧɢɸ ɫ ɬɟɦɢ ɡɚɞɚɱɚɦɢ, ɱɬɨ ɢɫɩɨɥɶɡɭɸɬɫɹ 
ɜ ɭɱɟɛɧɵɯ ɰɟɥɹɯ.
ɇɚɫɬɨɹɳɚɹ ɫɬɚɬɶɹ ɢ ɩɪɨɜɟɞёɧɧɚɹ ɧɚɭɱ-

ɧɚɹ ɪɚɛɨɬɚ ɩɨɞɞɟɪɠɚɧɵ ɜ ɪɚɦɤɚɯ ɩɪɨɟɤɬɚ 
ɊɎɎɂ «Ɇɨɣ ɩɟɪɜɵɣ ɝɪɚɧɬ» (ɋɨɝɥɚɲɟɧɢɟ 
№ 14-07-31250/14) ɢ ɩɪɨɟɤɬɚ Ɇɢɧɢɫɬɟɪɫɬɜɚ 
ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɧɚɭɤɢ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚ-
ɰɢɢ ɜ ɪɚɦɤɚɯ ɞɨɝɨɜɨɪɚ № 02.G25.31.0058 ɨɬ 
12.02.2013.

14   . .,  . . ɉɪɢɤɥɚɞɧɚɹ ɫɬɚ-
ɬɢɫɬɢɤɚ ɜ ɡɚɞɚɱɚɯ ɢ ɭɩɪɚɠɧɟɧɢɹɯ: ɍɱɟɛɧɢɤ ɞɥɹ ɜɭ-
ɡɨɜ. Ɇ.: ɘɧɢɬɢ-Ⱦɚɧɚ, 2001.


