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ɊȿɎȿɊȺɌ 

Ɇɚɝɢɫɬɟɪɫɤɚɹ ɞɢɫɫɟɪɬɚɰɢɹ ɩɨ ɬɟɦɟ «Ɇɟɬɨɞ ɚɩɩɚɪɚɬɧɨɣ ɪɟɚɥɢɡɚɰɢɢ 

ɪɟɤɭɪɪɟɧɬɧɵɯ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ» ɫɨɞɟɪɠɢɬ 57 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 

25 ɢɥɥɸɫɬɪɚɰɢɣ, 44 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, 5 ɮɨɪɦɭɥ, 2 ɩɪɢɥɨɠɟɧɢɹ. 

ɇȿɃɊɈɇɇɕȿ ɋȿɌɂ, ɋȿɌɂ ɗɏɈ-ɋɈɋɌɈəɇɂɃ, ɊȿɄɍɊɊȿɇɌɇɕȿ 

ɇȿɃɊɈɇɇɕȿ ɋȿɌɂ, ɉɅɂɋ, ɈɉɌɂɆɂɁȺɐɂə. 

Ɂɚɞɚɱɢ: 

– ɜɵɩɨɥɧɢɬɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɩɨɫɨɛɨɜ ɢ ɦɟɬɨɞɨɜ ɪɟɡɟɪɜɭɚɪɧɵɯ ɜɵɱɢɫɥɟɧɢɣ 

ɜ ɤɥɚɫɫɟ ɪɟɤɭɪɪɟɧɬɧɵɯ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ; 

– ɩɪɟɞɥɨɠɢɬɶ ɦɟɬɨɞ ɪɟɚɥɢɡɚɰɢɢ ɪɟɤɭɪɪɟɧɬɧɵɯ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ ɧɚ 

ɚɩɩɚɪɚɬɧɨɦ ɭɪɨɜɧɟ; 

– ɪɚɡɪɚɛɨɬɚɬɶ ɢ ɜɵɩɨɥɧɢɬɶ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɦɨɞɟɥɟɣ ɧɟɣɪɨɧɧɵɯ 

ɫɟɬɟɣ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ ɚɩɩɚɪɚɬɧɨɣ ɪɟɚɥɢɡɚɰɢɢ; 

– ɪɚɡɪɚɛɨɬɚɬɶ ɩɪɨɝɪɚɦɦɧɭɸ ɦɨɞɟɥɶ ɢ ɜɵɩɨɥɧɢɬɶ ɢɫɫɥɟɞɨɜɚɧɢɟ 

ɰɟɥɨɱɢɫɥɟɧɧɨɣ ɫɟɬɢ ɷɯɨ-ɫɨɫɬɨɹɧɢɣ ɜ ɛɚɡɢɫɟ ɉɅɂɋ. 

Ɉɫɧɨɜɧɵɟ ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ: 

– ɩɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɩɨɫɨɛɨɜ ɢ ɦɟɬɨɞɨɜ ɪɟɡɟɪɜɭɚɪɧɵɯ ɜɵɱɢɫɥɟɧɢɣ 

ɜ ɤɥɚɫɫɟ ɪɟɤɭɪɪɟɧɬɧɵɯ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ. Ɋɚɫɫɦɨɬɪɟɧ ɩɨɞɯɨɞ ɚɩɩɚɪɚɬɧɨɣ 

ɪɟɚɥɢɡɚɰɢɢ ɪɟɤɭɪɪɟɧɬɧɵɯ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ; 

– ɩɪɟɞɥɨɠɟɧ ɦɟɬɨɞ ɷɮɮɟɤɬɢɜɧɨɣ ɪɟɚɥɢɡɚɰɢɢ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ ɷɯɨ-

ɫɨɫɬɨɹɧɢɣ ɧɚ ɚɩɩɚɪɚɬɧɨɦ ɭɪɨɜɧɟ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɩɪɢɧɰɢɩɟ ɦɧɨɝɨɦɟɪɧɵɯ 

ɜɵɱɢɫɥɟɧɢɣ. ȼɵɱɢɫɥɟɧɢɹ ɫɟɬɟɣ ɷɯɨ-ɫɨɫɬɨɹɧɢɣ ɪɟɚɥɢɡɨɜɚɧɵ ɩɪɨɫɬɵɦɢ 

ɚɪɢɮɦɟɬɢɱɟɫɤɢɦɢ ɨɩɟɪɚɰɢɹɦɢ (ɫɥɨɠɟɧɢɟ/ɨɛɴɟɞɢɧɟɧɢɟ, ɩɟɪɟɫɬɚɧɨɜɤɢ). 

ɍɦɟɧɶɲɟɧɚ ɪɚɡɪɹɞɧɨɫɬɶ ɜɵɱɢɫɥɟɧɢɣ ɪɟɡɟɪɜɭɚɪɚ, ɭɦɟɧɶɲɟɧɨ ɤɨɥɢɱɟɫɬɜɨ 

ɫɨɟɞɢɧɟɧɢɣ, ɭɜɟɥɢɱɟɧɨ ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ ɫɟɬɢ. ɉɪɟɞɥɨɠɟɧɚ ɚɪɯɢɬɟɤɬɭɪɚ 

ɰɟɥɨɱɢɫɥɟɧɧɨɣ ɫɟɬɢ ɷɯɨ-ɫɨɫɬɨɹɧɢɣ, ɩɨ ɩɪɢɧɰɢɩɭ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ 

ɚɧɚɥɨɝɢɱɧɚɹ ɬɪɚɞɢɰɢɨɧɧɨɣ ɫɟɬɢ ɷɯɨ-ɫɨɫɬɨɹɧɢɣ, ɨɞɧɚɤɨ ɬɪɟɛɭɸɳɚɹ ɡɧɚɱɢɬɟɥɶɧɨ 

ɦɟɧɶɲɢɟ ɪɟɫɭɪɫɵ ɩɪɢ ɚɩɩɚɪɚɬɧɨɣ ɪɟɚɥɢɡɚɰɢɢ; 
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– ɩɪɟɞɥɨɠɟɧɵ ɦɨɞɟɥɢ ɫɟɬɟɣ ɷɯɨ-ɫɨɫɬɨɹɧɢɣ. ɉɪɨɜɟɞɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɵ, 

ɩɨɤɚɡɵɜɚɸɳɢɟ ɫɩɨɫɨɛɧɨɫɬɶ ɰɟɥɨɱɢɫɥɟɧɧɵɯ ɫɟɬɟɣ ɷɯɨ-ɫɨɫɬɨɹɧɢɣ ɫɩɪɚɜɥɹɬɶɫɹ ɫ 

ɡɚɞɚɱɚɦɢ ɬɪɚɞɢɰɢɨɧɧɵɯ ɫɟɬɟɣ ɷɯɨ-ɫɨɫɬɨɹɧɢɣ. ɉɪɨɜɟɞɟɧ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ 

ɡɚɧɢɦɚɟɦɨɝɨ ɧɚ ɤɪɢɫɬɚɥɥɟ ɦɟɫɬɚ ɞɥɹ ɬɪɚɞɢɰɢɨɧɧɨɣ ɢ ɩɪɟɞɥɨɠɟɧɧɨɣ ɦɨɞɟɥɟɣ; 

– ɪɟɚɥɢɡɨɜɚɧ ɧɚɛɨɪ ɦɨɞɭɥɟɣ ɞɥɹ ɫɨɡɞɚɧɢɹ ɰɟɥɨɱɢɫɥɟɧɧɵɯ ɫɟɬɟɣ ɷɯɨ-

ɫɨɫɬɨɹɧɢɣ ɜ ɜɢɞɟ ɩɚɪɚɦɟɬɪɢɡɢɪɭɟɦɵɯ ɫɥɨɠɧɨ-ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɛɥɨɤɨɜ ɧɚ 

ɹɡɵɤɟ ɨɩɢɫɚɧɢɹ ɚɩɩɚɪɚɬɭɪɵ VerilogHDL. 
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ȼȼȿȾȿɇɂȿ 
 

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ, ɪɚɛɨɬɵ ɜ ɨɛɥɚɫɬɢ ɪɟɡɟɪɜɭɚɪɧɵɯ ɜɵɱɢɫɥɟɧɢɣ (Ɋȼ) 

[1, 2] ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɪɟɤɭɪɪɟɧɬɧɵɟ ɧɟɣɪɨɧɧɵɟ ɫɟɬɢ ɫ ɩɨɫɬɨɹɧɧɵɦɢ ɫɜɹɡɹɦɢ 

ɦɨɝɭɬ ɡɚɩɨɦɢɧɚɬɶ ɢ ɝɟɧɟɪɢɪɨɜɚɬɶ ɫɥɨɠɧɵɟ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɜɪɟɦɟɧɧɵɟ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. Ɋȼ ɹɜɥɹɸɬɫɹ ɦɨɳɧɵɦ ɢɧɫɬɪɭɦɟɧɬɨɦ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ ɩɪɟɞɫɤɚɡɚɧɢɹ ɫɨɫɬɨɹɧɢɹ ɞɢɧɚɦɢɱɟɫɤɢɯ ɫɢɫɬɟɦ. 

Ɉɞɧɚɤɨ ɚɩɩɚɪɚɬɧɚɹ ɪɟɚɥɢɡɚɰɢɹ ɤɥɚɫɫɢɱɟɫɤɢɯ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ ɹɜɥɹɟɬɫɹ 

ɧɟɬɪɢɜɢɚɥɶɧɨɣ ɡɚɞɚɱɟɣ. ɗɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɜɵɫɨɤɢɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ ɤ 

ɜɵɱɢɫɥɢɬɟɥɶɧɵɦ ɦɨɳɧɨɫɬɹɦ ɚɩɩɚɪɚɬɧɨɣ ɩɥɚɬɮɨɪɦɵ, ɛɨɥɶɲɢɦɢ ɪɟɫɭɪɫɧɵɦɢ 

ɡɚɬɪɚɬɚɦɢ, ɜɪɟɦɟɧɟɦ ɨɛɭɱɟɧɢɹ ɢ ɩɪ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ ɹɜɥɹɟɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɟ ɢ ɫɨɡɞɚɧɢɟ 

ɦɟɬɨɞɚ ɚɪɯɢɬɟɤɬɭɪɧɨɣ ɨɪɝɚɧɢɡɚɰɢɢ ɢ ɚɩɩɚɪɚɬɧɨɝɨ ɢɧɫɬɪɭɦɟɧɬɚɪɢɹ ɞɥɹ 

ɩɪɚɤɬɢɱɟɫɤɨɣ ɪɟɚɥɢɡɚɰɢɢ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ ɪɟɲɟɧɢɹ 

ɡɚɞɚɱ ɭɩɪɚɜɥɟɧɢɹ ɞɢɧɚɦɢɱɟɫɤɢɦɢ ɨɛɴɟɤɬɚɦɢ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ. 

ɉɨɫɥɟɞɧɢɟ ɪɚɛɨɬɵ ɜ ɨɛɥɚɫɬɢ ɬɟɨɪɢɢ ɢ ɩɪɚɤɬɢɤɢ ɩɪɢɦɟɧɟɧɢɹ ɧɟɣɪɨɧɧɵɯ 

ɫɟɬɟɣ ɩɪɹɦɨɝɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɛɢɧɚɪɢɡɚɰɢɹ ɮɢɥɶɬɪɨɜ ɜ 

ɫɜɟɪɬɨɱɧɵɯ ɧɟɣɪɨɧɧɵɯ ɫɟɬɹɯ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɛɨɥɶɲɨɦɭ ɜɵɢɝɪɵɲɭ ɜ ɩɚɦɹɬɢ 

ɢ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ [3]. ɋɨɤɪɚɳɟɧɢɟ ɩɚɦɹɬɢ, ɡɚɧɢɦɚɟɦɨɣ 

ɤɚɠɞɵɦ ɧɟɣɪɨɧɨɦ ɢɥɢ ɫɢɧɚɩɫɨɦ ɫ 32 ɛɢɬ ɞɨ ɧɟɫɤɨɥɶɤɢɯ ɛɢɬ ɢɥɢ ɞɚɠɟ ɞɜɭɯ, 

ɫɨɯɪɚɧɹɟɬ ɜɵɱɢɫɥɟɧɢɟ ɫ ɦɢɧɢɦɚɥɶɧɨɣ ɩɨɬɟɪɟɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ [4, 5]. ɗɬɨ 

ɪɚɫɲɢɪɹɟɬ ɫɮɟɪɭ ɩɪɢɦɟɧɟɧɢɹ ɬɚɤɢɯ ɫɟɬɟɣ. 

ȼ ɩɪɨɰɟɫɫɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɢ ɨɛɧɚɪɭɠɟɧɵ ɧɟɤɨɬɨɪɵɟ ɫɯɨɞɫɬɜɚ ɦɟɠɞɭ 

ɨɩɟɪɚɰɢɹɦɢ ɜ Ɋȼ ɢ ɦɧɨɝɨɦɟɪɧɵɦɢ ɜɵɱɢɫɥɟɧɢɹɦɢ [6]. Ɇɧɨɝɨɦɟɪɧɵɟ 

ɜɵɱɢɫɥɟɧɢɹ ɹɜɥɹɸɬɫɹ ɩɚɪɚɞɢɝɦɨɣ ɞɥɹ ɧɟɣɪɨɧɧɨ-ɫɢɦɜɨɥɶɧɵɯ ɩɪɟɞɫɬɚɜɥɟɧɢɣ [7, 

8], ɜɵɱɢɫɥɟɧɢɣ ɢ «ɪɚɫɫɭɠɞɟɧɢɣ ɩɨ ɚɧɚɥɨɝɢɢ». Ɉɬɥɢɱɢɟ ɦɧɨɝɨɦɟɪɧɵɯ ɨɬ 

ɬɪɚɞɢɰɢɨɧɧɵɯ ɜɵɱɢɫɥɟɧɢɣ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɜɫɟ ɫɭɳɧɨɫɬɢ (ɨɛɴɟɤɬɵ, ɮɨɧɟɦɵ, 

ɫɢɦɜɨɥɵ) ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɥɭɱɚɣɧɵɦɢ ɜɟɤɬɨɪɚɦɢ ɨɱɟɧɶ ɛɨɥɶɲɨɣ ɪɚɡɦɟɪɧɨɫɬɢ – 

ɧɟɫɤɨɥɶɤɨ ɬɵɫɹɱ ɛɢɬ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ, ɤɨɦɩɥɟɤɫɧɵɟ ɫɬɪɭɤɬɭɪɵ ɞɚɧɧɵɯ ɢ 

ɪɚɫɫɭɠɞɟɧɢɹ ɩɨ ɚɧɚɥɨɝɢɢ ɪɟɚɥɢɡɭɸɬɫɹ ɩɪɨɫɬɵɦɢ ɚɪɢɮɦɟɬɢɱɟɫɤɢɦɢ 
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ɨɩɟɪɚɰɢɹɦɢ (ɫɥɨɠɟɧɢɟ/ɨɛɴɟɞɢɧɟɧɢɟ, ɩɟɪɟɫɬɚɧɨɜɤɢ) [7]. ɂɫɫɥɟɞɨɜɚɧɢɹ 

ɩɨɤɚɡɚɥɢ, ɱɬɨ Ɋȼ ɢ ɦɧɨɝɨɦɟɪɧɵɟ ɜɵɱɢɫɥɟɧɢɹ ɫɜɹɡɚɧɵ ɫɥɟɞɭɸɳɢɦɢ ɨɫɧɨɜɧɵɦɢ 

ɩɪɢɧɰɢɩɚɦɢ: 

– ɫɥɭɱɚɣɧɵɟ ɩɪɨɟɤɰɢɢ ɜɯɨɞɧɵɯ ɡɧɚɱɟɧɢɣ ɧɚ ɪɟɡɟɪɜɭɚɪ (ɤɨɬɨɪɵɟ, ɩɨ ɫɭɬɢ, 

ɹɜɥɹɸɬɫɹ ɦɧɨɝɨɦɟɪɧɵɦɢ ɜɟɤɬɨɪɚɦɢ) ɫɨɟɞɢɧɹɸɬ ɫɥɭɱɚɣɧɵɟ ɩɪɟɞɫɬɚɜɥɟɧɢɹ 

ɦɧɨɝɨɦɟɪɧɵɯ ɜɵɱɢɫɥɟɧɢɣ, ɯɪɚɧɹɳɢɟɫɹ ɜ ɫɭɩɟɪɩɨɡɢɰɢɢ; 

– ɨɛɧɨɜɥɟɧɢɟ ɪɟɡɟɪɜɭɚɪɚ ɩɨɫɪɟɞɫɬɜɨɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɥɭɱɚɣɧɨɣ 

ɪɟɤɭɪɪɟɧɬɧɨɣ ɦɚɬɪɢɰɵ ɫɯɨɠɟ ɫ ɨɩɟɪɚɰɢɹɦɢ ɦɧɨɝɨɦɟɪɧɵɯ ɜɵɱɢɫɥɟɧɢɣ, ɬɚɤɢɦɢ 

ɤɚɤ ɤɨɦɩɨɧɨɜɤɚ/ɩɟɪɟɫɬɚɧɨɜɤɚ; 

– ɧɟɥɢɧɟɣɧɨɫɬɶ ɪɟɡɟɪɜɭɚɪɚ ɦɨɠɟɬ ɛɵɬɶ ɞɨɫɬɢɝɧɭɬɚ ɭɫɬɚɧɨɜɥɟɧɢɟɦ ɩɨɪɨɝɚ 

ɩɪɢ ɫɥɨɠɟɧɢɢ ɰɟɥɵɯ ɱɢɫɟɥ ɜ ɦɧɨɝɨɦɟɪɧɵɯ ɜɵɱɢɫɥɟɧɢɹɯ. 

ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɩɟɪɟɣɬɢ ɤ ɫɨɡɞɚɧɢɸ ɚɪɯɢɬɟɤɬɭɪɵ ɰɟɥɨɱɢɫɥɟɧɧɨɣ ɫɟɬɢ ɷɯɨ-

ɫɨɫɬɨɹɧɢɣ (ɗɋ), ɤɨɬɨɪɚɹ ɮɭɧɤɰɢɨɧɢɪɭɟɬ ɬɚɤ ɠɟ, ɤɚɤ ɬɪɚɞɢɰɢɨɧɧɚɹ ɫɟɬɶ ɗɋ, 

ɨɞɧɚɤɨ ɢɫɩɨɥɶɡɭɟɬ ɦɟɧɶɲɟ ɩɚɦɹɬɢ ɢ ɢɫɩɨɥɶɡɭɟɬ ɦɟɧɶɲɟ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ 

ɦɨɳɧɨɫɬɢ. ȼ ɬɚɤɨɣ ɚɪɯɢɬɟɤɬɭɪɟ ɪɟɡɟɪɜɭɚɪ ɫɟɬɢ ɫɨɞɟɪɠɢɬ ɬɨɥɶɤɨ ɰɟɥɵɟ ɱɢɫɥɚ, 

ɨɝɪɚɧɢɱɟɧɧɵɟ ɧɟɫɤɨɥɶɤɢɦɢ ɛɢɬɚɦɢ ɞɥɹ ɤɚɠɞɨɝɨ ɧɟɣɪɨɧɚ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ 

ɡɧɚɱɢɬɟɥɶɧɨ ɫɨɤɪɚɬɢɬɶ ɡɚɧɢɦɚɟɦɵɟ ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɪɟɫɭɪɫɵ. Ⱦɨɫɬɢɠɟɧɢɟ 

ɪɟɤɭɪɪɟɧɬɧɨɫɬɢ ɪɟɡɟɪɜɭɚɪɚ ɩɨɫɪɟɞɫɬɜɨɦ ɩɟɪɟɦɧɨɠɟɧɢɹ ɦɚɬɪɢɰ ɦɨɠɟɬ ɛɵɬɶ 

ɡɚɦɟɧɟɧɨ ɨɩɟɪɚɰɢɟɣ ɩɟɪɟɫɬɚɧɨɜɤɢ ɩɨɫɪɟɞɫɬɜɨɦ ɰɢɤɥɢɱɟɫɤɨɝɨ ɫɞɜɢɝɚ, ɱɬɨ 

ɩɨɡɜɨɥɢɬ ɡɧɚɱɢɬɟɥɶɧɨ ɭɦɟɧɶɲɢɬɶ ɜɵɞɟɥɹɟɦɵɟ ɞɥɹ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɥɨɝɢɤɢ 

ɪɟɫɭɪɫɵ ɤɪɢɫɬɚɥɥɚ.   

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɰɟɥɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɫɨɫɬɨɢɬ ɜ ɬɟɫɬɢɪɨɜɚɧɢɢ ɢ ɨɬɪɚɛɨɬɤɟ 

ɦɟɬɨɞɚ ɚɩɩɚɪɚɬɧɨɣ ɪɟɚɥɢɡɚɰɢɢ ɫɟɬɟɣ ɗɋ ɧɚ ɨɫɧɨɜɚɧɢɢ ɰɟɥɨɱɢɫɥɟɧɧɨɣ 

ɚɪɯɢɬɟɤɬɭɪɵ. 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɨɩɪɟɞɟɥɟɧɵ ɨɫɧɨɜɧɵɟ ɡɚɞɚɱɢ 

ɢɫɫɥɟɞɨɜɚɧɢɹ: 

– ɜɵɩɨɥɧɢɬɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɩɨɫɨɛɨɜ ɢ ɦɟɬɨɞɨɜ ɪɟɡɟɪɜɭɚɪɧɵɯ ɜɵɱɢɫɥɟɧɢɣ 

ɜ ɤɥɚɫɫɟ ɪɟɤɭɪɪɟɧɬɧɵɯ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ; 
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– ɩɪɟɞɥɨɠɢɬɶ ɦɟɬɨɞ ɪɟɚɥɢɡɚɰɢɢ ɪɟɤɭɪɪɟɧɬɧɵɯ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ ɧɚ 

ɚɩɩɚɪɚɬɧɨɦ ɭɪɨɜɧɟ; 

– ɪɚɡɪɚɛɨɬɚɬɶ ɢ ɜɵɩɨɥɧɢɬɶ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɦɨɞɟɥɟɣ ɧɟɣɪɨɧɧɵɯ 

ɫɟɬɟɣ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ ɚɩɩɚɪɚɬɧɨɣ ɪɟɚɥɢɡɚɰɢɢ; 

– ɪɚɡɪɚɛɨɬɚɬɶ ɩɪɨɝɪɚɦɦɧɭɸ ɦɨɞɟɥɶ ɢ ɜɵɩɨɥɧɢɬɶ ɢɫɫɥɟɞɨɜɚɧɢɟ 

ɰɟɥɨɱɢɫɥɟɧɧɨɣ ɫɟɬɢ ɗɋ ɜ ɛɚɡɢɫɟ ɉɅɂɋ. 

ɉɪɟɞɩɨɥɚɝɚɟɦɚɹ ɧɚɭɱɧɚя ɧɨɜɢɡɧɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ 

ɩɪɟɞɥɨɠɟɧɧɨɦ ɦɟɬɨɞɟ ɚɪɯɢɬɟɤɬɭɪɧɨɣ ɨɪɝɚɧɢɡɚɰɢɢ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ ɞɥɹ 

ɪɟɚɥɢɡɚɰɢɢ ɜ ɜɢɞɟ ɡɚɤɚɡɧɨɣ (ɩɨɥɭɡɚɤɚɡɧɨɣ) ɢɧɬɟɝɪɚɥɶɧɨɣ ɫɯɟɦɵ, ɢɥɢ ɉɅɂɋ, 

ɛɚɡɢɪɭɸɳɟɦɫɹ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɰɟɥɨɱɢɫɥɟɧɧɨɣ ɫɟɬɢ ɗɋ, ɩɨɡɜɨɥɹɸɳɢɦ 

ɦɢɧɢɦɢɡɢɪɨɜɚɬɶ ɬɪɟɛɭɟɦɵɟ ɪɟɫɭɪɫɵ ɤɪɢɫɬɚɥɥɚ ɢ ɭɜɟɥɢɱɢɬɶ ɫɤɨɪɨɫɬɶ ɨɛɪɚɛɨɬɤɢ 

ɞɚɧɧɵɯ.   
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1 Ɋɟɡɟɪɜɭɚɪɧɵɟ ɜɵɱɢɫɥɟɧɢя ɜ ɤɥɚɫɫɟ ɪɟɤɭɪɪɟɧɬɧɵɯ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ 
 

1.1 Ɂɚɞɚɱɚ ɨɪɝɚɧɢɡɚɰɢɢ ɚɩɩɚɪɚɬɧɵɯ ɜɵɱɢɫɥɟɧɢɣ ɞɥя ɧɟɣɪɨɧɧɵɯ 
ɫɟɬɟɣ 

 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɨɢɫɯɨɞɢɬ ɫɬɪɟɦɢɬɟɥɶɧɨɟ ɪɚɡɜɢɬɢɟ ɧɟɣɪɨɫɟɬɟɜɵɯ 

ɬɟɯɧɨɥɨɝɢɣ. ɉɨɞɚɜɥɹɸɳɟɟ ɛɨɥɶɲɢɧɫɬɜɨ ɫɟɪɜɢɫɨɜ ɩɨ ɪɚɫɩɨɡɧɚɜɚɧɢɸ ɬɟɤɫɬɚ, 

ɚɭɞɢɨ, ɢɡɨɛɪɚɠɟɧɢɣ, ɫɟɪɜɢɫɨɜ ɩɨ ɩɟɪɟɜɨɞɭ ɬɟɤɫɬɨɜ ɢ ɞɪɭɝɢɟ ɪɚɛɨɬɚɸɬ ɧɚ ɨɫɧɨɜɟ 

ɧɟɣɪɨɫɟɬɟɣ [9, 10]. ɂɫɩɨɥɶɡɭɟɦɵɟ ɧɟɣɪɨɫɟɬɢ ɮɭɧɤɰɢɨɧɢɪɭɸɬ ɧɚ ɩɪɨɝɪɚɦɦɧɨɦ 

ɭɪɨɜɧɟ, ɬɚɤ ɤɚɤ ɪɟɚɥɢɡɚɰɢɹ ɧɟɣɪɨɫɟɬɟɣ ɧɚ ɚɩɩɚɪɚɬɧɨɦ ɭɪɨɜɧɟ ɹɜɥɹɟɬɫɹ ɫɥɨɠɧɨɣ 

ɡɚɞɚɱɟɣ [11].  

Ɉɞɧɢɦ ɢɡ ɨɩɪɟɞɟɥɹɸɳɢɯ ɮɚɤɬɨɪɨɜ ɞɥɹ ɚɩɩɚɪɚɬɧɨɣ ɪɟɚɥɢɡɚɰɢɢ ɹɜɥɹɟɬɫɹ 

ɨɝɪɚɧɢɱɟɧɧɨɫɬɶ ɪɟɫɭɪɫɨɜ ɰɟɥɟɜɨɣ ɩɥɚɬɮɨɪɦɵ. Ⱦɥɹ ɫɥɨɠɧɵɯ ɡɚɞɚɱ ɧɟɜɨɡɦɨɠɧɨ 

ɜɦɟɫɬɢɬɶ ɧɚ ɤɪɢɫɬɚɥɥ ɢɥɢ ɪɚɫɩɨɥɨɠɢɬɶ ɜ ɩɚɦɹɬɢ ɗȼɆ ɞɨɫɬɚɬɨɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 

ɧɟɣɪɨɧɨɜ. Ʉɪɨɦɟ ɬɨɝɨ, ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɜɹɡɟɣ ɦɟɠɞɭ ɧɟɣɪɨɧɚɦɢ, ɬɚɤ ɠɟ 

ɧɚɤɥɚɞɵɜɚɟɬ ɫɟɪɶɟɡɧɵɟ ɚɩɩɚɪɚɬɧɵɟ ɨɝɪɚɧɢɱɟɧɢɹ. ɍɫɭɝɭɛɥɹɟɬɫɹ ɫɢɬɭɚɰɢɹ 

ɪɚɫɬɭɳɢɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ ɤ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɦɨɳɧɨɫɬɢ, ɤɨɬɨɪɵɟ ɪɚɫɬɭɬ ɫ 

ɭɜɟɥɢɱɟɧɢɟɦ ɫɥɨɠɧɨɫɬɢ ɫɟɬɢ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɬɪɟɛɭɟɬɫɹ ɪɟɲɟɧɢɟ ɬɪɟɯ ɨɫɧɨɜɧɵɯ ɡɚɞɚɱ: 

– ɭɦɟɧɶɲɟɧɢɟ ɡɚɧɢɦɚɟɦɨɝɨ ɧɟɣɪɨɧɚɦɢ ɪɟɫɭɪɫɚ; 

– ɭɦɟɧɶɲɟɧɢɟ ɫɜɹɡɟɣ ɦɟɠɞɭ ɧɟɣɪɨɧɚɦɢ; 

– ɩɟɪɟɯɨɞ ɤ ɛɨɥɟɟ ɩɪɨɫɬɨɣ ɦɨɞɟɥɢ ɜɵɱɢɫɥɟɧɢɣ. 

ɗɬɨ ɩɨɡɜɨɥɢɬ ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɬɶ ɫɤɨɪɨɫɬɶ ɪɚɛɨɬɵ ɫɟɬɢ, ɱɬɨ ɹɜɥɹɟɬɫɹ 

ɤɥɸɱɟɜɵɦ ɮɚɤɬɨɪɨɦ ɩɪɢ ɪɚɛɨɬɟ ɫ ɫɢɫɬɟɦɚɦɢ ɞɢɧɚɦɢɱɟɫɤɢɦɢ ɫɢɫɬɟɦɚɦɢ 

ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ, ɤɪɢɬɢɱɧɵɦɢ ɤɨ ɜɪɟɦɟɧɢ ɪɟɚɤɰɢɢ ɧɚ ɜɧɟɲɧɢɟ ɫɨɛɵɬɢɹ.  

 ɗɬɨ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɪɟɤɭɪɪɟɧɬɧɵɯ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ, 

ɩɨɫɤɨɥɶɤɭ ɢɦɟɧɧɨ ɬɚɤɨɣ ɩɨɞɯɨɞ ɛɭɞɟɬ ɥɭɱɲɢɦ ɪɟɲɟɧɢɟɦ ɞɥɹ ɫɨɡɞɚɧɢɹ 

ɨɞɧɨɤɪɢɫɬɚɥɶɧɨɝɨ ɧɟɣɪɨɫɟɬɟɜɨɝɨ ɪɟɝɭɥɹɬɨɪɚ ɞɥɹ ɞɢɧɚɦɢɱɟɫɤɢɯ ɫɢɫɬɟɦ 

ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ.  
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1.2 Ɋɟɤɭɪɪɟɧɬɧɵɟ ɧɟɣɪɨɧɧɵɟ ɫɟɬɢ 
 

ɂɫɤɭɫɫɬɜɟɧɧɵɟ ɪɟɤɭɪɪɟɧɬɧɵɟ ɧɟɣɪɨɧɧɵɟ ɫɟɬɢ (Ɋɇɋ) ɩɪɟɞɫɬɚɜɥɹɸɬ 

ɛɨɥɶɲɨɣ ɢ ɢɡɦɟɧɹɸɳɢɣɫɹ ɤɥɚɫɫ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɦɨɞɟɥɟɣ, ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɩɨ 

ɚɧɚɥɨɝɢɢ ɫ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɦɨɞɟɥɶɸ ɦɨɡɝɚ [12]. ɏɚɪɚɤɬɟɪɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ 

Ɋɇɋ, ɤɨɬɨɪɚɹ ɨɬɥɢɱɚɟɬ ɢɯ ɨɬ ɨɫɬɚɥɶɧɵɯ ɫɟɬɟɣ, ɢɫɩɨɥɶɡɭɸɳɢɯ ɨɛɪɚɬɧɭɸ ɫɜɹɡɶ 

ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɬɨɩɨɥɨɝɢɹ ɢɯ ɫɨɟɞɢɧɟɧɢɣ ɫɨɞɟɪɠɢɬ ɰɢɤɥɵ [13]. ɇɚɥɢɱɢɟ 

ɜ ɫɬɪɭɤɬɭɪɟ ɫɟɬɢ ɰɢɤɥɨɜ ɩɪɢɜɨɞɢɬ ɤ ɫɥɟɞɭɸɳɟɦɭ: 

– Ɋɇɋ ɦɨɝɭɬ ɪɚɡɜɢɬɶ ɫɚɦɨɩɨɞɞɟɪɠɢɜɚɸɳɭɸɫɹ ɞɢɧɚɦɢɤɭ ɜɪɟɦɟɧɧɵɯ 

ɢɡɦɟɧɟɧɢɣ ɩɪɢ ɩɨɦɨɳɢ ɪɟɤɭɪɪɟɧɬɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɞɚɠɟ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ 

ɜɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ. Ɇɚɬɟɦɚɬɢɱɟɫɤɢ Ɋɇɋ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ 

ɞɢɧɚɦɢɱɟɫɤɢɯ ɫɢɫɬɟɦ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɫɟɬɢ ɫ ɩɪɹɦɵɦ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟɦ – 

ɮɭɧɤɰɢɹɦɢ; 

– ɩɪɢ ɧɚɥɢɱɢɢ ɜɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ, Ɋɇɋ ɫɨɯɪɚɧɹɟɬ ɜɨ ɜɧɭɬɪɟɧɧɟɦ 

ɫɨɫɬɨɹɧɢɢ ɧɟɥɢɧɟɣɧɨɟ ɨɬɨɛɪɚɠɟɧɢɟ ɢɫɬɨɪɢɢ ɜɯɨɞɧɵɯ ɫɢɝɧɚɥɨɜ – ɞɪɭɝɢɦɢ 

ɫɥɨɜɚɦɢ, ɢɦɟɟɬ ɞɢɧɚɦɢɱɟɫɤɭɸ ɩɚɦɹɬɶ ɢ ɜɨɡɦɨɠɧɨɫɬɶ ɨɛɪɚɛɚɬɵɜɚɬɶ ɜɪɟɦɟɧɧɭɸ 

ɤɨɧɬɟɤɫɬɧɭɸ ɢɧɮɨɪɦɚɰɢɸ. 

Ɉɬɦɟɬɢɦ, ɱɬɨ Ɋɇɋ ɹɜɥɹɸɬɫɹ ɨɫɧɨɜɧɵɦ ɷɥɟɦɟɧɬɨɦ ɞɥɹ ɡɚɞɚɱ ɦɚɲɢɧɧɨɝɨ 

ɨɛɭɱɟɧɢɹ, ɬɟɨɪɢɢ ɜɵɱɢɫɥɟɧɢɣ, ɧɟɥɢɧɟɣɧɨɣ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ ɢ ɭɩɪɚɜɥɟɧɢɹ 

[14].  

ɂɡɜɟɫɬɧɵ ɞɜɚ ɤɥɚɫɫɚ Ɋɇɋ. Ɇɨɞɟɥɢ ɢɡ ɩɟɪɜɨɝɨ ɤɥɚɫɫɚ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ 

ɦɢɧɢɦɢɡɚɰɢɟɣ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɡɚɬɪɚɬ ɧɚ ɫɬɨɯɚɫɬɢɱɟɫɤɭɸ ɞɢɧɚɦɢɤɭ ɢ 

ɫɢɦɦɟɬɪɢɱɧɵɟ ɫɜɹɡɢ. ɇɚɢɛɨɥɟɟ ɢɡɜɟɫɬɧɵ ɫɟɬɢ ɏɨɩɮɢɥɞɚ [15, 16], ɦɚɲɢɧɵ 

Ȼɨɥɶɰɦɚɧɚ [17, 18], ɫɟɬɢ ɝɥɭɛɨɤɨɝɨ ɞɨɜɟɪɢɹ [19]. Ɉɛɭɱɟɧɢɟ ɬɚɤɢɯ ɫɟɬɟɣ ɜ 

ɨɫɧɨɜɧɨɦ ɩɪɨɢɫɯɨɞɢɬ ɩɨ ɦɨɞɟɥɢ «ɨɛɭɱɟɧɢɟ ɛɟɡ ɭɱɢɬɟɥɹ». Ɍɢɩɢɱɧɵɦɢ ɡɚɞɚɱɚɦɢ 

ɞɥɹ ɷɬɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ ɹɜɥɹɸɬɫɹ ɚɫɫɨɰɢɚɬɢɜɧɚɹ ɩɚɦɹɬɶ, ɤɨɦɩɪɟɫɫɢɹ ɞɚɧɧɵɯ, 

ɧɟɤɨɧɬɪɨɥɢɪɭɟɦɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɞɚɧɧɵɯ ɢ ɪɚɫɩɨɡɧɚɜɚɧɢɟ 

ɫɬɚɬɢɱɟɫɤɢɯ ɨɛɪɚɡɨɜ [20].  

Ɍɢɩɢɱɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɜɬɨɪɨɝɨ ɤɥɚɫɫɚ ɦɨɞɟɥɟɣ Ɋɇɋ ɹɜɥɹɟɬɫɹ 

ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɚɹ ɞɢɧɚɦɢɤɚ ɨɛɧɨɜɥɟɧɢɣ ɢ ɬɨɱɟɱɧɵɟ ɫɨɟɞɢɧɟɧɢɹ [21]. 
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ɋɢɫɬɟɦɵ ɢɡ ɷɬɨɝɨ ɤɥɚɫɫɚ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɧɟɥɢɧɟɣɧɵɯ ɮɢɥɶɬɪɨɜ, 

ɤɨɬɨɪɵɟ ɩɪɟɨɛɪɚɡɭɸɬ ɜɯɨɞɧɵɟ ɜɪɟɦɟɧɧɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜ ɜɵɯɨɞɧɵɟ 

ɜɪɟɦɟɧɧɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. ȼ ɨɫɧɨɜɟ ɬɚɤɢɯ ɫɟɬɟɣ ɥɟɠɚɬ ɧɟɥɢɧɟɣɧɵɟ 

ɞɢɧɚɦɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ. ɗɬɢ ɫɢɫɬɟɦɵ ɨɛɭɱɚɸɬɫɹ ɩɨ ɦɨɞɟɥɢ «ɨɛɭɱɟɧɢɟ ɫ 

ɭɱɢɬɟɥɟɦ».  

ɇɟ ɫɦɨɬɪɹ ɧɚ ɜɵɫɨɤɢɣ ɩɨɬɟɧɰɢɚɥ ɢ ɧɟɤɨɬɨɪɨɟ ɤɨɥɢɱɟɫɬɜɨ ɭɫɩɟɲɧɵɯ 

ɚɤɚɞɟɦɢɱɟɫɤɢɯ ɢ ɩɪɚɤɬɢɱɟɫɤɢɯ ɩɪɢɦɟɧɟɧɢɣ, ɜɤɥɚɞ Ɋɇɋ ɜ ɧɟɥɢɧɟɣɧɨɟ 

ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɨɫɬɚɟɬɫɹ ɧɟɛɨɥɶɲɢɦ. Ƚɥɚɜɧɨɣ ɩɪɢɱɢɧɨɣ ɷɬɨɝɨ ɹɜɥɹɟɬɫɹ 

ɫɥɨɠɧɨɫɬɶ ɨɛɭɱɟɧɢɹ Ɋɇɋ, ɬɚɤ ɤɚɤ ɞɥɹ ɬɚɤɢɯ ɫɟɬɟɣ ɧɟ ɩɨɞɯɨɞɹɬ ɨɛɵɱɧɵɟ ɦɟɬɨɞɵ 

ɨɛɭɱɟɧɢɹ ɧɚ ɨɫɧɨɜɟ ɝɪɚɞɢɟɧɬɧɨɝɨ ɫɩɭɫɤɚ, ɧɚɩɪɚɜɥɟɧɧɵɟ ɧɚ ɭɦɟɧɶɲɟɧɢɟ ɨɲɢɛɤɢ 

ɨɛɭɱɟɧɢɹ. ɂɡɜɟɫɬɟɧ ɪɹɞ ɚɥɝɨɪɢɬɦɨɜ ɨɛɭɱɟɧɢɹ Ɋɇɋ, ɨɞɧɚɤɨ ɜɫɟ ɨɧɢ ɢɦɟɸɬ 

ɫɥɟɞɭɸɳɢɟ ɧɟɞɨɫɬɚɬɤɢ [22]: 

– ɩɨɫɬɟɩɟɧɧɨɟ ɢɡɦɟɧɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɫɟɬɢ ɜ ɩɪɨɰɟɫɫɟ ɨɛɭɱɟɧɢɹ 

ɫɬɢɦɭɥɢɪɭɟɬ ɞɢɧɚɦɢɤɭ ɫɟɬɢ ɱɟɪɟɡ ɛɢɮɭɪɤɚɰɢɢ [23]. ȼ ɬɚɤɢɯ ɫɥɭɱɚɹɯ, 

ɝɪɚɞɢɟɧɬɧɚɹ ɢɧɮɨɪɦɚɰɢɹ ɪɚɡɦɵɜɚɟɬɫɹ ɢ ɦɨɠɟɬ ɫɬɚɬɶ ɧɟɞɨɫɬɚɬɨɱɧɨ 

ɨɩɪɟɞɟɥɟɧɧɨɣ. Ʉɚɤ ɫɥɟɞɫɬɜɢɟ, ɫɯɨɞɢɦɨɫɬɶ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɝɚɪɚɧɬɢɪɨɜɚɧɚ; 

– ɨɛɧɨɜɥɟɧɢɟ ɟɞɢɧɫɬɜɟɧɧɨɝɨ ɩɚɪɚɦɟɬɪɚ ɦɨɠɟɬ ɛɵɬɶ ɜɵɱɢɫɥɢɬɟɥɶɧɨ 

ɡɚɬɪɚɬɧɵɦ ɢ ɦɨɠɟɬ ɩɨɬɪɟɛɨɜɚɬɶɫɹ ɦɧɨɠɟɫɬɜɨ ɰɢɤɥɨɜ ɨɛɧɨɜɥɟɧɢɹ. ɗɬɨ ɩɪɢɜɨɞɢɬ 

ɤ ɭɜɟɥɢɱɟɧɢɸ ɜɪɟɦɟɧɢ ɨɛɭɱɟɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɞɟɥɚɟɬ ɜɨɡɦɨɠɧɵɦ ɨɛɭɱɟɧɢɟ 

ɬɨɥɶɤɨ ɫɪɚɜɧɢɬɟɥɶɧɨ ɦɚɥɵɯ Ɋɇɋ; 

– ɜ ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ, ɬɹɠɟɥɨ ɨɛɭɱɢɬɶ ɡɚɜɢɫɢɦɨɫɬɢ, ɬɪɟɛɭɸɳɢɟ 

ɞɨɥɝɨɫɪɨɱɧɨɣ ɩɚɦɹɬɢ, ɬɚɤ ɤɚɤ ɧɟɨɛɯɨɞɢɦɚɹ ɝɪɚɞɢɟɧɬɧɚɹ ɢɧɮɨɪɦɚɰɢɹ 

ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨ ɪɚɫɬɜɨɪɹɟɬɫɹ ɫɨ ɜɪɟɦɟɧɟɦ [24]; 

– ɩɪɨɞɜɢɧɭɬɵɟ ɚɥɝɨɪɢɬɦɵ ɨɛɭɱɟɧɢɹ ɢɫɩɨɥɶɡɭɸɬ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɟ 

ɤɨɥɢɱɟɫɬɜɨ ɝɥɨɛɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ, ɤɨɬɨɪɵɟ ɧɟɩɪɨɫɬɨ ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ. ȼ 

ɪɟɡɭɥɶɬɚɬɟ, ɭɫɩɟɲɧɨɟ ɩɪɢɦɟɧɟɧɢɟ ɬɚɤɢɯ ɚɥɝɨɪɢɬɦɨɜ ɬɪɟɛɭɟɬ ɫɭɳɟɫɬɜɟɧɧɵɯ 

ɧɚɜɵɤɨɜ ɢ ɨɩɵɬɚ. 
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1.3 Ɋɟɡɟɪɜɭɚɪɧɵɟ ɜɵɱɢɫɥɟɧɢя 
 

ȼ 2001 ɝɨɞɭ ɛɵɥ ɩɪɟɞɥɨɠɟɧ ɧɨɜɵɣ ɩɨɞɯɨɞ ɤ ɫɨɡɞɚɧɢɸ ɢ ɨɛɭɱɟɧɢɸ Ɋɇɋ 

[25]. ɇɟɡɚɜɢɫɢɦɨ ɞɪɭɝ ɨɬ ɞɪɭɝɚ, ȼɨɥɶɮɝɚɧɨɦ Ɇɚɚɫɫɨɦ ɢ Ƚɟɪɛɟɪɬɨɦ Ƀɟɝɟɪɨɦ 

ɛɵɥɢ ɩɪɟɞɥɨɠɟɧɵ ɫɯɨɠɢɟ ɩɨɞɯɨɞɵ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ Ɋɇɋ. ȼ ɩɟɪɜɨɦ ɫɥɭɱɚɟ – 

«ɦɚɲɢɧɚ ɧɟɭɫɬɨɣɱɢɜɨɝɨ ɫɨɫɬɨɹɧɢɹ» [26], ɜɨ ɜɬɨɪɨɦ – «ɫɟɬɶ ɗɋ» [27]. ɗɬɨɬ 

ɩɨɞɯɨɞ ɜ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɢɡɜɟɫɬɟɧ ɩɨɞ ɨɛɳɢɦ ɧɚɡɜɚɧɢɟɦ «Ɋɟɡɟɪɜɭɚɪɧɵɟ 

ɜɵɱɢɫɥɟɧɢɹ» (Ɋȼ). ɉɚɪɚɞɢɝɦɚ Ɋȼ ɢɡɛɟɝɚɟɬ ɫɥɨɠɧɨɫɬɟɣ ɨɛɭɱɟɧɢɹ Ɋɇɋ, 

ɨɫɧɨɜɚɧɧɵɯ ɧɚ ɦɟɬɨɞɚɯ ɝɪɚɞɢɟɧɬɧɨɝɨ ɫɩɭɫɤɚ, ɜ ɫɜɹɡɢ ɫ ɩɨɫɬɪɨɟɧɢɟɦ Ɋɇɋ ɩɨ 

ɫɥɟɞɭɸɳɢɦ ɩɪɢɧɰɢɩɚɦ: 

– Ɋɇɋ ɡɚɞɚɟɬɫɹ ɫɥɭɱɚɣɧɨ ɢ ɨɫɬɚɟɬɫɹ ɧɟɢɡɦɟɧɧɨɣ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɨɛɭɱɟɧɢɹ. 

Ɍɚɤɚɹ Ɋɇɋ ɧɚɡɵɜɚɟɬɫɹ ɪɟɡɟɪɜɭɚɪɨɦ. Ɉɧɚ ɩɚɫɫɢɜɧɨ ɜɨɡɛɭɠɞɚɟɬɫɹ ɜɯɨɞɧɵɦ 

ɫɢɝɧɚɥɨɦ ɢ ɩɨɞɞɟɪɠɢɜɚɟɬ ɜ ɫɜɨɟɦ ɫɨɫɬɨɹɧɢɢ ɧɟɥɢɧɟɣɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ 

ɜɯɨɞɧɨɣ ɢɫɬɨɪɢɢ; 

– ɠɟɥɚɬɟɥɶɧɵɣ ɜɵɯɨɞɧɨɣ ɫɢɝɧɚɥ ɝɟɧɟɪɢɪɭɟɬɫɹ ɤɚɤ ɥɢɧɟɣɧɚɹ ɤɨɦɛɢɧɚɰɢɹ 

ɧɟɣɪɨɧɧɵɯ ɫɢɝɧɚɥɨɜ ɪɟɡɟɪɜɭɚɪɚ. ɗɬɚ ɥɢɧɟɣɧɚɹ ɤɨɦɛɢɧɚɰɢɹ ɩɨɥɭɱɚɟɬɫɹ ɩɪɢ 

ɩɨɦɨɳɢ ɥɢɧɟɣɧɨɣ ɪɟɝɪɟɫɫɢɢ, ɢɫɩɨɥɶɡɭɹ ɨɛɭɱɚɸɳɢɣ ɫɢɝɧɚɥ ɤɚɤ ɰɟɥɟɜɨɣ. 

ɇɚ ɪɢɫɭɧɤɚɯ 1, 2 ɢɡɨɛɪɚɠɟɧɨ ɪɚɡɥɢɱɢɟ ɜ ɩɨɞɯɨɞɚɯ ɬɪɚɞɢɰɢɨɧɧɨɣ Ɋɇɋ ɢ 

Ɋɇɋ ɩɨɫɬɪɨɟɧɧɨɣ ɧɚ ɨɫɧɨɜɟ Ɋȼ. 

 

 

Ɋɢɫɭɧɨɤ 1 – Ɍɪɚɞɢɰɢɨɧɧɚɹ ɪɟɤɭɪɪɟɧɬɧɚɹ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ, ɩɪɢ ɨɛɭɱɟɧɢɢ 

ɢɡɦɟɧɹɸɬɫɹ ɜɟɫɨɜɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɜɫɟɯ ɫɜɹɡɟɣ 

ɐɟɥɶ 

Ɉɲɢɛɤɚ 

ȼɵɯɨɞ ȼɯɨɞ 
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Ɋɢɫɭɧɨɤ 2 – Ɋɟɤɭɪɪɟɧɬɧɚɹ ɧɟɣɪɨɧɧɚɹ ɫɟɬɶ, ɩɨɫɬɪɨɟɧɧɚɹ ɩɨ ɦɟɬɨɞɭ 

ɪɟɡɟɪɜɭɚɪɧɵɯ ɜɵɱɢɫɥɟɧɢɣ, ɩɪɢ ɨɛɭɱɟɧɢɢ ɢɡɦɟɧɹɸɬɫɹ ɜɟɫɨɜɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ 

ɜɵɯɨɞɧɨɝɨ ɫɥɨɹ, ɨɫɬɚɥɶɧɵɟ ɧɟ ɢɡɦɟɧɹɸɬɫɹ 

 

Ɇɟɬɨɞɵ Ɋȼ ɛɵɫɬɪɨ ɫɬɚɥɢ ɩɨɩɭɥɹɪɧɵ, ɢ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɨɧɢ 

ɹɜɥɹɸɬɫɹ ɨɞɧɨɣ ɢɡ ɨɫɧɨɜɧɵɯ ɩɚɪɚɞɢɝɦ Ɋɇɋ [28]. Ɉɫɧɨɜɧɵɦɢ ɩɪɢɱɢɧɚɦɢ 

ɪɚɡɜɢɬɢɹ Ɋȼ ɹɜɥɹɸɬɫɹ: 

– ɬɨɱɧɨɫɬɶ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. Ɋȼ ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɟɜɨɫɯɨɞɹɬ ɩɪɟɞɵɞɭɳɢɟ 

ɦɟɬɨɞɵ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɧɟɥɢɧɟɣɧɵɯ ɫɢɫɬɟɦ, ɩɪɟɞɫɤɚɡɚɧɢɹ ɢ ɤɥɚɫɫɢɮɢɤɚɰɢɢ, 

ɧɚɩɪɢɦɟɪ, ɜ ɩɪɟɞɫɤɚɡɚɧɢɢ ɯɚɨɬɢɱɟɫɤɨɣ ɞɢɧɚɦɢɤɢ [29], ɧɟɥɢɧɟɣɧɨɣ 

ɛɟɫɩɪɨɜɨɞɧɨɣ ɤɨɪɪɟɤɰɢɢ ɤɚɧɚɥɚ [29], ɮɢɧɚɧɫɨɜɨɦ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɢ, 

ɪɚɫɩɨɡɧɚɜɚɧɢɢ ɨɬɞɟɥɶɧɵɯ ɪɚɡɝɨɜɨɪɧɵɯ ɰɢɮɪ; 

– ɨɛɴɟɦ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. Ɋȼ ɹɜɥɹɸɬɫɹ ɭɧɢɜɟɪɫɚɥɶɧɵɦɢ ɞɥɹ 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɵɯ ɩɨ ɜɪɟɦɟɧɢ, ɩɪɨɞɨɥɠɢɬɟɥɶɧɵɯ ɩɨ ɡɧɚɱɟɧɢɸ ɫɢɫɬɟɦ 

ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ, ɦɨɞɟɥɢɪɭɟɦɵɯ ɫ ɨɝɪɚɧɢɱɟɧɧɵɦɢ ɪɟɫɭɪɫɚɦɢ (ɜɤɥɸɱɚɹ ɜɪɟɦɹ 

ɢ ɪɚɡɪɟɲɟɧɢɟ ɡɧɚɱɟɧɢɹ); 

– ɛɢɨɥɨɝɢɱɟɫɤɚɹ ɞɨɫɬɨɜɟɪɧɨɫɬɶ. Ⱥɪɯɢɬɟɤɬɭɪɚ ɢ ɞɢɧɚɦɢɱɟɫɤɢɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ Ɋȼ ɫɯɨɠɚ ɫɨ ɫɬɪɨɟɧɢɟɦ ɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɦɨɡɝɚ;  

– ɪɚɫɲɢɪɹɟɦɨɫɬɶ ɢ ɷɤɨɧɨɦɧɨɫɬɶ. ɋɥɨɠɧɨɣ ɡɚɞɚɱɟɣ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ ɹɜɥɹɟɬɫɹ ɩɪɨɛɥɟɦɚ ɪɚɫɲɢɪɟɧɢɟ ɩɪɟɠɞɟ ɨɛɭɱɟɧɧɵɯ ɦɨɞɟɥɟɣ 

ɧɨɜɵɦɢ ɨɛɴɟɤɬɚɦɢ ɛɟɡ ɭɯɭɞɲɟɧɢɹ ɢɥɢ ɭɧɢɱɬɨɠɟɧɢɹ ɩɪɟɠɞɟ ɢɡɭɱɟɧɧɵɯ 

ɩɪɟɞɫɬɚɜɥɟɧɢɣ. Ɋȼ ɩɪɟɞɥɚɝɚɸɬ ɩɪɨɫɬɨɟ ɪɟɲɟɧɢɟ – ɧɨɜɵɟ ɨɛɴɟɤɬɵ 
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ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɧɨɜɵɦɢ ɜɵɯɨɞɧɵɦɢ ɫɥɨɹɦɢ, ɤɨɬɨɪɵɟ ɧɚɞɫɬɪɚɢɜɚɸɬɫɹ ɧɚɞ 

ɪɟɡɟɪɜɭɚɪɨɦ. Ɍɚɤ ɤɚɤ ɫɥɨɢ ɧɟɡɚɜɢɫɢɦɵ, ɨɧɢ ɧɟ ɦɟɲɚɸɬ ɪɚɛɨɬɟ ɞɪɭɝ ɞɪɭɝɚ. 

 

1.4 ɋɟɬɢ ɷɯɨ-ɫɨɫɬɨяɧɢɣ 
 

Ɋɚɫɫɦɨɬɪɢɦ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɬɪɚɞɢɰɢɨɧɧɨɣ ɫɟɬɢ ɗɋ, ɫɨɝɥɚɫɧɨ [30]. ɇɚ 

ɪɢɫɭɧɤɟ 3 ɢɡɨɛɪɚɠɟɧɚ ɚɪɯɢɬɟɤɬɭɪɚ ɬɪɚɞɢɰɢɨɧɧɨɣ ɫɟɬɢ ɗɋ, ɜɤɥɸɱɚɸɳɚɹ ɜ ɫɟɛɹ 

ɬɪɢ ɫɥɨɹ ɧɟɣɪɨɧɨɜ. ȼɯɨɞɧɨɣ ɫɥɨɣ ɢɡ K ɧɟɣɪɨɧɨɜ ɫɨɞɟɪɠɢɬ ɬɟɤɭɳɟɟ ɡɧɚɱɟɧɢɟ 

ɜɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ, ɨɛɨɡɧɚɱɟɧɧɨɝɨ u(n). ȼɵɯɨɞɧɨɣ ɫɥɨɣ (L ɧɟɣɪɨɧɨɜ) ɩɪɨɢɡɜɨɞɢɬ 

ɜɵɯɨɞɧɨɟ ɡɧɚɱɟɧɢɟ ɫɟɬɢ (ɨɛɨɡɧɚɱɚɟɬɫɹ y(n)) ɜ ɬɟɱɟɧɢɟ ɨɩɟɪɚɰɢɨɧɧɨɣ ɮɚɡɵ. 

ɋɤɪɵɬɵɣ ɫɥɨɣ ɫɟɬɢ ɫ N ɧɟɣɪɨɧɚɦɢ ɧɚɡɵɜɚɟɬɫɹ ɪɟɡɟɪɜɭɚɪɨɦ, ɟɝɨ ɫɨɫɬɨɹɧɢɟ ɜ 

ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ n ɨɛɨɡɧɚɱɚɟɬɫɹ ɤɚɤ x(n). 
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Ɋɢɫɭɧɨɤ 3 – Ⱥɪɯɢɬɟɤɬɭɪɚ ɬɪɚɞɢɰɢɨɧɧɨɣ ɫɟɬɢ ɷɯɨ-ɫɨɫɬɨɹɧɢɣ 

 

ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ, ɫɨɟɞɢɧɟɧɢɹ ɜ ɫɟɬɢ ɗɋ ɨɩɢɫɵɜɚɸɬɫɹ ɱɟɬɵɪɶɦɹ 

ɦɚɬɪɢɰɚɦɢ. Wɜɯ ɨɩɢɫɵɜɚɟɬ ɫɨɟɞɢɧɟɧɢɹ ɦɟɠɞɭ ɜɯɨɞɧɵɦ ɫɥɨɟɦ ɢ ɪɟɡɟɪɜɭɚɪɨɦ, 

Wɨɛɪ ɨɩɢɫɵɜɚɟɬ ɫɨɟɞɢɧɟɧɢɹ ɪɟɡɟɪɜɭɚɪɚ ɫ ɜɵɯɨɞɧɵɦ ɫɥɨɟɦ. Ɉɛɟ ɦɚɬɪɢɰɵ 

ɩɪɨɟɰɢɪɭɸɬ ɬɟɤɭɳɢɟ ɜɯɨɞɧɵɟ ɢ ɜɵɯɨɞɧɵɟ ɡɧɚɱɟɧɢɹ ɧɚ ɪɟɡɟɪɜɭɚɪ. ɋɟɬɶ ɗɋ 
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ɨɛɥɚɞɚɟɬ ɩɚɦɹɬɶɸ ɛɥɚɝɨɞɚɪɹ ɪɟɤɭɪɪɟɧɬɧɵɦ ɫɨɟɞɢɧɟɧɢɹɦɢ ɦɟɠɞɭ ɧɟɣɪɨɧɚɦɢ ɜ 

ɪɟɡɟɪɜɭɚɪɟ, ɤɨɬɨɪɵɟ ɨɩɢɫɚɧɵ ɦɚɬɪɢɰɟɣ ɪɟɡɟɪɜɭɚɪɚ W. Ɇɚɬɪɢɰɚ Wɜɵɯ 

ɩɪɟɨɛɪɚɡɭɟɬ ɬɟɤɭɳɢɟ ɡɧɚɱɟɧɢɹ ɜɨ ɜɯɨɞɧɨɦ ɫɥɨɟ ɢ ɪɟɡɟɪɜɭɚɪɟ (u(n) ɢ x(n), 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ) ɜ ɜɵɯɨɞ ɫɟɬɢ y(n). Ɇɚɬɪɢɰɵ (Wɜɯ, Wɨɛɪ, ɢ W) ɡɚɞɚɸɬɫɹ 

ɫɥɭɱɚɣɧɨ ɩɪɢ ɢɧɢɰɢɚɥɢɡɚɰɢɢ ɫɟɬɢ ɢ ɨɫɬɚɸɬɫɹ ɧɟɢɡɦɟɧɧɵɦɢ ɜ ɬɟɱɟɧɢɟ 

ɠɢɡɧɟɧɧɨɝɨ ɰɢɤɥɚ ɫɟɬɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɰɟɫɫ ɨɛɭɱɟɧɢɹ ɫɮɨɤɭɫɢɪɨɜɚɧ ɧɚ 

ɢɡɭɱɟɧɢɢ ɫɱɢɬɵɜɚɸɳɟɣ ɦɚɬɪɢɰɵ Wɜɵɯ. ɇɟ ɫɭɳɟɫɬɜɭɟɬ ɠɟɫɬɤɢɯ ɨɝɪɚɧɢɱɟɧɢɣ 

ɞɥɹ ɝɟɧɟɪɚɰɢɢ ɩɪɨɟɰɢɪɭɸɳɢɯ ɦɚɬɪɢɰ Wɜɯ ɢ Wɨɛɪ. Ɉɛɵɱɧɨ ɨɧɢ ɡɚɞɚɸɬɫɹ 

ɫɥɭɱɚɣɧɨ ɫ ɧɨɪɦɚɥɶɧɵɦ ɢɥɢ ɪɚɜɧɨɦɟɪɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɢ ɦɚɫɲɬɚɛɢɪɭɸɬɫɹ, 

ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɢɠɟ. Ɇɚɬɪɢɰɚ ɫɨɟɞɢɧɟɧɢɣ ɪɟɡɟɪɜɭɚɪɚ, ɬɟɦ ɧɟ ɦɟɧɟɟ, ɢɦɟɟɬ 

ɨɝɪɚɧɢɱɟɧɢɹ ɫɨɝɥɚɫɧɨ ɫɜɨɣɫɬɜɚ ɷɯɨ-ɫɨɫɬɨɹɧɢɹ. ɗɬɨ ɫɜɨɣɫɬɜɨ ɞɨɫɬɢɝɚɟɬɫɹ, ɤɨɝɞɚ 

ɫɩɟɤɬɪɚɥɶɧɵɣ ɪɚɞɢɭɫ ɦɚɬɪɢɰɵ W ɦɟɧɶɲɟ ɥɢɛɨ ɪɚɜɟɧ ɟɞɢɧɢɰɟ. ɇɚɩɪɢɦɟɪ, W 

ɦɨɠɟɬ ɛɵɬɶ ɫɝɟɧɟɪɢɪɨɜɚɧɚ ɩɪɢ ɩɨɦɨɳɢ ɧɨɪɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢ 

ɧɨɪɦɚɥɢɡɨɜɚɧɚ ɩɨ ɟɟ ɦɚɤɫɢɦɚɥɶɧɨɦɭ ɫɨɛɫɬɜɟɧɧɨɦɭ ɡɧɚɱɟɧɢɸ. ɉɨɤɚ ɧɟ ɭɤɚɡɚɧɨ 

ɞɪɭɝɨɝɨ, ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɨɪɬɨɝɨɧɚɥɶɧɚɹ ɦɚɬɪɢɰɚ ɞɥɹ 

ɨɩɢɫɚɧɢɹ ɫɨɟɞɢɧɟɧɢɣ ɪɟɡɟɪɜɭɚɪɚ; ɬɚɤɚɹ ɦɚɬɪɢɰɚ ɫɨɡɞɚɧɚ ɩɪɢɦɟɧɟɧɢɟɦ QR-

ɪɚɡɥɨɠɟɧɢɹ ɤ ɫɥɭɱɚɣɧɨɣ ɦɚɬɪɢɰɟ, ɫɝɟɧɟɪɢɪɨɜɚɧɧɨɣ ɩɪɢ ɩɨɦɨɳɢ ɫɬɚɧɞɚɪɬɧɨɝɨ 

ɧɨɪɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ. Ɍɚɤɠɟ, W ɦɨɠɟɬ ɛɵɬɶ ɦɚɫɲɬɚɛɢɪɨɜɚɧɚ 

ɩɚɪɚɦɟɬɪɨɦ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ, ɫɦ. (1). 

Ɉɛɧɨɜɥɟɧɢɟ ɪɟɡɟɪɜɭɚɪɚ ɫɟɬɢ ɫɨ ɜɪɟɦɟɧɟɦ n ɨɩɢɫɚɧɨ ɫɥɟɞɭɸɳɢɦ 

ɭɪɚɜɧɟɧɢɟɦ: 

  ሺ ሻ      ቀ   ሺ   ሻ        ሺ ሻ        ሺ   ሻቁ                      (1) 

 

ɝɞɟ β ɢ ρ ɨɛɨɡɧɚɱɚɸɬ ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɟɤɰɢɢ ɢ ɩɚɪɚɦɟɬɪ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ, 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɉɛɪɚɬɢɬɟ ɜɧɢɦɚɧɢɟ, ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɫɩɟɤɬɪɚɥɶɧɵɣ ɪɚɞɢɭɫ 

ɦɚɬɪɢɰɵ ɫɨɟɞɢɧɟɧɢɣ ɪɟɡɟɪɜɭɚɪɚ W ɪɚɜɟɧ ɟɞɢɧɢɰɟ. Ɍɚɤɠɟ ɨɛɪɚɬɢɬɟ ɜɧɢɦɚɧɢɟ, 

ɱɬɨ ɧɚ ɤɚɠɞɨɦ ɲɚɝɟ ɧɟɣɪɨɧɵ ɜ ɪɟɡɟɪɜɭɚɪɟ ɩɪɢɧɢɦɚɸɬ ɬɚɧɝɟɧɫ ɤɚɤ ɮɭɧɤɰɢɸ 

ɚɤɬɢɜɚɰɢɢ. ɇɟɥɢɧɟɣɧɨɫɬɶ ɩɪɟɞɨɬɜɪɚɳɚɟɬ ɫɟɬɶ ɨɬ ɜɵɪɨɠɞɟɧɢɹ ɨɝɪɚɧɢɱɟɧɢɟɦ 
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ɨɛɥɚɫɬɢ ɜɨɡɦɨɠɧɵɯ ɡɧɚɱɟɧɢɣ ɨɬ -1 ɞɨ 1. Ɏɭɧɤɰɢɹ ɜɵɯɨɞɧɨɝɨ ɫɥɨɹ ɜɵɱɢɫɥɹɟɬɫɹ 

ɤɚɤ: 

  ̂ሺ ሻ   (    [ ሺ ሻ  ሺ ሻ])                                                                          (2) 

 

ɝɞɟ ɬɨɱɤɚ ɫ ɡɚɩɹɬɨɣ ɨɛɨɡɧɚɱɚɟɬ ɤɨɧɤɚɬɟɧɚɰɢɸ ɞɜɭɯ ɜɟɤɬɨɪɨɜ ɢ g() ɨɛɨɡɧɚɱɚɟɬ 

ɮɭɧɤɰɢɸ ɚɤɬɢɜɚɰɢɢ ɜɵɯɨɞɧɵɯ ɧɟɣɪɨɧɨɜ, ɧɚɩɪɢɦɟɪ, ɥɢɧɟɣɧɚɹ ɢɥɢ ɩɨɛɟɞɢɬɟɥɶ 

ɩɨɥɭɱɚɟɬ ɜɫɟ.  

 

1.5  ȼɵɜɨɞ 
 

Ɋɚɫɫɦɨɬɪɟɧɚ ɡɚɞɚɱɚ ɚɩɩɚɪɚɬɧɨɣ ɪɟɚɥɢɡɚɰɢɢ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ. 

Ɉɩɪɟɞɟɥɟɧɨ, ɱɬɨ ɪɟɚɥɢɡɚɰɢɹ ɤɥɚɫɫɢɱɟɫɤɢɯ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ ɧɚ ɚɩɩɚɪɚɬɧɨɦ 

ɭɪɨɜɧɟ ɹɜɥɹɟɬɫɹ ɧɟɬɪɢɜɢɚɥɶɧɨɣ ɡɚɞɚɱɟɣ.  

ȼɵɞɟɥɟɧ ɤɥɚɫɫ ɪɟɤɭɪɪɟɧɬɧɵɯ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ, ɞɨɩɭɫɤɚɸɳɢɯ 

ɷɮɮɟɤɬɢɜɧɭɸ ɚɩɩɚɪɚɬɧɭɸ ɪɟɚɥɢɡɚɰɢɸ.  

Ɋɚɫɫɦɨɬɪɟɧɵ ɫɩɨɫɨɛɵ ɫɨɡɞɚɧɢɹ ɬɚɤɢɯ ɫɟɬɟɣ.  

ɉɪɟɞɥɨɠɟɧ ɦɟɬɨɞ ɚɩɩɚɪɚɬɧɨɣ ɪɟɚɥɢɡɚɰɢɢ, ɛɚɡɢɪɭɸɳɢɣɫɹ ɧɚ 

ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɪɢɧɰɢɩɚ ɪɟɡɟɪɜɭɚɪɧɵɯ ɜɵɱɢɫɥɟɧɢɣ.  

Ɉɩɪɟɞɟɥɟɧɨ, ɱɬɨ ɪɟɚɥɢɡɨɜɚɧɧɵɟ ɧɚ ɚɩɩɚɪɚɬɧɨɦ ɭɪɨɜɧɟ ɫɟɬɢ ɗɋ ɧɚɣɞɭɬ 

ɩɪɢɦɟɧɟɧɢɟ ɜ ɡɚɞɚɱɚɯ ɩɪɟɞɫɤɚɡɚɧɢɹ ɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɞɥɹ ɧɟɥɢɧɟɣɧɵɯ 

ɞɢɧɚɦɢɱɟɫɤɢɯ ɫɢɫɬɟɦ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɚ ɢɯ ɨɫɧɨɜɟ ɜɨɡɦɨɠɧɨ ɩɨɫɬɪɨɟɧɢɟ 

ɫɢɫɬɟɦ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɫɥɨɠɧɵɦɢ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɦɢ 

ɨɛɴɟɤɬɚɦɢ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ. ȼ ɫɜɹɡɢ ɫ ɪɚɡɜɢɬɢɟɦ ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ 

ɦɢɤɪɨɱɢɩɨɜ, ɬɚɤɨɣ ɧɟɣɪɨɧɧɵɣ ɪɟɝɭɥɹɬɨɪ ɦɨɠɟɬ ɛɵɬɶ ɪɟɚɥɢɡɨɜɚɧ ɧɚ ɩɥɚɬɮɨɪɦɟ 

ɉɅɂɋ ɢɥɢ ɋȻɂɋ ɤɥɚɫɫɚ “ɋɢɫɬɟɦɚ ɧɚ ɤɪɢɫɬɚɥɥɟ”. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɨɫɬɚɟɬɫɹ 

ɩɪɨɛɥɟɦɚ ɧɟɯɜɚɬɤɢ ɚɩɩɚɪɚɬɧɵɯ ɪɟɫɭɪɫɨɜ ɩɪɢ ɪɚɫɲɢɪɟɧɢɢ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ. 

Ɋɟɲɟɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɧɚɣɞɟɧɨ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɰɟɥɨɱɢɫɥɟɧɧɵɯ ɷɯɨ-ɫɟɬɟɣ, ɷɬɨ 

ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɪɚɡɪɚɛɨɬɤɭ ɧɨɜɨɝɨ ɫɩɨɫɨɛɚ ɚɪɯɢɬɟɤɬɭɪɧɨɣ ɨɪɝɚɧɢɡɚɰɢɢ ɬɚɤɢɯ 

ɫɟɬɟɣ.  
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2 Ɋɟɚɥɢɡɚɰɢя ɪɟɤɭɪɪɟɧɬɧɵɯ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ ɧɚ ɚɩɩɚɪɚɬɧɨɦ ɭɪɨɜɧɟ 

 
Ɉɫɧɨɜɨɣ ɰɟɥɨɱɢɫɥɟɧɧɵɯ ɫɟɬɟɣ ɗɋ ɹɜɥɹɟɬɫɹ ɩɚɪɚɞɢɝɦɚ ɦɧɨɝɨɦɟɪɧɵɯ 

ɜɵɱɢɫɥɟɧɢɣ. 

 

2.1 Ɉɫɧɨɜɵ ɦɧɨɝɨɦɟɪɧɵɯ ɜɵɱɢɫɥɟɧɢɣ 
 

ȼ ɬɟɤɭɳɟɦ ɩɪɟɞɫɬɚɜɥɟɧɢɢ, ɤɨɬɨɪɨɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜɨ ɜɫɟɯ ɫɨɜɪɟɦɟɧɧɵɯ 

ɰɢɮɪɨɜɵɯ ɤɨɦɩɶɸɬɟɪɚɯ, ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɜ ɩɨɥɧɨɣ ɦɟɪɟ ɢɧɬɟɪɩɪɟɬɢɪɨɜɚɬɶ 

ɩɪɟɞɫɬɚɜɥɟɧɢɟ, ɧɟɨɛɯɨɞɢɦɚ ɝɪɭɩɩɚ ɛɢɬ [31]. ȼ ɦɧɨɝɨɦɟɪɧɵɯ ɜɵɱɢɫɥɟɧɢɹɯ ɜɫɟ 

ɫɭɳɧɨɫɬɢ (ɨɛɴɟɤɬɵ, ɮɨɧɟɦɵ, ɫɢɦɜɨɥɵ) ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɜ ɜɢɞɟ ɜɟɤɬɨɪɨɜ 

ɛɨɥɶɲɨɣ ɪɚɡɦɟɪɧɨɫɬɢ – ɬɵɫɹɱɢ ɛɢɬ. ɂɧɮɨɪɦɚɰɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ 

ɪɚɫɩɪɟɞɟɥɟɧɧɨɦ ɩɪɟɞɫɬɚɜɥɟɧɢɢ, ɜ ɤɨɬɨɪɨɦ, ɜɨɩɪɟɤɢ ɬɟɤɭɳɟɦɭ ɩɪɟɞɫɬɚɜɥɟɧɢɸ, 

ɥɸɛɨɟ ɩɨɞɦɧɨɠɟɫɬɜɨ ɛɢɬ ɦɨɠɟɬ ɛɵɬɶ ɢɧɬɟɪɩɪɟɬɢɪɨɜɚɧɨ. ȼɵɱɢɫɥɟɧɢɹ ɫ 

ɪɚɫɩɪɟɞɟɥɟɧɧɵɦ ɩɪɟɞɫɬɚɜɥɟɧɢɟɦ ɢɫɩɨɥɶɡɭɸɬ ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ 

ɜɟɤɬɨɪɧɵɯ ɩɪɨɫɬɪɚɧɫɬɜ ɫ ɛɨɥɶɲɨɣ ɪɚɡɦɟɪɧɨɫɬɶɸ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɨɞɢɬɶ 

ɩɪɢɛɥɢɡɢɬɟɥɶɧɵɟ, ɭɫɬɨɣɱɢɜɵɟ ɤ ɲɭɦɭ, ɜɵɫɨɤɨ-ɩɚɪɚɥɥɟɥɶɧɵɟ ɜɵɱɢɫɥɟɧɢɹ. 

Ɉɛɴɟɤɬɧɚɹ ɩɚɦɹɬɶ ɧɟɨɛɯɨɞɢɦɚ ɞɥɹ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɫɨɫɬɚɜɧɵɯ ɩɪɟɞɫɬɚɜɥɟɧɢɣ, 

ɩɪɢɫɜɨɟɧɧɵɯ ɤ ɫɥɨɠɧɵɦ ɞɚɧɧɵɦ. ɋɭɳɟɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ ɜɢɞɨɜ ɦɧɨɝɨɦɟɪɧɵɯ 

ɜɵɱɢɫɥɟɧɢɣ ɫ ɪɚɫɩɪɟɞɟɥɟɧɧɵɦ ɩɪɟɞɫɬɚɜɥɟɧɢɟɦ, ɪɚɡɥɢɱɢɦɵɯ ɫɥɭɱɚɣɧɵɦ 

ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɷɥɟɦɟɧɬɨɜ ɜɟɤɬɨɪɚ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ ɞɟɣɫɬɜɢɬɟɥɶɧɵɦɢ 

ɱɢɫɥɚɦɢ [32 – 35], ɤɨɦɩɥɟɤɫɧɵɦɢ ɱɢɫɥɚɦɢ [36], ɞɜɨɢɱɧɵɦɢ ɱɢɫɥɚɦɢ [37, 38] 

ɢɥɢ ɛɢɩɨɥɹɪɧɵɦɢ [33, 39]. 

Ʉɚɧɟɪɜɚ [37] ɩɪɟɞɥɨɠɢɥ ɢɫɩɨɥɶɡɨɜɚɬɶ ɪɚɫɩɪɟɞɟɥɟɧɧɵɟ ɩɪɟɞɫɬɚɜɥɟɧɢɹ, 

ɫɨɞɟɪɠɚɳɢɟ N = 10000 ɛɢɧɚɪɧɵɯ ɷɥɟɦɟɧɬɨɜ (ɧɚɡɵɜɚɟɦɵɯ ɦɧɨɝɨɦɟɪɧɵɦɢ 

ɜɟɤɬɨɪɚɦɢ). Ɂɧɚɱɟɧɢɹ ɤɚɠɞɨɝɨ ɷɥɟɦɟɧɬɚ ɦɧɨɝɨɦɟɪɧɨɝɨ ɜɟɤɬɨɪɚ ɧɟɡɚɜɢɫɢɦɵ ɢ 

ɪɚɜɧɨɜɟɪɨɹɬɧɵ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɨɧɢ ɬɚɤɠɟ ɧɚɡɵɜɚɸɬɫɹ ɩɥɨɬɧɨ-ɪɚɫɩɪɟɞɟɥɟɧɧɵɦ 

ɩɪɟɞɫɬɚɜɥɟɧɢɟɦ. ɋɯɨɞɫɬɜɨ ɦɟɠɞɭ ɞɜɭɦɹ ɛɢɧɚɪɧɵɦɢ ɦɧɨɝɨɦɟɪɧɵɦɢ ɜɟɤɬɨɪɚɦɢ 

ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɪɚɫɫɬɨɹɧɢɟɦ ɏɟɦɦɢɧɝɚ, ɤɨɬɨɪɨɟ (ɞɥɹ ɞɜɭɯ ɜɟɤɬɨɪɨɜ) ɢɡɦɟɪɹɟɬ 

ɤɨɥɢɱɟɫɬɜɨ ɷɥɟɦɟɧɬɨɜ, ɜ ɤɨɬɨɪɵɯ ɨɧɢ ɪɚɡɥɢɱɧɵ. ɉɪɢ ɨɱɟɧɶ ɛɨɥɶɲɨɣ 
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ɪɚɡɦɟɪɧɨɫɬɢ, ɪɚɫɫɬɨɹɧɢɟ ɏɟɦɦɢɧɝɚ (ɧɨɪɦɚɥɢɡɨɜɚɧɧɨɟ ɪɚɡɦɟɪɧɨɫɬɶɸ N) ɦɟɠɞɭ 

ɥɸɛɵɦ ɩɪɨɢɡɜɨɥɶɧɵɦ ɦɧɨɝɨɦɟɪɧɵɦ ɜɟɤɬɨɪɨɦ ɢ ɜɫɟɦɢ ɨɫɬɚɥɶɧɵɦɢ 

ɦɧɨɝɨɦɟɪɧɵɦɢ ɜɟɤɬɨɪɚɦɢ ɜ ɬɨɦ ɠɟ ɩɪɨɫɬɪɚɧɫɬɜɟ, ɩɪɢɛɥɢɠɚɟɬɫɹ ɤ 0,5 [37, 40]. 

Ȼɢɧɚɪɧɵɟ ɦɧɨɝɨɦɟɪɧɵɟ ɜɟɤɬɨɪɚ ɦɨɝɭɬ ɛɵɬɶ ɷɤɜɢɜɚɥɟɧɬɧɨ ɩɟɪɟɧɟɫɟɧɵ ɤ 

ɛɢɩɨɥɹɪɧɨɦɭ ɩɪɟɞɫɬɚɜɥɟɧɢɸ, ɝɞɟ ɤɚɠɞɵɣ ɷɥɟɦɟɧɬ ɜɟɤɬɨɪɚ ɤɨɞɢɪɭɟɬɫɹ ɤɚɤ “-1” 

ɢɥɢ “+1”. Ɍɚɤɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɛɨɥɟɟ ɭɞɨɛɧɨ ɜ ɱɢɫɬɨ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɩɪɢɱɢɧɚɯ. 

ɉɨɤɚɡɚɬɟɥɟɦ ɪɚɫɫɬɨɹɧɢɹ ɜ ɛɢɩɨɥɹɪɧɨɦ ɩɪɟɞɫɬɚɜɥɟɧɢɢ ɹɜɥɹɟɬɫɹ ɬɨɱɟɱɧɨɟ 

ɩɪɨɢɡɜɟɞɟɧɢɟ:  

                                                                                                                 (3) 

 
Ɉɫɧɨɜɧɵɦɢ ɫɢɦɜɨɥɚɦɢ ɜ ɦɧɨɝɨɦɟɪɧɵɯ ɜɵɱɢɫɥɟɧɢɹɯ ɹɜɥɹɸɬɫɹ 

ɷɥɟɦɟɧɬɚɪɧɵɟ ɦɧɨɝɨɦɟɪɧɵɟ ɜɟɤɬɨɪɚ. Ɉɧɢ ɡɚɞɚɸɬɫɹ ɫɥɭɱɚɣɧɨ ɢ ɧɟɡɚɜɢɫɢɦɨ, ɢ, 

ɛɥɚɝɨɞɚɪɹ ɛɨɥɶɲɨɣ ɪɚɡɦɟɪɧɨɫɬɢ, ɛɭɞɭɬ ɛɥɢɡɤɢ ɤ ɨɪɬɨɝɨɧɚɥɶɧɵɦ ɫ ɨɱɟɧɶ 

ɛɨɥɶɲɨɣ ɜɟɪɨɹɬɧɨɫɬɶɸ, ɬɨ ɟɫɬɶ ɦɟɪɚ ɫɯɨɞɫɬɜɚ (ɩɪɨɢɡɜɟɞɟɧɢɟ ɬɨɱɟɤ) ɦɟɠɞɭ 

ɬɚɤɢɦɢ ɦɧɨɝɨɦɟɪɧɵɦɢ ɜɟɤɬɨɪɚɦɢ ɫɬɪɟɦɢɬɫɹ ɤ ɧɭɥɸ. ɍɩɨɪɹɞɨɱɟɧɧɚɹ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɫɢɦɜɨɥɨɜ ɦɨɠɟɬ ɛɵɬɶ ɡɚɤɨɞɢɪɨɜɚɧɚ ɜ ɤɨɦɩɥɟɤɫɧɵɣ 

ɦɧɨɝɨɦɟɪɧɵɣ ɜɟɤɬɨɪ, ɢɫɩɨɥɶɡɭɹ ɷɥɟɦɟɧɬɚɪɧɵɟ ɦɧɨɝɨɦɟɪɧɵɟ ɜɟɤɬɨɪɚ, 

ɩɟɪɟɫɬɚɧɨɜɤɭ (ɧɚɩɪɢɦɟɪ, ɰɢɤɥɢɱɟɫɤɢɣ ɫɞɜɢɝ ɜ ɤɚɱɟɫɬɜɟ ɨɫɨɛɨɝɨ ɫɥɭɱɚɹ 

ɩɟɪɟɫɬɚɧɨɜɤɢ) ɢ ɨɩɟɪɚɬɨɪɵ ɨɛɴɟɞɢɧɟɧɢɹ. Ɍɚɤɨɣ ɜɟɤɬɨɪ ɤɨɞɢɪɭɟɬ ɰɟɥɭɸ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɜ ɫɥɨɠɧɵɣ ɦɧɨɝɨɦɟɪɧɵɣ ɜɟɤɬɨɪ ɢ ɧɚɩɨɦɢɧɚɟɬ ɧɟɣɪɨɧɧɵɣ 

ɪɟɡɟɪɜɭɚɪ.  

Ɉɛɵɱɧɨ, ɜ ɦɧɨɝɨɦɟɪɧɵɯ ɜɵɱɢɫɥɟɧɢɹɯ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ 

ɷɥɟɦɟɧɬɚɪɧɵɯ ɦɧɨɝɨɦɟɪɧɵɯ ɜɟɤɬɨɪɨɜ ɢɡ ɤɨɦɩɥɟɤɫɧɵɯ ɦɧɨɝɨɦɟɪɧɵɯ ɜɟɤɬɨɪɨɜ 

ɜɵɩɨɥɧɹɟɬɫɹ ɩɨɢɫɤɨɦ ɧɚɢɛɨɥɟɟ ɩɨɯɨɠɢɯ ɜɟɤɬɨɪɨɜ, ɯɪɚɧɹɳɢɯɫɹ ɜ ɨɛɴɟɤɬɧɨɣ 

ɩɚɦɹɬɢ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɱɟɦ ɛɨɥɶɲɟ ɜɟɤɬɨɪɨɜ ɫɦɟɲɚɧɵ ɜɦɟɫɬɟ, ɬɟɦ ɫɢɥɶɧɟɟ 

ɜɡɚɢɦɧɵɣ ɲɭɦ ɢ ɜɟɪɨɹɬɧɨɫɬɶ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɩɪɚɜɢɥɶɧɵɯ ɷɥɟɦɟɧɬɚɪɧɵɯ 

ɦɧɨɝɨɦɟɪɧɵɯ ɜɟɤɬɨɪɨɜ ɫɧɢɠɚɟɬɫɹ. 

Ɋɚɛɨɬɚ [6] ɩɨɤɚɡɵɜɚɟɬ ɜɥɢɹɧɢɟ ɜɡɚɢɦɧɨɝɨ ɲɭɦɚ ɢ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ 

ɪɚɡɥɢɱɧɵɟ ɜɢɞɵ ɦɧɨɝɨɦɟɪɧɵɯ ɜɵɱɢɫɥɟɧɢɣ ɢɦɟɸɬ ɭɧɢɜɟɪɫɚɥɶɧɵɣ ɨɛɴɟɦ 
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ɩɚɦɹɬɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɚɡɥɢɱɧɵɟ ɜɢɞɵ ɦɧɨɝɨɦɟɪɧɵɯ ɜɵɱɢɫɥɟɧɢɣ ɦɨɝɭɬ 

ɡɚɦɟɧɹɬɶɫɹ ɛɟɡ ɩɨɧɢɠɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ. ɉɪɢ ɩɨɧɢɦɚɧɢɢ ɷɬɨɝɨ, 

ɜɨɡɦɨɠɧɨ ɪɚɡɪɚɛɨɬɚɬɶ ɧɚɦɧɨɝɨ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɭɸ ɫɟɬɶ ɪɟɡɟɪɜɭɚɪɧɵɯ 

ɜɵɱɢɫɥɟɧɢɣ ɞɥɹ ɰɢɮɪɨɜɨɣ ɚɩɩɚɪɚɬɭɪɵ. 

 

2.2 ɐɟɥɨɱɢɫɥɟɧɧɵɟ ɫɟɬɢ ɷɯɨ-ɫɨɫɬɨяɧɢɣ 
 

Ⱥɪɯɢɬɟɤɬɭɪɚ ɰɟɥɨɱɢɫɥɟɧɧɨɣ ɫɟɬɢ ɗɋ ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 4. Ɍɚɤɚɹ ɫɟɬɶ 

ɢɞɟɧɬɢɱɧɚ ɩɨ ɫɬɪɭɤɬɭɪɟ ɨɛɵɱɧɨɣ ɫɟɬɢ ɗɋ (ɫɦ. ɪɢɫɭɧɨɤ 3) ɫ ɬɪɟɦɹ ɫɥɨɹɦɢ 

ɧɟɣɪɨɧɨɜ: ɜɯɨɞɧɨɣ (u(n), K ɧɟɣɪɨɧɨɜ), ɜɵɯɨɞɧɨɣ (y(n), L ɧɟɣɪɨɧɨɜ) ɢ ɪɟɡɟɪɜɭɚɪ 

(x(n), N ɧɟɣɪɨɧɨɜ). Ɉɬɦɟɬɢɦ, ɱɬɨ ɨɛɭɱɟɧɢɟ ɫɱɢɬɵɜɚɸɳɟɣ ɦɚɬɪɢɰɵ Wɜɵɯ ɞɥɹ 

ɰɟɥɨɱɢɫɥɟɧɧɨɣ ɫɟɬɢ ɗɋ, ɚɧɚɥɨɝɢɱɧɨ ɨɛɭɱɟɧɢɸ ɜɵɯɨɞɧɨɣ ɦɚɬɪɢɰɵ 

ɬɪɚɞɢɰɢɨɧɧɨɣ ɫɟɬɢ ɗɋ.  
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Ɋɢɫɭɧɨɤ 4 – Ⱥɪɯɢɬɟɤɬɭɪɚ ɰɟɥɨɱɢɫɥɟɧɧɨɣ ɫɟɬɢ ɷɯɨ-ɫɨɫɬɨɹɧɢɣ 

 

Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɨɫɬɚɥɶɧɵɟ ɤɨɦɩɨɧɟɧɬɵ ɰɟɥɨɱɢɫɥɟɧɧɨɣ ɫɟɬɢ ɗɋ ɨɬɥɢɱɚɸɬɫɹ 

ɨɬ ɨɛɵɱɧɨɣ ɫɟɬɢ ɗɋ. ȼɨ-ɩɟɪɜɵɯ, ɚɤɬɢɜɚɰɢɢ ɜɯɨɞɧɨɝɨ ɢ ɜɵɯɨɞɧɨɝɨ ɫɥɨɟɜ 

ɩɪɨɟɰɢɪɭɸɬɫɹ ɧɚ ɪɟɡɟɪɜɭɚɪ ɜ ɮɨɪɦɟ ɦɧɨɝɨɦɟɪɧɵɯ ɛɢɩɨɥɹɪɧɵɯ ɜɟɤɬɨɪɨɜ [34] 
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ɪɚɡɦɟɪɚ N (ɨɬɦɟɱɟɧɧɵɯ ɤɚɤ uHD(n) ɢ yHD(n)). Ⱦɥɹ ɩɪɨɛɥɟɦ ɝɞɟ ɜɯɨɞɧɵɟ ɢ 

ɜɵɯɨɞɧɵɟ ɞɚɧɧɵɟ ɨɩɢɫɚɧɵ ɤɨɧɟɱɧɵɦ ɚɥɮɚɜɢɬɨɦ ɢ ɤɚɠɞɵɣ ɫɢɦɜɨɥ ɦɨɠɟɬ ɛɵɬɶ 

ɢɧɬɟɪɩɪɟɬɢɪɨɜɚɧ ɧɟɡɚɜɢɫɢɦɨ, ɨɬɨɛɪɚɠɟɧɢɟ N-ɦɟɪɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ 

ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɨɫɬɵɦ ɩɪɢɫɜɨɟɧɢɟɦ ɫɥɭɱɚɣɧɨɝɨ ɦɧɨɝɨɦɟɪɧɨɝɨ ɛɢɩɨɥɹɪɧɨɝɨ 

ɜɟɤɬɨɪɚ ɤɚɠɞɨɦɭ ɫɢɦɜɨɥɭ ɜ ɚɥɮɚɜɢɬɟ ɢ ɯɪɚɧɟɧɢɸ ɢɯ ɜ ɨɛɴɟɤɬɧɨɣ ɩɚɦɹɬɢ [7]. ȼ 

ɫɥɭɱɚɟ ɧɟɩɪɟɪɵɜɧɵɯ ɞɚɧɧɵɯ (ɧɚɩɪɢɦɟɪ, ɞɟɣɫɬɜɢɬɟɥɶɧɵɯ ɱɢɫɟɥ), ɦɵ 

ɩɪɨɢɡɜɨɞɢɦ ɤɜɚɧɬɨɜɚɧɢɟ ɧɟɩɪɟɪɵɜɧɵɯ ɞɚɧɧɵɯ ɜ ɤɨɧɟɱɧɵɣ ɚɥɮɚɜɢɬ. ɋɯɟɦɚ 

ɤɜɚɧɬɨɜɚɧɢɹ ɢ ɬɨɱɧɨɫɬɶ ɤɜɚɧɬɨɜɚɧɢɹ ɡɚɜɢɫɹɬ ɨɬ ɪɟɲɚɟɦɨɣ ɩɪɨɛɥɟɦɵ. ȼ 

ɞɨɩɨɥɧɟɧɢɟ, ɤɨɝɞɚ ɩɨɹɜɥɹɟɬɫɹ ɧɚɞɨɛɧɨɫɬɶ ɜ ɫɨɯɪɚɧɟɧɢɢ ɫɯɨɠɟɫɬɢ ɦɟɠɞɭ 

ɭɪɨɜɧɹɦɢ ɤɜɚɧɬɨɜɚɧɢɹ, ɩɪɢɦɟɧɹɸɬɫɹ ɫɯɟɦɵ ɫɨɯɪɚɧɟɧɢɹ ɪɚɫɫɬɨɹɧɢɹ (ɫɦ. ɩɪɢɦɟɪ 

[41, 42]), ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɫɨɯɪɚɧɢɬɶ, ɧɚɩɪɢɦɟɪ, ɥɢɧɟɣɧɭɸ ɢɥɢ ɧɟɥɢɧɟɣɧɭɸ 

ɫɯɨɠɟɫɬɶ ɦɟɠɞɭ ɭɪɨɜɧɹɦɢ.  

ɉɪɨɞɨɥɠɢɬɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɬɚɤɠɟ ɦɨɝɭɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɜɢɞɟ 

ɦɧɨɝɨɦɟɪɧɵɯ ɜɟɤɬɨɪɨɜ ɜɚɪɶɢɪɨɜɚɧɢɟɦ ɢɯ ɩɥɨɬɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ. Ⱦɪɭɝɨɣ 

ɨɫɨɛɟɧɧɨɫɬɶɸ ɰɟɥɨɱɢɫɥɟɧɧɨɣ ɫɟɬɢ ɗɋ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ, ɩɨ ɤɨɬɨɪɨɦɭ ɫɨɡɞɚɟɬɫɹ 

ɪɟɤɭɪɪɟɧɬɧɨɫɬɶ ɜ ɪɟɡɟɪɜɭɚɪɟ. ȼɦɟɫɬɨ ɩɟɪɟɦɧɨɠɟɧɢɹ ɦɚɬɪɢɰ, ɪɟɤɭɪɪɟɧɬɧɨɫɬɶ 

ɪɟɚɥɢɡɨɜɚɧɚ ɩɪɢ ɩɨɦɨɳɢ ɩɟɪɟɫɬɚɧɨɜɨɤ ɜɟɤɬɨɪɚ ɪɟɡɟɪɜɭɚɪɚ. ɉɟɪɟɫɬɚɧɨɜɤɢ 

ɜɟɤɬɨɪɚ ɦɨɝɭɬ ɛɵɬɶ ɨɩɢɫɚɧɵ ɜ ɦɚɬɪɢɱɧɨɣ ɮɨɪɦɟ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɢɝɪɚɬɶ ɪɨɥɶ 

ɦɚɬɪɢɰɵ W ɜ ɰɟɥɨɱɢɫɥɟɧɧɨɣ ɫɟɬɢ ɗɋ. ɋɨɝɥɚɫɧɨ [27], ɨɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ 

ɭɫɥɨɜɢɣ ɡɚɞɚɧɢɹ ɬɚɤɨɣ ɦɚɬɪɢɰɵ ɹɜɥɹɟɬɫɹ ɪɚɜɟɧɫɬɜɨ ɟɟ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɪɚɞɢɭɫɚ 

ɟɞɢɧɢɰɟ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɷɮɮɟɤɬɢɜɧɚɹ ɪɟɚɥɢɡɚɰɢɹ ɩɟɪɟɫɬɚɧɨɜɤɢ ɦɨɠɟɬ ɛɵɬɶ 

ɞɨɫɬɢɝɧɭɬɚ ɜ ɨɫɨɛɨɦ ɫɥɭɱɚɟ – ɰɢɤɥɢɱɟɫɤɢɦ ɫɞɜɢɝɨɦ (ɨɬɦɟɱɟɧɧɵɦ ɤɚɤ Sh()). 

Ɋɢɫɭɧɨɤ 4 ɩɨɤɚɡɵɜɚɟɬ ɪɟɤɭɪɪɟɧɬɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɧɟɣɪɨɧɨɜ ɜ ɪɟɡɟɪɜɭɚɪɟ ɫ 

ɪɟɤɭɪɪɟɧɬɧɨɫɬɶɸ ɩɨɫɪɟɞɫɬɜɨɦ ɰɢɤɥɢɱɟɫɤɨɝɨ ɫɞɜɢɝɚ ɧɚ ɨɞɧɭ ɩɨɡɢɰɢɸ. ȼ ɬɚɤɨɦ 

ɫɥɭɱɚɟ, ɜɟɤɬɨɪɧɨ-ɦɚɬɪɢɱɧɨɟ ɩɟɪɟɦɧɨɠɟɧɢɟ Wx(n) ɷɤɜɢɜɚɥɟɧɬɟɧ Sh(x(n), 1). 

Ⱦɥɹ ɯɪɚɧɟɧɢɹ ɰɟɥɨɱɢɫɥɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɧɟɣɪɨɧɨɜ, ɰɟɥɨɱɢɫɥɟɧɧɚɹ ɫɟɬɶ ɗɋ 

ɢɫɩɨɥɶɡɭɟɬ ɪɚɡɥɢɱɧɵɟ ɧɟɥɢɧɟɣɧɵɟ ɮɭɧɤɰɢɢ ɚɤɬɢɜɚɰɢɢ ɞɥɹ ɪɟɡɟɪɜɭɚɪɚ – 

ɨɝɪɚɧɢɱɟɧɢɟ (4). ɋɚɦɚɹ ɩɪɨɫɬɚɹ ɨɩɟɪɚɰɢɹ ɨɛɴɟɞɢɧɟɧɢɹ – ɷɬɨ ɩɨɷɥɟɦɟɧɬɧɨɟ 

ɫɥɨɠɟɧɢɟ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɨɷɥɟɦɟɧɬɧɨɝɨ ɫɥɨɠɟɧɢɹ, ɮɭɧɤɰɢɹ 
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ɪɟɡɟɪɜɭɚɪɚ (ɬ.ɟ. ɤɨɦɩɥɟɤɫɧɵɣ ɦɧɨɝɨɦɟɪɧɵɣ ɜɟɤɬɨɪ) ɛɨɥɟɟ ɧɟ ɛɢɩɨɥɹɪɧɚ. ɋ 

ɬɨɱɤɢ ɡɪɟɧɢɹ ɪɟɚɥɢɡɚɰɢɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɯɪɚɧɢɬɶ ɡɧɚɱɟɧɢɹ ɷɥɟɦɟɧɬɨɜ 

ɦɧɨɝɨɦɟɪɧɨɝɨ ɜɟɤɬɨɪɚ ɜ ɨɝɪɚɧɢɱɟɧɧɨɦ ɞɢɚɩɚɡɨɧɟ, ɢɫɩɨɥɶɡɭɹ ɩɨɪɨɝɨɜɨɟ 

ɡɧɚɱɟɧɢɟ (ɨɬɦɟɱɟɧɧɨɟ ɤɚɤ k). 

 

  ሺ ሻ  {                                                                                                                                                 (4) 

 

Ɉɝɪɚɧɢɱɟɧɢɟ ɩɨɪɨɝɨɦ k ɪɟɝɭɥɢɪɭɟɬ ɧɟɥɢɧɟɣɧɨɟ ɩɨɜɟɞɟɧɢɟ ɪɟɡɟɪɜɭɚɪɚ ɢ 

ɨɝɪɚɧɢɱɢɜɚɟɬ ɞɢɚɩɚɡɨɧ ɡɧɚɱɟɧɢɣ ɮɭɧɤɰɢɢ. ȼ ɰɟɥɨɱɢɫɥɟɧɧɨɣ ɫɟɬɢ ɗɋ ɪɟɡɟɪɜɭɚɪ 

ɨɛɧɨɜɥɹɟɬɫɹ ɬɨɥɶɤɨ ɰɟɥɨɱɢɫɥɟɧɧɵɦɢ ɛɢɩɨɥɹɪɧɵɦɢ ɜɟɤɬɨɪɚɦɢ ɢ ɩɨɫɥɟ 

ɨɝɪɚɧɢɱɟɧɢɹ ɡɧɚɱɟɧɢɹ ɧɟɣɪɨɧɨɜ ɰɟɥɨɱɢɫɥɟɧɧɵɟ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ –k ɞɨ k. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɤɚɠɞɵɣ ɧɟɣɪɨɧ ɩɪɟɞɫɬɚɜɥɟɧ ɫ ɩɨɦɨɳɶɸ log2(2k+1) ɛɢɬɨɜ ɩɚɦɹɬɢ. 

ɇɚɩɪɢɦɟɪ, ɟɫɥɢ k = 7, ɫɭɳɟɫɬɜɭɟɬ 15 ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɣ ɧɟɣɪɨɧɚ, ɯɪɚɧɹɳɢɯɫɹ 

ɜɫɟɝɨ ɜ 4 ɛɢɬɚɯ. 

ɉɨɞɜɨɞɹ ɢɬɨɝ ɩɪɢɜɟɞɟɧɧɵɯ ɪɚɡɥɢɱɢɣ, ɨɛɧɨɜɥɟɧɢɟ ɰɟɥɨɱɢɫɥɟɧɧɨɣ ɫɟɬɢ ɗɋ 

ɦɨɠɧɨ ɨɩɢɫɚɬɶ ɤɚɤ: 

  ሺ ሻ    (  ሺ ሺ   ሻ  ሻ     ሺ ሻ      ሺ   ሻ)                                 (5) 
 

2.3 ȼɵɜɨɞ 
 

Ⱦɥɹ ɪɚɡɪɚɛɨɬɤɢ ɧɨɜɨɝɨ ɦɟɬɨɞɚ ɚɪɯɢɬɟɤɬɭɪɧɨɣ ɨɪɝɚɧɢɡɚɰɢɢ 

ɰɟɥɨɱɢɫɥɟɧɧɵɯ ɫɟɬɟɣ ɗɋ, ɪɚɫɫɦɨɬɪɟɧɵ ɨɫɧɨɜɵ ɦɧɨɝɨɦɟɪɧɵɯ ɜɵɱɢɫɥɟɧɢɣ. 

Ɋɟɡɭɥɶɬɚɬɵ ɩɨɡɜɨɥɢɥɢ ɩɟɪɟɣɬɢ ɨɬ ɬɪɚɞɢɰɢɨɧɧɨɣ ɫɟɬɢ ɗɋ ɤ ɰɟɥɨɱɢɫɥɟɧɧɨɣ ɫɟɬɢ 

ɗɋ. Ɍɚɤɨɣ ɩɟɪɟɯɨɞ ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɢɡɦɟɧɟɧɢɢ ɭɫɬɪɨɣɫɬɜɚ ɪɟɡɟɪɜɭɚɪɚ, ɚ 

ɢɦɟɧɧɨ: 

– ɫɥɭɱɚɣɧɵɟ ɩɪɨɟɤɰɢɢ ɜɯɨɞɧɵɯ ɡɧɚɱɟɧɢɣ ɧɚ ɪɟɡɟɪɜɭɚɪ (ɤɨɬɨɪɵɟ, ɩɨ ɫɭɬɢ, 

ɹɜɥɹɸɬɫɹ ɦɧɨɝɨɦɟɪɧɵɦɢ ɜɟɤɬɨɪɚɦɢ) ɫɨɟɞɢɧɹɸɬ ɫɥɭɱɚɣɧɵɟ ɩɪɟɞɫɬɚɜɥɟɧɢɹ 

ɦɧɨɝɨɦɟɪɧɵɯ ɜɵɱɢɫɥɟɧɢɣ, ɯɪɚɧɹɳɢɟɫɹ ɜ ɫɭɩɟɪɩɨɡɢɰɢɢ; 



 

21 
 

– ɨɛɧɨɜɥɟɧɢɟ ɪɟɡɟɪɜɭɚɪɚ ɩɨɫɪɟɞɫɬɜɨɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɥɭɱɚɣɧɨɣ 

ɪɟɤɭɪɪɟɧɬɧɨɣ ɦɚɬɪɢɰɵ ɫɯɨɠɟ ɫ ɨɩɟɪɚɰɢɹɦɢ ɦɧɨɝɨɦɟɪɧɵɯ ɜɵɱɢɫɥɟɧɢɣ, ɬɚɤɢɦɢ 

ɤɚɤ ɤɨɦɩɨɧɨɜɤɚ/ɩɟɪɟɫɬɚɧɨɜɤɚ; 

– ɧɟɥɢɧɟɣɧɨɫɬɶ ɪɟɡɟɪɜɭɚɪɚ ɦɨɠɟɬ ɛɵɬɶ ɞɨɫɬɢɝɧɭɬɚ ɭɫɬɚɧɨɜɥɟɧɢɟɦ ɩɨɪɨɝɚ 

ɩɪɢ ɫɥɨɠɟɧɢɢ ɰɟɥɵɯ ɱɢɫɟɥ ɜ ɦɧɨɝɨɦɟɪɧɵɯ ɜɵɱɢɫɥɟɧɢɹɯ. 

Ɉɩɢɫɚɧɧɵɣ ɜɵɲɟ ɦɟɬɨɞ ɪɟɚɥɢɡɚɰɢɢ ɫɟɬɟɣ ɗɋ ɩɨɡɜɨɥɢɬ ɫɨɤɪɚɬɢɬɶ ɡɚɬɪɚɬɵ 

ɡɚɧɢɦɚɟɦɨɣ ɩɚɦɹɬɢ ɜɧɭɬɪɢ ɪɟɡɟɪɜɭɚɪɚ ɧɚ 70-80%, ɨɛɴɟɦɚ ɢɫɩɨɥɶɡɭɟɦɵɯ 

ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɧɚ 90-95% ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɪɚɞɢɰɢɨɧɧɵɦ ɦɟɬɨɞɨɦ 

ɪɟɚɥɢɡɚɰɢɢ ɪɟɡɟɪɜɭɚɪɚ. Ɉɞɧɚɤɨ ɫɥɟɞɭɟɬ ɪɚɡɪɚɛɨɬɚɬɶ ɦɨɞɟɥɶ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ 

ɢ ɜɵɹɫɧɢɬɶ, ɜɨɡɦɨɠɧɨ ɥɢ ɷɮɮɟɤɬɢɜɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɟɞɥɚɝɚɟɦɨɣ 

ɚɪɯɢɬɟɤɬɭɪɵ. 
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  3 Ɋɚɡɪɚɛɨɬɤɚ ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɦɨɞɟɥɟɣ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ, 
ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥя ɚɩɩɚɪɚɬɧɨɣ ɪɟɚɥɢɡɚɰɢɢ 
 

ȼɵɩɨɥɧɟɧɨ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɫɟɬɟɣ ɷɯɨ-ɫɨɫɬɨɹɧɢɹ, ɷɬɨ ɩɨɡɜɨɥɢɥɨ: 

– ɨɩɪɟɞɟɥɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɟɤɭɪɪɟɧɬɧɨɫɬɢ ɪɟɡɟɪɜɭɚɪɚ ɰɟɥɨɱɢɫɥɟɧɧɨɣ 

ɫɟɬɢ ɗɋ ɩɪɢ ɫɪɚɜɧɟɧɢɢ ɫ ɬɪɚɞɢɰɢɨɧɧɨɣ ɩɨ ɤɪɢɬɟɪɢɸ ɬɨɱɧɨɫɬɢ ɪɚɫɲɢɮɪɨɜɤɢ 

ɡɧɚɱɟɧɢɹ ɪɟɡɟɪɜɭɚɪɚ ɱɟɪɟɡ ɨɩɪɟɞɟɥɟɧɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɢɬɟɪɚɰɢɣ; 

– ɨɩɪɟɞɟɥɢɬɶ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶ ɪɟɚɥɢɡɚɰɢɢ ɬɪɚɞɢɰɢɨɧɧɨɣ ɷɯɨ-ɫɟɬɢ ɧɚ 

ɚɩɩɚɪɚɬɧɨɦ ɭɪɨɜɧɟ; 

– ɨɩɪɟɞɟɥɢɬɶ ɜɥɢɹɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɗɋ ɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɟɤɭɪɪɟɧɬɧɨɫɬɢ. 

 

3.1 Ɇɨɞɟɥɶ ɬɪɚɞɢɰɢɨɧɧɨɣ ɫɟɬɢ ɷɯɨ-ɫɨɫɬɨяɧɢɣ 
 

Ɇɨɞɟɥɶ ɬɪɚɞɢɰɢɨɧɧɨɣ ɫɟɬɢ ɗɋ ɪɚɡɪɚɛɨɬɚɧɚ ɧɚ ɹɡɵɤɟ Matlab (Ɋɢɫɭɧɨɤ 

Ɋɢɫɭɧɨɤ 3). Ɍɟɤɫɬ ɩɪɨɝɪɚɦɦɵ ɩɪɢɜɟɞɟɧ ɜ ɩɪɢɥɨɠɟɧɢɢ Ⱥ.  

ɉɪɢ ɢɧɢɰɢɚɥɢɡɚɰɢɢ ɫɟɬɢ ɡɚɞɚɸɬɫɹ ɫɥɭɱɚɣɧɵɟ ɡɧɚɱɟɧɢɹ ɫɜɹɡɟɣ ɜɧɭɬɪɢ 

ɪɟɡɟɪɜɭɚɪɚ, ɦɚɬɪɢɰɵ ɩɪɨɟɤɰɢɢ ɜɯɨɞɧɵɯ ɡɧɚɱɟɧɢɣ (W, Wɜɯ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ).  

ɋɥɟɞɭɸɳɢɦ ɲɚɝɨɦ ɹɜɥɹɟɬɫɹ ɧɚɫɬɪɨɣɤɚ ɦɚɬɪɢɰɵ ɜɵɯɨɞɧɵɯ ɩɪɨɟɤɰɢɣ 

ɪɟɡɟɪɜɭɚɪɚ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɨɛɭɱɟɧɢɟɦ ɬɪɚɞɢɰɢɨɧɧɨɣ ɫɟɬɢ ɗɋ. Ɉɛɭɱɟɧɢɟ 

ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ ɩɨɦɨɳɶɸ ɥɢɧɟɣɧɨɣ ɪɟɝɪɟɫɫɢɢ ɜɵɯɨɞɧɵɯ ɡɧɚɱɟɧɢɣ ɨɛɭɱɚɸɳɟɣ 

ɜɵɛɨɪɤɢ. Ⱦɥɹ ɩɨɫɥɟɞɭɸɳɟɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɫɩɨɫɨɛɧɨɫɬɢ 

“ɡɚɩɨɦɢɧɚɬɶ” ɢɧɮɨɪɦɚɰɢɸ ɜ ɤɪɚɬɤɨɫɪɨɱɧɨɦ ɩɟɪɢɨɞɟ, ɩɪɨɢɡɜɨɞɢɬɫɹ ɨɛɭɱɟɧɢɟ 

ɦɚɫɫɢɜɚ ɦɚɬɪɢɰ ɜɵɯɨɞɧɵɯ ɜɟɫɨɜ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɤɨɥɢɱɟɫɬɜɭ ɰɢɤɥɨɜ ɪɚɛɨɬɵ 

ɪɟɡɟɪɜɭɚɪɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚ ɦɨɞɟɥɢ ɫɬɚɧɨɜɢɬɫɹ ɜɨɡɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ 

ɬɨɱɧɨɫɬɶ ɪɚɛɨɬɵ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɱɟɪɟɡ ɨɩɪɟɞɟɥɟɧɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɰɢɤɥɨɜ. 

Ɂɚɤɥɸɱɢɬɟɥɶɧɵɦ ɲɚɝɨɦ ɹɜɥɹɟɬɫɹ ɬɟɫɬɢɪɨɜɚɧɢɟ ɨɛɭɱɟɧɧɨɣ ɧɟɣɪɨɧɧɨɣ 

ɫɟɬɢ ɧɚ ɦɚɫɫɢɜɟ ɞɚɧɧɵɯ ɫ ɰɟɥɶɸ ɜɵɹɜɥɟɧɢɹ ɬɨɱɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɚɜɢɥɶɧɨɝɨ 

ɡɧɚɱɟɧɢɹ ɧɚ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɹɯ ɡɚɞɟɪɠɤɢ. 
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Ȼɥɨɤ-ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ ɪɚɛɨɬɵ ɦɨɞɟɥɢ ɬɪɚɞɢɰɢɨɧɧɨɣ ɫɟɬɢ ɗɋ ɩɪɢɜɟɞɟɧɚ 

ɧɚ ɪɢɫɭɧɤɟ 5.  

 

ʻ̸̌̌ло

Д̌

ʻет
ʦ̭е ̛̭̥уля̶̛̛ 

̌̏̚е̬̹е̦̼

 

ʦ̼̏е̭т̛ 
̴̛̬̐̌к 

то̸̦о̭т̛

Ко̦е̶

 
ʦ̏од 

п̬̥̌̌ет̬о̏

ʯ̌д̛̦̌е ̥̌т̶̛̬ 
Win, W

О̍у̸е̛̦е ̥̌т̶̛̬̼ 
̏е̭о̏ для к̙̌до̜ ̛̚ 

̌̚де̬̙ек

ʦ̸̛̼̭ле̛̦е 
то̸̦о̭т̛ для 

к̙̌до̜ ̛̚ 
̌̚де̬̙ек

 
 

Ɋɢɫɭɧɨɤ 5 – Ȼɥɨɤ-ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ ɪɚɛɨɬɵ ɦɨɞɟɥɢ ɬɪɚɞɢɰɢɨɧɧɨɣ ɫɟɬɢ ɷɯɨ-
ɫɨɫɬɨɹɧɢɣ 

 

3.2 Ɇɨɞɟɥɶ ɰɟɥɨɱɢɫɥɟɧɧɨɣ ɫɟɬɢ ɷɯɨ-ɫɨɫɬɨяɧɢɣ 

 

Ɇɨɞɟɥɶ ɰɟɥɨɱɢɫɥɟɧɧɨɣ ɫɟɬɢ ɗɋ ɩɨɫɬɪɨɟɧɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɨɩɢɫɚɧɢɟɦ, 

ɩɪɢɜɟɞɟɧɧɵɦ ɜ ɩɭɧɤɬɟ 2.2 ɞɚɧɧɨɣ ɪɚɛɨɬɵ. Ⱥɪɯɢɬɟɤɬɭɪɚ ɫɟɬɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 

ɪɢɫɭɧɤɟ Ɋɢɫɭɧɨɤ 4. Ɍɟɤɫɬ ɩɪɨɝɪɚɦɦɵ ɩɪɢɜɟɞɟɧ ɜ ɩɪɢɥɨɠɟɧɢɢ Ȼ. Ɉɫɧɨɜɧɨɣ 

ɰɟɥɶɸ ɪɚɫɫɦɨɬɪɟɧɢɹ ɦɨɞɟɥɢ ɹɜɥɹɟɬɫɹ ɜɵɹɜɥɟɧɢɟ ɜɥɢɹɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɫɟɬɢ ɧɚ 
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ɢɡɦɟɧɟɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɟɤɭɪɪɟɧɬɧɨɫɬɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɪɚɞɢɰɢɨɧɧɨɣ 

ɫɟɬɶɸ ɗɋ. 

ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɪɚɛɨɬɵ ɫ ɦɨɞɟɥɶɸ ɡɚɞɚɸɬɫɹ ɩɚɪɚɦɟɬɪɵ ɫɟɬɢ. ɋ ɭɱɟɬɨɦ 

ɡɚɞɚɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɢɫɯɨɞɢɬ ɢɧɢɰɢɚɥɢɡɚɰɢɹ ɨɛɴɟɤɬɧɨɣ ɩɚɦɹɬɢ 

ɫɥɭɱɚɣɧɵɦɢ ɛɢɩɨɥɹɪɧɵɦɢ ɜɟɤɬɨɪɚɦɢ.  

Ɂɚɬɟɦ ɩɪɨɢɡɜɨɞɢɬɫɹ ɨɛɭɱɟɧɢɟ ɜɵɯɨɞɧɵɯ ɦɚɬɪɢɰ ɜɟɫɨɜ ɞɥɹ ɤɚɠɞɨɣ ɢɡ 

ɡɚɞɟɪɠɟɤ ɩɨɫɪɟɞɫɬɜɨɦ ɜɵɱɢɫɥɟɧɢɹ ɥɢɧɟɣɧɨɣ ɪɟɝɪɟɫɫɢɢ.  

Ȼɥɨɤ-ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ ɪɚɛɨɬɵ ɰɟɥɨɱɢɫɥɟɧɧɨɣ ɫɟɬɢ ɗɋ ɩɪɢɜɟɞɟɧɚ ɧɚ 

ɪɢɫɭɧɤɟ Ɋɢɫɭɧɨɤ 6. 
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Ɋɢɫɭɧɨɤ 6 – Ȼɥɨɤ-ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ ɪɚɛɨɬɵ ɦɨɞɟɥɢ ɰɟɥɨɱɢɫɥɟɧɧɨɣ ɫɟɬɢ ɷɯɨ-

ɫɨɫɬɨɹɧɢɣ 
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Ʉɚɤ ɢ ɞɥɹ ɦɨɞɟɥɢ ɬɪɚɞɢɰɢɨɧɧɨɣ ɫɟɬɢ ɗɋ ɜɵɱɢɫɥɹɟɬɫɹ ɬɨɱɧɨɫɬɶ 

ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɫɨɫɬɨɹɧɢɹ ɪɟɡɟɪɜɭɚɪɚ ɧɚ ɤɚɠɞɨɣ ɢɡ ɡɚɞɟɪɠɟɤ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ 

ɩɪɨɜɟɫɬɢ ɫɪɚɜɧɟɧɢɟ. 

 

3.3 Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 
 

ȼ ɤɚɱɟɫɬɜɟ ɩɟɪɜɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɜɵɱɢɫɥɟɧɢɹ ɬɨɱɧɨɫɬɢ ɞɟɤɨɞɢɪɨɜɚɧɢɹ, 

ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɫɬɚɧɞɚɪɬɧɚɹ ɦɨɞɟɥɶ ɰɟɥɨɱɢɫɥɟɧɧɨɣ ɫɟɬɢ ɗɋ ɢ ɬɪɚɞɢɰɢɨɧɧɚɹ 

ɦɨɞɟɥɶ ɫ ɩɨɥɧɨɫɜɹɡɧɨɣ ɚɪɯɢɬɟɤɬɭɪɨɣ. ɉɨɞ ɩɨɧɹɬɢɟɦ ɩɨɥɧɨɫɜɹɡɧɚɹ ɚɪɯɢɬɟɤɬɭɪɚ 

ɜ ɞɚɧɧɨɦ ɤɨɧɬɟɤɫɬɟ ɩɨɞɪɚɡɭɦɟɜɚɟɬɫɹ ɚɪɯɢɬɟɤɬɭɪɚ, ɜɵɯɨɞɵ ɧɟɣɪɨɧɨɜ ɪɟɡɟɪɜɭɚɪɚ 

ɤɨɬɨɪɨɣ ɩɨɫɬɭɩɚɸɬ ɧɚ ɜɯɨɞ ɜɫɟɯ ɧɟɣɪɨɧɨɜ ɪɟɡɟɪɜɭɚɪɚ. Ɍɚɤɚɹ ɚɪɯɢɬɟɤɬɭɪɚ 

ɤɪɚɣɧɟ ɧɟɜɵɝɨɞɧɚ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɚɩɩɚɪɚɬɧɨɣ ɪɟɚɥɢɡɚɰɢɢ, ɨɞɧɚɤɨ ɧɚɢɛɨɥɟɟ 

ɩɨɥɧɨ ɨɬɨɛɪɚɠɚɟɬ ɫɜɨɣɫɬɜɚ ɫɟɬɟɣ ɷɯɨ-ɫɨɫɬɨɹɧɢɹ. 

Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 7, ɩɨ ɨɫɢ ɨɪɞɢɧɚɬ 

ɩɪɢɜɟɞɟɧɚ ɫɪɟɞɧɹɹ ɩɨ ɜɫɟɦ ɫɢɦɭɥɹɰɢɹɦ ɬɨɱɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɜɯɨɞɧɨɝɨ 

ɫɢɦɜɨɥɚ, ɩɨ ɨɫɢ ɚɛɫɰɢɫɫ ɤɨɥɢɱɟɫɬɜɨ ɰɢɤɥɨɜ ɡɚɞɟɪɠɤɢ.  

 



 

26 
 

 
 

Ɋɢɫɭɧɨɤ 7 – Ƚɪɚɮɢɤɢ ɡɚɜɢɫɢɦɨɫɬɢ ɬɨɱɧɨɫɬɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɫɢɦɜɨɥɚ ɨɬ 

ɤɨɥɢɱɟɫɬɜɚ ɰɢɤɥɨɜ ɡɚɞɟɪɠɤɢ ɩɪɢ ɪɚɡɦɟɪɟ ɪɟɡɟɪɜɭɚɪɚ 100 ɧɟɣɪɨɧɨɜ 

 

ɂɡ ɪɢɫɭɧɤɚ 7 ɫɥɟɞɭɟɬ, ɱɬɨ ɬɨɱɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɜɯɨɞɧɨɝɨ ɫɢɦɜɨɥɚ ɭ 

ɰɟɥɨɱɢɫɥɟɧɧɨɣ ɫɟɬɢ ɗɋ ɩɪɢ ɪɚɡɦɟɪɟ ɪɟɡɟɪɜɭɚɪɚ 100 ɧɟɣɪɨɧɨɜ ɧɢɠɟ ɱɟɦ ɭ 

ɬɪɚɞɢɰɢɨɧɧɨɣ ɫɟɬɢ ɧɚ ɜɫɟɯ ɜɪɟɦɟɧɧɵɯ ɡɚɞɟɪɠɤɚɯ. ɇɚ ɪɢɫɭɧɤɟ 8 ɩɨɤɚɡɚɧɵ 

ɪɟɡɭɥɶɬɚɬɵ ɚɧɚɥɨɝɢɱɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɫ ɭɜɟɥɢɱɟɧɧɵɦ ɜ 10 ɪɚɡ ɤɨɥɢɱɟɫɬɜɨɦ 

ɧɟɣɪɨɧɨɜ ɪɟɡɟɪɜɭɚɪɚ. ɂɡ ɪɢɫɭɧɤɚ ɜɢɞɧɨ, ɱɬɨ ɨɛɟ ɚɪɯɢɬɟɤɬɭɪɵ ɞɚɧɧɨɣ ɦɨɳɧɨɫɬɢ 

ɨɞɢɧɚɤɨɜɨ ɫɩɪɚɜɥɹɸɬɫɹ ɫ ɡɚɞɚɱɟɣ ɩɪɢɦɟɪɧɨ ɞɨ ɞɟɫɹɬɨɝɨ ɰɢɤɥɚ ɡɚɞɟɪɠɤɢ, ɩɨɫɥɟ 

ɱɟɝɨ ɜɨɡɦɨɠɧɨɫɬɢ ɰɟɥɨɱɢɫɥɟɧɧɨɣ ɫɟɬɢ ɗɋ ɧɚɱɢɧɚɸɬ ɫɧɢɠɚɬɶɫɹ.  
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Ɋɢɫɭɧɨɤ 8 – Ƚɪɚɮɢɤɢ ɡɚɜɢɫɢɦɨɫɬɢ ɬɨɱɧɨɫɬɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɫɢɦɜɨɥɚ ɨɬ 

ɤɨɥɢɱɟɫɬɜɚ ɰɢɤɥɨɜ ɡɚɞɟɪɠɤɢ ɩɪɢ ɪɚɡɦɟɪɟ ɪɟɡɟɪɜɭɚɪɚ 1000 ɧɟɣɪɨɧɨɜ 

 

Ɉɞɧɚɤɨ, ɩɪɢ ɪɚɡɦɟɳɟɧɢɢ ɚɪɯɢɬɟɤɬɭɪɵ ɜ ɚɩɩɚɪɚɬɭɪɟ, ɧɟɣɪɨɧɵ 

ɬɪɚɞɢɰɢɨɧɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɗɋ ɡɚɧɢɦɚɸɬ ɛɨɥɶɲɟ ɦɟɫɬɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, 

ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɱɢɬɚɬɶ ɢ ɫɪɚɜɧɢɬɶ ɬɨɱɧɨɫɬɶ ɪɚɫɲɢɮɪɨɜɤɢ ɫɢɦɜɨɥɨɜ ɩɪɢ 

ɨɩɪɟɞɟɥɟɧɧɨɦ ɤɨɥɢɱɟɫɬɜɟ ɧɟɣɪɨɧɨɜ, ɡɚɧɢɦɚɸɳɢɯ ɨɞɢɧɚɤɨɜɵɣ ɨɛɴɟɦ ɩɚɦɹɬɢ ɢ 

ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɥɨɝɢɤɢ. 

Ⱦɥɹ ɜɵɩɨɥɧɟɧɢɹ ɷɬɨɣ ɡɚɞɚɱɢ ɧɚ ɹɡɵɤɟ ɨɩɢɫɚɧɢɹ ɚɩɩɚɪɚɬɭɪɵ Verilog ɛɵɥɢ 

ɪɚɡɪɚɛɨɬɚɧɵ ɦɨɞɭɥɶ ɬɪɚɞɢɰɢɨɧɧɨɝɨ ɧɟɣɪɨɧɚ ɢ ɦɨɞɭɥɶ ɪɟɡɟɪɜɭɚɪɚ 

ɰɟɥɨɱɢɫɥɟɧɧɨɣ ɗɋ. ɉɨɞɫɱɟɬ ɡɚɧɢɦɚɟɦɵɯ ɥɨɝɢɱɟɫɤɢɯ ɜɟɧɬɢɥɟɣ ɩɪɨɜɨɞɢɥɫɹ ɜ 
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ɫɢɫɬɟɦɟ ɪɚɡɪɚɛɨɬɤɢ Quartus Prime© ɞɥɹ ɉɅɂɋ ɫɟɪɢɢ CycloneIV E ɩɪɨɢɡɜɨɞɫɬɜɚ 

ɤɨɪɩɨɪɚɰɢɢ Intel [44]. Ɋɟɡɭɥɶɬɚɬ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 9. Ʉɚɤ ɜɢɞɧɨ ɧɚ 

ɩɪɢɜɟɞɟɧɧɨɦ ɝɪɚɮɢɤɟ, ɨɛɴɟɦ ɡɚɧɢɦɚɟɦɵɯ ɥɨɝɢɱɟɫɤɢɯ ɜɟɧɬɢɥɟɣ ɪɟɡɟɪɜɭɚɪɚ 

ɰɟɥɨɱɢɫɥɟɧɧɨɣ ɷɯɨ-ɫɟɬɢ ɦɟɧɶɲɟ ɪɟɡɟɪɜɭɚɪɚ ɬɪɚɞɢɰɢɨɧɧɨɣ ɧɚ 2-3 ɩɨɪɹɞɤɚ ɩɪɢ 

ɦɚɥɨɦ ɤɨɥɢɱɟɫɬɜɟ ɧɟɣɪɨɧɨɜ.  

 

Ɋɢɫɭɧɨɤ 9 – Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɥɢɱɟɫɬɜɚ ɧɟɣɪɨɧɨɜ ɪɟɡɟɪɜɭɚɪɚ ɨɬ 

ɤɨɥɢɱɟɫɬɜɚ ɥɨɝɢɱɟɫɤɢɯ ɜɟɧɬɢɥɟɣ. Ɍɨɱɤɚɦɢ ɨɛɨɡɧɚɱɟɧɚ ɬɪɚɞɢɰɢɨɧɧɚɹ ɷɯɨ-ɫɟɬɶ, 

ɫɩɥɨɲɧɨɣ ɥɢɧɢɟɣ ɰɟɥɨɱɢɫɥɟɧɧɚɹ ɷɯɨ-ɫɟɬɶ 

 

ȼ ɫɥɟɞɭɸɳɟɦ ɷɤɫɩɟɪɢɦɟɧɬɟ ɤɨɥɢɱɟɫɬɜɨ ɧɟɣɪɨɧɨɜ ɪɟɡɟɪɜɭɚɪɚ 

ɰɟɥɨɱɢɫɥɟɧɧɨɣ ɧɟɣɪɨɧɧɨɣ ɷɯɨ-ɫɟɬɢ ɛɨɥɶɲɟ ɬɪɚɞɢɰɢɨɧɧɨɣ ɜ 50 ɪɚɡ. ɉɪɢ ɷɬɨɦ 

ɪɟɡɟɪɜɭɚɪ ɰɟɥɨɱɢɫɥɟɧɧɨɣ ɷɯɨ-ɫɟɬɢ ɡɚɧɢɦɚɟɬ ɦɟɧɶɲɟ ɦɟɫɬɚ ɱɟɦ ɪɟɡɟɪɜɭɚɪ 

ɬɪɚɞɢɰɢɨɧɧɨɣ ɷɯɨ-ɫɟɬɢ. Ɋɟɡɭɥɶɬɚɬ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫɭɧɤɟ 10. 
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Ɋɢɫɭɧɨɤ 10 – Ƚɪɚɮɢɤɢ ɡɚɜɢɫɢɦɨɫɬɢ ɬɨɱɧɨɫɬɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɫɢɦɜɨɥɚ ɨɬ 

ɤɨɥɢɱɟɫɬɜɚ ɰɢɤɥɨɜ ɡɚɞɟɪɠɤɢ ɩɪɢ ɪɚɡɦɟɪɟ ɪɟɡɟɪɜɭɚɪɚ ɬɪɚɞɢɰɢɨɧɧɨɣ ɷɯɨ-ɫɟɬɢ 

100 ɧɟɣɪɨɧɨɜ ɢ ɰɟɥɨɱɢɫɥɟɧɧɨɣ ɷɯɨ-ɫɟɬɢ 5000 ɧɟɣɪɨɧɨɜ 

 

Ɉɛɴɟɦ, ɡɚɧɢɦɚɟɦɵɣ ɪɟɡɟɪɜɭɚɪɨɦ ɬɪɚɞɢɰɢɨɧɧɨɣ ɗɋ, ɜɨɡɪɚɫɬɚɟɬ ɛɵɫɬɪɟɟ 

ɱɟɦ ɭ ɰɟɥɨɱɢɫɥɟɧɧɨɣ ɗɋ. ɗɬɨ ɨɛɭɫɥɚɜɥɢɜɚɟɬɫɹ ɫɥɨɠɧɨɫɬɶɸ ɧɨɪɦɚɥɢɡɚɰɢɢ 

ɜɟɫɨɜ ɧɟɣɪɨɧɚ. Ɍɚɤ ɤɚɤ ɩɪɢ ɷɤɫɩɟɪɢɦɟɧɬɟ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɫɬɪɭɤɬɭɪɚ ɪɟɡɟɪɜɭɚɪɚ, 

ɩɪɢ ɤɨɬɨɪɨɣ ɤɚɠɞɵɣ ɢɡ ɧɟɣɪɨɧɨɜ ɪɟɡɟɪɜɭɚɪɚ ɫɜɹɡɚɧ ɫ ɤɚɠɞɵɦ ɢɡ ɧɟɣɪɨɧɨɜ 

ɪɟɡɟɪɜɭɚɪɚ, ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɤɨɥɢɱɟɫɬɜɚ ɧɟɣɪɨɧɨɜ ɜ ɪɟɡɟɪɜɭɚɪɟ, ɩɪɨɢɫɯɨɞɢɬ 

ɪɚɫɲɢɪɟɧɢɟ ɝɥɭɛɢɧɵ ɤɚɫɤɚɞɚ ɫɭɦɦɚɬɨɪɨɜ, ɪɟɲɚɸɳɢɯ ɡɚɞɚɱɭ ɧɨɪɦɚɥɢɡɚɰɢɢ 

ɜɟɫɨɜ.  

ȼ ɢɡɧɚɱɚɥɶɧɨɣ ɫɬɪɭɤɬɭɪɟ ɬɪɚɞɢɰɢɨɧɧɨɣ ɗɋ ɩɪɟɞɩɨɥɚɝɚɸɬɫɹ ɫɥɭɱɚɣɧɵɟ 

ɫɜɹɡɢ ɧɟɣɪɨɧɨɜ ɜɧɭɬɪɢ ɪɟɡɟɪɜɭɚɪɚ, ɱɬɨ ɜɟɞɟɬ ɤ ɫɥɨɠɧɨɫɬɹɦ ɜ ɚɩɩɚɪɚɬɧɨɣ 

ɪɟɚɥɢɡɚɰɢɢ, ɬɚɤ ɤɚɤ ɫɤɨɪɨɫɬɶ ɩɚɪɚɥɥɟɥɶɧɨɝɨ ɜɵɱɢɫɥɟɧɢɹ ɡɧɚɱɟɧɢɣ ɧɟɣɪɨɧɨɜ ɜ 

ɬɚɤɨɦ ɫɥɭɱɚɟ ɛɭɞɟɬ ɪɚɜɧɚ ɫɤɨɪɨɫɬɢ ɜɵɱɢɫɥɟɧɢɹ ɡɧɚɱɟɧɢɹ ɧɟɣɪɨɧɚ ɫ 

ɧɚɢɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɫɜɹɡɟɣ. Ɍɚɤɠɟ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫɥɨɠɧɨɫɬɶ ɪɚɡɪɚɛɨɬɤɢ 
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ɬɚɤɨɣ ɫɟɬɢ, ɬɚɤ ɤɚɤ ɞɥɹ ɤɚɠɞɨɝɨ ɧɟɣɪɨɧɚ ɧɟɨɛɯɨɞɢɦɨ ɨɬɞɟɥɶɧɨ ɪɚɡɪɚɛɚɬɵɜɚɬɶ 

ɫɬɪɭɤɬɭɪɭ ɪɚɛɨɬɵ ɫ ɪɚɡɪɹɞɧɨɫɬɹɦɢ. 

ɉɪɨɛɥɟɦɭ ɦɨɠɧɨ ɪɟɲɢɬɶ, ɫɨɡɞɚɜ ɪɟɝɭɥɹɪɧɭɸ ɫɬɪɭɤɬɭɪɭ, ɜ ɤɨɬɨɪɨɣ 

ɤɚɠɞɨɦɭ ɧɟɣɪɨɧɭ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɞɢɧɚɤɨɜɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɜɹɡɟɣ. ɋɥɟɞɭɸɳɢɦ 

ɷɤɫɩɟɪɢɦɟɧɬɨɦ ɹɜɥɹɟɬɫɹ ɩɪɨɜɟɪɤɚ ɢɡɦɟɧɟɧɢɹ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɬɚɤɨɣ 

ɫɬɪɭɤɬɭɪɵ ɬɪɚɞɢɰɢɨɧɧɨɣ ɷɯɨ-ɫɟɬɢ. ɇɚ ɪɢɫɭɧɤɟ 11 ɩɪɢɜɟɞɟɧɵ ɝɪɚɮɢɤɢ 

ɡɚɜɢɫɢɦɨɫɬɢ ɬɨɱɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɜɯɨɞɧɨɝɨ ɡɧɚɱɟɧɢɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɤɨɥɢɱɟɫɬɜɚ ɢɬɟɪɚɰɢɣ ɞɥɹ ɬɪɚɞɢɰɢɨɧɧɨɣ ɫɟɬɢ ɗɋ ɫ ɪɚɡɥɢɱɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ 

ɫɜɹɡɟɣ ɜɧɭɬɪɢ ɪɟɡɟɪɜɭɚɪɚ.  

 

 
 

Ɋɢɫɭɧɨɤ 11 - Ƚɪɚɮɢɤɢ ɡɚɜɢɫɢɦɨɫɬɢ ɬɨɱɧɨɫɬɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɫɢɦɜɨɥɚ ɨɬ 

ɤɨɥɢɱɟɫɬɜɚ ɰɢɤɥɨɜ ɡɚɞɟɪɠɤɢ ɩɪɢ ɪɚɡɦɟɪɟ ɪɟɡɟɪɜɭɚɪɚ ɬɪɚɞɢɰɢɨɧɧɨɣ ɷɯɨ-ɫɟɬɢ 

100 ɧɟɣɪɨɧɨɜ ɢ ɪɚɡɥɢɱɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɫɜɹɡɟɣ ɜɧɭɬɪɢ ɪɟɡɟɪɜɭɚɪɚ 

 

ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ 100% ɨɡɧɚɱɚɟɬ ɩɨɥɧɨɫɜɹɡɧɵɣ ɪɟɡɟɪɜɭɚɪ, ɜ ɬɨ ɜɪɟɦɹ, ɤɚɤ 

50% – ɪɟɡɟɪɜɭɚɪ, ɜ ɤɨɬɨɪɨɦ ɤɚɠɞɵɣ ɧɟɣɪɨɧ ɫɜɹɡɚɧ ɫ ɩɨɥɨɜɢɧɨɣ ɧɟɣɪɨɧɨɜ 

ɪɟɡɟɪɜɭɚɪɚ. 
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ɂɡ ɪɢɫɭɧɤɚ ɜɢɞɧɨ ɡɧɚɱɢɬɟɥɶɧɨɟ ɭɦɟɧɶɲɟɧɢɟ ɬɨɱɧɨɫɬɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ 

ɜɯɨɞɧɨɝɨ ɡɧɚɱɟɧɢɹ ɬɪɚɞɢɰɢɨɧɧɨɣ ɷɯɨ-ɫɟɬɶɸ ɩɪɢ ɭɦɟɧɶɲɟɧɢɢ ɤɨɥɢɱɟɫɬɜɚ 

ɫɜɹɡɟɣ. 

 

3.4 ȼɵɜɨɞ 

 

ɋɨɝɥɚɫɧɨ ɩɪɨɜɟɞɟɧɧɨɦɭ ɫɪɚɜɧɢɬɟɥɶɧɨɦɭ ɚɧɚɥɢɡɭ, ɩɨɞɬɜɟɪɠɞɟɧɚ 

ɜɨɡɦɨɠɧɨɫɬɶ ɷɮɮɟɤɬɢɜɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɰɟɥɨɱɢɫɥɟɧɧɨɣ ɫɟɬɢ ɗɋ. 

ȼɨɡɦɨɠɧɵɣ ɜɵɢɝɪɵɲ ɩɨ ɡɚɧɢɦɚɟɦɵɦ ɚɩɩɚɪɚɬɧɵɦ ɪɟɫɭɪɫɚɦ ɪɟɡɟɪɜɭɚɪɨɦ 

ɫɨɫɬɚɜɥɹɟɬ 2-3 ɩɨɪɹɞɤɚ ɭɠɟ ɩɪɢ ɦɢɧɢɦɚɥɶɧɨɦ ɤɨɥɢɱɟɫɬɜɟ ɧɟɣɪɨɧɨɜ ɪɟɡɟɪɜɭɚɪɚ, 

ɩɪɢ ɷɬɨɦ, ɪɚɡɧɢɰɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɤɨɥɢɱɟɫɬɜɚ ɧɟɣɪɨɧɨɜ 

ɪɟɡɟɪɜɭɚɪɚ, ɜ ɫɜɹɡɢ ɫ ɧɟɥɢɧɟɣɧɵɦ ɜɨɡɪɚɫɬɚɧɢɟɦ ɚɩɩɚɪɚɬɧɵɯ ɡɚɬɪɚɬ 

ɬɪɚɞɢɰɢɨɧɧɨɣ ɫɟɬɢ ɗɋ. Ʉɨɥɢɱɟɫɬɜɨ ɫɜɹɡɟɣ ɜɧɭɬɪɢ ɪɟɡɟɪɜɭɚɪɚ ɬɪɚɞɢɰɢɨɧɧɨɣ 

ɫɟɬɢ ɗɋ ɬɚɤɠɟ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɧɟɥɢɧɟɣɧɨ, ɩɪɢ ɷɬɨɦ, ɭɦɟɧɶɲɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ 

ɫɜɹɡɟɣ ɪɟɡɤɨ ɭɯɭɞɲɚɟɬ ɬɨɱɧɨɫɬɶ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɜɯɨɞɧɵɯ ɫɢɦɜɨɥɨɜ ɫɩɭɫɬɹ 

ɧɟɫɤɨɥɶɤɨ ɢɬɟɪɚɰɢɣ. 

ɋɥɟɞɭɸɳɢɦ ɲɚɝɨɦ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɢ ɨɬɥɚɞɤɚ ɉɅɂɋ-ɩɪɨɟɤɬɚ 

ɰɟɥɨɱɢɫɥɟɧɧɨɣ ɫɟɬɢ ɗɋ.   
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  4 Ɋɟɚɥɢɡɚɰɢя ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɰɟɥɨɱɢɫɥɟɧɧɨɣ ɫɟɬɢ ɷɯɨ-ɫɨɫɬɨяɧɢɣ ɧɚ 
ɛɚɡɟ ɩɪɨɝɪɚɦɦɢɪɭɟɦɨɣ ɥɨɝɢɱɟɫɤɨɣ ɢɧɬɟɝɪɚɥɶɧɨɣ ɫɯɟɦɵ 

 

Ɋɚɡɪɚɛɨɬɤɚ ɰɟɥɨɱɢɫɥɟɧɧɨɣ ɫɟɬɢ ɗɋ ɜɵɩɨɥɧɟɧɚ ɜ ɜɢɞɟ ɩɚɪɚɦɟɬɪɢɡɢɪɭɟɦɵɯ 

ɫɥɨɠɧɨ-ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɛɥɨɤɨɜ (ɋɎ-ɛɥɨɤɨɜ) ɧɚ ɹɡɵɤɟ ɨɩɢɫɚɧɢɹ ɚɩɩɚɪɚɬɭɪɵ 

VerilogHDL. Ɍɟɫɬɢɪɨɜɚɧɢɟ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɛɥɨɤɨɜ ɩɪɨɜɨɞɢɥɨɫɶ ɜ 

ɩɪɨɝɪɚɦɦɟ ɦɨɞɟɥɢɪɨɜɚɧɢɹ Modelsim. ɉɨɥɧɨɟ ɨɩɢɫɚɧɢɟ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɛɥɨɤɨɜ 

ɩɪɢɜɟɞɟɧɨ ɜ ɉɪɢɥɨɠɟɧɢɢ Ȼ. 

ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɦɨɞɟɥɢ ɫɟɬɢ ɗɋ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 12. 

ɂɧɬɟɪɩɪɟɬɚɬɨɪɨɦ ɹɜɥɹɟɬɫɹ ɜɵɯɨɞɧɨɣ ɫɥɨɣ ɧɟɣɪɨɧɨɜ, ɢɧɬɟɪɩɪɟɬɢɪɭɸɳɢɣ 

ɡɧɚɱɟɧɢɟ ɪɟɡɟɪɜɭɚɪɚ ɫɨɝɥɚɫɧɨ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɟ. ɉɨɫɤɨɥɶɤɭ ɦɨɞɭɥɢ 

ɹɜɥɹɸɬɫɹ ɩɚɪɚɦɟɬɪɢɡɢɪɭɟɦɵɦɢ, ɨɛɴɟɦ ɪɟɡɟɪɜɭɚɪɚ, ɤɨɥɢɱɟɫɬɜɨ ɧɟɣɪɨɧɨɜ ɢ 

ɩɪɨɱɢɟ ɩɚɪɚɦɟɬɪɵ ɦɨɝɭɬ ɛɵɬɶ ɢɡɦɟɧɟɧɵ. Ʉɪɨɦɟ ɬɨɝɨ, ɢɦɟɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ 

ɞɨɛɚɜɥɟɧɢɹ ɧɨɜɵɯ ɫɥɨɟɜ. Ɉɞɧɚɤɨ, ɫɥɟɞɭɟɬ ɭɱɢɬɵɜɚɬɶ ɪɟɫɭɪɫɵ ɰɟɥɟɜɨɝɨ 

ɤɪɢɫɬɚɥɥɚ ɩɪɢ ɤɨɧɟɱɧɨɣ ɪɟɚɥɢɡɚɰɢɢ. 

ȼɜɢɞɭ ɫɥɨɠɧɨɫɬɢ ɢ ɝɪɨɦɨɡɞɤɨɫɬɢ ɫɯɟɦ ɋɎ-ɛɥɨɤɨɜ, ɨɧɢ ɩɪɢɜɟɞɟɧɵ ɜ 

ɩɪɢɥɨɠɟɧɢɢ ȼ ɢ ɧɚ ɷɥɟɤɬɪɨɧɧɨɦ ɧɨɫɢɬɟɥɟ ɤ ȼɄɊ. 
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ʦ̵од̦о̜ 
̛̭̦̐̌л

ʦ̵од̦̌я 
О̻̍ект̦̌я 

п̥̌ят̽

ˀе̚е̬̏у̬̌

ʰ̦те̬п̬ет̌то̬

ʦ̵̼од̦̌я 
о̻̍ект̦̌я 

п̥̌ят̽

 
 

Ɋɢɫɭɧɨɤ 12 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɰɟɥɨɱɢɫɥɟɧɧɨɣ ɫɟɬɢ ɷɯɨ-ɫɨɫɬɨɹɧɢɣ  

 

4.1 ɋɎ-ɛɥɨɤ ɨɛɴɟɤɬɧɨɣ ɩɚɦяɬɢ 
 

Ɉɛɴɟɤɬɧɚɹ ɩɚɦɹɬɶ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɯɪɚɧɟɧɢɹ ɫɥɭɱɚɣɧɨɝɨ ɛɢɧɚɪɧɨɝɨ 

ɦɧɨɝɨɦɟɪɧɨɝɨ ɜɟɤɬɨɪɚ ɞɥɹ ɤɚɠɞɨɝɨ ɢɡ ɜɯɨɞɧɵɯ ɡɧɚɱɟɧɢɣ. Ƚɟɧɟɪɚɰɢɹ ɧɚɛɨɪɚ 

ɜɟɤɬɨɪɨɜ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɪɢ ɢɧɢɰɢɚɥɢɡɚɰɢɢ ɫɟɬɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɟɨɛɯɨɞɢɦɨ 

ɡɚɞɚɬɶ ɜɟɤɬɨɪɵ ɢ ɨɩɪɟɞɟɥɢɬɶ ɫɨɨɬɜɟɬɫɬɜɢɟ ɜɟɤɬɨɪɨɜ ɜɯɨɞɧɵɦ ɡɧɚɱɟɧɢɹɦ ɩɟɪɟɞ 

ɤɨɦɩɢɥɹɰɢɟɣ ɩɪɨɟɤɬɚ.  

Ɋɚɡɪɹɞɧɨɫɬɢ ɜɯɨɞɚ addr ɢ ɜɵɯɨɞɚ q ɡɚɜɢɫɹɬ ɨɬ ɡɚɞɚɧɧɵɯ ɩɪɢ 

ɢɧɢɰɢɚɥɢɡɚɰɢɢ ɫɟɬɢ ɩɚɪɚɦɟɬɪɨɜ. 

ɇɚ ɪɢɫɭɧɤɟ 13 ɩɪɢɜɟɞɟɧɨ ɫɢɦɜɨɥɶɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ, ɚ ɬɚɤɠɟ ɨɛɨɡɧɚɱɟɧɢɟ 

ɜɯɨɞɨɜ ɢ ɜɵɯɨɞɨɜ ɋɎ-ɛɥɨɤɚ. 
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Ɋɢɫɭɧɨɤ 13 – ɋɢɦɜɨɥɶɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɦɨɞɭɥɹ ɨɛɴɟɤɬɧɨɣ ɩɚɦɹɬɢ 

 

ȼɯɨɞ addr ɩɪɢɧɢɦɚɟɬ ɡɧɚɱɟɧɢɟ ɜɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ ɢ ɩɪɢ ɧɚɪɚɫɬɚɸɳɟɦ 

ɮɪɨɧɬɟ ɫɢɝɧɚɥɚ iClk ɜɵɞɚɟɬ ɧɚ ɜɵɯɨɞ q ɨɩɪɟɞɟɥɟɧɧɵɣ ɞɥɹ ɞɚɧɧɨɝɨ ɜɯɨɞɧɨɝɨ 

ɡɧɚɱɟɧɢɹ ɛɢɧɚɪɧɵɣ ɜɟɤɬɨɪ.  

ɂɧɢɰɢɚɥɢɡɚɰɢɹ ɦɨɞɭɥɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɡɚɧɟɫɟɧɢɟɦ ɜ ɩɚɦɹɬɶ ɧɚɛɨɪɚ 

ɜɟɤɬɨɪɨɜ ɞɥɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɡɧɚɱɟɧɢɣ. ɉɪɢɦɟɪ ɬɟɫɬɢɪɨɜɚɧɢɹ ɦɨɞɭɥɹ 

ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫɭɧɤɟ 14. 

 

 
 

Ɋɢɫɭɧɨɤ 14 – ȼɪɟɦɟɧɧɚɹ ɞɢɚɝɪɚɦɦɚ ɪɚɛɨɬɵ ɦɨɞɭɥɹ ɨɛɴɟɤɬɧɨɣ ɩɚɦɹɬɢ 

 

4.2 ɋɎ-ɛɥɨɤ ɪɟɡɟɪɜɭɚɪɚ 
 

Ȼɥɨɤ ɪɟɡɟɪɜɭɚɪɚ ɨɫɭɳɟɫɬɜɥɹɟɬ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɪɟɡɟɪɜɭɚɪɚ 

ɰɟɥɨɱɢɫɥɟɧɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɗɋ, ɜ ɤɨɬɨɪɨɟ ɜɯɨɞɢɬ ɩɪɢɛɚɜɥɟɧɢɟ ɡɧɚɱɟɧɢɹ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ ɜɟɤɬɨɪɚ ɡɧɚɱɟɧɢɸ ɧɟɣɪɨɧɚ ɪɟɡɟɪɜɭɚɪɚ. 

Ɉɫɭɳɟɫɬɜɥɹɟɬ ɨɩɟɪɚɰɢɸ ɰɢɤɥɢɱɟɫɤɨɝɨ ɫɞɜɢɝɚ ɡɧɚɱɟɧɢɣ ɧɟɣɪɨɧɨɜ, ɚ ɬɚɤɠɟ 

ɨɩɟɪɚɰɢɸ ɨɝɪɚɧɢɱɟɧɢɹ. 
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ɇɚ ɪɢɫɭɧɤɟ 15 ɩɪɢɜɟɞɟɧɨ ɫɢɦɜɨɥɶɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ, ɚ ɬɚɤɠɟ ɨɛɨɡɧɚɱɟɧɢɟ 

ɜɯɨɞɨɜ ɢ ɜɵɯɨɞɨɜ ɋɎ-ɛɥɨɤɚ. 

 
 

Ɋɢɫɭɧɨɤ 15 – ɋɢɦɜɨɥɶɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɦɨɞɭɥɹ ɪɟɡɟɪɜɭɚɪɚ 

 

ɇɚ ɜɯɨɞ iWord ɩɨɫɬɭɩɚɟɬ ɦɧɨɝɨɦɟɪɧɵɣ ɜɟɤɬɨɪ ɢɡ ɨɛɴɟɤɬɧɨɣ ɩɚɦɹɬɢ, 

ɤɚɠɞɵɣ ɷɥɟɦɟɧɬ ɜɟɤɬɨɪɚ ɩɨɞɚɟɬɫɹ ɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɧɟɣɪɨɧ, ɬɚɤɠɟ ɧɚ 

ɧɟɣɪɨɧ ɩɨɞɚɟɬɫɹ ɡɧɚɱɟɧɢɟ ɜɵɯɨɞɚ ɫɨɫɟɞɧɟɝɨ ɧɟɣɪɨɧɚ. ȼɯɨɞ iEn ɨɬɜɟɱɚɟɬ ɡɚ 

ɪɚɡɪɟɲɟɧɢɟ ɫɱɟɬɚ. ȼɯɨɞ iRst_n ɫɛɪɚɫɵɜɚɟɬ ɡɧɚɱɟɧɢɹ ɧɟɣɪɨɧɨɜ ɜ ɧɨɥɶ. ɇɚ ɜɯɨɞ 

iClk ɩɨɞɚɟɬɫɹ ɫɢɝɧɚɥ ɫɢɧɯɪɨɧɢɡɚɰɢɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɛɨɬɵ ɧɚ ɜɵɯɨɞ oOut 

ɩɨɫɬɭɩɚɟɬ ɜɟɤɬɨɪ ɡɧɚɱɟɧɢɣ ɧɟɣɪɨɧɨɜ ɪɟɡɟɪɜɭɚɪɚ.  

ȼ ɰɟɥɹɯ ɭɦɟɧɶɲɟɧɢɹ ɚɩɩɚɪɚɬɧɵɯ ɡɚɬɪɚɬ, ɚɪɢɮɦɟɬɢɱɟɫɤɢɟ ɨɩɟɪɚɰɢɢ 

ɪɟɡɟɪɜɭɚɪɚ ɩɪɨɜɨɞɹɬɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɤɨɞɚ.    

ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɦɨɞɭɥɹ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɫ ɪɚɡɥɢɱɧɵɦɢ 

ɩɚɪɚɦɟɬɪɚɦɢ ɢ ɜɯɨɞɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ. ɇɚ ɪɢɫɭɧɤɟ 16 ɩɪɢɜɟɞɟɧ ɩɪɢɦɟɪ 

ɜɪɟɦɟɧɧɨɣ ɞɢɚɝɪɚɦɦɵ ɪɚɛɨɬɵ ɦɨɞɭɥɹ ɪɟɡɟɪɜɭɚɪɚ. 

 

 
 

Ɋɢɫɭɧɨɤ 16 – ȼɪɟɦɟɧɧɚɹ ɞɢɚɝɪɚɦɦɚ ɪɚɛɨɬɵ ɦɨɞɭɥɹ ɪɟɡɟɪɜɭɚɪɚ 
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4.3 ɋɎ-ɛɥɨɤ ɢɧɬɟɪɩɪɟɬɚɬɨɪɚ 
 

Ɇɨɞɭɥɶ ɢɧɬɟɪɩɪɟɬɚɬɨɪɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɥɚɫɫɢɱɟɫɤɢɣ ɩɟɪɫɟɩɬɪɨɧ. ȼ 

ɚɪɯɢɬɟɤɬɭɪɟ ɰɟɥɨɱɢɫɥɟɧɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɗɋ ɩɟɪɫɟɩɬɪɨɧɵ ɩɪɢɫɭɬɫɬɜɭɸɬ ɜ 

ɜɵɯɨɞɧɨɦ ɫɥɨɟ. Ɇɨɞɭɥɶ ɢɧɬɟɪɩɪɟɬɚɬɨɪɚ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɛɥɨɤ ɩɟɪɟɦɧɨɠɟɧɢɹ, 

ɛɥɨɤ ɧɨɪɦɚɥɢɡɚɰɢɢ, ɛɥɨɤ ɮɭɧɤɰɢɢ ɚɤɬɢɜɚɰɢɢ ɢ ɛɥɨɤ ɭɩɪɚɜɥɟɧɢɹ. 

ɋɢɦɜɨɥɶɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɛɥɨɤɚ ɫ ɨɛɨɡɧɚɱɟɧɧɵɦɢ ɜɯɨɞɚɦɢ ɢ ɜɵɯɨɞɚɦɢ 

ɩɪɢɜɟɞɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 17. ɇɚ ɜɯɨɞ ɦɨɞɭɥɹ ɩɨɞɚɟɬɫɹ ɫɢɝɧɚɥ ɫɢɧɯɪɨɧɢɡɚɰɢɢ iClk, 

ɫɢɝɧɚɥ ɪɚɡɪɟɲɟɧɢɹ ɫɱɟɬɚ iEn, ɧɚ ɜɯɨɞ iData ɩɨɞɚɟɬɫɹ ɧɚɛɨɪ ɡɧɚɱɟɧɢɣ ɜɵɯɨɞɚ 

ɪɟɡɟɪɜɭɚɪɚ. ȼɵɯɨɞ oIntRdy ɝɟɧɟɪɢɪɭɟɬ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ, ɤɨɝɞɚ ɧɚ ɜɵɯɨɞ oValue 

ɩɨɫɬɭɩɚɟɬ ɪɟɡɭɥɶɬɚɬ ɪɚɛɨɬɵ ɦɨɞɭɥɹ. 

 

 
 

Ɋɢɫɭɧɨɤ 17 – ɋɢɦɜɨɥɶɧɨɟ ɨɛɨɡɧɚɱɟɧɢɟ ɦɨɞɭɥɹ ɢɧɬɟɪɩɪɟɬɚɬɨɪɚ 

 

Ɉɩɢɫɚɧɢɟ ɤɚɠɞɨɝɨ ɛɥɨɤɚ, ɜɯɨɞɹɳɟɝɨ ɜ ɦɨɞɭɥɶ ɢɧɬɟɪɩɪɟɬɚɬɨɪɚ ɩɪɢɜɟɞɟɧɨ 

ɜ ɩɭɧɤɬɚɯ 4.4, 4.5, 4.6. ɇɚ ɪɢɫɭɧɤɟ 18 ɩɪɢɜɟɞɟɧɚ ɜɪɟɦɟɧɧɚɹ ɞɢɚɝɪɚɦɦɚ ɪɚɛɨɬɵ 

ɦɨɞɭɥɹ ɩɪɢ 4-ɯ ɧɟɣɪɨɧɚɯ ɪɟɡɟɪɜɭɚɪɚ, ɤɚɠɞɵɣ ɢɡ ɤɨɬɨɪɵɯ ɪɚɡɪɹɞɧɨɫɬɶɸ 3 ɛɢɬ, 

ɪɚɡɪɹɞɧɨɫɬɢ ɜɟɫɨɜɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 4 ɛɢɬ. 
 

 
 

Ɋɢɫɭɧɨɤ 18 – ȼɪɟɦɟɧɧɚɹ ɞɢɚɝɪɚɦɦɚ ɪɚɛɨɬɵ ɦɨɞɭɥɹ ɢɧɬɟɪɩɪɟɬɚɬɨɪɚ 
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4.4 ɋɎ-ɛɥɨɤ ɭɦɧɨɠɢɬɟɥя 
 

Ⱦɚɧɧɵɣ ɦɨɞɭɥɶ ɜɯɨɞɢɬ ɜ ɫɨɫɬɚɜ ɢɧɬɟɪɩɪɟɬɚɬɨɪɚ ɢ ɨɫɭɳɟɫɬɜɥɹɟɬ 

ɩɟɪɟɦɧɨɠɟɧɢɟ ɧɚɛɨɪɚ ɡɧɚɱɟɧɢɣ ɪɟɡɟɪɜɭɚɪɚ ɢ ɧɚɛɨɪɚ ɜɟɫɨɜɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ. 

Ɂɧɚɱɟɧɢɹ ɜɟɫɨɜ ɜɜɨɞɹɬɫɹ ɩɪɢ ɢɧɢɰɢɚɥɢɡɚɰɢɢ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɢ ɧɟ ɦɟɧɹɸɬɫɹ ɧɚ 

ɩɪɨɬɹɠɟɧɢɢ ɪɚɛɨɬɵ. Ⱦɚɥɶɧɟɣɲɢɦ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟɦ ɹɜɥɹɟɬɫɹ ɪɟɚɥɢɡɚɰɢɹ 

ɜɨɡɦɨɠɧɨɫɬɢ ɩɟɪɟɧɚɫɬɪɨɣɤɢ ɜɟɫɨɜɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɜ ɯɨɞɟ ɪɚɛɨɬɵ ɫɟɬɢ. 

ɇɚ ɪɢɫɭɧɤɟ 19 ɩɪɢɜɟɞɟɧɨ ɫɢɦɜɨɥɶɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ, ɚ ɬɚɤɠɟ ɨɛɨɡɧɚɱɟɧɢɟ 

ɜɯɨɞɨɜ ɢ ɜɵɯɨɞɨɜ ɋɎ-ɛɥɨɤɚ. 

 

 
 

Ɋɢɫɭɧɨɤ 19 – ɋɢɦɜɨɥɶɧɨɟ ɨɛɨɡɧɚɱɟɧɢɟ ɛɥɨɤɚ ɭɦɧɨɠɢɬɟɥɹ 

 

ɇɚ ɜɯɨɞ iClk ɩɨɞɚɟɬɫɹ ɫɢɧɯɪɨɫɢɝɧɚɥ, ɧɚ ɜɯɨɞ iData ɩɨɞɚɟɬɫɹ ɧɚɛɨɪ 

ɡɧɚɱɟɧɢɣ ɪɟɡɟɪɜɭɚɪɚ. Ɂɧɚɱɟɧɢɟ ɩɪɨɢɡɜɟɞɟɧɢɹ ɩɨɞɚɟɬɫɹ ɧɚ ɜɵɯɨɞ oValue. 

Ɋɚɡɪɹɞɧɨɫɬɶ ɜɵɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ ɡɚɜɢɫɢɬ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɧɟɣɪɨɧɨɜ ɜ ɪɟɡɟɪɜɭɚɪɟ, 

ɪɚɡɪɹɞɧɨɫɬɢ ɧɟɣɪɨɧɨɜ ɪɟɡɟɪɜɭɚɪɚ, ɪɚɡɪɹɞɧɨɫɬɢ ɜɟɫɨɜ. 

ɇɚ ɪɢɫɭɧɤɟ 20 ɩɪɢɜɟɞɟɧ ɩɪɢɦɟɪ ɬɟɫɬɢɪɨɜɚɧɢɹ ɦɨɞɭɥɹ ɭɦɧɨɠɢɬɟɥɹ.  
 

 
 

Ɋɢɫɭɧɨɤ 20 – ȼɪɟɦɟɧɧɚɹ ɞɢɚɝɪɚɦɦɚ ɪɚɛɨɬɵ ɦɨɞɭɥɹ ɭɦɧɨɠɢɬɟɥɹ 
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4.5 ɋɎ-ɛɥɨɤ ɧɨɪɦɚɥɢɡɚɬɨɪɚ 
 

Ⱦɚɧɧɵɣ ɛɥɨɤ ɜɯɨɞɢɬ ɜ ɫɨɫɬɚɜ ɢɧɬɟɪɩɪɟɬɚɬɨɪɚ ɢ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ 

ɫɥɨɠɟɧɢɹ ɜɫɟɯ ɜɡɜɟɲɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɪɟɡɟɪɜɭɚɪɚ. Ɋɟɚɥɢɡɨɜɚɧ ɜ ɜɢɞɟ ɤɚɫɤɚɞɚ 

ɫɭɦɦɚɬɨɪɨɜ ɜ ɰɟɥɹɯ ɩɨɜɵɲɟɧɢɹ ɫɤɨɪɨɫɬɢ ɪɚɛɨɬɵ. Ʉ ɫɨɠɚɥɟɧɢɸ, ɩɪɢ ɬɚɤɨɣ 

ɪɟɚɥɢɡɚɰɢɢ ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɸɬɫɹ ɢɫɩɨɥɶɡɭɟɦɵɟ ɚɩɩɚɪɚɬɧɵɟ ɪɟɫɭɪɫɵ. ɇɚ 

ɞɚɧɧɨɦ ɷɬɚɩɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɡɚɞɚɱɢ, ɪɟɲɚɟɦɵɟ ɩɪɢ ɩɨɦɨɳɢ 

ɚɩɩɚɪɚɬɧɨɣ ɪɟɚɥɢɡɚɰɢɢ ɫɟɬɢ ɤɪɢɬɢɱɧɵ ɤɨ ɜɪɟɦɟɧɢ, ɩɨɷɬɨɦɭ ɨɩɬɢɦɢɡɚɰɢɹ 

ɩɪɨɜɨɞɢɥɚɫɶ ɩɨ ɜɪɟɦɟɧɢ ɪɚɛɨɬɵ.  

Ɉɞɧɢɦ ɢɡ ɜɨɡɦɨɠɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɞɚɥɶɧɟɣɲɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɹɜɥɹɟɬɫɹ 

ɨɩɬɢɦɢɡɚɰɢɹ ɡɚɧɢɦɚɟɦɨɝɨ ɞɚɧɧɵɦ ɦɨɞɭɥɟɦ ɦɟɫɬɚ ɧɚ ɤɪɢɫɬɚɥɥɟ, ɱɬɨ ɧɟɢɡɛɟɠɧɨ 

ɩɪɢɜɟɞɟɬ ɤ ɡɚɦɟɞɥɟɧɢɸ ɪɚɛɨɬɵ ɦɨɞɭɥɹ. ɇɟɨɛɯɨɞɢɦɨ ɜɵɹɫɧɢɬɶ, ɤɚɤɨɣ ɢɡ 

ɩɚɪɚɦɟɬɪɨɜ ɨɩɬɢɦɢɡɚɰɢɢ ɜɚɠɧɟɟ ɩɪɢ ɪɟɲɟɧɢɢ ɪɟɚɥɶɧɵɯ ɡɚɞɚɱ ɪɟɚɥɶɧɨɝɨ 

ɜɪɟɦɟɧɢ.  

ɇɚ ɪɢɫɭɧɤɟ 21 ɩɪɢɜɟɞɟɧɨ ɫɢɦɜɨɥɶɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ, ɚ ɬɚɤɠɟ ɨɛɨɡɧɚɱɟɧɢɟ 

ɜɯɨɞɨɜ ɢ ɜɵɯɨɞɨɜ ɋɎ-ɛɥɨɤɚ. 

 

 

Ɋɢɫɭɧɨɤ 21 – ɋɢɦɜɨɥɶɧɨɟ ɨɛɨɡɧɚɱɟɧɢɟ ɛɥɨɤɚ ɭɦɧɨɠɢɬɟɥɹ 

 

ɇɚ ɪɢɫɭɧɤɟ 22 ɩɪɢɜɟɞɟɧ ɩɪɢɦɟɪ ɬɟɫɬɢɪɨɜɚɧɢɹ ɦɨɞɭɥɹ ɭɦɧɨɠɢɬɟɥɹ. 

ɉɚɪɚɦɟɬɪ demention ɨɛɨɡɧɚɱɚɟɬ ɪɚɡɪɹɞɧɨɫɬɶ ɫɥɚɝɚɟɦɵɯ. ɋɥɨɠɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ 

ɜ ɩɪɹɦɨɦ ɤɨɞɟ. ɋɥɨɠɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɜ ɨɞɢɧ ɬɚɤɬ, ɜ ɫɜɹɡɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɤɚɫɤɚɞɚ ɫɭɦɦɚɬɨɪɨɜ.  
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Ⱦɚɧɧɨɟ ɪɟɲɟɧɢɟ ɧɟɪɚɰɢɨɧɚɥɶɧɨ ɩɨ ɤɨɥɢɱɟɫɬɜɭ ɡɚɧɢɦɚɟɦɨɝɨ ɦɟɫɬɚ ɧɚ 

ɤɪɢɫɬɚɥɥɟ. Ɍɚɤɠɟ ɜɨɡɦɨɠɧɵ ɩɪɨɛɥɟɦɵ ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɬɚɤɬɨɜɨɣ ɱɚɫɬɨɬɵ. 

Ⱦɚɥɶɧɟɣɲɟɟ ɧɚɩɪɚɜɥɟɧɢɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɦɨɠɟɬ ɡɚɤɥɸɱɚɬɶɫɹ ɜ ɬɟɫɬɢɪɨɜɚɧɢɢ 

ɦɨɞɭɥɹ ɧɚ ɪɟɚɥɶɧɨɣ ɡɚɞɚɱɟ, ɫ ɰɟɥɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨɣ ɫɤɨɪɨɫɬɢ 

ɫɪɚɛɚɬɵɜɚɧɢɹ.  

 

 

Ɋɢɫɭɧɨɤ 22 – ȼɪɟɦɟɧɧɚɹ ɞɢɚɝɪɚɦɦɚ ɪɚɛɨɬɵ ɦɨɞɭɥɹ ɭɦɧɨɠɢɬɟɥɹ 

 

4.6 ɋɎ-ɛɥɨɤ ɮɭɧɤɰɢɢ ɚɤɬɢɜɚɰɢɢ 
 

Ⱦɚɧɧɵɣ ɛɥɨɤ ɜɯɨɞɢɬ ɜ ɫɨɫɬɚɜ ɦɨɞɭɥɹ ɢɧɬɟɪɩɪɟɬɚɬɨɪɚ ɢ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ 

ɜɵɱɢɫɥɟɧɢɹ ɮɭɧɤɰɢɢ ɚɤɬɢɜɚɰɢɢ. ȼ ɚɪɯɢɬɟɤɬɭɪɟ ɰɟɥɨɱɢɫɥɟɧɧɨɣ ɫɟɬɢ ɗɋ ɞɚɧɧɵɣ 

ɛɥɨɤ ɧɟ ɢɫɩɨɥɶɡɭɟɬɫɹ, ɬɚɤ ɤɚɤ ɧɟɥɢɧɟɣɧɨɫɬɶ ɫɟɬɢ ɞɨɫɬɢɝɚɟɬɫɹ ɩɨɫɪɟɞɫɬɜɚɦ 

ɨɩɟɪɚɰɢɢ ɨɝɪɚɧɢɱɟɧɢɹ ɧɚ ɷɬɚɩɟ ɨɛɪɚɛɨɬɤɢ ɢɧɮɨɪɦɚɰɢɢ ɜ ɪɟɡɟɪɜɭɚɪɟ. Ɉɞɧɚɤɨ, 

ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɚɪɯɢɬɟɤɬɭɪɟ ɫɟɬɢ ɤɥɚɫɫɢɱɟɫɤɢɯ ɧɟɣɪɨɧɨɜ, 

ɧɟɨɛɯɨɞɢɦɨ ɜɤɥɸɱɢɬɶ ɞɚɧɧɵɣ ɛɥɨɤ ɜ ɫɨɫɬɚɜ ɢɧɬɟɪɩɪɟɬɚɬɨɪɚ. 

Ɏɭɧɤɰɢɹ ɚɤɬɢɜɚɰɢɢ, ɜɵɱɢɫɥɹɟɦɚɹ ɜ ɞɚɧɧɨɦ ɋɎ-ɛɥɨɤɟ, ɩɪɢɜɟɞɟɧɚ ɜ 

ɮɨɪɦɭɥɟ 6. 

     ሺ       ሻ                                                                                              (5) 
 

ɝɞɟ y – ɜɯɨɞɧɨɟ ɡɧɚɱɟɧɢɟ ɛɥɨɤɚ, ɧɚ ɪɢɫɭɧɤɟ 23 ɨɛɨɡɧɚɱɟɧɨ ɤɚɤ iData; 

x – ɜɵɯɨɞɧɨɟ ɡɧɚɱɟɧɢɟ ɛɥɨɤɚ, ɧɚ ɪɢɫɭɧɤɟ 23 ɨɛɨɡɧɚɱɟɧɨ ɤɚɤ oData. 

ɉɪɢɜɟɞɟɧɧɚɹ ɜɵɲɟ ɮɭɧɤɰɢɹ ɚɤɬɢɜɚɰɢɢ ɜɵɛɪɚɧɚ ɤɚɤ ɨɞɧɚ ɢɡ ɦɟɧɟɟ 

ɡɚɬɪɚɬɧɵɯ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɚɩɩɚɪɚɬɧɨɣ ɪɟɚɥɢɡɚɰɢɢ. 

ɇɚ ɪɢɫɭɧɤɟ 23 ɩɪɢɜɟɞɟɧɨ ɫɢɦɜɨɥɶɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ, ɚ ɬɚɤɠɟ ɨɛɨɡɧɚɱɟɧɢɟ 

ɜɯɨɞɨɜ ɢ ɜɵɯɨɞɨɜ ɋɎ-ɛɥɨɤɚ. 
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Ɋɢɫɭɧɨɤ 23 – ɋɢɦɜɨɥɶɧɨɟ ɨɛɨɡɧɚɱɟɧɢɟ ɦɨɞɭɥɹ ɮɭɧɤɰɢɢ ɚɤɬɢɜɚɰɢɢ 

 

ɉɪɨɜɟɞɟɧɨ ɬɟɫɬɢɪɨɜɚɧɢɟ ɦɨɞɭɥɹ. ɉɪɢɦɟɪ ɜɪɟɦɟɧɧɨɣ ɞɢɚɝɪɚɦɦɵ ɩɪɢɜɟɞɟɧ 

ɧɚ ɪɢɫɭɧɤɟ 24. 

 

 
 

Ɋɢɫɭɧɨɤ 24 – ȼɪɟɦɟɧɧɚɹ ɞɢɚɝɪɚɦɦɚ ɪɚɛɨɬɵ ɦɨɞɭɥɹ ɮɭɧɤɰɢɢ ɚɤɬɢɜɚɰɢɢ 

 

4.7 ɋɎ-ɛɥɨɤ ɭɩɪɚɜɥɟɧɢя 
 

Ⱦɚɧɧɵɣ ɦɨɞɭɥɶ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟɦ ɫɟɬɢ. 

ɉɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɭɩɪɚɜɥɹɸɳɢɣ ɚɜɬɨɦɚɬ. 

 ɇɚ ɪɢɫɭɧɤɟ 25 ɩɪɢɜɟɞɟɧɨ ɫɢɦɜɨɥɶɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ, ɚ ɬɚɤɠɟ ɨɛɨɡɧɚɱɟɧɢɟ 

ɜɯɨɞɨɜ ɢ ɜɵɯɨɞɨɜ ɋɎ-ɛɥɨɤɚ. 
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Ɋɢɫɭɧɨɤ 25 – ɋɢɦɜɨɥɶɧɨɟ ɨɛɨɡɧɚɱɟɧɢɟ ɦɨɞɭɥɹ ɮɭɧɤɰɢɢ ɚɤɬɢɜɚɰɢɢ 

 

4.8 ȼɵɜɨɞ 
 

Ɋɚɡɪɚɛɨɬɚɧ ɤɨɦɩɥɟɤɬ ɩɚɪɚɦɟɬɪɢɡɢɪɭɟɦɵɯ, ɦɚɫɲɬɚɛɢɪɭɟɦɵɯ ɋɎ-ɛɥɨɤɨɜ 

ɰɟɥɨɱɢɫɥɟɧɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɗɋ. ɉɪɨɜɟɞɟɧɨ ɬɟɫɬɢɪɨɜɚɧɢɟ ɪɚɡɪɚɛɨɬɚɧɧɵɯ 

ɛɥɨɤɨɜ ɜ ɫɪɟɞɟ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ModelSim. 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɞɟɥɚɧ ɪɹɞ ɜɵɜɨɞɨɜ. ɉɪɟɞɥɨɠɟɧɧɚɹ 

ɚɪɯɢɬɟɤɬɭɪɚ ɦɨɞɭɥɹ ɧɨɪɦɚɥɢɡɚɬɨɪɚ ɨɩɬɢɦɢɡɢɪɨɜɚɧɚ ɩɨ ɜɪɟɦɟɧɢ ɪɚɛɨɬɵ, ɩɪɢ 

ɷɬɨɦ ɤɪɚɣɧɟ ɧɟɨɩɬɢɦɢɡɢɪɨɜɚɧɚ ɩɨ ɡɚɧɢɦɚɟɦɨɦɭ ɧɚ ɤɪɢɫɬɚɥɥɟ ɦɟɫɬɭ. Ȼɥɚɝɨɞɚɪɹ 

ɬɚɤɨɣ ɚɪɯɢɬɟɤɬɭɪɟ ɫɤɨɪɨɫɬɶ ɪɚɛɨɬɵ ɰɟɥɨɱɢɫɥɟɧɧɨɣ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɫɨɫɬɚɜɥɹɟɬ 

ɩɨɪɹɞɤɚ 3-4 ɬɚɤɬɨɜ. ȼɨɡɦɨɠɧɚɹ ɱɚɫɬɨɬɚ ɬɚɤɬɨɜɨɝɨ ɫɢɝɧɚɥɚ, ɚ ɬɚɤɠɟ ɜɨɡɦɨɠɧɨɫɬɶ 

ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɭɩɪɚɜɥɟɧɢɹ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ ɧɭɠɞɚɸɬɫɹ ɜ ɞɚɥɶɧɟɣɲɢɯ 

ɢɫɫɥɟɞɨɜɚɧɢɹɯ.  
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ɁȺɄɅɘɑȿɇɂȿ 
 

1. ɉɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɩɨɫɨɛɨɜ ɢ ɦɟɬɨɞɨɜ ɪɟɡɟɪɜɭɚɪɧɵɯ 

ɜɵɱɢɫɥɟɧɢɣ ɜ ɤɥɚɫɫɟ ɪɟɤɭɪɪɟɧɬɧɵɯ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ. ȼ ɰɟɥɹɯ ɭɩɪɚɜɥɟɧɢɹ 

ɰɟɥɟɜɵɦ ɨɛɴɟɤɬɨɦ ɜ ɞɢɧɚɦɢɱɟɫɤɨɣ ɫɪɟɞɟ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ, ɪɚɫɫɦɨɬɪɟɧ 

ɩɨɞɯɨɞ ɚɩɩɚɪɚɬɧɨɣ ɪɟɚɥɢɡɚɰɢɢ ɪɟɤɭɪɪɟɧɬɧɵɯ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ. 

2. ɉɪɟɞɥɨɠɟɧ ɦɟɬɨɞ ɷɮɮɟɤɬɢɜɧɨɣ ɪɟɚɥɢɡɚɰɢɢ ɧɟɣɪɨɧɧɵɯ ɫɟɬɟɣ ɗɋ ɧɚ 

ɚɩɩɚɪɚɬɧɨɦ ɭɪɨɜɧɟ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɩɪɢɧɰɢɩɟ ɦɧɨɝɨɦɟɪɧɵɯ ɜɵɱɢɫɥɟɧɢɣ. 

Ɉɫɨɛɟɧɧɨɫɬɶɸ ɜɵɱɢɫɥɟɧɢɣ, ɩɪɨɜɨɞɢɦɵɯ ɩɨ ɩɪɢɧɰɢɩɭ ɦɧɨɝɨɦɟɪɧɵɯ 

ɜɵɱɢɫɥɟɧɢɣ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɜɫɟ ɫɭɳɧɨɫɬɢ (ɨɛɴɟɤɬɵ, ɮɨɧɟɦɵ, ɫɢɦɜɨɥɵ) 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɥɭɱɚɣɧɵɦɢ ɜɟɤɬɨɪɚɦɢ ɨɱɟɧɶ ɛɨɥɶɲɨɣ ɪɚɡɦɟɪɧɨɫɬɢ – ɧɟɫɤɨɥɶɤɨ 

ɬɵɫɹɱ ɛɢɬ. ȼɵɱɢɫɥɟɧɢɹ ɫɟɬɟɣ ɗɋ ɪɟɚɥɢɡɨɜɚɧɵ ɩɪɨɫɬɵɦɢ ɚɪɢɮɦɟɬɢɱɟɫɤɢɦɢ 

ɨɩɟɪɚɰɢɹɦɢ (ɫɥɨɠɟɧɢɟ/ɨɛɴɟɞɢɧɟɧɢɟ, ɩɟɪɟɫɬɚɧɨɜɤɢ). ɍɦɟɧɶɲɟɧɚ ɪɚɡɪɹɞɧɨɫɬɶ 

ɜɵɱɢɫɥɟɧɢɣ ɪɟɡɟɪɜɭɚɪɚ, ɭɦɟɧɶɲɟɧɨ ɤɨɥɢɱɟɫɬɜɨ ɫɨɟɞɢɧɟɧɢɣ, ɭɜɟɥɢɱɟɧɨ 

ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ ɫɟɬɢ. ɋɨɫɬɚɜɥɟɧɚ ɚɪɯɢɬɟɤɬɭɪɚ ɰɟɥɨɱɢɫɥɟɧɧɨɣ ɫɟɬɢ ɗɋ, ɩɨ 

ɩɪɢɧɰɢɩɭ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɯɨɠɟɣ ɫ ɬɪɚɞɢɰɢɨɧɧɨɣ ɫɟɬɶɸ ɗɋ, ɨɞɧɚɤɨ ɛɨɥɟɟ 

ɤɨɦɩɚɤɬɧɭɸ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɚɩɩɚɪɚɬɧɨɣ ɪɟɚɥɢɡɚɰɢɢ. 

3. ɋɨɫɬɚɜɥɟɧɵ ɦɨɞɟɥɢ ɫɟɬɟɣ ɗɋ. ɉɪɨɜɟɞɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɵ, 

ɩɨɤɚɡɵɜɚɸɳɢɟ ɫɩɨɫɨɛɧɨɫɬɶ ɰɟɥɨɱɢɫɥɟɧɧɵɯ ɫɟɬɟɣ ɗɋ ɫɩɪɚɜɥɹɬɶɫɹ ɫ ɡɚɞɚɱɚɦɢ 

ɬɪɚɞɢɰɢɨɧɧɵɯ ɫɟɬɟɣ ɗɋ. ɉɪɨɜɟɞɟɧ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɡɚɧɢɦɚɟɦɨɝɨ ɧɚ 

ɤɪɢɫɬɚɥɥɟ ɦɟɫɬɚ ɞɥɹ ɬɪɚɞɢɰɢɨɧɧɨɣ ɢ ɩɪɟɞɥɨɠɟɧɧɨɣ ɦɨɞɟɥɟɣ. ɋɨɝɥɚɫɧɨ 

ɚɧɚɥɢɡɭ, ɫɤɪɵɬɵɣ ɫɥɨɣ ɩɪɟɞɥɨɠɟɧɧɨɣ ɚɪɯɢɬɟɤɬɭɪɵ ɦɨɠɟɬ ɡɚɧɢɦɚɬɶ, ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɡɦɟɪɨɜ ɫɟɬɢ, ɜ ɞɟɫɹɬɤɢ ɢɥɢ ɞɚɠɟ ɫɨɬɧɢ ɪɚɡ ɦɟɧɶɲɟ ɦɟɫɬɚ ɧɚ 

ɤɪɢɫɬɚɥɥɟ. 

4. ɉɪɨɜɟɞɟɧɚ ɪɟɚɥɢɡɚɰɢɹ ɧɚɛɨɪɚ ɦɨɞɭɥɟɣ ɰɟɥɨɱɢɫɥɟɧɧɨɣ ɫɟɬɢ ɗɋ ɜ ɜɢɞɟ 

ɩɚɪɚɦɟɬɪɢɡɢɪɭɟɦɵɯ ɫɥɨɠɧɨ-ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɛɥɨɤɨɜ ɧɚ ɹɡɵɤɟ ɨɩɢɫɚɧɢɹ 

ɚɩɩɚɪɚɬɭɪɵ VerilogHDL. Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɤɨɦɩɥɟɤɬ ɦɨɞɭɥɟɣ ɩɨɡɜɨɥɹɟɬ ɩɪɨɫɬɨɟ 

ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɟ ɢ ɤɨɧɮɢɝɭɪɚɰɢɸ ɫɟɬɢ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɡɚɞɚɱ. 
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ɋɉɂɋɈɄ ɋɈɄɊȺЩȿɇɂɃ 
 

Ɋȼ – Ɋɟɡɟɪɜɭɚɪɧɵɟ ɜɵɱɢɫɥɟɧɢɹ 

Ɋɇɋ – Ɋɟɤɭɪɪɟɧɬɧɵɟ ɧɟɣɪɨɧɧɵɟ ɫɟɬɢ 

ɋɎ-ɛɥɨɤ – ɋɥɨɠɧɨ-ɮɭɧɤɰɢɨɧɚɥɶɧɵɣ ɛɥɨɤ 

ɋɟɬɶ ɗɋ – ɋɟɬɶ ɗɯɨ-ɫɨɫɬɨɹɧɢɣ 
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ɉɊɂɅɈɀȿɇɂȿ Ⱥ 
 

ɉɪɨɝɪɚɦɦɧɵɣ ɤɨɞ ɦɨɞɟɥɟɣ ɷɯɨ-ɫɟɬɟɣ 

 

Ɏɚɣɥ Start_simulation.m 

ESN_tokens_orthogonal; %simulation for ESN 
intESN_tokens;  %simulation for intESN 
  
%Update values for figure 
box on; 
grid on; 
xlabel('Заɞɟɪɠка') 
xticks(0:laten) 
ylabel('Тɨчɧɨɫɬь') 
legend({'ESN', 'intESN'}) 

 

Ɏɚɣɥ ESN_initialization.m 

function [Wвх,W] = ESN_initialization(rho,scaling, N, K) 
  
%Inputs 
%rho- feedback strength of the reservoir connection matrix 
% scaling  %projection gain.  
%N number of neurons in reservoir. 
%K - number of inputs 
%Outputs 
% W - reservoir connection matrix 
% Wвх - input projection matrix 
  
  
Wвх=scaling*(-1+2*rand(N,K));% random matrix for projection from input to 
reservoir 
W=randn(N); % random matrix 
[W,~] = qr(W); % random orthgonal matrix for reservoir connections 
W=rho* W; % this is the final reservoir matrix which will be used later. It is 
scaled by the feedback strength 
end 
 

Ɏɚɣɥ ESN_tokens_orthogonal 

clear all 
%Set parameters for the simulation 
simul=50; % number of independent simulations to run 
Dic=27; %dictionary size of tokens 
Len=3000; %total length of the sequence 
T=Len-1000;% length of the training sequence 
Tcut=500; %cut off first steps for training 
laten=50;%Size of delay to learn 
N=100; % number of units in reservoir 
K=Dic;% number of input neurons 
L=Dic; %number of outpur neurons 
rho=0.94; % feedback strength of the reservoir connection matrix 
scaling=0.1; %projection gain. 
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acc=zeros(laten+1,simul); % store the the descoding accuracy for each delay and 
each simulation 
  
for sim=1:simul 
    disp(sim) 
    [Wвх,W] = ESN_initialization(rho,scaling, N, K); % initialize ESN random 
parameters 
    TRACE=randi([1,Dic],1,Len,'single'); %randomly generate a sequence of tokens 
to write to the network 
     
    U=zeros(K,Len); %  create one hot encoding for TRACE 
    for i=1:Len 
        U(TRACE(1,i),i)=1; 
    end 
     
    %% Start training 
    X=zeros(N,T); %it will store values of reservoir at each time step 
    X(:,1)=tanh(Wвх*U(:,1)); %compute the reservoir state at the first step 
    for n=2:T %compute the reservoir states for steps up to T 
        X(:,n)=tanh(W*X(:,n-1)+Wвх*U(:,n)); %compute the reservoir state at the 
current step 
    end 
     
    % Learn matrix from reservoir to the outpur  by linear regression 
    M=X(:,Tcut+1:T)'; % reservoir states from step Tcut+1 to T 
    WOUT=cell(1,laten+1); % it stores the readout matrices for each delay step 
    for i=0:laten 
        Td= U(:,Tcut+1-i:T-i)'; % correct answers from the ground truth 
        Wout=(pinv(M)*Td)'; %solving linear regression by pseudo-inverse matrix 
        WOUT{1,i+1}=Wout; % store the trained readout matrix 
    end 
     
    % END of training 
    %% Operational phase 
    Yh=zeros(laten+1,Len); %output values produced by the reservoir 
    Y=zeros(laten+1,Len); %output values from the true data 
    Xo=zeros(N,Len); %it will store values of reservoir at each time step 
     
    for n=T+1:Len %for all steps from T to Len 
        if n~=T+1 
            Xo(:,n)=tanh(W*Xo(:,n-1)+Wвх*U(:,n));  %compute the reservoir state 
at the current step 
        else % special case at the first step feed with the ground truth state 
of the reservoir 
            Xo(:,n)=tanh(W*X(:,T)+Wвх*U(:,n) ); 
        end 
        %Decoding from the reservoir 
        for i=0:laten %for all delays 
            [~,Yh(i+1,n)]=max(WOUT{1,i+1}*Xo(:,n)); % estimate the output using 
the learned matrix Wout 
            Y(i+1,n)= TRACE(1,n-i); %get the true value from TRACE 
        end 
    end 
     
    Yh=Yh(:,T+1:Len); %cut to the length of testing data 
    Y=Y(:,T+1:Len); %cut to the length of testing data 
    acc(:,sim)=sum(Y==Yh,2)/(Len-T); %calculate the decoding accuracy from the 
current simulation 
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end 
acc_m=mean(acc,2);% Take mean values across all simulations 
%plot results 
figure(1) 
hold on 
plot(0:laten,acc_m, 'b', 'LineWidth', 3 ) 
  

Ɏɚɣɥ intESN_initialization.m 

function [HD] = intESN_initialization(N, K) 
  
%Inputs 
%N number of neurons in reservoir. 
%K - number of inputs 
%Outputs 
% HD - input projection matrix for tokens 
 
%create HD vector for mapping 
HD=2*(-0.5+  randi([0,1],K,N,'single')); %random bipolar vectors 
end 

 

Ɏɚɣɥ intESN_tokens.m 

clear all  
%Set parameters for the simulation 
simul=50; % number of independent simulations to run 
Dic=27; %dictionary size of tokens 
Len=3000; %total length of the sequence 
T=Len-1000;% length of the training sequence 
Tcut=500; %cut off first steps for training 
laten=50;%Size of delay to learn 
N=100; % number of units in reservoir 
K=Dic;% number of input neurons 
L=Dic; %number of outpur neurons 
thr=3; %clipping threshold for resrvoir 
 
acc=zeros(laten+1,simul); % store the the descoding accuracy for each delay and 
each simulation 
  
for sim=1:simul  
    disp(sim)  
    [HD] = intESN_initialization(N, K); % initialize intESN random parameters 
     
    TRACE=randi([1,Dic],1,Len,'single'); %randomly generate a sequence of tokens 
to write to the network  
    U=zeros(K,Len); %  create one hot encoding for TRACE 
    for i=1:Len 
        U(TRACE(1,i),i)=1; 
    end 
     
    %% Start training 
     
    X=zeros(N,T); %it will store values of reservoir at each time step 
    X(:,1)=HD(TRACE(1,1),:)'; %compute the reservoir state at the first step. 
%do not need clippping as it is the first vector an it is in a linear range  
    for n=2:T %compute the reservoir states for steps up to T 
        HGN=circshift(X(:,n-1), [1,0])+HD(TRACE(1,n),:)'; %update reservoir 
        %Clipping 
        HGN(HGN>thr)=thr; %clip reservoir value above threshold 
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        HGN(HGN<-thr)=-thr; %clip reservoir value below threshold 
        X(:,n)=HGN; % store the current resevoir state 
    end 
     
    % Learn matrix from reservoir to the outpur  by linear regression 
    M=X(:,Tcut+1:T)'; % reservoir states from step Tcut+1 to T  
    WOUT=cell(1,laten+1); % it stores the readout matrices for each delay step 
    for i=0:laten 
        Td= U(:,Tcut+1-i:T-i)'; % correct answers from the ground truth 
        Wout=(pinv(M)*Td)'; %solving linear regression by pseudo-inverse matrix 
        WOUT{1,i+1}=Wout; % store the trained readout matrix 
    end  
    % END of training  
    %% Operational phase 
    Yh=zeros(laten+1,Len); %output values produced by the reservoir 
    Y=zeros(laten+1,Len); %output values from the true data 
    Xo=zeros(N,Len); %it will store values of reservoir at each time step  
    for n=T+1:Len %for all steps from T to Len 
        if n~=T+1 
            HGN=circshift(Xo(:,n-1), [1,0])+HD(TRACE(1,n),:)'; %compute the 
reservoir state at the current step 
        else % special case at the first step feed with the ground truth state 
of the reservoir 
            HGN=circshift(X(:,n-1), [1,0])+HD(TRACE(1,n),:)'; 
        end  
        %Clipping 
        HGN(HGN>thr)=thr; %clip reservoir value above threshold 
        HGN(HGN<-thr)=-thr; %clip reservoir value below threshold 
        Xo(:,n)=HGN; % store the current resevoir state 
         
        %Decoding from the reservoir 
        for i=0:laten %for all delays 
            [~,Yh(i+1,n)]=max(WOUT{1,i+1}*Xo(:,n)); % estimate the output using 
the learned matrix Wout 
            Y(i+1,n)= TRACE(1,n-i); %get the true value from TRACE 
        end 
        
    end 
     
    Yh=Yh(:,T+1:Len); %cut to the length of testing data 
    Y=Y(:,T+1:Len); %cut to the length of testing data 
    acc(:,sim)=sum(Y==Yh,2)/(Len-T); %calculate the decoding accuracy from the 
current simulation  
end  
acc_m=mean(acc,2);% Take mean values across all simulations 
  
%plot results 
figure(1) 
hold on 
plot(0:laten,acc_m,'--r', 'LineWidth', 3 ) 
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ɉɊɂɅɈɀȿɇɂȿ Ȼ 
 

Ɏɪɚɝɦɟɧɬ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɉɅɂɋ-ɩɪɨɟɤɬɚ 

 

ȼ ɩɪɢɥɨɠɟɧɢɢ ɩɪɢɜɟɞɟɧɵ ɡɚɝɨɥɨɜɤɢ ɨɫɧɨɜɧɵɯ ɋɎ-ɛɥɨɤɨɜ, ɛɨɥɶɲɚɹ ɱɚɫɬɶ 

ɤɨɞɚ ɩɪɢɜɟɞɟɧɚ ɧɚ CD-ɞɢɫɤɟ. 

 

Ɍɨɩ-ɦɨɞɭɥɶ ɩɪɨɟɤɬɚ: 
module intESN( 

iClk, 

iItem, 

iEn, 

iRst_n, 

iStart, 

oValue 

); 

 

parameter   reservoir_size = 4; 

parameter   data_width = 3; 

parameter   weight_size = 16; 

parameter   idata_demention = 2; 

parameter   layer = 1; 

 

input iClk; 

input iEn; 

input [idata_demention-1:0]iItem; 

input iRst_n; 

input iStart; 

output [(data_width+weight_size+layer)*2:0] oValue; 

. 

. 

. 

Endmodule 
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Ɇɨɞɭɥɶ reservoir: 

module reservoir 

( 

 iClk, 

 iWord, 

 //iY, 

 iRst_n, 

 iEn, 

 oOut 

); 

parameter   reservoir_size = 4; 

parameter  data_width = 3; 

 

input iClk; 

input iRst_n; 

input iEn; 

input [reservoir_size-1:0] iWord; 

//input [reservoir_size*2-1:0] iY; 

 

output [(data_width*reservoir_size-1):0]oOut; 

. 

. 

. 

Endmodule 

 

Ɇɨɞɭɥɶ interpreter: 

module interpreter 

( 

 iClk, 

 iEn, 

 iData, 

 oValue, 

 oIntRdy, 
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 iRst_n 

); 

 

parameter   layer = 1; 

parameter   data_width = 3; 

parameter   weight_size = 4; 

parameter   reservoir_size = 4; 

parameter   WAIT    = 4'b0001,  

   MULTIPLIER  = 4'b0010,  

   SUMMARISE  = 4'b0100,  

   ACTIVATION  = 4'b1000; 

input   iClk; 

input   iRst_n; 

input   iEn; 

input   [reservoir_size*data_width-1:0] iData; 

output  [(data_width+weight_size+layer)*2:0] oValue; 

output  oIntRdy; 

. 

. 

. 

Endmodule 

  




