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With the modeled casting rate, the rod is fully so-
lidified before leaving the mold. This means that the 
process engineers can increase the casting rate with-
out running into problems, thus increasing the produc-
tion rate. 

The phase transition occurs in a very narrow zone 
although the model utilizes a transition half width, 
ǻT, of 5 K. In reality it would be even more distinct if 
a pure metal were being cast but somewhat broader if 
the cast material were an alloy with a wider ǻT. 

The model is solved using a built-in adaptive 
meshing technique. This is necessary because the 
transition zone—that is, the region where the phase 

change occurs—requires a fine discretization. The 
adaptive meshing technique allows for fast and accu-
rate calculations even if the transition width is 
brought down to a low value, such as for pure metals. 
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ȼɜɟɞɟɧɢɟ 
Ⱥɧɚɥɢɡ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɫɯɟɦ ɫɨɜɪɟɦɟɧɧɵɯ 

ɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɨɧɢ, ɤɚɤ ɨɛɴ-
ɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɧɚɞɟɠɧɨɫɬɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨ-
ɛɨɣ ɫɥɨɠɧɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ-ɩɚɪɚɥɥɟɥɶɧɵɟ 
ɫɬɪɭɤɬɭɪɵ. Ɉɫɧɨɜɧɚɹ ɩɪɨɛɥɟɦɚ ɫɨɡɞɚɧɢɹ ɢɦɢɬɚ-
ɰɢɨɧɧɨɣ ɦɨɞɟɥɢ ɧɚ ɗȼɆ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɥɨɠɧɨ-
ɫɬɢ ɨɩɢɫɚɧɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ 
ɧɚ ɹɡɵɤɟ, ɩɨɧɹɬɧɨɦ ɗȼɆ. 

 
Ɉɫɧɨɜɧɵɟ ɜɢɞɵ ɫɨɟɞɢɧɟɧɢɹ ɷɥɟɦɟɧɬɨɜ [1] 
1. ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɟ ɫɨɟɞɢɧɟɧɢɟμ  
ɉɪɢ ɨɬɤɚɡɟ ɥɸɛɨɝɨ ɷɥɟɦɟɧɬɚ ɨɬɤɚɡɵɜɚɟɬ ɜɫɹ 

ɫɢɫɬɟɦɚν ɧɚɪɚɛɨɬɤɚ ɞɨ ɨɬɤɚɡɚ ɫɢɫɬɟɦɵ ɪɚɜɧɚ ɧɚɪɚ-
ɛɨɬɤɟ ɞɨ ɨɬɤɚɡɚ ɬɨɝɨ ɷɥɟɦɟɧɬɚ, ɭ ɤɨɬɨɪɨɝɨ ɨɧɚ ɨɤɚ-
ɡɚɥɚɫɶ ɦɢɧɢɦɚɥɶɧɨɣμ 

min( ), 1,2,...,c jT T j n  , 

ɝɞɟ n — ɱɢɫɥɨ ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ. 
2. ɉɚɪɚɥɥɟɥɶɧɨɟ ɧɚɝɪɭɠɟɧɧɨɟ («ɝɨɪɹɱɟɟ») 

ɫɨɟɞɢɧɟɧɢɟμ 
ɋɢɫɬɟɦɚ ɫɨɯɪɚɧɹɟɬ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ, ɩɨɤɚ 

ɪɚɛɨɬɨɫɩɨɫɨɛɟɧ ɯɨɬɹ ɛɵ ɨɞɢɧ ɷɥɟɦɟɧɬ ɢɡ k ɜɤɥɸ-
ɱɟɧɧɵɯ ɜ ɪɚɛɨɬɭν ɧɚɪɚɛɨɬɤɚ ɞɨ ɨɬɤɚɡɚ ɫɢɫɬɟɦɵ 
ɪɚɜɧɚ ɦɚɤɫɢɦɚɥɶɧɨɦɭ ɡɧɚɱɟɧɢɸ ɢɡ ɡɧɚɱɟɧɢɣ ɧɚɪɚ-
ɛɨɬɤɢ ɞɨ ɨɬɤɚɡɚ ɷɥɟɦɟɧɬɨɜμ 

max( ), 1,2,...,c jT T j k  , 

ɝɞɟ Ф — ɱɢɫɥɨ ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ. 
3. ɉɚɪɚɥɥɟɥɶɧɨɟ ɧɟɧɚɝɪɭɠɟɧɧɨɟ («ɯɨɥɨɞ-

ɧɨɟ») ɫɨɟɞɢɧɟɧɢɟμ  
Ɋɟɡɟɪɜɧɵɣ ɷɥɟɦɟɧɬ ɜɤɥɸɱɚɟɬɫɹ ɜ ɪɚɛɨɬɭ ɬɨɥɶɤɨ 

ɩɪɢ ɨɬɤɚɡɟ ɨɫɧɨɜɧɨɝɨ ɷɥɟɦɟɧɬɚν ɧɚɪɚɛɨɬɤɚ ɞɨ ɨɬ-
ɤɚɡɚ ɫɢɫɬɟɦɵ ɪɚɜɧɚ ɫɭɦɦɟ ɧɚɪɚɛɨɬɨɤ ɞɨ ɨɬɤɚɡɚ 
ɷɥɟɦɟɧɬɨɜ. 
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ɝɞɟ m – ɱɢɫɥɨ ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ. 
ɇɚ ɪɢɫɭɧɤɟ 1 ɩɪɢɜɟɞɟɧɵ ɨɛɨɡɧɚɱɟɧɢɹ ɬɪɟɯ ɜɢ-

ɞɨɜ ɫɨɟɞɢɧɟɧɢɣ ɷɥɟɦɟɧɬɨɜ ɞɥɹ ɪɚɫɱɟɬɚ ɧɚɞɟɠɧɨ-

ɫɬɢμ ɚ – ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɟν ɛ – ɩɚɪɚɥɥɟɥɶɧɨɟ 
ɧɚɝɪɭɠɟɧɧɨɟν ɜ – ɩɚɪɚɥɥɟɥɶɧɨɟ ɧɟɧɚɝɪɭɠɟɧɧɨɟ. 

ɚ

ɛ ɜ Ɋ
ɢɫ. 1. ȼɢɞɵ ɫɨɟɞɢɧɟɧɢɣ ɷɥɟɦɟɧɬɨɜμ ɚ – ɩɨɫɥɟɞɨɜɚ-

ɬɟɥɶɧɨɟν ɛ – ɩɚɪɚɥɥɟɥɶɧɨɟ ɧɚɝɪɭɠɟɧɧɨɟν ɜ – ɩɚ-
ɪɚɥɥɟɥɶɧɨɟ ɧɟɧɚɝɪɭɠɟɧɧɨɟ 

 
ɋɩɨɫɨɛɵ ɨɩɢɫɚɧɢɹ ɛɥɨɤ-ɫɯɟɦ ɧɚɞɟɠɧɨɫɬɢ 
ɋɬɪɭɤɬɭɪɚ ɫɢɫɬɟɦɵ ɡɚɩɢɫɵɜɚɟɬɫɹ ɩɨ ɡɚɞɚɧɧɵɦ 

ɩɪɚɜɢɥɚɦ ɜ ɬɟɤɫɬɨɜɨɦ ɮɚɣɥɟ, ɤɨɬɨɪɵɣ ɜ ɞɚɥɶɧɟɣ-
ɲɟɦ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɫɨɡɞɚɧɢɹ ɫɩɟɰɢɚɥɢ-
ɡɢɪɨɜɚɧɧɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɩɨ ɪɚɫɱɺ-
ɬɭ ɩɨɤɚɡɚɬɟɥɟɣ ɧɚɞɺɠɧɨɫɬɢ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɢɫ-
ɩɨɥɶɡɭɟɬɫɹ ɩɚɤɟɬ εКЭХКЛ. 

1. Ⱦɥɹ ɩɚɪɚɥɥɟɥɶɧɨ-ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɫɢ-
ɫɬɟɦɵ [2]. 

ɉɟɪɜɵɣ ɫɬɨɥɛɟɰ – ɩɨɪɹɞɤɨɜɵɟ ɧɨɦɟɪɚ ɷɥɟɦɟɧ-
ɬɨɜ, ɜɯɨɞɹɳɢɯ ɜ ɫɨɫɬɚɜ ɫɢɫɬɟɦɵ. 

ȼɬɨɪɨɣ ɫɬɨɥɛɟɰ – ɰɢɮɪɨɜɨɣ ɤɨɞ ɡɚɤɨɧɚ ɪɚɫ-
ɩɪɟɞɟɥɟɧɢɹ ɜɪɟɦɟɧɢ ɞɨ ɨɬɤɚɡɚ ɤɚɠɞɨɝɨ ɷɥɟɦɟɧɬɚμ  

 «1» ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧɨɪɦɚɥɶɧɨɦɭ ɡɚɤɨɧɭ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹν 

 «β» ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɡɚɤɨɧɭ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ȼɟɣɛɭɥɥɚν 

 «γ» ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɦɭ ɡɚ-
ɤɨɧɭ ɪɚɫɩɪɟɞɟɥɟɧɢɹν 

 «4» ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɥɨɝɧɨɪɦɚɥɶɧɨɦɭ ɡɚɤɨɧɭ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ. 

ȼ ɬɪɟɬɶɟɦ ɢ ɱɟɬɜɟɪɬɨɦ ɫɬɨɥɛɰɚɯ ɧɚɯɨɞɹɬɫɹ ɫɨ-
ɨɬɜɟɬɫɬɜɟɧɧɨ ɩɟɪɜɵɣ ɢ ɜɬɨɪɨɣ ɤɨɷɮɮɢɰɢɟɧɬɵ 
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ɪɚɫɩɪɟɞɟɥɟɧɢɣ. ȼ ɫɥɭɱɚɟ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɝɨ ɪɚɫ-
ɩɪɟɞɟɥɟɧɢɹ ɜɬɨɪɨɣ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɜɟɧ ɧɭɥɸ. 

ɉɹɬɵɣ ɫɬɨɥɛɟɰ ɩɨɤɚɡɵɜɚɟɬ ɜɟɬɜɶ, ɜ ɤɨɬɨɪɨɣ 
ɧɚɯɨɞɹɬɫɹ ɷɥɟɦɟɧɬɵ, ɚ ɜ ɩɟɪɜɨɣ ɫɬɪɨɤɟ ɲɟɫɬɨɝɨ 
ɫɬɨɥɛɰɚ ɡɚɩɢɫɵɜɚɟɬɫɹ ɜɢɞ ɫɜɹɡɢ ɦɟɠɞɭ ɜɟɬɜɹɦɢμ 
ɰɢɮɪɚ «1», ɟɫɥɢ ɫɨɟɞɢɧɟɧɢɟ ɦɟɠɞɭ ɜɟɬɜɹɦɢ ɹɜɥɹ-
ɟɬɫɹ ɩɚɪɚɥɥɟɥɶɧɵɦ ɧɚɝɪɭɠɟɧɧɵɦ, ɢ «β» ɞɥɹ ɩɚ-
ɪɚɥɥɟɥɶɧɨɝɨ ɧɟɧɚɝɪɭɠɟɧɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ. 

Ⱦɚɥɟɟ ɩɪɢɜɟɞɟɧ ɩɪɢɦɟɪ ɞɥɹ ɫɯɟɦɵ ɫ ɩɚɪɚɥ-
ɥɟɥɶɧɨ-ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦ ɫɨɟɞɢɧɟɧɢɟɦ (ɪɢɫ. β) ɢ 
ɟɟ ɨɩɢɫɚɧɢɟ (ɪɢɫ. 3). 
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ɢɫ. β. ɉɪɢɦɟɪ ɫɯɟɦɵ ɫ ɩɚɪɚɥɥɟɥɶ-

ɧɨ-ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦ ɫɨɟɞɢɧɟɧɢɟɦ 
 

2. Ⱦɥɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ-ɩɚɪɚɥɥɟɥɶɧɨɣ ɫɢ-
ɫɬɟɦɵ Д2]. 

ɋɬɨɥɛɰɵ ɫ ɩɟɪɜɨɝɨ ɩɨ ɱɟɬɜɟɪɬɵɣ ɚɧɚɥɨɝɢɱɧɵ 
ɫɥɭɱɚɸ ɩɚɪɚɥɥɟɥɶɧɨ-ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ. 

ɉɹɬɵɣ ɫɬɨɥɛɟɰ ɩɨɤɚɡɵɜɚɟɬ ɭɡɟɥ, ɫ ɤɨɬɨɪɵɦ 
ɷɥɟɦɟɧɬ ɫɜɹɡɵɜɚɟɬ ɫɥɟɜɚ, ɚ ɜ ɲɟɫɬɨɦ ɫɬɨɥɛɰɟ ɡɚ-
ɩɢɫɵɜɚɟɬɫɹ ɜɢɞ ɫɜɹɡɢ ɦɟɠɞɭ ɞɜɭɦɹ ɩɨɫɥɟɞɨɜɚ-
ɬɟɥɶɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢμ «1» ɨɛɨɡɧɚɱɚɟɬ, ɱɬɨ ɨɬɫɭɬ-
ɫɬɜɭɸɬ ɷɥɟɦɟɧɬɵ ɩɚɪɚɥɥɟɥɶɧɵɟ ɟɦɭ, «β» – ɟɫɥɢ 
ɫɨɟɞɢɧɟɧɢɟ ɦɟɠɞɭ ɷɥɟɦɟɧɬɚɦɢ ɹɜɥɹɟɬɫɹ ɩɚɪɚɥ-
ɥɟɥɶɧɵɦ ɧɚɝɪɭɠɟɧɧɵɦ, ɢ «γ» ɞɥɹ ɩɚɪɚɥɥɟɥɶɧɨɝɨ 
ɧɟɧɚɝɪɭɠɟɧɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ. 

 

 
Ɋɢɫ. γ. Ɉɩɢɫɚɧɢɟ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ, ɢɡɨɛɪɚɠɟɧ-

ɧɨɣ ɧɚ ɪɢɫɭɧɤɟ β 
 

ɉɪɢɦɟɪ ɫɯɟɦɵ ɫɢɫɬɟɦɵ ɫ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ-
ɩɚɪɚɥɥɟɥɶɧɵɦ ɫɨɟɞɢɧɟɧɢɟɦ ɢ ɟɟ ɨɩɢɫɚɧɢɟ ɩɪɢɜɟ-
ɞɟɧɵ ɧɚ ɪɢɫɭɧɤɚɯ 4 ɢ 5 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
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Ɋɢɫ. 4. ɉɪɢɦɟɪ ɫɯɟɦɵ ɫ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ-

ɩɚɪɚɥɥɟɥɶɧɵɦ ɫɨɟɞɢɧɟɧɢɟɦ 
 

 
Ɋɢɫ. 5. Ɉɩɢɫɚɧɢɟ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ, ɢɡɨɛɪɚɠɟɧ-

ɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 4 
 

3. Ⱦɥɹ ɫɦɟɲɚɧɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ. 
ɉɟɪɜɵɣ ɫɬɨɥɛɟɰ – ɭɧɢɤɚɥɶɧɵɟ ɛɭɤɜɟɧɧɨ-

ɰɢɮɪɨɜɵɟ ɨɛɨɡɧɚɱɟɧɢɹ ɬɢɩɨɜɵɯ ɛɥɨɤɨɜ ɷɥɟɦɟɧ-
ɬɨɜ. ɉɪɢ ɷɬɨɦ ɤɚɠɞɨɦɭ ɬɢɩɭ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɜɨɹ 
ɛɭɤɜɚμ 

S – ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɟ ɫɨɟɞɢɧɟɧɢɟν  
P – ɩɚɪɚɥɥɟɥɶɧɨɟ ɧɚɝɪɭɠɟɧɧɨɟ («ɝɨɪɹɱɟɟ») ɫɨ-

ɟɞɢɧɟɧɢɟν  
K – ɩɚɪɚɥɥɟɥɶɧɨɟ ɧɟɧɚɝɪɭɠɟɧɧɨɟ («ɯɨɥɨɞɧɨɟ») 

ɫɨɟɞɢɧɟɧɢɟ. 
ɉɪɢ ɡɚɩɢɫɢ ɮɚɣɥɚ ɫɬɪɭɤɬɭɪɵ ɫɢɫɬɟɦɵ ɧɟɨɛɯɨ-

ɞɢɦɨ ɪɭɤɨɜɨɞɫɬɜɨɜɚɬɶɫɹ ɫɥɟɞɭɸɳɢɦ ɩɪɚɜɢɥɨɦμ 
ɟɫɥɢ ɷɥɟɦɟɧɬɨɦ ɧɟɤɨɬɨɪɨɝɨ ɛɥɨɤɚ ɹɜɥɹɟɬɫɹ ɫɨ-
ɫɬɚɜɧɨɣ ɛɥɨɤ, ɬɨ ɨɧ ɞɨɥɠɟɧ ɛɵɬɶ ɨɩɢɫɚɧ ɜɵɲɟ ɜ 
ɮɚɣɥɟ ɫɬɪɭɤɬɭɪɵ.  

ȼ ɩɨɫɥɟɞɭɸɳɢɯ ɫɬɨɥɛɰɚɯ ɡɚɩɢɫɵɜɚɸɬɫɹ ɷɥɟ-
ɦɟɧɬɵ, ɜɯɨɞɹɳɢɟ ɜ ɫɨɫɬɚɜ ɛɥɨɤɚ. 

Ʉɚɠɞɚɹ ɫɬɪɨɤɚ ɡɚɤɚɧɱɢɜɚɟɬɫɹ ɡɧɚɤɨɦ « / ». 
Ⱦɚɥɶɲɟ ɩɨɤɚɡɵɜɚɸɬɫɹ, ɩɪɢɦɟɪ ɞɥɹ ɫɯɟɦɵ ɩɚ-

ɪɚɥɥɟɥɶɧɨ-ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ (ɪɢɫ. 6) 
ɢ ɟɟ ɨɩɢɫɚɧɢɟ (ɪɢɫ. 7). 

 
Ɋɢɫ. 6. ɉɪɢɦɟɪ ɫɦɟɲɚɧɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ 

 

 
Ɋɢɫ. 7. Ɉɩɢɫɚɧɢɟ ɫɬɪɭɤɬɭɪɵ ɫɯɟɦɵ ɧɚ ɪɢɫɭɧɤɟ 6 

 
ɇɚ ɪɢɫɭɧɤɟ 7 ɟ(μ,У) ɨɛɨɡɧɚɱɚɟɬ ɧɚɪɚɛɨɬɤɭ ɧɚ ɨɬ-

ɤɚɡ У-ɝɨ ɷɥɟɦɟɧɬɚ. 
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Ɇɚɬɪɢɰɵ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɡɚɩɢɫɵɜɚɸɬɫɹ ɜ ɨɬ-
ɞɟɥɶɧɨɦ ɮɚɣɥɟ ɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɩɪɨɰɟɫɫɟ ɪɚɫɱɺ-
ɬɚ. ɉɪɢɦɟɪ ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫɭɧɤɟ κ. 

 

 
Ɋɢɫ. κ. ɉɪɢɦɟɪ ɦɚɬɪɢɰɵ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 

 
Ɂɚɤɥɸɱɟɧɢɟ 
ȼ ɯɨɞɟ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ ɛɵɥɚ ɪɟɲɟɧɚ ɩɪɨ-

ɛɥɟɦɚ ɨɩɢɫɚɧɢɹ ɛɥɨɤ-ɫɯɟɦɵ ɧɚɞɟɠɧɨɫɬɢ ɫɢɫɬɟɦɵ 

ɩɭɬɺɦ ɫɨɡɞɚɧɢɹ ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɨɝɨ ɬɟɤɫɬɨɜɨɝɨ 
ɮɚɣɥɚ ɩɨ ɡɚɞɚɧɧɵɦ ɩɪɚɜɢɥɚɦ. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɫɱɺɬɚ ɩɨɤɚɡɚɬɟ-
ɥɟɣ ɧɚɞɺɠɧɨɫɬɢ ɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ.  

 
Ʌɢɬɟɪɚɬɭɪɚ 
1. Ɉɫɬɪɟɣɤɨɜɫɤɢɣ ȼ. Ⱥ. Ɍɟɨɪɢɹ ɧɚɞɟɠɧɨɫɬɢμ 

ɭɱɟɛɧɢɤ ɞɥɹ ɜɭɡɨɜ / ȼ.Ⱥ Ɉɫɬɪɟɣɤɨɜɫɤɢɣ. – 2-ɟ ɢɡɞ., 
ɢɫɩɪ. – Ɇ.μ ȼɵɫɲ. ɲɤ., β00κ. – 46γ ɫ. 

2. ɒɤɥɹɪ, ȼɢɤɬɨɪ ɇɢɤɨɥɚɟɜɢɱ. ɇɚɞɟɠɧɨɫɬɶ 
ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹμ ɭɱɟɛɧɨɟ ɩɨɫɨɛɢɟ / ȼ. ɇ. 
ɒɤɥɹɪν ɇɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ Ɍɨɦ-
ɫɤɢɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ (Ɍɉɍ). – 
Ɍɨɦɫɤμ ɂɡɞ-ɜɨ Ɍɉɍ, β011. — 1β6 ɫ. 

 
ɂɋɉɈɅɖɁɈȼȺɇɂȿ KD-ȾȿɊȿȼɖȿȼ ȾɅə ɍɋɄɈɊȿɇɂə ɊȺȻɈɌɕ 

ɌɊȺɋɋɂɊɈȼɓɂɄȺ ɅɍɑȿɃ 
Ƚɪɢɝɨɪɶɟɜ Ⱥ.ɂ., Ɇɢɯɚɣɥɨɜ ȿ.ȼ. 

ɇɚɭɱɧɵɣ ɪɭɤɨɜɨɞɢɬɟɥɶμ ɋɨɪɨɤɢɧ ɇɢɤɨɥɚɣ ɘɪɶɟɜɢɱ, ɤ.ɬ.ɧ., ɞɨɰɟɧɬ ɤɚɮɟɞɪɵ ȼɌ ɌɈȽɍ 
Ɍɢɯɨɨɤɟɚɧɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 

6κ00γ5, Ɋɨɫɫɢɹ, ɝ. ɏɚɛɚɪɨɜɫɤ, ɭɥ. Ɍɢɯɨɨɤɟɚɧɫɤɚɹ, 1γ6 
E-mail: axgreg@gmail.com 

 
ȼɜɟɞɟɧɢɟ 
Ɉɞɧɚ ɢɡ ɨɫɧɨɜɧɵɯ ɡɚɞɚɱ ɤɨɦɩɶɸɬɟɪɧɨɣ ɝɪɚɮɢ-

ɤɢ – ɷɬɨ ɝɟɧɟɪɚɰɢɹ ɪɟɚɥɢɫɬɢɱɧɵɯ ɢɡɨɛɪɚɠɟɧɢɣ. 
ȿɫɥɢ ɪɚɫɫɦɨɬɪɟɬɶ ɨɫɧɨɜɧɵɟ ɧɚɩɪɚɜɥɟɧɢɹ ɢɫɩɨɥɶ-
ɡɨɜɚɧɢɹ ɤɨɦɩɶɸɬɟɪɧɨɣ ɝɪɚɮɢɤɢ, ɬɨ ɦɨɠɧɨ ɜɵɞɟ-
ɥɢɬɶ ɞɜɚ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨ ɪɚɡɧɵɯ ɬɢɩɚ ɩɪɢɥɨɠɟ-
ɧɢɣμ ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɵɟ ɧɟ ɢɧɬɟɪɚɤɬɢɜɧɵɟ ɩɪɢ-
ɥɨɠɟɧɢɹ ɧɚ ɨɞɧɨɣ ɫɬɨɪɨɧɟ ɢ ɛɵɫɬɪɵɟ ɢɧɬɟɪɚɤɬɢɜ-
ɧɵɟ ɩɪɢɥɨɠɟɧɢɹ ɧɚ ɞɪɭɝɨɣ. ȼ ɧɢɯ ɢɫɩɨɥɶɡɭɸɬɫɹ 
ɪɚɡɧɵɟ ɦɟɬɨɞɵ ɝɟɧɟɪɚɰɢɢ ɢɡɨɛɪɚɠɟɧɢɣ. Ɉɱɟɜɢɞ-
ɧɨ, ɱɬɨ ɞɥɹ ɢɧɬɟɪɚɤɬɢɜɧɵɯ ɩɪɢɥɨɠɟɧɢɣ ɧɟɨɛɯɨ-
ɞɢɦɨ ɜɵɛɢɪɚɬɶ ɦɟɬɨɞ, ɨɛɥɚɞɚɸɳɢɣ ɧɚɢɛɨɥɶɲɟɣ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ, ɧɨ, ɤɚɤ ɩɪɚɜɢɥɨ, ɬɚɤɢɟ ɦɟ-
ɬɨɞɵ ɜɟɫɶɦɚ ɨɝɪɚɧɢɱɟɧɵ ɜ ɜɨɡɦɨɠɧɨɫɬɹɯ ɩɪɟɞ-
ɫɬɚɜɥɟɧɢɹ ɪɟɚɥɢɫɬɢɱɧɵɯ ɢɡɨɛɪɚɠɟɧɢɣ. 

Ɉɞɧɢɦ ɢɡ ɦɟɬɨɞɨɜ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɢɡɨɛɪɚɠɟ-
ɧɢɹ ɹɜɥɹɟɬɫɹ ɬɪɚɫɫɢɪɨɜɤɚ ɥɭɱɟɣ (ЫКв ЭЫКМТЧР), ɤɨɬɨ-
ɪɵɣ ɩɨɡɜɨɥɹɟɬ ɝɟɧɟɪɢɪɨɜɚɬɶ ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɵɟ 
ɪɟɚɥɢɫɬɢɱɧɵɟ ɢɡɨɛɪɚɠɟɧɢɹ, ɧɨ ɡɚ ɫɱɟɬ ɛɨɥɟɟ ɜɵ-
ɫɨɤɢɯ ɬɪɟɛɨɜɚɧɢɣ ɤ ɜɵɱɢɫɥɢɬɟɥɶɧɵɦ ɪɟɫɭɪɫɚɦ 
ɫɢɫɬɟɦɵ. 

Ɉɫɧɨɜɧɚɹ ɢɞɟɹ ɦɟɬɨɞɚ ɫɨɫɬɨɢɬ ɜ ɢɦɢɬɚɰɢɢ 
ɩɪɨɯɨɠɞɟɧɢɹ ɥɭɱɚ ɨɬ ɢɫɬɨɱɧɢɤɚ ɫɜɟɬɚ ɱɟɪɟɡ ɪɚɡ-
ɥɢɱɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ ɞɨ ɜɨɨɛɪɚɠɚɟɦɨɣ ɤɚɦɟɪɵ. 
ɋɜɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɩɨ ɩɪɹɦɵɦ ɥɢɧɢɹɦ. ɂɦɢ-
ɬɚɰɢɹ ɫɜɟɬɚ ɬɚɤ, ɤɚɤ ɷɬɨ ɜɵɝɥɹɞɢɬ ɜ ɩɪɢɪɨɞɟ ɩɨɡ-
ɜɨɥɹɟɬ ɫɨɡɞɚɜɚɬɶ ɪɚɡɥɢɱɧɵɟ ɨɩɬɢɱɟɫɤɢɟ ɷɮɮɟɤɬɵ, 
ɬɚɤɢɟ ɤɚɤμ ɩɪɟɥɨɦɥɟɧɢɟ ɢ ɨɬɪɚɠɟɧɢɟ ɫɜɟɬɚ, ɨɬɛɪɚ-
ɫɵɜɚɧɢɟ ɬɟɧɟɣ, ɢɡɦɟɧɟɧɢɟ ɰɜɟɬɚ ɢ ɬ.ɩ. Ɍɪɚɫɫɢɪɨɜ-
ɤɚ ɥɭɱɟɣ ɩɨɡɜɨɥɹɟɬ ɫɨɡɞɚɜɚɬɶ ɛɨɥɟɟ ɪɟɚɥɢɫɬɢɱɧɵɟ 
ɢɡɨɛɪɚɠɟɧɢɹ, ɱɟɦ ɨɛɵɱɧɵɟ ɦɟɬɨɞɵ ɩɨɫɬɪɨɱɧɨɝɨ 
ɪɟɧɞɟɪɢɧɝɚ. 

Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɫɤɨɪɨɫɬɢ ɪɚɫɱɟɬɨɜ ɬɪɚɫɫɢɪɨɜ-
ɤɢ ɩɪɟɞɥɚɝɚɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɪɟɲɟɧɢɹ. Ɉɞɧɨ ɢɡ 
ɬɚɤɢɯ – ɷɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɭɫɤɨɪɹɸɳɢɯ ɫɬɪɭɤɬɭɪ. 

Ɉɞɧɨɣ ɢɡ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɯ ɹɜɥɹɟɬɫɹ ФН-
ɞɟɪɟɜɨ.  

ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ФН-ɞɟɪɟɜɚ ɦɵ ɧɟɩɨɫɪɟɞ-
ɫɬɜɟɧɧɨ ɫɬɚɥɤɢɜɚɟɦɫɹ ɫ ɞɜɭɦɹ ɩɪɨɛɥɟɦɚɦɢμ ɩɨ-
ɫɬɪɨɟɧɢɟ ɞɟɪɟɜɚ ɢ ɩɪɨɫɥɟɠɢɜɚɧɢɟ ɥɭɱɚ ɜ ɞɟɪɟɜɟ. 

Ɋɟɲɟɧɢɟ ɷɬɢɯ ɩɪɨɛɥɟɦ ɩɨɡɜɨɥɹɟɬ ɧɟ ɬɨɥɶɤɨ 
ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɜɵɫɢɬɶ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɬɪɚɫ-
ɫɢɪɨɜɳɢɤɚ ɥɭɱɟɣ, ɧɨ ɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɟɝɨ ɞɥɹ ɪɟɧ-
ɞɟɪɢɧɝɚ ɜ ɢɧɬɟɪɚɤɬɢɜɧɨɦ ɪɟɠɢɦɟ. 

 
Kd-ɞɟɪɟɜɨ 
Kd-ɞɟɪɟɜɨ (k-ɦɟɪɧɨɟ ɞɟɪɟɜɨ) – ɨɫɨɛɵɣ ɜɢɞ ɛɢ-

ɧɚɪɧɵɯ ɞɟɪɟɜɶɟɜ ɩɨɢɫɤɚ. Kd-ɞɟɪɟɜɶɹ ɫɥɭɠɚɬ ɞɥɹ 
ɭɩɨɪɹɞɨɱɢɜɚɧɢɹ ɬɨɱɟɤ ɜ k-ɦɟɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ.  

ɍɡɟɥ ɞɟɪɟɜɚ ɫɨɞɟɪɠɢɬ ɫɥɟɞɭɸɳɭɸ ɢɧɮɨɪɦɚ-
ɰɢɸμ ɨɫɶ ɪɚɡɛɢɟɧɢɹν ɝɪɚɧɢɰɵ ɨɛɴɟɦɚν ɪɚɡɛɢɜɚɸ-
ɳɚɹ ɩɥɨɫɤɨɫɬɶν ɫɫɵɥɤɢ ɧɚ ɥɟɜɨɝɨ ɢ ɩɪɚɜɨɝɨ ɩɨ-
ɬɨɦɤɨɜν ɦɟɬɤɚ, ɤɨɬɨɪɚɹ ɝɨɜɨɪɢɬ ɨ ɬɨɦ, ɱɬɨ ɞɚɧɧɵɣ 
ɭɡɟɥ ɹɜɥɹɟɬɫɹ ɥɢɫɬɨɦν ɟɫɥɢ ɞɚɧɧɵɣ ɭɡɟɥ ɹɜɥɹɟɬɫɹ 
ɥɢɫɬɨɦ, ɬɨ ɜ ɧɟɦ ɯɪɚɧɢɬɫɹ ɢɧɮɨɪɦɚɰɢɹ ɨ ɩɪɢɦɢ-
ɬɢɜɚɯ, ɤɨɬɨɪɵɟ ɫɨɞɟɪɠɚɬɫɹ ɜ ɬɟɤɭɳɟɦ ɨɛɴɟɦɟ 

Ⱦɨɫɬɨɢɧɫɬɜɚ ФН-ɞɟɪɟɜɚμ ɚɞɚɩɬɢɜɧɨɟ - ɩɨɡɜɨɥɹɟɬ 
ɛɵɫɬɪɨ ɨɬɫɟɤɚɬɶ ɛɨɥɶɲɢɟ ɨɛɴɟɦɵ ɩɭɫɬɨɝɨ ɩɪɨ-
ɫɬɪɚɧɫɬɜɚν ɤɨɦɩɚɤɬɧɨɟ - ɡɚɧɢɦɚɟɬ ɦɚɥɨ ɩɚɦɹɬɢν 
ɩɪɨɫɬɨɣ ɢ ɷɮɮɟɤɬɢɜɧɵɣ ɚɥɝɨɪɢɬɦ ɩɪɨɫɥɟɠɢɜɚɧɢɹ 
ɥɭɱɚ. 

ɇɟɞɨɫɬɚɬɤɢμ ɬɪɭɞɨɟɦɤɨɟ ɩɨɫɬɪɨɟɧɢɟ ɫ ɩɨɦɨ-
ɳɶɸ ɨɰɟɧɨɱɧɵɯ ɮɭɧɤɰɢɣ. 

 
ɉɨɫɬɪɨɟɧɢɟ kd-ɞɟɪɟɜɚ 
Ⱥɥɝɨɪɢɬɦ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɫɥɟɞɭɸɳɢɦ ɨɛ-

ɪɚɡɨɦ. 
a) ɞɨɛɚɜɢɬɶ ɜɫɟ ɩɪɢɦɢɬɢɜɵ ɜ ɨɝɪɚɧɢɱɢɜɚɸ-

ɳɢɣ ɨɛɴɟɦ. Ɍ. ɟ. ɩɨɫɬɪɨɢɬɶ ɨɝɪɚɧɢɱɢɜɚɸɳɢɣ ɨɛɴ-


