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Abstract. A modal analysis of asphalt concrete samples that were tested on vibrostand Kharkiv Natio-

nal Automobile and Highway University is carried out. Natural frequencies of the asphalt concrete 

samples are analytically and numerically calculated.  

 

Key words: asphalt concrete, vibrostand, modulus of elasticity, the oscillation frequency, the finite 

element method.  

 

 

ȼɜɟɞɟɧɢɟ 
 

ȼ ɥɸɛɨɣ ɤɨɥɟɛɚɬɟɥɶɧɨɣ ɫɢɫɬɟɦɟ ɟɫɬɶ ɜɚɠ-

ɧɟɣɲɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ – ɷɬɨ ɫɨɛɫɬɜɟɧɧɚɹ 
ɱɚɫɬɨɬɚ ɤɨɥɟɛɚɧɢɣ. Ⱦɥɹ ɟɟ ɨɩɪɟɞɟɥɟɧɢɹ ɢɫ-
ɩɨɥɶɡɭɸɬ ɦɨɞɚɥɶɧɵɣ ɚɧɚɥɢɡ, ɤɨɬɨɪɵɣ ɡɚ-
ɤɥɸɱɚɟɬɫɹ ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɱɚɫɬɨɬ ɢ ɮɨɪɦ 

(ɦɨɞ) ɫɨɛɫɬɜɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɤɨɧɫɬɪɭɤɰɢɢ.  

 

Ɋɟɡɨɧɚɧɫ ɤɨɥɟɛɚɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ, ɤɨɬɨɪɵɣ 

ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɧɟɨɝɪɚɧɢɱɟɧɧɵɦ ɪɨɫɬɨɦ ɚɦ-

ɩɥɢɬɭɞɵ, ɜɨɡɧɢɤɚɟɬ ɩɪɢ ɭɫɥɨɜɢɢ ɫɨɜɩɚɞɟɧɢɹ 

ɱɚɫɬɨɬɵ ɜɨɡɦɭɳɚɸɳɟɣ ɫɢɥɵ ɢ ɱɚɫɬɨɬɵ ɫɨɛ-
ɫɬɜɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦ-

ɩɟɪɚɬɭɪɵ ɜ ɚɫɮɚɥɶɬɨɛɟɬɨɧɟ ɜ ɛɨɥɶɲɟɣ ɢɥɢ 

ɦɟɧɶɲɟɣ ɫɬɟɩɟɧɢ ɜɫɟɝɞɚ ɦɨɠɟɬ ɛɵɬɶ ɞɟɦɩ-

ɮɢɪɨɜɚɧɢɟ – ɪɚɫɫɟɹɧɢɟ ɷɧɟɪɝɢɢ ɤɨɥɟɛɚɧɢɣ.  

 

Ɂɚ ɫɱɟɬ ɞɟɦɩɮɢɪɨɜɚɧɢɹ ɧɚ ɚɦɩɥɢɬɭɞɧɨ-ɱɚɫɬɨɬ-
ɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɦɨɠɟɬ ɜɨɡɧɢɤɚɬɶ ɪɟɡɨɧɚɧɫ-
ɧɵɣ ɩɢɤ, ɧɨ ɭɠɟ ɫ ɨɝɪɚɧɢɱɟɧɧɨɣ ɚɦɩɥɢɬɭɞɨɣ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɦɩɥɟɤɫ-
ɧɨɝɨ ɦɨɞɭɥɹ ɭɩɪɭɝɨɫɬɢ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɨ-
ɞɢɬɶ ɞɢɧɚɦɢɱɟɫɤɢɟ ɢɫɩɵɬɚɧɢɹ ɩɪɢ ɱɚɫɬɨɬɚɯ 
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ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ, ɧɟ ɫɨɜɩɚɞɚɸɳɢɯ ɫ ɱɚɫɬɨ-
ɬɚɦɢ ɫɨɛɫɬɜɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ.  

 

Ⱥɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ 

 

ɇɚ ɜɢɛɪɨɫɬɟɧɞɟ ɏɇȺȾɍ [1] ɪɟɚɥɢɡɭɟɬɫɹ ɫɥɟ-
ɞɭɸɳɚɹ ɫɯɟɦɚ ɢɫɩɵɬɚɧɢɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ ɧɚ 
ɞɢɧɚɦɢɱɟɫɤɢɟ ɜɨɡɞɟɣɫɬɜɢɹ (ɪɢɫ. 1). Ʉɨɧɫɨɥɶɧɨ-
ɡɚɤɪɟɩɥɟɧɧɵɣ ɨɛɪɚɡɟɰ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɛɚɥ-
ɤɢ (3) ɰɢɤɥɢɱɟɫɤɢ ɢɡɝɢɛɚɟɬɫɹ ɨɬ ɞɟɣɫɬɜɢɹ 
ɫɢɥɵ ɲɬɨɤɚ ɜɢɛɪɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ (2). ȼɢɛ-

ɪɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɪɟɚɥɢɡɭɟɬ ɦɟɯɚɧɢɱɟɫɤɭɸ 

ɧɚɝɪɭɡɤɭ ɪɚɡɧɨɣ ɮɨɪɦɵ, ɱɚɫɬɨɬɵ ɢ ɚɦɩɥɢɬɭ-
ɞɵ, ɤɨɬɨɪɭɸ ɡɚɞɚɟɬ ɝɟɧɟɪɚɬɨɪ ɝɚɪɦɨɧɢɱɟɫɤɢɯ 
ɫɢɝɧɚɥɨɜ (1).  

 

  
 

Ɋɢɫ. 1. ɋɯɟɦɚ ɜɢɛɪɨɫɬɟɧɞɚ ɏɇȺȾɍ: 1 – ɝɟɧɟ-
ɪɚɬɨɪ ɝɚɪɦɨɧɢɱɟɫɤɢɯ ɫɢɝɧɚɥɨɜ; 2 – ɜɢɛ-

ɪɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ; 3 – ɚɫɮɚɥɶɬɨɛɟ-
ɬɨɧɧɵɣ ɨɛɪɚɡɟɰ; 4 – ɞɚɬɱɢɤ ɩɟɪɟɦɟɳɟ-
ɧɢɹ ɜɢɛɪɨɚɩɩɚɪɚɬɭɪɵ; 5 – ɬɟɪɦɨɤɚɦɟɪɚ; 
6 – ɠɟɫɬɤɢɣ ɮɭɧɞɚɦɟɧɬ 

 

ɉɪɨɝɢɛ ɤɨɧɫɨɥɢ ɨɛɪɚɡɰɚ ɮɢɤɫɢɪɭɟɬɫɹ ɞɚɬɱɢ-

ɤɨɦ ɩɟɪɟɦɟɳɟɧɢɹ ɜɢɛɪɨɚɩɩɚɪɚɬɭɪɵ (4). ɉɪɢ 

ɬɚɤɨɣ ɫɯɟɦɟ ɢɫɩɵɬɚɧɢɣ ɜɨɡɧɢɤɚɸɬ ɜɵɧɭɠ-

ɞɟɧɧɵɟ ɤɨɥɟɛɚɧɢɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɝɨ ɨɛɪɚɡ-
ɰɚ. ɑɚɫɬɨɬɵ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɧɚ ɜɢɛɪɨɫɬɟɧɞɟ 
ɦɟɧɹɸɬɫɹ ɨɬ 0,01 Ƚɰ ɞɨ 40 Ƚɰ. ɋɱɢɬɚɟɬɫɹ, ɱɬɨ 
ɧɢɠɧɢɣ ɩɪɟɞɟɥ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɬɚɬɢɱɟɫɤɨɦɭ 
ɜɨɡɞɟɣɫɬɜɢɸ ɚɜɬɨɦɨɛɢɥɹ ɧɚ ɩɨɤɪɵɬɢɟ ɞɨɪɨ-
ɝɢ, ɜɟɪɯɧɢɣ – ɚɜɬɨɦɨɛɢɥɸ, ɞɜɢɠɭɳɟɦɭɫɹ ɫɨ 
ɫɤɨɪɨɫɬɶɸ ɛɨɥɟɟ 100 ɤɦ/ɱɚɫ. 
 

ɐɟɥɶ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

 

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɩɪɨɜɟɞɟɧɢɟ 
ɚɧɚɥɢɡɚ ɮɨɪɦ ɢ ɱɚɫɬɨɬ ɫɨɛɫɬɜɟɧɧɵɯ ɤɨɥɟɛɚ-
ɧɢɣ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɵɯ ɨɛɪɚɡɰɨɜ ɩɪɢ ɪɚɡɧɵɯ 
ɡɧɚɱɟɧɢɹɯ ɢɯ ɦɨɞɭɥɟɣ ɭɩɪɭɝɨɫɬɢ, ɱɬɨ ɫɨɨɬ-
ɜɟɬɫɬɜɭɟɬ ɪɚɡɥɢɱɧɵɦ ɢɯ ɮɢɡɢɱɟɫɤɢɦ ɫɨɫɬɨɹ-
ɧɢɹɦ ɩɪɢ ɪɚɡɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ.  

 

Ɇɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɣ 

 

Ɋɚɫɱɟɬ ɩɪɨɜɨɞɢɥɢ ɞɜɭɦɹ ɦɟɬɨɞɚɦɢ: ɚɧɚɥɢɬɢ-

ɱɟɫɤɢɦ ɢ ɱɢɫɥɟɧɧɵɦ. 

Аɧɚɥɢɬɢɱɟɫɤɢɣ ɦɟɬɨɞ. Ʉɨɧɫɨɥɶɧɨ ɡɚɤɪɟɩ-

ɥɟɧɧɚɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɚɹ ɛɚɥɤɚ (ɨɛɪɚɡɟɰ) 

ɹɜɥɹɟɬɫɹ ɩɪɹɦɵɦ ɫɬɟɪɠɧɟɦ ɢ ɢɦɟɟɬ ɤɚɤ ɢɡɝɢ-

ɛɚɸɳɢɟ, ɬɚɤ ɢ ɤɪɭɬɢɥɶɧɵɟ ɤɨɥɟɛɚɧɢɹ. Ȼɚɥɤɚ 
ɧɟɡɚɤɪɭɱɟɧɧɚɹ, ɫ ɫɢɦɦɟɬɪɢɱɧɵɦ ɫɟɱɟɧɢɟɦ, 

ɩɨɷɬɨɦɭ ɜ ɧɟɣ ɪɚɡɧɵɟ ɜɢɞɵ ɤɨɥɟɛɚɧɢɣ ɛɭɞɭɬ 
ɧɟɫɜɹɡɚɧɧɵɦɢ. Ɍɚɤ ɤɚɤ ɜɵɧɭɠɞɟɧɧɵɟ ɤɨɥɟ-
ɛɚɧɢɹ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɜɢɛ-

ɪɨɫɬɟɧɞɚ ɜɵɡɵɜɚɸɬ ɢɡɝɢɛ ɛɚɥɤɢ, ɬɨ ɪɚɫɫɦɨɬ-
ɪɟɧ ɬɨɥɶɤɨ ɷɬɨɬ ɜɢɞ ɤɨɥɟɛɚɧɢɣ.  
 

Ⱦɥɹ ɢɡɝɢɛɚɸɳɢɯ ɤɨɥɟɛɚɧɢɣ ɛɚɥɤɢ [2] ɭɪɚɜ-
ɧɟɧɢɟ ɩɨɩɟɪɟɱɧɵɯ ɩɟɪɟɦɟɳɟɧɢɣ ɢɦɟɟɬ ɜɢɞ 
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t t t

           ,           (1) 

 

ɝɞɟ ( ,  )z t  ɩɨɩɟɪɟɱɧɨɟ ɩɟɪɟɦɟɳɟɧɢɟ ɭɩɪɭ-

ɝɨɣ ɨɫɢ ɛɚɥɤɢ; E  – ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɦɚɬɟ-
ɪɢɚɥɚ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ;   – ɩɥɨɬɧɨɫɬɶ ɦɚɬɟ-
ɪɢɚɥɚ; Ix, F – ɨɫɟɜɨɣ ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɢ 

ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɛɚɥɤɢ. 
 

Ⱦɥɹ ɤɨɧɫɨɥɶɧɨɣ (ɡɚɳɟɦɥɟɧɧɨɣ ɢ ɫɜɨɛɨɞɧɨɣ 

ɧɚ ɞɪɭɝɨɦ ɤɨɧɰɟ) ɛɚɥɤɢ ɩɨɫɬɨɹɧɧɨɝɨ ɩɨɩɟ-
ɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɪɟɲɟɧɢɟ ɢɦɟɟɬ ɜɢɞ 
 

( ,  ) ( )sin ,n n nz t z t                (2) 

 

ɝɞɟ ɫɨɛɫɬɜɟɧɧɵɟ ɮɨɪɦɵ ɢɡɝɢɛɚɸɳɢɯ ɤɨɥɟɛɚ-
ɧɢɣ ɦɨɝɭɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɵ ɫ ɩɨɦɨɳɶɸ 

ɮɭɧɤɰɢɢ Ʉɪɵɥɨɜɚ [2] 
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( )

( )

( )
.

( )

n n n
n

n

n n n

n

V
z C U z V z

l S l

S
C U z V z

l T l

                  
              

 (3) 

 

Ɏɭɧɤɰɢɢ Ʉɪɵɥɨɜɚ S, T, U, V ɧɚɯɨɞɹɬɫɹ ɱɟɪɟɡ 
ɬɪɢɝɨɧɨɦɟɬɪɢɱɟɫɤɢɟ ɢ ɝɢɩɟɪɛɨɥɢɱɟɫɤɢɟ ɮɭɧ-

ɤɰɢɢ [2] 
 

1
cos ;

2

n n nS z ch z z
l l l

              

 

1
sin ;

2

n n nT z sh z z
l l l

              

(4) 

1
cos ;

2

n n nU z ch z z
l l l

              

 

1
sin

2

n n nV z sh z z
l l l

             . 



ВеȟȠник ХНАДУ, вып. 64, 2014 

 
132 

ɋɨɛɫɬɜɟɧɧɚɹ ɱɚɫɬɨɬɚ ɢɡɝɢɛɚɸɳɢɯ ɤɨɥɟɛɚɧɢɣ 

ɡɚɜɢɫɢɬ ɨɬ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɯ ɱɢɫɟɥ n . 

 
2

2

n x
n

EI

Fl

   , ɫ–1.                 (5) 

 

ɝɞɟ l  – ɞɥɢɧɚ ɛɚɥɤɢ. 

 

ɏɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɟ ɱɢɫɥɚ ɢ ɨɬɧɨɲɟɧɢɹ ɫɨɛ-
ɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɯ ɩɨɪɹɞɤɚ 
ɤ ɩɟɪɜɨɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 1.  
 

Ɍɚɛɥɢɰɚ 1 ɋɦɟɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɯ ɱɢɫɟɥ  
ɢ ɫɨɨɬɧɨɲɟɧɢɣ ɱɚɫɬɨɬ  

ɞɥɹ ɢɡɝɢɛɚɸɳɢɯ ɤɨɥɟɛɚɧɢɣ 

 

n 1 2 3 4 5n   

n  1,87 4,69 7,85 11,0 
2 1

2

n  

2
n  3,52 22,0 61,1 121 

2
2(2 1)

4

n    

1

n  1 6,25 17,5 34,3 
2

2(2 1)

14,08

n    

 

Ʉɪɭɝɨɜɚɹ ɱɚɫɬɨɬɚ   ɫɜɹɡɚɧɚ ɫ ɱɢɫɥɨɦ ɤɨɥɟ-
ɛɚɧɢɣ ɜ ɫɟɤɭɧɞɭ f  ɫɨɨɬɧɨɲɟɧɢɟɦ 

 

1

2
f

T

   , Ƚɰ                     (6) 

 

Чɢɫɥɟɧɧɵɣ ɦɟɬɨɞ. Ɋɚɫɱɟɬ ɮɨɪɦ ɢ ɱɚɫɬɨɬ ɫɨɛ-

ɫɬɜɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɩɪɨɜɨɞɢɥɫɹ ɫ ɢɫɩɨɥɶɡɨ-
ɜɚɧɢɟɦ ɦɟɬɨɞɚ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ (ɆɄɗ) 

ɧɚ ɨɫɧɨɜɟ ɩɪɨɝɪɚɦɦɵ ANSYS. Ɍɚɤɨɣ ɪɚɫɱɟɬ 
ɜɵɩɨɥɧɹɟɬɫɹ ɬɨɥɶɤɨ ɞɥɹ ɥɢɧɟɣɧɵɯ ɦɨɞɟɥɟɣ; 

ɜɫɟ ɧɟɥɢɧɟɣɧɨɫɬɢ, ɬɚɤɢɟ ɤɚɤ ɩɥɚɫɬɢɱɧɨɫɬɶ ɢ 

ɤɨɧɬɚɤɬɧɵɟ ɷɥɟɦɟɧɬɵ, ɢɝɧɨɪɢɪɭɸɬɫɹ, ɞɚɠɟ 
ɟɫɥɢ ɨɧɢ ɨɩɪɟɞɟɥɟɧɵ. ȼ ɩɪɨɝɪɚɦɦɧɨɦ ɤɨɦ-

ɩɥɟɤɫɟ ANSYS ɞɥɹ ɪɚɫɱɟɬɨɜ ɫɨɛɫɬɜɟɧɧɵɯ 

ɮɨɪɦ ɢ ɱɚɫɬɨɬ ɤɨɥɟɛɚɧɢɣ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ 

ɛɥɨɤɨɜɵɣ ɦɟɬɨɞ Ʌɚɧɰɨɲɚ [3]. Ⱦɥɹ ɫɨɡɞɚɧɢɹ 
ɦɨɞɟɥɢ ɢ ɜɵɩɨɥɧɟɧɢɹ ɪɚɫɱɟɬɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢ 

ɫɬɚɧɞɚɪɬɧɵɣ ɧɚɛɨɪ ɤɨɦɚɧɞ ɫɪɟɞɵ ɆɄɗ.  

 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢя 

 

Ⱦɥɹ ɢɫɫɥɟɞɭɟɦɵɯ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɵɯ ɛɚɥɨɤ 
ɪɚɡɦɟɪɨɦ 4×4×25 ɫɦ ɢ ɩɥɨɬɧɨɫɬɶɸ 2300 ɤɝ/ɦ3 

ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɡɧɚɱɟɧɢɹ ɫɨɛɫɬɜɟɧɧɵɯ ɱɚ-
ɫɬɨɬ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɦɨɞɭɥɹɯ ɭɩɪɭɝɨɫɬɢ E . 

ɉɪɢɧɢɦɚɥɢ ɡɧɚɱɟɧɢɹ 10000 Ɇɉɚ (ɦɝɧɨɜɟɧɧɵɣ 

ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ) ɞɥɹ ɫɬɟɤɥɨɨɛɪɚɡɧɨɝɨ ɫɨɫɬɨ-
ɹɧɢɹ, 100 Ɇɉɚ (ɞɥɢɬɟɥɶɧɵɣ ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ) 

ɞɥɹ ɜɹɡɤɨɩɥɚɫɬɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɢ 1000 Ɇɉɚ 

ɞɥɹ ɜɹɡɤɨɭɩɪɭɝɨɝɨ ɫɨɫɬɨɹɧɢɹ [1]. Ɋɟɡɭɥɶɬɚɬɵ 

ɪɚɫɱɟɬɚ ɩɨ ɮɨɪɦɭɥɚɦ (5) ɢ (6), ɚ ɬɚɤɠɟ ɪɟɡɭɥɶ-
ɬɚɬɵ ɱɢɫɥɟɧɧɨɝɨ ɪɚɫɱɟɬɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 2.  
 

Ɍɚɛɥɢɰɚ 2 ɋɨɛɫɬɜɟɧɧɵɟ ɱɚɫɬɨɬɵ ɢɡɝɢɛɚɸɳɢɯ 
ɤɨɥɟɛɚɧɢɣ ɩɟɪɜɨɣ ɮɨɪɦɵ  

ɞɥɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɛɚɥɤɢ 

 

Ɇɨɞɭɥɶ ɭɩɪɭ-
ɝɨɫɬɢ ɚɫɮɚɥɶ-
ɬɨɛɟɬɨɧɚ, 
Ɇɉɚ 

ɋɨɛɫɬɜɟɧɧɚɹ ɱɚɫɬɨɬɚ ɢɡɝɢɛɚɸ-

ɳɢɯ ɤɨɥɟɛɚɧɢɣ f , Ƚɰ 

ɚɧɚɥɢɬɢɱɟɫɤɢɣ 

ɪɚɫɱɟɬ 
ɱɢɫɥɟɧɧɵɣ 

ɪɚɫɱɟɬ 
100 21,6 21,3  

1000 68,2 67,5 

10000 215 213 

 

ɇɚ ɪɢɫ. 2 ɩɪɟɞɫɬɚɜɥɟɧɵ ɮɨɪɦɵ ɤɨɥɟɛɚɧɢɣ – 

ɩɟɪɜɚɹ, ɜɬɨɪɚɹ, ɬɪɟɬɶɹ ɢɡɝɢɛɚɸɳɢɟ ɢ ɩɟɪɜɚɹ 
ɤɪɭɬɢɥɶɧɚɹ ɞɥɹ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɛɚɥɤɢ. Ɂɧɚ-
ɱɟɧɢɹ ɫɨɛɫɬɜɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɚɫɮɚɥɶɬɨɛɟɬɨɧ-

ɧɨɝɨ ɨɛɪɚɡɰɚ ɫ ɦɨɞɭɥɟɦ ɭɩɪɭɝɨɫɬɢ 100 Ɇɉɚ, 
ɩɨɥɭɱɟɧɧɵɯ ɱɢɫɥɟɧɧɵɦ ɦɟɬɨɞɨɦ, ɞɥɹ ɷɬɢɯ 
ɮɨɪɦ – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ: 21,3; 121; 299 ɢ 122 Ƚɰ. 
 

Ⱥɧɚɥɢɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɞɥɹ ɢɡɝɢɛɚ (ɫɨɝɥɚɫɧɨ 
ɬɚɛɥ. 1) ɞɚɥ ɬɚɤɢɟ ɪɟɡɭɥɶɬɚɬɵ: ɞɥɹ ɩɟɪɜɨɣ, 

ɜɬɨɪɨɣ ɢ ɬɪɟɬɶɟɣ ɮɨɪɦ – 21,6; 135; 378 Ƚɰ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɋɚɡɧɢɰɚ ɡɧɚɱɟɧɢɣ, ɨɩɪɟɞɟ-
ɥɟɧɧɵɯ ɪɚɡɧɵɦɢ ɦɟɬɨɞɚɦɢ, ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ 
ɭɜɟɥɢɱɟɧɢɟɦ ɱɚɫɬɨɬɵ ɫɨɛɫɬɜɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ.  

 

 
 

Ɋɢɫ. 2. Ɏɨɪɦɵ ɤɨɥɟɛɚɧɢɣ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ 

ɛɚɥɤɢ 
 

Ɉɩɪɟɞɟɥɟɧɢɟ ɦɨɞɭɥɹ ɭɩɪɭɝɨɫɬɢ ɟɜɪɨɩɟɣɫɤɢɦ 

ɫɬɚɧɞɚɪɬɨɦ [4] ɬɚɤɠɟ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɟ ɨɛɪɚɡɰɨɜ ɬɪɚɩɟɰɢɟɜɢɞɧɨɣ ɮɨɪ-
ɦɵ, ɤɨɬɨɪɵɟ ɫɨɡɞɚɸɬ ɡɨɧɵ ɪɚɜɧɨɝɨ ɫɨɩɪɨ-
ɬɢɜɥɟɧɢɹ, ɱɬɨ ɜɚɠɧɨ ɞɥɹ ɢɫɩɵɬɚɧɢɣ 

ɧɟɨɞɧɨɪɨɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. ɂɫɩɵɬɚɧɢɹ ɨɛ-

ɪɚɡɰɨɜ ɬɚɤɨɣ ɮɨɪɦɵ ɪɟɚɥɢɡɨɜɚɧɵ ɧɚ ɜɢɛɪɨ-
ɫɬɟɧɞɟ ɏɇȺȾɍ. 

 

ɇɚ ɪɢɫ. 3 ɩɪɟɞɫɬɚɜɥɟɧɵ ɮɨɪɦɵ ɤɨɥɟɛɚɧɢɣ 

ɞɥɹ ɬɪɚɩɟɰɢɟɜɢɞɧɵɯ ɨɛɪɚɡɰɨɜ – ɩɟɪɜɵɟ ɢɡ-
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ɝɢɛɚɸɳɚɹ ɜ ɩɪɨɞɨɥɶɧɨɦ ɢ ɩɨɩɟɪɟɱɧɨɦ ɧɚ-
ɩɪɚɜɥɟɧɢɢ ɞɟɣɫɬɜɢɹ ɧɚɝɪɭɡɤɢ ɢ ɩɟɪɜɚɹ ɤɪɭ-

ɬɢɥɶɧɚɹ. Ɂɧɚɱɟɧɢɹ ɫɨɛɫɬɜɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ 

ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɝɨ ɨɛɪɚɡɰɚ ɫ ɦɨɞɭɥɟɦ ɭɩɪɭ-

ɝɨɫɬɢ 100 Ɇɉɚ ɞɥɹ ɷɬɢɯ ɮɨɪɦ ɫɨɨɬɜɟɬɫɬɜɟɧ-

ɧɨ – 31,7; 16,8 ɢ 145 Ƚɰ.   

 

 
 

Ɋɢɫ. 3. Ɏɨɪɦɵ ɤɨɥɟɛɚɧɢɣ ɬɪɚɩɟɰɢɟɜɢɞɧɵɯ 
ɨɛɪɚɡɰɨɜ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ 

 

Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɩɨɥɭɱɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɱɚɫɬɨɬ 
ɫɨɛɫɬɜɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɧɚ  ɜɢɛɪɨɫɬɟɧɞɟ 
ɏɇȺȾɍ ɩɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɟɥɤɨɡɟɪ-
ɧɢɫɬɨɝɨ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ ɬɢɩɚ «Ȼ» ɨɩɬɢɦɚɥɶ-
ɧɨɝɨ ɫɨɫɬɚɜɚ ɧɚ ɛɢɬɭɦɟ ȻɇȾ 60/90. Ȼɵɥɢ 

ɨɩɪɟɞɟɥɟɧɵ ɨɬɧɨɫɢɬɟɥɶɧɵɟ ɞɟɮɨɪɦɚɰɢɢ ɤɨɧ-

ɫɨɥɢ (ε) ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɛɚɥɤɢ ɢɡ ɷɬɨɝɨ ɦɚɬɟ-
ɪɢɚɥɚ ɩɪɢ ɞɟɣɫɬɜɢɢ ɝɚɪɦɨɧɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ 

ɪɚɡɧɨɣ ɱɚɫɬɨɬɵ. Ɍɟɦɩɟɪɚɬɭɪɚ ɢɫɩɵɬɚɧɢɹ ɫɨ-
ɫɬɚɜɥɹɥɚ ɩɥɸɫ 50 °ɋ, ɩɪɢ ɤɨɬɨɪɨɣ ɦɨ- 
ɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ ɦɢɧɢɦɚɥɶ-
ɧɵɣ ɜ ɩɪɢɧɹɬɨɦ, ɫɨɝɥɚɫɧɨ ɦɟɬɨɞɢɤɟ, ɞɢɚɩɚ-
ɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ. ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɱɚɫɬɨɬɵ  

ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɚɫɮɚɥɶ-
ɬɨɛɟɬɨɧɚ ɪɚɫɬɟɬ, ɱɬɨ ɨɬɪɚɠɚɟɬɫɹ ɧɚ ɭɦɟɧɶɲɟ-
ɧɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɞɟɮɨɪɦɚɰɢɢ ɤɨɧɫɨɥɢ 

ɛɚɥɤɢ ɩɪɢ ɧɟɢɡɦɟɧɧɨɦ ɭɪɨɜɧɟ ɧɚɝɪɭɠɟɧɢɹ 
(ɪɢɫ. 4).  
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f, Ƚɰ 

 

Ɋɢɫ. 4. Ɋɟɡɨɧɚɧɫ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɛɚɥɤɢ 

 

ȼ ɨɛɥɚɫɬɢ ɡɧɚɱɟɧɢɣ ɱɚɫɬɨɬ ɛɨɥɟɟ 10 Ƚɰ 

ɧɚɛɥɸɞɚɥɫɹ ɪɟɡɨɧɚɧɫ ɤɨɥɟɛɚɧɢɣ, ɩɢɤ ɤɨɬɨ-

ɪɵɯ ɩɪɢɯɨɞɢɥɫɹ ɧɚ ɱɚɫɬɨɬɭ 40 Ƚɰ. Ɂɧɚɱɟɧɢɟ 
ɦɨɞɭɥɹ ɭɩɪɭɝɨɫɬɢ ɩɪɢ ɷɬɨɣ ɱɚɫɬɨɬɟ (ɩɪɢ ɷɤɫ-
ɬɪɚɩɨɥɹɰɢɢ ɧɚ ɱɚɫɬɨɬɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ) ɫɨ-
ɫɬɚɜɥɹɥɨ 420 Ɇɉɚ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɚɫɱɟɬ-
ɧɨɣ ɱɚɫɬɨɬɟ ɫɨɛɫɬɜɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ 43 Ƚɰ. 

 

ȼɵɜɨɞɵ 

 

ɉɪɨɜɟɞɟɧ ɪɚɫɱɟɬ ɱɚɫɬɨɬ ɫɨɛɫɬɜɟɧɧɵɯ ɤɨɥɟɛɚ-
ɧɢɣ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɨɣ ɛɚɥɤɢ (ɦɨɞɚɥɶɧɵɣ ɚɧɚ-
ɥɢɡ) ɩɨ ɢɡɜɟɫɬɧɵɦ ɚɧɚɥɢɬɢɱɟɫɤɢɦ ɮɨɪɦɭɥɚɦ, 

ɤɨɬɨɪɵɣ ɩɨɞɬɜɟɪɠɞɟɧ ɪɚɫɱɟɬɨɦ ɩɨ ɱɢɫɥɟɧɧɨ-
ɦɭ ɦɟɬɨɞɭ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ. Ɋɟɡɭɥɶɬɚɬɵ 

ɪɚɫɱɟɬɚ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɵɣ ɜɢɞ 
ɤɨɥɟɛɚɧɢɣ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɵɯ ɛɚɥɨɤ, ɤɨɬɨɪɵɟ 
ɢɫɩɵɬɵɜɚɸɬɫɹ ɧɚ ɜɢɛɪɨɫɬɟɧɞɟ ɏɇȺȾɍ, – ɢɡ-
ɝɢɛɚɸɳɢɣ, ɚ ɡɧɚɱɢɦɚɹ ɮɨɪɦɚ – ɩɟɪɜɚɹ, ɬ. ɤ. ɭ 
ɧɟɟ ɧɚɢɦɟɧɶɲɟɟ ɡɧɚɱɟɧɢɟ ɱɚɫɬɨɬɵ ɤɨɥɟɛɚɧɢɹ. 
ɗɬɚ ɱɚɫɬɨɬɚ ɫɨɜɩɚɞɚɟɬ ɫ ɱɚɫɬɨɬɧɵɦ ɞɢɚɩɚɡɨ-
ɧɨɦ ɢɡɦɟɪɟɧɢɹ ɦɨɞɭɥɹ ɭɩɪɭɝɨɫɬɢ. 

 

ɉɪɢ ɜɵɫɨɤɢɯ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɬɟɦɩɟɪɚɬɭ-
ɪɚɯ 35–50 °ɋ, ɤɨɝɞɚ ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɚɫ-
ɮɚɥɶɬɨɛɟɬɨɧɚ ɢɦɟɟɬ ɡɧɚɱɟɧɢɹ, ɛɥɢɡɤɢɟ ɤ 
100 Ɇɉɚ, ɧɚɢɦɟɧɶɲɢɟ ɡɧɚɱɟɧɢɹ ɱɚɫɬɨɬ ɫɨɛ-

ɫɬɜɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɞɥɹ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɢ 

ɬɪɚɩɟɰɢɟɜɢɞɧɨɣ ɛɚɥɨɤ ɫɨɫɬɚɜɥɹɸɬ ɫɨɨɬɜɟɬ-
ɫɬɜɟɧɧɨ 21 ɢ 32 Ƚɰ. ɉɨɷɬɨɦɭ ɨɩɪɟɞɟɥɟɧɢɟ 
ɦɨɞɭɥɹ ɭɩɪɭɝɨɫɬɢ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ ɧɚ ɜɢɛɪɨ-
ɫɬɟɧɞɟ ɏɇȺȾɍ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɨɞɢɬɶ ɫ ɭɱɟ-
ɬɨɦ ɪɟɡɨɧɚɧɫɧɵɯ ɤɨɥɟɛɚɧɢɣ ɫɢɫɬɟɦɵ ɜ ɡɚɜɢɫɢ-

ɦɨɫɬɢ ɨɬ ɠɟɫɬɤɨɫɬɢ ɢɫɩɵɬɵɜɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ.  
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