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ɍȾК 621.1.016.4: 519.63 

ɑɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɢ ɭɩɪɚɜɥɟɧɢɟ ɩɪɨɰɟɫɫɚɦɢ ɬɟɩɥɨɩɟɪɟɧɨɫɚ ɜ 
ɩɪɨɬɢɜɨɬɨɱɧɵɯ ɬɟɩɥɨɨɛɦɟɧɧɵɯ ɚɩɩɚɪɚɬɚɯ  

В. К. Ɍɨɥɫɬɵɯ, К. Ⱥ. Пɲɟɧɢɱɧɵɣ 

Ⱦɨɧɟɰɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 
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Ɍɨɥɫɬɵɯ ȼ.Ʉ., ɉɲɟɧɢɱɧɵɣ Ʉ.Ⱥ. Чɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɢ ɭɩɪɚɜɥɟɧɢɟ ɩɪɨɰɟɫɫɚɦɢ 
ɬɟɩɥɨɩɟɪɟɧɨɫɚ ɜ ɩɪɨɬɢɜɨɬɨɱɧɵɯ ɬɟɩɥɨɨɛɦɟɧɧɵɯ ɚɩɩɚɪɚɬɚɯ. 

ɉɪɟɞлɨɠɟɧɚ ɭɩɪɨɳёɧɧɚɹ ɦɨɞɟлɶ ɨɩɢɫɚɧɢɹ ɤɨɧɜɟɤɬɢɜɧɵɯ, ɧɟɫɬɚцɢɨɧɚɪɧɵɯ, ɨɞɧɨɦɟɪɧɵɯ 
ɩɪɨцɟɫɫɨɜ ɬɟɩлɨɩɟɪɟɧɨɫɚ ɞлɹ ɬɟɩлɨɨɛɦɟɧɧɢɤɨɜ ɫ ɩɪɨɬɢɜɨɬɨɱɧɵɦɢ ɬɟɩлɨɧɨɫɢɬɟлɹɦɢ, 
ɫɨɞɟɪɠɚɳɚɹ ɦɨɞɟлɶɧɵɣ ɤɨɷɮɮɢцɢɟɧɬ ɬɟɩлɨɨɛɦɟɧɚ ɦɟɠɞɭ ɬɟɩлɨɧɨɫɢɬɟлɹɦɢ, 
ɜɤлɸɱɚɸɳɢɣ ɜ ɫɟɛɹ ɤɚɤ ɮɢɡɢɱɟɫɤɢɣ ɤɨɷɮɮɢцɢɟɧɬ ɬɟɩлɨɩɟɪɟɞɚɱɢ, ɬɚɤ ɢ ɜɧɭɬɪɟɧɧɢɟ 
ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ ɬɟɩлɨɨɛɦɟɧɧɢɤɚ. Ɉɩɢɫɚɧɚ ɤɨɧɟɱɧɨ-ɪɚɡɧɨɫɬɧɚɹ ɫɯɟɦɚ 
ɪɚɫɱёɬɚ ɬɟɩлɨɜɵɯ ɩɪɨцɟɫɫɨɜ. ɉɪɢɜɟɞɟɧɵ ɪɚɫɱёɬɵ ɫ ɞɚɧɧɵɦɢ ɩɪɨɦɵɲлɟɧɧɨɝɨ 
ɬɟɩлɨɨɛɦɟɧɧɢɤɚ (ɤɢɫлɨɪɨɞɧɚɹ ɫɬɚɧцɢɹ ȿɧɚɤɢɟɜɫɤɨɝɨ ɦɟɬɚллɭɪɝɢɱɟɫɤɨɝɨ ɡɚɜɨɞɚ) ɞлɹ 
ɨцɟɧɨɱɧɵɯ ɡɧɚɱɟɧɢɣ ɤɨɷɮɮɢцɢɟɧɬɚ ɬɟɩлɨɨɛɦɟɧɚ. ɋɮɨɪɦɭлɢɪɨɜɚɧɚ ɡɚɞɚɱɚ ɢɞɟɧɬɢɮɢɤɚцɢɢ 
ɤɨɷɮɮɢцɢɟɧɬɚ ɬɟɩлɨɨɛɦɟɧɚ. ɉɨɫɬɚɜлɟɧɚ ɡɚɞɚɱɚ ɨɩɬɢɦɚлɶɧɨɝɨ ɭɩɪɚɜлɟɧɢɹ 
ɬɟɩлɨɨɛɦɟɧɧɵɦ ɚɩɩɚɪɚɬɨɦ ɫ цɟлɶɸ ɫɬɚɛɢлɢɡɚцɢɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ ɪɚɛɨɬɵ 
ɪɟɤɬɢɮɢɤɚцɢɨɧɧɨɣ ɤɨлɨɧɧɵ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɬɟɩлɨɨɛɦɟɧɧɵɣ ɚɩɩɚɪɚɬ, ɬɟɩлɨɨɛɦɟɧɧɢɤ, ɢɞɟɧɬɢɮɢɤɚцɢɹ, ɨɩɬɢɦɚлɶɧɨɟ 
ɭɩɪɚɜлɟɧɢɟ, ɱɢɫлɟɧɧɨɟ ɦɨɞɟлɢɪɨɜɚɧɢɟ. 

Вɜɟɞɟɧɢɟ 

Ɍɟɩɥɨɨɛɦɟɧɧɵɟ ɚɩɩɚɪɚɬɵ ɢɫɩɨɥɶɡɭɸɬɫя 
ɜɨ ɦɧɨɝɢɯ ɨɬɪɚɫɥяɯ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɬɚɤɢɯ ɤɚɤ 
ɦɟɬɚɥɥɭɪɝɢя, ɷɧɟɪɝɟɬɢɤɚ, ɯɢɦɢɱɟɫɤɨɟ 
ɩɪɨɢɡɜɨɞɫɬɜɨ. Ɉɬ ɤɚɱɟɫɬɜɟɧɧɨɣ ɪɚɛɨɬɵ 
ɬɟɩɥɨɨɛɦɟɧɧɢɤɨɜ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ 
ɡɚɜɢɫɢɬ ɪɚɛɨɬɚ ɞɪɭɝɢɯ ɨɛɴɟɤɬɨɜ-ɩɨɬɪɟɛɢɬɟɥɟɣ 
ɪɚɡɥɢɱɧɵɯ ɪɟɫɭɪɫɨɜ ɫ ɡɚɞɚɧɧɵɦɢ 
ɬɟɦɩɟɪɚɬɭɪɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. 

ɇɚ ɪɢɫ. 1 ɩɪɢɜɟɞɟɧɚ ɱɚɫɬɶ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɫɯɟɦɵ ɜɨɡɞɭɯɨɪɚɡɞɟɥɢɬɟɥɶɧɨɣ 
ɭɫɬɚɧɨɜɤɢ ɪɟɤɬɢɮɢɤɚɰɢɨɧɧɨɣ ɤɨɥɨɧɧɵ 
ȿɧɚɤɢɟɜɫɤɨɝɨ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɨɝɨ ɡɚɜɨɞɚ. Вɨɡɞɭɯ 
(ɫɩɥɨɲɧɚя ɠɢɪɧɚя ɥɢɧɢя) ɩɪɨɯɨɞɢɬ ɨɫɧɨɜɧɨɣ 
ɬɟɩɥɨɨɛɦɟɧɧɢɤ E3118, ɩɨɫɥɟ ɤɨɬɨɪɨɝɨ 
ɩɨɫɬɭɩɚɟɬ ɜ ɧɢɠɧɸɸ ɪɟɤɬɢɮɢɤɚɰɢɨɧɧɭɸ 
ɤɨɥɨɧɧɭ T3211. Пɨɫɥɟ ɩɪɨɰɟɫɫɚ ɪɚɡɞɟɥɟɧɢя 
ɜɨɡɞɭɯɚ ɢɡ ɜɟɪɯɧɟɣ ɤɨɥɨɧɧɵ T3212 ɨɬɛɢɪɚɟɬɫя 
ɧɟɤɨɬɨɪɨɟ ɤɨɥɢɱɟɫɬɜɨ ɠɢɞɤɨɝɨ ɤɢɫɥɨɪɨɞɚ 
(ɩɭɧɤɬɢɪɧɚя ɥɢɧɢя) ɢ ɩɨɫɪɟɞɫɬɜɨɦ 
ɭɩɪɚɜɥяɟɦɨɝɨ ɧɚɫɨɫɚ Ɋ3568 ɩɨɞɚёɬɫя ɜ ɨɫɧɨɜɧɨɣ 
ɬɟɩɥɨɨɛɦɟɧɧɢɤ E3118 ɞɥя ɩɪɨɬɢɜɨɬɨɱɧɨɝɨ 
ɨɯɥɚɠɞɟɧɢя ɜɨɡɞɭɯɚ. 

Ⱦɥя ɤɚɱɟɫɬɜɟɧɧɨɣ ɪɚɛɨɬɵ 
ɪɟɤɬɢɮɢɤɚɰɢɨɧɧɨɣ ɤɨɥɨɧɧɵ ɜ ɥɸɛɨɟ ɜɪɟɦя 
ɫɭɬɨɤ ɢ ɝɨɞɚ, ɷɤɨɧɨɦɢɢ ɷɧɟɪɝɨɪɟɫɭɪɫɨɜ ɢ 
ɨɛɟɫɩɟɱɟɧɢя ɫɨɯɪɚɧɧɨɫɬɢ ɨɛɨɪɭɞɨɜɚɧɢя ɜ 
ɫɥɭɱɚɟ ɧɟɩɪɟɞɜɢɞɟɧɧɵɯ ɫɛɨɟɜ, ɧɟɨɛɯɨɞɢɦɨ 
ɚɞɟɤɜɚɬɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɬɟɩɥɨɨɛɦɟɧɧɢɤɨɦ ɞɥя 
ɭɞɟɪɠɚɧɢя ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ ɜ ɤɨɥɨɧɧɭ ɩɪɢ 
ɧɨɦɢɧɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ.  

Пɨɷɬɨɦɭ ɜɚɠɧɨ ɭɦɟɬɶ ɫ ɞɨɫɬɚɬɨɱɧɨɣ 
ɬɨɱɧɨɫɬɶɸ ɦɨɞɟɥɢɪɨɜɚɬɶ ɪɚɛɨɬɭ ɬɟɩɥɨɨɛɦɟɧ-

ɧɢɤɚ ɞɥя ɨɛɟɫɩɟɱɟɧɢя ɨɩɬɢɦɚɥɶɧɵɯ ɪɟɠɢɦɨɜ 
ɪɚɛɨɬɵ ɪɟɤɬɢɮɢɤɚɰɢɨɧɧɨɣ ɤɨɥɨɧɧɵ.  

В ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫя 
ɤɨɧɜɟɤɬɢɜɧɵɟ, ɧɟɫɬɚɰɢɨɧɚɪɧɵɟ, ɨɞɧɨɦɟɪɧɵɟ 
ɩɪɨɰɟɫɫɵ ɬɟɩɥɨɩɟɪɟɧɨɫɚ ɞɥя ɬɟɩɥɨɨɛɦɟɧɧɢɤɨɜ ɫ 
ɩɪɨɬɢɜɨɬɨɱɧɵɦɢ ɬɟɩɥɨɧɨɫɢɬɟɥяɦɢ. Ɉɞɧɚ ɫɪɟɞɚ 
ɬɟɩɥɨɧɨɫɢɬɟɥя – ɷɬɨ ɨɯɥɚɞɢɬɟɥɶ ɠɢɞɤɢɣ 
ɤɢɫɥɨɪɨɞ, ɜɬɨɪɚя – ɨɯɥɚɠɞɚɟɦɵɣ ɜɨɡɞɭɯ. 
Ɋɚɫɫɦɚɬɪɢɜɚɟɦɚя ɩɪɢɧɰɢɩɢɚɥɶɧɚя ɦɚɬɟɦɚɬɢ-

ɱɟɫɤɚя ɦɨɞɟɥɶ ɞɚɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɞɥя ɪɚɡɥɢɱɧɵɯ 
ɬɟɩɥɨɨɛɦɟɧɧɵɯ ɚɩɩɚɪɚɬɨɜ ɩɪɟɞɩɨɥɚɝɚɟɬ, ɱɬɨ 
ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ 
ɤɨɧɤɪɟɬɧɵɯ ɚɩɩɚɪɚɬɨɜ ɞɨɥɠɧɵ ɭɱɢɬɵɜɚɬɶɫя 
ɧɟɤɨɬɨɪɵɦ ɚɞɟɤɜɚɬɧɵɦ ɦɨɞɟɥɶɧɵɦ 
ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɬɟɩɥɨɨɛɦɟɧɚ ɦɟɠɞɭ 
ɩɪɨɬɢɜɨɬɨɱɧɵɦɢ ɫɪɟɞɚɦɢ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɞɥя 
ɞɨɫɬɚɬɨɱɧɨ ɬɨɱɧɨɝɨ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢя 
ɪɚɛɨɬɵ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ ɩɨ ɩɪɟɞɥɚɝɚɟɦɨɣ 
ɦɨɞɟɥɢ ɧɟɨɛɯɨɞɢɦɨ ɪɟɲɚɬɶ ɡɚɞɚɱɭ ɢɞɟɧɬɢɮɢ-

ɤɚɰɢɢ ɞɚɧɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ.  
В ɩɟɪɜɨɦ ɪɚɡɞɟɥɟ ɧɚɫɬɨяɳɟɣ ɪɚɛɨɬɵ 

ɨɩɢɫɵɜɚɟɬɫя ɦɚɬɟɦɚɬɢɱɟɫɤɚя ɦɨɞɟɥɶ ɩɪɨɰɟɫɫɨɜ 
ɬɟɩɥɨɩɟɪɟɧɨɫɚ ɦɟɠɞɭ ɞɜɭɦя ɩɪɨɬɢɜɨɬɨɱɧɵɦɢ 
ɫɪɟɞɚɦɢ ɫ ɭɱёɬɨɦ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɨɫɨɛɟɧ-

ɧɨɫɬɟɣ ɩɨɬɨɤɨɜ. Вɬɨɪɨɣ ɪɚɡɞɟɥ ɩɨɫɜяɳёɧ 
ɱɢɫɥɟɧɧɨɦɭ ɦɨɞɟɥɢɪɨɜɚɧɢɸ ɤɨɧɜɟɤɬɢɜɧɵɯ 
ɬɟɩɥɨɜɵɯ ɩɪɨɰɟɫɫɨɜ ɩɨ ɤɨɧɟɱɧɨ-ɪɚɡɧɨɫɬɧɵɦ 
ɫɯɟɦɚɦ ɬɢɩɚ «ɭɝɨɥɨɤ». Ⱦɚɥɟɟ ɨɛɫɭɠɞɚɸɬɫя 
ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɨɜ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢя 
ɩɨɬɨɤɨɜ ɨɛɟɢɯ ɫɪɟɞ ɢ ɜɥɢяɧɢɟ ɧɚ ɬɟɩɥɨɜɵɟ 
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ɩɪɨɰɟɫɫɵ ɦɨɞɟɥɶɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɬɟɩɥɨɨɛɦɟɧɚ. Пɪɟɞɩɨɫɥɟɞɧɢɟ ɪɚɡɞɟɥɵ 
ɩɨɫɜяɳɟɧɵ ɨɛɫɭɠɞɟɧɢɸ ɩɨɥɭɱɟɧɧɵɯ 
ɪɟɡɭɥɶɬɚɬɨɜ ɢ ɜɨɡɦɨɠɧɨɝɨ ɚɥɝɨɪɢɬɦɚ 
ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɛɦɟɧɚ, ɚ 
ɬɚɤɠɟ – ɡɚɞɚɱɟ ɨɩɬɢɦɚɥɶɧɨɝɨ ɭɩɪɚɜɥɟɧɢя 
ɬɟɩɥɨɨɛɦɟɧɧɵɦ ɚɩɩɚɪɚɬɨɦ, ɩɨ ɢɞɟɧɬɢɮɢɰɢ-

ɪɨɜɚɧɧɨɣ ɦɨɞɟɥɢ, ɫ ɰɟɥɶɸ ɫɬɚɛɢɥɢɡɚɰɢɢ 
ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɪɟɤɬɢɮɢɤɚɰɢ-

ɨɧɧɨɣ ɤɨɥɨɧɧɵ. 

 

Ɋɢɫɭɧɨɤ 1. ɋɯɟɦɚ ɜɨɡɞɭɯɨɪɚɡɞɟɥɢɬɟɥɶɧɨɣ 
ɭɫɬɚɧɨɜɤɢ. 

Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɩɪɨɰɟɫɫɨɜ 
ɬɟɩɥɨɩɟɪɟɧɨɫɚ 

ɇɚ ɪɢɫ. 2 ɩɨɤɚɡɚɧɚ ɩɪɢɧɰɢɩɢɚɥɶɧɚя 
ɫɯɟɦɚ ɪɚɛɨɬɵ ɩɪɨɬɢɜɨɬɨɱɧɨɝɨ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ ɜ 
ɤɨɬɨɪɨɦ ɩɪяɦɵɦ ɩɨɬɨɤɨɦ яɜɥяɟɬɫя ɜɨɡɞɭɯ, ɚ 
ɨɛɪɚɬɧɵɦ – ɤɢɫɥɨɪɨɞ. В ɨɞɧɨɦɟɪɧɨɣ ɩɨɫɬɚɧɨɜɤɟ 
ɤɨɧɜɟɤɬɢɜɧɵɟ ɧɟɫɬɚɰɢɨɧɚɪɧɵɟ ɬɟɩɥɨɜɵɟ 
ɩɪɨɰɟɫɫɵ ɞɥя ɭɤɚɡɚɧɧɨɝɨ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ 
ɦɨɠɧɨ ɨɩɢɫɚɬɶ ɫɥɟɞɭɸɳɟɣ ɫɢɫɬɟɦɨɣ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ [1, 2]: 
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(1) 

ɝɞɟ ),( xT1   ɢ ),(2 xT   ɬɟɦɩɟɪɚɬɭɪɵ ɩɟɪɜɨɝɨ ɢ 
ɜɬɨɪɨɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥя (ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ – ɜɨɡɞɭɯ 
ɢ ɠɢɞɤɢɣ ɤɢɫɥɨɪɨɞ), ɞɜɢɠɭɳɢɯɫя ɫɨ ɫɤɨɪɨ-

ɫɬяɦɢ ),(1 x  ɢ ),(2 x , K  – ɦɨɞɟɥɶɧɵɣ 
ɤɨɷɮɮɢɰɢɟɧɬ, ɨɩɪɟɞɟɥяɸɳɢɣ ɬɟɩɥɨɨɛɦɟɧ 
ɦɟɠɞɭ ɬɟɩɥɨɧɨɫɢɬɟɥяɦɢ, ɜɤɥɸɱɚɸɳɢɣ ɜ ɫɟɛя 

ɤɚɤ ɮɢɡɢɱɟɫɤɢɣ  ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ, 
ɬɚɤ ɢ ɜɧɭɬɪɟɧɧɢɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ 
ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ,   ,0  – ɜɪɟɦя, ],[ ba xxx  – 

ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚя ɤɨɨɪɞɢɧɚɬɚ, pc – ɭɞɟɥɶɧɚя 
ɬɟɩɥɨɟɦɤɨɫɬɶ ɩɪɢ ɩɨɫɬɨяɧɧɨɦ ɞɚɜɥɟɧɢɢ, )(T – 

ɩɥɨɬɧɨɫɬɶ ɬɟɩɥɨɧɨɫɢɬɟɥɟɣ. 
 Ƚɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢя ɞɥя ɫɢɫɬɟɦɵ (1) ɷɬɨ: 

)(),( 11  aa TxT  , 
(2) 

).(),( 22  bb TxT   

Кɚɤ ɩɪɚɜɢɥɨ, ɧɚɱɚɥɶɧɚя ɬɟɦɩɟɪɚɬɭɪɚ 
ɬɟɩɥɨɧɨɫɢɬɟɥɟɣ ɜɞɨɥɶ ɜɫɟɝɨ ɬɟɩɥɨɨɛɦɟɧɧɢɤɟ 
ɧɟɢɡɜɟɫɬɧɚ. Ɂɚɞɚɞɢɦ ɜ ɤɚɱɟɫɬɜɟ ɧɚɱɚɥɶɧɨɝɨ 
ɩɪɢɛɥɢɠɟɧɢя ɥɢɧɟɣɧɨɟ ɢɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ 
ɜɞɨɥɶ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ ɩɪɢ ɡɚɞɚɧɧɵɯ ɝɪɚɧɢɱɧɵɯ 
ɡɧɚɱɟɧɢяɯ: 
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Ɍɚɤɨɟ ɩɪɢɛɥɢɠɟɧɢɟ ɛɭɞɟɬ ɩɪɢɜɨɞɢɬɶ ɤ 
ɢɫɤɭɫɫɬɜɟɧɧɵɦ ɩɟɪɟɯɨɞɧɵɦ ɬɟɩɥɨɜɵɦ ɩɪɨɰɟɫ-

ɫɚɦ ɜ ɧɚɱɚɥɟ ɪɚɫɱёɬɨɜ ɞɨ ɧɟɤɨɬɨɪɨɝɨ ɦɨɦɟɧɬɚ 
],0(0   . Пɨɫɥɟ 0  ɧɚɱɚɥɶɧɵɟ ɭɫɥɨɜɢя ɭɠɟ ɧɟ 

ɛɭɞɭɬ ɜɥɢяɬɶ ɧɚ ɞɚɥɶɧɟɣɲɢɟ ɪɚɫɱёɬɵ, ɢ 
ɩɨɥɭɱɟɧɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪ ɦɨɠɧɨ 
ɛɭɞɟɬ ɫɱɢɬɚɬɶ ɧɨɜɵɦ ɧɚɱɚɥɶɧɵɦ ɭɫɥɨɜɢɟɦ ɞɥя 
ɞɚɥɶɧɟɣɲɢɯ ɪɚɫɱёɬɨɜ.  

Ⱦɥя ɨɩɪɟɞɟɥɟɧɢя 0  ɛɭɞɟɦ ɡɚɞɚɜɚɬɶ 
ɫɬɚɰɢɨɧɚɪɧɵɟ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢя ɤɚɤ ɬɟɩɥɨɜɵɟ, 
ɬɚɤ ɢ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɟ. Ɇɨɦɟɧɬ 0  ɛɭɞɟɬ 
ɨɩɪɟɞɟɥяɬɶɫя ɤɚɤ ɦɨɦɟɧɬ ɫɬɚɛɢɥɢɡɚɰɢɢ 
ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɩɟɪɟɯɨɞɧɵɯ ɬɟɩɥɨɜɵɯ 
ɩɪɨɰɟɫɫɨɜ. 

 

Ɋɢɫɭɧɨɤ 2. ɋɯɟɦɚ ɩɪɨɬɢɜɨɬɨɱɧɨɝɨ 
ɬɟɩɥɨɨɛɦɟɧɧɨɝɨ ɚɩɩɚɪɚɬɚ ɩɟɪɜɨɣ 
(ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ) ɫɬɭɩɟɧɢ 

Пɨɫɤɨɥɶɤɭ ɩɥɨɬɧɨɫɬɶ ɬɟɩɥɨɧɨɫɢɬɟɥɟɣ 
ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ [3], ɬɨ ɢ 
ɫɤɨɪɨɫɬɶ ɬɟɱɟɧɢɣ ɬɟɩɥɨɧɨɫɢɬɟɥɟɣ ɛɭɞɟɬ 
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ɪɚɡɥɢɱɧɨɣ ɩɨ ɞɥɢɧɟ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ. 
Вɨɥɧɨɜɵɦɢ ɩɪɨɰɟɫɫɚɦɢ ɜ ɩɪɨɦɵɲɥɟɧɧɵɯ 
ɬɟɩɥɨɨɛɦɟɧɧɢɤɚɯ ɩɪɟɧɟɛɪɟɝɚɸɬ ɢɡ-ɡɚ ɢɯ 
ɛɵɫɬɪɨɬɟɱɧɨɫɬɢ. Пɨɷɬɨɦɭ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɟ 
ɬɟɱɟɧɢя ɬɟɩɥɨɧɨɫɢɬɟɥɟɣ ɛɭɞɟɦ ɩɪɢɧɢɦɚɬɶ 
ɫɬɚɰɢɨɧɚɪɧɵɦɢ ɞɥя ɤɚɠɞɨɝɨ ɪɚɫɱёɬɧɨɝɨ 
ɜɪɟɦɟɧɧɨɝɨ ɫɥɨя ],0[  j . Ɍɨɝɞɚ ɢɡ ɭɪɚɜɧɟɧɢя 
ɧɟɪɚɡɪɵɜɧɨɫɬɢ 0)( div  ɦɵ ɩɨɥɭɱɚɟɦ 
ɭɪɚɜɧɟɧɢя ɞɥя ɪɚɫɱёɬɚ ɫɤɨɪɨɫɬɟɣ ɬɟɱɟɧɢɣ 
ɬɟɩɥɨɧɨɫɢɬɟɥɟɣ: 

,)()(
111
jjj

CxT   
(4) 

,)()(
222
jjj

CxT   

ɝɞɟ j
C1 , 

j
C2  – ɧɚɛɨɪ ɤɨɧɫɬɚɧɬ, ɤɨɬɨɪɵɟ 

ɨɩɪɟɞɟɥяɸɬɫя ɱɟɪɟɡ ɢɡɜɟɫɬɧɭɸ ɫɤɨɪɨɫɬɶ ɧɚ 
ɝɪɚɧɢɰɚɯ ɩɨɬɨɤɨɜ: j

a

j

a

j
C 111  , j

b

j

b

j
C 222  . 

Пɥɨɬɧɨɫɬɶ ɢ ɬɟɦɩɟɪɚɬɭɪɚ ɜɟɳɟɫɬɜɚ ɫɜяɡɚɧɵ 
ɭɪɚɜɧɟɧɢɟɦ ɫɨɫɬɨяɧɢя. В ɧɚɲɟɣ ɩɨɫɬɚɧɨɜɤɟ ɦɵ 
ɢɫɩɨɥɶɡɨɜɚɥɢ ɭɪɚɜɧɟɧɢɟ Ɇɟɧɞɟɥɟɟɜɚ-

Кɥɚɩɟɣɪɨɧɚ ɞɥя ɦɨɥя ɜɟɳɟɫɬɜɚ: RTPV  , 




V

m
 , ɝɞɟ m – ɦɨɥяɪɧɚя ɦɚɫɫɚ, V – 

ɦɨɥяɪɧɵɣ ɨɛɴɟɦ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɪɚɜɧɟɧɢя (1)-(4) 

ɨɛɪɚɡɭɸɬ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ɞɥя ɪɚɫɱёɬɚ 
ɬɟɩɥɨɜɵɯ ɩɪɨɰɟɫɫɨɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɩɪɢɧɰɢ-

ɩɢɚɥɶɧɨɣ ɫɯɟɦɵ ɩɪɨɬɢɜɨɬɨɱɧɨɝɨ ɬɟɩɥɨɨɛɦɟɧ-

ɧɢɤɚ. Ɂɧɚя ɩɪɢɛɥɢɡɢɬɟɥɶɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ 
ɬɟɦɩɟɪɚɬɭɪ ɜ ɬɟɩɥɨɧɨɫɢɬɟɥяɯ ɧɚ ɧɟɤɨɬɨɪɨɦ 
ɜɪɟɦɟɧɧɨɦ ɫɥɨɟ, ɦɵ ɦɨɠɟɦ ɧɚɣɬɢ ɢɡ (4) 
ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫɤɨɪɨɫɬɟɣ ɩɨɬɨɤɨɜ ɬɟɩɥɨɧɨɫɢ-

ɬɟɥɟɣ, ɚ ɢɡ (1) ɭɬɨɱɧɢɬɶ ɧɨɜɵɟ ɡɧɚɱɟɧɢя 
ɬɟɦɩɟɪɚɬɭɪ.  
ɑɢɫɥɟɧɧɨɟ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɞɥɹ 
ɩɪɨɰɟɫɫɨɜ ɬɟɩɥɨɩɟɪɟɧɨɫɚ 

Ⱦɥя ɱɢɫɥɟɧɧɨɝɨ ɪɟɲɟɧɢя ɫɢɫɬɟɦɵ ɞɜɭɯ 
ɭɪɚɜɧɟɧɢɣ (1) ɫ (2), (3) ɩɪɨɜɨɞɢɥɚɫɶ ɤɨɧɟɱɧɨ-

ɪɚɡɧɨɫɬɧɚя ɚɩɩɪɨɤɫɢɦɚɰɢя ɤɚɠɞɨɝɨ ɭɪɚɜɧɟɧɢя 
ɧɚ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɪɚɜɧɨɦɟɪɧɨɣ ɫɟɬɤɟ ɩɨ ɫɯɟɦɚɦ 
ɬɢɩɚ «ɭɝɨɥɨɤ» [4], ɤɨɬɨɪɵɟ ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫ. 3. 
Пɪɢɱɟɦ ɞɥя ɩɪяɦɨɝɨ ɯɨɞɚ ɬɟɩɥɨɧɨɫɢɬɟɥя – ɷɬɨ 
ɛɭɞɟɬ ɥɟɜɵɣ ɭɝɨɥɨɤ ɫ ii xx ,1 , ɚ ɞɥя ɨɛɪɚɬɧɨɝɨ 
ɩɨɬɨɤɚ  ɬɟɩɥɨɧɨɫɢɬɟɥя – ɷɬɚ ɠɟ ɫɯɟɦɚ ɩɪɢɨɛɪɟ-

ɬɚɟɬ ɜɢɞ ɩɪɚɜɨɝɨ ɭɝɨɥɤɚ ɫ 1, ii xx . 

 
Ɋɢɫɭɧɨɤ 3. Кɨɧɟɱɧɨ-ɪɚɡɧɨɫɬɧɚя ɫɯɟɦɚ ɫ ɞɜɭɦя 

ɭɝɨɥɤɚɦɢ ɞɥя ɩɪɨɬɢɜɨɬɨɱɧɵɯ ɫɪɟɞ  

Ⱦɚɧɧɚя ɚɩɩɪɨɤɫɢɦɚɰɢя ɞɢɮɮɟɪɟɧɰɢɚɥɶ-

ɧɵɯ ɭɪɚɜɧɟɧɢɣ (1) ɩɪɢɜɨɞɢɬ ɤ ɫɥɟɞɭɸɳɢɦ 
ɚɥɝɟɛɪɚɢɱɟɫɤɢɦ ɭɪɚɜɧɟɧɢяɦ: 
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Ɉɬɤɭɞɚ ɦɨɠɧɨ ɧɚɣɬɢ 





















































)(
1

1

1

1

1

),(
1

1

1

1

1

,2,1

,22

,2
1
1,2

1
,2

,1,2

,11

,1
1
1,1

1
,1

j
i

j
ij

ip

j
i

j
i

j
i

j
i

j
ij

ip

j
i

j
i

j
i

TTK
c

TTT

TTK
c

TTT













 (5) 

ɩɪɢ ɭɫɥɨɜɢɢ: 

,1max 




x


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ɝɞɟ  21
,

max ,max 
 x

 . Ɋɚɫɱёɬ ɪɟɲɟɧɢя ɞɥя 

ɩɟɪɜɨɣ ɫɪɟɞɵ ɧɚɯɨɞɢɬɫя ɫɥɟɜɚ-ɧɚɩɟɪɜɨ, ɚ ɞɥя 
ɜɬɨɪɨɣ – ɫɩɪɚɜɚ-ɧɚɥɟɜɨ ɧɚ ɤɚɠɞɨɦ ɜɪɟɦɟɧɧɨɦ 
ɫɥɨɟ j . 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɨɜ ɢ ɨɰɟɧɤɚ 
ɜɥɢɹɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɛɦɟɧɚ 

Ɇɨɞɟɥɶ (1)-(4) ɦɨɠɧɨ ɛɭɞɟɬ ɫɱɢɬɚɬɶ 
ɩɪɢɟɦɥɟɦɨɣ ɞɥя ɤɚɤɨɝɨ-ɧɢɛɭɞɶ ɬɟɩɥɨɨɛɦɟɧ-

ɧɢɤɚ, ɬɨɥɶɤɨ ɟɫɥɢ ɤɨɷɮɮɢɰɢɟɧɬ K  ɦɨɠɧɨ ɛɭɞɟɬ 
ɡɚɞɚɬɶ ɬɚɤɨɜɵɦ, ɱɬɨ ɦɨɞɟɥɶɧɚя ɬɟɦɩɟɪɚɬɭɪɚ 
ɛɭɞɟɬ ɦɚɥɨ ɨɬɥɢɱɚɬɶɫя ɨɬ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ 
ɧɚɛɥɸɞɚɟɦɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɞɥя ɷɬɨɝɨ ɠɟ 
ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ. Ɉɰɟɧɢɦ ɡɧɚɱɟɧɢɟ ɢ ɜɥɢяɧɢɟ 
ɦɨɞɟɥɶɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ K  ɧɚ ɬɟɩɥɨɜɵɟ 
ɩɪɨɰɟɫɫɵ ɜ ɭɫɥɨɜɢяɯ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɬɟɩɥɨ-

ɨɛɦɟɧɧɢɤɚ (ɤɢɫɥɨɪɨɞɧɵɣ ɰɟɯ ȿɧɚɤɢɟɜɫɤɨɝɨ 
ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɨɝɨ ɡɚɜɨɞɚ).  

ɇɚ ɪɢɫ. 4 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ 
ɪɚɫɱёɬɨɜ ɪɚɫɩɪɟɞɟɥɟɧɢя ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɨɛɟɢɯ 
ɬɟɩɥɨɧɨɫɢɬɟɥяɯ ɞɥя ɞɜɭɯ ɪɚɡɥɢɱɧɵɯ ɤɨɷɮɮɢɰɢ-

ɟɧɬɨɜ ɬɟɩɥɨɨɛɦɟɧɚ 4
1 10K

Кɦ
Вɬ

3
 ɢ  
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5
2 10K

Кɦ
Вɬ

3
. Ɋɚɫɱёɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɩɪɢ 

ɫɥɟɞɭɸɳɢɯ ɞɚɧɧɵɯ. Ⱦɥɢɧɚ ɬɟɩɥɨɨɛɦɟɧɧɨɝɨ 
ɚɩɩɚɪɚɬɚ 10L ɦ. Пɪɢɛɥɢɠɟɧɢя ɞɥя ɧɚɱɚɥɶɧɵɯ 
ɭɫɥɨɜɢɣ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɫɫɱɢɬɵɜɚɥɢɫɶ ɩɨ (3) ɩɪɢ 

15,315),0(1 bxT K, 303),0(2 axT K. Ɍɟɦɩɟɪɚ-

ɬɭɪɚ ɧɚ ɝɪɚɧɢɰɚɯ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ ɡɚɞɚɜɚɥɚɫɶ 
ɩɨɫɬɨяɧɧɨɣ ɢ ɪɚɜɧɨɣ 15,315),(1 axT  K, 

2,90),(2 bxT  K. Ⱦɚɜɥɟɧɢя ɜ ɩɨɬɨɤɚɯ ɩɪɢɧɢɦɚ-

ɥɢɫɶ 6
1 05 p Пɚ, 6

2 104,2 p Пɚ. Ƚɪɚɧɢɱɧɵɟ 
ɫɤɨɪɨɫɬɢ ɩɨɬɨɤɨɜ 76),(1 ax ɦ/c., 

79),(2 bx ɦ/ɫ. Ɋɚɫɱёɬɧɚя ɫɟɬɤɚ ɡɚɞɚɜɚɥɚɫɶ ɫ 
яɱɟɣɤɚɦɢ ɩɨ ɩɪɨɫɬɪɚɧɫɬɜɭ 1x ɦ ɢ ɲɚɝɚɦɢ ɩɨ 
ɜɪɟɦɟɧɢ 01,0 c. 

Кɚɤ ɩɨɤɚɡɚɥɢ ɪɚɫɱɟɬɵ, ɩɟɪɟɯɨɞɧɵɟ ɩɪɨ-

ɰɟɫɫɵ ɫɬɚɛɢɥɢɡɢɪɨɜɚɥɢɫɶ ɤ ɦɨɦɟɧɬɭ 200  ɫ. 
Пɨɫɥɟ ɷɬɨɝɨ ɜɪɟɦɟɧɢ ɧɟɫɬɚɰɢɨɧɚɪɧɨɫɬɶ ɩɪɨɰɟɫ-

ɫɨɜ, ɜɧɨɫɢɦɚя ɩɪɢɛɥɢɡɢɬɟɥɶɧɵɦɢ ɧɚɱɚɥɶɧɵɦɢ 
ɭɫɥɨɜɢяɦɢ (3), ɢɫɱɟɡɚɥɚ. ɋɢɫɬɟɦɚ ɩɟɪɟɯɨɞɢɥɚ ɜ 
ɭɫɬɚɧɨɜɢɜɲɟɟɫя ɫɨɫɬɨяɧɢɟ. Ⱦɪɭɝɢɯ ɢɫɬɨɱɧɢɤɨɜ 
ɧɟɫɬɚɰɢɨɧɚɪɧɨɫɬɢ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɩɪɢɦɟɪɟ 
ɧɟ ɛɵɥɨ. Пɨɥɭɱɟɧɧɨɟ ɜɪɟɦя ɫɬɚɛɢɥɢɡɚɰɢɢ 
ɫɨɜɩɚɞɚɟɬ ɫɨ ɜɪɟɦɟɧɟɦ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ 
ɬɟɩɥɨɨɛɦɟɧɧɨɝɨ ɚɩɩɚɪɚɬɚ ȿɧɚɤɢɟɜɫɤɨɝɨ 
ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɨɝɨ ɡɚɜɨɞɚ. 

. 

 

Ɋɢɫɭɧɨɤ 4. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪ  
ɜ ɜɨɡɞɭɯɟ 11T , 12T  ɢ ɜ ɤɢɫɥɨɪɨɞɟ 21T , 22T  ɩɪɢ 

1K ɢ 2K  ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 

ɂɡ ɩɪɢɜɟɞɟɧɧɵɯ ɞɜɭɯ ɪɚɫɱёɬɨɜ ɫɨ 
ɡɧɚɱɟɧɢяɦɢ 1K  ɢ 2K  ɜɢɞɧɨ, ɱɬɨ ɤɨɷɮɮɢɰɢɟɧɬ 
K  ɫɭɳɟɫɬɜɟɧɧɨ ɜɥɢяɟɬ ɧɚ ɬɟɩɥɨɜɵɟ ɩɪɨɰɟɫɫɵ 
ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ. Пɪɢ ɛяɥɶɲɟɦ ɤɨɷɮɮɢɰɢɟɧɬɟ 
ɬɟɩɥɨɨɛɦɟɧɚ 2K  ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɟɢɯ ɫɪɟɞ ɜ 
ɛяɥɶɲɟɣ ɫɬɟɩɟɧɢ ɫɛɥɢɠɚɸɬɫя, ɱɬɨ 
ɢɥɥɸɫɬɪɢɪɭɸɬ ɤɪɢɜɵɟ 12T  ɢ 22T . Пɪɢ ɦɟɧɶɲɟɣ 
ɬɟɩɥɨɨɛɦɟɧɚ (ɤɨɷɮɮɢɰɢɟɧɬ 1K ) ɬɟɦɩɟɪɚɬɭɪɵ 
ɩɪɨɬɢɜɨɬɨɱɧɵɯ ɫɪɟɞ ɫɥɚɛɨ ɩɪɢɛɥɢɠɚɸɬɫя ɞɪɭɝ 
ɤ ɞɪɭɝɭ, ɱɬɨ ɜɢɞɧɨ ɩɨ ɤɪɢɜɵɦ 11T  ɢ 21T . 

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪ 12T  ɢ 

22T ɛɥɢɡɤɨ ɤ ɪɟɚɥɶɧɵɦ ɪɚɛɨɱɢɦ ɬɟɦɩɟɪɚɬɭɪɚɦ 
ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ ȿɧɚɤɢɟɜɫɤɨɝɨ ɦɟɬɚɥɥɭɪɝɢɱɟɫ-

ɤɨɝɨ ɡɚɜɨɞɚ. ɗɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɤɨɪɪɟɤɬɧɨ-

ɫɬɢ ɩɪɢɜɟɞɟɧɧɨɝɨ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢя 
ɩɪɨɬɢɜɨɬɨɱɧɵɯ ɩɪɨɰɟɫɫɨɜ ɢ, ɱɬɨ ɤɨɷɮɮɢɰɢɟɧɬ 
ɬɟɩɥɨɨɛɦɟɧɚ 1K  ɛɵɥ ɜɵɛɪɚɧ ɛɥɢɡɤɢɦ ɤ 
ɩɪɚɜɢɥɶɧɨɦɭ ɦɨɞɟɥɶɧɨɦɭ ɡɧɚɱɟɧɢɸ. 

Ɂɚɞɚɱɚ ɢɞɟɧɬɢɮɢɤɚɰɢɢ 

Ɇɚɬɟɦɚɬɢɱɟɫɤɚя ɦɨɞɟɥɶ (1)-(4) 

ɫɨɞɟɪɠɢɬ ɜ ɭɪɚɜɧɟɧɢɢ (1) ɡɚɪɚɧɟɟ ɧɟɢɡɜɟɫɬɧɵɣ 
ɤɨɷɮɮɢɰɢɟɧɬ K . В ɧɚɲɟɦ ɫɥɭɱɚɟ – ɷɬɨ 
ɦɨɞɟɥɶɧɵɣ, ɚ ɧɟ ɮɢɡɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ, 
ɜɤɥɸɱɚɸɳɢɣ ɜ ɫɟɛя ɩɨɝɪɟɲɧɨɫɬɢ ɜɫɟɯ 
ɞɨɩɭɳɟɧɢɣ ɦɨɞɟɥɢ: ɧɟɨɩɪɟɞɟɥёɧɧɨɫɬɶ ɬɨɱɧɨɣ 
ɝɟɨɦɟɬɪɢɢ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ, ɡɧɚɱɢɬɟɥɶɧɨɫɬɶ 
ɬɨɥɳɢɧɵ ɪɚɡɞɟɥɢɬɟɥɶɧɨɣ ɫɬɟɧɤɢ ɢ ɨɬɫɭɬɫɬɜɢɟ 
ɭɱёɬɚ ɜ ɧɟɣ ɬɟɩɥɨɜɵɯ ɩɪɨɰɟɫɫɨɜ, ɩɪɢɛɥɢɠёɧɧɨɟ 
ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɢ ɬ.ɞ. 
Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɤɨɷɮɮɢɰɢɟɧɬ K  ɧɟ ɩɨɞɞɚёɬɫя 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɦɭ ɢɡɦɟɪɟɧɢɸ ɢ ɞɥя ɤɚɠɞɨɣ 
ɤɨɧɤɪɟɬɧɨɣ ɭɫɬɚɧɨɜɤɢ ɦɨɠɟɬ ɛɵɬɶ ɧɚɣɞɟɧ 
ɬɨɥɶɤɨ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɩɬɢɦɢɡɚɰɢɨɧɧɵɯ 
ɦɟɬɨɞɨɜ ɢɞɟɧɬɢɮɢɤɚɰɢɢ [5, 6, 7] ɧɚ ɨɫɧɨɜɟ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ, ɧɚɩɪɢɦɟɪ, ɩɨ 
ɪɟɡɭɥɶɬɚɬɚɦ ɢɡɦɟɪɟɧɢɣ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɬɨɤɨɜ. 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɭɞɨɛɧɟɟ (ɩɪɨɳɟ) 
ɩɪɨɜɨɞɢɬɶ ɢɞɟɧɬɢɮɢɤɚɰɢɸ ɩɪɢ ɭɫɬɚɧɨɜɢɜɲɟɣɫя 
ɪɚɛɨɬɟ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ.  В ɷɬɨɦ ɫɥɭɱɚɟ ɡɚɞɚɱɚ 
ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɛɭɞɟɬ ɮɨɪɦɭɥɢɪɨɜɚɬɶɫя 
ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. ɇɟɨɛɯɨɞɢɦɨ ɧɚɣɬɢ 
ɤɨɷɮɮɢɰɢɟɧɬ K ɦɨɞɟɥɢ (1)-(4) ɞɨɫɬɚɜɥяɸɳɢɣ 
ɦɢɧɢɦɭɦ ɮɭɧɤɰɢɨɧɚɥɭ: 

min)],(),([)( 2
001   dxxTxTKJ

bx

ax

e   (6) 

ɝɞɟ )(KJ – ɤɪɢɬɟɪɢɣ ɤɚɱɟɫɬɜɚ ɢɞɟɧɬɢɮɢɤɚɰɢɢ, 
ɤɨɬɨɪɵɣ ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ ɩɪɟɞɫɬɚɜɥяɟɬ ɫɨɛɨɣ 
ɧɟяɜɧɭɸ ɨɞɧɨɦɟɪɧɭɸ ɮɭɧɤɰɢɸ ɦɨɞɟɥɶɧɨɝɨ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɛɦɟɧɚ K , eT – ɷɤɫɩɟɪɢ-

ɦɟɧɬɚɥɶɧɨ ɧɚɛɥɸɞɚɟɦɚя ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɜ 
ɬɟɩɥɨɨɛɦɟɧɧɢɤɟ. Кɨɷɮɮɢɰɢɟɧɬ K , ɧɚɣɞɟɧɧɵɣ 
ɢɡ ɭɫɥɨɜɢя ɦɢɧɢɦɭɦɚ J , ɛɭɞɟɬ ɫɨɞɟɪɠɚɬɶ ɜ 
ɫɟɛɟ ɜɫɟ ɩɨɝɪɟɲɧɨɫɬɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ 
(1)-(4) ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɬɟɦɩɟɪɚɬɭɪɚ, 
ɪɚɫɫɱɢɬɵɜɚɟɦɚя ɜ ɞɚɥɶɧɟɣɲɟɦ ɩɨ ɷɬɨɣ ɦɨɞɟɥɢ, 
ɛɵɥɚ ɦɚɤɫɢɦɚɥɶɧɨ ɩɪɢɛɥɢɠɟɧɚ ɤ ɪɟɚɥɶɧɨɣ 
ɪɚɛɨɱɟɣ ɬɟɦɩɟɪɚɬɭɪɟ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ. 

Ɏɭɧɤɰɢɨɧɚɥ (6) ɦɨɠɟɬ ɛɵɬɶ «ɨɛɥɟɝɱёɧ» 
ɫ ɭɱёɬɨɦ ɬɨɝɨ, ɱɬɨ ɦɵ ɪɚɫɫɦɚɬɪɢɜɚɟɦ ɭɫɬɚɧɨɜɢɜ-

ɲɢɟɫя ɩɪɨɰɟɫɫɵ, ɚ ɫɚɦ ɤɨɷɮɮɢɰɢɟɧɬ K  

ɨɞɢɧɚɤɨɜ ɩɨ ɜɫɟɣ ɞɥɢɧɟ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ. Ɂɞɟɫɶ 
ɪɚɫɯɨɠɞɟɧɢɟ ɦɨɞɟɥɶɧɨɣ ɢ ɪɟɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪ 
ɦɨɠɧɨ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɬɨɥɶɤɨ ɧɚ ɜɵɯɨɞɟ bx  

ɨɯɥɚɠɞёɧɧɨɝɨ ɜɨɡɞɭɯɚ ɢɡ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ. В 
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ɷɬɨɦ ɫɥɭɱɚɟ ɤɪɢɬɟɪɢɣ ɤɚɱɟɫɬɜɚ ɢɞɟɧɬɢɮɢɤɚɰɢɢ 
ɩɪɢɧɢɦɚɟɬ ɜɢɞ: 

min)]()([)( 2
001   eb TTKJ  (7) 

Ⱦɥя ɪɟɲɟɧɢя ɡɚɞɚɱ ɢɞɟɧɬɢɮɢɤɚɰɢɢ (6), 
(7) ɦɨɝɭɬ ɩɪɢɦɟɧяɬɶɫя ɪɚɡɥɢɱɧɵɟ ɦɟɬɨɞɵ 
ɨɞɧɨɦɟɪɧɨɣ ɦɢɧɢɦɢɡɚɰɢɢ, ɧɚɩɪɢɦɟɪ, ɦɟɬɨɞ 
ɡɨɥɨɬɨɝɨ ɫɟɱɟɧɢя, ɤɚɤ ɦɟɬɨɞ ɩɨɢɫɤɚ ɷɤɫɬɪɟɦɭɦɚ 
ɮɭɧɤɰɢɢ ɨɞɧɨɣ ɩɟɪɟɦɟɧɧɨɣ ɧɚ ɡɚɞɚɧɧɨɦ 
ɨɬɪɟɡɤɟ. Ɇɵ ɢɦɟɟɦ RKKKJ ba ],[:)( . Ɉɬɪɟɡɨɤ  

],[ ba KK  ɞɟɥɢɬɫя ɜ ɩɪɨɩɨɪɰɢɢ ɡɨɥɨɬɨɝɨ 
ɫɟɱɟɧɢя, ɬɨ ɟɫɬɶ ɜɵɛɢɪɚɸɬɫя ɞɜɟ ɬɨɱɤɢ 1K , 2K  

ɢɡ ɭɫɥɨɜɢя: 

)(4,01 aba KKKK  , 
(8) 

)(6,02 aba KKKK  . 

Ⱦɚɥɟɟ ɜ ɷɬɢɯ ɬɨɱɤɚɯ ɨɰɟɧɢɜɚɸɬɫя ɡɧɚɱɟɧɢя 
ɤɪɢɬɟɪɢя ɤɚɱɟɫɬɜɚ.  ȿɫɥɢ )()( 21 KJKJ  , ɬɨɝɞɚ 
ɩɪɢɧɢɦɚɸɬ 2KKb   ɢɧɚɱɟ 1KKa   ɢ ɜɫɟ 
ɪɚɫɱёɬɵ ɩɨɜɬɨɪяɸɬ ɡɚɧɨɜɨ ɞɨ ɭɦɟɧɶɲɟɧɢя 
ɞɥɢɧɵ ɨɬɪɟɡɤɚ ],[ ba KK  ɞɨ ɠɟɥɚɟɦɵɯ ɦɢɧɢ-

ɦɚɥɶɧɵɯ ɪɚɡɦɟɪɨɜ. Пɨɫɥɟ ɱɟɝɨ ɨɩɪɟɞɟɥяɟɬɫя 
ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ (7) ɤɚɤ 2/)( ab KKK  . 

Ɂɚɞɚɱɚ ɨɩɬɢɦɚɥɶɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 
ɬɟɩɥɨɨɛɦɟɧɧɢɤɨɦ 

Ⱦɥя ɫɬɚɛɢɥɢɡɚɰɢɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ 
ɪɟɠɢɦɚ ɧɚ ɜɯɨɞɟ ɜ ɪɟɤɬɢɮɢɤɚɰɢɨɧɧɭɸ ɤɨɥɨɧɧɭ 
ɜɨɡɞɭɯɨɪɚɡɞɟɥɢɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ (ɫɦ. ɪɢɫ. 1) 
ɧɟɨɛɯɨɞɢɦɨ «ɩɪɚɜɢɥɶɧɨ» ɭɩɪɚɜɥяɬɶ ɧɚɫɨɫɨɦ 
ɧɚɝɧɟɬɚɧɢя ɠɢɞɤɨɝɨ ɤɢɫɥɨɪɨɞɚ ɜ ɬɟɩɥɨɨɛɦɟɧɧɢɤ 
(ɫɦ. ɪɢɫ. 2). Пɪɚɜɢɥɶɧɚя ɪɚɛɨɬɚ ɧɚɫɨɫɚ ɞɨɥɠɧɚ 
ɨɛɟɫɩɟɱɢɬɶ ɬɪɟɛɭɟɦɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɜɨɡɞɭɯɚ 

)(1 bT  ɧɚ ɜɵɯɨɞɟ ɢɯ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ 
ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɚɬɦɨɫɮɟɪɧɨɝɨ 
ɜɨɡɞɭɯɚ ɢ ɜɨɡɦɨɠɧɨɣ ɧɟɤɚɱɟɫɬɜɟɧɧɨɣ ɪɚɛɨɬɵ 
ɤɨɦɩɪɟɫɫɨɪɚ ɧɚ ɜɯɨɞɟ ax  ɜ ɬɟɩɥɨɨɛɦɟɧɧɢɤ. ɗɬɨ 
ɨɡɧɚɱɚɟɬ, ɱɬɨ ɧɚɲɢɦ ɭɩɪɚɜɥɟɧɢɟɦ )(u  ɛɭɞɟɬ 
ɫɤɨɪɨɫɬɶ ɩɨɞɚɱɢ ɨɯɥɚɞɢɬɟɥя ),(2 bx  ɜ ɬɟɩɥɨ-

ɨɛɦɟɧɧɢɤ, ɤɨɬɨɪɚя ɮɢɝɭɪɢɪɭɟɬ ɜ ɝɪɚɧɢɱɧɨɦ 
ɭɫɥɨɜɢɢ ɭɪɚɜɧɟɧɢɣ (5). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɵ 
ɩɨɥɭɱɚɟɦ ɦɧɨɠɟɫɬɜɨ ɭɩɪɚɜɥяɸɳɢɯ 
ɜɨɡɞɟɣɫɬɜɢɣ ,...2,1},{ 2  ju

j
b

j  , ɨɩɪɟɞɟɥяɸɳɢɯ 
ɬɟɦɩɟɪɚɬɭɪɭ ɜɨɡɞɭɯɚ ɞɥя ɪɟɤɬɢɮɢɤɚɰɢɨɧɧɨɣ 
ɤɨɥɨɧɧɵ ɜ ɝɪɚɧɢɱɧɨɦ ɭɫɥɨɜɢɢ (4): 
 

jj
b

j
uC 22  . (9) 

Ɂɚɞɚɱɚ ɫɬɚɛɢɥɢɡɚɰɢɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ ɧɚ 
ɜɯɨɞɟ ɜ ɪɟɤɬɢɮɢɤɚɰɢɨɧɧɭɸ ɤɨɥɨɧɧɭ 
ɜɨɡɞɭɯɨɪɚɡɞɟɥɢɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɛɭɞɟɬ 
ɮɨɪɦɭɥɢɪɨɜɚɬɶɫя ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. 
ɇɟɨɛɯɨɞɢɦɨ ɧɚɣɬɢ ɨɩɬɢɦɚɥɶɧɨɟ ɭɩɪɚɜɥɟɧɢɟ 

ɦɨɞɟɥɢ (1)-(4), (9) ɤɨɬɨɪɨɟ ɞɨɫɬɚɜɥяɟɬ ɦɢɧɢɦɭɦ 
ɮɭɧɤɰɢɨɧɚɥɭ 

 

min][
2

*10   


dTTJ b , (10) 

ɝɞɟ *T  – ɬɪɟɛɭɟɦɚя ɧɨɦɢɧɚɥɶɧɚя ɬɟɦɩɟɪɚɬɭɪɚ 
ɜɨɡɞɭɯɚ ɧɚ ɜɯɨɞɟ ɜ ɪɟɤɬɢɮɢɤɚɰɢɨɧɧɭɸ ɤɨɥɨɧɧɭ 
ɜɨɡɞɭɯɨɪɚɡɞɟɥɢɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ.  
  Пɨɫɤɨɥɶɤɭ ɪɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɣ 
ɬɟɩɥɨɩɟɪɟɧɨɫɚ (1) ɚɩɩɪɨɤɫɢɦɢɪɭɟɬɫя 
ɤɨɧɟɱɧɵɦɢ ɪɚɡɧɨɫɬяɦɢ ɧɚ ɬɟɯ ɠɟ ɜɪɟɦɟɧɧɵɯ 
ɫɥɨяɯ }{ j , ɱɬɨ ɢ ɪɟɲɟɧɢɟ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɣ 
ɡɚɞɚɱɢ, ɬɨ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɨɧɚɥ (10) ɩɪɢɦɟɬ ɜɢɞ: 

min][
2

*10  j

j
b TTJ ,...3,2,1j  (11) 

Ⱦɥя ɪɟɲɟɧɢя ɩɨɞɨɛɧɨɣ ɡɚɞɚɱɢ 
ɨɩɬɢɦɢɡɚɰɢɢ ɦɨɝɭɬ ɩɪɢɦɟɧяɬɶɫя, ɧɚɩɪɢɦɟɪ, 
ɦɟɬɨɞɵ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢя Д8,9Ж 
ɢɥɢ ɩɪяɦɚя ɦɢɧɢɦɢɡɚɰɢя ɰɟɥɟɜɨɝɨ ɮɭɧɤɰɢɨɧɚɥɚ 
[10,11]. 

Вɵɜɨɞɵ 

Пɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɨɜ 
ɬɟɱɟɧɢɣ ɩɪɨɬɢɜɨɬɨɱɧɵɯ ɫɪɟɞ (ɪɢɫ. 4) ɞɥя ɨɛɳɟɣ 
ɭɩɪɨɳёɧɧɨɣ ɦɨɞɟɥɢ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ (1)-(4) ɫ 
ɤɨɧɟɱɧɨ-ɪɚɡɧɨɫɬɧɨɣ ɫɯɟɦɨɣ (5) ɩɨɤɚɡɚɥɢ 
ɮɢɡɢɱɟɫɤɢ ɨɛɨɫɧɨɜɚɧɧɵɟ ɪɚɫɩɪɟɞɟɥɟɧɢя 
ɬɟɦɩɟɪɚɬɭɪ ɜ ɬɟɩɥɨɨɛɦɟɧɧɢɤɟ. Ⱦɥя ɢɫɩɨɥɶɡɨɜɚ-

ɧɢя ɩɨɥɭɱɟɧɧɨɣ ɦɨɞɟɥɢ ɧɚ ɩɪɚɤɬɢɤɟ 
ɧɟɨɛɯɨɞɢɦɨ ɪɟɲɚɬɶ ɡɚɞɚɱɭ ɢɞɟɧɬɢɮɢɤɚɰɢɢ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɛɦɟɧɚ K  ɩɪɢɜɟɞɟɧɧɨɣ 
ɦɨɞɟɥɢ, ɱɬɨ ɦɨɠɧɨ ɞɟɥɚɬɶ ɩɨ ɭɩɪɨɳёɧɧɨɦɭ 
ɤɪɢɬɟɪɢɸ (7) ɦɟɬɨɞɨɦ ɡɨɥɨɬɨɝɨ ɫɟɱɟɧɢя. 
ɂɞɟɧɬɢɮɢɰɢɪɨɜɚɧɧɚя ɦɨɞɟɥɶ ɦɨɠɟɬ 
ɢɫɩɨɥɶɡɨɜɚɬɶɫя ɞɥя ɪɚɫɱёɬɚ ɨɩɬɢɦɚɥɶɧɵɯ 
ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ ɞɥя 
ɫɬɚɛɢɥɢɡɚɰɢɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ ɪɟɤɬɢɮɢ-

ɤɚɰɢɨɧɧɨɣ ɤɨɥɨɧɧɵ ɩɨ ɤɪɢɬɟɪɢɸ (11). 
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ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ ɬɟɩлɨɨɛɦɟɧɧɢɤɚ. Ɉɩɢɫɚɧɚ ɤɨɧɟɱɧɨ-ɪɚɡɧɨɫɬɧɚɹ ɫɯɟɦɚ 
ɪɚɫɱёɬɚ ɬɟɩлɨɜɵɯ ɩɪɨцɟɫɫɨɜ. ɉɪɢɜɟɞɟɧɵ ɪɚɫɱёɬɵ ɫ ɞɚɧɧɵɦɢ ɩɪɨɦɵɲлɟɧɧɨɝɨ 
ɬɟɩлɨɨɛɦɟɧɧɢɤɚ (ɤɢɫлɨɪɨɞɧɚɹ ɫɬɚɧцɢɹ ȿɧɚɤɢɟɜɫɤɨɝɨ ɦɟɬɚллɭɪɝɢɱɟɫɤɨɝɨ ɡɚɜɨɞɚ) ɞлɹ 
ɨцɟɧɨɱɧɵɯ ɡɧɚɱɟɧɢɣ ɤɨɷɮɮɢцɢɟɧɬɚ ɬɟɩлɨɨɛɦɟɧɚ. ɋɮɨɪɦɭлɢɪɨɜɚɧɚ ɡɚɞɚɱɚ ɢɞɟɧɬɢɮɢɤɚцɢɢ 
ɤɨɷɮɮɢцɢɟɧɬɚ ɬɟɩлɨɨɛɦɟɧɚ. ɉɨɫɬɚɜлɟɧɚ ɡɚɞɚɱɚ ɨɩɬɢɦɚлɶɧɨɝɨ ɭɩɪɚɜлɟɧɢɹ 
ɬɟɩлɨɨɛɦɟɧɧɵɦ ɚɩɩɚɪɚɬɨɦ ɫ цɟлɶɸ ɫɬɚɛɢлɢɡɚцɢɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ ɪɚɛɨɬɵ 
ɪɟɤɬɢɮɢɤɚцɢɨɧɧɨɣ ɤɨлɨɧɧɵ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɬɟɩлɨɨɛɦɟɧɧɵɣ ɚɩɩɚɪɚɬ, ɬɟɩлɨɨɛɦɟɧɧɢɤ, ɢɞɟɧɬɢɮɢɤɚцɢɹ, ɨɩɬɢɦɢɡɚцɢɹ, 
ɱɢɫлɟɧɧɨɟ ɦɨɞɟлɢɪɨɜɚɧɢɟ. 

Tolstykh V.K., Pshenichny K.A Numerical simulation and process control of heat transfer in 

counterflow heat exchangers. A simplified model for the description of convection, unsteady, one-

dimensional heat transfer processes for heat exchangers with counterflow heat transfer fluids is 

proposed. It contains a model heat transfer coefficient between the heat-transfer agents, which 

includes both physical heat transfer coefficient, and internal geometrical features of heat 

exchanger. It is described the finite-difference scheme for calculating thermal processes. Results 

calculations with the data of industrial heat exchanger for some values of heat transfer coefficient 

were described. There was formulated a problem of identification of heat transfer coefficient. 

There was formulated a task of optimal control of the heat exchanger in order to stabilize the 

temperature regime of operation of the distillation column. 

Keywords: heat exchanger, identification, optimization, numerical simulation. 
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