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ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «ɉɪɨɝɪɚɦɦɧɚɹ ɫɢɫɬɟɦɚ 

ɨɩɬɢɦɢɡɚɰɢɢ ɤɨɦɩɥɟɤɬɚɰɢɢ ɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɧɚ ɨɫɧɨɜɟ ɝɟɧɟɬɢɱɟɫɤɨɝɨ 

ɚɥɝɨɪɢɬɦɚ» ɫɨɞɟɪɠɢɬ 48 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 14 ɢɫɩɨɥɶɡɭɟɦɵɯ 

ɢɫɬɨɱɧɢɤɨɜ, 20 ɢɥɥɸɫɬɪɚɰɢɣ, 3 ɬɚɛɥɢɰɵ, 1 ɩɪɢɥɨɠɟɧɢɟ. 

ȽȿɇȿɌɂɑȿɋɄɂɃ ȺɅȽɈɊɂɌɆ, ɈɉɌɂɆɂɁȺɐɂə ɄɈɆɉɅȿɄɌȺɐɂɂ, 

ɂɋɄɍɋɋɌȼȿɇɕɃ ɂɇɌȿɅɅȿɄɌ, ɆȺɒɂɇɇɈȿ ɈȻɍɑȿɇɂȿ, ɗȼɈɅɘɐɂə, 

ɄɊɈɋɋɂɇȽɈȼȿɊ, ɆɍɌȺɐɂə, ȼɂɁɍȺɅɂɁȺɐɂə. 

ɐɟɥɶ ɪɚɛɨɬɵ: ɪɚɡɪɚɛɨɬɚɬɶ ɩɪɢɥɨɠɟɧɢɟ ɞɥɹ ɨɩɬɢɦɢɡɚɰɢɢ ɤɨɦɩɥɟɤɬɚɰɢɢ 

ɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɧɚ ɨɫɧɨɜɟ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ.  

Ɂɚɞɚɱɢ: 

1. Ⱥɧɚɥɢɬɢɱɟɫɤɢɣ ɨɛɡɨɪ ɢ ɫɪɚɜɧɟɧɢɟ ɚɧɚɥɨɝɨɜ. 

2. ȼɵɛɨɪ ɫɪɟɞɫɬɜ ɪɚɡɪɚɛɨɬɤɢ. 

3. ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɛɚɡɵ ɞɚɧɧɵɯ. 

4. Ɋɚɡɪɚɛɨɬɤɚ ɫɬɪɭɤɬɭɪɵ ɩɪɢɥɨɠɟɧɢɹ. 

5. Ɋɟɚɥɢɡɚɰɢɹ ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɪɨɞɭɤɬɚ. 

Ƚɟɧɟɬɢɱɟɫɤɢɣ ɚɥɝɨɪɢɬɦ ɚɤɬɭɚɥɟɧ ɜ ɬɟɯ ɫɮɟɪɚɯ, ɝɞɟ ɧɟɨɛɯɨɞɢɦɨ ɧɚɣɬɢ 

ɨɩɬɢɦɚɥɶɧɨɟ ɪɟɲɟɧɢɟ ɫ ɧɟɛɨɥɶɲɢɦɢ ɡɚɬɪɚɬɚɦɢ ɜɪɟɦɟɧɢ ɢ ɪɟɫɭɪɫɨɜ. Ⱦɥɹ ɬɨɝɨ 

ɱɬɨɛɵ ɥɭɱɲɟ ɭɡɧɚɬɶ ɯɨɞ ɪɚɛɨɬɵ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ ɧɟɨɛɯɨɞɢɦɨ 

ɩɪɢɥɨɠɟɧɢɟ, ɤɨɬɨɪɨɟ ɦɨɝɥɨ ɛɵ ɧɚɝɥɹɞɧɨ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɬɶ ɩɪɨɰɟɫɫ 

ɢɡɦɟɧɟɧɢɹ ɩɨɩɭɥɹɰɢɣ ɜ ɯɨɞɟ ɩɪɨɰɟɫɫɚ ɷɜɨɥɸɰɢɢ. 

ȼ ɯɨɞɟ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ ɛɵɥɢ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɪɚɡɥɢɱɧɵɟ 

ɩɪɨɝɪɚɦɦɵ ɨɩɬɢɦɢɡɚɰɢɢ ɧɚ ɨɫɧɨɜɟ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ. Ȼɵɥɚ 

ɫɩɪɨɟɤɬɢɪɨɜɚɧɨ ɢ ɪɚɡɪɚɛɨɬɚɧɨ ɩɪɢɥɨɠɟɧɢɟ ɞɥɹ ɨɩɬɢɦɢɡɚɰɢɢ ɤɨɦɩɥɟɤɬɚɰɢɢ 

ɫɢɫɬɟɦɧɨɝɨ ɛɥɨɤɚ ɩɟɪɫɨɧɚɥɶɧɨɝɨ ɤɨɦɩɶɸɬɟɪɚ ɧɚ ɨɫɧɨɜɟ ɝɟɧɟɬɢɱɟɫɤɨɝɨ 

ɚɥɝɨɪɢɬɦɚ, ɩɨɡɜɨɥɹɸɳɚɹ ɢɡɦɟɧɹɬɶ ɧɚɫɬɪɨɣɤɢ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ, 

ɜɵɛɢɪɚɬɶ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ, ɚ ɬɚɤɠɟ ɪɟɚɥɢɡɭɸɳɚɹ 

ɜɢɡɭɚɥɢɡɚɰɢɸ ɩɪɨɰɟɫɫɚ ɷɜɨɥɸɰɢɢ.  
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Ɍɟɦɨɣ ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɨɩɬɢɦɢɡɚɰɢɹ ɤɨɦɩɥɟɤɬɚɰɢɢ 

ɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɧɚ ɨɫɧɨɜɟ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ. 

 Ƚɟɧɟɬɢɱɟɫɤɢɣ ɚɥɝɨɪɢɬɦ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɫɩɨɫɨɛɨɜ ɦɚɲɢɧɧɨɝɨ 

ɨɛɭɱɟɧɢɹ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɝɟɧɟɬɢɱɟɫɤɢɣ ɚɥɝɨɪɢɬɦ ɬɟɫɧɨ ɩɟɪɟɩɥɟɬɚɟɬɫɹ ɫ 

ɪɚɡɜɢɬɢɟɦ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɢɧɬɟɥɥɟɤɬɚ.  

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ, ɪɚɡɜɢɬɢɟ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɢɧɬɟɥɥɟɤɬɚ ɹɜɥɹɟɬɫɹ 

ɨɱɟɧɶ ɚɤɬɭɚɥɶɧɨɣ ɬɟɦɨɣ. ɂɫɤɭɫɫɬɜɟɧɧɵɣ ɢɧɬɟɥɥɟɤɬ ɦɨɠɟɬ ɩɪɢɦɟɧɹɬɶɫɹ ɜ 

ɥɸɛɨɣ ɫɮɟɪɟ ɞɟɹɬɟɥɶɧɨɫɬɢ ɛɟɡ ɨɫɨɛɨɝɨ ɜɦɟɲɚɬɟɥɶɫɬɜɚ ɱɟɥɨɜɟɤɚ. ɍɠɟ ɫɟɝɨɞɧɹ 

ɫɭɳɟɫɬɜɭɸɬ ɪɚɡɥɢɱɧɵɟ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɟ ɫɢɫɬɟɦɵ, ɨɞɧɚɤɨ ɨɧɢ ɢɦɟɸɬ ɭɡɤɭɸ 

ɨɛɥɚɫɬɶ ɩɪɢɦɟɧɟɧɢɹ. Ɉɞɧɨɣ ɢɡ ɨɫɨɛɟɧɧɨɫɬɟɣ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɢɧɬɟɥɥɟɤɬɚ 

ɹɜɥɹɟɬɫɹ ɟɝɨ ɫɩɨɫɨɛɧɨɫɬɶ ɤ ɫɚɦɨɨɛɭɱɟɧɢɸ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ 

ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɬɶɫɹ. 

ɉɨɦɢɦɨ ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ, ɝɟɧɟɬɢɱɟɫɤɢɣ ɚɥɝɨɪɢɬɦ ɚɤɬɭɚɥɟɧ ɜ ɬɟɯ 

ɫɮɟɪɚɯ, ɝɞɟ ɧɟɨɛɯɨɞɢɦɨ ɧɚɣɬɢ ɨɩɬɢɦɚɥɶɧɨɟ ɪɟɲɟɧɢɟ ɫ ɧɟɛɨɥɶɲɢɦɢ 

ɡɚɬɪɚɬɚɦɢ ɜɪɟɦɟɧɢ ɢ ɪɟɫɭɪɫɨɜ. 

Ɉɩɬɢɦɢɡɚɰɢɹ ɤɨɦɩɥɟɤɬɚɰɢɢ ɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɧɟɨɛɯɨɞɢɦɚ ɞɥɹ 

ɜɵɛɨɪɚ ɨɩɬɢɦɚɥɶɧɨɝɨ ɧɚɛɨɪɚ ɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ, ɭɞɨɜɥɟɬɜɨɪɹɸɳɟɝɨ 

ɡɚɞɚɧɧɵɦ ɤɪɢɬɟɪɢɹɦ. Ɉɩɬɢɦɢɡɚɰɢɹ ɤɨɦɩɥɟɤɬɚɰɢɢ ɩɪɢɦɟɧɹɟɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ 

ɜɨ ɜɫɟɯ ɨɛɥɚɫɬɹɯ ɱɟɥɨɜɟɱɟɫɤɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ, ɫɜɹɡɚɧɧɵɯ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɪɚɡɥɢɱɧɵɯ ɚɩɩɚɪɚɬɧɵɯ ɭɫɬɪɨɣɫɬɜ: ɦɟɞɢɰɢɧɟ, ɜɨɟɧɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, 

ɤɨɫɦɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɢ ɞɪɭɝɢɯ.  

ɉɪɢ ɛɨɥɶɲɨɦ ɤɨɥɢɱɟɫɬɜɟ ɞɨɫɬɭɩɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ, ɩɨɢɫɤ 

ɨɩɬɢɦɚɥɶɧɨɝɨ ɧɚɛɨɪɚ ɜɨɡɦɨɠɟɧ ɬɨɥɶɤɨ ɩɭɬɟɦ ɩɟɪɟɛɨɪɚ ɜɫɟɯ ɜɨɡɦɨɠɧɵɯ 

ɫɨɱɟɬɚɧɢɣ ɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ, ɧɨ ɬɚɤɨɣ ɩɨɞɯɨɞ ɡɚɣɦɟɬ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ 

ɜɪɟɦɟɧɢ. 

Ⱦɥɹ ɤɨɦɩɪɨɦɢɫɫɚ ɦɟɠɞɭ ɜɪɟɦɟɧɟɦ ɩɨɢɫɤɚ ɧɚɛɨɪɚ ɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ 

ɢ ɟɝɨ ɨɩɬɢɦɚɥɶɧɨɫɬɶɸ ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɪɚɡɥɢɱɧɵɟ ɦɟɬɨɞɵ, ɧɚɩɪɢɦɟɪ, 
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ɞɢɧɚɦɢɱɟɫɤɨɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ, ɦɟɬɨɞ ɜɟɬɜɟɣ ɢ ɝɪɚɧɢɰ, ɝɟɧɟɬɢɱɟɫɤɢɣ 

ɚɥɝɨɪɢɬɦ ɢ ɞɪɭɝɢɟ. 

ɐɟɥɶɸ ɞɢɩɥɨɦɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɩɪɢɥɨɠɟɧɢɹ ɞɥɹ 

ɨɩɬɢɦɢɡɚɰɢɢ ɤɨɦɩɥɟɤɬɚɰɢɢ ɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɧɚ ɨɫɧɨɜɟ ɝɟɧɟɬɢɱɟɫɤɨɝɨ 

ɚɥɝɨɪɢɬɦɚ.  

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ, ɜ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɜɵɛɪɚɧɚ ɡɚɞɚɱɚ ɤɨɦɩɥɟɤɬɚɰɢɢ 

ɫɢɫɬɟɦɧɨɝɨ ɛɥɨɤɚ ɩɟɪɫɨɧɚɥɶɧɨɝɨ ɤɨɦɩɶɸɬɟɪɚ, ɫ ɰɟɥɶɸ ɨɛɭɱɟɧɢɹ ɫɬɭɞɟɧɬɨɜ 

ɨɫɧɨɜɚɦ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ. 

Ɂɚɞɚɱɢ, ɤɨɬɨɪɵɟ ɧɟɨɛɯɨɞɢɦɨ ɪɟɲɢɬɶ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɰɟɥɢ: 

1. Ⱥɧɚɥɢɬɢɱɟɫɤɢɣ ɨɛɡɨɪ ɢ ɫɪɚɜɧɟɧɢɟ ɚɧɚɥɨɝɨɜ. 

2. ȼɵɛɨɪ ɫɪɟɞɫɬɜ ɪɚɡɪɚɛɨɬɤɢ. 

3. ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɛɚɡɵ ɞɚɧɧɵɯ. 

4. Ɋɚɡɪɚɛɨɬɤɚ ɫɬɪɭɤɬɭɪɵ ɩɪɢɥɨɠɟɧɢɹ. 

5. Ɋɟɚɥɢɡɚɰɢɹ ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɪɨɞɭɤɬɚ. 

ɂɫɯɨɞɹ ɢɡ ɬɨɝɨ, ɱɬɨ ɩɪɢɥɨɠɟɧɢɟ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɜ ɨɛɭɱɟɧɢɢ, 

ɧɟɨɛɯɨɞɢɦɨ ɱɬɨɛɵ ɨɧɨ ɢɦɟɥɨ ɫɥɟɞɭɸɳɢɣ ɮɭɧɤɰɢɨɧɚɥ: 

- ɜɵɛɨɪ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ; 

- ɜɵɛɨɪ ɦɟɬɨɞɨɜ ɫɟɥɟɤɰɢɢ ɢ ɫɤɪɟɳɢɜɚɧɢɹ; 

- ɨɛɪɚɛɨɬɤɚ ɮɚɤɬɨɪɚ ɫɨɜɦɟɫɬɢɦɨɫɬɢ ɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ; 

- ɢɡɦɟɧɹɟɦɚɹ ɜɟɪɨɹɬɧɨɫɬɶ ɦɭɬɚɰɢɢ; 

- ɢɡɦɟɧɹɟɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɫɨɛɟɣ ɜ ɩɨɩɭɥɹɰɢɢ; 

- ɜɢɡɭɚɥɶɧɨɟ ɨɬɨɛɪɚɠɟɧɢɟ ɩɪɨɰɟɫɫɚ ɷɜɨɥɸɰɢɢ. 

ɉɪɢɥɨɠɟɧɢɟ ɞɨɥɠɧɨ ɢɦɟɬɶ ɝɪɚɮɢɱɟɫɤɢɣ ɢɧɬɟɪɮɟɣɫ ɢ ɩɨɞɞɟɪɠɢɜɚɬɶɫɹ 

ɧɚ ɨɩɟɪɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦɚɯ Windows ɢ Linux ɚɤɬɭɚɥɶɧɵɯ ɜɟɪɫɢɣ. 
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1 Ⱥɧɚɥɢɡ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ 

 

1.1 Ɉɩɢɫɚɧɢɟ ɤɥɚɫɫɢɱɟɫɤɨɝɨ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ  

 

Ƚɟɧɟɬɢɱɟɫɤɢɟ ɚɥɝɨɪɢɬɦɵ – ɩɪɨɰɟɞɭɪɵ ɩɨɢɫɤɚ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ 

ɦɟɯɚɧɢɡɦɚɯ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɨɬɛɨɪɚ ɢ ɧɚɫɥɟɞɨɜɚɧɢɹ [1, ɫ. 124]. 

Ɉɩɪɟɞɟɥɟɧɢɹ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ ɨɛɥɚɫɬɢ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ: 

ɉɨɩɭɥɹɰɢɹ – ɤɨɧɟɱɧɨɟ ɦɧɨɠɟɫɬɜɨ ɨɫɨɛɟɣ [1, c. 126]. 

Ɉɫɨɛɢ – ɧɚɛɨɪ ɯɪɨɦɨɫɨɦ ɫ ɡɚɤɨɞɢɪɨɜɚɧɧɵɦɢ ɜ ɧɢɯ ɦɧɨɠɟɫɬɜɚɦɢ 

ɩɚɪɚɦɟɬɪɨɜ ɡɚɞɚɱɢ, ɬ.ɟ. ɪɟɲɟɧɢɣ (ɬɨɱɤɢ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɩɨɢɫɤɚ). 

ɏɪɨɦɨɫɨɦɚ – ɭɩɨɪɹɞɨɱɟɧɧɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɝɟɧɨɜ [1, ɫ. 126]. 

Ƚɟɧ – ɚɬɨɦɚɪɧɵɣ ɷɥɟɦɟɧɬ ɝɟɧɨɬɢɩɚ [1, ɫ. 126]. 

Ƚɟɧɨɬɢɩ ɢɥɢ ɫɬɪɭɤɬɭɪɚ – ɧɚɛɨɪ ɯɪɨɦɨɫɨɦ ɞɚɧɧɨɣ ɨɫɨɛɢ. ɋɥɟɞɭɟɬ 

ɭɱɟɫɬɶ, ɱɬɨ ɨɫɨɛɶ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɚ ɤɚɤ ɝɟɧɨɬɢɩɨɦ, ɬɚɤ ɢ ɟɞɢɧɢɱɧɨɣ 

ɯɪɨɦɨɫɨɦɨɣ. 

Ɏɟɧɨɬɢɩ – ɧɚɛɨɪ ɡɧɚɱɟɧɢɣ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɞɚɧɧɨɦɭ ɝɟɧɨɬɢɩɭ, ɬ.ɟ. 

ɞɟɤɨɞɢɪɨɜɚɧɧɚɹ ɫɬɪɭɤɬɭɪɚ ɢɥɢ ɦɧɨɠɟɫɬɜɨ ɩɚɪɚɦɟɬɪɨɜ ɡɚɞɚɱɢ [1, c. 126]. 

Ⱥɥɥɟɥɶ – ɡɧɚɱɟɧɢɟ ɤɨɧɤɪɟɬɧɨɝɨ ɝɟɧɚ, ɬɚɤɠɟ ɨɩɪɟɞɟɥɹɟɦɨɟ ɤɚɤ ɡɧɚɱɟɧɢɟ 

ɫɜɨɣɫɬɜɚ ɢɥɢ ɜɚɪɢɚɧɬ ɫɜɨɣɫɬɜɚ [1, c. 126]. 

Ʌɨɤɭɫ – ɦɟɫɬɨ ɪɚɡɦɟɳɟɧɢɹ ɞɚɧɧɨɝɨ ɝɟɧɚ ɜ ɯɪɨɦɨɫɨɦɟ [1, c. 126]. 

Ɇɧɨɠɟɫɬɜɨ ɩɨɡɢɰɢɣ ɝɟɧɨɜ – ɥɨɤɢ. 

Ƚɟɧɟɬɢɱɟɫɤɢɣ ɚɥɝɨɪɢɬɦ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɨɛɥɚɫɬɹɯ ɩɨɢɫɤɚ 

ɨɩɬɢɦɚɥɶɧɵɯ ɪɟɲɟɧɢɣ. ȼ ɤɚɱɟɫɬɜɟ ɡɚɞɚɱ, ɤɨɬɨɪɵɟ ɪɟɲɚɸɬɫɹ ɩɪɢ ɩɨɦɨɳɢ 

ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ, ɦɨɠɧɨ ɩɪɢɜɟɫɬɢ [2, ɫ. 20]: 

- ɡɚɞɚɱɚ ɨɛ ɨɞɧɨɦɟɪɧɨɦ ɪɚɧɰɟ; 

- ɡɚɞɚɱɚ ɩɨɤɪɵɬɢɹ ɦɧɨɠɟɫɬɜɚ; 

- ɡɚɞɚɱɚ ɞɢɯɨɬɨɦɢɱɟɫɤɨɝɨ ɪɚɡɛɢɟɧɢɹ ɝɪɚɮɚ; 

- ɡɚɞɚɱɚ ɨ ɧɚɡɧɚɱɟɧɢɹɯ; 

- ɡɚɞɚɱɚ ɤɨɦɦɢɜɨɹɠɟɪɚ. 
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Ⱦɨɫɬɨɢɧɫɬɜɚ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ [3]: 

- ɲɢɪɨɤɚɹ ɨɛɥɚɫɬɶ ɩɪɢɦɟɧɟɧɢɹ; 

- ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫ ɧɟɷɜɨɥɸɰɢɨɧɧɵɦɢ ɚɥɝɨɪɢɬɦɚɦɢ; 

- ɩɪɢɝɨɞɧɨɫɬɶ ɞɥɹ ɩɨɢɫɤɚ ɜ ɫɥɨɠɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɪɟɲɟɧɢɣ ɛɨɥɶɲɨɣ 

ɪɚɡɦɟɪɧɨɫɬɢ; 

- ɨɬɫɭɬɫɬɜɢɟ ɨɝɪɚɧɢɱɟɧɢɣ ɧɚ ɜɢɞ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ; 

- ɢɧɬɟɝɪɢɪɭɟɦɨɫɬɶ ɫ ɢɫɤɭɫɫɬɜɟɧɧɵɦɢ ɧɟɣɪɨɫɟɬɹɦɢ. 

ɇɟɞɨɫɬɚɬɤɢ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ [3]: 

- ɨɬɫɭɬɫɬɜɢɟ ɝɚɪɚɧɬɢɢ ɨɩɬɢɦɚɥɶɧɨɫɬɢ ɩɨɥɭɱɟɧɧɨɝɨ ɪɟɲɟɧɢɹ; 

- ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɚɹ ɜɵɱɢɫɥɢɬɟɥɶɧɚɹ ɬɪɭɞɨɟɦɤɨɫɬɶ; 

- ɧɟɜɵɫɨɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɧɚ ɡɚɤɥɸɱɢɬɟɥɶɧɵɯ ɷɬɚɩɚɯ ɦɨɞɟɥɢɪɨɜɚɧɢɹ.  

Ʉɥɚɫɫɢɱɟɫɤɢɣ ɝɟɧɟɬɢɱɟɫɤɢɣ ɚɥɝɨɪɢɬɦ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɫɥɟɞɭɸɳɢɟ 

ɨɩɟɪɚɰɢɢ: 

1. Ɏɨɪɦɢɪɨɜɚɧɢɟ ɧɚɱɚɥɶɧɨɣ ɩɨɩɭɥɹɰɢɢ. 

2. ȼɵɱɢɫɥɟɧɢɟ ɮɭɧɤɰɢɣ ɩɪɢɫɩɨɫɨɛɥɟɧɧɨɫɬɢ ɨɫɨɛɟɣ. 

3. ɉɪɨɜɟɪɤɚ ɭɫɥɨɜɢɹ ɨɫɬɚɧɨɜɤɢ ɚɥɝɨɪɢɬɦɚ. 

4. ɋɟɥɟɤɰɢɹ. ȼɵɛɨɪ ɫɚɦɵɯ ɩɪɢɫɩɨɫɨɛɥɟɧɧɵɯ ɨɫɨɛɟɣ. 

5. ɋɤɪɟɳɢɜɚɧɢɟ ɨɫɨɛɟɣ. Ɉɛɦɟɧ ɝɟɧɚɦɢ ɦɟɠɞɭ ɨɫɨɛɹɦɢ. 

6. Ɇɭɬɚɰɢɹ. Ɂɚɦɟɧɚ ɫɥɭɱɚɣɧɨɝɨ ɝɟɧɚ ɭ ɨɩɪɟɞɟɥɟɧɧɨɣ ɱɚɫɬɢ ɩɨɤɨɥɟɧɢɹ. 

7. Ɏɨɪɦɢɪɨɜɚɧɢɟ ɧɨɜɨɣ ɩɨɩɭɥɹɰɢɢ. 

8. ɉɨɜɬɨɪɹɟɦ ɲɚɝɢ 2 – 7 ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɧɟ ɛɭɞɟɬ ɞɨɫɬɢɝɧɭɬɨ ɭɫɥɨɜɢɟ.  

Ȼɥɨɤ-ɫɯɟɦɚ ɤɥɚɫɫɢɱɟɫɤɨɝɨ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 

ɪɢɫɭɧɤɟ 1. 
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ɇȺɑȺɅɈ

Ɏɨɪɦɢɪɨɜɚɧɢɟ 
ɧɚɱɚɥɶɧɨɣ ɩɨɩɭɥɹɰɢɢ

ȼɵɱɢɫɥɟɧɢɟ ɮɭɧɤɰɢɢ 
ɩɪɢɫɩɨɫɨɛɥɟɧɧɨɫɬɢ 

ɨɫɨɛɟɣ

ɍɫɥɨɜɢɟ ɨɫɬɚɧɨɜɤɢ 
ɜɵɩɨɥɧɟɧɨ?

ȼɵɛɨɪ ɨɫɨɛɟɣ, ɞɥɹ 
ɩɨɫɥɟɞɭɸɳɟɝɨ ɲɚɝɚ 

ɪɟɤɨɦɛɢɧɚɰɢɢ

ɋɤɪɟɳɢɜɚɧɢɟ ɨɫɨɛɟɣ

Ɇɭɬɚɰɢɹ

Ɏɨɪɦɢɪɨɜɚɧɢɟ ɧɨɜɨɣ 
ɩɨɩɭɥɹɰɢɢ

ȼɵɛɨɪ 
ɧɚɢɥɭɱɲɟɣ 
ɯɪɨɦɨɫɨɦɵ

ɄɈɇȿɐ

ȾȺɇȿɌ

 

Ɋɢɫɭɧɨɤ 1 – Ȼɥɨɤ-ɫɯɟɦɚ ɤɥɚɫɫɢɱɟɫɤɨɝɨ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ 

 

1.1.1 Ɏɨɪɦɢɪɨɜɚɧɢɟ ɧɚɱɚɥɶɧɨɣ ɩɨɩɭɥɹɰɢɢ 

 

Ɏɨɪɦɢɪɨɜɚɧɢɟ ɧɚɱɚɥɶɧɨɣ ɩɨɩɭɥɹɰɢɢ ɹɜɥɹɟɬɫɹ ɩɟɪɜɵɦ ɷɬɚɩɨɦ ɜ 

ɪɟɚɥɢɡɚɰɢɢ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ. ɉɟɪɜɨɧɚɱɚɥɶɧɚɹ ɩɨɩɭɥɹɰɢɹ ɫɨɡɞɚɟɬɫɹ 

ɩɭɬɟɦ ɫɥɭɱɚɣɧɨɣ ɝɟɧɟɪɚɰɢɢ ɯɪɨɦɨɫɨɦ, ɩɪɢɱɟɦ ɩɪɢɫɩɨɫɨɛɥɟɧɧɨɫɬɶ ɯɪɨɦɨɫɨɦ 

ɧɟ ɹɜɥɹɟɬɫɹ ɜɚɠɧɵɦ ɩɨɤɚɡɚɬɟɥɟɦ ɧɚ ɞɚɧɧɨɦ ɷɬɚɩɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚɱɚɥɶɧɚɹ 

ɩɨɩɭɥɹɰɢɹ ɦɨɠɟɬ ɛɵɬɶ ɫɨɜɟɪɲɟɧɧɨ ɧɟ ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɚ, ɨɞɧɚɤɨ ɜ ɯɨɞɟ 

ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɩɨɩɭɥɹɰɢɹ ɫɬɚɧɟɬ ɛɨɥɟɟ ɩɪɢɫɩɨɫɨɛɥɟɧɧɨɣ [1]. 

ȼɵɛɨɪ ɢɫɯɨɞɧɨɣ ɩɨɩɭɥɹɰɢɢ ɫɜɹɡɚɧ ɫ ɩɪɟɞɫɬɚɜɥɟɧɢɟɦ ɩɚɪɚɦɟɬɪɨɜ 

ɡɚɞɚɱɢ ɜ ɮɨɪɦɟ ɯɪɨɦɨɫɨɦ ɨɫɨɛɢ. ɗɬɨ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɩɨɫɨɛɨɦ 

ɤɨɞɢɪɨɜɚɧɢɹ. ȼ ɤɥɚɫɫɢɱɟɫɤɨɦ ɝɟɧɟɬɢɱɟɫɤɨɦ ɚɥɝɨɪɢɬɦɟ ɨɛɵɱɧɨ ɢɫɩɨɥɶɡɭɟɬɫɹ 
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ɞɜɨɢɱɧɨɟ ɤɨɞɢɪɨɜɚɧɢɟ [4, ɫ. 8], ɬɨ ɟɫɬɶ ɚɥɥɟɥɢ ɝɟɧɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɜɢɞɟ 0 

ɢɥɢ 1. Ⱦɥɢɧɚ ɯɪɨɦɨɫɨɦ ɡɚɜɢɫɢɬ ɨɬ ɭɫɥɨɜɢɹ ɡɚɞɚɱɢ. ɉɨɦɢɦɨ ɞɜɨɢɱɧɨɝɨ 

ɤɨɞɢɪɨɜɚɧɢɹ ɝɟɧɨɜ ɬɚɤɠɟ ɫɭɳɟɫɬɜɭɸɬ ɥɨɝɚɪɢɮɦɢɱɟɫɤɨɟ ɢ ɜɟɳɟɫɬɜɟɧɧɨɟ 

ɤɨɞɢɪɨɜɚɧɢɹ [4, ɫ. 46]. 

Ʌɨɝɚɪɢɮɦɢɱɟɫɤɨɟ ɤɨɞɢɪɨɜɚɧɢɟ ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɝɟɧɟɬɢɱɟɫɤɢɯ 

ɚɥɝɨɪɢɬɦɚɯ ɞɥɹ ɭɦɟɧɶɲɟɧɢɹ ɞɥɢɧɵ ɯɪɨɦɨɫɨɦ. Ɉɧɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɡɚɞɚɱɚɯ 

ɦɧɨɝɨɦɟɪɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ ɫ ɛɨɥɶɲɢɦɢ ɩɪɨɫɬɪɚɧɫɬɜɚɦɢ ɩɨɢɫɤɚ ɪɟɲɟɧɢɣ. 

ɉɪɢ ɜɟɳɟɫɬɜɟɧɧɨɦ ɤɨɞɢɪɨɜɚɧɢɢ ɚɥɥɟɥɢ ɝɟɧɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɜɢɞɟ 

ɜɟɳɟɫɬɜɟɧɧɵɯ ɱɢɫɟɥ. Ɍɚɤɨɟ ɤɨɞɢɪɨɜɚɧɢɟ ɩɨɡɜɨɥɹɟɬ ɭɦɟɧɶɲɢɬɶ ɨɛɴɟɦ 

ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɩɪɨɰɟɞɭɪ ɧɚ ɤɚɠɞɨɦ ɲɚɝɟ ɷɜɨɥɸɰɢɢ ɡɚ ɫɱɟɬ ɨɬɫɭɬɫɬɜɢɹ 

ɞɜɨɢɱɧɨ-ɞɟɫɹɬɢɱɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɩɪɢ ɪɚɫɱɟɬɟ ɡɧɚɱɟɧɢɣ ɮɭɧɤɰɢɣ 

ɩɪɢɫɩɨɫɨɛɥɟɧɧɨɫɬɢ ɢ ɭɦɟɧɶɲɟɧɢɹ ɪɚɡɦɟɪɨɜ ɯɪɨɦɨɫɨɦ. 

 

1.1.2 Ɉɰɟɧɤɚ ɩɪɢɫɩɨɫɨɛɥɟɧɧɨɫɬɢ 

 

Ɉɰɟɧɤɚ ɩɪɢɫɩɨɫɨɛɥɟɧɧɨɫɬɢ ɨɫɨɛɟɣ ɜ ɩɨɩɭɥɹɰɢɢ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɪɚɫɱɟɬɟ 

ɮɭɧɤɰɢɢ ɩɪɢɫɩɨɫɨɛɥɟɧɧɨɫɬɢ ɤɚɠɞɨɣ ɨɬɞɟɥɶɧɨɣ ɨɫɨɛɢ. Ɏɨɪɦɚ ɮɭɧɤɰɢɢ 

ɩɪɢɫɩɨɫɨɛɥɟɧɧɨɫɬɢ ɡɚɜɢɫɢɬ ɨɬ ɯɚɪɚɤɬɟɪɚ ɪɟɲɚɟɦɨɣ ɡɚɞɚɱɢ. ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ 

ɱɬɨ ɡɧɚɱɟɧɢɟ ɮɭɧɤɰɢɢ ɩɪɢɫɩɨɫɨɛɥɟɧɧɨɫɬɢ ɜɫɟɝɞɚ ɩɪɢɧɢɦɚɟɬ 

ɧɟɨɬɪɢɰɚɬɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɢ ɱɬɨ ɞɥɹ ɪɟɲɟɧɢɹ ɨɩɬɢɦɢɡɚɰɢɨɧɧɨɣ ɡɚɞɚɱɢ 

ɧɟɨɛɯɨɞɢɦɨ ɦɚɤɫɢɦɢɡɢɪɨɜɚɬɶ ɢɥɢ ɦɢɧɢɦɢɡɢɪɨɜɚɬɶ ɷɬɭ ɮɭɧɤɰɢɸ. ȿɫɥɢ 

ɢɫɯɨɞɧɚɹ ɮɨɪɦɚ ɮɭɧɤɰɢɢ ɩɪɢɫɩɨɫɨɛɥɟɧɧɨɫɬɢ ɧɟ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɹɦ 

ɡɚɞɚɱɢ, ɬɨ ɜɵɩɨɥɧɹɟɬɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ [1, c. 130]. 

ɇɚɩɪɢɦɟɪ, ɢɦɟɟɬɫɹ ɩɨɩɭɥɹɰɢɹ ɱɢɫɥɟɧɧɨɫɬɶɸ ɜ 2 ɨɫɨɛɢ, 

ɡɚɤɨɞɢɪɨɜɚɧɧɵɟ ɜ ɞɜɨɢɱɧɨɦ ɜɢɞɟ. Ɉɛɨɡɧɚɱɢɦ ɷɬɢ ɨɫɨɛɢ x ɢ y. Ɉɫɨɛɶ x 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɝɟɧɨɬɢɩɨɦ – [10110], ɚ ɨɫɨɛɶ y – [10001]. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, 

ɮɟɧɨɬɢɩ x=1011010=22, y=1000110=17. ɇɟɨɛɯɨɞɢɦɨ ɧɚɣɬɢ ɦɚɤɫɢɦɭɦ ɮɭɧɤɰɢɢ  𝑓ሺݔሻ = 2ݔʹ + ͳ ɞɥɹ ɰɟɥɨɱɢɫɥɟɧɧɨɣ ɩɟɪɟɦɟɧɧɨɣ x, ɩɪɢɧɢɦɚɸɳɟɣ ɡɧɚɱɟɧɢɹ [0, 
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31]. Ɍɨɝɞɚ ɞɥɹ ɨɫɨɛɢ x ɮɭɧɤɰɢɹ ɩɪɢɫɩɨɫɨɛɥɟɧɧɨɫɬɢ ɛɭɞɟɬ 𝐹ሺݔሻ = ʹ ∗ ʹʹ2 +ͳ = 9͸9, а ɞɥɹ ɨɫɨɛɢ y 𝐹ሺݕሻ = ʹ ∗ ͳ͹2 + ͳ = ͷ͹9.  

 

1.1.3 ɉɪɨɜɟɪɤɚ ɭɫɥɨɜɢɹ ɨɫɬɚɧɨɜɤɢ ɚɥɝɨɪɢɬɦɚ 

 

ɍɫɥɨɜɢɟ ɨɫɬɚɧɨɜɤɢ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ ɡɚɜɢɫɢɬ ɨɬ ɟɝɨ 

ɤɨɧɤɪɟɬɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ. ȼ ɨɩɬɢɦɢɡɚɰɢɨɧɧɵɯ ɡɚɞɚɱɚɯ, ɟɫɥɢ ɢɡɜɟɫɬɧɨ 

ɦɚɤɫɢɦɚɥɶɧɨɟ ɢɥɢ ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɮɭɧɤɰɢɢ ɩɪɢɫɩɨɫɨɛɥɟɧɧɨɫɬɢ, ɬɨ 

ɨɫɬɚɧɨɜɤɚ ɚɥɝɨɪɢɬɦɚ ɦɨɠɟɬ ɩɪɨɢɡɨɣɬɢ ɩɨɫɥɟ ɞɨɫɬɢɠɟɧɢɹ ɨɠɢɞɚɟɦɨɝɨ 

ɨɩɬɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ. Ɉɫɬɚɧɨɜɤɚ ɚɥɝɨɪɢɬɦɚ ɬɚɤɠɟ ɦɨɠɟɬ ɩɪɨɢɡɨɣɬɢ ɜ 

ɫɥɭɱɚɟ, ɤɨɝɞɚ ɟɝɨ ɜɵɩɨɥɧɟɧɢɟ ɧɟ ɩɪɢɜɨɞɢɬ ɤ ɭɥɭɱɲɟɧɢɸ ɭɠɟ ɞɨɫɬɢɝɧɭɬɨɝɨ 

ɡɧɚɱɟɧɢɹ. Ⱥɥɝɨɪɢɬɦ ɦɨɠɟɬ ɛɵɬɶ ɨɫɬɚɧɨɜɥɟɧ ɩɨ ɢɫɬɟɱɟɧɢɢ ɨɩɪɟɞɟɥɟɧɧɨɝɨ 

ɜɪɟɦɟɧɢ ɜɵɩɨɥɧɟɧɢɹ ɥɢɛɨ ɩɨɫɥɟ ɜɵɩɨɥɧɟɧɢɹ ɡɚɞɚɧɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɢɬɟɪɚɰɢɣ. 

ȿɫɥɢ ɭɫɥɨɜɢɟ ɨɫɬɚɧɨɜɤɢ ɜɵɩɨɥɧɟɧɨ, ɬɨ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɟɪɟɯɨɞ ɤ 

ɡɚɜɟɪɲɚɸɳɟɦɭ ɷɬɚɩɭ ɜɵɛɨɪɚ «ɧɚɢɥɭɱɲɟɣ ɯɪɨɦɨɫɨɦɵ». ȼ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ 

ɧɚ ɫɥɟɞɭɸɳɟɦ ɲɚɝɭ ɜɵɩɨɥɧɹɟɬɫɹ ɫɟɥɟɤɰɢɹ [1, ɫ. 130]. 

 

1.1.4 ɋɟɥɟɤɰɢɹ 

 

ɋɟɥɟɤɰɢɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɜɵɛɨɪɟ ɨɫɨɛɟɣ, ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɭɱɚɫɬɜɨɜɚɬɶ ɜ 

ɫɨɡɞɚɧɢɢ ɩɨɬɨɦɤɨɜ ɞɥɹ ɫɥɟɞɭɸɳɟɣ ɩɨɩɭɥɹɰɢɢ. Ɉɬɛɨɪ ɨɫɨɛɟɣ ɜɟɞɟɬɫɹ ɢɫɯɨɞɹ 

ɢɡ ɪɚɫɫɱɢɬɚɧɧɵɯ ɪɚɧɟɟ ɮɭɧɤɰɢɣ ɩɪɢɫɩɨɫɨɛɥɟɧɧɨɫɬɢ. ɋɭɳɟɫɬɜɭɸɬ ɪɚɡɥɢɱɧɵɟ 

ɦɟɬɨɞɵ ɫɟɥɟɤɰɢɢ: 

- ɪɭɥɟɬɨɱɧɚɹ ɫɟɥɟɤɰɢɹ; 

- ɬɭɪɧɢɪɧɚɹ ɫɟɥɟɤɰɢɹ; 

- ɪɚɧɝɨɜɚɹ ɫɟɥɟɤɰɢɹ. 

Ɍɚɤɠɟ ɫɭɳɟɫɬɜɭɸɬ ɨɫɨɛɵɟ ɩɪɨɰɟɞɭɪɵ ɪɟɩɪɨɞɭɤɰɢɢ, ɬɚɤɢɟ ɤɚɤ 

ɷɥɢɬɚɪɧɚɹ ɫɬɪɚɬɟɝɢɹ ɢ ɝɟɧɟɬɢɱɟɫɤɢɣ ɚɥɝɨɪɢɬɦ ɫ ɱɚɫɬɢɱɧɨɣ ɡɚɦɟɧɨɣ 

ɩɨɩɭɥɹɰɢɢ. 
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Ɋɭɥɟɬɨɱɧɚɹ ɫɟɥɟɤɰɢɹ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɦɟɬɨɞɨɦ ɨɬɛɨɪɚ ɨɫɨɛɟɣ ɞɥɹ 

ɪɨɞɢɬɟɥɶɫɤɨɣ ɩɨɩɭɥɹɰɢɢ. ȼ ɞɚɧɧɨɦ ɦɟɬɨɞɟ ɜɟɪɨɹɬɧɨɫɬɶ ɜɵɛɨɪɚ ɨɫɨɛɢ ɬɟɦ 

ɜɟɪɨɹɬɧɟɟ, ɱɟɦ ɥɭɱɲɟ ɟɟ ɡɧɚɱɟɧɢɟ ɮɭɧɤɰɢɢ ɩɪɢɫɩɨɫɨɛɥɟɧɧɨɫɬɢ: 

 

 𝑝𝑖 = 𝑓𝑖∑ 𝑓𝑖𝑁𝑖=1                   (1) 

 

ɝɞɟ 𝑝𝑖 – ɜɟɪɨɹɬɧɨɫɬɶ ɜɵɛɨɪɚ ɨɫɨɛɢ; 

      𝑓𝑖 – ɡɧɚɱɟɧɢɟ ɮɭɧɤɰɢɢ ɩɪɢɫɩɨɫɨɛɥɟɧɧɨɫɬɢ ɞɥɹ i ɨɫɨɛɢ;  

      N – ɤɨɥɢɱɟɫɬɜɨ ɨɫɨɛɟɣ ɜ ɩɨɩɭɥɹɰɢɢ. 

ȼ ɬɭɪɧɢɪɧɨɣ ɫɟɥɟɤɰɢɢ ɩɨɩɭɥɹɰɢɹ ɪɚɡɛɢɜɚɟɬɫɹ ɧɚ ɧɟɫɤɨɥɶɤɨ ɝɪɭɩɩ, 

ɤɚɠɞɚɹ ɝɪɭɩɩɚ ɫɨɞɟɪɠɢɬ ɜ ɫɟɛɟ ɧɟɫɤɨɥɶɤɨ ɨɫɨɛɟɣ. Ɂɚɬɟɦ, ɢɡ ɤɚɠɞɨɣ ɬɚɤɨɣ 

ɝɪɭɩɩɵ ɜɵɛɢɪɚɟɬɫɹ ɨɫɨɛɶ ɫ ɧɚɢɥɭɱɲɢɦ ɩɨɤɚɡɚɬɟɥɟɦ ɮɭɧɤɰɢɢ 

ɩɪɢɫɩɨɫɨɛɥɟɧɧɨɫɬɢ, ɨɧɚ ɢ ɩɨɩɚɞɚɟɬ ɜ ɪɨɞɢɬɟɥɶɫɤɢɣ ɩɭɥ. ɋɯɟɦɚ ɬɭɪɧɢɪɧɨɣ 

ɫɟɥɟɤɰɢɢ ɞɥɹ ɝɪɭɩɩ, ɫɨɫɬɨɹɳɢɯ ɢɡ ɞɜɭɯ ɨɫɨɛɟɣ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2. 

 

N ɨɫɨɛɟɣ ɩɨɩɭɥɹɰɢɢ P(k)

2 ɨɫɨɛɢ 2 ɨɫɨɛɢ

1 «ɧɚɢɥɭɱɲɚɹ ɨɫɨɛɶ» 1 «ɧɚɢɥɭɱɲɚɹ ɨɫɨɛɶ»

Ɋɨɞɢɬɟɥɶɫɤɢɣ ɩɭɥ M(k); 
N ɨɫɨɛɟɣ

 

Ɋɢɫɭɧɨɤ 2 – ɋɯɟɦɚ ɬɭɪɧɢɪɧɨɣ ɫɟɥɟɤɰɢɢ 

 

ɉɪɢ ɪɚɧɝɨɜɨɣ ɫɟɥɟɤɰɢɢ ɨɫɨɛɢ ɩɨɩɭɥɹɰɢɢ ɪɚɧɠɢɪɭɸɬɫɹ ɩɨ ɡɧɚɱɟɧɢɹɦ 

ɢɯ ɮɭɧɤɰɢɢ ɩɪɢɫɩɨɫɨɛɥɟɧɧɨɫɬɢ. ɗɬɨ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ, ɤɚɤ 

ɨɬɫɨɪɬɢɪɨɜɚɧɧɵɣ ɫɩɢɫɨɤ ɨɫɨɛɟɣ, ɭɩɨɪɹɞɨɱɟɧɧɵɯ ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ ɨɬ 

ɧɚɢɛɨɥɟɟ ɩɪɢɫɩɨɫɨɛɥɟɧɧɵɯ ɤ ɧɚɢɦɟɧɟɟ ɩɪɢɫɩɨɫɨɛɥɟɧɧɵɦ ɢɥɢ ɧɚɨɛɨɪɨɬ, ɜ 
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ɤɨɬɨɪɨɦ ɤɚɠɞɨɣ ɨɫɨɛɢ ɩɪɢɩɢɫɵɜɚɟɬɫɹ ɱɢɫɥɨ, ɨɩɪɟɞɟɥɹɸɳɟɟ ɟɟ ɦɟɫɬɨ ɜ 

ɫɩɢɫɤɟ ɢ ɧɚɡɵɜɚɟɦɨɟ ɪɚɧɝɨɦ. Ʉɨɥɢɱɟɫɬɜɨ ɤɨɩɢɣ ɤɚɠɞɨɣ ɨɫɨɛɢ, ɜɜɟɞɟɧɧɵɯ ɜ 

ɪɨɞɢɬɟɥɶɫɤɭɸ ɩɨɩɭɥɹɰɢɸ, ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɡɚɞɚɧɧɨɣ ɮɭɧɤɰɢɢ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɧɝɚ ɨɫɨɛɢ [5]. ɉɪɢɦɟɪ ɬɚɤɨɣ ɮɭɧɤɰɢɢ ɦɨɠɟɬ ɛɵɬɶ ɝɪɚɮɢɤ, 

ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ 3. 

 

 

Ɋɢɫɭɧɨɤ 3 – Ƚɪɚɮɢɤ ɮɭɧɤɰɢɢ ɞɥɹ ɪɚɧɝɨɜɨɣ ɫɟɥɟɤɰɢɢ  

 

ȼ ɫɢɥɭ ɬɨɝɨ, ɱɬɨ ɜ ɨɫɧɨɜɟ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ ɥɟɠɢɬ ɫɥɭɱɚɣɧɵɣ 

ɩɨɢɫɤ, ɜɵɫɨɤɚ ɜɟɪɨɹɬɧɨɫɬɶ ɩɨɬɟɪɢ ɥɭɱɲɢɯ ɨɫɨɛɟɣ ɜ ɩɨɩɭɥɹɰɢɢ, ɬɚɤ ɤɚɤ ɨɧɢ 

ɦɨɝɭɬ ɧɟ ɩɨɩɚɫɬɶ ɜ ɪɨɞɢɬɟɥɶɫɤɢɣ ɩɭɥ. Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɢɡɛɟɠɚɬɶ ɩɨɞɨɛɧɨɝɨ 

ɫɥɭɱɚɹ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɝɟɧɟɬɢɱɟɫɤɢɣ ɚɥɝɨɪɢɬɦ ɫ ɷɥɢɬɚɪɧɨɣ ɫɬɪɚɬɟɝɢɟɣ. 

ȿɝɨ ɫɭɬɶ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɨɩɪɟɞɟɥɟɧɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɫɨɛɟɣ, ɢɦɟɸɳɢɯ 

ɥɭɱɲɢɟ ɩɨɤɚɡɚɬɟɥɢ ɮɭɧɤɰɢɢ ɩɪɢɫɩɨɫɨɛɥɟɧɧɨɫɬɢ, ɝɚɪɚɧɬɢɪɨɜɚɧɨ ɩɟɪɟɧɨɫɹɬɫɹ 

ɜ ɫɥɟɞɭɸɳɭɸ ɩɨɩɭɥɹɰɢɸ.  

Ƚɟɧɟɬɢɱɟɫɤɢɣ ɚɥɝɨɪɢɬɦ ɫ ɱɚɫɬɢɱɧɨɣ ɡɚɦɟɧɨɣ ɩɨɩɭɥɹɰɢɢ, 

ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɬɟɦ, ɱɬɨ ɱɚɫɬɶ ɩɨɩɭɥɹɰɢɢ ɩɟɪɟɯɨɞɢɬ ɜ ɫɥɟɞɭɸɳɟɟ ɫɨɫɬɨɹɧɢɟ 

ɛɟɡ ɤɚɤɢɯ-ɥɢɛɨ ɢɡɦɟɧɟɧɢɣ. 
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1.1.5 ɋɤɪɟщɢɜɚɧɢɟ 

 

ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɫɤɪɟɳɢɜɚɧɢɹ ɜɵɛɢɪɚɸɬɫɹ ɩɚɪɵ ɨɫɨɛɟɣ ɢɡ 

ɪɨɞɢɬɟɥɶɫɤɨɣ ɩɨɩɭɥɹɰɢɢ. ɗɬɨ ɜɪɟɦɟɧɧɚɹ ɩɨɩɭɥɹɰɢɹ, ɫɨɫɬɨɹɳɚɹ ɢɡ ɨɫɨɛɟɣ, 

ɨɬɨɛɪɚɧɧɵɯ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɟɥɟɤɰɢɢ [1, c. 134]. ȼɵɛɨɪ ɪɨɞɢɬɟɥɶɫɤɨɣ ɩɚɪɵ 

ɦɨɠɟɬ ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɟɫɤɨɥɶɤɢɦɢ ɦɟɬɨɞɚɦɢ: 

- ɩɚɧɦɢɤɫɢɹ; 

- ɢɧɛɪɢɞɢɧɝ; 

- ɚɭɬɛɪɢɞɢɧɝ. 

ɉɪɢ ɩɚɧɦɢɤɫɢɢ ɨɛɚ ɪɨɞɢɬɟɥɹ ɜɵɛɢɪɚɸɬɫɹ ɫɥɭɱɚɣɧɵɦ ɨɛɪɚɡɨɦ, 

ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɫɟ ɨɫɨɛɢ ɜ ɪɨɞɢɬɟɥɶɫɤɨɣ ɩɨɩɭɥɹɰɢɢ ɢɦɟɸɬ ɨɞɢɧɚɤɨɜɵɟ 

ɲɚɧɫɵ ɛɵɬɶ ɜɵɛɪɚɧɧɵɦɢ. 

ɉɪɢ ɢɧɛɪɢɞɢɧɝɟ ɩɟɪɜɵɣ ɪɨɞɢɬɟɥɶ ɜɵɛɢɪɚɟɬɫɹ ɫɥɭɱɚɣɧɵɦ ɨɛɪɚɡɨɦ, ɚ 

ɜɬɨɪɵɦ ɜɵɛɢɪɚɟɬɫɹ ɬɚɤɨɣ, ɤɨɬɨɪɵɣ ɧɚɢɛɨɥɟɟ ɩɨɯɨɠ ɧɚ ɩɟɪɜɨɝɨ ɪɨɞɢɬɟɥɹ. 

ɉɪɢ ɚɭɬɛɪɢɞɢɧɝɟ ɩɟɪɜɵɣ ɪɨɞɢɬɟɥɶ ɜɵɛɢɪɚɟɬɫɹ ɫɥɭɱɚɣɧɵɦ ɨɛɪɚɡɨɦ, ɚ 

ɜɬɨɪɵɦ ɜɵɛɢɪɚɟɬɫɹ ɬɚɤɨɣ, ɤɨɬɨɪɵɣ ɧɚɢɦɟɧɟɟ ɩɨɯɨɠ ɧɚ ɩɟɪɜɨɝɨ ɪɨɞɢɬɟɥɹ 

ɂɧɛɪɢɞɢɧɝ ɢ ɚɭɬɛɪɢɞɢɧɝ ɛɵɜɚɸɬ ɞɜɭɯ ɮɨɪɦ: ɮɟɧɨɬɢɩɧɵɣ ɢ 

ɝɟɧɨɬɢɩɧɵɣ. ȼ ɫɥɭɱɚɟ ɮɟɧɨɬɢɩɧɨɣ ɮɨɪɦɵ ɩɨɯɨɠɟɫɬɶ ɢɡɦɟɪɹɟɬɫɹ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɡɧɚɱɟɧɢɣ ɮɭɧɤɰɢɣ ɩɪɢɫɩɨɫɨɛɥɟɧɧɨɫɬɢ, ɚ ɜ ɫɥɭɱɚɟ 

ɝɟɧɨɬɢɩɧɨɣ ɮɨɪɦɵ ɩɨɯɨɠɟɫɬɶ ɢɡɦɟɪɹɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɟɞɫɬɚɜɥɟɧɢɹ 

ɝɟɧɨɬɢɩɚ. 

  ɇɚ ɫɥɟɞɭɸɳɟɦ ɷɬɚɩɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɨɛɦɟɧ ɝɟɧɚɦɢ ɦɟɠɞɭ 

ɪɨɞɢɬɟɥɶɫɤɢɦɢ ɩɚɪɚɦɢ. Ɉɛɦɟɧ ɝɟɧɚɦɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɥɭɱɚɣɧɵɦ ɨɛɪɚɡɨɦ ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɟɪɨɹɬɧɨɫɬɶɸ pc.. Ⱦɚɧɧɵɣ ɷɬɚɩ ɧɚɡɵɜɚɟɬɫɹ ɤɪɨɫɫɢɧɝɨɜɟɪɨɦ. 

Ʉɪɨɫɫɢɧɝɨɜɟɪ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɜɢɞɟ ɨɞɧɨɬɨɱɟɱɧɨɝɨ ɫɤɪɟɳɢɜɚɧɢɹ, 

ɞɜɭɯɬɨɱɟɱɧɨɝɨ ɫɤɪɟɳɢɜɚɧɢɹ, ɦɧɨɝɨɬɨɱɟɱɧɨɝɨ ɫɤɪɟɳɢɜɚɧɢɹ ɢ ɪɚɜɧɨɦɟɪɧɨɝɨ 

ɫɤɪɟɳɢɜɚɧɢɹ. 

ɉɪɢ ɨɞɧɨɬɨɱɟɱɧɨɦ ɫɤɪɟɳɢɜɚɧɢɢ ɜɵɛɢɪɚɸɬɫɹ ɩɚɪɵ ɯɪɨɦɨɫɨɦ ɢɡ 

ɪɨɞɢɬɟɥɶɫɤɨɣ ɩɨɩɭɥɹɰɢɢ. Ⱦɚɥɟɟ ɞɥɹ ɤɚɠɞɨɣ ɩɚɪɵ ɨɬɨɛɪɚɧɧɵɯ ɬɚɤɢɦ ɨɛɪɚɡɨɦ 

ɪɨɞɢɬɟɥɟɣ ɪɚɡɵɝɪɵɜɚɟɬɫɹ ɩɨɡɢɰɢɹ ɝɟɧɚ (ɥɨɤɭɫ) ɜ ɯɪɨɦɨɫɨɦɟ, ɨɩɪɟɞɟɥɹɸɳɚɹ 
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ɬɚɤ ɧɚɡɵɜɚɟɦɭɸ ɬɨɱɤɭ ɫɤɪɟɳɢɜɚɧɢɹ – l(k). ȿɫɥɢ ɯɪɨɦɨɫɨɦɚ ɤɚɠɞɨɝɨ ɢɡ 

ɪɨɞɢɬɟɥɟɣ ɫɨɫɬɨɢɬ ɢɡ L ɝɟɧɨɜ, ɬɨ ɨɱɟɜɢɞɧɨ, ɱɬɨ ɬɨɱɤɚ ɫɤɪɟɳɢɜɚɧɢɹ l(k) 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɚɬɭɪɚɥɶɧɨɟ ɱɢɫɥɨ, ɦɟɧɶɲɟɟ L. ɉɨɷɬɨɦɭ ɮɢɤɫɚɰɢɹ ɬɨɱɤɢ 

ɫɤɪɟɳɢɜɚɧɢɹ ɫɜɨɞɢɬɫɹ ɤ ɫɥɭɱɚɣɧɨɦɭ ɜɵɛɨɪɭ ɱɢɫɥɚ ɢɡ ɢɧɬɟɪɜɚɥɚ [1, L-1]. ȼ 

ɪɟɡɭɥɶɬɚɬɟ ɫɤɪɟɳɢɜɚɧɢɹ ɩɚɪɵ ɪɨɞɢɬɟɥɶɫɤɢɯ ɯɪɨɦɨɫɨɦ ɩɨɥɭɱɚɟɬɫɹ 

ɫɥɟɞɭɸɳɚɹ ɩɚɪɚ ɩɨɬɨɦɤɨɜ: 

- ɩɨɬɨɦɨɤ, ɯɪɨɦɨɫɨɦɚ ɤɨɬɨɪɨɝɨ ɧɚ ɩɨɡɢɰɢɹɯ ɨɬ 1 ɞɨ l(k) ɫɨɫɬɨɢɬ ɢɡ 

ɝɟɧɨɜ ɩɟɪɜɨɝɨ ɪɨɞɢɬɟɥɹ, ɚ ɧɚ ɩɨɡɢɰɢɹɯ ɨɬ l(k)+1 ɞɨ L – ɢɡ ɝɟɧɨɜ ɜɬɨɪɨɝɨ 

ɪɨɞɢɬɟɥɹ; 

- ɩɨɬɨɦɨɤ, ɯɪɨɦɨɫɨɦɚ ɤɨɬɨɪɨɝɨ ɧɚ ɩɨɡɢɰɢɹɯ ɨɬ 1 ɞɨ l(k) ɫɨɫɬɨɢɬ ɢɡ 

ɝɟɧɨɜ ɜɬɨɪɨɝɨ ɪɨɞɢɬɟɥɹ, ɚ ɧɚ ɩɨɡɢɰɢɹɯ ɨɬ l(k)+1 ɞɨ L – ɢɡ ɝɟɧɨɜ ɩɟɪɜɨɝɨ 

ɪɨɞɢɬɟɥɹ. 

Ⱦɟɣɫɬɜɢɟ ɨɞɧɨɬɨɱɟɱɧɨɝɨ ɤɪɨɫɫɢɧɝɨɜɟɪɚ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 4. 

 

12 24 10 8 6 13 11 22

21 16 9 11 4 2 18 20

ɉɟɪɜɵɣ ɪɨɞɢɬɟɥɶ

ȼɬɨɪɨɣ ɪɨɞɢɬɟɥɶ

l(k) = 4

12 24 10 8 6 13 11 22

21 16 9 11
4 2 18 20

ɉɟɪɜɵɣ ɪɨɞɢɬɟɥɶ

ȼɬɨɪɨɣ ɪɨɞɢɬɟɥɶ

12 24 10 8 4 2 18 20

21 16 9 11 6 13 11 22

ɉɟɪɜɵɣ ɩɨɬɨɦɨɤ

ȼɬɨɪɨɣ ɩɨɬɨɦɨɤ

 

Ɋɢɫɭɧɨɤ 4 – Ɉɞɧɨɬɨɱɟɱɧɵɣ ɤɪɨɫɫɢɧɝɨɜɟɪ 

 

Ⱦɜɭɯɬɨɱɟɱɧɨɟ ɫɤɪɟɳɢɜɚɧɢɟ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɨɞɧɨɬɨɱɟɱɧɨɝɨ ɫɤɪɟɳɢɜɚɧɢɹ 

ɬɟɦ, ɱɬɨ ɪɨɞɢɬɟɥɶɫɤɢɟ ɯɪɨɦɨɫɨɦɵ ɨɛɦɟɧɢɜɚɸɬɫɹ ɭɱɚɫɬɤɨɦ ɝɟɧɟɬɢɱɟɫɤɨɝɨ 
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ɤɨɞɚ, ɤɨɬɨɪɵɣ ɧɚɯɨɞɢɬɫɹ ɦɟɠɞɭ ɞɜɭɦɹ ɫɥɭɱɚɣɧɨ ɜɵɛɪɚɧɧɵɦɢ ɬɨɱɤɚɦɢ 

ɫɤɪɟɳɢɜɚɧɢɹ.  

Ɇɧɨɝɨɬɨɱɟɱɧɨɟ ɫɤɪɟɳɢɜɚɧɢɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɛɨɛɳɟɧɢɟ 

ɩɪɟɞɵɞɭɳɢɯ ɨɩɟɪɚɰɢɣ ɢ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɛɨɥɶɲɢɦ 

ɤɨɥɢɱɟɫɬɜɨɦ ɬɨɱɟɤ ɫɤɪɟɳɢɜɚɧɢɹ.  

Ɋɚɜɧɨɦɟɪɧɨɟ ɫɤɪɟɳɢɜɚɧɢɟ, ɢɧɚɱɟ ɧɚɡɵɜɚɟɦɨɟ ɦɨɧɨɥɢɬɧɵɦ ɢɥɢ 

ɨɞɧɨɫɬɚɞɢɣɧɵɦ, ɜɵɩɨɥɧɹɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɥɭɱɚɣɧɨ ɜɵɛɪɚɧɧɵɦ 

ɷɬɚɥɨɧɨɦ, ɤɨɬɨɪɵɣ ɭɤɚɡɵɜɚɟɬ, ɤɚɤɢɟ ɝɟɧɵ ɞɨɥɠɧɵ ɧɚɫɥɟɞɨɜɚɬɶɫɹ ɨɬ ɩɟɪɜɨɝɨ 

ɪɨɞɢɬɟɥɹ, ɚ ɤɚɤɢɟ ɨɬ ɜɬɨɪɨɝɨ. Ⱦɨɩɭɫɬɢɦ, ɱɬɨ ɜɵɛɪɚɧ ɷɬɚɥɨɧ 010110111011, ɜ 

ɤɨɬɨɪɨɦ 1 ɨɡɧɚɱɚɟɬ ɩɪɢɧɹɬɢɟ ɝɟɧɚ ɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɩɨɡɢɰɢɢ ɨɬ ɩɟɪɜɨɝɨ 

ɪɨɞɢɬɟɥɹ, ɚ 0 – ɨɬ ɜɬɨɪɨɝɨ ɪɨɞɢɬɟɥɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɮɨɪɦɢɪɭɟɬɫɹ ɩɟɪɜɵɣ 

ɩɨɬɨɦɨɤ. Ⱦɥɹ ɜɬɨɪɨɝɨ ɩɨɬɨɦɤɚ ɷɬɚɥɨɧ ɧɟɨɛɯɨɞɢɦɨ ɫɱɢɬɵɜɚɬɶ ɚɧɚɥɨɝɢɱɧɨ, 

ɩɪɢɱɟɦ 1 ɨɡɧɚɱɚɟɬ ɩɪɢɧɹɬɢɟ ɝɟɧɚ ɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɩɨɡɢɰɢɢ ɨɬ ɜɬɨɪɨɝɨ 

ɪɨɞɢɬɟɥɹ, ɚ 0 – ɨɬ ɩɟɪɜɨɝɨ ɪɨɞɢɬɟɥɹ. ɉɪɢɦɟɪ ɪɚɜɧɨɦɟɪɧɨɝɨ ɫɤɪɟɳɢɜɚɧɢɹ 

ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 5. 

 

12 24 10 8 6 13 11 22

21 16 9 11 4 2 18 20

ɉɟɪɜɵɣ ɪɨɞɢɬɟɥɶ

ȼɬɨɪɨɣ ɪɨɞɢɬɟɥɶ

12 24 9 11 6 13 18 22

21 16 10 8 4 2 11 20

ɉɟɪɜɵɣ ɩɨɬɨɦɨɤ

ȼɬɨɪɨɣ ɩɨɬɨɦɨɤ

1 1 0 0 1 1 0 1ɗɬɚɥɨɧ

 

Ɋɢɫɭɧɨɤ 5 – Ɋɚɜɧɨɦɟɪɧɨɟ ɫɤɪɟɳɢɜɚɧɢɟ 

 



17 
 

1.1.6 Ɇɭɬɚɰɢɹ 

 

Ɉɩɟɪɚɬɨɪ ɦɭɬɚɰɢɢ ɫ ɜɟɪɨɹɬɧɨɫɬɶɸ pm ɢɡɦɟɧɹɟɬ ɡɧɚɱɟɧɢɟ ɝɟɧɚ ɜ 

ɯɪɨɦɨɫɨɦɟ. ɇɚɩɪɢɦɟɪ, ɟɫɥɢ ɜ ɯɪɨɦɨɫɨɦɟ [10011] ɦɭɬɚɰɢɢ ɩɨɞɜɟɪɝɚɟɬɫɹ ɝɟɧ 

ɧɚ ɩɨɡɢɰɢɢ 3, ɬɨ ɟɝɨ ɡɧɚɱɟɧɢɟ, ɪɚɜɧɨɟ 0, ɢɡɦɟɧɹɟɬɫɹ ɧɚ 1. ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ 

ɨɛɪɚɡɨɜɚɧɢɸ ɧɨɜɨɣ ɯɪɨɦɨɫɨɦɵ [10111]. ȼɟɪɨɹɬɧɨɫɬɶ ɦɭɬɚɰɢɢ ɨɛɵɱɧɨ ɨɱɟɧɶ 

ɦɚɥɚ. ȼɟɪɨɹɬɧɨɫɬɶ ɦɭɬɚɰɢɢ ɦɨɠɟɬ ɷɦɭɥɢɪɨɜɚɬɶɫɹ, ɧɚɩɪɢɦɟɪ, ɫɥɭɱɚɣɧɵɦ 

ɜɵɛɨɪɨɦ ɱɢɫɥɚ ɢɡ ɢɧɬɟɪɜɚɥɚ [0, 1] ɞɥɹ ɤɚɠɞɨɝɨ ɝɟɧɚ ɢ ɨɬɛɨɪɨɦ ɞɥɹ 

ɜɵɩɨɥɧɟɧɢɹ ɷɬɨɣ ɨɩɟɪɚɰɢɢ ɬɟɯ ɝɟɧɨɜ, ɞɥɹ ɤɨɬɨɪɵɯ ɪɚɡɵɝɪɚɧɧɨɟ ɱɢɫɥɨ 

ɨɤɚɡɵɜɚɟɬɫɹ ɦɟɧɶɲɢɦ ɢɥɢ ɪɚɜɧɵɦ ɡɧɚɱɟɧɢɸ pm. 

 

1.1.7 Ɏɨɪɦɢɪɨɜɚɧɢɟ ɧɨɜɨɣ ɩɨɩɭɥɹɰɢɢ 

 

Ɉɫɨɛɢ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɢɦɟɧɟɧɢɹ ɝɟɧɟɬɢɱɟɫɤɢɯ ɚɥɝɨɪɢɬɦɨɜ 

ɤ ɨɫɨɛɹɦ ɜɪɟɦɟɧɧɨɣ ɪɨɞɢɬɟɥɶɫɤɨɣ ɩɨɩɭɥɹɰɢɢ, ɜɤɥɸɱɚɸɬɫɹ ɜ ɫɨɫɬɚɜ ɧɨɜɨɣ 

ɩɨɩɭɥɹɰɢɢ. Ɉɧɚ ɫɬɚɧɨɜɢɬɫɹ ɬɚɤ ɧɚɡɵɜɚɟɦɨɣ ɬɟɤɭɳɟɣ ɩɨɩɭɥɹɰɢɟɣ ɞɥɹ ɞɚɧɧɨɣ 

ɢɬɟɪɚɰɢɢ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ. ɇɚ ɤɚɠɞɨɣ ɢɬɟɪɚɰɢɢ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ 

ɡɧɚɱɟɧɢɣ ɮɭɧɤɰɢɣ ɩɪɢɫɩɨɫɨɛɥɟɧɧɨɫɬɢ ɞɥɹ ɜɫɟɯ ɨɫɨɛɟɣ ɷɬɨɣ ɩɨɩɭɥɹɰɢɢ, 

ɩɨɫɥɟ ɱɟɝɨ ɩɪɨɜɟɪɹɟɬɫɹ ɭɫɥɨɜɢɟ ɨɫɬɚɧɨɜɤɢ ɚɥɝɨɪɢɬɦɚ ɢ ɥɢɛɨ ɮɢɤɫɢɪɭɟɬɫɹ 

ɪɟɡɭɥɶɬɚɬ ɜ ɜɢɞɟ ɯɪɨɦɨɫɨɦɵ ɫ ɧɚɢɥɭɱɲɢɦ ɡɧɚɱɟɧɢɟɦ ɮɭɧɤɰɢɢ 

ɩɪɢɫɩɨɫɨɛɥɟɧɧɨɫɬɢ, ɥɢɛɨ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɟɪɟɯɨɞ ɤ ɫɥɟɞɭɸɳɟɦɭ ɲɚɝɭ 

ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ, ɬɨ ɟɫɬɶ ɤ ɫɟɥɟɤɰɢɢ. 

 

1.1.8 Ɂɚɤɥɸɱɟɧɢɟ 

 

Ƚɟɧɟɬɢɱɟɫɤɢɣ ɚɥɝɨɪɢɬɦ ɹɜɥɹɟɬɫɹ ɷɮɮɟɤɬɢɜɧɵɦ ɦɟɬɨɞɨɦ ɞɥɹ ɪɟɲɟɧɢɹ 

ɡɚɞɚɱ ɩɨɢɫɤɚ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɟɲɟɧɢɹ. Ɉɩɟɪɚɰɢɢ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ 

ɝɟɧɟɬɢɱɟɫɤɨɦ ɚɥɝɨɪɢɬɦɟ, ɨɛɟɫɩɟɱɢɜɚɸɬ ɛɵɫɬɪɨɟ ɫɯɨɠɞɟɧɢɟ ɩɨɩɭɥɹɰɢɢ ɤ 

ɦɚɤɫɢɦɚɥɶɧɨɦɭ ɢɥɢ ɦɢɧɢɦɚɥɶɧɨɦɭ ɪɟɲɟɧɢɸ ɞɥɹ ɡɚɞɚɧɧɨɣ ɮɭɧɤɰɢɢ. Ɉɞɧɚɤɨ, 

ɜ ɜɢɞɭ ɬɨɝɨ, ɱɬɨ ɜ ɨɫɧɨɜɟ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ ɥɟɠɢɬ ɦɟɬɨɞ ɫɥɭɱɚɣɧɨɝɨ 
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ɩɨɢɫɤɚ, ɧɟɥɶɡɹ ɨɩɪɟɞɟɥɢɬɶ ɬɨɱɧɨɟ ɜɪɟɦɹ ɧɚɯɨɠɞɟɧɢɹ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɟɲɟɧɢɹ. 

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɭɦɟɧɶɲɢɬɶ ɜɪɟɦɹ ɩɨɢɫɤɚ ɢɫɩɨɥɶɡɭɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɜɢɞɵ 

ɨɩɟɪɚɰɢɣ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ, ɚ ɢɧɨɝɞɚ ɢ ɪɚɡɥɢɱɧɵɟ ɦɨɞɢɮɢɤɚɰɢɢ 

ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ, ɬɚɤɢɟ ɤɚɤ ɝɟɧɟɬɢɱɟɫɤɢɣ ɚɥɝɨɪɢɬɦ ɫ ɱɚɫɬɢɱɧɨɣ 

ɡɚɦɟɧɨɣ ɩɨɩɭɥɹɰɢɢ ɢ ɝɟɧɟɬɢɱɟɫɤɢɣ ɚɥɝɨɪɢɬɦ ɫ ɷɥɢɬɚɪɧɨɣ ɫɬɪɚɬɟɝɢɟɣ. 

 

1.2 Ⱥɧɚɥɢɬɢɱɟɫɤɢɣ ɨɛɡɨɪ ɚɧɚɥɨɝɨɜ 

 

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɫɭɳɟɫɬɜɭɟɬ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɝɪɚɦɦ, 

ɢɫɩɨɥɶɡɭɸɳɢɯ ɝɟɧɟɬɢɱɟɫɤɢɟ ɚɥɝɨɪɢɬɦɵ. ɗɬɢ ɩɪɨɝɪɚɦɦɵ ɪɚɡɪɚɛɨɬɚɧɵ ɞɥɹ 

ɩɨɢɫɤɚ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɟɲɟɧɢɹ ɜ ɨɛɥɚɫɬɢ ɬɨɣ ɢɥɢ ɢɧɨɣ ɡɚɞɚɱɢ.  Ɍɚɤɨɜɵɦɢ, 

ɧɚɩɪɢɦɟɪ, ɹɜɥɹɸɬɫɹ FlexTool [1, ɫ. 170] ɢ Evolver [1, ɫ. 214]. ɉɨɦɢɦɨ ɷɬɨɝɨ, 

ɫɭɳɟɫɬɜɭɸɬ ɩɪɨɝɪɚɦɦɵ, ɪɟɚɥɢɡɨɜɚɧɧɵɟ ɱɚɫɬɧɵɦɢ ɪɚɡɪɚɛɨɬɱɢɤɚɦɢ, 

ɧɚɩɪɢɦɟɪ, CyberBiology [6]. Ɋɚɫɫɦɨɬɪɢɦ ɤɚɠɞɭɸ ɢɡ ɧɢɯ ɩɨɞɪɨɛɧɟɟ. 

ɐɟɥɶɸ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɨɛɡɨɪɚ ɹɜɥɹɟɬɫɹ ɫɪɚɜɧɟɧɢɟ ɚɧɚɥɨɝɨɜ ɫ 

ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɦ ɩɪɢɥɨɠɟɧɢɟɦ. ȼ ɤɚɱɟɫɬɜɟ ɤɪɢɬɟɪɢɟɜ ɞɥɹ ɫɪɚɜɧɟɧɢɹ 

ɢɫɩɨɥɶɡɭɸɬɫɹ: 

- ɧɚɥɢɱɢɟ ɢɧɬɟɪɮɟɣɫɚ; 

- ɝɢɛɤɨɫɬɶ ɧɚɫɬɪɨɟɤ; 

- ɩɪɨɫɬɨɬɚ ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ; 

- ɧɚɥɢɱɢɟ ɜɢɡɭɚɥɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ; 

- ɰɟɧɚ. 

 

1.2.1 FlexTool 

 

FlexTool – ɷɬɨ ɦɨɞɭɥɶɧɵɣ ɩɪɨɝɪɚɦɦɧɵɣ ɢɧɫɬɪɭɦɟɧɬ, ɩɪɟɞɨɫɬɚɜɥɹɸɳɢɣ 

ɫɪɟɞɭ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ ɜ ɪɚɡɥɢɱɧɵɯ ɨɛɥɚɫɬɹɯ ɫ 

ɦɢɧɢɦɚɥɶɧɵɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɫ ɩɨɥɶɡɨɜɚɬɟɥɟɦ [7]. 

Flextool M2.2 ɹɜɥɹɟɬɫɹ ɪɚɫɲɢɪɟɧɢɟɦ ɞɥɹ MATLAB . Ɉɛɴɟɤɬɵ 

ɝɟɧɟɬɢɱɟɫɤɢɯ ɚɥɝɨɪɢɬɦɨɜ ɩɪɟɞɨɫɬɚɜɥɹɸɬɫɹ ɜ ɜɢɞɟ ɮɚɣɥɨɜ ɫ ɪɚɫɲɢɪɟɧɢɟɦ m. 
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ɉɪɨɝɪɚɦɦɚ ɪɚɡɪɚɛɨɬɚɧɚ ɫ ɭɩɨɪɨɦ ɧɚ ɦɨɞɭɥɶɧɨɫɬɶ, ɝɢɛɤɨɫɬɶ, ɜɨɡɦɨɠɧɨɫɬɶ 

ɨɛɧɨɜɥɟɧɢɹ ɢ ɧɚɞɟɠɧɨɫɬɶ. 

FlexTool ɢɦɟɟɬ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɧɚɫɬɪɚɢɜɚɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ: 

 ɜɢɞ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ (ɫ ɩɨɥɧɨɣ ɫɦɟɧɨɣ ɩɨɤɨɥɟɧɢɹ, ɫ 

ɭɫɬɨɣɱɢɜɵɦ ɫɨɫɬɨɹɧɢɟɦ, ɦɢɤɪɨ ȽȺ); 

 ɤɨɞɢɪɨɜɚɧɢɟ (ɛɢɧɚɪɧɨɟ, ɥɨɝɚɪɢɮɦɢɱɟɫɤɨɟ, ɜɟɳɟɫɬɜɟɧɧɨɟ); 

 ɫɟɥɟɤɰɢɹ (ɬɭɪɧɢɪɧɚɹ, ɪɭɥɟɬɨɱɧɚɹ, ɪɟɣɬɢɧɝɨɜɚɹ); 

 ɤɪɨɫɫɨɜɟɪ (ɨɞɧɨɬɨɱɟɱɧɵɣ, ɞɜɭɯɬɨɱɟɱɧɵɣ, ɦɧɨɝɨɬɨɱɟɱɧɵɣ). 

Ⱦɟɦɨɜɟɪɫɢɹ FlexTool ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 6. 

 

 

Ɋɢɫɭɧɨɤ 6 – Ⱦɟɦɨɜɟɪɫɢɹ FlexTool 

 

ɇɟɫɦɨɬɪɹ ɧɚ ɜɫɟ ɩɪɟɢɦɭɳɟɫɬɜɚ FlexTool, ɫɬɨɢɬ ɭɱɟɫɬɶ, ɱɬɨ ɷɬɨ 

ɦɨɞɭɥɶɧɵɣ ɩɪɨɝɪɚɦɦɧɵɣ ɢɧɫɬɪɭɦɟɧɬ ɞɥɹ MATLAB . ɇɚɫɬɪɨɣɤɢ ɩɚɪɚɦɟɬɪɨɜ 

ɩɪɨɢɡɜɨɞɹɬɫɹ ɩɪɹɦɨ ɜ ɤɨɞɟ, ɜ ɜɢɞɭ ɨɬɫɭɬɫɬɜɢɹ ɢɧɬɟɪɮɟɣɫɚ, ɧɟɬ ɜɨɡɦɨɠɧɨɫɬɢ 

ɧɚɛɥɸɞɚɬɶ ɡɚ ɯɨɞɨɦ ɪɚɛɨɬɵ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ, ɚ ɬɚɤɠɟ ɰɟɧɚ ɩɨɥɧɨɣ 

ɜɟɪɫɢɢ FlexTool ɧɚɯɨɞɢɬɫɹ ɜ ɪɚɣɨɧɟ 80$. ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɢɧɫɬɪɭɦɟɧɬ 

FlexTool ɧɟɞɨɫɬɭɩɟɧ, ɬɚɤ ɤɚɤ ɩɨɞɞɟɪɠɤɚ ɛɵɥɚ ɩɪɟɤɪɚɳɟɧɚ ɜ 2009 ɝɨɞɭ. 
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1.2.2 Evolver 

 

Evolver – ɷɬɨ ɩɪɨɝɪɚɦɦɧɵɣ ɩɚɤɟɬ, ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɹɟɬ ɩɨɥɶɡɨɜɚɬɟɥɹɦ 

ɪɟɲɚɬɶ ɲɢɪɨɤɢɣ ɫɩɟɤɬɪ ɡɚɞɚɱ ɨɩɬɢɦɢɡɚɰɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɝɟɧɟɬɢɱɟɫɤɨɝɨ 

ɚɥɝɨɪɢɬɦɚ. Ɂɚɩɭɳɟɧɧɵɣ ɜ 1989 ɝɨɞɭ, ɷɬɨ ɛɵɥ ɩɟɪɜɵɣ ɤɨɦɦɟɪɱɟɫɤɢɣ ɩɚɤɟɬ 

ɝɟɧɟɬɢɱɟɫɤɢɯ ɚɥɝɨɪɢɬɦɨɜ ɞɥɹ ɩɟɪɫɨɧɚɥɶɧɵɯ ɤɨɦɩɶɸɬɟɪɨɜ. ɉɪɨɝɪɚɦɦɚ 

ɢɡɧɚɱɚɥɶɧɨ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ Axcelis, Inc. ɢ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɢɧɚɞɥɟɠɢɬ 

Palisade Corporation [8]. 

Evolver ɫɩɨɫɨɛɧɚ ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ ɮɭɧɤɰɢɢ ɧɟɫɤɨɥɶɤɢɯ ɩɟɪɟɦɟɧɧɵɯ, 

ɩɪɢ ɷɬɨɦ ɨɧɚ ɦɨɠɟɬ ɩɪɢɦɟɧɹɬɫɹ ɞɥɹ ɩɨɢɫɤɚ ɦɚɤɫɢɦɭɦɚ ɢɥɢ ɦɢɧɢɦɭɦɚ 

ɮɭɧɤɰɢɢ ɞɜɭɯ ɢ ɞɚɠɟ ɨɞɧɨɣ ɩɟɪɟɦɟɧɧɨɣ. ɉɪɢɦɟɱɚɬɟɥɶɧɨ ɱɬɨ ɜ ɫɥɭɱɚɟ ɨɞɧɨɣ 

ɩɟɪɟɦɟɧɧɨɣ ɫɤɪɟɳɢɜɚɧɢɟ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɩɪɨɢɡɜɨɞɢɬɫɹ, ɢ ɜɵɩɨɥɧɹɟɬɫɹ 

ɬɨɥɶɤɨ ɮɭɧɤɰɢɹ ɦɭɬɚɰɢɢ, ɱɬɨ ɯɚɪɚɤɬɟɪɧɨ ɞɥɹ ɷɜɨɥɸɰɢɨɧɧɨɝɨ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ [1, ɫ. 224]. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ, ɪɟɚɥɢɡɨɜɚɧɧɨɝɨ ɜ 

ɩɪɨɝɪɚɦɦɟ Evolver, ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 7. 

 

 

Ɋɢɫɭɧɨɤ 7 – Ɋɟɡɭɥɶɬɚɬ ɨɩɬɢɦɢɡɚɰɢɢ ɜ Evolver 



21 
 

Evolver ɹɜɥɹɟɬɫɹ ɪɚɫɲɢɪɟɧɢɟɦ ɞɥɹ Excel, ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɭ ɩɪɨɝɪɚɦɦɵ 

ɨɬɫɭɬɫɬɜɭɟɬ ɫɜɨɣ ɢɧɬɟɪɮɟɣɫ, ɚ ɩɨɥɶɡɨɜɚɬɟɥɸ ɧɟ ɞɨɫɬɭɩɧɵ ɧɚɫɬɪɨɣɤɢ 

ɩɚɪɚɦɟɬɪɨɜ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ, ɬɚɤɠɟ ɰɟɧɚ ɩɪɨɞɭɤɬɚ ɫɨɫɬɚɜɥɹɟɬ 1055£ 

ɢɥɢ 88000 ɪɭɛɥɟɣ. 

 

1.2.3 CyberBiology 

 

CyberBiology ɹɜɥɹɟɬɫɹ ɱɚɫɬɧɨɣ ɪɚɡɪɚɛɨɬɤɨɣ Ɇɢɯɚɢɥɚ ɐɚɪɶɤɨɜɚ. 

ɪɟɚɥɢɡɨɜɚɧɧɨɣ ɜ 2016 ɝɨɞɭ. Ⱦɚɧɧɚɹ ɩɪɨɝɪɚɦɦɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɧɚɝɥɹɞɧɨɝɨ 

ɨɬɨɛɪɚɠɟɧɢɹ ɯɨɞɚ ɪɚɛɨɬɵ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ. 

ɂɞɟɟɣ ɪɚɡɪɚɛɨɬɤɢ ɹɜɥɹɟɬɫɹ ɫɪɟɞɚ, ɜ ɤɨɬɨɪɨɣ ɨɫɨɛɢ (ɛɨɬɵ) ɞɨɥɠɧɵ 

ɧɚɯɨɞɢɬɶ ɩɢɳɭ, ɱɬɨɛɵ ɩɪɨɞɥɢɬɶ ɜɪɟɦɹ ɫɜɨɟɣ ɠɢɡɧɢ. ɉɨɦɢɦɨ ɨɫɨɛɟɣ ɢ ɩɢɳɢ, 

ɜ ɫɪɟɞɟ ɩɪɢɫɭɬɫɬɜɭɸɬ ɹɞɨɜɢɬɵɟ ɤɥɟɬɤɢ, ɤɨɬɨɪɵɟ ɦɝɧɨɜɟɧɧɨ ɭɧɢɱɬɨɠɚɸɬ 

ɛɨɬɚ, ɨɞɧɚɤɨ ɛɨɬ ɜ ɫɨɫɬɨɹɧɢɢ «ɨɛɟɡɜɪɟɞɢɬɶ» ɬɚɤɭɸ ɤɥɟɬɤɭ. Ƚɟɧɚɦɢ ɨɫɨɛɟɣ ɜ 

ɩɪɨɝɪɚɦɦɟ ɹɜɥɹɸɬɫɹ ɤɨɦɚɧɞɵ. 

ɉɪɢɦɟɪ ɪɚɛɨɬɵ CyberBiology ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 8. 

 

 

Ɋɢɫɭɧɨɤ 8 – ɉɪɢɦɟɪ ɪɚɛɨɬɵ CyberBiology 
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Ⱦɚɧɧɚɹ ɩɪɨɝɪɚɦɦɚ ɢɞɟɚɥɶɧɨ ɩɨɞɯɨɞɢɬ ɞɥɹ ɧɚɛɥɸɞɟɧɢɹ ɡɚ ɯɨɞɨɦ 

ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ. Ɉɞɧɚɤɨ ɜ ɧɟɣ ɨɬɫɭɬɫɬɜɭɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɧɚɫɬɪɨɣɤɢ 

ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ. ɉɪɨɝɪɚɦɦɚ ɯɪɚɧɢɬɫɹ ɜ ɫɜɨɛɨɞɧɨɦ ɞɨɫɬɭɩɟ ɧɚ 

GitHub. 

 

1.2.4 Ɂɚɤɥɸɱɟɧɢɟ 

 

ɋɪɚɜɧɟɧɢɟ ɚɧɚɥɨɝɨɜ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɬɚɛɥɢɰɟ 1. 

 

Ɍɚɛɥɢɰɚ 1 – ɋɪɚɜɧɟɧɢɟ ɚɧɚɥɨɝɨɜ 

Ʉɪɢɬɟɪɢɣ FlexTool Evolver CyberBiology 
Ɋɚɡɪɚɛɚɬɵɜɚɟɦɨɟ 

ɩɪɢɥɨɠɟɧɢɟ 

ɇɚɥɢɱɢɟ 

ɢɧɬɟɪɮɟɣɫɚ 
ɇɟɬ ɇɟɬ ɇɟɬ Ⱦɚ 

Ƚɢɛɤɨɫɬɶ 

ɧɚɫɬɪɨɟɤ 
Ⱦɚ ɇɟɬ ɇɟɬ Ⱦɚ 

ɉɪɨɫɬɨɬɚ ɜ 

ɢɫɩɨɥɶɡɨɜɚɧɢɢ 
ɇɟɬ Ⱦɚ Ⱦɚ Ⱦɚ 

ȼɢɡɭɚɥɢɡɚɰɢɢ 

ɩɪɨɰɟɫɫɚ 
ɇɟɬ ɇɟɬ Ⱦɚ Ⱦɚ 

ɐɟɧɚ ~5000ɪ. ~73000 ɪ. Ȼɟɫɩɥɚɬɧɨ Ȼɟɫɩɥɚɬɧɨ 

 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɨɛɡɨɪɚ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɧɢ ɨɞɧɚ 

ɢɡ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɩɪɨɝɪɚɦɦ ɧɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɜɫɟɦ ɤɪɢɬɟɪɢɹɦ ɫɪɚɡɭ. 

ɉɪɨɝɪɚɦɦɵ ɩɪɨɫɬɵ ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɬɨɥɶɤɨ ɟɫɥɢ ɨɬɫɭɬɫɬɜɭɟɬ ɝɢɛɤɨɫɬɶ 

ɧɚɫɬɪɨɟɤ, ɜ ɜɢɞɭ ɬɨɝɨ, ɱɬɨ ɜɫɟ ɧɚɫɬɪɨɣɤɢ ɩɪɨɩɢɫɚɧɵ ɜ ɤɨɞɟ. ɉɪɢɤɥɚɞɧɵɟ 

ɩɪɨɝɪɚɦɦɵ ɢɦɟɸɬ ɜɵɫɨɤɭɸ ɰɟɧɭ, ɩɪɢ ɷɬɨɦ ɩɨɥɶɡɨɜɚɬɟɥɶ ɧɟ ɦɨɠɟɬ 

ɧɚɛɥɸɞɚɬɶ ɡɚ ɯɨɞɨɦ ɩɪɨɰɟɫɫɚ. 
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2 ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɢ ɜɵɛɨɪ ɫɪɟɞɫɬɜ ɪɚɡɪɚɛɨɬɤɢ 

 

2.1 ȼɵɛɨɪ ɫɪɟɞɫɬɜ ɪɚɡɪɚɛɨɬɤɢ 

 

Ƚɪɚɦɨɬɧɨ ɜɵɛɪɚɧɧɵɟ ɫɪɟɞɫɬɜɚ ɧɚ ɧɚɱɚɥɶɧɨɦ ɷɬɚɩɟ ɪɚɡɪɚɛɨɬɤɢ ɢɦɟɸɬ 

ɛɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɭɫɩɟɲɧɨɝɨ ɡɚɜɟɪɲɟɧɢɹ ɩɪɨɟɤɬɚ. ɉɨɫɤɨɥɶɤɭ ɤɨɪɪɟɤɬɧɨ 

ɨɫɭɳɟɫɬɜɥɟɧɧɵɣ ɜɵɛɨɪ ɫɪɟɞɫɬɜ ɪɚɡɪɚɛɨɬɤɢ ɨɤɚɡɵɜɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ 

ɧɚ ɫɪɨɤɢ ɢ ɫɬɨɢɦɨɫɬɶ ɪɚɡɪɚɛɨɬɤɢ ɧɟɨɛɯɨɞɢɦɨɝɨ ɉɈ. 

 

2.1.1 ȼɵɛɨɪ ɹɡɵɤɚ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɝɪɚɦɦɵ 

 

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɫɭɳɟɫɬɜɭɟɬ ɦɧɨɠɟɫɬɜɨ ɹɡɵɤɨɜ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɩɪɢɥɨɠɟɧɢɣ, ɨɞɧɚɤɨ ɧɢ ɨɞɢɧ ɢɡ ɹɡɵɤɨɜ ɧɟ 

ɩɪɟɜɨɫɯɨɞɢɬ ɨɫɬɚɥɶɧɵɟ ɩɨ ɜɫɟɦ ɤɪɢɬɟɪɢɹɦ. ɉɪɟɜɨɫɯɨɞɫɬɜɨ ɤɚɤɨɝɨ-ɥɢɛɨ 

ɹɡɵɤɚ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɦɨɠɟɬ ɩɪɨɹɜɥɹɬɶɫɹ ɬɨɥɶɤɨ ɜ ɤɨɧɬɟɤɫɬɟ ɪɟɲɟɧɢɹ 

ɤɚɤɨɣ-ɥɢɛɨ ɤɨɧɤɪɟɬɧɨɣ ɡɚɞɚɱɢ. Ɉɞɧɚɤɨ ɦɧɨɝɢɟ ɡɚɞɚɱɢ ɦɨɝɭɬ ɛɵɬɶ 

ɷɮɮɟɤɬɢɜɧɨ ɪɟɲɟɧɵ ɫ ɩɨɦɨɳɶɸ ɩɪɚɤɬɢɱɟɫɤɢ ɥɸɛɨɝɨ ɫɨɜɪɟɦɟɧɧɨɝɨ ɹɡɵɤɚ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ. ɇɢɠɟ ɩɪɢɜɟɞɟɧ ɫɩɢɫɨɤ ɫ ɤɪɚɬɤɢɦ ɨɩɢɫɚɧɢɟɦ ɧɟɤɨɬɨɪɵɯ 

ɹɡɵɤɨɜ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɧɚ ɤɨɬɨɪɵɯ ɦɨɠɟɬ ɛɵɬɶ ɪɟɚɥɢɡɨɜɚɧ ɝɟɧɟɬɢɱɟɫɤɢɣ 

ɚɥɝɨɪɢɬɦ 

Java – ɫɢɥɶɧɨ ɬɢɩɢɡɢɪɨɜɚɧɧɵɣ ɨɛɴɟɤɬɧɨ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɣ ɹɡɵɤ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɤɨɦɩɚɧɢɟɣ Sun Microsystems (ɜ 

ɩɨɫɥɟɞɭɸɳɟɦ ɩɪɢɨɛɪɟɬёɧɧɨɣ ɤɨɦɩɚɧɢɟɣ Oracle). ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɨɟɤɬ 

ɩɪɢɧɚɞɥɟɠɢɬ OpenSource ɢ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɩɨ ɥɢɰɟɧɡɢɢ GPL. ɉɪɢɥɨɠɟɧɢɹ 

Java ɨɛɵɱɧɨ ɬɪɚɧɫɥɢɪɭɸɬɫɹ ɜ ɫɩɟɰɢɚɥɶɧɵɣ ɛɚɣɬ-ɤɨɞ, ɩɨɷɬɨɦɭ ɨɧɢ ɦɨɝɭɬ 

ɪɚɛɨɬɚɬɶ ɧɚ ɥɸɛɨɣ ɤɨɦɩɶɸɬɟɪɧɨɣ ɚɪɯɢɬɟɤɬɭɪɟ ɫ ɩɨɦɨɳɶɸ ɜɢɪɬɭɚɥɶɧɨɣ Java-

ɦɚɲɢɧɵ. 

Ɍɚɤɠɟ ɜ Java ɟɫɬɶ ɛɢɛɥɢɨɬɟɤɚ ɫ ɧɚɛɨɪɨɦ ɮɭɧɤɰɢɣ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ 

ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ. Ⱦɚɧɧɚɹ ɛɢɛɥɢɨɬɟɤɚ ɧɨɫɢɬ ɧɚɡɜɚɧɢɟ Jenetics, ɱɬɨ 

ɩɨɡɜɨɥɢɥɨ ɛɵ ɭɫɤɨɪɢɬɶ ɧɚɩɢɫɚɧɢɟ ɩɪɨɝɪɚɦɦɵ, ɨɞɧɚɤɨ ɩɪɢɲɥɨɫɶ ɨɬɤɚɡɚɬɶɫɹ 
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ɨɬ ɢɞɟɢ ɪɟɚɥɢɡɚɰɢɢ ɧɚ ɹɡɵɤɟ Java, ɩɨ ɩɪɢɱɢɧɟ ɨɬɫɭɬɫɬɜɢɹ ɨɩɵɬɚ ɪɚɡɪɚɛɨɬɤɢ 

ɧɚ ɞɚɧɧɨɦ ɹɡɵɤɟ, ɚ ɬɚɤɠɟ ɢɡ-ɡɚ ɩɥɨɯɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ, ɫɜɹɡɚɧɧɨɣ ɫ 

ɩɪɨɝɪɚɦɦɨɣ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɨɱɢɫɬɤɢ ɩɚɦɹɬɢ [9]. 

Python – ɜɵɫɨɤɨɭɪɨɜɧɟɜɵɣ ɹɡɵɤ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɨɛɳɟɝɨ 

ɧɚɡɧɚɱɟɧɢɹ, ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɣ ɧɚ ɩɨɜɵɲɟɧɢɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ 

ɪɚɡɪɚɛɨɬɱɢɤɚ ɢ ɱɢɬɚɟɦɨɫɬɢ ɤɨɞɚ. ɋɢɧɬɚɤɫɢɫ ɹɞɪɚ Python ɦɢɧɢɦɚɥɢɫɬɢɱɟɧ. ȼ 

ɬɨ ɠɟ ɜɪɟɦɹ ɫɬɚɧɞɚɪɬɧɚɹ ɛɢɛɥɢɨɬɟɤɚ ɜɤɥɸɱɚɟɬ ɛɨɥɶɲɨɣ ɨɛɴёɦ ɩɨɥɟɡɧɵɯ 

ɮɭɧɤɰɢɣ. 

Python ɩɨɞɞɟɪɠɢɜɚɟɬ ɫɬɪɭɤɬɭɪɧɨɟ, ɨɛɴɟɤɬɧɨ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɟ, 

ɮɭɧɤɰɢɨɧɚɥɶɧɨɟ, ɢɦɩɟɪɚɬɢɜɧɨɟ ɢ ɚɫɩɟɤɬɧɨ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɟ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ [10, ɫ. 4]. Ɉɫɧɨɜɧɵɟ ɚɪɯɢɬɟɤɬɭɪɧɵɟ ɱɟɪɬɵ — 

ɞɢɧɚɦɢɱɟɫɤɚɹ ɬɢɩɢɡɚɰɢɹ, ɚɜɬɨɦɚɬɢɱɟɫɤɨɟ ɭɩɪɚɜɥɟɧɢɟ ɩɚɦɹɬɶɸ, ɩɨɥɧɚɹ 

ɢɧɬɪɨɫɩɟɤɰɢɹ, ɦɟɯɚɧɢɡɦ ɨɛɪɚɛɨɬɤɢ ɢɫɤɥɸɱɟɧɢɣ, ɩɨɞɞɟɪɠɤɚ ɦɧɨɝɨɩɨɬɨɱɧɵɯ 

ɜɵɱɢɫɥɟɧɢɣ, ɜɵɫɨɤɨɭɪɨɜɧɟɜɵɟ ɫɬɪɭɤɬɭɪɵ ɞɚɧɧɵɯ. ɉɨɞɞɟɪɠɢɜɚɟɬɫɹ 

ɪɚɡɛɢɟɧɢɟ ɩɪɨɝɪɚɦɦ ɧɚ ɦɨɞɭɥɢ, ɤɨɬɨɪɵɟ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɦɨɝɭɬ 

ɨɛɴɟɞɢɧɹɬɶɫɹ ɜ ɩɚɤɟɬɵ. 

Python ɢɦɟɟɬ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɛɢɛɥɢɨɬɟɤ ɞɥɹ ɪɚɛɨɬɵ ɫ 

ɝɟɧɟɬɢɱɟɫɤɢɦ ɚɥɝɨɪɢɬɦɨɦ: Pyvolution, DEAP, pyStep, Pyevolve, pyRobot, 

PonyGE, inspired, DRP.  

ɋ++ - ɤɨɦɩɢɥɢɪɭɟɦɵɣ, ɫɬɚɬɢɱɟɫɤɢ ɬɢɩɢɡɢɪɨɜɚɧɧɵɣ ɹɡɵɤ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɨɛɳɟɝɨ ɧɚɡɧɚɱɟɧɢɹ. 

ɉɨɞɞɟɪɠɢɜɚɟɬ ɬɚɤɢɟ ɩɚɪɚɞɢɝɦɵ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɤɚɤ ɩɪɨɰɟɞɭɪɧɨɟ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ, ɨɛɴɟɤɬɧɨ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ, 

ɨɛɨɛɳёɧɧɨɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ [11]. C++ ɫɨɱɟɬɚɟɬ ɫɜɨɣɫɬɜɚ ɤɚɤ 

ɜɵɫɨɤɨɭɪɨɜɧɟɜɵɯ, ɬɚɤ ɢ ɧɢɡɤɨɭɪɨɜɧɟɜɵɯ ɹɡɵɤɨɜ. 

C++ ɢɦɟɟɬ ɛɢɛɥɢɨɬɟɤɢ ɞɥɹ ɪɚɛɨɬɵ ɫ ɝɟɧɟɬɢɱɟɫɤɢɦ ɚɥɝɨɪɢɬɦɨɦ, 

ɧɚɩɪɢɦɟɪ GAlib.  

Ȼɵɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɪɚɡɪɚɛɚɬɵɜɚɬɶ ɩɪɨɝɪɚɦɦɭ ɧɚ ɹɡɵɤɟ Python ɜ 

ɫɢɥɭ ɟɝɨ ɛɵɫɬɪɨɞɟɣɫɬɜɢɹ ɢ ɧɚɥɢɱɢɹ ɨɩɵɬɚ ɪɚɡɪɚɛɨɬɤɢ ɧɚ ɷɬɨɦ ɹɡɵɤɟ, ɧɨ ɛɟɡ 
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ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɛɢɛɥɢɨɬɟɤɢ ɞɥɹ ɪɚɛɨɬɵ ɫ ɝɟɧɟɬɢɱɟɫɤɢɦ ɚɥɝɨɪɢɬɦɨɦ, ɜ ɫɢɥɭ 

ɭɯɭɞɲɟɧɢɹ ɱɢɬɚɛɟɥɶɧɨɫɬɢ ɤɨɞɚ ɢ ɟɝɨ ɩɨɧɢɦɚɧɢɹ. 

Ⱦɥɹ ɧɚɩɢɫɚɧɢɹ ɝɪɚɮɢɱɟɫɤɨɝɨ ɢɧɬɟɪɮɟɣɫɚ ɛɵɥ ɜɵɛɪɚɧ ɢɧɫɬɪɭɦɟɧɬ Qt. 

Qt - ɤɪɨɫɫɩɥɚɬɮɨɪɦɟɧɧɵɣ ɮɪɟɣɦɜɨɪɤ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɨɛɟɫɩɟɱɟɧɢɹ ɧɚ ɹɡɵɤɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ C++ [12]. ȿɫɬɶ ɬɚɤɠɟ «ɩɪɢɜɹɡɤɢ» ɤɨ 

ɦɧɨɝɢɦ ɞɪɭɝɢɦ ɹɡɵɤɚɦ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ: Python — PyQt, PySide; Ruby — 

QtRuby; Java — Qt Jambi; PHP — PHP-Qt ɢ ɞɪɭɝɢɟ. 

 

2.1.2 ɋɍȻȾ SQLite 

 

Ⱦɥɹ ɯɪɚɧɟɧɢɹ ɞɚɧɧɵɯ ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɪɟɥɹɰɢɨɧɧɭɸ ɛɚɡɭ ɞɚɧɧɵɯ ɩɨɞ ɭɩɪɚɜɥɟɧɢɟɦ ɋɍȻȾ SQLite, ɩɨɫɤɨɥɶɤɭ ɷɬɨ 

ɤɨɦɩɚɤɬɧɚɹ ɥɟɝɤɨ ɜɫɬɪɚɢɜɚɟɦɚɹ ɜ ɞɪɭɝɢɟ ɫɢɫɬɟɦɵ ɪɟɥɹɰɢɨɧɧɚɹ ɛɚɡɚ ɞɚɧɧɵɯ. 

ȼ ɞɚɧɧɨɦ ɤɨɧɬɟɤɫɬɟ ɫɥɨɜɨ «ɜɫɬɪɚɢɜɚɟɦɚɹ» ɨɡɧɚɱɚɟɬ, ɱɬɨ ɞɚɧɧɚɹ ȻȾ ɹɜɥɹɟɬɫɹ 

ɮɚɣɥɨɜɨɣ, ɚ ɧɟ ɤɥɢɟɧɬ-ɫɟɪɜɟɪɧɨɣ, ɱɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɞɜɢɠɨɤ 

SQLite – ɷɬɨ ɧɟ ɨɬɞɟɥɶɧɨ ɪɚɛɨɬɚɸɳɢɣ ɩɪɨɰɟɫɫ, ɚ ɛɢɛɥɢɨɬɟɤɚ, ɤɨɬɨɪɚɹ 

ɜɩɨɫɥɟɞɫɬɜɢɢ ɛɭɞɟɬ ɹɜɥɹɬɶɫɹ ɱɚɫɬɶɸ ɩɪɨɝɪɚɦɦɵ. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɥɹ ɪɚɛɨɬɵ ɫ ɞɪɭɝɨɣ ɫɢɫɬɟɦɨɣ ɭɩɪɚɜɥɟɧɢɹ 

ɛɚɡɚɦɢ ɞɚɧɧɵɯ ɩɨɬɪɟɛɨɜɚɥɨɫɶ ɛɵ ɫɤɚɱɚɬɶ ɢ ɭɫɬɚɧɨɜɢɬɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ 

ɞɪɚɣɜɟɪ, ɚ ɫ SQLite ɧɢɤɚɤɨɣ ɭɫɬɚɧɨɜɤɢ ɧɟ ɩɨɬɪɟɛɭɟɬɫɹ, ɬɚɤ ɤɚɤ ɹɡɵɤ Python 

ɭɠɟ ɢɦɟɟɬ ɜɫɬɪɨɟɧɧɭɸ ɩɨ ɭɦɨɥɱɚɧɢɸ ɩɨɞɞɟɪɠɤɭ SQLite [13]. 

 

2.1.3 ȼɫɩɨɦɨɝɚɬɟɥɶɧɵɟ ɢɧɫɬɪɭɦɟɧɬɵ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ 

 

ȼ ɯɨɞɟ ɪɚɡɪɚɛɨɬɤɢ ɩɪɢɥɨɠɟɧɢɹ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɫɥɟɞɭɸɳɢɟ 

ɢɧɫɬɪɭɦɟɧɬɵ: 

PyCharm - ɢɧɬɟɝɪɢɪɨɜɚɧɧɚɹ ɫɪɟɞɚ ɪɚɡɪɚɛɨɬɤɢ ɞɥɹ ɹɡɵɤɚ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ Python. ɉɪɟɞɨɫɬɚɜɥɹɟɬ ɫɪɟɞɫɬɜɚ ɞɥɹ ɚɧɚɥɢɡɚ ɤɨɞɚ, 

ɝɪɚɮɢɱɟɫɤɢɣ ɨɬɥɚɞɱɢɤ, ɢɧɫɬɪɭɦɟɧɬ ɞɥɹ ɡɚɩɭɫɤɚ ɸɧɢɬ-ɬɟɫɬɨɜ ɢ ɩɨɞɞɟɪɠɢɜɚɟɬ 
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ɜɟɛ-ɪɚɡɪɚɛɨɬɤɭ ɧɚ Django. PyCharm ɪɚɡɪɚɛɨɬɚɧɚ ɤɨɦɩɚɧɢɟɣ JetBrains ɧɚ 

ɨɫɧɨɜɟ IntelliJ IDEA. 

Qt Designer - ɤɪɨɫɫɩɥɚɬɮɨɪɦɟɧɧɚɹ ɫɜɨɛɨɞɧɚɹ ɫɪɟɞɚ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ 

ɝɪɚɮɢɱɟɫɤɢɯ ɢɧɬɟɪɮɟɣɫɨɜ (GUI) ɩɪɨɝɪɚɦɦ ɢɫɩɨɥɶɡɭɸɳɢɯ ɛɢɛɥɢɨɬɟɤɭ Qt. 

ȼɯɨɞɢɬ ɜ ɫɨɫɬɚɜ Qt framework. 

DB Browser for SQLite - ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɵɣ ɜɢɡɭɚɥɶɧɵɣ ɢɧɫɬɪɭɦɟɧɬ ɫ 

ɨɬɤɪɵɬɵɦ ɢɫɯɨɞɧɵɦ ɤɨɞɨɦ ɞɥɹ ɫɨɡɞɚɧɢɹ, ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ 

ɮɚɣɥɨɜ ɛɚɡɵ ɞɚɧɧɵɯ, ɫɨɜɦɟɫɬɢɦɵɯ ɫ SQLite. 

Notepad++ - ɫɜɨɛɨɞɧɵɣ ɬɟɤɫɬɨɜɵɣ ɪɟɞɚɤɬɨɪ ɫ ɨɬɤɪɵɬɵɦ ɢɫɯɨɞɧɵɦ 

ɤɨɞɨɦ ɞɥɹ Windows ɫ ɩɨɞɫɜɟɬɤɨɣ ɫɢɧɬɚɤɫɢɫɚ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɹɡɵɤɨɜ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɢ ɪɚɡɦɟɬɤɢ, ɚ ɬɚɤɠɟ ɹɡɵɤɨɜ ɨɩɢɫɚɧɢɹ ɚɩɩɚɪɚɬɭɪɵ VHDL ɢ 

Verilog. Ȼɚɡɢɪɭɟɬɫɹ ɧɚ ɤɨɦɩɨɧɟɧɬɟ Scintilla, ɧɚɩɢɫɚɧ ɧɚ C++ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ STL, ɚ ɬɚɤɠɟ Windows API ɢ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɩɨɞ 

ɥɢɰɟɧɡɢɟɣ GNU General Public License. 

 

2.2 ɋɬɪɭɤɬɭɪɚ ɩɪɢɥɨɠɟɧɢɹ 

 

ɋɨɝɥɚɫɧɨ ɬɪɟɛɭɟɦɨɦɭ ɮɭɧɤɰɢɨɧɚɥɭ, ɩɨɥɶɡɨɜɚɬɟɥɶ ɞɨɥɠɟɧ ɢɦɟɬɶ 

ɜɨɡɦɨɠɧɨɫɬɢ ɢɡɦɟɧɹɬɶ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ, ɢɡɦɟɧɹɬɶ 

ɧɚɫɬɪɨɣɤɢ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ ɢ ɜɢɡɭɚɥɶɧɨ ɧɚɛɥɸɞɚɬɶ ɡɚ ɯɨɞɨɦ 

ɩɪɨɰɟɫɫɚ. ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɞɢɚɝɪɚɦɦɚ ɩɪɟɰɟɞɟɧɬɨɜ, 

ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ ɧɚ ɪɢɫɭɧɤɟ 9. 
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Пол̽̚о̏̌тел̽

Ɂɚɩɭɫɤ 
ɝɟɧɟɬɢɱɟɫɤɨɝɨ 

ɚɥɝɨɪɢɬɦɚ

Ɉɫɬɚɧɨɜɤɚ 
ɝɟɧɟɬɢɱɟɫɤɨɝɨ 

ɚɥɝɨɪɢɬɦɚ

ɉɪɨɫɦɨɬɪ 
ɫɨɫɬɨɹɧɢɹ 
ɩɪɨɰɟɫɫɚ

ȼɵɛɨɪ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɫɢɫɬɟɦɵ

ȼɵɛɨɪ 
ɧɚɫɬɪɨɟɤ ɝɟɧ. 

ɚɥɝɨɪɢɬɦɚ

ɍɫɬɚɧɨɜɤɚ 
ɡɚɞɟɪɠɤɢ 

ɜɢɡɭɚɥɢɡɚɰɢɢ

ɋɢɫɬɟɦɚ ɨɩɬɢɦɢɡɚɰɢɢ 
ɤɨɦɩɥɟɤɬɚɰɢɢ

вɤɥючает

вɤɥючает

вɤɥючает

 

Ɋɢɫɭɧɨɤ 9 – Ⱦɢɚɝɪɚɦɦɚ ɩɪɟɰɟɞɟɧɬɨɜ ɫɢɫɬɟɦɵ 

 

Ɂɚɩɭɫɤ ɪɚɛɨɬɵ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ, ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɩɨɞ ɫɨɛɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɣ ɜɵɡɨɜ ɩɨɞɫɢɫɬɟɦ, ɪɟɚɥɢɡɭɸɳɢɯ ɩɪɨɰɟɫɫ ɷɜɨɥɸɰɢɢ. 

Ⱦɢɚɝɪɚɦɦɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɩɪɢ ɜɵɛɨɪɟ ɩɪɟɰɟɞɟɧɬɚ «Ɂɚɩɭɫɤ 

ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ», ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 10. 

 

 

Ɋɢɫɭɧɨɤ 10 – Ⱦɢɚɝɪɚɦɦɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ «Ɂɚɩɭɫɤ ɝɟɧɟɬɢɱɟɫɤɨɝɨ 

ɚɥɝɨɪɢɬɦɚ» 
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ɉɪɢ ɡɚɩɭɫɤɟ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ, ɩɪɨɢɫɯɨɞɢɬ ɡɚɩɪɨɫ ɞɚɧɧɵɯ ɢɡ 

ɛɚɡɵ ɞɚɧɧɵɯ.  

ȿɫɥɢ ɩɨɥɭɱɟɧɧɵɣ ɫɩɢɫɨɤ ɩɭɫɬ, ɬɨ ɩɨɥɶɡɨɜɚɬɟɥɶ ɜɢɞɢɬ ɫɨɨɛɳɟɧɢɟ ɨɛ 

ɨɲɢɛɤɟ ɧɚ ɢɧɬɟɪɮɟɣɫɟ, ɜ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ ɡɚɩɭɫɤɚɟɬɫɹ ɩɪɨɰɟɫɫ 

ɨɩɬɢɦɢɡɚɰɢɢ. 

Ɋɚɫɫɦɨɬɪɢɦ ɩɪɨɰɟɫɫ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫɬɭɞɟɧɬɚ ɫ ɩɪɢɥɨɠɟɧɢɟɦ ɧɚ 

ɩɪɢɦɟɪɟ ɜɵɩɨɥɧɟɧɢɹ ɥɚɛɨɪɚɬɨɪɧɨɣ ɪɚɛɨɬɵ.  

ɐɟɥɶ ɥɚɛɨɪɚɬɨɪɧɨɣ ɪɚɛɨɬɵ – ɨɩɢɫɚɬɶ ɜɥɢɹɧɢɟ ɡɧɚɱɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɢ 

ɦɭɬɚɰɢɢ ɧɚ ɩɪɨɰɟɫɫ ɷɜɨɥɸɰɢɢ. 

ɏɨɞ ɪɚɛɨɬɵ: 

1. ȼɜɟɫɬɢ ɡɧɚɱɟɧɢɟ ɜɟɪɨɹɬɧɨɫɬɢ ɦɭɬɚɰɢɢ ɜ ɩɨɥɟ «ȼɟɪɨɹɬɧɨɫɬɶ 

ɦɭɬɚɰɢɢ» ɢ ɡɚɩɭɫɬɢɬɶ ɪɚɛɨɬɭ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ. 

2. ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɧɚ ɤɚɤɢɯ ɢɬɟɪɚɰɢɹɯ ɩɪɨɢɫɯɨɞɢɥɢ ɦɭɬɚɰɢɢ, 

ɫɤɨɥɶɤɨ ɝɟɧɨɜ ɦɭɬɢɪɨɜɚɥɢ ɜɨ ɜɪɟɦɹ ɢɬɟɪɚɰɢɢ, ɤɚɤɢɦ ɨɛɪɚɡɨɦ ɦɭɬɚɰɢɹ 

ɩɨɜɥɢɹɥɚ ɧɚ ɡɧɚɱɟɧɢɟ ɫɪɟɞɧɟɣ ɰɟɧɵ ɩɨɩɭɥɹɰɢɢ ɧɚ ɞɚɧɧɨɣ ɢɬɟɪɚɰɢɢ. 

3. ȼɜɟɫɬɢ ɡɧɚɱɟɧɢɟ ɜɟɪɨɹɬɧɨɫɬɢ ɦɭɬɚɰɢɢ, ɪɚɜɧɨɟ 0. 

4. ɉɨɜɬɨɪɢɬɶ ɩɭɧɤɬ 2. 

5. ȼɜɟɫɬɢ ɡɧɚɱɟɧɢɟ ɜɟɪɨɹɬɧɨɫɬɢ ɦɭɬɚɰɢɢ, ɪɚɜɧɨɟ 100. 

6. ɉɨɜɬɨɪɢɬɶ ɩɭɧɤɬ 2. 

7. ɋɞɟɥɚɬɶ ɜɵɜɨɞɵ, ɨɩɪɟɞɟɥɢɬɶ ɤɚɤɨɟ ɡɧɚɱɟɧɢɟ ɹɜɥɹɟɬɫɹ ɨɩɬɢɦɚɥɶɧɵɦ 

ɢ ɩɪɢ ɤɚɤɨɦ ɡɧɚɱɟɧɢɢ ɩɨɩɭɥɹɰɢɢ ɧɟ ɫɯɨɞɹɬɫɹ ɤ ɦɢɧɢɦɭɦɭ. 

ɉɨ ɨɤɨɧɱɚɧɢɸ ɩɪɨɰɟɫɫɚ ɷɜɨɥɸɰɢɢ, ɫɬɭɞɟɧɬ ɦɨɠɟɬ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ 

ɫɥɟɞɭɸɳɢɟ ɞɚɧɧɵɟ: 

- ɧɨɦɟɪ ɢɬɟɪɚɰɢɢ, ɧɚ ɤɨɬɨɪɨɣ ɛɵɥɨ ɧɚɣɞɟɧɨ ɪɟɲɟɧɢɟ; 

- ɫɨɫɬɚɜ ɯɪɨɦɨɫɨɦɵ ɩɨɥɭɱɟɧɧɨɝɨ ɪɟɲɟɧɢɹ (ɤɚɤɢɟ ɝɟɧɵ ɧɚɫɥɟɞɨɜɚɥɢɫɶ, 

ɦɭɬɢɪɨɜɚɥɢ, ɛɵɥɢ ɡɚɦɟɧɟɧɵ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɫɨɜɦɟɫɬɢɦɨɫɬɢ ɢ.ɬ.ɞ.); 

- ɝɪɚɮɢɤ ɫɪɟɞɧɟɝɨ ɡɧɚɱɟɧɢɹ ɰɟɧɵ (ɧɚ ɤɚɤɢɯ ɢɬɟɪɚɰɢɹɯ ɩɪɨɢɫɯɨɞɢɥɨ 

ɭɜɟɥɢɱɟɧɢɟ ɢɥɢ ɭɦɟɧɶɲɟɧɢɟ ɡɧɚɱɟɧɢɹ ɰɟɧɵ). 

Ɍɚɤ ɤɚɤ ɩɪɢɥɨɠɟɧɢɟ ɢɦɟɟɬ ɝɢɛɤɢɟ ɧɚɫɬɪɨɣɤɢ, ɫɬɭɞɟɧɬ ɦɨɠɟɬ ɭɜɢɞɟɬɶ ɧɟ 

ɬɨɥɶɤɨ ɜɥɢɹɧɢɟ ɬɢɩɚ ɫɤɪɟɳɢɜɚɧɢɹ ɢɥɢ ɫɟɥɟɤɰɢɢ, ɧɨ ɢ ɜɥɢɹɧɢɟ ɜɟɪɨɹɬɧɨɫɬɢ 
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ɦɭɬɚɰɢɢ, ɪɚɡɦɟɪɚ ɩɨɩɭɥɹɰɢɢ, ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ, 

ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɢɬɟɪɚɰɢɣ, ɡɧɚɱɟɧɢɹ ɨɩɬɢɦɚɥɶɧɨɣ 

ɰɟɧɵ. 

Ɉɛɳɟɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɩɪɨɰɟɫɫɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫɬɭɞɟɧɬɚ ɫ 

ɩɪɢɥɨɠɟɧɢɟɦ ɜ ɰɟɥɹɯ ɨɛɭɱɟɧɢɹ ɨɬɨɛɪɚɠɟɧɨ ɧɚ ɞɢɚɝɪɚɦɦɟ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 11. 

 

 

Ɋɢɫɭɧɨɤ 11 – Ⱦɢɚɝɪɚɦɦɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫɬɭɞɟɧɬɚ ɫ 

ɩɪɢɥɨɠɟɧɢɟɦ 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɫɬɭɞɟɧɬ ɦɨɠɟɬ ɢɡɦɟɧɹɬɶ ɪɚɡɥɢɱɧɵɟ ɧɚɫɬɪɨɣɤɢ 

ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ ɢ ɧɚɛɥɸɞɚɬɶ ɤɚɤɢɦ ɨɛɪɚɡɨɦ ɷɬɨ ɨɬɨɛɪɚɠɚɟɬɫɹ ɧɚ 

ɯɨɞɟ ɩɪɨɰɟɫɫɚ ɷɜɨɥɸɰɢɢ. 

ȼ ɬɨɦ ɫɥɭɱɚɟ, ɟɫɥɢ ɩɨɥɶɡɨɜɚɬɟɥɶ ɜɵɛɢɪɚɟɬ ɥɢɲɶ ɱɚɫɬɶ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ, ɬɨ ɨɫɬɚɥɶɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢɧɢɦɚɸɬ ɡɧɚɱɟɧɢɟ 

«Ʌɸɛɨɣ». Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɩɪɨɰɟɫɫɚ ɷɜɨɥɸɰɢɢ, ɬɟɯɧɢɱɟɫɤɢɟ 
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ɫɢɫɬɟɦɵ, ɤɨɬɨɪɵɟ ɧɟ ɛɵɥɢ ɫɤɨɧɮɢɝɭɪɢɪɨɜɚɧɵ ɩɨɥɶɡɨɜɚɬɟɥɟɦ, ɚɜɬɨɦɚɬɢɱɟɫɤɢ 

ɩɨɞɛɢɪɚɸɬɫɹ ɩɨɞɫɢɫɬɟɦɨɣ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ. ȿɫɥɢ ɠɟ ɩɨɥɶɡɨɜɚɬɟɥɶ 

ɧɟ ɜɵɛɢɪɚɟɬ ɧɢ ɨɞɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ, ɬɨ ɩɪɨɰɟɫɫ 

ɷɜɨɥɸɰɢɢ ɛɭɞɟɬ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɧɚ ɜɫɟɦ ɧɚɛɨɪɟ ɫɢɫɬɟɦ ɢɦɟɸɳɢɯɫɹ ɜ ɛɚɡɟ 

ɞɚɧɧɵɯ, ɚ ɢɯ ɫɨɜɦɟɫɬɢɦɨɫɬɶ ɛɭɞɟɬ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶɫɹ ɩɨɞɫɢɫɬɟɦɨɣ 

ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ. Ɍɚɤɠɟ ɜɫɟ ɧɚɫɬɪɨɣɤɢ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ 

ɢɦɟɸɬ ɡɧɚɱɟɧɢɟ ɩɨ ɭɦɨɥɱɚɧɢɸ, ɬɟɦ ɫɚɦɵɦ ɩɨɡɜɨɥɹɸɬ ɢɡɛɟɠɚɬɶ ɨɲɢɛɨɤ ɩɪɢ 

ɜɵɩɨɥɧɟɧɢɢ. 

ɋɬɪɭɤɬɭɪɚ ɩɪɢɥɨɠɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɜɢɞɟ ɩɹɬɢ ɨɫɧɨɜɧɵɯ ɷɥɟɦɟɧɬɨɜ: 

ɢɧɬɟɪɮɟɣɫɚ ɩɨɥɶɡɨɜɚɬɟɥɹ, ɩɨɞɫɢɫɬɟɦɵ ɜɢɡɭɚɥɢɡɚɰɢɢ, ɩɨɞɫɢɫɬɟɦɵ 

ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ, ɩɨɞɫɢɫɬɟɦɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɛɚɡɨɣ ɞɚɧɧɵɯ ɢ 

ɫɚɦɨɣ ɛɚɡɨɣ ɞɚɧɧɵɯ. ɇɚɝɥɹɞɧɨ ɚɪɯɢɬɟɤɬɭɪɚ ɩɪɢɥɨɠɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 

ɪɢɫɭɧɤɟ 12. 

 

П̬о̬̥̥̦̐̌̌́ 
̸̭̌т̽

Под̛̭̭те̥̌ 
̛̥̏̌̚оде̜̭т̛̏́  ̭ʥʪ

Полу̸е̛̦е ˃С

Под̛̭̭те̥̌ ̛̏̚у̌л̶̛̛̛̌̚

ʦ̛̚у̌л̶̛̛̌́̚  
̭о̭то̛̦́́ 
попул̶̛̛́

По̭т̬ое̛̦е 
̐ ̴̛̬̌к̌

ʰ̦те̴̬е̜̭

ʰ̥̚е̦е̦ е̛ 
̵̌ ̬̌кте̛̬̭т̛к 

˃С

ʰ̥̚е̦е̦ е̛ 
̦̌ т̭̬оек ʧʤ

Под̛̭̭те̥̌ ̐е̦ет̸̛е̭ко̐о ̌л̐о̛̬т̥̌

Фо̛̬̥̬о̛̦̏̌е 
попул̶̛̛́

Селек̶̛ ́

Ск̬е̛̺̏ ̛̦̌е

ʺут̶̛̌́

О̍ ̬̌̍отк̌ 
̭о̥̏е т̛̭̥о̭т̛

ʦ̭т̬̭́к̌

SQLite

ʥʪ

ʥ̌̌̚ д̵̦̦̼̌

 

Ɋɢɫɭɧɨɤ 12 – ɋɯɟɦɚ ɚɪɯɢɬɟɤɬɭɪɵ ɩɪɢɥɨɠɟɧɢɹ 

 

ɂɧɬɟɪɮɟɣɫ ɩɨɥɶɡɨɜɚɬɟɥɹ – ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 

ɩɨɥɶɡɨɜɚɬɟɥɹ ɫ ɩɪɨɝɪɚɦɦɨɣ, ɩɨɡɜɨɥɹɟɬ ɩɨɥɶɡɨɜɚɬɟɥɸ ɭɫɬɚɧɨɜɢɬɶ ɩɚɪɚɦɟɬɪɵ 

ɞɥɹ ɪɚɛɨɬɵ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ, ɜɵɛɪɚɬɶ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɟɯɧɢɱɟɫɤɢɯ 

ɫɢɫɬɟɦ, ɚ ɬɚɤɠɟ ɧɚɛɥɸɞɚɬɶ ɡɚ ɯɨɞɨɦ ɪɚɛɨɬɵ. 

ɉɨɞɫɢɫɬɟɦɚ ɜɢɡɭɚɥɢɡɚɰɢɢ – ɩɨɞɫɢɫɬɟɦɚ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɚɹ ɞɥɹ 

ɜɢɡɭɚɥɢɡɚɰɢɢ ɞɚɧɧɵɯ ɩɨɥɭɱɟɧɧɵɯ ɜ ɯɨɞɟ ɪɚɛɨɬɵ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ. 

Ⱦɚɧɧɚɹ ɩɨɞɫɢɫɬɟɦɚ ɩɨɥɭɱɚɟɬ ɞɚɧɧɵɟ ɢɡ ɩɨɞɫɢɫɬɟɦɵ ɝɟɧɟɬɢɱɟɫɤɨɝɨ 

ɚɥɝɨɪɢɬɦɚ, ɤɨɬɨɪɵɟ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɰɟɫɫɚ ɷɜɨɥɸɰɢɢ ɢ 
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ɫɨɡɞɚɟɬ ɝɪɚɮɢɱɟɫɤɢɣ ɨɛɴɟɤɬ, ɤɨɬɨɪɵɟ ɡɚɬɟɦ ɨɬɨɛɪɚɠɚɟɬɫɹ ɧɚ ɢɧɬɟɪɮɟɣɫɟ. 

ȼɢɡɭɚɥɢɡɚɰɢɹ ɩɪɨɢɫɯɨɞɢɬ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ. 

ɉɨɞɫɢɫɬɟɦɚ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ – ɩɨɞɫɢɫɬɟɦɚ, ɜ ɤɨɬɨɪɨɣ 

ɩɪɨɢɫɯɨɞɢɬ ɫɚɦ ɩɪɨɰɟɫɫ ɷɜɨɥɸɰɢɢ. Ⱦɚɧɧɚɹ ɩɨɞɫɢɫɬɟɦɚ ɜɨɫɩɪɨɢɡɜɨɞɢɬ ɜɫɟ 

ɨɩɟɪɚɰɢɢ ɤɥɚɫɫɢɱɟɫɤɨɝɨ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ, ɢɡɦɟɧɟɧɢɟ ɧɚɫɬɪɨɟɤ 

ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɚ ɢɧɬɟɪɮɟɣɫɟ. 

ɉɨɞɫɢɫɬɟɦɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɛɚɡɨɣ ɞɚɧɧɵɯ – ɩɨɞɫɢɫɬɟɦɚ, 

ɩɪɟɞɧɚɡɧɚɱɟɧɢɹ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɡɚɩɢɫɟɣ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ, 

ɜɵɛɪɚɧɧɵɦ ɩɨɥɶɡɨɜɚɬɟɥɟɦ. Ⱦɚɧɧɚɹ ɩɨɞɫɢɫɬɟɦɚ ɨɬɩɪɚɜɥɹɟɬ ɡɚɩɪɨɫɵ ɤ ɛɚɡɟ 

ɞɚɧɧɵɯ, ɢ ɫɨɡɞɚɟɬ ɫɨɛɫɬɜɟɧɧɵɟ ɫɩɢɫɤɢ ɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ, ɤɨɬɨɪɵɟ 

ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ, ɜɵɛɪɚɧɧɵɦɢ ɩɨɥɶɡɨɜɚɬɟɥɟɦ. 

Ȼɚɡɚ ɞɚɧɧɵɯ – ɛɚɡɚ ɞɚɧɧɵɯ, ɫɨɞɟɪɠɚɳɚɹ 6 ɬɚɛɥɢɰ, ɤɚɠɞɚɹ ɢɡ ɤɨɬɨɪɵɯ 

ɫɨɞɟɪɠɢɬ ɡɚɩɢɫɢ ɨ ɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦɚɯ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɜɢɞɚ. 

 

3 Ɋɚɡɪɚɛɨɬɤɚ ɩɪɢɥɨɠɟɧɢɹ 

 

Ʉɚɠɞɚɹ ɩɨɞɫɢɫɬɟɦɚ ɩɪɢɥɨɠɟɧɢɹ ɢ ɢɧɬɟɪɮɟɣɫ ɨɩɢɫɚɧɵ ɨɬɞɟɥɶɧɵɦ 

ɤɥɚɫɫɨɦ. Ⱦɢɚɝɪɚɦɦɚ ɤɥɚɫɫɨɜ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 13. 

 

 

Ɋɢɫɭɧɨɤ 13 – Ⱦɢɚɝɪɚɦɦɚ ɤɥɚɫɫɨɜ 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɩɨɞɫɢɫɬɟɦɚ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ ɨɩɢɫɚɧɚ ɤɥɚɫɫɨɦ 

GenAlg, ɩɨɞɫɢɫɬɟɦɚ ɜɢɡɭɚɥɢɡɚɰɢɢ ɤɥɚɫɫɨɦ GaScene, ɩɨɞɫɢɫɬɟɦɚ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɛɚɡɨɣ ɞɚɧɧɵɯ ɤɥɚɫɫɨɦ DataB ɢ ɢɧɬɟɪɮɟɣɫ ɩɪɢɥɨɠɟɧɢɹ 

ɤɥɚɫɫɨɦ GuiApp. 

Ʉɥɚɫɫ GuiApp ɧɚɯɨɞɢɬɫɹ ɜ ɫɨɫɬɨɹɧɢɢ ɤɨɦɩɨɡɢɰɢɢ ɫ ɤɥɚɫɫɚɦɢ GaScene ɢ 

GenAlg, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɤɥɚɫɫ GenAlg ɧɚɯɨɞɢɬɫɹ ɜ ɤɨɦɩɨɡɢɰɢɢ ɫ ɤɥɚɫɫɨɦ 

DataB. 

Ʉɥɚɫɫ GaScene ɧɚɫɥɟɞɭɟɬɫɹ ɨɬ ɨɛɴɟɤɬɚ QGraphicScene. QGraphicScene – 

ɝɪɚɮɢɱɟɫɤɢɣ ɨɛɴɟɤɬ, ɩɪɢ ɩɨɦɨɳɢ ɤɨɬɨɪɨɝɨ ɦɨɠɧɨ ɨɬɨɛɪɚɠɚɬɶ ɞɜɭɦɟɪɧɵɟ 

ɮɢɝɭɪɵ. 

Ʉɥɚɫɫ GuiApp ɧɚɫɥɟɞɭɟɬɫɹ ɨɬ ɨɛɴɟɤɬɚ QMainWindow. QMainWindow – 

ɨɛɴɟɤɬ, ɢɫɩɨɥɶɡɭɟɦɵɣ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɢɧɬɟɪɮɟɣɫɚ. 

 

3.1 ɉɨɞɫɢɫɬɟɦɚ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ 

 

ɉɨɞɫɢɫɬɟɦɚ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɤɥɚɫɫɨɦ GenAlg.  

ȼ ɞɚɧɧɨɦ ɤɥɚɫɫɟ ɯɪɚɧɹɬɫɹ ɩɟɪɟɦɟɧɧɵɟ ɢ ɫɩɢɫɤɢ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ ɯɨɞɟ 

ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ, ɦɟɬɨɞɵ, ɪɟɚɥɢɡɭɸɳɢɟ ɨɩɟɪɚɰɢɢ ɝɟɧɟɬɢɱɟɫɤɨɝɨ 

ɚɥɝɨɪɢɬɦɚ, ɚ ɬɚɤɠɟ ɦɟɬɨɞɵ, ɩɨɡɜɨɥɹɸɳɢɟ ɞɨɫɬɢɱɶ ɫɨɜɦɟɫɬɢɦɨɫɬɢ 

ɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɢ ɢɡɛɟɠɚɬɶ ɤɨɩɢɪɨɜɚɧɢɹ ɫɢɥɶɧɟɣɲɢɯ ɨɫɨɛɟɣ. 

ȼ ɞɚɧɧɨɦ ɤɥɚɫɫɟ ɫɨɡɞɚɟɬɫɹ ɨɛɴɟɤɬ ɤɥɚɫɫɚ DataB, ɤɨɬɨɪɵɣ ɩɪɟɞɫɬɚɜɥɹɟɬ 

ɩɨɞɫɢɫɬɟɦɭ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɛɚɡɨɣ ɞɚɧɧɵɯ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɫɜɹɡɶ ɦɟɠɞɭ 

ɷɬɢɦɢ ɞɜɭɦɹ ɤɥɚɫɫɚɦɢ ɹɜɥɹɟɬɫɹ ɤɨɦɩɨɡɢɰɢɟɣ. 

Ɉɩɢɫɚɧɢɟ ɩɟɪɟɦɟɧɧɵɯ ɢ ɫɩɢɫɤɨɜ ɤɥɚɫɫɚ GenAlg ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ 

ɬɚɛɥɢɰɟ 2. 

 

Ɍɚɛɥɢɰɚ 2 – Ɉɩɢɫɚɧɢɟ ɩɟɪɟɦɟɧɧɵɯ ɢ ɫɩɢɫɤɨɜ ɤɥɚɫɫɚ GenAlg 

ɂɦɹ Ɍɢɩ Ɉɩɢɫɚɧɢɟ 

population_count int Ʉɨɥɢɱɟɫɬɜɨ ɨɫɨɛɟɣ ɜ ɩɨɩɭɥɹɰɢɢ 

gen_count int Ʉɨɥɢɱɟɫɬɜɨ ɝɟɧɨɜ ɜ ɯɪɨɦɨɫɨɦɟ 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 2 

ɂɦɹ Ɍɢɩ Ɉɩɢɫɚɧɢɟ 

mut_value int ȼɟɪɨɹɬɧɨɫɬɶ ɦɭɬɚɰɢɢ ɜ ɩɪɨɰɟɧɬɚɯ 

sel_type str 
ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɡɧɚɱɟɧɢɹ ɞɚɧɧɨɣ ɩɟɪɟɦɟɧɧɨɣ, 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɨɬ ɢɥɢ ɢɧɨɣ ɦɟɬɨɞ ɫɟɥɟɤɰɢɢ 

cross_type str 
ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɡɧɚɱɟɧɢɹ ɞɚɧɧɨɣ ɩɟɪɟɦɟɧɧɨɣ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɨɬ ɢɥɢ ɢɧɨɣ ɦɟɬɨɞ ɫɤɪɟɳɢɜɚɧɢɹ 

population list ɋɩɢɫɨɤ, ɜ ɤɨɬɨɪɨɦ ɯɪɚɧɹɬɫɹ ɨɫɨɛɢ ɬɟɤɭɳɟɣ ɩɨɩɭɥɹɰɢɢ 

parent_pop list Cɩɢɫɨɤ, ɜ ɤɨɬɨɪɨɦ ɯɪɚɧɹɬɫɹ ɨɫɨɛɢ ɪɨɞɢɬɟɥɶɫɤɨɝɨ ɩɭɥɚ 

kid_pop list Cɩɢɫɨɤ, ɜ ɤɨɬɨɪɨɦ ɯɪɚɧɹɬɫɹ ɨɫɨɛɢ ɩɨɬɨɦɤɢ 

db DataB 
Ɉɛɴɟɤɬ ɤɥɚɫɫɚ DataB, ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɩɨɞɫɢɫɬɟɦɵ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɛɚɡɨɣ ɞɚɧɧɵɯ 

 

Ɉɩɢɫɚɧɢɟ ɦɟɬɨɞɨɜ ɤɥɚɫɫɚ GenAlg ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɬɚɛɥɢɰɟ 3.  

 

Ɍɚɛɥɢɰɚ 3 – Ɉɩɢɫɚɧɢɟ ɦɟɬɨɞɨɜ ɤɥɚɫɫɚ GenAlg 

ɂɦɹ Ⱥɪɝɭɦɟɧɬɵ Ɉɩɢɫɚɧɢɟ 

__init__ 

population_count = 4: int; 

gen_count = 6: int; 

mut_value = 50: int 

Ʉɨɧɫɬɪɭɤɬɨɪ ɤɥɚɫɫɚ, ɜɵɡɵɜɚɟɬɫɹ ɩɪɢ 

ɫɨɡɞɚɧɢɢ ɨɛɴɟɤɬɚ. ɇɚ ɜɯɨɞ ɩɪɢɧɢɦɚɟɬ 

ɤɨɥɢɱɟɫɬɜɨ ɨɫɨɛɟɣ ɜ ɩɨɩɭɥɹɰɢɢ, 

ɤɨɥɢɱɟɫɬɜɨ ɝɟɧɨɜ ɜ ɯɪɨɦɨɫɨɦɟ, ɜɟɪɨɹɬɧɨɫɬɶ 

ɦɭɬɚɰɢɢ ɜ ɩɪɨɰɟɧɬɚɯ 

first_generation 

c_p: list; m_p: list;  

md_p: list; c_p: list;  

v_p: list; p_p: list 

Ɇɟɬɨɞ, ɮɨɪɦɢɪɭɸɳɢɣ ɧɚɱɚɥɶɧɭɸ 

ɩɨɩɭɥɹɰɢɸ. ɇɚ ɜɯɨɞ ɩɨɞɚɸɬɫɹ ɜɵɛɪɚɧɧɵɟ 

ɩɨɥɶɡɨɜɚɬɟɥɟɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, 

ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɜɢɞɟ ɫɩɢɫɤɨɜ 

selection - 

Ɇɟɬɨɞ, ɜɵɩɨɥɧɹɸɳɢɣ ɩɪɨɰɟɫɫ ɫɟɥɟɤɰɢɢ, 

ɬɢɩ ɫɟɥɟɤɰɢɢ ɜɵɛɢɪɚɟɬɫɹ ɢɫɯɨɞɹ ɢɡ 

ɡɧɚɱɟɧɢɹ ɩɟɪɟɦɟɧɧɨɣ sel_type 

crossing - 

ɦɟɬɨɞ, ɜɵɩɨɥɧɹɸɳɢɣ ɩɪɨɰɟɫɫ 

ɫɤɪɟɳɢɜɚɧɢɹ, ɬɢɩ ɫɤɪɟɳɢɜɚɧɢɹ ɜɵɛɢɪɚɟɬɫɹ 

ɢɫɯɨɞɹ ɢɡ ɡɧɚɱɟɧɢɹ cross_type 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 3 

ɂɦɹ Ⱥɪɝɭɦɟɧɬɵ Ɉɩɢɫɚɧɢɟ 

check_compatibility x: dict 

Ɇɟɬɨɞ, ɩɪɨɢɡɜɨɞɹɳɢɣ ɩɪɨɜɟɪɤɭ ɧɚ 

ɫɨɜɦɟɫɬɢɦɨɫɬɶ ɝɟɧɨɜ ɜ ɨɫɨɛɢ. ɉɪɢɧɢɦɚɟɬ 

ɧɚ ɜɯɨɞ ɨɫɨɛɶ, ɜɨɡɜɪɚɳɚɟɬ ɥɨɤɭɫ 

ɧɟɫɨɜɦɟɫɬɢɦɨɝɨ ɝɟɧɚ 

get_compatibility  

 
x: dict; par: int 

Ɇɟɬɨɞ, ɩɪɨɢɡɜɨɞɹɳɢɣ ɡɚɦɟɧɭ 

ɧɟɫɨɜɦɟɫɬɢɦɨɝɨ ɝɟɧɚ. ɉɪɢɧɢɦɚɟɬ ɧɚ ɜɯɨɞ 

ɨɫɨɛɶ ɢ ɥɨɤɭɫ ɝɟɧɚ 

get_price x: dict 

Ɇɟɬɨɞ, ɜɵɱɢɫɥɹɸɳɢɣ ɰɟɧɭ ɨɬɞɟɥɶɧɨɝɨ 

ɪɟɲɟɧɢɹ. ɉɪɢɧɢɦɚɟɬ ɧɚ ɜɯɨɞ ɨɫɨɛɶ, 

ɜɨɡɜɪɚɳɚɟɬ ɡɧɚɱɟɧɢɟ ɰɟɧɵ 

mutation - 

Ɇɟɬɨɞ, ɜɵɩɨɥɧɹɸɳɢɣ ɩɪɨɰɟɫɫ ɦɭɬɚɰɢɢ 

ɨɞɧɨɣ ɢɡ ɨɫɨɛɟɣ, ɤɨɥɢɱɟɫɬɜɨ 

ɦɭɬɢɪɭɸɳɢɯ ɝɟɧɨɜ ɜɵɛɢɪɚɟɬɫɹ ɫɥɭɱɚɣɧɨ. 

Ɇɭɬɚɰɢɹ ɩɪɨɢɫɯɨɞɢɬ ɫ ɜɟɪɨɹɬɧɨɫɬɶɸ, 

ɡɚɞɚɧɧɨɣ ɜ ɩɟɪɟɦɟɧɧɨɣ mut_value 

rerun - 

Ɇɟɬɨɞ, ɜɵɩɨɥɧɹɸɳɢɣ ɩɪɨɰɟɫɫ 

«ɜɫɬɪɹɫɤɢ», ɞɚɧɧɵɣ ɦɟɬɨɞ ɡɚɦɟɧɹɟɬ 

ɩɨɥɨɜɢɧɭ ɬɟɤɭɳɟɣ ɩɨɩɭɥɹɰɢɢ ɧɚ 

ɫɥɭɱɚɣɧɨ ɫɝɟɧɟɪɢɪɨɜɚɧɧɵɟ. «ȼɫɬɪɹɫɤɚ» 

ɩɪɨɢɫɯɨɞɢɬ ɬɨɥɶɤɨ ɜ ɬɨɦ ɫɥɭɱɚɟ, ɟɫɥɢ 

ɛɨɥɶɲɢɧɫɬɜɨ ɨɫɨɛɟɣ ɜ ɩɨɩɭɥɹɰɢɢ 

ɹɜɥɹɸɬɫɹ ɤɨɩɢɹɦɢ. 

change_population - 

Ɇɟɬɨɞ, ɜɵɩɨɥɧɹɸɳɢɣ ɩɪɨɰɟɫɫ ɫɦɟɧɵ 

ɩɨɩɭɥɹɰɢɣ. Ⱦɚɧɧɵɣ ɦɟɬɨɞ, ɡɚɦɟɧɹɟɬ 

ɬɟɤɭɳɭɸ ɩɨɩɭɥɹɰɢɸ ɧɚ ɩɨɩɭɥɹɰɢɸ 

ɩɨɬɨɦɤɨɜ ɢ ɨɱɢɳɚɟɬ ɪɨɞɢɬɟɥɶɫɤɢɣ ɩɭɥ 

 

ȼ ɜɢɞɭ ɬɨɝɨ, ɱɬɨ ɩɪɢɫɭɬɫɬɜɭɟɬ ɮɚɤɬɨɪ ɫɨɜɦɟɫɬɢɦɨɫɬɢ, ɞɨɛɚɜɥɹɟɬɫɹ 

ɨɩɟɪɚɰɢɹ ɞɨɫɬɢɠɟɧɢɹ ɫɨɜɦɟɫɬɢɦɨɫɬɢ. Ɍɚɤɠɟ, ɞɥɹ ɬɨɝɨ ɱɬɨɛɵ ɫɧɢɡɢɬɶ 

ɜɟɪɨɹɬɧɨɫɬɶ ɩɪɨɜɚɥɚ ɜ ɥɨɤɚɥɶɧɵɣ ɦɢɧɢɦɭɦ, ɞɨɛɚɜɥɟɧɚ ɨɩɟɪɚɰɢɹ «ɜɫɬɪɹɫɤɢ». 
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Ȼɥɨɤ-ɫɯɟɦɚ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 14. 

 

ʻʤЧʤЛО

Фо̛̬̥̬о̛̦̏̌е ̦ ̸̌̌л̦̽о̜ 
попул̶̛̛́

ʦ̸̛̼̭ле̦ е̛ ̴ у к̶̛̛̦ 
п̛̬̭по̭о л̍е̦̦о̭т̛ о̭о е̜̍

˄̭ло̛̏е о̭т̦̌о̏к  ̛
̼̏пол̦е̦о?

ʦ̼̍о̬ о̭о̍е̜, дл́ 
по̭леду̺̀е̐о ̹ ̌̐̌ 

̬еко̛̥̍ ̶̛̛̦̌

Ск̬е̛̺̏ ̛̦̌е о̭о̍е̜

ʺут̶̛̌́

Фо̛̬̥̬о̛̦̏̌е ̦ о̏о̜ 
попул̶̛̛́

ʦ̼̍о̬ ̦ ̛̌лу̸̹е̜ 
̵̬о̥о̭о̥̼

КО ʫ̒Ц

ʪʤʻʫ˃

ʪо̭т̛̙е̛̦ е ̭о̥̏е т̛̭̥о т̛̭

ʪо̭т̛̙е̛̦е ̭о̥̏е̭т̛̥о̭т̛

A

О̭о̛̍ од̛̦ ̌ко̼̏?

ʯ̥̌е̦̌  поло̛̦̼̏ попул̶̛̛́

ʪо̭т̛̙е̛̦ е ̭о̥̏е т̛̭̥о т̛̭
B

B

B

A

ʪʤ ʻʫ˃

 

Ɋɢɫɭɧɨɤ 14 – Ȼɥɨɤ-ɫɯɟɦɚ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ 

 

ɋɨɜɦɟɫɬɢɦɨɫɬɶ ɞɨɫɬɢɝɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɤɚɠɞɨɣ ɨɫɨɛɢ 

ɜɵɡɵɜɚɟɬɫɹ ɦɟɬɨɞ get_compatibility(self, x, par) ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɜɫɟ ɝɟɧɵ ɧɟ 

ɛɭɞɭɬ ɫɨɜɦɟɫɬɢɦɵ. Ɍɚɤɠɟ ɩɪɢ ɡɚɦɟɧɟ ɧɟɫɨɜɦɟɫɬɢɦɵɯ ɝɟɧɨɜ, ɫɭɳɟɫɬɜɭɟɬ 

ɨɩɪɟɞɟɥɟɧɧɚɹ ɢɟɪɚɪɯɢɹ. ɍ ɤɚɠɞɨɣ ɬɟɯɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɟɫɬɶ ɫɜɨɣ ɩɪɢɨɪɢɬɟɬ, 

ɱɟɦ ɜɵɲɟ ɩɪɢɨɪɢɬɟɬ, ɬɟɦ ɛɨɥɶɲɟ ɭ ɬɟɯɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɩɪɢɜɢɥɟɝɢɣ 

ɨɫɬɚɬɶɫɹ «ɧɚ ɦɟɫɬɟ».  

ɉɪɢɨɪɢɬɟɬɵ ɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ: 

1. ɉɪɨɰɟɫɫɨɪ. 

2. Ɇɚɬɟɪɢɧɫɤɚɹ ɩɥɚɬɚ. 

3. Ɉɩɟɪɚɬɢɜɧɚɹ ɩɚɦɹɬɶ. 

4. ȼɢɞɟɨɤɚɪɬɚ. 

5. Ȼɥɨɤ ɩɢɬɚɧɢɹ. 

6. Ʉɨɪɩɭɫ. 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɰɟɫɫɨɪ ɢɦɟɟɬ ɫɚɦɵɣ ɜɵɫɨɤɢɣ ɩɪɢɨɪɢɬɟɬ, ɜ ɬɨ ɜɪɟɦɹ 

ɤɚɤ ɤɨɪɩɭɫ ɢɦɟɟɬ ɫɚɦɵɣ ɧɢɡɤɢɣ ɩɪɢɨɪɢɬɟɬ. Ɍɨ ɟɫɬɶ, ɜ ɬɨɦ ɫɥɭɱɚɟ ɟɫɥɢ 

ɨɤɚɠɟɬɫɹ ɱɬɨ ɧɟɫɨɜɦɟɫɬɢɦɵ ɦɚɬɟɪɢɧɫɤɚɹ ɩɥɚɬɚ ɢ ɨɩɟɪɚɬɢɜɧɚɹ ɩɚɦɹɬɶ, ɬɨ 

ɡɚɦɟɧɹɬɶɫɹ ɛɭɞɟɬ ɩɚɦɹɬɶ, ɬɚɤ ɤɚɤ ɟɟ ɩɪɢɨɪɢɬɟɬ ɧɢɠɟ. 

Ȼɥɨɤ-ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ ɞɨɫɬɢɠɟɧɢɹ ɫɨɜɦɟɫɬɢɦɨɫɬɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 

ɪɢɫɭɧɤɟ 15. 

 

Ɉɩɪɟɞɟɥɢɬɶ, ɭ ɤɚɤɨɣ 
Ɍɋ ɦɟɧɶɲɢɣ ɩɪɢɨɪɢɬɟɬ

ɇɚɱɚɥɨ

ȿɫɬɶ ɩɚɪɚ 
ɧɟɫɨɜɦɟɫɬɢɦɵɯ 

Ɍɋ?

Ʉɨɧɟɰ

Ⱦɚ
ɇɟɬ

Ɉɩɪɟɞɟɥɢɬɶ ɬɢɩ Ɍɋ

ɉɨɥɭɱɢɬɶ ɫɥɭɱɚɣɧɭɸ 
Ɍɋ ɬɨɝɨ ɠɟ ɬɢɩɚ, 

ɫɨɜɦɟɫɬɢɦɭɸ ɫ Ɍɋ 
ɜɵɫɲɟɝɨ ɩɪɢɨɪɢɬɟɬɚ

Ɂɚɦɟɧɢɬɶ 
ɧɟɫɨɜɦɟɫɬɢɦɭɸ Ɍɋ ɧɚ 

ɫɨɜɦɟɫɬɢɦɭɸ

 

Ɋɢɫɭɧɨɤ 15 – Ȼɥɨɤ-ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ ɞɨɫɬɢɠɟɧɢɹ ɫɨɜɦɟɫɬɢɦɨɫɬɢ 

 

Ⱦɚɧɧɵɣ ɚɥɝɨɪɢɬɦ ɜɵɩɨɥɧɹɟɬɫɹ ɞɥɹ ɤɚɠɞɨɣ ɨɫɨɛɢ, ɩɪɢ ɮɨɪɦɢɪɨɜɚɧɢɢ 

ɧɚɱɚɥɶɧɨɣ ɩɨɩɭɥɹɰɢɢ, ɢ ɫɦɟɧɟ ɩɨɩɭɥɹɰɢɣ. 
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3.1 Ȼɚɡɚ ɞɚɧɧɵɯ 

 

Ȼɚɡɚ ɞɚɧɧɵɯ ɫɨɫɬɨɢɬ ɢɡ 6 ɬɚɛɥɢɰ: 

1. cpus – ɫɨɞɟɪɠɢɬ ɡɚɩɢɫɢ ɨ ɩɪɨɰɟɫɫɨɪɚɯ. 

2. motherboards – ɫɨɞɟɪɠɢɬ ɡɚɩɢɫɢ ɨ ɦɚɬɟɪɢɧɫɤɢɯ ɩɥɚɬɚɯ. 

3. memory – ɫɨɞɟɪɠɢɬ ɡɚɩɢɫɢ ɨ ɨɩɟɪɚɬɢɜɧɨɣ ɩɚɦɹɬɢ. 

4. videocards – ɫɨɞɟɪɠɢɬ ɡɚɩɢɫɢ ɨ ɜɢɞɟɨɤɚɪɬɚɯ. 

5. power – ɫɨɞɟɪɠɢɬ ɡɚɩɢɫɢ ɨ ɛɥɨɤɚɯ ɩɢɬɚɧɢɹ. 

6. cases – ɫɨɞɟɪɠɢɬ ɡɚɩɢɫɢ ɨ ɤɨɪɩɭɫɚɯ.  

Ʉɚɠɞɚɹ ɬɚɛɥɢɰɚ ɫɨɞɟɪɠɢɬ ɡɚɩɢɫɢ ɨ ɬɟɯɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ 

ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɜɢɞɚ. Ⱦɥɹ ɤɚɠɞɨɣ ɬɟɯɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɟɫɬɶ ɧɟɫɤɨɥɶɤɨ ɩɨɥɟɣ, 

ɜ ɤɨɬɨɪɵɯ ɯɪɚɧɢɬɫɹ ɢɧɮɨɪɦɚɰɢɹ ɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ ɷɬɨɣ ɬɟɯɧɢɱɟɫɤɨɣ 

ɫɢɫɬɟɦɵ. ɉɪɢ ɩɨɦɨɳɢ ɷɬɢɯ ɩɨɥɟɣ, ɩɪɨɢɫɯɨɞɢɬ ɞɨɫɬɢɠɟɧɢɟ ɫɨɜɦɟɫɬɢɦɨɫɬɢ, ɚ 

ɬɚɤɠɟ ɮɢɥɶɬɪɚɰɢɹ ɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɩɨ ɤɪɢɬɟɪɢɹɦ, ɜɵɛɪɚɧɧɵɯ 

ɩɨɥɶɡɨɜɚɬɟɥɟɦ.  

Ɍɚɛɥɢɱɧɚɹ ɫɯɟɦɚ ɛɚɡɵ ɞɚɧɧɵɯ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 16. 

cpus

_id

name

socket

memory

frequency

price

INTEGER

TEXT

TEXT

TEXT

INTEGER

INTEGER

motherboards

_id

name

formfactor

socket

memory

cpu_pin

price

INTEGER

TEXT

TEXT

TEXT

TEXT

INTEGER

INTEGER

memory

_id

name

type

frequency

price

INTEGER

TEXT

TEXT

INTEGER

INTEGER

videocards

_id

name

power

memory_type

gpu

power_pin

price

INTEGER

TEXT

INTEGER

TEXT

TEXT

INTEGER

INTEGER

power

_id

name

power

cpu_pin

video_pin

price

INTEGER

TEXT

INTEGER

INTEGER

INTEGER

INTEGER

cases

_id

name

typesize

formfactor

price

INTEGER

TEXT

TEXT

TEXT

INTEGER

 

Ɋɢɫɭɧɨɤ 16 – Ɍɚɛɥɢɱɧɚɹ ɫɯɟɦɚ ɛɚɡɵ ɞɚɧɧɵɯ 
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Ɉɬɫɭɬɫɬɜɢɟ ɫɜɹɡɟɣ ɦɟɠɞɭ ɬɚɛɥɢɰɚɦɢ, ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɜɫɟ 

ɩɪɨɜɟɪɤɢ, ɚ ɬɚɤɠɟ ɩɨɢɫɤ ɧɟɨɛɯɨɞɢɦɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɩɪɨɜɨɞɹɬɫɹ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜɧɭɬɪɢ ɩɪɢɥɨɠɟɧɢɹ ɩɪɢ ɩɨɦɨɳɢ ɡɚɩɪɨɫɨɜ. 

Ȼɚɡɚ ɞɚɧɧɵɯ ɯɪɚɧɢɬɫɹ ɜ ɮɚɣɥɟ «perifery.db». 

 

3.2 ɉɨɞɫɢɫɬɟɦɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɛɚɡɨɣ ɞɚɧɧɵɯ 

 

ɉɨɞɫɢɫɬɟɦɚ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɤɥɚɫɫɨɦ DataB. 

ȼ ɞɚɧɧɨɦ ɤɥɚɫɫɟ ɯɪɚɧɢɬɫɹ ɫɩɢɫɨɤ ɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ, 

ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ, ɜɵɛɪɚɧɧɵɯ ɩɨɥɶɡɨɜɚɬɟɥɟɦ. 

Ʉɥɚɫɫ ɫɨɞɟɪɠɢɬ ɨɞɢɧ ɦɟɬɨɞ get_data(self, cpu_p, memory_p, 

motherboard_p, case_p, video_p, power_p) – ɦɟɬɨɞ ɩɪɢɧɢɦɚɟɬ ɧɚ ɜɯɨɞ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ, ɞɚɥɟɟ ɜɵɩɨɥɧɹɟɬ ɡɚɩɪɨɫɵ ɤ ɛɚɡɟ ɞɚɧɧɵɯ 

ɢɫɯɨɞɹ ɢɡ ɡɧɚɱɟɧɢɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤ.  

Ⱦɚɧɧɵɟ, ɩɨɥɭɱɟɧɧɵɟ ɢɡ ɛɚɡɵ ɞɚɧɧɵɯ, ɩɨɦɟɳɚɸɬɫɹ ɜ ɨɬɞɟɥɶɧɵɣ ɫɩɢɫɨɤ 

ɢ ɯɪɚɧɹɬɫɹ ɜ ɨɩɟɪɚɬɢɜɧɨɣ ɩɚɦɹɬɢ ɞɨ ɡɚɤɪɵɬɢɹ ɩɪɢɥɨɠɟɧɢɹ ɢɥɢ ɞɨ 

ɩɟɪɟɡɚɩɭɫɤɚ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ ɫ ɞɪɭɝɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ 

ɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ. ɉɟɪɟɞ ɩɨɦɟɳɟɧɢɟɦ ɜ ɫɩɢɫɨɤ, ɩɪɨɢɫɯɨɞɢɬ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɞɚɧɧɵɯ ɜ ɨɛɴɟɤɬɵ ɬɢɩɚ «ɫɥɨɜɚɪɶ». Ɍɚɤɢɦ ɨɛɪɚɡɨɦ 

ɨɛɪɚɡɭɸɬɫɹ 6 ɫɩɢɫɤɨɜ: 

- cpus; 

- motherboards; 

- memorys; 

- cases; 

- videocards; 

- powers. 

Ʉɥɸɱɢ ɢ ɡɧɚɱɟɧɢɹ ɫɥɨɜɚɪɟɣ ɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ, ɩɨɥɧɨɫɬɶɸ 

ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɤɥɸɱɚɦ ɢ ɡɧɚɱɟɧɢɹɦ ɡɚɩɢɫɟɣ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɛɚɡɟ ɞɚɧɧɵɯ.   
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3.3 ɂɧɬɟɪɮɟɣɫ ɩɨɥɶɡɨɜɚɬɟɥɹ 

 

ɂɧɬɟɪɮɟɣɫ ɩɨɥɶɡɨɜɚɬɟɥɹ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 17. 

 

Ɋɢɫɭɧɨɤ 17 – ɂɧɬɟɪɮɟɣɫ ɩɨɥɶɡɨɜɚɬɟɥɹ 

 

ɋɥɟɜɚ ɧɚɯɨɞɢɬɫɹ ɨɛɴɟɤɬ ɤɥɚɫɫɚ QGraphicsView, ɜ ɤɨɬɨɪɨɦ ɩɪɨɢɫɯɨɞɢɬ 

ɜɢɡɭɚɥɢɡɚɰɢɹ ɩɪɨɰɟɫɫɚ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ. Ɋɹɞɨɦ ɫ ɧɢɦ ɧɚɯɨɞɹɬɫɹ 

ɩɨɥɹ, ɜ ɤɨɬɨɪɵɯ ɨɬɨɛɪɚɠɚɸɬɫɹ ɰɟɧɵ ɨɬɞɟɥɶɧɵɯ ɤɨɦɩɥɟɤɬɚɰɢɣ. 

ȼ ɩɪɚɜɨɦ ɜɟɪɯɧɟɦ ɭɝɥɭ ɧɚɯɨɞɢɬɫɹ ɨɛɴɟɤɬ ɤɥɚɫɫɚ QTabWidget, ɨɧ ɢɦɟɟɬ 

6 ɜɤɥɚɞɨɤ: ɉɪɨɰɟɫɫɨɪ, Ɇɚɬɟɪɢɧɫɤɚɹ ɩɥɚɬɚ, Ɉɩɟɪɚɬɢɜɧɚɹ ɩɚɦɹɬɶ, ȼɢɞɟɨɤɚɪɬɚ, 

Ȼɥɨɤ ɩɢɬɚɧɢɹ, Ʉɨɪɩɭɫ. ɇɚ ɤɚɠɞɨɣ ɢɡ ɷɬɢɯ ɜɤɥɚɞɨɤ ɩɨɥɶɡɨɜɚɬɟɥɶ ɦɨɠɟɬ 

ɜɵɛɢɪɚɬɶ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɨɣ ɢɥɢ ɢɧɨɣ ɬɟɯɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ. Ɉɬɤɪɵɬɵɟ 

ɜɤɥɚɞɤɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 18 ɢ ɪɢɫɭɧɤɟ 19. 
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Ɋɢɫɭɧɨɤ 18 – ȼɤɥɚɞɤɚ «Ɇɚɬɟɪɢɧɫɤɚɹ ɩɥɚɬɚ» 

 

 

Ɋɢɫɭɧɨɤ 19 – ȼɤɥɚɞɤɚ «Ɉɩɟɪɚɬɢɜɧɚɹ ɩɚɦɹɬɶ» 

 

ɇɢɠɟ ɧɚɯɨɞɢɬɫɹ ɬɟɤɫɬɨɜɨɟ ɩɨɥɟ «Ʌɭɱɲɢɣ ɪɟɡɭɥɶɬɚɬ», ɜ ɤɨɬɨɪɨɦ 

ɜɵɜɨɞɹɬɫɹ ɞɚɧɧɵɟ ɨ ɨɫɨɛɢ ɫ ɥɭɱɲɟɣ ɩɪɢɫɩɨɫɨɛɥɟɧɧɨɫɬɶɸ, ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ 

ɤɨɦɩɥɟɤɬɚɰɢɢ ɫ ɦɟɧɶɲɟɣ ɫɬɨɢɦɨɫɬɶɸ. ɉɨɥɟ ɨɛɧɨɜɥɹɟɬɫɹ ɤɚɠɞɭɸ ɢɬɟɪɚɰɢɸ, 

ɬɨ ɟɫɬɶ ɩɨɥɶɡɨɜɚɬɟɥɶ ɦɨɠɟɬ ɜɢɞɟɬɶ «ɥɭɱɲɭɸ» ɨɫɨɛɶ ɧɚ ɤɚɠɞɨɣ ɢɬɟɪɚɰɢɢ. 

ɇɢɠɟ ɩɨɥɹ «Ʌɭɱɲɢɣ ɪɟɡɭɥɶɬɚɬ» ɧɚɯɨɞɹɬɫɹ ɩɨɥɹ, ɩɪɢ ɩɨɦɨɳɢ ɤɨɬɨɪɵɯ 

ɩɨɥɶɡɨɜɚɬɟɥɶ ɦɨɠɟɬ ɢɡɦɟɧɢɬɶ ɧɚɫɬɪɨɣɤɢ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ: ɬɢɩ 

ɫɟɥɟɤɰɢɢ, ɬɢɩ ɫɤɪɟɳɢɜɚɧɢɹ, ɪɚɡɦɟɪ ɩɨɩɭɥɹɰɢɢ, ɲɚɧɫ ɦɭɬɚɰɢɢ, ɡɚɞɟɪɠɤɭ 

ɦɟɠɞɭ ɢɬɟɪɚɰɢɹɦɢ, ɨɩɬɢɦɚɥɶɧɭɸ ɫɬɨɢɦɨɫɬɶ ɢ ɦɚɤɫɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 

ɢɬɟɪɚɰɢɣ. Ɂɚɞɟɪɠɤɚ ɦɟɠɞɭ ɢɬɟɪɚɰɢɹɦɢ ɧɭɠɧɚ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɩɨɥɶɡɨɜɚɬɟɥɶ 

ɦɨɝ ɭɜɢɞɟɬɶ ɫɚɦ ɩɪɨɰɟɫɫ ɷɜɨɥɸɰɢɢ, ɬɚɤ ɤɚɤ ɛɟɡ ɡɚɞɟɪɠɤɢ ɜɢɡɭɚɥɢɡɚɰɢɹ ɛɭɞɟɬ 

ɩɪɨɢɫɯɨɞɢɬɶ ɦɝɧɨɜɟɧɧɨ. 

ȼ ɫɚɦɨɦ ɧɢɡɭ ɧɚɯɨɞɢɬɫɹ ɨɛɴɟɤɬ QWidget, ɧɚ ɤɨɬɨɪɨɦ ɫɬɪɨɢɬɫɹ ɝɪɚɮɢɤ 

ɫɪɟɞɧɟɝɨ ɡɧɚɱɟɧɢɹ ɰɟɧɵ ɜɫɟɣ ɩɨɩɭɥɹɰɢɢ ɧɚ ɞɚɧɧɨɣ ɢɬɟɪɚɰɢɢ. 
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Ɍɚɤɠɟ ɧɚ ɢɧɬɟɪɮɟɣɫɟ ɩɪɢɫɭɬɫɬɜɭɸɬ ɬɪɢ ɤɧɨɩɤɢ: Ɂɚɩɭɫɤ ȽȺ, ɉɚɭɡɚ, 

ɉɪɨɞɨɥɠɢɬɶ. ɉɪɢ ɧɚɠɚɬɢɢ ɧɚ ɤɧɨɩɤɭ «Ɂɚɩɭɫɤ ȽȺ», ɞɚɧɧɵɟ ɫ ɢɧɬɟɪɮɟɣɫɚ 

ɩɟɪɟɞɚɸɬɫɹ ɩɨɞɫɢɫɬɟɦɟ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ, ɩɨɞɫɢɫɬɟɦɚ ɫɨɡɞɚɟɬ ɧɨɜɭɸ 

ɩɨɩɭɥɹɰɢɸ ɢ ɩɪɨɢɫɯɨɞɢɬ ɩɪɨɰɟɫɫ ɷɜɨɥɸɰɢɢ. ɉɪɢ ɧɚɠɚɬɢɢ ɧɚ ɤɧɨɩɤɭ 

«ɉɚɭɡɚ», ɩɨɞɫɢɫɬɟɦɚ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ ɩɪɢɨɫɬɚɧɚɜɥɢɜɚɟɬɫɹ, ɢ 

ɩɨɥɶɡɨɜɚɬɟɥɶ ɦɨɠɟɬ ɜɧɢɦɚɬɟɥɶɧɨ ɪɚɫɫɦɨɬɪɟɬɶ ɩɨɩɭɥɹɰɢɸ ɧɚ ɞɚɧɧɨɣ 

ɢɬɟɪɚɰɢɢ. ɉɪɢ ɧɚɠɚɬɢɢ ɧɚ ɤɧɨɩɤɭ «ɉɪɨɞɨɥɠɢɬɶ», ɩɨɞɫɢɫɬɟɦɚ ɝɟɧɟɬɢɱɟɫɤɨɝɨ 

ɚɥɝɨɪɢɬɦɚ ɩɪɨɞɨɥɠɚɟɬ ɫɜɨɸ ɪɚɛɨɬɭ. 

 

3.4 ɉɨɞɫɢɫɬɟɦɚ ɜɢɡɭɚɥɢɡɚɰɢɢ 

 

ɉɨɞɫɢɫɬɟɦɚ ɜɢɡɭɚɥɢɡɚɰɢɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɤɥɚɫɫɨɦ GaScene ɢ ɧɚɫɥɟɞɭɟɬɫɹ 

ɨɬ QGraphicsScene. Ⱦɚɧɧɵɣ ɤɥɚɫɫ ɫɨɞɟɪɠɢɬ ɨɞɢɧ ɨɫɧɨɜɧɨɣ ɦɟɬɨɞ 

draw_population(self, pop). ɗɬɨɬ ɦɟɬɨɞ ɜɵɡɵɜɚɟɬɫɹ ɤɚɠɞɵɣ ɪɚɡ, ɤɨɝɞɚ 

ɩɪɨɢɫɯɨɞɢɬ ɥɸɛɨɟ ɢɡɦɟɧɟɧɢɟ ɜ ɩɨɩɭɥɹɰɢɢ. Ɇɟɬɨɞ ɩɨɥɭɱɚɟɬ ɬɟɤɭɳɢɟ ɞɚɧɧɵɟ 

ɨ ɩɨɩɭɥɹɰɢɢ, ɡɚɬɟɦ ɪɚɫɫɱɢɬɵɜɚɟɬ ɪɚɡɦɟɪɵ ɢ ɤɨɨɪɞɢɧɚɬɵ ɤɜɚɞɪɚɬɨɜ (ɝɟɧɨɜ), ɢ 

ɞɨɛɚɜɥɹɟɬ ɢɯ ɧɚ ɯɨɥɫɬ.  

Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɦɨɠɧɨ ɛɵɥɨ ɨɬɥɢɱɚɬɶ ɝɟɧɵ ɩɨ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ, ɨɧɢ 

ɨɤɪɚɲɢɜɚɸɬɫɹ ɜ ɨɩɪɟɞɟɥɟɧɧɵɣ ɰɜɟɬ. Ɂɚ ɤɚɠɞɨɣ ɨɫɨɛɶɸ ɡɚɤɪɟɩɥɟɧ ɫɜɨɣ ɰɜɟɬ. 

Ⱦɚɥɟɟ ɧɚ ɤɚɠɞɵɣ ɤɜɚɞɪɚɬ ɞɨɛɚɜɥɹɟɬɫɹ ɧɚɞɩɢɫɶ – ɧɚɡɜɚɧɢɟ ɬɟɯɧɢɱɟɫɤɨɣ 

ɫɢɫɬɟɦɵ, ɤɨɬɨɪɭɸ ɯɪɚɧɢɬ ɞɚɧɧɵɣ ɝɟɧ. ɉɨɫɥɟ ɬɨɝɨ ɤɚɤ ɜɫɟ ɝɟɧɵ ɛɵɥɢ 

ɞɨɛɚɜɥɟɧɵ ɧɚ ɯɨɥɫɬ, ɦɟɬɨɞ ɜɨɡɜɪɚɳɚɟɬ ɝɨɬɨɜɵɣ ɯɨɥɫɬ, ɤɨɬɨɪɵɣ ɜ ɫɜɨɸ 

ɨɱɟɪɟɞɶ ɨɬɨɛɪɚɠɚɟɬɫɹ ɧɚ ɢɧɬɟɪɮɟɣɫɟ. 

Ƚɪɚɮɢɤ ɫɬɪɨɢɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɦɟɬɨɞɚ draw_plot(self, price). Ɇɟɬɨɞ 

ɩɪɢɧɢɦɚɟɬ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɰɟɧɵ ɧɚ ɞɚɧɧɨɣ ɢɬɟɪɚɰɢɢ, ɞɨɛɚɜɥɹɟɬ ɟɝɨ ɜ 

ɦɚɫɫɢɜ ɢ ɫɬɪɨɢɬ ɩɨ ɷɬɨɦɭ ɦɚɫɫɢɜɭ ɝɪɚɮɢɤ, ɩɪɢ ɩɨɦɨɳɢ ɫɪɟɞɫɬɜ ɛɢɛɥɢɨɬɟɤɢ 

matplotlib. Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɜɵɡɵɜɚɟɬɫɹ ɤɚɠɞɵɣ ɪɚɡ, ɤɨɝɞɚ ɩɪɨɢɫɯɨɞɢɬ ɫɦɟɧɚ 

ɩɨɩɭɥɹɰɢɢ. 

Ɋɟɡɭɥɶɬɚɬ ɪɚɛɨɬɵ ɩɨɞɫɢɫɬɟɦɵ ɜɢɡɭɚɥɢɡɚɰɢɢ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 

20. 
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Ɋɢɫɭɧɨɤ 20 – ȼɢɡɭɚɥɢɡɚɰɢɹ ɩɪɨɰɟɫɫɚ  

 

Ʉɜɚɞɪɚɬɵ ɛɟɥɨɝɨ ɰɜɟɬɚ, ɨɛɜɟɞɟɧɧɵɟ ɫɢɧɟɣ ɪɚɦɤɨɣ – ɷɬɨ ɝɟɧɵ, ɤɨɬɨɪɵɟ 

ɡɚɦɟɧɹɸɬ ɧɟɫɨɜɦɟɫɬɢɦɵɟ. Ʉɜɚɞɪɚɬɵ ɫɟɪɨɝɨ ɰɜɟɬɚ, ɨɛɜɟɞɟɧɧɵɟ ɤɪɚɫɧɨɣ 

ɪɚɦɤɨɣ – ɦɭɬɢɪɨɜɚɧɧɵɟ ɝɟɧɵ. 
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ɁȺɄɅɘЧȿɇɂȿ 

 

ȼ ɯɨɞɟ ɩɪɨɞɟɥɚɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɚ ɪɟɚɥɢɡɨɜɚɧɚ ɩɪɨɝɪɚɦɦɚ ɧɚ ɨɫɧɨɜɟ 

ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ, ɜɵɩɨɥɧɹɸɳɚɹ ɨɩɬɢɦɢɡɚɰɢɸ ɩɨ ɨɞɧɨɦɭ ɤɪɢɬɟɪɢɸ. 

ɇɚɩɢɫɚɧɵ ɪɚɡɥɢɱɧɵɟ ɦɟɬɨɞɵ ɫɟɥɟɤɰɢɢ ɢ ɫɤɪɟɳɢɜɚɧɢɹ. ɉɪɨɝɪɚɦɦɚ ɢɦɟɟɬ 

ɝɢɛɤɢɟ ɧɚɫɬɪɨɣɤɢ, ɜɢɡɭɚɥɢɡɚɰɢɸ ɩɪɨɰɟɫɫɚ ɷɜɨɥɸɰɢɢ. 

ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɛɵɥɢ ɜɵɩɨɥɧɟɧɵ ɡɚɞɚɱɢ: 

1. Ⱥɧɚɥɢɬɢɱɟɫɤɢɣ ɨɛɡɨɪ ɢ ɫɪɚɜɧɟɧɢɟ ɚɧɚɥɨɝɨɜ 

2. ȼɵɛɨɪ ɫɪɟɞɫɬɜ ɪɚɡɪɚɛɨɬɤɢ 

3. ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɛɚɡɵ ɞɚɧɧɵɯ 

4. Ɋɚɡɪɚɛɨɬɤɚ ɫɬɪɭɤɬɭɪɵ ɩɪɢɥɨɠɟɧɢɹ 

5. Ɋɟɚɥɢɡɚɰɢɹ ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɪɨɞɭɤɬɚ 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɫɟ ɡɚɞɚɱɢ ɪɟɲɟɧɵ, ɩɨɫɬɚɜɥɟɧɧɚɹ ɰɟɥɶ - ɪɚɡɪɚɛɨɬɤɚ 

ɩɪɢɥɨɠɟɧɢɹ ɞɥɹ ɨɩɬɢɦɢɡɚɰɢɢ ɤɨɦɩɥɟɤɬɚɰɢɢ ɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɧɚ ɨɫɧɨɜɟ 

ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ – ɞɨɫɬɢɝɧɭɬɚ. 
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ɞɟɹɬɟɥɶɧɨɫɬɢ. – ȼɜɟɞ. 09.01.2014. – Ʉɪɚɫɧɨɹɪɫɤ: ɂɉɄ ɋɎɍ, 2014. – 60 ɫ. 
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ɉɊɂɅɈɀȿɇɂȿ Ⱥ 

 

Ʌɢɫɬɢɧɝ ɦɟɬɨɞɨɜ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ 

 

    def first_generation(self, cpu_p, memory_p, motherboard_p, case_p, video_p, power_p): 

        self.price_list.clear() 

        self.db.get_data(cpu_p, memory_p, motherboard_p, case_p, video_p, power_p) 

        if any(not self.db.data[key] for key in self.db.data): 

            return False 

        else: 

            for i in range(self.population_count): 

                for j, key in enumerate(self.db.data): 

                    self.population[i]['gen'][j] = randint(0, len(self.db.data[key]) - 1) 

                self.population[i][' index'] = i 

            for x, i in enumerate(self.population): 

                while self.check_compatibility(i): 

                    self.get_compatibility(i, self.check_compatibility(i)) 

                self.get_price(i) 

                for j in range(self.gen_count): 

                    i['gen_parent'][j] = x 

            return True 

    def selection(self): 

        if self.sel_type == 'Tourney': 

            for i in range(self.population_count): 

                j = randint(0, self.population_count - 1) 

                self.parent_pop.append(deepcopy(self.population[i]) 

                                       if self.population[i]['fit_func'] < self.population[j]['fit_func'] 

                                       else deepcopy(self.population[j])) 

        elif self.sel_type == 'Roulete': 

            s = 0 

            for i in self.population: 

                s += i['fit_func'] 

            wheel = [(self.population[0]['fit_func'] / s) * 100] 

            for i in range(1, self.population_count): 
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  wheel.append(wheel[i-1] + (self.population[i]['fit_func'] / s) * 100) 

            for i in range(self.population_count): 

                p = randint(1, 100) 

                for j in range(self.population_count): 

                    if p <= wheel[j]: 

                        self.parent_pop.append(deepcopy(self.population[j])) 

                        break 

            print(wheel) 

    def crossing(self): 

        for _ in range(self.population_count//2): 

            f_pos = randint(0, self.population_count - 1) 

            while self.parent_pop[f_pos]['crossed']: 

                f_pos = randint(0, self.population_count - 1) 

            self.parent_pop[f_pos]['crossed'] = True 

            kid_1 = deepcopy(self.parent_pop[f_pos]) 

            f_pos = self.get_hemming_max(f_pos) 

            self.parent_pop[f_pos]['crossed'] = True 

            kid_2 = deepcopy(self.parent_pop[f_pos]) 

            if self.cross_type == 'One point': 

                cross_point = randint(1, self.gen_count - 1) 

                for i in range(cross_point, self.gen_count): 

                    kid_1['gen'][i], kid_2['gen'][i] = kid_2['gen'][i], kid_1['gen'][i] 

                    kid_1['gen_parent'][i], kid_2['gen_parent'][i], = kid_2['gen_parent'][i], 

kid_1['gen_parent'][i] 

            elif self.cross_type == 'Two points': 

                a = randint(1, self.gen_count - 1) 

                b = randint(1, self.gen_count - 1) 

                for i in range(min(a, b), max(a, b)): 

                    kid_1['gen'][i], kid_2['gen'][i] = kid_2['gen'][i], kid_1['gen'][i] 

                    kid_1['gen_parent'][i], kid_2['gen_parent'][i], = kid_2['gen_parent'][i], 

kid_1['gen_parent'][i] 

            elif self.cross_type == 'Mask': 

                for i in range(self.gen_count): 

                    if randint(1, 100) % 2 == 0: 

                        kid_1['gen'][i], kid_2['gen'][i] = kid_2['gen'][i], kid_1['gen'][i] 
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                        kid_1['gen_parent'][i], kid_2['gen_parent'][i], = kid_2['gen_parent'][i], 

kid_1['gen_parent'][i] 

            kid_1['crossed'] = False 

            kid_2['crossed'] = False 

            self.kid_pop.append(deepcopy(kid_1)), self.kid_pop.append(deepcopy(kid_2)) 

    def mutation(self): 

        x = randint(1, 100) 

        index = randint(0, self.population_count - 1) 

        if x <= self.mut_value: 

            for j, key in enumerate(self.db.data): 

                if randint(0, 100) < 35: 

                    self.kid_pop[index]['gen'][j] = randint(0, len(self.db.data[key]) - 1) 

                    self.kid_pop[index]['gen_parent'][j] = -2 

        for i in self.kid_pop: 

            while self.check_compatibility(i): 

                self.get_compatibility(i, self.check_compatibility(i)) 

            self.get_price(i) 

    def rerun(self): 

        fit_func = min([i['fit_func'] for i in self.population]) 

        if sum([1 for i in self.population if i['fit_func'] == fit_func]) >= self.population_count - 1: 

            for i in range(self.population_count// 2, self.population_count): 

                for j, key in enumerate(self.db.data): 

                    self.population[i]['gen'][j] = randint(0, len(self.db.data[key]) - 1) 

                    self.population[i]['gen_parent'][j] = i 

                self.population[i]['index'] = i 

                while self.check_compatibility(self.population[i]): 

                    self.get_compatibility(self.population[i], 

self.check_compatibility(self.population[i])) 

                self.get_price(self.population[i]) 

    def change_population(self): 

        self.population = deepcopy(self.kid_pop) 

        for j, i in enumerate(self.population): 

            i['index'] = j 

        self.parent_pop.clear() 

        self.kid_pop.clear() 




