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ɊȿɎȿɊАɌ  
 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɫɩɪɨɟɤɬɢɪɨɜɚɧ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ 
ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɤɨɪɩɭɫɚ ɧɚɫɨɫɚ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɫɬɚɧɤɨɜ ɫ ɑɉɍ ɜ 
ɭɫɥɨɜɢɹɯ ɫɟɪɢɣɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ. 

ȼ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɱɚɫɬɢ ɛɵɥɨ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɨ ɫɥɭɠɟɛɧɨɟ 
ɧɚɡɧɚɱɟɧɢɟ ɤɨɪɩɭɫɚ, ɫɞɟɥɚɧ ɚɧɚɥɢɡ ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɢ ɢ ɬɟɯɧɢɱɟɫɤɢɯ 
ɬɪɟɛɨɜɚɧɢɣ, ɜɵɛɨɪ ɫɩɨɫɨɛɚ ɩɨɥɭɱɟɧɢɹ ɡɚɝɨɬɨɜɤɢ, ɪɚɫɱɟɬ ɢ ɜɵɛɨɪ ɩɪɢɩɭɫɤɨɜ 
ɧɚ ɦɟɯɚɧɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ, ɪɚɫɱɟɬ ɢ ɜɵɛɨɪ ɪɟɠɢɦɨɜ ɪɟɡɚɧɢɹ, ɧɨɪɦɢɪɨɜɚɧɢɟ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɨɛɪɚɛɨɬɤɢ ɤɨɪɩɭɫɚ, ɨɩɪɟɞɟɥɟɧɨ ɧɟɨɛɯɨɞɢɦɨɟ 
ɤɨɥɢɱɟɫɬɜɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ  

ȼ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɣ  ɱɚɫɬɢ ɛɵɥɨ ɫɩɪɨɟɤɬɢɪɨɜɚɧɨ ɫɩɟɰɢɚɥɶɧɨɟ 
ɡɚɠɢɦɧɨɟ ɩɪɢɫɩɨɫɨɛɥɟɧɢɟ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɡɚɝɨɬɨɜɤɢ ɧɚ ɨɩɟɪɚɰɢɢ 
ɨɤɨɧɱɚɬɟɥɶɧɨɝɨ ɮɪɟɡɟɪɨɜɚɧɢɹ ɩɨɫɚɞɨɱɧɨɣ ɫɞɜɨɟɧɧɨɣ ɩɨɥɨɫɬɢ ɧɚ 
ɭɧɢɜɟɪɫɚɥɶɧɨɦ ɜɟɪɬɢɤɚɥɶɧɨ-ɮɪɟɡɟɪɧɨɦ ɫɬɚɧɤɟ. ɋɤɨɧɫɬɪɭɢɪɨɜɚɧɨ 
ɫɩɟɰɢɚɥɶɧɨɟ ɤɨɧɬɪɨɥɶɧɨɟ ɩɪɢɫɩɨɫɨɛɥɟɧɢɟ ɞɥɹ ɤɨɧɬɪɨɥɹ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɫɬɢ 
ɨɫɟɣ ɩɨɫɚɞɨɱɧɨɣ ɫɞɜɨɟɧɧɨɣ ɩɨɥɨɫɬɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɬɵɤɨɜɨɱɧɨɝɨ ɬɨɪɰɚ Ɂ. 

ȼ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɱɚɫɬɢ ɛɵɥ ɫɞɟɥɚɧ ɪɚɫɱёɬ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ 
ɜɧɟɞɪɟɧɢɹ ɫɬɚɧɤɨɜ ɫ ɑɉɍ ɜ ɩɪɨɢɡɜɨɞɫɬɜɨ. ɉɪɨɜɟɞɟɧ ɪɚɫɱɟɬ ɫɬɨɢɦɨɫɬɢ ɈɉɎ, 
ɪɚɫɱɟɬ ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɵ ɪɚɛɨɱɢɯ ɢ ɪɚɫɱɟɬ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɢɡɝɨɬɨɜɥɟɧɢɹ 
ɤɨɪɩɭɫɚ ɩɨ ɫɩɪɨɟɤɬɢɪɨɜɚɧɧɨɦɭ ɢ ɛɚɡɨɜɨɦɭ ɜɚɪɢɚɧɬɚɦ.  

ȼ ɝɪɚɮɢɱɟɫɤɨɣ ɱɚɫɬɢ ɪɚɛɨɬɵ ɛɵɥɢ ɜɵɩɨɥɧɟɧɵ ɱɟɪɬɟɠ ɤɨɪɩɭɫɚ, 
ɫɨɜɦɟɳɟɧɧɵɣ ɫ ɡɚɝɨɬɨɜɤɨɣ, ɤɚɪɬɵ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɨɛɪɚɛɨɬɤɢ 
ɤɨɪɩɭɫɚ ɩɨ ɫɩɪɨɟɤɬɢɪɨɜɚɧɧɨɦɭ ɢ ɛɚɡɨɜɨɦɭ ɜɚɪɢɚɧɬɚɦ, ɱɟɪɬɟɠɢ ɡɚɠɢɦɧɨɝɨ ɢ 
ɤɨɧɬɪɨɥɶɧɨɝɨ ɩɪɢɫɩɨɫɨɛɥɟɧɢɣ. ȼɵɧɟɫɟɧɵ ɨɫɧɨɜɧɵɟ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ 
ɩɨɤɚɡɚɬɟɥɢ. 
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PAPER 

  

In this work technological process of machining of the case of the 

mechanism of cutting of the valochno-packaging ML-78 car with use of machines 

with ChPU in the conditions of a mass production is designed. 

In technological part office purpose of the case was analysed, the analysis 

of technological effectiveness and technical requirements, a choice of a way of 

receiving preparation, calculation and a choice of allowances for machining, 

calculation and a choice of the modes of cutting, rationing of technological 

processing of the case is made, the necessary quantity of processing equipment is 

defined 

In design part the special tightening adaptation for installation of 

preparation on operation of drilling of fixing openings on the universal radial-

drilling machine was designed. The special control adaptation for control of 

coaxiality of landing openings of 180 and 110 is designed. 

In economic part calculation of expediency of introduction of machines 

with ChPU in production was made. Calculation of cost of OPF, calculation of a 

salary of workers and calculation of cost of production of the plug for the designed 

and basic options is carried out.  

In graphic part works were performed the drawing of the plug combined 

with preparation, cards of technological process of processing of the plug 

on the designed and basic options, drawings of tightening and control 

adaptations. Options of planning of a site are illustrated and the main 

technical and economic indicators are taken out.
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ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɟɝɨ ɬɟɯɧɢɱɟɫɤɢɣ ɩɪɨɝɪɟɫɫ ɜɨ ɦɧɨɝɨɦ 
ɡɚɜɢɫɢɬ ɨɬ ɨɩɟɪɟɠɚɸɳɟɝɨ ɪɚɡɜɢɬɢɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɧɨɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, 
ɦɚɲɢɧ, ɫɬɚɧɤɨɜ ɢ ɚɩɩɚɪɚɬɨɜ, ɨɬ ɜɫɟɦɟɪɧɨɝɨ ɜɧɟɞɪɟɧɢɹ ɦɟɬɨɞɨɜ ɬɟɯɧɢɤɨ-

ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ. 
 ɉɨɜɵɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɦɚɲɢɧɨɫɬɪɨɢɬɟɥɶɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɧɚ 

ɫɨɜɪɟɦɟɧɧɨɦ ɷɬɚɩɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨɜɵɲɟɧɢɟɦ ɤɚɱɟɫɬɜɚ ɢɡɞɟɥɢɣ, ɫɧɢɠɟɧɢɟɦ 
ɬɪɭɞɨɟɦɤɨɫɬɢ, ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɢ ɦɟɬɚɥɥɨɟɦɤɨɫɬɢ ɢɯ ɢɡɝɨɬɨɜɥɟɧɢɹ. Ɋɟɲɟɧɢɟ 
ɷɬɢɯ ɡɚɞɚɱ  ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ: 

- ɩɪɢɦɟɧɟɧɢɟɦ ɫɪɟɞɫɬɜ ɤɨɦɩɥɟɤɫɧɨɣ ɦɟɯɚɧɢɡɚɰɢɢ ɢ ɚɜɬɨɦɚɬɢɡɚɰɢɢ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɩɨɞɝɨɬɨɜɤɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ ɢɡɝɨɬɨɜɥɟɧɢɹ 
ɢɡɞɟɥɢɣ; 

- ɩɪɢɦɟɧɟɧɢɟɦ ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, 
ɪɚɛɨɬɚɸɳɟɝɨ ɧɚ ɨɩɬɢɦɚɥɶɧɵɯ ɪɟɠɢɦɚɯ ɢ ɫɩɟɰɢɚɥɶɧɨɣ ɛɵɫɬɪɨɞɟɣɫɬɜɭɸɳɟɣ 
ɨɫɧɚɫɬɤɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ ɟɝɨ ɪɚɛɨɬɭ; 

- ɲɢɪɨɤɨɝɨ ɜɧɟɞɪɟɧɢɹ ɦɟɬɨɞɨɜ ɬɟɯɧɢɤɨ–ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɫ ɰɟɥɶɸ ɢɯ ɨɩɬɢɦɢɡɚɰɢɢ; 

- ɩɪɢɦɟɧɟɧɢɟɦ ɪɟɫɭɪɫɨɫɛɟɪɟɝɚɸɳɢɯ ɬɟɯɧɨɥɨɝɢɣ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ 
ɡɚɳɢɬɭ ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ ɱɟɥɨɜɟɤɚ ɢ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ.  

ɉɪɨɝɪɚɦɦɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɩɨɡɜɨɥɹɟɬ: ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɬɶ ɩɪɨɰɟɫɫ 
ɨɛɪɚɛɨɬɤɢ; ɫɨɤɪɚɬɢɬɶ ɜɪɟɦɹ ɧɚɥɚɞɤɢ ɫɬɚɧɤɚ, ɫɜɟɞɹ ɜɫɸ ɧɚɥɚɞɤɭ ɤ ɭɫɬɚɧɨɜɤɟ 
ɢɧɫɬɪɭɦɟɧɬɚ, ɡɚɝɨɬɨɜɤɢ ɢ ɩɪɨɝɪɚɦɦɵ ɧɚ ɫɬɚɧɤɟ; ɨɪɝɚɧɢɡɨɜɚɬɶ 
ɦɧɨɝɨɫɬɚɧɨɱɧɨɟ ɨɛɫɥɭɠɢɜɚɧɢɟ ɜ ɫɟɪɢɣɧɨɦ ɢ ɦɟɥɤɨɫɟɪɢɣɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ; 
ɩɨɜɵɫɢɬɶ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɬɪɭɞɚ, ɤɭɥɶɬɭɪɭ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ ɤɚɱɟɫɬɜɨ 
ɨɛɪɚɛɨɬɚɧɧɵɯ ɞɟɬɚɥɟɣ.  

Ɉɫɧɨɜɧɨɣ ɡɚɞɚɱɟɣ ɪɚɰɢɨɧɚɥɶɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɦɟɬɚɥɥɨɪɟɠɭɳɢɯ 
ɫɬɚɧɤɨɜ ɫ ɑɉɍ ɹɜɥɹɟɬɫɹ ɨɛɟɫɩɟɱɟɧɢɟ ɞɥɢɬɟɥɶɧɨɣ ɢ ɛɟɡɨɬɤɚɡɧɨɣ ɨɛɪɚɛɨɬɤɢ ɧɚ 
ɧɢɯ ɞɟɬɚɥɟɣ ɫ ɡɚɞɚɧɧɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ, ɬɨɱɧɨɫɬɶɸ ɢ ɲɟɪɨɯɨɜɚɬɨɫɬɶɸ 
ɨɛɪɚɛɨɬɚɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɢ ɦɢɧɢɦɚɥɶɧɨɣ ɫɬɨɢɦɨɫɬɢ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɫɬɚɧɤɨɜ. ȼ ɩɚɪɤɟ ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ ɫɬɪɚɧɵ ɞɨɥɹ ɫɬɚɧɤɨɜ ɫ ɑɉɍ ɛɭɞɟɬ 
ɧɟɩɪɟɪɵɜɧɨ ɭɜɟɥɢɱɢɜɚɬɶɫɹ ɩɪɢ ɨɞɧɨɜɪɟɦɟɧɧɨɦ ɩɨɜɵɲɟɧɢɢ ɢɯ ɬɟɯɧɢɱɟɫɤɨɝɨ 
ɭɪɨɜɧɹ. 
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1  Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚя ɱɚɫɬɶ 

1.1 Аɧɚɥɢɡ ɫɥɭɠɟɛɧɨɝɨ ɧɚɡɧɚɱɟɧɢя 

 

Ⱦɟɬɚɥɶ – ɤɨɪɩɭɫ ɧɚɫɨɫɚ. Ⱦɟɬɚɥɶ ɤɨɪɩɭɫɧɚɹ, ɩɨɷɬɨɦɭ ɨɧɚ ɫɥɭɠɢɬ ɜ 
ɦɟɯɚɧɢɡɦɟ ɷɥɟɦɟɧɬɨɦ, ɜ ɤɨɬɨɪɨɦ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɪɚɛɨɱɢɟ ɨɪɝɚɧɵ, ɚ ɢɯ 
ɩɨɥɨɠɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝ ɞɪɭɝɚ ɢ ɤɨɪɩɭɫɚ ɜɥɢɹɟɬ ɧɚ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ, 
ɧɚɞɟɠɧɨɫɬɶ ɢ ɞɨɥɝɨɜɟɱɧɨɫɬɶ ɧɚɫɨɫɚ. Ʉɨɪɩɭɫ ɬɚɤɠɟ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɡɚɳɢɬɵ 
ɧɚɫɨɫɚ ɨɬ ɩɨɩɚɞɚɧɢɹ ɜ ɧɟɝɨ ɝɪɹɡɢ, ɩɵɥɢ ɢ ɞɪɭɝɢɯ ɩɨɫɬɨɪɨɧɧɢɯ ɩɪɟɞɦɟɬɨɜ. 

Ɇɚɬɟɪɢɚɥɨɦ ɤɨɪɩɭɫɚ ɹɜɥɹɟɬɫɹ ɱɭɝɭɧ ɋɑ18 ȽɈɋɌ 1412-95. ɗɬɨ 
ɮɟɪɪɢɬɧɵɣ ɫɟɪɵɣ ɱɭɝɭɧ, ɫɨɞɟɪɠɚɳɢɣ ɜ ɫɜɨɟɣ ɫɬɪɭɤɬɭɪɟ ɝɪɚɮɢɬ 
ɩɥɚɫɬɢɧɱɚɬɨɣ ɮɨɪɦɵ (ɬɚɛɥɢɰɵ 1.1, 1.2).  

ȿɝɨ  ɩɪɢɦɟɧɹɸɬ  ɩɪɢ  ɥɢɬɶɟ ɫɪɟɞɧɟɣ ɩɪɨɱɧɨɫɬɢ ɫ ɩɟɪɥɢɬɧɨɣ ɨɫɧɨɜɧɨɣ 
ɦɚɫɫɨɣ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ  ɧɟɨɬɜɟɬɫɬɜɟɧɧɵɯ ɨɬɥɢɜɨɤ ɫ ɬɨɥɳɢɧɨɣ ɫɬɟɧɨɤ ɞɨ 30 
ɦɦ. Ɉɧ ɨɛɥɚɞɚɟɬ  ɯɨɪɨɲɢɦɢ  ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɢ ɥɢɬɟɣɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ [3, 11]. 

 

Ɍɚɛɥɢɰɚ 1.1 – ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɫɟɪɨɝɨ ɱɭɝɭɧɚ ɋɑ 18, % 

 
ɍɝɥɟɪɨɞ 

ɋ 

Ʉɪɟɦɧɢɣ 

Si 

Ɇɚɪɝɚɧɟɰ 

Mn 

Ɏɨɫɮɨɪ Ɋ 

ɧɟ ɛɨɥɟɟ 

ɋɟɪɚ S 

ɧɟ ɛɨɥɟɟ 

3,2-3,5 2-2,4 0,5-0,8 0,2 0,15 

 

Ɇɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɟɪɨɝɨ ɱɭɝɭɧɚ ɋɑ 18 

1 ɜɪɟɦɟɧɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ – ɜ = 180 Ɇɉɚ;           
2 ɩɪɟɞɟɥ ɬɟɤɭɱɟɫɬɢ – ɬ = 363 Ɇɩɚ;           
3 ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɭɞɥɢɧɟɧɢɟ –  = 16 %; 

4 ɬɜɟɪɞɨɫɬɶ ɩɨ Ȼɪɢɧɟɥɥɸ ɇȼ = 190 ɇ/ɦɦ2
. 

 

Ɍɚɛɥɢɰɚ 1.2 – Ɏɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɟɪɨɝɨ ɱɭɝɭɧɚ ɋɑ18 

 
ɉɥɨɬɧɨɫɬɶ 

, ɤɝ/ɦ3 

Ʌɢɬɟɣɧɚɹ 
ɭɫɚɞɤɚ 

ɚ, % 

Ɇɨɞɭɥɶ 
ɭɩɪɭɝɨɫɬɢ 

ɩɪɢ 
ɪɚɫɬɹɠɟɧɢɢ 

ȿ·10-2, 

Ɇɩɚ 

ɍɞɟɥɶɧɚɹ 
ɬɟɩɥɨɟɦ-ɤɨɫɬɶ 
ɩɪɢ t ɨɬ 20 ɞɨ 

200ɋ, Ⱦɠ 

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɥɢɬɟɣɧɨɝɨ 

ɪɚɫɲɢɪɟɧɢɹ  
α, 1/ɋ 

Ɍɟɩɥɨɩɪɨɜɨ
ɞɧɨɫɬɶ ɩɪɢ 

20ɋ 

λ, ȼɬ 

0,72·103 
1,1 700-1100 460 9·10-6 

59 

 

 

1.2 Аɧɚɥɢɡ ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɢ 

 

Ʉɨɧɫɬɪɭɤɰɢɹ ɞɟɬɚɥɢ ɞɨɫɬɚɬɨɱɧɨ ɫɥɨɠɧɚɹ ɫ ɧɚɥɢɱɢɟɦ ɤɪɢɜɨɥɢɧɟɣɧɵɯ 
ɩɨɜɟɪɯɧɨɫɬɟɣ. Ɏɨɪɦɨɜɤɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɫɬɟɪɠɧɹ ɞɥɹ 
ɩɨɥɭɱɟɧɢɹ ɫɬɭɩɟɧɱɚɬɨɝɨ ɩɨɫɚɞɨɱɧɨɝɨ ɨɬɜɟɪɫɬɢɹ 20/40.  
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ɋ ɬɨɱɤɢ ɡɪɟɧɢɹ ɨɛɪɚɛɨɬɤɢ ɞɟɬɚɥɶ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɟ ɧɟɞɨɫɬɚɬɤɢ: 
1 ɞɟɬɚɥɶ ɢɦɟɟɬ ɜɧɭɬɪɟɧɧɸɸ ɤɚɧɚɜɤɭ ɢ ɩɪɨɬɨɱɤɭ, ɤ ɤɨɬɨɪɵɦ ɧɟɬ 

ɫɜɨɛɨɞɧɨɝɨ ɞɨɫɬɭɩɚ ɢɧɫɬɪɭɦɟɧɬɚ ɢ, ɞɥɹ ɢɯ ɜɵɩɨɥɧɟɧɢɹ ɬɪɟɛɭɸɬɫɹ 
ɢɧɫɬɪɭɦɟɧɬɵ ɫɨ ɫɩɟɰɢɚɥɶɧɵɦ ɩɪɨɮɢɥɟɦ; 

2 ɤɨɧɫɬɪɭɤɰɢɹ ɞɟɬɚɥɢ ɧɟ ɞɨɩɭɫɤɚɟɬ ɨɛɪɚɛɨɬɤɭ ɞɜɭɯ ɬɨɪɰɟɜ ɧɚ ɩɪɨɯɨɞ; 

3 ɨɛɪɚɛɨɬɤɚ ɩɨɥɨɫɬɟɣ 52 ɬɪɟɛɭɟɬ ɫɥɨɠɧɨɝɨ ɞɜɢɠɟɧɢɹ ɢɧɫɬɪɭɦɟɧɬɚ – 

ɜɪɟɡɚɧɢɟ, ɩɪɨɞɨɥɶɧɨɟ ɪɟɡɚɧɢɟ, ɜɵɜɨɞ; 
4 ɞɟɬɚɥɶ ɢɦɟɟɬ ɧɟɫɤɜɨɡɧɵɟ ɝɥɚɞɤɢɟ ɢ ɪɟɡɶɛɨɜɵɟ ɨɬɜɟɪɫɬɢɹ, ɱɬɨ 

ɭɯɭɞɲɚɟɬ ɨɬɜɨɞ ɬɟɩɥɚ ɢ ɫɬɪɭɠɤɢ ɢɡ ɡɨɧɵ ɪɟɡɚɧɢɹ. 

ɉɪɨɜɟɞɟɦ ɤɨɥɢɱɟɫɬɜɟɧɧɭɸ  ɨɰɟɧɤɭ  ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɢ 
ɞɟɬɚɥɢ ɩɨ ɫɥɟɞɭɸɳɢɦ ɩɨɤɚɡɚɬɟɥɹɦ [11]. 

      

1 Ʉɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ 

 

75,085,0
14,6

2,5


ɡɚɝ

ɞɟɬ
ɦ

m

m
К                                                                     (1.1) 

 

ɝɞɟ mɞɟɬ – ɦɚɫɫɚ ɝɨɬɨɜɨɣ ɞɟɬɚɥɢ,  
mɡɚɝ – ɦɚɫɫɚ ɡɚɝɨɬɨɜɤɢ. 
     

2 Ʉɨɷɮɮɢɰɢɟɧɬ ɭɧɢɮɢɤɚɰɢɢ 

 

5,069,0
52

36


ɨɛ

ɨɞɧ
ɭ К

К
К                                                                       (1.2) 

 

ɝɞɟ kɨɞɧ  - ɤɨɥɢɱɟɫɬɜɨ ɨɞɧɨɬɢɩɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ,  
kɨɛ – ɨɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɩɨɜɟɪɯɧɨɫɬɟɣ. 
 

3 Ʉɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɬɚɧɞɚɪɬɧɨɝɨ ɢɧɫɬɪɭɦɟɧɬɚ. 
 

 5,067,0
15

10


ɨɛ

ɫɢ
ɢ К

К
К                                                                         (1.3) 

 

ɝɞɟ kɫɢ – ɤɨɥɢɱɟɫɬɜɨ ɫɬɚɧɞɚɪɬɧɨɝɨ ɢɧɫɬɪɭɦɟɧɬɚ,  
kɨɢ – ɨɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɢɧɫɬɪɭɦɟɧɬɚ. 
 

4 Ʉɨɷɮɮɢɰɢɟɧɬ ɨɛɪɚɛɚɬɵɜɚɟɦɨɫɬɢ. 
 

5,085,0
52

44


ɨɛ

on
ɨɛ

N

NК                                                                   (1.4) 

 

ɝɞɟ Nɨɩ – ɤɨɥɢɱɟɫɬɜɨ ɨɛɪɚɛɚɬɵɜɚɟɦɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ,   
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Nɨɛ – ɨɛɳɟɟ  ɤɨɥɢɱɟɫɬɜɨ ɩɨɜɟɪɯɧɨɫɬɟɣ. 

1.3 Аɧɚɥɢɡ ɬɟɯɧɢɱɟɫɤɢɯ ɬɪɟɛɨɜɚɧɢɣ 

 

Ⱦɟɬɚɥɶ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɬɥɢɜɤɭ ɢɡ ɫɟɪɨɝɨ ɱɭɝɭɧɚ ɋɑ18 ȽɈɋɌ 1412-

85.  

Ƚɥɚɜɧɵɦ ɭɫɥɨɜɢɟɦ ɤɚɱɟɫɬɜɟɧɧɨɣ ɪɚɛɨɬɵ ɦɟɯɚɧɢɡɦɚ ɹɜɥɹɟɬɫɹ ɬɨɱɧɨɫɬɶ 
ɭɫɬɚɧɨɜɤɢ ɢ ɨɪɢɟɧɬɚɰɢɢ ɞɟɬɚɥɟɣ ɞɪɭɝ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝɚ. Ⱦɥɹ ɷɬɨɝɨ ɤ 
ɤɨɪɩɭɫɭ ɩɪɟɞɴɹɜɥɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɬɟɯɧɢɱɟɫɤɢɟ ɬɪɟɛɨɜɚɧɢɹ: 

– ɞɨɩɭɫɤ ɰɢɥɢɧɞɪɢɱɧɨɫɬɢ ɩɨɫɚɞɨɱɧɵɯ ɨɬɜɟɪɫɬɢɣ ɧɟ ɛɨɥɟɟ 0,015 ɦɦ; 
– ɞɨɩɭɫɤ ɫɨɨɫɧɨɫɬɢ ɩɨɫɚɞɨɱɧɵɯ ɨɬɜɟɪɫɬɢɣ ɧɟ ɛɨɥɟɟ 0,03 ɦɦ; 

– ɞɨɩɭɫɤ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɫɬɢ ɨɫɟɣ ɩɨɫɚɞɨɱɧɵɯ ɨɬɜɟɪɫɬɢɣ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɬɵɤɨɜɨɱɧɨɝɨ ɬɨɪɰɚ Ɂ ɧɟ ɛɨɥɟɟ 0,015 ɦɦ; 

– ɡɚɜɢɫɢɦɵɣ ɩɨɡɢɰɢɨɧɧɵɣ ɞɨɩɭɫɤ ɤɪɟɩɟɠɧɵɯ ɨɬɜɟɪɫɬɢɣ ɧɟ ɛɨɥɟɟ 0,6 
ɦɦ. 

Ⱦɚɧɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɜɵɞɟɪɠɢɦ ɨɛɪɚɛɨɬɤɨɣ ɡɚɜɢɫɢɦɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɫ 
ɨɞɧɨɣ ɭɫɬɚɧɨɜɤɢ ɢɥɢ ɫ ɨɛɪɚɛɨɬɤɨɣ ɩɪɢ ɛɚɡɢɪɨɜɚɧɢɢ ɩɨ ɧɚɡɧɚɱɟɧɧɨɣ 
ɤɨɧɫɬɪɭɤɬɨɪɨɦ ɛɚɡɟ. 

ɉɨɡɢɰɢɨɧɧɵɣ ɞɨɩɭɫɤ ɪɟɡɶɛɨɜɵɯ ɨɬɜɟɪɫɬɢɣ ɜɵɞɟɪɠɢɜɚɟɬɫɹ ɡɚ ɫɱɟɬ 
ɨɛɪɚɛɨɬɤɢ ɩɨ ɤɨɧɞɭɤɬɨɪɭ. 

Ⱦɥɹ ɜɵɞɟɪɠɢɜɚɧɢɹ ɬɨɱɧɨɫɬɢ ɪɚɡɦɟɪɨɜ ɢ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɟɣ 
ɧɚɡɧɚɱɢɦ ɫɥɟɞɭɸɳɢɟ ɜɢɞɵ ɨɛɪɚɛɨɬɤɢ: ɞɥɹ ɩɨɜɟɪɯɧɨɫɬɟɣ ɞɨ Rz40 ɞɨɫɬɚɬɨɱɧɨ 
ɨɞɧɨɤɪɚɬɧɨɣ ɱɟɪɧɨɜɨɣ ɨɛɪɚɛɨɬɤɢ; ɞɥɹ ɩɨɜɟɪɯɧɨɫɬɟɣ ɫ Rɚ = 2,5 ɦɤɦ ɢ 
ɬɨɱɧɨɫɬɶɸ ɩɨ 7ɦɭ ɤɜɚɥɢɬɟɬɭ ɩɪɟɞɭɫɦɨɬɪɢɦ ɱɟɪɧɨɜɭɸ, ɱɢɫɬɨɜɭɸ ɢ ɬɨɧɤɭɸ 

ɨɛɪɚɛɨɬɤɭ. 

ȼ ɬɟɯɧɢɱɟɫɤɢɯ ɬɪɟɛɨɜɚɧɢɹɯ ɬɚɤɠɟ ɨɝɨɜɨɪɟɧɚ ɦɚɪɤɢɪɨɜɤɚ ɞɟɬɚɥɢ. 

 

 

1.4  Ɉɛɨɫɧɨɜɚɧɢɟ ɜɵɛɨɪɚ ɛɚɡ ɢ ɫɨɫɬɚɜɥɟɧɢɟ ɛɚɡɨɜɨɝɨ ɦɚɪɲɪɭɬɚ 
ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɤɨɪɩɭɫɚ 

 

ɋɨɫɬɚɜɥɟɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ 
ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ: 

- ɜɵɛɨɪ ɱɟɪɧɨɜɵɯ, ɱɢɫɬɨɜɵɯ ɢ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɛɚɡ ɧɚ ɨɩɟɪɚɰɢɹɯ; 
- ɭɫɬɚɧɨɜɤɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɩɟɪɚɰɢɣ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɡɚɞɚɧɧɨɣ 

ɬɨɱɧɨɫɬɢ ɞɟɬɚɥɢ; 
- ɩɨɞɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ; 
- ɜɵɛɨɪ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɪɟɠɭɳɟɝɨ ɢɧɫɬɪɭɦɟɧɬɚ. 

Ʉɨɪɩɭɫ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɞɟɥɚɬɶ ɫɥɨɠɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ ɫ 
ɤɪɢɜɨɥɢɧɟɣɧɵɦɢ ɩɨɜɟɪɯɧɨɫɬɹɦɢ.  

Ⱦɥɹ ɨɛɪɚɡɨɜɚɧɢɹ ɜɧɭɬɪɟɧɧɢɯ ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ 
ɩɪɢɦɟɧɹɟɬɫɹ ɪɚɫɬɚɱɢɜɚɧɢɟ – ɞɜɢɠɟɧɢɟ ɩɨɞɚɱɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɚɪɚɥɥɟɥɶɧɨ 
ɨɫɢ ɨɬɜɟɪɫɬɢɹ (ɩɪɨɞɨɥɶɧɚɹ ɩɨɞɚɱɚ). Ɋɚɫɬɚɱɢɜɚɧɢɟ ɜɵɩɨɥɧɹɟɬɫɹ ɪɚɫɬɨɱɧɵɦɢ 
ɪɟɡɰɚɦɢ. ɉɪɢ ɱɟɪɧɨɜɨɦ ɪɚɫɬɚɱɢɜɚɧɢɢ ɫɧɢɦɚɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɵɣ ɫɥɨɣ ɦɟɬɚɥɥɚ, 
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ɩɨɷɬɨɦɭ ɪɟɡɰɵ ɞɨɥɠɧɵ ɛɵɬɶ ɛɨɥɟɟ ɠɟɫɬɤɢɦɢ ɢ ɭɫɬɚɧɚɜɥɢɜɚɬɶɫɹ ɧɚ 0,3-1,2 ɦɦ 
ɜɵɲɟ ɨɫɢ ɰɟɧɬɪɨɜ. ɑɢɫɬɨɜɨɟ ɪɚɫɬɚɱɢɜɚɧɢɟ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɧɹɬɢɢ ɫ 
ɩɨɜɟɪɯɧɨɫɬɢ ɢɡɞɟɥɢɹ ɧɟɛɨɥɶɲɨɝɨ ɩɪɢɩɭɫɤɚ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɪɨɜɧɨɣ, ɝɥɚɞɤɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ. ɉɪɢ ɷɬɨɦ ɪɟɡɟɰ ɫ ɨɫɬɪɨɣ ɪɟɠɭɳɟɣ ɤɪɨɦɤɨɣ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɧɚ 
0,3-1,2 ɦɦ ɧɢɠɟ ɨɫɢ ɰɟɧɬɪɨɜ. 

Ɍɨɪɰɟɜɵɟ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɛɚɬɵɜɚɸɬ ɩɨɞɪɟɡɧɵɦɢ ɪɟɡɰɚɦɢ ɫ 
ɞɜɢɠɟɧɢɟɦ ɩɨɞɚɱɢ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɨɫɢ ɜɪɚɳɟɧɢɹ ɞɟɬɚɥɢ (ɩɨɩɟɪɟɱɧɚɹ 
ɩɨɞɚɱɚ) ɨɬ ɧɚɪɭɠɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɤ ɰɟɧɬɪɭ. 

Ʉɚɧɚɜɤɢ ɩɪɨɬɚɱɢɜɚɸɬ ɧɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɨɛɬɨɱɟɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 
ɪɟɡɰɚɦɢ, ɪɟɠɭɳɚɹ ɤɪɨɦɤɚ ɤɨɬɨɪɵɯ ɢɦɟɟɬ ɪɚɡɦɟɪɵ ɢ ɩɪɨɮɢɥɶ ɩɨɩɟɪɟɱɧɨɝɨ 
ɫɟɱɟɧɢɹ ɤɚɧɚɜɤɢ. ɉɨɞɚɱɚ ɪɟɡɰɚ ɩɨɩɟɪɟɱɧɚɹ.  

Ɉɬɜɟɪɫɬɢɹ ɜ ɫɩɥɨɲɧɨɦ ɦɟɬɚɥɥɟ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɫɜɟɪɥɟɧɢɟɦ. 
ɋɜɟɪɥɟɧɢɟ ɨɫɭɳɟɫɬɜɥɹɸɬ ɫɨɱɟɬɚɧɢɟɦ ɜɪɚɳɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ ɢɧɫɬɪɭɦɟɧɬɚ 
ɜɨɤɪɭɝ ɫɜɨɟɣ ɨɫɢ (ɝɥɚɜɧɨɟ ɞɜɢɠɟɧɢɟ) ɢ ɩɨɫɬɭɩɚɬɟɥɶɧɨɝɨ ɟɝɨ ɞɜɢɠɟɧɢɹ ɜɞɨɥɶ 
ɨɫɢ (ɞɜɢɠɟɧɢɟ ɩɨɞɚɱɢ). ɉɪɨɰɟɫɫ ɫɜɟɪɥɟɧɢɹ ɩɪɨɬɟɤɚɟɬ ɜ ɛɨɥɟɟ ɫɥɨɠɧɵɯ 
ɭɫɥɨɜɢɹɯ, ɱɟɦ ɬɨɱɟɧɢɟ, ɬɚɤ ɤɚɤ ɡɚɬɪɭɞɧɟɧ ɨɬɜɨɞ ɫɬɪɭɠɤɢ ɢ ɩɨɞɜɨɞ ɋɈɀ ɤ 
ɪɟɠɭɳɢɦ ɤɪɨɦɤɚɦ ɢɧɫɬɪɭɦɟɧɬɚ. 

Ɉɫɧɨɜɧɵɦ ɬɪɟɛɨɜɚɧɢɟɦ ɩɪɢ ɜɵɛɨɪɟ ɛɚɡ ɹɜɥɹɟɬɫɹ ɫɨɛɥɸɞɟɧɢɟ 
ɩɪɢɧɰɢɩɨɜ ɟɞɢɧɫɬɜɚ ɢ ɩɨɫɬɨɹɧɫɬɜɚ ɛɚɡ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ ɬɨɱɧɨɫɬɶ 
ɩɨɥɭɱɚɟɦɵɯ ɪɚɡɦɟɪɨɜ ɡɚ ɫɱɟɬ ɢɫɤɥɸɱɟɧɢɹ ɩɨɝɪɟɲɧɨɫɬɢ ɛɚɡɢɪɨɜɚɧɢɹ. 

ɇɚɢɛɨɥɟɟ ɭɞɨɛɧɵɦɢ ɩɨɜɟɪɯɧɨɫɬɹɦɢ ɩɨɞ ɛɚɡɵ, ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ 
ɫɨɛɥɸɞɟɧɢɹ ɞɚɧɧɵɯ ɩɪɢɧɰɢɩɨɜ, ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɩɨɫɚɞɨɱɧɨɟ ɨɬɜɟɪɫɬɢɟ 40 ɢ 
ɟɝɨ ɬɨɪɟɰ, ɬɚɤ ɤɚɤ ɨɬ ɧɢɯ ɧɚɡɧɚɱɟɧɵ ɨɫɧɨɜɧɵɟ ɪɚɡɦɟɪɵ ɢ ɬɟɯɧɢɱɟɫɤɢɟ 
ɬɪɟɛɨɜɚɧɢɹ. Ⱦɥɹ ɩɨɞɝɨɬɨɜɤɢ ɷɬɨɣ ɱɢɫɬɨɜɨɣ ɛɚɡɵ ɧɟɨɛɯɨɞɢɦɨ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 
ɨɛɪɚɛɨɬɚɬɶ ɱɟɪɧɨɜɭɸ ɛɚɡɭ – ɬɨɪɟɰ Ɂ ɢ ɫɞɜɨɟɧɧɭɸ ɩɨɥɨɫɬɶ 52. 

Ɍɚɤ ɤɚɤ ɞɟɬɚɥɶ ɢɦɟɟɬ ɦɚɥɵɟ ɝɚɛɚɪɢɬɵ ɢ ɦɚɫɫɭ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, 
ɞɨɫɬɚɬɨɱɧɨ ɦɚɥɵɟ ɦɨɳɧɨɫɬɢ ɨɛɪɚɛɨɬɤɢ, ɞɥɹ ɬɨɤɚɪɧɵɯ ɨɩɟɪɚɰɢɣ ɜɩɨɥɧɟ 
ɩɨɞɨɣɞɟɬ ɬɨɤɚɪɧɨ-ɜɢɧɬɨɪɟɡɧɵɣ ɫɬɚɧɨɤ ɦɨɞɟɥɢ 16Ʉ20, ɞɥɹ ɮɪɟɡɟɪɧɨɣ – 

ɜɟɪɬɢɤɚɥɶɧɨ-ɮɪɟɡɟɪɧɵɣ 6Ɋ13, ɚ ɞɥɹ ɫɜɟɪɥɟɧɢɹ ɩɪɢ ɞɢɚɦɟɬɪɟ ɞɨ 20 ɦɦ – 

ɪɚɞɢɚɥɶɧɨ-ɫɜɟɪɥɢɥɶɧɵɣ 2Ʉ52. 

ɉɨɱɬɢ ɜɟɫɶ ɢɧɫɬɪɭɦɟɧɬ ɫɬɚɧɞɚɪɬɧɵɣ ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɤɚɧɚɜɨɱɧɵɯ 
ɪɟɡɰɨɜ, ɢɦɟɸɳɢɯ ɨɩɪɟɞɟɥɟɧɧɵɣ ɩɪɨɮɢɥɶ. Ⱦɥɹ ɪɚɫɬɚɱɢɜɚɧɢɹ ɩɪɢɦɟɦ 
ɬɨɤɚɪɧɵɣ ɪɚɫɬɨɱɧɨɣ ɪɟɡɟɰ ɫ ɭɝɥɨɦ ɜ ɩɥɚɧɟ  = 60 ɫ ɩɥɚɫɬɢɧɨɣ ɢɡ ɬɜɟɪɞɨɝɨ 
ɫɩɥɚɜɚ ɩɨ ȽɈɋɌ 18882-93. Ⱦɥɹ ɨɛɪɚɛɨɬɤɢ ɬɨɪɰɟɜ – ɩɨɞɪɟɡɧɨɣ ɨɬɨɝɧɭɬɵɣ 
ɪɟɡɟɰ ɫ ɩɥɚɫɬɢɧɨɣ ɢɡ ɬɜɟɪɞɨɝɨ ɫɩɥɚɜɚ ɩɨ ȽɈɋɌ 18880-93. Ⱦɥɹ ɨɛɪɚɛɨɬɤɢ 
ɧɚɪɭɠɧɨɣ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ – ɩɪɨɯɨɞɧɨɣ ɪɟɡɟɰ ɫ ɩɥɚɫɬɢɧɨɣ ɢɡ 
ɬɜɟɪɞɨɝɨ ɫɩɥɚɜɚ ɩɨ ȽɈɋɌ 18878-93. Ⱦɥɹ ɮɪɟɡɟɪɨɜɚɧɢɹ ɬɨɪɰɚ Ɂ – ɮɪɟɡɚ 
ɬɨɪɰɟɜɚɹ ȽɈɋɌ 9473-80 160 ɫ ɩɥɚɫɬɢɧɚɦɢ ɢɡ ɬɜɟɪɞɨɝɨ ɫɩɥɚɜɚ. Ⱦɥɹ 
ɮɪɟɡɟɪɨɜɚɧɢɹ ɩɨɥɨɫɬɢ 52 – ɧɚɛɨɪ ɮɪɟɡ ɤɨɧɰɟɜɵɯ ɨɫɧɚɳɟɧɧɵɯ ɩɥɚɫɬɢɧɚɦɢ 
ɢɡ ɬɜɟɪɞɨɝɨ ɫɩɥɚɜɚ Ɍɍ 2-035-591-98 51,4, 51,8, 52. Ⱦɥɹ ɨɛɪɚɛɨɬɤɢ 
ɨɬɜɟɪɫɬɢɣ ɩɪɢɦɟɦ ɫɜɟɪɥɨ ɫɩɢɪɚɥɶɧɨɟ  ɩɨ ȽɈɋɌ 4010-97 ɢ ɦɟɬɱɢɤ ɩɨ ȽɈɋɌ 
3266-81. Ⱦɥɹ ɨɛɪɚɛɨɬɤɢ ɨɩɨɪɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɩɨɞ ɤɪɟɩɟɠɧɵɟ ɞɟɬɚɥɢ – 

ɰɟɤɨɜɤɚ ɰɢɥɢɧɞɪɢɱɟɫɤɚɹ ɰɟɥɶɧɚɹ ɢɡ ɛɵɫɬɪɨɪɟɠɭɳɟɣ ɫɬɚɥɢ. Ⱦɥɹ ɱɢɫɬɨɜɨɣ 
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ɨɛɪɚɛɨɬɤɢ ɨɬɜɟɪɫɬɢɹ 20ɇ7 – ɡɟɧɤɟɪ ɩɨ ȽɈɋɌ 12489-91 ɢ ɪɚɡɜɟɪɬɤɚ ɩɨ 
ȽɈɋɌ 1672-80.  

Ɉɫɧɨɜɵɜɚɹɫɶ ɧɚ ɷɫɤɢɡɟ ɞɟɬɚɥɢ (ɪɢɫɭɧɨɤ 1.1) ɫɨɫɬɚɜɢɦ ɦɚɪɲɪɭɬ 
ɨɛɪɚɛɨɬɤɢ. 

 
 

 
 

 

Ɋɢɫɭɧɨɤ 1.1  – ɗɫɤɢɡ ɞɟɬɚɥɢ 

 

 

010 Ɏɪɟɡɟɪɧɚɹ 

Ⱥ ɍɫɬɚɧɨɜɢɬɶ ɡɚɝɨɬɨɜɤɭ ɩɨ ɨɬɜɟɪɫɬɢɸ 11 ɢ ɬɨɪɰɭ 9. 

1 Ɏɪɟɡɟɪɨɜɚɬɶ ɬɨɪɟɰ 1 ɨɤɨɧɱɚɬɟɥɶɧɨ. 
2 Ɏɪɟɡɟɪɨɜɚɬɶ ɩɨɜɟɪɯɧɨɫɬɢ 2, 16, 3 ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ. 
3 Ɏɪɟɡɟɪɨɜɚɬɶ ɩɨɜɟɪɯɧɨɫɬɶ 19 ɨɤɨɧɱɚɬɟɥɶɧɨ. 
4 Ɏɪɟɡɟɪɨɜɚɬɶ ɩɨɜɟɪɯɧɨɫɬɶ 20 ɨɤɨɧɱɚɬɟɥɶɧɨ. 
ɋɬɚɧɨɤ ɜɟɪɬɢɤɚɥɶɧɨ-ɮɪɟɡɟɪɧɵɣ ɫ ɑɉɍ 6Ɋ13, ɩɪɢɫɩɨɫɨɛɥɟɧɢɟ – 

ɫɩɟɰɢɚɥɶɧɨɟ; ɪɟɠɭɳɢɣ ɢɧɫɬɪɭɦɟɧɬ – ɮɪɟɡɵ ɬɨɪɰɟɜɚɹ 125 ɢ ɤɨɧɰɟɜɚɹ 51,4.  

 

020 Ɍɨɤɚɪɧɚɹ 

Ⱥ ɍɫɬɚɧɨɜɢɬɶ  ɡɚɝɨɬɨɜɤɭ  ɩɨ  ɩɨɜɟɪɯɧɨɫɬɹɦ  19,  20,  21,  22  ɫ  ɭɩɨɪɨɦ ɜ 
ɬɨɪɟɰ 1. 

1 Ɍɨɱɢɬɶ ɩɨɜɟɪɯɧɨɫɬɶ 6 ɨɤɨɧɱɚɬɟɥɶɧɨ. 
2 ɉɨɞɪɟɡɚɬɶ ɬɨɪɟɰ 9 ɨɤɨɧɱɚɬɟɥɶɧɨ. 
3 ɉɨɞɪɟɡɚɬɶ ɬɨɪɟɰ 5 ɨɤɨɧɱɚɬɟɥɶɧɨ. 
4 ɉɨɞɪɟɡɚɬɶ ɬɨɪɟɰ 7 ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ. 
5 ɉɨɞɪɟɡɚɬɶ ɬɨɪɟɰ 7 ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ. 
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6 ɉɨɞɪɟɡɚɬɶ ɬɨɪɟɰ 7 ɨɤɨɧɱɚɬɟɥɶɧɨ. 
7 Ɍɨɱɢɬɶ ɮɚɫɤɭ. 

8 Ɋɚɫɬɨɱɢɬɶ ɨɬɜɟɪɫɬɢɟ 11 ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ. 
9 Ɋɚɫɬɨɱɢɬɶ ɨɬɜɟɪɫɬɢɟ 11 ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ. 
10 Ɋɚɫɬɨɱɢɬɶ ɨɬɜɟɪɫɬɢɟ 11 ɨɤɨɧɱɚɬɟɥɶɧɨ. 
11 Ɋɚɫɬɨɱɢɬɶ ɨɬɜɟɪɫɬɢɟ 15 ɨɤɨɧɱɚɬɟɥɶɧɨ. 
12 Ɋɚɫɬɨɱɢɬɶ ɮɚɫɤɭ 10 ɨɤɨɧɱɚɬɟɥɶɧɨ. 
13 Ɋɚɫɬɨɱɢɬɶ ɤɚɧɚɜɤɭ 13 ɨɤɨɧɱɚɬɟɥɶɧɨ. 
14 Ɋɚɫɬɨɱɢɬɶ ɩɪɨɬɨɱɤɭ 12 ɨɤɨɧɱɚɬɟɥɶɧɨ. 
15 Ɍɨɱɢɬɶ ɩɨɜɟɪɯɧɨɫɬɶ 14 ɨɤɨɧɱɚɬɟɥɶɧɨ. 
ɋɬɚɧɨɤ ɬɨɤɚɪɧɨ-ɜɢɧɬɨɪɟɡɧɵɣ 16Ʉ20, ɩɪɢɫɩɨɫɨɛɥɟɧɢɟ – ɩɚɬɪɨɧ 

ɱɟɬɵɪɟɯɤɭɥɚɱɤɨɜɵɣ ɧɟɫɚɦɨɰɟɧɬɪɢɪɭɸɳɢɣɫɹ; ɪɟɠɭɳɢɣ ɢɧɫɬɪɭɦɟɧɬ – ɪɟɡɟɰ 
ɩɪɨɯɨɞɧɨɣ, ɪɚɫɬɨɱɧɨɣ, ɩɨɞɪɟɡɧɨɣ ɢ ɤɚɧɚɜɨɱɧɵɣ.  
 

030 ɋɜɟɪɥɢɥɶɧɚɹ 

Ⱥ ɍɫɬɚɧɨɜɢɬɶ ɡɚɝɨɬɨɜɤɭ ɩɨ ɩɨɜɟɪɯɧɨɫɬɹɦ 2, 16 ɢ ɬɨɪɰɭ 1. 

1 ɋɜɟɪɥɢɬɶ 6 ɨɬɜɟɪɫɬɢɣ 8 ɩɨ ɤɨɧɞɭɤɬɨɪɭ ɨɤɨɧɱɚɬɟɥɶɧɨ. 
2 Ɂɟɧɤɨɜɚɬɶ 6 ɨɬɜɟɪɫɬɢɣ 8 ɨɤɨɧɱɚɬɟɥɶɧɨ. 

3 ɋɜɟɪɥɢɬɶ 2 ɨɬɜɟɪɫɬɢɹ 17 ɨɤɨɧɱɚɬɟɥɶɧɨ. 
4 ɋɜɟɪɥɢɬɶ 3 ɨɬɜɟɪɫɬɢɹ ɩɨɞ ɪɟɡɶɛɭ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ. 
5 ɇɚɪɟɡɚɬɶ ɜ 3ɯ ɨɬɜɟɪɫɬɢɹɯ ɪɟɡɶɛɭ Ɇ6 ɨɤɨɧɱɚɬɟɥɶɧɨ. 
ɋɬɚɧɨɤ ɪɚɞɢɚɥɶɧɨ-ɫɜɟɪɥɢɥɶɧɵɣ 2Ɇ55, ɩɪɢɫɩɨɫɨɛɥɟɧɢɟ – ɡɚɠɢɦɧɨɟ 

ɫɩɟɰɢɚɥɶɧɨɟ, ɩɥɢɬɚ ɤɨɧɞɭɤɬɨɪɧɚɹ; ɪɟɠɭɳɢɣ ɢɧɫɬɪɭɦɟɧɬ – ɫɜɟɪɥɨ 
ɫɩɢɪɚɥɶɧɨɟ, ɡɟɧɤɨɜɤɚ, ɦɟɬɱɢɤ. 

 

040 Ɏɪɟɡɟɪɧɚɹ 

Ⱥ ɍɫɬɚɧɨɜɢɬɶ ɡɚɝɨɬɨɜɤɭ  ɩɨ  ɨɬɜɟɪɫɬɢɸ 11, ɬɨɪɰɭ 9 ɢ ɨɞɧɨɦɭ 
ɨɬɜɟɪɫɬɢɸ 8. 

1 Ɏɪɟɡɟɪɨɜɚɬɶ ɩɨɜɟɪɯɧɨɫɬɢ 2, 16, 3 ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ. 
2 Ɏɪɟɡɟɪɨɜɚɬɶ ɩɨɜɟɪɯɧɨɫɬɢ 2, 16, 3 ɨɤɨɧɱɚɬɟɥɶɧɨ. 
ɋɬɚɧɨɤ ɜɟɪɬɢɤɚɥɶɧɨ-ɮɪɟɡɟɪɧɵɣ ɫ ɑɉɍ 6Ɋ13, ɩɪɢɫɩɨɫɨɛɥɟɧɢɟ – 

ɫɩɟɰɢɚɥɶɧɨɟ; ɪɟɠɭɳɢɣ ɢɧɫɬɪɭɦɟɧɬ – ɮɪɟɡɚ ɤɨɧɰɟɜɚɹ 51,8.  

 

050 ɋɜɟɪɥɢɥɶɧɚɹ 

Ⱥ ɍɫɬɚɧɨɜɢɬɶ ɡɚɝɨɬɨɜɤɭ ɩɨ ɨɬɜɟɪɫɬɢɸ 11, ɬɨɪɰɭ  9  ɢ ɨɞɧɨɦɭ 
ɨɬɜɟɪɫɬɢɸ 8. 

1 ɋɜɟɪɥɢɬɶ ɨɬɜɟɪɫɬɢɟ 4 ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ. 
2 Ɂɟɧɤɟɪɨɜɚɬɶ ɨɬɜɟɪɫɬɢɟ 4 ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ. 
3 Ɋɚɡɜɟɪɧɭɬɶ ɨɬɜɟɪɫɬɢɟ 4 ɨɤɨɧɱɚɬɟɥɶɧɨ. 
4 ɐɟɤɨɜɚɬɶ ɨɬɜɟɪɫɬɢɟ 4 ɨɤɨɧɱɚɬɟɥɶɧɨ. 
ɋɬɚɧɨɤ ɪɚɞɢɚɥɶɧɨ-ɫɜɟɪɥɢɥɶɧɵɣ 2Ɇ55, ɩɪɢɫɩɨɫɨɛɥɟɧɢɟ – ɫɩɟɰɢɚɥɶɧɨɟ; 

ɪɟɠɭɳɢɣ ɢɧɫɬɪɭɦɟɧɬ – ɫɜɟɪɥɨ, ɡɟɧɤɟɪ, ɪɚɡɜɟɪɬɤɚ, ɰɟɤɨɜɤɚ ɧɚɫɚɞɧɚɹ.  
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060 ɋɜɟɪɥɢɥɶɧɚɹ 

Ⱥ ɍɫɬɚɧɨɜɢɬɶ ɡɚɝɨɬɨɜɤɭ  ɩɨ ɨɬɜɟɪɫɬɢɸ 11, ɬɨɪɰɭ  9 ɢ ɨɞɧɨɦɭ 
ɨɬɜɟɪɫɬɢɸ 8. 

1 ɋɜɟɪɥɢɬɶ 8 ɨɬɜɟɪɫɬɢɣ 18 ɩɨɞ ɪɟɡɶɛɭ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ. 
2 ɐɟɤɨɜɚɬɶ 8 ɨɬɜɟɪɫɬɢɣ 18 ɨɤɨɧɱɚɬɟɥɶɧɨ. 

3 ɇɚɪɟɡɚɬɶ ɜ 8ɦɢ ɨɬɜɟɪɫɬɢɹɯ 18 ɪɟɡɶɛɭ Ɇ8 ɨɤɨɧɱɚɬɟɥɶɧɨ. 
ɋɬɚɧɨɤ ɪɚɞɢɚɥɶɧɨ-ɫɜɟɪɥɢɥɶɧɵɣ 2Ɇ55, ɩɪɢɫɩɨɫɨɛɥɟɧɢɟ – ɡɚɠɢɦɧɨɟ 

ɫɩɟɰɢɚɥɶɧɨɟ, ɩɥɢɬɚ ɤɨɧɞɭɤɬɨɪɧɚɹ; ɪɟɠɭɳɢɣ ɢɧɫɬɪɭɦɟɧɬ – ɫɜɟɪɥɨ 
ɫɩɢɪɚɥɶɧɨɟ, ɰɟɤɨɜɤɚ ɧɚɫɚɞɧɚɹ, ɦɟɬɱɢɤ. 

 

 

1.5  ɋɨɫɬɚɜɥɟɧɢɟ ɦɚɪɲɪɭɬɚ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɫ 
ɩɪɢɦɟɧɟɧɢɟɦ ɫɬɚɧɤɨɜ ɫ Чɉɍ 

 

Ȼɨɥɟɟ 70% ɢɡɞɟɥɢɣ ɜ ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ ɢɡɝɨɬɨɜɥɹɸɬ ɜ ɭɫɥɨɜɢɹɯ 
ɦɟɥɤɨɫɟɪɢɣɧɨɝɨ ɢ ɫɟɪɢɣɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ. ɗɮɮɟɤɬɢɜɧɵɦ ɫɪɟɞɫɬɜɨɦ 
ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɦɟɥɤɨɫɟɪɢɣɧɨɝɨ ɢ ɫɟɪɢɣɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɹɜɥɹɟɬɫɹ 
ɩɪɨɝɪɚɦɦɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɦɟɬɚɥɥɨɪɟɠɭɳɢɦɢ ɫɬɚɧɤɚɦɢ.  

ȼ ɫɬɚɧɤɚɯ ɫ ɑɉɍ ɭɩɪɚɜɥɟɧɢɟ ɪɚɛɨɱɢɦɢ ɨɪɝɚɧɚɦɢ ɜ ɩɪɨɰɟɫɫɟ 
ɨɛɪɚɛɨɬɤɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɩɨ ɡɚɪɚɧɟɟ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɩɪɨɝɪɚɦɦɟ 
ɛɟɡ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ ɭɱɚɫɬɢɹ ɪɚɛɨɱɟɝɨ. ɉɪɨɝɪɚɦɦɧɨɟ ɭɩɪɚɜɥɟɧɢɟ — ɷɬɨ 
ɬɚɤɚɹ ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ, ɤɨɬɨɪɚɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɚɜɬɨɦɚɬɢɱɟɫɤɭɸ ɪɚɛɨɬɭ 
ɦɟɯɚɧɢɡɦɨɜ ɫɬɚɧɤɚ ɩɨ ɥɟɝɤɨ ɩɟɪɟɧɚɥɚɠɢɜɚɟɦɨɣ ɩɪɨɝɪɚɦɦɟ. ɋɬɚɧɨɤ-ɚɜɬɨɦɚɬ 
ɪɚɛɨɬɚɟɬ ɩɨ ɩɪɨɝɪɚɦɦɟ, ɡɚɞɚɜɚɟɦɨɣ ɤɭɥɚɱɤɚɦɢ ɢɥɢ ɤɨɩɢɪɚɦɢ.  

Ɉɫɧɨɜɧɵɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ɫɬɚɧɤɨɜ ɫ ɑɉɍ:  
 ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɫɬɚɧɤɚ ɩɨɜɵɲɚɟɬɫɹ ɜ 1,5...2,5 ɪɚɡɚ ɩɨ ɫɪɚɜɧɟɧɢɸ 

ɫ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɚɧɚɥɨɝɢɱɧɵɯ ɫɬɚɧɤɨɜ ɫ ɪɭɱɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ;  
 ɫɨɱɟɬɚɟɬɫɹ ɝɢɛɤɨɫɬɶ ɭɧɢɜɟɪɫɚɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫ ɬɨɱɧɨɫɬɶɸ ɢ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɫɬɚɧɤɚ-ɚɜɬɨɦɚɬɚ;  
 ɫɧɢɠɚɟɬɫɹ ɩɨɬɪɟɛɧɨɫɬɶ ɜ ɤɜɚɥɢɮɢɰɢɪɨɜɚɧɧɵɯ ɪɚɛɨɱɢɯ ɫɬɚɧɨɱɧɢɤɚɯ, 

ɚ ɩɨɞɝɨɬɨɜɤɚ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɟɪɟɧɨɫɢɬɫɹ ɜ ɫɮɟɪɭ ɢɧɠɟɧɟɪɧɨɝɨ ɬɪɭɞɚ;  
 ɞɟɬɚɥɢ, ɢɡɝɨɬɨɜɥɟɧɧɵɟ ɩɨ ɨɞɧɨɣ ɩɪɨɝɪɚɦɦɟ, ɹɜɥɹɸɬɫɹ 

ɜɡɚɢɦɨɡɚɦɟɧɹɟɦɵɦɢ, ɱɬɨ ɫɨɤɪɚɳɚɟɬ ɜɪɟɦɹ ɩɪɢɝɨɧɨɱɧɵɯ ɪɚɛɨɬ;  
 ɫɨɤɪɚɳɚɸɬɫɹ ɫɪɨɤɢ ɩɨɞɝɨɬɨɜɤɢ ɢ ɩɟɪɟɯɨɞɚ ɧɚ ɢɡɝɨɬɨɜɥɟɧɢɟ ɧɨɜɵɯ 

ɞɟɬɚɥɟɣ ɛɥɚɝɨɞɚɪɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɩɨɞɝɨɬɨɜɤɟ ɩɪɨɝɪɚɦɦ, ɛɨɥɟɟ ɩɪɨɫɬɨɣ ɢ 
ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɨɫɧɚɫɬɤɟ.  

ɋɨɫɬɚɜɢɦ ɦɚɪɲɪɭɬ ɨɛɪɚɛɨɬɤɢ ɤɨɪɩɭɫɚ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɫɬɚɧɤɨɜ ɫ ɑɉɍ. 
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010 Ɍɨɤɚɪɧɨ-ɮɪɟɡɟɪɧɚɹ 

Ⱥ ɍɫɬɚɧɨɜɢɬɶ ɡɚɝɨɬɨɜɤɭ ɜ ɲɩɢɧɞɟɥɶ ɩɨ ɩɨɜɟɪɯɧɨɫɬɹɦ 19,  20,  21,  22  ɫ  
ɭɩɨɪɨɦ ɜ ɬɨɪɟɰ 1. 

1 Ɍɨɱɢɬɶ ɩɨɜɟɪɯɧɨɫɬɶ 6 ɨɤɨɧɱɚɬɟɥɶɧɨ. 
2 ɉɨɞɪɟɡɚɬɶ ɬɨɪɟɰ 9 ɨɤɨɧɱɚɬɟɥɶɧɨ. 
3 ɉɨɞɪɟɡɚɬɶ ɬɨɪɟɰ 5 ɨɤɨɧɱɚɬɟɥɶɧɨ. 
4 ɉɨɞɪɟɡɚɬɶ ɬɨɪɟɰ 7 ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ. 
5 ɉɨɞɪɟɡɚɬɶ ɬɨɪɟɰ 7 ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ. 
6 ɉɨɞɪɟɡɚɬɶ ɬɨɪɟɰ 7 ɨɤɨɧɱɚɬɟɥɶɧɨ. 
7 Ɍɨɱɢɬɶ ɮɚɫɤɭ. 
8 Ɋɚɫɬɨɱɢɬɶ ɨɬɜɟɪɫɬɢɟ 11 ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ. 
9 Ɋɚɫɬɨɱɢɬɶ ɨɬɜɟɪɫɬɢɟ 11 ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ. 
10 Ɋɚɫɬɨɱɢɬɶ ɨɬɜɟɪɫɬɢɟ 11 ɨɤɨɧɱɚɬɟɥɶɧɨ. 
11 Ɋɚɫɬɨɱɢɬɶ ɨɬɜɟɪɫɬɢɟ 15 ɨɤɨɧɱɚɬɟɥɶɧɨ. 
12 Ɋɚɫɬɨɱɢɬɶ ɮɚɫɤɭ 10 ɨɤɨɧɱɚɬɟɥɶɧɨ. 
13 Ɋɚɫɬɨɱɢɬɶ ɤɚɧɚɜɤɭ 13 ɨɤɨɧɱɚɬɟɥɶɧɨ. 
14 Ɋɚɫɬɨɱɢɬɶ ɩɪɨɬɨɱɤɭ 12 ɨɤɨɧɱɚɬɟɥɶɧɨ. 
15 Ɍɨɱɢɬɶ ɩɨɜɟɪɯɧɨɫɬɶ 14 ɨɤɨɧɱɚɬɟɥɶɧɨ. 
16 ɋɜɟɪɥɢɬɶ 6 ɨɬɜɟɪɫɬɢɣ 8 ɩɨ ɤɨɧɞɭɤɬɨɪɭ ɨɤɨɧɱɚɬɟɥɶɧɨ. 
17 Ɂɟɧɤɨɜɚɬɶ 6 ɨɬɜɟɪɫɬɢɣ 8 ɨɤɨɧɱɚɬɟɥɶɧɨ. 

18 ɋɜɟɪɥɢɬɶ 2 ɨɬɜɟɪɫɬɢɹ 17 ɨɤɨɧɱɚɬɟɥɶɧɨ. 
19 ɋɜɟɪɥɢɬɶ 3 ɨɬɜɟɪɫɬɢɹ ɩɨɞ ɪɟɡɶɛɭ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ. 
20 ɇɚɪɟɡɚɬɶ ɜ 3ɯ ɨɬɜɟɪɫɬɢɹɯ ɪɟɡɶɛɭ Ɇ6 ɨɤɨɧɱɚɬɟɥɶɧɨ. 
Ȼ  ɉɟɪɟɭɫɬɚɧɨɜɤɚ ɡɚɝɨɬɨɜɤɢ ɜ ɩɪɨɬɢɜɨɲɩɢɧɞɟɥɶ ɩɨ ɨɬɜɟɪɫɬɢɸ 11 ɢ 

ɬɨɪɰɭ 9. 

21 Ɏɪɟɡɟɪɨɜɚɬɶ ɬɨɪɟɰ 1 ɨɤɨɧɱɚɬɟɥɶɧɨ. 
22 Ɏɪɟɡɟɪɨɜɚɬɶ ɩɨɜɟɪɯɧɨɫɬɢ 2, 16, 3 ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ. 
23 Ɏɪɟɡɟɪɨɜɚɬɶ ɩɨɜɟɪɯɧɨɫɬɢ 2, 16, 3 ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ. 
24 Ɏɪɟɡɟɪɨɜɚɬɶ ɩɨɜɟɪɯɧɨɫɬɢ 2, 16, 3 ɨɤɨɧɱɚɬɟɥɶɧɨ. 
25 Ɏɪɟɡɟɪɨɜɚɬɶ ɩɨɜɟɪɯɧɨɫɬɶ 19 ɨɤɨɧɱɚɬɟɥɶɧɨ. 
26 Ɏɪɟɡɟɪɨɜɚɬɶ ɩɨɜɟɪɯɧɨɫɬɶ 20 ɨɤɨɧɱɚɬɟɥɶɧɨ. 
27 ɋɜɟɪɥɢɬɶ ɨɬɜɟɪɫɬɢɟ 4 ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ. 
28 Ɂɟɧɤɟɪɨɜɚɬɶ ɨɬɜɟɪɫɬɢɟ 4 ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ. 
29 Ɋɚɡɜɟɪɧɭɬɶ ɨɬɜɟɪɫɬɢɟ 4 ɨɤɨɧɱɚɬɟɥɶɧɨ. 
30 ɐɟɤɨɜɚɬɶ ɨɬɜɟɪɫɬɢɟ 4 ɨɤɨɧɱɚɬɟɥɶɧɨ. 
31 ɋɜɟɪɥɢɬɶ 8 ɨɬɜɟɪɫɬɢɣ 18 ɩɨɞ ɪɟɡɶɛɭ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ. 
32 ɐɟɤɨɜɚɬɶ 8 ɨɬɜɟɪɫɬɢɣ 18 ɨɤɨɧɱɚɬɟɥɶɧɨ. 

33 ɇɚɪɟɡɚɬɶ ɜ 8ɦɢ ɨɬɜɟɪɫɬɢɹɯ 18 ɪɟɡɶɛɭ Ɇ8 ɨɤɨɧɱɚɬɟɥɶɧɨ. 
Ɍɨɤɚɪɧɵɣ ɨɛɪɚɛɚɬɵɜɚɸɳɢɣ ɰɟɧɬɪ ɫ ɑɉɍ ɫ ɩɪɨɬɢɜɨɲɩɢɧɞɟɥɟɦ 

HYPERTURN 45; ɢɧɫɬɪɭɦɟɧɬ – ɪɟɡɟɰ ɩɪɨɯɨɞɧɨɣ, ɪɚɫɬɨɱɧɨɣ, ɩɨɞɪɟɡɧɨɣ ɢ 
ɤɚɧɚɜɨɱɧɵɣ; ɫɜɟɪɥɨ ɫɩɢɪɚɥɶɧɨɟ, ɡɟɧɤɨɜɤɚ, ɦɟɬɱɢɤ, ɮɪɟɡɵ ɬɨɪɰɟɜɚɹ 63 ɢ 
ɤɨɧɰɟɜɚɹ 32, ɡɟɧɤɟɪ, ɪɚɡɜɟɪɬɤɚ, ɰɟɤɨɜɤɚ ɧɚɫɚɞɧɚɹ; ɩɪɢɫɩɨɫɨɛɥɟɧɢɟ 
ɡɚɠɢɦɧɨɟ – ɲɩɢɧɞɟɥɶ – ɩɚɬɪɨɧ ɱɟɬɵɪɟɯɤɭɥɚɱɤɨɜɵɣ ɧɟɫɚɦɨɰɟɧɬɪɢɪɭɸɳɢɣɫɹ 
ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ, ɩɪɨɬɢɜɨɲɩɢɧɞɟɥɶ – ɨɩɪɚɜɤɚ ɪɚɡɠɢɦɧɚɹ ɝɢɞɪɚɜɥɢɱɟɫɤɚɹ. 
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1.6  ɗɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɜɵɛɨɪɚ ɡɚɝɨɬɨɜɤɢ 

 

Ɇɟɬɨɞ ɜɵɩɨɥɧɟɧɢɹ ɡɚɝɨɬɨɜɨɤ ɞɥɹ ɞɟɬɚɥɟɣ ɦɚɲɢɧ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɧɚɡɧɚɱɟɧɢɟɦ ɢ ɤɨɧɫɬɪɭɤɰɢɟɣ ɞɟɬɚɥɢ, ɦɚɬɟɪɢɚɥɨɦ, ɬɟɯɧɢɱɟɫɤɢɦɢ 
ɬɪɟɛɨɜɚɧɢɹɦɢ, ɦɚɫɲɬɚɛɨɦ ɢ ɫɟɪɢɣɧɨɫɬɶɸ ɜɵɩɭɫɤɚ, ɚ ɬɚɤɠɟ ɷɤɨɧɨɦɢɱɧɨɫɬɶɸ 
ɢɡɝɨɬɨɜɥɟɧɢɹ.  

ȼɵɛɪɚɬɶ ɡɚɝɨɬɨɜɤɭ – ɡɧɚɱɢɬ ɭɫɬɚɧɨɜɢɬɶ ɫɩɨɫɨɛ ɟɟ ɩɨɥɭɱɟɧɢɹ.  
Ɋɚɡɥɢɱɧɵɟ ɫɩɨɫɨɛɵ ɩɨɥɭɱɟɧɢɹ ɥɢɬɵɯ ɡɚɝɨɬɨɜɨɤ ɨɬɥɢɱɚɸɬɫɹ 

ɯɚɪɚɤɬɟɪɨɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɨɫɧɚɫɬɤɢ ɥɢɬɟɣɧɨɝɨ ɰɟɯɚ, ɦɟɯɚɧɢɡɚɰɢɟɣ 
ɩɪɨɰɟɫɫɚ ɫɛɨɪɤɢ ɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɮɨɪɦ. 

Ɉɬɥɢɜɤɢ ɢɡ ɋɑ18 ɱɚɳɟ ɜɫɟɝɨ ɩɨɥɭɱɚɸɬ ɜ ɡɟɦɥɹɧɵɯ (80%) ɢ 
ɦɟɬɚɥɥɢɱɟɫɤɢɯ (ɱɭɝɭɧɧɵɯ) ɮɨɪɦɚɯ – ɤɨɤɢɥɹɯ. ɉɪɨɜɟɞɟɦ ɫɪɚɜɧɢɬɟɥɶɧɵɣ 
ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɷɬɢɯ ɞɜɭɯ ɫɩɨɫɨɛɨɜ (ɬɚɛɥɢɰɚ 1.3). 

ɋɬɨɢɦɨɫɬɶ ɡɚɝɨɬɨɜɨɤ, ɩɨɥɭɱɚɟɦɵɯ ɷɬɢɦɢ ɫɩɨɫɨɛɚɦɢ, ɦɨɠɧɨ ɫ 
ɞɨɫɬɚɬɨɱɧɨɣ  ɬɨɱɧɨɫɬɶɸ ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɮɨɪɦɭɥɟ Д6] 
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S                                           (1.5) 

 

ɝɞɟ ɋi - ɛɚɡɨɜɚɹ ɫɬɨɢɦɨɫɬɶ 1 ɬɨɧɧɵ ɡɚɝɨɬɨɜɨɤ.  
kɬ, kɫ, kɜ, kɦ, kɩ - ɤɨɷɮɮɢɰɢɟɧɬɵ,  ɡɚɜɢɫɹɳɢɟ ɨɬ ɤɥɚɫɫɚ ɬɨɱɧɨɫɬɢ, 

ɝɪɭɩɩɵ ɫɥɨɠɧɨɫɬɢ,  ɦɚɫɫɵ,  ɦɚɪɤɢ  ɦɚɬɟɪɢɚɥɚ ɢ ɨɛɴɟɦɚ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɡɚɝɨɬɨɜɨɤ. 

Q - ɦɚɫɫɚ ɡɚɝɨɬɨɜɤɢ.  
q - ɦɚɫɫɚ ɝɨɬɨɜɨɣ ɞɟɬɚɥɢ.  
Sɨɬɯ - ɰɟɧɚ ɨɞɧɨɣ ɬɨɧɧɵ ɨɬɯɨɞɨɜ. 

ɇɚɲɚ ɡɚɝɨɬɨɜɤɚ 2ɝɨ ɤɥɚɫɫɚ ɬɨɱɧɨɫɬɢ, IV ɝɪɭɩɩɵ ɫɥɨɠɧɨɫɬɢ, ɦɚɫɫɨɣ 6,14 

ɤɝ ɢɡ ɫɟɪɨɝɨ ɱɭɝɭɧɚ, 3ɟɣ ɝɪɭɩɩɵ ɫɟɪɢɣɧɨɫɬɢ. 
 

Ɍɚɛɥɢɰɚ 1.3 – ȼɵɛɨɪ ɡɚɝɨɬɨɜɤɢ 

 
ȼɢɞ ɥɢɬɶɹ ɋi kɬ kɫ kɜ kɦ kɩ Q q Sɨɬɯ 

Ʉɨɤɢɥɶ 67800 1,05 1,25 0,91 1 1,44 6,03 5,2 5000 

Ɂɟɦɥ.ɮɨɪɦɵ 66000 1 1,2 0,91 1 1,44 6,14 5,2 5000 

 

ɉɨɞɫɬɚɜɢɦ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɜ ɮɨɪɦɭɥɭ ɢ ɩɨɥɭɱɢɦ  
Sɡɚɝ1 = 699 ɪɭɛ   

Sɡɚɝ2 = 632,53 ɪɭɛ 

 

Ʉɚɤ ɜɢɞɢɦ ɢɡ ɪɚɫɱɟɬɨɜ, ɞɥɹ ɧɚɲɟɝɨ ɫɥɭɱɚɹ ɛɨɥɟɟ ɩɪɢɟɦɥɟɦɨ ɥɢɬɶɟ ɜ 
ɨɛɵɱɧɵɟ ɡɟɦɥɹɧɵɟ ɮɨɪɦɵ. Ɏɨɪɦɨɜɨɱɧɚɹ ɫɦɟɫɶ ɩɪɢ ɷɬɨɦ ɫɨɫɬɨɢɬ ɢɡ 
ɤɜɚɪɰɟɜɨɝɨ ɩɟɫɤɚ, ɝɥɢɧɵ ɢ ɫɩɟɰɢɚɥɶɧɵɯ ɞɨɛɚɜɨɤ. Ʌɢɬɟɣɧɚɹ ɮɨɪɦɚ 
ɢɡɝɨɬɚɜɥɢɜɚɟɬɫɹ ɩɭɬɟɦ ɭɩɥɨɬɧɟɧɢɹ ɮɨɪɦɨɜɨɱɧɨɣ ɫɦɟɫɢ ɩɨ ɦɨɞɟɥɢ ɩɪɢ 
ɩɨɦɨɳɢ ɮɨɪɦɨɜɨɱɧɨɣ ɦɚɲɢɧɵ. Ɇɟɬɚɥɥ ɢɡ ɩɟɱɢ ɜɵɩɭɫɤɚɸɬ ɜ ɤɨɜɲɢ, ɚ ɡɚɬɟɦ 
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ɪɚɡɥɢɜɚɸɬ ɩɨ ɮɨɪɦɚɦ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɦɟɬɚɥɥ ɧɟ ɡɚɩɨɥɧɢɬ ɜɵɩɨɪɵ ɢ 
ɩɪɢɛɵɥɢ. ɉɨɫɥɟ ɩɨɥɧɨɝɨ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɢ ɞɨɫɬɚɬɨɱɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɨɬɥɢɜɤɢ 
ɜɵɛɢɜɚɸɬ ɢɡ ɮɨɪɦ ɢ ɢɡ ɧɢɯ ɜɵɛɢɜɚɸɬ ɫɬɟɪɠɧɢ. Ɂɚɬɟɦ ɨɬɥɢɜɤɢ ɧɟɨɛɯɨɞɢɦɨ 
ɨɫɜɨɛɨɞɢɬɶ ɨɬ ɥɢɬɧɢɤɨɜ, ɜɵɩɨɪɨɜ ɢ ɩɪɢɛɵɥɟɣ ɢ ɭɞɚɥɢɬɶ ɫ ɩɨɜɟɪɯɧɨɫɬɢ 
ɨɬɥɢɜɤɢ ɩɪɢɝɨɪɟɜɲɭɸ ɮɨɪɦɨɜɨɱɧɭɸ ɫɦɟɫɶ. 

ɗɤɨɧɨɦɢɹ ɩɪɢ ɷɬɨɦ ɫɨɫɬɚɜɢɬ ɧɚ ɨɞɧɭ ɞɟɬɚɥɶ 66,47 ɪɭɛ, ɧɚ ɝɨɞɨɜɨɣ 
ɜɵɩɭɫɤ – 6647 ɪɭɛ.                 

 

1.7  Ɋɚɫɱɟɬ ɢ ɧɚɡɧɚɱɟɧɢɟ ɩɪɢɩɭɫɤɨɜ    

 

ɉɪɢɩɭɫɤ - ɫɥɨɣ ɦɚɬɟɪɢɚɥɚ, ɭɞɚɥɹɟɦɵɣ ɫ ɩɨɜɟɪɯɧɨɫɬɢ  ɡɚɝɨɬɨɜɤɢ ɜ ɰɟɥɹɯ 
ɞɨɫɬɢɠɟɧɢɹ ɡɚɞɚɧɧɵɯ  ɫɜɨɣɫɬɜ  ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ  ɩɨɜɟɪɯɧɨɫɬɢ  ɞɟɬɚɥɢ. 

ɉɪɢɩɭɫɤ ɧɚ ɨɛɪɚɛɨɬɤɭ ɩɨɜɟɪɯɧɨɫɬɟɣ ɞɟɬɚɥɢ ɦɨɠɟɬ ɛɵɬɶ ɧɚɡɧɚɱɟɧ ɩɨ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɫɩɪɚɜɨɱɧɵɦ ɬɚɛɥɢɰɚɦ, ȽɈɋɌɚɦ ɢɥɢ ɧɚ ɨɫɧɨɜɟ ɪɚɫɱɟɬɧɨ-

ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɢɩɭɫɤɨɜ. 
Ɋɚɫɫɱɢɬɚɟɦ ɩɪɢɩɭɫɤɢ ɧɚ ɧɚɢɛɨɥɟɟ ɨɬɜɟɬɫɬɜɟɧɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ. 
 

1 Ɉɛɪɚɛɨɬɤɚ ɩɨɫɚɞɨɱɧɨɝɨ ɨɬɜɟɪɫɬɢɹ 40ɇ7. 

Ⱦɚɧɧɨɟ ɨɬɜɟɪɫɬɢɟ ɪɚɫɬɚɱɢɜɚɟɬɫɹ ɞɨ ɲɟɪɨɯɨɜɚɬɨɫɬɢ  Rг = 2,5 ɦɤɦ ɫ 
ɜɵɞɟɪɠɢɜɚɧɢɟɦ ɬɨɱɧɨɫɬɢ ɪɚɡɦɟɪɚ ɩɨ ɫɟɞɶɦɨɦɭ ɤɜɚɥɢɬɟɬɭ. Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ 
ɬɚɤɨɣ ɬɨɱɧɨɫɬɢ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɱɟɪɧɨɜɭɸ, ɱɢɫɬɨɜɭɸ ɢ ɬɨɧɤɭɸ 
ɨɛɪɚɛɨɬɤɭ. 

ɉɪɢ ɨɛɪɚɛɨɬɤɟ ɜɧɭɬɪɟɧɧɢɯ ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɮɨɪɦɭɥɚ ɞɥɹ 
ɪɚɫɱɟɬɚ ɦɢɧɢɦɚɥɶɧɨɝɨ ɩɪɢɩɭɫɤɚ ɢɦɟɟɬ ɜɢɞ Д6] 

 

)(22 22
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TRzZ   
                                              (1.6) 

 

ɝɞɟ Rz – ɲɟɪɨɯɨɜɚɬɨɫɬɶ, ɦɤɦ; T – ɝɥɭɛɢɧɚ ɞɟɮɟɤɬɧɨɝɨ ɫɥɨɹ, ɦɤɦ;  - 

ɫɭɦɦɚɪɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɪɚɫɩɨɥɨɠɟɧɢɹ ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ, ɦɤɦ;  - ɩɨɝɪɟɲɧɨɫɬɶ ɭɫɬɚɧɨɜɤɢ ɡɚɝɨɬɨɜɤɢ ɩɪɢ ɨɛɪɚɛɨɬɤɟ, ɦɤɦ. 

ɋɭɦɦɚɪɧɨɟ ɡɧɚɱɟɧɢɟ Rz ɢ T, ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɟ ɤɚɱɟɫɬɜɨ ɩɨɜɟɪɯɧɨɫɬɢ 
ɥɢɬɨɣ ɡɚɝɨɬɨɜɤɢ ɜɬɨɪɨɝɨ ɤɥɚɫɫɚ ɬɨɱɧɨɫɬɢ, ɫɨɫɬɚɜɥɹɟɬ 700 ɦɤɦ. ɉɨɫɥɟ ɩɟɪɜɨɝɨ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɟɪɟɯɨɞɚ T ɞɥɹ ɞɟɬɚɥɟɣ ɢɡ ɱɭɝɭɧɚ ɢɡ ɪɚɫɱɟɬɨɜ ɢɫɤɥɸɱɚɟɬɫɹ, 
ɩɨɷɬɨɦɭ ɞɥɹ ɱɢɫɬɨɜɨɝɨ ɢ ɬɨɧɤɨɝɨ ɪɚɫɬɚɱɢɜɚɧɢɹ ɧɚɯɨɞɢɦ ɬɨɥɶɤɨ ɡɧɚɱɟɧɢɹ Rz 

(ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 50 ɢ 20). 

ɑɟɪɧɨɜɭɸ ɨɛɪɚɛɨɬɤɭ ɩɪɨɢɡɜɨɞɢɦ ɩɪɢ ɭɫɬɚɧɨɜɤɟ ɜ 
ɱɟɬɵɪɟɯɤɭɥɚɱɤɨɜɵɣ ɩɚɬɪɨɧ ɩɨ ɨɛɪɚɛɨɬɚɧɧɵɦ ɩɥɨɫɤɨɫɬɹɦ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ 
ɜɟɥɢɱɢɧɚ ɫɭɦɦɚɪɧɨɝɨ ɨɬɤɥɨɧɟɧɢɹ ɪɚɫɩɨɥɨɠɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɜɧɚ ɜɟɥɢɱɢɧɟ 
ɤɨɪɨɛɥɟɧɢɹ ɞɟɬɚɥɢ ɢ ɜɟɥɢɱɢɧɟ ɫɦɟɳɟɧɢɹ ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. 

 
22
ɫɦкɨɪd

                                                                               (1.7) 
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Ʉɨɪɨɛɥɟɧɢɟ ɭɱɢɬɵɜɚɟɬɫɹ ɤɚɤ ɜ ɪɚɞɢɚɥɶɧɨɦ, ɬɚɤ ɢ ɜ ɨɫɟɜɨɦ 
ɧɚɩɪɚɜɥɟɧɢɢ. 

 
22 )()( ld кккɨɪ                                                                  (1.8) 

 

         ɍɞɟɥɶɧɚɹ ɤɪɢɜɢɡɧɚ ɞɥɹ ɥɢɬɵɯ ɡɚɝɨɬɨɜɨɤ Δɤ = 1ɦɤɦ. Ⱦɢɚɦɟɬɪ ɨɬɜɟɪɫɬɢɹ 
d=40ɦɦ, ɞɥɢɧɚ l = 68 ɦɦ. Ɉɬɫɸɞɚ ρɤɨɪ=79 ɦɤɦ. 

ȼɟɥɢɱɢɧɚ ɫɦɟɳɟɧɢɹ ɨɬɜɟɪɫɬɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɚɪɭɠɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɝɟɨɦɟɬɪɢɱɟɫɤɭɸ ɫɭɦɦɭ ɜ ɞɜɭɯ ɜɡɚɢɦɧɨ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵɯ 
ɩɥɨɫɤɨɫɬɹɯ. 

 

2

2

2

1

22















ɫɦ                                                                     (1.9) 

 

Ⱦɨɩɭɫɤɢ ɧɚ ɪɚɡɦɟɪɵ ɩɨ ɜɬɨɪɨɦɭ ɤɥɚɫɫɭ ɬɨɱɧɨɫɬɢ ɨɬɥɢɜɤɢ ɞɥɹ 
ɪɚɡɦɟɪɨɜ 55 ɦɦ ɢ 60 ɦɦ ɫɨɫɬɚɜɥɹɸɬ ɩɨ 1600 ɦɤɦ. 

ɦкɦɫɦ 1132
2

1600

2

1600
22














  

.1134113279 22 ɦкɦ  

ɇɚ ɩɨɫɥɟɞɭɸɳɢɯ ɩɟɪɟɯɨɞɚɯ ρ ɨɩɪɟɞɟɥɹɟɬɫɹ  ɱɟɪɟɡ  ɤɨɷɮɮɢɰɢɟɧɬ 
ɭɬɨɱɧɟɧɢɹ, ɤɨɬɨɪɵɣ ɪɚɜɟɧ: ɩɨɫɥɟ ɱɟɪɧɨɜɨɝɨ ɬɨɱɟɧɢɹ 0,06; ɩɨɫɥɟ ɱɢɫɬɨɜɨɝɨ – 

0,04. 

ɉɨɝɪɟɲɧɨɫɬɶ ɭɫɬɚɧɨɜɤɢ ɜ ɱɟɬɵɪɟɯɤɭɥɚɱɤɨɜɨɦ ɩɚɬɪɨɧɟ  ɩɨ ɱɢɫɬɨɣ 
ɛɚɡɟ ɭ1 = 160 ɦɤɦ [6]. 

ɑɢɫɬɨɜɨɣ ɢ ɬɨɧɤɢɣ ɩɟɪɟɯɨɞɵ ɜɵɩɨɥɧɹɸɬɫɹ ɛɟɡ ɩɟɪɟɭɫɬɚɧɨɜɤɢ, 
ɩɨɷɬɨɦɭ ɩɨɝɪɟɲɧɨɫɬɶ ɭɫɬɚɧɨɜɤɢ ɧɚ ɧɢɯ ɛɭɞɟɬ ɪɚɜɧɚ ɧɭɥɸ. 

Ɋɚɫɱɟɬɧɵɟ ɪɚɡɦɟɪɵ ɩɨɥɭɱɚɟɦ ɜɵɱɢɬɚɧɢɟɦ ɢɡ ɪɚɡɦɟɪɚ ɩɨ ɱɟɪɬɟɠɭ 
ɡɧɚɱɟɧɢɟ ɩɪɢɩɭɫɤɚ ɧɚ ɬɨɧɤɨɟ ɪɚɫɬɚɱɢɜɚɧɢɟ ɢ ɬ.ɞ. 

Ɂɧɚɱɟɧɢɹ ɞɨɩɭɫɤɨɜ ɤɚɠɞɨɝɨ ɩɟɪɟɯɨɞɚ ɩɪɢɧɢɦɚɟɦ ɩɨ ɬɚɛɥɢɰɚɦ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɜɚɥɢɬɟɬɨɦ ɜɢɞɚ ɨɛɪɚɛɨɬɤɢ. 

ɇɚɢɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɟ ɪɚɡɦɟɪɚ ɩɨɥɭɱɚɟɦ ɨɤɪɭɝɥɟɧɢɟɦ ɪɚɫɱɟɬɧɨɝɨ 
ɪɚɡɦɟɪɚ ɞɨ ɬɨɱɧɨɫɬɢ ɞɨɩɭɫɤɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɩɟɪɟɯɨɞɚ, ɚ ɧɚɢɦɟɧɶɲɢɣ – 

ɜɵɱɢɬɚɧɢɟɦ ɢɡ ɧɚɢɛɨɥɶɲɢɯ ɞɨɩɭɫɤɨɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɟɪɟɯɨɞɨɜ. 
Ɇɢɧɢɦɚɥɶɧɵɟ ɩɪɟɞɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɩɪɢɩɭɫɤɨɜ ɪɚɜɧɵ ɪɚɡɧɨɫɬɢ 

ɧɚɢɛɨɥɶɲɢɯ ɩɪɟɞɟɥɶɧɵɯ ɪɚɡɦɟɪɨɜ ɜɵɩɨɥɧɹɟɦɨɝɨ ɢ ɩɪɟɞɵɞɭɳɟɝɨ ɩɟɪɟɯɨɞɨɜ, 
ɚ ɦɚɤɫɢɦɚɥɶɧɵɟ – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɪɚɡɧɨɫɬɢ ɧɚɢɦɟɧɶɲɢɯ ɩɪɟɞɟɥɶɧɵɯ 
ɪɚɡɦɟɪɨɜ. 

Ɋɟɡɭɥɶɬɚɬɵ ɜɵɱɢɫɥɟɧɢɣ ɫɜɟɞɟɦ ɜ ɬɚɛɥɢɰɭ 1.4. 
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2 Ɍɨɪɟɰ ɤɨɪɩɭɫɚ Ɂ. 

Ⱦɨɫɬɢɝɚɟɦɚɹ ɲɟɪɨɯɨɜɚɬɨɫɬɶ Rz40, ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɣ ɪɚɡɦɟɪ 98-0,54. 

Ɉɛɪɚɛɨɬɤɚ ɜɟɞɟɬɫɹ ɨɞɢɧ ɩɟɪɟɯɨɞ – ɱɟɪɧɨɜɨɣ. 
ɉɪɢɩɭɫɤɢ ɧɚ ɨɛɪɚɛɨɬɤɭ ɩɨɜɟɪɯɧɨɫɬɢ ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɩɨ ɮɨɪɦɭɥɟ Д6Ж 
 

iii
T

i
RzZ  

111min
                                                         (1.10) 

 

ɋɭɦɦɚɪɧɨɟ ɡɧɚɱɟɧɢɟ Rz ɢ T ɬɚɤ ɠɟ ɫɨɫɬɚɜɥɹɟɬ 700 ɦɤɦ. Ⱦɥɹ ɱɢɫɬɨɜɨɝɨ 
ɮɪɟɡɟɪɨɜɚɧɢɹ Rz = 50 ɦɤɦ. 

ɋɭɦɦɚɪɧɨɟ ɡɧɚɱɟɧɢɟ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɨɬɤɥɨɧɟɧɢɣ ɞɥɹ ɨɛɪɚɛɨɬɤɢ 
ɩɥɨɫɤɨɫɬɢ ɩɪɢ ɛɚɡɢɪɨɜɚɧɢɢ ɩɨ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɣ   

 

=ɤɨɪ=ɤL                                                                                             (1.11) 

 

         ɍɞɟɥɶɧɚɹ ɤɪɢɜɢɡɧɚ ɞɥɹ ɥɢɬɵɯ ɡɚɝɨɬɨɜɨɤ Δɤ=1ɦɤɦ. Ⱦɥɢɧɚ ɩɥɨɫɤɨɫɬɢ 
l=125 ɦɦ. Ɉɬɫɸɞɚ ρɤɨɪ= 125 ɦɤɦ.    

ɉɨɝɪɟɲɧɨɫɬɶ ɭɫɬɚɧɨɜɤɢ ɧɚ ɱɟɪɧɨɜɨɦ ɩɟɪɟɯɨɞɟ ɜ ɨɫɟɜɨɦ ɧɚɩɪɚɜɥɟɧɢɢ 
ɩɪɢ ɭɫɬɚɧɨɜɤɟ ɩɨ ɜɧɭɬɪɟɧɧɟɣ ɱɟɪɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ εɭ = 600 ɦɤɦ. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɫɜɟɞɟɦ ɜ ɬɚɛɥɢɰɭ 1.5. 

ɇɚ ɨɫɬɚɥɶɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɢɩɭɫɤɢ ɧɚɡɧɚɱɢɦ [3] (ɬɚɛɥɢɰɚ 1.6). 
 

Ɍɚɛɥɢɰɚ 1.6 – ɇɚɡɧɚɱɟɧɢɟ ɩɪɢɩɭɫɤɨɜ 

 

ɗɥɟɦɟɧɬɚɪɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ 

Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɣ   
ɩɟɪɟɯɨɞ 

ɉɪɢɩɭɫɤ 

ɧɚ ɫɬɨɪɨɧɭ, ɦɦ Ɇɟɠɨɩɟ-

ɪɟɯɨɞɧɵɣ 
ɪɚɡɦɟɪ ɫ 
ɩɨɥɟɦ 

ɞɨɩɭɫɤɚ 
ɧɨɦɟɪ 

Ɋɚɡɦɟɪ ɩɨ 
ɱɟɪɬɟɠɭ, 

ɦɦ Ɋɚ
ɫɱ

ɟɬ
-

ɧɵ
ɣ 

ɉ
ɪɢ

ɧɹ
- 

ɬɵ
ɣ 

1, 9 – ɬɨɪɰɵ 98-0,54 1 ɱɟɪɧɨɜɨɟ ɮɪɟɡɟɪɨɜɚɧɢɟ 1,32 22 1021,1
 

2, 16 – ɨɬɜɟɪɫɬɢɹ  52
+0,03

 1 ɱɟɪɧɨɜɨɟ ɮɪɟɡɟɪɨɜɚɧɢɟ 

2 ɱɢɫɬɨɜɨɟ ɮɪɟɡɟɪɨɜɚɧɢɟ 

3 ɬɨɧɤɨɟ ɮɪɟɡɟɪɨɜɚɧɢɟ 

 2,22 

0,22 

0,12 

470,8 

51,4-0,3 

51,8-0,074
 

4 – ɨɬɜɟɪɫɬɢɟ  20
+0,021

 1 ɫɜɟɪɥɟɧɢɟ 

2 ɡɟɧɤɟɪɨɜɚɧɢɟ 

3 ɪɚɡɜɟɪɬɵɜɚɧɢɟ 

 9,72 

0,22 

0,12 

--- 

19,4-0,21 

19,8-0,052 

5, 7 – ɬɨɪɰɵ 90,5 1 ɱɟɪɧɨɜɨɟ ɬɨɱɟɧɢɟ 

2 ɱɢɫɬɨɜɨɟ ɬɨɱɟɧɢɟ 

3 ɬɨɧɤɨɟ ɬɨɱɟɧɢɟ 

 2,2 (2,5) 

0,2 

0,1 

12,50,5 

9,30,3 

9,10,25
 

6 – ɩɨɜɟɪɯɧɨɫɬɶ 196-1,15 1 ɱɟɪɧɨɜɨɟ ɬɨɱɟɧɢɟ  2 2001,5 

11 – ɨɬɜɟɪɫɬɢɟ  40
+0,025

 1 ɱɟɪɧɨɜɨɟ ɪɚɫɬɚɱɢɜɚɧɢɟ 

2 ɱɢɫɬɨɜɨɟ ɪɚɫɬɚɱɢɜɚɧɢɟ 

3 ɬɨɧɤɨɟ ɪɚɫɬɚɱɢɜɚɧɢɟ 

1,852 

0,122 

0,0962 

2,22 

0,22 

0,12 

350,8 

39,4-0,25 

39,8-0,062 

15 – ɨɬɜɟɪɫɬɢɟ  20
+0,52

 1 ɱɟɪɧɨɜɨɟ ɪɚɫɬɚɱɢɜɚɧɢɟ  22 160,5
 

19, 20 – ɩɥɨɫɤɨɫɬɢ 1150,435 1 ɱɟɪɧɨɜɨɟ ɮɪɟɡɟɪɨɜɚɧɢɟ  22 1191,1 
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1.8  Ɋɚɫɱɟɬ ɪɟɠɢɦɨɜ ɪɟɡɚɧɢя 

 

ɉɪɢ ɧɚɡɧɚɱɟɧɢɢ ɪɟɠɢɦɨɜ ɪɟɡɚɧɢɹ ɭɱɢɬɵɜɚɸɬ ɯɚɪɚɤɬɟɪ ɨɛɪɚɛɨɬɤɢ, ɬɢɩ 
ɢ ɪɚɡɦɟɪɵ ɢɧɫɬɪɭɦɟɧɬɚ, ɦɚɬɟɪɢɚɥ ɟɝɨ ɪɟɠɭɳɟɣ ɱɚɫɬɢ, ɦɚɬɟɪɢɚɥ ɢ ɫɨɫɬɨɹɧɢɟ 
ɡɚɝɨɬɨɜɤɢ, ɬɢɩ ɢ ɫɨɫɬɨɹɧɢɟ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

ɉɪɨɢɡɜɟɞɟɦ ɪɚɫɱɟɬ ɪɟɠɢɦɨɜ ɪɟɡɚɧɢɹ ɞɥɹ ɬɟɯ ɠɟ ɩɨɜɟɪɯɧɨɫɬɟɣ – 

ɩɨɫɚɞɨɱɧɨɟ ɨɬɜɟɪɫɬɢɟ 40 ɦɦ ɢ ɬɨɪɟɰ Ɂ. 

 

1 Ɉɬɜɟɪɫɬɢɟ  40 ɦɦ. 
Ɉɛɪɚɛɨɬɤɚ ɜɟɞɟɬɫɹ ɜ ɬɪɢ ɩɟɪɟɯɨɞɚ – ɱɟɪɧɨɜɨɣ, ɱɢɫɬɨɜɨɣ, ɬɨɧɤɢɣ. 
 ɑɟɪɧɨɜɨɟ ɪɚɫɬɚɱɢɜɚɧɢɟ. 
Ƚɥɭɛɢɧɚ ɪɟɡɚɧɢɹ ɩɨ ɬɚɛɥɢɰɟ 1.4  t = 2,2 ɦɦ. 
ɉɨɞɚɱɚ ɩɪɢ ɱɟɪɧɨɜɨɦ ɪɚɫɬɚɱɢɜɚɧɢɢ ɩɪɢɧɢɦɚɟɬɫɹ ɦɚɤɫɢɦɚɥɶɧɨ 

ɞɨɩɭɫɬɢɦɨɣ ɩɨ ɦɨɳɧɨɫɬɢ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɩɪɨɱɧɨɫɬɢ ɪɟɠɭɳɟɣ ɩɥɚɫɬɢɧɵ ɢ ɬ.ɞ. 
Ɉɛɪɚɛɨɬɤɚ ɜɟɞɟɬɫɹ ɪɚɫɬɨɱɧɵɦ ɪɟɡɰɨɦ ɫ ɩɥɚɫɬɢɧɨɣ ɢɡ ɬɜɟɪɞɨɝɨ ɫɩɥɚɜɚ.   

ɉɨ ɬɚɛɥɢɰɟ 12 [14] S = 0,4 ɦɦ/ɨɛ. 
ɋɤɨɪɨɫɬɶ ɪɟɡɚɧɢɹ ɩɪɢ ɪɚɫɬɚɱɢɜɚɧɢɢ ɪɚɫɫɱɢɬɵɜɚɸɬ ɩɨ ɷɦɩɢɪɢɱɟɫɤɨɣ 

ɮɨɪɦɭɥɟ  
 

9,0



Vyxm

V K
StT

C
V                                                                   (1.12) 

 

ɝɞɟ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɋv ɢ ɩɨɤɚɡɚɬɟɥɟɣ ɫɬɟɩɟɧɢ ɛɟɪɭɬɫɹ ɢɡ 
ɬɚɛɥɢɰɵ 17 Д14] ɋv = 292; ɯ = 0,15; ɭ = 0,2; m = 0,2; 

Ʉv – ɨɛɳɢɣ ɩɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɧɚ ɫɤɨɪɨɫɬɶ ɪɟɡɚɧɢɹ, 
ɭɱɢɬɵɜɚɸɳɢɣ ɮɚɤɬɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ ɪɟɡɚɧɢɹ, ɪɚɜɟɧ       

 

Ʉv = ɄɦЯ · ɄɩЯ · ɄɢЯ                                                                                

(1.13) 

 

ɝɞɟ ɄɦЯ - ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɥɢɹɧɢɟ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ 
ɫɜɨɣɫɬɜ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɩɨ ɬɚɛɥɢɰɟ 1 Д9Ж ɞɥɹ ɱɭɝɭɧɚ ɫ ɇȼ=190 -  
ɄɦЯ = 1; 

ɄɩЯ - ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɫɨɫɬɨɹɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɝɨɬɨɜɤɢ, 
ɩɨ ɬɚɛɥɢɰɟ 5 Д9Ж ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɱɭɝɭɧɧɨɣ ɨɬɥɢɜɤɢ ɩɨ ɤɨɪɤɟ - ɄɩЯ = 0,8; ɛɟɡ 
ɤɨɪɤɢ - ɄɩЯ = 1. 

ɄɢЯ - ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɦɚɬɟɪɢɚɥ ɢɧɫɬɪɭɦɟɧɬɚ, ɩɨ ɬɚɛɥɢɰɟ 6 
[9Ж ɞɥɹ ɩɥɚɫɬɢɧ ɢɡ ɬɜɟɪɞɨɝɨ ɫɩɥɚɜɚ ȼɄ6 - ɄɢЯ = 1; 

Ʉv = ɄɦЯ · ɄɩЯ · ɄɢЯ=1·0,8·1=0,8 

Ɍ – ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɫɬɨɣɤɨɫɬɢ, ɩɪɢ ɨɞɧɨɢɧɫɬɪɭɦɟɧɬɚɥɶɧɨɣ 
ɨɛɪɚɛɨɬɤɟ Ɍ = 60 ɦɢɧ; 

0,9 - ɩɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɧɚ ɪɚɫɬɚɱɢɜɚɧɢɟ. 
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ɦɢɧɦV /989,08,0
4,02,260

292
2,015,02,0




  

ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 

ɦɢɧɨɛ
D

V
n /780

4014,3

9810001000 







                                                   (1.14) 

 

ɉɪɢɦɟɦ 630 ɨɛ/ɦɢɧ. 
ɍɬɨɱɧɢɦ ɫɤɨɪɨɫɬɶ ɪɟɡɚɧɢɹ  

 

ɦɢɧɦnD
V /80

1000

6304014,3

1000









                                                 (1.15) 

 

ɋɢɥɚ ɪɟɡɚɧɢɹ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 

p
nyx

pz
KVStCP 10                                                           (1.16) 

 

ɝɞɟ ɩɨɫɬɨɹɧɧɚɹ ɋɪ ɢ ɩɨɤɚɡɚɬɟɥɢ ɫɬɟɩɟɧɢ ɜɨɡɶɦɟɦ ɢɡ ɬɚɛɥɢɰɵ 22Д14] 

ɋɪ=92; ɯ = 1; ɭ = 0,75; n = 0. 

Ʉɪ – ɩɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɟɬ ɮɚɤɬɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ 
ɪɟɡɚɧɢɹ.              

 

Ʉɪ = Ʉɦɪ · Ʉφɪ · Ʉγɪ · Ʉλɪ · Ʉrɪ                                                                

(1.17) 

 

ɝɞɟ Ʉɦɪ – ɭɱɢɬɵɜɚɟɬ ɜɥɢɹɧɢɟ ɤɚɱɟɫɬɜɚ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ, 
ɞɥɹ ɫɟɪɨɝɨ ɱɭɝɭɧɚ ɫ ɇȼ = 190 ɩɨ ɬɚɛɥɢɰɟ 9  Ʉɦɪ = 1; 

Ʉφɪ – ɭɱɢɬɵɜɚɟɬ ɜɥɢɹɧɢɟ ɝɥɚɜɧɨɝɨ ɭɝɥɚ ɜ ɩɥɚɧɟ, ɩɪɢ  = 60, Ʉφɪ = 0,94; 

Ʉγɪ – ɭɱɢɬɵɜɚɟɬ ɜɥɢɹɧɢɟ ɩɟɪɟɞɧɟɝɨ ɭɝɥɚ, ɩɪɢ  = 0, Ʉγɪ = 1,1; 

 Ʉλɪ – ɭɱɢɬɵɜɚɟɬ ɜɥɢɹɧɢɟ ɭɝɥɚ ɧɚɤɥɨɧɚ ɝɥɚɜɧɨɝɨ ɥɟɡɜɢɹ, ɩɪɢ  = 0, 

Ʉλɪ=1; 

Ʉrɪ – ɭɱɢɬɵɜɚɟɬ ɜɥɢɹɧɢɟ ɪɚɞɢɭɫɚ ɩɪɢ ɜɟɪɲɢɧɟ, ɩɪɢ r=0,2ɦɦ, Ʉrɪ = 0,85. 

ɉɨɫɥɟ ɩɨɞɫɬɚɧɨɜɤɢ ɩɨɥɭɱɚɟɦ Ʉɪ = 0,88. 

ɋɢɥɚ ɪɟɡɚɧɢɹ   
Ɋz = 10·92·2,5

1·0,4
,75·80

0·0,88 = 1018 ɇ 

Ɇɨɳɧɨɫɬɶ ɪɟɡɚɧɢɹ ɪɚɫɫɱɢɬɵɜɚɸɬ ɩɨ ɮɨɪɦɭɥɟ 

 

кВɬVP
N z

e
4,1

601020

801018

601020






                                                       (1.18) 

 

Ɇɨɳɧɨɫɬɶ ɩɪɢɧɹɬɨɝɨ ɧɚɦɢ ɭɧɢɜɟɪɫɚɥɶɧɨɝɨ ɫɬɚɧɤɚ 10 ɤȼɬ, ɬɨɤɚɪɧɨɝɨ 
ɫ ɑɉɍ – 15 ɤȼɬ. 

 



 24 

  

  

  

 ɑɢɫɬɨɜɨɟ ɪɚɫɬɚɱɢɜɚɧɢɟ. 

Ƚɥɭɛɢɧɚ ɪɟɡɚɧɢɹ ɩɨ ɬɚɛɥɢɰɟ 1.4  t = 0,2 ɦɦ. 
ɉɨɞɚɱɚ ɩɪɢ ɱɢɫɬɨɜɨɦ ɪɚɫɬɚɱɢɜɚɧɢɢ ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɬɪɟɛɭɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢ 
ɪɚɞɢɭɫɚ ɩɪɢ ɜɟɪɲɢɧɟ ɪɟɡɰɚ. ɉɨ ɬɚɛɥɢɰɟ 14 [14] ɩɪɢ Ra = 3,2 ɦɤɦ ɢ r = 0,2 ɦɦ,  
S = 0,2 ɦɦ/ɨɛ. 

Ɋɚɫɱɟɬɵ ɩɪɨɢɡɜɨɞɢɦ ɩɨ ɬɟɦ ɠɟ ɮɨɪɦɭɥɚɦ. 

ɋɤɨɪɨɫɬɶ ɪɟɡɚɧɢɹ (1.12)  

ɦɢɧɦV /1669,0
2,02,060

292
2,015,02,0




  

ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ (1.14) 

ɦɢɧɨɛn /1324
4014,3

1661000 

  

ɉɪɢɦɟɦ 1250 ɨɛ/ɦɢɧ. 
ɍɬɨɱɧɢɦ ɫɤɨɪɨɫɬɶ ɪɟɡɚɧɢɹ (1.15) 

ɦɢɧɦV /160
1000

12504014,3   

ɋɢɥɚ ɪɟɡɚɧɢɹ (1.16) 

Ɋz = 10·92·0,2
1·0,2

0,75·160
0·0,88 = 50  ɇ 

Ɇɨɳɧɨɫɬɶ ɪɟɡɚɧɢɹ (1.18) 

кВɬN
e

13,0
601020

16050 


  

 

 Ɍɨɧɤɨɟ ɪɚɫɬɚɱɢɜɚɧɢɟ. 

Ƚɥɭɛɢɧɚ ɪɟɡɚɧɢɹ ɩɨ ɬɚɛɥɢɰɟ 1.4  t = 0,1 ɦɦ. 
ɉɨɞɚɱɚ ɩɪɢ ɬɨɧɤɨɦ ɪɚɫɬɚɱɢɜɚɧɢɢ ɩɨ ɬɚɛɥɢɰɟ 19 [14]  

ɩɪɢ Ra = 2,5 ɦɤɦ,  S = 0,1 ɦɦ/ɨɛ. 
ɋɤɨɪɨɫɬɶ ɪɟɡɚɧɢɹ ɧɚɯɨɞɢɦ ɩɨ ɬɨɣ ɠɟ ɬɚɛɥɢɰɟ V = 200 ɦ/ɦɢɧ. 
ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ (1.14) 

ɦɢɧɨɛn /1600
4014,3

2001000 

  

ɉɪɢɦɟɦ 1600 ɨɛ/ɦɢɧ. 
ɍɬɨɱɧɢɦ ɫɤɨɪɨɫɬɶ ɪɟɡɚɧɢɹ (1.15) 

ɦɢɧɦV /200
1000

16004014,3   

ɋɢɥɚ ɪɟɡɚɧɢɹ  (1.16) 

Ɋz = 10·92·0,1
1·0,1

0,75·200
0·0,88 = 15 ɇ 

Ɇɨɳɧɨɫɬɶ ɪɟɡɚɧɢɹ  (1.18) 

кВɬN
e

05,0
601020

20015 


  
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2 Ɏɪɟɡɟɪɨɜɚɧɢɟ ɬɨɪɰɚ. 

Ɉɛɪɚɛɨɬɤɚ ɜɟɞɟɬɫɹ ɜ ɨɞɢɧ ɩɟɪɟɯɨɞ – ɱɟɪɧɨɜɨɣ.   
Ɏɪɟɡɚ ɬɨɪɰɟɜɚɹ ȽɈɋɌ 9473-80 160, Z = 16.  

ɑɟɪɧɨɜɨɟ ɮɪɟɡɟɪɨɜɚɧɢɟ. 
Ƚɥɭɛɢɧɚ ɪɟɡɚɧɢɹ ɩɨ ɬɚɛɥɢɰɟ 1.5  t = 2 ɦɦ. 
ɉɨɞɚɱɚ ɧɚ ɨɞɢɧ ɡɭɛ ɮɪɟɡɵ ɩɨ ɬɚɛɥɢɰɟ 33 [14] ɞɥɹ ɬɨɪɰɟɜɵɯ ɮɪɟɡ ɫ 

ɩɥɚɫɬɢɧɚɦɢ ɢɡ ɬɜɟɪɞɨɝɨ ɫɩɥɚɜɚ Sz = 0,2 ɦɦ/ɡɭɛ. 
ɋɤɨɪɨɫɬɶ ɪɟɡɚɧɢɹ – ɨɤɪɭɠɧɚɹ ɫɤɨɪɨɫɬɶ ɮɪɟɡɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ             
                   

Vpuy

z

xm

q

V K
zBStT

DC
V




                                                                      (1.19) 

 

Ɂɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ CV ɢ ɩɨɤɚɡɚɬɟɥɟɣ ɫɬɟɩɟɧɢ ɜɨɡɶɦɟɦ ɢɡ 
ɬɚɛɥɢɰɵ 39 [14], ɚ ɩɟɪɢɨɞ ɫɬɨɣɤɨɫɬɢ – ɜ ɬɚɛɥɢɰɟ 40 [14]. 

Ɉɛɳɢɣ ɩɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɧɚ ɫɤɨɪɨɫɬɶ ɪɟɡɚɧɢɹ, 
ɭɱɢɬɵɜɚɸɳɢɣ ɮɚɤɬɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ ɪɟɡɚɧɢɹ, KV = KMVKɉVKɂV, 

ɝɞɟ ɄɆV = 1; ɄɩЯ = 0,8; ɄɢЯ = 1; Ʉv = 0,8; 

ɋV =445; q = 0,2; x = 0,15; y = 0,35; u = 0,2; p = 0; m = 0,32; ɩɟɪɢɨɞ 
ɫɬɨɣɤɨɫɬɢ Ɍ = 180 ɦɢɧ; ɲɢɪɢɧɚ ɮɪɟɡɟɪɨɜɚɧɢɹ ȼ = 115 ɦɦ. 

ɦɢɧɦV /1078,0
161152,02180

160445
02,035,015,032,0

2,0




  

ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ (1.16) 

ɦɢɧɨɛn /213
16014,3

1071000 

  

ɉɪɢɧɢɦɚɟɦ –200 ɨɛ/ɦɢɧ. 
ɍɬɨɱɧɢɦ ɫɤɨɪɨɫɬɶ ɪɟɡɚɧɢɹ (1.17) 

ɦɢɧɦV /100
1000

20016014,3   

ɋɢɥɚ ɪɟɡɚɧɢɹ – ɨɤɪɭɠɧɚɹ ɫɢɥɚ 

 

ɆɊwq

uy

Z

x

p

z K
nD

ZBStC
P






10
                                                        (1.20) 

 

Ɂɧɚɱɟɧɢɹ ɋɪ ɢ ɩɨɤɚɡɚɬɟɥɟɣ ɫɬɟɩɟɧɢ ɩɪɢɦɟɦ ɩɨ ɬɚɛɥɢɰɟ 41 [14], ɚ 
ɩɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɧɚ ɤɚɱɟɫɬɜɨ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ – ɩɨ 
ɬɚɛɥɢɰɟ 9 [14]. 

ɋɪ =54,5; ɯ = 0,9; ɭ = 0,74; u = 1; q = 1; w = 0; ɄɆɊ =1.  
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ɇPz 30901
200160

161152,025,5410
01

174,09,0





  

 

 

Ʉɪɭɬɹɳɢɣ ɦɨɦɟɧɬ ɧɚ ɲɩɢɧɞɟɥɟ 

 

ɦкɇDɊɆ Z
кɪ 








 5,2
1002

1603090

1002
                                                  (1.21) 

 

Ɇɨɳɧɨɫɬɶ ɪɟɡɚɧɢɹ (1.20) 

кВɬN
e

4,5
601020

1003090 

  

 

Ɇɨɳɧɨɫɬɶ ɩɪɢɧɹɬɨɝɨ ɧɚɦɢ ɭɧɢɜɟɪɫɚɥɶɧɨɝɨ ɫɬɚɧɤɚ 7,5 ɤȼɬ, ɫɬɚɧɤɚ ɫ 
ɑɉɍ – 15 ɤȼɬ. 

 

ɇɚ ɨɫɬɚɥɶɧɵɟ ɨɩɟɪɚɰɢɢ ɪɟɠɢɦɵ ɪɟɡɚɧɢɹ ɧɚɡɧɚɱɢɦ ɩɨ ɫɩɪɚɜɨɱɧɢɤɭ 
[12] ɢ ɨɮɨɪɦɢɦ ɜ ɜɢɞɟ ɬɚɛɥɢɰɵ 1.7.  

 

Ɍɚɛɥɢɰɚ 1.7 – Ɋɟɠɢɦɵ ɪɟɡɚɧɢɹ 

 
ȼɢɞ ɨɛɪɚɛɨɬɤɢ t,ɦɦ S,ɦɦ/ɨɛ V,ɦɦ/ɦɢɧ n,ɨɛ/ɦɢɧ Pz,H Ne,ɤȼɬ 

ɉɨɞɪɟɡɤɚ ɬɨɪɰɚ 
ɱɟɪɧɨɜɚɹ 

2,2 0,5 100 450 1182 2 

ɉɨɞɪɟɡɤɚ ɬɨɪɰɚ 
ɱɢɫɬɨɜɚɹ 

0,2 0,25 160 800 76 0,2 

ɉɨɞɪɟɡɤɚ ɬɨɪɰɚ ɬɨɧɤɚɹ 0,1 0,1 200 1000 12 0,04 

Ɍɨɱɟɧɢɟ ɱɟɪɧɨɜɨɟ 2 0,5 160 250 914 2,4 

Ɋɚɫɬɚɱɢɜɚɧɢɟ ɱɟɪɧɨɜɨɟ 2,2 0,4 80 630 1018 1,4 

Ɋɚɫɬɚɱɢɜɚɧɢɟ ɱɢɫɬɨɜɨɟ 0,2 0,2 160 1250 50 0,13 

Ɋɚɫɬɚɱɢɜɚɧɢɟ ɬɨɧɤɨɟ 0,1 0,1 200 1600 15 0,05 

Ɏɪɟɡɟɪɨɜɚɧɢɟ  
ɬɨɪɰɟɜɨɟ 

2 3,2  100 200 3090 5,4 

Ɏɪɟɡɟɪɨɜɚɧɢɟ  
ɤɨɧɰɟɜɨɟ ɱɟɪɧɨɜɨɟ 

2,2 1,2   50 315 2115 1,7 

Ɏɪɟɡɟɪɨɜɚɧɢɟ  
ɤɨɧɰɟɜɨɟ ɱɢɫɬɨɜɨɟ 

0,2 0,6 80 500 294 0,25 

Ɏɪɟɡɟɪɨɜɚɧɢɟ  
ɤɨɧɰɟɜɨɟ ɬɨɧɤɨɟ 

0,1 0,3 125 800 26 0,06 

ɋɜɟɪɥɟɧɢɟ 19,4 9,7 0,42 20 250 3218 1,3 

Ɂɟɧɤɟɪɨɜɚɧɢɟ 19,8 0,2  0,5 25 315 524 0,26 

Ɋɚɡɜɟɪɬɵɜɚɧɢɟ 20 0,1 0,8 31,5 400 237 0,13 

ɋɜɟɪɥɟɧɢɟ 12  6 0,38 16   400 2807 1,2 

ɋɜɟɪɥɟɧɢɟ 5  2,5 0,18 10 500 2413 1,6 

ɇɚɪɟɡɚɧɢɟ Ɇ6 0,5 0,5 3,15 200 264 0,05 

ɋɜɟɪɥɟɧɢɟ 7  3,5 0,24 12,5 400 2672 1,3 
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ɇɚɪɟɡɚɧɢɟ Ɇ8 0,5 1 4 160 241 0,04 

 

 

 

1.9  Ɋɚɫɱɟɬ ɧɨɪɦ ɜɪɟɦɟɧɢ 

 

ɋɬɪɭɤɬɭɪɭ ɧɨɪɦɵ ɲɬɭɱɧɨɝɨ ɜɪɟɦɟɧɢ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɫɥɟɞɭɸɳɟɣ 
ɮɨɪɦɭɥɨɣ Д13] 

 

Ɍɲɬ = tɨ + tɜ + tɬɟɯ + tɨɪɝ + tɨɬɞ                                                                 (1.22) 

 

ɝɞɟ Эɨ - ɨɫɧɨɜɧɨɟ (ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɟ) ɜɪɟɦɹ, ɡɚɬɪɚɱɢɜɚɟɦɨɟ ɧɚ 
ɞɨɫɬɢɠɟɧɢɟ ɰɟɥɢ ɞɚɧɧɨɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɨɩɟɪɚɰɢɢ; Эɜ - ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ 
ɜɪɟɦɹ, ɧɚ ɨɫɭɳɟɫɬɜɥɟɧɢɟ ɞɟɣɫɬɜɢɣ, ɫɨɡɞɚɸɳɢɯ ɜɨɡɦɨɠɧɨɫɬɶ ɜɵɩɨɥɧɟɧɢɹ 
ɨɫɧɨɜɧɨɣ ɪɚɛɨɬɵ; Эɬɟɯ, tɨɪɝ - ɜɪɟɦɹ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɬɟɯɧɢɱɟɫɤɨɝɨ ɢ 
ɨɪɝɚɧɢɡɚɰɢɨɧɧɨɝɨ ɨɛɫɥɭɠɢɜɚɧɢɹ ɪɚɛɨɱɟɝɨ ɦɟɫɬɚ; Эɨɬɞ - ɜɪɟɦɹ ɧɚ ɨɬɞɵɯ ɢ 
ɥɢɱɧɵɟ ɩɨɬɪɟɛɧɨɫɬɢ. 

ɋɭɦɦɚɪɧɨɟ ɡɧɚɱɟɧɢɟ ɨɫɧɨɜɧɨɝɨ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɜɪɟɦɟɧɢ 
ɫɨɫɬɚɜɥɹɟɬ ɨɩɟɪɚɬɢɜɧɨɟ ɜɪɟɦɹ        

    

Ɍɨɩ = tɨ + tɜ                                                                                            (1.23) 

 

tɬɟɯ, tɨɪɝ ɢ Эɨɬɞ ɛɟɪɭɬ ɭɤɪɭɩɧɟɧɨ, ɜ ɩɪɨɰɟɧɬɚɯ ɨɬ ɨɩɟɪɚɬɢɜɧɨɝɨ ɜɪɟɦɟɧɢ. 
Ɉɫɧɨɜɧɨɟ ɜɪɟɦɹ ɪɚɫɫɱɢɬɵɜɚɸɬ, ɤɚɤ ɨɬɧɨɲɟɧɢɟ ɞɥɢɧɵ ɨɛɪɚɛɨɬɤɢ ɤ 

ɫɤɨɪɨɫɬɢ ɨɛɪɚɛɨɬɤɢ. 
ȼɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɜɪɟɦɹ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɜɪɟɦɹ ɧɚ ɭɫɬɚɧɨɜɤɭ-ɫɧɹɬɢɟ 

ɞɟɬɚɥɢ ɫɨ ɫɬɚɧɤɚ, ɜɪɟɦɹ ɭɩɪɚɜɥɟɧɢɹ ɫɬɚɧɤɨɦ, ɜɪɟɦɹ ɯɨɥɨɫɬɵɯ ɯɨɞɨɜ ɢ ɜɪɟɦɹ 
ɧɚ ɫɦɟɧɭ ɢɧɫɬɪɭɦɟɧɬɚ ɩɪɢ ɦɧɨɝɨɢɧɫɬɪɭɦɟɧɬɚɥɶɧɨɣ ɨɛɪɚɛɨɬɤɟ. 

 

ɉɪɨɧɨɪɦɢɪɭɟɦ ɩɟɪɜɭɸ ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ ɨɩɟɪɚɰɢɸ. 
Ⱦɚɧɧɚɹ ɨɩɟɪɚɰɢɹ ɫɨɞɟɪɠɢɬ 4 ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɟɪɟɯɨɞɚ 

1 ɮɪɟɡɟɪɨɜɚɧɢɟ ɬɨɪɰɚ ɱɟɪɧɨɜɨɟ. 
 Ɉɛɪɚɛɨɬɤɚ ɜɟɞɟɬɫɹ «ɧɚ ɩɪɨɯɨɞ» ɬɨɪɰɟɜɨɣ ɮɪɟɡɨɣ. 

 Ɉɫɧɨɜɧɨɟ ɜɪɟɦɹ ɨɛɪɚɛɨɬɤɢ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 

ZnS

L
t

Z
o

**
                                                                                      (1.24) 

 

ɝɞɟ L = Lɨ + L1 + L2 – ɞɥɢɧɚ ɨɛɪɚɛɨɬɤɢ, ɫɨɫɬɨɹɳɚɹ ɢɡ ɮɚɤɬɢɱɟɫɤɨɣ 
ɞɥɢɧɵ ɨɛɪɚɛɨɬɤɢ L0, ɞɥɢɧɵ ɜɪɟɡɚɧɢɹ L1 ɢ ɞɥɢɧɵ ɩɟɪɟɛɟɝɚ L2;  

SZ – ɩɨɞɚɱɚ ɧɚ ɡɭɛ ɮɪɟɡɵ;  

n - ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɲɩɢɧɞɟɥɹ;  

Z – ɱɢɫɥɨ ɡɭɛɶɟɜ ɮɪɟɡɵ. 

 Ɏɚɤɬɢɱɟɫɤɚɹ ɞɥɢɧɚ ɨɛɪɚɛɨɬɤɢ ɪɚɜɧɚ ɞɥɢɧɟ ɩɨɜɟɪɯɧɨɫɬɢ Lɨ = 125 ɦɦ. 
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 Ⱦɥɢɧɚ ɜɪɟɡɚɧɢɹ ɪɚɜɧɚ ɞɥɢɧɟ ɩɟɪɟɛɟɝɚ ɩɨ ɩɨɥ ɞɢɚɦɟɬɪɚ ɮɪɟɡɵ + 5 ɦɦ. 
L = 125 + 85 + 85 = 295 ɦɦ. 
  

 

S = 0,2 ɦɦ/ɨɛ; Ч = 200 ɨɛ/ɦɢɧ; Z = 16 (ɢɡ ɪɚɫɱɟɬɨɜ ɪɟɠɢɦɨɜ ɪɟɡɚɧɢɹ ). 

ɦɢɧto 46,0
162002,0

295



  

 

2 ɮɪɟɡɟɪɨɜɚɧɢɟ ɩɨɥɨɫɬɢ ɱɟɪɧɨɜɨɟ. 

Ɉɛɪɚɛɨɬɤɚ ɜɟɞɟɬɫɹ «ɜ ɭɩɨɪ» ɤɨɧɰɟɜɨɣ ɮɪɟɡɨɣ. 

Ⱦɥɢɧɚ ɨɛɪɚɛɨɬɤɢ L = 50 + 44 = 94 ɦɦ.  
S = 0,2 ɦɦ/ɨɛ; Ч = 315 ɨɛ/ɦɢɧ; Z = 6 

ɦɢɧto 25,0
63152,0

94



  

 

3 ɮɪɟɡɟɪɨɜɚɧɢɟ ɛɨɤɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɱɟɪɧɨɜɨɟ. 

Ɉɛɪɚɛɨɬɤɚ ɜɟɞɟɬɫɹ «ɧɚ ɩɪɨɯɨɞ» ɤɨɧɰɟɜɨɣ ɮɪɟɡɨɣ. 

Ⱦɥɢɧɚ ɨɛɪɚɛɨɬɤɢ L = 44 + 55 + 55 = 154 ɦɦ.  
S = 0,2 ɦɦ/ɨɛ; Ч = 315 ɨɛ/ɦɢɧ; Z = 6 

ɦɢɧto 41,0
63152,0

154



  

 

4 ɮɪɟɡɟɪɨɜɚɧɢɟ ɛɨɤɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɱɟɪɧɨɜɨɟ. 

Ɉɛɪɚɛɨɬɤɚ ɜɟɞɟɬɫɹ «ɧɚ ɩɪɨɯɨɞ» ɤɨɧɰɟɜɨɣ ɮɪɟɡɨɣ. 

Ⱦɥɢɧɚ ɨɛɪɚɛɨɬɤɢ L = 44 + 55 + 55 = 154 ɦɦ.  
S = 0,2 ɦɦ/ɨɛ; Ч = 315 ɨɛ/ɦɢɧ; Z = 6 

ɦɢɧto 41,0
63152,0

154



  

 

Ɉɫɧɨɜɧɨɟ ɜɪɟɦɹ ɜɫɟɣ ɨɩɟɪɚɰɢɢ  
tɨ = 0,46+0,25+0,41+0,41 = 1,53 ɦɢɧ. 
 

ȼɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɜɪɟɦɹ ɛɟɪɟɬɫɹ ɩɨ ɫɩɪɚɜɨɱɧɵɦ ɬɚɛɥɢɰɚɦ ɫ ɭɱɟɬɨɦ 
ɭɫɥɨɜɢɣ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɨɛɨɪɭɞɨɜɚɧɢɹ, ɦɚɫɫɵ ɢ ɝɚɛɚɪɢɬɨɜ ɡɚɝɨɬɨɜɤɢ ɢ ɞɪ. 

 ɉɨ ɫɩɪɚɜɨɱɧɢɤɭ Д13] 

1 ɜɪɟɦɹ ɧɚ ɭɫɬɚɧɨɜɤɭ ɢ ɫɧɹɬɢɟ ɞɟɬɚɥɢ ɫɨ ɫɬɚɧɤɚ 0,43 ɦɢɧ;  
2 ɜɪɟɦɹ ɧɚ ɫɦɟɧɭ ɢɧɫɬɪɭɦɟɧɬɚ 0,37 ɦɢɧ; 
3 ɜɪɟɦɹ ɧɚ ɩɨɞɜɨɞ-ɨɬɜɨɞ ɢɧɫɬɪɭɦɟɧɬɚ 0,76 ɦɢɧ; 
4 ɜɪɟɦɹ ɧɚ ɭɩɪɚɜɥɟɧɢɟ ɫɬɚɧɤɨɦ 1,08 ɦɢɧ.  
 

ȼɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɜɪɟɦɹ ɧɚ ɨɩɟɪɚɰɢɢ  
tɜ = 0,43+0,37+0,76+1,08 = 2,64 ɦɢɧ. 
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Ɉɩɟɪɚɬɢɜɧɨɟ ɜɪɟɦɹ             
Ɍɨɩ = 1,53+2,64 = 4,17 ɦɢɧ. 
 

  

ɍɤɪɭɩɧɟɧɧɨ ɞɥɹ ɮɪɟɡɟɪɧɵɯ ɫɬɚɧɤɨɜ Д13] 

tɬɟɯ = 2% Tɨɩ = 0,02·4,17 = 0,08 ɦɢɧ 

 tɨɪɝ = 1% Ɍɨɩ = 0,01·4,17 = 0,04 ɦɢɧ                                                   (1.25) 

 tɨɬɞ = 4% Ɍɨɩ = 0,06·4,17 = 0,17 ɦɢɧ 

  

ɒɬɭɱɧɨɟ ɜɪɟɦɹ ɧɚ ɨɩɟɪɚɰɢɢ 

Ɍɲɬ = 4,17+0,08+0,04+0,17 = 4,46 ɦɢɧ. 
 

Ⱦɥɹ ɭɫɥɨɜɢɣ ɫɟɪɢɣɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɱɢɬɚɬɶ ɲɬɭɱɧɨ-

ɤɚɥɶɤɭɥɹɰɢɨɧɧɨɟ ɜɪɟɦɹ  
 

шɬ
ɡɩ

кш Ɍ
n

ɌɌ 
..

                                                                                  (1.26) 

 

ɝɞɟ ɩɨɞɝɨɬɨɜɢɬɟɥɶɧɨ-ɡɚɤɥɸɱɢɬɟɥɶɧɨɟ ɜɪɟɦɹ ɩɪɢ ɪɚɛɨɬɟ ɧɚ ɮɪɟɡɟɪɧɵɯ 
ɫɬɚɧɤɚɯ  Ɍɩ.ɡ. =18 ɦɢɧ, n – ɤɨɥɢɱɟɫɬɜɨ ɞɟɬɚɥɟɣ ɜ ɧɚɫɬɪɨɟɱɧɨɣ ɩɚɪɬɢɢ – 100 ɲɬ. 

ɦɢɧɌ кш 64,446,418,046,4
100

18
  

 

ɇɚ ɨɫɬɚɥɶɧɵɟ ɨɩɟɪɚɰɢɢ ɧɨɪɦɵ ɜɪɟɦɟɧɢ ɪɚɫɫɱɢɬɵɜɚɟɦ ɚɧɚɥɨɝɢɱɧɨ ɢ 
ɪɟɡɭɥɶɬɚɬɵ ɜɵɱɢɫɥɟɧɢɣ ɫɜɟɞɟɦ ɜ ɬɚɛɥɢɰɵ 1.8, 1.9. 

 

Ɍɚɛɥɢɰɚ 1.8 – ɇɨɪɦɵ ɜɪɟɦɟɧɢ ɧɚ ɭɧɢɜɟɪɫɚɥɶɧɨɦ ɨɛɨɪɭɞɨɜɚɧɢɢ 

 

Ɉɩɟɪɚɰɢɹ to tɜ Ɍɨɩ tɬɟɯ tɨɪɝ tɨɬɞ Ɍɲɬ 
Ɍɩ.ɡ. 

n 
Ɍɲ-ɤ 

10 Ɏɪɟɡɟɪɧɚɹ 

1 ɮɪɟɡɟɪɨɜɚɧɢɟ ɬɨɪɰɚ  
2 ɮɪɟɡɟɪɨɜɚɧɢɟ ɩɨɥɨɫɬɢ 

3 ɮɪɟɡɟɪɨɜɚɧɢɟ ɛɨɤɨɜɨɣ ɩɨɜ 

4 ɮɪɟɡɟɪɨɜɚɧɢɟ ɛɨɤɨɜɨɣ ɩɨɜ 

 
0,46 

0,25 

0,41 

0,41 

2,64 4,17 0,08 0,04 0,17 4,46 0,18 4,64 

20 Ɍɨɤɚɪɧɚɹ 

1 ɬɨɱɟɧɢɟ ɧɚɪɭɠɧɨɟ 

2 ɬɨɱɟɧɢɟ ɬɨɪɰɚ ɱɟɪɧɨɜɨɟ 

3 ɬɨɱɟɧɢɟ ɬɨɪɰɚ ɱɟɪɧɨɜɨɟ 

4 ɬɨɱɟɧɢɟ ɬɨɪɰɚ ɱɟɪɧɨɜɨɟ 

5 ɬɨɱɟɧɢɟ ɬɨɪɰɚ ɱɢɫɬɨɜɨɟ 

6 ɬɨɱɟɧɢɟ ɬɨɪɰɚ ɬɨɧɤɨɟ 

7 ɬɨɱɟɧɢɟ ɮɚɫɤɢ 

8 ɪɚɫɬɚɱɢɜɚɧɢɟ ɱɟɪɧɨɜɨɟ 

9 ɪɚɫɬɚɱɢɜɚɧɢɟ ɱɢɫɬɨɜɨɟ 

10 ɪɚɫɬɚɱɢɜɚɧɢɟ ɬɨɧɤɨɟ 

 
0,16 

0,12 

0,12 

0,12 

0,14 

0,27 

0,02 

0,27 

0,27 

0,42 

4,76 6,92 0,21 0,11 0,42 7,66 0,21 7,87 
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11 ɪɚɫɬɚɱɢɜɚɧɢɟ ɱɟɪɧɨɜɨɟ 

12 ɪɚɫɬɚɱɢɜɚɧɢɟ ɮɚɫɤɢ  
13 ɪɚɫɬɚɱɢɜɚɧɢɟ ɤɚɧɚɜɤɢ 

14 ɪɚɫɬɚɱɢɜɚɧɢɟ ɩɪɨɬɨɱɤɢ 

15 ɬɨɱɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ 

0,07 

0,02 

0,05 

0,05 

0,06 

Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 1.8  

 

Ɉɩɟɪɚɰɢɹ to tɜ Ɍɨɩ tɬɟɯ tɨɪɝ tɨɬɞ Ɍɲɬ 
Ɍɩ.ɡ. 

n 
Ɍɲ-ɤ 

30 ɋɜɟɪɥɢɥɶɧɚɹ 

1 ɫɜɟɪɥɟɧɢɟ 6 ɨɬɜ. 
2 ɡɟɧɤɨɜɚɧɢɟ 6 ɨɬɜ. 
3 ɫɜɟɪɥɟɧɢɟ 2 ɨɬɜ. 
4 ɫɜɟɪɥɟɧɢɟ 3 ɨɬɜ. 
5 ɧɚɪɟɡɚɧɢɟ Ɇ6 

 
0,84 

0,12 

0,32 

0,78 

0,45 

4,62 7,19 0,22 0,11 0,43 7,95 0,17 8,12 

40 Ɏɪɟɡɟɪɧɚɹ 

1 ɮɪɟɡɟɪ. ɩɨɥɨɫɬɢ 
ɱɢɫɬɨɜɨɟ 

2 ɮɪɟɡɟɪ. ɩɨɥɨɫɬɢ ɬɨɧɤɨɟ 

 

0,32 

 

0,4 

2,19 2,91 0,06 0,03 0,12 3,12 0,18 3,3 

50 ɋɜɟɪɥɢɥɶɧɚɹ 

1 ɫɜɟɪɥɟɧɢɟ 

2 ɡɟɧɤɟɪɨɜɚɧɢɟ 

3 ɪɚɡɜɟɪɬɵɜɚɧɢɟ 

4 ɰɟɤɨɜɚɧɢɟ 

 

0,51 

0,33 

0,17 

0,08 

2,54 3,63 0,11 0,06 0,34 4,14 0,17 4,31 

60 ɋɜɟɪɥɢɥɶɧɚɹ 

1 ɫɜɟɪɥɟɧɢɟ 8 ɨɬɜ. 
2 ɰɟɤɨɜɚɧɢɟ 8 ɨɬɜ. 
3 ɧɚɪɟɡɚɧɢɟ Ɇ8 

 

1,68 

0,16 

1,04 

3,96 6,84 0,21 0,11 0,42 7,58 0,17 7,75 

 

 

Ɍɚɛɥɢɰɚ 1.9 – ɇɨɪɦɵ ɜɪɟɦɟɧɢ ɧɚ ɫɬɚɧɤɟ ɫ ɑɉɍ      

 
Ɉɩɟɪɚɰɢɹ to tɜ Ɍɨɩ tɬɟɯ tɨɪɝ tɨɬɞ Ɍɲɬ Ɍɲɬ/ɤ 

10 Ɍɨɤɚɪɧɨ-ɮɪɟɡɟɪɧɚɹ 

  ɍɫɬɚɧɨɜɤɚ ɜ ɲɩɢɧɞɟɥɶ 

1 ɬɨɱɟɧɢɟ ɧɚɪɭɠɧɨɟ 

2 ɬɨɱɟɧɢɟ ɬɨɪɰɚ ɱɟɪɧɨɜɨɟ 

3 ɬɨɱɟɧɢɟ ɬɨɪɰɚ ɱɟɪɧɨɜɨɟ 

4 ɬɨɱɟɧɢɟ ɬɨɪɰɚ ɱɟɪɧɨɜɨɟ 

5 ɬɨɱɟɧɢɟ ɬɨɪɰɚ ɱɢɫɬɨɜɨɟ 

6 ɬɨɱɟɧɢɟ ɬɨɪɰɚ ɬɨɧɤɨɟ 

7 ɬɨɱɟɧɢɟ ɮɚɫɤɢ 

8 ɪɚɫɬɚɱɢɜɚɧɢɟ ɱɟɪɧɨɜɨɟ 

9 ɪɚɫɬɚɱɢɜɚɧɢɟ ɱɢɫɬɨɜɨɟ 

10 ɪɚɫɬɚɱɢɜɚɧɢɟ ɬɨɧɤɨɟ 

11 ɪɚɫɬɚɱɢɜɚɧɢɟ ɱɟɪɧɨɜɨɟ 

12 ɪɚɫɬɚɱɢɜɚɧɢɟ ɮɚɫɤɢ  
13 ɪɚɫɬɚɱɢɜɚɧɢɟ ɤɚɧɚɜɤɢ 

14 ɪɚɫɬɚɱɢɜɚɧɢɟ ɩɪɨɬɨɱɤɢ 

15 ɬɨɱɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ 

 

 
0,16 

0,12 

0,12 

0,12 

0,14 

0,27 

0,02 

0,27 

0,27 

0,42 

0,07 

0,02 

0,05 

0,05 

0,06 

2,13 13,83 0,42 0,23 0,85 15,33 15,95 
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16 ɫɜɟɪɥɟɧɢɟ 6 ɨɬɜ. 
17 ɡɟɧɤɨɜɚɧɢɟ 6 ɨɬɜ. 
18 ɫɜɟɪɥɟɧɢɟ 2 ɨɬɜ. 
19 ɫɜɟɪɥɟɧɢɟ 3 ɨɬɜ. 
20 ɧɚɪɟɡɚɧɢɟ Ɇ6 

0,84 

0,12 

0,32 

0,78 

0,45 

 

Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 1.9      

 
Ɉɩɟɪɚɰɢɹ to tɜ Ɍɨɩ tɬɟɯ tɨɪɝ tɨɬɞ Ɍɲɬ Ɍɲɬ/ɤ 

ɉɟɪɟɭɫɬɚɧɨɜɤɚ ɜ 
ɩɪɨɬɢɜɨɲɩɢɧɞɟɥɶ 

21 ɮɪɟɡɟɪɨɜɚɧɢɟ ɬɨɪɰɚ  
22 ɮɪɟɡɟɪɨɜɚɧɢɟ ɩɨɥɨɫɬɢ 

23 ɮɪɟɡɟɪɨɜɚɧɢɟ ɩɨɥɨɫɬɢ 

24 ɮɪɟɡɟɪɨɜɚɧɢɟ ɩɨɥɨɫɬɢ 

25 ɮɪɟɡɟɪɨɜɚɧɢɟ ɛɨɤɨɜɨɣ ɩɨɜ 

26 ɮɪɟɡɟɪɨɜɚɧɢɟ ɛɨɤɨɜɨɣ ɩɨɜ 

27 ɫɜɟɪɥɟɧɢɟ 

28 ɡɟɧɤɟɪɨɜɚɧɢɟ 

29 ɪɚɡɜɟɪɬɵɜɚɧɢɟ 

30 ɰɟɤɨɜɚɧɢɟ 

31 ɫɜɟɪɥɟɧɢɟ 8 ɨɬɜ. 
32 ɰɟɤɨɜɚɧɢɟ 8 ɨɬɜ. 
33 ɧɚɪɟɡɚɧɢɟ Ɇ8 

 

 

0,92 

0,32 

0,51 

0,63 

0,34 

0,34 

0,51 

0,33 

0,17 

0,08 

1,68 

0,16 

1,04 

       

 

1.10  Вɵɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢя 

 

ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɜ ɩɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ, ɩɪɢɦɟɦ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɧɚɲɟɣ 
ɞɟɬɚɥɢ ɫɥɟɞɭɸɳɟɟ ɨɛɨɪɭɞɨɜɚɧɢɟ 

ɞɥɹ ɨɩɟɪɚɰɢɣ 10 ɢ 40 – ɨɞɢɧ ɫɬɚɧɨɤ 6Ɋ13 ɫ Ɍɲɬ-ɤ = 7,94 ɦɢɧ; 

ɞɥɹ ɨɩɟɪɚɰɢɢ 20 – ɨɞɢɧ ɫɬɚɧɨɤ 16Ʉ20 ɫ Ɍɲɬ-ɤ = 7,87 ɦɢɧ; 

ɞɥɹ ɨɩɟɪɚɰɢɣ 30, 50 ɢ 60 – ɨɞɢɧ ɫɬɚɧɨɤ 2Ɇ55 ɫ Ɍɲɬ-ɤ = 20,18 ɦɢɧ. 

 

ȼɪɟɦɹ ɨɛɪɚɛɨɬɤɢ ɩɪɨɝɪɚɦɦɵ ɞɟɬɚɥɟɣ ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ 

 

ɝɨɞɚ
F

NɌɌ
ɞ

шɬ
N

00835,0
604029

10018,20

60

max. 






                       (1.26)

 

 

ɝɞɟ Ɍɲɬ.max –ɧɚɢɛɨɥɶɲɚɹ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɨɩɟɪɚɰɢɢ, ɦɢɧ, 
N – ɝɨɞɨɜɚɹ ɩɪɨɝɪɚɦɦɚ ɜɵɩɭɫɤɚ ɞɟɬɚɥɟɣ, 100 ɲɬ, 
Fɞ – ɝɨɞɨɜɨɣ ɞɟɣɫɬɜɢɬɟɥɶɧɵɣ ɮɨɧɞ ɜɪɟɦɟɧɢ ɪɚɛɨɬɵ ɨɛɨɪɭɞɨɜɚɧɢɹ, 

4029 ɱ. 
 

ɉɪɢ ɨɛɪɚɛɨɬɤɟ ɧɚ ɫɬɚɧɤɚɯ ɫ ɑɉɍ  
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ɝɨɞɚ
F

NɌɌ
ɞ

шɬ
N

0066,0
604029

10095,15

60

max. 




  
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Ɍɚɤ ɤɚɤ ɨɛɨɪɭɞɨɜɚɧɢɟ ɫ ɑɉɍ ɡɧɚɱɢɬɟɥɶɧɨ ɫɥɨɠɧɟɟ ɭɧɢɜɟɪɫɚɥɶɧɨɝɨ, 
ɩɪɢɜɟɞɟɦ ɟɝɨ ɧɟɤɨɬɨɪɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ (ɬɚɛɥɢɰɚ 1.10) [15]. 

 

Ɍɚɛɥɢɰɚ 1.10 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫ ɑɉɍ   
 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ  Ɍɨɤɚɪɧɵɣ ɨɛɪɚɛɚɬɵɜɚɸɳɢɣ ɰɟɧɬɪ ɫ ɑɉɍ 
ɫ ɩɪɨɬɢɜɨɲɩɢɧɞɟɥɟɦ HYPERTURN 45 

ɉɚɪɚɦɟɬɪɵ ɪɚɛɨɱɟɣ ɡɨɧɵ, ɦɦ 
max  ɨɛɪɚɛɨɬɤɢ – 300  

max ɞɥɢɧɚ ɨɛɪɚɛɨɬɤɢ – 510 

ɒɩɢɧɞɟɥɶ ɩɨɫɚɞɤɚ Ⱥ2-8 

Maɤɫɢɦɚɥɶɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ 
ɲɩɢɧɞɟɥɹ, ɨɛ/ɦɢɧ 

7000 

Ɇɨɳɧɨɫɬɶ ɲɩɢɧɞɟɥɹ, ɤȼɬ 15 

Ʉɨɥ-ɜɨ ɢɧɫɬɪɭɦɟɧɬɨɜ 2ɯ12 

ȼɪɟɦɹ ɫɦɟɧɵ ɢɧɫɬɪɭɦɟɧɬɚ, ɫɟɤ 0,5 

ɋɢɫɬɟɦɚ ɑɉɍ Fanuc 21i-T 

 

 

 
 

 

 

Ɋɢɫɭɧɨɤ 1.2  – Ɍɨɤɚɪɧɵɣ ɨɛɪɚɛɚɬɵɜɚɸɳɢɣ ɰɟɧɬɪ ɫ ɑɉɍ  
ɫ ɩɪɨɬɢɜɨɲɩɢɧɞɟɥɟɦ HYPERTURN 45 
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Ɇɧɨɝɨɰɟɥɟɜɵɟ ɨɛɪɚɛɚɬɵɜɚɸɳɢɟ ɰɟɧɬɵ HYPERTURN (ɪɢɫɭɧɨɤ 1.2) 
ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɤɨɦɩɥɟɤɫɧɨɣ ɨɛɪɚɛɨɬɤɢ ɫɥɨɠɧɵɯ 
ɞɟɬɚɥɟɣ ɫ ɦɚɤɫɢɦɚɥɶɧɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ. 

ɐɟɧɬɵ HYPERTURN ɜɵɩɭɫɤɚɸɬɫɹ ɪɚɡɥɢɱɧɨɣ ɤɨɦɩɨɧɨɜɤɢ – ɫ ɞɜɭɦɹ, 
ɬɪɟɦɹ ɪɟɜɨɥɶɜɟɪɧɵɦɢ ɝɨɥɨɜɤɚɦɢ ɢ ɫ ɩɨɜɨɪɨɬɧɵɦ ɮɪɟɡɟɪɧɵɦ ɲɩɢɧɞɟɥɟɦ 
ɦɨɳɧɨɫɬɶɸ ɞɨ 30 ɤȼɬ, ɱɚɫɬɨɬɨɣ ɜɪɚɳɟɧɢɹ ɞɨ 12000 ɨɛ/ɦɢɧ ɢ ɭɝɥɨɦ ɩɨɜɨɪɨɬɚ 
ɞɨ 220. 

ɉɪɢɧɹɬɵɣ ɧɚɦɢ ɰɟɧɬɪ HYPERTURN 45 ɨɫɧɚɳɟɧ ɞɜɭɦɹ 
ɪɟɜɨɥɶɜɟɪɧɵɦɢ ɝɨɥɨɜɤɚɦɢ (ɪɢɫɭɧɨɤ 1.3). 

 

 

 

 
 

 

Ɋɢɫɭɧɨɤ 1.3 – ȼɡɚɢɦɧɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ  
ɲɩɢɧɞɟɥɟɣ ɢ ɝɨɥɨɜɨɤ. 
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2  Ʉɨɧɫɬɪɭɤɬɨɪɫɤɚя ɱɚɫɬɶ 

2.1 ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɮɪɟɡɟɪɧɨɝɨ ɩɪɢɫɩɨɫɨɛɥɟɧɢя 

  

ɇɚɡɧɚɱɟɧɢɟ ɡɚɠɢɦɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɫɬɚɧɨɱɧɵɯ ɩɪɢɫɩɨɫɨɛɥɟɧɢɣ 
ɫɨɫɬɨɢɬ ɜ ɧɚɞɟɠɧɨɦ ɡɚɤɪɟɩɥɟɧɢɢ, ɩɪɟɞɭɩɪɟɠɞɚɸɳɟɦ ɜɢɛɪɚɰɢɣ ɢ ɫɦɟɳɟɧɢɹ 
ɡɚɝɨɬɨɜɤɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɩɨɪ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ ɩɪɢ ɨɛɪɚɛɨɬɤɟ. 

 

2.1.1 Ɍɟɯɧɢɱɟɫɤɨɟ ɡɚɞɚɧɢɟ  ɧɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ  ɮɪɟɡɟɪɧɨɝɨ 
ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ 

 

Ɉɫɧɨɜɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɪɩɭɫɚ ɨɛɪɚɛɚɬɵɜɚɸɬɫɹ ɧɚ ɬɨɤɚɪɧɨɦ ɫɬɚɧɤɟ ɫ 
ɩɪɢɦɟɧɟɧɢɟɦ ɫɬɚɧɞɚɪɬɧɨɣ ɨɫɧɚɫɬɤɢ. Ⱥ ɨɛɪɚɛɨɬɤɚ ɫɞɜɨɟɧɧɨɣ ɜɧɭɬɪɟɧɧɟɣ 
ɩɨɥɨɫɬɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɚ ɮɪɟɡɟɪɧɨɦ ɫɬɚɧɤɟ ɢ ɬɪɟɛɭɟɬ ɩɪɢɦɟɧɟɧɢɹ 
ɫɩɟɰɢɚɥɶɧɨɝɨ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ. 

ɉɪɢ ɨɤɨɧɱɚɬɟɥɶɧɨɦ ɮɪɟɡɟɪɨɜɚɧɢɢ ɫɞɜɨɟɧɧɨɣ ɩɨɥɨɫɬɢ 52ɇ7 
ɛɚɡɢɪɨɜɚɧɢɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɬɨɪɰɭ ɢ ɩɨɫɚɞɨɱɧɨɦɭ ɨɬɜɟɪɫɬɢɸ 40ɇ7. 

ɋɩɪɨɟɤɬɢɪɭɟɦ ɫɩɟɰɢɚɥɶɧɨɟ ɡɚɠɢɦɧɨɟ ɩɪɢɫɩɨɫɨɛɥɟɧɢɟ ɞɥɹ ɭɫɬɚɧɨɜɤɢ 
ɡɚɝɨɬɨɜɤɢ ɧɚ ɜɟɪɬɢɤɚɥɶɧɨ-ɮɪɟɡɟɪɧɨɦ ɫɬɚɧɤɟ 6Ɋ12. Ȼɚɡɨɜɵɟ ɩɨɜɟɪɯɧɨɫɬɢ 
ɱɢɫɬɵɟ.  

 

2.1.2  Ɋɚɫɱɟɬ ɧɟɨɛɯɨɞɢɦɨɣ ɫɢɥɵ ɡɚɤɪɟɩɥɟɧɢɹ 

 

Ɂɚɝɨɬɨɜɤɚ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɩɥɨɫɤɨɫɬɶɸ ɬɨɪɰɚ ɧɚ ɨɩɨɪɧɵɟ ɩɥɚɫɬɢɧɵ 6 

ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ, ɥɢɲɚɸɳɢɟ ɟɟ ɬɪɟɯ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɢ ɹɜɥɹɸɳɢɟɫɹ ɝɥɚɜɧɨɣ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɛɚɡɨɣ. ȼ ɤɚɱɟɫɬɜɟ ɧɚɩɪɚɜɥɹɸɳɟɣ ɛɚɡɵ ɫɥɭɠɢɬ ɨɩɪɚɜɤɚ ɩɨ 
ɩɨɫɚɞɨɱɧɨɦɭ ɨɬɜɟɪɫɬɢɸ 40ɇ7. ɍɩɨɪɧɨɣ ɛɚɡɨɣ ɹɜɥɹɟɬɫɹ ɫɪɟɡɚɧɧɵɣ ɩɚɥɟɰ 7 
ɩɨ ɨɞɧɨɦɭ ɢɡ ɤɪɟɩɟɠɧɵɯ ɨɬɜɟɪɫɬɢɣ. ɋɢɥɨɜɨɟ ɡɚɦɵɤɚɧɢɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɞɜɭɦɹ 
ɩɪɢɯɜɚɬɚɦɢ 3 ɫ ɷɤɫɰɟɧɬɪɢɤɨɜɵɦ ɡɚɠɢɦɨɦ. 

Ɂɚɠɢɦɧɨɟ ɩɪɢɫɩɨɫɨɛɥɟɧɢɟ ɞɨɥɠɧɨ ɩɪɟɞɨɬɜɪɚɬɢɬɶ ɫɞɜɢɝ ɡɚɝɨɬɨɜɤɢ ɩɨ 
ɩɪɢɫɩɨɫɨɛɥɟɧɢɸ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɢɥɵ ɪɟɡɚɧɢɹ.  Ɋɚɫɫɱɢɬɚɟɦ ɧɟɨɛɯɨɞɢɦɭɸ 
ɫɢɥɭ ɡɚɠɢɦɚ, ɩɪɟɞɨɬɜɪɚɳɚɸɳɭɸ ɷɬɨɬ ɫɞɜɢɝ, ɧɚɥɢɱɢɟɦ ɨɩɪɚɜɤɢ ɩɪɟɧɟɛɪɟɠɟɦ. 
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Ɋɢɫɭɧɨɤ 2.1 –  ɋɯɟɦɚ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ 

 

 

ɉɨ ɫɯɟɦɟ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ (ɪɢɫɭɧɨɤ 2.1), ɫɨɫɬɚɜɢɦ ɭɪɚɜɧɟɧɢɟ 
ɪɚɜɧɨɜɟɫɢɹ ɫɢɥ, ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ ɏ.   

 

 0XF               02  ɬɪZ
FɊ                                                    (2.1) 

 

ɝɞɟ ɊZ – ɬɚɧɝɟɧɰɢɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɢɥɵ ɪɟɡɚɧɢɹ, ɩɪɢ ɱɢɫɬɨɜɨɦ 
ɮɪɟɡɟɪɨɜɚɧɢɢ ɢɡ ɪɚɫɱɟɬɚ ɪɟɠɢɦɨɜ ɪɟɡɚɧɢɹ (ɩɭɧɤɬ 1.8) ɊZ = 294 ɇ;   

Fɬɪ -  ɫɢɥɚ ɬɪɟɧɢɹ ɩɪɢɯɜɚɬɚ ɨ ɡɚɝɨɬɨɜɤɭ    
 

Fɬɪ=Q·kɬɪ                                                                                                    (2.2) 

 

ɝɞɟ Q – ɫɢɥɚ ɞɟɣɫɬɜɢɹ ɩɪɢɯɜɚɬɚ ɧɚ ɡɚɝɨɬɨɜɤɭ; 
kɬɪ = 0,16 – ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ ɫɬɚɥɶ ɩɨ ɱɭɝɭɧɭ; 
294 = 2·Q·0,16,    

Q = 920 ɇ. 

 

ɊZ 

Fɬɪ Fɬɪ 

ɏ 
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2.1.3  Ɋɚɫɱɟɬ ɫɢɥɵ ɩɪɢɜɨɞɚ 

  

Ɉɩɪɟɞɟɥɢɦ ɫɢɥɭ ɩɪɢɜɨɞɚ, ɤɚɤ ɮɭɧɤɰɢɸ ɨɬ ɫɢɥɵ ɡɚɤɪɟɩɥɟɧɢɹ  
Ɋɩɪ = f(Q). 

 ɉɪɢɯɜɚɬ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɞɜɭɯ ɩɥɟɱɟɜɨɣ ɪɵɱɚɝ, ɧɚ ɨɞɧɨɦ ɤɨɧɰɟ, 
ɤɨɬɨɪɨɝɨ ɩɪɢɥɨɠɟɧɚ ɫɢɥɚ ɩɪɢɜɨɞɚ (ɷɤɫɰɟɧɬɪɢɤɚ), ɚ ɧɚ ɞɪɭɝɨɦ - ɪɚɡɜɢɜɚɟɬɫɹ 
ɧɟɨɛɯɨɞɢɦɚɹ ɫɢɥɚ ɡɚɤɪɟɩɥɟɧɢɹ. 

 ɇɚ ɩɪɢɯɜɚɬ ɤɪɨɦɟ ɫɢɥɵ ɩɪɢɜɨɞɚ ɞɟɣɫɬɜɭɸɬ ɫɢɥɚ ɬɪɟɧɢɹ ɨ ɡɚɝɨɬɨɜɤɭ, 
ɫɢɥɚ ɬɪɟɧɢɹ ɨ ɩɪɢɜɨɞ ɢ ɫɢɥɚ, ɫ ɤɨɬɨɪɨɣ ɡɚɝɨɬɨɜɤɚ ɞɟɣɫɬɜɭɟɬ ɧɚ ɩɪɢɯɜɚɬ, ɩɨ 
ɦɨɞɭɥɸ ɪɚɜɧɚɹ ɫɢɥɟ ɡɚɤɪɟɩɥɟɧɢɹ Q`=еQе. 

 ɋɢɥɭ ɩɪɢɜɨɞɚ ɨɩɪɟɞɟɥɢɦ ɢɡ ɭɫɥɨɜɢɹ ɪɚɜɧɨɜɟɫɢɹ ɷɬɨɝɨ ɪɵɱɚɝɚ, ɬɨ ɟɫɬɶ 
ɫɭɦɦɚ ɦɨɦɟɧɬɨɜ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ ɜɪɚɳɟɧɢɹ ɪɵɱɚɝɚ ɞɨɥɠɧɚ ɛɵɬɶ ɪɚɜɧɚ 
ɧɭɥɸ (ɪɢɫɭɧɨɤ 2.2).   

 

 

 

 

 

 

 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 2.2 –  ɋɯɟɦɚ ɞɟɣɫɬɜɢɹ ɫɢɥ ɧɚ ɩɪɢɯɜɚɬ 

 

 

Q` ·L1 + Fɬɪ1 · L2 - Ɋɩɪ · L3 - Fɬɪ2 · L4 = 0                                                  

(2.3) 

 

ɝɞɟ L1, L2, L3, L4- ɩɥɟɱɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɫɢɥ; 
Fɬɪ1 = Q`· fɬɪ - ɫɢɥɚ ɬɪɟɧɢɹ ɩɪɢɯɜɚɬɚ ɨ ɡɚɝɨɬɨɜɤɭ; 
Fɬɪ2 = Ɋɩɪ· fɬɪ – ɫɢɥɚ ɬɪɟɧɢɹ ɩɪɢɯɜɚɬɚ ɨ ɩɪɢɜɨɞ. 
ɉɪɨɢɡɜɟɞɟɦ ɫɥɟɞɭɸɳɢɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 

 

Q` · ( L1+ kɬɪ · L2 ) = Ɋɩɪ · ( L3 + kɬɪ · L4 )                                                 (2.4) 

   

Ɉɬɫɸɞɚ ɦɨɠɧɨ ɜɵɪɚɡɢɬɶ ɢ ɨɩɪɟɞɟɥɢɬɶ ɫɢɥɭ ɩɪɢɜɨɞɚ 

 

43

21
·

·

·

LfL

LfL
QPɩɪ 

                                                                              (2.5) 

 

ɝɞɟ L1 = 35 ɦɦ; L2 = 10 ɦɦ; L3 = 35 ɦɦ; L4 = 15 ɦɦ; f = 0,16. 

Q’ 

Fɬɪ1 
Fɬɪ2 Ɋɩɪ 

L1 L3 

L4 L2 
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ɉɨɞɫɬɚɜɢɜ ɞɚɧɧɵɟ ɜ ɮɨɪɦɭɥɭ, ɩɨɥɭɱɢɦ:   Ɋɩɪ = 900 ɇ. 
2.1.4  Ɋɚɫɱɟɬ ɫɢɥɨɜɨɝɨ ɩɪɢɜɨɞɚ 

 

ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɜɨɞɚ ɩɪɢɧɹɥɢ ɷɤɫɰɟɧɬɪɢɤɨɜɵɣ ɡɚɠɢɦ. 
ɗɤɫɰɟɧɬɪɢɤɨɜɵɟ ɡɚɠɢɦɵ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɢɡɝɨɬɨɜɥɹɬɶ ɢɡ ɫɬɚɥɢ 20ɏ ɫ 

ɰɟɦɟɧɬɚɰɢɟɣ ɧɚ ɝɥɭɛɢɧɭ 0,8-1,2 ɦɦ ɢ ɩɨɫɥɟɞɭɸɳɟɣ ɡɚɤɚɥɤɨɣ ɞɨ ɬɜɟɪɞɨɫɬɢ 
HRC 55-60. 

ɗɤɫɰɟɧɬɪɢɫɢɬɟɬ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ Д3Ж 
 





cos1

1




 J

Ɋ
s

ɟ

ɩɪ

                                                                                       (2.6) 

 

ɝɞɟ s1 – ɡɚɡɨɪ ɦɟɠɞɭ ɩɪɢɯɜɚɬɨɦ ɢ ɡɚɝɨɬɨɜɤɨɣ (0,3 ɦɦ);  
 - ɞɨɩɭɫɤ ɧɚ ɪɚɡɦɟɪ ɡɚ ɤɨɬɨɪɵɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɡɚɠɢɦ (1 ɦɦ);  
J – ɠɟɫɬɤɨɫɬɶ ɡɚɠɢɦɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ, ɩɪɢɦɟɦ 2000 ɇ/ɦɦ;  
 - ɭɝɨɥ ɩɨɜɨɪɨɬɚ ɷɤɫɰɟɧɬɪɢɤɚ, ɩɪɢɦɟɦ 60. 
 

.5,3
60cos1

2000

900
13,0

ɦɦɟ 



                                                                              (2.7) 

 

Ɋɚɞɢɭɫ ɰɚɩɮɵ ɷɤɫɰɟɧɬɪɢɤɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 

.4,2
404

900

4
ɦɦ

Ɋ
r

ɫɦ

ɩɪ 






                                                                       (2.8) 

 

ɫɦ = 40 Ɇɉɚ, ɞɥɹ ɫɬɚɥɶɧɨɣ ɰɚɩɮɵ. ɉɪɢɦɟɦ r = 2,5 ɦɦ.  
Ⱦɥɢɧɚ ɰɚɩɮɵ ɪɚɜɧɚ ɟɟ ɞɢɚɦɟɬɪɭ b = 2,5 ɦɦ.  
Ɋɚɞɢɭɫ ɤɪɭɝɚ ɬɪɟɧɢɹ  
 

 = rf = 2,50,1 = 0,25 ɦɦ                                                                        (2.9) 

 

Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɫɚɦɨɬɨɪɦɨɠɟɧɢɹ ɞɨɥɠɧɨ ɫɨɛɥɸɞɚɬɶɫɹ ɭɫɥɨɜɢɟ 

15,0
R

ɟ , ɬɨɝɞɚ ɪɚɞɢɭɫ ɧɚɪɭɠɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɷɤɫɰɟɧɬɪɢɤɚ 

 

R = 3,5/0,15 = 24 ɦɦ                                                                               (2.10) 

 

ɉɪɢɧɹɜ ɞɨɩɭɫɬɢɦɨɟ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɫɦɹɬɢɟ ɞɥɹ ɷɤɫɰɟɧɬɪɢɤɚ  = 250 

Ɇɉɚ ɢ ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ȿ = 210
5  Ɇɉɚ, ɨɩɪɟɞɟɥɢɦ ɲɢɪɢɧɭ ɪɚɛɨɱɟɣ ɱɚɫɬɢ 

ɷɤɫɰɟɧɬɪɢɤɚ 
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.12
25040

102900
17,017,0
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2
ɦɦ

R

ЕɊ
В ɩɪ 











                                                     (2.11) 

Ⱦɥɹ ɭɩɪɨɳɟɧɢɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɷɤɫɰɟɧɬɪɢɤɚ ɩɪɢɦɟɦ ɞɥɢɧɭ ɰɚɩɮɵ 
ɪɚɜɧɨɣ ɟɝɨ ɲɢɪɢɧɟ  ȼ = b = 12 ɦɦ. 

ɇɚɢɛɨɥɶɲɢɣ ɧɟɨɛɯɨɞɢɦɵɣ ɦɨɦɟɧɬ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɡɚɠɢɦ ɡɚɝɨɬɨɜɤɢ, 
ɧɚ ɪɭɤɨɹɬɤɟ ɷɤɫɰɟɧɬɪɢɤɚ 

 

Nl = [1+sin(’+)]ePɩɪ = [1+sin(120+6)]3,5900= 5,7 ɤɇɦɦ       (2.12) 

 

’ = 180- = 180-60 = 120                                                               (2.13) 

 

ɉɪɢ ɞɥɢɧɟ ɪɭɤɨɹɬɤɢ 60 ɦɦ, ɧɟɨɛɯɨɞɢɦɚɹ ɩɪɢɥɨɠɟɧɧɚɹ ɫɢɥɚ  
N = 5700/60 = 95 ɇ. 
Ɍɚɤɭɸ ɫɢɥɭ ɜɩɨɥɧɟ ɦɨɠɟɬ ɪɚɡɜɢɬɶ ɜɡɪɨɫɥɵɣ ɱɟɥɨɜɟɤ, ɬɨ ɟɫɬɶ ɩɨɜɨɪɨɬ 

ɷɤɫɰɟɧɬɪɢɤɚ ɛɭɞɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɜɪɭɱɧɭɸ. 
 
2.1.5  Ɋɚɫɱɟɬ ɡɚɠɢɦɧɨɝɨ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ  ɧɚ ɬɨɱɧɨɫɬɶ 

 

ɉɪɨɜɟɞɟɦ ɪɚɫɱɟɬ ɡɚɠɢɦɧɨɝɨ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ ɧɚ ɬɨɱɧɨɫɬɶ. ɑɬɨɛɵ 
ɨɩɪɟɞɟɥɢɬɶ ɬɨɱɧɨɫɬɶ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ ɞɥɹ ɜɵɞɟɪɠɢɜɚɟɦɨɝɨ ɧɚ ɨɩɟɪɚɰɢɢ 
ɞɨɩɭɫɤɚ ɫɨɨɫɧɨɫɬɢ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɢ ɛɚɡɨɜɨɝɨ ɨɬɜɟɪɫɬɢɣ, ɧɟɨɛɯɨɞɢɦɨ 
ɫɭɦɦɢɪɨɜɚɬɶ ɜɫɟ ɩɨɝɪɟɲɧɨɫɬɢ, ɜɥɢɹɸɳɢɟ ɧɚ ɬɨɱɧɨɫɬɶ. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ 
ɛɨɥɶɲɢɧɫɬɜɚ ɩɨɝɪɟɲɧɨɫɬɟɣ, ɫɨɫɬɚɜɥɹɸɳɢɯ ɫɭɦɦɚɪɧɭɸ, ɩɨɞɱɢɧɹɟɬɫɹ ɡɚɤɨɧɭ 
ɧɨɪɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢ ɩɨɷɬɨɦɭ ɩɪɢ ɪɚɫɱɟɬɚɯ ɦɨɠɧɨ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ 
ɭɪɚɜɧɟɧɢɟɦ [7] 

 

ȿɩɪ=  Ɍ-Ʉɬ· Д(Ʉɬ1·ɛ)
 2
+ɡ

2
+ɭ

2
+ɢ

2
+ɩ

2
+ Д(Ʉɬ2 ·А) 2] 0,5

                          

(2.14) 

 

ɝɞɟ Ɍ = 30 ɦɤɦ – ɞɨɩɭɫɤ ɫɨɨɫɧɨɫɬɢ; 

Ʉɬ = 1,2 - ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɨɬɤɥɨɧɟɧɢɟ ɪɚɫɫɟɹɧɢɹ ɡɧɚɱɟɧɢɣ 
ɫɨɫɬɚɜɥɹɸɳɢɯ ɜɟɥɢɱɢɧ ɨɬ ɡɚɤɨɧɚ ɧɨɪɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ; 

Ʉɬ1 = 0,6 - ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɦɟɧɶɲɟɧɢɟ ɩɪɟɞɟɥɶɧɨɝɨ 
ɡɧɚɱɟɧɢɹ ɩɨɝɪɟɲɧɨɫɬɢ ɛɚɡɢɪɨɜɚɧɢɹ ɩɪɢ ɪɚɛɨɬɟ ɧɚ ɧɚɫɬɪɨɟɧɧɵɯ ɫɬɚɧɤɚɯ; 

Ʉɬ2 = 0,7 - ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɞɨɥɸ ɩɨɝɪɟɲɧɨɫɬɢ ɨɛɪɚɛɨɬɤɢ ɜ 
ɫɭɦɦɚɪɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ, ɜɵɡɵɜɚɟɦɨɣ ɮɚɤɬɨɪɚɦɢ, ɧɟɡɚɜɢɫɹɳɢɦɢ ɨɬ 
ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ; 

W - ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɬɨɱɧɨɫɬɶ ɨɛɪɚɛɨɬɤɢ;  
ɛ - ɩɨɝɪɟɲɧɨɫɬɶ ɛɚɡɢɪɨɜɚɧɢɹ ɡɚɝɨɬɨɜɤɢ ɜ ɩɪɢɫɩɨɫɨɛɥɟɧɢɢ; 
ɡ - ɩɨɝɪɟɲɧɨɫɬɶ ɡɚɤɪɟɩɥɟɧɢɹ ɡɚɝɨɬɨɜɤɢ, ɜɨɡɧɢɤɚɸɳɚɹ ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɞɟɣɫɬɜɢɹ ɫɢɥ ɡɚɠɢɦɚ; 
ɭ - ɩɨɝɪɟɲɧɨɫɬɶ ɭɫɬɚɧɨɜɤɢ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ ɧɚ ɫɬɚɧɤɟ; 
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ɢ - ɩɨɝɪɟɲɧɨɫɬɶ ɩɨɥɨɠɟɧɢɹ ɡɚɝɨɬɨɜɤɢ, ɜɨɡɧɢɤɚɸɳɚɹ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɢɡɧɚɲɢɜɚɧɢɹ ɷɥɟɦɟɧɬɨɜ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ; 

ɩ - ɩɨɝɪɟɲɧɨɫɬɶ ɨɬ ɩɟɪɟɤɨɫɚ ɢɧɫɬɪɭɦɟɧɬɚ. 
ɉɨɝɪɟɲɧɨɫɬɶ ɛɚɡɢɪɨɜɚɧɢɹ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɜɨɡɧɢɤɚɟɬ ɢɡ-ɡɚ 

ɧɟɩɥɨɫɤɨɫɬɧɨɫɬɢ ɛɚɡɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ ɨɧɚ ɱɢɫɬɨ 
ɨɛɪɚɛɨɬɚɧɧɚɹ. ɉɪɢɦɟɦ εɛ = 10 ɦɤɦ. 

 ɉɨɝɪɟɲɧɨɫɬɶ ɡɚɤɪɟɩɥɟɧɢɹ εɡ = 0, ɬɚɤ ɤɚɤ ɫɢɥɵ ɩɪɢɠɢɦɚ ɞɟɣɫɬɜɭɸɬ 
ɩɚɪɚɥɥɟɥɶɧɨ ɨɫɹɦ ɛɚɡɨɜɨɝɨ ɢ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɨɬɜɟɪɫɬɢɣ ɢ ɧɚ ɫɨɨɫɧɨɫɬɶ ɧɟ 
ɜɥɢɹɸɬ.  

ȼ ɩɪɢɫɩɨɫɨɛɥɟɧɢɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɚɞɟɠɧɵɣ ɤɨɧɬɚɤɬ ɭɫɬɚɧɨɜɨɱɧɨɣ 
ɩɥɨɫɤɨɫɬɢ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ ɫ ɩɥɨɫɤɨɫɬɶɸ ɫɬɨɥɚ ɫɬɚɧɤɚ, ɩɨɷɬɨɦɭ ɭ = 0. 

ɉɨɝɪɟɲɧɨɫɬɶ ɩɨɥɨɠɟɧɢɹ 

 

ɢ = ȼ2·N                                                                                                  (2.15) 

 

ɝɞɟ ȼ2 = 0,002 - ɩɨɫɬɨɹɧɧɚɹ, ɡɚɜɢɫɹɳɚɹ ɨɬ ɜɢɞɚ ɭɫɬɚɧɨɜɨɱɧɵɯ 
ɷɥɟɦɟɧɬɨɜ ɢ ɭɫɥɨɜɢɣ ɤɨɧɬɚɤɬɚ – ɭɫɬɚɧɨɜɨɱɧɵɟ ɩɥɚɫɬɢɧɵ; 

N - ɤɨɥɢɱɟɫɬɜɨ ɤɨɧɬɚɤɬɨɜ ɡɚɝɨɬɨɜɤɢ ɫ ɨɩɨɪɨɣ ɜ ɝɨɞ. Ɍɚɤ ɤɚɤ ɤɚɠɞɚɹ 
ɞɟɬɚɥɶ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɜ ɞɚɧɧɨɟ ɩɪɢɫɩɨɫɨɛɥɟɧɢɟ ɨɞɢɧ ɪɚɡ ɤɨɥɢɱɟɫɬɜɨ 
ɤɨɧɬɚɤɬɨɜ ɪɚɜɧɨ 100 ɪɚɡ.  ɢ =0,002·100= 0,2 ɦɤɦ. 

ȼ ɩɪɢɫɩɨɫɨɛɥɟɧɢɢ ɨɬɫɭɬɫɬɜɭɸɬ ɧɚɩɪɚɜɥɹɸɳɢɟ ɷɥɟɦɟɧɬɵ, ɩ = 0. 

ɗɤɨɧɨɦɢɱɟɫɤɚɹ ɬɨɱɧɨɫɬɶ А = 20 ɦɤɦ. 
ȿɩɪ  = 30-1,2Д(0,6·10)2

+0,2
2+(0,7·20)2

]
0,5 

= 30-18  = 12 ɦɤɦ. 
Ɍɨɱɧɨɫɬɶ ɨɛɪɚɛɨɬɤɢ ɜɵɞɟɪɠɢɜɚɟɬɫɹ. 

 

2.2  ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɤɨɧɬɪɨɥɶɧɨɝɨ  ɩɪɢɫɩɨɫɨɛɥɟɧɢя 

 

Ʉɨɧɬɪɨɥɶ ɬɨɱɧɨɫɬɢ ɥɢɧɟɣɧɵɯ ɪɚɡɦɟɪɨɜ ɜ ɨɫɧɨɜɧɨɦ ɩɪɨɢɡɜɨɞɢɬɫɹ 
ɫɬɚɧɞɚɪɬɧɵɦ ɦɟɪɢɬɟɥɶɧɵɦ ɢɧɫɬɪɭɦɟɧɬɨɦ – ɲɬɚɧɝɟɧɰɢɪɤɭɥɟɦ ɢ 
ɲɬɚɧɝɟɧɪɟɣɫɦɚɫɨɦ ȽɈɋɌ 166-90. Ʉɨɧɬɪɨɥɶ ɩɨɫɚɞɨɱɧɨɝɨ ɨɬɜɟɪɫɬɢɹ 

ɩɪɨɢɡɜɨɞɹɬ ɧɭɬɪɨɦɟɪɨɦ ȽɈɋɌ 868-82. 

Ʉɨɧɬɪɨɥɶ ɨɬɜɟɪɫɬɢɣ ɩɪɨɢɡɜɨɞɹɬ ɞɜɭɦɹ ɤɨɥɢɛɪ-ɩɪɨɛɤɚɦɢ – ɩɪɨɯɨɞɧɨɣ 
ɢ ɧɟɩɪɨɯɨɞɧɨɣ. Ʉɨɧɬɪɨɥɶ ɤɚɱɟɫɬɜɚ ɨɛɪɚɛɨɬɚɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɨɢɡɜɨɞɹɬ ɫ 
ɩɨɦɨɳɶɸ ɨɛɪɚɡɰɨɜ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ȽɈɋɌ 7398-95 ɩɭɬɟɦ ɢɯ ɫɪɚɜɧɟɧɢɹ.  

 Ⱦɨɩɭɫɤɢ ɪɚɫɩɨɥɨɠɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɟɣ ɤɨɧɬɪɨɥɢɪɭɸɬ ɩɪɢ ɩɨɦɨɳɢ 
ɫɩɟɰɢɚɥɶɧɵɯ ɩɪɢɫɩɨɫɨɛɥɟɧɢɣ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɢɧɞɢɤɚɬɨɪɧɵɯ ɝɨɥɨɜɨɤ. 

 

2.2.1 Ɍɟɯɧɢɱɟɫɤɨɟ ɡɚɞɚɧɢɟ ɧɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɤɨɧɬɪɨɥɶɧɨɝɨ 
ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ 

 

ȼɚɠɧɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɤɚɱɟɫɬɜɟɧɧɨɣ ɪɚɛɨɬɵ ɧɚɫɨɫɚ ɢɦɟɟɬ ɬɨɱɧɨɫɬɶ 
ɫɬɵɤɨɜɤɢ ɞɟɬɚɥɟɣ. ɉɨɷɬɨɦɭ ɤɨɧɫɬɪɭɤɬɨɪɨɦ ɭɫɬɚɧɨɜɥɟɧ ɞɨɩɭɫɤ 
ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɫɬɢ ɫɬɵɤɨɜɨɱɧɨɝɨ ɬɨɪɰɚ Ɂ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɟɣ ɫɞɜɨɟɧɧɨɣ 
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ɩɨɥɨɫɬɢ 52ɇ7. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɵɲɟɢɡɥɨɠɟɧɧɵɦ, ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ 
ɫɩɪɨɟɤɬɢɪɭɟɦ ɫɩɟɰɢɚɥɶɧɨɟ ɩɪɢɫɩɨɫɨɛɥɟɧɢɟ ɞɥɹ ɤɨɧɬɪɨɥɹ ɷɬɨɝɨ ɬɪɟɛɨɜɚɧɢɹ. 

Ɉɩɢɫɚɧɢɟ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɪɚɫɱɟɬ ɧɚ ɬɨɱɧɨɫɬɶ ɩɪɢɜɟɞɟɧɵ ɧɢɠɟ. 
 

2.2.2 Ɉɩɢɫɚɧɢɟ ɤɨɧɫɬɪɭɤɰɢɢ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ  
ɞɥɹ ɤɨɧɬɪɨɥɹ  ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɫɬɢ 
 

ȼ ɞɟɬɚɥɶ ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɜɫɬɚɜɤɭ 4, ɩɪɨɮɢɥɟɦ ɬɨɱɧɨ ɤɨɩɢɪɭɸɳɭɸ 
ɤɨɧɬɪɨɥɢɪɭɟɦɭɸ ɫɞɜɨɟɧɧɭɸ ɩɨɥɨɫɬɶ ɤɨɪɩɭɫɚ. Ɉɬɜɟɪɫɬɢɹ ɜɫɬɚɜɤɢ ɩɨɥɧɨɫɬɶɸ 
ɫɨɫɧɵ ɨɫɹɦ ɩɨɥɨɫɬɟɣ ɤɨɪɩɭɫɚ. 

Ⱦɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɤɨɧɬɪɨɥɹ ɨɫɢ ɫɞɜɨɟɧɧɨɣ ɩɨɥɨɫɬɢ ɧɟɨɛɯɨɞɢɦɨ 
ɦɚɬɟɪɢɚɥɢɡɨɜɚɬɶ. Ⱦɥɹ ɷɬɨɝɨ ɜɨ ɜɫɬɚɜɤɭ ɩɨ ɨɬɜɟɪɫɬɢɹɦ ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɨɩɪɚɜɤɭ 
1. ɐɟɧɬɪɢɪɨɜɚɧɢɟ ɨɩɪɚɜɤɢ ɜɨ ɜɫɬɚɜɤɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɡɚɜɚɥɶɰɨɜɚɧɧɵɦ 
ɩɨɞɩɪɭɠɢɧɟɧɧɵɦ ɲɚɪɢɤɚɦ 5, ɪɚɫɩɨɥɨɠɟɧɧɵɦ ɞɜɭɦɹ ɪɹɞɚɦɢ ɩɨ 3 ɜ ɤɚɠɞɨɦ.  

Ʉɨɧɬɪɨɥɶ ɩɪɨɢɡɜɨɞɢɬɫɹ ɢɧɞɢɤɚɬɨɪɧɨɣ ɝɨɥɨɜɤɨɣ ɱɚɫɨɜɨɝɨ ɬɢɩɚ 8, 

ɡɚɤɪɟɩɥɟɧɧɨɣ ɧɚ ɨɩɪɚɜɤɟ 1 ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɟɟ ɧɚɤɨɧɟɱɧɢɤ 
ɫɨɩɪɢɤɚɫɚɥɫɹ ɫ ɤɨɧɬɪɨɥɢɪɭɟɦɵɦ ɬɨɪɰɟɦ Ɂ.  

ɉɨɫɥɟ ɭɫɬɚɧɨɜɤɢ ɨɩɪɚɜɤɢ, ɢɧɞɢɤɚɬɨɪ ɜɵɜɨɞɹɬ ɧɚ ɧɨɥɶ ɢ ɜɪɚɳɚɹ 
ɨɩɪɚɜɤɭ ɜɨɤɪɭɝ ɨɫɢ, ɬɟɦ ɫɚɦɵɦ ɩɟɪɟɞɜɢɝɚɹ ɧɨɠɤɭ ɢɧɞɢɤɚɬɨɪɚ ɩɨ 
ɤɨɧɬɪɨɥɢɪɭɟɦɨɦɭ ɬɨɪɰɭ, ɫɧɢɦɚɸɬ ɩɨɤɚɡɚɧɢɹ. ɉɟɪɟɭɫɬɚɧɨɜɢɜ ɨɩɪɚɜɤɭ 1 ɜɨ 

ɜɬɨɪɨɟ ɨɬɜɟɪɫɬɢɟ ɜɫɬɚɜɤɢ 4, ɧɟ ɢɡɦɟɧɹɹ ɧɚɫɬɪɨɣɤɭ ɢɧɞɢɤɚɬɨɪɚ, ɩɪɨɢɡɜɨɞɹɬ 
ɤɨɧɬɪɨɥɶ ɧɚ ɞɪɭɝɨɦ ɤɨɧɰɟ ɬɨɪɰɚ. 

Ⱦɥɹ ɭɞɨɛɫɬɜɚ ɭɫɬɚɧɨɜɤɢ ɧɚ ɨɩɪɚɜɤɟ 1 ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɪɭɱɤɚ 2. 
 
2.2.3  Ɋɚɫɱɟɬ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ ɧɚ ɬɨɱɧɨɫɬɶ 

 

ɉɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ – ɷɬɨ ɨɬɤɥɨɧɟɧɢɟ ɩɨɥɭɱɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɨɬ 
ɟɝɨ ɢɫɬɢɧɧɨɣ ɜɟɥɢɱɢɧɵ. 

 ɉɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɚɡɧɚɱɟɧɢɹ ɞɟɬɚɥɢ, 
ɞɨɩɭɫɤɚɸɬ ɜ ɩɪɟɞɟɥɚɯ 8-30% ɞɨɩɭɫɤɚ ɧɚ ɤɨɧɬɪɨɥɢɪɭɟɦɨɟ ɨɬɤɥɨɧɟɧɢɟ. 

Ⱦɨɩɭɫɤ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɫɬɢ ɫɨɫɬɚɜɥɹɟɬ 15 ɦɤɦ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, 
ɩɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɧɟ ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ 5 ɦɤɦ. 

ɉɨɝɪɟɲɧɨɫɬɶ  ɢɡɦɟɪɟɧɢɹ  ɨɩɪɟɞɟɥɹɟɬɫɹ  ɩɨ  ɮɨɪɦɭɥɟ Д7] 

 
2222

ɢɧɞɬɢɡɧɭɫɬɢɡɦ                                                                     (2.16) 

 

ɝɞɟ  ∆ɭɫɬ
   – ɩɨɝɪɟɲɧɨɫɬɶ  ɭɫɬɚɧɨɜɤɢ  ɞɟɬɚɥɢ ɧɚ ɩɪɢɫɩɨɫɨɛɥɟɧɢɟ, 

ɡɚɜɢɫɢɬ ɨɬ ɬɨɱɧɨɫɬɢ ɭɫɬɚɧɨɜɨɱɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ∆ɭɫɬ = 0, ɩɨɞɩɪɭɠɢɧɟɧɧɵɟ 
ɲɚɪɢɤɢ;  ɉɨɝɪɟɲɧɨɫɬɶ ɭɫɬɚɧɨɜɤɢ ɧɚ ɡɚɜɚɥɶɰɨɜɚɧɧɵɟ ɲɚɪɢɤɢ ɪɚɜɧɚ 0. 

∆ɢɡɧ  – ɩɨɝɪɟɲɧɨɫɬɶ,  ɫɜɹɡɚɧɧɚɹ  ɫ  ɢɡɧɨɫɨɦ  ɷɥɟɦɟɧɬɨɜ 
ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ  (0,001ɦɦ); 

 ∆ɬ  – ɩɨɝɪɟɲɧɨɫɬɶ,  ɫɜɹɡɚɧɧɚɹ  ɫ  ɤɨɥɟɛɚɧɢɹɦɢ  ɬɟɦɩɟɪɚɬɭɪɵ  
(0,002ɦɦ);   ∆ɢɧɞ – ɩɨɝɪɟɲɧɨɫɬɶ  ɢɧɞɢɤɚɬɨɪɚ  (0,0025 ɦɦ); 
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ɦкɦɦкɦɢɡɦ 54004,00025,0002,0001,0 222   

ɂɡ ɪɚɫɱɟɬɚ ɜɢɞɧɨ, ɱɬɨ ɞɚɧɧɨɟ ɩɪɢɫɩɨɫɨɛɥɟɧɢɟ ɨɛɥɚɞɚɟɬ ɞɨɫɬɚɬɨɱɧɨɣ 
ɬɨɱɧɨɫɬɶɸ.  
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3  ɗɤɨɧɨɦɢɱɟɫɤɚя ɱɚɫɬɶ 

3.1 Вɵɛɨɪ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢя 

 

Ⱦɥɹ ɨɛɪɚɛɨɬɤɢ ɤɨɪɩɭɫɚ ɧɚɦɢ ɛɵɥɨ ɪɚɡɪɚɛɨɬɚɧɨ ɞɜɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɩɪɨɰɟɫɫɚ. ȼ ɛɚɡɨɜɨɦ ɜɚɪɢɚɧɬɟ ɩɪɨɢɡɜɨɞɢɦ ɨɛɪɚɛɨɬɤɭ ɞɟɬɚɥɢ ɧɚ 
ɭɧɢɜɟɪɫɚɥɶɧɨɦ ɨɛɨɪɭɞɨɜɚɧɢɢ (ɬɚɛɥɢɰɚ 3.1). 

 

Ɍɚɛɥɢɰɚ 3.1 – ɉɟɪɟɱɟɧɶ ɭɧɢɜɟɪɫɚɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 

 

Ɍɢɩ 

ɨɛɨɪɭɞɨɜɚɧɢɹ 

Ʉɨɥ-

ɜɨ 

Ɇɨɳ-

ɧɨɫɬɶ, 
ɤȼɬ 

ȿɞɢɧɢɰɵ 
ɪɟɦɨɧɬɧɨɣ 
ɫɥɨɠɧɨɫɬɢ 

Rɦ 

Ɂɚɧɢɦɚ-

ɟɦɚɹ 
ɩɥɨɳɚɞɶ, 

ɦ2
 

ɋɬɨɢɦɨɫɬɶ 
ɟɞɢɧɢɰɵ 
ɨɛɨɪ, ɪɭɛ 

ɋɭɦɦɚɪɧɚɹ 
ɫɬɨɢɦɨɫɬɶ, 

ɪɭɛ 

ȼɟɪɬɢɤɚɥɶɧɨ-

ɮɪɟɡɟɪɧɵɣ 6Ɋ13 

1 7,5 29 2,6ɯ2,3 1796000 1796000 

Ɍɨɤɚɪɧɨ-

ɜɢɧɬɨɪɟɡɧɵɣ 16Ʉ20 

1 10 19  2,5ɯ1,5 952000 952000 

Ɋɚɞɢɚɥɶɧɨ-

ɫɜɟɪɥɢɥɶɧɵɣ 2Ɇ55 

1 5,5 26  2,7ɯ1,5 964000 964000 

ɂɌɈȽɈ 3 23 87 35  3712000 

 

Ⱦɥɹ ɫɧɢɠɟɧɢɹ ɡɚɬɪɚɬ ɜ ɩɪɨɟɤɬɢɪɭɟɦɨɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦ ɩɪɨɰɟɫɫɟ 
ɩɪɢɦɟɧɢɥɢ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɨɫɧɚɳɟɧɧɨɟ ɱɢɫɥɨɜɵɦ ɩɪɨɝɪɚɦɦɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ 

(ɬɚɛɥɢɰɚ 3.2). 
  

Ɍɚɛɥɢɰɚ 3.2 – ɉɟɪɟɱɟɧɶ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫ ɑɉɍ  

 

Ɍɢɩ 

ɨɛɨɪɭɞɨɜɚɧɢɹ 

Ʉɨɥ-

ɜɨ 

Ɇɨɳ-

ɧɨɫɬɶ, 
ɤȼɬ 

ȿɞɢɧɢɰɵ 
ɪɟɦɨɧɬɧɨɣ 
ɫɥɨɠɧɨɫɬɢ 

Rɦ 

Ɂɚɧɢɦɚ-

ɟɦɚɹ 
ɩɥɨɳɚɞɶ, 

ɦ2
 

ɋɬɨɢɦɨɫɬɶ 
ɟɞɢɧɢɰɵ 
ɨɛɨɪ, ɪɭɛ 

ɋɭɦɦɚɪɧɚɹ 
ɫɬɨɢɦɨɫɬɶ, 

ɪɭɛ 

Ɍɨɤɚɪɧɵɣ 
ɨɛɪɚɛɚɬɵɜɚɸɳɢɣ 

ɰɟɧɬɪ ɫ ɑɉɍ 
HYPERTURN 45 

1 15 38 2,7ɯ2,1 2478000 2478000 

ɂɌɈȽɈ 1 15 38 15  2478000 
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3.2  Ɉɩɪɟɞɟɥɟɧɢɟ ɡɚɧɢɦɚɟɦɨɣ ɩɥɨɳɚɞɢ 

 

ɉɥɨɳɚɞɶ, ɡɚɧɢɦɚɟɦɭɸ ɨɛɨɪɭɞɨɜɚɧɢɟɦ, ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ 

 

S = f  kf                                                                                                    (3.1)             

 

ɝɞɟ П –  ɫɭɦɦɚɪɧɚɹ ɩɥɨɳɚɞɶ ɫɬɚɧɤɨɜ ɜ ɩɥɚɧɟ; 

kf = 2,5 – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɭɸ ɩɥɨɳɚɞɶ ɩɪɨɯɨɞɨɜ, ɩɪɨɟɡɞɨɜ, ɦɟɫɬ ɫɤɥɚɞɢɪɨɜɚɧɢɹ 
ɡɚɝɨɬɨɜɨɤ ɢ ɬ.ɞ. 

Ⱦɥɹ ɨɛɪɚɛɨɬɤɢ ɤɨɪɩɭɫɚ ɧɚɦ ɩɨɬɪɟɛɭɟɬɫɹ 3 ɭɧɢɜɟɪɫɚɥɶɧɵɯ ɫɬɚɧɤɨɜ ɫ 
ɨɛɳɟɣ ɩɥɨɳɚɞɶɸ 13,78 ɦ2

.  

Sɭɧ = 13,782,5 = 35 ɦ2 

ɉɪɢ ɨɛɪɚɛɨɬɤɟ ɧɚ ɫɬɚɧɤɚɯ ɫ ɑɉɍ ɬɪɟɛɭɟɬɫɹ 1 ɫɬɚɧɨɤ.  

Sɑɉɍ = 5,672,5 = 15 ɦ2 

 

3.3 Ɉɪɝɚɧɢɡɚɰɢя ɬɪɚɧɫɩɨɪɬɧɨɣ  ɫɢɫɬɟɦɵ 

 

Ɉɪɝɚɧɢɡɚɰɢɹ ɪɚɛɨɬɵ ɬɪɚɧɫɩɨɪɬɧɨɣ ɫɢɫɬɟɦɵ ɩɪɟɞɩɪɢɹɬɢɹ ɜ ɰɟɥɨɦ 
ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɪɚɫɱɟɬ ɝɪɭɡɨɨɛɨɪɨɬɚ, ɝɪɭɡɨɩɨɬɨɤɨɜ ɢ ɜɵɛɨɪ ɬɪɚɧɫɩɨɪɬɧɵɯ 
ɫɪɟɞɫɬɜ. ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ ɬɪɚɧɫɩɨɪɬɧɚɹ ɫɢɫɬɟɦɚ ɧɟ ɜɯɨɞɢɬ ɜ ɫɨɫɬɚɜ ɭɱɚɫɬɤɚ ɢ, 

ɩɨɷɬɨɦɭ ɩɪɨɢɡɜɟɞɟɦ ɬɨɥɶɤɨ ɜɵɛɨɪ ɦɟɠɨɩɟɪɚɰɢɨɧɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ ɢ 
ɬɪɚɧɫɩɨɪɬɚ ɩɨ ɞɨɫɬɚɜɤɟ ɡɚɝɨɬɨɜɨɤ ɧɚ ɭɱɚɫɬɨɤ ɢ ɨɬɩɪɚɜɤɢ ɫ ɧɟɝɨ. 

Ⱦɟɬɚɥɢ, ɨɛɪɚɛɚɬɵɜɚɟɦɵɟ ɧɚ ɭɱɚɫɬɤɟ, ɨɬɧɨɫɢɬɫɹ ɤ ɦɟɥɤɢɦ 
ɦɟɬɚɥɥɢɱɟɫɤɢɦ ɬɜɟɪɞɵɦ ɞɟɬɚɥɹɦ. Ⱦɥɹ ɬɚɤɢɯ ɞɟɬɚɥɟɣ ɜ ɤɚɱɟɫɬɜɟ 
ɦɟɠɨɩɟɪɚɰɢɨɧɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɢɦɟɧɹɬɶ ɪɨɥɶɝɚɧɝɢ. Ɉɧɢ 
ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɦɟɠɞɭ ɫɨɫɟɞɧɢɦɢ ɫɬɚɧɤɚɦɢ ɢ ɩɪɨɫɬɵ ɜ ɷɤɫɩɥɭɚɬɚɰɢɢ.  

Ɂɚɝɨɬɨɜɤɢ ɧɚ ɪɨɥɶɝɚɧɝ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɜɪɭɱɧɭɸ.  

ɉɟɪɟɦɟɳɟɧɢɟɦ ɡɚɝɨɬɨɜɨɤ ɨɬ ɫɬɚɧɤɚ ɤ ɫɬɚɧɤɭ ɛɭɞɭɬ ɡɚɧɢɦɚɬɶɫɹ ɫɚɦɢ 
ɪɚɛɨɱɢɟ. 

ɉɪɢ ɩɪɢɦɟɧɟɧɢɢ ɫɬɚɧɤɨɜ ɫ ɑɉɍ ɫɬɪɭɤɬɭɪɚ ɲɬɭɱɧɨɝɨ ɜɪɟɦɟɧɢ 
ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɧɨɝɨɫɬɚɧɨɱɧɨɟ ɨɛɫɥɭɠɢɜɚɧɢɟ, ɩɨɷɬɨɦɭ ɧɚ ɭɱɚɫɬɤɟ 
ɛɭɞɟɬ ɜɫɟɝɨ ɨɞɢɧ ɪɚɛɨɱɢɣ, ɤɨɬɨɪɵɣ ɜɪɭɱɧɭɸ ɩɟɪɟɧɟɫɟɬ ɡɚɝɨɬɨɜɤɭ ɧɚ ɫɬɚɧɨɤ. 

Ⱦɥɹ ɞɨɫɬɚɜɤɢ ɡɚɝɨɬɨɜɨɤ ɢɡ ɡɚɝɨɬɨɜɢɬɟɥɶɧɨɝɨ ɰɟɯɚ, ɞɥɹ ɢɯ 
ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ ɧɚ ɬɟɪɦɨɨɛɪɚɛɨɬɤɭ ɢ ɧɚ ɫɤɥɚɞ ɢɫɩɨɥɶɡɭɟɬɫɹ ɚɜɬɨɧɨɦɧɵɣ 
ɷɥɟɤɬɪɨɬɪɚɧɫɩɨɪɬ - ɷɥɟɤɬɪɨɤɚɪɵ. Ɉɧɢ ɨɬɧɨɫɹɬɫɹ ɤ ɷɤɨɥɨɝɢɱɟɫɤɢ ɱɢɫɬɨɦɭ 
ɬɪɚɧɫɩɨɪɬɭ, ɩɨɫɤɨɥɶɤɭ ɢɯ ɩɢɬɚɧɢɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɬ ɚɤɤɭɦɭɥɹɬɨɪɧɵɯ 
ɛɚɬɚɪɟɣ. 
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3.4 Ɉɪɝɚɧɢɡɚɰɢя ɬɟɯɧɢɱɟɫɤɨɝɨ ɤɨɧɬɪɨɥя 

 

 ɋɢɫɬɟɦɚ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ ɢɡɞɟɥɢɣ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ 
ɫɜɨɟɜɪɟɦɟɧɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɫ ɬɪɟɛɭɟɦɨɣ ɬɨɱɧɨɫɬɶɸ ɩɚɪɚɦɟɬɪɨɜ ɤɚɱɟɫɬɜɚ 
ɢɡɞɟɥɢɣ ɦɟɯɚɧɨɫɛɨɪɨɱɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ.  

 Ɍɪɟɛɨɜɚɧɢɹ, ɩɪɟɞɴɹɜɥɹɟɦɵɟ ɩɪɢ ɤɨɧɬɪɨɥɟ, ɞɨɥɠɧɵ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ 
ɬɟɯɧɢɱɟɫɤɢɦ ɭɫɥɨɜɢɹɦ ɧɚ ɩɪɢɟɦɤɭ ɞɟɬɚɥɟɣ. ɉɪɚɜɢɥɶɧɨɫɬɶ ɪɚɡɦɟɪɨɜ ɞɟɬɚɥɟɣ 
ɩɨɫɥɟ ɨɛɪɚɛɨɬɤɢ ɩɪɨɜɟɪɹɟɬɫɹ ɢɡɦɟɪɢɬɟɥɶɧɵɦɢ ɢɧɫɬɪɭɦɟɧɬɚɦɢ ɨɛɳɟɝɨ 
ɧɚɡɧɚɱɟɧɢɹ, ɤɚɥɢɛɪɚɦɢ, ɩɪɨɛɤɚɦɢ, ɫɩɟɰɢɚɥɶɧɵɦɢ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹɦɢ. 
Ʉɨɧɬɪɨɥɶɧɵɟ ɩɭɧɤɬɵ ɜ ɥɸɛɨɦ ɰɟɯɟ ɪɚɡɦɟɳɚɸɬ ɫ ɨɛɫɥɭɠɢɜɚɧɢɟɦ ɩɨ ɯɨɞɭ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ. 

Ɍɨɤɚɪɧɵɣ ɨɛɪɚɛɚɬɵɜɚɸɳɢɣ ɰɟɧɬɪ ɫ ɑɉɍ HYPERTURN 45 ɨɫɧɚɳɟɧ 

ɭɧɢɤɚɥɶɧɨɣ ɤɨɧɬɪɨɥɶɧɨɣ ɫɢɫɬɟɦɨɣ, ɩɪɟɞɫɬɚɜɥɹɸɳɟɣ ɫɨɛɨɣ 
ɩɨɥɧɨɮɭɧɤɰɢɨɧɚɥɶɧɵɣ ɩɚɤɟɬ, ɢɫɩɨɥɶɡɭɸɳɢɣ ɦɚɤɪɨɤɨɦɚɧɞɵ ɢ ɩɪɨɝɪɚɦɦɧɵɣ 
ɪɟɞɚɤɬɨɪ, ɨɫɭɳɟɫɬɜɥɹɸɳɢɣ ɚɤɬɢɜɧɵɣ ɤɨɧɬɪɨɥɶ ɢɧɫɬɪɭɦɟɧɬɚ ɢ ɞɟɬɚɥɢ, 
ɩɪɨɜɨɞɹɳɢɣ ɢɡɦɟɪɟɧɢɹ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɩɟɪɜɨɣ ɞɟɬɚɥɢ ɩɚɪɬɢɢ, 

ɩɪɢɦɟɧɹɸɳɢɣ ɚɜɬɨɦɚɬɢɱɟɫɤɭɸ ɤɨɦɩɟɧɫɚɰɢɸ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɢ 
ɩɪɨɜɟɪɹɸɳɢɣ ɢɡɧɨɫ ɢɧɫɬɪɭɦɟɧɬɚ ɢ ɟɝɨ ɩɨɥɨɦɤɭ. ɗɬɨ ɝɚɪɚɧɬɢɪɭɟɬ 
ɧɚɞɟɠɧɨɫɬɶ ɜɵɩɨɥɧɟɧɢɹ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ 
ɪɟɠɢɦɟ. 

 

3.5 Ɉɪɝɚɧɢɡɚɰɢя ɫɢɫɬɟɦɵ ɢɧɫɬɪɭɦɟɧɬɨɨɛɟɫɩɟɱɟɧɢя 

 

 ɋɢɫɬɟɦɚ ɢɧɫɬɪɭɦɟɧɬɨɨɛɟɫɩɟɱɟɧɢɹ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɨɛɫɥɭɠɢɜɚɧɢɹ 
ɜɫɟɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɡɚɜɨɞɚ ɡɚɪɚɧɟɟ ɩɨɞɝɨɬɨɜɥɟɧɧɵɦɢ 
ɢɧɫɬɪɭɦɟɧɬɚɦɢ, ɚ ɬɚɤɠɟ ɞɥɹ ɤɨɧɬɪɨɥɹ ɡɚ ɢɯ ɩɪɚɜɢɥɶɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɟɣ. 

ɂɫɩɨɥɶɡɭɹ ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɧɨɪɦɵ ɪɚɫɯɨɞɚ ɢɧɫɬɪɭɦɟɧɬɚ, ɨɩɪɟɞɟɥɹɸɬ 
ɩɨɬɪɟɛɧɨɫɬɶ ɭɱɚɫɬɤɚ ɜ ɢɧɫɬɪɭɦɟɧɬɟ ɢ ɫɨɫɬɚɜɥɹɸɬ ɝɨɞɨɜɭɸ ɩɪɨɝɪɚɦɦɭ-ɡɚɹɜɤɭ 
ɧɚ ɜɫɟ ɩɨɬɪɟɛɧɵɟ ɜɢɞɵ ɢɧɫɬɪɭɦɟɧɬɚ. Ƚɨɞɨɜɚɹ ɩɨɬɪɟɛɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 

ɤɜɚɪɬɚɥɚɦ, ɚ ɡɚɬɟɦ, ɜ ɩɪɨɰɟɫɫɟ ɬɟɤɭɳɟɣ ɪɚɛɨɬɵ ɫɨɫɬɚɜɥɹɸɬɫɹ ɡɚɹɜɤɢ ɧɚ 
ɢɧɫɬɪɭɦɟɧɬ ɟɠɟɦɟɫɹɱɧɨ. ɉɨɫɥɟ ɭɫɬɚɧɨɜɥɟɧɢɹ ɩɨɬɪɟɛɧɨɫɬɢ ɰɟɯɭ ɜɵɞɚɟɬɫɹ 
ɥɢɦɢɬɧɚɹ ɤɚɪɬɚ ɢɥɢ ɥɢɦɢɬɧɚɹ ɤɧɢɠɤɚ, ɜ ɤɨɬɨɪɨɣ ɡɚɩɢɫɚɧɵ ɧɚɢɦɟɧɨɜɚɧɢɹ 
ɬɪɟɛɭɟɦɨɝɨ ɢɧɫɬɪɭɦɟɧɬɚ, ɩɨɥɭɱɚɟɦɨɝɨ ɫ ɰɟɧɬɪɚɥɶɧɨɝɨ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɨɝɨ 
ɫɤɥɚɞɚ ɡɚɜɨɞɚ. ɂɧɫɬɪɭɦɟɧɬ ɜɵɞɚɟɬɫɹ ɜɨ ɜɪɟɦɟɧɧɨɟ ɩɨɥɶɡɨɜɚɧɢɟ. 

 

3.6 Ɉɪɝɚɧɢɡɚɰɢя ɫɢɫɬɟɦɵ  ɪɟɦɨɧɬɧɨɝɨ  ɢ ɬɟɯɧɢɱɟɫɤɨɝɨ 
ɨɛɫɥɭɠɢɜɚɧɢя 

 

 ɋɢɫɬɟɦɚ ɪɟɦɨɧɬɧɨɝɨ ɢ ɬɟɯɧɢɱɟɫɤɨɝɨ ɨɛɫɥɭɠɢɜɚɧɢɹ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɢ 
ɩɨɞɴɟɦɧɨ-ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɞɪɭɝɢɯ ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ 
ɩɪɨɢɡɜɨɞɫɬɜɚ, ɭɞɚɥɟɧɢɹ ɢ ɩɟɪɟɪɚɛɨɬɤɢ ɫɬɪɭɠɤɢ, ɨɛɟɫɩɟɱɟɧɢɹ ɪɚɛɨɱɢɯ ɦɟɫɬ 
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ɨɯɥɚɠɞɚɸɳɢɦɢ ɠɢɞɤɨɫɬɹɦɢ, ɷɥɟɤɬɪɨɷɧɟɪɝɢɟɣ, ɫɠɚɬɵɦ ɜɨɡɞɭɯɨɦ ɢ ɫɨɡɞɚɧɢɹ 
ɧɟɨɛɯɨɞɢɦɨɝɨ ɦɢɤɪɨɤɥɢɦɚɬɚ ɢ ɱɢɫɬɨɬɵ ɜɨɡɞɭɯɚ ɜ ɰɟɯɟ. 

 Ⱦɥɹ ɷɬɨɣ ɰɟɥɢ ɜ ɫɨɫɬɚɜɟ ɰɟɯɚ ɫɨɡɞɚɸɬ ɪɟɦɨɧɬɧɭɸ ɛɚɡɭ, ɨɬɞɟɥɟɧɢɟ ɩɨ 
ɪɟɦɨɧɬɭ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɷɥɟɤɬɪɨɧɧɵɯ ɫɢɫɬɟɦ, ɩɨɞɫɢɫɬɟɦɵ ɭɞɚɥɟɧɢɹ 
ɢ ɩɟɪɟɪɚɛɨɬɤɢ ɫɬɪɭɠɤɢ, ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɢ ɪɚɡɞɚɱɢ ɨɯɥɚɠɞɚɸɳɢɯ ɠɢɞɤɨɫɬɟɣ, 
ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɢ ɞɪ. 

ɋɢɫɬɟɦɨɣ ɩɥɚɧɨɜɨ-ɩɪɟɞɭɩɪɟɞɢɬɟɥɶɧɨɝɨ ɪɟɦɨɧɬɚ (ɉɉɊ) ɨɛɨɪɭɞɨɜɚɧɢɹ 
ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɩɨ ɧɚɡɧɚɱɟɧɢɸ, ɫɨɞɟɪɠɚɧɢɸ ɢ ɨɛɴɟɦɭ ɜɢɞɵ 
ɪɚɛɨɬ.  

ɋɬɪɭɤɬɭɪɚ ɪɟɦɨɧɬɧɨɝɨ ɰɢɤɥɚ ɢɦɟɟɬ ɜɢɞ [5] 

 

Ʉ–Ɉ–Ɉ–Ɍ–Ɉ–Ɉ–Ɍ–Ɉ–Ɉ–ɋ– Ɉ–Ɉ–Ɍ–Ɉ–Ɉ–Ɍ–Ɉ–Ɉ–Ʉ 

 

ɝɞɟ Ʉ - ɤɚɩɢɬɚɥɶɧɵɣ ɪɟɦɨɧɬ; Ɍ - ɬɟɤɭɳɢɣ ɪɟɦɨɧɬ;  
ɋ - ɫɪɟɞɧɢɣ ɪɟɦɨɧɬ; Ɉ - ɨɫɦɨɬɪ. 
ɋɢɫɬɟɦɚ ɪɟɦɨɧɬɨɜ ɧɚɡɵɜɚɟɬɫɹ ɩɥɚɧɨɜɨ-ɩɪɟɞɭɩɪɟɞɢɬɟɥɶɧɨɣ, ɩɨɬɨɦɭ 

ɱɬɨ ɜɫɟ ɩɪɟɞɭɩɪɟɞɢɬɟɥɶɧɵɟ ɦɟɪɨɩɪɢɹɬɢɹ ɢ ɪɟɦɨɧɬ ɨɫɭɳɟɫɬɜɥɹɸɬɫɹ ɜ 
ɩɥɚɧɨɜɨɦ ɩɨɪɹɞɤɟ, ɩɨɷɬɨɦɭ ɜɧɟɩɥɚɧɨɜɵɣ (ɚɜɚɪɢɣɧɵɣ) ɪɟɦɨɧɬ ɩɪɢ ɯɨɪɨɲɟɣ 
ɨɪɝɚɧɢɡɚɰɢɢ ɫɢɫɬɟɦɵ ɉɉɊ ɧɟ ɞɨɥɠɟɧ ɢɦɟɬɶ ɦɟɫɬɨ. 

 

3.7 Ɋɚɫɱɟɬ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɞɟɬɚɥɢ 

 

ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɞɟɬɚɥɢ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɡɚɬɪɚɬɵ ɧɚ ɦɚɬɟɪɢɚɥ ɢ 
ɩɨɫɥɟɞɭɸɳɭɸ ɦɟɯɚɧɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ. Ɋɚɧɟɟ ɧɚɦɢ ɛɵɥɚ ɪɚɫɫɱɢɬɚɧɚ 
ɫɬɨɢɦɨɫɬɶ ɡɚɝɨɬɨɜɤɢ. Ⱦɥɹ ɨɛɨɢɯ ɜɚɪɢɚɧɬɨɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɨɧɚ 

ɧɟɢɡɦɟɧɧɚ – 632,53 ɪɭɛ. 

ɉɨɞ  ɫɬɨɢɦɨɫɬɶɸ  ɦɟɯɚɧɢɱɟɫɤɨɣ  ɨɛɪɚɛɨɬɤɢ  ɩɨɧɢɦɚɸɬ  ɡɚɬɪɚɬɵ  ɩɨ  
ɨɩɟɪɚɰɢɹɦ,  ɤɨɬɨɪɵɟ  ɧɟɨɛɯɨɞɢɦɨ  ɜɵɩɨɥɧɹɬɶ  ɩɪɢ  ɬɨɦ  ɢɥɢ  ɢɧɨɦ  ɜɚɪɢɚɧɬɟ  
ɨɛɪɚɛɨɬɤɢ  ɞɨ  ɩɨɥɭɱɟɧɢɹ  ɧɟɨɛɯɨɞɢɦɨɝɨ  ɪɚɡɦɟɪɚ. 

ɋɬɨɢɦɨɫɬɶ  ɦɟɯɚɧɢɱɟɫɤɨɣ  ɨɛɪɚɛɨɬɤɢ ɩɨ  ɜɫɟɦ  ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɦ  
ɨɩɟɪɚɰɢɹɦ  ɨɩɪɟɞɟɥɹɟɬɫɹ  ɩɨ  ɮɨɪɦɭɥɟ Д8]  

 

 di

ɨɛɪɨɛɪ ɋɋ                                                                                     (3.2) 

 

ɝɞɟ  i – ɩɨɪɹɞɤɨɜɵɣ  ɧɨɦɟɪ  ɨɩɟɪɚɰɢɢ; 
m – ɱɢɫɥɨ  ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ  ɨɩɟɪɚɰɢɣ; 
Cɨɛɪ

di
 ––  ɫɬɨɢɦɨɫɬɶ  ɦɟɯɚɧɢɱɟɫɤɨɣ  ɨɛɪɚɛɨɬɤɢ  ɞɟɬɚɥɢ  ɩɪɢ  d-ɨɦ  

ɜɚɪɢɚɧɬɟ ɨɛɪɚɛɨɬɤɢ  ɧɚ  i-ɨɣ  ɨɩɟɪɚɰɢɢ,  ɪɭɛ./ɟɞ. 
ɋɬɨɢɦɨɫɬɶ  ɦɟɯɚɧɢɱɟɫɤɨɣ  ɨɛɪɚɛɨɬɤɢ  ɞɟɬɚɥɢ  ɩɪɢ  d-ɨɦ  ɜɚɪɢɚɧɬɟ   

ɨɛɪɚɛɨɬɤɢ  ɧɚ  i-ɨɣ  ɨɩɟɪɚɰɢɢ ɫɨɫɬɨɢɬ ɢɡ ɡɚɬɪɚɬ ɧɚ ɡɚɪɚɛɨɬɧɭɸ ɩɥɚɬɭ, 
ɚɦɨɪɬɢɡɚɰɢɸ ɈɉɎ, ɡɚɬɪɚɬ ɧɚ ɫɢɥɨɜɭɸ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɢ ɪɟɦɨɧɬ 
ɨɛɨɪɭɞɨɜɚɧɢɹ.   

 



 47 

Ɂɚɪɚɛɨɬɧɚɹ  ɩɥɚɬɚ  ɨɫɧɨɜɧɵɯ  ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ  ɪɚɛɨɱɢɯ 
ɨɩɪɟɞɟɥɹɟɬɫɹ  ɩɨ  ɮɨɪɦɭɥɟ 

 

Ɂ = ɋri· kɪ· kɫ· kɩɪ· kɩ· kɞ· kɫɨɰ·Ɍɲɬ
di

                                                          

(3.3) 

 

ɝɞɟ  ɋri
 –  ɱɚɫɨɜɚɹ  ɬɚɪɢɮɧɚɹ  ɫɬɚɜɤɚ  ɩɟɪɜɨɝɨ  ɪɚɡɪɹɞɚ, 52,2 ɪɭɛ./ɱ;  

kɪ – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɡɪɹɞɚ, 
kɫ, kɩɪ, kɩ, kɞ, kɫɨɰ  –  ɤɨɷɮɮɢɰɢɟɧɬɵ,  ɭɱɢɬɵɜɚɸɳɢɟ  ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ,  

ɪɚɣɨɧɧɭɸ  ɢ  ɫɟɜɟɪɧɭɸ  ɧɚɞɛɚɜɤɭ  ɤ  ɡɚɪɚɛɨɬɧɨɣ  ɩɥɚɬɟ (1,3),  ɩɪɢɪɚɛɨɬɨɤ 
ɪɚɛɨɱɟɝɨ (1), ɞɨɩɥɚɬɭ ɩɨ ɩɪɟɦɢɚɥɶɧɨɣ ɫɢɫɬɟɦɟ (1,4), ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ 
ɡɚɪɚɛɨɬɧɭɸ ɩɥɚɬɭ (1,095), ɨɬɱɢɫɥɟɧɢɹ  ɧɚ ɫɨɰɢɚɥɶɧɵɟ  ɧɭɠɞɵ (1,3);  

Ɍɲɤ
di

 – ɲɬɭɱɧɨɟ  ɜɪɟɦɹ  ɧɚ  ɨɩɟɪɚɰɢɢ, ɱ/ɟɞ.  
ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɭɧɢɜɟɪɫɚɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɨɞɢɧ ɪɚɛɨɱɢɣ 

ɨɛɫɥɭɠɢɜɚɟɬ ɨɞɢɧ ɫɬɚɧɨɤ, ɬɨ ɟɫɬɶ ɜ ɫɦɟɧɟ 4 ɪɚɛɨɱɢɯ ɬɪɟɬɶɟɝɨ ɪɚɡɪɹɞɚ. 
Ʉɨɷɮɮɢɰɢɟɧɬ ɪɚɡɪɹɞɚ 1,21.  

Ɉɛɳɟɟ ɜɪɟɦɹ ɨɛɪɚɛɨɬɤɢ ɧɚ ɭɧɢɜɟɪɫɚɥɶɧɨɦ ɨɛɨɪɭɞɨɜɚɧɢɢ 35,99 ɦɢɧ 
ɢɥɢ 0,5999 ɱ; ɧɚ ɫɬɚɧɤɚɯ ɫ ɑɉɍ – 15,95 ɦɢɧ ɢɥɢ 0,2659 ɱ.  

 

Ɂɭɧ = 52,2·1,21·1,3·1·1,4·1,095·1,3·0,5999 = 98,17  ɪɭɛ/ɞɟɬ 

 

ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɫɬɚɧɤɨɜ ɫ ɑɉɍ ɩɪɢɦɟɧɹɟɬɫɹ ɦɧɨɝɨɫɬɚɧɨɱɧɨɟ 
ɨɛɫɥɭɠɢɜɚɧɢɟ ɢ ɧɚ ɭɱɚɫɬɤɟ ɪɚɛɨɬɚɟɬ ɬɨɥɶɤɨ ɨɞɢɧ ɪɚɛɨɱɢɣ ɬɪɟɬɶɟɝɨ ɪɚɡɪɹɞɚ. 

Ʉɨɬɨɪɵɣ ɨɛɫɥɭɠɢɜɚɟɬ ɫɬɚɧɨɤ ɞɥɹ ɞɪɭɝɨɣ ɞɟɬɚɥɢ, ɩɨɷɬɨɦɭ, ɮɚɤɬɢɱɟɫɤɨɟ 
ɜɪɟɦɹ, ɡɚɬɪɚɱɢɜɚɟɦɨɟ ɧɚ ɧɚɲɭ ɞɟɬɚɥɶ, ɛɭɞɟɬ 0,133 ɱ. Ⱦɨɩɥɚɬɚ ɡɚ 
ɦɧɨɝɨɫɬɚɧɨɱɧɨɟ ɨɛɫɥɭɠɢɜɚɧɢɟ ɫɨɫɬɚɜɥɹɟɬ 25%. Ɍɚɤɠɟ ɧɟɨɛɯɨɞɢɦɨ ɭɱɟɫɬɶ 
ɡɚɪɩɥɚɬɭ ɧɚɥɚɞɱɢɤɚ, ɤɚɤ 15% ɨɬ ɡɚɪɩɥɚɬɵ ɫɬɚɧɨɱɧɢɤɚ. 

 

Ɂɑɉɍ = 52,2·1,211,25·1,3·1·1,4·1,095·1,3 ·0,1331,15 = 31,29  ɪɭɛ/ɞɟɬ 

 

Ɉɫɧɨɜɧɵɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɮɨɧɞɵ (ɬɚɛɥɢɰɵ 3.3, 3.4) – ɷɬɨ ɬɚ ɱɚɫɬɶ 
ɤɚɩɢɬɚɥɚ ɩɪɟɞɩɪɢɹɬɢɹ, ɤɨɬɨɪɚɹ ɩɟɪɟɧɨɫɢɬ ɫɜɨɸ ɫɬɨɢɦɨɫɬɶ ɧɚ ɫɬɨɢɦɨɫɬɶ 
ɝɨɬɨɜɨɣ ɩɪɨɞɭɤɰɢɢ ɜ ɜɢɞɟ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɯ ɨɬɱɢɫɥɟɧɢɣ ɡɚ ɧɟɫɤɨɥɶɤɨ 
ɩɪɨɰɟɫɫɨɜ ɩɪɨɢɡɜɨɞɫɬɜɚ. 

 ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ ɜ ɧɢɯ ɜɯɨɞɢɬ ɫɬɨɢɦɨɫɬɶ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɡɞɚɧɢɹ; 
ɫɬɨɢɦɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ; ɫɬɨɢɦɨɫɬɶ ɬɪɚɧɫɩɨɪɬɚ; ɢɧɫɬɪɭɦɟɧɬ ɢ ɢɧɜɟɧɬɚɪɶ, 
ɢɫɩɨɥɶɡɭɟɦɵɟ ɧɚ ɞɚɧɧɨɦ ɭɱɚɫɬɤɟ.  

ɋɬɨɢɦɨɫɬɶ ɬɪɚɧɫɩɨɪɬɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɤɚɤ 3 % ɨɬ ɫɬɨɢɦɨɫɬɢ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɭɧɢɜɟɪɫɚɥɶɧɵɯ ɫɬɚɧɤɨɜ ɢ 1 % - ɞɥɹ 
ɫɬɚɧɤɨɜ ɫ ɑɉɍ. ɋɬɨɢɦɨɫɬɶ ɢɧɫɬɪɭɦɟɧɬɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɤɚɤ 1 % ɨɬ 
ɫɬɨɢɦɨɫɬɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ.  ɋɬɨɢɦɨɫɬɶ ɢɧɜɟɧɬɚɪɹ 
ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɤɚɤ 0,5 % ɨɬ ɫɭɦɦɚɪɧɨɣ ɫɬɨɢɦɨɫɬɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɡɞɚɧɢɹ [8].  
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Ⱥɦɨɪɬɢɡɚɰɢɸ ɈɉɎ, ɩɪɢɯɨɞɹɳɚɹɫɹ ɧɚ ɨɞɧɭ ɞɟɬɚɥɶ 

 

N

ɌАА Nɝ
ɞɟɬ

                                                                                       (3.4) 

 

ɌN – ɜɪɟɦɹ ɨɛɪɚɛɨɬɤɢ ɩɪɨɝɪɚɦɦɵ ɞɟɬɚɥɟɣ (ɩɭɧɤɬ 1.10), ɝɨɞ,  
N – ɝɨɞɨɜɚɹ ɩɪɨɝɪɚɦɦɚ ɜɵɩɭɫɤɚ, 100 ɲɬ.   
 

Ɍɚɛɥɢɰɚ 3.3 – Ɉɫɧɨɜɧɵɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɮɨɧɞɵ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 
ɭɧɢɜɟɪɫɚɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ  

 
 

ɈɉɎ 

Ʉɨɥ-

ɜɨ 

ɋɬɨɢɦɨɫɬɶ 
ɟɞɢɧɢɰɵ 

ɈɉɎ, ɪɭɛ. 

ɋɭɦɦɚɪɧɚɹ 
ɫɬɨɢɦɨɫɬɶ, 

ɪɭɛ. 

ɇɨɪɦɚ 
ɚɦɨɪɬɢɡɚɰɢɢ, 

% 

Ƚɨɞɨɜɵɟ 
ɚɦɨɪɬɢɡɚɰ 
ɨɬɱɢɫɥ,ɪɭɛ. 

Ⱥɦɨɪɬɢɡɚɰ 
ɨɬɱɢɫɥ. ɧɚ 
ɞɟɬɚɥɶ,ɪɭɛ 

1 Ɂɞɚɧɢɟ 35ɦ2
 75000 2625000 3 78750 6,58 

2 Ɉɛɨɪɭɞɨɜɚɧɢɟ 3 ɲɬ  3712000 12 445440 37,19 

3 Ɍɪɚɧɫɩɨɪɬ   111360 8 8909 0,74 

4 ɂɧɫɬɪɭɦɟɧɬ   37120 15 5568 0,47 

5 ɂɧɜɟɧɬɚɪɶ   31685 15 4753 0,4 

ɂɌɈȽɈ   6517165  543420 45,38 

 

Ɍɚɛɥɢɰɚ 3.4 – Ɉɫɧɨɜɧɵɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɮɨɧɞɵ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 
ɫɬɚɧɤɨɜ ɫ ɑɉɍ  

 
 

ɈɉɎ 

Ʉɨɥ-

ɜɨ 

ɋɬɨɢɦɨɫɬɶ 
ɟɞɢɧɢɰɵ 

ɈɉɎ, ɪɭɛ. 

ɋɭɦɦɚɪɧɚɹ 
ɫɬɨɢɦɨɫɬɶ, 

ɪɭɛ. 

ɇɨɪɦɚ 
ɚɦɨɪɬɢɡɚɰɢɢ, 

% 

Ƚɨɞɨɜɵɟ 
ɚɦɨɪɬɢɡɚɰ 
ɨɬɱɢɫɥ,ɪɭɛ. 

Ⱥɦɨɪɬɢɡɚɰ 
ɨɬɱɢɫɥ. ɧɚ 
ɞɟɬɚɥɶ,ɪɭɛ 

1 Ɂɞɚɧɢɟ 15ɦ2
 75000 1125000 3 33750 2,23 

2 Ɉɛɨɪɭɞɨɜɚɧɢɟ 1 ɲɬ  2478000 12 297360 19,63 

3 Ɍɪɚɧɫɩɨɪɬ   24780 8 1983 0,13 

4 ɂɧɫɬɪɭɦɟɧɬ   24780 15 3717 0,25 

5 ɂɧɜɟɧɬɚɪɶ   18015 15 2703 0,18 

ɂɌɈȽɈ   3670575  339513 22,42 

 

Ɂɚɬɪɚɬɵ  ɧɚ  ɫɢɥɨɜɭɸ  ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ  ɩɨ  ɮɨɪɦɭɥɟ  

 

ɗ = (N·kN· kɜ· koɞ· kw/)· Ɍɲɬ.max·ɐɷ                                                         

(3.5) 

 

ɝɞɟ   N – ɦɨɳɧɨɫɬɶ  ɨɛɨɪɭɞɨɜɚɧɢɹ, ɤȼɬ; 
kN – ɫɪɟɞɧɢɣ  ɤɨɷɮɮɢɰɢɟɧɬ  ɡɚɝɪɭɡɤɢ  ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ  ɩɨ 

ɦɨɳɧɨɫɬɢ (ɭɧɢɜɟɪɫɚɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ – 0,85, ɫɬɚɧɤɢ ɫ ɑɉɍ – 0,75); 

kɜ – ɫɪɟɞɧɢɣ  ɤɨɷɮɮɢɰɢɟɧɬ  ɡɚɝɪɭɡɤɢ  ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ  ɩɨ ɜɪɟɦɟɧɢ, 

(ɭɧɢɜɟɪɫɚɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ – 0,85, ɫɬɚɧɤɢ ɫ ɑɉɍ – 0,95); 

koɞ – ɫɪɟɞɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬ  ɨɞɧɨɜɪɟɦɟɧɧɨɫɬɢ ɪɚɛɨɬɵ  ɞɜɢɝɚɬɟɥɟɣ 
(0,7); 
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kw –– ɤɨɷɮɮɢɰɢɟɧɬ,  ɭɱɢɬɵɜɚɸɳɢɣ  ɩɨɬɟɪɢ  ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ  ɜ  ɫɟɬɢ  
ɡɚɜɨɞɚ (1,06); 

η – ɄɉȾ  ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ  ɨɛɨɪɭɞɨɜɚɧɢɹ (0,7); 
ɐɷ – ɬɚɪɢɮ  ɧɚ  ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ  (1,52 ɤȼɬ·ɱ) 
 

ɗɭɧ = (23·0,85·0,85·0,7·1,06/0,7) ·0,3364·1,52 = 9,01  ɪɭɛ/ɞɟɬ 

ɗɑɉɍ = (15·0,75·0,95·0,7·1,06/0,7) ·0,2659·1,52 = 4,58  ɪɭɛ/ɞɟɬ 

 

Ɂɚɬɪɚɬɵ ɧɚ ɪɟɦɨɧɬ ɨɛɨɪɭɞɨɜɚɧɢɹ ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ 

 

ɰɪ

шɬɦɦ

Ɍ
ɌRWɊ

.

                                                                                (3.6) 

 

ɝɞɟ Аɦ - ɡɚɬɪɚɬɵ ɧɚ ɜɫɟ ɜɢɞɵ ɩɥɚɧɨɜɨ-ɩɪɟɞɭɩɪɟɞɢɬɟɥɶɧɨɝɨ ɪɟɦɨɧɬɚ ɡɚ 
ɪɟɦɨɧɬɧɵɣ ɰɢɤɥ, ɩɪɢɯɨɞɹɳɢɟɫɹ ɧɚ ɟɞɢɧɢɰɭ ɪɟɦɨɧɬɧɨɣ ɫɥɨɠɧɨɫɬɢ ɞɚɧɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ – 12500 ɪɭɛ. 

Rɦ – ɟɞɢɧɢɰɵ ɪɟɦɨɧɬɧɨɣ ɫɥɨɠɧɨɫɬɢ;  

Ɍɪ.ɰ - ɞɥɢɬɟɥɶɧɨɫɬɶ ɪɟɦɨɧɬɧɨɝɨ ɰɢɤɥɚ 6 ɥɟɬ ɢɥɢ 24174 ɱɚɫɚ; 
Ɍɲɬ – ɲɬɭɱɧɨɟ ɜɪɟɦɹ ɧɚ ɨɩɪɟɞɟɥɟɧɧɨɦ ɬɢɩɟ ɨɛɨɪɭɞɨɜɚɧɢɹ – ɧɚ 

ɬɨɤɚɪɧɨɦ ɫɬɚɧɤɟ – 0,1312 ɱ, ɧɚ ɫɜɟɪɥɢɥɶɧɨɦ – 0,3363 ɱ, ɧɚ ɮɪɟɡɟɪɧɨɦ – 0,1324 

ɱ, ɧɚ ɫɬɚɧɤɟ ɫ ɑɉɍ – 0,2659 ɱ. 

ɞɟɬɪɭɛɊɭɧ /8,7
24174

)1324,0293363,0261312,019(12500   

ɞɟɬɪɭɛɊЧɉɍ /23,5
24174

2659,03812500   

 

ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ  
ɋɭɧ  = 98,17+45,38+9,01+7,8 = 160,36 ɪɭɛ/ɞɟɬ  

ɋɑɉɍ  = 31,29+22,42+4,58+5,23 = 63,52 ɪɭɛ/ɞɟɬ  

 

ɋɭɦɦɚɪɧɵɟ  ɡɚɬɪɚɬɵ  ɧɚ  ɡɚɝɨɬɨɜɤɭ  ɢ  ɞɚɥɶɧɟɣɲɭɸ  ɦɟɯɚɧɢɱɟɫɤɭɸ  
ɨɛɪɚɛɨɬɤɭ  ɞɟɬɚɥɢ  

ɋɭɧ = Sɡɚɝ+ɋɭɧ = 632,53 + 160,36 = 792,89 ɪɭɛ/ɞɟɬ 

ɋɑɉɍ = Sɡɚɝ+ɋɑɉɍ = 632,53 + 63,52 = 696,05 ɪɭɛ/ɞɟɬ 

 

Ⱦɚɧɧɵɣ ɪɚɫɱɟɬ ɩɨɤɚɡɚɥ, ɱɬɨ ɨɛɪɚɛɨɬɤɚ ɧɚ ɫɬɚɧɤɚɯ ɫ ɑɉɍ 
ɷɤɨɧɨɦɢɱɟɫɤɢ ɜɵɝɨɞɧɟɣ ɢ ɫɧɢɡɢɬ ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɧɚ 
60%. Ʉ ɬɨɦɭ ɠɟ ɬɨɱɧɨɫɬɶ ɨɛɪɚɛɨɬɤɢ ɧɚ ɫɬɚɧɤɚɯ ɫ ɑɉɍ ɜɵɲɟ. 

ɉɪɢ ɷɬɨɦ, ɩɪɢɜɟɞɟɧɧɚɹ ɝɨɞɨɜɚɹ ɷɤɨɧɨɦɢɹ (ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɧɚ 
ɩɪɨɝɪɚɦɦɭ) ɫɨɫɬɚɜɢɬ 

 

NɋɋЭ ɨɨɝ  )(
12

= (792,89-696,05)·100 = 9684 ɪɭɛ                             

(3.7) 
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3.9 Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ 

 

1 Ƚɨɞɨɜɚɹ ɩɪɨɝɪɚɦɦɚ ɜɵɩɭɫɤɚ ɡɚɞɚɧɚ ɢ ɧɟɢɡɦɟɧɧɚ ɩɪɢ ɨɛɨɢɯ 
ɜɚɪɢɚɧɬɚɯ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ – 100 ɲɬ. 

2 ɋɬɨɢɦɨɫɬɶ ɡɚɝɨɬɨɜɤɢ ɬɚɤ ɠɟ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɜɚɪɢɚɧɬɚ ɦɟɯɚɧɢɱɟɫɤɨɣ 
ɨɛɪɚɛɨɬɤɢ ɢ ɩɨ ɩɭɧɤɬɭ 1.6 ɫɨɫɬɚɜɥɹɟɬ 936,86 ɪɭɛ. 

3 Ɉɫɧɨɜɧɵɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɮɨɧɞɵ ɛɟɪɟɦ ɩɨ ɬɚɛɥɢɰɚɦ 3.3, 3.4. 

4 ɉɥɨɳɚɞɢ ɭɱɚɫɬɤɚ ɛɟɪɟɦ ɩɨ ɬɚɛɥɢɰɚɦ 3.1, 3.2. 

5 Ʉɨɥɢɱɟɫɬɜɨ ɪɚɛɨɱɢɯ ɦɟɫɬ ɟɫɬɶ ɤɨɥɢɱɟɫɬɜɨ ɩɪɢɧɹɬɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ – ɬɚɛɥɢɰɚɦ 3.1, 3.2. 

6 ɑɢɫɥɟɧɧɨɫɬɶ ɨɫɧɨɜɧɵɯ ɪɚɛɨɱɢɯ ɜ ɫɦɟɧɟ ɩɪɢ ɪɚɛɨɬɟ ɧɚ 
ɭɧɢɜɟɪɫɚɥɶɧɨɦ ɨɛɨɪɭɞɨɜɚɧɢɢ ɪɚɜɧɚ ɤɨɥɢɱɟɫɬɜɭ ɨɛɫɥɭɠɢɜɚɟɦɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ. Ɋɟɠɢɦ ɪɚɛɨɬɵ ɞɜɭɯɫɦɟɧɧɵɣ. 

ɉɪɢ ɪɚɛɨɬɟ ɧɚ ɫɬɚɧɤɚɯ ɫ ɑɉɍ ɫɬɪɭɤɬɭɪɚ ɲɬɭɱɧɨɝɨ ɜɪɟɦɟɧɢ ɩɨɡɜɨɥɹɟɬ 
ɩɪɢɦɟɧɹɬɶ ɦɧɨɝɨɫɬɚɧɨɱɧɨɟ ɨɛɫɥɭɠɢɜɚɧɢɟ, ɬɨ ɟɫɬɶ, ɪɚɛɨɱɢɣ ɜɨ ɜɪɟɦɹ 
ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɪɚɛɨɬɵ ɨɞɧɨɝɨ ɫɬɚɧɤɚ, ɭɫɩɟɟɬ ɨɛɫɥɭɠɢɬɶ ɞɪɭɝɢɟ. Ɍɚɤɢɦ 
ɨɛɪɚɡɨɦ, ɞɥɹ ɨɛɫɥɭɠɢɜɚɧɢɹ ɜɫɟɝɨ ɭɱɚɫɬɤɚ ɜ ɫɦɟɧɭ ɞɨɫɬɚɬɨɱɧɨ ɨɞɧɨɝɨ 
ɪɚɛɨɱɟɝɨ. 

7 ɋɪɟɞɧɟɦɟɫɹɱɧɭɸ ɡɚɪɩɥɚɬɭ ɪɚɛɨɱɟɝɨ ɩɪɢ ɨɛɫɥɭɠɢɜɚɧɢɢ 
ɭɧɢɜɟɪɫɚɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɪɚɫɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ 

 

ɪɭɛ
Ɍmn

NЗ
З

N

ɭɧ
ɭɧɫɪ 16330

00835,01223

10017,98

12
. 








                                  (3.8) 

 

ɝɞɟ Ɂɭɧ – ɡɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ ɨɫɧɨɜɧɵɯ ɪɚɛɨɱɢɯ, ɩɪɢɯɨɞɹɳɚɹɫɹ ɧɚ ɨɞɧɭ 
ɞɟɬɚɥɶ, ɩɪɢ ɪɚɛɨɬɟ ɧɚ ɭɧɢɜɟɪɫɚɥɶɧɨɦ ɨɛɨɪɭɞɨɜɚɧɢɢ, ɪɭɛ/ɞɟɬ; 

N – ɝɨɞɨɜɚɹ ɩɪɨɝɪɚɦɦɚ ɜɵɩɭɫɤɚ, ɲɬ; 
n – ɱɢɫɥɨ ɪɚɛɨɱɢɯ ɜ ɫɦɟɧɟ, ɱɟɥ;  
m – ɱɢɫɥɨ ɫɦɟɧ;  
12 – ɦɟɫɹɰɟɜ ɜ ɝɨɞɭ; 
ɌN – ɜɪɟɦɹ ɨɛɪɚɛɨɬɤɢ ɩɪɨɝɪɚɦɦɵ, ɝɨɞ. 
ɋɪɟɞɧɟɦɟɫɹɱɧɭɸ ɡɚɪɩɥɚɬɭ ɪɚɛɨɱɟɝɨ ɩɪɢ ɨɛɫɥɭɠɢɜɚɧɢɢ ɫɬɚɧɤɨɜ ɫ ɑɉɍ 

ɪɚɫɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ 

 

ɪɭɛ
Ɍmn

NЗЗ
N

Чɉɍ
Чɉɍɫɪ 34356

0066,01225,0

10021,27

12
. 








                               (3.9) 

 

ɝɞɟ Ɂɑɉɍ – ɡɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ ɨɫɧɨɜɧɵɯ ɪɚɛɨɱɢɯ, ɩɪɢɯɨɞɹɳɚɹɫɹ ɧɚ ɨɞɧɭ 
ɞɟɬɚɥɶ, ɩɪɢ ɪɚɛɨɬɟ ɧɚ ɫɬɚɧɤɚɯ ɫ ɑɉɍ ɛɟɡ ɭɱɟɬɚ ɡɚɪɩɥɚɬɵ ɧɚɥɚɞɱɢɤɚ, ɪɭɛ/ɞɟɬ. 
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ɁАɄɅɘЧȿɇɂȿ 

 

ȼ ɞɚɧɧɨɣ ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɟ ɛɵɥ ɫɩɪɨɟɤɬɢɪɨɜɚɧ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ 
ɩɪɨɰɟɫɫ ɢɡɝɨɬɨɜɥɟɧɢɹ ɤɨɪɩɭɫɚ ɧɚɫɨɫɚ.  

ȼ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɱɚɫɬɢ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɪɚɫɱɟɬɵ ɩɪɢɩɭɫɤɨɜ ɧɚ 
ɨɛɪɚɛɨɬɤɭ, ɪɟɠɢɦɨɜ ɪɟɡɚɧɢɹ ɢ ɧɨɪɦ ɜɪɟɦɟɧɢ ɧɚ ɜɫɟ ɨɩɟɪɚɰɢɢ ɛɚɡɨɜɨɝɨ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɢ ɫɩɪɨɟɤɬɢɪɨɜɚɧɧɨɝɨ. 

Ⱦɥɹ ɫɨɤɪɚɳɟɧɢɹ ɜɪɟɦɟɧɢ ɧɚ ɨɛɪɚɛɨɬɤɭ ɛɵɥɨ ɩɪɢɦɟɧɟɧɨ 
ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɛɵɫɬɪɨɞɟɣɫɬɜɭɸɳɚɹ ɬɟɯɧɨɥɨɝɢ-

ɱɟɫɤɚɹ ɨɫɧɚɫɬɤɚ, ɪɚɰɢɨɧɚɥɶɧɨ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɫɬɚɧɞɚɪɬɧɵɣ ɢ ɫɩɟɰɢɚɥɶɧɵɣ 
ɪɟɠɭɳɢɣ ɢɧɫɬɪɭɦɟɧɬ.  

Ⱦɥɹ ɨɛɪɚɛɨɬɤɢ ɜɧɭɬɪɟɧɧɟɣ ɫɞɜɨɟɧɧɨɣ ɩɨɥɨɫɬɢ ɧɚ ɜɟɪɬɢɤɚɥɶɧɨ-

ɮɪɟɡɟɪɧɨɦ ɫɬɚɧɤɟ, ɧɚɦɢ ɛɵɥɨ ɫɩɪɨɟɤɬɢɪɨɜɚɧɨ ɫɩɟɰɢɚɥɶɧɨɟ ɡɚɠɢɦɧɨɟ 
ɩɪɢɫɩɨɫɨɛɥɟɧɢɟ ɫ ɷɤɫɰɟɧɬɪɢɤɨɜɵɦ ɡɚɠɢɦɨɦ. 

Ɍɚɤ ɤɚɤ ɨɫɧɨɜɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ ɤɨɪɩɭɫɚ ɹɜɥɹɸɬɫɹ ɩɨɫɚɞɨɱɧɚɹ 

ɫɞɜɨɟɧɧɚɹ ɩɨɥɨɫɬɶ ɢ ɫɬɵɤɨɜɨɱɧɚɹ ɩɥɨɫɤɨɫɬɶ Ɂ, ɞɥɹ ɤɨɧɬɪɨɥɹ ɢɯ 
ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɫɬɢ ɛɵɥɨ ɫɩɪɨɟɤɬɢɪɨɜɚɧɨ ɫɩɟɰɢɚɥɶɧɨɟ ɤɨɧɬɪɨɥɶɧɨɟ 
ɩɪɢɫɩɨɫɨɛɥɟɧɢɟ ɫ ɢɧɞɢɤɚɬɨɪɧɨɣ ɝɨɥɨɜɤɨɣ.  

ɗɤɨɧɨɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɩɨɡɜɨɥɢɥ ɫɭɞɢɬɶ ɨɛ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɜɧɟɞɪɟɧɢɹ 
ɜ ɩɪɨɢɡɜɨɞɫɬɜɨ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ, ɱɬɨ 
ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɪɚɫɱɟɬɨɦ. 
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ɋɉɂɋɈɄ ɂɋɉɈɅɖɁɈВАɇɇɕɏ ɂɋɌɈЧɇɂɄɈВ 
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