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2 ȼȼȿȾȿɇɂȿ 

Ȼɭɪɧɨɟ ɪɚɡɜɢɬɢɟ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɣ ɢ ɧɟɮɬɟɩɟɪɟɪɚɛɚɬɵɜɚɸɳɟɣ 

ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɚ ɬɚɤɠɟ ɜɨɞɨɪɨɞɧɨɣ ɷɧɟɪɝɟɬɢɤɢ ɭɜɟɥɢɱɢɜɚɟɬ ɞɨɥɸ 

ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɣ, ɩɨɞɜɟɪɠɟɧɧɵɯ ɰɢɤɥɢɱɟɫɤɨɦɭ ɧɚɝɪɭɠɟɧɢɸ ɜ 

ɭɫɥɨɜɢɹɯ ɞɥɢɬɟɥɶɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɢɯ ɫɪɟɞ. Ʉɚɤ ɢɡɜɟɫɬɧɨ, 

ɧɟ ɬɨɥɶɤɨ ɭɩɨɦɹɧɭɬɵɟ ɜɵɲɟ ɫɮɟɪɵ ɞɟɹɬɟɥɶɧɨɫɬɢ ɫɜɹɡɚɧɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɜɨɞɨɪɨɞɚ. ɉɟɪɫɩɟɤɬɢɜɧɵɟ ɪɚɤɟɬɧɨ-ɤɨɫɦɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ, ɫɭɞɨɫɬɪɨɟɧɢɟ, 

ɦɟɬɚɥɥɨɨɛɪɚɛɨɬɤɚ – ɥɢɲɶ ɧɟɦɧɨɝɢɟ ɨɛɥɚɫɬɢ ɬɟɯɧɢɤɢ, ɝɞɟ ɜɨɡɧɢɤɚɟɬ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɵɣ ɤɨɧɬɚɤɬ ɦɟɬɚɥɥɚ ɫ ɜɨɞɨɪɨɞɨɦ. 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɦɧɨɝɢɯ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ 

ɜɨɞɨɪɨɞ ɧɟɝɚɬɢɜɧɨ ɜɥɢɹɟɬ ɧɚ ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɧɨɝɢɯ 

ɤɨɧɬɚɤɬɢɪɭɸɳɢɯ ɫ ɧɢɦ ɦɟɬɚɥɥɨɜ ɢ ɫɩɥɚɜɨɜ ɪɚɡɥɢɱɧɵɯ ɷɥɟɦɟɧɬɨɜ 

ɤɨɧɫɬɪɭɤɰɢɣ, ɱɬɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɢɯ ɩɪɟɠɞɟɜɪɟɦɟɧɧɨɦɭ ɜɵɯɨɞɭ ɢɡ ɫɬɪɨɹ.  

Ʉ ɫɤɚɡɚɧɧɨɦɭ ɜɵɲɟ ɫɥɟɞɭɟɬ ɞɨɛɚɜɢɬɶ, ɱɬɨ ɬɚɤɢɟ ɷɥɟɦɟɧɬɵ ɤɚɤ 

ɤɪɟɩɟɠɧɵɟ ɞɟɬɚɥɢ, ɢɡɝɨɬɨɜɥɟɧɧɵɟ ɢɡ ɜɵɫɨɤɨɩɪɨɱɧɵɯ ɫɬɚɥɟɣ, ɤɨɪɩɭɫɚ 

ɩɚɪɨɜɵɯ ɤɨɬɥɨɜ, ɬɪɭɛɨɩɪɨɜɨɞɵ ɞɥɹ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ ɧɟɮɬɢ ɢ ɞɪ. ɦɨɝɭɬ 

ɜɧɟɡɚɩɧɨ ɯɪɭɩɤɨ ɪɚɡɪɭɲɢɬɶɫɹ ɛɥɚɝɨɞɚɪɹ ɜɨɡɞɟɣɫɬɜɢɸ ɜɨɞɨɪɨɞɚ. 

ɉɨɜɵɲɟɧɢɟ ɧɚɞɟɠɧɨɫɬɢ, ɪɟɫɭɪɫɚ ɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɷɥɟɦɟɧɬɨɜ 

ɤɨɧɫɬɪɭɤɰɢɣ ɩɪɢ ɫɬɚɬɢɱɟɫɤɨɦ ɢɥɢ ɰɢɤɥɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟɧɢɢ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ 

ɭɫɥɨɜɢɹɯ ɜɨɡɞɟɣɫɬɜɢɹ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɢɯ ɫɪɟɞ ɨɩɪɟɞɟɥɹɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ 

ɪɚɡɪɚɛɨɬɤɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɦɨɞɟɥɟɣ. 

ɋɭɳɟɫɬɜɭɸɳɢɟ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɪɚɛɨɬɵ, ɩɨɫɜɹɳɟɧɧɵɟ ɪɚɡɪɚɛɨɬɤɟ 

ɦɨɞɟɥɟɣ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɬɪɟɳɢɧ ɜ ɷɥɟɦɟɧɬɚɯ ɤɨɧɫɬɪɭɤɰɢɣ ɩɪɢ ɫɬɚɬɢɱɟɫɤɨɦ 

ɢ ɰɢɤɥɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟɧɢɢ ɫ ɭɱɟɬɨɦ ɜɨɡɞɟɣɫɬɜɢɹ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɢɯ ɫɪɟɞ, 

ɬɪɟɛɭɸɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɨɛɥɚɫɬɢ ɨɩɢɫɚɧɢɹ ɩɪɨɰɟɫɫɨɜ 

ɞɢɮɮɭɧɞɢɪɨɜɚɧɢɹ ɜɨɞɨɪɨɞɚ, ɜɜɟɞɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɤɪɢɬɟɪɢɟɜ 

ɪɚɡɪɭɲɟɧɢɹ, ɚ ɬɚɤɠɟ ɪɚɡɪɚɛɨɬɤɢ ɦɨɞɟɥɟɣ ɢ ɦɟɬɨɞɨɜ ɧɚ ɢɯ ɨɫɧɨɜɟ ɞɥɹ ɨɰɟɧɤɢ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɬɪɟɳɢɧ ɜ ɪɚɡɥɢɱɧɵɯ ɷɥɟɦɟɧɬɚɯ ɤɨɧɫɬɪɭɤɰɢɣ. 
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Аɤɬɭɚɥɶɧɨɫɬɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɪɚɡɪɚɛɨɬɤɟ ɭɬɨɱɧɟɧɧɵɯ 

ɦɟɬɨɞɨɜ ɨɰɟɧɤɢ ɪɟɫɭɪɫɚ ɢ ɩɪɟɞɟɥɶɧɵɯ ɫɨɫɬɨɹɧɢɣ, ɤɨɬɨɪɵɟ ɬɪɟɛɭɸɬ ɫɨɡɞɚɧɢɹ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɦɟɬɨɞɢɤ ɢ ɞɟɮɨɪɦɚɰɢɨɧɧɨ-ɤɢɧɟɬɢɱɟɫɤɢɯ ɤɪɢɬɟɪɢɟɜ 

ɧɚɤɨɩɥɟɧɢɹ ɩɨɜɪɟɠɞɟɧɢɣ ɫ ɭɱɟɬɨɦ ɜɥɢɹɧɢɹ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ ɩɪɢ 

ɫɬɚɬɢɱɟɫɤɨɦ ɢ ɰɢɤɥɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟɧɢɢ. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɪɚɡɪɚɛɨɬɚɧɧɭɸ ɚɜɬɨɪɨɦ ɦɟɬɨɞɢɤɭ ɦɨɠɧɨ ɬɚɤɠɟ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɨɰɟɧɤɢ ɞɨɩɭɫɤɚɟɦɵɯ ɪɚɡɦɟɪɨɜ ɇɉɌȾ (ɧɚɱɚɥɶɧɵɯ 

ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɞɟɮɟɤɬɨɜ), ɬɢɩɚ ɬɪɟɳɢɧ, ɩɨ ɡɚɪɚɧɟɟ 

ɢɡɜɟɫɬɧɨɣ ɞɨɥɝɨɜɟɱɧɨɫɬɢ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɷɥɟɦɟɧɬɚ ɤɨɧɫɬɪɭɤɰɢɢ. ɗɬɨ 

ɩɨɡɜɨɥɢɬ ɨɰɟɧɢɬɶ ɛɟɡɨɩɚɫɧɨɫɬɶ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ 

ɤɨɧɫɬɪɭɤɰɢɣ. 

ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɢɤɢ ɨɰɟɧɤɢ ɪɨɫɬɚ ɬɪɟɳɢɧ ɜ 

ɷɥɟɦɟɧɬɚɯ ɤɨɧɫɬɪɭɤɰɢɣ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɬɚɬɢɱɟɫɤɨɝɨ ɢ ɰɢɤɥɢɱɟɫɤɨɝɨ 

ɧɚɝɪɭɠɟɧɢɹ ɜ ɭɫɥɨɜɢɹɯ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ ɞɥɹ ɨɛɨɫɧɨɜɚɧɢɹ 

ɢɫɯɨɞɧɨɝɨ ɢ ɩɪɨɞɥɟɧɢɹ ɪɟɫɭɪɫɚ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ.  

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɩɪɟɞɩɨɥɚɝɚɥɨɫɶ, ɱɬɨ ɜɨɞɨɪɨɞ ɩɪɨɧɢɤɚɟɬ ɜ 

ɦɟɬɚɥɥɢɱɟɫɤɢɣ ɦɚɬɟɪɢɚɥ ɩɨɫɪɟɞɫɬɜɨɦ ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ (ɚɛɫɨɪɛɰɢɹ, 

ɚɞɫɨɪɛɰɢɹ ɢ ɬ.ɞ.), ɩɪɨɬɟɤɚɸɳɢɯ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɫɪɟɞɚ-ɦɟɬɚɥɥ, ɨɯɪɭɩɱɢɜɚɹ 

ɩɨɫɥɟɞɧɢɣ. Ʉɢɧɟɬɢɤɚ ɩɪɨɰɟɫɫɚ ɨɩɢɫɵɜɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɭɪɚɜɧɟɧɢɹ ɞɢɮɮɭɡɢɢ 

ɜɨɞɨɪɨɞɚ ɜ ɩɨɥɟ ɧɚɩɪɹɠɟɧɢɣ.  

ɋɨɡɞɚɧɢɟ ɡɚɹɜɥɟɧɧɨɣ ɜ ɪɚɛɨɬɟ ɦɟɬɨɞɢɤɢ ɜɤɥɸɱɚɥɨ ɜ ɫɟɛɹ 
ɫɥɟɞɭɸɳɢɟ ɷɬɚɩɵ: 

1) ȼɵɹɜɥɟɧɢɟ ɨɫɨɛɟɧɧɨɫɬɟɣ ɜɥɢɹɧɢɹ ɜɨɞɨɪɨɞɚ ɧɚ ɫɜɨɣɫɬɜɚ 

ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ – ɝɥɚɜɚ 1. 

2) Ɋɚɫɫɦɨɬɪɟɧɢɟ ɩɪɢɱɢɧ ɢ ɦɟɯɚɧɢɡɦɨɜ ɜɨɞɨɪɨɞɧɨɝɨ ɨɯɪɭɩɱɢɜɚɧɢɹ 

ɦɟɬɚɥɥɨɜ ɢ ɫɩɥɚɜɨɜ  – ɝɥɚɜɚ 1. 

3) Ɋɚɡɪɚɛɨɬɤɚ ɧɨɜɨɣ ɦɟɬɨɞɢɤɢ ɪɨɫɬɚ ɦɚɝɢɫɬɪɚɥɶɧɵɯ ɬɪɟɳɢɧ ɜ 

ɨɯɪɭɩɱɟɧɧɵɯ ɜɨɞɨɪɨɞɨɦ ɦɚɬɟɪɢɚɥɚɯ ɩɪɢ ɫɬɚɬɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟɧɢɢ – 

ɝɥɚɜɚ 2. 
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4) Ɉɩɪɟɞɟɥɟɧɢɟ ɞɨɥɝɨɜɟɱɧɨɫɬɢ ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɣ ɩɪɢ 

ɰɢɤɥɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟɧɢɢ ɜ ɭɫɥɨɜɢɹɯ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ; 

ɚɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɨɜɨɞɢɥɫɹ ɧɚ ɨɫɧɨɜɚɧɢɢ 

ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɢ ɫɪɚɜɧɟɧɢɢ ɩɨɥɭɱɟɧɧɵɯ 

ɪɟɡɭɥɶɬɚɬɨɜ ɫ ɞɚɧɧɵɦɢ ɞɪɭɝɢɯ ɚɜɬɨɪɨɜ – ɝɥɚɜɚ 3. 

5) Ɉɰɟɧɤɚ ɜɨɡɦɨɠɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɟɬɨɞɢɤɢ ɞɥɹ 

ɩɨɜɵɲɟɧɢɹ ɛɟɡɨɩɚɫɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɪɚɡɥɢɱɧɵɯ ɷɥɟɦɟɧɬɨɜ 

ɤɨɧɫɬɪɭɤɰɢɣ ɫ ɬɪɟɳɢɧɚɦɢ ɜ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɟ; ɩɪɨɜɟɞɟɧɨ 

ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɪɚɫɬɪɟɫɤɢɜɚɧɢɹ ɝɢɛɚ ɬɪɭɛɨɩɪɨɜɨɞɚ ɢ ɪɟɡɶɛɨɜɨɝɨ 

ɷɥɟɦɟɧɬɚ; ɨɩɢɫɚɧ ɩɨɞɯɨɞ ɤ ɨɩɢɫɚɧɢɸ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɉɷɪɢɫɚ-

ɗɪɞɨɝɚɧɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɨɡɞɟɣɫɬɜɢɹ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ ɧɚ 

ɦɚɬɟɪɢɚɥ – ɝɥɚɜɚ 4. 

6) Ɋɚɫɱɟɬ ɧɚɞɟɠɧɨɫɬɢ ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɣ ɫ ɬɪɟɳɢɧɚɦɢ, 

ɪɚɛɨɬɚɸɳɢɯ ɩɪɢ ɫɬɚɬɢɱɟɫɤɨɦ ɢ ɰɢɤɥɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟɧɢɢ ɜ 

ɭɫɥɨɜɢɹɯ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ, ɧɚ ɨɫɧɨɜɟ ɪɢɫɤ-ɚɧɚɥɢɡɚ – 

ɝɥɚɜɚ 4. 

7) Ɉɛɳɢɟ ɜɵɜɨɞɵ ɩɨ ɪɚɛɨɬɟ, ɩɟɪɫɩɟɤɬɢɜɵ ɪɚɡɜɢɬɢɹ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ 

ɦɟɬɨɞɢɤɢ. 

ɇɚɭɱɧɚɹ ɧɨɜɢɡɧɚ ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ: 

- Ɋɚɡɪɚɛɨɬɚɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɜɨɞɨɪɨɞɚ, ɞɢɮɮɭɧɞɢɪɭɸɳɟɝɨ ɢɡ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ ɜɟɪɲɢɧɭ ɬɪɟɳɢɧɵ ɫ 

ɧɟɧɭɥɟɜɨɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɜɨɞɨɪɨɞɚ ɜɛɥɢɡɢ ɟɟ ɜɟɪɲɢɧɵ ɢ ɨɰɟɧɤɢ ɩɪɟɞɟɥɶɧɨɣ 

ɤɨɧɰɟɧɬɪɚɰɢɢ, ɩɪɢ ɤɨɬɨɪɨɣ ɩɪɨɢɫɯɨɞɢɬ ɯɪɭɩɤɨɟ ɪɚɡɪɭɲɟɧɢɟ. 

- Ɋɚɡɪɚɛɨɬɚɧɚ ɦɟɬɨɞɢɤɚ ɞɥɹ ɨɰɟɧɤɢ ɫɤɨɪɨɫɬɢ ɪɚɡɜɢɬɢɹ ɬɪɟɳɢɧɵ ɩɪɢ 

ɫɬɚɬɢɱɟɫɤɨɦ ɢ ɰɢɤɥɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟɧɢɢ ɫ ɭɱɟɬɨɦ ɤɢɧɟɬɢɤɢ 

ɞɢɮɮɭɧɞɢɪɨɜɚɧɢɹ ɜɨɞɨɪɨɞɚ ɜ ɜɟɪɲɢɧɭ ɬɪɟɳɢɧɵ. 

- ȼɩɟɪɜɵɟ ɩɪɟɞɥɨɠɟɧ ɦɧɨɝɨɩɚɪɚɦɟɬɪɢɱɟɫɤɢɣ ɤɪɢɬɟɪɢɣ ɩɪɨɱɧɨɫɬɢ, 

ɭɱɢɬɵɜɚɸɳɢɣ ɜɥɢɹɧɢɟ ɦɟɯɚɧɢɤɢ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɢ ɥɨɤɚɥɶɧɨɟ ɧɚɤɨɩɥɟɧɢɟ 

ɜɨɞɨɪɨɞɚ ɜɛɥɢɡɢ ɜɟɪɲɢɧɵ ɬɪɟɳɢɧɵ. 
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- ɉɪɟɞɥɨɠɟɧɧɚɹ ɦɟɬɨɞɢɤɚ ɨɩɪɟɞɟɥɟɧɢɹ ɞɨɦɢɧɢɪɭɸɳɟɝɨ ɦɟɯɚɧɢɡɦɚ 

ɪɚɡɪɭɲɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɜɛɥɢɡɢ ɜɟɪɲɢɧɵ ɬɪɟɳɢɧɵ ɩɨɡɜɨɥɢɥɚ ɭɫɬɚɧɨɜɢɬɶ 

ɨɛɥɚɫɬɢ ɧɚ ɤɢɧɟɬɢɱɟɫɤɨɣ ɞɢɚɝɪɚɦɦɟ ɪɨɫɬɚ ɬɪɟɳɢɧɵ, ɤɨɬɨɪɵɟ 

ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɪɚɡɪɭɲɟɧɢɟɦ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɩɨ ɦɟɯɚɧɢɡɦɭ ɜɨɞɨɪɨɞɧɨɝɨ 

ɨɯɪɭɩɱɢɜɚɧɢɹ ɢɥɢ ɛɥɚɝɨɞɚɪɹ ɭɫɬɚɥɨɫɬɧɨɦɭ ɧɚɤɨɩɥɟɧɢɸ ɩɨɜɪɟɠɞɟɧɢɣ ɜɛɥɢɡɢ 

ɜɟɪɲɢɧɵ ɬɪɟɳɢɧɵ. 

- ɉɪɟɞɥɨɠɟɧɚ ɦɟɬɨɞɢɤɚ ɩɨ ɭɬɨɱɧɟɧɢɸ ɩɚɪɚɦɟɬɪɨɜ ɜ ɢɡɜɟɫɬɧɵɯ ɤɪɢɬɟɪɢɹɯ 

ɦɟɯɚɧɢɤɢ ɪɚɡɪɭɲɟɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɧɵɯ ɫɨɱɟɬɚɧɢɣ ɩɚɪɵ ɫɪɟɞɚ-ɦɟɬɚɥɥ, 

ɩɨɡɜɨɥɹɸɳɚɹ ɩɪɨɜɨɞɢɬɶ ɢɧɠɟɧɟɪɧɵɟ «ɷɤɫɩɪɟɫɫ-ɨɰɟɧɤɢ» ɫɤɨɪɨɫɬɢ ɪɨɫɬɚ 

ɬɪɟɳɢɧ. 

- ɉɨɤɚɡɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɟɞɥɚɝɚɟɦɵɯ ɦɟɬɨɞɢɤ ɞɥɹ ɪɚɫɱɟɬɨɜ 

ɠɢɜɭɱɟɫɬɢ ɬɢɩɨɜɵɯ ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɣ, ɪɚɛɨɬɚɸɳɢɯ ɩɪɢ ɫɬɚɬɢɱɟɫɤɨɦ ɢ 

ɰɢɤɥɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟɧɢɢ ɜ ɭɫɥɨɜɢɹɯ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ. 

Ⱦɨɫɬɨɜɟɪɧɨɫɬɶ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɛɨɬɵ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɩɪɨɜɟɞɟɧɢɟɦ 

ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɫ ɩɨɦɨɳɶɸ 

ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɩɪɨɝɪɚɦɦɵ ɢ ɫɪɚɜɧɟɧɢɟɦ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɫ 

ɪɟɡɭɥɶɬɚɬɚɦɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɪɚɛɨɬ ɞɪɭɝɢɯ ɚɜɬɨɪɨɜ. 

ɉɪɚɤɬɢɱɟɫɤɚɹ ɡɧɚɱɢɦɨɫɬɶ ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɩɪɢɦɟɧɟɧɢɟ 

ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɟɬɨɞɢɤɢ ɢ, ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɧɚ ɟɟ ɨɫɧɨɜɟ ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɨɛɟɫɩɟɱɟɧɢɹ, ɩɨɡɜɨɥɢɬ ɩɨɜɵɫɢɬɶ ɧɚɞɟɠɧɨɫɬɶ, ɪɟɫɭɪɫ ɢ ɛɟɡɨɩɚɫɧɨɫɬɶ 

ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɣ ɫ ɬɪɟɳɢɧɚɦɢ ɩɪɢ ɫɬɚɬɢɱɟɫɤɨɦ ɢɥɢ ɰɢɤɥɢɱɟɫɤɨɦ 

ɧɚɝɪɭɠɟɧɢɢ ɜ ɭɫɥɨɜɢɹɯ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ. Ɍɚɤɠɟ ɜɨɡɦɨɠɧɨ 

ɩɪɢɦɟɧɟɧɢɟ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɟɬɨɞɢɤɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɞɨɩɭɫɤɚɟɦɨɝɨ ɪɚɡɦɟɪɚ 

ɞɟɮɟɤɬɚ ɧɚ ɫɬɚɞɢɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɤɨɧɫɬɪɭɤɰɢɢ. ɉɪɨɜɟɞɟɧɵ ɦɨɞɟɥɶɧɵɟ 

ɜɵɱɢɫɥɟɧɢɹ ɨɰɟɧɤɢ ɪɨɫɬɚ ɩɨɥɭɷɥɥɢɩɬɢɱɟɫɤɨɣ ɬɪɟɳɢɧɵ ɜ ɝɢɛɟ ɬɪɭɛɵ ɢ 

ɤɨɥɶɰɟɜɨɣ ɬɪɟɳɢɧɵ ɜ ɪɟɡɶɛɟ ɛɨɥɬɚ. 

Аɩɪɨɛɚɰɢɹ ɪɚɛɨɬɵ. Ɋɟɡɭɥɶɬɚɬɵ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ 

ɞɨɤɥɚɞɵɜɚɥɢɫɶ ɢ ɨɛɫɭɠɞɚɥɢɫɶ ɧɚ БББI ȼɫɟɪɨɫɫɢɣɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ «ɇɚɭɤɚ 

ɢ ɬɟɯɧɨɥɨɝɢɢ» (Ɇɢɚɫɫ, β011), ɏɏɏɏI ȼɫɟɪɨɫɫɢɣɫɤɨɦ ɫɢɦɩɨɡɢɭɦɟ «Ɇɟɯɚɧɢɤɚ 

ɢ ɩɪɨɰɟɫɫɵ ɭɩɪɚɜɥɟɧɢɹ» (Ɇɢɚɫɫ, β011), Ɇɨɫɤɨɜɫɤɨɦ ɟɠɟɦɟɫɹɱɧɨɦ ɫɟɦɢɧɚɪɟ 
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ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ ɢ ɫɬɭɞɟɧɬɨɜ ɩɨ ɩɪɨɛɥɟɦɚɦ ɦɚɲɢɧɨɜɟɞɟɧɢɹ (Ɇɨɫɤɜɚ, 2011, 

2013), ɏɏ ɉɟɬɟɪɛɭɪɝɫɤɢɯ ɱɬɟɧɢɹɯ ɩɨ ɩɪɨɛɥɟɦɚɦ ɩɪɨɱɧɨɫɬɢ (ɋɚɧɤɬ-

ɉɟɬɟɪɛɭɪɝ, β01β), Ɂɚɫɟɞɚɧɢɢ ɇɌɋ ɈȺɈ «ɇɂɄɂɗɌ ɢɦ. ɇ.Ⱥ. Ⱦɨɥɥɟɠɚɥɹ» 

«ɉɪɨɱɧɨɫɬɶ, ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɟ, ɤɨɪɪɨɡɢɹ» (Ɇɨɫɤɜɚ, 2010, 2012), 19
th
 

European Conference on Fracture. Fracture Mechanics for Durability, Reliability 

and Safety (Kazan, 2012), International Conference «Structural Integrity and 

Lifetime of NPP Equipment» (Kyiv, Ukraine, 2012), 7-ɨɣ Ɋɨɫɫɢɣɫɤɨɣ 

ɤɨɧɮɟɪɟɧɰɢɢ «Ɇɟɬɨɞɵ ɢ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɪɚɫɱɟɬɨɜ ɧɚ ɩɪɨɱɧɨɫɬɶ» 

(Ƚɟɥɟɧɞɠɢɤ, 2012), 7
th

 International conference on Materials Structure and 

Micromechanics of Fracture (Brno, Czech Republic, 2013), Ɇɟɠɞɭɧɚɪɨɞɧɨɦ 

ɫɢɦɩɨɡɢɭɦɟ «Ɏɢɡɢɤɚ ɤɪɢɫɬɚɥɥɨɜ β01γ» (Ɇɨɫɤɜɚ, 2013), ɘɛɢɥɟɣɧɨɣ XXV 

Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɢɧɧɨɜɚɰɢɨɧɧɨ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɚɹ ɤɨɧɮɟɪɟɧɰɢɹ ɦɨɥɨɞɵɯ 

ɭɱɟɧɵɯ ɢ ɫɬɭɞɟɧɬɨɜ (Ɇɨɫɤɜɚ, 2013), 20
th
 European Conference on Fracture. 

Fracture at all scales (Trondheim, Norway, 2014), XVII International Colloquium 

on Mechanical Fatigue of Metals (Verbania, Italy, 2014), 3
rd

 International 

CШЧПОЫОЧМО ШЧ EЧОЫРв КЧН EЧЯТЫШЧЦОЧЭКХ PЫШЭОМЭТШЧ (БТ’КЧ, CСТЧК, β014), βnd
 

International Conference on Advances in Energy and Environmental Science 

(Guangzhou, China, 2014), Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɤɨɧɮɟɪɟɧɰɢɢ «ɀɢɜɭɱɟɫɬɶ ɢ 

ɤɨɧɫɬɪɭɤɰɢɨɧɧɨɟ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɟ» (Ɇɨɫɤɜɚ, 2014), ESIS TC-10 Workshop 

Environmentally Assisted Cracking & Hydrogen Embrittlement (Zamora, Spain, 

2015), 32 Spanish Conference on Fracture and Structural Integrity (Zamora, Spain, 

2015).  

ɉɭɛɥɢɤɚɰɢɢ. Ɉɫɧɨɜɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɞɢɫɫɟɪɬɚɰɢɢ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ 26 

ɨɩɭɛɥɢɤɨɜɚɧɧɵɯ ɪɚɛɨɬɚɯ, ɜɤɥɸɱɚɸɳɢɯ 4 ɫɬɚɬɶɢ ɜ ɢɡɞɚɧɢɹɯ, 

ɪɟɤɨɦɟɧɞɨɜɚɧɧɵɯ ȼȺɄ, 10 ɫɬɚɬɟɣ ɜ ɡɚɪɭɛɟɠɧɵɯ ɢɡɞɚɧɢɹɯ, ɜɯɨɞɹɳɢɯ ɜ ɛɚɡɭ 

ɞɚɧɧɵɯ SМШpЮЬ ɢ Web of Science, ɚ ɬɚɤɠɟ 1β ɪɚɛɨɬ ɜ ɞɪɭɝɢɯ ɢɡɞɚɧɢɹɯ. 

ɋɬɪɭɤɬɭɪɚ ɢ ɨɛɴɟɦ ɪɚɛɨɬɵ. Ⱦɢɫɫɟɪɬɚɰɢɹ ɫɨɫɬɨɢɬ ɢɡ ɜɜɟɞɟɧɢɹ, 

ɱɟɬɵɪɟɯ ɝɥɚɜ, ɪɚɡɞɟɥɚ ɫ ɨɫɧɨɜɧɵɦɢ ɜɵɜɨɞɚɦɢ ɩɨ ɪɚɛɨɬɟ, ɫɩɢɫɤɚ ɥɢɬɟɪɚɬɭɪɵ 

ɢɡ 145 ɧɚɢɦɟɧɨɜɚɧɢɣ. Ɉɛɳɢɣ ɨɛɴɟɦ ɪɚɛɨɬɵ 139 ɫɬɪɚɧɢɰ ɨɫɧɨɜɧɨɝɨ 

ɦɚɲɢɧɨɩɢɫɧɨɝɨ ɬɟɤɫɬɚ, ɜɤɥɸɱɚɹ 15 ɬɚɛɥɢɰ ɢ 64 ɪɢɫɭɧɤɚ.  
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1 Ƚɥɚɜɚ 1. Ɉɛɡɨɪ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɪɚɛɨɬ, 

ɩɨɫɜɹɳɟɧɧɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɸ ɜɨɞɨɪɨɞɚ ɫ ɦɟɬɚɥɥɢɱɟɫɤɢɦɢ 

ɦɚɬɟɪɢɚɥɚɦɢ 

 

1.1 Ʉɨɪɪɨɡɢɹ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ  

 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɣ ɪɚɡɥɢɱɧɵɯ 

ɨɛɥɚɫɬɟɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɪɚɛɨɬɚɟɬ ɜ ɭɫɥɨɜɢɹɯ ɚɝɪɟɫɫɢɜɧɵɯ 

ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɢɯ ɫɪɟɞ [57], [62] ɢ [12]. ȼɨɡɞɟɣɫɬɜɢɟ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɢɯ 

ɫɪɟɞ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɭɦɟɧɶɲɟɧɢɸ ɜɪɟɦɟɧɢ ɛɟɡɨɩɚɫɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɬɚɤɢɯ 

ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɣ ɜɫɥɟɞɫɬɜɢɟ ɤɨɪɪɨɡɢɢ [36].  

Ɍɚɤ, ɜ ɨɬɱɟɬɟ [84] ɨ ɪɚɡɪɭɲɟɧɢɢ ɪɟɡɶɛɨɜɵɯ ɷɥɟɦɟɧɬɨɜ ɢɡ 

ɜɵɫɨɤɨɩɪɨɱɧɵɯ ɫɬɚɥɟɣ ɜ ɤɚɱɟɫɬɜɟ ɩɪɢɱɢɧɵ ɪɚɡɪɭɲɟɧɢɹ ɭɤɚɡɚɧɨ ɜɨɞɨɪɨɞɧɨɟ 

ɨɯɪɭɩɱɢɜɚɧɢɟ, ɱɬɨ ɜɵɡɜɚɧɨ ɩɨɜɵɲɟɧɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɜɨɞɨɪɨɞɚ ɜ 

ɢɫɫɥɟɞɭɟɦɨɦ ɦɟɬɚɥɥɟ.  

ȼ [100Ж ɨɩɢɫɚɧ ɫɥɭɱɚɣ ɩɪɟɠɞɟɜɪɟɦɟɧɧɨɝɨ ɪɚɡɪɭɲɟɧɢɹ ɪɟɡɶɛɨɜɨɝɨ 

ɫɨɟɞɢɧɟɧɢɹ ɜ ɮɟɪɦɟɧɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɧɟɛɨɫɤɪɟɛɚ (ɪɢɫ. 1.1), ɱɬɨ ɦɨɝɥɨ 

ɩɪɢɜɟɫɬɢ ɤ ɞɚɥɶɧɟɣɲɟɦɭ ɪɚɡɪɭɲɟɧɢɸ ɫɨɨɪɭɠɟɧɢɹ ɢ ɛɨɥɶɲɨɦɭ ɤɨɥɢɱɟɫɬɜɭ 

ɱɟɥɨɜɟɱɟɫɤɢɯ ɠɟɪɬɜ. ȼ ɪɚɡɪɭɲɟɧɧɵɯ ɪɟɡɶɛɨɜɵɯ ɷɥɟɦɟɧɬɚɯ ɛɵɥɨ ɜɵɹɜɥɟɧɨ 

ɩɨɜɵɲɟɧɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɜɨɞɨɪɨɞɚ. 

Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɛɨɥɶɲɨɦ ɤɨɥɢɱɟɫɬɜɟ ɪɚɛɨɬ ɛɵɥ ɨɬɦɟɱɟɧ 

ɩɪɟɠɞɟɜɪɟɦɟɧɧɵɣ ɜɵɯɨɞ ɢɡ ɫɬɪɨɹ ɷɥɟɦɟɧɬɨɜ ɬɪɭɛɨɩɪɨɜɨɞɧɵɯ ɫɢɫɬɟɦ, ɜɜɢɞɭ 

ɢɯ ɨɯɪɭɩɱɢɜɚɧɢɹ, ɜɵɡɜɚɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɟɦ ɜɨɞɨɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ. 
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Ɋɢɫ. 1.1 – Ɋɚɡɪɭɲɟɧɢɟ ɪɟɡɶɛɨɜɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɜ ɧɟɛɨɫɤɪɟɛɟ «Ʌɟɞɟɧɯɨɥɥ 

Ȼɢɥɞɢɧɝ». 

 

Ʉɨɪɪɨɡɢɨɧɧɵɟ ɩɪɨɰɟɫɫɵ ɦɨɠɧɨ ɨɩɢɫɚɬɶ ɫ ɩɨɦɨɳɶɸ 

ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ [52]. Ɋɢɫ. 1.2 ɧɚɝɥɹɞɧɨ ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɩɪɨɰɟɫɫ 

ɤɨɪɪɨɡɢɢ ɧɚ ɩɪɢɦɟɪɟ ɩɪɨɫɬɟɣɲɟɣ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɰɟɩɢ. 

 

Ɋɢɫ. 1.2 - Ⱥɧɨɞɧɚɹ ɢ ɤɚɬɨɞɧɚɹ ɪɟɚɤɰɢɢ. 
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ɉɪɨɰɟɫɫ ɤɨɪɪɨɡɢɢ ɨɩɢɫɵɜɚɸɬ ɞɜɭɦɹ ɯɢɦɢɱɟɫɤɢɦɢ ɪɟɚɤɰɢɹɦɢ: 

ɤɚɬɨɞɧɨɣ ɢ ɚɧɨɞɧɨɣ. ɗɬɢ ɪɟɚɤɰɢɢ ɩɪɨɬɟɤɚɸɬ ɩɪɢ ɭɱɚɫɬɢɢ ɤɚɬɨɞɚ ɢ ɚɧɨɞɚ, 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ⱥɧɨɞɧɚɹ ɪɟɚɤɰɢɹ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɜɵɝɥɹɞɢɬ ɫɥɟɞɭɸɳɢɦ 

ɨɛɪɚɡɨɦ: 

,n
M M ne

   (1.1) 

ɝɞɟ n – ɤɨɥɢɱɟɫɬɜɨ ɷɥɟɤɬɪɨɧɨɜ, ɪɚɜɧɨɟ ɤɨɥɢɱɟɫɬɜɭ ɩɨɥɨɠɢɬɟɥɶɧɨ 

ɡɚɪɹɠɟɧɧɵɯ ɢɨɧɨɜ ɦɟɬɚɥɥɚ.  

ɂɡ ɭɪɚɜɧɟɧɢɹ (1.1) ɫɥɟɞɭɟɬ, ɱɬɨ ɚɧɨɞɧɚɹ ɪɟɚɤɰɢɹ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ 

ɜɵɞɟɥɟɧɢɟɦ ɩɨɥɨɠɢɬɟɥɶɧɨ ɡɚɪɹɠɟɧɧɵɯ ɢɨɧɨɜ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɬɚɥɥɚ ɢ 

ɩɨɹɜɥɟɧɢɟɦ ɫɜɨɛɨɞɧɵɯ ɷɥɟɤɬɪɨɧɨɜ, ɤɨɬɨɪɵɟ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɧɟɨɛɯɨɞɢɦɵ 

ɞɥɹ ɩɪɨɬɟɤɚɧɢɹ ɤɚɬɨɞɧɨɣ ɪɟɚɤɰɢɢ. 

Ʉɚɬɨɞɧɚɹ ɪɟɚɤɰɢɹ ɦɨɠɟɬ ɩɪɨɬɟɤɚɬɶ ɩɨ ɪɚɡɥɢɱɧɵɦ ɫɯɟɦɚɦ, ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɷɥɟɤɬɪɨɥɢɬɚ - ɜɟɳɟɫɬɜɚ, ɫɜɹɡɵɜɚɸɳɟɝɨ ɚɧɨɞ ɢ ɤɚɬɨɞ. 

Ȼɨɥɶɲɢɧɫɬɜɨ ɤɨɪɪɨɡɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɧɟɫɤɨɥɶɤɨ 

ɦɟɯɚɧɢɡɦɨɜ ɤɚɬɨɞɧɵɯ ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ, ɤɨɬɨɪɵɟ ɡɚɜɢɫɹɬ ɨɬ ɩɨɤɚɡɚɬɟɥɹ 

pH. Ɍɚɤɠɟ ɥɨɤɚɥɶɧɵɟ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɟ ɷɥɟɦɟɧɬɵ ɦɨɝɭɬ ɜɨɡɧɢɤɚɬɶ ɧɚ 

ɪɚɡɥɢɱɧɵɯ ɭɱɚɫɬɤɚɯ ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ ɷɥɟɦɟɧɬɚ ɤɨɧɫɬɪɭɤɰɢɢ ɜɫɥɟɞɫɬɜɢɟ, 

ɧɚɩɪɢɦɟɪ, ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɦɟɬɚɥɥɚ ɢɥɢ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ 

(ɪɢɫ. 1.3). 

 

Ɋɢɫ. 1.3 - Ⱥɧɨɞɧɚɹ ɢ ɤɚɬɨɞɧɚɹ ɪɟɚɤɰɢɢ ɧɚ ɬɟɥɟ, ɧɚɯɨɞɹɳɟɦɫɹ ɜ ɫɪɟɞɟ HCl. 
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ɉɨɦɢɦɨ ɷɥɟɤɬɪɨɥɢɬɚ, ɦɚɬɟɪɢɚɥ ɤɨɪɪɨɞɢɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ ɬɚɤɠɟ 

ɜɥɢɹɟɬ ɧɚ ɜɢɞ ɦɟɯɚɧɢɡɦɚ ɤɚɬɨɞɧɨɣ ɪɟɚɤɰɢɢ [52], [21]. ɉɪɢ 

ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɤɨɪɪɨɡɢɢ ɜɵɞɟɥɹɸɬ ɫɥɟɞɭɸɳɢɟ ɦɟɯɚɧɢɡɦɵ ɤɚɬɨɞɧɵɯ 

ɪɟɚɤɰɢɣ: 

 Ɇɟɯɚɧɢɡɦ ȼɨɥɦɟɪɚ-Ɍɚɮɟɥɹ (Ⱥ) 

1

1

k

hydrated adsorbedk
H e H

    (1.2) 

2

2
2

k

adsorbed adsorbed k
H H H   (1.3) 

 Ɇɟɯɚɧɢɡɦ ȼɨɥɦɟɪɚ-ɏɟɣɪɨɜɫɤɨɝɨ (Ȼ) 

1

1

k

hydrated adsorbedk
H e H

    (1.4) 

3

3
2

k

hydrated adsorbed k
H H e H

     (1.5) 

ȼ ɬɚɛɥɢɰɟ 1.1 ɩɪɢɜɟɞɟɧɵ ɪɚɡɥɢɱɧɵɟ ɦɟɬɚɥɥɵ ɢ ɯɚɪɚɤɬɟɪɧɵɟ ɞɥɹ ɷɬɢɯ 

ɦɟɬɚɥɥɨɜ ɦɟɯɚɧɢɡɦɵ ɤɚɬɨɞɧɵɯ ɪɟɚɤɰɢɣ. 

 

Ɍɚɛɥɢɰɚ 1.1 - Ɇɟɬɚɥɥɵ ɢ ɯɚɪɚɤɬɟɪɧɵɟ ɤɚɬɨɞɧɵɟ ɪɟɚɤɰɢɢ 

Ɇɟɬɚɥɥ Ɇɟɯɚɧɢɡɦ 

Fe Ⱥ ɢɥɢ Ȼ 

Ti Ȼ 

Pd Ⱥ, ɩɪɢ ɦɟɞɥɟɧɧɨɣ ɪɟɤɨɦɛɢɧɚɰɢɢ 

Pt Ⱥ, ɩɪɢ ɦɟɞɥɟɧɧɨɣ ɪɟɤɨɦɛɢɧɚɰɢɢ 

Ni Ⱥ, ɩɪɢ ɛɵɫɬɪɨɣ ɪɟɤɨɦɛɢɧɚɰɢɢ 

 

1.2 ɉɪɢɱɢɧɵ ɢ ɦɟɯɚɧɢɡɦɵ ɜɨɞɨɪɨɞɧɨɝɨ ɨɯɪɭɩɱɢɜɚɧɢɹ ɦɟɬɚɥɥɨɜ ɢ 
ɫɩɥɚɜɨɜ 

 

ȼɨɞɨɪɨɞɧɨɟ ɨɯɪɭɩɱɢɜɚɧɢɟ – ɷɬɨ ɩɪɨɰɟɫɫ, ɜɟɞɭɳɢɣ ɤ ɩɨɧɢɠɟɧɢɸ 

ɜɹɡɤɨɫɬɢ ɢɥɢ ɩɥɚɫɬɢɱɧɨɫɬɢ ɦɟɬɚɥɥɚ ɜɫɥɟɞɫɬɜɢɟ ɩɨɝɥɨɳɟɧɢɹ ɜɨɞɨɪɨɞɚ [15]. 

ɉɪɨɧɢɤɧɨɜɟɧɢɟ ɜɨɞɨɪɨɞɚ ɦɨɠɟɬ ɛɵɬɶ ɜɵɡɜɚɧɨ ɩɪɨɰɟɫɫɚɦɢ ɨɱɢɫɬɤɢ, 
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ɬɪɚɜɥɟɧɢɹ, ɮɨɫɮɚɬɢɪɨɜɚɧɢɹ, ɧɚɧɟɫɟɧɢɹ ɝɚɥɶɜɚɧɢɱɟɫɤɢɯ ɩɨɤɪɵɬɢɣ, ɜ ɬɨɦ 

ɱɢɫɥɟ ɚɜɬɨɤɚɬɚɥɥɢɬɢɱɟɫɤɢɦɢ ɩɪɨɰɟɫɫɚɦɢ ɧɚɧɟɫɟɧɢɹ ɩɨɤɪɵɬɢɣ; ɬɚɤɠɟ 

ɜɨɞɨɪɨɞ ɦɨɠɟɬ ɩɪɨɧɢɤɚɬɶ ɜɧɭɬɪɶ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɢɡ ɨɤɪɭɠɚɸɳɟɣ 

ɫɪɟɞɵ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɟɚɤɰɢɢ ɤɚɬɨɞɧɨɣ ɡɚɳɢɬɵ ɢɥɢ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ 

ɤɨɪɪɨɡɢɨɧɧɨɝɨ ɩɪɨɰɟɫɫɚ [16]. Ʉɪɨɦɟ ɬɨɝɨ, ɜɨɞɨɪɨɞ ɦɨɠɟɬ ɩɨɩɚɫɬɶ ɜ ɦɟɬɚɥɥ 

ɜɨ ɜɪɟɦɹ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɧɚɩɪɢɦɟɪ, ɜ ɩɪɨɰɟɫɫɟ ɩɪɨɤɚɬɤɢ ɢɥɢ ɫɜɟɪɥɟɧɢɹ.  

ɉɨ ɞɚɧɧɵɦ ɦɟɠɞɭɧɚɪɨɞɧɵɯ ɫɬɚɧɞɚɪɬɨɜ ISO 21457:2010 [91] ɢ ISO 

15156-1:2001 [92], ɪɚɡɪɭɲɟɧɢɟ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ 

ɤɥɚɫɫɢɮɢɰɢɪɭɸɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

 ȼɨɞɨɪɨɞɧɨɟ ɪɚɫɬɪɟɫɤɢɜɚɧɢɟ ɩɨɞ ɧɚɩɪɹɠɟɧɢɟɦ (Hydrogen Stress 

Corrosion ɢɥɢ Hydrogen Induced Stress Cracking) – ɪɚɡɪɭɲɟɧɢɟ ɦɟɬɚɥɥɚ, 

ɩɪɨɢɫɯɨɞɹɳɟɟ ɩɪɢ ɫɨɜɦɟɫɬɧɨɦ ɞɟɣɫɬɜɢɢ ɧɚɩɪɹɠɟɧɢɣ ɢ ɜɨɞɨɪɨɞɚ. 

 Ʉɨɪɪɨɡɢɨɧɧɨɟ ɪɚɫɬɪɟɫɤɢɜɚɧɢɟ ɩɨɞ ɧɚɩɪɹɠɟɧɢɟɦ (Stress Corrosion 

Cracking) – ɪɚɡɪɭɲɟɧɢɟ ɦɟɬɚɥɥɚ ɛɥɚɝɨɞɚɪɹ ɚɧɨɞɧɵɦ ɩɪɨɰɟɫɫɚɦ 

ɥɨɤɚɥɶɧɨɣ ɤɨɪɪɨɡɢɢ ɢ ɪɚɫɬɹɝɢɜɚɸɳɢɦ ɧɚɩɪɹɠɟɧɢɹɦ. 

 ɋɭɥɶɮɢɞɧɨɟ ɪɚɫɬɪɟɫɤɢɜɚɧɢɟ ɩɨɞ ɧɚɩɪɹɠɟɧɢɟɦ (Sulfide Stress Cracking) 

– ɪɚɡɪɭɲɟɧɢɟ ɦɟɬɚɥɥɚ ɜɫɥɟɞɫɬɜɢɟ ɟɝɨ ɤɨɧɬɚɤɬɚ ɫ H2S ɫɪɟɞɨɣ ɢ ɞɟɣɫɬɜɢɹ 

ɧɚɩɪɹɠɟɧɢɣ. 

 ȼɵɧɭɠɞɟɧɧɨɟ ɜɨɞɨɪɨɞɧɨɟ ɪɚɫɬɪɟɫɤɢɜɚɧɢɟ (Hydrogen Induced Cracking) 

– ɪɚɡɪɭɲɟɧɢɟ ɩɨ ɩɪɢɱɢɧɟ ɜɨɡɞɟɣɫɬɜɢɹ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. Ɍɚɤɨɣ ɜɢɞ 

ɪɚɡɪɭɲɟɧɢɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɦɨɠɧɨ ɧɚɛɥɸɞɚɬɶ ɜ ɷɥɟɦɟɧɬɚɯ ɤɨɧɫɬɪɭɤɰɢɣ 

ɢɡ ɭɝɥɟɪɨɞɢɫɬɵɯ ɢ ɧɢɡɤɨɥɟɝɢɪɨɜɚɧɧɵɯ ɫɬɚɥɟɣ. ȼɨɡɦɨɠɧɨɣ ɩɪɢɧɹɬɨɣ 

ɹɜɥɹɟɬɫɹ ɧɚɥɢɱɢɟ ɚɬɨɦɚɪɧɨɝɨ ɜɨɞɨɪɨɞɚ ɜ ɦɟɬɚɥɥɟ, ɤɨɬɨɪɵɣ ɜ 

ɞɚɥɶɧɟɣɲɟɦ ɪɟɤɨɦɛɢɧɢɪɭɟɬ ɞɨ ɦɨɥɟɤɭɥɹɪɧɨɣ ɮɨɪɦɵ ɢ, ɫɤɚɩɥɢɜɚɹɫɶ ɜ 

ɩɨɪɚɯ ɦɟɬɚɥɥɚ, ɩɪɢɜɨɞɢɬ ɤ ɟɝɨ ɪɚɫɬɪɟɫɤɢɜɚɧɢɸ. Ɉɫɨɛɟɧɧɨɫɬɶɸ ɬɚɤɨɝɨ 

ɜɢɞɚ ɪɚɡɪɭɲɟɧɢɹ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɪɚɡɪɭɲɟɧɢɟ ɦɨɠɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɛɟɡ 

ɩɪɢɥɨɠɟɧɢɹ ɜɧɟɲɧɢɯ ɧɚɝɪɭɡɨɤ. 

Ʉɨɪɪɨɡɢɨɧɧɨɟ ɪɚɫɬɪɟɫɤɢɜɚɧɢɟ ɩɨɞ ɧɚɩɪɹɠɟɧɢɟɦ ɨɛɭɫɥɨɜɥɟɧɨ ɚɧɨɞɧɵɦ 

ɩɪɨɰɟɫɫɨɦ ɤɨɪɪɨɡɢɢ ɦɟɬɚɥɥɚ, ɩɪɢ ɤɨɬɨɪɨɦ ɢɨɧɵ ɦɟɬɚɥɥɚ ɩɨɤɢɞɚɸɬ 

ɩɨɜɟɪɯɧɨɫɬɶ ɩɨɫɥɟɞɧɟɝɨ. Ɉɫɬɚɥɶɧɵɟ ɜɢɞɵ ɪɚɡɪɭɲɟɧɢɹ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ 
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ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜɵɡɜɚɧɵ ɤɚɬɨɞɧɵɦɢ ɩɪɨɰɟɫɫɚɦɢ ɤɨɪɪɨɡɢɢ, ɬ.ɟ. 

ɜɨɞɨɪɨɞɨɦ.  

ȼɨɡɦɨɠɧɨɫɬɶ ɜɨɞɨɪɨɞɧɨɝɨ ɨɯɪɭɩɱɢɜɚɧɢɹ, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ 

ɜɵɧɭɠɞɟɧɧɨɝɨ ɜɨɞɨɪɨɞɧɨɝɨ ɪɚɫɬɪɟɫɤɢɜɚɧɢɹ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɚɥɢɱɢɟɦ ɬɪɟɯ 

ɮɚɤɬɨɪɨɜ: ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ, ɱɭɜɫɬɜɢɬɟɥɶɧɨɝɨ ɤ ɜɨɞɨɪɨɞɧɨɦɭ 

ɨɯɪɭɩɱɢɜɚɧɢɸ ɦɚɬɟɪɢɚɥɚ ɢ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɭɪɨɜɧɹ ɧɚɩɪɹɠɟɧɢɣ (ɞɟɮɨɪɦɚɰɢɣ) 

[138] (ɪɢɫ. 1.4). 

 

Ɋɢɫ. 1.4 - Ɍɪɢ ɨɫɧɨɜɧɵɯ ɮɚɤɬɨɪɚ ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɩɨɹɜɥɟɧɢɹ ɜɨɞɨɪɨɞɧɨɝɨ 

ɨɯɪɭɩɱɢɜɚɧɢɹ. 

 

Ɉɫɧɨɜɧɵɟ ɩɪɢɱɢɧɵ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɩɪɢɜɟɫɬɢ ɤ ɩɨɹɜɥɟɧɢɸ 

ɜɨɞɨɪɨɞɨɪɨɞɧɨɝɨ ɨɯɪɭɩɱɢɜɚɧɢɹ ɫɥɟɞɭɸɳɢɟ: 

 Ʉɨɪɪɨɡɢɹ ɛɥɚɝɨɞɚɪɹ ɧɚɥɢɱɢɸ H2S ɜ ɫɪɟɞɟ [71]. 

 Ƚɚɥɶɜɚɧɢɱɟɫɤɚɹ ɤɨɪɪɨɡɢɹ. 

 ɋɜɚɪɤɚ. 

 Ʉɚɬɨɞɧɚɹ ɡɚɳɢɬɚ [70]. 

 Ɂɚɳɢɬɧɵɟ ɩɨɤɪɵɬɢɹ. 
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ɉɪɢ ɫɜɚɪɤɟ ɜɨ ɜɥɚɠɧɨɦ ɩɨɦɟɳɟɧɢɢ ɢɥɢ ɫɜɚɪɤɟ ɜɥɚɠɧɵɦɢ ɷɥɟɤɬɪɨɞɚɦɢ 

ɜɧɭɬɪɶ ɦɟɬɚɥɥɚ ɦɨɠɟɬ ɩɨɩɚɫɬɶ ɜɨɞɨɪɨɞ, ɤɨɬɨɪɵɣ ɜ ɞɚɥɶɧɟɣɲɟɦ ɦɨɠɟɬ 

ɩɪɢɜɟɫɬɢ ɤ ɜɨɞɨɪɨɞɧɨɦɭ ɨɯɪɭɩɱɢɜɚɧɢɸ [29], [61]. 

ȼ ɨɫɧɨɜɟ ɤɚɬɨɞɧɨɣ ɡɚɳɢɬɵ ɥɟɠɢɬ ɤɚɬɨɞɧɚɹ ɩɨɥɹɪɢɡɚɰɢɹ: ɫɦɟɳɟɧɢɟ 

ɩɨɬɟɧɰɢɚɥɚ ɦɟɬɚɥɥɚ ɡɚɳɢɳɚɟɦɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɜ ɨɬɪɢɰɚɬɟɥɶɧɭɸ ɫɬɨɪɨɧɭ ɫ 

ɰɟɥɶɸ ɩɪɟɜɪɚɳɟɧɢɹ ɜɫɟɣ ɡɚɳɢɳɚɟɦɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɜ ɷɤɜɢɩɨɬɟɧɰɢɚɥɶɧɭɸ 

[16]. Ʉɚɬɨɞɧɭɸ ɡɚɳɢɬɭ ɦɨɠɧɨ ɪɟɚɥɢɡɨɜɚɬɶ ɞɜɭɦɹ ɦɟɬɨɞɚɦɢ: ɩɨɞɤɥɸɱɟɧɢɟɦ 

ɡɚɳɢɳɚɟɦɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɤ ɨɬɪɢɰɚɬɟɥɶɧɨɦɭ ɩɨɥɸɫɭ ɜɧɟɲɧɟɝɨ ɢɫɬɨɱɧɢɤɚ 

ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɢ ɩɪɢɫɨɟɞɢɧɟɧɢɟɦ ɤ ɡɚɳɢɳɚɟɦɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɩɪɨɬɟɤɬɨɪɚ. 

Ⱦɥɹ ɩɟɪɜɨɝɨ ɦɟɬɨɞɚ, ɩɨɦɢɦɨ ɢɫɬɨɱɧɢɤɚ ɬɨɤɚ, ɧɟɨɛɯɨɞɢɦ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɣ 

ɚɧɨɞ. Ɍɨɤ ɨɬ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɚɧɨɞɚ ɬɟɱɟɬ ɤ ɤɚɬɨɞɧɵɦ ɢ ɚɧɨɞɧɵɦ ɭɱɚɫɬɤɚɦ 

ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɹɪɢɡɚɰɢɢ ɧɚ ɜɫɟɣ 

ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɬɚɥɥɚ ɜɵɪɚɜɧɢɜɚɟɬɫɹ ɩɨɬɟɧɰɢɚɥ.  

ɉɪɢ ɬɚɤɨɦ ɦɟɬɨɞɟ ɡɚɳɢɬɵ ɤɨɧɫɬɪɭɤɰɢɢ ɦɨɠɧɨ ɫɬɨɥɤɧɭɬɶɫɹ ɫ 

ɩɪɨɛɥɟɦɨɣ ɟɟ «ɩɟɪɟɡɚɳɢɬɵ», ɱɬɨ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɩɪɢɦɟɧɟɧɢɢ ɬɨɤɚ ɜɵɲɟ 

ɬɪɟɛɭɟɦɨɝɨ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɨɬɟɧɰɢɚɥ ɦɟɬɚɥɥɚ ɤɨɧɫɬɪɭɤɰɢɢ ɫɬɚɧɟɬ ɜɵɲɟ 

ɩɨɬɟɧɰɢɚɥɚ ɚɧɨɞɚ. ɉɪɢ ɷɬɨɦ ɛɭɞɟɬ ɡɚɬɪɚɱɟɧɚ ɥɢɲɧɹɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɹ ɢ ɜ 

ɛɨɥɶɲɨɦ ɤɨɥɢɱɟɫɬɜɟ ɜɵɞɟɥɹɬɶɫɹ ɜɨɞɨɪɨɞ, ɱɬɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɩɨɹɜɥɟɧɢɸ 

ɜɨɞɨɪɨɞɧɨɝɨ ɨɯɪɭɩɱɢɜɚɧɢɹ ɤɨɧɫɬɪɭɤɰɢɢ.  

ɉɪɢ ɩɪɢɦɟɧɟɧɢɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɚɧɨɞɚ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɤɚɬɨɞɧɨɣ 

ɡɚɳɢɬɵ ɜɨɡɦɨɠɧɵ ɩɪɨɛɥɟɦɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɩɟɪɢɨɞɢɱɧɨɫɬɶɸ ɡɚɦɟɧɵ 

ɩɪɨɬɟɤɬɨɪɚ («ɠɟɪɬɜɟɧɧɨɝɨ» ɚɧɨɞɚ) ɢ ɫɨɤɪɚɳɟɧɢɟɦ ɪɚɞɢɭɫɚ ɡɚɳɢɬɧɨɝɨ 

ɞɟɣɫɬɜɢɹ. 

ɉɨ ɦɟɯɚɧɢɡɦɭ ɡɚɳɢɬɧɨɝɨ ɞɟɣɫɬɜɢɹ ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɡɚɳɢɬɧɵɟ ɩɨɤɪɵɬɢɹ 

ɹɜɥɹɸɬɫɹ ɤɚɬɨɞɧɵɦɢ ɢ ɚɧɨɞɧɵɦɢ [24]. Ɇɟɬɚɥɥɵ ɤɚɬɨɞɧɵɯ ɩɨɤɪɵɬɢɣ ɢɦɟɸɬ ɜ 

ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɫɪɟɞɟ ɛɨɥɶɲɢɟ ɡɧɚɱɟɧɢɹ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɯ ɩɨɬɟɧɰɢɚɥɨɜ, 

ɱɟɦ ɡɧɚɱɟɧɢɟ ɩɨɬɟɧɰɢɚɥɚ ɦɟɬɚɥɥɚ, ɧɚ ɤɨɬɨɪɵɣ ɨɧɢ ɧɚɧɟɫɟɧɵ. Ɇɟɬɚɥɥɵ ɠɟ 

ɚɧɨɞɧɵɯ ɩɨɤɪɵɬɢɣ ɢɦɟɸɬ ɛɨɥɟɟ ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɩɨɬɟɧɰɢɚɥɨɜ ɜ 

ɞɚɧɧɨɣ ɫɪɟɞɟ, ɱɟɦ ɩɨɬɟɧɰɢɚɥ ɦɟɬɚɥɥɚ, ɧɚ ɤɨɬɨɪɵɣ ɨɧɢ ɧɚɧɟɫɟɧɵ. ȼ ɫɜɹɡɢ ɫ 

ɷɬɢɦ, ɱɚɫɬɨ Zn ɢɥɢ Al ɜɵɫɬɭɩɚɸɬ ɜ ɤɚɱɟɫɬɜɟ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɩɨɤɪɵɬɢɹ ɧɚ Fe. 
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ȼ ɫɥɭɱɚɟ ɧɚɪɭɲɟɧɢɹ ɝɟɪɦɟɬɢɱɧɨɫɬɢ ɤɚɬɨɞɧɨɝɨ ɩɨɤɪɵɬɢɹ, ɡɚɳɢɳɚɟɦɵɣ 

ɦɟɬɚɥɥ ɛɭɞɟɬ ɪɚɫɬɜɨɪɹɬɶɫɹ ɜ ɫɪɟɞɟ: ɩɨɥɨɠɢɬɟɥɶɧɨ ɡɚɪɹɠɟɧɧɵɟ ɢɨɧɵ ɦɟɬɚɥɥɚ 

ɛɭɞɭɬ ɩɨɤɢɞɚɬɶ ɟɝɨ ɩɨɜɟɪɯɧɨɫɬɶ (ɪɢɫ. 1.5). 

 

 

Ɋɢɫ. 1.5 - ɉɨɜɟɞɟɧɢɟ ɠɟɥɟɡɚ ɜ ɤɢɫɥɨɬɧɨɦ ɪɚɫɬɜɨɪɟ ɫ ɤɚɬɨɞɧɵɦ (ɚ) ɢ ɚɧɨɞɧɵɦ 

(ɛ) ɩɨɤɪɵɬɢɹɦɢ ɜ ɭɫɥɨɜɢɹɯ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɤɨɪɪɨɡɢɢ [16]. 

 

ɉɪɢ ɧɚɪɭɲɟɧɢɢ ɝɟɪɦɟɬɢɱɧɨɫɬɢ ɚɧɨɞɧɨɝɨ ɩɨɤɪɵɬɢɹ ɡɚɳɢɳɚɟɦɵɣ 

ɦɚɬɟɪɢɚɥ ɛɭɞɟɬ ɜɵɫɬɭɩɚɬɶ ɜ ɤɚɱɟɫɬɜɟ ɤɚɬɨɞɚ ɢ ɜ ɧɟɝɨ ɛɭɞɟɬ ɩɪɨɧɢɤɚɬɶ 

ɜɨɞɨɪɨɞ, ɱɬɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɜɨɞɨɪɨɞɧɨɦɭ ɨɯɪɭɩɱɢɜɚɧɢɸ. Ɉɬɦɟɱɟɧɧɵɟ 

ɪɚɧɟɟ ɹɜɥɟɧɢɹ ɞɚɸɬ ɨɫɧɨɜɚɧɢɟ ɩɨɥɚɝɚɬɶ, ɱɬɨ ɝɟɪɦɟɬɢɱɧɨɫɬɶ ɡɚɳɢɬɧɵɯ 

ɩɨɤɪɵɬɢɣ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɬɪɟɛɨɜɚɧɢɣ, ɩɪɢɦɟɧɹɟɦɵɦ ɤ ɧɢɦ.  

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɭɳɟɫɬɜɭɸɬ ɪɚɡɥɢɱɧɵɟ ɬɨɱɤɢ ɡɪɟɧɢɹ ɧɚ ɦɟɯɚɧɢɡɦɵ 

ɜɨɞɨɪɨɞɧɨɝɨ ɪɚɫɬɪɟɫɤɢɜɚɧɢɹ, ɜɫɥɟɞɫɬɜɢɟ ɪɚɡɧɨɝɥɚɫɢɹ ɜ ɨɫɨɛɟɧɧɨɫɬɹɯ 

ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɬɟɤɚɸɳɢɯ ɜ ɜɟɪɲɢɧɟ ɬɪɟɳɢɧɵ, 

ɧɚɯɨɞɹɳɟɣɫɹ ɜ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɟ [102], [12], [144], [145], [59], [111], 

[102] ɢ [110]. Ʉ ɩɪɢɦɟɪɭ, ɝɢɞɪɢɞɧɚɹ ɬɟɨɪɢɹ ɨɯɪɭɩɱɢɜɚɧɢɹ ɦɚɬɟɪɢɚɥɨɜ ɧɟ 

ɩɪɢɦɟɧɢɦɚ ɞɥɹ ɫɬɚɥɢ ɢ ɠɟɥɟɡɚ, ɱɬɨ ɩɨɞɬɜɟɪɠɞɟɧɨ ɨɩɵɬɧɵɦ ɩɭɬɟɦ [10]. 

Ɉɛɳɟɟ ɦɧɟɧɢɟ ɚɜɬɨɪɨɜ, ɤɚɤ ɨɬɟɱɟɫɬɜɟɧɧɵɯ, ɬɚɤ ɢ ɡɚɪɭɛɟɠɧɵɯ ɬɪɭɞɨɜ, 

ɫɜɨɞɢɬɫɹ ɤ ɬɨɦɭ, ɱɬɨ ɩɪɨɰɟɫɫ ɜɨɞɨɪɨɞɧɨɝɨ ɨɯɪɭɩɱɢɜɚɧɢɹ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɜ 

ɩɨɥɧɨɣ ɦɟɪɟ ɨɩɢɫɚɧ, ɧɚ ɨɫɧɨɜɚɧɢɢ ɬɨɥɶɤɨ ɨɞɧɨɝɨ ɢɡ ɦɟɯɚɧɢɡɦɨɜ 

ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɢ ɪɚɫɬɜɨɪɟɧɢɹ ɜɨɞɨɪɨɞɚ ɜ ɦɚɬɟɪɢɚɥɟ. Ɉɞɧɚɤɨ, ɨɫɧɨɜɧɵɟ 
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ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɨ ɦɟɯɚɧɢɡɦɚɯ ɜɨɞɨɪɨɞɧɨɝɨ ɪɚɫɬɪɟɫɤɢɜɚɧɢɹ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ 

ɧɢɠɟ, ɧɟɨɛɯɨɞɢɦɵ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɫɫɦɨɬɪɟɧɢɹ ɜɨɩɪɨɫɚ ɨ ɩɪɨɧɢɤɧɨɜɟɧɢɢ 

ɜɨɞɨɪɨɞɚ ɜɧɭɬɪɶ ɦɚɬɟɪɢɚɥɚ ɢ ɩɨɫɥɟɞɭɸɳɟɝɨ ɡɚ ɷɬɢɦ ɩɪɨɰɟɫɫɚ ɜɨɞɨɪɨɞɧɨɝɨ 

ɨɯɪɭɩɱɢɜɚɧɢɹ.  

 Ɍɟɨɪɢɹ ɞɚɜɥɟɧɢɹ 

Ⱦɚɧɧɚɹ ɬɟɨɪɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɚɱɚɥɶɧɵɟ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɨ 

ɦɟɯɚɧɢɡɦɟ ɜɨɞɨɪɨɞɧɨɝɨ ɪɚɫɬɪɟɫɤɢɜɚɧɢɹ [145]. ɋɨɝɥɚɫɧɨ ɬɟɨɪɢɢ ɞɚɜɥɟɧɢɹ, 

ɜɧɭɬɪɟɧɧɢɟ ɦɢɤɪɨɬɪɟɳɢɧɵ ɧɚɱɢɧɚɸɬ ɪɚɫɬɢ ɜ ɧɟɧɚɩɪɹɠɟɧɧɵɯ ɨɛɪɚɡɰɚɯ 

ɛɥɚɝɨɞɚɪɹ ɫɤɨɩɥɟɧɢɸ ɜɨɞɨɪɨɞɚ, ɤɨɬɨɪɵɣ ɨɫɚɠɞɚɟɬɫɹ ɢ ɪɟɤɨɦɛɢɧɢɪɭɟɬ ɜ 

ɦɨɥɟɤɭɥɵ ɧɚ ɜɧɭɬɪɟɧɧɢɯ ɞɟɮɟɤɬɚɯ, ɬɚɤɢɯ ɤɚɤ ɜɧɭɬɪɟɧɧɢɟ ɩɭɫɬɨɬɵ ɢ 

ɧɟɦɟɬɚɥɥɢɱɟɫɤɢɟ ɜɤɥɸɱɟɧɢɹ (ɪɢɫ. 1.6). 

 

Ɋɢɫ. 1.6 - Ʉ ɬɟɨɪɢɢ ɞɚɜɥɟɧɢɹ. 

 

ɋɨɝɥɚɫɧɨ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɬɟɨɪɢɢ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɜɨɞɨɪɨɞɚ ɜ 

ɦɚɬɟɪɢɚɥ, ɞɚɜɥɟɧɢɟ, ɨɛɭɫɥɨɜɥɟɧɧɨɟ ɩɨɹɜɥɟɧɢɟɦ ɜɨ ɜɧɭɬɪɟɧɧɢɯ ɞɟɮɟɤɬɚɯ 

ɪɟɤɨɦɛɟɧɢɪɨɜɚɧɧɵɯ ɚɞɫɨɪɛɢɪɨɜɚɧɧɵɯ ɚɬɨɦɨɜ ɜɨɞɨɪɨɞɚ, ɫɨ ɜɪɟɦɟɧɟɦ 

ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫɨɝɥɚɫɧɨ ɡɚɤɨɧɭ ɪɚɫɬɜɨɪɢɦɨɫɬɢ. ɉɪɢɱɟɦ ɪɨɫɬ ɦɢɤɪɨɬɪɟɳɢɧ 

ɦɨɠɟɬ ɩɪɨɬɟɤɚɬɶ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɜɧɟɲɧɢɯ ɫɢɥ [145].  
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Ⱦɪɭɝɢɟ ɚɜɬɨɪɵ, ɧɚɩɪɢɦɟɪ [37], ɫɱɢɬɚɸɬ ɩɪɢɜɟɞɟɧɧɵɣ ɦɟɯɚɧɢɡɦ 

ɜɨɞɨɪɨɞɧɨɝɨ ɨɯɪɭɩɱɢɜɚɧɢɹ ɭɫɬɚɪɟɜɲɢɦ ɢ ɧɟ ɨɬɪɚɠɚɸɳɢɦ ɪɟɚɥɶɧɵɯ 

ɩɪɨɰɟɫɫɨɜ, ɩɪɨɬɟɤɚɸɳɢɯ ɜ ɦɚɬɟɪɢɚɥɟ ɩɪɢ ɟɝɨ ɧɚɜɨɞɨɪɨɠɢɜɚɧɢɢ.  

 Ⱦɟɤɨɝɟɡɢɨɧɧɚɹ ɬɟɨɪɢɹ 

Ⱦɚɧɧɵɣ ɜɚɪɢɚɧɬ ɨɩɢɫɚɧɢɹ ɜɨɞɨɪɨɞɧɨɝɨ ɪɚɫɬɪɟɫɤɢɜɚɧɢɹ ɛɵɥ ɩɪɟɞɥɨɠɟɧ 

ɩɪɨɮɟɫɫɨɪɨɦ Oriani [111], ɤɨɬɨɪɵɣ ɢɫɯɨɞɢɥ ɢɡ ɩɪɟɞɩɨɥɨɠɟɧɢɹ, ɱɬɨ 

ɚɛɫɨɪɛɢɪɨɜɚɧɧɵɣ ɦɚɬɟɪɢɚɥɨɦ ɜɨɞɨɪɨɞ, ɞɢɫɫɨɰɢɢɪɨɜɚɜɲɢɣ ɧɚ ɚɬɨɦɵ, ɦɨɠɟɬ 

ɭɦɟɧɶɲɢɬɶ ɤɨɝɟɡɢɨɧɧɵɟ ɫɢɥɵ ɦɟɠɞɭ ɚɬɨɦɚɦɢ ɦɚɬɟɪɢɚɥɚ (ɪɢɫ. 1.7). 

 

Ɋɢɫ. 1.7 - Ƚɪɚɮɢɱɟɫɤɚɹ ɢɧɬɟɪɩɪɟɬɚɰɢɹ ɞɟɤɨɝɟɡɢɨɧɧɨɣ ɬɟɨɪɢɢ. 

 

ȼ ɷɬɨɣ ɠɟ ɪɚɛɨɬɟ Oriani ɛɵɥɨ ɜɵɞɜɢɧɭɬɨ ɩɪɟɞɩɨɥɨɠɟɧɢɟ, ɱɬɨ ɩɪɢ 

ɧɚɥɢɱɢɢ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɤɚɤɨɣ-ɥɢɛɨ ɬɨɱɤɟ ɬɟɥɚ, ɤɨɧɰɟɧɬɪɚɰɢɹ 

ɜɨɞɨɪɨɞɚ ɜ ɧɟɣ ɫ ɬɟɱɟɧɢɟɦ ɜɪɟɦɟɧɢ ɪɚɫɬɟɬ Д111].  

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɣ ɦɟɯɚɧɢɡɦ ɜɨɞɨɪɨɞɧɨɝɨ 

ɪɚɫɬɪɟɫɤɢɜɚɧɢɹ ɨɫɧɨɜɚɧ ɧɚ ɩɪɟɞɩɨɥɨɠɟɧɢɢ ɨ ɬɨɦ, ɱɬɨ ɜɨɞɨɪɨɞ ɞɢɮɮɭɧɞɢɪɭɟɬ 

ɜ ɨɛɥɚɫɬɶ, ɧɚɯɨɞɹɳɭɸɫɹ ɜɛɥɢɡɢ ɜɟɪɲɢɧɵ ɬɪɟɳɢɧɵ, ɱɟɦ ɢ ɨɛɴɹɫɧɹɟɬɫɹ 

ɷɮɮɟɤɬ ɡɚɦɟɞɥɟɧɧɨɝɨ ɪɚɫɬɪɟɫɤɢɜɚɧɢɹ [103]. 

 Ⱥɞɫɨɪɛɰɢɨɧɧɚɹ ɬɟɨɪɢɹ 
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Ⱥɞɫɨɪɛɰɢɨɧɧɚɹ ɬɟɨɪɢɹ ɜɨɞɨɪɨɞɧɨɝɨ ɪɚɫɬɪɟɫɤɢɜɚɧɢɹ ɛɵɥɚ ɩɪɟɞɥɨɠɟɧɚ 

Uhlig [139Ж ɢ ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɤɪɢɬɟɪɢɢ ɪɚɡɪɭɲɟɧɢɹ Ƚɪɢɮɮɢɬɫɚ ɞɥɹ 

ɫɩɥɨɲɧɵɯ ɨɞɧɨɪɨɞɧɵɯ ɬɟɥ. Ⱦɚɧɧɚɹ ɬɟɨɪɢɹ ɨɬɬɚɥɤɢɜɚɟɬɫɹ ɨɬ ɩɪɟɞɩɨɥɨɠɟɧɢɹ 

ɨ ɬɨɦ, ɱɬɨ ɜɨɞɨɪɨɞ ɨɫɥɚɛɥɹɟɬ ɩɨɜɟɪɯɧɨɫɬɧɭɸ ɷɧɟɪɝɢɸ ɦɟɬɚɥɥɨɜ ɜɛɥɢɡɢ 

ɜɟɪɲɢɧɵ ɬɪɟɳɢɧɵ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɡɚɪɨɠɞɟɧɢɟ ɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɬɪɟɳɢɧɵ 

ɩɪɨɢɫɯɨɞɢɬ ɛɟɡ ɪɚɫɬɜɨɪɟɧɢɹ ɫɚɦɨɝɨ ɦɟɬɚɥɥɚ, ɤɚɤ ɷɬɨ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. 1.8. 

 

Ɋɢɫ. 1.8 - Ʉ ɚɞɫɨɪɛɰɢɨɧɧɨɦɭ ɦɟɯɚɧɢɡɦɭ ɪɚɫɬɪɟɫɤɢɜɚɧɢɹ. 

 

Ʉɚɤ ɩɨɤɚɡɚɥɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɪɭɝɢɯ ɭɱɟɧɵɯ Д102], [88], ɚɞɫɨɪɛɰɢɨɧɧɚɹ 

ɬɟɨɪɢɹ ɧɟ ɹɜɥɹɟɬɫɹ ɜɩɨɥɧɟ ɤɨɪɪɟɤɬɧɨɣ.  

 Ⱦɢɫɥɨɤɚɰɢɨɧɧɚɹ ɬɟɨɪɢɹ 

Ⱦɚɧɧɚɹ ɬɟɨɪɢɹ ɨɫɧɨɜɚɧɚ ɧɚ ɩɪɟɞɩɨɥɨɠɟɧɢɢ, ɱɬɨ ɧɚɥɢɱɢɟ ɜɨɞɨɪɨɞɚ 

ɜɛɥɢɡɢ ɞɢɫɥɨɤɚɰɢɢ ɜ ɦɚɬɟɪɢɚɥɟ ɦɨɠɟɬ ɢɡɦɟɧɢɬɶ ɩɨɞɜɢɠɧɨɫɬɶ ɷɬɨɣ 

ɞɢɫɥɨɤɚɰɢɢ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɜɨɡɦɨɠɧɨɫɬɢ ɭɜɟɥɢɱɟɧɢɹ ɦɟɫɬɧɵɯ ɞɟɮɨɪɦɚɰɢɣ. 

ɉɪɢ ɷɬɨɦ ɭɦɟɧɶɲɚɟɬɫɹ ɜɟɥɢɱɢɧɚ ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɜɛɥɢɡɢ 

ɜɟɪɲɢɧɵ ɬɪɟɳɢɧɵ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɭɫɤɨɪɟɧɧɨɦɭ ɪɚɡɪɭɲɟɧɢɸ ɦɚɬɟɪɢɚɥɚ. 

ɂɥɥɸɫɬɪɚɰɢɹ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɬɪɟɳɢɧɵ ɩɨ ɞɢɫɥɨɤɚɰɢɨɧɧɨɣ ɬɟɨɪɢɢ 

ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ. 1.9. 
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Ɋɢɫ. 1.9 - ɂɥɥɸɫɬɪɚɰɢɹ ɦɟɯɚɧɢɡɦɚ ɜɨɞɨɪɨɞɧɨɝɨ ɪɚɫɬɪɟɫɤɢɜɚɧɢɹ ɩɨ 

ɞɢɫɥɨɤɚɰɢɨɧɧɨɣ ɬɟɨɪɢɢ. 

 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɪɚɛɨɬɵ Beachem [59] ɩɨɤɚɡɚɥɢ, ɱɬɨ ɭɦɟɧɶɲɟɧɢɟ 

ɜɟɥɢɱɢɧɵ ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɩɪɨɢɫɯɨɞɢɬ ɜ ɨɛɥɚɫɬɹɯ ɫ ɧɚɢɛɨɥɶɲɟɣ 

ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɜɨɞɨɪɨɞɚ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜɨɡɞɟɣɫɬɜɢɟ ɜɨɞɨɪɨɞɚ ɧɚ 

ɩɨɞɜɢɠɧɨɫɬɶ ɞɢɫɥɨɤɚɰɢɣ ɤɚɠɞɨɝɨ ɦɚɬɟɪɢɚɥɚ ɪɚɡɥɢɱɧɚ.  

 Ƚɢɞɪɢɞɧɚɹ ɬɟɨɪɢɹ 

Ⱦɚɧɧɵɣ ɦɟɯɚɧɢɡɦ ɜɨɞɨɪɨɞɧɨɝɨ ɨɯɪɭɩɱɢɜɚɧɢɹ ɩɪɨɬɟɤɚɟɬ ɜ 

ɝɢɞɪɢɞɨɨɛɪɚɡɭɳɢɯ ɦɚɬɟɪɢɚɥɚɯ, ɬɚɤɢɯ ɤɚɤ Zr, Ta ɢ ɞɪ. Ⱦɚɧɧɨɦɭ ɦɟɯɚɧɢɡɦɭ 

ɜɨɞɨɪɨɞɧɨɝɨ ɨɯɪɭɩɱɢɜɚɧɢɹ ɩɨɫɜɹɳɟɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɛɨɬ [106], 

[105], [14] ɢ [93], ɱɬɨ ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɝɢɞɪɢɞɨɨɛɪɚɡɭɸɳɢɯ 

ɦɚɬɟɪɢɚɥɨɜ ɜ ɬɚɤɢɯ ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɷɥɟɦɟɧɬɚɯ ɤɨɧɫɬɪɭɤɰɢɣ, ɤɚɤ 

ɬɟɩɥɨɜɵɞɟɥɹɸɳɢɣ ɷɥɟɦɟɧɬ (ɌȼɗɅ), ɹɜɥɹɸɳɢɣɫɹ ɝɥɚɜɧɵɦ ɤɨɧɫɬɪɭɤɬɢɜɧɵɦ 

ɷɥɟɦɟɧɬɨɦ ɚɤɬɢɜɧɨɣ ɡɨɧɵ ɝɟɬɟɪɨɝɟɧɧɨɝɨ ɪɟɚɤɬɨɪɚ, ɫɨɞɟɪɠɚɳɢɦ ɹɞɟɪɧɨɟ 

ɬɨɩɥɢɜɨ. Ɋɨɫɬ ɬɪɟɳɢɧɵ ɜ ɝɢɛɪɢɞɨɨɛɪɚɡɭɸɳɟɦ ɦɚɬɟɪɢɚɥɟ ɫɯɟɦɚɬɢɱɟɫɤɢ 

ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ. 1.10. 
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Ɋɢɫ. 1.10 - ɋɯɟɦɚ ɪɨɫɬɚ ɬɪɟɳɢɧɵ ɜ ɝɢɞɪɢɞɨɨɛɪɚɡɭɸɳɟɦ ɦɚɬɟɪɢɚɥɟ. 

 

1.3 ȼɥɢɹɧɢɟ ɜɨɞɨɪɨɞɚ ɧɚ ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɦɚɬɟɪɢɚɥɵ 

 

ȿɳɟ ɜ 1875 ɝ. Ʌɨɧɞɨɧɫɤɢɦ ɤɨɪɨɥɟɜɫɤɢɦ ɨɛɳɟɫɬɜɨɦ ɛɵɥɨ ɨɬɦɟɱɟɧɨ 

ɩɚɝɭɛɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɜɨɞɨɪɨɞɚ ɧɚ ɠɟɥɟɡɨ [115]. ɋ ɬɟɯ ɩɨɪ ɦɧɨɝɢɟ ɪɚɛɨɬɵ 

([9], [5], [101], [138], [18], [14], [51], [1], [35] ɢ [39]) ɛɵɥɢ ɩɨɫɜɹɳɟɧɵ 

ɪɚɫɫɦɨɬɪɟɧɢɸ ɪɚɡɥɢɱɧɵɯ ɚɫɩɟɤɬɨɜ ɜɥɢɹɧɢɹ ɜɨɞɨɪɨɞɚ ɧɚ ɫɜɨɣɫɬɜɚ 

ɦɚɬɟɪɢɚɥɨɜ.  

Ʉɚɤ ɨɬɦɟɱɟɧɨ ɜ Д9] ɢ [11], ɜɨɞɨɪɨɞ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɢ ɪɚɫɬɜɨɪɹɟɬɫɹ 

ɩɪɚɤɬɢɱɟɫɤɢ ɜ ɥɸɛɵɯ ɦɟɬɚɥɥɚɯ ɢ ɫɩɥɚɜɚɯ. ɉɨɷɬɨɦɭ, ɜɨɩɪɨɫ ɜɨɞɨɪɨɞɧɨɣ 

ɯɪɭɩɤɨɫɬɢ ɹɜɥɹɟɬɫɹ ɜɚɠɧɵɦ, ɤɚɤ ɞɥɹ ɫɬɚɥɟɣ, ɬɚɤ ɢ ɞɥɹ ɫɩɥɚɜɨɜ ɧɚ ɨɫɧɨɜɟ 

ɧɢɤɟɥɹ, ɬɢɬɚɧɚ [58], ɰɢɪɤɨɧɢɹ [106], ɜɚɧɚɞɢɹ ɢ ɞɪ. 

ȼɨɞɨɪɨɞɧɭɸ ɯɪɭɩɤɨɫɬɶ ɦɟɬɚɥɥɨɜ, ɫɨɝɥɚɫɧɨ ɬɟɪɦɢɧɨɥɨɝɢɢ, ɩɪɢɧɹɬɨɣ ɜ 

ɪɚɛɨɬɟ [9], ɩɪɢɧɹɬɨ ɪɚɡɞɟɥɹɬɶ ɧɚ ɞɜɚ ɬɢɩɚ: ɨɛɪɚɬɢɦɭɸ ɢ ɧɟɨɛɪɚɬɢɦɭɸ.  

ɉɪɢ ɨɛɪɚɬɢɦɨɣ ɯɪɭɩɤɨɫɬɢ ɦɟɬɚɥɥɚ, ɧɚɝɪɟɜɚɹ ɩɨɫɥɟɞɧɢɣ, ɦɨɠɧɨ 

ɞɨɛɢɬɶɫɹ ɜɵɞɟɥɟɧɢɹ ɜɨɞɨɪɨɞɚ ɢɡ ɦɟɬɚɥɥɚ ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɢɫɯɨɞɧɵɯ 

ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ, ɯɨɬɹ ɱɚɫɬɨ ɧɚɛɥɸɞɚɟɬɫɹ ɨɛɪɚɬɧɵɣ ɷɮɮɟɤɬ – ɯɪɭɩɤɨɫɬɶ 

ɦɨɠɟɬ ɫɬɚɬɶ ɧɟɨɛɪɚɬɢɦɨɣ ɢ ɩɪɨɢɡɨɣɬɢ ɪɚɫɬɪɟɫɤɢɜɚɧɢɟ ɫɬɪɭɤɬɭɪɵ ɦɟɬɚɥɥɚ.  

ɇɟɨɛɪɚɬɢɦɚɹ ɯɪɭɩɤɨɫɬɶ ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ ɛɨɥɶɲɢɯ ɞɚɜɥɟɧɢɹɯ ɜɨɞɨɪɨɞɚ 

ɢ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɞɨɫɬɚɬɨɱɧɵɯ ɞɥɹ ɨɛɪɚɡɨɜɚɧɢɹ ɧɨɜɵɯ ɮɚɡ ɢ 
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ɨɛɟɡɭɝɥɟɪɨɠɢɜɚɧɢɹ ɦɟɬɚɥɥɚ. ɉɪɢ ɬɚɤɨɦ ɜɢɞɟ ɜɨɞɨɪɨɞɧɨɣ ɯɪɭɩɤɨɫɬɢ ɧɢɤɚɤɨɣ 

ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɨɣ ɧɟ ɭɞɚɫɬɫɹ ɜɨɫɫɬɚɧɨɜɢɬɶ ɢɫɯɨɞɧɵɯ ɫɜɨɣɫɬɜ ɦɟɬɚɥɥɚ. 

Ⱦɥɹ ɭɝɥɟɪɨɞɢɫɬɵɯ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɫɬɚɥɟɣ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ, ɩɨ 

ɤɨɬɨɪɵɦ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɢɧɬɟɪɜɚɥ ɬɟɦɩɟɪɚɬɭɪ, ɜ ɤɨɬɨɪɨɦ ɜɨɞɨɪɨɞɧɚɹ 

ɯɪɭɩɤɨɫɬɶ ɹɜɥɹɟɬɫɹ ɧɟɨɛɪɚɬɢɦɨɣ [57].  

ɂɡɭɱɟɧɢɟɦ ɢɡɦɟɧɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɭɝɥɟɪɨɞɢɫɬɵɯ ɫɬɚɥɟɣ, ɚ 

ɢɦɟɧɧɨ, ɋɬɚɥɢ β0 ɡɚɧɢɦɚɥɢɫɶ ɉɟɪɦɢɧɨɜ ɢ ɜ ɞɚɥɶɧɟɣɲɟɦ Ƚɥɢɤɦɚɧ. Ɇɨɠɧɨ 

ɬɚɤɠɟ ɨɬɦɟɬɢɬɶ ɬɚɤɢɟ ɪɚɛɨɬɵ ɤɚɤ [85], [74], [38] ɢ [50]. Ⱦɥɹ ɩɨɞɪɨɛɧɨɝɨ 

ɢɡɭɱɟɧɢɹ ɩɪɨɛɥɟɦɵ ɧɚɜɨɞɨɪɨɠɢɜɚɧɢɹ ɭɝɥɟɪɨɞɢɫɬɵɯ ɫɬɚɥɟɣ ɧɟɥɶɡɹ ɬɚɤɠɟ ɧɟ 

ɭɱɟɫɬɶ ɪɚɛɨɬɵ Somerday, ɬɚɤɢɟ ɤɚɤ [126] ɢ [127]. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɧɚɜɨɞɨɪɨɠɢɜɚɧɢɹ ɋɬɚɥɢ β0 ɛɵɥɨ 

ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɟɞɟɥ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɢ ɫɧɢɠɚɟɬɫɹ, ɩɪɢɱɟɦ ɬɟɦ 

ɛɨɥɶɲɟ, ɱɟɦ ɜɵɲɟ ɫɨɞɟɪɠɚɧɢɟ ɭɝɥɟɪɨɞɚ ɜ ɫɬɚɥɢ. Ʉɚɤ ɨɬɦɟɱɟɧɨ ɜ [9], ɫ 

ɭɜɟɥɢɱɟɧɢɟɦ ɞɚɜɥɟɧɢɹ ɜɨɞɨɪɨɞɚ, ɜɪɟɦɹ ɞɨ ɧɚɱɚɥɚ ɜɨɞɨɪɨɞɧɨɣ ɤɨɪɪɨɡɢɢ 

ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɫɬɚɥɢ ɭɦɟɧɶɲɚɟɬɫɹ. ɂɡɦɟɧɟɧɢɟ ɦɟɯɚɧɢɱɟɫɤɢɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ Cɬɚɥɢ β0 ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɜɨɡɞɟɣɫɬɜɢɹ 

ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫ. 1.11. 

 
Ɋɢɫ. 1.11 - ɂɡɦɟɧɟɧɢɟ ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɬɟɯɧɢɱɟɫɤɨɝɨ ɠɟɥɟɡɚ (ɚ) ɢ 
ɋɬɚɥɢ β0 (ɛ) ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɜɨɡɞɟɣɫɬɜɢɹ () ɜɨɞɨɪɨɞɚ 

(pH2=20 Ɇɉɚ) ɩɪɢ T=400 ˚C [9]: 

ɚ – ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɨɫɥɟ ɧɚɜɨɞɨɪɨɠɢɜɚɧɢɹ; ɛ – ɩɨɫɥɟ ɧɚɜɨɞɨɪɨɠɢɜɚɧɢɹ ɢ 
ɧɨɪɦɚɥɢɡɚɰɢɢ.  
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Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɚɧɚɥɢɡɚ ɤɪɢɜɵɯ, ɩɪɢɜɟɞɟɧɧɵɯ ɧɚ ɪɢɫ. 1.11, 

ɫɭɳɟɫɬɜɟɧɧɵɟ ɢɡɦɟɧɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɦɟɬɚɥɥɨɜ 

ɩɪɨɢɫɯɨɞɹɬ ɭɠɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1β0 ˚C. 

ɋ ɞɨɛɚɜɥɟɧɢɟɦ ɜ ɜɨɞɨɪɨɞɧɭɸ ɫɪɟɞɭ ɤɢɫɥɨɪɨɞɚ ɩɪɨɧɢɤɧɨɜɟɧɢɟ 

ɜɨɞɨɪɨɞɚ ɜ ɦɟɬɚɥɥ ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɩɨɹɜɥɟɧɢɟɦ ɨɤɫɢɞɧɨɣ 

ɩɥɟɧɤɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɬɚɥɥɚ, ɤɨɬɨɪɚɹ ɡɚɳɢɳɚɟɬ ɦɟɬɚɥɥ ɨɬ ɜɨɡɞɟɣɫɬɜɢɹ 

ɜɨɞɨɪɨɞɚ.  

ɇɢɡɤɨ - ɢ ɫɪɟɞɧɟɥɟɝɢɪɨɜɚɧɧɵɟ ɫɬɚɥɢ, ɫɨɝɥɚɫɧɨ ɞɚɧɧɵɦ Ⱥɪɱɚɤɨɜɚ [9], 

ɨɛɥɚɞɚɸɬ ɛɨɥɶɲɟɣ ɤɨɪɪɨɡɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɶɸ ɤ ɜɨɞɨɪɨɞɧɨɦɭ ɜɨɡɞɟɣɫɬɜɢɸ. 

ɉɪɢ ɷɬɨɦ, ɯɚɪɚɤɬɟɪ ɜɥɢɹɧɢɹ ɜɨɞɨɪɨɞɚ ɧɚ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɧɢɡɤɨ- ɢ 

ɫɪɟɞɧɟɥɟɝɢɪɨɜɚɧɧɵɯ ɫɬɚɥɟɣ ɬɚɤɨɣ ɠɟ, ɤɚɤ ɢ ɧɚ ɭɝɥɟɪɨɞɢɫɬɵɟ ɫɬɚɥɢ. ȼɥɢɹɧɢɟ 

ɜɨɞɨɪɨɞɚ ɧɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɟ ɫɬɚɥɢ, ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟɝɞɚ, ɨɛɪɚɬɢɦɨ, ɟɫɥɢ ɧɟ 

ɩɪɨɢɫɯɨɞɢɬ ɫɨɟɞɢɧɟɧɢɹ ɜɨɞɨɪɨɞɚ ɢ ɭɝɥɟɪɨɞɚ, ɬ.ɟ. ɨɛɟɡɭɝɥɟɪɨɠɢɜɚɧɢɹ.  

ɋɪɟɞɧɟɥɟɝɢɪɨɜɚɧɧɵɟ ɫɬɚɥɢ ɨɛɥɚɞɚɸɬ ɛɨɥɶɲɟɣ ɜɨɞɨɪɨɞɨɫɬɨɣɤɨɫɬɶɸ ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ ɧɢɡɤɨɥɟɝɢɪɨɜɚɧɧɵɦɢ ɫɬɚɥɹɦɢ. ɉɪɢ ɷɬɨɦ ɧɟɨɛɪɚɬɢɦɨɟ ɫɧɢɠɟɧɢɟ 

ɩɪɨɱɧɨɫɬɢ ɢ ɩɥɚɫɬɢɱɧɨɫɬɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɨɛɟɡɭɝɥɟɪɨɠɢɜɚɧɢɹ ɩɪɢ ɜɵɫɨɤɢɯ 

ɞɚɜɥɟɧɢɹɯ ɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɭ ɞɚɧɧɵɯ ɫɬɚɥɟɣ ɬɚɤɠɟ ɧɚɛɥɸɞɚɟɬɫɹ. 

ɂɡɦɟɧɟɧɢɟ ɫɜɨɣɫɬɜ ɜɵɫɨɤɨɥɟɝɢɪɨɜɚɧɧɵɯ ɫɬɚɥɟɣ ɩɨɞ ɞɟɣɫɬɜɢɟɦ 

ɜɨɞɨɪɨɞɚ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɬɚɛɥɢɰɟ 1.2. 

 

Ɍɚɛɥɢɰɚ 1.2 - ȼɥɢɹɧɢɟ ɜɨɞɨɪɨɞɚ ɧɚ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ 

ɫɬɚɥɟɣ  

ɋɬɚɥɶ (ɪɟɠɢɦ ɨɛɪɚɛɨɬɤɢ ɜ ɢɫɯɨɞɧɨɦ 
ɫɨɫɬɨɹɧɢɢ 

P, 

Ɇɉɚ 

t, 

˚C 

t, 

ɱ 
0,2, 

Ɇɉɚ 

, 

Ɇɉɚ 

 
16 Ƚɋ (ɧɨɪɦɚɥɢɡɚɰɢɹ 9β0 ˚ɋ, ɨɬɩɭɫɤ 

ɩɪɢ 650 ˚ɋ) 

- - - 320 510 30 75 

3 350 10000 300 510 29 58 

5 400 10000 290 470 24 42 

1βɏ1ɆɎ (ɧɨɪɦɚɥɢɡɚɰɢɹ 960 ˚ɋ, 
ɨɬɩɭɫɤ ɩɪɢ 750 ˚ɋ) 

- - - 420 510 30 76 

5 500 10000 390 540 26 81 

5 550 5000 300 460 36 60 

15ɏβɆɎ (ɧɨɪɦɚɥɢɡɚɰɢɹ 1000 ˚ɋ, 
ɨɬɩɭɫɤ ɩɪɢ 750 ˚ɋ) 

- - - 430 590 24 79 

50 450 10000 420 600 21 71 
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Ⱦɚɧɧɵɟ ɨ ɜɥɢɹɧɢɢ ɜɨɞɨɪɨɞɚ ɧɚ ɜɵɫɨɤɨɥɟɝɢɪɨɜɚɧɧɵɟ ɫɬɚɥɢ ɢ ɫɩɥɚɜɵ ɧɚ 

ɧɢɤɟɥɟɜɨɣ ɨɫɧɨɜɟ ɧɟ ɨɞɧɨɡɧɚɱɧɵ – ɬɚɤ ɭ ɫɬɚɥɟɣ 15ɏ1βȼɆɎ, 1βɏ18ɇ10Ɍ, 

40ɏ1βɇ8Ƚ8ɆɎȻ ɢ 10Ƚ18ɏ8Ɍ ɩɨɫɥɟ ɜɨɞɨɪɨɞɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɩɪɨɢɫɯɨɞɢɬ 

ɫɧɢɠɟɧɢɟ ɬɨɥɶɤɨ ɩɥɚɫɬɢɱɧɨɫɬɢ (), ɚ ɭ ɫɬɚɥɢ 10Ƚ18ɏ8Ɍ ɬɚɤɠɟ ɩɨɧɢɠɚɟɬɫɹ 

ɢ ɭɞɚɪɧɚɹ ɜɹɡɤɨɫɬɶ. ɉɪɢɱɟɦ ɩɨɫɥɟ ɨɬɩɭɫɤɚ ɬɚɤɢɯ ɫɬɚɥɟɣ ɢɡɦɟɧɟɧɧɵɟ 

ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɜɨɡɜɪɚɳɚɸɬɫɹ ɤ ɢɫɯɨɞɧɵɦ ɡɧɚɱɟɧɢɹɦ.  

ɍ ɚɭɫɬɟɧɢɬɧɵɯ ɫɬɚɥɟɣ, ɧɚɩɪɢɦɟɪ, γ5Ƚ1βɏ8Ɍ ɢ 45Ƚ18ɘɁ ɩɨɫɥɟ 

ɜɨɡɞɟɣɫɬɜɢɹ ɜɨɞɨɪɨɞɚ ɢɡɦɟɧɹɸɬɫɹ ɜɫɟ ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɩɪɢɱɟɦ 

ɩɪɨɰɟɫɫ ɢɡɦɟɧɟɧɢɹ ɧɟɨɛɪɚɬɢɦ. Ʉɚɤ ɭɤɚɡɚɧɨ ɜ Д9Ж, ɞɥɹ ɩɪɢɞɚɧɢɹ ɫɬɚɥɢ 

ɜɨɞɨɪɨɞɨɫɬɨɣɤɨɫɬɢ ɧɟɨɛɯɨɞɢɦɨ ɧɚɥɢɱɢɟ ɫɢɥɶɧɵɯ ɤɚɪɛɢɞɧɵɯ ɮɚɡ, ɤɨɬɨɪɵɟ 

ɜɨɞɨɪɨɞ ɧɟ ɦɨɠɟɬ «ɪɚɡɛɢɬɶ», ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɨɛɟɡɭɝɥɟɪɨɞɢɬɶ ɦɟɬɚɥɥ.  

ɂɫɫɥɟɞɨɜɚɧɢɟɦ ɜɨɞɨɪɨɞɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ 

ɯɪɨɦɨɧɢɤɟɥɟɜɵɯ ɫɬɚɥɟɣ ɚɭɫɬɟɧɢɬɧɨɝɨ ɤɥɚɫɫɚ ɩɨɫɜɹɳɟɧɨ ɦɧɨɠɟɫɬɜɨ ɪɚɛɨɬ 

[13], [8] ɢ [19], ɤɨɬɨɪɵɟ ɩɪɢɜɨɞɹɬ ɜ ɜɵɜɨɞɭ ɨɛ ɨɬɫɭɬɫɬɜɢɢ ɟɞɢɧɨɝɨ ɦɧɟɧɢɹ ɩɨ 

ɞɚɧɧɨɦɭ ɜɨɩɪɨɫɭ. ȿɫɥɢ ɨɪɢɟɧɬɢɪɨɜɚɬɶɫɹ ɧɚ ɞɚɧɧɵɟ ɪɚɛɨɬɵ Д7Ж, ɬɨ ɫɬɚɥɢ 

1βɏ18ɇ10Ɍ, 10ɏ14ɇ14Ɇβȼβ, 08ɏ15ɇβ6ȼβɆ4Ȼ ɜ ɛɨɥɶɲɨɣ ɫɬɟɩɟɧɢ 

ɜɨɫɩɪɢɢɦɱɢɜɵ ɤ ɜɨɞɨɪɨɞɧɨɦɭ ɜɨɡɞɟɣɫɬɜɢɸ, ɧɨ ɩɪɨɰɟɫɫɵ ɢɡɦɟɧɟɧɢɹ 

ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜ ɷɬɢɯ ɫɬɚɥɹɯ ɹɜɥɹɸɬɫɹ ɨɛɪɚɬɢɦɵɦɢ, ɯɨɬɹ 

ɷɤɫɩɟɪɢɦɟɧɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɩɪɢ ɜɟɫɶɦɚ ɡɧɚɱɢɬɟɥɶɧɵɯ ɞɚɜɥɟɧɢɹɯ ɜɨɞɨɪɨɞɚ 

(80 Ɇɉɚ). 

ɉɨɦɢɦɨ ɩɟɪɟɱɢɫɥɟɧɧɨɝɨ ɜɵɲɟ ɜɥɢɹɧɢɹ ɜɨɞɨɪɨɞɚ ɧɚ ɦɟɯɚɧɢɱɟɫɤɢɟ 

ɫɜɨɣɫɬɜɚ ɫɬɚɥɟɣ ɜɨɞɨɪɨɞ ɦɨɠɟɬ ɫɭɳɟɫɬɜɟɧɧɨ ɜɥɢɹɬɶ ɧɚ ɪɚɡɜɢɬɢɟ ɬɪɟɳɢɧ ɜ 

ɦɟɬɚɥɥɚɯ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɪɟɫɭɪɫɚ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɢɯ 

ɩɪɟɠɞɟɜɪɟɦɟɧɧɨɦɭ ɜɵɯɨɞɭ ɢɡ ɫɬɪɨɹ. ɇɚ ɪɢɫ. 1.12 ɩɪɢɜɟɞɟɧɚ ɞɢɚɝɪɚɦɦɚ ɪɨɫɬɚ 

ɬɪɟɳɢɧɵ ɜ ɨɛɪɚɡɰɟ ɢɡ ɜɵɫɨɤɨɩɪɨɱɧɨɣ ɫɬɚɥɢ ɇ-11, ɧɚɯɨɞɹɳɟɣɫɹ ɩɨɞ 

ɜɥɢɹɧɢɟɦ ɪɚɡɥɢɱɧɵɯ ɫɪɟɞ: ɝɚɡɨɨɛɪɚɡɧɵɣ ɤɢɫɥɨɪɨɞ, ɚɪɝɨɧ, ɜɨɞɨɪɨɞ ɢ ɜɨɞɚ 

[48], [28]. Ⱦɢɚɝɪɚɦɦɚ ɩɨɥɭɱɟɧɚ ɜ ɭɫɥɨɜɢɹɯ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɫɩɵɬɚɧɢɣ. 
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Ɋɢɫ. 1.12 - Ɋɨɫɬ ɬɪɟɳɢɧɵ ɜ ɜɵɫɨɤɨɩɪɨɱɧɨɣ ɫɬɚɥɢ ɇ-11 ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ 

ɪɚɡɥɢɱɧɵɯ ɫɪɟɞ [48]: 

1 – ɜɨɞɚ; 2 – ɭɜɥɚɠɧɟɧɧɵɣ ɚɪɝɨɧ ɩɥɸɫ ɤɢɫɥɨɪɨɞ (ɜ ɪɚɜɧɵɯ ɨɛɴɟɦɚɯ);  

3 – ɭɜɥɚɠɧɟɧɧɵɣ ɚɪɝɨɧ; 4 – ɱɢɫɬɵɣ ɜɨɞɨɪɨɞ. 

 

ɂɡ ɞɚɧɧɵɯ ɩɪɢɜɟɞɟɧɧɵɯ ɧɚ ɪɢɫ. 1.12 ɫɥɟɞɭɟɬ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɧɟɝɚɬɢɜɧɨɟ 

ɜɥɢɹɧɢɟ ɧɚ ɪɚɡɜɢɬɢɟ ɬɪɟɳɢɧɵ ɨɤɚɡɵɜɚɟɬ ɢɦɟɧɧɨ ɜɨɞɨɪɨɞ, ɜ ɦɟɧɶɲɟɣ ɫɬɟɩɟɧɢ 

– ɭɜɥɚɠɧɟɧɧɵɣ ɚɪɝɨɧ. Ʉɢɫɥɨɪɨɞ ɜɨɨɛɳɟ ɦɨɠɟɬ ɨɫɬɚɧɨɜɢɬɶ ɢɥɢ ɫɭɳɟɫɬɜɟɧɧɨ 

ɡɚɦɟɞɥɢɬɶ ɪɨɫɬ ɬɪɟɳɢɧɵ [88]. ɗɬɨ ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ ɬɟɦ, ɱɬɨ ɤɢɫɥɨɪɨɞ 

ɫɨɡɞɚɟɬ ɡɚɳɢɬɧɭɸ ɨɤɫɢɞɧɭɸ ɩɥɟɧɤɭ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɬɚɥɥɚ, ɤɨɬɨɪɚɹ 

ɬɨɪɦɨɡɢɬ ɩɪɨɰɟɫɫ ɯɟɦɨɫɨɪɛɰɢɢ [123].  

Ɇɧɨɝɨ ɪɚɛɨɬ ɩɨɫɜɹɳɟɧɨ ɜɨɩɪɨɫɭ ɜɥɢɹɧɢɹ ɪɚɡɥɢɱɧɵɯ ɮɚɤɬɨɪɨɜ ɧɚ 

ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ ɬɪɟɳɢɧ ɜ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɢɯ ɫɪɟɞɚɯ ɩɪɢ ɞɟɣɫɬɜɢɢ 

ɫɬɚɬɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ [138], [1], [106], [105], [49], [27], [94] ɢ [132]. ɇɚ ɪɢɫ. 

1.13 ɩɪɟɞɫɬɚɜɥɟɧɵ ɬɢɩɨɜɵɟ ɜɢɞɵ ɤɢɧɟɬɢɱɟɫɤɢɯ ɞɢɚɝɪɚɦɦ ɪɚɫɬɪɟɫɤɢɜɚɧɢɹ 

ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ.  
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Ɋɢɫ. 1.13 - ȼɢɞɵ ɤɢɧɟɬɢɱɟɫɤɢɯ ɞɢɚɝɪɚɦɦ [52]: 

ɚ – ɧɚɥɢɱɢɟ ɩɥɨɳɚɞɤɢ «ɬɟɤɭɱɟɫɬɢ»; ɛ – ɨɬɫɭɬɫɬɜɢɟ ɩɥɨɳɚɞɤɢ 

«ɬɟɤɭɱɟɫɬɢ». 

 

Ɋɚɡɜɢɬɢɟ ɬɪɟɳɢɧ ɩɨ ɦɨɞɟɥɢ ɯɪɭɩɤɨɝɨ ɪɚɡɪɭɲɟɧɢɹ Ƚɪɢɮɮɢɬɫɚ-ɂɪɜɢɧɚ 

ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɞɜɚ ɜɢɞɚ ɬɪɟɳɢɧ: ɧɟɪɚɫɩɪɨɫɬɪɚɧɹɸɳɢɟɫɹ ɢ 

ɪɚɫɩɪɨɫɬɪɚɧɹɸɳɢɟɫɹ. Ȼɥɚɝɨɞɚɪɹ ɜɨɡɞɟɣɫɬɜɢɸ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ 

ɧɟɪɚɫɩɪɨɫɬɪɚɧɹɸɳɚɹɫɹ ɬɪɟɳɢɧɚ (ɩɨ ɦɨɞɟɥɢ Ƚɪɢɮɮɢɬɫɚ-ɂɪɜɢɧɚ) ɦɨɠɟɬ 

ɧɚɱɚɬɶ ɪɚɫɬɢ, ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɟɪɟɯɨɞɹ ɨɬ ɭɫɬɨɣɱɢɜɨɣ ɫɬɚɞɢɢ ɪɨɫɬɚ ɤ 

ɥɚɜɢɧɨɨɛɪɚɡɧɨɣ.  

Ɍɪɟɳɢɧɵ, ɪɚɫɩɪɨɫɬɪɚɧɹɸɳɢɟɫɹ ɩɨɞ ɜɥɢɹɧɢɟɦ ɜɨɞɨɪɨɞɚ, ɨɛɥɚɞɚɸɬ 

ɢɧɤɭɛɚɰɢɨɧɧɵɦ ɩɟɪɢɨɞɨɦ, ɜɨ ɜɪɟɦɹ ɤɨɬɨɪɨɝɨ ɬɪɟɳɢɧɚ ɧɟ ɫɬɪɚɝɢɜɚɟɬɫɹ [96], 

[40], [132] ɢ [42]. ɋɨɝɥɚɫɧɨ ɞɚɧɧɵɦ [27Ж, ɫɥɟɞɭɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɧɟ ɞɜɟ ɫɬɚɞɢɢ 

ɪɨɫɬɚ ɬɪɟɳɢɧɵ, ɚ ɬɪɢ. ɉɟɪɜɚɹ ɫɬɚɞɢɹ ɪɨɫɬɚ ɬɪɟɳɢɧɵ ɹɜɥɹɟɬɫɹ 

ɢɧɤɭɛɚɰɢɨɧɧɨɣ. ɇɚ ɩɪɨɬɹɠɟɧɢɢ ɷɬɨɣ ɫɬɚɞɢɢ ɫɜɨɣɫɬɜɚ ɦɟɬɚɥɥɚ ɧɚɱɢɧɚɸɬ 

ɢɡɦɟɧɹɬɶɫɹ, ɧɨ ɧɟ ɧɚɫɬɨɥɶɤɨ, ɱɬɨ ɛɵ ɜɧɟɲɧɹɹ ɧɚɝɪɭɡɤɚ ɛɵɥɚ ɞɨɫɬɚɬɨɱɧɨɣ ɞɥɹ 

ɫɬɪɚɝɢɜɚɧɢɹ ɬɪɟɳɢɧɵ. Ɍɚɤɚɹ ɫɬɚɞɢɹ ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ ɡɧɚɱɟɧɢɹɯ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɧɚɩɪɹɠɟɧɢɣ (Ʉɂɇ) KI ɛɥɢɡɤɢɯ ɤ ɜɟɥɢɱɢɧɟ 

ɜɹɡɤɨɫɬɢ ɪɚɡɪɭɲɟɧɢɹ ɜ ɫɪɟɞɟ КIEAC [52]. ɇɚ ɤɢɧɟɬɢɱɟɫɤɢɯ ɞɢɚɝɪɚɦɦɚɯ 

ɪɚɡɪɭɲɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɨɤɨɧɱɚɧɢɟ ɩɟɪɜɨɣ ɫɬɚɞɢɢ ɪɨɫɬɚ ɬɪɟɳɢɧɵ 

ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɪɟɡɤɨɟ ɭɜɟɥɢɱɟɧɢɟ ɫɤɨɪɨɫɬɢ ɟɟ ɪɨɫɬɚ, ɤɚɤ ɧɚɩɪɢɦɟɪ, ɩɪɢ 
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ɪɚɫɬɪɟɫɤɢɜɚɧɢɢ ɫɬɚɥɢ AISI 41γ0 ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɞɚɜɥɟɧɢɹɯ ɜɨɞɨɪɨɞɚ (ɫɦ. ɪɢɫ. 

1.14, [52]). 

 

Ɋɢɫ. 1.14 - Ɋɚɫɬɪɟɫɤɢɜɚɧɢɟ ɜɵɫɨɤɨɩɪɨɱɧɨɣ ɫɬɚɥɢ AISI 41γ0 ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ 

ɝɚɡɨɨɛɪɚɡɧɨɝɨ ɜɨɞɨɪɨɞɚ [52]. 

 

ȼɬɨɪɚɹ ɫɬɚɞɢɹ ɪɨɫɬɚ ɬɪɟɳɢɧɵ [68], ɨɛɭɫɥɨɜɥɟɧɧɚɹ ɜɨɡɞɟɣɫɬɜɢɟɦ 

ɜɨɞɨɪɨɞɚ, ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɭɫɬɨɣɱɢɜɵɣ ɪɨɫɬ. Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɚɧɚɥɢɡɚ 

ɞɚɧɧɵɯ, ɩɪɢɜɟɞɟɧɧɵɯ ɧɚ ɪɢɫ. 1.14, ɜɬɨɪɚɹ ɫɬɚɞɢɹ ɦɨɠɟɬ ɩɪɨɬɟɤɚɬɶ ɩɨ-

ɪɚɡɧɨɦɭ: ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ ɬɪɟɳɢɧɵ ɦɨɠɟɬ ɡɚɜɢɫɟɬɶ ɨɬ KI, ɚ ɬɚɤɠɟ ɛɵɬɶ 

ɧɟɡɚɜɢɫɢɦɨɣ ɨɬ ɧɟɝɨ. Ɍɪɟɬɶɹ ɫɬɚɞɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɥɚɜɢɧɨɨɛɪɚɡɧɵɣ 

(ɡɚɤɪɢɬɢɱɟɫɤɢɣ) ɪɨɫɬ ɬɪɟɳɢɧɵ [25]. 

ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ, ɧɚɩɪɢɦɟɪ [47], 

ɜɫɬɪɟɱɚɸɬɫɹ ɞɢɚɝɪɚɦɦɵ, ɩɨ ɜɢɞɭ ɨɬɥɢɱɧɵɟ ɨɬ ɩɪɢɜɟɞɟɧɧɵɯ ɧɚ ɪɢɫ. 1.14. Ɍɚɤ, 

ɜɬɨɪɚɹ ɫɬɚɞɢɹ ɪɨɫɬɚ ɬɪɟɳɢɧɵ ɦɨɠɟɬ ɫɨɩɪɨɜɨɠɞɚɬɶɫɹ «ɩɪɨɜɚɥɨɦ» 

ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɤɪɢɜɨɣ, ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɩɟɪɟɯɨɞɨɦ ɤ ɬɪɟɬɶɟɣ ɫɬɚɞɢɢ. 

Ⱦɨɥɝɨɟ ɜɪɟɦɹ ɨɩɪɟɞɟɥɟɧɢɟ KIEAC ɛɵɥɨ ɩɪɟɞɦɟɬɨɦ ɨɛɫɭɠɞɟɧɢɣ ɦɧɨɝɢɯ 

ɭɱɟɧɵɯ [73]. ɉɪɢɱɢɧɨɣ ɷɬɨɝɨ ɛɵɥɨ ɫɥɟɞɭɸɳɟɟ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ: ɜɟɥɢɱɢɧɚ 

KIEAC ɡɧɚɱɢɬɟɥɶɧɨ ɢɡɦɟɧɹɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɧɤɪɟɬɧɨɣ ɩɚɪɵ ɦɟɬɚɥɥ-
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ɫɪɟɞɚ, ɚ ɬɚɤɠɟ ɫɢɥɶɧɨ ɡɚɜɢɫɢɬ ɨɬ ɜɪɟɦɟɧɢ ɧɚɜɨɞɨɪɨɠɢɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ, ɬ.ɟ. 

ɞɥɢɬɟɥɶɧɨɫɬɢ ɷɤɫɩɟɪɢɦɟɧɬɚ. ɉɨɷɬɨɦɭ ɡɧɚɱɟɧɢɹ KIEAC, ɩɨɥɭɱɟɧɧɵɟ ɪɚɡɧɵɦɢ 

ɢɫɫɥɟɞɨɜɚɬɟɥɹɦɢ ɦɨɝɭɬ ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɬɶɫɹ ɞɪɭɝ ɨɬ ɞɪɭɝɚ [48]. 

ɂɡɦɟɧɟɧɢɟ KIEAC ɨɬ ɜɪɟɦɟɧɢ ɧɚɜɨɞɨɪɨɠɢɜɚɧɢɹ ɩɪɢɜɟɞɟɧɨ ɜ [52Ж. Ʉɪɢɜɵɟ 

ɢɡɦɟɧɟɧɢɹ ɜɟɥɢɱɢɧɵ KIEAC ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɜɨɞɨɪɨɞɚ ɜ ɦɟɬɚɥɥɟ 

ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 1.15.  

 

Ɋɢɫ. 1.15 - ȼɥɢɹɧɢɟ ɜɨɞɨɪɨɞ ɧɚ KIEAC ɞɥɹ ɫɬɚɥɢ AerMet 100 [52]. 

 

ȼ ɱɚɫɬɧɨɫɬɢ, ɞɥɹ ɜɵɫɨɤɨɩɪɨɱɧɵɯ ɫɬɚɥɟɣ ɡɧɚɱɟɧɢɟ KIEAC, ɩɪɨɞɨɥɠɚɟɬ 

ɭɛɵɜɚɬɶ ɞɚɠɟ ɩɨɫɥɟ ɢɫɩɵɬɚɧɢɣ ɞɥɢɬɟɥɶɧɨɫɬɶɸ ɛɨɥɟɟ 1000 ɱ. 

Ɍɚɤɠɟ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜɟɥɢɱɢɧɚ KIEAC ɭɛɵɜɚɟɬ ɫ ɭɜɟɥɢɱɟɧɢɟɦ 

ɩɪɟɞɟɥɚ ɬɟɤɭɱɟɫɬɢ ɦɚɬɟɪɢɚɥɚ (ɪɢɫ. 1.16) [48].  
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Ɋɢɫ. 1.16 - ȼɥɢɹɧɢɟ ɩɪɟɞɟɥɚ ɬɟɤɭɱɟɫɬɢ ɧɚ KIc ɢ KIEAC ɜɵɫɨɤɨɩɪɨɱɧɨɣ 

ɫɬɚɥɢ ɬɢɩɚ 40ɏɇβɆ (AISI 4340) ɩɪɢ ɢɫɩɵɬɚɧɢɹɯ ɜ ɩɪɨɬɨɱɧɨɣ ɦɨɪɫɤɨɣ ɜɨɞɟ: 

1, 2 – ɪɚɡɪɭɲɟɧɢɟ ɧɚ ɜɨɡɞɭɯɟ (KIc); 3 – ɪɚɡɪɭɲɟɧɢɟ ɜ 

ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɟ (ɢɡɦɟɧɟɧɢɟ KIEAC) [48]. 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫ. 1.16, ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɩɪɟɞɟɥɚ ɬɟɤɭɱɟɫɬɢ ɦɚɬɟɪɢɚɥɚ 

ɜɟɥɢɱɢɧɵ ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɢ ɜ ɫɪɟɞɟ ɢ ɧɚ ɜɨɡɞɭɯɟ ɩɪɢɛɥɢɠɚɸɬɫɹ ɞɪɭɝ ɤ 

ɞɪɭɝɭ. Ɍɚɤɚɹ ɡɚɤɨɧɨɦɟɪɧɨɫɬɶ ɢɡɦɟɧɟɧɢɹ KIEAC ɧɚɛɥɸɞɚɟɬɫɹ ɧɟ ɭ ɜɫɟɯ ɫɬɚɥɟɣ, 

ɢɡɜɟɫɬɧɨ ɨɛ ɨɛɪɚɬɧɵɯ ɷɮɮɟɤɬɚɯ ɩɪɢ ɪɚɫɫɦɨɬɪɟɧɢɢ ɧɟɤɨɬɨɪɵɯ ɚɥɸɦɢɧɢɟɜɵɯ 

ɫɩɥɚɜɨɜ.  

ɉɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜɵɲɟ ɞɚɧɧɵɟ ɩɨɡɜɨɥɹɸɬ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɜɟɥɢɱɢɧɭ 

KIEAC ɫɥɟɞɭɟɬ ɨɩɪɟɞɟɥɹɬɶ ɞɥɹ ɤɚɠɞɨɣ ɤɨɧɤɪɟɬɧɨɣ ɫɢɫɬɟɦɵ ɦɟɬɚɥɥ-ɫɪɟɞɚ 

ɢɧɞɢɜɢɞɭɚɥɶɧɨ. Ⱥɜɬɨɪɵ ɪɚɛɨɬɵ [52Ж ɩɪɟɞɩɨɥɚɝɚɸɬ, ɱɬɨ ɞɟɣɫɬɜɢɬɟɥɶɧɨɟ 

ɡɧɚɱɟɧɢɟ KIEAC ɩɪɢɛɥɢɠɚɟɬɫɹ ɤ ɧɭɥɸ.  

ɇɟɫɦɨɬɪɹ ɧɚ ɩɪɢɜɟɞɟɧɧɨɟ ɜɵɲɟ, ɡɧɚɱɟɧɢɟ ɩɪɟɞɟɥɶɧɨɣ ɜɟɥɢɱɢɧɵ Ʉɂɇ, 

ɩɪɢ ɤɨɬɨɪɨɣ ɯɚɪɚɤɬɟɪ ɪɨɫɬɚ ɬɪɟɳɢɧɵ ɫɬɚɧɨɜɢɬɫɹ ɥɚɜɢɧɨɨɛɪɚɡɧɵɦ, ɦɧɨɝɢɦɢ 

ɭɱɟɧɵɦɢ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ ɜɟɥɢɱɢɧɟ ɜɹɡɤɨɫɬɢ ɪɚɡɪɭɲɟɧɢɹ ɦɚɬɟɪɢɚɥɚ KIc. 

Ɍɚɤɨɣ ɩɨɞɯɨɞ ɧɟ ɜɫɟɝɞɚ ɜɟɪɟɧ, ɫɨɝɥɚɫɧɨ [27].  
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Ȼɨɥɶɲɨɟ ɜɧɢɦɚɧɢɟ ɜɥɢɹɧɢɸ ɞɚɜɥɟɧɢɹ ɜɨɞɨɪɨɞɚ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɫɪɟɞɵ 

ɧɚ ɫɤɨɪɨɫɬɶ ɪɚɡɜɢɬɢɹ ɬɪɟɳɢɧ ɜ ɪɚɡɥɢɱɧɵɯ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɫɬɚɥɹɯ ɭɞɟɥɟɧɨ ɜ 

ɪɚɛɨɬɚɯ [76], [90], [104] ɢ [122]. 

Ɉɫɧɨɜɵɜɚɹɫɶ ɧɚ ɞɚɧɧɵɯ, ɩɪɢɜɟɞɟɧɧɵɯ ɜ ɷɬɢɯ ɪɚɛɨɬɚɯ, ɞɥɹ ɪɹɞɚ 

ɦɟɬɚɥɥɨɜ ɢ ɫɩɥɚɜɨɜ ɛɵɥɢ ɫɞɟɥɚɧɵ ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵ ɨ ɜɥɢɹɧɢɢ ɜɨɞɨɪɨɞɚ ɧɚ 

ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ ɬɪɟɳɢɧ V ɜ ɷɥɟɦɟɧɬɚɯ ɤɨɧɫɬɪɭɤɰɢɣ ɢɡ ɬɚɤɢɯ ɦɚɬɟɪɢɚɥɨɜ: 

 Ɂɚɜɢɫɢɦɨɫɬɶ V(T) ɹɜɥɹɟɬɫɹ ɧɟɦɨɧɨɬɨɧɧɨɣ ɢ ɢɦɟɟɬ ɷɤɫɬɪɟɦɭɦ ɩɪɢ 

ɧɟɤɨɬɨɪɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɩɨɫɥɟ ɞɨɫɬɢɠɟɧɢɹ ɤɨɬɨɪɨɣ, ɫɤɨɪɨɫɬɶ 

ɪɚɡɜɢɬɢɹ ɬɪɟɳɢɧɵ ɪɟɡɤɨ ɩɚɞɚɟɬ. 

 ȼ ɪɚɛɨɬɟ [76Ж ɛɵɥɚ ɭɫɬɚɧɨɜɥɟɧɚ ɫɜɹɡɶ ɦɟɠɞɭ ɷɤɫɬɪɟɦɚɥɶɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɨɣ ɢ ɞɚɜɥɟɧɢɟɦ ɜɨɞɨɪɨɞɚ: 

 
2 *lg / .

H
p const T const   (1.6) 

 

1.4 ɉɪɨɰɟɫɫ ɪɚɡɪɭɲɟɧɢɹ ɩɨ ɦɟɯɚɧɢɡɦɭ ɜɨɞɨɪɨɞɧɨɝɨ ɪɚɫɬɪɟɫɤɢɜɚɧɢɹ 

 

ɉɪɨɰɟɫɫ ɪɚɡɪɭɲɟɧɢɹ ɦɟɬɚɥɥɚ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɜɨɞɨɪɨɞɚ ɦɨɠɟɬ 

ɩɪɨɯɨɞɢɬɶ ɩɨ ɬɪɟɦ ɪɚɡɥɢɱɧɵɦ ɦɢɤɪɨɦɟɯɚɧɢɡɦɚɦ ɪɚɡɪɭɲɟɧɢɹ. Beachem [59] 

ɩɪɨɜɨɞɢɥ ɷɤɫɩɟɪɢɦɟɧɬɵ ɫ ɨɛɪɚɡɰɚɦɢ ɢɡ ɜɵɫɨɤɨɩɪɨɱɧɨɣ ɫɬɚɥɢ AISI 4γ40 ɩɪɢ 

ɪɚɡɥɢɱɧɵɯ ɭɪɨɜɧɹɯ ɧɚɩɪɹɠɟɧɢɣ ɢ ɭɫɬɚɧɨɜɢɥ, ɱɬɨ ɪɚɡɪɭɲɟɧɢɟ ɩɪɨɯɨɞɢɥɨ ɩɨ 

ɨɞɧɨɦɭ ɢɡ ɦɟɯɚɧɢɡɦɨɜ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɧɚ ɪɢɫ. 1.17. 

Ɋɢɫ. 1.17 - ɋɯɟɦɚɬɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɬɪɚɟɤɬɨɪɢɣ ɪɚɡɪɭɲɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɨɬ 

ɜɨɞɨɪɨɞɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɪɨɜɧɹ ɩɪɢɥɨɠɟɧɧɵɯ ɧɚɩɪɹɠɟɧɢɣ 

[59]: 

ɚ) – ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ KI; ɛ) – ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɭɪɨɜɟɧɶ KI; ɜ) – ɧɢɡɤɢɣ 

ɭɪɨɜɟɧɶ KI. 
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Beachem ɭɫɬɚɧɨɜɢɥ, ɱɬɨ ɩɪɢ ɜɵɫɨɤɨɦ ɭɪɨɜɧɟ ɧɚɩɪɹɠɟɧɢɣ, ɪɚɡɪɭɲɟɧɢɟ 

ɩɪɨɢɫɯɨɞɢɬ ɩɨ ɦɢɤɪɨɦɟɯɚɧɢɡɦɭ ɤɨɚɥɟɧɫɰɟɧɰɢɢ ɦɢɤɪɨɩɨɪ, ɩɪɢ ɫɪɟɞɧɟɦ - 

ɬɪɚɧɫɤɪɢɫɬɚɥɥɢɬɧɨɟ ɪɚɡɪɭɲɟɧɢɟ ɩɨ ɦɟɯɚɧɢɡɦɭ ɤɜɚɡɢɫɤɨɥɚ. ɉɪɢ ɧɢɡɤɨɦ 

ɭɪɨɜɧɟ ɧɚɩɪɹɠɟɧɢɣ ɪɚɡɪɭɲɟɧɢɟ ɦɟɬɚɥɥɚ ɧɨɫɢɬ ɢɧɬɟɪɤɪɢɫɬɚɥɥɢɬɧɵɣ 

ɯɚɪɚɤɬɟɪ. Ɉɫɧɨɜɵɜɚɹɫɶ ɧɚ ɷɬɢɯ ɧɚɛɥɸɞɟɧɢɹɯ, ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ 

ɟɞɢɧɵɣ ɦɟɯɚɧɢɡɦ ɦɢɤɪɨɪɚɡɪɭɲɟɧɢɹ ɦɟɬɚɥɥɨɜ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɜɨɞɨɪɨɞɚ ɢ 

ɫɬɚɬɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ ɨɬɫɭɬɫɬɜɭɟɬ. Ⱥɧɚɥɨɝɢɱɧɨ Beachem, Takeda ɢ Ɇɚɤ 

Ɇɚɝɨɧ ɧɚɛɥɸɞɚɥɢ ɪɚɡɪɭɲɟɧɢɟ ɩɨ ɨɩɢɫɚɧɧɵɦ ɜɵɲɟ ɦɢɤɪɨɦɟɯɚɧɢɡɦɚɦ ɜ 

ɨɛɪɚɡɰɚɯ ɢɡ ɡɚɤɚɥɟɧɧɨɣ ɢ ɨɬɩɭɳɟɧɧɨɣ ɫɬɚɥɢ, ɢɦɟɸɳɢɯ ɩɪɚɤɬɢɱɟɫɤɢ 

ɨɞɢɧɚɤɨɜɭɸ ɦɢɤɪɨɫɬɪɭɤɬɭɪɭ ɢ ɩɪɨɱɧɨɫɬɶ.  

Ʉɚɤ ɛɵɥɨ ɩɨɤɚɡɚɧɨ ɜ ɪɚɛɨɬɚɯ Sofronis ɢ Ɇɚɤ Ʉɢɤɢɧɝɚ [124], ɜɨɞɨɪɨɞ 

ɦɢɝɪɢɪɭɟɬ ɢ ɫɤɚɩɥɢɜɚɟɬɫɹ ɜ ɨɛɥɚɫɬɹɯ ɫ ɧɚɢɛɨɥɶɲɢɦɢ ɪɚɫɬɹɝɢɜɚɸɳɢɦɢ 

ɧɚɩɪɹɠɟɧɢɹɦɢ. ȼɨɞɨɪɨɞ, ɩɪɨɧɢɤɚɸɳɢɣ ɜ ɜɟɪɲɢɧɭ ɬɪɟɳɢɧɵ, ɩɪɢ ɦɚɥɵɯ 

ɡɧɚɱɟɧɢɹɯ Ʉɂɇ ɫɤɚɩɥɢɜɚɟɬɫɹ ɜ ɨɛɥɚɫɬɢ, ɦɟɧɶɲɟɣ ɪɚɡɦɟɪɚ ɡɟɪɧɚ, ɚ ɭɠɟ ɫ 

ɭɜɟɥɢɱɟɧɢɟɦ Ʉɂɇ, ɨɯɜɚɬɵɜɚɟɬ ɨɛɥɚɫɬɶ ɜ ɧɟɫɤɨɥɶɤɨ ɡɟɪɟɧ. Ɍɚɤɚɹ ɫɯɟɦɚ ɪɨɫɬɚ 

ɬɪɟɳɢɧɵ ɜ ɧɚɜɨɞɨɪɨɠɟɧɧɨɦ ɦɚɬɟɪɢɚɥɟ, ɩɪɟɞɥɨɠɟɧɧɚɹ ɜ Gerberich [79].  

ɂɧɤɭɛɚɰɢɨɧɧɵɣ ɩɟɪɢɨɞ ɪɚɡɜɢɬɢɹ ɬɪɟɳɢɧɵ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɜɪɟɦɹ, 

ɤɨɬɨɪɵɟ ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ ɪɚɫɬɜɨɪɟɧɢɹ ɨɤɢɫɧɨɣ ɩɥɟɧɤɢ ɜ ɜɟɪɲɢɧɟ ɬɪɟɳɢɧɵ. 

ɉɪɢ ɛɨɥɶɲɢɯ ɧɚɝɪɭɡɤɚɯ ɩɥɟɧɤɚ ɪɚɡɪɭɲɚɟɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɦɝɧɨɜɟɧɧɨ, 

ɨɛɟɫɩɟɱɢɜɚɹ ɤɨɧɬɚɤɬ ɫɪɟɞɵ ɫ ɸɜɟɧɢɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɦɚɬɟɪɢɚɥɚ. ɉɪɢ 

ɦɚɥɵɯ ɧɚɝɪɭɡɤɚɯ ɞɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦ ɛɨɥɟɟ ɞɥɢɬɟɥɶɧɵɣ ɩɪɨɦɟɠɭɬɨɤ 

ɜɪɟɦɟɧɢ. Ʉɚɱɟɫɬɜɟɧɧɨ, ɫɯɟɦɚ ɪɨɫɬɚ ɬɪɟɳɢɧɵ ɜ ɧɚɜɨɞɨɪɨɠɢɜɚɟɦɨɦ ɦɟɬɚɥɥɟ 

ɩɪɢɜɟɞɟɧɚ ɜ [21] (ɪɢɫ. 1.18). 
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Ɋɢɫ. 1.18 - ɋɯɟɦɚ ɪɨɫɬɚ ɬɪɟɳɢɧɵ ɜ ɧɚɜɨɞɨɪɨɠɢɜɚɟɦɨɦ ɦɟɬɚɥɥɟ [21]: 

ɚ) – ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ KI; ɛ) – ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɭɪɨɜɟɧɶ KI; ɜ) – ɧɢɡɤɢɣ 

ɭɪɨɜɟɧɶ KI. 

 

Ⱦɥɹ ɬɚɤɢɯ ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɣ, ɤɚɤ ɬɪɭɛɨɩɪɨɜɨɞ ɛɨɤɨɜɨɝɨ ɷɤɪɚɧɚ 

ɤɨɬɥɚ Ɍɗɐ, ɨɩɢɫɚɧɵ ɫɥɭɱɚɢ ɤɨɪɪɨɡɢɨɧɧɨɝɨ ɪɚɡɪɭɲɟɧɢɹ, ɩɪɨɢɫɯɨɞɹɳɟɝɨ ɜ 

ɫɬɟɧɤɟ ɬɪɭɛɵ ɩɪɢ ɤɨɧɬɚɤɬɟ ɫ ɩɚɪɨɜɨɞɹɧɨɣ ɫɦɟɫɶɸ [5], [74]. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɩɚɪɨɜɨɞɹɧɨɣ ɫɦɟɫɢ, ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɬɪɭɛɵ ɩɪɟɨɛɥɚɞɚɸɬ 

ɪɚɡɧɵɟ ɤɨɪɪɨɡɢɨɧɧɵɟ ɩɪɨɰɟɫɫɵ, ɱɬɨ ɩɪɨɢɥɥɸɫɬɪɢɪɨɜɚɧɨ ɧɚ ɪɢɫ. 1.19. 
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Ɋɢɫ. 1.19 - ɋɯɟɦɚ ɤɨɪɪɨɡɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ [21]: 

ɚ - ɩɨɹɜɥɟɧɢɟ ɝɪɚɞɢɟɧɬɚ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɪɢ ɧɚɥɢɱɢɢ 

ɜɧɭɬɪɟɧɧɢɯ ɨɬɥɨɠɟɧɢɣ ɧɚ ɷɤɪɚɧɧɨɣ ɬɪɭɛɟ, ɛ - ɥɨɤɚɥɶɧɵɣ ɤɨɪɪɨɡɢɨɧɧɵɣ 

ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɣ ɷɥɟɦɟɧɬ, ɮɭɧɤɰɢɨɧɢɪɭɸɳɢɣ ɜ ɤɢɫɥɨɣ ɫɪɟɞɟ ɢ 

ɩɪɢɜɨɞɹɳɢɣ ɤ ɯɪɭɩɤɨɦɭ ɜɨɞɨɪɨɞɧɨɦɭ ɪɚɡɪɭɲɟɧɢɸ; ɜ - ɥɨɤɚɥɶɧɵɣ 

ɤɨɪɪɨɡɢɨɧɧɵɣ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɣ ɷɥɟɦɟɧɬ, ɮɭɧɤɰɢɨɧɢɪɭɸɳɢɣ ɜ ɳɟɥɨɱɧɨɣ 

ɫɪɟɞɟ ɢ ɩɪɢɜɨɞɹɳɢɣ ɤ ɹɡɜɟɧɧɨɦɭ ɩɨɪɚɠɟɧɢɸ ɢɥɢ ɤɨɪɪɨɡɢɢ ɩɹɬɧɚɦɢ. 
 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɨɤɚɡɚɬɟɥɹ pH ɫɤɨɪɨɫɬɶ ɤɨɪɪɨɡɢɢ ɬɪɭɛɵ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

1. ɉɪɢ pH<7 (ɤɢɫɥɚɹ ɫɪɟɞɚ) ɫɤɨɪɨɫɬɶ ɤɨɪɪɨɡɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɤɨɪɨɫɬɶɸ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɢɨɧɨɜ ɜɨɞɨɪɨɞɚ. ɂɨɧɵ ɜɨɞɨɪɨɞɚ, ɢɦɟɸɳɢɟɫɹ ɜ 

ɤɨɬɥɨɜɨɣ ɜɨɞɟ, ɢɡ-ɡɚ ɟɟ ɞɢɫɫɨɰɢɚɰɢɢ ɢɥɢ ɤɢɫɥɨɬɧɵɯ ɩɪɢɦɟɫɟɣ 
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ɜɨɫɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɞɨ ɜɨɞɨɪɨɞɚ ɢ ɪɚɫɬɜɨɪɹɸɬɫɹ ɜ ɦɟɬɚɥɥɟ. ȼ 

ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɢɫɯɨɞɢɬ ɢɧɬɟɧɫɢɜɧɨɟ ɧɚɫɵɳɟɧɢɟ ɦɟɬɚɥɥɚ ɜɨɞɨɪɨɞɨɦ. 

2. ɉɪɢ pH>7 (ɳɟɥɨɱɧɚɹ ɫɪɟɞɚ) ɨɛɪɚɡɨɜɚɧɢɟ ɢɨɧɨɜ ɜɨɞɨɪɨɞɚ ɫɢɥɶɧɨ 

ɩɨɞɚɜɥɟɧɨ. ȼɵɞɟɥɢɜɲɢɟɫɹ ɜ ɩɚɪɨɜɨɞɹɧɨɣ ɫɦɟɫɢ ɢɨɧɵ ɜɨɞɨɪɨɞɚ 

ɨɛɴɟɞɢɧɹɸɬɫɹ ɜ ɚɬɨɦɵ ɢ ɦɨɥɟɤɭɥɵ. ɉɪɢ ɷɬɨɦ ɤɨɪɪɨɡɢɨɧɧɨɟ ɩɨɪɚɠɟɧɢɟ 

ɬɪɭɛɵ ɬɚɤɠɟ ɢɦɟɟɬ ɦɟɫɬɨ – ɧɚɛɥɸɞɚɟɬɫɹ ɥɨɤɚɥɶɧɨɟ ɪɚɫɬɜɨɪɟɧɢɟ 

ɦɟɬɚɥɥɚ, ɧɨ ɜɨɞɨɪɨɞɧɨɝɨ ɨɯɪɭɩɱɢɜɚɧɢɹ, ɩɪɢ ɷɬɨɦ, ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ. 

Ȼɨɥɶɲɨɟ ɜɧɢɦɚɧɢɟ ɭɞɟɥɹɸɬ ɪɚɫɫɦɨɬɪɟɧɢɸ ɜɥɢɹɧɢɹ ɜɨɞɨɪɨɞɚ ɧɚ 

ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ ɬɪɟɳɢɧɵ ɩɪɢ ɫɬɚɰɢɨɧɚɪɧɵɯ ɢɥɢ ɜɨɡɪɚɫɬɚɸɳɢɯ ɜɧɟɲɧɢɯ 

ɧɚɝɪɭɡɤɚɯ, ɧɚɩɪɢɦɟɪ ɜ [81] ɢ [82], ɧɨ ɨɫɨɛɨ ɫɬɨɢɬ ɨɬɦɟɬɢɬɶ ɪɚɛɨɬɵ ɭɱɟɧɵɯ, 

ɪɟɡɭɥɶɬɚɬɵ ɤɨɬɨɪɵɯ ɩɪɢɜɟɞɟɧɵ ɧɢɠɟ.  

Wei ɢ ɞɪ. ([109] ɢ [76]) ɞɥɹ ɨɩɢɫɚɧɢɹ ɜɬɨɪɨɣ ɫɬɚɞɢɢ ɪɨɫɬɚ ɬɪɟɳɢɧ ɜ 

ɜɵɫɨɤɨɩɪɨɱɧɵɯ ɫɬɚɥɹɯ, ɧɚɯɨɞɹɳɢɯɫɹ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ 

ɫɪɟɞɵ ɩɪɢ ɦɚɥɨɦ ɞɚɜɥɟɧɢɢ ɢ ɫɬɚɬɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟɧɢɢ, ɩɪɟɞɥɚɝɚɟɬ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɡɚɜɢɫɢɦɨɫɬɶ, ɫɨɝɥɚɫɧɨ ɤɨɬɨɪɨɣ, ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ ɬɪɟɳɢɧɵ 
II

dl

dt

   
ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚɹ ɞɚɜɥɟɧɢɸ ɜɨɞɨɪɨɞɚ ɜ ɜɟɪɲɢɧɟ ɬɪɟɳɢɧɵ 

2H
p  ɢ 

ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɤɜɚɞɪɚɬɧɨɦɭ ɤɨɪɧɸ ɢɡ ɬɟɦɩɟɪɚɬɭɪɵ T .  

2H

II

pdl
f

dt T

           (1.7) 

Ɍɚɤɨɣ ɜɢɞ ɡɚɜɢɫɢɦɨɫɬɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɤɨɪɨɫɬɢ ɪɨɫɬɚ ɬɪɟɳɢɧ 

ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɪɟɡɭɥɶɬɚɬɚɦɢ ɷɤɫɩɟɪɢɦɟɧɬɨɜ [104], ɝɞɟ ɨɩɪɟɞɟɥɹɥɢɫɶ 

ɫɤɨɪɨɫɬɢ ɪɨɫɬɚ ɬɪɟɳɢɧ ɜ ɨɛɪɚɡɰɚɯ ɢɡ ɜɵɫɨɤɨɩɪɨɱɧɨɣ ɥɟɝɢɪɨɜɚɧɧɨɣ ɫɬɚɥɢ 

AISI 4γ40 ɜ ɫɟɪɨɜɨɞɨɪɨɞɟ ɩɪɢ ɧɢɡɤɨɦ ɞɚɜɥɟɧɢɢ. 

ȼ ɫɥɭɱɚɟ ɭɜɟɥɢɱɟɧɢɹ ɜɧɟɲɧɟɝɨ ɞɚɜɥɟɧɢɹ, ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɬɪɟɳɢɧɵ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɠɟ ɩɪɨɰɟɫɫɚɦɢ ɞɢɮɮɭɡɢɢ ɜɨɞɨɪɨɞɚ ɜ ɨɛɥɚɫɬɶ ɩɪɟɞɪɚɡɪɭɲɟɧɢɹ. 

ȼ ɪɚɛɨɬɟ [142] ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɤɨɪɨɫɬɢ ɪɨɫɬɚ 

ɬɪɟɳɢɧɵ ɩɪɢ ɜɵɫɨɤɢɯ ɞɚɜɥɟɧɢɹɯ ɜɨɞɨɪɨɞɚ ɞɥɹ ɜɵɫɨɤɨɩɪɨɱɧɵɯ ɫɬɚɥɟɣ: 
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2
exp ,

2

a
H H

II

dl E
p D

dt RT

             (1.8) 

ɝɞɟ Ea – ɷɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ ɧɟɨɛɯɨɞɢɦɚɹ ɞɥɹ ɞɢɮɮɭɡɢɢ ɜɨɞɨɪɨɞɚ ɜ ɦɚɬɟɪɢɚɥ. 

ɉɪɢ ɦɟɞɥɟɧɧɵɯ ɩɪɨɰɟɫɫɚɯ ɚɞɫɨɪɛɰɢɢ ɜɨɞɨɪɨɞɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 

ɦɚɬɟɪɢɚɥɚ, ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ ɬɪɟɳɢɧɵ ɧɚ ɜɬɨɪɨɣ ɫɬɚɞɢɢ ɪɨɫɬɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ ɧɢɠɟ: 

2
exp abs

H

II

dl E
p

dt RT

            (1.9) 

ɝɞɟ Eabs – ɷɧɟɪɝɢɹ, ɧɟɨɛɯɨɞɢɦɚɹ ɞɥɹ ɩɪɨɬɟɤɚɧɢɹ ɚɞɫɨɪɛɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ. 

Gerberich [142Ж ɩɪɨɜɨɞɢɥ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɨɛɥɚɫɬɢ ɤɨɪɪɨɡɢɨɧɧɨɝɨ 

ɪɚɫɬɪɟɫɤɢɜɚɧɢɹ ɩɨɞ ɧɚɩɪɹɠɟɧɢɟɦ, ɜɵɡɜɚɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɟɦ ɜɨɞɨɪɨɞɚ ɧɚ 

ɜɵɫɨɤɨɩɪɨɱɧɵɟ ɦɚɪɬɟɧɫɢɬɧɵɟ ɫɬɚɥɢ, ɜ ɤɨɬɨɪɵɯ ɨɫɧɨɜɵɜɚɥɫɹ ɧɚ 

ɩɪɟɞɩɨɥɨɠɟɧɢɢ, ɱɬɨ ɬɪɟɳɢɧɚ ɫɬɪɚɝɢɜɚɟɬɫɹ ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 

ɜɨɞɨɪɨɞɚ ɧɟɤɨɬɨɪɨɝɨ ɩɪɟɞɟɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ – ɩɪɟɞɟɥɶɧɨɣ ɪɚɫɬɜɨɪɢɦɨɫɬɢ. ȼ 

ɪɟɡɭɥɶɬɚɬɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢɦ ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɮɨɪɦɭɥɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 

ɫɤɨɪɨɫɬɢ ɪɨɫɬɚ ɬɪɟɳɢɧ ɜ ɜɵɫɨɤɨɩɪɨɱɧɵɯ ɦɚɪɬɟɧɫɢɬɧɵɯ ɫɬɚɥɹɯ ɧɚ ɩɟɪɜɨɣ 

ɫɬɚɞɢɢ ɢɯ ɪɨɫɬɚ: 

  1.5 *

2 1
,

3

ini eff H I

I ini

C D V Kdl

dt g C C R T

                (1.10) 

ɝɞɟ ini
C  – ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɨɞɨɪɨɞɚ ɜ ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ, *

C  – 

ɩɪɟɞɟɥɶɧɚɹ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɜɨɞɨɪɨɞɚ ɜ ɦɟɬɚɥɥɟ, g – ɪɚɡɦɟɪ ɡɟɪɧɚ ɦɟɬɚɥɥɚ, 
eff

D  

– ɤɨɧɫɬɚɧɬɚ ɞɢɮɮɭɡɢɢ, H
V  – ɩɚɪɰɢɚɥɶɧɵɣ ɦɨɥɹɪɧɵɣ ɨɛɴɟɦ ɜɨɞɨɪɨɞɚ ɜ 

ɦɚɬɟɪɢɚɥɟ, R – ɭɧɢɜɟɪɫɚɥɶɧɚɹ ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ. 

Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɜɬɨɪɨɣ ɫɬɚɞɢɢ ɪɨɫɬɚ ɬɪɟɳɢɧɵ Gerberich ɩɪɟɞɥɨɠɢɥ 

ɡɚɜɢɫɢɦɨɫɬɶ: 

 *

9
,

2

ini eff H T

II ini

C D Vdl

dt g C C R T

              (1.11) 

ɝɞɟ T
  – ɩɪɟɞɟɥ ɬɟɤɭɱɟɫɬɢ ɦɚɬɟɪɢɚɥɚ. 
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ɉɨɦɢɦɨ ɡɚɜɢɫɢɦɨɫɬɟɣ (1.10) ɢ (1.11) Gerberich ɬɚɤɠɟ ɛɵɥɚ ɩɪɟɞɥɨɠɟɧɚ 

ɮɨɪɦɭɥɚ ɞɥɹ ɨɩɢɫɚɧɢɹ ɪɨɫɬɚ ɬɪɟɳɢɧ ɧɚ ɬɪɟɬɶɟɣ ɫɬɚɞɢɢ ɢɯ ɪɨɫɬɚ: 

 
2

2 *

9
,

2

ini H H I

III T ini

dl C D V K

dt E g C C R T
               (1.12) 

ɝɞɟ E – ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɦɚɬɟɪɢɚɥɚ. 

Ɉɞɧɚɤɨ, ɩɨ ɡɚɜɢɫɢɦɨɫɬɹɦ, ɩɨɥɭɱɟɧɧɵɦ Gerberich, ɫ ɭɜɟɥɢɱɟɧɢɟɦ 

ɪɚɡɦɟɪɚ ɡɟɪɧɚ ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ ɬɪɟɳɢɧ ɭɦɟɧɶɲɚɟɬɫɹ, ɩɪɢɱɟɦ ɩɪɨɢɫɯɨɞɢɬ ɷɬɨ 

ɞɨɜɨɥɶɧɨ ɛɵɫɬɪɨ.  

ȼ ɞɚɥɶɧɟɣɲɟɦ Chen ɢ Gerberich [65Ж ɛɵɥɨ ɩɨɥɭɱɟɧɨ ɜɵɪɚɠɟɧɢɟ ɞɥɹ 

ɨɩɪɟɞɟɥɟɧɢɹ ɫɤɨɪɨɫɬɢ ɪɨɫɬɚ ɬɪɟɳɢɧ ɧɚ ɜɬɨɪɨɣ ɫɬɚɞɢɢ ɪɨɫɬɚ ɞɥɹ ɮɟɪɪɢɬɧɵɯ 

ɜɵɫɨɤɨɩɪɨɱɧɵɯ ɫɬɚɥɟɣ. ɉɨɥɭɱɟɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɜɵɝɥɹɞɢɬ ɫɥɟɞɭɸɳɢɦ 

ɨɛɪɚɡɨɦ: 

4
( ),

eff

II crit

Ddl
f H

dt       (1.13) 

ɝɞɟ ( )f H  – ɮɭɧɤɰɢɹ, ɜ ɤɨɬɨɪɭɸ ɜɯɨɞɹɬ ɪɚɡɥɢɱɧɵɟ ɩɚɪɚɦɟɬɪɵ ɫɪɟɞɵ ɢ 

ɦɚɬɟɪɢɚɥɚ, crit
  - ɧɟɤɨɬɨɪɨɟ ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɜɟɪɲɢɧɵ ɬɪɟɳɢɧɵ. 

Ɍɚɤɠɟ ɫɭɳɟɫɬɜɭɸɬ ɦɨɞɟɥɢ, ɨɩɢɫɵɜɚɸɳɢɟ ɪɨɫɬ ɬɪɟɳɢɧ ɜ ɦɟɬɚɥɥɚɯ ɩɨɞ 

ɜɥɢɹɧɢɟɦ ɜɨɞɨɪɨɞɚ ɢ ɫɬɚɬɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ, ɫɨɞɟɪɠɚɳɢɟ ɦɟɧɶɲɟɟ 

ɤɨɥɢɱɟɫɬɜɨ ɧɟɢɡɜɟɫɬɧɵɯ. Ʉ ɬɚɤɢɦ ɦɨɞɟɥɹɦ ɨɬɧɨɫɹɬɫɹ ɡɚɜɢɫɢɦɨɫɬɢ ɞɥɹ 

ɫɤɨɪɨɫɬɢ ɪɨɫɬɚ ɬɪɟɳɢɧɵ ɜ ɜɢɞɟ [138]: 

( , )I

dl
f K t

dt

      (1.14) 

Ɉɞɧɢɦ ɢɡ ɩɪɢɦɟɪɨɜ ɬɚɤɢɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɩɪɢɜɨɞɢɬ Unger [140]: ɨɧɚ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɬɟɩɟɧɧɭɸ ɮɭɧɤɰɢɸ ɫɥɟɞɭɸɳɟɝɨ ɜɢɞɚ: 

0

n

I

da
V K

dt

      (1.15) 

ɝɞɟ V0 ɢ n – ɧɟɤɨɬɨɪɵɟ ɤɨɧɫɬɚɧɬɵ. 

ɋɭɳɟɫɬɜɭɸɬ ɪɚɛɨɬɵ, ɧɚɩɪɢɦɟɪ [56] ɢ [54], ɜ ɤɨɬɨɪɵɯ ɩɪɢɜɟɞɟɧɵ 

ɮɨɪɦɭɥɵ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɤɢɧɟɬɢɱɟɫɤɢɯ ɞɢɚɝɪɚɦɦ ɪɚɡɪɭɲɟɧɢɹ ɦɚɬɟɪɢɚɥɨɜ 

ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ ɩɪɢ ɫɬɚɬɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟɧɢɢ, 
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ɨɩɢɫɵɜɚɸɳɢɟ ɨɩɪɟɞɟɥɟɧɧɵɟ ɦɚɪɤɢ ɫɬɚɥɟɣ. ȼ ɱɚɫɬɧɨɫɬɢ, ɜ ɩɪɢɜɟɞɟɧɧɵɯ 

ɪɚɛɨɬɚɯ ɩɪɨɜɨɞɢɥɢɫɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɫɤɨɪɨɫɬɢ ɪɨɫɬɚ ɬɪɟɳɢɧ ɜ 

ɜɵɫɨɤɨɩɪɨɱɧɵɯ ɫɬɚɥɹɯ 45ɏȽɋ (AISI 4147) ɢ AISI 4340. 

ɇɢɠɟ ɩɪɢɜɟɞɟɧɚ ɮɨɪɦɭɥɚ ɢɡ ɫɬɚɬɶɢ [56] ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɤɨɪɨɫɬɢ 

ɪɨɫɬɚ ɬɪɟɳɢɧɵ: 

  
      

2

22 2 2

8 1 exp 1

32 1 1 1 exp 1

p
s c s

c

p
s c s s c

c

ma
B C Dm C

dl

madt
C m C BC

      
           

                          
  

      
      

2 2 2

22 2 2

8 1 2 1 1

32 1 1 1 exp 1

c s s

p
s c s s c

c

D m C C

ma
C m C BC

      
           

                  
(1.16) 

 

ɝɞɟ , , , , , ,
c s p

m B D C a   - ɩɚɪɚɦɟɬɪɵ ɩɚɪɵ ɦɟɬɚɥɥ-ɫɪɟɞɚ; 
c

  ; c
  - 

ɤɪɢɬɢɱɟɫɤɨɟ ɪɚɫɤɪɵɬɢɟ ɬɪɟɳɢɧɵ ɜ ɜɟɪɲɢɧɟ. 

 

1.5 Ⱦɢɮɮɭɡɢɹ ɜɨɞɨɪɨɞɚ ɜ ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɦɚɬɟɪɢɚɥɵ 

 

Ɉɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɦɨɦɟɧɬɨɜ ɪɨɫɬɚ ɦɚɝɢɫɬɪɚɥɶɧɵɯ ɬɪɟɳɢɧ ɜ 

ɷɥɟɦɟɧɬɚɯ ɤɨɧɫɬɪɭɤɰɢɣ ɫ ɬɪɟɳɢɧɚɦɢ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɭɫɥɨɜɢɹɯ 

ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɢɯ ɫɪɟɞ, ɹɜɥɹɟɬɫɹ ɨɩɢɫɚɧɢɟ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɜɨɞɨɪɨɞɚ 

ɜɧɭɬɪɶ ɦɚɬɟɪɢɚɥɚ ɬɚɤɢɯ ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɣ.  

ɉɪɨɧɢɤɧɨɜɟɧɢɟ ɜɨɞɨɪɨɞɚ ɜ ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɦɚɬɟɪɢɚɥɵ ɩɪɨɢɫɯɨɞɢɬ 

ɛɥɚɝɨɞɚɪɹ ɩɪɨɰɟɫɫɭ ɞɢɮɮɭɡɢɢ. Ⱦɢɮɮɭɡɢɟɣ ɧɚɡɵɜɚɟɬɫɹ ɩɟɪɟɧɨɫ ɚɬɨɦɨɜ 

ɜɟɳɟɫɬɜɚ, ɨɛɭɫɥɨɜɥɟɧɧɵɣ ɢɯ ɯɚɨɬɢɱɟɫɤɢɦ ɬɟɩɥɨɜɵɦ ɞɜɢɠɟɧɢɟɦ, ɜ 

ɧɚɩɪɚɜɥɟɧɢɢ ɭɦɟɧɶɲɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ [14]. Ⱦɢɮɮɭɡɢɹ ɚɬɨɦɨɜ ɜ 

ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɬɞɟɥɶɧɵɦɢ ɫɤɚɱɤɚɦɢ ɢɡ ɨɞɧɨɝɨ 

ɩɨɥɨɠɟɧɢɹ ɪɚɜɧɨɜɟɫɢɹ ɜ ɞɪɭɝɨɟ, ɩɪɢɱɟɦ ɞɥɢɧɵ ɬɚɤɢɯ ɷɥɟɦɟɧɬɚɪɧɵɯ 

ɩɟɪɟɦɟɳɟɧɢɣ ɢɦɟɸɬ ɩɨɪɹɞɨɤ ɦɟɠɚɬɨɦɧɵɯ ɪɚɫɫɬɨɹɧɢɣ ɢ ɫɨɫɬɚɜɥɹɸɬ 

ɧɟɫɤɨɥɶɤɨ ɞɟɫɹɬɵɯ ɞɨɥɟɣ ɧɚɧɨɦɟɬɪɚ. Ɂɚ ɫɱɟɬ ɷɥɟɦɟɧɬɚɪɧɵɯ ɫɤɚɱɤɨɜ ɚɬɨɦɵ 
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ɦɨɝɭɬ ɩɟɪɟɦɟɳɚɬɶɫɹ ɧɚ ɛɨɥɶɲɢɟ ɪɚɫɫɬɨɹɧɢɹ. ȼɨɡɦɨɠɧɵ ɬɪɢ ɦɟɯɚɧɢɡɦɚ 

ɚɬɨɦɧɵɯ ɫɤɚɱɤɨɜ: ɜɡɚɢɦɧɵɣ ɨɛɦɟɧ ɦɟɫɬɚɦɢ, ɞɜɢɠɟɧɢɟ ɩɨ ɜɚɤɚɧɫɢɹɦ ɢ 

ɩɟɪɟɦɟɳɟɧɢɟ ɩɨ ɦɟɠɞɨɭɡɥɢɹɦ (ɪɢɫ. 1.20). Ɉɛɦɟɧ ɦɟɫɬɚɦɢ ɞɜɭɯ ɫɨɫɟɞɧɢɯ 

ɚɬɨɦɨɜ ɹɜɥɹɟɬɫɹ ɩɪɨɫɬɟɣɲɢɦ ɚɤɬɨɦ ɞɢɮɮɭɡɢɢ (ɪɢɫ. 1.20, ɚ). Ɉɞɧɚɤɨ ɩɪɢ ɷɬɨɦ 

ɜ ɩɥɨɬɧɨɭɩɚɤɨɜɚɧɧɨɣ ɫɬɪɭɤɬɭɪɟ ɚɬɨɦ ɞɨɥɠɟɧ ɩɪɟɨɞɨɥɟɜɚɬɶ ɛɨɥɶɲɨɣ 

ɩɨɬɟɧɰɢɚɥɶɧɵɣ ɛɚɪɶɟɪ, ɱɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɫɦɟɳɟɧɢɹ 

ɫɨɫɟɞɧɢɯ ɚɬɨɦɨɜ. ɉɪɢ ɤɨɥɶɰɟɜɨɦ ɨɛɦɟɧɟ (ɪɢɫ. 1.20, ɛ) ɧɟɫɤɨɥɶɤɨ ɚɬɨɦɨɜ 

ɫɨɝɥɚɫɨɜɚɧɧɨ ɩɟɪɟɦɟɳɚɸɬɫɹ ɧɚ ɨɞɧɨ ɦɟɠɚɬɨɦɧɨɟ ɪɚɫɫɬɨɹɧɢɟ. ɉɪɢ ɩɨɞɨɛɧɨɦ 

ɩɟɪɟɦɟɳɟɧɢɢ ɩɨɬɟɧɰɢɚɥɶɧɵɣ ɛɚɪɶɟɪ, ɩɪɟɨɞɨɥɟɜɚɟɦɵɣ ɚɬɨɦɨɦ, ɦɟɧɶɲɟ, ɱɟɦ 

ɜ ɩɟɪɜɨɦ ɫɥɭɱɚɟ. Ɉɞɧɚɤɨ ɜɟɪɨɹɬɧɨɫɬɶ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɬɚɤɨɝɨ ɞɢɮɮɭɡɢɨɧɧɨɝɨ 

ɦɟɯɚɧɢɡɦɚ ɪɟɡɤɨ ɭɦɟɧɶɲɚɟɬɫɹ ɫ ɪɨɫɬɨɦ ɱɢɫɥɚ ɚɬɨɦɨɜ ɜ ɤɨɥɶɰɟ, ɬɚɤ ɤɚɤ ɩɪɢ 

ɷɬɨɦ ɜɨɡɪɚɫɬɚɟɬ ɫɭɦɦɚɪɧɚɹ ɷɧɟɪɝɢɹ ɷɥɟɦɟɧɬɚɪɧɨɝɨ ɚɤɬɚ ɩɟɪɟɦɟɳɟɧɢɹ. 

Ɇɟɯɚɧɢɡɦ ɞɢɮɮɭɡɢɢ ɩɨ ɜɚɤɚɧɫɢɹɦ ɩɪɨɢɫɯɨɞɢɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɜɧɚɱɚɥɟ 

ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɟ ɨɛɪɚɡɭɸɬɫɹ ɜɚɤɚɧɫɢɢ (ɪɢɫ. 1.20, ɜ), ɡɚɬɟɦ ɚɬɨɦ 

ɩɪɢɦɟɫɢ ɩɟɪɟɫɤɚɤɢɜɚɟɬ ɧɚ ɩɨɫɥɟɞɧɟɟ ɦɟɫɬɨ ɪɟɲɟɬɤɢ, ɞɚɥɟɟ ɚɬɨɦɵ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɟɪɟɦɟɳɚɸɬɫɹ ɩɨ ɤɪɢɫɬɚɥɥɭ. Ɇɟɯɚɧɢɡɦ ɡɚɦɟɳɟɧɢɹ ɢɥɢ 

ɞɢɮɮɭɡɢɢ ɚɬɨɦɨɜ ɩɨ ɦɟɠɞɨɭɡɥɢɹɦ (ɪɢɫ. 1.20, ɝ) ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ 

ɩɪɨɢɫɯɨɞɢɬ ɩɟɪɟɫɤɨɤ ɚɬɨɦɚ ɢɡ ɭɡɥɚ ɪɟɲɟɬɤɢ ɜ ɦɟɠɞɨɭɡɥɢɟ ɢ ɞɚɥɶɧɟɣɲɟɟ 

ɩɟɪɟɦɟɳɟɧɢɟ ɚɬɨɦɚ ɩɨ ɦɟɠɞɨɭɡɥɢɹɦ ɜ ɛɥɢɠɚɣɲɟɟ ɜɚɤɚɧɬɧɨɟ ɦɟɫɬɨ ɪɟɲɟɬɤɢ. 

 

 

Ɋɢɫ. 1.20 - Ɇɟɯɚɧɢɡɦ ɞɢɮɮɭɡɢɨɧɧɵɯ ɩɟɪɟɦɟɳɟɧɢɣ ɚɬɨɦɨɜ: 

ɚ – ɨɛɦɟɧ ɦɟɫɬɚɦɢ ɫɨɫɟɞɧɢɯ ɚɬɨɦɨɜ; ɛ – ɤɨɥɶɰɟɜɨɣ ɨɛɦɟɧ;  

ɜ, ɝ – ɩɟɪɟɦɟɳɟɧɢɟ ɩɨ ɜɚɤɚɧɫɢɹɦ ɢ ɦɟɠɞɨɭɡɥɢɹɦ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
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ɉɨ ɞɚɧɧɵɦ [90], [104], [122] ɢ [121], ɢɦɟɧɧɨ ɞɢɮɮɭɡɢɨɧɧɵɣ ɩɪɨɰɟɫɫ 

ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɩɪɢ ɞɨɫɬɚɜɤɟ ɜɨɞɨɪɨɞɚ ɜ ɨɱɚɝ ɪɚɡɪɭɲɟɧɢɹ. ȼ ɩɪɢɜɟɞɟɧɧɨɣ 

ɜɵɲɟ ɥɢɬɟɪɚɬɭɪɟ ɩɪɢɜɟɞɟɧɨ ɨɩɢɫɚɧɢɟ ɜɥɢɹɧɢɹ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɩɪɨɰɟɫɫɨɜ, 

ɬɚɤɢɯ ɤɚɤ ɚɞɫɨɪɛɰɢɹ, ɚɛɫɨɪɛɰɢɹ, ɯɟɦɨɫɨɪɛɰɢɹ ɧɚ ɤɢɧɟɬɢɤɭ ɪɨɫɬɚ ɬɪɟɳɢɧ ɜ 

ɦɟɬɚɥɥɚɯ. 

Ⱦɢɮɮɭɡɢɹ ɩɪɨɢɫɯɨɞɢɬ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɭɦɟɧɶɲɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɜɟɳɟɫɬɜɚ ɢ ɜɟɞɟɬ ɤ ɪɚɜɧɨɦɟɪɧɨɦɭ ɪɚɫɩɪɟɞɟɥɟɧɢɸ ɟɝɨ ɩɨ ɡɚɧɢɦɚɟɦɨɦɭ 

ɨɛɴɟɦɭ. ȼ ɛɨɥɶɲɨɦ ɤɨɥɢɱɟɫɬɜɟ ɪɚɛɨɬ ɨɞɧɨɧɚɩɪɚɜɥɟɧɧɚɹ ɞɢɮɮɭɡɢɹ ɜɨɞɨɪɨɞɚ 

ɨɩɢɫɵɜɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɜɬɨɪɨɝɨ ɡɚɤɨɧɚ Ɏɢɤɚ Д14]:  

2

2

C C
D

t x

    
(1.17) 

ɇɢɠɟ ɩɪɢɜɟɞɟɧɚ ɢɥɥɸɫɬɪɚɰɢɹ, ɤɚɱɟɫɬɜɟɧɧɨ ɢɥɥɸɫɬɪɢɪɭɸɳɚɹ ɜɬɨɪɨɣ 

ɡɚɤɨɧ Ɏɢɤɚ.  

 

Ɋɢɫ. 1.21 - ɋɯɟɦɚ ɞɢɮɮɭɡɢɢ ɚɬɨɦɨɜ ɜɨɞɨɪɨɞɚ. 

 

Ʉɨɧɫɬɚɧɬɚ ɞɢɮɮɭɡɢɢ, ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ, ɡɚɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢ 

ɩɨɞɱɢɧɹɟɬɫɹ ɭɪɚɜɧɟɧɢɸ Ⱥɪɪɟɣɧɭɫɚ: 

0 exp ,a
E

D D
RT

      
(1.18) 

ɝɞɟ Ea – ɷɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ; T – ɚɛɫɨɥɸɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ.  
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Ɏɭɧɞɚɦɟɧɬɚɥɶɧɨɟ ɪɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɹ (1.17) ɩɨɥɭɱɟɧɨ ɫ ɩɨɦɨɳɶɸ 

ɦɟɬɨɞɚ ɪɚɡɞɟɥɟɧɢɹ ɩɟɪɟɦɟɧɧɵɯ ɢ ɫɭɩɟɪɩɨɡɢɰɢɢ ɱɚɫɬɧɵɯ ɪɟɲɟɧɢɣ Ɏɭɪɶɟ ɞɥɹ 

ɫɥɭɱɚɹ, ɤɨɝɞɚ ɧɚ ɮɭɧɤɰɢɸ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚɤɥɚɞɵɜɚɟɬɫɹ ɬɨɥɶɤɨ ɧɚɱɚɥɶɧɨɟ 

ɭɫɥɨɜɢɟ ( ,0) ( )C x f x  [6]: 

   2
4

1
( , ) .

2

x

DtC x t f e d
Dt

 
 


   (1.19) 

ɍɱɟɬ ɝɪɚɧɢɱɧɨɝɨ ɭɫɥɨɜɢɹ ɋ0 (ɪɢɫ. 1.22) ɧɚ ɝɪɚɧɢɰɟ ɦɚɬɟɪɢɚɥ-ɫɪɟɞɚ 

ɩɪɢɜɨɞɢɬ ɤ ɪɟɲɟɧɢɸ ɭɪɚɜɧɟɧɢɹ (1.17), ɩɨɥɭɱɟɧɧɨɝɨ ɜ ɪɹɞɚɯ [113]: 

2 2

2

0

1

2
( , ) 1 sin ,

m
Dt

L

m

x m x
C x t C e

L m L




 


           (1.20) 

ɝɞɟ L – ɩɚɪɚɦɟɬɪ. 

 

Ɋɢɫ. 1.22 - Ƚɪɚɧɢɱɧɨɟ ɭɫɥɨɜɢɟ ɤ ɭɪɚɜɧɟɧɢɸ ɞɢɮɮɭɡɢɢ. 

 

ɂɧɨɝɞɚ ɩɪɢ ɨɩɢɫɚɧɢɢ ɩɪɨɰɟɫɫɚ ɞɢɮɮɭɧɞɢɪɨɜɚɧɢɹ ɜɨɞɨɪɨɞɚ ɜ 

ɦɚɬɟɪɢɚɥɵ ɢɫɩɨɥɶɡɭɸɬ ɧɟ ɤɨɧɰɟɧɬɪɚɰɢɸ, ɚ ɞɚɜɥɟɧɢɟ ɜɨɞɨɪɨɞɚ. ɉɪɢ ɷɬɨɦ 

ɫɜɹɡɶ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɨɞɨɪɨɞɚ ɫ ɞɚɜɥɟɧɢɟɦ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɡɚɤɨɧɚ 

ɋɢɜɟɪɬɚ: 

0 ,C K p  (1.21) 

ɝɞɟ K0 – ɤɨɧɫɬɚɧɬɚ, p – ɞɚɜɥɟɧɢɟ ɜɨɞɨɪɨɞɚ. 

ɂɫɩɨɥɶɡɨɜɚɬɶ ɭɪɚɜɧɟɧɢɟ (1.17) ɞɥɹ ɨɩɢɫɚɧɢɹ ɩɪɨɰɟɫɫɚ ɞɢɮɮɭɡɢɢ 

ɜɨɞɨɪɨɞɚ ɜ ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɦɚɬɟɪɢɚɥɵ ɫɥɟɞɭɟɬ ɜ ɬɨɦ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɝɪɚɞɢɟɧɬɵ 

ɧɚɩɪɹɠɟɧɢɣ ɞɨɫɬɚɬɨɱɧɨ ɦɚɥɵ ɢɥɢ ɧɚɩɪɹɠɟɧɢɹ ɨɬɫɭɬɫɬɜɭɸɬ ɜɨɜɫɟ. ȼ ɫɥɭɱɚɟ 

ɠɟ ɧɚɥɢɱɢɹ ɬɪɟɳɢɧɨɩɨɞɨɛɧɨɝɨ ɞɟɮɟɤɬɚ ɩɪɟɧɟɛɪɟɝɚɬɶ ɝɪɚɞɢɟɧɬɚɦɢ 
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ɧɚɩɪɹɠɟɧɢɣ ɜɛɥɢɡɢ ɷɬɨɝɨ ɭɤɚɡɚɧɧɨɝɨ ɞɟɮɟɤɬɚ, ɧɟ ɫɥɟɞɭɟɬ. Ɍɚɤ ɤɚɤ ɩɪɨɰɟɫɫɵ 

ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɢ ɞɢɮɮɭɡɢɢ ɜ ɬɜɟɪɞɵɯ ɬɟɥɚɯ ɜɡɚɢɦɨɫɜɹɡɚɧɵ, ɬɨ ɜɧɟɞɪɟɧɢɟ 

ɞɢɮɮɭɧɞɢɪɭɸɳɟɝɨ ɜɟɳɟɫɬɜɚ ɜ ɬɜɟɪɞɨɟ ɬɟɥɨ ɩɨɪɨɠɞɚɟɬ ɜ ɧɟɦ ɜɧɭɬɪɟɧɧɢɟ 

ɧɚɩɪɹɠɟɧɢɹ, ɚ ɧɟɨɞɧɨɪɨɞɧɨɟ ɩɨɥɟ ɧɚɩɪɹɠɟɧɢɣ, ɜɵɡɜɚɧɧɨɟ ɝɪɚɧɢɱɧɵɦɢ ɢ 

ɧɚɱɚɥɶɧɵɦɢ ɭɫɥɨɜɢɹɦɢ, ɫɩɨɫɨɛɧɨ ɜɥɢɹɬɶ ɧɚ ɞɢɮɮɭɡɢɨɧɧɭɸ ɤɢɧɟɬɢɤɭ 

ɩɟɪɟɧɨɫɚ ɜɟɳɟɫɬɜɚ. Ɍɚɤɢɟ ɹɜɥɟɧɢɹ ɧɚɡɵɜɚɸɬɫɹ ɦɟɯɚɧɨɞɢɮɮɭɡɢɨɧɧɵɦɢ. 

Ɉɫɧɨɜɧɵɟ ɭɪɚɜɧɟɧɢɹ ɦɟɯɚɧɨɞɢɮɮɭɡɢɢ Д54] ɩɪɢɜɟɞɟɧɵ ɧɢɠɟ: 

;
C

J
t

    (1.22) 

,ɩ
Ȼ

DC
J

k T
   (1.23) 

ɝɞɟ   – ɩɥɨɬɧɨɫɬɶ ɩɨɬɨɤɚ ɞɢɮɮɭɧɞɢɪɭɸɳɟɝɨ ɜɨɞɨɪɨɞɚ,    – ɩɨɫɬɨɹɧɧɚɹ 

Ȼɨɥɶɰɦɚɧɚ,    - ɯɢɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ.
 

ɉɨɫɥɟ ɧɟɫɥɨɠɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɨɞɧɨɧɚɩɪɚɜɥɟɧɧɨɟ ɭɪɚɜɧɟɧɢɟ 

ɞɢɮɮɭɡɢɢ ɜ ɩɨɥɟ ɧɚɩɪɹɠɟɧɢɣ ɜɵɝɥɹɞɢɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

  2
0

02
, ( ,0) ( ), (0, ) ,

C C C
D f C x C x C t C

t x x x

            (1.24) 

ɝɞɟ    - ɜɟɤɬɨɪ ɩɚɪɚɦɟɬɪɨɜ ɫɪɟɞɵ ɢ ɦɚɬɟɪɢɚɥɚ; 0( )C x  - ɧɚɱɚɥɶɧɨɟ 

ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜɨɞɨɪɨɞɚ ɜ ɦɚɬɟɪɢɚɥɟ; x – ɤɨɨɪɞɢɧɚɬɚ; ɋ0
 – ɤɨɧɰɟɧɬɪɚɰɢɹ 

ɜɨɞɨɪɨɞɚ ɜ ɜɟɪɲɢɧɟ ɬɪɟɳɢɧɵ. 

ɉɨɩɵɬɤɢ ɧɚɯɨɠɞɟɧɢɹ ɬɨɱɧɨɝɨ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɪɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɹ 

(1.24) ɛɵɥɢ ɫɨɜɟɪɲɟɧɵ ɜ ɪɚɛɨɬɚɯ Д69] ɢ [141].  

Ⱦɥɹ ɫɥɭɱɚɹ ɢɞɟɚɥɶɧɨɝɨ ɭɩɪɭɝɨɩɥɚɫɬɢɱɟɫɤɨɝɨ ɬɟɥɚ ɩɪɢ ɚɩɩɪɨɤɫɢɦɚɰɢɢ 

ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɤɭɫɨɱɧɨ-ɥɢɧɟɣɧɨɣ ɮɭɧɤɰɢɟɣ ɪɟɲɟɧɢɟ 

ɭɪɚɜɧɟɧɢɟ (1.25), ɫɨɝɥɚɫɧɨ [54], ɜɵɝɥɹɞɢɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ 
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2 1

2 exp 2 4
( , ) ,

exp 2 exp 0,25

C m
C x t
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      (1.25) 

ɝɞɟ  2

0,9
; ; ;

2 2

T H
T

x Dt V
m

RT

      
 

ɩɪɟɞɟɥ ɬɟɤɭɱɟɫɬɢ ɦɚɬɟɪɢɚɥɚ. 



42 

ɉɨɥɭɱɟɧɧɨɟ ɚɜɬɨɪɨɦ ɜɵɪɚɠɟɧɢɟ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨ ɨɩɢɫɵɜɚɟɬ 

ɤɨɧɰɟɧɬɪɚɰɢɸ ɜɨɞɨɪɨɞɚ ɜɛɥɢɡɢ ɜɟɪɲɢɧɵ ɬɪɟɳɢɧɵ ɜ ɨɛɪɚɡɰɚɯ ɢɡ 

ɜɵɫɨɤɨɩɪɨɱɧɨɣ ɫɬɚɥɢ AISI 4340 ɢ AISI 4147 ɞɥɹ ɨɩɪɟɞɟɥɟɧɧɵɯ ɫɨɱɟɬɚɧɢɣ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɨɞɨɪɨɞɚ ɜ ɫɪɟɞɟ ɢ ɜɧɟɲɧɢɯ ɧɚɝɪɭɡɨɤ [54]. 

 

1.6 ȼɥɢɹɧɢɟ ɬɢɩɚ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ ɦɟɬɚɥɥɚ ɧɚ ɪɚɫɬɜɨɪɢɦɨɫɬɶ 

ɜɨɞɨɪɨɞɚ 

 

Ʉɚɤ ɨɬɦɟɬɢɥ Birnbaum [60], ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ ɩɟɪɢɨɞɚ 

ɪɨɫɬɚ ɬɪɟɳɢɧɵ ɫɥɟɞɭɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɦɟɯɚɧɢɡɦɵ ɩɟɪɟɦɟɳɟɧɢɹ ɜɨɞɨɪɨɞɚ ɜ 

ɦɚɬɟɪɢɚɥɟ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɡɚɜɢɫɟɬɶ ɨɬ ɬɢɩɚ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ.  

Ɋɚɫɫɦɨɬɪɢɦ ɩɪɨɫɬɟɣɲɢɟ ɤɭɛɢɱɟɫɤɢɟ ɪɟɲɟɬɤɢ ɦɟɬɚɥɥɨɜ: ɨɛɴёɦɧɨ-

ɰɟɧɬɪɢɪɨɜɚɧɧɭɸ ɤɭɛɢɱɟɫɤɭɸ ɪɟɲɟɬɤɭ (ɈɐɄ), ɫɜɨɣɫɬɜɟɧɧɭɸ α-Fe (ɫɦ. ɪɢɫ. 

1.23) ɢ ɝɪɚɧɟɰɟɧɬɪɢɪɨɜɚɧɧɭɸ ɤɭɛɢɱɟɫɤɭɸ ɪɟɲɟɬɤɭ (ȽɐɄ) (Ȗ-Fe, ɫɦ. ɪɢɫ. 

1.23), ɢɦɟɸɳɢɟ ɩɭɫɬɨɬɵ, ɜ ɤɨɬɨɪɵɯ ɦɨɠɟɬ ɧɚɯɨɞɢɬɶɫɹ ɜɨɞɨɪɨɞ. ɇɚ ɪɢɫ. 1.23 

ɩɪɢɜɟɞɟɧɵ ɬɟɬɪɚɷɞɪɢɱɟɫɤɢɟ ɢ ɨɤɬɚɷɞɪɢɱɟɫɤɢɟ ɦɟɠɞɨɭɡɥɢɹ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɜ 

ɈɐɄ ɢ ȽɐɄ ɪɟɲɟɬɤɚɯ.  
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Ɋɢɫ. 1.23 - Ɇɟɠɞɨɭɡɥɢɹ ɜ ɈɐɄ ɢ ȽɐɄ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɪɟɲɟɬɤɚɯ: 

ɚ, ɜ – ɨɤɬɚɷɞɪɢɱɟɫɤɢɟ; ɛ, ɝ – ɬɟɬɪɚɷɞɪɢɱɟɫɤɢɟ. 

 

Ȼɨɥɶɲɢɧɫɬɜɨ ɚɜɬɨɪɨɜ, ɫɨɝɥɚɫɧɨ [4], ɩɨɥɚɝɚɸɬ, ɱɬɨ ɜɨɞɨɪɨɞ ɡɚɧɢɦɚɟɬ ɜ 

ɨɫɧɨɜɧɨɦ ɤɪɭɩɧɵɟ ɩɨɪɵ ɜ ɦɟɬɚɥɥɟ ɢ ɥɢɲɶ ɬɨɥɶɤɨ ɜ ɨɫɨɛɵɯ ɫɥɭɱɚɹɯ ɦɟɥɤɢɟ. 

Ɋɚɞɢɭɫɵ ɲɚɪɨɜ, ɤɨɬɨɪɵɟ ɢɡɨɛɪɚɠɚɸɬ ɦɟɠɞɨɭɡɟɥɶɧɵɟ ɩɨɡɢɰɢɢ ɞɥɹ ȽɐɄ 

ɪɟɲɟɬɤɢ, ɫɨɫɬɚɜɥɹɸɬ: 
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6

4

0,414

0,225 ,

r R

r R

   (1.26) 

ɝɞɟ r – ɱɢɫɥɨ ɚɬɨɦɨɜ (ɲɚɪɨɜ), ɨɤɪɭɠɚɸɳɢɯ ɦɟɠɞɨɭɡɥɢɟ; R – ɪɚɞɢɭɫ ɚɬɨɦɚ 

ɦɟɬɚɥɥɚ.  

ɂɡ ɮɨɪɦɭɥɵ (1.26) ɫɥɟɞɭɟɬ, ɱɬɨ ɞɥɹ ȽɐɄ ɪɟɲɟɬɨɤ ɨɤɬɨɩɨɪɵ ɛɨɥɶɲɟ 

ɬɟɬɪɚɩɨɪ. ɈɐɄ ɪɟɲɟɬɤɚ ɦɟɧɟɟ ɩɥɨɬɧɨ ɭɩɚɤɨɜɚɧɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ȽɐɄ 

ɪɟɲɟɬɤɨɣ. ȼ ɈɐɄ ɪɟɲɟɬɤɟ ɰɟɧɬɪɵ ɨɤɬɨɩɨɪ ɪɚɫɩɨɥɨɠɟɧɵ ɜ ɫɟɪɟɞɢɧɟ ɪɟɛɟɪ ɢ 

ɰɟɧɬɪɨɜ ɝɪɚɧɟɣ ɤɭɛɚ, ɩɪɟɞɫɬɚɜɥɹɸɳɟɝɨ ɷɥɟɦɟɧɬɚɪɧɭɸ ɹɱɟɣɤɭ [12]. Ɉɤɬɨɩɨɪɚ 

ɢ ɬɟɬɪɨɩɨɪɚ ɜ ɈɐɄ ɪɟɲɟɬɤɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɟɩɪɚɜɢɥɶɧɵɣ ɨɤɬɚɷɞɪ ɢ 

ɬɟɬɪɚɷɞɪ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  

Ɋɚɞɢɭɫɵ ɲɚɪɨɜ, ɤɨɬɨɪɵɟ ɦɨɠɧɨ ɪɚɡɦɟɫɬɢɬɶ ɜ ɨɤɬɚɷɞɪɚɯ ɢ ɬɟɬɪɚɷɞɪɚɯ 

ɈɐɄ ɪɟɲɟɬɤɢ ɨɩɪɟɞɟɥɹɸɬɫɹ, ɫɨɝɥɚɫɧɨ Д12], ɩɨ ɮɨɪɦɭɥɚɦ: 

6

4

0,115

0,291 .

r R

r R

   (1.27) 

ɂɡ ɮɨɪɦɭɥɵ (1.27) ɫɥɟɞɭɟɬ, ɱɬɨ ɜ ɈɐɄ ɪɟɲɟɬɤɟ ɬɟɬɪɚɩɨɪɵ ɛɨɥɶɲɟ 

ɨɪɬɨɩɨɪ. ɋɪɚɜɧɢɜɚɹ ɮɨɪɦɭɥɵ (1.26) ɢ (1.27), ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ 

ɨɪɬɨɩɨɪɵ ɜ ɈɐɄ ɪɟɲɟɬɤɟ ɛɨɥɶɲɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɜ ȽɐɄ.  

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɚɬɨɦɧɵɟ ɪɚɞɢɭɫɵ ɦɟɬɚɥɥɨɜ ɧɟ ɹɜɥɹɸɬɫɹ 

ɫɬɚɛɢɥɶɧɨɣ ɜɟɥɢɱɢɧɨɣ ɢ ɢɡɦɟɧɹɸɬɫɹ ɨɬ ɬɢɩɚ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ, 

ɩɪɢɦɟɫɟɣ ɜɧɟɞɪɟɧɢɹ ɢ ɞɪ.  

ɉɨ ɦɧɟɧɢɸ ɚɜɬɨɪɨɜ [12], ɜ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɢ ɫɪɟɞɧɟɥɟɝɢɪɨɜɚɧɧɵɯ 

ɫɬɚɥɹɯ, ɢɫɩɨɥɶɡɭɟɦɵɯ, ɜ ɱɚɫɬɧɨɫɬɢ, ɞɥɹ ɬɪɭɛ ɩɚɪɨɜɵɯ ɤɨɬɥɨɜ, ɜɨɞɨɪɨɞ ɦɨɠɟɬ 

ɪɚɡɦɟɳɚɬɶɫɹ ɜ ɩɨɪɚɯ ɥɸɛɨɝɨ ɬɢɩɚ, ɧɨ, ɨɛɵɱɧɨ, ɛɨɥɶɲɚɹ ɟɝɨ ɱɚɫɬɶ ɧɚɯɨɞɢɬɫɹ ɜ 

ɦɟɧɶɲɢɯ ɩɨ ɪɚɡɦɟɪɭ ɦɟɠɞɨɭɡɥɢɹɯ (ɬɟɬɪɚɩɨɪɚɯ ɜ ȽɐɄ ɪɟɲɟɬɤɟ ɢ ɨɪɬɨɩɨɪɚɯ 

ɈɐɄ ɪɟɲɟɬɤɢ). ɂɦɟɧɧɨ ɩɨ ɷɬɨɣ ɩɪɢɱɢɧɟ ɚɜɬɨɪɵ ɩɨɥɚɝɚɸɬ, ɱɬɨ 

ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɜɨɞɨɪɨɞɚ ɜ ɈɐɄ ɪɟɲɟɬɤɟ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɦɟɧɶɲɟ, 

ɱɟɦ ɜ ȽɐɄ ɪɟɲɟɬɤɟ.  

Ʉɪɨɦɟ ɜɵɲɟɭɤɚɡɚɧɧɨɝɨ, ɧɚ ɫɬɟɩɟɧɶ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜɨɞɨɪɨɞɚ ɜ ɦɟɬɚɥɥɚɯ 

ɬɚɤɠɟ ɜɥɢɹɟɬ ɷɧɟɪɝɢɹ ɦɟɠɚɬɨɦɧɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ (Me-Me, Me-H, H-H), 
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ɥɟɝɢɪɭɸɳɢɟ ɢ ɩɪɢɦɟɫɧɵɟ ɷɥɟɦɟɧɬɵ, ɤɨɬɨɪɵɟ ɬɚɤɠɟ ɦɨɝɭɬ ɡɚɧɢɦɚɬɶ 

ɦɟɠɞɨɭɡɥɢɹ ɢ ɜɫɬɭɩɚɬɶ ɜ ɯɢɦɢɱɟɫɤɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɜɨɞɨɪɨɞɨɦ. 

 

ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ 1. ɐɟɥɢ ɢ ɡɚɞɚɱɢ ɢɫɫɥɟɞɨɜɚɧɢɹ 

1) ȼɵɩɨɥɧɟɧɧɵɣ ɨɛɡɨɪ ɩɨɤɚɡɚɥ, ɱɬɨ ɜɨɞɨɪɨɞ ɧɟɝɚɬɢɜɧɨ ɜɥɢɹɟɬ ɧɚ 

ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɧɨɝɢɯ ɤɨɧɬɚɤɬɢɪɭɸɳɢɯ ɫ ɧɢɦ 

ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɪɚɡɥɢɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɣ, 

ɱɬɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɢɯ ɩɪɟɠɞɟɜɪɟɦɟɧɧɨɦɭ ɜɵɯɨɞɭ ɢɡ ɫɬɪɨɹ. 

ȼɨɞɨɪɨɞ ɫɩɨɫɨɛɟɧ ɜɥɢɹɬɶ ɧɚ ɬɚɤɢɟ ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɤɚɤ ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ, ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ, ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɟɯɚɧɢɤɢ 

ɪɚɡɪɭɲɟɧɢɹ ɢ ɞɪ. 

2) ȼɨɩɪɨɫɭ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɬɪɟɳɢɧ ɩɪɢ ɫɬɚɬɢɱɟɫɤɨɣ ɢ ɰɢɤɥɢɱɟɫɤɨɣ 

ɧɚɝɪɭɡɤɟ ɜ ɧɚɜɨɞɨɪɨɠɢɜɚɟɦɵɯ ɷɥɟɦɟɧɬɚɯ ɤɨɧɫɬɪɭɤɰɢɣ ɩɨɫɜɹɳɟɧɨ 

ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɪɚɛɨɬ. 

3) ɋɭɳɟɫɬɜɭɸɳɢɟ ɤ ɧɚɫɬɨɹɳɟɦɭ ɜɪɟɦɟɧɢ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ, 

ɩɨɫɜɹɳɟɧɧɵɟ ɪɚɡɪɚɛɨɬɤɟ ɦɨɞɟɥɟɣ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɬɪɟɳɢɧ ɜ 

ɷɥɟɦɟɧɬɚɯ ɤɨɧɫɬɪɭɤɰɢɣ ɩɪɢ ɰɢɤɥɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟɧɢɢ ɫ ɭɱɟɬɨɦ 

ɜɨɡɞɟɣɫɬɜɢɹ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɢɯ ɫɪɟɞ, ɢɦɟɸɬ ɪɹɞ ɧɟɞɨɫɬɚɬɤɨɜ: ɥɢɛɨ 

ɞɥɹ ɨɩɢɫɚɧɢɹ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɜɨɞɨɪɨɞɚ ɜɧɭɬɪɶ ɦɟɬɚɥɥɚ ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɭɪɚɜɧɟɧɢɟ ɞɢɮɮɭɡɢɢ ɛɟɡ ɭɱɟɬɚ ɜɥɢɹɧɢɹ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɩɨɥɹ 

ɧɚɩɪɹɠɟɧɢɣ ɜɛɥɢɡɢ ɜɟɪɲɢɧɵ ɬɪɟɳɢɧɵ, ɥɢɛɨ ɧɟ ɭɱɢɬɵɜɚɟɬɫɹ 

ɧɚɱɚɥɶɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɨɞɨɪɨɞɚ ɜ ɦɟɬɚɥɥɟ. 

4) ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɬɫɭɬɫɬɜɭɸɬ ɦɨɞɟɥɢ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 

ɩɪɨɝɪɚɦɦɧɵɟ ɫɪɟɞɫɬɜɚ, ɩɨɡɜɨɥɹɸɳɢɟ ɨɰɟɧɢɬɶ ɞɨɥɝɨɜɟɱɧɨɫɬɶ ɢ 

ɧɚɞɟɠɧɨɫɬɶ ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɣ ɩɪɢ ɫɬɚɬɢɱɟɫɤɨɦ ɢɥɢ 

ɰɢɤɥɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟɧɢɢ ɜ ɭɫɥɨɜɢɹɯ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ. 

ɇɚ ɨɫɧɨɜɟ ɩɪɨɜɟɞɟɧɧɨɝɨ ɥɢɬɟɪɚɬɭɪɧɨɝɨ ɨɛɡɨɪɚ ɩɨɫɬɚɜɥɟɧɵ ɫɥɟɞɭɸɳɢɟ 

ɰɟɥɢ ɢ ɡɚɞɚɱɢ ɢɫɫɥɟɞɨɜɚɧɢɹ: 
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ɐɟɥɶɸ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ: ɪɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɢɤɢ 

ɨɰɟɧɤɢ ɪɨɫɬɚ ɬɪɟɳɢɧ ɜ ɷɥɟɦɟɧɬɚɯ ɤɨɧɫɬɪɭɤɰɢɣ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɬɚɬɢɱɟɫɤɨɝɨ ɢ 

ɰɢɤɥɢɱɟɫɤɨɝɨ ɧɚɝɪɭɠɟɧɢɹ ɜ ɭɫɥɨɜɢɹɯ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ ɞɥɹ 

ɨɛɨɫɧɨɜɚɧɢɹ ɢɫɯɨɞɧɨɝɨ ɪɟɫɭɪɫɚ ɢ ɦɟɬɨɞɚ ɟɝɨ ɩɪɨɞɥɟɧɢɹ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ. 

Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɧɟɨɛɯɨɞɢɦɨ ɪɟɲɢɬɶ ɫɥɟɞɭɸɳɢɟ 

ɡɚɞɚɱɢ: 

 Ɋɚɡɪɚɛɨɬɚɬɶ ɦɟɬɨɞɢɤɭ ɞɥɹ ɨɰɟɧɤɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɨɞɨɪɨɞɚ, 

ɞɢɮɮɭɧɞɢɪɨɜɚɜɲɟɝɨ ɜ ɜɟɪɲɢɧɭ ɬɪɟɳɢɧɵ ɢɡ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. 

 Ɋɚɡɪɚɛɨɬɚɬɶ ɦɟɬɨɞɢɤɭ ɞɥɹ ɨɰɟɧɤɢ ɫɤɨɪɨɫɬɢ ɪɨɫɬɚ ɬɪɟɳɢɧ ɜ 

ɷɥɟɦɟɧɬɚɯ ɤɨɧɫɬɪɭɤɰɢɣ ɢɡ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ, 

ɧɚɯɨɞɹɳɢɯɫɹ ɩɨɞ ɜɥɢɹɧɢɟɦ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ ɢ 

ɫɬɚɬɢɱɟɫɤɨɝɨ ɧɚɝɪɭɠɟɧɢɹ. 

 Ɋɚɡɪɚɛɨɬɚɬɶ ɤɪɢɬɟɪɢɣ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɜɪɟɠɞɟɧɢɣ ɫ ɨɬɨɛɪɚɠɟɧɢɟɦ 

ɪɨɥɢ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɧɚɝɪɭɠɟɧɢɹ ɢ ɤɢɧɟɬɢɤɢ ɞɢɮɮɭɧɞɢɪɨɜɚɧɢɹ 

(ɤɨɧɰɟɧɬɪɚɰɢɢ) ɜɨɞɨɪɨɞɚ ɜ ɜɟɪɲɢɧɟ ɪɚɫɩɪɨɫɬɪɚɧɹɸɳɟɣɫɹ 

ɬɪɟɳɢɧɵ. 

 Ɋɚɡɪɚɛɨɬɚɬɶ ɦɟɬɨɞɢɤɭ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɤɨɪɨɫɬɢ ɪɨɫɬɚ ɬɪɟɳɢɧ ɜ 

ɷɥɟɦɟɧɬɚɯ ɤɨɧɫɬɪɭɤɰɢɣ ɢɡ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ, 

ɧɚɯɨɞɹɳɢɯɫɹ ɩɨɞ ɜɥɢɹɧɢɟɦ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ ɢ 

ɰɢɤɥɢɱɟɫɤɨɝɨ ɧɚɝɪɭɠɟɧɢɹ. 

 Ɉɰɟɧɢɬɶ ɫɩɪɚɜɟɞɥɢɜɨɫɬɶ ɩɪɟɞɥɨɠɟɧɧɨɣ ɦɟɬɨɞɢɤɢ ɧɚ ɨɫɧɨɜɟ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɞɪɭɝɢɯ ɚɜɬɨɪɨɜ. 

 ȼɵɩɨɥɧɢɬɶ ɪɚɫɱɟɬɵ ɩɪɨɱɧɨɫɬɢ ɢ ɞɨɥɝɨɜɟɱɧɨɫɬɢ ɬɢɩɨɜɵɯ 

ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɣ ɧɚ ɫɬɚɞɢɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɬɪɟɳɢɧ ɩɪɢ 

ɧɚɝɪɭɠɟɧɢɢ  ɜ ɭɫɥɨɜɢɹɯ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞ. 

 Ɋɚɡɪɚɛɨɬɚɬɶ ɦɟɬɨɞɢɤɭ ɢ ɩɪɨɜɟɫɬɢ ɨɰɟɧɤɭ ɧɚɞɟɠɧɨɫɬɢ ɷɥɟɦɟɧɬɨɜ 

ɤɨɧɫɬɪɭɤɰɢɣ ɢɡ ɜɵɫɨɤɨɩɪɨɱɧɵɯ ɫɬɚɥɟɣ ɩɪɢ ɰɢɤɥɢɱɟɫɤɨɦ 

ɧɚɝɪɭɠɟɧɢɢ ɜ ɭɫɥɨɜɢɹɯ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ ɫ 

ɩɪɢɜɥɟɱɟɧɢɟɦ ɪɢɫɤ-ɚɧɚɥɢɡɚ. 
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2 Ƚɥɚɜɚ 2. Ɇɟɬɨɞɢɤɚ ɪɨɫɬɚ ɦɚɝɢɫɬɪɚɥɶɧɵɯ ɬɪɟɳɢɧ ɜ ɷɥɟɦɟɧɬɚɯ 

ɤɨɧɫɬɪɭɤɰɢɣ, ɧɚɯɨɞɹɳɢɯɫɹ ɩɨɞ ɜɥɢɹɧɢɟɦ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ ɢ 
ɫɬɚɬɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟɧɢɢ 

 

2.1 Ɉɛɳɢɟ ɩɨɥɨɠɟɧɢɹ ɦɟɬɨɞɢɤɢ ɪɨɫɬɚ ɬɪɟɳɢɧ ɜ ɦɚɬɟɪɢɚɥɚɯ, 
ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɭɫɥɨɜɢɹɯ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ ɢ ɫɬɚɬɢɱɟɫɤɨɝɨ 

ɧɚɝɪɭɠɟɧɢɹ 

 

Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɪɚɛɨɬ ɞɪɭɝɢɯ ɚɜɬɨɪɨɜ [143], [72], 

[12], [74] ɢ [104], ɜɨɞɨɪɨɞ ɭɫɤɨɪɹɟɬ ɪɚɡɜɢɬɢɟ ɬɪɟɳɢɧ ɩɪɚɤɬɢɱɟɫɤɢ ɜɨ ɜɫɟɯ 

ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɚɯ. ɉɪɢ ɷɬɨɦ ɩɪɨɢɫɯɨɞɢɬɶ ɷɬɨ ɦɨɠɟɬ ɩɨɫɪɟɞɫɬɜɨɦ 

ɞɜɭɯ ɪɚɡɥɢɱɧɵɯ ɦɟɯɚɧɢɡɦɨɜ Д47]: ɡɚɪɨɠɞɟɧɢɹ ɜ ɜɟɪɲɢɧɟ ɨɫɬɪɨɣ (ɯɪɭɩɤɨɣ)  
ɦɚɤɪɨɬɪɟɳɢɧɵ ɢ ɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɜɝɥɭɛɶ ɦɟɬɚɥɥɚ, ɥɢɛɨ ɩɭɬɟɦ ɫɨɟɞɢɧɟɧɢɹ 

ɫɨ ɜɫɬɪɟɱɧɨɣ ɦɢɤɪɨɬɪɟɳɢɧɨɣ [45]. ɉɪɢ ɷɬɨɦ ɩɟɪɜɵɣ ɦɟɯɚɧɢɡɦ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɛɭɞɟɬ ɧɚɛɥɸɞɚɬɶɫɹ ɩɪɢ ɦɧɨɝɨɤɪɚɬɧɨɦ ɭɦɟɧɶɲɟɧɢɢ 

ɤɨɝɟɡɢɨɧɧɨɣ ɩɪɨɱɧɨɫɬɢ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɦɟɬɚɥɥɚ Д23]. Ⱦɚɧɧɵɟ ɩɪɢɜɟɞɟɧɧɵɟ 

ɜ [47] ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɬɨɦ, ɱɬɨ ɜ ɷɥɟɦɟɧɬɚɯ ɤɨɧɫɬɪɭɤɰɢɣ ɢɡ 

ɜɵɫɨɤɨɩɪɨɱɧɵɯ ɫɬɚɥɟɣ, ɬɪɟɳɢɧɵ ɪɚɫɩɪɨɫɬɪɚɧɹɸɬɫɹ ɩɨ ɜɬɨɪɨɦɭ ɦɟɯɚɧɢɡɦɭ.  

ɉɭɫɬɶ ɜ ɨɛɪɚɡɰɟ ɢɡ ɫɩɥɨɲɧɨɝɨ ɢ ɨɞɧɨɪɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɜ ɧɚɱɚɥɶɧɵɣ 

ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɢɦɟɟɬɫɹ ɬɪɟɳɢɧɚ ɩɟɪɜɨɝɨ ɬɢɩɚ ɞɥɢɧɨɣ 2l0, ɪɚɫɬɹɝɢɜɚɸɳɚɹ 

ɧɚɝɪɭɡɤɚ ɜɞɚɥɢ ɨɬ ɬɪɟɳɢɧɵ ɩɨɫɬɨɹɧɧɚ ɢ ɪɚɜɧɚ   , ɜɨɞɨɪɨɞ ɩɨɫɬɭɩɚɟɬ ɜ 

ɦɚɬɟɪɢɚɥ ɱɟɪɟɡ ɜɟɪɲɢɧɭ ɬɪɟɳɢɧɵ ɢ ɟɝɨ ɩɨɬɨɤ 
2H

J const . 

Ɉɫɧɨɜɵɜɚɹɫɶ ɧɚ ɞɚɧɧɵɯ, ɩɪɢɜɟɞɟɧɧɵɯ ɜ ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ 

ɥɢɬɟɪɚɬɭɪɧɵɯ ɢɫɬɨɱɧɢɤɚɯ, ɭɤɚɡɚɧɧɵɯ ɜ ɝɥɚɜɟ 1, ɦɨɠɧɨ ɩɨɥɚɝɚɬɶ, ɱɬɨ ɩɪɢ 

ɧɚɝɪɭɠɟɧɢɢ ɬɟɥɚ ɫ ɬɪɟɳɢɧɨɣ ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɟɟ ɜɟɪɲɢɧɵ ɡɚɞɨɥɝɨ ɞɨ 

ɞɨɫɬɢɠɟɧɢɹ ɩɪɟɞɟɥɶɧɨɝɨ ɪɚɜɧɨɜɟɫɧɨɝɨ ɫɨɫɬɨɹɧɢɹ 
I Ic

K K  ɮɨɪɦɢɪɭɸɬɫɹ 

ɜɟɪɨɹɬɧɨɫɬɧɵɣ ɨɱɚɝ ɪɚɡɪɭɲɟɧɢɹ [47], [99]. 
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ɂɡɜɟɫɬɧɨ, ɱɬɨ ɜɟɪɨɹɬɧɨɫɬɧɵɟ ɨɱɚɝɢ ɪɚɡɪɭɲɟɧɢɹ ɮɨɪɦɢɪɭɸɬɫɹ ɧɚ 

ɧɟɤɨɬɨɪɨɦ ɪɚɫɫɬɨɹɧɢɢ ad
(l0) ɨɬ ɜɟɪɲɢɧɵ ɦɚɤɪɨɬɪɟɳɢɧɵ, ɤɨɬɨɪɵɟ ɡɚɜɢɫɹɬ ɨɬ 

ɩɪɟɞɟɥɚ ɬɟɤɭɱɟɫɬɢ ɦɚɬɟɪɢɚɥɚ, ɩɥɚɫɬɢɱɧɨɫɬɢ, ɦɨɞɭɥɹ ɭɩɪɭɝɨɫɬɢ ɢ ɬ.ɞ. 

ɋɬɪɚɝɢɜɚɧɢɟ ɬɪɟɳɢɧɵ ɞɨ ɞɨɫɬɢɠɟɧɢɹ ɟɸ ɩɪɟɞɟɥɶɧɨɝɨ ɪɚɜɧɨɜɟɫɧɨɝɨ 

ɫɨɫɬɨɹɧɢɹ (
I Ic

K K ) ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ ɬɟɦ, ɱɬɨ ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɶ ɦɚɬɟɪɢɥɚ 

ɡɚɜɢɫɢɬ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜ ɧɟɦ ɜɨɞɨɪɨɞɚ. ɉɪɢɱɟɦ ɱɟɦ ɛɨɥɶɲɟ 

ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɨɞɨɪɨɞɚ ɜ ɦɚɬɟɪɢɚɥɟ, ɬɟɦ ɧɢɠɟ ɫɬɚɧɨɜɢɬɫɹ 

ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɶ, ɤɨɬɨɪɚɹ ɞɨɫɬɢɝɧɟɬ ɫɜɨɟɝɨ ɦɢɧɢɦɭɦɚ ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɜɨɞɨɪɨɞɚ ɪɚɜɧɨɣ ɩɪɟɞɟɥɶɧɨɣ ɪɚɫɬɜɨɪɢɦɨɫɬɢ *C . ɋɜɵɲɟ ɷɬɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɦɚɬɟɪɢɚɥ ɧɟ ɫɩɨɫɨɛɟɧ «ɜɦɟɫɬɢɬɶ». 

Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɦɟɬɨɞɢɤɚ ɩɪɟɞɩɨɥɚɝɚɟɬ, ɱɬɨ ɬɪɟɳɢɧɚ ɩɨɞɪɚɫɬɚɟɬ 

ɫɤɚɱɤɨɨɛɪɚɡɧɨ, ɤɨɝɞɚ ɜɫɬɪɟɱɧɚɹ ɦɢɤɪɨɬɪɟɳɢɧɚ ɫɨɟɞɢɧɹɟɬɫɹ ɫ ɦɚɝɢɫɬɪɚɥɶɧɨɣ 

ɬɪɟɳɢɧɨɣ. ɉɪɢ ɷɬɨɦ ɜɨɡɦɨɠɧɨ ɧɚɥɢɱɢɟ ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ ɩɟɪɢɨɞɚ: ɜ ɡɨɧɟ 

ɩɪɟɞɪɚɡɪɭɲɟɧɢɹ ɧɚɤɚɩɥɢɜɚɟɬɫɹ ɧɟɨɛɯɨɞɢɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɨɞɨɪɨɞɚ ɞɥɹ 

ɫɨɜɟɪɲɟɧɢɹ ɚɤɬɚ ɩɨɞɪɚɫɬɚɧɢɹ ɬɪɟɳɢɧɵ ɧɚɱɚɥɶɧɵɯ ɪɚɡɦɟɪɨɜ. 

Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɦɟɬɨɞɢɤɢ ɩɪɢɜɟɞɟɧɨ ɧɢɠɟ ɢ ɩɪɟɞɫɬɚɜɥɹɟɬ 

ɫɨɛɨɣ ɫɨɜɦɟɫɬɧɨɟ ɪɟɲɟɧɢɟ ɞɜɭɯ ɪɚɡɥɢɱɧɵɯ ɩɨ ɫɜɨɟɣ ɩɪɢɪɨɞɟ ɡɚɞɚɱ: 

ɢɡɦɟɧɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɨɞɨɪɨɞɚ ɜ ɦɚɬɟɪɢɚɥɟ ɢ ɨɛɭɫɥɨɜɥɟɧɧɵɣ ɷɬɢɦ ɪɨɫɬ 

ɬɪɟɳɢɧɵ.  
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 (2.1) 

ɝɞɟ 0( )C x  - ɧɚɱɚɥɶɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜɨɞɨɪɨɞɚ ɜ ɦɚɬɟɪɢɚɥɟ; a
C  – ɫɪɟɞɧɹɹ 

ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɨɞɨɪɨɞɚ ɜ ɨɛɥɚɫɬɢ ɩɪɟɞɪɚɡɪɭɲɟɧɢɹ; i
x  – ɤɨɨɪɞɢɧɚɬɚ;  X  – 

ɜɟɤɬɨɪ ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚɬɟɪɢɚɥɚ;  Y  – ɜɟɤɬɨɪ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɚɬɟɪɢɚɥɚ ɫɨ ɫɪɟɞɨɣ;  
 - ɧɨɦɢɧɚɥɶɧɵɟ ɪɚɫɬɹɝɢɜɚɸɳɢɟ 

ɧɚɩɪɹɠɟɧɢɹ ɜɞɚɥɢ ɨɬ ɬɪɟɳɢɧɵ, ɧɟ ɡɚɜɢɫɹɳɢɟ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɨɞɨɪɨɞɚ; l – 

ɬɟɤɭɳɚɹ ɩɨɥɭɞɥɢɧɚ ɬɪɟɳɢɧɵ; 0l  - ɧɚɱɚɥɶɧɚɹ ɩɨɥɭɞɥɢɧɚ ɬɪɟɳɢɧɵ. 
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ȼ ɨɫɧɨɜɟ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɟɬɨɞɢɤɢ ɥɟɠɚɬ ɫɥɟɞɭɸɳɢɟ ɩɨɥɨɠɟɧɢɹ: 

 ȼɨɞɨɪɨɞ ɩɨɫɬɭɩɚɟɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɜɟɪɲɢɧɭ ɬɪɟɳɢɧɵ, ɧɟ ɩɪɨɧɢɤɚɹ 

ɜ ɦɚɬɟɪɢɚɥ ɱɟɪɟɡ ɟɟ ɛɟɪɟɝɚ. Ʉɚɤ ɩɨɤɚɡɚɧɨ ɜ ɪɚɡɥɢɱɧɵɯ ɥɢɬɟɪɚɬɭɪɧɵɯ 

ɢɫɬɨɱɧɢɤɚɯ, ɜɨɞɨɪɨɞ ɜɫɟɝɞɚ ɫɬɪɟɦɢɬɫɹ ɩɨɩɚɫɬɶ ɜ ɨɛɥɚɫɬɢ ɦɚɬɟɪɢɚɥɚ ɫ 

ɧɚɢɛɨɥɶɲɢɦɢ ɪɚɫɬɹɝɢɜɚɸɳɢɦɢ ɧɚɩɪɹɠɟɧɢɹɦɢ, ɬ.ɟ. ɜ ɜɟɪɲɢɧɭ 

ɬɪɟɳɢɧɵ. Ȼɨɥɟɟ ɬɨɝɨ, ɟɫɥɢ ɧɚ ɬɟɥɟ ɨɛɪɚɡɭɟɬɫɹ ɨɤɫɢɞɧɚɹ ɩɥɟɧɤɚ, 

ɩɪɟɩɹɬɫɬɜɭɸɳɚɹ ɩɪɨɧɢɤɧɨɜɟɧɢɸ ɜɨɞɨɪɨɞɚ, ɬɨ ɩɪɢ ɧɚɝɪɭɠɟɧɢɢ ɬɚɤɨɝɨ 

ɬɟɥɚ ɪɚɫɬɹɝɢɜɚɸɳɢɦɢ ɭɫɢɥɢɹɦɢ ɜɨɡɦɨɠɟɧ ɪɚɡɪɵɜ ɩɥɟɧɤɢ, ɧɚɱɢɧɚɹ 

ɢɦɟɧɧɨ ɫ ɜɟɪɲɢɧɵ ɬɪɟɳɢɧɵ, ɜɜɢɞɭ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚɩɪɹɠɟɧɢɣ. 

ɉɨɷɬɨɦɭ ɩɨɥɚɝɚɟɦ, ɱɬɨ ɨɤɫɢɞɧɚɹ ɩɥɟɧɤɚ ɜ ɜɟɪɲɢɧɟ ɬɪɟɳɢɧɵ 

ɨɬɫɭɬɫɬɜɭɟɬ. 

 ȼɨɞɨɪɨɞ ɩɪɨɧɢɤɚɟɬ ɜ ɦɚɬɟɪɢɚɥ ɛɥɚɝɨɞɚɪɹ ɩɪɨɰɟɫɫɭ ɞɢɮɮɭɡɢɢ. 

 Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɨɞɧɨɧɚɩɪɚɜɥɟɧɧɚɹ ɡɚɞɚɱɚ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɜɨɞɨɪɨɞɚ ɜ 

ɦɚɬɟɪɢɚɥ. ȼɨɞɨɪɨɞ ɩɪɨɧɢɤɚɟɬ ɜ ɜɟɪɲɢɧɭ ɬɪɟɳɢɧɵ, ɪɚɫɩɪɨɫɬɪɚɧɹɹɫɶ, 

ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. 2.1; 

 

Ɋɢɫ. 2.1 - Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɜɨɞɨɪɨɞɚ ɜɛɥɢɡɢ ɜɟɪɲɢɧɵ ɬɪɟɳɢɧɵ. 

 

 Ɇɚɬɟɪɢɚɥ ɫɱɢɬɚɟɬɫɹ ɢɞɟɚɥɶɧɨ-ɭɩɪɭɝɢɦ. ɇɚɩɪɹɠɟɧɢɹ ɜɛɥɢɡɢ ɜɟɪɲɢɧɵ 

ɬɪɟɳɢɧɵ ɢɡɦɟɧɹɸɬɫɹ ɩɨ ɝɢɩɟɪɛɨɥɢɱɟɫɤɨɦɭ ɡɚɤɨɧɭ. 
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 ɇɨɦɢɧɚɥɶɧɵɟ ɪɚɫɬɹɝɢɜɚɸɳɢɟ ɧɚɩɪɹɠɟɧɢɹ  
 ɧɟ ɡɚɜɢɫɹɬ ɨɬ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɨɞɨɪɨɞɚ ɜ ɦɚɬɟɪɢɚɥɟ. 

 Ʉɨɧɰɟɧɬɪɚɰɢɹ ɜɨɞɨɪɨɞɚ ɜ ɜɟɪɲɢɧɟ ɬɪɟɳɢɧɵ ɩɨɫɬɨɹɧɧɚ ɢ ɪɚɜɧɚ C0
. 

Ⱥɞɟɤɜɚɬɧɨɫɬɶ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɚɜɬɨɪɨɦ ɦɟɬɨɞɢɤɢ ɩɪɨɜɟɪɟɧɚ ɩɪɢ 

ɜɚɪɶɢɪɨɜɚɧɢɢ ɪɚɡɥɢɱɧɵɯ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ; ɞɨɫɬɨɜɟɪɧɨɫɬɶ - ɫɨɩɨɫɬɚɜɥɟɧɢɟɦ 

ɩɨɥɭɱɟɧɧɵɯ ɤɢɧɟɬɢɱɟɫɤɢɯ ɞɢɚɝɪɚɦɦ ɪɚɡɪɭɲɟɧɢɹ ɫ ɩɪɢɜɟɞɟɧɧɵɦɢ ɜ 

ɥɢɬɟɪɚɬɭɪɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ [27]. 

 

2.2 Ʉɚɱɟɫɬɜɟɧɧɨɟ ɨɩɢɫɚɧɢɟ ɪɨɫɬɚ ɬɪɟɳɢɧɵ  
 

Ʉɚɤ ɛɵɥɨ ɭɩɨɦɹɧɭɬɨ ɜɵɲɟ, ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɢɡɦɟɧɹɟɬɫɹ 

ɢɡ-ɡɚ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɜ ɧɟɝɨ ɜɨɞɨɪɨɞɚ [63]. ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɜɨɞɨɪɨɞ 

ɫɤɚɩɥɢɜɚɟɬɫɹ ɜɛɥɢɡɢ ɜɟɪɲɢɧɵ ɬɪɟɳɢɧɵ, ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɦɚɬɟɪɢɚɥɚ ɜ ɷɬɨɣ ɨɛɥɚɫɬɢ ɬɟɥɚ ɦɨɝɭɬ ɨɬɥɢɱɚɬɶɫɹ ɨɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɜ 

ɞɪɭɝɢɯ ɨɛɥɚɫɬɹɯ ɷɬɨɝɨ ɬɟɥɚ. ɉɨɷɬɨɦɭ ɜ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɚɜɬɨɪɨɦ ɦɟɬɨɞɢɤɟ 

ɜɡɚɦɟɧ 
Ic

K  ɢ 
IK  ɜɜɟɞɟɧɵ ɭɫɥɨɜɧɚɹ ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɶ (ɍɌ) 

Ic
K  ɢ ɭɫɥɨɜɧɵɣ 

ɤɨɷɮɮɢɰɢɟɧɬ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɧɚɩɪɹɠɟɧɢɣ (ɍɄɂɇ) 
I

K , ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ɍɄɂɇ ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɩɨɥɟ ɧɚɩɪɹɠɟɧɢɣ ɜ ɧɚɜɨɞɨɪɨɠɟɧɧɨɣ ɨɛɥɚɫɬɢ, ɜɛɥɢɡɢ 

ɜɟɪɲɢɧɵ ɬɪɟɳɢɧɵ [136]. 

ɉɪɟɞɟɥɶɧɨɟ ɫɨɫɬɨɹɧɢɟ ɩɪɢ ɪɨɫɬɟ ɬɪɟɳɢɧɵ ɜ ɧɚɜɨɞɨɪɨɠɢɜɚɟɦɨɦ 

ɦɚɬɟɪɢɚɥɟ ɩɪɢɧɢɦɚɟɦ ɜ ɜɢɞɟ: 

   , ,
I Ic a

K l K C    (2.2) 

ɝɞɟ I
K lY  ;    - ɪɚɫɬɹɝɢɜɚɸɳɟɟ ɧɚɩɪɹɠɟɧɢɟ ɜɞɚɥɢ ɨɬ ɨɛɥɚɫɬɢ 

ɧɚɜɨɞɨɪɨɠɢɜɚɧɢɹ (ɪɢɫ. 2.2); Y  - Ʉ-ɬɚɪɢɪɨɜɤɚ; 
a

C  - ɫɪɟɞɧɹɹ ɤɨɧɰɟɧɬɪɚɰɢɹ 

ɜɨɞɨɪɨɞɚ ɜ ɨɛɥɚɫɬɢ ɩɪɟɞɪɚɡɪɭɲɟɧɢɹ ad
. 
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Ɋɢɫ. 2.2 – Ɉɛɥɚɫɬɢ ɧɚɜɨɞɨɪɨɠɢɜɚɧɢɹ ɢ ɩɪɟɞɪɚɡɪɭɲɟɧɢɹ. 

 

Ɋɚɡɥɢɱɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ, ɧɚɩɪɢɦɟɪ, ɩɪɢɜɟɞɟɧɧɵɟ ɜ [18], 

ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɬɨɦ, ɱɬɨ ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ ɬɪɟɳɢɧɵ ɜ ɧɚɜɨɞɨɪɨɠɢɜɚɟɦɨɦ 

ɨɛɪɚɡɰɟ ɡɚɜɢɫɢɬ ɨɬ ɤɨɧɤɪɟɬɧɨɣ ɩɚɪɵ ɫɪɟɞɚ-ɦɚɬɟɪɢɚɥ. Ȼɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ 

[143], [104] ɢ [56], ɱɬɨ ɪɹɞ ɜɵɫɨɤɨɩɪɨɱɧɵɯ ɫɬɚɥɟɣ, ɫɨ ɜɪɟɦɟɧɟɦ, 

ɨɯɪɭɩɱɢɜɚɟɬɫɹ ɩɪɢ ɤɨɧɬɚɤɬɟ ɫ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɨɣ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ 

ɭɦɟɧɶɲɟɧɢɸ ɢɯ ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɢ. ɋ ɰɟɥɶɸ ɨɛɨɛɳɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 

ɞɚɧɧɵɯ ɜɜɟɞɟɧ ɩɚɪɚɦɟɬɪ  , ɫɜɹɡɵɜɚɸɳɢɣ ɬɟɤɭɳɭɸ ɤɨɧɰɟɧɬɪɚɰɢɸ ɜɨɞɨɪɨɞɚ 

ɧɚ ɝɪɚɧɢɰɟ ɫɪɟɞɚ-ɦɚɬɟɪɢɚɥ 0
C  ɫ ɦɚɤɫɢɦɚɥɶɧɨɣ ɪɚɫɬɜɨɪɢɦɨɫɬɶɸ ɜɨɞɨɪɨɞɚ ɜ 

ɦɚɬɟɪɢɚɥɟ *
C  

0 */C C   [133]. 

ɍɤɚɡɚɧɧɨɟ ɜɵɲɟ ɩɪɢɜɨɞɢɬ ɤ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜɜɟɞɟɧɢɹ ɜ ɪɚɫɫɦɨɬɪɟɧɢɟ 

ɧɟɤɨɬɨɪɨɝɨ ɩɪɟɞɟɥɶɧɨɝɨ ɫɨɫɬɨɹɧɢɹ (ɤɪɢɬɟɪɢɹ), ɨɛɭɫɥɚɜɥɢɜɚɸɳɟɝɨ ɧɚɱɚɥɨ 

ɪɨɫɬɚ (ɫɬɪɚɝɢɜɚɧɢɹ) ɬɪɟɳɢɧɵ. ɉɪɢ ɷɬɨɦ ɤɪɢɬɟɪɢɣ ɞɨɥɠɟɧ ɛɵɬɶ ɫɨɫɬɚɜɥɟɧ 

ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɬɪɟɳɢɧɚ ɫɬɪɚɝɢɜɚɥɚɫɶ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɜ ɦɚɬɟɪɢɚɥɟ 

ɜɨɞɨɪɨɞɚ, ɬ.ɟ. ɩɪɢ 0
a

C   (ɫɪɟɞɧɹɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɨɞɨɪɨɞɚ ɜ ɨɛɥɚɫɬɢ 

ɩɪɟɞɪɚɡɪɭɲɟɧɢɹ) 
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0

*

1

0,

I Ic

a

K K

C

C

 


  (2.3) 

ɝɞɟ 0

Ic
K  - ɭɫɥɨɜɧɚɹ ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɶ ɧɟɧɚɜɨɞɨɪɨɠɟɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. 

ȼ ɬɨɦ ɫɥɭɱɚɟ, ɟɫɥɢ ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɨɞɨɪɨɞɚ ɞɨɫɬɢɝɥɚ ɩɪɟɞɟɥɶɧɨɣ 

ɪɚɫɬɜɨɪɢɦɨɫɬɢ 0* /
a

ɋC C   , ɡɧɚɱɟɧɢɟ ɍɄɂɇ ɞɨɥɠɧɨ ɛɵɬɶ ɪɚɜɧɨ ɭɫɥɨɜɧɨɣ 

ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɢ ɦɚɬɟɪɢɚɥɚ *

Ic
K  

*

* 0

1

I Ic

a

K K

C

C

   
 (2.4) 

Ɉɫɧɨɜɵɜɚɹɫɶ ɧɚ ɩɪɟɞɥɨɠɟɧɢɹɯ, ɜɵɞɜɢɧɭɬɵɯ ɜ ɪɚɛɨɬɚɯ [107], [116] ɢ 

[80], ɚ ɬɚɤɠɟ ɪɚɫɫɭɠɞɟɧɢɹɯ, ɩɪɢɜɟɞɟɧɧɵɯ ɜɵɲɟ (ɫɦ. (2.3) ɢ (2.4)), ɚɜɬɨɪɨɦ 

ɜɜɟɞɟɧ ɜ ɪɚɫɫɦɨɬɪɟɧɢɟ ɞɜɭɯɩɚɪɚɦɟɬɪɢɱɟɫɤɢɣ ɤɪɢɬɟɪɢɣ ɩɪɨɱɧɨɫɬɢ, 

ɫɜɹɡɵɜɚɸɳɢɣ ɤɪɢɬɟɪɢɢ ɦɟɯɚɧɢɤɢ ɪɚɡɪɭɲɟɧɢɢ ɦɚɬɟɪɢɚɥɚ ɢ ɤɢɧɟɬɢɤɢ 

ɞɢɮɮɭɧɞɢɪɨɜɚɧɢɹ (ɤɨɧɰɟɧɬɪɚɰɢɢ) ɜɨɞɨɪɨɞɚ ɜ ɜɟɪɲɢɧɭ ɪɚɫɩɪɨɫɬɪɚɧɹɸɳɟɣɫɹ 

ɬɪɟɳɢɧɵ [134], [117], [108] 

1 1*

0 * 0
Ω 1,I Ic a

Ic Ic

K K C

K K C

              (2.5) 

ɝɞɟ *

Ic
K  - ɍɌ ɦɚɬɟɪɢɚɥɚ ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɨɞɨɪɨɞɚ ɜ ɨɛɥɚɫɬɢ 

ɩɪɟɞɪɚɡɪɭɲɟɧɢɹ ad
 ɪɚɜɧɨɣ 0 /C  ;  

 - ɪɚɫɬɹɝɢɜɚɸɳɢɟ ɧɚɩɪɹɠɟɧɢɹ ɜɞɚɥɢ ɨɬ 

ɬɪɟɳɢɧɵ; , – ɤɨɧɫɬɚɧɬɵ.  

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ, ɧɚɩɪɢɦɟɪ, ɩɪɢɜɟɞɟɧɧɵɟ ɜ [52], 

ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɡɚɜɢɫɢɦɨɫɬɶ (2.5) ɩɨɡɜɨɥɹɟɬ ɜ ɩɨɥɧɨɣ ɦɟɪɟ ɨɩɢɫɚɬɶ 

ɢɡɦɟɧɟɧɢɟ ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɨɝɥɨɳɟɧɧɨɝɨ 

ɜɨɞɨɪɨɞɚ.  

ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɨɞɨɪɨɞɚ ɜ ɦɚɬɟɪɢɚɥɟ ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɶ 

ɦɨɠɟɬ ɭɦɟɧɶɲɚɬɶɫɹ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɯɚɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɹ 

ɤɪɢɜɨɣ ɩɨ ɭɪɚɜɧɟɧɢɸ (2.5) ɛɭɞɟɬ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɩɪɢɜɟɞɟɧɧɨɦɭ ɧɚ ɪɢɫ. 2.3. 
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Ɋɢɫ. 2.3 – Ʉɚɱɟɫɬɜɟɧɧɵɣ ɝɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɭɫɥɨɜɧɨɣ ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɢ 

ɦɚɬɟɪɢɚɥɚ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɨɞɨɪɨɞɚ. 

 

Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɚɧɚɥɢɡɚ ɩɪɢɜɟɞɟɧɧɨɣ ɧɚ ɪɢɫ. 2.3 ɤɪɢɜɨɣ, ɭɫɥɨɜɢɹ ɪɚɛɨɬɵ 

ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɟɬɨɞɢɤɢ ɪɨɫɬɚ ɬɪɟɳɢɧɵ ɜ ɷɥɟɦɟɧɬɚɯ ɤɨɧɫɬɪɭɤɰɢɣ ɩɨɞ 

ɜɨɡɞɟɣɫɬɜɢɟɦ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ ɢ ɫɬɚɬɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ ɫɥɟɞɭɸɳɢɟ 

[41]: 

0* .
Ic I Ic

K K K   (2.6) 

ɉɨɦɢɦɨ ɷɬɨɝɨ, ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɨɞɨɪɨɞɚ ɩɪɟɞɟɥɶɧɨɣ 

ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɭɫɥɨɜɧɚɹ ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɞɨɫɬɢɝɚɟɬ ɜɟɥɢɱɢɧɵ 
*

IcK  ɢ ɞɚɥɟɟ ɧɟ ɢɡɦɟɧɹɟɬɫɹ (ɩɪɟɞɟɥɶɧɚɹ ɪɚɫɬɜɨɪɢɦɨɫɬɶ). 

Ʉɪɢɜɚɹ ɢɡɦɟɧɟɧɢɹ ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɢ ɦɚɬɟɪɢɚɥɚ, ɩɪɢɜɟɞɟɧɧɚɹ ɧɚ ɪɢɫ. 

2.3, ɪɚɡɞɟɥɹɟɬ ɨɛɥɚɫɬɶ ɝɪɚɮɢɤɚ ɧɚ ɞɜɟ ɱɚɫɬɢ: ɥɟɜɚɹ – ɩɪɨɢɫɯɨɞɢɬ 

ɚɤɤɭɦɭɥɢɪɨɜɚɧɢɟ ɜɨɞɨɪɨɞɚ ɜ ɦɟɬɚɥɥɟ (ɢɧɤɭɛɚɰɢɨɧɧɵɣ ɩɟɪɢɨɞ ɪɨɫɬɚ 

ɬɪɟɳɢɧɵ) ɢɥɢ ɭɫɬɨɣɱɢɜɵɣ ɪɨɫɬ ɦɚɤɪɨɬɪɟɳɢɧɵ, ɩɪɚɜɚɹ – ɧɟɭɫɬɨɣɱɢɜɵɣ ɪɨɫɬ 

ɬɪɟɳɢɧɵ, ɤɨɬɨɪɵɣ ɩɪɨɢɫɯɨɞɢɬ, ɟɫɥɢ ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɨɞɨɪɨɞɚ ɜ ɨɛɥɚɫɬɢ 

ɩɪɟɞɪɚɡɪɭɲɟɧɢɹ a
d
 ɜɵɲɟ ɧɟɤɨɬɨɪɨɣ ɩɪɟɞɟɥɶɧɨɣ 

aC  ɞɥɹ ɬɪɟɳɢɧɵ ɬɟɤɭɳɟɣ 

ɞɥɢɧɵ.  

ɉɨɤɚɡɚɧɧɚɹ ɤɪɢɜɚɹ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɩɪɟɞɟɥɶɧɨɟ ɪɚɜɧɨɜɟɫɢɟ ɬɟɥɚ ɫ 

ɬɪɟɳɢɧɨɣ, ɩɨɞɜɟɪɠɟɧɧɨɝɨ ɫɨɜɦɟɫɬɧɨɦɭ ɞɟɣɫɬɜɢɸ ɧɚɝɪɭɡɤɢ ɢ  

ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ. 
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ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɦɚɤɫɢɦɚɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɜɛɥɢɡɢ ɜɟɪɲɢɧɵ 

ɬɪɟɳɢɧɵ ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵ ɍɄɂɇ: 

.IK

x
    (2.7) 

Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɧɚɥɢɱɢɟ ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ (ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ 

ɜɧɟɲɧɢɯ) ɦɨɠɟɬ ɩɪɢɜɨɞɢɬɶ ɤ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɸ ɬɟɳɢɧ ɩɪɢ ɡɧɚɱɢɬɟɥɶɧɵɯ 

ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɜɨɞɨɪɨɞɚ. ȼ ɪɚɦɤɚɯ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɟɬɨɞɢɤɢ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, 

ɱɬɨ ɬɪɟɳɢɧɵ ɜ ɷɥɟɦɟɧɬɚɯ ɤɨɧɫɬɪɭɤɰɢɣ ɧɟ ɪɚɫɩɪɨɫɬɪɚɧɹɸɬɫɹ ɬɨɥɶɤɨ ɨɬ 

ɜɨɡɞɟɣɫɬɜɢɹ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ, ɬ.ɟ. ɪɚɡɪɭɲɟɧɢɟ ɩɨ ɦɟɯɚɧɢɡɦɭ 

ɜɵɧɭɠɞɟɧɧɨɝɨ ɜɨɞɨɪɨɞɧɨɝɨ ɪɚɫɬɪɟɫɤɢɜɚɧɢɹ ɧɟ ɩɪɨɢɫɯɨɞɢɬ. Ɋɨɫɬ ɬɪɟɳɢɧ 

ɜɨɡɦɨɠɟɧ ɬɨɥɶɤɨ ɩɪɢ ɫɨɜɦɟɫɬɧɨɦ ɞɟɣɫɬɜɢɢ ɧɚɝɪɭɡɤɢ ɢ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ 

ɫɪɟɞɵ.  

 

2.3 Ɍɟɨɪɟɬɢɱɟɫɤɚɹ ɫɯɟɦɚ ɪɨɫɬɚ ɦɚɝɢɫɬɪɚɥɶɧɨɣ ɬɪɟɳɢɧɵ ɜ ɬɟɥɟ ɩɨɞ 
ɜɨɡɞɟɣɫɬɜɢɟɦ ɜɨɞɨɪɨɞɚ ɢ ɫɬɚɬɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ 

 

Ɋɚɫɫɦɨɬɪɢɦ ɚɤɬ ɩɨɞɪɚɫɬɚɧɢɹ ɦɚɝɢɫɬɪɚɥɶɧɨɣ ɬɪɟɳɢɧɵ ɜ ɪɚɦɤɚɯ 

ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɟɬɨɞɢɤɢ. ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɜ ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɜ 

ɨɛɥɚɫɬɢ ɩɪɟɞɪɚɡɪɭɲɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɬɪɟɳɢɧɵ ɛɵɥɨ ɧɟɤɨɬɨɪɨɟ 

ɤɨɥɢɱɟɫɬɜɨ ɜɨɞɨɪɨɞɚ. ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ, ɟɫɥɢ ɨɩɪɟɞɟɥɢɬɶ ɍɄɂɇ ɢ 

ɛɟɡɪɚɡɦɟɪɧɭɸ ɫɪɟɞɧɸɸ ɤɨɧɰɟɧɬɪɚɰɢɸ ɜɨɞɨɪɨɞɚ ɜ ɨɛɥɚɫɬɢ ɩɪɟɞɪɚɡɪɭɲɟɧɢɹ 

( )
0( )

a l
a l

C
C

C
 , ɢ ɨɬɨɛɪɚɡɢɬɶ ɷɬɢ ɞɚɧɧɵɟ ɧɚ ɞɢɚɝɪɚɦɦɟ ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɢ, ɬɨ 

ɦɨɠɧɨ ɜɢɞɟɬɶ, ɱɬɨ ɩɨɥɭɱɟɧɧɚɹ ɬɨɱɤɚ 1

0P
 
ɥɟɠɢɬ ɥɟɜɟɟ ɩɪɟɞɟɥɶɧɨɣ ɤɪɢɜɨɣ, 

(ɪɢɫ. 2.4). 
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Ɋɢɫ. 2.4 - ɇɚɱɚɥɶɧɚɹ ɬɨɱɤɚ ɧɚ ɞɢɚɝɪɚɦɦɟ ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɢ ɦɚɬɟɪɢɚɥɚ. 

 

ɉɪɢ ɩɨɫɬɨɹɧɧɨɦ ɩɨɫɬɭɩɥɟɧɢɢ ɜɨɞɨɪɨɞɚ ɜ ɜɟɪɲɢɧɭ ɬɪɟɳɢɧɵ ɫɨ 

ɜɪɟɦɟɧɟɦ ɟɝɨ ɤɨɧɰɟɧɬɪɚɰɢɹ ɜ ɨɛɥɚɫɬɢ ɩɪɟɞɪɚɡɪɭɲɟɧɢɹ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. 

ɇɚɤɨɩɥɟɧɢɟ ɜɨɞɨɪɨɞɚ ɩɪɨɢɫɯɨɞɢɬ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɚɹ 

ɬɪɚɟɤɬɨɪɢɹ ɧɚɱɚɥɶɧɨɣ ɬɨɱɤɢ ɧɟ ɩɟɪɟɫɟɱɟɬ ɩɪɟɞɟɥɶɧɭɸ ɤɪɢɜɭɸ, ɤɚɤ ɩɨɤɚɡɚɧɨ 

ɧɚ ɪɢɫ. 2.5. 

ȼ ɬɨɦ ɫɥɭɱɚɟ, ɟɫɥɢ ɫɪɟɞɧɹɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɨɞɨɪɨɞɚ ɜ ɨɛɥɚɫɬɢ 

ɩɪɟɞɪɚɡɪɭɲɟɧɢɹ ɜ ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɞɨɫɬɚɬɨɱɧɚ ɞɥɹ ɫɬɪɚɝɢɜɚɧɢɹ 

ɬɪɟɳɢɧɵ, ɧɚɱɚɥɶɧɚɹ ɬɨɱɤɚ 1

0P  ɛɭɞɟɬ ɥɟɠɚɬɶ ɩɪɚɜɟɟ ɩɪɟɞɟɥɶɧɨɣ ɤɪɢɜɨɣ, 

ɩɪɢɜɟɞɟɧɧɨɣ ɧɚ ɪɢɫ. 2.5.  



56 

 

Ɋɢɫ. 2.5 - ɇɚɤɨɩɥɟɧɢɟ ɜɨɞɨɪɨɞɚ ɜɛɥɢɡɢ ɜɟɪɲɢɧɵ ɬɪɟɳɢɧɵ. 

 

ɉɪɢ ɩɟɪɟɫɟɱɟɧɢɢ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɬɪɚɟɤɬɨɪɢɢ ɩɪɟɞɟɥɶɧɨɣ ɤɪɢɜɨɣ 

ɫɩɪɚɜɟɞɥɢɜɨ ɤɪɢɬɟɪɢɚɥɶɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ (2.5), ɬ.ɟ.     
0

*

( ) 0

d

a lI Ic
C tK lK a  ɢ 

ɬɪɟɳɢɧɚ ɫɤɚɱɤɨɨɛɪɚɡɧɨ ɩɨɞɪɚɫɬɚɟɬ ɧɚ ɪɚɡɦɟɪ ɨɛɥɚɫɬɢ ɩɪɟɞɪɚɡɪɭɲɟɧɢɹ a
d
. 

Ⱦɥɢɧɚ ɬɪɟɳɢɧɵ ɫɬɚɧɨɜɢɬɫɹ ɪɚɜɧɨɣ   0 02 l a l . ɋɤɚɱɤɨɨɛɪɚɡɧɵɣ ɩɨɞɪɨɫɬ 

ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɦɚɤɪɨɬɪɟɳɢɧɵ ɦɨɠɧɨ ɜɢɞɟɬɶ ɧɚ ɪɢɫ. 2.6. 

 

Ɋɢɫ. 2.6 - ɋɤɚɱɤɨɨɛɪɚɡɧɵɣ ɩɨɞɪɨɫɬ ɬɪɟɳɢɧɵ. 
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ȼ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɟɬɨɞɢɤɟ ɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɪɚɡɦɟɪ ɨɛɥɚɫɬɢ 

ɩɪɟɞɪɚɡɪɭɲɟɧɢɹ ɨɯɜɚɬɵɜɚɟɬ ɜɫɟ ɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɡɟɪɟɧ ɫ ɪɨɫɬɨɦ ɬɪɟɳɢɧɵ 

[136] (ɪɢɫ. 2.7). 

 

Ɋɢɫ. 2.7 – Ʉ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɸ ɬɪɟɳɢɧɵ ɩɨ ɦɟɬɨɞɢɤɟ, ɩɪɟɞɥɨɠɟɧɧɨɣ 

ɚɜɬɨɪɨɦ [136]: 

ɚ) ɪɨɫɬ ɬɪɟɳɢɧɵ; ɛ) ɪɚɡɦɟɪ ɨɛɥɚɫɬɢ ɩɪɟɞɪɚɡɪɭɲɟɧɢɹ. 

 

ȼ ɪɚɦɤɚɯ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɟɬɨɞɢɤɢ ɩɪɢɧɹɬɨ, ɱɬɨ ɬɪɟɳɢɧɚ ɧɚɱɢɧɚɟɬ 

ɪɚɫɬɢ ɥɚɜɢɧɨɨɛɪɚɡɧɨ ɜ ɬɨɦ ɫɥɭɱɚɟ, ɟɫɥɢ *

fr
l L  ȼɟɥɢɱɢɧɚ *

fr
L  - ɩɪɟɞɟɥɶɧɨ-

ɞɨɩɭɫɬɢɦɚɹ ɞɥɢɧɚ ɬɪɟɳɢɧɵ, ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɨɨɬɧɨɲɟɧɢɸ 

* *(1 ),
fr

L l    (2.8) 

ɝɞɟ  – ɤɨɷɮɮɢɰɢɟɧɬ,    0
2

* 2 2

Ic YKl      . 

Ⱦɥɢɧɚ ɨɛɥɚɫɬɢ ɩɪɟɞɪɚɡɪɭɲɟɧɢɹ ɹɜɥɹɟɬɫɹ ɮɭɧɤɰɢɟɣ ɧɟɫɤɨɥɶɤɢɯ 

ɩɚɪɚɦɟɬɪɨɜ *

0 0 2 2( , , , , , , , )d d d
a l l l Ba a    ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, 

ɩɪɟɞɥɨɠɟɧɧɨɣ ɚɜɬɨɪɨɦ [120], [34] 
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2 2

0

*

0

0

* 1

1
1

1

d d

d

l la

B l

a

a l

 

 


             (2.9) 

ɝɞɟ 
0 2 2, , ,d

a B    - ɩɚɪɚɦɟɬɪɵ. 

ɋ ɩɨɦɨɳɶɸ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɟɬɨɞɢɤɢ ɜɨɡɦɨɠɧɨ ɨɩɢɫɚɬɶ ɞɢɫɤɪɟɬɧɵɣ 

ɩɪɨɰɟɫɫ ɪɨɫɬɚ ɬɪɟɳɢɧɵ, ɤɨɬɨɪɵɣ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɢɧɤɭɛɚɰɢɨɧɧɭɸ, 

ɭɫɬɨɣɱɢɜɭɸ, ɚ ɬɚɤɠɟ ɧɟɭɫɬɨɣɱɢɜɭɸ ɫɬɚɞɢɢ ɪɨɫɬɚ ɬɪɟɳɢɧɵ. Ɉɩɢɫɚɧɢɟ ɷɬɢɯ 

ɫɬɚɞɢɣ ɫ ɩɨɦɨɳɶɸ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɟɬɨɞɢɤɢ ɜɨɡɦɨɠɧɨ ɫ ɩɨɦɨɳɶɸ ɲɟɫɬɢ 

ɞɢɚɝɪɚɦɦ, ɩɪɢɜɟɞɟɧɧɵɯ ɧɚ ɪɢɫ. 2.8, ɢ ɩɪɢɜɟɞɟɧɨ ɧɢɠɟ. 

 

 

Ɋɢɫ. 2.8 - ɋɯɟɦɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɪɨɫɬɚ ɬɪɟɳɢɧɵ ɜ ɧɚɜɨɞɨɪɨɠɢɜɚɟɦɨɦ ɨɛɪɚɡɰɟ 

ɩɪɢ ɞɟɣɫɬɜɢɢ ɩɨɫɬɨɹɧɧɨɣ ɧɚɝɪɭɡɤɢ, ɩɪɟɞɥɨɠɟɧɧɚɹ ɚɜɬɨɪɨɦ, ɫɦ. [117]. 
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Ʉɚɱɟɫɬɜɟɧɧɨ ɩɪɟɞɥɚɝɚɟɦɭɸ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɪɨɫɬɚ ɬɪɟɳɢɧɵ ɜ 

ɧɚɜɨɞɨɪɨɠɢɜɚɟɦɨɦ ɦɚɬɟɪɢɚɥɟ ɨɩɢɫɵɜɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɲɟɫɬɢ ɞɢɚɝɪɚɦɦ, 

ɩɪɢɜɟɞɟɧɧɵɯ ɧɚ ɪɢɫ. 2.8 [137Ж. Ⱦɢɚɝɪɚɦɦɵ ɧɚɝɥɹɞɧɨ ɞɟɦɨɧɫɬɪɢɪɭɸɬ ɫɜɹɡɶ 

ɞɜɭɯ ɡɚɞɚɱ: ɡɚɞɚɱɢ ɦɟɯɚɧɢɤɢ ɪɚɡɪɭɲɟɧɢɹ (D3) ɢ ɡɚɞɚɱɢ ɞɢɮɮɭɡɢɨɧɧɨɝɨ 

ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɜɨɞɨɪɨɞɚ ɜ ɦɚɬɟɪɢɚɥ (D2), ɫɜɹɡɚɧɧɵɟ ɞɪɭɝ ɫ ɞɪɭɝɨɦ 

ɩɪɟɞɟɥɶɧɨɣ ɤɪɢɜɨɣ ɢɡɦɟɧɟɧɢɹ ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɢ (2.5) ɢ ɡɚɜɢɫɢɦɨɫɬɶɸ (2.9), 

ɨɬɪɚɠɚɸɳɟɣ ɩɨɞɪɨɫɬ ɬɪɟɳɢɧɵ (D6).  

ɇɢɠɟ ɩɪɢɜɟɞɟɧɨ ɞɟɬɚɥɶɧɨɟ ɨɩɢɫɚɧɢɟ ɞɢɚɝɪɚɦɦ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɧɚ 

ɪɢɫ. 2.8. 

ɇɚ ɩɟɪɜɨɣ ɫɬɚɞɢɢ, ɜɨ ɜɪɟɦɹ ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ ɩɟɪɢɨɞɚ, ɩɪɨɢɫɯɨɞɢɬ 

ɧɚɤɨɩɥɟɧɢɟ ɜɨɞɨɪɨɞɚ ɜ ɨɛɥɚɫɬɢ ɩɪɟɞɪɚɡɪɭɲɟɧɢɹ a
d
(l0) ɜɛɥɢɡɢ ɜɟɪɲɢɧɵ 

ɬɪɟɳɢɧɵ. ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɜ ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɜ ɨɛɥɚɫɬɢ 

ɩɪɟɞɪɚɡɪɭɲɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɬɪɟɳɢɧɵ ɫɭɳɟɫɬɜɭɟɬ ɧɟɤɨɬɨɪɨɟ 

ɤɨɥɢɱɟɫɬɜɨ ɜɨɞɨɪɨɞɚ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ,  1

0 0C P  . ɉɪɨɟɤɰɢɢ ɬɨɱɤɢ 
0P  ɧɚ 

ɞɢɚɝɪɚɦɦɵ D2 ɢ D3 ɨɩɪɟɞɟɥɹɸɬ ɬɨɱɤɢ 2

0P  ɢ 3

0P , ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɍɨɱɤɚ 6

0P  

ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɫɨɨɬɧɨɲɟɧɢɹ (2.9). Ɍɨɱɤɚ ɧɚ ɞɢɚɝɪɚɦɦɟ D5 ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 

ɬɟɤɭɳɟɣ ɞɥɢɧɟ ɬɪɟɳɢɧɵ. 

ɉɪɢ ɩɨɫɬɨɹɧɧɨɦ ɩɨɫɬɭɩɥɟɧɢɢ ɜɨɞɨɪɨɞɚ ɜ ɜɟɪɲɢɧɭ ɬɪɟɳɢɧɵ ɫ ɬɟɱɟɧɢɟɦ 

ɜɪɟɦɟɧɢ ɟɝɨ ɤɨɧɰɟɧɬɪɚɰɢɹ ɜ ɨɛɥɚɫɬɢ ɩɪɟɞɪɚɡɪɭɲɟɧɢɹ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. 

ɉɨɷɬɨɦɭ (ɫɦ. ɞɢɚɝɪɚɦɦɭ D1 ɧɚ ɪɢɫ. 2.8) ɬɨɱɤɚ 1

0P  ɞɜɢɠɟɬɫɹ ɜɩɪɚɜɨ ɞɨ ɬɟɯ ɩɨɪ, 

ɩɨɤɚ ɟɟ ɬɪɚɟɤɬɨɪɢɹ ɧɟ ɩɟɪɟɫɟɱɟɬɫɹ ɫ ɤɪɢɜɨɣ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɧɚ ɞɢɚɝɪɚɦɦɟ 

D1, ɬ.ɟ. ɞɨ ɧɚɫɬɭɩɥɟɧɢɹ ɭɫɥɨɜɢɹ 
  *

0

0 0( ) ( )

d

d d

t a l

a l a l
C C . 

ɍɜɟɥɢɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫ ɬɟɱɟɧɢɟɦ ɜɪɟɦɟɧɢ ɞɭɛɥɢɪɭɟɬɫɹ ɧɚ 

ɞɢɚɝɪɚɦɦɟ D2, ɤɨɬɨɪɚɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɞɢɮɮɭɡɢɢ 

ɜɨɞɨɪɨɞɚ ɜ ɦɚɬɟɪɢɚɥ. ȼ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ, ɤɨɝɞɚ ɬɪɚɟɤɬɨɪɢɹ ɬɨɱɤɢ 1

0P  

ɩɟɪɟɫɟɱɟɬ ɩɪɟɞɟɥɶɧɭɸ ɤɪɢɜɭɸ, ɬɪɟɳɢɧɚ ɩɨɞɪɚɫɬɟɬ ɧɚ ɪɚɡɦɟɪ ɨɛɥɚɫɬɢ 

ɩɪɟɞɪɚɡɪɭɲɟɧɢɹ ɢ ɟɟ ɞɥɢɧɚ ɫɨɫɬɚɜɢɬ   0 02 d
l a l . ȼɪɟɦɹ, ɧɟɨɛɯɨɞɢɦɨɟ 

ɬɪɟɳɢɧɟ ɞɥɹ ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ ɩɟɪɢɨɞɚ ɫɨɫɬɚɜɥɹɟɬ  0

* ( )d
t a l . 
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ɉɨɫɥɟ ɡɚɜɟɪɲɟɧɢɹ ɢɧɤɭɛɚɰɢɨɧɧɨɣ ɫɬɚɞɢɢ ɪɨɫɬɚ, ɬɪɟɳɢɧɚ ɩɟɪɟɯɨɞɢɬ ɜ 

ɫɬɚɞɢɸ ɭɫɬɨɣɱɢɜɨɝɨ ɪɨɫɬɚ (ɜɬɨɪɚɹ ɫɬɚɞɢɹ). Ɍɨɱɤɚ 1

1P  ɹɜɥɹɟɬɫɹ ɧɚɱɚɥɶɧɨɣ ɢ 

ɞɚɥɟɟ ɩɪɨɰɟɫɫ ɩɨɜɬɨɪɹɟɬɫɹ ɩɨ ɜɵɲɟɨɩɢɫɚɧɧɨɣ ɫɯɟɦɟ, ɩɪɢ ɷɬɨɦ ɧɚ ɤɚɠɞɨɣ 

ɢɬɟɪɚɰɢɢ ɜ ɨɛɥɚɫɬɢ ɩɪɟɞɪɚɡɪɭɲɟɧɢɹ ɬɪɟɳɢɧɵ ɩɪɢɫɭɬɫɬɜɭɟɬ ɫɜɨɟ ɭɧɢɤɚɥɶɧɨɟ 

ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜɨɞɨɪɨɞɚ. 

ɉɪɢ ɞɨɫɬɢɠɟɧɢɢ ɬɨɱɤɨɣ 1

1P  ɩɪɟɞɟɥɶɧɨɣ ɤɪɢɜɨɣ ɨɬɦɟɱɚɟɬɫɹ ɜɪɟɦɹ 

 *

1( )d
t a l , ɤɨɬɨɪɨɟ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɩɨɞɪɨɫɬ ɬɪɟɳɢɧɵ ɧɚ ɜɟɥɢɱɢɧɭ ɨɛɥɚɫɬɢ 

ɩɪɟɞɪɚɡɪɭɲɟɧɢɹ 
1( )d

a l . Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɬɦɟɱɚɹ ɜɪɟɦɟɧɚ ɢ ɜɟɥɢɱɢɧɵ 

ɬɟɤɭɳɢɯ ɞɥɢɧ ɬɪɟɳɢɧ, ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɢɫɤɨɦɭɸ ɤɪɢɜɭɸ ɪɨɫɬɚ ɬɪɟɳɢɧɵ l(t) 

(ɞɢɚɝɪɚɦɦɚ D4) ɢ ɤɢɧɟɬɢɱɟɫɤɭɸ ɞɢɚɝɪɚɦɦɭ ɪɨɫɬɚ ɬɪɟɳɢɧɵ.  

ɍɫɬɨɣɱɢɜɵɣ ɪɨɫɬ ɬɪɟɳɢɧɵ ɛɭɞɟɬ ɨɛɟɫɩɟɱɟɧ, ɟɫɥɢ ɧɚɱɚɥɶɧɚɹ ɫɪɟɞɧɹɹ 

ɤɨɧɰɟɧɬɪɚɰɢɹ ɜ ɨɛɥɚɫɬɢ ɩɪɟɞɪɚɡɪɭɲɟɧɢɹ ɦɟɧɶɲɟ ɩɪɟɞɟɥɶɧɨɣ ɞɥɹ ɬɟɤɭɳɟɣ 

ɞɥɢɧɵ ɬɪɟɳɢɧɵ, ɢɧɵɦɢ ɫɥɨɜɚɦɢ, ɟɫɥɢ ɧɚɱɚɥɶɧɚɹ ɬɨɱɤɚ 1

iP  ɞɥɹ i-ɣ ɢɬɟɪɚɰɢɢ 

ɧɚɯɨɞɢɬɫɹ ɥɟɜɟɟ ɩɪɟɞɟɥɶɧɨɣ ɤɪɢɜɨɣ ɢɡɦɟɧɟɧɢɹ ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɢ.  

Ɍɪɟɬья ɫɬɚɞɢя ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɥɚɜɢɧɨɨɛɪɚɡɧɵɣ (ɧɟɭɫɬɨɣɱɢɜɵɣ) 

ɪɨɫɬ ɬɪɟɳɢɧɵ. Ⱦɚɧɧɚɹ ɫɬɚɞɢɹ ɧɚɛɥɸɞɚɟɬɫɹ ɜ ɫɥɭɱɚɟ ɩɪɟɨɛɥɚɞɚɧɢɹ ɜɟɥɢɱɢɧɵ 

ɧɚɱɚɥɶɧɨɣ ɫɪɟɞɧɟɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɨɞɨɪɨɞɚ ɜ ɡɨɧɟ ɩɪɟɞɪɚɡɪɭɲɟɧɢɹ ɬɪɟɳɢɧɵ 

ɧɚɞ ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɦ ɡɧɚɱɟɧɢɟɦ ɤɨɧɰɟɧɬɪɚɰɢɢ. ɉɪɢ ɷɬɨɦ ɧɚɱɚɥɶɧɚɹ 

ɬɨɱɤɚ 1

iP  ɞɥɹ i-ɣ ɢɬɟɪɚɰɢɢ ɧɚɯɨɞɢɬɫɹ ɩɪɚɜɟɟ ɤɪɢɜɨɣ ɢɡɦɟɧɟɧɢɹ 

ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɢ ɦɚɬɟɪɢɚɥɚ. Ⱦɥɹ ɫɥɭɱɚɹ, ɩɪɢɜɟɞɟɧɧɨɝɨ ɧɚ ɪɢɫ. 2.8, ɬɚɤɨɣ 

ɬɨɱɤɨɣ ɹɜɥɹɟɬɫɹ 1

5P . 

Ⱦɢɚɝɪɚɦɦɚ D4 ɹɜɥɹɟɬɫɹ ɢɫɤɨɦɨɣ ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨɫɥɟ ɩɨɫɬɪɨɟɧɢɹ 

ɩɪɟɞɵɞɭɳɢɯ ɬɪɟɯ ɞɢɚɝɪɚɦɦ. ɉɪɢɛɥɢɠɟɧɧɨ, ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ ɬɪɟɳɢɧɵ ɧɚ 

ɤɚɠɞɨɦ ɷɬɚɩɟ ɟɟ ɩɨɞɪɨɫɬɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɨɨɬɧɨɲɟɧɢɸ: 

   *

d

d
i

i

a ll

t t a l

           
 (2.10) 

Ɂɧɚɹ ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ ɬɪɟɳɢɧɵ ɦɨɠɧɨ ɩɨɫɬɪɨɢɬɶ ɤɢɧɟɬɢɱɟɫɤɭɸ 

ɞɢɚɝɪɚɦɦɭ ɪɨɫɬɚ ɬɪɟɳɢɧɵ ɜ ɭɫɥɨɜɢɹɯ ɧɚɜɨɞɨɪɨɠɢɜɚɧɢɹ ( )
I

K  ɢ ɩɪɨɜɟɫɬɢ 
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ɫɨɩɨɫɬɚɜɥɟɧɢɟ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɧɵɯ ɫɨɱɟɬɚɧɢɣ 

ɩɚɪ ɫɪɟɞɚ-ɦɟɬɚɥɥ, ɱɬɨ ɜɵɩɨɥɧɟɧɨ ɚɜɬɨɪɨɦ ɜ ɩɚɪɚɝɪɚɮɟ β.8. 

 

2.4 ɉɟɪɟɧɨɫ ɜɨɞɨɪɨɞɚ ɜ ɦɟɬɚɥɥ 

 

ɉɟɪɟɧɨɫ ɜɨɞɨɪɨɞɚ ɜ ɦɟɬɚɥɥɚɯ ɦɨɠɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɩɨ ɞɜɭɦ ɪɚɡɥɢɱɧɵɦ 

ɦɟɯɚɧɢɡɦɚɦ: ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɚ ɞɜɢɠɭɳɢɦɢɫɹ ɞɢɫɥɨɤɚɰɢɹɦɢ ɢ ɞɢɮɮɭɡɢɹ. ȼ 

ɪɚɦɤɚɯ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɛɭɞɟɦ ɫɱɢɬɚɬɶ, ɱɬɨ ɩɟɪɟɧɨɫ ɜɨɞɨɪɨɞɚ ɜ ɨɛɥɚɫɬɶ 

ɩɪɟɞɪɚɡɪɭɲɟɧɢɹ ɰɟɥɢɤɨɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɨɰɟɫɫɨɦ ɞɢɮɮɭɡɢɢ, ɱɬɨ 

ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɞɚɧɧɵɦɢ ɢɡ ɢɫɬɨɱɧɢɤɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɩɭɬɟɦ ɢɫɩɵɬɚɧɢɹ 

ɨɛɪɚɡɰɨɜ ɢɡ ɜɵɫɨɤɨɩɪɨɱɧɵɯ ɫɬɚɥɟɣ [86], [87]. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ 

ɫɪɚɜɧɟɧɢɟ ɩɨɥɭɱɟɧɧɵɯ ɚɜɬɨɪɨɦ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɨɜɨɞɢɥɨɫɶ ɢɦɟɧɧɨ ɞɥɹ 

ɜɵɫɨɤɨɩɪɨɱɧɵɯ ɫɬɚɥɟɣ, ɞɥɹ ɤɨɬɨɪɵɯ ɨɩɪɟɞɟɥɹɸɳɢɦ ɦɟɯɚɧɢɡɦɨɦ ɩɟɪɟɧɨɫɚ 

ɜɨɞɨɪɨɞɚ ɹɜɥɹɟɬɫɹ ɢɦɟɧɧɨ ɩɪɨɰɟɫɫ ɞɢɮɮɭɡɢɢ. 

Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɩɪɨɰɟɫɫɚ ɨɞɧɨɧɚɩɪɚɜɥɟɧɧɨɣ ɞɢɮɮɭɡɢɢ ɜɨɞɨɪɨɞɚ ɜ ɩɨɥɟ 

ɧɚɩɪɹɠɟɧɢɣ ɢɫɩɨɥɶɡɭɟɬɫɹ ɭɪɚɜɧɟɧɢɟ, ɩɪɢɜɟɞɟɧɧɨɟ ɜ [129]: 

  2

2
,

C C C
D f

t x x x

          (2.11) 

ɝɞɟ x - ɤɨɨɪɞɢɧɚɬɚ, t – ɜɪɟɦɹ, ( , )C C x t  - ɮɭɧɤɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɨɞɨɪɨɞɚ ɜ ɦɚɬɟɪɢɚɥɟ   - ɧɚɩɪɹɠɟɧɢɟ;    - ɜɟɤɬɨɪ 

ɩɚɪɚɦɟɬɪɨɜ ɫɪɟɞɵ ɢ ɦɚɬɟɪɢɚɥɚ;    1 2

3

HDV
f

RT    ɞɥɹ ɩɥɨɫɤɨɝɨ 

ɧɚɩɪɹɠɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ (ɉɇɋ) ɢ     1 2
1

3

HDV
f

RT
    ɞɥɹ ɩɥɨɫɤɨɝɨ 

ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ (ɉȾɋ);  – ɤɨɷɮɮɢɰɢɟɧɬ ɉɭɚɫɫɨɧɚ; D  - 

ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ; R – ɭɧɢɜɟɪɫɚɥɶɧɚɹ ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ; T – 

ɬɟɦɩɟɪɚɬɭɪɚ; VH – ɩɚɪɰɢɚɥɶɧɵɣ ɦɨɥɹɪɧɵɣ ɨɛɴɟɦ ɜɨɞɨɪɨɞɚ ɜ ɦɟɬɚɥɥɟ; 
0

C  - 

ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɨɞɨɪɨɞɚ ɧɚ ɝɪɚɧɢɰɟ ɫɪɟɞɚ-ɦɟɬɚɥɥ; 0( ,0) ( )C x C x  - ɧɚɱɚɥɶɧɚɹ 

ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɨɞɨɪɨɞɚ ɜ ɦɚɬɟɪɢɚɥɟ; 0(0, )C t C  - ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɨɞɨɪɨɞɚ ɜ 

ɜɟɪɲɢɧɟ ɬɪɟɳɢɧɵ. 
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Ⱦɥɹ ɧɭɥɟɜɨɝɨ ɧɚɱɚɥɶɧɨɝɨ ɭɫɥɨɜɢɹ, ɫɭɳɟɫɬɜɭɟɬ ɬɨɱɧɨɟ ɨɛɳɟɟ 

ɨɞɧɨɪɨɞɧɨɟ ɪɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɹ (2.11) [21]. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɬɚɤɨɟ ɪɟɲɟɧɢɟ 

ɧɟɩɪɢɝɨɞɧɨ ɩɪɢ ɨɩɢɫɚɧɢɢ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɪɨɫɬɚ ɬɪɟɳɢɧɵ, ɬɚɤ ɤɚɤ ɧɚ 

ɤɚɠɞɨɣ ɢɬɟɪɚɰɢɢ ɩɨɞɪɨɫɬɚ ɬɪɟɳɢɧɵ ɜɛɥɢɡɢ ɟɟ ɜɟɪɲɢɧɵ ɛɭɞɟɬ ɧɨɜɨɟ 

ɭɧɢɤɚɥɶɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜɨɞɨɪɨɞɚ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɜ ɫɥɟɞɭɸɳɟɦ ɪɚɡɞɟɥɟ 

ɛɵɥ ɩɪɟɞɥɨɠɟɧ ɦɟɬɨɞ ɩɪɢɛɥɢɠɟɧɧɨɝɨ ɪɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɹ (2.11).  

 

2.5 Ɉɰɟɧɤɚ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɨɞɨɪɨɞɚ ɜɛɥɢɡɢ ɜɟɪɲɢɧɵ ɬɪɟɳɢɧɵ 

 

ɇɚɤɨɩɥɟɧɢɟ ɜɨɞɨɪɨɞɚ ɜ ɨɛɥɚɫɬɢ ɩɪɟɞɪɚɡɪɭɲɟɧɢɹ ɩɨɞɪɚɡɭɦɟɜɚɟɬ 

ɨɩɪɟɞɟɥɟɧɢɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɨɞɨɪɨɞɚ ɜ ɦɚɬɟɪɢɚɥɟ ɢ ɟɝɨ 

ɢɡɦɟɧɟɧɢɟ ɩɪɢ ɜɚɪɶɢɪɨɜɚɧɢɢ ɪɹɞɚ ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ, ɤ ɤɨɬɨɪɵɦ ɨɬɧɨɫɹɬɫɹ, 

ɧɚɩɪɢɦɟɪ, ɦɟɯɚɧɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɦɚɬɟɪɢɚɥɚ, ɩɚɪɚɦɟɬɪɵ 

ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ ɢ ɞɪ. 

Ɉɩɪɟɞɟɥɢɬɶ ɮɭɧɤɰɢɸ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɨɞɨɪɨɞɚ ɜɛɥɢɡɢ 

ɜɟɪɲɢɧɵ ɬɪɟɳɢɧɵ ɦɨɠɧɨ, ɪɟɲɢɜ ɭɪɚɜɧɟɧɢɟ (2.11). ȼɵɪɚɡɢɦ ɧɚɩɪɹɠɟɧɢɹ 

ɱɟɪɟɡ ɍɄɂɇ ɢ ɩɨɞɫɬɚɜɢɦ ɜ ɭɪɚɜɧɟɧɢɟ ɨɞɧɨɧɚɩɪɚɜɥɟɧɧɨɣ ɞɢɮɮɭɡɢɢ. 

  2

2
.

2

IC C K C
D f

t x xx x
        (2.12) 

ɍɄɂɇ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɨɨɬɧɨɲɟɧɢɸ (2.13). 

,
I

K lY   (2.13) 

ɝɞɟ    - ɪɚɫɬɹɝɢɜɚɸɳɟɟ ɧɚɩɪɹɠɟɧɢɟ ɜɞɚɥɢ ɨɬ ɨɛɥɚɫɬɢ ɧɚɜɨɞɨɪɨɠɢɜɚɧɢɹ, 

ɩɪɟɞɫɬɚɜɥɟɧɧɨɟ ɧɚ ɪɢɫ. 2.2. 

Ɋɚɜɟɧɫɬɜɨ (2.12) ɩɪɢɛɥɢɠɟɧɧɨɟ, ɬɚɤ ɤɚɤ ɛɵɥɨ ɩɪɢɧɹɬɨ, ɱɬɨ ɧɚɩɪɹɠɟɧɢɟ 

   ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɨɞɨɪɨɞɚ ɜ ɦɚɬɟɪɢɚɥɟ. 

Ⱦɥɹ ɩɪɢɛɥɢɠɟɧɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɜɨɞɨɪɨɞɚ ɜɛɥɢɡɢ ɜɟɪɲɢɧɵ ɬɪɟɳɢɧɵ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɦɟɬɨɞɨɦ Ȼɭɛɧɨɜɚ-

Ƚɚɥɟɪɤɢɧɚ [17]. ɉɪɟɞɫɬɚɜɢɦ ɮɭɧɤɰɢɸ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɨɞɨɪɨɞɚ ɜ ɫɥɟɞɭɸɳɟɦ 

ɜɢɞɟ: 
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( , ) ( ) ( ),C x t A t x  (2.14) 

ɝɞɟ ( )A t  - ɮɭɧɤɰɢɹ, ɡɚɜɢɫɹɳɚɹ ɨɬ ɜɪɟɦɟɧɢ,  1 2( ) expx x     - 

ɤɨɨɪɞɢɧɚɬɧɚɹ ɮɭɧɤɰɢɹ, 1 2,   - ɤɨɧɫɬɚɧɬɵ. 

ɉɨɞɫɬɚɜɢɦ ɮɭɧɤɰɢɸ ɤɨɧɰɟɧɬɪɚɰɢɢ (2.14) ɜ ɜɵɪɚɠɟɧɢɟ (2.12) ɢ 

ɩɨɥɭɱɢɦ ɧɟɜɹɡɤɭ: 

  
( , ) ( ) .

2

I
K f

R x t A x DA A
x x

  
     (2.15) 

Ɉɪɬɨɝɨɧɚɥɢɡɢɪɭɟɦ ɜɵɪɚɠɟɧɢɟ (2.15), ɤ ɤɨɨɪɞɢɧɚɬɧɨɣ ɮɭɧɤɰɢɢ ɩɨ 

ɨɛɥɚɫɬɢ ɧɚɜɨɞɨɪɨɠɢɜɚɧɢɹ Ɏ ( )a l . 

( , ) ( ) 0.R x t x dx


  (2.16) 

ɉɨɞɫɬɚɜɢɜ (2.15) ɜ (2.16), ɩɨɥɭɱɢɦ: 

  2 0.
2

IK f
A DA A dx

x x
    

         (2.17) 

ɉɨɫɥɟ ɧɟɤɨɬɨɪɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ, ɩɨɥɭɱɢɦ: 

  2 1
.

2

I
K fdA

dx DA dx A dx
dt x x

      

      (2.18) 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɡɞɟɥɟɧɢɹ ɩɟɪɟɦɟɧɧɵɯ ɢɦɟɟɦ: 

  
2

1

2
.

I
K f

D dx dx
dA x x

dt
A

dx

   


 



 
  

  (2.19) 

ɉɪɨɢɧɬɟɝɪɢɪɨɜɚɜ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ (2.19), ɩɨɥɭɱɢɦ: 

  
20

1

2
ln .

I
K f

D dx dx
A x x

t
A

dx

   


 



     
 

  (2.20) 

ȼɵɪɚɡɢɦ ɢɡ (2.20) ɮɭɧɤɰɢɸ A(t): 



64 

  
0

2

1

2
( ) exp .

I
K f

D dx dx
x x

A t A t

dx

   


 



         

 
  (2.21) 

ɉɪɢɧɹɜ ɜɨ ɜɧɢɦɚɧɢɟ ɜɵɪɚɠɟɧɢɟ (2.21), ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɜɨɞɨɪɨɞɚ ɜɛɥɢɡɢ ɜɟɪɲɢɧɵ ɬɪɟɳɢɧɵ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ: 

  
0

2

1

2
( , ) exp .

I
K f

D dx dx
x x

C x t A t

dx

   


 



         

 
  (2.22) 

Ʉɨɧɫɬɚɧɬɭ Ⱥ0, ɜɯɨɞɹɳɭɸ ɜ ɮɭɧɤɰɢɸ (2.22), ɦɨɠɧɨ ɭɬɨɱɧɢɬɶ, 

ɜɨɫɩɨɥɶɡɨɜɚɜɲɢɫɶ ɦɟɬɨɞɨɦ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ (ɆɇɄ). Ⱦɥɹ ɷɬɨɝɨ 

ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɧɹɬɶ ɜɨ ɜɧɢɦɚɧɢɟ ɧɚɱɚɥɶɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜɨɞɨɪɨɞɚ ɜɛɥɢɡɢ 

ɜɟɪɲɢɧɵ ɬɪɟɳɢɧɵ. ɉɭɫɬɶ ɤɜɚɞɪɚɬ ɪɚɡɧɨɫɬɢ ɦɟɠɞɭ ɜɟɥɢɱɢɧɨɣ ɧɚɱɚɥɶɧɨɣ 

ɤɨɧɰɟɧɬɪɚɰɢɢ C0(x) ɢ ɤɨɧɰɟɧɬɪɚɰɢɟɣ, ɨɩɪɟɞɟɥɟɧɧɨɣ ɩɨ ɜɵɪɚɠɟɧɢɸ (2.22), 

ɫɬɪɟɦɢɬɫɹ ɤ ɦɢɧɢɦɭɦɭ ɜ ɨɛɥɚɫɬɢ ɧɚɜɨɞɨɪɨɠɢɜɚɧɢɹ Ɏ [46]: 

 2

0( ) ( ,0) min.C x C x dx


   (2.23) 

ɉɨɞɫɬɚɜɢɜ ɜ (2.23) ɡɚɜɢɫɢɦɨɫɬɶ (2.22) ɩɨɥɭɱɢɦ: 

 2

0 0( ) ( ) min.C x A x dx


   (2.24) 

ɋɨɝɥɚɫɧɨ [26], ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɞɢɮɮɟɪɟɧɰɢɪɨɜɚɬɶ ɜɵɪɚɠɟɧɢɟ (2.24) ɩɨ 

A0 ɞɥɹ ɭɬɨɱɧɟɧɢɹ ɢɫɤɨɦɨɝɨ ɩɚɪɚɦɟɬɪɚ: 

 2

0 0

0

( ) ( ) 0.C x A x dx
A




        (2.25) 

ȼɨɫɩɨɥɶɡɭɟɦɫɹ ɫɜɨɣɫɬɜɨɦ ɩɟɪɟɫɬɚɧɨɜɤɢ ɨɩɟɪɚɰɢɣ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ 

ɢ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ: 

 2

0 0

0

( ) ( ) 0.C x A x dx
A



    (2.26) 

ɉɪɨɞɢɮɮɟɪɟɧɰɢɪɨɜɚɜ ɩɨɞɵɧɬɟɝɪɚɥɶɧɨɟ ɜɵɪɚɠɟɧɢɟ, ɩɨɥɭɱɢɦ: 
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 0 02 ( ) ( ) ( ) 0.C x A x x dx 


   (2.27) 

ȼɵɪɚɡɢɦ ɜɟɥɢɱɢɧɭ A0 ɢɡ ɜɵɪɚɠɟɧɢɹ (2.27): 

0

0

2

( ) ( )

.

( )

C x x dx

A

x dx








    (2.28) 

ȿɫɥɢ ɩɪɟɞɫɬɚɜɢɬɶ ɧɚɱɚɥɶɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜɨɞɨɪɨɞɚ ɜɛɥɢɡɢ ɜɟɪɲɢɧɵ 

ɬɪɟɳɢɧɵ ɜ ɜɢɞɟ 0

0( ) ( )C x C G x  ( ( )G x  - ɤɨɨɪɞɢɧɚɬɧɚɹ ɮɭɧɤɰɢɹ, ɨɩɢɫɵɜɚɸɳɚɹ 

ɧɚɱɚɥɶɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜɨɞɨɪɨɞɚ ɜ ɨɛɥɚɫɬɢ ɧɚɜɨɞɨɪɨɠɢɜɚɧɢɹ), ɬɨ ɢɫɤɨɦɚɹ 

ɤɨɧɫɬɚɧɬɚ Ⱥ0 ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɜɵɪɚɠɟɧɢɸ: 

0

0

2

( ) ( )

.

( )

G x x dx

A C

x dx








 
  (2.29) 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ, ɞɟɬɚɥɶɧɨ ɩɪɢɜɟɞɟɧɧɵɯ ɜɵɲɟ, 

ɩɪɢɛɥɢɠɟɧɧɚɹ ɚɧɚɥɢɬɢɱɟɫɤɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɜɨɞɨɪɨɞɚ ɜɛɥɢɡɢ ɜɟɪɲɢɧɵ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɬɪɟɳɢɧɵ I-ɝɨ ɬɢɩɚ, ɩɪɢɜɟɞɟɧɚ 

ɧɢɠɟ: 

      
 2

0

2

( ) ( )

( , ) ( )

( ) ( )

p .
( )

2
ex

I

dx
x x

x x
K f D x xG x x dx

C x t C x t
x dx

dx

x dx

 
 

 










        


 










 
  (2.30) 

ɉɨɥɭɱɟɧɧɨɟ ɩɪɢɛɥɢɠɟɧɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɨɞɨɪɨɞɚ 

ɜɛɥɢɡɢ ɜɟɪɲɢɧɵ ɬɪɟɳɢɧɵ ɹɜɥɹɟɬɫɹ ɪɟɲɟɧɢɟɦ ɭɪɚɜɧɟɧɢɹ ɞɢɮɮɭɡɢɢ, 

ɨɛɨɛɳɚɸɳɟɦ ɡɚɤɨɧ Ɏɢɤɚ, ɫɨɞɟɪɠɚɳɢɦ ɫɥɚɝɚɟɦɨɟ ɫ ɝɪɚɞɢɟɧɬɨɦ 

ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ. ɂɫɤɨɦɚɹ ɮɭɧɤɰɢɹ (2.30) ɡɚɜɢɫɢɬ ɨɬ 

ɧɚɱɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɨɞɨɪɨɞɚ ɜ ɦɟɬɚɥɥɟ, 

ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɜ ɜɢɞɟ ɤɨɨɪɞɢɧɚɬɧɨɣ ɮɭɧɤɰɢɢ, ɤɨɬɨɪɚɹ ɧɚ ɤɚɠɞɨɦ ɚɤɬɟ 

ɩɨɞɪɨɫɬɚ ɦɚɤɪɨɬɪɟɳɢɧɵ ɭɧɢɤɚɥɶɧɚ. Ⱦɚɥɟɟ ɪɚɫɫɦɨɬɪɢɦ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
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ɩɨɥɭɱɟɧɧɨɣ ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɨɞɨɪɨɞɚ ɞɥɹ ɨɰɟɧɤɢ 

ɜɪɟɦɟɧɢ ɩɨɞɪɨɫɬɚ ɬɪɟɳɢɧɵ ɧɚ ɜɟɥɢɱɢɧɭ ɨɛɥɚɫɬɢ ɩɪɟɞɪɚɡɪɭɲɟɧɢɹ. 
 

2.6 ɉɪɟɞɟɥɶɧɨɟ ɪɚɜɧɨɜɟɫɢɟ ɬɟɥɚ ɫ ɬɪɟɳɢɧɨɣ 

 

ɋ ɬɟɱɟɧɢɟɦ ɜɪɟɦɟɧɢ, ɜɛɥɢɡɢ ɜɟɪɲɢɧɵ ɬɪɟɳɢɧɵ ɩɪɨɢɫɯɨɞɢɬ 

ɧɚɤɨɩɥɟɧɢɟ ɜɨɞɨɪɨɞɚ ɩɪɢ JH=МШЧЬЭ. ɇɚɤɨɩɥɟɧɢɟ ɜɨɞɨɪɨɞɚ ɩɪɨɢɫɯɨɞɢɬ ɞɨ ɬɟɯ 

ɩɨɪ, ɩɨɤɚ ɤɨɧɰɟɧɬɪɚɰɢɹ ɧɟ ɫɬɚɧɟɬ ɪɚɜɧɨɣ ɩɪɟɞɟɥɶɧɨɣ, ɱɬɨ ɨɩɪɟɞɟɥɹɟɬɫɹ: 

0 *

0 *
1 .I Ic

a

Ic Ic

C K K
C

K K


         (2.31) 

ɉɪɟɞɟɥɶɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ, ɩɨɥɭɱɟɧɧɚɹ ɩɨ ɮɨɪɦɭɥɟ (2.31), ɩɨ ɪɢɫ. 2.6 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɚɛɫɰɢɫɫɚ ɬɨɱɤɢ ɩɟɪɟɫɟɱɟɧɢɹ ɬɪɚɟɤɬɨɪɢɢ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ 

ɧɚɱɚɥɶɧɨɣ ɬɨɱɤɢ ɢ ɤɪɢɜɨɣ ɢɡɦɟɧɟɧɢɹ ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɢ ɦɚɬɟɪɢɚɥɚ. 

ɉɪɢɜɟɞɟɧɧɨɟ ɜɵɲɟ ɡɧɚɱɟɧɢɟ ɩɪɟɞɟɥɶɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɨɞɨɪɨɞɚ ɬɚɤɠɟ 

ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɢɡ ɧɚɣɞɟɧɧɨɝɨ ɩɪɢɛɥɢɠɟɧɧɨɝɨ ɪɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɹ (2.11). 

Ⱦɥɹ ɷɬɨɝɨ ɨɩɪɟɞɟɥɢɦ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɨɞɨɪɨɞɚ ɜ ɨɛɥɚɫɬɢ 

ɩɪɟɞɪɚɡɪɭɲɟɧɢɹ. 
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  (2.32) 

ɉɪɢɪɚɜɧɢɜɚɹ ɩɪɟɞɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɨɞɨɪɨɞɚ, 

ɜɵɱɢɫɥɟɧɧɨɟ ɩɨ (2.31) ɫɨ ɫɪɟɞɧɢɦ ɡɧɚɱɟɧɢɟɦ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜ ɨɛɥɚɫɬɢ 

ɩɪɟɞɪɚɡɪɭɲɟɧɢɹ, ɜɵɱɢɫɥɟɧɧɵɦ ɩɨ ɜɵɪɚɠɟɧɢɸ (2.32), ɩɨɥɭɱɢɦ ɜɵɪɚɠɟɧɢɟ 

ɞɥɹ ɜɪɟɦɟɧɢ ɩɨɞɪɨɫɬɚ ɬɪɟɳɢɧɵ ɧɚ ɪɚɡɦɟɪ ɨɛɥɚɫɬɢ ɩɪɟɞɪɚɡɪɭɲɟɧɢɹ ad
(l0): 
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(2.33) 

ɉɨɫɥɟ ɩɨɞɫɬɚɧɨɜɤɢ ɜɟɥɢɱɢɧɵ A0, ɨɩɪɟɞɟɥɟɧɧɨɣ ɫ ɭɱɟɬɨɦ ɧɚɱɚɥɶɧɨɣ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɨɞɨɪɨɞɚ ɜɛɥɢɡɢ ɜɟɪɲɢɧɵ ɬɪɟɳɢɧɵ, ɜɪɟɦɹ t
*
d(a(l0)), 

ɧɟɨɛɯɨɞɢɦɨɟ ɦɚɤɪɨɬɪɟɳɢɧɟ ɞɥɹ ɩɨɞɪɨɫɬɚ ɧɚ ɜɟɥɢɱɢɧɭ ɨɛɥɚɫɬɢ 

ɩɪɟɞɪɚɡɪɭɲɟɧɢɹ a
d
(l0), ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
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(2.34) 

ȼɪɟɦɹ   *

0

d

d
t a l  ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶɸ ɢɧɤɭɛɚɰɢɨɧɧɨɣ 

ɫɬɚɞɢɢ ɪɨɫɬɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɦɚɤɪɨɬɪɟɳɢɧɵ. ɉɪɢ ɨɬɫɭɬɫɬɜɢɢ ɜɨɞɨɪɨɞɚ ɜ 

ɦɚɬɟɪɢɚɥɟ ɜ ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t=0 ɫɬɚɞɢɹ ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ ɩɟɪɢɨɞɚ 

ɪɨɫɬɚ ɬɪɟɳɢɧɵ, ɬ.ɟ. ɩɟɪɜɵɣ ɩɨɞɪɨɫɬ ɬɪɟɳɢɧɵ, ɫɨɝɥɚɫɧɨ ɦɧɨɝɨɱɢɫɥɟɧɧɵɦ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɞɚɧɧɵɦ ɞɪɭɝɢɯ ɚɜɬɨɪɨɜ [52], [27], [47], [89], ɞɥɢɬɫɹ 

ɧɚɦɧɨɝɨ ɞɨɥɶɲɟ, ɧɟɠɟɥɢ ɩɨɫɥɟɞɭɸɳɢɟ ɩɨɞɪɨɫɬɵ ɬɪɟɳɢɧɵ. ɗɬɨ ɦɨɠɧɨ 

ɨɛɴɹɫɧɢɬɶ ɬɟɦ, ɱɬɨ ɩɨɫɥɟ ɡɚɜɟɪɲɟɧɢɹ ɢɧɤɭɛɚɰɢɨɧɧɨɣ ɫɬɚɞɢɢ ɪɨɫɬɚ ɬɪɟɳɢɧɵ, 

ɫɪɟɞɧɹɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɨɞɨɪɨɞɚ ɜ ɨɛɥɚɫɬɢ ɩɪɟɞɪɚɡɪɭɲɟɧɢɹ ɫ ɤɚɠɞɵɦ ɧɨɜɵɦ 

ɩɨɞɪɨɫɬɨɦ ɬɪɟɳɢɧɵ ɛɭɞɟɬ ɬɨɥɶɤɨ ɭɜɟɥɢɱɢɜɚɬɶɫɹ.  

ȼ ɪɟɡɭɥɶɬɚɬɟ, ɜɪɟɦɹ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɧɨɜɨɝɨ ɩɪɟɞɟɥɶɧɨɝɨ 

ɫɨɫɬɨɹɧɢɹ ɪɚɜɧɨɜɟɫɢɹ ɬɟɥɚ ɫ ɬɪɟɳɢɧɨɣ, ɩɨɞɜɟɪɠɟɧɧɨɣ ɜɨɡɞɟɣɫɬɜɢɸ 

ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ ɩɪɢ ɫɬɚɬɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟɧɢɢ, ɫ ɤɚɠɞɵɦ ɧɨɜɵɦ 

ɩɨɞɪɨɫɬɨɦ ɬɪɟɳɢɧɵ ɜɫɟ ɦɟɧɶɲɟɟ. ȼ ɤɨɧɰɟ ɤɨɧɰɨɜ, ɞɥɢɧɚ ɬɪɟɳɢɧɵ ɫɬɚɧɟɬ 

ɧɚɫɬɨɥɶɤɨ ɛɨɥɶɲɨɣ, ɱɬɨ ɩɪɢ ɞɟɣɫɬɜɭɸɳɟɦ ɭɪɨɜɧɟ ɧɚɝɪɭɡɤɢ ɷɬɨɝɨ ɛɭɞɟɬ 

ɞɨɫɬɚɬɨɱɧɨ ɞɥɹ ɧɚɱɚɥɚ ɫɬɚɞɢɢ ɟɟ ɧɟɭɫɬɨɣɱɢɜɨɝɨ ɪɨɫɬɚ.  
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2.7 ɋɯɟɦɚ ɫɤɚɱɤɨɨɛɪɚɡɧɨɝɨ ɪɨɫɬɚ ɬɪɟɳɢɧɵ ɩɨɞ ɜɥɢɹɧɢɟɦ ɜɨɞɨɪɨɞɚ ɢ 
ɫɬɚɬɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ 

 

ȼɵɲɟ ɛɵɥɨ ɞɟɬɚɥɶɧɨ ɨɩɢɫɚɧɨ ɨɩɪɟɞɟɥɟɧɢɟ ɜɪɟɦɟɧɢ ɩɨɞɪɨɫɬɚ 

ɦɚɤɪɨɬɪɟɳɢɧɵ ɧɚ ɜɟɥɢɱɢɧɭ ɨɛɥɚɫɬɢ ɩɪɟɞɪɚɡɪɭɲɟɧɢɹ a
d
(l0), ɬ.ɟ. 

ɢɧɤɭɛɚɰɢɨɧɧɨɣ ɫɬɚɞɢɢ ɟɟ ɪɨɫɬɚ. ɉɨɫɥɟɞɭɸɳɢɟ ɜɪɟɦɟɧɚ ɩɨɞɪɚɫɬɚɧɢɹ 

ɦɚɤɪɨɬɪɟɳɢɧɵ ɧɚ ɜɬɨɪɨɣ ɫɬɚɞɢɢ ɟɟ ɪɨɫɬɚ (ɭɫɬɨɣɱɢɜɵɣ ɪɨɫɬ) ɨɩɪɟɞɟɥɹɸɬɫɹ 

ɩɨ ɮɨɪɦɭɥɟ (2.34), ɧɨ ɭɠɟ ɩɪɢ ɢɧɵɯ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ. Ⱦɥɹ ɭɬɨɱɧɟɧɢɹ 

ɧɚɱɚɥɶɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɨɞɨɪɨɞɚ ɜɛɥɢɡɢ ɜɟɪɲɢɧɵ ɬɪɟɳɢɧɵ ɛɨɥɶɲɟɣ ɞɥɢɧɵ 

ɫɥɟɞɭɟɬ ɨɛɪɚɬɢɬɶɫɹ ɤ ɪɢɫ. 2.9, ɧɚ ɤɨɬɨɪɨɦ ɩɨɤɚɡɚɧɚ, ɫɯɟɦɚ ɪɨɫɬɚ 

ɦɚɤɪɨɬɪɟɳɢɧɵ, ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ ɢ ɫɬɚɬɢɱɟɫɤɨɝɨ 

ɧɚɝɪɭɠɟɧɢɹ ɢ ɢɡɦɟɧɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɨɞɨɪɨɞɚ ɜɛɥɢɡɢ ɜɟɪɲɢɧɵ ɬɪɟɳɢɧɵ 

ɧɚɱɚɥɶɧɵɯ ɪɚɡɦɟɪɨɜ ɢ ɩɨɫɥɟ ɟɟ ɩɨɞɪɚɫɬɚɧɢɹ. 

 

Ɋɢɫ. 2.9 – Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɜɨɞɨɪɨɞɚ ɜɛɥɢɡɢ ɜɟɪɲɢɧɵ ɬɪɟɳɢɧɵ: 

ɚ) ɢɫɯɨɞɧɨɟ ɫɨɫɬɨɹɧɢɟ, ɧɚɱɚɥɶɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜɨɞɨɪɨɞɚ; ɛ) 

ɧɚɤɨɩɥɟɧɢɟ ɜɨɞɨɪɨɞɚ; ɜ) ɩɨɞɪɨɫɬ ɬɪɟɳɢɧɵ ɢ ɧɨɜɨɟ «ɧɚɱɚɥɶɧɨɟ» 

ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜɨɞɨɪɨɞɚ. 

 

ɇɚ ɪɢɫ. 2.9 ɚ) ɩɪɢɜɟɞɟɧɚ ɦɚɤɪɨɬɪɟɳɢɧɚ ɩɨɥɭɞɥɢɧɵ l0 ɢ ɧɚɱɚɥɶɧɨɟ 

ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɨɞɨɪɨɞɚ ɜɛɥɢɡɢ ɜɟɪɲɢɧɵ ɬɪɟɳɢɧɵ. 

Ʉɨɧɰɟɧɬɪɚɰɢɹ ɜɨɞɨɪɨɞɚ ɜ ɜɟɪɲɢɧɟ ɦɚɤɪɨɬɪɟɳɢɧɵ ɩɨɫɬɨɹɧɧɚ ɢ ɪɚɜɧɚ C
0
. 

Ɉɬɪɟɡɨɤ Д0, a
d
(l0)Ж ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɛɥɚɫɬɶ ɩɪɟɞɪɚɡɪɭɲɟɧɢɹ. ȼ ɧɚɱɚɥɶɧɵɣ 

ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t=0 ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɨɞɨɪɨɞɚ ɚɩɩɪɨɤɫɢɦɢɪɭɟɬɫɹ ɞɜɭɦɹ 
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ɩɪɹɦɵɦɢ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. 2.9 ɚ) ɢ ɞɚɥɟɟ ɩɪɢ ɩɨɦɨɳɢ ɆɇɄ ɩɪɢɜɨɞɢɬɫɹ ɤ 

ɝɥɚɞɤɨɣ ɮɭɧɤɰɢɢ.  

ɋ ɬɟɱɟɧɢɟɦ ɜɪɟɦɟɧɢ ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɨɞɨɪɨɞɚ ɜ ɦɚɬɟɪɢɚɥɟ ɪɚɫɬɟɬ ɢ ɜ 

ɨɛɥɚɫɬɢ ɩɪɟɞɪɚɡɪɭɲɟɧɢɹ ɞɨɫɬɢɝɚɟɬ ɫɜɨɟɝɨ ɩɪɟɞɟɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ 
aC  - 

ɫɩɥɨɲɧɚɹ ɤɪɢɜɚɹ ɧɚ ɪɢɫ. 2.9 ɛ). Ⱦɚɥɟɟ ɩɪɨɢɫɯɨɞɢɬ ɫɤɚɱɨɤ ɦɚɤɪɨɬɪɟɳɢɧɵ ɧɚ 

ɜɟɥɢɱɢɧɭ ɨɛɥɚɫɬɢ ɩɪɟɞɪɚɡɪɭɲɟɧɢɹ a
d
(l0). ɇɚɱɚɥɨ ɤɨɨɪɞɢɧɚɬ ɩɟɪɟɦɟɳɚɟɬɫɹ ɜ 

ɜɟɪɲɢɧɭ ɩɨɞɪɨɫɲɟɣ ɦɚɤɪɨɬɪɟɳɢɧɵ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɜɨɞɨɪɨɞɚ, ɤɨɬɨɪɨɟ ɛɵɥɨ ɩɪɟɞɟɥɶɧɵɦ ɞɥɹ ɬɪɟɳɢɧɵ ɦɟɧɶɲɢɯ ɪɚɡɦɟɪɨɜ 

ɫɬɚɧɨɜɢɬɫɹ ɧɚɱɚɥɶɧɵɦ ɞɥɹ ɬɪɟɳɢɧɵ ɬɟɤɭɳɟɣ ɞɥɢɧɵ.  

ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɨɞɨɪɨɞɚ ɜ ɜɟɪɲɢɧɟ ɬɪɟɳɢɧɵ 

ɩɨɫɬɨɹɧɧɚ, ɜɟɥɢɱɢɧɚ ɧɚɱɚɥɶɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɨɞɨɪɨɞɚ ɩɨɞɪɨɫɲɟɣ ɬɪɟɳɢɧɵ 

ɩɪɢ ɚɛɫɰɢɫɫɟ x=0 ɞɨɥɠɧɚ ɛɵɬɶ ɪɚɜɧɨɣ C
0. ɉɨɷɬɨɦɭ ɩɨɥɭɱɟɧɧɭɸ ɤɪɢɜɭɸ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɚɱɚɥɶɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɥɟɞɭɟɬ ɢɡɦɟɧɢɬɶ: ɭɱɚɫɬɨɤ ɤɪɢɜɨɣ ɧɚ 

ɨɬɪɟɡɤɟ Д0, a
d
(l0)Ж ɡɚɦɟɧɹɟɬɫɹ ɩɪɹɦɨɣ ɬɚɤ, ɱɬɨ ɤɨɨɪɞɢɧɚɬɵ ɤɪɚɣɧɟɣ ɥɟɜɨɣ 

ɬɨɱɤɢ (0, C
0), ɚ ɤɪɚɣɧɟɣ ɩɪɚɜɨɣ ɫɨɜɩɚɞɚɸɬ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɬɨɱɤɨɣ ɤɪɢɜɨɣ 

ɧɚɱɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɨɞɨɪɨɞɚ. Ɂɚɬɟɦ ɩɨɥɭɱɟɧɧɨɟ 

ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜɨɞɨɪɨɞɚ ɩɪɢɜɨɞɢɬɫɹ ɤ ɜɢɞɭ ɤɨɨɪɞɢɧɚɬɧɨɣ ɮɭɧɤɰɢɢ  x  

ɩɨɦɨɳɶɸ ɆɇɄ. Ⱦɚɥɟɟ ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɨɞɨɪɨɞɚ ɫɨ ɜɪɟɦɟɧɟɦ, ɫɨɝɥɚɫɧɨ (2.32), 

ɩɨɞɪɚɫɬɚɟɬ ɢ ɞɨɫɬɢɝɚɟɬ ɫɜɨɟɝɨ ɩɪɟɞɟɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɭɠɟ ɞɥɹ ɩɨɞɪɨɫɲɟɣ 

ɬɪɟɳɢɧɵ. Ɂɚɬɟɦ ɩɪɨɰɟɫɫ ɧɚɯɨɠɞɟɧɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɚɱɚɥɶɧɨɣ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɨɫɪɟɞɫɬɜɨɦ ɧɚɣɞɟɧɧɨɣ ɩɪɟɞɟɥɶɧɨɣ ɜɵɩɨɥɧɹɟɬɫɹ ɩɨ ɫɯɟɦɟ, 

ɨɩɢɫɚɧɧɨɣ ɜɵɲɟ. ȼɵɲɟɩɪɢɜɟɞɟɧɧɨɟ ɨɩɢɫɚɧɢɟ ɩɨɤɚɡɵɜɚɟɬ, ɤɚɤ ɩɨɫɬɪɨɟɧ 

ɩɪɨɰɟɫɫ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɤɚɱɤɨɨɛɪɚɡɧɨɝɨ ɪɨɫɬɚ ɦɚɤɪɨɬɪɟɳɢɧɵ ɜɩɥɨɬɶ ɞɨ 

ɧɚɱɚɥɚ ɥɚɜɢɧɨɨɛɪɚɡɧɨɝɨ ɯɚɪɚɤɬɟɪɚ ɪɨɫɬɚ, ɤɨɬɨɪɚɹ ɧɚɛɥɸɞɚɟɬɫɹ ɜ ɫɥɭɱɚɟ 

ɩɪɟɨɛɥɚɞɚɧɢɹ ɜɟɥɢɱɢɧɵ ɧɚɱɚɥɶɧɨɣ ɫɪɟɞɧɟɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɨɞɨɪɨɞɚ ɜ ɡɨɧɟ 

ɩɪɟɞɪɚɡɪɭɲɟɧɢɹ ɬɪɟɳɢɧɵ ɧɚɞ ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɦ ɡɧɚɱɟɧɢɟɦ 

ɤɨɧɰɟɧɬɪɚɰɢɢ. 

ɉɨɥɭɱɟɧɧɵɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɚɧɧɵɟ ɩɨɡɜɨɥɹɸɬ 

ɨɩɪɟɞɟɥɢɬɶ ɫɤɨɪɨɫɬɶ ɪɚɡɜɢɬɢɹ ɬɪɟɳɢɧɵ, ɩɨɞɜɟɪɠɟɧɧɨɣ ɜɥɢɹɧɢɸ 
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ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ ɩɪɢ ɫɬɚɬɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟɧɢɢ. Ɍɟɤɭɳɚɹ ɩɨɥɭɞɥɢɧɚ 

ɬɪɟɳɢɧɵ ɧɚɯɨɞɢɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

0i i

i i

l
l l t

t

       (2.35) 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɟɞɥɚɝɚɟɦɨɣ ɦɟɬɨɞɢɤɢ ɞɥɹ ɨɰɟɧɤɢ ɪɨɫɬɚ 

ɦɚɤɪɨɬɪɟɳɢɧ ɩɨɞ ɜɥɢɹɧɢɟɦ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ ɢ ɫɬɚɬɢɱɟɫɤɨɣ 

ɧɚɝɪɭɡɤɟ ɩɨɥɭɱɚɟɦ ɜɟɤɬɨɪ: 
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 (2.36) 

ɂɫɩɨɥɶɡɭɹ ɜɟɤɬɨɪ (2.36) ɦɨɠɧɨ ɩɨɫɬɪɨɢɬɶ ɤɢɧɟɬɢɱɟɫɤɭɸ ɞɢɚɝɪɚɦɦɭ 

ɪɚɡɪɭɲɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɷɥɟɦɟɧɬɚ ɤɨɧɫɬɪɭɤɰɢɢ ɫ ɬɪɟɳɢɧɨɣ ɩɟɪɜɨɝɨ ɬɢɩɚ, 

ɧɚɯɨɞɹɳɟɣɫɹ ɜ ɭɫɥɨɜɢɹɯ ɜɨɡɞɟɣɫɬɜɢɹ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ ɢ 

ɫɬɚɬɢɱɟɫɤɨɝɨ ɧɚɝɪɭɠɟɧɢɹ, ɫɦ. ɩɚɪɚɝɪɚɮ β.8. ɉɨ ɷɬɨɣ ɞɢɚɝɪɚɦɦɟ ɧɚɝɥɹɞɧɨ 

ɨɬɫɥɟɠɢɜɚɟɬɫɹ ɢɧɤɭɛɚɰɢɨɧɧɵɣ ɩɟɪɢɨɞ, ɭɫɬɨɣɱɢɜɚɹ ɢ ɧɟɭɫɬɨɣɱɢɜɚɹ 

(ɥɚɜɢɧɨɨɛɪɚɡɧɚɹ) ɫɬɚɞɢɢ ɪɨɫɬɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɦɚɤɪɨɬɪɟɳɢɧɵ.  

ɋ ɩɨɦɨɳɶɸ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɟɬɨɞɢɤɢ ɪɨɫɬɚ ɬɪɟɳɢɧɵ ɜ ɷɥɟɦɟɧɬɟ 

ɤɨɧɫɬɪɭɤɰɢɢ, ɧɚɯɨɞɹɳɟɦɫɹ ɜ ɭɫɥɨɜɢɹɯ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ ɢ 

ɫɬɚɬɢɱɟɫɤɨɝɨ ɧɚɝɪɭɠɟɧɢɹ ɜɨɡɦɨɠɧɚ ɨɰɟɧɤɚ ɞɨɥɝɨɜɟɱɧɨɫɬɢ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ 

ɷɥɟɦɟɧɬɚ ɤɨɧɫɬɪɭɤɰɢɢ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɞɨɥɝɨɜɟɱɧɨɫɬɶ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɢɡɦɟɧɟɧɢɟɦ ɯɚɪɚɤɬɟɪɚ ɪɨɫɬɚ ɬɪɟɳɢɧɵ ɫ ɭɫɬɨɣɱɢɜɨɝɨ ɧɚ ɥɚɜɢɧɨɨɛɪɚɡɧɵɣ. 

Ȼɨɥɟɟ ɬɨɝɨ, ɩɪɢ ɡɚɪɚɧɟɟ ɢɡɜɟɫɬɧɨɣ (ɡɚɞɚɧɧɨɣ) ɞɨɥɝɨɜɟɱɧɨɫɬɢ, 

ɩɚɪɚɦɟɬɪɚɯ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ, ɦɚɬɟɪɢɚɥɚ ɢ ɬ.ɞ. ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ 

ɷɥɟɦɟɧɬɚ ɤɨɧɫɬɪɭɤɰɢɢ ɦɨɠɧɨ ɨɰɟɧɢɬɶ ɩɪɟɞɟɥɶɧɨ-ɞɨɩɭɫɤɚɟɦɭɸ ɞɥɢɧɭ 

ɞɟɮɟɤɬɚ. 

 

2.8 Ɍɟɫɬɢɪɨɜɚɧɢɟ ɦɟɬɨɞɢɤɢ ɨɛɭɫɥɨɜɥɟɧɧɨɝɨ ɜɨɞɨɪɨɞɨɦ ɪɨɫɬɚ ɬɪɟɳɢɧɵ 

ɩɪɢ ɞɟɣɫɬɜɢɢ ɫɬɚɬɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ 

 

Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ ɩɨɥɭɱɟɧɧɵɯ ɫ ɩɨɦɨɳɶɸ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɨɞɟɥɢ 

ɪɟɡɭɥɶɬɚɬɨɜ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɤɢɧɟɬɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɪɚɡɪɭɲɟɧɢɹ 
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ɜɵɫɨɤɨɩɪɨɱɧɵɯ ɫɬɚɥɟɣ. ȼ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ 

ɤɢɧɟɬɢɱɟɫɤɨɣ ɞɢɚɝɪɚɦɦɵ ɪɚɡɪɭɲɟɧɢɹ ɛɵɥɢ ɜɵɛɪɚɧɵ ɡɧɚɱɟɧɢɹ, ɩɨɥɭɱɟɧɧɵɟ 

ɪɚɡɧɵɦɢ ɚɜɬɨɪɚɦɢ ɞɥɹ ɫɬɚɥɟɣ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɨɞɢɧɚɤɨɜɨɝɨ ɫɨɫɬɚɜɚ ɢ 

ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ (γ5ɏɇβȽɆ, γ5ɏβɇγɆ ɢ γ5ɏɇβȽɆɎ). ɉɨɫɬɪɨɟɧɢɟ 

ɤɢɧɟɬɢɱɟɫɤɨɣ ɞɢɚɝɪɚɦɦɵ ɪɚɡɪɭɲɟɧɢɹ ɩɪɨɜɨɞɢɥɨɫɶ ɩɪɢ ɞɚɧɧɵɯ, ɩɪɢɜɟɞɟɧɧɵɯ 

ɜ ɬɚɛɥɢɰɟ 2.1.  

 

Ɍɚɛɥɢɰɚ 2.1 - ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɜɚɥɢɞɚɰɢɢ ɦɟɬɨɞɢɤɢ 
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[Ɇɉɚ] [ɦɦ] Ɇɉɚ× ɦ      [ɦɦ]  
2lg ɤɝ×ɦ×ɫ    

140 3,8 10 80 1,7 1,9 0,04 1,5 -21,67 

 

Ʉɢɧɟɬɢɱɟɫɤɚɹ ɞɢɚɝɪɚɦɦɚ ɩɨɫɬɪɨɟɧɚ ɧɚ ɨɫɧɨɜɟ ɩɨɥɭɱɟɧɧɨɝɨ ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜɟɤɬɨɪɚ H  (ɪɢɫ. 2.10). 

 

Ɋɢɫ. 2.10 - Ʉɢɧɟɬɢɱɟɫɤɚɹ ɤɪɢɜɚɹ ɪɨɫɬɚ ɬɪɟɳɢɧɵ [32]: 

1- ɋɬɚɥɶ γ5ɏɇβȽɆ (ɪɚɫɱɟɬɧɚɹ ɤɪɢɜɚɹ, ɩɨɥɭɱɟɧɧɚɹ ɚɜɬɨɪɨɦ); 2 – ɋɬɚɥɶ 

γ5ɏɇγɆ; 3 – ɋɬɚɥɶ γ5ɏɇβȽɆɎ (ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɢɡ [64]). 

 

ɋɩɥɨɲɧɨɣ ɥɢɧɢɟɣ ɧɚ ɪɢɫ. 2.10 ɩɪɟɞɫɬɚɜɥɟɧɚ ɤɪɢɜɚɹ, ɩɨɥɭɱɟɧɧɚɹ ɫ 

ɩɨɦɨɳɶɸ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɟɬɨɞɢɤɢ, ɩɭɧɤɬɢɪɧɨɣ – ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ 

ɞɚɧɧɵɟ ɢɡ [64]. ɋɨɜɩɚɞɟɧɢɟ ɤɪɢɜɵɯ ɧɟ ɹɜɥɹɟɬɫɹ ɩɨɥɧɵɦ, ɩɨɫɤɨɥɶɤɭ ɢɫɯɨɞɧɵɟ 
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ɞɚɧɧɵɟ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɛɵɥɢ ɜɡɹɬɵ ɢɡ ɪɚɡɥɢɱɧɵɯ ɢɫɬɨɱɧɢɤɨɜ. ɇɟɫɦɨɬɪɹ 

ɧɚ ɷɬɨɬ ɮɚɤɬ, ɩɨɥɭɱɟɧɧɚɹ ɤɪɢɜɚɹ (ɤɪɢɜɚɹ 1, ɪɢɫ. 2.10) ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨ 

ɤɨɪɪɟɥɢɪɭɟɬ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ. 

ɇɢɠɟ ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɫ ɩɨɦɨɳɶɸ ɪɚɡɪɚɛɨɬɚɧɧɨɣ 

ɦɟɬɨɞɢɤɢ ɪɨɫɬɚ ɬɪɟɳɢɧ ɩɪɢ ɫɬɚɬɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɟ ɩɨɞ ɜɥɢɹɧɢɟɦ 

ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɜɚɪɶɢɪɨɜɚɧɢɢ ɪɹɞɚ ɜɯɨɞɧɵɯ 

ɩɚɪɚɦɟɬɪɨɜ: ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɟɬɚɥɥɚ, ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ ɢ ɩɪ. 

Ɇɨɞɟɥɶɧɵɟ ɪɚɫɱɟɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɞɥɹ ɬɪɟɳɢɧɵ ɩɟɪɜɨɝɨ ɬɢɩɚ, ɧɚɯɨɞɹɳɟɣɫɹ ɜ 

ɷɥɟɦɟɧɬɟ ɤɨɧɫɬɪɭɤɰɢɢ ɢɡ ɫɩɥɨɲɧɨɝɨ ɨɞɧɨɪɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. ɇɚɩɪɹɠɟɧɢɹ ɧɚ 

ɛɟɫɤɨɧɟɱɧɨɫɬɢ ɨɬ ɬɪɟɳɢɧɵ ɩɨɫɬɨɹɧɧɵ ɢ ɪɚɜɧɵ   . ȼ ɜɟɪɲɢɧɭ ɬɪɟɳɢɧɵ 

ɩɨɫɬɭɩɚɟɬ ɜɨɞɨɪɨɞ, ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɨɬɨɪɨɝɨ ɩɨɫɬɨɹɧɧɚ ɢ ɪɚɜɧɚ C0
. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɟɬɚ ɩɨ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɚɜɬɨɪɨɦ ɦɟɬɨɞɢɤɟ ɩɨɥɭɱɟɧɨ ɬɪɢ 

ɪɚɡɥɢɱɧɵɯ ɬɢɩɚ ɤɪɢɜɵɯ:  I

l
K

t


 , l(t) ɢ  0/

Ic a
K C C . Ʉɪɢɜɵɟ ɩɨɥɭɱɟɧɵ ɞɥɹ 

ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ, ɩɪɢɜɟɞɟɧɧɵɯ ɜ ɬɚɛɥɢɰɟ 2.2, ɩɪɢ ɜɚɪɢɚɰɢɢ ɪɚɡɥɢɱɧɵɯ 

ɩɚɪɚɦɟɬɪɨɜ, ɜɯɨɞɹɳɢɯ ɜ ɭɤɚɡɚɧɧɭɸ ɬɚɛɥɢɰɭ. 

 

Ɍɚɛɥɢɰɚ 2.2 - ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɬɟɫɬɨɜɵɯ ɪɚɫɱɟɬɨɜ 
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2lg ɤɝ×ɦ×ɫ    

140 5,0 10 80 2 2 2 2 10 0,05 10
-2

 2,5 -19,094 



73 

ɇɚ ɪɢɫ. 2.11 ɩɪɢɜɟɞɟɧɵ ɞɢɚɝɪɚɦɦɵ ɞɥɹ ɨɩɢɫɚɧɢɹ ɪɚɛɨɬɵ ɦɟɬɨɞɢɤɢ, 

ɩɨɥɭɱɟɧɧɵɟ ɞɥɹ ɪɚɡɧɵɯ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɚ ɫɪɟɞɚ-ɦɟɬɚɥɥ Ω . 

 

 

Ɋɢɫ. 2.11 - ɋɯɟɦɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɹɯ ɩɚɪɚɦɟɬɪɚ Ω . 

 

ɇɚ ɪɢɫ. 2.11 ɩɨɥɨɠɟɧɢɟ ɬɨɱɟɤ 
0

I
P  ɢ 

0

II
P  ɨɞɢɧɚɤɨɜɨ. ɍɜɟɥɢɱɟɧɢɟ 

ɩɚɪɚɦɟɬɪɚ Ω  ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɜɪɟɦɟɧɢ ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ ɩɟɪɢɨɞɚ 
*

0( )d

d
t a . ȼ ɪɟɡɭɥɶɬɚɬɟ, ɢɡ ɚɧɚɥɢɡɚ ɬɪɚɟɤɬɨɪɢɢ ɬɨɱɟɤ, ɩɪɢɜɟɞɟɧɧɵɯ ɧɚ ɪɢɫ. 2.11, 

ɫɥɟɞɭɟɬ, ɱɬɨ * *("I") ("II") ("I") ("II")
d d

t t    . 

ɇɚ ɪɢɫ. 2.12 ɩɨɤɚɡɚɧɵ ɱɢɫɥɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɞɥɹ 

ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ, ɩɪɢɜɟɞɟɧɧɵɯ ɜ ɬɚɛɥɢɰɟ 2.2 ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɹɯ 

ɩɚɪɚɦɟɬɪɚ Ω . 
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Ɋɢɫ. 2.12 - Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɚ Ω : 

1 –2,5; 2 – 2,0; 3 – 1,5 (ɚ – ɡɚɜɢɫɢɦɨɫɬɶ ɞɥɢɧɵ ɬɪɟɳɢɧɵ ɨɬ ɜɪɟɦɟɧɢ l(t); ɛ – 

ɡɚɜɢɫɢɦɨɫɬɶ ɞɨɥɝɨɜɟɱɧɨɫɬɢ ɩɥɚɫɬɢɧɵ ɫ ɬɪɟɳɢɧɨɣ l0 ɨɬ ɧɚɱɚɥɶɧɨɣ ɞɥɢɧɵ 
ɬɪɟɳɢɧɵ *

0( )
d

t l ). 

 

Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ, ɩɪɢɜɟɞɟɧɧɵɯ ɧɚ ɪɢɫ. 2.12, 

ɞɨɥɝɨɜɟɱɧɨɫɬɶ ɭɦɟɧɶɲɚɟɬɫɹ ɫ ɪɨɫɬɨɦ ɧɚɱɚɥɶɧɨɣ ɞɥɢɧɵ ɬɪɟɳɢɧɵ. Ʉɪɨɦɟ 
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ɬɨɝɨ, ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɨɞɨɪɨɞɚ ɜ ɫɪɟɞɟ, ɱɬɨ ɨɩɢɫɵɜɚɟɬɫɹ 

ɩɚɪɚɦɟɬɪɨɦ Ω , ɞɨɥɝɨɜɟɱɧɨɫɬɶ *

dt  ɬɚɤɠɟ ɭɦɟɧɶɲɚɟɬɫɹ. 

ȼ ɬɚɛɥɢɰɟ 2.3 ɩɪɢɜɟɞɟɧɵ ɞɥɢɬɟɥɶɧɨɫɬɢ ɢɧɤɭɛɚɰɢɨɧɧɵɯ ɩɟɪɢɨɞɨɜ, 

ɩɨɥɭɱɟɧɧɵɟ ɩɨ ɮɨɪɦɭɥɟ (2.34) ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɹɯ ɩɚɪɚɦɟɬɪɚ ɩɚɪɵ 

ɫɪɟɞɚ-ɦɟɬɚɥɥ Ω . 

 

Ɍɚɛɥɢɰɚ 2.3 - Ⱦɥɢɬɟɥɶɧɨɫɬɶ ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ ɩɟɪɢɨɞɚ *

0( )d

d
t a  ɩɪɢ ɪɚɡɥɢɱɧɵɯ Ω  

Ω  2,0 2,5 3,0 3,5 

*

0( )d

d
t a , ДɫЖ 9,γ6·103

 8,96·103
 8,64·103

 8,γ6·103
 

 

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɪɨɫɬɚ ɬɪɟɳɢɧɵ ɩɪɢ ɜɚɪɶɢɪɨɜɚɧɢɢ ɩɚɪɚɦɟɬɪɚ 1ȕ  

ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ. 2.13. 

 

 

Ɋɢɫ. 2.13 – ɋɯɟɦɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɢ ɜɚɪɶɢɪɨɜɚɧɢɢ ɩɚɪɚɦɟɬɪɚ 1ȕ . 
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Ɍɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ ɬɨɱɟɤ I
P  ɢ II

P , ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯ ɤɢɧɟɬɢɤɭ 

ɬɪɟɳɢɧɵ ɞɥɹ ɞɜɭɯ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɚ 1ȕ , ɩɨɤɚɡɚɧɧɵɟ ɧɚ ɪɢɫ. 

2.13, ɦɨɠɧɨ ɨɩɢɫɚɬɶ ɚɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ, ɤɚɤ ɤ ɪɢɫ. 2.11. 

ɇɚ ɪɢɫ. 2.13 ɩɨɥɨɠɟɧɢɟ ɬɨɱɟɤ 
0

I
P  ɢ 

0

II
P  ɨɞɢɧɚɤɨɜɨ. ɋ ɪɨɫɬɨɦ ɩɚɪɚɦɟɬɪɚ 

1ȕ  ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ ɩɟɪɢɨɞɚ *

0( )d

d
t a . ȼ 

ɪɟɡɭɥɶɬɚɬɟ ɢɡ ɚɧɚɥɢɡɚ ɬɪɚɟɤɬɨɪɢɢ ɬɨɱɟɤ, ɩɪɢɜɟɞɟɧɧɵɯ ɧɚ ɪɢɫ. 2.13, ɫɥɟɞɭɟɬ, 

ɱɬɨ II I * *

1 1ȕ >ȕ >1 ("II") ("I")
d d

t t  .  

ɇɚ ɪɢɫ. 2.14 ɩɪɢɜɟɞɟɧɵ ɱɢɫɥɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɞɥɹ 

ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ, ɩɪɢɜɟɞɟɧɧɵɯ ɜ ɬɚɛɥɢɰɟ 2.2, ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɹɯ 

ɩɚɪɚɦɟɬɪɚ 1ȕ . 
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Ɋɢɫ. 2.14 - Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɚ 1ȕ : 

1 – 1,5; 2 – 3,0; 3 – 20 (ɚ – ɡɚɜɢɫɢɦɨɫɬɶ ɞɥɢɧɵ ɬɪɟɳɢɧɵ ɨɬ ɜɪɟɦɟɧɢ l(t); ɛ – 

ɡɚɜɢɫɢɦɨɫɬɶ ɞɨɥɝɨɜɟɱɧɨɫɬɢ ɩɥɚɫɬɢɧɵ ɫ ɬɪɟɳɢɧɨɣ l0 ɨɬ ɧɚɱɚɥɶɧɨɣ ɞɥɢɧɵ 

ɬɪɟɳɢɧɵ *

0( )
d

t l ). 



78 

Ɋɟɡɭɥɶɬɚɬɵ, ɩɪɢɜɟɞɟɧɧɵɟ ɧɚ ɪɢɫ. 2.14 ɚ), ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɞɚɧɧɵɦ 

ɞɢɚɝɪɚɦɦɵ D4, ɩɪɢɜɟɞɟɧɧɵɦ ɧɚ ɪɢɫ. 2.13. ɍɜɟɥɢɱɟɧɢɟ ɡɧɚɱɟɧɢɹ ɫɬɟɩɟɧɢ 1ȕ , 

ɜɯɨɞɹɳɟɝɨ ɜ ɩɪɟɞɥɨɠɟɧɧɵɣ ɜ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɤɪɢɬɟɪɢɣ ɩɪɨɱɧɨɫɬɢ, 

ɩɪɢɜɨɞɢɬ ɤ ɪɨɫɬɭ ɞɨɥɝɨɜɟɱɧɨɫɬɢ *

dt . Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ, 

ɩɪɢɜɟɞɟɧɧɵɯ ɧɚ ɪɢɫ. 2.14 ɛ), ɭɜɟɥɢɱɟɧɢɟ ɧɚɱɚɥɶɧɨɣ ɞɥɢɧɵ ɬɪɟɳɢɧɵ ɩɪɢ 

ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɹɯ ɫɬɟɩɟɧɢ 1ȕ , ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɞɨɥɝɨɜɟɱɧɨɫɬɢ *

dt . 

ȼ ɬɚɛɥɢɰɟ 2.4 ɩɪɢɜɟɞɟɧɵ ɞɥɢɬɟɥɶɧɨɫɬɢ ɢɧɤɭɛɚɰɢɨɧɧɵɯ ɩɟɪɢɨɞɨɜ, 

ɩɨɥɭɱɟɧɧɵɟ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɚɪɵ ɫɪɟɞɚ-ɦɟɬɚɥɥ 1ȕ . 

 

Ɍɚɛɥɢɰɚ 2.4 - Ⱦɥɢɬɟɥɶɧɨɫɬɶ ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ ɩɟɪɢɨɞɚ *

0( )d

d
t a  ɩɪɢ ɪɚɡɥɢɱɧɵɯ 1ȕ  

1ȕ  1,5 2,0 4,0 10 
*

0( )d

d
t a , ДɫЖ 8,958·103

 8,963·103
 8,967·103

 8,97·103
 

 

ɋɥɟɞɭɸɳɢɦ ɜɚɪɶɢɪɭɟɦɵɦ ɩɚɪɚɦɟɬɪɨɦ ɹɜɥɹɟɬɫɹ 0

Ic
K . ɋɯɟɦɚ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɢ ɜɚɪɶɢɪɨɜɚɧɢɢ ɩɚɪɚɦɟɬɪɚ 0

Ic
K  ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ. 2.15. 
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Ɋɢɫ. 2.15 - ɋɯɟɦɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɢ ɜɚɪɶɢɪɨɜɚɧɢɢ ɩɚɪɚɦɟɬɪɚ 0

Ic
K .

 

 

Ⱥɧɚɥɨɝɢɱɧɨ ɪɚɫɫɭɠɞɟɧɢɹɦ, ɩɪɢɜɟɞɟɧɧɵɦ ɤ ɪɢɫ. 2.11, ɦɨɠɧɨ ɨɩɢɫɚɬɶ 

ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ ɬɨɱɟɤ I
P  ɢ II

P , ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɤɢɧɟɬɢɤɭ ɬɪɟɳɢɧɵ 

ɞɥɹ ɞɜɭɯ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɚ 0

Ic
K  (ɪɢɫ. 2.15). 

ɋ ɪɨɫɬɨɦ ɩɚɪɚɦɟɬɪɚ 0

Ic
K  ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ 

ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ ɩɟɪɢɨɞɚ *

0( )d

d
t a . ɂɡ ɚɧɚɥɢɡɚ ɬɪɚɟɤɬɨɪɢɢ ɬɨɱɟɤ ɫɥɟɞɭɟɬ, ɱɬɨ 

   0 0 * *"II" "I" ("II") ("I")
Ic Ic d d

K K t t   . 

ȼ ɬɚɛɥɢɰɟ 2.5 ɩɪɢɜɟɞɟɧɵ ɞɥɢɬɟɥɶɧɨɫɬɢ ɢɧɤɭɛɚɰɢɨɧɧɵɯ ɩɟɪɢɨɞɨɜ, 

ɩɨɥɭɱɟɧɧɵɟ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɚɪɵ ɫɪɟɞɚ-ɦɟɬɚɥɥ 0

Ic
K . 
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Ɍɚɛɥɢɰɚ 2.5 - Ⱦɥɢɬɟɥɶɧɨɫɬɶ ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ ɩɟɪɢɨɞɚ 
0

*( )d
t a  ɩɪɢ ɪɚɡɥɢɱɧɵɯ 

0

Ic
K  

0 , Ɇɉɚ ɦ
Ic

K   70 80 90 100 

*

0( )d

d
t a , ДɫЖ 8,958·103

 8,963·103
 8,964·103

 8,966·103
 

 

ɇɚ ɪɢɫ. 2.16 ɩɪɢɜɟɞɟɧɵ ɱɢɫɥɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɞɥɹ 

ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ, ɩɪɢɜɟɞɟɧɧɵɯ ɜ ɬɚɛɥɢɰɟ 2.2 ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɹɯ 

ɩɚɪɚɦɟɬɪɚ 0

Ic
K . 
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Ɋɢɫ. 2.16 - Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɚ 0

Ic
K : 

1 – 0 =80 Ɇɉɚ ɦ
Ic

K  ; 2 – 0 =90 Ɇɉɚ ɦ
Ic

K  ; 3 – 0 =110 Ɇɉɚ ɦ
Ic

K   (ɚ – 

ɡɚɜɢɫɢɦɨɫɬɶ ɞɥɢɧɵ ɬɪɟɳɢɧɵ ɨɬ ɜɪɟɦɟɧɢ l(t); ɛ – ɡɚɜɢɫɢɦɨɫɬɶ ɞɨɥɝɨɜɟɱɧɨɫɬɢ 

ɩɥɚɫɬɢɧɵ ɫ ɬɪɟɳɢɧɨɣ l0 ɨɬ ɧɚɱɚɥɶɧɨɣ ɞɥɢɧɵ ɬɪɟɳɢɧɵ *

0( )
d

t l ). 
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ɍɜɟɥɢɱɟɧɢɟ ɭɫɥɨɜɧɨɣ ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɢ ɦɚɬɟɪɢɚɥɚ 0

Ic
K  ɩɪɢɜɨɞɢɬ ɤ 

ɭɜɟɥɢɱɟɧɢɸ ɞɥɢɧɵ ɬɪɟɳɢɧɵ, ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ ɤɨɬɨɪɨɣ, ɧɚɱɢɧɚɟɬɫɹ ɫɬɚɞɢɹ ɟɟ 

ɥɚɜɢɧɨɨɛɪɚɡɧɨɝɨ ɪɨɫɬɚ. ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɷɬɨ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ 

ɞɨɥɝɨɜɟɱɧɨɫɬɢ *

dt , ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɞɚɧɧɵɦ, ɩɪɢɜɟɞɟɧɧɵɦ ɧɚ ɪɢɫ. 2.16 ɚ). 

Ʉɪɨɦɟ ɬɨɝɨ, ɧɚ ɪɢɫ. 2.16 ɛ) ɩɨɤɚɡɚɧɨ ɭɦɟɧɶɲɟɧɢɟ ɞɨɥɝɨɜɟɱɧɨɫɬɢ *

dt  ɫ ɪɨɫɬɨɦ 

ɞɥɢɧɵ ɧɚɱɚɥɶɧɨɣ ɬɪɟɳɢɧɵ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɣ ɭɫɥɨɜɧɨɣ 

ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɢ ɦɚɬɟɪɢɚɥɚ 0

Ic
K . 

ɋɯɟɦɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɢ ɜɚɪɶɢɪɨɜɚɧɢɢ ɩɚɪɚɦɟɬɪɚ *

Ic
K  ɩɪɢɜɟɞɟɧɚ ɧɚ 

ɪɢɫ. 2.17. 

 

 

Ɋɢɫ. 2.17 - ɋɯɟɦɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɢ ɜɚɪɶɢɪɨɜɚɧɢɢ ɩɚɪɚɦɟɬɪɚ *

Ic
K . 

 

Ⱥɧɚɥɨɝɢɱɧɨ ɪɚɫɫɭɠɞɟɧɢɹɦ, ɩɪɢɜɟɞɟɧɧɵɦ ɤ ɪɢɫ. . 2.11, ɦɨɠɧɨ ɨɩɢɫɚɬɶ 

ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ ɬɨɱɟɤ I
P  ɢ II

P , ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɤɢɧɟɬɢɤɭ ɬɪɟɳɢɧɵ 

ɞɥɹ ɞɜɭɯ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɚ *

Ic
K  (ɪɢɫ. 2.11). 
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ȼ ɬɚɛɥɢɰɟ 2.6 ɩɪɢɜɟɞɟɧɵ ɞɥɢɬɟɥɶɧɨɫɬɢ ɢɧɤɭɛɚɰɢɨɧɧɵɯ ɩɟɪɢɨɞɨɜ, 

ɩɨɥɭɱɟɧɧɵɟ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɚɪɵ ɫɪɟɞɚ-ɦɟɬɚɥɥ *

Ic
K . ɂɡ ɚɧɚɥɢɡɚ 

ɬɪɚɟɤɬɨɪɢɢ ɬɨɱɟɤ, ɩɪɢɜɟɞɟɧɧɵɯ ɧɚ ɪɢɫ. 2.17, ɫɥɟɞɭɟɬ, ɱɬɨ 

   * * * *"II" "I" ("II") ("I")
Ic Ic d d

K K t t   . 

 

Ɍɚɛɥɢɰɚ 2.6 - Ⱦɥɢɬɟɥɶɧɨɫɬɶ ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ ɩɟɪɢɨɞɚ *

0( )d

d
t a  ɩɪɢ ɪɚɡɥɢɱɧɵɯ *

Ic
K  

* , Ɇɉɚ ɦ
Ic

K   5 10 12 15 

*

0( )d

d
t a , ДɫЖ 8,946·103

 8,961·103
 8,966·103

 8,970·103
 

 

ɇɚ ɪɢɫ. 2.18 ɩɪɢɜɟɞɟɧɵ ɱɢɫɥɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ 

ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ, ɩɪɢɜɟɞɟɧɧɵɯ ɜ ɬɚɛɥɢɰɟ 2.2, ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɣ 

ɩɚɪɚɦɟɬɪɚ *

Ic
K . 
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Ɋɢɫ. 2.18 - Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɣ 

ɩɚɪɚɦɟɬɪɚ *

Ic
K : 1 - * =10 Ɇɉɚ ɦ

Ic
K  ; 2 - * =15 Ɇɉɚ ɦ

Ic
K  ; 3 - * =20 Ɇɉɚ ɦ

Ic
K    

(ɚ – ɡɚɜɢɫɢɦɨɫɬɶ ɞɥɢɧɵ ɬɪɟɳɢɧɵ ɨɬ ɜɪɟɦɟɧɢ l(t); ɛ – ɡɚɜɢɫɢɦɨɫɬɶ 

ɞɨɥɝɨɜɟɱɧɨɫɬɢ ɩɥɚɫɬɢɧɵ ɫ ɬɪɟɳɢɧɨɣ l0 ɨɬ ɧɚɱɚɥɶɧɨɣ ɞɥɢɧɵ ɬɪɟɳɢɧɵ *

0( )
d

t l ). 

 

ɍɜɟɥɢɱɟɧɢɟ ɜɟɥɢɱɢɧɵ ɭɫɥɨɜɧɨɣ ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɢ ɦɚɬɟɪɢɚɥɚ *

Ic
K  

ɩɪɢɜɨɞɢɬ ɭɜɟɥɢɱɟɧɢɸ ɞɨɥɝɨɜɟɱɧɨɫɬɢ *

dt , ɱɬɨ ɫɥɟɞɭɟɬ ɢɡ ɞɢɚɝɪɚɦɦɵ D4 ɧɚ ɪɢɫ. 
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2.17 ɢ ɨɬɪɚɠɟɧɨ ɧɚ ɞɢɚɝɪɚɦɦɚɯ ɧɚ ɪɢɫ. 2.18 (ɚ ɢ ɛ). Ʉɪɨɦɟ ɬɨɝɨ, ɧɚ ɪɢɫ. 2.18 ɛ) 

ɩɨɤɚɡɚɧɨ ɭɦɟɧɶɲɟɧɢɟ ɞɨɥɝɨɜɟɱɧɨɫɬɢ *

dt  ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɧɚɱɚɥɶɧɨɣ ɞɥɢɧɵ 

ɬɪɟɳɢɧɵ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɹɯ ɭɫɥɨɜɧɨɣ ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɢ *

Ic
K . 

ɉɪɟɞɫɬɚɜɥɟɧɧɵɟ ɧɚ ɪɢɫɭɧɤɚɯ ɜɵɲɟ ɪɟɡɭɥɶɬɚɬɵ ɞɟɦɨɧɫɬɪɢɪɭɸɬ 

ɚɞɟɤɜɚɬɧɨɫɬɶ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɟɬɨɞɢɤɢ ɩɪɢ ɜɚɪɶɢɪɨɜɚɧɢɢ ɪɚɡɥɢɱɧɵɯ ɜɯɨɞɧɵɯ 

ɩɚɪɚɦɟɬɪɨɜ. Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɦɟɬɨɞɢɤɚ ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɨɞɢɬɶ ɨɰɟɧɤɭ ɤɢɧɟɬɢɤɢ ɢ 

ɞɨɥɝɨɜɟɱɧɨɫɬɢ ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɣ ɢɡ ɜɵɫɨɤɨɩɪɨɱɧɵɯ ɫɬɚɥɟɣ ɩɪɢ 

ɩɨɫɬɨɹɧɧɨɣ ɧɚɝɪɭɡɤɟ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɚɝɪɟɫɫɢɜɧɨɣ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɟ. 

Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɚɧɚɥɢɡɚ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ, ɜɨɡɞɟɣɫɬɜɢɟ ɜɨɞɨɪɨɞɚ ɧɚ 

ɪɚɡɜɢɬɢɟ ɬɪɟɳɢɧ ɨɫɨɛɟɧɧɨ ɡɚɦɟɬɧɨ, ɩɨɫɥɟ ɡɚɜɟɪɲɟɧɢɹ ɬɪɟɳɢɧɨɣ 

ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ ɩɟɪɢɨɞɚ ɟɟ ɪɨɫɬɚ.  

ȼ ɬɨɦ ɫɥɭɱɚɟ, ɟɫɥɢ ɜ ɦɚɬɟɪɢɚɥɟ ɭɠɟ ɢɦɟɟɬɫɹ ɪɚɫɬɜɨɪɟɧɧɵɣ ɜɨɞɨɪɨɞ, ɬɨ, 

ɤɚɤ ɭɠɟ ɛɵɥɨ ɨɬɦɟɱɟɧɨ ɜ ɝɥɚɜɟ 1, ɨɧ ɛɭɞɟɬ ɫɬɪɟɦɢɬɶɫɹ ɡɚɧɹɬɶ ɨɛɥɚɫɬɢ ɫ 

ɧɚɢɛɨɥɶɲɢɦ ɡɧɚɱɟɧɢɟɦ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɬɚɤɨɣ ɨɛɥɚɫɬɶɸ ɤɚɤ 

ɪɚɡ ɢ ɹɜɥɹɟɬɫɹ ɜɟɪɲɢɧɚ ɬɪɟɳɢɧɵ. ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɪɢɜɨɞɹɬ ɤ 

ɜɵɜɨɞɚɦ ɨ ɬɨɦ, ɱɬɨ ɜɨɡɦɨɠɧɨ ɡɚɦɟɬɧɨɟ ɫɨɤɪɚɳɟɧɢɟ ɜɪɟɦɟɧɢ ɢɧɤɭɛɚɰɢɨɧɧɨɝɨ 

ɩɟɪɢɨɞɚ ɪɨɫɬɚ ɬɪɟɳɢɧɵ ɩɪɢ ɧɚɥɢɱɢɢ ɜ ɦɚɬɟɪɢɚɥɟ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɨɞɨɪɨɞɚ. 

ɗɬɨ ɩɪɢɜɟɞɟɬ ɤ ɩɪɟɠɞɟɜɪɟɦɟɧɧɨɦɭ ɜɵɯɨɞɭ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɢɡ 

ɫɬɪɨɹ.  
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3 Ƚɥɚɜɚ 3. Ⱦɨɥɝɨɜɟɱɧɨɫɬɶ ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɣ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ 

ɭɫɥɨɜɢɹɯ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ ɢ ɰɢɤɥɢɱɟɫɤɨɝɨ ɧɚɝɪɭɠɟɧɢɹ 

 

3.1 Ʉɨɪɪɨɡɢɨɧɧɚɹ ɭɫɬɚɥɨɫɬɶ ɦɟɬɚɥɥɨɜ 

 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɱɟɬɚɧɢɹ ɩɚɪɵ ɦɚɬɟɪɢɚɥ-ɫɪɟɞɚ ɪɚɡɥɢɱɚɸɬ ɬɪɢ ɬɢɩɚ 

ɞɢɚɝɪɚɦɦ ɤɨɪɪɨɡɢɨɧɧɨ-ɭɫɬɚɥɨɫɬɧɨɝɨ ɪɨɫɬɚ ɬɪɟɳɢɧ. ɇɚ ɪɢɫ. 3.1 ɩɪɢɜɟɞɟɧɵ 

ɷɬɢ ɬɢɩɵ ɞɢɚɝɪɚɦɦ. 

 

Ɋɢɫ. 3.1 - Ɉɫɧɨɜɧɵɟ ɜɢɞɵ ɞɢɚɝɪɚɦɦ ɤɨɪɪɨɡɢɨɧɧɨ-ɭɫɬɚɥɨɫɬɧɨɝɨ ɪɨɫɬɚ 

ɬɪɟɳɢɧ [52]: 

ɚ) ɧɟ ɡɚɜɢɫɹɳɚɹ ɨɬ ɱɚɫɬɨɬɵ ɧɚɝɪɭɠɟɧɢɹ; ɛ) ɡɚɜɢɫɹɳɚɹ ɨɬ ɱɚɫɬɨɬɵ; ɜ) 

ɫɦɟɲɚɧɧɚɹ. 
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ɋɭɳɟɫɬɜɭɸɬ ɦɚɬɟɪɢɚɥɵ, ɞɥɹ ɤɨɬɨɪɵɯ ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ ɬɪɟɳɢɧ ɜ 

ɤɨɪɪɨɡɢɨɧɧɵɯ ɫɪɟɞɚɯ 
agr

da

dN

     ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɦɧɨɠɟɧɢɟɦ ɧɟɤɨɬɨɪɨɝɨ 

ɤɨɷɮɮɢɰɢɟɧɬɚ Ɏ ɧɚ ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ ɬɪɟɳɢɧ ɜ ɢɧɟɪɬɧɵɯ ɫɪɟɞɚɯ 
inert

da

dN

    : 

,
agr inert

da daФ
dN dN

           (3.1) 

Ⱦɢɚɝɪɚɦɦɚ ɤɨɪɪɨɡɢɨɧɧɨ-ɭɫɬɚɥɨɫɬɧɨɝɨ ɪɨɫɬɚ ɬɪɟɳɢɧ ɜ ɬɚɤɢɯ 

ɦɚɬɟɪɢɚɥɚɯ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ. 3.1 ɚ). Ɇɧɨɠɢɬɟɥɶ Ɏ ɦɨɠɟɬ ɛɵɬɶ ɤɚɤ 

ɩɨɫɬɨɹɧɧɨɣ ɜɟɥɢɱɢɧɨɣ, ɬɚɤ ɢ ɡɚɜɢɫɟɬɶ ɨɬ ɧɟɤɨɬɨɪɵɯ ɩɚɪɚɦɟɬɪɨɜ, ɧɚɩɪɢɦɟɪ, 

ɨɬ ɪɚɡɦɚɯɚ ɞɟɣɫɬɜɭɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ, ɬɟɦɩɟɪɚɬɭɪɵ ɫɪɟɞɵ ɢ ɩɪ. Ɍɚɤɨɣ ɜɢɞ 

ɤɨɪɪɨɡɢɨɧɧɨ-ɭɫɬɚɥɨɫɬɧɨɣ ɞɢɚɝɪɚɦɦɵ ɪɨɫɬɚ ɬɪɟɳɢɧ ɯɚɪɚɤɬɟɪɟɧ ɞɥɹ 

ɦɚɬɟɪɢɚɥɨɜ, ɦɚɥɨɱɭɜɫɬɜɢɬɟɥɶɧɵɯ ɤ ɜɥɢɹɧɢɸ ɤɨɪɪɨɡɢɨɧɧɨɣ ɫɪɟɞɵ. 

ɇɚ ɪɢɫ. 3.1 ɛ) ɩɪɟɞɫɬɚɜɥɟɧɚ ɞɢɚɝɪɚɦɦɚ ɤɨɪɪɨɡɢɨɧɧɨ-ɭɫɬɚɥɨɫɬɧɨɝɨ ɪɨɫɬɚ 

ɬɪɟɳɢɧ ɞɥɹ ɦɚɬɟɪɢɚɥɨɜ, ɱɭɜɫɬɜɢɬɟɥɶɧɵɯ ɤ ɞɥɢɬɟɥɶɧɨɦɭ ɫɬɚɬɢɱɟɫɤɨɦɭ 

ɜɨɡɞɟɣɫɬɜɢɸ ɜ ɤɨɪɪɨɡɢɨɧɧɨɣ ɫɪɟɞɟ. Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɚɧɚɥɢɡɚ ɤɪɢɜɵɯ, 

ɩɪɢɜɟɞɟɧɧɵɯ ɧɚ ɪɢɫ. 3.1 ɛ), ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ ɪɚɡɦɚɯɚ ɧɚɩɪɹɠɟɧɢɣ 

ɨɩɪɟɞɟɥɟɧɧɨɣ ɜɟɥɢɱɢɧɵ, ɧɚɛɥɸɞɚɟɬɫɹ ɪɟɡɤɨɟ ɭɫɤɨɪɟɧɢɟ ɪɚɡɜɢɬɢɹ ɬɪɟɳɢɧɵ, 

ɤɨɬɨɪɨɟ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɦɟɯɚɧɢɡɦ ɪɨɫɬɚ ɬɪɟɳɢɧɵ ɧɨɫɢɬ ɭɠɟ ɧɟ 

ɭɫɬɚɥɨɫɬɧɵɣ, ɚ ɤɨɪɪɨɡɢɨɧɧɵɣ ɯɚɪɚɤɬɟɪ. ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ, ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ 

ɬɪɟɳɢɧ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɨɨɬɧɨɲɟɧɢɸ [52]: 

1
,

agr inert EAC

da da da

dN dN f dN

                  (3.2) 

ɝɞɟ 
EAC

da

dN

     - ɫɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ ɬɪɟɳɢɧɵ ɡɚ ɰɢɤɥ ɧɚɝɪɭɠɟɧɢɹ;  

f – ɱɚɫɬɨɬɚ ɧɚɝɪɭɠɟɧɢɹ. 

Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɮɨɪɦɭɥɵ (3.2), ɨɩɢɫɚɧɧɚɹ ɦɨɞɟɥɶ ɤɨɪɪɨɡɢɨɧɧɨ-

ɭɫɬɚɥɨɫɬɧɨɝɨ ɪɨɫɬɚ ɬɪɟɳɢɧɵ ɨɫɨɛɟɧɧɨ ɱɭɜɫɬɜɢɬɟɥɶɧɚ ɤ ɱɚɫɬɨɬɟ ɧɚɝɪɭɠɟɧɢɹ: 

ɩɪɢ ɛɨɥɶɲɢɯ ɱɚɫɬɨɬɚɯ ɧɚɝɪɭɠɟɧɢɹ ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ ɬɪɟɳɢɧ ɩɪɚɤɬɢɱɟɫɤɢ 

ɩɨɥɧɨɫɬɶɸ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɤɨɪɨɫɬɶɸ ɪɨɫɬɚ ɬɪɟɳɢɧɵ ɜ ɢɧɟɪɬɧɨɣ ɫɪɟɞɟ. 
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Ʉɨɪɪɨɡɢɨɧɧɨ-ɭɫɬɚɥɨɫɬɧɨɟ ɪɚɡɪɭɲɟɧɢɟ ɛɨɥɶɲɢɧɫɬɜɚ ɦɟɬɚɥɥɢɱɟɫɤɢɯ 

ɦɚɬɟɪɢɚɥɨɜ ɜ ɤɨɪɪɨɡɢɨɧɧɵɯ ɫɪɟɞɚɯ ɧɟɥɶɡɹ ɨɩɢɫɚɬɶ, ɩɨɥɶɡɭɹɫɶ ɢɫɤɥɸɱɢɬɟɥɶɧɨ 

ɜɵɪɚɠɟɧɢɹɦɢ (3.1) ɢ (3.2). ɉɨɷɬɨɦɭ, ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ, ɢɫɩɨɥɶɡɭɸɬ 

ɤɨɦɛɢɧɚɰɢɸ ɷɬɢɯ ɮɨɪɦɭɥ ɞɥɹ ɨɩɢɫɚɧɢɹ ɫɤɨɪɨɫɬɢ ɪɨɫɬɚ ɭɫɬɚɥɨɫɬɧɵɯ ɬɪɟɳɢɧ 

ɜ ɤɨɪɪɨɡɢɨɧɧɵɯ ɫɪɟɞɚɯ: 

1

agr inert EAC

da da daФ
dN dN f dN

                  (3.3) 

ɉɪɢɦɟɪ ɞɢɚɝɪɚɦɦɵ, ɩɨɥɭɱɟɧɧɨɣ ɫ ɩɨɦɨɳɶɸ ɡɚɜɢɫɢɦɨɫɬɢ (3.3), 

ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫ. 3.1 ɜ). 

Ɇɧɨɝɨ ɪɚɛɨɬ ɩɨɫɜɹɳɟɧɨ ɢɡɭɱɟɧɢɸ ɜɥɢɹɧɢɹ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ 

ɧɚ ɷɥɟɦɟɧɬɵ ɤɨɧɫɬɪɭɤɰɢɣ ɢɡ ɪɚɡɥɢɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɧɚɯɨɞɹɳɢɟɫɹ ɩɨɞ 

ɞɟɣɫɬɜɢɟɦ ɰɢɤɥɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ. Ʉ ɬɚɤɢɦ ɪɚɛɨɬɚɦ ɦɨɠɧɨ ɨɬɧɟɫɬɢ [128], 

[95], [86] ɢ [87].  

Ɍɚɤ, ɜ ɪɚɛɨɬɟ [128], ɩɪɢɜɟɞɟɧɵ ɤɢɧɟɬɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɪɨɫɬɚ ɬɪɟɳɢɧɵ ɜ 

ɨɛɪɚɡɰɟ ɢɡ ɫɬɚɥɢ X100 ɩɪɢ ɰɢɤɥɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟɧɢɢ. ɍɤɚɡɚɧɧɵɟ ɤɪɢɜɵɟ 

ɩɨɫɬɪɨɟɧɵ ɞɥɹ ɚɧɚɥɨɝɢɱɧɵɯ ɨɛɪɚɡɰɨɜ, ɧɚɯɨɞɹɳɢɯɫɹ ɤɚɤ ɜ ɢɧɟɪɬɧɵɯ ɫɪɟɞɚɯ, 

ɬɚɤ ɢ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɢɯ. ɇɚ ɪɢɫ. 3.2 ɩɪɢɜɟɞɟɧɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 

ɤɢɧɟɬɢɱɟɫɤɢɟ ɞɢɚɝɪɚɦɦɵ ɪɚɫɬɪɟɫɤɢɜɚɧɢɹ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. 
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Ɋɢɫ. 3.2 – Ʉɢɧɟɬɢɱɟɫɤɢɟ ɞɢɚɝɪɚɦɦɵ ɪɚɫɬɪɟɫɤɢɜɚɧɢɹ ɨɛɪɚɡɰɨɜ ɢɡ ɫɬɚɥɢ ɏ100 

[128]. 

 

Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɚɧɚɥɢɡɚ ɤɪɢɜɵɯ, ɩɪɢɜɟɞɟɧɧɵɯ ɧɚ ɪɢɫ. 3.2, ɫɤɨɪɨɫɬɶ 

ɪɨɫɬɚ ɬɪɟɳɢɧ ɫɭɳɟɫɬɜɟɧɧɨ ɜɨɡɪɚɫɬɚɟɬ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɫɪɟɞɵ ɩɪɨɜɟɞɟɧɢɹ 

ɷɤɫɩɟɪɢɦɟɧɬɚ ɫ ɢɧɟɪɬɧɨɣ ɧɚ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɭɸ ɩɪɢ ɧɟɢɡɦɟɧɧɵɯ 

ɩɚɪɚɦɟɬɪɚɯ ɧɚɝɪɭɠɟɧɢɹ. ɂɧɵɦɢ ɫɥɨɜɚɦɢ, ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɚɹ ɫɪɟɞɚ ɭɫɤɨɪɹɟɬ 

ɪɚɡɜɢɬɢɟ ɬɪɟɳɢɧ ɩɪɢ ɰɢɤɥɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟɧɢɢ ɜ ɫɥɭɱɚɟ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ 

ɦɚɬɟɪɢɚɥɚ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɥɹ ɨɩɢɫɚɧɢɹ ɭɫɬɨɣɱɢɜɨɝɨ ɷɬɚɩɚ ɪɨɫɬɚ ɬɪɟɳɢɧ ɜ 

ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɢɯ ɫɪɟɞɚɯ ɩɪɢ ɰɢɤɥɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟɧɢɢ ɜ 



90 

ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɢɯ ɫɪɟɞɚɯ ɫɥɟɞɭɟɬ ɩɪɨɜɨɞɢɬɶ ɦɨɞɢɮɢɤɚɰɢɸ ɩɚɪɚɦɟɬɪɨɜ 

ɉɷɪɢɫɚ-ɗɪɞɨɝɚɧɚ. ɉɪɢɱɟɦ ɭɤɚɡɚɧɧɵɟ ɤɨɧɫɬɚɧɬɵ ɛɭɞɭɬ ɞɟɣɫɬɜɢɬɟɥɶɧɵ 

ɢɦɟɧɧɨ ɞɥɹ ɜɵɛɪɚɧɧɨɣ ɩɚɪɵ ɫɪɟɞɚ-ɦɟɬɚɥɥ. ɉɨɥɭɱɟɧɢɟ ɤɢɧɟɬɢɱɟɫɤɢɯ ɤɪɢɜɵɯ 

ɞɥɹ ɢɡɦɟɧɟɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɉɷɪɢɫɚ-ɗɪɞɨɝɚɧɚ ɛɭɞɟɬ ɪɚɫɫɦɨɬɪɟɧɨ ɜ 

ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɜ ɝɥɚɜɟ 4. 

ȼ ɪɚɛɨɬɟ [95] ɩɪɢɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɯɚɪɚɤɬɟɪɨɜ ɪɚɡɜɢɬɢɹ ɬɪɟɳɢɧ ɩɪɢ 

ɰɢɤɥɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟɧɢɢ ɞɥɹ ɧɟɧɚɜɨɞɨɪɨɠɟɧɧɧɨɝɨ ɢ ɧɚɜɨɞɨɪɨɠɟɧɧɨɝɨ 

ɨɛɪɚɡɰɨɜ, ɫɦ. ɪɢɫ. 3.3. 

 

Ɋɢɫ. 3.3 – Ɋɨɫɬ ɬɪɟɳɢɧ ɜ ɧɟɧɚɜɨɞɨɪɨɠɟɧɧɨɦ ɢ ɧɚɜɨɞɨɪɨɠɟɧɧɨɦ ɨɛɪɚɡɰɟ ɩɪɢ 

ɰɢɤɥɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟɧɢɢ [95]. 

 

Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɚɧɚɥɢɡɚ ɤɪɢɜɵɯ, ɩɪɢɜɟɞɟɧɧɵɯ ɧɚ ɪɢɫ. 3.3, ɤɨɥɢɱɟɫɬɜɨ 

ɰɢɤɥɨɜ ɧɚɝɪɭɠɟɧɢɹ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɧɚɱɚɥɚ ɩɪɨɰɟɫɫɚ ɥɚɜɢɧɨɨɛɪɚɡɧɨɝɨ 
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ɪɨɫɬɚ ɬɪɟɳɢɧɵ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɜɨɞɨɪɨɞɚ, ɨɤɚɡɚɥɨɫɶ ɜ 5 ɪɚɡ ɦɟɧɶɲɟ, ɱɟɦ ɩɪɢ 

ɧɚɝɪɭɠɟɧɢɢ ɚɧɚɥɨɝɢɱɧɨɝɨ ɨɛɪɚɡɰɚ ɜ ɢɧɟɪɬɧɨɣ ɫɪɟɞɟ.  

ȼ ɪɚɛɨɬɟ [143] ɩɪɨɜɟɞɟɧɨ ɢɫɩɵɬɚɧɢɟ ɨɛɪɚɡɰɨɜ ɢɡ ɜɵɫɨɤɨɩɪɨɱɧɨɣ ɫɬɚɥɢ 

AISI 4340 ɩɪɢ ɰɢɤɥɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟɧɢɢ ɜ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɟ. 

ɉɨɥɭɱɟɧɧɵɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɢɫɩɵɬɚɧɢɣ ɤɢɧɟɬɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɪɨɫɬɚ ɬɪɟɳɢɧ 

ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 3.4. 

 

Ɋɢɫ. 3.4 – Ʉɢɧɟɬɢɱɟɫɤɢɟ ɞɢɚɝɪɚɦɦɵ ɪɚɫɬɪɟɫɤɢɜɚɧɢɹ ɨɛɪɚɡɰɨɜ ɢɡ 

ɜɵɫɨɤɨɩɪɨɱɧɨɣ ɫɬɚɥɢ AISI 4340 [143]. 

 

ɂɡ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ, ɩɪɢɜɟɞɟɧɧɵɯ ɧɚ ɪɢɫ. 3.4, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɨ 

ɫɭɳɟɫɬɜɨɜɚɧɢɢ ɞɨɦɢɧɢɪɭɸɳɟɝɨ ɦɟɯɚɧɢɡɦɚ ɪɚɡɪɭɲɟɧɢɹ ɩɪɢ ɰɢɤɥɢɱɟɫɤɨɦ 

ɧɚɝɪɭɠɟɧɢɢ ɨɛɪɚɡɰɨɜ ɢɡ ɜɵɫɨɤɨɩɪɨɱɧɨɣ ɫɬɚɥɢ ɜ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɟ. 

Ɇɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɜ ɧɚɱɚɥɟ ɩɪɨɰɟɫɫɚ ɧɚɝɪɭɠɟɧɢɹ ɬɪɟɳɢɧɚ ɪɚɫɬɟɬ ɢɡ-

ɡɚ ɧɚɤɨɩɥɟɧɢɹ ɩɨɜɪɟɠɞɟɧɢɣ, ɜɵɡɜɚɧɧɨɝɨ ɭɫɬɚɥɨɫɬɶɸ, ɡɚɬɟɦ ɢɡ-ɡɚ 

ɨɯɪɭɩɱɢɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ ɜɛɥɢɡɢ ɜɟɪɲɢɧɵ ɬɪɟɳɢɧɵ ɩɨ ɦɟɯɚɧɢɡɦɭ 

ɜɨɞɨɪɨɞɧɨɝɨ ɨɯɪɭɩɱɢɜɚɧɢɹ. Ɂɚɬɟɦ ɭɫɬɚɥɨɫɬɧɵɣ ɩɪɨɰɟɫɫ ɫɧɨɜɚ ɧɚɱɢɧɚɟɬ 

ɞɨɦɢɧɢɪɨɜɚɬɶ ɢ ɨɩɪɟɞɟɥɹɬɶ ɯɚɪɚɤɬɟɪ ɪɨɫɬɚ ɬɪɟɳɢɧɵ.  
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3.2 Ɉɛɳɢɟ ɩɨɥɨɠɟɧɢɹ ɩɪɟɞɥɚɝɚɟɦɨɣ ɦɟɬɨɞɢɤɢ ɞɥɹ ɨɰɟɧɤɢ 
ɞɨɥɝɨɜɟɱɧɨɫɬɢ ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɣ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɭɫɥɨɜɢɹɯ 
ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ ɩɪɢ ɰɢɤɥɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟɧɢɢ 

 

ȼ ɥɸɛɵɯ ɷɥɟɦɟɧɬɚɯ ɤɨɧɫɬɪɭɤɰɢɣ, ɞɚɠɟ ɫɚɦɵɯ ɨɬɜɟɬɫɬɜɟɧɧɵɯ, 

ɜɨɡɦɨɠɧɨ ɧɚɥɢɱɢɟ ɧɚɱɚɥɶɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɞɟɮɟɤɬɨɜ 

(ɇɉɌȾ). Ɍɚɤɢɟ ɞɟɮɟɤɬɵ, ɩɪɢɧɹɜ ɧɟɤɨɬɨɪɵɟ ɞɨɩɭɳɟɧɢɹ, ɦɨɠɧɨ 

ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɬɪɟɳɢɧɵ. Ⱦɚɧɧɵɟ Д55], [109] ɢ [41] ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ 

ɬɨɦ, ɱɬɨ ɜɨɡɞɟɣɫɬɜɢɟ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ ɡɧɚɱɢɬɟɥɶɧɨ ɭɫɤɨɪɹɟɬ 

ɩɪɨɰɟɫɫ ɪɚɡɪɭɲɟɧɢɹ ɰɢɤɥɢɱɟɫɤɢ ɧɚɝɪɭɠɟɧɧɵɯ ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɣ.  

ɉɪɢ ɞɨɫɬɢɠɟɧɢɢ ɬɪɟɳɢɧɨɣ ɩɪɟɞɟɥɶɧɨɣ ɞɥɢɧɵ l
*
, ɞɨɥɝɨɜɟɱɧɨɫɬɶ 

ɷɥɟɦɟɧɬɚ ɤɨɧɫɬɪɭɤɰɢɢ  *

f d
t   ɫɱɢɬɚɟɬɫɹ ɢɫɱɟɪɩɚɧɧɨɣ, ɢ ɞɚɥɶɧɟɣɲɚɹ 

ɷɤɫɩɥɭɚɬɚɰɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɷɥɟɦɟɧɬɚ ɤɨɧɫɬɪɭɤɰɢɢ ɫɬɚɧɨɜɢɬɫɹ 

ɧɟɜɨɡɦɨɠɧɚ ɢɥɢ ɧɟɛɟɡɨɩɚɫɧɚ. ɇɚ ɪɢɫ. 3.5 ɩɪɢɜɟɞɟɧɚ ɫɯɟɦɚ ɧɚɝɪɭɠɟɧɢɹ 

ɷɥɟɦɟɧɬɚ ɤɨɧɫɬɪɭɤɰɢɢ ɫ ɬɪɟɳɢɧɨɣ. ɗɥɟɦɟɧɬ ɤɨɧɫɬɪɭɤɰɢɢ ɧɚɯɨɞɢɬɫɹ ɜ 

ɭɫɥɨɜɢɹɯ ɜɨɡɞɟɣɫɬɜɢɹ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ. 

 

Ɋɢɫ. 3.5 – Ɍɪɟɳɢɧɚ ɜ ɭɫɥɨɜɢɹɯ ɜɨɡɞɟɣɫɬɜɢɹ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ ɢ 

ɰɢɤɥɢɱɟɫɤɨɝɨ ɧɚɝɪɭɠɟɧɢɹ. 

 

ȼ ɨɫɧɨɜɟ ɩɨɞɯɨɞɚ ɤ ɨɰɟɧɤɟ ɞɨɥɝɨɜɟɱɧɨɫɬɢ ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɣ ɜ 

ɭɫɥɨɜɢɹɯ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ ɢ ɰɢɤɥɢɱɟɫɤɨɝɨ ɧɚɝɪɭɠɟɧɢɹ ɥɟɠɢɬ 
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ɩɨɥɨɠɟɧɢɟ ɨ ɬɨɦ, ɱɬɨ ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ ɬɪɟɳɢɧɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɞɟɣɫɬɜɢɟɦ 

ɨɞɧɨɝɨ ɢɡ ɞɜɭɯ ɧɟɡɚɜɢɫɢɦɵɯ ɦɟɯɚɧɢɡɦɨɜ [42], [44]:  

 ɧɚɤɨɩɥɟɧɢɟɦ ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ ɜɛɥɢɡɢ ɜɟɪɲɢɧɵ ɬɪɟɳɢɧɵ ɩɪɢ 

ɰɢɤɥɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟɧɢɢ. 

 ɜɨɞɨɪɨɞɧɵɦ ɨɯɪɭɩɱɢɜɚɧɢɟɦ ɦɚɬɟɪɢɚɥɚ ɜɛɥɢɡɢ ɜɟɪɲɢɧɵ ɪɚɫɬɭɳɟɣ 

ɬɪɟɳɢɧɵ ɡɚ ɫɱɟɬ ɞɟɣɫɬɜɢɹ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ.  

ɇɚ ɪɢɫ. 3.6 ɩɨɤɚɡɚɧɨ ɨɩɪɟɞɟɥɟɧɢɟ ɩɪɟɜɚɥɢɪɭɸɳɟɝɨ ɦɟɯɚɧɢɡɦɚ 

ɪɚɡɪɭɲɟɧɢɹ ɩɪɢ ɩɨɞɪɨɫɬɟ ɬɪɟɳɢɧɵ ɧɚ ɜɟɥɢɱɢɧɭ    0 0

d

ii i
l a l     . 

 

Ɋɢɫ. 3.6 – Ʉ ɨɩɪɟɞɟɥɟɧɢɸ ɩɪɟɜɚɥɢɪɭɸɳɟɝɨ ɦɟɯɚɧɢɡɦɚ ɪɚɡɪɭɲɟɧɢɹ. 

 

ɋɭɬɶ ɦɟɬɨɞɚ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɟɜɚɥɢɪɭɸɳɟɝɨ ɦɟɯɚɧɢɡɦɚ ɨɩɢɫɚɧɚ ɧɢɠɟ ɧɚ 

ɩɪɢɦɟɪɟ i-ɝɨ ɩɨɞɪɨɫɬɚ ɬɪɟɳɢɧɵ ɧɚ ɜɟɥɢɱɢɧɭ  0

d

i i
a l   . Ɉɩɪɟɞɟɥɹɟɬɫɹ 

ɡɚɬɪɚɱɢɜɚɟɦɨɟ ɜɪɟɦɹ ɜ ɫɥɭɱɚɟ ɪɟɚɥɢɡɚɰɢɢ ɬɨɥɶɤɨ ɩɟɪɜɨɝɨ ɦɟɯɚɧɢɡɦɚ 

ɪɚɡɪɭɲɟɧɢɹ (ɭɫɬɚɥɨɫɬɧɨɝɨ), ɤɨɬɨɪɨɟ ɪɚɜɧɨ i

f
t , ɢ ɜ ɫɥɭɱɚɟ ɪɟɚɥɢɡɚɰɢɢ ɬɨɥɶɤɨ 

ɜɬɨɪɨɝɨ ɦɟɯɚɧɢɡɦɚ ɪɚɡɪɭɲɟɧɢɹ (ɜɨɞɨɪɨɞɧɨɝɨ ɨɯɪɭɩɱɢɜɚɧɢɹ ɩɪɢ ɫɬɚɬɢɱɟɫɤɨɦ 

ɧɚɝɪɭɠɟɧɢɢ) i

d
t . ɉɨ ɩɪɚɜɢɥɭ, ɩɪɢɜɟɞɟɧɧɨɦɭ ɧɢɠɟ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɪɟɦɹ  *

f d i
t  , 

ɡɚɬɪɚɱɢɜɚɟɦɨɟ ɧɚ ɩɨɞɪɨɫɬ ɬɪɟɳɢɧɵ ɧɚ ɜɟɥɢɱɢɧɭ  0

d

i i
a l    ɩɪɢ ɰɢɤɥɢɱɟɫɤɨɦ 

ɧɚɝɪɭɠɟɧɢɢ ɷɥɟɦɟɧɬɚ ɤɨɧɫɬɪɭɤɰɢɢ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ ɭɫɥɨɜɢɹɯ ɜɨɡɞɟɣɫɬɜɢɹ 

ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɪɟɦɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ 

ɩɨɞɪɨɫɬɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɨɨɬɧɨɲɟɧɢɸ 
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        *

0 0min ; ,f d d d

f d i i i ii i i
t t a l t a l          (3.4) 

ɝɞɟ  0

d

i i
a l    - ɩɨɞɪɨɫɬ ɬɪɟɳɢɧɵ ɞɥɢɧɵ  0 i

l . 

ȼ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɨɞɟɥɢ ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ ɭɫɬɚɥɨɫɬɧɨɣ ɬɪɟɳɢɧɵ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɢɡɜɟɫɬɧɨɦɭ ɭɪɚɜɧɟɧɢɸ ɉɚɪɢɫɚ-ɗɪɞɨɝɚɧɚ.  

 n

f Il A K   (3.5) 

ɝɞɟ A, n – ɤɨɧɫɬɚɧɬɵ. 

ȼɟɥɢɱɢɧɚ ɩɨɞɪɨɫɬɚ ɬɪɟɳɢɧɵ  0

f

i i
a l   ɩɨ ɭɫɬɚɥɨɫɬɧɨɦɭ ɦɟɯɚɧɢɡɦɭ ɫ 

ɭɱɟɬɨɦ (3.5) ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɨɨɬɧɨɲɟɧɢɸ [136]: 

   n
f f

i i i
a A t f Y l     

 
(3.6) 

ɝɞɟ f –ɱɚɫɬɨɬɚ ɧɚɝɪɭɠɟɧɢɹ. 

Ɇɟɬɨɞɢɤɚ ɨɰɟɧɤɢ ɫɤɨɪɨɫɬɢ ɪɨɫɬɚ ɬɪɟɳɢɧɵ ɩɨ ɦɟɯɚɧɢɡɦɭ ɜɨɞɨɪɨɞɧɨɝɨ 

ɪɚɫɬɪɟɫɤɢɜɚɧɢɹ ɩɪɢ ɫɬɚɬɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟɧɢɢ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɣ ɦɨɠɧɨ 

ɨɩɪɟɞɟɥɢɬɶ d

it  ɩɪɢɜɟɞɟɧɚ ɜ ɝɥɚɜɟ β.  

ɋɱɢɬɚɹ ɩɨɞɪɨɫɬ ɬɪɟɳɢɧɵ l(rp) ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɦ ɪɚɡɦɟɪɭ 

ɩɥɚɫɬɢɱɟɫɤɨɣ ɡɨɧɵ rp<<l, ɚ ɬɚɤɠɟ ɩɪɢɧɹɜ, ɱɬɨ f d

i ia a , ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ 

ɬɪɟɳɢɧɵ ɢ ɞɨɥɝɨɜɟɱɧɨɫɬɶ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɷɥɟɦɟɧɬɚ ɤɨɧɫɬɪɭɤɰɢɢ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɫɯɟɦɟ [33]: 

 
              

    
0 0

0*

0 0

* * *

0

0

, , , , ;
min ;

( ) , , , , ( )

d d

i ii i

i
f d d d

f d ii i i ii i

t

a l a l
l l F X Y l t

tt a l t a l

l t F X Y l t dt l t l t










               
   

 (3.7) 

ɝɞɟ l  - ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ ɬɪɟɳɢɧɵ, 
f

t , 
d

t - ɜɪɟɦɹ ɩɨɞɪɨɫɬɚ ɬɪɟɳɢɧɵ ɧɚ 

ɜɟɥɢɱɢɧɭ  p
l r  ɡɚ ɫɱɟɬ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɦɟɯɚɧɢɡɦɨɜ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  
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3.3 ɑɢɫɥɟɧɧɚɹ ɨɰɟɧɤɚ ɞɨɥɝɨɜɟɱɧɨɫɬɢ ɷɥɟɦɟɧɬɚ ɤɨɧɫɬɪɭɤɰɢɢ, 

ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ ɭɫɥɨɜɢɹɯ ɜɨɡɞɟɣɫɬɜɢɹ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ ɢ 
ɰɢɤɥɢɱɟɫɤɨɝɨ ɧɚɝɪɭɠɟɧɢɹ 

 

ɉɪɨɜɟɞɟɧɧɵɣ ɨɛɡɨɪ ɥɢɬɟɪɚɬɭɪɵ ɩɨɤɚɡɚɥ, ɱɬɨ ɨɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɭɞɟɥɹɸɬ 

ɜɨɩɪɨɫɭ ɪɚɡɪɭɲɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɣ, ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɢɡ 

ɜɵɫɨɤɨɩɪɨɱɧɵɯ ɫɬɚɥɟɣ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɭɫɥɨɜɢɹɯ ɜɨɡɞɟɣɫɬɜɢɹ 

ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɢɯ ɫɪɟɞ ɢ ɰɢɤɥɢɱɟɫɤɨɝɨ ɧɚɝɪɭɠɟɧɢɹ [43]. ȼ ɨɫɧɨɜɧɨɦ, 

ɚɜɬɨɪɚɦɢ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɬɚɤɢɟ ɫɬɚɥɢ ɤɚɤ AISI 4340 (40ɏɇβɆ), AISI 4335 ɢ 

ɞɪɭɝɢɟ ɫɬɚɥɢ ɫɨ ɫɯɨɠɢɦ ɯɢɦɢɱɟɫɤɢɦ ɫɨɫɬɚɜɨɦ [96], [75], [112], [104]. ɂɡ 

ɬɚɤɢɯ ɫɬɚɥɟɣ ɢɡɝɨɬɚɜɥɢɜɚɸɬ ɛɨɥɬɵ ɞɥɹ ɚɜɢɚɰɢɨɧɧɨɣ ɢ ɚɜɬɨɦɨɛɢɥɶɧɨɣ 

ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ.  

ɑɢɫɥɟɧɧɚɹ ɨɰɟɧɤɚ ɞɨɥɝɨɜɟɱɧɨɫɬɢ ɷɥɟɦɟɧɬɚ ɤɨɧɫɬɪɭɤɰɢɢ ɫ ɬɪɟɳɢɧɨɣ 

ɧɨɪɦɚɥɶɧɨɝɨ ɨɬɪɵɜɚ ɜ ɛɟɫɤɨɧɟɱɧɨɣ ɩɥɚɫɬɢɧɟ ɜ ɭɫɥɨɜɢɹɯ ɜɨɡɞɟɣɫɬɜɢɹ 

ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ ɩɪɢ ɰɢɤɥɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟɧɢɢ ɩɪɨɜɟɞɟɧɚ ɩɪɢ 

ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɢɡ ɬɚɛɥɢɰɵ 3.1. ȼ ɪɚɫɱɟɬɚɯ ɛɵɥɨ ɩɪɢɧɹɬɨ, ɱɬɨ ɜ ɧɚɱɚɥɶɧɵɣ 

ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɜɨɞɨɪɨɞ ɜ ɦɚɬɟɪɢɚɥɟ ɨɛɪɚɡɰɚ ɨɬɫɭɬɫɬɜɨɜɚɥ. 

 

Ɍɚɛɥɢɰɚ 3.1 - ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɨɰɟɧɤɢ ɞɨɥɝɨɜɟɱɧɨɫɬɢ ɨɛɪɚɡɰɚ ɫ 

ɬɪɟɳɢɧɨɣ I ɬɢɩɚ 

   f A n 
*

IcK  0

IcK  

[Ɇɉɚ] [ɫ-1
] 

  n

ɦ МПɚ ɦ

цɢɤɥ

      
  Ɇɉɚ ɦ    

140 1.2 1,095·10-12
 3,24 10 80 

 

Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 3.1 

0

d
a    B      lg([Y]) L0 

[ɦ]      2

ɤɝ ɦ
lg

ɫ
     [ɦ] 

10
-5

 2 2 10 0,05 1.5 -19,094 var. 
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Ɋɚɫɱɟɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɪɚɡɦɟɪɚɯ ɧɚɱɚɥɶɧɵɯ ɞɟɮɟɤɬɨɜ. ɇɚ 

ɪɢɫ. 3.7 ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɚɜɬɨɪɨɦ ɫ ɩɨɦɨɳɶɸ ɨɩɢɫɚɧɧɨɣ 

ɜɵɲɟ ɦɟɬɨɞɢɤɢ ɨɰɟɧɤɢ ɞɨɥɝɨɜɟɱɧɨɫɬɢ. 



97 

 

Ɋɢɫ. 3.7 - Ɉɰɟɧɤɚ ɞɨɥɝɨɜɟɱɧɨɫɬɢ ɷɥɟɦɟɧɬɚ ɤɨɧɫɬɪɭɤɰɢɢ ɢɡ ɫɬɚɥɢ AISI 4340 ɩɪɢ ɰɢɤɥɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟɧɢɢ ɜ ɜɨɞɨɪɨɞɧɨɣ 

ɫɪɟɞɟ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɡɦɟɪɚ ɧɚɱɚɥɶɧɨɝɨ ɞɟɮɟɤɬɚ (R=0, f=1,2 Ƚɰ), ɩɨɥɭɱɟɧɨ ɚɜɬɨɪɨɦ ɜ [120], [135]: 

1
h
, 2

h
, 3

h
, h – ɰɢɤɥɢɱɟɫɤɨɟ ɧɚɝɪɭɠɟɧɢɟ ɜ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɟ;  

1
f
, 2

f
,3

f
, f – ɰɢɤɥɢɱɟɫɤɨɟ ɧɚɝɪɭɠɟɧɢɟ ɜ ɢɧɟɪɬɧɨɣ ɫɪɟɞɟ. 
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ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɪɚɫɱɟɬɨɜ, ɪɟɡɭɥɶɬɚɬɵ ɤɨɬɨɪɵɯ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 3.7, 

ɛɵɥɢ ɜɵɹɜɥɟɧɵ ɨɛɥɚɫɬɢ ɞɨɦɢɧɢɪɨɜɚɧɢɹ ɪɚɡɥɢɱɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɪɚɡɪɭɲɟɧɢɹ 

ɩɪɢ ɪɚɫɫɦɨɬɪɟɧɢɢ ɤɢɧɟɬɢɤɢ ɬɪɟɳɢɧ ɜ ɷɥɟɦɟɧɬɟ ɤɨɧɫɬɪɭɤɰɢɢ ɩɪɢ 

ɰɢɤɥɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟɧɢɢ ɫ ɭɱɟɬɨɦ ɜɥɢɹɧɢɹ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ. ɇɚ 

ɤɪɢɜɨɣ 1h ɨɛɨɡɧɚɱɟɧɵ ɭɱɚɫɬɤɢ FC ɢ HC, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɩɪɟɜɚɥɢɪɭɸɳɢɣ 

ɦɟɯɚɧɢɡɦ ɪɚɡɪɭɲɟɧɢɹ: ɜɨɞɨɪɨɞɧɨɟ ɪɚɫɬɪɟɫɤɢɜɚɧɢɟ ɢ ɭɫɬɚɥɨɫɬɶ, 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ʉɚɤ ɜɢɞɧɨ ɩɨ ɤɪɢɜɨɣ 1h
, ɧɚɱɚɥɶɧɚɹ ɬɪɟɳɢɧɚ ɧɚɱɚɥɚ ɪɚɫɬɢ ɩɨ 

ɭɫɬɚɥɨɫɬɧɨɦɭ ɦɟɯɚɧɢɡɦɭ (FC), ɩɨɫɥɟ ɩɪɨɯɨɠɞɟɧɢɹ ɬɨɱɤɢ 1

1P  ɪɨɫɬ ɬɪɟɳɢɧɵ 

ɩɪɨɢɫɯɨɞɢɥ ɩɨ ɦɟɯɚɧɢɡɦɭ ɜɨɞɨɪɨɞɧɨɝɨ ɪɚɫɬɪɟɫɤɢɜɚɧɢɹ (HC), ɡɚɬɟɦ ɩɨɫɥɟ 

ɩɪɨɯɨɠɞɟɧɢɹ ɬɨɱɤɢ 1

2P  ɩɪɟɜɚɥɢɪɭɸɳɢɦ ɦɟɯɚɧɢɡɦɨɦ ɜɧɨɜɶ ɫɬɚɥ 

ɭɫɬɚɥɨɫɬɧɵɣ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ ɬɪɟɳɢɧɨɣ ɨɛɥɚɫɬɢ UC 

ɟɟ ɯɚɪɚɤɬɟɪ ɫɬɚɧɨɜɢɬɫɹ ɥɚɜɢɧɨɨɛɪɚɡɧɵɦ, ɢ ɞɨɥɝɨɜɟɱɧɨɫɬɶ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ 

ɷɥɟɦɟɧɬɚ ɤɨɧɫɬɪɭɤɰɢɢ ɫɱɢɬɚɟɬɫɹ ɜɵɪɚɛɨɬɚɧɧɨɣ ɢ ɫɨɫɬɚɜɥɹɟɬ  *

1f d
t   ɞɥɹ 

ɬɪɟɳɢɧɵ ɪɚɫɬɭɳɟɣ ɩɨ ɤɪɢɜɨɣ 1h
. 

Ʉɪɢɜɵɟ L(t) ɩɪɢ ɰɢɤɥɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟɧɢɢ ɷɥɟɦɟɧɬɚ ɤɨɧɫɬɪɭɤɰɢɢ ɫ 

ɬɪɟɳɢɧɨɣ ɧɨɪɦɚɥɶɧɨɝɨ ɨɬɪɵɜɚ ɩɨɥɭɱɟɧɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɮɨɪɦɭɥɵ ɉɚɪɢɫɚ. 

ɇɚ ɪɢɫ. 3.7, ɨɛɨɡɧɚɱɟɧ ɢɧɬɟɪɜɚɥ   
1

h

f f d
t   , ɤɨɬɨɪɵɣ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɪɚɡɧɢɰɭ 

ɜ ɞɨɥɝɨɜɟɱɧɨɫɬɢ ɷɥɟɦɟɧɬɚ ɤɨɧɫɬɪɭɤɰɢɢ ɜ ɢɧɟɪɬɧɨɣ ɫɪɟɞɟ (ɤɪɢɜɚɹ 1f) ɩɪɢ 

ɰɢɤɥɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟɧɢɢ ɢ ɞɨɥɝɨɜɟɱɧɨɫɬɢ ɚɧɚɥɨɝɢɱɧɨɝɨ ɷɥɟɦɟɧɬɚ 

ɤɨɧɫɬɪɭɤɰɢɢ ɜ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɟ (ɤɪɢɜɚɹ 1h). Ʉɚɤ ɜɢɞɧɨ, ɫ 

ɭɜɟɥɢɱɟɧɢɟɦ ɧɚɱɚɥɶɧɨɣ ɞɥɢɧɵ ɬɪɟɳɢɧɵ L0 ɷɬɚ ɜɟɥɢɱɢɧɚ ɭɦɟɧɶɲɚɟɬɫɹ. ȼ 

ɬɚɤɨɦ ɫɥɭɱɚɟ, ɫɭɳɟɫɬɜɭɟɬ ɤɪɢɜɚɹ (βf
=2

h
), ɜ ɤɨɬɨɪɨɣ ɜɨɞɨɪɨɞɧɨɟ 

ɪɚɫɬɪɟɫɤɢɜɚɧɢɟ ɧɢɤɨɝɞɚ ɧɟ ɹɜɥɹɟɬɫɹ ɩɪɟɜɚɥɢɪɭɸɳɢɦ ɦɟɯɚɧɢɡɦɨɦ 

ɪɚɡɪɭɲɟɧɢɹ. ɉɨɷɬɨɦɭ ɬɪɟɳɢɧɵ ɫ ɧɚɱɚɥɶɧɨɣ ɞɥɢɧɨɣ L0≥L0cr ɪɚɡɜɢɜɚɸɬɫɹ 

ɬɨɥɶɤɨ ɩɨ ɭɫɬɚɥɨɫɬɧɨɦɭ ɦɟɯɚɧɢɡɦɭ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɢɯ ɪɨɫɬ ɩɪɨɢɫɯɨɞɢɬ 

ɬɨɥɶɤɨ ɜ ɨɛɥɚɫɬɢ FC*. ɉɪɨɜɨɞɹ ɪɹɞ ɜɵɱɢɫɥɟɧɢɣ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɝɪɚɧɢɰɵ 

ɨɛɥɚɫɬɟɣ FC, HC, FC* ɢ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɩɨɞɟɥɢɬɶ ɞɢɚɝɪɚɦɦɭ L(t), ɱɬɨ 

ɩɨɡɜɨɥɢɬ ɜɵɹɜɢɬɶ ɜɥɢɹɧɢɟ ɜɨɞɨɪɨɞɧɨɝɨ ɪɚɫɬɪɟɫɤɢɜɚɧɢɹ ɧɚ ɤɢɧɟɬɢɤɭ 

ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɬɪɟɳɢɧɵ ɧɨɪɦɚɥɶɧɨɝɨ ɨɬɪɵɜɚ. Ƚɨɪɢɡɨɧɬɚɥɶɧɚɹ ɥɢɧɢɹ ɧɚ 
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ɪɢɫ. 3.7 ɨɩɢɫɵɜɚɟɬ ɪɚɡɪɭɲɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɷɥɟɦɟɧɬɚ ɫ ɬɪɟɳɢɧɨɣ I 

ɬɢɩɚ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ ɢ ɫɬɚɬɢɱɟɫɤɨɝɨ ɧɚɝɪɭɠɟɧɢɹ. 

ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɞɢɚɝɪɚɦɦɚɦ, ɩɪɢ ɡɚɪɚɧɟɟ ɢɡɜɟɫɬɧɨɣ ɞɨɥɝɨɜɟɱɧɨɫɬɢ 

ɷɥɟɦɟɧɬɚ ɤɨɧɫɬɪɭɤɰɢɢ ɫ ɬɪɟɳɢɧɨɣ I-ɬɢɩɚ ɜ ɭɫɥɨɜɢɹɯ ɜɨɡɞɟɣɫɬɜɢɹ 

ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ, ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɪɟɞɟɥɶɧɭɸ ɜɟɥɢɱɢɧɭ ɞɟɮɟɤɬɚ 

ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɷɥɟɦɟɧɬɟ ɤɨɧɫɬɪɭɤɰɢɢ. 

ɇɚɱɚɥɶɧɚɹ ɞɥɢɧɚ ɬɪɟɳɢɧɵ L0cr, ɜɵɲɟ ɤɨɬɨɪɨɣ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɚɹ 

ɫɪɟɞɚ ɧɟ ɨɤɚɡɵɜɚɟɬ ɜɥɢɹɧɢɹ ɧɚ ɪɚɡɜɢɬɢɟ ɬɪɟɳɢɧɵ, ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ 

ɱɢɫɥɟɧɧɨ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɷɬɨ ɜɨɡɦɨɠɧɨ, ɬ.ɤ. ɢɡ ɪɢɫ. 3.7 ɫɥɟɞɭɟɬ, ɱɬɨ 

   0
f f d

t     ɩɪɢ 0 0crL L . ɇɚ ɪɢɫ. 3.8 ɩɪɢɜɟɞɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ 

   0f f d
t L      ɞɥɹ ɞɚɧɧɵɯ, ɩɪɢɜɟɞɟɧɧɵɯ ɜ ɬɚɛɥɢɰɟ 3.1ɩɪɢ ɪɚɡɥɢɱɧɵɯ 

ɡɧɚɱɟɧɢɹɯ   . 

 

Ɋɢɫ. 3.8 - Ʉ ɨɩɪɟɞɟɥɟɧɢɸ L0cr ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɹɯ ɪɚɡɦɚɯɚ 

ɧɚɩɪɹɠɟɧɢɣ (Ɇɉɚ) [118]. 

Ʉɚɤ ɜɢɞɧɨ ɩɨ ɪɢɫ. 3.8, ɫ ɪɨɫɬɨɦ ɪɚɡɦɚɯɚ ɧɚɩɪɹɠɟɧɢɣ    ɡɧɚɱɟɧɢɟ L0cr 

ɭɦɟɧɶɲɚɟɬɫɹ, ɱɬɨ ɢ ɫɥɟɞɨɜɚɥɨ ɨɠɢɞɚɬɶ. 
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3.4 ȼɥɢɹɧɢɟ ɱɚɫɬɨɬɵ ɧɚɝɪɭɠɟɧɢɹ ɧɚ ɨɩɪɟɞɟɥɟɧɢɟ ɞɨɦɢɧɢɪɭɸɳɟɝɨ 

ɦɟɯɚɧɢɡɦɚ ɪɨɫɬɚ ɬɪɟɳɢɧɵ 

 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜɥɢɹɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɦɟɯɚɧɢɡɦɨɜ ɪɚɡɪɭɲɟɧɢɹ ɧɚ 

ɪɨɫɬ ɬɪɟɳɢɧɵ ɜ ɨɛɪɚɡɰɟ ɩɪɢ ɟɝɨ ɰɢɤɥɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟɧɢɢ ɜ 

ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɟ ɛɵɥɚ ɪɚɫɫɦɨɬɪɟɧɚ ɦɨɞɟɥɶɧɚɹ ɡɚɞɚɱɚ ɨ ɪɚɫɬɹɠɟɧɢɢ 

ɛɟɫɤɨɧɟɱɧɨɣ ɩɥɚɫɬɢɧɵ ɫ ɬɪɟɳɢɧɨɣ ɩɟɪɜɨɝɨ ɬɢɩɚ. ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɪɨɫɬɚ ɬɪɟɳɢɧɵ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.1. ȼ ɧɚɫɬɨɹɳɢɯ 

ɪɚɫɱɟɬɚɯ ɜɚɪɶɢɪɨɜɚɥɚɫɶ ɧɟ ɬɨɥɶɤɨ ɧɚɱɚɥɶɧɚɹ ɞɥɢɧɚ ɬɪɟɳɢɧɵ, ɧɨ ɢ ɱɚɫɬɨɬɚ 

ɧɚɝɪɭɠɟɧɢɹ. ɉɪɢɱɟɦ ɞɥɹ ɨɞɢɧɚɤɨɜɵɯ ɱɚɫɬɨɬ ɧɚɝɪɭɠɟɧɢɹ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ 

ɪɚɫɱɟɬɵ ɤɚɤ ɞɥɹ ɫɥɭɱɚɹ ɜɨɡɞɟɣɫɬɜɢɹ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɸɳɟɣ ɫɪɟɞɵ ɧɚ ɨɛɪɚɡɟɰ, 

ɬɚɤ ɢ ɞɥɹ ɫɥɭɱɚɹ ɜɨɡɞɟɣɫɬɜɢɹ ɢɧɟɪɬɧɨɣ ɫɪɟɞɵ.  

ɂɡ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɚɧɚɥɢɡɚ, ɩɪɨɜɟɞɟɧɧɨɝɨ ɜ [20], ɫɥɟɞɭɟɬ, ɱɬɨ  

* *

( ) 0 ( ) 0lim ( , , 0) lim ( , , 0).
f f h f f h

t L f t L f         (3.8) 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɪɨɜɟɞɟɧɧɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɛɵɥɚ 

ɩɨɥɭɱɟɧɚ ɞɢɚɝɪɚɦɦɚ, ɩɪɢɜɟɞɟɧɧɚɹ ɧɚ ɪɢɫ. 3.9. 

 

Ɋɢɫ. 3.9 – Ʉɪɢɜɵɟ *

( ) 0( , var., var.)
f h

t L f     ɞɥɹ ɱɚɫɬɨɬ f={0,3, 1,0, 6,0} 

Ƚɰ. 
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ɇɚ ɪɢɫ. 3.9 ɩɪɢɜɟɞɟɧɵ ɬɪɢ ɩɚɪɵ ɤɪɢɜɵɯ, ɩɨɥɭɱɟɧɧɵɯ ɞɥɹ ɢɧɟɪɬɧɨɣ ɢ 

ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞ, ɞɥɹ ɪɚɡɧɵɯ ɡɧɚɱɟɧɢɣ ɱɚɫɬɨɬ ɧɚɝɪɭɠɟɧɢɹ, 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɂɡ ɚɧɚɥɢɡɚ ɩɨɥɭɱɟɧɧɵɯ ɩɚɪ ɤɪɢɜɵɯ ɫɥɟɞɭɟɬ, ɱɬɨ ɞɥɹ 

ɜɵɛɪɚɧɧɵɯ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɫɭɳɟɫɬɜɭɟɬ ɧɟɤɨɬɨɪɚɹ ɬɨɱɤɚ, ɩɨɫɥɟ ɞɨɫɬɢɠɟɧɢɹ 

ɤɨɬɨɪɵɯ ɤɪɢɜɵɟ *

( ) 0( )
f h

t L  
ɞɥɹ ɢɧɟɪɬɧɨɣ ɢ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɢɯ ɫɪɟɞ ɩɪɢ 

ɨɞɢɧɚɤɨɜɵɯ ɱɚɫɬɨɬɚɯ ɧɚɝɪɭɠɟɧɢɹ ɫɬɚɧɨɜɹɬɫɹ ɢɞɟɧɬɢɱɧɵɦɢ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ 

ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɦɨɠɧɨ ɩɪɨɜɟɫɬɢ ɧɟɤɨɬɨɪɭɸ ɤɪɢɜɭɸ (ɩɨɤɚɡɚɧɧɭɸ 

ɤɪɚɫɧɵɦ ɰɜɟɬɨɦ ɧɚ ɪɢɫ. 3.9), ɪɚɡɞɟɥɹɸɳɭɸ ɪɚɫɫɦɚɬɪɢɜɚɟɦɭɸ ɨɛɥɚɫɬɶ 
*

( ) 0( )
f h

t L  ɧɚ ɩɨɞɨɛɥɚɫɬɢ. Ɇɨɠɧɨ ɜɵɞɟɥɢɬɶ ɨɛɥɚɫɬɶ, ɜ ɤɨɬɨɪɨɣ ɞɨɦɢɧɢɪɭɸɳɢɦ 

ɩɪɨɰɟɫɫɨɦ ɪɚɡɪɭɲɟɧɢɹ ɹɜɥɹɟɬɫɹ ɜɨɞɨɪɨɞɧɨɟ ɪɚɫɬɪɟɫɤɢɜɚɧɢɟ. Ɍɚɤɠɟ ɦɨɠɧɨ 

ɨɩɪɟɞɟɥɢɬɶ ɨɛɥɚɫɬɶ, ɜ ɤɨɬɨɪɨɣ ɞɨɦɢɧɢɪɭɸɳɢɦ ɩɪɨɰɟɫɫɨɦ ɪɚɡɪɭɲɟɧɢɹ 

ɹɜɥɹɟɬɫɹ ɭɫɬɚɥɨɫɬɧɨɟ ɧɚɤɨɩɥɟɧɢɟ ɩɨɜɪɟɠɞɟɧɢɣ ɜɛɥɢɡɢ ɜɟɪɲɢɧɵ ɬɪɟɳɢɧɵ 

(ɧɟɫɦɨɬɪɹ ɧɚ ɧɚɥɢɱɢɟ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ ɜɛɥɢɡɢ ɜɟɪɲɢɧɵ ɬɪɟɳɢɧɵ). 

ɂɡ ɚɧɚɥɢɡɚ ɝɪɚɧɢɰɵ ɭɤɚɡɚɧɧɵɯ ɨɛɥɚɫɬɟɣ ɦɨɠɧɨ ɭɫɬɚɧɨɜɢɬɶ, ɱɬɨ ɫɭɳɟɫɬɜɭɟɬ 

ɧɟɤɨɬɨɪɚɹ ɱɚɫɬɨɬɚ ɧɚɝɪɭɠɟɧɢɹ f**
=f2, ɹɜɥɹɸɳɚɹɫɹ ɨɪɞɢɧɚɬɨɣ ɷɤɫɬɪɟɦɭɦɚ ɞɥɹ 

ɩɨɥɭɱɟɧɧɨɣ ɤɪɢɜɨɣ. Ⱦɚɧɧɚɹ ɱɚɫɬɨɬɚ ɹɜɥɹɟɬɫɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɩɚɪɵ ɫɪɟɞɚ-

ɦɟɬɚɥɥ. 

 

3.5 ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱɟɬɚ ɫ ɞɚɧɧɵɦɢ ɞɪɭɝɢɯ ɚɜɬɨɪɨɜ 

 

Ȼɵɥɨ ɩɪɨɜɟɞɟɧɨ ɫɨɩɨɫɬɚɜɥɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɨɰɟɧɤɢ ɫɤɨɪɨɫɬɢ ɪɨɫɬɚ 

ɬɪɟɳɢɧɵ ɩɪɢ ɰɢɤɥɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɟ ɜ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɟ, ɩɨɥɭɱɟɧɧɨɣ 

ɫ ɩɨɦɨɳɶɸ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɟɬɨɞɢɤɢ, ɫ ɢɡɜɟɫɬɧɵɦɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ 

ɞɚɧɧɵɦɢ [78Ж. ɗɤɫɩɟɪɢɦɟɧɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɧɚ ɤɨɦɩɚɤɬɧɵɯ ɨɛɪɚɡɰɚɯ (8ɯ90ɯ95 

ɦɦ) ɢɡ ɚɭɫɬɟɧɢɬɧɨɣ ɫɬɚɥɢ 40ɏ, ɚɫɢɦɦɟɬɪɢɹ ɰɢɤɥɚ R=0,1 ɢ ɱɚɫɬɨɬɟ f=20 Ƚɰ.  

Ʉ-ɬɚɪɢɪɨɜɤɚ ɞɥɹ ɤɨɦɩɚɤɬɧɵɯ ɨɛɪɚɡɰɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ [130] 
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 (3.9) 

ɝɞɟ W –ɲɢɪɢɧɚ ɤɨɦɩɚɤɬɧɨɝɨ ɨɛɪɚɡɰɚ. 

Ɉɫɬɚɥɶɧɵɟ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɩɪɢɜɟɞɟɧɵ ɜ 

ɬɚɛɥɢɰɟ ɧɢɠɟ. 

 

Ɍɚɛɥɢɰɚ 3.2 - ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɨɰɟɧɤɢ ɫɤɨɪɨɫɬɢ ɪɨɫɬɚ ɬɪɟɳɢɧɵ ɜ 

ɤɨɦɩɚɤɬɧɨɦ ɨɛɪɚɡɰɟ ɢɡ ɫɬɚɥɢ 40ɏ 

I
K  A n 

*

IcK  0

IcK  

[Ɇɉɚ] 
  n

ɦ МПɚ ɦ

цɢɤɥ

      
  Ɇɉɚ ɦ    

 5,0·10
-10

 3,3 3 25 

 

Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 3.2 

0

d
a    B      lg([Y]) 

[ɦ]      2

ɤɝ ɦ
lg

ɫ
     

10
-5

 2 2 10 0,2 1.5 -21,094 

 

ɉɨɥɭɱɟɧɧɚɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɢɹ ɪɚɫɱɟɬɚ ɤɪɢɜɚɹ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ. 

3.10. 



103 

 

Ɋɢɫ. 3.10 - Ʉɪɢɜɚɹ ɫɤɨɪɨɫɬɢ ɪɨɫɬɚ ɬɪɟɳɢɧɵ. 

 

ɋɩɥɨɲɧɨɣ ɥɢɧɢɟɣ ɧɚ ɪɢɫ. 3.10 ɩɪɟɞɫɬɚɜɥɟɧɚ ɤɪɢɜɚɹ, ɩɨɥɭɱɟɧɧɚɹ ɫ 

ɩɨɦɨɳɶɸ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɟɬɨɞɢɤɢ, ɬɨɱɤɢ – ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɢɡ 

[78]. ɋɨɜɩɚɞɟɧɢɟ ɤɪɢɜɨɣ ɫ ɬɨɱɤɚɦɢ ɧɟ ɹɜɥɹɟɬɫɹ ɩɨɥɧɵɦ, ɩɨɫɤɨɥɶɤɭ ɢɫɯɨɞɧɵɟ 

ɞɚɧɧɵɟ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɛɵɥɢ ɜɡɹɬɵ ɢɡ ɪɚɡɥɢɱɧɵɯ ɢɫɬɨɱɧɢɤɨɜ. ɇɟɫɦɨɬɪɹ 

ɧɚ ɷɬɨɬ ɮɚɤɬ, ɩɨɥɭɱɟɧɧɚɹ ɤɪɢɜɚɹ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨ ɤɨɪɪɟɥɢɪɭɟɬ ɫ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ. 

Ɍɚɤɠɟ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɪɨɫɬɚ ɬɪɟɳɢɧɵ, 

ɩɨɥɭɱɟɧɧɵɯ ɫ ɩɨɦɨɳɶɸ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɟɬɨɞɢɤɢ ɫ ɚɧɚɥɨɝɢɱɧɵɦɢ 

ɪɟɡɭɥɶɬɚɬɚɦɢ, ɩɪɢɜɟɞɟɧɧɵɦɢ ɜ [67]. ȼ ɱɚɫɬɧɨɫɬɢ, ɜ ɭɤɚɡɚɧɧɨɣ ɪɚɛɨɬɟ ɛɵɥɢ 

ɩɪɢɜɟɞɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɫɤɨɪɨɫɬɢ ɪɨɫɬɚ 

ɬɪɟɳɢɧ ɜ ɬɪɭɛɧɨɣ ɫɬɚɥɢ ɬɢɩɚ X42 ɩɪɢ ɞɟɣɫɬɜɢɢ ɰɢɤɥɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ ɢ 

ɚɝɪɟɫɫɢɜɧɨɣ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ. Ʉɪɢɜɵɟ, ɩɨɥɭɱɟɧɧɵɟ ɚɜɬɨɪɚɦɢ ɩɪɢ 

ɩɪɨɜɟɞɟɧɢɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɛɵɥɢ ɫɨɩɨɫɬɚɜɥɟɧɵ ɫ ɤɪɢɜɵɦɢ, 

ɩɨɥɭɱɟɧɧɵɦɢ ɫ ɩɨɦɨɳɶɸ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɜ ɞɚɧɧɨɣ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ 

ɦɟɬɨɞɢɤɢ. ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɛɵɥɢ ɜɡɹɬɵ 

ɢɡ [67] ɢ ɞɪɭɝɢɯ ɢɫɬɨɱɧɢɤɨɜ. ɇɚ ɪɢɫ. 3.11 ɩɪɢɜɟɞɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢ 

«ɬɟɨɪɟɬɢɱɟɫɤɚɹ» ɤɪɢɜɵɟ ɫɤɨɪɨɫɬɢ ɪɨɫɬɚ ɬɪɟɳɢɧɵ. 
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Ɋɢɫ. 3.11 – ɋɤɨɪɨɫɬɢ ɪɨɫɬɚ ɬɪɟɳɢɧɵ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɡɦɚɯɚ. 

 

ɂɡ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ, ɩɪɢɜɟɞɟɧɧɵɯ ɧɚ ɪɢɫ. 3.11, ɩɨɥɭɱɟɧɧɵɟ ɫ ɩɨɦɨɳɶɸ 

ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɟɬɨɞɢɤɢ ɤɪɢɜɵɟ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨ ɫɯɨɞɹɬɫɹ ɫ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ. 
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4 Ƚɥɚɜɚ 4. ɉɪɢɦɟɧɟɧɢɟ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɟɬɨɞɢɤɢ ɞɥɹ ɪɚɫɱɟɬɚ ɬɢɩɨɜɵɯ 

ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɣ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɭɫɥɨɜɢɹɯ ɰɢɤɥɢɱɟɫɤɨɝɨ 
ɧɚɝɪɭɠɟɧɢɹ ɢ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ 

 

4.1 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɪɚɡɪɭɲɟɧɢɹ ɪɟɡɶɛɨɜɨɝɨ ɷɥɟɦɟɧɬɚ 

 

Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɦɟɬɨɞɢɤɚ ɩɨɤɚɡɚɥɚ ɫɜɨɸ ɚɞɟɤɜɚɬɧɨɫɬɶ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ 

ɦɧɨɠɟɫɬɜɚ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ, ɩɪɢɜɟɞɟɧɧɵɯ ɜ ɝɥɚɜɟ β, ɚ ɬɚɤɠɟ 

ɝɥɚɜɟ γ. Ʉɪɨɦɟ ɬɨɝɨ, ɛɵɥɨ ɩɨɤɚɡɚɧɨ ɤɚɱɟɫɬɜɟɧɧɨɟ ɫɨɜɩɚɞɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ, 

ɩɨɥɭɱɟɧɧɵɯ ɫ ɩɨɦɨɳɶɸ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɟɬɨɞɢɤɢ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 

ɞɚɧɧɵɯ, ɩɨɥɭɱɟɧɧɵɯ ɞɪɭɝɢɦɢ ɚɜɬɨɪɚɦɢ [64].  

Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɱɚɫɬɨɣ ɩɪɢɱɢɧɨɣ ɜɵɯɨɞɚ ɢɡ ɫɬɪɨɹ ɛɨɥɬɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ, 

ɤɨɧɬɚɤɬɢɪɭɸɳɢɯ ɫ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɨɣ ɹɜɥɹɟɬɫɹ ɜɨɞɨɪɨɞɧɨɟ 

ɨɯɪɭɩɱɢɜɚɧɢɟ [86], [143]. ɉɨɷɬɨɦɭ ɜ ɞɚɧɧɨɦ ɩɚɪɚɝɪɚɮɟ ɩɨɤɚɡɚɧ ɩɪɢɦɟɪ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɢɜɟɞɟɧɧɨɣ ɜ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɦɟɬɨɞɢɤɢ ɞɥɹ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɪɚɡɪɭɲɟɧɢɹ ɪɟɡɶɛɨɜɨɝɨ ɷɥɟɦɟɧɬɚ: ɛɨɥɬ Ɇ115 ɢɡ ɫɬɚɥɢ 

40ɏɇβɆ. 

Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɛɨɥɬɚ ɫ ɤɨɥɶɰɟɜɨɣ ɬɪɟɳɢɧɨɣ, ɪɚɫɩɨɥɨɠɟɧɧɨɣ ɜɨ 

ɜɩɚɞɢɧɟ ɪɟɡɶɛɵ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ. 4.1. 

 

Ɋɢɫ. 4.1 – Ʉɨɥɶɰɟɜɚɹ ɬɪɟɳɢɧɚ ɜ ɤɨɪɧɟ ɡɭɛɚ ɪɟɡɶɛɵ ɛɨɥɬɚ. 

 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ, ɧɟɨɛɯɨɞɢɦɵɟ ɩɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɩɪɢɜɟɞɟɧɵ ɜ 

ɬɚɛɥɢɰɟ 4.1.  
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Ɍɚɛɥɢɰɚ 4.1 - ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɪɚɡɪɭɲɟɧɢɹ ɛɨɥɬɚ  
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Ⱦɥɹ ɬɪɟɳɢɧɵ, ɩɪɢɜɟɞɟɧɧɨɣ ɧɚ ɪɢɫ. 4.1, Ʉɂɇ ɩɨ ɮɪɨɧɬɭ ɬɪɟɳɢɧɵ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ ɧɢɠɟ 

I b
K Y l      , (4.1) 

ɝɞɟ 3

36.5

3

2.4371 e 0.5154 0.4251

l

d

b

l
Y

d

         

 

  

2 3 4

3 3 3

2.4134 15.4491 36.157
l l l

d d d

                      - Ʉ- ɬɨɪɢɪɨɜɤɚ [83]; 

d – ɧɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɪɟɡɶɛɵ ɛɨɥɬɚ (ɫɦ. ɪɢɫ. 4.1). 

Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 4.2 - 4.3. 

ȼɵɱɢɫɥɢɬɟɥɶɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɪɚɡɦɚɯɨɜ 

ɧɚɩɪɹɠɟɧɢɣ ɢ ɧɚɱɚɥɶɧɵɯ ɞɥɢɧ ɬɪɟɳɢɧ, ɭɤɚɡɚɧɧɵɯ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 

ɬɚɛɥɢɰɚɯ ɧɚ ɪɢɫ. 4.2 - 4.3.  
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Ɋɢɫ. 4.2 – Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɪɨɫɬɚ ɤɨɥɶɰɟɜɨɣ ɬɪɟɳɢɧɵ ɜ ɛɨɥɬɟ. 

 

 
Ɋɢɫ. 4.3 – Ɉɰɟɧɤɚ ɞɨɥɝɨɜɟɱɧɨɫɬɢ ɛɨɥɬɚ ɫ ɬɪɟɳɢɧɨɣ. 
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ɇɚ ɪɢɫ. 4.2 ɩɪɢɜɟɞɟɧɵ ɤɪɢɜɵɟ L(tf+d) ɪɨɫɬɚ ɤɨɥɶɰɟɜɨɣ ɬɪɟɳɢɧɵ ɜɨ 

ɜɩɚɞɢɧɟ ɪɟɡɶɛɵ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɪɚɡɦɚɯɨɜ ɧɚɩɪɹɠɟɧɢɣ ɞɥɹ ɢɧɟɪɬɧɨɣ ɢ 

ɚɝɪɟɫɫɢɜɧɨɣ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ. Ʉɚɤ ɜɢɞɧɨ ɢɡ ɚɧɚɥɢɡɚ ɤɪɢɜɵɯ, 

ɩɪɢɜɟɞɟɧɧɵɯ ɧɚ ɪɢɫ. 4.2, ɤɪɢɜɚɹ 4, ɩɨɥɭɱɟɧɧɚɹ ɞɥɹ ɢɧɟɪɬɧɨɣ ɫɪɟɞɵ ɥɟɠɢɬ 

ɧɢɠɟ ɨɫɬɚɥɶɧɵɯ ɬɪɟɯ. ɗɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ ɭɫɤɨɪɟɧɢɢ ɪɨɫɬɚ ɬɪɟɳɢɧɵ ɡɚ 

ɫɱɟɬ ɜɨɡɞɟɣɫɬɜɢɹ ɚɝɪɟɫɫɢɜɧɨɣ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ ɢ ɨɯɪɭɩɱɢɜɚɧɢɹ 

ɦɚɬɟɪɢɚɥɚ ɜɛɥɢɡɢ ɜɟɪɲɢɧɵ ɬɪɟɳɢɧɵ. ɂɡ ɪɚɫɫɦɨɬɪɟɧɢɹ ɩɨɥɭɱɟɧɧɵɯ ɤɪɢɜɵɯ 

1-γ ɫɥɟɞɭɟɬ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɪɚɡɦɚɯɚ ɧɚɩɪɹɠɟɧɢɣ ɞɨɥɝɨɜɟɱɧɨɫɬɶ 

ɤɨɧɫɬɪɭɤɰɢɢ t
*
f+d ɭɦɟɧɶɲɚɟɬɫɹ, ɱɬɨ ɧɟ ɩɪɨɬɢɜɨɪɟɱɢɬ ɮɢɡɢɱɟɫɤɨɦɭ ɫɦɵɫɥɭ 

ɡɚɞɚɱɢ. ɇɚ ɤɪɢɜɵɯ 1-γ, ɩɪɢɜɟɞɟɧɧɵɯ ɧɚ ɪɢɫ. 4.2 ɭɤɚɡɚɧɚ ɬɨɱɤɚ ML, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɫɦɟɧɟ ɞɨɦɢɧɢɪɭɸɳɟɝɨ ɦɟɯɚɧɢɡɦɚ ɪɨɫɬɚ ɬɪɟɳɢɧɵ. Ⱦɨ 

ɞɨɫɬɢɠɟɧɢɹ ɷɬɨɣ ɬɨɱɤɢ ɬɪɟɳɢɧɚ ɪɚɫɩɪɨɫɬɪɚɧɹɥɚɫɶ ɩɨ ɭɫɬɚɥɨɫɬɧɨɦɭ 

ɦɟɯɚɧɢɡɦɭ. Ɂɚɬɟɦ ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɨɞɨɪɨɞɚ ɜɛɥɢɡɢ ɜɟɪɲɢɧɵ ɬɪɟɳɢɧɵ ɫɬɚɥɚ 

ɞɨɫɬɚɬɨɱɧɨɣ ɞɥɹ ɧɚɱɚɥɚ ɞɨɦɢɧɢɪɨɜɚɧɢɹ ɜɨɞɨɪɨɞɧɨɝɨ ɨɯɪɭɩɱɢɜɚɧɢɹ, ɤɚɤ 

ɦɟɯɚɧɢɡɦɚ ɪɨɫɬɚ ɬɪɟɳɢɧɵ. 

ɇɚ ɪɢɫ. 4.3 ɩɪɢɜɟɞɟɧɵ ɤɪɢɜɵɟ ɢɡɦɟɧɟɧɢɹ ɞɨɥɝɨɜɟɱɧɨɫɬɟɣ 

ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɛɨɥɬɚ ɫ ɤɨɥɶɰɟɜɨɣ ɬɪɟɳɢɧɨɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɚɱɚɥɶɧɨɣ 

ɝɥɭɛɢɧɵ ɬɪɟɳɢɧɵ. Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɪɚɫɫɦɨɬɪɟɧɢɹ ɪɢɫ. 4.3, ɤɪɢɜɚɹ 4, 

ɩɨɥɭɱɟɧɧɚɹ ɞɥɹ ɫɥɭɱɚɹ ɪɨɫɬɚ ɬɪɟɳɢɧɵ ɩɪɢ ɰɢɤɥɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟɧɢɢ ɜ 

ɢɧɟɪɬɧɨɣ ɫɪɟɞɟ, ɥɟɠɢɬ ɜɵɲɟ ɨɫɬɚɥɶɧɵɯ ɤɪɢɜɵɯ, ɩɨɥɭɱɟɧɧɵɯ ɞɥɹ ɫɥɭɱɚɹ 

ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɛɨɥɬ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ. ɂɡ ɪɚɫɫɦɨɬɪɟɧɢɹ ɤɪɢɜɵɯ 1-

γ, ɩɪɢɜɟɞɟɧɧɵɯ ɧɚ ɪɢɫ. 4.3, ɫɥɟɞɭɟɬ, ɱɬɨ ɫ ɪɨɫɬɨɦ ɪɚɡɦɚɯɚ ɧɚɩɪɹɠɟɧɢɣ ɞɥɹ 

ɬɪɟɳɢɧ ɨɞɢɧɚɤɨɜɵɯ ɪɚɡɦɟɪɨɜ ɢ ɨɞɢɧɚɤɨɜɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɨɞɨɪɨɞɚ ɜ ɫɪɟɞɟ, 

ɞɨɥɝɨɜɟɱɧɨɫɬɶ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɛɨɥɬɚ ɢɡ ɜɵɫɨɤɨɩɪɨɱɧɨɣ ɫɬɚɥɢ 

ɭɦɟɧɶɲɚɟɬɫɹ, ɱɬɨ ɧɟ ɩɪɨɬɢɜɨɪɟɱɢɬ ɞɚɧɧɵɦ ɞɪɭɝɢɯ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ. 
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4.2 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɪɚɫɬɪɟɫɤɢɜɚɧɢɹ ɷɥɟɦɟɧɬɚ ɬɪɭɛɨɩɪɨɜɨɞɚ 

 

Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɜ ɪɟɚɤɬɨɪɚɯ ɜɨɞɹɧɨɝɨ ɬɢɩɚ (Pressurized Water Reactor) 

ɫɭɳɟɫɬɜɭɸɬ ɷɥɟɦɟɧɬɵ, ɤɨɬɨɪɵɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɦɨɝɭɬ 

ɪɚɡɪɭɲɢɬɶɫɹ ɢɡ-ɡɚ ɜɨɡɞɟɣɫɬɜɢɹ ɰɢɤɥɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ, ɧɚɯɨɞɹɫɶ, ɩɪɢ ɷɬɨɦ, ɜ 

ɭɫɥɨɜɢɹɯ ɜɨɞɨɪɨɞɨɧɚɫɵɳɟɧɢɹ. Ʉ ɬɚɤɢɦ ɷɥɟɦɟɧɬɚɦ ɨɬɧɨɫɹɬɫɹ, ɤ ɩɪɢɦɟɪɭ, 

ɬɟɩɥɨɨɛɦɟɧɧɵɟ ɬɪɭɛɤɢ ɩɚɪɨɝɟɧɟɪɚɬɨɪɚ, ɢɡɝɨɬɨɜɥɟɧɧɵɟ ɢɡ ɫɩɥɚɜɚ ɢɧɤɨɧɟɥɶ 

600. ȼ [89] ɩɪɢɜɟɞɟɧɵ ɞɚɧɧɵɟ, ɱɬɨ ɭɤɚɡɚɧɧɵɟ ɬɪɭɛɤɢ ɧɚɯɨɞɹɬɫɹ ɜ ɤɨɧɬɚɤɬɟ ɫ 

ɩɥɚɫɬɢɧɚɦɢ ɢɡ ɭɝɥɟɪɨɞɢɫɬɨɣ ɫɬɚɥɢ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɜɨɡɧɢɤɧɨɜɟɧɢɸ 

ɝɚɥɶɜɚɧɢɱɟɫɤɨɣ ɤɨɪɪɨɡɢɢ ɜ ɪɚɫɬɜɨɪɟ NaCl (ɤɨɬɨɪɵɣ ɫɨɞɟɪɠɢɬɫɹ ɜ ɦɨɪɫɤɨɣ 

ɜɨɞɟ) ɫ ɚɞɫɨɪɛɰɢɟɣ ɜɨɞɨɪɨɞɚ ɩɨɜɟɪɯɧɨɫɬɶɸ ɬɟɩɥɨɨɛɦɟɧɧɵɯ ɬɪɭɛɨɤ 

ɩɚɪɨɝɟɧɟɪɚɬɨɪɚ.  

Ʉɪɨɦɟ ɬɨɝɨ, ɢɡɜɟɫɬɧɵ ɫɥɭɱɚɢ ɜɧɟɡɚɩɧɨɝɨ ɪɚɡɪɭɲɟɧɢɹ ɝɢɛɨɜ ɢ ɩɪɹɦɵɯ 

ɭɱɚɫɬɤɨɜ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɣ ɢ ɝɚɡɨɜɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɢɡ-ɡɚ 

ɜɨɡɞɟɣɫɬɜɢɹ ɜɨɞɨɪɨɞɚ, ɫɩɨɫɨɛɧɨɝɨ ɧɚɯɨɞɢɬɶɫɹ ɤɚɤ ɜ ɧɚɪɭɠɧɨɣ, ɬɚɤ ɢ ɜ 

ɬɪɚɧɫɩɨɪɬɢɪɭɟɦɨɣ ɫɪɟɞɟ.  

ɇɢɠɟ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧ ɩɪɢɦɟɪ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɢɜɟɞɟɧɧɨɣ ɜ 

ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɦɟɬɨɞɢɤɢ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɪɚɫɬɪɟɫɤɢɜɚɧɢɹ ɬɢɩɨɜɨɝɨ 

ɷɥɟɦɟɧɬɚ ɬɪɭɛɨɩɪɨɜɨɞɚ: ɝɢɛ DN=365 ɦɦ, =31 ɦɦ. Ɋɚɫɫɦɚɬɪɢɜɚɟɦɵɣ ɝɢɛ 

ɢɡɝɨɬɨɜɥɟɧ ɢɡ ɫɬɚɥɢ 10ȽɇβɆɎȺ (T=345 Ɇɉɚ).  

ȼɧɭɬɪɢ ɝɢɛɚ ɬɪɚɧɫɩɨɪɬɢɪɭɟɬɫɹ ɚɝɪɟɫɫɢɜɧɚɹ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɚɹ ɫɪɟɞɚ, 

ɞɚɜɥɟɧɢɟ ɫɪɟɞɵ ɰɢɤɥɢɱɟɫɤɢ ɢɡɦɟɧɹɟɬɫɹ. ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ 

ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ ɤɨɧɬɪɨɥɹ, ɨɛɧɚɪɭɠɟɧɚ ɧɟɫɩɥɨɲɧɨɫɬɶ, ɤɨɬɨɪɭɸ ɦɨɠɧɨ 

ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ ɧɟɫɤɜɨɡɧɨɣ ɩɥɨɫɤɨɣ ɩɨɥɭɷɥɥɢɩɬɢɱɟɫɤɨɣ ɬɪɟɳɢɧɵ, ɤɚɤ 

ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. 4.4. 
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Ɋɢɫ. 4.4 – ɇɟɫɤɜɨɡɧɚɹ ɩɥɨɫɤɚɹ ɩɨɥɭɷɥɥɢɩɬɢɱɟɫɤɚɹ ɬɪɟɳɢɧɚ ɜ ɝɢɛɟ. 

 

ȼ ɧɚɫɬɨɹɳɟɦ ɩɪɢɦɟɪɟ ɛɵɥɨ ɩɪɢɧɹɬɨ, ɱɬɨ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɨɞɨɪɨɞɚ 

ɜɛɥɢɡɢ ɜɟɪɲɢɧɵ ɬɪɟɳɢɧɵ ɩɨɫɬɨɹɧɧɚ ɢ ɧɟ ɫɜɹɡɚɧɚ ɫ ɢɡɦɟɧɟɧɢɟɦ ɞɚɜɥɟɧɢɹ 

ɬɪɚɧɫɩɨɪɬɢɪɭɟɦɨɣ ɫɪɟɞɵ.  

Ɂɧɚɱɟɧɢɹ Ʉɂɇ ɜ ɬɨɱɤɚɯ C ɢ D (ɫɦ. ɪɢɫ. 4.4) ɜɵɱɢɫɥɹɥɢɫɶ ɩɨ ɦɟɬɨɞɢɤɟ, 

ɩɪɢɜɟɞɟɧɧɨɣ ɜ ɧɨɪɦɚɬɢɜɧɨɦ ɞɨɤɭɦɟɧɬɟ [136].  

Ȼɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɚɹ ɦɨɞɟɥɶ (ɄɗɆ) 

ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɝɢɛɚ ɛɟɡ ɬɪɟɳɢɧɵ, ɫɦ. ɪɢɫ. 4.5. 
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Ɋɢɫ. 4.5 – ɄɗɆ ɫ ɝɪɚɧɢɱɧɵɦɢ ɭɫɥɨɜɢɹɦɢ. 

 

ɋ ɩɨɦɨɳɶɸ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɄɗɆ ɛɵɥɨ ɩɨɥɭɱɟɧɨ ɪɚɫɩɪɟɞɟɥɟɧɢɟ 

ɝɥɚɜɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɩɨ ɬɨɥɳɢɧɟ ɝɢɛɚ ɜ ɨɛɥɚɫɬɢ ɩɨɫɬɭɥɢɪɭɟɦɨɝɨ ɞɟɮɟɤɬɚ 

ɬɢɩɚ ɬɪɟɳɢɧɵ ɨɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɞɚɜɥɟɧɢɹ, ɜɨɡɧɢɤɚɸɳɟɝɨ ɜ ɝɢɛɟ, ɫɦ. ɪɢɫ. 4.6 

ɚ). Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɝɥɚɜɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɩɨ ɬɨɥɳɢɧɟ ɫɬɟɧɤɢ (ɬɨɱɤɢ) ɢ ɢɯ 

ɚɩɩɪɨɤɫɢɦɚɰɢɹ (ɫɢɧɹɹ ɤɪɢɜɚɹ) ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 4.6 ɛ). 
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ɚ) ɛ) 

Ɋɢɫ. 4.6 – Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɝɥɚɜɧɵɯ ɧɚɩɪɹɠɟɧɢɣ 1, Ɇɉɚ: 

ɚ) ɩɨ ɜɫɟɣ ɦɨɞɟɥɢ; ɛ) ɚɩɩɪɨɤɫɢɦɚɰɢɹ ɝɥɚɜɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɩɨ ɬɨɥɳɢɧɟ 

ɫɬɟɧɤɢ. 

 

Ⱥɩɩɪɨɤɫɢɦɚɰɢɹ ɝɥɚɜɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɩɪɨɜɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ ɢɡ [136]: 

2 3

0 1 2 3N

x x x

a a a
                        (4.2) 

ɝɞɟ 0 1 2 3, , ,     - ɤɨɷɮɮɢɰɢɟɧɬɵ ɦɧɨɝɨɱɥɟɧɚ. 

ɍɫɥɨɜɧɵɣ Ʉɂɇ ɜ ɬɨɱɤɚɯ ɋ ɢ D (ɞɥɹ a≤0,6) ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

ɧɢɠɟ: 
2 3

0 0 1 1 2 2 3 3I

a a a
K v v v v a      

                        (4.3) 

ɝɞɟ 0 1 2 3, , ,     - ɜɟɫɨɜɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ; 

ȼɵɱɢɫɥɟɧɢɟ ɜɟɫɨɜɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɪɨɜɨɞɢɬɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɬɚɛɭɥɢɪɨɜɚɧɧɵɯ ɡɧɚɱɟɧɢɣ ɢɡ [136] ɩɨ ɮɨɪɦɭɥɚɦ ɧɢɠɟ 

   ( ) ( ) ( )

1 1

1

1
( ) ;C D C D C D

i i i i

i i

v x x x v x x v
x x

 


       (4.4) 
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1 1 , 1 , 1( )
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C D C D
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x x y y x x y y v x x y y v

   
     

                 
 (4.5) 

ɝɞɟ ( ) ( )
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ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɪɚɫɱɟɬɨɜ ɩɨ 

ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɟɬɨɞɢɤɟ ɢ ɧɟ ɩɪɢɜɟɞɟɧɧɵɟ ɧɚ ɪɢɫɭɧɤɚɯ ɜɵɲɟ, ɜɧɟɫɟɧɵ ɜ 

ɬɚɛɥɢɰɭ 4.2. 

 

Ɍɚɛɥɢɰɚ 4.2 - ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɪɚɫɬɪɟɫɤɢɜɚɧɢɹ ɝɢɛɚ 

a0 l0 f A n *

IcK  0

IcK  

[ɦɦ]
 

[c
-1

] 
 -n

ɦ× Ɇɉɚ× ɦ

ɰɢɤɥ

       
 Ɇɉɚ× ɦ    

3,1 6,2 30 5,2x10
-12

 3.3 10 80 

 

ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 4.2 

  0

d
a    B      ζ  

  ДɦɦЖ      2

ɤɝ×ɦ
l g

ɫ
     

2 2 10
-2

 2 2 10 0,05 1,5 -19,094 

 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɟɬɨɜ ɩɨɥɭɱɟɧɵ ɤɪɢɜɵɟ ɪɨɫɬɚ ɬɪɟɳɢɧɵ ɩɨ 

ɪɚɞɢɚɥɶɧɨɦɭ ɢ ɨɤɪɭɠɧɨɦɭ ɧɚɩɪɚɜɥɟɧɢɹɦ. ɋɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɤɪɢɜɵɟ 

ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 4.7 ɚ) ɢ ɛ). 
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ɚ) ɛ) 

Ɋɢɫ. 4.7 – Ʉɢɧɟɬɢɤɚ ɬɪɟɳɢɧɵ (ɩɨɥɭɱɟɧɨ ɚɜɬɨɪɨɦ): 

ɚ) ɪɚɞɢɚɥɶɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ; ɛ) ɨɤɪɭɠɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ. 

1 – ɰɢɤɥɢɱɟɫɤɨɟ ɧɚɝɪɭɠɟɧɢɟ ɜ ɚɝɪɟɫɫɢɜɧɨɣ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɟ; 

2 – ɰɢɤɥɢɱɟɫɤɨɟ ɧɚɝɪɭɠɟɧɢɟ ɜ ɢɧɟɪɬɧɨɣ ɫɪɟɞɟ. 

 

Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɚɧɚɥɢɡɚ ɤɪɢɜɵɯ, ɩɪɢɜɟɞɟɧɧɵɯ ɧɚ ɪɢɫ. 4.7 ɚ) ɢ ɛ), 

ɚɝɪɟɫɫɢɜɧɚɹ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɚɹ ɫɪɟɞɚ ɩɪɢɜɨɞɢɬ ɤ ɭɫɤɨɪɟɧɢɸ ɪɚɡɜɢɬɢɹ 

ɧɟɫɤɜɨɡɧɨɣ ɩɨɥɭɷɥɥɢɩɬɢɱɟɫɤɨɣ ɬɪɟɳɢɧɵ, ɧɚɯɨɞɹɳɟɣɫɹ ɧɚ ɜɧɭɬɪɟɧɧɟɣ 

ɩɨɜɟɪɯɧɨɫɬɢ ɝɢɛɚ. Ʉɪɢɜɵɟ 1 ɢ β ɧɚ ɪɢɫ. 4.7 ɚ) ɢ ɛ) ɞɨ ɞɨɫɬɢɠɟɧɢɹ ɬɨɱɤɢ Ma(l) 

ɢɞɟɧɬɢɱɧɵ. Ɂɚɬɟɦ ɩɪɨɢɫɯɨɞɢɬ ɫɦɟɧɚ ɞɨɦɢɧɢɪɭɸɳɟɝɨ ɦɟɯɚɧɢɡɦɚ ɪɨɫɬɚ 

ɬɪɟɳɢɧɵ, ɫɜɹɡɚɧɧɚɹ ɫ ɬɟɦ, ɱɬɨ ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɨɞɨɪɨɞɚ ɫɬɚɧɨɜɢɬɫɹ 

ɞɨɫɬɚɬɨɱɧɨɣ ɞɥɹ ɧɚɱɚɥɚ ɞɨɦɢɧɢɪɨɜɚɧɢɹ ɜɨɞɨɪɨɞɧɨɝɨ ɨɯɪɭɩɱɢɜɚɧɢɹ, ɤɚɤ 

ɦɟɯɚɧɢɡɦɚ ɨɩɪɟɞɟɥɹɸɳɟɝɨ ɪɨɫɬ ɬɪɟɳɢɧɵ. 
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4.3 ɂɡɦɟɧɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɉɷɪɢɫɚ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɚɝɪɟɫɫɢɜɧɨɣ 

ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ 

 

Ʉɚɤ ɩɨɤɚɡɚɥ ɚɧɚɥɢɡ ɪɚɡɥɢɱɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, ɧɚɩɪɢɦɟɪ [22], [66] [67], 

ɚɝɪɟɫɫɢɜɧɚɹ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɚɹ ɫɪɟɞɚ ɦɨɠɟɬ ɜɥɢɹɬɶ ɧɚ ɩɚɪɚɦɟɬɪɵ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɉɷɪɢɫɚ, ɨɩɢɫɵɜɚɸɳɢɟ ɤɢɧɟɬɢɤɭ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɭɫɬɚɥɨɫɬɧɵɯ 

ɩɪɨɬɹɠɟɧɧɵɯ ɬɪɟɳɢɧ ɧɚ ɭɱɚɫɬɤɟ ɢɯ ɭɫɬɨɣɱɢɜɨɝɨ ɪɨɫɬɚ. ȼ ɧɚɫɬɨɹɳɟɦ 

ɩɚɪɚɝɪɚɮɟ ɩɪɢɜɟɞɟɧ ɩɪɢɦɟɪ ɭɬɨɱɧɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɉɷɪɢɫɚ ɞɥɹ ɨɛɪɚɡɰɚ ɫ 

ɬɪɟɳɢɧɨɣ ɩɟɪɜɨɝɨ ɬɢɩɚ ɢɡ ɫɬɚɥɢ 40ɏɇβɆ ɩɪɢ ɰɢɤɥɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟɧɢɢ ɜ 

ɚɝɪɟɫɫɢɜɧɨɣ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɟ. ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɭɤɚɡɚɧɧɨɣ ɫɬɚɥɢ 

ɩɪɢɜɟɞɟɧ ɜ ɬɚɛɥɢɰɟ 4.3. 

 

Ɍɚɛɥɢɰɚ 4.3 – ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɫɬɚɥɢ 40ɏɇβɆ 

 

 

ɋɨɝɥɚɫɧɨ ɮɨɪɦɭɥɟ ɉɷɪɢɫɚ, ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ ɭɫɬɚɥɨɫɬɧɵɯ ɩɪɨɬɹɠɟɧɧɵɯ 

ɬɪɟɳɢɧ ɧɚ ɭɱɚɫɬɤɟ ɢɯ ɭɫɬɨɣɱɢɜɨɝɨ ɪɨɫɬɚ ɜ ɢɧɟɪɬɧɨɣ ɫɪɟɞɟ f
l  ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ (ɫ ɩɚɪɚɦɟɬɪɚɦɢ ɉɷɪɢɫɚ 
0 0ɢA n ): 

  0

0

n

f
L A Y l    (4.6) 

Ⱦɨɩɭɫɬɢɦ, ɱɬɨ ɤɢɧɟɬɢɤɚ ɬɪɟɳɢɧɵ ɩɨɞ ɜɥɢɹɧɢɟɦ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ 

ɫɪɟɞɵ ɢ ɰɢɤɥɢɱɟɫɤɨɝɨ ɧɚɝɪɭɠɟɧɢɹ ɬɚɤɠɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ ɉɷɪɢɫɚ, 

ɧɨ ɫ ɩɚɪɚɦɟɬɪɚɦɢ ɢA n  , ɬɨɝɞɚ  

 n

f d
L A Y l      (4.7) 

ȼ ɬɨɦ ɫɥɭɱɚɟ, ɟɫɥɢ ɟɫɬɶ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɬɨɱɤɢ ɧɚ ɞɢɚɝɪɚɦɦɟ L(N) 

ɞɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɩɚɪɵ ɫɪɟɞɚ-ɦɟɬɚɥɥ, ɬɨ ɦɨɠɧɨ ɫɨɫɬɚɜɢɬɶ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɧɟɜɹɡɤɢ, ɦɢɧɢɦɢɡɚɰɢɹ ɤɨɬɨɪɵɯ ɩɪɢɜɟɞɟɬ ɤ ɧɚɯɨɠɞɟɧɢɸ 



116 

ɜɟɥɢɱɢɧ ɢA n  . ɋɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɧɟɜɹɡɤɢ ɦɨɠɧɨ ɫɨɫɬɚɜɢɬɶ ɜ ɫɥɟɞɭɸɳɟɦ 

ɜɢɞɟ [119]: 

    2

11
22

0

1

1
, 1 min;

2

nm n n
f d

L j j

j

n
A n L A N Y L

m
          

                  (4.8) 

   
*

0

2

*

1

1
, min .

jL
k

N jn
j L

s

dl
A n N

k A Y l

      

        
   (4.9) 

 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.1. 

ɇɚɱɚɥɶɧɚɹ ɞɥɢɧɚ ɬɪɟɳɢɧɵ ɛɵɥɚ ɜɵɛɪɚɧɚ ɪɚɜɧɨɣ 0,01 ɦ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɟɬɚ 

ɩɨ ɮɨɪɦɭɥɚɦ, ɩɪɢɜɟɞɟɧɧɵɦ ɜɵɲɟ, ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɢɡɦɟɧɟɧɢɹ 

ɧɟɜɹɡɨɤ ɩɪɢ ɜɚɪɶɢɪɨɜɚɧɢɢ ɤɚɠɞɨɝɨ ɢɡ ɩɚɪɚɦɟɬɪɨɜ ɉɷɪɢɫɚ ɜ ɨɬɞɟɥɶɧɨɫɬɢ. ɇɚ 

ɪɢɫ. 4.8 ɩɪɢɜɟɞɟɧ ɝɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɧɟɜɹɡɤɢ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɩɚɪɚɦɟɬɪɚ A . 

 

Ɋɢɫ. 4.8 – ɂɡɦɟɧɟɧɢɟ ɧɟɜɹɡɤɢ ɩɪɢ ɜɚɪɶɢɪɨɜɚɧɢɢ ɩɚɪɚɦɟɬɪɚ A , ɩɨɥɭɱɟɧɨ 

ɚɜɬɨɪɨɦ ɜ Д119].. 
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ɇɚ ɪɢɫ. 4.9 ɩɪɢɜɟɞɟɧɵ ɤɪɢɜɵɟ ɪɨɫɬɚ ɬɪɟɳɢɧɵ, ɩɨɥɭɱɟɧɧɵɟ ɞɥɹ 

ɢɡɦɟɧɟɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɉɷɪɢɫɚ. Ɂɧɚɱɟɧɢɹ ɢɡɦɟɧɟɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɉɷɪɢɫɚ 

ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.4. 

 

Ɋɢɫ. 4.9 – Ʉɪɢɜɵɟ ɪɨɫɬɚ ɬɪɟɳɢɧɵ ɩɪɢ ɢɡɦɟɧɟɧɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɉɷɪɢɫɚ. 

 

Ɍɚɛɥɢɰɚ 4.4 – ɉɚɪɚɦɟɬɪɵ ɉɷɪɢɫɚ 

Cɪɟɞɚ 

A n 

 ɦ Ɇɉɚ ɦ

ɰɢɤɥ

n      
  

ɂɧɟɪɬɧɚɹ  1,095ɯ10
-12

 3,24 

ȼɨɞɨɪɨɞɫɨɞɟɪɠɚɳɚɹ  3,950ɯ10
-12

 3,41 

 

Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ, ɩɪɢɜɟɞɟɧɧɵɯ ɜ ɬɚɛɥɢɰɟ 4.4, ɩɚɪɚɦɟɬɪ 

ɉɷɪɢɫɚ n ɢɡɦɟɧɢɥɫɹ ɧɟɫɭɳɟɫɬɜɟɧɧɨ, ɜ ɬɨ ɜɪɟɦɹ, ɤɚɤ ɩɚɪɚɦɟɬɪ Ⱥ ɢɡɦɟɧɢɥɫɹ ɜ 

ɪɚɡɵ. Ɍɚɤɚɹ ɬɟɧɞɟɧɰɢɹ ɨɬɦɟɱɚɟɬɫɹ ɢ ɞɪɭɝɢɦɢ ɚɜɬɨɪɚɦɢ [22], ɡɚɧɢɦɚɸɳɢɦɢɫɹ 

ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ ɜɨɩɪɨɫɚ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɉɷɪɢɫɚ ɢɡ-ɡɚ ɜɨɡɞɟɣɫɬɜɢɹ 

ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ. 
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ɋ ɩɨɦɨɳɶɸ ɢɡɦɟɧɟɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɉɷɪɢɫɚ ɛɵɥ ɩɪɨɜɟɞɟɧ ɪɚɫɱɟɬ 

ɞɨɥɝɨɜɟɱɧɨɫɬɢ ɛɨɥɬɚ, ɪɚɫɫɦɨɬɪɟɧɧɨɝɨ ɜ ɩɚɪɚɝɪɚɮɟ 4.1, ɪɟɡɭɥɶɬɚɬɵ ɩɪɢɜɟɞɟɧɵ 

ɧɚ ɪɢɫ. 4.10. 

 

Ɋɢɫ. 4.10 – Ɉɰɟɧɤɚ ɞɨɥɝɨɜɟɱɧɨɫɬɢ ɛɨɥɬɚ ɫ ɬɪɟɳɢɧɨɣ, ɩɨɥɭɱɟɧɨ ɚɜɬɨɪɨɦ [131]. 

 

Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɚɧɚɥɢɡɚ ɤɪɢɜɵɯ, ɩɪɢɜɟɞɟɧɧɵɯ ɧɚ ɪɢɫ. 4.10, «ɬɨɱɧɨɟ» 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫ ɩɨɦɨɳɶɸ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɜ ɞɢɫɫɟɪɬɚɰɢɢ ɦɟɬɨɞɢɤɢ ɪɨɫɬɚ 

ɬɪɟɳɢɧɵ ɩɪɢ ɰɢɤɥɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟɧɢɢ ɜ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɟ 

ɩɪɢɜɨɞɢɬ ɤ ɩɨɜɵɲɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ ɞɨɥɝɨɜɟɱɧɨɫɬɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɦɨɞɟɥɢɪɨɜɚɧɢɟɦ ɩɨɫɪɟɞɫɬɜɨɦ ɢɡɦɟɧɟɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɉɷɪɢɫɚ, ɩɪɢɝɨɞɧɵɯ 

ɞɥɹ «ɷɤɫɩɪɟɫɫ-ɨɰɟɧɨɤ». 

 

4.4 Ɉɰɟɧɤɚ ɬɟɯɧɢɱɟɫɤɨɝɨ ɪɢɫɤɚ ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɣ ɫ ɬɪɟɳɢɧɚɦɢ 
ɩɪɢ ɰɢɤɥɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟɧɢɢ ɜ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɟ 

 

ɇɚɞɟɠɧɨɫɬɶ ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɣ (ɢɡɞɟɥɢɣ), ɤɚɤ ɩɪɚɜɢɥɨ, 

ɨɩɪɟɞɟɥɹɸɬ ɩɪɢɱɢɧɵ, ɫɜɹɡɚɧɧɵɟ ɫɨ ɫɥɭɱɚɣɧɵɦɢ ɹɜɥɟɧɢɹɦɢ. Ɉɫɧɨɜɧɵɦ 

ɩɨɤɚɡɚɬɟɥɟɦ ɛɟɡɨɬɤɚɡɧɨɫɬɢ ɢɡɞɟɥɢɹ ɹɜɥɹɟɬɫɹ ɜɟɪɨɹɬɧɨɫɬɶ ɟɝɨ ɛɟɡɨɬɤɚɡɧɨɣ 

ɪɚɛɨɬɵ [30]. ȼɟɪɨɹɬɧɨɫɬɶ ɛɟɡɨɬɤɚɡɧɨɣ ɪɚɛɨɬɵ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ, ɟɫɥɢ 

ɢɡɜɟɫɬɟɧ ɡɚɤɨɧ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɪɨɤɨɜ ɫɥɭɠɛɵ ɞɨ ɨɬɤɚɡɚ (ɡɚɤɨɧ ɧɚɞɟɠɧɨɫɬɢ). 
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Ɂɧɚɹ ɜɟɪɨɹɬɧɨɫɬɶ ɛɟɡɨɬɤɚɡɧɨɣ ɪɚɛɨɬɵ, ɧɟ ɫɨɫɬɚɜɥɹɟɬ ɬɪɭɞɚ ɨɩɪɟɞɟɥɢɬɶ 

ɜɟɪɨɹɬɧɨɫɬɶ ɨɬɤɚɡɚ.  

ȿɫɥɢ ɩɚɪɚɦɟɬɪɵ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ, ɧɚɝɪɭɠɟɧɢɹ ɢ ɩɪ. ɡɚɞɚɧɵ 

ɫɥɭɱɚɣɧɨ, ɬɨ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ, ɮɭɧɤɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɞɨɥɝɨɜɟɱɧɨɫɬɢ 

ɷɥɟɦɟɧɬɚ ɤɨɧɫɬɪɭɤɰɢɢ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɩɨɞ ɜɥɢɹɧɢɟɦ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ 

ɫɪɟɞɵ ɢ ɰɢɤɥɢɱɟɫɤɨɝɨ ɧɚɝɪɭɠɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɨɨɬɧɨɲɟɧɢɸ [3] 

 * *( ) Pr ,j

t
F t t t   (4.10) 

ɝɞɟ 
j

t  - ɪɟɚɥɢɡɚɰɢɹ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ, ɚ ɢɦɟɧɧɨ, ɞɨɥɝɨɜɟɱɧɨɫɬɢ 

ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɷɥɟɦɟɧɬɚ ɤɨɧɫɬɪɭɤɰɢɢ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ ɭɫɥɨɜɢɹɯ 

ɜɨɡɞɟɣɫɬɜɢɹ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ ɢ ɰɢɤɥɢɱɟɫɤɨɝɨ ɧɚɝɪɭɠɟɧɢɹ. ȼ ɫɜɹɡɢ 

ɫ ɬɟɦ, ɱɬɨ ɜɵɪɚɠɟɧɢɟ (4.10) ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɜɟɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ 

ɞɨɥɝɨɜɟɱɧɨɫɬɢ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɷɥɟɦɟɧɬɚ ɤɨɧɫɬɪɭɤɰɢɢ ɦɟɧɶɲɟ *
t , ɬɨ 

ɮɨɪɦɭɥɚ (4.10) ɨɩɪɟɞɟɥɹɟɬ ɜɟɪɨɹɬɧɨɫɬɶ ɪɚɡɪɭɲɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ 

ɷɥɟɦɟɧɬɚ ɤɨɧɫɬɪɭɤɰɢɢ ɡɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɟ ɜɪɟɦɹ *
t . ɂɧɵɦɢ ɫɥɨɜɚɦɢ, 

ɮɭɧɤɰɢɹ *( )tF t  ɹɜɥɹɟɬɫɹ ɨɰɟɧɤɨɣ ɬɟɯɧɢɱɟɫɤɨɝɨ ɪɢɫɤɚ R ɪɚɡɪɭɲɟɧɢɹ 

ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɷɥɟɦɟɧɬɚ ɤɨɧɫɬɪɭɤɰɢɢ ɫ ɬɪɟɳɢɧɨɣ (ɧɚɱɚɥɚ ɧɟɭɫɬɨɣɱɢɜɨɝɨ 

ɪɨɫɬɚ ɬɪɟɳɢɧɵ). 

ȼ ɬɨɦ ɫɥɭɱɚɟ, ɟɫɥɢ ɢɡɜɟɫɬɧɚ ɮɭɧɤɰɢɹ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ 

ɞɨɥɝɨɜɟɱɧɨɫɬɢ ɷɥɟɦɟɧɬɚ ɤɨɧɫɬɪɭɤɰɢɢ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɩɨɞ ɜɥɢɹɧɢɟɦ 

ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ ɢ ɰɢɤɥɢɱɟɫɤɨɝɨ ɧɚɝɪɭɠɟɧɢɹ 
P

f , ɮɭɧɤɰɢɸ 

ɬɟɯɧɢɱɟɫɤɨɝɨ ɪɢɫɤɚ *R
t

 ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɮɨɪɦɭɥɟ 

*

*

min

R ( , , , ) ,

t

P sc ae otht

t

f t dt     (4.11) 

ɝɞɟ sc  - ɜɟɤɬɨɪ ɩɚɪɚɦɟɬɪɨɜ ɷɥɟɦɟɧɬɚ ɤɨɧɫɬɪɭɤɰɢɢ, sc  - ɜɟɤɬɨɪ ɩɚɪɚɦɟɬɪɨɜ 

ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ, 
als  - ɜɟɤɬɨɪ ɨɫɬɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 

ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɫɢɫɬɟɦɵ. 

ɇɚɞɟɠɧɨɫɬɶ ɷɥɟɦɟɧɬɚ ɤɨɧɫɬɪɭɤɰɢɢ ɧɚ ɡɚɞɚɧɧɨɦ ɫɪɨɤɟ ɷɤɫɩɥɭɚɬɚɰɢɢ *
t  

ɨɩɪɟɞɟɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɫɨɨɬɧɨɲɟɧɢɹ [2]: 
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* *1
t t

H R   (4.12) 

ɝɞɟ *
t

H  - ɩɪɨɱɧɨɫɬɧɚɹ ɧɚɞɟɠɧɨɫɬɶ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɷɥɟɦɟɧɬɚ ɤɨɧɫɬɪɭɤɰɢɢ 

ɧɚ ɫɪɨɤɟ ɷɤɫɩɥɭɚɬɚɰɢɢ *
t . 

ɉɪɢ ɜɵɫɨɤɢɯ ɬɪɟɛɨɜɚɧɢɹɯ ɤ ɧɚɞɟɠɧɨɫɬɢ ɢɡɞɟɥɢɹ, ɫɪɟɞɢ ɨɫɧɨɜɧɵɯ 

ɩɨɤɚɡɚɬɟɥɟɣ ɧɚɞɟɠɧɨɫɬɢ, ɜɵɞɟɥɹɸɬ -% ɪɟɫɭɪɫ, ɤɨɬɨɪɵɣ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɧɚɪɚɛɨɬɤɭ ɞɨ ɨɬɤɚɡɚ ɩɪɢ ɡɚɞɚɧɧɨɣ ɜɟɪɨɹɬɧɨɫɬɢ ɪɚɛɨɬɵ , ɜɵɪɚɠɟɧɧɨɣ ɜ 

ɩɪɨɰɟɧɬɚɯ [30]: 

*R .
t

  (4.13) 

-% ɪɟɫɭɪɫ ɪɚɜɧɵɣ 50% ɨɩɪɟɞɟɥɹɟɬ ɫɪɟɞɧɸɸ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ 

ɪɚɛɨɬɵ ɢɡɞɟɥɢɹ. 

 

4.5 ɉɪɨɰɟɞɭɪɚ ɨɰɟɧɤɢ ɬɟɯɧɢɱɟɫɤɨɝɨ ɪɢɫɤɚ ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɣ, 
ɧɚɯɨɞɹɳɢɯɫɹ ɩɨɞ ɜɥɢɹɧɢɟɦ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ ɢ 
ɰɢɤɥɢɱɟɫɤɨɝɨ ɧɚɝɪɭɠɟɧɢɹ 

 

ȼ ɝɥɚɜɟ γ ɩɪɢɜɟɞɟɧɚ ɦɟɬɨɞɢɤɚ ɨɩɪɟɞɟɥɟɧɢɹ ɞɨɥɝɨɜɟɱɧɨɫɬɢ ɷɥɟɦɟɧɬɚ 

ɤɨɧɫɬɪɭɤɰɢɣ ɜ ɭɫɥɨɜɢɹɯ ɜɨɡɞɟɣɫɬɜɢɹ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ ɢ 

ɰɢɤɥɢɱɟɫɤɨɝɨ ɧɚɝɪɭɠɟɧɢɹ. ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ, ɟɫɬɶ ɜɟɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ 

ɫɪɟɞɫɬɜɚ ɜɢɡɭɚɥɶɧɨ-ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɤɨɧɬɪɨɥɹ, ɪɟɧɬɝɟɧɨɜɫɤɢɟ ɦɟɬɨɞɵ ɢ ɩɪ. ɧɟ 

ɩɨɡɜɨɥɹɬ ɨɛɧɚɪɭɠɢɬɶ ɞɟɮɟɤɬ ɜ ɤɨɧɫɬɪɭɤɰɢɢ. ɉɨɷɬɨɦɭ ɜ ɧɚɫɬɨɹɳɟɣ ɝɥɚɜɟ 

ɞɢɫɫɟɪɬɚɰɢɢ ɩɪɨɜɨɞɢɥɨɫɶ ɩɪɢɦɟɧɟɧɢɟ ɚɩɩɚɪɚɬɚ ɨɰɟɧɤɢ ɬɟɯɧɢɱɟɫɤɢɯ ɪɢɫɤɨɜ 

R
B
 c ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɢɜɟɞɟɧɧɨɣ ɜ ɝɥɚɜɟ γ ɦɟɬɨɞɢɤɢ ɞɥɹ ɞɢɫɤɪɟɬɧɨɝɨ 

ɪɚɜɧɨɦɟɪɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ l0.  

Ɉɰɟɧɤɚ ɬɟɯɧɢɱɟɫɤɨɝɨ ɪɢɫɤɚ ɩɪɨɜɨɞɢɥɚɫɶ ɩɭɬɟɦ ɦɧɨɝɨɤɪɚɬɧɨɝɨ ɪɚɫɱɟɬɚ 

ɞɨɥɝɨɜɟɱɧɨɫɬɢ ɫ ɩɨɦɨɳɶɸ ɫɩɟɰɢɚɥɶɧɨɣ ɤɨɦɩɶɸɬɟɪɧɨɣ ɩɪɨɝɪɚɦɦɵ, 

ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɚɜɬɨɪɨɦ ɢ ɪɟɚɥɢɡɨɜɚɧɧɨɣ ɧɚ ɹɡɵɤɟ C++ [98]. ɋɯɟɦɚ 

ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɤɨɦɩɶɸɬɟɪɧɨɣ ɩɪɨɝɪɚɦɦɵ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ. 4.11. 
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Ɋɢɫ. 4.11 - ɋɯɟɦɚ ɤɨɦɩɶɸɬɟɪɧɨɣ ɩɪɨɝɪɚɦɦɵ ɞɥɹ ɨɰɟɧɤɢ ɬɟɯɧɢɱɟɫɤɢɯ ɪɢɫɤɨɜ. 

 

ȼɵɱɢɫɥɟɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɧɚ ɛɚɡɟ ɦɨɞɟɥɢɪɨɜɚɧɢɹ B. ȼɟɤɬɨɪ ɫɥɭɱɚɣɧɵɯ 

ɜɟɥɢɱɢɧ ɞɥɢɧ ɬɪɟɳɢɧ, ɹɜɥɹɸɳɢɣɫɹ ɨɞɧɢɦ ɢɡ ɜɯɨɞɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 

ɩɪɨɝɪɚɦɦɵ, ɜɵɝɥɹɞɢɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ 

 1 2

0 0 0 0; ;...;B B
l l l l  (4.14) 

ȼɵɩɨɥɧɟɧɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɫɱɟɬɨɜ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɤɨɪɪɟɤɬɧɨɣ ɨɰɟɧɤɢ 

ɮɭɧɤɰɢɢ ɬɟɯɧɢɱɟɫɤɨɝɨ ɪɢɫɤɚ R
B
 ɛɵɥɨ ɜɵɛɪɚɧɨ ɪɚɜɧɵɦ 10000, ɩɨɷɬɨɦɭ ɞɥɹ 

ɫɨɤɪɚɳɟɧɢɹ ɜɪɟɦɟɧɢ ɫɱɟɬɚ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɨɛɥɚɱɧɵɟ ɜɵɱɢɫɥɟɧɢɹ ɧɚ ɛɚɡɟ 

ɚɪɯɢɬɟɤɬɭɪɵ PaaS (ɩɥɚɬɮɨɪɦɚ ɤɚɤ ɫɟɪɜɢɫ). ȼ ɤɚɱɟɫɬɜɟ ɨɛɥɚɱɧɨɣ ɩɥɚɬɮɨɪɦɵ 

ɛɵɥɚ ɜɵɛɪɚɧɚ Microsoft Azure [31] [97]. 
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4.6 Ɍɟɫɬɨɜɵɟ ɩɪɢɦɟɪɵ ɨɰɟɧɤɢ ɮɭɧɤɰɢɢ ɬɟɯɧɢɱɟɫɤɨɝɨ ɪɢɫɤɚ ɷɥɟɦɟɧɬɨɜ 

ɤɨɧɫɬɪɭɤɰɢɣ, ɧɚɯɨɞɹɳɢɯɫɹ ɩɨɞ ɜɥɢɹɧɢɟɦ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ 
ɫɪɟɞɵ ɩɪɢ ɰɢɤɥɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟɧɢɢ 

 

Ɇɨɞɟɥɶɧɚɹ ɡɚɞɚɱɚ ɩɨ ɨɰɟɧɤɟ ɬɟɯɧɢɱɟɫɤɨɝɨ ɪɢɫɤɚ ɷɥɟɦɟɧɬɨɜ 

ɤɨɧɫɬɪɭɤɰɢɣ, ɧɚɯɨɞɹɳɢɯɫɹ ɩɨɞ ɜɥɢɹɧɢɟɦ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɢɯ ɫɪɟɞ ɢ 

ɰɢɤɥɢɱɟɫɤɨɝɨ ɧɚɝɪɭɠɟɧɢɹ ɛɵɥɚ ɪɟɲɟɧɚ ɫ ɰɟɥɶɸ ɨɰɟɧɤɢ ɚɞɟɤɜɚɬɧɨɫɬɢ 

ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɟɬɨɞɢɤɢ ɨɩɪɟɞɟɥɟɧɢɹ ɞɨɥɝɨɜɟɱɧɨɫɬɢ ɬɚɤɢɯ ɷɥɟɦɟɧɬɨɜ 

ɤɨɧɫɬɪɭɤɰɢɣ ɫ ɬɪɟɳɢɧɚɦɢ.  

ɉɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɜ ɤɚɱɟɫɬɜɟ ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɛɵɥɢ 

ɜɵɛɪɚɧɵ ɞɚɧɧɵɟ ɢɡ ɬɚɛɥɢɰɵ 3.1, ɛɚɡɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ B=10000. ɇɚɱɚɥɶɧɚɹ 

ɞɥɢɧɚ ɬɪɟɳɢɧɵ ɧɚɯɨɞɢɬɫɹ ɜ ɢɧɬɟɪɜɚɥɟ, ɭɤɚɡɚɧɧɨɦ ɜ ɬɚɛɥɢɰɟ 4.5. 

 

Ɍɚɛɥɢɰɚ 4.5 – ɉɚɪɚɦɟɬɪɵ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɬɟɫɬɨɜɨɣ ɨɰɟɧɤɢ ɬɟɯɧɢɱɟɫɤɨɝɨ 

ɪɢɫɤɚ 

№ Ɍɟɫɬɚ Ɋɚɫɩɪɟɞɟɥɟɧɢɟ 
min

0l  max

0l   0M l  

1 Ɋɚɜɧɨɦɟɪɧɨɟ 0 
*

frL  15 [ɦɦ] 

 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɢɹ ɪɚɫɱɟɬɨɜ ɫ ɩɨɦɨɳɶɸ ɪɚɡɪɚɛɨɬɚɧɧɨɣ 

ɤɨɦɩɶɸɬɟɪɧɨɣ ɩɪɨɝɪɚɦɦɵ ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɮɭɧɤɰɢɹ ɬɟɯɧɢɱɟɫɤɨɝɨ ɪɢɫɤɚ R
B
, 

ɩɪɢɜɟɞɟɧɧɚɹ ɧɚ ɪɢɫ. 4.12, ɞɥɹ ɪɚɜɧɨɦɟɪɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ. 
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Ɋɢɫ. 4.12 - Ɋɟɡɭɥɶɬɚɬɵ ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ (ɩɨɥɭɱɟɧɨ 

ɚɜɬɨɪɨɦ [123]): 

ɚ) ɮɭɧɤɰɢɹ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɟɣ;  

ɛ) ɮɭɧɤɰɢɹ ɬɟɯɧɢɱɟɫɤɨɝɨ ɪɢɫɤɚ RB
. 

 

Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɚɧɚɥɢɡɚ ɪɟɡɭɥɶɬɚɬɨɜ, ɩɪɢɜɟɞɟɧɧɵɯ ɧɚ ɪɢɫ. 4.12, 

ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɦɟɬɨɞɢɤɚ ɨɰɟɧɤɢ ɞɨɥɝɨɜɟɱɧɨɫɬɢ ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɣ ɩɪɢ 

ɰɢɤɥɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟɧɢɢ ɜ ɭɫɥɨɜɢɹɯ ɜɨɡɞɟɣɫɬɜɢɹ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɢɯ ɫɪɟɞ 

ɩɨɤɚɡɚɥɚ ɫɜɨɸ ɚɞɟɤɜɚɬɧɨɫɬɶ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɢɹ ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ. ɋ ɬɟɱɟɧɢɟɦ ɜɪɟɦɟɧɢ ɬɟɯɧɢɱɟɫɤɢɣ ɪɢɫɤ ɪɚɫɬɟɬ, ɩɪɢɛɥɢɠɚɹɫɶ 

ɤ RB
=1.  
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5 ȼɕȼɈȾɕ 

 

1. ȼ ɪɚɛɨɬɟ ɪɚɡɪɚɛɨɬɚɧɵ ɢ ɚɩɪɨɛɢɪɨɜɚɧɵ, ɧɚ ɦɨɞɟɥɶɧɵɯ ɢ ɬɟɫɬɨɜɵɯ 

ɩɪɢɦɟɪɚɯ, ɧɚɭɱɧɵɟ ɩɨɥɨɠɟɧɢɹ ɩɪɢɤɥɚɞɧɨɣ ɬɟɨɪɢɢ ɪɚɫɱɟɬɚ 

ɦɟɬɚɥɥɨɤɨɧɫɬɪɭɤɰɢɣ, ɪɚɛɨɬɚɸɳɢɯ ɜ ɭɫɥɨɜɢɹɯ ɫɨɜɦɟɫɬɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ 

ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɢɯ ɫɪɟɞ ɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɪɚɡɥɢɱɧɨɣ ɩɪɢɪɨɞɵ. ȼ 

ɱɚɫɬɧɨɫɬɢ, ɪɚɡɪɚɛɨɬɚɧɚ ɞɢɮɮɭɡɢɨɧɧɚɹ ɦɨɞɟɥɶ, ɩɨɡɜɨɥɹɸɳɚɹ ɩɨɥɭɱɚɬɶ ɨɰɟɧɤɢ 

ɞɥɹ ɩɪɟɞɟɥɶɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɨɞɨɪɨɞɚ ɜ ɜɟɪɲɢɧɟ ɬɪɟɳɢɧɵ, ɩɪɢ ɤɨɬɨɪɨɣ 

ɩɪɨɢɫɯɨɞɢɬ ɯɪɭɩɤɨɟ ɪɚɡɪɭɲɟɧɢɟ. Ⱦɚɧɧɚɹ ɦɨɞɟɥɶ ɩɪɢɝɨɞɧɚ ɞɥɹ ɢɧɠɟɧɟɪɧɵɯ 

ɨɰɟɧɨɤ ɩɨɤɚɡɚɬɟɥɟɣ ɧɚɞɟɠɧɨɫɬɢ ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɣ. 

2. Ɋɚɡɪɚɛɨɬɚɧ ɞɜɭɯɩɚɪɚɦɟɬɪɢɱɟɫɤɢɣ ɤɪɢɬɟɪɢɣ ɨɰɟɧɤɢ ɩɨɜɪɟɠɞɟɧɢɣ 

ɦɚɬɟɪɢɚɥɚ ɩɪɢ ɫɬɚɬɢɱɟɫɤɨɦ ɢ ɰɢɤɥɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟɧɢɢ ɫ ɨɬɨɛɪɚɠɟɧɢɟɦ ɜ 

ɧɟɦ ɜɡɚɢɦɧɨɝɨ ɜɤɥɚɞɚ ɩɨɜɪɟɠɞɟɧɢɣ ɨɬ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɧɚɝɪɭɠɟɧɢɹ ɢ ɨɬ 

ɜɨɞɨɪɨɞɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ. 

3. ɇɚ ɨɫɧɨɜɟ ɜɵɩɨɥɧɟɧɧɨɣ ɦɨɞɟɥɶɧɨɣ ɨɰɟɧɤɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɨɞɨɪɨɞɚ, 

ɞɢɮɮɭɧɞɢɪɭɸɳɟɝɨ ɢɡ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ ɜɟɪɲɢɧɭ ɬɪɟɳɢɧɵ, ɪɚɡɪɚɛɨɬɚɧɵ 

ɦɟɬɨɞɢɤɢ ɞɥɹ ɨɰɟɧɤɢ ɪɨɫɬɚ ɬɪɟɳɢɧ ɜ ɷɥɟɦɟɧɬɚɯ ɤɨɧɫɬɪɭɤɰɢɣ ɜ ɭɫɥɨɜɢɹɯ 

ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ ɩɪɢ ɫɬɚɬɢɱɟɫɤɨɦ ɢ ɰɢɤɥɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟɧɢɢ. ɉɪɢ 

ɷɬɨɦ ɭɱɢɬɵɜɚɟɬɫɹ ɧɚɱɚɥɶɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜɨɞɨɪɨɞɚ ɜɛɥɢɡɢ ɜɟɪɲɢɧɵ 

ɬɪɟɳɢɧɵ. Ⱥɞɟɤɜɚɬɧɨɫɬɶ ɦɟɬɨɞɢɤ ɩɨɞɬɜɟɪɠɞɟɧɚ ɫɪɚɜɧɟɧɢɟɦ ɫ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ ɢ ɩɪɨɜɟɞɟɧɢɟɦ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ 

ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɵɯ ɛɵɥɚ ɭɫɬɚɧɨɜɥɟɧɚ 

ɤɢɧɟɬɢɤɚ ɫɧɢɠɟɧɢɹ ɞɨɥɝɨɜɟɱɧɨɫɬɢ ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɭɪɨɜɧɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɨɞɨɪɨɞɚ ɨɬ ɜɨɡɞɟɣɫɬɜɢɹ ɚɝɪɟɫɫɢɜɧɨɣ 

ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ ɢ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ. 

4. ȼɵɹɜɥɟɧɵ ɨɫɨɛɵɟ ɨɛɥɚɫɬɢ ɧɚ ɞɢɚɝɪɚɦɦɚɯ ɪɨɫɬɚ ɬɪɟɳɢɧ, ɝɪɚɧɢɰɵ 

ɤɨɬɨɪɵɯ ɨɩɪɟɞɟɥɹɸɬ ɫɦɟɧɭ ɩɪɟɜɚɥɢɪɭɸɳɟɝɨ ɦɟɯɚɧɢɡɦɚ ɪɚɡɪɭɲɟɧɢɹ 

ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɣ ɩɪɢ ɨɞɧɨɜɪɟɦɟɧɧɨɦ ɜɨɡɞɟɣɫɬɜɢɢ 

ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ ɢ ɰɢɤɥɢɱɟɫɤɨɝɨ ɧɚɝɪɭɠɟɧɢɹ. Ɋɚɡɞɟɥɟɧɢɟ 

ɞɢɚɝɪɚɦɦɵ ɪɨɫɬɚ ɬɪɟɳɢɧɵ ɧɚ ɭɤɚɡɚɧɧɵɟ ɨɛɥɚɫɬɢ ɩɨɡɜɨɥɹɟɬ ɜɵɹɜɢɬɶ 



125 

ɞɢɚɩɚɡɨɧ ɧɚɱɚɥɶɧɵɯ ɞɥɢɧ ɬɪɟɳɢɧ, ɞɥɹ ɤɨɬɨɪɨɝɨ ɧɚɥɢɱɢɟ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ 

ɫɪɟɞɵ ɧɟ ɩɪɢɜɨɞɢɬ ɤ ɭɫɤɨɪɟɧɢɸ ɢɯ ɪɚɡɜɢɬɢɹ. 

5. ɋɨɡɞɚɧɚ ɤɨɦɩɶɸɬɟɪɧɚɹ ɩɪɨɝɪɚɦɦɚ, ɩɨɡɜɨɥɹɸɳɚɹ ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɨɛɥɚɱɧɵɟ ɜɵɱɢɫɥɟɧɢɹ ɞɥɹ ɷɮɮɟɤɬɢɜɧɨɝɨ ɩɪɨɜɟɞɟɧɢɹ ɪɚɫɱɟɬɨɜ ɩɨ 

ɩɪɟɞɥɚɝɚɟɦɵɦ ɦɟɬɨɞɢɤɚɦ ɢ ɜɵɹɜɥɟɧɢɹ ɝɪɚɧɢɰ ɫɦɟɧ ɞɨɦɢɧɢɪɭɸɳɢɯ 

ɩɪɨɰɟɫɫɨɜ ɪɚɡɪɭɲɟɧɢɹ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɚɹ ɞɥɹ ɨɰɟɧɤɢ ɧɚɞɟɠɧɨɫɬɢ ɷɥɟɦɟɧɬɨɜ 

ɤɨɧɫɬɪɭɤɰɢɣ ɬɪɟɳɢɧɚɦɢ. ɉɪɨɜɟɞɟɧɨ ɬɟɫɬɢɪɨɜɚɧɢɟ ɩɪɨɝɪɚɦɦɵ ɧɚ ɦɨɞɟɥɶɧɵɯ 

ɡɚɞɚɱɚɯ, ɩɨɞɬɜɟɪɠɞɟɧɚ ɞɨɫɬɨɜɟɪɧɨɫɬɶ ɩɨɥɭɱɚɟɦɵɯ ɨɰɟɧɨɤ. 

6. ɉɪɨɜɟɞɟɧɨ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɪɨɫɬɚ ɬɪɟɳɢɧɵ ɜ ɬɢɩɨɜɨɦ ɷɥɟɦɟɧɬɟ 

ɬɪɭɛɨɩɪɨɜɨɞɚ ɜ ɡɨɧɟ ɝɢɛɚ ɢɡ ɫɬɚɥɢ 10ȽɇβɆɎȺ ɫ ɧɟɫɤɜɨɡɧɨɣ 

ɩɨɥɭɷɥɥɢɩɬɢɱɟɫɤɨɣ ɬɪɟɳɢɧɨɣ, ɧɚɯɨɞɹɳɟɣɫɹ ɧɚ ɟɝɨ ɜɧɭɬɪɟɧɧɟɣ ɫɬɟɧɤɟ, ɚ 

ɬɚɤɠɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɪɚɡɪɭɲɟɧɢɹ ɛɨɥɬɚ Ɇ115 ɢɡ ɫɬɚɥɢ 40ɏɇβɆ ɫ ɤɨɥɶɰɟɜɨɣ 

ɬɪɟɳɢɧɨɣ ɜɨ ɜɩɚɞɢɧɟ ɡɭɛɚ ɪɟɡɶɛɵ ɩɪɢ ɰɢɤɥɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɟ ɜ ɚɝɪɟɫɫɢɜɧɨɣ 

ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɟ. ɍɫɬɚɧɨɜɥɟɧɵ ɤɨɥɢɱɟɫɬɜɟɧɧɵɟ ɨɰɟɧɤɢ ɫɧɢɠɟɧɢɹ 

ɞɨɥɝɨɜɟɱɧɨɫɬɢ (ɛɨɥɟɟ ɱɟɦ ɜ β ɪɚɡɚ ɞɥɹ ɝɢɛɚ ɢ ɜ γ ɪɚɡɚ ɞɥɹ ɛɨɥɬɚ) 

ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɷɥɟɦɟɧɬɨɜ. 

7. Ɉɛɨɫɧɨɜɚɧɵ ɞɢɚɩɚɡɨɧɵ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɉɷɪɢɫɚ ɭɪɚɜɧɟɧɢɣ 

ɪɨɫɬɚ ɬɪɟɳɢɧ ɜɨɞɨɪɨɞɧɨɝɨ ɨɯɪɭɩɱɢɜɚɧɢɹ ɩɪɢ ɰɢɤɥɢɱɟɫɤɨɦ ɧɚɝɪɭɠɟɧɢɢ. 

ȼɵɩɨɥɧɟɧɵ ɬɟɫɬɨɜɵɟ ɪɚɫɱɟɬɵ ɞɥɹ ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɣ ɫ ɬɪɟɳɢɧɚɦɢ ɜ 

ɭɫɥɨɜɢɹɯ ɜɨɡɞɟɣɫɬɜɢɹ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɟɣ ɫɪɟɞɵ. ɉɪɨɜɟɞɟɧ ɚɧɚɥɢɡ 

ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ. ɉɨɤɚɡɚɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 

ɢɧɠɟɧɟɪɧɵɯ ɦɟɬɨɞɨɜ ɩɨɥɭɱɟɧɢɹ “ɷɤɫɩɪɟɫɫ-ɨɰɟɧɨɤ” ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɩɨɤɚɡɚɬɟɥɟɣ ɛɟɡɨɩɚɫɧɨɣ 

ɷɤɫɩɥɭɚɬɚɰɢɢ ɷɥɟɦɟɧɬɨɜ ɦɚɲɢɧɨɫɬɪɨɢɬɟɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɟɞɥɨɠɟɧɧɨɣ ɦɟɬɨɞɢɤɢ ɢ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɨɛɟɫɩɟɱɟɧɢɹ. 
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