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Аɧɨɬаɰіɹ. Ⱦɨɫɥɿɞɠɟɧɨ ɤɨɧɫɬɪɭɤɬɢɜɧɿ ɪɿɲɟɧɧɹ ɡɚɞɧɿɯ ɫɬɿɧɨɤ ɫɤɪɟɩɟɪɚ. ɉɪɨɜɟɞɟɧɿ ɞɨɫɥɿɞɠɟɧɧɹ 
ɜɢɤɨɧɚɧɨ ɭ CAD Solid Works Simulation ɧɚɩɪɭɠɟɧɨɝɨ ɫɬɚɧɭ ɡɚɞɧɶɨʀ ɫɬɿɧɤɢ ɬɚ ɩɨɥɹɪɢɡɚɰɿɣɧɨ-
ɨɩɬɢɱɧɢɦ ɦɟɬɨɞɨɦ ɩɪɢ ɦɨɞɟɥɸɜɚɧɧɿ ɩɪɨɰɟɫɭ ɪɨɡɜɚɧɬɚɠɟɧɧɹ ɤɨɜɲɚ. Ɂɚɩɪɨɩɨɧɨɜɚɧɚ ɧɨɜɚ 
ɤɨɧɫɬɪɭɤɰɿɹ ɡɚɞɧɶɨʀ ɫɬɿɧɤɢ ɫɤɪɟɩɟɪɚ ɜɿɞɪɿɡɧɹєɬɶɫɹ ɛɿɥɶɲ ɪɿɜɧɨɦɿɪɧɢɦ ɪɨɡɩɨɞɿɥɨɦ ɧɚɩɪɭɠɟɧɶ, 
ɡɧɢɠɭє ɡɚɝɚɥɶɧɟ ɧɚɩɪɭɠɟɧɧɹ ɧɚ 30–40 % ɩɪɢ ɪɨɡɬɚɲɭɜɚɧɧɿ ɝɿɞɪɨɰɢɥɿɧɞɪɚ ɭ ɫɩɿɜɜɿɞɧɨɲɟɧɧɿ  

4 Ɂɋ/ 0,5.ɇ ɇ   

 

Клɸɱɨві ɫлɨва: ɫɤɪɟɩɟɪ, ɡɚɞɧɹ ɫɬɿɧɤɚ, ɪɨɡɜɚɧɬɚɠɟɧɧɹ, ɞɨɫɥɿɞɠɟɧɧɹ, ɧɚɩɪɭɠɟɧɢɣ ɫɬɚɧ. 
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Аɧɧɨɬаɰиɹ. ɂɫɫɥɟɞɨɜɚɧɵ ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɪɟɲɟɧɢɹ ɡɚɞɧɢɯ ɫɬɟɧɨɤ ɫɤɪɟɩɟɪɚ. ɉɪɨɜɟɞɟɧɧɵɟ ɢɫ-
ɫɥɟɞɨɜɚɧɢɹ ɜɵɩɨɥɧɟɧɵ ɜ CAD Solid Works Simulation ɧɚɩɪɹɠɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɡɚɞɧɟɣ ɫɬɟɧɤɢ ɢ 
ɩɨɥɹɪɢɡɚɰɢɨɧɧɨ-ɨɩɬɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɩɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɩɪɨɰɟɫɫɚ ɪɚɡɝɪɭɡɤɢ ɤɨɜɲɚ. ɉɪɟɞɥɨ-
ɠɟɧɧɚɹ ɧɨɜɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɡɚɞɧɟɣ ɫɬɟɧɤɢ ɫɤɪɟɩɟɪɚ ɨɬɥɢɱɚɟɬɫɹ ɛɨɥɟɟ ɪɚɜɧɨɦɟɪɧɵɦ ɪɚɫɩɪɟɞɟ-
ɥɟɧɢɟɦ ɧɚɩɪɹɠɟɧɢɣ, ɫɧɢɠɚɟɬ ɨɛɳɟɟ ɧɚɩɪɹɠɟɧɢɟ ɧɚ 30–40 % ɩɪɢ ɪɚɫɩɨɥɨɠɟɧɢɢ ɝɢɞɪɨɰɢɥɢɧ-
ɞɪɚ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 4 Ɂɋ/ 0,5.ɇ ɇ   

 

Клɸɱевые ɫлɨва: ɫɤɪɟɩɟɪ, ɡɚɞɧɹɹ ɫɬɟɧɤɚ, ɪɚɡɝɪɭɡɤɚ, ɢɫɫɥɟɞɨɜɚɧɢɹ, ɧɚɩɪɹɠɟɧɧɨɟ ɫɨɫɬɨɹɧɢɟ. 
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Abstract. The article is devoted to investigating the design concepts of the rear walls of the scraper. 

The research has been performed in CAD Solid Works Simulation of the stress state of the rear wall 

and using polarization-optical method for modelling the process of bowl unloading. The new suggest-

ed design of the rear wall of the scraper has more uniform stress distribution and it reduces the over-

all stress by 30-40% under the location of the hydraulic cylinder at a ratio of 4 Ɂɋ/ 0,5.ɇ ɇ   

 

Key words: scraper, rear wall, unloading, research, stress state. 

 

 

 

 

 

ɋɭɱɚɫɧɿ ɜɢɦɨɝɢ ɞɨ ɦɟɬɚɥɨɤɨɧɫɬɪɭɤɰɿʀ ɛɭɞɿ-
ɜɟɥɶɧɢɯ ɿ ɞɨɪɨɠɧɿɯ ɦɚɲɢɧ ɩɨɜɢɧɧɿ ɜɿɞɩɨɜɿ-
ɞɚɬɢ ɩɨɬɪɟɛɚɦ ɦɿɰɧɨɫɬɿ ɣ ɟɤɨɧɨɦɿɱɧɨɫɬɿ. Ɂɛɿ-
ɥɶɲɟɧɧɹ ɩɨɬɭɠɧɨɫɬɿ, ɡɦɿɧɚ ɮɨɪɦ ɪɨɛɨɱɢɯ 

ɨɪɝɚɧɿɜ ɞɥɹ ɡɦɟɧɲɟɧɧɹ ɦɟɬɚɥɨєɦɧɨɫɬɿ ɤɨɧɫ-
ɬɪɭɤɰɿʀ, ɡɚɦɿɧɚ ɛɿɥɶɲ ɞɟɲɟɜɢɦɢ ɡɚ ɜɚɪɬɿɫɬɸ 

ɦɚɬɟɪɿɚɥɚɦɢ ɛɟɡ ɜɬɪɚɬ ɧɟɫɭɱɨʀ ɜɥɚɫɬɢɜɨɫɬɿ ɬɚ 
ɿɧɲɢɯ ɮɿɡɢɤɨ-ɦɟɯɚɧɿɱɧɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ є 
ɨɫɨɛɥɢɜɨ ɚɤɬɭɚɥɶɧɢɦɢ [1]. 
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ɋɚɦɨɯɿɞɧɢɣ ɫɤɪɟɩɟɪ ɿɡ ɡɚɜɚɧɬɚɠɟɧɧɹɦ ɡɚ ɪɚ-
ɯɭɧɨɤ ɫɢɥɢ ɬɹɝɢ ɿ ɪɨɡɜɚɧɬɚɠɟɧɧɹɦ ɩɪɢɦɭɫɨ-
ɜɢɦ ɫɩɨɫɨɛɨɦ є ɧɚɣɛɿɥɶɲ ɩɪɨɫɬɨɸ ɿ ɧɚɞɿɣ-

ɧɨɸ ɜ ɪɨɛɨɬɿ ɡɟɦɥɟɪɢɣɧɨ-ɬɪɚɧɫɩɨɪɬɧɨɸ 

ɦɚɲɢɧɨɸ. Ⱥɧɚɥɿɡɭɸɱɢ ɤɨɧɫɬɪɭɤɰɿɣɧɿ ɨɫɨɛɥɢ-

ɜɨɫɬɿ ɜɞɨɫɤɨɧɚɥɟɧɧɹ ɤɨɜɲɚ ɫɤɪɟɩɟɪɚ, ɫɥɿɞ ɜɿɞ-
ɡɧɚɱɢɬɢ ɬɟɧɞɟɧɰɿɸ, ɫɩɪɹɦɨɜɚɧɭ ɧɚ ɩɿɞɜɢɳɟɧ-

ɧɹ ɟɮɟɤɬɢɜɧɨɫɬɿ ɡɚɩɨɜɧɟɧɧɹ ɤɨɜɲɚ [2–5]. ɉɪɢ 

ɰɶɨɦɭ ɧɟ ɪɨɡɝɥɹɞɚєɬɶɫɹ ɩɪɨɛɥɟɦɚ ɡ ɪɨɡɜɚɧɬɚ-
ɠɟɧɧɹ ʉɪɭɧɬɭ ɡ ɤɨɜɲɚ ɫɤɪɟɩɟɪɚ, ɳɨ ɬɚɤɨɠ ɜɢ-

ɦɚɝɚє ɞɨɞɚɬɤɨɜɢɯ ɟɧɟɪɝɨɜɢɬɪɚɬ. ɉɿɞɜɢɳɟɧɧɹ 
ɟɮɟɤɬɢɜɧɨɫɬɿ ɩɪɨɰɟɫɭ ɜɢɜɚɧɬɚɠɟɧɧɹ ɦɨɠɧɚ 
ɞɨɫɹɝɬɢ ɡɚ ɪɚɯɭɧɨɤ ɜɞɨɫɤɨɧɚɥɟɧɧɹ ɮɨɪɦɢ 

ɟɥɟɦɟɧɬɿɜ ɤɨɜɲɚ, ɤɨɧɫɬɪɭɤɰɿʀ [6–9]. 
 

    

 

Ɇɟɬɨɸ ɪɨɛɨɬɢ є ɜɢɡɧɚɱɟɧɧɹ ɧɚɩɪɭɠɟɧɶ, ɹɤɿ 
ɜɢɧɢɤɚɸɬɶ ɧɚ ɡɚɞɧɿɯ ɫɬɿɧɤɚɯ ɤɨɜɲɚ ɫɤɪɟɩɟɪɚ 
ɭ ɩɪɨɰɟɫɿ ɪɨɡɜɚɧɬɚɠɟɧɧɹ ɜ ɭɦɨɜɚɯ ɡɦɿɧɢ ɜɢ-

ɫɨɬɢ ɤɪɿɩɥɟɧɧɹ ɩɪɢɜɨɞɭ ɝɿɞɪɨɰɢɥɿɧɞɪɚ. 
 

Ɂɚɞɥɹ ɞɨɫɹɝɧɟɧɧɹ ɰɿєʀ ɦɟɬɢ ɧɟɨɛɯɿɞɧɨ ɜɢɪɿ-
ɲɢɬɢ ɬɚɤɿ ɡɚɜɞɚɧɧɹ:  
– ɪɨɡɪɨɛɢɬɢ ɦɨɞɟɥɿ ɬɚ ɩɪɨɜɟɫɬɢ ɟɤɫɩɟɪɢɦɟɧ-

ɬɚɥɶɧɿ ɞɨɫɥɿɞɠɟɧɧɹ ɡ ɧɚɜɚɧɬɚɠɟɧɧɹ ɦɨɞɟɥɟɣ 

ɡɚɞɧɿɯ ɫɬɿɧɨɤ ɤɨɜɲɚ ɫɤɪɟɩɟɪɚ ɜ ɭɦɨɜɚɯ ɡɦɿɧɢ 

ɜɢɫɨɬɢ ɤɪɿɩɥɟɧɧɹ ɩɪɢɜɨɞɭ ɝɿɞɪɨɰɢ-ɥɿɧɞɪɚ;  
– ɜɢɡɧɚɱɢɬɢ ɪɚɰɿɨɧɚɥɶɧɿ ɩɚɪɚɦɟɬɪɢ ɡɚɞɧɶɨʀ 
ɫɬɿɧɤɢ ɤɨɜɲɚ ɫɤɪɟɩɟɪɚ.  
 

    

   
 

Ɂɚ ɨɫɧɨɜɭ ɜɡɹɬɨ ɮɿɡɢɱɧɭ ɦɨɞɟɥɶ ɫɚɦɨɯɿɞɧɨɝɨ 
ɫɤɪɟɩɟɪɚ ȾɁ-357 [2]. Ʉɪɿɩɥɟɧɧɹ ɩɪɢɜɨɞɭ ɡɚɞ-
ɧɶɨʀ ɫɬɿɧɤɢ ɤɨɜɲɚ ɫɤɪɟɩɟɪɚ ɡɦɿɧɸɜɚɥɨɫɶ ɡɚ ʀʀ 
ɜɢɫɨɬɨɸ 

( 1

Ɂɋ
0,06

H

H
 ; 2

Ɂɋ
0,2

H

H
 ; 3

Ɂɋ
0,35

H

H
 ;

4 0,5
Ɂɋ

H

H
 ) (ɪɢɫ. 1), ɞɟ H1, H2, H3, H4 –ɜɢɫɨɬɚ 

ɤɪɿɩɥɟɧɧɹ ɝɿɞɪɨɰɢɥɿɧɞɪɚ ɞɨ ɡɚɞɧɶɨʀ ɫɬɿɧɤɢ; 

HɁɋ – ɜɢɫɨɬɚ ɡɚɞɧɶɨʀ ɫɬɿɧɤɢ. 
 

   ɚ               ɛ             ɜ               ɝ               ɞ 
 

Ɋɢɫ. 1. Ɇɨɞɟɥɿ ɡɚɞɧɿɯ ɫɬɿɧɨɤ ɤɨɜɲɚ ɫɤɪɟɩɟɪɚ: 
ɚ – ɬɪɚɞɢɰɿɣɧɚ ɡɚɞɧɹ ɫɬɿɧɤɚ; ɛ, ɜ, ɝ, ɞ – 

ɡɚɞɧɿ ɫɬɿɧɤɢ ɤɨɜɲɿɜ ɫɤɪɟɩɟɪɚ ɡ ɧɚɩɿɜɤɪɭ-

ɝɥɢɦ ɞɧɢɳɟɦ 

ȼɢɡɧɚɱɟɧɧɹ ɪɚɰɿɨɧɚɥɶɧɢɯ ɝɟɨɦɟɬɪɢɱɧɢɯ 
ɮɨɪɦ ɦɟɬɚɥɨɤɨɧɫɬɪɭɤɰɿʀ ɪɨɛɨɱɨɝɨ ɨɛɥɚɞɧɚɧ-

ɧɹ ɛɭɞɿɜɟɥɶɧɢɯ ɿ ɞɨɪɨɠɧɿɯ ɦɚɲɢɧ ɧɚ ɨɫɧɨɜɿ 
ɩɨɤɚɡɧɢɤɿɜ ɦɿɰɧɨɫɬɿ ɿɡ ɡɚɫɬɨɫɭɜɚɧɧɹɦ ɩɪɨ-
ɝɪɚɦɧɨɝɨ ɡɚɛɟɡɩɟɱɟɧɧɹ CAD Solid Works 

Simulation є ɧɚ ɫɶɨɝɨɞɧɿ ɚɤɬɭɚɥɶɧɢɦ. Ⱦɥɹ 
ɩɪɨɜɟɞɟɧɧɹ ɞɨɫɥɿɞɠɟɧɶ ɧɚ ɦɿɰɧɿɫɬɶ ɭ ɫɢɫɬɟɦɿ 
CAD Solid Works Simulation ɛɭɥɢ ɡɚɞɚɧɿ ɩɨ-
ɱɚɬɤɨɜɿ ɭɦɨɜɢ: ɪɨɡɦɿɪɢ ɡɚɞɧɿɯ ɫɬɿɧɨɤ –  

L = 90 ɦɦ (ɞɨɜɠɢɧɚ ɫɬɿɧɤɢ); B = 9 ɦɦ (ɲɢɪɢ-

ɧɚ ɫɬɿɧɤɢ); ɞɥɹ ɤɨɜɲɚ ɫɤɪɟɩɟɪɚ ɿɡ ɡɚɞɧɶɨɸ 

ɦɚɹɬɧɢɤɨɜɨɸ ɫɬɿɧɤɨɸ L = 90 ɦɦ; B = 9 ɦɦ;  

R = 61 ɦɦ (ɪɚɞɿɭɫ ɡɚɞɧɶɨʀ ɦɚɹɬɧɢɤɨɜɨʀ ɫɬɿɧ-

ɤɢ); ɦɚɬɟɪɿɚɥ – ɥɟɝɨɜɚɧɚ ɫɬɚɥɶ. 
 

ɍ ɫɢɫɬɟɦɿ CAD Solid Works Simulation ɜɢɤɨ-
ɪɢɫɬɨɜɭєɬɶɫɹ ɦɟɬɨɞ ɤɿɧɰɟɜɢɯ ɟɥɟɦɟɧɬɿɜ – ɱɢ-

ɫɟɥɶɧɢɣ ɦɟɬɨɞ ɪɨɡɜ’ɹɡɚɧɧɹ ɡɚɞɚɱ ɩɪɢɤɥɚɞɧɨʀ 
ɮɿɡɢɤɢ. ɇɚ ɩɿɞɫɬɚɜɿ ɩɪɨɜɟɞɟɧɨɝɨ ɚɧɚɥɿɡɭ 
ɨɬɪɢɦɚɧɨ ɟɩɸɪɢ ɧɚɩɪɭɠɟɧɧɶ (ɪɢɫ. 2, ɚ, ɜ, ɞ, 

ɠ, ɡ) ɿ ɟɩɸɪɢ ɞɟɮɨɪɦɚɰɿʀ ɞɨɫɥɿɞɠɭɜɚɧɢɯ ɟɥɟ-
ɦɟɧɬɿɜ (ɪɢɫ. 2, ɛ, ɝ, ɟ, ɢ, ɥ). 
 

Ɉɬɪɢɦɚɧɿ ɟɩɸɪɢ ɩɨɤɚɡɭɸɬɶ, ɳɨ ɧɚɣɦɟɧɲɟ 
ɧɚɩɪɭɠɟɧɧɹ ɜɢɧɢɤɚє ɧɚ ɡɚɞɧɿɣ ɫɬɿɧɰɿ 

4

Ɂɋ
0,5

ɇ
ɇ

  (192886 ɇ/ɦ2) (ɪɢɫ. 2, ɜ). Ɉɞɧɚɤ, 

ɚɧɚɥɿɡɭɸɱɢ ɟɩɸɪɢ ɞɟɮɨɪɦɚɰɿʀ ɞɨɫɥɿɞɠɭɜɚɧɢɯ 
ɟɥɟɦɟɧɬɿɜ (ɪɢɫ. 2, ɝ, ɟ, ɠ, ɢ) ɡɚɞɧɶɨʀ ɦɚɹɬɧɢ-

ɤɨɜɨʀ ɫɬɿɧɤɢ ɜ ɭɦɨɜɚɯ ɡɦɿɧɢ ɦɿɫɰɹ ɩɪɢɤɥɚ-
ɞɚɧɧɹ ɡɭɫɢɥɶ ɝɿɞɪɨɰɢɥɿɧɞɪɚ, ɜɫɬɚɧɨɜɥɟɧɨ, ɳɨ 

ɧɚɣɦɟɧɲɿ ɞɟɮɨɪɦɚɰɿʀ ɜɢɧɢɤɚɸɬɶ ɩɪɢ ɪɨɡɬɚ-

ɲɭɜɚɧɧɿ ɝɿɞɪɨɰɢɥɿɧɞɪɚ 4

Ɂɋ
0,5

ɇ
ɇ

  (ɬɚɛɥ. 1). 

 

Ɍɚɛɥɢɰɹ 1 Ɋɟɡɭɥɶɬɚɬɢ ɫɬɚɬɢɫɬɢɱɧɨɝɨ ɞɨɫɥɿɞɠɟɧɧɹ 
ɭ CAD Solid Works Simulation 

 

Ɍɢɩ ɡɚɞɧɶɨʀ 
ɫɬɿɧɤɢ 

ɇɚɩɪɭɠɟɧɧɹ, 
ɇ/ɦ2 

Ⱦɟɮɨɪɦɚɰɿɹ, 
ɦɦ 

min max min max 

Ɍɪɚɞ 24,4757 94758,4 0 4,00042 

1

Ɂɋ

ɇ
ɇ

= 0,06 0 202462 0 5,14015 

2

Ɂɋ

ɇ
ɇ

= 0,2; 0 111403 0 9,42388 

3

Ɂɋ

ɇ
ɇ

= 0,35 0 133232 0 5,37323 

4

Ɂɋ

ɇ
ɇ

  0,5 0 192886 0 1,28361 
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Ɋɢɫ. 2. ȿɩɸɪɢ ɧɚɩɪɭɠɟɧɶ ɿ ɞɟɮɨɪɦɚɰɿɣ, ɹɤɿ 
ɜɢɧɢɤɚɸɬɶ ɧɚ ɡɚɞɧɿɯ ɫɬɿɧɤɚɯ ɤɨɜɲɚ 
ɫɤɪɟɩɟɪɚ: ɚ, ɜ, ɞ, ɠ, ɤ – ɟɩɸɪɢ ɧɚɩɪɭ-

ɠɟɧɶ; ɛ, ɝ, ɟ, ɢ, ɥ – ɞɟɮɨɪɦɚɰɿʀ ɡɚɞɧɿɯ 
ɫɬɿɧɨɤ ɩɿɞ ɞɿєɸ ɧɚɜɚɧɬɚɠɟɧɧɹ; ɚ, ɛ –

4

Ɂɋ

ɇ
ɇ

; ɜ, ɝ – 4

Ɂɋ

ɇ
ɇ

; ɞ, ɟ – 3

Ɂɋ

ɇ
ɇ

; ɠ, ɢ – 

2

Ɂɋ

ɇ
ɇ

; ɤ, ɥ – 1

Ɂɋ

ɇ
ɇ

 

 

Ɉɫɤɿɥɶɤɢ ɪɨɡɪɨɛɧɢɤɢ ɫɢɫɬɟɦɢ CAD Solid 

Works Simulation ɪɟɤɨɦɟɧɞɭɸɬɶ ɩɟɪɟɜɿɪɢɬɢ 

ɪɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɿɜ ɿɧɲɢɦ ɦɟɬɨɞɨɦ, ɡɚɞɧɿ 

ɫɬɿɧɤɢ ɤɨɜɲɚ ɫɤɪɟɩɟɪɚ ɩɟɪɟɜɿɪɟɧɨ ɩɨɥɹɪɢɡɚ-
ɰɿɣɧɨ-ɨɩɬɢɱɧɢɦ ɦɟɬɨɞɨɦ. 

 

ȿɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ ɞɨɫɥɿɞɠɟɧɧɹ ɡ ɧɚɜɚɧɬɚ-
ɠɟɧɧɹ ɦɨɞɟɥɟɣ ɡɚɞɧɿɯ ɫɬɿɧɨɤ ɤɨɜɲɿɜ ɫɤɪɟɩɟ-
ɪɿɜ ɩɪɨɜɨɞɢɥɢɫɶ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɦɟɬɨɞɭ ɧɚ-
ɛɥɢɠɟɧɨɝɨ ɮɿɡɢɱɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ ɪɨɛɨɱɢɯ 
ɩɪɨɰɟɫɿɜ ɡɟɦɥɟɪɢɣɧɨ-ɬɪɚɧɫɩɨɪɬɧɢɯ ɦɚɲɢɧ 

[3, 4]. Ⱦɥɹ ɦɨɞɟɥɸɜɚɧɧɹ ɪɨɛɨɱɢɯ ɩɪɨɰɟɫɿɜ 
ɡɟɦɥɟɪɢɣɧɨ-ɬɪɚɧɫɩɨɪɬɧɢɯ ɦɚɲɢɧ ɩɨɥɹɪɢɡɚ-
ɰɿɣɧɨ-ɨɩɬɢɱɧɢɦ ɦɟɬɨɞɨɦ ɜɢɤɨɪɢɫɬɚɧɨ ɩɪɨ-
ɡɨɪɿ ɧɢɡɶɤɨɦɨɞɭɥɶɧɿ ɨɩɬɢɱɧɨ ɱɭɬɥɢɜɿ ɦɚɬɟɪɿ-
ɚɥɢ –  ɟɩɨɤɫɢɞɧɿ ɫɦɨɥɢ, ɨɪɝɫɤɥɨ, ɈɇȻ ɬɚ ɿɧ.  

 

ɍ ɞɚɧɿɣ ɪɨɛɨɬɿ ɜɢɤɨɪɢɫɬɚɧɨ ɹɤ ɦɚɬɟɪɿɚɥ ɞɥɹ 
ɦɨɞɟɥɿ ɡɚɞɧɿɯ ɫɬɿɧɨɤ ɡɚɬɜɟɪɞɿɥɭ ɟɩɨɤɫɢɞɧɭ 
ɫɦɨɥɭ ɦɚɪɤɢ ȿȾ-16 [5]. Ⱦɥɹ ɦɨɞɟɥɸɜɚɧɧɹ 
ʉɪɭɧɬɨɜɨɝɨ ɫɟɪɟɞɨɜɢɳɚ ɜɢɤɨɪɢɫɬɚɧɨ ɟɥɚɫɬɨ-
ɦɿɪɧɭ ɤɨɦɩɨɡɢɰɿɸ, ɹɤɚ ɫɤɥɚɞɚєɬɶɫɹ ɡ ɞɜɨɯ 
ɤɨɦɩɨɧɟɧɬɿɜ: ɨɥɿɝɨɦɿɪɧɨɝɨ ɿɡɨɩɪɟɧɨɜɨɝɨ ɤɚɭ-
ɱɭɤɭ ɡ ɤɿɧɰɟɜɢɦɢ ɝɿɞɪɨɡɢɞɧɢɦɢ ɝɪɭɩɚɦɢ ɦɚɪ-
ɤɢ ɋɄІ-ȽɈ ɡ ɤɨɧɰɟɧɬɪɚɰɿєɸ ɝɿɞɪɨɡɢɞɧɢɯ ɝɪɭɩ 

4,0 % ɿ ɦɨɥɟɤɭɥɹɪɧɨɸ ɦɚɫɨɸ 2000 [6]. 

 

ɋɯɟɦɭ ɫɬɟɧɞɚ ɞɥɹ ɞɨɫɥɿɞɠɟɧɧɹ ɧɚɩɪɭɠɟɧɶ 
ɩɨɥɹɪɢɡɚɰɿɣɧɨ-ɨɩɬɢɱɧɢɦ ɦɟɬɨɞɨɦ ɧɚɜɟɞɟɧɨ 

ɧɚ ɪɢɫ. 3.  

 

Ɋɢɫ. 3. ɋɯɟɦɚ ɫɬɟɧɞɚ ɞɥɹ ɞɨɫɥɿɞɠɟɧɧɹ ɧɚ-
ɩɪɭɠɟɧɶ ɩɨɥɹɪɢɡɚɰɿɣɧɨ-ɨɩɬɢɱɧɢɦ ɦɟɬɨ-
ɞɨɦ: 1 – ɫɤɥɹɧɿ ɛɥɨɤɢ; 2 – ɤɨɧɬɟɣɧɟɪ; 3 – 

ɥɚɦɩɚ; 4, 8 – ɜɭɡɥɢ ɩɨɥɹɪɢɡɚɬɨɪɚ ɣ ɚɧɚ-
ɥɿɡɚɬɨɪɚ ɉɉɍ-7; 5 – ɝɜɢɧɬ ɩɪɟɫɚ; 6 – 

ɩɪɢɠɢɦɧɚ ɱɚɫɬɢɧɚ ɩɪɟɫɚ; 7 – ɧɚɫɚɞɤɚ ɿɧ-

ɫɬɪɭɦɟɧɬɚ; 9 – ɮɨɬɨɚɩɚɪɚɬ 
 

Ɂɚɝɚɥɶɧɢɣ ɜɢɝɥɹɞ ɫɬɟɧɞɚ ɡ ɪɟєɫɬɪɭɸɱɨɸ  

ɜɿɞɟɨ- ɬɚ ɮɨɬɨɚɩɚɪɚɬɭɪɨɸ ɜɢɫɨɤɨɸ ɪɨɡɞɿɥɶ-
ɧɨɸ ɡɞɚɬɧɿɫɬɸ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. 4.  

 

ɋɯɟɦɢ, ɹɤɿ ɩɨɤɚɡɚɧɿ ɧɚ ɪɢɫ. 1, ɪɟɚɥɿɡɨɜɚɧɿ ɡɚ 
ɞɨɩɨɦɨɝɨɸ ɫɩɟɰɿɚɥɶɧɨɝɨ «ɩɪɨɡɨɪɨɝɨ» ɤɨɧ-

ɬɟɣɧɟɪɚ, ɧɚɜɟɞɟɧɨɝɨ ɧɚ ɪɢɫ. 5.  
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Ɋɢɫ. 4. Ɂɚɝɚɥɶɧɢɣ ɜɢɝɥɹɞ ɫɬɟɧɞɚ ɞɥɹ ɞɨɫɥɿ-
ɞɠɟɧɧɹ ɧɚɩɪɭɠɟɧɶ ɩɨɥɹɪɢɡɚɰɿɣɧɨ-
ɨɩɬɢɱɧɢɦ ɦɟɬɨɞɨɦ ɡ ɪɟєɫɬɪɭɸɱɨɸ ɚɩɚ-
ɪɚɬɭɪɨɸ: 1 – ɥɚɛɨɪɚɬɨɪɧɢɣ ɩɪɟɫ; 2 – ɫɬɿɥ 
ɉɋ-1; 3 – ɩɨɥɹɪɢɡɚɰɿɣɧɨ-ɩɪɨɟɤɰɿɣɧɚ 
ɭɫɬɚɧɨɜɤɚ ɉɉɍ-7; 4 – ɤɿɧɨɤɚɦɟɪɚ Nikon 

 

ȼɿɧ ɫɤɥɚɞɚєɬɶɫɹ ɡ ɞɜɨɯ ɡɨɜɧɿɲɧɿɯ ɦɟɬɚɥɟɜɢɯ 
ɪɚɦ, ɫɤɪɿɩɥɟɧɢɯ ɤɚɥɿɛɪɭɸɱɢɦɢ ɛɨɥɬɚɦɢ. Ɋɚ-
ɦɢ ɭ ɡɛɨɪɿ ɦɚɸɬɶ ɜɢɝɥɹɞ ɜɿɤɧɚ ɞɥɹ ɪɟєɫɬɪɚɰɿʀ 
ɤɚɪɬɢɧ ɿɧɬɟɪɮɟɪɟɧɰɿʀ ɭ ɩɪɨɯɿɞɧɨɦɭ ɫɜɿɬɥɿ. 
ɉɥɨɫɤɚ ɦɨɞɟɥɶ ɤɨɜɲɚ ɫɤɪɟɩɟɪɚ ɪɨɡɬɚɲɨɜɭɜɚ-
ɥɚɫɹ ɦɿɠ ɫɤɥɹɧɢɦɢ ɩɥɚɫɬɢɧɚɦɢ ɣ ɨɛɦɟɠɭɜɚ-
ɥɚɫɹ ɜɫɬɚɜɤɨɸ ɡ ɜɿɤɧɨɦ ɞɥɹ ɡɚɩɨɜɧɟɧɧɹ ɦɨɞɟ-
ɥɶɧɨɸ ʉɪɭɧɬɨɜɨɸ ɦɚɫɨɸ (ɝɭɦɨɸ) ɿ ɦɨɧɬɚɠɭ 

ɧɚɜɚɧɬɚɠɭɜɚɥɶɧɨɝɨ ɩɪɢɫɬɪɨɸ. ɒɚɪɧɿɪ ɡɚɞ-

ɧɶɨʀ ɫɬɿɧɤɢ ɿ ɫɚɦɚ ʀʀ ɦɨɞɟɥɶ ɬɚɤɨɠ ɤɪɿɩɢɥɢɫɹ 
ɦɿɠ ɫɤɥɹɧɢɦɢ ɩɥɚɫɬɢɧɚɦɢ (ɪɢɫ. 5). 

 

Ʉɨɧɬɟɣɧɟɪ ɭ ɡɛɨɪɿ ɜɫɬɚɧɨɜɥɸɜɚɜɫɹ ɧɚ ɧɚɜɚɧ-

ɬɚɠɭɜɚɥɶɧɢɣ ɩɪɟɫ ɍɉ-8, ɚ ɧɚɜɚɧɬɚɠɟɧɧɹ 
ɩɪɨɜɨɞɢɥɨɫɹ ɡɚ ɞɨɩɨɦɨɝɨɸ ɪɟɜɟɪɫɨɪɚ, ɹɤɢɣ 

ɜɯɨɞɢɬɶ ɞɨ ɤɨɦɩɥɟɤɫɭ ɩɪɟɫɚ [7]. 

 

  

ɚ ɛ ɜ 
Ɋɢɫ. 5. «ɉɪɨɡɨɪɢɣ» ɤɨɧɬɟɣɧɟɪ ɭ ɡɛɨɪɿ: ɚ – ɜɢɞ 

ɫɩɟɪɟɞɭ; ɛ – ɜɢɞ ɡɛɨɤɭ; ɜ – ɚɤɫɨɧɨɦɟɬ-
ɪɢɱɧɚ ɩɪɨɟɤɰɿɹ 

 

ɉɪɟɫ ɜɜɨɞɢɜɫɹ ɜ ɩɨɥɟ ɩɨɥɹɪɢɡɚɰɿɣɧɨ-ɩɪɨɟɤ-
ɰɿɣɧɨʀ ɭɫɬɚɧɨɜɤɢ ɉɉɍ-ȾɆɟɬІ [8] ɡɚ ɞɨɩɨɦɨ-
ɝɨɸ ɩɿɞɣɨɦɧɨɝɨ ɫɬɨɥɭ ɉɋ-1 ɤɨɧɫɬɪɭɤɰɿʀ 
ɅȾɍ. Іɡɨɯɪɨɦɢ ɪɟєɫɬɪɭɜɚɥɢɫɶ ɭ ɦɨɧɨɯɪɨɦɚ-
ɬɢɱɧɨɦɭ ɫɜɿɬɥɿ ɞɨɜɠɢɧɨɸ ɯɜɢɥɿ 546,1 ɦɤɦ ɜ 
ɬɟɦɧɨɦɭ ɩɨɥɿ (ɰɿɥɿ ɩɨɪɹɞɤɢ ɫɦɭɝ) ɿ ɛɿɥɨɦɭ 
ɩɨɥɿ (ɩɨɥɨɜɢɧɧɿ ɩɨɪɹɞɤɢ ɫɦɭɝ). Ɉɬɪɢɦɚɧɚ 

ɿɧɮɨɪɦɚɰɿɹ ɡɚɧɨɫɢɥɚɫɶ ɞɨ ɤɨɦɩ’ɸɬɟɪɚ ɿ ɚɧɚ-
ɥɿɡɭɜɚɥɚɫɶ ɡɚ ɦɚɤɫɢɦɚɥɶɧɨ ɦɨɠɥɢɜɨɝɨ ɡɛɿɥɶ-
ɲɟɧɧɹ ɧɚ ɦɨɧɿɬɨɪɿ. Ɂɛɿɥɶɲɟɧɟ ɡɨɛɪɚɠɟɧɧɹ 
ɞɨɡɜɨɥɢɥɨ ɩɪɨɜɟɫɬɢ ɿɡɨɥɿɧɿʀ σn (ɿɡɨɯɪɨɦɢ) ɱɟ-
ɪɟɡ ɬɨɱɤɢ ɧɚɣɛɿɥɶɲ ɪɨɡɜɢɧɟɧɨɝɨ ɨɩɬɢɱɧɨɝɨ 
ɟɮɟɤɬɭ. ɉɨɪɹɞɨɤ ɿɡɨɯɪɨɦ ɜɫɬɚɧɨɜɥɸɜɚɥɢ ɛɟɡ-
ɩɨɫɟɪɟɞɧɿɦ ɩɿɞɪɚɯɭɧɤɨɦ ɡɪɨɫɬɚɸɱɨɝɨ ɩɨɪɹɞ-

ɤɭ ɿɡɨɯɪɨɦ ɡɚ ɡɛɿɥɶɲɟɧɧɹ ɧɚɜɚɧɬɚɠɟɧɧɹ ɜɿɞ 

ɧɭɥɹ ɞɨ ɜɟɥɢɱɢɧɢ, ɹɤɚ ɡɚɛɟɡɩɟɱɭє ɦɚɤɫɢɦɚ-
ɥɶɧɨ ɪɨɡɜɢɧɟɧɢɣ ɟɮɟɤɬ ɿɧɬɟɪɮɟɪɟɧɰɿʀ (ɩɟɪɟ-
ɪɨɡɩɨɞɿɥ ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɫɜɿɬɥɚ ɜ ɪɟɡɭɥɶɬɚɬɿ 
ɧɚɤɥɚɞɟɧɧɹ ɞɟɤɿɥɶɤɨɯ ɫɜɿɬɥɨɜɢɯ ɯɜɢɥɶ, ɫɭ-

ɩɪɨɜɨɞɠɭєɬɶɫɹ ɱɟɪɝɭɜɚɧɧɹɦ ɭ ɩɪɨɫɬɨɪɿ ɦɚɤ-
ɫɢɦɭɦɿɜ ɿ ɦɿɧɿɦɭɦɿɜ ɿɧɬɟɧɫɢɜɧɨɫɬɿ). Ɋɨɡɲɢɮ-

ɪɨɜɤɚ ɤɚɪɬɢɧ ɿɧɬɟɪɮɟɪɟɧɰɿʀ ɩɪɨɜɨɞɢɥɚɫɶ ɡɚ 
ɬɨɱɤɚɦɢ ɜɿɥɶɧɨɝɨ ɤɨɧɬɭɪɭ [9, 10]. 

 

ȿɩɸɪɚ ɧɚɩɪɭɠɟɧɨɝɨ ɫɬɚɧɭ ɬɪɚɞɢɰɿɣɧɨʀ ɤɨɧɫ-
ɬɪɭɤɰɿʀ ɡɚɞɧɶɨʀ ɫɬɿɧɤɢ (ɪɢɫ. 6, ɚ) ɩɨɤɚɡɭє, ɳɨ 
ɡ ɛɨɤɭ ɞɿʀ ɧɚɜɚɧɬɚɠɟɧɧɹ ɜɿɞ ɝɿɞɪɨɰɢɥɿɧɞɪɚ 
ɡɚɞɧɶɨʀ ɫɬɿɧɤɢ ɨɬɪɢɦɭє ɫɬɢɫɧɟɧɧɹ. Ɇɚɤɫɢɦɚ-
ɥɶɧɿ ɧɚɩɪɭɠɟɧɧɹ ɫɬɢɫɧɟɧɧɹ ɫɩɨɫɬɟɪɿɝɚɸɬɶɫɹ 
ɩɨɛɥɢɡɭ ɰɟɧɬɪɭ ɩɪɢɤɥɚɞɚɧɧɹ ɧɚɜɚɧɬɚɠɟɧɧɹ. 
 

ɚ 

ɛ ɜ 
 

Ɋɢɫ. 6. Іɡɨɯɪɨɦɢ (ɫɦɭɝɢ) ɿ ɟɩɸɪɢ ɧɚɩɪɭɠɟɧɶ ɭ 
ɦɨɞɟɥɹɯ ɡɚɞɧɿɯ ɫɬɿɧɨɤ ɫɤɪɟɩɟɪɚ: ɚ – ɬɪɚ-
ɞɢɰɿɣɧɚ ɡɚɞɧɹ ɫɬɿɧɤɚ; ɛ, ɜ, ɝ, ɞ – ɡɚɞɧɿ 
ɫɬɿɧɤɢ ɤɨɜɲɿɜ ɫɤɪɟɩɟɪɿɜ ɡ ɧɚɩɿɜɤɪɭɝɥɢɦ 

ɞɧɢɳɟɦ (ɩɨɱɚɬɨɤ) 
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ɝ ɞ 

 

Ɋɢɫ. 6. Іɡɨɯɪɨɦɢ (ɫɦɭɝɢ) ɿ ɟɩɸɪɢ ɧɚɩɪɭɠɟɧɶ ɭ 
ɦɨɞɟɥɹɯ ɡɚɞɧɿɯ ɫɬɿɧɨɤ ɫɤɪɟɩɟɪɚ: ɚ – ɬɪɚ-
ɞɢɰɿɣɧɚ ɡɚɞɧɹ ɫɬɿɧɤɚ; ɛ, ɜ, ɝ, ɞ – ɡɚɞɧɿ 
ɫɬɿɧɤɢ ɤɨɜɲɿɜ ɫɤɪɟɩɟɪɿɜ ɡ ɧɚɩɿɜɤɪɭɝɥɢɦ 

ɞɧɢɳɟɦ (ɡɚɤɿɧɱɟɧɧɹ) 
 

ɋɬɨɪɨɧɚ, ɹɤɚ ɫɩɪɢɣɦɚє ɬɢɫɤ ʉɪɭɧɬɭ, ɫɯɢɥɶɧɚ 
ɞɨ ɪɨɡɬɹɝɭɜɚɧɧɹ. Ɇɚɤɫɢɦɭɦ ɡɧɚɯɨɞɢɬɶɫɹ ɜ 
ɰɟɧɬɪɿ, ɩɪɨɬɟ ɜɟɥɢɱɢɧɚ ɦɟɧɲɟ ɜ ɩɨɪɿɜɧɹɧɧɿ ɡɿ 
ɫɬɢɫɤɚɸɱɢɦɢ. ɋɬɢɫɤɚɸɱɿ ɞɨɫɹɝɚɸɬɶ 10-ɝɨ 
ɩɨɪɹɞɤɭ, ɚ ɪɨɡɬɹɝɭɸɱɿ – ɬɿɥɶɤɢ 7-ɝɨ. Ɍɚɤɢɣ 

ɧɟɜɪɿɜɧɨɜɚɠɟɧɢɣ ɫɬɚɧ ɩɨɹɫɧɸєɬɶɫɹ ɞɟɹɤɨɸ 

ɤɨɦɩɟɧɫɚɰɿєɸ ɪɨɡɬɹɝɭɸɱɢɯ ɧɚɩɪɭɠɟɧɶ ɡɚ 
ɪɚɯɭɧɨɤ ɬɢɫɤɭ ʉɪɭɧɬɭ ɧɚ ɡɚɞɧɸ ɫɬɿɧɤɭ. 
 

Ɏɨɬɨɝɪɚɦɢ ɩɪɨɰɟɫɭ ɧɚɩɪɭɠɟɧɶ ɧɚ ɡɚɞɧɿɯ ɫɬɿ-
ɧɤɚɯ ɤɨɜɲɿɜ ɫɤɪɟɩɟɪɿɜ ɩɨɤɚɡɚɧɿ ɧɚ ɪɢɫ. 7. 

ȿɩɸɪɢ ɧɚɩɪɭɠɟɧɨɝɨ ɫɬɚɧɭ ɪɚɞɿɭɫɧɨɝɨ ɪɿɲɟɧ-

ɧɹ ɡɚɞɧɶɨʀ ɫɬɿɧɤɢ ɜ ɭɦɨɜɚɯ ɡɦɿɧɢ ɦɿɫɰɹ ɩɪɢɤɥɚ-
ɞɚɧɧɹ ɡɭɫɢɥɶ ɝɿɞɪɨɰɢɥɿɧɞɪɚ (ɪɢɫ. 6, ɛ, ɜ, ɝ, ɞ) 
ɩɨɤɚɡɭɸɬɶ ɜɿɞɦɿɧɧɭ ɤɚɪɬɢɧɭ. ɋɬɢɫɤɚɸɱɿ ɬɚ 
ɪɨɡɬɹɝɭɸɱɿ ɧɚɩɪɭɠɟɧɧɹ ɞɿɸɬɶ ɹɤ ɡ ɬɢɥɶɧɨɝɨ 

ɛɨɤɭ ɫɬɿɧɤɢ (ɡ ɛɨɤɭ ɝɿɞɪɨɰɢɥɿɧɞɪɚ), ɬɚɤ ɿ ɡ 
ɮɪɨɧɬɚɥɶɧɨɝɨ, ɚɥɟ ʀɯ ɜɟɥɢɱɢɧɚ є ɡɧɚɱɧɨ ɦɟɧ-

ɲɨɸ, ɜɨɧɢ ɧɟ ɩɟɪɟɜɢɳɭɸɬɶ 4-ʀ ɫɦɭɝɢ. 

 

ɐɟ ɜɢɝɿɞɧɨ ɜɿɞɪɿɡɧɹє ɧɨɜɭ ɤɨɧɫɬɪɭɤɰɿɸ ɜɿɞ 

ɬɪɚɞɢɰɿɣɧɨɝɨ ɪɿɲɟɧɧɹ. ɋɥɿɞ ɜɿɞɡɧɚɱɢɬɢ ɬɚ-
ɤɨɠ, ɳɨ ɦɚɤɫɢɦɭɦɢ ɧɚɩɪɭɠɟɧɶ ɫɬɢɫɧɟɧɧɹ ɿ 
ɪɨɡɬɹɝɭɜɚɧɧɹ ɡɪɨɫɬɚɸɬɶ ɡɿ ɡɧɢɠɟɧɧɹɦ ɬɨɱɤɢ 

ɩɪɢɤɥɚɞɚɧɧɹ ɡɭɫɢɥɥɹ ɝɿɞɪɨɰɢɥɿɧɞɪɚ ɜɿɞɧɨɫɧɨ 

ɜɢɫɨɬɢ ɡɚɞɧɶɨʀ ɫɬɿɧɤɢ. Ɉɬɠɟ, ɧɚɣɦɟɧɲɿ ɧɚ-
ɩɪɭɠɟɧɧɹ ɜɢɧɢɤɚɸɬɶ ɭ ɫɬɿɧɰɿ ɩɪɢ ɪɨɡɬɚɲɭ-

ɜɚɧɧɿ ɝɿɞɪɨɰɢɥɿɧɞɪɚ ɭ ɫɩɿɜɜɿɞɧɨɲɟɧɧɿ 
4

Ɂɋ

0,5
ɇ
ɇ

  (ɪɢɫ. 6, ɛ). 
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Ɋɢɫ. 7. Ɏɨɬɨɝɪɚɦɢ ɩɪɨɰɟɫɭ ɜɢɧɢɤɧɟɧɧɹ ɧɚɩɪɭɠɟɧɶ ɜɿɞ ɧɚɜɚɧɬɚɠɟɧɧɹ ɧɚ ɡɚɞɧɿɯ ɫɬɿɧɤɚɯ ɤɨɜɲɿɜ 
ɫɤɪɟɩɟɪɿɜ: ɚ – ɬɪɚɞɢɰɿɣɧɚ ɡɚɞɧɹ ɫɬɿɧɤɚ; ɛ, ɜ, ɝ, ɞ – ɡɚɞɧɿ ɫɬɿɧɤɢ ɤɨɜɲɿɜ ɫɤɪɟɩɟɪɿɜ ɡ ɧɚɩɿɜ-
ɤɪɭɝɥɢɦ ɞɧɢɳɟɦ; 1–5 – ɮɨɬɨɝɪɚɦɢ ɧɚɩɪɭɠɟɧɧɹ ɡɚɞɧɿɯ ɫɬɿɧɨɤ ɤɨɜɲɿɜ ɫɤɪɟɩɟɪɿɜ  
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Ⱥɧɚɥɿɡ ɟɩɸɪ ɧɚɩɪɭɠɟɧɶ ɭ CAD Solid Works 

Simulation ɿ ɩɨɥɹɪɢɡɚɰɿɣɧɨ-ɨɩɬɢɱɧɢɦ ɦɟɬɨ-
ɞɨɦ ɩɨɤɚɡɚɜ, ɳɨ ɬɪɚɞɢɰɿɣɧɚ ɤɨɧɫɬɪɭɤɰɿɹ ɡɚɞ-

ɧɶɨʀ ɫɬɿɧɤɢ ɫɤɪɟɩɟɪɚ ɜɢɦɚɝɚє ɭɞɨɫɤɨɧɚɥɟɧɧɹ, 
ɡ ɬɨɱɤɢ ɡɨɪɭ ɨɩɬɢɦɚɥɶɧɨʀ ɤɨɧɮɿɝɭɪɚɰɿʀ ɿ ɦɿɰ-

ɧɨɫɬɿ.  
 

Ɂɚɩɪɨɩɨɧɨɜɚɧɚ ɧɨɜɚ ɤɨɧɫɬɪɭɤɰɿɹ ɡɚɞɧɶɨʀ ɫɬɿ-
ɧɤɢ ɫɤɪɟɩɟɪɚ ɜɿɞɪɿɡɧɹєɬɶɫɹ ɛɿɥɶɲ ɪɿɜɧɨɦɿɪ-
ɧɢɦ ɪɨɡɩɨɞɿɥɨɦ ɧɚɩɪɭɠɟɧɶ, ɡɧɢɠɭє ɡɚɝɚɥɶɧɟ 
ɧɚɩɪɭɠɟɧɧɹ ɧɚ 30–40 % ɩɪɢ ɪɨɡɬɚɲɭɜɚɧɧɿ 

ɝɿɞɪɨɰɢɥɿɧɞɪɚ ɭ ɫɩɿɜɜɿɞɧɨɲɟɧɧɿ 4

Ɂɋ

0,5
ɇ
ɇ

 . 
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