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ȼȼȿȾȿɇɂȿ 

 

ɉɪɢ ɢɡɭɱɟɧɢɢ ɞɢɫɰɢɩɥɢɧɵ «ɉɪɢɤɥɚɞɧɚɹ ɬɟɨɪɢɹ ɰɢɮɪɨɜɵɯ ɚɜɬɨɦɚɬɨɜ», ɜ 

ɤɚɱɟɫɬɜɟ ɤɭɪɫɨɜɨɝɨ ɩɪɨɟɤɬɚ ɫɬɭɞɟɧɬɚɦ ɧɟɨɛɯɨɞɢɦɨ ɪɚɡɪɚɛɨɬɚɬɶ 

ɮɭɧɤɰɢɨɧɚɥɶɧɭɸ ɫɯɟɦɭ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɨɰɟɫɫɨɪɚ, ɤɨɬɨɪɵɣ 

ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɡɚɞɚɧɧɵɯ ɚɪɢɮɦɟɬɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ [1].  

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɨɜɟɪɤɚ ɩɪɚɜɢɥɶɧɨɫɬɢ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɜ ɤɭɪɫɨɜɨɦ 

ɩɪɨɟɤɬɟ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɫɯɟɦɵ ɢ ɦɢɤɪɨɩɪɨɝɪɚɦɦɵ ɩɪɨɜɟɪɹɟɬɫɹ 

ɩɪɟɩɨɞɚɜɚɬɟɥɟɦ «ɜɪɭɱɧɭɸ». ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɡɚɹɜɥɟɧɧɨɣ ɪɚɡɪɚɛɨɬɤɢ ɜ ɭɱɟɛɧɨɦ 

ɩɪɨɰɟɫɫɟ ɩɨɡɜɨɥɢɬ ɫɨɤɪɚɬɢɬɶ ɬɪɭɞɨɡɚɬɪɚɬɵ ɩɪɟɩɨɞɚɜɚɬɟɥɹ ɧɚ ɩɪɨɜɟɪɤɭ, ɱɬɨ 

ɞɨɥɠɧɨ ɩɪɢɜɟɫɬɢ ɤ ɩɨɜɵɲɟɧɢɸ ɤɚɱɟɫɬɜɚ ɨɛɭɱɟɧɢɹ. 

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɧɚ ɉɅɂɋ 

ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɨɰɟɫɫɨɪɚ, ɫɨɫɬɨɹɳɟɝɨ ɢɡ ɨɩɟɪɚɰɢɨɧɧɨɝɨ ɢ 

ɭɩɪɚɜɥɹɸɳɟɝɨ ɚɜɬɨɦɚɬɨɜ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɝɨ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɚɪɢɮɦɟɬɢɱɟɫɤɢɯ 

ɨɩɟɪɚɰɢɣ. Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɰɟɥɢ ɜ ɪɚɛɨɬɟ ɪɟɲɚɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

1. ȼɵɩɨɥɧɢɬɶ ɚɧɚɥɢɡ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ 

1.1. Ɋɚɫɫɦɨɬɪɟɬɶ ɩɪɢɧɰɢɩɵ ɩɨɫɬɪɨɟɧɢɹ ɩɪɨɰɟɫɫɨɪɨɜ ɗȼɆ ɤɚɤ 

ɫɨɱɟɬɚɧɢɹ ɨɩɟɪɚɰɢɨɧɧɨɝɨ ɢ ɭɩɪɚɜɥɹɸɳɟɝɨ ɚɜɬɨɦɚɬɨɜ. 

1.2. ȼɵɩɨɥɧɢɬɶ ɚɧɚɥɢɡ ɜɚɪɢɚɧɬɨɜ ɡɚɞɚɧɢɹ ɧɚ ɤɭɪɫɨɜɨɟ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɫ ɰɟɥɶɸ ɫɨɫɬɚɜɥɟɧɢɹ ɫɩɢɫɤɚ ɧɟɨɛɯɨɞɢɦɵɯ ɭɫɥɨɜɢɣ 

(ɮɥɚɠɤɨɜ), ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɨɬɨɪɵɦɢ ɬɪɟɛɭɟɬɫɹ ɜɵɩɨɥɧɢɬɶ ɬɭ ɢɥɢ ɢɧɭɸ 

ɚɪɢɮɦɟɬɢɱɟɫɤɭɸ ɨɩɟɪɚɰɢɸ. 

1.3. ȼɵɩɨɥɧɢɬɶ ɚɧɚɥɢɡ ɜɚɪɢɚɧɬɨɜ ɡɚɞɚɧɢɹ ɧɚ ɤɭɪɫɨɜɨɟ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɫ ɰɟɥɶɸ ɫɨɫɬɚɜɥɟɧɢɹ ɫɢɫɬɟɦɵ ɤɨɦɚɧɞ ɫɩɟɰɩɪɨɰɟɫɫɨɪɚ. 

2. Ɋɚɡɪɚɛɨɬɚɬɶ ɮɭɧɤɰɢɨɧɚɥɶɧɭɸ ɫɯɟɦɭ ɫɩɟɰɩɪɨɰɟɫɫɨɪɚ. 

3. ȼɵɩɨɥɧɢɬɶ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɨɰɟɫɫɨɪɚ ɧɚ 

ɉɅɂɋ. 

4. Ɋɟɚɥɢɡɨɜɚɬɶ ɫɩɟɰɩɪɨɰɟɫɫɨɪ. 

5. ȼɵɩɨɥɧɢɬɶ ɬɟɫɬɢɪɨɜɚɧɢɟ ɪɚɡɪɚɛɨɬɤɢ. 

6. Ɋɚɡɪɚɛɨɬɚɬɶ ɢɧɫɬɪɭɤɰɢɸ ɩɨɥɶɡɨɜɚɬɟɥɹ. 
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1 Ⱥɧɚɥɢɡ ɡɚɞɚɧɢɹ ɧɚ ȼɄɊ 

 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɡɚɞɚɧɢɟɦ ɧɚ ȼɄɊ ɧɟɨɛɯɨɞɢɦɨ ɪɚɡɪɚɛɨɬɚɬɶ 

ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɣ ɩɪɨɰɟɫɫɨɪ ɧɚ ɉɅɂɋ, ɫɨɫɬɨɹɳɢɣ ɢɡ ɨɩɟɪɚɰɢɨɧɧɨɝɨ ɢ 

ɭɩɪɚɜɥɹɸɳɟɝɨ ɚɜɬɨɦɚɬɨɜ, ɞɥɹ ɩɪɨɜɟɪɤɢ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ ɩɪɨɰɟɫɫɨɪɨɜ, 

ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɯ ɫɬɭɞɟɧɬɚɦɢ ɜ ɪɚɦɤɚɯ ɤɭɪɫɨɜɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɩɨ 

ɞɢɫɰɢɩɥɢɧɟ «ɉɪɢɤɥɚɞɧɚɹ ɬɟɨɪɢɹ ɰɢɮɪɨɜɵɯ ɚɜɬɨɦɚɬɨɜ». 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ: 

1. Ⱥɪɢɮɦɟɬɢɱɟɫɤɢɟ ɨɩɟɪɚɰɢɢ ɢ ɭɫɥɨɜɢɹ, ɩɪɢ ɤɨɬɨɪɵɯ ɨɧɢ ɞɨɥɠɧɵ 

ɜɵɩɨɥɧɹɬɶɫɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɦɟɬɨɞɢɱɟɫɤɢɯ ɭɤɚɡɚɧɢɹɯ ɩɨ ɤɭɪɫɨɜɨɦɭ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ [1]. 

2. Ʉɨɞ ɱɢɫɟɥ, ɩɨɫɬɭɩɚɸɳɢɯ ɜ ɫɩɟɰɩɪɨɰɟɫɫɨɪ – ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ. 

3. Ʉɨɞ ɨɛɪɚɛɨɬɤɢ – ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ. 

4. Ʉɨɞ ɜɵɞɚɱɢ ɪɟɡɭɥɶɬɚɬɚ – ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ. 

5. Ɋɚɡɪɹɞɧɨɫɬɶ ɨɩɟɪɚɧɞɨɜ – 8. 

6. Ɏɨɪɦɚɬ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɱɢɫɟɥ – ɫ ɮɢɤɫɢɪɨɜɚɧɧɨɣ ɬɨɱɤɨɣ. 

7. Ɇɚɫɲɬɚɛɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɄȺ = 26. 

8. Ɍɢɩ ɭɩɪɚɜɥɹɸɳɟɝɨ ɚɜɬɨɦɚɬɚ – ɦɢɤɪɨɩɪɨɝɪɚɦɦɧɵɣ ɚɜɬɨɦɚɬ ɫ 

ɩɪɨɝɪɚɦɦɢɪɭɟɦɨɣ ɥɨɝɢɤɨɣ ɢ ɩɪɢɧɭɞɢɬɟɥɶɧɨɣ ɚɞɪɟɫɚɰɢɟɣ. 

Ɍɪɟɛɭɟɦɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɪɟɚɥɢɡɚɰɢɢ: 

Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɫɩɟɰɩɪɨɰɟɫɫɨɪɚ ɧɚ ɉɅɂɋ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɬɪɭɤɬɭɪɧɵɣ 

ɦɟɬɨɞ ɞɥɹ ɱɟɝɨ ɪɚɡɪɚɛɨɬɚɬɶ ɛɢɛɥɢɨɬɟɤɭ ɦɨɞɭɥɟɣ ɷɥɟɦɟɧɬɨɜ, ɭɡɥɨɜ ɢ ɭɫɬɪɨɣɫɬɜ 

ɫɩɟɰɩɪɨɰɟɫɫɨɪɚ. 
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1.1 Ⱥɧɚɥɢɡ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ 

 

1.1.1 ɉɪɢɧɰɢɩɵ ɩɨɫɬɪɨɟɧɢɹ ɩɪɨɰɟɫɫɨɪɨɜ ɗȼɆ 

 

ɉɪɨɰɟɫɫɨɪ – ɭɫɬɪɨɣɫɬɜɨ, ɤɨɬɨɪɨɟ ɨɫɭɳɟɫɬɜɥɹɟɬ ɨɛɪɚɛɨɬɤɭ ɢɧɮɨɪɦɚɰɢɢ ɢ 

ɭɩɪɚɜɥɹɟɬ ɷɬɢɦ ɩɪɨɰɟɫɫɨɦ. ɉɪɨɰɟɫɫɨɪ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɚɪɢɮɦɟɬɢɤɨ-ɥɨɝɢɱɟɫɤɨɟ 

ɭɫɬɪɨɣɫɬɜɨ, ɛɥɨɤ ɭɩɪɚɜɥɟɧɢɹ ɢ ɫɢɧɯɪɨɧɢɡɚɰɢɢ, ɡɚɩɨɦɢɧɚɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ, 

ɪɟɝɢɫɬɪɵ ɢ ɞɪɭɝɢɟ ɛɥɨɤɢ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ 

ɩɪɨɰɟɫɫɚ. Ɋɟɚɥɢɡɭɟɬ ɮɭɧɤɰɢɢ ɜɵɛɨɪɤɢ, ɞɟɤɨɞɢɪɨɜɚɧɢɹ, ɭɩɪɚɜɥɟɧɢɹ 

ɜɵɩɨɥɧɟɧɢɟɦ ɤɨɦɚɧɞ, ɚ ɬɚɤɠɟ ɜɵɩɨɥɧɟɧɢɹ ɨɩɟɪɚɰɢɣ ɬɟɫɬɢɪɨɜɚɧɢɹ ɢ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɞɚɧɧɵɯ. ȼ ɢɬɨɝɟ, ɨɧ ɨɪɝɚɧɢɡɭɟɬ ɢ ɨɬɱɚɫɬɢ ɜɵɩɨɥɧɹɟɬ ɡɚɞɚɧɧɭɸ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɞɟɣɫɬɜɢɣ – ɩɪɨɰɟɫɫ, ɨɬɤɭɞɚ ɢ ɧɚɡɜɚɧɢɟ – ɩɪɨɰɟɫɫɨɪ [2]. 

Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɩɪɨɰɟɫɫɨɪɨɜ ɩɨ ɧɚɢɛɨɥɟɟ ɫɭɳɟɫɬɜɟɧɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ 

ɫɥɭɠɢɬ ɨɫɧɨɜɨɣ ɞɥɹ ɜɵɛɨɪɚ ɷɮɮɟɤɬɢɜɧɨɣ ɨɛɥɚɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɬɨɝɨ ɢɥɢ ɢɧɨɝɨ 

ɬɢɩɚ ɩɪɨɰɟɫɫɨɪɚ. Ʉɥɚɫɫɢɮɢɰɢɪɨɜɚɬɶ ɩɪɨɰɟɫɫɨɪɵ ɦɨɠɧɨ ɩɨ ɪɚɡɪɹɞɧɨɫɬɢ, ɩɨ 

ɫɩɨɫɨɛɭ ɭɩɪɚɜɥɟɧɢɹ, ɩɨ ɧɚɡɧɚɱɟɧɢɸ ɢ ɬ.ɞ.  

ɉɨ ɧɚɡɧɚɱɟɧɢɸ ɩɪɨɰɟɫɫɨɪɵ ɞɟɥɹɬɫɹ ɧɚ ɬɪɢ ɝɪɭɩɩɵ: ɭɧɢɜɟɪɫɚɥɶɧɵɟ, 

ɩɪɨɛɥɟɦɧɨ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɟ ɢ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɟ. 

Ʉ ɭɧɢɜɟɪɫɚɥɶɧɵɦ ɨɬɧɨɫɹɬ ɩɪɨɰɟɫɫɨɪɵ, ɢɦɟɸɳɢɟ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ 

ɪɚɡɥɢɱɧɵɯ ɨɛɥɚɫɬɹɯ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɫɚɦɵɯ ɪɚɡɧɵɯ ɡɚɞɚɱ. ɉɪɢ ɷɬɨɦ ɢɯ 

ɷɮɮɟɤɬɢɜɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɫɥɚɛɨ ɡɚɜɢɫɢɬ ɨɬ ɩɪɨɛɥɟɦɧɨɣ ɫɩɟɰɢɮɢɤɢ 

ɪɟɲɚɟɦɵɯ ɡɚɞɚɱ. 

ɉɪɨɛɥɟɦɧɨ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɟ ɩɪɨɰɟɫɫɨɪɵ ɫɥɭɠɚɬ ɞɥɹ ɪɟɲɟɧɢɹ ɛɨɥɟɟ 

ɭɡɤɨɝɨ ɤɪɭɝɚ ɡɚɞɚɱ. 

ɋɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɟ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɪɟɲɟɧɢɹ ɭɡɤɨɝɨ ɤɪɭɝɚ ɡɚɞɚɱ, ɚ 

ɬɚɤɠɟ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɫɬɪɨɝɨ ɨɩɪɟɞɟɥɟɧɧɨɣ ɝɪɭɩɩɵ ɮɭɧɤɰɢɣ. ɍɡɤɚɹ ɨɪɢɟɧɬɚɰɢɹ 

ɩɨɡɜɨɥɹɟɬ ɱɟɬɤɨ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɬɶ ɢɯ ɫɬɪɭɤɬɭɪɭ ɢ ɫɭɳɟɫɬɜɟɧɧɨ ɫɧɢɡɢɬɶ ɜɪɟɦɹ 

ɜɵɩɨɥɧɟɧɢɹ ɧɟɤɨɬɨɪɵɯ ɨɩɟɪɚɰɢɣ. 
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1.1.2 Ⱥɪɯɢɬɟɤɬɭɪɚ ɩɪɨɰɟɫɫɨɪɨɜ 

 

ɋɭɳɟɫɬɜɭɸɬ ɩɪɨɰɟɫɫɨɪɵ ɪɚɡɥɢɱɧɨɣ ɚɪɯɢɬɟɤɬɭɪɵ.  

CISC (Complicated Instruction Set Computer – ɤɨɦɩɶɸɬɟɪ ɫ ɩɨɥɧɵɦ 

ɧɚɛɨɪɨɦ ɤɨɦɚɧɞ) – ɚɪɯɢɬɟɤɬɭɪɚ ɩɪɨɰɟɫɫɨɪɚ ɫ ɧɟɮɢɤɫɢɪɨɜɚɧɧɨɣ ɞɥɢɧɨɣ ɤɨɦɚɧɞ, 

ɫ ɤɨɞɢɪɨɜɚɧɢɟɦ ɚɪɢɮɦɟɬɢɱɟɫɤɢɯ ɞɟɣɫɬɜɢɣ ɜ ɨɞɧɨɣ ɤɨɦɚɧɞɟ ɢ ɧɟɛɨɥɶɲɢɦ 

ɱɢɫɥɨɦ ɪɟɝɢɫɬɪɨɜ, ɦɧɨɝɢɟ ɢɡ ɤɨɬɨɪɵɯ ɜɵɩɨɥɧɹɸɬ ɫɬɪɨɝɨ ɨɩɪɟɞɟɥɟɧɧɭɸ 

ɮɭɧɤɰɢɸ [3]. ȼɧɭɬɪɢ ɩɪɨɰɟɫɫɨɪɚ ɫɨɞɟɪɠɢɬɫɹ ɚɜɬɨɦɚɬ, ɤɨɬɨɪɵɣ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ 

ɤɨɦɚɧɞɵ ɡɚɫɬɚɜɥɹɟɬ ɜɫɟ ɜɧɭɬɪɟɧɧɢɟ ɫɯɟɦɵ ɨɫɭɳɟɫɬɜɥɹɬɶ ɞɟɣɫɬɜɢɹ ɜ 

ɨɩɪɟɞɟɥёɧɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. ɗɬɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɞɟɣɫɬɜɢɣ 

ɧɚɡɵɜɚɟɬɫɹ ɦɢɤɪɨɩɪɨɝɪɚɦɦɨɣ, ɚ ɚɜɬɨɦɚɬ, ɟё ɪɟɚɥɢɡɭɸɳɢɣ – 

ɦɢɤɪɨɩɪɨɝɪɚɦɦɧɵɦ. Ɋɟɚɥɢɡɚɰɢɹ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɤɨɦɚɧɞ ɩɪɢɜɨɞɢɬ ɤ 

ɭɫɥɨɠɧɟɧɢɸ ɭɫɬɪɨɣɫɬɜɚ ɭɩɪɚɜɥɟɧɢɹ – ɦɢɤɪɨɩɪɨɝɪɚɦɦɧɨɝɨ ɚɜɬɨɦɚɬɚ, ɚ ɬɚɤɠɟ 

ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɧɟɤɨɬɨɪɵɯ ɤɨɦɚɧɞ ɢɫɩɨɥɶɡɭɸɬɫɹ ɨɱɟɧɶ ɫɥɨɠɧɵɟ 

ɦɢɤɪɨɩɪɨɝɪɚɦɦɵ, ɜɵɩɨɥɧɹɸɳɢɟɫɹ ɡɚ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɚɤɬɨɜ. 

Ⱦɥɹ ɤɨɧɰɟɩɰɢɢ CISC ɯɚɪɚɤɬɟɪɧɵ ɫɜɨɣɫɬɜɚ: 

 ɧɟɮɢɤɫɢɪɨɜɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɞɥɢɧɵ ɤɨɦɚɧɞɵ; 

 ɚɪɢɮɦɟɬɢɱɟɫɤɢɟ ɞɟɣɫɬɜɢɹ ɤɨɞɢɪɭɸɬɫɹ ɜ ɨɞɧɨɣ ɤɨɦɚɧɞɟ; 

 ɲɢɪɨɤɢɣ ɧɚɛɨɪ ɫɩɨɫɨɛɨɜ ɚɞɪɟɫɚɰɢɢ; 

 ɧɟɛɨɥɶɲɨɟ ɱɢɫɥɨ ɪɟɝɢɫɬɪɨɜ, ɤɚɠɞɵɣ ɢɡ ɤɨɬɨɪɵɯ ɜɵɩɨɥɧɹɟɬ ɫɬɪɨɝɨ 

ɨɩɪɟɞɟɥёɧɧɭɸ ɮɭɧɤɰɢɸ. 

Ⱥɪɯɢɬɟɤɬɭɪɚ CISC ɩɪɨɰɟɫɫɨɪɨɜ ɫɬɢɦɭɥɢɪɭɟɬ ɫɨɡɞɚɧɢɟ ɛɨɥɶɲɨɣ 

ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɫɢɫɬɟɦɵ ɤɨɦɚɧɞ, ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ ɪɟɠɢɦɨɜ ɚɞɪɟɫɚɰɢɢ ɩɚɦɹɬɢ ɢ 

ɷɮɮɟɤɬɢɜɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɜɵɡɨɜɚ ɩɨɞɩɪɨɝɪɚɦɦ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ 

ɩɥɨɬɧɨɫɬɶ ɤɨɞɚ ɢ ɝɢɛɤɨɫɬɶ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ. 

ɇɟɞɨɫɬɚɬɤɚɦɢ ɚɪɯɢɬɟɤɬɭɪɵ CISC ɹɜɥɹɸɬɫɹ: 

 ɜɵɫɨɤɚɹ ɫɥɨɠɧɨɫɬɶ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɬɨɢɦɨɫɬɶ ɚɩɩɚɪɚɬɧɨɣ ɱɚɫɬɢ; 

 ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ ɫɬɪɭɤɬɭɪɵ ɦɚɲɢɧɧɵɯ ɢɧɫɬɪɭɤɰɢɣ ɢ ɫɢɥɶɧɨ 

ɨɬɥɢɱɚɸɳɚɹɫɹ ɞɥɢɧɚ; 
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 ɪɚɫɲɢɮɪɨɜɤɚ ɫɥɨɠɧɵɯ ɢɧɫɬɪɭɤɰɢɣ ɱɚɫɬɨ ɪɚɛɨɬɚɟɬ ɦɟɞɥɟɧɧɟɟ, ɱɟɦ 

ɬɨɱɧɨ ɬɚɤɢɟ ɠɟ ɰɟɩɨɱɤɢ ɤɨɦɚɧɞ, ɜɫɬɪɟɱɚɸɳɢɟɫɹ ɜ ɨɫɧɨɜɧɨɣ ɩɪɨɝɪɚɦɦɟ; 

 ɫɥɨɠɧɨɫɬɢ ɫ ɪɚɫɩɚɪɚɥɥɟɥɢɜɚɧɢɟɦ ɜɵɱɢɫɥɟɧɢɣ [2]. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɫɟ CISC-ɩɪɨɰɟɫɫɨɪɵ ɨɤɚɡɚɥɢɫɶ ɨɱɟɧɶ ɬɪɭɞɨɟɦɤɢɦɢ ɜ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɢ ɢɡɝɨɬɨɜɥɟɧɢɢ, ɨɤɚɡɚɥɨɫɶ ɬɪɭɞɧɨ ɧɚɪɚɳɢɜɚɬɶ ɢɯ ɬɚɤɬɨɜɭɸ 

ɱɚɫɬɨɬɭ, ɚ ɡɚɲɢɬɵɟ ɜ ɩɚɦɹɬɶ ɩɪɨɰɟɫɫɨɪɚ ɪɚɫɲɢɮɪɨɜɤɢ ɫɥɨɠɧɵɯ ɢɧɫɬɪɭɤɰɢɣ 

ɱɚɫɬɨ ɪɚɛɨɬɚɸɬ ɦɟɞɥɟɧɧɟɟ. ɂɬɚɤ, ɫɬɚɥɨ ɨɱɟɜɢɞɧɵɦ, ɱɬɨ CISC-ɩɪɨɰɟɫɫɨɪɵ 

ɧɭɠɧɨ ɭɩɪɨɳɚɬɶ. 

ɋ ɬɨɱɤɢ ɡɪɟɧɢɹ ɷɤɨɧɨɦɢɢ ɡɚɬɪɚɬ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɫɨɡɞɚɧɢɟ ɩɪɨɰɟɫɫɨɪɚ, 

ɪɟɚɥɢɡɭɸɳɟɝɨ ɧɟɛɨɥɶɲɨɣ ɧɚɛɨɪ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɟɦɵɯ ɤɨɦɚɧɞ ɫ 

ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɣ ɫɤɨɪɨɫɬɶɸ. Ⱥ ɜɵɩɨɥɧɟɧɢɟ ɫɥɨɠɧɵɯ ɞɟɣɫɬɜɢɣ ɦɨɠɟɬ 

ɛɵɬɶ ɪɟɚɥɢɡɨɜɚɧɨ ɧɚ ɩɪɨɝɪɚɦɦɧɨɦ ɭɪɨɜɧɟ ɜ ɜɢɞɟ ɩɨɞɩɪɨɝɪɚɦɦ. 

RISC (Reduced Instruction Set Computer– ɤɨɦɩɶɸɬɟɪ ɫ ɫɨɤɪɚɳɟɧɧɵɦ 

ɧɚɛɨɪɨɦ ɤɨɦɚɧɞ) – ɚɪɯɢɬɟɤɬɭɪɚ ɩɪɨɰɟɫɫɨɪɚ, ɝɞɟ ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ ɭɜɟɥɢɱɢɜɚɟɬɫɹ 

ɡɚ ɫɱɟɬ ɭɩɪɨɳɟɧɢɹ ɢɧɫɬɪɭɤɰɢɣ ɫ ɤɨɧɫɬɚɧɬɧɨɣ ɞɥɢɧɨɣ ɤɨɦɚɧɞɵ. 

ȼ ɧɚɛɨɪ ɤɨɦɚɧɞ RISC-ɚɪɯɢɬɟɤɬɭɪɵ ɜɨɲɥɢ ɬɨɥɶɤɨ ɨɫɧɨɜɧɵɟ ɷɥɟɦɟɧɬɚɪɧɵɟ 

ɦɢɤɪɨɨɩɟɪɚɰɢɢ, ɱɬɨ ɩɨɡɜɨɥɢɥɨ ɭɧɢɮɢɰɢɪɨɜɚɬɶ ɮɨɪɦɚɬ ɤɨɦɚɧɞ 

ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɹɞɪɚ, ɭɩɪɨɫɬɢɬɶ ɤɨɧɫɬɪɭɤɰɢɸ ɢ ɫɧɢɡɢɬɶ ɫɬɨɢɦɨɫɬɶ 

ɢɡɝɨɬɨɜɥɟɧɢɹ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɹɞɟɪ [3]. 

ɍɦɟɧɶɲɟɧɢɟ ɧɚɛɨɪɚ ɦɚɲɢɧɧɵɯ ɤɨɦɚɧɞ ɜ RISC-ɚɪɯɢɬɟɤɬɭɪɟ ɩɨɡɜɨɥɢɥɨ 

ɪɚɡɦɟɫɬɢɬɶ ɧɚ ɤɪɢɫɬɚɥɥɟ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɹɞɪɚ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɟɝɢɫɬɪɨɜ 

ɨɛɳɟɝɨ ɧɚɡɧɚɱɟɧɢɹ, ɡɚ ɫɱɟɬ ɱɟɝɨ ɛɵɥɢ ɦɢɧɢɦɢɡɢɪɨɜɚɧɵ ɨɛɪɚɳɟɧɢɹ ɤ 

ɦɟɞɥɟɧɧɨɣ ɨɩɟɪɚɬɢɜɧɨɣ ɩɚɦɹɬɢ, ɨɫɬɚɜɢɜ ɞɥɹ ɪɚɛɨɬɵ ɫ RAM ɬɨɥɶɤɨ ɨɩɟɪɚɰɢɢ 

ɱɬɟɧɢɹ ɞɚɧɧɵɯ ɢɡ ɨɩɟɪɚɬɢɜɧɨɣ ɩɚɦɹɬɢ ɜ ɪɟɝɢɫɬɪ ɢ ɡɚɩɢɫɶ ɞɚɧɧɵɯ ɢɡ ɪɟɝɢɫɬɪɚ ɜ 

ɨɩɟɪɚɬɢɜɧɭɸ ɩɚɦɹɬɶ, ɨɫɬɚɥɶɧɵɟ ɦɚɲɢɧɧɵɟ ɤɨɦɚɧɞɵ ɢɫɩɨɥɶɡɭɸɬ ɜ ɤɚɱɟɫɬɜɟ 

ɨɩɟɪɚɧɞɨɜ ɪɟɝɢɫɬɪɵ ɨɛɳɟɝɨ ɧɚɡɧɚɱɟɧɢɹ. 

ȼ RISC-ɩɪɨɰɟɫɫɨɪɚɯ ɬɚɤɨɣ ɚɪɯɢɬɟɤɬɭɪɵ, ɜ ɤɨɬɨɪɨɣ ɜɵɩɨɥɧɟɧɢɟ ɥɸɛɨɣ 

ɤɨɦɚɧɞɵ ɡɚɧɢɦɚɥɨ ɛɵ ɧɟ ɛɨɥɟɟ ɨɞɧɨɝɨ ɬɚɤɬɚ ɫɢɧɯɪɨɧɢɡɚɰɢɢ, ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɞɥɹ 

ɜɵɩɨɥɧɟɧɢɹ ɤɨɦɚɧɞ ɧɟ ɬɪɟɛɭɟɬɫɹ ɫɥɨɠɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɭɩɪɚɜɥɟɧɢɹ. Ⱦɥɹ 

ɪɟɚɥɢɡɚɰɢɢ ɷɬɨɣ ɢɞɟɢ RISC-ɩɪɨɰɟɫɫɨɪɵ ɫɬɪɨɹɬɫɹ ɩɨ ɬɪёɯɚɞɪɟɫɧɨɣ ɫɯɟɦɟ ɢ 
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ɩɨɷɬɨɦɭ ɜ ɫɜɨёɦ ɫɨɫɬɚɜɟ ɫɨɞɟɪɠɚɬ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɟɝɢɫɬɪɨɜ ɨɛɳɟɝɨ 

ɧɚɡɧɚɱɟɧɢɹ, ɧɟɫɤɨɥɶɤɨ ɢɫɩɨɥɧɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ, ɤɨɬɨɪɵɟ ɪɟɚɥɢɡɭɸɬ 

ɛɨɥɶɲɢɧɫɬɜɨ ɮɭɧɤɰɢɣ ɧɚ ɚɩɩɚɪɚɬɧɨɦ ɭɪɨɜɧɟ ɢɥɢ ɡɚ ɦɢɧɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 

ɬɚɤɬɨɜ.  

Ɉɫɨɛɟɧɧɨɫɬɢ, ɯɚɪɚɤɬɟɪɧɵɟ ɞɥɹ RISC-ɩɪɨɰɟɫɫɨɪɨɜ:  

 ɮɢɤɫɢɪɨɜɚɧɧɚɹ ɞɥɢɧɚ ɦɚɲɢɧɧɵɯ ɢɧɫɬɪɭɤɰɢɣ, ɩɪɨɫɬɨɣ ɮɨɪɦɚɬ 

ɤɨɦɚɧɞɵ; 

 ɪɚɜɧɨɟ ɜɪɟɦɹ ɜɵɩɨɥɧɟɧɢɹ ɜɫɟɯ ɤɨɦɚɧɞ; 

 ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɟ ɤɨɦɚɧɞɵ ɞɥɹ ɨɩɟɪɚɰɢɣ ɫ ɩɚɦɹɬɶɸ ‒ ɱɬɟɧɢɹ ɢɥɢ 

ɡɚɩɢɫɢ; 

 ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɟɝɢɫɬɪɨɜ ɨɛɳɟɝɨ ɧɚɡɧɚɱɟɧɢɹ. Ɋɟɝɢɫɬɪɵ – 

ɨɫɧɨɜɧɨɟ ɞɨɫɬɨɢɧɫɬɜɨ RISC; 

 ɨɬɫɭɬɫɬɜɢɟ ɩɨɞɞɟɪɠɤɢ ɨɩɟɪɚɰɢɣ ɜɢɞɚ "ɢɡɦɟɧɢɬɶ" ɧɚɞ ɭɤɨɪɨɱɟɧɧɵɦɢ 

ɬɢɩɚɦɢ ɞɚɧɧɵɯ – ɛɚɣɬ, 16-ɛɢɬɧɨɟ ɫɥɨɜɨ; 

 ɨɬɫɭɬɫɬɜɢɟ ɦɢɤɪɨɩɪɨɝɪɚɦɦ ɜɧɭɬɪɢ ɫɚɦɨɝɨ ɩɪɨɰɟɫɫɨɪɚ; 

 ɫɩɟɤɭɥɹɬɢɜɧɨɟ ɢɫɩɨɥɧɟɧɢɟ. ɉɪɢ ɜɫɬɪɟɱɟ ɫ ɤɨɦɚɧɞɨɣ ɭɫɥɨɜɧɨɝɨ 

ɩɟɪɟɯɨɞɚ ɩɪɨɰɟɫɫɨɪ ɢɫɩɨɥɧɹɟɬ ɫɪɚɡɭ ɨɛɟ ɜɟɬɜɢ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɧɟ ɨɤɨɧɱɢɬɫɹ 

ɜɵɱɢɫɥɟɧɢɟ ɭɩɪɚɜɥɹɸɳɟɝɨ ɜɵɪɚɠɟɧɢɹ ɩɟɪɟɯɨɞɚ; 

 ɩɟɪɟɢɦɟɧɨɜɚɧɢɟ ɪɟɝɢɫɬɪɨɜ. Ʉɚɠɞɵɣ ɪɟɝɢɫɬɪ ɩɪɨɰɟɫɫɨɪɚ ɧɚ ɫɚɦɨɦ ɞɟɥɟ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɟɫɤɨɥɶɤɨ ɩɚɪɚɥɥɟɥɶɧɵɯ ɪɟɝɢɫɬɪɨɜ, ɯɪɚɧɹɳɢɯ ɧɟɫɤɨɥɶɤɨ 

ɜɟɪɫɢɣ ɡɧɚɱɟɧɢɹ [2].  

 

1.1.3 ɋɬɪɭɤɬɭɪɚ ɩɪɨɰɟɫɫɨɪɚ 

 

ȼ ɫɬɪɭɤɬɭɪɧɨ-ɮɭɧɤɰɢɨɧɚɥɶɧɨɦ ɨɬɧɨɲɟɧɢɢ ɩɪɨɰɟɫɫɨɪ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ 

ɧɚ ɞɜɟ ɱɚɫɬɢ – ɨɩɟɪɚɰɢɨɧɧɵɣ ɢ ɭɩɪɚɜɥɹɸɳɢɣ ɚɜɬɨɦɚɬɵ (ɪɢɫ. 1.1). 

Ɉɩɟɪɚɰɢɨɧɧɵɣ ɢ ɭɩɪɚɜɥɹɸɳɢɣ ɚɜɬɨɦɚɬɵ ɦɨɝɭɬ ɛɵɬɶ ɡɚɞɚɧɵ ɫɜɨɢɦɢ 

ɮɭɧɤɰɢɹɦɢ ɢɥɢ ɩɟɪɟɱɧɟɦ ɜɵɩɨɥɧɹɟɦɵɯ ɢɦɢ ɞɟɣɫɬɜɢɣ, ɧɚ ɨɫɧɨɜɚɧɢɢ ɤɨɬɨɪɵɯ 

ɫɬɪɨɹɬɫɹ ɫɯɟɦɵ ɚɜɬɨɦɚɬɨɜ. 
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Ɋɢɫɭɧɨɤ 1.1 – ɋɬɪɭɤɬɭɪɚ ɩɪɨɰɟɫɫɨɪɚ 

 

Ɉɛɵɱɧɵɣ ɰɢɤɥ ɪɚɛɨɬɵ ɩɪɨɰɟɫɫɨɪɚ ɜɵɝɥɹɞɢɬ ɬɚɤ: ɨɧ ɱɢɬɚɟɬ ɩɟɪɜɭɸ 

ɤɨɦɚɧɞɭ ɢɡ ɩɚɦɹɬɢ, ɞɟɤɨɞɢɪɭɟɬ ɟɟ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɟɟ ɬɢɩɚ ɢ ɨɩɟɪɚɧɞɨɜ, 

ɜɵɩɨɥɧɹɟɬ ɤɨɦɚɧɞɭ, ɡɚɬɟɦ ɫɱɢɬɵɜɚɟɬ, ɞɟɤɨɞɢɪɭɟɬ ɢ ɜɵɩɨɥɧɹɟɬ ɩɨɫɥɟɞɭɸɳɢɟ 

ɤɨɦɚɧɞɵ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜɵɩɨɥɧɟɧɢɟ ɩɪɨɝɪɚɦɦ. 

ɉɨɫɬɪɨɟɧɢɟ ɩɪɨɰɟɫɫɨɪɨɜ ɨɫɧɨɜɚɧɨ ɧɚ ɩɪɢɧɰɢɩɟ ɦɢɤɪɨɩɪɨɝɪɚɦɦɧɨɝɨ 

ɭɩɪɚɜɥɟɧɢɹ, ɫɨɝɥɚɫɧɨ ɤɨɬɨɪɨɦɭ: 

 ɤɚɠɞɚɹ ɨɩɟɪɚɰɢɹ, ɤɨɬɨɪɚɹ ɪɟɚɥɢɡɭɟɬɫɹ ɩɪɨɰɟɫɫɨɪɨɦ, ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ 

ɤɚɤ ɫɥɨɠɧɨɟ ɞɟɣɫɬɜɢɟ. ɗɬɨ ɞɟɣɫɬɜɢɟ ɞɟɥɢɬɫɹ ɧɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɟ 

ɷɥɟɦɟɧɬɚɪɧɵɟ ɞɟɣɫɬɜɢɹ – ɦɢɤɪɨɨɩɟɪɚɰɢɢ; 

 ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɩɨɪɹɞɤɨɦ ɢɯ ɫɥɟɞɨɜɚɧɢɹ ɢɫɩɨɥɶɡɭɸɬɫɹ ɥɨɝɢɱɟɫɤɢɟ 

ɭɫɥɨɜɢɹ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɵɯ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɨɫɬɨɹɧɢɟ ɩɪɨɰɟɫɫɨɪɚ ɩɨɫɥɟ 

ɜɵɩɨɥɧɟɧɧɵɯ ɦɢɤɪɨɨɩɟɪɚɰɢɣ ɜ ɜɢɞɟ ɥɨɝɢɱɟɫɤɨɝɨ 0 ɢɥɢ 1; 

 ɩɪɨɰɟɫɫ ɜɵɩɨɥɧɟɧɢɹ ɨɩɟɪɚɰɢɣ ɨɩɢɫɵɜɚɟɬɫɹ ɜ ɜɢɞɟ ɚɥɝɨɪɢɬɦɚ ɢ 

ɧɚɡɵɜɚɟɬɫɹ ɦɢɤɪɨɩɪɨɝɪɚɦɦɨɣ; 

 ɦɢɤɪɨɩɪɨɝɪɚɦɦɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɚɤ ɮɨɪɦɚ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɮɭɧɤɰɢɢ 

ɩɪɨɰɟɫɫɨɪɚ, ɧɚ ɨɫɧɨɜɟ ɤɨɬɨɪɨɣ ɨɩɪɟɞɟɥɹɸɬɫɹ ɟɝɨ ɫɬɪɭɤɬɭɪɚ ɢ ɩɨɪɹɞɨɤ 

ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɜɨ ɜɪɟɦɟɧɢ. 
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1.1.4  Ɉɩɟɪɚɰɢɨɧɧɵɣ ɚɜɬɨɦɚɬ 

 

Ɉɩɟɪɚɰɢɨɧɧɵɣ ɚɜɬɨɦɚɬ – ɧɚɛɨɪ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɬɚɤɢɯ ɤɚɤ 

ȺɅɍ, ɤɨɬɨɪɵɟ ɜɵɩɨɥɧɹɸɬ ɨɛɪɚɛɨɬɤɭ ɞɚɧɧɵɯ. Ʌɸɛɚɹ ɤɨɦɚɧɞɚ, ɨɩɟɪɚɰɢɹ, 

ɩɪɨɰɟɞɭɪɚ, ɜɵɩɨɥɧɹɟɦɚɹ ɜ ɨɩɟɪɚɰɢɨɧɧɨɦ ɚɜɬɨɦɚɬɟ, ɨɩɢɫɵɜɚɟɬɫɹ 

ɦɢɤɪɨɩɪɨɝɪɚɦɦɨɣ ɢ ɪɟɚɥɢɡɭɟɬɫɹ ɡɚ ɧɟɫɤɨɥɶɤɨ ɬɚɤɬɨɜ, ɜ ɤɚɠɞɨɦ ɢɡ ɤɨɬɨɪɵɯ 

ɜɵɩɨɥɧɹɟɬɫɹ ɨɞɧɚ ɢɥɢ ɧɟɫɤɨɥɶɤɨ ɦɢɤɪɨɨɩɟɪɚɰɢɣ [4]. 

Ʉɚɤ ɢ ɥɸɛɨɣ ɫɬɪɭɤɬɭɪɧɵɣ ɚɜɬɨɦɚɬ, ɨɩɟɪɚɰɢɨɧɧɵɣ ɚɜɬɨɦɚɬ 

ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜ ɜɢɞɟ ɤɨɦɩɨɡɢɰɢɢ ɤɨɦɛɢɧɚɰɢɨɧɧɵɯ ɫɯɟɦ ɢ ɩɚɦɹɬɢ (ɪɢɫ. 1.2). 

 

 
Ɋɢɫɭɧɨɤ 1.2 – ɋɬɪɭɤɬɭɪɚ ɨɩɟɪɚɰɢɨɧɧɨɝɨ ɚɜɬɨɦɚɬɚ 

 

ɇɚ ɜɯɨɞɵ ɤɨɦɛɢɧɚɰɢɨɧɧɨɣ ɫɯɟɦɵ Ф ɩɨɫɬɭɩɚɸɬ ɜɯɨɞɧɵɟ ɫɥɨɜɚ ɢ 

ɭɩɪɚɜɥɹɸɳɢɟ ɫɢɝɧɚɥɵ, ɮɨɪɦɢɪɭɟɦɵɟ ɭɩɪɚɜɥɹɸɳɢɦ ɚɜɬɨɦɚɬɨɦ ɢ 

ɢɧɢɰɢɢɪɭɸɳɢɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɦɢɤɪɨɨɩɟɪɚɰɢɢ ɨɛɪɚɛɨɬɤɢ ɢɧɮɨɪɦɚɰɢɢ D. 

ɇɚɱɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɨɛɪɚɛɚɬɵɜɚɟɦɵɯ ɫɥɨɜ, ɩɨɦɟɳɚɸɬɫɹ ɜ ɩɚɦɹɬɶ 

ɨɩɟɪɚɰɢɨɧɧɨɝɨ ɚɜɬɨɦɚɬɚ, ɫɨɫɬɨɹɳɭɸ ɢɡ k n-ɪɚɡɪɹɞɧɵɯ ɪɟɝɢɫɬɪɨɜ. ȼɵɯɨɞɵ 

ɪɟɝɢɫɬɪɨɜ ɮɨɪɦɢɪɭɸɬ ɦɧɨɠɟɫɬɜɨ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ S, ɩɨɫɬɭɩɚɸɳɢɯ 

ɜ Ф ɜ ɤɚɱɟɫɬɜɟ ɫɢɝɧɚɥɨɜ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ. ɉɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɦɢɤɪɨɨɩɟɪɚɰɢɣ ɢ 

ɡɧɚɱɟɧɢɣ ɪɟɡɭɥɶɬɚɬɨɜ ɫɯɟɦɚ Ф ɮɨɪɦɢɪɭɟɬ ɧɨɜɵɟ ɡɧɚɱɟɧɢɹ ɫɥɨɜ, ɤɨɬɨɪɵɟ 

ɡɚɧɨɫɹɬɫɹ ɜ ɩɚɦɹɬɶ ɩɨ ɫɢɧɯɪɨɫɢɝɧɚɥɭ C. ȼ ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t = 0 ɜɫɟ 

ɪɟɝɢɫɬɪɵ ɩɚɦɹɬɢ ɩɟɪɟɜɨɞɹɬɫɹ ɜ ɧɭɥɟɜɨɟ ɫɨɫɬɨɹɧɢɟ ɫɢɝɧɚɥɨɦ Reset. ɋɨɞɟɪɠɢɦɨɟ 

ɩɚɦɹɬɢ ɩɨɫɬɭɩɚɟɬ ɜ ɤɨɦɛɢɧɚɰɢɨɧɧɭɸ ɫɯɟɦɭ Ψ, ɮɨɪɦɢɪɭɸɳɭɸ ɡɧɚɱɟɧɢɹ 

ɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ, ɹɜɥɹɸɳɢɯɫɹ ɨɫɜɟɞɨɦɢɬɟɥɶɧɵɦɢ ɫɢɝɧɚɥɚɦɢ. 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɤɨɦɛɢɧɚɰɢɨɧɧɚɹ ɫɯɟɦɚ Ф ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɜɵɪɚɛɨɬɤɢ 

ɩɪɨɦɟɠɭɬɨɱɧɵɯ (S) ɢ ɨɤɨɧɱɚɬɟɥɶɧɵɯ (R) ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɛɨɬɵ ɈȺ, ɚ ɫɯɟɦɚ Ψ – 

ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɥɨɝɢɱɟɫɤɢɯ ɨɫɜɟɞɨɦɢɬɟɥɶɧɵɯ ɫɢɝɧɚɥɨɜ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ 

ɍȺ ɨɩɪɟɞɟɥɢɬɶ ɚɞɪɟɫ ɫɥɟɞɭɸɳɟɣ ɦɢɤɪɨɤɨɦɚɧɞɵ. 

ȼ ɩɪɨɰɟɫɫɟ ɪɚɡɪɚɛɨɬɤɢ ɛɵɥ ɨɩɪɟɞɟɥɟɧ ɧɚɛɨɪ ɷɥɟɦɟɧɬɨɜ, ɢɫɩɨɥɶɡɭɟɦɵɣ 

ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɨɩɟɪɚɰɢɨɧɧɵɯ ɚɜɬɨɦɚɬɨɜ. Ʉɚɠɞɵɣ ɷɥɟɦɟɧɬ ɜɵɩɨɥɧɹɟɬ 

ɨɩɪɟɞɟɥɟɧɧɭɸ ɨɛɪɚɛɨɬɤɭ ɢɧɮɨɪɦɚɰɢɢ. ɋɢɝɧɚɥɵ, ɤɨɬɨɪɵɟ ɢɧɢɰɢɢɪɭɸɬ ɟɟ 

ɫɬɚɧɞɚɪɬɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ, ɧɚɡɵɜɚɸɬɫɹ ɬɢɩɨɜɵɦɢ ɦɢɤɪɨɨɩɟɪɚɰɢɹɦɢ, ɤɨɬɨɪɵɟ 

ɦɨɠɧɨ ɩɨɞɟɥɢɬɶ ɧɚ ɤɥɚɫɫɵ:  

 ɦɢɤɪɨɨɩɟɪɚɰɢɹ ɭɫɬɚɧɨɜɤɢ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɵɩɨɥɧɟɧɢɹ ɤɨɬɨɪɨɣ ɪɟɝɢɫɬɪɭ 

ɩɪɢɫɜɚɢɜɚɟɬɫɹ ɡɧɚɱɟɧɢɟ ɤɨɧɫɬɚɧɬɵ; 

 ɦɢɤɪɨɨɩɟɪɚɰɢɹ ɩɟɪɟɞɚɱɢ, ɤɨɬɨɪɚɹ ɢɧɢɰɢɢɪɭɟɬ ɩɟɪɟɞɚɱɭ ɢɧɮɨɪɦɚɰɢɢ 

ɦɟɠɞɭ ɪɟɝɢɫɬɪɚɦɢ; 

 ɦɢɤɪɨɨɩɟɪɚɰɢɹ ɢɧɜɟɪɬɢɪɨɜɚɧɢɹ, ɩɟɪɟɜɨɞɹɳɚɹ 0 ɜ 1 ɢ 1 ɜ 0, ɩɨɫɥɟ 

ɤɨɬɨɪɨɣ ɡɧɚɱɟɧɢɟ ɫɥɨɜɚ ɦɟɧɹɟɬɫɹ ɧɚ ɢɧɜɟɪɫɧɨɟ; 

 ɦɢɤɪɨɨɩɟɪɚɰɢɢ ɫɞɜɢɝɚ, ɤɨɬɨɪɵɟ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɢɡɦɟɧɟɧɢɹ 

ɩɨɥɨɠɟɧɢɣ ɪɚɡɪɹɞɚ ɫɥɨɜɚ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɩɟɪɜɨɧɚɱɚɥɶɧɨɦɭ; 

 ɦɢɤɪɨɨɩɟɪɚɰɢɢ ɫɱёɬɚ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɵɩɨɥɧɟɧɢɹ ɤɨɬɨɪɵɯ ɩɪɨɢɫɯɨɞɢɬ 

ɢɡɦɟɧɟɧɢɟ ɡɧɚɱɟɧɢɹ ɫɥɨɜɚ ɧɚ ɟɞɢɧɢɰɭ; 

 ɥɨɝɢɱɟɫɤɢɟ ɦɢɤɪɨɨɩɟɪɚɰɢɢ – ɩɪɢɫɜɚɢɜɚɸɬ ɫɥɨɜɭ ɡɧɚɱɟɧɢɟ, ɩɨɥɭɱɚɟɦɨɟ 

ɩɪɢ ɩɨɪɚɡɪɹɞɧɨɦ ɜɵɩɨɥɧɟɧɢɢ ɛɭɥɟɜɵɯ ɨɩɟɪɚɰɢɣ ɞɢɡɴɸɧɤɰɢɢ, ɤɨɧɴɸɧɤɰɢɢ ɢ 

ɫɥɨɠɟɧɢɹ ɩɨ ɦɨɞɭɥɸ 2; 

 ɦɢɤɪɨɨɩɟɪɚɰɢɹ ɫɥɨɠɟɧɢɹ, ɩɪɢɫɜɚɢɜɚɸɳɚɹ ɫɥɨɜɭ ɡɧɚɱɟɧɢɟ ɫɭɦɦɵ 

ɫɥɚɝɚɟɦɵɯ; 

 ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɟ ɦɢɤɪɨɨɩɟɪɚɰɢɢ. Ʉɚɠɞɚɹ ɢɡ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɯ 

ɦɢɤɪɨɨɩɟɪɚɰɢɣ ɫɨɞɟɪɠɢɬ ɧɟɫɤɨɥɶɤɨ ɞɟɣɫɬɜɢɣ, ɩɪɢɫɭɳɢɯ ɦɢɤɪɨɨɩɟɪɚɰɢɹɦ 

ɤɥɚɫɫɨɜ, ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɜɵɲɟ. 

Ɇɢɤɪɨɨɩɟɪɚɰɢɢ, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɦɢɤɪɨɩɪɨɝɪɚɦɦɟ, ɦɨɝɭɬ 

ɜɵɩɨɥɧɹɬɫɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɢ ɩɚɪɚɥɥɟɥɶɧɨ. Ɇɢɤɪɨɨɩɟɪɚɰɢɢ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ 
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ɜɵɩɨɥɧɹɬɫɹ ɩɚɪɚɥɥɟɥɶɧɨ, ɧɚɡɵɜɚɸɬɫɹ ɫɨɜɦɟɫɬɢɦɵɦɢ. Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ 

ɫɨɜɦɟɫɬɢɦɨɫɬɶ – ɫɨɜɦɟɫɬɢɦɨɫɬɶ, ɨɛɭɫɥɨɜɥɟɧɧɚɹ ɫɨɞɟɪɠɚɧɢɟɦ ɨɩɟɪɚɬɨɪɨɜ, 

ɫɬɪɭɤɬɭɪɧɚɹ ɫɨɜɦɟɫɬɢɦɨɫɬɶ ɨɛɭɫɥɨɜɥɟɧɚ ɨɝɪɚɧɢɱɟɧɢɹɦɢ ɫɬɪɭɤɬɭɪɵ ɈȺ [5]. 

ȼ ɦɢɤɪɨɩɪɨɝɪɚɦɦɚɯ ɜɫɬɪɟɱɚɸɬɫɹ ɦɢɤɪɨɨɩɟɪɚɰɢɢ ɜɵɱɢɫɥɹɸɳɢɟ ɡɧɚɱɟɧɢɹ 

ɫɥɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɞɧɨɣ ɮɭɧɤɰɢɢ, ɩɪɢɦɟɧɹɟɦɨɣ ɤ ɪɚɡɥɢɱɧɵɦ ɧɚɛɨɪɚɦ 

ɚɪɝɭɦɟɧɬɨɜ. 

ɇɚɩɪɢɦɟɪ, ɦɢɤɪɨɨɩɟɪɚɰɢɢ 

 ܴ𝑔ܦ ∶=  ܴ𝑔ܣ + ܴ𝑔(1.1)                                                                                                  ܤ 

 ܴ𝑔ܧ ∶=  ܴ𝑔ܣ + ܴ𝑔̅̅ܥ ̅̅ ̅̅ + ͳ                                                                                          (1.2) 

 

ɫɱɢɬɚɸɬɫɹ ɷɤɜɢɜɚɥɟɧɬɧɵɦɢ, ɬ.ɤ. ɜ ɧɢɯ ɫɨɞɟɪɠɢɬɫɹ ɨɞɧɚ ɢ ɬɚ ɠɟ ɮɭɧɤɰɢɹ 

ɫɥɨɠɟɧɢɹ ɧɚɞ ɪɚɡɥɢɱɧɵɦɢ ɫɥɨɜɚɦɢ. ɗɤɜɢɜɚɥɟɧɬɧɨɫɬɶ ɦɢɤɪɨɨɩɟɪɚɰɢɣ ɨɡɧɚɱɚɟɬ, 

ɱɬɨ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ, ɦɢɤɪɨɨɩɟɪɚɰɢɹɦ, ɦɨɠɟɬ 

ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɨɞɧɚ ɢ ɬɚ ɠɟ ɤɨɦɛɢɧɚɰɢɨɧɧɚɹ ɫɯɟɦɚ (ɪɢɫ.1.3). 

 

 
Ɋɢɫɭɧɨɤ 1.3 – Ɋɟɚɥɢɡɚɰɢɹ ɷɤɜɢɜɚɥɟɧɬɧɵɯ ɦɢɤɪɨɨɩɟɪɚɰɢɣ ɧɚ ɨɞɧɨɦ ɫɭɦɦɚɬɨɪɟ 

 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɨɞɧɨɣ ɤɨɦɛɢɧɚɰɢɨɧɧɨɣ ɫɯɟɦɵ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ 

ɧɟɫɤɨɥɶɤɢɯ ɦɢɤɪɨɨɩɟɪɚɰɢɣ ɢɫɤɥɸɱɚɟɬ ɫɨɜɦɟɫɬɢɦɨɫɬɶ ɷɬɢɯ ɦɢɤɪɨɨɩɟɪɚɰɢɣ. 

Ɍɚɤ, ɦɢɤɪɨɨɩɟɪɚɰɢɢ ɮɭɧɤɰɢɨɧɚɥɶɧɨ ɫɨɜɦɟɫɬɢɦɵɟ ɦɨɝɭɬ ɜɵɩɨɥɧɹɬɶɫɹ ɬɨɥɶɤɨ ɜ 

ɪɚɡɧɵɯ ɬɚɤɬɚɯ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɪɟɦɹ ɜɵɩɨɥɧɟɧɢɹ ɷɬɨɣ ɩɚɪɵ ɨɩɟɪɚɰɢɣ 
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ɭɜɟɥɢɱɢɬɫɹ ɢɡ-ɡɚ ɫɬɪɭɤɬɭɪɧɵɯ ɨɝɪɚɧɢɱɟɧɢɣ, ɬ. ɟ. ɷɤɨɧɨɦɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɤɚɤ 

ɩɪɚɜɢɥɨ, ɜɥɟɱёɬ ɡɚ ɫɨɛɨɣ ɭɜɟɥɢɱɟɧɢɟ ɜɪɟɦɟɧɢ ɜɵɩɨɥɧɟɧɢɹ ɦɢɤɪɨɩɪɨɝɪɚɦɦɵ. 

Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɫɬɪɭɤɬɭɪɵ, ɪɟɚɥɢɡɭɸɳɟɣ ɫɨɜɨɤɭɩɧɨɫɬɶ ɷɤɜɢɜɚɥɟɧɬɧɵɯ 

ɦɢɤɪɨɨɩɟɪɚɰɢɣ, ɢɫɩɨɥɶɡɭɟɬɫɹ ɨɛɨɛɳёɧɧɵɣ ɨɩɟɪɚɬɨɪ. 

ɇɚɩɪɢɦɟɪ, ɷɤɜɢɜɚɥɟɧɬɧɵɦ ɦɢɤɪɨɨɩɟɪɚɰɢɹɦ (1.1) ɢ (1.2) ɫɨɨɬɜɟɬɫɬɜɭɟɬ 

ɨɛɨɛɳёɧɧɵɣ ɨɩɟɪɚɬɨɪ 

 ܴ𝑔ܵ = ܴ𝑔ܣ +  ܳଵ +  ܳଶ                                                                                             (1.3) 

ɝɞɟ ܳଵ = {ܴ𝑔ܤ ˒˓и 𝑦ସ = Ͳ;ܴ𝑔̅̅ܥ ̅̅ ̅̅  ˒˓и 𝑦ସ = ͳ;  ܳଶ = {Ͳ ˒˓и 𝑦ହ = Ͳ;ͳ ˒˓и 𝑦ହ = ͳ.  
 

Ɉɛɨɛɳёɧɧɨɦɭ ɨɩɟɪɚɬɨɪɭ (1.3) ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɬɪɭɤɬɭɪɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ 

ɧɚ ɪɢɫɭɧɤɟ 1.4. 

 

 
Ɋɢɫɭɧɨɤ 1.4 – ɋɬɪɭɤɬɭɪɚ, ɪɟɚɥɢɡɭɸɳɚɹ ɨɛɨɛɳɟɧɧɵɣ ɨɩɟɪɚɬɨɪ 

 

Ⱥɪɝɭɦɟɧɬɵ ɮɭɧɤɰɢɢ ɢɧɬɟɪɩɪɟɬɢɪɭɸɬɫɹ ɜɯɨɞɚɦɢ ɤɨɦɛɢɧɚɰɢɨɧɧɨɣ ɫɯɟɦɵ. 

Q1 – ɢɦɹ ɲɢɧɵ, ɩɨ ɤɨɬɨɪɨɣ ɫɨɞɟɪɠɢɦɨɟ ɪɟɝɢɫɬɪɚ RgB, ɥɢɛɨ ɢɧɜɟɪɬɢɪɨɜɚɧɧɨɟ 

ɫɨɞɟɪɠɢɦɨɟ ɪɟɝɢɫɬɪɚ RgC ɩɨɫɬɭɩɚɟɬ ɧɚ ɜɯɨɞ ɤɨɦɛɢɧɚɰɢɨɧɧɨɣ ɫɯɟɦɵ 

ɫɭɦɦɚɬɨɪɚ, ɚ Q2 ɨɩɪɟɞɟɥɹɟɬ ɡɧɚɱɟɧɢɟ ɪɚɡɪɹɞɚ, ɩɪɢɛɚɜɥɹɟɦɨɝɨ ɤ ɦɥɚɞɲɟɦɭ 

ɪɚɡɪɹɞɭ ɫɭɦɦɵ. 
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Ⱦɥɹ ɜɵɛɨɪɚ ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹɳɟɝɨ ɨɩɟɪɚɰɢɨɧɧɨɝɨ ɚɜɬɨɦɚɬɚ, 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɧɟɤɨɬɨɪɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, 

ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ, ɡɚɬɪɚɬɵ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɪɟɝɭɥɹɪɧɨɫɬɶ, ɭɧɢɜɟɪɫɚɥɶɧɨɫɬɶ. 

ɋɬɪɭɤɬɭɪɭ ɨɩɟɪɚɰɢɨɧɧɨɝɨ ɚɜɬɨɦɚɬɚ ɦɨɠɧɨ ɫɢɧɬɟɡɢɪɨɜɚɬɶ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɨ ɟɝɨ ɮɭɧɤɰɢɢ ɡɚɞɚɧɧɨɣ: 

 ɦɧɨɠɟɫɬɜɨɦ ɫɥɨɜ;  

 ɦɧɨɠɟɫɬɜɨɦ ɦɢɤɪɨɨɩɟɪɚɰɢɣ ɧɚɞ ɫɥɨɜɚɦɢ;  

 ɦɧɨɠɟɫɬɜɨɦ ɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ. 

ɋɬɪɭɤɬɭɪɵ ɨɩɟɪɚɰɢɨɧɧɵɯ ɚɜɬɨɦɚɬɨɜ ɛɵɜɚɸɬ: 

 Ʉɚɧɨɧɢɱɟɫɤɚɹ. Ʉɚɧɨɧɢɱɟɫɤɚɹ ɫɬɪɭɤɬɭɪɚ ɈȺ – ɫɬɪɭɤɬɭɪɚ, ɩɨɥɭɱɟɧɧɚɹ 

ɩɭɬёɦ ɡɚɦɟɧɵ ɤɚɠɞɨɝɨ ɷɥɟɦɟɧɬɚ ɮɭɧɤɰɢɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɷɥɟɦɟɧɬɚɦɢ 

ɫɬɪɭɤɬɭɪɧɨɝɨ ɛɚɡɢɫɚ (ɪɟɝɢɫɬɪɚɦɢ, ɤɨɦɛɢɧɚɰɢɨɧɧɵɦɢ ɫɯɟɦɚɦɢ, ɲɢɧɚɦɢ).  

 I – ɚɜɬɨɦɚɬ. I – "Individual" – ɞɥɹ ɜɵɱɢɫɥɟɧɢɣ ɡɧɚɱɟɧɢɣ ɤɚɠɞɨɝɨ ɫɥɨɜɚ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɢɧɞɢɜɢɞɭɚɥɶɧɚɹ ɤɨɦɛɢɧɚɰɢɨɧɧɚɹ ɫɯɟɦɚ, ɫɪɟɞɫɬɜɚɦɢ ɤɨɬɨɪɨɣ 

ɩɚɪɚɥɥɟɥɶɧɨ ɪɟɚɥɢɡɭɸɬɫɹ ɫɨɜɦɟɫɬɢɦɵɟ ɦɢɤɪɨɨɩɟɪɚɰɢɢ, ɜɵɱɢɫɥɹɸɳɢɟ ɧɨɜɵɟ 

ɡɧɚɱɟɧɢɹ ɫɥɨɜ. Ɂɚɬɪɚɬɵ ɨɛɨɪɭɞɨɜɚɧɢɹ ɦɨɠɧɨ ɭɦɟɧɶɲɢɬɶ, ɟɫɥɢ ɜ ɨɞɧɨɣ 

ɤɨɦɛɢɧɚɰɢɨɧɧɨɣ ɫɯɟɦɟ ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɨɥɶɤɨ ɨɞɢɧ ɜɵɱɢɫɥɹɸɳɢɣ ɷɥɟɦɟɧɬ – 

ɫɭɦɦɚɬɨɪ, ɫɞɜɢɝɚɬɟɥɶ ɢ ɬ.ɞ. ɢɫɩɨɥɶɡɭɟɦɵɣ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɷɤɜɢɜɚɥɟɧɬɧɵɯ 

ɦɢɤɪɨɨɩɟɪɚɰɢɣ. ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɨɹɜɥɟɧɢɸ ɦɭɥɶɬɢɩɥɟɤɫɨɪɨɜ, 

ɩɨɞɫɨɟɞɢɧɹɸɳɢɯ ɤ ɨɞɧɨɦɭ ɨɩɟɪɚɰɢɨɧɧɨɦɭ ɷɥɟɦɟɧɬɭ ɪɚɡɥɢɱɧɵɟ ɫɥɨɜɚ. 

 M – ɚɜɬɨɦɚɬ. M – ɨɡɧɚɱɚɟɬ "Mutual" – ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɡɧɚɱɟɧɢɹ ɥɸɛɨɝɨ 

ɫɥɨɜɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɨɞɧɚ ɨɛɳɚɹ ɤɨɦɛɢɧɚɰɢɨɧɧɚɹ ɫɯɟɦɚ ɪɚɜɧɨɞɨɫɬɭɩɧɚɹ ɩɨ 

ɨɬɧɨɲɟɧɢɸ ɤ ɪɟɝɢɫɬɪɚɦ. ȼ ɫɬɪɭɤɬɭɪɟ I-ɚɜɬɨɦɚɬɚ ɦɨɝɭɬ ɫɨɞɟɪɠɚɬɶɫɹ 

ɷɤɜɢɜɚɥɟɧɬɧɵɟ ɩɨ ɫɜɨɢɦ ɮɭɧɤɰɢɹɦ ɤɨɦɛɢɧɚɰɢɨɧɧɵɟ ɫɯɟɦɵ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɥɹ 

ɨɛɫɥɭɠɢɜɚɧɢɹ ɪɚɡɧɵɯ ɪɟɝɢɫɬɪɨɜ. ȿɫɥɢ ɨɩɟɪɚɰɢɨɧɧɵɟ ɪɟɫɭɪɫɵ (ɫɭɦɦɚɬɨɪɵ, 

ɫɞɜɢɝɚɬɟɥɢ ɢ ɬ.ɞ.) ɫɞɟɥɚɬɶ ɨɛɳɢɦɢ ɞɥɹ ɜɫɟɯ ɪɟɝɢɫɬɪɨɜ, ɬɨ ɦɨɠɧɨ ɫɜɟɫɬɢ ɞɨ 

ɦɢɧɢɦɭɦɚ ɱɢɫɥɨ ɨɩɟɪɚɰɢɨɧɧɵɯ ɷɥɟɦɟɧɬɨɜ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɤɨɦɛɢɧɚɰɢɨɧɧɚɹ 

ɫɯɟɦɚ ɛɭɞɟɬ ɜɤɥɸɱɚɬɶ ɨɞɢɧ ɫɭɦɦɚɬɨɪ, ɨɞɢɧ ɫɞɜɢɝɚɬɟɥɶ ɢ ɬ.ɞ.  
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 IM – ɚɜɬɨɦɚɬ. Ⱥɜɬɨɦɚɬ, ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɬɨɪɨɝɨ ɡɚɧɢɦɚɸɬ 

ɩɪɨɦɟɠɭɬɨɱɧɨɟ ɡɧɚɱɟɧɢɟ ɩɨ ɫɪɚɜɧɟɧɢɸ I- ɢ M-ɚɜɬɨɦɚɬɚɦɢ. ɋɬɪɭɤɬɭɪɚ IM-

ɚɜɬɨɦɚɬɨɜ ɜɧɨɫɢɬ ɨɝɪɚɧɢɱɟɧɢɹ ɧɚ ɫɨɜɦɟɫɬɢɦɨɫɬɶ ɦɢɤɪɨɨɩɟɪɚɰɢɣ ɢ 

ɨɞɧɨɜɪɟɦɟɧɧɨ ɫ ɷɬɢɦ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɩɨɥɧɟɧɢɟ ɡɚ ɨɞɢɧ ɬɚɤɬ ɛɨɥɟɟ ɨɞɧɨɣ 

ɨɩɟɪɚɰɢɢ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɦɢɤɪɨɩɪɨɝɪɚɦɦɵ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɢ ɫɨɯɪɚɧɢɬɶ ɧɢɡɤɢɟ ɚɩɩɚɪɚɬɭɪɧɵɟ ɡɚɬɪɚɬɵ. 

IM – ɚɜɬɨɦɚɬɵ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɩɨ ɫɩɨɫɨɛɭ ɨɪɝɚɧɢɡɚɰɢɢ 

ɤɨɦɛɢɧɚɰɢɨɧɧɨɣ ɫɯɟɦɵ.  

IM – ɚɜɬɨɦɚɬɵ ɫ ɩɚɪɚɥɥɟɥɶɧɨɣ ɤɨɦɛɢɧɚɰɢɨɧɧɨɣ ɱɚɫɬɶɸ (IMp – ɚɜɬɨɦɚɬɵ) 

ɜɤɥɸɱɚɸɬ ɤɨɦɛɢɧɚɰɢɨɧɧɵɟ ɫɯɟɦɵ Ɏ1 ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɞɜɭɯɦɟɫɬɧɵɯ 

ɦɢɤɪɨɨɩɟɪɚɰɢɣ (ɤɨɧɴɸɧɤɰɢɹ, ɞɢɡɴɸɧɤɰɢɹ, ɫɭɦɦɚ ɩɨ ɦɨɞɭɥɸ 2 ɢ ɞɪ.) ɢ Ɏ2 ɞɥɹ 

ɜɵɩɨɥɧɟɧɢɹ ɨɞɧɨɦɟɫɬɧɵɯ, ɭɧɚɪɧɵɯ ɦɢɤɪɨɨɩɟɪɚɰɢɣ (ɩɟɪɟɞɚɱɚ, ɢɧɜɟɪɫɢɹ, ɫɞɜɢɝ, 

ɮɨɪɦɢɪɨɜɚɧɢɟ ɤɨɧɫɬɚɧɬ ɢ ɬ.ɩ.), ɚ ɬɚɤɠɟ ɫɯɟɦɵ Ψ1 ɢ Ψ2 ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ 

ɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ. 

IM – ɚɜɬɨɦɚɬɵ ɫ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɤɨɦɛɢɧɚɰɢɨɧɧɨɣ ɱɚɫɬɶɸ (IMs – 

ɚɜɬɨɦɚɬɵ) ɩɨɡɜɨɥɹɸɬ ɜɵɩɨɥɧɹɬɶ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɡɚ ɨɞɢɧ ɬɚɤɬ ɬɪɢ 

ɦɢɤɪɨɨɩɟɪɚɰɢɢ, ɜɤɥɸɱɚɸɬ ɬɪɢ ɤɨɦɛɢɧɚɰɢɨɧɧɵɟ ɫɯɟɦɵ ɢ ɨɞɧɭ ɫɯɟɦɭ ɞɥɹ 

ɜɵɱɢɫɥɟɧɢɹ ɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ. Ʉɨɦɛɢɧɚɰɢɨɧɧɚɹ ɫɯɟɦɚ Ɏ1 – ɮɨɪɦɢɪɨɜɚɬɟɥɶ 

ɤɨɞɨɜ, ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɤɨɧɫɬɚɧɬ ɢ ɤɨɞɨɜ ɱɢɫɟɥ, Ɏ2 – ɫɭɦɦɚɬɨɪ, 

ɜɵɩɨɥɧɹɟɬ ɛɢɧɚɪɧɵɟ ɨɩɟɪɚɰɢɢ, Ɏ3 – ɫɞɜɢɝɚɬɟɥɶ, ɜɵɩɨɥɧɹɟɬ ɮɭɧɤɰɢɸ ɫɞɜɢɝɚ. 

 S – ɚɜɬɨɦɚɬ. ɈȺ, ɭ ɤɨɬɨɪɨɝɨ ɜ ɤɚɱɟɫɬɜɟ ɩɚɦɹɬɢ ɢɫɩɨɥɶɡɭɟɬɫɹ Ɂɍ ɫ 

ɩɪɨɢɡɜɨɥɶɧɵɦ ɞɨɫɬɭɩɨɦ, ɧɚɡɵɜɚɟɬɫɹ S-ɚɜɬɨɦɚɬɨɦ. ȼ ɧɟɤɨɬɨɪɵɯ ɨɩɟɪɚɰɢɨɧɧɵɯ 

ɭɫɬɪɨɣɫɬɜɚɯ ɨɞɧɨɬɢɩɧɵɟ ɨɩɟɪɚɰɢɢ ɜɵɩɨɥɧɹɸɬɫɹ ɧɚɞ ɛɨɥɶɲɢɦ ɱɢɫɥɨɦ ɫɥɨɜ. 

ɉɪɢɦɟɪɨɦ ɬɚɤɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɹɜɥɹɟɬɫɹ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɣ ɩɪɨɰɟɫɫɨɪ ɜɜɨɞɚ-

ɜɵɜɨɞɚ. Ⱦɥɹ ɭɦɟɧɶɲɟɧɢɹ ɚɩɩɚɪɚɬɭɪɧɵɯ ɡɚɬɪɚɬ ɬɚɤɢɯ ɭɫɬɪɨɣɫɬɜ ɪɟɝɢɫɬɪɨɜɚɹ 

ɩɚɦɹɬɶ ɈȺ ɡɚɦɟɧɹɟɬɫɹ ɡɚɩɨɦɢɧɚɸɳɢɦ ɭɫɬɪɨɣɫɬɜɨɦ.  
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1.1.5 ɍɩɪɚɜɥɹɸщɢɣ ɚɜɬɨɦɚɬ 

 

ɍɩɪɚɜɥɹɸɳɢɣ ɚɜɬɨɦɚɬ – ɱɚɫɬɶ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɚ, ɜɵɩɨɥɧɹɸɳɚɹ 

ɭɩɪɚɜɥɹɸɳɢɟ ɮɭɧɤɰɢɢ ɧɚɞ ɞɚɧɧɵɦɢ. ɍɩɪɚɜɥɹɸɳɢɣ ɚɜɬɨɦɚɬ ɜɵɪɚɛɚɬɵɜɚɟɬ 

ɫɢɝɧɚɥɵ ɭɩɪɚɜɥɟɧɢɹ ɩɨ ɡɚɞɚɧɧɨɣ ɩɪɨɝɪɚɦɦɟ ɢ ɫ ɭɱɟɬɨɦ ɡɧɚɱɟɧɢɣ ɜɧɭɬɪɟɧɧɢɯ ɢ 

ɜɧɟɲɧɢɯ ɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ, ɤɨɬɨɪɵɟ ɞɥɹ ɧɟɝɨ ɹɜɥɹɸɬɫɹ ɜɯɨɞɧɵɦɢ 

ɩɟɪɟɦɟɧɧɵɦɢ [6]. 

ɉɨɫɬɪɨɟɧɢɟ ɍȺ ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɚ ɨɫɧɨɜɟ ɩɪɢɧɰɢɩɚ ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɭɩɪɚɜɥɟɧɢɹ, ɤɨɬɨɪɵɣ ɫɜɨɞɢɬɫɹ ɤ ɭɩɨɪɹɞɨɱɟɧɧɨɣ ɜɵɪɚɛɨɬɤɟ ɫɢɝɧɚɥɨɜ-ɤɨɦɚɧɞ, 

ɜɵɩɨɥɧɟɧɢɟ ɤɨɬɨɪɵɯ ɩɪɢɜɨɞɢɬ ɤ ɞɨɫɬɢɠɟɧɢɸ ɡɚɞɚɧɧɨɣ ɰɟɥɢ. Ɇɢɤɪɨɤɨɦɚɧɞɚ – 

ɭɩɪɚɜɥɹɸɳɢɣ ɫɢɝɧɚɥ, ɨɫɭɳɟɫɬɜɥɹɸɳɢɣ ɜɵɩɨɥɧɟɧɢɟ ɨɞɧɨɝɨ ɷɥɟɦɟɧɬɚɪɧɨɝɨ 

ɲɚɝɚ. Ɉɧɚ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɷɥɟɦɟɧɬɨɦ ɩɪɨɝɪɚɦɦɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ. 

Ɇɢɤɪɨɤɨɦɚɧɞɚ ɫɨɞɟɪɠɢɬ ɢɧɮɨɪɦɚɰɢɸ ɨ ɦɢɤɪɨɨɩɟɪɚɰɢɹɯ, ɤɨɬɨɪɵɟ ɞɨɥɠɧɵ 

ɜɵɩɨɥɧɹɬɶɫɹ ɜ ɞɚɧɧɨɦ ɬɚɤɬɟ ɪɚɛɨɬɵ ɭɫɬɪɨɣɫɬɜɚ, ɚ ɬɚɤɠɟ ɢɧɮɨɪɦɚɰɢɸ ɨɛ ɚɞɪɟɫɟ 

ɫɥɟɞɭɸɳɟɣ ɦɢɤɪɨɤɨɦɚɧɞɵ. ɋɨɜɨɤɭɩɧɨɫɬɶ ɦɢɤɪɨɤɨɦɚɧɞ ɨɛɪɚɡɭɟɬ ɦɚɫɫɢɜ – 

ɦɢɤɪɨɩɪɨɝɪɚɦɦɭ. 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɩɨɫɨɛɚ ɨɩɪɟɞɟɥɟɧɢɹ ɚɞɪɟɫɚ ɨɱɟɪɟɞɧɨɣ ɦɢɤɪɨɤɨɦɚɧɞɵ 

ɪɚɡɥɢɱɚɸɬ ɍȺ ɫ ɩɪɢɧɭɞɢɬɟɥɶɧɵɦ ɢ ɟɫɬɟɫɬɜɟɧɧɵɦ ɩɨɪɹɞɤɨɦ ɫɥɟɞɨɜɚɧɢɹ 

ɦɢɤɪɨɤɨɦɚɧɞ. 

ɉɪɢɧɭɞɢɬɟɥɶɧɚɹ ɚɞɪɟɫɚɰɢɹ ɦɢɤɪɨɤɨɦɚɧɞ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɜ ɤɚɠɞɨɣ 

ɦɢɤɪɨɤɨɦɚɧɞɟ ɭɤɚɡɵɜɚɸɬɫɹ ɜɫɟ ɜɨɡɦɨɠɧɵɟ ɚɞɪɟɫɚ ɫɥɟɞɭɸɳɢɯ ɦɢɤɪɨɤɨɦɚɧɞ. 

Ⱥɞɪɟɫ ɫɥɟɞɭɸɳɟɣ ɦɢɤɪɨɤɨɦɚɧɞɵ ɦɨɠɟɬ ɡɚɞɚɜɚɬɶɫɹ ɛɟɡɭɫɥɨɜɧɨ (ɧɟɡɚɜɢɫɢɦɨ ɨɬ 

ɡɧɚɱɟɧɢɣ ɨɫɜɟɞɨɦɢɬɟɥɶɧɵɯ ɫɢɝɧɚɥɨɜ), ɢɥɢ ɜɵɛɢɪɚɬɶɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɭɫɥɨɜɢɹ, ɨɩɪɟɞɟɥɹɟɦɨɝɨ ɬɟɤɭɳɢɦɢ ɡɧɚɱɟɧɢɹɦɢ ɨɫɜɟɞɨɦɢɬɟɥɶɧɵɯ ɫɢɝɧɚɥɨɜ. 

ȼ ɪɚɡɜɟɬɜɥɹɸɳɟɣɫɹ ȽɋɆ ɫɨɞɟɪɠɚɬɫɹ ɭɫɥɨɜɧɵɟ ɜɟɪɲɢɧɵ, ɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ 

ɨɬ ɡɧɚɱɟɧɢɣ ɨɩɪɚɲɢɜɚɟɦɵɯ ɜ ɧɢɯ ɨɫɜɟɞɨɦɢɬɟɥɶɧɵɯ ɫɢɝɧɚɥɨɜ ɏ ɚɞɪɟɫ 

ɫɥɟɞɭɸɳɟɣ ɦɢɤɪɨɤɨɦɚɧɞɵ ɜɵɛɢɪɚɟɬɫɹ ɢɡ ɞɜɭɯ ɢɥɢ ɛɨɥɟɟ ɜɨɡɦɨɠɧɵɯ ɚɞɪɟɫɨɜ. 

ȿɫɥɢ, ɧɚɩɪɢɦɟɪ, ɜ ɤɚɠɞɨɣ ɦɢɤɪɨɤɨɦɚɧɞɟ ɨɩɪɚɲɢɜɚɟɬɫɹ ɬɨɥɶɤɨ ɨɞɢɧ 

ɨɫɜɟɞɨɦɢɬɟɥɶɧɵɣ ɫɢɝɧɚɥ ɯi, ɮɨɪɦɚɬ ɦɢɤɪɨɤɨɦɚɧɞɵ ɛɭɞɟɬ ɜɵɝɥɹɞɟɬɶ, ɤɚɤ 

ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 1.5. 
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Ɋɢɫɭɧɨɤ 1.5 – Ɏɨɪɦɚɬ ɦɢɤɪɨɤɨɦɚɧɞɵ ɍȺ ɫ ɩɪɢɧɭɞɢɬɟɥɶɧɨɣ ɚɞɪɟɫɚɰɢɟɣ ɞɥɹ 

ɪɚɡɜɟɬɜɥɹɸɳɟɣɫɹ ȽɋɆ. 

 

Ɇɢɤɪɨɤɨɦɚɧɞɚ ɫɨɞɟɪɠɢɬ ɜ ɫɟɛɟ ɱɟɬɵɪɟ ɩɨɥɹ: ɋɏ – ɩɨɥɟ ɭɩɪɚɜɥɟɧɢɹ 

ɜɵɛɨɪɨɦ ɨɩɪɚɲɢɜɚɟɦɨɝɨ ɜɯɨɞɧɨɝɨ ɨɫɜɟɞɨɦɢɬɟɥɶɧɨɝɨ ɫɢɝɧɚɥɚ ɯi; Ⱥ1 – ɩɨɥɟ 

ɚɞɪɟɫɚ ɫɥɟɞɭɸɳɟɣ ɦɢɤɪɨɤɨɦɚɧɞɵ, ɟɫɥɢ ɨɩɪɚɲɢɜɚɟɦɵɣ ɨɫɜɟɞɨɦɢɬɟɥɶɧɵɣ 

ɫɢɝɧɚɥ ɯi = 1; Ⱥ0 – ɩɨɥɟ ɚɞɪɟɫɚ ɫɥɟɞɭɸɳɟɣ ɦɢɤɪɨɤɨɦɚɧɞɵ, ɟɫɥɢ ɨɩɪɚɲɢɜɚɟɦɵɣ 

ɨɫɜɟɞɨɦɢɬɟɥɶɧɵɣ ɫɢɝɧɚɥ ɯi = 0; Y – ɩɨɥɟ ɜɵɯɨɞɧɵɯ ɭɩɪɚɜɥɹɸɳɢɯ ɫɢɝɧɚɥɨɜ [2]. 

ɋɬɪɭɤɬɭɪɚ ɍȺ ɫ ɩɪɢɧɭɞɢɬɟɥɶɧɨɣ ɚɞɪɟɫɚɰɢɟɣ ɞɥɹ ɪɚɡɜɟɬɜɥɹɸɳɟɣɫɹ ȽɋɆ 

ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1.6. 

 

 
Ɋɢɫɭɧɨɤ 1.6 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɍȺ ɫ ɩɪɢɧɭɞɢɬɟɥɶɧɨɣ ɚɞɪɟɫɚɰɢɟɣ ɞɥɹ ɪɚɡɜɟɬɜɥɹɸɳɟɣɫɹ 

ȽɋɆ 

 

Ʉɪɨɦɟ ɪɟɝɢɫɬɪɚ ɚɞɪɟɫɚ RgA ɪɚɡɪɹɞɧɨɫɬɢ na, ɪɟɝɢɫɬɪɚ ɦɢɤɪɨɤɨɦɚɧɞɵ 

RgMK ɪɚɡɪɹɞɧɨɫɬɢ S1 = nx + 2 * na+ny ɢ Ɂɍ ɨɪɝɚɧɢɡɚɰɢɢ 2na  S1 ɫɬɪɭɤɬɭɪɚ ɍȺ 

ɫɨɞɟɪɠɢɬ ɞɜɚ ɦɭɥɶɬɢɩɥɟɤɫɨɪɚ: Ɇɏɏ – ɦɭɥɶɬɢɩɥɟɤɫɨɪ ɜɵɛɨɪɚ, ɨɩɪɚɲɢɜɚɟɦɨɝɨ 
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ɜɯɨɞɧɨɝɨ ɨɫɜɟɞɨɦɢɬɟɥɶɧɨɝɨ ɫɢɝɧɚɥɚ. ɆɏȺ – ɦɭɥɶɬɢɩɥɟɤɫɨɪ ɜɵɛɨɪɚ ɩɨɥɹ 

ɚɞɪɟɫɚ ɫɥɟɞɭɸɳɟɣ ɦɢɤɪɨɤɨɦɚɧɞɵ.  

Ɂɚɩɢɫɶ ɢɧɮɨɪɦɚɰɢɢ ɜ ɪɟɝɢɫɬɪɵ RgA ɢ RgMK ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ 

ɧɚɪɚɫɬɚɸɳɟɦɭ ɮɪɨɧɬɭ ɫɢɧɯɪɨɫɢɝɧɚɥɚ. ɉɪɢ ɩɨɞɚɱɟ ɫɢɝɧɚɥɚ 

ɫɛɪɨɫɚ R ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɢɧɭɞɢɬɟɥɶɧɚɹ ɭɫɬɚɧɨɜɤɚ ɍȺ ɜ ɧɚɱɚɥɶɧɨɟ ɫɨɫɬɨɹɧɢɟ. 

 ɉɪɢ ɟɫɬɟɫɬɜɟɧɧɨɣ ɚɞɪɟɫɚɰɢɢ ɚɞɪɟɫ ɫɥɟɞɭɸɳɟɣ ɦɢɤɪɨɤɨɦɚɧɞɵ 

ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ ɚɞɪɟɫɭ ɧɚ 1 ɛɨɥɶɲɟ ɚɞɪɟɫɚ ɬɟɤɭɳɟɣ ɦɢɤɪɨɤɨɦɚɧɞɵ. ȿɫɥɢ 

ɦɢɤɪɨɤɨɦɚɧɞɵ ɫɥɟɞɭɸɬ ɜ ɟɫɬɟɫɬɜɟɧɧɨɦ ɩɨɪɹɞɤɟ, ɬɨ ɩɪɨɰɟɫɫ ɚɞɪɟɫɚɰɢɢ ɦɨɠɟɬ 

ɜɵɩɨɥɧɹɬɶ ɨɛɵɱɧɵɣ ɫɱɟɬɱɢɤ ɚɞɪɟɫɚ, ɫɨɫɬɨɹɧɢɟ ɤɨɬɨɪɨɝɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɧɚ 

ɟɞɢɧɢɰɭ ɩɨɫɥɟ ɱɬɟɧɢɹ ɨɱɟɪɟɞɧɨɣ ɦɢɤɪɨɤɨɦɚɧɞɵ. ɉɪɢ ɧɚɥɢɱɢɢ ɜ ȽɋɆ ɭɫɥɨɜɧɵɯ 

ɜɟɪɲɢɧ ɜɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɩɟɪɟɯɨɞɟ ɤ ɦɢɤɪɨɤɨɦɚɧɞɟ ɫ ɚɞɪɟɫɨɦ Ⱥ1  Ⱥi 

+ 1. ɉɟɪɟɯɨɞ ɦɨɠɟɬ ɛɵɬɶ ɥɢɛɨ ɛɟɡɭɫɥɨɜɧɵɦ, ɥɢɛɨ ɡɚɜɢɫɟɬɶ ɨɬ ɬɟɤɭɳɟɝɨ 

ɡɧɚɱɟɧɢɹ ɨɩɪɚɲɢɜɚɟɦɨɝɨ ɨɫɜɟɞɨɦɢɬɟɥɶɧɨɝɨ ɫɢɝɧɚɥɚ ɯi. Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ 

ɭɫɥɨɜɧɵɯ ɩɟɪɟɯɨɞɨɜ ɦɢɤɪɨɤɨɦɚɧɞɵ ɤɪɨɦɟ ɩɨɥɹ ɜɵɯɨɞɧɵɯ ɫɢɝɧɚɥɨɜ Y ɢɦɟɸɬɫɹ 

ɟɳɟ ɞɜɚ ɩɨɥɹ – ɩɨɥɟ ɭɩɪɚɜɥɟɧɢɹ ɜɵɛɨɪɨɦ ɨɫɜɟɞɨɦɢɬɟɥɶɧɨɝɨ ɫɢɝɧɚɥɚ ɯi (ɩɨɥɟ 

ɋɏ) ɢ ɩɨɥɟ ɚɞɪɟɫɚ ɫɥɟɞɭɸɳɟɣ ɦɢɤɪɨɤɨɦɚɧɞɵ (ɩɨɥɟ Ⱥ1). Ɏɨɪɦɚɬ 

ɦɢɤɪɨɤɨɦɚɧɞɵ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 1.7. 

 

 
Ɋɢɫɭɧɨɤ 1.7 – Ɏɨɪɦɚɬ ɦɢɤɪɨɤɨɦɚɧɞɵ ɍȺ ɫ ɟɫɬɟɫɬɜɟɧɧɨɣ ɚɞɪɟɫɚɰɢɟɣ ɞɥɹ 

ɪɚɡɜɟɬɜɥɹɸɳɟɣɫɹ ȽɋɆ. 

 

ɋɬɪɭɤɬɭɪɚ ɍȺ ɫ ɟɫɬɟɫɬɜɟɧɧɨɣ ɚɞɪɟɫɚɰɢɟɣ ɞɥɹ ɪɚɡɜɟɬɜɥɹɸɳɟɣɫɹ ɝɪɚɮ-

ɫɯɟɦɵ ɦɢɤɪɨɩɪɨɝɪɚɦɦɵ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1.8. 
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Ɋɢɫɭɧɨɤ 1.8 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɍȺ ɫ ɟɫɬɟɫɬɜɟɧɧɨɣ ɚɞɪɟɫɚɰɢɟɣ ɞɥɹ ɪɚɡɜɟɬɜɥɹɸɳɟɣɫɹ 

ȽɋɆ 

 

ɋɯɟɦɚ ɭɩɪɚɜɥɹɸɳɟɝɨ ɚɜɬɨɦɚɬɚ ɫɨɞɟɪɠɢɬ ɪɟɝɢɫɬɪ ɦɢɤɪɨɤɨɦɚɧɞ RgMK, 

ɡɚɩɨɦɢɧɚɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ Ɂɍ, ɪɟɝɢɫɬɪ-ɫɱɟɬɱɢɤ ɚɞɪɟɫɚ ɦɢɤɪɨɤɨɦɚɧɞ ɋɑ, 

ɤɨɬɨɪɵɣ ɞɨɩɭɫɤɚɟɬ ɩɚɪɚɥɥɟɥɶɧɭɸ ɡɚɩɢɫɶ ɢɧɮɨɪɦɚɰɢɢ, ɢ ɦɭɥɶɬɢɩɥɟɤɫɨɪ ɜɵɛɨɪɚ 

ɜɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ Ɇɏɏ. ɉɪɢ ɩɨɫɬɭɩɥɟɧɢɢ ɟɞɢɧɢɰɵ ɧɚ ɜɯɨɞ S ɫɱɟɬɱɢɤɚ ɜ ɧɟɝɨ 

ɡɚɩɢɫɵɜɚɟɬɫɹ ɚɞɪɟɫ, ɧɚɯɨɞɹɳɢɣɫɹ ɧɚ ɩɚɪɚɥɥɟɥɶɧɵɯ ɜɯɨɞɚɯ D. ɍɜɟɥɢɱɟɧɢɟ 

ɚɞɪɟɫɚ, ɫɨɞɟɪɠɚɳɟɝɨɫɹ ɜ ɋɑ, ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɫɢɧɯɪɨɫɢɝɧɚɥɭ ɋ. ɇɚ 

ɢɧɮɨɪɦɚɰɢɨɧɧɵɟ ɜɯɨɞɵ ɦɭɥɶɬɢɩɥɟɤɫɨɪɚ ɜɯɨɞɧɵɯ ɫɢɝɧɚɥɨɜ Ɇɏɏ ɤɪɨɦɟ 

ɨɩɪɚɲɢɜɚɟɦɵɯ ɨɫɜɟɞɨɦɢɬɟɥɶɧɵɯ ɫɢɝɧɚɥɨɜ ɏ ɩɨɫɬɭɩɚɸɬ ɠɟɫɬɤɨ ɡɚɞɚɧɧɵɟ 

ɫɢɝɧɚɥɵ – 0 ɢ 1. ȿɫɥɢ ɧɚ Ɇɏɏ ɜɵɛɪɚɧ 0, ɬɨ ɫ ɜɵɯɨɞɚ Ɇɏɏ ɨɧ ɩɨɫɬɭɩɚɟɬ ɧɚ 

ɜɯɨɞ S ɫɱɟɬɱɢɤɚ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɛɭɞɟɬ ɨɫɭɳɟɫɬɜɥɟɧ ɛɟɡɭɫɥɨɜɧɵɣ ɩɟɪɟɯɨɞ ɩɨ 

ɫɱɟɬɱɢɤɭ ɧɚ ɫɥɟɞɭɸɳɭɸ ɦɢɤɪɨɤɨɦɚɧɞɭ. ȿɫɥɢ ɜɵɛɪɚɧɚ 1, ɬɨ ɨɧɚ ɩɨɫɬɭɩɢɬ ɧɚ 

ɜɯɨɞ S ɫɱɟɬɱɢɤɚ ɢ ɜ ɧɟɝɨ ɛɭɞɟɬ ɡɚɩɢɫɚɧ ɚɞɪɟɫ ɫɥɟɞɭɸɳɟɣ ɦɢɤɪɨɤɨɦɚɧɞɵ ɢɡ 

ɩɨɥɹ Ⱥ1 ɬɟɤɭɳɟɣ ɦɢɤɪɨɤɨɦɚɧɞɵ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɛɭɞɟɬ ɨɫɭɳɟɫɬɜɥɟɧ 

ɛɟɡɭɫɥɨɜɧɵɣ ɩɟɪɟɯɨɞ ɧɚ ɚɞɪɟɫ ɢɡ ɩɨɥɹ Ⱥ1 ɦɢɤɪɨɤɨɦɚɧɞɵ [2]. 



 
 

21 
 

ɉɪɢɦɟɧɹɟɦɵɟ ɜ ɦɢɤɪɨɤɨɦɚɧɞɚɯ ɜɚɪɢɚɧɬɵ ɤɨɞɢɪɨɜɚɧɢɹ ɫɢɝɧɚɥɨɜ 

ɭɩɪɚɜɥɟɧɢɹ ɦɨɠɧɨ ɫɜɟɫɬɢ ɤ ɬɪɟɦ ɝɪɭɩɩɚɦ: ɝɨɪɢɡɨɧɬɚɥɶɧɨɟ, ɜɟɪɬɢɤɚɥɶɧɨɟ ɢ 

ɫɦɟɲɚɧɧɨɟ.  

ɉɪɢ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɤɚɠɞɨɣ ɦɢɤɪɨɨɩɟɪɚɰɢɢ ɫɬɚɜɢɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɟ 

ɪɚɡɪɹɞ ɩɨɥɹ ɦɢɤɪɨɨɩɟɪɚɰɢɣ ɦɢɤɪɨɤɨɦɚɧɞɧɨɝɨ ɫɥɨɜɚ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɤɨɥɢɱɟɫɬɜɨ 

ɪɚɡɪɹɞɨɜ ɩɨɥɹ ɦɢɤɪɨɨɩɟɪɚɰɢɣ ɪɚɜɧɨ ɱɢɫɥɭ ɪɚɡɥɢɱɧɵɯ ɦɢɤɪɨɨɩɟɪɚɰɢɣ, 

ɜɵɪɚɛɚɬɵɜɚɟɦɵɯ ɍȺ. ɉɪɢ ɜɟɪɬɢɤɚɥɶɧɨɦ ɤɨɞɢɪɨɜɚɧɢɢ ɜ ɩɨɥɟ ɦɢɤɪɨɨɩɟɪɚɰɢɣ 

ɩɨɦɟɳɚɟɬɫɹ ɧɨɦɟɪ ɜɵɩɨɥɧɹɟɦɨɣ ɦɢɤɪɨɨɩɟɪɚɰɢɢ. ɉɪɢ ɷɬɨɦ ɤɨɥɢɱɟɫɬɜɨ 

ɪɚɡɪɹɞɨɜ N, ɤɨɬɨɪɨɟ ɫɥɟɞɭɟɬ ɩɪɟɞɭɫɦɨɬɪɟɬɶ ɜ ɩɨɥɟ ɦɢɤɪɨɨɩɟɪɚɰɢɣ, 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ: N=k ≥ log2n. 

Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɢɫɤɥɸɱɢɬɶ ɞɟɲɢɮɪɨɜɤɭ ɦɢɤɪɨɤɨɦɚɧɞɵ ɜɵɛɢɪɚɟɦ 

ɝɨɪɢɡɨɧɬɚɥɶɧɨɟ ɤɨɞɢɪɨɜɚɧɢɟ.  

 

1.2 Ʉɨɞ ɢ ɮɨɪɦɚɬ ɨɩɟɪɚɧɞɨɜ 

 

ɑɟɦ ɛɨɥɶɲɟ ɪɚɡɥɢɱɧɵɯ ɨɩɟɪɚɰɢɣ ɜɵɩɨɥɧɹɟɬ ɨɩɟɪɚɰɢɨɧɧɵɣ ɚɜɬɨɦɚɬ, ɬɟɦ 

ɛɨɥɶɲɟ ɭ ɧɟɝɨ ɪɚɡɥɢɱɧɵɯ ɷɥɟɦɟɧɬɨɜ. ɉɪɢɦɟɧɟɧɢɟ ɫɩɟɰɢɚɥɶɧɵɯ ɤɨɞɨɜ ɞɚɟɬ 

ɜɨɡɦɨɠɧɨɫɬɶ ɡɚɦɟɧɢɬɶ ɨɩɟɪɚɰɢɢ ɜɵɱɢɬɚɧɢɹ, ɭɦɧɨɠɟɧɢɹ ɢ ɞɟɥɟɧɢɹ ɨɞɧɢɦ 

ɞɟɣɫɬɜɢɟɦ – ɫɥɨɠɟɧɢɟɦ. Ⱦɨɩɨɥɧɢɬɟɥɶɧɵɣ ɤɨɞ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɫɩɨɫɨɛɨɦ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɨɬɪɢɰɚɬɟɥɶɧɵɯ ɰɟɥɵɯ ɱɢɫɟɥ. Ɉɧ 

ɩɨɡɜɨɥɹɟɬ ɡɚɦɟɧɢɬɶ ɨɩɟɪɚɰɢɸ ɜɵɱɢɬɚɧɢɹ ɨɩɟɪɚɰɢɟɣ ɫɥɨɠɟɧɢɹ.  

Ⱦɨɩɨɥɧɢɬɟɥɶɧɵɣ ɤɨɞ ɨɬɪɢɰɚɬɟɥɶɧɨɝɨ ɱɢɫɥɚ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ 

ɢɧɜɟɪɬɢɪɨɜɚɧɢɟɦ ɪɚɡɪɹɞɨɜ ɞɜɨɢɱɧɨɝɨ ɩɨɥɨɠɢɬɟɥɶɧɨɝɨ ɱɢɫɥɚ ɢ ɩɪɢɛɚɜɥɟɧɢɟɦ ɤ 

ɪɟɡɭɥɶɬɚɬɭ ɟɞɢɧɢɰɵ. ɉɨɥɨɠɢɬɟɥɶɧɨɟ ɱɢɫɥɨ ɢɡ ɨɬɪɢɰɚɬɟɥɶɧɨɝɨ ɜ 

ɞɨɩɨɥɧɢɬɟɥɶɧɨɦ ɤɨɞɟ ɩɨɥɭɱɚɟɬɫɹ ɬɨɱɧɨ ɬɚɤɢɦ ɠɟ ɨɛɪɚɡɨɦ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɨɩɟɪɚɰɢɢ ɫɥɨɠɟɧɢɹ, ɜɵɱɢɬɚɧɢɹ, ɭɦɧɨɠɟɧɢɹ ɢ ɞɟɥɟɧɢɹ ɱɢɫɟɥ. 

ɉɨɥɶɡɭɹɫɶ ɜɨɡɦɨɠɧɨɫɬɹɦɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɤɨɞɚ, ɨɩɟɪɚɰɢɹ ɜɵɱɢɬɚɧɢɹ 

ɡɚɦɟɧɹɟɬɫɹ ɨɩɟɪɚɰɢɟɣ ɫɥɨɠɟɧɢɹ ɫ ɨɬɪɢɰɚɬɟɥɶɧɵɦ ɱɢɫɥɨɦ. Ⱥɧɚɥɢɡ ɨɩɟɪɚɰɢɣ 

(ɬɚɛɥ. 1 [10]), ɤɨɬɨɪɵɟ ɞɨɥɠɟɧ ɜɵɩɨɥɧɹɬɶ ɫɩɟɰɩɪɨɰɟɫɫɨɪ, ɩɨɤɚɡɚɥ, ɱɬɨ ɨɩɟɪɚɰɢɢ 
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ɭɦɧɨɠɟɧɢɹ ɢ ɞɟɥɟɧɢɹ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɜɵɩɨɥɧɹɬɶ ɫ ɩɨɦɨɳɶɸ ɫɞɜɢɝɚ ɱɢɫɥɚ ɧɚ 

ɨɞɢɧ ɪɚɡɪɹɞ ɜ ɫɬɨɪɨɧɭ ɫɬɚɪɲɢɯ ɢ ɦɥɚɞɲɢɯ ɪɚɡɪɹɞɨɜ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

Ɇɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ ɤɨɞ ɱɢɫɥɚ ɫɥɭɠɢɬ ɞɥɹ ɭɩɪɨɳɟɧɢɹ ɩɪɨɰɟɫɫɚ 

ɨɛɧɚɪɭɠɟɧɢɹ ɩɟɪɟɩɨɥɧɟɧɢɹ ɪɚɡɪɹɞɧɨɣ ɫɟɬɤɢ. Ɉɬ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɩɪɨɫɬɨɝɨ ɤɨɞɚ 

ɬɟɦ, ɱɬɨ ɜ ɧɟɝɨ ɜɜɨɞɢɬɫɹ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɣ ɪɚɡɪɹɞ ɜ ɡɧɚɤɨɜɭɸ ɱɚɫɬɶ, ɤɨɬɨɪɵɣ 

ɧɚɡɵɜɚɸɬ ɪɚɡɪɹɞɨɦ ɩɟɪɟɩɨɥɧɟɧɢɹ.  

Ⱦɥɹ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɤɨɞɚ ɩɟɪɟɩɨɥɧɟɧɢɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ 

ɨɛɪɚɡɨɦ:  

 ɟɫɥɢ Sg1  Sg2 = 1 – ɩɪɨɢɡɨɲɥɨ ɩɟɪɟɩɨɥɧɟɧɢɟ ɪɚɡɪɹɞɧɨɣ ɫɟɬɤɢ;  

 ɟɫɥɢ Sg1  Sg2 = 0 – ɩɟɪɟɩɨɥɧɟɧɢɹ ɪɚɡɪɹɞɧɨɣ ɫɟɬɤɢ ɧɟɬ.  

Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɩɪɢ ɩɟɪɟɩɨɥɧɟɧɢɢ Sg1  Sg2 (Sg1 = 0, ɚ Sg2 = 1 ɢɥɢ 

Sg1 = 1, ɚ Sg2 = 0). 

ɉɪɟɞɫɬɚɜɥɟɧɢɟ ɱɢɫɟɥ ɫ ɮɢɤɫɢɪɨɜɚɧɧɨɣ ɬɨɱɤɨɣ (ɎɌ) ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɬɟɦ, 

ɱɬɨ ɩɨɥɨɠɟɧɢɟ ɪɚɡɪɹɞɨɜ ɜ ɦɚɲɢɧɧɨɦ ɢɡɨɛɪɚɠɟɧɢɢ ɨɫɬɚɟɬɫɹ ɜɫɟɝɞɚ ɩɨɫɬɨɹɧɧɵɦ 

ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɜɟɥɢɱɢɧɵ ɫɚɦɨɝɨ ɱɢɫɥɚ. Ɏɨɪɦɚɬ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɱɢɫɥɚ ɫ ɎɌ 

ɢɦɟɟɬ ɞɜɚ ɩɨɥɹ: ɩɨɥɟ ɱɢɫɥɚ ɢ ɩɨɥɟ ɡɧɚɤɚ. ȿɫɥɢ ɱɢɫɥɨ ɩɨɥɨɠɢɬɟɥɶɧɨɟ ɢɥɢ ɪɚɜɧɨ 

ɧɭɥɸ – ɜ ɩɨɥɟ ɡɧɚɤɚ ɡɚɩɢɫɵɜɚɟɬɫɹ 0, ɟɫɥɢ ɱɢɫɥɨ ɨɬɪɢɰɚɬɟɥɶɧɨɟ – ɜ ɩɨɥɟ ɡɧɚɤɚ 

ɡɚɩɢɫɵɜɚɟɬɫɹ 1. ɉɪɟɢɦɭɳɟɫɬɜɚ ɮɨɪɦɚɬɚ ɫ ɎɌ – ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ ɗȼɆ ɩɪɢ 

ɤɨɪɪɟɤɬɧɨɦ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɢ ɩɪɨɫɬɨɬɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ. 

 

Ɍɚɛɥɢɰɚ 1 – ȼɚɪɢɚɧɬɵ ɡɚɞɚɧɢɣ 

Ɉɩɟɪɚɰɢɢ ɍɫɥɨɜɢɹ 
0,25Ⱥ + 2ȼ 
1,5Ⱥ 
Ⱥ - 0,5ȼ 

A < 0, B < 0, A – ɤɪɚɬɧɨ 4, |В|< 0,5 
A < 0, B > 0 
A > 0, B – ɱɟɬɧɨɟ 

4Ⱥ – ȼ 
(2Ⱥ + ȼ) / 2 
3ȼ 

A < 0, B > 0, |0,25 >|ܣ 
A < 0, B < 0, |0,5 >|ܣ 
A > 0, |0,5 >|ܤ 

0,5Ⱥ + ȼ 
2,5Ⱥ 
4ȼ – Ⱥ 

A > 0, B < 0, A – ɱɟɬɧɨɟ 
SgA = SgB, |0,5 >|ܣ, A – ɱɟɬɧɨɟ 
A < 0, B > 0, |0,25 >|ܤ 

Ⱥ + 0,25ȼ 
3,5ȼ 
2Ⱥ – ȼ 

A > 0, B > 0, A – ɤɪɚɬɧɨ 4 
A > 0, B < 0, |В|< 0,5, B – ɱɟɬɧɨɟ 
A < 0, |0,5 >|ܣ 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 1 – ȼɚɪɢɚɧɬɵ ɡɚɞɚɧɢɣ 

Ɉɩɟɪɚɰɢɢ ɍɫɥɨɜɢɹ |А + В| 
Ⱥ + 0,5ȼ 
2Ⱥ – 0,5ȼ 

A > 0, B < 0 
A < 0, B > 0, B – ɱɟɬɧɨɟ 
SgA = SgB, |0,5 >|ܣ, B – ɱɟɬɧɨɟ 

2Ⱥ – 0,25ȼ 
1,25Ⱥ 
Ⱥ + 4ȼ 

A> 0, B> 0, |0,5 >|ܣ, B– ɤɪɚɬɧɨ 4 
A > 0, B < 0 
A < 0, |0,25 >|ܤ 

0,75ȼ 
(Ⱥ + ȼ) / 2 
2Ⱥ – ȼ 

A < 0, B– ɤɪɚɬɧɨ 4 
A > 0, B > 0 
A > 0, B < 0, |0,5 >|ܣ 

2Ⱥ + 2ȼ 
1,75Ⱥ |А − В| A < 0, B < 0, |0,5 >|ܤ|,0,5 >|ܣ 

A > 0, B > 0,A – ɤɪɚɬɧɨ 4 
SgA ≠SgB 

Ⱥ – 2ȼ 
0,5ȼ + |А| 
2,25Ⱥ 

A > 0, B < 0 
A > 0, B > 0, B – ɱɟɬɧɨɟ 
A < 0, |0,5 >|ܣ, A – ɤɪɚɬɧɨ 4 |ʹА − Ͳ,ͷВ| 

0,5Ⱥ + 2ȼ 
0,75Ⱥ 

A < 0, B > 0, |0,5 >|ܣ, B – ɱɟɬɧɨɟ 
A > 0, B > 0, |0,5 >|ܤ, A – ɱɟɬɧɨɟ 
B < 0, A – ɤɪɚɬɧɨ 4 

0,25Ⱥ + 2ȼ 
4Ⱥ – ȼ 
2,5Ⱥ 

A > 0, B < 0, A – ɤɪɚɬɧɨ 4, |0,5 >|ܤ 
A < 0, B > 0, |0,25 >|ܣ 
SgA = SgB, |0,5 >|ܣ, A – ɱɟɬɧɨɟ 

0,5Ⱥ + ȼ 
1,25Ⱥ – 0,5ȼ 
3ȼ 

A > 0, B < 0, A – ɱɟɬɧɨɟ 
A > 0, B > 0, B – ɱɟɬɧɨɟ 
A < 0, |0,5 >|ܤ 

(2Ⱥ + ȼ) / 2 
4ȼ – Ⱥ 
1,5Ⱥ 

A < 0, B < 0, |0,5 >|ܣ 
A < 0, B > 0, |0,25 >|ܤ 
A > 0 

Ⱥ + 2ȼ 
2Ⱥ – 0,25ȼ 
2,25Ⱥ 

A < 0, B > 0, |0,5 >|ܤ 
A> 0, B< 0, |0,5 >|ܣ, B– ɤɪɚɬɧɨ 4 
SgA = SgB, |0,5 >|ܣ, B– ɤɪɚɬɧɨ 4 

Ⱥ + 4ȼ 
1,25Ⱥ – 0,5ȼ 
3,5ȼ 

A < 0, B < 0, |0,25 >|ܤ 
A < 0, B > 0, B – ɱɟɬɧɨɟ 
A > 0, |0,5 >|ܤ, B – ɱɟɬɧɨɟ 

2Ⱥ + ȼ |А + Ͳ,ͷВ| 
1,25Ⱥ 

A > 0, |0,5 >|ܣ 
A < 0, B > 0, B – ɱɟɬɧɨɟ 
A < 0, B < 0, A – ɤɪɚɬɧɨ 4 

1,25Ⱥ + 1,75ȼ 
0,5Ⱥ – ȼ 
2,25Ⱥ 

A < 0, B < 0, |0,5 >|ܤ| ,0,5 >|ܣ 
A > 0, A – ɱɟɬɧɨɟ 
A < 0, B > 0, |0,5 >|ܣ, A – ɤɪɚɬɧɨ 4 

0,5ȼ + 0,25Ⱥ 
-0,5*|ʹА − В| 
0,75ȼ 

A> 0, B> 0,A– ɤɪɚɬɧɨ 4, B – ɱɟɬɧɨɟ 
SgA ≠ SgB, |0,5 >|ܣ 
A < 0, B < 0, B– ɤɪɚɬɧɨ 4 

(0,5Ⱥ + ȼ) / 2 
1,75Ⱥ 
Ⱥ – 1,5ȼ 

A> 0, B> 0, A– ɱɟɬɧɨɟ 
A< 0, A– ɱɟɬɧɨɟ 
A> 0, B< 0 

2(Ⱥ + 1,25ȼ) 
1,5Ⱥ + 0,5ȼ |А| - |В| A < 0, B < 0 

A> 0, A – ɱɟɬɧɨɟ, B – ɱɟɬɧɨɟ 
A < 0, B > 0 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 1 – ȼɚɪɢɚɧɬɵ ɡɚɞɚɧɢɣ 

Ɉɩɟɪɚɰɢɢ ɍɫɥɨɜɢɹ 

2,25Ⱥ – 0,5ȼ 
1,75ȼ 
2,5Ⱥ – ȼ 

A < 0, |0,5 >|ܣ, B – ɱɟɬɧɨɟ 
A> 0, B< 0, B– ɤɪɚɬɧɨ 4 
A> 0, B> 0,|0,5 >|ܣ, A– ɱɟɬɧɨɟ 

1,75Ⱥ + 1,5ȼ 
Ⱥ – 0,5ȼ 
2,25Ⱥ 

A> 0, B> 0, B – ɱɟɬɧɨɟ 
A> 0, B< 0, B – ɧɟɱɟɬɧɨɟ 
A < 0, |0,5 >|ܣ, A– ɤɪɚɬɧɨ 4 

0,5Ⱥ + ȼ 
2,75Ⱥ – 0,25ȼ 
1,5Ⱥ 

A> 0, B< 0, A– ɱɟɬɧɨɟ 
A> 0, B> 0, |0,5 >|ܣ, B– ɤɪɚɬɧɨ 4 
A < 0 

2Ⱥ + 1,25ȼ 
4ȼ – Ⱥ 
0,75ȼ 

A < 0, B < 0 
A < 0, B > 0, |0,25 >|ܤ 
A > 0, B– ɤɪɚɬɧɨ 4 

2Ⱥ – 0,5ȼ 
1,25Ⱥ 
2Ⱥ + 2ȼ 

SgA = SgB, |0,5 >|ܣ, B – ɱɟɬɧɨɟ 
A> 0, B< 0 
A< 0, B> 0,|0,5 >|ܤ|,0,5 >|ܣ 

0,5ȼ + |А| 
Ⱥ + 0,5ȼ 
3ȼ 

A< 0, B> 0, B – ɱɟɬɧɨɟ 
A> 0, B – ɱɟɬɧɨɟ 
A< 0, B< 0,|0,5 >|ܤ 

Ⱥ + 4ȼ 
2Ⱥ – ȼ 
3,5ȼ 

A< 0, B< 0, |0,25 >|ܤ 
A< 0, B> 0, |0,5 >|ܣ 
A > 0, |0,5 >|ܤ, B – ɱɟɬɧɨɟ 

0,5Ⱥ + 2ȼ 
1,75Ⱥ + 0,25ȼ 
1,75ȼ 

A> 0, B> 0, A– ɱɟɬɧɨɟ, |0,5 >|ܤ 
A < 0 
A> 0, B< 0, B– ɤɪɚɬɧɨ 4 

1,5Ⱥ + 0,5ȼ 
2Ⱥ – ȼ 
0,75Ⱥ 

A< 0, |ܤ| ,0,5 >|ܣ| – ɱɟɬɧɨɟ 
A> 0, B< 0, |0,5 >|ܣ,A– ɱɟɬɧɨɟ 
A > 0, B > 0 |ʹА| – 0,5ȼ 

0,25Ⱥ – ȼ 
2,5Ⱥ 

A < 0, B > 0, |0,5 >|ܣ, B – ɱɟɬɧɨɟ 
A > 0, A– ɤɪɚɬɧɨ 4 
A < 0, B < 0, |0,5 >|ܣ 

 

ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɜ ɜɚɪɢɚɧɬɵ ɡɚɞɚɧɢɹ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɬɚɛɥɢɰɟ 1, ɛɵɥ 

ɫɨɫɬɚɜɥɟɧ ɫɩɢɫɨɤ ɧɟɨɛɯɨɞɢɦɵɯ ɭɫɥɨɜɢɣ (ɮɥɚɠɤɨɜ), ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɨɬɨɪɵɦɢ 

ɬɪɟɛɭɟɬɫɹ ɜɵɩɨɥɧɢɬɶ ɬɭ ɢɥɢ ɢɧɭɸ ɚɪɢɮɦɟɬɢɱɟɫɤɭɸ ɨɩɟɪɚɰɢɸ. 

ɋɩɢɫɨɤ ɮɥɚɠɤɨɜ ɞɥɹ ɱɢɫɥɚ Ⱥ: 

1. Ɂɧɚɤ: A < 0, A > 0 

2. ɑɟɬɧɨɫɬɶ 

3. Ʉɪɚɬɧɨɫɬɶ 4  

 0,5 >|ܣ| .4

 0,25 >|ܣ| .5

ɋɩɢɫɨɤ ɮɥɚɠɤɨɜ ɞɥɹ ɱɢɫɥɚ ȼ: 

1. Ɂɧɚɤ: B <0, B > 0 

2. ɑɟɬɧɨɫɬɶ 

3. Ʉɪɚɬɧɨɫɬɶ 4 

 0,5 >|ܤ| .4

 0,25 >|ܤ| .5



 
 

Ɍɚɛɥɢɰɚ 2 – ɉɪɨɜɟɪɤɚ ɭɫɥɨɜɢɣ ɜɵɩɨɥɧɟɧɢɹ ɨɩɟɪɚɰɢɣ 

ɍɫɥɨɜɢɹ ɍɫɥɨɜɢɹ ɪɚɡɪɹɞɨɜ 
A<0 
B<0 11.****** 

A > 0 
B> 0 

00.******, ɚ ɬɚɤɠɟ ɟɫɬɶ ɯɨɬɹ 
ɛɵ ɨɞɧɚ ɟɞɢɧɢɰɚ 

A – ɱɟɬɧɨɟ 
B– ɱɟɬɧɨɟ 

 
**.*****0 

A –ɤɪɚɬɧɨ 4 
B–ɤɪɚɬɧɨ 4 

 
 0,5 >|ܤ| 0,5 >|ܣ| 00****.**

11.1*****, ɚ ɬɚɤɠɟ ɟɫɬɶ ɯɨɬɹ 
ɛɵ ɨɞɧɚ ɟɞɢɧɢɰɚ 

ɢɥɢ 
 0,25 >|ܤ| 0,25 >|ܣ| *****00.0

11.11****, ɚ ɬɚɤɠɟ ɟɫɬɶ ɯɨɬɹ 
ɛɵ ɨɞɧɚ ɟɞɢɧɢɰɚ 

ɢɥɢ 
00.00**** 

SgA=SgB Ɂɧɚɤɨɜɵɟ ɪɚɡɪɹɞɵ ɱɢɫɥɚ Ⱥ 
ɪɚɜɧɵ ɡɧɚɤɨɜɵɦ ɪɚɡɪɹɞɚɦ 

ɱɢɫɥɚ ȼ 

SgA ≠ SgB Ɂɧɚɤɨɜɵɟ ɪɚɡɪɹɞɵ ɱɢɫɥɚ Ⱥ 
ɧɟɪɚɜɧɵ ɡɧɚɤɨɜɵɦ ɪɚɡɪɹɞɚɦ 

ɱɢɫɥɚ ȼ 
 

Ɉɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɮɥɚɠɤɨɜ ɪɚɜɧɨ 10, ɢɡ ɱɟɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ ɩɨɬɪɟɛɭɟɬɫɹ 

ɞɟɫɹɬɢɪɚɡɪɹɞɧɵɣ ɪɟɝɢɫɬɪ ɮɥɚɝɨɜ. 

Ɍɚɤɠɟ ɧɟɨɛɯɨɞɢɦɵ ɮɥɚɠɤɢ: ɡɧɚɤ ɪɟɡɭɥɶɬɚɬɚ, ɤɨɬɨɪɵɣ ɛɭɞɟɬ ɯɪɚɧɢɬɶɫɹ ɜ 

ɡɧɚɤɨɜɨɦ ɪɚɡɪɹɞɟ RgS1 (ɪɢɫ. 2.5) ɢ ɩɪɢɡɧɚɤ ɩɟɪɟɩɨɥɧɟɧɢɹ ɪɚɡɪɹɞɧɨɣ ɫɟɬɤɢ, 

ɮɨɪɦɢɪɭɸɳɢɣɫɹ ɧɚ ɨɫɧɨɜɟ ɪɚɡɪɹɞɨɜ RgS2 (ɪɢɫ. 2.5). 

 

1.3 ɋɢɫɬɟɦɚ ɤɨɦɚɧɞ ɫɩɟɰɩɪɨɰɟɫɫɨɪɚ 

 

ɇɚɛɨɪ ɤɨɦɚɧɞ ɞɥɹ ɭɧɢɜɟɪɫɚɥɶɧɵɯ ɩɪɨɰɟɫɫɨɪɨɜ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ 

ɧɟɫɤɨɥɶɤɨ ɝɪɭɩɩ: 

1. Ʉɨɦɚɧɞɵ ɩɟɪɟɫɵɥɤɢ ɞɚɧɧɵɯ, ɨɫɭɳɟɫɬɜɥɹɸɳɢɟ ɩɟɪɟɧɨɫ ɞɚɧɧɵɯ ɦɟɠɞɭ 

ɪɟɝɢɫɬɪɚɦɢ ɢɥɢ ɦɟɠɞɭ ɪɟɝɢɫɬɪɚɦɢ ɢ ɩɚɦɹɬɶɸ. 

2. Ⱥɪɢɮɦɟɬɢɱɟɫɤɢɟ ɤɨɦɚɧɞɵ, ɜɤɥɸɱɚɸɳɢɟ ɤɨɦɚɧɞɵ ɫɥɨɠɟɧɢɹ, 

ɜɵɱɢɬɚɧɢɹ, ɭɜɟɥɢɱɟɧɢɹ ɢɥɢ ɭɦɟɧɶɲɟɧɢɹ ɧɚ ɟɞɢɧɢɰɭ ɞɚɧɧɵɯ ɜ ɪɟɝɢɫɬɪɚɯ ɢɥɢ 

ɩɚɦɹɬɢ. 
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3. Ʌɨɝɢɱɟɫɤɢɟ ɤɨɦɚɧɞɵ, ɩɨɡɜɨɥɹɸɳɢɟ ɨɫɭɳɟɫɬɜɢɬɶ ɥɨɝɢɱɟɫɤɢɟ 

ɨɩɟɪɚɰɢɢ, ɩɨɪɚɡɪɹɞɧɨɟ ɫɥɨɠɟɧɢɟ ɩɨ ɦɨɞɭɥɸ 2, ɫɪɚɜɧɟɧɢɟ ɢ ɫɞɜɢɝ ɫɨɞɟɪɠɢɦɨɝɨ 

ɪɟɝɢɫɬɪɨɜ ɢɥɢ ɩɚɦɹɬɢ.  

4. Ʉɨɦɚɧɞɵ ɩɟɪɟɞɚɱɢ ɭɩɪɚɜɥɟɧɢɹ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɛɟɡɭɫɥɨɜɧɭɸ ɢɥɢ 

ɩɟɪɟɞɚɱɭ ɭɩɪɚɜɥɟɧɢɹ ɩɨ ɭɫɥɨɜɢɸ, ɚ ɬɚɤɠɟ ɜɵɡɨɜ ɢɥɢ ɜɨɡɜɪɚɬ ɢɡ ɩɨɞɩɪɨɝɪɚɦɦɵ. 

5. Ʉɨɦɚɧɞɵ ɭɩɪɚɜɥɟɧɢɹ ɢ ɪɚɛɨɬɵ ɫɨ ɫɬɟɤɨɦ, ɨɪɝɚɧɢɡɭɸɳɢɟ ɜɜɨɞ-ɜɵɜɨɞ 

ɞɚɧɧɵɯ ɢɡ Ɇɉɋ, ɞɨɫɬɭɩ ɤ ɫɬɟɤɭ ɢ ɜɧɭɬɪɟɧɧɟɦɭ ɪɟɝɢɫɬɪɭ ɩɪɢɡɧɚɤɨɜ Ɇɉ [6]. 

Ʌɸɛɚɹ ɤɨɦɚɧɞɚ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɱɚɫɬɟɣ – ɨɩɟɪɚɰɢɨɧɧɨɣ ɢ ɚɞɪɟɫɧɨɣ. 

Ɉɩɟɪɚɰɢɨɧɧɚɹ ɱɚɫɬɶ ɩɨɤɚɡɵɜɚɟɬ ɞɟɣɫɬɜɢɹ ɢɡ ɫɩɢɫɤɚ ɞɨɩɭɫɬɢɦɵɯ, ɤɨɬɨɪɵɟ 

ɧɭɠɧɨ ɜɵɩɨɥɧɢɬɶ ɫ ɞɚɧɧɵɦɢ. Ⱥɞɪɟɫɧɚɹ ɱɚɫɬɶ ɯɪɚɧɢɬ ɚɞɪɟɫ ɹɱɟɣɤɢ ɩɚɦɹɬɢ 

ɫɥɟɞɭɸɳɟɣ ɦɢɤɪɨɤɨɦɚɧɞɵ. 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɨɩɟɪɚɧɞɨɜ, ɤɨɦɚɧɞɵ ɛɵɜɚɸɬ: 

1. Ɉɞɧɨɚɞɪɟɫɧɵɟ. ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɨɞɧɨɚɞɪɟɫɧɨɣ ɤɨɦɚɧɞɵ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɨɞɢɧ ɚɞɪɟɫ, ɩɨ ɤɨɬɨɪɨɦɭ ɞɨ ɜɵɩɨɥɧɟɧɢɹ ɨɩɟɪɚɰɢɢ ɧɚɯɨɞɢɬɫɹ 

ɨɩɟɪɚɧɞ, ɚ ɩɨɫɥɟ ɜɵɩɨɥɧɟɧɢɹ ɨɩɟɪɚɰɢɢ ɡɚɩɢɫɵɜɚɟɬɫɹ ɪɟɡɭɥɶɬɚɬ (ɧɚɩɪɢɦɟɪ, 

ɭɜɟɥɢɱɢɬɶ ɢɥɢ ɭɦɟɧɶɲɢɬɶ ɡɧɚɱɟɧɢɟ ɨɩɟɪɚɧɞɚ ɧɚ 1). 

2. Ⱦɜɭɯɚɞɪɟɫɧɵɟ. ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɨɩɟɪɚɰɢɢ ɫ ɞɜɭɦɹ ɨɩɟɪɚɧɞɚɦɢ ɞɨ 

ɜɵɩɨɥɧɟɧɢɹ ɨɩɟɪɚɰɢɢ ɩɨ ɩɟɪɜɨɦɭ ɚɞɪɟɫɭ ɧɚɯɨɞɢɬɫɹ ɩɟɪɜɵɣ ɨɩɟɪɚɧɞ, ɚ ɩɨɫɥɟ 

ɜɵɩɨɥɧɟɧɢɹ ɨɩɟɪɚɰɢɢ ɡɚɩɢɫɵɜɚɟɬɫɹ ɪɟɡɭɥɶɬɚɬ (ɧɚɩɪɢɦɟɪ, ɫɥɨɠɢɬɶ ɞɜɚ ɨɩɟɪɚɧɞɚ 

ɢ ɡɚɩɢɫɚɬɶ ɪɟɡɭɥɶɬɚɬ ɧɚ ɦɟɫɬɨ ɨɞɧɨɝɨ ɢɡ ɨɩɟɪɚɧɞɨɜ, ɜɵɱɟɫɬɶ ɢɡ ɩɟɪɜɨɝɨ 

ɨɩɟɪɚɧɞɚ ɜɬɨɪɨɣ, ɫɪɚɜɧɢɬɶ ɡɧɚɱɟɧɢɹ ɞɜɭɯ ɨɩɟɪɚɧɞɨɜ). 

3. Ɍɪɟɯɚɞɪɟɫɧɵɟ. ɋ ɩɨɦɨɳɶɸ ɬɪɟɯɚɞɪɟɫɧɵɯ ɤɨɦɚɧɞ ɜɵɩɨɥɧɹɸɬɫɹ 

ɚɪɢɮɦɟɬɢɱɟɫɤɢɟ ɢ ɥɨɝɢɱɟɫɤɢɟ ɨɩɟɪɚɰɢɢ ɫ ɞɜɭɦɹ ɨɩɟɪɚɧɞɚɦɢ. ɉɪɢ ɷɬɨɦ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɪɢ ɚɞɪɟɫɚ. ɉɨ ɩɟɪɜɨɦɭ ɚɞɪɟɫɭ ɡɚɩɢɫɵɜɚɟɬɫɹ ɪɟɡɭɥɶɬɚɬ ɨɩɟɪɚɰɢɢ, 

ɩɨ ɜɬɨɪɨɦɭ ɢ ɬɪɟɬɶɟɦɭ - ɩɟɪɜɵɣ ɢ ɜɬɨɪɨɣ ɨɩɟɪɚɧɞ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ (ɧɚɩɪɢɦɟɪ, 

ɫɥɨɠɢɬɶ ɞɜɚ ɨɩɟɪɚɧɞɚ, ɚ ɪɟɡɭɥɶɬɚɬ ɡɚɩɢɫɚɬɶ ɜ ɬɪɟɬɢɣ ɨɩɟɪɚɧɞ) [7]. 

ȼɵɩɨɥɧɢɜ ɚɧɚɥɢɡ ɜɚɪɢɚɧɬɨɜ ɡɚɞɚɧɢɹ ɧɚ ɤɭɪɫɨɜɨɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ, ɛɵɥ 

ɫɞɟɥɚɧ ɜɵɜɨɞ, ɱɬɨ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɨɞɧɨɚɞɪɟɫɧɵɟ ɢ ɬɪɟɯɚɞɪɟɫɧɵɟ 

ɤɨɦɚɧɞɵ, ɬɚɤ ɤɚɤ ɜ ɡɚɞɚɧɢɢ ɩɪɢɫɭɬɫɬɜɭɸɬ ɨɩɟɪɚɰɢɢ ɢ ɧɚɞ ɨɞɧɢɦ ɨɩɟɪɚɧɞɨɦ, ɢ 

ɧɚɞ ɞɜɭɦɹ. 
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Ɉɞɧɨɚɞɪɟɫɧɵɟ ɤɨɦɚɧɞɵ, ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɭɧɚɪɧɵɯ 

ɨɩɟɪɚɰɢɣ, ɜɵɩɨɥɧɹɸɳɢɯɫɹ ɧɚɞ ɨɞɧɢɦ ɨɩɟɪɚɧɞɨɦ: ɫɞɜɢɝ, ɩɨɪɚɡɪɹɞɧɨɟ 

ɢɧɜɟɪɬɢɪɨɜɚɧɢɟ. 

Ɍɪɟɯɚɞɪɟɫɧɵɟ ɤɨɦɚɧɞɵ, ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɛɢɧɚɪɧɵɯ 

ɨɩɟɪɚɰɢɣ, ɜɵɩɨɥɧɹɸɳɢɯɫɹ ɧɚɞ ɞɜɭɦɹ ɨɩɟɪɚɧɞɚɦɢ: ɫɥɨɠɟɧɢɟ, ɜɵɱɢɬɚɧɢɟ, 

ɭɦɧɨɠɟɧɢɟ, ɞɟɥɟɧɢɟ. 

ɉɪɢ ɪɟɚɥɢɡɚɰɢɢ ɨɩɟɪɚɰɢɢ ɫɞɜɢɝɚ ɧɟɨɛɯɨɞɢɦɨ ɜɞɜɢɝɚɬɶ ɧɚ ɦɟɫɬɨ 

ɨɫɜɨɛɨɞɢɜɲɟɝɨɫɹ ɪɚɡɪɹɞɚ ɞɜɨɢɱɧɵɣ ɪɚɡɪɹɞ. Ɋɚɫɫɦɨɬɪɢɦ ɫɞɜɢɝɢ ɱɢɫɥɚ ɜ 

ɞɨɩɨɥɧɢɬɟɥɶɧɨɦ ɤɨɞɟ. 

ȿɫɥɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɞɜɢɝ ɜ ɫɬɨɪɨɧɭ ɦɥɚɞɲɢɯ ɪɚɡɪɹɞɨɜ, ɬɨ ɜɞɜɢɝɚɟɬɫɹ 

ɫɬɚɪɲɢɣ ɪɚɡɪɹɞ (ɪɢɫ. 1.9.1).  

 

 
Ɋɢɫɭɧɨɤ 1.9.1 – Ⱥɪɢɮɦɟɬɢɱɟɫɤɢɣ ɫɞɜɢɝ ɱɢɫɥɚ ɜ ɞɨɩɨɥɧɢɬɟɥɶɧɨɦ ɤɨɞɟ ɜ ɫɬɨɪɨɧɭ 

ɦɥɚɞɲɢɯ ɪɚɡɪɹɞɨɜ 

 

Ⱦɨɩɭɫɬɢɦ ɭ ɧɚɫ ɟɫɬɶ ɱɢɫɥɨ 11.111010 = -6 (ɜ ɞɜɨɢɱɧɨɣ ɫɢɫɬɟɦɟ ɜ 

ɞɨɩɨɥɧɢɬɟɥɶɧɨɦ ɤɨɞɟ.) ɉɨɫɥɟ ɫɞɜɢɝɚ ɜɩɪɚɜɨ ɧɚ 1 ɛɢɬ, ɩɨɥɭɱɢɦ ɱɢɫɥɨ 11.111101 

= -3. 

ȿɫɥɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɞɜɢɝ ɜ ɫɬɨɪɨɧɭ ɫɬɚɪɲɢɯ ɪɚɡɪɹɞɨɜ, ɬɨ ɜɞɜɢɝɚɟɬɫɹ 

ɧɨɥɶ (ɪɢɫ. 1.9.2).  

 

 
Ɋɢɫɭɧɨɤ 1.9.2 – Ⱥɪɢɮɦɟɬɢɱɟɫɤɢɣ ɫɞɜɢɝ ɱɢɫɥɚ ɜ ɞɨɩɨɥɧɢɬɟɥɶɧɨɦ ɤɨɞɟ ɜ ɫɬɨɪɨɧɭ 

ɫɬɚɪɲɢɯ ɪɚɡɪɹɞɨɜ 
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ɉɨɫɥɟ ɫɞɜɢɝɚ ɱɢɫɥɚ 11.111010 = -6 ɜɥɟɜɨ ɧɚ 1 ɛɢɬ, ɩɨɥɭɱɢɦ ɱɢɫɥɨ 

11.110100 = -12. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɧɚ ɜɯɨɞɵ IL, IR ɫɞɜɢɝɨɜɵɯ ɪɟɝɢɫɬɪɨɜ ɩɨɞɚɟɦ 0 ɢ ɫɬɚɪɲɢɣ 

ɪɚɡɪɹɞ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

Ɉɩɢɫɚɧɢɟ ɧɟɤɨɬɨɪɵɯ ɤɨɦɚɧɞ ɫɩɟɰɩɪɨɰɟɫɫɨɪɚ: 

0,25Ⱥ+2ȼ 

Ɉɩɟɪɚɰɢɹ ɞɟɥɟɧɢɹ, ɪɟɚɥɢɡɨɜɵɜɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɫɞɜɢɝɚ ɜ ɫɬɨɪɨɧɭ 

ɦɥɚɞɲɢɯ ɪɚɡɪɹɞɨɜ. ɗɬɚ ɨɩɟɪɚɰɢɹ ɧɟɨɛɯɨɞɢɦɚ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɱɢɫɥɚ 0,25Ⱥ. Ⱦɥɹ 

ɪɟɚɥɢɡɚɰɢɢ ɨɩɟɪɚɰɢɢ ɫɞɜɢɝɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɪɟɝɢɫɬɪ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ 

ɫɞɜɢɝɚ ɜ ɫɬɨɪɨɧɭ ɦɥɚɞɲɢɯ ɪɚɡɪɹɞɨɜ ɢ ɯɪɚɧɟɧɢɹ ɱɢɫɥɚ Ⱥ. 

Ɉɩɟɪɚɰɢɹ ɭɦɧɨɠɟɧɢɹ ɪɟɚɥɢɡɭɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɫɞɜɢɝɚ ɱɢɫɥɚ ɧɚ ɨɞɢɧ 

ɪɚɡɪɹɞ ɜ ɫɬɨɪɨɧɭ ɫɬɚɪɲɢɯ ɪɚɡɪɹɞɨɜ. Ɋɟɝɢɫɬɪ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɫɞɜɢɝɚ ɜ 

ɫɬɨɪɨɧɭ ɫɬɚɪɲɢɯ ɪɚɡɪɹɞɨɜ ɢ ɯɪɚɧɟɧɢɹ ɱɢɫɥɚ ȼ, ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɩɨɥɭɱɟɧɢɹ 

ɱɢɫɥɚ 2ȼ, ɩɭɬɟɦ ɫɞɜɢɝɚ ɜ ɫɬɨɪɨɧɭ ɫɬɚɪɲɢɯ ɪɚɡɪɹɞɨɜ. 

ɂɫɩɨɥɶɡɭɹ ɫɭɦɦɚɬɨɪ, ɩɪɨɢɡɜɨɞɢɬɫɹ ɨɩɟɪɚɰɢɹ ɫɥɨɠɟɧɢɹ ɱɢɫɟɥ 0,25Ⱥ ɢ 2ȼ, 

ɬɟɦ ɫɚɦɵɦ ɪɟɚɥɢɡɭɹ ɨɩɟɪɚɰɢɸ 0,25Ⱥ+2ȼ. 

Ⱥ-0,5ȼ 

ȼ ɪɟɝɢɫɬɪɟ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɦ ɞɥɹ ɫɞɜɢɝɚ ɜ ɫɬɨɪɨɧɭ ɫɬɚɪɲɢɯ ɪɚɡɪɹɞɨɜ ɢ 

ɯɪɚɧɟɧɢɹ ɱɢɫɥɚ, ɯɪɚɧɢɬɫɹ ɱɢɫɥɨ Ⱥ. Ɋɟɝɢɫɬɪ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɫɞɜɢɝɚ ɜ 

ɫɬɨɪɨɧɭ ɦɥɚɞɲɢɯ ɪɚɡɪɹɞɨɜ ɢ ɯɪɚɧɟɧɢɹ ɱɢɫɥɚ ȼ, ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɩɨɥɭɱɟɧɢɹ 

ɱɢɫɥɚ 0,5ȼ, ɩɭɬɟɦ ɫɞɜɢɝɚ ɜ ɫɬɨɪɨɧɭ ɦɥɚɞɲɢɯ ɪɚɡɪɹɞɨɜ.  

Ⱦɥɹ ɜɵɛɨɪɚ ɩɟɪɟɞɚɜɚɟɦɨɝɨ ɡɧɚɱɟɧɢɹ ɫ ɪɟɝɢɫɬɪɚ, ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɦɭɥɶɬɢɩɥɟɤɫɨɪ. Ɉɬɪɢɰɚɬɟɥɶɧɨɟ ɱɢɫɥɨ 0,5B ɡɚɦɟɧɹɟɬ ɨɩɟɪɚɰɢɸ ɜɵɱɢɬɚɧɢɹ 

ɨɩɟɪɚɰɢɟɣ ɫɥɨɠɟɧɢɹ. 

ɋ ɩɨɦɨɳɶɸ ɫɭɦɦɚɬɨɪɚ, ɜɵɩɨɥɧɹɟɬɫɹ ɨɩɟɪɚɰɢɹ ɫɥɨɠɟɧɢɹ ɫɨɞɟɪɠɢɦɨɝɨ 

ɪɟɝɢɫɬɪɚ, ɯɪɚɧɹɳɟɝɨ ɱɢɫɥɨ Ⱥ ɢ ɫɨɞɟɪɠɢɦɨɝɨ ɦɭɥɶɬɢɩɥɟɤɫɨɪɚ, ɢɫɩɨɥɶɡɭɟɦɨɝɨ 

ɞɥɹ ɜɵɛɨɪɚ ɨɬɪɢɰɚɬɟɥɶɧɨɝɨ ɱɢɫɥɚ 0,5B, ɬɟɦ ɫɚɦɵɦ ɪɟɚɥɢɡɭɟɬɫɹ ɨɩɟɪɚɰɢɹ Ⱥ-

0,5ȼ. 
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1.4 ȼɵɛɨɪ ɉɅɂɋ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɫɩɟɰɩɪɨɰɟɫɫɨɪɚ 

 

ɉɅɂɋ (ɩɪɨɝɪɚɦɦɢɪɭɟɦɵɟ ɥɨɝɢɱɟɫɤɢɟ ɢɧɬɟɝɪɚɥɶɧɵɟ ɫɯɟɦɵ) – 

ɷɥɟɤɬɪɨɧɧɵɣ ɤɨɦɩɨɧɟɧɬ, ɥɨɝɢɤɚ ɪɚɛɨɬɵ ɤɨɬɨɪɨɝɨ ɧɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɢ 

ɢɡɝɨɬɨɜɥɟɧɢɢ, ɚ ɡɚɞɚёɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɫɜɹɡɟɣ ɦɟɠɞɭ 

ɷɥɟɦɟɧɬɚɦɢ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɩɨɫɨɛɚ ɢɡɝɨɬɨɜɥɟɧɢɹ ɉɅɂɋ ɦɨɝɭɬ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɬɶɫɹ ɥɢɛɨ ɨɞɢɧ ɪɚɡ, ɥɢɛɨ ɦɧɨɝɨɤɪɚɬɧɨ. ɍɫɬɪɨɣɫɬɜɚ, ɤɨɬɨɪɵɟ 

ɦɨɝɭɬ ɩɪɨɝɪɚɦɦɢɪɨɜɚɬɶɫɹ ɬɨɥɶɤɨ ɨɞɢɧ ɪɚɡ, ɧɚɡɵɜɚɸɬɫɹ ɨɞɧɨɤɪɚɬɧɨ 

ɩɪɨɝɪɚɦɦɢɪɭɟɦɵɦɢ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɉɅɂɋ ɡɚɩɨɥɧɹɸɬ ɱɟɬɵɪɟ ɤɪɭɩɧɵɯ 

ɫɟɝɦɟɧɬɚ ɪɵɧɤɚ: ɡɚɤɚɡɧɵɟ ɢɧɬɟɝɪɚɥɶɧɵɟ ɫɯɟɦɵ, ɰɢɮɪɨɜɚɹ ɨɛɪɚɛɨɬɤɚ ɫɢɝɧɚɥɨɜ, 

ɫɢɫɬɟɦɵ ɧɚ ɨɫɧɨɜɟ ɜɫɬɪɚɢɜɚɟɦɵɯ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ ɢ ɦɢɤɪɨɫɯɟɦɵ, 

ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɮɢɡɢɱɟɫɤɢɣ ɭɪɨɜɟɧɶ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ [7]. 

Ⱦɨɫɬɚɬɨɱɧɨ ɦɧɨɝɨ ɤɨɦɩɚɧɢɣ ɜ ɦɢɪɟ ɡɚɧɹɬɨ ɩɪɨɢɡɜɨɞɫɬɜɨɦ ɰɢɮɪɨɜɵɯ 

ɭɫɬɪɨɣɫɬɜ ɧɚ ɨɫɧɨɜɟ ɉɅɂɋ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɢɯ ɜ ɫɜɨɢɯ ɫɢɫɬɟɦɚɯ. ɇɟɤɨɬɨɪɵɟ 

ɢɡ ɧɢɯ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɢɠɟ. 

1. Intel (Altera). Ʉɨɦɩɚɧɢɹ ɤɨɧɰɟɧɬɪɢɪɭɟɬɫɹ ɧɚ ɪɚɡɪɚɛɨɬɤɟ ɫɯɟɦ ɢ 

ɦɨɞɭɥɟɣ ɧɚ ɨɫɧɨɜɟ ɬɚɤɢɯ ɹɡɵɤɨɜ ɨɩɢɫɚɧɢɹ ɚɩɩɚɪɚɬɭɪɵ, ɤɚɤ VHDL, Verilog ɢ 

AHDL. Ɉɫɧɨɜɧɵɦɢ ɢɡɞɟɥɢɹɦɢ ɹɜɥɹɸɬɫɹ ɩɪɨɝɪɚɦɦɢɪɭɟɦɵɟ ɦɢɤɪɨɫɯɟɦɵ, ɚ 

ɬɚɤɠɟ ɭɫɥɭɝɢ ɩɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɸ ɩɪɨɟɤɬɨɜ ɩɨɞ ɉɅɂɋ ɜ ASIC ɞɥɹ ɦɚɫɫɨɜɨɝɨ 

ɩɪɨɢɡɜɨɞɫɬɜɚ. Ʉɨɦɩɚɧɢɹ ɬɚɤɠɟ ɜɵɩɭɫɤɚɟɬ ɩɪɨɝɪɚɦɦɵ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ 

ɜɫɬɪɨɟɧɧɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɞɥɹ ɉɅɂɋ ɢ ɤɨɦɩɢɥɹɬɨɪɵ ɩɨɞ ɹɞɪɨ 

ɩɪɨɰɟɫɫɨɪɚ ɫɨɛɫɬɜɟɧɧɨɣ ɪɚɡɪɚɛɨɬɤɢ. 

2. Xilinx. Ɉɫɧɨɜɧɚɹ ɩɪɨɞɭɤɰɢɹ – ɦɢɤɪɨɫɯɟɦɵ FPGA, 

ɩɟɪɟɩɪɨɝɪɚɦɦɢɪɭɟɦɵɟ ɦɢɤɪɨɫɯɟɦɵ ɫ ɬɪɚɞɢɰɢɨɧɧɨɣ ɚɪɯɢɬɟɤɬɭɪɨɣ PAL, – ɚ 

ɬɚɤɠɟ ɫɪɟɞɫɬɜɚ ɢɯ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɨɬɥɚɞɤɢ, ɜɵɩɭɫɤɚɟɦɵɟ ɮɢɪɦɨɣ Xilinx. 

ɂɫɩɨɥɶɡɭɸɬɫɹ ɜ ɭɫɬɪɨɣɫɬɜɚɯ ɰɢɮɪɨɜɨɣ ɨɛɪɚɛɨɬɤɢ ɢɧɮɨɪɦɚɰɢɢ, ɧɚɩɪɢɦɟɪ, ɜ 

ɫɢɫɬɟɦɚɯ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɢ ɢ ɫɜɹɡɢ, ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɬɟɯɧɢɤɟ, ɩɟɪɢɮɟɪɢɣɧɨɦ 

ɢ ɬɟɫɬɨɜɨɦ ɨɛɨɪɭɞɨɜɚɧɢɢ, ɷɥɟɤɬɪɨɛɵɬɨɜɵɯ ɩɪɢɛɨɪɚɯ. 

3. Microchip (Microsemi/Actel). Ɉɫɨɛɟɧɧɨɫɬɶɸ ɞɚɧɧɵɯ ɉɅɂɋ ɹɜɥɹɟɬɫɹ 

ɩɪɢɦɟɧɟɧɢɟ Antifuse ɬɟɯɧɨɥɨɝɢɢ, ɤɨɬɨɪɚɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɫɨɤɭɸ ɧɚɞɟɠɧɨɫɬɶ ɢ 
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ɝɢɛɤɢɟ ɪɟɫɭɪɫɵ ɬɪɚɫɫɢɪɨɜɤɢ ɢ ɧɟ ɬɪɟɛɭɟɬ ɤɨɧɮɢɝɭɪɚɰɢɨɧɧɨɝɨ ɉɁɍ. ɉɪɨɞɭɤɰɢɹ 

ɜ ɜɢɞɟ ɪɚɞɢɚɰɢɨɧɧɨ-ɫɬɨɣɤɢɯ ɩɪɨɝɪɚɦɦɢɪɭɟɦɵɯ ɦɚɬɪɢɰ ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɜɨɟɧɧɨɣ 

ɢ ɚɷɪɨɤɨɫɦɢɱɟɫɤɨɣ ɨɬɪɚɫɥɹɯ. Ɍɚɤɠɟ, ɤɨɦɩɚɧɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɟɦɟɣɫɬɜɚ ɉɅɂɋ 

ɞɥɹ ɨɛɥɚɫɬɢ ɩɨɪɬɚɬɢɜɧɨɣ ɢ ɷɧɟɪɝɨɡɚɜɢɫɢɦɨɣ ɷɥɟɤɬɪɨɧɢɤɢ ɢ ɩɪɟɞɨɫɬɚɜɥɹɟɬ 

ɜɨɡɦɨɠɧɨɫɬɢ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɫɢɫɬɟɦ ɧɚ ɤɪɢɫɬɚɥɥɟ (ɋɧɄ), ɬɚɤɢɦ ɨɛɪɚɡɨɦ 

ɨɛɟɫɩɟɱɢɜɚɹ ɛɨɥɶɲɭɸ ɝɢɛɤɨɫɬɶ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɪɚɞɢɰɢɨɧɧɵɦɢ ɪɟɲɟɧɢɹɦɢ ɧɚ 

ɚɩɩɚɪɚɬɧɵɯ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚɯ. 

4. Achronix Semiconductor. Ʉɨɦɩɚɧɢɹ ɞɟɥɚɟɬ ɫɬɚɜɤɭ ɧɚ ɜɵɫɨɤɭɸ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɢ ɧɚɞɟɠɧɨɫɬɶ, ɚ ɧɟ ɧɚ ɧɢɡɤɭɸ ɫɬɨɢɦɨɫɬɶ ɢ 

ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟ. ȼɵɩɭɫɤɚɟɬɫɹ ɞɜɟ ɫɟɪɢɢ ɦɢɤɪɨɫɯɟɦ: Achronix-Ultra ɫ 

ɱɚɫɬɨɬɨɣ ɞɨ 2.2 ȽȽɰ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɪɟɤɨɪɞɧɵɦ ɡɧɚɱɟɧɢɟɦ ɞɥɹ ɉɅɂɋ, ɚ ɬɚɤɠɟ 

Achronix-Xtreme ɫ ɱɚɫɬɨɬɨɣ ɨɤɨɥɨ 1 ȽȽɰ, ɭɫɬɨɣɱɢɜɵɯ ɤ ɪɚɞɢɚɰɢɨɧɧɨɦɭ 

ɢɡɥɭɱɟɧɢɸ ɢ ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ ɪɚɛɨɬɵ ɜ ɛɨɥɶɲɨɦ ɬɟɦɩɟɪɚɬɭɪɧɨɦ 

ɞɢɚɩɚɡɨɧɟ - ɨɬ -260°ɋ ɞɨ +130°ɋ. ɉɪɢɱɢɧɨɣ ɩɨɹɜɥɟɧɢɹ ɫɬɨɥɶ ɜɵɫɨɤɨɣ ɬɚɤɬɨɜɨɣ 

ɱɚɫɬɨɬɵ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɚɫɢɧɯɪɨɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ - ɷɥɟɦɟɧɬɵ 

ɦɢɤɪɨɫɯɟɦɵ ɧɟ ɫɢɧɯɪɨɧɢɡɢɪɨɜɚɧɵ ɦɟɠɞɭ ɫɨɛɨɣ [8]. 

ɉɪɨɞɭɤɬɵ Xilinx ɢ Altera ɩɟɪɜɵɦɢ ɩɨɹɜɢɥɢɫɶ ɧɚ ɪɨɫɫɢɣɫɤɨɦ ɪɵɧɤɟ, ɢ ɢɯ 

ɩɪɢɦɟɧɟɧɢɟ ɫɟɝɨɞɧɹ ɜɨ ɦɧɨɝɨɦ ɨɛɭɫɥɨɜɥɟɧɨ ɧɚɥɢɱɢɟɦ ɨɩɵɬɚ ɪɚɛɨɬɵ ɤɚɤ ɫ 

ɫɚɦɢɦɢ ɦɢɤɪɨɫɯɟɦɚɦɢ, ɬɚɤ ɢ ɫɨ ɫɪɟɞɫɬɜɚɦɢ ɪɚɡɪɚɛɨɬɤɢ, ɬɪɚɞɢɰɢɹɦɢ 

ɩɪɢɦɟɧɟɧɢɹ ɉɅɂɋ ɨɞɧɨɝɨ ɩɪɨɢɡɜɨɞɢɬɟɥɹ ɜ ɪɚɦɤɚɯ ɨɞɧɨɝɨ ɩɪɟɞɩɪɢɹɬɢɹ ɢ 

ɞɟɣɫɬɜɢɬɟɥɶɧɵɦɢ ɢ ɦɧɢɦɵɦɢ ɪɢɫɤɚɦɢ, ɫɜɹɡɚɧɧɵɦɢ ɫ ɩɟɪɟɯɨɞɨɦ ɧɚ ɧɨɜɭɸ 

ɷɥɟɦɟɧɬɧɭɸ ɛɚɡɭ. 

Ⱦɥɹ ɪɚɡɪɚɛɨɬɤɢ ɫɩɟɰɩɪɨɰɟɫɫɨɪɚ ɛɵɥɚ ɜɵɛɪɚɧɚ ɉɅɂɋ ɮɢɪɦɵ Altera, ɢɯ 

ɫɪɟɞɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɬɚɛɢɥɶɧɨ ɨɛɧɨɜɥɹɟɬɫɹ. ɗɬɨ ɨɞɧɚ ɢɡ ɩɪɨɫɬɵɯ ɢ ɧɟɞɨɪɨɝɢɯ 

FPGA. Ɉɬɥɚɞɨɱɧɚɹ ɩɥɚɬɚ DE2-115 ɫ ɰɟɥɟɜɵɦ ɤɪɢɫɬɚɥɥɨɦ ɫɟɦɟɣɫɬɜɚ: Cyclone IV 

ȿ (EP4CE115F29C7N)). ɉɪɟɢɦɭɳɟɫɬɜɨɦ ɫɟɦɟɣɫɬɜɚ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɷɬɨ 

ɧɟɞɨɪɨɝɢɟ FPGA ɫ ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɵɦɢ ɩɪɢɟɦɨɩɟɪɟɞɚɬɱɢɤɚɦɢ ɢ ɧɢɡɤɢɦ 

ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟɦ. Cyclone IV ɧɟɨɛɯɨɞɢɦɨ ɬɨɥɶɤɨ ɞɜɚ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ, 

ɩɨɷɬɨɦɭ ɷɤɨɧɨɦɢɬɶɫɹ ɡɚɬɪɚɬɵ ɢ ɜɪɟɦɹ ɛɥɚɝɨɞɚɪɹ ɛɨɥɟɟ ɭɩɪɨɳɟɧɧɨɣ ɫɟɬɢ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɢɬɚɧɢɹ. ɋɟɦɟɣɫɬɜɨ Cyclone IV ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɤɚɥɢɛɪɭɟɬ 
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ɢɧɬɟɪɮɟɣɫɵ ɩɚɦɹɬɢ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɩɪɨɰɟɫɫɨɜ ɢ ɩɨɞɫɬɪɚɢɜɚɟɬɫɹ ɩɨɞ ɢɡɦɟɧɟɧɢɹ 

ɧɚɩɪɹɠɟɧɢɹ ɢ ɬɟɦɩɟɪɚɬɭɪɵ, ɱɬɨ ɦɢɧɢɦɢɡɢɪɭɟɬ ɜɪɟɦɟɧɧɨɟ ɪɚɫɫɨɝɥɚɫɨɜɚɧɢɟ ɢ 

ɭɜɟɥɢɱɢɜɚɟɬ ɧɚɞɟɠɧɨɫɬɶ. 

ɇɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɉɈ: Quartus Prime Light Edition ɜɟɪɫɢɹ 18.0. 

 

1.5 Ɋɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɚ 

 

Ȼɵɥ ɜɵɩɨɥɧɟɧ ɨɛɡɨɪ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ ɢ ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɡɚɞɚɧɢɹ ɧɚ 

ȼɄɊ. ɇɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ, ɛɵɥɢ ɫɞɟɥɚɧɵ ɜɵɜɨɞɵ: 

1. ɋɮɨɪɦɭɥɢɪɨɜɚɧɵ ɬɪɟɛɨɜɚɧɢɹ ɤ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɦɭ ɫɩɟɰɩɪɨɰɟɫɫɨɪɭ: 

1.1 ȼ ɤɚɱɟɫɬɜɟ ɚɪɯɢɬɟɤɬɭɪɵ ɩɪɨɰɟɫɫɨɪɚ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɟɟ 

ɜɵɛɪɚɬɶ RISC–ɚɪɯɢɬɟɤɬɭɪɭ ɩɪɨɰɟɫɫɨɪɚ ɫ ɫɨɤɪɚɳёɧɧɵɦ ɧɚɛɨɪɨɦ 

ɢɧɫɬɪɭɤɰɢɣ, ɬɚɤ ɤɚɤ ɛɥɚɝɨɞɚɪɹ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɩɪɨɫɬɵɯ ɤɨɦɚɧɞ ɢ 

ɦɢɧɢɦɭɦɚ ɢɯ ɮɨɪɦɚɬɨɜ ɫɨɤɪɚɳɚɟɬɫɹ ɜɪɟɦɹ ɪɚɡɪɚɛɨɬɤɢ. Ʉɚɠɞɚɹ ɤɨɦɚɧɞɚ 

RISC-ɩɪɨɰɟɫɫɨɪɚ ɞɨɥɠɧɚ ɜɵɩɨɥɧɹɬɶɫɹ ɡɚ ɨɞɢɧ ɦɚɲɢɧɧɵɣ ɬɚɤɬ, ɱɬɨ 

ɨɛɥɟɝɱɚɟɬ ɩɨɜɵɲɟɧɢɟ ɬɚɤɬɨɜɨɣ ɱɚɫɬɨɬɵ. Ɍɚɤɠɟ, ɜ ɬɚɤɢɯ ɩɪɨɰɟɫɫɨɪɚɯ, ɤɚɤ 

ɩɪɚɜɢɥɨ, ɩɨɜɵɲɚɟɬɫɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ. 

1.2 ɋɬɪɭɤɬɭɪɚ ɨɩɟɪɚɰɢɨɧɧɨɝɨ ɚɜɬɨɦɚɬɚ ɫɦɟɲɚɧɧɚɹ, ɜɤɥɸɱɚɟɬ ɜ 

ɫɟɛɹ ɷɥɟɦɟɧɬɵ ɤɚɧɨɧɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ, I-ɚɜɬɨɦɚɬɚ, M-ɚɜɬɨɦɚɬɚ, ɬ.ɤ. 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɷɤɜɢɜɚɥɟɧɬɧɵɟ ɨɩɟɪɚɰɢɢ ɢ ɨɛɨɛɳɟɧɧɵɟ ɨɩɟɪɚɬɨɪɵ.   

1.3 ɋɨɫɬɚɜɢɜ ɫɩɢɫɨɤ ɮɥɚɠɤɨɜ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɨɬɨɪɵɦɢ 

ɬɪɟɛɭɟɬɫɹ ɜɵɩɨɥɧɢɬɶ ɬɭ ɢɥɢ ɢɧɭɸ ɚɪɢɮɦɟɬɢɱɟɫɤɭɸ ɨɩɟɪɚɰɢɸ, ɛɵɥ 

ɫɞɟɥɚɧ ɜɵɜɨɞ, ɱɬɨ ɩɨɬɪɟɛɭɟɬɫɹ ɞɟɫɹɬɢɪɚɡɪɹɞɧɵɣ ɪɟɝɢɫɬɪ ɮɥɚɝɨɜ. 

2. ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɧ ɫɩɢɫɨɤ ɧɟɨɛɯɨɞɢɦɵɯ ɭɫɥɨɜɢɣ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

ɤɨɬɨɪɵɦɢ ɜɵɩɨɥɧɹɸɬɫɹ ɚɪɢɮɦɟɬɢɱɟɫɤɢɟ ɨɩɟɪɚɰɢɢ. Ʉɨɦɚɧɞɵ ɜɵɛɪɚɧɵ 

ɨɞɧɨɚɞɪɟɫɧɵɟ, ɝɞɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɨɞɢɧ ɚɞɪɟɫ, ɩɨ ɤɨɬɨɪɨɦɭ ɞɨ ɜɵɩɨɥɧɟɧɢɹ 

ɨɩɟɪɚɰɢɢ ɧɚɯɨɞɢɬɫɹ ɨɩɟɪɚɧɞ, ɫɚɦɚ ɨɩɟɪɚɰɢɹ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɷɬɨɦ ɪɟɝɢɫɬɪɟ ɢ 

ɩɨɫɥɟ ɜɵɩɨɥɧɟɧɢɹ ɨɩɟɪɚɰɢɢ, ɩɨ ɷɬɨɦɭ ɚɞɪɟɫɭ ɧɚɯɨɞɢɬɫɹ ɪɟɡɭɥɶɬɚɬ ɜɵɩɨɥɧɟɧɢɹ. 

Ⱥ ɬɚɤɠɟ ɬɪɟɯɚɞɪɟɫɧɵɟ, ɝɞɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɪɢ ɚɞɪɟɫɚ: ɩɨ ɩɟɪɜɨɦɭ ɚɞɪɟɫɭ 
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ɧɚɯɨɞɢɬɫɹ ɪɟɡɭɥɶɬɚɬ ɨɩɟɪɚɰɢɢ, ɩɨ ɜɬɨɪɨɦɭ ɢ ɬɪɟɬɶɟɦɭ - ɩɟɪɜɵɣ ɢ ɜɬɨɪɨɣ 

ɨɩɟɪɚɧɞ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

3. ɉɅɂɋ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɫɩɟɰɩɪɨɰɟɫɫɨɪɚ ɜɵɛɪɚɧɚ ɮɢɪɦɵ Altera. 

 
2 ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ ɫɩɟɰɩɪɨɰɟɫɫɨɪɚ  

 

2.1 ɍɫɥɨɜɧɨɟ ɝɪɚɮɢɱɟɫɤɨɟ ɨɛɨɡɧɚɱɟɧɢɟ ɫɩɟɰɩɪɨɰɟɫɫɨɪɚ 

 

Ⱦɥɹ ɨɛɨɡɧɚɱɟɧɢɹ ɫɩɟɰɩɪɨɰɟɫɫɨɪɚ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɫɥɟɞɭɸɳɟɟ 

ɭɫɥɨɜɧɨɟ ɝɪɚɮɢɱɟɫɤɨɟ ɨɛɨɡɧɚɱɟɧɢɟ (ɪɢɫ. 2.1). 

 

 
Ɋɢɫɭɧɨɤ 2.1 – ɍȽɈ ɫɩɟɰɩɪɨɰɟɫɫɨɪɚ 

 

Ɇɢɤɪɨɫɯɟɦɚ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɝɨ ɫɩɟɰɩɪɨɰɟɫɫɨɪɚ ɢɦɟɟɬ 

30 ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɜɵɜɨɞɨɜ. 

ɇɚɡɧɚɱɟɧɢɟ ɜɯɨɞɨɜ ɫɩɟɰɩɪɨɰɟɫɫɨɪɚ: 

 A0-A7 – ɱɢɫɥɨ A (A7 – ɡɧɚɤɨɜɵɣ ɪɚɡɪɹɞ, Ⱥ6 – ɪɚɡɪɹɞ ɩɟɪɟɩɨɥɧɟɧɢɹ, 

A5-Ⱥ0 – ɪɚɡɪɹɞɵ ɨɬ ɫɬɚɪɲɟɝɨ ɤ ɦɥɚɞɲɟɦɭ); 
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 B0-B7 – ɱɢɫɥɨ B (ȼ7 – ɡɧɚɤɨɜɵɣ ɪɚɡɪɹɞ, ȼ6 – ɪɚɡɪɹɞ ɩɟɪɟɩɨɥɧɟɧɢɹ, ȼ5-

ȼ0 – ɪɚɡɪɹɞɵ ɨɬ ɫɬɚɪɲɟɝɨ ɤ ɦɥɚɞɲɟɦɭ); 

 E – ɫɢɝɧɚɥ ɨ ɧɚɥɢɱɢɢ ɱɢɫɟɥ A ɢ B ɧɚ ɜɯɨɞɚɯ Ⱥ0 – Ⱥ7 ɢ B0 – B7 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; 

 C – ɜɯɨɞ ɫɢɧɯɪɨɫɢɝɧɚɥɚ; 

 R – ɫɛɪɨɫ. 

ɇɚɡɧɚɱɟɧɢɟ ɜɵɯɨɞɨɜ ɫɩɟɰɩɪɨɰɟɫɫɨɪɚ: 

 Q0-Q7 – ɪɟɡɭɥɶɬɚɬ ɨɩɟɪɚɰɢɣ (Q7, Q6 – ɡɧɚɤɨɜɵɟ ɪɚɡɪɹɞɵ, Q5-Q0 – 

ɪɚɡɪɹɞɵ ɨɬ ɫɬɚɪɲɟɝɨ ɤ ɦɥɚɞɲɟɦɭ); 

 ER – ɜɵɯɨɞ ɫɢɝɧɚɥɚ ɨɛ ɨɲɢɛɤɟ – ɧɟ ɫɨɨɬɜɟɬɫɬɜɢɟ ɨɩɟɪɚɧɞɨɜ Ⱥ ɢ ȼ ɧɢ 

ɨɞɧɨɦɭ ɢɡ ɭɫɥɨɜɢɣ ɜɵɩɨɥɧɟɧɢɹ ɨɩɟɪɚɰɢɢ; 

 OF – ɫɢɝɧɚɥ ɨ ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɩɟɪɟɩɨɥɧɟɧɢɹ ɪɚɡɪɹɞɧɨɣ ɫɟɬɤɢ; 

 RD– ɫɢɝɧɚɥ ɨ ɧɚɥɢɱɢɢ ɧɚ ɜɵɯɨɞɚɯ ɪɟɡɭɥɶɬɚɬɚ.  

 

2.2 Ɋɚɡɪɚɛɨɬɤɚ ɨɩɟɪɚɰɢɨɧɧɨɝɨ ɚɜɬɨɦɚɬɚ ɫɩɟɰɩɪɨɰɟɫɫɨɪɚ 

 

2.2.1 Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɈȺ 

 

ɉɨɫɥɟ ɚɧɚɥɢɡɚ ɨɩɟɪɚɰɢɣ, ɜɵɩɨɥɧɹɟɦɵɯ ɫɩɟɰɩɪɨɰɟɫɫɨɪɨɦ, ɚ ɬɚɤɠɟ 

ɫɜɟɞɟɧɢɣ, ɫɜɹɡɚɧɧɵɯ ɫ ɩɪɟɞɫɬɚɜɥɟɧɢɟɦ ɱɢɫɥɚ ɜ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɦ 

ɞɨɩɨɥɧɢɬɟɥɶɧɨɦ ɤɨɞɟ, ɩɪɟɞɥɚɝɚɟɬɫɹ ɫɥɟɞɭɸɳɚɹ ɫɬɪɭɤɬɭɪɚ ɨɩɟɪɚɰɢɨɧɧɨɝɨ 

ɚɜɬɨɦɚɬɚ (ɪɢɫ. 2.2). 
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Ɋɢɫɭɧɨɤ 2.2 – Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɈȺ 

 

Ⱦɥɹ ɪɚɡɪɚɛɨɬɤɢ ɞɚɧɧɨɣ ɫɯɟɦɵ ɛɵɥ ɩɪɨɢɡɜɟɞɟɧ ɚɧɚɥɢɡ ɢ ɫɞɟɥɚɧɵ 

ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵ 

 ɞɥɹ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɱɢɫɟɥ Ⱥ ɢ ȼ ɜɫɟɝɨ ɩɨɬɪɟɛɭɟɬɫɹ 4 ɪɟɝɢɫɬɪɚ. Ɋɟɝɢɫɬɪɵ 

RgȺ1 ɢ Rgȼ1 ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɯɪɚɧɟɧɢɹ ɱɢɫɟɥ Ⱥ ɢ ȼ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɚ ɬɚɤɠɟ 

ɞɥɹ ɫɞɜɢɝɚ ɞɜɨɢɱɧɵɯ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɤɨɞɨɜ ɷɬɢɯ ɱɢɫɟɥ ɜ ɫɬɨɪɨɧɭ ɫɬɚɪɲɢɯ 

ɪɚɡɪɹɞɨɜ, ɞɥɹ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɱɢɫɟɥ 2Ⱥ, 4Ⱥ, 2ȼ, 4ȼ. Ɋɟɝɢɫɬɪɵ RgȺ2 ɢ Rgȼ2 

ɬɚɤɠɟ ɜɵɩɨɥɧɹɸɬ ɮɭɧɤɰɢɸ ɯɪɚɧɟɧɢɹ ɱɢɫɟɥ Ⱥ ɢ ȼ ɢ ɨɫɭɳɟɫɬɜɥɹɸɬ ɫɞɜɢɝ ɜ 

ɫɬɨɪɨɧɭ ɦɥɚɞɲɢɯ ɪɚɡɪɹɞɨɜ, ɞɥɹ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɱɢɫɟɥ 0,5Ⱥ, 0,25Ⱥ, 0,5ȼ, 0,25ȼ. 

 ɦɭɥɶɬɢɩɥɟɤɫɨɪ MUX1 ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɩɟɪɟɞɚɱɢ ɱɢɫɥɚ Ⱥ ɢɥɢ –Ⱥ. 

Ɇɭɥɶɬɢɩɥɟɤɫɨɪɵ MUX2 ɢ MUX3 ɞɥɹ ɩɟɪɟɞɚɱɢ ɱɢɫɟɥ B ɢɥɢ –B, 2B ɢɥɢ -2B, 

0,5B ɢɥɢ -0,5B, 0,25B ɢɥɢ -0,25B. 

 ɞɥɹ ɜɵɛɨɪɚ ɨɞɧɨɝɨ ɡɧɚɱɟɧɢɹ ɨɬ ɦɭɥɶɬɢɩɥɟɤɫɨɪɚ ɢ ɫɭɦɦɚɬɨɪɚ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɜɚ ɦɭɥɶɬɢɩɥɟɤɫɨɪɚ MUX4 ɢ MUX5, ɜɵɯɨɞɵ ɤɨɬɨɪɵɯ ɢɞɭɬ ɧɚ 

ɫɭɦɦɚɬɨɪ SUM3.  

 ɦɭɥɶɬɢɩɥɟɤɫɨɪ MUX6 ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɜɵɛɨɪɚ ɧɭɠɧɨɝɨ ɪɟɡɭɥɶɬɚɬɚ. 

 ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɱɟɬɵɪɟ ɫɭɦɦɚɬɨɪɚ.  
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ɋɭɦɦɚɬɨɪ SM1 ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɫɥɨɠɟɧɢɹ ɫɨɞɟɪɠɢɦɨɝɨ ɪɟɝɢɫɬɪɨɜ RgA1 

ɢ RgA2. ɉɪɢɦɟɪ: ɜ ɪɟɝɢɫɬɪɟ RgA1 ɯɪɚɧɢɬɫɹ ɱɢɫɥɨ Ⱥ, ɪɟɝɢɫɬɪ RgA2 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɱɢɫɥɚ 0,25A, ɩɭɬɟɦ ɫɞɜɢɝɚ ɜ ɫɬɨɪɨɧɭ ɦɥɚɞɲɢɯ 

ɪɚɡɪɹɞɨɜ. ȼ ɫɭɦɦɚɬɨɪɟ SM1 ɩɪɨɢɫɯɨɞɢɬ ɫɥɨɠɟɧɢɟ ɫɨɞɟɪɠɢɦɨɝɨ ɷɬɢɯ ɪɟɝɢɫɬɪɨɜ, 

ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɨɩɟɪɚɰɢɢ 1,25Ⱥ. 

ɋɭɦɦɚɬɨɪ SM2 – ɞɥɹ ɫɥɨɠɟɧɢɹ RgB1 ɢ RgB2. ɉɪɢɦɟɪ: ɪɟɝɢɫɬɪ RgB1 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɱɢɫɥɚ 2ȼ, ɩɭɬɟɦ ɫɞɜɢɝɚ ɜ ɫɬɨɪɨɧɭ ɫɬɚɪɲɢɯ 

ɪɚɡɪɹɞɨɜ, ɪɟɝɢɫɬɪ RgB2 ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɱɢɫɥɚ 0,25ȼ, ɩɭɬɟɦ ɫɞɜɢɝɚ 

ɜ ɫɬɨɪɨɧɭ ɦɥɚɞɲɢɯ ɪɚɡɪɹɞɨɜ. ɋ ɩɨɦɨɳɶɸ ɦɭɥɶɬɢɩɥɟɤɫɨɪɚ MUX3 ɩɨɥɭɱɚɟɦ 

ɢɧɜɟɪɫɧɨɟ ɡɧɚɱɟɧɢɟ ɱɢɫɥɚ 0,25ȼ. ȼ ɫɭɦɦɚɬɨɪɟ SM2 ɩɪɨɢɫɯɨɞɢɬ ɫɥɨɠɟɧɢɟ 

ɫɨɞɟɪɠɢɦɨɝɨ ɷɬɢɯ ɪɟɝɢɫɬɪɨɜ, ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɨɩɟɪɚɰɢɢ 1,75ȼ. 

SM3 ɧɭɠɟɧ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɪɟɡɭɥɶɬɚɬɚ, ɩɟɪɟɞɚɟɬ 

ɡɧɚɱɟɧɢɟ ɧɚ ɪɟɝɢɫɬɪ RgS1. ɉɪɢɦɟɪ: ɧɚ ɜɵɯɨɞɟ ɦɭɥɶɬɢɩɥɟɤɫɨɪɚ MUX4 ɱɢɫɥɨ 

1,25Ⱥ, ɧɚ ɜɵɯɨɞɟ ɦɭɥɶɬɢɩɥɟɤɫɨɪɚ MUX5 ɱɢɫɥɨ 1,75ȼ. ȼ ɫɭɦɦɚɬɨɪɟ SM3 

ɩɪɨɢɫɯɨɞɢɬ ɫɥɨɠɟɧɢɟ ɫɨɞɟɪɠɢɦɨɝɨ ɷɬɢɯ ɪɟɝɢɫɬɪɨɜ, ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɨɩɟɪɚɰɢɢ 

1,25Ⱥ + 1,75ȼ. 

 SM4 – ɞɥɹ ɫɥɨɠɟɧɢɹ ɫ ɟɞɢɧɢɰɟɣ. ɇɚ ɫɭɦɦɚɬɨɪ ɩɨɞɚɟɬɫɹ ɭɩɪɚɜɥɹɸɳɢɣ 

ɫɢɝɧɚɥ, ɞɥɹ ɩɪɢɛɚɜɥɟɧɢɹ ɟɞɢɧɢɰɵ ɤ ɦɥɚɞɲɟɦɭ ɪɚɡɪɹɞɭ ɜɨ ɜɪɟɦɹ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɜ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɤɨɞ, ɟɫɥɢ ɬɪɟɛɭɟɬɫɹ ɜɵɩɨɥɧɢɬɶ ɨɩɟɪɚɰɢɸ 

ɜɵɱɢɬɚɧɢɹ. 

 

2.2.2 Ȼɥɨɤ ɮɨɪɦɢɪɨɜɚɧɢɹ ɮɥɚɠɤɨɜ 

 

Ɋɟɝɢɫɬɪ ɮɥɚɝɨɜ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɮɢɤɫɚɰɢɢ ɢ ɯɪɚɧɟɧɢɹ ɮɥɚɝɨɜ 

(ɩɪɢɡɧɚɤɨɜ), ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯ ɪɟɡɭɥɶɬɚɬ ɜɵɩɨɥɧɟɧɧɨɣ ɚɪɢɮɦɟɬɢɱɟɫɤɨɣ ɢɥɢ 

ɥɨɝɢɱɟɫɤɨɣ ɨɩɟɪɚɰɢɢ. Ɍɚɤɢɟ ɩɪɢɡɧɚɤɢ ɦɨɝɭɬ ɢɧɮɨɪɦɢɪɨɜɚɬɶ ɨ ɪɚɜɟɧɫɬɜɟ 

ɪɟɡɭɥɶɬɚɬɚ ɧɭɥɸ, ɨ ɡɧɚɤɟ ɪɟɡɭɥɶɬɚɬɚ, ɨ ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɩɟɪɟɧɨɫɚ ɢɡ ɫɬɚɪɲɟɝɨ 

ɪɚɡɪɹɞɚ, ɩɟɪɟɩɨɥɧɟɧɢɢ ɪɚɡɪɹɞɧɨɣ ɫɟɬɤɢ ɢ ɬ. ɞ. ɋɨɞɟɪɠɢɦɨɟ ɪɟɝɢɫɬɪɚ ɨɛɵɱɧɨ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɭɫɬɪɨɣɫɬɜɨɦ ɭɩɪɚɜɥɟɧɢɹ ȺɅɍ ɢ ɩɪɨɰɟɫɫɨɪɚ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ 
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ɭɫɥɨɜɧɵɯ ɩɟɪɟɯɨɞɨɜ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɨɩɟɪɚɰɢɣ ȺɅɍ. ɉɨɞ ɤɚɠɞɵɣ ɢɡ ɜɨɡɦɨɠɧɵɯ 

ɩɪɢɡɧɚɤɨɜ ɨɬɜɨɞɢɬɫɹ ɨɞɢɧ ɪɚɡɪɹɞ ɪɟɝɢɫɬɪɚ ɮɥɚɝɨɜ. 

Ɏɨɪɦɢɪɨɜɚɧɢɟ ɩɪɢɡɧɚɤɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɛɥɨɤɨɦ ɮɨɪɦɢɪɨɜɚɧɢɹ 

ɫɨɫɬɨɹɧɢɣ ɪɟɝɢɫɬɪɚ ɩɪɢɡɧɚɤɨɜ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɜɯɨɞɢɬɶ ɜ ɫɨɫɬɚɜ ɨɩɟɪɚɰɢɨɧɧɨɝɨ 

ɛɥɨɤɚ ɥɢɛɨ ɪɟɚɥɢɡɭɟɬɫɹ ɜ ɜɢɞɟ ɜɧɟɲɧɟɣ ɫɯɟɦɵ, ɪɚɫɩɨɥɚɝɚɟɦɨɣ ɦɟɠɞɭ 

ɨɩɟɪɚɰɢɨɧɧɵɦ ɛɥɨɤɨɦ ɢ ɪɟɝɢɫɬɪɨɦ ɮɥɚɝɨɜ. 

a[0] - a[7] – ɱɢɫɥɨ Ⱥ.  

b[0] - b[7] – ɱɢɫɥɨ ȼ. 

s[0] - s[9] – ɮɥɚɠɤɢ, ɩɨɞɚɜɚɟɦɵɟ ɧɚ ɜɯɨɞɵ ɪɟɝɢɫɬɪɚ ɮɥɚɝɨɜ. 

 

Ɏɥɚɠɤɢ ɱɢɫɥɚ Ⱥ: 

 

 
Ɋɢɫɭɧɨɤ 2.3.1 – Ɂɧɚɤ 

 
Ɋɢɫɭɧɨɤ 2.3.2 – ɑɟɬɧɨɫɬɶ 

 

 
Ɋɢɫɭɧɨɤ 2.3.3 – Ʉɪɚɬɧɨɫɬɶ 4 

 

 

Ɋɢɫɭɧɨɤ 2.3.4 – |0,5 > |ܣ 
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Ɋɢɫɭɧɨɤ 2.3.5 – |0,25 > |ܣ 

 

Ɏɥɚɠɤɢ ɱɢɫɥɚ ȼ: 

 

 
Ɋɢɫɭɧɨɤ 2.3.6 – Ɂɧɚɤ 

 
Ɋɢɫɭɧɨɤ 2.3.7 – ɑɟɬɧɨɫɬɶ 

 

 
Ɋɢɫɭɧɨɤ 2.3.8 – Ʉɪɚɬɧɨɫɬɶ 4 

 

 

Ɋɢɫɭɧɨɤ 2.3.9 – |0,5 > |ܤ 
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Ɋɢɫɭɧɨɤ 2.3.10 – |0,25 > |ܤ 

 

Ɂɚɩɢɫɶ ɩɨɥɭɱɟɧɧɵɯ ɮɥɚɠɤɨɜ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɞɟɫɹɬɢɪɚɡɪɹɞɧɵɣ ɪɟɝɢɫɬɪ 

ɮɥɚɝɨɜ ɩɨ ɫɢɝɧɚɥɭ y3 = 1 (ɪɢɫ 2.4). Ɋɟɝɢɫɬɪ RgF ɢɦɟɟɬ: D0-D9 –ɩɪɹɦɵɟ ɜɯɨɞɵ 

ɪɟɝɢɫɬɪɚ; Q0-Q9 –ɩɪɹɦɵɟ ɜɵɯɨɞɵ ɪɟɝɢɫɬɪɚ; ɜɯɨɞ LD, ɩɪɢ ɩɨɫɬɭɩɥɟɧɢɢ ɧɚ ɜɯɨɞ 

ɥɨɝɢɱɟɫɤɨɣ ɟɞɢɧɢɰɵ ɩɪɨɢɡɜɨɞɢɬɫɹ ɡɚɩɢɫɶ ɫ ɜɯɨɞɨɜ D0 – D9, ɢɧɮɨɪɦɚɰɢɹ 

ɩɨɹɜɥɹɟɬɫɹ ɧɚ ɜɵɯɨɞɚɯ Q0-Q9. 

 
Ɋɢɫɭɧɨɤ 2.4 – Ⱦɟɫɹɬɢɪɚɡɪɹɞɧɵɣ ɪɟɝɢɫɬɪ ɮɥɚɝɨɜ 

 

2.2.3 ɗɥɟɦɟɧɬɵ ɢ ɭɡɥɵ ɈȺ 

 

ȼ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɫɯɟɦɟ ɨɩɟɪɚɰɢɨɧɧɨɝɨ ɚɜɬɨɦɚɬɚ ɢɫɩɨɥɶɡɭɸɬɫɹ 

ɫɥɟɞɭɸɳɢɟ ɷɥɟɦɟɧɬɵ ɢ ɭɡɥɵ. 

RgA1, RgB1 – ɜɨɫɶɦɢɪɚɡɪɹɞɧɵɟ ɭɧɢɜɟɪɫɚɥɶɧɵɟ ɪɟɝɢɫɬɪɵ ɫɞɜɢɝɚ, 

ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ ɫɞɜɢɝɚ ɜ ɫɬɨɪɨɧɭ ɫɬɚɪɲɢɯ ɪɚɡɪɹɞɨɜ ɢ ɯɪɚɧɟɧɢɹ ɱɢɫɟɥ A ɢ 

B ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ (ɪɢɫ.2.5). ɉɪɢ ɩɨɞɚɱɟ ɭɩɪɚɜɥɹɸɳɟɝɨ ɫɢɝɧɚɥɚ y4 = 1 (ɞɥɹ 
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ɪɟɝɢɫɬɪɚ RgA1) ɢɥɢ y6 = 1 (ɞɥɹ ɪɟɝɢɫɬɪɚ RgB1), ɤɨɬɨɪɵɣ ɩɨɫɬɭɩɚɟɬ ɧɚ 

ɭɩɪɚɜɥɹɸɳɢɣ ɜɯɨɞ ← ɩɪɨɢɫɯɨɞɢɬ ɫɞɜɢɝ ɱɢɫɥɚ ɜ ɫɬɨɪɨɧɭ ɫɬɚɪɲɢɯ ɪɚɡɪɹɞɨɜ. ɉɪɢ 

ɫɞɜɢɝɟ ɜ ɨɫɜɨɛɨɞɢɜɲɢɣɫɹ ɪɚɡɪɹɞ ɛɭɞɟɬ ɡɚɩɢɫɵɜɚɬɶɫɹ ɡɧɚɱɟɧɢɟ ɫɨ ɜɯɨɞɚ IL = 0. 

 

 
Ɋɢɫɭɧɨɤ 2.5 – Ɋɟɝɢɫɬɪɵ RgA1, RgB1 

 

RgA2, RgB2 – ɜɨɫɶɦɢɪɚɡɪɹɞɧɵɟ ɭɧɢɜɟɪɫɚɥɶɧɵɟ ɪɟɝɢɫɬɪɵ ɫɞɜɢɝɚ, 

ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ ɫɞɜɢɝɚ ɜ ɫɬɨɪɨɧɭ ɦɥɚɞɲɢɯ ɪɚɡɪɹɞɨɜ ɢ ɯɪɚɧɟɧɢɹ ɱɢɫɟɥ A ɢ 

B (ɪɢɫ.2.6). 

ɉɪɢ ɩɨɞɚɱɟ ɭɩɪɚɜɥɹɸɳɟɝɨ ɫɢɝɧɚɥɚ y5 = 1 (ɞɥɹ ɪɟɝɢɫɬɪɚ RgA2) ɢɥɢ y7 = 1 

(ɞɥɹ ɪɟɝɢɫɬɪɚ RgB2), ɤɨɬɨɪɵɣ ɩɨɫɬɭɩɚɟɬ ɧɚ ɜɯɨɞ → ɩɪɨɢɫɯɨɞɢɬ ɫɞɜɢɝ ɱɢɫɥɚ ɜ 

ɫɬɨɪɨɧɭ ɦɥɚɞɲɢɯ ɪɚɡɪɹɞɨɜ. ɉɪɢ ɫɞɜɢɝɟ, ɜ ɨɫɜɨɛɨɞɢɜɲɢɣɫɹ ɪɚɡɪɹɞ ɛɭɞɟɬ 

ɡɚɩɢɫɵɜɚɬɶɫɹ ɡɧɚɱɟɧɢɟ ɫɨ ɜɯɨɞɚ IR. 

 

 
Ɋɢɫɭɧɨɤ 2.6 – Ɋɟɝɢɫɬɪɵ RgA2, RgB2 

 



 
 

40 
 

ȼɨɫɶɦɢɪɚɡɪɹɞɧɵɣ ɭɧɢɜɟɪɫɚɥɶɧɵɣ ɪɟɜɟɪɫɢɜɧɵɣ ɪɟɝɢɫɬɪ RgS1 ɫɥɭɠɢɬ ɞɥɹ 

ɯɪɚɧɟɧɢɹ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɪɟɡɭɥɶɬɚɬɚ ɢ ɞɟɥɟɧɢɹ ɢɥɢ ɭɦɧɨɠɟɧɢɹ ɟɝɨ ɧɚ 2 (ɪɢɫ. 

2.7). Ɋɟɝɢɫɬɪ RgS1 ɢɦɟɟɬ ɜɯɨɞɵ  ɢ , IL ɢ IR. ɉɪɢ ɩɨɞɚɱɟ ɭɩɪɚɜɥɹɸɳɟɝɨ 

ɫɢɝɧɚɥɚ y19 = 1 ɧɚ ɭɩɪɚɜɥɹɸɳɢɣ ɜɯɨɞ ← ɩɪɨɢɫɯɨɞɢɬ ɫɞɜɢɝ ɱɢɫɥɚ ɜ ɫɬɨɪɨɧɭ 

ɫɬɚɪɲɢɯ ɪɚɡɪɹɞɨɜ. ɉɪɢ ɫɞɜɢɝɟ ɜ ɨɫɜɨɛɨɞɢɜɲɢɣɫɹ ɪɚɡɪɹɞ ɛɭɞɟɬ ɡɚɩɢɫɵɜɚɬɶɫɹ 

ɡɧɚɱɟɧɢɟ ɫɨ ɜɯɨɞɚ IL = 0. ɉɪɢ ɩɨɞɚɱɟ ɭɩɪɚɜɥɹɸɳɟɝɨ ɫɢɝɧɚɥɚ y20 = 1 ɧɚ ɜɯɨɞ → 

ɩɪɨɢɫɯɨɞɢɬ ɫɞɜɢɝ ɱɢɫɥɚ ɜ ɫɬɨɪɨɧɭ ɦɥɚɞɲɢɯ ɪɚɡɪɹɞɨɜ. ɉɪɢ ɫɞɜɢɝɟ, ɜ 

ɨɫɜɨɛɨɞɢɜɲɢɣɫɹ ɪɚɡɪɹɞ ɛɭɞɟɬ ɡɚɩɢɫɵɜɚɬɶɫɹ ɡɧɚɱɟɧɢɟ ɫɨ ɜɯɨɞɚ IR. 

Ⱦɥɹ ɡɚɩɨɦɢɧɚɧɢɹ ɪɟɡɭɥɶɬɚɬɚ – ɩɚɪɚɥɥɟɥɶɧɵɣ ɪɟɝɢɫɬɪ RgS2 (ɪɢɫ. 2.7). 

Ɋɟɝɢɫɬɪ RgS2 ɢɦɟɟɬ ɜɯɨɞɵ → ɢ IR. ɉɪɢ ɩɨɞɚɱɟ ɭɩɪɚɜɥɹɸɳɟɝɨ ɫɢɝɧɚɥɚ y23 = 1, 

ɤɨɬɨɪɵɣ ɩɨɫɬɭɩɚɟɬ ɧɚ ɜɯɨɞ → ɩɪɨɢɫɯɨɞɢɬ ɫɞɜɢɝ ɱɢɫɥɚ ɜ ɫɬɨɪɨɧɭ ɦɥɚɞɲɢɯ 

ɪɚɡɪɹɞɨɜ. ɉɪɢ ɫɞɜɢɝɟ, ɜ ɨɫɜɨɛɨɞɢɜɲɢɣɫɹ ɪɚɡɪɹɞ ɛɭɞɟɬ ɡɚɩɢɫɵɜɚɬɶɫɹ ɡɧɚɱɟɧɢɟ 

ɫɨ ɜɯɨɞɚ IR. 

 

  

Ɋɢɫɭɧɨɤ 2.7 – Ɋɟɝɢɫɬɪɵ RgS1 ɢ RgS2 

 

ȼɫɟ ɪɟɝɢɫɬɪɵ ɈȺ (RgA1, RgB1, RgA2, RgB2, RgS1, RgS2) ɢɦɟɸɬ: 

 D0-D7 –ɩɪɹɦɵɟ ɜɯɨɞɵ ɪɟɝɢɫɬɪɨɜ (D6, D7 – ɡɧɚɤɨɜɵɟ ɪɚɡɪɹɞɵ, D0-D5– 

ɡɧɚɱɚɳɢɟ).  

 Q0-Q7 –ɩɪɹɦɵɟ ɜɵɯɨɞɵ ɪɟɝɢɫɬɪɨɜ (Q6, Q7 –ɡɧɚɤɨɜɵɟ ɪɚɡɪɹɞɵ, Q0-Q5– 

ɡɧɚɱɚɳɢɟ).  

 LD. ɉɪɢ ɩɨɫɬɭɩɥɟɧɢɢ ɧɚ ɜɯɨɞ LD ɥɨɝɢɱɟɫɤɨɣ ɟɞɢɧɢɰɵ ɩɪɨɢɡɜɨɞɢɬɫɹ 

ɡɚɩɢɫɶ ɫ ɜɯɨɞɨɜ D0 – D7, ɢɧɮɨɪɦɚɰɢɹ ɩɨɹɜɥɹɟɬɫɹ ɧɚ ɜɵɯɨɞɚɯ Q0-Q7. 
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ɇɚ ɪɢɫɭɧɤɟ 2.8 ɩɪɟɞɫɬɚɜɥɟɧ ɦɭɥɶɬɢɩɥɟɤɫɨɪ MUX1. ɉɪɢ ɩɨɞɚɱɟ 

ɭɩɪɚɜɥɹɸɳɟɝɨ ɫɢɝɧɚɥɚ y8 = 1, ɤɨɬɨɪɵɣ ɩɨɫɬɭɩɚɟɬ ɧɚ ɜɯɨɞ Z ɧɚ ɜɵɯɨɞɵ Q0 – Q7 

ɩɨɫɬɭɩɚɸɬ ɞɚɧɧɵɟ ɫ ɜɯɨɞɨɜ 1.0 – 1.7, ɟɫɥɢ y8 = 0, ɩɨɞɚɸɬɫɹ ɞɚɧɧɵɟ ɫ ɜɯɨɞɨɜ 0.0 

– 0.7. Ɇɭɥɶɬɢɩɥɟɤɫɨɪɵ MUX2, MUX3 ɢ MUX6 ɪɚɛɨɬɚɸɬ ɚɧɚɥɨɝɢɱɧɨ. 

Ɇɭɥɶɬɢɩɥɟɤɫɨɪɵ MUX1 ɢ MUX3 ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɜɵɛɨɪɚ 

ɩɟɪɟɞɚɜɚɟɦɨɝɨ ɡɧɚɱɟɧɢɹ ɫ ɪɟɝɢɫɬɪɨɜ RgA2 ɢ RgB2. Ɉɬɪɢɰɚɬɟɥɶɧɵɟ ɱɢɫɥɚ Ⱥ ɢ B 

ɡɚɦɟɧɹɸɬ ɨɩɟɪɚɰɢɸ ɜɵɱɢɬɚɧɢɹ ɨɩɟɪɚɰɢɟɣ ɫɥɨɠɟɧɢɹ. Ɇɭɥɶɬɢɩɥɟɤɫɨɪ MUX2 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɜɵɛɨɪɚ ɩɟɪɟɞɚɜɚɟɦɨɝɨ ɡɧɚɱɟɧɢɹ ɫ ɪɟɝɢɫɬɪɚ Rgȼ1. Ⱦɥɹ ɜɵɛɨɪɚ 

ɡɚɩɢɫɵɜɚɟɦɨɝɨ ɡɧɚɱɟɧɢɹ ɜ ɪɟɝɢɫɬɪ RgS2 ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɭɥɶɬɢɩɥɟɤɫɨɪ MUX6.  

 

 
Ɋɢɫɭɧɨɤ 2.8 – Ɇɭɥɶɬɢɩɥɟɤɫɨɪ MUX1 

 

ȼɵɛɨɪ ɩɚɪɵ ɱɢɫɟɥ, ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɩɨɞɚɧɵ ɧɚ ɫɭɦɦɚɬɨɪ SM3 ɩɪɨɢɫɯɨɞɢɬ ɫ 

ɩɨɦɨɳɶɸ MUX4 ɢ MUX5 – ɦɭɥɶɬɢɩɥɟɤɫɨɪɨɜ ɧɚ ɬɪɢ ɝɪɭɩɩɵ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ 

ɜɯɨɞɨɜ. ɇɚ ɪɢɫɭɧɤɟ 2.9 ɩɪɟɞɫɬɚɜɥɟɧ ɦɭɥɶɬɢɩɥɟɤɫɨɪ MUX4. Ɍɚɛɥɢɰɚ ɢɫɬɢɧɧɨɫɬɢ 

ɷɬɨɝɨ ɦɭɥɶɬɢɩɥɟɤɫɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 3 [10]. Ɇɭɥɶɬɢɩɥɟɤɫɨɪ MUX5 

ɪɚɛɨɬɚɟɬ ɚɧɚɥɨɝɢɱɧɨ. 
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Ɋɢɫɭɧɨɤ 2.9 – Ɇɭɥɶɬɢɩɥɟɤɫɨɪ MUX4 

 

Ɍɚɛɥɢɰɚ 3 – Ɍɚɛɥɢɰɚ ɢɫɬɢɧɧɨɫɬɢ MUX4 

Z1 Z0 ȼɵɯɨɞɵ 
0 0 0.0 – 0.7 
0 1 1.0 – 1.7 
1 1 2.0 – 2.7 

 

Ⱦɥɹ ɜɵɩɨɥɧɟɧɢɹ ɨɩɟɪɚɰɢɢ ɫɭɦɦɢɪɨɜɚɧɢɹ ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɭɦɦɚɬɨɪɵ. 

ɋɭɦɦɚɬɨɪ SM1 ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.10. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɱɟɬɵɪɟ ɜɨɫɶɦɢɪɚɡɪɹɞɧɵɯ ɫɭɦɦɚɬɨɪɚ: SM1, SM2, SM3, SM4.  

A0 – A7 ɜɯɨɞɵ ɱɢɫɥɚ Ⱥ. 

B0 – B7 ɜɯɨɞɵ ɱɢɫɥɚ ȼ. 

ɇɚ ɜɯɨɞɵ ɩɨɞɚɟɬɫɹ ɞɜɚ ɱɢɫɥɚ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɨɩɟɪɚɰɢɢ ɫɭɦɦɢɪɨɜɚɧɢɹ, 

ɪɟɡɭɥɶɬɚɬ ɫɭɦɦɢɪɨɜɚɧɢɹ ɛɭɞɟɬ ɧɚ ɜɵɯɨɞɚɯ S0 – S7.  

C – ɜɯɨɞ ɜɯɨɞɧɨɝɨ ɩɟɪɟɧɨɫɚ. 

P – ɜɵɯɨɞɧɨɣ ɩɟɪɟɧɨɫ ɜ ɫɥɟɞɭɸɳɢɣ ɪɚɡɪɹɞ.  
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Ɋɢɫɭɧɨɤ 2.10 – ɋɭɦɦɚɬɨɪ SM0 

 

Ɋɚɛɨɬɚ ɜɫɟɯ ɫɭɦɦɚɬɨɪɨɜ ɚɧɚɥɨɝɢɱɧɚ. Ⱦɥɹ ɡɚɦɟɧɵ ɨɩɟɪɚɰɢɢ ɜɵɱɢɬɚɧɢɹ 

ɨɩɟɪɚɰɢɟɣ ɫɥɨɠɟɧɢɹ ɧɚ ɜɯɨɞ ɋ ɩɨɞɚɟɬɫɹ 1. ɇɚ ɜɵɯɨɞɚɯ S0-S7 ɩɨɥɭɱɚɟɬɫɹ ɱɢɫɥɨ 

ɜ ɞɨɩɨɥɧɢɬɟɥɶɧɨɦ ɤɨɞɟ.  

 

2.2.4 Ɉɫɜɟɞɨɦɢɬɟɥɶɧɵɟ ɢ ɭɩɪɚɜɥɹɸщɢɟ ɫɢɝɧɚɥɵ 

 

Ɉɩɪɟɞɟɥɟɧɢɟ ɨɫɜɟɞɨɦɢɬɟɥɶɧɵɯ ɢ ɭɩɪɚɜɥɹɸɳɢɯ ɫɢɝɧɚɥɨɜ. 

Ɉɫɜɟɞɨɦɢɬɟɥɶɧɵɟ ɫɢɝɧɚɥɵ: 

ɯ1 – ɫɢɝɧɚɥ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ ɮɥɚɠɨɤ s[0] (ɡɧɚɤ ɱɢɫɥɚ Ⱥ), ɤɨɬɨɪɵɣ 

ɧɚɯɨɞɢɬɫɹ ɜ ɪɚɡɪɹɞɟ Q9 ɪɟɝɢɫɬɪɚ ɮɥɚɝɨɜ RgF; 

ɯ2 – ɫɢɝɧɚɥ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ ɮɥɚɠɨɤ s[1] (ɱɟɬɧɨɫɬɶ ɱɢɫɥɚ Ⱥ), 

ɤɨɬɨɪɵɣ ɧɚɯɨɞɢɬɫɹ ɜ ɪɚɡɪɹɞɟ Q8 ɪɟɝɢɫɬɪɚ ɮɥɚɝɨɜ RgF; 

ɯ3 – ɫɢɝɧɚɥ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ ɮɥɚɠɨɤ s[2] (ɤɪɚɬɧɨɫɬɶ 4 ɞɥɹ ɱɢɫɥɚ 

Ⱥ), ɤɨɬɨɪɵɣ ɧɚɯɨɞɢɬɫɹ ɜ ɪɚɡɪɹɞɟ Q7 ɪɟɝɢɫɬɪɚ ɮɥɚɝɨɜ RgF; 

ɯ4 – ɫɢɝɧɚɥ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ ɮɥɚɠɨɤ s[3] (|0,5 > |ܣ), ɤɨɬɨɪɵɣ 

ɧɚɯɨɞɢɬɫɹ ɜ ɪɚɡɪɹɞɟ Q6 ɪɟɝɢɫɬɪɚ ɮɥɚɝɨɜ RgF;  

ɯ5 – ɫɢɝɧɚɥ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ ɮɥɚɠɨɤ s[4] (|0,25 > |ܣ), ɤɨɬɨɪɵɣ 

ɧɚɯɨɞɢɬɫɹ ɜ ɪɚɡɪɹɞɟ Q5 ɪɟɝɢɫɬɪɚ ɮɥɚɝɨɜ RgF; 
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ɯ6 – ɫɢɝɧɚɥ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ ɮɥɚɠɨɤ s[5] (ɡɧɚɤ ɱɢɫɥɚ ȼ), ɤɨɬɨɪɵɣ 

ɧɚɯɨɞɢɬɫɹ ɜ ɪɚɡɪɹɞɟ Q4 ɪɟɝɢɫɬɪɚ ɮɥɚɝɨɜ RgF; 

ɯ7 – ɫɢɝɧɚɥ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ ɮɥɚɠɨɤ s[6] (ɱɟɬɧɨɫɬɶ ɱɢɫɥɚ ȼ),  

ɤɨɬɨɪɵɣ ɧɚɯɨɞɢɬɫɹ ɜ ɪɚɡɪɹɞɟ Q3 ɪɟɝɢɫɬɪɚ ɮɥɚɝɨɜ RgF; 

ɯ8 – ɫɢɝɧɚɥ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ ɮɥɚɠɨɤ s[7] (ɤɪɚɬɧɨɫɬɶ 4 ɞɥɹ ɱɢɫɥɚ 

ȼ), ɤɨɬɨɪɵɣ ɧɚɯɨɞɢɬɫɹ ɜ ɪɚɡɪɹɞɟ Q2 ɪɟɝɢɫɬɪɚ ɮɥɚɝɨɜ RgF; 

ɯ9 – ɫɢɝɧɚɥ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ ɮɥɚɠɨɤ s[8] (|В| < 0,5), ɤɨɬɨɪɵɣ 

ɧɚɯɨɞɢɬɫɹ ɜ ɪɚɡɪɹɞɟ Q1 ɪɟɝɢɫɬɪɚ ɮɥɚɝɨɜ RgF;  

ɯ10 – ɫɢɝɧɚɥ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ ɮɥɚɠɨɤ s[9] (|В| < 0,25), ɤɨɬɨɪɵɣ 

ɧɚɯɨɞɢɬɫɹ ɜ ɪɚɡɪɹɞɟ Q0 ɪɟɝɢɫɬɪɚ ɮɥɚɝɨɜ RgF; 

P – ɫɢɝɧɚɥ ɩɪɨɜɟɪɤɢ ɩɟɪɟɩɨɥɧɟɧɢɹ ɪɚɡɪɹɞɧɨɣ ɫɟɬɤɢ; 

E – ɫɢɝɧɚɥ ɨ ɧɚɥɢɱɢɢ ɧɚ ɜɯɨɞɚɯ ɱɢɫɟɥ A ɢ ȼ. 

ɍɩɪɚɜɥɹɸɳɢɟ ɫɢɝɧɚɥɵ: 

y1 – ɡɚɩɢɫɶ ɱɢɫɥɚ ɫ ɜɯɨɞɨɜ A7-Ⱥ0 ɫɩɟɰɩɪɨɰɟɫɫɨɪɚ ɜ ɪɟɝɢɫɬɪɵ RgA1 ɢ 

RgA2; 

y2 – ɡɚɩɢɫɶ ɱɢɫɥɚ ɫ ɜɯɨɞɨɜ ȼ7-ȼ0 ɫɩɟɰɩɪɨɰɟɫɫɨɪɚ ɜ ɪɟɝɢɫɬɪɵ RgB1 ɢ 

RgB2; 

y3 – ɡɚɩɢɫɶ ɮɥɚɠɤɨɜ ɜ ɪɟɝɢɫɬɪ ɮɥɚɝɨɜ RgF; 

y4 – RgA1 ← 2*RgA1 – ɫɞɜɢɝ ɫɨɞɟɪɠɢɦɨɝɨ ɪɟɝɢɫɬɪɚ RgA1 ɧɚ ɨɞɢɧ ɪɚɡɪɹɞ 

ɜ ɫɬɨɪɨɧɭ ɫɬɚɪɲɢɯ ɪɚɡɪɹɞɨɜ (ɭɦɧɨɠɟɧɢɟ ɱɢɫɥɚ, ɫɨɞɟɪɠɚɳɟɝɨɫɹ ɜ RgA1 ɧɚ 2); 

y5 – RgA2 ← RgA2/2 ɫɞɜɢɝ ɫɨɞɟɪɠɢɦɨɝɨ ɪɟɝɢɫɬɪɚ RgA2 ɧɚ ɨɞɢɧ ɪɚɡɪɹɞ ɜ 

ɫɬɨɪɨɧɭ ɦɥɚɞɲɢɯ ɪɚɡɪɹɞɨɜ (ɞɟɥɟɧɢɟ ɱɢɫɥɚ, ɫɨɞɟɪɠɚɳɟɝɨɫɹ ɜ RgA2 ɧɚ 2); 

y6 – Rgȼ1 ← 2*Rgȼ1 – ɫɞɜɢɝ ɫɨɞɟɪɠɢɦɨɝɨ ɪɟɝɢɫɬɪɚ Rgȼ1 ɧɚ ɨɞɢɧ ɪɚɡɪɹɞ 

ɜ ɫɬɨɪɨɧɭ ɫɬɚɪɲɢɯ ɪɚɡɪɹɞɨɜ (ɭɦɧɨɠɟɧɢɟ ɱɢɫɥɚ, ɫɨɞɟɪɠɚɳɟɝɨɫɹ ɜ Rgȼ1 ɧɚ 2); 

y7 – Rgȼ2 ← Rgȼ2/2 ɫɞɜɢɝ ɫɨɞɟɪɠɢɦɨɝɨ ɪɟɝɢɫɬɪɚ Rgȼ2 ɧɚ ɨɞɢɧ ɪɚɡɪɹɞ ɜ 

ɫɬɨɪɨɧɭ ɦɥɚɞɲɢɯ ɪɚɡɪɹɞɨɜ (ɞɟɥɟɧɢɟ ɱɢɫɥɚ, ɫɨɞɟɪɠɚɳɟɝɨɫɹ ɜ Rgȼ2 ɧɚ 2); 

y8 – ɢɧɜɟɪɫɢɹ ɫɨɞɟɪɠɢɦɨɝɨ ɪɟɝɢɫɬɪɚ RgA2 ɫ ɩɨɦɨɳɶɸ ɦɭɥɶɬɢɩɥɟɤɫɨɪɚ 

MUX1; 

y9 – ɢɧɜɟɪɫɢɹ ɫɨɞɟɪɠɢɦɨɝɨ ɪɟɝɢɫɬɪɚ Rgȼ1 ɫ ɩɨɦɨɳɶɸ ɦɭɥɶɬɢɩɥɟɤɫɨɪɚ 

MUX2; 
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y10 – ɢɧɜɟɪɫɢɹ ɫɨɞɟɪɠɢɦɨɝɨ ɪɟɝɢɫɬɪɚ Rgȼ2 ɫ ɩɨɦɨɳɶɸ ɦɭɥɶɬɢɩɥɟɤɫɨɪɚ 

MUX3; 

y11 – ɜɵɛɨɪ ɚɞɪɟɫɚ ɜ ɦɭɥɶɬɢɩɥɟɤɫɨɪɟ MUX4 (ɜɯɨɞ Z0); 

y12 – ɜɵɛɨɪ ɚɞɪɟɫɚ ɜ ɦɭɥɶɬɢɩɥɟɤɫɨɪɟ MUX4 (ɜɯɨɞ Z1); 

y13 – ɜɵɛɨɪ ɚɞɪɟɫɚ ɜ ɦɭɥɶɬɢɩɥɟɤɫɨɪɟ MUX5 (ɜɯɨɞ Z0); 

y14 – ɜɵɛɨɪ ɚɞɪɟɫɚ ɜ ɦɭɥɶɬɢɩɥɟɤɫɨɪɟ MUX5 (ɜɯɨɞ Z1); 

y15 – ɩɪɢɛɚɜɥɟɧɢɟ «1» ɤ ɦɥɚɞɲɟɦɭ ɪɚɡɪɹɞɭ ɫ ɩɨɦɨɳɶɸ ɫɭɦɦɚɬɨɪɚ SM1; 

y16 – ɩɪɢɛɚɜɥɟɧɢɟ «1» ɤ ɦɥɚɞɲɟɦɭ ɪɚɡɪɹɞɭ ɫ ɩɨɦɨɳɶɸ ɫɭɦɦɚɬɨɪɚ SM2; 

y17 – ɩɪɢɛɚɜɥɟɧɢɟ «1» ɤ ɦɥɚɞɲɟɦɭ ɪɚɡɪɹɞɭ ɫ ɩɨɦɨɳɶɸ ɫɭɦɦɚɬɨɪɚ SM3; 

y18 – ɡɚɩɢɫɶ ɪɟɡɭɥɶɬɚɬɚ ɨɩɟɪɚɰɢɢ ɜ ɪɟɝɢɫɬɪ RgS1; 

y19 – RgS1 ← 2*RgS1 – ɫɞɜɢɝ ɫɨɞɟɪɠɢɦɨɝɨ ɪɟɝɢɫɬɪɚ RgS1 ɧɚ ɨɞɢɧ ɪɚɡɪɹɞ 

ɜ ɫɬɨɪɨɧɭ ɫɬɚɪɲɢɯ ɪɚɡɪɹɞɨɜ (ɭɦɧɨɠɟɧɢɟ ɱɢɫɥɚ, ɫɨɞɟɪɠɚɳɟɝɨɫɹ ɜ RgS1 ɧɚ 2); 

y20 – RgS1 ← RgS1/2 – ɫɞɜɢɝ ɫɨɞɟɪɠɢɦɨɝɨ ɪɟɝɢɫɬɪɚ RgS1 ɧɚ ɨɞɢɧ ɪɚɡɪɹɞ 

ɜ ɫɬɨɪɨɧɭ ɦɥɚɞɲɢɯ ɪɚɡɪɹɞɨɜ (ɞɟɥɟɧɢɟ ɱɢɫɥɚ, ɫɨɞɟɪɠɚɳɟɝɨɫɹ ɜ RgS1 ɧɚ 2); 

y21 – 112  RgSRgs  – ɢɧɜɟɪɫɢɹ ɫɨɞɟɪɠɢɦɨɝɨ RgS1, ɩɪɢɛɚɜɥɟɧɢɟ «1» ɤ 

ɦɥɚɞɲɟɦɭ ɪɚɡɪɹɞɭ ɫ ɩɨɦɨɳɶɸ ɫɭɦɦɚɬɨɪɚ SM4; 

y22 – ɜɵɛɨɪ ɚɞɪɟɫɚ ɜ ɦɭɥɶɬɢɩɥɟɤɫɨɪɟ MUX6; 

y23 – RgS2 ← RgS2/2 – ɫɞɜɢɝ ɫɨɞɟɪɠɢɦɨɝɨ ɪɟɝɢɫɬɪɚ RgS2 ɧɚ ɨɞɢɧ ɪɚɡɪɹɞ 

ɜ ɫɬɨɪɨɧɭ ɦɥɚɞɲɢɯ ɪɚɡɪɹɞɨɜ (ɞɟɥɟɧɢɟ ɱɢɫɥɚ, ɫɨɞɟɪɠɚɳɟɝɨɫɹ ɜ RgS2 ɧɚ 2); 

y24 – ɡɚɩɢɫɶ ɪɟɡɭɥɶɬɚɬɚ ɨɩɟɪɚɰɢɢ ɜ ɪɟɝɢɫɬɪ RgS2; 

y25 (RD) – ɫɨɨɛɳɟɧɢɟ ɨ ɝɨɬɨɜɧɨɫɬɢ ɪɟɡɭɥɶɬɚɬɚ; 

y26 (OF) – ɫɨɨɛɳɟɧɢɟ ɨ ɩɟɪɟɩɨɥɧɟɧɢɢ ɪɚɡɪɹɞɧɨɣ ɫɟɬɤɢ; 

y27 (ER) – ɫɨɨɛɳɟɧɢɟ ɨɛ ɨɲɢɛɤɟ. 

ɇɟɤɨɬɨɪɵɟ ɤɨɦɚɧɞɵ ɹɜɥɹɸɬɫɹ ɫɨɜɦɟɫɬɢɦɵɦɢ, ɬ.ɟ. ɦɨɝɭɬ ɜɵɩɨɥɧɹɬɶɫɹ 

ɩɚɪɚɥɥɟɥɶɧɨ. ɇɚɩɪɢɦɟɪ, ɡɚɩɢɫɶ ɱɢɫɟɥ Ⱥ ɢ B ɜ ɪɟɝɢɫɬɪɵ RgA1, RgA2 ɢ RgB1, 

RgB2 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; ɫɞɜɢɝ ɫɨɞɟɪɠɢɦɨɝɨ ɪɟɝɢɫɬɪɨɜ RgA1, RgA2, RgB1, RgB2. 
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2.3 Ɋɚɡɪɚɛɨɬɤɚ ɭɩɪɚɜɥɹɸщɟɝɨ ɚɜɬɨɦɚɬɚ 

 

2.3.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɬɪɟɛɨɜɚɧɢɣ ɤ ɤɨɦɩɨɧɟɧɬɚɦ 

 

Ɇɢɤɪɨɤɨɦɚɧɞɚ ɜ ɚɜɬɨɦɚɬɟ ɫ ɩɪɢɧɭɞɢɬɟɥɶɧɨɣ ɚɞɪɟɫɚɰɢɟɣ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ 

4 ɩɨɥɹ: 

 CX – ɩɨɥɟ ɭɩɪɚɜɥɟɧɢɹ ɜɵɛɨɪɨɦ ɨɩɪɚɲɢɜɚɟɦɨɝɨ ɜɯɨɞɧɨɝɨ 

ɨɫɜɟɞɨɦɢɬɟɥɶɧɨɝɨ ɫɢɝɧɚɥɚ ɯi; 

 A1 – ɩɨɥɟ ɚɞɪɟɫɚ ɫɥɟɞɭɸɳɟɣ ɦɢɤɪɨɤɨɦɚɧɞɵ ɜ ɫɥɭɱɚɟ, ɟɫɥɢ 

ɨɩɪɚɲɢɜɚɟɦɵɣ ɨɫɜɟɞɨɦɢɬɟɥɶɧɵɣ ɫɢɝɧɚɥ ɩɪɢɧɢɦɚɟɬ ɡɧɚɱɟɧɢɟ 1. 

 A0 – ɩɨɥɟ ɚɞɪɟɫɚ ɫɥɟɞɭɸɳɟɣ ɦɢɤɪɨɤɨɦɚɧɞɵ, ɟɫɥɢ ɨɩɪɚɲɢɜɚɟɦɵɣ 

ɨɫɜɟɞɨɦɢɬɟɥɶɧɵɣ ɫɢɝɧɚɥ ɛɭɞɟɬ ɪɚɜɟɧ 0. 

 Y – ɩɨɥɟ ɜɵɯɨɞɧɵɯ ɭɩɪɚɜɥɹɸɳɢɯ ɫɢɝɧɚɥɨɜ. 

ɉɪɨɰɟɫɫ ɪɚɡɪɚɛɨɬɤɢ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɫɯɟɦɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɩɪɟɞɟɥɟɧɢɢ 

ɪɚɡɪɹɞɧɨɫɬɟɣ ɩɨɥɟɣ ɦɢɤɪɨɤɨɦɚɧɞɵ ɢ ɜɵɛɨɪɟ ɪɚɡɪɹɞɧɨɫɬɢ ɪɟɝɢɫɬɪɚ ɚɞɪɟɫɚ, 

ɪɟɝɢɫɬɪɚ ɦɢɤɪɨɤɨɦɚɧɞ, ɪɚɡɪɹɞɧɨɫɬɢ ɦɭɥɶɬɢɩɥɟɤɫɨɪɨɜ ɢ ɨɪɝɚɧɢɡɚɰɢɢ Ɂɍ. 

Ɉɩɪɟɞɟɥɹɟɦ ɪɚɡɪɹɞɧɨɫɬɶ ɨɬɞɟɥɶɧɵɯ ɩɨɥɟɣ ɦɢɤɪɨɤɨɦɚɧɞɵ ɢ ɫɚɦɨɣ 

ɦɢɤɪɨɤɨɦɚɧɞɵ ɜ ɰɟɥɨɦ [10]. 

Ɋɚɡɪɹɞɧɨɫɬɶ ɩɨɥɹ ɭɩɪɚɜɥɟɧɢɹ ɜɵɛɨɪɨɦ ɨɩɪɚɲɢɜɚɟɦɨɝɨ ɜɯɨɞɧɨɝɨ 

ɨɫɜɟɞɨɦɢɬɟɥɶɧɨɝɨ ɫɢɝɧɚɥɚ: 

 𝑛௫  =   ⏋ logଶ 𝑛ˑ˔ ⎾ = ⏋ logଶ ͳͶ⎾ =  Ͷ                                                            (2.1) 

 

ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɜ ɜɚɪɢɚɧɬɵ ɡɚɞɚɧɢɹ ɧɚ ɤɭɪɫɨɜɨɣ ɩɪɨɟɤɬ, ɛɵɥ ɫɞɟɥɚɧ 

ɜɵɜɨɞ, ɱɬɨ 32 ɹɱɟɟɤ Ɂɍ ɯɜɚɬɢɬ ɞɥɹ ɥɸɛɨɝɨ ɜɚɪɢɚɧɬɚ, ɢɡ ɱɟɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ 

ɪɚɡɪɹɞɧɨɫɬɶ ɩɨɥɟɣ ɚɞɪɟɫɚ ɫɥɟɞɭɸɳɟɣ ɦɢɤɪɨɤɨɦɚɧɞɵ ɪɚɜɧɚ 5 

ɉɪɢɦɟɪ ɞɥɹ 54 ɜɚɪɢɚɧɬɚ: 

 𝑛𝑎 =  ⏋logଶ[𝑛ɨɩ + 𝑛ув]⎾ =  ⏋ logଶሺͳ͵ + ͺሻ⎾ =  ͷ                                      (2.2) 
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ɑɢɫɥɨ ɪɚɡɪɹɞɨɜ ɩɨɥɹ Y: 

 𝑛௬ = 𝑘 = ʹ͹                                                                                                                  (2.3) 

 𝑛ˑ˔ – 14 (12 ɜɧɭɬɪɟɧɧɢɯ ɮɥɚɠɤɨɜ, ɫɢɝɧɚɥ ɨ ɧɚɥɢɱɢɢ ɱɢɫɟɥ Ⱥ ɢ ȼ ɧɚ ɜɯɨɞɚɯ 

Ⱥ0-Ⱥ7 ɢ ȼ0-ȼ7, ɫɢɝɧɚɥ ɨ ɩɟɪɟɩɨɥɧɟɧɢɢ); 𝑛ˑ˒ – ɤɨɥɢɱɟɫɬɜɨ ɨɩɟɪɚɬɨɪɧɵɯ ɜɟɪɲɢɧ, ɪɚɜɧɨɟ 13; 𝑛ув – ɤɨɥɢɱɟɫɬɜɨ ɭɫɥɨɜɧɵɯ ɜɟɪɲɢɧ, ɪɚɜɧɨɟ 8; 

k – ɱɢɫɥɨ ɭɩɪɚɜɥɹɸɳɢɯ ɫɢɝɧɚɥɨɜ, ɪɚɜɧɨɟ 27. 

Ɋɚɡɪɹɞɧɨɫɬɶ ɦɢɤɪɨɤɨɦɚɧɞɵ ɜ ɰɟɥɨɦ ɫɨɫɬɚɜɥɹɟɬ: 

 ܵ =  𝑛௫ +  ʹ ∗ 𝑛𝑎 +  𝑛௬ = Ͷ + ʹ ∗ ͷ + ʹ͹ = Ͷͳ                                                 (2.4) 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɫɩɟɰɩɪɨɰɟɫɫɨɪɚ ɩɨɬɪɟɛɭɟɬɫɹ Ɂɍ 

ɨɪɝɚɧɢɡɚɰɢɢ ʹହ × Ͷͳ. ɗɬɨ ɡɧɚɱɢɬ, ɱɬɨ Ɂɍ ɞɨɥɠɧɨ ɢɦɟɬɶ 5 ɚɞɪɟɫɧɵɯ ɜɯɨɞɨɜ, ɱɬɨ 

ɩɨɡɜɨɥɢɬ ɨɛɪɚɬɢɬɶɫɹ ɤ 32 ɹɱɟɣɤɚɦ ɩɚɦɹɬɢ. Ɍɚɤɠɟ Ɂɍ ɛɭɞɟɬ ɢɦɟɬɶ 41 ɜɵɯɨɞɨɜ 

ɞɥɹ ɜɵɜɨɞɚ ɦɢɤɪɨɤɨɦɚɧɞɵ. 

ȼɵɩɨɥɧɢɜ ɚɧɚɥɢɡ ɜɚɪɢɚɧɬɨɜ ɡɚɞɚɧɢɹ ɧɚ ɤɭɪɫɨɜɨɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɢ 

ɪɚɡɪɚɛɨɬɚɜ ɧɟɫɤɨɥɶɤɨ ɝɪɚɮ-ɫɯɟɦ, ɛɵɥ ɫɞɟɥɚɧ ɜɵɜɨɞ, ɱɬɨ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ 

ɭɩɪɚɜɥɹɸɳɟɝɨ ɚɜɬɨɦɚɬɚ ɫɩɟɰɩɪɨɰɟɫɫɨɪɚ ɩɨɬɪɟɛɭɟɬɫɹ Ɂɍ ɨɪɝɚɧɢɡɚɰɢɢ ʹହ × Ͷͳ. 

ɍɫɥɨɜɧɨɟ ɝɪɚɮɢɱɟɫɤɨɟ ɨɛɨɡɧɚɱɟɧɢɟ ɬɚɤɨɝɨ Ɂɍ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 2.11. 
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2.3.2 ɗɥɟɦɟɧɬɵ ɢ ɭɡɥɵ ɍȺ 
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Ɋɢɫɭɧɨɤ 2.11 – Ɂɍ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɟ ɞɥɹ ɯɪɚɧɟɧɢɹ ɦɢɤɪɨɩɪɨɝɪɚɦɦɵ 

 

ɉɪɢ ɩɨɫɬɭɩɥɟɧɢɢ ɧɚ ɚɞɪɟɫɧɵɟ ɜɯɨɞɵ ɧɨɜɨɝɨ ɚɞɪɟɫɚ ɩɪɨɢɫɯɨɞɢɬ ɜɵɞɚɱɚ 

ɢɧɮɨɪɦɚɰɢɢ ɢɡ ɹɱɟɣɤɢ ɧɚ ɜɵɯɨɞ.  

ȼ ɤɚɱɟɫɬɜɟ ɪɟɝɢɫɬɪɚ ɚɞɪɟɫɚ ɜɵɛɪɚɧ 5-ɪɚɡɪɹɞɧɵɣ ɩɚɪɚɥɥɟɥɶɧɵɣ ɪɟɝɢɫɬɪ ɫ 

ɜɨɡɦɨɠɧɨɫɬɶɸ ɚɫɢɧɯɪɨɧɧɨɝɨ ɫɛɪɨɫɚ (ɪɢɫ. 2.12). ȼ ɤɚɠɞɨɦ ɬɚɤɬɟ ɪɚɛɨɬɵ 

ɫɩɟɰɩɪɨɰɟɫɫɨɪɚ ɜ ɧɟɦ ɯɪɚɧɢɬɫɹ ɚɞɪɟɫ ɬɟɤɭɳɟɣ ɦɢɤɪɨɤɨɦɚɧɞɵ.  

ȼɯɨɞ R – ɨɛɧɭɥɟɧɢɟ ɪɟɝɢɫɬɪɚ.  
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ȼɯɨɞ ɋ – ɫɢɧɯɪɨɧɢɡɚɰɢɹ. ɉɪɢ ɩɨɫɬɭɩɥɟɧɢɢ ɫɢɧɯɪɨɢɦɩɭɥɶɫɚ ɩɪɨɢɫɯɨɞɢɬ 

ɡɚɩɢɫɶ ɚɞɪɟɫɚ ɫɥɟɞɭɸɳɟɣ ɦɢɤɪɨɤɨɦɚɧɞɵ ɜ ɪɟɝɢɫɬɪ. 

 

 
Ɋɢɫɭɧɨɤ 2.12 – Ɋɟɝɢɫɬɪ, ɨɬɜɟɱɚɸɳɢɣ ɡɚ ɯɪɚɧɟɧɢɟ ɚɞɪɟɫɚ ɬɟɤɭɳɟɣ ɦɢɤɪɨɤɨɦɚɧɞɵ 

 

ɇɚ ɪɢɫɭɧɤɟ 2.13 ɩɪɟɞɫɬɚɜɥɟɧ ɦɭɥɶɬɢɩɥɟɤɫɨɪ MUXA, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ 

ɞɥɹ ɜɵɛɨɪɚ ɚɞɪɟɫɚ ɫɥɟɞɭɸɳɟɣ ɦɢɤɪɨɤɨɦɚɧɞɵ.  

ȼɯɨɞ Z – ɜɵɛɨɪ ɜɯɨɞɨɜ A0.0-Ⱥ0.4 ɢɥɢ A1.0-Ⱥ1.4 ɢ ɤɨɦɦɭɬɚɰɢɹ ɢɯ ɧɚ 

ɜɵɯɨɞɵ Q0-Q4. 

 

 
Ɋɢɫɭɧɨɤ 2.13 – Ɇɭɥɶɬɢɩɥɟɤɫɨɪ ɜɵɛɨɪɚ ɚɞɪɟɫɚ ɫɥɟɞɭɸɳɟɣ ɦɢɤɪɨɤɨɦɚɧɞɵ 

 

Ɇɭɥɶɬɢɩɥɟɤɫɨɪ MUXX ɨɬɜɟɱɚɟɬ ɡɚ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜɵɛɨɪɚ 

ɨɫɜɟɞɨɦɢɬɟɥɶɧɨɝɨ ɫɢɝɧɚɥɚ (ɪɢɫ. 2.14). ɇɚ ɜɯɨɞɵ A0 – Ⱥ2 ɩɨɞɚɟɬɫɹ ɚɞɪɟɫ 

ɨɫɜɟɞɨɦɢɬɟɥɶɧɨɝɨ ɫɢɝɧɚɥɚ, ɧɚ ɜɵɯɨɞɟ ɩɨɹɜɥɹɟɬɫɹ ɡɧɚɱɟɧɢɟ ɞɚɧɧɨɝɨ ɫɢɝɧɚɥɚ.  

0 – 7 – ɜɯɨɞɵ ɨɫɜɟɞɨɦɢɬɟɥɶɧɵɯ ɫɢɝɧɚɥɨɜ. 
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ɇɚɡɧɚɱɟɧɢɟ ɚɞɪɟɫɧɵɯ ɜɯɨɞɨɜ ɦɭɥɶɬɢɩɥɟɤɫɨɪɚ ɆUɏɏ ɩɪɢɜɟɞɟɧɨ ɜ 

ɬɚɛɥɢɰɟ 4 [10]. 

 

 
Ɋɢɫɭɧɨɤ 2.14 – Ɇɭɥɶɬɢɩɥɟɤɫɨɪ ɜɵɛɨɪɚ ɨɫɜɟɞɨɦɢɬɟɥɶɧɨɝɨ ɫɢɝɧɚɥɚ 

 

Ɍɚɛɥɢɰɚ 4 – ɇɚɡɧɚɱɟɧɢɟ ɚɞɪɟɫɧɵɯ ɜɯɨɞɨɜ ɦɭɥɶɬɢɩɥɟɤɫɨɪɚ ɆUɏɏ 

A3 A2 A1 A0 ɋɢɝɧɚɥ 
0 0 0 0 ȿ 
0 0 0 1 x1 
0 0 1 0 ɯ2 
0 0 1 1 ɯ3 
0 1 0 0 ɯ4 
0 1 0 1 ɯ5 
0 1 1 0 x6 
0 1 1 1 ɯ7 
1 0 0 0 ɯ8 
1 0 0 1 ɯ9 
1 0 1 0 ɯ10 
1 0 1 1 P 

 

Ɋɟɝɢɫɬɪ ɬɟɤɭɳɟɣ ɦɢɤɪɨɤɨɦɚɧɞɵ (ɪɢɫ. 2.15) ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɩɚɪɚɥɥɟɥɶɧɵɣ ɪɟɝɢɫɬɪ. Ɂɚɩɢɫɶ ɬɟɤɭɳɟɣ ɦɢɤɪɨɤɨɦɚɧɞɵ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ 

ɫɢɝɧɚɥɭ C. ȼɯɨɞ R – ɨɛɧɭɥɟɧɢɟ (ɫɛɪɨɫ) ɪɟɝɢɫɬɪɚ. 
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Ɋɢɫɭɧɨɤ 2.15 – Ɋɟɝɢɫɬɪ ɬɟɤɭɳɟɣ ɦɢɤɪɨɤɨɦɚɧɞɵ 

 

3 Ɋɟɚɥɢɡɚɰɢɹ ɧɚ ɉɅɂɋ 

 

3.1 Ɉɩɟɪɚɰɢɨɧɧɵɣ ɚɜɬɨɦɚɬ 

 

Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɨɩɟɪɚɰɢɨɧɧɨɝɨ ɚɜɬɨɦɚɬɚ ɫɩɟɰɩɪɨɰɟɫɫɨɪɚ ɛɵɥ ɫɨɡɞɚɧ 

ɦɨɞɭɥɶ OA, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ 3.2. Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɩɪɨɝɪɚɦɦɚ ɞɥɹ 

ɦɨɞɭɥɹ OA ɩɪɢɜɟɞɟɧɚ ɧɚ CD-ɞɢɫɤɟ ɩɪɢɥɚɝɚɸɳɟɦɫɹ ɤ ȼɄɊ. Ɇɨɞɭɥɶ OA 

ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɞɟɜɹɬɶ ɦɨɞɭɥɟɣ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɧɚ ɪɢɫɭɧɤɚɯ 3.1.1 – 3.1.9, 

ɤɨɬɨɪɵɟ ɩɨɥɭɱɟɧɵ ɧɚ ɨɫɧɨɜɟ ɨɩɢɫɚɧɢɹ ɚɥɝɨɪɢɬɦɚ ɪɚɛɨɬɵ ɦɨɞɭɥɟɣ:  
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 Reg_left – ɦɨɞɭɥɶ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɜɨɫɶɦɢɪɚɡɪɹɞɧɨɝɨ 

ɪɟɝɢɫɬɪɚ ɫɞɜɢɝɚ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɝɨ ɜɵɩɨɥɧɹɟɬɫɹ ɯɪɚɧɟɧɢɟ ɢ ɫɞɜɢɝ ɱɢɫɥɚ ɜ 

ɫɬɨɪɨɧɭ ɫɬɚɪɲɢɯ ɪɚɡɪɹɞɨɜ (ɪɢɫ 3.1.1); 

 

 
Ɋɢɫɭɧɨɤ 3.1.1 – Ɋɟɝɢɫɬɪ ɫɞɜɢɝɚ ɜ ɫɬɨɪɨɧɭ ɫɬɚɪɲɢɯ ɪɚɡɪɹɞɨɜ 

 

 Reg_right – ɦɨɞɭɥɶ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ 

ɜɨɫɶɦɢɪɚɡɪɹɞɧɨɝɨ ɪɟɝɢɫɬɪɚ ɫɞɜɢɝɚ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɝɨ ɜɵɩɨɥɧɹɟɬɫɹ ɯɪɚɧɟɧɢɟ 

ɢ ɫɞɜɢɝ ɱɢɫɥɚ ɜ ɫɬɨɪɨɧɭ ɦɥɚɞɲɢɯ ɪɚɡɪɹɞɨɜ (ɪɢɫ 3.1.2); 

 

 
Ɋɢɫɭɧɨɤ 3.1.2 – Ɋɟɝɢɫɬɪ ɫɞɜɢɝɚ ɜ ɫɬɨɪɨɧɭ ɦɥɚɞɲɢɯ ɪɚɡɪɹɞɨɜ 

 

 FlagsBlock – ɦɨɞɭɥɶ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɮɥɚɠɤɨɜ, ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɨɬɨɪɵɦɢ ɬɪɟɛɭɟɬɫɹ ɜɵɩɨɥɧɢɬɶ ɬɭ ɢɥɢ ɢɧɭɸ ɚɪɢɮɦɟɬɢɱɟɫɤɭɸ 

ɨɩɟɪɚɰɢɸ (ɪɢɫ 3.1.3); 
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Ɋɢɫɭɧɨɤ 3.1.3 – Ȼɥɨɤ ɮɨɪɦɢɪɨɜɚɧɢɹ ɮɥɚɠɤɨɜ 

 

 RegN – ɦɨɞɭɥɶ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɞɟɫɹɬɢɪɚɡɪɹɞɧɨɝɨ 

ɪɟɝɢɫɬɪɚ ɮɥɚɝɨɜ, ɜ ɤɨɬɨɪɵɣ ɡɚɩɢɫɵɜɚɸɬɫɹ ɫɮɨɪɦɢɪɨɜɚɧɧɵɟ ɮɥɚɠɤɢ (ɪɢɫ 3.1.4);  

 

 
Ɋɢɫɭɧɨɤ 3.1.4 – Ɋɟɝɢɫɬɪ ɮɥɚɝɨɜ 

 

 Reg_revers – ɦɨɞɭɥɶ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ 

ɜɨɫɶɦɢɪɚɡɪɹɞɧɨɝɨ ɪɟɜɟɪɫɢɜɧɨɝɨ ɪɟɝɢɫɬɪɚ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɝɨ ɜɵɩɨɥɧɹɟɬɫɹ 

ɯɪɚɧɟɧɢɟ ɢ ɫɞɜɢɝ ɱɢɫɥɚ ɜ ɫɬɨɪɨɧɭ ɦɥɚɞɲɢɯ ɢɥɢ ɫɬɚɪɲɢɯ ɪɚɡɪɹɞɨɜ (ɪɢɫ 3.1.5); 

 

 
Ɋɢɫɭɧɨɤ 3.1.5 – Ɋɟɜɟɪɫɢɜɧɵɣ ɪɟɝɢɫɬɪ ɫɞɜɢɝɚ  
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Ɇɨɞɭɥɢ Reg_left, Reg_right, RegN ɢ Reg_revers ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ ɦɨɞɭɥɶ 

REG, ɤɨɬɨɪɵɣ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɞɧɨɪɚɡɪɹɞɧɵɣ ɪɟɝɢɫɬɪ. 

 Sum8 – ɦɨɞɭɥɶ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɜɨɫɶɦɢɪɚɡɪɹɞɧɨɝɨ 

ɫɭɦɦɚɬɨɪɚ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɝɨ ɜɵɩɨɥɧɹɟɬɫɹ ɫɥɨɠɟɧɢɟ ɞɜɭɯ ɱɢɫɟɥ (ɪɢɫ 3.1.6); 

 

 
Ɋɢɫɭɧɨɤ 3.1.6 – ȼɨɫɶɦɢɪɚɡɪɹɞɧɵɣ ɫɭɦɦɚɬɨɪ  

 

 Sum4 – ɦɨɞɭɥɶ, ɪɟɚɥɢɡɭɸɳɢɣ ɜɨɫɶɦɢɪɚɡɪɹɞɧɵɣ ɫɭɦɦɚɬɨɪ, 

ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɱɢɫɟɥ ɜ ɞɨɩɨɥɧɢɬɟɥɶɧɨɦ ɤɨɞɟ (ɪɢɫ 3.1.7); 

 

 
Ɋɢɫɭɧɨɤ 3.1.7 – ȼɨɫɶɦɢɪɚɡɪɹɞɧɵɣ ɫɭɦɦɚɬɨɪ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɱɢɫɟɥ ɜ ɞɨɩɨɥɧɢɬɟɥɶɧɨɦ 

ɤɨɞɟ  

 

Ɇɨɞɭɥɢ Sum8 ɢ Sum4 ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ ɦɨɞɭɥɶ SUM, ɤɨɬɨɪɵɣ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɞɧɨɪɚɡɪɹɞɧɵɣ ɫɭɦɦɚɬɨɪ. 

 Mux2 – ɦɨɞɭɥɶ, ɪɟɚɥɢɡɭɸɳɢɣ ɦɭɥɶɬɢɩɥɟɤɫɨɪ ɧɚ ɞɜɟ ɝɪɭɩɩɵ 

ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɜɯɨɞɨɜ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɜɵɛɨɪɚ ɨɞɧɨɝɨ ɢɡ ɞɜɭɯ, 

ɩɨɫɬɭɩɚɸɳɢɯ ɧɚ ɜɯɨɞɵ, ɡɧɚɱɟɧɢɣ (ɪɢɫ 3.1.8);  
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Ɋɢɫɭɧɨɤ 3.1.8 – Ɇɭɥɶɬɢɩɥɟɤɫɨɪ ɧɚ ɞɜɟ ɝɪɭɩɩɵ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɜɯɨɞɨɜ 

 

 Mux3 – ɦɨɞɭɥɶ, ɪɟɚɥɢɡɭɸɳɢɣ ɦɭɥɶɬɢɩɥɟɤɫɨɪ ɧɚ ɬɪɢ ɝɪɭɩɩɵ 

ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɜɯɨɞɨɜ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɜɵɛɨɪɚ ɨɞɧɨɝɨ ɢɡ ɬɪɟɯ, 

ɩɨɫɬɭɩɚɸɳɢɯ ɧɚ ɜɯɨɞɵ, ɡɧɚɱɟɧɢɣ (ɪɢɫ 3.1.9); 

 

 
Ɋɢɫɭɧɨɤ 3.1.9 – Ɇɭɥɶɬɢɩɥɟɤɫɨɪ ɧɚ ɬɪɢ ɝɪɭɩɩɵ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɜɯɨɞɨɜ 

 

Ɇɨɞɭɥɢ Mux2 ɢ Mux3 ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ ɦɨɞɭɥɶ Decoder, ɤɨɬɨɪɵɣ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɞɟɲɢɮɪɚɬɨɪ ɞɥɹ ɦɭɥɶɬɢɩɥɟɤɫɨɪɚ. 

 



 
 

 
Ɋɢɫɭɧɨɤ 3.2 – Ɉɩɟɪɚɰɢɨɧɧɵɣ ɚɜɬɨɦɚɬ ɫɩɟɰɩɪɨɰɟɫɫɨɪɚ 

  



 
 

3.2 ɍɩɪɚɜɥɹɸщɢɣ ɚɜɬɨɦɚɬ 

 

Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɭɩɪɚɜɥɹɸɳɟɝɨ ɚɜɬɨɦɚɬɚ ɫɩɟɰɩɪɨɰɟɫɫɨɪɚ ɛɵɥ ɫɨɡɞɚɧ 

ɦɨɞɭɥɶ YA, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ 3.4. Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɩɪɨɝɪɚɦɦɚ ɞɥɹ 

ɦɨɞɭɥɹ YA ɩɪɢɜɟɞɟɧɚ ɧɚ CD-ɞɢɫɤɟ ɩɪɢɥɚɝɚɸɳɟɦɫɹ ɤ ȼɄɊ. 

ȼ ɫɥɭɱɚɟ ɪɟɚɥɢɡɚɰɢɢ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɝɨ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɨɰɟɫɫɨɪɚ 

ɧɚ ɉɅɂɋ ɜɦɟɫɬɨ ɉɁɍ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɈɁɍ, ɜ ɤɨɬɨɪɨɟ ɩɟɪɟɞ ɧɚɱɚɥɨɦ 

ɪɚɛɨɬɵ ɢɡ ɮɚɣɥɚ ɛɭɞɟɬ ɡɚɩɢɫɵɜɚɬɶɫɹ ɨɞɧɚ ɦɢɤɪɨɩɪɨɝɪɚɦɦɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ 

ɨɩɪɟɞɟɥɟɧɧɨɦɭ ɜɚɪɢɚɧɬɭ. 

Ɇɨɞɭɥɶ YA ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɩɹɬɶ ɦɨɞɭɥɟɣ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɧɚ ɪɢɫɭɧɤɚɯ 

3.3.1 – 3.3.5, ɤɨɬɨɪɵɟ ɩɨɥɭɱɟɧɵ ɧɚ ɨɫɧɨɜɟ ɨɩɢɫɚɧɢɹ ɚɥɝɨɪɢɬɦɚ ɪɚɛɨɬɵ ɦɨɞɭɥɟɣ:  

 RAM – ɦɨɞɭɥɶ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ Ɂɍ ɨɪɝɚɧɢɡɚɰɢɢ ʹହ ×Ͷͳ (ɪɢɫ. 3.3.1); 

 

 
Ɋɢɫɭɧɨɤ 3.3.1 – Ɂɚɩɨɦɢɧɚɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ 

 

 RegD – ɦɨɞɭɥɶ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɩɹɬɢɪɚɡɪɹɞɧɨɝɨ 

ɪɟɝɢɫɬɪɚ ɚɞɪɟɫɚ ɜ ɤɨɬɨɪɨɦ ɯɪɚɧɢɬɫɹ ɚɞɪɟɫ ɬɟɤɭɳɟɣ ɦɢɤɪɨɤɨɦɚɧɞɵ (ɪɢɫ. 3.3.2); 

 

 
Ɋɢɫɭɧɨɤ 3.3.2 – Ɋɟɝɢɫɬɪ ɚɞɪɟɫɚ 
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 RegMK – ɦɨɞɭɥɶ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɩɚɪɚɥɥɟɥɶɧɨɝɨ 41-

ɪɚɡɪɹɞɧɨɝɨ ɪɟɝɢɫɬɪɚ ɬɟɤɭɳɟɣ ɦɢɤɪɨɤɨɦɚɧɞɵ (ɪɢɫ. 3.3.3); 

 
Ɋɢɫɭɧɨɤ 3.3.3 – Ɋɟɝɢɫɬɪ ɬɟɤɭɳɟɣ ɦɢɤɪɨɤɨɦɚɧɞɵ 

 

Ɇɨɞɭɥɢ RegD ɢ RegMK ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ ɦɨɞɭɥɶ REG_D, ɤɨɬɨɪɵɣ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɞɧɨɪɚɡɪɹɞɧɵɣ ɪɟɝɢɫɬɪ. 

 MuxX – ɦɨɞɭɥɶ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɦɭɥɶɬɢɩɥɟɤɫɨɪɚ, 

ɨɬɜɟɱɚɸɳɟɝɨ ɡɚ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜɵɛɨɪɚ ɨɫɜɟɞɨɦɢɬɟɥɶɧɨɝɨ ɫɢɝɧɚɥɚ (ɪɢɫ. 3.3.4); 

 

 
Ɋɢɫɭɧɨɤ 3.3.4 – Ɇɭɥɶɬɢɩɥɟɤɫɨɪ ɜɵɛɨɪɚ ɨɫɜɟɞɨɦɢɬɟɥɶɧɨɝɨ ɫɢɝɧɚɥɚ 

 

 MuxA – ɦɨɞɭɥɶ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɦɭɥɶɬɢɩɥɟɤɫɨɪɚ, ɫ 

ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɝɨ ɩɪɨɢɫɯɨɞɢɬ ɜɵɛɨɪ ɚɞɪɟɫɚ ɫɥɟɞɭɸɳɟɣ ɦɢɤɪɨɤɨɦɚɧɞɵ (ɪɢɫ. 

3.3.5); 

 
Ɋɢɫɭɧɨɤ 3.3.5 – Ɇɭɥɶɬɢɩɥɟɤɫɨɪ ɜɵɛɨɪɚ ɚɞɪɟɫɚ ɫɥɟɞɭɸɳɟɣ ɦɢɤɪɨɤɨɦɚɧɞɵ 

Ɇɨɞɭɥɢ MuxX ɢ MuxA ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ ɦɨɞɭɥɶ Decoder, ɤɨɬɨɪɵɣ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɞɟɲɢɮɪɚɬɨɪ ɞɥɹ ɦɭɥɶɬɢɩɥɟɤɫɨɪɚ. 



 
 

 
Ɋɢɫɭɧɨɤ 3.4 – ɍɩɪɚɜɥɹɸɳɢɣ ɚɜɬɨɦɚɬ ɫɩɟɰɩɪɨɰɟɫɫɨɪɚ 

  



 
 

3.3 Ƚɥɚɜɧɵɣ ɦɨɞɭɥɶ 

 

Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɫɩɟɰɩɪɨɰɟɫɫɨɪɚ ɛɵɥ ɫɨɡɞɚɧ ɝɥɚɜɧɵɣ ɦɨɞɭɥɶ MyWork, 

ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ 3.5. Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɩɪɨɝɪɚɦɦɚ ɞɥɹ ɦɨɞɭɥɹ MyWork 

ɩɪɢɜɟɞɟɧɚ ɧɚ CD-ɞɢɫɤɟ ɩɪɢɥɚɝɚɸɳɟɦɫɹ ɤ ȼɄɊ. 

Ɇɨɞɭɥɶ MyWork ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ:  

 OA – ɦɨɞɭɥɶ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɨɩɟɪɚɰɢɨɧɧɨɝɨ 

ɚɜɬɨɦɚɬɚ; 

 YA – ɦɨɞɭɥɶ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɭɩɪɚɜɥɹɸɳɟɝɨ 

ɚɜɬɨɦɚɬɚ. 

 

 
Ɋɢɫɭɧɨɤ 3.5 – Ƚɥɚɜɧɵɣ ɦɨɞɭɥɶ ɫɩɟɰɩɪɨɰɟɫɫɨɪɚ 

 

4 ɉɪɨɜɟɪɤɚ ɪɚɛɨɬɵ ɫɩɟɰɩɪɨɰɟɫɫɨɪɚ 

 

Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɪɚɛɨɬɵ ɫɩɟɰɩɪɨɰɟɫɫɨɪɚ ɛɵɥ ɜɵɛɪɚɧ ɨɞɢɧ ɢɡ ɩɪɟɞɥɨɠɟɧɧɵɯ 

ɜɚɪɢɚɧɬɨɜ ɡɚɞɚɧɢɹ ɧɚ ɤɭɪɫɨɜɨɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɩɨ ɉɌɐȺ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɜ 

ɬɚɛɥɢɰɟ 5 [10].  

 

Ɍɚɛɥɢɰɚ 5 – Ɂɚɞɚɧɢɟ ɞɥɹ 54 ɜɚɪɢɚɧɬɚ 

Ɉɩɟɪɚɰɢɹ ɍɫɥɨɜɢɟ 
Ⱥ + 4ȼ A < 0, B < 0, |0,25 > |ܤ 
2Ⱥ – ȼ Ⱥ < 0, ȼ > 0, |А| < 0,5 
3,5 ȼ Ⱥ > 0, |0,5 > |ܤ, ȼ – ɱɟɬɧɨɟ 
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ɑɬɨɛɵ ɩɪɨɜɟɪɢɬɶ ɪɚɛɨɬɭ ɩɪɟɩɨɞɚɜɚɬɟɥɶ ɨɫɭɳɟɫɬɜɥɹɟɬ ɜɜɨɞ ɱɢɫɟɥ Ⱥ ɢ ȼ, 

ɤɨɬɨɪɵɟ ɡɚɩɢɫɵɜɚɸɬɫɹ ɜ ɪɟɝɢɫɬɪɵ.  

ɉɪɢ ɩɨɫɬɭɩɥɟɧɢɢ ɱɢɫɟɥ Ⱥ ɢ ȼ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɞɜɨɢɱɧɨɣ ɫɢɫɬɟɦɟ 

ɫɱɢɫɥɟɧɢɹ ɜ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɦ ɞɨɩɨɥɧɢɬɟɥɶɧɨɦ ɤɨɞɟ, ɜ ɛɥɨɤ ɮɨɪɦɢɪɨɜɚɧɢɹ 

ɮɥɚɠɤɨɜ, ɩɪɨɢɫɯɨɞɢɬ ɮɨɪɦɢɪɨɜɚɧɢɟ ɮɥɚɠɤɨɜ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɨɬɨɪɵɦɢ 

ɬɪɟɛɭɟɬɫɹ ɜɵɩɨɥɧɢɬɶ ɬɭ ɢɥɢ ɢɧɭɸ ɚɪɢɮɦɟɬɢɱɟɫɤɭɸ ɨɩɟɪɚɰɢɸ. Ɍɚɤɠɟ 

ɩɪɨɢɫɯɨɞɢɬ ɮɨɪɦɢɪɨɜɚɧɢɟ ɨɫɜɟɞɨɦɢɬɟɥɶɧɵɯ ɫɢɝɧɚɥɨɜ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ ɫɨɛɨɣ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɮɥɚɠɤɢ. 

ɉɟɪɟɞ ɧɚɱɚɥɨɦ ɪɚɛɨɬɵ ɜ ɈɁɍ ɢɡ ɮɚɣɥɚ ɡɚɩɢɫɵɜɚɟɬɫɹ ɦɢɤɪɨɩɪɨɝɪɚɦɦɚ, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɡɚɞɚɧɧɨɦɭ ɜɚɪɢɚɧɬɭ. ȼ ɭɩɪɚɜɥɹɸɳɟɦ ɚɜɬɨɦɚɬɟ ɩɪɨɢɫɯɨɞɢɬ 

ɮɨɪɦɢɪɨɜɚɧɢɟ ɭɩɪɚɜɥɹɸɳɢɯ ɫɢɝɧɚɥɨɜ, ɤɨɬɨɪɵɟ ɩɨɫɬɭɩɚɸɬ ɧɚ ɜɯɨɞɵ ɷɥɟɦɟɧɬɨɜ 

ɨɩɟɪɚɰɢɨɧɧɨɝɨ ɚɜɬɨɦɚɬɚ, ɝɞɟ, ɫ ɭɱɟɬɨɦ ɭɫɥɨɜɢɣ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ, 

ɜɵɩɨɥɧɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦɚɹ ɨɩɟɪɚɰɢɹ. 

Ɋɟɡɭɥɶɬɚɬ ɡɚɩɢɫɵɜɚɟɬɫɹ ɜ ɪɟɝɢɫɬɪ ɪɟɡɭɥɶɬɚɬɚ ɢ ɜɵɜɨɞɢɬɫɹ ɧɚ ɷɤɪɚɧ. 

 

4.1 Ɋɚɡɪɚɛɨɬɤɚ ɝɪɚɮ-ɫɯɟɦɵ ɦɢɤɪɨɩɪɨɝɪɚɦɦɵ 

 

Ɋɚɫɫɦɨɬɪɢɦ ɩɪɢɦɟɪ ɝɪɚɮ-ɫɯɟɦɵ, ɫɨɫɬɚɜɥɟɧɧɨɣ ɧɚ ɨɫɧɨɜɟ ɡɚɞɚɧɢɹ ɞɥɹ 54 

ɜɚɪɢɚɧɬɚ. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɨɫɜɟɞɨɦɢɬɟɥɶɧɵɯ ɢ ɭɩɪɚɜɥɹɸɳɢɯ ɫɢɝɧɚɥɨɜ ɞɥɹ ɜɚɪɢɚɧɬɚ 54. 

Ɉɫɜɟɞɨɦɢɬɟɥɶɧɵɟ ɫɢɝɧɚɥɵ: 

ɯ1 – ɫɢɝɧɚɥ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ ɮɥɚɠɨɤ s[0] (ɡɧɚɤ ɱɢɫɥɚ Ⱥ), ɤɨɬɨɪɵɣ 

ɧɚɯɨɞɢɬɫɹ ɜ ɪɚɡɪɹɞɟ Q9 ɪɟɝɢɫɬɪɚ ɮɥɚɝɨɜ RgF; 

ɯ4 – ɫɢɝɧɚɥ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ ɮɥɚɠɨɤ s[3] (|0,5 > |ܣ), ɤɨɬɨɪɵɣ 

ɧɚɯɨɞɢɬɫɹ ɜ ɪɚɡɪɹɞɟ Q6 ɪɟɝɢɫɬɪɚ ɮɥɚɝɨɜ RgF;  

ɯ6 – ɫɢɝɧɚɥ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ ɮɥɚɠɨɤ s[5] (ɡɧɚɤ ɱɢɫɥɚ ȼ), ɤɨɬɨɪɵɣ 

ɧɚɯɨɞɢɬɫɹ ɜ ɪɚɡɪɹɞɟ Q4 ɪɟɝɢɫɬɪɚ ɮɥɚɝɨɜ RgF; 

ɯ7 – ɫɢɝɧɚɥ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ ɮɥɚɠɨɤ s[6] (ɱɟɬɧɨɫɬɶ ɱɢɫɥɚ ȼ),  

ɤɨɬɨɪɵɣ ɧɚɯɨɞɢɬɫɹ ɜ ɪɚɡɪɹɞɟ Q3 ɪɟɝɢɫɬɪɚ ɮɥɚɝɨɜ RgF; 
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ɯ9 – ɫɢɝɧɚɥ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ ɮɥɚɠɨɤ s[8] (|В| < 0,5), ɤɨɬɨɪɵɣ 

ɧɚɯɨɞɢɬɫɹ ɜ ɪɚɡɪɹɞɟ Q1 ɪɟɝɢɫɬɪɚ ɮɥɚɝɨɜ RgF;  

ɯ10 – ɫɢɝɧɚɥ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ ɮɥɚɠɨɤ s[9] (|В| < 0,25), ɤɨɬɨɪɵɣ 

ɧɚɯɨɞɢɬɫɹ ɜ ɪɚɡɪɹɞɟ Q0 ɪɟɝɢɫɬɪɚ ɮɥɚɝɨɜ RgF; 

P – ɫɢɝɧɚɥ ɩɪɨɜɟɪɤɢ ɩɟɪɟɩɨɥɧɟɧɢɹ ɪɚɡɪɹɞɧɨɣ ɫɟɬɤɢ; 

ȿ – ɫɢɝɧɚɥ ɨ ɧɚɥɢɱɢɢ ɧɚ ɜɯɨɞɚɯ ɱɢɫɟɥ A ɢ ȼ. 

ɍɩɪɚɜɥɹɸɳɢɟ ɫɢɝɧɚɥɵ: 

y1 – ɡɚɩɢɫɶ ɱɢɫɥɚ ɫ ɜɯɨɞɨɜ A7-Ⱥ0 ɫɩɟɰɩɪɨɰɟɫɫɨɪɚ ɜ ɪɟɝɢɫɬɪɵ RgA1 ɢ 

RgA2; 

y2 – ɡɚɩɢɫɶ ɱɢɫɥɚ ɫ ɜɯɨɞɨɜ ȼ7-ȼ0 ɫɩɟɰɩɪɨɰɟɫɫɨɪɚ ɜ ɪɟɝɢɫɬɪɵ RgB1 ɢ 

RgB2; 

y3– ɡɚɩɢɫɶ ɮɥɚɠɤɨɜ ɜ ɪɟɝɢɫɬɪ ɮɥɚɝɨɜ RgF; 

y4 – RgA1 ← 2*RgA1 – ɫɞɜɢɝ ɫɨɞɟɪɠɢɦɨɝɨ ɪɟɝɢɫɬɪɚ RgA1 ɧɚ ɨɞɢɧ ɪɚɡɪɹɞ 

ɜ ɫɬɨɪɨɧɭ ɫɬɚɪɲɢɯ ɪɚɡɪɹɞɨɜ (ɭɦɧɨɠɟɧɢɟ ɱɢɫɥɚ, ɫɨɞɟɪɠɚɳɟɝɨɫɹ ɜ RgA1 ɧɚ 2); 

y5 – RgA2 ← RgA2/2 ɫɞɜɢɝ ɫɨɞɟɪɠɢɦɨɝɨ ɪɟɝɢɫɬɪɚ RgA2 ɧɚ ɨɞɢɧ ɪɚɡɪɹɞ ɜ 

ɫɬɨɪɨɧɭ ɦɥɚɞɲɢɯ ɪɚɡɪɹɞɨɜ (ɞɟɥɟɧɢɟ ɱɢɫɥɚ, ɫɨɞɟɪɠɚɳɟɝɨɫɹ ɜ RgA2 ɧɚ 2); 

y6 – Rgȼ1 ← 2*Rgȼ1 – ɫɞɜɢɝ ɫɨɞɟɪɠɢɦɨɝɨ ɪɟɝɢɫɬɪɚ Rgȼ1 ɧɚ ɨɞɢɧ ɪɚɡɪɹɞ 

ɜ ɫɬɨɪɨɧɭ ɫɬɚɪɲɢɯ ɪɚɡɪɹɞɨɜ (ɭɦɧɨɠɟɧɢɟ ɱɢɫɥɚ, ɫɨɞɟɪɠɚɳɟɝɨɫɹ ɜ Rgȼ1 ɧɚ 2); 

y7 – Rgȼ2 ← Rgȼ2/2 ɫɞɜɢɝ ɫɨɞɟɪɠɢɦɨɝɨ ɪɟɝɢɫɬɪɚ Rgȼ2 ɧɚ ɨɞɢɧ ɪɚɡɪɹɞ ɜ 

ɫɬɨɪɨɧɭ ɦɥɚɞɲɢɯ ɪɚɡɪɹɞɨɜ (ɞɟɥɟɧɢɟ ɱɢɫɥɚ, ɫɨɞɟɪɠɚɳɟɝɨɫɹ ɜ Rgȼ2 ɧɚ 2); 

y9 – ɢɧɜɟɪɫɢɹ ɫɨɞɟɪɠɢɦɨɝɨ ɪɟɝɢɫɬɪɚ Rgȼ1 ɫ ɩɨɦɨɳɶɸ ɦɭɥɶɬɢɩɥɟɤɫɨɪɚ 

MUX2; 

y10 – ɢɧɜɟɪɫɢɹ ɫɨɞɟɪɠɢɦɨɝɨ ɪɟɝɢɫɬɪɚ Rgȼ2 ɫ ɩɨɦɨɳɶɸ ɦɭɥɶɬɢɩɥɟɤɫɨɪɚ 

MUX3; 

y11 – ɜɵɛɨɪ ɚɞɪɟɫɚ ɜ ɦɭɥɶɬɢɩɥɟɤɫɨɪɟ MUX4 (ɜɯɨɞ Z0); 

y12 – ɜɵɛɨɪ ɚɞɪɟɫɚ ɜ ɦɭɥɶɬɢɩɥɟɤɫɨɪɟ MUX4 (ɜɯɨɞ Z1); 

y14 – ɜɵɛɨɪ ɚɞɪɟɫɚ ɜ ɦɭɥɶɬɢɩɥɟɤɫɨɪɟ MUX5 (ɜɯɨɞ Z1); 

y16 – ɩɪɢɛɚɜɥɟɧɢɟ «1» ɤ ɦɥɚɞɲɟɦɭ ɪɚɡɪɹɞɭ ɫ ɩɨɦɨɳɶɸ ɫɭɦɦɚɬɨɪɚ SM2; 

y17 – ɩɪɢɛɚɜɥɟɧɢɟ «1» ɤ ɦɥɚɞɲɟɦɭ ɪɚɡɪɹɞɭ ɫ ɩɨɦɨɳɶɸ ɫɭɦɦɚɬɨɪɚ SM3; 

y18 – ɡɚɩɢɫɶ ɪɟɡɭɥɶɬɚɬɚ ɨɩɟɪɚɰɢɢ ɜ ɪɟɝɢɫɬɪ RgS1; 
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y24 – ɡɚɩɢɫɶ ɪɟɡɭɥɶɬɚɬɚ ɨɩɟɪɚɰɢɢ ɜ ɪɟɝɢɫɬɪ RgS2; 

y25 (RD) – ɫɨɨɛɳɟɧɢɟ ɨ ɝɨɬɨɜɧɨɫɬɢ ɪɟɡɭɥɶɬɚɬɚ; 

y26 (OF) – ɫɨɨɛɳɟɧɢɟ ɨ ɩɟɪɟɩɨɥɧɟɧɢɢ ɪɚɡɪɹɞɧɨɣ ɫɟɬɤɢ; 

y27 (ER) – ɫɨɨɛɳɟɧɢɟ ɨɛ ɨɲɢɛɤɟ. 

Ƚɪɚɮ-ɫɯɟɦɚ ɦɢɤɪɨɩɪɨɝɪɚɦɦɵ (ȽɋɆ) ɫɬɪɨɢɬɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜɟɪɲɢɧ 

ɱɟɬɵɪɟɯ ɬɢɩɨɜ (ɧɚɱɚɥɶɧɚɹ, ɨɩɟɪɚɬɨɪɧɚɹ, ɭɫɥɨɜɧɚɹ, ɤɨɧɟɱɧɚɹ) ɢ ɥɢɧɢɣ ɫɜɹɡɢ. 

Ʉɚɠɞɨɦɭ ɞɟɣɫɬɜɢɸ, ɨɫɭɳɟɫɬɜɥɹɟɦɨɦɭ ɚɥɝɨɪɢɬɦɨɦ, ɩɪɢɞɚёɬɫɹ ɡɧɚɱɟɧɢɟ 

ɦɢɤɪɨɨɩɟɪɚɰɢɢ. Ʌɸɛɚɹ ɦɢɤɪɨɨɩɟɪɚɰɢɹ ɢɡɦɟɧɹɟɬ ɫɨɫɬɨɹɧɢɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ 

ɭɡɥɨɜ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɝɨ ɭɫɬɪɨɣɫɬɜɚ. 

ɇɚ ɪɢɫɭɧɤɟ 4.1 ɩɪɟɞɫɬɚɜɥɟɧɚ ɝɪɚɮ-ɫɯɟɦɚ ɦɢɤɪɨɩɪɨɝɪɚɦɦɵ, ɫɨɫɬɚɜɥɟɧɧɚɹ 

ɞɥɹ ɩɪɢɦɟɪɚ ɧɚ ɨɫɧɨɜɟ ɡɚɞɚɧɢɹ 54 ɜɚɪɢɚɧɬɚ [9]. 
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ɋɥɨɜɟɫɧɨɟ ɨɩɢɫɚɧɢɟ ɝɪɚɮ-ɫɯɟɦɵ: 

ȼɟɪɲɢɧɚ 0: ɇɚɱɚɥɨ ɦɢɤɪɨɩɪɨɝɪɚɦɦɵ. 

ȼɟɪɲɢɧɚ 1: ɩɪɨɜɟɪɤɚ ɨɫɜɟɞɨɦɢɬɟɥɶɧɨɝɨ ɫɢɝɧɚɥɚ ȿ (ɧɚɥɢɱɢɟ ɱɢɫɟɥ Ⱥ ɢ B 

ɧɚ ɜɯɨɞɚɯ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɨɰɟɫɫɨɪɚ). ɉɪɢ ȿ = 1 – ɩɟɪɟɯɨɞ ɧɚ ɜɟɪɲɢɧɭ 

2, ɢɧɚɱɟ – ɩɟɪɟɯɨɞ ɤ ɜɟɪɲɢɧɟ 1; 

ȼɟɪɲɢɧɚ 2: ɩɨɞɚɱɚ ɧɚ ɜɯɨɞɵ LD ɪɟɝɢɫɬɪɨɜ RgA1 ɢ RgA2 ɫɢɝɧɚɥɚ y1, ɧɚ 

ɜɯɨɞɵ LD ɪɟɝɢɫɬɪɨɜ RgB1 ɢ RgB2 ɫɢɝɧɚɥɚ y2 (ɡɚɩɢɫɶ ɱɢɫɟɥ Ⱥ ɢ B ɜ ɪɟɝɢɫɬɪɵ 

RgA1, RgA2, RgB1 ɢ RgB2). ɉɟɪɟɯɨɞ ɤ ɜɟɪɲɢɧɟ 3; 

ȼɟɪɲɢɧɚ 3: ɩɨɞɚɱɚ ɧɚ ɜɯɨɞ LD ɪɟɝɢɫɬɪɚ RgF ɫɢɝɧɚɥɚ y3 (ɡɚɩɢɫɶ ɮɥɚɠɤɨɜ 

ɜ ɪɟɝɢɫɬɪ RgF). ɉɟɪɟɯɨɞ ɤ ɜɟɪɲɢɧɟ 4; 

ȼɟɪɲɢɧɚ 4: ɩɪɨɜɟɪɤɚ ɨɫɜɟɞɨɦɢɬɟɥɶɧɨɝɨ ɫɢɝɧɚɥɚ x1, ɩɪɢ x1 = 1 (A < 0) –

ɩɟɪɟɯɨɞ ɤ ɜɟɪɲɢɧɟ 10, ɢɧɚɱɟ ɩɟɪɟɯɨɞ ɤ ɜɟɪɲɢɧɟ 5; 

ȼɟɪɲɢɧɚ 5: ɩɪɨɜɟɪɤɚ ɨɫɜɟɞɨɦɢɬɟɥɶɧɨɝɨ ɫɢɝɧɚɥɚ x9, ɩɪɢ x9 = 1 (|B| < 0,5) –

ɩɟɪɟɯɨɞ ɤ ɜɟɪɲɢɧɟ 6, ɢɧɚɱɟ ɩɟɪɟɯɨɞ ɤ ɜɟɪɲɢɧɟ 21; 

ȼɟɪɲɢɧɚ 6: ɩɪɨɜɟɪɤɚ ɨɫɜɟɞɨɦɢɬɟɥɶɧɨɝɨ ɫɢɝɧɚɥɚ x7, ɩɪɢ x7 = 1 (B –

ɱɟɬɧɨɟ) – ɩɟɪɟɯɨɞ ɤ ɜɟɪɲɢɧɟ 7, ɢɧɚɱɟ ɩɟɪɟɯɨɞ ɤ ɜɟɪɲɢɧɟ 21; 

ȼɟɪɲɢɧɚ 7: ɜɵɩɨɥɧɹɟɬɫɹ ɫɞɜɢɝ ɱɢɫɥɚ B ɜ ɫɬɨɪɨɧɭ ɫɬɚɪɲɢɯ ɪɚɡɪɹɞɨɜ ɩɨ 

ɫɢɝɧɚɥɭ y6, ɩɟɪɟɯɨɞ ɤ ɜɟɪɲɢɧɟ 8; 

ȼɟɪɲɢɧɚ 8: ɜɵɩɨɥɧɹɟɬɫɹ ɫɞɜɢɝ ɱɢɫɥɚ B ɜ ɫɬɨɪɨɧɭ ɫɬɚɪɲɢɯ ɪɚɡɪɹɞɨɜ ɩɨ 

ɫɢɝɧɚɥɭ y6 ɢ ɫɞɜɢɝ ɱɢɫɥɚ B ɜ ɫɬɨɪɨɧɭ ɦɥɚɞɲɢɯ ɪɚɡɪɹɞɨɜ ɩɨ ɫɢɝɧɚɥɭ y7, ɩɟɪɟɯɨɞ 

ɤ ɜɟɪɲɢɧɟ 9; 

ȼɟɪɲɢɧɚ 9: ɜɵɩɨɥɧɹɟɬɫɹ ɢɧɜɟɪɫɢɹ ɫɨɞɟɪɠɢɦɨɝɨ ɪɟɝɢɫɬɪɚ RgB2 ɩɨ 

ɫɢɝɧɚɥɭ y10, ɫɥɨɠɟɧɢɟ ɫ ɩɨɦɨɳɶɸ ɫɭɦɦɚɬɨɪɚ SM2 ɫɨɞɟɪɠɢɦɨɝɨ ɪɟɝɢɫɬɪɚ RgB1 

ɢ ɫɨɞɟɪɠɢɦɨɝɨ ɦɭɥɶɬɢɩɥɟɤɫɨɪɚ MUX3 ɩɨ ɫɢɝɧɚɥɭ y16, ɜ ɦɭɥɶɬɢɩɥɟɤɫɨɪɟ 

MUX4 ɜɵɛɨɪ ɧɭɥɹ ɩɨ ɫɢɝɧɚɥɭ ɭ11, ɜɵɛɨɪ ɫɨɞɟɪɠɢɦɨɝɨ ɫɭɦɦɚɬɨɪɚ SM2 ɜ 

ɦɭɥɶɬɢɩɥɟɤɫɨɪɟ MUX5 ɩɨ ɫɢɝɧɚɥɭ y14, ɡɚɩɢɫɶ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɪɟɡɭɥɶɬɚɬɚ ɜ 

RgS1 ɩɨ ɫɢɝɧɚɥɭ ɭ18, ɩɟɪɟɯɨɞ ɤ ɜɟɪɲɢɧɟ 17; 

ȼɟɪɲɢɧɚ 10: ɩɪɨɜɟɪɤɚ ɨɫɜɟɞɨɦɢɬɟɥɶɧɨɝɨ ɫɢɝɧɚɥɚ x6, ɩɪɢ x6 = 1 (B < 0) – 

ɩɟɪɟɯɨɞ ɤ ɜɟɪɲɢɧɟ 13, ɢɧɚɱɟ ɩɟɪɟɯɨɞ ɤ ɜɟɪɲɢɧɟ 11; 
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ȼɟɪɲɢɧɚ 11: ɩɪɨɜɟɪɤɚ ɨɫɜɟɞɨɦɢɬɟɥɶɧɨɝɨ ɫɢɝɧɚɥɚ x4, ɩɪɢ x4 = 1 (|A| < 0,5) 

– ɩɟɪɟɯɨɞ ɤ ɜɟɪɲɢɧɟ 12, ɢɧɚɱɟ ɩɟɪɟɯɨɞ ɤ ɜɟɪɲɢɧɟ 21; 

ȼɟɪɲɢɧɚ 12: ɜɵɩɨɥɧɹɟɬɫɹ ɢɧɜɟɪɫɢɹ ɫɨɞɟɪɠɢɦɨɝɨ ɪɟɝɢɫɬɪɚ Rgȼ1 ɩɨ 

ɫɢɝɧɚɥɭ y9 ɢ ɫɥɨɠɟɧɢɟ ɫ ɩɨɦɨɳɶɸ ɫɭɦɦɚɬɨɪɚ SM3 ɩɨ ɫɢɝɧɚɥɭ y17, ɡɚɩɢɫɶ 

ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɪɟɡɭɥɶɬɚɬɚ ɜ RgS1 ɩɨ ɫɢɝɧɚɥɭ ɭ18, ɩɟɪɟɯɨɞ ɤ ɜɟɪɲɢɧɟ 17; 

ȼɟɪɲɢɧɚ 13: ɩɪɨɜɟɪɤɚ ɨɫɜɟɞɨɦɢɬɟɥɶɧɨɝɨ ɫɢɝɧɚɥɚ x10, ɩɪɢ x10 = 1 (|B| < 

0,25)  – ɩɟɪɟɯɨɞ ɤ ɜɟɪɲɢɧɟ 14, ɢɧɚɱɟ ɩɟɪɟɯɨɞ ɤ ɜɟɪɲɢɧɟ 21; 

ȼɟɪɲɢɧɚ 14: ɜɵɩɨɥɧɹɟɬɫɹ ɫɞɜɢɝ ɱɢɫɥɚ B ɜ ɫɬɨɪɨɧɭ ɫɬɚɪɲɢɯ ɪɚɡɪɹɞɨɜ ɩɨ 

ɫɢɝɧɚɥɭ y6, ɩɟɪɟɯɨɞ ɤ ɜɟɪɲɢɧɟ 15; 

ȼɟɪɲɢɧɚ 15: ɜɵɩɨɥɧɹɟɬɫɹ ɫɞɜɢɝ ɱɢɫɥɚ B ɜ ɫɬɨɪɨɧɭ ɫɬɚɪɲɢɯ ɪɚɡɪɹɞɨɜ ɩɨ 

ɫɢɝɧɚɥɭ y6, ɩɟɪɟɯɨɞ ɤ ɜɟɪɲɢɧɟ 16; 

ȼɟɪɲɢɧɚ 16: ɜ ɦɭɥɶɬɢɩɥɟɤɫɨɪɟ MUX4 ɜɵɛɨɪ ɫɨɞɟɪɠɢɦɨɝɨ 

ɦɭɥɶɬɢɩɥɟɤɫɨɪɚ MUX2 ɩɨ ɫɢɝɧɚɥɭ y12, ɡɚɩɢɫɶ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɪɟɡɭɥɶɬɚɬɚ ɜ 

RgS1 ɩɨ ɫɢɝɧɚɥɭ ɭ18, ɩɟɪɟɯɨɞ ɤ ɜɟɪɲɢɧɟ 17; 

ȼɟɪɲɢɧɚ 17: ɩɪɨɢɡɜɨɞɢɬɫɹ ɡɚɩɢɫɶ ɪɟɡɭɥɶɬɚɬɚ ɜ ɪɟɝɢɫɬɪ RgS2 ɩɨ ɫɢɝɧɚɥɭ 

y24, ɩɟɪɟɯɨɞ ɤ ɜɟɪɲɢɧɟ 18; 

ȼɟɪɲɢɧɚ 18: ɩɪɨɜɟɪɤɚ ɨɫɜɟɞɨɦɢɬɟɥɶɧɨɝɨ ɫɢɝɧɚɥɚ P, ɩɪɢ P = 1 – ɩɟɪɟɯɨɞ ɤ 

ɜɟɪɲɢɧɟ 20, ɢɧɚɱɟ ɩɟɪɟɯɨɞ ɤ ɜɟɪɲɢɧɟ 19; 

ȼɟɪɲɢɧɚ 19: ɜɵɞɚɟɬɫɹ ɫɨɨɛɳɟɧɢɟ ɨ ɝɨɬɨɜɧɨɫɬɢ ɪɟɡɭɥɶɬɚɬɚ ɩɨ ɫɢɝɧɚɥɭ 

y25, ɩɟɪɟɯɨɞ ɤ ɜɟɪɲɢɧɟ 22; 

ȼɟɪɲɢɧɚ 20: ɜɵɞɚɟɬɫɹ ɫɨɨɛɳɟɧɢɟ ɨ ɩɟɪɟɩɨɥɧɟɧɢɢ ɪɚɡɪɹɞɧɨɣ ɫɟɬɤɢ ɩɨ 

ɫɢɝɧɚɥɭ y26, ɩɟɪɟɯɨɞ ɤ ɜɟɪɲɢɧɟ 22; 

ȼɟɪɲɢɧɚ 21: ɜɵɞɚɟɬɫɹ ɫɨɨɛɳɟɧɢɟ ɨɛ ɨɲɢɛɤɟ ɩɨ ɫɢɝɧɚɥɭ y27, ɩɟɪɟɯɨɞ ɤ 

ɜɟɪɲɢɧɟ 22; 

ȼɟɪɲɢɧɚ 22: ɤɨɧɟɰ ɩɪɨɝɪɚɦɦɵ. 

 

4.2 Ɋɚɡɪɚɛɨɬɤɚ ɦɢɤɪɨɩɪɨɝɪɚɦɦɵ 

 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɝɪɚɮ-ɫɯɟɦɨɣ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 4.1, ɛɵɥɚ 

ɪɚɡɪɚɛɨɬɚɧɚ ɦɢɤɪɨɩɪɨɝɪɚɦɦɚ ɜɵɩɨɥɧɟɧɢɹ ɚɪɢɮɦɟɬɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ  (ɬɚɛɥ. 6).



 
 

 

 

Ɍɚɛɥɢɰɚ 6 – Ɇɢɤɪɨɩɪɨɝɪɚɦɦɚ ɞɥɹ 54 ɜɚɪɢɚɧɬɚ 

Ⱥɞɪɟɫ ɉɁɍ ɋɏ Ⱥ1 Ⱥ0 Y 

0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 1 * * * * 0 0 0 1 0 0 0 0 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 1 0 * * * * 0 0 0 1 1 0 0 0 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 1 1 0 0 0 1 0 1 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 1 0 0 1 0 0 1 0 0 1 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 1 0 1 0 1 1 1 0 0 1 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 1 1 0 * * * * 0 0 1 1 1 0 0 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 1 1 1 * * * * 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 * * * * 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0 1 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 1 1 0 0 1 1 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 1 0 0 0 1 0 1 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 1 * * * * 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 1 0 1 0 0 1 1 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 1 * * * * 0 1 1 1 0 0 1 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 1 0 * * * * 0 1 1 1 1 0 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 * * * * 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 * * * * 1 0 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
1 0 0 0 1 1 0 1 1 1 0 0 1 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 1 0 * * * * 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
1 0 0 1 1 * * * * 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
1 0 1 0 0 * * * * 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

 

Ƚɞɟ * - ɷɬɨ 1 ɢɥɢ 0. 

 



 
 

Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɦɢɤɪɨɩɪɨɝɪɚɦɦɚ ɡɚɧɨɫɢɬɫɹ ɜ Ɂɍ. ȼ ɤɚɠɞɨɣ ɹɱɟɣɤɟ Ɂɍ 

ɡɚɩɢɫɚɧɚ ɨɬɞɟɥɶɧɚɹ ɦɢɤɪɨɤɨɦɚɧɞɚ. ȼɵɩɨɥɧɟɧɢɟ ɦɢɤɪɨɩɪɨɝɪɚɦɦɵ ɧɚɱɢɧɚɟɬɫɹ ɫ 

ɦɢɤɪɨɤɨɦɚɧɞɵ, ɪɚɡɦɟɳɟɧɧɨɣ ɜ ɧɭɥɟɜɨɣ ɹɱɟɣɤɟ.  

 

4.3 Ɋɟɡɭɥɶɬɚɬɵ ɜɵɩɨɥɧɟɧɢɹ  
 

ɇɚ ɜɯɨɞɵ ɭɩɪɚɜɥɹɸɳɟɝɨ ɚɜɬɨɦɚɬɚ ɩɨɫɬɭɩɚɸɬ ɨɫɜɟɞɨɦɢɬɟɥɶɧɵɟ ɫɢɝɧɚɥɵ, 

ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɫɨɛɨɣ ɮɥɚɠɤɢ, ɫɮɨɪɦɢɪɨɜɚɧɧɵɟ ɜ ɨɩɟɪɚɰɢɨɧɧɨɦ ɚɜɬɨɦɚɬɟ. ɇɚ 

ɜɵɯɨɞɟ – ɭɩɪɚɜɥɹɸɳɢɟ ɫɢɝɧɚɥɵ, ɫɮɨɪɦɢɪɨɜɚɧɧɵɟ ɜ ɫɥɟɞɫɬɜɢɟ ɜɵɩɨɥɧɟɧɢɹ 

ɦɢɤɪɨɩɪɨɝɪɚɦɦɵ. Ɋɟɡɭɥɶɬɚɬ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɨɬɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɚɯ 4.1.1 ɢ 

4.1.2. 

 

 
Ɋɢɫɭɧɨɤ 4.1.1 – Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɭɩɪɚɜɥɹɸɳɟɝɨ ɚɜɬɨɦɚɬɚ 

 

 

Ɋɢɫɭɧɨɤ 4.1.2 – Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɭɩɪɚɜɥɹɸɳɟɝɨ ɚɜɬɨɦɚɬɚ 

 

ɇɚ ɜɯɨɞɵ ɨɩɟɪɚɰɢɨɧɧɨɝɨ ɚɜɬɨɦɚɬɚ ɩɨɫɬɭɩɚɸɬ ɱɢɫɥɚ Ⱥ ɢ ȼ ɢ 

ɭɩɪɚɜɥɹɸɳɢɟ ɫɢɝɧɚɥɵ, ɫɮɨɪɦɢɪɨɜɚɧɧɵɟ ɜ ɭɩɪɚɜɥɹɸɳɟɦ ɚɜɬɨɦɚɬɟ. ɇɚ ɜɵɯɨɞɟ 
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ɮɨɪɦɢɪɭɸɬɫɹ ɮɥɚɠɤɢ ɢ ɡɚɩɢɫɵɜɚɸɬɫɹ ɜ ɪɟɝɢɫɬɪ ɮɥɚɝɨɜ RgF, ɚ ɬɚɤɠɟ 

ɮɨɪɦɢɪɭɟɬɫɹ ɪɟɡɭɥɶɬɚɬ ɜɵɩɨɥɧɟɧɢɹ ɦɢɤɪɨɩɪɨɝɪɚɦɦɵ. Ɋɟɡɭɥɶɬɚɬ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɨɬɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 4.2. 

ɂɫɯɨɞɧɚɹ ɩɚɪɚ ɱɢɫɟɥ А ɢ В ɞɥɹ ɩɪɨɜɟɪɤɢ ɪɚɛɨɬɵ ɫɩɟɰɩɪɨɰɟɫɫɨɪɚ:  

А = 25, В = -26 

ȼ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɦ ɞɨɩɨɥɧɢɬɟɥɶɧɨɦ ɤɨɞɟ: 

А = 00.011001, В = 11.100110 

 

 
Ɋɢɫɭɧɨɤ 4.2 – Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɨɩɟɪɚɰɢɨɧɧɨɝɨ ɚɜɬɨɦɚɬɚ 

 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞɵ: 

Ⱦɥɹ ɱɢɫɥɚ Ⱥ: 

Q[0] = 0, A > 0; 

Q[3] = 1, |0,5 > |ܣ; 

Ⱦɥɹ ɱɢɫɥɚ ȼ: 

Q[5] = 1, B < 0; 

 Q[6] = 1, B – ɱɟɬɧɨɟ; 

 Q[8] = 1, |0,5 > |ܤ. 

ɍɱɢɬɵɜɚɹ ɭɫɥɨɜɢɹ ɡɚɞɚɱɢ, ɩɪɨɝɪɚɦɦɚ ɞɨɥɠɧɚ ɛɵɥɚ ɜɵɩɨɥɧɢɬɶ ɨɩɟɪɚɰɢɸ 

3,5B. ȿɫɥɢ A = 25, B = –26, ɬɨ  

3,5B = 3,5 ∙ (–26) = –91 

ȼ ɞɨɩɨɥɧɢɬɟɥɶɧɨɦ ɞɜɨɢɱɧɨɦ ɤɨɞɟ: – ͻͳдˑ˒. = ͳͲ.ͳͲͲͳͲͳ 

Ɋɟɡɭɥɶɬɚɬ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɨɬɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 4.3.  
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Ɋɢɫɭɧɨɤ 4.3 – Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɝɥɚɜɧɨɝɨ ɦɨɞɭɥɹ 

 

Ɍɚɤ ɤɚɤ ɪɚɡɪɹɞɧɨɫɬɶ ɚɜɬɨɦɚɬɚ – 8 ɪɚɡɪɹɞɨɜ, ɬɨ ɩɪɨɢɡɨɲɥɨ ɩɟɪɟɩɨɥɧɟɧɢɟ 

ɪɚɡɪɹɞɧɨɣ ɫɟɬɤɢ, ɨ ɱɟɦ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɜɵɯɨɞɧɨɣ ɫɢɝɧɚɥ OF.  

 

4.4 Ɍɟɫɬɢɪɨɜɚɧɢɟ 

 

Ɍɚɤɠɟ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɬɟɫɬɢɪɨɜɚɧɢɟ ɧɚ ɞɪɭɝɢɯ ɱɢɫɥɚɯ. 

Ⱦɥɹ ɜɵɩɨɥɧɟɧɢɹ ɨɩɟɪɚɰɢɢ Ⱥ + 4ȼ ɧɟɨɛɯɨɞɢɦɨ ɫɨɛɥɸɞɟɧɢɟ ɭɫɥɨɜɢɣ:  

A < 0, B < 0, |𝑩| < 0,25 

ɉɚɪɚ ɱɢɫɟɥ А ɢ В ɞɥɹ ɩɪɨɜɟɪɤɢ ɪɚɛɨɬɵ: 

А = -5, В = -11 

ȼ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɦ ɞɨɩɨɥɧɢɬɟɥɶɧɨɦ ɤɨɞɟ: 

А = 11.111011, В = 11.110101 

ɉɪɨɝɪɚɦɦɚ ɞɨɥɠɧɚ ɛɵɥɚ ɜɵɩɨɥɧɢɬɶ ɨɩɟɪɚɰɢɸ Ⱥ + 4ȼ.  

Ⱥ + 4B = -5 + (-11*4) = – 49 

ȼ ɞɨɩɨɥɧɢɬɟɥɶɧɨɦ ɞɜɨɢɱɧɨɦ ɤɨɞɟ: – Ͷͻдˑ˒. = ͳͳ.ͲͲͳͳͳͳ 

Ɋɟɡɭɥɶɬɚɬ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɨɬɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 4.4. ɋɢɝɧɚɥ RD 

ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɝɨɬɨɜɧɨɫɬɢ ɪɟɡɭɥɶɬɚɬɚ. 
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Ɋɢɫɭɧɨɤ 4.4 – Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɥɹ ɨɩɟɪɚɰɢɢ Ⱥ + 4ȼ 

 

Ⱦɥɹ ɜɵɩɨɥɧɟɧɢɹ ɨɩɟɪɚɰɢɢ 2Ⱥ - ȼ ɧɟɨɛɯɨɞɢɦɨ ɫɨɛɥɸɞɟɧɢɟ ɭɫɥɨɜɢɣ:  

Ⱥ < 0, ȼ > 0, |А| < 0,5 

ɉɚɪɚ ɱɢɫɟɥ А ɢ В ɞɥɹ ɩɪɨɜɟɪɤɢ ɪɚɛɨɬɵ: 

А = -20, В = 5 

ȼ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɦ ɞɨɩɨɥɧɢɬɟɥɶɧɨɦ ɤɨɞɟ: 

А = 11.101100, В = 00.000101 

ɉɪɨɝɪɚɦɦɚ ɞɨɥɠɧɚ ɛɵɥɚ ɜɵɩɨɥɧɢɬɶ ɨɩɟɪɚɰɢɸ 2Ⱥ - ȼ.  

2Ⱥ - B = -20*2 - 5 = – 45 

ȼ ɞɨɩɨɥɧɢɬɟɥɶɧɨɦ ɞɜɨɢɱɧɨɦ ɤɨɞɟ: – Ͷͷдˑ˒. = ͳͳ.ͲͳͲͲͳͳ 

Ɋɟɡɭɥɶɬɚɬ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɨɬɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 4.5. ɋɢɝɧɚɥ RD 

ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɝɨɬɨɜɧɨɫɬɢ ɪɟɡɭɥɶɬɚɬɚ. 

 

 

Ɋɢɫɭɧɨɤ 4.5 – Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɥɹ ɨɩɟɪɚɰɢɢ 2Ⱥ – ȼ 

 

Ⱦɥɹ ɩɨɹɜɥɟɧɢɹ ɨɲɢɛɤɢ ɧɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ ɧɢ ɨɞɧɨ ɢɡ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ 

ɭɫɥɨɜɢɣ ɧɟ ɜɵɩɨɥɧɢɥɨɫɶ. 

ɉɚɪɚ ɱɢɫɟɥ А ɢ В ɞɥɹ ɩɪɨɜɟɪɤɢ ɪɚɛɨɬɵ: 

А = 10, В = 35 
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ȼ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɦ ɞɨɩɨɥɧɢɬɟɥɶɧɨɦ ɤɨɞɟ: 

А = 00.001010, В = 00.100011 

Ɋɟɡɭɥɶɬɚɬ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɨɬɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 4.6. 

 

 
Ɋɢɫɭɧɨɤ 4.6 – Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɥɹ ɝɟɧɟɪɚɰɢɢ ɨɲɢɛɤɢ 

 

Ɍɚɤ ɤɚɤ ɧɢ ɨɞɧɨ ɢɡ ɭɫɥɨɜɢɣ ɧɟ ɜɵɩɨɥɧɢɥɨɫɶ, ɩɪɨɢɡɨɲɥɚ ɨɲɢɛɤɚ 

ɜɵɩɨɥɧɟɧɢɹ, ɨ ɱɟɦ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɫɢɝɧɚɥ ER. 

 

4.5 ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ 

 

1. Ɋɟɚɥɢɡɨɜɚɧ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɣ ɩɪɨɰɟɫɫɨɪ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ 

ɜɵɩɨɥɧɟɧɢɹ ɚɪɢɮɦɟɬɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ 

2. ɉɪɨɜɟɞɟɧɨ ɬɟɫɬɢɪɨɜɚɧɢɟ ɜɵɩɨɥɧɟɧɢɹ ɦɢɤɪɨɩɪɨɝɪɚɦɦɵ, ɪɚɡɪɚɛɨɬɚɧɧɨɣ 

ɞɥɹ ɩɪɨɜɟɪɤɢ ɪɚɛɨɬɵ ɫɩɟɰɩɪɨɰɟɫɫɨɪɚ. 
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ɁȺɄɅɘɑȿɇɂȿ 

 
Ɋɟɡɭɥɶɬɚɬɨɦ ɜɵɩɨɥɧɟɧɢɹ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɚɧɧɵɣ 

ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɣ ɩɪɨɰɟɫɫɨɪ, ɫɨɫɬɨɹɳɢɣ ɢɡ ɞɜɭɯ ɚɜɬɨɦɚɬɨɜ – 

ɨɩɟɪɚɰɢɨɧɧɨɝɨ ɢ ɭɩɪɚɜɥɹɸɳɟɝɨ, ɢ ɜɵɩɨɥɧɹɸɳɟɝɨ ɡɚɞɚɧɧɭɸ 

ɚɪɢɮɦɟɬɢɱɟɫɤɭɸ ɨɩɟɪɚɰɢɸ (ɨɩɟɪɚɰɢɸ ɚɪɢɮɦɟɬɢɱɟɫɤɨɝɨ ɫɥɨɠɟɧɢɹ ɜ 

ɞɨɩɨɥɧɢɬɟɥɶɧɨɦ ɤɨɞɟ ɞɜɨɢɱɧɵɯ ɱɢɫɟɥ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɦ 

ɤɨɞɟ ɫ ɩɥɚɜɚɸɳɟɣ ɬɨɱɤɨɣ). 

ȼ ɩɪɨɰɟɫɫɟ ɜɵɩɨɥɧɟɧɢɹ ɛɵɥɢ ɪɟɲɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

1. Ɋɚɫɫɦɨɬɪɟɧɵ ɩɪɢɧɰɢɩɵ ɩɨɫɬɪɨɟɧɢɹ ɩɪɨɰɟɫɫɨɪɨɜ ɗȼɆ ɤɚɤ 

ɫɨɱɟɬɚɧɢɹ ɨɩɟɪɚɰɢɨɧɧɨɝɨ ɢ ɭɩɪɚɜɥɹɸɳɟɝɨ ɚɜɬɨɦɚɬɨɜ.  

2. ȼɵɩɨɥɧɟɧ ɨɛɡɨɪ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ ɢ ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɜɚɪɢɚɧɬɨɜ 

ɡɚɞɚɧɢɹ ɧɚ ɤɭɪɫɨɜɨɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ, ɜ ɯɨɞɟ ɤɨɬɨɪɨɝɨ ɫɨɫɬɚɜɥɟɧ ɫɩɢɫɨɤ 

ɧɟɨɛɯɨɞɢɦɵɯ ɮɥɚɠɤɨɜ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɨɬɨɪɵɦɢ ɬɪɟɛɭɟɬɫɹ ɜɵɩɨɥɧɢɬɶ ɬɭ ɢɥɢ 

ɢɧɭɸ ɚɪɢɮɦɟɬɢɱɟɫɤɭɸ ɨɩɟɪɚɰɢɸ, ɚ ɬɚɤɠɟ ɫɨɫɬɚɜɥɟɧɚ ɫɢɫɬɟɦɚ ɤɨɦɚɧɞ 

ɫɩɟɰɩɪɨɰɟɫɫɨɪɚ. 

3. Ɋɚɡɪɚɛɨɬɚɧɚ ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɫɩɟɰɩɪɨɰɟɫɫɨɪɚ. 

4. ȼɵɩɨɥɧɟɧɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɨɰɟɫɫɨɪɚ ɧɚ 

ɉɅɂɋ. 

5. Ɋɟɚɥɢɡɨɜɚɧ ɫɩɟɰɩɪɨɰɟɫɫɨɪ. 

6. ȼɵɩɨɥɧɟɧɨ ɬɟɫɬɢɪɨɜɚɧɢɟ ɪɚɡɪɚɛɨɬɤɢ. 
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Ʉɭɡɶɦɟɧɤɨ. – Ʉɪɚɫɧɨɹɪɫɤ: ɋɢɛ. ɮɟɞɟɪ. ɭɧ-ɬ, 2012. – 416 ɫ. 

3. ȼɢɞɵ ɩɨɩɭɥɹɪɧɵɯ ɚɪɯɢɬɟɤɬɭɪ ɩɪɨɰɟɫɫɨɪɨɜ [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]: – 

Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: https://tproger.ru/articles/processors-architectures-review/ 

4. Ɉɩɟɪɚɰɢɨɧɧɵɣ ɚɜɬɨɦɚɬ [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]:– Ɋɟɠɢɦ 

ɞɨɫɬɭɩɚ:http://dic.academic.ru/dic.nsf/ruwiki/1426933 

5. Ɍɢɩɨɜɵɟ ɦɢɤɪɨɨɩɟɪɚɰɢɢ [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]: – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 

https://studfile.net/preview/1695238/ 

6. ɍɩɪɚɜɥɹɸɳɢɣ ɚɜɬɨɦɚɬ [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]: – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 

http://dic.academic.ru/dic.nsf/ruwiki/1425805 

7. Ɇɚɤɫɮɢɥɞ Ʉ, ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɧɚ ɉɅɂɋ. Ʉɭɪɫ ɦɨɥɨɞɨɝɨ ɛɨɣɰɚ. — 

Ɇ.: ɂɡɞɚɬɟɥɶɫɤɢɣ ɞɨɦ «ȾɨɞɷɤɚXXI». — 408 ɫ.: 

8. Ɉɛɡɨɪ ɨɫɧɨɜɧɵɯ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ ɉɅɂɋ [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]: – 

Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: http://www.zolshar.ru/tech/93 
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