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Вɨɥɶɬɟɪɪɚ. 
 
Клɸɱевые ɫлɨва: ɛɚɥɤɚ, ɧɚɝɪɭɡɤɚ, ɩɟɪɟɦɟɳɟɧɢɹ, ɞɟɮɨɪɦɚɰɢɢ, ɢɞɟɧɬɢɮɢɤɚɰɢɹ. 
 

ȼɉɅɂȼ ȽɊȺɇɂɑɇɂɏ ɍɆɈȼ ɇȺ əɄȱɋɌɖ 

ȱȾȿɇɌɂɎȱɄȺɐȱȲ ɇȿɋɌȺɐȱɈɇȺɊɇɈȽɈ ɇȺȼȺɇɌȺɀȿɇɇə ɇȺ ȻȺɅɄɍ 

 

ȼ.Ɍ. Ƚɪɢɲɚɤɿɧ, ɞɨɰɟɧɬ, ɤ.ɬ.ɧ., ɏɇȺȾɍ 

 
Аɧɨɬаɰіɹ. Вɢɤɥɚɞɟɧɨ ɬɚ ɡɿɫɬɚɜɥɟɧɨ ɩɿɞɯɨɞɢ ɞɨ ɜɢɪɿɲɟɧɧɹ ɡɚɜɞɚɧɶ ɿɞɟɧɬɢɮɿɤɚɰɿʀ ɞɿɸɱɨɝɨ ɧɚ 

ɡɚɳɟɦɥɟɧɿ ɛɚɥɤɢ ɩɨɫɬɿɣɧɨɝɨ ɩɨɩɟɪɟɱɧɨɝɨ ɩɟɪɟɪɿɡɭ ɿɦɩɭɥɶɫɧɨɝɨ ɧɚɜɚɧɬɚɠɟɧɧɹ, ɹɤɿ є ɫɤɥɚɞɨɜɢɦɢ 
ɟɥɟɦɟɧɬɚɦɢ ɤɨɧɫɬɪɭɤɰɿɣ, ɳɨ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɜ ɦɚɲɢɧɨɛɭɞɭɜɚɧɧɿ. Ɋɨɡɪɨɛɥɟɧɢɦɢ ɩɿɞɯɨɞɚɦɢ 
ɡɚɞɚɱɿ ɡɜɟɞɟɧɿ ɞɨ ɱɢɫɟɥɶɧɨɝɨ ɪɨɡɜ’ɹɡɚɧɧɹ ɫɢɫɬɟɦ ɿɧɬɟɝɪɚɥɶɧɢɯ ɪɿɜɧɹɧɶ Вɨɥɶɬɟɪɪɚ. 
 
Клɸɱɨві ɫлɨва: ɛɚɥɤɚ, ɧɚɜɚɧɬɚɠɟɧɧɹ, ɩɟɪɟɦɿɳɟɧɧɹ, ɞɟɮɨɪɦɚɰɿʀ, ɿɞɟɧɬɢɮɿɤɚɰɿɹ. 
 

INFLUENCE OF BOUNDARY CONDITIONS ON THE QUALITY  

OF NON-STATIONARY LOAD ON A BEAM  
 

V. Grishakin, Associate Professor, Candidate of Technical Sciences, KNAHU 
 

Abstract. The approaches to solving the problems of acting on crimped constant cross-section beams 

identification of pulse loads, which are the constituent elements of the structures used in mechanical 

engineering are presented and compared. By means of the developed approaches the problems are 

reduced to a numerical solution of Volterra integral equations systems. 
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ȼɜɟɞɟɧɢɟ 
 

ȼ ɫɜɹɡɢ ɫ ɧɟɭɤɥɨɧɧɵɦ ɭɜɟɥɢɱɟɧɢɟɦ ɫɥɨɠɧɨ-

ɫɬɢ ɩɪɨɢɡɜɨɞɢɦɵɯ ɦɟɬɚɥɥɨɤɨɧɫɬɪɭɤɰɢɣ ɢ 

ɪɨɫɬɨɦ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɜɨɡɦɨɠɧɨɫɬɟɣ ɫɨ-
ɜɪɟɦɟɧɧɨɣ ɬɟɯɧɢɤɢ ɩɪɨɛɥɟɦɟ ɢɡɭɱɟɧɢɹ ɧɟ-
ɫɬɚɰɢɨɧɚɪɧɵɯ ɤɨɥɟɛɚɧɢɣ ɤɨɧɫɬɪɭɤɰɢɣ ɫ ɪɚɫ-
ɩɪɟɞɟɥɟɧɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ 

ɢɦɩɭɥɶɫɧɵɯ ɧɚɝɪɭɡɨɤ, ɚ ɬɚɤɠɟ ɧɚɝɪɭɡɨɤ, ɦɟ-
ɫɬɨ ɩɪɢɥɨɠɟɧɢɹ ɤɨɬɨɪɵɯ ɦɟɧɹɟɬɫɹ ɜɨ ɜɪɟɦɟ-
ɧɢ, ɜ ɬɟɨɪɢɢ ɤɨɥɟɛɚɧɢɣ ɞɟɮɨɪɦɢɪɭɟɦɵɯ ɫɢ-

ɫɬɟɦ ɭɞɟɥɹɸɬ ɜɫɟ ɛɨɥɶɲɟɟ ɜɧɢɦɚɧɢɟ. ȼ 

ɧɚɫɬɨɹɳɟɣ ɫɬɚɬɶɟ ɢɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ ɮɚɤ-
ɬɢɱɟɫɤɨɝɨ ɡɚɤɪɟɩɥɟɧɢɹ ɛɚɥɤɢ ɧɚ ɤɚɱɟɫɬɜɨ 

ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɢɦɩɭɥɶɫɧɨɣ ɧɚɝɪɭɡɤɢ, ɩɪɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɪɚɡɥɢɱɧɵɯ ɩɨɞɯɨɞɨɜ ɤ ɪɟɲɟ-
ɧɢɸ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ. 

 

Ⱥɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ 

 

Ʉɪɚɬɤɢɣ ɥɢɬɟɪɚɬɭɪɧɵɣ ɨɛɡɨɪ ɪɚɛɨɬ ɭɤɚɡɚɧ-

ɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɢ ɨɩɢɫɚɧɢɟ ɧɟɤɨɬɨɪɵɯ ɡɚ-
ɞɚɱ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɬɢɩɨɜ ɩɪɢɜɟɞɟɧɵ ɜ 
ɦɨɧɨɝɪɚɮɢɢ [9]. Ɍɚɤɠɟ ɧɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ 
ɪɹɞ ɩɭɛɥɢɤɚɰɢɣ [1, 4, 5], ɜ ɤɨɬɨɪɵɯ ɨɫɜɟɳɟ-
ɧɵ ɪɚɡɥɢɱɧɵɟ ɩɨɫɬɚɧɨɜɤɢ, ɦɟɬɨɞɵ ɪɟɲɟɧɢɹ, 
ɭɫɥɨɜɢɹ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɟɞɢɧɫɬɜɟɧɧɨɫɬɶ, ɢ 
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ɞɪɭɝɢɟ ɚɫɩɟɤɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɛɪɚɬɧɵɯ ɡɚ-
ɞɚɱ. 
 

ɐɟɥɶ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

 

Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɛɚɥɤɚ ɞɥɢɧɨɣ 2l ɩɪɹɦɨ-
ɭɝɨɥɶɧɨɝɨ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɩɥɨɳɚɞɶɸ 

F = b·h, ɤɨɬɨɪɚɹ ɫɜɹɡɚɧɚ ɫ ɞɟɤɚɪɬɨɜɨɣ ɫɢɫɬɟ-
ɦɨɣ ɤɨɨɪɞɢɧɚɬ: ɨɫɶ ɚɛɫɰɢɫɫ ɧɚɩɪɚɜɥɟɧɚ ɜɞɨɥɶ 
ɛɚɥɤɢ, a ɨɫɶ ɨɪɞɢɧɚɬ ɪɚɜɧɨɭɞɚɥɟɧɚ ɨɬ ɟɟ ɬɨɪ-
ɰɨɜ. ɂɫɫɥɟɞɭɟɬɫɹ ɜɥɢɹɧɢɟ ɡɚɤɪɟɩɥɟɧɢɹ ɬɨɪ-
ɰɨɜ ɛɚɥɤɢ ɧɚ ɤɚɱɟɫɬɜɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɩɪɢ-

ɥɨɠɟɧɧɨɣ ɤ ɬɨɱɤɟ x=0 ɧɚɝɪɭɡɤɢ P(t) ɩɨ 
ɞɚɧɧɵɦ ɢɡɦɟɪɟɧɢɹ ɧɨɪɦɚɥɶɧɵɯ ɩɟɪɟɦɟɳɟ-
ɧɢɣ ɛɚɥɤɢ ɜ ɬɨɱɤɟ x=x0. ɇɚɱɚɥɶɧɵɟ ɭɫɥɨɜɢɹ 
ɫɱɢɬɚɸɬɫɹ ɨɞɧɨɪɨɞɧɵɦɢ (ɞɨ ɦɨɦɟɧɬɚ ɜɪɟɦɟ-
ɧɢ t=0 ɛɚɥɤɚ ɧɚɯɨɞɢɬɫɹ ɜ ɫɨɫɬɨɹɧɢɢ ɩɨɤɨɹ).  
 

Ɇɟɬɨɞ ɪɟɲɟɧɢя 

 

ȼ ɪɚɦɤɚɯ ɝɢɩɨɬɟɡ Ʉɢɪɯɝɨɮɚ–Ʌɹɜɚ ɭɪɚɜɧɟɧɢɟ, 
ɨɩɢɫɵɜɚɸɳɟɟ ɩɨɩɟɪɟɱɧɵɟ ɤɨɥɟɛɚɧɢɹ ɛɚɥɤɢ, 

ɢ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 
ɠɟɫɬɤɨɦɭ ɡɚɳɟɦɥɟɧɢɸ ɟɟ ɬɨɪɰɨɜ, ɢɦɟɸɬ ɜɢɞ 
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ɝɞɟ  ,w x t  – ɧɨɪɦɚɥɶɧɵɟ ɩɟɪɟɦɟɳɟɧɢɹ ɬɨɱɟɤ 
ɛɚɥɤɢ;    q P t x   – ɞɟɣɫɬɜɭɸɳɚɹ ɧɚ ɛɚɥɤɭ 
ɩɨɩɟɪɟɱɧɚɹ ɧɚɝɪɭɡɤɚ (  x  – ɞɟɥɶɬɚ-ɮɭɧɤɰɢɹ 
Ⱦɢɪɚɤɚ);   – ɩɥɨɬɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ; E – ɦɨ-
ɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ; 3 12I bh  – 

ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɛɚɥɤɢ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɟɟ ɨɫɢ. 

 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ (1), (2) ɩɪɢɦɟɧɢɦ ɢɧɬɟ-
ɝɪɚɥɶɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ʌɚɩɥɚɫɚ ɩɨ ɜɪɟɦɟ-
ɧɢ. ȼ ɩɪɨɫɬɪɚɧɫɬɜɟ ɢɡɨɛɪɚɠɟɧɢɣ, ɫ ɭɱɟɬɨɦ 

ɧɭɥɟɜɵɯ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɣ ɢ ɫɢɦɦɟɬɪɢɢ 

ɩɨɩɟɪɟɱɧɵɯ ɩɟɪɟɦɟɳɟɧɢɣ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɧɚɱɚɥɚ ɤɨɨɪɞɢɧɚɬ, ɨɛɳɟɟ ɪɟɲɟɧɢɟ (1) ɩɪɟɞ-

ɫɬɚɜɢɦ ɜ ɜɢɞɟ [3, 10] 
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ɝɞɟ ɢɧɞɟɤɫɨɦ L ɨɛɨɡɧɚɱɟɧɵ ɫɨɨɬɜɟɬɫɬɜɭɸ-
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ȼɯɨɞɹɳɢɟ ɜ (3) ɧɟɢɡɜɟɫɬɧɵɟ ɮɭɧɤɰɢɢ  L
jA s  

( 1,2j  ) ɢ  LP s  ɨɩɪɟɞɟɥɹɸɬɫɹ ɢɡ ɚɥɝɟɛɪɚɢ-

ɱɟɫɤɨɣ ɫɢɫɬɟɦɵ  
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ɤɨɬɨɪɚɹ ɩɨɥɭɱɚɟɬɫɹ ɩɨɞɫɬɚɧɨɜɤɨɣ (3) ɜ ɝɪɚ-
ɧɢɱɧɵɟ ɭɫɥɨɜɢɹ (2) ɢ ɭɫɥɨɜɢɟ    

0 ,w x t W t  

ɜ ɬɨɱɤɟ ɪɟɝɢɫɬɪɚɰɢɢ ɩɟɪɟɦɟɳɟɧɢɣ ( 0x x ). 

ȼ ɷɬɨɣ ɫɢɫɬɟɦɟ ɢɫɩɨɥɶɡɨɜɚɧɵ ɫɥɟɞɭɸɳɢɟ 
ɨɛɨɡɧɚɱɟɧɢɹ: 
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     6 4 2 2
1 0

sinL k
k

k k

s l
l s




      . 

 

ɉɪɢ ɪɟɲɟɧɢɢ ɫɢɫɬɟɦɵ (4) ɜ ɹɜɧɨɦ ɜɢɞɟ ɩɨ-
ɥɭɱɚɟɦɵɟ ɮɨɪɦɭɥɵ ɫɬɚɧɨɜɹɬɫɹ ɧɚɫɬɨɥɶɤɨ 
ɫɥɨɠɧɵɦɢ ɢ ɝɪɨɦɨɡɞɤɢɦɢ, ɱɬɨ ɩɨɫɥɟɞɭɸɳɢɣ 

ɩɟɪɟɯɨɞ ɜ ɩɪɨɫɬɪɚɧɫɬɜɨ ɨɪɢɝɢɧɚɥɨɜ ɫɜɹɡɚɧ ɫ 
ɩɪɢɧɰɢɩɢɚɥɶɧɵɦɢ ɦɚɬɟɦɚɬɢɱɟɫɤɢɦɢ ɬɪɭɞɧɨ-
ɫɬɹɦɢ. ɉɨɷɬɨɦɭ ɩɪɨɢɡɜɨɞɢɬɫɹ ɟɟ ɫɬɪɨɝɚɹ  
ɢɧɜɟɪɫɢɹ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɡɚɞɚɱɚ ɫɜɨɞɢɬɫɹ 
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ɤ ɪɟɲɟɧɢɸ ɫɢɫɬɟɦɵ ɢɧɬɟɝɪɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ 

ȼɨɥɶɬɟɪɪɚ I ɪɨɞɚ 
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ɹɞɪɚ  ,j x t  ( 1,6j  ) ɤɨɬɨɪɵɯ ɧɚɣɞɟɧɵ 

ɚɧɚɥɢɬɢɱɟɫɤɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɚɛɥɢɰ ɨɩɟ-
ɪɚɰɢɨɧɧɨɝɨ ɢɫɱɢɫɥɟɧɢɹ [7] ɢ ɢɦɟɸɬ ɫɥɟɞɭ-
ɸɳɢɣ ɜɢɞ: 
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ɝɞɟ  C x  ɢ  S x  – ɢɧɬɟɝɪɚɥɵ Ɏɪɟɧɟɥɹ: 

 
0

1 cos

2

x

C x d
   ;  

0

1 sin

2

x

S x d
   . 

ɋɢɫɬɟɦɚ ɢɧɬɟɝɪɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ (5) ɪɟɲɚ-
ɥɚɫɶ ɦɟɬɨɞɨɦ ɤɜɚɞɪɚɬɭɪ. Ɋɚɫɱɟɬɵ ɩɪɨɜɨɞɢ-

ɥɢɫɶ ɫ ɩɪɢɜɥɟɱɟɧɢɟɦ ɚɥɝɨɪɢɬɦɨɜ, ɭɫɬɨɣɱɢ-

ɜɵɯ ɤ ɩɨɝɪɟɲɧɨɫɬɹɦ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ [8, 9]. 

ɇɚɣɞɟɧɧɵɟ ɡɧɚɱɟɧɢɹ  L
jA s  ( 1,2j  ) ɩɨɫɥɟ 

ɢɧɜɟɪɫɢɢ ɜɵɪɚɠɟɧɢɹ (3) ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɩɪɢ 

ɜɵɱɢɫɥɟɧɢɢ ɩɨɩɟɪɟɱɧɵɯ ɩɟɪɟɦɟɳɟɧɢɣ ɛɚɥɤɢ 
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 (6) 

 

ȼ ɫɥɭɱɚɟ ɲɚɪɧɢɪɧɨɝɨ ɡɚɤɪɟɩɥɟɧɢɹ ɡɚɞɚɱɚ 
ɬɚɤɠɟ ɦɨɠɟɬ ɛɵɬɶ ɫɜɟɞɟɧɚ ɤ ɩɨɞɨɛɧɨɣ (5) 

ɫɢɫɬɟɦɟ ɢɧɬɟɝɪɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ, ɤɨɬɨɪɚɹ 
ɩɨɥɭɱɚɟɬɫɹ ɩɨɞɫɬɚɧɨɜɤɨɣ ɪɟɲɟɧɢɹ (3) ɜ 
ɬɪɚɧɫɮɨɪɦɢɪɨɜɚɧɧɵɟ ɩɨ Ʌɚɩɥɚɫɭ ɭɪɚɜɧɟɧɢɹ 
(1) ɢ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ 0x lw    ɢ 

2 2 0
x l

w x    , ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɲɚɪɧɢɪ-
ɧɨɦɭ ɡɚɤɪɟɩɥɟɧɢɸ ɬɨɪɰɨɜ, ɢ ɩɨɫɥɟɞɭɸɳɢɦ 

ɩɟɪɟɯɨɞɨɦ ɜ ɩɪɨɫɬɪɚɧɫɬɜɨ ɨɪɢɝɢɧɚɥɨɜ. ȼɬɨ-
ɪɨɟ ɭɪɚɜɧɟɧɢɟ ɭɩɨɦɹɧɭɬɨɣ ɫɢɫɬɟɦɵ ɡɚɩɢ-

ɲɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
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ɚ ɟɟ ɪɟɲɟɧɢɟ ɫɜɨɞɢɬɫɹ ɤ ɪɟɲɟɧɢɸ ɢɧɬɟɝɪɚɥɶ-
ɧɨɝɨ ɭɪɚɜɧɟɧɢɹ  

 

      
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P x t d W t       (7) 

 

ɨɬɧɨɫɢɬɟɥɶɧɨ  P t , ɮɭɧɤɰɢɢ  
1A t  ɢ  

2A t  

ɩɪɢ ɷɬɨɦ ɬɨɠɞɟɫɬɜɟɧɧɨ ɪɚɜɧɵ ɧɭɥɸ. 

 

Ⱥɥɶɬɟɪɧɚɬɢɜɧɵɣ ɦɟɬɨɞ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ (1), 

(2) ɦɨɠɟɬ ɛɵɬɶ ɪɚɡɜɢɬ ɧɚ ɩɨɞɯɨɞɟ, ɢɡɥɨɠɟɧ-

ɧɨɦ ɜ ɪɚɛɨɬɚɯ [6, 11], ɤɨɬɨɪɵɣ ɡɚɤɥɸɱɚɟɬɫɹ 
ɜɨ ɜɜɟɞɟɧɢɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɫɨɫɪɟɞɨɬɨ-
ɱɟɧɧɵɯ ɧɚɝɪɭɡɨɤ  

1P t , ɩɪɢɥɨɠɟɧɧɵɯ ɜ 
ɨɤɪɟɫɬɧɨɫɬɢ ɬɨɪɰɨɜ ɛɚɥɤɢ, – 
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        
1q P t x P t l x       , 0 . 

ɉɪɟɞɫɬɚɜɢɜ ɪɟɲɟɧɢɟ (1) ɜ ɜɢɞɟ ɪɚɡɥɨɠɟɧɢɹ 
ɩɨ ɫɨɛɫɬɜɟɧɧɵɦ ɮɨɪɦɚɦ ɤɨɥɟɛɚɧɢɹ ɛɚɥɤɢ 

[11], ɧɟɫɥɨɠɧɨ ɧɚ ɨɫɧɨɜɚɧɢɢ ɫɜɨɣɫɬɜɚ ɨɪɬɨ-
ɝɨɧɚɥɶɧɨɫɬɢ ɬɪɢɝɨɧɨɦɟɬɪɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ 

ɩɨɥɭɱɢɬɶ ɜɵɪɚɠɟɧɢɟ  
          3 8, , ,L L L L Lw x s P s x s M s x s    ,(8) 

 

ɩɪɢ ɩɨɥɭɱɟɧɢɢ ɤɨɬɨɪɨɝɨ ɜɵɩɨɥɧɟɧ ɩɪɟɞɟɥɶ-
ɧɵɣ ɩɟɪɟɯɨɞ    L LP s M s , ɚ 
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ɉɨɫɥɟɞɭɸɳɢɣ ɩɟɪɟɯɨɞ ɜ ɨɛɥɚɫɬɶ ɨɪɢɝɢɧɚɥɨɜ 
ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɨɪɟɦɵ ɨ ɫɜɟɪɬɤɟ ɢ ɬɚɛ-

ɥɢɰ [7] ɧɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɩɪɢɧɰɢɩɢɚɥɶɧɵɯ ɡɚ-
ɬɪɭɞɧɟɧɢɣ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɡɚɞɚɱɚ ɢɞɟɧɬɢ-

ɮɢɤɚɰɢɢ ɮɭɧɤɰɢɢ  P t  ɫɜɨɞɢɬɫɹ ɤ ɪɟɲɟɧɢɸ 

ɫɢɫɬɟɦɵ ɢɧɬɟɝɪɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ȼɨɥɶɬɟɪɪɚ 
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(9) 

 

ɜɬɨɪɨɟ ɭɪɚɜɧɟɧɢɟ ɤɨɬɨɪɨɣ ɩɨɥɭɱɟɧɨ ɩɨɞɫɬɚ-
ɧɨɜɤɨɣ ɨɪɢɝɢɧɚɥɚ (8) ɜ ɝɪɚɧɢɱɧɨɟ ɭɫɥɨɜɢɟ 

0
x l

w x     ɜ ɫɥɭɱɚɟ ɠɟɫɬɤɨɝɨ ɡɚɳɟɦɥɟɧɢɹ 
ɬɨɪɰɚ ɛɚɥɤɢ. əɞɪɚ ɫɢɫɬɟɦɵ (9) ɹɜɥɹɸɬɫɹ ɬɚɛ-

ɥɢɱɧɵɦɢ 
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Ɋɟɲɟɧɢɟ ɫɢɫɬɟɦɵ (9) ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɱɢɫ-
ɥɟɧɧɨ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɚ ɤɜɚɞɪɚɬɭɪ ɢ 

ɪɟɝɭɥɹɪɢɡɢɪɭɸɳɟɝɨ ɚɥɝɨɪɢɬɦɚ Ɍɢɯɨɧɨɜɚ ɞɥɹ 
ɨɛɟɫɩɟɱɟɧɢɹ ɭɫɬɨɣɱɢɜɨɝɨ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ 
ɩɪɨɰɟɫɫɚ ɢ ɫɧɢɠɟɧɢɹ ɜɥɢɹɧɢɹ ɩɨɝɪɟɲɧɨɫɬɟɣ 

ɜ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ. Ɋɚɫɩɨɥɚɝɚɹ ɮɭɧɤɰɢɹɦɢ  P t  ɢ  M t , ɦɨɠɧɨ ɜɵɱɢɫɥɢɬɶ ɩɪɨɝɢɛɵ 

ɛɚɥɤɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɢɧɜɟɪɫɢɢ (8). Ɉɱɟɜɢɞɧɨ, 
ɱɬɨ ɜ ɫɥɭɱɚɟ ɲɚɪɧɢɪɧɨɝɨ ɡɚɤɪɟɩɥɟɧɢɹ ɛɚɥɤɢ, 

ɢɫɯɨɞɹ ɢɡ ɜɵɪɚɠɟɧɢɹ (8) ɢ ɭɫɥɨɜɢɹ 

2 2 0,
x l

w x     ɫɥɟɞɭɟɬ, ɱɬɨ   0M t  , ɚ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɚɝɪɭɡɤɢ  P t  ɩɨɥɭɱɢɦ ɢɡ-
ɜɟɫɬɧɨɟ ɢɧɬɟɝɪɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ (7). 

 

Ⱥɧɚɥɨɝɢɱɧɵɣ ɩɨɞɯɨɞ ɦɨɠɟɬ ɛɵɬɶ ɪɟɚɥɢɡɨɜɚɧ 

ɜ ɪɚɦɤɚɯ ɭɬɨɱɧɟɧɧɨɣ ɬɟɨɪɢɢ Ɍɢɦɨɲɟɧɤɨ 
[11], ɤɨɝɞɚ ɭɪɚɜɧɟɧɢɹ ɤɨɥɟɛɚɧɢɹ ɛɚɥɤɢ ɨɩɢ-

ɫɵɜɚɸɬɫɹ ɫɢɫɬɟɦɨɣ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ 

ɭɪɚɜɧɟɧɢɣ 

 
2 2

2 2
'

w w
F k GF q

xt x

          ; 

2 2

2 2
'

w
I EI k GF m

xt x

             , 

(10)

 

ɤɨɬɨɪɚɹ ɞɨɩɨɥɧɹɟɬɫɹ ɝɪɚɧɢɱɧɵɦɢ ɭɫɥɨɜɢɹɦɢ  

 

 0x lw   ;   0
x l  , (11) 

 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɭɫɥɨɜɢɹɦ ɠɟɫɬɤɨɝɨ 
ɡɟɳɟɦɥɟɧɢɹ ɬɨɪɰɨɜ ɛɚɥɤɢ. 

 

ȼ (10) ɢ (11)   – ɭɝɨɥ ɩɨɜɨɪɨɬɚ ɧɨɪɦɚɥɢ ɨɬ 
ɢɡɝɢɛɚ ɤ ɧɟɣɬɪɚɥɶɧɨɣ ɥɢɧɢɢ ɛɚɥɤɢ; m – 

ɜɧɟɲɧɢɣ ɢɡɝɢɛɚɸɳɢɣ ɦɨɦɟɧɬ;  2 1G E    – ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɩɪɢ ɫɞɜɢ-

ɝɟ;   – ɤɨɷɮɮɢɰɢɟɧɬ ɉɭɚɫɫɨɧɚ; 'k  – ɤɨɷɮ-

ɮɢɰɢɟɧɬ ɫɞɜɢɝɚ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɮɨɪɦɵ ɩɨɩɟ-
ɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ (ɞɥɹ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɮɨɪɦɵ 

' 6 5k  ). Ɉɫɬɚɥɶɧɵɟ ɜɟɥɢɱɢɧɵ ɨɩɢɫɚɧɵ ɪɚ-
ɧɟɟ. 
 

Ɍɪɚɞɢɰɢɨɧɧɵɦ ɩɨɞɯɨɞɨɦ ɤ ɪɟɲɟɧɢɸ ɡɚɞɚɱɢ 

(10), (11) ɹɜɥɹɟɬɫɹ ɪɚɡɥɨɠɟɧɢɟ ɮɭɧɤɰɢɣ w  ɢ   ɩɨ ɮɨɪɦɚɦ ɫɜɨɛɨɞɧɵɯ ɤɨɥɟɛɚɧɢɣ ɛɚɥɤɢ 

 

     
1

, cos ;k k

k

w x t w t x



   

     
1

, sin ,k k

k

x t t x



     

(12)

 

ɡɚɩɢɫɚɧɧɵɯ ɫ ɭɱɟɬɨɦ ɫɢɦɦɟɬɪɢɢ ɧɚɝɪɭɠɟɧɢɹ 
ɢ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ. Ɂɞɟɫɶ  

kw t  ɢ  
k t  – 

ɧɟɢɡɜɟɫɬɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ. 

 

ɉɨɫɤɨɥɶɤɭ ɩɪɟɞɫɬɚɜɥɟɧɢɹ (10) ɧɟ ɩɨɡɜɨɥɹɸɬ 
ɨɛɟɫɩɟɱɢɬɶ ɜɵɩɨɥɧɟɧɢɟ ɜɬɨɪɨɝɨ ɭɫɥɨɜɢɹ 
(11), ɬɨ ɧɚ ɬɨɪɰɚɯ ɛɚɥɤɢ ɩɪɢɤɥɚɞɵɜɚɸɬɫɹ 
ɩɨɞɥɟɠɚɳɢɟ ɨɩɪɟɞɟɥɟɧɢɸ ɢɡɝɢɛɚɸɳɢɟ ɦɨ-
ɦɟɧɬɵ  

1M t  ɢ  
2M t  (ɜ ɫɢɥɭ ɫɢɦɦɟɬɪɢɢ 

ɞɟɮɨɪɦɚɰɢɣ      
1 2M t M t M t   ). ȼ ɪɟ-



АȐȠȜȚȜȏȖșȪțȩȗ ȠȞȎțȟȝȜȞȠ, Ȑȩȝ. 33, 2013 

 
124 

ɡɭɥɶɬɚɬɟ ɮɭɧɤɰɢɹ  ,m x t , ɜɯɨɞɹɳɚɹ ɜ ɩɪɚ-
ɜɭɸ ɱɚɫɬɶ ɩɟɪɜɨɝɨ ɭɪɚɜɧɟɧɢɹ ɫɢɫɬɟɦɵ (10), 
ɡɚɩɢɲɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ –          

1 2,m x t M t l x M t l x      . ȼɵ-

ɪɚɠɟɧɢɟ ɞɥɹ ɩɨɩɟɪɟɱɧɨɣ ɧɚɝɪɭɡɤɢ q ɨɫɬɚɟɬɫɹ 
ɛɟɡ ɢɡɦɟɧɟɧɢɣ:      , .q x t P t x   

 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɞɫɬɚɧɨɜɤɢ (12) ɜ (11) ɢ ɢɧɬɟ-
ɝɪɚɥɶɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ʌɚɩɥɚɫɚ ɩɨ ɜɪɟ-
ɦɟɧɧɨɣ ɩɟɪɟɦɟɧɧɨɣ ɩɨɥɭɱɢɦ ɫɢɫɬɟɦɭ ɚɥɝɟɛ-

ɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ ɨɬɧɨɫɢɬɟɥɶɧɨ L
k  ɢ L

kw : 

  2 2 2 2
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1L L L
k k k ks a w a P

Fl
       ; 

 
 

2 2 2 2
2 2 3

1
2 sin ,

L L
k k k k

L
k

a w s a a

M l
Il

      
 

 

(13) 

 

ɝɞɟ 1 'a k G  ; 2 1a a F I ; 3a E   – 

ɫɤɨɪɨɫɬɶ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɩɪɨɞɨɥɶɧɵɯ ɜɨɥɧ 
ɜ ɛɚɥɤɟ. 
 

ȿɟ ɪɟɲɟɧɢɟ ɧɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɩɪɢɧɰɢɩɢɚɥɶ-
ɧɵɯ ɡɚɬɪɭɞɧɟɧɢɣ 
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k
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s
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s

   
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ɝɞɟ     4 2 2 2 2 2 2 4
1 3 2 1 3k k ks s a a a s a a        ; 

5 1a Fl  ; 6 1 .a Il   ɉɨɫɥɟɞɭɸɳɢɣ ɩɟɪɟɯɨɞ 

ɜ ɩɪɨɫɬɪɚɧɫɬɜɨ ɨɪɢɝɢɧɚɥɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɫɩɪɚɜɨɱɧɵɯ ɞɚɧɧɵɯ [7] ɢ ɜɵɪɚɠɟɧɢɣ (12) 
ɩɪɢɜɨɞɢɬ ɤ ɫɥɟɞɭɸɳɢɦ ɫɨɨɬɧɨɲɟɧɢɹɦ 
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(14) 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɡɚɞɚɱɚ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɞɟɣ-

ɫɬɜɭɸɳɟɣ ɧɚ ɛɚɥɤɭ ɧɚɝɪɭɡɤɢ ɫ ɠɟɫɬɤɨ ɡɚ-
ɳɟɦɥɟɧɧɵɦɢ ɬɨɪɰɚɦɢ ɫɜɨɞɢɬɫɹ ɤ ɫɢɫɬɟɦɟ ɢɡ 
ɞɜɭɯ ɢɧɬɟɝɪɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ȼɨɥɶɬɟɪɪɚ  
ɨɬɧɨɫɢɬɟɥɶɧɨ ɮɭɧɤɰɢɣ F ɢ M, ɤɨɬɨɪɚɹ ɮɨɪ-
ɦɢɪɭɟɬɫɹ ɩɨɞɫɬɚɧɨɜɤɨɣ ɜɵɪɚɠɟɧɢɣ (14) ɜɨ 
ɜɬɨɪɨɟ ɭɫɥɨɜɢɟ (11), ɨɛɟɫɩɟɱɢɜɚɸɳɟɟ ɩɪɢ-

ɛɥɢɠɟɧɧɨɟ ɭɞɨɜɥɟɬɜɨɪɟɧɢɟ ɪɚɜɟɧɫɬɜɚ  , 0l t   , ɢ ɫɨɨɬɧɨɲɟɧɢɟ    
0 ,w x t W t . 

ɉɪɨɰɟɞɭɪɚ ɪɟɲɟɧɢɹ ɩɨɥɭɱɟɧɧɨɣ ɫɢɫɬɟɦɵ 

ɚɧɚɥɨɝɢɱɧɚ ɨɩɢɫɚɧɧɨɣ ɪɚɧɟɟ. 
 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɜ ɫɥɭɱɚɟ ɲɚɪɧɢɪɧɨɝɨ ɨɩɢɪɚ-
ɧɢɹ ɬɨɪɰɨɜ, ɦɨɞɟɥɢɪɭɟɦɨɟ ɭɫɥɨɜɢɹɦɢ 

0x lw    ɢ 0
x l

x    , 0M  , ɱɬɨ ɫɭɳɟ-
ɫɬɜɟɧɧɨ ɭɩɪɨɳɚɟɬ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɢɞɟɧɬɢ-

ɮɢɤɚɰɢɢ, ɤɨɬɨɪɚɹ ɫɜɨɞɢɬɫɹ ɤ ɪɟɲɟɧɢɸ ɢɧɬɟ-
ɝɪɚɥɶɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ȼɨɥɶɬɟɪɪɚ 

     
10 0

0

,

t

P x t d W t      , ɡɚɩɢɫɚɧɧɨɝɨ ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɚɜɟɧɫɬɜɨɦ    
0 ,w x t W t . 

 

ɑɢɫɥɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ 

 

Ʉɨɧɤɪɟɬɧɵɟ ɪɚɫɱɟɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɞɥɹ ɛɚɥɤɢ 

ɫɨ ɫɥɟɞɭɸɳɢɦɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɦɢ ɩɚɪɚɦɟɬ-
ɪɚɦɢ ɢ ɮɢɡɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɦɚ-
ɬɟɪɢɚɥɚ: 2l =0,47 ɦ; b =0,06 ɦ; h =0,02 ɦ; 

=7890·ɤɝ/ɦ3; E =2,07·1011 ɉɚ;  =0,3. ɉɚ-
ɪɚɦɟɬɪ ɪɟɝɭɥɹɪɢɡɚɰɢɢ, ɧɟɨɛɯɨɞɢɦɵɣ ɞɥɹ ɪɟ-
ɚɥɢɡɚɰɢɢ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɩɪɢ ɱɢɫɥɟɧɧɨɦ ɪɟ-
ɲɟɧɢɢ ɢɧɬɟɝɪɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ȼɨɥɶɬɟɪɪɚ 
ɪɟɝɭɥɹɪɢɡɢɪɭɸɳɟɝɨ ɚɥɝɨɪɢɬɦɚ Ɍɢɯɨɧɨɜɚ, 
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ɩɪɢɧɢɦɚɥɫɹ ɧɚ ɨɫɧɨɜɚɧɢɢ ɩɪɢɧɰɢɩɚ ɧɟɜɹɡɤɢ 

[8, 9]. ɂɞɟɧɬɢɮɢɤɚɰɢɹ ɞɟɣɫɬɜɭɸɳɟɣ ɧɚ ɛɚɥɤɭ 
ɧɚɝɪɭɡɤɢ  P t  ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɩɨ ɡɧɚɱɟɧɢɹɦ 

ɩɪɨɝɢɛɨɜ ɛɚɥɤɢ  W t  ɜ ɪɚɜɧɨɭɞɚɥɟɧɧɨɣ ɨɬ 
ɬɨɪɰɨɜ ɛɚɥɤɢ ɬɨɱɤɟ ( 0 0x  ). ɉɪɢ ɷɬɨɦ ɮɭɧɤ-
ɰɢɹ  W t  ɨɩɪɟɞɟɥɹɥɚɫɶ ɦɟɬɨɞɨɦ ɤɨɧɟɱɧɨ-
ɷɥɟɦɟɧɬɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɟɪɟɯɨɞɧɵɯ 
ɩɪɨɰɟɫɫɨɜ ɜ ɛɚɥɤɟ, ɨɛɭɫɥɨɜɥɟɧɧɵɯ ɩɪɢɥɨɠɟ-
ɧɢɟɦ ɢɦɩɭɥɶɫɧɨɣ ɧɚɝɪɭɡɤɢ      0 im imsinP t P t t H t t   , ɝɞɟ  H t  – 

ɟɞɢɧɢɱɧɚɹ ɮɭɧɤɰɢɹ ɏɟɜɢɫɚɣɞɚ; 0 1,875P   ɤɇ, 

im 207,5t   ɦɤɫ. ɇɚ ɪɟɡɭɥɶɬɚɬ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
ɛɵɥɢ ɧɚɥɨɠɟɧɵ ɫɥɭɱɚɣɧɵɟ ɱɢɫɥɚ ɫ ɧɭɥɟɜɵɦ 

ɦɚɬɟɦɚɬɢɱɟɫɤɢɦ ɨɠɢɞɚɧɢɟɦ ɢ ɚɦɩɥɢɬɭɞɨɣ ɜ 
5% ɨɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ  W t  ɧɚ ɢɫ-
ɫɥɟɞɭɟɦɨɦ ɜɪɟɦɟɧɧɨɦ ɢɧɬɟɪɜɚɥɟ (  00;3t t ; 

03 14,7325t   ɦɫ) ɞɥɹ ɢɦɢɬɚɰɢɢ ɨɲɢɛɨɤ ɢɡ-
ɦɟɪɟɧɢɹ, ɩɟɪɟɞɚɱɢ ɢ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ. ɒɚɝ 
ɩɨ ɜɪɟɦɟɧɢ ɩɪɢ ɪɟɲɟɧɢɢ ɪɚɫɱɟɬɧɨɣ ɫɢɫɬɟɦɵ 

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɩɪɢɧɹɬ ɪɚɜ-
ɧɵɦ im 6t . 

 

Ɋɟɡɭɥɶɬɚɬɵ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ  P t  ɢɡɨɛɪɚɠɟɧɵ ɧɚ ɪɢɫ. 1–3. ɉɪɢ ɷɬɨɦ ɨɛɨ-
ɡɧɚɱɟɧɧɵɟ ɰɢɮɪɚɦɢ 1, 2 ɢ 3 ɤɪɢɜɵɟ ɜɵɱɢɫ-
ɥɟɧɵ ɧɚ ɨɫɧɨɜɚɧɢɢ ɫɢɫɬɟɦ ɢɧɬɟɝɪɚɥɶɧɵɯ 

ɭɪɚɜɧɟɧɢɣ (5), (9) ɢ (13), ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɤ 
ɤɨɬɨɪɵɦ ɢɡɥɨɠɟɧɧɵɦɢ ɜ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ 
ɩɨɞɯɨɞɚɦɢ ɦɨɠɟɬ ɛɵɬɶ ɫɜɟɞɟɧɚ ɪɚɫɫɦɚɬɪɢɜɚ-
ɟɦɚɹ ɡɚɞɚɱɚ.  

Ɋɢɫ. 1 ɩɨɥɭɱɟɧ ɞɥɹ ɫɥɭɱɚɹ, ɤɨɝɞɚ ɩɪɢ ɤɨɧɟɱ-
ɧɨ-ɷɥɟɦɟɧɬɧɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ, ɩɪɨɜɨɞɢɦɨɦ 

ɫ ɰɟɥɶɸ ɮɨɪɦɢɪɨɜɚɧɢɹ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ, 
ɭɡɥɵ ɦɨɞɟɥɢ ɫ ɤɨɨɪɞɢɧɚɬɚɦɢ x l   ɩɪɢɧɢ-

ɦɚɥɢɫɶ ɧɟɩɨɞɜɢɠɧɵɦɢ ɜɞɨɥɶ ɨɫɢ ɨɪɞɢɧɚɬ ɢ 

ɨɛɴɟɞɢɧɹɥɢɫɶ ɩɨ ɫɬɟɩɟɧɢ ɫɜɨɛɨɞɵ ɩɪɨɞɨɥɶ-
ɧɵɯ ɩɟɪɟɦɟɳɟɧɢɣ. Ƚɪɚɮɢɤ ɧɨɪɦɚɥɶɧɨɝɨ ɩɟ-
ɪɟɦɟɳɟɧɢɹ ɫɪɟɞɢɧɧɨɣ ɬɨɱɤɢ ɛɚɥɤɢ ɞɥɹ ɬɚɤɨ-
ɝɨ ɜɚɪɢɚɧɬɚ ɡɚɤɪɟɩɥɟɧɢɹ ɬɨɪɰɨɜ ɢɡɨɛɪɚɠɟɧ 

ɧɚ ɪɢɫ. 4 ɤɪɢɜɨɣ 1.  

 

ɇɚ ɪɢɫ. 2 ɢɡɨɛɪɚɠɟɧɵ ɜɨɫɫɬɚɧɨɜɥɟɧɧɵɟ ɤɚɤ 
ɮɭɧɤɰɢɢ ɜɪɟɦɟɧɢ ɜɧɟɲɧɢɟ ɧɚɝɪɭɡɤɢ, ɤɨɝɞɚ 
ɩɪɢ Ʉɗ-ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɞɟɮɨɪɦɚɰɢɣ ɛɚɥɤɢ ɟɟ 
ɬɨɪɰɵ ɠɟɫɬɤɨ ɫɨɟɞɢɧɹɥɢɫɶ ɫ ɦɚɫɫɢɜɧɵɦ 

ɭɩɪɭɝɢɦ ɬɟɥɨɦ, ɢɡɝɨɬɨɜɥɟɧɧɵɦ ɢɡ ɬɨɝɨ ɠɟ, 
ɱɬɨ ɢ ɫɚɦɚ ɛɚɥɤɚ, ɦɚɬɟɪɢɚɥɚ. ɋɮɨɪɦɢɪɨɜɚɧ-

ɧɵɟ ɦɟɬɨɞɨɦ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɡɧɚɱɟɧɢɹ 
ɮɭɧɤɰɢɢ  W t  ɢɡɨɛɪɚɠɟɧɵ ɜ ɜɢɞɟ ɤɪɢɜɨɣ 2 

ɧɚ ɪɢɫ. 4.  

 

ɉɨɞɨɛɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢɞɟɧɬɢɮɢɤɚɰɢɢ  

(ɪɢɫ. 3) ɩɨɥɭɱɟɧɵ ɢ ɞɥɹ ɫɥɭɱɚɹ, ɤɨɝɞɚ ɩɪɢ 

Ʉɗ-ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɫɱɢɬɚɥɨɫɶ, ɱɬɨ ɤɚɠɞɵɣ 

ɤɪɚɣ ɛɚɥɤɢ ɡɚɠɚɬ ɞɜɭɦɹ ɩɚɪɚɦɢ ɭɩɪɭɝɢɯ ɬɟɥ, 
ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɯ ɫ ɛɚɥɤɨɣ ɱɟɪɟɡ ɰɢɥɢɧ-

ɞɪɢɱɟɫɤɢɟ ɩɨɜɟɪɯɧɨɫɬɢ (ɬ.ɟ. ɩɪɢ Ʉɗ ɪɟɲɚ-
ɥɚɫɶ ɤɨɧɬɚɤɬɧɚɹ ɡɚɞɚɱɚ). ɉɪɢ ɷɬɨɦ ɩɪɨɞɨɥɶ-
ɧɚɹ ɤɨɨɪɞɢɧɚɬɚ ɜɧɭɬɪɟɧɧɢɯ ɨɩɨɪ ɩɪɢɧɢ-

ɦɚɥɚɫɶ ɪɚɜɧɨɣ x l  , ɚ ɜɧɟɲɧɢɯ –  x l h   . 
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Ɋɢɫ. 1. Ɋɟɡɭɥɶɬɚɬ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɩɪɢ ɩɟɪɜɨɦ ɜɚɪɢɚɧɬɟ ɮɢɤɫɚɰɢɢ ɤɪɚɟɜ 



АȐȠȜȚȜȏȖșȪțȩȗ ȠȞȎțȟȝȜȞȠ, Ȑȩȝ. 33, 2013 

 
126 

-2,0

-1,5

-1,0

-0,5

0,0

0,5

1,0

1,5

0,00 1,64 3,27 4,91

ȼɪɟɦя t , ɦɫ

ɇ
ɚɝ
ɪɭ
ɡɤ
ɚ 

P
( t

),
 ɤ
ɇ

3

1

2

 
Ɋɢɫ. 2. Ɋɟɡɭɥɶɬɚɬ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɩɪɢ ɜɬɨɪɨɦ ɜɚɪɢɚɧɬɟ ɮɢɤɫɚɰɢɢ ɤɪɚɟɜ 
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Ɋɢɫ. 3. Ɋɟɡɭɥɶɬɚɬ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɩɪɢ ɬɪɟɬɶɟɦ ɜɚɪɢɚɧɬɟ ɮɢɤɫɚɰɢɢ ɤɪɚɟɜ 

 

ɉɪɟɞɩɨɥɚɝɚɥɨɫɶ, ɱɬɨ ɦɚɬɟɪɢɚɥ ɨɩɨɪ ɢɞɟɧɬɢ-

ɱɟɧ ɦɚɬɟɪɢɚɥɭ ɛɚɥɤɢ, ɧɢɠɧɢɟ ɨɩɨɪɧɵɟ ɷɥɟ-
ɦɟɧɬɵ ɧɟɩɨɞɜɢɠɧɵ, ɚ ɤ ɜɟɪɯɧɢɦ ɩɪɢɥɨɠɟɧɨ 

ɞɚɜɥɟɧɢɟ 40 Ɇɉɚ ɞɥɹ ɮɢɤɫɚɰɢɢ ɤɪɚɟɜ ɛɚɥɤɢ. 

Ɂɧɚɱɟɧɢɟ ɜ 40 Ɇɉɚ ɜɵɛɢɪɚɥɨɫɶ ɩɨ ɤɪɢɬɟɪɢɸ 

ɧɚɢɥɭɱɲɟɝɨ ɫɨɨɬɜɟɬɫɬɜɢɹ ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɣ 

ɧɚɝɪɭɡɤɢ ɫ ɷɬɚɥɨɧɧɨɣ, ɚ ɩɪɨɜɟɞɟɧɧɵɟ ɱɢɫ-
ɥɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ 
ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɪɟɡɭɥɶɬɚɬɚ ɢɞɟɧɬɢɮɢɤɚɰɢɢ 

ɤɚɤ ɤ ɩɪɢɠɢɦɚɸɳɟɦɭ ɞɚɜɥɟɧɢɸ, ɬɚɤ ɢ ɤ ɤɨ-
ɷɮɮɢɰɢɟɧɬɭ ɬɪɟɧɢɹ ɜ ɤɨɧɬɚɤɬɧɵɯ ɩɚɪɚɯ 
(ɩɪɢɜɟɞɟɧɧɵɟ ɧɚ ɪɢɫɭɧɤɟ ɤɪɢɜɵɟ ɫɨɨɬɜɟɬ-
ɫɬɜɭɸɬ ɡɧɚɱɟɧɢɸ ɤɨɷɮɮɢɰɢɟɧɬɚ 0,1).  

 

ȼɵɱɢɫɥɟɧɧɵɟ ɦɟɬɨɞɨɦ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ 
ɩɟɪɟɦɟɳɟɧɢɹ  W t  ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫ. 4 ɤɪɢ-

ɜɨɣ 3. 
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Ɋɢɫ. 4. ɉɪɨɝɢɛɵ ɰɟɧɬɪɨɜ ɛɚɥɨɤ 

 

ɂɡ ɚɧɚɥɢɡɚ ɩɪɢɜɟɞɟɧɧɵɯ ɧɚ ɪɢɫ. 1–3 ɝɪɚɮɢ-

ɤɨɜ ɫɥɟɞɭɟɬ, ɱɬɨ ɞɥɹ ɢɫɫɥɟɞɭɟɦɨɣ ɛɚɥɤɢ ɩɪɢ-

ɟɦɥɟɦɚɹ ɞɥɹ ɢɧɠɟɧɟɪɧɨɣ ɩɪɚɤɬɢɤɢ ɬɨɱɧɨɫɬɶ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧɚ ɧɚ ɨɫ-
ɧɨɜɚɧɢɢ ɭɪɚɜɧɟɧɢɣ, ɡɚɩɢɫɚɧɧɵɯ ɜ ɪɚɦɤɚɯ 
ɤɥɚɫɫɢɱɟɫɤɢɯ ɝɢɩɨɬɟɡ Ʉɢɪɯɝɨɮɚ–Ʌɹɜɚ (ɤɪɢ-

ɜɵɟ 1 ɢ 2). ɉɪɢ ɷɬɨɦ ɛɨɥɟɟ ɛɥɢɡɤɢɟ ɤ ɷɬɚɥɨɧ-

ɧɨɦɭ ɪɟɲɟɧɢɸ P  (ɤɪɢɜɚɹ 0 ɧɚ ɪɢɫ. 1) ɪɟ-
ɡɭɥɶɬɚɬɵ ɩɨɥɭɱɚɸɬɫɹ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 

ɩɟɪɜɨɝɨ ɢɡɥɨɠɟɧɧɨɝɨ ɜ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ 
ɩɨɞɯɨɞɚ – ɪɚɫɯɨɠɞɟɧɢɟ ɩɨ ɦɚɤɫɢɦɚɥɶɧɨɦɭ 
ɡɧɚɱɟɧɢɸ ɜ ɩɪɟɞɟɥɚɯ 20 %. Ʉɚɱɟɫɬɜɨ ɢɞɟɧ-

ɬɢɮɢɤɚɰɢɢ ɩɪɢ ɪɟɚɥɢɡɚɰɢɢ ɜɬɨɪɨɝɨ ɩɨɞɯɨɞɚ 
(ɩɪɢ ɜɜɟɞɟɧɢɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɢɡɝɢɛɚɸɳɟ-
ɝɨ ɦɨɦɟɧɬɚ ɞɥɹ ɩɪɢɛɥɢɠɟɧɧɨɝɨ ɭɞɨɜɥɟɬɜɨɪɟ-
ɧɢɹ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ) ɧɟɫɤɨɥɶɤɨ ɯɭɠɟ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɩɟɪɜɵɦ. ɉɪɢɜɥɟɱɟɧɢɟ ɭɬɨɱɧɟɧ-

ɧɨɣ ɦɨɞɟɥɢ (ɬɪɟɬɢɣ ɩɨɞɯɨɞ) ɧɟ ɞɚɟɬ ɨɠɢɞɚɟ-
ɦɨɝɨ ɭɥɭɱɲɟɧɢɹ ɤɚɱɟɫɬɜɚ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ.  
Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɛɨɥɟɟ ɤɚɱɟɫɬɜɟɧɧɨɟ ɜɨɫɫɬɚ-
ɧɨɜɥɟɧɢɟ ɡɚɤɨɧɚ ɢɡɦɟɧɟɧɢɹ ɜɨ ɜɪɟɦɟɧɢ ɞɟɣ-

ɫɬɜɭɸɳɟɣ ɧɚ ɛɚɥɤɭ ɧɚɝɪɭɡɤɢ ɦɨɠɟɬ ɛɵɬɶ ɩɨ-
ɥɭɱɟɧɨ ɡɚ ɫɱɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɚɩɪɢɨɪɧɨɣ 

ɢɧɮɨɪɦɚɰɢɢ ɨ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɟɟ ɞɟɣ-

ɫɬɜɢɹ imt . Ɋɚɫɩɨɥɚɝɚɹ ɞɚɧɧɨɣ ɢɧɮɨɪɦɚɰɢɟɣ, 

ɦɨɠɧɨ ɫɭɳɟɫɬɜɟɧɧɨ ɭɦɟɧɶɲɢɬɶ «ɫɬɟɩɟɧɶ ɧɟ-
ɤɨɪɪɟɤɬɧɨɫɬɢ» [2] ɢɫɫɥɟɞɭɟɦɨɣ ɨɛɪɚɬɧɨɣ ɡɚ-
ɞɚɱɢ ɱɟɪɟɡ ɭɦɟɧɶɲɟɧɢɟ ɪɚɡɦɟɪɧɨɫɬɢ ɪɚɫɱɟɬ-
ɧɨɣ ɫɢɫɬɟɦɵ ɥɢɧɟɣɧɵɯ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ 
ɭɪɚɜɧɟɧɢɣ ɢ ɫɜɟɞɟɧɢɟ ɟɟ ɤ ɩɟɪɟɨɩɪɟɞɟɥɟɧ-

ɧɨɣ. Ɉɫɨɛɟɧɧɨ ɷɬɨ ɚɤɬɭɚɥɶɧɨ ɞɥɹ ɧɚɝɪɭɡɤɢ 

ɢɦɩɭɥɶɫɧɨɝɨ ɬɢɩɚ (ɫ ɦɚɥɵɦ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

0t  ɡɧɚɱɟɧɢɟɦ imt ), ɤɨɬɨɪɚɹ ɢ ɛɵɥɚ ɪɚɫɫɦɨɬ-
ɪɟɧɚ ɜ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, 
ɱɬɨ ɢɡɥɨɠɟɧɧɵɟ ɜ ɪɚɛɨɬɟ ɩɨɞɯɨɞɵ ɛɟɡ ɤɚɤɢɯ-
ɥɢɛɨ ɦɨɞɢɮɢɤɚɰɢɣ ɩɨɡɜɨɥɹɸɬ ɞɚɬɶ ɨɪɢɟɧɬɢ-

ɪɨɜɨɱɧɨɟ ɡɧɚɱɟɧɢɟ imt  ɧɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɪɟɲɟ-
ɧɢɹ, ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢɫɤɥɸɱɢɬɶ ɨɲɢɛɤɢ ɜɨɫ-
ɫɬɚɧɨɜɥɟɧɢɹ ɧɚɝɪɭɡɤɢ ɩɪɢ imt t  (ɪɢɫ. 1–3) ɧɚ 
ɜɬɨɪɨɦ. Ɋɟɚɥɢɡɚɰɢɹ ɞɚɧɧɨɣ ɩɪɨɰɟɞɭɪɵ ɩɨɡ-
ɜɨɥɢɥɚ ɫɭɳɟɫɬɜɟɧɧɨ ɭɥɭɱɲɢɬɶ ɤɚɱɟɫɬɜɨ 

ɢɞɟɧɬɢɮɢɤɚɰɢɢ (ɪɚɫɯɨɠɞɟɧɢɟ ɩɨ ɦɚɤɫɢɦɚɥɶ-
ɧɨɦɭ ɡɧɚɱɟɧɢɸ ɧɟ ɛɨɥɟɟ 15 %). 

 

ȼ ɰɟɥɨɦ ɢɡɥɨɠɟɧɧɵɟ ɜ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ 
ɩɨɞɯɨɞɵ ɤ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɞɟɣɫɬɜɭɸɳɟɣ ɧɚ 
ɛɚɥɤɭ ɧɚɝɪɭɡɤɢ ɨɪɢɟɧɬɢɪɨɜɚɧɵ, ɜ ɩɟɪɜɭɸ 

ɨɱɟɪɟɞɶ, ɧɚ ɛɚɥɤɢ ɫ ɠɟɫɬɤɨɣ ɮɢɤɫɚɰɢɟɣ ɬɨɪ-
ɰɨɜ, ɚ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɧɵɟ ɧɚ ɢɯ ɨɫɧɨɜɚɧɢɢ 

ɡɧɚɱɟɧɢɹ ɧɚɝɪɭɡɤɢ ɜɟɫɶɦɚ ɛɥɢɡɤɢ ɤ ɬɨɱɧɵɦ. 

ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɚɧɧɵɯ ɩɨɞɯɨ-
ɞɨɜ ɩɪɢ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɜɚɪɢɚɧɬɚɯ ɡɚɳɟɦɥɟ-
ɧɢɹ ɤɪɚɟɜ ɛɚɥɤɢ (ɜ ɱɚɫɬɧɨɫɬɢ, ɱɟɪɟɡ ɫɨɟɞɢɧɟ-
ɧɢɟ ɫ ɭɩɪɭɝɢɦ ɦɚɫɫɢɜɧɵɦ ɬɟɥɨɦ ɢɥɢ 

ɩɨɫɪɟɞɫɬɜɨɦ ɡɚɠɚɬɢɹ ɰɢɥɢɧɞɪɢɱɟɫɤɢɦɢ ɬɟ-
ɥɚɦɢ) ɩɪɢɜɨɞɢɬ ɤ ɧɢɡɤɨɦɭ ɤɚɱɟɫɬɜɭ ɜɨɫɫɬɚ-
ɧɨɜɥɟɧɢɹ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɢɡɥɨɠɟɧɧɵɟ ɩɨɞ-

ɯɨɞɵ ɬɪɟɛɭɸɬ ɭɬɨɱɧɟɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ 

ɮɨɪɦɭɥɢɪɨɜɤɢ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ, ɩɪɢɜɨ-
ɞɹɳɢɯ ɤ ɛɨɥɟɟ ɬɨɱɧɨɦɭ ɨɩɢɫɚɧɢɸ ɜɡɚɢɦɨ-
ɞɟɣɫɬɜɢɹ ɛɚɥɤɢ ɫ ɟɟ ɨɩɨɪɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ. 

ɇɚɩɪɢɦɟɪ, ɜɜɨɞɢɦɵɣ ɜɨ ɜɬɨɪɨɦ ɩɨɞɯɨɞɟ ɢɡ-
ɝɢɛɚɸɳɢɣ ɦɨɦɟɧɬ M  ɦɨɠɟɬ ɛɵɬɶ ɫɨɝɥɚɫɨ-
ɜɚɧ ɫ ɞɟɮɨɪɦɚɰɢɹɦɢ w x   ɧɚ ɬɨɪɰɟ ɛɚɥɤɢ 
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ɩɨɫɪɟɞɫɬɜɨɦ ɫɨɨɬɧɨɲɟɧɢɹ 
x l

M C w x     , 

ɝɞɟ C  – ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɝɢɛɧɨɣ ɠɟɫɬɤɨɫɬɢ 

ɡɚɞɟɥɤɢ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɣ ɨɩɵɬɧɵɦ ɩɭɬɟɦ. 

ɉɨɞɨɛɧɵɦ ɨɛɪɚɡɨɦ ɦɨɠɟɬ ɛɵɬɶ ɢɡɦɟɧɟɧɚ 
ɮɨɪɦɭɥɢɪɨɜɤɚ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ ɜ ɬɪɟɬɶɟɦ 

ɩɨɞɯɨɞɟ. 
 

ȼɵɜɨɞɵ 

 

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɢɡɥɨɠɟɧɵ ɬɪɢ ɩɨɞɯɨɞɚ ɤ 
ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɤɚɤ ɮɭɧɤɰɢɢ ɜɪɟɦɟɧɢ ɞɟɣ-

ɫɬɜɭɸɳɟɣ ɧɚ ɛɚɥɤɭ ɫ ɠɟɫɬɤɨ ɡɚɳɟɦɥɟɧɧɵɦɢ 

ɤɪɚɹɦɢ ɢɦɩɭɥɶɫɧɨɣ ɧɚɝɪɭɡɤɢ. Ⱦɥɹ ɦɨɞɟɥɢɪɨ-
ɜɚɧɢɹ ɤɨɥɟɛɚɧɢɣ ɛɚɥɤɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɭɪɚɜɧɟ-
ɧɢɹ, ɡɚɩɢɫɚɧɧɵɟ ɤɚɤ ɧɚ ɝɢɩɨɬɟɡɚɯ Ʉɢɪɯɝɨɮɚ–
Ʌɹɜɚ, ɬɚɤ ɢ ɧɚ ɝɢɩɨɬɟɡɚɯ Ɍɢɦɨɲɟɧɤɨ. ɂɡɥɨ-
ɠɟɧɧɵɦɢ ɩɨɞɯɨɞɚɦɢ ɡɚɞɚɱɚ ɢɞɟɧɬɢɮɢɤɚɰɢɢ 

ɫɜɟɞɟɧɚ ɤ ɫɢɫɬɟɦɚɦ ɢɧɬɟɝɪɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ 

ȼɨɥɶɬɟɪɪɚ I ɪɨɞɚ, ɪɟɲɟɧɢɟ ɤɨɬɨɪɵɯ ɨɫɭ-
ɳɟɫɬɜɥɹɟɬɫɹ ɱɢɫɥɟɧɧɨ ɫ ɩɪɢɜɥɟɱɟɧɢɟɦ ɫɩɟ-
ɰɢɚɥɶɧɵɯ ɪɟɝɭɥɹɪɢɡɢɪɭɸɳɢɯ ɚɥɝɨɪɢɬɦɨɜ. 
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɪɢɧɢɦɚɥɢɫɶ ɩɨ ɪɟɡɭɥɶɬɚ-
ɬɚɦ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
ɤɨɥɟɛɚɧɢɣ ɛɚɥɤɢ ɩɪɢ ɢɡɜɟɫɬɧɨɦ ɜɧɟɲɧɟɦ 

ɧɚɝɪɭɠɟɧɢɢ, ɤɨɬɨɪɨɟ ɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ 
ɨɰɟɧɤɢ ɤɚɱɟɫɬɜɚ ɢɞɟɧɬɢɮɢɤɚɰɢɢ. ɉɨɤɚɡɚɧɨ, 
ɱɬɨ ɤɥɚɫɫɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɛɚɥɤɢ ɩɨɡɜɨɥɹɟɬ 
ɩɨɥɭɱɚɬɶ ɪɟɡɭɥɶɬɚɬɵ ɫ ɩɪɢɟɦɥɟɦɨɣ ɞɥɹ ɢɧ-

ɠɟɧɟɪɧɨɣ ɩɪɚɤɬɢɤɢ ɬɨɱɧɨɫɬɶɸ. ɉɪɢ ɢɧɨɦ, 

ɱɟɦ ɠɟɫɬɤɚɹ ɮɢɤɫɚɰɢɹ ɬɨɪɰɨɜ ɛɚɥɤɢ, ɜɚɪɢɚɧ-

ɬɟ ɡɚɳɟɦɥɟɧɢɹ ɤɪɚɟɜ ɢɡɥɨɠɟɧɧɵɟ ɩɨɞɯɨɞɵ 

ɩɨɡɜɨɥɹɸɬ ɥɢɲɶ ɞɚɬɶ ɩɪɢɛɥɢɠɟɧɧɭɸ ɤɨɧɮɢ-

ɝɭɪɚɰɢɸ ɜɨ ɜɪɟɦɟɧɢ ɢɫɤɨɦɨɣ ɧɚɝɪɭɡɤɢ. Ⱦɥɹ 
ɩɨɥɭɱɟɧɢɹ ɬɨɱɧɵɯ ɡɧɚɱɟɧɢɣ ɧɟɨɛɯɨɞɢɦɚ 
ɤɨɪɪɟɤɬɢɪɨɜɤɚ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɮɨɪɦɭɥɢɪɨɜ-
ɤɢ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ, ɩɪɢɜɨɞɹɳɚɹ ɤ ɛɨɥɟɟ 
ɬɨɱɧɨɦɭ ɨɩɢɫɚɧɢɸ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɛɚɥɤɢ ɫ 
ɟɟ ɨɩɨɪɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ. ɍɥɭɱɲɟɧɢɟ ɤɚɱɟ-
ɫɬɜɚ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɦɨɠɟɬ ɛɵɬɶ ɬɚɤɠɟ ɞɨ-
ɫɬɢɝɧɭɬɨ ɡɚ ɫɱɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɚɩɪɢɨɪɧɨɣ 

ɢɧɮɨɪɦɚɰɢɢ ɨ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɞɟɣɫɬɜɢɹ 
ɧɚɝɪɭɡɤɢ, ɱɬɨ ɨɫɨɛɟɧɧɨ ɚɤɬɭɚɥɶɧɨ ɞɥɹ ɧɚɝɪɭ-

ɡɨɤ ɢɦɩɭɥɶɫɧɨɝɨ ɬɢɩɚ. 
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