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ɍ ɫɬɚɬɬɿ ɪɨɡɝɥɹɧɭɬɨ ɭɪɿɡɚɧɭ ɦɨɞɟɥɶ ɞɜɨɤɚɧɚɥɶɧɨʀ ɫɢɫɬɟɦɢ ɦɚɫɨɜɨɝɨ ɨɛɫɥɭɝɨɜɭɜɚɧɧɹ ɡ 
ɨɞɧɿєɸ ɩɨɜɬɨɪɧɨɸ ɫɩɪɨɛɨɸ ɩɨɱɚɬɢ ɨɛɫɥɭɝɨɜɭɜɚɧɧɹ ɬɚ ɤɟɪɨɜɚɧɢɦ ɜɯɿɞɧɢɦ ɩɨɬɨɤɨɦ. 

Ɂɚɩɪɨɩɨɧɨɜɚɧɨ ɟɮɟɤɬɢɜɧɢɣ ɚɥɝɨɪɢɬɦ ɩɿɞɪɚɯɭɧɤɭ ɫɬɚɰɿɨɧɚɪɧɢɯ ɣɦɨɜɿɪɧɨɫɬɟɣ ɡ 
ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɥɚɧɰɸɝɨɜɢɯ ɞɪɨɛɿɜ. Ɋɨɡɝɥɹɧɭɬɨ ɨɩɬɢɦɿɡɚɰɿɣɧɭ ɡɚɞɚɱɭ ɤɟɪɭɜɚɧɧɹ 

ɿɧɬɟɧɫɢɜɧɿɫɬɸ ɜɯɿɞɧɨɝɨ ɩɨɬɨɤɭ ɜ ɤɥɚɫɿ ɩɨɪɨɝɨɜɢɯ ɫɬɪɚɬɟɝɿɣ. 

Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɫɬɨɯɚɫɬɢɱɧɚ ɫɢɫɬɟɦɚ ɡ ɩɨɜɬɨɪɧɢɦɢ ɜɢɤɥɢɤɚɦɢ, ɩɪɨɰɟɫ ɨɛɫɥɭɝɨɜɭɜɚɧɧɹ, 

ɫɬɚɰɿɨɧɚɪɧɿ ɣɦɨɜɿɪɧɨɫɬɿ, ɩɨɪɨɝɨɜɚ ɫɬɪɚɬɟɝɿɹ ɤɟɪɭɜɚɧɧɹ, ɡɚɞɚɱɚ ɨɩɬɢɦɿɡɚɰɿʀ. 
 

ȼ ɫɬɚɬɶɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɭɪɟɡɚɧɧɚɹ ɦɨɞɟɥɶ ɞɜɭɯɤɚɧɚɥɶɧɨɣ ɫɢɫɬɟɦɵ ɦɚɫɫɨɜɨɝɨ 

ɨɛɫɥɭɠɢɜɚɧɢɹ ɫ ɨɞɧɨɣ ɩɨɜɬɨɪɧɨɣ ɩɨɩɵɬɤɨɣ ɧɚɱɚɬɶ ɨɛɫɥɭɠɢɜɚɧɢɟ ɢ ɭɩɪɚɜɥɹɟɦɵɦ 

ɜɯɨɞɧɵɦ ɩɨɬɨɤɨɦ. ɉɪɟɞɥɚɝɚɟɬɫɹ ɷɮɮɟɤɬɢɜɧɵɣ ɚɥɝɨɪɢɬɦ ɩɨɞɫɱɟɬɚ ɫɬɚɰɢɨɧɚɪɧɵɯ 

ɜɟɪɨɹɬɧɨɫɬɟɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɰɟɩɧɵɯ ɞɪɨɛɟɣ. Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɨɩɬɢɦɢɡɚɰɢɨɧɧɚɹ 

ɡɚɞɚɱɚ ɭɩɪɚɜɥɟɧɢɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ ɜɯɨɞɧɨɝɨ ɩɨɬɨɤɚ ɜ ɤɥɚɫɫɟ ɩɨɪɨɝɨɜɵɯ ɫɬɪɚɬɟɝɢɣ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɫɬɨɯɚɫɬɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ ɫ ɩɨɜɬɨɪɧɵɦɢ ɜɵɡɨɜɚɦɢ, ɩɪɨɰɟɫɫ ɨɛɫɥɭɠɢɜɚɧɢɹ, 

ɫɬɚɰɢɨɧɚɪɧɵɟ ɜɟɪɨɹɬɧɨɫɬɢ, ɩɨɪɨɝɨɜɚɹ ɫɬɪɚɬɟɝɢɹ ɭɩɪɚɜɥɟɧɢɹ, ɡɚɞɚɱɚ ɨɩɬɢɦɢɡɚɰɢɢ. 

 

The truncated model of the retrial queue with two-channel, a single retrial attempt to begin 

service and controlled input flow is considered. The effective algorithm for calculation of the 

stationary probabilities with use of the finite continued fractions is obtained. The optimization 

problem to control the input flow in the class of threshold strategies is considered. 

Keywords: retrial queue, service process, stationary probabilities, threshold control strategy, 

optimization problem. 

 

ɋɬɪɿɦɤɢɣ ɪɨɡɜɢɬɨɤ ɬɟɥɟɤɨɦɭɧɿɤɚɰɿɣɧɢɯ ɬɚ ɤɨɦɩ’ɸɬɟɪɧɢɯ ɦɟɪɟɠ ɜɢɦɚɝɚє ɩɨɛɭɞɨɜɢ 

ɧɨɜɢɯ ɦɨɞɟɥɟɣ ɫɢɫɬɟɦ ɦɚɫɨɜɨɝɨ ɨɛɫɥɭɝɨɜɭɜɚɧɧɹ, ɳɨ ɟɮɟɤɬɢɜɧɨ ɜɿɞɨɛɪɚɠɚɸɬɶ ɪɟɚɥɶɧɿ 
ɩɪɨɰɟɫɢ ɫɶɨɝɨɞɟɧɧɹ. ɋɚɦɟ ɬɨɦɭ ɜɚɪɬɨ ɪɨɡɝɥɹɞɚɬɢ ɫɢɫɬɟɦɢ ɡ ɩɨɜɬɨɪɧɢɦɢ ɜɢɤɥɢɤɚɦɢ, ɹɤɿ 
ɦɨɠɭɬɶ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢɫɹ ɞɥɹ ɪɨɡɜ’ɹɡɚɧɧɹ ɩɪɚɤɬɢɱɧɢɯ ɡɚɞɚɱ ɛɟɡ ɜɬɪɚɬɢ ɬɨɱɧɨɫɬɿ ɜ 

ɪɨɡɪɚɯɭɧɤɚɯ. Ʉɟɪɭɜɚɧɧɹ ɩɚɪɚɦɟɬɪɚɦɢ ɫɬɨɯɚɫɬɢɱɧɢɯ ɫɢɫɬɟɦ є ɨɞɧɢɦ ɿɡ ɧɚɩɪɹɦɤɿɜ ʀɯ 

ɞɨɫɥɿɞɠɟɧɧɹ. Ɍɚɤɢɣ ɩɿɞɯɿɞ ɧɚɞɚє ɦɨɠɥɢɜɿɫɬɶ ɨɩɬɢɦɿɡɭɜɚɬɢ ɪɨɛɨɬɭ ɫɢɫɬɟɦ ɬɚ ɨɬɪɢɦɚɬɢ 

ɦɚɤɫɢɦɚɥɶɧɢɣ ɩɪɢɛɭɬɨɤ ɜɿɞ ʀɯ ɪɨɛɨɬɢ. 

Ⱦɥɹ ɫɢɫɬɟɦ ɡ ɩɨɜɬɨɪɧɢɦɢ ɜɢɤɥɢɤɚɦɢ ɯɚɪɚɤɬɟɪɧɢɦ є ɬɟ, ɳɨ ɜɢɦɨɝɢ, ɹɤɿ ɧɚɞɿɣɲɥɢ ɞɨ 

ɫɢɫɬɟɦɢ ɩɪɢ ɡɚɣɧɹɬɨɫɬɿ ɜɫɿɯ ɤɚɧɚɥɿɜ ɨɛɫɥɭɝɨɜɭɜɚɧɧɹ, ɦɨɠɭɬɶ ɩɨɜɟɪɬɚɬɢɫɹ ɞɥɹ 

ɨɛɫɥɭɝɨɜɭɜɚɧɧɹ ɩɿɫɥɹ ɞɟɹɤɨɝɨ ɩɟɪɿɨɞɭ ɱɚɫɭ. Ȼɿɥɶɲ ɞɟɬɚɥɶɧɨ ɚɧɚɥɿɡ ɫɢɫɬɟɦ ɡ ɩɨɜɬɨɪɧɢɦɢ 

ɜɢɤɥɢɤɚɦɢ ɩɪɨɜɟɞɟɧɨ ɜ ɪɨɛɨɬɚɯ [1] ɬɚ [2]. ɉɪɢ ɰɶɨɦɭ ɞɥɹ ɬɚɤɢɯ ɫɢɫɬɟɦ ɩɨɤɥɚɞɚɸɬɶ, ɳɨ 

ɩɨɜɬɨɪɧɟ ɡɜɟɪɧɟɧɧɹ ɡɞɿɣɫɧɸɸɬɶɫɹ ɞɨ ɬɢɯ ɩɿɪ, ɩɨɤɢ ɜɢɦɨɝɚ ɧɟ ɨɬɪɢɦɚє ɨɛɫɥɭɝɨɜɭɜɚɧɧɹ. ɐɟ є 
ɥɢɲɟ ɧɚɛɥɢɠɟɧɧɹɦ ɪɟɚɥɶɧɢɯ ɫɢɬɭɚɰɿɣ, ɬɨɦɭ ɳɨ ɱɢɫɥɨ ɩɨɜɬɨɪɧɢɯ ɡɜɟɪɧɟɧɶ ɞɨ ɫɢɫɬɟɦɢ ɱɚɫɬɨ 

ɛɭɜɚє ɨɛɦɟɠɟɧɢɦ, ɳɨ ɪɨɡɝɥɹɧɭɬɨ ɜ ɪɨɛɨɬɚɯ [3; 5; 6]. Ⱦɥɹ ɩɨɲɭɤɭ ɫɬɚɰɿɨɧɚɪɧɢɯ ɪɨɡɩɨɞɿɥɿɜ 
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ɫɬɨɯɚɫɬɢɱɧɢɯ ɫɢɫɬɟɦ ɡ ɨɛɦɟɠɟɧɢɦ ɱɢɫɥɨɦ ɩɨɜɬɨɪɿɜ ɜ ɞɚɧɢɯ ɪɨɛɨɬɚɯ ɛɭɥɨ ɡɚɩɪɨɩɨɧɨɜɚɧɨ ɪɹɞ 

ɩɿɞɯɨɞɿɜ, ɹɤɿ ɩɨɥɹɝɚɸɬɶ ɭ ɜɢɤɨɪɢɫɬɚɧɧɿ ɦɟɬɨɞɭ ɝɟɧɟɪɚɬɪɢɫ, ɬɟɨɪɟɦɢ ɩɪɨ ɪɿɜɧɿɫɬɶ ɩɨɬɨɤɿɜ 

ɣɦɨɜɿɪɧɨɫɬɟɣ ɱɟɪɟɡ ɡɚɦɤɧɟɧɢɣ ɤɨɧɬɭɪ, ɦɟɬɨɞɭ, ɳɨ ɩɨɥɹɝɚє ɜ ɚɩɪɨɤɫɢɦɚɰɿʀ ɜɢɯɿɞɧɨʀ ɫɢɫɬɟɦɢ 

ɫɢɫɬɟɦɨɸ ɡ ɨɛɦɟɠɟɧɢɦ ɱɢɫɥɨɦ ɞɠɟɪɟɥ ɩɨɜɬɨɪɧɢɯ ɜɢɤɥɢɤɿɜ ɬɚ ɭ ɜɢɤɨɪɢɫɬɚɧɧɿ ɬɟɨɪɿʀ ɩɪɨɰɟɫɿɜ 

ɤɜɚɡɿ ɧɚɪɨɞɠɟɧɧɹ ɬɚ ɡɚɝɢɛɟɥɿ.  
ȼɪɚɯɨɜɭɸɱɢ ɧɚɹɜɧɿ ɞɨɫɥɿɞɠɟɧɧɹ ɩɨɫɬɚє ɩɢɬɚɧɧɹ ɡɧɚɯɨɞɠɟɧɧɹ ɟɮɟɤɬɢɜɧɢɯ ɚɥɝɨɪɢɬɦɿɜ 

ɞɥɹ ɩɿɞɪɚɯɭɧɤɭ ɫɬɚɰɿɨɧɚɪɧɢɯ ɣɦɨɜɿɪɧɨɫɬɟɣ ɬɚ ɪɨɡɜ’ɹɡɚɧɧɹ ɡɚɞɚɱ ɤɟɪɭɜɚɧɧɹ ɿɧɬɟɧɫɢɜɧɿɫɬɸ 

ɜɯɿɞɧɨɝɨ ɩɨɬɨɤɭ ɞɥɹ ɞɜɨɯɤɚɧɚɥɶɧɢɯ ɫɢɫɬɟɦ ɡ ɨɛɦɟɠɟɧɢɦ ɱɢɫɥɨɦ ɩɨɜɬɨɪɿɜ. 

Ȼɭɞɟɦɨ ɪɨɡɝɥɹɞɚɬɢ ɫɢɫɬɟɦɭ ɬɢɩɭ NMM /2//  ɡ ɨɞɧɿєʀ ɩɨɜɬɨɪɧɨɸ ɫɩɪɨɛɨɸ, ɹɤɭ 

ɮɨɪɦɚɥɶɧɨ ɩɨɞɚɦɨ ɧɚɫɬɭɩɧɢɦ ɱɢɧɨɦ. ɇɚ ɜɯɿɞ ɫɢɫɬɟɦɢ, ɳɨ ɦɚє ɞɜɚ ɩɪɢɥɚɞɢ, ɡɡɨɜɧɿ ɧɚɞɯɨɞɹɬɶ 

ɜɢɦɨɝɢ ɞɥɹ ɨɛɫɥɭɝɨɜɭɜɚɧɧɹ. əɤɳɨ ɭ ɦɨɦɟɧɬ ɧɚɞɯɨɞɠɟɧɧɹ є ɯɨɱɚ ɛ ɨɞɢɧ ɜɿɥɶɧɢɣ ɩɪɢɥɚɞ, ɬɨ 

ɜɢɦɨɝɚ ɜɿɞɪɚɡɭ ɩɨɱɢɧɚє ɨɛɫɥɭɝɨɜɭɜɚɬɢɫɹ ɿ ɩɿɫɥɹ ɰɶɨɝɨ ɡɚɥɢɲɚє ɫɢɫɬɟɦɭ. ɑɚɫ ɨɛɫɥɭɝɨɜɭɜɚɧɧɹ 

– ɩɨɤɚɡɧɢɤɨɜɨ ɪɨɡɩɨɞɿɥɟɧɚ ɜɢɩɚɞɤɨɜɚ ɜɟɥɢɱɢɧɚ ɡ ɩɚɪɚɦɟɬɪɨɦ  . əɤɳɨ ɜɫɿ ɩɪɢɥɚɞɢ ɡɚɣɧɹɬɿ, 
ɬɨ ɜɢɦɨɝɚ ɫɬɚє ɞɠɟɪɟɥɨɦ ɩɨɜɬɨɪɧɢɯ ɜɢɤɥɢɤɿɜ ɬɚ ɩɨɜɬɨɪɧɨ ɧɚɦɚɝɚєɬɶɫɹ ɨɬɪɢɦɚɬɢ 

ɨɛɫɥɭɝɨɜɭɜɚɧɧɹ ɱɟɪɟɡ ɜɢɩɚɞɤɨɜɢɣ ɱɚɫ, ɹɤɢɣ ɦɚє ɩɨɤɚɡɧɢɤɨɜɢɣ ɪɨɡɩɨɞɿɥ ɡ ɩɚɪɚɦɟɬɪɨɦ  . 

ȼɢɦɨɝɚ, ɹɤɚ ɩɪɢ ɩɨɜɬɨɪɧɨɦɭ ɡɜɟɪɧɟɧɧɿ ɡɧɚɣɲɥɚ ɩɪɢɥɚɞ ɡɚɣɧɹɬɢɦ, ɡɚɥɢɲɚє ɫɢɫɬɟɦɭ ɬɚ ɧɟ 
ɨɬɪɢɦɭє ɨɛɫɥɭɝɨɜɭɜɚɧɧɹ. ɉɪɢ ɭɦɨɜɿ, ɳɨ ɜɫɿ ɩɪɢɥɚɞɢ ɡɚɣɧɹɬɿ ɬɚ ɿɫɧɭє N  ɞɠɟɪɟɥ ɩɨɜɬɨɪɧɢɯ 

ɜɢɤɥɢɤɿɜ, ɧɨɜɿ ɜɢɦɨɝɢ ɩɪɢ ɧɚɞɯɨɞɠɟɧɧɿ ɜɬɪɚɱɚɸɬɶɫɹ ɫɢɫɬɟɦɨɸ ɧɚɡɚɜɠɞɢ. ȱɧɬɟɧɫɢɜɧɿɫɬɶ 

ɜɯɿɞɧɨɝɨ ɩɨɬɨɤɭ ɞɨɪɿɜɧɸє j , ,...1,0j ɬɚ ɡɚɥɟɠɢɬɶ ɜɿɞ ɤɿɥɶɤɨɫɬɿ ɞɠɟɪɟɥ ɩɨɜɬɨɪɧɢɯ ɜɢɤɥɢɤɿɜ. 

Ⱥɥɝɨɪɢɬɦ ɩiɞɪɚɯɭɧɤɭ ɫɬɚɰiɨɧɚɪɧɢɯ iɦɨɜiɪɧɨɫɬɟɣ. ɋɬɚɧ ɫɢɫɬɟɦɢ ɜ ɛɭɞɶ-ɹɤɢɣ ɦɨɦɟɧɬ 
ɱɚɫɭ 0t  є ɞɜɨɜɢɦiɪɧɢɦ ɥɚɧɰɸɝɨɦ Ɇɚɪɤɨɜɚ  ɡ ɧɟɩɟɪɟɪɜɧɢɦ ɱɚɫɨɦ       tXtXtX 21 , , 0t  

ɭ ɮɚɡɨɜɨɦɭ ɩɪɨɫɬɨɪɿ    NcS ,...,1,0,...,1,0  , ɞɟ  tX 1  – ɤɿɥɶɤɿɫɬɶ ɡɚɣɧɹɬɢɯ ɩɪɢɥɚɞɿɜ,  tX 2  – 

ɤɿɥɶɤɿɫɬɶ ɞɠɟɪɟɥ ɩɨɜɬɨɪɧɨɝɨ ɜɢɤɥɢɤɭ. ȱɧɮɿɧɿɬɟɡɢɦɚɥɶɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ   jijia ,, , 

    Sjiji ,,, ɥɚɧɰɸɝɚ Ɇɚɪɤɨɜɚ )(tX  ɜɢɡɧɚɱɚɸɬɶɫɹ ɭ ɜɢɝɥɹɞɿ (1)-(3): 
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2) ɹɤɳɨ 2i ; 10  Nj , ɬɨ  
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3) ɹɤɳɨ 2i ;  Nj  , ɬɨ 
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Ɉɫɤɿɥɶɤɢ ɮɚɡɨɜɢɣ ɩɪɨɫɬɿɪ ɩɪɨɰɟɫɭ )(tX  ɫɤɿɧɱɟɧɧɢɣ, ɬɨ ɞɥɹ ɧɶɨɝɨ ɡɚɜɠɞɢ ɿɫɧɭє 
ɫɬɚɰɿɨɧɚɪɧɢɣ ɪɟɠɢɦ ɿ ɱɟɪɟɡ  

})(,)({lim 21 jtXitXp
t

N

ij 


 ɛɭɞɟɦɨ ɩɨɡɧɚɱɚɬɢ ɫɬɚɰɿɨɧɚɪɧɿ 

ɣɦɨɜɿɪɧɨɫɬɿ. 
ȼɜɟɞɟɦɨ ɩɨɡɧɚɱɟɧɧɹ ɞɥɹ ɫɤɿɧɱɟɧɧɨɝɨ ɥɚɧɰɸɝɨɜɨɝɨ ɞɪɨɛɭ: 
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2  NNN NNN   . 

Ɍɟɨɪɟɦɚ 1. ɋɬɚɰɿɨɧɚɪɧɿ ɣɦɨɜɿɪɧɨɫɬɿ   Sjip N

ij ,,  ɫɢɫɬɟɦɢ ɬɢɩɭ NMM /2//  ɡ ɨɞɧɿєɸ 

ɩɨɜɬɨɪɧɨɸ ɫɩɪɨɛɨɸ ɦɚɸɬɶ ɜɢɝɥɹɞ:  
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ɞɟ N

k  ɜɢɡɧɚɱɚɸɬɶɫɹ ɮɨɪɦɭɥɨɸ (4). 

Ⱦɨɜɟɞɟɧɧɹ ɞɚɧɨʀ ɬɟɨɪɟɦɢ ɜɢɩɥɢɜɚє ɿɡ ɞɨɜɟɞɟɧɧɹ ɬɟɨɪɟɦɢ 4 ɪɨɛɨɬɢ [6]. Ɍɚɤɢɦ ɱɢɧɨɦ, ɡɚ 
ɞɨɩɨɦɨɝɨɸ ɜɢɳɟ ɜɤɚɡɚɧɨɝɨ ɚɥɝɨɪɢɬɦɭ ɦɢ ɦɨɠɟɦɨ ɡɧɚɯɨɞɢɬɢ ɫɬɚɰɿɨɧɚɪɧɿ ɣɦɨɜɿɪɧɨɫɬɿ 
ɫɢɫɬɟɦɢ. ȱɫɧɭɸɬɶ ɬɚɤɨɠ ɿɧɲɿ ɦɟɬɨɞɢ, ɡ ɹɤɢɦɢ ɦɨɠɧɚ ɨɡɧɚɣɨɦɢɬɢɫɹ ɜ ɪɨɛɨɬɚɯ [3], [5], [6]. ɍ 

ɜɢɩɚɞɤɭ ɞɜɨɯ ɬɚ ɛɿɥɶɲɟ ɩɨɜɬɨɪɧɢɯ ɫɩɪɨɛ ɩɨɲɢɪɢɬɢ ɨɬɪɢɦɚɧɢɣ ɪɟɡɭɥɶɬɚɬ ɧɟɦɨɠɥɢɜɨ. ȼ 

ɬɚɤɢɯ ɜɢɩɚɞɤɚɯ ɜɚɪɬɨ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɪɟɡɭɥɶɬɚɬɢ ɬɟɨɪɿʀ ɩɪɨɰɟɫɿɜ ɤɜɚɡɿ ɧɚɪɨɞɠɟɧɧɹ ɬɚ 
ɡɚɝɢɛɟɥɿ ɬɚ ɛɭɞɭɜɚɬɢ ɪɟɤɭɪɟɧɬɧɿ ɨɛɱɢɫɥɸɜɚɥɶɧɿ ɚɥɝɨɪɢɬɦɢ ɡɧɚɯɨɞɠɟɧɧɹ ɫɬɚɰɿɨɧɚɪɧɢɯ 

ɣɦɨɜɿɪɧɨɫɬɟɣ ɞɥɹ ɩɪɨɰɟɫɭ ɨɛɫɥɭɝɨɜɭɜɚɧɧɹ. 

Ɉɩɬɢɦɚɥɶɧɢɣ ɜɢɛɿɪ ɩɚɪɚɦɟɬɪɿɜ. Ɂɦɿɧɧɢɣ ɯɚɪɚɤɬɟɪ ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɜɯɿɞɧɨɝɨ ɩɨɬɨɤɭ ɜ 

ɦɨɞɟɥɿ, ɳɨ ɪɨɡɝɥɹɞɚєɬɶɫɹ, ɞɚє ɦɨɠɥɢɜɿɫɬɶ ɫɬɚɜɢɬɢ ɿ ɪɨɡɜ’ɹɡɭɜɚɬɢ ɞɥɹ ɧɢɯ ɨɩɬɢɦɿɡɚɰɿɣɧɿ 
ɡɚɞɚɱɿ. Ɋɨɡɝɥɹɧɟɦɨ ɩɨɪɨɝɨɜɭ ɫɬɪɚɬɟɝɿɸ, ɹɤɚ ɡɚɞɚɸɬɶɫɹ ɩɨɪɨɝɨɦ H . ɉɪɨɰɟɫ ɮɭɧɤɰɿɨɧɭɜɚɧɧɹ 

ɞɚɧɨʀ ɫɢɫɬɟɦɢ ɩɪɢ ɩɨɪɨɝɨɜɿɣ ɫɬɪɚɬɟɝɿʀ H  ɧɚɫɬɭɩɧɢɣ. Ɏɿɤɫɭɸɬɶ ɨɞɧɟ ɧɟɜɿɞ’єɦɧɟ ɰɿɥɟ ɱɢɫɥɨ 

H , ɹɤɟ ɧɚɡɢɜɚєɬɶɫɹ ɩɨɪɨɝɨɦ. əɤɳɨ ɜ ɞɟɹɤɢɣ ɦɨɦɟɧɬ ɱɚɫɭ 0t  ɤɿɥɶɤɿɫɬɶ ɞɠɟɪɟɥ ɩɨɜɬɨɪɧɢɯ 

ɜɢɤɥɢɤɿɜ ɜ ɫɢɫɬɟɦɿ ɧɟ ɩɟɪɟɜɢɳɭє H , ɬɨ ɫɢɫɬɟɦɚ ɮɭɧɤɰɿɨɧɭє ɜ ɩɟɪɲɨɦɭ ɪɟɠɢɦɿ, ɿ 
ɿɧɬɟɧɫɢɜɧɿɫɬɶ ɜɯɿɞɧɨɝɨ ɩɨɬɨɤɭ ɞɨɪɿɜɧɸє 1 . əɤɳɨ ɤɿɥɶɤɿɫɬɶ ɩɨɜɬɨɪɧɢɯ ɜɢɤɥɢɤɿɜ ɛɿɥɶɲɚ ɡɚ H , 
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ɬɨ ɫɢɫɬɟɦɚ ɮɭɧɤɰɿɨɧɭє ɭ ɞɪɭɝɨɦɭ ɪɟɠɢɦɿ,  ɩɪɢ ɰɶɨɦɭ ɿɧɬɟɧɫɢɜɧɿɫɬɸ ɜɯɿɞɧɨɝɨ ɩɨɬɨɤɭ 2 .  

ȼɢɯɨɞɹɱɢ ɡ ɮɨɪɦɭɥɸɜɚɧɧɹ ɜɢɛɨɪɭ ɩɨɪɨɝɭ H , ɦɚєɦɨ: 
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j 


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ȼɜɟɞɟɦɨ ɩɨɡɧɚɱɟɧɧɹ: ),( HtWi  – ɱɢɫɥɨ ɜɢɦɨɝ, ɨɛɫɥɭɝɨɜɭɜɚɧɧɹ ɹɤɢɯ ɡɚɜɟɪɲɟɧɨ ɡɚ ɱɚɫ t , 

ɩɪɢ ɪɨɛɨɬɿ ɫɢɫɬɟɦɢ ɜ i -ɦɭ ɪɟɠɢɦɿ, 2,1i ; ),(3 HtW  – ɱɢɫɥɨ ɜɢɦɨɝ, ɹɤɿ ɨɬɪɢɦɚɥɢ ɜɿɞɦɨɜɭ ɜ 

ɨɛɫɥɭɝɨɜɭɜɚɧɧɿ ɬɚ ɫɬɚɥɢ ɩɨɜɬɨɪɧɢɦɢ ɜɢɤɥɢɤɚɦɢ; ),(4 HtW  – ɱɢɫɥɨ ɩɟɪɟɦɢɤɚɧɶ ɿɧɬɟɧɫɢɜɧɨɫɬɿ 
ɜɯɿɞɧɨɝɨ ɩɨɬɨɤɭ; ),(5 HtW  – ɱɢɫɥɨ ɜɢɦɨɝ, ɹɤɿ ɡɚɥɢɲɢɥɢ ɫɢɫɬɟɦɭ ɛɟɡ ɨɛɫɥɭɝɨɜɭɜɚɧɧɹ ɩɿɫɥɹ 

ɧɟɜɞɚɥɨʀ ɩɨɜɬɨɪɧɨʀ ɫɩɪɨɛɢ. əɤɳɨ ɿɫɧɭɸɬɶ ɝɪɚɧɢɰɿ ),(lim 1 HtWt i
t




, ɬɨ ɛɭɞɟɦɨ ɩɨɡɧɚɱɚɬɢ ʀɯ 

ɱɟɪɟɡ )(HWi , 5,1i .  

Ɋɨɡɝɥɹɧɟɦɨ ɨɩɬɢɦɿɡɚɰɿɣɧɭ ɡɚɞɚɱɭ: 

              max)()()()()()( 5544332211  HWCHWCHWCHWCHWCHW ,             (5) 

},...,1,0{ NH  ,  

ɞɟ 1C  – ɩɪɢɛɭɬɨɤ, ɩɨɜ’ɹɡɚɧɢɣ ɡ ɨɛɫɥɭɝɨɜɭɜɚɧɧɹɦ ɨɞɧɿєʀ ɜɢɦɨɝɢ ɜ ɩɟɪɲɨɦɭ ɪɟɠɢɦɿ; 2C  – 

ɩɪɢɛɭɬɨɤ, ɩɨɜ’ɹɡɚɧɢɣ ɡ ɨɛɫɥɭɝɨɜɭɜɚɧɧɹɦ ɨɞɧɿєʀ ɜɢɦɨɝɢ ɜ ɞɪɭɝɨɦɭ ɪɟɠɢɦɿ; 3C – ɲɬɪɚɮ ɡɚ 
ɜɿɞɦɨɜɭ ɜ ɨɛɫɥɭɝɨɜɭɜɚɧɧɿ; 4C – ɲɬɪɚɮ ɡɚ ɩɟɪɟɦɢɤɚɧɧɹ ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɜɯɿɞɧɨɝɨ ɩɨɬɨɤɭ; 5C – 

ɲɬɪɚɮ ɡɚ ɜɬɪɚɬɭ ɜɢɦɨɝɢ ɩɿɫɥɹ ɧɟɜɞɚɥɨʀ ɩɨɜɬɨɪɧɨʀ ɫɩɪɨɛɢ. 

Ƚɪɚɧɢɱɧɿ ɮɭɧɤɰɿɨɧɚɥɢ )(HWi , 5,1i  ɜɢɡɧɚɱɚɬɢɦɭɬɶɫɹ ɱɟɪɟɡ ɫɬɚɰɿɨɧɚɪɧɿ ɣɦɨɜɿɪɧɨɫɬɿ 
ɫɢɫɬɟɦɢ ɧɚ ɨɫɧɨɜɿ ɬɟɨɪɟɦɢ 1:  
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25 )(  . 

Ɋɨɡɜ’ɹɡɤɨɦ ɡɚɞɚɱɿ (5) є ɬɚɤɢɣ ɩɨɪɿɝ H , ɹɤɢɣ ɦɚɤɫɢɦɿɡɭє ɫɟɪɟɞɧɿɣ ɩɪɢɛɭɬɨɤ ɜɿɞ ɪɨɛɨɬɢ 

ɫɢɫɬɟɦɢ. ɉɨɞɿɛɧɿ ɨɩɬɢɦɿɡɚɰɿɣɧɿ ɡɚɞɚɱɿ ɪɨɡɝɥɹɧɭɬɿ ɜ ɩɪɚɰɹɯ [3]-[5].  

Ⱦɥɹ ɩɪɢɤɥɚɞɭ ɪɨɡɝɥɹɧɟɦɨ ɫɢɫɬɟɦɭ ɡ ɩɚɪɚɦɟɬɪɚɦɢ: 2c , 81  , 32  , 3 , 3 , 

961 C , 752 C , 83 C , 44 C , 455 C . Ɂɚ ɞɨɩɨɦɨɝɨɸ ɪɨɡɪɨɛɥɟɧɨɝɨ ɩɪɨɝɪɚɦɧɨɝɨ ɞɨɞɚɬɤɭ 

ɡɧɚɣɞɟɧɨ, ɳɨ ɩɪɢ 4H  ɞɨɫɹɝɚєɬɶɫɹ ɦɚɤɫɢɦɚɥɶɧɟ ɡɧɚɱɟɧɧɹ ɮɭɧɤɰɿɨɧɚɥɭ 251)( HW . 

ȼ ɞɚɧɿɣ ɪɨɛɨɬɿ ɪɨɡɝɥɹɧɭɬɨ ɫɬɨɯɚɫɬɢɱɧɭ ɞɜɨɤɚɧɚɥɶɧɭ ɫɢɫɬɟɦɭ ɡ ɨɞɧɿєɸ ɩɨɜɬɨɪɧɨɸ 

ɫɩɪɨɛɨɸ ɩɨɱɚɬɢ ɨɛɫɥɭɝɨɜɭɜɚɧɧɹ ɬɚ ɤɟɪɨɜɚɧɢɦ ɜɯɿɞɧɢɦ ɩɨɬɨɤɨɦ ɜ ɤɥɚɫɿ ɩɨɪɨɝɨɜɢɯ ɫɬɪɚɬɟɝɿɣ. 

Ɂ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɥɚɧɰɸɝɨɜɢɯ ɞɪɨɛɿɜ ɩɨɞɚɧɨ ɫɬɚɰɿɨɧɚɪɧɿ ɣɦɨɜɿɪɧɨɫɬɿ ɜ ɹɜɧɨɦɭ ɜɢɝɥɹɞɿ, ɳɨ 

ɞɨɡɜɨɥɹє ɛɭɞɭɜɚɬɢ ɮɭɧɤɰɿɨɧɚɥɢ ɹɤɨɫɬɿ ɨɩɬɢɦɿɡɚɰɿɣɧɨʀ ɡɚɞɚɱɿ ɿɡ ɜɪɚɯɭɜɚɧɧɹɦ ɩɨɪɨɝɨɜɨʀ 
ɫɬɪɚɬɟɝɿʀ ɤɟɪɭɜɚɧɧɹ. Ɋɨɡɪɨɛɥɟɧɨ ɩɪɨɝɪɚɦɧɢɣ ɞɨɞɚɬɨɤ ɞɥɹ ɩɨɲɭɤɭ ɨɩɬɢɦɚɥɶɧɨʀ ɫɬɪɚɬɟɝɿʀ 
ɤɟɪɭɜɚɧɧɹ. 
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