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Ⱥɧɧɨɬɚɰɢɹ. ɉɪɢ ɩɥɚɧɢɪɨɜɚɧɢɢ ɜɵɩɨɥɧɟɧɢɹ ɬɟɯɧɢɱɟɫɤɨɝɨ ɨɛɫɥɭɠɢɜɚɧɢɹ ɚɜɬɨɦɨɛɢɥɟɣ ɩɪɟɞɥɚ-
ɝɚɟɬɫɹ ɧɨɜɵɣ ɚɥɝɨɪɢɬɦ, ɢɫɩɨɥɶɡɭɸɳɢɣ ɩɪɢɧɰɢɩ ɨɛɪɚɬɧɨɝɨ ɭɩɨɪɹɞɨɱɟɧɢɹ ɪɚɛɨɬ ɩɪɢ ɫɨɫɬɚɜɥɟ-
ɧɢɢ ɪɚɫɩɢɫɚɧɢɹ. ɉɪɢɜɨɞɢɬɫɹ ɬɟɨɪɟɬɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨɫɬɪɨɟɧɢɹ ɚɥɝɨɪɢɬ-
ɦɚ, ɚ ɬɚɤɠɟ ɟɝɨ ɫɪɚɜɧɢɬɟɥɶɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɩɨɥɭɱɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɩɭɬɟɦ. 
ɉɪɟɞɥɚɝɚɟɬɫɹ ɫɩɨɫɨɛ ɭɥɭɱɲɟɧɢɹ ɜɪɟɦɟɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɚɥɝɨɪɢɬɦɚ. 
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Ⱥɧɨɬɚɰɿɹ. ɉɪɢ ɩɥɚɧɭɜɚɧɧɿ ɜɢɤɨɧɚɧɧɹ ɬɟɯɧɿɱɧɨɝɨ ɨɛɫɥɭɝɨɜɭɜɚɧɧɹ ɚɜɬɨɦɨɛɿɥɿɜ ɩɪɨɩɨɧɭɽɬɶɫɹ 
ɧɨɜɢɣ ɚɥɝɨɪɢɬɦ, ɹɤɢɣ ɜɢɤɨɪɢɫɬɨɜɭɽ ɩɪɢɧɰɢɩ ɡɜɨɪɨɬɧɨɝɨ ɜɩɨɪɹɞɤɭɜɚɧɧɹ ɪɨɛɿɬ ɩɪɢ ɫɤɥɚɞɚɧɧɿ 
ɪɨɡɤɥɚɞɭ. ɉɨɞɚɧɨ ɬɟɨɪɟɬɢɱɧɟ ɨɛʉɪɭɧɬɭɜɚɧɧɹ ɦɨɠɥɢɜɨɫɬɿ ɩɨɛɭɞɨɜɢ ɚɥɝɨɪɢɬɦɭ, ɚ ɬɚɤɨɠ ɣɨɝɨ 
ɩɨɪɿɜɧɹɥɶɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɨɬɪɢɦɚɧɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɦ ɲɥɹɯɨɦ. ɉɪɨɩɨɧɭɽɬɶɫɹ ɫɩɨɫɿɛ ɩɨɤ-
ɪɚɳɟɧɧɹ ɱɚɫɨɜɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɚɥɝɨɪɢɬɦɭ. 
 
Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɚɜɬɨɦɨɛɿɥɿ, ɬɟɯɧɿɱɧɟ ɨɛɫɥɭɝɨɜɭɜɚɧɧɹ, ɬɟɨɪɿɹ ɪɨɡɤɥɚɞɿɜ, ɤɨɧɜɟɽɪɧɚ ɡɚɞɚɱɚ, ɚɥɝɨ-
ɪɢɬɦ. 
 
GENERAL PROBLEM OF SCHEDULING THEORY WITH REVERSE ORDERING 
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Abstract. A new algorithm, using the principle of reverse ordering of works at drawing  up of  
schedules is offered for application at planning of vehicles maintenance carrying out. Theoretical 
grounding of algorithm compiling possibility as well as its comparative features obtained experimen-
tally are presented. A method of temporary algorithm features improvement is offered . 
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ȼɜɟɞɟɧɢɟ 
 
Ɋɵɧɨɱɧɚɹ ɷɤɨɧɨɦɢɤɚ ɬɪɟɛɭɟɬ ɦɢɧɢɦɢɡɚɰɢɢ 
ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɥɸɛɨɣ ɩɪɨɞɭɤɰɢɢ, ɱɬɨɛɵ ɜɵ-
ɢɝɪɵɜɚɬɶ ɫɨɪɟɜɧɨɜɚɧɢɹ ɩɨ ɰɟɧɚɦ ɭ ɤɨɧɤɭɪɟɧ-
ɬɨɜ. ɍ ɜɫɟɯ ɩɪɟɞɩɪɢɹɬɢɣ ɡɚɦɟɬɧɭɸ ɞɨɥɸ 
ɫɪɟɞɫɬɜ ɩɪɨɢɡɜɨɞɫɬɜɚ ɫɨɫɬɚɜɥɹɟɬ ɤɨɥɟɫɧɚɹ ɢ 
ɝɭɫɟɧɢɱɧɚɹ ɬɟɯɧɢɤɚ, ɩɨɷɬɨɦɭ ɜɚɠɧɵɦ 
ɧɚɩɪɚɜɥɟɧɢɟɦ ɫɧɢɠɟɧɢɹ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɹɜ-
ɥɹɟɬɫɹ ɫɨɤɪɚɳɟɧɢɟ ɜɪɟɦɟɧɢ ɩɪɨɫɬɨɹ ɦɚɲɢɧ ɜ 
ɪɟɦɨɧɬɟ. Ɍɨɥɶɤɨ ɭ ɤɪɭɩɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ ɷɬɨ 
ɦɨɠɟɬ ɛɵɬɶ ɨɛɟɫɩɟɱɟɧɨ ɞɟɹɬɟɥɶɧɨɫɬɶɸ ɫɨɛ-
ɫɬɜɟɧɧɵɯ ɯɨɪɨɲɨ ɨɫɧɚɳɟɧɧɵɯ ɪɟɦɨɧɬɧɵɯ 
ɛɚɡ. Ⱦɥɹ ɨɫɬɚɥɶɧɵɯ ɫɨɞɟɪɠɚɧɢɟ ɪɟɦɨɧɬɧɢ-
ɤɨɜ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɨɦɟɳɟɧɢɣ ɢ ɨɛɨɪɭ-
ɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɬɹɠɤɢɦ ɛɪɟɦɟɧɟɦ. ȼɫɟ 
ɛɨɥɶɲɟ ɜɥɚɞɟɥɶɰɟɜ ɬɟɯɧɢɤɢ ɩɨɧɢɦɚɸɬ ɧɟɜɵ-
ɝɨɞɧɨɫɬɶ ɫɨɞɟɪɠɚɧɢɹ ɪɟɦɨɧɬɧɵɯ ɰɟɯɨɜ. ȼ 
ɫɜɨɸ ɨɱɟɪɟɞɶ ɷɮɮɟɤɬɢɜɧɨɟ ɮɭɧɤɰɢɨɧɢɪɨɜɚ-
ɧɢɟ ɤɪɭɩɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ ɜɨɡɦɨɠɧɨ ɬɨɥɶɤɨ 
ɩɪɢ ɩɪɚɜɢɥɶɧɨɣ ɨɪɝɚɧɢɡɚɰɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ. 
ȼ ɤɚɱɟɫɬɜɟ ɤɪɢɬɟɪɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɢɧɹɬɨ 
ɤɨɥɢɱɟɫɬɜɨ ɚɜɬɨɦɨɛɢɥɟɣ, ɨɬɪɟɦɨɧɬɢɪɨɜɚɧ-
ɧɵɯ ɡɚ ɨɩɪɟɞɟɥɟɧɧɵɣ ɩɟɪɢɨɞ. Ⱦɥɹ ɭɜɟɥɢɱɟ-
ɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɚɜɬɨɦɨɛɢɥɟɣ ɧɟɨɛɯɨɞɢɦɨ 
ɱɟɬɤɨ ɫɩɥɚɧɢɪɨɜɚɬɶ ɨɱɟɪɟɞɧɨɫɬɶ ɜɵɩɨɥɧɟɧɢɹ 
ɪɚɛɨɬ ɩɨ ɬɟɯɧɢɱɟɫɤɨɦɭ ɨɛɫɥɭɠɢɜɚɧɢɸ ɢ ɪɟ-
ɦɨɧɬɭ. 
 

Ⱥɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ 
 
ɋɨɫɬɚɜɥɟɧɢɟ ɝɪɚɮɢɤɚ ɨɱɟɪɟɞɧɨɫɬɢ ɜɵɩɨɥɧɟ-
ɧɢɹ ɪɚɛɨɬ ɩɨ ɬɟɯɧɢɱɟɫɤɨɦɭ ɨɛɫɥɭɠɢɜɚɧɢɸ ɢ 
ɪɟɦɨɧɬɭ ɚɜɬɨɦɨɛɢɥɟɣ ɹɜɥɹɟɬɫɹ ɡɚɞɚɱɟɣ ɬɟɨ-
ɪɢɢ ɪɚɫɩɢɫɚɧɢɣ ɢ ɜ ɨɛɳɟɦ ɜɢɞɟ ɟɳɟ ɧɟ ɪɟ-
ɲɟɧɚ [1]. ɂɦɟɟɬɫɹ ɰɟɥɵɣ ɪɹɞ ɱɚɫɬɧɵɯ ɪɟ-
ɡɭɥɶɬɚɬɨɜ. Ɉɫɨɛɵɟ ɬɪɭɞɧɨɫɬɢ ɩɪɢ ɪɟɲɟɧɢɢ 
ɡɚɞɚɱ ɜɨɡɧɢɤɚɸɬ ɜ ɫɥɭɱɚɟ ɛɨɥɶɲɢɯ ɪɚɡɦɟɪɧɨ-
ɫɬɟɣ. 
 
ȼ ɫɬɚɬɶɹɯ [2, 3] ɨɩɢɫɚɧɵ ɚɥɝɨɪɢɬɦɵ ɫɨɫɬɚɜ-
ɥɟɧɢɹ ɪɚɫɩɢɫɚɧɢɣ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɫɢ-
ɫɬɟɦ ɫ ɨɛɳɢɦ ɢ ɤɨɧɜɟɣɟɪɧɵɦ ɯɚɪɚɤɬɟɪɨɦ 
ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬ. Ɉɬɥɢɱɢɬɟɥɶɧɨɣ ɱɟɪɬɨɣ 
ɩɪɟɞɥɨɠɟɧɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɹɜɥɹɟɬɫɹ ɩɪɹɦɨɟ 
ɭɩɨɪɹɞɨɱɟɧɢɟ ɪɚɛɨɬ, ɬ.ɟ. ɪɚɛɨɬɵ (ɨɩɟɪɚɰɢɢ) 
ɩɪɟɞɦɟɬɨɜ ɩɪɢ ɮɨɪɦɢɪɨɜɚɧɢɢ ɩɨɪɹɞɤɨɜ ɢɯ 
ɜɵɩɨɥɧɟɧɢɹ ɧɚ ɦɚɲɢɧɚɯ ɧɚɡɧɚɱɚɸɬɫɹ ɜ ɜɨɡ-
ɪɚɫɬɚɸɳɟɦ ɩɨɪɹɞɤɟ ɫɥɟɞɨɜɚɧɢɹ ɷɬɢɯ ɨɩɟɪɚ-
ɰɢɣ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɦɚɪɲɪɭɬɚɯ ɩɪɟɞɦɟ-
ɬɨɜ. ɇɚɩɪɢɦɟɪ, ɞɥɹ ɞɜɭɯ ɩɪɟɞɦɟɬɨɜ a , b  ɫ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɨɩɟɪɚɰɢɹɦɢ 2a , 1a  ɢ 1b , 

2b , ɩɪɟɞɫɬɚɜɥɟɧɧɵɦɢ ɫɟɬɶɸ TG  ɫ ɢɫɬɨɤɨɦ Si  
ɢ ɫɬɨɤɨɦ Fi , ɩɪɢ ɥɸɛɵɯ ɜɚɪɢɚɧɬɚɯ ɭɩɨɪɹɞɨ-
ɱɟɧɢɹ ɪɚɛɨɬ ɧɚ ɦɚɲɢɧɚɯ 1 ɢ 2 ɚɥɝɨɪɢɬɦɚɦɢ 

ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ, ɱɬɨ ɪɚɛɨɬɚ 2a  ɜɫɟɝɞɚ ɛɭ-
ɞɟɬ ɩɪɟɞɲɟɫɬɜɨɜɚɬɶ ɪɚɛɨɬɟ 1a , ɚ ɪɚɛɨɬɚ 1b  – 
ɩɪɟɞɲɟɫɬɜɨɜɚɬɶ ɪɚɛɨɬɟ 2b . 
 
ȼ ɧɚɫɬɨɹɳɟɣ ɫɬɚɬɶɟ ɜ ɰɟɥɹɯ ɩɨɢɫɤɚ ɛɨɥɟɟ ɤɚ-
ɱɟɫɬɜɟɧɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɫɨɫɬɚɜɥɟɧɢɹ ɪɚɫɩɢ-
ɫɚɧɢɣ ɨɛɨɫɧɨɜɵɜɚɸɬɫɹ ɢ ɢɫɫɥɟɞɭɸɬɫɹ ɚɥɝɨ-
ɪɢɬɦɵ, ɜ ɤɨɬɨɪɵɯ ɜɵɛɨɪ ɨɩɟɪɚɰɢɣ ɩɪɟɞɦɟɬɨɜ 
ɞɥɹ ɫɨɫɬɚɜɥɟɧɢɹ ɩɨɪɹɞɤɨɜ ɢɯ ɜɵɩɨɥɧɟɧɢɹ ɧɚ 
ɦɚɲɢɧɚɯ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɚɱɢɧɚɹ ɫ ɩɨɫɥɟɞ-
ɧɢɯ ɨɩɟɪɚɰɢɣ ɩɪɟɞɦɟɬɨɜ. Ɍɨ ɟɫɬɶ ɜ ɪɚɫɫɦɚɬ-
ɪɢɜɚɟɦɨɦ ɩɪɢɦɟɪɟ ɞɥɹ ɩɪɟɞɦɟɬɨɜ a  ɢ b  
ɫɧɚɱɚɥɚ ɛɭɞɭɬ ɜɵɛɪɚɧɵ ɨɩɟɪɚɰɢɢ 1a , 2b , ɡɚ-
ɬɟɦ, ɤɚɤ ɩɪɟɞɲɟɫɬɜɭɸɳɢɟ ɢɦ ɨɩɟɪɚɰɢɢ, 

2a , 1b . Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɚɥɝɨɪɢɬɦɨɜ ɢ ɢɯ ɨɛɨɫ-
ɧɨɜɚɧɢɹ ɫɮɨɪɦɭɥɢɪɭɟɦ ɡɚɞɚɱɢ ɜ ɬɪɚɞɢɰɢɨɧ-
ɧɨɣ ɩɨɫɬɚɧɨɜɤɟ [2, 3]. 
 
Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɭɤɚɡɚɧɧɨɣ ɰɟɥɢ ɪɟɲɚɥɢɫɶ 
ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: ɚ) ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɚɥɝɨ-
ɪɢɬɦɨɜ ɞɥɹ ɨɛɳɟɣ ɢ ɤɨɧɜɟɣɟɪɧɨɣ ɡɚɞɚɱ ɬɟɨ-
ɪɢɢ ɪɚɫɩɢɫɚɧɢɣ ɫ ɨɛɪɚɬɧɵɦ ɭɩɨɪɹɞɨɱɟɧɢɟɦ 
ɪɚɛɨɬ; ɛ) ɩɪɨɝɪɚɦɦɧɚɹ ɪɟɚɥɢɡɚɰɢɹ ɪɚɡɪɚɛɨ-
ɬɚɧɧɵɯ ɚɥɝɨɪɢɬɦɨɜ; ɜ) ɩɪɨɜɟɞɟɧɢɟ ɷɤɫɩɟɪɢ-
ɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɚɥɝɨɪɢɬɦɨɜ. 
 

ɐɟɥɶ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 
 
Ɂɚɞɚɧɵ ɤɨɧɟɱɧɵɟ ɦɧɨɠɟɫɬɜɚ ɚɜɬɨɦɨɛɢɥɟɣ 

 1I i i n    ɢ ɨɛɫɥɭɠɢɜɚɸɳɢɯ ɢɯ ɩɨɫɬɨɜ 

 1Q q q m   . Ɉɛɫɥɭɠɢɜɚɧɢɟ ɤɚɠɞɨɝɨ 
ɚɜɬɨɦɨɛɢɥɹ i I  ɫɨɫɬɨɢɬ ɜ ɜɵɩɨɥɧɟɧɢɢ ɩɨ-
ɫɬɚɦɢ ɢɡ ɦɧɨɠɟɫɬɜɚ Q  ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 

ɨɩɟɪɚɰɢɣ  1i j iI iq j j   , ɫɩɟɰɢɮɢɱɧɨɣ 
ɞɥɹ ɤɚɠɞɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɜ ɨɛɳɟɣ ɡɚɞɚɱɟ ɢ 
ɨɞɢɧɚɤɨɜɨɣ ɞɥɹ ɜɫɟɯ ɚɜɬɨɦɨɛɢɥɟɣ ɜ ɡɚɞɚɱɟ 
ɤɨɧɜɟɣɟɪɧɨɝɨ ɬɢɩɚ. Ɉɩɟɪɚɰɢɹ j iiq I  ɜɵɩɨɥ-
ɧɹɟɬɫɹ ɩɨɫɬɨɦ q Q  ɡɚ ɜɪɟɦɹ 0

jiqt   ɛɟɡ 
ɩɪɟɪɵɜɚɧɢɹ ɢ ɦɨɠɟɬ ɧɚɱɚɬɶɫɹ ɩɨɫɥɟ ɩɨɥɧɨɝɨ 
ɡɚɜɟɪɲɟɧɢɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɪɟɞɲɟɫɬɜɭɸ-
ɳɟɣ ɟɣ ɨɩɟɪɚɰɢɢ 1j iiq I  . Ʌɸɛɨɣ ɩɨɫɬ 
q Q  ɨɞɧɨɜɪɟɦɟɧɧɨ ɦɨɠɟɬ ɜɵɩɨɥɧɹɬɶ ɬɨɥɶ-
ɤɨ ɨɞɧɭ ɨɩɟɪɚɰɢɸ. 
 
Ɂɚɞɚɱɚ ɫɨɫɬɚɜɥɟɧɢɹ ɪɚɫɩɢɫɚɧɢɹ ɫɨɫɬɨɢɬ ɜ 
ɬɨɦ, ɱɬɨɛɵ ɞɥɹ ɤɚɠɞɨɝɨ ɩɨɫɬɚ q Q  ɧɚɣɬɢ 
ɬɚɤɨɣ ɩɨɪɹɞɨɤ ɜɵɩɨɥɧɟɧɢɹ ɨɩɟɪɚɰɢɣ ɢ, ɤɚɤ 
ɫɥɟɞɫɬɜɢɟ, ɨɩɪɟɞɟɥɢɬɶ ɬɚɤɢɟ ɦɨɦɟɧɬɵ ɢɯ 
ɧɚɱɚɥɚ, ɤɨɬɨɪɵɟ ɛɵ ɨɛɟɫɩɟɱɢɜɚɥɢ ɨɛɫɥɭɠɢ-
ɜɚɧɢɟ ɦɧɨɠɟɫɬɜɚ ɜɫɟɯ ɚɜɬɨɦɨɛɢɥɟɣ I  ɡɚ ɦɢ-
ɧɢɦɚɥɶɧɨɟ ɜɪɟɦɹ. 
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ɋ ɰɟɥɶɸ ɨɛɨɫɧɨɜɚɧɢɹ ɚɥɝɨɪɢɬɦɨɜ ɫ ɨɛɪɚɬ-
ɧɵɦ ɭɩɨɪɹɞɨɱɟɧɢɟɦ ɪɚɛɨɬ ɩɟɪɟɣɞɟɦ ɤ ɨɩɢ-
ɫɚɧɢɸ ɡɚɞɚɱ ɧɚ ɹɡɵɤɟ ɨɪɝɪɚɮɨɜ, ɩɨɞɪɨɛɧɨ 
ɢɡɥɨɠɟɧɧɨɦɭ ɜ [2]. ɋɨɝɥɚɫɧɨ [2] ɫɟɬɶ, ɪɚɫ-
ɫɦɚɬɪɢɜɚɟɦɚɹ ɜ ɞɚɧɧɨɦ ɩɪɢɦɟɪɟ, ɨɩɪɟɞɟɥɹɟɬ 
ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɡɚɞɚɱɢ ɢ ɜ ɨɛɳɟɦ ɜɢɞɟ  
ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɚ ɤɚɤ 

( ,  , , )T I S T TG I i V W , ɝɞɟ II  – ɦɧɨɠɟɫɬɜɨ 
ɜɟɪɲɢɧ ɝɪɚɮɚ;  2 1 1 2, , , a a b b  – ɦɧɨɠɟɫɬɜɨ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ; Si , Fi  – ɮɢɤɬɢɜ-
ɧɵɟ ɜɟɪɲɢɧɵ (ɢɫɬɨɤ ɢ ɫɬɨɤ); 

T I S FV V V V    – ɦɧɨɠɟɫɬɜɨ ɞɭɝ, ɩɨɞɦɧɨ-
ɠɟɫɬɜɨ TV  ɤɨɬɨɪɵɯ  2 1 1 2( , ), ( , )a a b b  ɨɩɪɟɞɟ-
ɥɹɟɬ ɧɚɩɪɚɜɥɟɧɢɹ ɫɥɟɞɨɜɚɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟ-
ɫɤɢɯ ɨɩɟɪɚɰɢɣ;  2 1( ,  ), ( ,  )S S SV i a i b  – ɞɭɝɢ, 
ɢɫɯɨɞɹɳɢɟ ɢɡ ɢɫɬɨɤɚ;  1 2( , ),( , )T F FV a i b i  – 
ɞɭɝɢ, ɜɯɨɞɹɳɢɟ ɜ ɫɬɨɤ; 

      S: 0T I FW I i i R     – ɱɢɫɥɨɜɚɹ 
ɮɭɧɤɰɢɹ, ɨɩɪɟɞɟɥɹɸɳɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɜɵ-
ɩɨɥɧɟɧɢɹ ɨɩɟɪɚɰɢɣ ɬɚɤ, ɱɬɨ 2( ) 1W a  , 

1( ) 3W a  , 1( ) 2W b  , 2( ) 4W b  , 
( ) ( ) 0S FW i W i  . 

 
ɍɱɢɬɵɜɚɹ ɬɨ, ɱɬɨ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɫɜɨɞɢɬɫɹ ɤ 
ɩɨɢɫɤɭ ɧɚɢɥɭɱɲɢɯ ɩɨɪɹɞɤɨɜ ɜɵɩɨɥɧɟɧɢɹ 
ɨɩɟɪɚɰɢɣ ɩɨɫɬɚɦɢ q Q , ɧɚ ɝɪɚɮɟ TG  ɥɸ-
ɛɵɟ ɤɨɧɤɪɟɬɧɵɟ ɩɨɪɹɞɤɢ ɦɨɠɧɨ ɨɬɨɛɪɚɡɢɬɶ 
ɦɧɨɠɟɫɬɜɨɦ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɞɭɝ. ɉɭɫɬɶ 

q II I , 1 q m   – ɦɧɨɠɟɫɬɜɚ ɜɟɪɲɢɧ ɝɪɚɮɚ 

TG , ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɦɧɨɠɟɫɬɜɚɦ ɨɩɟɪɚɰɢɣ 

qI , ɜɵɩɨɥɧɹɟɦɵɯ m  ɩɨɫɬɚɦɢ. Ɍɨɝɞɚ ɥɸɛɵɟ 
ɩɨɪɹɞɤɢ ɜɵɩɨɥɧɟɧɢɹ ɨɩɟɪɚɰɢɣ ɩɨɫɬɚɦɢ 
q Q  ɨɬɨɛɪɚɡɹɬɫɹ ɦɧɨɠɟɫɬɜɚɦɢ qV , 
1 q m   ɞɭɝ, ɫɜɹɡɵɜɚɸɳɢɯ ɩɨɩɚɪɧɨ ɜɟɪɲɢ-
ɧɵ ɤɚɠɞɨɝɨ ɦɧɨɠɟɫɬɜɚ qI  ɬɚɤ, ɱɬɨ ɞɥɹ ɥɸɛɨɣ 
ɩɚɪɵ ɜɟɪɲɢɧ ɢɡ qI  ɞɭɝɚ ɢɫɯɨɞɢɬ ɢɡ ɧɟɤɨɬɨ-
ɪɨɣ ɜɟɪɲɢɧɵ ɢ ɡɚɯɨɞɢɬ ɜ ɞɪɭɝɭɸ ɜɟɪɲɢɧɭ, 
ɟɫɥɢ ɨɩɟɪɚɰɢɹ, ɨɬɨɛɪɚɠɚɟɦɚɹ ɩɟɪɜɨɣ ɜɟɪɲɢ-
ɧɨɣ, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɪɟɞɲɟɫɬɜɭɟɬ ɨɩɟɪɚ-
ɰɢɢ, ɨɬɨɛɪɚɠɚɟɦɨɣ ɜɬɨɪɨɣ ɜɟɪɲɢɧɨɣ. ȼ ɪɟ-
ɡɭɥɶɬɚɬɟ ɩɨɥɭɱɚɟɦ ɝɪɚɮ 

( , , , , )I S F TG I i i V W , ɝɞɟ T mV V V  , 

1
m

m q qV V  . 
 
Ɇɧɨɠɟɫɬɜɨ ɞɭɝ mV  ɞɥɹ ɫɟɬɢ G  ɩɪɟɞɫɬɚɜɥɹɸɬ 
ɞɭɝɢ 2 2a b , 1 1b a . Ɉɧɢ ɭɤɚɡɵɜɚɸɬ ɧɚ ɬɨ, ɱɬɨ 
ɫɧɚɱɚɥɚ ɧɚ ɩɨɫɬɭ 1 ɞɨɥɠɧɚ ɜɵɩɨɥɧɹɬɶɫɹ ɨɩɟ-
ɪɚɰɢɹ 1b , ɡɚɬɟɦ – ɨɩɟɪɚɰɢɹ 1a . ɇɚ ɩɨɫɬɭ 2 

ɫɧɚɱɚɥɚ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɨɩɟɪɚɰɢɸ 
2a , ɡɚɬɟɦ – ɨɩɟɪɚɰɢɸ 2b . Ⱦɥɹ ɬɚɤɨɣ ɫɟɬɢ ɢɡ-

ɜɟɫɬɧɵɦ ɫɩɨɫɨɛɨɦ ɦɨɠɧɨ ɜɵɱɢɫɥɢɬɶ ɪɚɧɧɢɟ 
ɫɪɨɤɢ ɧɚɱɚɥɚ ɜɵɩɨɥɧɟɧɢɹ ɨɩɟɪɚɰɢɣ, ɤɨɬɨɪɵɟ 
ɩɪɟɞɫɬɚɜɹɬ ɪɚɫɩɢɫɚɧɢɟ U , ɢ ɡɧɚɱɟɧɢɟ ɤɪɢɬɢ-
ɱɟɫɤɨɝɨ ɩɭɬɢ L , ɤɨɬɨɪɨɟ ɨɩɪɟɞɟɥɢɬ ɦɢɧɢ-
ɦɚɥɶɧɨɟ ɜɪɟɦɹ ɨɛɪɚɛɨɬɤɢ ɚɜɬɨɦɨɛɢɥɟɣ ɫ ɡɚ-
ɞɚɧɧɵɦ ɩɨɪɹɞɤɨɦ ɜɵɩɨɥɧɟɧɢɹ ɨɩɟɪɚɰɢɣ ɧɚ 
ɩɨɫɬɚɯ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɮɨɪɦɢɪɭɹ 1ɉ !m

q qI  
ɪɚɡɥɢɱɧɵɯ ɩɨɪɹɞɤɨɜ ɨɛɪɚɛɨɬɤɢ ɚɜɬɨɦɨɛɢɥɟɣ 
ɧɚ ɩɨɫɬɚɯ ɢ ɪɚɫɫɱɢɬɵɜɚɹ ɜɫɟ ɫɨɨɬɜɟɬɫɬɜɭɸ-
ɳɢɟ ɫɟɬɢ G  ɦɟɬɨɞɨɦ ɤɪɢɬɢɱɟɫɤɨɝɨ ɩɭɬɢ, 
ɦɨɠɧɨ ɭɫɬɚɧɨɜɢɬɶ ɫɟɬɶ *G  ɫ ɧɚɢɦɟɧɶɲɟɣ 
ɞɥɢɧɨɣ *L , ɩɨɪɹɞɨɤ, ɤɨɬɨɪɵɣ ɟɺ ɨɩɪɟɞɟɥɹɟɬ, 
ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɪɚɫɩɢɫɚɧɢɟ *U . 
 
Ʉ ɫɨɠɚɥɟɧɢɸ, ɞɥɹ ɨɛɳɟɣ ɡɚɞɚɱɢ, ɜ ɨɬɥɢɱɢɟ 
ɨɬ ɡɚɞɚɱɢ ɤɨɧɜɟɣɟɪɧɨɝɨ ɬɢɩɚ, ɧɟ ɤɚɠɞɵɣ 
ɧɚɭɝɚɞ ɜɵɛɪɚɧɧɵɣ ɩɨɪɹɞɨɤ ɜɵɩɨɥɧɟɧɢɹ ɨɩɟ-
ɪɚɰɢɣ ɩɨɪɨɠɞɚɟɬ ɚɰɢɤɥɢɱɟɫɤɢɣ ɝɪɚɮ G , ɞɨ-
ɩɭɫɤɚɸɳɢɣ ɩɪɢɦɟɧɟɧɢɟ ɦɟɬɨɞɚ ɤɪɢɬɢɱɟɫɤɨ-
ɝɨ ɩɭɬɢ. Ⱦɥɹ ɢɫɤɥɸɱɟɧɢɹ ɬɚɤɢɯ ɫɥɭɱɚɟɜ 
ɩɪɢɦɟɧɹɟɬɫɹ ɭɧɢɜɟɪɫɚɥɶɧɚɹ ɩɪɨɰɟɞɭɪɚ ɩɨ-
ɫɬɪɨɟɧɢɹ ɚɰɢɤɥɢɱɟɫɤɢɯ ɝɪɚɮɨɜ, ɢɡɥɨɠɟɧɧɚɹ 
ɢ ɞɨɤɚɡɚɧɧɚɹ [2]. Ɉɧɚ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɩɨ-
ɫɬɪɨɟɧɢɟ ɚɰɢɤɥɢɱɟɫɤɨɝɨ ɝɪɚɮɚ G  ɧɚɱɢɧɚɹ ɫ 
ɜɟɪɲɢɧɵ Si . ɍɛɟɞɢɦɫɹ ɜ ɬɨɦ, ɱɬɨ ɚɰɢɤɥɢɱɟ-
ɫɤɢɣ ɝɪɚɮ ɦɨɠɟɬ ɛɵɬɶ ɩɨɫɬɪɨɟɧ ɧɚɱɢɧɚɹ ɫ 
ɜɟɪɲɢɧɵ Fi , ɬ.ɟ. ɜ ɩɨɪɹɞɤɟ, ɨɛɪɚɬɧɨɦ ɬɟɯɧɨ-
ɥɨɝɢɱɟɫɤɢɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦ ɜɵɩɨɥɧɟ-
ɧɢɹ ɨɩɟɪɚɰɢɣ. 
 
ɉɭɫɬɶ Fi  – ɨɬɦɟɱɟɧɧɚɹ ɜɟɪɲɢɧɚ ɝɪɚɮɚ G , ɚ 

F II I  – ɦɧɨɠɟɫɬɜɨ ɧɟɨɬɦɟɱɟɧɧɵɯ ɟɝɨ ɜɟɪ-
ɲɢɧ, ɬ.ɟ. ɬɚɤɢɯ ɜɟɪɲɢɧ ɢɡ II , ɢɫɯɨɞɹɳɢɟ ɞɭ-
ɝɢ ɤɨɬɨɪɵɯ ɡɚɯɨɞɹɬ ɬɨɥɶɤɨ ɜ ɨɬɦɟɱɟɧɧɵɟ 
ɜɟɪɲɢɧɵ. ɉɭɫɬɶ F

qI  – ɨɬɦɟɱɟɧɧɵɟ ɜɟɪɲɢɧɵ 
ɢɡ ɦɧɨɠɟɫɬɜɚ qI , q Q . ɉɪɨɰɟɞɭɪɚ ɜɤɥɸɱɚ-
ɟɬ ɫɥɟɞɭɸɳɢɟ ɞɟɣɫɬɜɢɹ: 1) ɜɵɞɟɥɢɬɶ ɦɧɨɠɟ-
ɫɬɜɨ FI ; 2) ɜɵɛɪɚɬɶ ɜɟɪɲɢɧɭ Fiq I ; 3) ɟɫɥɢ 

  \ 1F
q qI I iq  , ɤɚɠɞɭɸ ɜɟɪɲɢɧɭ ɦɧɨɠɟ-

ɫɬɜɚ   \ F
q qI I iq  ɫɨɟɞɢɧɢɬɶ ɞɭɝɨɣ ɫ ɜɵ-

ɛɪɚɧɧɨɣ ɜɟɪɲɢɧɨɣ iq ; 4) ɨɬɦɟɬɢɬɶ ɜɟɪɲɢɧɭ 
iq ; 5) ɜɵɞɟɥɢɬɶ ɦɧɨɠɟɫɬɜɨ FI ; 6) ɟɫɥɢ 

FI  , ɨɫɬɚɧɨɜɢɬɶɫɹ; ɢɧɚɱɟ ɜɟɪɧɭɬɶɫɹ ɤ 
ɩɭɧɤɬɭ 2. 
 
ɉɪɚɜɢɥɶɧɨɫɬɶ ɢɡɥɨɠɟɧɧɨɣ ɩɪɨɰɟɞɭɪɵ ɜɵɬɟ-
ɤɚɟɬ ɢɡ ɫɥɟɞɭɸɳɟɝɨ. ɉɪɨɰɟɫɫ ɜɵɛɨɪɚ ɢ ɩɨ-
ɦɟɬɤɢ ɜɟɪɲɢɧ Fiq I  ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɣ. 
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ɉɨɷɬɨɦɭ ɨɛɪɚɡɨɜɚɧɢɟ ɰɢɤɥɚ ɜ ɮɨɪɦɢɪɭɟɦɨɦ 
ɝɪɚɮɟ G  ɨɡɧɚɱɚɥɨ ɛɵ, ɱɬɨ ɜɵɛɨɪ ɧɟɤɨɬɨɪɨɣ 
ɜɟɪɲɢɧɵ Fiq I , ɭɠɟ ɜɵɛɪɚɧɧɨɣ ɢ ɩɨɦɟɱɟɧ-
ɧɨɣ, ɩɨɜɬɨɪɢɥɫɹ. ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ ɷɬɨ ɛɵ 
ɨɡɧɚɱɚɥɨ, ɱɬɨ ɩɟɪɜɢɱɧɵɣ ɜɵɛɨɪ ɷɬɨɣ ɜɟɪɲɢ-
ɧɵ ɛɵɥ ɨɫɭɳɟɫɬɜɥɟɧ ɬɚɤ, ɱɬɨ ɧɟɤɨɬɨɪɵɟ  
ɢɫɯɨɞɹɳɢɟ ɢɡ ɧɟɟ ɞɭɝɢ ɧɟ ɡɚɯɨɞɢɥɢ ɜ ɨɬɦɟ-
ɱɟɧɧɵɟ ɜɟɪɲɢɧɵ. ɉɨɫɤɨɥɶɤɭ ɩɨɫɥɟɞɧɟɟ ɩɪɨ-
ɬɢɜɨɪɟɱɢɬ ɞɟɣɫɬɜɢɹɦ ɩɪɨɰɟɞɭɪɵ, ɜɵɛɨɪ ɩɨ-
ɦɟɱɟɧɧɵɯ ɜɟɪɲɢɧ ɧɟ ɩɨɜɬɨɪɹɟɬɫɹ ɢ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɣ ɩɪɨɰɟɫɫ ɢɯ ɩɨɦɟɬɤɢ ɛɭɞɟɬ 
ɞɨɜɟɞɟɧ ɞɨ ɤɨɧɰɚ ɛɟɡ ɩɨɜɬɨɪɟɧɢɹ. ȼ ɪɟɡɭɥɶ-
ɬɚɬɟ ɩɨɥɭɱɟɧɧɵɣ ɝɪɚɮ G  ɨɤɚɠɟɬɫɹ ɚɰɢɤɥɢ-
ɱɟɫɤɢɦ. 
 
Ʉ ɩɨɫɬɪɨɟɧɧɨɦɭ ɬɚɤɢɦ ɫɩɨɫɨɛɨɦ ɝɪɚɮɭ G  
ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɦɟɧɟɧ ɦɟɬɨɞ ɤɪɢɬɢɱɟɫɤɨɝɨ 
ɩɭɬɢ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɧɚɣɞɟɧɵ ɪɚɧɧɢɟ ɫɪɨ-
ɤɢ ɧɚɱɚɥɚ ɜɵɩɨɥɧɟɧɢɹ ɨɩɟɪɚɰɢɣ – ɪɚɫɩɢɫɚ-
ɧɢɟ U  ɢ ɞɥɢɧɚ ɤɪɢɬɢɱɟɫɤɨɝɨ ɩɭɬɢ L  – ɦɢ-
ɧɢɦɚɥɶɧɨɟ ɜɪɟɦɹ ɨɛɪɚɛɨɬɤɢ ɚɜɬɨɦɨɛɢɥɟɣ ɫ 
ɬɟɦ ɩɨɪɹɞɤɨɦ ɜɵɩɨɥɧɟɧɢɹ ɨɩɟɪɚɰɢɣ ɧɚ ɩɨ-
ɫɬɚɯ, ɤɨɬɨɪɵɣ ɛɵɥ ɨɩɪɟɞɟɥɟɧ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɩɨɫɬɪɨɟɧɢɹ ɝɪɚɮɚ G . ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɜɨɡ-
ɦɨɠɧɨɫɬɶ ɮɨɪɦɢɪɨɜɚɧɢɹ ɜɫɟɯ ɚɰɢɤɥɢɱɟɫɤɢɯ 
ɝɪɚɮɨɜ G  ɢ ɜɵɛɨɪɚ ɝɪɚɮɚ ɫ ɧɚɢɦɟɧɶɲɟɣ 
ɞɥɢɧɨɣ ɤɪɢɬɢɱɟɫɤɨɝɨ ɩɭɬɢ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ 
ɪɚɡɥɢɱɧɵɦɢ ɜɚɪɢɚɧɬɚɦɢ ɜɵɛɨɪɚ ɜɟɪɲɢɧ iq  
ɢɡ ɦɧɨɠɟɫɬɜ FI  ɧɚ ɜɬɨɪɨɦ ɲɚɝɟ ɩɪɨɰɟɞɭɪɵ. 
Ɋɟɚɥɢɡɭɹ ɩɪɨɰɟɞɭɪɭ ɜ ɪɟɠɢɦɟ ɩɟɪɟɛɨɪɚ ɜɫɟɯ 
ɜɚɪɢɚɧɬɨɜ ɜɵɛɨɪɚ ɜɟɪɲɢɧ Fiq I , ɬɟɨɪɟɬɢ-
ɱɟɫɤɢ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɜɫɟ ɚɰɢɤɥɢɱɟɫɤɢɟ 
ɝɪɚɮɵ G . 
 
ȼ ɩɪɚɤɬɢɱɟɫɤɨɦ ɨɬɧɨɲɟɧɢɢ ɪɟɚɥɢɡɚɰɢɹ ɚɥɝɨ-
ɪɢɬɦɨɜ ɫ ɨɛɪɚɬɧɵɦ ɭɩɨɪɹɞɨɱɟɧɢɟɦ ɪɚɛɨɬ 
ɧɟɫɤɨɥɶɤɨ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɬɪɚɞɢɰɢɨɧɧɨ ɩɪɢɧɹ-
ɬɨɣ ɫɯɟɦɵ. ȼ ɚɥɝɨɪɢɬɦɚɯ ɫ ɩɪɹɦɵɦ ɭɩɨɪɹɞɨ-
ɱɟɧɢɟɦ ɪɚɛɨɬ ɨɞɧɨɜɪɟɦɟɧɧɨ ɫ ɩɨɫɬɪɨɟɧɢɟɦ 
ɚɰɢɤɥɢɱɟɫɤɨɝɨ ɝɪɚɮɚ G  ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɨ-
ɫɬɚɜɥɟɧɢɟ ɪɚɫɩɢɫɚɧɢɹ U  ɢ ɜ ɤɨɧɰɟ – ɜɵɱɢɫ-
ɥɹɟɬɫɹ ɞɥɢɧɚ L  [2]. ȿɫɥɢ ɩɪɢɧɹɬɶ ɷɬɭ ɫɯɟɦɭ 
ɞɥɹ ɚɥɝɨɪɢɬɦɨɜ ɫ ɨɛɪɚɬɧɵɦ ɭɩɨɪɹɞɨɱɟɧɢɟɦ 
ɪɚɛɨɬ ɢ ɨɬɫɱɟɬ ɜɪɟɦɟɧɢ ɜɟɫɬɢ ɫɩɪɚɜɚ ɧɚɥɟɜɨ, 
ɢɫɩɨɥɶɡɭɹ ɷɥɟɦɟɧɬɵ ɦɚɬɪɢɰ || ||I ijM q , 

|| ||ijT t  ɨɬ ɩɨɫɥɟɞɧɢɯ ɤ ɩɟɪɜɵɦ [1], ɦɨɠɧɨ 
ɜɵɱɢɫɥɢɬɶ ɞɥɢɧɭ L , ɧɚɣɬɢ ɩɨɪɹɞɤɢ ɜɵɩɨɥ-
ɧɟɧɢɹ ɨɩɟɪɚɰɢɣ || ||

pqP i . Ɉɞɧɚɤɨ ɫɨɫɬɚɜɢɬɶ 
ɪɚɫɩɢɫɚɧɢɟ U  ɢɡ-ɡɚ ɨɛɪɚɬɧɨɝɨ ɨɬɫɱɟɬɚ ɜɪɟ-
ɦɟɧɢ ɧɟɥɶɡɹ. ɉɨɷɬɨɦɭ ɜɫɟ ɚɥɝɨɪɢɬɦɵ ɫ ɨɛ-
ɪɚɬɧɵɦ ɭɩɨɪɹɞɨɱɟɧɢɟɦ ɪɚɛɨɬ ɪɟɚɥɢɡɭɸɬɫɹ ɜ 
ɞɜɚ ɷɬɚɩɚ. ɋɧɚɱɚɥɚ ɩɨ ɬɪɚɞɢɰɢɨɧɧɨɣ ɫɯɟɦɟ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨɪɹɞɨɤ || ||

pqP i  ɢ ɜɵɱɢɫɥɹɟɬ-

ɫɹ L , ɡɚɬɟɦ ɧɚ ɨɫɧɨɜɚɧɢɢ ɦɚɬɪɢɰ || ||I ijM q , 
|| ||

pqP i  ɫɨɫɬɚɜɥɹɟɬɫɹ ɪɚɫɩɢɫɚɧɢɟ, ɫɨɨɬɜɟɬ-
ɫɬɜɭɸɳɟɟ P  ɢ L . 
 
ɉɭɫɬɶ, ɤɚɤ ɢ ɜ [2], iqU , qU  – ɦɨɦɟɧɬɵ ɧɚɱɚɥɚ 
ɧɟɤɨɬɨɪɨɣ ɪɚɛɨɬɵ Ii I  ɧɚ ɩɨɫɬɭ q Q  ɢ 
ɡɚɝɪɭɡɤɢ ɩɨɫɬɚ q Q . Ɍɨɝɞɚ 

max( , )S
iq iq qU U U  – ɫɚɦɨɟ ɪɚɧɧɟɟ ɧɚɱɚɥɨ 

ɪɚɛɨɬɵ Ii I  ɧɚ ɩɨɫɬɭ q Q , ɚ F S
iq iq iqU U t   

– ɜɪɟɦɹ ɟɟ ɡɚɜɟɪɲɟɧɢɹ. ɉɪɨɰɟɞɭɪɚ ɫɨɫɬɚɜɥɟ-
ɧɢɹ ɪɚɫɩɢɫɚɧɢɹ U  ɧɚ ɨɫɧɨɜɚɧɢɢ ɦɚɬɪɢɰ IM  
ɢ P  ɜɤɥɸɱɚɟɬ ɫɥɟɞɭɸɳɢɟ ɞɟɣɫɬɜɢɹ: 1) ɩɨ-
ɥɨɠɢɬɶ 1S  ; ɜ ɦɚɬɪɢɰɚɯ IM , P  ɜɵɞɟɥɢɬɶ 
ɦɧɨɠɟɫɬɜɚ ɨɩɟɪɚɰɢɣ S

II , S
PI , ɧɟɩɨɫɪɟɞɫɬɜɟɧ-

ɧɨ ɩɪɟɞɲɟɫɬɜɭɸɳɢɟ ɤɨɬɨɪɵɦ ɭɠɟ ɨɬɦɟɱɟɧɵ; 
2) S

Iiq I   ɩɨɥɨɠɢɬɶ 0iqU  ; q Q   ɩɨɥɨ-
ɠɢɬɶ 0qU  ; 3) ɜɵɞɟɥɢɬɶ ɦɧɨɠɟɫɬɜɨ 

S S S
I PI I I  ; 4) ɞɥɹ ɜɫɟɯ ɨɩɟɪɚɰɢɣ Siq I  

ɜɵɱɢɫɥɢɬɶ S
iqU , F

iqU , ɩɨɥɨɠɢɬɶ F
q iqU U , ɡɚ-

ɧɟɫɬɢ ɡɧɚɱɟɧɢɹ S
iqU  ɜ ɦɚɬɪɢɰɭ U  ɢ ɨɬɦɟɬɢɬɶ 

ɜ IM  ɢ P  ɨɩɟɪɚɰɢɢ ɦɧɨɠɟɫɬɜɚ SI ; 5) ɩɨɥɨ-
ɠɢɬɶ 1S S  ; ɜ ɦɚɬɪɢɰɚɯ IM , P  ɜɵɞɟɥɢɬɶ 
ɦɧɨɠɟɫɬɜɚ S

II , S
PI ; 6) ɟɫɥɢ S

II   , ɞɥɹ ɜɫɟɯ 
ɧɨɜɵɯ ɨɩɟɪɚɰɢɣ iq , ɩɨɫɬɭɩɢɜɲɢɯ ɜ S

II , ɩɨ-
ɥɨɠɢɬɶ F

iq iqU U  ɢ ɜɟɪɧɭɬɶɫɹ ɤ ɩɭɧɤɬɭ 3; 
ɢɧɚɱɟ ɨɫɬɚɧɨɜɢɬɶɫɹ. 
 
ɉɪɚɜɢɥɶɧɨɫɬɶ ɩɪɨɰɟɞɭɪɵ ɜɵɬɟɤɚɟɬ ɢɡ ɬɨɝɨ, 
ɱɬɨ ɞɥɹ ɜɫɟɯ 1 IS I   ɦɧɨɠɟɫɬɜɚ 0SI  , 
ɬɚɤ ɤɚɤ ɩɨɪɹɞɤɢ ɨɩɟɪɚɰɢɣ P  ɨɩɪɟɞɟɥɟɧɵ 
ɚɰɢɤɥɢɱɟɫɤɢɦɢ ɝɪɚɮɚɦɢ G . 
 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɚɥɝɨɪɢɬɦɨɜ 

 
ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɚɥɝɨɪɢɬ-
ɦɨɜ ɫ ɨɛɪɚɬɧɵɦ ɭɩɨɪɹɞɨɱɟɧɢɟɦ ɪɚɛɨɬ ɛɵɥɢ 
ɩɪɟɞɩɪɢɧɹɬɵ ɫ ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹ ɫɬɚɬɢɫɬɢɱɟ-
ɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢɯ ɩɨɝɪɟɲɧɨɫɬɟɣ, ɚ  
ɬɚɤɠɟ ɜɪɟɦɟɧ ɫɱɟɬɚ ɡɚɞɚɱ ɢ ɫɪɚɜɧɟɧɢɹ ɷɬɢɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫ ɚɧɚɥɨɝɢɱɧɵɦɢ ɯɚɪɚɤɬɟɪɢ-
ɫɬɢɤɚɦɢ ɪɚɧɟɟ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɫ 
ɩɪɹɦɵɦ ɭɩɨɪɹɞɨɱɟɧɢɟɦ ɪɚɛɨɬ. Ⱦɥɹ ɷɬɨɝɨ ɛɵ-
ɥɢ ɨɬɨɛɪɚɧɵ ɥɭɱɲɢɟ ɚɥɝɨɪɢɬɦɵ KN , KNK , 
ɞɚɸɳɢɟ, ɫɨɝɥɚɫɧɨ [2, 3], ɧɚɢɦɟɧɶɲɭɸ ɩɨ-
ɝɪɟɲɧɨɫɬɶ, ɩɪɟɨɛɪɚɡɨɜɚɧɵ ɜ ɚɥɝɨɪɢɬɦɵ ɫ 
ɨɛɪɚɬɧɵɦ ɭɩɨɪɹɞɨɱɟɧɢɟɦ ɪɚɛɨɬ. ɋɬɚɬɢɫɬɢɱɟ-
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ɫɤɢɟ ɞɚɧɧɵɟ ɨɛɪɚɛɚɬɵɜɚɥɢɫɶ ɫɪɟɞɫɬɜɚɦɢ ɩɚ-
ɤɟɬɚ STATISTICA 6 ɮɢɪɦɵ StatSoft. ȼ ɤɚɱɟ-
ɫɬɜɟ ɪɟɡɭɥɶɬɢɪɭɸɳɢɯ ɞɚɧɧɵɯ ɞɥɹ ɪɹɞɚ ɪɚɡ-
ɦɟɪɨɜ ɡɚɞɚɱ, ɨɩɪɟɞɟɥɹɟɦɵɯ ɤɨɥɢɱɟɫɬɜɨɦ 
ɚɜɬɨɦɨɛɢɥɟɣ n  ɢ ɩɨɫɬɨɜ m , ɜɵɱɢɫɥɹɥɢɫɶ 
ɫɥɟɞɭɸɳɢɟ ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: 

minǻ , ǻS , maxǻ  – ɦɢɧɢɦɚɥɶɧɚɹ, ɫɪɟɞɧɹɹ ɢ 
ɦɚɤɫɢɦɚɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɢ ɪɟɲɟɧɢɹ ɡɚɞɚɱ  
(ɜ %) ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɧɚɢɦɟɧɶɲɟɣ ɧɢɠɧɟɣ 
ɝɪɚɧɢɰɟ ɞɥɢɧɵ L  [2]; KOS , ld , rd  – ɫɬɚɧ-
ɞɚɪɬɧɨɟ ɨɬɤɥɨɧɟɧɢɟ, ɥɟɜɚɹ ɢ ɩɪɚɜɚɹ ɝɪɚɧɢɰɵ 
95 %-ɝɨ ɞɨɜɟɪɢɬɟɥɶɧɨɝɨ ɢɧɬɟɪɜɚɥɚ ɞɥɹ ɫɪɟɞ-
ɧɟɣ ɩɨɝɪɟɲɧɨɫɬɢ; St  – ɫɪɟɞɧɟɟ ɜɪɟɦɹ ɪɟɲɟ-
ɧɢɹ ɡɚɞɚɱɢ (ɫɟɤ). Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɷɬɢɯ ɯɚɪɚɤ-
ɬɟɪɢɫɬɢɤ ɩɨ ɤɚɠɞɨɦɭ ɪɚɡɦɟɪɭ ɩɪɨɝɪɚɦɦɧɨ 
ɝɟɧɟɪɢɪɨɜɚɥɨɫɶ ɫɬɨ ɫɥɭɱɚɣɧɵɯ ɡɚɞɚɱ ɫ ɜɪɟ-
ɦɟɧɚɦɢ ɜɵɩɨɥɧɟɧɢɹ ɨɩɟɪɚɰɢɣ, ɡɚɤɥɸɱɟɧɧɵ-
ɦɢ ɜ ɢɧɬɟɪɜɚɥɟ (1, 100). 
 
Ⱦɚɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ, ɜɨ-
ɩɟɪɜɵɯ, ɚɥɝɨɪɢɬɦ ɫ ɨɛɪɚɬɧɵɦ ɭɩɨɪɹɞɨɱɟɧɢ-
ɟɦ ɪɚɛɨɬ ɨɛɥɚɞɚɟɬ ɬɚɤɢɦ ɠɟ ɯɚɪɚɤɬɟɪɨɦ  
ɢɡɦɟɧɟɧɢɹ ɫɪɟɞɧɟɣ ɩɨɝɪɟɲɧɨɫɬɢ ɜ ɡɚɜɢɫɢɦɨ-
ɫɬɢ ɨɬ ɪɚɡɦɟɪɚ ɡɚɞɚɱɢ ɩɪɢ / constn m   ɢ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɨɬɧɨɲɟɧɢɹ /n m  ɩɪɢ 

constn m  , ɤɚɤ ɢ ɚɥɝɨɪɢɬɦ ɫ ɩɪɹɦɵɦ ɭɩɨ-
ɪɹɞɨɱɟɧɢɟɦ ɪɚɛɨɬ. ȼɨ-ɜɬɨɪɵɯ, ɧɟ ɧɚɛɥɸɞɚɟɬ-
ɫɹ ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɩɪɟɜɨɫɯɨɞɫɬɜɚ ɚɥɝɨɪɢɬɦɚ ɫ 
ɨɛɪɚɬɧɵɦ ɭɩɨɪɹɞɨɱɟɧɢɟɦ ɪɚɛɨɬ ɩɨ ɨɬɧɨɲɟ-
ɧɢɸ ɤ ɚɥɝɨɪɢɬɦɭ KN . ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ 
ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɞɥɹ ɧɟɝɨ ɥɢɲɶ ɛɨɥɟɟ ɢɧɬɟɧ-
ɫɢɜɧɨ ɩɚɞɟɧɢɟ ɫɪɟɞɧɟɣ ɩɨɝɪɟɲɧɨɫɬɢ ɩɪɢ 
ɭɜɟɥɢɱɟɧɢɢ /n m  ɢ ɦɟɧɟɟ ɢɧɬɟɧɫɢɜɟɧ ɟɟ ɪɨɫɬ 
ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɪɚɡɦɟɪɚ ɡɚɞɚɱɢ ɩɪɢ / 4n m  . 
ȼ-ɬɪɟɬɶɢɯ, ɚɥɝɨɪɢɬɦ ɫ ɨɛɪɚɬɧɵɦ ɭɩɨɪɹɞɨɱɟ-
ɧɢɟɦ ɪɚɛɨɬ ɨɛɥɚɞɚɟɬ ɫɬɨɥɶ ɠɟ ɧɢɡɤɢɦ ɪɚɡ-
ɛɪɨɫɨɦ ɫɥɭɱɚɣɧɵɯ ɩɨɝɪɟɲɧɨɫɬɟɣ ɢ ɭɡɤɢɦ 
ɞɨɜɟɪɢɬɟɥɶɧɵɦ ɢɧɬɟɪɜɚɥɨɦ ɞɥɹ ɫɪɟɞɧɟɣ ɟɟ 
ɜɟɥɢɱɢɧɵ, ɤɚɤ ɢ ɚɥɝɨɪɢɬɦ ɫ ɩɪɹɦɵɦ ɭɩɨɪɹ-
ɞɨɱɟɧɢɟɦ ɪɚɛɨɬ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɜɵɫɨ-
ɤɨɣ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɢɡɭɱɚɟɦɵɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɚɥɝɨɪɢɬɦɚ. 
 
Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ 
ɞɥɹ ɡɚɞɚɱɢ ɤɨɧɜɟɣɟɪɧɨɝɨ ɬɢɩɚ (ɚɥɝɨɪɢɬɦɵ 
KNK , KNKOB ) ɬɚɤ ɠɟ, ɤɚɤ ɢ ɞɥɹ ɨɛɳɟɣ ɡɚ-
ɞɚɱɢ ɬɟɨɪɢɢ ɪɚɫɩɢɫɚɧɢɣ, ɚɥɝɨɪɢɬɦ ɫ ɨɛɪɚɬ-
ɧɵɦ ɭɩɨɪɹɞɨɱɟɧɢɟɦ ɪɚɛɨɬ ɩɨ ɫɬɚɬɢɫɬɢɤɚɦ 
ɩɨɝɪɟɲɧɨɫɬɢ ɧɟ ɩɪɟɜɨɫɯɨɞɢɬ ɚɥɝɨɪɢɬɦ ɫ 
ɩɪɹɦɵɦ ɭɩɨɪɹɞɨɱɟɧɢɟɦ ɪɚɛɨɬ. Ɇɨɠɧɨ ɫɤɚ-
ɡɚɬɶ, ɱɬɨ ɜ ɩɪɚɤɬɢɱɟɫɤɨɦ ɨɬɧɨɲɟɧɢɢ ɷɬɢ ɚɥ-
ɝɨɪɢɬɦɵ ɪɚɜɧɨɰɟɧɧɵ. ȼ ɡɚɤɥɸɱɟɧɢɟ ɨɬɦɟ-
ɬɢɦ, ɱɬɨ ɩɪɨɰɟɫɫɨɪɧɨɟ ɜɪɟɦɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ 

ɫ ɛɨɥɶɲɢɦ ɨɬɧɨɲɟɧɢɟɦ /n m , ɧɚɩɪɢɦɟɪ, ɞɥɹ 
ɡɚɞɚɱɢ ɤɨɧɜɟɣɟɪɧɨɝɨ ɬɢɩɚ ɩɪɢ / 4n m  , ɨɧɨ 
ɫɨɫɬɚɜɥɹɟɬ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 28,5 ɫ, ɦɨɠɟɬ 
ɛɵɬɶ ɫɭɳɟɫɬɜɟɧɧɨ ɫɧɢɠɟɧɨ ɩɭɬɟɦ ɢɫɩɨɥɶɡɨ-
ɜɚɧɢɹ ɭɩɪɚɜɥɹɸɳɟɝɨ ɩɚɪɚɦɟɬɪɚ İ  [2, 3]. 
ɗɤɫɩɟɪɢɦɟɧɬ ɩɨɤɚɡɚɥ, ɱɬɨ ɩɪɢ 0,2İ   ɞɥɹ 
ɡɚɞɚɱɢ ɤɨɧɜɟɣɟɪɧɨɝɨ ɬɢɩɚ ɪɚɡɦɟɪɚ 

2080mn  ɢ ɨɬɧɨɲɟɧɢɹ / 4n m   ɷɬɨ 
ɜɪɟɦɹ ɛɭɞɟɬ ɫɨɫɬɚɜɥɹɬɶ 20,3 ɫ ɜɦɟɫɬɨ 28,5 ɫ 
ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɫɪɟɞɧɟɣ ɩɨɝɪɟɲɧɨɫɬɢ ɧɚ 
0,78 %, ɞɥɹ ɨɛɳɟɣ ɡɚɞɚɱɢ – 4,6 ɫ ɜɦɟɫɬɨ 
11,2 ɫ – ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɫɪɟɞɧɟɣ ɩɨɝɪɟɲɧɨ-
ɫɬɢ ɧɚ 0,27 %. 
 

ȼɵɜɨɞɵ 
 
ɇɚɭɱɧɚɹ ɧɨɜɢɡɧɚ ɪɚɡɪɚɛɨɬɤɢ ɫɨɫɬɨɢɬ ɜ ɤɨɧ-
ɫɬɪɭɢɪɨɜɚɧɢɢ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɦ ɢɫɫɥɟɞɨ-
ɜɚɧɢɢ ɚɥɝɨɪɢɬɦɨɜ ɪɟɲɟɧɢɹ ɨɛɳɟɣ ɢ ɤɨɧɜɟɣ-
ɟɪɧɨɣ ɡɚɞɚɱ ɬɟɨɪɢɢ ɪɚɫɩɢɫɚɧɢɣ ɫ ɨɛɪɚɬɧɵɦ 
ɭɩɨɪɹɞɨɱɟɧɢɟɦ ɪɚɛɨɬ ɩɪɢ ɫɨɫɬɚɜɥɟɧɢɢ ɪɚɫ-
ɩɢɫɚɧɢɹ. 
 
ɉɪɚɤɬɢɱɟɫɤɚɹ ɡɧɚɱɢɦɨɫɬɶ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɨ-
ɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɧɚ ɨɫɧɨɜɚɧɢɢ ɨɛɲɢɪɧɵɯ, 
ɢɫɱɟɪɩɵɜɚɸɳɢɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ 
ɞɚɟɬɫɹ ɩɪɚɜɞɨɩɨɞɨɛɧɨɟ ɡɚɤɥɸɱɟɧɢɟ ɨ ɩɪɚɤ-
ɬɢɱɟɫɤɨɦ ɩɪɢɦɟɧɟɧɢɢ ɚɥɝɨɪɢɬɦɨɜ. 
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