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Ʉɪɨɦɟ ɬɨɝɨ, ɛɵɥɚ ɨɩɪɟɞɟɥɟɧɚ ɬɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɞɥɹ ɞɢɫ-
ɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɵ (ɪɢɫ. 1). ɇɚɦɢ ɬɚɤɠɟ ɛɵɥɢ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɦɟɬɨɞɵ ɢɡɦɟɧɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɧɨ-
ɝɨ ɧɚɬɹɠɟɧɢɹ ɠɢɞɤɨɫɬɢ. Ⱦɥɹ ɷɬɨɝɨ ɦɵ ɞɨɛɚɜɥɹɥɢ ɫɨɥɶ ɢ ɦɵɥɶɧɵɣ ɪɚɫɬɜɨɪ ɜ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɭɸ ɜɨɞɭ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɩɪɨɰɟɫɫɟ ɜɵɩɨɥɧɟɧɢɹ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɦɵ: 

- ɢɡɭɱɢɥɢ ɮɢɡɢɤɭ ɞɚɧɧɨɝɨ ɹɜɥɟɧɢɹ; 
- ɩɨɡɧɚɤɨɦɢɥɢɫɶ ɫ ɦɟɬɨɞɚɦɢ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɠɢɞɤɨɫɬɟɣ (ɦɟɬɨɞ Ʌɚɩ-

ɥɚɫɚ; ɦɟɬɨɞ ɨɬɪɵɜɚ ɩɥɚɫɬɢɧɵ); 

- ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɨɩɪɟɞɟɥɢɥɢ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɠɢɞ-
ɤɨɫɬɟɣ, ɫɪɚɜɧɢɜ ɢɯ ɫ ɬɚɛɥɢɱɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ. 

Ɉɩɢɪɚɹɫɶ ɧɚ ɪɟɡɭɥɶɬɚɬɵ ɩɪɨɞɟɥɚɧɧɨɣ ɪɚɛɨɬɵ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵ: 

1. ɂɡ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɧɚɦɢ ɠɢɞɤɨɫɬɟɣ ɫɚɦɵɣ ɜɵɫɨɤɢɣ ɩɨɤɚɡɚɬɟɥɶ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ  ɭ 
ɫɨɥɟɜɨɝɨ ɪɚɫɬɜɨɪɚ, ɚ ɫɚɦɵɣ ɧɢɡɤɢɣ ɭ ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɦɚɫɥɚ. 

2. ɍɜɟɥɢɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɠɢɞɤɨɫɬɢ ɜɟɞɺɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɟɺ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ. 
3. ȼɜɟɞɟɧɢɟ ɩɪɢɦɟɫɟɣ ɜ ɠɢɞɤɨɫɬɶ ɩɪɢɜɨɞɢɬ ɤ ɢɡɦɟɧɟɧɢɸ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ. ɍɜɟɥɢɱɟ-

ɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɨɥɢ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɠɢɞɤɨɫɬɢ, ɦɵɥɶɧɨɝɨ ɪɚɫ-
ɬɜɨɪɚ – ɤ ɭɦɟɧɶɲɟɧɢɸ. 
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Ɋɟɚɥɢɡɚɰɢɹ ɛɨɥɶɲɢɧɫɬɜɚ ɫɜɚɪɨɱɧɵɯ ɩɪɨɰɟɫɫɨɜ ɫɜɹɡɚɧɚ ɫ ɧɚɝɪɟɜɨɦ ɞɟɬɚɥɟɣ ɪɚɡɧɵɦɢ ɜɢɞɚɦɢ 

ɢɫɬɨɱɧɢɤɨɜ ɬɟɩɥɨɬɵ, ɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɬɨɝɨ ɢɥɢ ɢɧɨɝɨ ɫɜɚɪɨɱɧɨɝɨ ɩɪɨɰɟɫɫɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɫɥɨɜɢɹɦɢ 

ɧɚɝɪɟɜɚ ɢ ɨɯɥɚɠɞɟɧɢɹ ɨɫɧɨɜɧɨɝɨ ɢ ɩɪɢɫɚɞɨɱɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. ɏɚɪɚɤɬɟɪ ɩɪɨɬɟɤɚɧɢɹ ɬɟɩɥɨɜɵɯ ɩɪɨɰɟɫ-
ɫɨɜ ɨɩɪɟɞɟɥɹɟɬ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɥɚɜɥɟɧɢɹ ɨɫɧɨɜɧɨɝɨ ɢ ɩɪɢɫɚɞɨɱɧɨɝɨ ɦɚɬɟɪɢɚɥɨɜ, ɧɚɩɪɚɜɥɟɧɢɟ ɢ 

ɩɨɥɧɨɬɭ ɩɪɨɬɟɤɚɧɢɹ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɜ ɫɜɚɪɨɱɧɨɣ ɜɚɧɧɟ, ɭɫɥɨɜɢɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɬɪɭɤ-
ɬɭɪɵ ɦɟɬɚɥɥɚ ɲɜɚ ɢ ɡɨɧɵ ɬɟɪɦɢɱɟɫɤɨɝɨ ɜɥɢɹɧɢɹ. ɍɫɥɨɜɢɹ ɧɚɝɪɟɜɚ ɢ ɨɯɥɚɠɞɟɧɢɹ ɜɨ ɦɧɨɝɨɦ ɨɩɪɟɞɟ-
ɥɹɸɬ ɯɚɪɚɤɬɟɪ ɢ ɭɪɨɜɟɧɶ ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɫɜɚɪɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ, ɚ ɬɚɤɠɟ ɟɟ ɞɟɮɨɪɦɚɰɢɸ. 

ɉɨɷɬɨɦɭ ɜ ɢɧɠɟɧɟɪɧɨɣ ɩɪɚɤɬɢɤɟ ɱɚɫɬɨ ɜɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɪɚɫɱɟɬɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚ-
ɬɭɪɧɨ-ɜɪɟɦɟɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɬɟɪɦɢɱɟɫɤɢɯ ɰɢɤɥɨɜ ɫɜɚɪɤɢ ɜ ɪɚɡɥɢɱɧɵɯ ɡɨɧɚɯ ɫɜɚɪɢɜɚɟɦɵɯ ɞɟɬɚɥɟɣ, 

ɪɚɡɦɟɪɨɜ ɡɨɧ ɧɚɝɪɟɜɚ, ɫɤɨɪɨɫɬɟɣ ɧɚɝɪɟɜɚ ɢ ɨɯɥɚɠɞɟɧɢɹ [1,2].  

ȼ ɫɟɪɟɞɢɧɟ ɏɏ ɜ. Ɋɵɤɚɥɢɧɵɦ ɇ.ɇ.ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɜɵɤɥɚɞɤɢ ɞɥɹ ɪɚɫɱɟɬɚ ɬɟɦɩɟ-
ɪɚɬɭɪɧɵɯ ɩɨɥɟɣ ɜ ɬɟɥɚɯ ɩɪɢ ɢɯ ɧɚɝɪɟɜɟ ɪɚɡɥɢɱɧɵɦɢ ɢɫɬɨɱɧɢɤɚɦɢ ɬɟɩɥɨɬɵ. 

Ɉɞɧɚɤɨ ɫɭɳɟɫɬɜɭɸɳɢɟ ɪɚɛɨɬɵ ɜ ɞɚɧɧɨɣ ɨɛɥɚɫɬɢ ɜ ɨɫɧɨɜɧɨɦ ɧɚɩɪɚɜɥɟɧɵ ɧɚ ɩɪɨɰɟɫɫɵ ɫɜɚɪɤɢ 

ɫɨ ɫɬɚɰɢɨɧɚɪɧɵɦ ɞɜɢɠɟɧɢɟɦ ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ. 

ɉɪɢ ɷɬɨɦ ɜ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ, ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɫɜɚɪɧɵɯ ɦɟɬɚɥɥɨɤɨɧɫɬɪɭɤɰɢɣ, ɜɫɟ ɛɨɥɟɟ ɲɢɪɨɤɨɟ 
ɩɪɢɦɟɧɟɧɢɟ ɧɚɯɨɞɹɬ ɫɩɨɫɨɛɵ ɫɜɚɪɤɢ ɫ ɭɩɪɚɜɥɹɟɦɵɦ ɤɚɩɥɟɩɟɪɟɧɨɫɨɦ ɷɥɟɤɬɪɨɞɧɨɝɨ ɦɟɬɚɥɥɚ (ɍɄɗɉ) [3]. 

ȼ ɨɫɧɨɜɭ ɩɪɨɰɟɫɫɚ ɞɭɝɨɜɨɣ ɫɜɚɪɤɢ ɫ ɍɄɗɉ, ɩɨɥɨɠɟɧɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɫɢɥɵ 

(ɫɢɥɵ ɢɧɟɪɰɢɢ, ɞɟɣɫɬɜɭɸɳɟɣ ɜ ɩɟɪɢɨɞ ɬɨɪɦɨɠɟɧɢɹ ɷɥɟɤɬɪɨɞɚ), ɤɨɬɨɪɚɹ ɩɪɢɤɥɚɞɵɜɚɹɫɶ ɤ ɤɚɩɥɟ, ɪɟɡ-
ɤɨ ɢɡɦɟɧɹɟɬ ɯɚɪɚɤɬɟɪ ɩɥɚɜɥɟɧɢɹ ɢ ɩɟɪɟɧɨɫɚ ɷɥɟɤɬɪɨɞɧɨɝɨ ɦɟɬɚɥɥɚ ɚɧɚɥɨɝɢɱɧɨ ɢɦɩɭɥɶɫɭ ɷɥɟɤɬɪɨɞɢ-

ɧɚɦɢɱɟɫɤɨɣ ɫɢɥɵ ɩɪɢ ɢɦɩɭɥɶɫɧɨ - ɞɭɝɨɜɨɦ ɩɪɨɰɟɫɫɟ. 
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ȼ ɤɚɱɟɫɬɜɟ ɡɚɳɢɬɧɨɝɨ ɝɚɡɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɦɟɫɶ (70%Ar+30%CO2), ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɨɛɟɫɩɟɱɢɬɶ 
ɥɭɱɲɟɟ ɮɨɪɦɢɪɨɜɚɧɢɟ ɲɜɚ ɢ ɦɟɧɶɲɭɸ ɜɟɥɢɱɢɧɭ ɪɚɡɛɪɵɡɝɢɜɚɧɢɹ ɷɥɟɤɬɪɨɞɧɨɝɨ ɦɟɬɚɥɥɚ, ɱɟɦ ɩɪɢ 

ɫɜɚɪɤɟ ɜ ɱɢɫɬɨɦ ɭɝɥɟɤɢɫɥɨɦ ɝɚɡɟ [4]. 

ɐɟɥɶ ɪɚɛɨɬɵ: Ⱥɞɚɩɬɚɰɢɹ ɫɭɳɟɫɬɜɭɸɳɟɣ ɤɥɚɫɫɢɱɟɫɤɨɣ ɬɟɨɪɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɵɯ 
ɩɨɥɟɣ ɞɥɹ ɫɩɨɫɨɛɚ ɫɜɚɪɤɢ ɫ ɍɄɗɆ ɜ ɫɦɟɫɢ ɝɚɡɨɜ 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɛɚɡɨɜɵɦɢ ɛɵɥɢ ɜɡɹɬɵ: 

- ɚɥɝɨɪɢɬɦ ɪɚɫɱɟɬɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɩɪɟɞɟɥɶɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɨɬ ɥɢɧɟɣɧɨɝɨ 
ɢɫɬɨɱɧɢɤɚ ɩɨɫɬɨɹɧɧɨɣ ɦɨɳɧɨɫɬɢ, ɞɜɢɠɭɳɟɝɨɫɹ ɩɪɹɦɨɥɢɧɟɣɧɨ ɫ ɩɨɫɬɨɹɧɧɨɣ ɫɤɨɪɨɫɬɶɸ, ɜ ɛɟɫɤɨɧɟɱ-
ɧɨɣ ɩɥɚɫɬɢɧɟ ɫ ɬɟɩɥɨɨɬɞɚɱɟɣ [1]  
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v

4ba
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rV
Ko(e
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q
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2

ɫɜ2a

xVɫɜ


 ((1) 

ɝɞɟ q – ɷɮɮɟɤɬɢɜɧɚɹ ɬɟɩɥɨɜɚɹ ɦɨɳɧɨɫɬɶ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɩɨ ɮɨɪɦɭɥɟ: 
ɝɞɟ Ș – ɤ.ɩ.ɞ. ɢɫɬɨɱɧɢɤɚ. 
       Ȝ – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ; 

       ɚ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ; 

       b – ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɨɬɞɚɱɢ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɮɨɪɦɭɥɟ: 
       į – ɬɨɥɳɢɧɚ ɦɟɬɚɥɥɚ; 
      Vɫɜ – ɫɤɨɪɨɫɬɶ ɫɜɚɪɤɢ; 

       x – ɪɚɫɫɬɨɹɧɢɟ ɜɞɨɥɶ ɨɫɢ Ɉɯ ɨɬ ɢɫɬɨɱɧɢɤɚ ɞɨ ɬɨɱɤɢ, ɛɟɪɟɬɫɹ ɫɨ ɡɧɚɤɨɦ ɩɥɸɫ ɟɫɥɢ ɬɨɱɤɚ 
ɧɚɯɨɞɢɬɫɹ ɜɩɟɪɟɞɢ ɢɫɬɨɱɧɢɤɚ, ɢ ɫɨ ɡɧɚɤɨɦ ɦɢɧɭɫ, ɟɫɥɢ ɬɨɱɤɚ – ɩɨɡɚɞɢ ɢɫɬɨɱɧɢɤɚ. 

      Ko(U) – ɤɨɷɮɮɢɰɢɟɧɬ Ȼɟɫɫɟɥɹ ɧɭɥɟɜɨɝɨ ɩɨɪɹɞɤɚ, ɛɟɪɟɬɫɹ ɩɨ ɬɚɛɥɢɰɟ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɟ-
ɥɢɱɢɧɵ ɚɪɝɭɦɟɧɬɚ U; 

       r – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɢɫɬɨɱɧɢɤɚ ɞɨ ɬɨɱɤɢ, ɜ ɤɨɬɨɪɨɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɚ, ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɩɨ ɮɨɪɦɭɥɟ: 

ɝɞɟ y - ɪɚɫɫɬɨɹɧɢɟ ɜɞɨɥɶ ɨɫɢ Ɉy ɨɬ ɢɫɬɨɱɧɢɤɚ ɞɨ ɬɨɱɤɢ, ɛɟɪɟɬɫɹ ɫɨ ɡɧɚɤɨɦ ɩɥɸɫ ɟɫɥɢ ɬɨɱɤɚ ɧɚ-
ɯɨɞɢɬɫɹ ɜɩɟɪɟɞɢ ɢɫɬɨɱɧɢɤɚ, ɢ ɫɨ ɡɧɚɤɨɦ ɦɢɧɭɫ, ɟɫɥɢ ɬɨɱɤɚ – ɩɨɡɚɞɢ ɢɫɬɨɱɧɢɤɚ. 

- ɚɥɝɨɪɢɬɦ ɪɚɫɱɟɬɚ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ: 

,

V

q

)T(T
2ʌȦ(T)

ɫɜ

3
ɧ

2












 ɫ  

(2) 

Ⱦɚɧɧɵɟ ɜɵɪɚɠɟɧɢɹ ɬɪɟɛɭɸɬ ɚɞɚɩɬɚɰɢɢ ɜɫɥɟɞɫɬɜɢɟ ɬɨɝɨ, ɱɬɨ ɜ ɩɪɨɰɟɫɫɟ ɫɜɚɪɤɢ ɫ ɍɄɗɆ ɩɪɨ-
ɢɫɯɨɞɢɬ ɩɨɫɬɨɹɧɧɨɟ ɢɡɦɟɧɟɧɢɟ ɞɥɢɧɵ ɞɭɝɢ ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫɢɥɵ ɬɨɤɚ, ɚɦɩɥɢɬɭɞɚ ɬɨɤɚ ɡɚ ɨɞɢɧ ɩɟ-
ɪɢɨɞ ɤɚɩɥɟɩɟɪɟɧɨɫɚ ɢɡɦɟɧɹɟɬɫɹ ɜ ɩɪɟɞɟɥɚɯ ɨɬ 64 ɞɨ 368Ⱥ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɷɬɨɝɨ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɨɩ-

ɪɟɞɟɥɹɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɞɥɢɬɟɥɶɧɨɫɬɢ ɤɚɠɞɨɝɨ ɢɡ ɞɜɭɯ ɩɟɪɢɨɞɨɜ (ɪɢɫɭɧɨɤ 1). 

 

 

Ɋɢɫ. 1. Ɉɫɰɢɥɥɨɝɪɚɦɦɚ ɩɪɨɰɟɫɫɚ ɫɜɚɪɤɢ ɫ ɭɩɪɚɜɥɹɟɦɵɦ ɤɚɩɥɟɩɟɪɟɧɨɫɨɦ ɷɥɟɤɬɪɨɞɧɨɝɨ ɦɟɬɚɥɥɚ  
ɜ ɫɦɟɫɢ ɝɚɡɨɜ 

 



 

 

 

 

 

ȼɫɟɪɨɫɫɢɣɫɤɚɹ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ, ɚɫɩɢɪɚɧɬɨɜ ɢ ɫɬɭɞɟɧɬɨɜ 
«Ɇɚɬɟɦɚɬɢɤɚ ɜ ɟɫɬɟɫɬɜɟɧɧɨɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ» 
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Ɉɫɧɨɜɵɜɚɹɫɶ ɧɚ ɩɨɥɭɱɟɧɧɵɯ ɨɫɰɢɥɥɨɝɪɚɦɦɚɯ ɪɚɫɱɟɬ ɷɮɮɟɤɬɢɜɧɨɣ ɬɟɩɥɨɜɨɣ ɦɨɳɧɨɫɬɢ ɢɫɬɨɱ-
ɧɢɤɚ ɬɟɩɥɨɬɵ ɫɥɟɞɭɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶ ɫɨɝɥɚɫɧɨ ɮɨɪɦɭɥɟ: 
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)t(I)t(I
ȘU(q

ɰ
2211 

  ((3) 

ɝɞɟ t1 – ɞɥɢɬɟɥɶɧɨɫɬɶ ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ ɩɪɢ ɤɨɪɨɬɤɨɦ ɡɚɦɵɤɚɧɢɢ, ɫ; t2 – ɞɥɢɬɟɥɶɧɨɫɬɶ ɫɜɚɪɨɱɧɨ-
ɝɨ ɬɨɤɚ ɜ ɩɟɪɢɨɞ ɨɛɪɚɡɨɜɚɧɢɹ ɤɚɩɥɢ ɷɥɟɤɬɪɨɞɧɨɝɨ ɦɟɬɚɥɥɚ, ɫ; tɰ – ɞɥɢɬɟɥɶɧɨɫɬɶ ɰɢɤɥɚ ɫɜɚɪɤɢ. 

ɇɚ ɨɫɧɨɜɟ ɜɵɪɚɠɟɧɢɹ (3) ɚɥɝɨɪɢɬɦɵ ɪɚɫɱɟɬɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɨɥɟɣ ɧɚ ɩɨɜɟɪɯ-
ɧɨɫɬɢ ɢɡɞɟɥɢɹ (T) ɢ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɧɚ ɨɫɢ ɲɜɚ ɩɪɢ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ (Ȧ(T)) ɛɭɞɭɬ ɜɵɝɥɹ-
ɞɟɬɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
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(5) 

 

ぢëÜçñë¡í íÑñ¡çíöÖÜïöó ½ÜÑñ¿ó. ɉɪɨɜɟɪɤɚ ɚɞɟɤɜɚɬɧɨɫɬɢ ɦɨɞɟɥɟɣ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɫɜɚɪɤɟ ɫɟ-
ɪɢɢ ɨɛɪɚɡɰɨɜ ɫɬɵɤɨɜɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɛɟɡ ɡɚɡɨɪɚ. ȼ ɫɨɫɬɚɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɜɯɨɞɢɥɢ: ɚɜ-
ɬɨɦɚɬɢɱɟɫɤɚɹ ɫɜɚɪɨɱɧɚɹ ɝɨɥɨɜɤɚ Ƚɋɉ-2, ɭɤɨɦɩɥɟɤɬɨɜɚɧɧɚɹ ɦɟɯɚɧɢɡɦɨɦ ɨɛɟɫɩɟɱɢɜɚɸɳɢɦ ɭɩɪɚɜɥɹɟ-
ɦɵɦ ɩɟɪɟɧɨɫ ɷɥɟɤɬɪɨɞɧɨɝɨ ɦɟɬɚɥɥɚ [5], ɢɫɬɨɱɧɢɤ ɩɢɬɚɧɢɹ ȼɋ-300Ȼ, ɫɦɟɫɢɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɫɨ-
ɫɬɨɹɳɟɟ ɢɡ ɬɪɟɯ ɪɨɬɚɦɟɬɪɨɜ ɢ ɫɦɟɫɢɬɟɥɶɧɨɣ ɤɚɦɟɪɵ. 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɩɥɚɫɬɢɧɵ, ɢɡ ɫɬɚɥɢ 12ɏ18ɇ9Ɍ (ɬɨɥɳɢɧɨɣ 3ɦɦ); 

ɉɪɢ ɫɜɚɪɤɟ ɫɬɚɥɢ ɚɭɫɬɟɧɢɬɧɨɝɨ ɤɥɚɫɫɚ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɫɜɚɪɨɱɧɚɹ ɩɪɨɜɨɥɨɤɚ 12ɏ18ɇ9Ɍ (ɞɢɚ-
ɦɟɬɪɨɦ 1ɦɦ). 

Ɋɟɠɢɦɵ ɫɜɚɪɤɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. 

Ɍɚɛɥɢɰɚ 1  

Ɋɟɠɢɦɵ ɫɜɚɪɤɢ 

ɋɩɨɫɨɛ ɫɜɚɪɤɢ 
Ɇɚɪɤɚ  

ɦɚɬɟɪɢɚɥɚ I, A U, B Ș 
Ȝ, 

ȼɬ/(ɫɦ·Ʉ) 

Į, 

ɫɦ2/ɫ 
ɫȡ, Ⱦɠ/ 

(ɫɦ3·Ʉ) 
V, ɫɦ/c 

ɋɜɚɪɤɚ ɫ ɍɉɗɉ ɜ 
ɫɪɟɞɟ Ar 

12ɏ18ɇ9Ɍ 70 18 0,7 0,25 0,06 4,7 0,14 

ɋɜɚɪɤɚ ɫ ɍɉɗɉ ɜ 
ɫɪɟɞɟ ɡɚɳɢɬɧɵɯ 
ɝɚɡɨɜ 
70%Ar+30%ɋɈ2 

12ɏ18ɇ9Ɍ 70 18 0,72 0,25 0,06 4,7 0,2 

 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɨɥɟɣ ɢ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ 
ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɩɨ ɫɪɟɞɫɬɜɚɦ ɬɟɩɥɨɜɢɡɢɨɧɧɨɣ ɚɩɩɚɪɚɬɭɪɵ ThermaCAM (ɮɨɪɦɚɬ ɤɚɞɪɚ 320×240 ɷɥɟ-
ɦɟɧɬɨɜ, ɬɟɦɩɟɪɚɬɭɪɧɚɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ -0,05°ɋ,), ɫ ɱɚɫɬɨɬɨɣ 1 ɤɚɞ/ɫɟɤ.  

Ⱦɥɹ ɨɛɪɚɛɨɬɤɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɦɟɬɨɞɢɤɚ, ɨɩɢɫɚɧɧɚɹ ɜ ɪɚɛɨɬɟ [6], 

ɡɚɤɥɸɱɚɸɳɚɹɫɹ ɜ ɬɨɦ, ɱɬɨ ɢɦɟɸɳɟɟɫɹ ɢɫɯɨɞɧɨɟ ɬɟɩɥɨɜɢɡɢɨɧɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɨɛɪɚɛɚɬɵɜɚɟɬɫɹ ɩɨ 
ɫɪɟɞɫɬɜɚ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɩɚɤɟɬɚ MATLAB, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɩɨɥɭɱɚɸɬɫɹ ɢɡɨɛɪɚɠɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪ-
ɧɵɯ ɩɨɥɟɣ (ɬɟɪɦɨɝɪɚɦɦ). 

Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɡɧɚɱɟɧɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɨɥɟɣ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɫ ɩɨɦɨɳɶɸ 

ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɩɪɢɥɨɠɟɧɢɟ «Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɬɟɩɥɨɜɵɯ ɩɨɥɟɣ ɩɪɢ ɫɜɚɪɤɟ» [7].  

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢ ɪɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɨɥɟɣ ɩɪɟɞɫɬɚɜɥɟɧɵ 

ɧɚ ɪɢɫɭɧɤɟ 2. 



 

 

 

 

 

 

ɋɟɤɰɢɹ 2: Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɬɟɯɧɢɱɟɫɤɢɯ ɢ ɷɤɨɥɨɝɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɫɢɫɬɟɦ 
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ɚ)                                    ɛ)  

ɜ)                                     ɝ) 

ɞ)  
ɠ) 

ɟ)  
ɡ) 

Ɋɢɫ. 2. Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɩɨɥɹ: 
ɚ, ɞ) ɫɜɚɪɤɚ ɫ ɍɉɗɉ ɜ ɫɪɟɞɟ ɱɢɫɬɨɝɨ Ar ɫɬɚɥɢ 12ɏ18ɇ9Ɍ (ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ); 

ɛ, ɟ) ɫɜɚɪɤɚ ɫ ɍɉɗɉ ɜ ɫɪɟɞɟ ɡɚɳɢɬɧɵɯ ɝɚɡɨɜ 70%Ar+30%ɋɈ2 ɫɬɚɥɢ 12ɏ18ɇ9Ɍ (ɷɤɫɩɟɪɢɦɟɧ-

ɬɚɥɶɧɵɟ); ɜ, ɠ) ɫɜɚɪɤɚ ɫ ɍɉɗɉ ɜ ɫɪɟɞɟ ɱɢɫɬɨɝɨ Ar ɫɬɚɥɢ 12ɏ18ɇ9Ɍ (ɪɚɫɱɟɬɧɵɟ); ɝ, ɡ) ɫɜɚɪɤɚ ɫ 
ɍɉɗɉ ɜ ɫɪɟɞɟ ɡɚɳɢɬɧɵɯ ɝɚɡɨɜ 70%Ar+30%ɋɈ2 ɫɬɚɥɢ 12ɏ18ɇ9Ɍ (ɪɚɫɱɟɬɧɵɟ) 

 

ȼɵɜɨɞ: ɉɨɥɭɱɟɧɵ ɚɞɚɩɬɢɪɨɜɚɧɧɵɟ ɚɥɝɨɪɢɬɦɵ ɪɚɫɱɟɬɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɨɥɟɣ ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɢ ɢɡɞɟɥɢɹ ɢ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɧɚ ɨɫɢ ɲɜɚ ɩɪɢ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɭɱɢɬɵɜɚɸɳɢɟ 
ɩɪɨɰɟɫɫ ɢɡɦɟɧɟɧɢɹ ɞɥɢɧɵ ɞɭɝɢ ɡɚ ɨɞɢɧ ɩɟɪɢɨɞ ɤɚɩɥɟɩɟɪɟɧɨɫɚ ɷɥɟɤɬɪɨɞɧɨɝɨ. ɋɪɚɜɧɟɧɢɟ ɷɤɫɩɟɪɢɦɟɧ-

ɬɚɥɶɧɵɯ ɢ ɪɚɫɱɟɬɧɵɯ ɡɧɚɱɟɧɢɣ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɨɥɟɣ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɢɡɞɟɥɢɹ ɩɨɤɚɡɚ-
ɥɨ ɚɞɟɤɜɚɬɧɨɫɬɶ ɦɨɞɟɥɢ ɩɪɢ 8% ɭɪɨɜɧɟ ɡɧɚɱɢɦɨɫɬɢ, ɚ ɚɞɟɤɜɚɬɧɨɫɬɶ ɪɚɫɱɟɬɚ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɧɚ 
ɨɫɢ ɲɜɚ ɩɪɢ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ – 7%. 
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Ɍɪɚɧɫɦɢɫɫɢɹ ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɨɫɧɨɜɧɵɯ ɫɢɫɬɟɦ ɝɟɨɯɨɞɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɩɟɪɟɞɚɱɭ ɭɫɢɥɢɹ 
ɜɧɟɲɧɟɦɭ ɞɜɢɠɢɬɟɥɸ, ɢ ɮɨɪɦɢɪɨɜɚɧɢɟ ɧɚɩɨɪɧɨɝɨ ɭɫɢɥɢɹ ɧɚ ɢɫɩɨɥɧɢɬɟɥɶɧɨɦ ɨɪɝɚɧɟ.  

ɇɚ ɤɚɮɟɞɪɟ ɝɨɪɧɨ-ɲɚɯɬɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɦɵ ɡɚɧɢɦɚɟɦɫɹ ɧɚɭɱɧɨɣ ɪɚɛɨɬɨɣ. Ɉɛɴɟɤɬɨɦ ɧɚɲɟɝɨ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɝɟɨɯɨɞ, ɚ ɤɨɧɤɪɟɬɧɨ ɟɝɨ ɬɪɚɧɫɦɢɫɫɢɹ. ɇɚɦ ɛɵɥɚ ɩɨɫɬɚɜɥɟɧɚ ɡɚɞɚɱɚ: ɧɚɣɬɢ 

ɜɪɚɳɚɸɳɢɣ ɦɨɦɟɧɬ ɬɪɚɧɫɦɢɫɫɢɢ ɝɟɨɯɨɞɚ, ɪɚɡɜɢɜɚɟɦɵɣ ɝɢɞɪɨɰɢɥɢɧɞɪɚɦɢ ɩɨ ɦɟɪɟ ɜɵɞɜɢɠɟɧɢɹ ɢɯ 
ɲɬɨɤɨɜ. ɂɫɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ɛɵɥɚ ɮɨɪɦɭɥɚ: 
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ɝɞɟ – ɉD  – ɞɢɚɦɟɬɪ ɩɨɪɲɧɹ ɝɢɞɪɨɰɢɥɢɧɞɪɚ, ɦ; ɌɊp  – ɞɚɜɥɟɧɢɟ, ɩɨɞɜɨɞɢɦɨɟ ɜ ɩɨɪɲɧɟɜɭɸ 

ɩɨɥɨɫɬɶ ɝɢɞɪɨɰɢɥɢɧɞɪɚ, ɉɚ; ɒɌɍɋɌD .
 – ɞɢɚɦɟɬɪ ɨɤɪɭɠɧɨɫɬɢ ɜɪɚɳɟɧɢɹ ɰɚɩɮɵ (ɭɫɬɚɧɨɜɤɢ ɰɚɩɮɵ) 

ɲɬɨɤɚ ɧɚ ɝɨɥɨɜɧɨɣ ɫɟɤɰɢɢ, ɦ; ȽɐɍɋɌD .
 – ɞɢɚɦɟɬɪ ɨɤɪɭɠɧɨɫɬɢ ɭɫɬɚɧɨɜɤɢ ɰɚɩɮɵ ɤɨɪɩɭɫɚ ɝɢɞɪɨɰɢɥɢɧ-

ɞɪɚ ɧɚ ɨɛɟɱɚɣɤɟ ɯɜɨɫɬɨɜɨɣ ɫɟɤɰɢɢ, ɦ (ɮɢɤɫɢɪɨɜɚɧɧɨɟ ɡɧɚɱɟɧɢɟ, ɨɩɪɟɞɟɥɹɟɦɨɟ ɤɨɧɫɬɪɭɤɬɢɜɧɨ); 
)( 0 L  – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɨɫɶɸ ɰɚɩɮɵ ɤɨɪɩɭɫɚ ɝɢɞɪɨɰɢɥɢɧɞɪɚ ɢ ɨɫɶɸ ɰɚɩɮɵ ɲɬɨɤɚ ɜ ɩɪɨɢɡɜɨɥɶ-

ɧɨɦ ɩɨɥɨɠɟɧɢɢ, ɦ; 
0L  – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɰɚɩɮɚɦɢ ɤɨɪɩɭɫɚ ɢ ɲɬɨɤɚ ɝɢɞɪɨɰɢɥɢɧɞɪɚ ɜ ɫɥɨɠɟɧɧɨɦ 

ɫɨɫɬɨɹɧɢɢ (ɩɪɢ ɦɢɧɢɦɚɥɶɧɨɣ ɪɚɡɞɜɢɠɧɨɫɬɢ), ɦ;   – ɬɟɤɭɳɚɹ ɜɟɥɢɱɢɧɚ ɜɵɞɜɢɠɟɧɢɹ ɲɬɨɤɚ ɝɢɞɪɨɰɢ-

ɥɢɧɞɪɚ, ɦ. 

ɂɫɯɨɞɹ ɢɡ ɩɨɥɭɱɟɧɧɨɝɨ ɨɩɵɬɚ, ɩɪɢ ɢɡɭɱɟɧɢɢ Microsoft Excel, ɦɵ ɩɪɢɲɥɢ ɤ ɜɵɜɨɞɭ, ɱɬɨ ɜɪɚ-
ɳɚɸɳɢɣ ɦɨɦɟɧɬ ɦɨɠɧɨ ɜɵɱɢɫɥɢɬɶ ɫ ɩɨɦɨɳɶɸ ɨɩɪɟɞɟɥɺɧɧɨɝɨ ɢɧɬɟɝɪɚɥɚ ɜ Microsoft Excel. 

ɋɨɡɞɚɺɦ ɮɚɣɥ Microsoft Excel. ȼ ɩɟɪɜɨɣ ɫɬɪɨɤɟ ɩɢɲɟɦ ɤɨɷɮɮɢɰɢɟɧɬɵ. ȼɨ ɜɬɨɪɨɣ ɫɬɪɨɤɟ ɡɚ-
ɩɨɥɧɹɟɦ ɢɯ ɡɧɚɱɟɧɢɹ.  
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