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ɉɊɈ ȺɅȽɈɊɂɌɆ Ɋȿɒȿɇɂə ɈȾɇɈɃ ɁȺȾȺɑɂ ɈɉɌɂɆȺɅɖɇɈȽɈ 

ɊȺɁȻɂȿɇɂə  ɆɇɈɀȿɋɌȼ  ɋ ȾɈɉɈɅɇɂɌȿɅɖɇɕɆɂ ɋȼəɁəɆɂ 

ɉɪɟɞɥɨɠɟɧ ɚɥɝɨɪɢɬɦ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɚɡɛɢɟɧɢɹ ɦɧɨɠɟɫɬɜ ɫ ɞɨɩɨɥ-
ɧɢɬɟɥɶɧɵɦɢ ɫɜɹɡɹɦɢ ɩɪɢ ɮɢɤɫɢɪɨɜɚɧɧɵɯ ɰɟɧɬɪɚɯ ɢ ɨɬɫɭɬɫɬɜɢɢ ɨɝɪɚɧɢɱɟɧɢɣ ɧɚ 
ɦɨɳɧɨɫɬɢ ɩɪɟɞɩɪɢɹɬɢɣ ɩɟɪɜɨɝɨ ɷɬɚɩɚ. Ⱥɥɝɨɪɢɬɦ ɚɩɪɨɛɢɪɨɜɚɧ ɧɚ ɦɨɞɟɥɶɧɵɯ ɡɚɞɚ-
ɱɚɯ. 

Ɂɚɩɪɨɩɨɧɨɜɚɧɨ ɚɥɝɨɪɢɬɦ ɞɥɹ ɪɨɡɜ’ɹɡɭɜɚɧɧɹ ɡɚɞɚɱɿ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɨɡɛɢɬɬɹ ɦɧɨ-
ɠɢɧ ɿɡ ɞɨɞɚɬɤɨɜɢɦɢ ɡɜ’ɹɡɤɚɦɢ ɿɡ ɮɿɤɫɨɜɚɧɢɦɢ ɰɟɧɬɪɚɦɢ ɩɿɞɦɧɨɠɢɧ ɛɟɡ ɨɛɦɟɠɟɧɶ ɧɚ 
ɩɨɬɭɠɧɿɫɬɶ ɩɿɞɩɪɢєɦɫɬɜ ɩɟɪɲɨɝɨ ɟɬɚɩɭ. Ⱥɥɝɨɪɢɬɦ ɚɩɪɨɛɨɜɚɧɨ ɧɚ ɦɨɞɟɥɶɧɢɯ ɡɚɞɚɱɚɯ. 

The solving algorithm for optimal sets partition problem with additional links was sug-

gested. Namely, for the model with fixed centers and without restrictions on the first-stage 

enterprises capacity. Applying the algorithm was illustrated for model tasks.  

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɨɩɬɢɦɚɥɶɧɨɟ ɪɚɡɛɢɟɧɢɟ ɦɧɨɠɟɫɬɜ, ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ-

ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɦɧɨɝɨɷɬɚɩɧɵɟ ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ 

ȼɜɟɞɟɧɢɟ. Ɇɧɨɝɢɟ ɢɡɜɟɫɬɧɵɟ ɢ ɩɪɚɤɬɢɱɟɫɤɢ ɜɚɠɧɵɟ ɡɚɞɚɱɢ, ɜɨɡɧɢɤɚɸɳɢɟ 
ɜ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɢ ɧɚɭɱɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ ɱɟɥɨɜɟɤɚ, ɦɨɝɭɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜ-
ɥɟɧɵ ɜ ɜɢɞɟ ɡɚɞɚɱɢ ɪɚɡɛɢɟɧɢɹ ɧɟɤɨɬɨɪɨɝɨ ɦɧɨɠɟɫɬɜɚ ɧɚ ɟɝɨ ɧɟɩɟɪɟɫɟɤɚɸ-
ɳɢɟɫɹ ɩɨɞɦɧɨɠɟɫɬɜɚ. Ʉ ɱɢɫɥɭ ɬɚɤɢɯ ɡɚɞɚɱ ɨɬɧɨɫɹɬɫɹ, ɧɚɩɪɢɦɟɪ, ɡɚɞɚɱɢ ɤɥɚɫ-
ɫɢɮɢɤɚɰɢɢ ɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɨɛɴɟɤɬɨɜ, ɡɚɞɚɱɢ ɪɚɡɦɟɳɟɧɢɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ 
ɨɩɪɟɞɟɥɟɧɢɹ ɡɨɧ ɨɛɫɥɭɠɢɜɚɧɢɹ ɤɚɠɞɵɦ ɩɪɟɞɩɪɢɹɬɢɟɦ, ɡɚɞɚɱɢ ɨɪɨɲɟɧɢɹ ɢ 
ɞɪ. Ɇɟɬɨɞɵ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɪɚɡɛɢɟɧɢɹ ɦɧɨɠɟɫɬɜ ɜ ɞɢɫɤɪɟɬɧɨɣ ɩɨɫɬɚɧɨɜɤɟ 
ɲɢɪɨɤɨ ɢɫɫɥɟɞɭɸɬɫɹ ɭɠɟ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɫɬɨɥɟɬɢɹ. Ɂɚɞɚɱɢ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɚɡ-
ɛɢɟɧɢɹ ɤɨɧɬɢɧɭɚɥɶɧɨɝɨ ɦɧɨɠɟɫɬɜɚ (ɈɊɆ) ɝɨɪɚɡɞɨ ɦɟɧɟɟ ɢɫɫɥɟɞɨɜɚɧɵ ɜɜɢɞɭ 
ɢɯ ɫɥɨɠɧɨɫɬɢ. ȼɧɢɦɚɧɢɟ ɤ ɩɨɞɨɛɧɵɦ ɡɚɞɚɱɚɦ ɨɛɭɫɥɨɜɥɟɧ ɬɟɦ, ɱɬɨ ɨɧɢ ɩɪɟ-
ɞɨɫɬɚɜɥɹɸɬ ɜɨɡɦɨɠɧɨɫɬɶ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɲɢɪɨɤɨɝɨ ɤɥɚɫɫɚ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢ 
ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɞɚɱ ɨɩɬɢɦɢɡɚɰɢɢ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɮɨɪɦɭɥɢɪɨɜɚɧɵ ɥɢ-
ɧɟɣɧɵɟ, ɧɟɥɢɧɟɣɧɵɟ, ɞɢɧɚɦɢɱɟɫɤɢɟ ɡɚɞɚɱɢ ɈɊɆ, ɚ ɬɚɤɠɟ ɡɚɞɚɱɢ ɈɊɆ ɜ ɭɫ-
ɥɨɜɢɹɯ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ [4, 5, 7]. ȼ ɪɚɛɨɬɟ [6] ɩɨɞɪɨɛɧɨ ɩɪɟɞɫɬɚɜɥɟɧɵ ɬɟɨ-
ɪɟɬɢɱɟɫɤɢɟ ɫɜɟɞɟɧɢɹ, ɡɚɬɪɚɝɢɜɚɸɳɢɟ ɦɨɞɟɥɢ ɢ ɦɟɬɨɞɵ ɪɟɲɟɧɢɹ ɥɢɧɟɣɧɵɯ 
ɧɟɩɪɟɪɵɜɧɵɯ ɡɚɞɚɱ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɚɡɛɢɟɧɢɹ ɦɧɨɠɟɫɬɜ, ɩɪɢɜɟɞɟɧɚ ɨɛɲɢɪɧɚɹ 
ɛɢɛɥɢɨɝɪɚɮɢɹ. ȼ ɦɨɧɨɝɪɚɮɢɢ [4] ɞɟɬɚɥɶɧɨ ɢɡɭɱɟɧɵ ɧɟɥɢɧɟɣɧɵɟ ɢ ɞɢɧɚɦɢɱɟ-
ɫɤɢɟ ɦɨɞɟɥɢ ɧɟɩɪɟɪɵɜɧɵɯ ɡɚɞɚɱ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɚɡɛɢɟɧɢɹ ɦɧɨɠɟɫɬɜ, ɩɪɟɞ-
ɫɬɚɜɥɟɧ ɲɢɪɨɤɢɣ ɞɢɚɩɚɡɨɧ ɩɪɚɤɬɢɱɟɫɤɢɯ ɩɪɢɥɨɠɟɧɢɣ, ɜ ɪɚɛɨɬɟ [5] ɩɨɤɚɡɚɧɵ 
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ɩɪɢɥɨɠɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɬɟɨɪɢɢ ɈɊɆ ɤ ɪɟɲɟɧɢɸ ɪɚɡɥɢɱɧɵɯ ɡɚɞɚɱ ɬɟɨɪɢɢ ɢ 
ɩɪɚɤɬɢɤɢ. ɇɭɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɥɹ ɜɫɟɯ ɭɤɚɡɚɧɧɵɯ ɡɚɞɚɱ ɪɚɡɪɚɛɨɬɚɧɵ ɧɚɭɱ-
ɧɨ ɨɛɨɫɧɨɜɚɧɧɵɟ ɦɟɬɨɞɵ ɪɟɲɟɧɢɹ ɢ ɧɚ ɢɯ ɨɫɧɨɜɟ ɫɮɨɪɦɭɥɢɪɨɜɚɧɵ ɷɮɮɟɤ-
ɬɢɜɧɵɟ ɚɥɝɨɪɢɬɦɵ, ɫɨɫɬɚɜɧɨɣ ɱɚɫɬɶɸ ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ r-ɚɥɝɨɪɢɬɦ 
ɇ.Ɂ. ɒɨɪɚ.   

Ɉɞɧɚɤɨ, ɩɪɢ ɪɟɲɟɧɢɢ ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɞɚɱ ɪɚɡɦɟɳɟɧɢɹ-ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɨɡ-
ɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɭɱɟɬɚ ɫɜɹɡɟɣ ɫ ɭɠɟ ɫɭɳɟɫɬɜɭɸɳɢɦɢ ɨɛɴɟɤɬɚɦɢ (ɢɦɢ 
ɦɨɝɭɬ ɛɵɬɶ, ɧɚɩɪɢɦɟɪ, ɬɪɚɧɫɩɨɪɬɧɵɟ ɢɥɢ ɫɨɪɬɢɪɨɜɨɱɧɵɟ ɭɡɵ) ɢɥɢ ɭɱɟɬɚ ɦɧɨ-
ɝɨɷɬɚɩɧɨɫɬɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɩɪɨɰɟɫɫɚ (ɪɚɫɩɨɥɨɠɟɧɢɹ ɩɪɟɞɩɪɢɹɬɢɣ ɩɨɫɥɟ-
ɞɭɸɳɢɯ ɰɢɤɥɨɜ ɩɪɨɢɡɜɨɞɫɬɜɚ). Ʉ ɱɢɫɥɭ ɬɚɤɢɯ ɡɚɞɚɱ ɨɬɧɨɫɹɬɫɹ ɡɚɞɚɱɢ ɪɚɡɦɟ-
ɳɟɧɢɹ ɩɪɟɞɩɪɢɹɬɢɣ ɝɨɪɧɨ-ɨɛɨɝɚɬɢɬɟɥɶɧɨɝɨ ɰɢɤɥɚ [13, 14], ɩɭɧɤɬɨɜ ɫɛɨɪɚ ɢ 
ɨɛɪɚɛɨɬɤɢ ɩɪɢɪɨɞɧɨɝɨ ɫɵɪɶɹ [8], ɨɩɬɢɦɢɡɚɰɢɢ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɫɢɫɬɟɦ 
[12]. Ʉɪɨɦɟ ɬɨɝɨ, ɨɧɢ ɜɨɡɧɢɤɚɸɬ ɧɚ ɨɞɧɨɦ ɢɡ ɷɬɚɩɨɜ ɪɟɲɟɧɢɹ ɦɧɨɝɨɷɬɚɩɧɵɯ 
ɡɚɞɚɱ ɪɚɡɦɟɳɟɧɢɹ ɩɪɨɢɡɜɨɞɫɬɜɚ [9]. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɫɥɟɞɨɜɚɧɢɟ ɦɧɨɝɨ-
ɷɬɚɩɧɵɯ ɧɟɩɪɟɪɵɜɧɵɯ ɡɚɞɚɱ ɪɚɡɛɢɟɧɢɹ ɦɧɨɠɟɫɬɜ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɚɤɬɭɚɥɶ-
ɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɡɜɢɬɢɹ ɬɟɨɪɢɢ ɈɊɆ.  

Ⱥɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ ɢ ɡɚɞɚɱɢ ɢɫɫɥɟɞɨɜɚɧɢɹ. Ɇɧɨɝɨɷɬɚɩɧɵɟ ɡɚɞɚɱɢ ɪɚɡ-
ɦɟɳɟɧɢɹ (ɆɁɊ) ɹɜɥɹɸɬɫɹ ɨɛɨɛɳɟɧɢɟɦ ɦɧɨɝɨɷɬɚɩɧɵɯ ɬɪɚɧɫɩɨɪɬɧɨ-

ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɡɚɞɚɱ. ɂɯ ɢɡɭɱɟɧɢɸ ɩɨɫɜɹɳɟɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɭɛ-
ɥɢɤɚɰɢɣ, ɜ ɤɨɬɨɪɵɯ ɨɬɨɛɪɚɠɟɧɵ ɪɚɡɥɢɱɧɵɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɢ ɧɚ-
ɩɪɚɜɥɟɧɢɹ ɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɦɟɬɨɞɵ ɢ ɚɥɝɨɪɢɬɦɵ ɪɟɲɟɧɢɹ. 
Ⱦɢɫɤɪɟɬɧɵɟ ɦɧɨɝɨɷɬɚɩɧɵɟ ɡɚɞɚɱɢ ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ ɜ ɪɚɛɨɬɚɯ [1, 2, 8, 10, 12, 

15].  

ɉɨɞ ɦɧɨɝɨɷɬɚɩɧɵɦɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨ-ɬɪɚɧɫɩɨɪɬɧɵɦɢ ɡɚɞɚɱɚɦɢ ɩɨɧɢɦɚɸɬ 
ɡɚɞɚɱɢ, ɨɬɨɛɪɚɠɚɸɳɢɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɟ ɩɪɨɰɟɫɫɵ ɜɵɩɭɫɤɚ ɨɞɧɨɝɨ ɜɢɞɚ 

ɩɪɨɞɭɤɰɢɢ, ɞɨɫɬɚɜɤɢ ɟɝɨ ɜ ɩɭɧɤɬɵ ɩɟɪɟɪɚɛɨɬɤɢ ɜ ɞɪɭɝɭɸ ɩɪɨɞɭɤɰɢɸ, ɩɪɨɢɡ-
ɜɨɞɫɬɜɨ ɷɬɨɣ ɩɪɨɞɭɤɰɢɢ ɢ ɞɨɫɬɚɜɤɢ ɟɟ ɤɨɧɟɱɧɵɦ ɩɨɬɪɟɛɢɬɟɥɹɦ (ɪɢɫ. 1). 

 

 
Ɋɢɫ. 1. Ɂɚɞɚɱɚ ɪɚɡɦɟɳɟɧɢɹ ɧɚ ɰɟɩɢ 

ȼ ɫɚɦɵɯ ɩɪɨɫɬɵɯ ɩɨɫɬɚɧɨɜɤɚɯ ɜ ɬɚɤɢɯ ɡɚɞɚɱɚɯ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɞɜɚ ɜɢɞɚ 
ɩɪɨɞɭɤɬɚ: ―ɫɵɪɶɟ‖ ɢ ―ɝɨɬɨɜɵɣ ɩɪɨɞɭɤɬ‖. ȼɨɡɦɨɠɧɨ ɢ ɛɨɥɶɲɟɟ ɱɢɫɥɨ ɧɚɢɦɟ-
ɧɨɜɚɧɢɣ: ―ɫɵɪɶɟ‖, ―ɩɨɥɭɮɚɛɪɢɤɚɬ‖, ―ɝɨɬɨɜɵɣ ɩɪɨɞɭɤɬ‖.  Ⱦɜɭɯɷɬɚɩɧɵɟ ɡɚɞɚɱɢ 
ɪɚɡɦɟɳɟɧɢɹ ɧɚ ɰɟɩɢ ɢɫɫɥɟɞɨɜɚɥɢɫɶ ɜ ɪɚɛɨɬɚɯ [2, 11].    

ɩɨɬɪɟɛɢɬɟɥɢ 

ɩɪɟɞɩɪɢɹɬɢɟ k-ɹ ɫɬɚɞɢɹ 

1-ɹ ɫɬɚɞɢɹ 

2-ɹ ɫɬɚɞɢɹ 

. . . . . . . . .  
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Ⱦɢɫɤɪɟɬɧɵɟ ɦɧɨɝɨɷɬɚɩɧɵɟ ɦɨɞɟɥɢ ɪɚɡɦɟɳɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɫɢɬɭɚɰɢɢ, 
ɤɨɝɞɚ ɤɨɥɢɱɟɫɬɜɨ ɜɨɡɦɨɠɧɵɯ ɦɟɫɬ ɪɚɡɦɟɳɟɧɢɹ ɩɪɟɞɩɪɢɹɬɢɣ ɤɨɧɟɱɧɨ ɢ ɜɨɡ-
ɦɨɠɧɨɟ ɢɯ ɪɚɫɩɨɥɨɠɟɧɢɟ ɜ ɨɛɥɚɫɬɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɭɫɬɚɧɨɜɥɟɧɨ. ȼ ɩɨɫɥɟɞ-
ɧɟɟ ɜɪɟɦɹ ɞɥɹ ɪɟɲɟɧɢɹ ɬɚɤɢɯ ɡɚɞɚɱ ɱɚɫɬɨ ɩɪɢɦɟɧɹɸɬ ɩɪɢɛɥɢɠɟɧɧɵɟ ɚɥɝɨ-
ɪɢɬɦɵ [1, 8, 11, 15], ɜ ɱɚɫɬɧɨɫɬɢ ɚɥɝɨɪɢɬɦɵ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɬɢɩɚ.  

Ɉɞɧɚɤɨ ɩɪɢ ɪɟɲɟɧɢɢ ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɞɚɱ ɩɨɹɜɥɹɸɬɫɹ ɫɢɬɭɚɰɢɢ, ɤɨɝɞɚ ɜɨɡ-
ɦɨɠɧɵɟ ɦɟɫɬɚ ɪɚɡɦɟɳɟɧɢɹ ɩɪɟɞɩɪɢɹɬɢɣ ɧɟ ɨɝɪɚɧɢɱɟɧɵ ɤɨɧɟɱɧɵɦ ɧɚɛɨɪɨɦ 
ɢɡɜɟɫɬɧɵɯ ɚɥɶɬɟɪɧɚɬɢɜ, ɬ.ɟ. ɩɪɟɞɩɪɢɹɬɢɹ ɦɨɝɭɬ ɛɵɬɶ ɪɚɫɩɨɥɨɠɟɧɵ ɜ ɥɸɛɨɣ 
ɬɨɱɤɟ ɡɚɞɚɧɧɨɣ ɨɛɥɚɫɬɢ. Ɇɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɦɧɨɝɨɷɬɚɩɧɵɯ ɡɚɞɚɱ ɪɚɡ-
ɦɟɳɟɧɢɹ, ɭɱɢɬɵɜɚɸɳɢɟ ɬɚɤɢɟ ɭɫɥɨɜɢɹ, ɛɵɥɢ ɩɪɟɞɥɨɠɟɧɵ ɚɜɬɨɪɚɦɢ ɜ ɪɚɛɨ-
ɬɚɯ [6, 9, 13, 14]. Ɉɧɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɫɦɟɲɚɧɧɵɟ ɞɢɫɤɪɟɬɧɨ-

ɧɟɩɪɟɪɵɜɧɵɟ ɦɨɞɟɥɢ, ɜɤɥɸɱɚɸɳɢɟ ɜ ɫɟɛɹ ɧɟɩɪɟɪɵɜɧɵɟ ɡɚɞɚɱɢ ɨɩɬɢɦɚɥɶɧɨ-
ɝɨ ɪɚɡɛɢɟɧɢɹ ɦɧɨɠɟɫɬɜ.  

ɋɨɞɟɪɠɚɬɟɥɶɧɭɸ ɩɨɫɬɚɧɨɜɤɭ ɡɚɞɚɱɢ ɈɊɆ ɫ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦɢ ɫɜɹɡɹɦɢ ɩɪɢ 
ɮɢɤɫɢɪɨɜɚɧɧɵɯ ɰɟɧɬɪɚɯ ɢ ɨɬɫɭɬɫɬɜɢɢ ɨɝɪɚɧɢɱɟɧɢɣ ɧɚ ɦɨɳɧɨɫɬɢ ɩɪɟɞɩɪɢ-
ɹɬɢɣ ɩɟɪɜɨɝɨ ɷɬɚɩɚ ɦɨɠɧɨ ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ [9].  

ɉɭɫɬɶ ɧɟɤɨɬɨɪɵɣ ɪɟɫɭɪɫ ɧɟɩɪɟɪɵɜɧɨ ɪɚɫɩɪɟɞɟɥɟɧ ɜ ɡɚɞɚɧɧɨɣ ɨɛɥɚɫɬɢ . 

ɉɟɪɟɪɚɛɨɬɤɚ ɷɬɨɝɨ ɪɟɫɭɪɫɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɞɜɚ ɷɬɚɩɚ, ɚ ɢɦɟɧɧɨ: ɤɨɧɟɱɧɨɟ 
ɱɢɫɥɨ N ɩɪɟɞɩɪɢɹɬɢɣ ɩɟɪɜɨɝɨ ɷɬɚɩɚ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜ ɢɡɨɥɢɪɨɜɚɧɧɵɯ ɬɨɱɤɚɯ 

I

i , 1,2,i N   ɨɛɥɚɫɬɢ , ɩɨɥɭɱɚɸɬ ɫɵɪɶɟ ɨɬ ɩɨɫɬɚɜɳɢɤɨɜ, ɧɟɩɪɟɪɵɜɧɨ ɪɚɫ-
ɩɪɟɞɟɥɟɧɧɵɯ ɜ ɷɬɨɣ ɨɛɥɚɫɬɢ, ɩɟɪɟɪɚɛɚɬɵɜɚɸɬ ɟɝɨ ɢ ɨɬɩɪɚɜɥɹɸɬ ɞɥɹ ɪɟɚɥɢɡɚ-
ɰɢɢ (ɢɥɢ ɞɚɥɶɧɟɣɲɟɣ ɩɟɪɟɪɚɛɨɬɤɢ) ɜ ɩɭɧɤɬɵ ɤɨɧɟɱɧɨɝɨ ɩɨɬɪɟɛɥɟɧɢɹ, ɤɨɨɪ-
ɞɢɧɚɬɵ ɤɨɬɨɪɵɯ 1 ,...,II II

M   ɬɚɤɠɟ ɡɚɪɚɧɟɟ ɨɩɪɟɞɟɥɟɧɵ. ɂɡɜɟɫɬɧɵ ɦɨɳɧɨɫɬɢ 
ɩɪɟɞɩɪɢɹɬɢɣ ɜɬɨɪɨɝɨ ɷɬɚɩɚ ɢ ɫɬɨɢɦɨɫɬɶ ɞɨɫɬɚɜɤɢ ɟɞɢɧɢɰɵ ɫɵɪɶɹ ɨɬ ɩɨɫɬɚɜ-
ɳɢɤɚ x ɤ ɩɪɟɞɩɪɢɹɬɢɸ ɩɟɪɜɨɝɨ ɷɬɚɩɚ ɢ ɟɞɢɧɢɰɵ ɩɪɨɞɭɤɰɢɢ ɨɬ ɩɪɟɞɩɪɢɹɬɢɹ 
ɩɟɪɜɨɝɨ ɷɬɚɩɚ ɞɨ ɩɪɟɞɩɪɢɹɬɢɹ ɜɬɨɪɨɝɨ ɷɬɚɩɚ. ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɡɚɩɚɫ ɫɵ-
ɪɶɹ ɜ ɨɛɥɚɫɬɢ ɞɨɫɬɚɬɨɱɟɧ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɪɚɛɨɬɵ ɩɪɟɞɩɪɢɹɬɢɣ ɜɬɨɪɨɝɨ ɷɬɚɩɚ 
ɢ ɤɚɠɞɵɣ ɩɨɫɬɚɜɳɢɤ ɫɜɹɡɚɧ ɬɨɥɶɤɨ ɫ ɨɞɧɢɦ ɩɪɟɞɩɪɢɹɬɢɟɦ ɩɟɪɜɨɝɨ ɷɬɚɩɚ. 
ɇɟɨɛɯɨɞɢɦɨ ɪɚɡɛɢɬɶ ɨɛɥɚɫɬɶ  ɧɚ ɡɨɧɵ ɨɛɫɥɭɠɢɜɚɧɢɹ ɩɪɟɞɩɪɢɹɬɢɹɦɢ ɩɟɪɜɨ-
ɝɨ ɷɬɚɩɚ ɢ ɨɩɪɟɞɟɥɢɬɶ ɨɛɴɟɦɵ ɩɟɪɟɜɨɡɨɤ ɨɬ ɩɪɟɞɩɪɢɹɬɢɣ ɩɟɪɜɨɝɨ ɷɬɚɩɚ ɤ 
ɩɪɟɞɩɪɢɹɬɢɹɦ ɜɬɨɪɨɝɨ ɷɬɚɩɚ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɫɭɦɦɚɪɧɚɹ ɫɬɨɢɦɨɫɬɶ 
ɞɨɫɬɚɜɤɢ ɫɵɪɶɹ ɢ ɩɨɥɭɮɚɛɪɢɤɚɬɚ ɛɵɥɚ ɦɢɧɢɦɚɥɶɧɨɣ.  

ɐɟɥɶɸ ɷɬɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɩɨɫɬɪɨɟɧɢɟ ɚɥɝɨɪɢɬɦɚ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɈɊɆ ɫ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɦɢ ɫɜɹɡɹɦɢ ɩɪɢ ɮɢɤɫɢɪɨɜɚɧɧɵɯ ɰɟɧɬɪɚɯ ɢ ɨɬɫɭɬɫɬɜɢɢ ɨɝɪɚ-
ɧɢɱɟɧɢɣ ɧɚ ɦɨɳɧɨɫɬɢ ɩɪɟɞɩɪɢɹɬɢɣ ɩɟɪɜɨɝɨ ɷɬɚɩɚ.  

Ɇɚɬɟɪɢɚɥɵ ɢɫɫɥɟɞɨɜɚɧɢɹ. Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɜɜɟ-
ɞɟɦ ɫɥɟɞɭɸɳɢɟ ɩɪɟɞɩɨɥɨɠɟɧɢɹ ɢ ɨɛɨɡɧɚɱɟɧɢɹ.  

ɉɭɫɬɶ Ω –  ɡɚɞɚɧɧɚɹ ɨɛɥɚɫɬɶ; N – ɤɨɥɢɱɟɫɬɜɨ ɩɪɟɞɩɪɢɹɬɢɣ ɩɟɪɜɨɝɨ ɷɬɚɩɚ; 
I

i , 1,2,i N   – ɤɨɨɪɞɢɧɚɬɵ ɪɚɡɦɟɳɟɧɢɹ ɩɪɟɞɩɪɢɹɬɢɣ ɩɟɪɜɨɝɨ ɷɬɚɩɚ, Ωi –  

ɡɨɧɚ ɨɛɫɥɭɠɢɜɚɧɢɹ i-ɝɨ ɩɪɟɞɩɪɢɹɬɢɹ ɩɟɪɜɨɝɨ ɷɬɚɩɚ 1,2,i N  ; Ɇ – ɤɨɥɢɱɟ-
ɫɬɜɨ ɩɪɟɞɩɪɢɹɬɢɣ ɜɬɨɪɨɝɨ ɷɬɚɩɚ; 1 ,...,II II

M    – ɤɨɨɪɞɢɧɚɬɵ ɪɚɡɦɟɳɟɧɢɹ ɩɪɟɞ-
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ɩɪɢɹɬɢɣ ɜɬɨɪɨɝɨ ɷɬɚɩɚ; 
ijv  – ɨɛɴɟɦ ɩɟɪɟɜɨɡɤɢ ɨɬ ɩɪɟɞɩɪɢɹɬɢɹ ɩɟɪɜɨɝɨ ɷɬɚɩɚ ɫ 

ɤɨɨɪɞɢɧɚɬɚɦɢ I

i  ɞɨ ɩɪɟɞɩɪɢɹɬɢɹ II

j  ɜɬɨɪɨɝɨ ɷɬɚɩɚ, 1,2,i N  , 1,2.j M  .  

ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɬɚɤɠɟ ɱɬɨ ɢɡɜɟɫɬɧɵ: 
– ɫɩɪɨɫ II

jb  ɧɚ ɩɪɨɞɭɤɰɢɸ ɞɥɹ ɤɚɠɞɨɝɨ ɤɨɧɟɱɧɨɝɨ ɩɭɧɤɬɚ ɩɨɬɪɟɛɥɟɧɢɹ, 
1,2,...j M ; 

– ɡɚɩɚɫ ( )x  ɪɟɫɭɪɫɚ ɜ ɤɚɠɞɨɣ ɬɨɱɤɟ ɨɛɥɚɫɬɢ , 

– ɫɬɨɢɦɨɫɬɶ ɞɨɫɬɚɜɤɢ ɟɞɢɧɢɰɵ ɪɟɫɭɪɫɚ (x, )I I

i ic  , 1,2,i N   – ɢɡ ɬɨɱɤɢ x 

ɨɛɥɚɫɬɢ  ɜ ɩɭɧɤɬ ɩɟɪɜɢɱɧɨɣ ɩɟɪɟɪɚɛɨɬɤɢ I

i ,  

– ɫɬɨɢɦɨɫɬɶ ɩɟɪɟɜɨɡɤɢ ɟɞɢɧɢɰɵ ɩɪɨɞɭɤɬɚ ( , )II I II

j i jc    ɢɡ ɩɭɧɤɬɚ ɩɟɪɜɢɱɧɨɣ 

ɩɟɪɟɪɚɛɨɬɤɢ I

i  ɜ ɩɭɧɤɬ II

j .  

Ʉɪɨɦɟ ɬɨɝɨ, ɛɭɞɟɦ ɫɱɢɬɚɬɶ, ɱɬɨ ɦɨɳɧɨɫɬɶ i-ɝɨ ɩɪɟɞɩɪɢɹɬɢɹ ɩɟɪɜɨɝɨ ɷɬɚɩɚ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɭɦɦɚɪɧɵɦ ɡɚɩɚɫɨɦ ɪɟɫɭɪɫɚ ɜ ɨɛɫɥɭɠɢɜɚɟɦɨɣ ɨɛɥɚɫɬɢ 
( 1,2,i N  ). 

ɇɟɨɛɯɨɞɢɦɨ ɪɚɡɛɢɬɶ ɨɛɥɚɫɬɶ  ɧɚ ɡɨɧɵ ɨɛɫɥɭɠɢɜɚɧɢɹ 1 2, ,..., N    ɤɚɠ-
ɞɵɦ ɢɡ ɩɪɟɞɩɪɢɹɬɢɣ ɩɟɪɜɨɝɨ ɷɬɚɩɚ ɢ ɨɩɪɟɞɟɥɢɬɶ ɨɛɴɟɦɵ ɩɟɪɟɜɨɡɨɤ 0ijv  ,  

1,2,i N  , 1,2.j M   ɨɬ ɩɪɟɞɩɪɢɹɬɢɣ ɩɟɪɜɨɝɨ ɷɬɚɩɚ ɤ ɩɭɧɤɬɚɦ ɤɨɧɟɱɧɨɝɨ 
ɩɨɬɪɟɛɥɟɧɢɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɦɢɧɢɦɚɥɶɧɭɸ ɫɭɦɦɚɪɧɭɸ 
ɫɬɨɢɦɨɫɬɶ ɞɨɫɬɚɜɤɢ ɫɵɪɶɹ ɢɡ ɬɨɱɤɢ x ɨɛɥɚɫɬɢ  ɜ ɩɭɧɤɬɵ ɩɟɪɜɢɱɧɨɣ ɩɟɪɟɪɚ-
ɛɨɬɤɢ I

i , 1,2,i N   ɢ ɤɨɧɟɱɧɨɣ ɩɪɨɞɭɤɰɢɢ, ɨɬ ɩɪɟɞɩɪɢɹɬɢɣ ɩɟɪɜɨɝɨ ɷɬɚɩɚ ɤ 
ɩɭɧɤɬɚɦ ɤɨɧɟɱɧɨɝɨ ɩɨɬɪɟɛɥɟɧɢɹ.  

Ɍɨɝɞɚ ɫɭɦɦɚɪɧɭɸ ɫɬɨɢɦɨɫɬɶ ɞɨɫɬɚɜɤɢ ɫɵɪɶɹ ɢɡ ɬɨɱɤɢ x ɨɛɥɚɫɬɢ  ɜ ɩɭɧɤ-
ɬɵ ɩɟɪɜɢɱɧɨɣ ɩɟɪɟɪɚɛɨɬɤɢ I

i , 1,2,i N   ɦɨɠɧɨ ɨɩɢɫɚɬɶ ɬɚɤɢɦ ɨɛɪɚɡɨɦ:  

   
1

,

i

N
I I

i i

i

c x x dx
 
   , 

ɚ ɫɬɨɢɦɨɫɬɶ ɞɨɫɬɚɜɤɢ ɨɬ ɩɪɟɞɩɪɢɹɬɢɣ ɩɟɪɜɨɝɨ ɷɬɚɩɚ ɜ ɩɭɧɤɬɵ ɤɨɧɟɱɧɨɝɨ ɩɨ-
ɬɪɟɛɥɟɧɢɹ: 

 
1 1

,
N M

II I II

ij i j ij

i j

c v
 
   . 

Ⱦɚɥɟɟ ɛɭɞɟɦ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɮɭɧɤɰɢɨɧɚɥ ɜɢɞɚ 

          1 11

1 1 1

, , , , ,

i

N N M
I I II I II

N NM i i ij i j ij

i i j

F c x x dx c v
  

           .     (1) 

Ɍɭɬ ɩɟɪɜɨɟ ɫɥɚɝɚɟɦɨɟ ɜɵɪɚɠɚɟɬ ɫɭɦɦɚɪɧɭɸ ɫɬɨɢɦɨɫɬɶ ɞɨɫɬɚɜɤɢ ɫɵɪɶɹ ɨɬ ɩɨ-
ɫɬɚɜɳɢɤɨɜ ɤ ɩɪɟɞɩɪɢɹɬɢɹɦ I-ɝɨ ɷɬɚɩɚ, ɚ ɜɬɨɪɨɟ – ɫɭɦɦɚɪɧɭɸ ɫɬɨɢɦɨɫɬɶ ɩɟɪɟ-
ɜɨɡɨɤ ɦɟɠɞɭ ɩɪɟɞɩɪɢɹɬɢɹɦɢ I-ɝɨ ɢ II-ɝɨ ɷɬɚɩɨɜ. 

ɋɮɨɪɦɭɥɢɪɭɟɦ ɨɝɪɚɧɢɱɟɧɢɹ ɜ ɷɬɨɣ ɡɚɞɚɱɟ. 
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Ɂɨɧɚ ɨɛɫɥɭɠɢɜɚɧɢɹ ɤɚɠɞɨɝɨ ɩɪɟɞɩɪɢɹɬɢɹ ɩɟɪɜɨɝɨ ɷɬɚɩɚ ɞɨɥɠɧɚ ɨɛɟɫɩɟɱɢ-
ɜɚɬɶ ɟɦɭ ɧɚɥɢɱɢɟ ɧɟɨɛɯɨɞɢɦɨɝɨ ɨɛɴɟɦɚ ɫɵɪɶɹ, ɚ ɢɦɟɧɧɨ: 

1

( )

i

M

ij

j

x dx v


 ,  1,i N . 

ɋɩɪɨɫ ɩɪɟɞɩɪɢɹɬɢɣ ɜɬɨɪɨɝɨ ɷɬɚɩɚ ɞɨɥɠɟɧ ɛɵɬɶ ɭɞɨɜɥɟɬɜɨɪɟɧ ɩɨɥɧɨɫɬɶɸ, 
ɱɬɨ ɦɨɠɧɨ ɨɩɢɫɚɬɶ ɫɥɟɞɭɸɳɢɦ ɪɚɜɟɧɫɬɜɨɦ: 

1

N
II

ij j

i

v b


 ,  1,j M  

Ʉɪɨɦɟ ɬɨɝɨ, ɤɚɠɞɵɣ ɩɨɫɬɚɜɳɢɤ ɫɵɪɶɹ ɨɛɫɥɭɠɢɜɚɟɬɫɹ ɬɨɥɶɤɨ ɨɞɧɢɦ ɩɪɟɞ-
ɩɪɢɹɬɢɟɦ ɩɟɪɜɨɝɨ ɷɬɚɩɚ, ɬ.ɟ.  

 ( ) 0,  ,  , 1,i jmes i j i j N     , 

ɢ ɤɚɠɞɵɣ ɩɨɫɬɚɜɳɢɤ ɨɛɹɡɚɬɟɥɶɧɨ ɜɤɥɸɱɟɧ ɜ ɨɞɧɭ ɢɡ ɡɨɧ ɨɛɫɥɭɠɢɜɚɧɢɹ: 

1

N

i

i

  . 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ [7], ɨɩɪɟɞɟɥɢɦ ɪɚɡɛɢɟɧɢɟ ɦɧɨɠɟɫɬɜ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. 
ɉɭɫɬɶ  – ɡɚɦɤɧɭɬɨɟ, ɨɝɪɚɧɢɱɟɧɧɨɟ, ɜɵɩɭɤɥɨɟ, ɢɡɦɟɪɢɦɨɟ ɩɨ Ʌɟɛɟɝɭ ɦɧɨɠɟ-
ɫɬɜɨ ɟɜɤɥɢɞɨɜɚ ɩɪɨɫɬɪɚɧɫɬɜɚ En. ɋɨɜɨɤɭɩɧɨɫɬɶ ɢɡɦɟɪɢɦɵɯ ɩɨ Ʌɟɛɟɝɭ ɩɨɞ-
ɦɧɨɠɟɫɬɜ 1 2, , , N    ɢɡ NE  ɛɭɞɟɦ ɧɚɡɵɜɚɬɶ ɪɚɡɛɢɟɧɢɟɦ ɦɧɨɠɟɫɬɜɚ  

ɧɚ N ɩɨɞɦɧɨɠɟɫɬɜ, ɟɫɥɢ ɜɵɩɨɥɧɹɸɬɫɹ ɬɚɤɢɟ ɭɫɥɨɜɢɹ: 

i  , 

( ) 0,  ,  , 1,i jmes i j i j N     , 

ɝɞɟ ( )mes   – ɦɟɪɚ Ʌɟɛɟɝɚ. 
Ʉɥɚɫɫ ɜɫɟɯ ɜɨɡɦɨɠɧɵɯ ɪɚɡɛɢɟɧɢɣ ɦɧɨɠɟɫɬɜɚ  ɧɚ N ɩɨɞɦɧɨɠɟɫɬɜ ɨɛɨɡɧɚ-

ɱɢɦ ɱɟɪɟɡ N

 , ɬ.ɟ. 

 1

1

,..., :  , ( ) 0,  ,  , 1,
N

N

N i i j

i

mes i j i j N


 
           

 
 . 

ɋɮɨɪɦɭɥɢɪɭɟɦ ɬɟɩɟɪɶ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɩɨɫɬɚɧɨɜɤɭ ɡɚɞɚɱɢ. 
ɉɨɞ ɧɟɩɪɟɪɵɜɧɨɣ ɥɢɧɟɣɧɨɣ ɨɞɧɨɩɪɨɞɭɤɬɨɜɨɣ ɡɚɞɚɱɟɣ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɚɡ-

ɛɢɟɧɢɹ ɦɧɨɠɟɫɬɜɚ  ɢɡ n-ɦɟɪɧɨɝɨ ɟɜɤɥɢɞɨɜɚ ɩɪɨɫɬɪɚɧɫɬɜɚ En ɧɚ ɩɨɞɦɧɨɠɟ-



 ISSN 2074-5893 ɉɢɬɚɧɧɹ ɩɪɢɤɥɚɞɧɨʀ ɦɚɬɟɦɚɬɢɤɢ ɿ ɦɚɬɟɦɚɬɢɱɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ.  ȼɢɩɭɫɤ 17 

 

 108 

ɫɬɜɚ ɛɟɡ ɨɬɵɫɤɚɧɢɹ ɰɟɧɬɪɨɜ ɢɯ ɤɨɨɪɞɢɧɚɬ ɩɪɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɫɜɹɡɹɯ, ɛɭɞɟɦ 
ɩɨɧɢɦɚɬɶ ɫɥɟɞɭɸɳɭɸ ɡɚɞɚɱɭ. 

Ɂɚɞɚɱɚ 1. Ɍɪɟɛɭɟɬɫɹ ɧɚɣɬɢ ɬɚɤɨɟ ɪɚɡɛɢɟɧɢɟ ɦɧɨɠɟɫɬɜɚ  ɧɚ N ɢɡɦɟɪɢɦɵɯ 
ɩɨ Ʌɟɛɟɝɭ ɩɨɞɦɧɨɠɟɫɬɜ 1 2, , , N    (ɫɪɟɞɢ ɤɨɬɨɪɵɯ ɦɨɝɭɬ ɛɵɬɶ ɢ ɩɭɫɬɵɟ) ɢ 
ɬɚɤɢɟ ɨɛɴɟɦɵ ɩɟɪɟɜɨɡɨɤ 11,..., NMv v , ɤɨɬɨɪɵɟ ɨɛɟɫɩɟɱɢɜɚɸɬ  

1 11

1 11
{ , , };{ ,..., }

({ , , };{ ,..., })min
N NM

N NM
v v

F v v
 

 


  

ɩɪɢ ɨɝɪɚɧɢɱɟɧɢɹɯ 

1

( )

i

M

ij

j

x dx v


 ,  1,i N ,                                             (2) 

1

N
II

ij j

i

v b


 ,  1,j M ,                                                (3) 

N

 ,                                                           (4) 

0ijv  ,  1,2.j M  , 1,2,i N  . 

Ɂɞɟɫɶ ɨɝɪɚɧɢɱɟɧɢɹ (2) ɜɵɪɚɠɚɸɬ ɛɚɥɚɧɫ ɦɟɠɞɭ ɜɨɡɦɨɠɧɨɫɬɹɦɢ ɩɪɟɞɩɪɢ-
ɹɬɢɣ I-ɝɨ ɢ II-ɝɨ ɷɬɚɩɨɜ, ɨɝɪɚɧɢɱɟɧɢɟ (3) ɡɚɞɚɟɬ ɦɨɳɧɨɫɬɶ ɞɥɹ ɤɚɠɞɨɝɨ ɢɡ 
ɩɪɟɞɩɪɢɹɬɢɹ  II-ɝɨ ɷɬɚɩɚ. 

Ɏɭɧɤɰɢɢ  ,I I

i ic x  , 1,i N  – ɞɟɣɫɬɜɢɬɟɥɶɧɵɟ, ɨɝɪɚɧɢɱɟɧɧɵɟ, ɢɡɦɟɪɢɦɵɟ ɩɨ 

ɚɪɝɭɦɟɧɬɭ ɯ  ɧɚ ;  x  – ɞɟɣɫɬɜɢɬɟɥɶɧɚɹ, ɢɧɬɟɝɪɢɪɭɟɦɚɹ, ɨɩɪɟɞɟɥɟɧɧɚɹ ɧɚ 

   ɮɭɧɤɰɢɹ; I

i , 1,i N , II

j , 1,j M – ɡɚɞɚɧɧɵɟ ɬɨɱɤɢ ɨɛɥɚɫɬɢ   ; 

 ,II I II

ij i jc   , 1,i N , 1,j M  – ɡɚɞɚɧɧɵɟ ɧɟɨɬɪɢɰɚɬɟɥɶɧɵɟ ɱɢɫɥɚ; II

jb , 1,j M  

– ɡɚɞɚɧɧɵɟ ɞɟɣɫɬɜɢɬɟɥɶɧɵɟ ɧɟɨɬɪɢɰɚɬɟɥɶɧɵɟ ɱɢɫɥɚ, ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɟ ɭɫɥɨ-
ɜɢɸ ɪɚɡɪɟɲɢɦɨɫɬɢ ɡɚɞɚɱɢ: 

1

( )
M

II

j

j

b x dx
 

  .                                       (5) 

ɂɧɬɟɝɪɚɥɵ ɩɨɧɢɦɚɸɬɫɹ ɜ ɫɦɵɫɥɟ Ʌɟɛɟɝɚ. 
Ɋɟɲɟɧɢɟ ɷɬɨɣ ɡɚɞɚɱɢ ɨɫɧɨɜɚɧɨ ɧɚ ɦɟɬɨɞɟ ɈɊɆ, ɨɩɢɫɚɧɧɨɦ ɜ ɦɨɧɨɝɪɚɮɢɢ  

[7]. ȿɝɨ ɢɞɟɹ ɫɨɫɬɨɢɬ ɜ ɩɟɪɟɯɨɞɟ ɨɬ ɢɫɯɨɞɧɨɣ ɡɚɞɚɱɢ ɱɟɪɟɡ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟ-
ɫɤɢɟ ɮɭɧɤɰɢɢ ( )ɿ   ɩɨɞɦɧɨɠɟɫɬɜ i , 1,2,...,i N  ɤ ɡɚɞɚɱɟ ɫ ɛɭɥɟɜɵɦɢ ɩɟɪɟ-
ɦɟɧɧɵɦɢ ɢ ɡɚɬɟɦ ɤ ɡɚɞɚɱɟ ɫɨ ɡɧɚɱɟɧɢɹɦɢ ( )

i
 , 1,2,...,i N  ɢɡ ɨɬɪɟɡɤɚ [0,1], ɚ 

ɢɦɟɧɧɨ. 

Ɂɚɞɚɱɚ 2. ɇɚɣɬɢ 

)),((min)),((
,)(

**

2

vIvI
NMRv







 

ɩɪɢ ɨɝɪɚɧɢɱɟɧɢɹɯ 
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                                    j

N

i
ij bv 

1

, Mj ,...,2,1 ,                                  (6) 

                                  
1

( ) ( ) ,  1,2,...,
M

ij i

j

v x x dx i N 
 

   ,                     (7) 

                                        2
* )(  ,  NMRv

* , 

ɝɞɟ 

ij

N

i

M

j

II
j

I
i

II
ij

N

i
i

I
i

I
i vcdxxxxcvI  

  


1 11

),()()(),()),((  ,                         (8) 

1)(,)(:))(),...,(()({
1

12  


N

i
iN xxxxx   ɩ. ɜ. ɞɥɹ x },       (9) 

,1)(0:))(),...,(()({ 1  xxxx N   x , Ni ,1 }.                  (10) 

 

Ɋɟɡɭɥɶɬɚɬ ɪɟɲɟɧɢɹ ɷɬɨɣ ɡɚɞɚɱɢ ɦɨɠɧɨ ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ ɜ ɜɢɞɟ ɫɥɟɞɭɸɳɢɯ 
ɬɟɨɪɟɦ.  

Ɍɟɨɪɟɦɚ 1. Ɉɩɬɢɦɚɥɶɧɨɟ ɪɟɲɟɧɢɟ * *{ , }v  ɡɚɞɚɱɢ 2 ɩ.ɜ. x  ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ:   

* *

*

* *

1,  ɟɫɥɢ  ( ( , ) ) ( ) min( ( , ) ) ( ),
( )

0,  ɟɫɥɢ  ( ( , ) ) ( ) min( ( , ) ) ( ),  ,  1, ,

I I I I

i i i k k
k

i I I I I

i i i k k
k

ɫ x x ɫ x x

ɫ x x ɫ x x x i N

           
          

     (11) 

ɝɞɟ },{ **   – ɨɩɬɢɦɚɥɶɧɨɟ ɪɟɲɟɧɢɟ ɞɜɨɣɫɬɜɟɧɧɨɣ ɡɚɞɚɱɢ  

max}),({ G , MN E,E   ,                              (12)  

1,

( , ) min( ( , ) ) ( )I I

k k k
k N

G c x x dx    




    

1 1 1

min( ( ( , ) ) )
NM

N M M
II I I

ij i j j i ij j j
v R

i j j

c v b    


  

     .             (13) 

ɉɪɢ ɷɬɨɦ ɩɚɪɚ }){}({}),{},,({ ****
MNNM EERv    – ɫɟɞɥɨɜɚɹ ɬɨɱɤɚ 

ɮɭɧɤɰɢɨɧɚɥɚ Ʌɚɝɪɚɧɠɚ 

 
* * *

1 1 1

({ ( ), }, ( )) ( , ) ( ) ( ) ( , )
N N M

I I II I II

i i i ij i j ij

i i j

L v c x x x dx c v     
  

         

* * *

0

1 1 1 1 1

( ) ( )( ( ) 1) ( ( ) ( ) )
M N N N M

j j ij i i ij i

j i i i j

b v x x dx v x x dx     
     

           .     (14) 
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Ɍɟɨɪɟɦɚ 2. ɉɭɫɬɶ ɜ ɡɚɞɚɱɟ 2 0)( x  ɩ.ɜ. ɞɥɹ x  . Ɍɨɝɞɚ ɞɥɹ ɬɨɝɨ, ɱɬɨ-

ɛɵ ɩɚɪɚ * *( ( ), )
NM

v R    ɛɵɥɚ ɪɟɲɟɧɢɟɦ ɡɚɞɚɱɢ 2, ɧɟɨɛɯɨɞɢɦɨ ɢ ɞɨɫɬɚɬɨɱ-

ɧɨ, ɱɬɨɛɵ ɫɭɳɟɫɬɜɨɜɚɥɢ ɬɚɤɢɟ , 1,...,
i

i N   ɢ Mjj ,...,1,  , ɱɬɨ: 

1) * * ( , ) ( , )I I I I

i i i k k
ɫ x ɫ x      , , , 1,...,i k x k N    ; 

2) 

*

*

( , ) ,  ɟɫɥɢ 0,  

( , ) . ɟɫɥɢ 0.

II I II

ij i j i j ij

II I II

ij i j i j ij

c v

c v

      


     
 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ ɩɪɟɞɥɨɠɟɧ ɢɬɟɪɚɰɢɨɧɧɵɣ ɚɥɝɨɪɢɬɦ, ɫɨ-
ɫɬɚɜɧɨɣ ɱɚɫɬɶɸ ɤɨɬɨɪɨɝɨ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ ɩɨɬɟɧɰɢɚɥɨɜ ɪɟɲɟɧɢɹ ɬɪɚɧɫɩɨɪɬɧɨɣ 
ɡɚɞɚɱɢ [3]. Ɉɩɢɲɟɦ ɩɪɟɞɥɨɠɟɧɧɵɣ ɚɥɝɨɪɢɬɦ. 

Ⱥɥɝɨɪɢɬɦ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ 1. 
Ɉɛɥɚɫɬɶ   ɡɚɤɥɸɱɚɟɦ ɜ ɩɚɪɚɥɥɟɥɟɩɢɩɟɞ ɉ, ɫɬɨɪɨɧɵ ɤɨɬɨɪɨɝɨ ɩɚɪɚɥɥɟɥɶɧɵ 

ɨɫɹɦ ɞɟɤɚɪɬɨɜɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ. ɉɨɥɚɝɚɟɦ ( ) 0x   ɞɥɹ ɬɨɱɟɤ \x  . 

ɉɚɪɚɥɥɟɥɟɩɢɩɟɞ ɉ ɩɨɤɪɵɜɚɟɦ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɫɟɬɤɨɣ ɢ ɡɚɞɚɟɦ ɧɚɱɚɥɶɧɨɟ  

ɡɧɚɱɟɧɢɟ  0( )i x , 1, ,i N  ɭɡɥɚɯ ɫɟɬɤɢ. 

ɒɚɝ 0 (ɩɨɞɝɨɬɨɜɢɬɟɥɶɧɵɣ).  
1. Ɋɚɫɫɱɢɬɵɜɚɟɦ ɡɧɚɱɟɧɢɹ (0)I

ib , 1, ,i N  ɩɨ ɮɨɪɦɭɥɟ: 

   (0) 0I

i ib x x dx 


  . 

2. Ɉɩɪɟɞɟɥɹɟɦ ɧɚɱɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ   0

ij
v , 1, , 1,i N j M   ɢ   ɡɧɚɱɟɧɢɹ ɩɨ-

ɬɟɧɰɢɚɥɨɜ   0

i  , 1,i N   ɢ   0

j , 1,j M ,  ɪɟɲɚɹ ɬɪɚɧɫɩɨɪɬɧɭɸ ɡɚɞɚɱɭ ɬɚɤɨɝɨ 
ɜɢɞɚ:  

 0

1 1

( , ) min
N M

II I II

ij i j ij

i j

c   
 

 ,                                     (15) 

                                     
 0

1

N
II

ij j

i

v b


 , Mj ,...,2,1 ,                            (16) 

                                   
   0 0

1

,  1,2,...,
M

I

ij i

j

v b i N


  ,                                 (17)  

 0
0ij  , 1,2,...,i N , Mj ,...,2,1 . 

 

ɉɭɫɬɶ ɜ ɪɟɡɭɥɶɬɚɬɟ k ɲɚɝɨɜ ɚɥɝɨɪɢɬɦɚ 1,2,k   ɩɨɥɭɱɟɧɵ ɡɧɚɱɟɧɢɹ ɩɨɬɟɧ-
ɰɢɚɥɨɜ ( ) ( ) ( )

1 2, ,k k k

N   . 

Ɉɩɢɲɟɦ ɲɚɝ  1k  -ɣ ɲɚɝ, 0,1,...k   

1. ȼɵɱɢɫɥɹɟɦ ɡɧɚɱɟɧɢɟ 1( )k

i x   ɜ ɭɡɥɚɯ ɫɟɬɤɢ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: 
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( ) ( )

1
1,   ɟɫɥɢ ( , ) ( ) ( ) min( ( , ) ) ( );

( )   
0,   ɜ ɨɫɬɚɥɶɧɵɯ ɫɥɭɱɚɹɯ.

I I k I I k

i i i l l lk l
i

c x x x c x x
x


    


      
  

 

2. ȼɵɱɢɫɥɹɟɦ ɡɧɚɱɟɧɢɹ ( 1)I k

ib
 , 1, ,i N  

 1( 1) ( )
kI k

i ib x dx




   . 

3. Ɉɩɪɟɞɟɥɹɟɦ ɧɚɱɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ   1k

ij
v


, 1,i N , 1,j M  ɢ   ɡɧɚɱɟɧɢɹ ɩɨ-

ɬɟɧɰɢɚɥɨɜ   1k

i 
 , 1,i N   ɢ   1k

j 
, 1,j M ,  ɪɟɲɚɹ ɬɪɚɧɫɩɨɪɬɧɭɸ ɡɚɞɚɱɭ ɬɚ-

ɤɨɝɨ ɜɢɞɚ:  
 1

1 1

( , ) min
N M

kII I II

ij i j ij

i j

c    

 

 ,                                    (18) 

                                 
 1

1

N
k II

ij j

i

v b




 , Mj ,...,2,1 ,                                 (19) 

                              
   1 1

1

,  1,2,...,
M

k I k

ij i

j

v b i N
 



  ,                                 (20)  

 1
0

k

ij   , 1,2,...,i N , 1, 2, ... , .j M  

 

4. ȼɵɱɢɫɥɹɟɦ ɡɧɚɱɟɧɢɟ ɰɟɥɟɜɨɝɨ ɮɭɧɤɰɢɨɧɚɥɚ ɩɨ ɮɨɪɦɭɥɟ  (8)  ɩɪɢ 
 1

( ) ( )
k

i ix x
   , 1, ,i N  

 1k

ij ij
v v

 , 1, , 1, .i N j M   

 

5. ȿɫɥɢ ɯɨɬɹ ɛɵ ɨɞɧɨ ɢɡ ɭɫɥɨɜɢɣ  

1 ,   0k kF F     ,                                            (21) 

1 ,   0k k                                                  (22) 

ɜɵɩɨɥɧɹɟɬɫɹ, ɬɨ ɩɟɪɟɯɨɞɢɦ ɤ ɩ. 6, ɟɫɥɢ ɧɢ ɨɞɧɨ ɢɡ ɧɢɯ ɧɟ ɜɵɩɨɥɧɟɧɨ, ɬɨ ɤ 
 2k  -ɦɭ ɲɚɝɭ ɚɥɝɨɪɢɬɦɚ.  

6. ɉɨɥɚɝɚɟɦ  *( ) ( )
l

i ix x   , 1, ,i N  
 * l

ij ij
v v , 1, , 1,i N j M  , * l

i i   , 

1,i N   ɢ  
 l*

j j  , 1,j M , ɝɞɟ l – ɧɨɦɟɪ ɢɬɟɪɚɰɢɢ, ɧɚ ɤɨɬɨɪɨɦ ɜɵɩɨɥɧɢɥɨɫɶ 
ɭɫɥɨɜɢɟ (21). 

7. ȼɵɱɢɫɥɹɟɦ ɨɩɬɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɰɟɥɟɜɨɝɨ ɮɭɧɤɰɢɨɧɚɥɚ ɩɨ ɮɨɪɦɭɥɟ (8) 
ɩɪɢ *( ) ( )i ix x   , 1, ,i N  

*

ij ij
v v , 1, , 1,i N j M   ɢ ɞɥɹ ɤɨɧɬɪɨɥɹ ɩɪɚɜɢɥɶɧɨ-
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ɫɬɢ ɫɱɟɬɚ – ɡɧɚɱɟɧɢɟ ɞɜɨɣɫɬɜɟɧɧɨɝɨ ɮɭɧɤɰɢɨɧɚɥɚ ɩɨ ɮɨɪɦɭɥɟ (13) ɩɪɢ 
*

i i   , 1,i N   ɢ  *

j j  , 1,j M . 

Ⱥɥɝɨɪɢɬɦ ɨɩɢɫɚɧ. 
ɉɪɟɞɥɨɠɟɧɧɵɣ ɚɥɝɨɪɢɬɦ ɛɵɥ ɚɩɪɨɛɢɪɨɜɚɧ ɧɚ ɫɥɟɞɭɸɳɢɯ ɦɨɞɟɥɶɧɵɯ ɡɚ-

ɞɚɱɚɯ. 
Ɇɨɞɟɥɶɧɚɹ ɡɚɞɚɱɚ 1. ɉɨɫɬɚɜɳɢɤ ɧɟɤɨɬɨɪɨɣ ɩɪɨɞɭɤɰɢɢ, ɩɪɨɢɡɜɨɞɢɦɨɣ ɱɟ-

ɬɵɪɶɦɹ ɩɪɟɞɩɪɢɹɬɢɹɦɢ ɩɟɪɜɨɝɨ ɷɬɚɩɚ ɢ ɩɟɪɟɪɚɛɚɬɵɜɚɟɦɨɣ ɬɪɟɦɹ ɩɪɟɞɩɪɢ-
ɹɬɢɹɦɢ ɜɬɨɪɨɝɨ ɷɬɚɩɚ, ɧɟɩɪɟɪɵɜɧɨ ɪɚɫɩɪɟɞɟɥɟɧ ɜ ɨɛɥɚɫɬɢ 

  , :0 1; 0 1x y x y     . ɂɡɜɟɫɬɧɵ ɤɨɨɪɞɢɧɚɬɵ ɪɚɫɩɨɥɨɠɟɧɢɹ ɩɪɟɞɩɪɢ-

ɹɬɢɣ ɩɟɪɜɨɝɨ  1 0,25;0,25I  ,  2 0,25;0,75I  ,  3 0,75;0,75I  , 

 4 0,75;0,25I   ɢ ɜɬɨɪɨɝɨ  1 0,3;0,4II  ,  2 0,4;0,3II  ,  3 0,3;0,8II   ɷɬɚ-
ɩɨɜ. Ɏɭɧɤɰɢɹ, ɨɩɢɫɵɜɚɸɳɚɹ ɡɚɬɪɚɬɵ ɧɚ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɭ ɫɵɪɶɹ ɨɬ ɩɨɫɬɚɜ-
ɳɢɤɚ ɫ ɤɨɨɪɞɢɧɚɬɚɦɢ  ,x y  ɤ ɩɪɟɞɩɪɢɹɬɢɸ ɫ ɤɨɨɪɞɢɧɚɬɚɦɢ  1 2,I I I

i i i   , ɞɥɹ 
ɜɫɟɯ ɩɪɟɞɩɪɢɹɬɢɣ ɨɞɢɧɚɤɨɜɚ ɢ ɡɚɞɚɧɚ ɜ ɜɢɞɟ:  

   2 2

1 2( , , )I I I I

i i i ic x y x y      , 1,4i  . 

Ɂɚɬɪɚɬɵ ɧɚ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɭ ɩɪɨɞɭɤɰɢɢ ɨɬ ɩɪɟɞɩɪɢɹɬɢɹ  1 2,I I I

i i i    ɩɟɪ-

ɜɨɝɨ ɷɬɚɩɚ ɤ ɩɪɟɞɩɪɢɹɬɢɸ  1 2,II II II

j j j    ɜɬɨɪɨɝɨ ɷɬɚɩɚ ɨɩɢɫɵɜɚɸɬɫɹ ɜ ɜɢɞɟ:  

   2 2

1 1 2 2( , )II I II I II I II

ij i j i j i jc          , 1, , 1,i N j M  . 

Ɂɚɩɚɫɵ ɫɵɪɶɹ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɵ ɜ ɨɛɥɚɫɬɢ Ω. Ⱦɥɹ ɩɪɨɫɬɨɬɵ ɩɨɥɚ-
ɝɚɟɦ, ɱɬɨ ( , ) 1x y  . Ɉɝɪɚɧɢɱɟɧɢɹ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɦɨɳɧɨɫɬɢ ɩɪɟɞɩɪɢ-
ɹɬɢɣ ɜɬɨɪɨɝɨ ɷɬɚɩɚ ɡɚɞɚɧɵ ɪɚɜɧɵɦɢ 0,2, 0,4 ɢ 0,4 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ɇɟɨɛɯɨɞɢɦɨ ɪɚɡɛɢɬɶ ɨɛɥɚɫɬɶ Ω ɧɚ ɡɨɧɵ ɫɛɨɪɚ ɫɵɪɶɹ ɢ ɨɩɪɟɞɟɥɢɬɶ ɨɛɴɟɦɵ 
ɩɨɫɬɚɜɨɤ ɩɪɨɞɭɤɰɢɢ ɨɬ ɩɪɟɞɩɪɢɹɬɢɣ ɩɟɪɜɨɝɨ ɷɬɚɩɚ ɤ ɩɪɟɞɩɪɢɹɬɢɹɦ ɜɬɨɪɨɝɨ 
ɷɬɚɩɚ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɦɢɧɢɦɢɡɢɪɨɜɚɬɶ ɮɭɧɤɰɢɨɧɚɥ ɫɭɦɦɚɪɧɵɯ ɡɚɬɪɚɬ 
(1) ɧɚ ɞɨɫɬɚɜɤɭ ɫɵɪɶɹ ɢ ɝɨɬɨɜɨɣ ɩɪɨɞɭɤɰɢɢ ɩɪɢ ɭɫɥɨɜɢɹɯ (2) – (4).  

ɇɚ ɪɢɫ. 1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ, ɜɡɹɬɵɟ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɢ 
ɪɚɡɦɟɳɟɧɢɟ ɰɟɧɬɪɨɜ ɩɪɟɞɩɪɢɹɬɢɣ ɩɟɪɜɨɝɨ (ɤɪɭɝɢ) ɢ ɜɬɨɪɨɝɨ (ɤɜɚɞɪɚɬɵ) ɷɬɚ-
ɩɨɜ.  

Ⱦɥɹ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ ɨɛɥɚɫɬɶ Ω ɩɨɤɪɵɜɚɥɚɫɶ ɫɟɬɤɨɣ ɫ ɲɚɝɨɦ 
h = 0,01. ɍɫɥɨɜɢɟɦ ɩɪɟɤɪɚɳɟɧɢɹ ɫɱɟɬɚ ɛɵɥɨ ɜɵɩɨɥɧɟɧɢɟ ɨɞɧɨɝɨ ɢɡ ɧɟɪɚ-
ɜɟɧɫɬɜ:  

1k kF F  10
−6

, 

1k k   10
−6

. 
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ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɢɦɟɧɟɧɢɹ ɨɩɢɫɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɫɥɟɞɭɸ-
ɳɢɟ ɪɟɡɭɥɶɬɚɬɵ: 

 – ɨɩɬɢɦɚɥɶɧɨɟ ɪɚɡɛɢɟɧɢɟ ɨɛɥɚɫɬɢ Ω ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫ. 2; 

– ɨɩɬɢɦɚɥɶɧɵɟ ɨɛɴɟɦɵ ɩɟɪɟɜɨɡɨɤ (ɭɤɚɡɚɧɵ ɜ ɬɚɛɥ. 1); 

– ɦɨɳɧɨɫɬɢ ɩɪɟɞɩɪɢɹɬɢɣ ɩɟɪɜɨɝɨ ɷɬɚɩɚ ɪɚɜɧɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 

1

I
b  0,5853; 2

I
b  0,2965; 3

I
b  0,072; 4

I
b  0,0462. 

– Ɇɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɰɟɥɟɜɨɝɨ ɮɭɧɤɰɢɨɧɚɥɚ, ɩɨɥɭɱɟɧɧɨɟ ɩɨ ɮɨɪɦɭ-
ɥɟ (1), I = 0,97690; 

– ɡɧɚɱɟɧɢɟ ɞɜɨɣɫɬɜɟɧɧɨɝɨ ɮɭɧɤɰɢɨɧɚɥɚ, ɩɨɥɭɱɟɧɧɨɟ ɩɨ ɮɨɪɦɭɥɟ (13), 
G

*
 = 0,97301. 

 
 

Ɋɢɫ. 1. ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɦɨɞɟɥɶɧɨɣ 
ɡɚɞɚɱɢ 1 

 
 

Ɋɢɫ. 2.  Ɋɟɡɭɥɶɬɚɬ ɪɟɲɟɧɢɹ ɦɨɞɟɥɶ-
ɧɨɣ ɡɚɞɚɱɢ 1 

Ɍɚɛɥɢɰɚ 1  

Ɉɛɴɟɦɵ ɩɟɪɟɜɨɡɨɤ, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɪɟɲɟɧɢɢ ɦɨɞɟɥɶɧɨɣ ɡɚɞɚɱɢ 1 
 

 
1

II  2

II  3

II  

1

I  0,2 0,385 0 

2

I  0 0 0,297 

3

I  0 0 0,072 

4

I  0 0,015 0,031 

 

Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ ɷɬɚ ɠɟ ɡɚɞɚɱɚ ɛɵɥɚ ɪɟɲɟɧɚ ɛɟɡ ɭɱɟɬɚ ɪɚɡɦɟɳɟɧɢɹ ɩɪɟɞɩɪɢ-
ɹɬɢɣ ɜɬɨɪɨɝɨ ɷɬɚɩɚ (ɡɚɞɚɱɚ ɈɊɆ ɩɪɢ ɮɢɤɫɢɪɨɜɚɧɧɵɯ ɰɟɧɬɪɚɯ ɩɨɞɦɧɨɠɟɫɬɜ 
ɛɟɡ ɨɝɪɚɧɢɱɟɧɢɣ [7]). Ɉɩɬɢɦɚɥɶɧɨɟ ɪɚɡɛɢɟɧɢɟ ɦɧɨɠɟɫɬɜɚ Ω, ɩɨɥɭɱɟɧɧɨɟ ɜ ɪɟ-
ɡɭɥɶɬɚɬɟ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ, ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. 3.  
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Ɋɢɫ. 3. Ɋɟɡɭɥɶɬɚɬ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɈɊɆ ɞɥɹ ɦɨɞɟɥɶɧɨɣ ɡɚɞɚɱɢ1 

 

ɉɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɦɨɳɧɨɫɬɟɣ ɩɪɟɞɩɪɢɹɬɢɣ: 

1

I
b  0,2474; 2

I
b  0,2426; 3

I
b  0,2476; 4

I
b  0,2425. 

Ɂɧɚɱɟɧɢɟ ɰɟɥɟɜɨɝɨ ɮɭɧɤɰɢɨɧɚɥɚ: I = 0,5753 

Ʉɚɤ ɜɢɞɢɦ, ɩɨɹɜɥɟɧɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɫɜɹɡɟɣ (ɩɪɟɞɩɪɢɹɬɢɹ ɜɬɨɪɨɝɨ ɷɬɚɩɚ) 
ɫɭɳɟɫɬɜɟɧɧɨ ɜɥɢɹɟɬ ɧɚ ɪɚɡɛɢɟɧɢɟ. ȿɫɥɢ ɬɚɤɢɯ ɫɜɹɡɟɣ ɧɟɬ, ɬɨ ɨɛɥɚɫɬɶ ɪɚɡɞɟɥɟ-
ɧɚ ɧɚ ɪɚɜɧɵɟ ɩɨ ɦɨɳɧɨɫɬɢ ɩɨɞɦɧɨɠɟɫɬɜɚ, ɩɪɢ ɭɱɟɬɟ ɠɟ ɬɚɤɢɯ ɫɜɹɡɟɣ – ɛɨɥɶ-
ɲɭɸ ɩɥɨɳɚɞɶ ɢɦɟɟɬ ɨɛɥɚɫɬɶ ɨɛɫɥɭɠɢɜɚɧɢɹ ɩɪɟɞɩɪɢɹɬɢɹ, ɤɨɬɨɪɨɟ ɧɚɯɨɞɢɬɫɹ 
ɛɥɢɠɟ ɤ ɩɪɟɞɩɪɢɹɬɢɹɦ ɜɬɨɪɨɝɨ ɷɬɚɩɚ – 1

I , ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɦɟɧɶɲɢɟ ɡɚɬɪɚ-
ɬɵ ɧɚ ɩɟɪɟɜɨɡɤɭ ɝɨɬɨɜɨɝɨ ɩɪɨɞɭɤɬɚ ɤ ɩɪɟɞɩɪɢɹɬɢɹɦ ɜɬɨɪɨɝɨ ɷɬɚɩɚ. 

Ɇɨɞɟɥɶɧɚɹ ɡɚɞɚɱɚ 2. ɗɬɚ ɡɚɞɚɱɚ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɦɨɞɟɥɶɧɨɣ ɡɚɞɚɱɢ 1 ɤɨɥɢ-
ɱɟɫɬɜɨɦ ɩɪɟɞɩɪɢɹɬɢɣ ɜɬɨɪɨɝɨ ɷɬɚɩɚ. Ⱥ ɢɦɟɧɧɨ, ɩɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɢɦɟɟɬɫɹ 
ɞɜɚ ɩɪɟɞɩɪɢɹɬɢɹ ɜɬɨɪɨɝɨ ɷɬɚɩɚ ɫ ɤɨɨɪɞɢɧɚɬɚɦɢ  1 0,3;0,4II  ,  2 0,4;0,3II  . 

Ɉɝɪɚɧɢɱɟɧɢɹ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɭɸ ɦɨɳɧɨɫɬɶ ɩɪɟɞɩɪɢɹɬɢɣ ɜɬɨɪɨɝɨ ɷɬɚɩɚ 
ɛɵɥɢ ɩɪɢɧɹɬɵ ɪɚɜɧɵɦɢ «0,2» ɢ «0,8» ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ, ɜɡɹ-
ɬɵɟ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɢ ɪɚɡɦɟɳɟɧɢɟ ɰɟɧɬɪɨɜ ɩɪɟɞɩɪɢɹɬɢɣ ɩɟɪɜɨɝɨ (ɤɪɭɝɢ) 
ɢ ɜɬɨɪɨɝɨ (ɤɜɚɞɪɚɬɵ) ɷɬɚɩɨɜ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 4. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɢɦɟɧɟɧɢɹ ɨɩɢɫɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɫɥɟɞɭɸ-
ɳɢɟ ɪɟɡɭɥɶɬɚɬɵ: 

 – ɨɩɬɢɦɚɥɶɧɨɟ ɪɚɡɛɢɟɧɢɟ ɨɛɥɚɫɬɢ Ω ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫ. 5; 

– ɨɩɬɢɦɚɥɶɧɵɟ ɨɛɴɟɦɵ ɩɟɪɟɜɨɡɨɤ (ɭɤɚɡɚɧɵ ɜ ɬɚɛɥ. 2); 

– ɦɨɳɧɨɫɬɢ ɩɪɟɞɩɪɢɹɬɢɣ ɩɟɪɜɨɝɨ ɷɬɚɩɚ ɪɚɜɧɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 

1

I
b  0,82; 2

I
b  0; 3

I
b  0,153; 4

I
b  0,027. 

– ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɰɟɥɟɜɨɝɨ ɮɭɧɤɰɢɨɧɚɥɚ, ɩɨɥɭɱɟɧɧɨɟ ɩɨ ɮɨɪɦɭ-
ɥɟ (1), I = 0,92363; 

– ɡɧɚɱɟɧɢɟ ɞɜɨɣɫɬɜɟɧɧɨɝɨ ɮɭɧɤɰɢɨɧɚɥɚ, ɩɨɥɭɱɟɧɧɨɟ ɩɨ ɮɨɪɦɭɥɟ (13), 
G

*
 = 0,91954. 
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Ɋɢɫ. 4.  ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɦɨɞɟɥɶɧɨɣ 
ɡɚɞɚɱɢ 2 

 
Ɋɢɫ. 5.  Ɋɟɡɭɥɶɬɚɬ ɪɟɲɟɧɢɹ ɦɨɞɟɥɶɧɨɣ                                            

ɡɚɞɚɱɢ 2 
 

Ɍɚɛɥɢɰɚ 2  
Ɉɛɴɟɦɵ ɩɟɪɟɜɨɡɨɤ, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɪɟɲɟɧɢɢ ɦɨɞɟɥɶɧɨɣ ɡɚɞɚɱɢ 2 

 

 
1

II  2

II  

1

I  0.2 0.62 

2

I  0 0 

3

I  0 0.153 

4

I  0 0.027 

 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɢɡɦɟɧɟɧɢɟ ɜɢɞɚ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɫɜɹɡɟɣ ɬɚɤɠɟ ɫɭɳɟɫɬɜɟɧɧɨ 
ɜɥɢɹɟɬ ɧɚ ɜɢɞ ɪɚɡɛɢɟɧɢɹ ɦɧɨɠɟɫɬɜɚ. 

ȼɵɜɨɞɵ. ȼ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧ ɚɥɝɨɪɢɬɦ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɈɊɆ ɫ ɞɨɩɨɥɧɢ-
ɬɟɥɶɧɵɦɢ ɫɜɹɡɹɦɢ ɩɪɢ ɮɢɤɫɢɪɨɜɚɧɧɵɯ ɰɟɧɬɪɚɯ ɩɨɞɦɧɨɠɟɫɬɜ ɢ ɨɬɫɭɬɫɬɜɢɢ 
ɨɝɪɚɧɢɱɟɧɢɣ ɧɚ ɦɨɳɧɨɫɬɢ ɩɪɟɞɩɪɢɹɬɢɣ ɩɟɪɜɨɝɨ ɷɬɚɩɚ. ɉɪɟɞɥɨɠɟɧɧɵɣ ɚɥɝɨ-
ɪɢɬɦ ɚɩɪɨɛɢɪɨɜɚɧ ɧɚ ɦɨɞɟɥɶɧɵɯ ɡɚɞɚɱɚɯ.   

 
Ȼɢɛɥɢɨɝɪɚɮɢɱɟɫɤɢɟ ɫɫɵɥɤɢ 
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