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Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ� ɜɥɢɹɧɢɟ� ɪɚɫɩɪɟɞɟɥɟɧɢɹ� ɬɟɦɩɟɪɚɬɭɪɵ� ɧɚɪɭɠɧɨɝɨ� ɜɨɡɞɭɯɚ, ɧɚ-

ɩɪɚɜɥɟɧɢɹ, ɫɢɥɵ� ɢ� ɩɨɪɵɜɢɫɬɨɫɬɢ� ɜɟɬɪɚ, ɫɤɨɪɨɫɬɢ� ɞɜɢɠɟɧɢɹ� ɨɬɰɟɩɚ� ɧɚ� ɪɚɡɥɢɱɧɵɯ 
ɭɱɚɫɬɤɚɯ�ɫɨɪɬɢɪɨɜɨɱɧɨɣ�ɝɨɪɤɢ�ɧɚ�ɤɪɢɜɭɸ�ɪɚɫɩɪɟɞɟɥɟɧɢɹ�ɫɭɦɦɚɪɧɨɝɨ�ɭɞɟɥɶɧɨɝɨ�ɫɨ-
ɩɪɨɬɢɜɥɟɧɢɹ�ɞɜɢɠɟɧɢɸ�ɜɚɝɨɧɨɜ�ɜ�ɫɨɪɬɢɪɨɜɨɱɧɨɦ�ɩɚɪɤɟ. Ⱦɥɹ�ɢɫɫɥɟɞɨɜɚɧɢɹ�ɢɫɩɨɥɶ-
ɡɨɜɚɥɚɫɶ�ɪɚɡɪɚɛɨɬɚɧɧɚɹ�ɢɦɢɬɚɰɢɨɧɧɚɹ�ɦɨɞɟɥɶ�ɡɚɩɨɥɧɟɧɢɹ�ɩɭɬɢ�ɫɨɪɬɢɪɨɜɨɱɧɨɝɨ�ɩɚɪ-
ɤɚ. ȼ� ɪɟɡɭɥɶɬɚɬɟ� ɢɫɫɥɟɞɨɜɚɧɢɣ� ɛɵɥɚ� ɩɨɫɬɪɨɟɧɚ� ɤɪɢɜɚɹ� ɪɚɫɩɪɟɞɟɥɟɧɢɹ� ɫɭɦɦɚɪɧɨɝɨ 
ɭɞɟɥɶɧɨɝɨ�ɫɨɩɪɨɬɢɜɥɟɧɢɹ�ɫ�ɭɱɟɬɨɦ�ɩɟɪɟɪɚɛɚɬɵɜɚɟɦɨɝɨ�ɜɚɝɨɧɨɩɨɬɨɤɚ�ɢ�ɨɬɰɟɩɨɩɨɬɨɤɚ  
ɢ�ɫ�ɭɱɟɬɨɦ�ɪɚɫɩɪɟɞɟɥɟɧɢɹ�ɫɤɨɪɨɫɬɢ�ɞɜɢɠɟɧɢɹ�ɨɬɰɟɩɚ�ɧɚ�ɩɭɬɢ�ɫɨɪɬɢɪɨɜɨɱɧɨɝɨ�ɩɚɪɤɚ. 

 
ȼɜɟɞɟɧɢɟ. ȼ�ɞɚɧɧɨɣ� ɫɬɚɬɶɟ� ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ� ɫɨɩɪɨɬɢɜɥɟɧɢɹ� ɨɬ� ɫɧɟɝɚ�ɢ 

ɢɧɟɹ, ɫɨɩɪɨɬɢɜɥɟɧɢɟ�ɨɬ�ɜɨɡɞɭɲɧɨɣ�ɫɪɟɞɵ�ɢ�ɫɭɦɦɚɪɧɨɟ�ɭɞɟɥɶɧɨɟ�ɫɨɩɪɨɬɢɜ-
ɥɟɧɢɟ [1]. ɐɟɥɶ�ɞɚɧɧɨɣ�ɫɬɚɬɶɢ�ɡɚɤɥɸɱɚɟɬɫɹ�ɜ�ɩɨɫɬɪɨɟɧɢɢ�ɤɪɢɜɨɣ�ɪɚɫɩɪɟɞɟ-
ɥɟɧɢɹ� ɫɭɦɦɚɪɧɨɝɨ� ɭɞɟɥɶɧɨɝɨ� ɫɨɩɪɨɬɢɜɥɟɧɢɹ� ɫ� ɭɱɟɬɨɦ� ɩɟɪɟɪɚɛɚɬɵɜɚɟɦɨɝɨ 
ɜɚɝɨɧɨɩɨɬɨɤɚ� ɢ� ɨɬɰɟɩɨɩɨɬɨɤɚ, ɚ� ɬɚɤɠɟ� ɪɚɫɩɪɟɞɟɥɟɧɢɹ� ɫɤɨɪɨɫɬɢ� ɞɜɢɠɟɧɢɹ 
ɨɬɰɟɩɚ�ɧɚ�ɩɭɬɢ�ɫɨɪɬɢɪɨɜɨɱɧɨɝɨ�ɩɚɪɤɚ. 

Ɉɩɢɫɚɧɢɟ� ɷɤɫɩɟɪɢɦɟɧɬɚ. Ⱦɥɹ� ɩɨɫɬɪɨɟɧɢɹ� ɤɪɢɜɵɯ� ɪɚɫɩɪɟɞɟɥɟɧɢɹ� ɢɫ-
ɩɨɥɶɡɨɜɚɥɚɫɶ�ɢɦɢɬɚɰɢɨɧɧɚɹ�ɦɨɞɟɥɶ�ɡɚɩɨɥɧɟɧɢɹ�ɩɭɬɟɣ�ɫɨɪɬɢɪɨɜɨɱɧɨɝɨ�ɩɚɪ-
ɤɚ [2í4]. Ⱦɥɹ�ɷɬɨɝɨ�ɩɪɨɢɡɜɨɞɢɥɫɹ�ɩɪɨɝɨɧ�ɦɨɞɟɥɢ�ɫɨ�ɫɥɭɱɚɣɧɵɦ�ɪɚɫɩɪɟɞɟɥɟ-
ɧɢɟɦ�ɩɚɪɚɦɟɬɪɨɜ. Ʉɨɥɢɱɟɫɬɜɨ�ɩɪɨɝɨɧɨɜ�ɛɵɥɨ�ɪɚɜɧɨ 105, ɜ� ɪɟɡɭɥɶɬɚɬɟ�ɱɟɝɨ 
ɛɵɥɚ�ɞɨɫɬɢɝɧɭɬɚ�ɜɵɫɨɤɚɹ�ɬɨɱɧɨɫɬɶ�ɩɨɥɭɱɟɧɧɵɯ�ɪɟɡɭɥɶɬɚɬɨɜ. ɉɪɨɮɢɥɶ�ɩɚɪɤɚ 
ɩɪɢɜɟɞɟɧ�ɧɚ�ɪɢɫɭɧɤɟ 1 [5].  

ȼɚɝɨɧɨɩɨɬɨɤ�ɡɚɞɚɜɚɥɫɹ�ɤɚɤ�ɫɥɭɱɚɣɧɨɟ�ɪɚɫɩɪɟɞɟɥɟɧɢɟ�ɫɨɝɥɚɫɧɨ [1, ɬɚɛɥɢ-
ɰɚ 4]. ȼ�ɤɚɱɟɫɬɜɟ�ɞɨɩɭɳɟɧɢɹ�ɛɵɥɨ�ɩɪɢɧɹɬɨ�ɭɫɥɨɜɢɟ, ɱɬɨ�ɜɫɟ�ɜɚɝɨɧɵ�ɹɜɥɹɸɬ-
ɫɹ�ɤɪɵɬɵɦɢ 4-ɨɫɧɵɦɢ�ɫ�ɩɥɨɳɚɞɶɸ�ɩɨɩɟɪɟɱɧɨɝɨ�ɫɟɱɟɧɢɹ�ɪɚɜɧɨɣ 9,7 ɦ2. Ɇɚɤ-
ɫɢɦɚɥɶɧɨɟ�ɤɨɥɢɱɟɫɬɜɨ�ɜɚɝɨɧɨɜ�ɜ�ɨɬɰɟɩɟ�ɪɚɜɧɨ 6. 
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Ɋɢɫɭɧɨɤ 1 – ɉɪɨɮɢɥɶ�ɩɭɬɢ�ɫɨɪɬɢɪɨɜɨɱɧɨɝɨ�ɩɚɪɤɚ 

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ� ɬɟɦɩɟɪɚɬɭɪɵ� ɧɚɪɭɠɧɨɝɨ� ɜɨɡɞɭɯɚ� ɡɚɞɚɜɚɥɨɫɶ� ɩɨ� ɫɥɟɞɭɸ-
ɳɟɣ�ɮɨɪɦɭɥɟ [6í13]: 

� �

¦
 

»
»

¼

º

«
«

¬

ª �
�

 
12

1 |

2
|

2
|

ı

ı2
exp

ʌ212
1)(

T Tt

Tt

Ttmt

tf    (1) 

ɝɞɟ Ɍ – ɩɨɪɹɞɤɨɜɵɣ�ɧɨɦɟɪ�ɦɟɫɹɰɚ�ɜ�ɝɨɞɭ; Ttm |  – ɫɪɟɞɧɹɹ�ɬɟɦɩɟɪɚɬɭɪɚ�ɜɨɡɞɭɯɚ 
ɜ T�ɣ�ɦɟɫɹɰ, ºɋ; Tt|ı – ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɟ�ɨɬɤɥɨɧɟɧɢɟ�ɬɟɦɩɟɪɚɬɭɪɵ�ɧɚɪɭɠɧɨ-
ɝɨ�ɜɨɡɞɭɯɚ�ɜ T�ɣ�ɦɟɫɹɰ, ºɋ; t – ɬɟɦɩɟɪɚɬɭɪɚ�ɨɤɪɭɠɚɸɳɟɝɨ�ɜɨɡɞɭɯɚ, ºɋ. 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ� ɞɚɧɧɵɟ� ɞɥɹ� ɫɪɟɞɧɟɝɨ� ɡɧɚɱɟɧɢɹ� ɢ� ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱ-
ɧɨɟ�ɨɬɤɥɨɧɟɧɢɟ�ɧɚɪɭɠɧɨɝɨ�ɜɨɡɞɭɯɚ�ɛɵɥɢ�ɩɨɥɭɱɟɧɵ�ɢɡ�ɫɩɪɚɜɨɱɧɢɤɚ�ɤɥɢɦɚɬɚ 
ɞɥɹ�ɇɨɜɨɫɢɛɢɪɫɤɚ [14].  

ɇɚɩɪɚɜɥɟɧɢɟ�ɢ� ɫɤɨɪɨɫɬɶ� ɜɟɬɪɚ� ɡɚɞɚɜɚɥɢɫɶ�ɬɚɤɠɟ�ɩɨ� ɫɩɪɚɜɨɱɧɢɤɭ [14] ɫ 
ɭɱɟɬɨɦ�ɩɨɩɪɚɜɤɢ�ɦɟɠɞɭ�ɧɚɩɪɚɜɥɟɧɢɟɦ�ɨɫɢ�ɩɭɬɢ�ɢ�ɫɟɜɟɪɧɵɦ�ɧɚɩɪɚɜɥɟɧɢɟɦ 
ɜɟɬɪɚ. Ʉɚɠɞɨɟ�ɦɨɞɟɥɢɪɨɜɚɧɢɟ�ɜɵɩɨɥɧɹɥɨɫɶ�ɩɪɢ�ɫɥɭɱɚɣɧɵɯ�ɭɫɥɨɜɢɹɯ. ȼɟɪɨ-
ɹɬɧɨɫɬɶ� ɩɨɹɜɥɟɧɢɹ� ɫɤɨɪɨɫɬɢ� ɢ� ɧɚɩɪɚɜɥɟɧɢɹ� ɜɟɬɪɚ� ɡɚɞɚɜɚɥɨɫɶ� ɬɚɛɥɢɱɧɵɦ 
ɫɩɨɫɨɛɨɦ. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ� ɜ� ɭɤɚɡɚɧɧɵɯ� ɢɧɬɟɪɜɚɥɚɯ� ɩɨɞɱɢɧɹɥɨɫɶ� ɪɚɜɧɨɦɟɪ-
ɧɨɦɭ�ɡɚɤɨɧɭ�ɪɚɫɩɪɟɞɟɥɟɧɢɹ. 

Ɉɫɨɛɵɟ�ɭɫɥɨɜɢɹ�ɦɨɞɟɥɢɪɨɜɚɧɢɹ: 
í�ɪɚɫɱɟɬɧɚɹ�ɫɤɨɪɨɫɬɶ�ɩɨɞɯɨɞɚ�ɨɬɰɟɩɚ�ɤ�ɫɬɨɹɳɢɦ�ɜɚɝɨɧɚɦ�ɪɚɜɧɚ 0,75 ɦ�ɫ; 
í�ɢɧɬɟɪɜɚɥ�ɦɟɠɞɭ�ɨɬɰɟɩɚɦɢ�ɪɚɜɟɧ 10 ɦɢɧɭɬɚɦ; 
í�ɩɪɢ�ɦɨɞɟɥɢɪɨɜɚɧɢɢ�ɞɜɢɠɟɧɢɹ�ɨɬɰɟɩɚ�ɩɪɢɧɢɦɚɟɬɫɹ�ɜɨ�ɜɧɢɦɚɧɢɟ�ɩɭɥɶ-

ɫɚɰɢɹ� ɜɟɬɪɚ, ɤɨɬɨɪɚɹ� ɜɧɨɫɢɬ�ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ� ɫɥɭɱɚɣɧɵɣ�ɪɚɡɛɪɨɫ� ɩɚɪɚɦɟɬ-
ɪɨɜ [18í19]. Ɉɞɧɚɤɨ�ɜ�ɞɚɧɧɨɦ�ɢɫɫɥɟɞɨɜɚɧɢɢ�ɩɭɥɶɫɚɰɢɹ�ɜɟɬɪɚ�ɩɪɢɧɢɦɚɥɚɫɶ 
ɪɚɜɧɨɣ�ɧɭɥɸ; 

í� ɦɨɞɟɥɢɪɨɜɚɧɢɟ� ɩɪɨɢɡɜɨɞɢɥɨɫɶ� ɫ� ɩɨɦɨɳɶɸ� ɲɚɪɧɢɪɧɨ�ɨɫɟɜɨɣ� ɦɨɞɟɥɢ 
ɞɜɢɠɟɧɢɹ�ɫ�ɲɚɝɨɦ 1 ɦ; 
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í�ɩɨɫɥɟ�ɤɚɠɞɨɝɨ�ɲɚɝɚ�ɦɨɞɟɥɢɪɨɜɚɧɢɹ�ɜ�ɬɚɛɥɢɰɵ�ɡɚɧɨɫɢɥɚɫɶ�ɢɧɮɨɪɦɚɰɢɹ 
ɨ�ɫɨɩɪɨɬɢɜɥɟɧɢɢ� ɨɬ� ɫɪɟɞɵ�ɢ� ɜɟɬɪɚ�ɢ� ɫɭɦɦɚɪɧɨɦ� ɭɞɟɥɶɧɨɦ� ɫɨɩɪɨɬɢɜɥɟɧɢɢ. 
Ʉɪɢɜɵɟ�ɫɬɪɨɢɥɢɫɶ�ɧɚ�ɨɫɧɨɜɚɧɢɢ�ɞɚɧɧɵɯ�ɬɚɛɥɢɰ. 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ�ɨɬ�ɫɧɟɝɚ�ɢ�ɢɧɟɹ�ɭɱɢɬɵɜɚɟɬɫɹ�ɩɪɢ�ɪɚɫɱɟɬɟ�ɜɵɫɨɬɵ�ɫɨɪ-
ɬɢɪɨɜɨɱɧɨɣ�ɝɨɪɤɢ�ɩɪɢ�ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ�ɭɫɥɨɜɢɹɯ. Ɋɚɫɱɟɬ�ɜɟɞɟɬɫɹ�ɞɥɹ�ɩɪɨ-
ɜɟɪɤɢ�ɜɨɡɦɨɠɧɨɫɬɢ�ɞɨɤɚɬɵɜɚɧɢɹ�ɩɥɨɯɨɝɨ�ɛɟɝɭɧɚ�ɞɥɹ�ɪɚɫɱɟɬɧɨɣ�ɬɨɱɤɢ. Ⱦɚɧ-
ɧɨɟ� ɫɨɩɪɨɬɢɜɥɟɧɢɟ� ɭɱɢɬɵɜɚɟɬɫɹ� ɬɨɥɶɤɨ� ɜ� ɩɪɟɞɟɥɚɯ� ɫɬɪɟɥɨɱɧɨɣ� ɡɨɧɵ� ɢ 
ɫɨɪɬɢɪɨɜɨɱɧɨɝɨ�ɩɚɪɤɚ. ɋɨɩɪɨɬɢɜɥɟɧɢɟ�ɨɬ�ɫɧɟɝɚ�ɢ�ɢɧɟɹ�ɡɚɞɚɟɬɫɹ�ɞɢɫɤɪɟɬɧɵ-
ɦɢ�ɡɧɚɱɟɧɢɹɦɢ, ɨɩɪɟɞɟɥɹɟɦɵɦɢ�ɩɨ�ɜɟɫɨɜɨɣ�ɤɚɬɟɝɨɪɢɢ�ɨɬɰɟɩɚ�ɢ�ɬɟɦɩɟɪɚɬɭɪɟ 
ɨɤɪɭɠɚɸɳɟɝɨ� ɜɨɡɞɭɯɚ [24−25]. Ɂɧɚɱɟɧɢɹ, ɩɪɢɦɟɧɹɟɦɵɟ� ɞɥɹ� ɪɚɫɱɟɬɚ, ɩɪɟɞ-
ɫɬɚɜɥɟɧɵ�ɜ [25, ɬɚɛɥɢɰɚ 4.5]. 

ȼ [26] ɭɤɚɡɚɧɨ, ɱɬɨ� ɞɚɧɧɨɟ� ɫɨɩɪɨɬɢɜɥɟɧɢɟ� ɹɜɥɹɟɬɫɹ� ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ 
ɬɪɟɧɢɟɦ�ɦɟɠɞɭ�ɤɨɥɟɫɨɦ�ɪɟɥɶɫɨɦ, ɢɡ�ɡɚ�ɩɨɹɜɥɟɧɢɹ�ɧɚ�ɪɟɥɶɫɚɯ�ɬɨɧɤɨɣ�ɩɥɟɧɤɢ 
ɫɧɟɝɚ. ȼ�ɞɚɧɧɨɦ�ɬɪɭɞɟ�ɬɚɤɠɟ�ɭɤɚɡɚɧɨ: «ȼ�ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ�ɭɫɥɨɜɢɹɯ�ɪɨɫ-
ɩɭɫɤɚ�ɫɨɫɬɚɜɨɜ�ɫ�ɝɨɪɤɢ, ɤɨɝɞɚ�ɫɤɚɬɵɜɚɧɢɟ�ɨɬɰɟɩɨɜ�ɫ�ɝɨɪɤɢ�ɩɪɨɢɫɯɨɞɢɬ�ɫ�ɢɧ-
ɬɟɪɜɚɥɚɦɢ�ɜɫɟɝɨ�ɜ�ɧɟɫɤɨɥɶɤɨ�ɫɟɤɭɧɞ, ɩɥɺɧɤɚ�ɫɧɟɝɚ�ɧɚ�ɪɟɥɶɫɚɯ�ɜ�ɩɨɞɝɨɪɨɱɧɨɣ 
ɝɨɪɥɨɜɢɧɟ� ɧɟ� ɭɫɩɟɜɚɟɬ� ɨɛɪɚɡɨɜɚɬɶɫɹ, ɧɨ� ɧɚ� ɩɨɞɝɨɪɧɵɯ� ɩɭɬɹɯ, ɤɭɞɚ� ɨɬɰɟɩɵ 
ɱɚɫɬɨ�ɩɨɩɚɞɚɸɬ�ɱɟɪɟɡ�ɞɨɜɨɥɶɧɨ�ɡɧɚɱɢɬɟɥɶɧɵɟ�ɢɧɬɟɪɜɚɥɵ, ɞɨɯɨɞɹɳɢɟ�ɧɟɪɟɞ-
ɤɨ�ɞɨ�ɧɟɫɤɨɥɶɤɢɯ�ɦɢɧɭɬ, ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ�ɫɨɩɪɨɬɢɜɥɟɧɢɟ�ɜɚɝɨɧɨɜ�ɞɜɢɠɟɧɢɸ 
ɞɚɠɟ�ɩɪɢ�ɫɥɚɛɨɦ�ɫɧɟɝɨɩɚɞɟ�ɮɚɤɬɢɱɟɫɤɢ�ɢɦɟɟɬ�ɦɟɫɬɨ». 

ɂɡ�ɷɬɨɝɨ�ɫɥɟɞɭɟɬ�ɜɵɜɨɞ, ɱɬɨ�ɮɨɪɦɭɥɭ�ɞɥɹ�ɨɩɪɟɞɟɥɟɧɢɹ�ɫɨɩɪɨɬɢɜɥɟɧɢɹ�ɨɬ 
ɫɧɟɝɚ�ɢ�ɢɧɟɹ�ɞɥɹ�ɦɧɨɝɨɜɚɝɨɧɧɨɝɨ�ɨɬɰɟɩɚ�ɦɨɠɧɨ�ɩɪɟɞɫɬɚɜɢɬɶ�ɜ�ɫɥɟɞɭɸɳɟɦ 
ɜɢɞɟ: 

,),(

ɨɬɰɟɩ

ɜɚɝ1ɜɚɝ1
ɜɚɝ1
ɋɂɨɬɰɟɩ

ɫɢ m
mmtww     (2) 

ɝɞɟ ɜɚɝ1
ɋɂw �ɢ ɜɚɝ1m  – ɫɨɩɪɨɬɢɜɥɟɧɢɟ�ɨɬ�ɫɧɟɝɚ�ɢ�ɢɧɟɹ�ɢ�ɦɚɫɫɚ�ɩɟɪɜɨɝɨ�ɜɚɝɨɧɚ�ɜ 

ɨɬɰɟɩɟ, ɇ�ɤɇ, ɬ; ɨɬɰɟɩm  – ɦɚɫɫɚ�ɨɬɰɟɩɚ, ɬ. 
ɇɚ� ɨɫɧɨɜɚɧɢɢ� ɚɧɚɥɢɡɚ� ɪɚɫɩɪɟɞɟɥɟɧɢɹ� ɬɟɦɩɟɪɚɬɭɪɵ� ɧɚɪɭɠɧɨɝɨ� ɜɨɡɞɭɯɚ, 

ɦɨɠɧɨ�ɫɞɟɥɚɬɶ�ɜɵɜɨɞ�ɨ�ɬɨɦ, ɱɬɨ�ɜɥɢɹɧɢɟ�ɫɨɩɪɨɬɢɜɥɟɧɢɹ�ɨɬ�ɫɧɟɝɚ�ɢ�ɢɧɟɹ�ɩɪɢ 
ɩɨɫɬɪɨɟɧɢɢ� ɤɪɢɜɨɣ� ɪɚɫɩɪɟɞɟɥɟɧɢɹ� ɫɭɦɦɚɪɧɨɝɨ� ɭɞɟɥɶɧɨɝɨ� ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɞɜɢɠɟɧɢɸ� ɨɬɰɟɩɚ� ɛɭɞɟɬ� ɧɟɡɧɚɱɢɬɟɥɶɧɵɦ. Ⱦɚɧɧɨɟ� ɫɨɩɪɨɬɢɜɥɟɧɢɟ� ɭɱɢɬɵɜɚ-
ɟɬɫɹ�ɬɨɥɶɤɨ�ɩɪɢ�ɬɟɦɩɟɪɚɬɭɪɚɯ�ɜɨɡɞɭɯɚ�ɦɟɧɶɲɟ 0 ºɋ. ȼ�ɬɚɛɥɢɰɟ 1 ɩɪɟɞɫɬɚɜ-
ɥɟɧɨ�ɪɚɫɩɪɟɞɟɥɟɧɢɟ�ɬɟɦɩɟɪɚɬɭɪɵ�ɧɚɪɭɠɧɨɝɨ�ɜɨɡɞɭɯɚ. 

ɇɚ�ɨɫɧɨɜɚɧɢɢ�ɮɨɪɦɭɥ (1) ɢ (2) ɢ [25] ɛɵɥɢ�ɩɨɫɬɪɨɟɧɵ�ɤɪɢɜɵɟ�ɪɚɫɩɪɟɞɟ-
ɥɟɧɢɹ� ɫɨɩɪɨɬɢɜɥɟɧɢɹ�ɨɬ�ɫɧɟɝɚ�ɢ� ɢɧɟɹ�ɫ� ɭɱɟɬɨɦ�ɩɟɪɟɪɚɛɚɬɵɜɚɟɦɨɝɨ�ɜɚɝɨɧɨ-
ɩɨɬɨɤɚ�ɢ�ɨɬɰɟɩɨɩɨɬɨɤɚ. Ⱦɚɧɧɵɟ�ɤɪɢɜɵɟ�ɩɪɟɞɫɬɚɜɥɟɧɵ�ɧɚ�ɪɢɫɭɧɤɟ 2. Ʉɪɢɜɚɹ 
©Ʌɟɝɤɢɣ» ɩɨɤɚɡɵɜɚɟɬ�ɪɚɫɩɪɟɞɟɥɟɧɢɟ�ɬɨɥɶɤɨ�ɞɥɹ�ɥɟɝɤɨɣ�ɜɟɫɨɜɨɣ�ɤɚɬɟɝɨɪɢɢ, 
©Ɉɞɧɨɜɚɝɨɧɧɵɟ» – ɪɚɫɩɪɟɞɟɥɟɧɢɟ�ɫ�ɭɱɟɬɨɦ�ɜɚɝɨɧɨɩɨɬɨɤɚ, «Ɇɧɨɝɨɜɚɝɨɧɧɵɟ» 
ɪɚɫɩɪɟɞɟɥɟɧɢɟ�ɫ�ɭɱɟɬɨɦ�ɨɬɰɟɩɨɩɨɬɨɤɚ�ɢ�ɜɚɝɨɧɨɩɨɬɨɤɚ. 
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Ɍɚɛɥɢɰɚ 1 – Ɋɚɫɩɪɟɞɟɥɟɧɢɟ�ɬɟɦɩɟɪɚɬɭɪɵ�ɧɚɪɭɠɧɨɝɨ�ɜɨɡɞɭɯɚ 

Ⱦɢɚɩɚɡɨɧ�ɬɟɦɩɟɪɚɬɭɪ, ºɋ Ȼɨɥɶɲɟ 0 0…í15 í15…í25 Ɇɟɧɟɟ�í25 
ȼɟɪɨɹɬɧɨɫɬɶ 0,6471 0,3517 0,0012 0 

 

 
Ɋɢɫɭɧɨɤ 2 – Ʉɪɢɜɵɟ�ɪɚɫɩɪɟɞɟɥɟɧɢɹ�ɫɨɩɪɨɬɢɜɥɟɧɢɹ�ɨɬ�ɫɧɟɝɚ�ɢ�ɢɧɟɹ 

ɫ�ɭɱɟɬɨɦ�ɦɧɨɝɨɜɚɝɨɧɧɵɯ�ɨɬɰɟɩɨɜ 

ɂɫɯɨɞɹ�ɢɡ�ɪɢɫɭɧɤɚ 2 ɦɨɠɧɨ�ɫɞɟɥɚɬɶ�ɫɥɟɞɭɸɳɢɟ�ɜɵɜɨɞɵ: 
í�ɧɚ�ɪɚɫɩɪɟɞɟɥɟɧɢɟ�ɫɨɩɪɨɬɢɜɥɟɧɢɹ�ɨɬ�ɫɧɟɝɚ�ɢ�ɢɧɟɹ�ɛɨɥɶɲɨɟ�ɜɥɢɹɧɢɟ�ɛɭ-

ɞɟɬ�ɨɤɚɡɵɜɚɬɶ�ɪɚɫɩɪɟɞɟɥɟɧɢɟ�ɬɟɦɩɟɪɚɬɭɪɵ�ɧɚɪɭɠɧɨɝɨ�ɜɨɡɞɭɯɚ; 
í�ɩɪɢ�ɭɱɟɬɟ�ɦɧɨɝɨɜɚɝɨɧɧɵɯ�ɨɬɰɟɩɨɜ�ɤɪɢɜɚɹ�ɪɚɫɩɪɟɞɟɥɟɧɢɹ�ɫɝɥɚɠɢɜɚɟɬɫɹ, 

ɬɚɤ�ɠɟ�ɜɟɪɨɹɬɧɨɫɬɶ�ɩɨɹɜɥɟɧɢɹ�ɡɧɚɱɟɧɢɹ�ɛɨɥɟɟ 0,1 ɇ�ɤɇ�ɛɭɞɟɬ�ɦɟɧɶɲɟ, ɱɟɦ 
ɩɪɢ�ɭɱɟɬɟ�ɬɨɥɶɤɨ�ɨɞɧɨɜɚɝɨɧɧɵɯ�ɢɥɢ�ɬɨɥɶɤɨ�ɥɟɝɤɢɯ�ɨɬɰɟɩɨɜ. 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ�ɨɬ�ɫɪɟɞɵ�ɢ�ɜɟɬɪɚ. ȿɳɟ�ɨɞɧɢɦ�ɜɚɠɧɵɦ�ɷɥɟɦɟɧɬɨɦ�ɜ�ɨɩ-
ɪɟɞɟɥɟɧɢɢ�ɫɭɦɦɚɪɧɨɝɨ�ɭɞɟɥɶɧɨɝɨ�ɫɨɩɪɨɬɢɜɥɟɧɢɹ�ɹɜɥɹɟɬɫɹ�ɫɨɩɪɨɬɢɜɥɟɧɢɟ�ɨɬ 
ɫɪɟɞɵ�ɢ�ɜɟɬɪɚ. ȼ�ɫɬɚɬɶɹɯ [20í21] ɭɠɟ�ɩɨɞɧɢɦɚɥɫɹ�ɜɨɩɪɨɫ�ɨ�ɜɥɢɹɧɢɢ�ɤɥɢɦɚ-
ɬɢɱɟɫɤɢɯ�ɭɫɥɨɜɢɣ�ɧɚ�ɫɨɩɪɨɬɢɜɥɟɧɢɟ�ɞɜɢɠɟɧɢɸ�ɨɬɰɟɩɨɜ. ɇɨ�ɜ�ɞɚɧɧɵɯ�ɫɬɚɬɶ-
ɹɯ� ɚɜɬɨɪɵ� ɞɟɥɚɥɢ� ɚɤɰɟɧɬ� ɧɚ� ɨɩɪɟɞɟɥɟɧɢɟ� ɪɚɫɱɟɬɧɵɯ� ɦɟɫɹɰɟɜ, ɩɨ� ɤɨɬɨɪɵɦ 
ɧɟɨɛɯɨɞɢɦɨ� ɪɚɫɫɱɢɬɵɜɚɬɶ� ɛɥɚɝɨɩɪɢɹɬɧɵɟ� ɢ� ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɟ� ɭɫɥɨɜɢɹ 
[22í23]. Ⱦɚɧɧɵɣ�ɩɨɞɯɨɞ�ɬɚɤɠɟ�ɧɟ�ɥɢɲɟɧ�ɧɟɞɨɫɬɚɬɤɚ�ɜ�ɩɥɚɧɟ�ɬɨɝɨ, ɱɬɨ�ɪɚɫɱɟɬ 
ɜɟɞɟɬɫɹ�ɩɨ�ɫɭɬɢ�ɞɥɹ�ɩɨɫɬɨɹɧɧɵɯ�ɜɟɥɢɱɢɧ�ɢ�ɫ�ɩɨɝɪɟɲɧɨɫɬɶɸ. Ⱦɥɹ�ɪɚɫɱɟɬɚ�ɫɨ-
ɩɪɨɬɢɜɥɟɧɢɹ�ɨɬ�ɫɪɟɞɵ�ɢ�ɜɟɬɪɚ�ɧɟɨɛɯɨɞɢɦɨ�ɡɚɞɚɜɚɬɶ�ɜɫɟ�ɡɧɚɱɟɧɢɹ�ɪɚɫɩɪɟɞɟ-
ɥɟɧɢɹɦɢ, ɨɩɪɟɞɟɥɹɟɦɵɦɢ� ɞɥɹ� ɤɨɧɤɪɟɬɧɨɝɨ� ɭɱɚɫɬɤɚ� ɩɭɬɢ� ɫɨɪɬɢɪɨɜɨɱɧɨɝɨ 
ɩɚɪɤɚ.  

ɋɨɩɪɨɬɢɜɥɟɧɢɟ� ɨɬ� ɫɪɟɞɵ� ɢ� ɜɟɬɪɚ� ɧɚɯɨɞɢɬɫɹ� ɩɨ� ɢɡɜɟɫɬɧɨɣ� ɮɨɪɦɭɥɟ 
[24í25]: 
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                                          wɫɜ = ɫv2
ɨɬɰɟɩ,                                                        (3) 

ɝɞɟ ɫ  – ɩɪɢɜɟɞɟɧɧɵɣ�ɤɨɷɮɮɢɰɢɟɧɬ�ɜɨɡɞɭɲɧɨɝɨ�ɫɨɩɪɨɬɢɜɥɟɧɢɹ; vɨɬɰɟɩ – ɨɬ-
ɧɨɫɢɬɟɥɶɧɚɹ� ɪɟɡɭɥɶɬɢɪɭɸɳɚɹ� ɫɤɨɪɨɫɬɶ�ɜɚɝɨɧɚ (ɨɬɰɟɩɚ) ɫ� ɭɱɟɬɨɦ�ɧɚɩɪɚɜɥɟ-
ɧɢɹ�ɜɟɬɪɚ, ɦ�ɫ. 

ɉɪɢɜɟɞɟɧɧɵɣ�ɤɨɷɮɮɢɰɢɟɧɬ�ɜɨɡɞɭɲɧɨɝɨ�ɫɨɩɪɨɬɢɜɥɟɧɢɹ� ɜ�ɞɚɧɧɨɣ�ɫɬɚɬɶɟ 
ɧɟ�ɩɪɢɜɨɞɢɬɫɹ. ɇɟɨɛɯɨɞɢɦɨ�ɨɬɦɟɬɢɬɶ, ɱɬɨ�ɞɚɧɧɵɣ�ɤɨɷɮɮɢɰɢɟɧɬ�ɡɚɜɢɫɢɬ�ɨɬ 
ɬɟɦɩɟɪɚɬɭɪɵ�ɨɤɪɭɠɚɸɳɟɣ�ɫɪɟɞɵ, ɬɢɩɚ�ɜɚɝɨɧɨɜ, ɤɨɥɢɱɟɫɬɜɚ�ɜɚɝɨɧɨɜ�ɜ�ɨɬɰɟ-
ɩɟ, ɭɝɥɚ�ɦɟɠɞɭ�ɧɚɩɪɚɜɥɟɧɢɟɦ�ɜɟɬɪɚ�ɢ�ɨɫɶɸ�ɭɱɚɫɬɤɚ�ɩɭɬɢ, ɜɟɫɚ�ɜɚɝɨɧɨɜ�ɜ�ɨɬ-
ɰɟɩɟ. ɇɚ�ɞɚɧɧɵɣ�ɤɨɷɮɮɢɰɢɟɧɬ�ɛɨɥɶɲɨɟ�ɜɥɢɹɧɢɟ�ɛɭɞɟɬ�ɨɤɚɡɵɜɚɬɶ�ɨɬɰɟɩɨɩɨ-
ɬɨɤ�ɢ�ɜɚɝɨɧɨɩɨɬɨɤ. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ�ɬɟɦɩɟɪɚɬɭɪɵ�ɨɤɪɭɠɚɸɳɟɝɨ�ɜɨɡɞɭɯɚ�ɛɭɞɟɬ 
ɨɤɚɡɵɜɚɬɶ�ɧɟ�ɡɧɚɱɢɬɟɥɶɧɨɟ�ɜɥɢɹɧɢɟ. 

Ɉɬɧɨɫɢɬɟɥɶɧɚɹ�ɫɤɨɪɨɫɬɶ�ɨɬɰɟɩɚ�ɧɚɯɨɞɢɬɫɹ�ɩɨ�ɫɥɟɞɭɸɳɟɣ�ɮɨɪɦɭɥɟ [25]: 

                                v2
ɨɬɰɟɩ = v2 + v2

ɜɟɬɪɚ ± 2vvɜɟɬɪɚcosȕ,                                       (4) 

ɝɞɟ v – ɫɤɨɪɨɫɬɶ�ɫɤɚɬɵɜɚɧɢɹ�ɨɬɰɟɩɚ�ɧɚ�ɭɱɚɫɬɤɟ�ɩɭɬɢ, ɦ�ɫ. 
ɉɨ�ɧɨɪɦɚɬɢɜɭ�ɞɥɹ�ɪɚɫɱɟɬɚ�ɤɪɢɜɨɣ�ɪɚɫɩɪɟɞɟɥɟɧɢɹ�ɫɨɩɪɨɬɢɜɥɟɧɢɹ�ɨɬ�ɫɪɟ-

ɞɵ�ɢ� ɜɟɬɪɚ�ɢɫɩɨɥɶɡɭɟɬɫɹ� ɫɪɟɞɧɹɹ� ɫɤɨɪɨɫɬɶ� ɞɜɢɠɟɧɢɹ� ɨɬɰɟɩɚ. Ⱦɥɹ� ɫɨɪɬɢɪɨ-
ɜɨɱɧɨɝɨ�ɩɚɪɤɚ�ɞɚɧɧɚɹ�ɫɤɨɪɨɫɬɶ�ɪɚɜɧɚ 2 ɦ�ɫ. ɉɪɢ�ɷɬɨɦ, ɤɚɤ�ɩɨɤɚɡɵɜɚɸɬ�ɩɨ-
ɫɥɟɞɧɢɟ�ɢɫɫɥɟɞɨɜɚɧɢɹ, ɫɪɟɞɧɹɹ�ɫɤɨɪɨɫɬɶ�ɞɜɢɠɟɧɢɹ�ɨɬɰɟɩɚ�ɦɨɠɟɬ�ɨɬɥɢɱɚɬɶɫɹ 
ɞɥɹ�ɪɚɡɧɵɯ�ɬɢɩɨɜ�ɫɨɪɬɢɪɨɜɨɱɧɵɯ�ɩɭɬɟɣ�ɢɡ�ɡɚ�ɢɡɦɟɧɟɧɢɹ�ɩɪɨɮɢɥɹ�ɩɭɬɢ [27]. 
ɉɥɨɬɧɨɫɬɶ�ɪɚɫɩɪɟɞɟɥɟɧɢɹ�ɫɤɨɪɨɫɬɢ, ɩɨɥɭɱɟɧɧɚɹ�ɧɚ� ɨɫɧɨɜɚɧɢɢ�ɷɤɫɩɟɪɢɦɟɧ-
ɬɚ, ɩɪɟɞɫɬɚɜɥɟɧɚ�ɧɚ�ɪɢɫɭɧɤɟ 3. 

ɉɨ�ɪɢɫɭɧɤɭ 3 ɦɨɠɧɨ�ɫɞɟɥɚɬɶ�ɜɵɜɨɞ,  ɱɬɨ�ɫɪɟɞɧɹɹ�ɫɤɨɪɨɫɬɶ�ɞɜɢɠɟɧɢɹ�ɨɬ-
ɰɟɩɚ�ɜ�ɫɨɪɬɢɪɨɜɨɱɧɨɦ�ɩɚɪɤɟ�ɞɥɹ�ɞɚɧɧɨɝɨ�ɩɪɨɮɢɥɹ�ɛɭɞɟɬ�ɨɬɥɢɱɚɬɶɫɹ�ɨɬ�ɧɨɪ-
ɦɚɬɢɜɧɨɣ. ɉɪɨɜɟɞɟɧɧɵɟ� ɷɤɫɩɟɪɢɦɟɧɬɵ� ɧɚ� ɞɪɭɝɢɯ� ɩɪɨɮɢɥɹɯ� ɩɨɤɚɡɵɜɚɸɬ, 
ɱɬɨ� ɪɚɡɛɪɨɫ� ɫɪɟɞɧɟɣ� ɫɤɨɪɨɫɬɢ� ɦɨɠɟɬ� ɞɨɯɨɞɢɬɶ� ɞɨ 1  ɦ�ɫ.  ȼɬɨɪɵɦ� ɜɚɠɧɵɦ 
ɜɵɜɨɞɨɦ�ɹɜɥɹɟɬɫɹ�ɬɨ, ɱɬɨ�ɞɚɧɧɨɟ�ɪɚɫɩɪɟɞɟɥɟɧɢɟ�ɢɦɟɟɬ�ɮɨɪɦɭ�ɧɨɪɦɚɥɶɧɨɝɨ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ� ɫ� ɚɫɢɦɦɟɬɪɢɟɣ. ɋɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɟ� ɨɬɤɥɨɧɟɧɢɟ� ɪɚɫɩɪɟɞɟ-
ɥɟɧɢɹ�ɪɚɜɧɨ 0,7 ɦ�ɫ. 

ɉɨɷɬɨɦɭ� ɩɪɢ� ɪɚɫɱɟɬɟ� ɤɪɢɜɨɣ� ɪɚɫɩɪɟɞɟɥɟɧɢɹ� ɫɨɩɪɨɬɢɜɥɟɧɢɹ� ɨɬ� ɫɪɟɞɵ� ɢ 
ɜɟɬɪɚ�ɫɤɨɪɨɫɬɶ�ɞɜɢɠɟɧɢɹ�ɨɬɰɟɩɚ�ɧɟɨɛɯɨɞɢɦɨ�ɡɚɞɚɜɚɬɶ�ɧɟ�ɩɨɫɬɨɹɧɧɨɣ�ɜɟɥɢ-
ɱɢɧɨɣ, ɡɚɞɚɧɧɨɣ�ɞɥɹ�ɜɫɟɯ�ɫɨɪɬɢɪɨɜɨɱɧɵɯ�ɝɨɪɨɤ, ɚ�ɥɢɛɨ�ɫɪɟɞɧɟɣ�ɫɤɨɪɨɫɬɶɸ, 
ɜɵɱɢɫɥɟɧɧɨɣ�ɞɥɹ�ɷɬɨɝɨ�ɭɱɚɫɬɤɚ�ɩɭɬɢ, ɥɢɛɨ�ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ. ɂɫɯɨɞɹ�ɢɡ�ɷɬɨɝɨ 
ɦɨɠɧɨ�ɫɞɟɥɚɬɶ�ɜɵɜɨɞ�ɨ�ɬɨɦ, ɱɬɨ�ɩɨɫɬɪɨɟɧɢɟ�ɤɪɢɜɨɣ�ɪɚɫɩɪɟɞɟɥɟɧɢɹ�ɨɬ�ɫɪɟɞɵ 
ɢ�ɜɟɬɪɚ�ɫ�ɩɨɦɨɳɶɸ�ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ�ɜɵɪɚɠɟɧɢɹ�ɛɭɞɟɬ�ɫɜɹɡɚɧɨ�ɫ�ɛɨɥɶɲɢɦ�ɤɨ-
ɥɢɱɟɫɬɜɨ�ɞɨɩɭɳɟɧɢɣ, ɜɫɥɟɞɫɬɜɢɟ�ɱɟɝɨ�ɭɦɟɧɶɲɢɬɫɹ�ɬɨɱɧɨɫɬɶ�ɩɨɥɭɱɟɧɧɵɯ�ɪɟ-
ɡɭɥɶɬɚɬɨɜ. Ⱦɥɹ� ɞɨɫɬɢɠɟɧɢɹ� ɬɪɟɛɭɟɦɨɣ� ɬɨɱɧɨɫɬɢ� ɪɚɫɱɟɬɨɜ� ɧɟɨɛɯɨɞɢɦɨ� ɢɫ-
ɩɨɥɶɡɨɜɚɬɶ� ɢɦɢɬɚɰɢɨɧɧɨɟ� ɦɨɞɟɥɢɪɨɜɚɧɢɟ� ɢ� ɩɪɨɟɤɬɢɪɨɜɚɬɶ� ɝɨɪɤɭ� ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ�ɢɦɢɬɚɰɢɨɧɧɵɯ�ɦɨɞɟɥɟɣ�ɪɚɡɧɨɣ�ɫɬɟɩɟɧɢ�ɫɥɨɠɧɨɫɬɢ. ɉɨɞɨɛ-
ɧɵɟ�ɫɢɫɬɟɦɵ�ɩɪɢɦɟɧɹɥɢɫɶ�ɩɪɢ�ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ�ɫɬɚɧɰɢɢ «Ʌɭɠɫɤɚɹ» ɮɢɪɦɨɣ 
ɈȺɈ «ɋɢɦɟɧɫ» [28]. Ʉɪɢɜɵɟ�ɪɚɫɩɪɟɞɟɥɟɧɢɹ�ɫɨɩɪɨɬɢɜɥɟɧɢɹ�ɨɬ�ɫɪɟɞɵ�ɢ�ɜɟɬ-
ɪɚ, ɩɨɥɭɱɟɧɧɵɟ� ɫ�ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ�ɢɦɢɬɚɰɢɨɧɧɨɣ�ɦɨɞɟɥɢ, ɩɪɟɞɫɬɚɜɥɟɧɵ�ɧɚ 
ɪɢɫɭɧɤɚɯ 4 ɢ 5. 
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Ɋɢɫɭɧɨɤ 3 – ɉɥɨɬɧɨɫɬɶ�ɪɚɫɩɪɟɞɟɥɟɧɢɹ�ɫɤɨɪɨɫɬɢ�ɞɜɢɠɟɧɢɹ�ɨɬɰɟɩɚ 

ɜ�ɫɨɪɬɢɪɨɜɨɱɧɨɦ�ɩɚɪɤɟ 

 
Ɋɢɫɭɧɨɤ 4 – Ʉɪɢɜɵɟ�ɪɚɫɩɪɟɞɟɥɟɧɢɹ�ɫɨɩɪɨɬɢɜɥɟɧɢɹ�ɨɬ�ɫɪɟɞɵ�ɢ�ɜɟɬɪɚ 
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Ʉɪɢɜɚɹ «ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ» ɩɨɤɚɡɵɜɚɟɬ�ɪɚɫɩɪɟɞɟɥɟɧɢɟ�ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɨɬ�ɫɪɟɞɵ�ɢ�ɜɟɬɪɚ�ɫ�ɭɱɟɬɨɦ�ɩɟɪɟɪɚɛɚɬɵɜɚɟɦɨɝɨ�ɨɬɰɟɩɨɩɨɬɨɤɚ�ɢ�ɜɚɝɨɧɨɩɨɬɨɤɚ, 
©ɉɨɫɬɨɹɧɧɚɹ� ɫɤɨɪɨɫɬɶ» í� ɪɚɫɩɪɟɞɟɥɟɧɢɟ� ɫɨɩɪɨɬɢɜɥɟɧɢɹ� ɨɬ� ɫɪɟɞɵ� ɢ� ɜɟɬɪɚ 
ɞɥɹ�ɥɟɝɤɢɯ�ɨɬɰɟɩɨɜ, ɪɚɫɫɱɢɬɚɧɧɚɹ�ɞɥɹ�ɫɪɟɞɧɟɣ�ɫɤɨɪɨɫɬɢ 2 ɦ�ɫ. 

 
Ɋɢɫɭɧɨɤ 5 – Ʉɪɢɜɵɟ�ɪɚɫɩɪɟɞɟɥɟɧɢɹ�ɫɨɩɪɨɬɢɜɥɟɧɢɹ�ɨɬ�ɫɪɟɞɵ�ɢ�ɜɟɬɪɚ 

ɉɨ�ɪɢɫɭɧɤɭ 4 ɢ 5 ɦɨɠɧɨ�ɫɞɟɥɚɬɶ�ɫɥɟɞɭɸɳɢɟ�ɜɵɜɨɞɵ: 
í�ɪɚɫɩɪɟɞɟɥɟɧɢɟ�ɫɨɩɪɨɬɢɜɥɟɧɢɹ� ɨɬ� ɫɪɟɞɵ�ɢ�ɜɟɬɪɚ�ɨɱɟɧɶ�ɫɢɥɶɧɨ�ɡɚɜɢɫɢɬ 

ɨɬ�ɩɟɪɟɪɚɛɚɬɵɜɚɟɦɨɝɨ�ɜɚɝɨɧɨɩɨɬɨɤɚ�ɢ�ɨɬɰɟɩɨɩɨɬɨɤɚ; 
í�ɪɚɫɩɪɟɞɟɥɟɧɢɟ�ɫɨɩɪɨɬɢɜɥɟɧɢɹ�ɬɨɥɶɤɨ�ɞɥɹ�ɥɟɝɤɢɯ�ɨɬɰɟɩɨɜ�ɢɦɟɟɬ�ɨɱɟɧɶ 

ɫɢɥɶɧɵɣ� ɪɚɡɛɪɨɫ� ɢ� ɫɦɟɳɟɧɨ�ɛɥɢɠɟ�ɤ� ɨɬɪɢɰɚɬɟɥɶɧɵɦ� ɡɧɚɱɟɧɢɹɦ� ɫɨɩɪɨɬɢɜ-
ɥɟɧɢɹ. ɗɬɨ�ɨɛɴɹɫɧɹɟɬɫɹ�ɬɟɦ, ɱɬɨ�ɧɚ�ɩɪɢɜɟɞɟɧɧɵɣ�ɤɨɷɮɮɢɰɢɟɧɬ�ɜɨɡɞɭɲɧɨɝɨ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ�ɜɥɢɹɟɬ�ɦɚɫɫɚ�ɨɬɰɟɩɚ. ɉɪɢ�ɩɪɨɱɢɯ�ɪɚɜɧɵɯ�ɭɫɥɨɜɢɹɯ�ɪɚɡɧɢɰɚ�ɜ 
ɞɚɧɧɨɦ�ɤɨɷɮɮɢɰɢɟɧɬɟ�ɞɥɹ�ɜɚɝɨɧɨɜ�ɥɟɝɤɨɣ�ɢ�ɬɹɠɟɥɨɣ�ɜɟɫɨɜɨɣ�ɤɚɬɟɝɨɪɢɢ�ɛɭ-
ɞɟɬ� ɨɬɥɢɱɚɬɶɫɹ� ɜ 3í4  ɪɚɡɚ�ɜ� ɛɨɥɶɲɭɸ�ɫɬɨɪɨɧɭ.  ɉɪɢ� ɭɜɟɥɢɱɟɧɢɢ�ɦɚɫɫɵ�ɤɨ-
ɷɮɮɢɰɢɟɧɬ�ɫɧɢɠɚɟɬɫɹ�ɢ�ɜɥɢɹɧɢɟ�ɜɟɬɪɚ�ɧɚ�ɨɬɰɟɩ�ɬɚɤɠɟ�ɫɧɢɠɚɟɬɫɹ; 

í� ɪɚɫɩɪɟɞɟɥɟɧɢɟ� ɨɬ� ɫɪɟɞɵ� ɢ� ɜɟɬɪɚ, ɩɨɥɭɱɟɧɧɨɟ� ɚɧɚɥɢɬɢɱɟɫɤɢɦ� ɩɭɬɟɦ, 
ɫɢɥɶɧɨ�ɨɬɥɢɱɚɟɬɫɹ�ɨɬ�ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ�ɪɚɫɩɪɟɞɟɥɟɧɢɹ. ɗɬɨ�ɨɡɧɚɱɚɟɬ, ɱɬɨ 
ɛɟɡ� ɭɱɟɬɚ�ɮɚɤɬɨɪɨɜ� ɫɥɭɱɚɣɧɨɝɨ�ɯɚɪɚɤɬɟɪɚ�ɩɚɪɚɦɟɬɪɨɜ�ɪɚɫɩɪɟɞɟɥɟɧɢɟ�ɛɭɞɟɬ 
ɩɨɫɬɪɨɟɧɨ�ɧɟɞɨɫɬɚɬɨɱɧɨ�ɬɨɱɧɨ�ɢ�ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ�ɫɨɪɬɢɪɨɜɨɱɧɨɣ�ɝɨɪɤɢ�ɛɭ-
ɞɟɬ�ɜɵɩɨɥɧɟɧɨ�ɞɥɹ�ɛɨɥɟɟ�ɠɟɫɬɤɢɯ�ɭɫɥɨɜɢɣ. 

ɋɭɦɦɚɪɧɨɟ�ɭɞɟɥɶɧɨɟ�ɫɨɩɪɨɬɢɜɥɟɧɢɟ�ɦɨɠɧɨ�ɧɚɣɬɢ�ɩɨ�ɮɨɪɦɭɥɟ [25]: 
                                              W = w0 + wɫɜ + wɢ + wɫɤ,                                        (5) 

ɝɞɟ w0 – ɨɫɧɨɜɧɨɟ�ɭɞɟɥɶɧɨɟ�ɫɨɩɪɨɬɢɜɥɟɧɢɟ�ɞɜɢɠɟɧɢɸ�ɜɚɝɨɧɨɜ, ɇ�ɤɇ; wɫɤ – ɫɨ-
ɩɪɨɬɢɜɥɟɧɢɟ�ɨɬɰɟɩɚ�ɨɬ�ɫɬɪɟɥɨɤ�ɢ�ɤɪɢɜɵɯ, ɇ�ɤɇ. 

ȼ�ɞɚɧɧɨɦ�ɢɫɫɥɟɞɨɜɚɧɢɢ�ɫɨɩɪɨɬɢɜɥɟɧɢɟ�ɨɬɰɟɩɚ�ɨɬ�ɫɬɪɟɥɨɤ�ɢ�ɤɪɢɜɵɯ�ɩɪɢ-
ɧɹɬɨ�ɡɚ�ɧɭɥɟɜɨɟ�ɡɧɚɱɟɧɢɟ.  
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ɉɨɥɭɱɟɧɧɚɹ�ɧɚ�ɨɫɧɨɜɟ�ɷɤɫɩɟɪɢɦɟɧɬɚ�ɤɪɢɜɚɹ�ɪɚɫɩɪɟɞɟɥɟɧɢɹ�ɩɪɟɞɫɬɚɜɥɟɧɚ 
ɧɚ�ɪɢɫɭɧɤɟ 6. 

 
Ɋɢɫɭɧɨɤ 6 – Ʉɪɢɜɵɟ�ɪɚɫɩɪɟɞɟɥɟɧɢɹ�ɫɭɦɦɚɪɧɨɝɨ�ɭɞɟɥɶɧɨɝɨ�ɫɨɩɪɨɬɢɜɥɟɧɢɹ 

ɋɨɝɥɚɫɧɨ�ɪɢɫɭɧɤɭ 6 ɦɨɠɧɨ�ɫɞɟɥɚɬɶ�ɜɵɜɨɞ�ɨ�ɬɨɦ, ɱɬɨ�ɭɱɟɬ�ɜɚɝɨɧɨɩɨɬɨɤɚ�ɢ 
ɨɬɰɟɩɨɩɨɬɨɤɚ� ɨɱɟɧɶ� ɫɢɥɶɧɨ� ɜɥɢɹɟɬ� ɧɚ� ɤɪɢɜɭɸ� ɪɚɫɩɪɟɞɟɥɟɧɢɹ� ɫɭɦɦɚɪɧɨɝɨ 
ɭɞɟɥɶɧɨɝɨ�ɫɨɩɪɨɬɢɜɥɟɧɢɹ. ɇɚ�ɪɢɫɭɧɤɚɯ 7 ɢ 8 ɩɪɟɞɫɬɚɜɥɟɧɵ�ɤɪɢɜɵɟ�ɪɚɫɩɪɟ-
ɞɟɥɟɧɢɹ� ɢ�ɩɥɨɬɧɨɫɬɢ�ɪɚɫɩɪɟɞɟɥɟɧɢɹ� ɫɭɦɦɚɪɧɨɝɨ� ɭɞɟɥɶɧɨɝɨ� ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɩɨɫɬɪɨɟɧɧɵɟ�ɧɚ�ɨɫɧɨɜɟ�ɷɤɫɩɟɪɢɦɟɧɬɚ�ɢ�ɚɧɚɥɢɬɢɱɟɫɤɢɦ�ɩɭɬɟɦ. 

 
Ɋɢɫɭɧɨɤ 7 – Ʉɪɢɜɵɟ�ɪɚɫɩɪɟɞɟɥɟɧɢɹ�ɫɭɦɦɚɪɧɨɝɨ�ɭɞɟɥɶɧɨɝɨ�ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
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Ɋɢɫɭɧɨɤ 8 – Ʉɪɢɜɵɟ�ɩɥɨɬɧɨɫɬɢ�ɪɚɫɩɪɟɞɟɥɟɧɢɹ�ɫɭɦɦɚɪɧɨɝɨ�ɭɞɟɥɶɧɨɝɨ�ɫɨɩɪɨɬɢɜɥɟɧɢɹ 

ɉɨ�ɪɢɫɭɧɤɚɦ 7 ɢ 8 ɦɨɠɧɨ�ɫɞɟɥɚɬɶ�ɜɵɜɨɞ, ɱɬɨ�ɩɪɢ�ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ�ɫɨɪɬɢ-
ɪɨɜɨɱɧɵɯ� ɝɨɪɨɤ� ɢ� ɜɵɛɨɪɟ� ɛɟɝɭɧɨɜ� ɧɟɨɛɯɨɞɢɦɨ� ɪɚɫɫɱɢɬɵɜɚɬɶ� ɤɪɢɜɵɟ� ɪɚɫ-
ɩɪɟɞɟɥɟɧɢɹ�ɫ�ɭɱɟɬɨɦ�ɜɚɝɨɧɨɩɨɬɨɤɚ�ɢ�ɨɬɰɟɩɨɩɨɬɨɤɚ�ɢ�ɪɚɫɩɪɟɞɟɥɟɧɢɹ�ɫɤɨɪɨ-
ɫɬɢ�ɞɜɢɠɟɧɢɹ�ɨɬɰɟɩɨɜ. 

ȼ�ɬɚɛɥɢɰɟ 2 ɩɪɟɞɫɬɚɜɥɟɧɵ�ɫɪɟɞɧɢɟ�ɡɧɚɱɟɧɢɹ�ɩɚɪɚɦɟɬɪɨɜ�ɫɨɩɪɨɬɢɜɥɟɧɢɣ 
ɨɬ� ɫɪɟɞɵ�ɢ� ɜɟɬɪɚ, ɫɭɦɦɚɪɧɨɝɨ� ɭɞɟɥɶɧɨɝɨ� ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɫɪɟɞɧɹɹ� ɫɤɨɪɨɫɬɶ 
ɞɜɢɠɟɧɢɹ�ɨɬɰɟɩɚ�ɜ�ɫɨɪɬɢɪɨɜɨɱɧɨɦ�ɩɚɪɤɟ. 
Ɍɚɛɥɢɰɚ 2 – ɋɪɟɞɧɢɟ�ɡɧɚɱɟɧɢɹ�ɩɚɪɚɦɟɬɪɨɜ�ɪɚɫɩɪɟɞɟɥɟɧɢɹ�ɫɨɩɪɨɬɢɜɥɟɧɢɣ 

ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ� Ʌɟɝɤɢɟ Ɉɞɧɨɜɚɝɨɧɧɵɟ ȼɫɟ 
ɋɪɟɞɧɹɹ� ɫɤɨɪɨɫɬɶ� ɞɜɢɠɟɧɢɹ 
ɨɬɰɟɩɚ, ɦ�ɫ 2 í í 2,0804 
ɋɪɟɞɧɟɟ� ɫɨɩɪɨɬɢɜɥɟɧɢɟ� ɨɬ 
ɫɪɟɞɵ�ɢ�ɜɟɬɪɚ, ɇ�ɤɇ í0,3719 í0,4875 í0,1758 í0,1138 
ɋɪɟɞɧɟɟ� ɫɭɦɦɚɪɧɨɟ� ɭɞɟɥɶɧɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ� ɞɜɢɠɟɧɢɸ� ɨɬ-
ɰɟɩɨɜ, ɇ�ɤɇ 1,4268 1,3113 1,2319 1,2627 
ȼɵɜɨɞɵ. 
1 ȼ�ɞɚɧɧɨɦ�ɢɫɫɥɟɞɨɜɚɧɢɢ�ɛɵɥɨ�ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɨ�ɜɥɢɹɧɢɟ�ɨɬɰɟɩɨɩɨɬɨɤɚ 

ɧɚ�ɭɞɟɥɶɧɵɟ�ɫɨɩɪɨɬɢɜɥɟɧɢɹ�ɞɜɢɠɟɧɢɸ�ɨɬɰɟɩɨɜ. ɉɪɢ�ɩɨɜɵɲɟɧɢɢ�ɤɨɥɢɱɟɫɬɜɚ 
ɜɚɝɨɧɨɜ� ɜ� ɨɬɰɟɩɟ� ɞɢɫɩɟɪɫɢɹ� ɢ� ɚɫɢɦɦɟɬɪɢɹ� ɩɨɱɬɢ� ɜɫɟɯ� ɪɚɫɩɪɟɞɟɥɟɧɢɣ 
ɭɦɟɧɶɲɚɟɬɫɹ. ȼ�ɪɟɡɭɥɶɬɚɬɟ�ɱɟɝɨ�ɜɟɪɨɹɬɧɨɫɬɶ�ɩɨɹɜɥɟɧɢɹ�ɛɟɝɭɧɨɜ�ɫ�ɩɨɜɵɲɟɧ-
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ɧɵɦ�ɢɥɢ�ɩɨɧɢɠɟɧɧɵɦ�ɫɭɦɦɚɪɧɵɦ�ɭɞɟɥɶɧɵɦ�ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ�ɨɱɟɧɶ�ɫɢɥɶɧɨ 
ɭɦɟɧɶɲɚɟɬɫɹ�ɨɬ�ɜɟɪɨɹɬɧɨɫɬɟɣ�ɬɨɥɶɤɨ�ɞɥɹ�ɥɟɝɤɨɣ�ɢɥɢ�ɬɹɠɟɥɨɣ�ɜɟɫɨɜɨɣ�ɤɚɬɟ-
ɝɨɪɢɢ. 

2 ɉɪɢ� ɭɱɟɬɟ� ɨɬɰɟɩɨɩɨɬɨɤɚ�ɢ�ɜɚɝɨɧɨɩɨɬɨɤɚ�ɩɪɢ�ɩɨɫɬɪɨɟɧɢɢ�ɪɚɫɩɪɟɞɟɥɟ-
ɧɢɹ� ɨɫɧɨɜɧɨɝɨ� ɭɞɟɥɶɧɨɝɨ� ɫɨɩɪɨɬɢɜɥɟɧɢɹ� ɛɵɥɨ� ɜɵɹɜɥɟɧɨ, ɱɬɨ� ɜɟɪɨɹɬɧɨɫɬɶ 
ɩɨɹɜɥɟɧɢɹ�ɨɱɟɧɶ�ɩɥɨɯɨɝɨ�ɛɟɝɭɧɚ�ɜ 10 ɪɚɡ�ɦɟɧɶɲɟ, ɱɟɦ�ɬɨɥɶɤɨ�ɞɥɹ�ɥɟɝɤɢɯ�ɨɬ-
ɰɟɩɨɜ�ɢ�ɜ 2 ɪɚɡɚ�ɦɟɧɶɲɟ, ɱɟɦ�ɩɪɢ�ɭɱɟɬɟ�ɬɨɥɶɤɨ�ɨɞɧɨɜɚɝɨɧɧɵɯ�ɨɬɰɟɩɨɜ. 

3 ȿɳɟ�ɨɞɧɢɦ�ɜɚɠɧɵɦ�ɜɵɜɨɞɨɦ�ɹɜɥɹɟɬɫɹ�ɬɨ, ɱɬɨ�ɜ�ɫɬɚɬɶɟ�ɛɵɥɚ�ɩɪɟɞɫɬɚɜ-
ɥɟɧɚ� ɧɟɜɨɡɦɨɠɧɨɫɬɶ� ɩɨɫɬɪɨɟɧɢɹ� ɤɪɢɜɵɯ� ɪɚɫɩɪɟɞɟɥɟɧɢɹ� ɫɨɩɪɨɬɢɜɥɟɧɢɹ� ɨɬ 
ɫɪɟɞɵ�ɢ� ɜɟɬɪɚ�ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɤɪɢɜɨɣ�ɪɚɫɩɪɟɞɟɥɟɧɢɹ� ɫɭɦɦɚɪɧɨɝɨ� ɭɞɟɥɶ-
ɧɨɝɨ�ɫɨɩɪɨɬɢɜɥɟɧɢɹ�ɫ�ɩɨɦɨɳɶɸ�ɚɧɚɥɢɬɢɱɟɫɤɢɯ�ɢ�ɞɪɭɝɢɯ�ɦɟɬɨɞɨɜ, ɤɪɨɦɟ�ɧɟ-
ɩɨɫɪɟɞɫɬɜɟɧɧɨ�ɢɦɢɬɚɰɢɨɧɧɨɝɨ�ɦɨɞɟɥɢɪɨɜɚɧɢɹ. ɗɬɨ�ɫɥɟɞɭɟɬ�ɢɡ�ɬɨɝɨ, ɱɬɨ�ɫɨ-
ɩɪɨɬɢɜɥɟɧɢɟ� ɨɬ� ɫɪɟɞɵ� ɢ� ɜɟɬɪɚ� ɡɚɜɢɫɢɬ� ɨɬ� ɫɤɨɪɨɫɬɢ� ɞɜɢɠɟɧɢɹ� ɨɬɰɟɩɚ� ɢ 
ɫɤɨɪɨɫɬɢ� ɞɜɢɠɟɧɢɹ� ɜɟɬɪɚ. ɉɪɢ� ɷɬɨɦ� ɧɚ� ɪɚɡɧɵɯ� ɭɱɚɫɬɤɚɯ� ɫɨɪɬɢɪɨɜɨɱɧɨɝɨ 
ɤɨɦɩɥɟɤɫɚ�ɛɭɞɟɬ�ɪɚɡɧɚɹ�ɫɤɨɪɨɫɬɶ�ɞɜɢɠɟɧɢɹ�ɨɬɰɟɩɚ, ɤɨɬɨɪɚɹ�ɨɛɭɫɥɚɜɥɢɜɚɟɬ-
ɫɹ�ɢɡɦɟɧɟɧɢɟɦ�ɩɪɨɮɢɥɹ�ɩɭɬɢ�ɢɥɢ�ɬɨɪɦɨɡɧɵɯ�ɜɨɡɞɟɣɫɬɜɢɣ�ɲɢɧ�ɡɚɦɟɞɥɢɬɟɥɹ. 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɤɨɪɨɫɬɶ�ɞɜɢɠɟɧɢɹ�ɧɟɨɛɯɨɞɢɦɨ�ɩɪɟɞɫɬɚɜɥɹɬɶ, ɤɚɤ�ɪɚɫɩɪɟɞɟ-
ɥɟɧɢɟ�ɫɤɨɪɨɫɬɢ�ɧɚ�ɞɚɧɧɨɦ�ɭɱɚɫɬɤɟ. ɂ�ɞɚɠɟ�ɩɨɥɭɱɟɧɧɚɹ�ɩɨ�ɞɚɧɧɨɦɭ�ɪɚɫɩɪɟ-
ɞɟɥɟɧɢɸ�ɫɪɟɞɧɹɹ�ɫɤɨɪɨɫɬɶ�ɦɨɠɟɬ�ɫɢɥɶɧɨ�ɨɬɥɢɱɚɬɶɫɹ�ɨɬ�ɧɨɪɦɚɬɢɜɧɨɣ. 

4 ɉɨɥɭɱɟɧɧɵɟ�ɜɵɜɨɞɵ�ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ�ɨ�ɧɟɜɨɡɦɨɠɧɨɫɬɢ�ɪɚɫɱɟɬɚ�ɫɨɪɬɢ-
ɪɨɜɨɱɧɨɝɨ�ɤɨɦɩɥɟɤɫɚ�ɬɨɥɶɤɨ�ɫ�ɩɨɦɨɳɶɸ�ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ�ɮɨɪɦɭɥ. Ⱦɥɹ�ɩɪɨ-
ɟɤɬɢɪɨɜɚɧɢɹ� ɫɨɪɬɢɪɨɜɨɱɧɵɯ� ɤɨɦɩɥɟɤɫɨɜ� ɧɟɨɛɯɨɞɢɦɨ� ɩɪɢɦɟɧɹɬɶ� ɦɟɬɨɞɢɤɭ 
ɢɦɢɬɚɰɢɨɧɧɨɝɨ�ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɤɨɬɨɪɚɹ� ɛɭɞɟɬ� ɭɱɢɬɵɜɚɬɶ� ɛɨɥɶɲɨɟ� ɤɨɥɢɱɟ-
ɫɬɜɨ� ɩɟɪɟɦɟɧɧɵɯ�ɮɚɤɬɨɪɨɜ�ɢ� ɛɭɞɟɬ� ɨɛɥɚɞɚɬɶ� ɛɨɥɟɟ� ɜɵɫɨɤɨɣ� ɬɨɱɧɨɫɬɶɸ� ɩɨ 
ɫɪɚɜɧɟɧɢɸ�ɫ�ɦɚɬɟɦɚɬɢɱɟɫɤɢɦ�ɪɚɫɱɟɬɨɦ. Ʉɪɨɦɟ�ɷɬɨɝɨ�ɧɚ�ɩɨɞɨɛɧɵɯ�ɦɨɞɟɥɹɯ 
ɦɨɠɧɨ�ɫɬɚɜɢɬɶ�ɷɤɫɩɟɪɢɦɟɧɬɵ, ɱɬɨ�ɹɜɥɹɟɬɫɹ�ɧɟɫɨɦɧɟɧɧɵɦ�ɩɥɸɫɨɦ�ɩɪɢ�ɪɚɫ-
ɱɟɬɟ�ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ�ɷɮɮɟɤɬɚ�ɨɬ�ɩɥɚɧɢɪɭɟɦɨɣ�ɦɨɞɟɪɧɢɡɚɰɢɢ. 
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K. KORNIENKO 

PLOTTING OF THE PROBABILITY CURVE OF THE SPECIFIC MOTION RE-
SISTANCE IN THE CLASSIFICATION TRACKS TAKING INTO ACCOUNT 
THE CAR AND CUT TRAFFIC VOLUME 

 
To date, the design of gravity hump is carried out in accordance with the “Rules and reg-

ulations for design of sorting devices on 1520 mm railways tracks”. Runners with specified 
characteristics by mass and specific motion resistance are used for calculation. When the car 
moves in gravity hump, it is affected by other types of specific motion resistance, which are 
also specified by the normative values. It can distinguish such as the temperature distribution 
of the outside air, the distribution of direction and force of the wind, the turbulence of the 
wind, the processed car and traffic volume, the speed of the car at various sections of the 
gravity hump. All these parameters are taken into account with a low accuracy, because of 
which there is an overestimation of the specifications of the gravity hump. In this article, the 
influence of these factors on the distribution of the specific motion resistance in the classifi-
cation track is considered. For the study, it used the developed simulation model for filling 
the classification track. As a result of the research, a distribution curve of the total resistivity 
was constructed. 
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