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Аɧɧɨɬаɰиɹ. ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɩɪɨɛɥɟɦɵ ɩɨɫɬɪɨɟɧɢɹ ɝɪɚɮɢɤɨɜ ɞɜɢɠɟɧɢɹ ɬɪɚɧɫɩɨɪɬɧɵɯ 
ɫɪɟɞɫɬɜ ɞɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɞɨɫɬɚɜɤɢ, ɩɨɝɪɭɡɤɢ, ɪɚɡɝɪɭɡɤɢ ɝɪɭɡɨɜ. ɉɪɟɞɥɨɠɟɧ ɷɮɮɟɤɬɢɜɧɵɣ 
ɩɪɢɛɥɢɠɟɧɧɵɣ ɚɥɝɨɪɢɬɦ ɩɨɫɬɪɨɟɧɢɹ ɪɚɫɩɢɫɚɧɢɹ, ɦɢɧɢɦɢɡɢɪɭɸɳɟɝɨ ɜɪɟɦɹ ɜɵɩɨɥɧɟɧɢɹ n ɪɚ-
ɛɨɬ ɫɢɫɬɟɦɨɣ ɢɡ 1+m ɩɪɨɰɟɫɫɨɪɨɜ ɞɜɭɯ ɬɢɩɨɜ, n>m, ɢ ɩɪɨɢɡɜɟɞɟɧɚ ɨɰɟɧɤɚ ɞɥɢɧɵ ɩɨɥɭɱɟɧɧɨɝɨ 

ɪɚɫɩɢɫɚɧɢɹ. 
 

Клɸɱевые ɫлɨва: ɬɪɚɧɫɩɨɪɬɧɵɟ ɫɢɫɬɟɦɵ, ɬɟɨɪɢɹ ɪɚɫɩɢɫɚɧɢɣ, ɤɚɥɟɧɞɚɪɧɨɟ ɩɥɚɧɢɪɨɜɚɧɢɟ,  
ɨɩɬɢɦɢɡɚɰɢɹ ɪɚɫɯɨɞɨɜ. 
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Аɧɨɬаɰіɹ. ɉɪɨɚɧɚɥɿɡɨɜɚɧɨ ɩɪɨɛɥɟɦɢ ɩɨɛɭɞɨɜɢ ɝɪɚɮɿɤɿɜ ɪɭɯɭ ɬɪɚɧɫɩɨɪɬɧɢɯ ɡɚɫɨɛɿɜ ɞɥɹ ɡɞɿɣɫ-
ɧɟɧɧɹ ɞɨɫɬɚɜɤɢ, ɧɚɜɚɧɬɚɠɟɧɧɹ, ɪɨɡɜɚɧɬɚɠɟɧɧɹ ɜɚɧɬɚɠɿɜ. Зɚɩɪɨɩɨɧɨɜɚɧɨ ɟɮɟɤɬɢɜɧɢɣ ɧɚ-
ɛɥɢɠɟɧɢɣ ɚɥɝɨɪɢɬɦ ɩɨɛɭɞɨɜɢ ɪɨɡɤɥɚɞɭ, ɹɤɢɣ ɦɿɧɿɦɿɡɭє  ɱɚɫ ɜɢɤɨɧɚɧɧɹ n ɪɨɛɿɬ ɫɢɫɬɟɦɨɸ ɡ 1+m 

ɩɪɨɰɟɫɨɪɿɜ ɞɜɨɯ ɬɢɩɿɜ, n> m, ɿ ɡɪɨɛɥɟɧɨ ɨɰɿɧɤɭ ɞɨɜɠɢɧɢ ɨɬɪɢɦɚɧɨɝɨ ɪɨɡɤɥɚɞɭ. 
 

Клɸɱɨві ɫлɨва: ɬɪɚɧɫɩɨɪɬɧɿ ɫɢɫɬɟɦɢ, ɬɟɨɪɿɹ ɪɨɡɤɥɚɞɿɜ, ɤɚɥɟɧɞɚɪɧɟ ɩɥɚɧɭɜɚɧɧɹ, ɨɩɬɢɦɿɡɚɰɿɹ 
ɜɢɬɪɚɬ. 

 

APPROXIMATE ALGORITHM FOR DESIGNING OF CARGO VEHICLES  

WORK GRAPH 

 

L. Kozachok, assistant, KhNAHU 

 

Abstract. The problems of charting the movement of vehicles for delivery, loading, unloading of cargo 

are analyzed. An efficient algorithm for designing an approximate schedule minimizing the runtime of 

works by the system from 1+m of two types processors, n> m, and the length of the obtained schedule 

is evaluated. 

 

Key words:  transportation systems, scheduling theory, scheduling, cost optimization. 

 

 

 

 

Ɉɬ ɭɫɬɨɣɱɢɜɨɝɨ ɢ ɷɮɮɟɤɬɢɜɧɨɝɨ ɮɭɧɤɰɢɨɧɢ-

ɪɨɜɚɧɢɹ ɬɪɚɧɫɩɨɪɬɚ ɡɚɜɢɫɢɬ ɩɨɞɴɟɦ, ɫɬɚɛɢ-

ɥɢɡɚɰɢɹ ɢ ɫɬɪɭɤɬɭɪɧɚɹ ɩɟɪɟɫɬɪɨɣɤɚ ɷɤɨɧɨɦɢ-

ɤɢ. ɂɦɟɧɧɨ ɩɨɷɬɨɦɭ ɬɪɚɧɫɩɨɪɬ ɹɜɥɹɟɬɫɹ 
ɜɚɠɧɟɣɲɢɦ ɷɥɟɦɟɧɬɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ 

ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ ɝɨɫɭɞɚɪɫɬɜɚ. 
 

Ɉɞɧɨɣ ɢɡ ɜɚɠɧɵɯ ɩɪɨɛɥɟɦ ɧɚ ɚɜɬɨɦɨɛɢɥɶɧɨɦ 

ɬɪɚɧɫɩɨɪɬɟ ɨɫɬɚɟɬɫɹ ɩɪɨɛɥɟɦɚ ɩɨɜɵɲɟɧɢɹ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɟɪɟɜɨɡɨɤ ɝɪɭɡɨɜ ɢ ɫɧɢɠɟɧɢɹ 

ɢɯ ɫɟɛɟɫɬɨɢɦɨɫɬɢ. ȼɨɡɪɚɫɬɚɸɳɢɟ ɬɪɟɛɨɜɚɧɢɹ 
ɩɨɬɪɟɛɢɬɟɥɟɣ ɤ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɞɨɫɬɚɜɤɢ ɝɪɭ-

ɡɨɜ ɜ ɡɚɞɚɧɧɵɟ ɫɪɨɤɢ ɤɚɪɞɢɧɚɥɶɧɨ ɦɟɧɹɟɬ 
ɩɨɞɯɨɞ ɤ ɪɟɲɟɧɢɸ ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɵ. 

 

Ⱥɜɬɨɬɪɚɧɫɩɨɪɬɧɚɹ ɫɢɫɬɟɦɚ ɞɨɫɬɚɜɤɢ ɝɪɭɡɨɜ ɫ 
ɩɨɡɢɰɢɣ ɨɪɝɚɧɢɡɚɰɢɢ ɢ ɭɩɪɚɜɥɟɧɢɹ ɝɪɭɡɨɜɵ-

ɦɢ ɩɟɪɟɜɨɡɤɚɦɢ, ɤɚɤɢɯ ɛɵ ɨɧɚ ɧɢ ɛɵɥɚ ɪɚɡ-
ɦɟɪɨɜ, ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɨɜɨɤɭɩɧɨɫɬɶ 
ɫɪɟɞɫɬɜ ɢ ɩɭɬɟɣ ɫɨɨɛɳɟɧɢɹ, ɚ ɬɚɤɠɟ ɩɨɝɪɭ-

ɡɨɱɧɵɯ ɢ ɪɚɡɝɪɭɡɨɱɧɵɯ ɩɭɧɤɬɨɜ, ɩɨɞɪɚɡɞɟɥɟ-
ɧɢɣ ɚɧɚɥɢɡɚ, ɩɥɚɧɢɪɨɜɚɧɢɹ ɢ ɭɩɪɚɜɥɟɧɢɹ 
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ɬɪɚɧɫɩɨɪɬɧɵɦ ɩɪɨɰɟɫɫɨɦ ɩɪɢ ɞɨɫɬɚɜɤɟ  
ɝɪɭɡɨɜ. 
 

Ɍɨɥɶɤɨ ɧɚ ɨɫɧɨɜɟ ɬɨɱɧɨɝɨ ɡɧɚɧɢɹ ɜ ɬɟɨɪɢɢ 

ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɚɜɬɨɬɪɚɧɫɩɨɪɬɧɵɯ ɫɢ-

ɫɬɟɦ ɜɨɡɦɨɠɧɚ ɪɚɡɪɚɛɨɬɤɚ ɪɟɫɭɪɫɨɫɛɟɪɟɝɚɸ-

ɳɢɯ ɬɟɯɧɨɥɨɝɢɣ ɩɟɪɟɜɨɡɤɢ ɝɪɭɡɨɜ. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ ɜɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɪɟɲɟɧɢɹ 
ɜɨɩɪɨɫɨɜ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɩɥɚɧɢɪɨɜɚɧɢɹ 
ɢ ɚɧɚɥɢɡɚ ɪɚɛɨɬɵ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ ɧɚ 
ɤɚɱɟɫɬɜɟɧɧɨ ɧɨɜɨɣ ɧɚɭɱɧɨɣ ɨɫɧɨɜɟ.  
 

  

 

ȼɚɠɧɵɣ ɤɥɚɫɫ ɡɚɞɚɱ ɭɩɪɚɜɥɟɧɢɹ ɬɪɚɧɫɩɨɪɬ-
ɧɵɦɢ ɫɢɫɬɟɦɚɦɢ ɦɨɠɧɨ ɨɩɢɫɚɬɶ ɜ ɬɟɪɦɢɧɚɯ 

ɫɟɬɢ, ɫɨɫɬɨɹɳɟɣ ɢɡ ɬɨɱɟɤ (ɭɡɥɨɜ), ɫɨɟɞɢɧɟɧ-

ɧɵɯ ɩɭɬɹɦɢ (ɞɭɝɚɦɢ), ɩɨ ɤɨɬɨɪɵɦ ɨɫɭɳɟɫɬɜ-
ɥɹɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɜɢɞɵ ɩɟɪɟɜɨɡɨɤ (ɩɨɬɨɤɢ). 

Ɂɚɞɚɱɢ ɩɥɚɧɢɪɨɜɚɧɢɹ ɬɪɚɧɫɩɨɪɬɧɵɯ ɩɟɪɟɜɨ-
ɡɨɤ ɜɨɫɯɨɞɹɬ ɫɜɨɢɦɢ ɤɨɪɧɹɦɢ ɤ ɪɚɛɨɬɚɦ 

ɮɪɚɧɰɭɡɫɤɨɝɨ ɦɚɬɟɦɚɬɢɤɚ Ƚɚɫɩɚɪɚ Ɇɨɧɠɚ [5]. 

 

ɋɭɳɟɫɬɜɟɧɧɨɟ ɩɪɨɞɜɢɠɟɧɢɟ ɜ ɷɬɨɦ ɧɚɩɪɚɜ-
ɥɟɧɢɢ ɛɵɥɨ ɩɨɥɭɱɟɧɨ ɫɨɜɟɬɫɤɢɦ ɦɚɬɟɦɚɬɢ-

ɤɨɦ ɢ ɷɤɨɧɨɦɢɫɬɨɦ Ʌɟɨɧɢɞɨɦ ȼɢɬɚɥɶɟɜɢɱɟɦ 

Ʉɚɧɬɨɪɨɜɢɱɟɦ [4], ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɧɟɩɪɟ-
ɪɵɜɧɚɹ ɤɥɚɫɫɢɱɟɫɤɚɹ ɩɨɫɬɚɧɨɜɤɚ ɬɪɚɧɫɩɨɪɬ-
ɧɨɣ ɡɚɞɚɱɢ ɩɨɥɭɱɢɥɚ ɧɚɡɜɚɧɢɟ ɡɚɞɚɱɢ  

Ɇɨɧɠɚ–Ʉɚɧɬɨɪɨɜɢɱɚ. 
 

ȼ 1997 ɝ. Ɏɟɪɪɟɣɪɚ ɢ Ɇɸɪɪɟɣ [6] ɜ ɰɟɥɹɯ 

ɦɚɤɫɢɦɢɡɚɰɢɢ ɱɢɫɬɵɯ ɞɨɯɨɞɨɜ ɫɭɛɴɟɤɬɨɜ 
ɞɟɹɬɟɥɶɧɨɫɬɢ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɣ ɨɬɪɚɫɥɢ ɢɫ-
ɫɥɟɞɨɜɚɥɢ ɧɨɪɦɵ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɜɨɡɦɨɠ-

ɧɨɫɬɢ ɫɟɝɦɟɧɬɚ ɠɟɥɟɡɧɨɣ ɞɨɪɨɝɢ ɫɩɪɚɜɥɹɬɶɫɹ 
ɫ ɪɚɫɬɭɳɢɦɢ ɧɚɝɪɭɡɤɚɦɢ ɢ ɫɤɨɪɨɫɬɹɦɢ ɠɟ-
ɥɟɡɧɨɞɨɪɨɠɧɵɯ ɫɨɫɬɚɜɨɜ. 
 

ȼ 1970 ɝ. Ɇɨɪɥɨɤ ɢ ɉɟɬɟɪɫɨɧ [8] ɩɪɟɞɫɬɚɜɢɥɢ 

ɨɞɧɭ ɢɡ ɩɟɪɜɵɯ ɦɨɞɟɥɟɣ ɫɨɜɦɟɫɬɧɨɝɨ ɩɨɢɫɤɚ 
ɦɚɪɲɪɭɬɨɜ ɢ ɪɚɫɩɢɫɚɧɢɣ. Ⱦɥɹ ɭɞɨɜɥɟɬɜɨ-
ɪɟɧɢɹ ɩɥɚɧɚ ɞɨɫɬɚɜɤɢ ɫɤɨɪɨɩɨɪɬɹɳɢɯɫɹ ɩɪɨ-
ɞɭɤɬɨɜ ɦɢɧɢɦɢɡɢɪɨɜɚɥɢɫɶ ɫɭɦɦɚɪɧɵɟ ɩɨɫɬɨ-
ɹɧɧɵɟ ɢɡɞɟɪɠɤɢ ɫɨɞɟɪɠɚɧɢɹ ɩɨɟɡɞɨɜ, ɩɟɪɟ-
ɦɟɧɧɵɟ ɢɡɞɟɪɠɤɢ ɧɚ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɭ, 

ɨɛɪɚɛɨɬɤɭ ɢ ɯɪɚɧɟɧɢɟ ɝɪɭɡɚ ɢ ɚɥɶɬɟɪɧɚɬɢɜ-
ɧɵɟ ɢɡɞɟɪɠɤɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɠɟɥɟɡɧɨɞɨɪɨɠ-

ɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 
 

ȼ 1995 ɝ. ɏɚɧɬɥɢ ɪɚɛɨɬɚɥ ɧɚɞ ɡɚɞɚɱɟɣ ɤɪɭɩ-

ɧɨɦɚɫɲɬɚɛɧɵɯ ɩɟɪɟɜɨɡɨɤ ɡɟɪɧɚ ɢ ɝɥɭɛɨɤɨ 
ɢɡɭɱɢɥ ɟɟ, ɱɬɨ ɢɦɟɟɬ ɛɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ 
ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɬɪɚɧɫɩɨɪɬɧɵɯ ɩɟɪɟ-
ɜɨɡɨɤ. 
 

Ɂɚɞɚɱɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɦɢɧɢɦɢɡɚɰɢɢ ɧɟɥɢɧɟɣ-

ɧɨɣ ɮɭɧɤɰɢɢ ɡɚɬɪɚɬ ɧɚ ɨɛɫɥɭɠɢɜɚɸɳɢɣ ɩɟɪ-
ɫɨɧɚɥ, ɬɨɩɥɢɜɨ, ɷɤɫɩɥɭɚɬɚɰɢɸ ɜɚɝɨɧɨɜ ɢ ɥɨ-
ɤɨɦɨɬɢɜɨɜ ɩɪɢ ɨɝɪɚɧɢɱɟɧɢɹɯ, ɱɬɨ ɜɫɟ ɝɪɭɡɵ 

ɞɨɥɠɧɵ ɛɵɬɶ ɨɬɩɪɚɜɥɟɧɵ ɢ ɜɦɟɫɬɢɦɨɫɬɶ ɩɨ-
ɟɡɞɚ ɧɟ ɩɪɟɜɵɲɚɟɬ ɞɨɩɭɫɬɢɦɭɸ. 

 

ɋɟɣɱɚɫ ɩɪɢɦɟɧɟɧɢɟɦ ɞɨɫɬɢɠɟɧɢɣ ɬɟɨɪɢɢ 

ɪɚɫɩɢɫɚɧɢɣ ɤ ɬɪɚɧɫɩɨɪɬɧɵɦ ɫɢɫɬɟɦɚɦ ɡɚɧɢ-

ɦɚɸɬɫɹ ɪɨɫɫɢɣɫɤɢɟ ɦɚɬɟɦɚɬɢɤɢ Ʌɚɡɚɪɟɜ Ⱥ.Ⱥ., 

Ƚɚɮɚɪɨɜ ȿ.Ɋ., Ɂɚɤ ɘ.Ⱥ. [7]. 

 

    

 

Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɡɚɞɚɱɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ-
ɩɚɪɚɥɥɟɥɶɧɨɝɨ ɭɩɨɪɹɞɨɱɟɧɢɹ n ɞɜɭɯɷɬɚɩɧɵɯ 
ɪɚɛɨɬ, ɜɵɩɨɥɧɹɟɦɵɯ ɫɢɫɬɟɦɨɣ ɢɡ 1+m ɩɪɨ-
ɰɟɫɫɨɪɨɜ ɞɜɭɯ ɬɢɩɨɜ, n>m. 

 

Ʉɚɠɞɚɹ ɪɚɛɨɬɚ , 1,jg j n  ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ 
ɷɬɚɩɨɜ. ɉɟɪɜɵɣ ɷɬɚɩ, ɞɥɢɬɟɥɶɧɨɫɬɶɸ j , ɜɵ-

ɩɨɥɧɹɟɬɫɹ ɧɚ ɨɞɧɨɦ ɩɪɨɰɟɫɫɨɪɟ ɩɟɪɜɨɝɨ  

ɬɢɩɚ, ɚ ɜɬɨɪɨɣ – ɡɚ ɜɪɟɦɹ j  ɦɨɠɟɬ ɛɵɬɶ ɪɟɚ-
ɥɢɡɨɜɚɧ ɧɚ ɥɸɛɨɦ ɢɡ m ɩɚɪɚɥɥɟɥɶɧɨ ɞɟɣ-

ɫɬɜɭɸɳɢɯ ɢɞɟɧɬɢɱɧɵɯ ɩɪɨɰɟɫɫɨɪɨɜ ɜɬɨɪɨɝɨ 
ɬɢɩɚ. ȼ ɥɸɛɨɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɤɚɠɞɵɣ ɢɡ 
1+m ɩɪɨɰɟɫɫɨɪɨɜ ɡɚɧɹɬ ɜɵɩɨɥɧɟɧɢɟɦ ɧɟ ɛɨ-
ɥɟɟ ɨɞɧɨɣ ɪɚɛɨɬɵ. ɇɟɜɨɡɦɨɠɧɨ ɩɪɟɪɵɜɚɧɢɟ 
ɪɚɛɨɬɵ ( , ), ,j j j j jg Z        ɫ ɦɨɦɟɧɬɚ 
ɧɚɱɚɥɚ ɩɟɪɜɨɝɨ ɷɬɚɩɚ ɢ ɞɨ ɦɨɦɟɧɬɚ ɨɤɨɧɱɚ-
ɧɢɹ ɜɬɨɪɨɝɨ. Ⱦɜɟ ɫɨɫɟɞɧɢɟ ɪɚɛɨɬɵ, ɤɨɬɨɪɵɟ 
ɡɚɜɟɪɲɚɸɬɫɹ ɩɪɨɰɟɫɫɨɪɨɦ ɜɬɨɪɨɝɨ ɬɢɩɚ, ɜɵ-

ɩɨɥɧɹɸɬɫɹ ɬɚɤ, ɱɬɨ ɜɬɨɪɨɣ ɷɬɚɩ ɩɪɟɞɵɞɭɳɟɣ 

ɪɚɛɨɬɵ ɡɚɤɚɧɱɢɜɚɟɬɫɹ ɧɟ ɩɨɡɞɧɟɟ ɧɚɱɚɥɚ ɩɟɪ-
ɜɨɝɨ ɷɬɚɩɚ ɩɨɫɥɟɞɭɸɳɟɣ. ȼ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ 

0 ɜɫɟ ɪɚɛɨɬɵ ɝɨɬɨɜɵ ɤ ɩɪɨɯɨɠɞɟɧɢɸ ɧɚ ɩɪɨ-
ɰɟɫɫɨɪɟ ɩɟɪɜɨɝɨ ɭɪɨɜɧɹ.  
 

ɇɭɠɧɨ ɩɨɫɬɪɨɢɬɶ ɪɚɫɩɢɫɚɧɢɟ, ɤɨɬɨɪɨɟ ɦɢɧɢ-

ɦɢɡɢɪɭɟɬ ɜɪɟɦɹ ɮɭɧɤɰɢɨɧɢɪɭɸɳɟɣ ɫɢɫɬɟɦɵ. 

 

    

 -  

 

 

ɉɪɟɞɥɚɝɚɟɬɫɹ ɷɮɮɟɤɬɢɜɧɵɣ ɩɪɢɛɥɢɠɟɧɧɵɣ 

ɚɥɝɨɪɢɬɦ ɪɟɲɟɧɢɹ 0  ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ 

ɢ ɩɪɢɜɨɞɢɬɫɹ ɨɰɟɧɤɚ ɫɜɟɪɯɭ ɞɥɢɧɵ ɩɨɥɭɱɟɧ-

ɧɨɝɨ ɪɚɫɩɢɫɚɧɢɹ 0( )T  . Ʌɸɛɨɟ ɞɨɩɭɫɬɢɦɨɟ 
ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ   ɨɩɪɟɞɟɥɹɟɬɫɹ  ɪɚɡɛɢɟɧɢ-

ɟɦ n ɪɚɛɨɬ jg  ɧɚ m ɩɨɞɦɧɨɠɟɫɬɜ, ɤɨɬɨɪɵɟ ɧɟ 

ɩɟɪɟɫɟɤɚɸɬɫɹ ɫ iG ; iG  – ɩɨɞɦɧɨɠɟɫɬɜɨ ɪɚ-
ɛɨɬ, ɜɵɩɨɥɧɹɟɦɵɯ i-ɦ ɩɪɨɰɟɫɫɨɪɨɦ. ȼ ɪɚɫɩɢ-
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ɫɚɧɢɢ   ɜɫɟ ɪɚɛɨɬɵ ɛɭɞɭɬ ɡɚɜɟɪɲɟɧɵ ɜ ɦɨ-
ɦɟɧɬ ɜɪɟɦɟɧɢ 

 

( ) ( )

j i

i j i

g G

t


      ,                   (1) 

 

ɝɞɟ ( ) ( )

j i

i j i

g G
        – ɜɪɟɦɹ ɩɪɨɫɬɨɹ 

ɩɪɨɰɟɫɫɨɪɚ i ɜ ɩɪɨɦɟɠɭɬɤɟ (0, ( ))it  . 

 

Ⱦɥɢɧɭ ɪɚɫɩɢɫɚɧɢɹ Ψ  ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɤɚɤ 
 

)(max)(
1

  i
mi

tT .                       (2) 

 

Ɉɩɪɟɞɟɥɢɦ, ɱɬɨ ɞɥɢɧɚ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɚɫɩɢ-

ɫɚɧɢɹ )T(Ψ  ɨɝɪɚɧɢɱɟɧɚ ɫɧɢɡɭ ɜɟɥɢɱɢɧɨɣ 

 

+)+(
m

),+(=T
n

j=

jjjj 
1

nj1
min ȕȖ1ȕȖmax[max   

,
m

+ minȖ
2

1
  ]ȕȖ min

1

+
n

j=

j .                      (3) 

 

ɗɮɮɟɤɬɢɜɧɵɣ ɚɥɝɨɪɢɬɦ ɩɨɫɬɪɨɟɧɢɹ ɪɚɫɩɢɫɚ-
ɧɢɹ 0  ɧɚɱɢɧɚɟɬ ɪɚɛɨɬɭ ɫ ɩɪɨɰɟɞɭɪɵ ɭɩɨɪɹ-
ɞɨɱɟɧɢɹ n ɪɚɛɨɬ jg  ɩɨ ɧɟɜɨɡɪɚɫɬɚɧɢɸ ɡɧɚɱɟ-
ɧɢɣ j , ɩɨɫɥɟ ɤɨɬɨɪɨɣ ɜɵɩɨɥɧɹɸɬɫɹ 
ɫɥɟɞɭɸɳɢɟ ɲɚɝɢ: 

1. ɍɫɬɚɧɨɜɢɬɶ j=1,S=0, 0, 1,it i m  . 

ɇɚɣɬɢ ɬɚɤɨɣ ɢɧɞɟɤɫ k, ɞɥɹ ɤɨɬɨɪɨɝɨ 
min( /1 ),k it t i m    ɢ ɨɩɪɟɞɟɥɢɬɶ j-ɸ ɪɚɛɨ-

ɬɭ ɧɚ i-ɣ ɩɪɨɰɟɫɫɨɪ. ȼ ɫɥɭɱɚɟ ɧɟɫɤɨɥɶɤɢɯ ɦɢ-

ɧɢɦɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ kt  ɢɧɞɟɤɫ k ɜɵɛɢɪɚɟɬɫɹ 
ɧɚɢɦɟɧɶɲɢɣ. 

1. Ɉɩɪɟɞɟɥɢɬɶ 
max( , ), , ,k k j j jP S t t P S P        ɭɫɬɚ-

ɧɨɜɢɬɶ j=j+1. 

2. ȿɫɥɢ j=n , ɬɨ ɩɨɫɬɪɨɟɧɧɨɟ ɪɚɫɩɢɫɚɧɢɟ 
0  ɞɥɢɧɵ 0( ) max( 1 )iT t i m    , ɢɧɚɱɟ 

ɩɟɪɟɣɬɢ ɤ ɩ/ 2. 

 

ɉɪɢɜɟɞɟɧɧɵɣ ɚɥɝɨɪɢɬɦ ɹɜɥɹɟɬɫɹ ɜɚɪɢɚɧɬɨɦ 

ɩɪɨɰɟɞɭɪɵ ɋɊ (ɫɩɢɫɨɱɧɨɟ ɪɚɫɩɢɫɚɧɢɟ). ɉɪɢ 

ɨɰɟɧɤɟ ɟɝɨ ɬɪɭɞɨɟɦɤɨɫɬɢ ɡɚɦɟɬɢɦ, ɱɬɨ ɨɫ-
ɧɨɜɧɭɸ ɱɚɫɬɶ ɜɪɟɦɟɧɢ 0  ɡɚɧɢɦɚɟɬ ɫɨɪɬɢ-

ɪɨɜɤɚ n ɡɧɚɱɟɧɢɣ j . ȼɪɟɦɹ, ɧɟɨɛɯɨɞɢɦɨɟ 
ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɲɚɝɨɜ 2–4, ɩɪɨɩɨɪɰɢɨɧɚɥɶ-
ɧɨ n. ɂɬɚɤ, ɨɛɳɟɟ ɜɪɟɦɹ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ 
ɦɨɠɧɨ ɨɰɟɧɢɬɶ ɜɟɥɢɱɢɧɨɣ 2( log )O n n . 

 

ɉɪɟɞɥɨɠɢɦ ɬɟɨɪɟɦɭ ɞɥɹ ɨɰɟɧɤɢ ɞɥɢɧɵ ɩɨɥɭ-

ɱɟɧɧɨɝɨ ɪɚɫɩɢɫɚɧɢɹ. 
 

Ɍɟɨɪɟɦɚ. Ⱦɥɢɧɵ ɩɨɫɬɪɨɟɧɧɨɝɨ ɢ ɨɩɬɢɦɚɥɶ-
ɧɨɝɨ ɪɚɫɩɢɫɚɧɢɣ ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɧɟɪɚɜɟɧɫɬɜɭ 

 

 0 *( ) 2 ( )T T   .                   (4) 

 

Ⱦɨɤɚɡɚɬɟɥɶɫɬɜɨ. ɉɨɫɬɪɨɢɦ ɪɟɲɟɧɢɟ Ω ɡɚɞɚɱɢ 

(ɦɧɨɝɨɩɪɨɰɟɫɫɨɪɧɨɟ ɪɚɫɩɢɫɚɧɢɟ) ɚɥɝɨɪɢɬɦɨɦ 

ɋɊ (ɫɩɢɫɨɱɧɨɟ ɪɚɫɩɢɫɚɧɢɟ) ɞɥɹ ɫɥɭɱɚɹ, ɤɨɝɞɚ 
ɜɪɟɦɹ ɜɵɩɨɥɧɟɧɢɹ j-ɣ ɪɚɛɨɬɵ ɪɚɜɧɨ 

, 1,j j j j n      ɢ ɜɫɟ n ɪɚɛɨɬ ɭɩɨɪɹɞɨɱɟ-

ɧɵ ɩɨ ɧɟɜɨɡɪɚɫɬɚɧɢɸ j . Ⱦɥɢɧɚ ɩɨɫɬɪɨɟɧɧɨ-
ɝɨ ɪɚɫɩɢɫɚɧɢɹ T(Ω) ɨɝɪɚɧɢɱɟɧɚ ɫɜɟɪɯɭ ɢɡ-
ɜɟɫɬɧɨɣ ɨɰɟɧɤɨɣ 

 
1

1

1
( )

n

j n

j

T
m




     ,                    (5) 

 

ɝɞɟ n n n    ,  min( 1 )n j j n     . 

 

Ɍɟɩɟɪɶ ɪɚɫɫɦɨɬɪɢɦ ɪɚɫɩɢɫɚɧɢɟ 0 , ɜ ɤɨɬɨ-
ɪɨɦ i-ɣ ɩɪɨɰɟɫɫɨɪ ɜɬɨɪɨɝɨ ɭɪɨɜɧɹ ɜɵɩɨɥɧɹɟɬ 
ɦɧɨɠɟɫɬɜɨ ɪɚɛɨɬ , 1,iG i m . 

Ɉɛɨɡɧɚɱɢɦ 

 
0( ) ( )

i i

i j j

g G

T


    .                    (6) 

 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ 
 

1
0

1

( ) ( ) ,
n

i j j n n

j

T



          1,i m .     (7) 

 

Ɂɚɦɟɬɢɦ, ɱɬɨ 0( )i   – ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɪɨɫɬɨɹ 
ɩɪɨɰɟɫɫɨɪɚ i ɜ ɬɟ ɦɨɦɟɧɬɵ ɜɪɟɦɟɧɢ, ɤɨɝɞɚ 
ɩɪɨɰɟɫɫɨɪ ɩɟɪɜɨɝɨ ɬɢɩɚ ɡɚɧɹɬ ɜɵɩɨɥɧɟɧɢɟɦ 

ɪɚɛɨɬɵ j ig G . 

ɉɨɷɬɨɦɭ 
 

1
0

1

( )
n

i j

j




    ,   1,i n .               (8) 

 

ɂɬɚɤ, 
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1

00

1

0 )(
1

)]()([max)(
n

j

jjii
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1

n

j

jnn                     (9) 
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ɍɱɢɬɵɜɚɹ ɜɵɪɚɠɟɧɢɟ ɞɥɹ minT , ɩɨɥɭɱɚɟɦ 
 

)(
1

2

1
2)( minmin

0
nn

m

m
TT  ,  (10) 

 

ɨɬɤɭɞɚ ɫɥɟɞɭɟɬ (4). 
 

Ɋɚɫɫɦɨɬɪɢɦ ɩɪɢɦɟɪ. ɉɭɫɬɶ n=3. ɉɨɫɥɟ ɭɩɨ-
ɪɹɞɨɱɟɧɢɹ 10 ɪɚɛɨɬ ɩɨ ɧɟɜɨɡɪɚɫɬɚɧɢɸ ɡɧɚɱɟ-
ɧɢɣ j  ɢɦɟɟɦ 

 

;1,4,8,1,4,5,2,7,6,3 j  

.1,2,3,3,4,6,6,8,8,9 j  

 

Ⱦɥɹ j=1, 2, 3 ɢɧɞɟɤɫ k ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɪɢ-

ɧɢɦɚɟɬ ɡɧɚɱɟɧɢɹ 1, 2, 3. ɉɪɢ ɷɬɨɦ S=0,P=0, 

,129301 t  
 

2

2

3, max( , ) max(0,3)

3, 3 6 8 17,

S P S t

t

   
      

 

3

3

3 6 9, max( , ) max(9,0)

9, 9 7 8 24;

S P S t

t

     
      

ɭɫɬɚɧɚɜɥɢɜɚɟɦ .1679 S  
 

ɉɪɢ j=4 ɧɚɯɨɞɢɦ  

,12)24,17,12min(),,min( 321 ttt  

11, max(16,12) 16,

16 2 6 24, 18.

k P t

S

   
      

 

Ɍɟɩɟɪɶ j=5, ,17)24,17,24min(),,min( 321 ttt   

.23518

,296518,18)17,18max(,2 2




S

tPk

 
 

Ⱦɥɹ j=6, ,1,24)24,29,24min(  kt k  

.324424,24)24,23max( 1  tP  

 

ɉɪɢ 5,1j ɩɟɪɟɦɟɧɧɚɹ P ɩɪɢɧɢɦɚɥɚ ɡɧɚɱɟ-
ɧɢɹ S, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɞɥɹ .,6 1tPj   
 

ɗɬɨɬ ɫɥɭɱɚɣ ɨɩɪɟɞɟɥɹɟɬ ɫɢɬɭɚɰɢɸ, ɤɨɝɞɚ 
ɩɪɨɰɟɫɫɨɪ ɩɟɪɜɨɝɨ ɬɢɩɚ ɧɚɯɨɞɢɬɫɹ ɜ ɫɨɫɬɨɹ-
ɧɢɢ ɨɠɢɞɚɧɢɹ ɨɩɪɟɞɟɥɟɧɧɨɣ ɪɚɛɨɬɵ. ȼɵɩɨɥ-
ɧɹɹ ɚɧɚɥɨɝɢɱɧɵɟ ɞɟɣɫɬɜɢɹ, ɩɨɥɭɱɚɟɦ ɞɥɢɧɭ 

ɪɚɫɩɢɫɚɧɢɹ 0 , ɪɚɜɧɭɸ .43)( 0 T  Ɉɩɪɟ-
ɞɟɥɢɦ, ɱɬɨ ɧɢɠɧɹɹ ɝɪɚɧɢɰɚ )( *T ɧɚ ɟɞɢɧɢ-

ɰɭ ɦɟɧɶɲɟ )( 0T  
 

.42)42,41,15max(min T  
 

 

 

 
ɐɟɥɶ ɪɟɲɟɧɢɹ ɬɚɤɢɯ ɡɚɞɚɱ – ɩɨɫɬɪɨɟɧɢɟ ɞɨ-
ɩɭɫɬɢɦɵɯ ɪɚɫɩɢɫɚɧɢɣ, ɩɪɢ ɤɨɬɨɪɵɯ ɜɫɟ 
ɨɝɪɚɧɢɱɟɧɢɹ ɫɨɛɥɸɞɟɧɵ ɢɥɢ, ɱɬɨ ɹɜɥɹɟɬɫɹ 
ɛɨɥɟɟ ɫɥɨɠɧɵɦ, ɧɚɯɨɠɞɟɧɢɟ ɨɩɬɢɦɚɥɶɧɨɝɨ 
ɞɨɩɭɫɬɢɦɨɝɨ ɪɚɫɩɢɫɚɧɢɹ ɩɨ ɬɨɦɭ ɢɥɢ ɢɧɨɦɭ 
ɤɪɢɬɟɪɢɸ ɨɩɬɢɦɚɥɶɧɨɫɬɢ, ɧɚɩɪɢɦɟɪ, ɩɨ ɤɪɢ-
ɬɟɪɢɹɦ ɛɵɫɬɪɨɞɟɣɫɬɜɢɹ, ɦɢɧɢɦɭɦɚ ɮɢɧɚɧɫɨ-
ɜɵɯ ɩɨɬɟɪɶ ɨɬ ɡɚɩɚɡɞɵɜɚɧɢɹ ɢ ɬ.ɩ. 
 
ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɭɬɟɦ ɩɪɢɦɟɧɟɧɢɹ ɩɪɢɛɥɢ-
ɠɟɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɧɚɯɨɞɢɬɫɹ ɞɨɫɬɚɬɨɱɧɨ 
ɬɨɱɧɨɟ ɪɚɫɩɢɫɚɧɢɟ ɪɚɛɨɬɵ ɩɨɝɪɭɡɨɱɧɨ-
ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ ɢ ɩɪɢɜɨɞɢɬɫɹ ɨɰɟɧɤɚ 
ɟɝɨ ɞɥɢɧɵ, ɬ.ɟ. ɜɪɟɦɟɧɢ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ. 
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