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Ⱥɧɧɨɬɚɰɢɹ 
ȼ ɫɬɚɬɶɟ ɪɚɫɫɦɨɬɪɟɧ ɦɟɯɚɧɢɡɦ ɩɟɪɟɧɨɫɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ ɧɚ ɩɪɟɞɦɟɬ ɬɪɭɞɚ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɜɨɡɞɟɣɫɬɜɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɧɚ ɫɬɪɭɤɬɭɪɚ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɰɢɤɥɚ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ. Ɉɫɧɨɜɵɜɚɹɫɶ ɧɚ ɨɩɪɟɞɟɥɟɧɢɹɯ 
ɫɨɫɬɚɜɧɵɯ ɱɚɫɬɟɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɩɨɤɚɡɚɧɚ ɫɬɪɭɤɬɭɪɚ ɷɮɮɟɤɬɢɜɧɨɝɨ ɜɪɟɦɟɧɢ 
ɨɛɪɚɛɨɬɤɢ ɩɪɟɞɦɟɬɚ ɬɪɭɞɚ. Ɋɚɫɫɦɨɬɪɟɧɵ ɫɨɫɬɚɜɧɵɟ ɱɚɫɬɢ ɩɪɨɰɟɫɫɚ ɩɟɪɟɧɨɫɚ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ ɧɚ ɩɪɟɞɦɟɬ ɬɪɭɞɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɨɡɞɟɣɫɬɜɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ. ɂɫɫɥɟɞɨɜɚɧɵ ɡɚɤɨɧɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɥɭɱɚɣɧɵɯ ɩɪɨɰɟɫɫɨɜ ɩɟɪɟɧɨɫɚ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ ɞɥɹ ɩɪɨɫɬɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɫɯɟɦ ɨɛɪɚɛɨɬɤɢ ɩɪɟɞɦɟɬɚ ɬɪɭɞɚ. 
Ɋɚɫɫɦɨɬɪɟɧ ɩɪɢɧɰɢɩ ɮɨɪɦɢɪɨɜɚɧɢɹ ɨɛɨɛɳɟɧɧɨɣ ɟɞɢɧɢɰɵ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
ɢ ɩɨɤɚɡɚɧ ɦɟɯɚɧɢɡɦ ɩɨɫɬɪɨɟɧɢɹ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɭɧɤɰɢɣ ɨɛɨɛɳɟɧɧɨɣ ɟɞɢɧɢɰɵ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɢ ɩɚɪɚɥɥɟɥɶɧɨɣ ɫɯɟɦɵ 
ɪɚɫɩɨɥɨɠɟɧɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ. Ɋɚɫɫɦɨɬɪɟɧ ɩɪɢɧɰɢɩ ɩɨɫɬɪɨɟɧɢɹ ɫɟɬɟɜɨɣ ɦɨɞɟɥɢ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɥɢɧɢɢ ɞɥɹ ɦɧɨɝɨɧɨɦɟɧɤɥɚɬɭɪɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ; ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɨɩɟɪɚɰɢɹ; ɩɪɟɞɦɟɬ ɬɪɭɞɚ; 

ɫɪɟɞɫɬɜɚ ɬɪɭɞɚ; ɫɜɨɣɫɬɜɚ ɢ ɩɚɪɚɦɟɬɪɚ ɢɡɞɟɥɢɹ; ɬɢɩ ɩɪɨɢɡɜɨɞɫɬɜɚ; ɦɟɬɨɞɵ ɨɪɝɚɧɢɡɚɰɢɢ; 

PDE-ɦɨɞɟɥɢ ɩɨɬɨɱɧɵɯ ɥɢɧɢɣ; ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɩɨɬɨɱɧɵɦ ɩɪɨɢɡɜɨɞɫɬɜɨɦ; 

ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɫɢɫɬɟɦ. 
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Abstract  

The article describes the transfer of the technological resources on the subject of labor as a result 

of the impact of technological equipment. The paper analyzes the structure of the production 

cycle and technological resources. It shows the structure of effective processing time of the 

subject of labor. The author considers the laws of distribution of random processes of transfer of 

technological resources for simple flow schemes of processing the subject of labor. The article 

describes the principle of formation of a generalized production unit and demonstrates the 

mechanism of building production functions of the generalized production unit for sequential and 

parallel arrangement of equipment. The article also demonstrates the principle of construction of 

a network model of the production line for multiproduct production. 

Keywords: process; process operation; subject of labor; means of labor; properties and 

parameters of the product; type of production; methods of organization; PDE-model production 

lines; production management system; statistical models of manufacturing systems. 
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Вɜɟɞɟɧɢɟ 
Ɉɞɧɨɣ ɢɡ ɨɫɧɨɜɧɵɯ ɬɟɧɞɟɧɰɢɣ ɪɚɡɜɢɬɢɹ 

ɫɨɜɪɟɦɟɧɧɨɝɨ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɫɨɤɪɚɳɟɧɢɢ 
ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɠɢɡɧɟɧɧɨɝɨ ɰɢɤɥɚ ɢɡɞɟɥɢɣ 
ɨɫɧɨɜɧɚɹ ɟɝɨ ɱɚɫɬɶ ɩɪɢɯɨɞɢɬɫɹ ɧɚ ɩɟɪɟɯɨɞɧɨɣ 
ɧɟɭɫɬɚɧɨɜɢɜɲɢɣɫɹ ɪɟɠɢɦ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɥɢɧɢɣ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɩɪɢ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɦɢ ɥɢɧɢɹɦɢ ɞɥɹ ɩɟɪɟɯɨɞɧɵɯ 
ɪɟɠɢɦɨɜ ɜ ɩɨɫɥɟɞɧɟɟ ɞɟɫɹɬɢɥɟɬɢɟ ɨɫɨɛɨɟ 
ɜɧɢɦɚɧɢɟ ɭɞɟɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɫɨɜɟɪɲɟɧɧɨ 
ɧɨɜɵɯ ɬɢɩɨɜ ɦɨɞɟɥɟɣ ɭɩɪɚɜɥɹɟɦɵɯ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɚ ɬɚɤɠɟ ɩɪɨɝɪɚɦɦ ɢ 
ɚɥɝɨɪɢɬɦɨɜ ɭɩɪɚɜɥɟɧɢɹ ɢɦɢ Д1Ж. ɉɨɞɪɨɛɧɵɣ 
ɨɛɡɨɪ ɦɨɞɟɥɟɣ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɩɪɢ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɦɢ ɥɢɧɢɹɦɢ, ɩɪɟɞɫɬɚɜɥɟɧ ɜ 
ɪɚɛɨɬɟ Д2Ж. Ⱥɧɚɥɢɡ ɦɨɞɟɥɟɣ ɩɟɪɟɯɨɞɧɵɯ 
ɭɩɪɚɜɥɹɟɦɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɪɨɰɟɫɫɨɜ 
ɜɵɩɨɥɧɟɧ ɜ Д3Ж. ɋɭɳɟɫɬɜɟɧɧɵɣ ɢɧɬɟɪɟɫ ɫɪɟɞɢ 
ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɦɨɞɟɥɟɣ ɩɪɟɞɫɬɚɜɥɹɟɬ ɤɥɚɫɫ 
ɦɨɞɟɥɟɣ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɨɬɨɱɧɵɯ ɥɢɧɢɣ, 
ɢɫɩɨɥɶɡɭɸɳɢɯ ɭɪɚɜɧɟɧɢɹ ɜ ɱɚɫɬɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ 
[1Ж. Ⱦɚɧɧɵɣ ɤɥɚɫɫ ɦɨɞɟɥɟɣ, ɩɨɥɭɱɢɜɲɢɯ ɧɚɡɜɚɧɢɟ 
PDE-ɦɨɞɟɥɟɣ, ɩɨɡɜɨɥɹɟɬ ɩɪɨɟɤɬɢɪɨɜɚɬɶ ɫɢɫɬɟɦɵ 
ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɦɢ ɩɨɬɨɱɧɵɦɢ 
ɥɢɧɢɹɦɢ, ɮɭɧɤɰɢɨɧɢɪɭɸɳɢɦɢ ɜ 
ɤɜɚɡɢɫɬɚɰɢɨɧɚɪɧɵɯ ɢ ɩɟɪɟɯɨɞɧɵɯ ɪɟɠɢɦɚɯ. 
ȼɩɟɪɜɵɟ ɡɚɦɤɧɭɬɵɟ ɛɚɥɚɧɫɨɜɵɟ ɭɪɚɜɧɟɧɢɹ ɜ 
ɱɚɫɬɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ 
PDE-ɦɨɞɟɥɹɯ ɩɨɬɨɱɧɵɯ ɥɢɧɢɣ, ɩɨɥɭɱɟɧɵ ɫ 
ɨɛɨɫɧɨɜɚɧɢɟɦ ɭɫɥɨɜɢɣ ɢɯ ɩɪɢɦɟɧɟɧɢɹ ɜ ɪɚɦɤɚɯ 
ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɬɟɨɪɢɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɫɢɫɬɟɦ 
[4Ж. Ⱥɧɚɥɢɡ ɩɪɢɧɰɢɩɨɜ ɢ ɦɟɬɨɞɨɜ ɩɨɫɬɪɨɟɧɢɹ 
ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɦ ɩɪɨɰɟɫɫɨɦ 
ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɪɚɛɨɬɟ Д5Ж. ɇɚɫɬɨɹɳɢɣ ɦɚɬɟɪɢɚɥ 
ɩɨɫɜɹɳɟɧ ɨɛɫɭɠɞɟɧɢɸ ɩɪɨɰɟɫɫɚ ɩɟɪɟɧɨɫɚ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ ɧɚ ɩɪɟɞɦɟɬ ɬɪɭɞɚ.  

ɉɪɨɢɡɜɨɞɫɬɜɨ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɥɨɠɧɵɣ 
ɩɪɨɰɟɫɫ ɩɪɟɜɪɚɳɟɧɢɹ ɫɵɪɶɹ, ɦɚɬɟɪɢɚɥɨɜ ɢ 
ɩɨɥɭɮɚɛɪɢɤɚɬɨɜ ɜ ɝɨɬɨɜɭɸ ɩɪɨɞɭɤɰɢɸ. ɉɪɢ 
ɜɨɡɞɟɣɫɬɜɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɚ 
ɩɪɟɞɦɟɬ ɬɪɭɞɚ ɜ ɩɪɨɰɟɫɫɟ ɜɵɩɨɥɧɟɧɢɹ ɨɩɟɪɚɰɢɢ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɟɪɟɧɨɫ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɪɟɫɭɪɫɨɜ. ɇɚ ɤɚɠɞɨɣ ɨɩɟɪɚɰɢɢ ɧɟɢɡɛɟɠɧɨ 
ɩɪɨɹɜɥɹɸɬɫɹ ɤɨɥɟɛɚɧɢɹ, ɤɚɤ ɜɪɟɦɟɧɢ ɜɵɩɨɥɧɟɧɢɹ 
[6Ж, ɬɚɤ ɢ ɤɨɥɢɱɟɫɬɜɚ ɩɟɪɟɧɟɫɟɧɧɵɯ ɡɚ ɷɬɨ ɜɪɟɦɹ 
ɧɚ ɩɪɟɞɦɟɬ ɬɪɭɞɚ ɪɟɫɭɪɫɨɜ, ɱɬɨ ɨɛɭɫɥɨɜɥɟɧɨ 
ɤɨɦɩɥɟɤɫɨɦ ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɟ 
ɫɥɭɱɚɣɧɵɯ ɢ ɫɢɫɬɟɦɚɬɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ. ɗɬɢ 
ɮɚɤɬɨɪɵ ɩɪɢɜɨɞɹɬ ɤ ɨɬɤɥɨɧɟɧɢɹɦ ɩɚɪɚɦɟɬɪɨɜ 
ɩɪɟɞɦɟɬɚ ɬɪɭɞɚ ɨɬ ɧɨɦɢɧɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ Д7Ж. 

Ɉɝɪɚɧɢɱɟɧɢɹ ɜɨɡɦɨɠɧɨɫɬɟɣ ɦɟɬɨɞɚ ɢɡɝɨɬɨɜɥɟɧɢɹ 
ɢɡɞɟɥɢɹ, ɡɚɦɟɧɚ ɩɪɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɚɫɱɟɬɚɯ 
ɬɨɱɧɵɯ ɮɨɪɦɭɥ ɩɪɢɛɥɢɠɟɧɧɵɦɢ, ɧɟɬɨɱɧɨɫɬɶ 
ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɫɧɚɫɬɤɢ, ɞɟɮɨɪɦɚɰɢɹ ɢ ɢɡɧɨɫ 
ɨɛɨɪɭɞɨɜɚɧɢɹ, ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ 
ɞɟɬɚɥɶ ɢɥɢ ɪɚɛɨɱɢɣ ɢɧɫɬɪɭɦɟɧɬ ɜ ɡɨɧɟ ɨɛɪɚɛɨɬɤɢ 
ɜɵɡɵɜɚɸɬ ɫɢɫɬɟɦɚɬɢɱɟɫɤɢɟ ɩɨɝɪɟɲɧɨɫɬɢ. 
ɋɥɭɱɚɣɧɵɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɨɝɪɟɲɧɨɫɬɢ 
ɨɩɪɟɞɟɥɹɸɬɫɹ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶɸ ɫɵɪɶɹ, 
ɨɬɤɥɨɧɟɧɢɹɦɢ ɩɚɪɚɦɟɬɪɨɜ ɤɨɦɩɥɟɤɬɭɸɳɢɯ 
ɢɡɞɟɥɢɣ, ɤɨɥɟɛɚɧɢɹɦɢ ɩɚɪɚɦɟɬɪɨɜ ɪɟɠɢɦɚ 
ɨɛɪɚɛɨɬɤɢ. ȼ ɯɨɞɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɧɚ 
ɩɪɟɞɦɟɬ ɬɪɭɞɚ ɨɞɧɨɜɪɟɦɟɧɧɨ ɜɨɡɞɟɣɫɬɜɭɸɬ 
ɪɚɡɧɵɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɮɚɤɬɨɪɵ, 
ɨɩɪɟɞɟɥɹɸɳɢɟ ɡɚɤɨɧ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɡɧɚɱɟɧɢɣ ɟɝɨ 
ɩɚɪɚɦɟɬɪɨɜ ɜ ɜɢɞɟ ɤɨɦɩɨɡɢɰɢɢ ɧɟɫɤɨɥɶɤɢɯ 
ɡɚɤɨɧɨɜ ɪɚɫɩɪɟɞɟɥɟɧɢɹ Д8Ж.  

ɋɬɪɭɤɬɭɪɚ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɰɢɤɥɚ ɢ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ [9-11] 

Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ 
ɩɪɨɰɟɫɫ ɩɟɪɟɯɨɞɚ ɩɪɟɞɦɟɬɨɜ ɬɪɭɞɚ ɢɡ ɨɞɧɨɝɨ 
ɫɨɫɬɨɹɧɢɹ ɜ ɞɪɭɝɨɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɨɡɞɟɣɫɬɜɢɹ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ Д12-14Ж. ɉɪɨɰɟɫɫ 
ɩɟɪɟɧɨɫɚ ɪɟɫɭɪɫɨɜ ɧɚ ɩɪɟɞɦɟɬ ɬɪɭɞɚ ɹɜɥɹɟɬɫɹ 
ɫɥɭɱɚɣɧɵɦ ɩɪɨɰɟɫɫɨɦ Д7, 8Ж. ɋɟɱɟɧɢɟ ɫɥɭɱɚɣɧɨɝɨ 
ɩɪɨɰɟɫɫɚ ɩɟɪɟɧɨɫɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ ɧɚ 
ɩɪɟɞɦɟɬɵ ɬɪɭɞɚ ɜ ɤɚɠɞɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɨɫɬɨɹɧɢɟɦ ɩɚɪɚɦɟɬɪɨɜ N  

ɩɪɟɞɦɟɬɨɜ ɬɪɭɞɚ Д13, 15Ж. ȼ ɪɟɡɭɥɶɬɚɬɟ 
ɜɵɩɨɥɧɟɧɢɹ m -ɨɣ  M,..,1m  ɨɩɟɪɚɰɢɢ ɧɚ 
ɩɪɟɞɦɟɬɵ ɬɪɭɞɚ ɩɟɪɟɧɨɫɹɬɫɹ ɪɟɫɭɪɫɵ ɫɬɨɢɦɨɫɬɶɸ 

  ,m
ΔS  Д15, 16Ж, ɫɬɪɭɤɬɭɪɚ ɤɨɬɨɪɨɣ ɩɪɟɞɫɬɚɜɥɟɧɚ 
ɧɚ ɪɢɫ. 1: 

 

 
Ɋɢɫ. 1. ɉɪɨɰɟɫɫ ɩɟɪɟɧɨɫɚ ɫɬɨɢɦɨɫɬɢ ɪɟɫɭɪɫɨɜ  

ɧɚ ɩɪɟɞɦɟɬ ɬɪɭɞɚ 

Fig. 1. The process of transferring the cost of resources  

on the subject of labor 
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  ,  ,  ,  ,  ,  , mɋmɈmЭmɋɢɆmm

ΔSΔΔΔSΔSΔS  ,  Mm ..1 ,   (1)

ɝɞɟ ɋɢɆm
ΔS

  ,
 (ɝɪɧ.) – ɫɬɨɢɦɨɫɬɶ ɡɚɬɪɚɬ ɧɚ 

ɨɫɧɨɜɧɨɣ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɣ ɦɚɬɟɪɢɚɥɵ, 
ɩɨɥɭɮɚɛɪɢɤɚɬɵ ɢ ɤɨɦɩɥɟɤɬɭɸɳɢɟ;  

Эm
ΔS

  ,
 (ɝɪɧ.) – ɫɬɨɢɦɨɫɬɶ ɡɚɬɪɚɬ ɷɧɟɪɝɨɪɟɫɭɪɫɨɜ; 

Ɉm
Δ

  ,
  (ɝɪɧ.) – ɫɬɨɢɦɨɫɬɶ ɡɚɬɪɚɬ ɮɨɧɞɚ ɨɩɥɚɬɚ 

ɬɪɭɞɚ ɨɫɧɨɜɧɵɯ ɪɚɛɨɱɢɯ;  
ɋm

Δ
  ,

  (ɝɪɧ.) – ɫɬɨɢɦɨɫɬɶ ɡɚɬɪɚɬ ɮɨɧɞɚ ɨɩɥɚɬɚ 
ɬɪɭɞɚ ɧɟɨɫɧɨɜɧɵɯ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɪɚɛɨɱɢɯ, 

ɫɜɹɡɚɧɧɵɯ ɫ ɨɛɫɥɭɠɢɜɚɧɢɟɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 
ɩɪɨɰɟɫɫɚ ɧɚ m -ɨɣ ɨɩɟɪɚɰɢɢ Д15, 16Ж;  

  ,m
ΔS (ɝɪɧ.) – ɫɬɨɢɦɨɫɬɶ ɩɪɨɱɢɯ ɡɚɬɪɚɬ, 
ɫɜɹɡɚɧɧɵɯ ɫ ɜɵɩɨɥɧɟɧɢɟɦ m -ɨɣ ɨɩɟɪɚɰɢɢ. 

ɋɬɨɢɦɨɫɬɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ   ,m
ΔS  

(1) ɩɟɪɟɧɨɫɢɬɫɹ ɧɚ ɩɪɟɞɦɟɬ ɬɪɭɞɚ ɡɚ ɷɮɮɟɤɬɢɜɧɨɟ 
ɜɪɟɦɹ ɨɛɪɚɛɨɬɤɢ (EPT, EППОМЭТЯО PrШМОssТЧР TТЦОs) 

m
Δ  [15-20Ж, ɫɬɪɭɤɬɭɪɚ ɤɨɬɨɪɨɝɨ ɦɨɠɟɬ ɛɵɬɶ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɤɚɤ (ɪɢɫ. 2) 

ȿmɉɁmВmɈmm
ΔΔΔΔΔ

  ,  ,  ,  ,
  ,   Mm ..1 ,  (2)

ɝɞɟ Ɉm
Δ

  ,
  (ɱɚɫ) – ɧɨɪɦɚ ɨɫɧɨɜɧɨɝɨ ɜɪɟɦɟɧɢ, 

ɧɟɨɛɯɨɞɢɦɨɝɨ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɰɟɥɢ ɨɩɟɪɚɰɢɢ ɩɨ 
ɤɚɱɟɫɬɜɟɧɧɨɦɭ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɨɦɭ ɢɡɦɟɧɟɧɢɸ 
ɫɨɫɬɨɹɧɢɹ ɩɪɟɞɦɟɬɚ ɬɪɭɞɚ;  

Вm
Δ

  ,
  (ɱɚɫ) – ɧɨɪɦɚ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɜɪɟɦɟɧɢ, 

ɬɪɟɛɭɟɦɨɝɨ ɞɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɞɟɣɫɬɜɢɣ, 
ɫɨɡɞɚɸɳɢɯ ɜɨɡɦɨɠɧɨɫɬɶ ɜɵɩɨɥɧɟɧɢɹ;  

ȿm
Δ

  ,
  (ɱɚɫ) – ɧɨɪɦɚ ɜɪɟɦɟɧɢ ɧɚ ɜɵɩɨɥɧɟɧɢɟ 

ɟɫɬɟɫɬɜɟɧɧɵɯ ɩɪɨɰɟɫɫɨɜ;  
ɉɁm

Δ
  ,

  (ɱɚɫ) – ɧɨɪɦɚ ɨɩɟɪɚɰɢɢ ɩɨɞɝɨɬɨɜɢɬɟɥɶɧɨ-

ɡɚɤɥɸɱɢɬɟɥɶɧɨɝɨ ɜɪɟɦɟɧɢ (ɩɨɞɝɨɬɨɜɤɚ ɫɪɟɞɫɬɜ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɤ ɜɵɩɨɥɧɟɧɢɸ ɨɩɟɪɚɰɢɢ ɢ 
ɩɪɢɜɟɞɟɧɢɟ ɢɯ ɜ ɩɟɪɜɨɧɚɱɚɥɶɧɨɟ ɫɨɫɬɨɹɧɢɟ ɩɨɫɥɟ 
ɟɟ ɨɤɨɧɱɚɧɢɹ).  

Ȼɚɡɨɜɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɫɬɨɢɦɨɫɬɢ 
ɩɟɪɟɧɟɫɟɧɧɵɯ ɪɟɫɭɪɫɨɜ (1) ɢ ɷɮɮɟɤɬɢɜɧɨɝɨ 
ɜɪɟɦɟɧɢ ɨɛɪɚɛɨɬɤɢ (2) ɹɜɥɹɸɬɫɹ ɭɫɥɨɜɧɵɦɢ ɢ 
ɨɩɪɟɞɟɥɹɸɬɫɹ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɤɨɧɤɪɟɬɧɨɝɨ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ. ɂɧɬɟɧɫɢɜɧɨɫɬɶ 
ɩɟɪɟɧɨɫɚ ɨɛɨɪɭɞɨɜɚɧɢɟɦ ɪɟɫɭɪɫɨɜ   ,m

ΔS =

 tΔS
m   ,

 ɡɚ ɷɮɮɟɤɬɢɜɧɨɟ ɜɪɟɦɹ ɨɛɪɚɛɨɬɤɢ 
 tΔΔ

mm
   ɧɚ j -ɣ ɩɪɟɞɦɟɬ ɬɪɭɞɚ, ɧɚɯɨɞɹɳɢɣɫɹ 

ɜ ɦɟɠɨɩɟɪɚɰɢɨɧɧɨɦ ɡɚɞɟɥɟ ɧɚ m -ɨɣ ɨɩɟɪɚɰɢɢ, 
ɹɜɥɹɟɬɫɹ ɫɥɭɱɚɣɧɵɦ ɩɪɨɰɟɫɫɨɦ  t

m 
  ,  [21, 22], 

ɡɧɚɱɟɧɢɟ ɤɨɬɨɪɨɝɨ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ 0
tt   

ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɨɣ 
 

0  ,   , 
t

mm    :

m

m

m Δ
ΔS


 


  ,

  ,
 =

ȿmɉɁmВmɈm

mɋmɈmЭmɋɢɆm

ΔΔΔΔ
ΔSΔɎΔɎΔSΔS

  ,  ,  ,  ,

  ,  ,  ,  ,  ,

 
 

.     (3) 

 

 
Ɋɢɫ. 2. ɗɮɮɟɤɬɢɜɧɨɟ ɜɪɟɦɹ ɨɛɪɚɛɨɬɤɢ (EPT) Д18-20] 

Fig. 2. Effective Processing Time (EPT) [18-20] 

 

ɉɪɟɞɩɨɥɚɝɚɟɦ, ɱɬɨ ɡɚ ɜɪɟɦɹ ɜɵɩɨɥɧɟɧɢɹ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɨɩɟɪɚɰɢɢ m

Δ  ɪɟɫɭɪɫɵ ɨɬ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɨɥɧɨɫɬɶɸ ɩɟɪɟɧɨɫɹɬɫɹ ɧɚ m

N  

ɩɪɟɞɦɟɬɨɜ ɬɪɭɞɚ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜ 
ɦɟɠɨɩɟɪɚɰɢɨɧɧɨɦ ɡɚɞɟɥɟ m -ɨɣ ɨɩɟɪɚɰɢɢ. 
ɋɬɨɢɦɨɫɬɶ ɪɟɫɭɪɫɨɜ  tΔS ɋɢɆm  , ,  tΔS Эm  , , 

 tΔɎ Ɉm  , ,  tΔɎ ɋm  , ,  tΔS
m  ,  (1) ɢ ɫɨɫɬɚɜɥɹɸɳɢɟ 

ɜɟɥɢɱɢɧɵ  tΔ Ɉm  ,
 ,  tΔ Вm  ,

 ,  tΔ ȿm  ,
 ,  tΔ ɉɁm  ,

  

ɷɮɮɟɤɬɢɜɧɨɝɨ ɜɪɟɦɟɧɢ ɨɛɪɚɛɨɬɤɢ (EPT) ɹɜɥɹɸɬɫɹ 
ɫɥɭɱɚɣɧɵɦɢ ɩɪɨɰɟɫɫɚɦɢ ɫ ɧɟɩɪɟɪɵɜɧɵɦ 
ɜɪɟɦɟɧɟɦ ɢ ɧɟɩɪɟɪɵɜɧɵɦɢ ɫɨɫɬɨɹɧɢɹɦɢ Д22Ж. 
Ɂɧɚɱɟɧɢɹ ɫɥɭɱɚɣɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɮɢɤɫɢɪɨɜɚɧɧɵɣ 
ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɥɭɱɚɣɧɵɦɢ 

file://///POM-BOSS/Users/_2.doc%23Венцель_Теория_вероятностей
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ɜɟɥɢɱɢɧɚɦɢ ɫɬɨɢɦɨɫɬɢ ɩɟɪɟɧɟɫɟɧɧɵɯ ɪɟɫɭɪɫɨɜ 
(1) ɢ ɫɨɫɬɚɜɥɹɸɳɢɯ ɷɮɮɟɤɬɢɜɧɨɝɨ ɜɪɟɦɟɧɢ 
ɨɛɪɚɛɨɬɤɢ (2) Д23Ж. ɋɟɱɟɧɢɟ ɫɥɭɱɚɣɧɨɝɨ ɩɪɨɰɟɫɫɚ 
ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɩɟɪɟɧɨɫɚ ɪɟɫɭɪɫɨɜ ɧɚ ɩɪɟɞɦɟɬ 
ɬɪɭɞɚ ɩɪɢ ɮɢɤɫɢɪɨɜɚɧɧɨɦ ɡɧɚɱɟɧɢɢ ɚɪɝɭɦɟɧɬɚ t  

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɥɭɱɚɣɧɭɸ ɜɟɥɢɱɢɧɭ 
  ,m

 ɫ 
ɩɥɨɬɧɨɫɬɶɸ ɪɚɫɩɪɟɞɟɥɟɧɢɹ )t,(

  , 
mm

:  

1)t,(
0

 , ,




 
mmm

d , M,..,1m , (4) 

ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɛɵɬɶ ɡɚɩɢɫɚɧɚ ɱɟɪɟɡ ɩɥɨɬɧɨɫɬɢ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ  


  ,  , mΔS ΔS

m

,  
mΔ Δ

m
   

ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ   ,m
ΔS  ɢ m

Δ  [21]: 

)t,(
 ,

mm
=      

mmΔmmΔSm
ΔdΔΔΔ

mm
 




0

  ,  ,
 (5) 

ȿɫɥɢ   ,m
ΔS  ɢɥɢ 

m
Δ  ɹɜɥɹɟɬɫɹ 

ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɨɣ ɜɟɥɢɱɢɧɨɣ, ɬɨ ɫɥɭɱɚɣɧɚɹ 
ɜɟɥɢɱɢɧɚ 

  ,m
 ɜɵɪɚɠɚɟɬɫɹ ɱɟɪɟɡ 

ɮɭɧɤɰɢɨɧɚɥɶɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ   
  ,  , mSm

ΔS  ɢ 
 

mm
Δ  

  ,  ( m
Δ  ɢɥɢ   ,m

ΔS  

ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɚ) ɫ ɩɥɨɬɧɨɫɬɶɸ ɪɚɫɩɪɟɞɟɥɟɧɢɹ: 
 

mmmΔSmm
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mm

Δ  
  , .                          (7) 

Ɂɚɤɨɧɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɥɭɱɚɣɧɵɯ ɩɪɨɰɟɫɫɨɜ 
 tΔS ɋɢɆm  , ,  tΔS Эm  , ,  tΔɎ Ɉm  , ,  tΔɎ ɋm  , ,  tΔS

m  ,  

ɢ  tΔ Ɉm  ,
 ,  tΔ Вm  ,

 ,  tΔ ȿm  ,
 ,  tΔ ɉɁm  ,

  ɡɚɜɢɫɹɬ 
ɨɬ ɮɚɤɬɨɪɨɜ ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɫɜɹɡɚɧɵ ɫ 
ɮɨɪɦɚɦɢ ɨɪɝɚɧɢɡɚɰɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɦɟɬɨɞɚɦɢ 
ɨɛɪɚɛɨɬɤɢ ɩɪɟɞɦɟɬɨɜ ɬɪɭɞɚ ɢ ɤɨɧɬɪɨɥɹ ɢɯ 
ɤɚɱɟɫɬɜɚ, ɦɟɯɚɧɢɡɦɚɦɢ ɩɟɪɟɧɨɫɚ ɪɟɫɭɪɫɨɜ ɧɚ 
ɩɪɟɞɦɟɬ ɬɪɭɞɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɨɡɞɟɣɫɬɜɢɹ 
ɨɛɨɪɭɞɨɜɚɧɢɹ Д20, 24, 25Ж. Ɋɚɜɧɨɦɟɪɧɵɣ ɡɚɤɨɧ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɨɡɧɢɤɚɟɬ ɜ ɯɨɞɟ ɨɛɪɚɛɨɬɤɢ 
ɩɪɟɞɦɟɬɚ ɬɪɭɞɚ ɫɪɟɞɫɬɜɚɦɢ ɬɪɭɞɚ, ɨɫɧɚɳɟɧɧɵɦɢ 
ɤɨɧɬɪɨɥɶɧɵɦɢ ɩɪɢɛɨɪɚɦɢ ɫ ɝɪɭɛɵɦɢ ɞɟɥɟɧɢɹɦɢ 
Д21Ж. Ʉ ɨɩɟɪɚɰɢɹɦ, ɜ ɯɨɞɟ ɜɵɩɨɥɧɟɧɢɹ ɤɨɬɨɪɵɯ 
ɫɨɫɬɚɜɥɹɸɳɢɟ ɫɥɭɱɚɣɧɵɯ ɩɪɨɰɟɫɫɨɜ (1) ɢ (2) 
ɦɨɝɭɬ ɢɦɟɬɶ ɪɚɜɧɨɦɟɪɧɵɣ ɡɚɤɨɧ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, 
ɨɬɧɨɫɹɬɫɹ ɬɨɤɚɪɧɚɹ ɨɛɪɚɛɨɬɤɚ ɡɚɝɨɬɨɜɤɢ, ɩɨɪɟɡɤɚ 
ɡɚɝɨɬɨɜɤɢ ɜ ɪɚɡɦɟɪ ɩɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɥɢɧɟɣɤɟ. 
ɇɨɪɦɚɥɶɧɵɣ ɡɚɤɨɧ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɨɡɧɢɤɚɟɬ ɩɪɢ 
ɜɵɩɨɥɧɟɧɢɢ ɨɩɟɪɚɰɢɢ, ɧɚ ɪɟɡɭɥɶɬɚɬ ɤɨɬɨɪɨɣ 
ɨɤɚɡɵɜɚɸɬ ɜɥɢɹɧɢɹ ɦɧɨɝɨ ɧɟɡɚɜɢɫɢɦɵɯ ɢɥɢ ɫɥɚɛɨ 
ɡɚɜɢɫɢɦɵɯ ɫɥɭɱɚɣɧɵɯ ɮɚɤɬɨɪɨɜ. ɉɨɤɚɡɚɬɟɥɶɧɨɟ 
ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɬɟɫɧɨ ɫɜɹɡɚɧɨ ɫ ɩɪɨɫɬɟɣɲɢɦ 

(ɫɬɚɰɢɨɧɚɪɧɵɦ ɩɭɚɫɫɨɧɨɜɫɤɢɦ) ɩɨɬɨɤɨɦ ɫɨɛɵɬɢɣ. 
ɋɥɭɱɚɣɧɵɟ ɩɪɨɰɟɫɫɵ ɩɟɪɟɧɨɫɚ ɫɬɨɢɦɨɫɬɢ 
ɪɟɫɭɪɫɨɜ  tΔS Эm  ,

,  tΔɎ ɋm  ,
,  tΔS

m  ,  ɱɚɫɬɨ 
ɩɪɟɞɫɬɚɜɥɹɸɬ ɥɢɧɟɣɧɨɣ ɡɚɜɢɫɢɦɨɫɬɶɸ ɨɬ 
ɷɮɮɟɤɬɢɜɧɨɝɨ ɜɪɟɦɟɧɢ ɨɛɪɚɛɨɬɤɢ  tΔ

m,
  [19]: 

   tΔktΔS
mЭmЭm , , ,
 ,    tΔktΔɎ

mcmCm , , ,
  , 

    tΔktΔS
mmm , , ,
    (8) 

ɝɞɟ Эm
k

 ,
, 

cm
k  , ,  ,m

k  – ɢɧɬɟɧɫɢɜɧɨɫɬɶ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɪɟɫɭɪɫɚ., 
ɧɟɨɛɯɨɞɢɦɨɝɨ ɞɥɹ ɨɛɫɥɭɠɢɜɚɧɢɹ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɧɚ m -ɨɣ ɨɩɟɪɚɰɢɢ. ȼ 
ɛɨɥɶɲɢɧɫɬɜɟ ɩɪɚɤɬɢɱɟɫɤɢɯ ɫɥɭɱɚɟɜ Эm

k
 ,

, 
cm

k  , , 

 ,m
k  ɧɟɫɥɭɱɚɣɧɵɟ ɜɟɥɢɱɢɧɵ, ɨɩɪɟɞɟɥɹɸɬɫɹ ɧɚ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɦ ɩɪɟɞɩɪɢɹɬɢɢ ɩɨɪɹɞɤɨɦ 
ɪɚɡɧɟɫɟɧɢɹ ɡɚɬɪɚɬ ɩɨ ɜɢɞɚɦ ɢɡɞɟɥɢɣ. ɋɥɭɱɚɣɧɵɣ 
ɩɪɨɰɟɫɫ  tΔ Ɉm  ,

  ɞɥɹ ɫɞɟɥɶɧɨɣ    trtΔ
mɈm o , ,   

ɢ ɩɨɱɚɫɨɜɨɣ    tΔktΔɎ ɈmmɈm  ,o , ,
   ɮɨɪɦ 

ɨɩɥɚɬɵ ɬɪɭɞɚ ɜɵɪɚɠɚɟɬɫɹ ɱɟɪɟɡ ɧɨɪɦɢɪɨɜɚɧɧɭɸ 
ɪɚɫɰɟɧɤɭ o ,m

r  ɡɚ ɜɵɩɨɥɧɟɧɢɟ ɨɩɟɪɚɰɢɢ ɢ 
ɧɨɪɦɢɪɨɜɚɧɧɭɸ ɫɬɨɢɦɨɫɬɶ ɟɞɢɧɢɰɵ ɪɚɛɨɱɟɝɨ 
ɜɪɟɦɟɧɢ o ,m

k , ɡɚɬɪɚɱɟɧɧɨɝɨ ɧɚ ɜɵɩɨɥɧɟɧɢɟ m -ɨɣ 
ɨɩɟɪɚɰɢɢ. ɋɛɨɪɨɱɧɵɟ ɢ ɭɩɚɤɨɜɨɱɧɵɟ ɨɩɟɪɚɰɢɢ 
ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɩɟɪɟɧɨɫɨɦ ɧɚ ɩɪɟɞɦɟɬ ɬɪɭɞɚ 
ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɨɣ ɫɬɨɢɦɨɫɬɢ ɪɟɫɭɪɫɨɜ ɋɢɆm

ΔS
 , . 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɵɩɨɥɧɟɧɢɹ ɨɩɟɪɚɰɢɢ ɩɪɟɞɦɟɬ ɬɪɭɞɚ 
ɞɨɩɨɥɧɹɟɬɫɹ ɤɨɦɩɥɟɤɬɭɸɳɢɦɢ, ɢɡɞɟɥɢɹɦɢ ɢ 
ɫɛɨɪɨɱɧɵɦɢ ɟɞɢɧɢɰɚɦɢ ɡɚɞɚɧɧɨɣ ɫɬɨɢɦɨɫɬɢ. ȼ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɩɪɚɤɬɢɤɟ ɜɫɬɪɟɱɚɟɬɫɹ 
ɩɪɟɨɛɥɚɞɚɧɢɟ ɫɬɨɢɦɨɫɬɢ ɨɞɧɢɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɪɟɫɭɪɫɨɜ, ɩɟɪɟɧɟɫɟɧɧɵɯ ɧɚ ɩɪɟɞɦɟɬ ɬɪɭɞɚ ɜ ɯɨɞɟ 
ɜɵɩɨɥɧɟɧɢɹ ɨɩɟɪɚɰɢɢ, ɧɚɞ ɞɪɭɝɢɦɢ. Ⱦɥɹ 
ɜɵɩɨɥɧɟɧɢɹ ɫɛɨɪɨɱɧɨɣ ɨɩɟɪɚɰɢɢ ɯɚɪɚɤɬɟɪɧɨ 

constΔSΔS
Cmm


uM , , . Ⱦɥɹ ɨɩɟɪɚɰɢɢ 

ɬɟɫɬɢɪɨɜɚɧɢɹ, ɧɚɫɬɪɨɣɤɢ ɢ ɤɨɧɬɪɨɥɹ ɩɚɪɚɦɟɬɪɨɜ 
ɢɡɞɟɥɢɹ ɨɫɧɨɜɧɵɦɢ ɡɚɬɪɚɬɚɦɢ ɹɜɥɹɸɬɫɹ ɡɚɬɪɚɬɵ 
ɮɨɧɞɚ ɨɩɥɚɬɵ ɬɪɭɞɚ constrΔS Ɏɨmm


,,  (ɞɥɹ 

ɫɞɟɥɶɧɨɣ ɨɩɥɚɬɵ), momm
ΔkΔS   ,,  (ɞɥɹ 

ɩɨɱɚɫɨɜɨɣ ɨɩɥɚɬɵ). ɗɧɟɪɝɨɟɦɤɢɟ ɨɩɟɪɚɰɢɢ 
(ɬɟɪɦɨɨɛɪɚɛɨɬɤɚ, ɡɚɤɚɥɤɚ, ɯɪɨɦɢɪɨɜɚɧɢɟ, 
ɧɢɤɟɥɢɪɨɜɚɧɢɟ, ɥɢɬɶɟ, ɩɪɟɫɫɨɜɚɧɢɟ ɩɥɚɫɬɢɱɟɫɤɢɯ 
ɦɚɫɫ Д21Ж) ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɩɪɟɨɛɥɚɞɚɧɢɟɦ 
ɫɨɫɬɚɜɥɹɸɳɟɣ Эm

ΔS
,  Эmm

ΔSΔS
,,

 .  

ȿɫɥɢ ɜ ɡɚɞɟɥɟ ɩɟɪɟɞ m -ɨɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ 
ɨɩɟɪɚɰɢɟɣ ɩɨɬɨɱɧɨɣ ɥɢɧɢɢ ɧɚɯɨɞɢɬɫɹ m

N
  

ɩɪɨɞɭɤɬɨɜ ɬɪɭɞɚ, ɨɞɢɧ ɢɡ ɤɨɬɨɪɵɯ 
ɨɛɪɚɛɚɬɵɜɚɟɬɫɹ ɧɚ ɨɛɨɪɭɞɨɜɚɧɢɢ, ɬɨ 
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mN

kjmjm
ΔΔ

 ,

2k
1Pr ,



  ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɜɪɟɦɟɧɢ 

ɨɠɢɞɚɧɢɹ ɨɛɪɚɛɨɬɤɢ (ɜɪɟɦɟɧɢ ɩɪɨɥɟɠɢɜɚɧɢɹ) 
ɩɪɟɞɦɟɬɚ ɬɪɭɞɚ ɜ ɦɟɠɨɩɟɪɚɰɢɨɧɧɨɦ ɡɚɞɟɥɟ Д19Ж, 

jm
Δ =  

jm
tΔ  – ɷɮɮɟɤɬɢɜɧɨɟ ɜɪɟɦɹ ɨɛɪɚɛɨɬɤɢ 

j ɨɝɨ ɩɪɟɞɦɟɬɚ ɬɪɭɞɚ, ɩɨɫɬɭɩɢɜɲɟɝɨ ɧɚ 
ɨɛɪɚɛɨɬɤɭ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ j

t . Ⱦɥɹ ɩɚɪɬɢɢ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɨɛɪɚɛɚɬɵɜɚɟɦɵɯ ɩɪɟɞɦɟɬɨɜ 
ɬɪɭɞɚ (ɩɪɚɜɢɥɨ FIFO) ɨɛɳɟɟ ɜɪɟɦɹ ɨɛɪɚɛɨɬɤɢ j

ɨɝɨ ɩɪɟɞɦɟɬɚ ɬɪɭɞɚ 
jm

Δ  ,  ɫ ɦɨɦɟɧɬɚ 
ɩɨɫɬɭɩɥɟɧɢɹ ɟɝɨ ɜ ɨɱɟɪɟɞɶ ɦɟɠɨɩɟɪɚɰɢɨɧɧɨɝɨ 
ɡɚɞɟɥɚ m -ɨɣ ɨɩɟɪɚɰɢɢ ɞɨ ɦɨɦɟɧɬɚ ɨɤɨɧɱɚɧɢɹ 
ɨɛɪɚɛɨɬɤɢ ɨɛɨɪɭɞɨɜɚɧɢɟɦ ɟɫɬɶ ɜɟɥɢɱɢɧɚ 

jm
Δ  , = 




mN

kjmjmjm
ΔΔΔ

 ,

1k
1Pr ,



 , 

 



mN

kjmjm
ΔΔ

 ,

2k
1Pr ,



 .  (9) 

ȿɫɥɢ ɜ ɦɟɠɨɩɟɪɚɰɢɨɧɧɨɦ ɡɚɞɟɥɟ ɩɟɪɟɞ m -ɨɣ 
ɨɩɟɪɚɰɢɟɣ ɧɚɯɨɞɢɬɫɹ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɩɪɟɞɦɟɬɨɜ ɬɪɭɞɚ 1

m
N , ɬɨ ɧɚ ɨɫɧɨɜɚɧɢɢ 

ɰɟɧɬɪɚɥɶɧɨɣ ɩɪɟɞɟɥɶɧɨɣ ɬɟɨɪɟɦɵ Д22Ж 
ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɡɚɤɨɧɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɥɭɱɚɣɧɨɣ 
ɜɟɥɢɱɢɧɵ m

Δ  ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ 
jm

Δ  ,  ɛɭɞɟɬ 
ɪɚɫɩɪɟɞɟɥɟɧɚ ɩɨ ɧɨɪɦɚɥɶɧɨɦɭ ɡɚɤɨɧɭ. ɉɥɨɬɧɨɫɬɶ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ )t,(

  , 
mm

 ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ 


  ,m

 ɞɥɹ m -ɨɣ ɨɩɟɪɚɰɢɢ ɦɨɠɟɬ ɛɵɬɶ ɡɚɩɢɫɚɧɚ 
ɱɟɪɟɡ ɩɥɨɬɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɥɭɱɚɣɧɵɯ 
ɜɟɥɢɱɢɧ    ,m

ΔS  ɢ m
Δ  (5). ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ 

ɧɟɨɛɯɨɞɢɦɨ ɫɬɪɨɢɬɶ ɷɦɩɢɪɢɱɟɫɤɭɸ 
ɫɬɚɬɢɫɬɢɱɟɫɤɭɸ ɮɭɧɤɰɢɸ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ Д21Ж, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɛɵɬɶ 
ɜɵɪɨɜɧɟɧɚ ɫɩɟɰɢɚɥɶɧɨ ɩɨɞɨɛɪɚɧɧɨɣ 
ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɮɭɧɤɰɢɟɣ Д21Ж, ɨɩɪɟɞɟɥɹɸɳɟɣ 
ɫɭɳɟɫɬɜɟɧɧɵɟ ɱɟɪɬɵ ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ. 
Ɂɚɞɚɱɚ ɫɜɨɞɢɬɫɹ ɤ ɡɚɦɟɧɟ ɝɢɫɬɨɝɪɚɦɦɵ ɩɥɚɜɧɨɣ 
ɤɪɢɜɨɣ, ɢɦɟɸɳɟɣ ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɫɬɨɟ 
ɚɧɚɥɢɬɢɱɟɫɤɨɟ ɜɵɪɚɠɟɧɢɟ, ɫ ɩɨɫɥɟɞɭɸɳɢɦ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɟɝɨ ɜ ɤɚɱɟɫɬɜɟ ɩɥɨɬɧɨɫɬɢ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ    ,m

ΔS  ɢ 

m
Δ . ȼɨɩɪɨɫ ɨ ɬɨɦ, ɜ ɤɚɤɨɦ ɤɥɚɫɫɟ ɮɭɧɤɰɢɣ 
ɢɫɤɚɬɶ ɧɚɢɥɭɱɲɟɟ ɩɪɢɛɥɢɠɟɧɢɟ, ɪɟɲɚɟɬɫɹ ɢɫɯɨɞɹ 
ɢɡ ɨɫɨɛɟɧɧɨɫɬɟɣ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɡɚɞɚɱɢ. ɑɚɫɬɨ 
ɜɢɞ ɜɵɪɚɜɧɢɜɚɸɳɟɣ ɤɪɢɜɨɣ ɞɥɹ ɩɥɨɬɧɨɫɬɢ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ ɜɵɛɢɪɚɟɬɫɹ 
ɢɫɯɨɞɹ ɢɡ ɭɫɥɨɜɢɣ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɫɥɭɱɚɣɧɨɣ 
ɜɟɥɢɱɢɧɵ Д26Ж. Ɋɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɦɟɬɨɞɨɦ 
ɜɵɪɚɜɧɢɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ ɦɨɦɟɧɬɨɜ. Ʉɚɤ 
ɩɪɚɜɢɥɨ, ɦɨɦɟɧɬɵ ɜɵɲɟ ɱɟɬɜɟɪɬɨɝɨ ɩɨɪɹɞɤɚ ɧɟ 

ɢɫɩɨɥɶɡɭɸɬ Д21Ж. Ⱦɚɠɟ ɞɥɹ ɩɪɨɫɬɵɯ ɫɥɭɱɚɟɜ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ    ,m

ΔS  ɢ 
m

Δ  

ɡɚɤɨɧ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ 
 ,m

 

ɢɦɟɟɬ ɫɥɨɠɧɵɣ ɚɧɚɥɢɬɢɱɟɫɤɢɣ ɜɢɞ, ɦɨɠɟɬ ɛɵɬɶ 
ɩɨɥɟɡɟɧ ɬɨɥɶɤɨ ɞɥɹ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɚɧɚɥɢɡɚ 
ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɩɪɨɰɟɫɫɚ. 
ɐɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɮɭɧɤɰɢɹ ɩɟɪɟɧɨɫɚ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ (5) ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɩɥɨɬɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ 

   ,m
ΔS  ɢ 

m
Δ  ɫ ɲɚɝɨɦ ɝɪɭɩɩɢɪɨɜɚɧɧɨɝɨ 

ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ ɪɹɞɚ Д21Ж, ɨɛɟɫɩɟɱɢɜɚɸɳɢɦ 
ɬɪɟɛɭɟɦɭɸ ɬɨɱɧɨɫɬɶ ɱɢɫɥɟɧɧɨɝɨ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ. 
ɉɨɥɭɱɟɧɧɚɹ ɱɢɫɥɟɧɧɵɦ ɫɩɨɫɨɛɨɦ ɩɥɨɬɧɨɫɬɶ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ )t,(

   , 
mm

 ɧɚ m -ɨɣ ɨɩɟɪɚɰɢɢ 
ɜɵɪɚɜɧɢɜɚɟɬɫɹ ɨɞɧɢɦ ɢɡ ɢɡɜɟɫɬɧɵɯ ɡɚɤɨɧɨɜ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ 

 ,m
. Ⱦɥɹ 

ɩɥɨɬɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ )t,(
   , 

mm
 

ɫɩɪɚɜɟɞɥɢɜɨ ɤɚɱɟɫɬɜɟɧɧɨɟ ɩɨɜɟɞɟɧɢɟ: 
0)t,(lim

 ,
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mm
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, 0)t,(lim
 ,

 ,


 




mm
m

 (10) 

ɱɬɨ ɹɜɥɹɟɬɫɹ ɫɥɟɞɫɬɜɢɟɦ ɩɟɪɟɧɨɫɚ ɤɨɧɟɱɧɨɝɨ 
ɤɨɥɢɱɟɫɬɜɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ ɡɚ 
ɤɨɧɟɱɧɨɟ ɜɪɟɦɹ ɨɛɪɚɛɨɬɤɢ ɩɪɟɞɦɟɬɚ ɬɪɭɞɚ ɧɚ m -

ɨɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɨɩɟɪɚɰɢɢ. 
ɉɪɨɢɡɜɨɞɫɬɜɟɧɧɚɹ ɮɭɧɤɰɢɹ ɨɛɨɛɳɟɧɧɨɣ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɟɞɢɧɢɰɵ Д6, 27Ж. Ɍɪɭɞɧɨɫɬɶ 
ɪɟɚɥɢɡɚɰɢɢ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɨɩɟɪɚɰɢɣ 
ɫɜɹɡɚɧɚ ɫ ɨɬɫɭɬɫɬɜɢɟɦ ɭɪɚɜɧɟɧɢɣ ɫɨɫɬɨɹɧɢɹ, 
ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯ ɮɢɡɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɪɟɫɭɪɫɨɜ ɜ ɯɨɞɟ ɜɵɩɨɥɧɟɧɢɹ 
ɨɩɟɪɚɰɢɢ, ɚ ɩɪɢ ɧɚɥɢɱɢɢ ɭɪɚɜɧɟɧɢɣ ɫɨɫɬɨɹɧɢɹ – ɫ 
ɨɬɫɭɬɫɬɜɢɟɦ ɧɟɨɛɯɨɞɢɦɵɯ ɡɧɚɱɟɧɢɣ ɮɢɡɢɱɟɫɤɢɯ 
ɤɨɧɫɬɚɧɬ ɞɥɹ ɤɨɧɤɪɟɬɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɜ ɬɚɤɢɯ 
ɭɪɚɜɧɟɧɢɹɯ. ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ ɜɜɟɞɟɧɢɸ 
ɭɩɪɨɳɟɧɢɹɦ ɩɪɢ ɨɩɢɫɚɧɢɢ ɨɩɟɪɚɰɢɢ ɢ 
ɫɭɳɟɫɬɜɟɧɧɵɦ ɨɬɤɥɨɧɟɧɢɹɦ ɨɬ ɪɟɚɥɶɧɨɣ 
ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ. ɉɨɞɚɜɥɹɸɳɟɟ ɱɢɫɥɨ 
ɩɪɢɤɥɚɞɧɵɯ ɡɚɞɚɱ ɩɨ ɦɨɞɟɥɢɪɨɜɚɧɢɸ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɹɜɥɹɸɬɫɹ 
ɨɩɬɢɦɢɡɚɰɢɨɧɧɵɦɢ, ɭɱɢɬɵɜɚɸɳɢɦɢ 
ɨɝɪɚɧɢɱɟɧɢɹ, ɫɜɹɡɚɧɧɵɟ ɫ ɪɟɚɥɢɡɚɰɢɟɣ 
ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɞɨɥɠɧɨ 
ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɧɚ ɛɚɡɟ ɝɥɭɛɨɤɨɝɨ ɮɢɡɢɱɟɫɤɨɝɨ 
ɚɧɚɥɢɡɚ ɨɩɟɪɚɰɢɢ, ɬɚɤ ɤɚɤ ɜ ɨɫɧɨɜɟ ɨɩɟɪɚɰɢɣ 
ɥɟɠɚɬ ɮɢɡɢɱɟɫɤɢɟ ɢɥɢ ɦɟɯɚɧɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ 
(ɧɚɝɪɟɜ, ɨɯɥɚɠɞɟɧɢɟ, ɪɟɡɚɧɢɟɦ, ɞɚɜɥɟɧɢɟ, 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɟ ɩɟɪɟɦɟɳɟɧɢɹ). ɗɬɢ ɩɪɨɰɟɫɫɵ 
ɨɩɢɫɵɜɚɸɬɫɹ ɨɛɵɤɧɨɜɟɧɧɵɦɢ ɢɥɢ ɜ ɱɚɫɬɧɵɯ 
ɩɪɨɢɡɜɨɞɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɦɢ ɭɪɚɜɧɟɧɢɹɦɢ, 
ɢɦɟɸɳɢɦɢ ɦɧɨɠɟɫɬɜɨ ɪɟɲɟɧɢɣ Д28Ж. Ⱦɥɹ 
ɩɨɥɭɱɟɧɢɹ ɪɟɲɟɧɢɹ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɝɨ 
ɟɞɢɧɫɬɜɟɧɧɨɟ ɩɨɜɟɞɟɧɢɟ ɢɫɩɨɥɧɢɬɟɥɶɧɵɯ 
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ɋɟɪɢɹ ɂɇɎɈɊɆȺɐɂɈɇɇЫȿ ɌȿɏɇɈɅɈȽɂɂ 
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ɦɟɯɚɧɢɡɦɨɜ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɨɩɟɪɚɰɢɢ, 
ɧɟɨɛɯɨɞɢɦɨ ɡɚɞɚɬɶ ɝɪɚɧɢɱɧɵɟ ɢ ɧɚɱɚɥɶɧɵɟ 
ɭɫɥɨɜɢɹ. ɉɨɫɥɟ ɭɫɬɚɧɨɜɥɟɧɢɹ ɟɞɢɧɫɬɜɟɧɧɨɫɬɢ 
ɪɟɲɟɧɢɹ ɜɨɡɧɢɤɚɟɬ ɡɚɞɚɱɚ ɨɛɟɫɩɟɱɟɧɢɹ ɬɪɟɛɭɟɦɨɣ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɬɨɱɧɨɫɬɢ Д29Ж. 

Ɉɛɳɟɣ ɱɟɪɬɨɣ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɨɩɟɪɚɰɢɣ 
ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɛɨɥɶɲɢɧɫɬɜɨ ɪɚɡɪɚɛɨɬɱɢɤɨɜ 
ɧɨɜɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɩɪɨɞɨɥɠɚɸɬ 
ɩɨɥɶɡɨɜɚɬɶɫɹ ɞɨɪɨɝɨɫɬɨɹɳɢɦ ɦɟɬɨɞɨɦ ɩɪɨɛ ɢ 
ɨɲɢɛɨɤ ɢɡ-ɡɚ ɨɬɫɭɬɫɬɜɢɹ ɫɬɪɨɝɢɯ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ 
ɡɚɜɢɫɢɦɨɫɬɟɣ. Ⱦɪɭɝɚɹ ɝɪɭɩɩɚ ɬɪɭɞɧɨɫɬɟɣ, 
ɫɧɢɠɚɸɳɚɹ ɬɨɱɧɨɫɬɶ ɪɟɲɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɡɚɞɚɱ ɞɚɠɟ ɩɪɢ ɧɚɥɢɱɢɢ ɞɨɫɬɚɬɨɱɧɨ ɫɬɪɨɝɢɯ 
ɡɚɤɨɧɨɜ (ɭɪɚɜɧɟɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ), 
ɨɩɪɟɞɟɥɹɸɳɢɯ ɮɢɡɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ, ɜɵɡɜɚɧɚ 
ɨɬɫɭɬɫɬɜɢɟɦ ɞɨɫɬɨɜɟɪɧɵɯ ɮɢɡɢɱɟɫɤɢɯ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ. ɉɪɢɱɢɧɵ, ɫɜɹɡɚɧɧɵɟ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɟ ɜɩɨɥɧɟ ɤɨɪɪɟɤɬɧɵɯ ɜ 
ɮɢɡɢɱɟɫɤɨɦ ɫɦɵɫɥɟ ɞɥɹ ɤɨɧɤɪɟɬɧɨɝɨ ɫɥɭɱɚɹ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɨɫɧɨɜɧɵɯ ɭɪɚɜɧɟɧɢɣ ɢɥɢ 
ɜɯɨɞɹɳɢɯ ɜ ɧɢɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ, ɬɪɟɛɭɸɬ 
ɧɟɨɛɯɨɞɢɦɭɸ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɭɸ ɩɪɨɜɟɪɤɭ ɢ 
ɤɨɪɪɟɤɬɢɪɨɜɤɭ ɜɵɱɢɫɥɟɧɢɣ. Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ 
ɬɨɱɧɨɫɬɢ ɪɟɲɟɧɢɣ ɧɚ ɩɪɚɤɬɢɤɟ ɬɪɟɛɭɸɬɫɹ 
ɮɢɡɢɱɟɫɤɢɟ ɷɤɫɩɟɪɢɦɟɧɬɵ. ɉɪɢɧɹɬɵɟ ɫ ɛɨɥɶɲɢɦɢ 
ɞɨɩɭɳɟɧɢɹɦɢ ɩɚɪɚɦɟɬɪɵ ɜ ɦɨɞɟɥɢ ɨɩɟɪɚɰɢɢ 
ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɤɚɤ ɧɟɢɡɜɟɫɬɧɵɟ. Ⱦɥɹ ɢɯ 
ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɥɶɡɭɸɬɫɹ ɷɤɫɩɟɪɢɦɟɧɬɨɦ ɞɚɧɧɵɦɢ 
[29]. 

ɉɪɢ ɩɨɫɬɪɨɟɧɢɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɮɭɧɤɰɢɢ 
ɨɛɨɛɳɟɧɧɨɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɟɞɢɧɢɰɵ ɛɭɞɟɦ 
ɩɨɞɪɚɡɭɦɟɜɚɬɶ ɜɵɩɨɥɧɟɧɢɟ ɨɞɧɨɣ ɨɛɨɛɳɟɧɧɨɣ 
ɨɩɟɪɚɰɢɢ ɧɚ ɨɞɧɨɦ ɨɛɨɛɳɟɧɧɨɦ ɨɛɨɪɭɞɨɜɚɧɢɟ 
(ɪɢɫ. 3). ȼɜɟɞɟɦ ɨɛɨɡɧɚɱɟɧɢɹ ɞɥɹ ɪɟɫɭɪɫɨɜ 
ɤɚɩɢɬɚɥɚ m

k , ɷɧɟɪɝɨɪɟɫɭɪɫɨɜ 
m
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ɪɟɫɭɪɫɨɜ m
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ɉɪɢ ɩɨɫɬɪɨɟɧɢɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɭɧɤɰɢɣ 
ɩɨɞɪɚɡɭɦɟɜɚɟɦ, ɱɬɨ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ 
ɢɧɬɟɪɜɚɥɚ ɜɪɟɦɟɧɢ T , ɞɥɹ ɤɨɬɨɪɨɝɨ ɫɬɪɨɢɬɫɹ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɚɹ ɮɭɧɤɰɢɹ, ɡɧɚɱɢɬɟɥɶɧɨ 
ɩɪɟɜɵɲɚɟɬ ɞɥɢɬɟɥɶɧɨɫɬɶ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢɡɞɟɥɢɹ 
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 , ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɫɝɥɚɞɢɬɶ ɜɥɢɹɧɢɟ 

ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɣ. Ⱦɥɹ ɥɢɧɢɢ “IЧЭОХ” ɫ 
ɤɨɥɢɱɟɫɬɜɨɦ ɨɩɟɪɚɰɢɣ 500..100M  [19Ж, Д30Ж ɢ 
ɫɪɟɞɧɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɩɪɟɞɦɟɬɨɜ ɬɪɭɞɚ 

1000
m

N  [19Ж ɜ ɦɟɠɨɩɟɪɚɰɢɨɧɧɨɦ ɡɚɞɟɥɟ, 

ɩɨɥɭɱɚɟɦ ɨɰɟɧɤɭ: 510
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Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ, ɜɤɥɸɱɚɸɳɢɟ 
ɨɩɟɪɚɰɢɢ ɤɭɡɧɟɱɧɨ-ɩɪɟɫɫɨɜɨɝɨ ɢɥɢ ɥɢɬɟɣɧɨɝɨ 
ɩɪɨɢɡɜɨɞɫɬɜɚ, ɢɦɟɸɬ ɜ ɦɟɠɨɩɟɪɚɰɢɨɧɧɨɦ ɡɚɞɟɥɟ 

64 1010 
m

N  ɩɪɟɞɦɟɬɨɜ ɬɪɭɞɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɫɬɚɬɢɫɬɢɱɟɫɤɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ 
ɫɥɭɱɚɣɧɵɯ ɩɪɨɰɟɫɫɨɜ CuMm

ΔS
_ ,  tΔS Эm  , , 

 tΔ Ɉm  ,
 ,  tΔ ɋm  ,

 ,  tΔS
m  ,  ɢ  tΔ Ɉm  ,

 ,  tΔ Вm  ,
 , 

 tΔ ȿm  ,
 ,  tΔ ɉɁm  ,

  ɜ ɮɢɤɫɢɪɨɜɚɧɧɵɣ ɦɨɦɟɧɬ 
ɜɪɟɦɟɧɢ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɧɚɱɚɥɶɧɨɝɨ ɫɨɫɬɨɹɧɢɹ, ɬɚɤ 
ɤɚɤ ɜɥɢɹɧɢɟ ɧɚɱɚɥɶɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜ ɬɟɱɟɧɢɟ 
ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɝɨ ɩɪɨɦɟɠɭɬɤɚ ɜɪɟɦɟɧɢ t  

ɜɵɬɟɫɧɟɧɨ ɜɥɢɹɧɢɟɦ ɞɪɭɝɢɯ ɫɥɭɱɚɣɧɵɯ ɮɚɤɬɨɪɨɜ. 
ȿɫɥɢ ɫɬɚɬɢɫɬɢɱɟɫɤɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫɥɭɱɚɣɧɨɝɨ 
ɩɪɨɰɟɫɫɚ, ɧɚɩɪɢɦɟɪ, )(

_
tΔS

m  , ɢɡɜɟɫɬɧɨ, ɬɨ 
ɜɨɡɦɨɠɧɨ ɜɵɱɢɫɥɢɬɶ ɫɪɟɞɧɢɟ ɡɧɚɱɟɧɢɹ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɢ ɜɟɥɢɱɢɧ  _m

ΔSf , 

ɡɚɜɢɫɹɳɢɯ ɨɬ )(
_

tΔS
m  :  

 
Ɋɢɫ. 3. ɋɯɟɦɚ ɩɟɪɟɧɨɫɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ ɧɚ ɩɪɟɞɦɟɬ ɬɪɭɞɚ 

Fig. 3. Scheme of transferring technology resources on the subject of labor 
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ȼɜɟɞɟɦ ɜɟɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ ɪɟɚɥɢɡɚɰɢɹ 
ɫɥɭɱɚɣɧɨɝɨ ɩɪɨɰɟɫɫɚ ɜ ɬɟɱɟɧɢɟ ɜɪɟɦɟɧɢ T  

ɨɬɫɥɟɠɢɜɚɧɢɹ ɩɚɪɚɦɟɬɪɚ ɫɢɫɬɟɦɵ _m
ΔS  ɛɭɞɟɬ 

ɧɚɯɨɞɢɬɶɫɹ ɜ ɩɪɨɦɟɠɭɬɤɟ 
   

_0_0_
,

mmm
ΔSΔSΔS   ɜɪɟɦɹ T : 

   
__ mmΔSΔS ΔSdΔSdW
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 .  (13) 

ȼ ɫɢɥɭ ɨɩɪɟɞɟɥɟɧɢɹ ɫɬɚɬɢɫɬɢɱɟɫɤɨɟ 
ɭɫɪɟɞɧɟɧɢɟ ɷɤɜɢɜɚɥɟɧɬɧɨ ɭɫɪɟɞɧɟɧɢɸ ɩɨ 
ɜɪɟɦɟɧɢ.  
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ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ  
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɚɜɚɹ ɜɨɡɦɨɠɧɨɫɬɶ 
ɜɵɱɢɫɥɹɬɶ ɫɪɟɞɧɢɟ ɡɧɚɱɟɧɢɹ ɜɟɥɢɱɢɧ ɫɥɭɱɚɣɧɵɯ 
ɩɪɨɰɟɫɫɨɜ, ɫɬɚɬɢɫɬɢɤɚ ɩɨɡɜɨɥɹɟɬ ɞɟɥɚɬɶ 
ɩɪɟɞɫɤɚɡɚɧɢɹ, ɨɩɪɚɜɞɵɜɚɸɳɢɟɫɹ ɫ ɛɨɥɶɲɨɣ 
ɬɨɱɧɨɫɬɶɸ ɞɥɹ ɥɸɛɨɝɨ ɩɪɨɦɟɠɭɬɤɚ ɜɪɟɦɟɧɢ, 
ɧɚɫɬɨɥɶɤɨ ɛɨɥɶɲɨɝɨ, ɱɬɨɛɵ ɩɨɥɧɨɫɬɶɸ ɫɝɥɚɞɢɬɶ 
ɜɥɢɹɧɢɟ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɣ. ɉɪɢ ɩɨɫɬɪɨɟɧɢɢ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɮɭɧɤɰɢɢ ɞɥɹ Ц-ɨɣ 
ɚɝɪɟɝɢɪɨɜɚɧɧɨɣ ɨɩɟɪɚɰɢɢ ɪɚɫɫɦɨɬɪɢɦ ɩɪɨɰɟɫɫ 
ɩɟɪɟɧɨɫɚ ɪɟɫɭɪɫɨɜ  ____ mmmm

dEdLdKdR   

ɤɚɩɢɬɚɥɚ _m
dK , ɷɧɟɪɝɨɪɟɫɭɪɫɨɜ _m

dE  ɢ 
ɬɪɭɞɨɜɵɯ ɪɟɫɭɪɫɨɜ _m

dL  ɡɚ ɜɪɟɦɹ dt . Ȼɭɞɟɦ 
ɩɨɥɚɝɚɬɶ, ɱɬɨ ɡɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɣ ɩɪɨɦɟɠɭɬɨɤ 

m
Δdt   ɩɪɨɢɡɨɲɥɨ ɞɨɫɬɚɬɨɱɧɨɟ ɛɨɥɶɲɨɟ 

ɱɢɫɥɨ ɪɟɚɥɢɡɚɰɢɣ ɫɥɭɱɚɣɧɨɝɨ ɩɪɨɰɟɫɫɚ  tΔ
m

 . 

Ɍɨɝɞɚ ɤɨɥɢɱɟɫɬɜɨ ɩɟɪɟɧɟɫɟɧɧɵɯ ɪɟɫɭɪɫɨɜ 
dtdR

mm
  

__  ɡɚ ɜɪɟɦɹ dt  ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ 
ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
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ɋɬɚɬɢɫɬɢɱɟɫɤɢ ɭɫɪɟɞɧɟɧɧɚɹ ɜɟɥɢɱɢɧɚ 
_m

ΔS  ɡɚɞɚɧɚ ɬɟɯɧɨɥɨɝɢɟɣ ɩɪɨɢɡɜɨɞɫɬɜɚ ɧɨɪɦɚ 
ɪɚɫɯɨɞɨɜ ɪɟɫɭɪɫɨɜ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɨɩɟɪɚɰɢɢ, ɚ 
ɫɬɚɬɢɫɬɢɱɟɫɤɢ ɭɫɪɟɞɧɟɧɧɚɹ ɜɟɥɢɱɢɧɚ 

m
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ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɬɟɦɩɭ ɪɚɛɨɬɵ 
ɨɛɨɪɭɞɨɜɚɧɢɹ: 
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ɉɪɢɧɢɦɚɹ ɜɨ ɜɧɢɦɚɧɢɟ (17), ɫɥɟɞɭɟɬ 
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Ȼɥɨɤ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ [19] 

ɨɩɪɟɞɟɥɹɟɬ ɬɟɯɧɨɥɨɝɢɸ ɨɛɪɚɛɨɬɤɢ ɩɪɟɞɦɟɬɚ 
ɬɪɭɞɚ ɨɛɨɪɭɞɨɜɚɧɢɟɦ ɤɚɤ ɦɧɨɠɟɫɬɜɨ ɫɩɨɫɨɛɨɜ 
ɩɪɨɢɡɜɨɞɫɬɜɚ, ɡɚɞɚɟɬ ɨɬɧɨɲɟɧɢɹ ɦɟɠɞɭ 
ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ ɩɨɬɪɟɛɥɟɧɢɟɦ ɪɟɫɭɪɫɨɜ ɤɚɩɢɬɚɥɚ 

_m
dK , ɷɧɟɪɝɨɪɟɫɭɪɫɨɜ _m

dE  ɢ ɬɪɭɞɨɜɵɯ 
ɪɟɫɭɪɫɨɜ _m

dL . Ⱦɥɹ ɨɛɨɛɳɟɧɧɨɣ ɬɟɯɧɨɥɨɝɢ-

ɱɟɫɤɨɣ ɟɞɢɧɢɰɵ, ɫɨɫɬɨɹɳɟɣ ɢɡ ɞɜɭɯ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɟɞɢɧɢɰ 
ɨɛɨɪɭɞɨɜɚɧɢɹ (ɪɢɫ. 4), ɤɚɠɞɨɟ ɢɡ ɤɨɬɨɪɵɯ 
ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɫɬɚɬɢɫɬɢɱɟɫɤɢ ɭɫɪɟɞɧɟɧɧɨɣ 
ɧɨɪɦɨɣ ɪɚɫɯɨɞɨɜ ɪɟɫɭɪɫɨɜ _1m

ΔS  ɢ _2m
ΔS  

ɡɚ ɷɮɮɟɤɬɢɜɧɨɟ ɜɪɟɦɹ ɜɵɩɨɥɧɟɧɢɹ ɨɩɟɪɚɰɢɢ 
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Δ , ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɚɹ ɮɭɧɤɰɢɹ 

ɩɪɢɦɟɬ ɜɢɞ: 
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Ɋɢɫ. 4. ɋɯɟɦɚ ɨɛɨɛɳɟɧɧɨɣ ɟɞɢɧɢɰɵ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 

Fig. 4. Scheme of generalized production unit  

 

ɉɪɢ ɨɛɪɚɛɨɬɤɟ ɩɪɟɞɦɟɬɚ ɬɪɭɞɚ ɧɚ ɨɞɧɨɣ ɢɡ 
ɟɞɢɧɢɰ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɜɯɨɞɹɳɢɯ ɜ ɫɨɫɬɚɜ 
ɨɛɨɛɳɟɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɨɫɬɚɥɶɧɵɟ ɟɞɢɧɢɰɵ 
ɩɪɨɫɬɚɢɜɚɸɬ. ɉɨɜɵɲɟɧɢɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ 
ɞɨɫɬɢɝɚɟɬɫɹ ɩɚɪɚɥɥɟɥɶɧɵɦ ɪɚɫɩɨɥɨɠɟɧɢɟɦ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɢɥɢ ɪɚɡɞɟɥɟɧɢɟ ɨɛɨɛɳɟɧɧɨɣ 
ɨɩɟɪɚɰɢɢ ɧɚ ɧɟɫɤɨɥɶɤɨ ɨɩɟɪɚɰɢɣ (ɪɢɫ. 5), ɤɚɠɞɚɹ 
ɢɡ ɤɨɬɨɪɵɯ ɫɧɚɛɠɟɧɚ ɦɟɠɨɩɟɪɚɰɢɨɧɧɵɦ 
ɧɚɤɨɩɢɬɟɥɟɦ. ȿɫɥɢ ɨɛɨɛɳɟɧɧɚɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ 
ɟɞɢɧɢɰɚ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɩɚɪɚɥɥɟɥɶɧɨ 
ɪɚɛɨɬɚɸɳɢɯ ɟɞɢɧɢɰ (ɪɢɫ. 5), ɬɨ ɬɟɦɩ ɨɛɪɚɛɨɬɤɢ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɟɦɩɚɦɢ ɨɛɪɚɛɨɬɤɢ ɩɚɪɚɥɥɟɥɶɧɨ 
ɪɚɫɩɨɥɨɠɟɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɜɵɩɨɥɧɹɸɳɟɝɨ 
ɨɩɟɪɚɰɢɸ ɨɞɧɢɦ ɢ ɬɟɦ ɠɟ ɢɥɢ ɪɚɡɧɵɦɢ 
ɫɩɨɫɨɛɚɦɢ. Ʉɨɥɢɱɟɫɬɜɨ ɩɟɪɟɧɟɫɟɧɧɵɯ ɪɟɫɭɪɫɨɜ
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Ɋɢɫ. 5. ɋɯɟɦɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɨɛɨɛɳɟɧɧɵɯ ɟɞɢɧɢɰ ɨɛɨɪɭɞɨɜɚɧɢɹ:  
a – ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ; Л – ɩɚɪɚɥɥɟɥɶɧɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ 

Fig. 5. Location scheme of generalized production units: 

a – sequential arrangement; b – parallel arrangement 

  



 

Pihnastyi O.M. The network model of the multiple resources flow manufacturing line // 

ʠˈ˕ˈ˅ˑˌ ˉ˖рːаˎ « На˖˚ː˞ˌ рˈˊ˖ˎ˟˕а˕». 
 ʠˈрˋя «Иː˗ˑрˏа˙ˋˑːː˞ˈ ˕ˈ˘ːˑˎˑˆˋˋ». – ʡ.ͷ, №, 2016. 

39 

 

ɋɟɪɢɹ ɂɇɎɈɊɆȺɐɂɈɇɇЫȿ ɌȿɏɇɈɅɈȽɂɂ 

INFORMATION TECHNOLOGIES Series 

ȿɫɥɢ ɨɛɨɛɳɟɧɧɚɹ ɟɞɢɧɢɰɚ ɩɪɟɞɫɬɚɜɥɹɟɬ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɱɚɫɬɨɤ ɫ ɪɚɫɩɨɥɨɠɟɧɧɵɦ ɜɞɨɥɶ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɦɚɪɲɪɭɬɚ ɛɨɥɶɲɢɦ 
ɤɨɥɢɱɟɫɬɜɨɦ ɩɚɪɚɥɥɟɥɶɧɨ ɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ 
ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɟɞɢɧɢɰ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɬɨ 
ɨɛɴɟɞɢɧɹɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɢɥɢ ɩɚɪɚɥɥɟɥɶɧɨ 
ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɟɞɢɧɢɰɵ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ɨɞɧɭ 
ɨɛɨɛɳɟɧɧɭɸ, ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧɚ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɚɹ ɮɭɧɤɰɢɹ ɨɛɨɛɳɟɧɧɨɣ ɟɞɢɧɢɰɵ. 
Ɉɛɨɛɳɟɧɧɨɣ ɟɞɢɧɢɰɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɫɬɚɬɢɫɬɢɱɟɫɤɢ ɭɫɪɟɞɧɟɧɧɵɟ ɧɨɪɦɚ ɪɚɫɯɨɞɨɜ 
ɪɟɫɭɪɫɨɜ ɢ ɷɮɮɟɤɬɢɜɧɨɟ ɜɪɟɦɹ ɜɵɩɨɥɧɟɧɢɟɦ 
ɨɩɟɪɚɰɢɣ.  

ɋɟɬɟɜɚɹ ɦɨɞɟɥɶ ɦɧɨɝɨɧɨɦɟɧɤɥɚɬɭɪɧɨɣ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɥɢɧɢɢ 

ɉɟɪɜɢɱɧɵɦ ɡɜɟɧɨɦ ɜ ɨɪɝɚɧɢɡɚɰɢɢ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɹɜɥɹɟɬɫɹ ɪɚɛɨɱɟɟ 
ɦɟɫɬɨ, ɩɪɟɞɫɬɚɜɥɹɸɳɟɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɭɸ 

ɩɥɨɳɚɞɶ, ɨɫɧɚɳɟɧɧɭɸ ɨɛɨɪɭɞɨɜɚɧɢɟɦ ɢ 
ɢɧɫɬɪɭɦɟɧɬɨɦ, ɩɪɢ ɩɨɦɨɳɢ ɤɨɬɨɪɵɯ ɪɚɛɨɬɧɢɤ 
ɜɵɩɨɥɧɹɟɬ ɨɬɞɟɥɶɧɵɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɨɩɟɪɚɰɢɢ. 
ɋɨɜɨɤɭɩɧɨɫɬɶ ɪɚɛɨɱɢɯ ɦɟɫɬ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ 
ɨɩɟɪɚɰɢɣ ɨɛɪɚɡɭɸɬ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɭɸ ɫɬɪɭɤɬɭɪɭ 
ɩɪɨɢɡɜɨɞɫɬɜɚ. Ɋɚɡɥɢɱɚɸɬ ɬɪɢ ɨɫɧɨɜɧɵɟ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɟ ɫɬɪɭɤɬɭɪɵ ɩɪɨɢɡɜɨɞɫɬɜɚ – 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ, ɩɪɟɞɦɟɬɧɭɸ ɢ ɫɦɟɲɚɧɧɭɸ. 
ɉɨɬɨɱɧɵɟ ɥɢɧɢɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɢɦɟɸɬ 
ɩɪɟɞɦɟɬɧɭɸ ɫɬɪɭɤɬɭɪɭ (ɪɢɫ. 6). Ɍɚɤ ɤɚɤ ɞɜɢɠɟɧɢɟ 
ɩɪɟɞɦɟɬɨɜ ɬɪɭɞɚ ɜ ɩɪɨɰɟɫɫɟ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɢ ɜɪɟɦɟɧɢ, ɬɨ ɩɪɢ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ ɩɨɬɨɱɧɵɦɢ 
ɥɢɧɢɹɦɢ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɜɪɟɦɟɧɧɭɸ ɢ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɭɸ ɫɬɪɭɤɬɭɪɭ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ 
ɩɪɨɰɟɫɫɚ. ɉɪɢ ɷɬɨɦ ɚɤɬɭɚɥɶɧɨɫɬɶ ɩɪɢɨɛɪɟɬɚɸɬ 
ɜɨɩɪɨɫɵ ɫɨɡɞɚɧɢɹ ɨɛɨɛɳɟɧɧɵɯ ɚɝɪɟɝɢɪɨɜɚɧɧɵɯ 
ɦɨɞɟɥɟɣ ɨɩɟɪɚɰɢɣ Д29Ж. 
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Fig. 6. Typical manufacturing route in the production of semiconductors [30] 

 

Ⱥɥɝɨɪɢɬɦ ɩɨɫɬɪɨɟɧɢɹ ɦɨɞɟɥɢ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɧɚ ɨɫɧɨɜɟ ɩɨɧɹɬɢɣ 
ɨɛɨɛɳɟɧɧɨɣ ɨɩɟɪɚɰɢɢ ɢ ɨɛɨɛɳɟɧɧɨɝɨ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɦɚɪɲɪɭɬɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ 
ɞɪɨɛɥɟɧɢɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɰɢɤɥɚ ɧɚ ɛɨɥɟɟ 
ɦɟɥɤɢɟ ɢɧɬɟɪɜɚɥɵ. ɂɡɦɟɧɟɧɢɟ ɢɧɬɟɪɜɚɥɚ 
ɨɛɨɛɳɟɧɢɹ ɩɪɢɜɨɞɢɬ ɤ ɢɡɦɟɧɟɧɢɸ ɫɨɫɬɚɜɚ ɢ 
ɱɢɫɥɚ ɨɛɨɛɳɟɧɧɵɯ ɨɩɟɪɚɰɢɣ, ɫɨɫɬɚɜɥɹɸɳɢɯ 
ɩɪɨɰɟɫɫ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢɡɞɟɥɢɣ Д20Ж. ɍɜɟɥɢɱɟɧɢɟ 
ɢɧɬɟɪɜɚɥɚ ɜɟɞɟɬ ɤ ɭɤɪɭɩɧɟɧɢɸ ɨɛɨɛɳɟɧɧɵɯ 
ɨɩɟɪɚɰɢɣ ɢ ɫɨɤɪɚɳɟɧɢɸ ɢɯ ɤɨɥɢɱɟɫɬɜɚ. ȼ 
ɨɛɨɛɳɟɧɧɭɸ ɨɩɟɪɚɰɢɸ ɨɛɴɟɞɢɧɹɸɬɫɹ ɨɩɟɪɚɰɢɢ ɜ 
ɜɵɛɪɚɧɧɨɦ ɢɧɬɟɪɜɚɥɟ ɨɛɨɛɳɟɧɢɹ Д20], 

ɨɱɟɪɟɞɧɨɫɬɶ ɜɵɩɨɥɧɟɧɢɹ ɤɨɬɨɪɵɯ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶɸ ɢɧɬɟɪɜɚɥɨɜ ɨɛɨɛɳɟɧɢɹ. 
Ƚɪɭɩɩɚ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɧɚ ɤɨɬɨɪɨɦ ɜɵɩɨɥɧɹɟɬɫɹ 
ɨɛɨɛɳɟɧɧɚɹ ɨɩɟɪɚɰɢɹ, ɹɜɥɹɟɬɫɹ ɨɛɨɛɳɟɧɧɵɦ 
ɨɛɨɪɭɞɨɜɚɧɢɟɦ. ɉɪɢ ɩɨɫɬɪɨɟɧɢɢ ɦɨɞɟɥɢ 
ɨɛɨɛɳɟɧɧɨɣ ɨɩɟɪɚɰɢɢ ɚɧɚɥɢɡɢɪɭɸɬ 
ɤɨɧɫɬɪɭɤɬɨɪɫɤɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɫɜɹɡɢ ɦɟɠɞɭ 
ɨɩɟɪɚɰɢɹɦɢ.  

Ɇɧɨɝɨɧɨɦɟɧɤɥɚɬɭɪɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɥɨɠɧɵɣ ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɣ 
ɝɢɩɟɪɝɪɚɮ (V,ȿ), ɭɡɥɵ ɤɨɬɨɪɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɵ 

ɨɛɨɛɳɟɧɧɵɦɢ ɟɞɢɧɢɰɚɦɢ ɨɛɨɪɭɞɨɜɚɧɢɹ 
 

2423321
,,.....,,, VVVVVV  , ɚ ɪɟɛɪɚ 

 
6321

,.....,,, EEEEE   ɨɩɪɟɞɟɥɹɸɬ ɨɛɨɛɳɟɧɧɵɟ 
ɦɚɪɲɪɭɬɵ  

43211
,,, VVVVE  ,  

163212
,,, VVVVE 

,…, ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢɡɞɟɥɢɣ 
ɪɚɡɧɨɣ ɧɨɦɟɧɤɥɚɬɭɪɵ (ɪɢɫ. 7). Ɋɚɫɩɨɥɨɠɟɧɢɟ 
ɜɟɪɲɢɧ q

V  ɡɚɞɚɧɨ ɫɯɟɦɨɣ ɪɚɫɫɬɚɧɨɜɤɢ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɚ ɭɱɚɫɬɤɟ. ɉɟɪɟɫɟɱɟɧɢɟ ɪɟɛɟɪ p

E  

ɢ r
E  ɨɩɪɟɞɟɥɹɟɬ ɨɛɳɟɟ ɨɛɨɪɭɞɨɜɚɧɢɟ q

V , 

ɢɫɩɨɥɶɡɭɟɦɨɟ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢɡɞɟɥɢɹ Щ-ɨɣ ɢ r-
ɨɣ ɧɨɦɟɧɤɥɚɬɭɪɵ. Ɉɛɪɚɛɨɬɤɚ ɢɡɞɟɥɢɹ Щ-ɨɣ ɢɥɢ r-
ɨɣ ɧɨɦɟɧɤɥɚɬɭɪɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɢɨɪɢɬɟɬɨɦ 
ɨɛɫɥɭɠɢɜɚɧɢɹ ɫɦɟɠɧɵɯ ɨɩɟɪɚɰɢɣ. Ɋɟɚɥɢɡɚɰɢɹ 
ɝɢɩɟɪɝɪɚɮɚ ɨɩɪɟɞɟɥɹɟɬ ɫɩɨɫɨɛ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɢɡɞɟɥɢɹ Щ-ɨɣ ɧɨɦɟɧɤɥɚɬɭɪɵ, ɡɚɞɚɟɬ 
ɨɪɢɟɧɬɢɪɨɜɚɧɧɭɸ ɫɟɬɶ ɨɛɨɛɳɟɧɧɵɯ ɦɚɪɲɪɭɬɨɜ, 
ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶɸ ɨɩɟɪɚɰɢɣ, 
ɨɝɪɚɧɢɱɟɧɧɵɯ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ 
ɫɜɹɡɹɦɢ ɫ ɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɰɢɤɥɨɜ ɢ ɩɟɬɟɥɶ 
(ɪɢɫ. 8). 
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Ɋɢɫ. 7. Ƚɢɩɟɪɝɪɚɮ ɦɧɨɝɨɧɨɦɟɧɤɥɚɬɭɪɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ 

Fig. 7. Hypergraph of multiproduct manufacture 

 

 
Ɋɢɫ. 8. ɋɟɬɟɜɨɣ ɝɪɚɮɢɤ ɨɛɨɛɳɟɧɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɦɚɪɲɪɭɬɨɜ Д31Ж 

Fig. 8. Network diagram of technological routes [31] 

 

Ʉɨɷɮɮɢɰɢɟɧɬ ɫɜɹɡɧɨɫɬɢ ɞɥɹ ɨɛɨɛɳɟɧɧɨɣ 
ɨɩɟɪɚɰɢɢ ɭɱɢɬɵɜɚɟɬ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨ-

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɫɜɹɡɢ ɦɟɠɞɭ ɨɩɟɪɚɰɢɹɦɢ, 
ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɨɛɨɛɳɟɧɧɨɝɨ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɦɚɪɲɪɭɬɚ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɢɡɞɟɥɢɹ ɫ ɞɨɩɭɫɬɢɦɨɣ ɫɬɟɩɟɧɶɸ ɬɨɱɧɨɫɬɢ Д20Ж. 
ɇɟɞɨɫɬɚɬɤɨɦ ɚɝɪɟɝɢɪɨɜɚɧɧɨɣ ɫɯɟɦɵ 
ɩɥɚɧɢɪɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɫɨɫɬɨɹɧɢɟ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɦɨɳɧɨɫɬɟɣ ɜɯɨɞɹɳɟɝɨ ɜ ɫɨɫɬɚɜ 
ɨɛɨɛɳɟɧɧɨɣ ɨɩɟɪɚɰɢɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɭɱɢɬɵɜɚɟɬɫɹ 

ɤɨɫɜɟɧɧɨ, ɛɟɡ ɭɱɟɬɚ ɨɝɪɚɧɢɱɟɧɢɣ. ɑɟɦ ɛɥɢɠɟ 
ɦɨɞɟɥɶ ɤ ɪɟɚɥɶɧɨɦɭ ɨɛɴɟɤɬɭ, ɬɟɦ ɛɨɥɶɲɟ 
ɨɛɨɛɳɟɧɧɵɯ ɨɩɟɪɚɰɢɣ ɢ ɜɡɚɢɦɨɫɜɹɡɟɣ ɦɟɠɞɭ 
ɧɢɦɢ ɨɧɚ ɨɬɪɚɠɚɟɬ, ɢ ɬɟɦ ɫɥɨɠɧɟɟ ɟɟ ɪɟɚɥɢɡɚɰɢɹ. 
ɉɨɫɬɪɨɟɧɢɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɭɧɤɰɢɣ 
(ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɫɩɨɫɨɛɨɜ) ɞɥɹ ɨɛɨɛɳɟɧɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ, ɫɜɹɡɵɜɚɸɳɢɯ ɤɨɥɢɱɟɫɬɜɨ 
ɨɛɪɚɛɨɬɚɧɧɵɯ ɩɪɟɞɦɟɬɨɜ ɬɪɭɞɚ ɫ ɡɚɬɪɚɬɚɦɢ 
ɪɟɫɭɪɫɨɜ, ɹɜɥɹɟɬɫɹ ɰɟɧɬɪɚɥɶɧɵɦ ɜɨɩɪɨɫɨɦ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɫɢɫɬɟɦ.  
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Ɋɢɫ. 9. ɋɯɟɦɚ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢɡɞɟɥɢɹ “Ɉɩɟɪɚɰɢɹ-ɨɛɨɪɭɞɨɜɚɧɢɟ” 

Fig. 9. Scheme of manufacturing products "Operation-equipment" 

 

ɉɪɢ ɩɨɫɬɪɨɟɧɢɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɮɭɧɤɰɢɢ 
ɬɪɟɛɭɟɬɫɹ ɚɧɚɥɢɡ, ɤɚɤ ɫɬɪɭɤɬɭɪɵ ɨɛɨɛɳɟɧɧɨɣ 
ɟɞɢɧɢɰɵ, ɬɚɤ ɢ ɪɟɚɤɰɢɢ ɫɢɫɬɟɦɵ ɧɚ ɜɧɟɲɧɢɟ 
ɜɨɡɞɟɣɫɬɜɢɹ, ɜ ɱɚɫɬɧɨɫɬɢ ɧɚ ɢɡɦɟɧɟɧɢɹ ɫɬɪɭɤɬɭɪɵ 
ɪɟɫɭɪɫɨɜ. Ɍɢɩɨɜɚɹ ɫɯɟɦɚ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢɡɞɟɥɢɹ, 
ɭɱɢɬɵɜɚɸɳɚɹ ɜɡɚɢɦɨɫɜɹɡɶ ɨɩɟɪɚɰɢɢ ɫ 
ɨɛɨɪɭɞɨɜɚɧɢɟɦ, ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 9, ɩɨɡɜɨɥɹɟɬ 
ɭɫɬɚɧɨɜɢɬɶ ɝɥɚɜɧɭɸ ɥɢɧɢɸ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 
ɩɪɨɰɟɫɫɚ, ɨɩɪɟɞɟɥɢɬɶ ɫɜɹɡɢ ɢ ɨɫɭɳɟɫɬɜɢɬɶ ɜɵɛɨɪ 
ɜɟɞɭɳɟɝɨ ɢɡɞɟɥɢɹ Д20Ж, ɡɚɞɟɣɫɬɜɨɜɚɜ ɫɟɬɟɜɨɣ 
ɝɪɚɮɢɤ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ (ɪɢɫ. 10), 
ɭɫɥɨɜɧɨ ɨɬɨɛɪɚɠɚɸɳɢɣ ɜɡɚɢɦɨɫɜɹɡɢ ɦɟɠɞɭ 
ɨɩɟɪɚɰɢɹɦɢ, ɢɫɩɨɥɶɡɭɸɳɢɦɢ ɨɞɧɨ ɢ ɬɨ ɠɟ 
ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ ɩɨɫɬɭɩɥɟɧɢɟ ɪɟɫɭɪɫɨɜ ɞɥɹ 
ɜɵɩɨɥɧɟɧɢɹ ɨɩɟɪɚɰɢɢ. ȼɵɛɨɪ ɜɚɪɢɚɧɬɚ ɝɥɚɜɧɨɣ 
ɥɢɧɢɢ ɢ ɜɟɞɭɳɟɝɨ ɢɡɞɟɥɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɩɥɚɧɢɪɨɜɚɧɢɹ ɢ ɭɩɪɚɜɥɟɧɢɹ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɩɪɨɰɟɫɫɨɦ. ȼɟɞɭɳɢɦ 
ɜɵɛɢɪɚɟɬɫɹ ɢɡɞɟɥɢɟ ɫ ɬɪɭɞɨɟɦɤɢɦ ɦɚɪɲɪɭɬɨɦ 
ɢɡɝɨɬɨɜɥɟɧɢɹ, ɫɨɞɟɪɠɚɳɢɦ ɤɪɢɬɢɱɟɫɤɢɣ ɩɭɬɶ. 

ɉɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɩɪɨɰɟɫɫɵ ɞɥɹ ɭɡɥɨɜ «Ʉ», «ɉ», 
«Ɋ» ɹɜɥɹɸɬɫɹ ɫɜɹɡɚɧɧɵɦɢ, ɢɫɩɨɥɶɡɭɸɬ ɞɥɹ 
ɜɵɩɨɥɧɟɧɢɹ ɨɩɟɪɚɰɢɢ ɨɞɧɭ ɝɪɭɩɩɭ ɨɛɨɪɭɞɨɜɚɧɢɹ. 
Ⱦɥɹ ɤɚɠɞɨɣ ɨɛɨɛɳɟɧɧɨɣ ɟɞɢɧɢɰɵ ɫɬɪɨɢɬɫɹ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɚɹ ɮɭɧɤɰɢɹ, ɤɨɬɨɪɚɹ ɹɜɥɹɟɬɫɹ 
ɤɨɦɛɢɧɚɰɢɟɣ ɦɧɨɠɟɫɬɜɚ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ 
ɮɭɧɤɰɢɣ ɷɥɟɦɟɧɬɚɪɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ 
ɟɞɢɧɢɰ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜɞɨɥɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 
ɦɚɪɲɪɭɬɚ ɩɚɪɚɥɥɟɥɶɧɨ ɢɥɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ. 
Ɋɚɡɛɢɟɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɞɨɜɟɞɟɧɨ ɞɨ ɩɪɨɫɬɟɣɲɢɯ 
ɚɤɬɨɜ ɩɪɨɰɟɫɫɚ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɨ ɤɨɬɨɪɵɯ ɦɨɠɧɨ 
ɫɭɞɢɬɶ ɩɨ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ 
ɞɨɤɭɦɟɧɬɚɰɢɢ. Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ, 
ɨɩɪɟɞɟɥɹɸɳɢɟɫɹ ɜ ɩɪɨɰɟɫɫɟ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɹ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɟɝɨ ɨɩɵɬɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ, 
ɫɥɭɠɚɬ ɨɫɧɨɜɨɣ ɞɥɹ ɫɢɫɬɟɦɵ ɧɨɪɦɚɬɢɜɨɜ, 
ɪɟɝɥɚɦɟɧɬɢɪɭɸɳɢɟ ɡɚɬɪɚɬɵ ɬɪɭɞɨɜɵɯ ɢ ɫɵɪɶɟɜɵɯ 
ɪɟɫɭɪɫɨɜ, ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ 
ɡɚɬɪɚɬɵ ɧɚ ɪɟɦɨɧɬ ɢ ɱɚɫɬɨɬɭ ɟɝɨ ɩɪɨɜɟɞɟɧɢɹ. 
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Ɋɢɫ. 10. ɋɟɬɟɜɨɣ ɝɪɚɮɢɤ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢɡɞɟɥɢɹ 

Fig. 10. Network diagram of product manufacture 

 

Ɋɚɫɫɦɨɬɪɢɦ ɩɨɫɬɪɨɟɧɢɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ 
ɮɭɧɤɰɢɣ ɞɥɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɫ 
ɜɟɞɭɳɢɦ ɢɡɞɟɥɢɟɦ «ɉ» (ɪɢɫ. 11). ȼ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦ ɩɪɨɰɟɫɫɟ «ɉ» ɢɫɩɨɥɶɡɭɸɬɫɹ 
ɪɟɫɭɪɫɵ: ɫɵɪɶɟ, ɤɨɦɩɥɟɤɬɭɸɳɢɟ, ɦɚɬɟɪɢɚɥɵ, 
ɷɧɟɪɝɨɪɟɫɭɪɫɵ, ɬɪɭɞ. Ɂɚɬɪɚɬɵ ɪɟɫɭɪɫɨɜ ɜ ɟɞɢɧɢɰɭ 
ɜɪɟɦɟɧɢ ɢ ɬɟɦɩ ɨɛɪɚɛɨɬɤɢ ɩɪɟɞɦɟɬɨɜ ɬɪɭɞɚ ɩɪɢ 
ɜɵɩɨɥɧɟɧɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɨɩɟɪɚɰɢɢ 
ɨɩɪɟɞɟɥɹɸɬɫɹ ɬɟɯɧɢɱɟɫɤɢɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ 
ɨɛɨɪɭɞɨɜɚɧɢɹ, ɧɚ ɨɫɧɨɜɚɧɢɢ ɤɨɬɨɪɵɯ ɜɨɡɦɨɠɧɨ 
ɞɚɬɶ ɨɩɢɫɚɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ, 
ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɭɸ ɮɭɧɤɰɢɸ ɞɥɹ 
ɤɚɠɞɨɣ ɟɞɢɧɢɰɵ ɨɛɨɛɳɟɧɧɨɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ. ɇɨɪɦɚɬɢɜɵ, ɪɚɫɫɱɢɬɚɧɧɵɟ ɧɚ 
ɨɫɧɨɜɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɞɚɧɧɵɯ, ɯɚɪɚɤɬɟɪɢɡɭɸɬ 
ɩɪɟɞɟɥɶɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɨɛɨɪɭɞɨɜɚɧɢɹ. 
ɋɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɮɭɧɤɰɢɢ 

ɨɩɢɫɵɜɚɸɬ ɢɞɟɚɥɶɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ. ȼ 
ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ ɤɚɱɟɫɬɜɨ ɫɵɪɶɹ ɧɟɩɨɫɬɨɹɧɧɨ, 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɨɛɨɪɭɞɨɜɚɧɢɹ 
ɡɚɜɢɫɹɬ ɨɬ ɮɚɤɬɨɪɨɜ ɜɧɟɲɧɟɣ ɫɪɟɞɵ, ɤɨɬɨɪɵɟ 
ɜɵɡɵɜɚɸɬ ɫɥɭɱɚɣɧɵɟ ɤɨɥɟɛɚɧɢɹ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɢ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 
ɩɨɬɪɟɛɥɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ ɧɚ 
ɤɚɠɞɨɣ ɨɩɟɪɚɰɢɢ. ȼ ɪɟɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɢ ɡɚɬɪɚɬɵ ɦɨɝɭɬ ɡɧɚɱɢɬɟɥɶɧɨ 
ɨɬɥɢɱɚɬɶɫɹ ɨɬ ɧɨɪɦɚɬɢɜɧɵɯ. ɉɪɨɛɥɟɦɚ 
ɭɫɥɨɠɧɹɟɬɫɹ, ɟɫɥɢ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɦ ɩɪɨɰɟɫɫɟ 
ɜɚɠɧɭɸ ɪɨɥɶ ɢɝɪɚɟɬ ɤɜɚɥɢɮɢɤɚɰɢɹ ɪɚɛɨɱɢɯ. ɉɪɢ 
ɷɬɨɦ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɨɤɚɡɵɜɚɸɬ 
ɨɪɝɚɧɢɡɚɰɢɨɧɧɵɟ ɢ ɫɨɰɢɚɥɶɧɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ 
ɮɚɤɬɨɪɵ, ɜ ɨɫɧɨɜɟ ɤɨɬɨɪɵɯ ɥɟɠɢɬ ɫɢɫɬɟɦɚ 
ɫɬɢɦɭɥɢɪɨɜɚɧɢɹ ɩɪɨɢɡɜɨɞɫɬɜɚ Д23Ж. 

 

 
Ɋɢɫ. 11. ɋɟɬɟɜɨɣ ɝɪɚɮɢɤ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɫ ɜɟɞɭɳɢɦ ɢɡɞɟɥɢɟɦ «ɉ» 

Fig. 11. Network diagram of the process with the leading product "P" 

 

ɉɪɢ ɩɨɫɬɪɨɟɧɢɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɮɭɧɤɰɢɢ 
ɞɥɹ ɨɬɞɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɱɚɫɬɨ ɜɨɡɧɢɤɚɸɬ 
ɜɨɩɪɨɫɵ, ɧɟ ɫɜɹɡɚɧɧɵɟ ɫ ɬɟɯɧɨɥɨɝɢɟɣ 
ɩɪɨɢɡɜɨɞɫɬɜɚ, ɬɪɟɛɭɸɳɢɟ ɚɧɚɥɢɡɚ ɫɨɰɢɚɥɶɧɨ-

ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ. ɋɭɳɟɫɬɜɭɟɬ 
ɡɚɜɢɫɢɦɨɫɬɶ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɨɛɪɚɛɨɬɤɢ ɩɪɟɞɦɟɬɚ 
ɬɪɭɞɚ ɧɚ ɨɬɞɟɥɶɧɨɣ ɨɩɟɪɚɰɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 
ɦɚɪɲɪɭɬɚ ɨɬ ɤɚɱɟɫɬɜɚ ɢ ɤɨɥɢɱɟɫɬɜɚ ɬɪɭɞɨɜɵɯ 
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ɪɟɫɭɪɫɨɜ. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɪɚɛɨɬɧɢɤɨɜ ɫ ɪɚɡɥɢɱɧɨɣ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɬɪɭɞɚ ɩɨ ɨɩɟɪɚɰɢɹɦ 
ɨɩɪɟɞɟɥɹɟɬ ɬɟɦɩ ɪɚɛɨɬɵ ɩɨɬɨɱɧɨɣ ɥɢɧɢɢ. ɍɱɟɬ 
ɫɨɰɢɚɥɶɧɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ ɜ ɩɪɨɰɟɫɫɟ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɭɬɟɦ ɜɜɟɞɟɧɢɹ ɜ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɭɸ ɮɭɧɤɰɢɸ ɩɟɪɟɦɟɧɧɵɯ 
ɫɬɨɯɚɫɬɢɱɟɫɤɨɣ ɩɪɢɪɨɞɵ. ɉɨɫɬɪɨɟɧɢɟ 
ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɮɭɧɤɰɢɢ, 
ɨɩɢɪɚɸɳɟɣɫɹ ɧɚ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨ ɪɚɰɢɨɧɚɥɶɧɨɣ 
ɨɪɝɚɧɢɡɚɰɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɩɨɡɜɨɥɹɟɬ ɫɨɡɞɚɬɶ 
ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɨɛ ɢɞɟɚɥɶɧɨ ɮɭɧɤɰɢɨɧɢɪɭɸɳɟɣ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɫɢɫɬɟɦɟ, ɨɰɟɧɢɬɶ ɟɟ 
ɜɨɡɦɨɠɧɨɫɬɢ ɢ ɜɵɹɜɢɬɶ ɩɨɬɟɪɢ, ɜɨɡɧɢɤɲɢɟ ɢɡ-ɡɚ 
ɧɟɞɨɫɬɚɬɤɨɜ ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɦɟɯɚɧɢɡɦɚ 
ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ. 

Ƚɪɚɮɢɤ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ 
ɮɭɧɤɰɢɢ ɫɨɜɩɚɞɚɟɬ ɫ ɦɧɨɠɟɫɬɜɨɦ ɷɮɮɟɤɬɢɜɧɵɯ 
ɬɨɱɟɤ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɜɨɡɦɨɠɧɨɫɬɟɣ. ɍɱɟɬ 
ɫɬɨɯɚɫɬɢɱɟɫɤɢɯ ɫɨɰɢɚɥɶɧɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɢ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨ-ɬɟɯɧɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ ɹɜɥɹɟɬɫɹ 
ɨɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɩɭɬɟɣ ɩɨɫɬɪɨɟɧɢɹ 
ɬɟɨɪɟɬɢɱɟɫɤɢ ɢ ɩɪɚɤɬɢɱɟɫɤɢ ɨɛɨɫɧɨɜɚɧɧɵɯ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɭɧɤɰɢɣ. Ⱦɥɹ ɨɩɢɫɚɧɢɹ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɢɫɩɨɥɶɡɨɜɚɧɨ 
ɩɨɧɹɬɢɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɫɩɨɫɨɛɚ, ɱɬɨ 
ɩɨɡɜɨɥɢɥɨ ɪɚɫɫɦɨɬɪɟɬɶ ɜ ɫɟɬɟɜɨɣ ɦɨɞɟɥɢ ɪɚɡɧɵɟ 
ɫɩɨɫɨɛɵ ɩɪɨɢɡɜɨɞɫɬɜɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɡɧɚɱɟɧɢɣ 
ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɥɢɧɢɢ. ɉɨɫɥɟ 
ɜɵɛɨɪɚ ɜɟɞɭɳɟɝɨ ɢɡɞɟɥɢɹ ɬɢɩɨɜɨɣ ɫɟɬɟɜɨɣ 
ɝɪɚɮɢɤ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɦɚɪɲɪɭɬɚ ɩɪɟɞɫɬɚɜɥɟɧ 
ɜ ɜɢɞɟ ɬɪɟɯ ɩɨɬɨɱɧɵɯ ɥɢɧɢɣ, 
ɫɢɧɯɪɨɧɢɡɢɪɨɜɚɧɧɵɯ ɧɚ ɨɩɟɪɚɰɢɢ «ɉ10» (ɪɢɫ. 
11). ɍɡɥɵ, ɢɡɝɨɬɨɜɥɟɧɧɵɟ ɧɚ ɩɚɪɚɥɥɟɥɶɧɵɯ 
ɫɢɧɯɪɨɧɢɡɢɪɨɜɚɧɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɥɢɧɢɹɯ 
«Ʉ» ɢ «Ɋ» ɩɨɫɬɭɩɚɸɬ ɜ ɦɟɠɨɩɟɪɚɰɢɨɧɧɵɣ ɡɚɞɟɥ, 
ɰɟɥɶ ɤɨɬɨɪɨɝɨ ɹɜɥɹɟɬɫɹ ɥɢɤɜɢɞɚɰɢɹ 
ɚɫɢɧɯɪɨɧɧɨɫɬɢ ɜ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɩɨɬɨɱɧɵɯ 
ɥɢɧɢɹɯ «ɉ», «Ʉ» ɢ «Ɋ». ɉɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ 
ɩɨɬɨɱɧɨɣ ɥɢɧɢɢ ɫ ɜɟɞɭɳɢɦ ɢɡɞɟɥɢɟɦ «ɉ» ɭɡɥɵ 
«Ʉ» ɢ «Ɋ» ɭɫɥɨɜɧɨ ɩɪɟɞɫɬɚɜɥɟɧɵ ɤɚɤ 
ɤɨɦɩɥɟɤɬɭɸɳɢɟ, ɩɨɫɬɭɩɚɸɳɢɟ ɫɨ ɫɤɥɚɞɚ. 
Ʉɨɥɢɱɟɫɬɜɨ ɭɡɥɨɜ «Ʉ» ɢ «Ɋ» ɪɟɝɥɚɦɟɧɬɢɪɭɟɬɫɹ 
ɫɤɥɚɞɫɤɢɦ ɤɪɢɬɢɱɟɫɤɢɦ ɡɚɩɚɫɨɦ. ɉɨɫɬɭɩɥɟɧɢɟ 
ɭɡɥɨɜ «Ʉ» ɢ «Ɋ» ɫɢɧɯɪɨɧɢɡɢɪɨɜɚɧɵ ɛɚɥɚɧɫɨɜɵɦɢ 
ɫɨɨɬɧɨɲɟɧɢɹɦɢ ɫ ɩɚɪɚɦɟɬɪɚɦɢ ɩɨɬɨɱɧɨɣ ɥɢɧɢɢ 
ɜɟɞɭɳɟɝɨ ɢɡɞɟɥɢɹ. ɋɟɬɟɜɨɣ ɝɪɚɮɢɤ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɬɪɟɛɭɟɦɨɣ ɬɨɱɧɨɫɬɢ ɨɩɢɫɚɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɜɢɞɟ 
ɞɟɬɚɥɢɡɚɰɢɢ ɨɩɟɪɚɰɢɢ ɧɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɢ 
ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɟ ɩɟɪɟɯɨɞɵ, ɩɨɡɢɰɢɢ ɢ ɭɫɬɚɧɨɜɵ, 
ɪɚɛɨɱɢɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɟ ɯɨɞɚ, 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɪɢɟɦɵ. Ɉɩɟɪɚɰɢɹ ɦɨɠɟɬ ɛɵɬɶ 
ɪɚɡɛɢɬɚ ɧɚ ɫɨɫɬɚɜɧɵɟ ɱɚɫɬɢ ɢɥɢ ɭɤɪɭɩɧɟɧɚ ɜ 
ɛɨɥɟɟ ɦɚɫɲɬɚɛɧɵɟ. Ɇɨɞɟɥɢɪɭɟɦɚɹ ɩɨɬɨɱɧɚɹ 

ɥɢɧɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜ ɜɢɞɟ ɫɨɜɨɤɭɩɧɨɫɬɢ 
ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɨɛɨɛɳɟɧɧɵɯ ɟɞɢɧɢɰ, ɤɚɠɞɚɹ ɢɡ 
ɤɨɬɨɪɵɯ ɨɩɢɫɵɜɚɟɬɫɹ ɫɜɨɟɣ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ 
ɮɭɧɤɰɢɟɣ. ȼɨɩɪɨɫ ɨ ɬɨɦ, ɜ ɜɢɞɟ ɤɚɤɨɣ 
ɫɨɜɨɤɭɩɧɨɫɬɢ ɨɛɨɛɳɟɧɧɵɯ ɟɞɢɧɢɰ ɩɪɟɞɫɬɚɜɢɬɶ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɭɸ ɥɢɧɢɸ ɪɟɲɚɟɬɫɹ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ. 

Зɚɤɥɸɱɟɧɢɟ 
ɉɟɪɟɧɨɫ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ ɧɚ 

ɩɪɟɞɦɟɬ ɬɪɭɞɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɨɡɞɟɣɫɬɜɢɹ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ 
ɫɥɭɱɚɣɧɵɦ ɩɪɨɰɟɫɫɨɦ. Ɂɚɤɨɧɨɦɟɪɧɨɫɬɢ, 
ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɞɚɧɧɵɣ ɩɪɨɰɟɫɫ, ɡɧɚɱɢɬɟɥɶɧɵɦ 
ɨɛɪɚɡɨɦ ɜɥɢɹɸɬ ɧɚ ɩɨɬɨɤɨɜɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɥɢɧɢɣ. Ɉɞɧɚɤɨ, ɧɟɫɦɨɬɪɹ ɧɚ 
ɫɜɨɸ ɜɚɠɧɨɫɬɶ, ɞɚɧɧɵɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ 
ɞɨɫɬɚɬɨɱɧɵɦ ɨɛɪɚɡɨɦ ɧɟ ɢɫɫɥɟɞɨɜɚɧɵ. Ʉɚɤ 
ɩɪɚɜɢɥɨ, ɢɫɫɥɟɞɨɜɚɬɟɥɢ ɨɝɪɚɧɢɱɢɜɚɥɢɫɶ 
ɩɨɫɬɪɨɟɧɢɟɦ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɭɧɤɰɢɣ ɞɥɹ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɫɢɫɬɟɦɵ ɜ ɰɟɥɨɦ, ɧɟ 
ɪɚɫɫɦɚɬɪɢɜɚɹ ɫɬɪɭɤɬɭɪɵ ɜɪɟɦɟɧɢ ɜɵɩɨɥɧɟɧɢɹ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɨɩɟɪɚɰɢɢ ɢ ɫɬɪɭɤɬɭɪɵ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ, ɩɟɪɟɧɨɫɢɦɵɯ ɧɚ 
ɩɪɟɞɦɟɬ ɬɪɭɞɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɵɩɨɥɧɟɧɢɹ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɨɩɟɪɚɰɢɢ. Ɋɚɡɪɚɛɨɬɤɟ 
ɞɟɬɚɥɶɧɨɝɨ ɩɪɟɞɦɟɬɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 
ɨɩɢɫɚɧɢɹ ɭɩɪɚɜɥɹɟɦɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ 
ɩɪɨɰɟɫɫɚ, ɨɫɧɨɜɚɧɧɨɝɨ, ɧɚ ɫɬɨɯɚɫɬɢɱɟɫɤɨɦ 
ɦɟɯɚɧɢɡɦɟ ɩɟɪɟɧɨɫɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ ɧɚ 
ɩɪɟɞɦɟɬ ɬɪɭɞɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɨɡɞɟɣɫɬɜɢɹ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ɯɨɞɟ ɜɵɩɨɥɧɟɧɢɹ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɨɩɟɪɚɰɢɢ, ɞɨɥɠɧɨɝɨ ɜɧɢɦɚɧɢɹ 
ɧɟ ɭɞɟɥɹɟɬɫɹ. 

ȼ ɫɬɚɬɶɟ ɩɪɢɜɟɞɟɧ ɤɪɚɬɤɢɣ ɨɛɡɨɪ ɪɚɡɥɢɱɧɵɯ 
ɩɨɞɯɨɞɨɜ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɦɨɞɟɥɢ 
ɩɟɪɟɧɨɫɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ ɧɚ ɩɪɟɞɦɟɬ 
ɬɪɭɞɚ. Ɉɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɭɞɟɥɹɟɬɫɹ ɫɬɪɭɤɬɭɪɟ 
ɜɪɟɦɟɧɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɩɪɟɞɦɟɬɚ 
ɬɪɭɞɚ ɢ ɫɬɪɭɤɬɭɪɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ, 
ɩɟɪɟɧɨɫɢɦɵɯ ɧɚ ɩɪɟɞɦɟɬ ɬɪɭɞɚ. 
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