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ɊȿɎȿɊȺɌ 
 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «Ⱥɥɝɨɪɢɬɦ ɭɬɨɱɧɟɧɢɹ ɪɚɧɝɚ 

ɨɛɴɟɤɬɚ ɜ ɢɬɨɝɨɜɨɦ ɪɚɧɠɢɪɨɜɚɧɢɢ» ɫɨɞɟɪɠɢɬ 46 ɫɬɪɚɧɢɰ, 15 ɢɫɩɨɥɶɡɭɟɦɵɯ 

ɢɫɬɨɱɧɢɤɨɜ, 56 ɮɨɪɦɭɥ, 11 ɬɚɛɥɢɰ, 2 ɩɪɢɥɨɠɟɧɢɹ. 

ɊȺɇɀɂɊɈȼȺɇɂȿ, ɍɉɈɊəȾɈɑɂȼȺɇɂȿ, ȺɅȽɈɊɂɌɆ, ɊȺɇȽ, ɁȺȾȺɑȺ 

Ɉ ɇȺɁɇȺɑȿɇɂəɏ. 

ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɭɬɨɱɧɟɧɢɟ ɪɚɧɝɚ ɜ ɢɬɨɝɨɜɨɦ ɪɚɧɠɢɪɨɜɚɧɢɢ. 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɩɪɨɹɜɥɹɟɬɫɹ ɜ ɜɵɝɨɞɟ ɩɪɢ ɜɵɛɨɪɟ 

ɨɩɬɢɦɚɥɶɧɵɯ ɨɛɴɟɤɬɨɜ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ. 

Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɚɥɝɨɪɢɬɦ ɪɚɧɠɢɪɨɜɚɧɢɹ ɨɛɴɟɤɬɨɜ. 

ɉɪɟɞɦɟɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɣ ɹɜɥɹɸɬɫɹ ɦɟɬɨɞɵ, ɦɨɞɟɥɢ ɢ ɚɥɝɨɪɢɬɦɵ 

ɪɚɧɠɢɪɨɜɚɧɢɹ ɨɛɴɟɤɬɨɜ. 

Ɂɚɞɚɱɚɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɸɬɫɹ: 

- ɢɫɫɥɟɞɨɜɚɧɢɟ ɢ ɚɧɚɥɢɡ ɫɭɳɟɫɬɜɭɸɳɢɯ ɦɟɬɨɞɨɜ ɧɚɯɨɠɞɟɧɢɹ ɢɬɨɝɨɜɨɝɨ 

ɪɚɧɠɢɪɨɜɚɧɢɹ; 

- ɪɚɡɪɚɛɨɬɤɚ ɚɥɝɨɪɢɬɦɚ ɞɥɹ ɭɬɨɱɧɟɧɢɹ ɪɚɧɝɚ ɨɛɴɟɤɬɚ ɜ ɢɬɨɝɨɜɨɦ 

ɪɚɧɠɢɪɨɜɚɧɢɢ; 

- ɪɚɡɪɚɛɨɬɤɚ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ (ɉɈ); 

- ɚɩɪɨɛɚɰɢɹ ɚɥɝɨɪɢɬɦɚ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɢɹ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɚ ɢɡɭɱɟɧɚ ɥɢɬɟɪɚɬɭɪɚ ɩɨ 

ɞɚɧɧɨɣ ɬɟɦɟ, ɩɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɪɚɡɪɚɛɨɬɚɧ ɚɥɝɨɪɢɬɦ ɩɨɥɭɱɟɧɢɹ 

ɢɬɨɝɨɜɨɝɨ ɪɚɧɠɢɪɨɜɚɧɢɹ ɞɥɹ ɞɚɧɧɵɯ ɛɨɥɶɲɨɣ ɪɚɡɦɟɪɧɨɫɬɢ ɫ ɩɪɨɩɭɫɤɚɦɢ ɢ 

ɫɥɭɱɚɹɦɢ ɧɟɬɪɚɧɡɢɬɢɜɧɨɫɬɢ. 
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ȼȼȿȾȿɇɂȿ 
 

ȼ ɫɨɜɪɟɦɟɧɧɨɦ ɦɢɪɟ ɜ ɪɚɡɥɢɱɧɵɯ ɫɮɟɪɚɯ ɞɟɹɬɟɥɶɧɨɫɬɢ ɨɰɟɧɢɜɚɧɢɟ 

ɨɛɴɟɤɬɨɜ ɧɚ ɨɫɧɨɜɟ ɷɤɫɩɟɪɬɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɢɝɪɚɟɬ ɜɚɠɧɭɸ ɪɨɥɶ ɞɥɹ ɩɪɢɧɹɬɢɹ 

ɪɟɲɟɧɢɣ. ɂɦɟɟɬɫɹ ɲɢɪɨɤɢɣ ɤɪɭɝ ɡɚɞɚɱ, ɝɞɟ ɚɧɚɥɢɡɢɪɭɟɦɵɟ ɨɛɴɟɤɬɵ ɧɚ ɨɫɧɨɜɟ 

ɪɚɡɥɢɱɧɵɯ ɩɪɢɧɰɢɩɨɜ ɨɰɟɧɟɧɵ ɷɤɫɩɟɪɬɨɦ. Ɋɚɫɫɦɨɬɪɢɦ ɱɚɫɬɨ ɜɫɬɪɟɱɚɸɳɭɸɫɹ 

ɡɚɞɚɱɭ ɧɚɯɨɠɞɟɧɢɹ ɪɟɣɬɢɧɝɚ ɤɨɦɩɚɧɢɣ, ɧɚ ɨɫɧɨɜɟ ɷɤɫɩɟɪɬɧɵɯ ɨɰɟɧɨɤ. Ʉɚɠɞɚɹ 

ɤɨɦɩɚɧɢɹ ɨɰɟɧɢɜɚɟɬɫɹ ɧɟɫɤɨɥɶɤɢɦɢ ɷɤɫɩɟɪɬɚɦɢ. Ɉɰɟɧɤɢ ɪɚɡɥɢɱɧɵɯ ɷɤɫɩɟɪɬɨɜ 

ɦɨɝɭɬ ɨɬɥɢɱɚɬɶɫɹ ɢ ɞɚɠɟ ɩɪɨɬɢɜɨɪɟɱɢɬɶ ɞɪɭɝ ɞɪɭɝɭ. Ɉɩɪɟɞɟɥɟɧɢɟ ɪɟɣɬɢɧɝɚ 

ɤɨɦɩɚɧɢɢ ɫɬɚɧɨɜɢɬɫɹ ɡɚɞɚɱɟɣ ɭɩɨɪɹɞɨɱɢɜɚɧɢɹ. ɉɪɢ ɷɬɨɦ ɦɧɟɧɢɟ ɨɬɞɟɥɶɧɵɯ 

ɷɤɫɩɟɪɬɨɜ ɦɨɝɭɬ ɫɱɢɬɚɬɶ ɨɞɢɧɚɤɨɜɨ ɜɚɠɧɵɦɢ ɢɥɢ ɢɦɟɬɶ ɪɚɡɥɢɱɧɭɸ ɜɚɠɧɨɫɬɶ.  

ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɭɬɨɱɧɟɧɢɟ ɪɚɧɝɚ ɜ ɢɬɨɝɨɜɨɦ ɪɚɧɠɢɪɨɜɚɧɢɢ. 

Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɚɥɝɨɪɢɬɦ ɪɚɧɠɢɪɨɜɚɧɢɹ ɨɛɴɟɤɬɨɜ. 

ɉɪɟɞɦɟɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɣ ɹɜɥɹɸɬɫɹ ɦɟɬɨɞɵ, ɦɨɞɟɥɢ ɢ ɚɥɝɨɪɢɬɦɵ 

ɪɚɧɠɢɪɨɜɚɧɢɹ ɨɛɴɟɤɬɨɜ. 

Ɂɚɞɚɱɚɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɸɬɫɹ: 

- ɢɫɫɥɟɞɨɜɚɧɢɟ ɢ ɚɧɚɥɢɡ ɫɭɳɟɫɬɜɭɸɳɢɯ ɦɟɬɨɞɨɜ ɧɚɯɨɠɞɟɧɢɹ ɢɬɨɝɨɜɨɝɨ 

ɪɚɧɠɢɪɨɜɚɧɢɹ; 

- ɪɚɡɪɚɛɨɬɤɚ ɚɥɝɨɪɢɬɦɚ ɞɥɹ ɭɬɨɱɧɟɧɢɹ ɪɚɧɝɚ ɨɛɴɟɤɬɚ ɜ ɢɬɨɝɨɜɨɦ 

ɪɚɧɠɢɪɨɜɚɧɢɢ; 

- ɪɚɡɪɚɛɨɬɤɚ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ (ɉɈ); 

- ɚɩɪɨɛɚɰɢɹ ɚɥɝɨɪɢɬɦɚ. 

Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɉɈ ɩɥɚɧɢɪɭɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɹɡɵɤ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ 

Ruby [14], ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ ɤɪɨɫɫɩɥɚɬɮɨɪɦɟɧɧɵɦ ɢ ɩɨɡɜɨɥɹɟɬ ɡɚɩɭɫɤɚɬɶ 

ɩɪɨɝɪɚɦɦɭ ɧɚ ɪɚɡɥɢɱɧɵɯ ɩɥɚɬɮɨɪɦɚɯ. Ⱦɥɹ ɧɚɩɢɫɚɧɢɹ ɢɫɯɨɞɧɨɝɨ ɬɟɤɫɬɚ 

ɩɪɨɝɪɚɦɦɚ ɛɵɥ ɜɵɛɪɚɧ ɬɟɤɫɬɨɜɵɣ ɪɟɞɚɤɬɨɪ Visual Studio Code [15].  
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1 Ɇɟɬɨɞɵ ɢ ɚɥɝɨɪɢɬɦɵ ɩɨɢɫɤɚ ɪɟɡɭɥɶɬɢɪɭɸɳɢɯ ɪɚɧɠɢɪɨɜɚɧɢɣ 

 1.1 ɉɪɟɞɜɚɪɢɬɟɥɶɧɚɹ ɨɛɪɚɛɨɬɤɚ ɞɚɧɧɵɯ 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɚɹ ɨɛɪɚɛɨɬɤɚ ɞɚɧɧɵɯ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɤɨɪɪɟɤɬɧɨɫɬɶ 

ɩɪɢɦɟɧɟɧɢɹ ɬɟɯ ɢɥɢ ɢɧɵɯ ɦɟɬɨɞɨɜ ɤ ɢɫɯɨɞɧɵɦ ɞɚɧɧɵɦ ɢ ɜɵɩɨɥɧɢɬɶ ɩɪɢ 

ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɨɱɢɫɬɤɭ ɞɚɧɧɵɯ. 

1.1.1 ɋɭɦɦɚɪɧɵɟ ɦɚɬɪɢɰɵ ɨɬɧɨɲɟɧɢɣ 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɫɭɦɦɚɪɧɵɯ ɦɚɬɪɢɰ ɜ ɚɥɝɨɪɢɬɦɚɯ ɩɨɢɫɤɚ ɪɟɡɭɥɶɬɢɪɭɸɳɟɝɨ 

ɪɚɧɠɢɪɨɜɚɧɢɹ ɩɨɡɜɨɥɹɟɬ ɢɡɛɟɠɚɬɶ ɦɧɨɝɨɤɪɚɬɧɨ ɩɨɜɬɨɪɹɸɳɢɯɫɹ ɪɚɫɱɟɬɨɜ (ɱɬɨ 

ɞɥɹ ɦɧɨɝɢɯ ɦɟɬɨɞɨɜ ɧɚ ɩɨɪɹɞɨɤ ɫɨɤɪɚɳɚɟɬ ɤɨɥɢɱɟɫɬɜɨ ɜɵɱɢɫɥɟɧɢɣ). 

ȼ ɪɚɛɨɬɚɯ ɧɟɤɨɬɨɪɵɯ ɚɜɬɨɪɨɜ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɫɭɦɦɚɪɧɚɹ ɦɚɬɪɢɰɚ 

ɨɬɧɨɲɟɧɢɣ ܰ = ‖ ௜ܰ௝‖௠×௠, ɝɞɟ ௜ܰ௝ ɪɚɜɧɨ ɱɢɫɥɭ ɫɥɭɱɚɟɜ, ɤɨɝɞɚ ɨɛɴɟɤɬ ܽ௜  
ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɟɣ ɨɛɴɟɤɬɚ ௝ܽ. Ⱦɥɹ ɭɱɟɬɚ ɜɟɫɨɜ ɪɚɧɠɢɪɨɜɚɧɢɣ ɷɥɟɦɟɧɬ ௜ܰ௝  
ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

   𝑵࢐࢏ = ∑ 𝟏=࢐࢑࢏𝒕,𝟏=࢑࢔࢑࢝                                                                                                                      (1) 

 ȼ ɦɚɬɪɢɰɟ ܰ ɫɨɞɟɪɠɢɬɫɹ ɥɢɲɶ ɧɟɛɨɥɶɲɚɹ ɱɚɫɬɶ ɢɫɯɨɞɧɨɣ ɢɧɮɨɪɦɚɰɢɢ, 

ɩɨɷɬɨɦɭ ɜ ɪɚɛɨɬɟ [2] ɛɵɥɨ ɩɪɟɞɥɨɠɟɧɨ ɟɳɟ ɧɟɫɤɨɥɶɤɨ ɫɭɦɦɚɪɧɵɯ ɦɚɬɪɢɰ.  

Ⱦɥɹ ɪɹɞɚ ɦɟɬɨɞɨɜ ɩɨɢɫɤɚ ɪɟɡɭɥɶɬɢɪɭɸɳɟɝɨ ɪɚɧɠɢɪɨɜɚɧɢɹ ɜɚɠɧɚ 

ɢɧɮɨɪɦɚɰɢɹ ɨ ɪɚɜɧɨɰɟɧɧɵɯ ɨɛɴɟɤɬɚɯ, ɞɥɹ ɱɟɝɨ ɜɜɨɞɢɬɶɫɹ ɦɚɬɪɢɰɚ  ܰ଴ = ‖ ௜ܰ௝଴‖௠×௠, 

  ௜ܰ௝ = ∑ ௞௡௞=ଵ,௧೔ೕೖ=଴ݓ                                                                                                                     (2) 

Ɍɚɤ ɠɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɦɚɬɪɢɰɵ ܰ− = ‖ ௜ܰ௝−‖௠×௠ ɢ ܰ′ = ‖ ௜ܰ௝′ ‖௠×௠: 

  ௜ܰ௝− = ( ௜ܰ௝ − ௝ܰ௜),  ௜ܰ௝− = − ௝ܰ௜−,                                                                       (3) 

 ௜ܰ௝′ = ௜ܰ௝ + Ͳ.ͷ ௜ܰ௝଴                                                                                            (4) 
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Ⱦɥɹ ɫɥɭɱɚɹ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɧɟɩɨɥɧɵɦɢ ɩɚɪɧɵɦɢ 

ɫɪɚɜɧɟɧɢɹɦɢ, ɩɨɞɱɢɬɵɜɚɟɬɫɹ ɱɢɫɥɨ ɫɪɚɜɧɟɧɢɣ ɨɛɴɟɤɬɨɜ 

   ௜ܰ௝+ = ∑ ௞௡௞=ଵ,∃௧೔ೕೖݓ = ௜ܰ௝ + ௜ܰ௝଴ + ௝ܰ௜ , ௜ܰ௝+ = ௝ܰ௜+                                              (5) 

ɢ ɜɟɥɢɱɢɧɚ   ࢝࢔ = ∑ 𝟏=࢑࢔࢑࢝                                                                                                                              (6) 

ȿɫɥɢ ɜɟɫɚ ɪɚɜɧɵ ɟɞɢɧɢɰɟ ɢ ɜ ɦɚɬɪɢɰɚɯ ɨɬɧɨɲɟɧɢɣ ɧɟɬ ɩɪɨɩɭɫɤɨɜ, ɬɨ 

 ௜ܰ௝+ = ݊, ݅, ݆ = ͳ. .݉̅̅ ̅̅ ̅̅ ̅ 
1.1.2 Ɇɚɬɪɢɰɚ ɜɟɫɨɜ 

ɉɪɟɞɥɨɠɟɧɧɚɹ ɜ ɪɚɛɨɬɟ [2] ɦɚɬɪɢɰɚ ɜɟɫɨɜ, ɬɚɤ ɠɟ, ɤɚɤ ɢ ɫɭɦɦɚɪɧɵɟ 

ɦɚɬɪɢɰɵ, ɩɨɡɜɨɥɹɟɬ ɢɡɛɟɠɚɬɶ ɦɧɨɝɨɤɪɚɬɧɨ ɩɨɜɬɨɪɹɸɳɢɯɫɹ ɪɚɫɱɟɬɨɜ. ɉɭɫɬɶ ɜɫɟ 

ɪɚɧɠɢɪɨɜɚɧɢɹ ɫɬɪɨɝɢɟ. ɋɨɫɬɚɜɢɦ ɦɚɬɪɢɰɭ 𝑉 =  ௜௝   ɱɢɫɥɨݒ ௠×௠, ɝɞɟ‖ݒ‖ 

ɷɤɫɩɟɪɬɨɜ, ɩɨɫɬɚɜɢɜɲɢɯ ɜ ɪɚɧɠɢɪɨɜɚɧɢɢ i-ɣ ɨɛɴɟɤɬ ɧɚ j-ɟ ɦɟɫɬɨ. 

Ɋɟɡɭɥɶɬɢɪɭɸɳɟɦɭ ɪɚɧɠɢɪɨɜɚɧɢɸ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɜɟɤɬɨɪɨɦ ɪɚɧɝɨɜ ሺݎଵ′, ,′ଶݎ … , ′௠ݎ ሻ, ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɭɦɦɚ ɜɟɫɨɜ ∑ ௜ݒ , ௜′௠௜=ଵݎ . ɗɬɭ ɫɭɦɦɭ ɦɨɠɧɨ 

ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɤɨɥɢɱɟɫɬɜɨ ɝɨɥɨɫɨɜ, ɨɬɞɚɧɧɵɯ ɷɤɫɩɟɪɬɚɦɢ ɡɚ ɬɨ, ɱɬɨ i-ɟ 

ɨɛɴɟɤɬɵ ɧɚɯɨɞɹɬɫɹ ɧɚ ir  ɦɟɫɬɚɯ. ɋɨɫɬɚɜɢɦ ɦɚɬɪɢɰɭ ɜɟɫɨɜ ‖ݒ‖௠×௠ (ɬɚɛɥɢɰɚ 1), 

ɝɞɟ (ɞɥɹ ɫɬɪɨɝɢɯ ɪɚɧɠɢɪɨɜɚɧɢɣ) ݒ௜௝ –ɫɭɦɦɚ ɜɟɫɨɜ ɷɤɫɩɟɪɬɨɜ ݓ௞, ɩɨɫɬɚɜɢɜɲɢɯ ɜ 

ɪɚɧɠɢɪɨɜɚɧɢɢ i-ɣ ɨɛɴɟɤɬ ɧɚ j-ɟ ɦɟɫɬɨ: 

࢐࢏࢜  = ∑ ࢐=࢑࢏𝒓,𝟏=࢑࢔࢑࢝                                                                                                                                       (7) 

Ⱦɥɹ ɧɟɫɬɪɨɝɢɯ ɪɚɧɠɢɪɨɜɚɧɢɣ ɛɭɞɟɦ ɜɵɱɢɫɥɹɬɶ ɜɟɫɚ ݒ௜௝ ɫɨɝɥɚɫɧɨ 

ɫɥɟɞɭɸɳɟɦɭ ɚɥɝɨɪɢɬɦɭ ɩɪɟɞɥɨɠɟɧɧɨɦ ɜ ɪɚɛɨɬɟ [2]: 

a) ݒ௜௝ = Ͳ, ɞɥɹ ݅, ݆ = ͳ. .݉̅̅ ̅̅ ̅̅ ̅; ݇ = ͳ; 
ɛ) ܯ௞ = max௥೔ೖ௜=ଵ..௠̅̅ ̅̅ ̅̅ ; ˛˃ˆˋ ͳ ˋ ʹ ˒˓ˑ˒˖˔˕ˋ˕˟; 
 1) ȿɫɥɢ ܯ௞ = ͳ, ɬɨ ܣ௜௞ = ͳ,ܤ௜௞ = ݉ ɞɥɹ ݅ = ͳ. .݉̅̅ ̅̅ ̅̅ ̅;˛˃ˆ ˇ; 
 2) ȿɫɥɢ ܯ௞ = ݉, ɬɨ ܣ௜௞ = ௜௞ܤ = ݅ ɞɥɹ ݅ = ͳ. .݉̅̅ ̅̅ ̅̅ ̅;˛˃ˆ ˇ; 
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ɜ) ௝݈௞ = ݆௠−ଵ𝑀ೖ + ͳ, ɞɥɹ ݆ = Ͳ. ௞̅̅ܯ. ̅̅ ̅̅ ̅̅  ; 

ɝ) ܣ௜௞ = Оˍ˓˖ˆˋ˕˟В˅ˈ˓х ቀ݈௥೔ೖ−ଵ௞ ቁ , ௜௞ܤ = Оˍ˓˖ˆˎˋ˕˟Вːˋˊ ቀ݈௥೔ೖ௞ ቁ , ݅ = ͳ. .݉̅̅ ̅̅ ̅̅ ̅; 
ɞ) Ⱦɥɹ ݅ = ͳ. .݉̅̅ ̅̅ ̅̅ ̅ ˋ ݆ = ప௞ܣ . . ప௞̅̅ܤ ̅̅ ̅̅ ̅̅ ̅ ɭɜɟɥɢɱɢɬɶ ݒ௜௝ ɧɚ ௪ೖଵ+஻೔ೖ−஺೔ೖ; 
ɟ) ɍɜɟɥɢɱɢɬɶ k  ɧɚ 1; 

ɠ) ȿɫɥɢ ݇ ൑ ݊, ɬɨ ɲɚɝ ɛ; 

ɢ) Ʉɨɧɟɰ. 

Ɍɚɛɥɢɰɚ 1 – Ɇɚɬɪɢɰɚ ɜɟɫɨɜ 

                      m    

m    
1 2 … m ܽଵ ݒଵଵ  ݒଵଶ … ݒଵ௠ ܽଶ ݒଵଵ ݒଵଵ … ݒଶ௠ 

… … … … … ܽ௠ ݒ௠ଵ ݒ௠ଶ … ݒ௠௠ 

 1.1.3 ɋɨɝɥɚɫɨɜɚɧɧɨɫɬɶ ɞɚɧɧɵɯ 

ɋɨɝɥɚɫɨɜɚɧɧɨɫɬɶ ɦɧɟɧɢɹ ɷɤɫɩɟɪɬɨɜ ɩɪɢɧɹɬɨ ɨɰɟɧɢɜɚɬɶ ɩɨ ɜɟɥɢɱɢɧɟ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɤɨɧɤɨɪɞɚɰɢɢ Ʉɟɧɞɚɥɥɚ: 

2

12

( 1)

S
Kc

m m



,  2

1

m

i

i

S s s


  , 
1

1 m

i

i

s s
m 

  , 
1

1 n

i ki

k

s r
n 

  ,                                        (8) 

ɝɞɟ S  ɫɭɦɦɚ ɤɜɚɞɪɚɬɨɜ ɨɬɤɥɨɧɟɧɢɣ ɜɫɟɯ ɨɰɟɧɨɤ ɪɚɧɝɨɜ ɤɚɠɞɨɝɨ ɨɛɴɟɤɬɚ 

ɷɤɫɩɟɪɬɢɡɵ ɨɬ ɫɪɟɞɧɟɝɨ ɡɧɚɱɟɧɢɹ. Ʉɨɷɮɮɢɰɢɟɧɬ ɤɨɧɤɨɪɞɚɰɢɢ ɢɡɦɟɧɹɟɬɫɹ ɜ 

ɞɢɚɩɚɡɨɧɟ 0 1Kc  , ɩɪɢɱɟɦ 0 — ɩɨɥɧɚɹ ɧɟɫɨɝɥɚɫɨɜɚɧɧɨɫɬɶ, 1 — ɩɨɥɧɨɟ 

ɟɞɢɧɨɞɭɲɢɟ. Ⱦɚɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɡɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɬɨɥɶɤɨ ɞɥɹ ɞɚɧɧɵɯ, 

ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɪɚɧɠɢɪɨɜɚɧɢɹɦɢ. 

ȼɜɟɞɟɦ ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɧɤɨɪɞɚɰɢɢ, ɞɥɹ ɞɚɧɧɵɯ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ 

ɦɚɬɪɢɰɚɦɢ ɨɬɧɨɲɟɧɢɣ: 

0

1

ij

ij

i j ij
N

N
Ks

L N








  , 
0

1

ij

i j
N

L




                                                                                      (9) 
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Ʉɨɷɮɮɢɰɢɟɧɬ ɢɡɦɟɧɹɟɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ 0 1Ks  . ɉɪɢ ɜɵɫɨɤɨɣ 

ɫɨɝɥɚɫɨɜɚɧɧɨɫɬɢ ( 0.6Ks   ɢɥɢ 0.4Kc  ) ɜɫɟ ɦɟɬɨɞɵ, ɤɚɤ ɩɪɚɜɢɥɨ, ɞɚɸɬ 

ɨɞɢɧɚɤɨɜɵɟ ɪɟɲɟɧɢɹ. ɉɪɢ ɧɢɡɤɨɣ ɫɨɝɥɚɫɨɜɚɧɧɨɫɬɢ ( 0.2Ks   ɢɥɢ 0.1Kc  ) 

ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɪɚɡɛɢɬɶ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɧɚ ɝɪɭɩɩɵ ɫ ɜɵɫɨɤɨɣ 

ɫɨɝɥɚɫɨɜɚɧɧɨɫɬɶɸ. 

Ⱦɥɹ ɨɰɟɧɤɢ ɱɢɫɥɚ ɫɥɭɱɚɟɜ ɧɟɬɪɚɧɡɢɬɢɜɧɨɫɬɢ ɜ ɦɚɬɪɢɰɟ N   ɛɭɞɟɦ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɨɷɮɮɢɰɢɟɧɬ Kst : 

a) 0Kst  ; 

ɛ) ȼɵɩɨɥɧɢɬɶ ɞɥɹ  , 1..i j m , i j ; 

 ɜ) ȿɫɥɢ ij jiN N   ɬɨ: Ⱦɥɹ 1..k m , k i , k j : ɟɫɥɢ ik kiN N   ɢ kj jkN N  , ɬɨ 

ɭɜɟɥɢɱɢɬɶ Kst  ɧɚ 1;  

ɝ) Kst
Kst

MaxKst
 , ɦɨɠɧɨ ɩɪɢɧɹɬɶ  2 1 8MaxKst m m  . 

ɑɟɦ ɫɢɥɶɧɟɟ ɨɬɥɢɱɚɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬ Kst  ɨɬ ɧɭɥɹ, ɬɟɦ ɛɨɥɟɟ 

ɩɪɨɬɢɜɨɪɟɱɢɜɵ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ. ɉɪɢ Kst , ɛɥɢɡɤɨɦ ɤ ɟɞɢɧɢɰɟ, ɫɥɟɞɭɟɬ ɩɪɨɜɟɫɬɢ 

ɩɨɜɬɨɪɧɭɸ ɷɤɫɩɟɪɬɢɡɭ ɢɧɚɱɟ, ɫɤɨɪɟɟ ɜɫɟɝɨ, ɩɪɢɞɟɬɫɹ ɩɪɢɡɧɚɬɶ ɜɫɟ ɨɛɴɟɤɬɵ 

ɪɚɜɧɨɰɟɧɧɵɦɢ: ɦɟɬɨɞ ɫɬɪɨɱɧɵɯ ɫɭɦɦ ɪɚɛɨɬɚɟɬ ɧɟɤɨɪɪɟɤɬɧɨ (ɩɪɢɡɧɚɟɬ ɦɧɨɝɢɟ 

ɨɛɴɟɤɬɵ ɪɚɜɧɨɰɟɧɧɵɦɢ), ɚ ɜɵɱɢɫɥɟɧɢɟ ɦɟɞɢɚɧɵ Ʉɟɦɟɧɢ ɧɚɜɪɹɞ ɥɢ ɦɨɠɧɨ 

ɨɛɨɫɧɨɜɚɬɶ. 

Ɋɚɫɫɱɢɬɚɟɦ ɪɟɡɭɥɶɬɢɪɭɸɳɟɟ ɪɚɧɠɢɪɨɜɚɧɢɟ ɧɟɫɤɨɥɶɤɢɦɢ ɦɟɬɨɞɚɦɢ ɢ 

ɜɵɱɢɫɥɢɦ ɫɪɟɞɧɟɚɪɢɮɦɟɬɢɱɟɫɤɨɟ ɪɚɫɫɬɨɹɧɢɣ ɦɟɠɞɭ ɩɨɥɭɱɟɧɧɵɦɢ ɪɟɲɟɧɢɹɦɢ: 

 
1

1 1

2
,

( 1)

r rn n

i j
r r i j i

Kr d R R
n n



  


                                                                                (10) 

ȼɟɥɢɱɢɧɚ Kr  ɩɪɢɦɟɪɧɨ ɪɚɜɧɚ ɨɲɢɛɤɟ, ɫ ɤɨɬɨɪɨɣ ɦɨɠɧɨ ɜɵɱɢɫɥɢɬɶ 

ɪɟɡɭɥɶɬɢɪɭɸɳɟɟ ɪɚɧɠɢɪɨɜɚɧɢɟ. Ʉɨɦɩɶɸɬɟɪɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɨɤɚɡɚɥɨ 

ɜɵɫɨɤɭɸ ɤɨɪɪɟɥɹɰɢɸ ɦɟɠɞɭ ɡɧɚɱɟɧɢɹɦɢ Kr  ɢ ɪɚɫɫɬɨɹɧɢɹɦɢ ɨɬ ɪɟɲɟɧɢɣ 

ɦɟɬɨɞɨɜ ɞɨ ɢɡɜɟɫɬɧɨɝɨ ɩɪɚɜɢɥɶɧɨɝɨ ɪɚɧɠɢɪɨɜɚɧɢɹ. 
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 1.1.4 Ɋɚɡɪɟɠɟɧɧɨɫɬɶ ɦɚɬɪɢɰ ɨɬɧɨɲɟɧɢɣ 

ȼɜɟɞɟɦ ɤɨɷɮɮɢɰɢɟɧɬɵ ɞɥɹ ɨɰɟɧɤɢ ɪɚɡɪɟɠɟɧɧɨɫɬɢ ɦɚɬɪɢɰ ɩɚɪɧɵɯ 

ɫɪɚɜɧɟɧɢɣ Kz  ɢ 0Kz . ɉɪɢ ɧɢɡɤɢɯ ɡɧɚɱɟɧɢɹɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɧɟɨɛɯɨɞɢɦɨ 

ɩɪɢɦɟɧɹɬɶ ɦɟɬɨɞ ɡɚɜɢɫɢɦɨɫɬɟɣ, ɢɥɢ ɢɫɤɥɸɱɢɬɶ ɢɡ ɪɚɫɫɦɨɬɪɟɧɢɹ ɨɛɴɟɤɬɵ ɫ 

ɦɚɥɵɦ ɱɢɫɥɨɦ ɫɪɚɜɧɟɧɢɣ. 

Ɉɰɟɧɤɚ ɩɪɨɩɭɫɤɨɜ, ɨɛɭɫɥɨɜɥɟɧɧɵɯ ɬɟɦ, ɱɬɨ ɨɛɴɟɤɬɵ ɫɪɚɜɧɢɜɚɥɢɫɶ ɧɟ 

ɜɫɟɦɢ ɷɤɫɩɟɪɬɚɦɢ: 

2

( 1)

ij
i j

w

N

Kz
n m m







                                                                                                  (11) 

Ɉɰɟɧɤɚ ɩɪɨɩɭɫɤɨɜ, ɨɛɭɫɥɨɜɥɟɧɧɵɯ ɬɟɦ, ɱɬɨ ɨɛɴɟɤɬɵ ɧɢ ɪɚɡɭ ɧɟ 

ɫɪɚɜɧɢɜɚɥɢɫɶ: 

0

0

2
1

( 1)
ij

i j
N

Kz
m m






                                                                                                (12) 

Ʉɚɤ ɩɨɤɚɡɚɥɨ ɤɨɦɩɶɸɬɟɪɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ, ɩɪɢɟɦɥɟɦɵɟ ɧɢɠɧɢɟ 

ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ —  0.4,0.5Kz ,  0 0.86,0.92Kz  . 

1.2 Ɇɟɬɨɞɵ ɩɨɢɫɤɚ ɪɟɡɭɥɶɬɢɪɭɸɳɟɝɨ ɪɚɧɠɢɪɨɜɚɧɢɹ 

 1.2.1 Ɉɛɳɟɟ ɫɨɫɬɨɹɧɢɟ 

ɋɭɳɟɫɬɜɭɟɬ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɦɟɬɨɞɨɦ ɩɨɢɫɤɚ ɪɟɡɭɥɶɬɢɪɭɸɳɟɝɨ 

ɪɚɧɠɢɪɨɜɚɧɢɹ ɧɚ ɨɫɧɨɜɟ ɷɤɫɩɟɪɬɧɵɯ ɨɰɟɧɨɤ. Ɉɞɧɢɦ ɢɡ ɫɚɦɵɯ ɩɨɩɭɥɹɪɧɵɯ ɢ 

ɩɪɨɫɬɵɯ ɦɟɬɨɞɨɜ ɞɥɹ ɩɨɢɫɤɚ ɪɟɡɭɥɶɬɢɪɭɸɳɟɝɨ ɪɚɧɠɢɪɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ 

ɫɬɪɨɱɧɵɯ ɫɭɦɦ. Ɉɧ ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɫɬ ɬɚɤ ɤɚɤ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɪɟɡɭɥɶɬɢɪɭɸɳɟɝɨ 

ɪɚɧɠɢɪɨɜɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɬɨɥɶɤɨ ɫɨɫɬɚɜɢɬɶ ɦɚɬɪɢɰɵ ɩɚɪɧɵɯ ɫɪɚɜɧɟɧɢɣ 

ɨɛɴɟɤɬɨɜ. ɉɨɫɥɟ ɩɨɫɬɪɨɟɧɢɹ ɦɚɬɪɢɰɵ ɧɟɨɛɯɨɞɢɦɨ ɜɵɱɢɫɥɢɬɶ ɫɭɦɦɭ ɤɚɠɞɨɣ 

ɫɬɪɨɤɢ. Ɉɛɴɟɤɬɵ ɜ ɞɚɧɧɨɦ ɦɟɬɨɞɟ ɪɚɧɠɢɪɭɸɬɫɹ ɜ ɩɨɪɹɞɤɟ ɭɛɵɜɚɧɢɹ ɫɭɦɦ ɫɬɪɨɤ 

ɨɬ ɛɨɥɶɲɟɣ ɫɭɦɦɵ ɤ ɦɟɧɶɲɟɣ. Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɧɟ ɹɜɥɹɟɬɫɹ ɭɧɢɜɟɪɫɚɥɶɧɵɦ ɢ 

ɨɛɥɚɞɚɟɬ ɧɟɞɨɫɬɚɬɤɚɦɢ.  
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Ȼɨɥɟɟ ɫɥɨɠɧɵɦ ɜ ɪɚɫɱёɬɚɯ ɦɟɬɨɞɨɦ ɹɜɥɹɟɬɫɹ ɦɟɞɢɚɧɚ Ʉɟɦɟɧɢ. Ⱦɥɹ 

ɧɚɯɨɠɞɟɧɢɹ ɪɚɧɠɢɪɨɜɚɧɢɹ ɩɪɢ ɩɨɦɨɳɢ ɦɟɞɢɚɧɵ Ʉɟɦɟɧɢ, ɧɟɨɛɯɨɞɢɦɨ, ɱɬɨ 

ɤɚɠɞɵɣ ɷɤɫɩɟɪɬ ɩɪɨɢɡɜɟɥ ɪɚɧɠɢɪɨɜɚɧɢɟ ɨɛɴɟɤɬɨɜ. Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ɦɟɞɢɚɧɵ 

ɧɟɨɛɯɨɞɢɦɨ ɧɚɣɬɢ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɪɚɧɠɢɪɨɜɚɧɢɹ. Ɉɧɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɢ 

ɩɨɦɨɳɢ ɦɚɬɪɢɰɵ ɨɬɧɨɲɟɧɢɣ.  ȼ ɢɬɨɝɟ ɪɚɛɨɬɵ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɧɚɯɨɞɢɬɫɹ ɬɚɤɨɟ 

ɢɬɨɝɨɜɨɟ ɪɚɧɠɢɪɨɜɚɧɢɟ, ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɤɨɬɨɪɨɝɨ ɞɨ ɜɫɟɯ ɡɚɞɚɧɧɵɯ ɪɚɧɠɢɪɨɜɚɧɢɣ 

ɦɢɧɢɦɚɥɶɧɨɟ. 

ȿɳё ɨɞɧɢɦ ɦɟɬɨɞ ɞɥɹ ɧɚɯɨɠɞɟɧɢɣ ɪɚɧɠɢɪɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɩɪɚɜɢɥɨ Ȼɨɪɞɚ. 

Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɛɵɥ ɩɪɟɞɫɬɚɜɥɟɧ ɀɚɧ-ɒɚɪɥɟɦ ɞɟ Ȼɨɪɞɚ ɫ ɰɟɥɶɸ ɛɨɥɟɟ 

ɬɳɚɬɟɥɶɧɨɝɨ ɩɨɞɫɱёɬɚ ɩɪɟɞɩɨɱɬɟɧɢɣ ɜɵɛɨɪɳɢɤɨɜ ɜ ɭɫɥɨɜɢɹɯ ɦɧɨɠɟɫɬɜɚ 

ɤɚɧɞɢɞɚɬɨɜ. Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɢ ɜ ɫɨɜɪɟɦɟɧɧɨɫɬɢ. ɋɨɝɥɚɫɧɨ 

ɞɚɧɧɨɦɭ ɦɟɬɨɞɭ, ɪɟɡɭɥɶɬɚɬɵ ɨɰɟɧɤɢ ɜɵɪɚɠɚɸɬɫɹ ɜ ɜɢɞɟ ɫɭɦɦɵ ɛɚɥɥɨɜ, 

ɧɚɛɪɚɧɧɵɯ ɤɚɠɞɵɦ ɤɚɧɞɢɞɚɬɨɦ. Ɍɚɤ, ɩɪɢ ɜɵɛɨɪɟ ɢɡ ݊ ɤɚɧɞɢɞɚɬɨɜ ɤɚɠɞɵɣ 

ɝɨɥɨɫɭɸɳɢɣ ɪɚɫɩɨɥɚɝɚɟɬ ɜɫɟɯ ɤɚɧɞɢɞɚɬɨɜ ɜ ɩɨɪɹɞɤɟ ɭɛɵɜɚɧɢɹ, ɡɚ ɩɟɪɜɨɟ ɦɟɫɬɨ 

ɤɚɧɞɢɞɚɬɭ ɩɪɢɫɜɚɢɜɚɟɬɫɹ ݊ ɛɚɥɥɨɜ, ɜɬɨɪɨɦɭ ɤɚɧɞɢɞɚɬɭ ɩɪɢɫɜɚɢɜɚɟɬɫɹ ݊ − ͳ 

ɛɚɥɥɨɜ ɢ ɬ.ɞ. ɩɨɫɥɟɞɧɢɣ ɤɚɧɞɢɞɚɬ ɩɨɥɭɱɚɟɬ 1 ɛɚɥɥ.  ȼ ɢɬɨɝɟ ɩɨɞɫɱёɬɚ ɫɭɦɦɵ 

ɛɚɥɥɨɜ ɩɨɥɭɱɚɟɦ ɪɚɧɠɢɪɨɜɚɧɢɟ ɤɚɧɞɢɞɚɬɨɜ.  

Ɋɚɧɟɟ ɛɵɥɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɨɞɧɢ ɢɡ ɫɚɦɵɯ ɩɨɩɭɥɹɪɧɵɯ ɦɟɬɨɞɨɜ ɩɨɢɫɤɚ 

ɪɟɡɭɥɶɬɢɪɭɸɳɟɝɨ ɪɚɧɠɢɪɨɜɚɧɢɹ. Ɋɚɫɫɦɨɬɪɢɦ ɧɟɤɨɬɨɪɵɟ ɢɡ ɦɟɬɨɞɨɜ ɛɨɥɟɟ 

ɩɨɞɪɨɛɧɨ. 

 1.2.2 Ɇɟɬɨɞ ɫɬɪɨɱɧɵɯ ɫɭɦɦ 

Ɉɞɧɢɦ ɢɡ ɩɪɨɫɬɟɣɲɢɯ ɢ ɜɦɟɫɬɟ ɫ ɬɟɦ ɧɚɢɛɨɥɟɟ ɨɛɨɫɧɨɜɚɧɧɵɯ ɦɟɬɨɞɨɜ 

ɨɛɪɚɛɨɬɤɢ ɪɟɡɭɥɶɬɚɬɨɜ ɩɚɪɧɵɯ ɫɪɚɜɧɟɧɢɣ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ ɫɬɪɨɱɧɵɯ ɫɭɦɦ, 

ɯɨɪɨɲɨ ɢɡɜɟɫɬɧɵɣ ɩɨ ɪɚɫɩɪɟɞɟɥɟɧɢɸ ɦɟɫɬ ɜ ɫɩɨɪɬɢɜɧɵɯ ɫɨɫɬɹɡɚɧɢɹɯ 

(ɮɭɬɛɨɥɶɧɵɟ ɱɟɦɩɢɨɧɚɬɵ, ɤɪɭɝɨɜɵɟ ɲɚɯɦɚɬɧɵɟ ɬɭɪɧɢɪɵ ɢ ɬ. ɞ.). Ɇɟɬɨɞ 

ɫɬɪɨɱɧɵɯ ɫɭɦɦ ɲɢɪɨɤɨ ɢɡɭɱɚɥɫɹ ɜ ɥɢɬɟɪɚɬɭɪɟ, ɧɨ ɨɛɵɱɧɨ ɜ ɬɨɣ ɮɨɪɦɟ, ɤɨɝɞɚ 

ɤɚɠɞɚɹ ɦɚɬɪɢɰɚ ɫɪɚɜɧɟɧɢɣ «ɩɨɥɧɚ», ɬ. ɟ. ɞɥɹ ɥɸɛɵɯ ɞɜɭɯ ɪɚɡɥɢɱɧɵɯ ɨɛɴɟɤɬɨɜ 

ɫɨɞɟɪɠɢɬ ɪɟɡɭɥɶɬɚɬ ɢɯ ɫɪɚɜɧɟɧɢɹ. 
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ȼɦɟɫɬɟ ɫ ɬɟɦ ɜɨɡɦɨɠɧɵ ɫɥɭɱɚɣ, ɤɨɝɞɚ ɦɚɬɪɢɰɵ ɩɚɪɧɵɯ ɫɪɚɜɧɟɧɢɣ 

ɡɚɩɨɥɧɟɧɵ ɥɢɲɶ ɱɚɫɬɢɱɧɨ, ɧɚɩɪɢɦɟɪ, ɟɫɥɢ ɨɧɢ ɩɨɥɭɱɟɧɵ ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɷɤɫɩɟɪɬɧɨɝɨ ɨɩɪɨɫɚ ɢ ɷɤɫɩɟɪɬ ɡɚɬɪɭɞɧɹɟɬɫɹ ɨɬɜɟɬɢɬɶ ɱɬɨ-ɥɢɛɨ ɨ ɫɨɨɬɧɨɲɟɧɢɢ 

ɨɛɴɟɤɬɨɜ ɜ ɧɟɤɨɬɨɪɵɯ ɩɚɪɚɯ. 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɧɚɯɨɠɞɟɧɢɹ ɢɬɨɝɨɜɨɝɨ ɪɚɧɠɢɪɨɜɚɧɢɹ ɩɪɢ ɩɨɦɨɳɢ 

ɦɟɬɨɞɚ ɫɬɪɨɱɧɵɯ ɫɭɦɦ ɧɟɨɛɯɨɞɢɦɚ ɦɚɬɪɢɰɚ ɨɬɧɨɲɟɧɢɣ ɪɚɡɞɟɥ 1.2. 

Ʉɥɟɬɤɢ ɬɚɛɥɢɰɵ, ɭ ɤɨɬɨɪɵɯ ɢɦɹ ɫɬɪɨɤɢ ɫɨɜɩɚɞɚɟɬ ɫ ɢɦɟɧɟɦ ɫɬɨɥɛɰɚ, ɧɟ 

ɡɚɩɨɥɧɹɸɬɫɹ. Ɂɚɬɟɦ ɩɨɞɫɱɢɬɵɜɚɸɬɫɹ ɫɭɦɦɵ ɫɬɪɨɤ. ɇɚɤɨɧɟɰ, ɫɬɪɨɢɬɫɹ 

ɪɚɧɠɢɪɨɜɚɧɢɟ ɨɛɴɟɤɬɨɜ ɫɥɟɞɭɸɳɢɦ ɫɩɨɫɨɛɨɦ. Ɉɛɴɟɤɬɭ, ɢɦɟɸɳɟɦɭ 

ɦɚɤɫɢɦɚɥɶɧɭɸ ɫɬɪɨɱɧɭɸ ɫɭɦɦɭ, ɩɪɢɫɜɚɢɜɚɟɬɫɹ ɪɚɧɝ 1. Ɉɛɴɟɤɬɭ, ɢɦɟɸɳɟɦɭ 

ɫɥɟɞɭɸɳɭɸ ɩɨ ɜɟɥɢɱɢɧɟ ɫɭɦɦɭ, ɩɪɢɫɜɚɢɜɚɟɬɫɹ ɪɚɧɝ 2 (ɜ ɧɚɲɟɦ ɩɪɢɦɟɪɟ ɬɚɤɢɯ 

ɨɛɴɟɤɬɨɜ ɞɜɚ: b ɢ c). ɂ ɬɚɤ ɞɚɥɟɟ, ɩɨɤɚ ɧɟ ɛɭɞɭɬ ɨɬɪɚɧɠɢɪɨɜɚɧɵ ɜɫɟ ɨɛɴɟɤɬɵ. 

 1.2.3 Ɇɟɞɢɚɧɚ Ʉɟɦɟɧɢ 

Ɇɟɞɢɚɧɚ Ʉɟɦɟɧɢ [2, 6, 7, 9] ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɚɞɞɢɬɢɜɧɭɸ ɫɜɟɪɬɤɭ ɛɟɡ 

ɜɟɫɨɜɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ. 

Ⱦɥɹ ɪɚɫɱёɬɚ ɪɚɧɠɢɪɨɜɚɧɢɹ ɩɨ ɞɚɧɧɨɦɭ ɦɟɬɨɞɭ ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɱɢɬɵɜɚɬɶ 

ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɪɚɧɠɢɪɨɜɚɧɢɹ (13). 𝒅 = ሺ𝑹,𝑹࢑ሻ =  ∑ |𝑵࢐࢏ −𝑵࢐࢑࢏ ࢐>࢏|                                                                       (13) 

  𝑓ሺܴሻ =  ∑ 𝑑ሺܴሻ → ݉݅݊௡௞=ଵ                                                                                     (14) 

Ɇɟɞɢɚɧɚ ɫɨɜɩɚɞɚɟɬ ɫ ɭɩɨɪɹɞɨɱɢɜɚɧɢɟɦ ɩɨ ɦɟɬɨɞɭ ɉ. ɋɥɚɣɬɟɪɚ. Ɍɚɤ ɠɟ 

ɦɟɞɢɚɧɟ ɪɚɜɧɨ, ɟɫɥɢ ɫɭɳɟɫɬɜɭɟɬ, ɭɩɨɪɹɞɨɱɢɜɚɧɢɟ Ʉɨɧɞɨɪɫɟ. 

ȼɵɱɢɫɥɟɧɢɟ ɦɟɞɢɚɧɵ ɱɟɪɟɡ ɫɭɦɦɚɪɧɵɟ ɦɚɬɪɢɰɵ ɪɚɡɞɟɥ 1.2 ɩɨɡɜɨɥɹɟɬ 

ɭɱɢɬɵɜɚɬɶ ɪɚɡɥɢɱɧɵɟ, ɡɚɥɨɠɟɧɧɵɟ ɜ ɧɢɯ, ɩɚɪɚɦɟɬɪɵ ɢ ɡɧɚɱɢɬɟɥɶɧɨ ɫɨɤɪɚɬɢɬɶ 

ɜɪɟɦɹ ɜɵɱɢɫɥɟɧɢɣ. ɉɭɫɬɶ ɦɚɬɪɢɰɚ ɨɬɧɨɲɟɧɢɣ ‖ݐ‖௠×௠ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɢɫɤɨɦɨɦɭ 

ɭɩɨɪɹɞɨɱɢɜɚɧɢɸ R, ɩɪɟɞɫɬɚɜɥɟɧɧɨɦɭ ɜɟɤɬɨɪɨɦ ɢɧɞɟɤɫɨɜ ɨɛɴɟɤɬɨɜ ሺ𝑝ଵ, 𝑝ଶ, … , 𝑝௠ሻ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɚɬɪɢɰɚ ɨɬɧɨɲɟɧɢɣ ‖ݐ‖௠×௠ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 

ɫɬɪɨɝɨɦɭ ɪɚɧɠɢɪɨɜɚɧɢɸ ɢ ݐ𝑝೔,𝑝ೕ = ͳ ɞɥɹ ɜɫɟɯ i j . ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 
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ɩɪɟɞɫɬɚɜɥɟɧɵ ɦɚɬɪɢɰɚɦɢ ɨɬɧɨɲɟɧɢɣ ‖ݐ௞‖௠×௠, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ 

ɪɚɧɠɢɪɨɜɚɧɢɹɦɢ ܴ௞. Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɩɪɨɢɡɜɨɥɶɧɨɝɨ ɪɚɧɠɢɪɨɜɚɧɢɹ ɞɨ ɜɫɟɯ 

ɪɚɧɠɢɪɨɜɚɧɢɣ, ɭɤɚɡɚɧɧɵɯ ɷɤɫɩɟɪɬɚɦɢ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

∑ 𝑑௞ሺܴሻ =  ∑ 𝑑ሺܴ, ܴ௞ሻ௡௞=ଵ௡௞=ଵ = ∑ ∑ ௜௝ݐ| − ௜௝௞ݐ | = ∑ ∑ 𝑝೔,𝑝ೕݐ| − 𝑝೔𝑝ೕ௞ݐ | = ∑ ∑ |ͳ − 𝑝೔𝑝ೕ௞ݐ | .௡௞=ଵ௜<௝  ௡௞=ଵ௜<௝௜<௝௡௞=ଵ        (15) 

Ⱦɚɥɟɟ, ɢɫɩɨɥɶɡɭɹ ɫɭɦɦɚɪɧɵɟ ɦɚɬɪɢɰɵ (ɪɚɡɞɟɥ 1.1.1).  

  ∑ 𝑑௞ሺܴሻ =  ∑ ቀͲ ∙ 𝑝ܰ೔𝑝ೕ + ͳ ∙ 𝑝ܰ೔𝑝ೕ଴ + ʹ ∙ 𝑝ܰೕ𝑝೔ቁ = ∑ ( 𝑝ܰ೔𝑝ೕ଴ + ʹ ቀܰ+𝑝௜𝑝௝ − 𝑝ܰ೔𝑝ೕ଴ − 𝑝ܰ೔𝑝ೕቁ)௜<௝௜<௝௡௞=ଵ            (16) 

ɨɬɤɭɞɚ ɩɨɥɭɱɢɦ ɡɚɞɚɱɭ ɨɩɬɢɦɢɡɚɰɢɢ ∑ 𝑝ܰ೔𝑝ೕ′ → ௜<௝ݔܽ݉ ,                                                                                          (17) 

ɝɞɟ 𝑝ܰ೔𝑝ೕ′  ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (17). 

 ௜ܰ௝′ = ௜ܰ௝ + Ͳ.ͷ ௜ܰ௝଴                                                                                          (18) 

Ɂɚɞɚɱɚ ɜɵɱɢɫɥɟɧɢɹ ɦɟɞɢɚɧɵ Ʉɟɦɟɧɢ ɦɨɠɟɬ ɛɵɬɶ ɫɮɨɪɦɭɥɢɪɨɜɚɧɚ ɤɚɤ 

ɡɚɞɚɱɚ ɨɬɵɫɤɚɧɢɹ ɬɚɤɨɝɨ ɭɩɨɪɹɞɨɱɟɧɢɹ ɨɛɴɟɤɬɨɜ, ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɬɪɨɤ ɢ 

ɫɬɨɥɛɰɨɜ ɦɚɬɪɢɰɵ ܰ′, ɱɬɨɛɵ ɫɭɦɦɚ ɟɟ ɷɥɟɦɟɧɬɨɜ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɧɚɞ 

ɞɢɚɝɨɧɚɥɶɸ, ɛɵɥɚ ɦɚɤɫɢɦɚɥɶɧɚ (ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɭɩɨɪɹɞɨɱɢɜɚɧɢɸ ɫɨɝɥɚɫɧɨ 

ɩɪɢɧɰɢɩɭ Ʉɨɧɞɨɪɫɟ[2]). Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɟɫɥɢ 𝑃 = ሺ𝑝ଵ, 𝑝ଶ, … , 𝑝௠ሻ  –  ɜɟɤɬɨɪ 

ɢɧɞɟɤɫɨɜ ɭɩɨɪɹɞɨɱɢɜɚɧɢɹ ɨɛɴɟɤɬɨɜ ɩɨ ɩɪɢɧɰɢɩɭ Ʉɨɧɞɨɪɫɟ, ɬɨ ɞɥɹ ݅ < ݆ 𝑝ܰ೔𝑝ೕ ൒𝑝ܰೕ𝑝೔   ɢ ɫɭɦɦɚ ∑ 𝑝ܰ೔𝑝ೕ௜<௝  ɦɚɤɫɢɦɚɥɶɧɚ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ௜ܰ௝′ = ௜ܰ௝ + Ͳ.ͷ ௜ܰ௝଴  ɦɨɠɧɨ 

ɧɚɡɜɚɬɶ ɨɛɨɛɳɟɧɢɟɦ ɩɪɢɧɰɢɩɚ Ʉɨɧɞɨɪɫɟ ɞɥɹ ɫɥɭɱɚɹ ɧɟɫɬɪɨɝɢɯ ɪɚɧɠɢɪɨɜɚɧɢɣ. 

ȿɫɥɢ ɢɫɤɨɦɨɟ ɪɚɧɠɢɪɨɜɚɧɢɟ ɧɟɫɬɪɨɝɨɟ, ɟɝɨ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ 

ɭɩɨɪɹɞɨɱɢɜɚɧɢɹ ɦɧɨɠɟɫɬɜ ܴ = ሺݑଵ, ,ଶݑ … , ௞ݑ ௠ሻ. Ɇɧɨɠɟɫɬɜɚݑ = {𝑝௞,ଵ, … , 𝑝௞,௠ೖ}  
ɫɨɞɟɪɠɚɬ ɢɧɞɟɤɫɵ ɪɚɜɧɨɰɟɧɧɵɯ ɨɛɴɟɤɬɨɜ. Ɂɚɞɚɱɚ ɨɩɬɢɦɢɡɚɰɢɢ ɜ ɷɬɨɦ ɫɥɭɱɚɟ 

   
1 2 1 1

1, 2,1, 1, 1, 1, 1, 1,2, 2,
1 2 1 1

11
0 0

, , ,
1 1 1 1 1 1 1

2 min
k k k k

k i k jk i k i k i k j k i k jk j k j

m m m mm m m

p pp p p p p p p p
k k k i j k i j i

N N N N N


  
 

       

                 (19) 

Ⱥɥɝɨɪɢɬɦɵ ɩɨɢɫɤɚ ɦɟɞɢɚɧɵ ɩɪɢɜɟɞɟɧɵ ɬɨɥɶɤɨ ɞɥɹ ɫɬɪɨɝɨɝɨ 

ɪɟɡɭɥɶɬɢɪɭɸɳɟɝɨ ɪɚɧɠɢɪɨɜɚɧɢɹ, ɬɚɤ ɤɚɤ ɷɜɪɢɫɬɢɱɟɫɤɢɟ ɚɥɝɨɪɢɬɦɵ ɞɥɹ 
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ɫɜɹɡɚɧɧɵɯ ɪɚɧɝɨɜ ɧɟɢɡɜɟɫɬɧɵ, ɚ ɩɟɪɟɛɨɪ ɜɫɟɯ ɜɨɡɦɨɠɧɵɯ ɧɟɫɬɪɨɝɢɯ 

ɪɚɧɠɢɪɨɜɚɧɢɣ ɧɟɩɪɢɟɦɥɟɦɨ ɪɟɫɭɪɫɨɟɦɨɤ. 

 1.2.4 Ɇɟɬɨɞ ɦɢɧɢɦɚɥɶɧɨɝɨ ɧɟɫɨɝɥɚɫɢɹ 

ȼ ɪɚɛɨɬɟ [2] ɪɚɡɪɚɛɨɬɚɧ ɦɟɬɨɞ ɩɨɥɭɱɟɧɢɹ ɪɟɡɭɥɶɬɢɪɭɸɳɟɝɨ 

ɪɚɧɠɢɪɨɜɚɧɢɹ – ɦɟɬɨɞ ɦɢɧɢɦɚɥɶɧɨɝɨ ɧɟɫɨɝɥɚɫɢɹ.  Ɋɟɤɨɦɟɧɞɚɰɢɢ ɤ ɩɪɢɦɟɧɟɧɢɸ 

ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɬɚɤɢɟ ɠɟ, ɤɚɤ ɭ ɦɟɞɢɚɧɵ Ʉɟɦɟɧɢ, ɧɨ ɞɥɹ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ 

ɜɨɡɦɨɠɧɨ ɩɨɥɭɱɚɬɶ ɪɟɲɟɧɢɹ ɩɪɢ ɛɨɥɶɲɨɦ ɱɢɫɥɟ ɫɥɭɱɚɟɜ ɧɟɬɪɚɧɡɢɬɢɜɧɨɫɬɢ 

ɞɚɧɧɵɯ, ɚ ɬɚɤɠɟ ɞɥɹ ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɪɚɧɠɢɪɭɟɦɵɯ ɨɛɴɟɤɬɨɜ.  

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ: ܴଵ, … , ܴ௡ – ɜɟɤɬɨɪɚ ɪɚɧɝɨɜ, ɭɤɚɡɚɧɧɵɟ ɷɤɫɩɟɪɬɚɦɢ, ଵܶ, … , ௡ܶ – ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɢɦ ɦɚɬɪɢɰɵ ɨɬɧɨɲɟɧɢɣ. 

ɉɭɫɬɶ ɧɟɤɨɬɨɪɵɣ ɜɟɤɬɨɪ R  = (r1, ... rm) ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɜɟɤɬɨɪɚ ɪɚɧɝɨɜ kR  

ɬɨɥɶɤɨ i-ɣ ɤɨɦɩɨɧɟɧɬɨɣ ɢ ݎ௜ = ݆ (ɨɛɴɟɤɬ ai ɧɚɯɨɞɢɬɫɹ ɧɚ j-ɦ ɦɟɫɬɟ). ɋɨɫɬɚɜɢɦ 

ɦɚɬɪɢɰɭ ɨɬɧɨɲɟɧɢɣ ܶ ௠×௠, ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɜɟɤɬɨɪɭ R‖ݐ‖ = . Ɍɨɝɞɚ ݑ௜௝௞ = 𝑑ሺܶ, ௞ܶሻ =  ∑ ′௜′௝ݐ| − ′௜′௝′௞௜′>௝ݐ |                                                                                 (20) 

ɯɚɪɚɤɬɟɪɢɡɭɟɬ "ɧɟɫɨɝɥɚɫɢɟ" k-ɝɨ ɷɤɫɩɟɪɬɚ ɫ ɧɚɡɧɚɱɟɧɢɟɦ ɨɛɴɟɤɬɚ ai ɧɚ j-ɟ 

ɦɟɫɬɨ. ɗɥɟɦɟɧɬ ɦɚɬɪɢɰɵ ɩɨɬɟɪɶ 

௜௝ݑ   = ∑ ௜௝௞௡௞=ଵݑ                                                                                                                        (21) 

ɗɤɫɩɟɪɬɚɦ, ɫɨɝɥɚɫɧɨ ɢɯ ɤɨɦɩɟɬɟɧɬɧɨɫɬɢ, ɦɨɠɧɨ ɧɚɡɧɚɱɢɬɶ ɜɟɫɚ  0,1kw   

(ɱɟɦ ɛɨɥɶɲɟ kw , ɬɟɦ ɛɨɥɟɟ ɡɧɚɱɢɦɨ k -ɟ ɪɚɧɠɢɪɨɜɚɧɢɟ). ȼ ɷɬɨɦ ɫɥɭɱɚɟ ݑ௜௝ 
ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (21). ݑ௜௝ = ∑ ௜௝௞௡௞=ଵݑ௞ݓ                                                                                                                         (22) 

ȿɫɥɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɪɚɧɝɨɜ, ɬɨ ɷɤɜɢɜɚɥɟɧɬɧɵɟ ɪɚɧɝɢ 

ɭɱɢɬɵɜɚɸɬɫɹ ɜ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ܴ௞, ɚ ɞɥɹ ɜɫɟɯ , 1..i j m   ɷɥɟɦɟɧɬ ݑ௜௝ ɦɚɬɪɢɰɵ 

ɩɨɬɟɪɶ ɫɥɟɞɭɟɬ ɭɦɧɨɠɢɬɶ ɧɚ jG  ɜɟɫ ɞɥɹ ɪɚɧɝɨɜ. 
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 1.2.5 Ɇɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ ɦɟɬɨɞ ɛɨɥɶɲɢɧɫɬɜɚ 

Ⱦɚɧɧɵɣ ɦɟɬɨɞ [2] ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɢɦɟɧɹɬɶ ɜ ɬɟɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɜɚɠɧɨ ɧɟ 

ɜɡɚɢɦɧɨɟ ɭɩɨɪɹɞɨɱɢɜɚɧɢɟ ɨɛɴɟɤɬɨɜ, ɚ ɬɨ, ɤɚɤɨɣ ɪɚɧɝ ɩɨɥɭɱɢɬ ɨɛɴɟɤɬ. Ɇɟɬɨɞ 

ɫɥɚɛɨ ɱɭɜɫɬɜɢɬɟɥɟɧ ɤ ɩɪɢɫɭɬɫɬɜɢɸ ɜ ɧɚɱɚɥɶɧɵɯ ɞɚɧɧɵɯ ɫɢɥɶɧɨ ɪɚɡɥɢɱɚɸɳɢɯɫɹ 

ɪɚɧɠɢɪɨɜɚɧɢɣ, ɟɝɨ ɦɨɠɧɨ ɩɪɢɦɟɧɹɬɶ ɩɪɢ ɛɨɥɶɲɨɦ ɱɢɫɥɟ ɫɥɭɱɚɟɜ 

ɧɟɬɪɚɧɡɢɬɢɜɧɨɫɬɢ. 

ȼɨɫɩɨɥɶɡɭɟɦɫɹ ɦɚɬɪɢɰɟɣ ɜɟɫɨɜ m mv  . ȿɫɥɢ ɜɫɟ ɪɚɧɠɢɪɨɜɚɧɢɹ ɫɬɪɨɝɢɟ, ɢ 

ɷɤɫɩɟɪɬɵ ɨɛɥɚɞɚɸɬ ɪɚɜɧɵɦɢ ɜɟɫɚɦɢ, ɬɨ ijv   ɱɢɫɥɨ ɷɤɫɩɟɪɬɨɜ, ɩɨɫɬɚɜɢɜɲɢɯ ɜ 

ɪɚɧɠɢɪɨɜɚɧɢɢ i-ɣ ɨɛɴɟɤɬ ɧɚ j-ɟ ɦɟɫɬɨ. ȼɜɟɞɟɦ ɩɟɪɟɦɟɧɧɭɸ ݔ௜௝. 
௜௝ݔ = {ͳ, ˈ˔ˎˋ ˑ˄˝ˈˍ˕ ܽ௜ ː˃хˑˇˋ˕˔я ː˃ ݆ − ˏ ˏˈ˔˕ˈ;Ͳ,  ˅ ˒˓ˋ˕ˋ˅ːˑˏ ˔ˎ˖˚˃ˈ.                              (23) 

ɗɥɟɦɟɧɬɵ ɦɚɬɪɢɰɵ m mx   ɞɨɥɠɧɵ ɛɵɬɶ ɩɨɞɱɢɧɟɧɵ ɞɜɭɦ ɭɫɥɨɜɢɹɦ: 

∑ ௜௝ݔ = ͳ,  ݅ = ͳ. .݉,௠௝=ଵ ∑ ௜௝ݔ = ͳ,  ݆ = ͳ. . ݉௠௝=ଵ                                          (24) 

ȿɫɥɢ ɦɚɬɪɢɰɚ m mx 
  ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɟɡɭɥɶɬɢɪɭɸɳɟɦɭ ɪɚɧɠɢɪɨɜɚɧɢɸ, ɬɨ 

ɫɭɦɦɚ ∑ ௜௝′௠௜,௝=ଵݔ௜௝ݒ  – ɜɟɫ ɪɟɡɭɥɶɬɢɪɭɸɳɟɝɨ ɪɚɧɠɢɪɨɜɚɧɢɹ. Ɋɟɡɭɥɶɬɢɪɭɸɳɟɦɭ 

ɪɚɧɠɢɪɨɜɚɧɢɸ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɦɭ ɜɟɤɬɨɪɨɦ ɪɚɧɝɨɜ  1 2, ,..., mr r r   , ɫɨɨɬɜɟɬɫɬɜɭɟɬ 

ɫɭɦɦɚ ɜɟɫɨɜ ∑ ௜,௥೔′௠௜=ଵݒ . ɗɬɭ ɫɭɦɦɭ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɤɨɥɢɱɟɫɬɜɨ ɝɨɥɨɫɨɜ, 

ɨɬɞɚɧɧɵɯ ɷɤɫɩɟɪɬɚɦɢ ɡɚ ɬɨ, ɱɬɨ i-ɟ ɨɛɴɟɤɬɵ ɧɚɯɨɞɹɬɫɹ ɧɚ ݎ௜′ɦɟɫɬɚɯ. ȼɨɡɧɢɤɚɟɬ 

ɫɥɟɞɭɸɳɚɹ ɨɩɬɢɦɢɡɚɰɢɨɧɧɚɹ ɡɚɞɚɱɚ (24). ∑ ௜௝ݔ௜௝ݒ → ௜,௝ݔܽ݉                                                                                                    (25) 

ɂɡɜɟɫɬɧɚɹ ɤɚɤ ɡɚɞɚɱɚ ɨ ɧɚɡɧɚɱɟɧɢɹɯ. Ɍɪɟɛɨɜɚɧɢɟ ɰɟɥɨɱɢɫɥɟɧɧɨɫɬɢ ɛɭɞɟɬ 

ɜɵɩɨɥɧɹɬɶɫɹ ɚɜɬɨɦɚɬɢɱɟɫɤɢ, ɬ. ɤ. ɞɚɧɧɚɹ ɡɚɞɚɱɚ ɹɜɥɹɟɬɫɹ ɱɚɫɬɧɵɦ ɫɥɭɱɚɟɦ 

ɬɪɚɧɫɩɨɪɬɧɨɣ ɡɚɞɚɱɢ. Ⱦɥɹ ɩɨɢɫɤɚ ɪɟɲɟɧɢɹ ɩɪɢɦɟɧɹɟɬɫɹ ȼɟɧɝɟɪɫɤɢɣ ɚɥɝɨɪɢɬɦ 

ɜɫɟ ɪɟɲɟɧɢɹ ɬɚɤɨɣ ɡɚɞɚɱɢ ɛɭɞɭɬ ɫɬɪɨɝɢɦɢ ɪɚɧɠɢɪɨɜɚɧɢɹɦɢ.  
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ȿɫɥɢ ɜɵɱɢɫɥɹɟɬɫɹ ɧɟɫɬɪɨɝɨɟ ɪɟɡɭɥɶɬɢɪɭɸɳɟɟ ɪɚɧɠɢɪɨɜɚɧɢɟ, ɬɨ ɡɚɩɢɲɟɦ 

ɡɚɞɚɱɭ ɨɩɬɢɦɢɡɚɰɢɢ (37) ɩɪɢ ɨɝɪɚɧɢɱɟɧɢɹɯ: 

1

1,  1..
m

ij

j

x i m


  ; 
, 1

m

ij

i j

x m


 ; {0,1}ijx                                                                 (26) 

Е˔ˎˋ ∃݇, ˚˕ˑ ݏ௞ = Ͳ, ˕ˑ ݏ௝ = Ͳ, ݆ = ݇. .݉;̅̅ ̅̅ ̅̅ ̅̅ ௝ݏ  = ∑ ௜௝௠௜=ଵݔ                            (27) 
ɑɬɨ ɦɨɠɧɨ ɢɧɬɟɪɩɪɟɬɢɪɨɜɚɬɶ ɤɚɤ ɪɟɲɟɧɢɟ 1m   ɡɚɞɚɱ ɨɩɬɢɦɢɡɚɰɢɢ: 

( )optkopt
ij ijx x ,  ( )max k

opt
k

k max ,                                                                        (28) 

( )k
ijx ɢ ( )kmax , 1..k m ,                                                                                     (29) 

( )

,

maxk
ij ij

i j

v x                                                                                                     (30) 

( )

1

1,  1..
m

k
ij

j

x i m


  ; ( )

1

1 1,  1..
m

k
ij

i

x m k j k


                                                        (31) 

௜௝௞ݔ = Ͳ, ݅ = ͳ. .݉̅̅ ̅̅ ̅̅ ̅, ݆ = ݇ + ͳ. .݉̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅                                                                                             (32)  

( )

1 1

k m
k

ij
j i

x m
 

 ௜௝ሺ௞ሻݔ; = [Ͳ,ͳ]                                                                                  (33)  

 1.2.6 ɉɨɥɭɱɟɧɢɟ ɪɚɧɠɢɪɨɜɚɧɢɹ ɢɡ ɦɚɬɪɢɰɵ ɨɬɧɨɲɟɧɢɣ 

ȿɫɥɢ ɞɚɧɧɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɟ ɪɚɧɠɢɪɨɜɚɧɢɹɦɢ, ɚ ɦɚɬɪɢɰɚɦɢ ɨɬɧɨɲɟɧɢɣ, 

ɧɟ ɨɛɹɡɚɬɟɥɶɧɨ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɪɚɧɠɢɪɨɜɚɧɢɹɦ, ɬɨ ɞɥɹ ɩɨɥɭɱɟɧɢɹ 

ɪɟɡɭɥɶɬɢɪɭɸɳɟɝɨ ɪɚɧɠɢɪɨɜɚɧɢɹ ɜɨɡɦɨɠɧɨ ɩɪɢɦɟɧɢɬɶ ɧɟɫɤɨɥɶɤɨ ɫɩɨɫɨɛɨɜ. ȿɫɥɢ 

ɬɪɟɛɭɟɬɫɹ ɩɨɥɭɱɢɬɶ ɪɚɧɠɢɪɨɜɚɧɢɟ ɢɡ ɟɞɢɧɫɬɜɟɧɧɨɣ ɦɚɬɪɢɰɵ ɨɬɧɨɲɟɧɢɣ ɢ ɷɬɚ 

ɦɚɬɪɢɰɚ ɬɪɚɧɡɢɬɢɜɧɚ (ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧɟɤɨɬɨɪɨɦɭ ɪɚɧɠɢɪɨɜɚɧɢɸ), ɬɨ ɫɚɦɵɣ 

ɩɪɨɫɬɨɣ ɫɩɨɫɨɛ — ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɦɟɬɨɞɨɦ ɫɬɪɨɱɧɵɯ ɫɭɦɦ. Ɉɞɧɚɤɨ ɞɥɹ 

ɧɟɬɪɚɧɡɢɬɢɜɧɨɣ ɦɚɬɪɢɰɵ ɞɚɧɧɵɣ ɦɟɬɨɞ ɧɟ ɜɩɨɥɧɟ ɩɨɞɯɨɞɢɬ — ɨɧ ɜɟɫɶɦɚ 

ɱɭɜɫɬɜɢɬɟɥɟɧ ɤ ɱɢɫɥɭ ɫɥɭɱɚɟɜ ɧɟ ɬɪɚɧɡɢɬɢɜɧɨɫɬɢ. Ⱦɥɹ ɧɟɬɪɚɧɡɢɬɢɜɧɨɣ ɦɚɬɪɢɰɵ 

ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɢɦɟɧɹɬɶ ɦɟɞɢɚɧɭ Ʉɟɦɟɧɢ (ɪɚɡɞɟɥ 1.4.3).  

Ɋɚɫɫɦɨɬɪɢɦ ɫɥɟɞɭɸɳɢɣ ɩɪɢɦɟɪ. ɉɭɫɬɶ ɟɫɬɶ ɦɧɨɠɟɫɬɜɨ ɨɛɴɟɤɬɨɜ {a,b,c,d} 

ɢ ɫɥɟɞɭɸɳɢɟ ɪɟɡɭɥɶɬɚɬɵ ɩɚɪɧɵɯ ɫɪɚɜɧɟɧɢɣ: a > b, b > d, d > c, c > a, a > d, b = 
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c . Ɍɚɤ ɤɚɤ ɩɨ ɷɬɢɦ ɞɚɧɧɵɦ ɨɛɴɟɤɬ a ɨɞɧɨɜɪɟɦɟɧɧɨ ɢ "ɥɭɱɲɟ" (a > b > d > c) ɢ 

"ɯɭɠɟ" (c > a) ɨɛɴɟɤɬɚ c, ɞɚɧɧɵɟ ɩɪɟɞɩɨɱɬɟɧɢɹ ɧɟ ɬɪɚɧɡɢɬɢɜɧɵ. Ɍ.ɟ. 

ɪɚɫɫɦɚɬɪɢɜɚɟɦɚɹ ɫɬɪɭɤɬɭɪɚ ɞɚɧɧɵɯ ɧɟ ɹɜɥɹɟɬɫɹ ɪɚɧɠɢɪɨɜɚɧɢɟɦ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ 

ɪɚɧɠɢɪɨɜɚɧɢɹ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɦɟɬɨɞɨɦ ɫɬɪɨɱɧɵɯ ɫɭɦɦ. ɉɪɟɠɞɟ ɜɫɟɝɨ, 

ɧɟɨɛɯɨɞɢɦɨ ɩɨɫɬɪɨɢɬɶ ɬɚɛɥɢɰɭ ɩɚɪɧɵɯ ɫɪɚɜɧɟɧɢɣ (ɬɚɛɥɢɰɚ 2). 

Ɍɚɛɥɢɰɚ 2 - ɉɪɢɦɟɪ ɦɚɬɪɢɰɵ ɩɚɪɧɵɯ ɫɪɚɜɧɟɧɢɣ 

 a b c d ɋɭɦɦɚ 

a 0 1 -1 1 1 

b -1 0 0 1 0 

c 1 0 0 -1 0 

d -1 -1 1 0 -1 

 

Ɍɚɛɥɢɰɚ 3 - ɂɬɨɝɨɜɨɟ ɪɚɧɠɢɪɨɜɚɧɢɟ ɦɟɬɨɞɨɦ ɫɬɪɨɱɧɵɯ ɫɭɦɦ 

ɇɨɦɟɪ ɪɚɧɝɚ Ɉɛɴɟɤɬ 

1 a 

2 b, c 

3 d 

Ɍɚɛɥɢɰɚ 4 - ɂɬɨɝɨɜɨɟ ɪɚɧɠɢɪɨɜɚɧɢɟ ɦɟɞɢɚɧɨɣ Ʉɟɦɟɧɢ 

ɇɨɦɟɪ ɪɚɧɝɚ Ɉɛɴɟɤɬ 

1 a,c 

2 b, d 

1.3 Ɇɟɬɨɞɵ ɢ ɚɥɝɨɪɢɬɦɵ ɩɨɢɫɤɚ ɪɟɡɭɥɶɬɢɪɭɸɳɢɯ ɪɚɧɠɢɪɨɜɚɧɢɣ  

ɞɥɹ ɞɚɧɧɵɯ ɫ ɩɪɨɩɭɫɤɚɦɢ 

ȼ ɫɥɭɱɚɹɯ, ɟɫɥɢ ɜ ɪɚɧɠɢɪɨɜɚɧɢɹɯ ɢɥɢ ɦɚɬɪɢɰɚɯ ɩɚɪɧɵɯ ɫɪɚɜɧɟɧɢɣ 

ɢɦɟɸɬɫɹ ɩɪɨɩɭɫɤɢ [1, 8, 13], ɦɟɬɨɞɵ ɢɡ ɜɬɨɪɨɝɨ ɪɚɡɞɟɥɚ ɩɪɢɦɟɧɹɬɶ ɧɟɥɶɡɹ. 

ȼɨɡɦɨɠɧɵ ɪɚɡɥɢɱɧɵɟ ɩɪɢɱɢɧɵ ɩɪɨɩɭɫɤɨɜ: ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɛɴɟɤɬɨɜ 

ɪɚɡɛɢɬɨ ɧɚ ɝɪɭɩɩɵ, ɷɤɫɩɟɪɬ ɧɟ ɦɨɠɟɬ ɫɪɚɜɧɢɬɶ ɧɟɤɨɬɨɪɵɟ ɨɛɴɟɤɬɵ ɢ ɞɪ. 

ɂɡɜɟɫɬɧɵɟ ɦɟɬɨɞɵ ɧɚɯɨɠɞɟɧɢɹ ɪɟɡɭɥɶɬɢɪɭɸɳɟɝɨ ɪɚɧɠɢɪɨɜɚɧɢɹ ɞɥɹ ɢɫɯɨɞɧɵɯ 

ɞɚɧɧɵɯ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɧɟɩɨɥɧɵɦɢ ɦɚɬɪɢɰɚɦɢ ɩɚɪɧɵɯ ɫɪɚɜɧɟɧɢɣ (ɇɉɋ), 
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ɩɪɢɦɟɧɢɦɵ ɧɟ ɞɥɹ ɜɫɟɯ ɬɢɩɨɜ ɞɚɧɧɵɯ ɫ ɩɪɨɩɭɫɤɚɦɢ.  ɇɢɠɟ ɢɡɥɨɠɟɧɵ ɩɪɨɛɥɟɦɵ 

ɩɨɥɭɱɟɧɢɹ ɪɟɡɭɥɶɬɢɪɭɸɳɟɝɨ ɪɚɧɠɢɪɨɜɚɧɢɹ ɞɥɹ ɇɉɋ ɢ ɪɚɡɪɚɛɨɬɚɧɵ ɦɟɬɨɞɵ ɢ 

ɚɥɝɨɪɢɬɦɵ ɞɥɹ ɢɯ ɪɟɲɟɧɢɹ. 

 1.3.1 Ɉɛɳɟɟ ɫɨɫɬɨɹɧɢɟ 

ɋɬɚɬɢɫɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɩɪɟɞɩɨɥɚɝɚɸɬ, ɱɬɨ ɪɟɡɭɥɶɬɚɬ ɩɚɪɧɨɝɨ ɫɪɚɜɧɟɧɢɹ ɜ 

ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ – ɫɥɭɱɚɣɧɨɟ ɫɨɛɵɬɢɟ. ɂɡɜɟɫɬɧɨ ɬɨɥɶɤɨ ɧɟɫɤɨɥɶɤɨ ɦɟɬɨɞɨɜ 

ɧɚɯɨɠɞɟɧɢɹ ɪɟɡɭɥɶɬɢɪɭɸɳɟɝɨ ɪɚɧɠɢɪɨɜɚɧɢɹ ɞɥɹ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ 

ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɧɟɩɨɥɧɵɦɢ ɦɚɬɪɢɰɚɦɢ ɩɚɪɧɵɯ ɫɪɚɜɧɟɧɢɣ [2, 8, 10]. ȼ ɷɬɢɯ 

ɦɟɬɨɞɚɯ ɧɚ ɨɫɧɨɜɟ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɫɨɫɬɚɜɥɹɸɬɫɹ ɫɢɫɬɟɦɵ ɧɟɥɢɧɟɣɧɵɯ 

ɭɪɚɜɧɟɧɢɣ, ɤɨɬɨɪɵɟ ɪɟɲɚɸɬɫɹ ɱɢɫɥɟɧɧɵɦɢ ɦɟɬɨɞɚɦɢ. Ɍɪɢ ɢɡ ɧɢɯ ɫɨɞɟɪɠɚɬ 

ɧɟɢɡɜɟɫɬɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ. Ɍɨɥɶɤɨ ɨɞɢɧ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɢɧɬɟɪɩɪɟɬɢɪɨɜɚɬɶ 

ɪɟɲɟɧɢɟ. Ʉɨɪɪɟɤɬɧɵɟ ɪɚɫɱɟɬɵ ɜɨɡɦɨɠɧɵ ɬɨɥɶɤɨ ɞɥɹ ɦɚɥɨɝɨ ɤɨɥɢɱɟɫɬɜɚ 

ɩɪɨɩɭɫɤɨɜ. ɇɟɢɡɜɟɫɬɧɨ, ɧɚɫɤɨɥɶɤɨ ɪɟɲɟɧɢɹ "ɩɪɚɜɢɥɶɧɵɟ", ɤɚɤ ɜɵɛɪɚɬɶ 

ɤɨɷɮɮɢɰɢɟɧɬɵ. ȼ ɫɥɭɱɚɟ ɦɚɬɪɢɰ ɩɚɪɧɵɯ ɫɪɚɜɧɟɧɢɣ ɛɟɡ ɩɪɨɩɭɫɤɨɜ, 

ɭɩɨɪɹɞɨɱɢɜɚɧɢɟ ɦɟɬɨɞɨɦ ɫɬɪɨɱɧɵɯ ɫɭɦɦ ɞɚɟɬ ɬɨɠɟ ɪɟɲɟɧɢɟ, ɱɬɨ ɢ ɷɬɢ ɦɨɞɟɥɢ. 

Ɉɞɧɚɤɨ ɨɱɟɜɢɞɧɨ, ɱɬɨ ɩɪɢɦɟɧɟɧɢɟ ɦɟɬɨɞɚ ɫɬɪɨɱɧɵɯ ɫɭɦɦ ɞɥɹ ɧɟɩɨɥɧɵɯ ɦɚɬɪɢɰ 

ɧɟ ɤɨɪɪɟɤɬɧɨ. 

ɉɭɫɬɶ ɪɚɧɠɢɪɨɜɚɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɣɬɢɧɝɚɦɢ 1 ɢ 2. Ɋɚɧɠɢɪɨɜɚɧɢɹ 

Ɋ1 ( )a b   ɢ Ɋ2 ( )b c d e f k      . 

ȼ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɦɨɞɟɥɹɯ ɜɟɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ ɨɛɴɟɤɬ ܽ௜ ɛɨɥɟɟ 

ɩɪɟɞɩɨɱɬɢɬɟɥɟɧ, ɱɟɦ ɨɛɴɟɤɬ ja  ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɪɟɡɭɥɶɬɚɬɨɜ ɞɪɭɝɢɯ ɫɪɚɜɧɟɧɢɣ, 

ɩɨɷɬɨɦɭ, ɢɡɜɟɫɬɧɵɟ ɦɟɬɨɞɵ ɢɦɟɸɬ ɨɝɪɚɧɢɱɟɧɧɭɸ ɨɛɥɚɫɬɶ ɩɪɚɤɬɢɱɟɫɤɨɝɨ 

ɩɪɢɦɟɧɟɧɢɹ. ȿɫɥɢ ɞɚɧɧɵɟ ɪɚɧɠɢɪɨɜɚɧɢɹ –ɪɟɡɭɥɶɬɚɬɵ ɫɩɨɪɬɢɜɧɨɝɨ ɬɭɪɧɢɪɚ 

ɤɨɦɚɧɞ, ɬɨ ɢɬɨɝɨɜɵɦ ɭɩɨɪɹɞɨɱɢɜɚɧɢɟɦ ɛɭɞɟɬ Ɋ ( )b a c d e f k        . Ʉɨɦɚɧɞɚ 

b  ɹɜɥɹɟɬɫɹ ɮɚɜɨɪɢɬɨɦ ɬɭɪɧɢɪɚ: ɨɧɚ ɩɪɨɢɝɪɚɥɚ ɤɨɦɚɧɞɟ ܽ, ɧɨ ɭ 5-ɢ ɤɨɦɚɧɞ 

ɜɵɢɝɪɚɥɚ. ɋɬɚɬɢɫɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɪɚɡɪɚɛɨɬɚɧɵ ɢɦɟɧɧɨ ɞɥɹ ɫɥɭɱɚɹ, ɤɨɝɞɚ 

ɪɟɡɭɥɶɬɚɬ ɫɪɚɜɧɟɧɢɹ ɢɧɬɟɪɩɪɟɬɢɪɭɟɬɫɹ ɤɚɤ ɫɥɭɱɚɣɧɨɟ ɫɨɛɵɬɢɟ. ȼ ɷɬɨɣ ɫɢɬɭɚɰɢɢ 

ɦɨɠɧɨ ɝɨɜɨɪɢɬɶ ɨ ɧɟɞɨɜɟɪɢɢ ɤ ɢɫɯɨɞɧɵɦ ɞɚɧɧɵɦ. ɉɨɞ ɧɟɞɨɜɟɪɢɟɦ ɩɨɧɢɦɚɟɬɫɹ 
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ɨɬɤɚɡ ɨɬ ɬɪɚɧɡɢɬɢɜɧɨɫɬɢ: ɟɫɥɢ ɤɨɦɚɧɞɚ ܽଵ ɜɵɢɝɪɚɥɚ ɭ ɤɨɦɚɧɞɵ ܽଶ, ɤɨɦɚɧɞɚ ܽଶ ɢ ܽଷ, ɬɨ ɢɡ ɷɬɨɝɨ ɧɟ ɫɥɟɞɭɟɬ, ɱɬɨ ɤɨɦɚɧɞɚ ܽଵ ɜɵɢɝɪɚɟɬ ɭ ܽଷ.  

ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɟɫɥɢ ɪɟɣɬɢɧɝɢ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɬɪɚɧɡɢɬɢɜɧɵɦ 

ɷɤɫɩɟɪɬɧɵɦ ɨɰɟɧɤɚɦ, ɬɨ ɥɭɱɲɢɦ, ɛɟɡɭɫɥɨɜɧɨ, ɹɜɥɹɟɬɫɹ ɨɛɴɟɤɬ a . Ɍɚɤ ɠɟ 

ɜɨɡɦɨɠɧɚ ɫɥɟɞɭɸɳɚɹ ɢɧɬɟɪɩɪɟɬɚɰɢɹ ɩɪɢɦɟɪɚ: ɨɞɢɧ ɷɤɫɩɟɪɬ ɭɩɨɪɹɞɨɱɢɥ m  

ɨɛɴɟɤɬɨɜ, ɧɟ ɡɚɩɨɥɧɹɹ ɦɚɬɪɢɰɭ ɩɚɪɧɵɯ ɫɪɚɜɧɟɧɢɣ ɰɟɥɢɤɨɦ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ 

ɪɟɣɬɢɧɝ ɧɟɩɨɥɧɵɯ ɩɚɪɧɵɯ ɫɪɚɜɧɟɧɢɣ Ɋ ( )a b c d e f k         –ɬɚɤɨɟ ɪɟɲɟɧɢɟ. 

ɇɢɠɟ ɪɚɫɫɦɨɬɪɟɧɵ ɢɡɜɟɫɬɧɵɟ ɦɟɬɨɞɵ ɩɨɥɭɱɟɧɢɹ ɪɟɡɭɥɶɬɢɪɭɸɳɟɝɨ 

ɪɚɧɠɢɪɨɜɚɧɢɹ ɞɥɹ ɞɚɧɧɵɯ ɫ ɩɪɨɩɭɫɤɚɦɢ ɦɨɞɟɥɢ. 

1.3.2 Ɉɛɨɛɳɟɧɢɟ ɦɟɬɨɞɚ ɫɬɪɨɱɧɵɯ ɫɭɦɦ 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɦɚɬɪɢɰɚɦɢ ɨɬɧɨɲɟɧɢɣ k
k m mT t  , 1..k n  

ɫ ɷɥɟɦɟɧɬɚɦɢ: 

௜௝௞ݐ = { 
 ͳ, ˈ˔ˎˋ ܽ௜ > ௝ܽ;Ͳ, ˈ˔ˎˋ ܽ௜ = ௝ܽ; −ͳ, ˈ˔ˎˋ ܽ௜ = ௝ܽ;

"—", ˈ˔ˎˋ ˑ˄˝ˈˍ˕˞ ːˈ ˔˓˃˅ːˋ˅˃ˎˋ˔˟.                                           (34) 

ȼɜɨɞɢɬɶɫɹ ɩɨɧɹɬɢɹ ɧɟɩɨɥɧɵɯ ɫɬɪɨɱɧɵɯ ɫɭɦɦ ݏ௜: 
௜ܵ = ∑ ௜௝௞௜,௞∃௧೔ೕೖݐ  ,                                                                                                  (35) 

ɢ ɨɛɨɛɳɟɧɧɵɟ ɫɬɪɨɱɧɵɯ ɫɭɦɦ: ݔ௜ = ௜ݏ + , ప̃ݏ ప̃ݏ = ∑ 𝐸்(ݐ௜௝௞ ) ௜,௞௧೔ೕೖːˈ∃                                                                    (36) 

( )k
T ijE t  –ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ ɧɟɨɩɪɟɞɟɥɟɧɧɨɝɨ ɷɥɟɦɟɧɬɚ k

ijr . 

ȼɵɩɨɥɧɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɨɝɪɚɧɢɱɟɧɢɹ: −ͳ ൑ 𝐸்ሺݐ௜௝௞ ሻ ൑ ͳ ሺ˕. ˍ. −ͳ ൑ ௜௝௞ݐ ൑ ͳሻ ,                                                         (37) 
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−݊ሺ݉ − ͳሻ ൑ ௜ݔ ൑ ݊ሺ݉ − ͳሻ ɢ ∑ ௜ݔ = Ͳ ሺ˔˅ˑˌ˔˕˅˃ ˔˕˓ˑ˚ː˞х ˔˖ˏˏሻ௠௜=ଵ                   (38) 

ȼ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɦɚɬɪɢɰɵ ɨɬɧɨɲɟɧɢɣ ɧɟ ɢɦɟɸɬ ɩɪɨɩɭɫɤɨɜ, ɨɛɨɛɳɟɧɧɵɟ 

ɫɬɪɨɱɧɵɟ ɫɭɦɦɵ ɫɨɜɩɚɞɚɸɬ ɫ ɨɛɵɱɧɵɦɢ ɫɬɪɨɱɧɵɦɢ ɫɭɦɦɚɦɢ. ȿɫɥɢ ɢɦɟɸɬ ɦɟɫɬɨ 

ɩɪɨɩɭɫɤɢ, ɬɨ ݔ௜ ɡɚɞɚɸɬɫɹ ɦɚɬɟɦɚɬɢɱɟɫɤɢɦ ɨɠɢɞɚɧɢɟɦ TE . 

ɉ. ɘ. ɑɟɛɨɬɚɪɟɜ [12] ɩɪɟɞɥɚɝɚɟɬ ɨɛɨɛɳɟɧɢɟ ɦɟɬɨɞɚ ɫɬɪɨɱɧɵɯ ɫɭɦɦ, 

ɨɫɧɨɜɚɧɧɨɟ ɧɚ ɩɪɟɞɩɨɥɨɠɟɧɢɢ, ɱɬɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ 

ɪɚɡɧɨɫɬɢ ɨɰɟɧɨɤ ɫɪɚɜɧɢɜɚɟɦɵɯ ɨɛɴɟɤɬɨɜ: 

( ) ( )k
T i jijE t x x  ,                                                                                                       (39) 

ɝɞɟ 𝜀 – ɧɟɨɬɪɢɰɚɬɟɥɶɧɚɹ ɩɨɫɬɨɹɧɧɚɹ. Ɂɚɦɟɬɢɦ, ɱɬɨ ɞɥɹ 𝜀 ɞɨɥɠɧɨ ɜɵɩɨɥɧɹɬɫɹ 

ɭɫɥɨɜɢɟ 1i jx x    (ɬ.ɤ.  ( ) 1;1k
T ijE t   ). ɍɱɢɬɵɜɚɹ, ɱɬɨ max|ݔ௜ − |௝ݔ = ʹ݊ሺ݉ − ͳሻ, 

ɩɨɥɭɱɚɟɦ ɨɝɪɚɧɢɱɟɧɢɹ ɞɥɹ  : 

Ͳ ൑ 𝜀 ൑ ଵଶ௡ሺ௠−ଵሻ .                                                                                            (40) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɥɭɱɚɟɦ ɫɢɫɬɟɦɭ ɥɢɧɟɣɧɵɯ ɭɪɚɜɧɟɧɢɣ: ݔ௜ = ௜ݏ + ∑ 𝜀(ݔ௜ − ݅   , (௝ݔ = l. .݉̅̅ ̅̅ ̅̅  ,௝,௞௧೔ೕೖːˈ∃                                                         (41) 

ɫ ɨɝɪɚɧɢɱɟɧɢɹɦɢ −݊ሺ݉ − ͳሻ ൑ ௜ݔ ൑ ݊ሺ݉ − ͳሻ ɢ ∑ ௜ݔ = Ͳ ௠௜=ଵ ,                                                (42) Ͳ ൑ 𝜀 ൑ ଵଶ௡𝑤ሺ௠−ଵሻ .                                                                                          (43) 

ɉɪɢ 𝜺 = Ͳ ɨɛɨɛɳɟɧɧɵɟ ɫɬɪɨɱɧɵɟ ɫɭɦɦɵ ɫɨɜɩɚɞɚɸɬ ɫ ɧɟɩɨɥɧɵɦɢ 

ɫɬɪɨɱɧɵɦɢ ɫɭɦɦɚɦɢ, ɤɨɬɨɪɵɟ, ɨɱɟɜɢɞɧɨ, ɞɚɸɬ ɧɟɩɪɚɜɢɥɶɧɨɟ ɢɬɨɝɨɜɨɟ 

ɭɩɨɪɹɞɨɱɢɜɚɧɢɟ. Ʉɚɤɢɟ-ɥɢɛɨ ɨɰɟɧɢɜɚɧɢɹ 𝜺, ɩɪɨɢɡɜɟɞɟɧɧɵɟ ɚɜɬɨɪɨɦ, ɧɟ ɩɨɤɚɡɚɥɢ 

ɭɥɭɱɲɟɧɢɟ ɪɟɡɭɥɶɬɚɬɚ. Ɋɟɤɨɦɟɧɞɭɟɬɫɹ ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɞɥɹ 𝜺 ɧɚɢɛɨɥɶɲɟɟ 

ɡɧɚɱɟɧɢɟ. 

ȼɦɟɫɬɨ ɦɚɬɪɢɰ k
ijt  ɢɫɩɨɥɶɡɭɟɦ, ɞɥɹ ɨɩɬɢɦɢɡɚɰɢɢ, ɫɭɦɦɚɪɧɵɟ ɦɚɬɪɢɰɵ 

ij m mN 
  ɢ ij m m

N 
 : 
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௜ݏ = ∑ పܰఫ̅௠௝=ଵ௝≠ଵ  , ∑ 𝜀(ݔ௜ − (௝ݔ = 𝜀 ∑ ሺݔ௜ − ௝ሻሺ݊௪ݔ − ௜ܰ௝+ሻ௠௝=ଵ௝≠ଵ௝,௞௧೔ೕೖːˈ∃  ,  ݊௪ = ∑ ௞௡௞=ଵݓ  .       (44) 

ɋɢɫɬɟɦɚ ɩɪɢɧɢɦɚɟɬ ɜɢɞ ݔ௜ = ∑ పܰఫ̅௠௝=ଵ௝≠ଵ + 𝜀∑ ௜ݔ) − ௝)(݊௪ݔ − ௜ܰ௝+) , ݅ = l. .݉̅̅ ̅̅ ̅̅௠௝=ଵ௝≠ଵ                                  (45) 

ɉɪɟɨɛɪɚɡɭɟɦ ɭɪɚɜɧɟɧɢɟ (69) ɤ ɦɚɬɪɢɱɧɨɦɭ ɜɢɞɭ: 

ܾ௜ = ∑ పܰఫ̅ , ܽ௜௝ = ݊௪ − ௜ܰ௝+, ܽ௜௜ = −∑ (݊௪ − ௜ܰ௝+) ,௠௞=ଵ௞≠ଵ ݅, ݆ = l. . ݉̅̅ ̅̅ ̅̅  , ݆ ≠ ݅  ௠௝=ଵ௝≠ଵ        (46) 

ɉɨɥɭɱɢɥɢ ɥɢɧɟɣɧɭɸ ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ ɫ ɧɟɢɡɜɟɫɬɧɵɦɢ ݔ௜: 

{  
  X AX B  ;

( 1) ( 1)w i wn m x n m      ˋ 
1

0
m

i

i

x


 ;𝜀 = ଵଶ௡𝑤ሺ௠−ଵሻ  .                                                             (47) 

Ɍɚɤ ɞɚɧɧɚɹ ɫɢɫɬɟɦɚ ɧɟ ɜɫɟɝɞɚ ɢɦɟɟɬ ɪɟɲɟɧɢɟ, ɢɳɟɬɫɹ ɪɟɲɟɧɢɟ, ɞɚɸɳɟɟ 

ɧɚɢɦɟɧɶɲɭɸ ɨɲɢɛɤɭ.  

ȼ ɱɢɫɥɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɞɚɧɧɵɣ ɦɟɬɨɞ ɩɪɢɜɨɞɢɬ ɤ ɛɨɥɟɟ ɤɨɪɪɟɤɬɧɵɦ 

ɪɟɡɭɥɶɬɚɬɚɦ ɢ ɦɟɧɟɟ ɪɟɫɭɪɫɨɟɦɨɤ, ɱɟɦ ɨɩɢɫɚɧɧɵɟ ɜɵɲɟ ɦɟɬɨɞɵ. Ɉɞɧɚɤɨ ɧɚɥɢɱɢɟ 

ɦɧɨɝɢɯ ɩɪɨɩɭɫɤɨɜ ɞɟɥɚɟɬ ɨɬɜɟɬ ɫɥɚɛɨ ɨɛɨɫɧɨɜɚɧɧɵɦ ɢ ɧɟɩɪɟɞɫɤɚɡɭɟɦɵɦ 

(ɧɟɫɤɨɥɶɤɨ ɪɚɡ ɭɩɨɪɹɞɨɱɢɜɚɧɢɟ, ɫɨɝɥɚɫɧɨ ɫɭɦɦɚɦ ix , ɛɵɥɨ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨ 

ɢɫɬɢɧɧɨɦɭ).  

 1.3.3 ɉɨɩɨɥɧɟɧɢɟ ɦɚɬɪɢɰ 

ȼ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɦɨɞɟɥɹɯ ɨɛɴɟɤɬɵ ɫɥɟɞɭɟɬ ɪɚɧɠɢɪɨɜɚɬɶ ɜ ɩɨɪɹɞɤɟ 

ɭɛɵɜɚɧɢɹ ɜɟɥɢɱɢɧ ݔ௜. Ɉɞɧɚɤɨ, ɟɫɥɢ, ɫɨɝɥɚɫɧɨ ɩɨɥɭɱɟɧɧɵɦ ɩɚɪɚɦɟɬɪɚɦ ݔ௜ 
ɪɚɫɫɱɢɬɚɬɶ ɫɭɦɦɚɪɧɵɟ ɦɚɬɪɢɰɵ ɨɬɧɨɲɟɧɢɣ, ɬɨ ɨɧɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɛɭɞɭɬ ɫɢɥɶɧɨ 

ɨɬɥɢɱɚɬɶɫɹ ɨɬ ɢɫɯɨɞɧɵɯ ɦɚɬɪɢɰ. Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɩɨɥɭɱɚɹ ɭɩɨɪɹɞɨɱɢɜɚɧɢɟ 

ɫɨɝɥɚɫɧɨ ɩɚɪɚɦɟɬɪɚɦ ݔ௜, ɦɵ ɭɱɢɬɵɜɚɟɦ ɢɫɯɨɞɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɱɟɪɟɡ "ɩɪɢɡɦɭ" 

ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɜ ɫɥɭɱɚɟ ɦɚɬɪɢɰ ɛɟɡ ɩɪɨɩɭɫɤɨɜ ɞɚɧɧɨɟ 
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ɭɩɨɪɹɞɨɱɢɜɚɧɢɟ ɫɨɜɩɚɞɚɟɬ ɫ ɭɩɨɪɹɞɨɱɢɜɚɧɢɟɦ ɩɨ ɦɟɬɨɞɭ ɫɬɪɨɱɧɵɯ ɫɭɦɦ. 

ɉɪɟɞɥɚɝɚɟɬɫɹ, ɫɨɝɥɚɫɧɨ ɩɨɥɭɱɟɧɧɵɦ ɜɟɥɢɱɢɧɚɦ ݔ௜ ɡɚɩɨɥɧɢɬɶ ɩɪɨɩɭɫɤɢ ɜ 

ɢɫɯɨɞɧɵɯ ɦɚɬɪɢɰɚɯ ɨɬɧɨɲɟɧɢɣ, ɩɨɫɥɟ ɱɟɝɨ ɩɪɢɦɟɧɢɬɶ ɤ ɧɢɦ ɦɟɬɨɞ ɫɬɪɨɱɧɵɯ 

ɫɭɦɦ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɯɨɞɧɚɹ ɢɧɮɨɪɦɚɰɢɹ ɛɭɞɟɬ ɭɱɬɟɧɚ ɦɚɤɫɢɦɚɥɶɧɨ ɩɨɥɧɨ.  

ɉɨɩɨɥɧɢɦ ɫɭɦɦɚɪɧɵɟ ɦɚɬɪɢɰɵ ɨɬɧɨɲɟɧɢɣ ij m mN   ɢ 0
ij m m

N   ɫɥɟɞɭɸɳɢɦ 

ɨɛɪɚɡɨɦ: 

   
   0 0

,

, , 1.. ,

ij ij w i jij

w i jij ij ij

N N n N P a a i j

N N n N P a a i j m





    

    

&

&
                                                             (48) 

ɜɟɪɨɹɬɧɨɫɬɢ  i jP a a  ɢ  i jP a a  ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɬɨɣ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ 

ɦɨɞɟɥɢ, ɩɨ ɤɨɬɨɪɨɣ ɩɨɥɭɱɟɧɵ ɩɚɪɚɦɟɬɪɵ ݔ௜.  
Ɋɚɫɫɦɨɬɪɢɦ ɩɪɢɦɟɪ. ɂɡ ɦɚɬɪɢɰɵ N , XN  – ɦɚɬɪɢɰɚ ɨɬɧɨɲɟɧɢɣ, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɩɚɪɚɦɟɬɪɚɦ ݔ௜. ɉɨɩɨɥɧɢɜ ɫɭɦɦɚɪɧɭɸ ɦɚɬɪɢɰɭ ɨɬɧɨɲɟɧɢɣ N , 

ɩɨɥɭɱɢɦ ɦɚɬɪɢɰɭ ܰ ..  
ɉɪɢɦɟɧɢɜ ɦɟɬɨɞ ɫɬɪɨɱɧɵɯ ɫɭɦɦ, ɧɚɣɞɟɦ ɫɬɪɨɱɧɵɟ ɫɭɦɦɵ ݏଵ = ͻ.ʹ, ݏଶ =͹.ͺ, ݏଷ = −ͳ͹  ɢ ɪɟɡɭɥɶɬɢɪɭɸɳɟɟ ɪɚɧɠɢɪɨɜɚɧɢɟ ( )a b c  . 

ɉɨɥɭɱɢɦ ɫɩɨɫɨɛ ɩɨɩɨɥɧɟɧɢɹ ɦɚɬɪɢɰɵ ɜɟɫɨɜ. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ 

ɪɚɫɫɱɢɬɚɬɶ ɞɥɹ ɤɚɠɞɨɝɨ ijv  ɜɟɪɨɹɬɧɨɫɬɶ ijPv  ɬɨɝɨ, ɱɬɨ ɫɨɝɥɚɫɧɨ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ 

ɦɨɞɟɥɢ ɢ ɩɨɥɭɱɟɧɧɵɦ ɜɟɫɚɦ, i -ɣ ɨɛɴɟɤɬ ɦɨɠɟɬ ɧɚɯɨɞɢɬɶɫɹ ɧɚ j -ɦ ɦɟɫɬɟ. Ɍɨɝɞɚ  

 ij ij ij w iv v Pv n V  & , , 1..i j m .                                                                          (49) 

Ɍɚɛɥɢɰɚ 5 - ɉɪɢɦɟɪ ɩɨɩɨɥɧɟɧɢɹ ɧɟɩɨɥɧɵɯ ɩɚɪɧɵɯ ɫɪɚɜɧɟɧɢɣ 

N 
 

 a b c 
XN 

 

 a b c 
N &

 

 a b c 
a 0 1 - a 0 4.5 9.5 a 0 5.1 9.5 
b 0 0 9 b 5.5 0 9.5 b 4.9 0 9 
c - 1 0 c 0.5 0.5 0 c 0.5 1 0 

 

Ɋɚɫɱɟɬ ɜɟɪɨɹɬɧɨɫɬɟɣ ijPv  ɫɜɨɞɢɬɶɫɹ ɤ ɩɟɪɟɛɨɪɭ ɜɫɟɯ ɜɨɡɦɨɠɧɵɯ ɧɟɫɬɪɨɝɢɯ 

ɪɚɧɠɢɪɨɜɚɧɢɣ, ɱɬɨ ɧɟɩɪɢɟɦɥɟɦɨ ɪɟɫɭɪɫɨɟɦɤɨ. ɉɨɷɬɨɦɭ ɩɪɟɞɥɚɝɚɟɬɫɹ 

ɫɥɟɞɭɸɳɢɣ ɫɩɨɫɨɛ. ɂɡ ɪɚɧɠɢɪɨɜɚɧɢɹ R , ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɩɚɪɚɦɟɬɪɚɦ ix , 

ɩɨɥɭɱɢɦ ɦɚɬɪɢɰɭ ɜɟɫɨɜ ij m mv 
 : 
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   1 2 1 2, ,..., , ,...m m ij m mx x x r r r v 
     .                                                                    (50) 

Ɂɚɬɟɦ ɜɵɱɢɫɥɹɸɬɫɹ 

1

m

i ij

j

V v


                                                                                                            (51) 

ɉɨɩɨɥɧɟɧɢɟ ɦɚɬɪɢɰɵ ɜɟɫɨɜ ɜɵɩɨɥɧɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

 , , ,i i ii r i r i r w iv v v n V  & & , 1..i m                                                                       (52) 

ɉɪɟɞɥɨɠɟɧɧɵɟ ɜ ɪɚɛɨɬɟ [2] ɚɥɝɨɪɢɬɦɵ ɩɨɩɨɥɧɟɧɢɹ ɫɭɦɦɚɪɧɵɯ ɦɚɬɪɢɰ 

ɨɬɧɨɲɟɧɢɣ  ɢ ɦɚɬɪɢɰɵ ɜɟɫɨɜ ɩɨɡɜɨɥɹɸɬ ɛɨɥɟɟ ɬɨɱɧɨ ɧɚɯɨɞɢɬɶ ɪɟɡɭɥɶɬɢɪɭɸɳɟɟ 

ɪɚɧɠɢɪɨɜɚɧɢɟ, ɩɪɢɱɟɦ ɧɟ ɬɨɥɶɤɨ ɦɟɬɨɞɨɦ ɫɬɪɨɱɧɵɯ ɫɭɦɦ, ɧɨ ɢ ɦɧɨɝɢɦɢ ɢɡ ɪɚɧɟɟ 

ɢɡɜɟɫɬɧɵɯ ɢ ɩɪɟɞɥɨɠɟɧɧɵɯ ɜ ɞɢɫɫɟɪɬɚɰɢɢ ɦɟɬɨɞɨɜ. 

 1.3.4 Ɇɟɬɨɞ ɡɚɜɢɫɢɦɨɫɬɟɣ 

ȼ ɪɚɛɨɬɟ [2] ɩɪɟɞɥɨɠɟɧ ɦɟɬɨɞ ɡɚɜɢɫɢɦɨɫɬɟɣ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ 

ɪɚɧɠɢɪɨɜɚɧɢɣ ɫ ɞɚɧɧɵɦɢ, ɫɨɞɟɪɠɚɳɢɦɢ ɩɪɨɩɭɫɤɢ. ɫɭɦɦɚɪɧɨɣ ɦɚɬɪɢɰɟ 

ɨɬɧɨɲɟɧɢɣ ɦɧɨɝɨ ɩɪɨɩɭɫɤɨɜ, ɬɨ ɢɡɜɟɫɬɧɵɟ ɦɟɬɨɞɵ, ɤɚɤ ɩɪɚɜɢɥɨ, ɩɪɢɜɨɞɹɬ ɤ 

ɧɟɜɟɪɧɵɦ ɪɟɡɭɥɶɬɚɬɚɦ. ɉɪɟɞɥɚɝɚɟɦɵɣ ɦɟɬɨɞ ɡɚɜɢɫɢɦɨɫɬɟɣ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ 

ɡɚɩɨɥɧɟɧɢɹ ɩɪɨɩɭɫɤɨɜ, ɨɛɭɫɥɨɜɥɟɧɧɵɯ ɬɟɦ, ɱɬɨ ɨɛɴɟɤɬɵ ɧɟ ɪɚɡɭ ɧɟ ɫɪɚɜɧɢɜɚɥɢɫɶ 

ɦɟɠɞɭ ɫɨɛɨɣ.  

ɉɪɟɞɫɬɚɜɢɦ ɫɭɦɦɚɪɧɭɸ ɦɚɬɪɢɰɭ ɨɬɧɨɲɟɧɢɣ N  ɜ ɜɢɞɟ ɝɪɚɮɚ, ɜ ɤɨɬɨɪɨɦ 

ɜɟɪɲɢɧɵ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɨɛɴɟɤɬɚɦ. Ɋɟɛɪɭ, ɦɟɠɞɭ i-ɣ ɢ j-ɣ ɜɟɪɲɢɧɚɦɢ 

ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɜɟɫɚ  ,ij jiN N . ȿɫɥɢ 0ij jiN N  , ɬɨ ɪɟɛɪɨ ɨɬɫɭɬɫɬɜɭɟɬ.  

ɂɞɟɹ ɦɟɬɨɞɚ ɫɨɫɬɨɢɬ ɜ ɫɥɟɞɭɸɳɟɦ. ȼ ɝɪɚɮɟ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɩɨɢɫɤ ɜɫɟɯ 

ɩɭɬɟɣ ɦɟɠɞɭ ɜɫɟɦɢ ɩɚɪɚɦɢ ɧɟɫɦɟɠɧɵɯ ɜɟɪɲɢɧ. Ⱦɥɹ ɤɚɠɞɨɝɨ ɩɭɬɢ, ɫɨɝɥɚɫɧɨ 

ɧɟɤɨɬɨɪɨɣ ɮɭɧɤɰɢɢ, ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɜɟɫɚ –ɱɢɫɥɨ ɝɨɥɨɫɨɜ ɡɚ ɢ ɩɪɨɬɢɜ ɬɨɝɨ, ɱɬɨ 

ɨɞɢɧ ɨɛɴɟɤɬ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɟɣ ɞɪɭɝɨɝɨ. ȿɫɥɢ ɧɚɣɞɟɧ ɯɨɬɹ ɛɵ ɨɞɢɧ ɩɭɬɶ ɦɟɠɞɭ 

ɧɟɫɦɟɠɧɵɦɢ ɜɟɪɲɢɧɚɦɢ ɢ ɫɭɦɦɚ ɩɨɥɭɱɟɧɧɵɯ ɜɟɫɨɜ ɨɬɥɢɱɧɚ ɨɬ ɧɭɥɹ, ɬɨ 

ɩɨɥɭɱɟɧɨ ɧɨɜɨɟ ɪɟɛɪɨ. ȿɫɥɢ ɧɟɤɨɬɨɪɵɟ ɪɟɛɪɚ ɩɨɥɭɱɢɬɶ ɧɟ ɭɞɚɥɨɫɶ, ɦɨɠɧɨ 

ɩɨɜɬɨɪɧɨ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɚɥɝɨɪɢɬɦɨɦ, ɢɫɩɨɥɶɡɭɹ ɜɧɨɜɶ ɩɨɥɭɱɟɧɧɵɟ ɪɟɛɪɚ. ȿɫɥɢ 
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ɱɢɫɥɨ ɜɟɪɲɢɧ ɢ ɨɬɫɭɬɫɬɜɭɸɳɢɯ ɪɟɛɟɪ ɜɟɥɢɤɨ, ɬɨ ɞɥɢɧɭ ɩɭɬɢ ɫɥɟɞɭɟɬ ɨɝɪɚɧɢɱɢɬɶ 

(ɧɚɩɪɢɦɟɪ, ɩɭɬɶ ɫɨɫɬɚɜɥɹɟɬ ɬɨɥɶɤɨ ɞɜɚ ɪɟɛɪɚ). 

ɉɪɟɞɥɚɝɚɟɬɫɹ ɫɥɟɞɭɸɳɢɣ ɫɩɨɫɨɛ ɪɚɫɱɟɬɚ ɜɟɫɨɜ. ɉɭɫɬɶ ɜ ɝɪɚɮɟ ɨɬɫɭɬɫɬɜɭɟɬ 

ɪɟɛɪɨ  ,i ja a  ɢ ɧɚɣɞɟɧɨ M  ɩɭɬɟɣ ɢɡ ɜɟɪɲɢɧɵ ܽ௜ ɜ ja .  1 2, ,... kk k k kmL p p p , 1kp i , 

kkmp j  –ɢɧɞɟɤɫɵ ɜɟɪɲɢɧ ɩɭɬɢ ܮ௞, 1..k M . ȼɵɱɢɫɥɢɦ 

 

1

1

,

1
20

k

v v

k

m

p p

vL
ijk m

w ij

N
N

n N











, 

 

1

1

,

1
20

k

v v

k

m

p p

vL
jik m

w ij

N
N

n N











, 1..k M                                        (53) 

Ɍɚɤ ɠɟ ɪɚɫɫɦɚɬɪɢɜɚɥɫɹ ɫɥɟɞɭɸɳɢɣ ɜɚɪɢɚɧɬ ɩɨɥɭɱɟɧɢɹ L
kN : 

1

1

,

1

k

v v

m
L

ij k p pk
v

N q N 





  , 
1

1

,

1

k

v v

m
L

ji k p pk
v

N q N 





  , 
 

 

1 1

1 1

1

, ,
1
1

, ,

1

k

v v v v

k

v v v v

m

p p p p

v
k m

p p p p

v

N N
q

N N

 

 
















, 1..k M        (54) 

ɗɥɟɦɟɧɬɵ ɫɭɦɦɚɪɧɵɯ ɦɚɬɪɢɰ ɩɨɥɭɱɚɸɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

1

1 M
L

ij ijk
k

N N
M 

  , ij jiijN N N                                                                               (55) 

Ⱥɥɝɨɪɢɬɦ ɦɟɬɨɞɚ ɡɚɜɢɫɢɦɨɫɬɟɣ: 

Ⱦɥɢɧɧɚ ɩɭɬɢ kL  ɫɨɫɬɚɜɥɹɟɬ ɞɜɚ ɪɟɛɪɚ ( 2km  ).  

ɚ) ɫɨɫɬɚɜɢɦ ɦɚɬɪɢɰɵ 
1,  ɟɫɥɢ 0;
0,  ɢɧɚɱɟ,

ij ji
ij

N N
K

  


ij ij jiN N N    ɢ 0L
ijN  ; 

ɛ) 0L  ; 

ɜ) ɞɥɹ ɜɫɟɯ ,i j , i j : ɟɫɥɢ 0ijK  , ɬɨ ɜɵɩɨɥɧɹɬɶ ɲɚɝɢ 4–7: 

ɝ) 0M  ; 

ɞ) ɞɥɹ 1..k m , ,k i j  ɜɵɩɨɥɧɹɬɶ ɲɚɝ 6: 

ɟ) ɟɫɥɢ 0ikN    ɢ 0kjN   , ɬɨ 

0

ik kjL L
ij ij

w ij

N N
N N

n N


 


, 

0

jk kiL L
ji ji

w ij

N N
N N

n N


 


, 1M M   ; 

ɠ) ɟɫɥɢ 0M  , ɬɨ 
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L
ij ijN N M , L

ji jiN N M , 0
ij jiij ji ijN N N N N     , 0ijK  , 1L  ; 

ɢ) ɟɫɥɢ 1L  , ɬɨ ɲɚɝ 2; 

ɤ) ɤɨɧɟɰ.  

ȼ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɢɫɯɨɞɧɚɹ ɢɧɮɨɪɦɚɰɢɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɦɚɬɪɢɰɚɦɢ 

ɨɬɧɨɲɟɧɢɣ ɫ ɩɪɨɩɭɫɤɚɦɢ  (ɚ ɧɟ ɪɚɧɠɢɪɨɜɚɧɢɹɦɢ), ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɦɟɬɨɞ 

ɡɚɜɢɫɢɦɨɫɬɟɣ ɩɪɢɦɟɧɹɬɶ ɧɟ ɤ ɫɭɦɦɚɪɧɨɣ ɦɚɬɪɢɰɟ N , ɚ ɤ ɤɚɠɞɨɣ ɦɚɬɪɢɰɟ kT  ɜ 

ɨɬɞɟɥɶɧɨɫɬɢ. Ⱦɥɹ ɷɬɨɝɨ ɜ ɚɥɝɨɪɢɬɦɟ ɧɚɞɨ ɡɚɦɟɧɢɬɶ ɷɥɟɦɟɧɬɵ ɦɚɬɪɢɰɵ N  ɧɚ 

ɷɥɟɦɟɧɬɵ ɦɚɬɪɢɰɵ  kT  ɫ ɬɟɦɢ ɠɟ ɢɧɞɟɤɫɚɦɢ. ȼ ɦɚɬɪɢɰɚɯ  kT  0k
ijt  , ɟɫɥɢ ɨɛɴɟɤɬɵ 

ɧɢ ɪɚɡɭ ɧɟ ɫɪɚɜɧɢɜɚɥɢɫɶ. 

Ɍɚɛɥɢɰɚ 6 - ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɦɚɬɪɢɰ ɨɬɧɨɲɟɧɢɣ 

 

 

 

Ɍɚɛɥɢɰɚ 7 - ɉɪɢɦɟɪ № 1 

N  a b c d e f k N   a b c d e f k ix  
a 0 1 - - - - - a 1 1 0 0 0 0 0 2.7 
b 0 0 1 1 1 1 1 b 1 1 1 1 1 1 1 5.6 
c - 0 0 0 0 0 0 c 0 1 1 1 1 1 1 -1.7 
d - 0 0 0 0 0 0 d 0 1 1 1 1 1 1 -1.7 
e - 0 0 0 0 0 0 e 0 1 1 1 1 1 1 -1.7 
f - 0 0 0 0 0 0 f 0 1 1 1 1 1 1 -1.7 
k 0 0 0 0 0 0 0 k 0 1 1 1 1 1 1 -1.7 

 

Ɍɚɛɥɢɰɚ 8 - ɉɪɢɦɟɪ № 2 

AN
 

a b c d e f k ix  

a 0 1 0.5 0.5 0.5 0.5 0.5 8.2 
b 0 0 1 1 1 1 1 5.6 
c 0 0 0 0 0 0 - -2.8 
d 0 0 0 0 0 0 - -2.8 
e 0 0 0 0 0 0 - -2.8 
f 0 0 0 0 0 0 - -2.8 
k 0 0 - - - - 0 -2.8 

 

AN 
 

0 1 0.9 
XN 
 

0 5 9.5 𝑝ܰ = 

0 5.5 9.6 
0 0 9 5 0 9.5 4.5 0 9 
0 1 0 0.5 0.5 0 0.4 1 0 
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ɉɨɩɨɥɧɢɜ ɫɭɦɦɚɪɧɭɸ ɦɚɬɪɢɰɭ ɨɬɧɨɲɟɧɢɣ AN , ɩɨɥɭɱɢɦ ɦɚɬɪɢɰɭ 𝑝ܰ. 

ɉɪɢɦɟɧɢɜ ɦɟɬɨɞ ɫɬɪɨɱɧɵɯ ɫɭɦɦ, ɧɚɣɞɟɦ ɫɬɪɨɱɧɵɟ ɫɭɦɦɵ 1 10.2s  , 2 7s  , 

3 17.2s    ɢ ɪɟɡɭɥɶɬɢɪɭɸɳɟɟ ɪɚɧɠɢɪɨɜɚɧɢɟ ( )a b c  .  

Ɋɚɫɫɦɨɬɪɢɦ ɩɪɢɦɟɪ ɢɡ ɬɚɛɥɢɰɵ 5. ɉɨɫɬɪɨɢɜ ɫɭɦɦɚɪɧɵɟ ɦɚɬɪɢɰɵ ɞɥɹ 

ɪɚɧɠɢɪɨɜɚɧɢɣ Ɋ1 ɢ Ɋ2 ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ ɑɟɛɨɬɚɪɟɜɚ ɩɨɥɭɱɢɦ ɪɟɡɭɥɶɬɢɪɭɸɳɟɟ 

ɪɚɧɠɢɪɨɜɚɧɢɟ Ɋ ( )b a c d e f k        . Ɋɚɧɠɢɪɨɜɚɧɢɟ Ɋ  –ɪɟɲɟɧɢɟ ɜ ɫɥɭɱɚɟ 

ɧɟɞɨɜɟɪɢɹ (ɨɬɤɚɡɚ ɨɬ ɬɪɚɧɡɢɬɢɜɧɨɫɬɢ) ɤ ɢɫɯɨɞɧɵɦ ɞɚɧɧɵɦ. ɉɨɫɥɟ ɩɪɢɦɟɧɟɧɢɹ 

ɦɟɬɨɞɚ ɡɚɜɢɫɢɦɨɫɬɟɣ ɦɟɬɨɞ ɑɟɛɨɬɚɪɟɜɚ ɩɪɢɜɨɞɢɬ ɤ ɪɟɲɟɧɢɸ ɞɥɹ ɫɥɭɱɚɹ 

ɬɪɚɧɡɢɬɢɜɧɵɯ ɷɤɫɩɟɪɬɧɵɯ ɨɰɟɧɨɤ (ɪɚɧɠɢɪɨɜɚɧɢɸ) Ɋ ( )a b c d e f k        .  
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2 Ⱥɥɝɨɪɢɬɦ ɭɬɨɱɧɟɧɢɹ ɪɚɧɝɚ ɜ ɢɬɨɝɨɜɨɦ ɪɚɧɠɢɪɨɜɚɧɢɢ 

Ⱦɥɹ ɩɪɢɦɟɧɟɧɢɹ ɚɥɝɨɪɢɬɦɚ ɭɬɨɱɧɟɧɢɹ ɪɚɧɝɚ ɨɛɴɟɤɬɚ ɜ ɢɬɨɝɨɜɨɦ 

ɪɚɧɠɢɪɨɜɚɧɢɢ ɧɟɨɛɯɨɞɢɦɨ ɢɡɧɚɱɚɥɶɧɵɟ ɞɚɧɧɵɟ ɬɚɛɥɢɰɚ 10, ɬɚɛɥɢɰɚ 11. 

ɉɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ ɦɚɬɪɢɰ ɫɭɦɦɚɪɧɵɯ ɨɬɧɨɲɟɧɢɣ (ɪɚɡɞɟɥ 1.1.1) ܰ𝑝, ܰ௡, ܰ଴ ɢ 

ɦɚɬɪɢɰɵ ɜɟɫɨɜ (ɪɚɡɞɟɥ 1.1.2) ɬɚɛɥɢɰɚ 11. 

ɉɨɫɥɟ ɮɨɪɦɢɪɨɜɚɧɢɹ ɦɚɬɪɢɰ ɜɟɫɨɜ ɢ ɫɭɦɦɚɪɧɵɯ ɨɬɧɨɲɟɧɢɣ ɜɵɱɢɫɥɢɬɶ 

ɤɨɷɮɮɢɰɢɟɧɬɵ ɫɨɝɥɚɫɨɜɚɧɧɨɫɬɢ ɷɤɫɩɟɪɬɨɜ (ɪɚɡɞɟɥ 1.1.3) ɢ ɤɨɷɮɮɢɰɢɟɧɬɵ 

ɩɪɨɩɭɫɤɨɜ ɞɚɧɧɵɯ (ɪɚɡɞɟɥ 1.1.4) ɞɥɹ ɦɚɬɪɢɰ. 

Ɍɚɛɥɢɰɚ 9 - ɂɧɮɨɪɦɚɰɢɹ ɨ ɞɢɫɰɢɩɥɢɧɚɯ 

Ƚɪɭɩɩɚ  ɉɪɟɞɦɟɬ  ɋɟɦɟɫɬɪ   Ɉɰɟɧɤɚ  

Ƚɪɭɩɩɚ-1 ɉɪɟɞɦɟɬ-1 4  1  

Ƚɪɭɩɩɚ-2 ɉɪɟɞɦɟɬ-8  5  5 

…  …  …  …  

Ƚɪɭɩɩɚ-n ɉɪɟɞɦɟɬ-m 2  4  

 

Ɍɚɛɥɢɰɚ 10 - ɂɧɮɨɪɦɚɰɢɹ ɨ ɩɪɟɩɨɞɚɜɚɬɟɥɹɯ 

Ƚɪɭɩɩɚ ɉɪɟɩɨɞɚɜɚɬɟɥɶ ɋɟɦɟɫɬɪ   Ɉɰɟɧɤɚ  

Ƚɪɭɩɩɚ-1 ɉɪɟɩɨɞɚɜɚɬɟɥɶ-15 4  1  

Ƚɪɭɩɩɚ-2 ɉɪɟɩɨɞɚɜɚɬɟɥɶ-56 5  5 

…  …  …  …  

Ƚɪɭɩɩɚ-n ɉɪɟɩɨɞɚɜɚɬɟɥɶ -m 2  4  

 

Ɍɚɛɥɢɰɚ 11 - Ɇɚɬɪɢɰɚ ɜɟɫɨɜ ɞɥɹ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ 

 1 2 … n 

Ɉɛɴɟɤɬ-1 ݒଵଵ ݒଵଶ … ݒଵ௡ 

Ɉɛɴɟɤɬ-2 ݒଶଵ ݒଶଶ … ݒଶ௡ 

… … … … … 

Ɉɛɴɟɤɬ-n ݒ௡ଵ ݒ௡ଶ … ݒ௡௡ 
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ȿɫɥɢ ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɩɭɫɤɚ ɞɚɧɧɵɯ ܭ௦< 0.6 ɧɟɨɛɯɨɞɢɦɨ ɢɡ ɢɡɧɚɱɚɥɶɧɵɯ 

ɞɚɧɧɵɯ ɢɫɤɥɸɱɢɬɶ ɨɛɴɟɤɬɵ, ɤɨɬɨɪɵɟ ɩɨɱɬɢ ɧɟ ɨɰɟɧɢɜɚɥɢɫɶ ɷɤɫɩɟɪɬɚɦɢ. 

ɉɪɨɢɡɜɟɫɬɢ ɩɟɪɟɫɱёɬ ɦɚɬɪɢɰ ɫɭɦɦɚɪɧɵɯ ɨɬɧɨɲɟɧɢɣ ɢ ɦɚɬɪɢɰɵ ɜɟɫɨɜ. ɉɨɜɬɨɪɹɬɶ 

ɩɪɨɰɟɞɭɪɭ ɭɞɚɥɟɧɢɹ ɨɛɴɟɤɬɨɜ ɢɡ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ, ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ 

ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɩɭɫɤɚ ɞɚɧɧɵɯ ɧɟ ɛɭɞɟɬ ɢɦɟɬɶ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɢɥɢ 

ɞɨ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɤɨɥ-ɜɚ ɨɛɴɟɤɬɨɜ. Ɍɚɤ ɤɚɤ ɩɪɢ ɫɥɢɲɤɨɦ ɦɚɥɨɦ ɤɨɥɢɱɟɫɬɜɨ 

ɨɛɴɟɤɬɨɜ ɪɚɧɠɢɪɨɜɚɧɢɟ ɧɟ ɛɭɞɟɬ ɢɦɟɬɶ ɫɦɵɫɥɚ. ȿɫɥɢ ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɩɭɫɤɨɦ 

ɩɨɫɥɟ ɜɵɩɨɥɧɟɧɢɹ ɞɚɧɧɨɣ ɩɪɨɰɟɞɭɪɵ ɨɫɬɚёɬɫɹ ɛɨɥɶɲɢɦ, ɬɨ ɧɟɨɛɯɨɞɢɦɨ 

ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɦɟɬɨɞɨɦ ɩɨɩɨɥɧɟɧɢɹ ɦɚɬɪɢɰɵ (ɪɚɡɞɟɥ 1.2.3.) ɉɟɪɟɞ 

ɩɪɢɦɟɧɟɧɢɟɦ ɦɟɬɨɞɵ ɩɨɩɨɥɧɟɧɢɹ ɦɚɬɪɢɰɵ ɦɟɬɨɞɚ ɧɭɠɧɨ ɨɰɟɧɢɬɶ 

ɫɨɝɥɚɫɨɜɚɧɧɨɫɬɶ ɷɤɫɩɟɪɬɨɜ ɩɪɢ ɩɨɦɨɳɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɨɝɥɚɫɨɜɚɧɧɨɫɬɢ, ɟɫɥɢ 

ɦɧɟɧɢɹ ɷɤɫɩɟɪɬɨɜ ɫɢɥɶɧɨ ɪɚɡɥɢɱɚɸɬɫɹ, ɬɨ ɦɟɬɨɞ ɩɨɩɨɥɧɟɧɢɹ ɦɚɬɪɢɰɵ ɩɪɢɦɟɧɹɬɶ 

ɧɟ ɰɟɥɟɫɨɨɛɪɚɡɧɨ. ȼ ɢɧɨɦ ɫɥɭɱɚɟ ɞɥɹ ɩɨɩɨɥɧɟɧɢɹ ɦɚɬɪɢɰɵ ɧɟɨɛɯɨɞɢɦɨ 

ɜɵɱɢɫɥɢɬɶ ɦɟɬɨɞ ɫɬɪɨɱɧɵɯ ɫɭɦɦ ɞɥɹ ɦɚɬɪɢɰɵ ɫɭɦɦɚɪɧɵɯ ɨɬɧɨɲɟɧɢɣ. 

ȼ ɫɥɭɱɚɟ ɟɫɥɢ ɦɚɬɪɢɰɵ ɜɟɫɨɜ ɢɦɟɟɬ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɩɭɫɤɨɜ, ɬɨ 

ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɦɟɬɨɞɨɦ ɩɨɩɨɥɧɟɧɢɹ ɦɚɬɪɢɰɵ. Ⱦɥɹ ɩɨɩɨɥɧɟɧɢɹ ɦɚɬɪɢɰɵ ɜɟɫɨɜ 

ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɪɚɧɠɢɪɨɜɚɧɢɟ ɩɨɥɭɱɟɧɧɵɦ ɩɨ ɦɟɬɨɞɭ ɨɛɨɛɳɟɧɧɵɯ ɫɬɪɨɱɧɵɯ 

ɫɭɦɦ. ɉɨɫɥɟ ɩɨɩɨɥɧɟɧɢɹ ɩɪɨɩɭɫɤɨɦ ɦɚɬɪɢɰɵ ɜɟɫɨɜ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ 

ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɦ ɦɟɬɨɞɨɦ ɛɨɥɶɲɢɧɫɬɜɚ. 

Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ ɪɟɲɟɧɢɣ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɨɰɟɧɤɨɣ ɢɯ ɪɚɡɥɢɱɢɹ: 𝑲𝒅 = 𝒅࢓𝒂࢞𝑫 , 𝒂࢞𝑫࢓ = −࢓ሺ࢓ 𝟏ሻ          
(56) 

Ⱥɥɝɨɪɢɬɦ ɭɬɨɱɧɟɧɢɹ ɪɚɧɝɚ ɨɛɴɟɤɬɚ, ɟɫɥɢ ɜ ɞɚɧɧɵɯ ɩɪɢɫɭɬɫɬɜɭɸɬ 

ɩɪɨɩɭɫɤɢ:  

ɚ) ɫɮɨɪɦɢɪɨɜɚɬɶ ɦɚɬɪɢɰɵ ɫɭɦɦɚɪɧɵɯ ɨɬɧɨɲɟɧɢɣ ܰ ଴ ɩɨ ɮɨɪɦɭɥɟ (2) ܰ + ɩɨ 

ɮɨɪɦɭɥɟ (5), ܰ− ɩɨ ɮɨɪɦɭɥɟ (3); 

ɛ) ɞɥɹ ɦɚɬɪɢɰɵ ɫɭɦɦɚɪɧɵɯ ɨɬɧɨɲɟɧɢɣ ɜɵɱɢɫɥɢɬɶ ɤɨɷɮɮɢɰɢɟɧɬɵ 

ɪɚɡɪɟɠɟɧɧɨɫɬɢ ɦɚɬɪɢɰ ܭ𝑧 ɮɨɪɦɭɥɟ (11) , ܭ𝑧଴ ɩɨ ɮɨɪɦɭɥɟ (12); 

ɜ) ɟɫɥɢ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɡɪɟɠɟɧɧɨɫɬɢ ܭ𝑧 < 0.4; 
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 1) ɂɫɤɥɸɱɢɬɶ ɢɡ ɢɡɧɚɱɚɥɶɧɨɣ ɜɵɛɨɪɤɢ ɬɟ ɨɛɴɟɤɬɵ, ɤɨɬɨɪɵɟ ɩɨɱɬɢ ɧɟ 

ɨɰɟɧɢɜɚɥɢɫɶ ɷɤɫɩɟɪɬɚɦɢ, ɩɨɜɬɨɪɢɬɶ ɚɥɝɨɪɢɬɦ ɫ ɲɚɝɚ ɚ); 

ɝ) ɫɮɨɪɦɢɪɨɜɚɬɶ ɦɚɬɪɢɰɭ ɜɟɫɨɜ 𝑉 ɩɨ ɮɨɪɦɭɥɟ (7); 

ɞ) ɞɥɹ ɦɚɬɪɢɰɵ ɫɭɦɦɚɪɧɵɯ ɨɬɧɨɲɟɧɢɣ ɜɵɱɢɫɥɢɬɶ ɤɨɷɮɮɢɰɢɟɧɬ 

ɫɨɝɥɚɫɨɜɚɧɧɨɫɬɢ ɞɚɧɧɵɯ ܭ௦ ɩɨ ɮɨɪɦɭɥɟ (9); 

ɟ) ɨɰɟɧɢɬɶ ɫɨɝɥɚɫɨɜɚɧɧɨɫɬɶ ɦɧɟɧɢɣ ɷɤɫɩɟɪɬɨɜ, 

 1) ɟɫɥɢ ܭ௦ > 0,6 ɢ ɩɪɟɞɦɟɬɧɚɹ ɨɛɥɚɫɬɶ ɞɨɩɭɫɤɚɟɬ ɬɪɚɧɡɢɬɢɜɧɨɫɬɶ 

ɨɬɜɟɬɨɜ ɷɤɫɩɨɪɬɨɜ, ɬɨ ɤ ɦɚɬɪɢɰɟ ɫɭɦɦɚɪɧɵɯ ɨɬɧɨɲɟɧɢɣ ௜ܰ௝ ɩɪɢɦɟɧɢɬɶ 

ɦɟɬɨɞ ɡɚɜɢɫɢɦɨɫɬɟɣ (ɪɚɡɞɟɥ 1.2.3); 

ɠ) ɧɚɣɬɢ ɜɟɫɚ ɨɛɴɟɤɬɨɜ ɨɛɨɛɳɟɧɧɵɦ ɦɟɬɨɞɨɦ ɫɬɪɨɱɧɵɯ ɫɭɦɦ (ɪɚɡɞɟɥ 

1.3.2); 

ɢ) ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɩɨɩɨɥɧɟɧɢɟɦ ɦɚɬɪɢɰ (ɪɚɡɞɟɥ 1.2.3); 

ɤ) ɩɨɥɭɱɢɬɶ ɢɬɨɝɨɜɨɟ ɪɚɧɠɢɪɨɜɚɧɢɟ ܴ௦௨௠ ɩɪɢɦɟɧɢɜ ɤ ɦɚɬɪɢɰɟ N− ɦɟɬɨɞ 

ɫɬɪɨɱɧɵɯ ɫɭɦɦ (ɪɚɡɞɟɥ 1.2.2.); 

ɥ) ɩɨɥɭɱɢɬɶ ɢɬɨɝɨɜɨɟ ɪɚɧɠɢɪɨɜɚɧɢɟ ܴ௠𝑎௝ ɩɪɢɦɟɧɢɜ ɤ ɦɚɬɪɢɰɟ ɜɟɫɨɜ 

ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ ɦɟɬɨɞ ɛɨɥɶɲɢɧɫɬɜɚ (ɪɚɡɞɟɥ 1.2.2); 

ɦ) ɜɵɱɢɫɥɢɬɶ ɪɚɫɫɬɨɹɧɢɟ 𝑑 ɮɨɪɦɭɥɚ (13) ɦɟɠɞɭ ɪɟɲɟɧɢɹɦɢ ܴ௦௨௠ ɢ ܴ௠𝑎௝ 
ɧ) ɩɨɥɭɱɢɬɶ ɨɰɟɧɤɭ ɪɚɡɥɢɱɢɹ ɪɟɲɟɧɢɣ ܭ𝑑 ɮɨɪɦɭɥɚ (56): 

 1) ɟɫɥɢ ܭ𝑑 ɛɥɢɡɤɨ ɤ 0 ɬɨ ɪɟɲɟɧɢɟ ܴ௠𝑎௝ ɜɵɡɵɜɚɟɬ ɞɨɜɟɪɢɟ; 

 2) ɟɫɥɢ ܭ𝑑 ɧɚɯɨɞɢɬɫɹ ɜ ɢɧɬɟɪɜɚɥɚɯ [0.3;0.4] ɫɥɟɞɭɟɬ ɨɬɧɟɫɬɢɫɶ ɤ 

ɪɟɲɟɧɢɸ ܴ௠𝑎௝ ɫ ɫɨɦɧɟɧɢɟɦ. ɂɦɟɟɬ ɫɦɵɫɥ ɩɪɢɡɧɚɬɶ ɨɛɴɟɤɬɵ ɫ ɫɢɥɶɧɨ 

ɪɚɡɥɢɱɚɸɳɢɦɢɫɹ ɪɚɧɝɚɦɢ ɧɟɫɪɚɜɧɢɦɵɦɢ ɢ ɢɫɤɥɸɱɢɬɶ ɢɯ ɢɡ ɚɧɚɥɢɡɚ. 

 3) ɟɫɥɢ ܭ𝑑 ɛɥɢɡɤɨ ɤ 0.5 ɢɥɢ ɛɨɥɶɲɟ, ɬɨ ɫɥɟɞɭɟɬ ɩɪɢɡɧɚɬɶ ɨɛɴɟɤɬɵ 

ɪɚɜɧɨɰɟɧɧɵɦɢ (ɡɚɞɚɱɚ ɧɟ ɢɦɟɟɬ ɪɟɲɟɧɢɹ). 

 Ⱥɥɝɨɪɢɬɦ ɭɬɨɱɧɟɧɢɹ ɪɚɧɝɚ ɨɛɴɟɤɬɚ ɫ ɞɚɧɧɵɦɢ ɛɟɡ ɩɪɨɩɭɫɤɨɦ: 

 ɚ) ɩɨɭɱɢɬɶ ɢɬɨɝɨɜɨɟ ɪɚɧɠɢɪɨɜɚɧɢɟ ܴ௠௜௡ ɩɪɢɦɟɧɢɜ ɦɟɬɨɞ ɦɢɧɢɦɚɥɶɧɨɝɨ 

ɧɟɫɨɝɥɚɫɢɹ, ɩɪɨɞɨɥɠɢɬɶ ɫ ɲɚɝɚ ɢ) ɚɥɝɨɪɢɬɦɚ ɭɬɨɱɧɟɧɢɹ ɪɚɧɝɚ ɨɛɴɟɤɬɚ ɫ 

ɩɪɨɩɭɫɤɚɦɢ. 

 ɛ) ɜɵɱɢɫɥɢɬɶ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɪɟɲɟɧɢɹɦɢ ܴ௦௨௠, ܴ௠௜௡. 
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3 ɉɪɨɝɪɚɦɦɧɚɹ ɪɟɚɥɢɡɚɰɢɹ 

3.1 Ɉɩɢɫɚɧɢɟ ɉɈ ɢ ɟɝɨ ɜɨɡɦɨɠɧɨɫɬɢ 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɫɥɟɞɨɜɚɧɢɣ ɪɚɡɪɚɛɨɬɚɧɨ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ 

ɪɟɚɥɢɡɨɜɚɧɧɨɟ ɧɚ ɞɢɧɚɦɢɱɟɫɤɨɦ ɹɡɵɤɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ Ruby. Ⱦɚɧɧɨɟ ɉɈ 

ɩɨɡɜɨɥɹɟɬ ɡɚɝɪɭɠɚɬɶ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɢɡ ɮɨɪɦɚɬɚ .xls, .csv. ɋɥɟɞɭɸɳɢɦ 

ɨɛɹɡɚɬɟɥɶɧɵɦ ɤɪɢɬɟɪɢɟɦ ɞɥɹ ɩɪɨɝɪɚɦɦɵ ɛɵɥɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɢɫɯɨɞɧɵɟɯ 

ɞɚɧɧɵɯ ɜ ɦɚɬɪɢɰɵ ɫɭɦɦɚɪɧɵɯ ɨɬɧɨɲɟɧɢɣ ɢ ɦɚɬɪɢɰɭ ɜɟɫɨɜ. ɉɪɨɝɪɚɦɦɚ 

ɩɨɡɜɨɥɹɟɬɫɹ ɧɚɯɨɞɢɬɶ ɢɬɨɝɨɜɨɟ ɪɚɧɠɢɪɨɜɚɧɢɟ, ɩɪɢ ɩɨɦɨɳɢ ɦɟɬɨɞɚ ɫɬɪɨɱɧɵɯ 

ɫɭɦɦ, ɢ ɨɛɨɛɳɟɧɧɨɝɨ ɦɟɬɨɞɚ ɫɬɪɨɱɧɵɯ ɫɭɦɦ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɦɟɬɨɞɚ 

ɛɨɥɶɲɢɧɫɬɜɚ. Ⱦɨɩɨɥɧɢɬɟɥɶɧɵɦ ɮɭɧɤɰɢɨɧɚɥɨɦ ɞɥɹ ɉɈ ɹɜɥɹɟɬɫɹ ɜɵɝɪɭɡɤɚ 

ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɞɚɧɧɵɯ ɢ ɪɟɡɭɥɶɬɚɬɨɜ ɜ ɮɚɣɥɵ ɮɨɪɦɚɬɚ .csv.   

3.2 Ɋɚɫɱёɬ ɢɬɨɝɨɜɨɝɨ ɪɟɣɬɢɧɝɚ ɞɢɫɰɢɩɥɢɧ 

3.2.1 ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

ɂɡ ɨɰɟɧɨɤ ɫɬɭɞɟɧɬɚɦɢ ɤɚɱɟɫɬɜɚ ɩɪɟɩɨɞɚɜɚɧɢɹ ɞɢɫɰɢɩɥɢɧ, ɧɟɨɛɯɨɞɢɦɨ 

ɩɨɥɭɱɢɬɶ ɢɬɨɝɨɜɵɣ ɪɟɣɬɢɧɝ ɞɢɫɰɢɩɥɢɧ.  

Ɉɛɳɢɣ ɪɟɣɬɢɧɝ ɦɨɠɧɨ ɫɨɫɬɚɜɢɬɶ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ɫɨɜɧɨɜɟ ɛɚɥɥɨɜ. 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɫɪɟɞɧɢɟ ɛɚɥɥɵ ɩɨ ɨɬɡɵɜɚɦ ɝɪɭɩɩ ɡɚ 

ɫɟɦɟɫɬɪ, ɬ.ɟ. ɷɤɫɩɟɪɬɚɦɢ ɹɜɥɹɸɬɫɹ ɝɪɭɩɩɵ ɫɬɭɞɟɧɬɨɜ, ɨɛɴɟɤɬɚɦɢ – ɞɢɫɰɢɩɥɢɧɵ.  

ȼɵɞɜɢɝɚɟɬɫɹ ɝɢɩɨɬɟɡɚ ɨ ɬɨɦ, ɱɬɨ ɤɚɤ ɛɚɥɥɵ, ɬɚɤ ɢ ɪɚɧɝɢ ɞɢɫɰɢɩɥɢɧ ɜɧɭɬɪɢ 

ɝɪɭɩɩɵ ɧɟ ɹɜɥɹɸɬɫɹ ɨɛɴɟɤɬɢɜɧɨɣ ɨɰɟɧɤɨɣ (ɬɚɤ ɤɚɤ ɨɰɟɧɤɚ ɞɢɫɰɢɩɥɢɧɵ – ɷɬɨ 

ɩɪɟɠɞɟ ɜɫɟɝɨ ɨɰɟɧɤɚ ɪɚɛɨɬɵ ɩɪɟɩɨɞɚɜɚɬɟɥɹ). 

3.2.2 ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɜɢɞɟ ɦɚɬɪɢɰɵ (ɬɚɛɥɢɰɚ 9). Ⱦɚɧɧɵɟ ɨ 

ɞɢɫɰɢɩɥɢɧɚɯ ɫɨɞɟɪɠɚɬ ɢɧɮɨɪɦɚɰɢɸ ɨ 357 ɞɢɫɰɢɩɥɢɧɚɯ, ɤɨɬɨɪɵɟ ɛɵɥɢ ɨɰɟɧɟɧɵ 

124 ɷɤɫɩɟɪɬɚɦɢ. Ʉɨɥɢɱɟɫɬɜɨ ɨɰɟɧɨɤ ɪɚɜɧɨ 3864. ɉɟɪɟɞ ɩɪɢɦɟɧɟɧɢɟɦ ɚɥɝɨɪɢɬɦɨɜ 

ɢɬɨɝɨɜɨɝɨ ɪɚɧɠɢɪɨɜɚɧɢɹ ɤ ɢɫɯɨɞɧɵɦ ɞɚɧɧɵɦ ɩɪɨɢɡɜɟɞёɦ ɢɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɜ 

ɦɚɬɪɢɰɵ ɫɭɦɦɚɪɧɵɯ ɨɬɧɨɲɟɧɢɣ ɢ ɦɚɬɪɢɰɭ ɜɟɫɨɜ.  
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Ⱥɧɚɥɢɡɢɪɭɹ ɦɚɬɪɢɰɵ ɫɭɦɦɚɪɧɵɯ ɫɪɚɜɧɟɧɢɣ, ɛɵɥɨ ɡɚɦɟɱɟɧɨ, ɱɬɨ ɨɧɢ 

ɨɛɥɚɞɚɸɬ ɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɩɭɫɤɨɦ, ɞɥɹ ɭɦɟɧɶɲɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ 

ɩɪɨɩɭɫɤɨɦ ɛɵɥɨ ɪɟɲɟɧɨ ɭɞɚɥɢɬɶ ɞɢɫɰɢɩɥɢɧɵ, ɤɨɬɨɪɵɟ ɩɨɱɬɢ ɧɟ ɨɰɟɧɢɜɚɥɢɫɶ 

ɷɤɫɩɟɪɬɚɦɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɡ ɪɚɫɫɦɨɬɪɟɧɢɹ ɛɵɥɚ ɭɞɚɥɟɧɚ 141 ɞɢɫɰɢɩɥɢɧɚ, ɜ 

ɩɨɫɥɟɞɭɸɳɟɦ ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ ɥɢɲɶ 216 ɞɢɫɰɢɩɥɢɧ, ɞɥɹ ɤɨɬɨɪɵɯ ɛɵɥɢ 

ɩɨɫɬɪɨɟɧɵ ɧɨɜɵɟ ɦɚɬɪɢɰɵ ɫɭɦɦɚɪɧɵɯ ɨɬɧɨɲɟɧɢɣ ɢ ɦɚɬɪɢɰɚ ɜɟɫɨɜ. 

ɉɪɢ ɪɚɫɱёɬɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɫɨɝɥɚɫɨɜɚɧɧɨɫɬɢ ɢ ɪɚɡɪɟɠɟɧɧɨɫɬɢ ɞɚɧɧɵɯ ɞɥɹ 

ɨɫɬɚɜɲɢɯɫɹ ɞɢɫɰɢɩɥɢɧ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ ɪɟɡɭɥɶɬɚɬɵ. Ɉɰɟɧɤɚ 

ɩɪɨɩɭɫɤɨɜ, ɨɛɭɫɥɨɜɥɟɧɧɵɯ ɬɟɦ, ɱɬɨɛɵ ɨɛɴɟɤɬɵ ɧɢ ɪɚɡɭ ɧɟ ɫɪɚɜɧɢɜɚɥɢɫɶ ܭ𝑧଴ =Ͳ.ͳͶ, ɡɧɚɱɟɧɢɟ ɞɚɧɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɝɨɜɨɪɢɬ ɧɚɦ ɨ ɬɨɦ, ɱɬɨ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 

ɢɦɟɸɬ ɨɱɟɧɶ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɩɭɫɤɨɜ. Ɉɰɟɧɤɚ ɩɪɨɩɭɫɤɨɜ, ɨɛɭɫɥɨɜɥɟɧɧɵɯ 

ɬɟɦ, ɱɬɨɛɵ ɨɛɴɟɤɬɵ ɫɪɚɜɧɢɜɚɥɢɫɶ ɧɟ ɜɫɟɦɢ ɷɤɫɩɟɪɬɚɦɢ ܭ𝑧 = Ͳ.ͲͲʹ, ɞɚɧɧɨɟ 

ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɝɨɜɨɪɢɬ ɨ ɬɨɦ, ɦɚɬɪɢɰɵ ɫɭɦɦɚɪɧɵɯ ɨɬɧɨɲɟɧɢɣ ɨɱɟɧɶ 

ɫɥɚɛɨ ɡɚɩɨɥɧɟɧɵ. Ɉɰɟɧɤɚ ɫɨɝɥɚɫɨɜɚɧɧɨɫɬɢ ɷɤɫɩɟɪɬɨɜ ɞɥɹ ɞɢɫɰɢɩɥɢɧ ܭ௦ = Ͳ.͸͵, 

ɝɨɜɨɪɢɬ ɨ ɭɦɟɪɟɧɧɨɣ ɫɨɝɥɚɫɨɜɚɧɧɨɫɬɢ ɷɤɫɩɟɪɬɨɜ. 

ɂɡ-ɡɚ ɦɚɥɨɣ ɫɨɝɥɚɫɨɜɚɧɧɨɫɬɢ ɷɤɫɩɟɪɬɨɜ ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ 

ɷɤɫɩɟɪɬɵ ɨɰɟɧɢɜɚɥɢ ɞɢɫɰɢɩɥɢɧɵ ɫɭɛɴɟɤɬɢɜɧɨ, ɬ.ɟ. ɜ ɤɚɠɞɨɦ ɫɟɦɟɫɬɪɟ ɷɤɫɩɟɪɬ 

ɫɬɚɜɢɥ ɧɚ ɩɟɪɜɨɟ ɦɟɫɬɨ ɞɢɫɰɢɩɥɢɧɭ, ɤɨɬɨɪɭɸ ɨɧ ɫɱɢɬɚɥ ɥɭɱɲɟɣ ɜ ɞɚɧɧɨɦ 

ɫɟɦɟɫɬɪɟ ɢ ɫɪɚɜɧɢɜɚɥ ɨɫɬɚɥɶɧɵɟ ɞɢɫɰɢɩɥɢɧɵ ɫ ɧɟɣ. 

3.2.3 Ɇɟɬɨɞɵ ɪɚɧɠɢɪɨɜɚɧɢɹ 

ɉɨɥɭɱɟɧɧɵɟ ɦɚɬɪɢɰɵ ɫɭɦɦɚɪɧɵɯ ɨɬɧɨɲɟɧɢɣ ɢ ɜɟɫɨɜ ɨɛɥɚɞɚɸɬ ɛɨɥɶɲɢɦ 

ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɩɭɫɤɨɜ, ɞɥɹ ɪɟɲɟɧɢɹ ɩɪɨɛɥɟɦɵ ɩɪɨɩɭɫɤɨɜ ɤ ɦɚɬɪɢɰɚɦ ɛɵɥ 

ɩɪɢɦɟɧɟɧ ɦɟɬɨɞ ɩɨɩɨɥɧɟɧɢɹ (ɪɚɡɞɟɥ 1.2.3).  

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɢɬɨɝɨɜɨɝɨ ɪɚɧɠɢɪɨɜɚɧɢɹ ɩɪɢ ɩɨɦɨɳɢ ɦɟɬɨɞɚ ɫɬɪɨɱɧɵɯ 

ɫɭɦɦ ɢ ɨɛɨɛɳɟɧɧɨɝɨ ɦɟɬɨɞɚ ɫɬɪɨɱɧɵɯ ɫɭɦɦ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɩɨɩɨɥɧɟɧɧɵɦɢ 

ɦɚɬɪɢɰɚɦɢ ɫɭɦɦɚɪɧɵɯ ɨɬɧɨɲɟɧɢɣ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɢɦ ɢɬɨɝɨɜɵɟ 

ɪɚɧɠɢɪɨɜɚɧɢɹ (ɩɪɢɥɨɠɟɧɢɟ Ⱥ).  
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ɉɨɥɭɱɢɦ ɢɬɨɝɨɜɨɝɨ ɪɚɧɠɢɪɨɜɚɧɢɟ ɩɪɢ ɩɨɦɨɳɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ 

ɦɟɬɨɞɚ ɛɨɥɶɲɢɧɫɬɜɚ, ɞɥɹ ɷɬɨɝɨ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɩɨɩɨɥɧɟɧɧɨɣ ɦɚɬɪɢɰɟɣ ɜɟɫɨɜ ɢ 

ɩɨɥɭɱɢɦ ɢɬɨɝɨɜɨɟ ɪɚɧɠɢɪɨɜɚɧɢɟ (ɩɪɢɥɨɠɟɧɢɟ Ⱥ).  

Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ ɩɨɥɭɱɢɦ ɪɚɧɠɢɪɨɜɚɧɢɟ, ɨɫɧɨɜɚɧɧɨɟ ɧɚ ɫɪɟɞɧɟɣ ɨɰɟɧɤɟ 

ɷɤɫɩɟɪɬɨɜ ɩɨ ɞɢɫɰɢɩɥɢɧɟ (ɩɪɢɥɨɠɟɧɢɟ Ⱥ). 

Ɋɚɫɫɱɢɬɚɟɦ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɩɨɥɭɱɟɧɧɵɦɢ ɪɚɧɠɢɪɨɜɚɧɢɹɦɢ. Ɋɚɫɫɬɨɹɧɢɟ 

ɦɟɠɞɭ ɪɚɧɠɢɪɨɜɚɧɢɟ ɩɨ ɦɟɬɨɞɭ ɨɛɨɛɳɟɧɧɵɯ ɫɬɪɨɱɧɵɯ ɫɭɦɦ ɢ ɦɟɬɨɞɨɦ 

ɫɬɪɨɱɧɵɯ ɫɭɦɦ  𝑑஼ௌ௡𝑎௫஽ = Ͳ.ͳ͹͵. Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɨɛɨɛɳɟɧɧɵɦ ɦɟɬɨɞɨɦ 

ɫɬɪɨɱɧɵɯ ɫɭɦɦ ɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɦ ɦɟɬɨɞɨɦ ɛɨɥɶɲɢɧɫɬɜɚ 𝑑஼஻௡𝑎௫஽ = Ͳ.ͳͺ͹. 

Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɪɚɧɠɢɪɨɜɚɧɢɟ ɩɨ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɦ ɦɟɬɨɞɭ ɛɨɥɶɲɢɧɫɬɜɚ ɢ 

ɨɛɳɢɦ ɪɚɧɠɢɪɨɜɚɧɢɟɦ 𝑑஻𝑂௡𝑎௫஽ = Ͳ.Ͷͳͳͳ. Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɪɚɧɠɢɪɨɜɚɧɢɟ ɩɨ 

ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɦɭ ɦɟɬɨɞɭ ɛɨɥɶɲɢɧɫɬɜɚ ɢ ɦɟɬɨɞɨɦ ɫɬɪɨɱɧɵɯ ɫɭɦɦ 𝑑஻ௌ௡𝑎௫஽ =Ͳ.ʹͻ͸. Ɋɚɧɠɢɪɨɜɚɧɢɟ ɩɨ ɦɟɬɨɞɭ ɫɬɪɨɱɧɵɯ ɫɭɦɦ ɢ ɨɛɳɟɦɭ ɪɚɧɠɢɪɨɜɚɧɢɸ 𝑑ௌ𝑂௡𝑎௫஽ =Ͳ.͵Ͷ͵. 

3.2.4 ȼɵɜɨɞɵ 

ɉɪɢ ɚɧɚɥɢɡɟ ɪɚɫɫɬɨɹɧɢɣ ɦɟɠɞɭ ɪɟɡɭɥɶɬɚɬɚɦɢ ɪɚɧɠɢɪɨɜɚɧɢɣ ɦɟɠɞɭ 

ɞɢɫɰɢɩɥɢɧɚɦɢ, ɛɵɥɨ ɡɚɦɟɱɟɧɨ, ɱɬɨ ɪɟɡɭɥɶɬɚɬ, ɩɨɥɭɱɟɧɧɵɣ ɧɚ ɨɫɧɨɜɟ ɫɪɟɞɧɟɣ 

ɨɰɟɧɤɢ ɝɪɭɩɩ ɩɪɟɩɨɞɚɜɚɬɟɥɟɣ ɩɨ ɞɢɫɰɢɩɥɢɧɚɦɢ ɢ ɪɟɡɭɥɶɬɚɬ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ 

ɦɟɬɨɞɚ ɛɨɥɶɲɢɧɫɬɜɚ ɢ ɨɛɨɛɳɟɧɧɵɣ ɦɟɬɨɞɚ ɫɬɪɨɱɧɵɯ ɫɭɦɦ ɫɢɥɶɧɨ ɨɬɥɢɱɚɸɬɫɹ, 

ɤɚɤ ɞɜɚ ɫɥɭɱɚɣɧɵɯ ɪɚɧɠɢɪɨɜɚɧɢɹ. Ɉɫɬɚɥɶɧɵɟ ɪɚɫɫɬɨɹɧɢɟ ɬɚɤɠɟ ɜɟɥɢɤɢ. ɗɬɨ 

ɦɨɠɟɬ ɝɨɜɨɪɢɬɶ ɨ ɬɨɦ, ɱɬɨ ɧɚɲɟ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨ ɫɭɛɴɟɤɬɢɜɧɨɣ ɨɰɟɧɤɟ 

ɞɢɫɰɢɩɥɢɧ ɭɱɚɫɬɧɢɤɚɦɢ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ. Ⱦɪɭɝɚɹ ɜɨɡɦɨɠɧɚɹ ɩɪɢɱɢɧɚ ɬɚɤɢɯ 

ɪɟɡɭɥɶɬɚɬɨɜ – ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɩɭɫɤɨɜ. 
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3.3 Ɋɚɫɱёɬ ɢɬɨɝɨɜɨɝɨ ɪɟɣɬɢɧɝɚ ɩɪɟɩɨɞɚɜɚɬɟɥɟɣ 

3.3.1 ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

Ɉɰɟɧɤɢ ɫɬɭɞɟɧɬɚɦɢ ɤɚɱɟɫɬɜɚ ɩɪɟɩɨɞɚɜɚɧɢɹ ɞɢɫɰɢɩɥɢɧ ɢɡ ɩɪɟɞɵɞɭɳɟɣ 

ɡɚɞɚɱɢ ɛɵɥɢ ɫɝɪɭɩɩɢɪɨɜɚɧɵ ɩɨ ɩɪɟɩɨɞɚɜɚɬɟɥɹɦ ɞɢɫɰɢɩɥɢɧɵ. 

Ɍɚɤ ɤɚɤ ɩɪɟɩɨɞɚɜɚɬɟɥɟɣ ɦɟɧɶɲɟ, ɱɟɦ ɞɢɫɰɢɩɥɢɧ, ɬɨ ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɩɭɫɤɨɜ 

ɞɨɥɠɧɨ ɭɦɟɧɶɲɢɬɶɫɹ. 

ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɞɚɧɧɵɟ ɹɜɥɹɸɬɫɹ ɬɪɚɧɡɢɬɢɜɧɵɦɢ ɢ ɫɨɝɥɚɫɨɜɚɧɧɵɦɢ 

(ɟɫɥɢ ɨɞɧɚ ɝɪɭɩɩɚ ɫɱɢɬɚɟɬ ɩɪɟɩɨɞɚɜɚɬɟɥɹ Ⱥ ɥɭɱɲɟ ɩɪɟɩɨɞɚɜɚɬɟɥɹ Ȼ, ɚ ɞɪɭɝɚ 

ɝɪɭɩɩɚ ɫɱɢɬɚɟɬ Ȼ ɥɭɱɲɟ ȼ, ɬɨ ɦɨɠɧɨ ɭɬɜɟɪɠɞɚɬɶ ɨ ɬɨɦ, ɱɬɨ Ⱥ ɥɭɱɲɟ ȼ). 

ȼɵɞɜɢɝɚɟɬɫɹ ɝɢɩɨɬɟɡɚ ɨ ɬɨɦ, ɱɬɨ ɪɚɧɝɢ ɞɢɫɰɢɩɥɢɧ ɜɧɭɬɪɢ ɝɪɭɩɩɵ ɹɜɥɹɸɬɫɹ 

ɨɛɴɟɤɬɢɜɧɨɣ ɨɰɟɧɤɨɣ ɪɚɛɨɬɵ ɩɪɟɩɨɞɚɜɚɬɟɥɹ ɢ ɩɨɡɜɨɥɹɸɬ ɩɨɫɬɪɨɢɬɶ ɢɬɨɝɨɜɵɣ 

ɪɟɣɬɢɧɝ ɩɪɟɩɨɞɚɜɚɬɟɥɟɣ. 

3.3.2 ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɜɢɞɟ ɦɚɬɪɢɰɵ (ɬɚɛɥɢɰɚ 10). Ⱦɚɧɧɵɟ ɨ 

ɞɢɫɰɢɩɥɢɧɚɯ ɫɨɞɟɪɠɚɬ ɢɧɮɨɪɦɚɰɢɸ ɨ 244 ɩɪɟɩɨɞɚɜɚɬɟɥɹɯ, ɤɨɬɨɪɵɟ ɛɵɥɢ 

ɨɰɟɧɟɧɵ 124 ɷɤɫɩɟɪɬɚɦɢ. Ʉɨɥɢɱɟɫɬɜɨ ɨɰɟɧɨɤ ɪɚɜɧɨ 641. ɉɟɪɟɞ ɩɪɢɦɟɧɟɧɢɟɦ 

ɚɥɝɨɪɢɬɦɨɜ ɢɬɨɝɨɜɨɝɨ ɪɚɧɠɢɪɨɜɚɧɢɹ ɤ ɢɫɯɨɞɧɵɦ ɞɚɧɧɵɦ ɩɪɨɢɡɜɟɞёɦ ɢɯ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɜ ɦɚɬɪɢɰɵ ɫɭɦɦɚɪɧɵɯ ɨɬɧɨɲɟɧɢɣ ɢ ɦɚɬɪɢɰɭ ɜɟɫɨɜ.  

Ⱥɧɚɥɢɡɢɪɭɹ ɦɚɬɪɢɰɵ ɫɭɦɦɚɪɧɵɯ ɫɪɚɜɧɟɧɢɣ, ɛɵɥɨ ɡɚɦɟɱɟɧɨ, ɱɬɨ ɨɧɢ 

ɨɛɥɚɞɚɸɬ ɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɩɭɫɤɨɦ, ɞɥɹ ɭɦɟɧɶɲɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ 

ɩɪɨɩɭɫɤɨɦ ɛɵɥɨ ɪɟɲɟɧɨ ɭɞɚɥɢɬɶ ɞɢɫɰɢɩɥɢɧɵ, ɤɨɬɨɪɵɟ ɩɨɱɬɢ ɧɟ ɨɰɟɧɢɜɚɥɢɫɶ 

ɷɤɫɩɟɪɬɚɦɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɡ ɪɚɫɫɦɨɬɪɟɧɢɹ ɛɵɥɚ ɭɞɚɥɟɧɚ ɢɧɮɨɪɦɚɰɢɹ ɨ 162 

ɩɪɟɩɨɞɚɜɚɬɟɥɹɯ, ɜ ɩɨɫɥɟɞɭɸɳɟɦ ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ ɥɢɲɶ 82 ɩɪɟɩɨɞɚɜɚɬɟɥɹ, ɞɥɹ 

ɤɨɬɨɪɵɯ ɛɵɥɢ ɩɨɫɬɪɨɟɧɵ ɧɨɜɵɟ ɦɚɬɪɢɰɵ ɫɭɦɦɚɪɧɵɯ ɨɬɧɨɲɟɧɢɣ ɢ ɦɚɬɪɢɰɚ 

ɜɟɫɨɜ. 

ɉɪɢ ɪɚɫɱёɬɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɫɨɝɥɚɫɨɜɚɧɧɨɫɬɢ ɢ ɪɚɡɪɟɠɟɧɧɨɫɬɢ ɞɚɧɧɵɯ ɞɥɹ 

ɨɫɬɚɜɲɢɯɫɹ ɩɪɟɩɨɞɚɜɚɬɟɥɟɣ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ ɪɟɡɭɥɶɬɚɬɵ. Ɉɰɟɧɤɚ 

ɩɪɨɩɭɫɤɨɜ, ɨɛɭɫɥɨɜɥɟɧɧɵɯ ɬɟɦ, ɱɬɨɛɵ ɨɛɴɟɤɬɵ ɧɢ ɪɚɡɭ ɧɟ ɫɪɚɜɧɢɜɚɥɢɫɶ ܭ𝑧଴ =
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Ͳ.͹͹, ɡɧɚɱɟɧɢɟ ɞɚɧɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɝɨɜɨɪɢɬ ɧɚɦ ɨ ɬɨɦ, ɱɬɨ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 

ɢɦɟɸɬ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɩɭɫɤɨɜ, ɧɨ ɤɨɥ-ɜɨ ɩɪɨɩɭɫɤɨɜ ɦɟɧɶɲɟ, ɱɟɦ ɭ 

ɞɢɫɰɢɩɥɢɧ. Ɉɰɟɧɤɚ ɩɪɨɩɭɫɤɨɜ, ɨɛɭɫɥɨɜɥɟɧɧɵɯ ɬɟɦ, ɱɬɨɛɵ ɨɛɴɟɤɬɵ 

ɫɪɚɜɧɢɜɚɥɢɫɶ ɧɟ ɜɫɟɦɢ ɷɤɫɩɟɪɬɚɦɢ ܭ𝑧 = Ͳ.ͲͲͶ, ɞɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ 

ɝɨɜɨɪɢɬ ɨ ɬɨɦ, ɦɚɬɪɢɰɵ ɫɭɦɦɚɪɧɵɯ ɨɬɧɨɲɟɧɢɣ ɫɥɚɛɨ ɡɚɩɨɥɧɟɧɵ. Ɉɰɟɧɤɚ 

ɫɨɝɥɚɫɨɜɚɧɧɨɫɬɢ ɷɤɫɩɟɪɬɨɜ ɞɥɹ ɞɢɫɰɢɩɥɢɧ ܭ௦ = Ͳ.ͺʹ, ɝɨɜɨɪɢɬ ɞɨɜɨɥɶɧɨ ɛɨɥɶɲɨɣ 

ɫɨɝɥɚɫɨɜɚɧɧɨɫɬɢ ɷɤɫɩɟɪɬɨɜ. 

3.3.3 Ɇɟɬɨɞɵ ɪɚɧɠɢɪɨɜɚɧɢɹ 

ɉɨɥɭɱɟɧɧɵɟ ɦɚɬɪɢɰɵ ɫɭɦɦɚɪɧɵɯ ɨɬɧɨɲɟɧɢɣ ɢ ɜɟɫɨɜ ɨɛɥɚɞɚɸɬ ɛɨɥɶɲɢɦ 

ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɩɭɫɤɨɜ, ɞɥɹ ɪɟɲɟɧɢɹ ɩɪɨɛɥɟɦɵ ɩɪɨɩɭɫɤɨɜ ɤ ɦɚɬɪɢɰɚɦ ɛɵɥ 

ɩɪɢɦɟɧɟɧ ɦɟɬɨɞ ɩɨɩɨɥɧɟɧɢɹ (ɪɚɡɞɟɥ 1.2.3).  

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɢɬɨɝɨɜɨɝɨ ɪɚɧɠɢɪɨɜɚɧɢɹ ɩɪɢ ɩɨɦɨɳɢ ɦɟɬɨɞɚ ɫɬɪɨɱɧɵɯ 

ɫɭɦɦ ɢ ɨɛɨɛɳɟɧɧɨɝɨ ɦɟɬɨɞɚ ɫɬɪɨɱɧɵɯ ɫɭɦɦ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɩɨɩɨɥɧɟɧɧɵɦɢ 

ɦɚɬɪɢɰɚɦɢ ɫɭɦɦɚɪɧɵɯ ɨɬɧɨɲɟɧɢɣ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɢɦ ɢɬɨɝɨɜɵɟ 

ɪɚɧɠɢɪɨɜɚɧɢɹ (ɩɪɢɥɨɠɟɧɢɟ Ȼ).  

ɉɨɥɭɱɢɦ ɢɬɨɝɨɜɨɝɨ ɪɚɧɠɢɪɨɜɚɧɢɟ ɩɪɢ ɩɨɦɨɳɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ 

ɦɟɬɨɞɚ ɛɨɥɶɲɢɧɫɬɜɚ, ɞɥɹ ɷɬɨɝɨ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɩɨɩɨɥɧɟɧɧɨɣ ɦɚɬɪɢɰɟɣ ɜɟɫɨɜ ɢ 

ɩɨɥɭɱɢɦ ɢɬɨɝɨɜɨɟ ɪɚɧɠɢɪɨɜɚɧɢɟ (ɩɪɢɥɨɠɟɧɢɟ Ȼ).  

Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ ɩɨɥɭɱɢɦ ɪɚɧɠɢɪɨɜɚɧɢɟ, ɨɫɧɨɜɚɧɧɨɟ ɧɚ ɫɪɟɞɧɟɣ ɨɰɟɧɤɟ 

ɷɤɫɩɟɪɬɨɜ ɩɨ ɞɢɫɰɢɩɥɢɧɟ (ɩɪɢɥɨɠɟɧɢɟ Ȼ). 

ɉɟɪɟɞ ɩɪɨɜɟɞɟɧɢɟɦ ɚɧɚɥɢɡɚ ɜɵɱɢɫɥɢɦ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɩɨɥɭɱɟɧɧɵɦɢ 

ɪɚɧɠɢɪɨɜɚɧɢɹɦɢ ɞɥɹ ɩɪɟɩɨɞɚɜɚɬɟɥɟɣ. Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɪɚɧɠɢɪɨɜɚɧɢɟ ɩɨ 

ɦɟɬɨɞɭ ɨɛɨɛɳɟɧɧɵɯ ɫɬɪɨɱɧɵɯ ɫɭɦɦ ɢ ɦɟɬɨɞɨɦ ɫɬɪɨɱɧɵɯ ɫɭɦɦ  
𝑑஼ௌ௡𝑎௫஽ = Ͳ.Ͳͺͺ. 

Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɨɛɨɛɳɟɧɧɵɦ ɦɟɬɨɞɨɦ ɫɬɪɨɱɧɵɯ ɫɭɦɦ ɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɦ 

ɦɟɬɨɞɨɦ ɛɨɥɶɲɢɧɫɬɜɚ 𝑑஼஻௡𝑎௫஽ = Ͳ.Ͳͻʹ. Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɪɚɧɠɢɪɨɜɚɧɢɟ ɩɨ 

ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɦ ɦɟɬɨɞɭ ɛɨɥɶɲɢɧɫɬɜɚ ɢ ɨɛɳɢɦ ɪɚɧɠɢɪɨɜɚɧɢɟɦ 𝑑஻𝑂௡𝑎௫஽ =Ͳ.Ͷͳͳͺ. Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɪɚɧɠɢɪɨɜɚɧɢɟ ɩɨ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɦɭ ɦɟɬɨɞɭ 
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ɛɨɥɶɲɢɧɫɬɜɚ ɢ ɦɟɬɨɞɨɦ ɫɬɪɨɱɧɵɯ ɫɭɦɦ 𝑑஻ௌ௡𝑎௫஽ = Ͳ.ͳ͹͵. Ɋɚɧɠɢɪɨɜɚɧɢɟ ɩɨ ɦɟɬɨɞɭ 

ɫɬɪɨɱɧɵɯ ɫɭɦɦ ɢ ɨɛɳɟɦɭ ɪɚɧɠɢɪɨɜɚɧɢɸ 𝑑ௌ𝑂௡𝑎௫஽ = Ͳ.͵Ͷͺ. 

3.3.4 ȼɵɜɨɞɵ 

ȼɵɫɨɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɝɥɚɫɨɜɚɧɧɨɫɬɢ ɩɨɞɬɜɟɪɠɞɚɟɬ, ɱɬɨ ɞɚɧɧɵɟ 

ɹɜɥɹɸɬɫɹ ɬɪɚɧɡɢɬɢɜɧɵɦɢ ɢ ɫɨɝɥɚɫɨɜɚɧɧɵɦɢ. 

Ɋɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɦɟɬɨɞɨɦ ɫɬɪɨɱɧɵɯ ɫɭɦɦ ɢ ɪɟɡɭɥɶɬɚɬɵ, 

ɩɨɥɭɱɟɧɧɵɟ ɦɟɬɨɞɨɦ ɛɨɥɶɲɢɧɫɬɜɚ ɢ ɨɛɨɛɳɟɧɧɵɦ ɦɟɬɨɞɨɦ ɫɬɪɨɱɧɵɯ ɫɭɦɦ 

ɛɥɢɡɤɢ. ɗɬɨ ɦɨɠɟɬ ɝɨɜɨɪɢɬɶ ɨ ɬɨɦ, ɱɬɨ ɦɵ ɦɨɠɟɦ ɞɨɜɟɪɹɬɶ ɪɚɧɠɢɪɨɜɚɧɢɹɦ 

ɩɨɥɭɱɟɧɧɵɦ ɩɪɢ ɩɨɦɨɳɢ ɞɚɧɧɵɯ ɦɟɬɨɞɨɜ. Ɋɟɡɭɥɶɬɚɬ, ɩɨɥɭɱɟɧɧɵɣ ɧɚ ɨɫɧɨɜɟ 

ɛɚɥɥɨɜ ɫɢɥɶɧɨ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɨɫɬɚɥɶɧɵɯ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɜ ɢɬɨɝɨɜɵɣ ɪɟɣɬɢɧɝ, ɩɨɥɭɱɟɧɧɵɣ ɚɥɝɨɪɢɬɦɨɦ (ɪɚɡɞɟɥ 2) 

ɨɛɴɟɤɬɢɜɧɨ ɨɬɪɚɠɚɟɬ ɩɪɟɞɩɨɱɬɟɧɢɹ ɫɬɭɞɟɧɬɨɜ ɢ ɩɪɢ ɷɬɨɦ ɡɧɚɱɢɬɟɥɶɧɨ 

ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɬɪɚɞɢɰɢɨɧɧɨɝɨ ɪɟɣɬɢɧɝɚ ɧɚ ɨɫɧɨɜɟ ɫɪɟɞɧɢɯ ɛɚɥɥɨɜ. 
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ɁȺɄɅɘɑȿɇɂȿ 
 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɵɩɨɥɧɟɧɢɹ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɢ ɪɟɚɥɢɡɨɜɚɧɵ ɚɥɝɨɪɢɬɦɵ ɞɥɹ 

ɧɚɯɨɠɞɟɧɢɹ ɢɬɨɝɨɜɨɝɨ ɪɚɧɠɢɪɨɜɚɧɢɹ. ɉɨɫɥɟ ɪɚɛɨɬɵ ɞɚɧɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɛɵɥɨ 

ɩɪɨɢɡɜɟɞɟɧɨ ɭɬɨɱɧɟɧɢɟ ɪɚɧɝɚ ɨɛɴɟɤɬɚ ɜ ɢɬɨɝɨɜɨɦ ɪɚɧɠɢɪɨɜɚɧɢɢ. Ⱦɥɹ ɨɛɪɚɛɨɬɤɢ 

ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɣ ɢ ɞɚɥɶɧɟɣɲɟɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɛɵɥɚ ɧɚɩɢɫɚɧɚ ɩɪɨɝɪɚɦɦɚ, 

ɪɟɚɥɢɡɭɸɳɚɹ ɧɚɯɨɠɞɟɧɢɹ ɨɛɳɟɝɨ ɪɟɣɬɢɧɝɚ (ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ), ɦɟɬɨɞ ɫɬɪɨɱɧɵɯ 

ɫɭɦɦ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ ɦɟɬɨɞ ɛɨɥɶɲɢɧɫɬɜɚ, ɨɛɨɛɳɟɧɧɵɣ ɦɟɬɨɞ ɫɬɪɨɱɧɵɯ 

ɫɭɦɦ, ɩɨɩɨɥɧɟɧɢɟ ɦɚɬɪɢɰ, ɦɟɬɨɞ ɡɚɜɢɫɢɦɨɫɬɟɣ. 

ɉɨ ɪɟɡɭɥɶɬɚɬ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɚɡɪɚɛɨɬɚɧ ɚɥɝɨɪɢɬɦ ɞɥɹ ɭɬɨɱɧɟɧɢɹ ɪɚɧɝɚ 

ɨɛɴɟɤɬɚ ɜ ɢɬɨɝɨɜɨɦ ɪɚɧɠɢɪɨɜɚɧɢɢ. Ⱥɩɪɨɛɚɰɢɹ ɚɥɝɨɪɢɬɦɚ ɩɪɨɢɡɜɟɞɟɧɚ ɧɚ ɞɚɧɧɵɯ 

ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɬɟɫɬɢɪɨɜɚɧɢɹ ɂɄɂɌ ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɣ ɫɪɟɞɵ ɫɬɭɞɟɧɬɨɜ.  
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ɉɊɂɅɈɀȿɇɂȿ Ⱥ 

ɂɬɨɝɨɜɵɟ ɪɚɧɠɢɪɨɜɚɧɢɹ ɞɥɹ ɞɢɫɰɢɩɥɢɧ 

Ⱦɢɫɰɢɩɥɢɧɚ 
Ɇɟɬɨɞ 

ɑɟɛɨɬɚɪɟɜɚ 

Ɇɟɬɨɞ 
ɫɬɪɨɱ. 
ɋɭɦɦ 

Ɇɨɞ. ɦɟɬɨɞ 
ɛɨɥɶɲɢɧɫɬɜɚ 

ɋɪɟɞɧɹɹ 
ɨɰɟɧɤɚ 

SCADA-ɫɢɫɬɟɦɵ 61 45 61 35 

Ⱥɜɬɨɦɚɬɢɡɚɰɢɹ ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ 144 134 144 60 

Ⱥɜɬɨɦɚɬɢɡɚɰɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɢɡɜɨɞɫɬɜ 92 93 175 70 

Ⱥɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɫɢɫ. ɭɩɪ. 81 87 174 1 

Ⱥɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɟ ɢɧɮɨɪɦɚɰɢɨɧɧɨ-
ɭɩɪɚɜɥɹɸɳɢɟ ɫɢɫɬɟɦɵ 

66 61 66 29 

Ⱥɤɚɞɟɦɢɱɟɫɤɢɣ ɚɧɝɥɢɣɫɤɢɣ ɹɡɵɤ 28 17 28 42 

Ⱥɤɦɟɨɥɨɝɢɹ 145 132 145 81 

Ⱥɥɝɟɛɪɚ 147 31 147 59 

Ⱥɥɝɟɛɪɚ ɢ ɝɟɨɦɟɬɪɢɹ 159 11 159 52 

Ⱥɥɝɨɪɢɬɦɵ ɢ ɫɬɪɭɤɬɭɪɵ ɞɚɧɧɵɯ 93 15 93 48 

Ⱥɧɚɥɢɬɢɱɟɫɤɚɹ ɝɟɨɦɟɬɪɢɹ 120 74 120 58 

Ⱥɧɝɥɢɣɫɤɢɣ ɹɡɵɤ ɞɥɹ ɚɤɚɞɟɦɢɱɟɫɤɢɯ ɰɟɥɟɣ 90 80 176 63 

Ⱥɧɝɥɢɣɫɤɢɣ ɹɡɵɤ ɞɥɹ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɯ ɰɟɥɟɣ 30 10 30 48 

Ⱥɩɩɚɪɚɬɧɵɟ ɫɪɟɞɫɬɜɚ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɬɟɯɧɢɤɢ 74 40 177 37 

Ⱥɪɯɢɬɟɤɬɭɪɚ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ 135 38 135 58 

Ⱥɪɯɢɬɟɤɬɭɪɚ ɩɪɢɤɥɚɞɧɵɯ ɦɚɬ. ɩɪɨɝɪɚɦɦ 156 148 156 56 

Ȼɚɡɵ ɞɚɧɧɵɯ 164 121 164 73 

Ȼɟɡɨɩɚɫɧɨɫɬɶ ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ 170 173 170 93 

Ȼɟɫɩɪɨɜɨɞɧɵɟ ɢ ɫɟɧɫɨɪɧɵɟ ɫɟɬɢ 79 76 178 5 

ȼɜɟɞɟɧɢɟ ɜ ɢɧɠɟɧɟɪɧɭɸ ɞɟɹɬɟɥɶɧɨɫɬɶ 173 178 173 75 

ȼɜɟɞɟɧɢɟ ɜ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ 
ɧɚɜɢɝɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ 

92 77 179 87 

ȼɵɱɢɫɥɢɬɟɥɶɧɵɟ ɦɚɲɢɧɵ, ɫɢɫɬɟɦɵ ɢ ɫɟɬɢ 73 59 73 47 

ȼɵɱɢɫɥɢɬɟɥɶɧɵɟ ɫɟɬɢ 86 77 180 48 

Ƚɟɨɢɧɮɨɪɦɚɰɢɨɧɧɵɟ ɫɢɫɬɟɦɵ 84 47 181 43 

Ƚɟɨɢɧɮɨɪɦɚɰɢɨɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ 136 126 136 100 

Ƚɟɨɦɟɬɪɢɹ 105 69 105 101 

Ƚɢɛɪɢɞɧɵɟ ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɫɢɫɬɟɦɵ 81 87 183 1 

Ƚɥɨɛɚɥɶɧɚɹ ɢ ɦɧɨɝɨɤɪɢɬɟɪɢɚɥɶɧɚɹ ɨɩɬɢɦɢɡɚɰɢɹ 81 91 182 122 

Ⱦɢɫɤɪɟɬɧɚɹ ɦɚɬɟɦɚɬɢɤɚ 10 3 10 52 

Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ ɭɪɚɜɧɟɧɢɹ 77 39 77 61 

Ⱦɨɤɭɦɟɧɬɨɜɟɞɟɧɢɟ ɱɚɫɬɶ 2 108 103 108 38 

Ⱦɨɩɨɥɧɢɬɟɥɶɧɵɟ ɝɥɚɜɵ ɚɥɝɟɛɪɵ 84 56 84 91 

Ⱦɨɩɨɥɧɢɬɟɥɶɧɵɟ ɝɥɚɜɵ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ 52 34 52 82 

Ⱦɨɩɨɥɧɢɬɟɥɶɧɵɟ ɪɚɡɞɟɥɵ ɮɢɡɢɤɢ 94 98 94 107 

Ɂɚɳɢɬɚ ɢɧɮɨɪɦɚɰɢɢ 153 130 153 79 

Ɂɚɳɢɬɚ ɩɪɨɝɪɚɦɦ ɢ ɞɚɧɧɵɯ 112 86 112 25 

ɩɪɚɤɬɢɤɚ ɩɨ ɩɨɥɭɱɟɧɢɸ ɩɟɪɜɢɱɧɵɯ 
ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɯ ɭɦɟɧɢɣ. 

146 177 146 47 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ⱥ 
 

Ⱦɢɫɰɢɩɥɢɧɚ 
Ɇɟɬɨɞ 

ɑɟɛɨɬɚɪɟɜɚ 

Ɇɟɬɨɞ 
ɫɬɪɨɱ. 
ɋɭɦɦ 

Ɇɨɞ. ɦɟɬɨɞ 
ɛɨɥɶɲɢɧɫɬɜɚ 

ɋɪɟɞɧɹɹ 
ɨɰɟɧɤɚ 

ɂɧɠɟɧɟɪɧɚɹ ɝɪɚɮɢɤɚ ɢ ɨɫɧɨɜɵ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɝɨ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 

36 26 36 59 

ɂɧɠɟɧɟɪɧɚɹ ɢ ɤɨɦɩɶɸɬɟɪɧɚɹ ɝɪɚɮɢɤɚ 155 137 155 63 

ɂɧɨɫɬɪɚɧɧɵɣ ɹɡɵɤ 4 1 4 47 

ɂɧɫɬɪɭɦɟɧɬɚɥɶɧɵɟ ɫɪɟɞɫɬɜɚ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ 
ɫɢɫɬɟɦ 

140 141 140 81 

ɂɧɬɟɥɥɟɤɬɭɚɥɶɧɚɹ ɫɨɛɫɬɜɟɧɧɨɫɬɶ 95 92 95 43 

ɂɧɬɟɥɥɟɤɬɭɚɥɶɧɵɟ ɫɢɫɬɟɦɵ ɢ ɬɟɯɧɨɥɨɝɢɢ 98 75 98 100 

ɂɧɬɟɥɥɟɤɬɭɚɥɶɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɢ ɩɪɟɞɫɬɚɜɥɟɧɢɟ 
ɡɧɚɧɢɣ 

86 77 86 41 

ɂɧɬɟɪɧɟɬ ɩɪɟɞɩɪɢɧɢɦɚɬɟɥɶɫɬɜɨ 81 88 184 100 

ɂɧɬɟɪɧɟɬ-ɬɟɯɧɨɥɨɝɢɢ 139 123 139 94 

ɂɧɮɨɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɟ ɫɢɫɬɟɦɵ ɢ ɫɟɬɢ 132 122 132 89 

ɂɧɮɨɪɦɚɬɢɤɚ 165 119 165 65 

ɂɧɮɨɪɦɚɰɢɨɧɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ ɢ ɡɚɳɢɬɚ 
ɢɧɮɨɪɦɚɰɢɢ 

83 36 83 35 

ɂɧɮɨɪɦɚɰɢɨɧɧɚɹ ɫɬɪɭɤɬɭɪɚ ɩɪɟɞɩɪɢɹɬɢɹ 81 87 187 1 

ɂɧɮɨɪɦɚɰɢɨɧɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɫɢɫɬɟɦ 
ɭɩɪɚɜɥɟɧɢɹ 

79 85 186 53 

ɂɧɮɨɪɦɚɰɢɨɧɧɵɟ ɫɢɫɬɟɦɵ ɤɨɧɬɪɨɥɹ ɢ 
ɭɩɪɚɜɥɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɩɪɨɰɟɫɫɚɦɢ 

81 87 185 1 

ɂɧɮɨɪɦɚɰɢɨɧɧɵɟ ɫɢɫɬɟɦɵ ɧɚ ɩɪɟɞɩɪɢɹɬɢɹɯ 151 156 151 108 

ɂɧɮɨɪɦɚɰɢɨɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ 169 171 169 78 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɨɩɟɪɚɰɢɣ 107 100 188 49 

ɂɫɬɨɪɢɹ 9 6 9 42 

ɂɫɬɨɪɢɹ Ɉɬɟɱɟɫɬɜɚ 38 33 38 15 

ɂɫɬɨɪɢɹ ɦɚɬɟɦɚɬɢɤɢ ɢ ɢɧɮɨɪɦɚɬɢɤɢ 124 128 124 48 

Ʉɨɦɚɧɞɧɵɣ ɤɭɪɫɨɜɨɣ ɩɪɨɟɤɬ 160 146 160 61 

Ʉɨɦɚɧɞɧɵɣ ɤɭɪɫɨɜɨɣ ɩɪɨɟɤɬ "Ʉɨɪɩɨɪɚɬɢɜɧɵɟ 
ɩɪɢɥɨɠɟɧɢɹ" 

57 37 189 42 

Ʉɨɦɚɧɞɧɵɣ ɤɭɪɫɨɜɨɣ ɩɪɨɟɤɬ "ɉɪɢɥɨɠɟɧɢɹ ɧɚ 
ɩɥɚɬɮɨɪɦɟ 1C" 

128 127 128 51 

Ʉɨɦɩɶɸɬɟɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ 43 32 43 34 

Ʉɨɦɩɶɸɬɟɪɧɚɹ ɝɪɚɮɢɤɚ 116 73 116 72 

Ʉɨɦɩɶɸɬɟɪɧɨɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ 96 108 96 119 

Ʉɨɦɩɶɸɬɟɪɧɵɟ ɫɟɬɢ 122 129 190 49 

Ʉɨɪɩɨɪɚɬɢɜɧɵɟ ɂɋ 37 25 37 43 

Ʉɪɢɩɬɨɝɪɚɮɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɡɚɳɢɬɵ ɢɧɮɨɪɦɚɰɢɢ 127 124 127 122 

Ʉɪɢɩɬɨɝɪɚɮɢɱɟɫɤɢɟ ɩɪɨɬɨɤɨɥɵ 75 72 191 53 

Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɥɨɝɢɤɚ ɢ ɬɟɨɪɢɹ ɚɥɝɨɪɢɬɦɨɜ 11 5 11 41 

Ɇɚɬɟɦɚɬɢɱɟɫɤɢɟ ɨɫɧɨɜɵ ɬɟɨɪɢɢ ɧɚɞёɠɧɨɫɬɢ 115 113 115 129 

Ɇɚɬɟɦɚɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ 3 2 3 42 

Ɇɚɬɟɦɚɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ. Ⱦɨɩɨɥɧɢɬɟɥɶɧɵɟ ɝɥɚɜɵ 31 28 31 66 

Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɨɛɴɟɤɬɨɜ 81 87 192 1 

əɡɵɤɢ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ. Ⱦɨɩ. ɪɚɡɞɟɥɵ 130 168 130 64 
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Ⱦɢɫɰɢɩɥɢɧɚ 
Ɇɟɬɨɞ 

ɑɟɛɨɬɚɪɟɜɚ 

Ɇɟɬɨɞ 
ɫɬɪɨɱ. 
ɋɭɦɦ 

Ɇɨɞ. ɦɟɬɨɞ 
ɛɨɥɶɲɢɧɫɬɜɚ 

ɋɪɟɞɧɹɹ 
ɨɰɟɧɤɚ 

Ɇɚɬɟɪɢɚɥɨɜɟɞɟɧɢɟ 107 93 107 41 

Ɇɟɠɞɢɫɰɢɩɥɢɧɚɪɧɵɣ ɤɭɪɫɨɜɨɣ ɩɪɨɟɤɬ 73 57 193 49 

Ɇɟɠɞɢɫɰɢɩɥɢɧɚɪɧɵɣ ɤɭɪɫɨɜɨɣ ɩɪɨɟɤɬ ɛɚɡ. ɭɪ. 163 176 163 105 

Ɇɟɬɨɞɢɱɟɫɤɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɭɱɟɛɧɵɯ ɞɢɫɰɢɩɥɢɧ 79 84 196 1 

Ɇɟɬɨɞɨɥɨɝɢɱɟɫɤɢɟ ɚɫɩɟɤɬɵ ɪɚɡɪɚɛɨɬɤɢ 
ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ 

90 96 195 78 

Ɇɟɬɨɞɨɥɨɝɢɹ ɭɱɟɛɧɨɝɨ ɩɥɚɧɢɪɨɜɚɧɢɹ 79 84 194 1 

Ɇɟɬɨɞɵ ɢ ɫɢɫɬɟɦɵ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ 109 70 109 57 

Ɇɟɬɨɞɵ ɢ ɫɪɟɞɫɬɜɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 
ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ ɢ ɬɟɯɧɨɥɨɝɢɣ 

97 120 97 63 

Ɇɟɬɨɞɵ ɨɛɪɚɛɨɬɤɢ ɚɷɪɨɤɨɫɦɢɱɟɫɤɨɣ ɢɧɮɨɪɦɚɰɢɢ 68 68 197 24 

Ɇɟɬɨɞɵ ɨɩɬɢɦɢɡɚɰɢɢ 39 24 39 30 

Ɇɟɬɨɞɵ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ ɜ ɫɥɨɠɧɵɯ ɫɢɫɬɟɦɚɯ 79 84 198 1 

Ɇɟɬɨɞɵ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɋȺɉɊ 
ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɫɢɫɬɟɦ 

162 165 162 115 

Ɇɟɬɪɨɥɨɝɢɹ, ɫɬɚɧɞɚɪɬɢɡɚɰɢɹ ɢ ɫɟɪɬɢɮɢɤɚɰɢɹ 154 150 154 79 

Ɇɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɟ ɫɢɫɬɟɦɵ 26 22 26 25 

Ɇɨɞɟɥɢ ɢ ɦɟɬɨɞɵ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɢɧɬɟɥɥɟɤɬɚ 74 72 74 12 

Ɇɨɞɟɥɢ ɫɬɨɯɚɫɬɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ 161 166 161 79 

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɫɢɫɬɟɦ 149 154 149 99 

Ɇɭɥɶɬɢɦɟɞɢɚ ɬɟɯɧɨɥɨɝɢɢ 100 107 100 62 

ɇɚɞɟɠɧɨɫɬɶ ɂɋ 121 139 121 76 

ɇɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɚɹ ɪɚɛɨɬɚ 134 144 134 52 

ɇɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɫɟɦɢɧɚɪ 79 84 199 1 

Ɉɛɴɟɤɬɧɨ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ 167 175 167 103 

Ɉɩɟɪɚɰɢɨɧɧɵɟ ɫɢɫɬɟɦɵ 8 7 8 31 

Ɉɩɟɪɚɰɢɨɧɧɵɟ ɫɢɫɬɟɦɵ ɢ ɫɟɬɢ ɗȼɆ 101 112 101 64 

Ɉɪɝɚɧɢɡɚɰɢɨɧɧɨɟ ɢ ɩɪɚɜɨɜɨɟ ɨɛɟɫɩɟɱɟɧɢɟ 
ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ 

54 53 54 14 

Ɉɪɝɚɧɢɡɚɰɢɹ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɢ 
ɩɪɨɟɤɬɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ 

69 74 69 67 

Ɉɪɝɚɧɢɡɚɰɢɹ ɩɪɨɰɟɫɫɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 
ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ 

81 87 200 1 

Ɉɫɧɨɜɵ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ 85 84 85 22 

Ɉɫɧɨɜɵ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ 131 143 131 101 

Ɉɫɧɨɜɵ ɩɨɫɬɪɨɟɧɢɹ ɬɪɚɧɫɥɹɬɨɪɨɜ 79 81 201 22 

Ɉɫɧɨɜɵ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ 172 183 172 70 

Ɉɫɧɨɜɵ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɬɟɯɧɨɥ. ɩɪɨɰɟɫɫɨɜ 89 83 89 34 

Ɉɫɧɨɜɵ ɫɟɬɟɜɵɯ ɬɟɯɧɨɥɨɝɢɣ ɢ ɩɪɨɬɨɤɨɥɨɜ 50 42 50 36 

Ɉɫɧɨɜɵ ɫɢɫɬɟɦɧɵɯ ɩɪɟɞɫɬɚɜɥɟɧɢɣ 106 95 106 62 

Ɉɫɧɨɜɵ ɬɨɩɨɥɨɝɢɢ 47 44 47 45 

Ɉɫɧɨɜɵ ɭɩɪɚɜɥɟɧɱɟɫɤɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ 74 79 202 45 

Ɉɫɧɨɜɵ ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ 76 76 76 49 
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ɉɚɪɚɞɢɝɦɵ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ 69 69 203 35 

ɉɚɪɚɥɥɟɥɶɧɨɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ 57 66 57 24 

ɉɚɪɚɥɥɟɥɶɧɵɟ ɢ ɪɚɫɩɪɟɞɟɥɟɧɧɵɟ ɜɵɱɢɫɥɟɧɢɹ 114 112 114 70 

ɉɚɪɚɥɥɟɥɶɧɵɟ ɢ ɪɚɫɩɪɟɞɟɥɟɧɧɵɟ 
ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɫɢɫɬɟɦɵ 

27 27 27 41 

ɉɨɥɢɬɨɥɨɝɢɹ 102 109 204 46 

ɉɪɚɜɨɜɟɞɟɧɢɟ 33 30 33 57 

ɉɪɚɤɬɢɤɚ ɩɨ ɩɨɥɭɱɟɧɢɸ ɩɟɪɜɢɱɧɵɯ 
ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɯ ɭɦɟɧɢɣ ɢ ɧɚɜɵɤɨɜ 

110 115 110 68 

ɉɪɚɤɬɢɤɚ ɩɨ ɩɨɥɭɱɟɧɢɸ ɩɟɪɜɢɱɧɵɯ 
ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɯ ɭɦɟɧɢɣ ɢ ɧɚɜɵɤɨɜ 

(ɉɟɞɚɝɨɝɢɱɟɫɤɚɹ) 
79 84 79 1 

ɉɪɚɤɬɢɤɚ ɩɨ ɩɨɥɭɱɟɧɢɸ ɩɟɪɜɢɱɧɵɯ 
ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɯ ɭɦɟɧɢɣ ɢ ɧɚɜɵɤɨɜ (ɧɚɭɱɧɨ-

ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɚɹ) 
119 128 205 44 

ɉɪɚɤɬɢɤɚ ɩɨ ɩɨɥɭɱɟɧɢɸ ɩɟɪɜɢɱɧɵɯ 
ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɯ ɭɦɟɧɢɣ ɢ ɧɚɜɵɤɨɜ, ɜ ɬɨɦ 
ɱɢɫɥɟ ɩɟɪɜɢɱɧɵɯ ɭɦɟɧɢɣ ɢ ɧɚɜɵɤɨɜ ɧɚɭɱɧɨ-

ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ 

166 174 166 68 

ɉɪɚɤɬɢɤɚ ɩɨ ɩɨɥɭɱɟɧɢɸ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɯ 
ɭɦɟɧɢɣ ɢ ɨɩɵɬɚ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ 

55 49 55 56 

ɉɪɚɤɬɢɤɚ ɩɨ ɩɨɥɭɱɟɧɢɸ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɯ 
ɭɦɟɧɢɣ ɢ ɨɩɵɬɚ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ 

ɩɪɚɤɬɢɤɚ 
138 142 138 67 

ɉɪɟɞɞɢɩɥɨɦɧɚɹ ɩɪɚɤɬɢɤɚ 82 92 82 44 

ɉɪɢɤɥɚɞɧɚɹ ɬɟɨɪɢɹ ɰɢɮɪɨɜɵɯ ɚɜɬɨɦɚɬɨɜ 17 14 17 31 

ɉɪɢɤɥɚɞɧɚɹ ɮɢɡɢɱɟɫɤɚɹ ɤɭɥɶɬɭɪɚ 21 65 21 52 

ɉɪɢɤɥɚɞɧɚɹ ɮɢɡɢɱɟɫɤɚɹ ɤɭɥɶɬɭɪɚ (ɷɥɟɤɬɢɜɧɚɹ) 5 9 5 44 

ɉɪɢɤɥɚɞɧɚɹ ɮɢɡɢɱɟɫɤɚɹ ɤɭɥɶɬɭɪɚ (ɷɥɟɤɬɢɜɧɵɣ) 45 51 45 18 

ɉɪɢɤɥɚɞɧɚɹ ɮɢɡɢɱɟɫɤɚɹ ɤɭɥɶɬɭɪɚ ɢ ɫɩɨɪɬ 24 55 24 49 

ɉɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ ɧɚ COS ɜ Intersystems Cache 44 43 44 41 

ɉɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ ɧɚ Java ɞɥɹ Android 111 131 111 30 

ɉɪɨɝɪɚɦɦɢɪɭɟɦɵɟ ɥɨɝɢɱɟɫɤɢɟ ɢɧɬɟɝɪɚɥɶɧɵɟ 
ɫɯɟɦɵ 

102 109 102 19 

ɉɪɨɝɪɚɦɦɧɨ-ɚɩɩɚɪɚɬɧɵɟ ɫɪɟɞɫɬɜɚ ɡɚɳɢɬɵ 
ɢɧɮɨɪɦɚɰɢɢ 

75 98 206 56 

ɉɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɦɨɛɢɥɶɧɵɯ ɫɢɫɬɟɦ 103 104 103 37 

ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɂɍɋ 41 46 41 48 

ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɫɢɫɬɟɦ 
ɭɩɪɚɜɥɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɩɪɨɰɟɫɫɚɦɢ 

73 79 207 17 

ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɢ ɚɪɯɢɬɟɤɬɭɪɚ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ 
ɫɢɫɬɟɦ 

150 163 150 112 

ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɢ ɪɚɡɪɚɛɨɬɤɚ 
ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ 

81 87 208 1 

ɉɪɨɮɟɫɫɢɨɧɚɥɶɧɨ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɣ ɚɧɝ. ɹɡɵɤ 13 12 13 29 

ɉɪɨɮɟɫɫɢɨɧɚɥɶɧɨ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɣ 
ɢɧɨɫɬɪɚɧɧɵɣ ɹɡɵɤ 

16 21 16 26 

Ɋɚɡɪɚɛɨɬɤɚ web-ɩɪɢɥɨɠɟɧɢɣ 12 13 12 21 

əɡɵɤɢ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ 48 153 48 55 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ⱥ 
 

Ⱦɢɫɰɢɩɥɢɧɚ 
Ɇɟɬɨɞ 

ɑɟɛɨɬɚɪɟɜɚ 

Ɇɟɬɨɞ 
ɫɬɪɨɱ. 
ɋɭɦɦ 

Ɇɨɞ. ɦɟɬɨɞ 
ɛɨɥɶɲɢɧɫɬɜɚ 

ɋɪɟɞɧɹɹ 
ɨɰɟɧɤɚ 

Ɋɚɫɩɪɟɞɟɥɟɧɧɚɹ ɨɛɪɚɛɨɬɤɚ ɢɧɮɨɪɦɚɰɢɢ 69 74 209 67 

Ɋɟɲɟɧɢɟ ɨɩɬɢɦɢɡɚɰɢɨɧɧɵɯ ɡɚɞɚɱ ɩɪɨɝɪɚɦɦɧɵɦɢ 
ɫɪɟɞɫɬɜɚɦɢ 

158 169 158 66 

ɋɟɬɟɜɵɟ Ɉɋ ɢ ɚɞɦɢɧɢɫɬɪɢɪɨɜɚɧɢɟ ɫɟɬɟɣ 133 152 133 37 

ɋɟɬɢ ɢ ɫɢɫɬɟɦɵ ɩɟɪɟɞɚɱɢ ɢɧɮɨɪɦɚɰɢɢ 108 118 210 95 

ɋɟɬɢ ɢ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɢ 64 101 64 50 

ɋɢɫɬɟɦɧɨɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ 18 23 18 26 

ɋɢɫɬɟɦɧɨɟ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ 29 58 29 42 

ɋɢɫɬɟɦɧɵɣ ɚɧɚɥɢɡ, ɨɩɬɢɦɢɡɚɰɢɹ ɢ ɩɪɢɧɹɬɢɟ 
ɪɟɲɟɧɢɣ 

63 62 63 10 

ɋɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɛɚɡɚɦɢ ɞɚɧɧɵɯ 148 160 148 165 

ɋɨɜɪɟɦɟɧɧɵɟ ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɫɢɫɬɟɦɵ 90 102 90 78 

ɋɨɜɪɟɦɟɧɧɵɟ ɢɧɮɨɪɦɚɰɢɨɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ 99 90 99 55 

ɋɨɜɪɟɦɟɧɧɵɟ ɩɪɨɛɥɟɦɵ ɬɟɨɪɢɢ ɭɩɪɚɜɥɟɧɢɹ 81 87 81 1 

ɋɩɟɰ. ɝɥɚɜɵ ɚɧɝɥɢɣɫɤɨɝɨ ɹɡɵɤɚ 15 16 15 19 

ɋɩɟɰɝɥɚɜɵ ɚɧɝɥɢɣɫɤɨɝɨ ɹɡɵɤɚ 20 20 20 41 

ɋɩɟɰɝɥɚɜɵ ɚɧɝɥɢɣɫɤɨɝɨ ɹɡɵɤɚ. ɑɚɫɬɶ 2. 70 64 70 40 

ɋɩɟɰɢɚɥɶɧɵɟ ɝɥɚɜɵ ɚɧɝɥɢɣɫɤɨɝɨ ɹɡɵɤɚ 78 84 78 1 

ɋɯɟɦɨɬɟɯɧɢɤɚ 80 97 80 74 

ɋɯɟɦɨɬɟɯɧɢɤɚ ɗȼɆ 137 158 137 108 

Ɍɟɨɪɟɬɢɱɟɫɤɚɹ ɦɟɯɚɧɢɤɚ 72 116 72 85 

Ɍɟɨɪɢɹ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 23 29 23 29 

Ɍɟɨɪɢɹ ɚɜɬɨɦɚɬɨɜ ɢ ɮɨɪɦɚɥɶɧɵɯ ɹɡɵɤɨɜ 62 67 62 1 

Ɍɟɨɪɢɹ ɛɚɡ ɞɚɧɧɵɯ 126 161 126 48 

Ɍɟɨɪɢɹ ɜɟɪɨɹɬɧɨɫɬɟɣ 142 167 142 50 

Ɍɟɨɪɢɹ ɜɟɪɨɹɬɧɨɫɬɟɣ ɢ ɦɚɬ. ɋɬɚɬ. 56 52 56 70 

Ɍɟɨɪɢɹ ɜɟɪɨɹɬɧɨɫɬɟɣ, ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɫɬɚɬɢɫɬɢɤɚ 
ɢ ɬɟɨɪɢɹ ɫɥɭɱɚɣɧɵɯ ɩɪɨɰɟɫɫɨɜ 

35 35 35 67 

Ɍɟɨɪɢɹ ɜɟɪɨɹɬɧɨɫɬɢ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɫɬɚɬɢɫɬɢɤɚ 7 8 7 24 

Ɍɟɨɪɢɹ ɢ ɩɪɚɤɬɢɤɚ ɷɮɮɟɤɬɢɜɧɨɝɨ ɪɟɱ. ɨɛɳ. 22 162 22 56 

Ɍɟɨɪɢɹ ɢ ɬɟɯɧɨɥɨɝɢɹ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ 141 155 141 68 

Ɍɟɨɪɢɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɢ ɫɢɫɬɟɦ 118 149 118 40 

Ɍɟɨɪɢɹ ɩɨɢɫɤɚ ɢɧɧɨɜɚɰɢɨɧɧɵɯ ɪɟɲɟɧɢɣ 71 99 71 31 

Ɍɟɨɪɢɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɛɪɚɡɨɜ 60 78 60 50 

Ɍɟɨɪɢɹ ɫɢɫɬɟɦ 32 50 32 20 

Ɍɟɨɪɢɹ ɭɩɪɚɜɥɟɧɢɹ 87 138 87 40 

Ɍɟɨɪɢɹ ɮɭɧɤɰɢɣ ɤɨɦɩɥɟɤɫɧɨɝɨ ɩɟɪɟɦɟɧɧɨɝɨ 59 71 59 54 

Ɍɟɨɪɢɹ ɱɢɫɟɥ 51 55 51 44 

Ɍɟɨɪɢɹ ɹɡɵɤɨɜ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ 46 48 46 3 

Ɍɟɯɧɢɱɟɫɤɚɹ ɡɚɳɢɬɚ ɢɧɮɨɪɦɚɰɢɢ 79 110 211 70 

Ɍɟɯɧɨɥɨɝɢɢ ɨɛɪɚɛɨɬɤɢ ɢɧɮɨɪɦɚɰɢɢ 49 135 49 53 

əɡɵɤ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ C# 68 106 68 55 
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Ɉɤɨɧɱɚɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ⱥ 
 

Ⱦɢɫɰɢɩɥɢɧɚ 
Ɇɟɬɨɞ 

ɑɟɛɨɬɚɪɟɜɚ 

Ɇɟɬɨɞ 
ɫɬɪɨɱ. 
ɋɭɦɦ 

Ɇɨɞ. ɦɟɬɨɞ 
ɛɨɥɶɲɢɧɫɬɜɚ 

ɋɪɟɞɧɹɹ 
ɨɰɟɧɤɚ 

Ɍɟɯɧɨɥɨɝɢɢ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ 40 89 40 41 

Ɍɟɯɧɨɥɨɝɢɹ ɢ ɦɟɬɨɞɵ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ 81 90 212 106 

Ɍɟɯɧɨɥɨɝɢɹ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɢ ɪɚɡɪɚɛɨɬɤɚ 
ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ 

129 145 129 57 

Ɍɟɯɧɨɥɨɝɢɹ ɪɚɡɪɚɛɨɬɤɢ ɩɪɨɝɪɚɦɦɧɨɝɨ 
ɨɛɟɫɩɟɱɟɧɢɹ 

123 140 123 69 

Ɍɪɚɧɫɥɹɬɨɪɵ 42 60 42 41 

ɍɩɪɚɜɥɟɧɢɟ ɜ ɨɪɝɚɧɢɡɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦɚɯ 86 96 213 24 

ɍɩɪɚɜɥɟɧɢɟ ɞɚɧɧɵɦɢ 14 19 14 20 

ɍɩɪɚɜɥɟɧɢɟ ɞɚɧɧɵɦɢ ɜ ɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦɚɯ 75 94 75 14 

ɍɩɪɚɜɥɟɧɢɟ ɩɪɨɝɪɚɦɦɧɵɦɢ ɩɪɨɟɤɬɚɦɢ 113 164 113 40 

ɍɪɚɜɧɟɧɢɹ ɜ ɱɚɫɬɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ 92 114 92 72 

ɍɱɟɛɧɚɹ ɩɪɚɤɬɢɤɚ 119 133 119 163 

Ɏɢɡɢɤɚ 171 184 171 70 

Ɏɢɡɢɱɟɫɤɚɹ ɤɭɥɶɬɭɪɚ 6 182 6 55 

Ɏɢɡɢɱɟɫɤɚɹ ɤɭɥɶɬɭɪɚ ɢ ɫɩɨɪɬ 19 54 19 44 

ɉɪɢɤɥɚɞɧɚɹ ɮɢɡɢɱɟɫɤɚɹ ɤɭɥɶɬɭɪɚ 143 170 143 70 

Ɏɢɥɨɫɨɮɢɹ 1 4 1 21 

Ɏɭɧɤɰɢɨɧɚɥɶɧɨɟ ɢ ɥɨɝɢɱɟɫɤɨɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ 90 111 215 10 

Ɏɭɧɤɰɢɨɧɚɥɶɧɵɣ ɚɧɚɥɢɡ 65 125 65 84 

ɏɢɦɢɹ 157 180 157 58 

ɏɪɚɧɢɥɢɳɚ ɞɚɧɧɵɯ 91 102 91 12 

ɐɢɮɪɨɜɚɹ ɨɛɪɚɛɨɬɤɚ ɫɢɝɧɚɥɨɜ 58 105 58 74 

ɑɢɫɥɟɧɧɵɟ ɦɟɬɨɞɵ 81 117 214 58 

ɗȼɆ ɢ ɩɟɪɢɮɟɪɢɣɧɵɟ ɭɫɬɪɨɣɫɬɜɚ 25 63 25 29 

ɗɤɨɥɨɝɢɹ 2 18 2 30 

ɗɤɨɧɨɦɢɤɚ 168 181 168 58 

ɗɤɨɧɨɦɢɤɚ ɩɪɨɝɪɚɦɦɧɨɣ ɢɧɠɟɧɟɪɢɢ 104 159 104 55 

ɗɥɟɤɬɢɜɧɵɟ ɤɭɪɫɵ ɩɨ ɮɢɡɢɱɟɫɤɨɣ ɤɭɥɶɬɭɪɟ 125 157 125 85 

ɗɥɟɤɬɪɨɧɢɤɚ ɢ ɫɯɟɦɨɬɟɯɧɢɤɚ 88 136 88 46 

ɗɥɟɤɬɪɨɧɢɤɚ ɢ ɫɯɟɦɨɬɟɯɧɢɤɚ. Ⱦɨɩ. ɪɚɡɞɟɥɵ 34 41 34 21 

ɗɥɟɤɬɪɨɧɧɵɟ ɨɛɪɚɡɨɜɚɬɟɥɶɧɵɟ ɪɟɫɭɪɫɵ 79 84 0 1 

ɗɥɟɤɬɪɨɬɟɯɧɢɤɚ 53 82 53 41 

ɗɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ ɷɥɟɤɬɪɨɧɢɤɚ 67 179 67 58 

ɗɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ ɫɯɟɦɨɬɟɯɧɢɤɚ 117 147 117 42 

ɗɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ ɫɯɟɦɨɬɟɯɧɢɤɚ. ɑɚɫɬɶ 2 122 151 122 119 

ɗɥɟɦɟɧɬɵ ɢ ɭɫɬɪɨɣɫɬɜɚ ɚɜɬɨɦɚɬɢɤɢ 152 172 152 149 
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ɉɊɂɅɈɀȿɇɂȿ Ȼ 

ɂɬɨɝɨɜɵɟ ɪɚɧɠɢɪɨɜɚɧɢɹ ɞɥɹ ɩɪɟɩɨɞɚɜɚɬɟɥɟɣ 

 

ɉɪɟɩɨɞɚɜɚɬɟɥɶ Ɇɟɬɨɞ ɑɟɛɨɬɚɪɟɜɚ 
Ɇɟɬɨɞ ɫɬɪɨɱɧɵɯ 

ɫɭɦɦ 

Ɇɨɞ. ɦɟɬɨɞ 

ɛɨɥɶɲɢɧɫɬɜɚ 
ɋɪɟɞɧɹɹ ɨɰɟɧɤɚ 

1 68 61 68 52 

106 39 34 39 6 

11 34 12 34 21 

110 75 70 75 45 

111 58 51 58 23 

12 53 48 53 25 

121 13 7 13 16 

127 56 36 56 35 

13 31 13 31 42 

130 1 1 1 4 

131 4 3 4 18 

132 69 66 69 35 

14 30 30 30 22 

144 67 64 67 14 

146 65 58 65 7 

149 51 47 51 12 

150 64 60 64 39 

151 48 43 48 34 

153 76 78 76 51 

154 47 42 47 6 

16 8 5 77 1 

163 26 23 26 17 

164 7 6 7 3 

167 2 2 2 26 

17 37 39 37 1 

173 9 9 9 29 

176 9 9 78 29 

187 42 40 42 38 

19 72 71 72 12 

197 20 26 20 1 

2 15 15 15 11 

20 35 38 35 1 

203 28 32 28 1 

204 28 32 79 1 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 

 

ɉɪɟɩɨɞɚɜɚɬɟɥɶ Ɇɟɬɨɞ ɑɟɛɨɬɚɪɟɜɚ 
Ɇɟɬɨɞ ɫɬɪɨɱɧɵɯ 

ɫɭɦɦ 

Ɇɨɞ. ɦɟɬɨɞ 

ɛɨɥɶɲɢɧɫɬɜɚ 
ɋɪɟɞɧɹɹ ɨɰɟɧɤɚ 

21 61 62 61 43 

22 71 72 71 20 

220 3 4 3 13 

229 22 28 22 25 

23 45 46 45 28 

231 24 29 24 33 

237 18 19 18 22 

238 21 27 21 24 

24 73 74 73 21 

25 19 22 19 1 

26 17 21 17 9 

27 63 65 63 20 

28 50 53 50 19 

29 36 39 80 1 

3 8 10 81 1 

30 38 41 38 48 

32 60 63 60 46 

33 14 20 14 1 

38 11 16 11 32 

4 74 77 74 40 

41 32 37 32 41 

43 16 25 16 42 

45 23 31 23 44 

48 43 50 43 38 

5 36 39 36 1 

51 12 18 12 30 

57 40 45 40 15 

58 70 75 70 31 

6 8 11 0 1 

60 27 33 27 2 

62 44 49 44 5 

63 57 59 57 34 

64 55 56 55 10 

65 59 67 59 36 

7 33 54 33 39 
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Ɉɤɨɧɱɚɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ȼ 

 

 

 

 

 

 

 

 

 

 
 

ɉɪɟɩɨɞɚɜɚɬɟɥɶ Ɇɟɬɨɞ ɑɟɛɨɬɚɪɟɜɚ 
Ɇɟɬɨɞ ɫɬɪɨɱɧɵɯ 

ɫɭɦɦ 

Ɇɨɞ. ɦɟɬɨɞ 

ɛɨɥɶɲɢɧɫɬɜɚ 
ɋɪɟɞɧɹɹ ɨɰɟɧɤɚ 

71 66 73 66 41 

72 41 52 41 16 

79 29 35 29 40 

80 46 55 46 29 

82 5 8 5 18 

85 10 24 10 8 

86 52 69 52 37 

87 54 68 54 49 

9 8 17 8 1 

90 49 57 49 47 

95 25 44 25 34 

98 62 76 62 50 

99 6 14 6 27 




