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ɆȿɌɈȾ ȾɂɇȺɆɂɑȿɋɄɈɃ ȺȾȺɉɌȺɐɂɂ ɋȿɌɄɂ, 
ɈɋɇɈȼȺɇɇɕɃ ɇȺ ɄɊɍȽȺɏ ȽȿɊɒȽɈɊɂɇȺ

 

 
ȿ.ȼ. Ⱥɜɞɟɟɜ 1, ȼ.Ⱥ. Ɏɭɪɫɨɜ 1, ȼ.Ⱥ. Ɉɜɱɢɧɧɢɤɨɜ 2 

 
 

1ɋɚɦɚɪɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɚɷɪɨɤɨɫɦɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. ɚɤɚɞɟɦɢɤɚ ɋ.ɉ. Ʉɨɪɨɥёɜɚ 
(ɧɚɰɢɨɧɚɥɶɧɨ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ), 

2ɈɈɈ Ʌɚɞɭɝɚ 

 
ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧ ɧɨɜɵɣ ɦɟɬɨɞ ɞɢɧɚɦɢɱɟɫɤɨɣ ɚɞɚɩɬɚɰɢɢ ɫɟɬɤɢ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɛɵɬɶ 
ɢɫɩɨɥɶɡɨɜɚɧ ɞɥɹ ɧɟɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ ɫɟɬɨɤ ɜ ɞɜɭɦɟɪɧɵɯ ɢ ɬɪɟɯɦɟɪɧɵɯ ɡɚɞɚɱɚɯ. Ⱥɞɚɩɬɚɰɢɹ ɫɟɬɤɢ ɨɫɧɨɜɚɧɚ 
ɧɚ ɨɰɟɧɤɟ ɤɪɭɝɚɦɢ Ƚɟɪɲɝɨɪɢɧɚ ɫɨɛɫɬɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɦɚɬɪɢɰɵ ɞɢɫɤɪɟɬɢɡɚɰɢɢ. Ɋɟɚɥɢɡɚɰɢɹ ɚɥɝɨɪɢɬɦɚ 
ɜɵɩɨɥɧɟɧɚ ɫ ɩɨɦɨщɶɸ ɨɬɤɪɵɬɨɣ ɛɢɛɥɢɨɬɟɤɢ ɦɟɯɚɧɢɤɢ ɫɩɥɨɲɧɵɯ ɫɪɟɞ OpenFOAM, ɤɨɞ ɛɢɛɥɢɨɬɟɤɢ ɧɚɩɢɫɚɧ 
ɧɚ ɹɡɵɤɟ ɋ++ ɢ ɭɞɨɛɧɚ ɬɟɦ, ɱɬɨ ɫɨɫɬɨɢɬ ɢɡ ɦɧɨɠɟɫɬɜɚ ɝɨɬɨɜɵɯ ɦɨɞɭɥɟɣ. ɉɪɢɜɨɞɹɬɫɹ ɞɜɚ ɱɢɫɥɟɧɧɵɯ 
ɩɪɢɦɟɪɚ, ɩɨɤɚɡɵɜɚɸщɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɧɨɜɨɝɨ ɦɟɬɨɞɚ ɚɞɚɩɬɚɰɢɢ ɫɟɬɤɢ. 
 

ȼɜɟɞɟɧɢɟ 

Ɇɟɬɨɞ ɤɨɧɟɱɧɵɯ ɨɛɴɟɦɨɜ (ɆɄɈ) ɷɬɨ ɫɟɬɨɱɧɵɣ ɦɟɬɨɞ, ɜ ɤɨɬɨɪɨɦ ɪɚɛɨɱɢɣ ɨɛɴɟɦ 
ɪɚɡɞɟɥɹɟɬɫɹ ɧɚ ɧɟɤɨɬɨɪɨɟ ɤɨɥɢɱɟɫɬɜɨ ɹɱɟɟɤ, ɪɟɛɪɚ ɤɨɬɨɪɵɯ ɨɛɪɚɡɭɸɬ ɫɟɬɤɭ. ȼ ɨɛщɟɦ 
ɫɥɭɱɚɟ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɪɚɫɱɟɬɚ ɜ ɡɚɞɚɱɟ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɝɢɞɪɨɞɢɧɚɦɢɤɢ (ȼȽȾ) 
ɧɟɜɨɡɦɨɠɧɨ ɡɚɪɚɧɟɟ ɩɨɥɭɱɢɬɶ ɨɩɬɢɦɚɥɶɧɭɸ ɫɟɬɤɭ, ɬ.ɟ. ɫɟɬɤɭ ɫ ɦɢɧɢɦɚɥɶɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ 
ɹɱɟɟɤ, ɭɞɨɜɥɟɬɜɨɪɹɸщɭɸ ɡɚɞɚɧɧɵɦ ɞɨɩɭɫɤɚɦ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ. Ⱦɥɹ ɡɚɞɚɱ, 
ɪɟɲɚɟɦɵɯ ɜ ɞɢɧɚɦɢɱɟɫɤɨɣ ɩɨɫɬɚɧɨɜɤɟ, ɜ ɤɨɬɨɪɵɯ ɩɨɜɟɞɟɧɢɟ ɩɨɬɨɤɚ ɧɟɫɬɚɰɢɨɧɚɪɧɨ ɢ 
ɢɧɬɟɪɟɫɭɟɦɵɟ ɨɛɥɚɫɬɢ ɦɨɝɭɬ ɦɟɧɹɬɶ ɫɜɨɟ ɩɨɥɨɠɟɧɢɟ ɩɨ ɯɨɞɭ ɩɪɨɰɟɫɫɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɬɚɬɢɱɧɨɣ ɫɟɬɤɢ ɫɬɚɧɨɜɢɬɫɹ ɧɟɷɮɮɟɤɬɢɜɧɵɦ, ɬ.ɤ. ɜ ɬɚɤɨɦ ɫɥɭɱɚɟ ɢɫɯɨɞɧɚɹ 
ɫɟɬɤɚ ɞɨɥɠɧɚ ɛɵɬɶ ɱɪɟɡɦɟɪɧɨ ɢɡɦɟɥɶɱɟɧɧɨɣ, ɱɬɨɛɵ ɭɞɨɜɥɟɬɜɨɪɢɬɶ ɞɨɩɭɫɬɢɦɨɦɭ ɩɨɪɨɝɭ 
ɩɨɝɪɟɲɧɨɫɬɢ ɧɚ ɜɫɟɦ ɩɪɨɬɹɠɟɧɢɢ ɩɪɨɰɟɫɫɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. ȼ ɤɚɱɟɫɬɜɟ ɪɟɲɟɧɢɹ 
ɢɫɩɨɥɶɡɭɸɬ ɞɢɧɚɦɢɱɟɫɤɢɟ ɫɟɬɤɢ, ɚɞɚɩɬɢɪɭɸщɢɟ ɫɜɨɸ ɫɬɪɭɤɬɭɪɭ ɩɨ ɧɟɤɨɬɨɪɨɦɭ 
ɤɪɢɬɟɪɢɸ. ȼ ɤɚɱɟɫɬɜɟ ɤɪɢɬɟɪɢɹ ɚɞɚɩɬɚɰɢɢ ɱɚщɟ ɜɫɟɝɨ ɢɫɩɨɥɶɡɭɸɬ ɩɨɥɟ ɝɪɚɞɢɟɧɬɨɜ 
ɮɢɡɢɱɟɫɤɨɣ ɜɟɥɢɱɢɧɵ. ɇɚɲ ɚɥɝɨɪɢɬɦ ɨɫɧɨɜɚɧ ɧɚ ɨɰɟɧɤɟ ɫɨɛɫɬɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɦɚɬɪɢɰɵ 
ɞɢɫɤɪɟɬɢɡɚɰɢɢ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɨɬɦɟɱɚɬɶ ɹɱɟɣɤɢ ɞɥɹ ɢɡɦɟɥɶɱɟɧɢɹ ɢ ɭɤɪɭɩɧɟɧɢɹ ɫɟɬɤɢ. 
Ⱦɚɧɧɵɣ ɩɨɞɯɨɞ ɷɮɮɟɤɬɢɜɧɟɟ ɢɫɩɨɥɶɡɭɟɬ ɢɦɟɸщɟɟɫɹ ɤɨɥɢɱɟɫɬɜɨ ɹɱɟɟɤ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ 
ɫɧɢɠɟɧɢɸ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɡɚɬɪɚɬ ɧɚ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ. 

ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

ɉɭɫɬɶ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɆɄɈ ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɭɪɚɜɧɟɧɢɣ ɦɵ 
ɩɨɥɭɱɢɥɢ ɫɢɫɬɟɦɭ ɥɢɧɟɣɧɵɯ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɛɵɬɶ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɦɚɬɪɢɱɧɨɦ ɜɢɞɟ 

bAx= ,           (1) 

ɝɞɟ A  – ɤɜɚɞɪɚɬɧɚɹ ɪɚɡɪɟɠɟɧɧɚɹ nn  ɦɚɬɪɢɰɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɞɢɫɤɪɟɬɢɡɚɰɢɢ, x  – 1n  

ɜɟɤɬɨɪ, ɤɨɦɩɨɧɟɧɬɚɦɢ ɤɨɬɨɪɨɝɨ ɹɜɥɹɸɬɫɹ ɢɫɤɨɦɵɟ ɡɧɚɱɟɧɢɹ, b  – 1n  ɜɟɤɬɨɪ ɢɡɜɟɫɬɧɵɯ 
ɡɧɚɱɟɧɢɣ. 

ɑɬɨɛɵ ɨɛɴɹɫɧɢɬɶ ɪɨɥɶ ɨɛɭɫɥɨɜɥɟɧɧɨɫɬɢ ɦɚɬɪɢɰɵ A  ɜ ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ ɩɪɨɢɡɜɟɞɟɦ 
ɫɥɟɞɭɸщɢɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɫ ɜɵɪɚɠɟɧɢɟɦ (1). 

bAx =0  

bxAIx  )(=           (2) 

Ⱦɚɥɟɟ ɩɟɪɟɩɢɲɟɦ ɜɵɪɚɠɟɧɢɟ ɫ ɭɱɟɬɨɦ ɬɨɝɨ, ɱɬɨ ɦɵ ɢɫɩɨɥɶɡɭɟɦ ɢɬɟɪɚɰɢɨɧɧɵɣ 
ɦɟɬɨɞ ɪɟɲɟɧɢɹ, ɬ.ɟ. 

bxAIx  k
=

k
)(

1
         (3) 

Ɉɬɦɟɬɢɦ, ɱɬɨ ɩɨɝɪɟɲɧɨɫɬɶ k-ɨɣ ɢ (k+1)-ɨɣ ɢɬɟɪɚɰɢɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨμ 
                                                           

 Ⱦɚɧɧɚɹ ɪɚɛɨɬɚ ɛɵɥɚ ɩɨɞɞɟɪɠɚɧɚ Ɇɢɧɢɫɬɟɪɫɬɜɨɦ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɧɚɭɤɢ ɊɎ (ɩɪɨɟɤɬ №"β.βγγ5.β014/K"). 
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kk
e xx  ,   

11  kk
e xx       (4) 

ȼɵɱɢɬɚɟɦ ɢɡ (β) ɜɵɪɚɠɟɧɢɟ (γ) 
))((

1 k
=

k
xxAIxx   

ɢɥɢ, ɢɫɩɨɥɶɡɭɹ (4) 

k
e=

k
e )(

1
AI   

k
e=

k
e M

1           (5) 

Ƚɥɹɞɹ ɧɚ ɜɵɪɚɠɟɧɢɟ (5) ɜɢɞɧɨ, ɱɬɨ ɞɥɹ ɭɦɟɧɶɲɟɧɢɹ e  ɫ ɤɚɠɞɨɣ ɢɬɟɪɚɰɢɟɣ, ɬ.ɟ. ɞɥɹ 
ɫɯɨɞɢɦɨɫɬɢ ɡɚɞɚɱɢ, ɧɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ ɞɥɹ ɜɫɟɯ ɫɨɛɫɬɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ   ɦɚɬɪɢɰɵ M  

ɜɵɩɨɥɧɹɥɨɫɶμ 
1)( M  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɦɵ ɜɢɞɢɦ, ɱɬɨ ɱɢɫɥɨ ɨɛɭɫɥɨɜɥɟɧɧɨɫɬɢ ɢɝɪɚɟɬ ɜɚɠɧɭɸ ɪɨɥɶ ɜ (1). 
ɑɢɫɥɨ ɨɛɭɫɥɨɜɥɟɧɧɨɫɬɢ ɩɨɤɚɡɵɜɚɟɬ ɛɭɞɟɬ ɥɢ ɩɪɢ ɞɚɧɧɵɯ ɭɫɥɨɜɢɹɯ ɡɚɞɚɱɚ ɫɯɨɞɢɬɶɫɹ, 
ɫɯɨɞɢɬɶɫɹ ɤ ɜɟɪɧɨɦɭ ɪɟɲɟɧɢɸ ɢ ɧɚ ɫɤɨɥɶɤɨ ɛɵɫɬɪɨ. 

Ⱥɥɝɨɪɢɬɦ ɨɰɟɧɤɢ ɫɨɛɫɬɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ 

Ⱥɥɝɨɪɢɬɦ ɨɰɟɧɤɢ ɫɨɛɫɬɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ, ɤɨɬɨɪɵɣ ɦɵ ɢɫɩɨɥɶɡɭɟɦ ɜ ɧɚɲɟɣ ɪɚɛɨɬɟ, 
ɨɫɧɨɜɚɧ ɧɚ ɬɟɨɪɟɦɟ Ƚɟɪɲɝɨɪɢɧɚ ɢ ɨɩɪɟɞɟɥɟɧɢɢ ɤɪɭɝɨɜ Ƚɟɪɲɝɨɪɢɧɚ ДβЖ. Ʉɚɠɞɨɟ 
ɫɨɛɫɬɜɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɦɚɬɪɢɰɵ nnM  ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɧɟɪɚɜɟɧɫɬɜɭμ 





ji

ijii MM ,          (6) 

ɝɞɟ  ni ,...,2,1 . 

ɉɭɫɬɶ 



ij

ijid M . Ɍɨɝɞɚ ɦɧɨɠɟɫɬɜɨ  ]:|
i ii i

D z z d   M  ɧɚɡɵɜɚɟɬɫɹ i-ɬɵɦ 

ɤɪɭɝɨɦ Ƚɟɪɲɝɨɪɢɧɚ ɦɚɬɪɢɰɵ M . ɗɬɨɬ ɤɪɭɝ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɤɚɤ ɜɧɭɬɪɟɧɧɸɸ ɱɚɫɬɶ, ɬɚɤ ɢ 
ɝɪɚɧɢɰɭ. Ʉɪɭɝ ɢɦɟɟɬ ɪɚɞɢɭɫ i

d  ɢ ɰɟɧɬɪ ɜ ɬɨɱɤɟ ɫ ɤɨɨɪɞɢɧɚɬɚɦɢ (ɞɟɣɫɬɜɢɬɟɥɶɧɚɹ ɱɚɫɬɶ iiM

, ɦɧɢɦɚɹ ɱɚɫɬɶ iiM ). 

ȼ ɧɚɲɟɣ ɪɚɛɨɬɟ ɤɪɢɬɟɪɢɣ ɚɞɚɩɬɚɰɢɢ ɫɟɬɤɢ ɨɫɧɨɜɚ ɧɚ ɫɤɚɥɹɪɧɨɦ ɩɨɥɟ 

i ii ij

i j

m m


 F ,          (7) 

ɝɞɟ  1,2,...,i n . Ⱥɞɚɩɬɚɰɢɹ ɫɟɬɤɢ ɩɪɨɢɡɜɨɞɢɥɚɫɶ ɧɚ ɨɫɧɨɜɟ ɷɬɨɝɨ ɩɨɥɹ, ɧɨ ɩɟɪɟɞ ɤɚɠɞɨɣ 
ɢɬɟɪɚɰɢɟɣ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɪɨɢɡɜɨɞɢɥɚɫɶ ɧɨɪɦɚɥɢɡɚɰɢɹ ɩɨɥɹ F : 

max( )

i
i

normalised i


F

F
F           (8) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɡɧɚɱɟɧɢɹ ɩɨɥɹ F  ɡɚɤɥɸɱɟɧɵ ɜ ɩɪɟɞɟɥɚɯ ɩɨɥɭɢɧɬɟɪɜɚɥɚ (0;1Ж ɢ ɷɬɨ 
ɭɩɪɨɫɬɢɥɨ ɧɚɫɬɪɨɣɤɭ ɚɞɚɩɬɚɰɢɢ ɜ OpenFOAM. ɂɡɦɟɥɶɱɚɬɶɫɹ ɞɨɥɠɧɵ ɹɱɟɣɤɢ ɫɟɬɤɢ, 
ɢɦɟɸщɢɟ ɡɧɚɱɟɧɢɹ i

F  ɛɥɢɡɤɢɟ ɤ 1, ɚ ɨɛɴɟɞɢɧɹɬɶɫɹ - ɹɱɟɣɤɢ, ɢɦɟɸщɢɟ ɡɧɚɱɟɧɢɹ i
F  ɛɥɢɡɤɢɟ 

ɤ 0. Ɂɧɚɱɟɧɢɹ ɩɨɥɹ F  ɭɦɟɧɶɲɚɸɬɫɹ ɩɪɢ ɢɡɦɟɥɶɱɟɧɢɢ ɢ ɭɜɟɥɢɱɢɜɚɸɬɫɹ ɩɪɢ ɭɤɪɭɩɧɟɧɢɢ 
ɹɱɟɟɤ ɫɟɬɤɢ. 

ɉɪɢɦɟɪɵ ɢ ɚɧɚɥɢɡ 

ɑɬɨɛɵ ɩɨɤɚɡɚɬɶ ɪɚɛɨɬɭ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɚɥɝɨɪɢɬɦɚ, ɦɵ ɩɨɞɝɨɬɨɜɢɥɢ ɜ ɤɚɱɟɫɬɜɟ 
ɩɪɢɦɟɪɨɜ ɞɜɟ ɡɚɞɚɱɢ ДγЖ. ȼ ɨɛɟɢɯ ɡɚɞɚɱɚɯ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ ɫɬɚɧɞɚɪɬɧɵɣ 
ɪɟɲɚɬɟɥɶ laplacianFoam OpenFOAM, ɤɨɬɨɪɵɣ ɦɵ ɧɚɡɜɚɥɢ laplacianFoamF. ȼ ɧɨɜɨɦ 
ɪɟɲɚɬɟɥɟ ɞɨɛɚɜɥɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɛɨɬɚɬɶ ɫ ɞɢɧɚɦɢɱɟɫɤɨɣ ɫɟɬɤɨɣ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ 
ɩɪɨɜɨɞɢɬɶ ɟɟ ɚɞɚɩɬɚɰɢɸ ɩɨ ɯɨɞɭ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ. 

Ɇɵ ɫɪɚɜɧɢɜɚɟɦ ɚɞɚɩɬɚɰɢɸ ɫɟɬɤɢ ɧɚ ɨɫɧɨɜɟ ɫɤɚɥɹɪɧɨɝɨ ɩɨɥɹ ɝɪɚɞɢɟɧɬɚ 
ɬɟɦɩɟɪɚɬɭɪɵ T , ɜ ɯɨɞɟ ɤɨɬɨɪɨɣ ɦɢɧɢɦɢɡɢɪɭɸɬɫɹ ɜɟɥɢɱɢɧɵ ɝɪɚɞɢɟɧɬɨɜ (Adaptive Mesh 

Refinement - AMR T), ɢ ɚɞɚɩɬɚɰɢɸ, ɨɫɧɨɜɚɧɧɭɸ ɧɚ ɨɩɢɫɚɧɧɨɦ ɜɵɲɟ ɫɤɚɥɹɪɧɨɦ ɩɨɥɟ F  (6) 
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– (AMR F). ȼ ɤɚɠɞɨɦ ɩɪɢɦɟɪɟ ɦɟɬɨɞɵ ɚɞɚɩɬɚɰɢɢ ɫɪɚɜɧɢɜɚɥɢɫɶ ɧɚ ɩɪɢɦɟɪɧɨ ɨɞɢɧɚɤɨɜɵɯ 
ɩɨ ɤɨɥɢɱɟɫɬɜɭ ɷɥɟɦɟɧɬɨɜ ɫɟɬɤɚɯ. 

ɂɫɯɨɞɧɚɹ ɝɟɨɦɟɬɪɢɹ ɩɟɪɜɨɝɨ ɩɪɢɦɟɪɚ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 1, ɬɨɧɤɚɹ 
ɤɜɚɞɪɚɬɧɚɹ ɩɥɚɫɬɢɧɤɚ. Ⱦɥɢɧɚ ɜɞɨɥɶ ɨɫɢ X ɢ Z ɫɨɫɬɚɜɥɹɟɬ 100 ɦɟɬɪɨɜ, ɜɞɨɥɶ ɨɫɢ Y 10 

ɦɟɬɪɨɜ. 
 

 
Ɋɢɫɭɧɨɤ 1 - Ƚɟɨɦɟɬɪɢɹ ɩɟɪɜɨɝɨ ɩɪɢɦɟɪɚ 

 

Ƚɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹμ ɧɚ ɝɪɚɧɢ xy, z=0μ ɬɟɦɩɟɪɚɬɭɪɚ T = 1 C; ɧɚ ɨɫɬɚɥɶɧɵɯ 5 ɝɪɚɧɹɯμ 
grad(T) = 10. Ɍɚɤɢɟ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɛɵɥɢ ɜɵɛɪɚɧɵ ɞɥɹ ɭɩɪɨщɟɧɢɹ ɨɰɟɧɤɢ ɤɨɧɟɱɧɨɝɨ 
ɪɟɡɭɥɶɬɚɬɚ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ, ɬɟɦɩɟɪɚɬɭɪɚ ɞɨɥɠɧɚ ɭɦɟɧɶɲɚɬɶɫɹ ɨɬ ɧɚɝɪɟɜɚɟɦɨɣ ɝɪɚɧɢ 
ɥɢɧɟɣɧɨ. 

Ɇɵ ɯɨɬɢɦ ɧɚɣɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ. Ɍɟɩɥɨɩɟɪɟɞɚɱɚ ɜɵɪɚɠɚɟɬɫɹ 
ɭɪɚɜɧɟɧɢɟɦ Ʌɚɩɥɚɫɚμ 

2 0
T

T
t


  

 ,          (9) 

ɝɞɟ T  - ɬɟɦɩɟɪɚɬɭɪɚ, t  - ɜɪɟɦɹ,   - ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ. 
Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ ɧɚ ɪɢɫɭɧɤɟ β ɩɪɟɞɫɬɚɜɥɟɧɵ ɝɪɚɮɢɤɢ ɧɟɜɹɡɨɤ ɦɟɬɨɞɨɜ ɚɞɚɩɬɚɰɢɢ. Ʉɚɤ 

ɦɨɠɧɨ ɜɢɞɟɬɶ, ɜ ɫɥɭɱɚɟ ɚɞɚɩɬɚɰɢɢ AMR F ɧɟɜɹɡɤɚ ɫɯɨɞɢɬɫɹ ɧɟɦɧɨɝɨ ɛɵɫɬɪɟɟ, ɱɟɦ ɜ 
ɫɥɭɱɚɟ ɚɞɚɩɬɚɰɢɢ ɫɟɬɤɢ AMR T. 

 
Ɋɢɫɭɧɨɤ β - ɉɟɪɜɵɣ ɩɪɢɦɟɪ, AMR F ɢ AMR T ɧɟɜɹɡɤɢ 

 

ȼɨ ɜɬɨɪɨɦ ɩɪɢɦɟɪɟ ɩɨɤɚɠɟɦ ɪɚɛɨɬɭ ɦɟɬɨɞɚ AMR F ɧɚ ɛɨɥɟɟ ɫɥɨɠɧɨɣ ɝɟɨɦɟɬɪɢɢ. 
Ƚɟɨɦɟɬɪɢɹ ɢ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 3. 

 
Ɋɢɫɭɧɨɤ γ - ȼɬɨɪɨɣ ɩɪɢɦɟɪ, ɝɟɨɦɟɬɪɢɹ ɢ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ 
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Ʉɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ γ ɧɚ ɨɞɧɨɣ ɝɪɚɧɢɰɟ ɮɥɚɧɰɚ ɬɟɦɩɟɪɚɬɭɪɚ 1 573T C  , ɧɚ 
ɜɬɨɪɨɣ ɝɪɚɧɢɰɟ 2 273T C  . ɇɚ ɜɫɟɯ ɨɫɬɚɥɶɧɵɯ ɩɨɜɟɪɯɧɨɫɬɹɯ ɮɥɚɧɰɚ ɝɪɚɞɢɟɧɬ 
ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɜɟɧ 0, ɬ.ɤ. ɫɬɟɧɤɢ ɧɟ ɢɡɥɭɱɚɸɬ ɬɟɩɥɨ (ɚɞɢɚɛɚɬɢɱɟɫɤɢɟ ɫɬɟɧɤɢ). 

ȼɨ ɜɪɟɦɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɦɵ ɨɛɧɚɪɭɠɢɥɢ, ɱɬɨ ɚɞɚɩɬɚɰɢɹ ɫɟɬɤɢ ɧɚ ɨɫɧɨɜɟ ɫɤɚɥɹɪɧɨɝɨ 
ɩɨɥɹ F  ɨɛɧɚɪɭɠɢɜɚɟɬ ɢ ɢɡɦɟɥɶɱɚɟɬ ɫɚɦɵɟ ɛɨɥɶɲɢɟ ɹɱɟɣɤɢ, ɧɨ ɧɟ ɭɱɢɬɵɜɚɟɬ ɝɪɚɧɢɱɧɵɟ 
ɭɫɥɨɜɢɹ (ɫɦ. ɪɢɫɭɧɨɤ 4). Ɍɚɤ ɩɪɨɢɫɯɨɞɢɬ ɢɡ-ɡɚ ɬɨɝɨ, ɱɬɨ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɯɪɚɧɹɬɫɹ ɜ 
ɩɪɚɜɨɣ ɱɚɫɬɢ (1), ɜ ɜɟɤɬɨɪɟ b  ɢ ɩɨɱɬɢ ɧɟ ɜɥɢɹɸɬ ɧɚ ɮɨɪɦɢɪɨɜɚɧɢɟ ɦɚɬɪɢɰɵ 
ɞɢɫɤɪɟɬɢɡɚɰɢɢ A . 

 
 

Ɋɢɫɭɧɨɤ 4 - AMR F ɨɛɧɚɪɭɠɢɜɚɟɬ ɢ ɢɡɦɟɥɶɱɚɟɬ ɫɚɦɵɟ ɤɪɭɩɧɵɟ ɹɱɟɣɤɢ 

 

Ⱥɞɚɩɬɚɰɢɹ ɫɟɬɤɢ ɧɚ ɨɫɧɨɜɟ ɩɨɥɹ ɝɪɚɞɢɟɧɬɨɜ ɬɟɦɩɟɪɚɬɭɪɵ T  ɧɚɨɛɨɪɨɬ, ɭɱɢɬɵɜɚɟɬ 
ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ, ɧɟ ɢɡɦɟɥɶɱɚɟɬ ɛɨɥɶɲɢɟ «ɩɥɨɯɢɟ» ɹɱɟɣɤɢ. 

 
Ɋɢɫɭɧɨɤ 5 - AMR T ɭɱɢɬɵɜɚɟɬ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɞɥɹ ɫɪɚɜɧɟɧɢɹ ɦɵ ɩɪɢɜɟɥɢ ɪɟɡɭɥɶɬɚɬɵ ɬɪɟɬɶɟɝɨ «ɝɢɛɪɢɞɧɨɝɨ» 
ɜɚɪɢɚɧɬɚ, ɜ ɤɨɬɨɪɨɦ ɩɟɪɜɵɟ 5 ɢɬɟɪɚɰɢɣ ɫɟɬɤɚ ɚɞɚɩɬɢɪɨɜɚɥɚɫɶ ɦɟɬɨɞɨɦ AMR F, ɚ ɡɚɬɟɦ 
ɪɚɫɱɟɬ ɩɪɨɞɨɥɠɚɥɫɹ ɫ ɚɞɚɩɬɚɰɢɟɣ ɫɟɬɤɢ ɦɟɬɨɞɨɦ AMR T. Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ ɝɪɚɮɢɤɢ ɧɟɜɹɡɨɤ 
ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 6. 

 
Ɋɢɫɭɧɨɤ 6 - ɋɪɚɜɧɟɧɢɟ ɝɪɚɮɢɤɨɜ ɧɟɜɹɡɨɤ AMR F, AMR T ɢ «ɝɢɛɪɢɞɧɨɝɨ» AMR FT. 
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Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ 6, AMR FT ɢɦɟɟɬ ɧɚɢɥɭɱɲɭɸ ɫɯɨɞɢɦɨɫɬɶ, AMR F ɧɟɦɧɨɝɨ 
ɯɭɠɟ ɢ AMR T ɟщё ɧɟɦɧɨɝɨ ɯɭɠɟ. 

Ɂɚɤɥɸɱɟɧɢɟ 

ȼɵɲɟ ɩɪɟɞɫɬɚɜɥɟɧ ɦɟɬɨɞ ɚɞɚɩɬɚɰɢɢ ɫɟɬɤɢ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɨɛɭɫɥɨɜɥɟɧɧɨɫɬɢ 
ɦɚɬɪɢɰɵ ɞɢɫɤɪɟɬɢɡɚɰɢɢ. Ʉɚɤ ɛɵɥɨ ɪɚɫɫɦɨɬɪɟɧɨ ɜ ɞɜɭɯ ɩɪɢɦɟɪɚɯ – ɦɟɬɨɞ ɧɟ ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɦɚɫɲɬɚɛɧɨɝɨ ɭɜɟɥɢɱɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɚɞɚɩɬɚɰɢɟɣ ɧɚ ɨɫɧɨɜɟ ɩɨɥɹ 
ɝɪɚɞɢɟɧɬɨɜ, ɧɨ ɫɥɟɞɭɟɬ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɟɬɨɞɚ AMR T ɧɟ ɜɫɟɝɞɚ ɜɨɡɦɨɠɧɨ. 
ɋɥɨɠɧɨɫɬɢ ɜɨɡɧɢɤɚɸɬ ɜ ɛɨɥɟɟ ɫɥɨɠɧɵɯ ɡɚɞɚɱɚɯ ɫ ɞɢɧɚɦɢɱɟɫɤɨɣ ɝɟɨɦɟɬɪɢɟɣ, 
ɦɭɥɶɬɢɮɚɡɧɵɦɢ ɩɨɬɨɤɚɦɢ ɢ ɬ.ɩ. ɉɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚɦɢ ɦɟɬɨɞ ɩɨɡɜɨɥɹɟɬ ɩɨɞɨɛɪɚɬɶ 
ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹщɢɣ ɜɚɪɢɚɧɬ ɚɞɚɩɬɚɰɢɢ, ɚ ɧɟ ɬɨɥɶɤɨ AMR T. 
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