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Ɇɢɧɟɧɤɨ Ⱥ.С., Ɋɚдɟɜɢɱ ȿ.ȼ. ɑɢɫɥɟɧɧɨɟ ɦɨдɟɥɢрɨɜɚɧɢɟ ɩрɨɰɟɫɫɚ ɤрɢɫɬɚɥɥɢɡɚɰɢɢ. 
ɂɫɫɥеɞɭеɬɫя ɨɞɧɚ ɡɚɞɚчɚ ɋɬефɚɧɚ ɫ ɭчеɬɨɦ ɤɨɧɜеɤɰɢɢ ɜ ɠɢɞɤɨɣ фɚɡе. ɉɨɫɬɪɨеɧɨ ɩɪɢɛɥɢɠеɧɧɨе 
ɪеɲеɧɢе ɷɬɨɣ ɡɚɞɚчɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢеɦ ɦɚɥɨɝɨ ɩɚɪɚɦеɬɪɚ. Уɩɪɚɜɥеɧɢе ɩɪɨɰеɫɫɨɦ ɨɫɭɳеɫɬɜɥяеɬɫя ɫ 
ɩɪɢɦеɧеɧɢеɦ ɧечеɬɤɨɣ ɥɨɝɢɤɢ. 

 

Кɥɸɱɟɜɵɟ ɫɥɨɜɚ: фɭɧɤɰɢɨɧɚɥ, ɤɪɢɫɬɚɥɥɢɡɚɰɢя, ɬеɩɥɨɜɨɣ ɩɨɬɨɤ, ɭɩɪɚɜɥеɧɢе, ɤɪɚеɜɚя ɡɚɞɚчɚ, 
ɦɨɞеɥɢɪɨɜɚɧɢе 

 

  

ȼɜɟɞɟɧɢɟ 

 

Ɋаɫɩɪɨɫɬɪаɧɟɧɢɹ ɬɟɩɥа ɜ ɪаɡɥɢɱɧыɯ 
ɫɪɟɞаɯ ɨɤаɡыɜаɟɬ ɛɨɥɶɲɨɟ ɜɥɢɹɧɢɟ ɧа ɯаɪаɤɬɟɪ 

ɩɪɨɬɟɤаɧɢɹ ɦɧɨɝɢɯ ɜаɠɧыɯ ɞɥɹ ɩɪаɤɬɢɤɢ 
ɩɪɨɰɟɫɫɨɜ. ɋɪɟɞɢ ɡаɞаɱ, ɫɜɹɡаɧɧыɯ ɫ 
ɪаɫɩɪɨɫɬɪаɧɟɧɢɟɦ ɬɟɩɥа, ɜыɞɟɥɹɟɬɫɹ ɤɥаɫɫ ɡаɞаɱ, 
ɜ ɤɨɬɨɪыɯ ɢɫɫɥɟɞɭɟɦɨɟ ɜɟɳɟɫɬɜɨ ɩɟɪɟɯɨɞɢɬ ɢɡ 
ɨɞɧɨɣ ɮаɡы ɜ ɞɪɭɝɭю ɫ ɜыɞɟɥɟɧɢɟɦ ɢɥɢ 
ɩɨɝɥɨɳɟɧɢɟɦ ɬɟɩɥа. 

ɐɟɥɶю ɞаɧɧɨɣ ɪаɛɨɬы ɹɜɥɹɟɬɫɹ 
ɦɨɞɟɥɢɪɨɜаɧɢɟ ɩɪɨɰɟɫɫа ɤɪɢɫɬаɥɥɢɡаɰɢɢ 
ɦɟɬаɥɥа, ɢɡɭɱɟɧɢɟ ɩɪɨɰɟɫɫа ɡаɜɟɪɲɟɧɢɹ  
ɩɨɥɭɱɟɧɢɹ ɫɥɢɬɤа ɜ ɤɪɢɫɬаɥɥɢɡаɬɨɪɟ ɩɭɬɟɦ ɟɝɨ 
ɜыɬɹɝɢɜаɧɢɹ. 

Ɋаɫɫɦаɬɪɢɜаɟɬɫɹ ɡаɞаɱа ɭɩɪаɜɥɟɧɢɹ 
ɢɧɮɨɪɦаɰɢɨɧɧыɦɢ ɩɪɨɰɟɫɫаɦɢ ɩɪɢ 
аɜɬɨɦаɬɢɡаɰɢɢ ɬɟɯɧɨɥɨɝɢɣ ɬɟɩɥɨɜɨɣ ɨɛɪаɛɨɬɤɢ 
ɦɟɬаɥɥа, ɧа ɨɫɧɨɜɟ ɦаɬɟɦаɬɢɱɟɫɤɨɝɨ 
ɦɨɞɟɥɢɪɨɜаɧɢɹ, аɧаɥɢɡа ɫɬаɬɢɫɬɢɱɟɫɤɢɯ ɞаɧɧыɯ 
ɢ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧыɯ 
ɢɡɦɟɪɟɧɢɣ. В ɤаɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤа ɢɧɮɨɪɦаɰɢɢ 
ɢɫɫɥɟɞɭɟɬɫɹ ɦаɬɟɦаɬɢɱɟɫɤаɹ ɦɨɞɟɥɶ, ɨɫɧɨɜаɧɧаɹ 
ɧа ɩɪɨɫɬɪаɧɫɬɜɟɧɧɨɣ ɡаɞаɱɟ ɋɬɟɮаɧа, ɫ ɭɱɟɬɨɦ 
ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɞɜɢɠɟɧɢɹ ɢ ɩɪɢɦɟɫɟɣ ɜ ɠɢɞɤɨɣ 
ɮаɡɟ. 

ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ. 
 ɉɭɫɬɶ D = ( -1< x < 1, y < 0) ɩɨɥɭɩɨɥɨɫа, 

ɡаɩɨɥɧɟɧɧаɹ ɬɜɟɪɞыɦ ɦɟɬаɥɥɨɦ. Оɛɨɡɧаɱɢɦ 
ɱɟɪɟɡ Ю (б, в) ɬɟɦɩɟɪаɬɭɪɭ ɷɬɨɝɨ ɦɟɬаɥɥа. 
Ɍɪɟɛɭɟɬɫɹ ɨɩɪɟɞɟɥɢɬɶ ɬɟɦɩɟɪаɬɭɪɭ Ю (б, в) ɩɨ 
ɫɥɟɞɭюɳɢɦ ɭɫɥɨɜɢɹɦ: 
            uxx + uyy + ωuy = 0, (x, y) D,                    (1)      

  ux ± ω0u = 0,x = ±1, -ω < y < 0,                 (2)       

  u (x, -∞) = 0,                                              (3)
 uy (x, 0) = v (x), -1 ≤ б ≤ 1,                         (4) 

 

ɡɞɟɫɶ ω ɢ ω0 – ɩɨɫɬɨɹɧɧыɟ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 
ɱɢɫɥɨ ɉɟɤɥɟ ɢ ɇɭɫɫɟɥɶɬа. 

Ɋɟɲɟɧɢɟ ɡаɞаɱɢ (1)-(4) ɢɦɟɟɬ ɜɢɞ 
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(5)  

ɝɞɟ 
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      , ɝɞɟ Ч = 1,2,3,...λn - 

ɩɨɥɨɠɢɬɟɥɶɧыɟ ɤɨɪɧɢ ɭɪаɜɧɟɧɢɹ 
0ctg    . 

Оɬɨɠɞɟɫɬɜɢɦ ɬɟɩɟɪɶ ɬɟɦɩɟɪаɬɭɪɭ Ю (б, в) 
ɫ ɬɟɦɩɟɪаɬɭɪɨɣ ɬɜɟɪɞɨɝɨ ɫɥɢɬɤа ɧаɯɨɞɹɳɟɝɨɫɹ ɜ 
ɤɪɢɫɬаɥɥɢɡаɬɨɪɟ ɩɪɢ ɷɥɟɤɬɪɨɲɥаɤɨɜɨɦ 
ɩɟɪɟɩɥаɜɟ. Ⱦɥɹ ɜыɬɹɝɢɜаɧɢɹ ɫɥɢɬɤа ɢɡ 
ɤɪɢɫɬаɥɥɢɡаɬɨɪа ɩɨɜɟɪɯɧɨɫɬɶ ɫɥɢɬɤа 
ɩɪɟɞɜаɪɢɬɟɥɶɧɨ ɨɛɨɝɪɟɜаɟɬɫɹ ɬɪɟɦɹ 
ɷɥɟɤɬɪɨɧɧыɦɢ ɥɭɱаɦɢ А1, А2 ɢ А3, ɩɪɢɱɟɦ 
ɦɨɳɧɨɫɬɶ А3 ɨɞɧɨɝɨ ɢɡ ɧɢɡ ɪаɜɧɨɦɟɪɧɨ 
ɪаɫɩɪɟɞɟɥɟɧа ɜ ɰɟɧɬɪаɥɶɧɨɣ ɡɨɧɟ д -1 ≤ б ≥ 1, в = 
0ж, а ɞɜа ɞɪɭɝɢɯ ɫɤɨɧɰɟɧɬɪɢɪɨɜаɧы ɩɨ ɤɪаɹɦ б = 
±1 Д1Ж. ɇɟɡаɜɢɫɢɦɨ ɨɬ ɬɨɝɨ, ɜ ɤаɤɨɦ ɨɬɧɨɲɟɧɢɢ 
ɧаɯɨɞɢɬɫɹ ɬɟɦɩɟɪаɬɭɪа ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤа ɫ 
ɤɪɢɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪаɬɭɪɨɣ Ɍɤ, ɩɪɢ ɤɨɬɨɪɨɣ 
ɩɨɜɟɪɯɧɨɫɬɶ ɫɥɢɬɤа ɨɬɞɟɥɹɟɬɫɹ ɨɬ ɫɬɟɧɨɤ 
ɤɪɢɫɬаɥɥɢɡаɬɨɪа, ɬɟɩɥɨɨɛɦɟɧ ɫɥɢɬɤа ɫ 
ɤɪɢɫɬаɥɥɢɡаɬɨɪɨɦ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
(2). Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɬɟɦɩɟɪаɬɭɪы ɫɥɢɬɤа 
ɞɨɫɬаɬɨɱɧɨ ɩɨɥɨɠɢɬɶ ɜ ɮɨɪɦɭɥɟ (5) Я(б)  = (А1, 

W2, W3). 

Ⱦаɥɟɟ ɜɜɟɞɟɦ ɜ ɪаɫɫɦɨɬɪɟɧɢɟ 
ɮɭɧɤɰɢɨɧаɥ: 
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(6) Ɋаɫɫɦаɬɪɢɜаɟɬɫɹ ɡаɞаɱа. Ɍɪɟɛɭɟɬɫɹ ɨɩɪɟɞɟɥɢɬɶ ɩɨɬɨɤ Я(б) ɢɡ ɞɨɩɭɫɬɢɦɨɝɨ ɦɧɨɠɟɫɬɜа U, ɞɨɫɬаɜɥɹюɳɢɣ ɧаɢɦɟɧɶɲɟɟ ɡɧаɱɟɧɢɟ ɮɭɧɤɰɢɨɧаɥɭ I(Я). Ɇɢɧɢɦɢɡɢɪɭюɳаɹ ɩɨɫɥɟɞɨɜаɬɟɥɶɧɨɫɬɶ Я ɫɬɪɨɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ     ɩаɪаɦɟɬɪ ɟ ɜыɛɢɪаɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ 

1min ( ( ))n n n nI v e v v  , 0 ≤ Оn ≤ 1 (2). В 
ɤаɱɟɫɬɜɟ ɨɛɥаɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɮɭɧɤɰɢɢ U 
ɛɟɪɟɬɫɹ ɦɧɨɠɟɫɬɜɨ ɤɭɫɨɱɧɨ-ɩɨɫɬɨɹɧɧыɯ 
ɫɬɭɩɟɧɱаɬыɯ ɮɭɧɤɰɢɣ:

, 1, , 0,1,2,..., .k k k kv v x x x v const k m    
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ɉɪɢ ɷɬɨɦ ɮɨɪɦɭɥа (5) ɢɦɟɟɬ ɜɢɞ: 
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ɉɪɢ ɱɢɫɥɟɧɧɨɣ ɪɟаɥɢɡаɰɢɢ ɡаɞаɱɢ ɧɟɨɛɯɨɞɢɦɨ 
ɭɱɟɫɬɶ ɨɝɪаɧɢɱɟɧɢɟ 2500 ≤ Я(б) ≤ 5000, ɡɞɟɫɶ Я(б) 
– ɦɨɳɧɨɫɬɶ ɩɨɬɨɤа ɜ ɟɞɢɧɢɰаɯ ɆВɬ/ɦ2, а ɬаɤɠɟ ω 
= 2,66, ω = 3,05. 
 

1. Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ ɦɟɬɨɞɨɦ 
ɧɭɥɟɜɨɝɨ ɩɪɢɛɥɢɠɟɧɢɟ.  
ɇаɣɞɟɦ ɦɢɧɢɦɭɦ ɮɭɧɤɰɢɨɧаɥа (6), ɜ ɫɥɭɱаɟ 
ɤɨɝɞа = , ɝɞɟ 
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Ɇɢɧɢɦɭɦ ɮɭɧɤɰɢɨɧаɥа (6) ɧаɯɨɞɢɦ ɢɡ ɭɫɥɨɜɢɹ 
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ɇɟɩɨɫɪɟɞɫɬɜɟɧɧыɟ ɜыɱɢɫɥɟɧɢɹ ɩɨɤаɡыɜаюɬ, ɱɬɨ 
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ɉɟɪɜɨɟ ɩɪɢɛɥɢɠɟɧɢɟ. ɇаɣɞɟɦ ɬɟɩɟɪɶ ɦɢɧɢɦɭɦ 
ɮɭɧɤɰɢɨɧаɥа (6), ɜ ɫɥɭɱаɟ ɤɨɝɞа  

1 0( , ) ( ( , )) ,u x y f x y v ɝɞɟ  
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ɉɨɫɬɭɩаɹ, аɧаɥɨɝɢɱɧɨ ɬɨɦɭ, ɤаɤ ɷɬɨ ɛыɥɨ 
ɫɞɟɥаɧɨ ɜ ɫɥɭɱаɟ ɧɭɥɟɜɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ, 
ɩɨɥɭɱɢɦ: 
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Ⱦаɥɟɟ, ɢɦɟɟɬ ɦɟɫɬɨ ɫɥɟɞɭюɳаɹ ɮɨɪɦɭɥа: 
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ɉɪɢɛɥɢɠɟɧɢɟ ɥюɛɨɝɨ ɩɨɪɹɞɤа. Ⱥɧаɥɨɝɢɱɧыɦ 
ɨɛɪаɡɨɦ ɦɨɠɧɨ ɢɫɫɥɟɞɨɜаɬɶ ɦɢɧɢɦɭɦ 
ɮɭɧɤɰɢɨɧаɥа I(Яn), ɤɨɝɞа 

 

 

 
Оɰɟɧɢɬɶ ɩɨɝɪɟɲɧɨɫɬɶ ɩɪɟɞɥаɝаɟɦɨɝɨ ɦɟɬɨɞа 
ɜыɱɢɫɥɟɧɢɹ ɦɢɧɢɦɭɦа ɮɭɧɤɰɢɨɧаɥа (6) ɦɨɠɧɨ, 
ɢɫɩɨɥɶɡɭɹ ɫɥɟɞɭюɳɟɟ ɭɬɜɟɪɠɞɟɧɢɟ. 
ɉɪɢ ɞɨɫɬаɬɨɱɧɨ ɦаɥыɯ ɡɧаɱɟɧɢɹɯ ω ɢ ɩɪɢ (б,в)

D  ɫɩɪаɜɟɞɥɢɜа ɨɰɟɧɤа: 
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ɉɪɢ ɞɨɤаɡаɬɟɥɶɫɬɜɟ ɷɬɨɝɨ ɭɬɜɟɪɠɞɟɧɢɹ 
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ɜɨɫɩɨɥɶɡɨɜаɬɶɫɹ ɫɨɨɬɧɨɲɟɧɢɟɦ: 
,k nn    ɝɞɟ 0n 

 ɞɥɹ ɜɫɟɯ [2]n  

ɋɩɪаɜɟɞɥɢɜɨ ɬаɤɠɟ ɭɬɜɟɪɠɞɟɧɢɟ. ɉɭɫɬɶ 

ɜыɩɨɥɧɟɧы ɭɫɥɨɜɢɹ 0 2 2,tg    

2

0 ,  0 ,
16

A
    

0 10 ( )v v x v   , 

ɩɪɢ [ 1,1]x  , ɝɞɟ 
0 1 ɢ v v  – ɧɟɤɨɬɨɪыɟ 

ɩɨɫɬɨɹɧɧыɟ. Ɍɨɝɞа ɪɟɲɟɧɢɟ ɤɪаɟɜɨɣ ɡаɞаɱɢ (1)-
(5) ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɫɥɟɞɭюɳɢɦ ɭɫɥɨɜɢɹɦ ɩɪɢ (б,в)

D : 

 1 0 1( , ) exp( ) expyu x y C y C y      

 0 0 1 0 1exp( ) ( , ) exp( ) exp ,C y u x y C y C y    
 

2 2

1 0 2

6 (1 cos ) 3(1 )(1 cos )cosɝɞɟ , .
3(1 cos ) 6 (1 cos )

A A A A A
C C

A A A

   
 

  
 

Ⱦɥɹ ɭɬɜɟɪɠɞɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɫɪаɜɧɢɬɶ ɫ 
ɩɨɦɨɳɶю ɩɪɢɧɰɢɩа ɦаɤɫɢɦɭɦа ɮɭɧɤɰɢɢ 

( , ) ɢ ( , ),  ɝɞɟ ( , )y yu x y v x y v x y  – ɪɟɲɟɧɢɟ 
ɡаɞаɱɢ (1)-(5) ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ, ɱɬɨ 

1( ,0)  ɩɪɢ б Д 1,1Жyv x v   . Ⱦаɥɟɟ, 
ɪаɫɫɦаɬɪɢɜаɟɬɫɹ ɮɭɧɤɰɢɹ 

( , ) ( , ) ( , ), (x,y)y yf x y v x y u x y D    ɢ 

ɞɨɤаɡыɜаɟɬɫɹ, ɱɬɨ ( , )f x y  ɜ D . 

Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɮɭɧɤɰɢɹ ( , )f x y  ɧɟ ɦɨɠɟɬ 
ɩɪɢɧɢɦаɬɶ ɧаɢɦɟɧɶɲɟɟ ɨɬɪɢɰаɬɟɥɶɧɨɟ ɡɧаɱɟɧɢɟ 
ɜɧɭɬɪɢ D ɜ ɫɢɥɭ ɩɪɢɧɰɢɩа ɦаɤɫɢɦɭɦа. ɇа 
ɜɟɪɬɢɤаɥɶɧыɯ ɱаɫɬɹɯ ɝɪаɧɢɰы б = ±1 ɮɭɧɤɰɢɹ 

( , )xf x y  ɬаɤɠɟ ɧɟ ɦɨɠɟɬ ɩɪɢɧɢɦаɬɶ 
ɨɬɪɢɰаɬɟɥɶɧыɣ ɦɢɧɢɦɭɦ. В ɬаɤɨɣ ɬɨɱɤɟ ɢɦɟɥɢ 
ɛы ( , ) 0xf x y  , ɦɟɠɞɭ ɬɟɦ 

0( , ) ( , ) 0xf x y f x y   , б=±1, ɬаɤ ɤаɤ 
( , ) 0f x y  , ɩɨ ɩɪɟɞɥɨɠɟɧɢю. ɇа 

ɛɟɫɤɨɧɟɱɧɨɫɬɢ ɮɭɧɤɰɢɹ ( , )f x y  ɢɫɱɟɡаɟɬ, ɬ.ɟ. 
( , ) 0f x  

. 
ɇа ɝɪаɧɢɰɟ в = 0, -1≤ б ≤ 1 ɢɦɟɟɬ 

1( ,0) ( ,0) ( ,0) ( ) 0y yf x v x u x v v x      

ɋɥɟɞɨɜаɬɟɥɶɧɨ, ɜɫюɞɭ ɜ D  ɫɩɪаɜɟɞɥɢɜɨ 
ɧɟɪаɜɟɧɫɬɜɨ ( , ) ( , ) ɩɪɢ (б,в)y yu x y v x y D  . 

Оɬɫюɞа ɫ ɩɨɦɨɳɶю ɢɧɬɟɝɪɢɪɨɜаɧɢɹ ɩɨ 
ɩɟɪɟɦɟɧɧɨɣ в ɫɥɟɞɭɟɬ ɨɰɟɧɤа ɞɥɹ ɮɭɧɤɰɢɢ Ю(б,в) 
ɫɜɟɪɯɭ. Ⱥɧаɥɨɝɢɱɧыɦ ɨɛɪаɡɨɦ, ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ 
ɨɰɟɧɤɭ ɧа ɩɪɨɢɡɜɨɞɧɭю Ю2(x,в) ɫɜɟɪɯɭ ɩɪɢ (б,в)ϵ
D . ɉɨɥɭɱɟɧɧыɟ ɨɰɟɧɤɢ ɩɨɡɜɨɥɹюɬ ɨɰɟɧɢɬɶ 

ɬɟɦɩɟɪаɬɭɪɭ Ю(б,в) ɢ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɜɧɭɬɪɢ 
ɨɛɥаɫɬɢ D ɧɟ ɩɪɢɛɟɝаɹ ɤ ɪɟɲɟɧɢю ɡаɞаɱɢ (1)-(4) 

[3-4]. 

ɉɪɨɞɟɥаɧɧыɟ ɱɢɫɥɟɧɧыɟ ɪɟɡɭɥɶɬаɬы ɡаɞаɱɢ 
ɩɪɟɞɫɬаɜɥɟɧы ɜ ɬаɛɥɢɰɟ 1. 
 

 3. Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ 
ɩɪɨɰɟɫɫɨɜ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɦɟɬɚɥɥɚ ɫ 
ɭɱɟɬɨɦ ɤɨɧɜɟɤɰɢɢ ɢ ɩɪɢɦɟɫɟɣ. 
 

ɉɭɫɬɶ Ƚ0 – ɝɥаɞɤаɹ ɡаɦɤɧɭɬаɹ ɩɨɜɟɪɯɧɨɫɬɶ, ɥɟɠаɳаɹ 
ɜɧɭɬɪɢ ɡаɞаɧɧɨɣ ɨɛɥаɫɬɢ Ω0 ɢ R3, ɝɪаɧɢɰа ɤɨɬɨɪɨɣ 
ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɡаɦɤɧɭɬыɯ, ɫɜɹɡаɧɧыɯ, ɝɥаɞɤɢɯ 
ɩɨɜɟɪɯɧɨɫɬɟɣ Ƚ+ ɢ Ƚ−, ɧɟ ɢɦɟюɳɢɯ 
ɫаɦɨɩɟɪɟɫɟɱɟɧɢɣ ɩɪɢ ɷɬɨɦ Г− ɥɟɠɢɬ ɜɧɭɬɪɢ 
ɨɝɪаɧɢɱɟɧɧɨɣ ɨɛɥаɫɬɢ, ɝɪаɧɢɰɟɣ ɤɨɬɨɪɨɣ ɹɜɥɹɟɬɫɹ 
Ƚ0.  ɉɨɜɟɪɯɧɨɫɬɶ Ƚ0 ɪаɡɛɢɜаɟɬ Ω0 ɧа ɜɞɟ ɩɨɞɨɛɥаɫɬɢ Ω+ и Ω−, ɤɨɬɨɪыɟ ɡаɧɹɬы ɠɢɞɤɨɣ ɢ ɬɜɟɪɞɨɣ ɮаɡаɦɢ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ ɦɨɦɟɧɬ t=0. Ɍɪɟɛɭɟɬɫɹ ɨɩɪɟɞɟɥɢɬɶ 
ɨɛɥаɫɬɢ Ω௧+ ɢ Ω௧−, ɡаɧɢɦаɟɦыɟ ɬɜɟɪɞɨɣ ɢ ɠɢɞɤɨɣ 
ɮаɡаɦɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ tא [0,T], 

ɜɟɤɬɨɪ ɫɤɨɪɨɫɬɢ ܸ⃗ ሺ�, ,�ሻ, ˇавлˈниˈ p(ሺݐ  ,ሻݐ

ɤɨɧɰɟɧɬɪаɰɢю ɩɪɢɦɟɫɟɣ ɫ(x,t), ɤɨɧɰɟɧɬɪаɰɢю 
ɩɪɢɦɟɫɢ ɫ(x,t), ɬɟɦɩɟɪаɬɭɪɭ ɠɢɞɤɨɣ u

+
(x,t) ɢ 

ɬɜɟɪɞɨɣ u+
(x,t) ɮаɡы ɩɨ ɫɥɟɞɭюɳɢɦ ɭɫɥɨɜɢɹɦ: 

 డ�⃗⃗ ሺ�,௧ሻడ௧ + ,�ሺ ܸ⃗( ܸ⃗) ሻݐ + ,�ሺ� ሻݐ =  = ,�ଶܸ⃗ ሺ� ሻݐ +  ݂ሺݑ+, ܿሻ,ܸ⃗ ሺ�, ሻݐ = Ͳ, ሺ�, ሻݐ א DT+; 
 ∂u+ሺx, tሻ∂t + (V⃗⃗ )u+ሺx, tሻ − −�+ଶଶݑ+ሺ�, ሻݐ = Ͳ, ሺ�, ሻݐ א DT+ ; 
 ∂u−ሺx, tሻ∂t − aଶ−u−ሺx, tሻ = Ͳ, ሺx, tሻא           DT+;  V⃗⃗ ሺx, Ͳሻ ==  C⃗ ሺxሻ; T (V⃗⃗ , p)n⃗ == −qሺx, tሻn⃗ , ሺx, tሻ א Ƚt+; 
              

(7) �ܸ = −ሺ1  − �−�+ �ܹ , �ܸ = Ͳ, ሺ�, ሻݐ א Ƚ௧;    u±ሺx, tሻ =B±ሺx, tሻ, ሺx, tሻ א Ƚ௧+  Ƚ−; u±ሺx, Ͳሻ = A±ሺxሻ; 
+ݑ  = −ݑ = �∗ − ,ܿߝ �_ �߲−ݑ߲ − �+ �߲+ݑ߲ == ��+ �ܹ , ሺ�, ሻݐ א Ƚt; 

 ߲ܿሺ�, ݐሻ߲ݐ + ,�ሺܿ( ܸ⃗) ሻݐ − ,�ଶܿሺߛ  ሻݐ ==  Ͳ, ሺ�, אሻݐ DT+, 
 

c(x,0)=݃ሺ�ሻ; ܿሺ�, ሻݐ = ݃ሺ�, ,ሻݐ ሺ�, ሻݐ א Ƚt+;  −α ∂c∂n =
βcWn, ሺx, tሻ א Ƚ௧ , 
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Ɍаɛɥɢɰа 1. ɑɢɫɥɟɧɧыɟ ɪɟɡɭɥɶɬаɬы ɩɪɢ  ɪаɡɥɢɱɧыɯ ɡɧаɱɟɧɢɹɯ ɩаɪаɦɟɬɪɨɜ 

   
T H 

    

1,5 0,9882 3,5422 0,9 - 3,0 2,783 4,367 1,011 21,997 

1,5 0,9882 3,5422 0,9 -4,0 2,783 5,730 5,428 38,576 

1,5 0,9882 3,5422 0,9 -6,0 2,783 6,588 -3,038 62,490 

1,5 0,9882 3,5422 0,95 -3,0 2,937 4,610 1,126 24,509 

1,5 0,9882 3,5422 0,95 -4,0 2,937 5,730 -0,559 42,982 

1,5 0,9882 3,5422 0,95 -6,0 2,937 6,954 -3,385 69,627 

1,5 0,9882 3,5422 0,9 -3,0 4,5 4,5 16,728 23,709 

1,5 0,9882 3,5422 0,9 -4,0 4,5 4,5 15,256 24,355 

1,5 0,9882 3,5422 0,9 -6,0 4,5 4,5 12,397 25,275 

1,5 0,9882 3,5422 0,95 -3,0 4,5 4,5 15,537 23,062 

1,5 0,9882 3,5422 0,95 -4,0 4,5 4,5 13,866 23,695 

1,5 0,9882 3,5422 0,95 -6,0 4,5 4,5 10,718 24,696 

1,5 0,9882 3,5422 0,9 -3,0 11,1 11,1 173,683 192,101 

1,5 0,9882 3,5422 0,9 -4,0 11,1 11,1 175,717 198,788 

1,5 0,9882 3,5422 0,9 -6,0 11,1 11,1 173,351 202,940 

 

ɡɞɟɫɶ DT
±
= {(x,t): xאΩ௧±, tא(0,T)}, x=(x1, x2, x3), ߲Ω+

=Ƚ௧  Ƚ௧+, ߲Ω- 
=Ƚ௧+  Ƚ௧, �⃗  – ɧɨɪɦаɥɶ ɤ  Ƚ௧, 

ɧаɩɪаɜɥɟɧɧаɹ ɜ ɫɬɨɪɨɧɭ Ω௧+, T(ܸ⃗ , �ሻ − ɬɟɧɡɨɪ 
ɧаɩɪɹɠɟɧɢɣ ɫ ɷɥɟɦɟɧɬаɦɢ �ⅈ = �ⅈߜ− + ሺడ�డ�ೕݒ +డ�ೕడ�  , �ܸ ɢ �ܸ - ɧɨɪɦаɥɶɧаɹ ɢ ɬаɧɝɟɧɰɢаɥɶɧаɹ 
ɫɨɫɬаɜɥɹюɳɢɟ, �ܹ - ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɮɪɨɧɬа 
ɤɪɢɫɬаɥɥɢɡаɰɢɢ ɜ ɧаɩɪаɜɥɟɧɢɢ ɧɨɪɦаɥɹɦ �⃗ ;  �∗, �, ,ߝ �, �+, �−, ,ߙ ,ߚ ,ߛ �+, �−  - ɢɡɜɟɫɬɧыɟ 
ɩɨɥɨɠɢɬɟɥɶɧыɟ ɩɨɫɬɨɹɧɧыɟ. ȿɫɥɢ Ɏ(x,t)=ݑ±ሺ�, ሻݐ ,�ሺܿߝ+ ሻݐ − �∗ = Ͳ -- ɭɪаɜɧɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ Ƚ௧,   
ɬɨɝɞа �ܹ = −Ɏ௧/|Ɏ|.[2] 

Ɂаɦɟɬɢɦ, ɱɬɨ ɭɫɥɨɜɢɹ ɋɬɟɮаɧа ɦɨɠɧɨ ɩɪɟɞɫɬаɜɢɬɶ ɜ 
ɫɥɟɞɭюɳɟɦ ɜɢɞɟ: 
 

L(ݑ+, ,−ݑ Ƚ௧ , ሻߝ = �−ଶ ଶ|−ݑ| − �+ଶ ଶ|+ݑ| ሺ�−ଶߝ++ + �−�+ሻሺݑ−, ሻܿ ሺ�+ଶߝ−− + �+�−ሻሺݑ+, ሻܿ + ��+ሺ�−ݑ௧− + ௧+ሻݑ+� +�ሺߝ+��++ + �−ሻܿ௧ = Ͳ, ሺ�, ሻݐ א Ƚt 
 

ɉɪɢ ɧɟɤɨɬɨɪыɯ ɩɪɟɞɩɨɥɨɠɟɧɢɹɯ ɧа ɮɭɧɤɰɢɢ 
A(x),ܥ ሺ�ሻ, ,�ሺ±ܤ ,ሻݐ  ݂ሺݑ+, ܿሻ, ݃ሺ�,  ሻ ɢ ݃ሺ�ሻ ɡаɞаɱаݐ
(3.1) ɪаɡɪɟɲɢɦа ɩɪɢ ɦаɥыɯ ɡɧаɱɟɧɢɹɯ t ɜ ɤɥаɫɫɟ 
ɮɭɧɤɰɢɣ ݑ± א Hଶ+a,మ+aమ ሺD+±̅̅ ̅̅ א ܸ⃗ ,( Hଶ+a,మ+aమ ቀD+±̅̅ ̅̅ ቁ,   ܿ א Hଶ+a,మ+aమ ቀD+±̅̅ ̅̅  ቁ, � א Ha,aమሺD+±̅̅ ̅̅  ሻ  а ɝɪаɧɢɰы Ƚ௧+  ɢ 

Ƚ௧  ɨɩɢɫыɜаюɬɫɹ ɮɭɧɤɰɢɹɦɢ ɤɥаɫɫа Hଶ+a,మ+aమ . 

Ⱦаɥɟɟ, ɩɭɫɬɶ ��± = Ω± × [Ͳ, �], Ƚ��− = Ƚ− × [Ͳ, �], 
Ƚ��+ = Ƚ+ × [Ͳ, �], Ƚ�� = Ƚ × [Ͳ, �] 
Оɬɦɟɬɢɦ ɬаɤɠɟ, ɱɬɨ ɪɟɲɟɧɢɟ ɡаɞаɱɢ ɦɨɞɟɥɢɪɭɟɬ 
ɩɪɨɰɟɫɫ ɤɪɢɫɬаɥɥɢɡаɰɢɢ ɜɟɳɟɫɬɜа ɫ ɭɱɟɬɨɦ 
ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɬɟɩɥɨɨɛɦɟɧа ɢ ɩɟɪɟɧɨɫа ɩɪɢɦɟɫɢ ɜ 

ɠɢɞɤɨɣ ɮаɡɟ.Д2Ж 
ɋɜɨɛɨɞɧыɟ ɝɪаɧɢɰы  Ƚ௧+  ɢ Ƚ௧ ɦɨɠɧɨ ɩɪɟɞɫɬаɜɢɬɶ ɜ 
ɫɥɟɞɭюɳɟɦ ɜɢɞɟ 

 

Ƚ௧ = {� = �ሺ߱ሻ + �⃗ ሺ߱ሻ ∗ �ሺ߱,   ,{ሻݐ
Ƚ௧+ = {� = �ሺߠሻ + ,ሺ߱ߟ  ሻݐ ∗ �⃗ ሺߠሻ}. 

ɉɪɢ ɞɨɫɬаɬɨɱɧɨ ɦаɥыɯ ɡɧаɱɟɧɢɹɯ ɱɢɫɟɥ ߝ 

ɉɪɟɞɥɨɠɟɧ ɦɟɬɨɞ ɪɟɲɟɧɢɹ ɡаɞаɱɢ 
(3.1),ɫɨɫɬɨɹɳɢɣ ɢɡ ɪаɡɥɨɠɟɧɢɹ ɪɟɲɟɧɢɹ ɜ ɪɹɞ ɩɨ 
ɫɬɟɩɟɧɹɦ ɱɢɫɟɥ ݑ :ߝ±ሺ�, ,ݐ ሻߝ = ±ሺ�ሻݑ + ∑ ,�±ሺݑߝ ∞ሻݐ

=ଵ  

�ሺ�, ,ݐ ሻߝ = �ሺ�ሻ + ∑ ,��ሺߝ ∞ሻݐ

=ଵ  

ⅈܸሺ�, ,ݐ ሻߝ = ⅈܸ0ሺ�ሻ + ∑ ߝ ⅈܸ , ⅈ = ͳ,ʹ,͵;∞

=ଵ  

�ሺ߱, ,ݐ ሻߝ = ∑ ,�ሺ߱ߝ ∞,ሻݐ

=ଵ  ܿሺ�, ሻݐ =
= ܿሺ�ሻ + ∑ ,�ܿሺߝ ∞ሻݐ

=ଵ  

 

В ɪаɛɨɬɟ ɢɡɭɱɟɧɨ ɧɭɥɟɜɨɟ ݑ±ሺ�ሻ, ܸ⃗ ሺ�ሻ =ሺ ଵܸ, ଶܸ, ଷܸሻ, Ƚ, ܿሺ�ሻ ɢ ɩɟɪɜɨɟ ɩɪɢɛɥɢɠɟɧɢɟ 
( ଵܸ,⃗⃗ ⃗⃗ ,±ଵݑ   �ଵ , �ଵ, ܿଵሻ ɞɥɹ ɦаɥыɯ ɱɢɫɟɥ ߝ. ɉɪɢ ɷɬɨɦ 
ɭɫɬаɧɨɜɥɟɧɨ, ɱɬɨ  ݑ ±ሺ�ሻ = ,ሺ�ሻ±ܣ ܸ⃗⃗  ⃗ሺ�ሻ = ሺ�ሻܥ ,ሺ�ሻ ܥ = ݃ሺ�ሻ, ρଵሺω, tሻ א Hଶ+a,మ+aమ (Ƚ��ሻ,ݑଵ±ሺ�, ;ݐ �ሻ א Hଶ+a,మ+aమ (��±ሻ,̅̅ ̅̅ ̅̅  ܿଵሺ�, ;ݐ �ሻ Hଶ+a,మ+aమא (��±ሻ,̅̅ ̅̅ ̅̅  ɩɪɢɱɟɦ �ଵሺ߱,  ሻ ɧаɯɨɞɢɦ ɤаɤݐ
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ɧɟɩɨɞɜɢɠɧɭю ɬɨɱɤɭ ɫɠɢɦаюɳɟɝɨɫɹ ɨɩɟɪаɬɨɪа 
Ɇ1: : ܯଵ�ଵ = 
 = ͳ��+ ∫ ሺ�_ ଵ−߲�ଵݑ߲

 − �+ �߲+ଵݑ߲ + + ଵ݂ሺ�,   ,ݐሻሻ݀ݐ
 �ሺ߱ሻ א  ȽOT. 

 

ɂɡ ɭɫɥɨɜɢɹ ɋɬɟɮаɧа ɞɥɹ ɦаɥыɯ ɱɢɫɟɥ ߝ ɫɥɟɞɭɟɬ 
ɪаɡɥɨɠɟɧɢɟ: 
,+ݑሺܮ  ,−ݑ Ƚ௧ , ሻߝ = [�−ଶ −|ଶݑ| − −k+ଶ u+|ଶ| + ε[ʹk−ଶ ሺu−, uଵ−ሻ − ʹk+ଶ ሺu+, +uଵ+ሻ fଵ + xρ+ሺk−ult− + k+ult+ሻ]+ εଶ[ʹk−ଶ ሺu−, −uଵ−ሻ ʹk+ଶ ሺu+, uଵ+ሻ + fଶ+ xρ+ሺk−uଶt− + k+uଶt+ ሻ] + Ͳሺεଶሻ= Ͳ, ሺx, tሻ א ȽOT. 
 

Оɬɤɭɞа ɫɥɟɞɭɟɬ, ɱɬɨ �−ଶ −|ଶݑ| − �+ଶ +|ଶݑ| = Ͳ, � א Ƚ; �− �߲−ଵݑ߲ − �+ �߲+ଵݑ߲ + ଵ݂ = ��+ ߲�ଵ߲ݐ , ሺ�, ሻݐ א ȽT; �− �߲−ଶݑ߲ − �+ �߲+ଶݑ߲ + ଶ݂ = ��+ ߲�ଶ߲ݐ , ሺ�, ሻݐ א ȽT; 
 

Ɂɞɟɫɶ ଵ݂ሺ�, ,�ሻ ɢ ଶ݂ሺݐ  ሻ ɢɡɜɟɫɬɧыɟ ɝɥаɞɤɢɟݐ
ɮɭɧɤɰɢɢД2Ж. 
Ɋаɫɫɦɨɬɪɢɦ ɜɬɨɪɨɟ ɩɪɢɛɥɢɠɟɧɢɟ  ሺ ଶܸ,⃗⃗⃗⃗⃗⃗  ⃗ ,±ଶݑ  �ଶ, �ଶ, ܿଶ,  .ߝ ଶሻ ɡаɞаɱɢ  ɞɥɹ ɦаɥыɯ ɱɢɫɟɥߟ

ɂɦɟɟɦ: 
 డ�మ⃗⃗⃗⃗ డ௧ + ( ܸ⃗⃗ (⃗  ଶܸ⃗⃗  ⃗+( ଵܸ⃗⃗ ሻ⃗  ଵܸ⃗⃗  ⃗ + ( ଶܸ⃗⃗ (⃗  ܸ⃗⃗  ⃗ + ଶ�+ ଶ�= ଶܸ⃗⃗  ⃗ + [ ௨݂′⃗⃗ ଶݑ⃗  + �݂′⃗⃗⃗  ܿଶ + ଵଶ ௨݂௨′′⃗⃗ ⃗⃗ ଵଶݑ⃗  + ଵଶ �݂�′′⃗⃗ ⃗⃗  ܿଵଶ], 

 

(x,t)א QT+,  ଶܸ⃗⃗  ⃗ = Ͳ, ሺx, tሻ א QT+, T( ܸ⃗⃗  ⃗, �ଶ)�⃗ +T( ଵܸ⃗⃗  ⃗, �ଵ)�⃗ + T( ଶܸ⃗⃗  ⃗, �)�⃗ = = Ͳ, � א Ƚ+ 

 ଶܸ⃗⃗  ⃗ሺ�, Ͳሻ = Ͳ, ଶܸ� =ቀͳ − �−�+ቁ [௨మ�௨0 + + ଷ݂ሺ�, [ሻݐ , ଶܸ� =0, � א Ƚ 

 డ௨మ+డ௧ + ( ܸ⃗⃗ )++ଶݑ(⃗  ଶܸ⃗⃗ +ݑሻ⃗  + ( ଵܸ⃗⃗ +ଵݑ(⃗  == �+ଶଶݑଶ+, ሺx, tሻ א QT+, డ௨మ−డ௧ + �−ଶଶݑଶ− = Ͳ, 
 

(x,t)א QT−, uଶ±ሺ�, Ͳሻ = Ͳ, uଶ±ሺx, tሻ = = Ͳ, ሺx, tሻ א ȽOT−  ȽT+ , uଶ+ = uଶ−, 
,±(�ሺ߱ሻ)|pଶሺωݑ|  tሻ + uଶሺxሺω, tሻ + fሺxሺω, tሻ= Ͳ, ሺx, tሻ א ȽOT 

 

డ�మడ௧ + ( ܸ⃗⃗ )++ଶܿ(⃗  ଶܸ⃗⃗ +ሻܿ⃗  + ( ଵܸ⃗⃗ +ଵܿ(⃗  ଶܿଶߛ−     − =Ͳ, ሺx, tሻ א QT+, ܿଶሺ�, Ͳሻ = Ͳ;           ܿଶሺ�, ሻݐ = Ͳ , 
 

(x,t)א ȽOT+ , −α ∂cమ∂n = ௨మ�+|௨0+| + ସ݂ሺ�, ,ሻݐ ሺ�, ሻݐ א ȽOT , 
 ߲߲ܿ� ,ሺ߱ߟ ሻݐ + ܿଶሺ�, ሻݐ + ହ݂ሺ�, ሻݐ = Ͳ, ሺ�, ሻݐ א ȽOT 

 

ɝɞɟ ଷ݂ሺ�, ,ሻݐ ସ݂ሺ�, ,�ହ݂ሺ ݑ ሻݐ  ሻ - ɢɡɜɟɫɬɧыɟݐ
ɮɭɧɤɰɢɢ. 
ɉɪɢ ɡаɞаɧɧыɯ �ଶሺ߱, ,ሻ ɢ �ଶ̃ሺ߱ݐ ሻ  ɢɡ Hଶ+a,మ+aమݐ (Ƚ��ሻ ɧаɣɞɟɦ ɮɭɧɤɰɢɢ ݑଶ±ሺ�, ,ݐ �ଶሻ ɢ ݑଶ±ሺ�, ,ݐ �ଶ̃ሻ  ɤаɤ ɟɞɢɧɫɬаɜɟɧɧыɟ ɪɟɲɟɧɢɹ ɡаɞаɱɢ. 
Ɂаɬɟɦ ɪаɫɫɦɨɬɪɢɦ ɨɩɟɪаɬɨɪ, ɞɟɣɫɬɜɭюɳɢɣ ɢɡ Hଶ+a,మ+aమ (Ƚ��ሻ ɜ Hଶ+a,మ+aమ (Ƚ��ሻ, ɫɥɟɞɭюɳɢɦ 
ɨɛɪаɡɨɦ ܯଶ�ଶ = ଵ��+  ሺ�− డ௨మ−డ�ଵ − �+ డ௨మ+డ� ++ ଶ݂ሺ�, ,ݐሻሻ݀ݐ �ሺ߱ሻ א ȽO. ɋɩɪаɜɟɞɥɢɜыɟ ɨɰɟɧɤɢ: |ݑଶ±|��±ሺ�+ଶሻ ≤ ܥ ቀ|�ଶ±|��±ሺ�+ଶሻ + |�ଶ|ȽОɌ±ሺ�+ଶሻቁ, 

ɝɞɟ ɋ – ɧɟɤɨɬɨɪаɹ ɩɨɫɬɨɹɧɧаɹ, а �ଶ+ =−( ଶܸ⃗⃗ +ݑ(⃗  − ( ଵܸ⃗⃗ א ଵ+ ɩɪɢ (x,t)ݑ(⃗  QT+ ɢ �ଶሺ�, ሻݐ = Ͳ 

ɩɪɢ (x,t) א QT−. Оɬɫюɞа ɫɥɟɞɭɟɬ, ɱɬɨ |ܯଶ�ଶ ଶ�ଶ̃|ȽОɌܯ−
ሺ�+ଶሻ ≤ ଵ�|ܥ̃ − �ଶ|ȽОɌ

ሺ�+ଶሻ
 ɝɞɟ ̃ܥ = +�ሺܥ +�−)/x�+ ɋɥɟɞɨɜаɬɟɥɶɧɨ, ɨɩɟɪаɬɨɪ Ɇ2 – 

ɫɠɢɦаюɳɢɣ, ɟɫɥɢ ɜыɩɨɥɧɹɟɬɫɹ ɭɫɥɨɜɢɟ  
 

+�ሺܥ                + �−)/x�+ < ͳ                              (8) 

 

ɂɦɟюɬ ɦɟɫɬɨ ɫɥɟɞɭюɳɢɟ ɭɬɜɟɪɠɞɟɧɢɟ: 
Ʌɟɦɦɚ 1. ɉɭɫɬɶ ɜыɩɨɥɧɟɧɨ ɭɫɥɨɜɢɟ (8). Ɍɨɝɞа 
ɨɩɟɪаɬɨɪ Ɇ2, ɞɟɣɫɬɜɭюɳɢɣ ɢɡ Hଶ+a,మ+aమ (Ƚ��ሻ ɜ Hଶ+a,మ+aమ (Ƚ��ሻ, ɢɦɟɟɬ ɬаɦ ɧɟɩɨɞɜɢɠɧɭю ɬɨɱɤɭ. 
Ʌɟɦɦɚ 2. В ɤаɱɟɫɬɜɟ ɜɬɨɪɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ 
ɡаɞаɱɢ ɦɨɠɧɨ ɜɡɹɬɶ ɪɟɲɟɧɢɟ uଶ±ሺx, tሻ, cଶሺx, tሻ,Vଶ⃗⃗ ⃗⃗  ሺx, tሻ,pଶሺx, tሻ, ρଶሺx, tሻ, ηଶሺx, tሻ . 

Ɍɟɨɪɟɦɚ 1. ɉɭɫɬɶ డ0డ� ≠ Ͳ  ɢ ݃ሺ�ሻ =  = ݃ሺ�ሻ ɧа Ƚ+. Ɍɨɝɞа ɩɪɢ ɦаɥыɯ ɡɧаɱɟɧɢɹɯ t 

ɫɩɪаɜɟɞɥɢɜы ɮɨɪɦɭɥы 

Ƚ௧: � = �ሺ߱ሻ − ,ଵሺ�ሺ߱ሻݑ ⃗�ߝ ሻݐ + ݃(�ሺ߱ሻ)|ݑ(�ሺ߱ሻ)| − 

|௨0(�ሺఠሻ)|ଶ�⃗ ௨మሺ�ሺఠሻ,௧ሻ+యሺ�ሺఠሻ,௧ሻߝ - + Ͳሺߝଶሻ, ሺ�, ሻݐ א ȽOT 

Ƚ௧+: � = �ሺߠሻ − ,ሻߠଵሺ�ሺܿ ⃗�ߝ �ሻሻ߲߲݃ݐ (�ሺ߱ሻ) − 

��ଶ�⃗ �మሺ�ሺ�ሻ,௧ሻ+5ሺ�ሺ�ሻ,௧ሻ��0ߝ - (�ሺఠሻ) + Ͳሺߝଶሻ, ሺ�, ሻݐ א ȽOT 

 

ɝɞɟ  ݑଶ±ሺ�, ,ሻݐ cଵሺ�, ,�ሻ,   ρଵሺݐ ,�ሻ,ηଵሺݐ  ሻ - ɮɭɧɤɢɰɢɢݐ

ɤɥаɫɫа Hଶ+a,మ+aమ ɹɜɥɹюɳɢɟɫɹ ɩɟɪɜыɦ ɩɪɢɛɥɢɠɟɧɢɟɦ 
ɡаɞаɱɢ. 
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Выɲɟɭɤаɡаɧɧыɟ ɮɨɪɦɭɥы  ɩɨɡɜɨɥɹюɬ 
ɨɫɭɳɟɫɬɜɢɬɶ аɧаɥɢɡ ɫɜɨɛɨɞɧыɯ ɝɪаɧɢɰ  Ƚ௧ ɢ Ƚ௧+ ɜ 
ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɩаɪаɦɟɬɪɨɜ ɡаɞаɱɢ.  

 

 

Ɂɚɤɥɸɱɟɧɢɟ 

 

В ɡаɤɥюɱɟɧɢɢ ɩɪɢɜɟɞɟɦ ɨɛɡɨɪ ɬɟɨɪɢɢ ɩɨ ɞаɧɧɨɣ 
ɬɟɦаɬɢɤɟ Д5-10Ж. Ɍаɤɠɟ ɧɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ 
ɞаɧɧɨɣ ɫɬаɬɶɟ ɫɦɨɞɟɥɢɪɨɜаɧ ɩɪɨɰɟɫɫ 
ɤɪɢɫɬаɥɥɢɡаɰɢɢ ɦɟɬаɥɥа. Ⱦɥɹ ɪɟɲɟɧɢɹ ɷɬɨɣ 
ɡаɞаɱɢ ɛыɥ ɢɫɩɨɥɶɡɨɜаɧ ɦɟɬɨɞ ɧɭɥɟɜɨɝɨ 
ɩɪɢɛɥɢɠɟɧɢɹ, ɩɨɥɭɱɢɜɲɢɟɫɹ ɞаɧɧыɟ ɜ 
ɪɟɡɭɥɶɬаɬɟ ɪɟɲɟɧɢɹ ɨɩɪɟɞɟɥɟɧы ɜ ɬаɛɥɢɰɟ 1. 
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Minenko A. S., Radevich E. V. Numerical modeling of the crystallization process. The Stefan problem with 

convection in the liquid phase is investigated. The approximate solution is constructed, using the method of 

small parameter. The control over this process with the use of fuzzy logic is realized. 

 

Key words: functional, crystallization, thermal stream, controlling, boundary value problem, modeling 

 

Ɇɢɧɟɧɤɨ Ⱥ.С., Ɋɚдɟɜɢɱ ȿ.ȼ. ɑɢɫɥɟɧɧɨɟ ɦɨдɟɥɢрɨɜɚɧɢɟ ɩрɨɰɟɫɫɚ ɤрɢɫɬɚɥɥɢɡɚɰɢɢ. ɂɫɫɥеɞɭеɬɫя ɨɞɧɚ 
ɡɚɞɚчɚ ɋɬефɚɧɚ ɫ ɭчеɬɨɦ ɤɨɧɜеɤɰɢɢ ɜ ɠɢɞɤɨɣ фɚɡе. ɉɨɫɬɪɨеɧɨ ɩɪɢɛɥɢɠеɧɧɨе ɪеɲеɧɢе ɷɬɨɣ ɡɚɞɚчɢ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢеɦ ɦɚɥɨɝɨ ɩɚɪɚɦеɬɪɚ. Уɩɪɚɜɥеɧɢе ɩɪɨɰеɫɫɨɦ ɨɫɭɳеɫɬɜɥяеɬɫя ɫ ɩɪɢɦеɧеɧɢеɦ ɧечеɬɤɨɣ 
ɥɨɝɢɤɢ. 
 
Кɥɸɱɟɜɵɟ ɫɥɨɜɚ: фɭɧɤɰɢɨɧɚɥ, ɤɪɢɫɬɚɥɥɢɡɚɰɢя, ɬеɩɥɨɜɨɣ ɩɨɬɨɤ, ɭɩɪɚɜɥеɧɢе, ɤɪɚеɜɚя ɡɚɞɚчɚ, 
ɦɨɞеɥɢɪɨɜɚɧɢе

 

ɋɬɚɬɶя ɩɨɫɬɭɩɢɥɚ ɜ ɪеɞɚɤɰɢɸ 12.2.2017  

                                                               Реɤɨɦеɧɞɨɜɚɧɚ ɤ ɩɭɛɥɢɤɚɰɢɢ  ɞ-ɪɨɦ ɬеɯ. ɧɚɭɤ ȼ.ɇ. ɉɚɜɥɵɲɨɦ 


