
 

 

 

 

 

V Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ 
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* ɘɪɝɢɧɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ (ɮɢɥɢɚɥ) ɇɚɰɢɨɧɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ 
 Ɍɨɦɫɤɨɝɨ ɩɨɥɢɬɟɯɧɢɱɟɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ 

652055, Ʉɟɦɟɪɨɜɫɤɚɹ ɨɛɥ., ɝ. ɘɪɝɚ, ɭɥ. Ʌɟɧɢɧɝɪɚɞɫɤɚɹ, 26, e-mail: maa28@rambler.ru 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɫɜɹɡɢ ɫ ɲɢɪɨɤɢɦ ɩɪɢɦɟɧɟɧɢɟɦ ɜ ɪɚɡɥɢɱɧɵɯ ɨɛɥɚɫɬɹɯ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ 

ɦɟɬɚɥɥɨɤɟɪɚɦɢɱɟɫɤɢɯ ɫɩɥɚɜɨɜ ɩɪɨɛɥɟɦɚɬɢɤɚ ɢɯ ɪɟɫɭɪɫɨɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɢ ɷɤɫɬɪɟɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɢɦɟɟɬ ɜɵɫɨɤɭɸ ɚɤɬɭɚɥɶɧɨɫɬɶ. ɉɨɜɵɲɟɧɢɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ ɦɟɬɚɥɥɨɤɟɪɚɦɢ-

ɱɟɫɤɢɯ ɫɩɥɚɜɨɜ ɜ ɫɨɜɪɟɦɟɧɧɨɣ ɦɢɪɨɜɨɣ ɩɪɚɤɬɢɤɟ ɞɨɫɬɢɝɚɟɬɫɹ ɡɚ ɫɱɟɬ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɵ 

ɤɚɤ ɜ ɨɛɳɟɦ ɨɛɴɟɦɟ ɫɩɥɚɜɚ, ɬɚɤ ɢ ɜ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɫɥɨɹɯ ɩɭɬɟɦ ɥɟɝɢɪɨɜɚɧɢɹ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɫɜɹ-
ɡɭɸɳɟɝɨ, ɩɨɞɛɨɪɚ ɤɚɪɛɢɞɧɨɣ ɮɚɡɵ ɢ ɪɟɠɢɦɨɜ ɫɩɟɤɚɧɢɹ ɩɨɪɨɲɤɨɜɵɯ ɫɦɟɫɟɣ [1].  

ɇɨɜɵɦ ɪɟɲɟɧɢɟɦ, ɧɚɩɪɚɜɥɟɧɧɵɦ ɧɚ ɢɡɵɫɤɚɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɜɨɡɦɨɠɧɨɫɬɟɣ ɩɨɜɵɲɟɧɢɹ 
ɪɟɫɭɪɫɨɷɮɮɟɤɬɢɜɧɨɫɬɢ ɦɟɬɚɥɥɨɤɟɪɚɦɢɱɟɫɤɢɯ (ɬɜɟɪɞɵɯ) ɫɩɥɚɜɨɜ, ɪɚɛɨɬɚɸɳɢɯ ɜ ɭɫɥɨɜɢɹɯ ɪɟɡɚɧɢɹ 
ɦɟɬɚɥɥɚ, ɹɜɥɹɟɬɫɹ ɪɟɥɚɤɫɚɰɢɹ ɜɧɭɬɪɟɧɧɢɯ ɧɚɩɪɹɠɟɧɢɣ, ɜɨɡɧɢɤɚɸɳɢɯ ɧɚ ɫɬɚɞɢɢ ɫɩɟɤɚɧɢɹ ɬɜɟɪɞɨɝɨ 
ɫɩɥɚɜɚ. ɂɫɫɥɟɞɨɜɚɧɢɹ, ɩɪɨɜɟɞɟɧɧɵɟ ɧɚ ɤɚɮɟɞɪɟ "ɋɬɚɧɤɢ ɢ ɢɧɫɬɪɭɦɟɧɬɵ" Ɍɸɦɟɧɫɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧ-

ɧɨɝɨ ɧɟɮɬɟɝɚɡɨɜɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ, ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɨɥɨɦɤɚ, ɜɵɤɪɚɲɢɜɚɧɢɟ ɢ ɫɤɚɥɵɜɚɧɢɟ ɋɆɉ ɜɵɡɜɚ-
ɧɵ ɧɚɥɢɱɢɟɦ ɜɧɭɬɪɟɧɧɢɯ ɧɚɩɪɹɠɟɧɢɣ. Ʉɪɨɦɟ ɬɨɝɨ, ɧɚ ɨɫɧɨɜɚɧɢɢ ɬɟɨɪɢɢ ɒɩɟɬɚ [2] ɧɚɭɱɧɵɦ ɪɭɤɨɜɨɞɢ-

ɬɟɥɟɦ [3] ɛɵɥɚ ɫɮɨɪɦɭɥɢɪɨɜɚɧɚ ɝɢɩɨɬɟɡɚ ɨ ɬɨɦ, ɱɬɨ ɜɧɭɬɪɟɧɧɢɟ ɧɚɩɪɹɠɟɧɢɹ, ɤɨɬɨɪɵɟ ɞɨɥɠɧɵ ɜɨɡɧɢ-

ɤɚɬɶ ɜ ɂɌɋ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɋɆɉ, ɦɨɝɭɬ ɛɵɬɶ ɫɧɹɬɵ ɩɭɬɟɦ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɧɚɝɪɟɜɚ ɪɟɠɭɳɢɯ ɩɥɚ-
ɫɬɢɧ ɞɨ ɧɚɱɚɥɚ ɩɪɨɰɟɫɫɚ ɪɟɡɚɧɢɹ, ɱɬɨ ɞɨɥɠɧɨ ɨɛɟɫɩɟɱɢɬɶ ɩɨɜɵɲɟɧɢɟ ɢɯ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ. Ɉɞɧɚɤɨ ɞɨ 
ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ ɧɟ ɛɵɥɨ ɢɡɭɱɟɧɨ ɜɥɢɹɧɢɟ ɢ ɦɟɯɚɧɢɡɦ ɜɨɡɞɟɣɫɬɜɢɹ ɜɧɭɬɪɟɧɧɢɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɂɌɋ 

ɝɪɭɩɩɵ ɬɢɬɚɧɨɜɨɥɶɮɪɚɦɨɤɨɛɚɥɶɬɨɜɨɣ (ɌɄ) ɧɚ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɋɆɉ ɫɛɨɪɧɵɯ ɢɧɫɬɪɭɦɟɧɬɨɜ. 
Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɫɛɨɪɧɵɯ ɢɧɫɬɪɭɦɟɧɬɨɜ ɫ ɋɆɉ ɪɚɡɪɚɛɨɬɚɧɨ ɧɨɜɨɟ ɬɟɯɧɢ-

ɱɟɫɤɨɟ ɪɟɲɟɧɢɟ ɩɨ ɪɟɚɥɢɡɚɰɢɢ ɦɟɬɨɞɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɧɚɝɪɟɜɚ ɋɆɉ ɞɥɹ ɫɧɹɬɢɹ ɜɧɭɬɪɟɧɧɢɯ ɧɚ-
ɩɪɹɠɟɧɢɣ ɜ ɂɌɋ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɷɮɮɟɤɬɨɦ ɉɟɥɶɬɶɟ, ɢɡɜɟɫɬɧɨ ɱɬɨ, ɟɫɥɢ ɱɟɪɟɡ ɩɨɝɪɚɧɢɱɧɭɸ ɨɛɥɚɫɬɶ 
ɦɟɠɞɭ ɞɜɭɦɹ ɫɨɩɪɢɤɚɫɚɸɳɢɦɢɫɹ ɪɚɡɥɢɱɧɵɦɢ ɦɟɬɚɥɥɚɦɢ (ɪɢɫ. 1), ɧɚɩɪɢɦɟɪ, ɩɥɚɫɬɢɧɚɦɢ ɢɡ ɬɜɟɪɞɨɝɨ 
ɫɩɥɚɜɚ ɝɪɭɩɩɵ ɌɄ (TiC-CO) ɢ ɬɢɬɚɧɚ (Ti), ɩɪɨɩɭɫɬɢɬɶ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ, ɬɨ ɷɥɟɤɬɪɨɧɵ, ɩɪɨɯɨɞɹ ɱɟ-
ɪɟɡ ɷɬɭ ɨɛɥɚɫɬɶ, ɛɭɞɭɬ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɚɩɪɚɜɥɟɧɢɹ ɬɨɤɚ ɥɢɛɨ ɭɫɤɨɪɹɬɶɫɹ ɤɨɧɬɚɤɬɧɵɦ ɩɨɥɟɦ, ɥɢɛɨ 
ɬɨɪɦɨɡɢɬɶɫɹ. ȼ ɩɟɪɜɨɦ ɫɥɭɱɚɟ (ɪɢɫ. 1ɚ) ɜ ɩɨɝɪɚɧɢɱɧɨɦ ɫɥɨɟ ɧɚɛɥɸɞɚɟɬɫɹ ɜɵɞɟɥɟɧɢɟ ɬɟɩɥɚ, ɚ ɜɨ ɜɬɨ-
ɪɨɦ (ɪɢɫ. 1ɛ) – ɩɨɝɥɨɳɟɧɢɟ ɬɟɩɥɚ. 

 

 

ɚ) ɛ) 

Ɋɢɫ. 1. ɋɯɟɦɵ ɬɟɩɥɨɜɵɯ ɩɨɬɨɤɨɜ ɩɪɢ ɧɚɝɪɟɜɟ (ɚ) ɢ ɨɯɥɚɠɞɟɧɢɢ (ɛ) ɬɜɟɪɞɨɫɩɥɚɜɧɨɣ ɩɥɚɫɬɢɧɵ  

ɫɨɝɥɚɫɧɨ ɷɮɮɟɤɬɚ ɉɟɥɶɬɶɟ 
 

ɂɡɜɟɫɬɟɧ ɫɩɨɫɨɛ [4], ɜ ɤɨɬɨɪɨɦ ɞɥɹ  ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɬɟɩɥɨɨɛɦɟɧɚ ɦɟɠɞɭ ɩɥɚɫɬɢɧɚɦɢ ɜɜɨɞɢɥɢ  

ɫɜɹɡɭɸɳɢɣ ɫɥɨɣ, ɤɨɬɨɪɵɣ ɫɨɫɬɨɢɬ ɢɡ ɞɢɫɭɥɶɮɢɞɚ ɦɨɥɢɛɞɟɧɚ ɢ ɠɢɞɤɨɝɨ ɫɬɟɤɥɚ, ɱɬɨ ɩɨɡɜɨɥɢɥɨ ɩɨɞ-

ɧɹɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɧɚɝɪɟɜɚ ɬɜɟɪɞɨɫɩɥɚɜɧɨɣ ɩɥɚɫɬɢɧɵ ɞɨ 600°ɋ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ, ɨɩɢɪɚɹɫɶ ɧɚ ɷɤɫɩɟ-
ɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɜɥɢɹɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɜɧɭɬɪɟɧɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɜɬɨɪɨɝɨ ɪɨɞɚ ɜ ɂɌɋ ɝɪɭɩɩɵ 

ɌɄ, ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ  ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɩɭɬɟɦ ɧɚɝɪɟɜɚ ɩɥɚɫɬɢɧ  ɞɨ 700°ɋ  ɜɧɭɬɪɟɧ-

ɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɜɬɨɪɨɝɨ ɪɨɞɚ ɜ ɂɌɋ ɦɨɠɧɨ ɭɦɟɧɶɲɢɬɶ ɩɪɚɤɬɢɱɟɫɤɢ ɞɨ ɧɭɥɹ. ɉɨɷɬɨɦɭ ɞɚɧɧɚɹ ɦɨɞɟɥɶ 



 

 

 

 

 

 

ɋɟɤɰɢɹ 2: ɂɧɧɨɜɚɰɢɨɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɩɨɥɭɱɟɧɢɹ ɢ ɨɛɪɚɛɨɬɤɢ ɦɚɬɟɪɢɚɥɨɜ ɜ ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ 
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ɛɵɥɚ ɞɨɪɚɛɨɬɚɧɚ ɡɚ ɫɱɟɬ ɢɡɦɟɧɟɧɢɹ ɩɪɨɰɟɧɬɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɫɨɫɬɚɜɚ ɫɜɹɡɭɸɳɟɝɨ ɫɥɨɹ, 
ɱɬɨ ɩɨɡɜɨɥɢɥɨ ɢɧɬɟɧɫɢɮɢɰɢɪɨɜɚɬɶ ɩɪɨɰɟɫɫ ɬɟɩɥɨɨɛɦɟɧɚ ɦɟɠɞɭ ɩɥɚɫɬɢɧɚɦɢ (ɪɢɫ. 2). 

 

 

Ɋɢɫ. 2. ɋɯɟɦɚ ɬɟɩɥɨɜɵɯ ɩɨɬɨɤɨɜ ɩɪɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɦ ɧɚɝɪɟɜɟ ɋɆɉ ɢɡ ɂɌɋ ɝɪɭɩɩɵ ɌɄ 

 

ɋɨɝɥɚɫɧɨ ɩɪɟɞɥɨɠɟɧɧɨɣ  ɮɢɡɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɩɪɨɰɟɫɫɚ ɧɚɝɪɟɜɚ ɋɆɉ ɢɡ ɂɌɋ ɝɪɭɩɩɵ ɌɄ ɧɚ ɨɫ-
ɧɨɜɟ ɷɮɮɟɤɬɚ ɉɟɥɶɬɶɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɜɵɞɟɥɹɸɳɟɟɫɹ ɜ ɋɆɉ ɢɡ ɂɌɋ ɝɪɭɩɩɵ ɌɄ, ɦɨɠɧɨ ɨɩɪɟ-
ɞɟɥɢɬɶ ɢɡ ɜɵɪɚɠɟɧɢɹ: 

1 'Q I t         (1) 

ɝɞɟ 
1 'Q  – ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ ɜ ɋɆɉ; I  – ɫɢɥɚ ɬɨɤɚ;   – ɪɚɡɧɨɫɬɶ ɩɨɬɟɧɰɢɚɥɨɜ ɦɟɠɞɭ 

ɩɥɚɫɬɢɧɚɦɢ, ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɜɵɪɚɠɟɧɢɹ 1 2( )     ;  t – ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ.  

Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɤɨɬɨɪɨɟ ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɧɚɝɪɟɬɶ ɩɥɚɫɬɢɧɭ ɧɚ ɜɟɥɢɱɢɧɭ Ɍ
ɦɨɠɧɨ ɧɚɣɬɢ ɢɡ ɮɨɪɦɭɥɵ 

1 ''Q Ɍ ɋ   ,      (2) 

ɝɞɟ Ɍ – ɬɟɦɩɟɪɚɬɭɪɚ; ɋ  - ɬɟɩɥɨɟɦɤɨɫɬɶ ɫɦɟɧɧɨɣ ɦɧɨɝɨɝɪɚɧɧɨɣ ɩɥɚɫɬɢɧɵ, ɤɨɬɨɪɚɹ ɪɚɜɧɚ 
ɋ m c  , ɝɞɟ m  – ɦɚɫɫɚ ɋɆɉ; c  – ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ. 

ȿɫɥɢ ɭɱɟɫɬɶ, ɱɬɨ ɬɟɩɥɨɨɬɜɨɞ ɨɬ ɋɆɉ ɝɪɭɩɩɵ ɌɄ ɜ ɜɨɡɞɭɯ ɧɟɡɧɚɱɢɬɟɥɟɧ, ɬɨ ɦɨɠɧɨ ɫɱɢɬɚɬɶ: 
1 1' ''Q Q        (3) 

ɉɪɟɨɛɪɚɡɭɹ ɮɨɪɦɭɥɵ (1), (2), (3), ɩɨɥɭɱɚɟɦ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɮɢɡɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, ɤɨɬɨɪɨɟ ɩɨ-
ɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɢɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ Ɍ ɋɆɉ ɩɪɢ ɭɫɬɚɧɨɜɥɟɧɧɨɦ ɡɧɚɱɟɧɢɢ ɫɢɥɵ ɬɨɤɚ I :  

I tɌ
ɋ

  
        (4) 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɢɥɵ ɬɨɤɚ ɜ ɨɤɨɧɱɚɬɟɥɶɧɨɦ ɜɚɪɢɚɧɬɟ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɮɨɪɦɭɥɚ: 
Ɍ ɋ

I
t 


 
 

      (5) 

ɍɫɬɚɧɨɜɥɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɫɧɢɠɟɧɢɹ ɜɧɭɬɪɟɧɧɢɯ ɧɚɩɪɹɠɟɧɢɣ ɩɭɬɟɦ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɧɚɝɪɟɜɚ 
ɋɆɉ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɫɛɨɪɧɵɯ ɢɧɫɬɪɭɦɟɧɬɨɜ ɫ ɋɆɉ ɡɚ ɫɱɟɬ ɭɫɬɪɚɧɟɧɢɹ ɯɪɭɩɤɨɝɨ 
ɫɨɫɬɨɹɧɢɹ ɜ ɧɚɱɚɥɶɧɵɣ ɩɟɪɢɨɞ ɪɟɡɚɧɢɹ. 

Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɩɨɜɵɫɢɬɶ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɪɟɠɭɳɟɝɨ ɢɧɫɬɪɭɦɟɧɬɚ (Ɋɂ) ɢɡ ɂɌɋ ɝɪɭɩɩɵ ɌɄ 

ɧɟɨɛɯɨɞɢɦɨ ɫɧɹɬɶ ɜɧɭɬɪɟɧɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɜ ɂɌɋ. Ⱦɥɹ ɷɬɨɝɨ ɞɨ ɧɚɱɚɥɚ ɩɪɨɰɟɫɫɚ ɨɛɪɚɛɨɬɤɢ ɞɟɬɚɥɢ 

ɪɟɡɚɧɢɟɦ ɧɭɠɧɨ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɧɚɝɪɟɬɶ ɪɟɠɭɳɭɸ ɩɥɚɫɬɢɧɭ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ, ɩɪɢ ɤɨɬɨɪɨɣ ɩɪɨɢɫɯɨ-
ɞɢɬ ɩɟɪɟɯɨɞ ɫɩɥɚɜɚ ɢɡ ɡɨɧɵ ɯɪɭɩɤɨɝɨ ɜ ɡɨɧɭ ɯɪɭɩɤɨɩɥɚɫɬɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ. Ⱦɚɧɧɚɹ ɭɫɬɚɧɨɜɤɚ (ɪɢɫ. 
3) ɫ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɦ ɪɟɝɭɥɢɪɭɟɦɵɦ ɩɨɞɨɝɪɟɜɨɦ ɋɆɉ ɢɡ ɂɌɋ ɝɪɭɩɩɵ ɌɄ ɪɚɡɪɚɛɨɬɚɧɚ ɞɥɹ ɬɨɝɨ, 
ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɬɚɤɨɟ ɫɨɱɟɬɚɧɢɟ ɩɪɨɱɧɨɫɬɢ  ɢ ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɪɟɠɭɳɟɣ ɱɚɫɬɢ Ɋɂ, 

ɤɨɬɨɪɚɹ ɩɨɜɵɫɢɬ ɟɝɨ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ.  
Ʉɪɨɦɟ ɬɨɝɨ, ɞɚɧɧɚɹ ɭɫɬɚɧɨɜɤɚ ɩɨɡɜɨɥɹɟɬ ɪɟɲɢɬɶ ɡɚɞɚɱɭ ɩɨ ɩɨɜɵɲɟɧɢɸ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɢ ɋɆɉ 

ɢɡ ɂɌɋ ɝɪɭɩɩɵ ɌɄ ɡɚ ɫɱɟɬ ɫɧɢɠɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ ɜɬɨɪɨɝɨ ɪɨɞɚ ɩɪɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɦ ɧɚɝɪɟɜɟ ɢɯ ɞɨ 
ɬɟɦɩɟɪɚɬɭɪɵ 700°ɋ ɞɨ ɧɚɱɚɥɚ ɩɪɨɰɟɫɫɚ ɨɛɪɚɛɨɬɤɢ, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɭɦɟɧɶɲɚɟɬ ɜɟɪɨɹɬɧɨɫɬɶ ɜɨɡɧɢɤ-
ɧɨɜɟɧɢɹ ɦɢɤɪɨɫɤɨɥɨɜ ɢ ɦɢɤɪɨɜɵɤɪɚɲɢɜɚɧɢɹ ɪɟɠɭɳɟɣ ɤɪɨɦɤɢ ɋɆɉ ɩɭɬɟɦ ɩɟɪɟɜɨɞɚ ɢɯ ɜ ɡɨɧɭ ɯɪɭɩ-
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ɤɨɩɥɚɫɬɢɱɟɫɤɨɝɨ ɪɚɡɪɭɲɟɧɢɹ. Ɍɟɦ ɫɚɦɵɦ ɫɨɤɪɚɳɚɟɬɫɹ ɢɥɢ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɫɬɶɸ ɭɫɬɪɚɧɹɟɬɫɹ ɩɟ-
ɪɢɨɞ ɯɨɥɨɞɧɨɣ ɩɪɢɪɚɛɨɬɤɢ Ɋɂ. Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɪɚɛɨɱɟɣ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɦ ɩɨɞɨɝɪɟɜɟ 
ɋɆɉ ɢɡ ɂɌɋ ɝɪɭɩɩɵ ɌɄ ɩɨɡɜɨɥɹɟɬ ɧɚɫɬɪɚɢɜɚɬɶ ɭɫɬɚɧɨɜɤɭ ɧɚ ɪɟɠɢɦɵ ɨɛɪɚɛɨɬɤɢ (ɩɨɞɨɝɪɟɜɚ) ɬɜɟɪɞɨ-
ɫɩɥɚɜɧɵɯ ɩɥɚɫɬɢɧ ɪɚɡɥɢɱɧɵɯ ɦɚɪɨɤ. Ʉɨɧɫɬɪɭɤɰɢɹ ɢɧɫɬɪɭɦɟɧɬɚ ɹɜɥɹɟɬɫɹ ɩɨɥɧɨɫɬɶɸ ɚɜɬɨɪɫɤɨɣ ɪɚɛɨ-
ɬɨɣ, ɱɬɨ ɩɨɞɬɜɟɪɠɞɟɧɨ ɩɨɞɚɱɟɣ ɡɚɹɜɤɢ ɧɚ ɩɨɥɭɱɟɧɢɟ ɩɚɬɟɧɬɚ ɧɚ ɩɨɥɟɡɧɭɸ ɦɨɞɟɥɶ. 

 

 

Ɋɢɫ. 3. Ɇɟɬɚɥɥɨɪɟɠɭɳɢɣ ɢɧɫɬɪɭɦɟɧɬ ɫ ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɯɟɦɨɣ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ 
ɩɨɞɨɝɪɟɜɚ: 

1 – ɤɨɪɩɭɫ, 2 – ɤɨɥɶɰɨ, 3 – ɬɨɤɨɩɨɞɜɨɞɹɳɟɟ ɤɨɥɶɰɨ, 4 – ɬɨɤɨɩɨɞɜɨɞɹɳɚɹ ɩɥɚɫɬɢɧɚ, 5 – ɬɟɤɫɬɨɥɢɬɨɜɚɹ 
ɩɪɨɤɥɚɞɤɚ, 6 – ɢɡɨɥɢɪɭɸɳɚɹ ɩɪɨɤɥɚɞɤɚ, 7 – ɫɜɹɡɭɸɳɢɣ ɫɥɨɣ, 8 – ɬɹɝɚ, 9 – ɤɪɟɩɟɠɧɵɣ ɲɬɢɮɬ, 10 – 

ɝɚɣɤɚ, 11 – ɪɟɠɭɳɚɹ ɩɥɚɫɬɢɧɚ, 12 – ɩɪɨɜɨɥɨɤɚ, 13 – ɬɪɭɛɤɚ ɢɡ ɤɜɚɪɰɟɜɨɝɨ ɫɬɟɤɥɚ, 14 – ɲɚɣɛɚ, 15 – 

ɝɪɚɮɢɬɨɜɵɟ ɳɟɬɤɢ, 16 – ɢɫɬɨɱɧɢɤ ɩɢɬɚɧɢɹ, 17 – ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪ, 18 – ɜɵɩɪɹɦɢɬɟɥɶ, 19 – ɜɨɥɶɬ-
ɦɟɬɪ, 20 – ɚɦɩɟɪɦɟɬɪ, 21 – ɤɧɨɩɤɚ «ɩɭɫɤ», 22 – ɩɭɫɤɚɬɟɥɶ, 23 – ɤɨɧɬɚɤɬɵ ɩɭɫɤɚɬɟɥɹ, 24 – ɬɟɪɦɨɩɚɪɚ, 
25 – ɪɟɝɭɥɢɪɭɟɦɵɣ ɛɥɨɤ ɭɫɢɥɟɧɢɹ, 26 - ɷɥɟɤɬɪɨɦɚɝɧɢɬ ɫ ɫɟɪɞɟɱɧɢɤɨɦ, 27 – ɝɟɪɤɨɧ, 28 – ɪɟɥɟ, 29 – 

ɤɨɧɬɚɤɬ, 30 – ɤɧɨɩɤɚ «ɫɬɨɩ» 

 

ɍɫɬɪɨɣɫɬɜɨ ɪɚɛɨɬɚɟɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. 

Ⱦɨ ɧɚɱɚɥɚ ɩɪɨɰɟɫɫɚ ɮɪɟɡɟɪɨɜɚɧɢɹ ɜɤɥɸɱɚɸɬ ɤɧɨɩɤɭ «ɩɭɫɤ» 21, ɡɚɩɭɫɤɚɟɬɫɹ ɩɭɫɤɚɬɟɥɶ 22. Ʉɚɤ 
ɬɨɥɶɤɨ ɤɨɧɬɚɤɬɵ 23 ɩɭɫɤɚɬɟɥɹ 22 ɧɚɱɢɧɚɸɬ ɡɚɦɵɤɚɬɶ  ɧɚɝɪɟɜɚɬɟɥɶɧɭɸ ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɰɟɩɶ, ɩɪɨɢɫɯɨ-
ɞɢɬ ɧɚɝɪɟɜ ɪɟɠɭɳɟɣ ɩɥɚɫɬɢɧɵ 11 ɢɡ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɨɝɨ ɬɜɟɪɞɨɝɨ ɫɩɥɚɜɚ. ɑɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɬɪɟɛɭɟ-
ɦɵɟ ɩɚɪɚɦɟɬɪɵ ɧɚɝɪɟɜɚ ɪɟɠɭɳɟɣ ɩɥɚɫɬɢɧɵ 11 ɢɡ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɨɝɨ ɬɜɟɪɞɨɝɨ ɫɩɥɚɜɚ, ɜ ɜɵɯɨɞɧɭɸ 

ɰɟɩɶ ɜɵɩɪɹɦɢɬɟɥɹ 18 ɜɤɥɸɱɟɧɵ ɚɦɩɟɪɦɟɬɪ 19 ɢ ɜɨɥɶɬɦɟɬɪ 20 ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ. Ʉ ɤɨɪɩɭɫɭ 1 ɩɨɞ-

ɤɥɸɱɟɧ ɨɞɢɧ ɢɡ  ɩɨɥɸɫɨɜ ɜɵɩɪɹɦɢɬɟɥɹ 18, ɚ ɜɬɨɪɨɣ ɩɨɥɸɫ ɩɨɞɤɥɸɱɚɟɬɫɹ ɤ ɬɨɤɨɩɨɞɜɨɞɹɳɟɣ ɩɥɚɫɬɢ-

ɧɟ 4. Ʉɨɝɞɚ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɪɟɠɭɳɭɸ ɩɥɚɫɬɢɧɭ 11 ɢɡ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɨɝɨ ɬɜɟɪɞɨɝɨ 
ɫɩɥɚɜɚ ɢ ɫɜɹɡɭɸɳɢɣ ɫɥɨɣ 7, ɦɟɠɞɭ ɧɢɦɢ ɜɵɞɟɥɹɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ ɧɚ ɨɫɧɨɜɟ 
ɷɮɮɟɤɬɚ ɉɟɥɶɬɶɟ ɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɫɚɦɨɣ ɪɟɠɭɳɟɣ ɩɥɚɫɬɢɧɟ 11 ɧɚ ɨɫɧɨɜɚɧɢɢ ɡɚɤɨɧɚ Ⱦɠɨɭɥɹ-
Ʌɟɧɰɚ. Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɞɢɚɩɚɡɨɧ ɜ ɩɪɨɰɟɫɫɟ ɪɟɡɚɧɢɹ ɫɨɯɪɚɧɹɟɬɫɹ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɞɟɬɚɥɢ  ɡɚ ɫɱɟɬ ɬɟɩ-
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ɥɨɜɵɞɟɥɟɧɢɹ ɩɪɢ ɪɟɡɚɧɢɢ, ɚ ɬɚɤɠɟ ɪɟɝɭɥɢɪɭɟɦɨɝɨ ɧɚɝɪɟɜɚ, ɤɨɬɨɪɵɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ 

ɜɤɥɸɱɟɧɢɹ ɱɟɪɟɡ ɝɟɪɤɨɧ 27 ɢ ɪɟɥɟ 28 ɧɚɝɪɟɜɚɬɟɥɶɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɰɟɩɢ. 

ɉɪɢ ɜɤɥɸɱɟɧɢɢ ɭɫɬɚɧɨɜɤɢ  ɩɟɪɟɞ ɩɪɨɰɟɫɫɨɦ ɮɪɟɡɟɪɨɜɚɧɢɹ ɧɚ ɝɪɚɧɢɰɟ ɤɨɧɬɚɤɬɚ ɋɆɉ ɢɡ ɂɌɋ 

ɝɪɭɩɩɵ ɌɄ ɢ ɬɢɬɚɧɨɜɨɣ ɩɥɚɫɬɢɧɵ ɩɪɨɩɭɫɤɚɟɬɫɹ ɩɨɫɬɨɹɧɧɵɣ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ, ɤɨɬɨɪɵɣ ɩɪɨɯɨɞɢɬ ɱɟ-
ɪɟɡ ɫɜɹɡɭɸɳɢɣ ɫɥɨɣ, ɫɨɫɬɨɹɳɢɣ ɢɡ ɞɢɫɭɥɶɮɢɞɚ ɦɨɥɢɛɞɟɧɚ ɢ ɠɢɞɤɨɝɨ ɫɬɟɤɥɚ. ɇɚ ɨɫɧɨɜɟ ɷɮɮɟɤɬɚ ɉɟɥɶ-
ɬɶɟ ɢɞɟɬ ɧɚɝɪɟɜ ɋɆɉ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 700°ɋ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɫɧɹɬɢɟ ɜ ɧɢɯ ɜɧɭɬɪɟɧɧɢɯ ɧɚɩɪɹɠɟɧɢɣ ɢ, 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɭɜɟɥɢɱɢɜɚɟɬ ɫɬɨɣɤɨɫɬɶ ɫɛɨɪɧɨɝɨ ɢɧɫɬɪɭɦɟɧɬɚ. ɉɪɢ ɞɚɥɶɧɟɣɲɟɦ ɩɪɨɰɟɫɫɟ ɦɟɯɚɧɢɱɟ-
ɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɬɪɟɛɭɟɦɵɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɞɢɚɩɚɡɨɧ ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɡɚ ɫɱɟɬ ɬɟɩɥɨɜɵɞɟɥɟɧɢɹ ɩɪɢ ɮɪɟ-
ɡɟɪɨɜɚɧɢɢ. ɋɢɥɵ ɬɨɤɚ ɞɨɫɬɚɬɨɱɧɨ ɧɟ ɛɨɥɟɟ 150 Ⱥ ɞɥɹ ɧɚɝɪɟɜɚ ɪɟɠɭɳɟɣ ɩɥɚɫɬɢɧɵ ɞɨ 700°ɋ. 

ɉɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɢɫɩɵɬɚɧɢɹ (ɪɢɫ. 4) ɨɩɵɬɧɨɝɨ ɨɛɪɚɡɰɚ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɫɛɨɪɧɨɣ ɮɪɟɡɵ ɫ ɋɆɉ 

ɢɡ ɂɌɋ  ɫɩɥɚɜɚ Ɍ15Ʉ6,  ɝɞɟ ɢɫɫɥɟɞɨɜɚɥɢɫɶ ɡɚɜɢɫɢɦɨɫɬɢ ɜɥɢɹɧɢɹ ɫɤɨɪɨɫɬɢ ɪɟɡɚɧɢɹ V ɧɚ ɩɭɬɶ ɪɟɡɚɧɢɹ 
L, ɬɟɦɩɟɪɚɬɭɪɭ ɪɟɡɚɧɢɹ Ԧ ɢ  ɩɨɜɟɪɯɧɨɫɬɧɵɣ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɢɡɧɨɫ hɨɩ, ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɪɟɞɜɚɪɢɬɟɥɶ-
ɧɵɣ ɧɚɝɪɟɜ ɋɆɉ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 700°ɋ  ɩɟɪɟɞ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɵɦ  ɩɪɨɰɟɫɫɨɦ ɨɛɪɚɛɨɬɤɢ ɡɚɝɨɬɨɜɤɢ 

ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɜɵɲɚɟɬ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɢɧɫɬɪɭɦɟɧɬɚ, ɚ ɢɦɟɧɧɨ, ɩɭɬɶ ɪɟɡɚɧɢɹ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɧɚ 30-

35% ɡɚ ɫɱɺɬ ɫɧɹɬɢɹ ɜɧɭɬɪɟɧɧɢɯ ɧɚɩɪɹɠɟɧɢɣ ɫɩɥɚɜɚ ɩɥɚɫɬɢɧɵ ɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜ ɢɧɬɟɪɜɚɥɟ ɫɤɨɪɨɫɬɟɣ  

85÷110 ɦ/ɦɢɧ ɡɨɧɭ ɫɬɚɛɢɥɶɧɨɝɨ ɦɢɧɢɦɚɥɶɧɨɝɨ ɢɡɧɨɫɚ. 
ɉɪɢ ɫɬɨɣɤɨɫɬɧɵɯ ɢɫɩɵɬɚɧɢɹɯ ɫɛɨɪɧɨɣ ɮɪɟɡɵ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɫɬɚɧɞɚɪɬɧɵɟ ɦɟɬɨɞɢɤɢ [5-6] ɢ 

ɩɨɜɟɪɟɧɧɨɟ ɢɡɦɟɪɢɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ. 
 

 
Ɋɢɫ. 4. Ɂɚɜɢɫɢɦɨɫɬɶ ɜɥɢɹɧɢɹ ɫɤɨɪɨɫɬɢ ɪɟɡɚɧɢɹ ɧɚ ɩɭɬɶ ɪɟɡɚɧɢɹ, ɬɟɦɩɟɪɚɬɭɪɭ ɪɟɡɚɧɢɹ ɢ ɩɨɜɟɪɯɧɨɫɬ-
ɧɵɣ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɢɡɧɨɫ ɩɪɢ ɮɪɟɡɟɪɨɜɚɧɢɢ ɞɟɬɚɥɢ ɢɡ ɫɩɥɚɜɚ 5ɏȽɆ; ɮɪɟɡɚ ɫ ɋɆɉ ɢɡ Ɍ15Ʉ6 (Sz=0,1 

ɦɦ/ɡɭɛ, t=1 ɦɦ, V=0÷160 ɦ/ɦɢɧ) 1 – ɛɟɡ ɧɚɝɪɟɜɚ, 2 – ɫ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɦ ɧɚɝɪɟɜɨɦ ɋɆɉ (Ɣ - ɩɭɬɶ ɪɟ-
ɡɚɧɢɹ;  ż - ɩɨɜɟɪɯɧɨɫɬɧɵɣ  ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɢɡɧɨɫ; Ŷ – ɬɟɦɩɟɪɚɬɭɪɚ ɪɟɡɚɧɢɹ) 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɧɹɬɢɟ ɜɧɭɬɪɟɧɧɢɯ ɧɚɩɪɹɠɟɧɢɣ ɜɬɨɪɨɝɨ ɪɨɞɚ ɜ ɋɆɉ ɢɡ ɂɌɋ 

ɝɪɭɩɩɵ ɌɄ ɩɭɬɟɦ ɢɯ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɧɚɝɪɟɜɚ ɩɨɜɵɲɚɟɬ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɪɟɠɭɳɟɝɨ ɢɧɫɬɪɭɦɟɧɬɚ 
ɧɚ 30-40%, ɚ ɬɚɤɠɟ ɪɚɡɪɚɛɨɬɚɧɨ ɢ ɡɚɩɚɬɟɧɬɨɜɚɧɨ ɭɫɬɪɨɣɫɬɜɨ ɞɥɹ ɪɟɝɭɥɢɪɭɟɦɨɝɨ ɧɚɝɪɟɜɚ ɬɜɟɪɞɨɫɩɥɚɜ-
ɧɵɯ ɪɟɠɭɳɢɯ ɩɥɚɫɬɢɧ [7], ɨɛɟɫɩɟɱɢɜɚɸɳɟɟ ɩɨɜɵɲɟɧɢɟ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɋɆɉ ɢɡ ɂɌɋ ɝɪɭɩɩɵ ɌɄ. 
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