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Ⱥɧɧɨɬɚɰɢɹ. ɑɢɫɥɟɧɧɨ ɢɫɫɥɟɞɭɸɬɫɹ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɚɞɢɚɬɨɪɧɨɝɨ ɨɬɫɟɤɚ 
ɝɨɧɨɱɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɏȺȾɂ 33 ɧɚ ɨɫɧɨɜɟ ɪɟɲɟɧɢɹ ɫɨɩɪɹɠɟɧɧɨɣ ɡɚɞɚɱɢ ɜɧɭɬɪɟɧɧɟɣ ɢ ɜɧɟɲɧɟɣ 
ɚɷɪɨɞɢɧɚɦɢɤɢ. ɉɪɟɞɥɨɠɟɧ ɪɚɰɢɨɧɚɥɶɧɵɣ ɜɚɪɢɚɧɬ ɪɚɞɢɚɬɨɪɧɨɝɨ ɨɬɫɟɤɚ, ɤɨɬɨɪɵɣ ɯɚɪɚɤɬɟɪɢ-
ɡɭɟɬɫɹ ɜɵɫɨɤɨɣ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ ɢ ɧɢɡɤɢɦ ɭɪɨɜɧɟɦ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɩɨɥɹ ɫɤɨɪɨɫɬɢ 
ɧɚ ɜɯɨɞɟ. 

 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɝɨɧɨɱɧɵɣ ɚɜɬɨɦɨɛɢɥɶ, ɪɚɞɢɚɬɨɪɧɵɣ ɨɬɫɟɤ, ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢ-

ɫɬɢɤɢ. 
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Ⱥɧɨɬɚɰɿɹ. ɑɢɫɟɥɶɧɨ ɞɨɫɥɿɞɠɭɸɬɶɫɹ ɚɟɪɨɞɢɧɚɦɿɱɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɚɞɿɚɬɨɪɧɨɝɨ ɜɿɞɫɿɤɭ  
ɩɟɪɟɝɨɧɨɜɨɝɨ ɚɜɬɨɦɨɛɿɥɹ ɏȺȾȱ 33 ɧɚ ɨɫɧɨɜɿ ɪɿɲɟɧɧɹ ɫɩɨɥɭɱɟɧɨɝɨ ɡɚɜɞɚɧɧɹ ɜɧɭɬɪɿɲɧɶɨʀ ɿ 
ɡɨɜɧɿɲɧɶɨʀ ɚɟɪɨɞɢɧɚɦɿɤɢ. Ɂɚɩɪɨɩɨɧɨɜɚɧɨ ɪɚɰɿɨɧɚɥɶɧɟ ɪɨɡɦɿɳɟɧɧɹ ɪɚɞɿɚɬɨɪɧɨɝɨ ɜɿɞɫɿɤɭ. 
 

Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɩɟɪɟɝɨɧɨɜɢɣ ɚɜɬɨɦɨɛɿɥɶ, ɪɚɞɿɚɬɨɪɧɢɣ ɜɿɞɫɿɤ, ɚɟɪɨɞɢɧɚɦɿɱɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. 
 

AERODYNAMIC IMPROVEMENT OF KhADI 33 RACING  

CAR RADIATOR COMPARTMENT 

 

A. Avershyn, assistant, KhNAHU 

 
Abstract. Aerodynamic characteristics of radiator compartment of KhADI 33 racing car on the basis 

of the decision of the interfaced problem of internal and external aerodynamics are numerically 

investigated. The rational variant of radiator compartment which is characterized by high throughput 

and low level of non-uniformity of speed field at the input is offered. 
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ȼɜɟɞɟɧɢɟ 
 

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɝɨɧɨɱɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ 
ɛɨɥɶɲɨɟ ɜɧɢɦɚɧɢɟ ɭɞɟɥɹɟɬɫɹ ɜɨɩɪɨɫɚɦ ɜɧɟ-
ɲɧɟɣ ɢ ɜɧɭɬɪɟɧɧɟɣ ɚɷɪɨɞɢɧɚɦɢɤɢ. Ɍɚɤ, ɟɫɥɢ 

ɜɧɟɲɧɹɹ ɚɷɪɨɞɢɧɚɦɢɤɚ ɜɚɠɧɚ ɞɥɹ ɫɨɡɞɚɧɢɹ 
ɩɪɢɠɢɦɚɸɳɟɣ ɫɢɥɵ ɢ ɫɧɢɠɟɧɢɹ ɫɨɩɪɨɬɢɜ-
ɥɟɧɢɹ, ɬɨ ɜɧɭɬɪɟɧɧɟɟ ɬɟɱɟɧɢɟ ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɷɮɮɟɤɬɢɜɧɨɟ ɨɯɥɚɠɞɟɧɢɟ ɚɝɪɟɝɚɬɨɜ ɚɜɬɨɦɨ-
ɛɢɥɹ (ɪɚɞɢɚɬɨɪ, ɞɜɢɝɚɬɟɥɶ ɬɨɪɦɨɡɚ ɢ ɞɪ.) ɢ 

ɷɮɮɟɤɬɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɨɬɜɨɞɨɦ ɨɯɥɚɠɞɚɸɳɟ-
ɝɨ ɜɨɡɞɭɯɚ. Ɉɛɬɟɤɚɧɢɟ ɜɧɟɲɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ 

ɚɜɬɨɦɨɛɢɥɹ ɬɟɫɧɨ ɫɜɹɡɚɧɨ ɫ ɩɨɬɨɤɚɦɢ ɜɧɭɬɪɢ 

ɤɭɡɨɜɚ [3, 4]. ɇɚɩɪɢɦɟɪ, ɬɟɱɟɧɢɟ ɜ ɛɨɤɨɜɵɯ 

ɩɨɧɬɨɧɚɯ ɡɚɜɢɫɢɬ ɨɬ ɪɚɫɩɨɥɨɠɟɧɢɹ ɜɯɨɞɚ ɜ 
ɩɨɧɬɨɧ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɬɟɱɟɧɢɟ ɜ ɡɚɞɧɟɣ ɱɚɫ-
ɬɢ ɚɜɬɨɦɨɛɢɥɹ (ɞɢɮɮɭɡɨɪ, ɡɚɞɧɟɟ ɚɧɬɢɤɪɵɥɨ) 
ɡɚɜɢɫɢɬ ɨɬ ɯɚɪɚɤɬɟɪɚ ɬɟɱɟɧɢɹ ɜ ɛɨɤɨɜɨɦ ɜɨɡ-
ɞɭɯɨɡɚɛɨɪɧɢɤɟ (ɩɨɧɬɨɧɟ). 

 

Ⱥɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ 

 

Ɂɚɞɚɱɢ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚ-
ɧɢɹ ɫɢɫɬɟɦɵ ɨɯɥɚɠɞɟɧɢɹ ɢ ɟɟ ɜɡɚɢɦɨɞɟɣɫɬ-
ɜɢɹ ɫ ɜɧɟɲɧɟɣ ɚɷɪɨɞɢɧɚɦɢɤɨɣ ɤɭɡɨɜɚ ɪɚɫ-
ɫɦɚɬɪɢɜɚɸɬɫɹ ɜ [1, 2]. ȼ ɱɚɫɬɧɨɫɬɢ, ɜ [1] 

ɨɩɢɫɵɜɚɸɬɫɹ ɜɨɩɪɨɫɵ ɪɟɲɟɧɢɹ ɫɨɜɦɟɫɬɧɨɣ 

ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɡɚɞɚɱɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 
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ɜɧɟɲɧɟɣ ɮɨɪɦɵ ɝɨɧɨɱɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ OPEL 

ECO-Speedster, ɢ ɨɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɭɞɟɥɹɟɬɫɹ 
ɜɵɛɨɪɭ ɦɟɫɬɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɜɨɡɞɭɯɨɡɚɛɨɪ-
ɧɢɤɚ ɪɚɞɢɚɬɨɪɚ. Ɋɚɛɨɬɚ [2] ɩɪɟɞɫɬɚɜɥɹɟɬ  
ɪɟɲɟɧɢɟ ɩɪɨɛɥɟɦɵ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɫɨ-
ɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɫɢɫɬɟɦɵ ɨɯɥɚɠɞɟɧɢɹ ɚɜɬɨ-
ɦɨɛɢɥɹ ɜ ɰɟɥɨɦ. ɇɚɫɬɨɹɳɚɹ ɪɚɛɨɬɚ ɩɨɫɜɹɳɟ-
ɧɚ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɦɭ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɸ 

ɪɚɞɢɚɬɨɪɧɨɝɨ ɨɬɫɟɤɚ ɝɨɧɨɱɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ 
ɏȺȾɂ 33. 

 

ɐɟɥɶ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

 

ȼ ɤɚɱɟɫɬɜɟ ɦɨɞɟɥɢ ɜɵɛɪɚɧ ɝɨɧɨɱɧɵɣ ɚɜɬɨɦɨ-
ɛɢɥɶ XȺȾɂ 33 ɤɥɚɫɫɚ E-8. ȿɝɨ ɨɫɧɨɜɧɵɟ ɝɟɨ-
ɦɟɬɪɢɱɟɫɤɢɟ ɪɚɡɦɟɪɵ: ɞɥɢɧɚ 3950ɦɦ,l =  ɜɵɫɨ-
ɬɚ ɤɨɤɩɢɬɚ 860 ɦɦ,h =  ɲɢɪɢɧɚ 1300 ɦɦ.w =  

Ʉɭɡɨɜ ɚɜɬɨɦɨɛɢɥɹ ɫɧɚɛɠɟɧ ɜɨɡɞɭɯɨɡɚɛɨɪɧɢ-

ɤɚɦɢ ɫ ɩɨɩɟɪɟɱɧɵɦ ɫɟɱɟɧɢɟɦ ɜɯɨɞɚ 20,052 ɦ . 

Ʉɭɡɨɜ ɨɛɥɚɞɚɟɬ ɨɛɬɟɤɚɟɦɵɦ ɞɧɢɳɟɦ, ɨɛɪɚ-
ɡɭɸɳɢɦ ɞɢɮɮɭɡɨɪɧɵɣ ɤɚɧɚɥ ɫɨɜɦɟɫɬɧɨ ɫ 
ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɞɨɪɨɠɧɨɝɨ 
ɩɨɥɨɬɧɚ [6, 7]. 

 

ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɧɨɜɵɯ ɪɟɲɟɧɢɣ ɩɨ ɧɚɬɭɪɧɨ-
ɦɭ ɨɛɪɚɡɰɭ ɚɜɬɨɦɨɛɢɥɹ ɫɨɡɞɚɧɚ ɬɜɟɪɞɨɬɟɥɶ-
ɧɚɹ ɦɨɞɟɥɶ ɤɭɡɨɜɚ c ɤɨɥɟɫɚɦɢ, ɚɧɬɢɤɪɵɥɶɹɦɢ 

ɢ ɝɨɥɨɜɨɣ ɩɢɥɨɬɚ ɪɢɫ.1. Ɍɜɟɪɞɨɬɟɥɶɧɚɹ ɦɨ-
ɞɟɥɶ ɩɨɝɪɭɠɟɧɚ ɜ ɪɚɫɱɟɬɧɭɸ ɨɛɥɚɫɬɶ ɫ ɪɚɡ-
ɦɟɪɚɦɢ 10 5 5L H W l l l× × = × ×  ɪɢɫ. 1. 

 

 
 

Ɋɢɫ. 1. ɋɯɟɦɚ ɪɚɫɱɟɬɧɨɣ ɨɛɥɚɫɬɢ ɨɛɬɟɤɚɧɢɹ 
ɝɨɧɨɱɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ 

 

Ɋɚɫɱɟɬɧɚɹ ɨɛɥɚɫɬɶ ɩɨɫɬɪɨɟɧɚ ɩɨ ɩɪɢɧɰɢɩɭ 
ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɬɪɭɛɵ ɪɢɫ. 1. ȼɧɟ ɪɚɫɱɟɬ-
ɧɨɣ ɨɛɥɚɫɬɢ ɩɪɟɞɩɨɥɚɝɚɥɨɫɶ ɧɟɜɨɡɦɭɳɟɧɧɨɟ 
ɬɟɱɟɧɢɟ. Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɫɟɬɤɢ ɜ ɪɚɫɱɟɬɧɨɣ ɨɛ-

ɥɚɫɬɢ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɩɨɥɧɨɣ ɦɨɞɟɥɢ ɚɜɬɨ-
ɦɨɛɢɥɹ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɫɥɟɞɭɸɳɢɟ ɭɩɪɨɳɟ-
ɧɢɹ: ɤɨɥɟɫɚ ɫɱɢɬɚɥɢɫɶ ɧɟɩɨɞɜɢɠɧɵɦɢ; ɧɟ 
ɭɱɢɬɵɜɚɥɢɫɶ ɷɥɟɦɟɧɬɵ ɬɪɭɛɱɚɬɨɣ ɩɨɞɜɟɫɤɢ 

ɤɨɥɟɫ; ɪɚɫɫɱɢɬɵɜɚɥɢɫɶ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɛɬɟɤɚɧɢɹ ɫɢɦɦɟɬɪɢɱɧɨɣ 

ɩɨɥɨɜɢɧɵ ɝɨɧɨɱɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ. 
 

ɑɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɫɬɚɰɢɨɧɚɪɧɨɝɨ 

ɨɛɬɟɤɚɧɢɹ ɜɵɩɨɥɧɟɧɨ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦ-

ɧɨɝɨ ɤɨɦɩɥɟɤɫɚ MTFS®
. Ɋɚɫɱɟɬɧɚɹ ɨɛɥɚɫɬɶ 

ɨɩɢɫɵɜɚɥɚɫɶ ɝɟɤɫɚɷɞɪɚɥɶɧɨɣ ɫɟɬɤɨɣ ɦɨɳɧɨ-
ɫɬɶɸ ɨɤɨɥɨ 8 ɦɥɧ. ɭɡɥɨɜ ɫɨ ɫɝɭɳɟɧɢɹɦɢ 

ɜɛɥɢɡɢ ɬɜɟɪɞɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɞɥɹ ɨɩɢɫɚɧɢɹ 
ɩɨɝɪɚɧɢɱɧɨɝɨ ɫɥɨɹ. ɂɧɬɟɝɪɢɪɨɜɚɧɢɟ ɩɨɥɧɵɯ 

ɨɫɪɟɞɧɟɧɧɵɯ ɭɪɚɜɧɟɧɢɣ ɇɚɜɶɟ-ɋɬɨɤɫɚ ɨɫɭ-

ɳɟɫɬɜɥɹɥɨɫɶ ɪɚɡɧɨɫɬɧɨɣ ɫɯɟɦɨɣ 3-ɝɨ ɩɨɪɹɞɤɚ 
ɬɨɱɧɨɫɬɢ ɧɚ ɨɫɧɨɜɟ TVD  ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɩɪɢ 

ɡɚɦɵɤɚɧɢɢ k − ε  ɦɨɞɟɥɶɸ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ ɜ 
ɮɨɪɦɭɥɢɪɨɜɤɟ Ʌɚɭɧɞɟɪɚ. Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɜɹɡ-
ɤɢɯ ɷɮɮɟɤɬɨɜ ɜ ɩɨɝɪɚɧɢɱɧɨɦ ɫɥɨɟ ɢɫɩɨɥɶɡɨ-
ɜɚɥɢɫɶ ɩɪɢɫɬɟɧɧɵɟ ɮɭɧɤɰɢɢ, ɩɪɢ ɷɬɨɦ ɦɢ-

ɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɩɟɪɟɦɟɧɧɨɣ ɩɨɝɪɚɧɫɥɨɹ 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ 4,5Y + = [5]. 

 

Ⱥɬɦɨɫɮɟɪɧɚɹ ɫɪɟɞɚ ɨɩɢɫɵɜɚɥɚɫɶ ɦɨɞɟɥɶɸ 

ɫɨɜɟɪɲɟɧɧɨɝɨ ɝɚɡɚ. ȼ ɱɢɫɥɟɧɧɵɯ ɷɤɫɩɟɪɢ-

ɦɟɧɬɚɯ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɫɥɟɞɭɸɳɢɟ ɧɚɱɚɥɶ-
ɧɵɟ ɢ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ: ɫɤɨɪɨɫɬɶ ɧɚɛɟ-
ɝɚɸɳɟɝɨ ɩɨɬɨɤɚ ɜɨɡɞɭɯɚ ɛɵɥɚ ɧɚɩɪɚɜɥɟɧɚ 
ɜɞɨɥɶ ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ ɚɜɬɨɦɨɛɢɥɹ, ɫɨɫɬɚɜɥɹ-
ɥɚ 180V∞ = ɤɦ/ɱ ɢ ɫɨɜɩɚɞɚɥɚ ɫɨ ɫɤɨɪɨɫɬɶɸ 

ɞɨɪɨɠɧɨɝɨ ɩɨɥɨɬɧɚ; P∞  – ɫɬɚɧɞɚɪɬɧɨɟ ɚɬɦɨ-
ɫɮɟɪɧɨɟ ɞɚɜɥɟɧɢɟ. 
 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɫɨɩɪɹɠɟɧɧɨɣ ɡɚɞɚɱɢ ɜɧɟɲɧɟɣ ɢ 

ɜɧɭɬɪɟɧɧɟɣ ɚɷɪɨɞɢɧɚɦɢɤɢ ɜ ɪɚɫɱɟɬɧɭɸ ɨɛ-

ɥɚɫɬɶ ɡɚɞɚɱɢ ɨ ɜɧɟɲɧɟɦ ɨɛɬɟɤɚɧɢɢ (ɤɨɬɨɪɚɹ 
ɨɩɢɫɚɧɚ ɜɵɲɟ) ɞɨɛɚɜɥɟɧɚ ɩɨɞɨɛɥɚɫɬɶ ɜɧɭɬ-
ɪɟɧɧɟɝɨ ɤɚɧɚɥɚ ɛɨɤɨɜɨɝɨ ɩɨɧɬɨɧɚ ɫɨɜɦɟɫɬɧɨ 

ɫ ɪɚɞɢɚɬɨɪɨɦ.  

 

Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɚɞɢɚɬɨɪɚ: ɬɢɩ 

– 1111-1301010, ɝɚɛɚɪɢɬɵ – 420×310×60 ɦɦ, 

ɜɟɫ 28,5 ɇ. ȼ ɩɨɞɨɛɥɚɫɬɢ ɪɚɞɢɚɬɨɪɚ ɢɫɩɨɥɶ-
ɡɨɜɚɧɚ ɦɨɞɟɥɶ ɩɨɪɢɫɬɨɣ ɫɪɟɞɵ, ɩɨɞɱɢɧɹɸ-

ɳɟɣɫɹ ɨɛɨɛɳɟɧɧɨɦɭ ɡɚɤɨɧɭ Ⱦɚɪɫɢ  

 

,
2

i loss i

i perm

p
U K U U

x K

∂ µ ρ
= +

∂
 

 

ɝɞɟ µ  – ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɧɚɦɢɱɟɫɤɨɣ ɜɹɡɤɨ-
ɫɬɢ; permK  – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɧɢɰɚɟɦɨɫɬɢ; 

lossK  – ɷɦɩɢɪɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɬɟɪɶ 
ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ.  

 

ɉɨɬɟɪɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɦɨɞɟɥɢɪɨɜɚ-
ɥɢɫɶ ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ ɜɞɨɥɶ ɨɫɢ x ɪɢɫ. 2. ȼɫɟ 
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ɩɨɬɟɪɢ ɷɧɟɪɝɢɢ ɜɨ ɜɧɭɬɪɟɧɧɟɣ ɩɨɞɨɛɥɚɫɬɢ 

ɩɪɢ ɨɛɬɟɤɚɧɢɢ ɞɜɢɝɚɬɟɥɹ ɢ ɚɝɪɟɝɚɬɨɜ ɩɪɢɜɟ-
ɞɟɧɵ ɤ ɩɨɬɟɪɹɦ ɧɚ ɪɚɞɢɚɬɨɪɟ.  
 

 
 

Ɋɢɫ. 2. ɋɯɟɦɚ ɦɨɞɟɥɶɧɨɣ ɜɧɭɬɪɟɧɧɟɣ ɡɚɞɚɱɢ 

 

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɬɟɪɶ 20lossK =  ɩɨɞɛɢɪɚɥɫɹ 
ɢɡ ɭɫɥɨɜɢɹ ɩɟɪɟɩɚɞɚ ɞɚɜɥɟɧɢɣ 0,5P∆ =  [8] 

ɩɨ ɫɟɪɢɢ ɪɚɫɱɟɬɨɜ ɦɨɞɟɥɶɧɨɣ ɜɧɭɬɪɟɧɧɟɣ 

ɡɚɞɚɱɢ ɬɟɱɟɧɢɹ ɱɟɪɟɡ ɪɚɞɢɚɬɨɪ. Ʉɨɪɪɟɥɹɰɢɹ 
ɩɟɪɟɩɚɞɚ ɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɢ ɤɨɷɮɮɢ-

ɰɢɟɧɬɚ ɩɨɬɟɪɶ ɦɟɯɚɧɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɞɚɧɚ ɧɚ 
ɪɢɫ. 3.  

 

 
 

Ɋɢɫ. 3. Ɂɚɜɢɫɢɦɨɫɬɶ ɩɟɪɟɩɚɞɚ ɞɚɜɥɟɧɢɹ ɨɬ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨɬɟɪɶ ɨɬ ɩɟɪɟɩɚɞɚ ɞɚɜ-
ɥɟɧɢɹ:   – 30ϕ = ;  – 45ϕ = ;  – 

60ϕ = ;  – 90ϕ = ; ( ) /in out inP P P P∆ = −  

 

ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɱɢɫɥɟɧɧɨɝɨ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

 

ɑɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɜɧɟɲɧɟɝɨ ɢ ɜɧɭɬ-
ɪɟɧɧɟɝɨ ɨɛɬɟɤɚɧɢɹ ɝɨɧɨɱɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ  
XȺȾɂ 33 (ɪɢɫ. 4) ɜɵɹɜɢɥɨ ɩɪɟɢɦɭɳɟɫɬɜɚ ɢ 

ɧɟɞɨɫɬɚɬɤɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɝɨɧɨɱɧɵɦ ɚɜɬɨ-
ɦɨɛɢɥɟɦ XȺȾɂ 31 [6, 7]. 
 

Ɍɚɛɥɢɰɚ 1 Ⱥɷɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
 

Ɇɨɞɟɥɶ XȺȾɂ 31 XȺȾɂ 33 

Cx 0,984799 0,83696 

Cy – 0,62136 – 0,86398 

Ɋɚɫɯɨɞ ɦ3/ɫ,
 

0,990358 0,789286 

 

ɂɡ ɬɚɛɥ. 1 ɜɢɞɧɨ, ɱɬɨ ɞɥɹ ɚɜɬɨɦɨɛɢɥɹ  
XȺȾɂ 33 ɭɞɚɥɨɫɶ ɫɧɢɡɢɬɶ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɢ ɨɞɧɨɜɪɟɦɟɧɧɨ ɭɜɟɥɢɱɢɬɶ 
ɩɪɢɠɢɦɚɸɳɭɸ ɫɢɥɭ. Ɉɞɧɚɤɨ ɧɟɞɨɫɬɚɬɤɨɦ 

ɞɚɧɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɹɜɥɹɟɬɫɹ ɦɚɥɵɣ ɪɚɫɯɨɞ 

ɜɨɡɞɭɯɚ ɱɟɪɟɡ ɪɚɞɢɚɬɨɪ. 
 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɚɧɚɥɢɡɚ ɬɟɱɟɧɢɹ ɱɟɪɟɡ ɪɚɞɢɚ-
ɬɨɪɧɵɣ ɨɬɫɟɤ ɝɨɧɨɱɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ XȺȾɂ 

33 ɭɞɚɥɨɫɶ ɜɵɹɜɢɬɶ ɨɫɧɨɜɧɵɟ ɩɪɢɱɢɧɵ, ɨɤɚ-
ɡɵɜɚɸɳɢɟ ɧɟɝɚɬɢɜɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɜɧɭɬ-
ɪɟɧɧɸɸ ɚɷɪɨɞɢɧɚɦɢɤɭ ɪɚɞɢɚɬɨɪɧɨɝɨ ɨɬɫɟɤɚ.  
Ɍɚɤɢɦɢ ɩɪɢɱɢɧɚɦɢ ɹɜɢɥɢɫɶ: ɨɛɳɚɹ ɤɨɧɮɭ-

ɡɨɪɧɨɫɬɶ ɤɚɧɚɥɚ (ɨɬɧɨɲɟɧɢɟ ɩɥɨɳɚɞɢ ɜɯɨɞɚ 
ɤ ɩɥɨɳɚɞɢ ɜɵɯɨɞɚ ɜɯ ɜɵɯ/ 4 / 3A A = ), ɚ ɬɚɤ ɠɟ 
ɪɟɡɤɨɟ ɪɚɫɤɪɵɬɢɟ ɞɢɮɮɭɡɨɪɚ ɜɨ ɜɯɨɞɧɨɣ ɱɚɫ-
ɬɢ ɤɚɧɚɥɚ (ɩɟɪɟɞ ɪɚɞɢɚɬɨɪɨɦ), ɨɛɭɫɥɨɜɥɟɧɧɨɟ 
ɤɨɧɫɬɪɭɤɬɢɜɧɵɦɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɤɨɦɩɨɧɨɜ-
ɤɢ ɝɨɧɨɱɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ. 
 

ɇɚ ɪɢɫ. 5 ɩɪɟɞɫɬɚɜɥɟɧɵ ɷɩɸɪɵ ɫɤɨɪɨɫɬɟɣ ɜ 
ɪɚɞɢɚɬɨɪɧɨɦ ɨɬɫɟɤɟ. ɗɩɸɪɵ ɩɨɤɚɡɵɜɚɸɬ ɡɚ-
ɫɬɨɣɧɭɸ ɡɨɧɭ ɜ ɧɢɠɧɟɣ ɱɚɫɬɢ ɪɚɞɢɚɬɨɪɧɨɝɨ 
ɨɬɫɟɤɚ, ɱɬɨ ɧɟɝɚɬɢɜɧɨ ɨɬɪɚɠɚɟɬɫɹ ɧɚ ɤɨɧɜɟɤ-
ɬɢɜɧɨɦ ɬɟɩɥɨɨɛɦɟɧɟ ɜ ɪɚɞɢɚɬɨɪɧɨɦ ɨɬɫɟɤɟ ɢ 

ɫɧɢɠɚɟɬ ɨɬɜɨɞ ɬɟɩɥɨɬɚ ɨɬ ɪɚɞɢɚɬɨɪɚ, ɩɪɢɜɨ-
ɞɢɬ ɤ ɩɟɪɟɝɪɟɜɭ ɢ ɬɟɩɥɨɜɵɦ ɞɟɮɨɪɦɚɰɢɹɦ 

ɨɬɞɟɥɶɧɵɯ ɱɚɫɬɟɣ ɪɚɞɢɚɬɨɪɚ. 
 

Ⱦɥɹ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɢ 

ɬɟɩɥɨɨɛɦɟɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɪɚɞɢɚɬɨɪɧɨɝɨ 
ɨɬɫɟɤɚ ɛɵɥɢ ɩɪɟɞɥɨɠɟɧɵ ɫɥɟɞɭɸɳɢɟ ɧɚ-
ɩɪɚɜɥɟɧɢɹ: ɭɜɟɥɢɱɟɧɢɟ ɩɥɨɳɚɞɢ ɜɵɯɨɞɧɵɯ 
ɨɬɜɟɪɫɬɢɣ ɫ ɭɱɟɬɨɦ ɢɯ ɪɚɫɩɨɥɨɠɟɧɢɹ, ɪɚɰɢɨ-
ɧɚɥɶɧɵɣ ɩɨɢɫɤ ɩɨɥɨɠɟɧɢɹ ɜɯɨɞɧɨɝɨ ɨɬɜɟɪ-
ɫɬɢɹ (ɜɨɡɞɭɯɨɡɚɛɨɪɧɢɤɚ) ɪɚɞɢɚɬɨɪɧɨɝɨ ɨɬɫɟɤɚ.  
 

ɋɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɜɵɯɨɞɧɵɯ ɨɬɜɟɪɫɬɢɣ 

ɨɬɫɟɤɚ ɪɚɞɢɚɬɨɪɚ 
 

ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚ-
ɧɢɟ ɩɨ ɭɜɟɥɢɱɟɧɢɸ ɩɥɨɳɚɞɢ ɜɵɯɨɞɧɵɯ ɨɬ-
ɜɟɪɫɬɢɣ ɫ ɭɱɟɬɨɦ ɢɯ ɪɚɫɩɨɥɨɠɟɧɢɹ ɫ ɰɟɥɶɸ 

ɭɜɟɥɢɱɟɧɢɹ ɪɚɫɯɨɞɚ ɜɨɡɞɭɯɚ. 
 

ɋɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɜɵɯɨɞɧɵɯ ɨɬɜɟɪɫɬɢɣ ɨɬ-
ɫɟɤɚ ɪɚɞɢɚɬɨɪɚ ɩɪɨɯɨɞɢɥɨ ɜ ɫɥɟɞɭɸɳɢɯ ɧɚ-
ɩɪɚɜɥɟɧɢɹɯ: I – ɛɚɡɨɜɚɹ ɦɨɞɟɥɶ ɫ ɜɟɪɯɧɢɦ 

ɜɵɯɨɞɧɵɦ ɨɬɜɟɪɫɬɢɟɦ ɪɢɫ. 1 (ɚ), II – ɛɚɡɨɜɚɹ 
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Ɋɢɫ. 4. ȼɚɪɢɚɧɬɵ ɦɨɞɢɮɢɤɚɰɢɣ ɜɵɯɨɞɧɵɯ ɨɬɜɟɪɫɬɢɣ ɢ ɤɨɧɬɪɨɥɶɧɵɯ ɫɟɱɟɧɢɣ ɪɚɞɢɚɬɨɪɧɨɝɨ ɨɬ-
ɫɟɤɚ 

 

Ɋɢɫ. 5. ɗɩɸɪɵ ɫɤɨɪɨɫɬɟɣ ɜ ɤɨɧɬɪɨɥɶɧɵɯ ɫɟɱɟɧɢɹɯ ɪɚɞɢɚɬɨɪɧɨɝɨ ɨɬɫɟɤɚ:  – ɜɚɪɢɚɧɬ I;  – ɜɚ-
ɪɢɚɧɬ II;  – ɜɚɪɢɚɧɬ III 
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ɦɨɞɟɥɶ ɫ ɛɨɤɨɜɵɦ ɜɵɯɨɞɧɵɦ ɨɬɜɟɪɫɬɢɟɦ 

ɪɢɫ. 1 (b), III – ɛɚɡɨɜɚɹ ɦɨɞɟɥɶ ɫ ɜɟɪɯɧɢɦ ɢ 

ɛɨɤɨɜɵɦ ɨɬɜɟɪɫɬɢɟɦ ɪɢɫ. 4 (a, b), Ɋɟɡɭɥɶɬɚɬɵ 

ɱɢɫɥɟɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɚɪɢɚɧɬɨɜ ɪɚɞɢɚ-
ɬɨɪɧɨɝɨ ɨɬɫɟɤɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ (ɪɢɫ. 5, 6) ɢ 

ɬɚɛɥ. 2.  

 
Ɍɚɛɥɢɰɚ 2 Ɋɟɡɭɥɶɬɚɬɵ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

ɜɵɯɨɞɧɵɯ ɨɬɜɟɪɫɬɢɣ ɨɬɫɟɤɚ ɪɚɞɢɚɬɨɪɚ 
 

Ɇɨɞɢɮɢɤɚɰɢɢ I II III 

Fx –734,8 –774,8 –767,1 

Fy –758,5 –747,7 –775,3 

nonuniformityK  3,43 3,22 3,23 

 

 
 

Ɋɢɫ. 6. Ɂɚɜɢɫɢɦɨɫɬɶ ɪɚɫɯɨɞɚ ɜɨɡɞɭɯɚ ɨɬ ɨɬ-
ɧɨɲɟɧɢɹ ɩɥɨɳɚɞɟɣ ɜɯɨɞɧɵɯ ɢ ɜɵɯɨɞ-

ɧɵɯ ɨɬɜɟɪɫɬɢɣ:  – ɜɚɪɢɚɧɬ I;  – ɜɚɪɢ-

ɚɧɬ II;  – ɜɚɪɢɚɧɬ III 
 

Ɂɞɟɫɶ 
( )max min

nonuniformity

cp

V V
K

V

−
=

 

– ɤɨɷɮɮɢɰɢ-

ɟɧɬ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɨɛɞɭɜɚ ɪɚɞɢɚɬɨɪɚ; 
cp /V Q A=  – ɫɪɟɞɧɟɪɚɫɯɨɞɧɚɹ ɫɤɨɪɨɫɬɶ ɩɨ 

ɫɟɱɟɧɢɸ ɩɨɥɧɨɣ ɩɥɨɳɚɞɢ A  ɩɨɩɟɪɟɱɧɨɝɨ 
ɫɟɱɟɧɢɹ ɤɚɧɚɥɚ; Q  – ɨɛɴɟɦɧɵɣ ɪɚɫɯɨɞ ɜɨɡ-
ɞɭɯɚ; maxV  – ɢɡɛɵɬɨɱɧɚɹ ɫɤɨɪɨɫɬɶ, ɜɵɱɢɫ-
ɥɹɟɦɚɹ ɞɥɹ ɨɛɥɚɫɬɟɣ ɫ ɨɛɳɟɣ ɩɥɨɳɚɞɶɸ 1A , 

ɝɞɟ ɧɨɪɦɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɤɨɪɨɫɬɢ 

ɛɨɥɶɲɟ cpV ; 2 1A A A= − ; maxV  – ɞɟɮɟɤɬɧɚɹ 
ɫɤɨɪɨɫɬɶ, ɜɵɱɢɫɥɹɟɦɚɹ ɞɥɹ ɨɛɥɚɫɬɟɣ ɫ ɨɛɳɟɣ 

ɩɥɨɳɚɞɶɸ 2A , ɝɞɟ cpnV V≤  (ɜ ɫɟɱɟɧɢɢ «ɋ–ɋ» 

ɧɚ ɪɢɫ. 5) 

1 1

max ,n n

A A

V V V dA V dA= ∫ ∫  

2 2

min .n n

A A

V V V dA V dA= ∫ ∫
 

ȼɵɛɨɪ ɦɨɞɢɮɢɤɚɰɢɢ ɫ ɧɚɢɥɭɱɲɟɣ 

ɪɚɫɯɨɞɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ 

 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɩɪɨɜɟɞɟɧɧɵɯ ɱɢɫɥɟɧɧɵɯ  
ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɨ ɨɩɪɟɞɟɥɟɧɨ, ɱɬɨ ɧɚɢɛɨɥɶ-
ɲɢɦ ɪɚɫɯɨɞɨɦ, ɩɪɢ ɦɢɧɢɦɚɥɶɧɨɦ ɤɨɷɮɮɢɰɢ-

ɟɧɬɟ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɪɚɫɯɨɞɧɨɣ ɫɨɫɬɚɜ-
ɥɹɸɳɟɣ ɫɤɨɪɨɫɬɢ nonuniformityK  ɜ ɫɟɱɟɧɢɢ 

ɪɚɞɢɚɬɨɪɚ ɨɛɥɚɞɚɟɬ ɦɨɞɢɮɢɤɚɰɢɹ I. ɇɚ ɷɬɨ 
ɭɤɚɡɵɜɚɸɬ ɢɧɬɟɝɪɚɥɶɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɪɚɫɯɨɞɚ (ɪɢɫ. 6), ɢ ɚɧɚɥɢɡ ɧɚɩɨɥɧɟɧɧɨɫɬɢ 

ɷɩɸɪ ɫɤɨɪɨɫɬɟɣ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɞɢɚɬɨɪɚ 
(ɪɢɫ. 5 C–C), ɚ ɬɚɤ ɠɟ ɜ ɞɪɭɝɢɯ ɤɨɧɬɪɨɥɶɧɵɯ 

ɫɟɱɟɧɢɹɯ. 

 

ɋɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ  

ɜɨɡɞɭɯɨɡɚɛɨɪɧɢɤɚ 
 

ȼɬɨɪɨɣ ɷɬɚɩ ɢɫɫɥɟɞɨɜɚɧɢɣ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɨ-
ɢɫɤɟ ɧɚɢɥɭɱɲɟɝɨ ɪɚɫɩɨɥɨɠɟɧɢɹ ɜɯɨɞɧɨɝɨ 
ɫɟɱɟɧɢɹ ɜɨɡɞɭɯɨɡɚɛɨɪɧɢɤɚ ɜ ɪɚɦɤɚɯ ɨɝɪɚɧɢ-

ɱɟɧɢɣ ɩɨ ɤɨɦɩɨɧɨɜɤɟ ɢ ɢɧɬɟɪɮɟɪɟɧɰɢɢ ɷɥɟ-
ɦɟɧɬɨɜ ɜɧɟɲɧɟɣ ɤɨɦɩɨɧɨɜɤɢ. Ⱦɥɹ ɷɬɨɝɨ ɡɚ 
ɨɫɧɨɜɭ ɛɵɥ ɜɡɹɬ ɜɚɪɢɚɧɬ ɦɨɞɢɮɢɤɚɰɢɢ ɪɚ-
ɞɢɚɬɨɪɧɨɝɨ ɨɬɫɟɤɚ III. Ⱦɥɹ ɞɚɧɧɨɣ ɦɨɞɢɮɢ-

ɤɚɰɢɢ ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ ɫɟɪɢɹ ɪɚɫɱɟɬɨɜ ɫ ɪɚɡ-
ɥɢɱɧɵɦ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɜ 
ɜɨɡɞɭɯɨɡɚɛɨɪɧɢɤ ɩɨ ɜɵɫɨɬɟ (ɪɢɫ. 7). 

 

 
 

Ɋɢɫ. 7. Ɂɚɜɢɫɢɦɨɫɬɶ ɪɚɫɯɨɞɚ ɜɨɡɞɭɯɚ ɱɟɪɟɡ 
ɪɚɞɢɚɬɨɪ ɨɬ ɪɚɫɩɨɥɨɠɟɧɢɹ ɜɯɨɞɧɨɝɨ ɫɟ-
ɱɟɧɢɹ ɩɨ ɜɵɫɨɬɟ ɜɨɡɞɭɯɨɡɚɛɨɪɧɢɤɚ 

 
Ɍɚɛɥɢɰɚ 3 Ɋɟɡɭɥɶɬɚɬɵ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɜɨɡɞɭɯɨɡɚɛɨɪɧɢɤɚ 
 

/ih h  0,83 0,88 0,94 1 

nonuniformityK  3,04 3,23 3,26 3,02 

 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ (ɪɢɫ.7) ɭɤɚɡɵɜɚɸɬ ɧɚ ɬɨ, 
ɱɬɨ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɪɚɫɯɨɞɚ ɧɚɢɥɭɱɲɟɟ ɡɧɚ-
ɱɟɧɢɟ ɞɚɟɬ ɩɨɥɨɠɟɧɢɟ ɜɨɡɞɭɯɨɡɚɛɨɪɧɢɤɚ ɩɪɢ 

/ 0,88ih h = , ɨɞɧɚɤɨ ɩɪɢ ɷɬɨɦ nonuniformityK  

ɬɚɛɥ. 3 ɩɪɢɧɢɦɚɟɬ ɧɚɢɦɟɧɶɲɟɟ ɡɧɚɱɟɧɢɟ ɩɪɢ 

/ 0,83ih h = . 
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ȼɵɜɨɞɵ 

 

Ɋɟɲɟɧɚ ɫɨɜɦɟɫɬɧɚɹ ɡɚɞɚɱɚ ɜɧɭɬɪɟɧɧɟɝɨ ɢ 

ɜɧɟɲɧɟɝɨ ɨɛɬɟɤɚɧɢɹ ɝɨɧɨɱɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ 
ɏȺȾɂ 33. ȼɵɩɨɥɧɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɨ ɫɨ-
ɜɟɪɲɟɧɫɬɜɨɜɚɧɢɸ ɜɵɯɨɞɧɵɯ ɨɬɜɟɪɫɬɢɣ ɜɨɡ-
ɞɭɯɨɡɚɛɨɪɧɢɤɚ, ɩɪɨɜɟɞɟɧ ɩɨɢɫɤ ɧɚɢɥɭɱɲɟɝɨ  
ɩɨɥɨɠɟɧɢɹ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɜɨɡɞɭɯɨɡɚɛɨɪ-
ɧɢɤɚ, ɩɨɥɭɱɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɩɟɪɟɩɚɞɚ ɞɚɜɥɟ-
ɧɢɹ ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨɬɟɪɶ ɨɬ ɩɟɪɟɩɚɞɚ 
ɞɚɜɥɟɧɢɹ. 
 

Ⱥɜɬɨɪ ɛɥɚɝɨɞɚɪɟɧ ɩɪɨɮɟɫɫɨɪɭ ȼ.Ƚ. ɋɨɥɨɞɨɜɭ 
ɡɚ ɜɧɢɦɚɧɢɟ ɤ ɪɚɛɨɬɟ. 
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