
ǰȓȟȠțȖȘ ȃǻǮǲȁ, Ȑȩȝ. 55, 2011 25 

ɍȾɄ 539.3 
 
 

ȾɈɋɅȱȾɀȿɇɇə ɊȱɁɇɂɏ ɆɈȾȿɅȿɃ ȾɈɊɈɀɇɖɈȲ ɄɈɇɋɌɊɍɄɐȱȲ 
 ɁȺ ɇȿɋɌȺɐȱɈɇȺɊɇɈȽɈ ɇȺȼȺɇɌȺɀȿɇɇə 

 
Ɉ.ȼ. ȼɨɪɨɩɚɣ, ɞɨɰɟɧɬ, ɤ.ɬ.ɧ., ɋ.ȱ. ɉɨɜɚɥɹɽɜ, ɞɨɰɟɧɬ, ɤ.ɬ.ɧ.,  

ȼ.Ɍ. Ƚɪɢɲɚɤɿɧ, ɚɫɢɫɬɟɧɬ, ɤ.ɬ.ɧ., ɏɇȺȾɍ 
 
Ⱥɧɨɬɚɰɿɹ. ɉɪɢ ɦɨɞɟɥɸɜɚɧɧɿ ɛɭɥɨ ɜɢɤɨɪɢɫɬɚɧɨ ɬɟɨɪɿɸ ɬɨɧɤɢɯ ɩɥɚɫɬɢɧ Ʉɿɪɯɝɨɮɚ ɬɚ ɬɟɨɪɿɸ 
ɩɪɭɠɧɢɯ ɩɥɚɫɬɢɧ ɫɟɪɟɞɧɶɨʀ ɬɨɜɳɢɧɢ ɬɢɩɭ Ɍɢɦɨɲɟɧɤɚ. Ɋɨɡɝɥɹɧɭɬɨ ɦɨɠɥɢɜɿɫɬɶ ɭɪɚɯɭɜɚɧɧɹ 
ɜ’ɹɡɤɨɩɪɭɠɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɦɚɬɟɪɿɚɥɭ ɩɥɚɫɬɢɧɢ. Ɉɬɪɢɦɚɧɨ ɚɧɚɥɿɬɢɱɧɿ ɡɚɥɟɠɧɨɫɬɿ ɞɥɹ ɩɚ-
ɪɚɦɟɬɪɿɜ ɧɚɩɪɭɠɟɧɨ-ɞɟɮɨɪɦɨɜɚɧɨɝɨ ɫɬɚɧɭ ɞɨɪɨɠɧɶɨʀ ɤɨɧɫɬɪɭɤɰɿʀ ɬɚ ɩɪɨɜɟɞɟɧɨ ɱɢɫɥɨɜɢɣ ɟɤɫ-
ɩɟɪɢɦɟɧɬ. 
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Ⱥɧɧɨɬɚɰɢɹ. ɉɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɬɟɨɪɢɹ ɬɨɧɤɢɯ ɩɥɚɫɬɢɧ Ʉɢɪɯɝɨɮɚ ɢ ɬɟɨ-
ɪɢɹ ɭɩɪɭɝɢɯ ɩɥɚɫɬɢɧ ɫɪɟɞɧɟɣ ɬɨɥɳɢɧɵ ɬɢɩɚ Ɍɢɦɨɲɟɧɤɨ. Ɋɚɫɫɦɨɬɪɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɭɱɟɬɚ 
ɜɹɡɤɨɭɩɪɭɝɢɯ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɚ ɩɥɚɫɬɢɧɵ. ɉɨɥɭɱɟɧɵ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɞɥɹ ɩɚɪɚ-
ɦɟɬɪɨɜ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɞɨɪɨɠɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɩɪɨɜɟɞɟɧ ɱɢɫɥɟɧ-
ɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ. 
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Abstract. The theory of thin Kirhgoff plates and the Timoshenko’s refined theory of medium thickness 
plates were used. The possibility of using plate material viscoelastic properties were taken into ac-
count. Analytical dependences for road structure stress-strain state parameters were received and a 
numerical experiment was conducted. 
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ȼɫɬɭɩ 
 
Ⱦɥɹ ɞɨɫɥɿɞɠɟɧɧɹ ɧɚɩɪɭɠɟɧɨ-ɞɟɮɨɪɦɨɜɚɧɨɝɨ 
ɫɬɚɧɭ ɬɚ ɜɿɞɧɨɜɥɟɧɧɹ ɧɚɜɚɧɬɚɠɟɧɶ, ɳɨ ɞɿɸɬɶ 
ɧɚ ɞɨɪɨɠɧɸ ɤɨɧɫɬɪɭɤɰɿɸ, ɚ ɬɚɤɨɠ ɿɞɟɧɬɢɮɿ-
ɤɚɰɿʀ ʀʀ ɩɚɪɚɦɟɬɪɿɜ ɧɟɨɛɯɿɞɧɨ, ɳɨɛ ɦɚɬɟɦɚɬɢ-

ɱɧɚ ɦɨɞɟɥɶ ɞɨɫɬɚɬɧɶɨ ɬɨɱɧɨ ɜɿɞɨɛɪɚɠɚɥɚ ɧɟ-
ɫɬɚɰɿɨɧɚɪɧɿ ɞɟɮɨɪɦɚɰɿɣɧɿ ɩɪɨɰɟɫɢ, ɳɨ ɜɿɞɛɭ-
ɜɚɸɬɶɫɹ ɜ ɞɨɪɨɠɧɿɣ ɤɨɧɫɬɪɭɤɰɿʀ. Ɉɫɨɛɥɢɜɭ 
ɭɜɚɝɭ ɰɶɨɦɭ ɧɟɨɛɯɿɞɧɨ ɩɪɢɞɿɥɢɬɢ ɩɿɞ ɱɚɫ 
ɪɨɡɜ’ɹɡɚɧɧɹ ɬɚɤ ɡɜɚɧɢɯ ɨɛɟɪɧɟɧɢɯ ɡɚɞɚɱ ɦɟ-
ɯɚɧɿɤɢ, ɤɨɥɢ ɡɚ ɡɚɞɚɧɢɦɢ ɩɟɪɟɦɿɳɟɧɧɹɦɢ ɚɛɨ 
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ɞɟɮɨɪɦɚɰɿɹɦɢ ɞɨɪɨɠɧɶɨɝɨ ɨɞɹɝɭ ɫɥɿɞ ɜɫɬɚ-
ɧɨɜɢɬɢ ɧɚɜɚɧɬɚɠɟɧɧɹ, ɳɨ ɫɩɪɢɱɢɧɢɥɨ ɞɟ-
ɮɨɪɦɭɜɚɧɧɹ, ɚɛɨ ɜɢɡɧɚɱɢɬɢ ɧɟɜɿɞɨɦɿ ɩɚɪɚɦɟ-
ɬɪɢ ɞɨɪɨɠɧɶɨʀ ɤɨɧɫɬɪɭɤɰɿʀ.  
 

Ⱥɧɚɥɿɡ ɩɭɛɥɿɤɚɰɿɣ 
 
Ɂ ɨɝɥɹɞɭ ɧɚ ɬɟ, ɳɨ ɦɨɞɟɥɸɜɚɧɧɹ ɞɨɪɨɠɧɶɨʀ 
ɤɨɧɫɬɪɭɤɰɿʀ ɽ ɚɤɬɭɚɥɶɧɨɸ ɩɪɨɛɥɟɦɨɸ ɩɪɢɤ-
ɥɚɞɧɨɝɨ ɯɚɪɚɤɬɟɪɭ, ʀɣ ɩɪɢɫɜɹɱɟɧɨ ɞɨɫɬɚɬɧɶɨ 
ɛɚɝɚɬɨ ɧɚɭɤɨɜɢɯ ɩɪɚɰɶ, ɡɨɤɪɟɦɚ [1–3]. ɉɪɨɬɟ 
ɭɬɨɱɧɟɧɧɹ ɦɨɞɟɥɟɣ ɿ ɪɨɡɪɨɛɤɚ ɦɨɞɟɥɟɣ ɞɥɹ 
ɪɨɡɜ’ɹɡɚɧɧɹ ɨɛɟɪɧɟɧɢɯ ɡɚɞɚɱ ɽ ɜɚɠɥɢɜɢɦ ɧɚ-
ɩɪɹɦɨɦ ɪɨɛɨɬɢ. ɍ ɫɬɚɬɬɿ [4] ɛɭɥɨ ɩɿɞɤɪɟɫɥɟɧɨ, 
ɳɨ ɞɥɹ ɪɨɡɜ’ɹɡɚɧɧɹ ɫɚɦɟ ɰɢɯ ɡɚɞɚɱ ɨɞɧɿɽɸ ɡ 
ɧɚɣɛɿɥɶɲ ɩɟɪɫɩɟɤɬɢɜɧɢɯ, ɡ ɩɨɝɥɹɞɭ ɩɪɨɫɬɨɬɢ 
ɡɚ ɞɨɫɬɚɬɧɶɨʀ ɚɞɟɤɜɚɬɧɨɫɬɿ ɨɩɢɫɭ ɜɥɚɫɬɢɜɨɫ-
ɬɟɣ ɞɨɪɨɠɧɶɨʀ ɤɨɧɫɬɪɭɤɰɿʀ, ɽ ɦɨɞɟɥɶ ɞɢɧɚ-
ɦɿɱɧɨɝɨ ɧɚɜɚɧɬɚɠɟɧɧɹ ɩɪɭɠɧɨʀ ɿɡɨɬɪɨɩɧɨʀ 
ɩɥɚɫɬɢɧɢ, ɳɨ ɥɟɠɢɬɶ ɧɚ ɩɪɭɠɧɿɣ ɿɧɟɪɰɿɣɧɿɣ 
ɨɫɧɨɜɿ ɬɢɩɭ ȼɥɚɫɨɜɚ–Ʌɟɨɧɬɶɽɜɚ [5]. 

 
Ɇɟɬɚ ɿ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɿ 

 
Ɇɟɬɨɸ ɡɚɩɪɨɩɨɧɨɜɚɧɨʀ ɪɨɛɨɬɢ ɽ ɜɢɛɿɪ ɦɨɞɟɥɿ 
ɞɨɪɨɠɧɶɨʀ ɤɨɧɫɬɪɭɤɰɿʀ, ɹɤɚ ɛ ɧɚɣɛɿɥɶɲ ɚɞɟɤ-
ɜɚɬɧɨ ɜɿɞɨɛɪɚɠɚɥɚ ɞɟɮɨɪɦɚɰɿɣɧɿ ɩɪɨɰɟɫɢ, ɳɨ 
ɜɿɞɛɭɜɚɸɬɶɫɹ ɜ ɞɨɪɨɠɧɿɣ ɤɨɧɫɬɪɭɤɰɿʀ. Ɋɨɡɝ-
ɥɹɧɭɬɨ ɞɟɤɿɥɶɤɚ ɦɨɞɟɥɟɣ ɞɨɪɨɠɧɶɨʀ ɤɨɧɫɬɪɭ-
ɤɰɿʀ ɪɿɡɧɨɝɨ ɪɿɜɧɹ ɫɤɥɚɞɧɨɫɬɿ, ɨɬɪɢɦɚɧɨ ɱɢɫɟ-
ɥɶɧɿ ɪɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɭ ɩɚɪɚɦɟɬɪɿɜ 
ɧɚɩɪɭɠɟɧɨ-ɞɟɮɨɪɦɨɜɚɧɨɝɨ ɫɬɚɧɭ ɿ ɩɪɨɜɟɞɟɧɨ 
ʀɯ ɚɧɚɥɿɡ. Ⱦɨɪɨɠɧɸ ɤɨɧɫɬɪɭɤɰɿɸ ɛɭɥɨ ɩɪɟɞ-
ɫɬɚɜɥɟɧɨ ɭ ɜɢɝɥɹɞɿ ɩɥɚɫɬɢɧɢ ɧɚ ɩɪɭɠɧɿɣ ɨɫ-
ɧɨɜɿ, ɚ ɩɪɢ ɦɨɞɟɥɸɜɚɧɧɿ ɫɚɦɨʀ ɩɥɚɫɬɢɧɢ ɛɭɥɨ 
ɜɢɤɨɪɢɫɬɚɧɨ 2 ɪɿɡɧɿ ɬɟɨɪɿʀ: 
– ɬɨɧɤɢɯ ɩɥɚɫɬɢɧ Ʉɿɪɯɝɨɮɚ ɡ ɭɪɚɯɭɜɚɧɧɹɦ 
ɜ’ɹɡɤɨɩɪɭɠɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɦɚɬɟɪɿɚɥɭ ɩɥɚɫ-
ɬɢɧɢ (ɞɨɪɨɠɧɶɨɝɨ ɩɨɤɪɢɬɬɹ) ɬɚ ɛɟɡ ʀɯ ɭɪɚɯɭ-
ɜɚɧɧɹ; 
– ɬɟɨɪɿɸ ɩɪɭɠɧɢɯ ɩɥɚɫɬɢɧ ɫɟɪɟɞɧɶɨʀ ɬɨɜɳɢ-
ɧɢ ɬɢɩɭ Ɍɢɦɨɲɟɧɤɚ. 

 
Ɇɨɞɟɥɸɜɚɧɧɹ ɨɫɧɨɜɢ 

 
Ʉɨɧɬɚɤɬ ɦɿɠ ɩɥɚɫɬɢɧɨɸ ɣ ɨɫɧɨɜɨɸ ɩɪɢɣɦɟɦɨ 
ɞɜɨɫɬɨɪɨɧɧɿɦ. ȼɟɪɬɢɤɚɥɶɧɿ ɩɟɪɟɦɿɳɟɧɧɹ ɨɫ-
ɧɨɜɢ ɨɩɢɫɭɸɬɶɫɹ ɮɭɧɤɰɿɽɸ ȥ(z), ɬɨɛɬɨ 
w0(x,y,z,t)=w(x,y,t)āȥ(z). ɉɪɢ ɰɶɨɦɭ ɮɭɧɤɰɿɹ 
ɪɨɡɩɨɞɿɥɭ ɧɚɩɪɭɠɟɧɶ ɭ ɦɚɬɟɪɿɚɥɿ ɨɫɧɨɜɢ, ɜɿɞ-
ɩɨɜɿɞɧɨ ɞɨ ɦɚɬɟɪɿɚɥɭ [5], ɦɨɠɟ ɦɚɬɢ ɹɤ ɥɿɧɿɣ-
ɧɢɣ ɯɚɪɚɤɬɟɪ, ɬɚɤ ɿ ɧɟɥɿɧɿɣɧɢɣ, ɧɚɩɪɢɤɥɚɞ 
 

  
 

( )
sh H z

z
sh H
 

 


,                 (1) 

ɞɟ H – ɬɨɜɳɢɧɚ ɲɚɪɭ ɨɫɧɨɜɢ, ɳɨ ɫɬɢɫɤɚɽɬɶɫɹ;  
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ȼɿɞɩɨɜɿɞɧɨ ɞɨ ɦɟɬɨɞɢɤɢ, ɡɚɩɪɨɩɨɧɨɜɚɧɨʀ ɜ 
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Ʉɨɟɮɿɰɿɽɧɬɢ ɪɟɚɤɰɿʀ ɨɫɧɨɜɢ ɧɚ ɩɥɚɫɬɢɧɭ ɜɢ-
ɡɧɚɱɚɥɢɫɹ ɡɚ ɬɚɤɢɦɢ ɡɚɥɟɠɧɨɫɬɹɦɢ [5] 
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Ɇɨɞɟɥɶ ɩɥɚɫɬɢɧɢ Ʉɿɪɯɝɨɮɚ 

 
Ɋɨɡɝɥɹɧɟɦɨ ɬɨɧɤɭ ɩɥɚɫɬɢɧɭ (Ʉɿɪɯɝɨɮɚ), ɳɨ 
ɥɟɠɢɬɶ ɧɚ ɩɪɭɠɧɿɣ ɨɞɧɨɲɚɪɨɜɿɣ ɿɧɟɪɰɿɣɧɿɣ 
ɨɫɧɨɜɿ ɬɢɩɭ ȼɥɚɫɨɜɚ–Ʌɟɨɧɬɶɽɜɚ [5]. Ɋɿɜɧɹɧ-
ɧɹ, ɳɨ ɨɩɢɫɭɽ ɩɪɨɰɟɫ ɤɨɥɢɜɚɧɧɹ ɬɚɤɨʀ ɩɥɚɫ-
ɬɢɧɢ, ɧɚɜɟɞɟɧɨ ɜ ɪɨɛɨɬɚɯ [4, 6].  
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Ɇɨɞɟɥɶ, ɳɨ ɜɪɚɯɨɜɭɽ ɞɢɫɢɩɚɰɿɸ ɟɧɟɪɝɿʀ ɤɨ-
ɥɢɜɚɧɶ ɩɥɚɫɬɢɧɢ, ɨɩɢɫɭɽɬɶɫɹ ɞɢɮɟɪɟɧɰɿɣɧɢɦ 
ɪɿɜɧɹɧɧɹɦ (4) 
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( , , )1 ( , , )
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w x y tD w x y t h
t t

P x y t R x y t
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 

   (4) 

 
ɞɟ   – ɱɚɫ ɪɟɥɚɤɫɚɰɿʀ ɞɟɮɨɪɦɚɰɿɣ. 
 
ȼɿɞɡɧɚɱɢɦɨ, ɳɨ ɰɹ ɦɨɞɟɥɶ ɤɨɥɢɜɚɧɶ ɩɪɹɦɨ-
ɤɭɬɧɨʀ ɩɥɚɫɬɢɧɢ, ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɜ’ɹɡɤɨ-
ɩɪɭɠɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ, ɛɚɡɭɽɬɶɫɹ ɧɚ ɝɿɩɨɬɟɡɿ 
Ʉɟɥɶɜɿɧɚ–Ɏɨɣɝɬɚ. 
 
Ɋɨɡɜ’ɹɡɨɤ ɪɿɜɧɹɧɧɹ (4) ɛɭɥɨ ɡɧɚɣɞɟɧɨ ɭ ɜɢ-
ɝɥɹɞɿ ɩɨɞɜɿɣɧɨɝɨ ɪɹɞɭ Ɏɭɪ’ɽ 
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Ɋɨɡɜ’ɹɡɨɤ ɪɿɜɧɹɧɧɹ (4) ɜɿɞɧɨɫɧɨ ɩɪɨɝɢɧɿɜ 
ɩɥɚɫɬɢɧɢ ɛɭɥɨ ɨɬɪɢɦɚɧɨ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ 
ɩɟɪɟɬɜɨɪɟɧɧɹ Ʌɚɩɥɚɫɚ. ȼɥɚɫɧɿ ɱɚɫɬɨɬɢ ɤɨɥɢ-
ɜɚɧɶ (ɡɝɿɞɧɨ ɡ ɦɨɞɟɥɥɸ Ʉɿɪɯɝɨɮɚ – ɨɞɧɨɦɨ-
ɞɨɜɚ ɚɩɪɨɤɫɢɦɚɰɿɹ) ɦɨɠɭɬɶ ɛɭɬɢ ɜɢɡɧɚɱɟɧɿ ɭ 
ɜɢɝɥɹɞɿ [7] 
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Ɇɨɞɟɥɶ ɩɥɚɫɬɢɧɢ ɫɟɪɟɞɧɶɨʀ ɬɨɜɳɢɧɢ 
 
ɋɢɫɬɟɦɭ ɪɿɜɧɹɧɶ, ɹɤɚ ɨɩɢɫɭɽ ɩɪɨɰɟɫ ɤɨɥɢ-
ɜɚɧɧɹ ɩɪɹɦɨɤɭɬɧɨʀ ɩɥɚɫɬɢɧɢ ɫɟɪɟɞɧɶɨʀ ɬɨɜ-
ɳɢɧɢ, ɳɨ ɥɟɠɢɬɶ ɧɚ ɨɫɧɨɜɿ, ɧɚɜɟɞɟɧɨ ɜ ɪɨɛɨ-
ɬɿ [4]. Ɋɨɡɜ’ɹɡɨɤ ɰɿɽʀ ɫɢɫɬɟɦɢ ɭ ɩɪɢɩɭɳɟɧɧɿ 
ɧɭɥɶɨɜɢɯ ɩɨɱɚɬɤɨɜɢɯ ɭɦɨɜ ɞɥɹ ɲɚɪɧɿɪɧɨ-
ɨɛɩɟɪɬɨʀ ɩɥɚɫɬɢɧɢ ɧɚ ɩɪɭɠɧɿɣ ɨɫɧɨɜɿ ɨɬɪɢ-
ɦɚɧɨ ɭ ɜɢɝɥɹɞɿ [4] 
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ɞɟ  ( , , )WK x y t , ( , , )xK x y t , ( , , )yK x y t  – ɹɞ-
ɪɚ ɜɿɞɩɨɜɿɞɧɢɯ ɿɧɬɟɝɪɚɥɿɜ Ⱦɸɚɦɟɥɹ (ɡɝɨɪɬɨɤ) 
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ɉɪɢɱɨɦɭ 1
f
kn , 2

f
kn  – ɜɥɚɫɧɿ ɱɚɫɬɨɬɢ ɤɨɥɢ-

ɜɚɧɶ (ɡɝɿɞɧɨ ɡ ɦɨɞɟɥɥɸ ɬɢɩɭ Ɍɢɦɨɲɟɧɤɚ – 
ɞɜɨɦɨɞɨɜɚ ɚɩɪɨɤɫɢɦɚɰɿɹ). 
 
ȼɤɚɠɟɦɨ, ɳɨ ɧɚ ɨɫɧɨɜɿ ɡɚɥɟɠɧɨɫɬɟɣ (7) ɧɟ-
ɫɤɥɚɞɧɨ ɨɬɪɢɦɚɬɢ ɜɢɪɚɡɢ ɞɥɹ ɧɚɩɪɭɠɟɧɶ ɿ 
ɞɟɮɨɪɦɚɰɿɣ ɭ ɞɨɜɿɥɶɧɿɣ ɬɨɱɰɿ ɩɥɚɫɬɢɧɢ.  
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ɞɥɹ İx ɬɚ İy ɿɡ (7), ɚ ɫɚɦɟ 
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ɋɥɿɞ ɡɚɡɧɚɱɢɬɢ, ɳɨ ɜ ɹɞɪɚɯ ɜɢɪɚɡɿɜ (7) ɬɚ (8) 
ɤɨɟɮɿɰɿɽɧɬɢ f

knC  ɽ ɤɨɟɮɿɰɿɽɧɬɚɦɢ ɪɨɡɤɥɚɞɚɧ-
ɧɹ ɮɭɧɤɰɿʀ ɡɨɜɧɿɲɧɶɨɝɨ ɧɚɜɚɧɬɚɠɟɧɧɹ ɜ ɪɹɞɢ 
Ɏɭɪ’ɽ. 
 
ɍ ɜɢɩɚɞɤɭ ɜɢɩɪɨɛɭɜɚɧɶ ɞɨɪɨɠɧɶɨʀ ɤɨɧɫɬɪɭɤ-
ɰɿʀ ɪɭɯɨɦɢɦɢ ɧɚɜɚɧɬɚɠɟɧɧɹɦɢ (ɪɢɫ. 1, 2) ɜ 
ɤɨɟɮɿɰɿɽɧɬɚɯ f

knC  ɩɨɬɪɿɛɧɨ ɡɚɦɿɧɢɬɢ ɩɚɪɚ-
ɦɟɬɪ, ɳɨ ɜɿɞɩɨɜɿɞɚɽ ɤɨɨɪɞɢɧɚɬɿ x, ɧɚ 0V t , ɞɟ 

0V  – ɲɜɢɞɤɿɫɬɶ ɪɭɯɭ ɧɚɜɚɧɬɚɠɟɧɧɹ. ɉɪɢ ɦɨ-

ɞɟɥɸɜɚɧɧɿ ɤɨɧɬɚɤɬɧɢɯ ɧɚɜɚɧɬɚɠɟɧɶ ɦɨɠɟ 
ɛɭɬɢ ɜɪɚɯɨɜɚɧɨ, ɳɨ ɩɥɹɦɚ ɤɨɧɬɚɤɬɭ ɚɜɬɨɦɨ-
ɛɿɥɶɧɨʀ ɲɢɧɢ ɡ ɞɨɪɨɠɧɿɦ ɩɨɥɨɬɧɨɦ ɦɚɽ ɤɪɭɝ-
ɥɭ ɚɛɨ ɟɥɿɩɬɢɱɧɭ ɮɨɪɦɭ (ɪɢɫ. 2). 
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Ɋɢɫ. 1. ɋɯɟɦɚ ɧɚɜɚɧɬɚɠɟɧɧɹ ɤɨɥɟɫɨɦ 
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Ɋɢɫ. 2. ɋɯɟɦɚ ɩɥɚɫɬɢɧɢ, ɳɨ ɥɟɠɢɬɶ ɧɚ ɨɫɧɨɜɿ, 
ɞɥɹ ɦɨɞɟɥɸɜɚɧɧɹ ɞɨɪɨɠɧɶɨʀ ɤɨɧɫɬɪɭɤɰɿʀ 

 
ɇɚɩɪɢɤɥɚɞ, ɭ ɜɢɩɚɞɤɭ ɧɚɜɚɧɬɚɠɟɧɧɹ ɞɨɪɨɝɢ 
ɤɨɥɟɫɨɦ (ɤɪɭɝɥɚ ɪɭɯɨɦɚ ɩɥɹɦɚ ɤɨɧɬɚɤɬɭ ɡ 
ɪɿɜɧɨɦɿɪɧɢɦ ɪɨɡɩɨɞɿɥɨɦ ɬɢɫɤɭ ɩɨ ɨɛɥɚɫɬɿ) 

f
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ɑɢɫɥɨɜɢɣ ɪɨɡɪɚɯɭɧɨɤ 

 
Ⱦɚɥɿ ɧɚɜɟɞɟɧɨ ɪɨɡɪɚɯɭɧɤɢ ɧɚɩɪɭɠɟɧɨ-
ɞɟɮɨɪɦɨɜɚɧɨɝɨ ɫɬɚɧɭ ɞɥɹ ɪɨɡɝɥɹɧɭɬɨʀ ɦɨɞɟɥɿ 
ɞɨɪɨɠɧɶɨʀ ɤɨɧɫɬɪɭɤɰɿʀ ɡɚ ɬɚɤɢɯ ɜɢɯɿɞɧɢɯ  
ɞɚɧɢɯ: 
 
ɩɨɫɬɿɣɧɿ ɞɨɪɨɠɧɶɨɝɨ ɩɨɤɪɢɬɬɹ: ɳɿɥɶɧɿɫɬɶ 
=2250 ɤɝ/ɦ3; ɦɨɞɭɥɶ ɩɪɭɠɧɨɫɬɿ E=3,2ā109 ɉɚ; 
ɤɨɟɮɿɰɿɽɧɬ ɉɭɚɫɫɨɧɚ =0,3; ɬɨɜɳɢɧɚ ɩɥɚɫɬɢ-
ɧɢ (ɞɨɪɨɠɧɶɨɝɨ ɩɨɤɪɢɬɬɹ) h=0,1 ɦ.  
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ɉɨɫɬɿɣɧɿ ɩɪɭɠɧɨʀ ɨɫɧɨɜɢ: ɳɿɥɶɧɿɫɬɶ 0= 
= 2000 ɤɝ/ɦ3; ɦɨɞɭɥɶ ɩɪɭɠɧɨɫɬɿ E0=1,53108 ɉɚ; 
ɤɨɟɮɿɰɿɽɧɬ ɉɭɚɫɫɨɧɚ 0=0; ɝɥɢɛɢɧɚ ɨɫɧɨɜɢ 
(ɧɨɪɦɚɥɶɧɿ ɩɟɪɟɦɿɳɟɧɧɹ ɰɢɯ ɬɨɱɨɤ ɜɜɚɠɚɥɢ-
ɫɹ ɪɿɜɧɢɦɢ 0) H=1,5 ɦ. 
 
Ⱦɨɜɠɢɧɚ ɩɥɚɫɬɢɧɢ (ɞɨɫɥɿɞɠɭɜɚɧɨʀ ɞɿɥɹɧɤɢ 
ɞɨɪɨɝɢ) l=10 ɦ. ɒɢɪɢɧɚ ɩɥɚɫɬɢɧɢ m=3,5 ɦ. 
Ʉɨɨɪɞɢɧɚɬɢ ɥɿɧɿʀ ɬɪɚɽɤɬɨɪɿʀ ɪɭɯɨɦɨɝɨ ɧɚɜɚɧ-
ɬɚɠɟɧɧɹ y0=1,75 ɦ. Ʉɨɨɪɞɢɧɚɬɢ ɬɨɱɤɢ, ɜ ɹɤɿɣ 
ɨɛɱɢɫɥɸɜɚɥɢɫɹ ɩɪɨɝɢɧɢ ɿ ɞɟɮɨɪɦɚɰɿʀ ɩɥɚɫ-
ɬɢɧɢ, ɚ ɬɚɤɨɠ ɬɨɱɤɢ ɩɪɢɤɥɚɞɟɧɧɹ ɧɟɪɭɯɨɦɨɝɨ 
ɧɚɜɚɧɬɚɠɟɧɧɹ xs=5 ɦ, ys=1,75 ɦ (ɝɟɨɦɟɬɪɢɱ-
ɧɢɣ ɰɟɧɬɪ ɩɥɚɫɬɢɧɢ). ɒɜɢɞɤɿɫɬɶ ɪɭɯɨɦɨɝɨ 
ɧɚɜɚɧɬɚɠɟɧɧɹ V=25 ɦ/ɫ. 
 
ȼɟɥɢɱɢɧɚ ɪɭɯɨɦɨɝɨ ɧɚɜɚɧɬɚɠɟɧɧɹ 
P=32000 ɇ; ɩɪɢ ɪɨɡɪɚɯɭɧɤɚɯ ɡ ɪɿɜɧɨɦɿɪɧɨ 
ɪɨɡɩɨɞɿɥɟɧɢɦ ɩɨ ɤɨɥɭ ɧɚɜɚɧɬɚɠɟɧɧɹɦ  
p=352453,85 ɉɚ ɪɚɞɿɭɫ ɩɥɹɦɢ ɤɨɧɬɚɤɬɭ ɤɨɥɟ-
ɫɚ ɡ ɞɨɪɨɝɨɸ r=0,17 ɦ. ɑɢɫɥɨ ɤɪɨɤɿɜ ɡɚ  
ɱɚɫɨɦ – 500. Ɋɨɡɝɥɹɧɭɬɢɣ ɩɪɨɦɿɠɨɤ ɱɚɫɭ 
T=0,4 ɫ. 
 
ɇɚ ɪɢɫ. 3 ɩɪɟɞɫɬɚɜɥɟɧɨ ɡɿɫɬɚɜɥɟɧɧɹ ɩɪɨɝɢɧɿɜ 
ɩɥɚɫɬɢɧɢ ɩɪɢ ɞɿʀ ɪɭɯɨɦɨɝɨ ɧɚɜɚɧɬɚɠɟɧɧɹ ɧɚ 
ɞɨɪɨɠɧɸ ɤɨɧɫɬɪɭɤɰɿɸ (ɦɟɯɚɧɿɱɧɭ ɫɢɫɬɟɦɭ, 
ɳɨ ɫɤɥɚɞɚɽɬɶɫɹ ɿɡ ɩɥɚɫɬɢɧɢ ɿ ɩɪɭɠɧɨʀ ɨɫɧɨɜɢ), 
ɹɤɿ ɛɭɥɨ ɨɬɪɢɦɚɧɨ ɞɥɹ ɪɨɡɝɥɹɧɭɬɢɯ ɦɨɞɟɥɟɣ.  
 

ɇɚ ɪɢɫ. 3 ɤɪɢɜɚ 1 – ɪɨɡɪɚɯɨɜɚɧɚ ɧɚ ɨɫɧɨɜɿ 
ɬɟɨɪɿʀ ɬɨɧɤɢɯ ɩɥɚɫɬɢɧ Ʉɿɪɯɝɨɮɚ; ɤɪɢɜɚ 2 – 
ɪɨɡɪɚɯɨɜɚɧɚ ɧɚ ɨɫɧɨɜɿ ɬɟɨɪɿʀ ɬɨɧɤɢɯ ɩɥɚɫɬɢɧ 
Ʉɿɪɯɝɨɮɚ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɞɢɫɢɩɚɰɿʀ (ɜ’ɹɡɤɨ-
ɩɪɭɠɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɦɚɬɟɪɿɚɥɭ ɩɥɚɫɬɢɧɢ – 
ɞɨɪɨɠɧɶɨɝɨ ɩɨɤɪɢɬɬɹ); ɤɪɢɜɚ 3 – ɪɨɡɪɚɯɨɜɚɧɚ 
ɧɚ ɨɫɧɨɜɿ ɭɬɨɱɧɟɧɨʀ ɬɟɨɪɿʀ ɩɥɚɫɬɢɧ ɫɟɪɟɞɧɶɨʀ 
ɬɨɜɳɢɧɢ ɬɢɩɭ Ɍɢɦɨɲɟɧɤɚ. ȼɿɞɡɧɚɱɢɦɨ, ɳɨ 
ɜɟɪɬɢɤɚɥɶɧɚ ɜɿɫɶ Oz, ɜɡɞɨɜɠ ɹɤɨʀ ɜɿɞɤɥɚɞɟɧɨ 
ɩɪɨɝɢɧɢ ɩɥɚɫɬɢɧɢ, ɫɩɪɹɦɨɜɚɧɚ ɜɧɢɡ.  
 
Ɉɞɧɿɽɸ ɡ ɩɟɪɟɜɚɝ ɦɨɞɟɥɸɜɚɧɧɹ ɞɨɪɨɠɧɶɨʀ 
ɤɨɧɫɬɪɭɤɰɿʀ ɭ ɜɢɝɥɹɞɿ ɫɚɦɟ ɩɥɚɫɬɢɧɢ ɫɟɪɟɞ-
ɧɶɨʀ ɬɨɜɳɢɧɢ, ɳɨ ɥɟɠɢɬɶ ɧɚ ɨɫɧɨɜɿ, ɽ ɦɨɠ-
ɥɢɜɿɫɬɶ ɥɟɝɤɨ ɨɬɪɢɦɚɬɢ ɚɧɚɥɿɬɢɱɧɿ ɜɢɪɚɡɢ ɞɥɹ 
ɞɟɮɨɪɦɚɰɿɣ ɬɚ ɧɚɩɪɭɠɟɧɶ.  
 
ɇɚ ɪɢɫ. 4 ɩɪɟɞɫɬɚɜɥɟɧɨ ɪɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧ-
ɤɭ ɞɟɮɨɪɦɚɰɿɣ ɩɥɚɫɬɢɧɢ: ɤɪɢɜɚ 1 – ɩɨɡɞɨɜɠ-
ɧɹ ɞɟɮɨɪɦɚɰɿɹ ( )x t , ɤɪɢɜɚ 2 – ɩɨɩɟɪɟɱɧɚ 
ɞɟɮɨɪɦɚɰɿɹ ( )y t . 
 
ɇɚ ɪɢɫ. 5 ɩɪɟɞɫɬɚɜɥɟɧɨ ɞɜɨɜɢɦɿɪɧɭ ɟɩɸɪɭ 
ɩɪɨɝɢɧɭ ɩɥɚɫɬɢɧɢ ɭ ɦɨɦɟɧɬ ɱɚɫɭ t=0,2 ɫ, ɳɨ 
ɜɿɞɩɨɜɿɞɚɽ ɡɧɚɯɨɞɠɟɧɧɸ ɪɭɯɨɦɨɝɨ ɧɚɜɚɧɬɚ-
ɠɟɧɧɹ ɬɨɱɧɨ ɩɨɫɟɪɟɞɢɧɿ ɩɥɚɫɬɢɧɢ. 
 
 

-0.0002

0

0.0002

0.0004

0.0006

0.0008

0.001

0.0012

0.0014

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4

1

2

3

 
 

Ɋɢɫ. 3. Ɂɿɫɬɚɜɥɟɧɧɹ ɩɪɨɝɢɧɿɜ ɩɥɚɫɬɢɧɢ ɡɚ ɪɿɡɧɢɦɢ ɦɨɞɟɥɹɦɢ 
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Ɋɢɫ. 4. Ɋɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɭ ɞɟɮɨɪɦɚɰɿɣ ɩɥɚɫɬɢɧɢ 

 

 
Ɋɢɫ. 5. ȿɩɸɪɚ ɩɪɨɝɢɧɭ ɩɥɚɫɬɢɧɢ 

 
 

ȼɢɫɧɨɜɤɢ 
 

ɇɚ ɨɫɧɨɜɿ ɨɬɪɢɦɚɧɢɯ ɭ ɪɨɛɨɬɿ ɚɧɚɥɿɬɢɤɨ-
ɱɢɫɟɥɶɧɢɯ ɡɚɥɟɠɧɨɫɬɟɣ ɬɚ ɱɢɫɟɥɶɧɢɯ ɪɨɡɪɚ-
ɯɭɧɤɿɜ, ɜɢɤɨɧɚɧɢɯ ɞɥɹ ɪɿɡɧɢɯ ɬɢɩɿɜ ɞɢɧɚɦɿɱ-
ɧɢɯ ɦɨɞɟɥɟɣ ɞɨɪɨɠɧɶɨʀ ɤɨɧɫɬɪɭɤɰɿʀ, ɪɟɡɭɥɶ-
ɬɚɬɢ ɹɤɢɯ ɭ ɝɪɚɮɿɱɧɨɦɭ ɜɢɝɥɹɞɿ ɧɚɜɟɞɟɧɨ ɧɚ 
ɪɢɫ. 3–5, ɦɨɠɧɚ ɡɪɨɛɢɬɢ ɬɚɤɿ ɜɢɫɧɨɜɤɢ:  
 
1. Ɇɨɞɟɥɶ ɞɨɪɨɠɧɶɨʀ ɤɨɧɫɬɪɭɤɰɿʀ, ɳɨ ɫɤɥɚɞɚ-
ɽɬɶɫɹ ɡ ɬɨɧɤɨʀ ɩɥɚɫɬɢɧɢ ɬɟɨɪɿʀ ɬɢɩɭ Ʉɿɪɯɝɨɮɚ 
ɬɚ ɩɪɭɠɧɨʀ ɿɧɟɪɰɿɣɧɨʀ ɨɫɧɨɜɢ ɽ ɛɿɥɶɲ ɩɪɨɫ-
ɬɨɸ, ɚɥɟ ɞɨɡɜɨɥɹɽ ɜɪɚɯɨɜɭɜɚɬɢ ɞɢɫɢɩɚɰɿɸ 
ɟɧɟɪɝɿʀ ɤɨɥɢɜɚɧɶ, ɬɨɛɬɨ ɜ’ɹɡɤɨɩɪɭɠɧɿ ɜɥɚɫɬɢ-
ɜɨɫɬɿ ɦɚɬɟɪɿɚɥɭ ɩɨɤɪɢɬɬɹ ɛɟɡ ɨɫɨɛɥɢɜɢɯ 
ɭɫɤɥɚɞɧɟɧɶ. 

2. Ɇɨɞɟɥɶ, ɹɤɚ ɛɚɡɭɽɬɶɫɹ ɧɚ ɭɬɨɱɧɟɧɿɣ ɬɟɨɪɿʀ 
ɬɢɩɭ Ɍɢɦɨɲɟɧɤɚ, ɛɿɥɶɲ ɬɨɱɧɨ ɦɨɞɟɥɸɽ ɧɟ-
ɫɬɚɰɿɨɧɚɪɧɿ ɞɟɮɨɪɦɚɰɿɣɧɿ ɩɪɨɰɟɫɢ ɞɥɹ ɩɥɚɫ-
ɬɢɧ ɫɟɪɟɞɧɶɨʀ ɬɨɜɳɢɧɢ (ɨɫɤɿɥɶɤɢ ɽ ɞɜɨɦɨɞɨ-
ɜɨɸ ɚɩɪɨɤɫɢɦɚɰɿɽɸ ɬɚ ɞɨɡɜɨɥɹɽ ɨɬɪɢɦɚɬɢ 
ɪɨɡɜ’ɹɡɤɢ, ɛɥɢɡɶɤɿ ɞɨ ɬɪɢɜɢɦɿɪɧɨʀ ɬɟɨɪɿʀ 
ɩɪɭɠɧɨɫɬɿ). ɉɪɨɝɢɧ ɬɚ ɞɨɬɢɱɧɿ ɩɟɪɟɦɿɳɟɧɧɹ 
ɜ ɬɟɨɪɿʀ ɬɢɩɭ Ɍɢɦɨɲɟɧɤɚ (ɚ ɬɨɦɭ ɿ ɞɟɮɨɪɦɚ-
ɰɿʀ) ɽ ɧɟɡɚɥɟɠɧɢɦɢ ɡɦɿɧɧɢɦɢ. ɍɪɚɯɭɜɚɧɧɹ 
ɜ’ɹɡɤɨɩɪɭɠɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɜ ɪɚɦɤɚɯ ɰɿɽʀ 
ɬɟɨɪɿʀ ɜɧɨɫɢɬɶ ɡɧɚɱɧɿ ɭɫɤɥɚɞɧɟɧɧɹ ɦɚɬɟɦɚɬɢ-
ɱɧɨɝɨ ɯɚɪɚɤɬɟɪɭ ɛɟɡ ɡɧɚɱɧɨɝɨ ɭɬɨɱɧɟɧɧɹ ɪɟ-
ɡɭɥɶɬɚɬɿɜ. 
 
3. ɑɢɫɥɨɜɿ ɪɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɿɜ ɞɥɹ ɨɛɨɯ 
ɦɨɞɟɥɟɣ, ɹɤɿ ɛɭɥɨ ɪɨɡɝɥɹɧɭɬɨ, ɞɨɛɪɟ ɭɡɝɨ-
ɞɠɭɸɬɶɫɹ. 
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