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ȼ ɩɨɫɨɛɢɢ ɢɡɥɨɠɟɧɵ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɨɫɧɨɜɵ, ɩɪɚɤɬɢɱɟɫɤɢɟ ɢ ɬɟɯɧɨɥɨɝɢɱɟ-
ɫɤɢɟ ɚɫɩɟɤɬɵ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɟɬɪɚɞɢɰɢɨɧɧɵɯ ɢ ɜɨɡɨɛɧɨɜɥɹɟɦɵɯ ɢɫɬɨɱɧɢ-

ɤɨɜ ɷɧɟɪɝɢɢ. 
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Глава ɩеɪвая. ɗɅȿɄɌɊɈɋɌȺɇɐɂɂ ɂ ɂɏ ɇȺɁɇȺɑȿɇɂȿ. ɄɈɆ-

ȻɂɇɂɊɈȼȺɇɇȺЯ ɂ ɊȺɁȾȿɅɖɇȺЯ ȼɕɊȺȻɈɌɄȺ ɗɅȿɄɌɊɂ-

ɑȿɋɄɈɃ ɂ ɌȿɉɅɈȼɈɃ ɗɇȿɊȽɂɂ 

 

1.1. Ɍɂɉɕ ɗɅȿɄɌɊɈɋɌȺɇɐɂɃ 

 

Ɉɫɧɨɜɧɵɦ ɧɚɡɧɚɱɟɧɢɟɦ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɬɚɧɰɢɣ ɹɜɥɹɟɬɫɹ ɜɵɪɚ-
ɛɨɬɤɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɞɥɹ ɫɧɚɛɠɟɧɢɹ ɟɸ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɢ 

ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɤɨɦɦɭɧɚɥɶɧɨɝɨ ɯɨɡɹɣɫɬɜɚ ɢ 

ɬɪɚɧɫɩɨɪɬɚ. ɑɚɫɬɨ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɨɛɟɫɩɟɱɢɜɚɸɬ ɬɚɤɠɟ ɩɪɟɞɩɪɢɹɬɢɹ ɢ 

ɠɢɥɵɟ ɡɞɚɧɢɹ ɩɚɪɨɦ ɢ ɝɨɪɹɱɟɣ ɜɨɞɨɣ. 

ɇɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɬɨɥɶɤɨ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɩɚɪɨɜɵɟ ɬɭɪɛɢɧɵ ɫ ɝɥɭɛɨɤɢɦ ɜɚɤɭɭ-
ɦɨɦ ɜ ɤɨɧɞɟɧɫɚɬɨɪɟ, ɬɚɤ ɤɚɤ ɱɟɦ ɧɢɠɟ ɞɚɜɥɟɧɢɟ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɭɪ-
ɛɢɧɵ, ɬɟɦ ɛɨɥɶɲɚɹ ɱɚɫɬɶ ɷɧɟɪɝɢɢ ɪɚɛɨɱɟɣ ɫɪɟɞɵ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ 
ɷɥɟɤɬɪɢɱɟɫɤɭɸ. ɉɪɢ ɷɬɨɦ ɨɫɧɨɜɧɨɣ ɩɨɬɨɤ ɩɚɪɚ ɤɨɧɞɟɧɫɢɪɭɟɬɫɹ ɜ ɤɨɧ-

ɞɟɧɫɚɬɨɪɟ ɢ ɛɨɥɶɲɚɹ ɱɚɫɬɶ ɫɨɞɟɪɠɚɳɟɣɫɹ ɜ ɧɟɦ ɷɧɟɪɝɢɢ ɬɟɪɹɟɬɫɹ ɫ ɨɯ-
ɥɚɠɞɚɸɳɟɣ ɜɨɞɨɣ. 

Ɍɟɩɥɨɜɵɟ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɬɚɧɰɢɢ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɬɨɥɶɤɨ ɞɥɹ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɧɚɡɵɜɚɸɬ ɤɨɧɞɟɧɫɚɰɢɨɧɧɵɦɢ ɷɥɟɤɬɪɢ-

ɱɟɫɤɢɦɢ ɫɬɚɧɰɢяɦɢ (ɄЭɋ). Ɋɚɛɨɬɚɸɳɢɟ ɧɚ ɨɪɝɚɧɢɱɟɫɤɨɦ ɬɨɩɥɢɜɟ 
Ʉɗɋ ɫɬɪɨɹɬ ɨɛɵɱɧɨ ɜɛɥɢɡɢ ɦɟɫɬ ɞɨɛɵɱɢ ɬɨɩɥɢɜɚ. 

ɗɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ ɜɵɪɚ-
ɛɨɬɤɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɢ ɨɬɩɭɫɤɚ ɩɚɪɚ, ɚ ɬɚɤɠɟ ɝɨɪɹɱɟɣ ɜɨɞɵ ɬɟ-
ɩɥɨɜɨɦɭ ɩɨɬɪɟɛɢɬɟɥɸ, ɢɦɟɸɬ ɩɚɪɨɜɵɟ ɬɭɪɛɢɧɵ ɫ ɪɟɝɭɥɢɪɭɟɦɵɦɢ ɨɬ-
ɛɨɪɚɦɢ ɩɚɪɚ ɢɥɢ ɫ ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɟɦ. ɇɚ ɬɚɤɢɯ ɭɫɬɚɧɨɜɤɚɯ ɬɟɩɥɨɬɚ 
ɨɬɪɚɛɨɬɚɜɲɟɝɨ ɩɚɪɚ ɱɚɫɬɢɱɧɨ ɢɥɢ ɞɚɠɟ ɩɨɥɧɨɫɬɶɸ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ 
ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɩɨɬɟɪɢ ɬɟɩɥɨɬɵ ɫ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨ-
ɞɨɣ ɫɨɤɪɚɳɚɸɬɫɹ ɢɥɢ ɜɨɨɛɳɟ ɨɬɫɭɬɫɬɜɭɸɬ (ɧɚ ɭɫɬɚɧɨɜɤɚɯ ɫ ɬɭɪɛɨɝɟɧɟ-
ɪɚɬɨɪɚɦɢ ɫ ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɟɦ). Ɉɞɧɚɤɨ ɞɨɥɹ ɷɧɟɪɝɢɢ ɩɚɪɚ, ɩɪɟɨɛɪɚɡɨ-
ɜɚɧɧɨɣ ɜ ɷɥɟɤɬɪɢɱɟɫɤɭɸ, ɩɪɢ ɨɞɧɢɯ ɢ ɬɟɯ ɠɟ ɧɚɱɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɧɚ 
ɭɫɬɚɧɨɜɤɚɯ ɫ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɦɢ ɬɭɪɛɢɧɚɦɢ ɧɢɠɟ, ɱɟɦ ɧɚ ɭɫɬɚɧɨɜɤɚɯ 

ɫ ɤɨɧɞɟɧɫɚɰɢɨɧɧɵɦɢ ɬɭɪɛɢɧɚɦɢ. Ɍɟɩɥɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɧɚ ɤɨɬɨɪɵɯ ɨɬ-
ɪɚɛɨɬɚɜɲɢɣ ɩɚɪ ɧɚɪɹɞɭ ɫ ɜɵɪɚɛɨɬɤɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɞɥɹ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ, ɧɚɡɵɜɚɸɬ ɬɟɩɥɨɷɥɟɤɬɪɨɰɟɧɬɪɚɥяɦɢ (ɌЭɐ). 

Ɉɛɵɱɧɨ Ɍɗɐ ɫɬɪɨɹɬ ɜɛɥɢɡɢ ɩɨɬɪɟɛɢɬɟɥɹ ɬɟɩɥɨɬɵ – ɩɪɨɦɵɲɥɟɧɧɵɯ 
ɩɪɟɞɩɪɢɹɬɢɣ ɢɥɢ ɠɢɥɵɯ ɦɚɫɫɢɜɨɜ, ɟɫɥɢ Ɍɗɐ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɬɟɩ-

ɥɨɮɢɤɚɰɢɢ ɝɨɪɨɞɚ (ɪɚɣɨɧɚ). 
ɉɪɢ ɪɚɡɞɟɥɶɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ ɷɥɟɤɬɪɨɷɧɟɪɝɢɹ ɜɵɪɚɛɚɬɵɜɚɟɬɫɹ ɧɚ 
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Ʉɗɋ, ɚ ɞɥɹ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɢɫɩɨɥɶɡɭɸɬɫɹ ɨɬɞɟɥɶɧɵɟ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ 
ɭɫɬɚɧɨɜɤɢ (ɪɚɣɨɧɧɵɟ ɤɨɬɟɥɶɧɵɟ ɢ ɬ.ɩ.). 

ɇɚ ɚɬɨɦɧɵɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ, ɬɚɤ ɠɟ ɤɚɤ ɧɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ, ɪɚ-
ɛɨɬɚɸɳɢɯ ɧɚ ɨɪɝɚɧɢɱɟɫɤɨɦ ɬɨɩɥɢɜɟ, ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɨɰɟɫɫ ɩɪɟɜɪɚ-
ɳɟɧɢɹ ɷɧɟɪɝɢɢ, ɫɨɞɟɪɠɚɳɟɣɫɹ ɜ ɪɚɛɨɱɟɣ ɫɪɟɞɟ (ɩɚɪɟ), ɜ ɷɥɟɤɬɪɢɱɟ-
ɫɤɭɸ. Ɋɚɡɥɢɱɢɟ ɦɟɠɞɭ ɩɪɨɰɟɫɫɚɦɢ, ɩɪɨɢɫɯɨɞɹɳɢɦɢ ɧɚ Ⱥɗɋ ɢ Ɍɗɋ, ɫɨ-

ɫɬɨɢɬ ɥɢɲɶ ɜ ɬɨɦ, ɱɬɨ ɜ ɨɞɧɨɦ ɫɥɭɱɚɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɷɧɟɪɝɢɹ, ɜɵɞɟɥɹɸ-

ɳɚɹɫɹ ɩɪɢ ɪɚɫɩɚɞɟ ɹɞɟɪ ɬɹɠɟɥɵɯ ɷɥɟɦɟɧɬɨɜ (ɩɪɢɦɟɧɹɟɦɵɯ ɜ ɤɚɱɟɫɬɜɟ 
ɬɨɩɥɢɜɚ), ɜ ɞɪɭɝɨɦ - ɩɪɢ ɝɨɪɟɧɢɢ ɬɨɩɥɢɜɚ. 

Ɍɟɩɥɨɜɵɟ ɫɯɟɦɵ Ⱥɗɋ ɪɚɡɧɨɨɛɪɚɡɧɵ, ɯɨɬɹ ɩɚɪɨɬɭɪɛɢɧɧɚɹ ɢɯ ɱɚɫɬɶ 
ɨɫɬɚɟɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɬɚɤɨɣ ɠɟ, ɤɚɤ ɢ ɧɚ ɨɛɵɱɧɨɣ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. 

Ⱥɬɨɦɧɵɟ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɜɫɟɝɞɚ ɫɬɪɨɹɬ ɜɛɥɢɡɢ ɤɪɭɩɧɵɯ ɩɪɨɦɵɲ-

ɥɟɧɧɵɯ ɩɨɬɪɟɛɢɬɟɥɟɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ. ɇɚ ɬɚɤɢɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ 

ɦɚɫɫɚ ɪɚɫɯɨɞɭɟɦɨɝɨ ɬɨɩɥɢɜɚ ɧɟɜɟɥɢɤɚ (ɜ ɬɵɫɹɱɢ ɪɚɡ ɧɢɠɟ, ɱɟɦ ɧɚ Ɍɗɋ), 

ɢ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɚ ɟɝɨ ɞɚɠɟ ɧɚ ɛɨɥɶɲɢɟ ɪɚɫɫɬɨɹɧɢɹ ɧɟ ɨɬɪɚɠɚɟɬɫɹ ɧɚ 
ɫɬɨɢɦɨɫɬɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. 

ɉɪɢ ɩɟɪɟɞɚɱɟ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɛɨɥɶɲɢɟ ɪɚɫɫɬɨɹɧɢɹ ɧɟɢɡɛɟɠɧɵ 

ɩɨɬɟɪɢ, ɤɪɨɦɟ ɬɨɝɨ, ɧɚ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɬɪɟɛɭɸɬɫɹ 
ɛɨɥɶɲɢɟ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ; ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɚ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɬɨɩɥɢɜɚ 
ɩɪɢɜɨɞɢɬ ɤ ɟɝɨ ɭɞɨɪɨɠɚɧɢɸ, ɱɬɨ (ɩɪɢ ɛɨɥɶɲɢɯ ɪɚɫɫɬɨɹɧɢɹɯ) ɡɚɦɟɬɧɨ 
ɨɬɪɚɠɚɟɬɫɹ ɧɚ ɫɬɨɢɦɨɫɬɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. Ʉɨɧɟɱɧɨ, ɩɪɢ ɜɵɛɨɪɟ ɩɥɨ-
ɳɚɞɤɢ ɞɥɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ Ɍɗɋ ɧɟɨɛɯɨɞɢɦɨ ɭɱɟɫɬɶ ɪɹɞ ɬɪɟɛɨɜɚɧɢɣ, ɢ ɜ 
ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɧɚɥɢɱɢɟ ɜɨɞɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɬɪɟɛɭɟ-
ɦɵɣ ɪɚɫɯɨɞ ɜɨɞɵ, ɨɞɧɚɤɨ ɜɨɡɦɨɠɧɨɫɬɶ ɫɬɪɨɢɬɶ Ⱥɗɋ ɜɛɥɢɡɢ ɤɪɭɩɧɵɯ 
ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɨɬɪɟɛɢɬɟɥɟɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɜɵɝɨɞɧɨ ɨɬɥɢɱɚɟɬ 
ɷɬɢ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɨɬ ɪɚɛɨɬɚɸɳɢɯ ɧɚ ɨɪɝɚɧɢɱɟɫɤɨɦ ɬɨɩɥɢɜɟ. 

Ⱥɬɨɦɧɵɟ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɦɨɝɭɬ ɛɵɬɶ ɤɨɧɞɟɧɫɚɰɢɨɧɧɵɦɢ (ȺɄɗɋ) 

ɢ ɬɟɩɥɨɷɥɟɤɬɪɨɰɟɧɬɪɚɥɹɦɢ (ȺɌɗɐ). ȼ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɜ ɧɟɤɨɬɨɪɵɯ 
ɫɬɪɚɧɚɯ ɛɨɥɶɲɨɟ ɜɧɢɦɚɧɢɟ ɭɞɟɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɬɟɩɥɨɬɵ ɤɨɦɛɢ-

ɧɢɪɨɜɚɧɧɵɯ ɚɬɨɦɧɵɯ ɭɫɬɚɧɨɜɨɤ ɞɥɹ ɨɩɪɟɫɧɟɧɢɹ ɦɨɪɫɤɢɯ ɢ ɫɨɥɨɧɱɚɤɨ-
ɜɵɯ ɜɨɞ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɫɬɚɧɰɢɢ ɬɚɤɨɝɨ ɬɢɩɚ ɛɭɞɭɬ ɫɬɪɨɢɬɶɫɹ ɜ ɦɟɫɬɚɯ, 
ɝɞɟ ɨɳɭɳɚɟɬɫɹ ɧɟɞɨɫɬɚɬɨɤ ɩɪɟɫɧɨɣ ɜɨɞɵ. 

Ⱥɬɨɦɧɚɹ ɷɧɟɪɝɢɹ ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɬɚɤɠɟ ɬɨɥɶɤɨ ɞɥɹ ɰɟɥɟɣ 

ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ. Ɍɚɤɢɟ ɚɬɨɦɧɵɟ ɫɬɚɧɰɢɢ (ȺɋɌ) ɢɦɟɸɬɫɹ ɭɠɟ ɜ ɪɹɞɟ 
ɫɬɪɚɧ. Ɇɨɠɧɨ ɩɨɥɚɝɚɬɶ, ɱɬɨ ɜ ɛɥɢɠɚɣɲɢɟ ɝɨɞɵ ɨɧɢ ɧɚɣɞɭɬ ɫɪɚɜɧɢ-

ɬɟɥɶɧɨ ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ. ɋɬɪɨɢɬɶɫɹ ȺɋɌ ɛɭɞɭɬ, ɤɨɧɟɱɧɨ, 
ɜɛɥɢɡɢ ɤɪɭɩɧɵɯ ɝɨɪɨɞɨɜ. 
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1.2. ɋɏȿɆɕ ɄɈɇȾȿɇɋȺɐɂɈɇɇɕɏ ɗɅȿɄɌɊɈɋɌȺɇɐɂɃ ɇȺ 

ɈɊȽȺɇɂɑȿɋɄɈɆ ɂ əȾȿɊɇɈɆ ɌɈɉɅɂȼȿ 

 

Ʉɨɧɞɟɧɫɚɰɢɨɧɧɵɟ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɬɚɧɰɢɢ ɛɨɥɶɲɨɣ ɦɨɳɧɨɫɬɢ 

ɧɚ ɨɪɝɚɧɢɱɟɫɤɨɦ ɬɨɩɥɢɜɟ ɫɬɪɨɹɬɫɹ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɨɫɧɨɜɧɨɦ ɧɚ 
ɜɵɫɨɤɢɟ ɧɚɱɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɩɚɪɚ ɢ ɧɢɡɤɨɟ ɤɨɧɟɱɧɨɟ ɞɚɜɥɟɧɢɟ 
(ɝɥɭɛɨɤɢɣ ɜɚɤɭɭɦ). ɗɬɨ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɭɦɟɧɶɲɢɬɶ ɪɚɫɯɨɞ ɬɟɩɥɨɬɵ 

ɧɚ ɟɞɢɧɢɰɭ ɜɵɪɚɛɨɬɚɧɧɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɬɚɤ ɤɚɤ ɱɟɦ ɜɵɲɟ ɧɚɱɚɥɶ-
ɧɵɟ ɩɚɪɚɦɟɬɪɵ 0P  ɢ 0t  ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ ɢ ɧɢɠɟ ɤɨɧɟɱɧɨɟ ɞɚɜɥɟɧɢɟ ɩɚ-
ɪɚ ɤP , ɬɟɦ ɜɵɲɟ ɄɉȾ ɭɫɬɚɧɨɜɤɢ. 

ɇɚ ɪɢɫ. 1.1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɬɢɩɢɱɧɵɟ ɬɟɩɥɨɜɵɟ ɫɯɟɦɵ ɤɨɧɞɟɧɫɚ-
ɰɢɨɧɧɵɯ ɭɫɬɚɧɨɜɨɤ ɧɚ ɨɪɝɚɧɢɱɟɫɤɨɦ ɬɨɩɥɢɜɟ. ɉɨ ɫɯɟɦɟ (ɪɢɫ. 1.1, 

ɚ) ɩɨɞɜɨɞ ɬɟɩɥɨɬɵ ɤ ɰɢɤɥɭ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɬɨɥɶɤɨ ɩɪɢ ɝɟɧɟɪɚɰɢɢ 

ɩɚɪɚ ɢ ɩɨɞɨɝɪɟɜɟ ɟɝɨ ɞɨ ɜɵɛɪɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɩɟɪɟɝɪɟɜɚ ɩɟɪt . ɉɨ 
ɫɯɟɦɟ (ɪɢɫ. 1.1, ɛ), ɧɚɪɹɞɭ ɫ ɩɟɪɟɞɚɱɟɣ ɬɟɩɥɨɬɵ ɩɪɢ ɷɬɢɯ ɭɫɥɨɜɢɹɯ, ɬɟ-
ɩɥɨɬɚ ɩɨɞɜɨɞɢɬɫɹ ɤ ɩɚɪɭ ɢ ɩɨɫɥɟ ɬɨɝɨ, ɤɚɤ ɨɧ ɨɬɪɚɛɨɬɚɥ ɜ ɱɚɫɬɢ ɜɵ-

ɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ (ɑȼȾ) ɬɭɪɛɢɧɵ. 

Ɋɢɫ. 1.1. Ɍɢɩɢɱɧɵɟ ɬɟɩɥɨɜɵɟ ɫɯɟɦɵ ɩɚɪɨɬɭɪɛɢɧɧɵɯ ɤɨɧɞɟɧɫɚɰɢɨɧɧɵɯ ɭɫɬɚ-
ɧɨɜɨɤ ɧɚ ɨɪɝɚɧɢɱɟɫɤɨɦ ɬɨɩɥɢɜɟ ɛɟɡ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ ɩɚɪɚ (ɚ) ɢ ɫ 
ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɩɟɪɟɝɪɟɜɨɦ (ɛ) 

 

ɉɟɪɜɭɸ ɫɯɟɦɭ ɧɚɡɵɜɚɸɬ ɫɯɟɦɨɣ ɛɟɡ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟ-
ɜɚ, ɜɬɨɪɭɸ - ɫɯɟɦɨɣ ɫ ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɩɟɪɟɝɪɟɜɨɦ ɩɚɪɚ. Ʉɚɤ ɢɡɜɟɫɬɧɨ 
ɢɡ ɤɭɪɫɚ ɬɟɪɦɨɞɢɧɚɦɢɤɢ, ɬɟɩɥɨɜɚɹ ɷɤɨɧɨɦɢɱɧɨɫɬɶ ɜɬɨɪɨɣ ɫɯɟɦɵ ɩɪɢ 

ɨɞɧɢɯ ɢ ɬɟɯ ɠɟ ɧɚɱɚɥɶɧɵɯ ɢ ɤɨɧɟɱɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɢ ɩɪɚɜɢɥɶɧɨɦ ɜɵ-

ɛɨɪɟ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ ɜɵɲɟ. 
ɉɨ ɨɛɟɢɦ ɫɯɟɦɚɦ ɩɚɪ ɢɡ ɩɚɪɨɜɨɝɨ ɤɨɬɥɚ 1 ɧɚɩɪɚɜɥɹɟɬɫɹ ɜ ɬɭɪɛɢɧɭ 

2, ɧɚɯɨɞɹɳɭɸɫɹ ɧɚ ɨɞɧɨɦ ɜɚɥɭ ɫ ɷɥɟɤɬɪɨɝɟɧɟɪɚɬɨɪɨɦ 3. Ɉɬɪɚɛɨɬɚɜɲɢɣ 

ɩɚɪ ɤɨɧɞɟɧɫɢɪɭɟɬɫɹ ɜ ɤɨɧɞɟɧɫɚɬɨɪɟ 4, ɨɯɥɚɠɞɚɟɦɨɦ ɰɢɪɤɭɥɢɪɭɸɳɟɣ ɜ 
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ɬɪɭɛɤɚɯ ɬɟɯɧɢɱɟɫɤɨɣ ɜɨɞɨɣ. Ʉɨɧɞɟɧɫɚɬ ɢɡ ɬɭɪɛɢɧɵ ɤɨɧɞɟɧɫɚɬɧɵɦ ɧɚɫɨ-
ɫɨɦ 5 ɱɟɪɟɡ ɪɟɝɟɧɟɪɚɬɢɜɧɵɟ ɩɨɞɨɝɪɟɜɚɬɟɥɢ 6 ɩɨɞɚɟɬɫɹ ɜ ɞɟɚɷɪɚɬɨɪ 8. Ⱦɟ-
ɚɷɪɚɬɨɪ ɫɥɭɠɢɬ ɞɥɹ ɭɞɚɥɟɧɢɹ ɢɡ ɜɨɞɵ ɪɚɫɬɜɨɪɟɧɧɵɯ ɜ ɧɟɣ ɝɚɡɨɜ; ɨɞ-

ɧɨɜɪɟɦɟɧɧɨ ɜ ɧɟɦ, ɬɚɤ ɠɟ ɤɚɤ ɜ ɪɟɝɟɧɟɪɚɬɢɜɧɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɹɯ, ɩɢ-

ɬɚɬɟɥɶɧɚɹ ɜɨɞɚ ɩɨɞɨɝɪɟɜɚɟɬɫɹ ɩɚɪɨɦ, ɨɬɛɢɪɚɟɦɵɦ ɞɥɹ ɷɬɨɝɨ ɢɡ ɨɬɛɨ-

ɪɚ ɬɭɪɛɢɧɵ. Ⱦɟɚɷɪɚɰɢɹ ɜɨɞɵ ɩɪɨɜɨɞɢɬɫɹ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɞɨɜɟɫɬɢ ɞɨ 

ɞɨɩɭɫɬɢɦɵɯ ɡɧɚɱɟɧɢɣ ɫɨɞɟɪɠɚɧɢɟ ɤɢɫɥɨɪɨɞɚ ɢ ɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɚ ɜ 
ɧɟɣ ɢ ɬɟɦ ɫɚɦɵɦ ɩɨɧɢɡɢɬɶ ɫɤɨɪɨɫɬɶ ɤɨɪɪɨɡɢɢ ɜ ɬɪɚɤɬɚɯ ɜɨɞɵ ɢ ɩɚɪɚ. 
ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɞɟɚɷɪɚɬɨɪ ɦɨɠɟɬ ɨɬɫɭɬɫɬɜɨɜɚɬɶ, ɩɪɢ ɷɬɨɦ ɫɨɞɟɪɠɚɧɢɟ 
ɤɢɫɥɨɪɨɞɚ ɜ ɤɨɧɬɭɪɟ ɩɪɢ ɩɪɢɦɟɧɟɧɢɢ ɜɟɫɶɦɚ ɱɢɫɬɨɣ ɝɥɭɛɨɤɨ ɨɛɟɫɫɨ-

ɥɟɧɧɨɣ ɜɨɞɵ ɦɨɠɟɬ ɛɵɬɶ ɜɵɲɟ, ɱɟɦ ɧɚ ɨɛɵɱɧɵɯ Ɍɗɋ, ɬɚɤ ɤɚɤ ɜ ɬɚ-
ɤɢɯ ɭɫɥɨɜɢɹɯ ɩɪɨɢɫɯɨɞɢɬ ɩɚɫɫɢɜɢɡɚɰɢɹ ɫɬɚɥɢ. 

ɉɪɢ ɬɚɤɨɦ, ɬɚɤ ɧɚɡɵɜɚɟɦɨɦ ɧɟɣɬɪɚɥɶɧɨ-ɤɢɫɥɨɪɨɞɧɨɦ, ɜɨɞɧɨɦ 

ɪɟɠɢɦɟ ɜ ɩɢɬɚɬɟɥɶɧɭɸ ɜɨɞɭ ɩɨɞɚɸɬɫɹ ɜ ɨɩɪɟɞɟɥɟɧɧɨɦ ɤɨɥɢɱɟɫɬɜɟ 
ɤɢɫɥɨɪɨɞ, ɩɟɪɨɤɫɢɞ ɜɨɞɨɪɨɞɚ ɢɥɢ ɜɨɡɞɭɯ; ɞɟɚɷɪɚɬɨɪ ɜ ɫɯɟɦɟ ɩɪɢ ɷɬɨɦ 

ɧɟ ɧɭɠɟɧ. 

Ⱦɟɚɷɪɢɪɨɜɚɧɧɚɹ ɜɨɞɚ ɩɢɬɚɬɟɥɶɧɵɦ ɧɚɫɨɫɨɦ 9 ɱɟɪɟɡ ɩɨɞɨɝɪɟɜɚɬɟɥɢ 

10 ɩɨɞɚɟɬɫɹ ɜ ɤɨɬɟɥɶɧɭɸ ɭɫɬɚɧɨɜɤɭ. Ʉɨɧɞɟɧɫɚɬ ɝɪɟɸɳɟɝɨ ɩɚɪɚ, ɨɛɪɚ-
ɡɭɸɳɢɣɫɹ ɜ ɩɨɞɨɝɪɟɜɚɬɟɥɹɯ 10, ɩɟɪɟɩɭɫɤɚɟɬɫɹ ɤɚɫɤɚɞɧɨ ɜ ɞɟɚɷɪɚɬɨɪ 8, ɚ 
ɤɨɧɞɟɧɫɚɬ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ 6 ɩɨɞɚɟɬɫɹ ɞɪɟɧɚɠɧɵɦ ɧɚɫɨ-
ɫɨɦ 7 ɜ ɥɢɧɢɸ, ɩɨ ɤɨɬɨɪɨɣ ɩɪɨɬɟɤɚɟɬ ɤɨɧɞɟɧɫɚɬ ɢɡ ɤɨɧɞɟɧɫɚɬɨɪɚ 4. 

Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɬɚɤɨɣ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɪɚɛɨɬɚɸɳɟɣ ɧɚ 
ɭɝɥɹɯ, ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 1.2. Ɍɨɩɥɢɜɨ ɜ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ ɜɚɝɨɧɚɯ 1 ɩɨ-
ɫɬɭɩɚɟɬ ɤ ɪɚɡɝɪɭɡɨɱɧɵɦ ɭɫɬɪɨɣɫɬɜɚɦ 2, ɨɬɤɭɞɚ ɫ ɩɨɦɨɳɶɸ ɥɟɧɬɨɱɧɵɯ 
ɬɪɚɧɫɩɨɪɬɟɪɨɜ 4 ɧɚɩɪɚɜɥɹɟɬɫɹ ɧɚ ɫɤɥɚɞ 3, ɫɨ ɫɤɥɚɞɚ ɬɨɩɥɢɜɨ ɩɨɞɚɟɬɫɹ ɜ 
ɞɪɨɛɢɥɶɧɭɸ ɭɫɬɚɧɨɜɤɭ 5. ɂɦɟɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɞɚɜɚɬɶ ɬɨɩɥɢɜɨ ɜ 
ɞɪɨɛɢɥɶɧɭɸ ɭɫɬɚɧɨɜɤɭ ɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɨɬ ɪɚɡɝɪɭɡɨɱɧɵɯ ɭɫɬɪɨɣɫɬɜ. 
ɂɡ ɞɪɨɛɢɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɬɨɩɥɢɜɨ ɩɨɫɬɭɩɚɟɬ ɜ ɛɭɧɤɟɪɚ ɫɵɪɨɝɨ ɭɝɥɹ 6, ɚ 
ɨɬɬɭɞɚ ɱɟɪɟɡ ɩɢɬɚɬɟɥɢ - ɜ ɩɵɥɟɭɝɨɥɶɧɵɟ ɦɟɥɶɧɢɰɵ 7. ɍɝɨɥɶɧɚɹ ɩɵɥɶ 
ɩɧɟɜɦɚɬɢɱɟɫɤɢ ɬɪɚɧɫɩɨɪɬɢɪɭɟɬɫɹ ɱɟɪɟɡ ɫɟɩɚɪɚɬɨɪ 8 ɢ ɰɢɤɥɨɧ 9 ɜ ɛɭɧɤɟɪ 

ɭɝɨɥɶɧɨɣ ɩɵɥɢ 10, ɚ ɨɬɬɭɞɚ ɩɢɬɚɬɟɥɹɦɢ 11 ɩɨɞɚɟɬɫɹ ɤ ɝɨɪɟɥɤɚɦ. ȼɨɡɞɭɯ 
ɢɡ ɰɢɤɥɨɧɚ ɡɚɫɚɫɵɜɚɟɬɫɹ ɦɟɥɶɧɢɱɧɵɦ ɜɟɧɬɢɥɹɬɨɪɨɦ 12 ɢ ɩɨɞɚɟɬɫɹ ɜ ɬɨ-
ɩɨɱɧɭɸ ɤɚɦɟɪɭ ɤɨɬɥɚ 13.  

Ƚɚɡɵ, ɨɛɪɚɡɭɸɳɢɟɫɹ ɩɪɢ ɝɨɪɟɧɢɢ ɜ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɟ, ɩɨɫɥɟ ɜɵ-

ɯɨɞɚ ɢɡ ɧɟɟ ɩɪɨɯɨɞɹɬ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɝɚɡɨɯɨɞɵ ɤɨɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ, 

ɝɞɟ ɜ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɟ (ɩɟɪɜɢɱɧɨɦ ɢ ɜɬɨɪɢɱɧɨɦ, ɟɫɥɢ ɨɫɭɳɟɫɬɜɥɹ-
ɟɬɫɹ ɰɢɤɥ ɫ ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɩɟɪɟɝɪɟɜɨɦ ɩɚɪɚ) ɢ ɜɨɞɹɧɨɦ ɷɤɨɧɨ-

ɦɚɣɡɟɪɟ ɨɬɞɚɸɬ ɬɟɩɥɨɬɭ ɪɚɛɨɱɟɦɭ ɬɟɥɭ, ɚ ɜ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɟ - 

ɩɨɞɚɜɚɟɦɨɦɭ ɜ ɩɚɪɨɜɨɣ ɤɨɬɟɥ ɜɨɡɞɭɯɭ. Ɂɚɬɟɦ ɜ ɡɨɥɨɭɥɨɜɢɬɟɥɹɯ 15 ɝɚɡɵ 

ɨɱɢɳɚɸɬɫɹ ɨɬ ɥɟɬɭɱɟɣ ɡɨɥɵ ɢ ɱɟɪɟɡ ɞɵɦɨɜɭɸ ɬɪɭɛɭ 17 ɞɵɦɨɫɨɫɚɦɢ 16 

ɜɵɛɪɚɫɵɜɚɸɬɫɹ ɜ ɚɬɦɨɫɮɟɪɭ. 
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Ɋɢɫ. 1.2. Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɩɵɥɟɭɝɨɥɶɧɨɣ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ 
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ɒɥɚɤ ɢ ɡɨɥɚ, ɜɵɩɚɞɚɸɳɢɟ ɩɨɞ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɨɣ, ɜɨɡɞɭɯɨɩɨ-

ɞɨɝɪɟɜɚɬɟɥɟɦ ɢ ɡɨɥɨɭɥɨɜɢɬɟɥɹɦɢ, ɫɦɵɜɚɸɬɫɹ ɜɨɞɨɣ ɢ ɩɨ ɤɚɧɚɥɚɦ 

ɩɨɫɬɭɩɚɸɬ ɤ ɛɚɝɟɪɧɵɦ ɧɚɫɨɫɚɦ 33, ɤɨɬɨɪɵɟ ɩɟɪɟɤɚɱɢɜɚɸɬ ɢɯ ɜ ɡɨɥɨɨɬ-
ɜɚɥɵ. 

ȼɨɡɞɭɯ, ɧɟɨɛɯɨɞɢɦɵɣ ɞɥɹ ɝɨɪɟɧɢɹ, ɩɨɞɚɟɬɫɹ ɜ ɜɨɡɞɭɯɨɩɨɞɨɝ-
ɪɟɜɚɬɟɥɢ ɩɚɪɨɜɨɝɨ ɤɨɬɥɚ ɞɭɬɶɟɜɵɦ ɜɟɧɬɢɥɹɬɨɪɨɦ 14. Ɂɚɛɢɪɚɟɬɫɹ ɜɨɡɞɭɯ 
ɨɛɵɱɧɨ ɢɡ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɤɨɬɟɥɶɧɨɣ ɢ ɫɧɚɪɭɠɢ ɤɨɬɟɥɶɧɨɝɨ ɨɬɞɟɥɟ-
ɧɢɹ. 

ɉɟɪɟɝɪɟɬɵɣ ɩɚɪ ɨɬ ɩɚɪɨɜɨɝɨ ɤɨɬɥɚ 13 ɩɨɫɬɭɩɚɟɬ ɤ ɬɭɪɛɢɧɟ 22. 

Ʉɨɧɞɟɧɫɚɬ ɢɡ ɤɨɧɞɟɧɫɚɬɨɪɚ ɬɭɪɛɢɧɵ 23 ɩɨɞɚɟɬɫɹ ɤɨɧɞɟɧɫɚɬɧɵɦɢ 

ɧɚɫɨɫɚɦɢ 24 ɱɟɪɟɡ ɪɟɝɟɧɟɪɚɬɢɜɧɵɟ ɩɨɞɨɝɪɟɜɚɬɟɥɢ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ 18 ɜ 
ɞɟɚɷɪɚɬɨɪ 20, ɚ ɨɬɬɭɞɚ ɩɢɬɚɬɟɥɶɧɵɦɢ ɧɚɫɨɫɚɦɢ 21 ɱɟɪɟɡ ɩɨɞɨɝɪɟɜɚɬɟɥɢ 

ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ 19 - ɜ ɷɤɨɧɨɦɚɣɡɟɪ ɤɨɬɥɚ. 
ɉɨɬɟɪɢ ɩɚɪɚ ɢ ɤɨɧɞɟɧɫɚɬɚ ɜɨɫɩɨɥɧɹɸɬɫɹ ɜ ɞɚɧɧɨɣ ɫɯɟɦɟ ɯɢ-

ɦɢɱɟɫɤɢ ɨɛɟɫɫɨɥɟɧɧɨɣ ɜɨɞɨɣ, ɤɨɬɨɪɚɹ ɩɨɞɚɟɬɫɹ ɜ ɥɢɧɢɸ ɤɨɧɞɟɧɫɚɬɚ 
ɡɚ ɤɨɧɞɟɧɫɚɬɨɪɨɦ ɬɭɪɛɢɧɵ. 

Ɉɯɥɚɠɞɚɸɳɚɹ ɜɨɞɚ ɩɨɞɚɟɬɫɹ ɜ ɤɨɧɞɟɧɫɚɬɨɪ ɢɡ ɩɪɢɟɦɧɨɝɨ ɤɨ-

ɥɨɞɰɚ ɜɨɞɨɫɧɚɛɠɟɧɢɹ 26 ɰɢɪɤɭɥɹɰɢɨɧɧɵɦɢ ɧɚɫɨɫɚɦɢ 25. ɉɨɞɨɝɪɟɬɚɹ 
ɜɨɞɚ ɫɛɪɚɫɵɜɚɟɬɫɹ ɜ ɫɛɪɨɫɧɨɣ ɤɨɥɨɞɟɰ 27 ɢɫɬɨɱɧɢɤɚ 34 ɧɚ ɧɟɤɨɬɨɪɨɦ 

ɪɚɫɫɬɨɹɧɢɢ ɨɬ ɦɟɫɬɚ ɡɚɛɨɪɚ, ɞɨɫɬɚɬɨɱɧɨɦ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɩɨɞɨɝɪɟ-
ɬɚɹ ɜɨɞɚ ɧɟ ɩɨɞɦɟɲɢɜɚɥɚɫɶ ɤ ɡɚɛɢɪɚɟɦɨɣ. ɍɫɬɪɨɣɫɬɜɚ ɞɥɹ ɯɢɦɢɱɟ-
ɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɞɨɛɚɜɨɱɧɨɣ ɜɨɞɵ ɧɚɯɨɞɹɬɫɹ ɜ ɯɢɦɢɱɟɫɤɨɦ ɰɟɯɟ 28. 

ȼ ɫɯɟɦɚɯ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɫɟɬɟɜɚɹ ɩɨɞɨɝɪɟɜɚɬɟɥɶɧɚɹ ɭɫ-
ɬɚɧɨɜɤɚ ɞɥɹ ɬɟɩɥɨɮɢɤɚɰɢɢ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɢ ɩɪɢɥɟɝɚɸɳɟɝɨ ɩɨɫɟɥɤɚ. Ʉ 

ɫɟɬɟɜɵɦ ɩɨɞɨɝɪɟɜɚɬɟɥɹɦ 29 ɷɬɨɣ ɭɫɬɚɧɨɜɤɢ ɩɚɪ ɩɨɫɬɭɩɚɟɬ ɨɬ ɨɬɛɨɪɨɜ 
ɬɭɪɛɢɧɵ, ɤɨɧɞɟɧɫɚɬ ɨɬɜɨɞɢɬɫɹ ɩɨ ɥɢɧɢɢ 31. ɋɟɬɟɜɚɹ ɜɨɞɚ ɩɨɞɜɨɞɢɬɫɹ ɤ 
ɩɨɞɨɝɪɟɜɚɬɟɥɸ ɢ ɨɬɜɨɞɢɬɫɹ ɨɬ ɧɟɝɨ ɩɨ ɬɪɭɛɨɩɪɨɜɨɞɚɦ 30. 

ȼɵɪɚɛɨɬɚɧɧɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɨɬɜɨɞɢɬɫɹ ɨɬ ɷɥɟɤɬɪɢɱɟ-
ɫɤɨɝɨ ɝɟɧɟɪɚɬɨɪɚ ɤ ɜɧɟɲɧɢɦ ɩɨɬɪɟɛɢɬɟɥɹɦ ɱɟɪɟɡ ɩɨɜɵɲɚɸɳɢɟ ɷɥɟɤ-

ɬɪɢɱɟɫɤɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ. 

Ⱦɥɹ ɫɧɚɛɠɟɧɢɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɟɣ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ, ɨɫɜɟɬɢ-

ɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ ɢ ɩɪɢɛɨɪɨɜ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɢɦɟɟɬɫɹ ɷɥɟɤɬɪɢɱɟ-
ɫɤɨɟ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 32. 

ɗɥɟɤɬɪɢɱɟɫɤɢɟ ɫɬɚɧɰɢɢ ɧɚ ɨɪɝɚɧɢɱɟɫɤɨɦ ɬɨɩɥɢɜɟ ɜɫɟɝɞɚ ɢɫ-
ɩɨɥɶɡɭɸɬ ɩɟɪɟɝɪɟɬɵɣ ɩɚɪ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɚɪɚ ɩɟ-
ɪɟɞ ɬɭɪɛɢɧɨɣ ɨɛɵɱɧɨ ɞɨɫɬɢɝɚɟɬ 540-560 °ɋ ɩɪɢ ɞɚɜɥɟɧɢɢ ɩɚɪɚ ɩɟɪɟɞ 

ɬɭɪɛɢɧɨɣ ɞɨ 23,5 Ɇɉɚ. 
ɇɚ ɪɢɫ. 1.3 ɩɪɢɜɨɞɹɬɫɹ ɪɚɛɨɱɢɟ ɩɪɨɰɟɫɫɵ ɪɚɫɲɢɪɟɧɢɹ ɩɚɪɚ ɜ ɬɭɪ-

ɛɢɧɟ ɞɥɹ ɩɚɪɨɬɭɪɛɢɧɧɵɯ ɭɫɬɚɧɨɜɨɤ, ɫɯɟɦɵ ɤɨɬɨɪɵɯ ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫ. 
1.1 ɢ 1.2. ȼ ɧɚɲɟɣ ɫɬɪɚɧɟ ɩɚɪɨɬɭɪɛɢɧɧɵɟ ɭɫɬɚɧɨɜɤɢ ɤɨɧɞɟɧɫɚɰɢɨɧɧɨ-

ɝɨ ɬɢɩɚ ɧɚ ɨɪɝɚɧɢɱɟɫɤɨɦ ɬɨɩɥɢɜɟ ɪɚɛɨɬɚɸɬ ɩɨ ɰɢɤɥɭ ɛɟɡ ɩɪɨɦɟɠɭ-
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ɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ (ɫɦ. ɪɢɫ. 1.1) ɩɪɢ ɧɚɱɚɥɶɧɵɯ ɞɚɜɥɟɧɢɹɯ ɩɚɪɚ 0P  ɞɨ 
8,8 Ɇɉɚ ɢ ɬɟɦɩɟɪɚɬɭɪɟ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ ɧɚ ɜɯɨɞɟ ɜ ɬɭɪɛɢɧɭ 0t  ɞɨ 535 

°ɋ; ɩɨ ɰɢɤɥɭ ɫ ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɩɟɪɟɝɪɟɜɨɦ ɧɚɱɚɥɶɧɵɟ ɞɚɜɥɟɧɢɹ ɪɚɜɧɵ 

12,7 ɢ 23,5 Ɇɉɚ, ɚ 0t  =540-560 °ɋ. ȼ ɬɚɤɢɯ ɭɫɥɨɜɢɹɯ ɩɪɢ ɨɛɵɱɧɵɯ ɡɧɚ-
ɱɟɧɢɹɯ ɤɨɧɟɱɧɨɝɨ ɞɚɜɥɟɧɢɹ ɤP  = 0,0035-0,0045 Ɇɉɚ ɜɥɚɠɧɨɫɬɶ ɩɚɪɚ ɧɚ 
ɜɵɯɨɞɟ ɢɡ ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ ɬɭɪɛɢɧɵ ɧɟ ɩɪɟɜɵɲɚɟɬ ɞɨɩɭɫɬɢɦɵɯ ɡɧɚɱɟ-
ɧɢɣ (13-14 %). 

 

 
Ɋɢɫ. 1.3. Ɋɚɛɨɱɢɣ ɩɪɨɰɟɫɫ ɪɚɫɲɢɪɟɧɢɹ ɩɚɪɚ ɜ h-s - ɞɢɚɝɪɚɦɦɟ ɞɥɹ ɤɨɧɞɟɧɫɚ-
ɰɢɨɧɧɵɯ ɭɫɬɚɧɨɜɨɤ ɧɚ ɩɟɪɟɝɪɟɬɨɦ ɩɚɪɟ ɛɟɡ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ (ɚ) ɢ ɫ 
ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɩɟɪɟɝɪɟɜɨɦ (ɛ):  

1 7h h−  - ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɜ ɩɟɪɜɨɦ - ɫɟɞɶɦɨɦ ɨɬɛɨɪɚɯ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ;  

0 ɩɤh h,  - ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɧɚ ɜɯɨɞɟ ɜ ɬɭɪɛɢɧɭ ɢ ɤɨɧɞɟɧɫɚɬɨɪ;  
s  - ɷɧɬɪɨɩɢɹ;  
x  - ɫɬɟɩɟɧɶ ɫɭɯɨɫɬɢ 

 

ɇɚ Ⱥɗɋ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɬɫɹ ɧɚɫɵɳɟɧɧɵɣ ɩɚɪ. ɗɬɨ ɨɛɴɹɫɧɹɟɬɫɹ 
ɬɟɦ, ɱɬɨ ɜ ɪɹɞɟ ɫɥɭɱɚɟɜ ɩɟɪɟɝɪɟɜ ɩɚɪɚ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɹɞɟɪɧɨɦ ɪɟɚɤɬɨ-
ɪɟ ɜɟɫɶɦɚ ɭɫɥɨɠɧɹɟɬ ɤɨɧɫɬɪɭɤɰɢɸ ɪɟɚɤɬɨɪɚ ɢ ɫɯɟɦɭ ɭɫɬɚɧɨɜɤɢ, ɬɪɟɛɭɟɬ 
ɫɭɳɟɫɬɜɟɧɧɵɯ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɤɚɩɢɬɚɥɶɧɵɯ ɡɚɬɪɚɬ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɧɚ 
Ⱥɗɋ ɫɬɨɢɦɨɫɬɶ ɬɨɩɥɢɜɚ (ɹɞɟɪɧɨɝɨ ɝɨɪɸɱɟɝɨ), ɨɬɧɟɫɟɧɧɚɹ ɤ ɟɞɢɧɢɰɟ ɜɵ-

ɪɚɛɨɬɚɧɧɨɣ ɷɧɟɪɝɢɢ, ɡɧɚɱɢɬɟɥɶɧɨ ɧɢɠɟ, ɱɟɦ ɧɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ ɨɛɵɱɧɨ-
ɝɨ ɬɢɩɚ. ɉɨɷɬɨɦɭ ɡɞɟɫɶ ɩɪɨɢɡɜɨɞɫɬɜɨ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɭɫɬɚɧɨɜɤɚɯ 
ɦɟɧɶɲɟɣ ɫɬɨɢɦɨɫɬɢ ɞɚɠɟ ɩɪɢ ɛɨɥɟɟ ɧɢɡɤɢɯ ɡɧɚɱɟɧɢɹɯ ɄɉȾ ɷɤɨɧɨɦɢɱɟ-
ɫɤɢ ɨɩɪɚɜɞɚɧɨ. 
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ɋɯɟɦɚ Ⱥɗɋ ɦɨɠɟɬ ɛɵɬɶ ɨɞɧɨɤɨɧɬɭɪɧɨɣ, ɞɜɭɯɤɨɧɬɭɪɧɨɣ ɢ ɬɪɟɯ-

ɤɨɧɬɭɪɧɨɣ. 

ɇɚ Ⱥɗɋ, ɪɚɛɨɬɚɸɳɟɣ ɩɨ ɨɞɧɨɤɨɧɬɭɪɧɨɣ ɫɯɟɦɟ (ɪɢɫ. 1.4, ɚ), ɩɚɪ 
ɨɛɪɚɡɭɟɬɫɹ ɜ ɚɤɬɢɜɧɨɣ ɡɨɧɟ ɪɟɚɤɬɨɪɚ ɢ ɨɬɬɭɞɚ ɧɚɩɪɚɜɥɹɟɬɫɹ ɜ ɬɭɪɛɢɧɭ. ȼ 

ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɞɨ ɩɨɫɬɭɩɥɟɧɢɹ ɜ ɬɭɪɛɢɧɭ ɩɚɪ ɩɨɞɜɟɪɝɚɟɬɫɹ ɩɟɪɟɝɪɟ-
ɜɭ ɜ ɩɟɪɟɝɪɟɜɚɬɟɥɶɧɵɯ ɤɚɧɚɥɚɯ ɪɟɚɤɬɨɪɚ. Ɉɞɧɨɤɨɧɬɭɪɧɚɹ ɫɯɟɦɚ ɧɚɢɛɨ-
ɥɟɟ ɩɪɨɫɬɚ. Ɉɞɧɚɤɨ ɨɛɪɚɡɭɸɳɢɣɫɹ ɜ ɪɟɚɤɬɨɪɟ ɩɚɪ ɪɚɞɢɨɚɤɬɢɜɟɧ, ɩɨ-

ɷɬɨɦɭ ɛɨɥɶɲɚɹ ɱɚɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ Ⱥɗɋ ɞɨɥɠɧɚ ɢɦɟɬɶ ɡɚɳɢɬɭ ɨɬ ɢɡɥɭ-
ɱɟɧɢɣ. ȼ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɜ ɩɚɪɨɩɪɨɜɨɞɚɯ, ɬɭɪɛɢɧɟ ɢ 

ɞɪɭɝɢɯ ɷɥɟɦɟɧɬɚɯ ɨɛɨɪɭɞɨɜɚɧɢɹ ɦɨɝɭɬ ɫɤɚɩɥɢɜɚɬɶɫɹ ɜɵɧɨɫɢɦɵɟ ɢɡ ɪɟ-
ɚɤɬɨɪɚ ɫ ɩɚɪɨɦ ɬɜɟɪɞɵɟ ɜɟɳɟɫɬɜɚ (ɫɨɞɟɪɠɚɳɢɟɫɹ ɜ ɜɨɞɟ ɩɪɢɦɟɫɢ, ɩɪɨ-
ɞɭɤɬɵ ɤɨɪɪɨɡɢɢ), ɨɛɥɚɞɚɸɳɢɟ ɧɚɜɟɞɟɧɧɨɣ ɚɤɬɢɜɧɨɫɬɶɸ, ɱɬɨ ɡɚɬɪɭɞɧɹɟɬ 
ɤɨɧɬɪɨɥɶ ɡɚ ɨɛɨɪɭɞɨɜɚɧɢɟɦ ɢ ɟɝɨ ɪɟɦɨɧɬ. 

ɉɨ ɞɜɭɯɤɨɧɬɭɪɧɨɣ ɢ ɬɪɟɯɤɨɧɬɭɪɧɨɣ ɫɯɟɦɚɦ (ɪɢɫ. 1.4, ɛ ɢ ɜ) ɨɬɜɨɞ 
ɬɟɩɥɨɬɵ ɢɡ ɪɟɚɤɬɨɪɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɬɟɩɥɨɧɨɫɢɬɟɥɟɦ, ɤɨɬɨɪɵɣ ɡɚɬɟɦ 

ɩɟɪɟɞɚɟɬ ɬɟɩɥɨɬɭ ɪɚɛɨɱɟɣ ɫɪɟɞɟ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɢɥɢ ɱɟɪɟɡ ɬɟɩɥɨɧɨɫɢ-

ɬɟɥɶ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɤɨɧɬɭɪɚ. ɇɚ Ⱥɗɋ, ɪɚɛɨɬɚɸɳɢɯ ɩɨ ɞɜɭɯɤɨɧɬɭɪɧɨɣ 

ɢɥɢ ɬɪɟɯɤɨɧɬɭɪɧɨɣ ɫɯɟɦɟ, ɪɚɛɨɱɚɹ ɫɪɟɞɚ ɢ ɬɟɩɥɨɧɨɫɢɬɟɥɶ ɜɬɨɪɨɝɨ ɤɨɧ-

ɬɭɪɚ ɜ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɧɟɪɚɞɢɨɚɤɬɢɜɧɵ, ɩɨɷɬɨɦɭ ɷɤɫɩɥɭɚɬɚɰɢɹ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɫɭɳɟɫɬɜɟɧɧɨ ɨɛɥɟɝɱɚɟɬɫɹ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɨɞɭɤɬɵ ɤɨɪ-
ɪɨɡɢɢ ɩɚɪɨɩɪɨɜɨɞɨɜ, ɤɨɧɞɟɧɫɚɬɨɪɨɜ ɢ ɬɭɪɛɢɧɧɨɝɨ ɬɪɚɤɬɚ ɧɟ ɩɨɩɚɞɚɸɬ ɜ 
ɪɟɚɤɬɨɪ. Ɉɞɧɚɤɨ ɤɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɡɧɚɱɢɬɟɥɶɧɨ ɜɵɲɟ, 
ɨɫɨɛɟɧɧɨ ɩɪɢ ɬɪɟɯɤɨɧɬɭɪɧɨɣ ɫɯɟɦɟ. Ɍɚɤɢɟ ɫɯɟɦɵ ɫɥɟɞɭɟɬ ɩɪɢɦɟɧɹɬɶ, 
ɤɨɝɞɚ ɜɟɪɨɹɬɧɨɫɬɶ ɤɨɧɬɚɤɬɚ ɚɤɬɢɜɧɨɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɫ ɜɨɞɨɣ ɞɨɥɠɧɚ 
ɛɵɬɶ ɩɨɥɧɨɫɬɶɸ ɢɫɤɥɸɱɟɧɚ, ɧɚɩɪɢɦɟɪ, ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜ ɤɚɱɟɫɬɜɟ 
ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɠɢɞɤɨɝɨ ɧɚɬɪɢɹ, ɬɚɤ ɤɚɤ ɟɝɨ ɤɨɧɬɚɤɬ ɫ ɜɨɞɨɣ ɦɨɠɟɬ ɩɪɢ-

ɜɟɫɬɢ ɤ ɤɪɭɩɧɨɣ ɚɜɚɪɢɢ. ȼ ɬɪɚɤɬɚɯ Ⱥɗɋ, ɪɚɛɨɬɚɸɳɢɯ ɩɨ ɞɜɭɯɤɨɧɬɭɪɧɨɣ 

ɫɯɟɦɟ, ɞɚɠɟ ɩɪɢ ɧɟɛɨɥɶɲɢɯ ɧɚɪɭɲɟɧɢɹɯ ɩɥɨɬɧɨɫɬɢ, ɜɨɡɦɨɠɟɧ ɤɨɧɬɚɤɬ 
ɚɤɬɢɜɧɨɝɨ ɧɚɬɪɢɹ ɫ ɜɨɞɨɣ, ɢ ɥɢɤɜɢɞɢɪɨɜɚɬɶ ɚɜɚɪɢɸ ɛɵɥɨ ɛɵ ɞɨɜɨɥɶɧɨ 
ɬɪɭɞɧɨ. ɉɪɢ ɬɪɟɯɤɨɧɬɭɪɧɨɣ ɫɯɟɦɟ ɤɨɧɬɚɤɬ ɚɤɬɢɜɧɨɝɨ ɧɚɬɪɢɹ ɫ ɜɨɞɨɣ 

ɢɫɤɥɸɱɟɧ. 

ȼɨ ɜɫɟɯ ɩɪɢɜɟɞɟɧɧɵɯ ɧɚ ɪɢɫ. 1.4 ɫɯɟɦɚɯ ɤɨɧɞɟɧɫɚɬ ɩɨɫɥɟ ɤɨɧɞɟɧ-

ɫɚɬɨɪɚ ɬɭɪɛɢɧɵ ɩɪɨɯɨɞɢɬ ɫɢɫɬɟɦɭ ɪɟɝɟɧɟɪɚɬɢɜɧɨɝɨ ɩɨɞɨɝɪɟɜɚ, ɤɨɬɨɪɚɹ, 
ɩɨ ɫɭɳɟɫɬɜɭ, ɧɟ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɩɪɢɦɟɧɹɟɦɨɣ ɧɚ ɨɛɵɱɧɵɯ ɷɥɟɤɬɪɨɫɬɚɧ-

ɰɢɹɯ (ɫɦ. ɪɢɫ. 1.1). ɇɚ ɪɢɫ. 1.4 ɢ ɩɨɫɥɟɞɭɸɳɢɯ ɪɢɫɭɧɤɚɯ ɷɬɨɣ ɝɥɚɜɵ, ɞɥɹ 
ɬɨɝɨ ɱɬɨɛɵ ɧɟ ɩɨɜɬɨɪɹɬɶ ɭɠɟ ɨɩɢɫɚɧɧɵɟ ɷɥɟɦɟɧɬɵ ɫɯɟɦɵ, ɫɢɫɬɟɦɵ 

ɪɟɝɟɧɟɪɚɬɢɜɧɨɝɨ ɩɨɞɨɝɪɟɜɚ ɩɨɤɚɡɚɧɵ ɭɫɥɨɜɧɨ. 

Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɩɟɪɜɨɝɨ ɤɨɧɬɭɪɚ ɞɜɭɯɤɨɧɬɭɪɧɨɣ Ⱥɗɋ ɩɨ-
ɤɚɡɚɧɚ ɧɚ ɪɢɫ. 1.5. 
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Ɋɢɫ. 1.4. Ɉɞɧɨɤɨɧɬɭɪɧɚɹ (ɹ), ɞɜɭɯɤɨɧɬɭɪɧɚɹ (ɛ) ɢ ɬɪɟɯɤɨɧɬɭɪɧɚɹ (ɜ) ɫɯɟɦɵ Ⱥɗɋ:

I - ɪɟɚɤɬɨɪ; 2 - ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɬɟɩɥɨɨɛɦɟɧɧɢɤ; 3 - ɩɚɪɨɝɟɧɟɪɚɬɨɪ; 4 - ɬɭɪɛɨɝɟɧɟ-
ɪɚɬɨɪ; 5 - ɤɨɧɞɟɧɫɚɬɨɪ; ɛ - ɤɨɧɞɟɧɫɚɬɚɦɢ ɧɚɫɨɫ; 7 - ɩɚɪ ɨɬ ɨɬɛɨɪɚ; 8 - ɩɚɪ ɧɚ ɪɟɝɟ-
ɧɟɪɚɬɢɜɧɵɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ; 9, 13 - ɪɟɝɟɧɟɪɚɬɢɜɧɵɟ ɩɨɞɨɝɪɟɜɚɬɟɥɢ ɧɢɡɤɨɝɨ ɢ ɜɵɫɨ-
ɤɨɝɨ ɞɚɜɥɟɧɢɹ; 10 - ɞɟɚɷɪɚɬɨɪ; 11 - ɩɚɪ ɧɚ ɞɟɚɷɪɚɬɨɪ; 12 - ɩɢɬɚɬɟɥɶɧɵɣ ɧɚɫɨɫ 
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Ɋɢɫ. 1.5. Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɩɟɪɜɨɝɨ ɤɨɧɬɭɪɚ Ⱥɗɋ: 

1 - ɤɨɧɬɟɣɧɟɪ; 2 - ɛɚɫɫɟɣɧ; 3 - ɩɟɪɟɝɪɭɡɨɱɧɵɣ ɤɪɚɧ; 4 - ɪɟɚɤɬɨɪ; 5 - ɦɨɫɬɨɜɨɣ ɤɪɚɧ 
ɪɟɚɤɬɨɪɧɨɝɨ ɡɚɥɚ; 6 - ɝɥɚɜɧɚɹ ɡɚɞɜɢɠɤɚ; 7 - ɝɥɚɜɧɵɣ ɰɢɪɤɭɥɹɰɢɨɧɧɵɣ ɧɚɫɨɫ; 8 - ɩɚ-
ɪɨɝɟɧɟɪɚɬɨɪ; 9 - ɬɪɭɛɨɩɪɨɜɨɞɵ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ; 10 - ɬɪɭɛɨɩɪɨɜɨɞɵ ɜɬɨɪɢɱɧɨɝɨ 
ɩɚɪɚ 

 

əɞɟɪɧɨɟ ɬɨɩɥɢɜɨ, ɧɚɯɨɞɹɳɟɟɫɹ ɜ ɬɟɩɥɨɜɵɞɟɥɹɸɳɢɯ ɷɥɟɦɟɧɬɚɯ 
(ɬɜɷɥɚɯ) ɨɩɪɟɞɟɥɟɧɧɨɣ ɮɨɪɦɵ, ɞɨɫɬɚɜɥɹɟɬɫɹ ɜ ɤɨɧɬɟɣɧɟɪɚɯ 1 ɧɚ ɷɥɟɤ-
ɬɪɨɫɬɚɧɰɢɸ ɢ ɫ ɩɨɦɨɳɶɸ ɩɟɪɟɝɪɭɡɨɱɧɨɝɨ ɤɪɚɧɚ 3 ɡɚɝɪɭɠɚɟɬɫɹ ɜ ɚɤɬɢɜ-
ɧɭɸ ɡɨɧɭ ɪɟɚɤɬɨɪɚ 4. Ʉɚɫɫɟɬɵ ɫ ɨɬɪɚɛɨɬɚɜɲɢɦɢ ɬɜɷɥɚɦɢ ɩɨɦɟɳɚɸɬɫɹ ɜ 
ɛɚɫɫɟɣɧ 2, ɝɞɟ ɜɵɞɟɪɠɢɜɚɸɬɫɹ ɜ ɬɟɱɟɧɢɟ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɜɪɟɦɟɧɢ. Ʉɨɝɞɚ 
ɪɚɞɢɨɚɤɬɢɜɧɨɫɬɶ ɝɨɪɸɱɟɝɨ ɢ ɦɚɬɟɪɢɚɥɚ ɤɚɫɫɟɬ ɭɦɟɧɶɲɚɟɬɫɹ ɞɨ ɧɨɪɦɚ-
ɬɢɜɧɵɯ ɡɧɚɱɟɧɢɣ, ɤɚɫɫɟɬɵ ɜ ɤɨɧɬɟɣɧɟɪɚɯ ɜɵɜɨɡɹɬ ɧɚ ɩɟɪɟɪɚɛɚɬɵɜɚɸɳɢɟ 
ɡɚɜɨɞɵ. 

Ɍɟɩɥɨɬɚ, ɜɵɞɟɥɹɸɳɚɹɫɹ ɜ ɪɟɚɤɬɨɪɟ ɢ ɜɨɫɩɪɢɧɹɬɚɹ ɬɟɩɥɨɧɨɫɢɬɟ-
ɥɟɦ, ɩɟɪɟɞɚɟɬɫɹ ɪɚɛɨɱɟɣ ɫɪɟɞɟ ɜ ɩɚɪɨɝɟɧɟɪɚɬɨɪɟ (ɉȽ) 8. ɉɪɢ ɬɪɟɯɤɨɧ-

ɬɭɪɧɨɣ ɫɯɟɦɟ ɦɟɠɞɭ ɬɟɩɥɨɧɨɫɢɬɟɥɟɦ ɩɟɪɜɨɝɨ ɤɨɧɬɭɪɚ ɢ ɪɚɛɨɱɟɣ ɫɪɟɞɨɣ 

ɢɦɟɟɬɫɹ ɟɳɟ ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɤɨɧɬɭɪ (ɫɦ. ɪɢɫ. 1.4, ɜ). 
ɉɚɪ, ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɜ ɉȽ (ɩɪɢ ɞɜɭɯɤɨɧɬɭɪɧɵɯ ɢ ɬɪɟɯɤɨɧɬɭɪɧɵɯ 

ɫɯɟɦɚɯ) ɢɥɢ ɜ ɪɟɚɤɬɨɪɟ (ɩɪɢ ɨɞɧɨɤɨɧɬɭɪɧɨɣ ɫɯɟɦɟ), ɧɚɩɪɚɜɥɹɟɬɫɹ ɩɨ ɩɚ-
ɪɨɩɪɨɜɨɞɭ ɤ ɬɭɪɛɢɧɟ. ɇɚ ɫɯɟɦɟ ɩɟɪɜɨɝɨ ɤɨɧɬɭɪɚ ɞɜɭɯɤɨɧɬɭɪɧɨɣ Ⱥɗɋ 

(ɪɢɫ. 1.5) ɩɚɪ ɧɚɩɪɚɜɥɹɟɬɫɹ ɤ ɬɭɪɛɢɧɟ ɩɨ ɬɪɭɛɨɩɪɨɜɨɞɭ 10, ɩɢɬɚɬɟɥɶɧɚɹ 
ɜɨɞɚ ɩɨɞɚɟɬɫɹ ɜ ɉȽ ɩɨ ɥɢɧɢɢ 9. 
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ɉɪɢ ɪɚɛɨɬɟ ɧɚ ɧɚɫɵɳɟɧɧɨɦ ɩɚɪɟ (ɫɦ. ɪɢɫ. 1.4, ɚ ɢ ɛ) ɜ ɩɪɨɬɨɱɧɨɣ 

ɱɚɫɬɢ ɬɭɪɛɢɧɵ ɩɚɪ ɛɵɫɬɪɨ ɭɜɥɚɠɧɹɟɬɫɹ. ȼɨɡɪɚɫɬɚɧɢɟ ɜɥɚɠɧɨɫɬɢ ɩɪɢɜɨ-
ɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɷɪɨɡɢɣɧɨɝɨ ɢɡɧɨɫɚ ɷɥɟɦɟɧɬɨɜ ɩɪɨɬɨɱ-
ɧɨɣ ɱɚɫɬɢ. ɑɬɨɛɵ ɢɡɛɟɠɚɬɶ ɷɬɨɝɨ, ɩɨɬɨɤ ɩɚɪɚ ɩɟɪɟɞ ɩɨɫɬɭɩɥɟɧɢɟɦ ɜ ɰɢ-

ɥɢɧɞɪ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ (ɐɇȾ) ɬɭɪɛɢɧɵ ɩɪɨɩɭɫɤɚɟɬɫɹ ɱɟɪɟɡ ɫɟɩɚɪɚɬɨɪ, 
ɜ ɤɨɬɨɪɨɦ ɟɝɨ ɜɥɚɠɧɨɫɬɶ ɩɨɧɢɠɚɟɬɫɹ ɞɨ ɡɧɚɱɟɧɢɣ, ɧɟ ɩɪɟɜɵɲɚɸɳɢɯ 0,5 

%. ɇɚ ɤɪɭɩɧɵɯ ɫɨɜɪɟɦɟɧɧɵɯ ɛɥɨɤɚɯ ɩɨɫɥɟ ɫɟɩɚɪɚɬɨɪɚ ɩɚɪ ɩɟɪɟɝɪɟɜɚɟɬɫɹ 
ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɩɩt , ɛɥɢɡɤɨɣ ɤ ɧɚɱɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 0t  (ɩɪɢ ɧɟɤɨɬɨ-
ɪɵɯ ɫɯɟɦɚɯ ɨɪɝɚɧɢɡɚɰɢɢ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ ɩɩ 0t t≈ ). ɇɚ ɪɢɫ. 1.6 

ɩɪɢɜɟɞɟɧɵ ɪɚɛɨɱɢɟ ɩɪɨɰɟɫɫɵ ɩɚɪɚ ɜ ɬɭɪɛɢɧɟ ɜ h-s - ɞɢɚɝɪɚɦɦɟ ɩɪɢ ɪɚ-
ɛɨɬɟ ɩɨ ɰɢɤɥɭ ɫ ɫɟɩɚɪɚɰɢɟɣ ɩɚɪɚ (ɪɢɫ. 1.6, ɚ) ɢ ɩɨ ɰɢɤɥɭ ɫ ɫɟɩɚɪɚɰɢɟɣ ɢ 

ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɩɟɪɟɝɪɟɜɨɦ (ɪɢɫ. 1.6, ɛ). Ɋɚɛɨɱɢɣ ɩɪɨɰɟɫɫ ɩɚɪɚ ɜ ɬɭɪ-
ɛɢɧɟ ɞɥɹ ɩɚɪɨɬɭɪɛɢɧɧɵɯ ɭɫɬɚɧɨɜɨɤ, ɪɚɛɨɬɚɸɳɢɯ ɩɨ ɬɪɟɯɤɨɧɬɭɪɧɨɣ 

ɫɯɟɦɟ (ɫɦ. ɪɢɫ. 1.4, ɜ), ɧɟ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɩɪɨɰɟɫɫɚ, ɢɡɨɛɪɚɠɟɧɧɨɝɨ ɧɚ ɪɢɫ. 
1.3, ɛ, ɞɥɹ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɧɚ ɨɪɝɚɧɢɱɟɫɤɨɦ ɬɨɩɥɢɜɟ, ɪɚɛɨɬɚɸɳɟɣ ɩɨ 
ɰɢɤɥɭ ɫ ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɩɟɪɟɝɪɟɜɨɦ ɩɚɪɚ. 
 

Ɋɢɫ. 1.6. Ɋɚɛɨɱɢɣ ɩɪɨɰɟɫɫ ɜ h-s - ɞɢɚɝɪɚɦɦɟ ɜ ɬɭɪɛɢɧɚɯ ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ: 
ɨɛɨɡɧɚɱɟɧɢɹ ɬɟ ɠɟ, ɱɬɨ ɢ ɧɚ ɪɢɫ. 1.3 
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1.3. ɋɏȿɆɕ ɌȿɉɅɈɗɅȿɄɌɊɈɐȿɇɌɊȺɅȿɃ 

 

Ɍɟɩɥɨɷɥɟɤɬɪɨɰɟɧɬɪɚɥɢ ɦɨɝɭɬ ɢɦɟɬɶ ɬɭɪɛɢɧɵ ɫ ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɟɦ 

ɢɥɢ ɤɨɧɞɟɧɫɚɰɢɨɧɧɵɟ ɫ ɪɟɝɭɥɢɪɭɟɦɵɦɢ ɨɬɛɨɪɚɦɢ ɩɚɪɚ (ɪɢɫ. 1.7). 

ȼ ɫɯɟɦɚɯ ɫ ɬɭɪɛɢɧɚɦɢ ɫ ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɟɦ (ɬɢɩɚ Ɋ) (ɪɢɫ. 1.7, ɚ) 
ɜɟɫɶ ɨɬɪɚɛɨɬɚɜɲɢɣ ɩɚɪ ɩɨɞɚɟɬɫɹ ɬɟɩɥɨɜɨɦɭ ɩɨɬɪɟɛɢɬɟɥɸ, ɩɨɷɬɨɦɭ ɫɭ-
ɳɟɫɬɜɭɟɬ ɩɪɹɦɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ ɤɨɥɢɱɟɫɬɜɨɦ ɜɵɪɚɛɚɬɵɜɚɟɦɨɣ 

ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɢ ɪɚɫɯɨɞɨɦ ɷɬɨɝɨ ɩɚɪɚ. ɉɪɢ ɩɨɧɢɠɟɧɧɵɯ ɷɥɟɤ-
ɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɤɚɯ ɱɚɫɬɶ ɩɚɪɚ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɩɭɫɤɚɬɶ ɩɨɦɢɦɨ ɬɭɪɛɢ-

ɧɵ ɱɟɪɟɡ ɪɟɞɭɤɰɢɨɧɧɨ-ɨɯɥɚɞɢɬɟɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ (ɊɈɍ); ɩɪɢ ɜɵɫɨɤɢɯ 
ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɤɚɯ ɢ ɧɟɛɨɥɶɲɨɣ ɩɨɬɪɟɛɧɨɫɬɢ ɜ ɩɚɪɟ ɭ ɬɟɩɥɨɜɨɝɨ 
ɩɨɬɪɟɛɢɬɟɥɹ ɧɟɞɨɫɬɚɸɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɞɨɥɠɧɨ ɜɵɪɚɛɚ-
ɬɵɜɚɬɶɫɹ ɧɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ ɫ ɬɭɪɛɢɧɚɦɢ ɤɨɧɞɟɧɫɚɰɢɨɧɧɨɝɨ ɬɢɩɚ. Ɍɚ-
ɤɢɦ ɨɛɪɚɡɨɦ, ɭɫɬɚɧɨɜɤɚ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɞɨɫɬɚɬɨɱɧɨ ɷɮɮɟɤɬɢɜɧɨ 
ɬɨɥɶɤɨ ɜ ɫɥɭɱɚɟ, ɟɫɥɢ ɨɧɚ ɪɚɫɫɱɢɬɚɧɚ ɧɚ ɬɭ ɱɚɫɬɶ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɢ, ɤɨ-
ɬɨɪɚɹ ɫɨɯɪɚɧɹɟɬɫɹ ɜ ɬɟɱɟɧɢɟ ɛɨɥɶɲɟɣ ɱɚɫɬɢ ɝɨɞɚ. Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɡɚ ɬɭɪ-
ɛɢɧɨɣ ɞɨɥɠɧɨ ɛɵɬɶ ɜɵɛɪɚɧɨ ɬɚɤɢɦ, ɤɚɤɨɟ ɬɪɟɛɭɟɬɫɹ ɩɨɬɪɟɛɢɬɟɥɸ. 

ɇɚ ɭɫɬɚɧɨɜɤɚɯ ɫ ɬɭɪɛɢɧɚɦɢ, ɢɦɟɸɳɢɦɢ ɪɟɝɭɥɢɪɭɟɦɵɟ ɨɬɛɨ-

ɪɵ (ɪɢɫ. 1.7, ɛ), ɜɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɢ ɨɬɩɭɫɤ ɬɟɩɥɨɬɵ ɦɨ-
ɝɭɬ ɢɡɦɟɧɹɬɶɫɹ ɧɟɡɚɜɢɫɢɦɨ ɜ ɞɨɫɬɚɬɨɱɧɨ ɲɢɪɨɤɢɯ ɩɪɟɞɟɥɚɯ. ɉɪɢ ɷɬɨɦ 

ɩɨɥɧɚɹ ɧɨɦɢɧɚɥɶɧɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ, ɟɫɥɢ ɷɬɨ ɬɪɟɛɭɟɬɫɹ, ɦɨɠɟɬ 
ɛɵɬɶ ɞɨɫɬɢɝɧɭɬɚ ɜ ɨɬɫɭɬɫɬɜɢɟ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɢ. Ɍɭɪɛɢɧɵ ɬɚɤɨɝɨ ɬɢɩɚ 
ɢɦɟɸɬ ɨɛɵɱɧɨ ɨɞɢɧ, ɞɜɚ ɢɥɢ ɞɚɠɟ ɬɪɢ ɪɟɝɭɥɢɪɭɟɦɵɯ ɨɬɛɨɪɚ. ɉɪɢ ɨɞɧɨɦ 

ɪɟɝɭɥɢɪɭɟɦɨɦ ɨɬɛɨɪɟ ɨɬɜɨɞɢɦɵɣ ɨɬ ɬɭɪɛɢɧɵ ɩɚɪ ɦɨɠɟɬ ɩɨɫɬɭɩɚɬɶ ɧɚ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɧɭɠɞɵ (ɬɭɪɛɢɧɵ ɬɢɩɚ ɉ) ɢɥɢ ɧɚ ɬɟɩɥɨɮɢɤɚɰɢɸ 

(ɬɭɪɛɢɧɵ ɬɢɩɚ Ɍ). ɉɪɢ ɞɜɭɯ ɪɟɝɭɥɢɪɭɟɦɵɯ ɨɬɛɨɪɚɯ ɥɢɛɨ ɨɛɚ ɨɬɛɨɪɚ 
ɹɜɥɹɸɬɫɹ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɦɢ (ɬɭɪɛɢɧɵ ɬɢɩɚ Ɍ), ɥɢɛɨ ɨɞɢɧ ɢɡ ɧɢɯ ɹɜ-
ɥɹɟɬɫɹ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɦ, ɚ ɞɪɭɝɨɣ - ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɦ (ɬɭɪɛɢɧɵ ɬɢɩɚ 
ɉɌ). ɋɭɳɟɫɬɜɭɸɬ ɬɚɤɠɟ ɭɫɬɚɧɨɜɤɢ ɫ ɨɞɧɢɦ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɦ ɢ ɞɜɭɦɹ 
ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɦɢ ɨɬɛɨɪɚɦɢ. 

Ɋɚɛɨɱɢɟ ɩɪɨɰɟɫɫɵ ɩɚɪɚ ɜ ɬɭɪɛɢɧɚɯ ɫ ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɟɦ ɢɥɢ ɪɟɝɭ-
ɥɢɪɭɟɦɵɦɢ ɨɬɛɨɪɚɦɢ ɤɚɱɟɫɬɜɟɧɧɨ ɧɟ ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɩɪɢɜɟɞɟɧɧɵɯ ɧɚ 
ɪɢɫ. 1.3, ɨɞɧɚɤɨ ɧɚ ɩɚɪɨɬɭɪɛɢɧɧɵɯ ɭɫɬɚɧɨɜɤɚɯ ɫ ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɟɦ ɨɧ 

ɦɨɠɟɬ ɡɚɤɚɧɱɢɜɚɬɶɫɹ ɧɚ h-s - ɞɢɚɝɪɚɦɦɟ ɞɨ ɩɨɝɪɚɧɢɱɧɨɣ ɤɪɢɜɨɣ (ɜ ɨɛ-

ɥɚɫɬɢ ɫɥɚɛɨɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ). ɇɚɱɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɩɚɪɚ ɩɪɢ ɬɚɤɢɯ 

ɭɫɬɚɧɨɜɤɚɯ ɩɪɢɧɢɦɚɸɬɫɹ ɨɛɵɱɧɨ ɬɚɤɢɦɢ ɠɟ, ɤɚɤ ɢ ɧɚ ɤɨɧɞɟɧɫɚɰɢɨɧ-

ɧɵɯ, ɧɨ ɟɫɥɢ ɧɚ Ʉɗɋ ɩɪɢ ɧɚɱɚɥɶɧɨɦ ɞɚɜɥɟɧɢɢ 12,7 Ɇɉɚ ɜɫɟɝɞɚ ɩɪɢɦɟ-
ɧɹɟɬɫɹ ɰɢɤɥ ɫ ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɩɟɪɟɝɪɟɜɨɦ ɩɚɪɚ, ɬɨ ɧɚ Ɍɗɐ ɬɚɤɨɣ ɰɢɤɥ 
ɩɪɢ ɷɬɨɦ ɡɧɚɱɟɧɢɢ 0P  ɩɪɢɦɟɧɹɟɬɫɹ ɬɨɥɶɤɨ ɧɚ ɭɫɬɚɧɨɜɤɚɯ ɦɨɳɧɨɫɬɶɸ 
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180 Ɇȼɬ (ɫ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɦɢ ɬɭɪɛɢɧɚɦɢ ɬɢɩɚ Ɍ-180-130) ɢ ɩɪɢ 

ɛɨɥɟɟ ɜɵɫɨɤɨɦ ɞɚɜɥɟɧɢɢ 0P  = 23,5 Ɇɉɚ ɧɚ ɭɫɬɚɧɨɜɤɚɯ ɦɨɳɧɨɫɬɶɸ 250 

Ɇȼɬ (ɫ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɦɢ ɬɭɪɛɢɧɚɦɢ ɬɢɩɚ Ɍ-250-240) . 

 

 
Ɋɂɋ. 1.7. ɋɯɟɦɵ Ɍɗɐ ɧɚ ɨɪɝɚɧɢɱɟɫɤɨɦ ɬɨɩɥɢɜɟ ɫ ɬɭɪɛɢɧɨɣ ɫ ɩɪɨɬɢɜɨɞɚɜɥɟɧɢ-

ɟɦ (ɚ) ɢ ɫ ɬɭɪɛɢɧɨɣ ɫ ɪɟɝɭɥɢɪɭɟɦɵɦ ɨɬɛɨɪɨɦ ɩɚɪɚ (ɛ): 
1 - ɩɚɪɨɜɨɣ ɤɨɬɟɥ; 2 - ɊɈɍ; 3 - ɬɭɪɛɨɝɟɧɟɪɚɬɨɪ; 4 - ɬɟɩɥɨɜɨɣ ɩɨɬɪɟɛɢɬɟɥɶ; 5 - 

ɤɨɧɞɟɧɫɚɬɨɪ; 6- ɨɛɪɚɬɧɵɣ ɤɨɧɞɟɧɫɚɬɧɵɣ ɧɚɫɨɫ; 7 - ɤɨɧɞɟɧɫɚɬɧɵɣ ɧɚɫɨɫ; 8 - ɩɚɪ 
ɨɬ ɨɬɛɨɪɚ; 9, 12 - ɩɚɪ ɧɚ ɪɟɝɟɧɟɪɚɬɢɜɧɵɣ ɩɨɞɨɝɪɟɜ ɢ ɜ ɞɟɚɷɪɚɬɨɪ; 10, 14 - ɪɟɝɟɧɟ-
ɪɚɬɢɜɧɵɟ ɩɨɞɨɝɪɟɜɚɬɟɥɢ ɧɢɡɤɨɝɨ ɢ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɣ; 11 - ɞɟɚɷɪɚɬɨɪ; 13 - ɩɢɬɚ-
ɬɟɥɶɧɵɣ ɧɚɫɨɫ 

 

Ⱥɬɨɦɧɵɟ Ɍɗɐ ɬɚɤɠɟ ɦɨɝɭɬ ɢɦɟɬɶ ɬɭɪɛɢɧɵ ɫ ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɟɦ, 

ɤɨɧɞɟɧɫɚɰɢɟɣ ɢ ɪɟɝɭɥɢɪɭɟɦɵɦɢ ɨɬɛɨɪɚɦɢ (ɪɢɫ. 1.8). ɗɮɮɟɤɬɢɜɧɚ ɬɚɤ-
ɠɟ ɫɯɟɦɚ, ɜ ɤɨɬɨɪɨɣ ɨɬɜɨɞ ɬɟɩɥɨɬɵ ɧɚ ɬɟɩɥɨɮɢɤɚɰɢɸ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 
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ɨɬ ɬɟɩɥɨɧɨɫɢɬɟɥɹ, ɭɠɟ ɨɯɥɚɠɞɟɧɧɨɝɨ ɜ ɉȽ. Ɍɚɤɭɸ ɫɯɟɦɭ ɦɨɠɧɨ ɩɪɢ-

ɦɟɧɹɬɶ ɤɚɤ ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɨɬɛɨɪɨɦ ɬɟɩɥɨɬɵ ɨɬ ɬɭɪɛɢɧɵ, ɬɚɤ ɢ ɩɪɢ ɬɭɪ-

ɛɢɧɚɯ ɱɢɫɬɨ ɤɨɧɞɟɧɫɚɰɢɨɧɧɨɝɨ ɬɢɩɚ. ɑɟɦ ɜɵɲɟ ɨɬɜɨɞ ɬɟɩɥɨɬɵ ɜ ɬɟɩ-

ɥɨɨɛɦɟɧɧɢɤɟ, ɬɟɦ ɧɢɠɟ ɬɟɦɩɟɪɚɬɭɪɚ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɧɚ ɜɯɨɞɟ ɜ ɪɟɚɤɬɨɪ 
ɢ ɛɨɥɶɲɟ ɟɝɨ ɬɟɩɥɨɜɚɹ ɦɨɳɧɨɫɬɶ. Ɍɚɤ ɤɚɤ ɤɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɩɨ ɪɟ-
ɚɤɬɨɪɧɨɦɭ ɡɚɥɭ ɨɫɬɚɸɬɫɹ ɩɪɢ ɷɬɨɦ ɧɟɢɡɦɟɧɧɵɦɢ (ɚ ɪɟɚɤɬɨɪɧɵɣ ɡɚɥ – 

ɨɞɢɧ ɢɡ ɧɚɢɛɨɥɟɟ ɞɨɪɨɝɨɫɬɨɹɳɢɯ ɷɥɟɦɟɧɬɨɜ Ⱥɗɋ), ɬɨ ɷɤɨɧɨɦɢɱɟɫɤɢɟ 
ɩɨɤɚɡɚɬɟɥɢ ɫɬɚɧɰɢɢ ɭɥɭɱɲɚɸɬɫɹ. 

ȼ ɚɬɨɦɧɨɣ ɷɧɟɪɝɟɬɢɤɟ ɧɚɯɨɞɹɬ ɩɪɢɦɟɧɟɧɢɟ ɬɚɤɠɟ ɫɯɟɦɵ, ɜ ɤɨɬɨ-
ɪɵɯ ɪɟɚɤɬɨɪ ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɨɥɶɤɨ ɞɥɹ ɜɵɪɚɛɨɬɤɢ ɬɟɩɥɨɬɵ (ɬɟɩɥɨɮɢɤɚ-
ɰɢɢ). ɇɚ ɚɬɨɦɧɵɯ ɫɬɚɧɰɢɹɯ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɪɟɚɤɬɨɪ ɪɚɛɨɬɚɟɬ ɩɪɢ ɧɢɡ-
ɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɟɝɨ ɦɨɠɧɨ ɢɡɝɨɬɨɜɢɬɶ ɢɡ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɞɨɪɨɝɢɯ 
ɦɚɬɟɪɢɚɥɨɜ. ɗɬɚ ɫɯɟɦɚ (ɫɦ. ɪɢɫ. 1.8, ɝ) ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɨɫɬɚ, ɥɟɝɤɨ ɪɟ-
ɝɭɥɢɪɭɟɬɫɹ ɢ ɜ ɪɹɞɟ ɫɥɭɱɚɟɜ ɦɨɠɟɬ ɨɤɚɡɚɬɶɫɹ ɷɤɨɧɨɦɢɱɟɫɤɢ ɜɵɝɨɞɧɨɣ. 

 

 
Ɋɢɫ. 1.8. ɍɩɪɨɳɟɧɧɚɹ ɫɯɟɦɚ ȺɌɗɐ ɫ ɬɭɪɛɨɝɟɧɟɪɚɬɨɪɨɦ ɫ ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɟɦ 

(ɚ), ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɨɬɛɨɪɨɦ (ɛ), ɬɟɩɥɨɨɛɦɟɧɧɢɤɨɦ ɜ ɩɟɪɜɨɦ ɤɨɧɬɭɪɟ (ɜ) ɢ 

ɫɯɟɦɚ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɝɨ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ (ɝ): 
1 – ɪɟɚɤɬɨɪ; 2 – ɩɚɪɨɝɟɧɟɪɚɬɨɪ; 2' – ɬɟɩɥɨɨɛɦɟɧɧɢɤ ɩɟɪɜɨɝɨ ɤɨɧɬɭɪɚ Ɍɉ; 3 – 

ɊɈɍ; 4 – ɬɭɪɛɨɝɟɧɟɪɚɬɨɪ; 5 – ɩɚɪ ɜ ɬɟɩɥɨɨɛɦɟɧɧɢɤ ɤɨɧɬɭɪɚ ɬɟɩɥɨɜɨɝɨ ɩɨɬɪɟ-
ɛɢɬɟɥɹ (Ɍɉ); 6 – ɤɨɧɞɟɧɫɚɬɨɪ; 7 – ɤɨɧɞɟɧɫɚɬɧɵɣ ɧɚɫɨɫ; 8 – ɤɨɧɞɟɧɫɚɬ ɢɡ ɤɨɧɬɭ-
ɪɚ Ɍɉ; 8' – ɨɯɥɚɠɞɟɧɧɚɹ ɜɨɞɚ ɢɡ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ Ɍɉ; 9 – ɩɚɪ ɧɚ ɪɟɝɟɧɟɪɚɬɢɜɧɵɣ 
ɩɨɞɨɝɪɟɜ ɢ ɜ ɞɟɚɷɪɚɬɨɪ; 10 – ɫɢɫɬɟɦɚ ɪɟɝɟɧɟɪɚɬɢɜɧɨɝɨ ɩɨɞɨɝɪɟɜɚ ɤɨɧɞɟɧɫɚɬɚ ɢ 
ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ; 11 – ɰɢɪɤɭɥɹɰɢɨɧɧɵɣ ɧɚɫɨɫ; 12 – ɬɟɩɥɨɨɛɦɟɧɧɢɤ 
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ɉɚɪ ɢɥɢ ɝɨɪɹɱɚɹ ɜɨɞɚ, ɩɟɪɟɞɚɸɳɢɟ ɬɟɩɥɨɬɭ ɩɨɬɪɟɛɢɬɟɥɸ, ɧɢ ɜ 
ɤɨɟɣ ɦɟɪɟ ɧɟ ɞɨɥɠɧɵ ɛɵɬɶ ɪɚɞɢɨɚɤɬɢɜɧɵɦɢ. Ɇɨɠɧɨ ɩɨɥɚɝɚɬɶ, ɱɬɨ 
ɤɪɭɩɧɵɟ ȺɌɗɐ ɜ ɨɫɧɨɜɧɨɦ ɧɟ ɛɭɞɭɬ ɪɚɛɨɬɚɬɶ ɩɨ ɨɞɧɨɤɨɧɬɭɪɧɵɦ ɫɯɟ-
ɦɚɦ. Ɉɞɧɚɤɨ ɞɚɠɟ ɩɪɢ ɞɜɭɯɤɨɧɬɭɪɧɨɣ ɫɯɟɦɟ ɧɚ ɫɬɚɧɰɢɹɯ ɫ ɜɨɞɹɧɵɦ 

ɬɟɩɥɨɧɨɫɢɬɟɥɟɦ ɩɪɹɦɨɣ ɨɬɩɭɫɤ ɩɚɪɚ ɩɨɬɪɟɛɢɬɟɥɸ ɢɡ ɨɬɛɨɪɨɜ ɬɭɪɛɢɧɵ 

ɧɟɞɨɩɭɫɬɢɦ, ɬɚɤ ɤɚɤ ɩɪɢ ɩɨɹɜɥɟɧɢɢ ɩɪɨɬɟɱɟɤ ɜ ɉȽ ɪɚɞɢɨɚɤɬɢɜɧɵɣ ɩɚɪ 
ɦɨɠɟɬ ɩɨɩɚɫɬɶ ɤ ɩɨɬɪɟɛɢɬɟɥɸ. 

ɇɚ Ⱥɗɋ ɬɟɩɥɨɬɚ ɦɨɠɟɬ ɩɨɫɬɭɩɚɬɶ ɤ ɩɨɬɪɟɛɢɬɟɥɸ ɫ ɩɚɪɨɦ ɨɬ ɩɚ-
ɪɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɢ ɫ ɝɨɪɹɱɟɣ ɜɨɞɨɣ ɨɬ ɫɟɬɟɜɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɶɧɵɯ 

ɭɫɬɚɧɨɜɨɤ. ɇɚ ɪɢɫ. 1.9 ɩɪɢɜɟɞɟɧɚ ɫɯɟɦɚ ɩɨɞɜɨɞɚ ɬɟɩɥɨɬɵ ɬɟɩɥɨɜɨɦɭ 

ɩɨɬɪɟɛɢɬɟɥɸ ɧɚ ȺɋɌ. Ɍɟɩɥɨɨɛɦɟɧɧɢɤɢ ɩɟɪɜɨɝɨ ɤɨɧɬɭɪɚ Ɍɉ (ɜɬɨɪɨɝɨ 
ɤɨɧɬɭɪɚ ȺɋɌ) ɪɚɡɦɟɳɟɧɵ ɜ ɤɨɪɩɭɫɟ ɪɟɚɤɬɨɪɚ. ɇɚ ɛɥɨɤɚɯ ȺɋɌ ɦɨɳɧɨ-

ɫɬɶɸ 500 Ɇȼɬ (ȺɋɌ-500), ɩɨɫɬɪɨɟɧɧɵɯ ɜ ɧɚɲɟɣ ɫɬɪɚɧɟ, ɜ ɤɨɧɬɭɪɟ ɪɟ-
ɚɤɬɨɪɚ ɞɚɜɥɟɧɢɟ ɪɚɜɧɨ 1,6 Ɇɉɚ, ɜ ɩɟɪɜɨɦ ɤɨɧɬɭɪɟ ɬɟɩɥɨɧɨɫɢɬɟɥɹ 1,2 

Ɇɉɚ, ɚ ɜ ɥɢɧɢɹɯ, ɩɨɞɚɸɳɢɯ ɝɨɪɹɱɭɸ ɜɨɞɭ ɩɨɬɪɟɛɢɬɟɥɸ ɬɟɩɥɨɬɵ, – 1 ,6 

Ɇɉɚ. Ɍɚɤ ɤɚɤ ɷɬɨ ɞɚɜɥɟɧɢɟ ɜɵɲɟ, ɱɟɦ ɜ ɩɪɨɦɟɠɭɬɨɱɧɨɦ ɤɨɧɬɭɪɟ (ɦɟɠ-

ɞɭ ɤɨɧɬɭɪɚɦɢ ɪɟɚɤɬɨɪɚ ɢ ɬɟɩɥɨɜɨɝɨ ɩɨɬɪɟɛɢɬɟɥɹ), ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɩɚ-
ɞɚɧɢɹ ɪɚɞɢɨɚɤɬɢɜɧɨɣ ɫɪɟɞɵ ɤ Ɍɉ ɩɪɢ ɩɨɹɜɥɟɧɢɢ ɧɟɩɥɨɬɧɨɫɬɟɣ ɢɫɤɥɸ-

ɱɟɧɚ. 

 
Ɋɢɫ. 1.9. ɍɩɪɨɳɟɧɧɚɹ ɫɯɟɦɚ ɩɨɞɜɨɞɚ ɬɟɩɥɨɬɵ ɤ Ɍɉ ɧɚ ȺɋɌ: 

1 – ɪɟɚɤɬɨɪ; 2 – ɬɟɩɥɨɨɛɦɟɧɧɢɤ ɤɨɧɬɭɪɚ ɬɟɩɥɨɜɨɝɨ ɩɨɬɪɟɛɢɬɟɥɹ (ɫɟɬɟɜɨɣ ɩɨ-
ɞɨɝɪɟɜɚɬɟɥɶ); 3 – Ɍɉ; 4 – ɰɢɪɤɭɥɹɰɢɨɧɧɵɣ ɧɚɫɨɫ; 5 – ɫɟɬɟɜɨɣ ɧɚɫɨɫ 

 

ȼ ɫɯɟɦɟ, ɢɡɨɛɪɚɠɟɧɧɨɣ ɧɚ ɪɢɫ. 1.8, ɜ, ɜ ɩɪɨɦɟɠɭɬɨɱɧɨɦ ɤɨɧɬɭɪɟ 
(ɦɟɠɞɭ ɬɟɩɥɨɨɛɦɟɧɧɢɤɨɦ 12 ɢ ɬɟɩɥɨɨɛɦɟɧɧɢɤɨɦ ɤɨɧɬɭɪɚ Ɍɉ) ɬɚɤɠɟ 
ɫɥɟɞɭɟɬ ɩɨɞɞɟɪɠɢɜɚɬɶ ɛɨɥɟɟ ɧɢɡɤɨɟ ɞɚɜɥɟɧɢɟ, ɱɟɦ ɜ ɤɨɧɬɭɪɟ Ɍɉ, ɱɬɨɛɵ 

ɩɪɢ ɩɨɹɜɥɟɧɢɢ ɧɟɩɥɨɬɧɨɫɬɟɣ ɧɟ ɛɵɥɨ ɩɪɨɬɟɱɟɤ ɜ ɤɨɧɬɭɪ ɬɟɩɥɨɜɨɝɨ ɩɨ-
ɬɪɟɛɢɬɟɥɹ. 

Ⱥɜɚɪɢɣɧɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɚ Ⱥɗɋ ɧɢɤɚɤ ɧɟ ɜɵɲɟ, ɱɟɦ ɧɚ ɨɛɵɱ-
ɧɵɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ. Ɉɞɧɚɤɨ ɩɨɫɥɟɞɫɬɜɢɹ ɧɟɤɨɬɨɪɵɯ ɚɜɚɪɢɣ, ɫɨɩɪɨ-
ɜɨɠɞɚɸɳɢɯɫɹ ɜɵɛɪɨɫɨɦ ɪɚɞɢɨɚɤɬɢɜɧɵɯ ɷɥɟɦɟɧɬɨɜ (ɬɟɩɥɨɧɨɫɢɬɟɥɹ, 
ɪɚɞɢɨɚɤɬɢɜɧɵɯ ɝɚɡɨɜ, ɩɪɨɞɭɤɬɨɜ ɪɚɡɪɭɲɟɧɢɹ ɬɟɩɥɨɜɵɞɟɥɹɸɳɢɯ ɷɥɟ-
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ɦɟɧɬɨɜ), ɦɨɝɭɬ ɛɵɬɶ ɜɟɫɶɦɚ ɬɹɠɟɥɵɦɢ. ɉɨɷɬɨɦɭ ɜ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ 

ɛɨɥɶɲɨɟ ɜɧɢɦɚɧɢɟ ɭɞɟɥɹɥɨɫɶ ɫɨɡɞɚɧɢɸ ɬɚɤɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɪɟɚɤɬɨɪɚ ɢ 

ɫɯɟɦɵ ɤɨɧɬɭɪɚ ɬɟɩɥɨɧɨɫɢɬɟɥɹ, ɩɪɢ ɤɨɬɨɪɵɯ ɜɵɛɪɨɫ ɪɚɞɢɨɚɤɬɢɜɧɵɯ 

ɜɟɳɟɫɬɜ ɩɨɥɧɨɫɬɶɸ ɢɫɤɥɸɱɟɧ (ȺɋɌ-500 ɨɬɧɨɫɢɬɫɹ ɤ ɩɟɪɜɨɦɭ ɩɨɤɨɥɟ-
ɧɢɸ ɬɚɤɢɯ ɭɫɬɚɧɨɜɨɤ).  

ɋɨɩɨɫɬɚɜɥɹɹ ɫɯɟɦɵ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɧɚ ɨɪɝɚɧɢɱɟɫɤɨɦ ɢ ɹɞɟɪɧɨɦ 

ɬɨɩɥɢɜɚɯ (Ʉɗɋ ɢ Ɍɗɐ), ɥɟɝɤɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɤɨɧɬɭɪɵ Ⱥɗɋ ɜɫɟɝɞɚ ɡɚɦɤ-
ɧɭɬɵ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɝɚɡɨɜɵɣ ɤɨɧɬɭɪ ɨɛɵɱɧɨɣ ɬɟɩɥɨɜɨɣ ɷɥɟɤɬɪɨɫɬɚɧ-

ɰɢɢ ɜɫɟɝɞɚ ɪɚɡɨɦɤɧɭɬ. ɉɪɢ ɪɚɡɨɦɤɧɭɬɨɣ ɫɯɟɦɟ ɬɟɦɩɟɪɚɬɭɪɚ ɜɵɛɪɚɫɵ-

ɜɚɟɦɨɝɨ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɨɬɪɚɛɨɬɚɜɲɟɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɜɵɲɟ 
ɬɟɦɩɟɪɚɬɭɪɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. ɉɨɷɬɨɦɭ ɜ ɬɟɩɥɨɜɨɦ ɨɬɧɨɲɟɧɢɢ 

ɫɯɟɦɚ ɫ ɡɚɦɤɧɭɬɵɦ ɤɨɧɬɭɪɨɦ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɜɫɟɝɞɚ ɷɤɨɧɨɦɢɱɧɟɟ, ɱɟɦ 

ɫɯɟɦɚ ɫ ɪɚɡɨɦɤɧɭɬɵɦ ɤɨɧɬɭɪɨɦ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢɦɟɧɟɧɢɟ ɫɯɟɦ ɫ ɡɚɦɤɧɭɬɵɦ ɤɨɧɬɭɪɨɦ ɬɟɩɥɨ-
ɧɨɫɢɬɟɥɹ ɧɚ Ⱥɗɋ ɧɟ ɬɨɥɶɤɨ ɧɟɨɛɯɨɞɢɦɨ, ɧɨ ɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨ, ɬɚɤ ɤɚɤ 
ɬɟɩɥɨɜɚɹ ɷɤɨɧɨɦɢɱɧɨɫɬɶ ɰɢɤɥɚ ɩɪɢ ɷɬɨɦ ɜɨɡɪɚɫɬɚɟɬ. Ʉɪɨɦɟ ɬɨɝɨ, ɫɥɟ-
ɞɭɟɬ ɢɦɟɬɶ ɜ ɜɢɞɭ, ɱɬɨ ɬɟɩɥɨɧɨɫɢɬɟɥɶ Ⱥɗɋ ɩɪɟɞɫɬɚɜɥɹɟɬ ɨɩɪɟɞɟɥɟɧɧɭɸ 

ɰɟɧɧɨɫɬɶ (ɢɧɨɝɞɚ ɟɝɨ ɫɬɨɢɦɨɫɬɶ ɫɪɚɜɧɢɬɟɥɶɧɨ ɜɟɥɢɤɚ). 
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1.4. ɋɌɊɍɄɌɍɊȺ ɌȿɉɅɈȼɈɃ ɋɏȿɆɕ Ɍɗɋ ɂ Ⱥɗɋ 

 

Ɍɟɩɥɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɩɨ ɬɢɩɭ (ɫɬɪɭɤɬɭɪɟ) ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ ɩɨɞ-

ɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɛɥɨɱɧɵɟ ɢ ɧɟɛɥɨɱɧɵɟ (ɪɢɫ. 1.10). 

ɉɪɢ ɛɥɨɱɧɨɣ ɫɯɟɦɟ ɜɫɟ ɨɫɧɨɜɧɨɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ 
ɩɚɪɨɬɭɪɛɢɧɧɨɣ ɭɫɬɚɧɨɜɤɢ ɧɟ ɢɦɟɟɬ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɫɜɹɡɟɣ ɫ ɨɛɨɪɭɞɨ-
ɜɚɧɢɟɦ ɞɪɭɝɨɣ ɭɫɬɚɧɨɜɤɢ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. ɇɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ ɧɚ ɨɪɝɚ-
ɧɢɱɟɫɤɨɦ ɬɨɩɥɢɜɟ ɤ ɤɚɠɞɨɣ ɬɭɪɛɢɧɟ ɩɚɪ ɩɨɞɜɨɞɢɬɫɹ ɬɨɥɶɤɨ ɨɬ ɨɞɧɨɝɨ 

ɢɥɢ ɞɜɭɯ ɫɨɟɞɢɧɟɧɧɵɯ ɫ ɧɟɣ ɤɨɬɥɨɜ. ɉɚɪɨɬɭɪɛɢɧɧɭɸ ɭɫɬɚɧɨɜɤɭ, ɬɭɪɛɢ-

ɧɚ ɤɨɬɨɪɨɣ ɩɢɬɚɟɬɫɹ ɩɚɪɨɦ ɨɬ ɨɞɧɨɝɨ ɩɚɪɨɜɨɝɨ ɤɨɬɥɚ, ɧɚɡɵɜɚɸɬ ɦɨɧɨ-
ɛɥɨɤɨɦ (ɪɢɫ. 1.10. ɚ), ɩɪɢ ɧɚɥɢɱɢɢ ɞɜɭɯ ɤɨɬɥɨɜ ɧɚ ɨɞɧɭ ɬɭɪɛɢɧɭ - ɞɭɛɥɶ-
ɛɥɨɤɨɦ (ɪɢɫ. 1.10. ɛ). ɉɪɢ ɧɟɛɥɨɱɧɨɣ ɫɯɟɦɟ Ɍɗɋ (ɪɢɫ. 1.10. ɜ, ɝ) ɩɚɪ ɨɬ 
ɜɫɟɯ ɩɚɪɨɜɵɯ ɤɨɬɥɨɜ ɩɨɫɬɭɩɚɟɬ ɜ ɨɛɳɭɸ ɦɚɝɢɫɬɪɚɥɶ ɢ ɥɢɲɶ ɨɬɬɭɞɚ 
ɪɚɫɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɨɬɞɟɥɶɧɵɦ ɬɭɪɛɢɧɚɦ. ȼ ɪɹɞɟ ɫɥɭɱɚɟɜ ɢɦɟɟɬɫɹ ɜɨɡ-
ɦɨɠɧɨɫɬɶ ɧɚɩɪɚɜɥɹɬɶ ɩɚɪ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɨɬ ɩɚɪɨɜɵɯ ɤɨɬɥɨɜ ɤ ɬɭɪɛɢ-

ɧɚɦ, ɨɞɧɚɤɨ ɨɛɳɚɹ ɫɨɟɞɢɧɢɬɟɥɶɧɚɹ ɦɚɝɢɫɬɪɚɥɶ ɩɪɢ ɷɬɨɦ ɫɨɯɪɚɧɹɟɬɫɹ, 
ɩɨɷɬɨɦɭ ɜɫɟɝɞɚ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɚɪ ɨɬ ɜɫɟɯ ɤɨɬɥɨɜ ɞɥɹ ɩɢɬɚɧɢɹ 
ɥɸɛɨɣ ɬɭɪɛɢɧɵ. Ʌɢɧɢɢ, ɩɨ ɤɨɬɨɪɵɦ ɜɨɞɚ ɩɨɞɚɟɬɫɹ ɜ ɩɚɪɨɜɵɟ ɤɨɬɥɵ 

(ɩɢɬɚɬɟɥɶɧɵɟ ɬɪɭɛɨɩɪɨɜɨɞɵ), ɬɚɤɠɟ ɢɦɟɸɬ ɩɨɩɟɪɟɱɧɵɟ ɫɜɹɡɢ. 

Ȼɥɨɱɧɵɟ Ɍɗɋ ɞɟɲɟɜɥɟ ɧɟɛɥɨɱɧɵɯ, ɬɚɤ ɤɚɤ ɭɩɪɨɳɚɟɬɫɹ ɫɯɟɦɚ ɬɪɭ-
ɛɨɩɪɨɜɨɞɨɜ, ɫɨɤɪɚɳɚɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ ɚɪɦɚɬɭɪɵ. ɍɩɪɚɜɥɹɬɶ ɨɬɞɟɥɶɧɵɦɢ 

ɚɝɪɟɝɚɬɚɦɢ ɧɚ ɬɚɤɨɣ ɫɬɚɧɰɢɢ ɩɪɨɳɟ, ɭɫɬɚɧɨɜɤɢ ɛɥɨɱɧɨɝɨ ɬɢɩɚ ɥɟɝɱɟ ɚɜ-
ɬɨɦɚɬɢɡɢɪɨɜɚɬɶ. ȼ ɷɤɫɩɥɭɚɬɚɰɢɢ ɪɚɛɨɬɚ ɨɞɧɨɝɨ ɛɥɨɤɚ ɧɟ ɨɬɪɚɠɚɟɬɫɹ ɧɚ 
ɫɨɫɟɞɧɢɯ. ɉɪɢ ɪɚɫɲɢɪɟɧɢɢ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɩɨɫɥɟɞɭɸɳɢɣ ɛɥɨɤ ɦɨɠɟɬ 
ɢɦɟɬɶ ɞɪɭɝɭɸ ɦɨɳɧɨɫɬɶ ɢ ɪɚɛɨɬɚɬɶ ɧɚ ɧɨɜɵɯ ɩɚɪɚɦɟɬɪɚɯ. ɗɬɨ ɞɚɟɬ ɜɨɡ-
ɦɨɠɧɨɫɬɶ ɧɚ ɪɚɫɲɢɪɹɟɦɨɣ ɫɬɚɧɰɢɢ ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɛɨɥɟɟ ɦɨɳɧɨɟ ɨɛɨ-
ɪɭɞɨɜɚɧɢɟ ɧɚ ɛɨɥɟɟ ɜɵɫɨɤɢɟ ɩɚɪɚɦɟɬɪɵ, ɬ.ɟ. ɩɨɡɜɨɥɹɟɬ ɩɪɢɦɟɧɹɬɶ ɜɫɟ 
ɛɨɥɟɟ ɫɨɜɟɪɲɟɧɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ ɩɨɜɵɲɚɬɶ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ 
ɩɨɤɚɡɚɬɟɥɢ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. ɉɪɨɰɟɫɫɵ ɧɚɥɚɞɤɢ ɢ ɨɫɜɨɟɧɢɹ ɧɨɜɨɝɨ ɨɛɨ-
ɪɭɞɨɜɚɧɢɹ ɩɪɢ ɷɬɨɦ ɧɟ ɨɬɪɚɠɚɸɬɫɹ ɧɚ ɪɚɛɨɬɟ ɪɚɧɟɟ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɚɝɪɟ-
ɝɚɬɨɜ. Ɉɞɧɚɤɨ ɞɥɹ ɧɨɪɦɚɥɶɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɛɥɨɱɧɵɯ Ɍɗɋ ɧɚɞɟɠɧɨɫɬɶ 
ɢɯ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɨɥɠɧɚ ɛɵɬɶ ɡɧɚɱɢɬɟɥɶɧɨ ɜɵɲɟ, ɱɟɦ ɧɚ ɧɟɛɥɨɱɧɵɯ. 

Ⱦɥɹ ɩɚɪɨɬɭɪɛɢɧɧɵɯ ɭɫɬɚɧɨɜɨɤ ɫ ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɩɟɪɟɝɪɟɜɨɦ ɩɚ-
ɪɚ ɛɥɨɱɧɚɹ ɫɯɟɦɚ ɹɜɥɹɟɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɟɞɢɧɫɬɜɟɧɧɨ ɜɨɡɦɨɠɧɨɣ, ɬɚɤ ɤɚɤ 
ɧɟɛɥɨɱɧɚɹ ɫɯɟɦɚ ɫɬɚɧɰɢɢ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɨɤɚɠɟɬɫɹ ɱɪɟɡɦɟɪɧɨ ɫɥɨɠɧɨɣ. 
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Ɋɢɫ. 1.10. Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɬɪɭɤɬɭɪɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ: 

ɚ – ɛɥɨɱɧɚɹ; ɛ – ɞɭɛɥɶ-ɛɥɨɤ; ɜ- ɫɟɤɰɢɨɧɧɚɹ; ɝ – ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɚɹ; ɉɄ – ɩɚɪɨɜɨɣ ɤɨɬɟɥ; Ɍ – 

ɬɭɪɛɢɧɚ; ɉɉ – ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɶ; ЭɌ – ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ; 
ɉɆ – ɩɚɪɨɜɚɹ ɦɚɝɢɫɬɪɚɥɶ. 

 

ȼ ɧɚɲɟɣ ɫɬɪɚɧɟ ɩɚɪɨɬɭɪɛɢɧɧɵɟ ɭɫɬɚɧɨɜɤɢ Ɍɗɋ ɛɟɡ ɪɟɝɭɥɢɪɭɟɦɵɯ 
ɨɬɛɨɪɨɜ ɩɚɪɚ ɫ ɧɚɱɚɥɶɧɵɦ ɞɚɜɥɟɧɢɟɦ 0P  < 8,8 Ɇɉɚ ɢ ɭɫɬɚɧɨɜɤɢ ɫ ɪɟɝɭ-
ɥɢɪɭɟɦɵɦɢ ɨɬɛɨɪɚɦɢ ɩɪɢ 0P  - 12,7 Ɇɉɚ, ɪɚɛɨɬɚɸɳɢɟ ɩɨ ɰɢɤɥɚɦ ɛɟɡ 
ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ ɩɚɪɚ, ɫɬɪɨɹɬɫɹ ɧɟɛɥɨɱɧɵɦɢ. ɉɪɢ ɛɨɥɟɟ ɜɵ-

ɫɨɤɢɯ ɞɚɜɥɟɧɢɹɯ (ɧɚ Ʉɗɋ ɩɪɢ 0P  > 12,7 Ɇɉɚ, ɚ ɧɚ Ɍɗɐ ɩɪɢ 0P  = 23,5 

Ɇɉɚ) ɜɫɟ ɩɚɪɨɬɭɪɛɢɧɧɵɟ ɚɝɪɟɝɚɬɵ ɪɚɛɨɬɚɸɬ ɩɨ ɰɢɤɥɚɦ ɫ ɩɪɨɦɟɠɭɬɨɱ-
ɧɵɦ ɩɟɪɟɝɪɟɜɨɦ, ɢ ɫɬɚɧɰɢɢ ɫ ɬɚɤɢɦɢ ɭɫɬɚɧɨɜɤɚɦɢ ɫɬɪɨɹɬ ɛɥɨɱɧɵɦɢ. 
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1.5. ɄɅȺɋɋɂɎɂɄȺɐɂə ɌȿɉɅɈȼɕɏ ɗɅȿɄɌɊɈɋɌȺɇɐɂɃ 

Ɍɢɩ ɬɟɩɥɨɜɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɬɚɧɰɢɢ ɧɚ ɨɪɝɚɧɢɱɟɫɤɨɦ ɬɨɩɥɢɜɟ 
ɨɩɪɟɞɟɥɹɸɬ ɫɥɟɞɭɸɳɢɟ ɮɚɤɬɨɪɵ. 

1. ȼɢɞ ɨɬɩɭɫɤɚɟɦɨɣ ɷɧɟɪɝɢɢ (ɷɧɟɪɝɟɬɢɱɟɫɤɨɟ ɧɚɡɧɚɱɟɧɢɟ). Ɋɚɡɥɢ-

ɱɚɸɬ ɤɨɧɞɟɧɫɚɰɢɨɧɧɵɟ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ (Ʉɗɋ) ɫ ɩɚɪɨɜɵɦɢ ɤɨɧɞɟɧɫɚɰɢ-

ɨɧɧɵɦɢ ɬɭɪɛɨɚɝɪɟɝɚɬɚɦɢ, ɨɬɩɭɫɤɚɸɳɢɟ ɷɧɟɪɝɢɸ ɨɞɧɨɝɨ ɜɢɞɚ - ɷɥɟɤɬɪɢ-

ɱɟɫɤɭɸ, ɢ ɬɟɩɥɨɷɥɟɤɬɪɨɰɟɧɬɪɚɥɢ (Ɍɗɐ), ɨɬɩɭɫɤɚɸɳɢɟ ɜɧɟɲɧɢɦ ɩɨɬɪɟ-
ɛɢɬɟɥɹɦ ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ ɢ ɷɧɟɪɝɢɸ ɜ ɜɢɞɟ ɬɟɩɥɨɬɵ ɫ ɩɚɪɨɦ ɢɥɢ 

ɝɨɪɹɱɟɣ ɜɨɞɨɣ. ɉɨ ɯɚɪɚɤɬɟɪɭ ɬɟɩɥɨɜɨɝɨ ɩɨɬɪɟɛɥɟɧɢɹ ɪɚɡɥɢɱɚɸɬ Ɍɗɐ 

ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɬɢɩɚ ɫ ɨɬɩɭɫɤɨɦ ɩɪɟɞɩɪɢɹɬɢɹɦ ɩɚɪɚ ɞɥɹ ɬɟɯɧɨɥɨɝɢɱɟ-
ɫɤɢɯ ɩɪɨɰɟɫɫɨɜ; ɨɬɨɩɢɬɟɥɶɧɨɝɨ ɬɢɩɚ ɫ ɨɬɩɭɫɤɨɦ ɬɟɩɥɚ, ɨɛɵɱɧɨ ɫ ɝɨɪɹ-
ɱɟɣ ɜɨɞɨɣ ɞɥɹ ɨɬɨɩɥɟɧɢɹ ɢ ɜɟɧɬɢɥɹɰɢɢ ɡɞɚɧɢɣ ɢ ɞɥɹ ɛɵɬɨɜɵɯ ɧɭɠɞ ɧɚ-
ɫɟɥɟɧɢɹ ɩɪɨɦɵɲɥɟɧɧɨ-ɨɬɨɩɢɬɟɥɶɧɨɝɨ ɬɢɩɚ ɫ ɨɬɩɭɫɤɨɦ ɩɚɪɚ ɢ ɝɨɪɹɱɟɣ 

ɜɨɞɵ ɞɥɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɢ ɨɬɨɩɢɬɟɥɶɧɵɯ ɧɭɠɞ. ɇɚ Ɍɗɐ ɭɫɬɚɧɚɜɥɢɜɚ-
ɸɬ ɩɚɪɨɜɵɟ ɬɭɪɛɢɧɵ ɫ ɤɨɧɞɟɧɫɚɰɢɟɣ ɢ ɪɟɝɭɥɢɪɭɟɦɵɦɢ ɨɬɛɨɪɚɦɢ ɩɚɪɚ, 
ɱɚɫɬɢɱɧɨ - ɬɭɪɛɢɧɵ ɫ ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɟɦ, ɝɞɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɤɨɦɛɢɧɢ-

ɪɨɜɚɧɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ ɬɟɩɥɨɬɵ ɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ. 

ɐɟɧɬɪɚɥɢɡɨɜɚɧɧɨɟ ɬɟɩɥɨɫɧɚɛɠɟɧɢɟ ɩɨɬɪɟɛɢɬɟɥɟɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢ-

ɟɦ ɨɬɪɚɛɨɬɚɜɲɟɣ ɬɟɩɥɨɬɵ ɬɭɪɛɢɧ ɢ ɜɵɪɚɛɨɬɤɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɛɚɡɟ 
ɬɟɩɥɨɜɨɝɨ ɩɨɬɪɟɛɥɟɧɢɹ ɧɚɡɵɜɚɸɬ ɬɟɩɥɨɮɢɤɚɰɢɟɣ. Ɍɭɪɛɢɧɵ ɫɨɨɬɜɟɬɫɬ-
ɜɭɸɳɟɝɨ ɬɢɩɚ ɧɚɡɵɜɚɸɬ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɦɢ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɦɨɝɭɬ ɛɵɬɶ ɪɚɡɞɟɥɟɧɵ ɧɚ ɫɬɚɧɰɢɢ 

ɫ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ ɜɵɪɚɛɨɬɤɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɢ ɬɟɩɥɨɬɵ ɢ 

ɫɬɚɧɰɢɢ ɫ ɪɚɡɞɟɥɶɧɨɣ ɜɵɪɚɛɨɬɤɨɣ ɷɬɢɯ ɜɢɞɨɜ ɷɧɟɪɝɢɢ. 

Ɋɚɡɞɟɥɶɧɚɹ ɜɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɩɪɨɢɫɯɨɞɢɬ ɛɟɡ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɹ ɨɬɪɚɛɨɬɚɜɲɟɣ ɬɟɩɥɨɬɵ ɜ ɬɭɪɛɢɧɟ (Ʉɗɋ). ɉɚɪ ɞɥɹ ɫɧɚɛɠɟ-
ɧɢɹ ɩɨɬɪɟɛɢɬɟɥɟɣ ɩɨɥɭɱɚɟɬɫɹ ɜ ɤɨɬɟɥɶɧɨɣ. 

2. ȼɢɞ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɬɨɩɥɢɜɚ. Ɋɚɡɥɢɱɚɸɬ Ɍɗɋ ɧɚ ɬɜɟɪɞɨɦ, ɠɢɞ-

ɤɨɦ ɢ ɝɚɡɨɜɨɦ ɬɨɩɥɢɜɟ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɠɢɞɤɨɝɨ ɢɥɢ ɝɚɡɨɜɨɝɨ ɬɨɩɥɢɜɚ 
ɡɧɚɱɢɬɟɥɶɧɨ ɭɩɪɨɳɚɟɬ ɢ ɭɞɟɲɟɜɥɹɟɬ ɬɟɩɥɨɜɨɟ ɯɨɡɹɣɫɬɜɨ ɷɥɟɤɬɪɨɫɬɚɧ-

ɰɢɢ. 

3. Ɍɢɩ ɨɫɧɨɜɧɵɯ ɬɭɪɛɢɧ ɞɥя ɩɪɢɜɨɞɚ ɷɥɟɤɬɪɨɝɟɧɟɪɚɬɨɪɨɜ. Ɋɚɡ-
ɥɢɱɚɸɬ Ɍɗɋ ɫ ɩɚɪɨɜɵɦɢ (ɉɌ) ɢ ɝɚɡɨɜɵɦɢ ɬɭɪɛɢɧɚɦɢ (ȽɌ). ɉɪɟɢɦɭɳɟ-
ɫɬɜɟɧɧɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɢɦɟɸɬ ɩɚɪɨɜɵɟ ɬɭɪɛɢɧɵ. ɗɥɟɤɬɪɨɫɬɚɧɰɢɢ ɫ 
ɝɚɡɨɜɵɦɢ ɬɭɪɛɢɧɚɦɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɧɚɲɟɣ ɫɬɪɚɧɟ ɝɨɪɚɡɞɨ ɜ ɦɟɧɶɲɟɣ 

ɫɬɟɩɟɧɢ. 

ɉɟɪɫɩɟɤɬɢɜɧɨ ɩɪɢɦɟɧɟɧɢɟ ɤɨɦɛɢɧɚɰɢɢ ɩɚɪɨɜɵɯ ɢ ɝɚɡɨɜɵɯ ɬɭɪɛɢɧ. 

4. Ɂɧɚɱɟɧɢɟ ɧɚɱɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɚɪɚ. ɉɨ ɭɪɨɜɧɸ ɧɚɱɚɥɶɧɨɝɨ 
ɞɚɜɥɟɧɢɹ ɫɜɟɠɟɝɨ ɩɚɪɚ ɪɚɡɥɢɱɚɸɬ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɫ ɞɨɤɪɢɬɢɱɟɫɤɢɦ 

(ɨɛɵɱɧɨ ɧɢɠɟ 16–17 Ɇɉɚ) ɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɦ (ɜɵɲɟ 22 Ɇɉɚ) ɞɚɜɥɟ-
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ɧɢɟɦ ɩɚɪɚ. ɉɪɢɦɟɧɟɧɢɟ ɞɨɤɪɢɬɢɱɟɫɤɨɝɨ ɢɥɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟ-
ɧɢɹ ɩɚɪɚ ɫɜɹɡɚɧɨ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɫ ɦɨɳɧɨɫɬɶɸ ɷɧɟɪɝɨɛɥɨɤɨɜ. 

5. Ɍɢɩ ɤɨɬɥɨɚɝɪɟɝɚɬɨɜ. ɇɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ ɫ ɞɨɤɪɢɬɢɱɟɫɤɢɦ 

ɞɚɜɥɟɧɢɟɦ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɛɚɪɚɛɚɧɧɵɟ ɤɨɬɥɨɚɝɪɟɝɚɬɵ ɫ ɟɫɬɟɫɬɜɟɧɧɨɣ 

ɰɢɪɤɭɥɹɰɢɟɣ (ɬɢɩɚ ȿ). ɉɪɢɦɟɧɟɧɢɟ ɩɪɹɦɨɬɨɱɧɵɯ ɤɨɬɥɨɚɝɪɟɝɚɬɨɜ ɧɟɨɛ-

ɯɨɞɢɦɨ ɩɪɢ ɤɪɢɬɢɱɟɫɤɨɦ ɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɞɚɜɥɟɧɢɢ ɩɚɪɚ. ɑɟɦ ɧɢɠɟ 
ɞɚɜɥɟɧɢɟ ɩɚɪɚ, ɬɟɦ ɦɟɧɶɲɟ ɩɪɟɢɦɭɳɟɫɬɜ ɞɚɸɬ ɩɪɹɦɨɬɨɱɧɵɟ ɤɨɬɥɨɚɝɪɟ-
ɝɚɬɵ. 

6. Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚя ɫɬɪɭɤɬɭɪɚ (ɬɢɩ ɨɫɧɨɜɧɨɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ 

ɫɯɟɦɵ). ȼ ɷɬɨɦ ɨɬɧɨɲɟɧɢɢ Ɍɗɋ ɞɟɥɹɬ ɧɚ ɛɥɨɱɧɵɟ ɢ ɧɟɛɥɨɱɧɵɟ.  
7. Ɇɨɳɧɨɫɬɶ ɌЭɋ. ɍɫɥɨɜɧɨ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ Ɍɗɋ ɧɚ ɷɥɟɤɬɪɨ-

ɫɬɚɧɰɢɢ ɛɨɥɶɲɨɣ (ɫɜɵɲɟ 1000 Ɇȼɬ), ɫɪɟɞɧɟɣ (100-1000 Ɇȼɬ) ɢ ɦɚɥɨɣ 

(ɦɟɧɶɲɟ 100 Ɇȼɬ) ɦɨɳɧɨɫɬɢ. 

8. ɋɜяɡɶ ɫ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɨɣ. ȼ Ɋɨɫɫɢɢ, ɚ ɬɚɤɠɟ ɜ 
ɞɪɭɝɢɯ ɪɚɡɜɢɬɵɯ ɜ ɩɪɨɦɵɲɥɟɧɧɨɦ ɨɬɧɨɲɟɧɢɢ ɫɬɪɚɧɚɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, 

ɤɚɤ ɩɪɚɜɢɥɨ, ɪɚɛɨɬɚɸɬ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɚɯ. ɂɡɨɥɢɪɨɜɚɧɧɵɟ ɷɥɟɤɬɪɨɫɬɚɧ-

ɰɢɢ ɜɧɟ ɷɧɟɪɝɨɫɢɫɬɟɦ ɜɫɟ ɛɨɥɶɲɟ ɫɬɚɧɨɜɹɬɫɹ ɢɫɤɥɸɱɟɧɢɟɦ. 

9. ɋɬɟɩɟɧɶ ɡɚɝɪɭɡɤɢ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢя ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ. 

ȼ ɷɬɨɦ ɨɬɧɨɲɟɧɢɢ Ɍɗɋ ɪɚɡɞɟɥɹɸɬ ɧɚ:  
• ɛɚɡɨɜɵɟ ɫ ɝɨɞɨɜɵɦ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɚɤɫɢɦɚɥɶɧɨɣ (ɭɫɬɚɧɨɜɥɟɧɧɨɣ) 

ɦɨɳɧɨɣ maxT  = 6500-7500 ɱ;  
• ɩɨɥɭɛɚɡɨɜɵɟ ɫ maxT  = 4000-6500 ɱ;  
• ɩɨɥɭɩɢɤɨɜɵɟ ɫ maxT  = 2000-4000 ɱ;  
• ɩɢɤɨɜɵɟ ɫ maxT  ɞɨ 2000 ɱ.  

ɗɥɟɤɬɪɨɫɬɚɧɰɢɢ ɫ ɛɨɥɟɟ ɫɨɜɟɪɲɟɧɧɵɦ ɷɧɟɪɝɨɨɛɨɪɭɞɨɜɚɧɢɟɦ ɢ 

ɥɭɱɲɢɦɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɡɚɝɪɭɠɚɸɬ ɜ ɛɨɥɶɲɨɣ ɦɟɪɟ, ɬ. 
ɟ. ɢɫɩɨɥɶɡɭɸɬ ɤɚɤ ɛɚɡɨɜɵɟ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɫɜɹɡɢ ɫ ɭɫɢɥɟɧɢɟɦ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɝɪɚɮɢ-

ɤɨɜ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ (ɫɧɢɠɟɧɢɟɦ ɨɬɧɨɲɟɧɢɹ ɫɭɬɨɱɧɨɣ ɦɢɧɢ-

ɦɚɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ɤ ɦɚɤɫɢɦɚɥɶɧɨɣ) ɢ ɭɦɟɧɶɲɟɧɢɟɦ ɞɨɥɢ ɚɝɪɟɝɚɬɨɜ ɧɟ-
ɛɨɥɶɲɨɣ ɦɨɳɧɨɫɬɢ, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɞɥɹ ɩɨɤɪɵɬɢɹ ɩɢɤɨɜɨɣ ɧɚ-
ɝɪɭɡɤɢ, ɫɨɡɞɚɸɬɫɹ ɫɩɟɰɢɚɥɶɧɵɟ ɩɨɥɭɛɚɡɨɜɵɟ, ɩɨɥɭɩɢɤɨɜɵɟ ɚɝɪɟɝɚɬɵ ɢ 

ɷɧɟɪɝɨɛɥɨɤɢ ɩɨɜɵɲɟɧɧɨɣ ɦɚɧɟɜɪɟɧɧɨɫɬɢ. ȼ ɤɚɱɟɫɬɜɟ ɩɢɤɨɜɵɯ ɚɝɪɟɝɚɬɨɜ 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɝɚɡɨɬɭɪɛɢɧɧɵɟ ɭɫɬɚɧɨɜɤɢ. 

10. Ɍɢɩ ɤɨɦɩɨɧɨɜɤɢ ɨɛɨɪɭɞɨɜɚɧɢя ɢ ɡɞɚɧɢɣ. ɉɨ ɷɬɨɦɭ ɤɪɢɬɟɪɢɸ 

ɪɚɡɥɢɱɚɸɬ Ɍɗɋ ɡɚɤɪɵɬɨɝɨ, ɨɬɤɪɵɬɨɝɨ ɢ ɩɨɥɭɨɬɤɪɵɬɨɝɨ ɬɢɩɚ. 
ɉɪɢ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ ɨɫɧɨɜɧɨɟ ɨɛɨɪɭ-

ɞɨɜɚɧ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɪɚɡɦɟɳɚɸɬ ɜɧɭɬɪɢ ɩɨɦɟɳɟɧɢɹ, ɬ. ɟ. ɩɪɢɦɟɧɹɸɬ 
ɡɚɤɪɵɬɭɸ ɤɨɦɩɨɧɨɜɤɭ. ɉɪɢ ɛɥɚɝɨɩɪɢɹɬɧɵɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ ɤɨ-
ɬɟɥɶɧɵɟ ɚɝɪɟɝɚɬɵ ɪɚɡɦɟɳɚɸɬ ɧɚ ɨɬɤɪɵɬɨɦ ɜɨɡɞɭɯɟ, ɬɭɪɛɢɧɧɵɟ ɜ ɨɛɵɱ-
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ɧɨɦ ɡɞɚɧɢɢ ɩɨɥɭɨɬɤɪɵɬɚɹ ɤɨɦɩɨɧɨɜɤɚ ɢɥɢ ɛɟɡ ɡɞɚɧɢɹ (ɥɢɲɶ ɜ ɤɨɠɭɯɚɯ 
ɨɛɥɟɝɱɟɧɧɨɝɨ ɬɢɩɚ) - ɨɬɤɪɵɬɚɹ ɤɨɦɩɨɧɨɜɤɚ. ȼɨ ɜɫɟɯ ɫɥɭɱɚɹɯ ɤɨɧɞɟɧɫɚ-
ɰɢɨɧɧɨɟ ɩɨɦɟɳɟɧɢɟ ɜɵɩɨɥɧɹɸɬ ɡɚɤɪɵɬɨɝɨ ɬɢɩɚ. 

11. ɉɨ ɢɫɬɨɱɧɢɤɭ ɢ ɫɢɫɬɟɦɟ ɜɨɞɨɫɧɚɛɠɟɧɢя. Ɋɚɡɥɢɱɚɸɬ Ɍɗɋ, 

ɢɫɩɨɥɶɡɭɸɳɢɟ ɞɥɹ ɤɨɧɞɟɧɫɚɰɢɢ ɨɬɪɚɛɨɬɚɜɲɟɝɨ ɩɚɪ ɩɪɟɫɧɭɸ ɜɨɞɭ 

ɪɟɤ, ɨɡɟɪ ɢɥɢ ɦɨɪɫɤɭɸ ɜɨɞɭ. ȼ ɧɚɲɟɣ ɫɬɪɚɧɟ ɜ ɨɫɧɨɜɧɨɦ ɢɫɩɨɥɶɡɭ-
ɟɬɫɹ ɪɟɱɧɚɹ ɜɨɞɚ. ɉɨ ɫɢɫɬɟɦɟ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɪɚɡɥɢɱɚɸɬ Ɍɗɋ ɪɚɛɨ-
ɬɚɸɳɢɟ ɩɨ ɩɪɹɦɨɬɨɱɧɨɣ ɢ ɨɛɨɪɨɬɧɨɣ ɫɯɟɦɚɦ ɜɨɞɨɫɧɚɛɠɟɧɢɹ. ȿɫɥɢ ɫɬɨɤ 
ɪɟɤɢ ɩɪɟɜɵɲɚɟɬ ɩɨɬɪɟɛɧɨɫɬɢ ɜ ɜɨɞɟ, ɬɨ ɜɨɞɨɫɧɚɛɠɟɧɢɟ Ɍɗɋ ɨɪɝɚɧɢɡɭɟ-
ɬɟɬɫɹ ɩɨ ɩɪɹɦɨɬɨɱɧɨɣ ɫɯɟɦɟ: ɜɨɞɚ ɡɚɛɢɪɚɟɬɫɹ ɢɡ ɪɟɤɢ ɧɚɫɨɫɚɦɢ ɢ ɩɨɫɥɟ 
ɨɞɧɨɤɪɚɬɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɛɪɚɫɵɜɚɟɬɫɹ ɨɛɪɚɬɧɨ ɜ ɪɟɤɭ, ɧɨ ɧɢɠɟ ɩɨ 
ɬɟɱɟɧɢɸ. ɉɪɢ ɞɟɮɢɰɢɬɟ ɜɨɞɵ Ɍɗɋ ɪɚɛɨɬɚɟɬ ɧɚ ɨɛɨɪɨɬɧɨɦ ɜɨɞɨɫɧɚɛɠɟ-
ɧɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɯɥɚɠɞɚɸɳɢɯ ɭɫɬɪɨɣɫɬɜ. Ɉɞɧɚ ɢ ɬɚ ɠɟ ɜɨɞɚ ɫɨ-
ɜɟɪɲɚɟɬ ɡɚɦɤɧɭɬɵɣ ɤɪɭɝ «ɤɨɧɞɟɧɫɚɬɨɪ – ɨɯɥɚɠɞɚɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ». 

ɉɪɢɜɟɞɟɧɧɚɹ ɤɥɚɫɫɢɮɢɤɚɰɢɹ ɬɟɩɥɨɜɵɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɧɟ ɹɜɥɹɟɬ-
ɫɹ ɢɫɱɟɪɩɵɜɚɸɳɟɣ. ɗɥɟɤɬɪɨɫɬɚɧɰɢɢ ɦɨɝɭɬ ɪɚɡɥɢɱɚɬɶɫɹ ɩɨ ɫɩɨɫɨɛɭ ɩɨɞ-

ɝɨɬɨɜɤɢ ɬɨɩɥɢɜɚ, ɫɯɟɦɟ ɨɬɩɭɫɤɚ ɬɟɩɥɚ ɜɧɟɲɧɢɦ ɩɨɬɪɟɛɢɬɟɥɹɦ (ɞɥɹ 
Ɍɗɐ), ɫɩɨɫɨɛɭ ɩɨɞɝɨɬɨɜɤɢ ɞɨɛɚɜɨɱɧɨɣ ɜɨɞɵ ɤɨɬɥɨɚɝɪɟɝɚɬɨɜ, ɫɢɫɬɟɦɟ 
ɨɱɢɫɬɤɢ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɭɞɚɥɟɧɢɹ ɲɥɚɤɨɜ ɢ ɡɨɥɵ ɢ ɞɪ. 
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1.6. ɈɋɇɈȼɇɕȿ ɌȿɏɇɂɑȿɋɄɂȿ ɂ ɗɄɈɇɈɆɂɑȿɋɄɂȿ ɌɊȿ-

ȻɈȼȺɇɂə Ʉ ɌȿɉɅɈȼɈɃ ɗɅȿɄɌɊɈɋɌȺɇɐɂɂ 

Ɉɫɧɨɜɧɵɦɢ ɬɟɯɧɢɱɟɫɤɢɦɢ ɢ ɷɤɨɧɨɦɢɱɟɫɤɢɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ ɤ ɪɚ-
ɛɨɬɟ ɬɟɩɥɨɜɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɬɚɧɰɢɢ ɢ ɟɟ ɨɛɨɪɭɞɨɜɚɧɢɹ ɹɜɥɹɸɬɫɹ ɫɥɟ-
ɞɭɸɳɢɟ. 

1.ɇɚɞɟɠɧɨɫɬɶ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. ɗɥɟɤɬɪɨɫɬɚɧɰɢɹ 
ɞɨɥɠɧɚ ɪɚɡɜɢɜɚɬɶ ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɦɨɳɧɨɫɬɶ ɜ ɤɚɠɞɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɟɥɢɱɢɧɨɣ ɟɟ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ. 

ɇɚɞɟɠɧɨɫɬɶ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɟɠɞɟ ɜɫɟɝɨ ɛɟɡɚɜɚɪɢɣ-

ɧɨɫɬɶɸ ɪɚɛɨɬɵ ɟɟ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɬ. ɟ. ɧɟɞɨɩɭɳɟɧɢɟɦ ɨɬɤɥɸɱɟɧɢɹ ɢɥɢ 

ɫɧɢɠɟɧɢɹ ɦɨɳɧɨɫɬɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢɡ-ɡɚ ɟɝɨ ɧɟɢɫɩɪɚɜɧɨɫɬɢ. 

ɉɨɜɵɲɟɧɢɸ ɧɚɞɟɠɧɨɫɬɢ ɪɚɛɨɬɵ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɫɩɨɫɨɛɫɬɜɭɟɬ: 
ɚ) ɜɵɫɨɤɨɟ ɤɚɱɟɫɬɜɨ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢ ɦɨɧɬɚɠɚ ɨɛɨɪɭɞɨɜɚɧɢɹ; 
ɛ) ɜɵɫɨɤɢɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɪɨɜɟɧɶ ɟɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɪɟɦɨɧɬɚ; 
ɜ) ɨɫɧɚɳɟɧɢɟ ɧɨɜɟɣɲɟɣ ɚɩɩɚɪɚɬɭɪɨɣ ɤɨɧɬɪɨɥɹ ɢ ɚɜɬɨɦɚɬɢɡɚɰɢɢ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ; 
ɝ) ɜɵɫɨɤɚɹ ɤɜɚɥɢɮɢɤɚɰɢɹ ɩɟɪɫɨɧɚɥɚ. 
ȼɚɠɧɵɦ ɮɚɤɬɨɪɨɦ ɩɨɜɵɲɟɧɢɹ ɧɚɞɟɠɧɨɫɬɢ ɷɧɟɪɝɨɫɧɚɛɠɟɧɢɹ ɩɨ-

ɬɪɟɛɢɬɟɥɟɣ ɹɜɥɹɟɬɫɹ ɨɛɴɟɞɢɧɟɧɢɟ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɢ 

ɜɫɟɯ ɷɧɟɪɝɨɫɢɫɬɟɦ ɜ ɟɞɢɧɭɸ ɷɧɟɪɝɨɫɢɫɬɟɦɭ ɫɬɪɚɧɵ. 

2. Ɇɚɧɟɜɪɟɧɧɨɫɬɶ ɢ ɦɨɛɢɥɶɧɨɫɬɶ. ɗɥɟɤɬɪɨɫɬɚɧɰɢɹ, ɢ ɫɢɫɬɟɦɚ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ, ɞɨɥɠɧɚ ɨɛɥɚɞɚɬɶ ɦɚɧɟɜɪɟɧɧɨɫɬɶɸ - ɫɩɨɫɨɛɧɨɫɬɶɸ ɛɵ-

ɫɬɪɨ ɫɥɟɞɨɜɚɬɶ ɡɚ ɢɡɦɟɧɟɧɢɹɦɢ ɧɚɝɪɭɡɤɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɨɠɢɞɚɟɦɵɦ 

ɝɪɚɮɢɤɨɦ. Ɇɨɛɢɥɶɧɨɫɬɶ - ɫɩɨɫɨɛɧɨɫɬɶ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɢ ɢɯ ɨɛɨɪɭɞɨɜɚ-
ɧɢɹ ɧɚɛɢɪɚɬɶ ɢɥɢ ɫɧɢɠɚɬɶ ɦɨɳɧɨɫɬɶ ɡɚ ɦɚɥɵɣ ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ 

(ɧɟɫɤɨɥɶɤɨ ɫɟɤɭɧɞ). Ɋɟɡɤɢɟ ɢɡɦɟɧɟɧɢɹ ɧɚɝɪɭɡɤɢ ɦɨɝɭɬ ɜɨɡɧɢɤɧɭɬɶ ɩɪɢ 

ɧɟɩɪɟɞɜɢɞɟɧɧɨɦ ɜɤɥɸɱɟɧɢɢ ɢɥɢ ɨɬɤɥɸɱɟɧɢɢ ɤɪɭɩɧɵɯ ɩɨɬɪɟɛɢɬɟɥɟɣ, 

ɢɥɢ ɠɟ ɩɪɢ ɩɨɜɪɟɠɞɟɧɢɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢɥɢ ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ. 

3.Эɤɨɧɨɦɢɱɧɨɫɬɶ ɫɨɨɪɭɠɟɧɢя ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ. ɇɚɪɹɞɭ ɫ ɬɪɟɛɨ-
ɜɚɧɢɹɦɢ ɧɚɞɟɠɧɨɫɬɢ ɜɚɠɧɟɣɲɢɦɢ ɹɜɥɹɸɬɫɹ ɬɪɟɛɨɜɚɧɢɹ ɷɤɨɧɨɦɢɱɧɨɫɬɢ 

ɫɨɨɪɭɠɟɧɢɹ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɬɨ ɟɫɬɶ ɬɪɟɛɨɜɚɧɢɹ ɧɚɢ-

ɦɟɧɶɲɢɯ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɯɨɞɨɜ ɩɪɢ ɨɛɟɫ-
ɩɟɱɟɧɢɢ ɜɵɫɨɤɨɣ ɧɚɞɟɠɧɨɫɬɢ ɪɚɛɨɬɵ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. Ɂɚɬɪɚɬɵ ɧɚ ɫɨ-
ɨɪɭɠɟɧɢɟ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɫɤɥɚɞɵɜɚɸɬɫɹ ɜ ɨɫɧɨɜɧɨɦ ɢɡ ɡɚɬɪɚɬ ɧɚ ɨɛɨɪɭ-
ɞɨɜɚɧɢɟ ɢ ɜɨɡɜɟɞɟɧɢɟ ɫɨɨɪɭɠɟɧɢɣ. Ɉɫɧɨɜɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɷɤɫɩɥɭɚɬɚ-
ɰɢɨɧɧɵɯ ɪɚɫɯɨɞɨɜ (ɢɡɞɟɪɠɟɤ) ɧɚ Ɍɗɋ ɹɜɥɹɸɬɫɹ ɪɚɫɯɨɞɵ ɧɚ ɪɚɫɯɨɞɧɨɟ 
ɫɵɪɶɟ - ɬɨɩɥɢɜɨ. ɗɤɨɧɨɦɢɹ ɬɨɩɥɢɜɚ, ɬ. ɟ. ɫɧɢɠɟɧɢɟ ɭɞɟɥɶɧɨɝɨ ɪɚɫɯɨɞɚ 
ɟɝɨ ɧɚ ɟɞɢɧɢɰɭ ɨɬɩɭɫɤɚɟɦɨɣ ɩɪɨɞɭɤɰɢɢ (ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ). ɉɨɜɵɲɟɧɢɟ 
ɄɉȾ Ɍɗɋ ɞɨɫɬɢɝɚɸɬɫɹ ɱɚɫɬɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɧɟɤɨɬɨɪɨɝɨ ɭɞɨɪɨɠɚɧɢɹ ɨɛɨ-
ɪɭɞɨɜɚɧɢɹ: ɧɚɩɪɢɦɟɪ, ɢɡ-ɡɚ ɩɨɜɵɲɟɧɢɹ ɧɚɱɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɚɪɚ 
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ɩɪɢɯɨɞɢɬɫɹ ɩɪɢɦɟɧɹɬɶ ɛɨɥɟɟ ɞɨɪɨɝɢɟ ɤɥɚɫɫɵ ɢ ɦɚɪɤɢ ɦɟɬɚɥɥɚ ɢ ɬ. ɞ. Ɍɚ-
ɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɟɬ ɨɤɚɡɚɬɶɫɹ ɷɤɨɧɨɦɢɱɟɫɤɢ ɰɟɥɟɫɨɨɛɪɚɡɧɵɦ ɩɪɢɦɟ-
ɧɢɬɶ ɧɟɫɤɨɥɶɤɨ ɛɨɥɟɟ ɞɨɪɨɝɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ ɩɪɢ ɷɬɨɦ ɩɨɥɭɱɢɬɶ ɨɩɪɟ-
ɞɟɥɟɧɧɭɸ ɷɤɨɧɨɦɢɸ ɬɨɩɥɢɜɚ ɢ ɪɚɫɯɨɞɨɜ ɧɚ ɧɟɝɨ. Ɉɱɟɜɢɞɧɨ, ɷɬɨ ɬɟɦ ɰɟ-
ɥɟɫɨɨɛɪɚɡɧɟɟ, ɱɟɦ ɜɵɲɟ ɫɬɨɢɦɨɫɬɶ ɬɨɩɥɢɜɚ. ȼ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫ-
ɯɨɞɵ ɜɯɨɞɢɬ ɬɚɤɠɟ ɨɩɥɚɬɚ ɪɚɛɨɬɵ ɩɟɪɫɨɧɚɥɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. 

ɉɨɜɵɲɟɧɢɸ ɷɤɨɧɨɦɢɱɧɨɫɬɢ Ɍɗɋ ɫɩɨɫɨɛɫɬɜɭɸɬ ɫɥɟɞɭɸɳɢɟ ɮɚɤ-
ɬɨɪɵ:  

ɭɤɪɭɩɧɟɧɢɟ ɦɨɳɧɨɫɬɢ Ɍɗɋ ɢ ɟɟ ɚɝɪɟɝɚɬɨɜ, ɩɪɢɦɟɧɟɧɢɟ ɩɪɨɝɪɟɫ-
ɫɢɜɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɫɯɟɦ ɢ ɛɥɨɱɧɨɣ ɫɬɪɭɤɬɭɪɵ Ɍɗɋ;  

ɩɪɢɦɟɧɟɧɢɟ ɜɵɫɨɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɪɚɛɨɱɟɝɨ ɬɟɥɚ ɢ ɤɨɦɛɢɧɢɪɨɜɚɧ-

ɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ;  

ɢɧɞɭɫɬɪɢɚɥɢɡɚɰɢɹ ɢ ɫɨɤɪɚɳɟɧɢɟ ɫɪɨɤɨɜ ɫɨɨɪɭɠɟɧɢɹ Ɍɗɋ;  

ɨɩɬɢɦɢɡɚɰɢɹ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɨɛɨɪɭɞɨɜɚɧɢɹ Ɍɗɋ, ɪɚɰɢɨɧɚɥɶɧɚɹ 
ɨɪɝɚɧɢɡɚɰɢɹ ɟɟ ɭɩɪɚɜɥɟɧɢɹ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɫɨɜɪɟɦɟɧɧɵɯ ɫɪɟɞɫɬɜ ɤɨɦ-

ɩɥɟɤɫɧɨɣ ɚɜɬɨɦɚɬɢɡɚɰɢɢ, ɷɥɟɤɬɪɨɧɧɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɢɧɮɨɪɦɚɰɢɨɧ-

ɧɵɯ ɢ ɭɩɪɚɜɥɹɸɳɢɯ ɦɚɲɢɧ. 

4. ȼɵɩɨɥɧɟɧɢɟ ɫɚɧɢɬɚɪɧɨ-ɝɢɝɢɟɧɢɱɟɫɤɢɯ ɧɨɪɦ ɢ ɨɛɟɫɩɟɱɟɧɢɟ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɪɚɛɨɬɵ ɩɟɪɫɨɧɚɥɚ. Ʉɨɥɢɱɟɫɬɜɨ ɜɪɟɞɧɵɯ ɩɪɢɦɟɫɟɣ, ɜɵ-

ɛɪɚɫɵɜɚɟɦɵɯ Ɍɗɋ, ɞɨɥɠɧɨ ɛɵɬɶ ɨɝɪɚɧɢɱɟɧɨ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɟɣɫɬ-
ɜɭɸɳɢɦɢ ɫɚɧɢɬɚɪɧɵɦɢ ɧɨɪɦɚɦɢ. ɍɫɥɨɜɢɹ ɬɪɭɞɚ ɩɟɪɫɨɧɚɥɚ ɧɚ Ɍɗɋ 

ɞɨɥɠɧɵ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɩɪɚɜɢɥɚɦ ɬɟɯɧɢɤɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɨɯɪɚɧɵ ɬɪɭ-
ɞɚ. Ɍɟɩɥɨɜɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɫɬɚɧɰɢɹ ɞɨɥɠɧɚ ɬɚɤɠɟ ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɬɪɟɛɨ-
ɜɚɧɢɹɦ ɭɞɨɛɫɬɜɚ ɫɨɨɪɭɠɟɧɢɹ, ɦɨɧɬɚɠɚ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ. ɉɪɨɟɤɬ ɷɥɟɤɬɪɨ-
ɫɬɚɧɰɢɢ ɞɨɥɠɟɧ ɩɪɟɞɭɫɦɚɬɪɢɜɚɬɶ ɞɨɫɬɚɬɨɱɧɵɟ ɪɚɡɦɟɪɵ ɩɥɨɳɚɞɤɢ ɞɥɹ 
ɪɚɡɦɟɳɟɧɢɹ ɜɫɟɯ ɧɟɨɛɯɨɞɢɦɵɯ ɫɨɨɪɭɠɟɧɢɣ. ɐɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɟɞɭɫɦɚɬ-
ɪɢɜɚɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɫɲɢɪɟɧɢɹ Ɍɗɋ. 
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1.7. ȼɂȾɕ ɉɈɌɊȿȻɅȿɇɂə ɗɇȿɊȽɂɂ ɂ ȽɊȺɎɂɄɂ ɇȺȽɊɍɁɈɄ 

Ɍɗɋ 

 

Ɉɫɧɨɜɧɵɦ ɩɨɬɪɟɛɢɬɟɥɟɦ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɹɜɥɹɟɬɫɹ ɩɪɨɦɵɲɥɟɧ-

ɧɨɫɬɶ. Ɂɧɚɱɢɬɟɥɶɧɚɹ ɱɚɫɬɶ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɪɚɫɯɨɞɭɟɬɫɹ ɧɚ ɜɧɭɬɪɟɧɧɟɟ ɢ 

ɧɚɪɭɠɧɨɟ ɨɫɜɟɳɟɧɢɟ, ɛɵɬɨɜɵɟ ɧɭɠɞɵ, ɬɪɚɧɫɩɨɪɬ ɢ ɫɟɥɶɫɤɨɟ ɯɨɡɹɣɫɬɜɨ. 

Ɍɟɩɥɨɜɚɹ ɷɧɟɪɝɢɹ ɨɬɩɭɫɤɚɟɬɫɹ ɬɟɩɥɨɷɥɟɤɬɪɨɰɟɧɬɪɚɥɹɦɢ (Ɍɗɐ). Ɋɚɡɥɢ-

ɱɚɸɬ ɞɜɚ ɜɢɞɚ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɢ: ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɭɸ – ɞɥɹ ɬɟɯɧɨɥɨɝɢ-

ɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ ɢ ɨɬɨɩɢɬɟɥɶɧɭɸ – ɞɥɹ 
ɨɬɨɩɥɟɧɢɹ ɡɞɚɧɢɣ, ɧɚɝɪɟɜɚ ɜɨɡɞɭɯɚ, ɜɟɧɬɢɥɹɰɢɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɢ 

ɨɛɳɟɫɬɜɟɧɧɵɯ ɡɞɚɧɢɣ, ɢɧɵɯ ɧɭɠɞ ɧɚɫɟɥɟɧɢɹ. ɉɪɨɢɡɜɨɞɫɬɜɟɧɧɭɸ ɬɟɩɥɨ-
ɜɭɸ ɧɚɝɪɭɡɤɭ ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɨɛɵɱɧɨ ɩɚɪɨɦ, ɨɬɨɩɢɬɟɥɶɧɭɸ – ɝɨɪɹɱɟɣ 

ɜɨɞɨɣ. 

ɉɨɬɪɟɛɥɟɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɢɡɦɟɧɹɟɬɫɹ ɜɨ 
ɜɪɟɦɟɧɢ: ɜ ɬɟɱɟɧɢɟ ɫɭɬɨɤ, ɧɟɞɟɥɢ, ɝɨɞɚ. Ƚɪɚɮɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɢɡ-
ɦɟɧɟɧɢɹ ɧɚɝɪɭɡɤɢ Ɍɗɋ ɜɨ ɜɪɟɦɟɧɢ ɧɚɡɵɜɚɸɬ ɝɪɚɮɢɤɨɦ ɧɚɝɪɭɡɤɢ. ɇɚɢ-

ɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɷɧɟɪɝɨɫɢɫɬɟɦ ɢ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɢɦɟɸɬ ɫɭɬɨɱɧɵɟ 
ɢ ɝɨɞɨɜɵɟ ɝɪɚɮɢɤɢ ɧɚɝɪɭɡɨɤ. Ɏɨɪɦɚ ɫɭɬɨɱɧɨɝɨ ɝɪɚɮɢɤɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ 

ɧɚɝɪɭɡɤɢ ɡɚɜɢɫɢɬ ɜ ɨɫɧɨɜɧɨɦ ɨɬ ɜɪɟɦɟɧɢ ɝɨɞɚ, ɫɨɨɬɧɨɲɟɧɢɹ ɷɥɟɤɬɪɢɱɟ-
ɫɤɨɝɨ ɩɨɬɪɟɛɥɟɧɢɹ ɩɪɨɦɵɲɥɟɧɧɵɦɢ ɢ ɨɫɜɟɬɢɬɟɥɶɧɨ-ɛɵɬɨɜɵɦɢ ɭɫɬɚ-
ɧɨɜɤɚɦɢ, ɨɬ ɱɢɫɥɚ ɫɦɟɧ ɪɚɛɨɬɵ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ ɡɚ ɫɭɬɤɢ. ȼ 

ɡɢɦɧɟɦ ɫɭɬɨɱɧɨɦ ɝɪɚɮɢɤɟ ɧɚɝɪɭɡɤɢ (ɪɢɫ. 1.11) ɯɚɪɚɤɬɟɪɧɵ ɞɜɚ ɦɚɤɫɢ-

ɦɭɦɚ – ɭɬɪɟɧɧɢɣ (ɨɤɨɥɨ 8 ɱ ɭɬɪɚ) ɞɧɟɜɧɨɣ (ɚɛɫɨɥɸɬɧɵɣ ɦɚɤɫɢɦɭɦ). 

ɉɥɨɳɚɞɶ ɩɨɞ ɝɪɚɮɢɤɨɦ ɫɭɬɨɱɧɨɣ ɧɚɝɪɭɡɤɢ ɨɩɪɟɞɟɥɹɟɬ ɫɭɬɨɱɧɭɸ ɜɵɪɚ-
ɛɨɬɤɭ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, (ɤȼɬ·ɱ)/ɫɭɬ.: 

( )
24

ɫɭɬ
0

Э W dτ τ= ∫ ). 

Ɉɛɳɭɸ ɧɚɝɪɭɡɤɭ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɫɨɫɬɚɜɥɹɸɬ ɧɚɝɪɭɡɤɢ ɩɨɬɪɟɛɢɬɟ-
ɥɟɣ, ɚ ɬɚɤɠɟ ɪɚɫɯɨɞɵ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ ɷɥɟɤɬɪɨ-
ɫɬɚɧɰɢɣ ɢ ɧɚ ɩɨɤɪɵɬɢɟ ɩɨɬɟɪɶ ɜ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɟɬɹɯ. 

Ɉɬɧɨɲɟɧɢɟ ɧɨɱɧɨɣ ɦɢɧɢɦɚɥɶɧɨɣ ɤ ɞɧɟɜɧɨɣ ɦɚɤɫɢɦɚɥɶɧɨɣ ɧɚ-
ɝɪɭɡɤɟ ɧɚɡɵɜɚɸɬ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɫɭɬɨɱɧɨɝɨ ɝɪɚɮɢ-
ɤɚ: 

min

max

W
f

W
= . 

ɏɚɪɚɤɬɟɪɧɵɦ ɞɥɹ ɫɭɬɨɱɧɨɝɨ ɝɪɚɮɢɤɚ ɹɜɥɹɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɣ ɧɚɝɪɭɡɤɢ (ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɨɥɧɟɧɢɹ ɫɭɬɨɱ-
ɧɨɝɨ ɝɪɚɮɢɤɚ): 
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ɫɭɬ
max

max ɫɭɬ

Э
K

W T
=

⋅
. 

ɋɭɳɟɫɬɜɟɧɟɧ ɬɚɤɠɟ ɝɨɞɨɜɨɣ ɝɪɚɮɢɤ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɷɥɟɤɬɪɢ-

ɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ, ɤɨɬɨɪɵɣ ɦɨɠɧɨ ɩɨɫɬɪɨɢɬɶ ɩɪɢɛɥɢɠɟɧɧɨ, ɢɫɩɨɥɶɡɭɹ 
ɡɢɦɧɢɣ ɢ ɥɟɬɧɢɣ ɫɭɬɨɱɧɵɟ ɝɪɚɮɢɤɢ. ȼɵɛɪɚɜ ɧɟɫɤɨɥɶɤɨ ɭɪɨɜɧɟɣ ɧɚɝɪɭɡ-
ɤɢ ɦɟɠɞɭ ɦɢɧɢɦɚɥɶɧɨɣ ɢ ɦɚɤɫɢɦɚɥɶɧɨɣ, ɨɩɪɟɞɟɥɹɸɬ ɩɪɨɞɨɥɠɢɬɟɥɶ-
ɧɨɫɬɶ ɤɚɠɞɨɣ ɢɡ ɷɬɢɯ ɧɚɝɪɭɡɨɤ ɜ ɬɟɱɟɧɢɟ ɫɭɬɨɤ ɜ ɱɚɫɚɯ. ɍɦɧɨɠɚɹ ɩɪɨ-
ɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɬɚɤɢɯ ɧɚɝɪɭɡɨɤ ɡɚ ɡɢɦɧɢɟ ɫɭɬɤɢ ɧɚ ɭɫɥɨɜɧɨɟ ɱɢɫɥɨ ɡɢɦ-

ɧɢɯ ɫɭɬɨɤ (ɧɚɩɪɢɦɟɪ 210), ɚ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɥɟɬɧɢɯ ɫɭɬɨɱɧɵɯ ɧɚ-
ɝɪɭɡɨɤ - ɧɚ ɨɫɬɚɥɶɧɨɟ ɱɢɫɥɨ (155 ɫɭɬɨɤ ɜ ɝɨɞɭ), ɩɨɥɭɱɚɸɬ ɝɨɞɨɜɭɸ ɩɪɨ-
ɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɪɚɡɥɢɱɧɵɯ ɧɚɝɪɭɡɨɤ, ɤɨɬɨɪɭɸ ɢɡɨɛɪɚɠɚɸɬ ɧɚ ɫɨɨɬɜɟɬ-
ɫɬɜɭɸɳɟɦ ɝɪɚɮɢɤɟ (ɪɢɫ. 1.12). 

 

Ɋɢɫ. 1.11. ɋɭɬɨɱɧɵɣ ɝɪɚɮɢɤ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ 

 

 
Ɋɢɫ. 1.12. ɉɪɢɦɟɪ ɩɨɫɬɪɨɟɧɢɹ ɝɨɞɨɜɨɝɨ ɝɪɚɮɢɤɚ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ 

ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ 
 

Ⱥɛɫɰɢɫɫɚ ɤɚɠɞɨɣ ɬɨɱɤɢ ɬɚɤɨɝɨ ɝɪɚɮɢɤɚ ɨɩɪɟɞɟɥɹɟɬ ɫɭɦɦɚɪɧɭɸ 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɧɚɝɪɭɡɨɤ. ɉɥɨɳɚɞɶ ɩɨɞ ɷɬɢɦ ɝɪɚɮɢɤɨɦ ɧɚɝɪɭɡɤɢ 
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ɪɚɜɧɚ ɝɨɞɨɜɨɣ ɜɵɪɚɛɨɬɤɟ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ: 

( )
ɝɨɞ

ɝɨɞ
0

Ɍ

Э W dτ τ= ∫ , 

ɝɞɟ ɝɨɞ 8760T =  - ɱɢɫɥɨ ɱɚɫɨɜ ɜ ɝɨɞɭ. 
ȼɚɠɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɝɨɞɨɜɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɨɳɧɨɫɬɢ ɷɥɟɤ-

ɬɪɨɫɬɚɧɰɢɣ ɢ ɝɪɚɮɢɤɚ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɧɚɝɪɭɡɨɤ ɹɜɥɹɟɬɫɹ ɝɨɞɨɜɨɟ 
ɱɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ: 

ɝɨɞ
max

max

Э
T

W
= . 

ɉɨ ɦɚɤɫɢɦɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ ɢ ɜɵɪɚɛɨɬɚɧɧɨɦɭ ɡɧɚɱɟɧɢɸ maxT  ɨɩ-

ɪɟɞɟɥɹɸɬ ɝɨɞɨɜɭɸ ɜɵɪɚɛɨɬɤɭ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ: 
ɝɨɞ max maxЭ W T= ⋅ , 

ɝɞɟ maxT  - ɭɫɥɨɜɧɚɹ (ɦɢɧɢɦɚɥɶɧɚɹ) ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɪɚɛɨɬɵ ɫ 
ɦɚɤɫɢɦɚɥɶɧɨɣ ɧɚɝɪɭɡɤɨɣ maxW , ɨɛɟɫɩɟɱɢɜɚɸɳɚɹ ɞɚɧ-

ɧɭɸ ɜɵɪɚɛɨɬɤɭ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɝɨɞЭ .  

ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɝɨɞɨɜɨɣ ɦɚɤɫɢɦɚɥɶ-
ɧɨɣ ɧɚɝɪɭɡɤɢ (ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɨɥɧɟɧɢɹ ɝɨɞɨɜɨɝɨ ɝɪɚɮɢɤɚ ɩɪɨɞɨɥɠɢ-

ɬɟɥɶɧɨɫɬɢ ɧɚɝɪɭɡɨɤ): 
ɝɨɞ ɝɨɞ max
max

max ɝɨɞ ɝɨɞ

Э T
K

W T T
= =

⋅
. 

Ɇɨɳɧɨɫɬɶ ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɯ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɟ ɷɧɟɪɝɨɛɥɨɤɨɜ (ɬɚɤ 
ɧɚɡɵɜɚɟɦɚɹ ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɭɫɬW ) ɜɤɥɸɱɚɟɬ ɪɟɡɟɪɜ ɦɨɳɧɨɫɬɢ ɢ 

ɩɪɟɜɵɲɚɟɬ ɦɚɤɫɢɦɚɥɶɧɭɸ ɧɚɝɪɭɡɤɭ maxW  ɧɚ ɷɬɭ ɜɟɥɢɱɢɧɭ, ɱɬɨ ɭɱɢɬɵɜɚ-
ɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɪɟɡɟɪɜɚ: 

ɭɫɬ
ɪɟɡ

max

W
K

W
= . 

ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɝɨɞɨɜɨɟ ɱɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɭɫɬɚɧɨɜɥɟɧ-

ɧɨɣ ɦɨɳɧɨɫɬɢ – ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨ-
ɫɬɢ: 

ɝɨɞ
ɝɨɞɝɨɞ ɝɨɞ max

ɭɫɬ ɝɨɞ ɭɫɬ ɝɨɞ
ɭɫɬ ɪɟɡ max ɪɟɡ

Э Э KɌ Ɍ K Ɍ
W Ʉ W K

= = = ⋅ = ⋅
⋅

, 

ɝɞɟ  
ɝɨɞ

ɝɨɞ max
ɭɫɬ

ɪɟɡ

K
K

K
= - ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨ-
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ɫɬɢ. 

ɉɪɨɦɵɲɥɟɧɧɚɹ ɬɟɩɥɨɜɚɹ ɧɚɝɪɭɡɤɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɧɟɪɚɜɧɨɦɟɪɧɨ-
ɫɬɶɸ (ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɱɢɫɥɚ ɫɦɟɧ ɧɚ ɩɪɟɞɩɪɢɹɬɢɹɯ) ɜ ɬɟɱɟɧɢɟ ɫɭɬɨɤ ɢ 

ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɪɚɜɧɨɦɟɪɧɨɫɬɶɸ ɜ ɬɟɱɟɧɢɟ ɝɨɞɚ. 
ɑɢɫɬɨ ɨɬɨɩɢɬɟɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɨɬɥɢɱɚɟɬɫɹ ɪɚɜɧɨɦɟɪɧɨɫɬɶɸ ɜ ɬɟɱɟ-

ɧɢɟ ɫɭɬɨɤ ɢ ɛɨɥɶɲɨɣ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶɸ ɜ ɬɟɱɟɧɢɟ ɝɨɞɚ: ɜ ɩɟɪɢɨɞɵ ɦɨ-
ɪɨɡɨɜ ɨɧɚ ɞɨɫɬɢɝɚɟɬ ɦɚɤɫɢɦɭɦɚ, ɜ ɬɟɩɥɨɟ ɜɪɟɦɹ ɝɨɞɚ ɫɧɢɠɚɟɬɫɹ ɞɨ ɧɭɥɹ. 

 

ɉɪɢɦɟɪ ɪɚɫɱɟɬɚ 
ɇɚ ɫɬɚɧɰɢɢ ɭɫɬɚɧɨɜɥɟɧɵ ɬɪɢ ɬɭɪɛɨɝɟɧɟɪɚɬɨɪɚ ɩɨ 5000 ɤȼɬ. Ɂɚ ɝɨɞ 

ɜɵɪɚɛɨɬɚɧɨ 78,84·10
6
 ɤȼɬ·ɱ. Ɇɚɤɫɢɦɚɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɫɬɚɧɰɢɢ, ɢɦɟɜɲɚɹ-

ɫɹ ɜ ɝɨɞɭ, maxW  = 13500 ɤȼɬ. ɑɢɫɥɨ ɱɚɫɨɜ ɪɚɛɨɬɵ ɨɬɞɟɥɶɧɵɯ ɬɭɪɛɢɧ 

7000, 7600 ɢ 5400. ȼɵɱɢɫɥɢɬɶ ɩɨɤɚɡɚɬɟɥɢ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɫɬɚɧɰɢɢ. 

Ɋɟɲɟɧɢɟ. 
ɋɪɟɞɧɹɹ ɧɚɝɪɭɡɤɚ ɫɬɚɧɰɢɢ: 

6
ɝɨɞ ɝɨɞ
ɫɪ

78,84 10
9000

8760 8760

Э
W ɤȼɬ⋅

= = = . 

ɑɢɫɥɨ ɦɚɲɢɧɨ-ɱɚɫɨɜ: 
7000 7600 5400 20000m = + + = . 

ɋɪɟɞɧɹɹ ɝɨɞɨɜɚɹ ɧɚɝɪɭɡɤɚ ɬɭɪɛɨɝɟɧɟɪɚɬɨɪɚ: 
6

ɝɨɞ
ɫɪ

78,84 10
3940

20000

Э
W ɤȼɬ

m

⋅
= = = . 

ɋɪɟɞɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ ɬɭɪɛɨɝɟɧɟɪɚɬɨɪɚ: 
ɫɪɬɝ

ɧ
ɧ

3940
0,788

5000

W
K

W
= = =  

Ʉɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ: 
ɝɨɞ6
ɫɪɝɨɞ

ɢ
ɧ

876078,84 10 9000
0,6

8760 5000 3 8760 15000 8760 15000

WЭ
Ʉ

W

⋅⋅
= = = = =

⋅ ⋅ ⋅ ⋅
 

ɑɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ: 
6

ɝɨɞ
ɭɫɬ ɢ

ɭɫɬ

78,84 10 9000 8760
8760 0,6 8760 5256 .

15000 15000

Э
T Ʉ ɱ

W

⋅ ⋅
= = = = ⋅ = ⋅ =  

ɑɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɤɫɢɦɭɦɚ ɧɚɝɪɭɡɤɢ:  
6

maxɝɨɞ
max ɢ

max

78,84 10 9000 8760
8760 0,667 8760 5840 .

13500 13500

Э
T Ʉ ɱ

W

⋅ ⋅
= = = = ⋅ = ⋅ =  

Ʉɨɷɮɮɢɰɢɟɧɬ ɪɟɡɟɪɜɚ: 
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ɭɫɬ
ɪ

max

15000
1,11.

13500

W
K

W
= = =  

 

 

 

 

 

 

ȼɨɩɪɨɫɵ ɞɥɹ ɫɚɦɨɩɪɨɜɟɪɤɢ 

1. Ɉɫɨɛɟɧɧɨɫɬɶ Ɍɗɋ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɞɪɭɝɢɦɢ ɩɪɟɞɩɪɢɹɬɢɹɦɢ ɩɨ ɬɢ-

ɩɭ ɨɬɩɭɫɤɚɟɦɨɣ ɩɪɨɞɭɤɰɢɢ. 

2. Ɉɯɚɪɚɤɬɟɪɢɡɭɣɬɟ ɪɚɡɜɢɬɢɟ ɷɧɟɪɝɟɬɢɤɢ Ɋɨɫɫɢɢ ɧɚ ɫɨɜɪɟɦɟɧɧɨɦ 

ɷɬɚɩɟ. 
3. ɉɟɪɟɱɢɫɥɢɬɟ ɨɛɳɢɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɪɚɡɜɢɬɢɹ ɦɢɪɨɜɨɣ ɷɧɟɪɝɟ-

ɬɢɤɢ. ȼ ɤɚɤɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɢɡɦɟɧɹɟɬɫɹ ɬɨɩɥɢɜɧɵɣ ɛɚɥɚɧɫ Ɋɨɫɫɢɢ ɢ ɞɪɭ-
ɝɢɯ ɫɬɪɚɧ? 

4. ɂɡɨɛɪɚɡɢɬɟ ɢ ɨɯɚɪɚɤɬɟɪɢɡɭɣɬɟ ɨɫɧɨɜɧɵɟ ɬɢɩɵ ɫɭɬɨɱɧɵɯ ɝɪɚɮɢ-

ɤɨɜ ɩɨɬɪɟɛɥɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ. Ʉɚɤ ɢɡɦɟɧɢɬɫɹ ɜɢɞ ɷɬɢɯ ɝɪɚ-
ɮɢɤɨɜ ɜ ɛɭɞɭɳɟɦ? 

5. ɂɡɨɛɪɚɡɢɬɟ ɢ ɨɯɚɪɚɤɬɟɪɢɡɭɣɬɟ ɬɢɩɵ ɝɪɚɮɢɤɨɜ ɬɟɩɥɨɜɨɝɨ ɩɨ-
ɬɪɟɛɥɟɧɢɹ. ȼ ɱɟɦ ɫɦɵɫɥ ɜɵɪɚɛɨɬɤɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɬɟɩɥɨɜɨɦ ɩɨ-
ɬɪɟɛɥɟɧɢɢ ɢ ɩɨɱɟɦɭ ɦɵ ɧɟ ɦɨɠɟɦ ɜɵɪɚɛɚɬɵɜɚɬɶ ɬɚɤɢɦ ɫɩɨɫɨɛɨɦ ɜɫɸ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ? 

6. ɉɟɪɟɱɢɫɥɢɬɟ ɬɢɩɵ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɬɚɧɰɢɣ, ɭɤɚɠɢɬɟ ɞɨɥɸ ɷɬɢɯ 
ɫɬɚɧɰɢɣ ɜ ɨɛɳɟɣ ɜɵɪɚɛɨɬɤɟ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɱɚɫɬɶ ɝɪɚɮɢɤɚ ɧɚɝɪɭɡɨɤ, 
ɤɨɬɨɪɭɸ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɨɤɪɵɜɚɬɶ ɜɵɪɚɛɨɬɤɨɣ ɷɬɢɯ ɫɬɚɧɰɢɣ. 

7. Ɉɩɢɲɢɬɟ ɫɬɪɭɤɬɭɪɭ ɬɟɩɥɨɜɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɬɚɧɰɢɢ, ɟɟ ɨɫɧɨɜ-
ɧɵɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɟ ɰɟɯɚ. 

8. Ɉɫɧɨɜɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɢ ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɬɟɩɥɨɜɨɣ 

ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. 
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Глава втɨɪая. ɉɈɄȺɁȺɌȿɅɂ ɌȿɉɅɈȼɈɃ ɂ ɈȻЩȿɃ ɗɄɈ-

ɇɈɆɂɑɇɈɋɌɂ ɄɈɇȾȿɇɋȺɐɂɈɇɇɕɏ ɗɅȿɄɌɊɈɋɌȺɇɐɂɃ 

 

 

 

Ɍɟɩɥɨɜɚɹ ɷɤɨɧɨɦɢɱɧɨɫɬɶ Ʉɗɋ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɡɧɚɱɟɧɢɹɦɢ ɄɉȾ, 

ɭɞɟɥɶɧɨɝɨ ɪɚɫɯɨɞɚ ɬɟɩɥɨɬɵ ɢ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɢɥɢ ɡɧɚɱɟɧɢɟɦ ɭɞɟɥɶ-
ɧɨɝɨ ɪɚɫɯɨɞɚ ɹɞɟɪɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ Ⱥɗɋ. ɉɪɢ ɷɬɨɦ ɧɚ ɨɛɵɱɧɵɯ Ɍɗɋ 

ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɩɨɤɚɡɚɬɟɥɟɦ. 

Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɜ ɨɫɧɨɜɟ ɰɢɤɥɚ ɩɚɪɨɬɭɪɛɢɧɧɨɣ ɭɫɬɚɧɨɜɤɢ ɥɟɠɢɬ 
ɰɢɤɥ Ɋɟɧɤɢɧɚ. ɇɚ ɪɢɫ. 2.1 ɩɨɤɚɡɚɧɵ ɫɯɟɦɚ ɩɪɨɫɬɟɣɲɟɣ ɩɚɪɨɬɭɪɛɢɧɧɨɣ 

ɭɫɬɚɧɨɜɤɢ ɢ ɰɢɤɥɵ Ɋɟɧɤɢɧɚ ɞɥɹ ɧɟɟ ɩɪɢ ɪɚɛɨɬɟ ɧɚ ɧɚɫɵɳɟɧɧɨɦ ɢ ɩɟɪɟ-
ɝɪɟɬɨɦ ɩɚɪɟ. 

ɂɡ ɨɛɳɟɝɨ ɜɵɪɚɠɟɧɢɹ, ɨɩɪɟɞɟɥɹɸɳɟɝɨ ɬɟɪɦɢɱɟɫɤɢɣ ɄɉȾ: 

( )0 ɤ 0/t q q qη = − ,                                        (2.1) 

ɞɥɹ ɩɪɨɫɬɟɣɲɟɣ ɭɫɬɚɧɨɜɤɢ, ɪɚɛɨɬɚɸɳɟɣ ɩɨ ɢɞɟɚɥɶɧɨɦɭ ɰɢɤɥɭ 

Ɋɟɧɤɢɧɚ, ɩɨɥɭɱɚɟɦ: 

( ) ( )0 ɩɜ ɤt ɤ

0 ɩɜ
t

h h h h

h h
η

′− − −
=

−
,                                 (2.2) 

ɝɞɟ  
0 ɤ,q q – ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɩɨɞɜɟɞɟɧɧɨɣ ɤ 1 ɤɝ ɩɚɪɚ ɜ ɩɚɪɨɜɨɦ 

ɤɨɬɥɟ, ɩɚɪɨɝɟɧɟɪɚɬɨɪɟ ɢɥɢ ɪɟɚɤɬɨɪɟ ɢ ɨɬɜɟɞɟɧɧɨɣ ɨɬ ɧɟɝɨ ɜ ɤɨɧɞɟɧɫɚɬɨ-
ɪɟ, ɤȾɠ/ɤɝ;  

ɤ ɩɜ,h h′  – ɷɧɬɚɥɶɩɢɹ ɜɨɞɵ ɧɚ ɜɵɯɨɞɟ ɢɡ ɤɨɧɞɟɧɫɚɬɨɪɚ ɢ ɩɨɫɥɟ ɧɚɫɨ-
ɫɚ, ɤȾɠ/ɤɝ;  

0 ɤt,h h  – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ ɢ ɧɚ ɜɯɨɞɟ ɜ ɤɨɧɞɟɧɫɚɬɨɪ 
ɩɪɢ ɚɞɢɚɛɚɬɢɱɟɫɤɨɦ (ɬɟɨɪɟɬɢɱɟɫɤɨɦ) ɪɚɫɲɢɪɟɧɢɢ ɜ ɬɭɪɛɢɧɟ, ɤȾɠ/ɤɝ.  

ȼɵɪɚɠɟɧɢɟ (2.2) ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ: 
( ) ( )0 ɤt ɩɜ ɤ

0 ɩɜ
t

h h h h

h h
η

′− − −
=

−
.                                 (2.3) 
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ɚ 

 
 

ɛ 
 

 
                                ɜ 
Ɋɢɫ. 2.1. ɋɯɟɦɚ ɩɪɨɫɬɟɣɲɟɣ ɩɚɪɨɬɭɪɛɢɧɧɨɣ ɭɫɬɚɧɨɜɤɢ (ɚ) ɢ ɰɢɤɥɵ Ɋɟɧɤɢɧɚ 
ɞɥɹ ɧɟɟ ɩɪɢ ɪɚɛɨɬɟ ɧɚ ɧɚɫɵɳɟɧɧɨɦ (ɛ) ɢ ɩɟɪɟɝɪɟɬɨɦ (ɜ) ɩɚɪɟ: 
1 – ɩɚɪɨɜɨɣ ɤɨɬɟɥ, ɩɚɪɨɝɟɧɟɪɚɬɨɪ ɢɥɢ ɪɟɚɤɬɨɪ; 2 – ɬɭɪɛɨɝɟɧɟɪɚɬɨɪ; 3 – ɤɨɧɞɟɧ-
ɫɚɬɨɪ; 4 – ɧɚɫɨɫ 

 

ɇɚ ɪɢɫ. 2.2 ɢɡɨɛɪɚɠɟɧ ɪɚɛɨɱɢɣ ɩɪɨɰɟɫɫ ɩɚɪɚ ɜ ɬɭɪɛɢɧɟ ɜ h-s – ɞɢɚ-
ɝɪɚɦɦɟ. ɂɡ ɪɢɫɭɧɤɚ ɜɢɞɧɨ, ɱɬɨ ɪɚɡɧɨɫɬɶ 0 ɤth h−  ɜ (2.3) ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨ-
ɛɨɣ ɪɚɫɩɨɥɚɝɚɟɦɵɣ (ɚɞɢɚɛɚɬɢɱɟɫɤɢɣ) ɩɟɪɟɩɚɞ ɷɧɬɚɥɶɩɢɢ 0H . Ɋɚɡɧɨɫɬɶ 
ɩɜ ɤh h′−  ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɭɫɥɨɜɢɹɯ ɜɵɪɚɠɚɟɬ ɡɚɬɪɚɬɵ ɷɧɟɪɝɢɢ ɜ ɧɚɫɨ-
ɫɟ ɚ.ɧH , ɨɬɧɟɫɟɧɧɵɟ ɤ 1 ɤɝ ɜɨɞɵ ɩɪɢ ɟɟ ɚɞɢɚɛɚɬɢɱɟɫɤɨɦ ɫɠɚɬɢɢ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɬɟɪɦɢɱɟɫɤɢɣ ɄɉȾ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧ ɢɡ ɡɚɜɢ-

ɫɢɦɨɫɬɢ 

( )0 ɚ.ɧ 0/t H H qη = − .                                      (2.4) 
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Ɋɢɫ. 2.2. Ɋɚɛɨɱɢɣ ɩɪɨɰɟɫɫ ɩɚɪɚ ɜ ɬɭɪɛɢ-

ɧɟ ɞɥɹ ɩɪɨɫɬɟɣɲɟɣ ɩɚɪɨɬɭɪɛɢɧɧɨɣ ɭɫ-
ɬɚɧɨɜɤɢ ɜ h-s -ɞɢɚɝɪɚɦɦɟ 

 

ɋ ɩɨɦɨɳɶɸ ɬɟɪɦɢɱɟɫɤɨɝɨ ɄɉȾ ɨɰɟɧɢɜɚɟɬɫɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢɞɟ-
ɚɥɶɧɨɝɨ ɰɢɤɥɚ (ɤɨɝɞɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜɟɫɶ ɪɚɫɩɨɥɚɝɚɟɦɵɣ ɩɟɪɟɩɚɞ ɷɧɬɚɥɶ-
ɩɢɢ). ȼ ɪɟɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɢɡ-ɡɚ ɩɨɬɟɪɶ ɷɧɟɪɝɢɢ ɩɨɬɨɤɨɦ ɜ ɩɪɨɬɨɱɧɨɣ 

ɱɚɫɬɢ ɬɭɪɛɢɧɵ, ɜɨ ɜɯɨɞɧɵɯ ɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɭɫɬɪɨɣɫɬɜɚɯ, ɫ ɜɵɯɨɞɧɨɣ 

ɫɤɨɪɨɫɬɶɸ, ɚ ɬɚɤɠɟ ɢɡ-ɡɚ ɩɪɨɬɟɱɟɤ ɩɚɪɚ ɱɟɪɟɡ ɭɩɥɨɬɧɟɧɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɥɢɲɶ ɱɚɫɬɶ ɷɬɨɝɨ ɩɟɪɟɩɚɞɚ iH , (ɪɢɫ. 2.2). 

Ɉɬɧɨɲɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɧɧɨɝɨ ɩɟɪɟɩɚɞɚ ɷɧɬɚɥɶɩɢɢ iH  ɤ ɪɚɫɩɨɥɚ-
ɝɚɟɦɨɦɭ 0H  ɢɥɢ ɜɧɭɬɪɟɧɧɟɣ ɪɚɛɨɬɵ 1 ɤɝ ɩɚɪɚ ɜ ɬɭɪɛɢɧɟ iL , ɤ ɪɚɫɩɨɥɚ-
ɝɚɟɦɨɣ ɪɚɛɨɬɟ 0L , ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɫɨɜɟɪɲɟɧɫɬɜɨ ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ 

ɬɭɪɛɢɧɵ, ɜɯɨɞɧɵɯ ɢ ɪɟɝɭɥɢɪɭɸɳɢɯ ɭɫɬɪɨɣɫɬɜ, ɧɚɡɵɜɚɸɬ ɜɧɭɬɪɟɧɧɢɦ 

ɨɬɧɨɫɢɬɟɥɶɧɵɦ ɄɉȾ ɬɭɪɛɢɧɵ oiη . 

Ɉɛɵɱɧɨ 0,8 0,9oiη = − , ɚ ɞɥɹ ɫɨɜɪɟɦɟɧɧɵɯ ɦɨɳɧɵɯ ɬɭɪɛɢɧ ɩɪɢ 

ɧɨɦɢɧɚɥɶɧɨɣ ɧɚɝɪɭɡɤɟ 0,85 0,9oiη = − . 

ɂɡ ɞɢɚɝɪɚɦɦɵ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ ɩɚɪɚ ɜ ɬɭɪɛɢɧɟ (ɪɢɫ. 2.2) ɜɢɞɧɨ, 
ɱɬɨ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɩɨɬɟɪɢ, ɨɰɟɧɢɜɚɟɦɵɟ oiη , ɭɜɟɥɢɱɢɜɚɸɬ ɷɧɬɚɥɶɩɢɸ 

ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɭɪɛɢɧɵ ɤh ɧɚ ɤ ɤth h hΔ = − . Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɧɚ ɬɚɤɨɟ ɠɟ 
ɡɧɚɱɟɧɢɟ ɜɨɡɪɚɫɬɚɟɬ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɩɟɪɟɞɚɜɚɟɦɨɟ ɨɯɥɚɠɞɚɸɳɟɣ 

ɜɨɞɟ ɜ ɤɨɧɞɟɧɫɚɬɨɪɟ 1 ɤɝ ɩɚɪɚ (ɩɨɬɟɪɢ ɫ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɨɣ ɤqΔ , ɪɚɫ-
ɫɱɢɬɚɧɧɵɟ ɧɚ 1 ɤɝ ɩɚɪɚ). Ⱦɨɥɹ ɬɟɩɥɨɬɵ, ɩɪɟɜɪɚɳɟɧɧɨɣ ɜ ɪɚɛɨɬɭ ɜ ɪɟɚɥɶ-
ɧɨɣ ɭɫɬɚɧɨɜɤɟ, ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɜɧɭɬɪɟɧɧɢɦ ɚɛɫɨɥɸɬɧɵɦ ɄɉȾ iη . Ȼɟɡ 
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ɭɱɟɬɚ ɷɧɟɪɝɢɢ, ɡɚɬɪɚɱɢɜɚɟɦɨɣ ɧɚ ɩɪɢɜɨɞ ɧɚɫɨɫɨɜ, ɷɬɨɬ ɄɉȾ ɨɩɪɟɞɟɥɹɟɬ-
ɫɹ ɢɡ ɜɵɪɚɠɟɧɢɹ 

0/i iL qη =  

ɢɥɢ 

0

0 0

i
i t oi

L L

q L
η η η= ⋅ = ⋅ . 

ɇɚɪɹɞɭ ɫ ɭɤɚɡɚɧɧɵɦɢ ɜɵɲɟ ɩɨɬɟɪɹɦɢ ɫɭɳɟɫɬɜɭɸɬ ɟɳɟ ɦɟɯɚɧɢɱɟ-
ɫɤɢɟ ɩɨɬɟɪɢ ɜ ɬɭɪɛɢɧɟ (ɨɛɭɫɥɨɜɥɟɧɧɵɟ ɬɪɟɧɢɟɦ ɟɟ ɞɜɢɠɭɳɢɯɫɹ ɱɚɫɬɟɣ ɢ 

ɡɚɬɪɚɬɨɣ ɷɧɟɪɝɢɢ ɧɚ ɩɪɢɜɨɞ ɦɚɫɥɹɧɨɝɨ ɧɚɫɨɫɚ ɢ ɫɢɫɬɟɦɵ ɪɟɝɭɥɢɪɨɜɚ-
ɧɢɹ), ɚ ɬɚɤɠɟ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɢ ɦɟɯɚɧɢɱɟɫɤɢɟ ɩɨɬɟɪɢ ɜ ɝɟɧɟɪɚɬɨɪɟ. ɗɬɢ 

ɩɨɬɟɪɢ ɨɰɟɧɢɜɚɸɬɫɹ ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɄɉȾ ɬɭɪɛɢɧɵ ɦη  ɢ ɄɉȾ ɝɟɧɟɪɚɬɨ-
ɪɚ ɝη . Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɡ ɨɛɳɟɝɨ ɤɨɥɢɱɟɫɬɜɚ ɬɟɩɥɨɬɵ 0q , ɩɨɞɜɟɞɟɧɧɨɝɨ 
ɤ 1 ɤɝ ɩɚɪɚ, ɜ ɪɟɚɥɶɧɨɦ ɰɢɤɥɟ ɬɭɪɛɨɝɟɧɟɪɚɬɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ ɜɵɪɚɛɚɬɵ-

ɜɚɟɬɫɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɜ ɤɨɥɢɱɟɫɬɜɟ 
ɷ 0 ɦ ɝ 0 ɦ ɝt oi iL q qη η η η η η η= ⋅ ⋅ ⋅ ⋅ = ⋅ ⋅ ⋅ . 

Ɉɬɧɨɲɟɧɢɟ ɷ 0/L q  ɟɫɬɶ ɚɛɫɨɥɸɬɧɵɣ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɄɉȾ ɬɭɪɛɨɝɟ-
ɧɟɪɚɬɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ ɷη . ɂɡ ɩɪɢɜɟɞɟɧɧɵɯ ɫɨɨɬɧɨɲɟɧɢɣ ɜɢɞɧɨ, ɱɬɨ ɷη  

ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ 

ɷ ɦ ɝ ɦ ɝt oi iη η η η η η η η= ⋅ ⋅ ⋅ = ⋅ ⋅ ,                             (2.5) 

ɢɥɢ 

ɷ o.ɷtη η η= ⋅ ,                                           (2.5ɚ) 
ɝɞɟ  
ɨ.ɷ ɦ ɝoiη η η η= ⋅ ⋅  ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɬɧɨɲɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɷɥɟɤ-

ɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɷL , ɜɵɪɚɛɨɬɚɧɧɨɣ 1 ɤɝ ɩɚɪɚ, ɤ ɪɚɛɨɬɟ 0L , ɫɨɜɟɪɲɚɟ-
ɦɨɣ ɩɪɢ ɚɞɢɚɛɚɬɢɱɟɫɤɨɦ ɪɚɫɲɢɪɟɧɢɢ ɷɬɨɝɨ ɩɚɪɚ. 

Ⱦɥɹ ɫɨɜɪɟɦɟɧɧɵɯ ɬɭɪɛɢɧ ɦɟɯɚɧɢɱɟɫɤɢɣ ɄɉȾ ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɟɞɟ-
ɥɚɯ 0,98 – 0,99, ɚ ɄɉȾ ɝɟɧɟɪɚɬɨɪɚ 0,97 – 0,98 ɩɪɢ ɜɨɡɞɭɲɧɨɦ ɨɯɥɚɠɞɟ-
ɧɢɢ ɝɟɧɟɪɚɬɨɪɚ ɢ 0,98 – 0,99 ɩɪɢ ɜɨɞɨɪɨɞɧɨɦ ɟɝɨ ɨɯɥɚɠɞɟɧɢɢ (ɩɪɢ ɧɨ-
ɦɢɧɚɥɶɧɵɯ ɧɚɝɪɭɡɤɚɯ). 

Ɋɚɫɫɦɨɬɪɟɧɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɨɰɟɧɢɜɚɸɬ ɪɚɡɥɢɱɧɵɟ ɩɨɬɟɪɢ, ɤɨ-
ɬɨɪɵɟ ɢɦɟɸɬ ɦɟɫɬɨ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɬɭɪɛɢɧɟ ɢ ɝɟɧɟɪɚɬɨɪɟ. ȼ ɷɧɟɪɝɟ-
ɬɢɱɟɫɤɨɣ ɭɫɬɚɧɨɜɤɟ ɧɚɪɹɞɭ ɫ ɷɬɢɦɢ ɩɨɬɟɪɹɦɢ ɢɦɟɸɬɫɹ ɩɨɬɟɪɢ ɬɟɩɥɨɬɵ ɜ 
ɩɚɪɨɜɨɦ ɤɨɬɥɟ, ɬɟɩɥɨɨɛɦɟɧɧɵɯ ɭɫɬɪɨɣɫɬɜɚɯ, ɩɚɪɨɩɪɨɜɨɞɚɯ ɢ ɞɪ. ɗɬɢ 

ɩɨɬɟɪɢ ɧɟɨɛɯɨɞɢɦɨ ɭɱɟɫɬɶ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɨɛɳɟɝɨ ɄɉȾ ɷɥɟɤɬɪɨɫɬɚɧ-

ɰɢɢ. Ɏɨɪɦɭɥɵ, ɭɫɬɚɧɚɜɥɢɜɚɸɳɢɟ ɡɚɜɢɫɢɦɨɫɬɶ ɫɬη  ɨɬ tη , ɢ ɜɫɟɯ ɤɨɷɮ-

ɮɢɰɢɟɧɬɨɜ, ɨɰɟɧɢɜɚɸɳɢɯ ɩɨɬɟɪɢ ɜ ɪɚɡɥɢɱɧɵɯ ɷɥɟɦɟɧɬɚɯ ɬɭɪɛɨɝɟɧɟɪɚ-
ɬɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ ɢ ɫɬɚɧɰɢɢ ɜ ɰɟɥɨɦ, ɡɚɜɢɫɹɬ ɨɬ ɬɢɩɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. 
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ɇɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ, ɪɚɛɨɬɚɸɳɢɯ ɧɚ ɨɪɝɚɧɢɱɟɫɤɨɦ ɬɨɩɥɢɜɟ, ɧɚɪɹ-
ɞɭ ɫ ɩɨɬɟɪɹɦɢ ɜ ɬɭɪɛɨɝɟɧɟɪɚɬɨɪɟ ɢɦɟɸɬɫɹ ɩɨɬɟɪɢ ɜ ɩɚɪɨɜɨɦ ɤɨɬɥɟ ɢ 

ɬɪɭɛɨɩɪɨɜɨɞɚɯ; ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɄɉȾ ɫɬɚɧɰɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ 

ɫɬ ɷ ɬɪ ɤ.ɭη η η η= ⋅ ⋅ ,                                        (2.6) 

ɝɞɟ  
ɬɪη  ɭɱɢɬɵɜɚɟɬ ɩɨɬɟɪɢ ɬɟɩɥɨɬɵ ɜ ɬɪɭɛɨɩɪɨɜɨɞɚɯ, ɚ ɤ.ɭη  – ɜ ɤɨɬɟɥɶ-

ɧɨɣ ɭɫɬɚɧɨɜɤɟ. 

Ɉɛɵɱɧɨ ɄɉȾ ɩɚɪɨɜɨɣ ɤɨɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɪɚɜɟɧ 0,9 – 0,93. 

Ɂɧɚɱɟɧɢɹ ɬɪη  ɧɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ ɧɚ ɨɪɝɚɧɢɱɟɫɤɨɦ ɬɨɩɥɢɜɟ ɩɪɢ-

ɧɢɦɚɸɬɫɹ 0,97 – 0,98. 

Ⱥɛɫɨɥɸɬɧɵɣ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɄɉȾ ɤɨɧɞɟɧɫɚɰɢɨɧɧɨɣ ɬɭɪɛɨɝɟɧɟɪɚ-
ɬɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧ ɬɚɤɠɟ ɢɡ ɫɨɨɬɧɨɲɟɧɢɹ ɷɥɟɤ-
ɬɪɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ ɭɫɬɚɧɨɜɤɢ ɷN  ɢ ɤɨɥɢɱɟɫɬɜɚ ɬɟɩɥɨɬɵ 0Q , ɩɨɞɜɟ-
ɞɟɧɧɨɣ ɫ ɩɚɪɨɦ ɤ ɬɭɪɛɨɝɟɧɟɪɚɬɨɪɭ ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ, ɬ. ɟ. ɩɨ ɡɚɜɢɫɢ-

ɦɨɫɬɢ 

ɷ
ɷ

0

N

Q
η = ,                                               (2.7) 

ɚ ɄɉȾ ɫɬɚɧɰɢɢ – ɢɡ ɚɧɚɥɨɝɢɱɧɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ 
ɷ

ɫɬ
ɫɬ

N

Q
η = .                                              (2.8) 

ȼ ɷɬɢɯ ɡɚɜɢɫɢɦɨɫɬɹɯ 
( )0 0 0 ɩɜQ D h h= ⋅ − , 

ɫɬ 0 ɩɨɬ/Q Q η= ,                                           (2.9)  

ɝɞɟ  
ɩɨɬη  – ɤɨɷɮɮɢɰɢɟɧɬ, ɨɰɟɧɢɜɚɸɳɢɣ ɜɫɟ ɩɨɬɟɪɢ, ɧɚɱɢɧɚɹ ɨɬ ɩɚɪɨɜɨ-

ɝɨ ɤɨɬɥɚ, ɟɫɥɢ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɨɛɵɱɧɚɹ ɫɬɚɧɰɢɹ, ɞɨ ɬɭɪɛɢɧɵ. 

Ⱦɥɹ ɭɫɬɚɧɨɜɨɤ ɧɚ ɨɪɝɚɧɢɱɟɫɤɨɦ ɬɨɩɥɢɜɟ 
ɩɨɬ ɤ.ɭ ɬɪη η η= ⋅ .                                       (2.10)  

Ɂɧɚɱɟɧɢɹ ɷ ɫɬ,η η  ɧɟ ɭɱɢɬɵɜɚɸɬ ɪɚɫɯɨɞɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɫɨɛɫɬ-
ɜɟɧɧɵɟ ɧɭɠɞɵ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɢ ɩɨɷɬɨɦɭ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɤɚɤ ɄɉȾ 

ɛɪɭɬɬɨ. ȿɫɥɢ ɦɨɳɧɨɫɬɶ ɦɟɯɚɧɢɡɦɨɜ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɫɨɫɬɚɜɥɹɟɬ ɫɧN , 

ɬɨ ɄɉȾ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɧ
ɫɬη  ɫ ɭɱɟɬɨɦ ɷɧɟɪɝɢɢ, ɡɚɬɪɚɱɢɜɚɟɦɨɣ ɧɚ ɫɨɛɫɬ-

ɜɟɧɧɵɟ ɧɭɠɞɵ (ɄɉȾ ɧɟɬɬɨ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ), ɨɩɪɟɞɟɥɢɬɫɹ ɢɡ ɜɵɪɚɠɟɧɢɹ 
( )ɧ

ɫɬ ɷ ɫɧ ɫɬ/N N Qη = − . 
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Ɉɬɫɸɞɚ 
( )ɧ

ɫɬ ɫɬ ɫɧ1η η β= − , 

ɝɞɟ  
ɫɧ ɫɧ ɷ/N Nβ =  – ɞɨɥɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ, ɪɚɫɯɨɞɭɟɦɚɹ ɧɚ 

ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ ɫɬɚɧɰɢɢ. 

Ɇɨɠɧɨ ɬɚɤɠɟ ɨɩɪɟɞɟɥɢɬɶ ɄɉȾ ɧɟɬɬɨ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɢɡ ɡɚɜɢɫɢɦɨ-
ɫɬɢ 

ɧ
ɫɬ ɫɬ ɫɧη η η= ⋅ ,                                         (2.11) 

ɝɞɟ  
ɧ

ɫɧ ɷ ɷ/N Nη =  – ɄɉȾ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ( ɧ
ɷN  – 

ɦɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɛɟɡ ɭɱɟɬɚ ɪɚɫɯɨɞɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɫɨɛɫɬ-
ɜɟɧɧɵɟ ɧɭɠɞɵ (ɧɟɬɬɨ)). 

ɋɜɹɡɶ ɦɟɠɞɭ ɄɉȾ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɫɧη  ɢ ɞɨɥɟɣ ɦɨɳɧɨɫɬɢ, ɪɚɫ-
ɯɨɞɭɟɦɨɣ ɧɚ ɧɭɠɞɵ ɫɬɚɧɰɢɢ ɫɧβ , ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɡɚɜɢɫɢɦɨɫɬɶɸ  

ɫɧ ɫɧ1η β= − . 

Ʉɚɤ ɭɠɟ ɨɬɦɟɱɚɥɨɫɶ, ɨɰɟɧɤɚ ɬɟɩɥɨɜɨɣ ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɭɫɬɚɧɨɜɤɢ 

ɩɪɨɜɨɞɢɬɫɹ ɬɚɤɠɟ ɩɨ ɭɞɟɥɶɧɨɦɭ ɪɚɫɯɨɞɭ ɬɟɩɥɨɬɵ. ȼ ɪɚɫɱɟɬɚɯ ɨɛɵɱɧɨ 
ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɬɟɩɥɨɬɵ ɧɚ ɬɭɪɛɨɝɟɧɟɪɚɬɨɪɧɭɸ ɭɫɬɚ-
ɧɨɜɤɭ ɷq , ɤȾɠ/(ɤȼɬ·ɱ), ɢ ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɬɟɩɥɨɬɵ ɩɨ ɜɫɟɣ ɷɥɟɤɬɪɨɫɬɚɧ-

ɰɢɢ ɫɬq , ɤȾɠ/(ɤȼɬ·ɱ). ɗɬɢ ɜɟɥɢɱɢɧɵ ɨɩɪɟɞɟɥɹɸɬɫɹ ɢɡ ɜɵɪɚɠɟɧɢɣ 

ɷ 0 ɷ3600q Q N= ⋅ / ,                                     (2.12) 

ɫɬ ɫɬ ɷ3600q Q N= ⋅ / .                                    (2.13) 

ɋɨɩɨɫɬɚɜɥɹɹ (2.11) ɢ (2.12) ɫ (2.19) ɢ (2.20), ɥɟɝɤɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ 
ɷ ɷ3600/q η= ,                                         (2.14) 

ɫɬ ɫɬ3600 /q η= .                                        (2.15) 

ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɭb , ɹɜɥɹɸɳɢɣɫɹ ɜ ɧɚɲɟɣ 

ɫɬɪɚɧɟ ɨɫɧɨɜɧɵɦ ɩɨɤɚɡɚɬɟɥɟɦ ɬɟɩɥɨɜɨɣ ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ 

ɧɚ ɨɪɝɚɧɢɱɟɫɤɨɦ ɬɨɩɥɢɜɟ, ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧ ɢɡ ɭɪɚɜɧɟɧɢɹ ɬɟɩɥɨɜɨ-
ɝɨ ɛɚɥɚɧɫɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ: 

ɧ
ɪ ɷ ɫɬ3600 /B Q N η⋅ = ⋅ , 

ɝɞɟ  
B  – ɨɛɳɢɣ ɱɚɫɨɜɨɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ, ɤɝ/ɱ;  
ɧ
ɪQ  - ɧɢɡɲɚɹ ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ, ɤȾɠ/ɤɝ. 
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ɂɡ ɷɬɨɝɨ ɭɪɚɜɧɟɧɢɹ ɫɥɟɞɭɟɬ, ɱɬɨ ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ: 

( )ɧ
ɷ ɪ ɫɬ/ 3600/b B N Q η= = ⋅ ,                              (2.16)  

ɚ ɞɥɹ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ (ɫ ɧɢɡɲɟɣ ɬɟɩɥɨɬɨɣ ɫɝɨɪɚɧɢɹ ɧ
ɪQ  = 29 300 

ɤȾɠ/ɤɝ) 
( )ɭ ɫɬ ɫɬ3600/ 29300 0,123/b η η= ⋅ ≈ .                       (2.17)  

ȼ ɷɬɢɯ ɜɵɪɚɠɟɧɢɹɯ b  ɢ ɭb  ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɜ ɤɢɥɨɝɪɚɦɦɚɯ ɧɚ 1 

ɤȼɬ·ɱ. 
ɍɞɟɥɶɧɵɟ ɪɚɫɯɨɞɵ ɬɟɩɥɨɬɵ ɢ ɬɨɩɥɢɜɚ ɩɨ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɫ ɭɱɟɬɨɦ 

ɪɚɫɯɨɞɨɜ ɷɧɟɪɝɢɢ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɬɟɦ ɠɟ ɡɚɜɢ-

ɫɢɦɨɫɬɹɦ, ɨɞɧɚɤɨ ɩɪɢ ɷɬɨɦ ɜ ɪɚɫɱɟɬɧɵɟ ɮɨɪɦɭɥɵ ɜɜɨɞɹɬɫɹ ɡɧɚɱɟɧɢɹ 
ɧ ɧ
ɷ ɫɬ,N η  [ɫɦ. (2.13), (2.15)-(2.17)]. 

 

 

Ⱦɥɹ ɩɪɢɦɟɪɚ ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɜɵɝɨɪɟɜɲɟɝɨ ɹɞɟɪɧɨɝɨ ɬɨɩɥɢɜɚ ɢ 

ɨɛɳɢɣ ɪɚɫɯɨɞ ɹɞɟɪɧɨɝɨ ɬɨɩɥɢɜɚ ɛɥɨɤɚ Ⱥɗɋ ɦɨɳɧɨɫɬɶɸ 440 Ɇȼɬ ɫɨ-
ɫɬɚɜɥɹɸɬ ɹ.ɬ 0,1678 /b ɝ Ɇȼɬ ɱ= ⋅  ɢ ɹ.ɬ 14 /B ɬ ɝɨɞ= .Ⱦɥɹ ɛɥɨɤɚ ɬɚɤɨɣ 

ɦɨɳɧɨɫɬɢ, ɪɚɛɨɬɚɸɳɟɝɨ ɧɚ ɨɪɝɚɧɢɱɟɫɤɨɦ ɬɨɩɥɢɜɟ ɩɪɢ ɬɨɦ ɠɟ ɡɧɚɱɟɧɢɢ 

ɫɬη , ɪɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ (ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ 29300 ɤȾɠ/ɤɝ ɢɥɢ 8,14 

ɤȼɬ·ɱ/ɤɝ) ɫɨɫɬɚɜɢɬ: 170 /B ɬ ɱɚɫ= . Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɧɚɲɟɦ ɩɪɢɦɟɪɟ 
ɛɥɨɤ ɨɛɵɱɧɨɣ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɜ ɬɟɱɟɧɢɟ 1 ɱ (ɩɪɢ ɧ

ɪQ , ɪɚɜɧɨɦ ɬɟɩɥɨɬɟ 
ɫɝɨɪɚɧɢɹ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ) ɪɚɫɯɨɞɭɟɬ ɛɨɥɟɟ ɱɟɦ ɜ 12 ɪɚɡ ɛɨɥɶɲɟ ɬɨɩ-

ɥɢɜɚ, ɱɟɦ ɛɥɨɤ Ⱥɗɋ ɬɨɣ ɠɟ ɦɨɳɧɨɫɬɢ ɢ ɫ ɬɟɦ ɠɟ ɄɉȾ ɜ ɬɟɱɟɧɢɟ ɨɞɧɨɝɨ 
ɝɨɞɚ. 

 

ȼɨɩɪɨɫɵ ɞɥɹ ɫɚɦɨɩɪɨɜɟɪɤɢ 
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Глава тɪетья. ɉɈɄȺɁȺɌȿɅɂ ɌȿɉɅɈȼɈɃ ɂ ɈȻЩȿɃ ɗɄɈ-

ɇɈɆɂɑɇɈɋɌɂ ɌȿɉɅɈɗɅȿɄɌɊɈɐȿɇɌɊȺɅȿɃ 

 

3.1. ɈȻɓɂȿ ɉɈɅɈɀȿɇɂə 

 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɬɟɩɥɨɷɥɟɤɬɪɨɰɟɧɬɪɚɥɟɣ ɞɥɹ ɫɧɚɛɠɟɧɢɹ ɷɥɟɤɬɪɨ-
ɷɧɟɪɝɢɟɣ ɢ ɬɟɩ ɥɨɦ ɩɪɨɦɵɲɥɟɧɧɵɯ ɢ ɛɵɬɨɜɵɯ ɩɨɬɪɟɛɢɬɟɥɟɣ ɜ ɨɬɟɱɟɫɬ-
ɜɟɧɧɨɣ ɷɧɟɪɝɟɬɢɤɟ ɩɨɥɭɱɢɥɨ ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ. Ɉɫɧɨɜɧɨɣ ɨɫɨ-
ɛɟɧɧɨɫɬɶɸ ɬɟɩɥɨɷɥɟɤɬɪɨɰɟɧɬɪɚɥɟɣ ɹɜɥɹɟɬɫɹ ɤɨɦɛɢɧɢɪɨɜɚɧɢɟ ɩɪɨɢɡɜɨɞ-

ɫɬɜɚ ɬɟɩɥɨɜɨɣ ɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɩɪɢ ɨɪɝɚɧɢɡɚɰɢɢ ɪɚɛɨɱɟɝɨ ɩɪɨ-
ɰɟɫɫɚ ɨɫɧɨɜɧɨɝɨ ɩɚɪɨɜɨɞɹɧɨɝɨ ɰɢɤɥɚ. ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ ɷɤɨɧɨɦɢɢ ɬɨɩɥɢɜɚ 
ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɟɦ ɫɥɭɱɚɟɦ, ɤɨɝɞɚ ɤɚɠɞɵɣ ɜɢɞ ɩɪɨɞɭɤɰɢɢ ɜɵɪɚɛɚɬɵɜɚ-
ɟɬɫɹ ɪɚɡɞɟɥɶɧɨ. 

ɉɪɨɢɡɜɨɞɫɬɜɨ ɬɟɩɥɨɜɨɣ ɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɧɚ Ɍɗɐ ɨɫɭɳɟ-
ɫɬɜɥɹɟɬɫɹ ɧɚ ɨɞɧɨɦ ɢ ɬɨɦ ɠɟ ɨɛɨɪɭɞɨɜɚɧɢɢ – ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɣ ɬɭɪɛɢ-

ɧɟ. ɉɚɪ, ɩɨɫɬɭɩɚɸɳɢɣ ɧɚ ɜɯɨɞ ɬɭɪɛɢɧɵ ɫ ɪɟɝɭɥɢɪɭɟɦɵɦɢ ɨɬɛɨɪɚɦɢ ɢ 

ɤɨɧɞɟɧɫɚɰɢɟɣ, ɞɟɥɢɬɫɹ ɧɚ ɞɜɚ ɩɨɬɨɤɚ. Ɉɞɢɧ ɩɨɬɨɤ ɩɚɪɚ, ɪɚɫɲɢɪɹɹɫɶ ɩɨ 
ɞɥɢɧɟ ɜɫɟɣ ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ, ɜ ɤɨɧɰɟ ɪɚɫɲɢɪɟɧɢɹ ɫ ɞɨɫɬɚɬɨɱɧɨ ɧɢɡɤɢɦ 

ɞɚɜɥɟɧɢɟɦ (ɜɚɤɭɭɦɨɦ) ɫɛɪɚɫɵɜɚɟɬɫɹ ɜ ɤɨɧɞɟɧɫɚɬɨɪ. ɗɥɟɤɬɪɨɷɧɟɪɝɢɹ, 
ɩɪɨɢɡɜɟɞɟɧɧɚɹ ɧɚ ɨɫɧɨɜɟ ɷɬɨɝɨ ɩɨɬɨɤɚ, ɫɱɢɬɚɟɬɫɹ ɜɵɪɚɛɨɬɚɧɧɨɣ ɩɨ ɤɨɧ-

ɞɟɧɫɚɰɢɨɧɧɨɦɭ ɰɢɤɥɭ. 
ȼɬɨɪɨɣ ɩɨɬɨɤ ɩɚɪɚ, ɪɚɫɲɢɪɹɹɫɶ ɜ ɬɭɪɛɢɧɟ, ɨɬɛɢɪɚɟɬɫɹ ɢɡ ɩɪɨɦɟ-

ɠɭɬɨɱɧɨɣ ɬɨɱɤɢ ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ ɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɞɚɥɶɧɟɣɲɟɦ ɞɥɹ 
ɩɪɨɦɵɲɥɟɧɧɵɯ ɰɟɥɟɣ ɢɥɢ ɛɵɬɨɜɵɯ ɧɭɠɞ. Ɇɟɫɬɚ ɨɬɛɨɪɨɜ ɨɩɪɟɞɟɥɹɸɬɫɹ 
ɬɪɟɛɨɜɚɧɢɹɦɢ ɤ ɩɚɪɚɦɟɬɪɚɦ ɨɬɛɢɪɚɟɦɨɝɨ ɩɚɪɚ. ɗɥɟɤɬɪɨɷɧɟɪɝɢɹ, ɩɨɥɭ-
ɱɟɧɧɚɹ ɡɚ ɫɱɟɬ ɪɚɛɨɬɵ ɷɬɨɝɨ ɩɨɬɨɤɚ ɩɚɪɚ, ɫɱɢɬɚɟɬɫɹ ɜɵɪɚɛɨɬɚɧɧɨɣ ɩɨ ɬɟ-
ɩɥɨɮɢɤɚɰɢɨɧɧɨɦɭ ɰɢɤɥɭ. Ɋɚɛɨɬɚ, ɩɪɨɢɡɜɟɞɟɧɧɚɹ 1 ɤɝ ɩɚɪɚ ɷɬɨɝɨ ɩɨɬɨɤɚ, 
ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɷɥɟɤɬɪɨɷɧɟɪɝɢɹ, ɜɵɪɚɛɨɬɚɧɧɚɹ ɧɚ ɨɫɧɨɜɟ ɷɬɨɣ ɪɚɛɨɬɵ, 

ɛɭɞɭɬ ɜɫɟɝɞɚ ɦɟɧɶɲɟ, ɱɟɦ ɪɚɛɨɬɚ ɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɹ, ɩɪɨɢɡɜɟɞɟɧɧɵɟ 1 ɤɝ 
ɩɚɪɚ ɤɨɧɞɟɧɫɚɰɢɨɧɧɨɝɨ ɰɢɤɥɚ. ɉɪɢɱɟɦ ɷɬɚ ɪɚɛɨɬɚ ɛɭɞɟɬ ɬɟɦ ɦɟɧɶɲɟ, 
ɱɟɦ ɜɵɲɟ ɩɚɪɚɦɟɬɪɵ ɨɬɛɢɪɚɟɦɨɝɨ ɩɚɪɚ, ɬ.ɟ. ɱɟɦ ɛɥɢɠɟ ɨɬɛɨɪ ɤ ɜɯɨɞɭ 
ɬɭɪɛɢɧɵ. 

ȿɫɥɢ ɨɛɨɡɧɚɱɢɬɶ ɞɨɥɸ ɩɚɪɚ, ɪɚɛɨɬɚɸɳɟɝɨ ɩɨ ɤɨɧɞɟɧɫɚɰɢɨɧɧɨɦɭ 
ɰɢɤɥɭ, ɤɚɤ ɤα  ɢ ɞɨɥɸ ɩɚɪɚ, ɪɚɛɨɬɚɸɳɟɝɨ ɩɨ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɦɭ ɰɢɤɥɭ, 
ɤɚɤ ɨɬɛα , ɬɨ 

ɤ ɨɬɛ 1α α+ = . 

ɉɪɢ ɧɚɥɢɱɢɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɢ ɨɬɨɩɢɬɟɥɶɧɨɝɨ ɨɬɛɨɪɨɜ ɤɚɠɞɵɣ 

ɩɨɬɨɤ ɩɚɪɚ, ɪɚɛɨɬɚɸɳɢɣ ɩɨ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɦɭ ɰɢɤɥɭ, ɩɪɨɢɡɜɨɞɢɬ ɪɚ-
ɛɨɬɭ ɜ ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ ɬɭɪɛɢɧɵ, ɡɧɚɱɟɧɢɟ ɤɨɬɨɪɨɣ ɡɚɜɢɫɢɬ ɨɬ ɩɚɪɚɦɟɬ-
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ɪɨɜ ɜ ɦɟɫɬɟ ɨɬɛɨɪɚ. Ɍɨɝɞɚ 
ɤ ɩ ɬ 1α α α+ + = , 

ɝɞɟ  
ɬα ɢ ɬα  – ɞɨɥɢ ɩɚɪɚ ɨɬɨɩɢɬɟɥɶɧɨɝɨ ɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɨɬɛɨɪɨɜ. 

ȿɫɥɢ ɢɦɟɸɬ ɦɟɫɬɨ ɞɜɚ ɨɬɨɩɢɬɟɥɶɧɵɯ ɨɬɛɨɪɚ – ɜɟɪɯɧɢɣ ɢ ɧɢɠɧɢɣ, 

ɱɬɨ ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟɝɞɚ ɛɵɜɚɟɬ ɧɚ ɫɨɜɪɟɦɟɧɧɵɯ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɯ ɬɭɪ-
ɛɢɧɚɯ, ɬɨ 

ɬ ɬ.ɜ ɬ.ɧα α α= + , 

ɢ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ 
ɤ ɨɬɛ ɤ ɩ ɬ.ɜ ɬ.ɧ 1α α α α α α+ = + + + = . 

Ⱦɥɹ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɯ ɬɭɪɛɢɧ ɫ ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɟɦ, ɤɨɝɞɚ ɨɬɫɭɬ-
ɫɬɜɭɟɬ ɤɨɧɞɟɧɫɚɬɨɪ, ɜɟɫɶ ɩɚɪ ɩɨɫɥɟ ɩɨɫɥɟɞɧɟɣ ɫɬɭɩɟɧɢ ɧɚɩɪɚɜɥɹɟɬɫɹ ɤ 
ɬɟɩɥɨɜɨɦɭ ɩɨɬɪɟɛɢɬɟɥɸ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɨɬɛ 1α =  ɢ ɤ 0α = . 

Ɍɭɪɛɢɧɵ ɫ ɪɟɝɭɥɢɪɭɟɦɵɦɢ ɨɬɛɨɪɚɦɢ ɢ ɤɨɧɞɟɧɫɚɰɢɟɣ ɩɚɪɚ ɬɚɤɠɟ 
ɦɨɝɭɬ ɪɚɛɨɬɚɬɶ ɜ ɪɟɠɢɦɟ ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɹ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɚɪ ɜ ɤɨɧɞɟɧ-

ɫɚɬɨɪ ɧɟ ɩɨɫɬɭɩɚɟɬ, ɧɟɛɨɥɶɲɚɹ ɱɚɫɬɶ ɟɝɨ ɪɚɫɯɨɞɭɟɬɫɹ ɧɚ ɜɟɧɬɢɥɹɰɢɸ ɞɥɹ 
ɨɯɥɚɠɞɟɧɢɹ ɜɵɯɨɞɧɨɝɨ ɩɚɬɪɭɛɤɚ ɰɢɥɢɧɞɪɚ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ. ȼɟɫɶ ɜɵ-

ɯɥɨɩ ɩɚɪɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɱɟɪɟɡ ɪɟɝɭɥɢɪɭɟɦɵɟ ɨɬɛɨɪɵ. Ɋɟɠɢɦ ɩɪɨɬɢɜɨ-
ɞɚɜɥɟɧɢɹ ɞɥɹ ɬɚɤɨɝɨ ɬɢɩɚ ɬɭɪɛɢɧ ɦɨɠɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɬɚɤɠɟ ɩɪɢ ɢɯ 
ɪɚɛɨɬɟ ɧɚ ɭɯɭɞɲɟɧɧɨɦ ɜɚɤɭɭɦɟ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɜɚɤɭɭɦ ɜ ɤɨɧɞɟɧɫɚɬɨɪɟ 
ɢɫɤɭɫɫɬɜɟɧɧɨ ɭɯɭɞɲɚɟɬɫɹ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɟɩɥɨɬɭ ɤɨɧ-

ɞɟɧɫɚɰɢɢ ɩɚɪɚ ɜ ɤɨɧɞɟɧɫɚɬɨɪɟ ɞɥɹ ɩɨɞɨɝɪɟɜɚ ɫɟɬɟɜɨɣ ɜɨɞɵ. 

Ɉɰɟɧɢɜɚɹ ɷɤɨɧɨɦɢɱɧɨɫɬɶ ɪɚɛɨɬɵ Ɍɗɐ ɢ ɨɩɪɟɞɟɥɹɹ ɩɨɤɚɡɚɬɟɥɢ ɢɯ 
ɬɟɩɥɨɜɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ, ɧɟɨɛɯɨɞɢɦɨ ɢɦɟɬɶ ɜ ɜɢɞɭ ɤɚɱɟɫɬɜɟɧɧɭɸ ɧɟ-
ɪɚɜɧɨɰɟɧɧɨɫɬɶ ɬɟɩɥɨɜɨɣ ɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ. ɋɠɢɝɚɹ ɷɧɟɪɝɟɬɢɱɟ-
ɫɤɨɟ ɬɨɩɥɢɜɨ ɜ ɤɨɬɥɚɯ, ɩɨɥɭɱɚɸɬ ɦɚɤɫɢɦɭɦ 30÷40 % ɪɚɛɨɬɵ ɨɬ ɯɢɦɢɱɟ-
ɫɤɨɣ ɷɧɟɪɝɢɢ ɡɚɬɪɚɱɟɧɧɨɝɨ ɬɨɩɥɢɜɚ, ɬɨɝɞɚ ɤɚɤ ɬɟɩɥɨɬɚ ɞɥɹ ɨɬɩɭɫɤɚ ɩɨ-
ɬɪɟɛɢɬɟɥɹɦ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɫɬɶɸ ɜɵɪɚɛɚɬɵɜɚɟɬɫɹ ɡɚ ɫɱɟɬ ɷɬɨɣ ɷɧɟɪ-
ɝɢɢ. 
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3.2. ɊȺɋɏɈȾɕ ɉȺɊȺ ɂ ɌȿɉɅɈɌɕ ɇȺ Ɍɗɐ 

 

ɉɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ ɪɚɫɯɨɞ 

ɩɚɪɚ ɧɚ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɭɸ ɬɭɪɛɢɧɭ, ɪɚɛɨɬɚɸɳɭɸ ɫ ɜɤɥɸɱɟɧɧɵɦɢ ɪɟ-
ɝɭɥɢɪɭɟɦɵɦɢ ɨɬɛɨɪɚɦɢ ɢ ɤɨɧɞɟɧɫɚɰɢɟɣ ɩɚɪɚ, ɛɭɞɟɬ ɜɫɟɝɞɚ ɛɨɥɶɲɟ, ɱɟɦ 

ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ ɬɭ ɠɟ ɬɭɪɛɢɧɭ, ɧɨ ɪɚɛɨɬɚɸɳɭɸ ɜ ɱɢɫɬɨ ɤɨɧɞɟɧɫɚɰɢɨɧ-

ɧɨɦ ɪɟɠɢɦɟ, ɬ.ɟ. ɛɟɡ ɪɟɝɭɥɢɪɭɟɦɵɯ ɨɬɛɨɪɨɜ. 
ɗɬɨ ɭɜɟɥɢɱɟɧɢɟ ɦɨɠɧɨ ɜɵɱɢɫɥɢɬɶ ɢɡ ɪɚɜɟɧɫɬɜɚ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ 

ɛɚɥɚɧɫɨɜ ɞɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɫɥɭɱɚɟɜ, ɢɦɟɹ ɜ ɜɢɞɭ, ɱɬɨ ɜɧɭɬɪɟɧɧɹɹ 
ɦɨɳɧɨɫɬɶ ɭ ɧɢɯ ɨɞɢɧɚɤɨɜɚɹ  

ɤ ɤ.ɬi iN N= , 

ɝɞɟ  
ɤiN  ɢ ɤ.ɬiN  – ɜɧɭɬɪɟɧɧɢɟ ɦɨɳɧɨɫɬɢ, ɪɚɡɜɢɜɚɟɦɵɟ ɬɟɩɥɨɮɢɤɚɰɢ-

ɨɧɧɨɣ ɬɭɪɛɢɧɨɣ ɜ ɱɢɫɬɨ ɤɨɧɞɟɧɫɚɰɢɨɧɧɨɦ ɪɟɠɢɦɟ ɢ ɜ ɪɟɠɢɦɟ ɫ ɪɟɝɭɥɢ-

ɪɭɟɦɵɦɢ ɨɬɛɨɪɚɦɢ ɢ ɤɨɧɞɟɧɫɚɰɢɟɣ ɩɚɪɚ.  
Ɍɨɝɞɚ ɞɥɹ ɫɥɭɱɚɹ ɛɟɡ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ ɢɦɟɟɦ 

0 ɤ 0 ɤ 0 ɤ.ɬ 0 ɬ 0 ɤ.ɬ ɬ ɬ ɤ( ) ( ) ( )( )D h h D h h D D h h− = − + − − .            (3.1) 

Ɂɞɟɫɶ  
0 ɬ ɤ, ,h h h – ɷɧɬɚɥɶɩɢɢ ɩɚɪɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɧɚ ɜɯɨɞɟ ɬɭɪɛɢɧɵ, ɜ 

ɦɟɫɬɟ ɨɬɛɨɪɚ ɢ ɧɚ ɜɯɨɞɟ ɜ ɤɨɧɞɟɧɫɚɬɨɪ, ɤȾɠ/ɤɝ;  
0 ɤD  ɢ 0 ɤ.ɬD  – ɪɚɫɯɨɞɵ ɩɚɪɚ ɧɚ ɜɯɨɞɟ ɬɭɪɛɢɧɵ ɩɪɢ ɟɟ ɪɚɛɨɬɟ ɜ ɤɨɧ-

ɞɟɧɫɚɰɢɨɧɧɨɦ ɪɟɠɢɦɟ ɢ ɜ ɪɟɠɢɦɟ ɫ ɪɟɝɭɥɢɪɭɟɦɵɦɢ ɨɬɛɨɪɚɦɢ ɢ ɤɨɧ-

ɞɟɧɫɚɰɢɟɣ, ɤɝ/ɫ;  
ɬD  – ɪɚɫɯɨɞ ɩɚɪɚ ɜ ɪɟɝɭɥɢɪɭɟɦɨɦ ɨɬɛɨɪɟ, ɤɝ/ɫ. 

ɂɡ ɜɵɪɚɠɟɧɢɹ (3.1) ɩɨɥɭɱɢɦ 

ɬ ɤ
0 ɤ 0 ɤ.ɬ ɬ

0 ɤ

h h
D D D

h h

−
= −

−
,                                  (3.1) 

ɝɞɟ  
ɬ ɤ

ɬ
0 ɤ

h h
y

h h

−
=

−
 – ɤɨɷɮɮɢɰɢɟɧɬ ɧɟɞɨɜɵɪɚɛɨɬɤɢ ɩɚɪɚ ɬɟɩɥɨɮɢɤɚɰɢɨɧ-

ɧɨɝɨ ɨɬɛɨɪɚ. 
Ɍɨɝɞɚ 

0 ɤ.ɬ 0 ɤ ɬ ɬD D D y= + ⋅ .                                    (3.2ɚ) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɜɤɥɸɱɟɧɢɢ ɪɟɝɭɥɢɪɭɟɦɨɝɨ (ɬɟɩɥɨɮɢɤɚɰɢɨɧ-

ɧɨɝɨ) ɨɬɛɨɪɚ ɢ ɫɨɯɪɚɧɟɧɢɢ ɩɨɫɬɨɹɧɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ ɪɚɫɯɨɞ 
ɩɚɪɚ ɧɚ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɭɸ ɬɭɪɛɢɧɭ ɭɜɟɥɢɱɢɬɫɹ ɧɚ ɡɧɚɱɟɧɢɟ ɩɪɨɢɡɜɟɞɟ-
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ɧɢɹ ɪɚɫɯɨɞɚ ɨɬɛɨɪɧɨɝɨ ɩɚɪɚ ɧɚ ɤɨɷɮɮɢɰɢɟɧɬ ɧɟɞɨɜɵɪɚɛɨɬɤɢ. ɑɟɦ ɛɥɢɠɟ 
ɪɟɝɭɥɢɪɭɟɦɵɣ ɨɬɛɨɪ ɤ ɜɯɨɞɭ ɬɭɪɛɢɧɵ, ɬ.ɟ. ɜɵɲɟ ɩɚɪɚɦɟɬɪɵ ɨɬɛɨɪɧɨɝɨ 
ɩɚɪɚ, ɬɟɦ ɛɨɥɶɲɟ ɛɭɞɟɬ ɭɜɟɥɢɱɟɧɢɟ ɪɚɫɯɨɞɚ ɩɚɪɚ ɧɚ ɜɯɨɞɟ ɬɭɪɛɢɧɵ, ɢ 

ɧɚɨɛɨɪɨɬ. 
ȿɫɥɢ ɩɚɪ ɨɬɛɢɪɚɟɬɫɹ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ, ɧɚɩɪɢɦɟɪ ɱɟɪɟɡ ɪɟɞɭɤɰɢɨɧ-

ɧɨ-ɨɯɥɚɞɢɬɟɥɶɧɭɸ ɭɫɬɚɧɨɜɤɭ (ɊɈɍ), ɬɨ ɬ 1y = , ɬɭɪɛɢɧɚ ɪɚɛɨɬɚɟɬ ɜ ɤɨɧ-

ɞɢɰɢɨɧɧɨɦ ɪɟɠɢɦɟ ɢ ɨɛɳɢɣ ɪɚɫɯɨɞ ɩɚɪɚ ɡɚ ɤɨɬɥɨɦ ɪɚɜɟɧ 

0 ɤ.ɬ 0 ɤ ɬD D D= + . ȿɫɥɢ ɨɬɛɨɪ ɩɚɪɚ ɜɟɞɟɬɫɹ ɢɡ ɤɨɧɞɟɧɫɚɬɨɪɚ (ɩɪɢ ɪɚɛɨɬɟ 
ɧɚ ɭɯɭɞɲɟɧɧɨɦ ɜɚɤɭɭɦɟ), ɬɨ ɬ 0y =  ɢ ɪɚɫɯɨɞ ɩɚɪɚ ɡɚ ɤɨɬɥɨɦ ɢ ɧɚ ɜɯɨɞɟ ɜ 
ɬɭɪɛɢɧɭ ɪɚɜɟɧ 0 ɤ.ɬ 0 ɤD D= . ȼɨ ɜɫɟɯ ɨɫɬɚɥɶɧɵɯ ɫɥɭɱɚɹɯ 0 ɤ.ɬ 0 ɤD D≥  ɢ ɤɨ-
ɷɮɮɢɰɢɟɧɬ ɧɟɞɨɜɵɪɚɛɨɬɤɢ 

0 ɤ.ɬ 0 ɤ
ɬ

ɬ

D D
y

D

−
=                                          (3.3) 

ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɩɪɢɪɚɳɟɧɢɟ ɪɚɫɯɨɞɚ ɩɚɪɚ ɧɚ ɜɯɨɞɟ ɬɭɪɛɢɧɵ ɧɚ ɟɞɢɧɢɰɭ 
ɪɚɫɯɨɞɚ ɨɬɛɨɪɧɨɝɨ ɩɚɪɚ. 

ɉɪɢ ɧɚɥɢɱɢɢ ɨɬɛɨɪɚ ɪɚɫɯɨɞ ɩɚɪɚ ɜ ɤɨɧɞɟɧɫɚɬɨɪ 
ɤ 0 ɤ.ɬ ɬ 0 ɤ ɬ ɬ ɬ 0 ɤ.ɬ ɬ ɬ(1 )D D D D y D D D y D= − = + ⋅ − = − − ⋅ .        (3.4) 

ɍɦɟɧɶɲɟɧɢɟ ɪɚɫɯɨɞɚ ɩɚɪɚ ɜ ɤɨɧɞɟɧɫɚɬɨɪ 
0 ɬ

ɤ 0 ɤ ɤ ɬ ɬ ɬ
0 ɤ

(1 )
h h

D D D y D D
h h

−
Δ = − = − ⋅ =

−
                     (3.5) 

ɡɚɜɢɫɢɬ ɨɬ ɪɚɫɯɨɞɚ ɨɬɛɨɪɧɨɝɨ ɩɚɪɚ ɬD  ɢ ɬɟɩɥɨɩɟɪɟɩɚɞɚ ɟɝɨ ɜ ɩɪɨ-
ɬɨɱɧɨɣ ɱɚɫɬɢ ɬɭɪɛɢɧɵ. 

Ɍɟɩɥɨɮɢɤɚɰɢɨɧɧɵɟ ɬɭɪɛɢɧɵ ɦɨɝɭɬ ɢɦɟɬɶ ɧɟɫɤɨɥɶɤɨ ɪɟɝɭɥɢɪɭɟ-
ɦɵɯ ɨɬɛɨɪɨɜ. Ⱦɥɹ ɬɭɪɛɢɧ ɫ ɩɪɨɦɵɲɥɟɧɧɵɦ ɨɬɛɨɪɨɦ ɫ ɪɚɫɯɨɞɨɦ ɩɚɪɚ 
ɩD  ɢ ɞɜɭɦɹ ɨɬɨɩɢɬɟɥɶɧɵɦɢ ɨɬɛɨɪɚɦɢ (ɜɟɪɯɧɢɦ ɢ ɧɢɠɧɢɦ) ɫ ɪɚɫɯɨɞɚɦɢ 

ɩɚɪɚ ɜ ɧɢɯ ɬ.ɜD  ɢ ɬ.ɧD ɡɚɜɢɫɢɦɨɫɬɶ (3.1) ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ 

0 ɤ 0 ɤ 0 ɤ.ɬ 0 ɩ 0 ɤ.ɬ ɩ ɩ ɬ.ɜ

0 ɤ.ɬ ɩ ɬ.ɜ ɬ.ɜ ɬ.ɧ 0 ɤ.ɬ ɩ ɬ.ɜ ɬ.ɧ ɬ.ɧ ɤ

( ) ( ) ( )( )

( )( ) ( )( )

D h h D h h D D h h

D D D h h D D D D h h

− = − + − − +

+ − − − + − − − −
 

(3.6) 

ɚ ɡɚɜɢɫɢɦɨɫɬɶ (3.2ɚ) –  
3

0 ɤ.ɬ 0 ɤ ɬ1 ɩ ɬ2 ɬ.ɜ ɬ3 ɬ.ɧ 0 ɤ ɬ
1

j jD D y D y D y D D y D= + ⋅ + ⋅ + ⋅ = + ⋅∑ ,    (3.7) 

ɝɞɟ ɬ1 ɬ2 ɬ3, ,y y y – ɤɨɷɮɮɢɰɢɟɧɬɵ ɧɟɞɨɜɵɪɚɛɨɬɤɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 
ɩɨɬɨɤɨɜ ɨɬɛɨɪɧɨɝɨ ɩɚɪɚ; j  – ɧɨɦɟɪ ɨɬɛɨɪɚ. 

ɉɪɢ ɜɤɥɸɱɟɧɢɢ ɪɟɝɭɥɢɪɭɟɦɨɝɨ ɨɬɛɨɪɚ ɢ ɫɨɯɪɚɧɟɧɢɢ ɩɨɫɬɨɹɧɧɨɣ 
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ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɪɚɫɯɨɞ ɬɟɩɥɨɬɵ, ɤȼɬ, ɧɚ ɜɯɨɞɟ 
ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɣ ɬɭɪɛɢɧɵ, ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬɫɹ (ɞɥɹ ɫɥɭɱɚɹ ɛɟɡ 
ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ) ɤɚɤ 0 ɤ.ɬ 0 ɤ.ɬ 0 ɩɜ( )Q D h h= − . ɉɪɢ ɪɚɛɨɬɟ ɫ ɨɬ-
ɤɥɸɱɟɧɧɵɦ ɪɟɝɭɥɢɪɭɟɦɵɦ ɨɬɛɨɪɨɦ, ɬ.ɟ. ɜ ɤɨɧɞɟɧɫɚɰɢɨɧɧɨɦ ɪɟɠɢɦɟ, 
ɪɚɫɯɨɞ ɬɟɩɥɨɬɵ ɧɚ ɜɯɨɞɟ ɬɭɪɛɢɧɵ ɫɨɫɬɚɜɥɹɟɬ 0 ɤ 0 ɤ 0 ɩɜ( )Q D h h= − , ɝɞɟ 

ɩɜh  – ɷɧɬɚɥɶɩɢɹ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ. Ɍɨɝɞɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɮɨɪɦɭɥɨɣ 

(3.2ɚ) ɢɦɟɟɦ 

0 ɤ.ɬ 0 ɤ.ɬ 0 ɩɜ 0 ɤ ɬ ɬ 0 ɩɜ( ) ( )( )Q D h h D y D h h= − = + ⋅ − .               (3.8) 

Ɍɚɤ ɤɚɤ 0 ɤ 0 ɤ 0 ɩɜ( )Q D h h= −  ɢ ɬ
ɬ

ɬ 0 ɤ

Q
D

h h
=

−
, ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɨɩɪɟ-

ɞɟɥɟɧɢɹ ɩɨɥɧɨɝɨ ɪɚɫɯɨɞɚ ɬɟɩɥɨɬɵ ɧɚ ɜɯɨɞɟ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɣ ɬɭɪɛɢɧɵ, 

ɪɚɛɨɬɚɸɳɟɣ ɫ ɪɟɝɭɥɢɪɭɟɦɵɦ ɨɬɛɨɪɨɦ ɢ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɩɚɪɚ, ɦɨɠɧɨ ɡɚ-
ɩɢɫɚɬɶ ɜ ɜɢɞɟ 

0 ɩɜ
0 ɤ.ɬ 0 ɤ ɬ

ɬ 0 ɤ

h h
Q Q Q

h h

−
= + ⋅

−
,                                 (3.9) 

ɝɞɟ  
0 ɤh – ɷɧɬɚɥɶɩɢɹ ɜɨɡɜɪɚɳɟɧɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ;  

ɬQ  – ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɨɬɩɭɫɤɚɟɦɨɣ ɫ ɨɬɛɨɪɧɵɦ ɩɚɪɨɦ. 

ɗɬɚ ɡɚɜɢɫɢɦɨɫɬɶ ɫɩɪɚɜɟɞɥɢɜɚ ɩɪɢ ɩɨɥɧɨɦ ɜɨɡɜɪɚɬɟ ɤɨɧɞɟɧɫɚɬɚ ɨɬ-
ɛɢɪɚɟɦɨɝɨ ɩɚɪɚ ɜ ɰɢɤɥ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. 

ɉɭɫɬɶ 
0 ɩɜ

ɬ ɬ
ɬ 0 ɤ

h h
y

h h
ξ−

⋅ =
−

.                                       (3.10) 

ȼɟɥɢɱɢɧɭ ɬξ  ɧɚɡɵɜɚɸɬ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɰɟɧɧɨɫɬɢ ɬɟɩɥɨɬɵ ɨɬɛɨɪ-
ɧɨɝɨ ɩɚɪɚ. ɋ ɭɱɟɬɨɦ (3.10) ɜɵɪɚɠɟɧɢɟ (3.9) ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ 

0 ɤ.ɬ 0 ɤ ɬ ɬQ Q Qξ= + ⋅ ,                                    (3.11) 

ɨɬɫɸɞɚ 
0 ɤ.ɬ 0 ɤ

ɬ
ɬ

Q Q

Q
ξ

−
= .                                       (3.11) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɨɷɮɮɢɰɢɟɧɬ ɰɟɧɧɨɫɬɢ ɬɟɩɥɨɬɵ ɨɬɛɨɪɧɨɝɨ ɩɚɪɚ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɭɜɟɥɢɱɟɧɢɟ ɪɚɫɯɨɞɚ ɬɟɩɥɨɬɵ ɧɚ ɜɯɨɞɟ ɬɟɩɥɨɮɢɤɚɰɢ-

ɨɧɧɨɣ ɬɭɪɛɢɧɵ ɧɚ ɟɞɢɧɢɰɭ ɤɨɥɢɱɟɫɬɜɚ ɬɟɩɥɨɬɵ, ɨɬɩɭɫɤɚɟɦɨɣ ɫ ɨɬɛɨɪ-
ɧɵɦ ɩɚɪɨɦ. 

ɑɟɦ ɜɵɲɟ ɬɟɩɥɨɜɨɣ ɩɨɬɟɧɰɢɚɥ ɨɬɛɢɪɚɟɦɨɝɨ ɩɚɪɚ, ɬ.ɟ. ɱɟɦ ɛɨɥɶɲɟ 
ɟɝɨ ɩɚɪɚɦɟɬɪɵ (ɞɚɜɥɟɧɢɟ ɢ ɬɟɦɩɟɪɚɬɭɪɚ), ɬɟɦ ɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩ-
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ɥɨɬɵ ɧɟɨɛɯɨɞɢɦɨ ɩɨɞɚɜɚɬɶ ɧɚ ɜɯɨɞ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɣ ɬɭɪɛɢɧɵ ɞɥɹ ɫɨ-
ɯɪɚɧɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɤɨɧɞɟɧɫɚɰɢɨɧɧɨ-
ɦɭ ɪɟɠɢɦɭ, ɢ ɧɚɨɛɨɪɨɬ. 

ȼ ɬɨɦ ɫɥɭɱɚɟ, ɟɫɥɢ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɚɹ ɬɭɪɛɢɧɚ ɢɦɟɟɬ ɧɟɫɤɨɥɶɤɨ 
ɪɟɝɭɥɢɪɭɟɦɵɯ ɨɬɛɨɪɨɜ, ɩɨɥɧɵɣ ɪɚɫɯɨɞ ɬɟɩɥɨɬɵ ɧɚ ɜɯɨɞɟ ɩɨ ɚɧɚɥɨɝɢɢ ɫ 
ɡɚɜɢɫɢɦɨɫɬɶɸ (3.7) ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɩɨ ɜɵɪɚɠɟɧɢɸ 

0 ɤ.ɬ 0 ɤ ɬ1 ɩ ɬ2 ɬ.ɜ ɬ3 ɬ.ɧQ Q Q Q Qξ ξ ξ= + ⋅ + ⋅ + ⋅ ,                  (3.13) 

ɢɥɢ ɩɪɢ z  ɨɬɛɨɪɚɯ 

0 ɤ.ɬ 0 ɤ ɬ
1

z

j jQ Q Qξ= + ⋅∑ . 

Ɂɞɟɫɶ ɩ ɬ.ɜ ɬ.ɧ, ,Q Q Q – ɪɚɫɯɨɞɵ ɬɟɩɥɨɬɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɢɡ ɩɪɨɦɵɲ-

ɥɟɧɧɨɝɨ, ɜɟɪɯɧɟɝɨ ɢ ɧɢɠɧɟɝɨ ɨɬɨɩɢɬɟɥɶɧɵɯ ɨɬɛɨɪɨɜ, ɤȼɬ; ɬ1 ɬ2 ɬ3, ,ξ ξ ξ  – 

ɤɨɷɮɮɢɰɢɟɧɬɵ ɰɟɧɧɨɫɬɢ ɬɟɩɥɨɬɵ ɩɨɬɨɤɨɜ ɩɚɪɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɪɟɝɭ-
ɥɢɪɭɟɦɵɯ ɨɬɛɨɪɨɜ. 

ɍɜɟɥɢɱɟɧɢɟ ɪɚɫɯɨɞɚ ɬɟɩɥɨɬɵ ɩɪɢ ɜɤɥɸɱɟɧɢɢ ɪɟɝɭɥɢɪɭɟɦɨɝɨ ɨɬɛɨ-
ɪɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɭɪɚɜɧɟɧɢɟɦ (3.11) ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ 

0 ɤ.ɬ 0 ɤ.ɬ 0 ɤ ɬ ɬQ Q Q QξΔ = − = ⋅ .                            (3.14) 

ɉɪɢ ɨɞɧɨɦ ɢ ɬɨɦ ɠɟ ɤɨɥɢɱɟɫɬɜɟ ɬɟɩɥɨɬɵ, ɨɬɩɭɫɤɚɟɦɨɣ ɫ ɨɬɛɨɪɧɵɦ 

ɩɚɪɨɦ, ɩɪɢɪɚɳɟɧɢɟ ɪɚɫɯɨɞɚ ɬɟɩɥɨɬɵ ɧɚ ɜɯɨɞɟ ɬɭɪɛɢɧɵ ɛɭɞɟɬ ɜɨɡɪɚɫɬɚɬɶ 
ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɩɚɪɚɦɟɬɪɨɜ ɨɬɛɨɪɧɨɝɨ ɩɚɪɚ, ɢ ɫɨɤɪɚɳɚɬɶɫɹ ɫ ɢɯ ɩɨɧɢɠɟ-
ɧɢɟɦ. 

ȼ ɬɨɦ ɫɥɭɱɚɟ, ɟɫɥɢ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɚɹ ɬɭɪɛɢɧɚ ɭɠɟ ɨɬɩɭɫɤɚɟɬ ɢɡ 
ɨɬɛɨɪɚ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ ɬQ , ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɷɬɨɝɨ ɨɬɩɭɫɤɚ ɞɨ ɬ1Q  

ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ ɜɯɨɞɟ ɬɭɪɛɢɧɵ ɬɚɤɠɟ ɢɡɦɟɧɢɬɫɹ. ɗɬɨ ɢɡɦɟɧɟɧɢɟ ɦɨɠɧɨ 
ɨɩɪɟɞɟɥɢɬɶ ɫ ɭɱɟɬɨɦ (3.14): 

0 ɤ.ɬ 0 ɤ.ɬ 0 ɩ.ɬ ɬ ɬ1 ɬ ɬ ɬ( )Q Q Q Q Q Qξ ξ′Δ = − = ⋅ − = ⋅ Δ ,             (3.15) 

ɝɞɟ 
0 ɤ.ɬQ′  – ɢɡɦɟɧɟɧɧɵɣ ɪɚɫɯɨɞ ɬɟɩɥɨɬɵ ɧɚ ɜɯɨɞɟ ɬɭɪɛɢɧɵ. 

ɉɪɢ ɮɢɤɫɢɪɨɜɚɧɧɨɦ ɦɟɫɬɟ ɨɬɛɨɪɚ ɩɚɪɚ ɤɨɷɮɮɢɰɢɟɧɬ ɬξ  ɦɨɠɟɬ 
ɩɪɢɧɢɦɚɬɶɫɹ ɩɨɫɬɨɹɧɧɵɦ, ɬɚɤ ɤɚɤ ɧɚ ɩɪɚɤɬɢɤɟ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɩɚɪɚɦɟɬ-
ɪɨɜ ɨɬɛɨɪɧɨɝɨ ɩɚɪɚ ɟɝɨ ɢɡɦɟɧɟɧɢɟ ɧɟɡɧɚɱɢɬɟɥɶɧɨ. Ɉɫɧɨɜɧɨɟ ɜɥɢɹɧɢɟ ɧɚ 
ɢɡɦɟɧɟɧɢɟ ɪɚɫɯɨɞɚ ɬɟɩɥɨɬɵ ɧɚ ɜɯɨɞɟ ɬɭɪɛɢɧɵ ɛɭɞɟɬ ɨɤɚɡɵɜɚɬɶ ɢɡɦɟɧɟ-
ɧɢɟ ɪɚɫɯɨɞɚ ɨɬɛɨɪɧɨɝɨ ɩɚɪɚ. 

ɍɦɟɧɶɲɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɬɟɩɥɨɬɵ, ɩɟɪɟɞɚɧɧɨɣ ɜ ɤɨɧɞɟɧɫɚɬɨɪ, ɫ 
ɭɱɟɬɨɦ ɡɚɜɢɫɢɦɨɫɬɢ (3.5) ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɜ ɜɢɞɟ 

ɤ ɤ ɤ ɤ ɬ ɬ ɤ ɤ( ) (1 ) ( )Q D h h D y h h′ ′Δ = Δ ⋅ − = ⋅ − ⋅ − , 

ɢɥɢ, ɩɪɢɧɹɜ, ɱɬɨ ɬ ɬy ξ≈ , ɩɨɥɭɱɢɦ 
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ɤ ɬ ɬ ɤ ɤ(1 ) ( )Q D h hξ ′Δ = ⋅ − ⋅ − .                             (3.16) 

Ɂɞɟɫɶ ɤh  ɢ ɤh′  – ɷɧɬɚɥɶɩɢɢ ɩɚɪɚ ɧɚ ɜɯɨɞɟ ɜ ɤɨɧɞɟɧɫɚɬɨɪ ɢ ɤɨɧɞɟɧ-

ɫɚɬɚ ɷɬɨɝɨ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɧɟɝɨ. 
Ⱦɥɹ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɯ ɬɭɪɛɢɧ ɫ ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɟɦ ɪɚɫɯɨɞ ɩɚɪɚ 

ɧɚ ɜɯɨɞɟ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɱɢɫɬɨ ɤɨɧɞɟɧɫɚɰɢɨɧɧɵɦɢ ɬɭɪɛɢɧɚɦɢ ɬɨɣ ɠɟ 
ɦɨɳɧɨɫɬɢ, ɛɭɞɟɬ ɛɨɥɶɲɟ ɢ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧ ɢɡ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ 
ɛɚɥɚɧɫɚ ɩɪɢ ɭɫɥɨɜɢɢ ɪɚɜɟɧɫɬɜɚ ɜɧɭɬɪɟɧɧɢɯ ɦɨɳɧɨɫɬɟɣ, ɬ.ɟ. ɩ ɬi iN N= : 

0 ɤ 0 ɤ 0 ɬ 0 ɬ( ) ( )D h h D h h⋅ − = ⋅ − ,                            (3.17) 

ɝɞɟ  
0 ɬD  – ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ ɜɯɨɞɟ ɬɭɪɛɢɧɵ ɫ ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɟɦ, ɤɝ/ɫ;  

ɬh  – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɹ, ɤȾɠ/ɤɝ.  

Ɍɨɝɞɚ 
0 ɤ

0 ɬ 0 ɤ
0 ɬ

h h
D D

h h

−
= ⋅

−
,                                     (3.18) 

ɚ ɩɪɢɪɚɳɟɧɢɟ ɪɚɫɯɨɞɚ ɩɚɪɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɤɨɧɞɟɧɫɚɰɢɨɧɧɨɣ ɬɭɪ-
ɛɢɧɨɣ ɬɨɣ ɠɟ ɦɨɳɧɨɫɬɢ ɦɨɠɟɬ ɛɵɬɶ ɧɚɣɞɟɧɨ ɩɨ ɮɨɪɦɭɥɟ 

0 ɤ ɤ
0 ɬ 0 ɬ 0 ɤ 0 ɤ 0 ɤ 0 ɤ

0 ɬ 0 ɬ

Ɍh h h h
D D D D D D

h h h h

− −
Δ = − = ⋅ − = ⋅

− −
 

 

Ɂɧɚɱɟɧɢɟ ɩɪɢɪɚɳɟɧɢɹ 0 ɬDΔ  ɡɚɜɢɫɢɬ ɨɬ ɬɟɩɥɨɜɨɝɨ ɩɨɬɟɧɰɢɚɥɚ (ɩɚ-
ɪɚɦɟɬɪɨɜ) ɩɚɪɚ ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɹ. ȿɫɥɢ ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɹ 
ɧɟɜɟɥɢɤɚ ɢ ɩɪɢɛɥɢɠɚɟɬɫɹ ɤ ɡɧɚɱɟɧɢɸ ɷɧɬɚɥɶɩɢɢ ɩɚɪɚ ɧɚ ɜɯɨɞɟ ɜ ɤɨɧ-

ɞɟɧɫɚɬɨɪ ɫɪɚɜɧɢɜɚɟɦɨɣ ɤɨɧɞɟɧɫɚɰɢɨɧɧɨɣ ɬɭɪɛɢɧɵ, ɬɨ ɩɪɢɪɚɳɟɧɢɟ ɪɚɫ-
ɯɨɞɚ ɩɚɪɚ ɧɚ ɜɯɨɞɟ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɣ ɬɭɪɛɢɧɵ ɫ ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɟɦ ɧɟ-
ɜɟɥɢɤɨ, ɢ, ɧɚɨɛɨɪɨɬ, ɩɪɢɪɚɳɟɧɢɟ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ ɪɨɫɬɨɦ ɷɧɬɚɥɶɩɢɢ ɩɚ-
ɪɚ ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɹ. 

Ɋɚɫɯɨɞ ɬɟɩɥɨɬɵ ɧɚ ɬɭɪɛɢɧɭ ɫ ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɟɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ 
0 ɬ 0 ɬ 0 ɩɜ( )Q D h h= − , ɚ ɧɚ ɤɨɧɞɟɧɫɚɰɢɨɧɧɭɸ ɬɭɪɛɢɧɭ – ɤɚɤ 

0 0 ɤ 0 ɩɜ( )ɤQ D h h= − . ɍɜɟɥɢɱɟɧɢɟ ɪɚɫɯɨɞɚ ɬɟɩɥɨɬɵ ɧɚ ɬɭɪɛɢɧɭ ɫ ɩɪɨɬɢɜɨ-
ɞɚɜɥɟɧɢɟɦ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɤɨɧɞɟɧɫɚɰɢɨɧɧɨɣ ɬɭɪɛɢɧɨɣ ɩɪɢ ɪɚɜɟɧɫɬɜɟ ɢɯ 
ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɦɨɳɧɨɫɬɟɣ ɢ ɫ ɭɱɟɬɨɦ (3.18) ɛɭɞɟɬ ɫɨɫɬɚɜɥɹɬɶ 

0 ɬ
0 ɬ 0 ɬ 0 ɤ 0 ɬ 0 ɩɜ 0 ɬ 0 ɩɜ

0 ɤ
( ) ( )

h h
Q Q Q D h h D h h

h h

−
Δ = − = ⋅ − − ⋅ ⋅ −

−
. 

Ⱦɥɹ ɬɭɪɛɢɧɵ ɫ ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɟɦ ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ ɜɯɨɞɟ ɪɚɜɟɧ ɪɚɫ-
ɯɨɞɭ ɩɚɪɚ ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɹ, ɬ.ɟ. 0 ɬ ɬD D= . Ɂɧɚɱɟɧɢɟ ɬD  ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
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ɜɵɪɚɠɟɧɢɸ ɬ
ɬ

ɬ ɤ

Q
D

h h
=

−
 ɩɪɢ ɩɨɥɧɨɦ ɜɨɡɜɪɚɬɟ ɤɨɧɞɟɧɫɚɬɚ ɜ ɰɢɤɥ. Ɂɞɟɫɶ 

ɬQ  – ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɨɬɩɭɳɟɧɧɨɣ ɫ ɩɚɪɨɦ ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɹ. ȼ ɪɟ-
ɡɭɥɶɬɚɬɟ ɩɨɥɭɱɢɦ 
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0 ɬ ɬ ɬ
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ɧɨ, ɬɚɤ ɤɚɤ 0 ɩɜ ɬ 0 ɤh h h h− ≈ −  ɢ ɬ ɤ
ɬ ɬ

0 ɤ

h h
y

h h
ξ−

= ≈
−

, ɛɭɞɟɦ ɢɦɟɬɶ  

0 ɬ ɬ ɤ
0 ɬ ɬ ɬ ɬ ɬ

0 ɤ 0 ɤ
1

h h h h
Q Q Q Q

h h h h
ξ

⎛ ⎞− −
Δ = ⋅ − = ⋅ = ⋅⎜ ⎟− −⎝ ⎠

.              (3.19) 

ȼ ɢɬɨɝɟ ɦɵ ɩɨɥɭɱɚɟɦ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɢɪɚɳɟɧɢɹ ɬɟ-
ɩɥɨɬɵ ɧɚ ɜɯɨɞɟ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɣ ɬɭɪɛɢɧɵ, ɢɦɟɸɳɟɟ ɬɚɤɨɣ ɠɟ ɜɢɞ, 

ɱɬɨ ɢ ɞɥɹ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɣ ɬɭɪɛɢɧɵ ɫ ɪɟɝɭɥɢɪɭɟɦɵɦɢ ɨɬɛɨɪɚɦɢ ɢ 

ɤɨɧɞɟɧɫɚɰɢɟɣ ɩɚɪɚ [ɫɦ. (3.14)]. ɗɬɨ ɫɩɪɚɜɟɞɥɢɜɨ, ɬɚɤ ɤɚɤ ɪɟɠɢɦ ɪɚɛɨɬɵ 

ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɣ ɬɭɪɛɢɧɵ ɫ ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɟɦ ɟɫɬɶ ɨɞɢɧ ɢɡ ɜɚɪɢɚɧ-

ɬɨɜ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɬɭɪɛɢɧɵ ɫ ɪɟɝɭɥɢɪɭɟɦɵɦɢ ɨɬɛɨɪɚɦɢ ɢ ɤɨɧɞɟɧɫɚɰɢ-

ɟɣ, ɤɨɝɞɚ ɩɪɨɯɨɞ ɩɚɪɚ ɜ ɤɨɧɞɟɧɫɚɬɨɪ ɡɚɤɪɵɬ. 
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3.3. ɗɇȿɊȽȿɌɂɑȿɋɄɂȿ ɉɈɄȺɁȺɌȿɅɂ ɊȺȻɈɌɕ Ɍɗɐ 

 

Ɉɫɧɨɜɧɨɟ ɬɪɟɛɨɜɚɧɢɟ, ɤɨɬɨɪɨɟ ɩɪɟɞɴɹɜɥɹɟɬɫɹ ɤ ɷɧɟɪɝɟɬɢɱɟɫɤɢɦ 

ɩɨɤɚɡɚɬɟɥɹɦ ɪɚɛɨɬɵ Ɍɗɐ, ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨɛɵ ɨɧɢ ɩɨɡɜɨɥɹɥɢ ɨɰɟɧɢɬɶ 
ɷɤɨɧɨɦɢɱɟɫɤɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɨɢɡɜɨɞɫɬɜɚ ɬɟɩɥɨɜɨɣ ɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ 

ɷɧɟɪɝɢɢ ɤɚɤ ɨɬɞɟɥɶɧɨ ɩɨ ɤɚɠɞɨɦɭ ɜɢɞɭ ɜɵɪɚɛɚɬɵɜɚɟɦɨɣ ɷɧɟɪɝɢɢ, ɬɚɤ ɢ 

ɩɪɢ ɫɨɜɦɟɫɬɧɨɦ ɢɯ ɩɪɨɢɡɜɨɞɫɬɜɟ. 
Ɉɛɵɱɧɨ ɪɚɫɱɟɬɵ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɜɟɞɭɬɫɹ ɞɥɹ Ɍɗɐ ɜ 

ɰɟɥɨɦ ɢ ɨɬɞɟɥɶɧɨ ɞɥɹ ɤɚɠɞɨɝɨ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɝɨ ɷɧɟɪɝɨɛɥɨɤɚ, ɷɧɟɪɝɟ-
ɬɢɱɟɫɤɨɝɨ ɤɨɬɥɚ, ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɝɨ ɬɭɪɛɨɚɝɪɟɝɚɬɚ ɢ ɩɢɤɨɜɨɝɨ ɤɨɬɥɚ. 
Ɍɚɤɢɟ ɪɚɫɱɟɬɵ ɨɫɭɳɟɫɬɜɥɹɸɬɫɹ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɜɪɟɦɟɧɧɵɯ ɩɟɪɢɨɞɨɜ: 
ɝɨɞɚ, ɤɜɚɪɬɚɥɚ, ɦɟɫɹɰɚ, ɫɭɬɨɤ. 

Ɉɫɧɨɜɧɵɟ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɪɚɛɨɬɵ Ɍɗɐ ɨɬɥɢɱɚɸɬɫɹ ɨɬ 
ɩɪɢɜɟɞɟɧɧɵɯ ɜ ɝɥ. 2 ɩɨɤɚɡɚɬɟɥɟɣ ɬɟɦ, ɱɬɨ ɧɚ Ɍɗɐ ɧɟɨɛɯɨɞɢɦɨ ɨɰɟɧɢɜɚɬɶ 
ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ ɨɬɩɭɫɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɬɟɩɥɨɬɵ. 

ɉɪɢ ɪɚɫɱɟɬɚɯ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɪɚɛɨɬɵ Ɍɗɐ ɜ ɨɬɟɱɟɫɬ-
ɜɟɧɧɨɣ ɷɧɟɪɝɟɬɢɤɟ ɢɫɩɨɥɶɡɭɸɬ ɞɜɚ ɩɨɞɯɨɞɚ. 

ȼ ɨɫɧɨɜɭ ɩɟɪɜɨɝɨ ɩɨɞɯɨɞɚ ɩɨɥɨɠɟɧ ɩɪɢɧɰɢɩ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɪɚɜɟɧ-

ɫɬɜɚ (ɪɚɜɧɨɰɟɧɧɨɫɬɢ) ɩɪɨɢɡɜɨɞɢɦɵɯ ɧɚ Ɍɗɐ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ ɬɟɩɥɨɜɨɣ 

ɷɧɟɪɝɢɢ. ɉɪɢɧɢɦɚɟɬɫɹ, ɱɬɨ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɨɬɞɚɧɧɨɣ ɩɚɪɨɦ ɜ ɤɨɧ-

ɞɟɧɫɚɬɨɪɟ, ɢ ɬɚɤɨɟ ɠɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɩɨɥɭɱɟɧɧɨɣ ɜ ɷɧɟɪɝɟɬɢɱɟ-
ɫɤɨɦ ɤɨɬɥɟ, ɪɚɜɧɨɰɟɧɧɵ. ȼɫɟ ɪɚɫɱɟɬɵ ɜɟɞɭɬɫɹ ɧɚ ɨɫɧɨɜɟ ɡɚɤɨɧɚ ɫɨɯɪɚ-
ɧɟɧɢɹ ɢ ɩɪɟɜɪɚɳɟɧɢɹ ɷɧɟɪɝɢɢ ɢɥɢ, ɱɬɨ ɨɞɧɨ ɢ ɬɨ ɠɟ, ɩɟɪɜɨɝɨ ɡɚɤɨɧɚ 
ɬɟɪɦɨɞɢɧɚɦɢɤɢ. ɉɨɫɤɨɥɶɤɭ ɪɚɫɱɟɬɵ ɩɪɨɜɨɞɹɬɫɹ ɧɚ ɨɫɧɨɜɟ ɛɚɥɚɧɫɨɜɵɯ 
ɭɪɚɜɧɟɧɢɣ, ɬɨ ɢ ɦɟɬɨɞ ɨɛɵɱɧɨ ɧɚɡɵɜɚɸɬ ɛɚɥɚɧɫɨɜɵɦ. ɂɧɨɝɞɚ ɜ ɥɢɬɟɪɚ-
ɬɭɪɟ ɨɧ ɜɫɬɪɟɱɚɟɬɫɹ ɩɨɞ ɧɚɡɜɚɧɢɟɦ «ɮɢɡɢɱɟɫɤɢɣ». 

ȼ ɨɫɧɨɜɭ ɜɬɨɪɨɝɨ ɩɨɞɯɨɞɚ ɩɪɢɧɹɬɨ ɩɨɥɨɠɟɧɢɟ ɨ ɬɨɦ, ɱɬɨ ɢɫɩɨɥɶ-
ɡɨɜɚɧɢɟ ɡɚɤɨɧɚ ɫɨɯɪɚɧɟɧɢɹ ɢ ɩɪɟɜɪɚɳɟɧɢɹ ɷɧɟɪɝɢɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ Ɍɗɐ ɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟ-
ɥɟɣ – ɭɫɥɨɜɢɟ ɧɟɨɛɯɨɞɢɦɨɟ, ɧɨ ɧɟ ɞɨɫɬɚɬɨɱɧɨɟ. Ɋɚɫɱɟɬɵ ɜɟɞɭɬɫɹ ɜ ɫɨɨɬ-
ɜɟɬɫɬɜɢɢ ɫ ɡɚɤɨɧɨɦ ɫɨɯɪɚɧɟɧɢɹ ɢ ɩɪɟɜɪɚɳɟɧɢɹ ɷɧɟɪɝɢɢ, ɧɨ ɫ ɭɱɟɬɨɦ 

ɜɬɨɪɨɝɨ ɡɚɤɨɧɚ ɬɟɪɦɨɞɢɧɚɦɢɤɢ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɷɬɢɦ ɡɚɤɨɧɨɦ ɬɟɩɥɨɜɚɹ 
ɷɧɟɪɝɢɹ, ɢɦɟɸɳɚɹ ɛɨɥɶɲɨɣ ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ (ɬɟɦɩɟɪɚɬɭɪɭ, 
ɞɚɜɥɟɧɢɟ), ɜɫɟɝɞɚ ɩɪɨɢɡɜɨɞɢɬ ɛɨɥɶɲɭɸ ɪɚɛɨɬɭ, ɱɟɦ ɬɨ ɠɟ ɤɨɥɢɱɟɫɬɜɨ 
ɬɟɩɥɨɬɵ ɫ ɦɟɧɶɲɢɦ ɷɧɟɪɝɟɬɢɱɟɫɤɢɦ ɩɨɬɟɧɰɢɚɥɨɦ. ɉɪɢ ɷɬɨɦ ɞɨɥɠɧɚ 
ɛɵɬɶ ɨɞɢɧɚɤɨɜɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɚɪɚ ɩɪɢ ɤɨɧɟɱɧɨɦ ɪɚɫɲɢɪɟɧɢɢ. Ɍɟɩɥɨɬɚ 
ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɪɚɛɨɬɭ ɱɚɫɬɢɱɧɨ, ɬɨɝɞɚ ɤɚɤ ɪɚɛɨɬɚ – ɜ ɬɟɩɥɨɬɭ ɩɨɥɧɨ-
ɫɬɶɸ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɨɝɪɚɧɢɱɟɧɢɹɦɢ, ɜɧɨɫɢɦɵɦɢ ɜɬɨɪɵɦ ɡɚɤɨɧɨɦ 

ɬɟɪɦɨɞɢɧɚɦɢɤɢ, ɢɫɩɨɥɶɡɨɜɚɬɶ ɛɚɥɚɧɫɨɜɵɟ ɭɪɚɜɧɟɧɢɹ, ɜ ɤɨɬɨɪɵɯ ɢɦɟɸɬ-
ɫɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɹ ɢ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ ɪɚɡɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ, ɞɥɹ ɪɚɫɱɟ-
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ɬɚ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɧɟɥɶɡɹ, ɯɨɬɹ ɷɬɨ ɢ ɧɟ ɩɪɨɬɢɜɨɪɟɱɢɬ ɩɟɪ-
ɜɨɦɭ ɡɚɤɨɧɭ ɬɟɪɦɨɞɢɧɚɦɢɤɢ. 

 

Ȼɚɥɚɧɫɨɜɵɣ (ɮɢɡɢɱɟɫɤɢɣ) ɦɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ 
ɩɨɤɚɡɚɬɟɥɟɣ.  

Ɉɛɳɢɣ ɬɟɩɥɨɜɨɣ ɛɚɥɚɧɫ ɬɭɪɛɢɧɵ ɫ ɪɟɝɭɥɢɪɭɟɦɵɦɢ ɨɬɛɨɪɚɦɢ ɢ 

ɤɨɧɞɟɧɫɚɰɢɟɣ ɩɚɪɚ ɢɦɟɟɬ ɜɢɞ 

0 ɤ.ɬ ɷ ɬ ɤQ Q Q Q′= + + , 

ɝɞɟ  
ɷQ′  – ɱɚɫɬɶ ɨɛɳɟɣ ɩɨɞɜɟɞɟɧɧɨɣ ɤ ɬɭɪɛɢɧɟ ɬɟɩɥɨɬɵ 0 ɤ.ɬQ  ɤɨɬɨɪɚɹ 

ɩɨɥɧɨɫɬɶɸ ɡɚɬɪɚɱɢɜɚɟɬɫɹ ɧɚ ɫɨɜɟɪɲɟɧɢɟ ɜɧɭɬɪɟɧɧɟɣ ɪɚɛɨɬɵ (ɜɵɪɚɛɨɬɤɭ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ), ɨɩɪɟɞɟɥɹɟɦɨɣ ɩɨ ɮɨɪɦɭɥɟ 

0 ɤ.ɬ 0 ɬ 0 ɤ.ɬ ɬ ɬ ɤ( ) ( )( )iN D h h D D h h= − + − −  

ɤQ  – ɬɟɩɥɨɬɚ ɤɨɧɞɟɧɫɚɰɢɢ ɩɚɪɚ ɜ ɤɨɧɞɟɧɫɚɬɨɪɟ;  
ɬQ  – ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɨɬɩɭɳɟɧɧɨɣ ɫ ɩɚɪɨɦ ɪɟɝɭɥɢɪɭɟɦɵɯ ɨɬ-

ɛɨɪɨɜ. 
ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɤɨɥɢɱɟɫɬɜɚ ɬɟɩɥɨɬɵ ɷQ , ɤȼɬ, ɡɚɬɪɚɱɟɧɧɨɣ ɬɭɪ-

ɛɢɧɨɣ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɤ ɧɟɦɭ ɨɬɧɨɫɹɬ ɬɟɩɥɨɬɭ, ɨɬɞɚɧ-

ɧɭɸ ɩɚɪɨɦ ɜ ɤɨɧɞɟɧɫɚɬɨɪɟ 
ɷ 0 ɤ.ɬ ɬQ Q Q= − .                                        (3.21) 

Ɋɚɫɯɨɞ ɬɨɩɥɢɜɚ, ɤɝ/ɫ, ɜ ɷɧɟɪɝɟɬɢɱɟɫɤɨɦ ɤɨɬɥɟ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 

ɷ
ɷ ɪ

ɧ ɬɪ ɤ

Q
B

Q η η
=

⋅ ⋅
,                                       (3.22) 

ɝɞɟ  
ɪ
ɧQ  – ɧɢɡɲɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ;  
ɬɪη  – ɄɉȾ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ ɬɟɩɥɨɬɵ, ɤɨɬɨɪɵɣ ɭɱɢɬɵɜɚɟɬ ɩɨɬɟɪɢ 

ɬɟɩɥɨɬɵ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɧɚ ɭɱɚɫɬɤɟ ɩɚɪɨɩɪɨɜɨɞɚ ɨɬ ɷɧɟɪɝɟɬɢɱɟ-
ɫɤɨɝɨ ɤɨɬɥɚ ɞɨ ɪɟɝɭɥɢɪɭɸɳɢɯ ɤɥɚɩɚɧɨɜ ɬɭɪɛɢɧɵ;  

ɤη  – ɄɉȾ ɤɨɬɥɚ (ɛɪɭɬɬɨ). 

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɬɭɪɛɨɭɫɬɚɧɨɜɤɢ ɩɨ ɩɪɨɢɡɜɨɞɫɬ-
ɜɭ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 

ɷ ɷ ɷ
ɬɭ

0 ɤ.ɬ ɬ ɷ

N N

Q Q Q
η = =

−
.                                  (3.23) 

ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɟɞɢɧɢɰɭ ɜɵɪɚɛɨɬɚɧɧɨɣ ɦɨɳɧɨɫɬɢ 
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ɷ
ɷ

ɷ

B
b

N
= .                                              (3.24) 

ɑɬɨɛɵ ɧɚɣɬɢ ɫɟɤɭɧɞɧɵɣ ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ, ɜ ɮɨɪɦɭɥɭ 
(3.24) ɩɨɞɫɬɚɜɢɦ ɷB  ɢ ɷN  ɢɡ ɡɚɜɢɫɢɦɨɫɬɟɣ (3.22), (3.23), ɬɨɝɞɚ ɩɨɫɥɟ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɩɨɥɭɱɢɦ 

ɷ ɪ ɷ ɪ ɷ
ɧ ɬɭ ɬɪ ɤ ɧ ɛɥ

1 1
b

Q Qη η η η
= =

⋅ ⋅ ⋅ ⋅
,                           (3.24) 

ɝɞɟ  
ɷ ɷ
ɛɥ ɬɭ ɬɪ ɤη η η η= ⋅ ⋅  – ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɬɟɩɥɨɮɢɤɚɰɢ-

ɨɧɧɨɝɨ ɷɧɟɪɝɨɛɥɨɤɚ (Ɍɗɐ) ɩɨ ɩɪɨɢɡɜɨɞɫɬɜɭ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. 

ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ, ɝ/(ɤȼɬ·ɱ), ɞɥɹ ɱɚɫɨɜɨɝɨ ɩɟ-
ɪɢɨɞɚ (ɧɚ ɜɵɪɚɛɨɬɤɭ 1 ɤȼɬ·ɱ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ) ɩɪɢ ɪ

ɧ 29,31Q =  ɤȾɠ/ɝ 
ɢɦɟɟɬ ɜɢɞ 

ɷ ɷ ɷ
ɛɥ ɛɥ

3600 123

29,31
b

η η
= =

⋅
.                                   (3.25) 

Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɩɨɥɭɱɟɧɧɨɣ ɜɧɟɲɧɢɦ ɩɨɬɪɟɛɢɬɟɥɟɦ ɢɡ ɪɟɝɭ-
ɥɢɪɭɟɦɵɯ ɨɬɛɨɪɨɜ, ɫɨɫɬɚɜɥɹɟɬ 

ɬ.ɨɬ ɬ ɬ ɬ ɬ ɨɬ.ɤ ɬ( )Q Q D h hη η= ⋅ = ⋅ − ⋅ ,                        (3.26) 

 

ɝɞɟ  
ɨɬ.ɤh  – ɷɧɬɚɥɶɩɢɹ ɤɨɧɞɟɧɫɚɬɚ ɨɬɛɢɪɚɟɦɨɝɨ ɩɚɪɚ;  
ɬη  – ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɣ ɬɭɪɛɨ-

ɭɫɬɚɧɨɜɤɢ ɩɨ ɨɬɩɭɫɤɭ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ, ɪɚɜɧɵɣ ɄɉȾ ɬɭɪɛɨɭɫɬɚɧɨɜɤɢ 

ɩɨ ɨɬɩɭɫɤɭ ɬɟɩɥɨɬɵ ɬ
ɬɭη , 

ɬ ɬ.ɨɬ
ɬ ɬɭ

ɬ

Q

Q
η η= = .                                       (3.27) 

 

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɷɧɟɪɝɨɛɥɨɤɚ ɩɨ ɨɬɩɭɫɤɭ ɬɟɩɥɨ-
ɜɨɣ ɷɧɟɪɝɢɢ 

ɬ ɬ
ɛɥ ɬɭ ɬɪ ɤη η η η= ⋅ ⋅ .                                      (3.28) 

Ɋɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɬɟɩɥɨɬɵ, ɩɟɪɟɞɚɧɧɨɣ ɜɧɟɲɧɟɦɭ 
ɩɨɬɪɟɛɢɬɟɥɸ, 

ɬ.ɨɬ ɬ.ɨɬ
ɬ ɪ ɬ ɪ ɬ

ɧ ɬɭ ɬɪ ɧ ɛɥɄ

Q Q
B

Q Qη η η η
= =

⋅ ⋅ ⋅ ⋅
.                          (3.29) 
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ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ, ɡɚɬɪɚɱɟɧɧɨɝɨ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɟɞɢɧɢɰɵ 

ɬɟɩɥɨɬɵ, ɩɟɪɟɞɚɧɧɨɣ ɜɧɟɲɧɟɦɭ ɩɨɬɪɟɛɢɬɟɥɸ, 

ɬ
ɬ.ɷ

ɬ.ɨɬ

B
b

Q
= .                                          (3.30) 

Ɂɞɟɫɶ  
ɪ ɬ

ɬ.ɨɬ ɬ ɧ ɬɭ ɬɪ ɤQ B Q η η η= ⋅ ⋅ ⋅ ⋅ , 

ɬɨɝɞɚ ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ, ɝ/ɤȾɠ, ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ 

ɬ.ɷ ɪ ɬ ɬ
ɧ ɬɭ ɬɪ ɤ ɛɥ

1 1

29,31
b

Q η η η η
= =

⋅ ⋅ ⋅ ⋅
. 

Ɉɛɳɢɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɫɨɫɬɚɜɥɹɟɬ 
ɷ ɬB B B= + .                                          (3.31) 

Ɉɧ ɬɚɤɠɟ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧ ɩɨ ɡɚɜɢɫɢɦɨɫɬɢ 

0ɤ.ɬ
ɪ
ɧ ɬɪ ɤ

Q
B

Q η η
=

⋅ ⋅
.                                        (332) 

Ⱦɥɹ ɨɰɟɧɤɢ ɨɛɳɟɣ ɬɟɩɥɨɜɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ Ɍɗɐ ɢɥɢ ɨɬɞɟɥɶɧɨɝɨ 
ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɝɨ ɷɧɟɪɝɨɛɥɨɤɚ ɩɪɢ ɪɚɫɱɟɬɚɯ ɩɨ ɛɚɥɚɧɫɨɜɨɦɭ ɦɟɬɨɞɭ 
ɢɫɩɨɥɶɡɭɸɬ ɩɨɥɧɵɣ (ɨɛɳɢɣ) ɄɉȾ ɩɨɥɧ

Ɍɗɐη  (ɢɧɨɝɞɚ ɜ ɬɟɯɧɢɱɟɫɤɨɣ ɥɢɬɟɪɚ-
ɬɭɪɟ ɟɝɨ ɦɨɠɧɨ ɜɫɬɪɟɬɢɬɶ ɩɨɞ ɧɚɡɜɚɧɢɟɦ «ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɬɟɩɥɨɬɵ ɬɨɩɥɢɜɚ»). 

ɉɨɥɧɵɣ ɄɉȾ Ɍɗɐ ɟɫɬɶ ɨɬɧɨɲɟɧɢɟ ɫɭɦɦɚɪɧɨɣ ɷɧɟɪɝɢɢ, ɨɬɩɭɫɤɚɟ-
ɦɨɣ Ɍɗɐ, ɤ ɢɡɪɚɫɯɨɞɨɜɚɧɧɨɣ ɬɟɩɥɨɬɟ ɬɨɩɥɢɜɚ: 

ɩɨɥɧ ɷ ɬ.ɨɬ ɷ ɬ ɬ
Ɍɗɐ ɪ ɪ

ɧ ɧ

N Q N Q

B Q B Q

ηη + + ⋅
= =

⋅ ⋅
,                         (3.33) 

ɝɞɟ  
ɷN  – ɷɥɟɤɬɪɨɷɧɟɪɝɢɹ, ɜɵɪɚɛɨɬɚɧɧɚɹ ɧɚ ɤɥɟɦɦɚɯ ɝɟɧɟɪɚɬɨɪɚ;  
ɬ.ɨɬQ  – ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɩɨɥɭɱɟɧɧɨɣ ɜɧɟɲɧɢɦ ɩɨɬɪɟɛɢɬɟɥɟɦ. 

ɉɨɤɚɡɚɬɟɥɟɦ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɦ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɦ ɬɭɪɛɨɚɝɪɟɝɚɬɟ, ɫɥɭɠɢɬ ɭɞɟɥɶɧɚɹ 
ɜɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɬɟɩɥɨɜɨɦ ɩɨɬɪɟɛɥɟɧɢɢ: 

ɬ

ɬ

Nɷ
Q

= .                                              (3.34) 

Ɂɞɟɫɶ ɬN  – ɷɥɟɤɬɪɨɷɧɟɪɝɢɹ, ɩɪɨɢɡɜɨɞɢɦɚɹ ɨɬɛɨɪɧɵɦ ɩɚɪɨɦ ɫ ɪɚɫ-
ɯɨɞɨɦ ɬD  ɜ ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ ɞɨ ɦɟɫɬɚ ɟɝɨ ɨɬɛɨɪɚ. ɉɪɢ ɪɚɫɱɟɬɟ ɬN  ɧɟɨɛ-

ɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɜɥɢɹɧɢɟ ɩɚɪɚ ɧɟɪɟɝɭɥɢɪɭɟɦɵɯ ɨɬɛɨɪɨɜ, ɟɫɥɢ ɨɧɢ ɫɭ-
ɳɟɫɬɜɭɸɬ. 

ȿɫɥɢ ɧɟ ɭɱɢɬɵɜɚɬɶ ɜɥɢɹɧɢɟ ɧɟɪɟɝɭɥɢɪɭɟɦɵɯ ɨɬɛɨɪɨɜ ɢ ɧɚɥɢɱɢɟ 
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ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ ɩɚɪɚ, ɬɨ 
ɬ 0 ɬ 0 ɬɬ

ɬ ɬ ɬ ɨɬ.ɤ ɬ ɨɬ.ɤ

( )

( )

D h h h hNɷ
Q D h h h h

⋅ − −
= = =

⋅ − −
.                       (3.35) 

ɍɞɟɥɶɧɚɹ ɜɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɬɟɩɥɨɜɨɦ ɩɨɬɪɟɛɥɟɧɢɢ 

ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɪɢ ɪɨɫɬɟ ɧɚɱɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ, ɭɦɟɧɶɲɟɧɢɢ ɞɚɜɥɟɧɢɹ 
ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɨɬɛɨɪɧɨɝɨ ɩɚɪɚ, ɭɜɟɥɢɱɟɧɢɢ oiη  ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ ɢ ɤɨ-
ɥɢɱɟɫɬɜɚ ɨɬɛɢɪɚɟɦɨɣ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ. 

ɗɧɟɪɝɟɬɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɬɟɩɥɨɷɥɟɤɬɪɨɰɟɧɬɪɚɥɟɣ, ɪɚɫɫɱɢɬɚɧɧɵɟ 
ɛɚɥɚɧɫɨɜɵɦ ɦɟɬɨɞɨɦ, ɢɦɟɸɬ ɪɹɞ ɨɫɨɛɟɧɧɨɫɬɟɣ. Ɋɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɩɪɨ-
ɢɡɜɨɞɫɬɜɨ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ Ɍɗɐ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ (3.22), ɭɱɢɬɵɜɚɟɬ ɤɨ-
ɥɢɱɟɫɬɜɟɧɧɵɟ ɜɟɥɢɱɢɧɵ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ, ɧɨ ɧɟ ɭɱɢɬɵɜɚɟɬ ɢɯ ɷɧɟɪɝɟ-
ɬɢɱɟɫɤɢɟ ɩɨɬɟɧɰɢɚɥɵ. ɑɢɫɥɢɬɟɥɶ (3.22) ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɪɚɡɧɨɫɬɶ ɤɨ-
ɥɢɱɟɫɬɜɚ ɬɟɩɥɨɬɵ 0 ɤ.ɬQ , ɩɟɪɟɞɚɧɧɨɣ ɷɧɟɪɝɟɬɢɱɟɫɤɢɦ ɤɨɬɥɨɦ ɧɚ ɜɯɨɞ 
ɬɭɪɛɢɧɵ, ɢ ɤɨɥɢɱɟɫɬɜɚ ɬɟɩɥɨɬɵ ɬQ , ɨɬɩɭɳɟɧɧɨɣ ɫ ɩɚɪɨɦ ɪɟɝɭɥɢɪɭɟɦɨɝɨ 
ɨɬɛɨɪɚ. Ɉɞɧɚɤɨ ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ (ɬɟɦɩɟɪɚɬɭɪɚ ɢ ɞɚɜɥɟɧɢɟ) ɩɚ-
ɪɚ ɫ ɤɨɥɢɱɟɫɬɜɨɦ ɬɟɩɥɨɬɵ 0 ɤ.ɬQ  ɜɫɟɝɞɚ ɜɵɲɟ, ɱɟɦ ɩɚɪɚ ɫ ɤɨɥɢɱɟɫɬɜɨɦ 

ɬɟɩɥɨɬɵ ɬQ , ɟɫɥɢ ɩɨɫɥɟɞɧɢɣ ɨɬɛɢɪɚɟɬɫɹ ɢɡ ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ. ɉɚɞɟɧɢɟ 
ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɩɪɨɢɫɯɨɞɢɬ ɡɚ ɫɱɟɬ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɪɚɛɨ-
ɬɵ ɩɨɬɨɤɚ ɩɚɪɚ ɫ ɪɚɫɯɨɞɨɦ ɬD , ɜɩɨɫɥɟɞɫɬɜɢɢ ɧɚɩɪɚɜɥɹɟɦɨɝɨ ɤ ɬɟɩɥɨɜɨ-
ɦɭ ɩɨɬɪɟɛɢɬɟɥɸ, ɤɨɬɨɪɨɦɭ ɩɟɪɟɞɚɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ ɬQ  ɉɪɟɞɜɚ-
ɪɢɬɟɥɶɧɚɹ ɪɚɛɨɬɚ ɩɪɨɢɫɯɨɞɢɬ ɧɚ ɭɱɚɫɬɤɟ ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ ɨɬ ɜɯɨɞɚ ɩɚɪɚ 
ɜ ɬɭɪɛɢɧɭ ɞɨ ɦɟɫɬɚ ɨɬɛɨɪɚ. Ɂɚɬɪɚɬɵ ɬɨɩɥɢɜɚ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɷɬɨɣ ɞɨ-
ɩɨɥɧɢɬɟɥɶɧɨɣ ɪɚɛɨɬɵ ɜ ɮɨɪɦɭɥɟ (3.22) ɧɟ ɭɱɢɬɵɜɚɸɬɫɹ. ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ 
ɬɨɦɭ, ɱɬɨ ɚɛɫɨɥɸɬɧɵɣ ɢ ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞɵ ɬɨɩɥɢɜɚ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɡɚɜɵɲɚɸɬɫɹ, ɚ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɬɟɩɥɨɬɵ, ɨɬɩɭɫɤɚɟɦɨɣ 

ɜɧɟɲɧɟɦɭ ɩɨɬɪɟɛɢɬɟɥɸ, – ɡɚɧɢɠɚɸɬɫɹ. 
Ɂɚɬɪɚɬɵ ɬɨɩɥɢɜɚ ɧɚ ɨɬɩɭɳɟɧɧɭɸ ɬɟɩɥɨɜɨɦɭ ɩɨɬɪɟɛɢɬɟɥɸ ɬɟɩɥɨ-

ɜɭɸ ɷɧɟɪɝɢɸ ɡɚɜɢɫɹɬ ɬɨɥɶɤɨ ɨɬ ɄɉȾ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɤɨɬɥɚ ɤη  ɢ ɧɟ ɡɚ-
ɜɢɫɹɬ ɨɬ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɨɬɛɢɪɚɟɦɨɝɨ ɩɚɪɚ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɟɞɢɧɢɰɭ ɬɟɩɥɨɬɵ, ɩɟɪɟ-
ɞɚɧɧɨɣ ɜɧɟɲɧɟɦɭ ɩɨɬɪɟɛɢɬɟɥɸ, ɛɭɞɟɬ ɨɞɢɧ ɢ ɬɨɬ ɠɟ ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɦɟɫ-
ɬɚ ɨɬɛɨɪɚ ɩɚɪɚ. ɇɚɩɪɢɦɟɪ, ɩɪɢ ɤ 0,92η = , ɬɪ 0,99η =  ɢ ɬɭ ɬ 0,98η η= =  

ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ɟɞɢɧɢɰɭ ɩɟɪɟɞɚɧɧɨɣ ɬɟɩɥɨɬɵ, 

ɪɚɫɫɱɢɬɚɧɧɵɣ ɩɨ (3.30), ɛɭɞɟɬ ɪɚɜɟɧ 38,2 ɤɝ/ȽȾɠ ɤɚɤ ɞɥɹ ɩɚɪɚ ɩɪɨɦɵɲ-

ɥɟɧɧɨɝɨ ɨɬɛɨɪɚ, ɬɚɤ ɢ ɞɥɹ ɩɚɪɚ, ɨɬɛɢɪɚɟɦɨɝɨ ɢɡ ɤɨɧɞɟɧɫɚɬɨɪɚ ɩɪɢ ɪɚɛɨɬɟ 
ɭɫɬɚɧɨɜɤɢ ɧɚ ɭɯɭɞɲɟɧɧɨɦ ɜɚɤɭɭɦɟ. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɩɨɥɧɨɝɨ ɄɉȾ Ɍɗɐ ɩɨ ɡɚɜɢɫɢɦɨɫɬɢ (3.33) ɨɫɧɨɜɵɜɚ-
ɟɬɫɹ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɪɚɜɧɨɰɟɧɧɨɫɬɢ ɬɟɩɥɨɬɵ ɢ ɪɚɛɨɬɵ. ȿɫɥɢ ɧɟ 
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ɭɱɢɬɵɜɚɬɶ ɩɨɬɟɪɢ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ, ɦɟɯɚɧɢɱɟɫɤɢɟ, ɷɥɟɤɬɪɢɱɟɫɤɢɟ, 
ɚ ɬɚɤɠɟ ɩɨɬɟɪɢ ɜ ɤɨɬɥɟ, ɬɨ ɞɥɹ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɝɨ ɷɧɟɪɝɨɛɥɨɤɚ, ɪɚɛɨ-
ɬɚɸɳɟɝɨ ɩɨ ɬɟɩɥɨɜɨɦɭ ɝɪɚɮɢɤɭ, ɬ.ɟ. ɛɟɡ ɤɨɧɞɟɧɫɚɰɢɢ ɩɚɪɚ ɜ ɤɨɧɞɟɧɫɚ-
ɬɨɪɟ ( ɤ 0α = , ɬ 1α = ), ɩɨɥɧɵɣ ɄɉȾ ɛɭɞɟɬ ɪɚɜɟɧ ɟɞɢɧɢɰɟ. Ⱦɥɹ Ɍɗɐ ɫ ɬɭɪ-
ɛɢɧɚɦɢ ɫ ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɟɦ ɩɨɥɧɵɣ ɄɉȾ ɬɚɤɠɟ ɛɭɞɟɬ ɪɚɜɟɧ ɟɞɢɧɢɰɟ. 
Ɉɧ ɧɟ ɛɭɞɟɬ ɦɟɧɹɬɶɫɹ ɧɢ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɧɚɱɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɚɪɚ 
ɢɥɢ ɡɧɚɱɟɧɢɹ ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɹ, ɧɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɩɨɬɟɪɶ ɜ ɩɪɨɬɨɱɧɨɣ 

ɱɚɫɬɢ. Ɇɨɠɧɨ ɞɚɠɟ ɩɪɨɢɡɜɟɞɟɧɧɵɣ ɜ ɷɧɟɪɝɟɬɢɱɟɫɤɨɦ ɤɨɬɥɟ ɩɚɪ ɫɪɚɡɭ 
ɞɪɨɫɫɟɥɢɪɨɜɚɬɶ ɞɨ ɧɭɠɧɵɯ ɩɨɬɪɟɛɢɬɟɥɸ ɩɚɪɚɦɟɬɪɨɜ, ɜɫɟ ɪɚɜɧɨ ɩɨɥɧɵɣ 

ɄɉȾ Ɍɗɐ ɨɫɬɚɧɟɬɫɹ ɪɚɜɧɵɦ ɟɞɢɧɢɰɟ. Ɉɧ ɛɭɞɟɬ ɢɡɦɟɧɹɬɶɫɹ ɬɨɥɶɤɨ ɩɨ 
ɦɟɪɟ ɜɜɟɞɟɧɢɹ ɧɚ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɦ ɬɭɪɛɨɚɝɪɟɝɚɬɟ ɤɨɧɞɟɧɫɚɰɢɨɧɧɨɣ 

ɜɵɪɚɛɨɬɤɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ.  

Ɍɟ ɠɟ ɡɧɚɱɟɧɢɹ ɛɭɞɟɬ ɢɦɟɬɶ ɄɉȾ Ɍɗɐ ɩɨ ɩɪɨɢɡɜɨɞɫɬɜɭ ɷɥɟɤɬɪɨ-
ɷɧɟɪɝɢɢ. Ⱦɥɹ Ɍɗɐ ɫ ɬɭɪɛɢɧɚɦɢ ɫ ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɟɦ ɢ ɞɥɹ Ɍɗɐ ɫ ɬɟɩɥɨ-
ɮɢɤɚɰɢɨɧɧɵɦɢ ɬɭɪɛɢɧɚɦɢ, ɪɚɛɨɬɚɸɳɢɦɢ ɜ ɪɟɠɢɦɟ ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɹ 
( ɤ 0α = , ɬ 1α = ), ɨɧ ɜɫɟɝɞɚ ɛɭɞɟɬ ɪɚɜɟɧ ɟɞɢɧɢɰɟ. 

ɍɞɟɥɶɧɚɹ ɜɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɬɟɩɥɨɜɨɦ ɩɨɬɪɟɛɥɟɧɢɢ ɫɨ-
ɨɬɜɟɬɫɬɜɭɟɬ ɬɨɥɶɤɨ ɩɨɬɨɤɭ ɩɚɪɚ, ɪɚɫɲɢɪɹɸɳɟɦɭɫɹ ɩɨ ɬɟɩɥɨɮɢɤɚɰɢɨɧ-

ɧɨɦɭ ɰɢɤɥɭ, ɢ ɩɨɷɬɨɦɭ ɧɟ ɨɩɪɟɞɟɥɹɟɬ ɷɤɨɧɨɦɢɱɧɨɫɬɶ ɬɭɪɛɨɚɝɪɟɝɚɬɚ ɜ 
ɰɟɥɨɦ. Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ ɦɟɠɞɭ ɫɨɛɨɣ Ɍɗɐ ɫ ɪɚɡɧɵɦɢ ɧɚɱɚɥɶɧɵɦɢ ɩɚɪɚ-
ɦɟɬɪɚɦɢ ɩɚɪɚ ɢ ɩɚɪɚɦɟɬɪɚɦɢ ɩɚɪɚ ɪɟɝɭɥɢɪɭɟɦɵɯ ɨɬɛɨɪɨɜ ɮɨɪɦɭɥɚ 
(3.32) ɧɟɩɪɢɝɨɞɧɚ. ȼɨɡɧɢɤɚɸɬ ɬɪɭɞɧɨɫɬɢ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɷɫ ɭɱɟɬɨɦ 

ɜɥɢɹɧɢɹ ɩɚɪɚ ɧɟɪɟɝɭɥɢɪɭɟɦɵɯ ɨɬɛɨɪɨɜ ɢ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ, ɚ 
ɬɚɤɠɟ ɞɪɭɝɢɯ ɮɚɤɬɨɪɨɜ. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɫ ɭɱɟɬɨɦ ɩɟɪɜɨɝɨ ɢ ɜɬɨ-
ɪɨɝɨ ɡɚɤɨɧɨɜ ɬɟɪɦɨɞɢɧɚɦɢɤɢ. ɉɨɫɤɨɥɶɤɭ ɬɟɩɥɨɜɚɹ ɢ ɷɥɟɤɬɪɢɱɟɫɤɚɹ 
ɷɧɟɪɝɢɢ ɤɚɱɟɫɬɜɟɧɧɨ ɧɟɪɚɜɧɨɰɟɧɧɵ, ɬɨ ɞɥɹ ɢɯ ɫɨɩɨɫɬɚɜɥɟɧɢɹ ɧɭɠɧɚ 
ɟɞɢɧɚɹ ɦɟɪɚ, ɩɨɡɜɨɥɹɸɳɚɹ ɤɨɥɢɱɟɫɬɜɟɧɧɨ ɨɰɟɧɢɬɶ ɤɚɠɞɵɣ ɜɢɞ ɷɧɟɪɝɢɢ 

ɫ ɭɱɟɬɨɦ ɤɚɱɟɫɬɜɟɧɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ. ɇɭɠɟɧ ɨɛɳɢɣ ɷɤɜɢɜɚɥɟɧɬ ɞɥɹ ɬɨ-
ɝɨ, ɱɬɨɛɵ ɜɵɪɚɛɨɬɚɧɧɭɸ Ɍɗɐ ɷɧɟɪɝɢɸ – ɬɟɩɥɨɬɭ ɢ ɷɥɟɤɬɪɢɱɟɫɬɜɨ – 

ɩɪɢɜɟɫɬɢ ɤ ɟɞɢɧɨɦɭ ɩɨ ɤɚɱɟɫɬɜɭ ɜɢɞɭ. ɋ ɷɬɨɣ ɰɟɥɶɸ ɦɨɠɧɨ ɜɫɸ ɷɧɟɪ-
ɝɢɸ, ɜɵɪɚɛɚɬɵɜɚɟɦɭɸ ɧɚ Ɍɗɐ, ɩɟɪɟɜɟɫɬɢ ɜ ɷɥɟɤɬɪɢɱɟɫɤɭɸ, ɨɩɪɟɞɟɥɢɜ 
ɜɨɡɦɨɠɧɭɸ ɜɵɪɚɛɨɬɤɭ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɨɬɛɨɪɧɵɦ ɩɚɪɨɦ, ɤɨɬɨɪɵɣ ɧɚ-
ɩɪɚɜɥɹɟɬɫɹ ɜ ɩɪɨɬɨɱɧɭɸ ɱɚɫɬɶ ɬɭɪɛɢɧɵ. Ⱦɪɭɝɢɦ ɜɚɪɢɚɧɬɨɦ ɦɨɠɟɬ ɛɵɬɶ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɰɟɧɧɨɫɬɢ ɬɟɩɥɨɬɵ ɨɬɛɨɪɧɨɝɨ ɩɚɪɚ, ɭɱɢɬɵ-

ɜɚɸɳɟɝɨ ɫɧɢɠɟɧɢɟ ɟɝɨ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɜ ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ 

ɨɬ ɜɜɨɞɚ ɜ ɬɭɪɛɢɧɭ ɞɨ ɦɟɫɬɚ ɨɬɛɨɪɚ. ɂɫɩɨɥɶɡɭɟɬɫɹ ɬɚɤɠɟ ɨɛɳɚɹ ɦɟɪɚ ɞɥɹ 
ɨɩɪɟɞɟɥɟɧɢɹ ɤɚɱɟɫɬɜɚ ɷɧɟɪɝɢɣ. Ɍɚɤɨɣ ɦɟɪɨɣ ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɦɚɤɫɢɦɚɥɶ-
ɧɚɹ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɪɚɛɨɱɟɝɨ ɬɟɥɚ – ɷɤɫɟɪɝɢɹ. ɗɤɫɟɪɝɢɹ – ɪɚɛɨɬɚ, ɫɨ-
ɜɟɪɲɚɟɦɚɹ ɪɚɛɨɱɢɦ ɬɟɥɨɦ, ɨɫɭɳɟɫɬɜɥɹɸɳɢɦ ɰɢɤɥ Ʉɚɪɧɨ ɦɟɠɞɭ ɞɜɭɦɹ 
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ɢɫɬɨɱɧɢɤɚɦɢ ɬɟɩɥɨɬɵ, ɤɨɝɞɚ ɜ ɤɚɱɟɫɬɜɟ ɧɢɠɧɟɝɨ ɢɫɬɨɱɧɢɤɚ ɫɥɭɠɢɬ ɨɤ-
ɪɭɠɚɸɳɚɹ ɫɪɟɞɚ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ 0T , Ʉ. 

ȼ ɥɸɛɨɦ ɫɥɭɱɚɟ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɬɪɟɛɨɜɚɧɢɹ ɜɬɨɪɨɝɨ ɡɚɤɨɧɚ 
ɬɟɪɦɨɞɢɧɚɦɢɤɢ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɨɬɨɪɵɦɢ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɢ ɬɟ-
ɩɥɨɬɚ, ɩɪɨɢɡɜɨɞɢɦɵɟ ɧɚ Ɍɗɐ, ɞɨɥɠɧɵ ɛɵɬɶ ɩɪɢɜɟɞɟɧɵ ɤ ɟɞɢɧɨɦɭ ɩɨ 
ɤɚɱɟɫɬɜɭ ɜɢɞɭ. 

Ɋɚɫɫɦɨɬɪɢɦ ɜɚɪɢɚɧɬ ɫ ɩɟɪɟɫɱɟɬɨɦ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɨɬɛɨɪɧɨɝɨ ɩɚ-
ɪɚ ɜ ɷɥɟɤɬɪɢɱɟɫɤɭɸ. Ɉɬɛɨɪɧɵɣ ɩɚɪ, ɢɦɟɸɳɢɣ ɷɧɬɚɥɶɩɢɸ Ɍh , ɦɨɠɟɬ ɜɵ-

ɪɚɛɨɬɚɬɶ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ, ɫɨɫɬɚɜɥɹɸɳɭɸ 

ɷ ɬ ɬ ɤ ɦ ɬ( )N D h h η ηΔ = ⋅ − ⋅ ⋅ , 

ɝɞɟ  
ɤh  – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɜ ɤɨɧɞɟɧɫɚɬɨɪɟ. 
ȼ ɬɨɦ ɫɥɭɱɚɟ, ɟɫɥɢ ɢɦɟɟɬɫɹ ɧɟɫɤɨɥɶɤɨ ɪɟɝɭɥɢɪɭɟɦɵɯ ɨɬɛɨɪɨɜ, 

ɷ ɬ ɬ ɤ ɦ ɬ
1

( )
z

j j jN D h h η ηΔ = ⋅ − ⋅ ⋅∑ ,                         (3.36) 

ɝɞɟ  
z  – ɱɢɫɥɨ ɨɬɛɨɪɨɜ;  
ɬ ɬ,j jD h – ɪɚɫɯɨɞ ɩɚɪɚ ɢ ɟɝɨ ɷɧɬɚɥɶɩɢɹ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ ɪɟɝɭɥɢ-

ɪɭɟɦɨɦ ɨɬɛɨɪɟ. 
ɋɭɦɦɚɪɧɚɹ ɷɧɟɪɝɢɹ, ɩɪɨɢɡɜɟɞɟɧɧɚɹ ɬɭɪɛɨɚɝɪɟɝɚɬɨɦ ɢ ɩɪɢɜɟɞɟɧɧɚɹ 

ɤ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɢɦɟɟɬ ɜɢɞ 

ɷɮ ɷ ɷN N N= + Δ .                                       (3.37) 

Ɍɨɝɞɚ ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɟɞɢɧɢɰɭ ɫɭɦɦɚɪɧɨɣ ɩɪɢɜɟɞɟɧ-

ɧɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɜ ɜɢɞɟ 

ɷɮ
ɷɮ

B
b

N
= ,                                            (3.38) 

ɝɞɟ  
B  – ɨɛɳɢɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɜ ɷɧɟɪɝɟɬɢɱɟɫɤɨɦ ɤɨɬɥɟ [ɫɦ. (3.32)].  

Ɋɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 

ɷ ɷ ɷɮB N b= ⋅ , 

ɚ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɨɬɩɭɳɟɧɧɨɣ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ 

ɬ ɷ ɷɮB N b= Δ ⋅ .                                         (3.40) 

ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɜɵɪɚɛɨɬɤɭ 1 ɤȼɬ·ɱ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 

ɷ ɷɮb b= .                                              (3.41) 

ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɟɞɢɧɢɰɵ ɬɟɩɥɨɬɵ, ɩɟ-
ɪɟɞɚɧɧɨɣ ɜɧɟɲɧɟɦɭ ɩɨɬɪɟɛɢɬɟɥɸ, ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɡɚɜɢɫɢɦɨɫɬɢ 

(3.30). ɉɨɥɭɱɟɧɧɵɣ ɩɨ ɷɬɨɣ ɮɨɪɦɭɥɟ ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɟɫɬɶ 
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ɫɪɟɞɧɢɣ ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɞɥɹ ɜɫɟɯ ɩɨɬɨɤɨɜ ɩɟɪɟɞɚɧɧɨɣ ɬɟɩɥɨɬɵ. ɉɪɢ 

ɧɟɫɤɨɥɶɤɢɯ ɨɬɛɨɪɚɯ ɜ ɡɧɚɦɟɧɚɬɟɥɟ (3.30) ɬ.ɨɬ ɬ.ɨɬ
1

z

jQ Q=∑ . 

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɝɨ ɷɧɟɪɝɨɛɥɨ-
ɤɚ (Ɍɗɐ) ɩɨ ɩɪɨɢɡɜɨɞɫɬɜɭ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

ɷ ɷ
ɛɥ ɪ

ɷ ɧ

N

B Q
η =

⋅
.                                         (3.42) 

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɣ ɬɭɪɛɨɭɫɬɚ-
ɧɨɜɤɢ ɩɨ ɩɪɨɢɡɜɨɞɫɬɜɭ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɜɢɞɟ 

ɷ ɷ
ɬɭ ɪ

ɷ ɧ ɬɪ ɤ

N

B Q
η

η η
=

⋅ ⋅ ⋅
.                                   (3.43) 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɬɟɩɥɨɮɢɤɚɰɢ-

ɨɧɧɨɝɨ ɷɧɟɪɝɨɛɥɨɤɚ (Ɍɗɐ) ɩɨ ɨɬɩɭɫɤɭ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɜɧɟɲɧɟɦɭ ɩɨ-
ɬɪɟɛɢɬɟɥɸ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɡɚɜɢɫɢɦɨɫɬɶ 

ɬ ɬ.ɨɬ
ɛɥ ɪ

ɷ ɧ

Q

B Q
η =

⋅
.                                         (3.44) 

Ɉɞɧɚɤɨ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɩɪɚɜɢɥɶɧɨɝɨ ɪɟɡɭɥɶɬɚɬɚ ɜɟɥɢɱɢɧɭ ɌQ  ɧɚɞɨ 
ɩɪɢɜɟɫɬɢ ɤ ɬɚɤɨɦɭ ɠɟ ɷɧɟɪɝɟɬɢɱɟɫɤɨɦɭ ɩɨɬɟɧɰɢɚɥɭ, ɤɚɤ ɢ Ɋ

ɇQ . 

Ⱦɥɹ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɨɛɨɢɯ ɜɢɞɨɜ ɷɧɟɪɝɢɢ ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɄɉȾ, ɧɚɡɵɜɚɟɦɵɣ ɷɧɟɪɝɟɬɢɱɟɫɤɢɦ, ɤɨɬɨɪɵɣ ɞɥɹ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɝɨ 
ɷɧɟɪɝɨɛɥɨɤɚ ɢɥɢ Ɍɗɐ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ 

ɷɧ ɷ ɷ
ɛɥ ɪ

ɧ

N N

B Q
η + Δ

=
⋅

.                                       (3.45) 

Ⱦɥɹ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɣ ɭɫɬɚɧɨɜɤɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɄɉȾ ɢɦɟɟɬ ɜɢɞ 

ɷɧ ɷ ɷ
ɬɭ ɪ

0ɤ.ɬ

N N

Q
η + Δ

= .                                       (3.46) 

ɗɬɨɬ ɄɉȾ ɚɧɚɥɨɝɢɱɟɧ ɷɥɟɤɬɪɢɱɟɫɤɨɦɭ ɄɉȾ ɤɨɧɞɟɧɫɚɰɢɨɧɧɨɣ 

ɬɭɪɛɨɭɫɬɚɧɨɜɤɢ.  
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ȼɚɪɢɚɧɬ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ɰɟɧɧɨɫɬɢ ɬɟɩɥɨɬɵ 

ɨɬɛɨɪɧɨɝɨ ɩɚɪɚ.  
Ʉɨɷɮɮɢɰɢɟɧɬ ɰɟɧɧɨɫɬɢ ɬɟɩɥɨɬɵ ɨɬɛɨɪɧɨɝɨ ɩɚɪɚ ɱɢɫɥɟɧɧɨ ɪɚɜɟɧ 

ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɜɟɥɢɱɢɧɟ ɧɟɞɨɜɵɪɚɛɨɬɚɧɧɨɝɨ ɢɡ-ɡɚ ɨɬɛɨɪɚ ɩɚɪɚ ɬɟɩɥɨɩɟ-
ɪɟɩɚɞɚ ɜ ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɡɚɜɢɫɢɦɨɫɬɶɸ (3.2) ɨɧ ɢɡ-
ɦɟɧɹɟɬɫɹ ɨɬ 1 ɞɥɹ ɫɜɟɠɟɝɨ ɩɚɪɚ ɞɨ 0 ɞɥɹ ɩɚɪɚ ɧɚ ɜɯɨɞɟ ɜ ɤɨɧɞɟɧɫɚɬɨɪ. 

Ⱦɥɹ ɬɭɪɛɨɭɫɬɚɧɨɜɨɤ ɛɟɡ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ ɩɚɪɚ ɫ ɭɱɟɬɨɦ 

ɬɨɝɨ, ɱɬɨ ɤɨɷɮɮɢɰɢɟɧɬ ɰɟɧɧɨɫɬɢ ɬɟɩɥɨɬɵ ɨɬɛɨɪɧɨɝɨ ɩɚɪɚ ɬξ  ɢ ɤɨɷɮɮɢ-

ɰɢɟɧɬ ɧɟɞɨɜɵɪɚɛɨɬɤɢ ɬy  ɩɪɚɤɬɢɱɟɫɤɢ ɪɚɜɧɵ ɞɪɭɝ ɞɪɭɝɭ, ɤɨɷɮɮɢɰɢɟɧɬ 
ɬξ  ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɡɚɜɢɫɢɦɨɫɬɶɸ (3.2). Ⱦɥɹ ɬɭɪɛɢɧ ɫ 
ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɩɟɪɟɝɪɟɜɨɦ ɩɚɪɚ 

ɬ ɤ
ɬ ɬ

0 ɩ.ɩ ɤ

h h
y

h h h
ξ −

= =
+ Δ −

,                                (3.47) 

ɝɞɟ  
ɩ.ɩhΔ – ɢɡɦɟɧɟɧɢɟ ɷɧɬɚɥɶɩɢɢ ɩɚɪɚ ɜ ɩɪɨɦɟɠɭɬɨɱɧɨɦ ɩɟɪɟɝɪɟɜɚɬɟɥɟ. 

Ɂɚɜɢɫɢɦɨɫɬɶ (3.47) ɫɩɪɚɜɟɞɥɢɜɚ ɞɥɹ ɩɨɬɨɤɚ ɨɬɛɨɪɧɨɝɨ ɩɚɪɚ ɩɨɫɥɟ 
ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɨɬɨɤɢ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɦɨɠɧɨ ɫɤɥɚɞɵɜɚɬɶ, ɟɫɥɢ 

ɤɚɠɞɵɣ ɛɭɞɟɬ ɭɦɧɨɠɟɧ ɧɚ ɫɜɨɣ ɤɨɷɮɮɢɰɢɟɧɬ ɰɟɧɧɨɫɬɢ. ɉɪɨɬɢɜɨɪɟɱɢɹ 
ɫɨ ɜɬɨɪɵɦ ɡɚɤɨɧɨɦ ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɡɞɟɫɶ ɧɟɬ. 

ɋ ɭɱɟɬɨɦ ɢɡɥɨɠɟɧɧɨɝɨ ɪɚɫɯɨɞ ɬɟɩɥɨɬɵ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤɬɪɨ-
ɷɧɟɪɝɢɢ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɝɨ ɬɭɪɛɨɚɝɪɟɝɚɬɚ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ 

ɷ 0 ɤ.ɬ ɬ ɬQ Q Q ξ= − ⋅ , 

ɩɪɢ ɧɚɥɢɱɢɢ ɨɬɛɨɪɨɜ 

ɷ 0 ɤ.ɬ ɬ.ɨɬ ɬ
1

z

j jQ Q Q ξ= − ⋅∑ .                               (3.48) 

Ɍɨɝɞɚ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 

ɷ
ɷ ɪ

ɧ ɬɪ ɤ

Q
B

Q η η
=

⋅ ⋅
.                                       (3.49) 

Ɋɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɞɥɹ ɜɧɟɲɧɟɝɨ 
ɩɨɬɪɟɛɢɬɟɥɹ 

ɷ ɬ
ɬ ɪ

ɧ ɬɪ ɤ

Q
B

Q

ξ
η η
⋅

=
⋅ ⋅

.                                      (3.50) 

ɢɥɢ ɩɪɢ ɧɚɥɢɱɢɢ ɧɟɫɤɨɥɶɤɢɯ ɨɬɛɨɪɨɜ 
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ɷ ɬ
1

ɬ ɪ
ɧ ɬɪ ɤ

z

j jQ

B
Q

ξ

η η

⋅
=

⋅ ⋅

∑
.                                      (3.51) 

ɍɞɟɥɶɧɵɟ ɪɚɫɯɨɞɵ ɬɨɩɥɢɜɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɡɚɜɢɫɢɦɨɫɬɹɦ (3.24) 

ɢ (3.30). Ʉɚɤ ɢ ɜ ɩɪɟɞɵɞɭɳɟɦ ɜɚɪɢɚɧɬɟ, ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ 
ɩɪɨɢɡɜɨɞɫɬɜɨ ɟɞɢɧɢɰɵ ɩɟɪɟɞɚɧɧɨɣ ɜɧɟɲɧɟɦɭ ɩɨɬɪɟɛɢɬɟɥɸ ɬɟɩɥɨɬɵ, 

ɪɚɫɫɱɢɬɚɧɧɵɣ ɩɨ ɡɚɜɢɫɢɦɨɫɬɢ (3.30), ɹɜɥɹɟɬɫɹ ɫɪɟɞɧɢɦ ɞɥɹ ɜɫɟɯ ɨɬɛɨ-
ɪɨɜ, ɟɫɥɢ ɜ ɡɧɚɦɟɧɚɬɟɥɟ ɷɬɨɣ ɡɚɜɢɫɢɦɨɫɬɢ 

ɬ.ɨɬ ɬ.ɨɬ
1

z

jQ Q=∑ . 

Ʉɨɷɮɮɢɰɢɟɧɬɵ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɩɨ ɩɪɨɢɡɜɨɞɫɬɜɭ ɷɥɟɤɬɪɨɷɧɟɪ-
ɝɢɢ ɞɥɹ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɝɨ ɷɧɟɪɝɨɛɥɨɤɚ (Ɍɗɐ) ɢ ɞɥɹ ɬɟɩɥɨɮɢɤɚɰɢɨɧ-

ɧɨɣ ɬɭɪɛɨɭɫɬɚɧɨɜɤɢ ɜɵɱɢɫɥɹɸɬɫɹ ɩɨ (3.42) ɢ (3.43). 

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɞɥɹ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɝɨ ɷɧɟɪɝɨ-
ɛɥɨɤɚ (Ɍɗɐ) ɩɨ ɨɬɩɭɫɤɭ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɜɧɟɲɧɟɦɭ ɩɨɬɪɟɛɢɬɟɥɸ ɪɚɫ-
ɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɡɚɜɢɫɢɦɨɫɬɢ (3.44) ɫ ɨɛɹɡɚɬɟɥɶɧɵɦ ɩɪɢɜɟɞɟɧɢɟɦ ɤ ɨɞ-

ɧɨɦɭ ɷɧɟɪɝɟɬɢɱɟɫɤɨɦɭ ɩɨɬɟɧɰɢɚɥɭ ɜɟɥɢɱɢɧ ɬ.ɨɬQ  ɢ ɪ
ɧQ . 

Ⱦɥɹ ɫɨɜɦɟɫɬɧɨɣ ɨɰɟɧɤɢ ɬɟɩɥɨɜɨɣ ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɬɟɩɥɨɜɨɣ ɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɄɉȾ 

ɷ.ɬ ɷ ɬ ɬ
ɪ
ɧ

N Q

B Q

ξη + ⋅
=

⋅
.                                     (3.52) 

Ɂɧɚɱɟɧɢɟ ɷɬɨɝɨ ɄɉȾ ɩɪɚɤɬɢɱɟɫɤɢ ɫɨɜɩɚɞɚɟɬ ɫɨ ɡɧɚɱɟɧɢɟɦ ɷɧɟɪɝɟ-
ɬɢɱɟɫɤɨɝɨ ɄɉȾ, ɪɚɫɫɦɨɬɪɟɧɧɨɝɨ ɜ ɩɪɟɞɵɞɭɳɟɦ ɜɚɪɢɚɧɬɟ, ɬɚɤ ɤɚɤ ɜɟɥɢ-

ɱɢɧɚ ɬ ɬQ ξ⋅  ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɩɨɬɨɤɚ ɨɬɛɨɪɧɨɝɨ ɩɚɪɚ, 
ɤɨɬɨɪɚɹ ɪɚɜɧɚ ɷNΔ . 

 

Эɤɫɟɪɝɟɬɢɱɟɫɤɢɣ ɦɟɬɨɞ  
 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɩɨɬɨɤɚ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ – ɷɤ-
ɫɟɪɝɢɹ – ɜ ɬɟɪɦɨɞɢɧɚɦɢɤɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ 

0

1

1 e

T
E Q Q

T
τ

⎛ ⎞
= ⋅ − = ⋅⎜ ⎟

⎝ ⎠
,                                  (3.53) 

 

ɝɞɟ  
0 1,T T – ɚɛɫɨɥɸɬɧɵɟ ɬɟɦɩɟɪɚɬɭɪɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɢ ɜɟɪɯɧɟɝɨ 

ɢɫɬɨɱɧɢɤɚ ɬɟɩɥɨɬɵ;  
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eτ  – ɷɤɫɟɪɝɟɬɢɱɟɫɤɚɹ ɬɟɦɩɟɪɚɬɭɪɧɚɹ ɮɭɧɤɰɢɹ. 

ȼɟɥɢɱɢɧɚ 0

1

1
T

T
−  ɟɫɬɶ ɬɟɪɦɢɱɟɫɤɢɣ ɄɉȾ ɰɢɤɥɚ Ʉɚɪɧɨ, ɨɫɭɳɟɫɬɜ-

ɥɟɧɧɨɝɨ » ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɢɧɬɟɪɜɚɥɟ ɨɬ 1T , ɞɨ 0T . ȼ ɫɥɭɱɚɟ, ɟɫɥɢ ɩɟɪɟɞɚ-
ɱɚ ɬɟɩɥɨɬɵ ɜ ɜɟɪɯɧɟɦ ɬɟɩɥɨɜɨɦ ɢɫɬɨɱɧɢɤɟ ɩɪɨɯɨɞɢɬ ɩɪɢ ɩɟɪɟɦɟɧɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɟ, ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɨɬɜɨɞɚ ɬɟɩɥɨɬɵ 

0 ɤ
ɫɪ

ɧ ɤ

h h
T

s s

−
=

−
,                                          (3.54) 

 

ɡɞɟɫɶ  
0 ɤ ɧ ɤ, , ,h h s s  – ɷɧɬɚɥɶɩɢɢ ɢ ɷɧɬɪɨɩɢɢ ɧɚɱɚɥɶɧɨɝɨ ɢ ɤɨɧɟɱɧɨɝɨ ɫɨ-

ɫɬɨɹɧɢɣ ɩɚɪɚ.  
ɋ ɭɱɟɬɨɦ ɷɬɨɝɨ ɡɚɜɢɫɢɦɨɫɬɶ (3.53) ɡɚɩɢɲɟɬɫɹ ɜ ɜɢɞɟ 

0
ɫɪ

ɫɪ
1 e

T
E Q Q

T
τ

⎛ ⎞
= ⋅ − = ⋅⎜ ⎟⎜ ⎟

⎝ ⎠
.                                (3.55) 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɷɤɫɟɪɝɢɢ ɜɧɚɱɚɥɟ ɜɵɱɢɫɥɹɸɬɫɹ ɷɤɫɟɪɝɢɢ ɜɫɟɯ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɨɬɨɤɨɜ. 
ɗɤɫɟɪɝɢɹ ɩɨɬɨɤɚ ɨɬɛɨɪɧɨɝɨ ɩɚɪɚ 

ɬ ɬ ɩeE Q τ= ⋅ .                                          (3.56) 

ȿɫɥɢ ɢɦɟɸɬ ɦɟɫɬɨ ɧɟɫɤɨɥɶɤɨ ɪɟɝɭɥɢɪɭɟɦɵɯ ɨɬɛɨɪɨɜ, ɬɨ ɧɟɨɛɯɨ-
ɞɢɦɨ ɫɭɦɦɢɪɨɜɚɬɶ ɷɤɫɟɪɝɢɢ ɜɫɟɯ ɬɟɩɥɨɜɵɯ ɩɨɬɨɤɨɜ 

ɬ ɬ ɩ
1

z

j e jE Q τ= ⋅∑ .                                          (3.57) 

ɉɪɢ ɪɚɫɱɟɬɟ ɷɤɫɟɪɝɢɢ ɬɟɩɥɨɬɵ, ɩɨɥɭɱɟɧɧɨɣ ɜɧɟɲɧɢɦ ɬɟɩɥɨɜɵɦ 

ɩɨɬɪɟɛɢɬɟɥɟɦ, ɧɚɩɪɢɦɟɪ ɫ ɫɟɬɟɜɨɣ ɜɨɞɨɣ, ɧɟɨɛɯɨɞɢɦɨ ɷɤɫɟɪɝɢɸ ɨɬɛɨɪ-
ɧɨɝɨ ɩɚɪɚ ɭɦɧɨɠɢɬɶ ɧɚ ɷɤɫɟɪɝɟɬɢɱɟɫɤɢɣ ɄɉȾ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ 
ɫ.ɩeη , ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

ɫ.ɜ
ɫ.ɩ

ɩ

e
e

e

τ
η

τ
= ,                                          (3.58) 

ɝɞɟ  
ɫ.ɜeτ  – ɷɤɫɟɪɝɟɬɢɱɟɫɤɚɹ ɬɟɦɩɟɪɚɬɭɪɧɚɹ ɮɭɧɤɰɢɹ ɫɟɬɟɜɨɣ ɜɨɞɵ, 

0
ɫ.ɜ

ɫ.ɜ
1e

T

T
τ = − .                                         (3.59) 
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ȼ ɷɬɨɣ ɮɨɪɦɭɥɟ ɫ.ɜT  – ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɫɟɬɟɜɨɣ ɜɨɞɵ, ɤɨɬɨɪɚɹ 
ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

ɜ2 ɜ1
ɫ.ɜ

ɜ2

ɜ1
lg

T T
T

T

T

−
= ,                                        (3.60) 

ɝɞɟ  
ɜ1 ɜ2,T T  – ɬɟɦɩɟɪɚɬɭɪɵ ɫɟɬɟɜɨɣ ɜɨɞɵ ɧɚ ɜɯɨɞɟ ɜ ɫɟɬɟɜɨɣ ɩɨɞɨɝɪɟɜɚ-

ɬɟɥɶ ɢ ɜɵɯɨɞɟ ɢɡ ɧɟɝɨ, Ʉ. 

Ʉɨɥɢɱɟɫɬɜɨ ɷɤɫɟɪɝɢɢ, ɩɨɥɭɱɟɧɧɨɟ ɜɧɟɲɧɢɦ ɩɨɬɪɟɛɢɬɟɥɟɦ, ɢɥɢ, 

ɱɬɨ ɨɞɧɨ ɢ ɬɨ ɠɟ, ɩɨɜɵɲɟɧɢɟ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɪɚɛɨɱɟɝɨ ɬɟɥɚ ɡɚ ɫɱɟɬ 
ɩɨɥɭɱɟɧɧɨɣ ɬɟɩɥɨɬɵ 

ɨɬ ɬ ɫ.ɩeE E η= ⋅ .                                        (3.61) 

ȼ ɬɨɦ ɫɥɭɱɚɟ, ɟɫɥɢ ɢɦɟɸɬ ɦɟɫɬɨ ɧɟɫɤɨɥɶɤɨ ɪɟɝɭɥɢɪɭɟɦɵɯ ɨɬɛɨɪɨɜ, 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɭɦɦɚ ɷɤɫɟɪɝɢɢ ɩɨɬɨɤɨɜ: 

ɨɬ ɬ ɫ.ɩ
1

z

j e jE E η= ⋅∑ .                                    (3.62) 

Ɉɛɳɚɹ ɷɤɫɟɪɝɢɹ ɜɫɟɯ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɨɬɨɤɨɜ, ɨɬɩɭɳɟɧɧɵɯ ɬɟɩ-

ɥɨɮɢɤɚɰɢɨɧɧɵɦ ɷɧɟɪɝɨɛɥɨɤɨɦ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɜɢɞɟ 

ɛɥ ɷ ɨɬ ɷ ɬ ɫ.ɩ
1

z

j e jE E E E E η= + = + ⋅∑ .                       (3.63) 

ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɟɞɢɧɢɰɭ ɷɤɫɟɪɝɢɢ 

ɛɥ
e

B
b

E
= .                                             (3.64) 

ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ 1 ɤȼɬ·ɱ ɨɬɩɭɳɟɧɧɨɣ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 

ɷ eb b= .                                               (3.65) 

ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɟɞɢɧɢɰɭ ɨɬɩɭɳɟɧɧɨɣ ɬɟɩɥɨɬɵ 

ɬ j e e jb b τ= ⋅ ;                                          (3.66) 

ɡɞɟɫɶ 
e jτ  – ɷɤɫɟɪɝɟɬɢɱɟɫɤɚɹ ɬɟɦɩɟɪɚɬɭɪɧɚɹ ɮɭɧɤɰɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ 

ɩɨɬɨɤɚ. 
Ɂɧɚɹ ɭɞɟɥɶɧɵɟ ɪɚɫɯɨɞɵ, ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɚɛɫɨɥɸɬɧɵɟ ɡɧɚɱɟɧɢɹ 

ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ. 
ȿɫɥɢ ɪɚɫɱɟɬ ɷɤɫɟɪɝɢɢ ɩɪɨɜɨɞɢɬɫɹ ɩɨ ɨɬɩɭɳɟɧɧɵɦ ɩɨɬɨɤɚɦ ɷɧɟɪ-
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ɝɢɢ, ɬɨ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ 

ɷ ɷ ɨɬ.ɧ ɷ ɷ ɫ.ɧ( )B b Э b Э Э= ⋅ = ⋅ − ,                            (3.67) 

ɚ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɬɟɩɥɨɬɵ ɞɥɹ ɤɚɠɞɨɝɨ ɜɧɟɲɧɟɝɨ 
ɩɨɬɪɟɛɢɬɟɥɹ ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɩɨ ɮɨɪɦɭɥɟ 

ɬ ɬ ɬ ɫ.ɩj j j e jB b Q η= ⋅ ⋅ .                                 (3.67ɚ) 

Ɉɛɳɢɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɬɟɩɥɨɬɵ ɧɚɯɨɞɢɬɫɹ ɩɪɨ-
ɫɬɵɦ ɫɭɦɦɢɪɨɜɚɧɢɟɦ ɚɛɫɨɥɸɬɧɵɯ ɪɚɫɯɨɞɨɜ ɬɨɩɥɢɜɚ, ɡɚɬɪɚɱɟɧɧɵɯ ɧɚ 
ɤɚɠɞɵɣ ɩɨɬɨɤ. Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɝɨ 
ɷɧɟɪɝɨɛɥɨɤɚ (Ɍɗɐ) ɩɨ ɩɪɨɢɡɜɨɞɫɬɜɭ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ 

ɷ ɷ
ɛɥ ɪ

ɷ ɧ

N

B Q
η =

⋅
.                                          (3.68) 

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɝɨ ɷɧɟɪɝɨɛɥɨ-
ɤɚ (Ɍɗɐ) ɩɨ ɨɬɩɭɫɤɭ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɜɧɟɲɧɟɦɭ ɩɨɬɪɟɛɢɬɟɥɸ ɨɩɪɟɞɟ-
ɥɹɟɬɫɹ ɩɨ ɡɚɜɢɫɢɦɨɫɬɢ 

ɬ ɨɬ
ɛɥ ɪ

ɬ ɧ

N

B Q
η =

⋅
.                                         (3.69) 

Ⱦɥɹ ɨɰɟɧɤɢ ɬɟɩɥɨɜɨɣ ɷɤɨɧɨɦɢɱɧɨɫɬɢ Ɍɗɐ ɢɥɢ ɨɬɞɟɥɶɧɨɝɨ ɬɟɩɥɨ-
ɮɢɤɚɰɢɨɧɧɨɝɨ ɷɧɟɪɝɨɛɥɨɤɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɷɤɫɟɪɝɟɬɢɱɟɫɤɢɣ ɄɉȾ 

ɨɬ ɨɬ
 ɛɥ ɪ

ɧ
e

Э ȿ
B Q

η +
=

⋅
. 

Ɂɞɟɫɶ  
ɨɬЭ  – ɨɬɩɭɳɟɧɧɚɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɹ, ɪɚɜɧɚɹ ɷ ɫ.ɧЭ Э− . 

Ɉɫɨɛɟɧɧɨɫɬɶ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɬɟɩɥɨɜɨɣ ɷɤɨɧɨɦɢɱɧɨ-
ɫɬɢ Ɍɗɐ, ɨɩɪɟɞɟɥɟɧɧɵɯ ɫ ɭɱɟɬɨɦ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɩɨɬɨɤɨɜ ɷɧɟɪɝɢɢ, 

ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɨɧɢ ɩɨɡɜɨɥɹɸɬ ɨɰɟɧɢɬɶ ɬɟɩɥɨɜɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɤɚ-
ɠɞɨɝɨ ɩɨɬɨɤɚ. ɑɟɦ ɜɵɲɟ ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ ɨɬɛɢɪɚɟɦɨɣ ɷɧɟɪ-
ɝɢɢ, ɬɟɦ ɛɨɥɶɲɟ ɛɭɞɭɬ ɡɚɬɪɚɬɵ ɬɨɩɥɢɜɚ ɧɚ ɟɟ ɩɪɨɢɡɜɨɞɫɬɜɨ. ɗɤɫɟɪɝɟɬɢ-

ɱɟɫɤɢɣ ɄɉȾ Ɍɗɐ ɜ ɨɬɥɢɱɢɟ ɨɬ ɩɨɥɧɨɝɨ ɄɉȾ, ɪɚɫɫɱɢɬɚɧɧɨɝɨ ɩɨ ɛɚɥɚɧ-

ɫɨɜɨɦɭ ɦɟɬɨɞɭ, ɭɱɢɬɵɜɚɟɬ ɜɥɢɹɧɢɟ ɧɚɱɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɢ ɜɧɭɬɪɢ-

ɰɢɤɥɨɜɵɟ ɩɨɬɟɪɢ. Ɉɞɧɚɤɨ, ɩɨɡɜɨɥɹɹ ɨɰɟɧɢɜɚɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɫɨɜɦɟɫɬ-
ɧɨɝɨ ɨɬɩɭɫɤɚ ɬɟɩɥɨɜɨɣ ɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ Ɍɗɐ ɢ ɩɪɨɜɨɞɢɬɶ ɚɧɚ-
ɥɢɡ ɫɨɜɟɪɲɟɧɫɬɜɚ ɫɚɦɢɯ ɰɢɤɥɨɜ, ɷɤɫɟɪɝɟɬɢɱɟɫɤɢɣ ɄɉȾ Ɍɗɐ ɧɟ ɨɩɪɟɞɟ-
ɥɹɟɬ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɬɟɩɥɨɮɢɤɚɰɢɢ ɢ ɷɤɨɧɨɦɢɸ ɬɨɩɥɢɜɚ ɜ ɫɢɫɬɟɦɟ Ɍɗɐ. 

ɗɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɜɫɟ ɪɚɫɫɦɨɬɪɟɧɧɵɟ ɩɨɤɚɡɚɬɟɥɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ 

ɷɤɫɟɪɝɟɬɢɱɟɫɤɢɣ ɄɉȾ, ɨɬɧɨɫɹɬɫɹ ɤ ɫɚɦɨɣ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɜ ɬɨ ɜɪɟɦɹ 
ɤɚɤ ɷɮɮɟɤɬɢɜɧɨɫɬɶ Ɍɗɐ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɪɚɡɞɟɥɶɧɵɦ ɩɪɨ-
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ɢɡɜɨɞɫɬɜɨɦ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ. 
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3.4. ɋɊȺȼɇȿɇɂȿ ɌȿɉɅɈȼɈɃ ɗɄɈɇɈɆɂɑɇɈɋɌɂ ɄɈɆȻɂɇɂ-

ɊɈȼȺɇɇɈɃ ɂ ɊȺɁȾȿɅɖɇɈɃ ȼɕɊȺȻɈɌɈɄ ɌȿɉɅɈɌɕ ɂ 

ɗɅȿɄɌɊɈɗɇȿɊȽɂɂ 

 

ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ 

ɷɧɟɪɝɢɢ ɢ ɬɟɩɥɨɬɵ ɧɚ Ɍɗɐ ɨɰɟɧɢɜɚɟɬɫɹ ɡɧɚɱɟɧɢɟɦ ɷɤɨɧɨɦɢɢ ɬɨɩɥɢɜɚ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɪɚɡɞɟɥɶɧɨɣ ɜɵɪɚɛɨɬɤɨɣ ɷɬɢɯ ɜɢɞɨɜ ɷɧɟɪɝɢɢ. ɉɪɢ ɪɚɡɞɟɥɶ-
ɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɤɨɧɞɟɧɫɚɰɢɨɧɧɚɹ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹ ɢ ɩɚ-
ɪɨɜɨɣ ɤɨɬɟɥ ɧɢɡɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɢɥɢ ɤɨɬɟɥɶɧɚɹ ɫ ɜɨɞɨɝɪɟɣɧɵɦɢ ɤɨɬɥɚɦɢ. 

ɗɤɨɧɨɦɢɹ ɬɨɩɥɢɜɚ ɧɚ Ɍɗɐ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɪɚɡɧɨɫɬɢ ɪɚɫɯɨɞɨɜ ɬɨ-
ɩɥɢɜɚ ɧɚ ɧɟɣ ɢ ɧɚ ɪɚɡɞɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɟ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɷɥɟɤɬɪɢɱɟ-
ɫɤɨɣ ɷɧɟɪɝɢɢ ɢ ɬɟɩɥɨɬɵ ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ ɤɨɥɢɱɟɫɬɜɚ ɢ ɤɚɱɟɫɬɜɚ. 

ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɷɤɨɧɨɦɢɹ ɬɨɩɥɢɜɚ ɨɬ ɬɟɩɥɨɮɢɤɚɰɢɢ 

ɪɚɡɞ ɤɨɦɛB B BΔ = − ,                                     (3.70) 

ɝɞɟ  
ɪɚɡɞ Ʉɗɋ ɤɨɬB B B= +  – ɡɚɬɪɚɬɵ ɬɨɩɥɢɜɚ ɩɪɢ ɪɚɡɞɟɥɶɧɨɣ ɫɯɟɦɟ;  

ɤɨɦɛ ɌɗɐB B=  – ɡɚɬɪɚɬɵ ɬɨɩɥɢɜɚ ɩɪɢ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ ɫɯɟɦɟ;  

Ʉɗɋ ɤɨɬ,B B  – ɪɚɫɯɨɞɵ ɬɨɩɥɢɜɚ ɧɚ Ʉɗɋ ɢ ɜ ɤɨɬɟɥɶɧɨɣ;  

ɌɗɐB  – ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ Ɍɗɐ. 

Ɍɚɤ ɤɚɤ ɧɚ Ɍɗɐ ɩɨɞɨɝɪɟɜ ɫɟɬɟɜɨɣ ɜɨɞɵ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɬɛɨɪɧɵɦ 

ɩɚɪɨɦ, ɚ ɩɪɢ ɪɚɡɞɟɥɶɧɨɣ ɫɯɟɦɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɚɪɨɜɵɟ ɤɨɬɥɵ ɧɢɡɤɢɯ ɩɚ-
ɪɚɦɟɬɪɨɜ, ɩɪɢ ɨɰɟɧɤɟ ɷɤɨɧɨɦɢɱɧɨɫɬɢ Ɍɗɐ ɧɭɠɧɨ ɢɦɟɬɶ ɜ ɜɢɞɭ, ɱɬɨ ɜ 
ɪɟɚɥɶɧɵɯ ɫɯɟɦɚɯ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɜɫɟɝɞɚ ɟɫɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɡɚɬɪɚɬɵ, 

ɬɚɤɢɟ ɤɚɤ ɩɨɬɟɪɢ ɷɧɟɪɝɢɢ ɩɪɢ ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɧɢɢ, ɤɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ 

ɧɚ ɬɟɩɥɨɬɪɚɫɫɵ, ɡɚɬɪɚɬɵ ɧɚ ɪɟɦɨɧɬ, ɨɛɫɥɭɠɢɜɚɧɢɟ ɢ ɞɪ. Ʉɚɤ ɩɪɚɜɢɥɨ, 
ɷɬɢ ɡɚɬɪɚɬɵ ɜ ɫɥɭɱɚɟ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɨɬ Ɍɗɐ ɜɵɲɟ, ɱɟɦ ɩɪɢ ɪɚɡɞɟɥɶɧɨɦ 

ɩɪɨɢɡɜɨɞɫɬɜɟ, ɬɚɤ ɤɚɤ ɦɟɫɬɧɵɟ ɢ ɪɚɣɨɧɧɵɟ ɤɨɬɟɥɶɧɵɟ ɪɚɫɩɨɥɚɝɚɸɬɫɹ 
ɛɥɢɠɟ ɤ ɩɨɬɪɟɛɢɬɟɥɸ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢɦɟɸɬ ɦɟɧɶɲɭɸ ɩɪɨɬɹɠɟɧɧɨɫɬɶ 
ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɞɥɹ ɩɟɪɟɞɚɱɢ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɤɚɩɢɬɚɥɶ-
ɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɫɨɨɪɭɠɟɧɢɟ Ɍɗɐ ɨɛɵɱɧɨ ɛɨɥɶɲɟ, ɱɟɦ ɧɚ ɫɨɨɪɭɠɟɧɢɟ 
ɪɚɡɞɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ. ɉɨɷɬɨɦɭ ɬɟɩɥɨɰɟɧɬɪɚɥɢ ɛɭɞɭɬ ɷɤɨɧɨɦɢɱɧɟɟ ɪɚɡ-
ɞɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ, ɤɨɝɞɚ ɡɚ ɫɱɟɬ ɷɤɨɧɨɦɢɢ ɬɨɩɥɢɜɚ ɧɚ ɧɢɯ ɨɤɭɩɚɸɬɫɹ 
ɩɟɪɟɱɢɫɥɟɧɧɵɟ ɡɚɬɪɚɬɵ. 

ɗɤɨɧɨɦɢɸ ɬɨɩɥɢɜɚ ɨɬ ɬɟɩɥɨɮɢɤɚɰɢɢ ɭɞɨɛɧɨ ɨɩɪɟɞɟɥɢɬɶ, ɫɪɚɜɧɢ-

ɜɚɹ ɤɨɥɢɱɟɫɬɜɚ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ, ɨɬɩɭɫɤɚɟɦɨɣ ɤɨɬɥɚɦɢ Ɍɗɐ ɢ ɪɚɡɞɟɥɶ-
ɧɨɣ ɭɫɬɚɧɨɜɤɨɣ, ɩɪɢ ɭɫɥɨɜɢɢ ɢɯ ɪɚɜɧɨɰɟɧɧɨɫɬɢ. 

Ɍɟɩɥɨɜɚɹ ɷɧɟɪɝɢɹ, ɩɨɫɬɭɩɚɸɳɚɹ ɧɚ ɜɯɨɞ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɣ ɬɭɪ-
ɛɢɧɵ Ɍɗɐ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ (3.11) ɢɦɟɟɬ ɜɢɞ 
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Ɍɗɐ 0ɤ.ɬ 0ɤ ɬ ɬQ Q Q Qξ= = + ⋅  

 

ɝɞɟ  
0ɤQ  – ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ ɧɚ ɜɯɨɞɟ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɣ ɬɭɪɛɨɭɫɬɚ-

ɧɨɜɤɢ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɤɨɧɞɟɧɫɚɰɢɨɧ-

ɧɨɦ ɪɟɠɢɦɟ ɢ ɪɚɜɧɨɟ ɬɟɩɥɨɬɟ ɤɨɧɞɟɧɫɚɰɢɨɧɧɨɝɨ ɬɭɪɛɨɚɝɪɟɝɚɬɚ;  
ɬQ  – ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɨɬɩɭɫɤɚɟɦɨɟ ɬɟɩɥɨɜɨɦɭ ɩɨɬɪɟɛɢɬɟɥɸ. 

Ɍɨɝɞɚ ɞɥɹ ɪɚɡɞɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ 

ɪɚɡɞ Ʉɗɋ ɬ ɤ ɬQ Q Q Q Q= + = + .                             (3.71) 

ɗɤɨɧɨɦɢɹ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɧɚ Ɍɗɐ ɢɥɢ ɩɟɪɟɪɚɫɯɨɞ ɬɟɩɥɨɬɵ ɧɚ 
ɪɚɡɞɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɟ ɜɵɱɢɫɥɹɟɬɫɹ ɜ ɜɢɞɟ 

ɪɚɡɞ ɪɚɡɞ ɌɗɐQ Q QΔ = − . 

ɋ ɭɱɟɬɨɦ ɡɚɜɢɫɢɦɨɫɬɟɣ (3.11) ɢ (3.71) ɢɦɟɟɦ 

ɪɚɡɞ ɬ ɬ(1 )Q QξΔ = − ⋅ .                                    (3.72) 

ɉɪɢ ɷɬɨɦ ɷɤɨɧɨɦɢɹ ɬɨɩɥɢɜɚ ɫɨɫɬɚɜɢɬ 
ɬ ɬ

ɪ
ɧ ɬɪ ɤ

(1 ) Q
B

Q

ξ
η η

− ⋅
Δ =

⋅ ⋅
.                                      (3.73) 

ȿɫɥɢ ɢɦɟɬɶ ɜ ɜɢɞɭ, ɱɬɨ ɤɨɷɮɮɢɰɢɟɧɬ ɰɟɧɧɨɫɬɢ ɬɟɩɥɨɬɵ ɨɬɛɨɪɧɨɝɨ 
ɩɚɪɚ ɬξ  ɱɢɫɥɟɧɧɨ ɪɚɜɟɧ ɤɨɷɮɮɢɰɢɟɧɬɭ ɧɟɞɨɜɵɪɚɛɨɬɤɢ ɬy , ɬɨ 

0 ɬ
ɬ

ɬ ɤ
1

h h

h h
ξ −

− =
−

. 

ɗɤɨɧɨɦɢɹ ɬɨɩɥɢɜɚ ɧɚ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɦ ɷɧɟɪɝɨɛɥɨɤɟ ɩɨ ɫɪɚɜɧɟ-
ɧɢɸ ɫ ɪɚɡɞɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɨɣ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɪɢ ɩɨɧɢɠɟɧɢɢ ɩɚɪɚɦɟɬ-
ɪɨɜ ɨɬɛɢɪɚɟɦɨɝɨ ɩɚɪɚ ɢ, ɧɚɨɛɨɪɨɬ, ɭɦɟɧɶɲɚɟɬɫɹ ɫ ɢɯ ɭɜɟɥɢɱɟɧɢɟɦ. ɗɤɨ-
ɧɨɦɢɹ ɬɚɤɠɟ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ ɪɨɫɬɨɦ ɤɨɥɢɱɟɫɬɜɚ ɨɬɛɨɪɧɨɝɨ ɩɚɪɚ. ȼ ɫɜɹ-
ɡɢ ɫ ɷɬɢɦ ɧɟɜɵɝɨɞɧɨ ɷɤɫɩɥɭɚɬɢɪɨɜɚɬɶ Ɍɗɐ, ɢɦɟɸɳɭɸ ɜɵɫɨɤɢɟ ɩɚɪɚ-
ɦɟɬɪɵ ɩɚɪɚ ɪɟɝɭɥɢɪɭɟɦɵɯ ɨɬɛɨɪɨɜ. 

Ⱦɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɡɚɞɚɧɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ Ʉɗɋ 

(ɤɨɧɞɟɧɫɚɰɢɨɧɧɨɦ ɷɧɟɪɝɨɛɥɨɤɟ) ɡɚɬɪɚɱɢɜɚɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ 

Ʉɗɋ 0ɤQ Q= . ɇɚ Ɍɗɐ (ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɦ ɷɧɟɪɝɨɛɥɨɤɟ) ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɬɚɤɨɝɨ ɠɟ ɤɨɥɢɱɟɫɬɜɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɤɨɥɢɱɟɫɬɜɚ ɬɟɩ-

ɥɨɬɵ ɬQ  ɧɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ Ɍɗɐ 0ɤ.ɬ 0ɤ ɬ ɬQ Q Q Qξ= = + ⋅ . ȼ ɪɟɡɭɥɶɬɚɬɟ 
ɩɪɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨɦ ɨɬɩɭɫɤɟ ɜɧɟɲɧɟɦɭ ɩɨɬɪɟɛɢɬɟɥɸ ɤɨɥɢɱɟɫɬɜɚ ɬɟɩɥɨ-
ɬɵ ɬQ  ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɤɨɬɟɥ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɝɨ ɷɧɟɪɝɨɛɥɨɤɚ ɞɨɥɠɟɧ 
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ɭɜɟɥɢɱɢɬɶ ɩɪɨɢɡɜɨɞɫɬɜɨ ɬɟɩɥɨɬɵ ɧɚ ɜɟɥɢɱɢɧɭ ɬ ɬQξ ⋅ . ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɩɚ-
ɪɨɜɨɣ ɤɨɬɟɥ ɧɢɡɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɪɚɡɞɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɞɨɥɠɟɧ ɩɪɨɢɡɜɟ-
ɫɬɢ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ ɬQ  ɬɟɯ ɠɟ ɩɚɪɚɦɟɬɪɨɜ, ɱɬɨ ɢ ɨɬɛɨɪɧɵɣ ɩɚɪ ɧɚ 
Ɍɗɐ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɷɤɨɧɨɦɢɹ ɬɨɩɥɢɜɚ ɧɚ Ɍɗɐ (ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɦ 

ɷɧɟɪɝɨɛɥɨɤɟ) ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɜ ɜɢɞɟ 
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Ⱦɥɹ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɢ ɩɪɢ ɪɚɜɟɧɫɬɜɟ ɄɉȾ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɤɨɬ-
ɥɚ ɢ ɤɨɬɥɚ ɧɢɡɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɷɤɨɧɨɦɢɹ ɬɨɩɥɢɜɚ ɫɨɫɬɚɜɢɬ 
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.                                      (3.75) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɷɤɨɧɨɦɢɹ ɨɬ ɬɟɩɥɨɮɢɤɚɰɢɢ ɫɜɹɡɚɧɚ ɫ ɭɦɟɧɶɲɟɧɢ-
ɟɦ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ ɜ ɷɧɟɪɝɟɬɢɱɟɫɤɨɦ ɤɨɬɥɟ ɤɨɦɛɢɧɢ-
ɪɨɜɚɧɧɨɣ ɭɫɬɚɧɨɜɤɢ, ɩɪɨɢɡɜɨɞɹɳɟɦ ɬɟɩɥɨɜɭɸ ɷɧɟɪɝɢɸ ɛɨɥɟɟ ɜɵɫɨɤɢɯ 
ɩɚɪɚɦɟɬɪɨɜ, ɱɟɦ ɤɨɬɟɥ ɧɢɡɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɢ ɪɚɡɞɟɥɶɧɨɦ ɩɪɨɢɡɜɨɞ-
ɫɬɜɟ. ɗɤɨɧɨɦɢɹ ɬɨɩɥɢɜɚ ɡɚɜɢɫɢɬ ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɢ ɤɨɥɢɱɟɫɬɜɚ ɬɟɩɥɨɜɨɣ 

ɷɧɟɪɝɢɢ, ɨɬɩɭɫɤɚɟɦɨɣ ɜɧɟɲɧɟɦɭ ɩɨɬɪɟɛɢɬɟɥɸ. 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɷɤɨɧɨɦɢɹ ɬɨɩɥɢɜɚ ɞɨɫɬɢɝɚɟɬɫɹ ɜɨ ɜɫɟɣ ɷɧɟɪɝɟɬɢɱɟ-
ɫɤɨɣ ɫɢɫɬɟɦɟ. ɉɪɢ ɧɚɥɢɱɢɢ ɬɚɤɢɯ ɫɢɫɬɟɦ ɧɟɨɛɯɨɞɢɦ ɪɚɫɱɟɬ ɢɯ ɷɮɮɟɤ-
ɬɢɜɧɨɫɬɢ. Ɉɞɧɢɦ ɢɡ ɜɚɪɢɚɧɬɨɜ ɬɚɤɨɝɨ ɪɚɫɱɟɬɚ ɦɨɠɟɬ ɛɵɬɶ ɪɚɫɱɟɬ ɫ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɟɦ ɷɤɫɟɪɝɢɢ. 

ɗɤɫɟɪɝɢɹ ɨɬɩɭɳɟɧɧɨɣ ɫɭɦɦɚɪɧɨɣ ɷɧɟɪɝɢɢ ɧɚ Ɍɗɐ 

Ɍɗɐ
Ɍɗɐ ɨɬ ɨɬ

1

z

jE Э ȿ= +∑ .                                 (3.76) 

ɡɞɟɫɶ  
ɨɬ jȿ  – ɷɤɫɟɪɝɢɹ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ, ɨɬɩɭɳɟɧɧɨɣ ɢɡ j -ɝɨ ɪɟɝɭɥɢ-

ɪɭɟɦɨɝɨ ɨɬɛɨɪɚ.  
ɗɤɫɟɪɝɢɹ ɨɬɩɭɳɟɧɧɨɣ ɫɭɦɦɚɪɧɨɣ ɷɧɟɪɝɢɢ ɧɚ ɪɚɡɞɟɥɶɧɨɣ ɭɫɬɚɧɨɜ-

ɤɟ 
Ʉɗɋ

ɪɚɡɞ ɨɬ ɤ.ɨɬE Э E= + , 

ɝɞɟ  
Ʉɗɋ
ɨɬЭ  – ɷɥɟɤɬɪɨɷɧɟɪɝɢɹ, ɨɬɩɭɳɟɧɧɚɹ ɩɨɬɪɟɛɢɬɟɥɸ ɨɬ Ʉɗɋ;  

ɤ.ɨɬE  – ɷɤɫɟɪɝɢɹ ɬɟɩɥɨɬɵ, ɨɬɩɭɳɟɧɧɨɣ ɤɨɬɥɚɦɢ ɧɢɡɤɢɯ ɩɚɪɚɦɟɬɪɨɜ 
ɪɚɡɞɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ. 

ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɟɞɢɧɢɰɭ ɷɤɫɟɪɝɢɢ ɷɧɟɪɝɢɢ, ɨɬɩɭɳɟɧ-

ɧɨɣ ɩɨɬɪɟɛɢɬɟɥɸ ɨɬ Ɍɗɐ 
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ɢ ɞɥɹ ɪɚɡɞɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ 
Ʉɗɋ
ɷ.ɤ ɤɨɬ

 ɪɚɡɞ Ʉɗɋ
ɨɬ ɤ.ɨɬ
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,                                   (3.78) 

ɝɞɟ  
Ɍɗɐ
ɷ.ɤ ɉȼɄ,B B  – ɡɚɬɪɚɬɵ ɬɨɩɥɢɜɚ ɜ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɤɨɬɥɚɯ Ɍɗɐ ɢ ɩɢ-

ɤɨɜɵɯ ɜɨɞɨɝɪɟɣɧɵɯ ɤɨɬɥɚɯ (ɉȼɄ);  
Ʉɗɋ
ɷ.ɤ ɤɨɬ,B B  – ɡɚɬɪɚɬɵ ɬɨɩɥɢɜɚ ɜ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɤɨɬɥɚɯ Ʉɗɋ ɢ ɜ ɤɨ-

ɬɟɥɶɧɵɯ ɫ ɤɨɬɥɚɦɢ ɧɢɡɤɢɯ ɩɚɪɚɦɟɬɪɨɜ. 
ɗɤɨɧɨɦɢɹ ɬɨɩɥɢɜɚ ɨɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɟɩɥɨɮɢɤɚɰɢɢ ɫɨɫɬɚɜɢɬ 

( )Ɍɗɐ
ɨɬ ɨɬ  ɪɚɡɞ  Ɍɗɐ

1

z

j ɟ ɟB Э ȿ b b
⎛ ⎞

Δ = + −⎜ ⎟
⎝ ⎠

∑                      (3.77) 

ɗɮɮɟɤɬ ɷɤɨɧɨɦɢɢ ɬɨɩɥɢɜɚ ɩɪɢ ɬɟɩɥɨɮɢɤɚɰɢɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɪɚɡ-
ɞɟɥɶɧɵɦ ɩɪɨɢɡɜɨɞɫɬɜɨɦ ɨɛɴɹɫɧɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. 

ȿɫɥɢ ɫɱɢɬɚɬɶ ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ ɢ ɬɟɩɥɨɬɭ ɪɚɡɧɨɝɨ ɷɧɟɪɝɟɬɢ-

ɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɪɚɜɧɨɰɟɧɧɵɦɢ, ɬɨ ɷɤɨɧɨɦɢɹ ɩɨɥɭɱɚɟɬɫɹ ɜ ɨɫɧɨɜɧɨɦ 

ɡɚ ɫɱɟɬ ɫɨɤɪɚɳɟɧɢɹ ɩɟɪɟɞɚɱɢ ɬɟɩɥɨɬɵ ɜ ɤɨɧɞɟɧɫɚɬɨɪ. ȼ ɫɚɦɨɦ ɞɟɥɟ, ɫɨ-
ɤɪɚɳɟɧɢɟ ɩɟɪɟɞɚɱɢ ɬɟɩɥɨɬɵ ɜ ɤɨɧɞɟɧɫɚɬɨɪ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɝɨ ɷɧɟɪɝɨ-
ɛɥɨɤɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɤɨɧɞɟɧɫɚɰɢɨɧɧɵɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

ɡɚɜɢɫɢɦɨɫɬɶɸ (3.16). ȿɫɥɢ ɜɵɪɚɡɢɬɶ ɬ
ɬ

ɬ ɬ

Q
D

h h
=

′−
, ɚ ɬ ɬ ɤ ɤh h h h′ ′− ≈ −  ɬɨ 

ɮɨɪɦɭɥɵ (3.16) ɢ (3.72) ɫɨɜɩɚɞɭɬ. 
Ɉɬɫɸɞɚ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɩɪɢ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɦ ɩɪɨɢɡ-

ɜɨɞɫɬɜɟ ɨɛɨɢɯ ɜɢɞɨɜ ɷɧɟɪɝɢɢ ɷɤɨɧɨɦɢɹ ɢɦɟɟɬ ɦɟɫɬɨ ɡɚ ɫɱɟɬ ɫɨɤɪɚɳɟɧɢɹ 
ɩɟɪɟɞɚɱɢ ɬɟɩɥɨɬɵ ɜ ɤɨɧɞɟɧɫɚɬɨɪ ɬɭɪɛɢɧɵ. 

ȿɫɥɢ ɫɱɢɬɚɬɶ ɬɟɩɥɨɬɭ ɫ ɪɚɡɥɢɱɧɵɦ ɷɧɟɪɝɟɬɢɱɟɫɤɢɦ ɩɨɬɟɧɰɢɚɥɨɦ ɢ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɤɚɱɟɫɬɜɟɧɧɨ ɪɚɡɥɢɱɧɵɦɢ ɮɨɪɦɚɦɢ ɷɧɟɪɝɢɢ (ɧɟɪɚɜɧɨ-
ɰɟɧɧɵɦɢ), ɬɨ ɷɤɨɧɨɦɢɹ ɬɨɩɥɢɜɚ ɩɪɢ ɬɟɩɥɨɮɢɤɚɰɢɢ ɨɛɴɹɫɧɹɟɬɫɹ ɢɧɚɱɟ. 
ɉɟɪɟɞɚɱɚ ɬɟɩɥɨɬɵ ɜ ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɧɭɠɞ ɜ ɪɚɡ-
ɞɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɟ ɩɪɨɢɫɯɨɞɢɬ ɫɨ ɫɜɟɠɢɦ ɩɚɪɨɦ, ɚ ɧɚ Ɍɗɐ – ɫ ɨɬɛɨɪɧɵɦ 

ɩɚɪɨɦ ɩɪɢ ɪɚɜɧɵɯ ɢɯ ɤɨɥɢɱɟɫɬɜɚɯ ɢ ɨɞɢɧɚɤɨɜɵɯ ɩɚɪɚɦɟɬɪɚɯ. Ɋɚɛɨɬɨ-
ɫɩɨɫɨɛɧɨɫɬɢ (ɷɤɫɟɪɝɢɢ) ɷɬɢɯ ɩɨɬɨɤɨɜ ɪɚɜɧɵ. ȼɦɟɫɬɟ ɫ ɬɟɦ ɩɪɢ ɢɫɩɨɥɶ-
ɡɨɜɚɧɢɢ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɯ ɬɭɪɛɨɚɝɪɟɝɚɬɨɜ ɫ ɤɨɧɞɟɧɫɚɰɢɟɣ ɢ ɪɟɝɭɥɢ-

ɪɭɟɦɵɦɢ ɨɬɛɨɪɚɦɢ ɱɚɫɬɶ ɨɬɛɨɪɧɨɝɨ ɩɚɪɚ ( ɬ ɬy D⋅ ), ɚ ɭ ɬɭɪɛɢɧ ɫ ɩɪɨɬɢ-
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ɜɨɞɚɜɥɟɧɢɟɦ ɜɟɫɶ ɩɚɪ ( ɬD ) ɩɪɨɢɡɜɨɞɹɬ ɪɚɛɨɬɭ ɜ ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ. ȼ ɪɚɡ-
ɞɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɟ ɩɚɪ, ɩɨɥɭɱɟɧɧɵɣ ɜ ɤɨɬɟɥɶɧɨɣ ɜ ɬɨɦ ɠɟ ɤɨɥɢɱɟɫɬɜɟ 
( ɬD ), ɬɚɤɨɣ ɪɚɛɨɬɵ ɧɟ ɩɪɨɢɡɜɨɞɢɬ. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɨɬɛɨɪɧɨɝɨ ɩɚɪɚ 
ɨɧ ɜɵɪɚɛɚɬɵɜɚɟɬɫɹ ɜ ɤɨɬɥɚɯ ɫ ɩɚɪɚɦɟɬɪɚɦɢ ɜɵɲɟ, ɱɟɦ ɷɬɨ ɧɟɨɛɯɨɞɢɦɨ 
ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɢɥɢ ɨɬɨɩɢɬɟɥɶɧɵɯ ɰɟɥɟɣ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɪɚɛɨ-
ɬɨɫɩɨɫɨɛɧɨɫɬɶ (ɷɤɫɟɪɝɢɹ) ɷɬɨɝɨ ɩɚɪɚ ɩɨɫɥɟ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɤɨɬɥɚ ɜɵɲɟ, 
ɱɟɦ ɜ ɦɟɫɬɟ ɨɬɛɨɪɚ. ɋɪɚɛɚɬɵɜɚɹ ɫɜɨɣ ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ ɞɨ 
ɭɪɨɜɧɹ, ɫɭɳɟɫɬɜɭɸɳɟɝɨ ɜ ɦɟɫɬɟ ɨɬɛɨɪɚ, ɩɚɪ ɜɵɩɨɥɧɹɟɬ ɪɚɛɨɬɭ ɜ ɩɪɨɦɟ-
ɠɭɬɨɱɧɨɣ ɱɚɫɬɢ ɬɭɪɛɢɧɵ, ɱɬɨ ɧɟ ɩɪɨɢɫɯɨɞɢɬ ɫɨ ɫɜɟɠɢɦ ɩɚɪɨɦ ɜ ɤɨɬɟɥɶ-
ɧɨɣ. 

ɉɪɢ ɷɬɨɦ ɧɚɞɨ ɢɦɟɬɶ ɜ ɜɢɞɭ, ɱɬɨ ɤɨɥɢɱɟɫɬɜɨ (ɧɨ ɧɟ ɤɚɱɟɫɬɜɨ) ɬɟɩ-

ɥɨɬɵ, ɪɚɜɧɨɟ ɬ ɬDξ ⋅  ɞɥɹ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɝɨ ɩɨɬɨɤɚ ɩɚɪɚ ( ɬα ) ɬɭɪɛɢɧɵ ɫ 
ɤɨɧɞɟɧɫɚɰɢɟɣ ɢ ɪɟɝɭɥɢɪɭɟɦɵɦɢ ɨɬɛɨɪɚɦɢ ɢ ɬQ  ɞɥɹ ɜɫɟɝɨ ɩɨɬɨɤɚ ɩɚɪɚ 
ɬɭɪɛɢɧɵ ɫ ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɟɦ, ɛɭɞɟɬ ɨɞɢɧɚɤɨɜɨ ɤɚɤ ɧɚ ɜɯɨɞɟ ɜ ɬɭɪɛɢɧɭ, 
ɬɚɤ ɢ ɜ ɦɟɫɬɟ ɨɬɛɨɪɚ ɢɥɢ ɜɵɯɥɨɩɚ ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɹ. Ɇɟɧɹɸɬɫɹ ɤɚɱɟɫɬɜɨ 
ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɢ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ (ɷɤɫɟɪɝɢɹ), ɧɨ ɧɟ ɤɨɥɢɱɟɫɬɜɨ. 
Ʉɨɧɟɱɧɨ, ɩɪɢ ɷɬɨɦ ɧɚɞɨ ɢɦɟɬɶ ɜ ɜɢɞɭ ɩɨɬɟɪɢ ɬɟɩɥɨɬɵ ɜ ɧɟɪɟɝɭɥɢɪɭɟɦɵɯ 
ɨɬɛɨɪɚɯ ɢ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɷɤɨɧɨɦɢɹ ɬɨɩɥɢɜɚ ɩɪɢ ɬɟɩɥɨɮɢɤɚɰɢɢ ɩɨ ɫɪɚɜɧɟ-
ɧɢɸ ɫ ɪɚɡɞɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɨɣ ɫɜɹɡɚɧɚ ɫ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨ-
ɫɬɶɸ (ɷɤɫɟɪɝɢɟɣ) ɩɚɪɚ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɤɨɬɥɨɜ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɩɚɪɭ, ɨɬ-
ɩɭɫɤɚɟɦɨɦɭ ɤɨɬɥɚɦɢ ɧɢɡɤɢɯ ɩɚɪɚɦɟɬɪɨɜ, ɢɥɢ ɤ ɜɨɞɟ ɧɚ ɜɵɯɨɞɟ ɢɡ ɜɨɞɨ-
ɝɪɟɣɧɵɯ ɤɨɬɥɨɜ. 

 

 

 

 

ȼɨɩɪɨɫɵ ɞɥɹ ɫɚɦɨɩɪɨɜɟɪɤɢ 
 

1. ȼ ɱɟɦ ɨɬɥɢɱɢɟ ɩɨɤɚɡɚɬɟɥɟɣ ɷɤɨɧɨɦɢɱɧɨɫɬɢ Ɍɗɐ ɨɬ ɩɨɤɚɡɚɬɟɥɟɣ ɷɤɨ-
ɧɨɦɢɱɧɨɫɬɢ Ʉɗɋ? 

2. Ʉɚɤɨɜ ɮɢɡɢɱɟɫɤɢɣ ɫɦɵɫɥ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɧɟɞɨɜɵɪɚɛɨɬɤɢ ɢ ɰɟɧɧɨɫɬɢ 

ɬɟɩɥɨɬɵ? 

3. ɉɨɹɫɧɢɬɟ ɪɚɡɥɢɱɧɵɟ ɜɚɪɢɚɧɬɵ ɩɪɢɜɟɞɟɧɢɹ ɤ ɟɞɢɧɨɦɭ ɜɢɞɭ ɜɵɪɚɛɚɬɵ-

ɜɚɟɦɨɣ ɧɚ Ɍɗɐ ɷɧɟɪɝɢɢ. 

4. Ʉɚɤɨɜɵ ɩɪɟɢɦɭɳɟɫɬɜɚ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ ɜɵɪɚɛɨɬɤɢ ɷɧɟɪɝɢɢ ɧɚ Ɍɗɐ 

ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɪɚɡɞɟɥɶɧɨɣ ɜɵɪɚɛɨɬɤɨɣ? 

5. ɑɟɦɭ ɪɚɜɧɚ ɨɛɳɚɹ ɷɤɫɟɪɝɢɹ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɨɬɨɤɨɜ ɬɟɩɥɨɮɢɤɚɰɢɨɧ-

ɧɨɝɨ ɛɥɨɤɚ ɫ ɩɪɨɦɵɲɥɟɧɧɵɦ ɢ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɦɢ ɨɬɛɨɪɚɦɢ? 
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Ƚɥɚɜɚ ɱɟɬɜɟɪɬɚя. ɉȺɊȺɆȿɌɊɕ ɉȺɊɈȼɈȽɈ ɐɂɄɅȺ ɗɅȿɄ-

ɌɊɈɋɌȺɇɐɂɃ. ȼɅɂəɇɂȿ ɉȺɊȺɆȿɌɊɈȼ ɇȺ ɌȿɉɅɈȼɍɘ 

ɗɄɈɇɈɆɂɑɇɈɋɌɖ ɍɋɌȺɇɈȼɄɂ 

 

4.1. ȼɅɂəɇɂȿ ɇȺɑȺɅɖɇɕɏ ɉȺɊȺɆȿɌɊɈȼ ɇȺ ɌȿɉɅɈȼɍɘ 

ɗɄɈɇɈɆɂɑɇɈɋɌɖ ɐɂɄɅȺ 

 

ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɧɚɱɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɩɚɪɚ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ 0t  

(ɩɪɢ ɩɪɨɱɢɯ ɪɚɜɧɵɯ ɭɫɥɨɜɢɹɯ) ɫɪɟɞɧɢɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɭɪɨɜɟɧɶ ɩɨɞɜɨɞɚ 
ɬɟɩɥɨɬɵ ɜ ɰɢɤɥɟ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɬɟɪɦɢɱɟɫɤɢɣ ɄɉȾ ɧɟ-
ɩɪɟɪɵɜɧɨ ɜɨɡɪɚɫɬɚɟɬ. 

ɗɥɟɤɬɪɨɫɬɚɧɰɢɢ ɧɚ ɨɪɝɚɧɢɱɟɫɤɨɦ ɬɨɩɥɢɜɟ ɜɫɟɝɞɚ ɪɚɛɨɬɚɸɬ ɧɚ ɩɟ-
ɪɟɝɪɟɬɨɦ ɩɚɪɟ; ɧɚ Ⱥɗɋ ɩɪɢɦɟɧɹɟɬɫɹ ɤɚɤ ɩɟɪɟɝɪɟɬɵɣ ɩɚɪ, ɬɚɤ ɢ ɧɚɫɵ-

ɳɟɧɧɵɣ. 

Ɍɟɦɩɟɪɚɬɭɪɚ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ 0t  ɦɨɠɟɬ ɢɡɦɟɧɹɬɶɫɹ ɩɪɢ ɩɨɫɬɨɹɧ-

ɧɨɦ ɞɚɜɥɟɧɢɢ 0P , ɢ ɩɪɢ ɷɬɨɦ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ ɩɪɨɫɥɟɞɢɬɶ 
ɜɥɢɹɧɢɟ ɷɬɨɝɨ ɩɚɪɚɦɟɬɪɚ ɜ ɱɢɫɬɨɦ ɜɢɞɟ; ɞɥɹ ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ, ɨɱɟɜɢɞ-

ɧɨ, ɦɨɠɧɨ ɝɨɜɨɪɢɬɶ ɬɨɥɶɤɨ ɨ ɫɨɜɦɟɫɬɧɨɦ ɜɥɢɹɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɞɚɜɥɟ-
ɧɢɹ. 

ɇɚ ɪɢɫ. 4.1 ɩɪɢɜɟɞɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɬɟɪɦɢɱɟɫɤɨɝɨ ɄɉȾ tη , ɢɞɟɚɥɶ-
ɧɨɝɨ ɩɚɪɨɜɨɝɨ ɰɢɤɥɚ Ɋɟɧɤɢɧɚ ɨɬ 0t  ɞɥɹ ɧɚɫɵɳɟɧɧɨɝɨ ɢ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚ-
ɪɚ. Ⱦɥɹ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ ɡɚɜɢɫɢɦɨɫɬɢ 0( )t f tη =  ɩɨɫɬɪɨɟɧɵ ɞɥɹ ɪɚɡɥɢɱ-
ɧɵɯ ɡɧɚɱɟɧɢɣ 0P . Ʉɚɤ ɢ ɫɥɟɞɨɜɚɥɨ ɨɠɢɞɚɬɶ, ɫ ɜɨɡɪɚɫɬɚɧɢɟɦ ɬɟɦɩɟɪɚɬɭ-
ɪɵ ɩɟɪɟɝɪɟɜɚ (ɩɪɢ 0P const= ) ɄɉȾ ɧɟɩɪɟɪɵɜɧɨ ɪɚɫɬɟɬ. Ⱦɥɹ ɧɚɫɵɳɟɧɧɨ-
ɝɨ ɩɚɪɚ ɭɜɟɥɢɱɟɧɢɟ tη , ɩɪɨɢɫɯɨɞɢɬ ɬɨɥɶɤɨ ɞɨ ɞɚɜɥɟɧɢɹ ɩɚɪɚ, ɪɚɜɧɨɝɨ 
ɩɪɢɦɟɪɧɨ 16,5 Ɇɉɚ (ɞɨ 350t ≈  °ɋ). ɉɪɢ ɞɚɥɶɧɟɣɲɟɦ ɪɨɫɬɟ ɩɚɪɚɦɟɬɪɨɜ 
ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ ɄɉȾ ɞɚɠɟ ɩɚɞɚɟɬ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ (ɤɚɤ ɛɭɞɟɬ 
ɩɨɤɚɡɚɧɨ ɧɢɠɟ) ɜɥɢɹɧɢɟ ɞɚɜɥɟɧɢɹ ɧɚ ɬɟɪɦɢɱɟɫɤɢɣ ɄɉȾ ɰɢɤɥɚ ɧɟɨɞɧɨ-
ɡɧɚɱɧɨ. 

ɉɨɜɵɲɟɧɢɟ ɧɚɱɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢɜɨɞɢɬ ɬɚɤɠɟ ɤ ɭɦɟɧɶɲɟ-
ɧɢɸ ɜɥɚɠɧɨɫɬɢ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɭɪɛɢɧɵ. ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɫɧɢɠɚɸɬ-
ɫɹ ɩɨɬɟɪɢ ɜ ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ ɬɭɪɛɢɧɵ ɢ ɭɥɭɱɲɚɸɬɫɹ ɭɫɥɨɜɢɹ ɪɚɛɨɬɵ 

ɥɨɩɚɬɨɤ. ɋɨɞɟɪɠɚɳɚɹɫɹ ɜ ɩɚɪɨɜɨɦ ɩɨɬɨɤɟ ɜɥɚɝɚ ɜɵɡɵɜɚɟɬ ɷɪɨɡɢɣɧɵɣ 

ɢɡɧɨɫ ɥɨɩɚɬɨɤ. Ⱦɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɡɚɦɟɬɧɨɝɨ ɢɡɧɨɫɚ ɢ ɨɛɟɫɩɟɱɟɧɢɹ 
ɧɨɪɦɚɥɶɧɨɝɨ ɫɪɨɤɚ ɫɥɭɠɛɵ ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ ɬɭɪɛɢɧɵ (ɧɟ ɦɟɧɟɟ 10 ɥɟɬ) 
ɜɥɚɠɧɨɫɬɶ ɩɚɪɚ ɞɨɥɠɧɚ ɛɵɬɶ ɧɟ ɜɵɲɟ 14 %. 

ɉɨɤɢɞɚɸɳɢɣ ɩɪɨɬɨɱɧɭɸ ɱɚɫɬɶ ɬɭɪɛɢɧɵ ɩɚɪ ɞɨɥɠɟɧ ɛɵɬɶ ɧɟɩɟɪɟ-
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ɝɪɟɬɵɦ; ɤɨɝɞɚ ɜ ɤɨɧɞɟɧɫɚɬɨɪ ɩɨɫɬɭɩɚɟɬ ɩɟɪɟɝɪɟɬɵɣ ɩɚɪ, ɩɨɬɟɪɢ ɬɟɩɥɨɬɵ 

ɜ ɧɟɦ ɭɜɟɥɢɱɢɜɚɸɬɫɹ, ɚ ɩɨɥɟɡɧɚɹ ɪɚɛɨɬɚ ɰɢɤɥɚ ɭɦɟɧɶɲɚɟɬɫɹ (ɩɨ ɫɪɚɜɧɟ-
ɧɢɸ ɫ ɰɢɤɥɨɦ Ɋɟɧɤɢɧɚ, ɩɪɢ ɤɨɬɨɪɨɦ ɞɥɹ ɬɟɯ ɠɟ ɡɧɚɱɟɧɢɣ ɧɚɱɚɥɶɧɵɯ ɢ 

ɤɨɧɟɱɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɜ ɤɨɧɞɟɧɫɚɬɨɪ ɩɨɫɬɭɩɚɟɬ ɫɭɯɨɣ ɧɚɫɵɳɟɧɧɵɣ ɢɥɢ 

ɜɥɚɠɧɵɣ ɩɚɪ). 
 

Ɋɢɫ. 4.1. Ɂɚɜɢɫɢɦɨɫɬɶ tη , ɢɞɟ-
ɚɥɶɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɰɢɤɥɚ Ɋɟɧ-

ɤɢɧɚ ɨɬ ɧɚɱɚɥɶɧɨɣ ɬɟɦɩɟɪɚ-
ɬɭɪɵ ɩɚɪɚ 0t  

 

ɂɡ ɫɤɚɡɚɧɧɨɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ ɩɪɢ ɪɚɛɨɬɟ ɧɚ ɩɟɪɟɝɪɟɬɨɦ ɩɚɪɟ ɠɟɥɚ-
ɬɟɥɶɧɨ ɩɨɜɵɲɚɬɶ ɧɚɱɚɥɶɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ 0t . Ɉɞɧɚɤɨ ɦɚɤɫɢɦɚɥɶɧɨɟ ɞɨ-
ɩɭɫɬɢɦɨɟ ɡɧɚɱɟɧɢɟ 0t  ɡɚɜɢɫɢɬ ɨɬ ɫɜɨɣɫɬɜ ɦɟɬɚɥɥɨɜ ɬɟɩɥɨɩɟɪɟɞɚɸɳɢɯ 
ɩɨɜɟɪɯɧɨɫɬɟɣ ɨɛɨɪɭɞɨɜɚɧɢɹ. Ⱦɥɹ ɫɬɚɥɟɣ ɩɟɪɥɢɬɧɨɝɨ ɤɥɚɫɫɚ ɧɚɢɜɵɫɲɚɹ 
ɬɟɦɩɟɪɚɬɭɪɚ ( 0t , ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɛɵɬɶ ɞɨɫɬɢɝɧɭɬɚ ɛɟɡ ɩɨɹɜɥɟɧɢɹ ɪɚɡɪɭ-
ɲɟɧɢɣ ɜ ɭɫɥɨɜɢɹɯ ɞɥɢɬɟɥɶɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɪɚɜɧɚ ɩɪɢɦɟɪɧɨ 540 °ɋ, 

ɞɥɹ ɫɬɚɥɟɣ ɚɭɫɬɟɧɢɬɧɨɝɨ ɤɥɚɫɫɚ – 600÷650 °ɋ. 

Ʉɚɤ ɭɠɟ ɨɬɦɟɱɚɥɨɫɶ ɪɚɧɟɟ, ɜɥɢɹɧɢɟ ɧɚɱɚɥɶɧɨɝɨ ɞɚɜɥɟɧɢɹ 0P  ɧɚ tη , 

ɧɟɨɞɧɨɡɧɚɱɧɨ. ɉɪɢ ɨɞɧɨɦ ɢ ɬɨɦ ɠɟ ɡɧɚɱɟɧɢɢ ɩɟɪɜɨɧɚɱɚɥɶɧɨ ɫ ɪɨɫɬɨɦ 0P  

ɚɞɢɚɛɚɬɢɱɟɫɤɢɣ (ɪɚɫɩɨɥɚɝɚɟɦɵɣ) ɩɟɪɟɩɚɞ 0H  ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɚ ɡɚɬɟɦ 

ɩɨɫɥɟ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ 0 maxH  ɧɚɱɢɧɚɟɬ ɭɦɟɧɶɲɚɬɶɫɹ (ɪɢɫ. 4.2). 

Ɍɚɤ ɤɚɤ 
( )0 0 0 0/ /t ɤH q H H qη = = + , 

ɬɨ ɨɱɟɜɢɞɧɨ, ɱɬɨ, ɞɨ ɬɟɯ ɩɨɪ ɩɨɤɚ 0H  ɫ ɪɨɫɬɨɦ 0P  ɭɜɟɥɢɱɢɜɚɟɬɫɹ, 
tη  ɪɚɫɬɟɬ, ɬɚɤ ɤɚɤ ɩɨɬɟɪɢ ɬɟɩɥɨɬɵ ɤq  ɜ ɤɨɧɞɟɧɫɚɬɨɪɟ ɧɟɩɪɟɪɵɜɧɨ ɫɧɢ-

ɠɚɸɬɫɹ. Ɉɞɧɚɤɨ ɫ ɞɚɥɶɧɟɣɲɢɦ ɭɜɟɥɢɱɟɧɢɟɦ 0P , ɤɨɝɞɚ 0H  ɧɚɱɢɧɚɟɬ 
ɭɦɟɧɶɲɚɬɶɫɹ, ɢɡɦɟɧɟɧɢɟ tη , ɡɚɜɢɫɢɬ ɨɬ ɬɨɝɨ, ɤɚɤ ɦɟɧɹɟɬɫɹ ɨɬɧɨɲɟɧɢɟ 

0/ɤq H . 
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Ɋɢɫ. 4.2. Ʉ ɭɫɬɚɧɨɜɥɟɧɢɸ 

ɡɚɜɢɫɢɦɨɫɬɢ ɚɞɢɚɛɚɬɢɱɟ-
ɫɤɨɝɨ ɩɟɪɟɩɚɞɚ ɷɧɬɚɥɶɩɢɢ 

0H  ɨɬ ɧɚɱɚɥɶɧɨɝɨ ɞɚɜɥɟ-
ɧɢɹ 0P  ( 0t const= ) 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɜɵɪɚɠɟɧɢɹ  
( )01/ 1 /t ɤq Hη = + , 

ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɬɟɪɦɢɱɟɫɤɨɝɨ ɄɉȾ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ, ɤɨɝɞɚ 
ɨɬɧɨɲɟɧɢɟ 0/ɤq H  ɞɨɫɬɢɝɚɟɬ ɧɚɢɦɟɧɶɲɟɝɨ ɡɧɚɱɟɧɢɹ. ȼ ɷɬɢɯ ɭɫɥɨɜɢɹɯ  

( ) ( ) ( )0 0 0

2

/ / /
0ɤ ɤ ɤ

ɤ

d H q q dH ds H dq ds

ds q

−
= =  

ɢɥɢ  

0 0/ /= ɤ ɤdH H dq dq  

ɬ.ɟ. ɫ ɢɡɦɟɧɟɧɢɟɦ ɧɚɱɚɥɶɧɨɝɨ ɞɚɜɥɟɧɢɹ 0P  ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɬɟɦɩɟ-
ɪɚɬɭɪɟ 0t  ɧɚɢɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɟ tη  ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɜ ɭɫɥɨɜɢɹɯ, ɤɨɝɞɚ 
ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɭɦɟɧɶɲɟɧɢɟ ɪɚɫɩɨɥɚɝɚɟɦɨɝɨ ɬɟɩɥɨɩɟɪɟɩɚɞɚ ɫɬɚɧɨɜɢɬɫɹ 
ɪɚɜɧɵɦ ɨɬɧɨɫɢɬɟɥɶɧɨɦɭ ɭɦɟɧɶɲɟɧɢɸ ɩɨɬɟɪɶ ɜ ɤɨɧɞɟɧɫɚɬɨɪɟ. Ʉɚɤ ɜɢɞɧɨ 
ɢɡ ɪɢɫ. 4.3, ɞɥɹ 0t = 400 °ɋ ɭɜɟɥɢɱɟɧɢɟ ɞɚɜɥɟɧɢɹ ɧɚɱɢɧɚɹ ɫ 20 Ɇɉɚ ɭɠɟ 
ɧɟ ɞɚɟɬ ɡɚɦɟɬɧɨɝɨ ɩɨɥɨɠɢɬɟɥɶɧɨɝɨ ɷɮɮɟɤɬɚ; ɞɥɹ ɞɚɜɥɟɧɢɣ ɜɵɲɟ 30 Ɇɉɚ 

tη , ɩɨɧɢɠɚɟɬɫɹ. ɉɪɢ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɡɧɚɱɟɧɢɹɯ 0t  ɩɟɪɟɯɨɞ ɱɟɪɟɡ ɦɚɤɫɢ-

ɦɭɦ ɧɚ ɤɪɢɜɵɯ 0( )η =t f P  ɧɚɫɬɭɩɚɟɬ ɩɪɢ ɛɨɥɶɲɢɯ ɧɚɱɚɥɶɧɵɯ ɞɚɜɥɟɧɢɹɯ. 
Ɍɟɩɥɨɜɚɹ ɷɤɨɧɨɦɢɱɧɨɫɬɶ ɭɫɬɚɧɨɜɤɢ ɡɚɜɢɫɢɬ ɧɟ ɬɨɥɶɤɨ ɨɬ tη , ɧɨ ɢ 

ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɨɜ, ɨɰɟɧɢɜɚɸɳɢɯ ɩɨɬɟɪɢ ɜ ɬɭɪɛɢɧɟ, ɝɟɧɟɪɚɬɨɪɟ, ɬɪɭɛɨ-
ɩɪɨɜɨɞɚɯ ɢ ɞɪ. ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɜɧɭɬɪɟɧɧɢɣ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɄɉȾ ηoi  ɡɚ-
ɜɢɫɢɬ ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɭɫɬɚɧɨɜɤɢ ɢ ɤɨɧɟɱɧɨɣ ɜɥɚɠɧɨɫɬɢ ɩɚɪɚ. ɋ ɜɨɡɪɚɫɬɚ-
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ɧɢɟɦ ɧɚɱɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ηoi  ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɚ ɫ ɪɨɫɬɨɦ ɞɚɜɥɟɧɢɹ, 
ɧɚɨɛɨɪɨɬ, ɭɦɟɧɶɲɚɟɬɫɹ. ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ ɬɨɦɭ, ɱɬɨ ɞɚɜɥɟɧɢɟ 0P , ɩɪɢ ɤɨ-
ɬɨɪɨɦ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɧɚɢɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɟ ɜɧɭɬɪɟɧɧɟɝɨ ɚɛɫɨɥɸɬɧɨɝɨ 
ɄɉȾ ηi , ɧɢɠɟ ɨɩɪɟɞɟɥɹɟɦɨɝɨ ɩɨ ɪɢɫ. 4.3 (ɩɨ ɦɚɤɫɢɦɭɦɭ ηt ). ȼɥɢɹɧɢɟ 0t  

ɢ 0P  ɧɚ ηoi  ɩɪɨɹɜɥɹɟɬɫɹ ɫɢɥɶɧɟɟ ɩɪɢ ɦɟɧɶɲɢɯ ɩɪɨɩɭɫɤɚɯ ɩɚɪɚ ɱɟɪɟɡ 
ɬɭɪɛɢɧɭ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɩɪɢ ɩɪɨɱɢɯ ɪɚɜɧɵɯ ɭɫɥɨɜɢɹɯ ɩɪɟɞɟɥɶɧɵɟ ɡɧɚ-
ɱɟɧɢɹ 0P  ɞɥɹ ɬɭɪɛɢɧ ɛɨɥɶɲɟɣ ɦɨɳɧɨɫɬɢ ɜɵɲɟ. 

 

 

Ɋɢɫ. 4.3. Ɂɚɜɢɫɢɦɨɫɬɶ ɬɟɪɦɢ-

ɱɟɫɤɨɝɨ ɄɉȾ ηt ɨɬ ɧɚɱɚɥɶɧɨ-
ɝɨ ɞɚɜɥɟɧɢɹ 0P  ɩɪɢ ɪɚɡɥɢɱ-

ɧɵɯ ɧɚɱɚɥɶɧɵɯ ɬɟɦɩɟɪɚɬɭ-
ɪɚɯ 0t  ( 0,004=ɤP  Ɇɉɚ) 

 

ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɞɚɜɥɟɧɢɹ ɩɪɢ ɨɞɧɨɦ ɢ ɬɨɦ ɠɟ ɡɧɚɱɟɧɢɢ 0t  ɤɨɧɟɱ-
ɧɚɹ ɜɥɚɠɧɨɫɬɶ ɩɚɪɚ ɜɨɡɪɚɫɬɚɟɬ (ɫɦ. ɪɢɫ. 4.2). ɉɨɷɬɨɦɭ ɞɪɭɝɢɦ ɮɚɤɬɨɪɨɦ, 

ɨɝɪɚɧɢɱɢɜɚɸɳɢɦ ɭɜɟɥɢɱɟɧɢɟ ɧɚɱɚɥɶɧɨɝɨ ɞɚɜɥɟɧɢɹ ɩɚɪɚ ɩɪɢ ɜɵɛɪɚɧɧɨɣ 

ɧɚɱɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 0t  (ɞɥɹ ɰɢɤɥɨɜ ɛɟɡ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ), 
ɹɜɥɹɟɬɫɹ ɞɨɩɭɫɬɢɦɚɹ ɜɥɚɠɧɨɫɬɶ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɭɪɛɢɧɵ, ɤɨɬɨɪɚɹ, 
ɤɚɤ ɭɠɟ ɨɬɦɟɱɚɥɨɫɶ, ɞɨɥɠɧɚ ɛɵɬɶ ɧɟ ɜɵɲɟ 14 %. Ɍɚɤ ɤɚɤ ɭɜɟɥɢɱɟɧɢɟ 
ɬɟɦɩɟɪɚɬɭɪɵ 0t  ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɜɥɚɠɧɨɫɬɢ ɩɚɪɚ ωɤ , ɚ ɭɜɟɥɢɱɟ-
ɧɢɟ ɞɚɜɥɟɧɢɹ – ɤ ɟɟ ɩɨɜɵɲɟɧɢɸ, ɬɨ ɨɱɟɜɢɞɧɨ, ɱɬɨ ɜɨɡɦɨɠɧɨ ɬɚɤɨɟ ɫɨ-
ɜɦɟɫɬɧɨɟ ɢɡɦɟɧɟɧɢɟ ɷɬɢɯ ɜɟɥɢɱɢɧ, ɩɪɢ ɤɨɬɨɪɨɦ ɤɨɧɟɱɧɚɹ ɜɥɚɠɧɨɫɬɶ ɩɚ-
ɪɚ ɛɭɞɟɬ ɨɫɬɚɜɚɬɶɫɹ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ (ɪɢɫ. 4.4, ɚ). 
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Ɋɢɫ. 4.4. Ʉ ɨɩɪɟɞɟɥɟɧɢɸ ɫɨɩɪɹɠɟɧɧɵɯ ɧɚɱɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɚɪɚ: 
ɚ – ɪɚɛɨɱɢɣ ɩɪɨɰɟɫɫ ɩɚɪɚ ɜ ɬɭɪɛɢɧɟ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɫɨɩɪɹɠɟɧɧɵɯ ɧɚɱɚɥɶɧɵɯ ɩɚɪɚ-
ɦɟɬɪɚɯ ɩɚɪɚ;  
ɛ – ɡɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ 0P  ɢ 0t  ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɤɨɧɟɱɧɨɣ ɜɥɚɠɧɨɫɬɢ 13ω =ɤ % 

( 0,004=ɤP  Ɇɉɚ) 
 

ɇɚɱɚɥɶɧɵɟ ɞɚɜɥɟɧɢɟ ɢ ɬɟɦɩɟɪɚɬɭɪɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɨɞɧɨ ɢ ɬɨ ɠɟ 
ɡɧɚɱɟɧɢɟ ɤɨɧɟɱɧɨɣ ɜɥɚɠɧɨɫɬɢ ɩɚɪɚ, ɧɚɡɵɜɚɸɬ ɫɨɩɪɹɠɟɧɧɵɦɢ ɧɚɱɚɥɶ-
ɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ. Ɉɛɵɱɧɨ ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɫɨɩɪɹɠɟɧɧɵɟ ɧɚɱɚɥɶɧɵɟ 
ɩɚɪɚɦɟɬɪɵ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɨɞɧɭ ɢ ɬɭ ɠɟ ɤɨɧɟɱɧɭɸ ɜɥɚɠɧɨɫɬɶ ɞɥɹ 
ɩɪɢɧɹɬɨɝɨ ɤɨɧɟɱɧɨɝɨ ɞɚɜɥɟɧɢɹ ɢ ɡɧɚɱɟɧɢɣ ηoi , ɯɚɪɚɤɬɟɪɧɵɯ ɞɥɹ ɬɭɪɛɢɧ 

ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɬɢɩɚ ɢ ɦɨɳɧɨɫɬɢ. Ɍɢɩɢɱɧɚɹ ɤɪɢɜɚɹ, ɭɫɬɚɧɚɜɥɢɜɚɸɳɚɹ 
ɢɡɦɟɧɟɧɢɟ ɫɨɩɪɹɠɟɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ, ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ. 3.4, ɛ (ɞɥɹ 

13ω =ɤ  %). ɉɪɢ ɩɪɢɦɟɧɟɧɢɢ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ ɫ ɧɚɱɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭ-
ɪɨɣ ɧɟ ɜɵɲɟ 540 °ɋ ɜ ɰɢɤɥɚɯ ɛɟɡ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ ɩɚɪɚ ɩɪɟ-
ɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɚɹ ɤɨɧɟɱɧɚɹ ɜɥɚɠɧɨɫɬɶ ɩɚɪɚ ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ ɞɚɜɥɟɧɢɹɯ 

0P  = 13÷14 Ɇɉɚ. 
ȼ ɧɚɲɟɣ ɫɬɪɚɧɟ ɧɚ ɤɨɧɞɟɧɫɚɰɢɨɧɧɵɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ, ɪɚɛɨɬɚɸ-

ɳɢɯ ɧɚ ɨɪɝɚɧɢɱɟɫɤɨɦ ɬɨɩɥɢɜɟ, ɩɪɢ ɞɚɜɥɟɧɢɹɯ ɞɨ 8,8 Ɇɉɚ ɢ ɬɟɦɩɟɪɚɬɭ-
ɪɚɯ ɞɨ 535 °ɋ, ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɩɟɪɟɝɪɟɜ ɧɟ ɩɪɢɦɟɧɹɟɬɫɹ. Ɇɚɤɫɢɦɚɥɶɧɚɹ 
ɦɨɳɧɨɫɬɶ ɬɭɪɛɨɚɝɪɟɝɚɬɨɜ ɧɚ ɬɚɤɢɯ ɫɬɚɧɰɢɹɯ ɞɨɫɬɢɝɚɟɬ 100 Ɇȼɬ. ɉɨ 
ɰɢɤɥɭ ɛɟɡ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ ɧɚ ɛɥɢɡɤɢɯ ɤ ɷɬɢɦ ɡɧɚɱɟɧɢɹɦ ɧɚ-
ɱɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɪɚɛɨɬɚɸɬ ɬɚɤɠɟ ɩɟɪɜɵɟ ɞɜɚ ɛɥɨɤɚ Ȼɟɥɨɹɪɫɤɨɣ Ⱥɗɋ 

ɢɦ. ɂ.ȼ. Ʉɭɪɱɚɬɨɜɚ. Ɇɨɳɧɨɫɬɶ ɨɞɧɨɝɨ ɢɡ ɧɢɯ ɫɨɫɬɚɜɥɹɟɬ 100, ɞɪɭɝɨɝɨ 
200 Ɇȼɬ. Ɉɞɧɚɤɨ ɜ ɨɛɨɢɯ ɫɥɭɱɚɹɯ ɩɪɢɦɟɧɟɧɵ ɬɭɪɛɢɧɵ ɦɨɳɧɨɫɬɶɸ 100 
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Ɇȼɬ, ɧɨ ɧɚ ɩɟɪɜɨɣ ɭɫɬɚɧɨɜɤɟ ɪɟɚɤɬɨɪ ɪɚɛɨɬɚɟɬ ɜ ɛɥɨɤɟ ɫ ɨɞɧɢɦ ɬɭɪɛɨɚɝ-
ɪɟɝɚɬɨɦ, ɧɚ ɜɬɨɪɨɣ – ɫ ɞɜɭɦɹ. 

ɇɚ Ɍɗɐ ɰɢɤɥ ɛɟɡ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ ɩɪɢɦɟɧɹɟɬɫɹ ɧɚ ɭɫɬɚ-
ɧɨɜɤɚɯ ɫ ɧɚɱɚɥɶɧɵɦ ɞɚɜɥɟɧɢɟɦ 12,7 Ɇɉɚ ɢ ɧɚɱɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ 540 

°ɋ ɢ ɩɪɢ ɛɨɥɟɟ ɧɢɡɤɢɯ ɧɚɱɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɚɯ. ɇɚɢɛɨɥɶɲɚɹ ɧɨɦɢɧɚɥɶɧɚɹ 
ɦɨɳɧɨɫɬɶ ɬɚɤɢɯ ɭɫɬɚɧɨɜɨɤ ɫ ɪɟɝɭɥɢɪɭɟɦɵɦɢ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɦɢ ɨɬ-
ɛɨɪɚɦɢ ɫɨɫɬɚɜɥɹɟɬ 175 Ɇȼɬ, ɫ ɩɪɨɦɵɲɥɟɧɧɵɦɢ ɢ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɦɢ 

ɨɬɛɨɪɚɦɢ – 135 Ɇȼɬ. 
 

 

 

4.2. ɉɊɈɆȿɀɍɌɈɑɇɕɃ ɉȿɊȿȽɊȿȼ ȼ ɐɂɄɅȺɏ ɉȿɊȿȽɊȿɌɈȽɈ 

ɉȺɊȺ 

 

ȼ ɩɪɨɰɟɫɫɟ ɪɚɫɲɢɪɟɧɢɹ ɩɚɪɚ ɜ ɬɭɪɛɢɧɟ ɟɝɨ ɩɚɪɚɦɟɬɪɵ ɩɨɧɢɠɚɸɬ-
ɫɹ. Ɋɚɫɫɦɚɬɪɢɜɚɹ ɰɢɤɥ ɩɪɨɫɬɟɣɲɟɣ ɩɚɪɨɬɭɪɛɢɧɧɨɣ ɤɨɧɞɟɧɫɚɰɢɨɧɧɨɣ ɭɫ-
ɬɚɧɨɜɤɢ, ɥɟɝɤɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɟɟ ɬɟɪɦɢɱɟɫɤɢɣ ɄɉȾ ɜɨɡɪɚɫɬɟɬ, ɟɫɥɢ ɜ ɧɚ-
ɱɚɥɟ ɩɪɨɰɟɫɫɚ ɚɞɢɚɛɚɬɢɱɟɫɤɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɭ ɩɚɪɚ ɩɟɪɢɨɞɢ-

ɱɟɫɤɢ ɩɨɜɵɲɚɬɶ. Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɤɨɝɞɚ ɬɟɦɩɟɪɚɬɭɪɚ ɩɚɪɚ ɜɨɫɫɬɚɧɚɜɥɢ-

ɜɚɟɬɫɹ ɞɨ ɩɟɪɜɨɧɚɱɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɩɨɫɥɟ ɬɨɝɨ, ɤɚɤ ɜ ɬɭɪɛɢɧɟ ɢɫɩɨɥɶ-
ɡɨɜɚɧ ɧɟɛɨɥɶɲɨɣ ɩɟɪɟɩɚɞ 0δH , ɤ ɩɟɪɜɨɧɚɱɚɥɶɧɨɦɭ ɰɢɤɥɭ Ɋɟɧɤɢɧɚ ɞɨ-
ɛɚɜɥɹɟɬɫɹ ɰɢɤɥ, ɄɉȾ ɤɨɬɨɪɨɝɨ ɛɥɢɡɨɤ ɄɉȾ ɰɢɤɥɚ Ʉɚɪɧɨ ɞɥɹ ɬɟɦɩɟɪɚɬɭ-
ɪɵ ɩɨɞɜɨɞɚ ɬɟɩɥɨɬɵ 0T ′  (ɛɥɢɡɤɨɣ ɤ 0T ) ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɤɨɧɞɟɧɫɚɬɨɪɟ ɤT  

(ɪɢɫ. 4.5). Ɍɟɪɦɢɱɟɫɤɢɣ ɄɉȾ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɰɢɤɥɚ ɜ ɷɬɢɯ ɭɫɥɨɜɢɹɯ 
ɜɵɲɟ ɄɉȾ ɢɫɯɨɞɧɨɝɨ ɰɢɤɥɚ, ɢ ɬɟɩɥɨɜɚɹ ɷɤɨɧɨɦɢɱɧɨɫɬɶ ɭɫɬɚɧɨɜɤɢ 

ɞɨɥɠɧɚ ɜɨɡɪɚɫɬɢ. 
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Ɋɢɫ. 4.5. ,T s -ɞɢɚɝɪɚɦɦɚ 
ɞɥɹ ɢɞɟɚɥɶɧɨɝɨ ɰɢɤɥɚ ɫ 
ɩɟɪɢɨɞɢɱɟɫɤɢɦ (ɫɬɭɩɟɧɱɚ-
ɬɵɦ) ɩɟɪɟɝɪɟɜɨɦ ɩɚɪɚ ɜ 

ɧɚɱɚɥɟ ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɟ-
ɧɢɹ 

 

Ⱦɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɩɪɨɰɟɫɫɚ, ɢɡɨɛɪɚɠɟɧɧɨɝɨ ɧɚ ɪɢɫ. 4.5, ɧɟɨɛɯɨ-
ɞɢɦɨ ɩɚɪɨɜɨɣ ɩɨɬɨɤ ɧɟɨɞɧɨɤɪɚɬɧɨ ɜɵɜɨɞɢɬɶ ɢɡ ɬɭɪɛɢɧɵ ɢ ɩɨɫɥɟ ɩɨɜɵ-

ɲɟɧɢɹ ɟɝɨ ɬɟɦɩɟɪɚɬɭɪɵ ɜɧɨɜɶ ɜɜɨɞɢɬɶ ɜ ɬɭɪɛɢɧɭ. Ɉɫɭɳɟɫɬɜɢɬɶ ɬɚɤɨɣ 

ɩɪɨɰɟɫɫ ɜ ɱɢɫɬɨɦ ɜɢɞɟ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɜɨɡɦɨɠɧɨ. ȼ ɩɪɨɦɵɲɥɟɧɧɵɯ ɭɫ-
ɬɚɧɨɜɤɚɯ ɩɚɪ ɩɟɪɟɝɪɟɜɚɟɬɫɹ ɩɨɫɥɟ ɪɚɫɲɢɪɟɧɢɹ ɜ ɧɟɫɤɨɥɶɤɢɯ ɫɬɭɩɟɧɹɯ. 
Ɍɚɤɨɣ ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɩɟɪɟɝɪɟɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɛɵɱɧɨ ɨɞɢɧ ɪɚɡ. ɉɪɨ-
ɦɟɠɭɬɨɱɧɵɣ ɩɟɪɟɝɪɟɜ ɭɫɥɨɠɧɹɟɬ ɭɫɬɚɧɨɜɤɭ ɢ ɬɪɟɛɭɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ 
ɤɚɩɢɬɚɥɶɧɵɯ ɡɚɬɪɚɬ, ɤɨɬɨɪɵɟ ɩɪɢ ɞɜɭɤɪɚɬɧɨɦ ɩɟɪɟɝɪɟɜɟ, ɤɨɧɟɱɧɨ, ɜɵɲɟ, 
ɱɟɦ ɩɪɢ ɨɞɧɨɤɪɚɬɧɨɦ. ɉɨɷɬɨɦɭ ɞɜɨɣɧɨɣ ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɩɟɪɟɝɪɟɜ ɩɚɪɚ 
ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚ ɨɬɟɱɟɫɬɜɟɧɧɵɯ Ɍɗɋ ɧɟ ɩɪɢɦɟɧɹɟɬɫɹ. 

ɉɪɨɦɟɠɭɬɨɱɧɵɣ ɩɟɪɟɝɪɟɜ ɦɨɠɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɪɚɡɥɢɱɧɵɦɢ ɦɟ-
ɬɨɞɚɦɢ. Ɉɞɧɚɤɨ ɧɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ ɫ ɨɪɝɚɧɢɱɟɫɤɢɦ ɬɨɩɥɢɜɨɦ ɩɪɢɦɟɧɹ-
ɟɬɫɹ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɝɚɡɨɜɵɣ ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɩɟɪɟɝɪɟɜ, ɩɪɢ ɤɨɬɨɪɨɦ ɩɚɪ 
ɩɨɫɥɟ ɱɚɫɬɢ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ (ɑȼȾ) ɬɭɪɛɢɧɵ ɩɨɥɭɱɚɟɬ ɩɟɪɟɝɪɟɜ ɜ ɩɚ-
ɪɨɩɟɪɟɝɪɟɜɚɬɟɥɟ, ɪɚɫɩɨɥɨɠɟɧɧɨɦ ɜ ɝɚɡɨɯɨɞɚɯ ɤɨɬɥɚ. 

ɉɪɨɦɟɠɭɬɨɱɧɵɣ ɩɟɪɟɝɪɟɜ ɩɨɧɢɠɚɟɬ ɤɨɧɟɱɧɭɸ ɜɥɚɠɧɨɫɬɶ ɩɚɪɚ ωɤ . 

ɉɟɪɜɨɧɚɱɚɥɶɧɨ ɩɪɢ ɜɵɫɨɤɨɦ ɞɚɜɥɟɧɢɢ ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɩɟɪɟɝɪɟɜ ɩɪɢ-

ɦɟɧɹɥɫɹ ɬɨɥɶɤɨ ɜ ɷɬɢɯ ɰɟɥɹɯ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɫɧɨɜɧɨɟ ɧɚɡɧɚɱɟɧɢɟ 
ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ – ɩɨɜɵɲɟɧɢɟ ɬɟɩɥɨɜɨɣ ɢ ɨɛɳɟɣ ɷɤɨɧɨɦɢɱ-
ɧɨɫɬɢ ɭɫɬɚɧɨɜɤɢ. Ɉɞɧɚɤɨ ɫɥɟɞɭɟɬ ɢɦɟɬɶ ɜ ɜɢɞɭ, ɱɬɨ ɞɥɹ ɡɧɚɱɟɧɢɣ 0t , ɞɨ-
ɩɭɫɬɢɦɵɯ ɞɥɹ ɫɬɚɥɟɣ ɩɟɪɥɢɬɧɨɝɨ ɤɥɚɫɫɚ (ɞɨ 540 °ɋ), ɤɨɝɞɚ 0P  > 13÷14 

Ɇɉɚ, ɜ ɫɯɟɦɚɯ ɛɟɡ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ ωɤ  ɜɵɲɟ ɞɨɩɭɫɬɢɦɵɯ 
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ɡɧɚɱɟɧɢɣ (ɟɫɥɢ ɧɟ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɞɪɭɝɢɟ ɦɟɬɨɞɵ ɫɧɢɠɟɧɢɹ ɜɥɚɠɧɨɫɬɢ 

ɩɚɪɚ ɜ ɬɭɪɛɢɧɟ). 
Ɉɞɧɨɤɪɚɬɧɵɣ ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɩɟɪɟɝɪɟɜ ɩɨɜɵɲɚɟɬ ɩɨɤɚɡɚɬɟɥɢ ɬɟ-

ɩɥɨɜɨɣ ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɰɢɤɥɚ ɧɚ 6÷8 %. ɉɪɢɦɟɧɟɧɢɟ ɞɜɨɣɧɨɝɨ ɩɪɨɦɟ-
ɠɭɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ ɩɪɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɚɯ ɩɚɪɚ ɩɨɜɵɲɚɟɬ 
ɬɟɩɥɨɜɭɸ ɷɤɨɧɨɦɢɱɧɨɫɬɶ ɟɳɟ ɧɚ 1,5÷2 %. 

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɭɫɬɚɧɨɜɨɤ ɫ ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɩɟɪɟɝɪɟɜɨɦ ɩɚ-
ɪɚ ɧɟɨɛɯɨɞɢɦɨ ɩɪɟɞɨɬɜɪɚɬɢɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɡɝɨɧɚ ɬɭɪɛɢɧɵ ɩɚɪɨɦ ɤɨɧ-

ɬɭɪɚ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ɩɪɢ ɩɨɥɧɨɦ ɨɬɤɥɸɱɟɧɢɢ ɧɚ-
ɝɪɭɡɤɢ. ȼ ɷɬɢɯ ɭɫɥɨɜɢɹɯ ɩɪɟɤɪɚɳɚɟɬɫɹ ɩɨɞɚɱɚ ɧɚ ɬɭɪɛɢɧɭ ɫɜɟɠɟɝɨ ɩɚɪɚ 
(ɫɬɨɩɨɪɧɵɣ ɤɥɚɩɚɧ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ ɡɚɤɪɵɜɚɟɬɫɹ), ɧɨ ɩɚɪ ɢɡ ɩɪɨɦɟɠɭ-
ɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚɬɟɥɹ ɩɪɨɞɨɥɠɚɟɬ ɩɨɫɬɭɩɚɬɶ ɢ (ɢɡ-ɡɚ ɨɬɤɥɸɱɟɧɢɹ ɷɥɟɤ-
ɬɪɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ) ɬɭɪɛɢɧɚ ɦɨɠɟɬ ɪɚɡɝɨɧɹɬɶɫɹ. ɑɬɨɛɵ ɭɫɬɪɚɧɢɬɶ 
ɨɩɚɫɧɨɫɬɶ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɬɚɤɨɝɨ ɪɟɠɢɦɚ, ɧɚ ɥɢɧɢɢ ɨɬ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ 
ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ɞɨ ɬɭɪɛɢɧɵ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɨɬɫɟɱɧɨ-ɩɟɪɟɩɭɫɤɧɨɟ 
ɭɫɬɪɨɣɫɬɜɨ, ɤɨɬɨɪɨɟ ɩɟɪɟɩɭɫɤɚɟɬ ɩɨɬɨɤ ɩɚɪɚ ɜ ɤɨɧɞɟɧɫɚɬɨɪ, ɤɨɝɞɚ ɱɚɫɬɨ-
ɬɚ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ɫɬɚɧɨɜɢɬɫɹ ɜɵɲɟ ɞɨɩɭɫɬɢɦɨɣ. Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɩɪɟ-
ɞɨɬɜɪɚɬɢɬɶ ɱɪɟɡɦɟɪɧɵɣ ɪɚɡɨɝɪɟɜ ɤɨɪɩɭɫɚ ɤɨɧɞɟɧɫɚɬɨɪɚ ɩɪɢ ɫɛɪɨɫɟ ɜ ɧɟ-
ɝɨ ɩɚɪɚ ɢɡ ɥɢɧɢɣ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ, ɜ ɩɨɬɨɤ ɩɚɪɚ ɜɩɪɵɫɤɢɜɚɟɬ-
ɫɹ ɤɨɧɞɟɧɫɚɬ. 

Ɍɟɦɩɟɪɚɬɭɪɭ ɩɚɪɚ ɩɨɫɥɟ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚɬɟɥɹ .ɩ ɩt  ɨɛɵɱ-
ɧɨ ɜɵɛɢɪɚɸɬ ɛɥɢɡɤɨɣ ɤ ɧɚɱɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɚɪɚ ɢɥɢ ɪɚɜɧɨɣ ɟɣ. 

Ⱦɚɜɥɟɧɢɟ .ɩ ɩP , ɩɪɢ ɤɨɬɨɪɨɦ ɩɚɪ ɨɬɜɨɞɢɬɫɹ ɜ ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɩɟɪɟɝɪɟɜɚ-
ɬɟɥɶ, ɜɵɛɢɪɚɸɬ ɧɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɰɢɤɥɚ ɢ ɫɯɟɦɵ ɭɫɬɚɧɨɜɤɢ. 

Ɋɚɫɫɦɨɬɪɢɦ, ɤɚɤ ɜɥɢɹɟɬ ɞɚɜɥɟɧɢɟ .ɩ ɩP  ɧɚ ɬɟɩɥɨɜɭɸ ɷɤɨɧɨɦɢɱɧɨɫɬɶ 
ɭɫɬɚɧɨɜɤɢ ɩɪɢ ɜɵɛɪɚɧɧɵɯ ɧɚɱɚɥɶɧɵɯ ɢ ɤɨɧɟɱɧɵɯ ɭɫɥɨɜɢɹɯ. 

ɇɚ ɪɢɫ. 4.7 ɩɪɢɜɟɞɟɧ ɪɚɛɨɱɢɣ ɩɪɨɰɟɫɫ ɩɚɪɚ ɜ ɬɭɪɛɢɧɟ ɞɥɹ ɩɪɨ-
ɫɬɟɣɲɟɣ ɩɚɪɨɬɭɪɛɢɧɧɨɣ ɭɫɬɚɧɨɜɤɢ (ɤɨɝɞɚ ɧɟɬ ɨɬɛɨɪɨɜ ɩɚɪɚ ɧɚ ɪɟɝɟɧɟɪɚ-
ɬɢɜɧɵɣ ɩɨɞɨɝɪɟɜ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɢɥɢ ɞɥɹ ɬɟɩɥɨɜɨɝɨ ɩɨɬɪɟɛɢɬɟɥɹ), 
ɪɚɛɨɬɚɸɳɟɣ ɩɨ ɰɢɤɥɭ ɫ ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɩɟɪɟɝɪɟɜɨɦ ɩɚɪɚ ɢ ɛɟɡ ɧɟɝɨ. 
ȼɧɭɬɪɟɧɧɢɣ ɚɛɫɨɥɸɬɧɵɣ ɄɉȾ ɜ ɨɛɨɢɯ ɫɥɭɱɚɹɯ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭ-
ɥɟ: 

0

i
i

H

q
η =  

ɝɞɟ iH  – ɨɛɳɢɣ (ɢɫɩɨɥɶɡɭɟɦɵɣ) ɬɟɩɥɨɩɟɪɟɩɚɞ, ɪɚɫɫɱɢɬɚɧɧɵɣ ɧɚ 1 

ɤɝ ɩɚɪɚ, ɩɨɞɜɟɞɟɧɧɨɝɨ ɤ ɬɭɪɛɢɧɟ; 0q  – ɨɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɡɚ-
ɬɪɚɱɟɧɧɨɟ ɧɚ ɨɛɪɚɡɨɜɚɧɢɟ ɷɬɨɝɨ ɩɚɪɚ. 
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Ɋɢɫ. 4.7. Ɋɚɛɨɱɢɣ ɩɪɨɰɟɫɫ ɩɚɪɚ ɜ 

ɬɭɪɛɢɧɟ ɫ ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɩɟɪɟ-
ɝɪɟɜɨɦ ɢ ɛɟɡ ɧɟɝɨ 

 

Ⱦɥɹ ɰɢɤɥɚ ɛɟɡ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ: 
0 1i ɤH h h= − ,                                            (4.2) 

ɞɥɹ ɰɢɤɥɚ ɫ ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɩɟɪɟɝɪɟɜɨɦ: 

( ) ( ). 0 . 1 . 2 2iɩ ɩ ɩ ɩ ɩ ɩ ɤH h h h h= − + −  

ɢɥɢ 

( ). 0 2 .iɩ ɩ ɤ ɩ ɩH h h q= − + Δ .                                   (4.3) 

ɂɡ ɫɨɩɨɫɬɚɜɥɟɧɢɹ (4.2) ɢ (4.3) ɧɟɥɶɡɹ ɟɳɟ ɭɫɬɚɧɨɜɢɬɶ, ɤɚɤ 
�ɪɨɰɟɫɫɟɬɫɹ ɢɫɩɨɥɶɡɭɟɦɵɣ ɬɟɩɥɨɩɟɪɟɩɚɞ ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɰɢɤɥɚ ɛɟɡ 
ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ ɤ ɰɢɤɥɭ ɫ ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɩɟɪɟɝɪɟɜɨɦ; ɬɚɤ, 

.iɩ ɩH  ɜɨɡɪɚɫɬɚɟɬ ɧɚ .ɩ ɩqΔ , ɧɨ ɭɦɟɧɶɲɚɟɬɫɹ ɢɡ-ɡɚ ɭɜɟɥɢɱɟɧɢɹ ɷɧɬɚɥɶɩɢɢ 

ɧɚ ɜɵɯɨɞɟ ɢɡ ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ ɬɭɪɛɢɧɵ. Ɉɞɧɚɤɨ ɢɡ ɪɚɫɫɦɨɬɪɟɧɢɹ ɪɚɛɨ-
ɱɟɝɨ �ɪɨɰɟɫɫɫɚ ɜ ɬɭɪɛɢɧɟ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɹɯ .ɩ ɩP  (ɪɢɫ. 4.8, ɛ) 

ɜɢɞɧɨ, ɱɬɨ 0 .ɩ ɩH  ɩɪɢ ɭɦɟɧɶɲɟɧɢɢ .ɩ ɩP  ɫɧɚɱɚɥɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɚ ɡɚɬɟɦ 

ɩɚɞɚɟɬ, ɩɪɢɛɥɢɠɚɹɫɶ ɤ ɡɧɚɱɟɧɢɹɦ, ɤɨɬɨɪɵɟ ɫɭɳɟɫɬɜɭɸɬ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ 

ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɢɡɦɟɧɹɟɬɫɹ ɬɚɤɠɟ iH ,. Ʉɨ-
ɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɩɨɞɜɨɞɢɦɨɟ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ 1 ɤɝ ɩɚɪɚ, ɨɩɪɟɞɟɥɹɟɬ-
ɫɹ ɜɵɪɚɠɟɧɢɟɦ 

0 0 .ɤ ɩ ɩq h h q′= − + Δ  

ɝɞɟ ɤh′  – ɷɧɬɚɥɶɩɢɹ ɤɨɧɞɟɧɫɚɬɚ. 
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Ɋɢɫ. 4.8. ,T s  - ɞɢɚɝɪɚɦɦɚ (ɚ) ɢ ,h s  -ɞɢɚɝɪɚɦɦɚ (ɛ) ɞɥɹ ɢɞɟɚɥɶɧɨɝɨ ɰɢɤɥɚ ɫ 
ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɩɟɪɟɝɪɟɜɨɦ ɩɚɪɚ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɹɯ .ɩ ɩP  

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɷɬɨɝɨ ɜɵɪɚɠɟɧɢɹ, ɩɪɢ ɭɦɟɧɶɲɟɧɢɢ ɞɚɜɥɟɧɢɹ ɩɪɨɦɟ-
ɠɭɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ 0q  ɜɨɡɪɚɫɬɚɟɬ. ɂɡ ɜɫɟɝɨ ɷɬɨɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ ɭɜɟɥɢ-

ɱɟɧɢɟ iη , ɦɨɠɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɬɨɥɶɤɨ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɫ ɭɦɟɧɶɲɟɧɢɟɦ 

ɞɚɜɥɟɧɢɹ ɬɟɩɥɨɩɟɪɟɩɚɞ ɜɨɡɪɚɫɬɚɟɬ ɢ ɩɪɢɬɨɦ ɨɬɧɨɫɢɬɟɥɶɧɨ ɛɵɫɬɪɟɟ, ɱɟɦ 

0q . ȼ ɨɩɪɟɞɟɥɟɧɧɨɦ ɞɢɚɩɚɡɨɧɟ ɞɚɜɥɟɧɢɣ ɷɬɨ ɞɟɣɫɬɜɢɬɟɥɶɧɨ ɩɪɨɢɫɯɨɞɢɬ, 
ɬɚɤ ɤɚɤ ɫɪɟɞɧɢɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɭɪɨɜɟɧɶ ɩɨɞɜɨɞɚ ɬɟɩɥɨɬɵ ɤ ɞɨɩɨɥɧɢ-

ɬɟɥɶɧɨɦɭ ɰɢɤɥɭ (ɪɢɫ. 4.8, ɚ) ɫɧɚɱɚɥɚ, ɩɪɢ ɜɵɫɨɤɢɯ ɡɧɚɱɟɧɢɹɯ .ɩ ɩP , ɜɵɲɟ, 
ɱɟɦ ɜ ɢɫɯɨɞɧɨɦ ɰɢɤɥɟ (ɛɟɡ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ). 

ɋɜɹɡɶ ɦɟɠɞɭ ɬɟɪɦɢɱɟɫɤɢɦɢ ɄɉȾ ɰɢɤɥɨɜ ɫ ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɩɟɪɟ-
ɝɪɟɜɨɦ ɢ ɛɟɡ ɧɟɝɨ ɦɨɠɧɨ ɭɫɬɚɧɨɜɢɬɶ ɢɡ ɫɥɟɞɭɸɳɢɯ ɫɨɨɬɧɨɲɟɧɢɣ. 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɢɫ. 4.8, ɚ ɬɟɪɦɢɱɟɫɤɢɣ ɄɉȾ ɰɢɤɥɚ ɫ ɩɪɨɦɟɠɭ-
ɬɨɱɧɵɦ ɩɟɪɟɝɪɟɜɨɦ: 

0
.

0
t ɩ ɩ

L L

q q
η + Δ

=
+ Δ

                                           (4.4) 

ɢɥɢ 

0 0
.

0 0

1 /

1 /
t ɩ ɩ

L L L

q q q
η + Δ

= ⋅
+ Δ

.                                  (4.4 ɚ) 

Ɂɞɟɫɶ 0/L LΔ  - ɨɬɧɨɲɟɧɢɟ ɪɚɛɨɬɵ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɰɢɤɥɚ ɤ ɪɚɛɨɬɟ 
ɢɫɯɨɞɧɨɝɨ ɰɢɤɥɚ, ɚ 0/q qΔ  ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɜɢɞɟ: 

0/ /t tq q A η ηΔ ΔΔ = ⋅  

ɝɞɟ  
0/A L LΔ = Δ ;  
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0 0/t L qη = ,  

/t L qη Δ = Δ Δ .  

ȼɨɫɩɨɥɶɡɨɜɚɜɲɢɫɶ ɷɬɢɦɢ ɡɚɜɢɫɢɦɨɫɬɹɦɢ, ɨɤɨɧɱɚɬɟɥɶɧɨ ɩɨɥɭɱɢɦ: 

( ).

1

1 /
t ɩ ɩ t

t t

A

A
η η

η η
Δ

Δ Δ

+
= ⋅

+
.                                  (4.5)  

ɂɡ (4.5) ɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɞɚɜɥɟɧɢɹɯ .ɩ ɩP , ɞɥɹ ɤɨɬɨɪɵɯ t tη ηΔ > , ɬɟɪ-
ɦɢɱɟɫɤɢɣ ɄɉȾ ɰɢɤɥɚ ɫ ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɩɟɪɟɝɪɟɜɨɦ ɜɵɲɟ ɄɉȾ ɨɛɵɱɧɨ-
ɝɨ ɰɢɤɥɚ. Ɉɞɧɚɤɨ ɭɫɥɨɜɢɹ ɧɚɢɛɨɥɶɲɟɣ ɬɟɩɥɨɜɨɣ ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɡɚɜɢɫɹɬ 
ɧɟ ɬɨɥɶɤɨ ɨɬ ɫɨɨɬɧɨɲɟɧɢɹ ɡɧɚɱɟɧɢɣ ɷɬɢɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ, ɧɨ ɢ ɨɬ ɡɧɚɱɟ-
ɧɢɹ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ AΔ . Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɜɵɛɪɚɬɶ ɨɩɬɢ-

ɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ .ɩ ɩP , ɧɟɨɛɯɨɞɢɦɨ ɩɨɫɬɪɨɢɬɶ ɤɪɢɜɭɸ ɢɡɦɟɧɟɧɢɹ ɨɬɧɨ-
ɲɟɧɢɹ . /i ɩ ɩ iη η  ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ .ɩ ɩP . Ɍɚɤɚɹ ɤɪɢɜɚɹ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ, 

ɩɪɢɜɟɞɟɧɧɵɣ ɧɚ ɪɢɫ. 4.9. Ⱦɚɜɥɟɧɢɟ, ɩɪɢ ɤɨɬɨɪɨɦ ɡɧɚɱɟɧɢɟ .i ɩ ɩη  ɦɚɤɫɢ-

ɦɚɥɶɧɨ, ɡɚɜɢɫɢɬ ɨɬ ɧɚɱɚɥɶɧɵɯ ɢ ɤɨɧɟɱɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɰɢɤɥɚ, ɫɯɟɦɵ ɪɟ-
ɝɟɧɟɪɚɬɢɜɧɨɝɨ ɩɨɞɨɝɪɟɜɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɩɢɬɚɬɟɥɶɧɨɣ 

ɜɨɞɵ, ɚ ɬɚɤɠɟ ɨɬ ɚɛɫɨɥɸɬɧɨɝɨ ɡɧɚɱɟɧɢɹ oiη . 

Ɂɚɜɢɫɢɦɨɫɬɶ (4.5) ɢɫɩɨɥɶɡɭɟɬɫɹ, ɤɨɧɟɱɧɨ, ɧɟ ɬɨɥɶɤɨ ɞɥɹ ɚɧɚɥɢɡɚ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ ɩɪɢ ɪɚɡɥɢɱɧɵɯ 
ɡɧɚɱɟɧɢɹɯ .ɩ ɩP . Ɉɧɚ ɦɨɠɟɬ ɩɪɢɦɟɧɹɬɶɫɹ ɜɨ ɜɫɟɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɢɡɦɟɧɟ-
ɧɢɹ, ɜɧɨɫɢɦɵɟ ɜ ɪɚɛɨɱɢɣ ɩɪɨɰɟɫɫ, ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɩɪɢɫɨɟɞɢ-

ɧɟɧɢɟ ɤ ɢɫɯɨɞɧɨɦɭ ɰɢɤɥɭ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ (ɧɚɩɪɢɦɟɪ, ɩɪɢ ɩɨɜɵɲɟɧɢɢ 

ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɞɜɨɞɢɦɨɝɨ ɤ ɬɭɪɛɢɧɟ ɩɚɪɚ ɢɥɢ ɭɜɟɥɢɱɟɧɢɢ ɟɝɨ ɞɚɜɥɟ-
ɧɢɹ). 

 

Ɋɢɫ. 4.9. Ɂɚɜɢɫɢɦɨɫɬɶ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ 
ɢɡɦɟɧɟɧɢɹ ɄɉȾ ɨɬ ɞɚɜɥɟɧɢɹ ɩɪɨɦɟɠɭ-
ɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ .ɩ ɩP  

 

Ɉɛɵɱɧɨ ɨɩɬɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ .i ɩ ɩη  ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ, ɤɨɝɞɚ 

. 0(0,15 0,25)ɩ ɩP P≈ ÷  ɩɪɢ ɨɞɧɨɫɬɭɩɟɧɱɚɬɨɦ ɩɪɨɦɟɠɭɬɨɱɧɨɦ ɩɟɪɟɝɪɟɜɟ. 



 78

Ⱦɥɹ ɫɯɟɦɵ ɫ ɞɜɭɯɫɬɭɩɟɧɱɚɬɵɦ ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɩɟɪɟɝɪɟɜɨɦ ɜ ɭɫɥɨɜɢɹɯ 
ɨɩɬɢɦɚɥɶɧɨɣ ɬɟɩɥɨɜɨɣ ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɞɚɜɥɟɧɢɟ ɜ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ ɫɨ-
ɫɬɚɜɥɹɟɬ ɨɛɵɱɧɨ 0(0,25 0,30)P÷ , ɚ ɜɨ ɜɬɨɪɨɣ 0(0,06 0,09)P÷ . ɋ ɜɨɡɪɚɫɬɚ-
ɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɩɚɪɚ, ɞɨ ɤɨɬɨɪɨɣ ɩɪɨɜɨɞɢɬɫɹ ɟɝɨ ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɩɟ-
ɪɟɝɪɟɜ, ɩɪɢ ɬɟɯ ɠɟ ɧɚɱɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɨɩɬɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ .ɩ ɩP  

ɭɜɟɥɢɱɢɜɚɸɬɫɹ. 
ɇɚ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ ɫɟɪɢɣɧɵɟ ɤɨɧɞɟɧɫɚɰɢɨɧɧɵɟ 

ɛɥɨɤɢ ɦɨɳɧɨɫɬɶɸ 150÷200 Ɇȼɬ ɪɚɛɨɬɚɸɬ ɩɨ ɰɢɤɥɭ ɫ ɨɞɧɢɦ ɩɪɨɦɟɠɭ-
ɬɨɱɧɵɦ ɩɟɪɟɝɪɟɜɨɦ ɩɪɢ ɧɚɱɚɥɶɧɨɦ ɞɚɜɥɟɧɢɢ 12,7 Ɇɉɚ, ɚ ɛɥɨɤɢ ɦɨɳɧɨ-
ɫɬɶɸ 300, 500, 800 ɢ 1200 Ɇȼɬ – ɩɪɢ ɧɚɱɚɥɶɧɨɦ ɞɚɜɥɟɧɢɢ 23,5 Ɇɉɚ. 
Ɍɟɦɩɟɪɚɬɭɪɚ ɜɬɨɪɢɱɧɨɝɨ ɢ ɩɟɪɜɢɱɧɨɝɨ ɩɟɪɟɝɪɟɜɨɜ ɜɨ ɜɫɟɯ ɫɥɭɱɚɹɯ ɪɚɜɧɚ 
540÷560 °ɋ. ɉɟɪɟɯɨɞ ɨɬ ɩɚɪɚɦɟɬɪɨɜ 8,8 Ɇɉɚ, 535 °ɋ ɧɚ ɩɚɪɚɦɟɬɪɵ 12,7 

Ɇɉɚ, 540/540 °ɋ ɩɪɢɜɨɞɢɬ ɤ ɷɤɨɧɨɦɢɢ 12÷14 % ɬɟɩɥɨɬɵ, ɚ ɨɬ ɞɚɜɥɟɧɢɹ 
12,7 Ɇɉɚ ɤ ɞɚɜɥɟɧɢɸ 23,5 Ɇɉɚ (ɩɪɢ ɬɟɯ ɠɟ ɧɚɱɚɥɶɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ) – 

ɤ ɷɤɨɧɨɦɢɢ ɟɳɟ 4÷5 %. 

ɐɢɤɥ ɫ ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɩɟɪɟɝɪɟɜɨɦ ɩɚɪɚ ɧɚ Ɍɗɐ ɢɦɟɟɬ ɨɩɪɟɞɟ-
ɥɟɧɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ. 

ȼ ɨɬɛɨɪɟ, ɢɡ ɤɨɬɨɪɨɝɨ ɩɚɪ ɩɨɞɚɟɬɫɹ ɬɟɩɥɨɜɨɦɭ ɩɨɬɪɟɛɢɬɟɥɸ, ɞɚɜ-
ɥɟɧɢɟ .ɬ ɩP  ɜɫɟɝɞɚ ɜɵɲɟ ɞɚɜɥɟɧɢɹ ɜ ɤɨɧɞɟɧɫɚɬɨɪɟ ɬɭɪɛɢɧɵ ɤP . ɉɨɷɬɨɦɭ 
ɞɥɹ ɩɨɬɨɤɨɜ, ɩɨɫɬɭɩɚɸɳɢɯ ɜ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɣ ɢɥɢ ɩɪɨɦɵɲɥɟɧɧɵɣ 

ɨɬɛɨɪ, ɨɩɬɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ .ɩ ɩP  ɨɤɚɠɭɬɫɹ ɬɚɤɠɟ ɛɨɥɟɟ ɜɵɫɨɤɢɦɢ, ɱɟɦ 

ɞɥɹ ɤɨɧɞɟɧɫɚɰɢɨɧɧɨɝɨ ɩɨɬɨɤɚ ɩɪɢ ɧɨɪɦɚɥɶɧɨɦ ɜɚɤɭɭɦɟ. ɂɡ ɷɬɨɝɨ ɫɥɟɞɭ-
ɟɬ, ɱɬɨ ɧɚ ɩɚɪɨɬɭɪɛɢɧɧɨɣ ɭɫɬɚɧɨɜɤɟ ɫ ɪɟɝɭɥɢɪɭɟɦɵɦɢ ɨɬɛɨɪɚɦɢ ɩɪɢ ɨɞ-

ɧɢɯ ɢ ɬɟɯ ɠɟ ɧɚɱɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɚɯ .ɩ ɩ ɨɩɬP  ɛɭɞɟɬ ɜɵɲɟ, ɱɟɦ ɧɚ ɭɫɬɚ-
ɧɨɜɤɚɯ Ʉɗɋ. ɉɪɢ ɷɬɨɦ ɱɟɦ ɜɵɲɟ ɞɚɜɥɟɧɢɟ ɜ ɨɬɛɨɪɚɯ ɢ ɛɨɥɶɲɟ ɪɚɫɯɨɞ 

ɩɚɪɚ, ɧɚɩɪɚɜɥɹɟɦɨɝɨ ɬɟɩɥɨɜɨɦɭ ɩɨɬɪɟɛɢɬɟɥɸ (ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɪɚɫɯɨɞɭ 
ɩɨɬɨɤɚ, ɩɨɫɬɭɩɚɸɳɟɝɨ ɜ ɤɨɧɞɟɧɫɚɬɨɪ), ɬɟɦ ɛɨɥɶɲɟ ɪɚɡɧɢɰɚ ɜ ɡɧɚɱɟɧɢɹɯ 

.ɩ ɩ ɨɩɬP  ɞɥɹ ɭɫɬɚɧɨɜɨɤ Ɍɗɐ ɢ Ʉɗɋ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɨ-
ɦɟɠɭɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ ɧɚ ɭɫɬɚɧɨɜɤɚɯ Ɍɗɐ ɧɢɠɟ. Ɉɛɴɹɫɧɹɟɬɫɹ ɷɬɨ ɬɟɦ, 

ɱɬɨ ɢɫɩɨɥɶɡɭɟɦɵɣ ɜ ɬɭɪɛɢɧɟ ɩɟɪɟɩɚɞ ɷɧɬɚɥɶɩɢɣ ɞɥɹ ɩɨɬɨɤɨɜ, ɧɚɩɪɚɜ-
ɥɹɟɦɵɯ ɬɟɩɥɨɜɨɦɭ ɩɨɬɪɟɛɢɬɟɥɸ, ɡɧɚɱɢɬɟɥɶɧɨ ɧɢɠɟ, ɱɟɦ ɞɥɹ ɤɨɧɞɟɧɫɚ-
ɰɢɨɧɧɨɝɨ ɩɨɬɨɤɚ, ɚ ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ, ɢɞɭɳɟɝɨ ɜ ɨɬɛɨɪ ɩɪɢ ɩɪɢɦɟɧɟɧɢɢ 

ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ, ɜɨɡɪɚɫɬɚɟɬ. ɉɨɫɥɟɞɧɟɟ ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶ-
ɲɟɧɢɸ ɪɚɫɯɨɞɚ ɩɚɪɚ ɜ ɨɬɛɨɪɟ ɩD  ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɤ ɭɜɟɥɢɱɟɧɢɸ ɩɨ-
ɬɟɪɶ ɬɟɩɥɨɬɵ ɜ ɤɨɧɞɟɧɫɚɬɨɪɟ. Ʉɪɨɦɟ ɬɨɝɨ, ɷɮɮɟɤɬ ɨɬ ɭɦɟɧɶɲɟɧɢɹ ɜɥɚɠ-

ɧɨɫɬɢ ɜ ɱɚɫɬɢ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ (ɑɇȾ) ɬɭɪɛɢɧɵ ɜ ɰɢɤɥɚɯ ɫ ɩɪɨɦɟɠɭɬɨɱ-
ɧɵɦ ɩɟɪɟɝɪɟɜɨɦ ɩɪɢ ɷɬɨɦ ɬɚɤɠɟ ɧɢɠɟ, ɬɚɤ ɤɚɤ ɪɚɫɯɨɞ ɩɚɪɚ ɩɨ ɤɨɧɞɟɧɫɚ-
ɰɢɨɧɧɨɦɭ ɩɨɬɨɤɭ ɤD  ɪɟɡɤɨ ɩɨɧɢɠɚɟɬɫɹ, ɚ ɩɚɪ ɩɨɬɨɤɚ, ɧɚɩɪɚɜɥɹɟɦɨɝɨ 
ɬɟɩɥɨɜɨɦɭ ɩɨɬɪɟɛɢɬɟɥɸ, ɜ ɩɪɨɦɵɲɥɟɧɧɵɯ ɨɬɛɨɪɚɯ ɹɜɥɹɟɬɫɹ ɩɟɪɟɝɪɟ-
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ɬɵɦ; ɜ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɯ ɨɬɛɨɪɚɯ ɜɥɚɠɧɨɫɬɶ ɜɫɟɝɞɚ ɡɚɦɟɬɧɨ ɧɢɠɟ, ɱɟɦ 

ɜ ɑɇȾ ɭɫɬɚɧɨɜɨɤ ɤɨɧɞɟɧɫɚɰɢɨɧɧɨɝɨ ɬɢɩɚ. ɉɨ ɷɬɢɦ ɩɪɢɱɢɧɚɦ ɩɪɨɦɟɠɭ-
ɬɨɱɧɵɣ ɩɟɪɟɝɪɟɜ ɧɚ ɨɬɟɱɟɫɬɜɟɧɧɵɯ Ɍɗɐ ɩɪɢɦɟɧɹɟɬɫɹ ɬɨɥɶɤɨ ɧɚ ɭɫɬɚ-
ɧɨɜɤɚɯ, ɪɚɛɨɬɚɸɳɢɯ ɩɪɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɧɚɱɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɚɯ, ɢ ɧɚ 
ɨɞɧɨɦ ɬɢɩɟ ɭɫɬɚɧɨɜɨɤ ɩɪɢ 0 12,7P =  Ɇɉɚ (ɫ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɦɢ ɬɭɪ-
ɛɢɧɚɦɢ ɦɨɳɧɨɫɬɶɸ 180 Ɇȼɬ). ɋɜɟɪɯɤɪɢɬɢɱɟɫɤɢɟ ɧɚɱɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ 

ɩɚɪɨɬɭɪɛɢɧɧɵɯ ɭɫɬɚɧɨɜɨɤ Ɍɗɐ ɩɪɢɧɢɦɚɸɬɫɹ ɬɚɤɢɦɢ ɠɟ, ɤɚɤ ɧɚ ɤɨɧɞɟɧ-

ɫɚɰɢɨɧɧɵɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ. ɉɪɨɟɤɬɧɚɹ ɦɨɳɧɨɫɬɶ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɯ 
ɛɥɨɤɨɜ ɫɨɫɬɚɜɥɹɟɬ 250 Ɇȼɬ. 

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɩɪɨɦɟ-
ɠɭɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ ɧɚ ɜɧɨɜɶ ɩɪɨɟɤɬɢɪɭɟɦɵɯ ɭɫɬɚɧɨɜɤɚɯ ɫ ɬɭɪɛɢɧɚɦɢ ɫ 
ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɟɦ ɢɥɢ ɪɟɝɭɥɢɪɭɟɦɵɦɢ ɨɬɛɨɪɚɦɢ, ɧɟɨɛɯɨɞɢɦɨ (ɩɨɫɥɟ 
ɬɨɝɨ ɤɚɤ .ɩ ɩ ɨɩɬP  ɜɵɛɪɚɧɨ) ɭɫɬɚɧɨɜɢɬɶ, ɧɚɫɤɨɥɶɤɨ ɜɨɡɪɚɫɬɚɟɬ ɷɥɟɤɬɪɢɱɟ-
ɫɤɚɹ ɦɨɳɧɨɫɬɶ ɚɝɪɟɝɚɬɚ ɩɪɢ ɨɞɧɢɯ ɢ ɬɟɯ ɠɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ (ɨɞɢɧɚɤɨ-
ɜɵɯ ɞɚɜɥɟɧɢɹɯ ɩɚɪɚ ɧɚ ɜɯɨɞɟ ɜ ɬɭɪɛɢɧɭ, ɜɵɯɨɞɟ ɢɡ ɧɟɟ, ɨɞɧɢɯ ɢ ɬɟɯ ɠɟ 
ɪɚɫɯɨɞɚɯ ɬɟɩɥɨɬɵ .ɬ ɩQ  ɢ ɩɪ.) ɉɨ ɷɬɨɦɭ ɡɧɚɱɟɧɢɸ . .ɷ ɩ ɩNΔ  ɧɟɨɛɯɨɞɢɦɨ 
ɪɚɫɫɱɢɬɚɬɶ ɝɨɞɨɜɭɸ ɜɵɪɚɛɨɬɤɭ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɝЭΔ  ɢ ɭɞɟɥɶɧɵɟ ɩɪɢɜɟ-
ɞɟɧɧɵɟ ɡɚɬɪɚɬɵ . .ɷ ɩ ɩɡ , ɚ ɬɚɤɠɟ ɫɪɚɜɧɢɬɶ ɡɧɚɱɟɧɢɟ . .ɷ ɩ ɩɡ  ɫ ɭɞɟɥɶɧɵɦɢ 

ɩɪɢɜɟɞɟɧɧɵɦɢ ɡɚɬɪɚɬɚɦɢ .ɷ ɡɚɦɡ  ɞɥɹ ɬɢɩɢɱɧɨɣ ɜ ɞɚɧɧɨɦ ɪɚɣɨɧɟ ɤɨɧɞɟɧ-

ɫɚɰɢɨɧɧɨɣ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɬ.ɟ. ɞɥɹ Ʉɗɋ, ɧɚ ɨɫɧɨɜɟ ɤɨɬɨɪɨɣ ɜɟɞɟɬɫɹ ɜ 
ɞɚɧɧɨɟ ɜɪɟɦɹ ɢ ɛɭɞɟɬ ɜɟɫɬɢɫɶ ɜ ɛɥɢɠɚɣɲɟɦ ɛɭɞɭɳɟɦ ɪɚɡɜɢɬɢɟ ɷɧɟɪɝɨ-
ɫɢɫɬɟɦɵ, ɜ ɤɨɬɨɪɭɸ ɜɨɣɞɟɬ ɩɪɨɟɤɬɢɪɭɟɦɚɹ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹ (ɬɚɤɭɸ Ʉɗɋ 

ɩɪɢɧɹɬɨ ɧɚɡɵɜɚɬɶ ɡɚɦɟɳɚɸɳɟɣ ɷɥɟɤɬɪɨɫɬɚɧɰɢɟɣ). ȿɫɥɢ . . .ɷ ɩ ɩ ɷ ɡɚɦɡ ɡ< , 

ɩɪɢɦɟɧɟɧɢɟ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ ɧɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɭɫɬɚɧɨɜɤɚɯ 
Ɍɗɐ ɷɤɨɧɨɦɢɱɟɫɤɢ ɨɩɪɚɜɞɚɧɨ. 

 

 

4.3. ȼɅɂəɇɂȿ ɄɈɇȿɑɇɈȽɈ ȾȺȼɅȿɇɂə ɇȺ ɌȿɉɅɈȼɍɘ ɗɄɈ-

ɇɈɆɂɑɇɈɋɌɖ ɍɋɌȺɇɈȼɄɂ 

 

Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɬɟɪɦɢɱɟɫɤɢɣ ɄɉȾ ɰɢɤɥɚ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧ ɢɡ 
ɜɵɪɚɠɟɧɢɹ: 

0

1 ɤ
t

ɷɤɜ

T

T
η = − ,                                         (4.6) 

ɝɞɟ  
0ɷɤɜT  – ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɞɜɨɞɚ ɬɟɩɥɨɬɵ ɜ ɰɢɤɥɟ, ɪɚɜɧɚɹ ɧɚ-

ɱɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɷɤɜɢɜɚɥɟɧɬɧɨɦ ɰɢɤɥɟ Ʉɚɪɧɨ. 
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ȼɡɹɜ ɱɚɫɬɧɵɟ ɩɪɨɢɡɜɨɞɧɵɟ ɮɭɧɤɰɢɢ 0( , )t ɤ ɷɤɜf T Tη =  ɢ ɡɚɦɟɧɢɜ 
ɞɢɮɮɟɪɟɧɰɢɚɥɵ ɤɨɧɟɱɧɵɦɢ ɩɪɢɪɚɳɟɧɢɹɦɢ, ɩɨɥɭɱɢɦ: 

( )

( )

0

02
0

1
;

,

t ɤɤ
ɷɤɜ

ɤ
t ɷɤɜɧ

ɷɤɜ

T
T

T
T

T

η

η

⎫⎛ ⎞
Δ = − Δ ⎪⎜ ⎟

⎝ ⎠ ⎪
⎬

⎛ ⎞ ⎪Δ = Δ⎜ ⎟ ⎪
⎝ ⎠ ⎭

                                (4.7) 

 

ɝɞɟ ɢɧɞɟɤɫɚɦɢ «ɤ» ɢ «ɧ» ɨɛɨɡɧɚɱɟɧɵ ɩɪɢɪɚɳɟɧɢɹ tη , ɩɪɢ ɫɨɨɬɜɟɬ-
ɫɬɜɭɸɳɟɦ ɢɡɦɟɧɟɧɢɢ ɤɨɧɟɱɧɨɣ ɢ ɧɚɱɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪ ɰɢɤɥɚ. 

ɂɡ ɩɨɥɭɱɟɧɧɵɯ ɫɨɨɬɧɨɲɟɧɢɣ ɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɨɞɢɧɚɤɨɜɵɯ ɩɪɢɪɚ-
ɳɟɧɢɹɯ ɤTΔ  ɢ 0ɷɤɜTΔ  ɚɛɫɨɥɸɬɧɨɟ ɡɧɚɱɟɧɢɟ ( )t ɤηΔ  ɩɪɟɜɵɲɚɟɬ ɡɧɚɱɟɧɢɟ 
( )t ɧηΔ  ɜ 0 /ɷɤɜ ɤT T  ɪɚɡ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɚɠɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɨɟ 
ɫɧɢɠɟɧɢɟ ɤT  ɞɨɥɠɧɨ ɨɤɚɡɵɜɚɬɶ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɬɟɩɥɨɜɭɸ 

ɷɤɨɧɨɦɢɱɧɨɫɬɶ ɭɫɬɚɧɨɜɤɢ. Ɉɞɧɚɤɨ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɤɨɧɟɱɧɨɝɨ ɞɚɜɥɟɧɢɹ 
ɤP  ɢɡɦɟɧɹɸɬɫɹ ɬɚɤɠɟ ɩɨɬɟɪɢ ɫ ɜɵɯɨɞɧɨɣ ɫɤɨɪɨɫɬɶɸ, ɜɧɭɬɪɟɧɧɢɣ ɨɬɧɨ-
ɫɢɬɟɥɶɧɵɣ ɄɉȾ ɩɨɫɥɟɞɧɟɣ ɫɬɭɩɟɧɢ ɬɭɪɛɢɧɵ, ɪɚɫɯɨɞ ɩɚɪɚ ɜ ɤɨɧɞɟɧɫɚɬɨɪ 
(ɩɪɢ ɨɞɧɨɦ ɢ ɬɨɦ ɠɟ ɪɚɫɯɨɞɟ ɧɚ ɬɭɪɛɢɧɭ) ɢ ɤɨɧɟɱɧɚɹ ɜɥɚɠɧɨɫɬɶ ɩɚɪɚ. 
ȼɫɟ ɷɬɨ ɩɪɢɜɨɞɢɬ ɤ ɢɡɦɟɧɟɧɢɹɦ iη ; ɢ ɨɛɳɟɣ ɦɨɳɧɨɫɬɢ ɭɫɬɚɧɨɜɤɢ. 

ɇɚ ɪɢɫ. 4.10 ɩɪɢɜɟɞɟɧɚ ɬɢɩɢɱɧɚɹ ɤɪɢɜɚɹ ɢɡɦɟɧɟɧɢɹ ɦɨɳɧɨɫɬɢ ɬɭɪ-
ɛɢɧɵ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤP . ɋɧɚɱɚɥɚ ɫ ɩɨɧɢɠɟɧɢɟɦ ɤP  (ɧɟɫɦɨɬɪɹ ɧɚ ɜɨɡ-
ɪɚɫɬɚɧɢɟ ɩɨɬɟɪɶ ɫ ɩɨɜɵɲɟɧɢɟɦ ɜɵɯɨɞɧɨɣ ɫɤɨɪɨɫɬɢ ɢ ɭɜɟɥɢɱɟɧɢɟ ɤɨɧɟɱ-
ɧɨɣ ɜɥɚɠɧɨɫɬɢ) ɦɨɳɧɨɫɬɶ ɪɚɫɬɟɬ, ɧɨ ɡɚɬɟɦ, ɞɨɫɬɢɝɧɭɜ ɦɚɤɫɢɦɭɦɚ, ɫɧɢ-

ɠɚɟɬɫɹ. Ɍɚɤɨɟ ɢɡɦɟɧɟɧɢɟ NΔ  ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɩɪɢ ɧɟɤɨɬɨɪɨɦ ɞɚɜɥɟ-
ɧɢɢ ɜ ɦɢɧɢɦɚɥɶɧɨɦ ɫɟɱɟɧɢɢ ɤɚɧɚɥɨɜ ɥɨɩɚɬɨɱɧɨɣ ɪɟɲɟɬɤɢ ɫɤɨɪɨɫɬɶ ɩɚɪɚ 
ɩɪɢɧɢɦɚɟɬ ɤɪɢɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ. 

 

 

 

 

 

 

 
Ɋɢɫ. 4.10. Ɍɢɩɢɱɧɚɹ ɡɚɜɢɫɢ-

ɦɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɦɨɳɧɨɫɬɢ 

ɬɭɪɛɢɧɵ ɨɬ ɤɨɧɟɱɧɨɝɨ ɞɚɜ-

ɥɟɧɢɹ 

 

Ⱦɚɥɶɧɟɣɲɟɟ ɫɧɢɠɟɧɢɟ ɤP  ɩɪɢɜɨɞɢɬ ɤ ɪɚɫɲɢɪɟɧɢɸ ɩɚɪɚ ɜ ɤɨɫɨɦ 
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ɫɪɟɡɟ, ɚ, ɤɨɝɞɚ ɪɚɫɲɢɪɢɬɟɥɶɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɟɝɨ ɨɤɚɡɵɜɚɟɬɫɹ ɢɫɱɟɪɩɚɧ-

ɧɨɣ, ɩɚɪ ɪɚɫɲɢɪɹɟɬɫɹ ɡɚ ɩɪɟɞɟɥɚɦɢ ɫɬɭɩɟɧɢ ɢ ɢɫɩɨɥɶɡɭɟɦɵɣ ɩɟɪɟɩɚɞ 

ɷɧɬɚɥɶɩɢɢ ɭɠɟ ɧɟ ɢɡɦɟɧɹɟɬɫɹ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɧɚ ɜɵɯɨ-
ɞɟ ɢɡ ɤɨɧɞɟɧɫɚɬɨɪɚ ɬɭɪɛɢɧɵ ɩɨɧɢɠɚɟɬɫɹ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɜ ɩɟɪɜɵɣ ɪɟ-
ɝɟɧɟɪɚɬɢɜɧɵɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɨɬɜɨɞɢɬɫɹ ɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɩɚɪɚ. ɗɬɨ 
ɩɪɢɜɨɞɢɬ ɤ ɬɨɦɭ, ɱɬɨ ɪɚɫɯɨɞ ɩɚɪɚ ɱɟɪɟɡ ɩɨɫɥɟɞɧɢɟ ɫɬɭɩɟɧɢ ɑɇȾ ɩɚɞɚɟɬ, 
ɚ ɜɵɪɚɛɚɬɵɜɚɟɦɚɹ ɦɨɳɧɨɫɬɶ ɭɦɟɧɶɲɚɟɬɫɹ. ɇɟɫɦɨɬɪɹ ɧɚ ɭɦɟɧɶɲɟɧɢɟ 
ɤD , ɩɨɬɟɪɢ ɜ ɤɨɧɞɟɧɫɚɬɨɪɟ ɜɨɡɪɚɫɬɚɸɬ, ɬɚɤ ɤɚɤ ɩɪɢ ɷɬɨɦ ɫɧɢɠɚɟɬɫɹ ɬɟɦ-

ɩɟɪɚɬɭɪɚ ɤɨɧɞɟɧɫɚɬɚ.  
ɋ ɭɦɟɧɶɲɟɧɢɟɦ ɭɞɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ɜɵɯɥɨɩɚ ɩɪɢɪɚɳɟɧɢɟ ɦɨɳɧɨ-

ɫɬɢ ɩɪɢ ɨɞɧɢɯ ɢ ɬɟɯ ɠɟ ɢɡɦɟɧɟɧɢɹɯ ɞɚɜɥɟɧɢɹ ɤPΔ  ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɚ ɞɚɜ-
ɥɟɧɢɟ ɜ ɤɨɧɞɟɧɫɚɬɨɪɟ .ɤ ɩɪɟɞP , ɞɨ ɤɨɬɨɪɨɝɨ ɩɪɢ ɭɦɟɧɶɲɟɧɢɢ ɤP  ɦɨɳ-

ɧɨɫɬɶ ɜɨɡɪɚɫɬɚɟɬ, ɭɦɟɧɶɲɚɟɬɫɹ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɪɟɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɭɦɟɧɶɲɚɬɶ ɤP  ɰɟɥɟɫɨɨɛɪɚɡɧɨ 

ɬɨɥɶɤɨ ɞɨ ɨɩɪɟɞɟɥɟɧɧɵɯ ɡɧɚɱɟɧɢɣ. ɉɪɢ ɷɬɨɦ ɫɥɟɞɭɟɬ ɢɦɟɬɶ ɜ ɜɢɞɭ, ɱɬɨ 
ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢ ɨɩɪɚɜɞɚɧɧɵɟ ɡɧɚɱɟɧɢɹ ɤP  ɦɨɝɭɬ ɛɵɬɶ ɡɚɦɟɬɧɨ 
ɜɵɲɟ ɬɟɯ, ɩɪɢ ɤɨɬɨɪɵɯ ɜɵɪɚɛɚɬɵɜɚɟɬɫɹ ɦɚɤɫɢɦɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ. 

Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɬɟɦɩɟɪɚɬɭɪɚ, ɩɪɢ ɤɨɬɨɪɨɣ ɩɪɨɢɫɯɨɞɢɬ ɤɨɧɞɟɧɫɚ-
ɰɢɹ ɩɚɪɚ (ɪɢɫ. 4.11), ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ: 

1 2
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h h
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ɝɞɟ  
1 2,ɜ ɜt t – ɧɚɱɚɥɶɧɚɹ ɢ ɤɨɧɟɱɧɚɹ ɬɟɦɩɟɪɚɬɭɪɵ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ, 

°ɋ;  

tδ  – ɧɟɞɨɝɪɟɜ ɜɨɞɵ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɫɵɳɟɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ 

ɞɚɜɥɟɧɢɸ ɜ ɤɨɧɞɟɧɫɚɬɨɪɟ, °ɋ;  

m  – ɤɪɚɬɧɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ (ɤɨɥɢɱɟɫɬɜɨ ɨɯɥɚɠɞɚɸɳɟɣ – ɜɨɞɵ, 

ɩɪɢɯɨɞɹɳɟɟɫɹ ɧɚ 1 ɤɝ ɩɚɪɚ, ɩɨɫɬɭɩɚɸɳɟɝɨ ɜ ɤɨɧɞɟɧɫɚɬɨɪ, 
ɤɝ/ɤɝ). 

 

 

 

 

 

 

 
 

Ɋɢɫ. 4.11. ,t Q  -ɞɢɚɝɪɚɦɦɚ ɞɥɹ ɤɨɧɞɟɧ-

ɫɚɬɨɪɚ ɬɭɪɛɢɧɵ 
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Ɍɟɦɩɟɪɚɬɭɪɚ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ 1ɜt  ɢɡɦɟɧɹɟɬɫɹ ɜ ɲɢɪɨɤɢɯ ɩɪɟɞɟ-
ɥɚɯ, ɢ ɬɨɥɶɤɨ ɩɪɢ ɟɟ ɧɢɡɤɢɯ ɡɧɚɱɟɧɢɹɯ, ɜɵɫɨɤɢɯ ɤɪɚɬɧɨɫɬɹɯ ɨɯɥɚɠɞɟɧɢɹ 
ɢ ɧɟɛɨɥɶɲɢɯ tδ  ɦɨɝɭɬ ɛɵɬɶ ɞɨɫɬɢɝɧɭɬɵ ɞɚɜɥɟɧɢɹ ɜ ɤɨɧɞɟɧɫɚɬɨɪɟ, ɛɥɢɡ-
ɤɢɟ ɤ .ɤ ɩɪɟɞP . Ɉɞɧɚɤɨ ɜ ɷɬɢɯ ɭɫɥɨɜɢɹɯ ɬɚɤɢɟ ɡɧɚɱɟɧɢɹ ɤP  ɨɤɚɠɭɬɫɹ ɧɟɨɩ-

ɪɚɜɞɚɧɧɵɦɢ, ɟɫɥɢ ɩɪɢ ɷɬɨɦ ɪɚɫɯɨɞɵ ɧɚ ɩɟɪɟɤɚɱɢɜɚɧɢɟ ɨɯɥɚɠɞɚɸɳɟɣ 

ɜɨɞɵ ɫɨɜɦɟɫɬɧɨ ɫ ɨɬɱɢɫɥɟɧɢɹɦɢ ɨɬ ɜɨɡɪɨɫɲɢɯ ɤɚɩɢɬɚɥɶɧɵɯ ɡɚɬɪɚɬ ɩɪɟ-
ɜɵɫɹɬ ɫɬɨɢɦɨɫɬɶ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɜɵɪɚɛɨɬɚɧɧɨɣ ɜɫɥɟɞɫɬɜɢɟ ɩɨɜɵɲɟɧɢɹ 
ɦɨɳɧɨɫɬɢ ɭɫɬɚɧɨɜɤɢ (ɨɩɪɟɞɟɥɟɧɧɭɸ ɩɨ ɩɪɢɜɟɞɟɧɧɵɦ ɡɚɬɪɚɬɚɦ). 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɡɧɚɱɟɧɢɹ ( )ɤ ɤt P , ɤɪɚɬɧɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ m  ɢ ɧɟ-
ɞɨɝɪɟɜɚ tδ  ɞɨɥɠɧɵ ɨɩɪɟɞɟɥɹɬɶɫɹ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɦɢ ɪɚɫɱɟɬɚɦɢ. 

Ɉɛɵɱɧɨ ɨɩɬɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɤɪɚɬɧɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ m  ɧɚɯɨɞɹɬɫɹ ɜ 
ɩɪɟɞɟɥɚɯ ɨɬ 50 ɞɨ 80 ɤɝ/ɤɝ, ɚ tδ  – ɜ ɩɪɟɞɟɥɚɯ ɨɬ 3 ɞɨ 6 °ɋ.  

ɇɚ ɪɢɫ. 4.12 ɩɪɢɜɟɞɟɧɵ ɤɪɢɜɵɟ ɢɡɦɟɧɟɧɢɹ ɤP  ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɤɪɚɬɧɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ 

1ɜt  ɢ tδ  = 3 °ɋ. ȼ ɪɚɫɱɟɬɚɯ ɪɚɡɧɨɫɬɶ I
ɤ ɤh h−  ɩɪɢɧɹɬɚ ɪɚɜɧɨɣ 2200 ɤȾɠ/ɤɝ, 

ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɪɟɞɧɟɦɭ ɡɧɚɱɟɧɢɸ ɷɬɨɣ ɜɟɥɢɱɢɧɵ ɩɪɢ ɤP  = 

0,003÷0,005 Ɇɉɚ ɢ ɜɥɚɠɧɨɫɬɢ ɩɚɪɚ ɨɤɨɥɨ 10 %. Ⱦɥɹ ɛɨɥɟɟ ɞɨɪɨɝɨɫɬɨɹ-
ɳɟɝɨ ɬɨɩɥɢɜɚ (ɩɪɢ ɩɪɨɱɢɯ ɪɚɜɧɵɯ ɭɫɥɨɜɢɹɯ) ɷɤɨɧɨɦɢɱɟɫɤɢ ɨɩɪɚɜɞɚɧ 

ɛɨɥɟɟ ɝɥɭɛɨɤɢɣ ɜɚɤɭɭɦ. Ʉɨɝɞɚ ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ 

ɧɚ ɫɬɚɧɰɢɢ ɧɢɠɟ, ɛɨɥɟɟ ɝɥɭɛɨɤɢɣ ɜɚɤɭɭɦ ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ ɦɟɧɶɲɢɯ ɞɨ-
ɩɨɥɧɢɬɟɥɶɧɵɯ ɤɚɩɢɬɚɥɶɧɵɯ ɡɚɬɪɚɬɚɯ. ɉɨɷɬɨɦɭ ɱɟɦ ɧɢɠɟ ɬɟɦɩɟɪɚɬɭɪɚ 
ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɢ ɜɵɲɟ ɫɬɨɢɦɨɫɬɶ ɬɨɩɥɢɜɚ, ɬɟɦ ɷɤɨɧɨɦɢɱɟɫɤɢ ɨɩ-

ɪɚɜɞɚɧɧɟɟ ɛɨɥɟɟ ɝɥɭɛɨɤɢɣ ɜɚɤɭɭɦ.  

 

 

 

 

 

 

 

 
 

Ɋɢɫ. 4.12. Ɂɚɜɢɫɢɦɨɫɬɶ ɤP  ɨɬ 
ɤɪɚɬɧɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ m  ɩɪɢ 

tδ  = 3 °ɋ  

 

ȼ ɧɚɲɟɣ ɫɬɪɚɧɟ ɜ ɪɚɣɨɧɚɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɨɪɨɝɨɫɬɨɹɳɟɝɨ ɬɨɩɥɢɜɚ 
ɨɛɵɱɧɨ ɫɪɟɞɧɟɝɨɞɨɜɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɜɵɲɟ, ɱɟɦ ɜ 
ɪɚɣɨɧɚɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɛɨɥɟɟ ɞɟɲɟɜɨɝɨ ɬɨɩɥɢɜɚ. ɉɨɷɬɨɦɭ ɨɩɬɢɦɚɥɶɧɵɟ 
ɡɧɚɱɟɧɢɹ ɤP , ɪɚɫɫɱɢɬɚɧɧɵɟ ɞɥɹ ɷɬɢɯ ɪɚɣɨɧɨɜ, ɪɚɡɥɢɱɚɸɬɫɹ ɧɟɧɚɦɧɨɝɨ. 
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Ɉɛɵɱɧɨ ɞɥɹ Ʉɗɋ ɧɚ ɨɪɝɚɧɢɱɟɫɤɨɦ ɬɨɩɥɢɜɟ ɨɩɬɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɞɚɜ-
ɥɟɧɢɹ ɜ ɤɨɧɞɟɧɫɚɬɨɪɟ ɧɚɯɨɞɹɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 0,003÷0,0045 Ɇɉɚ. Ⱦɥɹ ɬɟɩ-

ɥɨɮɢɤɚɰɢɨɧɧɵɯ ɭɫɬɚɧɨɜɨɤ, ɪɚɛɨɬɚɸɳɢɯ ɜ ɥɟɬɧɟɟ ɜɪɟɦɹ ɜ ɱɢɫɬɨ ɤɨɧɞɟɧ-

ɫɚɰɢɨɧɧɨɦ ɪɟɠɢɦɟ ɢɥɢ ɜ ɤɨɧɞɟɧɫɚɰɢɨɧɧɨɦ ɪɟɠɢɦɟ ɫ ɧɟɛɨɥɶɲɢɦ ɨɬɛɨ-
ɪɨɦ ɩɚɪɚ ɧɚ ɬɟɩɥɨɮɢɤɚɰɢɸ, ɨɩɬɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɤP  ɜɵɲɟ. ȼ ɬɚɤɨɦ 

ɪɟɠɢɦɟ ɷɬɢ ɬɭɪɛɢɧɵ ɪɚɛɨɬɚɸɬ ɥɢɲɶ ɱɚɫɬɶ ɨɛɳɟɝɨ ɜɪɟɦɟɧɢ ɷɤɫɩɥɭɚɬɚ-
ɰɢɢ. ɉɨɷɬɨɦɭ ɡɚɬɪɚɬɵ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɬɟɯ ɠɟ ɡɧɚɱɟɧɢɣ 

ɤP , ɱɬɨ ɢ ɜ ɤɨɧɞɟɧɫɚɰɢɨɧɧɨɣ ɬɭɪɛɨɭɫɬɚɧɨɜɤɟ, ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɧɟ ɨɩɪɚɜ-
ɞɚɸɬɫɹ. 

ɋɥɟɞɭɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶ Ⱥɗɋ ɤɚɤ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɪɚɛɨɬɚɸɳɢɟ ɧɚ 
ɞɟɲɟɜɨɦ ɬɨɩɥɢɜɟ. Ʉ ɬɨɦɭ ɠɟ ɨɧɢ ɫɬɪɨɹɬɫɹ ɜ ɪɚɣɨɧɚɯ ɫ ɞɨɪɨɝɨɫɬɨɹɳɢɦ 

ɨɪɝɚɧɢɱɟɫɤɢɦ ɬɨɩɥɢɜɨɦ, ɝɞɟ ɜ ɭɫɥɨɜɢɹɯ ɧɚɲɟɣ ɫɬɪɚɧɵ ɫɪɟɞɧɟɝɨɞɨɜɚɹ 
ɬɟɦɩɟɪɚɬɭɪɚ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ ɜ ɨɫɧɨɜɧɨɦ ɩɨɜɵɲɟɧɧɚɹ. ɗɬɨ ɨɞɧɚ ɢɡ 
ɩɪɢɱɢɧ ɬɨɝɨ, ɱɬɨ ɞɚɜɥɟɧɢɟ ɜ ɤɨɧɞɟɧɫɚɬɨɪɟ ɧɚ Ⱥɗɋ ɩɪɢɧɢɦɚɟɬɫɹ ɛɨɥɟɟ 
ɜɵɫɨɤɢɦ, ɱɟɦ ɧɚ ɨɛɵɱɧɵɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ. Ⱦɚɜɥɟɧɢɟ ɤP  ɩɨɜɵɲɚɸɬ ɜ 
ɷɬɨɦ ɫɥɭɱɚɟ ɬɚɤɠɟ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɭɦɟɧɶɲɢɬɶ ɤɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ, ɤɨ-
ɬɨɪɵɟ ɩɪɢ ɬɚɤɢɯ ɠɟ, ɤɚɤ ɢ ɜ ɨɛɵɱɧɵɯ ɭɫɬɚɧɨɜɤɚɯ, ɡɧɚɱɟɧɢɹɯ ɜɚɤɭɭɦɚ 
ɡɚɦɟɬɧɨ ɜɨɡɪɚɫɬɭɬ, ɬɚɤ ɤɚɤ ɭɞɟɥɶɧɵɟ ɪɚɫɯɨɞɵ ɩɚɪɚ ɧɚ Ⱥɗɋ ɫ ɬɭɪɛɢɧɚɦɢ 

ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ ɡɧɚɱɢɬɟɥɶɧɨ ɜɵɲɟ, ɱɟɦ ɫ ɬɭɪɛɢɧɚɦɢ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚ-
ɪɚ. Ɉɩɬɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɤP  ɧɚ Ⱥɗɋ ɧɚɯɨɞɹɬɫɹ ɨɛɵɱɧɨ ɜ ɩɪɟɞɟɥɚɯ 
0,0045÷0,0055 Ɇɉɚ. 

 

 

4.4. ɌȿɉɅɈȼȺə ɗɄɈɇɈɆɂɑɇɈɋɌɖ ɊȺɋɒɂɊəȿɆɕɏ ɗɅȿɄ-

ɌɊɈɋɌȺɇɐɂɃ. ɆɈȾȿɊɇɂɁȺɐɂə Ɍɗɋ 

 

ɉɨɬɪɟɛɧɨɫɬɶ ɧɚɪɨɞɧɨɝɨ ɯɨɡɹɣɫɬɜɚ ɜ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜɨɡɪɚɫɬɚɟɬ ɢɫ-
ɤɥɸɱɢɬɟɥɶɧɨ ɛɵɫɬɪɨ. ɍɜɟɥɢɱɟɧɢɟ ɦɨɳɧɨɫɬɢ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɩɪɨɢɫɯɨ-
ɞɢɬ ɡɚ ɫɱɟɬ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɧɨɜɵɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɢ ɪɚɫɲɢɪɟɧɢɹ ɞɟɣɫɬ-
ɜɭɸɳɢɯ. ɉɪɢ ɪɚɫɲɢɪɟɧɢɢ ɞɟɣɫɬɜɭɸɳɟɣ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɦɨɝɭɬ ɭɫɬɚɧɚɜ-
ɥɢɜɚɬɶɫɹ ɧɨɜɵɟ ɤɨɧɞɟɧɫɚɰɢɨɧɧɵɟ ɬɭɪɛɢɧɵ (ɧɚ Ʉɗɋ) ɢɥɢ ɬɭɪɛɢɧɵ ɫ ɪɟ-
ɝɭɥɢɪɭɟɦɵɦɢ ɨɬɛɨɪɚɦɢ (ɧɚ Ɍɗɐ), ɚ ɬɚɤɠɟ ɬɭɪɛɢɧɵ ɫ ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɟɦ. 

ȼ ɩɨɫɥɟɞɧɟɦ ɫɥɭɱɚɟ ɞɚɜɥɟɧɢɟ ɡɚ ɬɭɪɛɢɧɨɣ ɦɨɠɟɬ ɛɵɬɶ ɜɵɛɪɚɧɨ ɬɚɤɢɦ, 

ɱɬɨɛɵ ɨɬɪɚɛɨɬɚɜɲɢɣ ɜ ɧɟɣ ɩɚɪ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɧɚ ɬɭɪɛɢɧɚɯ ɪɚɫɲɢɪɹɟɦɨɣ 

ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. 

ȿɫɥɢ ɩɪɢ ɪɚɫɲɢɪɟɧɢɢ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɬɭɪɛɢɧɵ 

ɫɨ ɫɜɨɢɦɢ ɩɚɪɨɜɵɦɢ ɤɨɬɥɚɦɢ, ɪɚɛɨɬɚɸɳɢɟ ɩɚɪɚɥɥɟɥɶɧɨ ɫ ɫɭɳɟɫɬɜɭɸ-

ɳɢɦɢ ɭɫɬɚɧɨɜɤɚɦɢ, ɬɨ ɧɨɜɭɸ ɩɚɪɨɬɭɪɛɢɧɧɭɸ ɭɫɬɚɧɨɜɤɭ ɧɚɡɵɜɚɸɬ ɩɪɢ-

ɫɬɪɨɣɤɨɣ (ɪɢɫ. 4.13, ɚ). ɉɪɢ ɪɚɫɲɢɪɟɧɢɢ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɩɪɟɞɜɤɥɸɱɟɧ-
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ɧɵɦɢ ɬɭɪɛɢɧɚɦɢ ɷɬɭ ɱɚɫɬɶ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɧɚɡɵɜɚɸɬ ɧɚɞɫɬɪɨɣɤɨɣ ɜɵ-

ɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ (ɪɢɫ. 4.13, ɛ). 
 

Ɋɢɫ. 4.13. Ɋɚɫɲɢɪɟɧɢɟ ɫɬɚɧɰɢɢ ɩɪɢɫɬɪɨɣɤɨɣ (ɚ) ɢ ɧɚɞɫɬɪɨɣɤɨɣ (ɛ): 
1,2 – ɩɚɪɨɜɨɣ ɤɨɬɟɥ ɧɢɡɤɨɝɨ ɢ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ; 3, 4 – ɬɭɪɛɨɝɟɧɟɪɚɬɨɪ ɧɢɡɤɨɝɨ ɢ 
ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ; 5 – ɊɈɍ; 6 – ɤɨɧɞɟɧɫɚɬɨɪ; 7 – ɤɨɧɞɟɧɫɚɬɧɵɣ ɧɚɫɨɫ; 8 – ɫɢɫɬɟ-
ɦɚ ɪɟɝɟɧɟɪɚɬɢɜɧɨɝɨ ɩɨɞɨɝɪɟɜɚ; 9 – ɩɢɬɚɬɟɥɶɧɵɣ ɧɚɫɨɫ; Ⱦȼ – ɥɢɧɢɹ ɩɨɞɜɨɞɚ ɞɨɛɚ-
ɜɨɱɧɨɣ ɜɨɞɵ 
 

Ʉɨɝɞɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹ ɪɚɫɲɢɪɹɟɬɫɹ ɩɪɢɫɬɪɨɣɤɨɣ, ɩɨɤɚɡɚɬɟɥɢ ɬɟɩ-

ɥɨɜɨɣ ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɩɪɟɠɧɟɣ ɟɟ ɱɚɫɬɢ ɨɫɬɚɸɬɫɹ ɧɟɢɡɦɟɧɧɵɦɢ. Ɉɞɧɚɤɨ 
ɩɨɤɚɡɚɬɟɥɢ ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɜ ɰɟɥɨɦ ɭɥɭɱɲɚɸɬɫɹ, ɬɚɤ 
ɤɚɤ ɨɛɵɱɧɨ ɧɨɜɵɟ ɚɝɪɟɝɚɬɵ ɢɦɟɸɬ ɛɨɥɟɟ ɜɵɫɨɤɢɟ ɧɚɱɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ 

ɢ ɛɨɥɟɟ ɫɨɜɟɪɲɟɧɧɭɸ ɤɨɧɫɬɪɭɤɰɢɸ. 

ɇɚɞɫɬɪɨɣɤɚ ɦɨɠɟɬ ɛɵɬɶ ɜɵɩɨɥɧɟɧɚ ɬɚɤ, ɱɬɨɛɵ ɩɨɫɥɟ ɦɨɞɟɪɧɢɡɚ-
ɰɢɢ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɤ ɩɪɟɠɧɢɦ ɬɭɪɛɢɧɚɦ ɩɨɞɜɨɞɢɥɫɹ ɩɚɪ ɬɨɥɶɤɨ ɨɬ 
ɩɪɟɞɜɤɥɸɱɟɧɧɵɯ ɬɭɪɛɢɧ. Ɍɚɤɭɸ ɧɚɞɫɬɪɨɣɤɭ ɧɚɡɵɜɚɸɬ ɩɨɥɧɨɣ. ɉɪɢ 

ɩɨɥɧɨɣ ɧɚɞɫɬɪɨɣɤɟ ɜɫɹ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹ, ɜ ɫɭɳɧɨɫɬɢ, ɩɟɪɟɜɨɞɢɬɫɹ ɧɚ ɛɨ-
ɥɟɟ ɜɵɫɨɤɢɟ ɩɚɪɚɦɟɬɪɵ ɩɚɪɚ. ɋɬɚɪɵɟ ɩɚɪɨɜɵɟ ɤɨɬɥɵ ɩɪɢ ɷɬɨɦ ɦɨɝɭɬ 
ɛɵɬɶ ɞɟɦɨɧɬɢɪɨɜɚɧɵ. 

ȿɫɥɢ ɪɚɫɯɨɞ ɩɚɪɚ ɩɪɟɞɜɤɥɸɱɟɧɧɵɯ ɬɭɪɛɢɧ ɦɟɧɶɲɟ ɬɪɟɛɭɟɦɨɝɨ 
ɪɚɫɯɨɞɚ ɧɚ ɩɪɟɠɧɢɟ ɬɭɪɛɢɧɵ, ɬɨ ɧɟɞɨɫɬɚɸɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɩɚɪɚ ɩɨɞɚɟɬɫɹ 
ɤ ɧɢɦ ɨɬ ɤɨɬɥɨɜ ɫɭɳɟɫɬɜɭɸɳɟɣ ɭɫɬɚɧɨɜɤɢ ɢ ɧɚɞɫɬɪɨɣɤɚ ɹɜɥɹɟɬɫɹ ɧɟ-
ɩɨɥɧɨɣ. 

ȼɧɭɬɪɟɧɧɢɣ ɚɛɫɨɥɸɬɧɵɣ ɄɉȾ ɭɫɬɚɧɨɜɤɢ ɫ ɧɚɞɫɬɪɨɣɤɨɣ ɦɨɠɟɬ 
ɛɵɬɶ ɨɩɪɟɞɟɥɟɧ ɩɨ ɮɨɪɦɭɥɟ: 
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0, ɧL L – ɪɚɛɨɬɚ ɩɚɪɚ ɜ ɩɪɟɠɧɟɣ ɢ ɩɪɟɞɜɤɥɸɱɟɧɧɨɣ ɬɭɪɛɢɧɚɯ, ɪɚɫ-
ɫɱɢɬɚɧɧɚɹ ɧɚ 1 ɤɝ ɩɚɪɚ, ɩɨɞɜɟɞɟɧɧɨɝɨ ɤ ɫɭɳɟɫɬɜɨɜɚɜɲɟɣ 

ɪɚɧɟɟ ɬɭɪɛɢɧɟ;  
0q  – ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɡɚɬɪɚɱɟɧɧɨɣ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ 1 ɤɝ ɩɚɪɚ ɜ 
ɩɪɟɠɧɟɣ ɭɫɬɚɧɨɜɤɟ;  

ɧq  – ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɪɚɫɯɨɞ ɬɟɩɥɨɬɵ ɧɚ 1 ɤɝ ɩɚɪɚ ɜ ɧɚɞɫɬɪɨɣɤɟ. 
 

ɍɱɢɬɵɜɚɹ, ɱɬɨ ɧ ɧL q= , ɩɨɫɥɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɩɨɥɭɱɚɟɦ: 
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= – ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ;  

0
iη  – ɜɧɭɬɪɟɧɧɢɣ ɚɛɫɨɥɸɬɧɵɣ ɄɉȾ ɧɚɞɫɬɪɚɢɜɚɟɦɵɯ ɬɭɪɛɢɧ ɫɬɚɧ-

ɰɢɢ. 

ȿɫɥɢ ɧɚɞɫɬɪɨɣɤɚ ɩɨɥɧɚɹ, ɬɨ ɪɚɫɯɨɞ ɩɚɪɚ ɩɨɫɥɟ ɩɪɟɞɜɤɥɸɱɟɧɧɵɯ 
ɬɭɪɛɢɧ ɪɚɜɟɧ ɫɭɦɦɟ ɪɚɫɯɨɞɨɜ ɧɚ ɩɪɟɠɧɢɟ ɬɭɪɛɢɧɵ ɢ ɧA  ɦɚɤɫɢɦɚɥɶɧɵɣ. 

ɉɪɢ ɨɞɧɢɯ ɢ ɬɟɯ ɠɟ ɪɚɫɯɨɞɚɯ ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɡɪɚɫɬɚɟɬ, 
ɤɨɧɟɱɧɨ, ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɩɚɪɚɦɟɬɪɨɜ ɩɚɪɚ ɩɟɪɟɞ ɩɪɟɞɜɤɥɸɱɟɧɧɨɣ ɬɭɪɛɢ-

ɧɨɣ. 

ɂɡ (4.9) ɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɩɪɢɧɹɬɵɯ ɧɨɜɵɯ ɧɚɱɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɚɯ 
ɧɚɞɫɬɪɨɣɤɚ ɞɚɟɬ ɬɟɦ ɛɨɥɶɲɭɸ ɷɤɨɧɨɦɢɸ ɬɟɩɥɨɬɵ, ɱɟɦ ɧɢɠɟ ɄɉȾ ɩɪɟɠ-

ɧɟɣ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. 

Ɏɨɪɦɭɥɚ (4.9) ɩɪɢɦɟɧɢɦɚ ɤɚɤ ɞɥɹ Ʉɗɋ, ɬɚɤ ɢ ɞɥɹ Ɍɗɐ. ȼ ɩɨɫɥɟɞ-

ɧɟɦ ɫɥɭɱɚɟ ɫɥɟɞɭɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɢɡɦɟɧɟɧɢɟ ɄɉȾ ɩɨ ɩɪɨɢɡɜɨɞɫɬɜɭ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ i ɌЭɐη . Ɍɚɤ ɤɚɤ ɨɛɵɱɧɨ 0

i ɌЭɐ iη η> ɬɨ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɩɨ-
ɜɵɲɟɧɢɟ ɄɉȾ ɩɪɢ ɧɚɞɫɬɪɨɣɤɟ ɧɚ Ɍɗɐ ɧɢɠɟ, ɱɟɦ ɧɚ Ʉɗɋ. ɉɪɢ ɧɚɞ-

ɫɬɪɨɣɤɟ Ɍɗɐ ɨɬɩɭɫɤ ɬɟɩɥɨɬɵ ɜɧɟɲɧɢɦ ɩɨɬɪɟɛɢɬɟɥɹɦ ɨɫɬɚɟɬɫɹ ɧɟɢɡɦɟɧ-

ɧɵɦ. 

ɋɪɚɜɧɢɜɚɹ ɫɯɟɦɵ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɫ ɩɪɢɫɬɪɨɣɤɚɦɢ ɢ ɧɚɞɫɬɪɨɣɤɚ-
ɦɢ, ɦɨɠɧɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɩɪɢ ɧɚɞɫɬɪɨɣɤɟ ɫɨɯɪɚɧɹɟɬɫɹ ɩɪɟɠɧɹɹ ɫɢɫɬɟɦɚ 
ɬɟɯɧɢɱɟɫɤɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɩɪɢ ɩɪɢɫɬɪɨɣɤɟ ɨɧɚ ɪɚɫ-
ɲɢɪɹɟɬɫɹ. 
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Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɤɚɩɢɬɚɥɶɧɵɟ ɡɚ-
ɬɪɚɬɵ ɧɚ ɧɚɞɫɬɪɨɣɤɭ ɛɵɫɬɪɨ ɨɤɭɩɚɸɬɫɹ, ɨɫɨɛɟɧɧɨ ɩɪɢ ɞɨɪɨɝɨɫɬɨɹɳɟɦ 

ɬɨɩɥɢɜɟ. 
Ⱦɥɹ ɭɞɨɛɫɬɜɚ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɢɫɬɪɨɣɤɢ ɨɛɵɱɧɨ ɫɨɟɞɢɧɹɸɬ ɫ 

ɩɪɟɠɧɢɦɢ ɩɚɪɨɬɭɪɛɢɧɧɵɦɢ ɭɫɬɚɧɨɜɤɚɦɢ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɩɚɪɨɜɵɦɢ ɢ 

ɜɨɞɹɧɵɦɢ ɥɢɧɢɹɦɢ (ɫɦ. ɪɢɫ. 4.13, ɚ). ɉɪɢ ɷɬɨɦ ɜ ɤɚɱɟɫɬɜɟ ɞɨɛɚɜɨɱɧɨɣ 

ɜɨɞɵ ɩɚɪɨɜɵɯ ɤɨɬɥɨɜ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɨɧɞɟɧɫɚɬ 
ɢɡ ɥɢɧɢɢ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ. Ɍɚɤ ɤɚɤ ɤɚɱɟɫɬɜɨ ɞɨɛɚɜɨɱɧɨɣ ɜɨɞɵ ɞɥɹ ɤɨɬ-
ɥɨɜ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ ɦɨɠɟɬ ɛɵɬɶ ɡɚɦɟɬɧɨ ɧɢɠɟ, ɱɟɦ ɞɥɹ ɤɨɬɥɨɜ ɜɵɫɨ-
ɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɷɬɨ ɞɚɟɬ ɨɩɪɟɞɟɥɟɧɧɭɸ ɷɤɨɧɨɦɢɸ. 

ɇɚɞɫɬɪɨɣɤɚ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɦɟɬɨɞɨɜ ɦɨɞɟɪɧɢɡɚɰɢɢ ɷɥɟɤɬɪɨ-
ɫɬɚɧɰɢɣ ɫ ɦɨɪɚɥɶɧɨ ɭɫɬɚɪɟɜɲɢɦ ɨɛɨɪɭɞɨɜɚɧɢɟɦ, ɩɪɢ ɤɨɬɨɪɵɯ ɢɯ ɬɟɩɥɨ-
ɜɚɹ ɢ ɨɛɳɚɹ ɷɤɨɧɨɦɢɱɧɨɫɬɶ ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɜɵɲɚɟɬɫɹ. Ɉɞɧɚɤɨ ɟɫɥɢ ɨɫ-
ɧɨɜɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɩɨɫɥɟ ɤɚɩɢɬɚɥɶɧɨɝɨ ɪɟɦɨɧɬɚ 
ɦɨɠɧɨ ɟɳɟ ɞɥɢɬɟɥɶɧɨ ɷɤɫɩɥɭɚɬɢɪɨɜɚɬɶ, ɧɨ ɩɨɤɚɡɚɬɟɥɢ ɷɬɨɣ Ɍɗɋ ɡɧɚɱɢ-

ɬɟɥɶɧɨ ɧɢɠɟ, ɱɟɦ ɧɚ ɫɨɜɪɟɦɟɧɧɵɯ ɩɚɪɨɬɭɪɛɢɧɧɵɯ ɭɫɬɚɧɨɜɤɚɯ, ɬɚɤ ɤɚɤ 
ɨɛɨɪɭɞɨɜɚɧɢɟ ɦɨɪɚɥɶɧɨ ɭɫɬɚɪɟɥɨ, ɟɟ ɦɨɠɧɨ ɦɨɞɟɪɧɢɡɢɪɨɜɚɬɶ ɢ ɞɪɭɝɢɦɢ 

ɦɟɬɨɞɚɦɢ. ɇɚɩɪɢɦɟɪ, Ʉɗɋ ɦɨɠɟɬ ɛɵɬɶ ɪɟɤɨɧɫɬɪɭɢɪɨɜɚɧɚ ɢ ɩɟɪɟɜɟɞɟɧɚ 
ɧɚ ɤɨɦɛɢɧɢɪɨɜɚɧɧɭɸ ɜɵɪɚɛɨɬɤɭ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ. 

ɉɪɢ ɬɚɤɨɣ ɦɨɞɢɮɢɤɚɰɢɢ ɩɚɪɨɜɵɟ ɬɭɪɛɢɧɵ ɪɟɤɨɧɫɬɪɭɢɪɭɸɬɫɹ, ɚ ɩɚɪɨ-
ɜɵɟ ɤɨɬɥɵ ɦɨɝɭɬ ɨɫɬɚɬɶɫɹ ɛɟɡ ɫɭɳɟɫɬɜɟɧɧɵɯ ɢɡɦɟɧɟɧɢɣ. Ɍɭɪɛɢɧɵ ɦɨɝɭɬ 
ɛɵɬɶ ɨɛɨɪɭɞɨɜɚɧɵ ɩɪɨɦɵɲɥɟɧɧɵɦɢ ɢ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɦɢ ɪɟɝɭɥɢɪɭɟ-
ɦɵɦɢ ɨɬɛɨɪɚɦɢ ɢɥɢ ɪɟɤɨɧɫɬɪɭɢɪɨɜɚɧɵ ɜ ɬɭɪɛɢɧɵ ɫ ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɟɦ. 

Ʉɨɧɟɱɧɨ, ɞɥɹ ɬɚɤɨɣ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɩɨɬɪɟɛɭɸɬɫɹ ɢ ɧɨɜɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ 
(ɫɟɬɟɜɵɟ ɩɨɞɨɝɪɟɜɚɬɟɥɶɧɵɟ ɭɫɬɚɧɨɜɤɢ, ɞɟɚɷɪɚɬɨɪɵ ɩɨɞɩɢɬɨɱɧɨɣ ɫɟɬɟɜɨɣ 

ɜɨɞɵ, ɪɟɞɭɤɰɢɨɧɧɨ-ɨɯɥɚɞɢɬɟɥɶɧɵɟ ɭɫɬɚɧɨɜɤɢ, ɩɚɪɨɜɵɟ ɢ ɜɨɞɹɧɵɟ ɤɨɦ-

ɦɭɧɢɤɚɰɢɢ ɜ ɩɪɟɞɟɥɚɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɚ ɬɚɤɠɟ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɟ ɬɪɭ-
ɛɨɩɪɨɜɨɞɵ ɢ ɩɚɪɨɩɪɨɜɨɞɵ ɤ ɩɨɬɪɟɛɢɬɟɥɸ ɬɟɩɥɨɬɵ ɢ ɞɪ.), ɩɪɢɛɨɪɵ ɢ 

ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ, ɨɤɚɠɟɬɫɹ ɧɟɨɛɯɨɞɢɦɵɦ ɪɚɫɲɢ-

ɪɢɬɶ ɪɹɞ ɰɟɯɨɜ, ɩɪɟɠɞɟ ɜɫɟɝɨ ɰɟɯɚ ɯɢɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɜɨɞɵ, ɬɚɤ ɤɚɤ 
ɧɚɪɹɞɭ ɫ ɯɢɦɢɱɟɫɤɢ ɨɛɪɚɛɨɬɚɧɧɨɣ ɜɨɞɨɣ ɞɥɹ ɩɚɪɨɜɵɯ ɤɨɬɥɨɜ ɩɨɬɪɟɛɭ-
ɟɬɫɹ ɨɛɪɚɛɨɬɚɧɧɚɹ ɜɨɞɚ ɞɥɹ ɡɚɩɨɥɧɟɧɢɹ ɢ ɩɨɞɩɢɬɤɢ ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ. 

ɉɪɢ ɬɚɤɨɣ ɦɨɞɟɪɧɢɡɚɰɢɢ ɪɚɫɯɨɞɵ ɬɨɩɥɢɜɚ ɢ ɬɟɩɥɨɬɵ ɧɚ ɜɵɪɚɛɨɬ-
ɤɭ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɧɢɡɹɬɫɹ ɢ ɦɨɝɭɬ ɞɚɠɟ ɨɤɚɡɚɬɶɫɹ ɛɥɢɡ-
ɤɢɦɢ ɡɧɚɱɟɧɢɹɦ, ɯɚɪɚɤɬɟɪɧɵɦ ɞɥɹ ɫɨɜɪɟɦɟɧɧɵɯ Ɍɗɐ. Ɉɞɧɚɤɨ ɧɚɱɚɥɶ-
ɧɵɟ ɩɚɪɚɦɟɬɪɵ ɧɚ ɪɟɤɨɧɫɬɪɭɢɪɭɟɦɨɣ ɭɫɬɚɧɨɜɤɟ ɜɫɟɝɞɚ ɛɭɞɭɬ ɡɧɚɱɢ-

ɬɟɥɶɧɨ ɧɢɠɟ, ɱɟɦ ɧɚ ɫɨɜɪɟɦɟɧɧɨɣ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɞɚɜɥɟɧɢɹ ɜ ɨɬɛɨɪɚɯ 
ɩɪɢɦɟɪɧɨ ɨɞɢɧɚɤɨɜɵɟ, ɩɨɷɬɨɦɭ ɭɞɟɥɶɧɚɹ ɜɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ 
ɬɟɩɥɨɜɨɦ ɩɨɬɪɟɛɥɟɧɢɢ, ɤɚɤ ɢ ɨɛɳɚɹ ɜɵɪɚɛɨɬɤɚ ɬɟɩɥɨɬɵ .ɬ ɩQ , ɨɬɞɚɜɚɟ-
ɦɨɣ Ɍɉ, ɡɞɟɫɶ ɛɭɞɟɬ, ɤɨɧɟɱɧɨ, ɡɚɦɟɬɧɨ ɧɢɠɟ, ɱɟɦ ɧɚ ɫɨɜɪɟɦɟɧɧɨɣ Ɍɗɐ, 
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ɪɚɫɫɱɢɬɚɧɧɨɣ ɧɚ ɜɵɪɚɛɨɬɤɭ ɬɚɤɨɝɨ ɠɟ ɤɨɥɢɱɟɫɬɜɚ ɬɟɩɥɨɬɵ .ɬ ɩQ . ɉɨɷɬɨ-
ɦɭ ɞɥɹ ɨɰɟɧɤɢ ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɩɪɢɧɹɬɨɝɨ ɦɟɬɨɞɚ ɦɨɞɟɪɧɢɡɚɰɢɢ ɫɥɟɞɭɟɬ 
ɫɨɩɨɫɬɚɜɢɬɶ ɭɞɟɥɶɧɵɟ ɢɥɢ ɩɨɥɧɵɟ ɩɪɢɜɟɞɟɧɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɩɪɨɢɡɜɨɞɫɬ-
ɜɨ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɬɟɩɥɨɬɵ ɩɪɢ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɢ 

ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɧɨɜɨɣ. ɉɪɢ ɷɬɨɦ ɞɥɹ ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ .ɬ ɩQ  ɝɨɞɨɜɚɹ ɜɵɪɚ-
ɛɨɬɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɛɭɞɟɬ ɪɚɡɧɨɣ, ɢ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɡɚɬɪɚɬ ɷɁ  ɧɚ ɜɵ-

ɪɚɛɨɬɤɭ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɜɚɪɢɚɧɬɟ ɫ ɦɟɧɶɲɟɣ ɜɵɪɚɛɨɬɤɨɣ (ɩɪɢ ɦɨɞɟɪ-
ɧɢɡɚɰɢɢ ɩɚɪɨɬɭɪɛɢɧɧɨɣ ɭɫɬɚɧɨɜɤɢ) ɧɟɨɛɯɨɞɢɦɨ ɭɱɟɫɬɶ ɷɁΔ  ɩɨ ɡɚɦɟ-
ɳɚɸɳɟɣ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. 

 

 

 

 

 

ȼɨɩɪɨɫɵ ɞɥɹ ɫɚɦɨɩɪɨɜɟɪɤɢ 

 

 

1. ɉɟɪɟɱɢɫɥɢɬɟ ɩɨɤɚɡɚɬɟɥɢ ɬɟɩɥɨɜɨɣ ɷɤɨɧɨɦɢɱɧɨɫɬɢ Ʉɗɋ. 

2. ɉɨɹɫɧɢɬɟ ɩɨɧɹɬɢɟ «ɫɨɩɪɹɠɟɧɧɵɟ ɩɚɪɚɦɟɬɪɵ». 

3. ȼ ɤɚɤɨɦ ɫɥɭɱɚɟ ɷɤɨɧɨɦɢɱɟɫɤɢ ɨɩɪɚɜɞɚɧɨ ɩɪɢɦɟɧɟɧɢɟ ɩɪɨɦɟɠɭɬɨɱɧɨ-
ɝɨ ɩɟɪɟɝɪɟɜɚ ɩɚɪɚ ɧɚ Ʉɗɋ? 

4. Ʉɚɤ ɫɤɚɠɟɬɫɹ ɧɚ ɄɉȾ ɫɬɚɧɰɢɢ ɩɨɜɵɲɟɧɢɟ ɧɚɱɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɚ-
ɪɚ? 

5. Ⱦɨ ɤɚɤɢɯ ɩɪɟɞɟɥɨɜ ɨɩɪɚɜɞɚɧɨ ɩɨɧɢɠɟɧɢɟ ɤɨɧɟɱɧɨɝɨ ɞɚɜɥɟɧɢɹ ɩɚɪɚ? 

ɉɨɱɟɦɭ? 
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Ƚɥɚɜɚ ɩяɬɚя. ɊȿȽȿɇȿɊȺɌɂȼɇɕɃ ɉɈȾɈȽɊȿȼ ɉɂɌȺɌȿɅɖ-

ɇɈɃ ȼɈȾɕ ɇȺ ɌȿɉɅɈȼɕɏ ɂ ȺɌɈɆɇɕɏ ɗɅȿɄɌɊɈɋɌȺɇ-

ɐɂəɏ 

5.1. ȼɅɂəɇɂȿ ɊȿȽȿɇȿɊȺɌɂȼɇɈȽɈ ɉɈȾɈȽɊȿȼȺ ɇȺ ɌȿɉɅɈ-

ȼɍɘ ɗɄɈɇɈɆɂɑɇɈɋɌɖ ɗɅȿɄɌɊɈɋɌȺɇɐɂɂ 

Ɋɟɝɟɧɟɪɚɬɢɜɧɵɣ ɩɨɞɨɝɪɟɜ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɧɚ-
ɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚ ɜɫɟɯ ɩɚɪɨɬɭɪɛɢɧɧɵɯ ɭɫɬɚɧɨɜɤɚɯ. ɗɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, 

ɱɬɨ ɬɚɤɨɣ ɩɨɞɨɝɪɟɜ ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɜɵɲɚɟɬ ɬɟɩɥɨɜɭɸ ɢ ɨɛɳɭɸ ɷɤɨɧɨ-
ɦɢɱɧɨɫɬɶ ɭɫɬɚɧɨɜɨɤ. ȼ ɫɯɟɦɚɯ ɫ ɪɟɝɟɧɟɪɚɬɢɜɧɵɦ ɩɨɞɨɝɪɟɜɨɦ ɩɨɬɨɤɢ ɩɚ-
ɪɚ, ɨɬɜɨɞɢɦɵɟ ɢɡ ɬɭɪɛɢɧɵ ɜ ɪɟɝɟɧɟɪɚɬɢɜɧɵɟ ɩɨɞɨɝɪɟɜɚɬɟɥɢ, ɫɨɜɟɪɲɚɸɬ 
ɪɚɛɨɬɭ ɛɟɡ ɩɨɬɟɪɶ ɜ ɯɨɥɨɞɧɨɦ ɢɫɬɨɱɧɢɤɟ (ɤɨɧɞɟɧɫɚɬɨɪɟ). ɉɪɢ ɷɬɨɦ ɞɥɹ 
ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ ɬɭɪɛɨɝɟɧɟɪɚɬɨɪɚ ЭN  ɪɚɫɯɨɞ 

ɩɚɪɚ ɜ ɤɨɧɞɟɧɫɚɬɨɪ ɭɦɟɧɶɲɚɟɬɫɹ ɢ ɄɉȾ ɭɫɬɚɧɨɜɤɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. 
Ʉɨɥɢɱɟɫɬɜɨ ɩɚɪɚ, ɨɬɛɢɪɚɟɦɨɝɨ ɢɡ ɨɬɛɨɪɨɜ, ɡɚɜɢɫɢɬ ɩɪɟɠɞɟ ɜɫɟɝɨ 

ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ, ɞɨ ɤɨɬɨɪɨɣ ɦɨɠɟɬ ɛɵɬɶ ɩɨɞɨɝɪɟɬ ɤɨɧɞɟɧɫɚɬ ɬɭɪɛɢɧɵ. 

ɑɟɦ ɜɵɲɟ ɩɚɪɚɦɟɬɪɵ ɩɚɪɚ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ, ɬɟɦ ɛɨɥɶɲɟ ɢɧɬɟɪɜɚɥ ɬɟɦɩɟ-
ɪɚɬɭɪɵ ɩɨɞɨɝɪɟɜɚ ɤɨɧɞɟɧɫɚɬɚ ɢ ɛɨɥɶɲɟ ɷɮɮɟɤɬ ɨɬ ɩɪɢɦɟɧɟɧɢɹ ɫɯɟɦɵ ɫ 
ɪɟɝɟɧɟɪɚɬɢɜɧɵɦ ɩɨɞɨɝɪɟɜɨɦ. Ɉɛɵɱɧɨ ɧɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ ɫɪɟɞɧɢɯ ɩɚ-
ɪɚɦɟɬɪɨɜ ɬɟɦɩɟɪɚɬɭɪɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 150÷170 

°ɋ; ɩɪɢ ɜɵɫɨɤɢɯ ɞɚɜɥɟɧɢɹɯ - ɜ ɩɪɟɞɟɥɚɯ 225÷275 °ɋ (ɩɪɢ ɧɨɦɢɧɚɥɶɧɨɣ 

ɧɚɝɪɭɡɤɟ ɢ ɧɨɦɢɧɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɩɚɪɚ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ). 

ɇɚ ɪɢɫ. 5.1, ɚ ɩɪɢɜɟɞɟɧɚ ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɫɯɟɦɚ ɩɨɞɨɝɪɟɜɚ ɩɢɬɚɬɟɥɶ-
ɧɨɣ ɜɨɞɵ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɬɪɟɯ ɪɟɝɟɧɟɪɚɬɢɜɧɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ. ɉɨ 
ɷɬɨɣ ɫɯɟɦɟ ɪɟɝɟɧɟɪɚɬɢɜɧɵɣ ɩɨɞɨɝɪɟɜ ɜɟɞɟɬɫɹ ɜɫɟɦ ɩɨɬɨɤɨɦ ɪɚɛɨɱɟɣ 

ɫɪɟɞɵ. ɉɪɢ ɬɚɤɨɣ ɨɪɝɚɧɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ ɪɟɝɟɧɟɪɚɬɢɜɧɵɟ ɩɨɞɨɝɪɟɜɚɬɟɥɢ 

ɝɪɨɦɨɡɞɤɢ, ɩɪɨɯɨɞɧɵɟ ɫɟɱɟɧɢɹ ɨɬɛɨɪɨɜ ɢ ɤɨɦɦɭɧɢɤɚɰɢɣ ɜɟɥɢɤɢ, ɚ ɩɨɬɟ-
ɪɢ ɜ ɧɢɯ ɧɚ ɬɪɟɧɢɟ ɱɪɟɡɦɟɪɧɨ ɛɨɥɶɲɢɟ. Ʉɪɨɦɟ ɬɨɝɨ, ɜɨɡɪɚɫɬɚɟɬ ɜɥɚɠ-

ɧɨɫɬɶ ɩɚɪɚ ɜ ɩɨɫɥɟɞɧɢɯ ɫɬɭɩɟɧɹɯ ɬɭɪɛɢɧɵ. ɉɨɷɬɨɦɭ ɜ ɪɟɚɥɶɧɵɯ ɭɫɬɚ-
ɧɨɜɤɚɯ ɜ ɪɟɝɟɧɟɪɚɬɢɜɧɵɟ ɩɨɞɨɝɪɟɜɚɬɟɥɢ ɨɬɜɨɞɢɬɫɹ ɧɟ ɜɟɫɶ ɩɨɬɨɤ ɩɚɪɚ, ɚ 
ɬɨɥɶɤɨ ɧɟɛɨɥɶɲɚɹ ɟɝɨ ɱɚɫɬɶ (ɪɢɫ. 5.1, ɛ). Ɂɞɟɫɶ ɷɬɨɬ ɩɚɪ ɤɨɧɞɟɧɫɢɪɭɟɬɫɹ, 
ɨɬɞɚɜɚɹ ɬɟɩɥɨɬɭ ɤɨɧɞɟɧɫɚɰɢɢ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɟ. Ɉɛɪɚɡɨɜɚɜɲɢɣɫɹ ɩɪɢ 

ɷɬɨɦ ɤɨɧɞɟɧɫɚɬ ɜɜɨɞɹɬ ɜ ɨɛɳɢɣ ɩɨɬɨɤ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ. ɉɪɢ ɬɚɤɨɣ 

ɫɯɟɦɟ ɪɚɫɯɨɞ ɩɚɪɚ ɜ ɬɭɪɛɢɧɟ ɭɦɟɧɶɲɚɟɬɫɹ ɨɬ ɨɞɧɨɝɨ ɨɬɛɨɪɚ ɤ ɞɪɭɝɨɦɭ. 
Ⱦɥɹ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɦɨɳɧɨɫɬɢ ɬɭɪɛɢɧɵ ɨɛɳɢɣ ɪɚɫɯɨɞ ɩɚɪɚ ɜɨɡɪɚɫɬɚɟɬ, 
ɬɚɤ ɤɚɤ 1 ɤɝ ɩɚɪɚ ɩɨɬɨɤɨɜ, ɜɵɜɨɞɢɦɵɯ ɜ ɪɟɝɟɧɟɪɚɬɢɜɧɭɸ ɫɢɫɬɟɦɭ, ɫɨ-
ɜɟɪɲɚɟɬ ɦɟɧɶɲɭɸ ɪɚɛɨɬɭ, ɱɟɦ 1 ɤɝ ɩɚɪɚ ɩɨɬɨɤɚ, ɩɨɫɬɭɩɢɜɲɟɝɨ ɜ ɤɨɧ-

ɞɟɧɫɚɬɨɪ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɵɫɨɬɚ ɥɨɩɚɬɨɤ ɜ ɑȼȾ ɩɨɥɭɱɚɟɬɫɹ ɛɨɥɶɲɟɣ, ɱɟɦ 

ɞɥɹ ɬɭɪɛɢɧɵ ɛɟɡ ɪɟɝɟɧɟɪɚɬɢɜɧɵɯ ɨɬɛɨɪɨɜ, ɚ ɜ ɑɇȾ - ɦɟɧɶɲɟɣ. ɗɬɨ, ɤɚɤ 
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ɢɡɜɟɫɬɧɨ, ɭɜɟɥɢɱɢɜɚɟɬ ɜɧɭɬɪɟɧɧɢɣ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɄɉȾ oiη ;. Ɍɚɤɢɦ ɨɛ-

ɪɚɡɨɦ, ɩɪɢɦɟɧɹɟɦɚɹ ɜ ɪɟɚɥɶɧɵɯ ɭɫɬɚɧɨɜɤɚɯ ɫɯɟɦɚ ɧɟ ɬɨɥɶɤɨ ɭɫɬɪɚɧɹɟɬ 
ɧɟɞɨɫɬɚɬɤɢ ɰɢɤɥɚ ɫ ɩɨɫɬɨɹɧɧɵɦ ɪɚɫɯɨɞɨɦ ɩɚɪɚ, ɧɨ ɢ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ 
ɜɵɩɨɥɧɢɬɶ ɩɪɨɬɨɱɧɭɸ ɱɚɫɬɶ ɬɭɪɛɢɧɵ ɛɨɥɟɟ ɫɨɜɟɪɲɟɧɧɨɣ. 

 

 

Ɋɢɫ. 5.1. ɋɯɟɦɵ ɪɟɝɟɧɟɪɚɬɢɜɧɨɝɨ ɩɨɞɨɝɪɟɜɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɜ ɬɪɟɯ ɪɟɝɟɧɟɪɚɬɢɜ-
ɧɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɹɯ ɩɪɢ ɨɬɜɨɞɟ ɜ ɩɨɞɨɝɪɟɜɚɬɟɥɢ ɜɫɟɝɨ ɩɨɬɨɤɚ ɩɚɪɚ (ɚ) (ɬɟɨ-
ɪɟɬɢɱɟɫɤɢɣ ɰɢɤɥ) ɢ ɩɪɢ ɨɬɜɨɞɟ ɜ ɧɢɯ ɧɟɛɨɥɶɲɨɣ ɱɚɫɬɢ ɩɚɪɚ ɢɡ ɨɬɛɨɪɨɜ ɬɭɪ-
ɛɢɧɵ (ɛ): 

1 - ɬɭɪɛɨɝɟɧɟɪɚɬɨɪɧɚɹ ɭɫɬɚɧɨɜɤɚ;  
2 - ɤɨɧɞɟɧɫɚɬɨɪ;  
3 - ɪɟɝɟɧɟɪɚɬɢɜɧɵɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ;  
4 - ɧɚɫɨɫ 

 

ɇɚ ɪɢɫ. 5.2 ɜ ,T s - ɞɢɚɝɪɚɦɦɟ ɢɡɨɛɪɚɠɟɧɵ ɪɟɝɟɧɟɪɚɬɢɜɧɵɟ ɰɢɤɥɵ 

ɩɪɢ ɚɞɢɚɛɚɬɢɱɟɫɤɨɦ ɪɚɫɲɢɪɟɧɢɢ ɧɚɫɵɳɟɧɧɨɝɨ ɢ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ, ɤɨ-
ɝɞɚ ɩɨɞɨɝɪɟɜ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɢɡɨɛɚɪɢɱɟɫɤɢ ɜɨ ɦɧɨɝɢɯ 
ɩɨɞɨɝɪɟɜɚɬɟɥɹɯ.  
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Ɋɢɫ. 5.2. Ɋɟɝɟɧɟɪɚɬɢɜɧɵɣ ɰɢɤɥ ɞɥɹ ɧɚɫɵɳɟɧɧɨɝɨ (ɚ) ɢ ɩɟɪɟɝɪɟɬɨɝɨ (ɛ) ɩɚɪɚ 

 

ɉɪɢ ɬɚɤɨɣ ɫɯɟɦɟ ɞɥɹ ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ, ɤɨɝɞɚ ɱɢɫɥɨ ɩɨɞɨɝɪɟɜɚɬɟ-
ɥɟɣ ɛɟɫɤɨɧɟɱɧɨ ɛɨɥɶɲɨɟ, ɧɚɝɪɟɜ ɜɨɞɵ ɦɨɠɟɬ ɛɵɬɶ ɨɫɭɳɟɫɬɜɥɟɧ ɞɨ ɬɟɦ-

ɩɟɪɚɬɭɪɵ ɩɚɪɚ 0T , ɪɚɜɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚɫɵɳɟɧɢɹ, ɢ ɫɬɭɩɟɧɱɚɬɚɹ ɥɢɧɢɹ 
CD (ɪɢɫ. 5.2, ɚ) ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɜ ɩɥɚɜɧɭɸ ɤɪɢɜɭɸ, ɷɤ-
ɜɢɞɢɫɬɚɧɬɧɭɸ ɤɪɢɜɨɣ ɩɨɞɨɝɪɟɜɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ Ⱥȼ. ɉɨɥɭɱɟɧɧɵɣ 

ɩɪɢ ɷɬɨɦ ɰɢɤɥ ɧɚɡɵɜɚɸɬ ɩɪɟɞɟɥɶɧɵɦ ɪɟɝɟɧɟɪɚɬɢɜɧɵɦ ɰɢɤɥɨɦ ɧɚɫɵ-

ɳɟɧɧɨɝɨ ɩɚɪɚ. Ʌɟɝɤɨ ɜɢɞɟɬɶ, ɱɬɨ ɄɉȾ ɷɬɨɝɨ ɰɢɤɥɚ ɪɚɜɟɧ ɄɉȾ ɰɢɤɥɚ 
Ʉɚɪɧɨ. 

Ɋɟɝɟɧɟɪɚɬɢɜɧɵɣ ɩɨɞɨɝɪɟɜ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɜ ɰɢɤɥɟ ɫ ɩɟɪɟɝɪɟɬɵɦ 

ɩɚɪɨɦ ɬɚɤɠɟ ɩɨɜɵɲɚɟɬ ɄɉȾ, ɨɞɧɚɤɨ ɬɟɪɦɢɱɟɫɤɢɣ ɄɉȾ ɪɟɝɟɧɟɪɚɬɢɜɧɨɝɨ 
ɰɢɤɥɚ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ ɜɫɟɝɞɚ ɧɢɠɟ ɄɉȾ ɰɢɤɥɚ Ʉɚɪɧɨ ɩɪɢ ɨɞɧɢɯ ɢ ɬɟɯ 
ɠɟ ɧɚɱɚɥɶɧɵɯ ɢ ɤɨɧɟɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. ɇɚɝɪɟɜ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɩɪɢ 

ɷɬɨɦ ɬɚɤɠɟ ɦɨɠɟɬ ɛɵɬɶ ɨɫɭɳɟɫɬɜɥɟɧ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ, ɛɥɢɡɤɨɣ ɤ 0ɇT , 

ɤɨɬɨɪɚɹ ɡɧɚɱɢɬɟɥɶɧɨ ɧɢɠɟ ɧɚɱɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɩɚɪɚ 0T  (ɪɢɫ. 5.2, ɛ). 
Ɋɚɫɫɦɨɬɪɟɜ ɪɚɛɨɱɢɣ ɩɪɨɰɟɫɫ ɩɚɪɚ ɞɥɹ ɫɯɟɦɵ ɫ ɪɟɝɟɧɟɪɚɬɢɜɧɵɦ 

ɩɨɞɨɝɪɟɜɨɦ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ, ɦɵ ɭɫɬɚɧɨɜɢɥɢ, ɱɬɨ ɪɟɝɟɧɟɪɚɬɢɜɧɵɣ ɩɨ-
ɞɨɝɪɟɜ ɭɜɟɥɢɱɢɜɚɟɬ ɄɉȾ ɭɫɬɚɧɨɜɤɢ, ɧɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɩɪɢ ɷɬɨɦ ɞɥɹ 
ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɦɨɳɧɨɫɬɢ ɭɫɬɚɧɨɜɤɢ ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ ɬɭɪɛɢɧɭ ɜɨɡɪɚɫɬɚɟɬ. 
Ʉɨɥɢɱɟɫɬɜɟɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ ɡɧɚɱɟɧɢɹɦɢ ɄɉȾ ɪɟɝɟɧɟɪɚɬɢɜɧɨɣ ɢ 

ɩɪɨɫɬɟɣɲɟɣ ɤɨɧɞɟɧɫɚɰɢɨɧɧɨɣ ɭɫɬɚɧɨɜɨɤ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧɚ ɢɡ ɫɥɟ-
ɞɭɸɳɢɯ ɫɨɨɬɧɨɲɟɧɢɣ. 

Ⱦɥɹ ɫɯɟɦɵ ɫ ɪɟɝɟɧɟɪɚɬɢɜɧɵɦ ɩɨɞɨɝɪɟɜɨɦ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɜ ɩɨ-
ɞɨɝɪɟɜɚɬɟɥɹɯ (ɫɦ. ɪɢɫ. 5.1, ɛ) ɜɧɭɬɪɟɧɧɢɣ ɚɛɫɨɥɸɬɧɵɣ ɄɉȾ ɨɩɪɟɞɟɥɹɟɬ-
ɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
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ɝɞɟ  
0 ., ɩ ɤh h  - ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ ɢ ɧɚ ɜɯɨɞɟ ɜ ɤɨɧɞɟɧɫɚɬɨɪ;  

ɤh  - ɷɧɬɚɥɶɩɢɹ ɤɨɧɞɟɧɫɚɬɚ;  
jɪh  - ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ j-ɝɨ ɨɬɛɨɪɚ;  

,jɪ ɤα α  - ɞɨɥɹ ɨɛɳɟɝɨ ɪɚɫɯɨɞɚ ɩɚɪɚ ɧɚ ɬɭɪɛɢɧɭ, ɨɬɛɢɪɚɟɦɚɹ j-ɣ ɨɬ-
ɛɨɪ ɢ ɩɨɫɬɭɩɚɸɳɚɹ ɜ ɤɨɧɞɟɧɫɚɬɨɪ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ɉɪɢ ɷɬɨɦ (5.1) ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ: 
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ȼɵɪɚɠɟɧɢɟ  
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ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɬɧɨɲɟɧɢɟ ɪɚɛɨɬɵ ɜɫɟɯ ɩɨɬɨɤɨɜ ɩɚɪɚ, ɨɬɜɨɞɢɦɵɯ ɜ 
ɨɬɛɨɪɵ, ɤ ɪɚɛɨɬɟ ɤɨɧɞɟɧɫɚɰɢɨɧɧɨɝɨ ɩɨɬɨɤɚ, ɚ ɨɬɧɨɲɟɧɢɟ 

0 . 0( ) /( )ɩ ɤ ɤh h h h− −  - ɄɉȾ ɩɪɨɫɬɟɣɲɟɣ ɤɨɧɞɟɧɫɚɰɢɨɧɧɨɣ ɭɫɬɚɧɨɜɤɢ (ɛɟɡ 
ɪɟɝɟɧɟɪɚɰɢɢ). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, (5.2) ɩɪɢɧɢɦɚɟɬ ɜɢɞ 
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ɂɡ (5.4) ɜɢɞɧɨ, ɱɬɨ ɜɨ ɜɫɟɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɪA ɩɨɥɨɠɢɬɟɥɶɧɨ, ɄɉȾ 

ɪɟɝɟɧɟɪɚɬɢɜɧɨɝɨ ɰɢɤɥɚ iɪ iɤη η> . ɑɟɦ ɛɨɥɶɲɟ ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢ-

ɟɧɬ (ɬ.ɟ. ɪɚɛɨɬɚ ɩɨɬɨɤɨɜ ɩɚɪɚ, ɩɨɫɬɭɩɚɸɳɢɯ ɜ ɨɬɛɨɪ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɪɚ-
ɛɨɬɨɣ ɩɚɪɚ ɤɨɧɞɟɧɫɚɰɢɨɧɧɨɝɨ ɩɨɬɨɤɚ), ɬɟɦ ɛɨɥɶɲɟ ɷɮɮɟɤɬ ɨɬ ɩɪɢɦɟɧɟ-
ɧɢɹ ɪɟɝɟɧɟɪɚɬɢɜɧɨɝɨ ɩɨɞɨɝɪɟɜɚ. Ʉɨɝɞɚ ɨɬɛɨɪɨɜ ɧɚ ɪɟɝɟɧɟɪɚɰɢɸ ɧɟɬ 
( 0jɪα = ), iɪ iɤη η= . Ⱥɧɚɥɨɝɢɱɧɵɣ ɪɟɡɭɥɶɬɚɬ ɛɭɞɟɬ ɢ ɜ ɬɨɦ ɫɥɭɱɚɟ, ɤɨɝɞɚ 
ɧɚ ɩɨɞɨɝɪɟɜ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɨɬɜɨɞɢɬɫɹ ɫɜɟɠɢɣ ɩɚɪ (ɢɡ ɥɢɧɢɢ ɞɨ ɬɭɪ-
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ɛɢɧɵ), ɬɚɤ ɤɚɤ ɩɪɢ ɷɬɨɦ 0( ) 0iɪh h− =  ɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ 
ɬɚɤɠɟ ɪɚɜɟɧ ɧɭɥɸ. ɉɨɞɨɝɪɟɜ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɫɜɟɠɢɦ ɩɚɪɨɦ ɧɟ ɭɜɟɥɢ-

ɱɢɜɚɟɬ ɩɨɥɟɡɧɨɣ ɪɚɛɨɬɵ ɢ ɩɨɷɬɨɦɭ ɧɟ ɦɨɠɟɬ ɢɡɦɟɧɢɬɶ ɬɟɩɥɨɜɭɸ ɷɤɨɧɨ-
ɦɢɱɧɨɫɬɶ ɭɫɬɚɧɨɜɤɢ. 

Ɋɟɝɟɧɟɪɚɬɢɜɧɵɟ ɩɨɞɨɝɪɟɜɚɬɟɥɢ ɦɨɝɭɬ ɛɵɬɶ ɫɦɟɲɢɜɚɸɳɟɝɨ ɢ ɩɨ-
ɜɟɪɯɧɨɫɬɧɨɝɨ ɬɢɩɨɜ. ȼ ɩɨɞɨɝɪɟɜɚɬɟɥɹɯ ɫɦɟɲɢɜɚɸɳɟɝɨ ɬɢɩɚ ɬɟɩɥɨɩɟɪɟ-
ɞɚɱɚ ɨɬ ɩɚɪɚ ɤ ɠɢɞɤɨɫɬɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɩɪɨɰɟɫɫɟ ɛɚɪɛɨɬɚɠɚ ɢ ɤɨɧ-

ɞɟɧɫɚɰɢɟɣ ɩɚɪɚ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ɫɬɪɭɹɯ ɢ ɤɚɩɥɹɯ ɜɨɞɵ. ɉɢɬɚɬɟɥɶɧɚɹ 
ɜɨɞɚ ɩɪɢ ɷɬɨɦ ɦɨɠɟɬ ɛɵɬɶ ɧɚɝɪɟɬɚ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɫɵɳɟɧɢɹ ɝɪɟɸɳɟ-
ɝɨ ɩɚɪɚ, ɩɨɫɬɭɩɚɸɳɟɝɨ ɢɡ ɨɬɛɨɪɚ ɬɭɪɛɢɧɵ. ɉɨɞɨɝɪɟɜɚɬɟɥɢ ɩɨɜɟɪɯɧɨɫɬ-
ɧɨɝɨ ɬɢɩɚ ɛɵɜɚɸɬ ɫ ɨɯɥɚɞɢɬɟɥɹɦɢ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ ɢ ɛɟɡ ɧɟɝɨ. ɉɪɢ ɨɬ-
ɫɭɬɫɬɜɢɢ ɨɯɥɚɞɢɬɟɥɹ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ ɩɨɬɨɤ ɢɡ ɨɬɛɨɪɚ ɤɨɧɞɟɧɫɢɪɭɟɬɫɹ 
ɧɚ ɜɫɟɯ ɩɨɜɟɪɯɧɨɫɬɹɯ ɬɟɩɥɨɨɛɦɟɧɚ ɢ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɧɚ ɜɵɯɨɞɟ ɢɡ 
ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɜɫɟɝɞɚ ɧɚ 3÷5 °ɋ ɧɢɠɟ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɫɵɳɟɧɢɹ ɤɨɧɞɟɧ-

ɫɢɪɭɸɳɟɝɨɫɹ ɩɚɪɚ. ȼ ɩɨɞɨɝɪɟɜɚɬɟɥɹɯ ɫ ɨɯɥɚɞɢɬɟɥɟɦ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ 
ɩɨɫɥɟ ɩɨɞɨɝɪɟɜɚ ɜ ɱɚɫɬɢ ɩɨɞɨɝɪɟɜɚɬɟɥɹ, ɨɛɨɝɪɟɜɚɟɦɨɣ ɤɨɧɞɟɧɫɢɪɭɸ-

ɳɢɦɫɹ ɩɚɪɨɦ, ɩɨɬɨɤ ɜɨɞɵ ɩɪɨɯɨɞɢɬ ɟɳɟ ɱɟɪɟɡ ɩɨɜɟɪɯɧɨɫɬɢ, ɤ ɤɨɬɨɪɵɦ 

ɩɨɞɜɟɞɟɧ ɩɟɪɟɝɪɟɬɵɣ ɩɚɪ. ɉɨɷɬɨɦɭ ɡɞɟɫɶ ɧɟɞɨɝɪɟɜ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ-
ɫɵɳɟɧɢɹ ɩɚɪɚ ɨɬɛɨɪɚ ɨɤɚɡɵɜɚɟɬɫɹ ɧɢɠɟ. Ɉɞɧɚɤɨ ɬɚɤ ɤɚɤ ɪɚɫɯɨɞ ɩɚɪɚ 
ɡɞɟɫɶ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɜɟɥɢɤ (ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɪɚɫɯɨɞɨɦ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨ-
ɞɵ), ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɩɨɫɥɟ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɨɛɵɱɧɨ 
ɨɫɬɚɟɬɫɹ ɧɢɠɟ ɧt . 

ɉɪɢ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɬɟɦɩɟɪɚɬɭɪɟ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɱɟɦ ɦɟɧɶɲɟ 
ɧɟɞɨɝɪɟɜ ɞɨ ɧt , ɬɟɦ ɛɨɥɶɲɟ ɪɚɛɨɬɚ ɩɨɬɨɤɚ ɩɚɪɚ ɨɬɛɨɪɚ ɢ, ɤɚɤ ɜɢɞɧɨ ɢɡ 
(5.4), ɜɵɲɟ ɬɟɩɥɨɜɚɹ ɷɤɨɧɨɦɢɱɧɨɫɬɶ ɭɫɬɚɧɨɜɤɢ. ɂɡ ɷɬɨɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ 
ɧɚɢɛɨɥɶɲɢɣ ɷɮɮɟɤɬ ɨɬ ɪɟɝɟɧɟɪɚɰɢɢ ɛɭɞɟɬ ɩɪɢ ɩɪɢɦɟɧɟɧɢɢ ɩɨɞɨɝɪɟɜɚ-
ɬɟɥɟɣ ɫɦɟɲɢɜɚɸɳɟɝɨ ɬɢɩɚ. 

Ɂɚɜɢɫɢɦɨɫɬɶ (5.4) ɩɨɥɭɱɟɧɚ ɞɥɹ ɤɨɧɞɟɧɫɚɰɢɨɧɧɨɣ ɭɫɬɚɧɨɜɤɢ, 

ɢɦɟɸɳɟɣ ɥɢɲɶ ɪɟɝɟɧɟɪɚɬɢɜɧɵɟ ɨɬɛɨɪɵ. ȿɫɥɢ ɧɚɪɹɞɭ ɫ ɨɬɛɨɪɚɦɢ ɧɚ ɪɟ-
ɝɟɧɟɪɚɬɢɜɧɵɣ ɩɨɞɨɝɪɟɜ ɜ ɩɚɪɨɫɢɥɨɜɨɣ ɭɫɬɚɧɨɜɤɟ ɢɦɟɸɬɫɹ ɨɬɛɨɪɵ ɩɚɪɚ 
ɧɚ ɩɪɨɦɵɲɥɟɧɧɵɟ ɧɭɠɞɵ ɢ ɬɟɩɥɨɮɢɤɚɰɢɸ, ɬɨ ɡɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ ɄɉȾ 

ɩɨ ɩɪɨɢɡɜɨɞɫɬɜɭ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ iɌЭɐη  ɞɥɹ ɷɬɨɣ ɭɫɬɚɧɨɜɤɢ ɢ ɄɉȾ iɤη  ɞɥɹ 
ɱɢɫɬɨ ɤɨɧɞɟɧɫɚɰɢɨɧɧɨɣ ɭɫɬɚɧɨɜɤɢ ɢɦɟɟɬ ɜɢɞ: 
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Ɂɞɟɫɶ jɩα - ɞɨɥɹ ɨɛɳɟɝɨ ɪɚɫɯɨɞɚ ɩɚɪɚ, ɧɚɩɪɚɜɥɹɟɦɚɹ ɬɟɩɥɨɜɨɦɭ ɩɨ-
ɬɪɟɛɢɬɟɥɸ; jɩh  - ɷɧɬɚɥɶɩɢɹ ɷɬɨɝɨ ɩɚɪɚ; m  - ɨɛɳɟɟ ɱɢɫɥɨ ɨɬɛɨɪɨɜ ɧɚ 
ɩɪɨɦɵɲɥɟɧɧɵɟ ɧɭɠɞɵ ɢ ɬɟɩɥɨɮɢɤɚɰɢɸ; .ɬ ɩA  - ɨɬɧɨɲɟɧɢɟ ɪɚɛɨɬɵ ɩɨɬɨ-
ɤɨɜ ɩɚɪɚ, ɨɬɜɨɞɢɦɵɯ ɤ ɬɟɩɥɨɜɨɦɭ ɩɨɬɪɟɛɢɬɟɥɸ, ɤ ɪɚɛɨɬɟ ɤɨɧɞɟɧɫɚɰɢɨɧ-

ɧɨɝɨ ɩɨɬɨɤɚ. 
ɂɡ (5.5) ɜɢɞɧɨ, ɱɬɨ ɪɟɝɟɧɟɪɚɬɢɜɧɵɣ ɩɨɞɨɝɪɟɜ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɧɚ 

ɭɫɬɚɧɨɜɤɚɯ ɫ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ ɜɵɪɚɛɨɬɤɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɬɟɩɥɨɬɵ ɜ 
ɬɟɩɥɨɜɨɦ ɨɬɧɨɲɟɧɢɢ ɷɮɮɟɤɬɢɜɟɧ ɢ ɬɟɦ ɜ ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ, ɱɟɦ ɜɵɲɟ 
ɡɧɚɱɟɧɢɟ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ .ɬ ɩA . Ɉɞɧɚɤɨ ɩɪɢ ɨɞɧɢɯ ɢ ɬɟɯ 
ɠɟ ɡɧɚɱɟɧɢɹɯ ɪA  ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɢɡɦɟɧɟɧɢɟ ɄɉȾ ɩɨ ɩɪɨɢɡɜɨɞɫɬɜɭ ɷɥɟɤ-
ɬɪɨɷɧɟɪɝɢɢ ɧɚ Ɍɗɐ iɌЭɐη  ɦɟɧɶɲɟ ɢɡɦɟɧɟɧɢɹ ɄɉȾ ɞɥɹ ɤɨɧɞɟɧɫɚɰɢɨɧɧɨɣ 

ɭɫɬɚɧɨɜɤɢ iɪη . 

ɗɧɟɪɝɟɬɢɱɟɫɤɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɪA  ɢ .ɬ ɩA  ɡɚɜɢɫɹɬ ɤɚɤ ɨɬ ɨɬɧɨɫɢ-

ɬɟɥɶɧɵɯ ɪɚɫɯɨɞɨɜ ɩɨɬɨɤɨɜ ɩɚɪɚ, ɧɚɩɪɚɜɥɹɟɦɵɯ ɜ ɨɬɛɨɪ, ɬɚɤ ɢ ɨɬ ɩɟɪɟɩɚ-
ɞɚ ɷɧɬɚɥɶɩɢɢ 0( )jh h− , ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɜ ɬɭɪɛɢɧɟ. ɑɟɦ ɧɢɠɟ ɞɚɜɥɟɧɢɟ ɜ 
ɨɬɛɨɪɟ, ɬɟɦ ɩɪɢ ɨɞɢɧɚɤɨɜɵɯ ɪɚɫɯɨɞɚɯ ɩɚɪɚ ɜ ɨɬɛɨɪɟ ɜɵɲɟ ɚɛɫɨɥɸɬɧɨɟ 
ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɢ ɛɨɥɶɲɟ ɷɮɮɟɤɬ, ɨɤɚɡɵɜɚɟɦɵɣ ɨɬɛɨɪɨɦ ɧɚ ɢɡ-
ɦɟɧɟɧɢɟ ɄɉȾ. ɉɨɷɬɨɦɭ ɞɥɹ ɬɭɪɛɢɧ ɫ ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɟɦ ɪɟɝɟɧɟɪɚɬɢɜ-
ɧɵɣ ɩɨɞɨɝɪɟɜ ɩɨɜɵɲɚɟɬ ɷɤɨɧɨɦɢɱɧɨɫɬɶ ɭɫɬɚɧɨɜɤɢ (ɭɜɟɥɢɱɢɜɚɟɬ ɜɵɪɚ-
ɛɨɬɤɭ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɬɟɩɥɨɜɨɦ ɩɨɬɪɟɛɥɟɧɢɢ) ɬɨɥɶɤɨ ɬɨɝɞɚ, ɤɨɝɞɚ ɨɧ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɪɚɫɯɨɞɨɦ ɩɚɪɚ, ɫɜɟɪɯ ɬɪɟɛɭɸɳɟɝɨɫɹ 
ɞɥɹ ɧɭɠɞ ɩɪɨɢɡɜɨɞɫɬɜɚ. ȼ ɬɭɪɛɢɧɚɯ ɫ ɪɟɝɭɥɢɪɭɟɦɵɦɢ ɨɬɛɨɪɚɦɢ ɪɟɝɟɧɟ-
ɪɚɬɢɜɧɵɟ ɨɬɛɨɪɵ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɩɨɫɥɟ ɩɪɨɦɵɲɥɟɧɧɨɝɨ, ɜ ɪɚɫɱɟɬɟ ɧɚ 
ɨɞɧɨ ɢ ɬɨ ɠɟ ɤɨɥɢɱɟɫɬɜɨ ɨɬɛɢɪɚɟɦɨɝɨ ɩɚɪɚ ɨɤɚɡɵɜɚɸɬ ɛɨɥɶɲɟɟ ɜɥɢɹɧɢɟ 
ɧɚ ɄɉȾ iɌЭɐη , ɢ ɩɨɷɬɨɦɭ ɢɧɨɝɞɚ ɩɨɥɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɢɯ ɦɨɠɟɬ ɩɪɢ-

ɜɟɫɬɢ ɤ ɭɜɟɥɢɱɟɧɢɸ ɄɉȾ ɞɚɠɟ ɩɪɢ ɧɟɤɨɬɨɪɨɦ ɭɦɟɧɶɲɟɧɢɢ ɪɚɫɯɨɞɚ ɩɚ-
ɪɚ ɩɨɬɪɟɛɢɬɟɥɸ ɩD . Ɉɞɧɚɤɨ ɱɬɨɛɵ ɧɟ ɧɚɧɟɫɬɢ ɭɳɟɪɛ ɬɟɩɥɨɜɨɦɭ ɩɨɬɪɟ-
ɛɢɬɟɥɸ, ɪɚɫɯɨɞ ɩɚɪɚ ɩD  ɭɦɟɧɶɲɚɬɶ ɧɟ ɫɥɟɞɭɟɬ ɢ ɪɟɝɟɧɟɪɚɰɢɸ ɧɚ ɷɬɢɯ 
ɭɫɬɚɧɨɜɤɚɯ ɬɚɤɠɟ ɧɭɠɧɨ ɨɫɭɳɟɫɬɜɥɹɬɶ, ɭɜɟɥɢɱɢɜɚɹ ɨɛɳɢɣ ɪɚɫɯɨɞ ɩɚɪɚ 
ɧɚ ɬɭɪɛɢɧɭ. 
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5.2. ɊȺɋɉɊȿȾȿɅȿɇɂȿ ɊȿȽȿɇȿɊȺɌɂȼɇɕɏ ɈɌȻɈɊɈȼ ȼ ɌɍɊ-

Ȼɂɇȿ 

ɗɮɮɟɤɬ ɨɬ ɪɟɝɟɧɟɪɚɬɢɜɧɨɝɨ ɩɨɞɨɝɪɟɜɚ ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɜɢɫɢɬ ɨɬ ɬɨ-
ɝɨ, ɩɪɢ ɤɚɤɢɯ ɞɚɜɥɟɧɢɹɯ ɩɚɪ ɨɬɛɢɪɚɟɬɫɹ ɢɡ ɬɭɪɛɢɧɵ ɧɚ ɪɟɝɟɧɟɪɚɬɢɜɧɵɟ 
ɩɨɞɨɝɪɟɜɚɬɟɥɢ. Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɩɪɢ ɨɞɧɨɦ ɨɬɛɨɪɟ (ɨɞɧɨɫɬɭɩɟɧɱɚɬɚɹ ɪɟ-
ɝɟɧɟɪɚɰɢɹ), ɤɨɝɞɚ ɧɚ ɪɟɝɟɧɟɪɚɰɢɸ ɨɬɛɢɪɚɟɬɫɹ ɩɚɪ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, 
ɧɚɝɪɟɜ ɜɟɞɟɬɫɹ ɞɨ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɩɜt , ɱɟɦ ɜ ɭɫɥɨɜɢɹɯ, ɤɨɝɞɚ 
ɨɬɛɢɪɚɟɬɫɹ ɩɚɪ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ. Ʉɨɥɢɱɟɫɬɜɨ ɨɬɛɢɪɚɟɦɨɝɨ ɩɚɪɚ ɡɞɟɫɶ 
ɬɚɤɠɟ ɜɵɲɟ, ɨɞɧɚɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɢ ɷɬɨɦ ɧɟɛɨɥɶɲɨɣ ɬɟɩɥɨɜɨɣ ɩɟɪɟ-
ɩɚɞ 0( )ɪh h− . ɉɪɢ ɨɛɨɝɪɟɜɟ ɩɚɪɨɦ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ ɩɟɪɟɩɚɞ 0( )ɪh h−  

ɜɨɡɪɚɫɬɚɟɬ, ɧɨ ɡɚɬɨ ɭɦɟɧɶɲɚɸɬɫɹ ɩɜt  ɢ ɤɨɥɢɱɟɫɬɜɨ ɩɚɪɚ, ɤɨɬɨɪɨɟ ɦɨɠɟɬ 
ɛɵɬɶ ɜɵɜɟɞɟɧɨ ɜ ɨɬɛɨɪ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ (4.4) ɡɧɚɱɟɧɢɟ 

iɪη  ɦɚɤɫɢɦɚɥɶɧɨ, ɤɨɝɞɚ ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɪA  ɞɨɫɬɢɝɚɟɬ ɧɚɢ-

ɛɨɥɶɲɟɝɨ ɡɧɚɱɟɧɢɹ. 
Ⱦɥɹ ɨɞɧɨɫɬɭɩɟɧɱɚɬɨɝɨ ɩɨɞɨɝɪɟɜɚ (ɪɢɫ. 5.3, ɚ): 

0 0

0 .

( )

( )

ɪ ɪ ɪ
ɪ

ɤ ɩ ɤ ɤ ɤ

h h H
A

h h H

α α
α α

⋅ − ⋅
= =

⋅ − ⋅
.                                            (5.7) 

 

 

  

 

 

 

 
Ɋɢɫ. 5.3. Ʉ ɨɩɪɟɞɟɥɟɧɢɸ ɞɚɜɥɟ-
ɧɢɹ ɜ ɨɬɛɨɪɚɯ ɩɪɢ ɨɞɧɨɫɬɭɩɟɧ-

ɱɚɬɨɦ (ɚ) ɢ ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɦ 

(ɛ) ɪɟɝɟɧɟɪɚɬɢɜɧɨɦ ɩɨɞɨɝɪɟɜɟ ɢ 

ɭɩɪɨɳɟɧɧɵɟ ɞɢɚɝɪɚɦɦɵ ɪɚɛɨ-
ɱɟɝɨ ɩɪɨɰɟɫɫɚ ɞɥɹ ɤɚɠɞɨɣ ɢɡ 
ɫɯɟɦ (ɜ, ɝ)  
 

ɂɡ ɭɪɚɜɧɟɧɢɹ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɞɥɹ ɫɦɟɲɢɜɚɸɳɟɝɨ ɩɨɞɨɝɪɟɜɚɬɟ-
ɥɹ: 
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. (1 )ɩ ɜ ɪ ɪ ɪ ɤh h hα α= + − . 

Ʌɟɝɤɨ ɭɫɬɚɧɨɜɢɬɶ, ɱɬɨ: 
ɜ

ɪ
ɜ ɩ

h

h h
α Δ

=
Δ + Δ

, 

ɝɞɟ  
ɜhΔ  - ɢɡɦɟɧɟɧɢɟ ɷɧɬɚɥɶɩɢɢ ɩɪɢ ɧɚɝɪɟɜɟ ɜɨɞɵ ɜ ɪɟɝɟɧɟɪɚɬɢɜɧɨɦ 

ɩɨɞɨɝɪɟɜɚɬɟɥɟ;  
I

ɩ ɪ ɪh h hΔ = −  - ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɩɟɪɟɞɚɜɚɟɦɨɣ 1 ɤɝ ɩɚɪɚ ɜ ɪɟɝɟ-

ɧɟɪɚɬɢɜɧɨɦ ɩɨɞɨɝɪɟɜɚɬɟɥɟ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɟ (ɡɞɟɫɶ I

ɪh  - ɷɧ-

ɬɚɥɶɩɢɹ ɤɨɧɞɟɧɫɚɬɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ, ɪɚɜɧɨɣ ɧt ).  

Ɍɨɝɞɚ 

1 ɩ
ɤ ɪ

ɜ ɩ

h

h h
α α Δ

= − =
Δ + Δ

 

 

ɉɨɞɫɬɚɜɢɜ ɡɧɚɱɟɧɢɹ ɪα  ɢ ɤα  ɜ (4.7), ɩɨɥɭɱɢɦ: 

0ɜ
ɪ

ɩ ɤ

h H
A

h H

Δ
=
Δ

 

Ɍɚɤ ɤɚɤ 
0 0 0ɪ ɤ ɩ ɜH h h h h h h= − = − − Δ − Δ ,                                        (5.8) 

ɬɨ  
2

0

0 .

( )

( )

ɤ ɩ ɜ ɜ
ɪ

ɩ ɩ ɤ

h h h h h
A

h h h

− − Δ Δ − Δ
=

Δ −
.                                        (5.9) 

ȼ ɭɪɚɜɧɟɧɢɢ (5.9) ɡɧɚɱɟɧɢɹ 0h  ɢ ɤh  ɧɟ ɡɚɜɢɫɹɬ ɨɬ ɬɨɝɨ, ɩɪɢ ɤɚɤɢɯ 
ɩɚɪɚɦɟɬɪɚɯ ɨɫɭɳɟɫɬɜɥɟɧ ɨɬɛɨɪ; ɡɧɚɱɟɧɢɟ ɩhΔ  ɡɚɜɢɫɢɬ ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɨɬ-
ɛɨɪɚ, ɨɞɧɚɤɨ ɞɥɹ ɧɟɛɨɥɶɲɨɝɨ ɞɢɚɩɚɡɨɧɚ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɜɛɥɢɡɢ 

ɦɚɤɫɢɦɭɦɚ ɜɟɥɢɱɢɧɵ ɪA  ɡɧɚɱɟɧɢɹ ɩhΔ  ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɩɨɫɬɨɹɧɧɵɦɢ. 

ɉɪɢ ɷɬɨɦ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɪA  ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ, ɤɨɝɞɚ: 

0
( )ɜ

dF

d h
=

Δ
,                                                          (5.10) 

ɝɞɟ 
2

0( )ɤ ɩ ɜ ɜF h h h h h= − − Δ Δ − Δ . 

ȼɡɹɜ ɩɪɨɢɡɜɨɞɧɭɸ, ɩɨɥɭɱɢɦ:  

0 2 0ɤ ɩ ɜh h h h− − Δ − Δ = .                                              (5.11) 

ɂɡ ɫɨɩɨɫɬɚɜɥɟɧɢɹ (5.8) ɢ (5.11) ɫɥɟɞɭɟɬ, ɱɬɨ: 
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0ɜh HΔ = ,                                                            (5.12) 

ɬ.ɟ. ɬɟɩɥɨɜɚɹ ɷɤɨɧɨɦɢɱɧɨɫɬɶ ɩɪɢ ɨɞɧɨɫɬɭɩɟɧɱɚɬɨɣ ɫɯɟɦɟ ɩɨɞɨɝɪɟɜɚ ɩɢ-

ɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɨɩɬɢɦɚɥɶɧɚ ɬɨɝɞɚ, ɤɨɝɞɚ ɢɡɦɟɧɟɧɢɟ ɷɧɬɚɥɶɩɢɢ ɩɪɢ ɧɚ-
ɝɪɟɜɟ ɜ ɪɟɝɟɧɟɪɚɬɢɜɧɨɦ ɩɨɞɨɝɪɟɜɚɬɟɥɟ ɜhΔ  ɪɚɜɧɨ ɬɟɩɥɨɩɟɪɟɩɚɞɭ ɜ ɬɭɪ-
ɛɢɧɟ 0H  ɨɬ ɧɚɱɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɷɧɬɚɥɶɩɢɢ ɩɚɪɚ ɞɨ ɟɟ ɡɧɚɱɟɧɢɹ ɞɥɹ ɩɚ-
ɪɚ ɜ ɨɬɛɨɪɟ. 

ɉɪɢ ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɣ ɫɯɟɦɟ ɪɟɝɟɧɟɪɚɬɢɜɧɨɝɨ ɩɨɞɨɝɪɟɜɚ ɷɧɟɪɝɟɬɢ-

ɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ (ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɢɧɹɬɵɦɢ ɨɛɨɡɧɚɱɟɧɢɹɦɢ, ɪɢɫ. 
5.3, ɛ) ɨɩɪɟɞɟɥɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

1 0 1 2 0 2

0 .

( ) ( )

( )

ɪ ɪ
ɪ

ɤ ɩ ɤ

h h h h
A

h h

α α
α

⋅ − + ⋅ −
=

⋅ −
                                       (5.13) 

ɢɥɢ 

1 0 2 0 1

0 .

( )

( )
ɪ

ɤ ɩ ɤ

H H H
A

h h

α α
α

⋅ + ⋅ +
=

⋅ −
.                                          (5.13ɚ) 

Ɋɚɫɫɦɨɬɪɟɜ ɭɪɚɜɧɟɧɢɹ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɞɥɹ ɤɚɠɞɨɝɨ ɩɨɞɨɝɪɟɜɚ-
ɬɟɥɹ, ɭɫɬɚɧɨɜɢɦ, ɱɬɨ: 

1
1

1 1

ɜ

ɜ ɩ

h

h h
α Δ

=
Δ + Δ

; 

2 1
2

2 2 1 1

ɜ ɩ

ɜ ɩ ɜ ɩ

h h

h h h h
α Δ Δ

= ⋅
Δ + Δ Δ + Δ

. 

Ɍɨɝɞɚ 
1 2 1

1 2

1 1 2 2 1 1

1 1 ɜ ɜ ɩ
ɤ

ɜ ɩ ɜ ɩ ɜ ɩ

h h h

h h h h h h
α α α Δ Δ Δ

= − − = − − ⋅
Δ + Δ Δ + Δ Δ + Δ

, 

ɢɥɢ ɩɨɫɥɟ ɩɪɨɫɬɟɣɲɢɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ: 

1 2

1 1 2 2( ) ( )

ɩ ɩ
ɤ

ɜ ɩ ɜ ɩ

h h

h h h h
α Δ ⋅Δ

=
Δ + Δ ⋅ Δ + Δ

. 

ȼ ɷɬɢɯ ɭɪɚɜɧɟɧɢɹɯ ɢɧɞɟɤɫɵ 1 ɢ 2 ɩɪɢ ɜhΔ  ɢ ɩhΔ  ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ 
ɜɟɥɢɱɢɧɵ ɨɬɧɨɫɹɬɫɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɤ ɩɟɪɜɨɦɭ ɢ ɜɬɨɪɨɦɭ ɩɨɞɨɝɪɟɜɚɬɟ-
ɥɹɦ. 

ɉɨɞɫɬɚɜɢɜ ɡɧɚɱɟɧɢɹ 1 2,α α  ɢ ɤα  ɜ (5.13), ɩɨɫɥɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ 

ɩɨɥɭɱɢɦ: 

1 2 2 0 1 2 0 1

1 2

( ) ( )ɜ ɜ ɩ ɩ ɜ
ɪ

ɩ ɩ ɤ

h h h H h h H H
A

h h H

Δ ⋅ Δ + Δ ⋅ + Δ ⋅Δ ⋅ +
=

Δ ⋅Δ ⋅
.                     (5.14) 

Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɨɬɞɚɜɚɟɦɨɟ 1 ɤɝ ɩɚɪɚ ɩɪɢ ɤɨɧɞɟɧɫɚɰɢɢ ɜ ɩɨ-
ɞɨɝɪɟɜɚɬɟɥɟ, ɡɚɜɢɫɢɬ ɨɬ ɞɚɜɥɟɧɢɹ ɜ ɨɬɛɨɪɟ. ȿɫɥɢ ɩɨɫɬɪɨɢɬɶ ɤɪɢɜɭɸ ɢɡ-
ɦɟɧɟɧɢɹ ɩhΔ  ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɨɬɛP , ɬɨ ɨɧɚ ɛɭɞɟɬ ɩɪɟɞɫɬɚɜɥɹɬɶ ɫɨɛɨɣ 
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ɩɥɚɜɧɭɸ ɥɢɧɢɸ (ɪɢɫ. 5.4, ɤɪɢɜɚɹ 1), ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɛɵɬɶ ɨɩɢɫɚɧɚ ɚɧɚɥɢ-

ɬɢɱɟɫɤɨɣ ɮɭɧɤɰɢɟɣ. Ɉɞɧɚɤɨ ɞɥɹ ɪɟɲɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɡɚɞɚɱɢ 

ɭɞɨɛɧɟɟ ɷɬɭ ɡɚɜɢɫɢɦɨɫɬɶ ɡɚɦɟɧɢɬɶ ɫɬɭɩɟɧɱɚɬɨɣ ɤɪɢɜɨɣ ɫ ɩɨɫɬɨɹɧɧɵɦɢ 

ɡɧɚɱɟɧɢɹɦɢ ɩhΔ  ɜ ɧɟɫɤɨɥɶɤɢɯ ɞɢɚɩɚɡɨɧɚɯ ɢɡɦɟɧɟɧɢɹ ɨɬɛP  (ɪɢɫ. 5.4, ɤɪɢ-

ɜɚɹ 2).  

 

 
Ɋɢɫ. 5.4. Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨ-
ɥɢɱɟɫɬɜɚ ɬɟɩɥɨɬɵ, ɨɬɞɚ-
ɜɚɟɦɨɣ 1 ɤɝ ɩɚɪɚ ɜ ɩɨɞɨɝ-
ɪɟɜɚɬɟɥɟ, ɨɬ ɞɚɜɥɟɧɢɹ ɜ 
ɨɬɛɨɪɟ: 
1 - ɞɟɣɫɬɜɢɬɟɥɶɧɚɹ ɤɪɢ-
ɜɚɹ;  
2 - ɩɪɢɧɢɦɚɟɦɚɹ ɫɬɭɩɟɧ-
ɱɚɬɚɹ ɡɚɜɢɫɢɦɨɫɬɶ 

 

ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɜ (5.14) ɜɟɥɢɱɢɧɵ 1ɩhΔ  ɢ 2ɩhΔ  ɢɦɟɸɬ ɩɨɫɬɨɹɧɧɵɟ 
ɡɧɚɱɟɧɢɹ ɢ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɪA  ɫɨɜɩɚɞɚɟɬ ɫ ɦɚɤɫɢɦɭɦɨɦ ɮɭɧɤ-
ɰɢɢ 

1 2 2 0 1 2 0 1( ) ( )ɜ ɜ ɩ ɩ ɜF h h h H h h H H= Δ ⋅ Δ + Δ ⋅ + Δ ⋅Δ ⋅ + .                      (5.15) 

Ɍɚɤ ɤɚɤ  
0 0 1 0 1 1 0 1 1( ) ( )I

ɪ ɪ ɩ ɜ ɩH h h h h h h h h= − = − + Δ = − + Δ =  

0 1 2 1ɤ ɜ ɜ ɩh h h h h= − − Δ − Δ − Δ ;                                                          (5.16) 

0 1 0 2 0 2 2ɪ ɤ ɜ ɩH H h h h h h h+ = − = − − Δ − Δ ,                                         (5.17) 

ɬɨ ɮɭɧɤɰɢɹ F  ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɜɟɞɟɧɚ ɤ ɜɢɞɭ: 
1 2 2 1 1 2 1 2 2 2( ) ( ) ( )ɜ ɜ ɩ ɜ ɜ ɩ ɜ ɜF h h h h h h h hα α= Δ ⋅ Δ + Δ ⋅ − Δ − Δ + Δ ⋅Δ ⋅ − Δ ,        

(5.18) 

ɝɞɟ 
1 0 1 2 0 2;ɤ ɩ ɤ ɩh h h h h hα α= − − Δ = − − Δ . 

ɂɡ (5.18) ɜɢɞɧɨ, ɱɬɨ F  ɹɜɥɹɟɬɫɹ ɮɭɧɤɰɢɟɣ ɞɜɭɯ ɩɟɪɟɦɟɧɧɵɯ: 1ɜhΔ  

ɢ 2ɜhΔ . Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɮɭɧɤɰɢɹ ɩɪɢɧɢɦɚɟɬ ɩɪɢ ɡɧɚɱɟɧɢɹɯ 1ɜhΔ  

ɢ 2ɜhΔ , ɨɩɪɟɞɟɥɹɟɦɵɯ ɢɡ ɭɫɥɨɜɢɣ: 

1 2

0; 0
( ) ( )ɜ ɜ

F F

h h

∂ ∂
= =

∂ Δ ∂ Δ
,                                           (5.19) 

ɍɫɥɨɜɢɹ (5.19) ɩɪɢɜɨɞɹɬ ɤ ɫɥɟɞɭɸɳɢɦ ɭɪɚɜɧɟɧɢɹɦ:  

1 1 1 2 2 1 2 2

2 1 1 2 2 2 1 1

( 2 ) ( 2 ) 0;

( 2 ) ( 2 ) 0.

ɜ ɜ ɜ ɩ ɩ ɜ

ɜ ɜ ɜ ɩ ɩ ɜ

h h h h h h

h h h h h h

α α
α α

Δ ⋅ − Δ − Δ − Δ + Δ ⋅ − Δ = ⎫
⎬Δ ⋅ − Δ − Δ − Δ + Δ ⋅ − Δ = ⎭

                  (5.20) 

ɋ ɭɱɟɬɨɦ (5.16) - (5.18) ɷɬɢ ɭɪɚɜɧɟɧɢɹ ɦɨɝɭɬ ɛɵɬɶ ɡɚɩɢɫɚɧɵ ɜ ɜɢɞɟ: 
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1 0 1 1 2 1 0 1 2

2 0 1 2 2 0 1 2

( ) ( ) 0;

( ) ( ) 0.

ɜ ɩ ɜ ɩ ɜ

ɜ ɜ ɩ ɩ ɜ ɜ

h H H h h h H H h

h H h h h H h h

Δ ⋅ − − Δ − Δ + Δ ⋅ − − Δ = ⎫
⎬Δ ⋅ − Δ − Δ + Δ ⋅ − Δ + Δ = ⎭

                (5.21) 

Ɋɟɲɢɜ ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ (5.21), ɩɨɥɭɱɢɦ: 

1 0

2 1

;

.

ɜ

ɜ

h H

h H

Δ = ⎫
⎬Δ = ⎭

                                                            (5.22) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɣ ɫɯɟɦɟ ɪɟɝɟɧɟɪɚɬɢɜɧɨɝɨ ɩɨ-
ɞɨɝɪɟɜɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɨɩɬɢɦɚɥɶɧɚɹ ɬɟɩɥɨɜɚɹ ɷɤɨɧɨɦɢɱɧɨɫɬɶ ɢɦɟɟɬ 
ɦɟɫɬɨ, ɤɨɝɞɚ ɧɚɝɪɟɜ ɜ ɩɟɪɜɨɦ ɪɟɝɟɧɟɪɚɬɢɜɧɨɦ ɩɨɞɨɝɪɟɜɚɬɟɥɟ ɪɚɜɟɧ ɬɟɩ-

ɥɨɩɟɪɟɩɚɞɭ ɜ ɬɭɪɛɢɧɟ ɨɬ ɧɚɱɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɷɧɬɚɥɶɩɢɢ 0h  ɞɨ ɟɟ ɡɧɚɱɟ-
ɧɢɹ ɜ ɷɬɨɦ ɨɬɛɨɪɟ 1ɪh , ɚ ɧɚɝɪɟɜ ɜɨ ɜɬɨɪɨɦ ɩɨɞɨɝɪɟɜɚɬɟɥɟ ɪɚɜɟɧ ɪɚɡɧɨɫɬɢ 

ɷɧɬɚɥɶɩɢɣ ɩɚɪɚ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɨɬɛɨɪɨɜ. 

 
 

 

 

 

 

 

 

 

 
 

 

Ɋɢɫ. 5.5. ɋɯɟɦɚ (ɚ) ɢ ɭɩɪɨɳɟɧɧɚɹ ,h s  - 

ɞɢɚɝɪɚɦɦɚ (ɛ) ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ ɦɧɨ-
ɝɨɫɬɭɩɟɧɱɚɬɨɝɨ ɪɟɝɟɧɟɪɚɬɢɜɧɨɝɨ ɩɨ-
ɞɨɝɪɟɜɚ 

ɉɪɨɜɟɞɹ ɚɧɚɥɨɝɢɱɧɵɟ ɜɵɜɨɞɵ ɞɥɹ ɬɪɟɯ- ɢɥɢ ɱɟɬɵɪɟɯɫɬɭɩɟɧɱɚɬɨɣ 

ɫɯɟɦɵ, ɚ ɬɚɤɠɟ ɞɥɹ ɫɯɟɦɵ ɫ ɥɸɛɵɦ ɞɪɭɝɢɦ ɱɢɫɥɨɦ ɫɬɭɩɟɧɟɣ ɩɨɞɨɝɪɟɜɚ 
(ɞɪɭɝɢɦ ɱɢɫɥɨɦ ɪɟɝɟɧɟɪɚɬɢɜɧɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ), ɦɨɠɧɨ ɭɛɟɞɢɬɶɫɹ, ɱɬɨ 
ɜɨ ɜɫɟɯ ɫɥɭɱɚɹɯ ɜ ɭɫɥɨɜɢɹɯ ɨɩɬɢɦɚɥɶɧɨɣ ɬɟɩɥɨɜɨɣ ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɩɨ-
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ɞɨɝɪɟɜ ɜ ɤɚɠɞɨɦ ɪɟɝɟɧɟɪɚɬɢɜɧɨɦ ɩɨɞɨɝɪɟɜɚɬɟɥɟ, ɤɪɨɦɟ ɩɟɪɜɨɝɨ, ɪɚɜɟɧ 

ɬɟɩɥɨɜɨɦɭ ɩɟɪɟɩɚɞɭ ɩɨ ɩɚɪɭ ɦɟɠɞɭ ɩɪɟɞɲɟɫɬɜɭɸɳɢɦ ɢ ɞɚɧɧɵɦ ɨɬɛɨ-
ɪɚɦɢ, ɚ ɩɨɞɨɝɪɟɜ ɜ ɩɟɪɜɨɦ ɩɨɞɨɝɪɟɜɚɬɟɥɟ - ɬɟɩɥɨɩɟɪɟɩɚɞɭ ɩɨ ɩɚɪɭ ɨɬ 
ɧɚɱɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɷɧɬɚɥɶɩɢɢ ɞɨ ɟɟ ɡɧɚɱɟɧɢɹ ɜ ɩɟɪɜɨɦ ɨɬɛɨɪɟ. ȼ ɫɨɨɬ-
ɜɟɬɫɬɜɢɢ ɫ ɨɛɨɡɧɚɱɟɧɢɹɦɢ, ɩɪɢɧɹɬɵɦɢ ɧɚ ɪɢɫ. 5.5, ɷɬɭ ɡɚɤɨɧɨɦɟɪɧɨɫɬɶ 
ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɜ ɜɢɞɟ 

1ɜ j jh H −Δ = ,                                                           (5.23) 

ɝɞɟ 
j  ɢɡɦɟɧɹɟɬɫɹ ɨɬ 1 ɞɨ z . 

ȼɩɟɪɜɵɟ ɷɬɨɬ ɪɟɡɭɥɶɬɚɬ ɩɨɥɭɱɟɧ (ɧɨ ɞɪɭɝɢɦ ɦɟɬɨɞɨɦ) ȼ.ə. Ɋɵɠ-

ɤɢɧɵɦ. 

ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɡɚɜɢɫɢɦɨɫɬɹɦ ɦɨɠɧɨ ɭɫɬɚɧɨɜɢɬɶ ɮɨɪɦɭɥɵ, ɧɟɩɨ-
ɫɪɟɞɫɬɜɟɧɧɨ ɨɩɪɟɞɟɥɹɸɳɢɟ ɨɩɬɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɜhΔ . Ɍɚɤ, ɞɥɹ ɨɞɧɨ-
ɫɬɭɩɟɧɱɚɬɨɣ ɫɯɟɦɵ ɩɨɞɨɝɪɟɜɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɢɡ (5.8) ɢ (5.12) ɫɥɟɞɭ-
ɟɬ: 

02 ɜ ɤ ɩh h h hΔ = − − Δ  

ɢɥɢ 

0 0

2 2

ɤ ɩ ɩ
ɜ

h h h h
h

′ − Δ − Δ
Δ = + ,                                             (5.24) 

ɝɞɟ  
0h′  - ɷɧɬɚɥɶɩɢɹ ɜɨɞɵ ɩɪɢ 0P  ɢ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚɫɵɳɟɧɢɹ, ɫɨɨɬɜɟɬɫɬ-
ɜɭɸɳɟɣ ɷɬɨɦɭ ɞɚɜɥɟɧɢɸ;  

0 0 0ɩh h h′Δ = − . 

ɉɪɢ ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɣ ɪɟɝɟɧɟɪɚɬɢɜɧɨɣ ɫɯɟɦɟ ɩɨɞɨɝɪɟɜɚ ɜɨɞɵ ɢɡ 
ɫɨɩɨɫɬɚɜɥɟɧɢɹ (5.16), (5.17) ɢ (5.22) ɩɨɥɭɱɢɦ: 

1 2 0 12 ɜ ɜ ɤ ɩh h h h hΔ + Δ = − − Δ ; 

1 2 0 22ɜ ɜ ɤ ɩh h h h hΔ + Δ = − − Δ . 

Ɉɬɫɸɞɚ ɩɨɫɥɟ ɩɪɨɫɬɟɣɲɢɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɭɫɬɚɧɨɜɢɦ, ɱɬɨ ɜ ɭɫɥɨ-
ɜɢɹɯ ɨɩɬɢɦɚɥɶɧɨɣ ɬɟɩɥɨɜɨɣ ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɩɪɢ ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɦ ɩɨ-
ɞɨɝɪɟɜɟ 1ɜhΔ  ɢ 2ɜhΔ  ɞɨɥɠɧɵ ɢɦɟɬɶ ɜɢɞ: 

0 0 2 1
1

0 0 1 2
2

2
;

3 3

2
.

3 3

ɤ ɩ ɩ ɩ
ɜ

ɤ ɩ ɩ ɩ
ɜ

h h h h h
h

h h h h h
h

′ − Δ + Δ − Δ ⎫Δ = + ⎪⎪
⎬′ − Δ + Δ − Δ ⎪Δ = +
⎪⎭

,                                  (5.25) 

ɉɪɨɜɟɞɹ ɚɧɚɥɨɝɢɱɧɵɣ ɜɵɜɨɞ ɞɥɹ ɬɪɟɯɫɬɭɩɟɧɱɚɬɨɣ ɫɯɟɦɵ, ɩɨɥɭ-
ɱɢɦ: 
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0 0 2 3 1
1

0 0 1 3 2
2

0 0 1 2 3
3

3
;

4 4

3
;

4 4

3
.

4 4

ɤ ɩ ɩ ɩ ɩ
ɜ

ɤ ɩ ɩ ɩ ɩ
ɜ

ɤ ɩ ɩ ɩ ɩ
ɜ

h h h h h h
h

h h h h h h
h

h h h h h h
h

′ − Δ + Δ + Δ − Δ ⎫Δ = + ⎪
⎪′ − Δ + Δ + Δ − Δ ⎪Δ = + ⎬
⎪

′ − Δ + Δ + Δ − Δ ⎪Δ = + ⎪⎭

,                           (5.26) 

ɂɡ ɫɨɩɨɫɬɚɜɥɟɧɢɹ (5.24) - (5.26) ɜɢɞɧɨ, ɱɬɨ ɮɨɪɦɭɥɚ, ɨɩɪɟɞɟɥɹɸ-

ɳɚɹ ɨɩɬɢɦɚɥɶɧɵɣ ɩɨɞɨɝɪɟɜ ɜ ɥɸɛɨɦ ɩɨɞɨɝɪɟɜɚɬɟɥɟ ɩɪɢ ɨɛɳɟɦ ɱɢɫɥɟ 
ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ, ɪɚɜɧɨɦ z , ɢɦɟɟɬ ɜɢɞ: 

0 1 2 1 10
... ...

1 1

ɩ ɩ ɩ ɩ m ɩ m ɩ z ɩ mɤ
ɜ m

h h h h h h z hh h
h

z z

− +Δ + Δ + Δ + + Δ + Δ + + Δ − Δ′ −
Δ = +

+ +
, 

(5.27) 

ɉɪɢɛɚɜɢɜ ɤ ɱɢɫɥɢɬɟɥɸ ɜɬɨɪɨɝɨ ɱɥɟɧɚ (5.27) ɩ mhΔ ɢ ɜɵɱɬɹ ɢɡ ɧɟɝɨ 
ɬɭ ɠɟ ɜɟɥɢɱɢɧɭ, ɩɨɥɭɱɢɦ: 

0 0

( 1)

1 1

z

ɩ j ɩ m

ɤ
ɜ m

h z h
h h

h
z z

Δ − + Δ
′ −

Δ = +
+ +

∑
,                                  (5.27) 

ɉɪɢɜɟɞɟɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɭɫɬɚɧɨɜɥɟɧɵ ɢɡ ɚɧɚɥɢɡɚ ɫɯɟɦ ɫ ɩɨɞɨɝ-
ɪɟɜɚɬɟɥɹɦɢ ɫɦɟɲɢɜɚɸɳɟɝɨ ɬɢɩɚ. ɉɪɢ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɹɯ 
(ɤɨɝɞɚ ɨɛɪɚɡɭɸɳɢɣɫɹ ɜ ɧɢɯ ɤɨɧɞɟɧɫɚɬ ɨɬɜɨɞɢɬɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɥɢ-

ɧɢɸ ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɢɥɢ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ) ɜɵɪɚɠɟɧɢɹ, ɨɩɪɟɞɟ-
ɥɹɸɳɢɟ ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɪA  ɢ ɡɧɚɱɟɧɢɹ ɪα , ɨɫɬɚɸɬɫɹ ɬɚ-
ɤɢɦɢ ɠɟ. ɉɨɷɬɨɦɭ ɡɚɜɢɫɢɦɨɫɬɶ (5.23) ɞɟɣɫɬɜɢɬɟɥɶɧɚ ɢ ɜ ɷɬɨɦ ɫɥɭɱɚɟ. ɇɨ 
ɬɚɤ ɤɚɤ ɩɪɢ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɹɯ ɷɧɬɚɥɶɩɢɹ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ 

ɧɚ ɜɵɯɨɞɟ ɢɡ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɧɢɠɟ ɪh′ , ɚɧɚɥɨɝɢɱɧɨɟ ɪɚɫɫɦɨɬɪɟɧɢɟ ɩɪɢɜɨ-
ɞɢɬ ɤ ɬɨɦɭ, ɱɬɨ ɜ ɭɫɥɨɜɢɹɯ ɨɩɬɢɦɚɥɶɧɨɣ ɬɟɩɥɨɜɨɣ ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɜhΔ  ɜ 
ɤɚɠɞɨɦ ɩɨɞɨɝɪɟɜɚɬɟɥɟ ɞɨɥɠɧɨ ɨɩɪɟɞɟɥɹɬɶɫɹ ɩɨ ɮɨɪɦɭɥɟ 

0 0

( 1)

1 1 1

z

ɩ j ɩ m

ɤ
ɜ m

h z h
h h

h
z z z

ϑ
Δ − + Δ

′ −
Δ = + −

+ + +

∑
,                           (5.27) 

ɝɞɟ  
ɪ ɜ mh hϑ ′= −  - ( ɜ mh  - ɷɧɬɚɥɶɩɢɹ ɜɨɞɵ ɡɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɦ ɪɟɝɟɧɟ-

ɪɚɬɢɜɧɵɦ ɩɨɞɨɝɪɟɜɚɬɟɥɟɦ). 

ɉɪɢɜɟɞɟɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɜ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɩɨ-
ɞɨɝɪɟɜɚɬɟɥɹɯ ɷɧɬɚɥɶɩɢɹ ɜɨɞɵ ɩɨɫɥɟ ɩɨɞɨɝɪɟɜɚ ɧɢɠɟ, ɱɟɦ ɜ ɩɨɞɨɝɪɟɜɚɬɟ-
ɥɹɯ ɫɦɟɲɢɜɚɸɳɟɝɨ ɬɢɩɚ, ɚ ɞɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɨɬɛɨɪɟ ɨɬɛP  ɩɪɢ ɷɬɨɦ, ɧɚ-
ɨɛɨɪɨɬ, ɜɵɲɟ. Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɜ ɫɦɟɲɢɜɚɸɳɢɯ ɩɨɞɨɝɪɟɜɚɬɟɥɹɯ .ɪ ɩP  ɨɩ-
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ɪɟɞɟɥɹɟɬɫɹ ɩɨ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚɫɵɳɟɧɢɹ .ɪ ɩ ɩ mt t′= , ɝɞɟ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ 

ɡɚ ɩɨɞɨɝɪɟɜɚɬɟɥɟɦ ɩ mt′  ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɡɧɚɱɟɧɢɹɦ ɜhΔ , ɨɩɪɟɞɟɥɟɧɧɵɦ 

ɩɨ (5.28) ɞɥɹ ɤɚɠɞɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ. Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɩɨɜɟɪɯɧɨɫɬɧɵɯ 
ɩɨɞɨɝɪɟɜɚɬɟɥɹɯ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɷɧɬɚɥɶɩɢɢ ɜɨɞɵ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚɫɵ-

ɳɟɧɢɹ ( )ɪ m ɩɨɜh′ , ɪɚɜɧɨɣ ɜ mh ϑ+ . Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɡɧɚɱɟɧɢɟ ɷɬɨɣ ɜɟɥɢɱɢɧɵ 

ɜɵɲɟ ɡɧɚɱɟɧɢɹ ɪ mh′  ɞɥɹ ɫɦɟɲɢɜɚɸɳɟɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɧɚ: 

1
m

m
h

z

ϑ
Δ =

+
,                                                           (5.30) 

ɝɞɟ  
m  - ɧɨɦɟɪ ɨɬɛɨɪɚ (ɫɱɢɬɚɹ ɫɨ ɫɬɨɪɨɧɵ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɬɭɪɛɢ-

ɧɵ). 

 

ȼ ɨɬɛɨɪɚɯ ɛɨɥɟɟ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ mhΔ  ɦɟɧɶɲɟ. ɉɪɢ ɞɨɫɬɚɬɨɱɧɨ 
ɛɨɥɶɲɨɦ ɱɢɫɥɟ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɦɟɫɬɨɩɨɥɨɠɟɧɢɟ ɩɟɪɜɨɝɨ ɨɬɛɨɪɚ ɩɨɱɬɢ 

ɧɟ ɢɡɦɟɧɹɟɬɫɹ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɩɨɫɥɟɞɧɢɣ ɨɬɛɨɪ ɫɦɟɳɚɟɬɫɹ ɜ ɫɬɨɪɨɧɭ ɛɨ-
ɥɟɟ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚɫɬɨɥɶɤɨ, ɱɬɨ ɷɧɬɚɥɶɩɢɹ ɪh′  ɜɨɡɪɚɫɬɚɟɬ ɧɚ ɡɧɚ-
ɱɟɧɢɟ, ɛɥɢɡɤɨɟ ɤ ɡɧɚɱɟɧɢɸ ϑ . ɉɨɥɧɵɣ ɧɟɞɨɝɪɟɜ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɩɪɢ 

ɷɬɨɦ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ ɫɯɟɦɨɣ, ɜɤɥɸɱɚɸɳɟɣ ɫɦɟɲɢɜɚɸɳɢɟ ɩɨɞɨɝɪɟɜɚ-

ɬɟɥɢ, ɭɦɟɧɶɲɚɟɬɫɹ ɧɚ 
1

z

z

ϑ
+

, ɬ.ɟ. ɧɚ ɡɧɚɱɟɧɢɟ, ɛɥɢɡɤɨɟ ɤ ɡɧɚɱɟɧɢɸ ϑ . 

ȼ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɹɯ (ɜ ɨɬɥɢɱɢɟ ɨɬ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ 

ɫɦɟɲɢɜɚɸɳɟɝɨ ɬɢɩɚ) ɜɨɞɚ ɧɟ ɧɚɝɪɟɜɚɟɬɫɹ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɫɵɳɟɧɢɹ 
ɩɚɪɚ ɜ ɨɬɛɨɪɟ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɨɧɢɠɟɧɢɸ ɬɟɩɥɨɜɨɣ ɷɤɨɧɨɦɢɱɧɨɫɬɢ 

ɫɯɟɦɵ. ɂɡ (5.28) ɜɢɞɧɨ, ɱɬɨ ɜ ɭɫɥɨɜɢɹɯ, ɤɨɝɞɚ ɢɡɦɟɧɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɚ 
ɬɟɩɥɨɬɵ, ɨɬɞɚɜɚɟɦɨɝɨ 1 ɤɝ ɩɚɪɚ ɜ ɪɟɝɟɧɟɪɚɬɢɜɧɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɹɯ, ɦɨɠ-

ɧɨ ɩɪɟɧɟɛɪɟɱɶ ( 0 1 2 ...ɩ ɩ ɩ ɩ zh h h hΔ ≈ Δ ≈ Δ ≈ ≈ Δ ), ɩɨɞɨɝɪɟɜ ɜ ɤɚɠɞɨɦ ɪɟɝɟɧɟ-
ɪɚɬɢɜɧɨɦ ɩɨɞɨɝɪɟɜɚɬɟɥɟ ɫɦɟɲɢɜɚɸɳɟɝɨ ɬɢɩɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɜɵɪɚɠɟ-
ɧɢɹ: 

0

1

ɤ
ɜ m

h h
h

z

′ −
Δ =

+
.                                                       (5.31) 

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ, ɩɪɢ ɤɨɬɨɪɨɦ ɜ ɤɚɠɞɨɣ ɫɬɭɩɟɧɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 
ɨɞɢɧɚɤɨɜɵɣ ɩɨɞɨɝɪɟɜ, ɧɚɡɵɜɚɸɬ ɪɚɜɧɨɦɟɪɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɩɨɞɨɝ-
ɪɟɜɚ ɜ ɪɟɝɟɧɟɪɚɬɢɜɧɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɹɯ. Ʉɨɝɞɚ ɤ ɬɭɪɛɢɧɟ ɩɨɞɜɨɞɢɬɫɹ ɩɟ-
ɪɟɝɪɟɬɵɣ ɩɚɪ ɫɪɟɞɧɟɝɨ ɞɚɜɥɟɧɢɹ ɢ 4z ≥ , ɬɟɩɥɨɜɚɹ ɷɤɨɧɨɦɢɱɧɨɫɬɶ ɭɫɬɚ-
ɧɨɜɤɢ ɩɪɢ ɪɚɜɧɨɦɟɪɧɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɩɪɚɤɬɢɱɟɫɤɢ ɬɚɤɚɹ ɠɟ, ɤɚɤ ɢ ɩɪɢ 

ɨɩɬɢɦɚɥɶɧɨɦ (ɪɚɫɫɱɢɬɚɧɧɨɦ ɫ ɭɱɟɬɨɦ ɢɡɦɟɧɟɧɢɹ ɩhΔ ). Ⱦɥɹ ɜɵɫɨɤɢɯ 
ɞɚɜɥɟɧɢɣ ɩɪɢ ɨɩɬɢɦɚɥɶɧɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɨɛɵɱɧɨ ɞɨɫɬɢɝɚɟɬɫɹ ɛɨɥɶɲɚɹ 
ɬɟɩɥɨɜɚɹ ɷɤɨɧɨɦɢɱɧɨɫɬɶ, ɚ ɬɟɦɩɟɪɚɬɭɪɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɩɪɢ ɨɞɧɨɦ ɢ 
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ɬɨɦ ɠɟ z  ɧɢɠɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɛɨɥɶɲɚɹ ɬɟɩɥɨɜɚɹ ɷɤɨɧɨɦɢɱɧɨɫɬɶ ɞɨɫ-
ɬɢɝɚɟɬɫɹ ɞɚɠɟ ɩɪɢ ɦɟɧɶɲɢɯ ɤɚɩɢɬɚɥɶɧɵɯ ɡɚɬɪɚɬɚɯ. 

ɇɚ ɪɢɫ. 5.6 ɩɪɢɜɨɞɹɬɫɹ ɬɢɩɢɱɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɄɉȾ ɭɫɬɚɧɨɜɤɢ ɨɬ 
ɬɟɦɩɟɪɚɬɭɪɵ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɢ ɱɢɫɥɚ ɪɟɝɟɧɟɪɚɬɢɜɧɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ 

ɩɪɢ ɪɚɜɧɨɦɟɪɧɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɨɬɛɨɪɨɜ (ɜ ɨɬɧɨɫɢɬɟɥɶɧɨɦ ɜɵɪɚɠɟ-
ɧɢɢ). Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ, ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ (5.31) ɩɪɢ 

ɨɞɧɨɫɬɭɩɟɧɱɚɬɨɣ ɫɯɟɦɟ ɧɚɢɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɟ ɄɉȾ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ, ɤɨ-

ɝɞɚ ɩɨɞɨɝɪɟɜ ɜɨɞɵ ɜ ɩɨɞɨɝɪɟɜɚɬɟɥɟ ɪɚɜɟɧ 0

2

ɤh h′ −
; ɩɪɢ ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɦ 

ɩɨɞɨɝɪɟɜɟ - ɤɨɝɞɚ ɩɨɞɨɝɪɟɜ ɫɨɫɬɚɜɥɹɟɬ 02( )

3

ɤh h′ −
; ɩɪɢ ɬɪɟɯɫɬɭɩɟɧɱɚɬɨɦ - 

ɤɨɝɞɚ ɩɨɞɨɝɪɟɜ ɪɚɜɟɧ 03( )

4

ɤh h′ −
 ɢ ɬ.ɞ. 

 

 

 

 

 

 

 

 

 

 

 

 
 

Ɋɢɫ. 5.6. Ɂɚɜɢɫɢɦɨɫɬɶ ɬɟɩ-

ɥɨɜɨɣ ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɰɢɤ-
ɥɚ ɨɬ ɷɧɬɚɥɶɩɢɢ ɩɢɬɚɬɟɥɶ-
ɧɨɣ ɜɨɞɵ ɢ ɱɢɫɥɚ ɪɟɝɟɧɟ-
ɪɚɬɢɜɧɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ 

ɩɪɢ ɪɚɜɧɨɦɟɪɧɨɦ ɪɚɫɩɪɟ-
ɞɟɥɟɧɢɢ ɨɬɛɨɪɨɜ 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɨɞɧɨɫɬɭɩɟɧɱɚɬɨɣ ɫɯɟɦɵ ɤ ɞɜɭɯ-
ɫɬɭɩɟɧɱɚɬɨɣ .ɩ ɜh  ɜɨɡɪɚɫɬɚɟɬ ɧɚ 1/6 ɜɫɟɝɨ ɜɨɡɦɨɠɧɨɝɨ ɩɨɞɨɝɪɟɜɚ; ɩɪɢ ɩɟ-
ɪɟɯɨɞɟ ɨɬ ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɣ ɤ ɬɪɟɯɫɬɭɩɟɧɱɚɬɨɣ - ɧɚ 1/12 ɪɚɡɧɨɫɬɢ 

0( )ɤh h′ −  ɢ ɬ.ɞ. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɤɚɠɞɚɹ ɩɨɫɥɟɞɭɸɳɚɹ ɫɬɭɩɟɧɶ ɩɨɞɨɝɪɟɜɚ ɜɫɟ ɜ 
ɦɟɧɶɲɟɣ ɫɬɟɩɟɧɢ ɩɨɜɵɲɚɟɬ ɬɟɩɥɨɜɭɸ ɷɤɨɧɨɦɢɱɧɨɫɬɶ ɭɫɬɚɧɨɜɤɢ. 

Ɂɧɚɹ ɩɨɞɨɝɪɟɜ ɜ ɤɚɠɞɨɦ ɪɟɝɟɧɟɪɚɬɢɜɧɨɦ ɩɨɞɨɝɪɟɜɚɬɟɥɟ, ɥɟɝɤɨ ɨɩ-
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ɪɟɞɟɥɢɬɶ ɷɧɬɚɥɶɩɢɸ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ. ɉɪɢ ɨɩɬɢɦɚɥɶɧɨɦ ɪɚɫɩɪɟɞɟɥɟ-
ɧɢɢ: 

.

1

z

ɩ ɜ ɤ ɜ jh h h= + Δ∑ ,                                                     (5.32) 

ɚ ɩɪɢ ɪɚɜɧɨɦɟɪɧɨɦ 

.ɩ ɜ ɤ ɜh h z h= + Δ .                                                       (5.33) 

ȼ ɪɟɚɥɶɧɵɯ ɫɯɟɦɚɯ ɞɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɩɨɞɨɝɪɟɜɚɬɟɥɟ ɨɛɵɱɧɨ ɧɚ 5÷8 

% ɧɢɠɟ ɞɚɜɥɟɧɢɹ ɜ ɨɬɛɨɪɟ (ɢɡ-ɡɚ ɩɨɬɟɪɶ ɞɚɜɥɟɧɢɹ ɧɚ ɩɪɟɨɞɨɥɟɧɢɟ ɫɨ-
ɩɪɨɬɢɜɥɟɧɢɣ ɜ ɤɨɦɦɭɧɢɤɚɰɢɹɯ). ȼ ɬɟɩɥɨɜɵɯ ɪɚɫɱɟɬɚɯ ɷɬɨ ɦɨɠɟɬ ɛɵɬɶ 
ɭɱɬɟɧɨ, ɟɫɥɢ ɧɟɞɨɝɪɟɜ ϑ  ɨɩɪɟɞɟɥɹɬɶ ɩɨ ɷɧɬɚɥɶɩɢɢ ɜɨɞɵ ɩɪɢ ɬɟɦɩɟɪɚɬɭ-
ɪɟ ɧɚɫɵɳɟɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɞɚɜɥɟɧɢɸ ɩɚɪɚ ɜ ɨɬɛɨɪɟ, ɚ ɧɟ ɜ ɩɨɞɨɝ-
ɪɟɜɚɬɟɥɟ. ɉɪɢ ɷɬɨɦ ɜɫɟ ɩɪɢɜɟɞɟɧɧɵɟ ɜɵɲɟ ɡɚɜɢɫɢɦɨɫɬɢ ɩɨɥɧɨɫɬɶɸ ɫɨ-
ɯɪɚɧɹɸɬ ɫɜɨɣ ɜɢɞ. ȼ ɪɚɫɱɟɬɚɯ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɩɥɨɳɚɞɟɣ ɩɨɜɟɪɯɧɨɫɬɟɣ 

ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɧɟɨɛɯɨɞɢɦɨ, ɤɨɧɟɱɧɨ, ɢɫɯɨɞɢɬɶ ɢɡ ɧɟɞɨɝɪɟɜɚ ϑ  ɩɨ ɨɬ-
ɧɨɲɟɧɢɸ ɤ ɬɟɦɩɟɪɚɬɭɪɟ ɜɨɞɵ .ɪ ɩt′ , ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɞɚɜɥɟɧɢɸ ɜ ɩɨɞɨɝ-
ɪɟɜɚɬɟɥɟ. 

ȼɵɲɟ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɱɢɫɥɚ ɨɬɛɨɪɨɜ ɤɚɠ-

ɞɵɣ ɩɨɫɥɟɞɭɸɳɢɣ ɨɬɛɨɪ ɨɤɚɡɵɜɚɟɬ ɜɫɟ ɦɟɧɶɲɟɟ ɜɥɢɹɧɢɟ ɧɚ ɩɨɜɵɲɟɧɢɟ 
ɬɟɩɥɨɜɨɣ ɷɤɨɧɨɦɢɱɧɨɫɬɢ. ɉɨ ɦɟɪɟ ɩɪɢɛɥɢɠɟɧɢɹ .ɩ ɜt  ɤ .ɩ ɜ optt  ɨɬɧɨɫɢɬɟɥɶ-
ɧɵɣ ɪɨɫɬ ɄɉȾ ɬɚɤɠɟ ɭɦɟɧɶɲɚɟɬɫɹ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ 
ɧɟɩɪɟɪɵɜɧɨ ɭɜɟɥɢɱɢɜɚɸɬɫɹ. Ⱦɥɹ ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ ɱɢɫɥɚ ɪɟɝɟɧɟɪɚɬɢɜ-
ɧɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɷɤɨɧɨɦɢɱɟɫɤɢ ɨɩɪɚɜɞɚɧɧɵɣ ɩɨɞɨɝɪɟɜ ɜɨɞɵ ɧɟ ɪɚ-
ɜɟɧ ɧɚɢɜɵɝɨɞɧɟɣɲɟɦɭ ɜ ɨɬɧɨɲɟɧɢɢ ɬɟɩɥɨɜɨɣ ɷɤɨɧɨɦɢɱɧɨɫɬɢ, ɚ ɜɫɟɝɞɚ 
ɦɟɧɶɲɟ ɟɝɨ. ɉɨɷɬɨɦɭ ɧɚ ɪɟɚɥɶɧɵɯ ɭɫɬɚɧɨɜɤɚɯ .ɩ ɜt  ɜɫɟɝɞɚ ɧɢɠɟ ɬɟɦɩɟɪɚ-
ɬɭɪɵ, ɨɬɜɟɱɚɸɳɟɣ ɭɫɥɨɜɢɹɦ ɧɚɢɛɨɥɶɲɟɣ ɬɟɩɥɨɜɨɣ ɷɤɨɧɨɦɢɱɧɨɫɬɢ 

.ɩ ɜ optt . Ⱦɥɹ ɜɵɫɨɤɢɯ ɞɚɜɥɟɧɢɣ, ɤɨɝɞɚ ɞɥɹ ɭɜɟɥɢɱɟɧɢɹ .ɩ ɜt  ɬɪɟɛɭɸɬɫɹ ɛɨɥɶ-
ɲɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ, ɨɩɬɢɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜ 
ɛɨɥɶɲɟɣ ɦɟɪɟ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢ ɧɚɢɜɵɝɨɞɧɟɣɲɟɣ, ɱɟɦ 

ɞɥɹ ɧɢɡɤɢɯ ɞɚɜɥɟɧɢɣ. ɉɪɢ ɩɪɨɱɢɯ ɪɚɜɧɵɯ ɭɫɥɨɜɢɹɯ ɪɚɡɧɢɰɚ ɜ ɡɧɚɱɟɧɢɹɯ 
ɷɬɢɯ ɜɟɥɢɱɢɧ ɬɚɤɠɟ ɜɨɡɪɚɫɬɚɟɬ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɫɬɨɢɦɨɫɬɢ ɬɨɩɥɢɜɚ. ɉɨ-
ɷɬɨɦɭ ɧɚ Ⱥɗɋ (ɝɞɟ ɬɨɩɥɢɜɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɭɞɟɥɶɧɵɯ ɩɪɢɜɟɞɟɧɧɵɯ ɡɚ-
ɬɪɚɬ ɧɢɠɟ, ɱɟɦ ɧɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ ɨɛɵɱɧɨɝɨ ɬɢɩɚ) ɨɩɬɢɦɚɥɶɧɨɟ ɡɧɚɱɟ-
ɧɢɟ .ɩ ɜt  ɧɢɠɟ, ɱɟɦ ɧɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ ɧɚ ɨɪɝɚɧɢɱɟɫɤɨɦ ɬɨɩɥɢɜɟ ɩɪɢ 

ɨɞɢɧɚɤɨɜɨɦ ɱɢɫɥɟ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ; ɦɟɧɶɲɟ ɬɚɤɠɟ ɨɩɬɢɦɚɥɶɧɨɟ ɱɢɫɥɨ 
ɪɟɝɟɧɟɪɚɬɢɜɧɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ. 

Ɇɨɠɧɨ ɩɨɤɚɡɚɬɶ, ɱɬɨ ɩɪɢ . .ɩ ɜ ɩ ɜ optt t≠  ɡɧɚɱɟɧɢɹ ɄɉȾ ɛɭɞɭɬ ɧɚɢ-

ɛɨɥɶɲɢɦɢ, ɤɨɝɞɚ ɧɚɝɪɟɜ ɜɨ ɜɫɟɯ ɩɨɞɨɝɪɟɜɚɬɟɥɹɯ, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɩɟɪɜɨ-
ɝɨ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɬɟɦ ɠɟ ɡɚɜɢɫɢɦɨɫɬɹɦ [ɫɦ. (5.23)]. Ɋɚɫɩɨɥɨɠɟɧɢɟ 
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ɩɟɪɜɨɝɨ ɪɟɝɟɧɟɪɚɬɢɜɧɨɝɨ ɨɬɛɨɪɚ ɞɥɹ ɜɵɛɪɚɧɧɨɝɨ ɡɧɚɱɟɧɢɹ .ɩ ɜt  ɥɟɝɤɨ ɭɫ-
ɬɚɧɨɜɢɬɶ. Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɞɥɹ ɩɪɢɧɹɬɨɝɨ ɡɧɚɱɟɧɢɹ .ɩ ɜt  ɬɟɦɩɟɪɚɬɭɪɚ ɧɚ-
ɫɵɳɟɧɢɹ ɜ ɪɟɝɟɧɟɪɚɬɢɜɧɨɦ ɩɨɞɨɝɪɟɜɚɬɟɥɟ .ɪ ɩ m ɜt t ϑ′ = + . ɗɬɨɣ ɬɟɦɩɟɪɚ-
ɬɭɪɟ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɨɩɪɟɞɟɥɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɞɚɜɥɟɧɢɹ .ɪ ɩP  ɢ ɞɚɜɥɟɧɢɟ ɜ 
ɨɬɛɨɪɟ 1 .(1,05 1,08)ɨɬɛ ɪ ɩP P= ÷ . Ɂɚ ɷɬɢɦ ɨɬɛɨɪɨɦ (ɩɨ ɯɨɞɭ ɩɚɪɚ ɜ ɬɭɪɛɢɧɟ) 
ɢɦɟɟɬɫɹ ɟɳɟ ( 1)z −  ɨɬɛɨɪɨɜ. ɇɚɝɪɟɜ ɜɨɞɵ ɜ ɩɨɞɨɝɪɟɜɚɬɟɥɟ, ɨɛɨɝɪɟɜɚɟ-
ɦɨɦ ɩɚɪɨɦ ɤɚɠɞɨɝɨ ɢɡ ɧɢɯ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ (5.29) ɩɪɢ ɨɛɳɟɦ ɱɢɫɥɟ ɨɬ-
ɛɨɪɨɜ, ɭɦɟɧɶɲɚɟɦɨɦ ɧɚ ɟɞɢɧɢɰɭ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɨɬɛɨ-
ɪɨɜ ɜ ɬɭɪɛɢɧɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ, ɧɟ ɪɚɜɧɨɣ .ɩ ɜ optt , ɬɚɤ-
ɠɟ ɧɟ ɜɫɬɪɟɱɚɟɬ ɬɪɭɞɧɨɫɬɟɣ. 

ɇɚ ɩɪɚɤɬɢɤɟ ɧɚɯɨɞɢɬ ɩɪɢɦɟɧɟɧɢɟ ɢ ɬɚɤɨɣ ɦɟɬɨɞ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɟ-
ɝɟɧɟɪɚɬɢɜɧɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ, ɩɪɢ ɤɨɬɨɪɨɦ ɩɨɞɨɝɪɟɜ ɩɪɨɢɡɜɨɞɢɬɫɹ ɢɡ 
ɪɚɫɱɟɬɚ, ɱɬɨɛɵ ɜ ɤɚɠɞɨɦ ɩɨɞɨɝɪɟɜɚɬɟɥɟ ɷɧɬɪɨɩɢɹ ɜɨɞɵ ɜɨɡɪɚɫɬɚɥɚ ɧɚ 
ɨɞɧɨ ɢ ɬɨ ɠɟ ɡɧɚɱɟɧɢɟ sΔ . ȼ ɭɫɥɨɜɢɹɯ ɨɩɬɢɦɚɥɶɧɨɣ ɬɟɩɥɨɜɨɣ ɷɤɨɧɨɦɢɱ-
ɧɨɫɬɢ ɩɪɢ ɞɚɧɧɨɦ ɱɢɫɥɟ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ z  ɪɨɫɬ ɷɧɬɪɨɩɢɢ ɜ ɨɞɧɨɦ ɩɨ-
ɞɨɝɪɟɜɚɬɟɥɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

0

1

ɤs s
s

z

−
Δ =

+
,                                                          (5.34) 

ɚ ɩɪɢ ɩɨɞɨɝɪɟɜɟ ɞɨ ɧɟɤɨɬɨɪɨɣ ɬɟɦɩɟɪɚɬɭɪɵ .ɩ ɜt  - ɩɨ ɮɨɪɦɭɥɟ 
.ɩ ɜ ɤs s

s
z

−
Δ = ,                                                         (5.35) 

ɝɞɟ  
0s  - ɷɧɬɪɨɩɢɹ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ, ɪɚɜɧɨɣ ɬɟɦɩɟ-
ɪɚɬɭɪɟ ɧɚɫɵɳɟɧɢɹ ɞɥɹ ɞɚɜɥɟɧɢɹ 0P  (ɧɚ ɜɯɨɞɟ ɜ ɬɭɪɛɢɧɭ);  

.ɩ ɜs  - ɷɧɬɪɨɩɢɹ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ .ɩ ɜt ;  

ɤs  - ɷɧɬɪɨɩɢɹ ɜɨɞɵ ɧɚ ɜɯɨɞɟ ɜ ɪɟɝɟɧɟɪɚɬɢɜɧɵɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɩɨ-
ɫɥɟɞɧɟɝɨ ɨɬɛɨɪɚ. 

Ⱦɨɤɚɡɚɧɨ ɬɚɤɠɟ, ɱɬɨ ɩɪɢ ɢɡɨɬɟɪɦɢɱɟɫɤɨɦ ɨɬɜɨɞɟ ɬɟɩɥɨɬɵ ɨɬ ɩɚɪɚ 
(ɬ.ɟ. ɤɨɝɞɚ ɨɬɫɭɬɫɬɜɭɸɬ ɩɨɜɟɪɯɧɨɫɬɢ, ɱɟɪɟɡ ɤɨɬɨɪɵɟ ɬɟɩɥɨɬɚ ɩɟɪɟɞɚɟɬɫɹ 
ɩɟɪɟɝɪɟɬɵɦ ɩɚɪɨɦ, ɢ ɩɨɜɟɪɯɧɨɫɬɢ, ɧɚ ɤɨɬɨɪɵɯ ɩɪɨɢɫɯɨɞɢɬ ɩɟɪɟɨɯɥɚɠ-

ɞɟɧɢɟ ɤɨɧɞɟɧɫɚɬɚ) ɧɚɢɛɨɥɶɲɢɟ ɡɧɚɱɟɧɢɹ ɄɉȾ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ, ɤɨɝɞɚ 
ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɜ ɩɨɞɨɝɪɟɜɚɬɟɥɹɯ ɢɡɦɟɧɹɟɬɫɹ ɩɨ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɩɪɨ-
ɝɪɟɫɫɢɢ, ɬ.ɟ.: 

31 2 1

2 3 4

... z z

z ɤ

TT T T T

T T T T T

−= = = = = ,                                          (5.36) 

ɝɞɟ  
1T  - ɬɟɦɩɟɪɚɬɭɪɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ, Ʉ;  
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2 zT T÷  - ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɧɚ ɜɵɯɨɞɟ ɢɡ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɩɨɞɨɝ-
ɪɟɜɚɬɟɥɹ, Ʉ;  

ɤT  - ɬɟɦɩɟɪɚɬɭɪɚ ɤɨɧɞɟɧɫɚɬɚ ɧɚ ɜɯɨɞɟ ɜ ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɩɨɫɥɟɞɧɟɝɨ 
ɨɬɛɨɪɚ, Ʉ. 

ɇɚɯɨɞɢɬ ɩɪɢɦɟɧɟɧɢɟ ɬɚɤɠɟ ɦɟɬɨɞ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɨɬɛɨɪɨɜ, ɩɪɢ ɤɨ-
ɬɨɪɨɦ ɧɚɝɪɟɜ ɜ ɩɨɞɨɝɪɟɜɚɬɟɥɹɯ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɡɚɜɢɫɢɦɨɫɬɢ: 

0 1 2 1

1 2 3

...
ɜ ɜ ɜ ɜ z

ɜ ɜ ɜ ɜ z

h h h h
m

h h h h

−Δ Δ Δ Δ
= = = = =

Δ Δ Δ Δ
,                                  (5.37) 

ɝɞɟ 
0 0 .ɜ ɩ ɜh h h′Δ = − ; 

0
1

ɩ
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ɩ ɤ

h
m

h
+
Δ

=
Δ

.                                                         (5.38) 

ɉɪɢ ɜɵɛɪɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ (ɤɨɝɞɚ ɩɨɥɨɠɟɧɢɟ 
ɩɟɪɜɨɝɨ ɨɬɛɨɪɚ ɨɩɪɟɞɟɥɟɧɨ, ɚ ɱɢɫɥɨ ɪɚɫɩɪɟɞɟɥɹɟɦɵɯ ɨɬɛɨɪɨɜ 1z z′ = − ) 

ɭɪɚɜɧɟɧɢɹ (5.37) ɢ (5.38) ɩɪɢɧɢɦɚɸɬ ɜɢɞ: 

1 2 1

2 3

...
ɜ ɜ ɜ z

ɜ ɜ ɜ z

h h h
m

h h h

−Δ Δ Δ
= = = =

Δ Δ Δ
,                                       (5.37ɚ) 

ɝɞɟ 
1ɩ

z

ɩ ɤ

h
m

h

Δ
=

Δ
.                                                         (5.38ɚ) 

Ɏɨɪɦɭɥɵ (5.37) ɢ (5.38) [ɬɚɤ ɠɟ ɤɚɤ (5.37ɚ) ɢ (5.38ɚ)] ɩɨɥɭɱɟɧɵ ɜ 
ɩɪɟɞɩɨɥɨɠɟɧɢɢ, ɱɬɨ ɡɧɚɱɟɧɢɟ ɩhΔ  ɦɨɠɟɬ ɛɵɬɶ ɜɵɪɚɠɟɧɨ ɜ ɡɚɜɢɫɢɦɨɫɬɢ 

ɨɬ ɷɧɬɚɥɶɩɢɢ ɜɨɞɵ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚɫɵɳɟɧɢɹ ɪh′  ɜ ɢɧɬɟɪɜɚɥɟ ɞɚɜɥɟ-
ɧɢɣ ɨɬ ɤP  ɞɨ 1ɪP  ɥɢɧɟɣɧɨɣ ɡɚɜɢɫɢɦɨɫɬɶɸ. 

ɉɪɢɜɟɞɟɧɧɵɟ ɫɨɨɬɧɨɲɟɧɢɹ ɦɨɝɭɬ ɩɪɢɦɟɧɹɬɶɫɹ ɜ ɪɚɫɱɟɬɚɯ ɪɚɫɩɪɟ-
ɞɟɥɟɧɢɹ ɪɟɝɟɧɟɪɚɬɢɜɧɨɝɨ ɩɨɞɨɝɪɟɜɚ ɩɨ ɫɬɭɩɟɧɹɦ ɤɚɤ ɧɚ ɤɨɧɞɟɧɫɚɰɢɨɧ-

ɧɵɯ ɭɫɬɚɧɨɜɤɚɯ ɧɚɫɵɳɟɧɧɨɝɨ ɢ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ, ɬɚɤ ɢ ɧɚ Ɍɗɐ. Ɉɞɧɚɤɨ 
ɧɚ Ɍɗɐ ɧɨɦɢɧɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɞɚɜɥɟɧɢɹ ɜ ɪɟɝɭɥɢɪɭɟɦɵɯ ɨɬɛɨɪɚɯ ɡɚɞɚ-
ɸɬɫɹ, ɩɨɷɬɨɦɭ ɜɟɫɶ ɢɧɬɟɪɜɚɥ ɜɨɡɦɨɠɧɨɝɨ ɩɨɞɨɝɪɟɜɚ ɜɨɞɵ ɪɚɡɛɢɜɚɟɬɫɹ 
ɧɚ ɞɜɚ ɢɥɢ ɬɪɢ ɢɧɬɟɪɜɚɥɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɱɢɫɥɚ ɪɟɝɭɥɢɪɭɟɦɵɯ ɨɬɛɨ-
ɪɨɜ. ɉɪɢ ɨɞɧɨɦ ɨɬɛɨɪɟ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɞɜɚ ɢɧɬɟɪɜɚɥɚ (ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 

ɜɨɞɵ ɧɚ ɜɯɨɞɟ ɜ ɩɟɪɜɵɣ ɪɟɝɟɧɟɪɚɬɢɜɧɵɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɤt  ɞɨ ɬɟɦɩɟɪɚ-
ɬɭɪɵ ɜ ɪɟɝɭɥɢɪɭɟɦɨɦ ɨɬɛɨɪɟ ɪt′  ɢ ɨɬ ɪt′  ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɫɵɳɟɧɢɹ 0t′  
ɧɚ ɜɯɨɞɟ ɜ ɬɭɪɛɢɧɭ), ɩɪɢ ɞɜɭɯ - ɬɪɢ ɢɧɬɟɪɜɚɥɚ (ɨɬ ɤt  ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ-
ɫɵɳɟɧɢɹ 1ɪt′ , ɞɥɹ ɩɟɪɜɨɝɨ ɪɟɝɭɥɢɪɭɟɦɨɝɨ ɨɬɛɨɪɚ, ɡɚɬɟɦ ɨɬ 1ɪt′ , ɞɨ ɬɟɦ-
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ɩɟɪɚɬɭɪɵ ɧɚɫɵɳɟɧɢɹ 2ɪt′  ɞɥɹ ɜɬɨɪɨɝɨ ɪɟɝɭɥɢɪɭɟɦɨɝɨ ɨɬɛɨɪɚ ɢ ɨɬ 2ɪt′  ɞɨ 

0t′ ). Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨɞɨɝɪɟɜɚ ɜ ɤɚɠɞɨɦ ɢɡ ɷɬɢɯ ɢɧɬɟɪɜɚɥɨɜ ɩɪɨɜɨɞɢɬɫɹ 
ɩɨ ɩɪɢɜɟɞɟɧɧɵɦ ɜɵɲɟ ɡɚɜɢɫɢɦɨɫɬɹɦ. 

Ⱥɧɚɥɨɝɢɱɧɨ ɪɚɫɩɪɟɞɟɥɹɸɬɫɹ ɨɬɛɨɪɵ ɧɚ ɭɫɬɚɧɨɜɤɚɯ ɧɚɫɵɳɟɧɧɨɝɨ 
ɩɚɪɚ ɛɟɡ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ. ɇɚ ɬɚɤɢɯ ɭɫɬɚɧɨɜɤɚɯ ɨɛɵɱɧɨ ɩɨɬɨɤ 
ɩɚɪɚ ɩɨɫɥɟ ɑȼȾ ɬɭɪɛɢɧɵ ɨɬɜɨɞɢɬɫɹ ɜ ɫɟɩɚɪɚɬɨɪ, ɪɚɛɨɬɚɸɳɢɣ ɩɪɢ ɨɩɪɟ-
ɞɟɥɟɧɧɨɦ ɞɚɜɥɟɧɢɢ ɫP . ɉɨɷɬɨɦɭ ɜɟɫɶ ɢɧɬɟɪɜɚɥ ɜɨɡɦɨɠɧɨɝɨ ɩɨɞɨɝɪɟɜɚ 
ɜɨɞɵ ɪɚɡɛɢɜɚɟɬɫɹ ɧɚ ɞɜɚ ɭɱɚɫɬɤɚ: ɨɬ ɤt  ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɫɵɳɟɧɢɹ ɫt′ , 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɞɚɜɥɟɧɢɸ ɜ ɫɟɩɚɪɚɬɨɪɟ, ɢ ɨɬ ɫt′  ɞɨ 0t′ . ɉɪɢ ɬɟɦɩɟɪɚɬɭ-
ɪɚɯ ɨɬ ɤt  ɞɨ ɫt′  ɨɛɨɝɪɟɜ ɜɨɞɵ ɜɟɞɟɬɫɹ ɢɡ ɨɬɛɨɪɨɜ ɑɇȾ, ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 
ɨɬ ɫt′  ɞɨ 0t′  - ɢɡ ɨɬɛɨɪɨɜ ɑȼȾ. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɨɬɛɨɪɨɜ ɜ ɑȼȾ ɢ ɑɇȾ ɬɭɪ-
ɛɢɧ ɩɪɨɜɨɞɢɬɫɹ ɨɬɞɟɥɶɧɨ. 

Ⱥɧɚɥɢɡ ɷɬɨɣ ɫɯɟɦɵ ɩɨɤɚɡɚɥ, ɱɬɨ ɩɪɢ ɞɚɜɥɟɧɢɹɯ ɩɚɪɚ ɩɟɪɟɞ ɬɭɪɛɢ-

ɧɨɣ ɩɪɢɦɟɪɧɨ ɞɨ 5 Ɇɉɚ, ɤɨɝɞɚ ɱɢɫɥɨ ɪɟɝɟɧɟɪɚɬɢɜɧɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ 

4z > , ɦɨɠɧɨ ɩɪɢɦɟɧɹɬɶ ɪɚɜɧɨɦɟɪɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨɞɨɝɪɟɜɚ [ɫɦ. 

(5.31)]. Ɉɞɧɚɤɨ ɩɪɢ ɷɬɨɦ ɧɚɢɛɨɥɶɲɚɹ ɬɟɩɥɨɜɚɹ ɷɤɨɧɨɦɢɱɧɨɫɬɶ ɛɭɞɟɬ ɩɪɢ 

ɫɥɟɞɭɸɳɟɦ ɭɫɥɨɜɢɢ: 

(1 )ɜɑȼȾ ɑȼȾ ɜɑɇȾh hωΔ = − Δ ,                                           (5.39) 

ɝɞɟ   
,ɜɑɇȾ ɜɑȼȾh hΔ Δ  - ɧɚɝɪɟɜ ɜɨɞɵ ɜ ɪɟɝɟɧɟɪɚɬɢɜɧɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɹɯ, 
ɨɛɨɝɪɟɜɚɟɦɵɯ ɩɚɪɨɦ ɨɬ ɑɇȾ ɢ ɑȼȾ;  

ɑȼȾω  - ɜɥɚɠɧɨɫɬɶ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɑȼȾ ɬɭɪɛɢɧɵ. 

ɇɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ ɫ ɧɚɞɫɬɪɨɣɤɚɦɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɩɨɞɨɝɪɟɜ 
ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɨɬ ɨɬɛɨɪɨɜ ɩɪɟɞɜɤɥɸɱɟɧɧɵɯ ɬɭɪɛɢɧ ɫɥɟɞɭɟɬ ɩɪɢɦɟ-
ɧɹɬɶ ɬɨɥɶɤɨ ɜ ɬɟɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɧɚɞɫɬɪɨɣɤɚ ɩɨɥɧɚɹ. ɉɪɨɢɡɜɨɞɢɬɟɥɶ-
ɧɨɫɬɶ ɤɨɬɟɥɶɧɵɯ ɭɫɬɚɧɨɜɨɤ ɩɪɢ ɷɬɨɦ ɞɨɥɠɧɚ ɜɵɛɢɪɚɬɶɫɹ ɬɚɤɨɣ, ɱɬɨɛɵ 

ɨɛɟɫɩɟɱɢɬɶ ɩɨɥɧɵɣ ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ ɧɚɞɫɬɪɚɢɜɚɟɦɵɟ ɬɭɪɛɢɧɵ ɢ ɜ ɨɬɛɨɪɵ 

ɬɭɪɛɢɧ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ. Ɋɚɫɲɢɪɟɧɢɟ ɫɮɟɪɵ ɩɪɢɦɟɧɟɧɢɹ ɪɟɝɟɧɟɪɚ-
ɬɢɜɧɨɝɨ ɩɨɞɨɝɪɟɜɚ ɩɪɢɜɨɞɢɬ ɜ ɷɬɢɯ ɭɫɥɨɜɢɹɯ ɤ ɞɚɥɶɧɟɣɲɟɦɭ ɩɨɜɵɲɟ-
ɧɢɸ ɄɉȾ ɫɬɚɧɰɢɢ. 

ȿɫɥɢ ɧɚɞɫɬɪɨɣɤɚ ɧɟɩɨɥɧɚɹ, ɩɪɢɦɟɧɹɬɶ ɫɯɟɦɭ ɫ ɨɬɛɨɪɨɦ ɩɚɪɚ ɧɚ ɪɟ-
ɝɟɧɟɪɚɰɢɸ ɨɬ ɩɪɟɞɜɤɥɸɱɟɧɧɵɯ ɬɭɪɛɢɧ ɧɟ ɫɥɟɞɭɟɬ. Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɩɪɢ 

ɧɟɩɨɥɧɨɣ ɧɚɞɫɬɪɨɣɤɟ ɭɫɬɚɧɨɜɤɚ, ɪɚɛɨɬɚɹ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɩɪɨɢɡɜɨɞɢ-

ɬɟɥɶɧɨɫɬɢ ɩɚɪɨɜɵɯ ɤɨɬɥɨɜ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɧɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɬɪɟɛɭɟ-
ɦɵɣ ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ ɬɭɪɛɢɧɵ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ. ȿɫɥɢ ɩɪɢ ɷɬɨɦ ɱɚɫɬɶ ɩɚ-
ɪɚ DΔ  ɢɡ ɨɬɛɨɪɨɜ ɩɪɟɞɜɤɥɸɱɟɧɧɨɣ ɬɭɪɛɢɧɵ ɨɬɜɟɫɬɢ, ɬɨ ɞɥɹ ɬɨɝɨ ɱɬɨɛɵ 

ɧɚɞɫɬɪɚɢɜɚɟɦɵɟ ɭɫɬɚɧɨɜɤɢ ɡɚɝɪɭɡɢɬɶ ɩɨɥɧɨɫɬɶɸ, ɩɨɬɪɟɛɭɟɬɫɹ ɧɚ ɬɨ ɠɟ 
ɡɧɚɱɟɧɢɟ DΔ  ɭɜɟɥɢɱɢɬɶ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɬɥɨɜ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ. 
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Ɍɨɝɞɚ ɩɪɢ ɨɞɢɧɚɤɨɜɵɯ ɩɨɬɟɪɹɯ ɜ ɤɨɧɞɟɧɫɚɬɨɪɟ ɨɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɜɵɪɚ-
ɛɨɬɚɧɧɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɭɦɟɧɶɲɢɬɫɹ. ɋɨɤɪɚɬɢɬɫɹ ɬɚɤɠɟ ɢ ɨɛɳɟɟ ɤɨɥɢ-

ɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɩɟɪɟɞɚɧɧɨɣ ɜ ɤɨɬɟɥɶɧɵɯ ɭɫɬɚɧɨɜɤɚɯ ɜɵɫɨɤɨɝɨ ɢ ɧɢɡɤɨ-
ɝɨ ɞɚɜɥɟɧɢɹ ɩɟɪɟɝɪɟɬɨɦɭ ɩɚɪɭ, ɨɞɧɚɤɨ ɥɢɲɶ ɧɚɫɬɨɥɶɤɨ, ɧɚɫɤɨɥɶɤɨ 
ɭɦɟɧɶɲɢɥɚɫɶ ɜɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢɦɟɧɟɧɢɟ 
ɪɟɝɟɧɟɪɚɬɢɜɧɨɝɨ ɩɨɞɨɝɪɟɜɚ ɩɚɪɨɦ, ɨɬɛɢɪɚɟɦɵɦ ɨɬ ɧɚɞɫɬɪɨɟɧɧɨɣ ɱɚɫɬɢ 

ɬɭɪɛɢɧɧɨɣ ɭɫɬɚɧɨɜɤɢ, ɩɪɢɜɟɞɟɬ ɥɢɲɶ ɤ ɩɨɧɢɠɟɧɢɸ ɬɟɩɥɨɜɨɣ ɷɤɨɧɨ-
ɦɢɱɧɨɫɬɢ ɫɬɚɧɰɢɢ. 
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5.3. ɊȿȽȿɇȿɊȺɌɂȼɇɕɃ ɉɈȾɈȽɊȿȼ ȼ ɐɂɄɅȺɏ ɋ ɉɊɈɆȿɀɍ-

ɌɈɑɇɕɆ ɉȿɊȿȽɊȿȼɈɆ ɉȺɊȺ 

Ɉɩɢɫɚɧɧɵɟ ɦɟɬɨɞɵ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɫɩɨɥɨɠɟɧɢɹ ɪɟɝɟɧɟɪɚɬɢɜɧɵɯ 
ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɦɨɝɭɬ ɛɵɬɶ ɩɪɢɦɟɧɟɧɵ ɩɪɢ ɪɚɫɱɟɬɟ ɫɯɟɦ ɛɟɡ ɩɪɨɦɟɠɭ-
ɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ ɩɚɪɚ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚɪɹɞɭ ɫɨ ɫɯɟɦɚɦɢ ɛɟɡ ɩɪɨ-
ɦɟɠɭɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɭɱɢɥɢ ɫɯɟɦɵ ɫ 
ɨɞɧɢɦ ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɩɟɪɟɝɪɟɜɨɦ. Ⱦɥɹ ɬɚɤɨɣ ɫɯɟɦɵ ɬɟɩɥɨɜɚɹ ɷɤɨɧɨ-
ɦɢɱɧɨɫɬɶ ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɜɢɫɢɬ ɨɬ ɪɚɫɩɨɥɨɠɟɧɢɹ ɪɟɝɟɧɟɪɚɬɢɜɧɨɝɨ ɩɨ-
ɞɨɝɪɟɜɚɬɟɥɹ, ɨɛɨɝɪɟɜɚɟɦɨɝɨ ɩɚɪɨɦ ɢɡ ɩɟɪɜɨɝɨ ɨɬɛɨɪɚ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɧɟ-
ɩɨɫɪɟɞɫɬɜɟɧɧɨ ɡɚ ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɩɟɪɟɝɪɟɜɚɬɟɥɟɦ (ɩɨ ɯɨɞɭ ɩɚɪɚ). 

ȼ ɫɯɟɦɚɯ ɫ ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɩɟɪɟɝɪɟɜɨɦ ɨɞɢɧ ɪɟɝɟɧɟɪɚɬɢɜɧɵɣ ɩɨ-
ɞɨɝɪɟɜɚɬɟɥɶ ɜɫɟɝɞɚ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɪɚɫɩɨɥɚɝɚɬɶ ɬɚɤ, ɱɬɨɛɵ ɨɧ ɨɛɨɝɪɟɜɚɥ-
ɫɹ ɱɚɫɬɶɸ ɩɚɪɚ, ɨɬɛɢɪɚɟɦɨɝɨ ɢɡ ɩɨɬɨɤɚ, ɧɚɩɪɚɜɥɹɟɦɨɝɨ ɧɚ ɩɟɪɟɝɪɟɜ (ɪɢɫ. 
5.7). ɇɚɝɪɟɜ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɜ ɷɬɨɦ ɩɨɞɨɝɪɟɜɚɬɟɥɟ, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ 
ɨɩɪɟɞɟɥɹɟɦɵɣ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɫɥɟɞɭɸɳɟɝɨ ɨɬɛɨɪɚ, ɜ ɭɫɥɨɜɢɹɯ ɨɩɬɢ-

ɦɚɥɶɧɨɣ ɬɟɩɥɨɜɨɣ ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɡɧɚɱɢɬɟɥɶɧɨ ɜɵɲɟ, ɱɟɦ ɜɨ ɜɫɟɯ ɞɪɭ-
ɝɢɯ ɩɨɞɨɝɪɟɜɚɬɟɥɹɯ, ɢ ɡɚɜɢɫɢɬ ɨɬ ɧɚɱɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɚɪɚ ɢ ɩɚɪɚ-
ɦɟɬɪɨɜ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ, ɬɟɦɩɟɪɚɬɭɪɵ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ, 

ɱɢɫɥɚ ɨɬɛɨɪɨɜ ɜ ɝɨɥɨɜɧɨɣ ɱɚɫɬɢ ɬɭɪɛɢɧɵ ɢ ɡɚ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɟɦ, ɚ 
ɬɚɤɠɟ ɢɯ ɪɚɫɩɨɥɨɠɟɧɢɹ. 

 
Ɋɢɫ. 5.7. ɋɯɟɦɚ ɭɫɬɚɧɨɜɤɢ (ɚ) ɢ ɪɚɛɨɱɢɣ ɩɪɨɰɟɫɫ ɩɚɪɚ ɜ ɬɭɪɛɢɧɟ ɫ ɩɪɨɦɟɠɭɬɨɱɧɵɦ 

ɩɟɪɟɝɪɟɜɨɦ (ɛ): 
1 - ɩɚɪɨɜɨɣ ɤɨɬɟɥ; 2 - ɬɭɪɛɨɝɟɧɟɪɚɬɨɪ; 3 - ɤɨɧɞɟɧɫɚɬɨɪ; 4 - ɪɟɝɟɧɟɪɚɬɢɜɧɵɣ ɩɨ-
ɞɨɝɪɟɜɚɬɟɥɶ; .

I
ɩ ɩh , .

II
ɩ ɩh  - ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɑȼȾ ɢ ɜɯɨɞɟ ɜ ɑɋȾ ɬɭɪɛɢ-

ɧɵ (ɩɨɫɥɟ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ) 
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ɇɚ ɩɪɢɦɟɧɹɸɳɢɯɫɹ ɜ ɧɚɲɟɣ ɫɬɪɚɧɟ ɭɫɬɚɧɨɜɤɚɯ, ɪɚɛɨɬɚɸɳɢɯ ɧɚ 
ɩɟɪɟɝɪɟɬɨɦ ɩɚɪɟ ɫ ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɩɟɪɟɝɪɟɜɨɦ, ɧɚɪɹɞɭ ɫ ɷɬɢɦ ɢɦɟɟɬɫɹ 
ɟɳɟ ɨɞɢɧ ɨɬɛɨɪ ɩɪɢ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɩɚɪɚɦɟɬɪɚɯ. 

Ɉɞɧɚɤɨ, ɤɚɤ ɩɨɤɚɡɵɜɚɸɬ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ, ɜ ɧɟɤɨ-
ɬɨɪɵɯ ɫɥɭɱɚɹɯ [ɩɪɢ ɞɟɲɟɜɨɦ ɬɨɩɥɢɜɟ ɢɥɢ ɤɨɝɞɚ ɩɚɪɨɬɭɪɛɢɧɧɚɹ ɭɫɬɚ-
ɧɨɜɤɚ ɩɪɨɟɤɬɢɪɭɟɬɫɹ ɞɥɹ ɩɨɤɪɵɬɢɹ ɩɟɪɟɦɟɧɧɨɣ ɱɚɫɬɢ ɝɪɚɮɢɤɚ ɷɥɟɤɬɪɢ-

ɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ] ɩɢɬɚɬɟɥɶɧɭɸ ɜɨɞɭ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɨɞɨɝɪɟɜɚɬɶ ɞɨ ɨɬ-
ɧɨɫɢɬɟɥɶɧɨ ɧɟɜɵɫɨɤɢɯ ɡɧɚɱɟɧɢɣ .ɩ ɜt , ɢ ɬɨɝɞɚ ɧɚɥɢɱɢɟ ɷɬɨɝɨ ɨɬɛɨɪɚ ɷɤɨ-
ɧɨɦɢɱɟɫɤɢ ɧɟ ɨɩɪɚɜɞɚɧɨ. ȿɫɥɢ ɩɢɬɚɬɟɥɶɧɚɹ ɜɨɞɚ ɩɨɫɥɟ ɩɨɞɨɝɪɟɜɚɬɟɥɹ, 
ɨɛɨɝɪɟɜɚɟɦɨɝɨ ɩɚɪɨɦ ɢɡ ɥɢɧɢɢ, ɢɞɭɳɟɣ ɧɚ ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɩɟɪɟɝɪɟɜɚ-
ɬɟɥɶ, ɧɚɩɪɚɜɥɹɟɬɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɤɨɬɟɥɶɧɭɸ ɭɫɬɚɧɨɜɤɭ, ɬɨ ɬɟɦɩɟ-
ɪɚɬɭɪɚ .ɩ ɜt  (ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ .ɩ ɜh ) ɢɡɜɟɫɬɧɚ ɢ ɩɪɢ ɞɚɧɧɨɦ ɱɢɫɥɟ ɪɟɝɟɧɟɪɚ-
ɬɢɜɧɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɦɨɠɟɬ ɛɵɬɶ ɭɫɬɚɧɨɜɥɟɧɨ ɨɞɧɨ ɪɚɫɩɨɥɨɠɟɧɢɟ 
ɨɬɛɨɪɨɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɟ ɨɩɬɢɦɚɥɶɧɭɸ ɬɟɩɥɨɜɭɸ ɷɤɨɧɨɦɢɱɧɨɫɬɶ. ȿɫɥɢ 

ɜ ɱɚɫɬɢ ɬɭɪɛɢɧɵ ɞɨ ɜɵɯɨɞɚ ɩɨɬɨɤɚ ɢɡ ɑȼȾ ɢɦɟɟɬɫɹ ɨɬɛɨɪ ɧɚ ɪɟɝɟɧɟɪɚ-
ɬɢɜɧɵɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ, ɬɨ ɨɬ ɟɝɨ ɪɚɫɩɨɥɨɠɟɧɢɹ ɡɚɜɢɫɢɬ ɪɚɫɩɪɟɞɟɥɟɧɢɟ 
ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ, ɧɚɯɨɞɹɳɢɯɫɹ ɡɚ ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɩɟɪɟɝɪɟɜɚɬɟɥɟɦ. 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɜ ɭɫɥɨɜɢɹɯ, ɤɨɝɞɚ ɡɧɚɱɟɧɢɹ ɩhΔ , ɨɩɪɟɞɟɥɟɧɧɵɟ ɞɥɹ 
ɜɫɟɯ ɨɬɛɨɪɨɜ, ɦɨɝɭɬ ɛɵɬɶ ɜɵɪɚɠɟɧɵ ɥɢɧɟɣɧɵɦɢ ɡɚɜɢɫɢɦɨɫɬɹɦɢ ɨɬ .ɩ ɜh  

(ɬ.ɟ. ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɧɵ ɩɪɹɦɵɦɢ), ɜ ɫɯɟɦɚɯ ɫ ɨɞɧɢɦ ɢɥɢ ɞɜɭɦɹ ɪɟɝɟɧɟ-
ɪɚɬɢɜɧɵɦɢ ɩɨɞɨɝɪɟɜɚɬɟɥɹɦɢ, ɨɛɨɝɪɟɜɚɟɦɵɦɢ ɩɚɪɨɦ ɢɡ ɑȼȾ ɬɭɪɛɢɧɵ, 

ɨɩɬɢɦɚɥɶɧɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɜɫɟɯ ɨɬɛɨɪɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɹɦɢ: 
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3 4 5 1

4 5 6 .

...
ɩ ɩ ɩ ɩ z ɩ z

ɩ ɩ ɩ ɩ z ɩ ɤ

h h h h h
m

h h h h h

−Δ Δ Δ Δ Δ
= = = = = =

Δ Δ Δ Δ Δ
;                          (5.41) 

ɝɞɟ  
.ɩ ɩq - ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɩɨɞɜɟɞɟɧɧɨɣ ɤ 1 ɤɝ ɩɚɪɚ ɜ ɩɪɨɦɟɠɭɬɨɱ-

ɧɨɦ ɩɟɪɟɝɪɟɜɚɬɟɥɟ;  
ɩ zhΔ  - ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɤɨɬɨɪɨɟ ɨɬɞɚɟɬɫɹ ɜ ɪɟɝɟɧɟɪɚɬɢɜɧɨɦ 

ɩɨɞɨɝɪɟɜɚɬɟɥɟ 1 ɤɝ ɩɚɪɚ, ɨɬɛɢɪɚɟɦɵɦ ɢɡ ɩɨɬɨɤɚ, ɢɞɭɳɟɝɨ ɜ 
ɩɨɫɥɟɞɧɢɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ;  

.ɩ ɤhΔ - ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɨɬɞɚɜɚɟɦɨɣ 1 ɤɝ ɩɚɪɚ ɜ ɤɨɧɞɟɧɫɚɬɨɪɟ. 
ȿɫɥɢ ɜ ɑȼȾ ɬɭɪɛɢɧɵ ɞɨ ɨɬɜɨɞɚ ɩɚɪɚ ɧɚ ɩɟɪɟɝɪɟɜ ɨɬɛɨɪɨɜ ɧɟɬ, ɬɨ 

1 0ɜhΔ =  ɢ (5.40) ɩɪɢɧɢɦɚɟɬ ɜɢɞ: 
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.
2 2

3 30 .

3 4

1 ɩ ɩ
ɜ ɩ

ɜ ɩɩ ɜ

ɩ ɩ

q
h h

h hh h

h h

⎛ ⎞
Δ + Δ ⋅ +⎜ ⎟ Δ + Δ−⎝ ⎠ =

Δ Δ
;                               (5.40) 

ȼ (4.41) ɨɬɧɨɲɟɧɢɟ 
1

ɩ i

ɩ i

h
m

h +

Δ
=
Δ

, ɨɩɪɟɞɟɥɢɬɫɹ ɢɡ ɡɚɜɢɫɢɦɨɫɬɢ 

3
2

.

ɩ
z

ɩ ɤ

h
m

h
−

Δ
=

Δ
.                                                         (5.42) 

ɍɪɚɜɧɟɧɢɹ (5.40) - (5.42) ɦɨɠɧɨ ɪɟɲɢɬɶ ɦɟɬɨɞɨɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶ-
ɧɵɯ ɩɪɢɛɥɢɠɟɧɢɣ. ɐɟɥɟɫɨɨɛɪɚɡɧɨ ɫɧɚɱɚɥɚ (ɩɪɢ ɩɪɢɧɹɬɨɦ ɡɧɚɱɟɧɢɢ .ɩ ɜh ) 

ɡɚɞɚɬɶɫɹ ɡɧɚɱɟɧɢɟɦ 2ɜhΔ  ɢ ɞɥɹ ɩɨɥɭɱɟɧɧɨɝɨ ɩɪɢ ɷɬɨɦ ɪɚɫɩɨɥɨɠɟɧɢɹ ɨɬ-
ɛɨɪɚ ɡɚ ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɩɟɪɟɝɪɟɜɚɬɟɥɟɦ ɪɚɡɛɢɬɶ ɩɨɞɨɝɪɟɜ ɩɨ ɨɬɞɟɥɶɧɵɦ 

ɩɨɞɨɝɪɟɜɚɬɟɥɹɦ. ɉɨɫɥɟ ɷɬɨɝɨ ɦɨɠɧɨ ɩɨ (5.40) ɨɩɪɟɞɟɥɢɬɶ 2ɜhΔ . ȿɫɥɢ 

ɩɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɫɨɜɩɚɞɚɟɬ ɫ ɩɟɪɜɨɧɚɱɚɥɶɧɨ ɩɪɢɧɹɬɵɦ, ɪɚɡɛɢɜɤɚ 
ɨɬɜɟɱɚɟɬ ɨɩɬɢɦɚɥɶɧɨɦɭ ɄɉȾ. 

ɋɭɳɟɫɬɜɭɟɬ ɢ ɞɪɭɝɨɣ ɦɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɫɩɨɥɨɠɟɧɢɹ ɪɟɝɟɧɟɪɚ-
ɬɢɜɧɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɜ ɫɯɟɦɚɯ ɫ ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɩɟɪɟɝɪɟɜɨɦ. ɗɬɨɬ 
ɦɟɬɨɞ ɞɟɣɫɬɜɢɬɟɥɟɧ ɩɪɢ ɥɸɛɨɣ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɩhΔ  ɜ ɡɚɜɢ-

ɫɢɦɨɫɬɢ ɨɬ 2ɜhΔ . ȿɫɥɢ ɩɟɪɜɵɣ ɨɬɛɨɪ ɡɚ ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɩɟɪɟɝɪɟɜɚɬɟɥɟɦ 

ɩɪɨɜɟɫɬɢ ɩɪɢ ɞɚɜɥɟɧɢɢ ɩɚɪɚ, ɛɥɢɡɤɨɦ ɤ ɞɚɜɥɟɧɢɸ ɧɚ ɜɵɯɨɞɟ ɜ ɑɋȾ ɬɭɪ-
ɛɢɧɵ (ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɡɚ ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɩɟɪɟɝɪɟɜɚɬɟɥɟɦ), ɬɨ ɄɉȾ 

ɰɢɤɥɚ ɧɟ ɬɨɥɶɤɨ ɧɟ ɜɨɡɪɚɫɬɟɬ, ɧɨ ɞɚɠɟ ɭɦɟɧɶɲɢɬɫɹ. ɉɨ ɦɟɪɟ ɫɧɢɠɟɧɢɹ 
ɞɚɜɥɟɧɢɹ ɜ ɷɬɨɦ ɨɬɛɨɪɟ ɄɉȾ ɰɢɤɥɚ ɧɚɱɢɧɚɟɬ ɜɨɡɪɚɫɬɚɬɶ. ɂɡ ɷɬɨɝɨ ɫɥɟ-
ɞɭɟɬ, ɱɬɨ ɫɭɳɟɫɬɜɭɟɬ ɬɨɱɤɚ ɧɚ ɥɢɧɢɢ ɪɚɫɲɢɪɟɧɢɹ ɩɚɪɚ ɡɚ ɩɟɪɟɝɪɟɜɚɬɟ-
ɥɟɦ, ɜ ɤɨɬɨɪɨɣ ɪɚɫɩɨɥɨɠɟɧɢɟ ɪɟɝɟɧɟɪɚɬɢɜɧɨɝɨ ɨɬɛɨɪɚ ɧɟ ɨɤɚɡɵɜɚɟɬ ɧɢ-

ɤɚɤɨɝɨ ɜɥɢɹɧɢɹ ɧɚ ɄɉȾ ɰɢɤɥɚ. ɗɬɚ ɬɨɱɤɚ ɧɚɡɜɚɧɚ ɢɧɞɢɮɮɟɪɟɧɬɧɨɣ 
ɬɨɱɤɨɣ ɥɢɧɢɢ ɪɚɫɲɢɪɟɧɢɹ ɡɚ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɟɦ. 

Ɂɚɜɢɫɢɦɨɫɬɶ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɜ ɷɬɨɣ ɬɨɱɤɟ ɦɨɠɟɬ ɛɵɬɶ 
ɩɨɥɭɱɟɧɚ ɢɡ ɭɫɥɨɜɢɹ ɩɨɫɬɨɹɧɫɬɜɚ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɢ ɤɨɬɥɚ, ɬ.ɟ.: 

0 0 . . .( )ɩ ɜ ɩ ɩ ɩ ɩ
ɤ

ɬɪ

h h q
Q const

α α
η

− + ⋅
= = ,                                   (5.43) 

ɝɞɟ  
0 1α = - ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɪɚɫɯɨɞ ɫɜɟɠɟɝɨ ɩɚɪɚ ɧɚ ɬɭɪɛɢɧɭ;  

.ɩ ɩα  - ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɪɚɫɯɨɞ ɩɚɪɚ ɱɟɪɟɡ ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɩɚɪɨɩɟ-
ɪɟɝɪɟɜɚɬɟɥɶ;  

0h  ɢ .ɩ ɜh -ɷɧɬɚɥɶɩɢɹ ɫɜɟɠɟɝɨ ɩɚɪɚ ɢ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ, ɤȾɠ/ɤɝ. 
ȿɫɥɢ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɩɪɢ ɤQ const=  ɦɨɠɧɨ ɨɬɤɚɡɚɬɶɫɹ ɨɬ ɩɪɨ-
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ɦɟɠɭɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ, ɬɨ ɤɨɬɟɥ ɞɨɥɠɟɧ ɩɪɨɢɡɜɟɫɬɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨ 
ɫɜɟɠɟɝɨ ɩɚɪɚ ɜ ɤɨɥɢɱɟɫɬɜɟ: 

. .
0

0 .

ɩ ɩ ɩ ɩ

ɩ ɜ

q

h h

αα ⋅
Δ =

−
.                                                      (5.44) 

ɗɬɨɬ ɩɨɬɨɤ ɩɚɪɚ ɩɪɨɢɡɜɟɥ ɛɵ ɜ ɑȼȾ ɬɭɪɛɢɧɵ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɪɚ-
ɛɨɬɭ: 

0
ɑȼȾ

ɑȼȾ ɩɪL HαΔ = Δ ,                                                    (5.45) 

ɝɞɟ  
ɑȼȾ
ɩɪH  - ɩɪɢɜɟɞɟɧɧɵɣ ɬɟɩɥɨɩɟɪɟɩɚɞ ɩɚɪɚ ɜ ɑȼȾ ɬɭɪɛɢɧɵ, ɤȾɠ/ɤɝ, 

0 1 1 1 .(1 )( )ɑȼȾ I
ɩɪ ɪ ɪ ɩ ɩH h h h hα= − + − − ,                                    (5.46) 

ɢ ɥɢɲɶ ɬɨɥɶɤɨ ɩɨɫɥɟ ɷɬɨɝɨ ɤɚɤɚɹ-ɬɨ ɱɚɫɬɶ ɩɨɬɨɤɚ ( 0αΔ ) ɛɵɥɚ ɛɵ ɢɫɩɨɥɶ-
ɡɨɜɚɧɚ ɜ ɤɚɱɟɫɬɜɟ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɜ ɪɟɝɟɧɟɪɚɬɢɜɧɨɦ ɩɨɞɨɝɪɟɜɚɬɟɥɟ, ɩɢ-

ɬɚɟɦɨɦ ɩɚɪɨɦ, ɜɵɯɨɞɹɳɢɦ ɢɡ ɑȼȾ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɧɚɥɢɱɢɢ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ ɞɥɹ ɬɨɝɨ, 
ɱɬɨɛɵ ɧɚɣɬɢ ɧɚ ɥɢɧɢɢ ɪɚɫɲɢɪɟɧɢɹ ɩɚɪɚ ɡɚ ɩɟɪɟɝɪɟɜɚɬɟɥɟɦ ɬɨɱɤɭ, ɨɬɛɨɪ 
ɩɚɪɚ ɢɡ ɤɨɬɨɪɨɣ ɞɥɹ ɪɟɝɟɧɟɪɚɰɢɢ ɛɵɥ ɛɵ ɪɚɜɧɨɷɤɨɧɨɦɢɱɟɧ ɢɫɩɨɥɶɡɨɜɚ-
ɧɢɸ ɜ ɷɬɢɯ ɠɟ ɰɟɥɹɯ ɜɵɯɥɨɩɧɨɝɨ ɩɚɪɚ ɑȼȾ (ɢɧɞɢɮɮɟɪɟɧɬɧɭɸ ɬɨɱɤɭ), 
ɧɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ ɩɨɫɥɟ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ ɩɨɬɨɤ ɩɚɪɚ ɩɪɨɢɡ-
ɜɟɥ ɪɚɛɨɬɭ, ɪɚɜɧɭɸ ɑȼȾLΔ . 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɬɟɩɥɨɩɟɪɟɩɚɞ ɨɬ ɬɨɱɤɢ ɫ ɩɚɪɚɦɟɬɪɚɦɢ ɩɚɪɚ ɩɨɫɥɟ 
ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ ɞɨ ɢɧɞɢɮɮɟɪɟɧɬɧɨɣ ɬɨɱɤɢ (ɫɦ. ɪɢɫ. 5.7) 

ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɢɡ ɪɚɜɟɧɫɬɜɚ: 
.ɢɧɞ ɩ ɩ ɑȼȾH Lα⋅ = Δ .                                                   (5.47) 

ɉɨɞɫɬɚɜɢɜ (5.44) ɜ (5.47), ɩɨɥɭɱɢɦ: 

.
0 .

ɑȼȾ
ɩɪ

ɢɧɞ ɩ ɩ
ɩ ɜ

H
H q

h h
= ⋅

−
.                                                  (5.48) 

ɉɨɫɥɟ ɭɫɬɚɧɨɜɥɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɩɚɪɚ ɜ ɢɧɞɢɮɮɟɪɟɧɬɧɨɣ ɬɨɱɤɟ ɧɟ-
ɨɛɯɨɞɢɦɨ ɧɚɣɬɢ ɩɨɥɨɠɟɧɢɟ ɪɟɝɟɧɟɪɚɬɢɜɧɵɯ ɨɬɛɨɪɨɜ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɡɚ 
ɧɟɣ. Ⱦɥɹ ɷɬɢɯ ɰɟɥɟɣ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɥɸɛɚɹ ɢɡ ɢɡɜɟɫɬɧɵɯ ɦɟ-
ɬɨɞɢɤ, ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɞɥɹ ɭɫɬɚɧɨɜɨɤ ɛɟɡ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ ɩɚ-
ɪɚ. ɉɪɢ ɷɬɨɦ ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɬɭɪɛɨɭɫɬɚɧɨɜɤɭ ɛɟɡ ɩɪɨɦɟɠɭ-
ɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ ɩɚɪɚ ɫ ɧɚɱɚɥɶɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɢɧɞP  ɢ ɢɧɞt , ɭ ɤɨɬɨ-
ɪɨɣ ɱɢɫɥɨ ɪɟɝɟɧɟɪɚɬɢɜɧɵɯ ɨɬɛɨɪɨɜ ɑȼȾz z z′ = − . Ɍɚɤɚɹ ɚɧɚɥɨɝɢɹ ɫɨɜɟɪ-
ɲɟɧɧɨ ɨɩɪɚɜɞɚɧɚ, ɬɚɤ ɤɚɤ ɢɡ ɬɟɨɪɢɢ ɪɟɝɟɧɟɪɚɬɢɜɧɨɝɨ ɩɨɞɨɝɪɟɜɚ ɢɡɜɟɫɬ-
ɧɨ, ɱɬɨ ɨɬɛɨɪ ɫɜɟɠɟɝɨ ɩɚɪɚ ɞɥɹ ɪɟɝɟɧɟɪɚɰɢɢ ɧɟ ɜɥɢɹɟɬ ɧɚ ɬɟɩɥɨɜɭɸ ɷɤɨ-
ɧɨɦɢɱɧɨɫɬɶ ɭɫɬɚɧɨɜɤɢ, ɤɚɤ ɢ ɨɬɛɨɪ ɩɚɪɚ ɢɡ ɢɧɞɢɮɮɟɪɟɧɬɧɨɣ ɬɨɱɤɢ. 

ɇɚ Ⱥɗɋ ɫ ɬɭɪɛɨɭɫɬɚɧɨɜɤɚɦɢ, ɪɚɛɨɬɚɸɳɢɦɢ ɧɚ ɧɚɫɵɳɟɧɧɨɦ ɩɚɪɟ, 
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ɩɪɢɦɟɧɹɸɬ ɨɞɧɨɫɬɭɩɟɧɱɚɬɵɣ ɩɚɪɨɜɨɣ ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɩɟɪɟɝɪɟɜ. 
ɉɪɢ ɧɚɥɢɱɢɢ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɫɟɩɚɪɚɬɨɪɚ ɢ ɨɞɧɨɝɨ ɩɚɪɨɩɟɪɟɝɪɟ-

ɜɚɬɟɥɹ (ɝɪɟɸɳɚɹ ɫɪɟɞɚ - ɫɜɟɠɢɣ ɩɚɪ) ɢ ɩɪɢ ɨɬɤɚɡɟ ɨɬ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ 
ɩɟɪɟɝɪɟɜɚ ɱɟɪɟɡ ɩɪɨɬɨɱɧɭɸ ɱɚɫɬɶ ɑȼȾ ɬɭɪɛɢɧɵ ɩɨɲɟɥ ɛɵ ɞɨɩɨɥɧɢɬɟɥɶ-
ɧɵɣ ɩɨɬɨɤ ɩɚɪɚ ɜ ɤɨɥɢɱɟɫɬɜɟ 

. .
0

0

ɩ ɩ ɩ ɩ
ɝɪ

q

q

αα αΔ = = ;                                                 (5.49) 

ɡɞɟɫɶ  
0 0 0q h h′= − - ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɜɵɞɟɥɹɸɳɟɟɫɹ ɩɪɢ ɤɨɧɞɟɧɫɚɰɢɢ 

1 ɤɝ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɜ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɟ, ɤȾɠ/ɤɝ. 
Ɍɨɝɞɚ ɬɟɩɥɨɩɟɪɟɩɚɞ ɨɬ ɬɨɱɤɢ ɫ ɩɚɪɚɦɟɬɪɚɦɢ ɩɚɪɚ ɩɨɫɥɟ ɩɚɪɨɩɟɪɟ-

ɝɪɟɜɚɬɟɥɹ ɞɨ ɢɧɞɢɮɮɟɪɟɧɬɧɨɣ ɬɨɱɤɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɡɚɜɢɫɢɦɨɫɬɢ, ɚɧɚ-
ɥɨɝɢɱɧɨɣ (5.48): 

.
0

ɑȼȾ
ɩɪ

ɢɧɞ ɩ ɩ
H

H q
q

= ⋅ .                                                   (5.50) 

ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɫɯɟɦɵ, ɩɪɢɜɟɞɟɧɧɨɣ ɧɚ ɪɢɫ. 3.11, ɛ, ɢ ɨɬɤɚɡɟ 
ɨɬ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ ɜ ɑȼȾ ɬɭɪɛɢɧɵ ɛɵɥɚ ɛɵ ɩɨɥɭɱɟɧɚ ɞɨɩɨɥ-
ɧɢɬɟɥɶɧɚɹ ɪɚɛɨɬɚ 

2 1 1( )ɑȼȾ
ɑȼȾ ɩɪ ɫL H h hα α′Δ = + − ,                                         (5.51) 

ɝɞɟ  
1α  ɢ 2α  - ɪɚɫɯɨɞ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɧɚ ɩɟɪɜɭɸ ɢ ɜɬɨɪɭɸ ɫɬɭɩɟɧɢ ɩɚ-

ɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ. 
ɋ ɭɱɟɬɨɦ (3.16) 1α  ɢ 2α  ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ: 

. .
1

12

ɩ ɩ ɩ ɩq

q

αα ⋅
=

⋅
;      . .

2
02

ɩ ɩ ɩ ɩq

q

αα ⋅
=

⋅
,                                       (5.52) 

ɬɨɝɞɚ 

1 .
.

0 1 2
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H h h q

L
q q

α
⎛ ⎞−′Δ = + ⋅ ⋅⎜ ⎟⎜ ⎟
⎝ ⎠

.                                  (5.53) 

Ɏɨɪɦɭɥɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɩɥɨɩɟɪɟɩɚɞɚ ɞɨ ɢɧɞɢɮɮɟɪɟɧɬɧɨɣ 

ɬɨɱɤɢ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɢɦɟɟɬ ɜɢɞ: 

1 .

0 1 2

ɑȼȾ
ɩɪ ɫ ɩ ɩ

ɢɧɞ
H h h q

H
q q

⎛ ⎞−
= + ⋅⎜ ⎟⎜ ⎟
⎝ ⎠

.                                         (5.54) 

Ⱦɥɹ ɫɯɟɦ ɫ ɫɟɩɚɪɚɬɨɪɨɦ, ɧɨ ɛɟɡ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ . 0ɩ ɩq =  ɢ ɜ ɫɨ-
ɨɬɜɟɬɫɬɜɢɢ ɫ (5.54) 0ɢɧɞH = . ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɨɬɛɨɪɨɜ ɜ 
ɱɚɫɬɹɯ ɬɭɪɛɢɧɵ ɞɨ ɫɟɩɚɪɚɬɨɪɚ ɢ ɡɚ ɧɢɦ ɫɥɟɞɭɟɬ ɩɪɨɜɨɞɢɬɶ ɨɬɞɟɥɶɧɨ ɞɥɹ 
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ɤɚɠɞɨɝɨ ɢɧɬɟɪɜɚɥɚ ɞɚɜɥɟɧɢɣ (ɨɬ ɧɚɱɚɥɶɧɨɝɨ ɞɨ ɞɚɜɥɟɧɢɹ ɧɚ ɜɵɯɨɞɟ ɢɡ 
ɑȼȾ ɢ ɨɬ ɞɚɜɥɟɧɢɹ ɧɚ ɜɯɨɞɟ ɜ ɑɇȾ ɬɭɪɛɢɧ ɞɨ ɞɚɜɥɟɧɢɹ ɜ ɤɨɧɞɟɧɫɚɬɨɪɟ) 
ɩɨ ɩɪɢɜɟɞɟɧɧɵɦ ɜɵɲɟ ɡɚɜɢɫɢɦɨɫɬɹɦ ɢɥɢ ɩɪɢɦɟɧɢɜ ɪɚɜɧɨɦɟɪɧɨɟ ɪɚɫ-
ɩɪɟɞɟɥɟɧɢɟ ɜ ɑȼȾ ɢ ɑɇȾ. ɉɪɢ ɪɚɜɧɨɦɟɪɧɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɫɨɨɬɧɨɲɟ-
ɧɢɟ ɦɟɠɞɭ ɜɑȼȾhΔ  ɢ ɜɑɇȾhΔ  ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ (5.39). 

ȼ ɫɯɟɦɚɯ ɫ ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɩɟɪɟɝɪɟɜɨɦ ɩɚɪɚ, ɬɚɤ ɠɟ ɤɚɤ ɧɚ ɭɫɬɚ-
ɧɨɜɤɚɯ ɛɟɡ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ, ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɱɢɫɥɟ ɪɟɝɟɧɟɪɚ-
ɬɢɜɧɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɫɭɳɟɫɬɜɭɟɬ ɨɩɪɟɞɟɥɟɧɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɢɬɚ-
ɬɟɥɶɧɨɣ ɜɨɞɵ, ɩɪɢ ɤɨɬɨɪɨɣ iη  - (ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɷη ) ɩɪɢɧɢɦɚɟɬ ɦɚɤɫɢ-

ɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ. ɗɬɨ ɯɨɪɨɲɨ ɜɢɞɧɨ ɢɡ ɪɢɫ. 5.8, ɝɞɟ ɩɪɢɜɟɞɟɧɵ ɡɚɜɢɫɢ-

ɦɨɫɬɢ ɷη  ɨɬ .ɩ ɜt  ɞɥɹ ɩɚɪɨɬɭɪɛɢɧɧɨɣ ɭɫɬɚɧɨɜɤɢ ɧɚ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɧɚ-
ɱɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɚɯ.  

 

 

 

 

 

 

 

 

 
 

 

Ɋɢɫ. 5.8. Ɂɚɜɢɫɢɦɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ 
ɄɉȾ ɷη  ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɩɢɬɚɬɟɥɶɧɨɣ 

ɜɨɞɵ ɩɪɢ ɪɚɡɥɢɱɧɵɯ z  

( 0 23,5P Ɇɉɚ= , 

. 2,94ɩ ɩP Ɇɉɚ= ): 

Ɉ - ɫɯɟɦɚ ɫ ɨɞɧɢɦ ɨɬɛɨɪɨɦ ɜ ɑȼȾ 

ɬɭɪɛɢɧɵ (ɢɡ ɩɨɬɨɤɚ, ɧɚɩɪɚɜɥɹɟɦɨɝɨ 
ɧɚ ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɩɟɪɟɝɪɟɜ); 
― - ɫɯɟɦɚ ɫ ɞɜɭɦɹ ɨɬɛɨɪɚɦɢ ɜ ɑȼȾ 

 

Ɂɞɟɫɶ ɞɥɹ ɫɯɟɦɵ ɫ ɨɞɧɢɦ ɨɬɛɨɪɨɦ ɢɡ ɑȼȾ ɬɭɪɛɢɧɵ ɩɪɢ ɨɛɳɟɦ 

ɱɢɫɥɟ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ 1z z′ = −  (ɬɨɱɤɢ ɩɨɤɚɡɚɧɵ ɤɪɭɠɨɱɤɚɦɢ) ɬɟɦɩɟɪɚ-
ɬɭɪɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɞɚɜɥɟɧɢɟɦ ɜ ɩɪɨɦɟɠɭɬɨɱɧɨɦ ɩɚ-
ɪɨɩɟɪɟɝɪɟɜɚɬɟɥɟ ɢ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɨɛɳɟɝɨ ɱɢɫɥɚ ɪɟɝɟɧɟɪɚɬɢɜɧɵɯ ɩɨɞɨɝɪɟ-
ɜɚɬɟɥɟɣ. ɋ ɩɨɜɵɲɟɧɢɟɦ .ɩ ɜt  (ɤɨɝɞɚ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɟɳɟ ɨɞɢɧ ɪɟɝɟɧɟɪɚ-
ɬɢɜɧɵɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ, ɤ ɤɨɬɨɪɨɦɭ ɩɨɞɜɨɞɢɬɫɹ ɩɚɪ ɢɡ ɑȼȾ ɬɭɪɛɢɧɵ) 

ɡɧɚɱɟɧɢɹ ɄɉȾ ɪɚɫɬɭɬ ɢ ɞɨɫɬɢɝɚɸɬ ɦɚɤɫɢɦɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɩɪɢ ɬɟɦɩɟ-
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ɪɚɬɭɪɟ . .ɩ ɜ ɨɩɬt , ɤɨɬɨɪɚɹ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɱɢɫɥɚ ɪɟɝɟɧɟɪɚɬɢɜɧɵɯ 
ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ z . ɋ ɭɜɟɥɢɱɟɧɢɟɦ z  ɨɩɬɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɄɉȾ ɜɨɡ-
ɪɚɫɬɚɸɬ ɦɟɧɟɟ ɡɚɦɟɬɧɨ, ɱɟɦ ɧɚ ɭɫɬɚɧɨɜɤɚɯ ɛɟɡ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɟɪɟ-
ɝɪɟɜɚ. ȼɫɟ ɷɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɩɪɢ ɢɡɦɟɧɟɧɢɢ .ɩ ɜt  ɜ ɬɚɤɢɯ ɫɯɟɦɚɯ 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɢɥɢ ɭɦɟɧɶɲɚɟɬɫɹ ɩɨɞɨɝɪɟɜ ɜ ɩɟɪɜɨɦ (ɩɨ ɯɨɞɭ ɩɚɪɚ ɜ ɬɭɪ-
ɛɢɧɟ) ɪɟɝɟɧɟɪɚɬɢɜɧɨɦ ɩɨɞɨɝɪɟɜɚɬɟɥɟ 1ɜhΔ , ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɫɭɦɦɚɪɧɵɣ 

ɩɨɞɨɝɪɟɜ ɜɨɞɵ ɜɨ ɜɫɟɯ ɨɫɬɚɥɶɧɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɹɯ ɫɨɯɪɚɧɹɟɬɫɹ ɩɨɫɬɨɹɧ-

ɧɵɦ. ɗɬɨɬ ɩɨɞɨɝɪɟɜ ɨɫɬɚɟɬɫɹ ɧɟɢɡɦɟɧɧɵɦ ɬɚɤɠɟ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɢɥɢ 

ɭɦɟɧɶɲɟɧɢɢ ɱɢɫɥɚ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ z . Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɨ ɜɫɟɯ ɪɚɫɫɦɚɬ-
ɪɢɜɚɟɦɵɯ ɡɞɟɫɶ ɫɥɭɱɚɹɯ ɢɡɦɟɧɹɟɬɫɹ ɜ ɨɫɧɨɜɧɨɦ ɩɪɨɰɟɫɫ ɩɨɞɨɝɪɟɜɚ ɩɢ-

ɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɥɢɲɶ ɜ ɱɚɫɬɢ ɬɭɪɛɨɚɝɪɟɝɚɬɚ ɩɨɫɥɟ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɟ-
ɪɟɝɪɟɜɚɬɟɥɹ (ɩɪɢ .ɩ ɜt const= ). Ɍɚɤ ɤɚɤ ɞɚɜɥɟɧɢɟ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɟɪɟ-
ɝɪɟɜɚ ɨɛɵɱɧɨ ɧɟɜɟɥɢɤɨ, ɬɨ ɨɱɟɜɢɞɧɨ, ɱɬɨ ɢɡɦɟɧɟɧɢɟ z  ɧɟ ɦɨɠɟɬ ɨɬɪɚ-
ɡɢɬɶɫɹ ɧɚ ɡɧɚɱɟɧɢɹɯ i ɨɩɬη  ɢ . .ɩ ɜ ɨɩɬt  ɜ ɬɚɤɨɣ ɠɟ ɦɟɪɟ, ɤɚɤ ɧɚ ɭɫɬɚɧɨɜɤɚɯ 

ɛɟɡ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ. 
 

 

5.4. ȼɕȻɈɊ ɍɋɅɈȼɂɃ, ɈɉɊȿȾȿɅəɘɓɂɏ ɈɉɌɂɆȺɅɖɇɍɘ 

ɈȻɓɍɘ ɗɄɈɇɈɆɂɑɇɈɋɌɖ ɊȿȽȿɇȿɊȺɌɂȼɇɈȽɈ ɉɈȾɈȽɊȿ-

ȼȺ 

Ȼɵɥɨ ɨɬɦɟɱɟɧɨ, ɱɬɨ ɞɥɹ ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ ɱɢɫɥɚ ɪɟɝɟɧɟɪɚɬɢɜɧɵɯ 
ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɷɤɨɧɨɦɢɱɟɫɤɢ ɨɩɪɚɜɞɚɧɧɵɣ ɩɨɞɨɝɪɟɜ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ 

ɧɟ ɪɚɜɟɧ ɧɚɢɜɵɝɨɞɧɟɣɲɟɦɭ ɜ ɨɬɧɨɲɟɧɢɢ ɬɟɩɥɨɜɨɣ ɷɤɨɧɨɦɢɱɧɨɫɬɢ, ɚ 
ɜɫɟɝɞɚ ɦɟɧɶɲɟ ɟɝɨ. ɉɪɢ ɷɬɨɦ ɤɚɠɞɨɦɭ ɱɢɫɥɭ ɪɟɝɟɧɟɪɚɬɢɜɧɵɯ ɩɨɞɨɝɪɟ-
ɜɚɬɟɥɟɣ 2 ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɜɨɹ ɬɟɦɩɟɪɚɬɭɪɚ .ɩ ɜt , ɩɪɢ ɤɨɬɨɪɨɣ ɭɞɟɥɶɧɵɟ 
ɩɪɢɜɟɞɟɧɧɵɟ ɡɚɬɪɚɬɵ .ɷ ɨɩɬɡ  ɦɢɧɢɦɚɥɶɧɵ. ɋɪɚɜɧɢɜ ɡɧɚɱɟɧɢɹ .ɷ ɨɩɬɡ , ɪɚɫ-
ɫɱɢɬɚɧɧɵɟ ɩɪɢ ɪɚɡɥɢɱɧɵɯ z , ɥɟɝɤɨ ɭɫɬɚɧɨɜɢɬɶ ɱɢɫɥɨ ɪɟɝɟɧɟɪɚɬɢɜɧɵɯ 
ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɨɩɬz  ɢ ɡɧɚɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ . .ɩ ɜ ɨɩɬt , ɩɪɢ ɤɨɬɨɪɵɯ ɭɫɬɚ-
ɧɚɜɥɢɜɚɟɬɫɹ ɨɩɬɢɦɚɥɶɧɚɹ ɨɛɳɚɹ ɷɤɨɧɨɦɢɱɧɨɫɬɶ ( . minɷ ɨɩɬɡ = ). 

ȼ ɫɯɟɦɚɯ ɛɟɡ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɩɟɪɟɝɪɟɜɚ ɨɩɬɢɦɚɥɶɧɵɟ ɭɫɥɨɜɢɹ 
ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɢɡ ɫɪɚɜɧɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱɟɬɨɜ, 
ɩɪɨɜɟɞɟɧɧɵɯ ɩɪɢ ɧɟɫɤɨɥɶɤɢɯ ɡɧɚɱɟɧɢɹɯ ɨɛɳɟɝɨ ɱɢɫɥɚ ɪɟɝɟɧɟɪɚɬɢɜɧɵɯ 
ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ. ȼ ɪɚɫɱɟɬɚɯ ɩɨ ɜɵɛɨɪɭ .ɩ ɜt  ɢ z , ɞɥɹ ɫɯɟɦ ɫ ɩɪɨɦɟɠɭɬɨɱ-
ɧɵɦ ɩɟɪɟɝɪɟɜɨɦ ɱɢɫɥɨ ɨɬɛɨɪɨɜ ɜ ɑȼȾ ɬɭɪɛɢɧɵ ɨɫɬɚɜɥɹɸɬ ɨɛɵɱɧɨ ɨɞ-

ɧɢɦ ɢ ɬɟɦ ɠɟ, ɚ ɢɡɦɟɧɹɸɬ ɱɢɫɥɨ ɨɬɛɨɪɨɜ (ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɱɢɫɥɨ ɩɨɞɨɝ-
ɪɟɜɚɬɟɥɟɣ) ɡɚ ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɩɟɪɟɝɪɟɜɚɬɟɥɟɦ z′ . ɉɪɢ ɷɬɨɦ ɪɚɫɱɟɬɵ ɫ 
ɪɚɡɥɢɱɧɵɦ z′  ɩɪɨɜɨɞɹɬ ɞɥɹ ɧɟɫɤɨɥɶɤɢɯ ɡɧɚɱɟɧɢɣ .ɩ ɜt  ɢ ɢɡ ɜɫɟɯ ɜɚɪɢɚɧ-
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ɬɨɜ ɜɵɛɢɪɚɸɬ ɬɨɬ, ɩɪɢ ɤɨɬɨɪɨɦ minɷɡ = . 

Ɋɚɫɩɪɟɞɟɥɟɧɢɹ ɨɬɛɨɪɨɜ, ɪɚɫɫɱɢɬɚɧɧɵɟ ɩɨ ɩɪɢɜɟɞɟɧɧɵɦ ɜɵɲɟ ɡɚ-
ɜɢɫɢɦɨɫɬɹɦ, ɞɚɥɟɤɨ ɧɟ ɜɫɟɝɞɚ ɦɨɝɭɬ ɛɵɬɶ ɫɨɛɥɸɞɟɧɵ ɞɨɫɬɚɬɨɱɧɨ ɬɨɱɧɨ. 
Ɍɭɪɛɢɧɚ ɢɦɟɟɬ ɤɨɧɟɱɧɨɟ ɱɢɫɥɨ ɫɬɭɩɟɧɟɣ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɨɩɪɟɞɟɥɟɧ-

ɧɵɟ ɡɧɚɱɟɧɢɹ ɞɚɜɥɟɧɢɣ ɜ ɤɚɦɟɪɚɯ ɨɬɛɨɪɚ. ɗɬɢ ɡɧɚɱɟɧɢɹ ɦɨɝɭɬ ɨɬɥɢɱɚɬɶ-
ɫɹ, ɤɨɧɟɱɧɨ, ɨɬ ɬɟɯ, ɤɨɬɨɪɵɟ ɨɛɟɫɩɟɱɢɜɚɸɬ ɨɩɬɢɦɚɥɶɧɭɸ ɬɟɩɥɨɜɭɸ ɷɤɨ-
ɧɨɦɢɱɧɨɫɬɶ. ɋɬɪɟɦɥɟɧɢɟ ɭɫɬɚɧɨɜɢɬɶ ɞɟɚɷɪɚɬɨɪ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɨɦ ɞɚɜ-
ɥɟɧɢɢ (ɜɵɛɪɚɧɧɨɦ ɢɡ ɞɪɭɝɢɯ ɫɨɨɛɪɚɠɟɧɢɣ) ɢ ɩɪɨɜɟɫɬɢ ɨɬɛɨɪ ɢɡ ɜɵ-

ɯɥɨɩɧɵɯ ɩɚɬɪɭɛɤɨɜ ɰɢɥɢɧɞɪɨɜ ɬɚɤɠɟ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɧɟɨɛɯɨɞɢɦɨɫɬɢ 

ɜɧɟɫɟɧɢɹ ɧɟɤɨɬɨɪɵɯ ɢɡɦɟɧɟɧɢɣ ɜ ɪɚɫɫɱɢɬɚɧɧɵɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɨɬɛɨɪɨɜ. 
ɇɟɛɨɥɶɲɢɟ ɨɬɫɬɭɩɥɟɧɢɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɧɟ ɩɪɢɜɨɞɹɬ ɤ ɫɤɨɥɶɤɨ-ɧɢɛɭɞɶ 
ɡɚɦɟɬɧɨɦɭ ɢɡɦɟɧɟɧɢɸ ɬɟɩɥɨɜɨɣ ɷɤɨɧɨɦɢɱɧɨɫɬɢ. Ɉɞɧɚɤɨ ɞɥɹ ɨɤɨɧɱɚ-
ɬɟɥɶɧɨɝɨ ɪɟɲɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɜ ɤɚɠɞɨɦ ɤɨɧɤɪɟɬɧɨɦ ɫɥɭɱɚɟ ɡɧɚɱɟɧɢɹ 
ɄɉȾ ɭɫɬɚɧɨɜɤɢ, ɪɚɫɫɱɢɬɚɧɧɵɟ ɩɪɢ ɜɵɛɪɚɧɧɨɣ ɫɯɟɦɟ, ɫɨɩɨɫɬɚɜɢɬɶ ɫɨ 
ɡɧɚɱɟɧɢɹɦɢ, ɨɩɪɟɞɟɥɟɧɧɵɦɢ ɩɪɢ ɨɩɬɢɦɚɥɶɧɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɨɬɛɨɪɨɜ. 
 

 

 

 

 

ȼɨɩɪɨɫɵ ɞɥɹ ɫɚɦɨɩɪɨɜɟɪɤɢ  
 

 

1. ȼɫɟɝɞɚ ɥɢ ɨɩɪɚɜɞɚɧɨ ɩɪɢɦɟɧɟɧɢɟ ɪɟɝɟɧɟɪɚɬɢɜɧɨɝɨ ɩɨɞɨɝɪɟɜɚ ɩɢɬɚ-
ɬɟɥɶɧɨɣ ɜɨɞɵ? 

2. ɉɨɹɫɧɢɬɟ ɩɪɢɧɰɢɩ ɜɵɛɨɪɚ ɨɩɬɢɦɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɪɟɝɟɧɟɪɚɬɢɜɧɨɝɨ 
ɩɨɞɨɝɪɟɜɚ. 
3. Ʉɚɤɨɜ ɮɢɡɢɱɟɫɤɢɣ ɫɦɵɫɥ ɢɧɞɢɮɮɟɪɟɧɬɧɨɣ ɬɨɱɤɢ? 

4. Ɉɯɚɪɚɤɬɟɪɢɡɭɣɬɟ ɦɟɬɨɞɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɚɝɪɟɜɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɩɨ 
ɫɬɭɩɟɧɹɦ ɪɟɝɟɧɟɪɚɬɢɜɧɨɝɨ ɩɨɞɨɝɪɟɜɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ. 

5. ɉɨɹɫɧɢɬɟ ɬɟɪɦɢɧ «ɭɫɥɨɜɧɨɟ ɬɨɩɥɢɜɨ». 
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Ƚɥɚɜɚ ɲɟɫɬɚя. ɌЕХɇɈɅɈȽɂə ɈɌɉɍɋɄА ɉАɊА ɂ ɌЕɉɅɈɌЫ 

ɈɌ ɌЭɋ 

 

6.1. ɉɈɌɊȿȻɂɌȿɅɂ ɌȿɉɅɈɌɕ ɂ ɌȿɉɅɈȼɕȿ ɇȺȽɊɍɁɄɂ 

 

Ɍɟɩɥɨɬɚ ɨɬ Ɍɗɋ (Ɍɗɐ, Ʉɗɋ, ɉȽɍ) ɨɬɩɭɫɤɚɟɬɫɹ ɩɨɬɪɟɛɢɬɟɥɹɦ ɥɢɛɨ 
ɫ ɩɚɪɨɦ, ɥɢɛɨ ɫ ɝɨɪɹɱɟɣ ɜɨɞɨɣ. Ɍɟɩɥɨɬɭ, ɨɬɩɭɫɤɚɟɦɭɸ ɫ ɩɚɪɨɦ, ɢɫɩɨɥɶ-
ɡɭɸɬ, ɤɚɤ ɩɪɚɜɢɥɨ, ɩɪɟɞɩɪɢɹɬɢɹ ɧɟɮɬɟɩɟɪɟɪɚɛɚɬɵɜɚɸɳɟɣ, ɧɟɮɬɟɯɢɦɢ-

ɱɟɫɤɨɣ, ɬɟɤɫɬɢɥɶɧɨɣ, ɩɢɳɟɜɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɢ ɞɪ. ɉɚɪ, ɩɨɫɬɭɩɚɸ-

ɳɢɣ ɤ ɩɪɨɦɵɲɥɟɧɧɨɦɭ ɩɨɬɪɟɛɢɬɟɥɸ, ɦɨɠɟɬ ɢɦɟɬɶ ɞɚɜɥɟɧɢɟ 0,2÷2,0 

Ɇɉɚ ɢ ɞɨɥɠɟɧ ɛɵɬɶ ɨɛɹɡɚɬɟɥɶɧɨ ɩɟɪɟɝɪɟɬ. Ɍɚɤɨɣ ɩɚɪ ɧɚɡɵɜɚɸɬ ɬɟɯɧɨ-
ɥɨɝɢɱɟɫɤɢɦ ɢɥɢ – ɩɪɨɦɵɲɥɟɧɧɵɦ. 

ɉɚɪɨɫɧɚɛɠɟɧɢɟ ɩɨɬɪɟɛɢɬɟɥɟɣ ɞɨɥɠɧɨ ɨɛɟɫɩɟɱɢɜɚɬɶɫɹ ɫ ɜɵɫɨɤɨɣ 

ɧɚɞɟɠɧɨɫɬɶɸ, ɬɚɤ ɤɚɤ ɩɟɪɟɪɵɜɵ ɜ ɩɨɞɚɱɟ ɩɚɪɚ ɢɥɢ ɞɚɠɟ ɫɧɢɠɟɧɢɟ ɟɝɨ 
ɪɚɫɯɨɞɚ ɩɪɢɜɨɞɹɬ ɤ ɛɨɥɶɲɨɦɭ ɦɚɬɟɪɢɚɥɶɧɨɦɭ ɭɳɟɪɛɭ, ɧɚɪɭɲɟɧɢɸ ɬɟɯ-
ɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɢ ɞɚɠɟ ɤ ɨɩɚɫɧɨɫɬɢ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɩɨɠɚɪɨɜ. 

Ʉɪɭɩɧɵɟ ɩɨɬɪɟɛɢɬɟɥɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɚɪɚ ɩɨɥɭɱɚɸɬ ɟɝɨ ɨɬ 
ɫɩɟɰɢɚɥɶɧɵɯ Ɍɗɐ, ɧɚɡɵɜɚɟɦɵɯ ɩɪɨɦɵɲɥɟɧɧɵɦɢ. ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ 
ɬɚɤɢɯ Ɍɗɐ ɦɨɠɧɨ ɧɚɡɜɚɬɶ ɇɢɠɧɟɤɚɦɫɤɭɸ Ɍɗɐ-1, Ɍɨɛɨɥɶɫɤɭɸ Ɍɗɐ ɢ 

ɞɪ. 
ɉɨɬɪɟɛɥɟɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɚɪɚ ɦɨɠɟɬ ɢɡɦɟɧɹɬɶɫɹ ɨɬ ɧɨɦɢ-

ɧɚɥɶɧɨɝɨ ɪɚɫɯɨɞɚ ɧɨɦ
ɩD  ɞɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɦɚɤɫ

ɩD  ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɨɛɴɟ-
ɦɚ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɪɟɞɩɪɢɹɬɢɢ, ɚ ɬɚɤɠɟ ɨɬ ɪɟɠɢɦɚ ɢɯ ɪɚɛɨɬɵ. ɉɨɷɬɨɦɭ 
ɩɪɨɦɵɲɥɟɧɧɵɟ ɨɬɛɨɪɵ ɩɚɪɚ ɬɭɪɛɨɭɫɬɚɧɨɜɤɢ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɧɚ ɧɨɦɢ-

ɧɚɥɶɧɭɸ ɧɚɝɪɭɡɤɭ, ɚ ɩɢɤɨɜɚɹ ɧɚɝɪɭɡɤɚ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɩɚɪɨɦ ɨɬ ɊɈɍ 

ɢɥɢ ɨɬ ɫɩɟɰɢɚɥɶɧɵɯ ɩɢɤɨɜɵɯ ɩɚɪɨɜɵɯ ɤɨɬɥɨɜ.  
Ɉɬɧɨɲɟɧɢɟ ɪɚɫɯɨɞɨɜ ɩɚɪɚ 

ɧɨɦ
ɬ.ɩ ɩ
Ɍɗɐ ɦɚɤɫ

ɩ

D

D
α = .                                           (6.1) 

Ɍɟɩɥɨɬɚ, ɩɨɫɬɭɩɚɸɳɚɹ ɨɬ Ɍɗɐ ɫ ɝɨɪɹɱɟɣ ɜɨɞɨɣ, ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ 
ɠɢɥɢɳɧɨ-ɤɨɦɦɭɧɚɥɶɧɨɦ ɯɨɡɹɣɫɬɜɟ. ɉɪɢ ɷɬɨɦ ɨɫɧɨɜɧɵɦɢ ɟɟ ɩɨɬɪɟɛɢɬɟ-
ɥɹɦɢ ɹɜɥɹɸɬɫɹ ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ, ɜɟɧɬɢɥɹɰɢɢ, ɤɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɹ ɢ 

ɝɨɪɹɱɟɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɠɢɥɵɯ ɢ ɨɛɳɟɫɬɜɟɧɧɵɯ ɡɞɚɧɢɣ. ȼ ɠɢɥɵɯ ɢ 

ɨɛɳɟɫɬɜɟɧɧɵɯ ɡɞɚɧɢɹɯ ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɬɨɩɢɬɟɥɶɧɵɯ ɩɪɢɛɨ-
ɪɨɜ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ɫɚɧɢɬɚɪɧɨ-ɝɢɝɢɟɧɢɱɟɫɤɢɯ ɧɨɪɦ ɧɟ 
ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ 95 °ɋ, ɚ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɜ ɤɪɚɧɚɯ ɝɨɪɹɱɟɝɨ ɜɨɞɨ-
ɫɧɚɛɠɟɧɢɹ ɞɨɥɠɧɚ ɛɵɬɶ ɧɟ ɧɢɠɟ 50÷60 °ɋ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚ-
ɧɢɹɦɢ ɤɨɦɮɨɪɬɧɨɫɬɢ ɢ ɧɟ ɜɵɲɟ 70 °ɋ ɩɨ ɧɨɪɦɚɦ ɬɟɯɧɢɤɢ ɛɟɡɨɩɚɫɧɨɫɬɢ. 
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Ɍɟɩɥɨɜɵɟ ɩɨɬɪɟɛɢɬɟɥɢ ɞɢɤɬɭɸɬ ɧɟ ɬɨɥɶɤɨ ɜɢɞ ɢ ɩɚɪɚɦɟɬɪɵ ɬɟɩ-

ɥɨɧɨɫɢɬɟɥɹ, ɧɨ ɢ ɯɚɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɹ ɬɟɩɥɨɜɵɯ ɧɚɝɪɭɡɨɤ. ɉɨ ɢɡɦɟɧɟɧɢɸ 

ɜɨ ɜɪɟɦɟɧɢ ɬɟɩɥɨɜɵɟ ɧɚɝɪɭɡɤɢ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɫɟɡɨɧɧɵɟ ɢ ɤɪɭɝɥɨ-
ɝɨɞɨɜɵɟ. 

ɋɟɡɨɧɧɭɸ ɧɚɝɪɭɡɤɭ ɫɨɫɬɚɜɥɹɸɬ ɨɬɨɩɥɟɧɢɟ, ɜɟɧɬɢɥɹɰɢɹ ɢ ɤɨɧɞɢ-

ɰɢɨɧɢɪɨɜɚɧɢɟ ɜɨɡɞɭɯɚ. Ɂɧɚɱɟɧɢɟ ɢ ɯɚɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɹ ɫɟɡɨɧɧɨɣ ɧɚ-
ɝɪɭɡɤɢ ɡɚɜɢɫɹɬ ɨɬ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ: ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɪɭɠɧɨɝɨ ɜɨɡ-
ɞɭɯɚ, ɧɚɩɪɚɜɥɟɧɢɹ ɢ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ, ɜɥɚɠɧɨɫɬɢ ɜɨɡɞɭɯɚ ɢ ɫɨɥɧɟɱɧɨɝɨ 
ɢɡɥɭɱɟɧɢɹ. Ɉɫɧɨɜɧɨɟ ɜɥɢɹɧɢɟ ɨɤɚɡɵɜɚɟɬ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭ-
ɯɚ, ɩɨɷɬɨɦɭ ɫɟɡɨɧɧɚɹ ɧɚɝɪɭɡɤɚ ɢɦɟɟɬ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɫɬɨɹɧɧɵɣ ɫɭɬɨɱɧɵɣ 

ɢ ɪɟɡɤɨɩɟɪɟɦɟɧɧɵɣ ɝɨɞɨɜɨɣ ɝɪɚɮɢɤɢ (ɪɢɫ. 6.1). 

 

 

 

 

 

 

 

 

 

 
Ɋɢɫ. 6.1. Ƚɨɞɨɜɨɣ ɝɪɚɮɢɤ ɪɚɫɯɨɞɚ 
ɬɟɩɥɨɬɵ ɧɚ ɨɬɨɩɥɟɧɢɟ (ɩɨ ɦɟɫɹɰɚɦ 

ɝɨɞɚ):  
1, 2 – ɦɚɤɫɢɦɚɥɶɧɵɟ ɢ ɦɢɧɢɦɚɥɶɧɵɟ 
ɡɧɚɱɟɧɢɹ 

 

Ʉɪɭɝɥɨɝɨɞɢɱɧɭɸ ɧɚɝɪɭɡɤɭ ɫɨɫɬɚɜɥɹɸɬ ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɧɚɝɪɭɡɤɚ ɢ 

ɝɨɪɹɱɟɟ ɜɨɞɨɫɧɚɛɠɟɧɢɟ. 
ɇɚɝɪɭɡɤɚ ɝɨɪɹɱɟɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɡɚɜɢɫɢɬ ɨɬ ɫɬɟɩɟɧɢ ɛɥɚɝɨɭɫɬ-

ɪɨɣɫɬɜɚ ɝɨɪɨɞɚ ɢɥɢ ɩɨɫɟɥɤɚ, ɱɢɫɥɟɧɧɨɫɬɢ ɧɚɫɟɥɟɧɢɹ, ɪɚɫɩɨɪɹɞɤɚ ɟɝɨ ɪɚ-
ɛɨɱɟɝɨ ɞɧɹ ɢ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɬɚɤɢɯ ɤɨɦɦɭɧɚɥɶɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ, ɤɚɤ ɛɚ-
ɧɢ ɢ ɩɪɚɱɟɱɧɵɟ. 

ȼ ɨɬɥɢɱɢɟ ɨɬ ɫɟɡɨɧɧɨɣ ɧɚɝɪɭɡɤɢ ɝɨɪɹɱɟɟ ɜɨɞɨɫɧɚɛɠɟɧɢɟ ɢ ɬɟɯɧɨ-
ɥɨɝɢɱɟɫɤɚɹ ɧɚɝɪɭɡɤɚ ɩɨɱɬɢ ɧɟ ɡɚɜɢɫɹɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭ-
ɯɚ, ɩɨɷɬɨɦɭ ɤɪɭɝɥɨɝɨɞɨɜɚɹ ɧɚɝɪɭɡɤɚ ɢɦɟɟɬ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɫɬɨɹɧɧɵɣ ɝɨ-
ɞɨɜɨɣ ɢ ɪɟɡɤɨɩɟɪɟɦɟɧɧɵɣ ɫɭɬɨɱɧɵɣ ɝɪɚɮɢɤɢ (ɪɢɫ. 6.2). ɂɫɤɥɸɱɟɧɢɟ ɫɨ-
ɫɬɚɜɥɹɸɬ ɧɟɤɨɬɨɪɵɟ ɨɬɪɚɫɥɢ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɫɜɹɡɚɧɧɵɟ ɝɥɚɜɧɵɦ ɨɛ-

ɪɚɡɨɦ ɫ ɩɟɪɟɪɚɛɨɬɤɨɣ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɫɵɪɶɹ, ɪɚɛɨɬɚ ɤɨɬɨɪɵɯ 
ɢɦɟɟɬ ɫɟɡɨɧɧɵɣ ɯɚɪɚɤɬɟɪ. 
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Ɋɢɫ. 6.2. ɋɭɬɨɱɧɵɟ ɝɪɚɮɢɤɢ ɢɡɦɟɧɟɧɢɹ ɪɚɫɯɨɞɚ ɬɟɩɥɨɬɵ ɧɚ ɝɨɪɹɱɟɟ ɜɨɞɨɫɧɚɛɠɟ-

ɧɢɟ: 
ɚ – ɜ ɪɚɛɨɱɢɟ ɞɧɢ ɧɟɞɟɥɢ; ɛ – ɩɨ ɫɭɛɛɨɬɚɦ; – – –   – ɫɪɟɞɧɟɫɭɬɨɱɧɚɹ ɧɚɝɪɭɡɤɚ 

 

6.2. ɊȺɋɑȿɌ ɌȿɉɅɈȼɕɏ ɇȺȽɊɍɁɈɄ 

 

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɢ ɪɚɡɪɚɛɨɬɤɟ ɪɟɠɢɦɨɜ ɷɤɫɩɥɭɚɬɚɰɢɢ ɰɟɧɬɪɚ-
ɥɢɡɨɜɚɧɧɨɝɨ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɩɪɟɠɞɟ ɜɫɟɝɨ ɪɟɲɚɟɬɫɹ ɡɚɞɚɱɚ ɨɩɪɟɞɟɥɟ-
ɧɢɹ ɪɚɫɱɟɬɧɨɣ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɢ ɢ ɯɚɪɚɤɬɟɪɚ ɢɡɦɟɧɟɧɢɹ ɟɟ ɜ ɬɟɱɟɧɢɟ 
ɫɭɬɨɤ ɢ ɝɨɞɚ. Ɋɚɫɫɱɢɬɵɜɚɟɬɫɹ ɨɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ ɨɛɳQ , ɤɨɬɨɪɨɟ 
ɧɟɨɛɯɨɞɢɦɨ ɨɬɩɭɫɬɢɬɶ ɨɬ ɢɫɬɨɱɧɢɤɚ ɞɥɹ ɭɞɨɜɥɟɬɜɨɪɟɧɢɹ ɧɭɠɞ ɩɨɬɪɟɛɢ-

ɬɟɥɹ, ɪɚɫɫɦɚɬɪɢɜɚɹ ɬɟɩɥɨɜɵɟ ɧɚɝɪɭɡɤɢ ɞɥɹ ɤɚɠɞɨɝɨ ɜɢɞɚ ɩɨɬɪɟɛɥɟɧɢɹ. 
Ɉɬɨɩɥɟɧɢɟ ɩɪɟɞɧɚɡɧɚɱɟɧɨ ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜɧɭɬɪɢ 

ɩɨɦɟɳɟɧɢɣ ɧɚ ɭɪɨɜɧɟ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ ɤɨɦɮɨɪɬɧɵɦ ɭɫɥɨɜɢɹɦ. Ʉɨɦ-

ɮɨɪɬɧɵɟ ɭɫɥɨɜɢɹ ɨɩɪɟɞɟɥɹɸɬɫɹ ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ ɬɟɦɩɟɪɚɬɭɪɨɣ ɜɧɭɬɪɢ 

ɨɬɚɩɥɢɜɚɟɦɵɯ ɩɨɦɟɳɟɧɢɣ. ɉɪɢɧɹɬɨ, ɱɬɨ ɪɚɫɱɟɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɞɥɹ ɠɢ-

ɥɵɯ ɡɞɚɧɢɣ ɞɨɥɠɧɚ ɫɨɫɬɚɜɥɹɬɶ ɪ
ɜt = +18 °ɋ, ɞɥɹ ɲɤɨɥ, ɞɟɬɫɤɢɯ ɫɚɞɨɜ, 

ɩɨɥɢɤɥɢɧɢɤ ɢ ɛɨɥɶɧɢɰ – ɪ
ɜt = +20 °ɋ, ɞɥɹ ɨɛɳɟɫɬɜɟɧɧɵɯ ɡɞɚɧɢɣ – ɪ

ɜt  = 

+16 °ɋ. Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɩɨɞɞɟɪɠɢɜɚɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɜɨɡɞɭɯɚ ɜɧɭɬɪɢ ɨɬɚ-
ɩɥɢɜɚɟɦɨɝɨ ɩɨɦɟɳɟɧɢɹ ɧɚ ɪɚɫɱɟɬɧɨɦ ɭɪɨɜɧɟ, ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɬɶ 
ɪɚɜɧɨɜɟɫɢɟ ɦɟɠɞɭ ɬɟɩɥɨɜɵɦɢ ɩɨɬɟɪɹɦɢ ɡɞɚɧɢɣ ɢ ɩɪɢɬɨɤɨɦ ɬɟɩɥɨɬɵ. 

ɗɬɨ ɭɫɥɨɜɢɟ ɬɟɩɥɨɜɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɡɞɚɧɢɹ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ 
ɫɥɟɞɭɸɳɟɝɨ ɪɚɜɟɧɫɬɜɚ: 

ɬ.ɩ ɨɬ ɜɧQ Q Q= + ,                                        (6.2) 

ɝɞɟ  
ɬ.ɩQ  – ɫɭɦɦɚɪɧɵɟ ɬɟɩɥɨɜɵɟ ɩɨɬɟɪɢ ɡɞɚɧɢɹ;  
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ɨɬQ  – ɩɪɢɬɨɤ ɬɟɩɥɨɬɵ ɜ ɡɞɚɧɢɟ ɱɟɪɟɡ ɨɬɨɩɢɬɟɥɶɧɭɸ ɫɢɫɬɟɦɭ;  

ɜɧQ  – ɬɟɩɥɨɬɚ, ɩɨɫɬɭɩɚɸɳɚɹ ɨɬ ɜɧɭɬɪɟɧɧɢɯ ɢɫɬɨɱɧɢɤɨɜ (ɥɸɞɟɣ, 

ɨɫɜɟɬɢɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ, ɝɚɡɨɜɵɯ ɢ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɥɢɬ, ɬɟɯɧɨɥɨɝɢɱɟ-
ɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɫɢɥɨɜɵɯ ɚɝɪɟɝɚɬɨɜ ɢ ɞɪ.). 

Ⱦɥɹ ɠɢɥɵɯ ɩɨɦɟɳɟɧɢɣ ɩɪɢɧɢɦɚɟɬɫɹ ɜɧ 0Q =  ɬɚɤ ɤɚɤ ɬɟɩɥɨɜɵɞɟ-
ɥɟɧɢɹ ɜ ɧɢɯ ɨɬɧɨɫɢɬɟɥɶɧɨ ɦɚɥɵ, ɩɪɢ ɷɬɨɦ ɬ.ɩ ɨɬQ Q= . Ⱦɥɹ ɩɪɨɦɵɲɥɟɧ-

ɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ ɜɧQ  ɦɨɠɟɬ ɛɵɬɶ ɡɧɚɱɢɬɟɥɶɧɵɦ, ɨɫɨɛɟɧɧɨ ɜ ɰɟɯɚɯ ɫ 
ɪɚɡɥɢɱɧɨɝɨ ɪɨɞɚ ɬɟɩɥɨɜɵɦɢ ɢ ɫɢɥɨɜɵɦɢ ɭɫɬɚɧɨɜɤɚɦɢ, ɩɨɷɬɨɦɭ ɩɪɢ ɪɚɫ-
ɱɟɬɟ ɨɬɨɩɥɟɧɢɹ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ ɜɧɭɬɪɟɧɧɢɟ ɬɟɩɥɨɜɵɞɟɥɟ-
ɧɢɹ ɞɨɥɠɧɵ ɭɱɢɬɵɜɚɬɶɫɹ. 

Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɜt  ɢ ɩɟɪɟɞɚ-
ɜɚɟɦɨɟ ɨɬɨɩɢɬɟɥɶɧɵɦɢ ɩɪɢɛɨɪɚɦɢ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɟɩɥɨɜɵɦɢ ɩɨɬɟɪɹɦɢ 

ɬ.ɩQ , ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɦɢ ɪɚɡɧɨɫɬɢ ɜɧɭɬɪɟɧɧɟɣ ɜt  ɢ ɧɚɪɭɠɧɨɣ ɧt  ɬɟɦ-

ɩɟɪɚɬɭɪ ɜɨɡɞɭɯɚ: 
ɨɬ 0 ɜ ɧ( )Q V t tχ= ⋅ ⋅ − ,                                     (6.3) 

ɝɞɟ  
0χ  – ɨɬɨɩɢɬɟɥɶɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɡɞɚɧɢɹ, ɜɵɪɚɠɚɸɳɚɹ ɩɨɬɟɪɢ ɬɟɩɥɨɬɵ 

ɱɟɪɟɡ ɟɝɨ ɧɚɪɭɠɧɵɟ ɨɝɪɚɠɞɟɧɢɹ ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ ɩɪɢ ɪɚɡɧɨɫɬɢ ɬɟɦ-

ɩɟɪɚɬɭɪ ɜ ɧt t− =1 °ɋ, ɨɬɧɟɫɟɧɧɵɟ ɤ 1 ɦ3
 ɨɛɴɟɦɚ ɡɞɚɧɢɹ;  

V  – ɨɛɴɟɦ ɡɞɚɧɢɹ. 
Ⱦɥɹ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɡɞɚɧɢɣ 0 0,5 0,85χ = −  ȼɬ/(ɦ3

·Ʉ); ɞɥɹ ɠɢ-

ɥɵɯ ɡɞɚɧɢɣ 0χ  ɩɨɞɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɷɦɩɢɪɢɱɟɫɤɨɣ ɮɨɪɦɭɥɟ 

0 1/ 6

a

V
χ = ,                                              (6.4) 

ɝɞɟ  
1,6a =  ɩɪɢ ɬɨɥɳɢɧɟ ɧɚɪɭɠɧɵɯ ɫɬɟɧ 2,5 ɤɢɪɩɢɱɚ ɢ ɞɜɨɣɧɨɦ ɨɫɬɟɤɥɟɧɢɢ; 

2,0 2,2a = −  ɞɥɹ ɤɪɭɩɧɨɛɥɨɱɧɵɯ ɡɞɚɧɢɣ ɢɡ ɫɛɨɪɧɨɝɨ ɠɟɥɟɡɨɛɟɬɨɧɚ. 
ɋɬɪɨɢɬɟɥɶɧɵɟ ɧɨɪɦɵ ɢ ɩɪɚɜɢɥɚ (ɋɇɢɉ) ɪɟɝɥɚɦɟɧɬɢɪɭɸɬ ɪɚɫɱɟɬ 

ɬɟɩɥɨɜɵɯ ɩɨɬɟɪɶ ɢ ɨɬɨɩɢɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ. Ⱦɥɹ ɪɚɡɥɢɱɧɵɯ ɤɥɢɦɚɬɢɱɟ-
ɫɤɢɯ ɪɚɣɨɧɨɜ ɭɫɬɚɧɨɜɥɟɧɵ ɪɚɫɱɟɬɧɵɟ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ 
ɪ
ɧ.ɨɬt  ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɨɬɨɩɢɬɟɥɶɧɨɝɨ ɫɟɡɨɧɚ ɨ.ɫτ . 

Ɂɚ ɪɚɫɱɟɬɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɩɪɢɧɢɦɚɸɬ ɫɪɟɞ-

ɧɸɸ ɬɟɦɩɟɪɚɬɭɪɭ ɫɚɦɵɯ ɯɨɥɨɞɧɵɯ ɩɹɬɢɞɧɟɜɨɤ ɢɡ ɱɟɬɵɪɟɯ ɧɚɢɛɨɥɟɟ ɯɨ-
ɥɨɞɧɵɯ ɡɢɦ ɡɚ 50-ɥɟɬɧɢɣ ɩɟɪɢɨɞ. ɇɚɩɪɢɦɟɪ, ɞɥɹ Ɇɨɫɤɜɵ ɪ

ɧ.ɨɬt = -26 °ɋ, 

ɞɥɹ ȿɤɚɬɟɪɢɧɛɭɪɝɚ ɪ
ɧ.ɨɬt = -31 °ɋ, ɚ ɞɥɹ Ɍɨɦɫɤɚ ɪ

ɧ.ɨɬt = -40 °ɋ. 
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Ɉɬɨɩɢɬɟɥɶɧɵɣ ɫɟɡɨɧ ɧɚɱɢɧɚɟɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ +8 °ɋ, ɩɪɢɱɟɦ 

ɩɪɟɞɭɫɦɨɬɪɟɧɨ, ɱɬɨ ɜɤɥɸɱɟɧɢɟ ɨɬɨɩɥɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɧɢɠɟɧɢɟɦ 

ɫɪɟɞɧɟɫɭɬɨɱɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɞɨ ɦɟɧɟɟ 8 °ɋ ɜ ɬɟɱɟɧɢɟ 3 ɫɭɬ ɩɨɞɪɹɞ. 

Ɋɚɫɯɨɞ ɬɟɩɥɨɬɵ ɧɚ ɜɟɧɬɢɥɹɰɢɸ ɬɚɤɠɟ ɡɚɜɢɫɢɬ ɨɬ ɪɚɡɧɨɫɬɢ ɬɟɦɩɟ-
ɪɚɬɭɪ ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

ɜ ɜ ɜ ɧ( )Q q V t t= ⋅ ⋅ − ,                                      (6.5) 

ɝɞɟ  
ɜq  – ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɬɟɩɥɨɬɵ ɧɚ ɜɟɧɬɢɥɹɰɢɸ, ɤȼɬ/(ɦ3

·Ʉ), ɪɚɫɫɱɢ-

ɬɵɜɚɟɦɵɣ ɩɨ ɜɵɪɚɠɟɧɢɸ 

ɩ
ɜ

vm c V
q

V

⋅ ⋅
= ,                                          (6.6) 

Ɂɞɟɫɶ m  – ɤɪɚɬɧɨɫɬɶ ɨɛɦɟɧɚ ɜɨɡɞɭɯɚ ɜ ɩɨɦɟɳɟɧɢɢ, ɭɫɬɚɧɚɜɥɢɜɚɟ-
ɦɚɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɫɚɧɢɬɚɪɧɨ-ɝɢɝɢɟɧɢɱɟɫɤɢɦɢ ɧɨɪɦɚɦɢ; vc = 1,20 

ɤȾɠ/(ɦ3
·°ɋ) – ɨɛɴɟɦɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɜɨɡɞɭɯɚ; ɩV  – ɨɛɴɟɦ ɜɟɧɬɢɥɢɪɭɟ-

ɦɨɝɨ ɩɨɦɟɳɟɧɢɹ, ɦ3
. 

ɉɪɢ ɜɵɛɨɪɟ ɧɢɡɲɟɣ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ, ɩɨ ɤɨɬɨɪɨɣ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɦɚɤɫɢɦɚɥɶɧɚɹ ɬɟɩɥɨɜɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɜɟɧɬɢɥɹɰɢɸ, ɭɱɢɬɵɜɚ-
ɟɬɫɹ, ɱɬɨ ɜ ɧɚɢɛɨɥɟɟ ɯɨɥɨɞɧɵɟ ɞɧɢ ɜɨɡɦɨɠɧɨ ɫɧɢɠɟɧɢɟ ɤɪɚɬɧɨɫɬɢ ɨɛɦɟ-
ɧɚ ɜɨɡɞɭɯɚ. ɉɨɷɬɨɦɭ ɞɥɹ ɜɫɟɯ ɩɨɦɟɳɟɧɢɣ ɪɚɫɱɟɬɧɚɹ ɧɚɪɭɠɧɚɹ ɬɟɦɩɟɪɚ-
ɬɭɪɚ ɜɨɡɞɭɯɚ ɞɥɹ ɜɟɧɬɢɥɹɰɢɢ ɜɵɲɟ, ɱɟɦ ɞɥɹ ɨɬɨɩɥɟɧɢɹ (ɞɥɹ ɭɫɥɨɜɢɣ 

Ɇɨɫɤɜɵ ɪ
ɧ.ɜɟɧt  =-15 °ɋ). ɉɨ ɩɪɢɧɹɬɵɦ ɜ ɧɚɲɟɣ ɫɬɪɚɧɟ ɫɬɪɨɢɬɟɥɶɧɵɦ 

ɧɨɪɦɚɦ ɢ ɩɪɚɜɢɥɚɦ ɪ
ɧ.ɜɟɧt  ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɢɛɨ-

ɥɟɟ ɯɨɥɨɞɧɨɝɨ ɩɟɪɢɨɞɚ, ɫɨɫɬɚɜɥɹɸɳɟɝɨ 15 % ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɨɬɨ-
ɩɢɬɟɥɶɧɨɝɨ ɫɟɡɨɧɚ, ɜ ɫɚɦɵɟ ɯɨɥɨɞɧɵɟ ɝɨɞɵ. ɋ ɭɱɟɬɨɦ ɢɡɥɨɠɟɧɧɨɝɨ ɞɥɹ 
ɬɟɦɩɟɪɚɬɭɪ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɧɢɠɟ ɪ

ɧ.ɜɟɧt  ɬɟɩɥɨɜɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɜɟɧɬɢ-

ɥɹɰɢɸ ɨɫɬɚɟɬɫɹ ɩɨɫɬɨɹɧɧɨɣ. 

Ɍɟɯɧɢɱɟɫɤɢ ɷɬɨ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ ɪɟɚɥɢɡɭɟɬɫɹ ɡɚ ɫɱɟɬ ɪɟɰɢɪɤɭɥɹɰɢɢ 

ɱɚɫɬɢ ɜɨɡɞɭɯɚ ɜɟɧɬɢɥɢɪɭɟɦɨɝɨ ɩɨɦɟɳɟɧɢɹ. 
ɋɪɟɞɧɟɫɭɬɨɱɧɵɣ ɪɚɫɯɨɞ ɬɟɩɥɨɬɵ ɧɚ ɝɨɪɹɱɟɟ ɜɨɞɨɫɧɚɛɠɟɧɢɟ ɠɢ-

ɥɵɯ, ɨɛɳɟɫɬɜɟɧɧɵɯ ɢ ɩɪɨɦɵɲɥɟɧɧɵɯ ɡɞɚɧɢɣ ɢɥɢ ɝɪɭɩɩɵ ɨɞɧɨɬɢɩɧɵɯ 
ɡɞɚɧɢɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

ɝ.ɜ p ɝ ɯ( )Q a n c t t= ⋅ ⋅ − ,                                    (6.7) 

ɝɞɟ  
a  – ɧɨɪɦɚ ɪɚɫɯɨɞɚ ɝɨɪɹɱɟɣ ɜɨɞɵ, ɥ, ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 65 °ɋ ɧɚ ɨɞɧɨɝɨ 
ɠɢɬɟɥɹ ɜ ɫɭɬɤɢ ɢɥɢ ɧɚ ɟɞɢɧɢɰɭ ɢɡɦɟɪɟɧɢɹ (1 ɨɛɟɞ, 1 ɤɝ ɫɭɯɨɝɨ ɛɟɥɶɹ, 1 

ɩɨɫɟɬɢɬɟɥɶ); ɧɚɩɪɢɦɟɪ, ɜ ɠɢɥɵɯ ɞɨɦɚɯ ɫ ɜɚɧɧɚɦɢ ɢ ɞɭɲɚɦɢ a  = 120 

ɥ/ɫɭɬ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 1260 ɤȾɠ/ɱ;  
n  – ɱɢɫɥɨ ɠɢɬɟɥɟɣ ɜ ɡɞɚɧɢɢ ɢɥɢ ɱɢɫɥɨ ɟɞɢɧɢɰ ɢɡɦɟɪɟɧɢɹ;  
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pc  – ɬɟɩɥɨɟɦɤɨɫɬɶ ɜɨɞɵ, ɤȾɠ/(ɤɝ⋅°ɋ);  

ɯt  – ɬɟɦɩɟɪɚɬɭɪɚ ɯɨɥɨɞɧɨɣ ɜɨɞɵ, °ɋ;  

ɝt  – ɬɟɦɩɟɪɚɬɭɪɚ ɝɨɪɹɱɟɣ ɜɨɞɵ, °ɋ; ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɧɨɪɦɚɦɢ 50 < 

ɝ50 70t≤ ≤  °ɋ; ɪɚɫɱɟɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝ 65t =  °ɋ. 

Ɋɚɫɯɨɞ ɬɟɩɥɨɬɵ ɧɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɧɭɠɞɵ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞ-

ɩɪɢɹɬɢɣ ɡɚɜɢɫɢɬ ɨɬ ɦɧɨɝɢɯ ɮɚɤɬɨɪɨɜ: ɨɬ ɯɚɪɚɤɬɟɪɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 
ɩɪɨɰɟɫɫɚ, ɫɦɟɧɧɨɫɬɢ ɪɚɛɨɬɵ ɩɪɟɞɩɪɢɹɬɢɹ, ɦɚɫɲɬɚɛɨɜ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ 

ɞɪ. Ɍɨɱɧɵɟ ɞɚɧɧɵɟ ɩɨ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɟ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ 

ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭɱɟɧɵ ɥɢɲɶ ɩɪɢ ɤɨɧɤɪɟɬɧɨɦ ɚɧɚɥɢɡɟ ɞɟɹɬɟɥɶɧɨɫɬɢ ɩɪɟɞ-

ɩɪɢɹɬɢɹ. Ɉɪɢɟɧɬɢɪɨɜɨɱɧɨ ɪɚɫɯɨɞ ɬɟɩɥɨɬɵ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɥɢɱɟɫɬɜɚ 
ɜɵɩɭɫɤɚɟɦɨɣ ɩɪɨɞɭɤɰɢɢ ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɩɨ ɜɵɪɚɠɟɧɢɸ 

ɩɪ 0Q Q q ɉ= + ⋅ ,                                        (6.8) 

ɝɞɟ  
0Q  – ɪɚɫɯɨɞ ɬɟɩɥɨɬɵ, ɧɟ ɡɚɜɢɫɹɳɢɣ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɜɵɩɭɫɤɚɟɦɨɣ ɩɪɨ-

ɞɭɤɰɢɢ, ɤȾɠ/ɫ;  
q  – ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɬɟɩɥɨɬɵ ɧɚ ɟɞɢɧɢɰɭ ɩɪɨɞɭɤɰɢɢ, ɤȾɠ/(ɫ⋅ɲɬ.);  
ɉ – ɤɨɥɢɱɟɫɬɜɨ ɜɵɩɭɫɤɚɟɦɨɣ ɩɪɨɞɭɤɰɢɢ, ɲɬ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɛɳɚɹ ɬɟɩɥɨɜɚɹ ɧɚɝɪɭɡɤɚ ɧɟɤɨɬɨɪɨɝɨ ɪɚɣɨɧɚ 
ɨɛɳ ɨɬ ɝ.ɜ ɜ ɩɪQ Q Q Q Q= + + + ,                              (6.9) 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɦɨɳɧɨɫɬɶ ɢɫɬɨɱɧɢɤɚ ɬɟɩɥɨɬɵ ɢ.ɬQ , ɤɨɬɨɪɵɣ ɛɭɞɟɬ 
ɨɛɟɫɩɟɱɢɜɚɬɶ ɪɚɫɫɱɢɬɚɧɧɭɸ ɧɚɝɪɭɡɤɭ, ɞɨɥɠɧɚ ɛɵɬɶ ɛɨɥɶɲɟ ɨɛɳQ  ɧɚ 
ɡɧɚɱɟɧɢɟ ɩɨɬɟɪɶ ɩɨɬQ , ɜɨɡɧɢɤɚɸɳɢɯ ɩɪɢ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɟ ɬɟɩɥɨɬɵ ɤ 
ɩɨɬɪɟɛɢɬɟɥɸ, ɬ.ɟ. 

ɢ.ɬ ɨɛɳ ɩɨɬQ Q Q= + ,                                    (6.10) 

Ɉɛɵɱɧɨ ɩɨɬQ  ɫɨɫɬɚɜɥɹɟɬ 3–5 % ɦɚɤɫɢɦɚɥɶɧɨɣ ɫɭɦɦɚɪɧɨɣ ɬɟɩɥɨ-
ɜɨɣ ɧɚɝɪɭɡɤɢ. 

 

 

6.3. ȽɊȺɎɂɄ ɉɊɈȾɈɅɀɂɌȿɅɖɇɈɋɌɂ ɈɌɈɉɂɌȿɅɖɇɈɃ Ɍȿɉ-

ɅɈȼɈɃ ɇȺȽɊɍɁɄɂ 

 

ɇɚ ɪɢɫ. 6.3 ɩɨɤɚɡɚɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɪɚɫɯɨɞɨɜ ɬɟɩɥɨɬɵ ɧɚ ɨɬɨɩɥɟɧɢɟ, 
ɜɟɧɬɢɥɹɰɢɸ ɢ ɝɨɪɹɱɟɟ ɜɨɞɨɫɧɚɛɠɟɧɢɟ, ɚ ɬɚɤɠɟ ɨɛɳɟɝɨ ɪɚɫɯɨɞɚ ɨɬ ɬɟɦ-

ɩɟɪɚɬɭɪɵ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ. ɉɨ ɨɫɢ ɨɪɞɢɧɚɬ ɨɬɥɨɠɟɧɵ ɡɧɚɱɟɧɢɹ ɨɬ-
ɧɨɲɟɧɢɣ ɪɚɫɯɨɞɨɜ ɬɟɩɥɨɬɵ ɤ ɦɨɳɧɨɫɬɢ ɟɟ ɢɫɬɨɱɧɢɤɚ ɢ.ɬQ . Ʉɚɤ ɜɢɞɧɨ, 
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ɩɪɟɨɛɥɚɞɚɸɳɟɣ ɹɜɥɹɟɬɫɹ ɨɬɨɩɢɬɟɥɶɧɚɹ ɧɚɝɪɭɡɤɚ (ɤɪɢɜɚɹ 1). Ɇɚɤɫɢ-

ɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɬɟɩɥɨɬɵ ɧɚ ɨɬɨɩɥɟɧɢɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɚɫɱɟɬɧɨɣ ɬɟɦɩɟ-
ɪɚɬɭɪɟ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɞɥɹ ɨɬɨɩɥɟɧɢɹ ɪ

ɧ.ɨɬt . Ɇɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ 

ɬɟɩɥɨɬɵ ɧɚ ɜɟɧɬɢɥɹɰɢɸ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɚɫɱɟɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚɪɭɠɧɨ-
ɝɨ 0,6 ɜɨɡɞɭɯɚ ɞɥɹ ɜɟɧɬɢɥɹɰɢɢ ɪ

ɧ.ɜɟɧt  ɢ ɹɜɥɹɟɬɫɹ ɪɚɫɱɟɬɧɨɣ ɧɚɝɪɭɡɤɨɣ ɧɚ 
ɜɟɧɬɢɥɹɰɢɸ. 

 
Ɋɢɫ. 6.3. Ɂɚɜɢɫɢɦɨɫɬɶ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɪɚɫɯɨɞɚ ɬɟɩɥɨɬɵ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɪɭɠɧɨɝɨ 
ɜɨɡɞɭɯɚ: 
1 – ɧɚ ɨɬɨɩɥɟɧɢɟ; 2 – ɧɚ ɜɟɧɬɢɥɹɰɢɸ; 3 – ɧɚ ɝɨɪɹɱɟɟ ɜɨɞɨɫɧɚɛɠɟɧɢɟ; 4 – ɫɭɦɦɚɪ-
ɧɵɣ. 

 

Ɇɢɧɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɬɟɩɥɨɬɵ ɧɚ ɨɬɨɩɥɟɧɢɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɚɫ-
ɱɟɬɧɨɣ ɧɚɪɭɠɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚɱɚɥɚ ɢ ɤɨɧɰɚ ɨɬɨɩɢɬɟɥɶɧɨɝɨ ɫɟɡɨɧɚ 
ɠɢɥɵɯ ɢ ɨɛɳɟɫɬɜɟɧɧɵɯ ɡɞɚɧɢɣ. Ɇɢɧɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɬɟɩɥɨɬɵ ɧɚ ɜɟɧ-

ɬɢɥɹɰɢɸ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɚɫɱɟɬɧɨɣ ɧɚɪɭɠɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚɱɚɥɚ ɢ ɤɨɧ-

ɰɚ ɨɬɨɩɢɬɟɥɶɧɨɝɨ ɩɟɪɢɨɞɚ ɩɪɨɦɵɲɥɟɧɧɵɯ ɡɞɚɧɢɣ. 

Ƚɪɚɮɢɤ ɫɭɦɦɚɪɧɨɝɨ ɪɚɫɯɨɞɚ ɬɟɩɥɨɬɵ (ɤɪɢɜɚɹ 4) ɢɦɟɟɬ ɬɪɢ ɬɨɱɤɢ 

ɢɡɥɨɦɚ ɚ, ɛ ɢ ɜ. Ɍɨɱɤɚ ɢɡɥɨɦɚ ɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɦɨɦɟɧɬɭ ɜɤɥɸɱɟɧɢɹ ɨɬɨ-
ɩɥɟɧɢɹ, ɬɨɱɤɚ ɛ – ɦɨɦɟɧɬɭ ɜɤɥɸɱɟɧɢɹ ɜɟɧɬɢɥɹɰɢɢ, ɚ ɬɨɱɤɚ ɜ – ɢɡɦɟɧɟ-
ɧɢɸ ɝɪɚɮɢɤɚ ɧɚɝɪɭɡɤɢ ɜɟɧɬɢɥɹɰɢɢ. ɏɚɪɚɤɬɟɪ ɝɪɚɮɢɤɚ ɫɭɦɦɚɪɧɨɣ ɬɟɩɥɨ-
ɜɨɣ ɧɚɝɪɭɡɤɢ ɡɚɜɢɫɢɬ ɨɬ ɫɨɨɬɧɨɲɟɧɢɹ ɧɚɝɪɭɡɨɤ ɨɬɞɟɥɶɧɵɯ ɝɪɭɩɩ ɩɨɬɪɟ-
ɛɢɬɟɥɟɣ. 

Ɍɚɤ ɤɚɤ ɬɟɩɥɨɜɚɹ ɧɚɝɪɭɡɤɚ ɩɨɬɪɟɛɢɬɟɥɹ (ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɢɫɬɨɱ-
ɧɢɤɚ ɬɟɩɥɨɬɵ) ɩɨɫɬɨɹɧɧɨ ɢɡɦɟɧɹɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ-
ɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ, ɬɨ ɞɥɹ ɩɪɚɜɢɥɶɧɨɝɨ ɜɵɛɨɪɚ ɫɨɫɬɚɜɚ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢɫ-
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ɬɨɱɧɢɤɚ ɬɟɩɥɨɬɵ ɢ ɧɚɢɛɨɥɟɟ ɷɤɨɧɨɦɢɱɧɨɝɨ ɧɟɩɪɟɪɵɜɧɨɝɨ ɢ ɧɚɞɟɠɧɨɝɨ 
ɪɟɠɢɦɚ ɟɝɨ ɪɚɛɨɬɵ ɩɨ ɨɬɩɭɫɤɭ ɬɟɩɥɨɬɵ ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɩɨɥɚɝɚɬɶ ɞɚɧ-

ɧɵɦɢ ɩɨ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɩɟɪɢɨɞɚ ɫ ɬɨɣ ɢɥɢ ɢɧɨɣ ɧɚɝɪɭɡɤɨɣ ɜ ɬɟɱɟ-
ɧɢɟ ɜɫɟɝɨ ɝɨɞɚ. 

ɍɞɨɛɧɨɣ ɮɨɪɦɨɣ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɬɚɤɢɯ ɞɚɧɧɵɯ ɹɜɥɹɟɬɫɹ ɝɨɞɨɜɨɣ 

ɝɪɚɮɢɤ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɢ. Ɇɟɬɨɞ ɩɨɫɬɪɨɟɧɢɹ ɝɪɚ-
ɮɢɤɚ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɫɟɡɨɧɧɨɣ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɢ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫ. 
6.4.  

 
Ɋɢɫ. 6.4. ɉɨɫɬɪɨɟɧɢɟ ɝɪɚɮɢɤɚ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɢ: 

1 – ɫɭɦɦɚɪɧɚɹ ɬɟɩɥɨɜɚɹ  ɧɚɝɪɭɡɤɚ ( ɨɬ ɝ.ɜ ɜQ Q Q+ + ) ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚ-

ɬɭɪɵ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ; 2 – ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɧɚɪɭɠɧɵɯ ɬɟɦɩɟɪɚɬɭɪ; 3 – 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɬɟɩɥɨɜɵɯ ɧɚɝɪɭɡɨɤ 
 

ɉɨɫɬɪɨɟɧɢɟ ɜɟɞɟɬɫɹ ɜ ɬɪɟɯ ɤɜɚɞɪɚɧɬɚɯ. ȼ ɥɟɜɨɦ ɜɟɪɯɧɟɦ ɤɜɚɞɪɚɧ-

ɬɟ ɩɨɫɬɪɨɟɧ ɝɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ-
ɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ. ȼ ɩɪɚɜɨɦ ɧɢɠɧɟɦ ɤɜɚɞɪɚɧɬɟ ɩɪɢɜɟɞɟɧɚ ɤɪɢɜɚɹ ɞɥɢ-
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ɬɟɥɶɧɨɫɬɢ ɫɬɨɹɧɢɹ ɜ ɬɟɱɟɧɢɟ ɨɬɨɩɢɬɟɥɶɧɨɝɨ ɩɟɪɢɨɞɚ ɬɟɦɩɟɪɚɬɭɪ ɧɚɪɭɠ-

ɧɨɝɨ ɜɨɡɞɭɯɚ, ɪɚɜɧɵɯ ɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢɥɢ ɧɢɠɟ ɟɟ. ɉɪɢ ɷɬɨɦ ɢɫ-
ɩɨɥɶɡɭɸɬɫɹ ɤɥɢɦɚɬɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɨ ɞɥɢɬɟɥɶɧɨɫɬɢ ɩɟɪɢɨɞɨɜ ɫ ɪɚɡɥɢɱ-
ɧɵɦɢ ɬɟɦɩɟɪɚɬɭɪɚɦɢ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ (ɤɪɢɜɚɹ 7) ɜ ɦɟɫɬɧɨɫɬɢ, ɝɞɟ 
ɪɚɫɩɨɥɨɠɟɧɵ Ɍɗɐ ɢ ɩɨɬɪɟɛɢɬɟɥɢ ɬɟɩɥɨɬɵ. ɇɚ ɜɟɪɬɢɤɚɥɢ, ɩɪɨɜɟɞɟɧɧɵɟ 
ɱɟɪɟɡ ɬɨɱɤɢ, ɤɨɬɨɪɵɟ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɞɥɢɬɟɥɶɧɨɫɬɢ ɫɬɨɹɧɢɹ ɪɚɡɥɢɱɧɵɯ 
ɧɚɪɭɠɧɵɯ ɬɟɦɩɟɪɚɬɭɪ, ɩɟɪɟɧɨɫɹɬɫɹ ɢɡ ɝɪɚɮɢɤɚ ɡɚɜɢɫɢɦɨɫɬɢ ɫɭɦɦɚɪɧɨɝɨ 
ɪɚɫɯɨɞɚ ɬɟɩɥɨɬɵ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ (ɤɪɢɜɚɹ 1) ɨɪɞɢɧɚ-
ɬɵ, ɪɚɜɧɵɟ ɨɬɧɨɫɢɬɟɥɶɧɵɦ ɱɚɫɨɜɵɦ ɪɚɫɯɨɞɚɦ ɬɟɩɥɨɬɵ ɩɪɢ ɬɟɯ ɠɟ ɬɟɦ-

ɩɟɪɚɬɭɪɚɯ. ɉɨɥɭɱɟɧɧɵɟ ɬɨɱɤɢ ɫɨɟɞɢɧɹɸɬɫɹ ɩɥɚɜɧɨɣ ɥɢɧɢɟɣ, ɤɨɬɨɪɚɹ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɝɪɚɮɢɤ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɫɭɦɦɚɪɧɨɣ ɧɚɝɪɭɡɤɢ 

ɨɛɳ ɨɬ ɝ.ɜ ɜQ Q Q Q= + +  ɜ ɬɟɱɟɧɢɟ ɨɬɨɩɢɬɟɥɶɧɨɝɨ ɩɟɪɢɨɞɚ ɨɬτ . ɉɨ ɨɤɨɧ-

ɱɚɧɢɢ ɨɬɨɩɢɬɟɥɶɧɨɝɨ ɫɟɡɨɧɚ ɨɫɧɨɜɧɵɦ ɜɢɞɨɦ ɬɟɩɥɨɜɨɝɨ ɩɨɬɪɟɛɥɟɧɢɹ 
ɨɫɬɚɸɬɫɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɧɚɝɪɭɡɤɚ ɢ ɝɨɪɹɱɟɟ ɜɨɞɨɫɧɚɛɠɟɧɢɟ, ɤɨɬɨɪɵɟ 
ɧɟ ɹɜɥɹɸɬɫɹ ɮɭɧɤɰɢɟɣ ɧɚɪɭɠɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ (ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɝɪɚɮɢ-

ɤɨɜ ɪɢɫ. 6.4 ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɧɚɝɪɭɡɤɚ ɧɟ ɭɱɢɬɵɜɚɟɬɫɹ). ɉɥɨɳɚɞɶ ɮɢɝɭ-
ɪɵ, ɨɝɪɚɧɢɱɟɧɧɨɣ ɨɫɹɦɢ ɤɨɨɪɞɢɧɚɬ ɢ ɝɪɚɮɢɤɨɦ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ 

ɫɭɦɦɚɪɧɨɣ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɢ, ɜɵɪɚɠɚɟɬ ɜ ɨɩɪɟɞɟɥɟɧɧɨɦ ɦɚɫɲɬɚɛɟ ɝɨ-
ɞɨɜɨɣ ɪɚɫɯɨɞ ɬɟɩɥɨɬɵ ɩɨɬɪɟɛɢɬɟɥɹɦɢ ɞɚɧɧɨɝɨ ɪɚɣɨɧɚ. ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ 

ɪɚɫɯɨɞɚ ɬɟɩɥɨɬɵ ɞɥɹ ɫɬɚɧɰɢɢ ɧɟɨɛɯɨɞɢɦɨ ɤ ɪɚɫɯɨɞɭ ɬɟɩɥɨɬɵ ɩɨɬɪɟɛɢ-

ɬɟɥɟɣ ɩɪɢɛɚɜɢɬɶ ɬɟɩɥɨɜɵɟ ɩɨɬɟɪɢ ɜ ɫɟɬɢ. 

Ȼɚɡɨɜɭɸ ɱɚɫɬɶ ɝɪɚɮɢɤɚ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɫɭɦɦɚɪɧɨɣ ɬɟɩɥɨɜɨɣ 

ɧɚɝɪɭɡɤɢ ɫɨɫɬɚɜɥɹɸɬ ɤɪɭɝɥɨɝɨɞɨɜɵɟ ɧɚɝɪɭɡɤɢ (ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɢ ɝɨɪɹ-
ɱɟɟ ɜɨɞɨɫɧɚɛɠɟɧɢɟ), ɚ ɩɟɪɟɦɟɧɧɭɸ ɱɚɫɬɶ – ɫɟɡɨɧɧɵɟ ɧɚɝɪɭɡɤɢ (ɨɬɨɩɥɟ-
ɧɢɟ ɢ ɜɟɧɬɢɥɹɰɢɹ). ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɦɚɤɫɢɦɚɥɶɧɵɯ (ɩɢɤɨɜɵɯ) ɧɚɝɪɭ-
ɡɨɤ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɚɹ, ɩɨɫɤɨɥɶɤɭ ɞɥɢɬɟɥɶɧɨɫɬɶ ɫɬɨɹɧɢɹ ɧɢɡɤɢɯ 
ɬɟɦɩɟɪɚɬɭɪ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɧɟɜɟɥɢɤɚ ɢ ɫɨɫɬɚɜɥɹɟɬ 10–15 % ɩɪɨɞɨɥ-
ɠɢɬɟɥɶɧɨɫɬɢ ɨɬɨɩɢɬɟɥɶɧɨɝɨ ɩɟɪɢɨɞɚ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɥɢɦɚɬɢɱɟɫɤɨɣ 

ɡɨɧɵ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɨɬɨɩɢɬɟɥɶɧɨɝɨ ɫɟɡɨɧɚ ɦɨɠɟɬ ɛɵɬɶ ɪɚɜɧɨɣ 

2500–6000 ɱ/ɝɨɞ. 

 

 

6.4. ɈɌɉɍɋɄ ɌȿɉɅɈɌɕ ɉɊɈɆɕɒɅȿɇɇɕɆ ɉɈɌɊȿȻɂɌȿɅəɆ 

 

ɉɪɨɦɵɲɥɟɧɧɵɟ ɩɨɬɪɟɛɢɬɟɥɢ ɢɫɩɨɥɶɡɭɸɬ ɜ ɫɜɨɢɯ ɬɟɯɧɨɥɨɝɢɱɟ-
ɫɤɢɯ ɩɪɨɰɟɫɫɚɯ ɬɟɩɥɨɜɭɸ ɷɧɟɪɝɢɸ, ɩɨɫɬɭɩɚɸɳɭɸ ɫ ɩɚɪɨɦ ɨɩɪɟɞɟɥɟɧ-

ɧɵɯ ɩɚɪɚɦɟɬɪɨɜ. ɉɚɪ, ɨɬɩɭɫɤɚɟɦɵɣ ɩɨɬɪɟɛɢɬɟɥɸ, ɞɨɥɠɟɧ ɛɵɬɶ ɫɥɟɝɤɚ 
ɩɟɪɟɝɪɟɬɵɦ (ɞɥɹ ɨɛɥɟɝɱɟɧɢɹ ɟɝɨ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ ɩɨ ɬɪɭɛɨɩɪɨɜɨɞɚɦ). 

Ⱦɚɜɥɟɧɢɟ ɷɬɨɝɨ ɩɚɪɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɪɟɛɨɜɚɧɢɣ ɩɨɬɪɟɛɢɬɟɥɟɣ ɦɨɠɟɬ 
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ɢɡɦɟɧɹɬɶɫɹ ɜ ɞɨɫɬɚɬɨɱɧɨ ɲɢɪɨɤɢɯ ɩɪɟɞɟɥɚɯ: ɨɬ 0,2–0,3 ɞɨ 1–2 Ɇɉɚ. 
ȼɨɡɦɨɠɧɵ ɫɥɟɞɭɸɳɢɟ ɫɯɟɦɵ ɨɬɩɭɫɤɚ ɬɟɩɥɨɬɵ ɫ ɩɚɪɨɦ:  

− ɢɡ ɪɟɝɭɥɢɪɭɟɦɵɯ ɨɬɛɨɪɨɜ ɬɭɪɛɢɧ ɬɢɩɨɜ ɉ, ɉɌ (ɪɢɫ. 6.5, ɚ);  
− ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɢɡ ɜɵɯɥɨɩɚ ɬɭɪɛɢɧ ɬɢɩɚ Ɋ (ɪɢɫ. 6.5, ɛ);  
− ɱɟɪɟɡ ɩɚɪɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶɧɵɟ ɭɫɬɚɧɨɜɤɢ, ɩɨɞɤɥɸɱɟɧɧɵɟ ɤ ɜɵ-

ɯɥɨɩɭ ɬɭɪɛɢɧ (ɪɢɫ. 6.6) ɢɥɢ ɤ ɪɟɝɭɥɢɪɭɟɦɵɦ ɨɬɛɨɪɚɦ (ɫɦ. ɪɢɫ. 
6.8). 

 
Ɋɢɫ. 6.5. ɉɪɢɧɰɢɩɢɚɥɶɧɵɟ ɫɯɟɦɵ ɨɬɩɭɫɤɚ ɬɟɩɥɨɬɵ ɩɨɬɪɟɛɢɬɟɥɹɦ: 

ɚ – ɢɡ ɪɟɝɭɥɢɪɭɟɦɵɯ ɨɬɛɨɪɨɜ ɬɭɪɛɢɧ ɬɢɩɨɜ ɉ, ɉɌ; ɛ – ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɢɡ ɜɵɯɥɨɩɚ 
ɬɭɪɛɢɧ ɬɢɩɚ Ɋ; ɊɈɍ – ɪɟɞɭɤɰɢɨɧɧɨ-ɨɯɥɚɞɢɬɟɥɶɧɚɹ ɭɫɬɚɧɨɜɤɚ; Ɍɉ – ɬɟɩɥɨɜɨɣ ɩɨ-
ɬɪɟɛɢɬɟɥɶ; ɇɈɄ – ɧɚɫɨɫ ɨɛɪɚɬɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ; Ɍ – ɬɭɪɛɢɧɚ; Ƚ – ɝɟɧɟɪɚɬɨɪ 
 

Ʉɨɥɢɱɟɫɬɜɨ ɩɚɪɚ, ɨɬɩɭɫɤɚɟɦɨɝɨ ɨɬ Ɍɗɐ, ɤɨɥɟɛɥɟɬɫɹ ɜ ɨɱɟɧɶ ɲɢɪɨ-
ɤɢɯ ɩɪɟɞɟɥɚɯ: ɨɬ ɧɟɫɤɨɥɶɤɢɯ ɞɟɫɹɬɤɨɜ ɞɨ 1000–1500 ɬ. Ʉɨɧɞɟɧɫɚɬ ɨɬɩɭ-
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ɳɟɧɧɨɝɨ ɩɚɪɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɯɚɪɚɤɬɟɪɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ 
ɦɨɠɟɬ ɩɨɥɧɨɫɬɶɸ ɢɥɢ ɱɚɫɬɢɱɧɨ ɜɟɪɧɭɬɶɫɹ ɧɚ Ɍɗɐ ɥɢɛɨ ɩɨɥɧɨɫɬɶɸ ɧɟ 
ɜɟɪɧɭɬɶɫɹ ɜ ɩɚɪɨɜɨɞɹɧɨɣ ɰɢɤɥ. ȼɨɡɦɨɠɟɧ ɜɨɡɜɪɚɬ ɤɨɧɞɟɧɫɚɬɚ ɜ ɡɚɝɪɹɡ-
ɧɟɧɧɨɦ ɜɢɞɟ, ɱɬɨ ɩɨɬɪɟɛɭɟɬ ɨɩɪɟɞɟɥɟɧɧɵɯ ɡɚɬɪɚɬ ɧɚ ɟɝɨ ɨɱɢɫɬɤɭ. ȼɫɟ 
ɷɬɨ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɦɟɪɟ ɨɩɪɟɞɟɥɹɟɬ ɩɨɬɟɪɢ ɪɚɛɨɱɟɝɨ ɬɟɥɚ, ɚ ɫɥɟɞɨɜɚ-
ɬɟɥɶɧɨ, ɤɨɥɢɱɟɫɬɜɨ ɞɨɛɚɜɨɱɧɨɣ ɜɨɞɵ, ɧɟɨɛɯɨɞɢɦɨɣ ɞɥɹ ɟɝɨ ɜɨɫɩɨɥɧɟ-
ɧɢɹ, ɫɩɨɫɨɛ ɩɨɞɝɨɬɨɜɤɢ ɟɟ, ɚ ɬɚɤɠɟ ɫɯɟɦɭ ɨɬɩɭɫɤɚ ɩɚɪɚ. 

ɋɯɟɦɚ ɨɬɩɭɫɤɚ ɩɚɪɚ ɜɧɟɲɧɟɦɭ ɩɨɬɪɟɛɢɬɟɥɸ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɢɡ 
ɨɬɛɨɪɚ ɢɥɢ ɜɵɯɥɨɩɚ ɬɭɪɛɢɧɵ ɫ ɜɨɡɦɟɳɟɧɢɟɦ ɩɨɬɟɪɶ ɪɚɛɨɱɟɝɨ ɬɟɥɚ (ɩɚ-
ɪɚ) ɯɢɦɢɱɟɫɤɢ ɨɛɟɫɫɨɥɟɧɧɨɣ ɜɨɞɨɣ ɧɚɢɛɨɥɟɟ ɩɪɨɫɬɚ ɢ ɞɟɲɟɜɚ (ɫɦ. ɪɢɫ. 
6.5). 

 
Ɋɢɫ. 6.6. ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɨɬɩɭɫɤɚ ɩɚɪɚ ɱɟɪɟɡ ɩɚɪɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶɧɭɸ ɭɫɬɚ-
ɧɨɜɤɭ, ɩɨɞɤɥɸɱɟɧɧɭɸ ɤ ɜɵɯɥɨɩɭ ɬɭɪɛɢɧɵ: 

ɉɉ – ɩɚɪɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ; ɉɟ – ɩɟɪɟɝɪɟɜɚɬɟɥɶ ɜɬɨɪɢɱɧɨɝɨ ɩɚɪɚ; Ⱦɇ – ɞɪɟɧɚɠɧɵɣ 
ɧɚɫɨɫ ɝɪɟɸɳɟɝɨ ɩɚɪɚ; ɏȼɈ – ɯɢɦɜɨɞɨɨɱɢɫɬɤɚ; ɨɫɬɚɥɶɧɵɟ ɨɛɨɡɧɚɱɟɧɢɹ ɬɟ ɠɟ, ɱɬɨ 
ɧɚ ɪɢɫ. 6.5 

 

ɉɪɢ ɨɬɩɭɫɤɟ ɩɚɪɚ ɨɬ ɬɭɪɛɨɭɫɬɚɧɨɜɤɢ ( 0
ɬD ) ɨɬɩɭɫɤ ɬɟɩɥɨɬɵ ɩɨɬɪɟ-

ɛɢɬɟɥɸ ɡɚɜɢɫɢɬ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɜɨɡɜɪɚɳɚɟɦɨɝɨ (ɨɛɪɚɬɧɨɝɨ) ɤɨɧɞɟɧɫɚɬɚ 
ɨ.ɤD , ɟɝɨ ɬɟɦɩɟɪɚɬɭɪɵ ɨ.ɤt  (ɨɛɵɱɧɨ ɨɤɨɥɨ 70 – 90 °ɋ) ɢɥɢ ɷɧɬɚɥɶɩɢɢ ɨ.ɤh . 

ɉɨɬɟɪɢ ɩɚɪɚ ɢ ɤɨɧɞɟɧɫɚɬɚ ɭ ɩɨɬɪɟɛɢɬɟɥɹ, ɬɚɤ ɧɚɡɵɜɚɟɦɵɟ ɜɧɟɲɧɢɟ ɩɨ-
ɬɟɪɢ ɜɧD , ɜɨɡɦɟɳɚɸɬɫɹ ɧɚ Ɍɗɐ ɢɫɯɨɞɧɨɣ ɫɵɪɨɣ ɜɨɞɨɣ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ 

0
ɞ.ɜt  ɢ ɷɧɬɚɥɶɩɢɟɣ 0

ɞ.ɜh . ɉɟɪɟɞ ɜɜɨɞɨɦ ɜ ɬɪɚɤɬ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɬɭɪɛɨ-

ɭɫɬɚɧɨɜɤɢ ɨɧɚ ɦɨɠɟɬ ɩɨɞɨɝɪɟɜɚɬɶɫɹ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɞ.ɜt  (ɢɦɟɬɶ ɷɧɬɚɥɶ-
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ɩɢɸ ɞ.ɜh ). 

Ɍɟɩɥɨɬɚ, ɨɬɩɭɳɟɧɧɚɹ ɜɧɟɲɧɟɦɭ ɩɨɬɪɟɛɢɬɟɥɸ ɨɬ ɬɭɪɛɨɭɫɬɚɧɨɜɤɢ, 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɜɵɪɚɠɟɧɢɸ 
0 0 0 0
ɬ ɬ ɬ ɨ.ɤ ɨ.ɤ ɜɧ ɞ.ɜQ D h D h D h= ⋅ − ⋅ − ⋅ ,                        (6.11) 

 

ɝɞɟ  
ɢɧɞɟɤɫɨɦ «0» ɨɛɨɡɧɚɱɟɧɵ ɩɨɤɚɡɚɬɟɥɢ ɩɚɪɚ ɢ ɤɨɧɞɟɧɫɚɬɚ, ɩɨɫɬɭɩɚɸɳɢɯ 

ɤ ɩɨɬɪɟɛɢɬɟɥɸ. 

Ɍɚɤ ɤɚɤ 0
ɬ ɨ.ɤ ɜɧD D D= + , ɬɨ 

0 0 0 0
ɬ ɨ.ɤ ɬ ɨ.ɤ ɜɧ ɬ ɞ.ɜ( ) ( )Q D h h D h h= ⋅ − + ⋅ − . 

ȼɵɪɚɡɢɜ ɨ.ɤD  ɢ ɜɧD  ɜ ɞɨɥɹɯ 0
ɬD : 0

ɨ.ɤ ɨ.ɤ ɬD Dα= ⋅  ɢ 
0

ɜɧ ɨ.ɤ ɬ(1 )D Dα= − ⋅ , ɩɨɥɭɱɢɦ 

0 0 0 0
ɬ ɬ ɨ.ɤ ɨ.ɤ ɨ.ɤ ɞ.ɜ ɬ(1 )Q h h h Dα α⎡ ⎤= − ⋅ − − ⋅ ⋅⎣ ⎦ ,                  (6.12) 

ɋ ɭɱɟɬɨɦ ɩɨɬɟɪɶ ɧɚ Ɍɗɐ ɪɚɫɯɨɞ ɬɟɩɥɨɬɵ ɧɚ ɜɧɟɲɧɟɟ ɩɨɬɪɟɛɥɟɧɢɟ 
ɫɨɫɬɚɜɥɹɟɬ 

0
ɬ ɬ ɬ ɨ.ɤ ɨ.ɤ ɜɧ ɞ.ɜQ D h D h D h= ⋅ − ⋅ − ⋅ ,                        (6.13) 

ɢɥɢ 
0

ɬ ɬ ɨ.ɤ ɨ.ɤ ɨ.ɤ ɞ.ɜ ɬ(1 )Q h h h Dα α⎡ ⎤= − ⋅ − − ⋅ ⋅⎣ ⎦ ,                  (6.14) 

ɝɞɟ  
ɬD  – ɪɚɫɯɨɞ ɩɚɪɚ ɢɡ ɨɬɛɨɪɚ (ɢɥɢ ɜɵɯɥɨɩɚ) ɬɭɪɛɢɧɵ, ɤɝ/ɫ;  

ɬh  – ɷɧɬɚɥɶɩɢɹ ɩɚɪɚ ɜ ɨɬɛɨɪɟ (ɢɥɢ ɜɵɯɥɨɩɟ) ɬɭɪɛɢɧɵ, ɤȾɠ/ɤɝ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɭɫɬɚɧɨɜɤɢ ɩɪɢ ɨɬɩɭɫɤɟ ɬɟɩɥɨɬɵ 
0
ɬ

ɬ
ɬ

Q

Q
η = . 

ȼ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɫɯɟɦɟ (ɫɦ. ɪɢɫ. 6.5)  
0 0 ɬ 0

ɬ ɬ ɬ ɬ ɬ ɬɭ ɬ ɬ, , , 1D D h h Q Q Q η≈ ≈ = ≈ ≈ . 

Ɉɞɧɚɤɨ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜɵɫɨɤɨɦɢɧɟɪɚɥɢɡɨɜɚɧɧɨɣ ɜɨɞɵ, ɚ 
ɬɚɤɠɟ ɜɨɞɵ ɫ ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɨɪɝɚɧɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ ɯɢɦɢɱɟɫɤɨɟ 
ɨɛɟɫɫɨɥɢɜɚɧɢɟ ɟɟ ɩɪɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɞɚɜɥɟɧɢɢ ɩɚɪɚ ɦɨɠɟɬ ɨɤɚɡɚɬɶɫɹ 
ɧɟɰɟɥɟɫɨɨɛɪɚɡɧɵɦ ɧɟ ɬɨɥɶɤɨ ɩɨ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɦ ɫɨɨɛɪɚɠɟɧɢɹɦ, 

ɧɨ ɢ ɩɨ ɬɪɟɛɨɜɚɧɢɹɦ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɜɨɞɧɵɯ ɛɚɫɫɟɣɧɨɜ. ȼ 

ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɢɦɟɧɹɟɬɫɹ ɫɯɟɦɚ ɨɬɩɭɫɤɚ ɩɚɪɚ ɢɡ ɨɬɛɨɪɚ ɬɭɪɛɢɧɵ ɫ ɜɨɫ-
ɩɨɥɧɟɧɢɟɦ ɩɨɬɟɪɶ ɞɢɫɬɢɥɥɹɬɨɦ ɢɫɩɚɪɢɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ. 

ɋɯɟɦɚ ɨɬɩɭɫɤɚ ɩɚɪɚ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɢɡ ɨɬɛɨɪɚ ɬɭɪɛɢɧɵ ɫ ɜɨɡɦɟ-
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ɳɟɧɢɟɦ ɩɨɬɟɪɶ ɩɚɪɚ ɢ ɤɨɧɞɟɧɫɚɬɚ ɞɢɫɬɢɥɥɹɬɨɦ ɢɡ ɦɧɨɝɨɫɬɭɩɟɧɱɚɬɨɣ 

ɢɫɩɚɪɢɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 6.7. ȼ ɭɤɚɡɚɧɧɨɣ ɫɯɟɦɟ 
ɨɫɧɨɜɧɨɣ ɩɨɬɨɤ ɨɬɛɢɪɚɟɦɨɝɨ ɩɚɪɚ ɧɚɩɪɚɜɥɹɟɬɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɨ-
ɬɪɟɛɢɬɟɥɸ. ɇɚ ɢɫɩɚɪɢɬɟɥɶɧɭɸ ɭɫɬɚɧɨɜɤɭ ɨɬɜɨɞɢɬɫɹ ɧɟɨɛɯɨɞɢɦɨɟ ɤɨɥɢ-

ɱɟɫɬɜɨ ɩɚɪɚ ɢD  ɢɡ ɬɨɝɨ ɠɟ (ɪɟɝɭɥɢɪɭɟɦɨɝɨ) ɨɬɛɨɪɚ. 

 
Ɋɢɫ. 6.7. ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɨɬɩɭɫɤɚ ɩɚɪɚ ɢɡ ɨɬɛɨɪɚ ɬɭɪɛɢɧɵ ɫ ɜɨɫɩɨɥɧɟɧɢɟɦ 

ɩɨɬɟɪɶ ɞɢɫɬɢɥɥɹɬɨɦ ɢɫɩɚɪɢɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ: 

ɉȽ – ɩɚɪɨɝɟɧɟɪɚɬɨɪ; Ʉɧ – ɤɨɧɞɟɧɫɚɬɨɪ; ɨɫɬɚɥɶɧɵɟ ɨɛɨɡɧɚɱɟɧɢɹ ɬɟ ɠɟ, ɱɬɨ ɧɚ ɪɢɫ. 
6.6 

 

ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɢɫɩɚɪɢɬɟɥɶɧɭɸ ɭɫɬɚɧɨɜɤɭ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫ-
ɩɨɥɶɡɨɜɚɬɶ ɬɚɤɠɟ ɞɥɹ ɩɨɞɝɨɬɨɜɤɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɞɢɫɬɢɥ-
ɥɹɬɚ ɢ ɩɨɤɪɵɬɢɹ ɜɧɭɬɪɟɧɧɢɯ ɩɨɬɟɪɶ ɩɚɪɚ ɢ ɤɨɧɞɟɧɫɚɬɚ ɮɜɬ). ɉɪɢ ɷɬɨɦ 

ɨɛɳɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɢɫɩɚɪɢɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɫɨɫɬɚɜɥɹɟɬ 
ɞɢɫɬ ɜɧ ɜɬ ɩɨɬD D D D= + = ,                               (6.15) 

ɝɞɟ 
0

ɜɧ ɬ ɨ.ɤD D D= − ; 

0
ɬD  – ɤɨɥɢɱɟɫɬɜɨ ɩɚɪɚ, ɨɬɩɭɳɟɧɧɨɝɨ ɜɧɟɲɧɟɦɭ ɩɨɬɪɟɛɢɬɟɥɸ; 

ɨ.ɤD – ɤɨɥɢɱɟɫɬɜɨ ɤɨɧɞɟɧɫɚɬɚ, ɜɨɡɜɪɚɳɟɧɧɨɝɨ ɨɬ ɜɧɟɲɧɟɝɨ ɩɨɬɪɟɛɢɬɟɥɹ. 

ȼ ɱɚɫɬɧɨɦ ɫɥɭɱɚɟ, ɤɨɝɞɚ 0
ɨ.ɤ ɜɧ ɬ0,D D D= = , ɢ 0

ɞɢɫɬ ɬ ɜɬD D D= + . ȼ 

ɞɪɭɝɨɦ ɤɪɚɣɧɟɦ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɜɟɫɶ ɤɨɧɞɟɧɫɚɬ, ɩɪɢɝɨɞɧɵɣ ɞɥɹ ɩɢɬɚɧɢɹ 
ɩɚɪɨɝɟɧɟɪɚɬɨɪɨɜ, ɜɨɡɜɪɚɳɚɟɬɫɹ ɨɬ ɜɧɟɲɧɟɝɨ ɩɨɬɪɟɛɢɬɟɥɹ 0

ɨ.ɤ ɬD D= , ɢɫ-
ɩɚɪɢɬɟɥɶɧɚɹ ɭɫɬɚɧɨɜɤɚ ɫɥɭɠɢɬ ɥɢɲɶ ɞɥɹ ɜɨɡɦɟɳɟɧɢɹ ɜɧɭɬɪɟɧɧɢɯ ɩɨɬɟɪɶ 
ɞɢɫɬ ɜɬD D= . 
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ɉɪɢ ɛɨɥɶɲɨɣ ɞɨɥɟ ɩɨɬɟɪɶ ɭ ɜɧɟɲɧɟɝɨ ɩɨɬɪɟɛɢɬɟɥɹ (ɧɚɩɪɢɦɟɪ, 
ɧɟɮɬɹɧɚɹ, ɯɢɦɢɱɟɫɤɚɹ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ) ɬɪɟɛɭɟɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɞɢɫɬɢɥ-
ɥɹɬɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɟɥɢɤɨ, ɩɨɷɬɨɦɭ ɟɝɨ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɨɥɭɱɚɬɶ ɜ ɦɧɨ-
ɝɨɫɬɭɩɟɧɱɚɬɨɣ ɢɫɩɚɪɢɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɟ (ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɨ ɡɚɦɤɧɭɬɨɝɨ 
ɬɢɩɚ). 

ɇɚɢɛɨɥɶɲɭɸ ɞɨɥɸ ɨɬɩɭɫɤɚɟɦɨɝɨ ɩɚɪɚ ɢɡ ɨɬɛɨɪɚ ɜɧɟɲɧɟɦɭ ɩɨɬɪɟ-
ɛɢɬɟɥɸ ɩɪɢ ɨ.ɤ 0D =  ɦɨɠɧɨ ɨɰɟɧɢɬɶ ɧɚ ɨɫɧɨɜɚɧɢɢ ɨɪɢɟɧɬɢɪɨɜɨɱɧɨɝɨ 
ɦɚɬɟɪɢɚɥɶɧɨɝɨ ɛɚɥɚɧɫɚ ɬɭɪɛɨɭɫɬɚɧɨɜɤɢ: 

0 ɬ ɢ ɪɝ ɤD D D D D= + + +∑ , 

ɝɞɟ  
0D  – ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ ɬɭɪɛɢɧɭ;  
ɬD  ɢ ɢD  – ɪɚɫɯɨɞɵ ɩɚɪɚ ɢɡ ɪɟɝɭɥɢɪɭɟɦɨɝɨ ɨɬɛɨɪɚ ɜɧɟɲɧɟɦɭ ɩɨɬɪɟɛɢ-

ɬɟɥɸ ɢ ɧɚ ɢɫɩɚɪɢɬɟɥɶɧɭɸ ɭɫɬɚɧɨɜɤɭ;  
ɪɝD∑  – ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ ɪɟɝɟɧɟɪɚɬɢɜɧɵɣ ɩɨɞɨɝɪɟɜ ɜɨɞɵ;  

ɤD  – ɪɚɫɯɨɞ ɩɚɪɚ ɜ ɤɨɧɞɟɧɫɚɬɨɪ. 
ɇɚɞɟɠɧɵɣ ɜɨɞɧɵɣ ɪɟɠɢɦ ɩɚɪɨɝɟɧɟɪɚɬɨɪɨɜ ɩɪɨɦɵɲɥɟɧɧɨɣ Ɍɗɐ, 

ɤɨɝɞɚ ɤɨɧɞɟɧɫɚɬ ɩɨɥɧɨɫɬɶɸ ɧɟ ɜɨɡɜɪɚɳɚɟɬɫɹ ɢɥɢ ɛɵɜɚɟɬ ɫɢɥɶɧɨ ɡɚɝɪɹɡ-
ɧɟɧ, ɦɨɠɧɨ ɨɛɟɫɩɟɱɢɬɶ, ɩɪɢɦɟɧɹɹ ɫɯɟɦɭ ɨɬɩɭɫɤɚ ɩɚɪɚ ɜɧɟɲɧɟɦɭ ɩɨɬɪɟ-
ɛɢɬɟɥɸ ɱɟɪɟɡ ɩɚɪɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶɧɭɸ ɭɫɬɚɧɨɜɤɭ, ɩɨɞɤɥɸɱɟɧɧɭɸ ɤ ɜɵ-

ɯɥɨɩɭ (ɫɦ. ɪɢɫ. 6.6) ɢɥɢ ɤ ɪɟɝɭɥɢɪɭɟɦɨɦɭ ɨɬɛɨɪɭ ɬɭɪɛɢɧɵ (ɪɢɫ. 6.8). ȼ 

ɷɬɨɦ ɫɥɭɱɚɟ ɤɨɧɞɟɧɫɚɬ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɢɡ ɨɬɛɨɪɚ ɬɭɪɛɢɧɵ ɫɨɯɪɚɧɹɟɬɫɹ 
ɧɚ Ɍɗɐ ɢ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɨɣ ɫɨɫɬɚɜɧɨɣ ɱɚɫɬɶɸ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɩɚɪɨ-
ɝɟɧɟɪɚɬɨɪɨɜ (ɪɢɫ. 6.8). ȼɧɟɲɧɢɟ ɩɨɬɟɪɢ ɩɚɪɚ ɢɡ ɨɬɛɨɪɚ ɬɭɪɛɢɧɵ ɢ ɤɨɧ-

ɞɟɧɫɚɬɚ ɩɪɢ ɷɬɨɦ ɨɬɫɭɬɫɬɜɭɸɬ, ɩɨɬɟɪɢ ɩɚɪɚ ɢ ɤɨɧɞɟɧɫɚɬɚ ɧɚ Ɍɗɐ ɫɜɨ-
ɞɹɬɫɹ ɤ ɜɧɭɬɪɟɧɧɢɦ ɩɨɬɟɪɹɦ. 

ȿɫɥɢ ɨɛɪɚɬɧɵɣ ɤɨɧɞɟɧɫɚɬ, ɩɨɫɬɭɩɚɸɳɢɣ ɨɬ ɜɧɟɲɧɟɝɨ ɩɨɬɪɟɛɢɬɟɥɹ 
ɜ ɤɨɥɢɱɟɫɬɜɟ ɨ.ɤD , ɩɪɢɝɨɞɟɧ ɞɥɹ ɩɢɬɚɧɢɹ ɩɚɪɨɝɟɧɟɪɚɬɨɪɨɜ Ɍɗɐ, ɬɨ ɩɪɨ-
ɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɚɪɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ (ɩɨ ɜɬɨɪɢɱɧɨɦɭ ɩɚɪɭ) ɩɩD  ɛɭɞɟɬ 
ɨɩɪɟɞɟɥɹɬɶɫɹ ɤɚɤ ɫɭɦɦɚ ɜɧɟɲɧɢɯ ɩɨɬɟɪɶ ɜɬɨɪɢɱɧɨɝɨ ɩɚɪɚ 
ɜɧ ɬ.ɩ ɨ.ɤD D D= −  ɢ ɜɧɭɬɪɟɧɧɢɯ ɩɨɬɟɪɶ ɜɬD : 

ɩɩ ɜɧ ɜɬ ɬ.ɩ ɨ.ɤ ɜɬD D D D D D= + = − + .                        (4.16) 

ɇɟɞɨɫɬɚɸɳɟɟ ɞɥɹ ɜɧɟɲɧɟɝɨ ɩɨɬɪɟɛɢɬɟɥɹ ɤɨɥɢɱɟɫɬɜɨ ɩɚɪɚ ɩɨɞ 
ɞɚɜɥɟɧɢɟɦ ɬ.ɩP , ɪɚɜɧɨɟ ɤɨɥɢɱɟɫɬɜɭ ɜɨɡɜɪɚɳɟɧɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɨ.ɤD , 

ɦɨɠɧɨ ɨɬɩɭɫɤɚɬɶ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɢɡ ɨɬɛɨɪɚ ɬɭɪɛɢɧɵ ɜ ɨɛɜɨɞ ɩɚɪɨɩɪɟ-
ɨɛɪɚɡɨɜɚɬɟɥɹ ɱɟɪɟɡ ɪɟɞɭɤɰɢɨɧɧɭɸ ɭɫɬɚɧɨɜɤɭ ɫ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨ-
ɫɬɶɸ ɪ ɨ.ɤD D=  (ɫɦ. ɪɢɫ. 6.8). 
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Ɋɢɫ. 6.8. ɋɯɟɦɚ ɨɬɩɭɫɤɚ ɩɚɪɚ ɩɨɬɪɟɛɢɬɟɥɸ ɱɟɪɟɡ ɩɚɪɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶɧɭɸ ɭɫɬɚɧɨɜ-
ɤɭ, ɩɨɞɤɥɸɱɟɧɧɭɸ ɤ ɨɬɛɨɪɭ ɬɭɪɛɢɧɵ: 

ɉȾ – ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ (ɤɨɧɞɟɧɫɚɬɨɪ ɞɨɛɚɜɨɱɧɨɣ ɜɨɞɵ); ɈȾ – ɨɯɥɚ-
ɞɢɬɟɥɶ ɞɪɟɧɚɠɚ; ɉ-1, Ʌ-2 – ɩɨɞɨɝɪɟɜɚɬɟɥɢ; ɉȽ– ɩɚɪɨɝɟɧɟɪɚɬɨɪ; ɉɇ-1, ɉɇ-2 – ɩɢ-
ɬɚɬɟɥɶɧɵɟ ɧɚɫɨɫɵ; Ʉɇ – ɤɨɧɞɟɧɫɚɬɧɵɣ ɧɚɫɨɫ; Ʉɧ – ɤɨɧɞɟɧɫɚɬɨɪ; ɨɫɬɚɥɶɧɵɟ ɨɛɨ-
ɡɧɚɱɟɧɢɹ ɬɟ ɠɟ, ɱɬɨ ɧɚ ɪɢɫ. 6.6 

 

Ȼɥɚɝɨɞɚɪɹ ɷɬɨɦɭ ɫɨɤɪɚɳɚɸɬɫɹ ɪɚɡɦɟɪɵ (ɱɢɫɥɨ ɩɚɪɚɥɥɟɥɶɧɨ ɜɤɥɸ-

ɱɚɟɦɵɯ ɤɨɪɩɭɫɨɜ) ɩɚɪɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨ-
ɜɚɧɢɹ. ȿɫɥɢ, ɧɚɩɪɢɦɟɪ, ɨ.ɤ ɬ.ɩ0,5D D= ⋅ , ɬɨ ɪɚɡɦɟɪɵ ɢ ɫɬɨɢɦɨɫɬɶ ɩɚɪɨ-
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɫɨɤɪɚɳɚɸɬɫɹ ɩɨɱɬɢ ɜɞɜɨɟ. ɉɨ ɫɭɳɟɫɬɜɭ 
ɩɪɢ ɷɬɨɦ ɩɪɢɦɟɧɹɟɬɫɹ ɤɨɦɛɢɧɢɪɨɜɚɧɧɚɹ ɫɯɟɦɚ ɨɬɩɭɫɤɚ ɩɚɪɚ: ɜ ɤɨɥɢɱɟ-
ɫɬɜɟ ɨ.ɤD  ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɢɡ ɨɬɛɨɪɚ ɬɭɪɛɢɧɵ (ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɱɟɪɟɡ 
ɪɟɞɭɤɰɢɨɧɧɭɸ ɭɫɬɚɧɨɜɤɭ) ɢ ɜ ɤɨɥɢɱɟɫɬɜɟ ɜɧ ɬ.ɩ ɨ.ɤD D D= −  ɢɡ ɨɬɛɨɪɚ 
ɬɭɪɛɢɧɵ ɱɟɪɟɡ ɩɚɪɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ. 

Ɉɛɳɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɚɪɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ 

ɩɩD  [ɫɦ. (6.16)] ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɫɨɜɩɚɞɚɟɬ ɫ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɦɧɨ-
ɝɨɫɬɭɩɟɧɱɚɬɨɣ ɢɫɩɚɪɢɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɫ ɨɬɩɭɫɤɨɦ ɩɚɪɚ ɩɨɬɪɟɛɢɬɟɥɸ 

ɢɡ ɨɬɛɨɪɚ ɬɭɪɛɢɧɵ [ɫɦ. (6.15)]. 

ɇɚ ɪɢɫ. 6.8 ɤɪɨɦɟ ɤɨɪɩɭɫɨɜ ɩɚɪɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɩɨɤɚɡɚɧɨ ɜɫɩɨ-
ɦɨɝɚɬɟɥɶɧɨɟ (ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ) ɨɛɨɪɭɞɨɜɚɧɢɟ ɩɚɪɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶɧɨɣ 

ɭɫɬɚɧɨɜɤɢ. 
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ɉɚɪ ɞɥɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɚ ɬɚɤɠɟ ɩɨ ɭɫɥɨɜɢɹɦ ɟɝɨ 
ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ ɬɪɟɛɭɟɬɫɹ ɨɛɵɱɧɨ ɧɟɫɤɨɥɶɤɨ ɩɟɪɟɝɪɟɬɵɣ. Ɍɚɤ ɤɚɤ ɩɚ-
ɪɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɩɪɨɢɡɜɨɞɢɬ ɧɚɫɵɳɟɧɧɵɣ ɩɚɪ, ɞɥɹ ɟɝɨ ɩɟɪɟɝɪɟɜɚ ɭɫ-
ɬɚɧɚɜɥɢɜɚɟɬɫɹ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɶ ɉɟ, ɜ ɤɨɬɨɪɨɦ ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɟɩɥɨɬɚ 
ɞɥɹ ɩɟɪɟɝɪɟɜɚ ɩɚɪɚ ɢɡ ɨɬɛɨɪɚ ɬɭɪɛɢɧɵ. ɋ ɞɪɟɧɚɠɨɦ ɢɡ ɩɚɪɨɩɪɟɨɛɪɚɡɨɜɚ-
ɬɟɥɹ ɜɜɨɞɢɬɫɹ ɜ ɪɟɝɟɧɟɪɚɬɢɜɧɭɸ ɫɢɫɬɟɦɭ Ɍɗɐ ɛɨɥɶɲɨɣ ɩɨɬɨɤ ɬɟɩɥɨɬɵ. 

ɑɬɨɛɵ ɧɟɫɤɨɥɶɤɨ ɭɦɟɧɶɲɢɬɶ ɟɝɨ, ɭɥɭɱɲɢɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɪɟɝɟɧɟɪɚɬɢɜ-
ɧɵɯ ɨɬɛɨɪɨɜ ɩɚɪɚ ɢ ɭɫɥɨɜɢɹ ɪɚɛɨɬɵ ɨɫɧɨɜɧɵɯ ɩɢɬɚɬɟɥɶɧɵɯ ɧɚɫɨɫɨɜ, ɭɫ-
ɬɚɧɚɜɥɢɜɚɟɬɫɹ ɨɯɥɚɞɢɬɟɥɶ ɞɪɟɧɚɠɚ ɈȾ. 

Ɍɟɩɥɨɜɭɸ ɷɤɨɧɨɦɢɱɧɨɫɬɶ ɬɭɪɛɨɭɫɬɚɧɨɜɤɢ ɦɨɠɧɨ ɧɟɫɤɨɥɶɤɨ 
ɭɥɭɱɲɢɬɶ, ɟɫɥɢ ɩɢɬɚɬɟɥɶɧɭɸ ɜɨɞɭ ɩɚɪɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 
ɩɨɞɨɝɪɟɬɶ ɩɚɪɨɦ ɢɡ ɨɬɛɨɪɚ ɬɭɪɛɢɧɵ ɛɨɥɟɟ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜ ɩɪɟɞɜɚɪɢ-

ɬɟɥɶɧɨɦ ɩɨɞɨɝɪɟɜɚɬɟɥɟ ɉȾ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɬɚɤɠɟ ɤɨɧɞɟɧɫɚɬɨ-
ɪɨɦ ɜɬɨɪɢɱɧɨɝɨ ɩɚɪɚ ɞɥɹ ɜɨɡɦɟɳɟɧɢɹ ɜɧɭɬɪɟɧɧɢɯ ɩɨɬɟɪɶ ɩɚɪɚ ɢ ɤɨɧɞɟɧ-

ɫɚɬɚ ( ɜɬD ). ɉɢɬɚɬɟɥɶɧɚɹ ɜɨɞɚ ɩɚɪɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 
ɨɱɢɳɚɟɬɫɹ ɯɢɦɢɱɟɫɤɢɦ ɫɩɨɫɨɛɨɦ ɢ ɧɚɝɪɟɜɚɟɬɫɹ ɜ ɨɯɥɚɞɢɬɟɥɟ ɩɪɨɞɭɜɤɢ 

ɩɚɪɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ. ɂɡ ɜɨɞɵ ɞɨɥɠɧɵ ɛɵɬɶ ɭɞɚɥɟɧɵ ɪɚɫɬɜɨɪɟɧɧɵɟ ɜ 
ɧɟɣ ɝɚɡɵ, ɱɬɨ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɩɨɞɨɝɪɟɜɚɬɟɥɟ ɫɦɟɲɢɜɚɸɳɟɝɨ ɬɢɩɚ – 

ɞɟɚɷɪɚɬɨɪɟ. 
ȿɫɥɢ ɨɛɪɚɬɧɵɣ ɤɨɧɞɟɧɫɚɬ, ɩɨɫɬɭɩɚɸɳɢɣ ɨɬ ɩɨɬɪɟɛɢɬɟɥɹ, ɧɟ ɩɪɢ-

ɝɨɞɟɧ ɞɥɹ ɩɢɬɚɧɢɹ ɤɨɬɥɨɜ Ɍɗɐ, ɫɥɟɞɭɟɬ ɩɪɨɜɟɪɢɬɶ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɟɝɨ (ɢɧɨɝɞɚ ɩɨɫɥɟ ɧɟɤɨɬɨɪɨɣ ɨɱɢɫɬɤɢ) ɞɥɹ ɩɢɬɚɧɢɹ ɩɚɪɨ-
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ. Ȼɥɚɝɨɞɚɪɹ ɷɬɨɦɭ ɦɨɝɭɬ ɛɵɬɶ ɭɦɟɧɶɲɟɧɵ ɩɪɨɢɡɜɨɞɢ-

ɬɟɥɶɧɨɫɬɶ ɢ ɫɬɨɢɦɨɫɬɶ ɭɫɬɚɧɨɜɤɢ ɯɢɦɢɱɟɫɤɨɣ ɜɨɞɨɨɱɢɫɬɤɢ. 

ɇɟɨɛɯɨɞɢɦɵɣ ɪɚɫɯɨɞ ɩɚɪɚ ɧɚ ɩɚɪɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɢɡ ɭɪɚɜɧɟɧɢɹ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ: 

ɜ ɩɪ ɜ
ɩ ɩ ɩ ɩ ɩɩ ɩɩ ɩɩ ɩɩ ɩɩ ɩɩ( ) ( ) ( )D h h D h h D h hη′ ′′ ′− = − + − ,             (4.17) 

ɡɞɟɫɶ  
ɩɪ

ɩ ɩɩ ɩɩ, ,D D D  – ɪɚɫɯɨɞ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɟɪɜɢɱɧɨɝɨ ɩɚɪɚ, ɜɬɨɪɢɱɧɨɝɨ ɩɚɪɚ 
ɢ ɩɪɨɞɭɜɨɱɧɨɣ ɜɨɞɵ, ɤɝ/ɫ;  
ɩ ɩɩ,h h′′  – ɷɧɬɚɥɶɩɢɢ ɩɟɪɜɢɱɧɨɝɨ (ɝɪɟɸɳɟɝɨ) ɢ ɜɬɨɪɢɱɧɨɝɨ (ɫɭɯɨɝɨ ɧɚɫɵ-

ɳɟɧɧɨɝɨ) ɩɚɪɚ, ɤȾɠ/ɤɝ; ɟɫɥɢ ɝɪɟɸɳɢɣ ɩɚɪ ɩɪɨɯɨɞɢɬ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɱɟ-
ɪɟɡ ɩɟɪɟɝɪɟɜɚɬɟɥɶ ɜɬɨɪɢɱɧɨɝɨ ɩɚɪɚ, ɬɨ ɟɝɨ ɷɧɬɚɥɶɩɢɹ ɫɧɢɠɚɟɬɫɹ ɞɨ ɡɧɚ-
ɱɟɧɢɹ 0

ɩh , ɨɩɪɟɞɟɥɹɟɦɨɝɨ ɧɟɛɨɥɶɲɢɦ ɨɫɬɚɬɨɱɧɵɦ ɩɟɪɟɝɪɟɜɨɦ ɧɚ 20–25 

°ɋ;  

ɩ ɩɩ,h h′ ′  – ɷɧɬɚɥɶɩɢɢ ɤɨɧɞɟɧɫɚɬɚ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɢ ɢɫɩɚɪɹɟɦɨɣ ɜɨɞɵ, 

ɤȾɠ/ɤɝ; 
ɜ
ɩɩh  – ɷɧɬɚɥɶɩɢɹ ɜɨɞɵ ɧɚ ɜɯɨɞɟ ɜ ɩɚɪɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ, ɤȾɠ/ɤɝ. Ɂɧɚɱɟɧɢɟ 
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ɩɩD  ɨɛɵɱɧɨ ɪɚɜɧɨ ɫɭɦɦɟ ɜɧ ɜɬD D+ . 

Ⱦɚɜɥɟɧɢɟ ɜɬɨɪɢɱɧɨɝɨ ɩɚɪɚ ɬ.ɩP  ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɪɟɛɨɜɚɧɢɹɦɢ ɩɨɬɪɟ-
ɛɢɬɟɥɹ, ɞɚɜɥɟɧɢɟ ɩɟɪɜɢɱɧɨɝɨ (ɝɪɟɸɳɟɝɨ) ɩɚɪɚ – ɭɫɥɨɜɢɹɦɢ ɬɟɩɥɨɩɟɪɟ-
ɞɚɱɢ ɜ ɩɚɪɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟ ɢ ɡɧɚɱɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɧɚɩɨɪɚ 

ɧ ɧ
ɩɩ ɩ ɩɩt t tΔ = −  

ɝɞɟ  
ɧ
ɩt  ɢ ɧɩɩt  – ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɫɵɳɟɧɢɹ ɝɪɟɸɳɟɝɨ ɢ ɜɬɨɪɢɱɧɨɝɨ ɩɚɪɚ. 

Ɉɛɵɱɧɨ ɩɩtΔ = 12+15 °ɋ. ɗɬɚ ɜɟɥɢɱɢɧɚ ɨɩɪɟɞɟɥɹɟɬ ɩɟɪɟɩɚɞ ɞɚɜɥɟ-
ɧɢɣ ɜ ɩɚɪɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟ, ɪɚɜɧɵɣ 0,2–0,4 Ɇɉɚ. ɇɚ ɡɧɚɱɟɧɢɟ ɷɬɨɝɨ ɩɟ-
ɪɟɩɚɞɚ ɩɨɜɵɲɚɟɬɫɹ ɞɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɨɬɛɨɪɟ ɬɭɪɛɢɧɵ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɞɚɜɥɟɧɢɟɦ ɨɬɩɭɫɤɚɟɦɨɝɨ ɩɚɪɚ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɪɚɛɨɬɵ ɨɬ-
ɛɢɪɚɟɦɨɝɨ ɩɚɪɚ ɜ ɬɭɪɛɢɧɟ ɢ ɜɵɪɚɛɨɬɤɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɬɟɩɥɨɜɨɦ ɩɨ-
ɬɪɟɛɥɟɧɢɢ ɧɚ 

ɷ ɩ ɨɬɛ ɩ ɦ ɝ( )N D h h η ηΔ = ⋅ − ⋅ ⋅ .                            (4.18) 

ɗɬɨ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɫɯɟɦɵ ɨɬɩɭɫɤɚ ɩɚɪɚ ɱɟɪɟɡ 
ɩɚɪɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ, ɩɪɢɜɨɞɹɳɢɦ ɤ ɩɟɪɟɪɚɫɯɨɞɭ ɬɟɩɥɨɬɵ ɢ ɬɨɩɥɢɜɚ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫɨ ɫɯɟɦɨɣ, ɝɞɟ ɩɚɪ ɨɬɩɭɫɤɚɟɬɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɢɡ ɨɬɛɨɪɚ 
ɬɭɪɛɢɧɵ, ɩɪɢɦɟɪɧɨ ɧɚ 2 %. 

Ʉɨɥɢɱɟɫɬɜɨ ɨɬɛɢɪɚɟɦɨɝɨ ɩɚɪɚ ɢɡ ɬɭɪɛɢɧɵ ɬD  ɜ ɞɚɧɧɨɣ ɫɯɟɦɟ (ɫɦ. 

ɪɢɫ. 6.8) ɪɚɜɧɨ ɫɭɦɦɟ ɪɚɫɯɨɞɚ ɩɚɪɚ ɧɚ ɩɚɪɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɩD  ɢ ɪɚɫɯɨ-
ɞɚ ɩɚɪɚ ɜ ɨɛɜɨɞ ɩɚɪɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɪ ɨ.ɤD D= , ɬ.ɟ. ɬ ɩ ɨ.ɤD D D= + . 

Ɋɚɫɱɟɬ ɩɪɨɱɢɯ ɬɟɩɥɨɨɛɦɟɧɧɢɤɨɜ ɩɚɪɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶɧɨɣ ɭɫɬɚ-
ɧɨɜɤɢ ɜɵɩɨɥɧɹɸɬ ɧɚ ɨɫɧɨɜɟ ɭɪɚɜɧɟɧɢɣ ɬɟɩɥɨɜɵɯ ɛɚɥɚɧɫɨɜ ɜ ɫɨɨɬɜɟɬɫɬ-
ɜɢɢ ɫɨ ɫɯɟɦɨɣ, ɪɚɫɯɨɞɚɦɢ ɢ ɩɚɪɚɦɟɬɪɚɦɢ ɩɚɪɚ ɢ ɜɨɞɵ. 

Ⱦɥɹ ɜɨɡɦɟɳɟɧɢɹ ɜɧɭɬɪɟɧɧɢɯ ɩɨɬɟɪɶ ɩɚɪɚ ɢ ɤɨɧɞɟɧɫɚɬɚ ɜɨɡɦɨɠɧɨ 
ɩɪɢɦɟɧɟɧɢɟ ɨɬɞɟɥɶɧɨɣ ɢɫɩɚɪɢɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ, ɩɪɨɢɡɜɨɞɹɳɟɣ ɩɚɪ (ɢ 

ɞɢɫɬɢɥɥɹɬ) ɜɵɫɨɤɨɝɨ ɤɚɱɟɫɬɜɚ. ɗɬɢ ɩɨɬɟɪɢ ɬɚɤɠɟ ɦɨɠɧɨ ɜɨɡɦɟɫɬɢɬɶ ɯɢ-

ɦɢɱɟɫɤɢ ɨɛɟɫɫɨɥɟɧɧɨɣ ɜɨɞɨɣ. 

ȼ ɞɜɭɯ ɩɨɫɥɟɞɧɢɯ ɫɥɭɱɚɹɯ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɚɪɨɩɪɟɨɛɪɚɡɨɜɚ-
ɬɟɥɹ ɫɨɫɬɚɜɥɹɟɬ ɩɩ ɬ.ɩ ɨ.ɤ ɜɧD D D D= − = , ɚ ɟɫɥɢ ɨ.ɤ 0D = , ɬɨ ɩɩ ɬ.ɩD D= . 

ɉɪɢɦɟɧɟɧɢɟ ɞɜɭɯ ɩɨɫɥɟɞɧɢɯ ɫɯɟɦ (ɫɦ. ɪɢɫ. 6.6 ɢ 6.8), ɤɚɤ ɩɪɚɜɢɥɨ, ɦɟ-
ɧɟɟ ɰɟɥɟɫɨɨɛɪɚɡɧɨ, ɱɟɦ ɩɟɪɜɨɣ (ɫɦ. ɪɢɫ. 6.7) ɫ ɜɨɡɦɟɳɟɧɢɟɦ ɜɧɭɬɪɟɧɧɢɯ 
ɩɨɬɟɪɶ ɩɚɪɚ ɢ ɤɨɧɞɟɧɫɚɬɚ ɩɚɪɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ. 

ɂɡ ɬɪɟɯ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɫɯɟɦ ɨɬɩɭɫɤɚ ɩɚɪɚ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨɟ 
ɩɪɢɦɟɧɟɧɢɟ ɢɦɟɟɬ ɫɯɟɦɚ ɫ ɨɬɩɭɫɤɨɦ ɩɚɪɚ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɢɡ ɨɬɛɨɪɨɜ 
ɬɭɪɛɢɧɵ. 

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɩɪɨɦɵɲɥɟɧɧɵɯ Ɍɗɐ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜɵ-
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ɫɨɤɨɦɢɧɟɪɚɥɢɡɨɜɚɧɧɨɣ ɢɫɯɨɞɧɨɣ ɫɵɪɨɣ ɜɨɞɵ ɬɪɟɛɭɟɬɫɹ ɬɟɯɧɢɤɨ-
ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɫɪɚɜɧɟɧɢɟ ɜɨɡɦɨɠɧɵɯ ɫɯɟɦ ɨɬɩɭɫɤɚ ɩɚɪɚ ɢ ɩɨɞɝɨɬɨɜɤɢ 

ɞɨɛɚɜɨɱɧɨɣ ɜɨɞɵ. ȼɵɛɨɪ ɬɚɤɨɣ ɫɯɟɦɵ ɞɨɥɠɟɧ ɛɵɬɶ ɨɫɨɛɟɧɧɨ ɬɳɚɬɟɥɶ-
ɧɵɦ ɜ ɫɥɭɱɚɟ ɩɪɢɦɟɧɟɧɢɹ ɧɚ Ɍɗɐ ɩɪɹɦɨɬɨɱɧɵɯ ɤɨɬɥɨɜ ɢ ɜ ɨɫɨɛɟɧɧɨɫɬɢ 

ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɚɪɚ. ɉɪɢɦɟɧɟɧɢɟ ɩɚɪɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ 

ɩɪɢ ɷɬɨɦ ɦɨɠɟɬ ɨɛɟɫɩɟɱɢɜɚɬɶ ɛɨɥɟɟ ɧɚɞɟɠɧɵɣ ɜɨɞɧɵɣ ɪɟɠɢɦ ɪɚɛɨɬɵ 

ɨɛɨɪɭɞɨɜɚɧɢɹ Ɍɗɐ. 

 

 

6.5. ɈɌɉɍɋɄ ɌȿɉɅɈɌɕ ɇȺ ɈɌɈɉɅȿɇɂȿ. ȼɂȾ ɌȿɉɅɈɇɈɋɂ-

ɌȿɅə, ɋɂɋɌȿɆɕ ɌȿɉɅɈɋɇȺȻɀȿɇɂə. ɊȿȽɍɅɂɊɈȼȺɇɂȿ 

ɈɌɉɍɋɄȺ ɌȿɉɅɈɌɕ 

 

Ɍɟɩɥɨɬɭ ɞɥɹ ɨɬɨɩɥɟɧɢɹ ɢ ɛɵɬɨɜɵɯ ɧɭɠɞ ɬɟɩɥɨɷɥɟɤɬɪɨɰɟɧɬɪɚɥɢ 

ɨɬɩɭɫɤɚɸɬ ɫ ɝɨɪɹɱɟɣ ɜɨɞɨɣ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɬɟɩɥɨɜɭɸ ɧɚɝɪɭɡɤɭ Ɍɗɐ, 

ȽȾɠ/ɱ, ɦɨɠɧɨ ɜɵɪɚɡɢɬɶ ɤɚɤ 
ɨɬ ɫ.ɜ ɩ.ɫ ɨ.ɫ( )Q G h h= ⋅ − ,                                  (4.19) 

ɝɞɟ  
ɫ.ɜG  – ɪɚɫɯɨɞ ɫɟɬɟɜɨɣ ɜɨɞɵ, 10

3
 ɬ/ɱ;  

ɩ.ɫh  ɢ ɨ.ɫh  – ɷɧɬɚɥɶɩɢɢ ɫɟɬɟɜɨɣ ɜɨɞɵ ɞɨ ɩɨɞɨɝɪɟɜɚ ɜ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚɯ 
Ɍɗɐ ɢ ɩɨɫɥɟ ɧɟɝɨ, ɤȾɠ/ɤɝ. 

ȼɨɞɭ ɩɨɞɨɝɪɟɜɚɸɬ ɜ ɩɚɪɨɜɨɞɹɧɵɯ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚɯ Ɍɗɐ ɜ ɨɫɧɨɜ-
ɧɨɦ ɩɚɪɨɦ ɢɡ ɨɬɛɨɪɨɜ (ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɹ) ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɯ ɬɭɪɛɢɧ ɢ 

ɩɨɞɚɸɬ ɧɚɫɨɫɚɦɢ ɩɨ ɬɪɭɛɨɩɪɨɜɨɞɚɦ ɝɨɪɹɱɟɣ ɜɨɞɵ ɤ ɩɨɬɪɟɛɢɬɟɥɹɦ. ɉɨ-
ɫɥɟ ɨɯɥɚɠɞɟɧɢɹ ɜ ɨɬɨɩɢɬɟɥɶɧɵɯ ɭɫɬɚɧɨɜɤɚɯ ɜɨɞɚ ɜɨɡɜɪɚɳɚɟɬɫɹ ɧɚ Ɍɗɐ. 

ɋɢɫɬɟɦɚ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɝɨɪɹɱɟɣ ɢ ɨɯɥɚɠɞɟɧɧɨɣ ɜɨɞɵ ɨɛɪɚɡɭɟɬ ɬɟɩɥɨ-
ɜɭɸ ɫɟɬɶ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜɨɞɭ, ɰɢɪɤɭɥɢɪɭɸɳɭɸ ɩɨ ɬɟɩɥɨɜɨɣ ɫɟɬɢ, ɧɚ-
ɡɵɜɚɸɬ ɫɟɬɟɜɨɣ ɜɨɞɨɣ, ɧɚɫɨɫɵ, ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɜ ɬɟɩɥɨɜɨɣ ɫɟɬɢ – ɫɟɬɟ-
ɜɵɦɢ, ɚ ɩɚɪɨɜɨɞɹɧɵɟ ɬɟɩɥɨɨɛɦɟɧɧɢɤɢ, ɪɚɡɦɟɳɟɧɧɵɟ ɧɚ Ɍɗɐ, – ɫɟɬɟɜɵ-

ɦɢ ɩɨɞɨɝɪɟɜɚɬɟɥɹɦɢ. ɗɬɢ ɩɨɞɨɝɪɟɜɚɬɟɥɢ ɱɚɫɬɨ ɧɚɡɵɜɚɸɬ, ɤɚɤ ɛɵɥɨ ɩɪɢ-

ɧɹɬɨ ɪɚɧɟɟ, ɛɨɣɥɟɪɚɦɢ. Ɍɪɭɛɨɩɪɨɜɨɞɵ, ɩɨ ɤɨɬɨɪɵɦ ɧɚɝɪɟɬɚɹ ɜɨɞɚ ɩɨɞɚ-
ɟɬɫɹ ɤ ɩɨɬɪɟɛɢɬɟɥɹɦ, ɧɚɡɵɜɚɸɬ ɩɨɞɚɸɳɢɦɢ, ɚ ɬɪɭɛɨɩɪɨɜɨɞɵ, ɩɨ ɤɨɬɨ-
ɪɵɦ ɨɯɥɚɠɞɟɧɧɚɹ ɜɨɞɚ ɜɨɡɜɪɚɳɚɟɬɫɹ ɧɚ Ɍɗɐ, – ɨɛɪɚɬɧɵɦɢ. 

ȼ ɨɬɨɩɢɬɟɥɶɧɵɯ ɭɫɬɚɧɨɜɤɚɯ (ɪɚɞɢɚɬɨɪɚɯ) ɭ ɩɨɬɪɟɛɢɬɟɥɟɣ ɢɫɩɨɥɶ-
ɡɭɸɬ ɨɛɵɱɧɨ ɝɨɪɹɱɭɸ ɜɨɞɭ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ (ɤɚɤ ɭɠɟ ɨɬɦɟɱɚɥɨɫɶ) ɧɟ 
ɜɵɲɟ 90 °ɋ, ɨɝɪɚɧɢɱɢɜɚɟɦɨɣ ɭɫɥɨɜɢɹɦɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɝɢɝɢɟɧɵ (ɩɪɢ-

ɝɨɪɚɧɢɟ ɩɵɥɢ). ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɞɥɹ ɭɦɟɧɶɲɟɧɢɹ ɞɢɚɦɟɬɪɨɜ ɬɪɭɛɨɩɪɨɜɨ-
ɞɨɜ ɢ ɭɞɟɲɟɜɥɟɧɢɹ ɬɟɩɥɨɜɨɣ ɫɟɬɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɦɟɬɶ ɛɨɥɟɟ ɜɵɫɨɤɭɸ 
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ɬɟɦɩɟɪɚɬɭɪɭ ɜɨɞɵ ɜ ɩɨɞɚɸɳɢɯ ɥɢɧɢɹɯ. ɉɪɢ ɫɨɯɪɚɧɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ 

ɨɯɥɚɠɞɟɧɧɨɣ ɜɨɞɵ ɭɜɟɥɢɱɟɧɢɟ ɩɨɞɨɝɪɟɜɚ ɜɨɞɵ ɫ.ɜτ  ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶ-
ɲɟɧɢɸ ɪɚɫɯɨɞɚ ɫɟɬɟɜɨɣ ɜɨɞɵ ɫ.ɜG , ɭɞɟɲɟɜɥɟɧɢɸ ɬɪɭɛɨɩɪɨɜɨɞɨɜ, ɫɧɢ-

ɠɟɧɢɸ ɪɚɫɯɨɞɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɩɨɞɚɱɭ ɜɨɞɵ [ɫɦ. (6.19)]. Ɉɞɧɚɤɨ ɞɥɹ 
ɩɨɜɵɲɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɞɵ ɜ ɩɨɞɚɸɳɟɣ ɥɢɧɢɢ ɤ ɫɟɬɟɜɵɦ ɩɨɞɨɝɪɟɜɚ-
ɬɟɥɹɦ ɬɪɟɛɭɟɬɫɹ ɩɨɞɜɨɞɢɬɶ ɩɚɪ ɛɨɥɟɟ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ. ɉɪɢ ɷɬɨɦ ɜɵ-

ɪɚɛɨɬɤɚ ɷɧɟɪɝɢɢ ɩɚɪɨɦ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɯ ɨɬɛɨɪɨɜ ɫɧɢɠɚɟɬɫɹ ɢ ɞɥɹ ɫɨ-
ɯɪɚɧɟɧɢɹ ɡɚɞɚɧɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ ɬɪɟɛɭɟɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɚɹ 
ɤɨɧɞɟɧɫɚɰɢɨɧɧɚɹ ɜɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɫ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɩɨɬɟɪɟɣ 

ɬɟɩɥɨɬɵ ɜ ɤɨɧɞɟɧɫɚɬɨɪɚɯ ɬɭɪɛɢɧɵ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɪɚɫɯɨɞɚ 
ɬɨɩɥɢɜɚ ɧɚ Ɍɗɐ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɬɟɦɩɟɪɚɬɭɪɭ ɧɚɝɪɟɬɨɣ ɜɨɞɵ ɜ ɬɟɩɥɨɜɵɯ ɫɟɬɹɯ ɧɚɞɨ 
ɜɵɛɢɪɚɬɶ ɧɚ ɨɫɧɨɜɚɧɢɢ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ. Ⱦɥɹ ɤɪɭɩɧɵɯ 
ɝɨɪɨɞɨɜ ɷɬɚ ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɢ ɧɢɡɲɟɣ ɪɚɫɱɟɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚɪɭɠɧɨɝɨ 
ɜɨɡɞɭɯɚ ɫɨɫɬɚɜɥɹɟɬ 150 °ɋ. ɉɪɢ ɩɨɞɚɱɟ ɩɨɬɪɟɛɢɬɟɥɹɦ ɜɨɞɵ ɬɟɦɩɟɪɚɬɭɪɭ 
ɟɟ ɫɧɢɠɚɸɬ ɞɨ ɩɪɢɟɦɥɟɦɨɝɨ ɜ ɪɚɞɢɚɬɨɪɚɯ ɩɨɬɪɟɛɢɬɟɥɟɣ ɭɪɨɜɧɹ (ɨɤɨɥɨ 
90 °ɋ) ɨɛɵɱɧɨ ɩɨɞɦɟɲɢɜɚɧɢɟɦ ɤ ɧɟɣ ɨɯɥɚɠɞɟɧɧɨɣ ɨɛɪɚɬɧɨɣ ɜɨɞɵ ɫ 
ɬɟɦɩɟɪɚɬɭɪɨɣ ɧɟ ɜɵɲɟ 70 °ɋ. 

Ⱦɥɹ ɛɵɬɨɜɵɯ ɧɭɠɞ ɧɚɫɟɥɟɧɢɹ ɨɬɩɭɫɤɚɸɬ ɬɟɩɥɨɬɭ ɫ ɝɨɪɹɱɟɣ ɜɨɞɨɣ, 

ɢɦɟɸɳɟɣ ɬɟɦɩɟɪɚɬɭɪɭ ɨɤɨɥɨ 60 – 65 °ɋ. ɉɪɢ ɷɬɨɦ ɜɨɡɦɨɠɧɵ ɞɜɟ ɫɢɫɬɟ-
ɦɵ ɝɨɪɹɱɟɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ (ɫɧɚɛɠɟɧɢɹ ɛɵɬɨɜɵɯ ɩɨɬɪɟɛɢɬɟɥɟɣ ɝɨɪɹɱɟɣ 

ɜɨɞɨɣ): ɡɚɤɪɵɬɚɹ ɫ ɩɨɜɟɪɯɧɨɫɬɧɵɦɢ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚɦɢ (ɪɢɫ. 6.9, ɚ, ɛ) ɢ 

ɨɬɤɪɵɬɚɹ (ɫ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɵɦ ɜɨɞɨɪɚɡɛɨɪɨɦ) (ɪɢɫ. 6.9, ɜ). 
 

 
Ɋɢɫ. 6.9. ɋɢɫɬɟɦɵ ɝɨɪɹɱɟɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɛɵɬɨɜɵɯ ɩɨɬɪɟɛɢɬɟɥɟɣ: 

ɚ – ɡɚɤɪɵɬɚɹ ɨɞɧɨɫɬɭɩɟɧɱɚɬɚɹ; ɛ – ɡɚɤɪɵɬɚɹ ɞɜɭɯɫɬɭɩɟɧɱɚɬɚɹ; ɜ – ɨɬɤɪɵɬɚɹ (ɫ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɵɦ ɜɨɞɨɪɚɡɛɨɪɨɦ); Ɉɬ – ɨɬɨɩɥɟɧɢɟ; Ȼɉ – ɛɵɬɨɜɵɟ ɩɨɬɪɟɛɢɬɟɥɢ; 
ɉ, ɉ-1 ɢ Ʌ-2 – ɩɨɞɨɝɪɟɜɚɬɟɥɢ; ɉɆ ɢ ɈɆ – ɩɨɞɚɸɳɚɹ ɢ ɨɛɪɚɬɧɚɹ ɦɚɝɢɫɬɪɚɥɢ ɬɟɩ-
ɥɨɜɨɣ ɫɟɬɢ. 

 

ɉɪɢ ɡɚɤɪɵɬɨɣ ɫɢɫɬɟɦɟ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ (ɝɨɪɹɱɟɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ) 
ɜɨɞɭ ɞɥɹ ɛɵɬɨɜɵɯ ɩɨɬɪɟɛɢɬɟɥɟɣ ɛɟɪɭɬ ɢɡ ɫɟɬɢ ɩɢɬɶɟɜɨɝɨ ɜɨɞɨɩɪɨɜɨɞɚ ɢ 
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ɧɚɝɪɟɜɚɸɬ ɜ ɜɨɞɨɜɨɞɹɧɨɦ ɩɨɞɨɝɪɟɜɚɬɟɥɟ ɝɨɪɹɱɟɣ ɜɨɞɨɣ ɢɡ ɩɨɞɚɸɳɟɣ 

ɦɚɝɢɫɬɪɚɥɢ, ɨɬɜɨɞɢɦɨɣ ɩɨɫɥɟ ɨɯɥɚɠɞɟɧɢɹ ɜ ɨɛɪɚɬɧɭɸ ɦɚɝɢɫɬɪɚɥɶ (ɫɦ. 

ɪɢɫ. 6.9, ɚ). Ȼɨɥɟɟ ɷɤɨɧɨɦɢɱɧɚ ɡɚɤɪɵɬɚɹ ɫɢɫɬɟɦɚ ɝɨɪɹɱɟɝɨ ɜɨɞɨɫɧɚɛɠɟ-
ɧɢɹ ɫ ɞɜɭɯɫɬɭɩɟɧɱɚɬɵɦ ɩɨɞɨɝɪɟɜɨɦ ɜɨɞɵ ɞɥɹ ɛɵɬɨɜɵɯ ɧɭɠɞ ɜ ɞɜɭɯ ɩɨ-
ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɹɯ: ɜɧɚɱɚɥɟ ɩɨɞɨɝɪɟɜ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜɨɞɨɣ ɢɡ ɨɛɪɚɬɧɨɣ ɦɚɝɢɫɬɪɚɥɢ ɬɟɩɥɨɜɨɣ ɫɟɬɢ, ɚ ɡɚɬɟɦ – 

ɢɡ ɩɨɞɚɸɳɟɣ (ɪɢɫ. 6.9, ɛ). 
ɉɪɢɧɰɢɩɢɚɥɶɧɨ ɢɧɨɣ ɹɜɥɹɟɬɫɹ ɨɬɤɪɵɬɚɹ ɫɢɫɬɟɦɚ ɝɨɪɹɱɟɝɨ ɜɨɞɨ-

ɫɧɚɛɠɟɧɢɹ (ɫ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɵɦ ɜɨɞɨɪɚɡɛɨɪɨɦ). ɉɪɢ ɷɬɨɦ ɤ ɛɵɬɨɜɵɦ 

ɩɨɬɪɟɛɢɬɟɥɹɦ ɨɬɜɨɞɢɬɫɹ ɫɦɟɫɶ ɜɨɞɵ ɢɡ ɝɨɪɹɱɟɣ ɢ ɯɨɥɨɞɧɨɣ ɥɢɧɢɣ ɨɬɨ-
ɩɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ (ɪɢɫ. 6.9, ɜ). Ɂɞɟɫɶ ɧɟ ɬɪɟɛɭɸɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ 
ɬɟɩɥɨɨɛɦɟɧɧɢɤɢ, ɱɬɨ ɭɩɪɨɳɚɟɬ ɢ ɭɞɟɲɟɜɥɹɟɬ ɭɫɬɚɧɨɜɤɢ ɝɨɪɹɱɟɝɨ ɜɨɞɨ-
ɫɧɚɛɠɟɧɢɹ. Ɉɞɧɚɤɨ ɩɨɬɟɪɢ ɜɨɞɵ ɜ ɬɟɩɥɨɜɨɣ ɫɟɬɢ ɪɟɡɤɨ ɜɨɡɪɚɫɬɚɸɬ ɢ ɫɨ-
ɫɬɚɜɥɹɸɬ ɨɬ 1 ɞɨ 40 % ɪɚɫɯɨɞɚ ɜɨɞɵ ɜ ɧɟɣ. ɋɨɫɬɚɜ ɜɨɞɵ, ɩɨɞɚɜɚɟɦɨɣ 

ɛɵɬɨɜɵɦ ɩɨɬɪɟɛɢɬɟɥɹɦ, ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɭɯɭɞɲɚɟɬɫɹ ɢɡ-ɡɚ ɧɚɥɢɱɢɹ ɜ ɧɟɣ 

ɩɪɨɞɭɤɬɨɜ ɤɨɪɪɨɡɢɢ ɢ ɨɬɫɭɬɫɬɜɢɹ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ. Ɉɬɤɪɵɬɚɹ 
ɫɢɫɬɟɦɚ ɷɧɟɪɝɟɬɢɱɟɫɤɢ ɜɵɝɨɞɧɟɟ, ɬɚɤ ɤɚɤ ɩɨɬɟɪɢ ɜɨɞɵ ɜ ɧɟɣ ɜɨɫɩɨɥɧɹ-
ɸɬɫɹ ɯɨɥɨɞɧɨɣ ɜɨɞɨɣ, ɞɥɹ ɩɨɞɨɝɪɟɜɚ ɤɨɬɨɪɨɣ ɧɚ Ɍɗɐ ɦɨɠɧɨ ɷɮɮɟɤɬɢɜ-
ɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɟ ɨɬɛɨɪɵ ɩɚɪɚ ɩɨɧɢɠɟɧɧɨɝɨ ɞɚɜɥɟ-
ɧɢɹ. 

ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɨɬɤɪɵɬɨɣ ɫɢɫɬɟɦɵ ɬɪɟɛɭɟɬ ɪɚɡɦɟɳɟ-
ɧɢɹ ɧɚ Ɍɗɐ ɦɨɳɧɨɣ ɭɫɬɚɧɨɜɤɢ ɯɢɦɢɱɟɫɤɨɣ ɜɨɞɨɨɱɢɫɬɤɢ ɞɥɹ ɩɨɞɝɨɬɨɜ-
ɤɢ ɞɨɛɚɜɨɱɧɨɣ (ɩɨɞɩɢɬɨɱɧɨɣ) ɜɨɞɵ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɢ ɨɬɤɪɵɬɨɣ ɫɢɫɬɟɦɟ 
ɝɨɪɹɱɟɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɚɤɬɢɜɧɨ ɪɚɡɜɢɜɚɟɬɫɹ ɤɨɪɪɨɡɢɹ ɚɛɨɧɟɧɬɫɤɢɯ ɬɟ-
ɩɥɨɨɛɦɟɧɧɢɤɨɜ ɡɚ ɫɱɟɬ ɤɢɫɥɨɪɨɞɚ, ɫɨɞɟɪɠɚɳɟɝɨɫɹ ɜ ɜɨɞɟ ɜɨɞɨɩɪɨɜɨɞ-

ɧɨɣ ɫɟɬɢ. 

ȼɵɛɨɪ ɡɚɤɪɵɬɨɣ ɢɥɢ ɨɬɤɪɵɬɨɣ ɫɢɫɬɟɦɵ ɝɨɪɹɱɟɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɜ 
ɡɧɚɱɢɬɟɥɶɧɨɣ ɦɟɪɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɱɟɫɬɜɨɦ (ɫɨɫɬɚɜɨɦ) ɢɫɯɨɞɧɨɣ ɫɵɪɨɣ 

ɜɨɞɵ, ɢɫɩɨɥɶɡɭɟɦɨɣ ɧɚ Ɍɗɐ. Ɍɚɤ, ɜ Ɇɨɫɤɜɟ, ɪɚɫɩɨɥɚɝɚɸɳɟɣ ɜɨɞɨɣ ɫ ɩɨ-
ɜɵɲɟɧɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɫɨɥɟɣ ɢ ɞɪɭɝɢɯ ɩɪɢɦɟɫɟɣ, ɩɪɟɨɛɥɚɞɚɸɬ ɡɚɤɪɵ-

ɬɵɟ ɫɢɫɬɟɦɵ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ (ɝɨɪɹɱɟɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ), ɚ ɨɬɤɪɵɬɚɹ 
ɫɢɫɬɟɦɚ ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɧɟɡɧɚɱɢɬɟɥɶɧɨɦ ɨɛɴɟɦɟ (ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɜ 
ɨɩɵɬɧɵɯ ɰɟɥɹɯ). ȼ ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɟ, ɝɞɟ ɢɫɯɨɞɧɚɹ ɜɨɞɚ ɢɡ ɪ. ɇɟɜɵ 

ɨɱɟɧɶ ɦɹɝɤɚɹ, ɫ ɦɚɥɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɫɨɥɟɣ ɢ ɞɪɭɝɢɯ ɩɪɢɦɟɫɟɣ, ɩɪɢɦɟ-
ɧɹɸɬ ɨɬɤɪɵɬɭɸ ɫɢɫɬɟɦɭ ɝɨɪɹɱɟɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ. ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɤɪɭɩ-

ɧɵɯ ɝɨɪɨɞɨɜ ɜ ɬɟɩɥɨɜɵɯ ɫɟɬɹɯ ɩɪɟɨɛɥɚɞɚɸɬ ɡɚɤɪɵɬɵɟ ɫɢɫɬɟɦɵ. 

Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɨɬɩɭɫɤɚ ɬɟɩɥɨɬɵ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜɨɞɹɧɵɯ ɬɟɩ-

ɥɨɜɵɯ ɫɟɬɟɣ ɜɨɡɦɨɠɧɨ ɞɜɭɯ ɜɢɞɨɜ: ɤɚɱɟɫɬɜɟɧɧɨɟ – ɢɡɦɟɧɟɧɢɟɦ ɬɟɦɩɟɪɚ-
ɬɭɪɵ ɜɨɞɵ ɜ ɩɨɞɚɸɳɟɣ ɦɚɝɢɫɬɪɚɥɢ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɨɟ – ɢɡɦɟɧɟɧɢɟɦ ɪɚɫ-
ɯɨɞɚ ɫɟɬɟɜɨɣ ɜɨɞɵ. ɂɡ ɮɨɪɦɭɥɵ (6.19) ɫɥɟɞɭɟɬ, ɱɬɨ 



 136

3
ɨɬ ɫ.ɜ ɫ.ɜ ɩ.ɫ ɨ.ɫ ɨɬ ɩɨɦ ɧ( ) ( )Q G c t t V t tα= ⋅ ⋅ − = ⋅ ⋅ − ,             (4.19ɚ) 

ɝɞɟ  
ɫ.ɜc  – ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɫɟɬɟɜɨɣ ɜɨɞɵ, ɤȾɠ/(ɤɝ⋅Ʉ). 

ɉɪɢ ɤɚɱɟɫɬɜɟɧɧɨɦ ɪɟɝɭɥɢɪɨɜɚɧɢɢ ɫ.ɜG const= ; ɟɫɥɢ ɡɧɚɱɟɧɢɟ ɬɟɦ-

ɩɟɪɚɬɭɪɵ ɜɧɭɬɪɢ ɩɨɦɟɳɟɧɢɹ ɩɨɦt  ɩɨɫɬɨɹɧɧɨ, ɬɨ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɞɵ ɜ ɩɨ-
ɞɚɸɳɟɣ ɢ ɨɛɪɚɬɧɨɣ ɦɚɝɢɫɬɪɚɥɹɯ ɢɡɦɟɧɹɸɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɥɢɧɟɣɧɨ ɜ ɡɚ-
ɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɧt . ȼɟɪɯɧɟɟ ɡɧɚɱɟɧɢɟ ɬɟɦ-

ɩɟɪɚɬɭɪɵ ɜɨɞɵ ɜ ɩɨɞɚɸɳɟɣ ɥɢɧɢɢ ɩɪɢ ɧɢɡɲɟɣ ɪɚɫɱɟɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 
ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɧ.ɪ

ɧt  ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɦɢ ɪɚɫɱɟɬɚ-
ɦɢ ɢ ɫɨɫɬɚɜɥɹɟɬ ɞɥɹ ɝɨɪɨɞɨɜ Ɋɨɫɫɢɢ 150 °ɋ. ɉɪɢ ɷɬɨɦ ɧɚɢɛɨɥɶɲɚɹ ɬɟɦ-

ɩɟɪɚɬɭɪɚ «ɨɛɪɚɬɧɨɣ» ɜɨɞɵ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɢɫɬɟɦɵ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɢ 

ɞɪɭɝɢɯ ɮɚɤɬɨɪɨɜ ɪɚɜɧɚ 50–70 °ɋ. 

ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ, ɪɚɜɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜɧɭɬɪɢ 

ɩɨɦɟɳɟɧɢɹ (18–20 °ɋ), ɨɬɨɩɥɟɧɢɟ ɩɪɟɤɪɚɳɚɟɬɫɹ, ɜɨɞɚ ɤɚɤ ɜ ɩɨɞɚɸɳɟɣ, 

ɬɚɤ ɢ ɜ ɨɛɪɚɬɧɨɣ ɥɢɧɢɢ ɬɟɨɪɟɬɢɱɟɫɤɢ ɢɦɟɟɬ ɬɟɦɩɟɪɚɬɭɪɭ, ɪɚɜɧɭɸ ɬɟɦ-

ɩɟɪɚɬɭɪɟ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ, ɬ.ɟ. ɬɚɤɠɟ 18–20 °ɋ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɝɪɚ-
ɮɢɤɢ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɞɵ ɜ ɩɨɞɚɸɳɟɣ ɢ ɨɛɪɚɬɧɨɣ ɦɚɝɢɫɬɪɚɥɹɯ 
ɩɪɢ ɤɚɱɟɫɬɜɟɧɧɨɦ ɪɟɝɭɥɢɪɨɜɚɧɢɢ ɹɜɥɹɸɬɫɹ ɩɪɹɦɵɦɢ ɥɢɧɢɹɦɢ, ɩɪɨɯɨ-
ɞɹɳɢɦɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɱɟɪɟɡ ɦɚɤɫɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɩ.ɫt = 150 °ɋ ɢ ɨ.ɫt  

= 55-70 °ɋ ɩɪɢ ɧ.ɪ
ɧt  (ɪɢɫ. 6.10). 

 

Ɋɢɫ. 6.10. Ɂɚɜɢɫɢɦɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪ ɜɨɞɵ ɩ.ɫt  ɢ ɨ.ɫt , ɪɚɫɯɨɞɨɜ ɬɟɩɥɨɬɵ Q  ɢ ɫɟɬɟɜɨɣ 

ɜɨɞɵ ɫ.ɜG  ɜ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɧt . 
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Ɍɚɛɥɢɰɚ 6.1. 

Ɍɟɦɩɟɪɚɬɭɪɵ ɫɟɬɟɜɨɣ ɜɨɞɵ ɜ ɩɨɞɚɸɳɟɣ ɢ ɨɛɪɚɬɧɨɣ ɦɚɝɢɫɬɪɚɥɹɯ 

ɋɢɫɬɟɦɚ ɝɨ-
ɪɹɱɟɝɨ ɜɨɞɨ-
ɫɧɚɛɠɟɧɢɹ 

Ɍɟɦɩɟɪɚɬɭɪɚ 
ɧɚɪɭɠɧɨɝɨ 
ɜɨɡɞɭɯɚ, °ɋ 

Ⱦɨɥɹ ɨɬɩɭɫɤɚ 
ɬɟɩɥɨɬɵ 

ɨɬα  

Ɍɟɦɩɟɪɚɬɭɪɚ ɫɟɬɟɜɨɣ ɜɨɞɵ
ɜ ɩɨɞɚɸɳɟɣ ɦɚɝɢɫɬɪɚɥɢ 

ɩ.ɫt , °ɋ, ɩɪɢ ɝ.ɜα  

Ɍɟɦɩɟɪɚɬɭɪɚ ɫɟɬɟɜɨɣ ɜɨɞɵ 

ɜ ɨɛɪɚɬɧɨɣ ɦɚɝɢɫɬɪɚɥɢ 

ɨ.ɫt , °ɋ, ɩɪɢ ɝ.ɜα  

   0,15 0,30 0,15 0,30 

Ɂɚɤɪɵɬɚɹ -26 1,0 151,1 152,1 56,7 43,3 

 -20 0,86 136,0 137,8 52,2 40,4 

 -15 0,75 123,5 126,0 49,0 38,0 

 -10 0,64 110,5 114,2 45,0 34,8 

 _5 0,52 96,5 102,0 40,7 30,7 

 0 0,41 83,8 80,9 36,2 28,2 

 +5 0,30 71,0 77,7 32,0 24,9 

 +10 0,15 70,0 70,0 31,5 23,0 

 Ʌɟɬɨ 0 70,0 70,0 15 15 

Ɉɬɤɪɵɬɚɹ -26 1,0 145,6 142,4 71,0 71,3
 -20 0,86 129,1 126,4 65,3 65,6
 -15 0,75 116,2 113,5 60,4 61,1 

 -10 0,64 103,7 101,6 55,6 56,0 

 -5 0,52 90,1 89,1 50,0 50,1 

 0 0,41 77,4 77,7 44,5 44,5 

 +5 0,30 66,0 66,0 38,0 39,0 

 +10 0,15 65,0 65,0 29,5 29,5 

 Ʌɟɬɨ 0 65,0 65,0 15,0 15,0 

ɉɪɢɦɟɱɚɧɢɟ. ɨɬα  – ɞɨɥɹ ɨɬɨɩɢɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ɨɬ ɦɚɤɫɢɦɚɥɶɧɨɣ ɩɪɢ 
ɧ.ɪ
ɧt = -26 °ɋ. 

 

ɉɪɢ ɨɬɤɥɸɱɟɧɢɢ ɨɬɨɩɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɜ ɩɨɞɚɸɳɟɣ ɦɚɝɢ-

ɫɬɪɚɥɢ ɫɨɫɬɚɜɥɹɟɬ ɩɪɢɦɟɪɧɨ 70 °ɋ ɢ ɫɨɯɪɚɧɹɟɬɫɹ ɩɨɫɬɨɹɧɧɨɣ ɩɪɢ ɜɫɟɯ 
ɧt . 

ȼ ɬɚɛɥ. 6.1 ɩɪɢɜɟɞɟɧɵ ɡɧɚɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪ ɫɟɬɟɜɨɣ ɜɨɞɵ ɜ ɩɨ-
ɞɚɸɳɟɣ ɩ.ɫt  ɢ ɨɛɪɚɬɧɨɣ ɨ.ɫt  ɦɚɝɢɫɬɪɚɥɹɯ ɩɪɢ ɪɚɡɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɧɚ-
ɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɧt  ɢ ɡɧɚɱɟɧɢɹɯ ɞɨɥɢ ɨɬɩɭɫɤɚ ɬɟɩɥɨɬɵ ɩɪɢ ɝɨɪɹɱɟɦ ɜɨ-
ɞɨɫɧɚɛɠɟɧɢɢ ɝ.ɜα  ɞɥɹ ɡɚɤɪɵɬɨɣ ɢ ɨɬɤɪɵɬɨɣ ɫɢɫɬɟɦ ɝɨɪɹɱɟɝɨ ɜɨɞɨɫɧɚɛ-

ɠɟɧɢɹ. 
ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜɨɞɵ ɜ ɩɨɞɚɸɳɟɣ ɥɢɧɢɢ ɜɵɲɟ 70 °ɋ ɪɚɫɯɨɞ ɫɟ-

ɬɟɜɨɣ ɜɨɞɵ ɫ.ɜG const= . ɉɪɢ ɩɨɫɬɨɹɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɫɟɬɟɜɨɣ ɜɨɞɵ ɜ 
ɩɨɞɚɸɳɟɣ ɥɢɧɢɢ, ɪɚɜɧɨɣ ɩɪɢɦɟɪɧɨ 70 °ɋ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɬɟɦɩɟɪɚ-
ɬɭɪɟ «ɨɛɪɚɬɧɨɣ» ɜɨɞɵ, ɨɬɨɩɢɬɟɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɫ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚ-
ɬɭɪɵ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɭɦɟɧɶɲɚɟɬɫɹ, ɪɚɫɯɨɞ ɫɟɬɟɜɨɣ ɜɨɞɵ ɫ.ɜG  ɬɚɤɠɟ 
ɭɦɟɧɶɲɚɟɬɫɹ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɩɪɢ ɧt  =8–10 °ɋ ɧɟ ɨɬɤɥɸɱɚɬ ɨɬɨɩɥɟɧɢɟ. 
ɉɪɢ ɞɚɥɶɧɟɣɲɟɦ ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɨɫɬɚɟɬɫɹ 
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ɥɢɲɶ ɛɵɬɨɜɚɹ ɭɫɥɨɜɧɨ ɩɨɫɬɨɹɧɧɚɹ ɧɚɝɪɭɡɤɚ ɝ.ɜQ , ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɞɵ ɩɪɢ 

ɷɬɨɦ ɬɚɤɠɟ ɩɨɫɬɨɹɧɧɵ, ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɪɚɫɯɨɞ ɫɟɬɟɜɨɣ ɜɨɞɵ ɜ ɞɚɧɧɨɦ 

ɫɥɭɱɚɟ ɫ.ɜ ɝ.ɜ ɫ.ɜ ɪ/( )G Q cτ= ⋅  ɬɚɤɠɟ ɩɨɫɬɨɹɧɧɚɹ ɜɟɥɢɱɢɧɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɜ ɩɪɟɨɛɥɚɞɚɸɳɟɣ ɱɚɫɬɢ ɫɟɝɨ ɞɢɚɩɚɡɨɧɚ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɪɭɠ-

ɧɨɝɨ ɜɨɡɞɭɯɚ ɫ.ɜG const=  ɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɚɱɟɫɬɜɟɧɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ. 
Ʉɚɱɟɫɬɜɟɧɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɩɨɡɜɨɥɹɟɬ ɩɨɞɞɟɪɠɢɜɚɬɶ ɞɚɜɥɟɧɢɟ 

ɝɪɟɸɳɟɝɨ ɩɚɪɚ, ɩɨɫɬɭɩɚɸɳɟɝɨ ɢɡ ɨɬɛɨɪɨɜ ɬɭɪɛɢɧ ɜ ɫɟɬɟɜɵɟ ɩɨɞɨɝɪɟɜɚ-
ɬɟɥɢ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɭɟɦɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɫɟɬɟɜɨɣ ɜɨɞɵ, ɩɨɧɢɠɚɹ 
ɷɬɨ ɞɚɜɥɟɧɢɟ ɫ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɢ ɭɦɟɧɶ-
ɲɟɧɢɟɦ ɨɬɨɩɢɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ. Ɍɚɤɨɣ ɦɟɬɨɞ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɨɬɩɭɫɤɚ 
ɬɟɩɥɨɬɵ ɷɧɟɪɝɟɬɢɱɟɫɤɢ ɧɚɢɛɨɥɟɟ ɜɵɝɨɞɟɧ ɢ ɩɨɥɭɱɢɥ ɜ ɧɚɲɟɣ ɫɬɪɚɧɟ 
ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ. 

ɉɪɟɢɦɭɳɟɫɬɜɚɦɢ ɩɪɢɦɟɧɟɧɢɹ ɜɨɞɵ ɜ ɤɚɱɟɫɬɜɟ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɚɪɚ ɹɜɥɹɸɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɤɚɱɟɫɬɜɟɧɧɨɝɨ 
ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɨɬɩɭɫɤɚ ɬɟɩɥɨɬɵ, ɛɨɥɶɲɚɹ ɞɚɥɶɧɨɫɬɶ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ 
(15 ɤɦ ɢ ɛɨɥɟɟ), ɦɟɧɶɲɢɟ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɩɨɬɟɪɢ ɩɪɢ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɟ, 
ɫɨɯɪɚɧɟɧɢɟ ɧɚ Ɍɗɐ ɤɨɧɞɟɧɫɚɬɚ ɝɪɟɸɳɟɝɨ ɩɚɪɚ. ɉɨ ɭɤɚɡɚɧɧɵɦ ɩɪɢɱɢɧɚɦ 

ɜ Ɋɨɫɫɢɢ ɜ ɤɚɱɟɫɬɜɟ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜɨɞɚ, ɬɟɩɥɨɜɵɟ ɫɟɬɢ 

ɧɚɡɵɜɚɸɬɫɹ ɜɨɞɹɧɵɦɢ. ɋɛɨɪ ɢ ɜɨɡɜɪɚɬ ɤɨɧɞɟɧɫɚɬɚ ɢɡ ɩɚɪɨɜɨɣ ɬɟɩɥɨɜɨɣ 

ɫɟɬɢ ɫɜɹɡɚɧɵ ɫ ɬɟɯɧɢɱɟɫɤɢɦɢ ɬɪɭɞɧɨɫɬɹɦɢ ɢ ɩɨɜɵɲɟɧɧɵɦɢ ɡɚɬɪɚɬɚɦɢ. 

ɋɢɫɬɟɦɚ ɜɨɞɹɧɨɣ ɬɟɩɥɨɜɨɣ ɫɟɬɢ ɫ ɨɞɧɨɣ ɩɨɞɚɸɳɟɣ ɢ ɨɞɧɨɣ ɨɛ-

ɪɚɬɧɨɣ ɦɚɝɢɫɬɪɚɥɹɦɢ ɧɚɡɵɜɚɟɬɫɹ ɞɜɭɯɬɪɭɛɧɨɣ. ɉɪɢ ɛɨɥɶɲɨɦ ɩɨɬɪɟɛɥɟ-
ɧɢɢ ɝɨɪɹɱɟɣ ɜɨɞɵ ɧɚ ɛɵɬɨɜɵɟ ɧɭɠɞɵ ɢ ɜɵɫɨɤɨɦ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɨɣ ɜɨ-
ɞɵ ɜɨɡɦɨɠɧɨ ɩɪɢɦɟɧɟɧɢɟ ɬɚɤɠɟ ɨɞɧɨɬɪɭɛɧɨɣ ɫɢɫɬɟɦɵ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ, 
ɩɪɢ ɧɚɥɢɱɢɢ ɤɨɬɨɪɨɣ ɜɨɞɚ ɩɨɫɥɟ ɨɯɥɚɠɞɟɧɢɹ ɜ ɨɬɨɩɢɬɟɥɶɧɵɯ ɭɫɬɚɧɨɜ-
ɤɚɯ ɢɫɩɨɥɶɡɭɟɬɫɹ ɧɚ ɛɵɬɨɜɵɟ ɧɭɠɞɵ. Ɉɛɪɚɬɧɚɹ ɦɚɝɢɫɬɪɚɥɶ ɩɪɢ ɬɚɤɨɣ 

ɫɢɫɬɟɦɟ ɧɟ ɧɭɠɧɚ. Ɍɪɚɧɫɩɨɪɬɢɪɨɜɤɚ ɝɨɪɹɱɟɣ ɜɨɞɵ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ 170– 

200 °ɋ ɩɪɢ ɷɬɨɦ ɷɤɨɧɨɦɢɱɟɫɤɢ ɰɟɥɟɫɨɨɛɪɚɡɧɚ ɧɚ ɪɚɫɫɬɨɹɧɢɟ 30–40 ɤɦ. 

 

 

6.6. Ɍɂɉɕ ɌȿɉɅɈɎɂɄȺɐɂɈɇɇɕɏ ɌɍɊȻɂɇ ɋ ɈɌɈɉɂɌȿɅɖ-

ɇɕɆɂ ɈɌȻɈɊȺɆɂ. ɉɈɄɊɕɌɂȿ ɈɋɇɈȼɇɈɃ ɂ ɉɂɄɈȼɈɃ 

ɈɌɈɉɂɌȿɅɖɇɕɏ ɇȺȽɊɍɁɈɄ 

 

ɇɚ Ɍɗɐ ɫ ɨɬɨɩɢɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɨɣ ɢɫɩɨɥɶɡɭɸɬ ɬɭɪɛɢɧɵ ɫ ɩɪɨɬɢ-

ɜɨɞɚɜɥɟɧɢɟɦ ɢɥɢ ɫ ɤɨɧɞɟɧɫɚɰɢɟɣ ɢ ɨɬɛɨɪɚɦɢ ɩɚɪɚ. ɉɪɢɦɟɧɟɧɢɟ ɬɭɪɛɢɧ 

ɫ ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɟɦ ɨɝɪɚɧɢɱɟɧɨ, ɬɚɤ ɤɚɤ ɫɟɡɨɧɧɚɹ ɨɬɨɩɢɬɟɥɶɧɚɹ ɧɚɝɪɭɡ-
ɤɚ ɧɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɤɪɭɝɥɨɝɨɞɢɱɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ 
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ɬɟɩɥɨɜɨɦ ɩɨɬɪɟɛɥɟɧɢɢ. ɇɚɢɛɨɥɶɲɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɞɥɹ ɨɬɩɭɫɤɚ ɬɟɩ-

ɥɨɬɵ ɩɨɥɭɱɢɥɢ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɟ ɬɭɪɛɢɧɵ ɫ ɤɨɧɞɟɧɫɚɰɢɟɣ ɢ ɨɬɨɩɢ-

ɬɟɥɶɧɵɦɢ ɨɬɛɨɪɚɦɢ ɩɚɪɚ. 
ȼɵɛɨɪ ɞɚɜɥɟɧɢɹ ɩɚɪɚ ɜ ɨɬɨɩɢɬɟɥɶɧɵɯ ɨɬɛɨɪɚɯ ɡɚɜɢɫɢɬ ɨɬ ɜɢɞɚ 

ɝɪɚɮɢɤɨɜ ɬɟɦɩɟɪɚɬɭɪɵ ɫɟɬɟɜɨɣ ɜɨɞɵ ɢ ɨɬɨɩɢɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ, ɚ ɬɚɤɠɟ 
ɫɩɨɫɨɛɚ ɩɨɤɪɵɬɢɹ ɩɢɤɨɜɵɯ ɧɚɝɪɭɡɨɤ. 

ȼ ɰɟɥɹɯ ɛɨɥɟɟ ɪɚɜɧɨɦɟɪɧɨɣ ɡɚɝɪɭɡɤɢ ɨɬɨɩɢɬɟɥɶɧɵɯ ɨɬɛɨɪɨɜ ɬɟɩ-

ɥɨɮɢɤɚɰɢɨɧɧɵɯ ɬɭɪɛɢɧ ɩɢɤɢ ɨɬɨɩɢɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ɩɨɤɪɵɜɚɸɬ ɡɚ ɫɱɟɬ 
ɪɚɛɨɬɵ ɩɢɤɨɜɵɯ ɜɨɞɨɝɪɟɣɧɵɯ ɤɨɬɥɨɜ. 

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɨɬɨɩɢɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ɦɟɠɞɭ ɨɬɛɨɪɚɦɢ ɬɭɪɛɢɧɵ ɢ 

ɜɨɞɨɝɪɟɣɧɵɦɢ ɤɨɬɥɚɦɢ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɨɬɧɨɲɟɧɢɟɦ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 
ɨɬɩɭɫɤɚ ɬɟɩɥɨɬɵ ɢɡ ɨɬɛɨɪɨɜ ɬɭɪɛɢɧɵ ɦɚɤɫ

ɬQ  ɤ ɩɨɥɧɨɦɭ ɟɟ ɨɬɩɭɫɤɭ ɨɬ 
Ɍɗɐ ɦɚɤɫ

ɨɬQ , ɬ.ɟ. - ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɬɟɩɥɨɮɢɤɚɰɢɢ 

ɦɚɤɫ
ɬ

Ɍɗɐ ɦɚɤɫ
ɨɬ

Q

Q
α = ,                                                          (4.20) 

ɝɞɟ ɦɚɤɫ ɦɚɤɫ
ɨɬ ɬ ɉȼɄQ Q Q= + . 

Ɉɩɬɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ Ɍɗɐα  ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɚ ɨɫɧɨɜɚɧɢɢ ɬɟɯɧɢɤɨ-

ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ. ɑɟɦ ɜɵɲɟ Ɍɗɐα , ɬɟɦ ɛɨɥɶɲɟ ɤɨɦɛɢɧɢɪɨɜɚɧ-

ɧɚɹ ɜɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɢ ɦɟɧɶɲɟ ɫɭɦɦɚɪɧɵɣ 

ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɷɬɭ ɜɵɪɚɛɨɬɤɭ. Ɉɞɧɚɤɨ ɩɪɢ ɷɬɨɦ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫɬɨɢ-

ɦɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ Ɍɗɐ, ɬɚɤ ɤɚɤ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɤɨɬɥɵ ɡɧɚɱɢɬɟɥɶɧɨ 
ɞɨɪɨɠɟ ɜɨɞɨɝɪɟɣɧɵɯ, ɜ ɨɫɨɛɟɧɧɨɫɬɢ ɩɪɢ ɪɚɛɨɬɟ ɩɨɫɥɟɞɧɢɯ ɧɚ ɝɚɡɨɦɚ-
ɡɭɬɧɨɦ ɬɨɩɥɢɜɟ. 

Ɂɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɮɢɤɚɰɢɢ Ɍɗɐα  ɬɟɦ ɜɵɲɟ, ɱɟɦ ɞɨ-
ɪɨɠɟ ɢɫɩɨɥɶɡɭɟɦɨɟ ɧɚ Ɍɗɐ ɬɨɩɥɢɜɨ ɢ ɬɟɯɧɢɱɟɫɤɢ ɫɨɜɟɪɲɟɧɧɟɟ ɬɟɩɥɨ-
ɮɢɤɚɰɢɨɧɧɵɟ ɬɭɪɛɨɚɝɪɟɝɚɬɵ. Ⱦɥɹ ɤɪɭɩɧɵɯ ɝɨɪɨɞɨɜ ɨɩɬɢɦɚɥɶɧɨɟ ɡɧɚɱɟ-
ɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɮɢɤɚɰɢɢ Ɍɗɐα =0,54-0,55 ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 

ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɯ ɬɭɪɛɢɧ Ɍ-100-130 (Ɍ-110-130) ɢ Ɍɗɐα =0,60-0,65 ɩɪɢ 

ɩɪɢɦɟɧɟɧɢɢ ɬɭɪɛɢɧ Ɍ-250-240. 

Ƚɨɞɨɜɨɟ ɱɢɫɥɨ ɱɚɫɨɜ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɨɬɩɭɫɤɚ ɬɟɩɥɨɬɵ ɢɡ ɨɬɛɨɪɨɜ 
ɢɥɢ ɜɵɯɥɨɩɚ ɬɭɪɛɢɧɵ ɦɚɤɫ

ɝτ  ɜɨɡɪɚɫɬɚɟɬ ɩɪɢ ɭɦɟɧɶɲɟɧɢɢ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɬɟɩɥɨɮɢɤɚɰɢɢ Ɍɗɐα , ɚ ɬɚɤɠɟ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɞɨɥɢ ɛɵɬɨɜɨɝɨ ɩɨɬɪɟɛɥɟ-

ɧɢɹ ɬɟɩɥɨɬɵ (ɝɨɪɹɱɟɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɝ.ɜα ), ɱɬɨ ɜɢɞɧɨ ɢɡ ɬɚɛɥ. 6.2, ɜ ɤɨ-
ɬɨɪɨɣ ɩɪɢɧɹɬɨ ɦɚɤɫ

ɝτ =2700 ɱ/ɝɨɞ ɩɪɢ ɝ.ɜα =0 ɢ Ɍɗɐα =1. 

Ⱦɥɹ ɭɞɟɲɟɜɥɟɧɢɹ ɩɢɤɨɜɵɯ ɜɨɞɨɝɪɟɣɧɵɯ ɤɨɬɥɨɜ ɢɯ ɭɫɬɚɧɚɜɥɢɜɚɸɬ 
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ɧɚ ɨɬɤɪɵɬɨɦ ɜɨɡɞɭɯɟ, ɚ ɞɵɦɨɜɵɟ ɝɚɡɵ ɢɡ ɧɢɯ ɨɬɜɨɞɹɬ ɜ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɧɟɜɵɫɨɤɢɟ ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɬɪɭɛɵ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɟ ɧɚ ɩɟɪɟɤɪɵɬɢɟ ɧɚɞ 
ɧɢɦɢ. ȼ ɫɥɭɱɚɟ ɨɬɜɨɞɚ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɜ ɨɫɧɨɜɧɵɟ ɞɵɦɨɜɵɟ ɬɪɭɛɵ Ɍɗɐ 

ɜɨɞɨɝɪɟɣɧɵɟ ɤɨɬɥɵ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɜɛɥɢɡɢ ɷɬɢɯ ɬɪɭɛ. ɉɢɤɨɜɵɣ ɜɨɞɨ-
ɝɪɟɣɧɵɣ ɤɨɬɟɥ ɦɨɠɧɨ ɨɞɧɨɜɪɟɦɟɧɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɢɫɬɨɱɧɢɤ ɧɟɤɨ-
ɬɨɪɨɝɨ ɬɟɩɥɨɜɨɝɨ ɪɟɡɟɪɜɚ ɜɧɟ ɩɟɪɢɨɞɨɜ ɩɢɤɨɜɨɣ ɨɬɨɩɢɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ. 

Ɉɫɧɨɜɧɨɣ ɩɨɞɨɝɪɟɜ ɫɟɬɟɜɨɣ ɜɨɞɵ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɞɜɭɯ ɩɨɫɥɟɞɨ-
ɜɚɬɟɥɶɧɨ ɜɤɥɸɱɟɧɧɵɯ ɫɟɬɟɜɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɹɯ, ɩɢɬɚɟɦɵɯ ɩɚɪɨɦ ɢɡ ɞɜɭɯ 
ɨɬɨɩɢɬɟɥɶɧɵɯ (ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɯ) ɨɬɛɨɪɨɜ ɬɭɪɛɢɧɵ. Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɜ 
ɜɟɪɯɧɟɦ ɨɬɛɨɪɟ ɪɟɝɭɥɢɪɭɟɬɫɹ ɨɛɵɱɧɨ ɜ ɩɪɟɞɟɥɚɯ 0,06–0,25, ɜ ɧɢɠɧɟɦ – 

ɜ ɩɪɟɞɟɥɚɯ 0,05–0,20 Ɇɉɚ. Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɞɚɜɥɟɧɢɹ ɜ ɨɬɛɨɪɚɯ ɨɫɭɳɟɫɬ-
ɜɥɹɟɬɫɹ ɩɨɜɨɪɨɬɧɨɣ ɞɢɚɮɪɚɝɦɨɣ, ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɡɚ ɤɚɦɟɪɨɣ ɧɢɠɧɟɝɨ 
ɨɬɛɨɪɚ. 

ȿɫɥɢ ɧɢɠɧɢɣ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɣ ɨɬɛɨɪ ɩɚɪɚ ɨɫɭɳɟɫɬɜɥɹɸɬ ɢɡ ɰɢ-

ɥɢɧɞɪɚ ɫɪɟɞɧɟɝɨ ɞɚɜɥɟɧɢɹ ɬɭɪɛɢɧɵ, ɬɨ ɪɟɝɭɥɢɪɭɸɳɭɸ ɞɢɚɮɪɚɝɦɭ ɭɫɬɚ-
ɧɚɜɥɢɜɚɸɬ ɩɟɪɟɞ ɜɯɨɞɨɦ ɩɚɪɚ ɜ ɩɟɪɜɭɸ ɫɬɭɩɟɧɶ ɰɢɥɢɧɞɪɚ ɧɢɡɤɨɝɨ ɞɚɜ-
ɥɟɧɢɹ. ɋɬɭɩɟɧɢ ɬɭɪɛɢɧɵ ɦɟɠɞɭ ɞɜɭɦɹ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɦɢ ɨɬɛɨɪɚɦɢ 

ɨɛɪɚɡɭɸɬ ɬɚɤ ɧɚɡɵɜɚɟɦɵɣ ɩɪɨɦɟɠɭɬɨɱɧɵɣ, ɢɥɢ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɣ ɨɬ-
ɫɟɤ ɬɭɪɛɢɧɵ. 

Ɍɚɛɥɢɰɚ 6.2 

Ɉɪɢɟɧɬɢɪɨɜɨɱɧɵɟ ɡɧɚɱɟɧɢɹ ɦɚɤɫ
ɝτ , ɱ/ɝɨɞ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɝ.ɜα  ɢ Ɍɗɐα  

Ɍɗɐα  

ɝ.ɜα  

0,3 0,5 0,7 1,0 

0 5100 4400 3650 2700 

0,1 6000 5200 4350 3100 

0,2 6700 5750 4850 3500 

0,25 7000 6000 5150 3700 

 

Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɜɟɪɯɧɟɦ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɦ ɨɬɛɨɪɟ ɪɟɝɭɥɢɪɭɟɬɫɹ 
ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɝɪɚɮɢɤɨɦ ɩɨɞɨɝɪɟɜɚ ɜɨɞɵ ɜ ɫɟɬɟɜɨɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶɧɨɣ 

ɭɫɬɚɧɨɜɤɟ, ɡɚɜɢɫɹɳɢɦ ɨɬ ɜɢɞɚ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɝɪɚɮɢɤɚ (ɫɦ. ɪɢɫ. 6.10) ɢ 

ɩɪɢɧɹɬɨɝɨ ɡɧɚɱɟɧɢɹ Ɍɗɐα . Ɍɚɤ ɤɚɤ ɱɟɪɟɡ ɫɟɬɟɜɵɟ ɩɨɞɨɝɪɟɜɚɬɟɥɢ ɢ ɩɢɤɨ-
ɜɵɟ ɜɨɞɨɝɪɟɣɧɵɟ ɤɨɬɥɵ ɩɪɨɯɨɞɢɬ ɨɞɧɨ ɢ ɬɨ ɠɟ ɤɨɥɢɱɟɫɬɜɨ ɜɨɞɵ, ɨɛɳɢɣ 

ɩɨɞɨɝɪɟɜ ɟɟ ɪɚɫɩɪɟɞɟɥɹɟɬɫɹ ɦɟɠɞɭ ɫɟɬɟɜɵɦɢ ɩɨɞɨɝɪɟɜɚɬɟɥɹɦɢ ɢ ɩɢɤɨ-
ɜɵɦɢ ɤɨɬɥɚɦɢ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɨɬɧɨɲɟɧɢɸ Ɍɗɐ Ɍɗɐ/(1 )α α− . 

ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ ɩɨɞɨɝɪɟɜ ɜ ɫɟɬɟɜɨɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɟ 
ɩɨɞɨɛɧɨ ɪɟɝɟɧɟɪɚɬɢɜɧɨɦɭ ɩɨɞɨɝɪɟɜɭ ɪɚɫɩɪɟɞɟɥɹɟɬɫɹ ɩɪɢɦɟɪɧɨ ɩɨɪɨɜɧɭ 
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ɩɪɢ ɪɚɫɱɟɬɧɨɦ ɧɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɨɦ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɪɟɠɢɦɟ ɪɚɛɨɬɵ ɭɫ-
ɬɚɧɨɜɤɢ (ɜ ɪɚɣɨɧɟ Ɇɨɫɤɜɵ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɨɬ -2 ɞɨ 
-5 °ɋ). ɉɪɢ Ɍɗɐα =0,5-0,65 ɷɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɟɠɢɦɭ ɩɨɥɧɨɣ ɡɚɝɪɭɡɤɢ 

ɨɬɨɩɢɬɟɥɶɧɵɯ ɨɬɛɨɪɨɜ ɬɭɪɛɢɧɵ ɢ ɩɭɫɤɭ ɩɢɤɨɜɵɯ ɜɨɞɨɝɪɟɣɧɵɯ ɤɨɬɥɨɜ. 
Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨɞɨɝɪɟɜɚ ɜɨɞɵ ɦɟɠɞɭ ɫɬɭɩɟɧɹɦɢ ɩɪɨɢɫɯɨɞɢɬ ɜ ɡɚ-

ɜɢɫɢɦɨɫɬɢ ɨɬ ɜɵɛɪɚɧɧɵɯ ɪɚɡɦɟɪɨɜ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ ɫɟɬɟɜɵɯ ɩɨ-
ɞɨɝɪɟɜɚɬɟɥɟɣ ɢ ɞɚɜɥɟɧɢɹ, ɭɫɬɚɧɚɜɥɢɜɚɸɳɟɝɨɫɹ ɜ ɧɢɠɧɟɦ ɬɟɩɥɨɮɢɤɚɰɢ-

ɨɧɧɨɦ ɨɬɛɨɪɟ ɩɚɪɚ. 
Ɍɟɩɥɨɮɢɤɚɰɢɨɧɧɵɣ ɪɟɠɢɦ (ɢɥɢ ɪɟɠɢɦ ɪɚɛɨɬɵ ɩɨ «ɬɟɩɥɨɜɨɦɭ» 

ɝɪɚɮɢɤɭ) ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɦɢɧɢɦɚɥɶɧɵɦ (ɜɟɧɬɢɥɹɰɢɨɧɧɵɦ) ɪɚɫɯɨɞɨɦ 

ɩɚɪɚ ɱɟɪɟɡ ɪɟɝɭɥɢɪɭɸɳɭɸ ɞɢɚɮɪɚɝɦɭ ɬɭɪɛɢɧɵ, ɞɨɫɬɚɬɨɱɧɵɦ ɞɥɹ ɧɚ-
ɞɟɠɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɞɟɬɚɥɟɣ ɱɚɫɬɢ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ ɬɭɪɛɢɧɵ. ɉɪɢ ɱɚɫ-
ɬɢɱɧɨɦ ɢ ɩɨɥɧɨɦ ɨɬɤɪɵɬɢɢ ɨɤɨɧ ɩɨɜɨɪɨɬɧɨɣ ɪɟɝɭɥɢɪɭɸɳɟɣ ɞɢɚɮɪɚɝɦɵ 

ɬɭɪɛɢɧɚ ɪɚɛɨɬɚɟɬ ɩɨ «ɷɥɟɤɬɪɢɱɟɫɤɨɦɭ» ɝɪɚɮɢɤɭ. 
Ɍɟɩɥɨɮɢɤɚɰɢɨɧɧɵɟ ɬɭɪɛɢɧɵ ɦɨɳɧɨɫɬɶɸ 50, 100 ɢ 110 Ɇȼɬ ɫ ɪɟ-

ɝɭɥɢɪɭɟɦɵɦɢ ɨɬɛɨɪɚɦɢ ɩɚɪɚ ɦɨɝɭɬ ɪɚɛɨɬɚɬɶ ɫ ɩɨɥɧɵɦ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɨɬɪɚɛɨɬɚɜɲɟɣ ɬɟɩɥɨɬɵ, ɬ.ɟ. ɩɨ ɪɟɠɢɦɭ ɬɭɪɛɢɧ ɫ ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɟɦ. 

Ʉɨɧɞɟɧɫɚɬɨɪɵ ɬɚɤɢɯ ɬɭɪɛɢɧ ɢɦɟɸɬ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɞɥɹ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɩɨɞɨɝɪɟɜɚ ɨɛɪɚɬɧɨɣ ɢɥɢ ɩɨɞɩɢɬɨɱɧɨɣ ɜɨɞɵ ɬɟɩɥɨɜɨɣ 

ɫɟɬɢ – ɬɚɤ ɧɚɡɵɜɚɟɦɵɣ ɜɫɬɪɨɟɧɧɵɣ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɣ ɩɭɱɨɤ. ȼɨɡɦɨɠ-

ɧɨɫɬɶ ɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶ ɪɚɛɨɬɵ ɬɭɪɛɢɧ ɭɤɚɡɚɧɧɨɝɨ ɬɢɩɚ ɜ ɬɚɤɨɦ ɪɟ-
ɠɢɦɟ ɩɨɞɬɜɟɪɠɞɟɧɚ ɢɯ ɷɤɫɩɥɭɚɬɚɰɢɟɣ. ɉɪɢ ɷɬɨɦ ɨɫɧɨɜɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ 
ɨɯɥɚɠɞɟɧɢɹ ɤɨɧɞɟɧɫɚɬɨɪɨɜ ɜɵɤɥɸɱɚɟɬɫɹ ɢ ɨɯɥɚɠɞɚɸɳɚɹ ɜɨɞɚ ɱɟɪɟɡ ɧɟɟ 
ɧɟ ɩɪɨɩɭɫɤɚɟɬɫɹ ɜɨ ɢɡɛɟɠɚɧɢɟ ɩɨɹɜɥɟɧɢɹ ɜ ɦɟɬɚɥɥɟ ɤɨɧɞɟɧɫɚɬɨɪɚ ɞɨ-
ɩɨɥɧɢɬɟɥɶɧɵɯ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɧɚɩɪɹɠɟɧɢɣ. 

Ɍɟɩɥɨɮɢɤɚɰɢɨɧɧɵɟ ɬɭɪɛɢɧɵ ɫ ɩɪɨɦɵɲɥɟɧɧɵɦɢ ɢ ɨɬɨɩɢɬɟɥɶɧɵɦɢ 

ɨɬɛɨɪɚɦɢ ɩɚɪɚ ɬɚɤɠɟ ɢɦɟɸɬ ɞɜɚ ɨɬɨɩɢɬɟɥɶɧɵɯ ɨɬɛɨɪɚ. ɉɪɢ ɨɬɩɭɫɤɟ ɩɚɪɚ 
ɜɧɟɲɧɟɦɭ ɩɨɬɪɟɛɢɬɟɥɸ ɨɛɪɚɬɧɵɣ ɤɨɧɞɟɧɫɚɬ ɢɥɢ ɜɨɡɦɟɳɚɸɳɚɹ ɟɝɨ ɞɨ-
ɛɚɜɨɱɧɚɹ ɜɨɞɚ ɞɨ ɜɜɨɞɚ ɜ ɬɪɚɤɬ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɩɨɞɨɝɪɟɜɚɟɬɫɹ ɜ ɞɟ-
ɚɷɪɚɬɨɪɟ ɞɥɹ ɭɞɚɥɟɧɢɹ ɪɚɫɬɜɨɪɟɧɧɵɯ ɝɚɡɨɜ (ɤɢɫɥɨɪɨɞɚ ɢ ɞɪ.). 

ȼ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɯ ɬɭɪɛɢɧɚɯ ɩɪɢɦɟɧɹɸɬ ɫɜɹɡɚɧɧɨɟ ɪɟɝɭɥɢɪɨɜɚ-
ɧɢɟ ɞɚɜɥɟɧɢɹ ɜ ɨɬɛɨɪɚɯ ɢ ɪɚɫɯɨɞɚ ɩɨɞɜɨɞɢɦɨɝɨ ɫɜɟɠɟɝɨ ɩɚɪɚ: ɩɪɢ ɭɜɟ-
ɥɢɱɟɧɢɢ ɩɨɬɪɟɛɥɟɧɢɹ ɬɟɩɥɨɬɵ ɜɧɟɲɧɢɦɢ ɩɨɬɪɟɛɢɬɟɥɹɦɢ ɢ ɫɧɢɠɟɧɢɢ 

ɞɚɜɥɟɧɢɹ ɜ ɥɢɧɢɹɯ ɨɬɛɨɪɚ ɩɚɪɚ ɨɞɧɨɜɪɟɦɟɧɧɨ ɩɪɢɤɪɵɜɚɸɬɫɹ ɩɨɜɨɪɨɬ-
ɧɵɟ ɞɢɚɮɪɚɝɦɵ ɪɟɝɭɥɢɪɭɟɦɵɯ ɨɬɛɨɪɨɜ ɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɨɬɤɪɵɬɢɟ ɪɟɝɭ-
ɥɢɪɭɸɳɢɯ ɤɥɚɩɚɧɨɜ ɫɜɟɠɟɝɨ ɩɚɪɚ. ɉɪɢ ɭɦɟɧɶɲɟɧɢɢ ɪɚɫɯɨɞɚ ɩɚɪɚ 
ɜɧɟɲɧɢɦ ɩɨɬɪɟɛɢɬɟɥɟɦ ɢ ɩɨɜɵɲɟɧɢɢ ɞɚɜɥɟɧɢɹ ɩɚɪɚ ɜ ɥɢɧɢɹɯ ɨɬɛɨɪɨɜ 
ɨɞɧɨɜɪɟɦɟɧɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɨɬɤɪɵɬɢɟ ɨɤɨɧ ɜ ɩɨɜɨɪɨɬɧɨɣ ɞɢɚɮɪɚɝɦɟ ɢ 

ɩɪɢɤɪɵɜɚɸɬɫɹ ɪɟɝɭɥɢɪɭɸɳɢɟ ɤɥɚɩɚɧɵ ɫɜɟɠɟɝɨ ɩɚɪɚ. ɉɪɢ ɢɡɦɟɧɟɧɢɢ 

ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ ɢ ɩɨɫɬɨɹɧɧɨɦ ɩɨɬɪɟɛɥɟɧɢɢ ɬɟɩɥɨɬɵ ɨɞɧɨɜɪɟ-
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ɦɟɧɧɨ ɨɬɤɪɵɜɚɸɬɫɹ (ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ) ɢɥɢ ɩɪɢ-

ɤɪɵɜɚɸɬɫɹ (ɩɪɢ ɟɟ ɭɦɟɧɶɲɟɧɢɢ) ɤɥɚɩɚɧɵ ɫɜɟɠɟɝɨ ɩɚɪɚ ɢ ɨɤɧɚ ɜ ɩɨɜɨ-
ɪɨɬɧɵɯ ɞɢɚɮɪɚɝɦɚɯ ɪɟɝɭɥɢɪɭɟɦɵɯ ɨɬɛɨɪɨɜ. ɋɜɹɡɚɧɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ 
ɫɨɤɪɚɳɚɟɬ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɨɛɭɫɥɨɜɥɢɜɚɟ-
ɦɵɯ ɢɡɦɟɧɟɧɢɟɦ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ ɬɭɪɛɨɚɝɪɟɝɚɬɚ. 

 

6.7. ɋɏȿɆɕ ȼɄɅɘɑȿɇɂə ɋȿɌȿȼɕɏ ɉɈȾɈȽɊȿȼȺɌȿɅȿɃ 

 

ɋɨɜɪɟɦɟɧɧɵɟ ɬɭɪɛɨɭɫɬɚɧɨɜɤɢ Ɍɗɐ Ɋɨɫɫɢɢ ɢɦɟɸɬ ɞɜɭɯɫɬɭɩɟɧɱɚ-
ɬɵɟ ɫɟɬɟɜɵɟ ɩɨɞɨɝɪɟɜɚɬɟɥɶɧɵɟ ɭɫɬɚɧɨɜɤɢ, ɤ ɤɨɬɨɪɵɦ ɩɨɞɚɟɬɫɹ ɩɚɪ ɢɡ 
ɜɟɪɯɧɟɝɨ ɢ ɧɢɠɧɟɝɨ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɯ ɨɬɛɨɪɨɜ ɬɭɪɛɢɧɵ. ȼɨɞɚ ɢɡ ɨɛ-

ɪɚɬɧɨɣ ɥɢɧɢɢ ɬɟɩɥɨɜɨɣ ɫɟɬɢ ɩɨɫɬɭɩɚɟɬ ɧɚ Ɍɗɐ ɫ ɞɚɜɥɟɧɢɟɦ ɨɛɵɱɧɨ ɞɨ 
0,4 Ɇɉɚ. ɉɪɢ ɧɚɥɢɱɢɢ ɜ ɤɨɧɞɟɧɫɚɬɨɪɚɯ ɬɭɪɛɢɧɵ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɯ 
ɩɭɱɤɨɜ ɨɧɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɧɚɝɪɟɜɚɟɬɫɹ ɜ ɧɢɯ ɢ ɡɚɬɟɦ ɫɟɬɟɜɵɦ ɧɚɫɨɫɨɦ 

ɩɟɪɜɨɝɨ ɩɨɞɴɟɦɚ ɩɪɨɤɚɱɢɜɚɟɬɫɹ ɱɟɪɟɡ ɫɟɬɟɜɵɟ ɩɨɞɨɝɪɟɜɚɬɟɥɢ. 

 

 
 
Ɋɢɫ. 6.11. ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɜɤɥɸɱɟɧɢɹ ɫɟɬɟɜɨɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ: 

ɜ.ɫt , ɜ.ɫt – ɬɟɦɩɟɪɚɬɭɪɵ ɫɟɬɟɜɨɣ ɜɨɞɵ ɧɚ ɜɵɯɨɞɟ ɢɡ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɜɟɪɯɧɟɣ ɢ ɧɢɠ-

ɧɟɣ ɫɬɭɩɟɧɟɣ; ɇɋ ɢ ȼɋ – ɧɢɠɧɹɹ ɢ ɜɟɪɯɧɹɹ ɫɬɭɩɟɧɢ; ɉȼɄ – ɩɢɤɨɜɵɣ ɜɨɞɨɝɪɟɣɧɵɣ 
ɤɨɬɟɥ; ɌɄ – ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɣ ɩɭɱɨɤ ɤɨɧɞɟɧɫɚɬɨɪɚ; ɋɇ-1, ɋɇ-2 – ɫɟɬɟɜɵɟ ɧɚɫɨ-
ɫɵ; Ʉɇɋ – ɤɨɧɞɟɧɫɚɬɧɵɣ ɧɚɫɨɫ ɫɟɬɟɜɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ; ɉɇȾ, ɉȼȾ – ɩɨɞɨɝɪɟɜɚ-
ɬɟɥɢ ɧɢɡɤɨɝɨ ɢ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɣ; ɨɫɬɚɥɶɧɵɟ ɨɛɨɡɧɚɱɟɧɢɹ ɬɟ ɠɟ, ɱɬɨ ɧɚ ɪɢɫ. 6.8 

 

ɉɨɫɥɟ ɫɟɬɟɜɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɧɚɫɨɫɚɦɢ ɜɬɨɪɨɝɨ ɩɨɞɴɟɦɚ ɜɨɞɚ 
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ɩɨɞɚɟɬɫɹ ɩɪɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɱɟɪɟɡ ɩɢɤɨɜɵɟ 
ɜɨɞɨɝɪɟɣɧɵɟ ɤɨɬɥɵ, ɚ ɩɪɢ ɩɨɜɵɲɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɦɢɧɭɹ ɢɯ, ɜ ɬɟɩ-

ɥɨɜɭɸ ɫɟɬɶ (ɪɢɫ. 6.11). Ⱦɚɜɥɟɧɢɟ ɜɨɞɵ ɩɨɫɥɟ ɧɚɫɨɫɨɜ ɜɬɨɪɨɝɨ ɩɨɞɴɟɦɚ 
ɡɚɜɢɫɢɬ ɨɬ ɩɪɨɬɹɠɟɧɧɨɫɬɢ ɬɟɩɥɨɜɨɣ ɫɟɬɢ, ɪɟɥɶɟɮɚ ɦɟɫɬɧɨɫɬɢ, ɝɢɞɪɚɜɥɢ-

ɱɟɫɤɢɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɫɟɬɢ ɢ ɦɚɪɤɢ ɩɢɤɨɜɵɯ ɜɨɞɨɝɪɟɣɧɵɯ ɤɨɬɥɨɜ ɢ ɫɨ-
ɫɬɚɜɥɹɟɬ ɩɪɢɦɟɪɧɨ 2 Ɇɉɚ. 

Ⱦɚɜɥɟɧɢɟ ɜɨɞɵ ɡɚ ɧɚɫɨɫɚɦɢ ɩɟɪɜɨɝɨ ɩɨɞɴɟɦɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɝɢɞ-

ɪɚɜɥɢɱɟɫɤɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɫɟɬɟɜɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɢ ɬɪɭɛɨɩɪɨɜɨɞɨɜ, 
ɚ ɬɚɤɠɟ ɭɫɥɨɜɢɟɦ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɜɫɤɢɩɚɧɢɹ ɩɨɞɨɝɪɟɬɨɣ ɜɨɞɵ ɩɟɪɟɞ 

ɧɚɫɨɫɚɦɢ ɜɬɨɪɨɝɨ ɩɨɞɴɟɦɚ. 
ɍ ɤɚɠɞɨɣ ɫɬɭɩɟɧɢ ɫɟɬɟɜɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɭɫɬɪɚɢɜɚɸɬ ɨɛɜɨɞɵ 

ɜɨɞɵ, ɤɨɬɨɪɵɟ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɟɟ ɬɟɦɩɟɪɚɬɭɪɵ 

ɡɚ ɫɬɭɩɟɧɹɦɢ. 

Ʉɨɧɞɟɧɫɚɬ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɢɡ ɤɚɠɞɨɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɧɚ-
ɫɨɫɨɦ ɨɬɜɨɞɢɬɫɹ ɜ ɫɦɟɫɢɬɟɥɶ, ɭɫɬɚɧɨɜɥɟɧɧɵɣ ɧɚ ɨɫɧɨɜɧɨɣ ɥɢɧɢɢ ɤɨɧ-

ɞɟɧɫɚɬɚ ɬɭɪɛɢɧɵ ɡɚ ɪɟɝɟɧɟɪɚɬɢɜɧɵɦ ɩɨɞɨɝɪɟɜɚɬɟɥɟɦ, ɩɢɬɚɟɦɵɦ ɩɚɪɨɦ 

ɬɨɝɨ ɠɟ ɨɬɛɨɪɚ. ɉɪɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɧɚɱɚɥɶɧɨɦ ɞɚɜɥɟɧɢɢ ɩɚɪɚ ɜ ɩɪɹ-
ɦɨɬɨɱɧɵɯ ɤɨɬɥɚɯ ɤɨɧɞɟɧɫɚɬ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɫɟɬɟɜɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɧɟ-
ɨɛɯɨɞɢɦɨ ɨɱɢɳɚɬɶ ɨɬ ɫɨɥɟɣ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɩɨɩɚɫɬɶ ɜ ɤɨɧɞɟɧɫɚɬ ɢɡ-ɡɚ 
ɩɪɢɫɨɫɚ ɫɟɬɟɜɨɣ ɜɨɞɵ. ɉɪɢ ɷɬɨɦ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɚɫɤɚɞɧɭɸ 

ɫɯɟɦɭ ɫɥɢɜɚ ɤɨɧɞɟɧɫɚɬɚ ɝɪɟɸɳɟɝɨ ɩɚɪɚ (ɢɡ ɜɟɪɯɧɟɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɜ 
ɧɢɠɧɢɣ) ɢ ɨɛɳɢɣ ɩɨɬɨɤ ɤɨɧɞɟɧɫɚɬɚ (ɩɨɫɥɟ ɨɯɥɚɠɞɟɧɢɹ) ɧɚɩɪɚɜɥɹɬɶ ɧɚ 
ɯɢɦɢɱɟɫɤɨɟ ɨɛɟɫɫɨɥɢɜɚɧɢɟ. 

Ɋɚɫɯɨɞ ɩɚɪɚ, ɩɨɫɬɭɩɚɸɳɟɝɨ ɢɡ ɨɬɛɨɪɨɜ ɬɭɪɛɢɧɵ ɜ ɫɟɬɟɜɵɟ ɩɨɞɨɝ-
ɪɟɜɚɬɟɥɢ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɭɪɚɜɧɟɧɢɣ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ: 

ɞɥɹ ɜɟɪɯɧɟɣ ɫɬɭɩɟɧɢ 

ɜ ɜ ɜ ɜ ɜ ɫ.ɜ ɜ.ɫ ɧ.ɫ( ) ( )Q D h h G h hη′= ⋅ − ⋅ = ⋅ − ,                   (4.21) 

ɞɥɹ ɧɢɠɧɟɣ ɫɬɭɩɟɧɢ: 

ɚ) ɩɪɢ ɩɚɪɚɥɥɟɥɶɧɨɦ ɨɬɜɨɞɟ ɞɪɟɧɚɠɟɣ ɢɡ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ 

ɧ ɧ ɧ ɧ ɧ ɫ.ɜ ɧ.ɫ ɨ.ɫ( ) ( )Q D h h G h hη′= ⋅ − ⋅ = ⋅ − ,                   (4.22) 

ɛ) ɩɪɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɦ (ɤɚɫɤɚɞɧɨɦ) ɨɬɜɨɞɟ ɞɪɟɧɚɠɟɣ ɢɡ ɩɨɞɨɝ-
ɪɟɜɚɬɟɥɟɣ (ɫɦ. ɪɢɫ. 6.11) 

ɧ ɧ ɧ ɧ ɜ ɜ ɧ ɧ ɫ.ɜ ɧ.ɫ ɨ.ɫ( ) ( ) ( )Q D h h D h h G h hη⎡ ⎤′ ′= ⋅ − + ⋅ − ⋅ = ⋅ −⎣ ⎦ ,    (4.23) 

ȼ ɮɨɪɦɭɥɚɯ (4.21)–(4.23) ɩɪɢɧɹɬɵ ɫɥɟɞɭɸɳɢɟ ɨɛɨɡɧɚɱɟɧɢɹ: ɜQ  ɢ 

ɧQ  – ɬɟɩɥɨɜɵɟ ɧɚɝɪɭɡɤɢ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɜɟɪɯɧɟɣ ɢ ɧɢɠɧɟɣ ɫɬɭɩɟɧɟɣ, 

ȽȾɠ/ɱ; ɜD  ɢ ɧD  – ɪɚɫɯɨɞɵ ɩɚɪɚ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɜɟɪɯɧɟɣ ɢ ɧɢɠɧɟɣ ɫɬɭ-
ɩɟɧɟɣ, 10

3
 ɬ/ɱ; ɫ.ɜG  – ɪɚɫɯɨɞ ɫɟɬɟɜɨɣ ɜɨɞɵ, 10

3
 ɬ/ɱ; ɜh  ɢ ɧh  – ɷɧɬɚɥɶɩɢɢ 
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ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɜɟɪɯɧɟɣ ɢ ɧɢɠɧɟɣ ɫɬɭɩɟɧɟɣ; ɜh′  ɢ ɧh′  – 

ɷɧɬɚɥɶɩɢɢ ɤɨɧɞɟɧɫɚɬɚ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɜɟɪɯɧɟɣ ɢ ɧɢɠɧɟɣ 

ɫɬɭɩɟɧɟɣ, ɤȾɠ/ɤɝ; ɜ.ɫ ɧ.ɫ ɨ.ɫ, ,h h h  – ɷɧɬɚɥɶɩɢɢ ɫɟɬɟɜɨɣ ɜɨɞɵ ɧɚ ɜɵɯɨɞɟ ɢɡ 
ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɜɟɪɯɧɟɣ ɢ ɧɢɠɧɟɣ ɫɬɭɩɟɧɟɣ ɢ ɜ ɨɛɪɚɬɧɨɣ ɥɢɧɢɢ. 

ɤȾɠ/ɤɝ; ɜη  ɢ ɧη  – ɄɉȾ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɜɟɪɯɧɟɣ ɢ ɧɢɠɧɟɣ ɫɬɭɩɟɧɟɣ, 

ɜ ɧ 0,98 0,99η η≈ ≈ − . 

ɋɟɬɟɜɚɹ ɜɨɞɚ ɜ ɜɟɪɯɧɟɣ ɢ ɧɢɠɧɟɣ ɫɬɭɩɟɧɹɯ ɩɨɞɨɝɪɟɜɚɟɬɫɹ ɩɚɪɨɦ 

ɢɡ ɨɬɛɨɪɨɜ ɬɭɪɛɢɧɵ, ɢ ɫɭɦɦɚ ɬɟɩɥɨɜɵɯ ɧɚɝɪɭɡɨɤ ɨɛɟɢɯ ɫɬɭɩɟɧɟɣ ɪɚɜɧɚ 
ɪɚɫɯɨɞɭ ɬɟɩɥɨɬɵ ɢɡ ɨɬɛɨɪɨɜ ɬɭɪɛɢɧɵ, ɬ.ɟ. 

ɜ ɧ ɬ Ɍɗɐ ɨɬQ Q Q Qα+ = = ⋅  

ɂɡ ɭɪɚɜɧɟɧɢɣ (6.21) ɢ (6.22) ɢɥɢ (6.23) ɫɥɟɞɭɟɬ, ɱɬɨ 
ɜ.ɫ ɧ.ɫɜ

ɧ ɧ.ɫ ɨ.ɫ

h hQ

Q h h

−
=

−
; 

ɡɞɟɫɶ ɷɧɬɚɥɶɩɢɢ ɫɟɬɟɜɨɣ ɜɨɞɵ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɬɟɦɩɟɪɚɬɭɪɧɨɦɭ ɝɪɚɮɢ-

ɤɭ, (ɫɦ. ɪɢɫ. 6.10). Ɂɧɚɹ ɫɭɦɦɭ ɜQ  ɢ ɧQ  ɢ ɢɯ ɨɬɧɨɲɟɧɢɟ, ɧɚɯɨɞɹɬ ɡɧɚɱɟ-
ɧɢɹ ɷɬɢɯ ɜɟɥɢɱɢɧ. Ɉɩɪɟɞɟɥɹɹ ɡɧɚɱɟɧɢɹ ɧɟɞɨɝɪɟɜɚ ɜɨɞɵ ɜ ɫɬɭɩɟɧɹɯ ɩɨ-
ɞɨɝɪɟɜɚ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɫɵɳɟɧɢɹ t′  ɨɬɛɨɪɧɨɝɨ ɩɚɪɚ ɜ ɜɢɞɟ 

ɜ.ɫ ɜ ɜ.ɫ ɧ.ɫ ɧ ɧ.ɫ;t t t tϑ ϑ′ ′= − = −  

ɧɚɯɨɞɹɬ ɞɚɜɥɟɧɢɟ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɜ ɨɬɨɩɢɬɟɥɶɧɵɯ ɨɬɛɨɪɚɯ, ɚ ɩɨ ɩɪɨɰɟɫ-
ɫɭ ɪɚɛɨɬɵ ɩɚɪɚ ɜ ɬɭɪɛɢɧɟ – ɷɧɬɚɥɶɩɢɢ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɜ ɩɨɞɨɝɪɟɜɚɬɟɥɹɯ 
ɜh  ɢ ɧh . ɉɨ ɡɧɚɱɟɧɢɹɦ ɷɧɬɚɥɶɩɢɣ ɩɚɪɚ ɢ ɜɨɞɵ ɢ ɜɟɥɢɱɢɧ ɜQ  ɢ ɧQ  ɢɡ 

(6.21), (6.22) ɢɥɢ (6.23) ɧɚɯɨɞɹɬ ɪɚɫɯɨɞɵ ɩɚɪɚ ɜD  ɢ ɧD  ɢ ɫɟɬɟɜɨɣ ɜɨɞɵ 

ɫ.ɜG ; ɩɨɫɥɟɞɧɹɹ ɜɟɥɢɱɢɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ, ɤɪɨɦɟ ɬɨɝɨ, ɢɡ (6.19) ɩɨ ɢɡɜɟɫɬ-
ɧɵɦ ɜɟɥɢɱɢɧɚɦ ɨɬ ɩ.ɫ ɨ.ɫ, ,Q h h . 

Ʉɨɧɟɱɧɵɣ ɩɨɞɨɝɪɟɜ ɫɟɬɟɜɨɣ ɜɨɞɵ ɩɪɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɧɚ-
ɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɨɫɭɳɟɫɬɜɥɹɸɬ ɜ ɩɢɤɨɜɵɯ ɜɨɞɨɝɪɟɣɧɵɯ ɤɨɬɥɚɯ, ɬɟɩɥɨ-
ɜɚɹ ɧɚɝɪɭɡɤɚ ɤɨɬɨɪɵɯ, ɤȾɠ/ɱ, ɢɦɟɟɬ ɜɢɞ 

ɉȼɄ ɨɬ ɬ Ɍɗɐ ɨɬ ɫ.ɜ ɩ.ɫ ɜ.ɫ(1 ) ( )Q Q Q Q G h hα= − = − ⋅ = ⋅ − .          (4.24) 

ȼ ɫɥɭɱɚɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɝɨ ɩɭɱɤɚ ɜ ɤɨɧɞɟɧɫɚɬɨɪɟ 
ɬɭɪɛɢɧɵ ɬɟɩɥɨɬɚ ɫɟɬɟɜɨɣ ɜɨɞɵ ɜ ɧɟɦ, ȽȾɠ/ɱ, 

ɬɮ ɤ ɤ ɤ ɬɮ ɫ.ɜ ɬɮ ɨ.ɫ( ) ( )Q D h h G h hη′= ⋅ − ⋅ = ⋅ − .                 (4.25) 

ɡɞɟɫɶ  
ɤD  – ɪɚɫɯɨɞ ɩɚɪɚ ɜ ɤɨɧɞɟɧɫɚɬɨɪ ɬɭɪɛɢɧɵ, 10

3
 ɬ/ɱ;  

ɤ ɤ,h h′  – ɷɧɬɚɥɶɩɢɢ ɩɚɪɚ ɢ ɤɨɧɞɟɧɫɚɬɚ ɜ ɤɨɧɞɟɧɫɚɬɨɪɟ, ɤȾɠ/ɤɝ;  
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ɬɮ ɤ ɬɮ ɪh h cϑ′= − ⋅  – ɷɧɬɚɥɶɩɢɹ ɩɨɞɨɝɪɟɬɨɣ ɜɨɞɵ ɩɨɫɥɟ ɩɭɱɤɚ, ɤȾɠ/ɤɝ;  

ɬɮϑ  – ɧɟɞɨɝɪɟɜ ɜɨɞɵ ɜ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɦ ɩɭɱɤɟ, °ɋ;  

ɬɮ 1η ≈  – ɄɉȾ ɩɭɱɤɚ. 
ɉɪɢ ɪɚɛɨɬɟ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɝɨ ɩɭɱɤɚ ɜ (6.21), (6.22) ɢɥɢ (6.23) 

ɜɦɟɫɬɨ ɷɧɬɚɥɶɩɢɢ ɜɨɞɵ ɜ ɨɛɪɚɬɧɨɣ ɥɢɧɢɢ ɨ.ɫh  ɩɪɢɧɢɦɚɟɬɫɹ ɷɧɬɚɥɶɩɢɹ 
ɜɨɞɵ ɩɨɫɥɟ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɝɨ ɩɭɱɤɚ ɬɮh , ɤȾɠ/ɤɝ. ȼɨɡɦɨɠɧɵɣ ɩɨɞɨɝ-

ɪɟɜ ɜɨɞɵ ɜ ɩɭɱɤɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɡɧɚɱɟɧɢɹɦɢ ɤh′  ɢ ɬɮϑ , ɚ ɬɚɤɠɟ ɞɚɜɥɟɧɢɟɦ 

ɩɚɪɚ ɜ ɤɨɧɞɟɧɫɚɬɨɪɟ ɬɭɪɛɢɧɵ, ɩɥɨɳɚɞɶɸ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚ ɩɭɱɤɚ, 
ɬɟɦɩɟɪɚɬɭɪɨɣ ɢ ɪɚɫɯɨɞɨɦ ɫɟɬɟɜɨɣ ɜɨɞɵ. 

 

 

6.8. ɈɌɉɍɋɄ ɌȿɉɅɈɌɕ ɈɌ ɄɈɇȾȿɇɋȺɐɂɈɇɇɕɏ ɗɅȿɄɌɊɈ-

ɋɌȺɇɐɂɃ 

 

ɇɚ ɤɨɧɞɟɧɫɚɰɢɨɧɧɵɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ ɪɚɡɦɟɳɚɸɬɫɹ ɧɟɛɨɥɶɲɢɟ 
ɫɟɬɟɜɵɟ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɩɨɤɪɵɬɢɹ ɬɟɩɥɨɜɵɯ ɧɚɝɪɭɡɨɤ ɠɢɥɨɝɨ ɩɨɫɟɥɤɚ ɢ 

ɫɚɦɨɣ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. Ɍɟɩɥɨɜɵɟ ɧɚɝɪɭɡɤɢ ɬɚɤɢɯ ɭɫɬɚɧɨɜɨɤ ɨɛɵɱɧɨ ɧɟ 
ɩɪɟɜɵɲɚɸɬ 200 ȽȾɠ/ɱ. ɉɚɪ ɤ ɫɟɬɟɜɵɦ ɩɨɞɨɝɪɟɜɚɬɟɥɹɦ ɩɨɞɜɨɞɢɬɫɹ ɨɬ 
ɧɟɪɟɝɭɥɢɪɭɟɦɵɯ ɨɬɛɨɪɨɜ, ɩɨɷɬɨɦɭ ɬɟɩɥɨɜɵɟ ɪɟɠɢɦɵ ɢɯ ɫɭɳɟɫɬɜɟɧɧɨ 
ɡɚɜɢɫɹɬ ɨɬ ɞɚɜɥɟɧɢɹ ɜ ɨɬɛɨɪɚɯ, ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɨɬ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɨɳ-

ɧɨɫɬɢ ɬɭɪɛɢɧ. 

ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɧɚ ɪɢɫ. 6.12 ɩɨɤɚɡɚɧɚ ɫɯɟɦɚ ɬɟɩɥɨɮɢɤɚɰɢɨɧ-

ɧɨɣ ɭɫɬɚɧɨɜɤɢ ɤɨɧɞɟɧɫɚɰɢɨɧɧɨɝɨ ɛɥɨɤɚ ɫ ɬɭɪɛɢɧɨɣ Ʉ-200-130. ɉɚɪ ɤ ɫɟ-
ɬɟɜɵɦ ɩɨɞɨɝɪɟɜɚɬɟɥɹɦ ɩɨɞɜɨɞɢɬɫɹ ɨɬ ɞɜɭɯ ɧɟɪɟɝɭɥɢɪɭɟɦɵɯ ɨɬɛɨɪɨɜ ɢ, 

ɤɪɨɦɟ ɬɨɝɨ, ɨɬ ɊɈɍ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ, ɤɨɬɨɪɚɹ ɜɤɥɸɱɚɟɬɫɹ ɜ ɪɚɛɨɬɭ, 
ɤɨɝɞɚ ɞɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɨɬɛɨɪɚɯ ɩɚɞɚɟɬ ɢ ɧɚɝɪɟɜ ɫɟɬɟɜɨɣ ɜɨɞɵ ɞɨ ɬɪɟɛɭɟ-
ɦɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɨɬɛɨɪɧɵɦ ɩɚɪɨɦ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɩɪɨɜɟɞɟɧ. 

Ʉɨɧɞɟɧɫɚɬ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɢɡ ɫɟɬɟɜɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɨɬɜɨɞɢɬɫɹ ɜ 
ɫɢɫɬɟɦɭ ɪɟɝɟɧɟɪɚɬɢɜɧɨɝɨ ɩɨɞɨɝɪɟɜɚ ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɬɭɪɛɢɧɵ. ɇɟ-
ɤɨɧɞɟɧɫɢɪɭɸɳɢɟɫɹ ɝɚɡɵ ɩɟɪɟɩɭɫɤɚɸɬɫɹ ɢɡ ɜɟɪɯɧɟɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɜ 
ɧɢɠɧɢɣ, ɚ ɡɚɬɟɦ ɜ ɤɨɧɞɟɧɫɚɬɨɪ ɬɭɪɛɢɧɵ. 

Ɉɛɵɱɧɨ ɧɚ ɭɫɬɚɧɨɜɤɚɯ ɬɚɤɨɝɨ ɬɢɩɚ ɫɟɬɟɜɨɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɜɬɨɪɨɣ 

ɫɬɭɩɟɧɢ ɹɜɥɹɟɬɫɹ ɩɢɤɨɜɵɦ ɢ ɜɤɥɸɱɚɟɬɫɹ ɜ ɪɚɛɨɬɭ ɜ ɯɨɥɨɞɧɵɟ ɞɧɢ ɨɬɨ-
ɩɢɬɟɥɶɧɨɝɨ ɫɟɡɨɧɚ, ɚ ɬɚɤɠɟ ɩɪɢ ɪɚɛɨɬɟ ɩɚɪɨɬɭɪɛɢɧɧɨɣ ɭɫɬɚɧɨɜɤɢ ɧɚ ɩɨ-
ɧɢɠɟɧɧɨɣ ɧɚɝɪɭɡɤɟ, ɬɚɤ ɤɚɤ ɜ ɷɬɢɯ ɭɫɥɨɜɢɹɯ ɞɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɨɬɛɨɪɟ 
ɭɦɟɧɶɲɚɟɬɫɹ ɢ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɩɟɪɟɞɚɜɚɟɦɨɣ ɜ ɨɫɧɨɜɧɨɦ ɩɨɞɨɝɪɟ-
ɜɚɬɟɥɟ, ɦɨɠɟɬ ɨɤɚɡɚɬɶɫɹ ɧɟɞɨɫɬɚɬɨɱɧɵɦ. 
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Ɋɢɫ. 6.12. ɋɟɬɟɜɚɹ ɭɫɬɚɧɨɜɤɚ ɤɨɧɞɟɧɫɚɰɢɨɧɧɨɝɨ ɛɥɨɤɚ ɫ ɬɭɪɛɢɧɨɣ Ʉ-200-130: 

1 – ɞɨɛɚɜɨɱɧɚɹ ɜɨɞɚ; 2 – ɦɚɝɢɫɬɪɚɥɶ ɨɛɪɚɬɧɨɣ ɫɟɬɟɜɨɣ ɜɨɞɵ; 3 – ɫɟɬɟɜɨɣ ɧɚɫɨɫ; 4,5 

– ɫɟɬɟɜɵɟ ɩɨɞɨɝɪɟɜɚɬɟɥɢ ɉɋȼ-20-7-15 ɢ ɉɋȼ-63-7-15; 6 – ɨɬɜɨɞ ɤɨɧɞɟɧɫɚɬɚ ɜ ɫɢɫ-
ɬɟɦɭ ɪɟɝɟɧɟɪɚɬɢɜɧɨɝɨ ɩɨɞɨɝɪɟɜɚ ɜɨɞɵ; 7 – ɥɢɧɢɹ ɜ ɦɚɝɢɫɬɪɚɥɶ ɫɟɬɟɜɨɣ ɜɨɞɵ; 8 – 

ɨɬɜɨɞ ɩɚɪɨɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ ɜ ɤɨɧɞɟɧɫɚɬɨɪ ɬɭɪɛɢɧɵ; 9 – ɩɚɪ ɨɬ ɨɬɛɨɪɚ ( P = 0,25 

Ɇɉɚ); 10 – ɬɨ ɠɟ ( P  = 0,6 Ɇɉɚ); 11 – ɊɈɍ 

 

 

ȼɨɩɪɨɫɵ ɞɥɹ ɫɚɦɨɩɪɨɜɟɪɤɢ  
 

1. ɉɨɹɫɧɢɬɟ ɩɪɢɧɰɢɩ ɩɨɫɬɪɨɟɧɢɹ ɝɨɞɨɜɨɝɨ ɝɪɚɮɢɤɚ ɩɨɬɪɟɛɥɟɧɢɹ ɬɟɩɥɨ-
ɬɵ ɧɚ ɨɬɨɩɥɟɧɢɟ ɢ ɝɨɪɹɱɟɟ ɜɨɞɨɫɧɚɛɠɟɧɢɟ. 
2. ɉɨɹɫɧɢɬɟ ɮɢɡɢɱɟɫɤɢɣ ɫɦɵɫɥ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɮɢɤɚɰɢɢ. 

3. ɇɚɡɨɜɢɬɟ ɫɩɨɫɨɛɵ ɨɬɩɭɫɤɚ ɩɚɪɚ ɩɪɨɦɵɲɥɟɧɧɵɦ ɩɨɬɪɟɛɢɬɟɥɹɦ. 

4. ȼ ɤɚɤɢɯ ɫɥɭɱɚɹɯ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɢɦɟɧɟɧɢɟ ɩɚɪɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶɧɵɯ 
ɭɫɬɚɧɨɜɨɤ ɞɥɹ ɨɬɩɭɫɤɚ ɩɚɪɚ ɩɨɬɪɟɛɢɬɟɥɹɦ. 

5. Ʉɚɤɢɟ ɫɩɨɫɨɛɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɨɬɩɭɫɤɚ ɬɟɩɥɨɬɵ ɢɫɩɨɥɶɡɭɸɬɫɹ ɧɚ 
Ɍɗɐ? 

6. Ʉɚɤɚɹ ɫɜɹɡɶ ɦɟɠɞɭ ɞɚɜɥɟɧɢɟɦ ɩɚɪɚ ɜ ɪɟɝɭɥɢɪɭɟɦɨɦ ɨɬɛɨɪɟ ɢ ɬɟɦɩɟɪɚ-
ɬɭɪɨɣ ɩɨɞɨɝɪɟɜɚ ɫɟɬɟɜɨɣ ɜɨɞɵ? 

7. ɑɬɨ ɬɚɤɨɟ ɪɟɝɭɥɢɪɭɟɦɵɟ ɨɬɛɨɪɵ ɩɚɪɚ? 

8. ɇɚɡɨɜɢɬɟ ɫɩɨɫɨɛɵ ɩɨɤɪɵɬɢɹ ɩɢɤɨɜɵɯ ɨɬɨɩɢɬɟɥɶɧɵɯ ɧɚɝɪɭɡɨɤ ɧɚ Ɍɗɐ. 

9. ɇɚɡɨɜɢɬɟ ɬɢɩɵ ɫɢɫɬɟɦ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ. Ʉɚɤɨɜɵ ɢɯ ɩɪɟɢɦɭɳɟɫɬɜɚ ɢ 

ɧɟɞɨɫɬɚɬɤɢ? 

10. ɉɨɱɟɦɭ ɡɚɜɨɞɵ-ɢɡɝɨɬɨɜɢɬɟɥɢ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɯ ɬɭɪɛɢɧ ɧɟ ɪɟɤɨ-
ɦɟɧɞɭɸɬ ɨɬɤɥɸɱɚɬɶ ɧɢɠɧɢɣ ɫɟɬɟɜɨɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ? 

11. Ʉɚɤɢɦ ɨɛɪɚɡɨɦ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɬɩɭɫɤ ɬɟɩɥɨɬɵ ɧɚ ɧɭɠɞɵ ɨɬɨɩɥɟɧɢɹ 
ɨɬ Ʉɗɋ? 
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Ƚɥɚɜɚ ɫɟɞɶɦɚя. ɉɈɌȿɊɂ ɉȺɊȺ ɂ ɄɈɇȾȿɇɋȺɌȺ ɇȺ Ɍɗɋ ɂ 

ɋɉɈɋɈȻɕ ɂɏ ȼɈɋɉɈɅɇȿɇɂə 

 

7.1. ɆȺɌȿɊɂȺɅɖɇɕɃ ȻȺɅȺɇɋ ɊȺȻɈɑȿȽɈ ɌȿɅȺ ȼ ɌȿɉɅɈ-

ȼɈɃ ɋɏȿɆȿ Ɍɗɋ 

 

ɇɚ ɬɟɩɥɨɜɵɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ ɪɟɚɥɢɡɭɟɬɫɹ ɡɚɦɤɧɭɬɵɣ ɰɢɤɥ ɞɜɢ-

ɠɟɧɢɹ ɪɚɛɨɱɟɝɨ ɬɟɥɚ ɜ ɬɪɭɛɨɩɪɨɜɨɞɚɯ ɢ ɨɛɨɪɭɞɨɜɚɧɢɢ, ɨɛɥɚɞɚɸɳɢɯ ɜɵ-

ɫɨɤɨɣ ɝɟɪɦɟɬɢɱɧɨɫɬɶɸ. Ɉɞɧɚɤɨ ɧɚ Ɍɗɋ ɜɫɟɝɞɚ ɢɦɟɸɬɫɹ ɩɨɬɟɪɢ ɪɚɛɨɱɟɝɨ 
ɬɟɥɚ, ɨɛɭɫɥɨɜɥɟɧɧɵɟ ɤɚɤ ɧɟɩɥɨɬɧɨɫɬɹɦɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɚɪɦɚɬɭɪɵ, ɬɚɤ 
ɢ ɯɚɪɚɤɬɟɪɨɦ ɪɟɚɥɢɡɨɜɚɧɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ. 

ɉɨɬɟɪɢ ɩɚɪɚ ɢ ɤɨɧɞɟɧɫɚɬɚ ɧɚ Ɍɗɐ ɞɟɥɹɬɫɹ ɧɚ ɜɧɭɬɪɟɧɧɢɟ ɜɬD , ɩɨ-
ɬɟɪɢ ɫ ɩɪɨɞɭɜɨɱɧɨɣ ɜɨɞɨɣ ɛɚɪɚɛɚɧɨɜ ɤɨɬɥɨɜ, ɜɧɟɲɧɢɟ ɜɧD  ɢ ɬɟɯɧɨɥɨɝɢ-

ɱɟɫɤɢɟ ɬɟɯɧD . Ʉ ɜɧɭɬɪɟɧɧɢɦ ɩɨɬɟɪɹɦ ɨɬɧɨɫɹɬɫɹ ɭɬɟɱɤɢ ɜ ɷɥɟɦɟɧɬɚɯ ɨɛɨ-
ɪɭɞɨɜɚɧɢɹ, ɩɚɪɨɜɵɯ ɢ ɜɨɞɹɧɵɯ ɥɢɧɢɹɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. 

ȼɨɫɩɨɥɧɟɧɢɟ ɩɨɬɟɪɶ ɧɚ Ɍɗɋ ɩɪɨɢɡɜɨɞɢɬɫɹ ɨɛɟɫɫɨɥɟɧɧɨɣ ɜɨɞɨɣ, 

ɩɪɢ ɷɬɨɦ ɪɚɫɱɟɬɧɭɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɨɛɟɫɫɨɥɢɜɚɸɳɟɣ ɢɥɢ ɢɫɩɚɪɢ-

ɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɤɨɧɞɟɧɫɚɰɢɨɧɧɵɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɢ ɨɬɨɩɢɬɟɥɶ-
ɧɵɯ Ɍɗɐ ɫɥɟɞɭɟɬ ɩɪɢɧɢɦɚɬɶ ɪɚɜɧɨɣ 2 % ɩɚɪɨɜɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ 

ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɯ ɤɨɬɥɨɜ. ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɨɛɳɟɫɬɚɧɰɢɨɧɧɨɣ ɢɫɩɚ-
ɪɢɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɢɥɢ ɞɨɩɨɥɧɢɬɟɥɶɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɨɛɟɫɫɨ-
ɥɢɜɚɸɳɟɣ ɭɫɬɚɧɨɜɤɢ (ɫɜɟɪɯ 2 %) ɩɪɢɧɢɦɚɟɬɫɹ: 

• ɞɥɹ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɫ ɩɪɹɦɨɬɨɱɧɵɦɢ ɤɨɬɥɚɦɢ – 25 ɬ/ɱ ɩɪɢ ɛɥɨ-
ɤɚɯ ɦɨɳɧɨɫɬɶɸ 200, 250, 300 Ɇȼɬ, 50 ɬ/ɱ ɩɪɢ ɛɥɨɤɚɯ ɦɨɳɧɨ-
ɫɬɶɸ 500 Ɇȼɬ, 75 ɬ/ɱ ɩɪɢ ɛɥɨɤɚɯ ɦɨɳɧɨɫɬɶɸ 800 Ɇȼɬ; 

• ɞɥɹ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɫ ɛɚɪɚɛɚɧɧɵɦɢ ɤɨɬɥɚɦɢ – 25 ɬ/ɱ. 
ɇɚ ɝɚɡɨɦɚɡɭɬɧɵɯ Ɍɗɋ (ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɚɪɚ ɧɚ ɪɚɡɨɝɪɟɜ ɦɚɡɭɬɚ 

ɛɟɡ ɜɨɡɜɪɚɬɚ ɤɨɧɞɟɧɫɚɬɚ) ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɯɢɦɨɛɟɫɫɨɥɢɜɚɸɳɟɣ ɭɫ-
ɬɚɧɨɜɤɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɧɚ 0,15 ɬ ɧɚ 1 ɬ ɫɠɢɝɚɟɦɨɝɨ ɦɚɡɭɬɚ. 

ɍɬɟɱɤɢ ɜɵɡɵɜɚɸɬ ɩɨɬɟɪɢ ɩɚɪɚ ɢ ɜɨɞɵ ɢ ɫɧɢɠɚɸɬ ɬɟɩɥɨɜɭɸ ɷɤɨ-
ɧɨɦɢɱɧɨɫɬɶ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. Ɉɧɢ ɫɭɳɟɫɬɜɭɸɬ ɧɚ ɜɫɟɯ ɥɢɧɢɹɯ ɩɚɪɨɜɨɞɹ-
ɧɨɝɨ ɬɪɚɤɬɚ, ɨɞɧɚɤɨ ɩɪɢ ɪɚɫɱɟɬɚɯ ɩɨɥɚɝɚɸɬ, ɱɬɨ ɨɧɢ ɫɨɫɪɟɞɨɬɨɱɟɧɵ ɜ 
ɩɚɪɨɩɪɨɜɨɞɟ ɫɜɟɠɟɝɨ ɩɚɪɚ (ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ). ɗɬɨ ɭɩɪɨɳɚɟɬ ɪɚɫɱɟɬɵ ɢ 

ɩɪɢɜɨɞɢɬ ɤ ɬɨɦɭ, ɱɬɨ ɧɚɣɞɟɧɧɵɟ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɩɨɤɚɡɚɬɟɥɢ ɬɟɩɥɨɜɨɣ 

ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɛɵɜɚɸɬ ɧɟɫɤɨɥɶɤɨ ɡɚɧɢɠɟɧɵ, ɩɪɚɜɞɚ, ɜɟɫɶɦɚ ɧɟɡɧɚɱɢ-

ɬɟɥɶɧɨ. 
Ɂɚɦɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɩɨɬɟɪɶ ɧɚ Ɍɗɋ ɫɜɹɡɚɧɵ ɫ ɧɟɩɪɟɪɵɜɧɨɣ ɩɪɨ-

ɞɭɜɤɨɣ ɛɚɪɚɛɚɧɨɜ ɤɨɬɥɨɜ. Ⱦɥɹ ɭɦɟɧɶɲɟɧɢɹ ɷɬɢɯ ɩɨɬɟɪɶ ɧɚ ɥɢɧɢɹɯ ɩɪɨ-
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ɞɭɜɨɱɧɨɣ ɜɨɞɵ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɪɚɫɲɢɪɢɬɟɥɢ ɩɪɨɞɭɜɤɢ. ɉɪɢɦɟɧɟɧɢɟ ɧɚ-
ɯɨɞɹɬ ɫɯɟɦɵ ɫ ɨɞɧɨɣ ɢ ɞɜɭɦɹ ɫɬɭɩɟɧɹɦɢ ɪɚɫɲɢɪɟɧɢɹ (ɪɢɫ. 7.1). 

 
Ɋɢɫ. 7.1. ɋɯɟɦɵ ɜɤɥɸɱɟɧɢɹ ɪɚɫɲɢɪɢɬɟɥɟɣ ɧɟɩɪɟɪɵɜɧɨɣ ɩɪɨɞɭɜɤɢ ɤɨɬɥɚ: 

ɚ – ɨɞɧɨɫɬɭɩɟɧɱɚɬɚɹ; ɛ – ɞɜɭɯɫɬɭɩɟɧɱɚɬɚɹ 
 

ɉɪɢ ɨɞɧɨɫɬɭɩɟɧɱɚɬɨɣ ɫɯɟɦɟ (ɪɢɫ. 7.1, ɚ) ɭɪɚɜɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɛɚ-
ɥɚɧɫɚ ɪɚɫɲɢɪɢɬɟɥɹ ɢɦɟɟɬ ɜɢɞ 

ɩɪ.ɤ ɩɪ.ɤ ɩ.ɪ ɩ.ɪ ɩɪ.ɪ ɩɪ.ɪD h D h D h= + ,                             (7.1) 

ɚ ɭɪɚɜɧɟɧɢɟ ɦɚɬɟɪɢɚɥɶɧɨɝɨ ɛɚɥɚɧɫɚ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɤɚɤ 
ɩɪ.ɤ ɩ.ɪ ɩɪ.ɪD D D= + ,                                      (7.2) 

ɡɞɟɫɶ ɢɧɞɟɤɫɵ ɨɡɧɚɱɚɸɬ: «ɩɪ.ɤ» – ɩɪɨɞɭɜɤɚ ɤɨɬɥɚ; «ɩ.ɪ» – ɩɚɪ ɪɚɫ-
ɲɢɪɢɬɟɥɹ «ɩɪ.ɪ» – ɩɪɨɞɭɜɤɚ ɪɚɫɲɢɪɢɬɟɥɹ.  

ɂɡ (7.1) ɢ (7.2) ɫɥɟɞɭɟɬ, ɱɬɨ 
ɩ.ɪ ɩɪ.ɤ

ɩɪ.ɪ ɩɪ.ɤ ɩɪ.ɪ ɩɪ.ɤ
ɩ.ɪ ɩɪ.ɪ

h h
D D D

h h
β

−
= ⋅ = ⋅

−
.                       (7.3) 

Ⱥɧɚɥɨɝɢɱɧɨ ɡɚɩɢɫɵɜɚɟɬɫɹ ɭɪɚɜɧɟɧɢɟ, ɨɩɪɟɞɟɥɹɸɳɟɟ ɩɪɨɞɭɜɤɭ 
ɪɚɫɲɢɪɢɬɟɥɹ ɩɪɢ ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɣ ɫɯɟɦɟ ɪɚɫɲɢɪɟɧɢɹ ɩɪɨɞɭɜɤɢ ɤɨɬɥɚ 
(ɪɢɫ. 7.1, ɛ). Ɋɚɫɯɨɞ ɩɪɨɞɭɜɨɱɧɨɣ ɜɨɞɵ ɪɚɫɲɢɪɢɬɟɥɹ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ ɩɪɢ 

ɷɬɨɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɡɚɜɢɫɢɦɨɫɬɢ 

ɩ.ɪ2 ɩɪ.ɪ1
ɩɪ.ɪ2 ɩɪ.ɪ1 ɩɪ.ɪ1 ɩɪ.ɪ2 ɩɪ.ɤ

ɩ.ɪ2 ɩɪ.ɪ2

h h
D D D

h h
β β

−
= ⋅ = ⋅ ⋅

−
,              (7.4) 

ɝɞɟ ɢɧɞɟɤɫɵ «1» ɢ «2» ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɧɨɦɟɪɭ ɪɚɫɲɢɪɢɬɟɥɹ. 
Ɋɚɫɯɨɞ ɜɨɞɵ ɩɪɢ ɧɟɩɪɟɪɵɜɧɨɣ ɩɪɨɞɭɜɤɟ ɤɨɬɥɚ ɞɨɥɠɟɧ ɢɡɦɟɪɹɬɶɫɹ 

ɪɚɫɯɨɞɨɦɟɪɨɦ ɢ ɞɥɹ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɪɟɠɢɦɚ ɩɪɢ ɜɨɫɩɨɥɧɟɧɢɢ ɩɨɬɟɪɶ 
ɨɛɟɫɫɨɥɟɧɧɨɣ ɜɨɞɨɣ ɢɥɢ ɞɢɫɬɢɥɥɹɬɨɦ ɢɫɩɚɪɢɬɟɥɟɣ ɞɨɥɠɟɧ ɫɨɫɬɚɜɥɹɬɶ 
ɧɟ ɛɨɥɟɟ 1 ɢ ɧɟ ɦɟɧɟɟ 0,5 % ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɤɨɬɥɚ, ɚ ɩɪɢ ɜɨɫɩɨɥɧɟ-
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ɧɢɢ ɩɨɬɟɪɶ ɯɢɦɢɱɟɫɤɢ ɨɱɢɳɟɧɧɨɣ ɜɨɞɨɣ – ɧɟ ɛɨɥɟɟ 3 ɢ ɧɟ ɦɟɧɟɟ 0,5 % 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ; ɩɪɢ ɩɭɫɤɟ ɤɨɬɥɚ ɩɨɫɥɟ ɦɨɧɬɚɠɚ, ɪɟɦɨɧɬɚ ɢɥɢ ɢɡ 
ɪɟɡɟɪɜɚ ɞɨɩɭɫɤɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ ɧɟɩɪɟɪɵɜɧɨɣ ɩɪɨɞɭɜɤɢ ɞɨ 2–5 % ɩɪɨ-
ɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɤɨɬɥɚ. 

ȼ ɫɯɟɦɟ ɩɪɨɞɭɜɤɢ ɤɨɬɥɚ ɫ ɨɞɧɢɦ ɪɚɫɲɢɪɢɬɟɥɟɦ ɩɚɪ ɢɡ ɩɨɫɥɟɞɧɟɝɨ 
ɧɚɩɪɚɜɥɹɟɬɫɹ ɨɛɵɱɧɨ ɜ ɞɟɚɷɪɚɬɨɪ ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɬɭɪɛɢɧɵ. Ɍɭɞɚ 
ɠɟ ɩɨɫɬɭɩɚɟɬ ɩɚɪ ɢɡ ɩɟɪɜɨɝɨ ɪɚɫɲɢɪɢɬɟɥɹ ɩɪɢ ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɣ ɫɯɟɦɟ. 
ɉɚɪ ɢɡ ɜɬɨɪɨɝɨ ɪɚɫɲɢɪɢɬɟɥɹ ɧɚɩɪɚɜɥɹɟɬɫɹ ɨɛɵɱɧɨ ɜ ɚɬɦɨɫɮɟɪɧɵɣ ɢɥɢ 

ɜɚɤɭɭɦɧɵɣ ɞɟɚɷɪɚɬɨɪ ɩɨɞɩɢɬɨɱɧɨɣ ɜɨɞɵ ɬɟɩɥɨɜɨɣ ɫɟɬɢ ɢɥɢ ɜ ɫɬɚɧɰɢɨɧ-

ɧɵɣ ɤɨɥɥɟɤɬɨɪ (0,12–0,25 Ɇɉɚ). Ⱦɪɟɧɚɠ ɪɚɫɲɢɪɢɬɟɥɹ ɩɪɨɞɭɜɤɢ ɩɨɞɜɨ-
ɞɢɬɫɹ ɜ ɨɯɥɚɞɢɬɟɥɶ ɩɪɨɞɭɜɤɢ, ɝɞɟ ɨɯɥɚɠɞɚɟɬɫɹ ɜɨɞɨɣ, ɧɚɩɪɚɜɥɹɟɦɨɣ ɜ 
ɯɢɦɢɱɟɫɤɢɣ ɰɟɯ (ɞɥɹ ɩɨɞɝɨɬɨɜɤɢ ɞɨɛɚɜɨɱɧɨɣ ɢ ɩɨɞɩɢɬɨɱɧɨɣ ɜɨɞɵ), ɢ 

ɡɚɬɟɦ ɫɛɪɚɫɵɜɚɟɬɫɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɚɫɲɢɪɢɬɟɥɢ ɩɪɨɞɭɜɤɢ ɭɦɟɧɶɲɚɸɬ 
ɩɨɬɟɪɢ ɩɪɨɞɭɜɨɱɧɨɣ ɜɨɞɵ ɢ ɭɜɟɥɢɱɢɜɚɸɬ ɬɟɩɥɨɜɭɸ ɷɤɨɧɨɦɢɱɧɨɫɬɶ ɭɫ-
ɬɚɧɨɜɤɢ ɡɚ ɫɱɟɬ ɬɨɝɨ, ɱɬɨ ɛɨɥɶɲɚɹ ɱɚɫɬɶ ɫɨɞɟɪɠɚɳɟɣɫɹ ɜ ɜɨɞɟ ɬɟɩɥɨɬɵ 

ɩɪɢ ɷɬɨɦ ɩɨɥɟɡɧɨ ɢɫɩɨɥɶɡɭɟɬɫɹ. 
ȼɧɟɲɧɢɟ ɩɨɬɟɪɢ ɩɚɪɚ ɢ ɤɨɧɞɟɧɫɚɬɚ ɜɧD  ɦɨɝɭɬ ɛɵɬɶ ɧɚ Ɍɗɐ ɩɪɢ 

ɨɬɤɪɵɬɵɯ ɫɯɟɦɚɯ ɨɬɩɭɫɤɚ ɬɟɩɥɨɬɵ, ɤɨɝɞɚ ɩɨɬɪɟɛɢɬɟɥɢ ɬɟɩɥɨɬɵ ɩɨɥɭɱɚ-
ɸɬ ɪɟɞɭɰɢɪɨɜɚɧɧɵɣ ɫɜɟɠɢɣ ɩɚɪ ɢɥɢ ɩɚɪ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɢɡ ɨɬɛɨɪɨɜ 
ɬɭɪɛɢɧ. Ʉɨɧɞɟɧɫɚɬ ɷɬɨɝɨ ɩɚɪɚ («ɨɛɪɚɬɧɵɣ» ɤɨɧɞɟɧɫɚɬ) ɨɬ ɬɟɩɥɨɜɨɝɨ ɩɨ-
ɬɪɟɛɢɬɟɥɹ ɦɨɠɟɬ ɜɨɨɛɳɟ ɧɟ ɜɨɡɜɪɚɳɚɬɶɫɹ ɢɥɢ ɜɨɡɜɪɚɳɚɬɶɫɹ ɫɢɥɶɧɨ ɡɚ-
ɝɪɹɡɧɟɧɧɵɦ. ȼ ɨɛɨɢɯ ɫɥɭɱɚɹɯ ɜɧɟɲɧɢɟ ɩɨɬɟɪɢ ɹɜɥɹɸɬɫɹ ɩɨɥɧɵɦɢ, ɬ.ɟ. 
ɪɚɜɧɵɦɢ ɪɚɫɯɨɞɭ ɩɚɪɚ ɬɟɩɥɨɜɨɝɨ ɩɨɬɪɟɛɢɬɟɥɹ ɬ.ɩD . Ɉɞɧɚɤɨ ɨɛɵɱɧɨ «ɨɛ-

ɪɚɬɧɵɣ» ɤɨɧɞɟɧɫɚɬ ( ɨ.ɤD ) ɫ ɭɱɟɬɨɦ ɟɝɨ ɤɚɱɟɫɬɜɚ ɦɨɠɧɨ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ 
ɧɚɩɪɚɜɢɬɶ ɜ ɥɢɧɢɸ ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɬɭɪɛɢɧɵ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ 
ɜɧɟɲɧɢɟ ɩɨɬɟɪɢ ɫɜɹɡɚɧɵ ɫ ɧɟɜɨɡɜɪɚɬɨɦ ɤɨɧɞɟɧɫɚɬɚ ɫ ɩɪɨɢɡɜɨɞɫɬɜɚ. 
ɍɱɢɬɵɜɚɹ, ɱɬɨ ɜɧɟɲɧɢɟ ɩɨɬɟɪɢ ɦɨɝɭɬ ɛɵɬɶ ɞɨɫɬɚɬɨɱɧɨ ɜɟɥɢɤɢ, ɞɥɹ ɢɯ 
ɜɨɫɩɨɥɧɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɩɪɟɞɭɫɦɨɬɪɟɬɶ ɫɩɟɰɢɚɥɶɧɵɟ ɜɨɞɨɩɨɞɝɨɬɨɜɢ-

ɬɟɥɶɧɵɟ ɭɫɬɚɧɨɜɤɢ. Ʉɨɧɟɱɧɨ, ɩɪɢ ɛɨɥɶɲɢɯ ɩɨɬɟɪɹɯ ɩɚɪɚ ɢ ɤɨɧɞɟɧɫɚɬɚ ɭ 
ɬɟɩɥɨɜɨɝɨ ɩɨɬɪɟɛɢɬɟɥɹ ɦɨɠɧɨ ɩɪɢɦɟɧɢɬɶ ɫɯɟɦɭ ɫ ɩɚɪɨɩɪɟɨɛɪɚɡɨɜɚɬɟ-
ɥɹɦɢ ɢ ɩɨɥɭɱɚɬɶ ɧɚ ɧɢɯ ɜɫɟ ɧɟɨɛɯɨɞɢɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɞɨɛɚɜɨɱɧɨɣ ɜɨɞɵ. 

ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɚɪɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɜɵɛɢɪɚɟɬɫɹ 
ɪɚɜɧɨɣ ɫɭɦɦɟ ɜɫɟɯ ɛɟɡɜɨɡɜɪɚɬɧɵɯ ɩɨɬɟɪɶ ɢ ɧɢɤɚɤɢɯ ɞɪɭɝɢɯ ɭɫɬɚɧɨɜɨɤ 
ɞɥɹ ɩɨɞɝɨɬɨɜɤɢ ɞɨɛɚɜɨɱɧɨɣ ɜɨɞɵ ɧɟ ɬɪɟɛɭɟɬɫɹ. 

ɉɪɟɞɨɬɜɪɚɳɟɧɢɟ ɜɧɟɲɧɢɯ ɩɨɬɟɪɶ ɩɚɪɚ ɢ ɤɨɧɞɟɧɫɚɬɚ ɩɪɢ ɩɪɢɦɟɧɟ-
ɧɢɢ ɩɚɪɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ (ɉɉɍ) ɫɜɹɡɚɧɨ ɫ ɧɟɞɨɜɵɪɚɛɨɬ-
ɤɨɣ ɦɨɳɧɨɫɬɢ ɬɭɪɛɢɧɨɣ ɢɡ-ɡɚ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɨɞɚɱɢ ɧɚ ɉɉɍ ɩɚɪɚ ɛɨ-
ɥɟɟ ɜɵɫɨɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ, ɱɟɦ ɬɪɟɛɭɟɬɫɹ ɞɥɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɰɟɥɟɣ. 

ɗɬɭ ɧɟɞɨɜɵɪɚɛɨɬɤɭ ɦɨɳɧɨɫɬɢ ɧɚɞɨ ɭɱɢɬɵɜɚɬɶ ɩɪɢ ɪɚɫɱɟɬɟ ɩɪɢɧɰɢɩɢ-

ɚɥɶɧɨɣ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ Ɍɗɋ. ȼɧɭɬɪɟɧɧɢɟ ɩɨɬɟɪɢ ɢ ɩɨɬɟɪɢ, ɫɜɹɡɚɧɧɵɟ ɫ 
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ɩɪɨɞɭɜɤɨɣ ɛɚɪɚɛɚɧɨɜ ɤɨɬɥɨɜ, ɜɨɫɩɨɥɧɹɸɬɫɹ ɞɨɛɚɜɨɱɧɨɣ ɜɨɞɨɣ, ɩɨɫɬɭ-
ɩɚɸɳɟɣ ɜ ɤɨɧɞɟɧɫɚɬɨɪ ɬɭɪɛɢɧɵ, ɝɞɟ ɨɧɚ ɩɪɨɯɨɞɢɬ ɩɪɟɞɜɚɪɢɬɟɥɶɧɭɸ ɞɟ-
ɚɷɪɚɰɢɸ. ȼɧɟɲɧɢɟ ɩɨɬɟɪɢ ɜɨɫɩɨɥɧɹɸɬɫɹ ɞɨɛɚɜɨɱɧɨɣ ɜɨɞɨɣ, ɧɚɩɪɚɜɥɹɟ-
ɦɨɣ ɜ ɞɟɚɷɪɚɬɨɪ ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɬɭɪɛɢɧɵ. ɋɯɟɦɚ ɨɫɧɨɜɧɵɯ ɩɨɬɨ-
ɤɨɜ ɩɚɪɚ ɢ ɤɨɧɞɟɧɫɚɬɚ ɫ ɭɱɟɬɨɦ ɩɨɬɟɪɶ ɢ ɜɨɫɩɨɥɧɟɧɢɹ ɪɚɛɨɱɟɝɨ ɬɟɥɚ 
ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ. 7.2. 

 
Ɋɢɫ. 7.2. ɋɯɟɦɚ ɨɫɧɨɜɧɵɯ ɩɨɬɨɤɨɜ ɩɚɪɚ ɢ ɤɨɧɞɟɧɫɚɬɚ ɫ ɭɱɟɬɨɦ ɩɨɬɟɪɶ ɢ ɜɨɫɩɨɥɧɟɧɢɹ 
ɪɚɛɨɱɟɝɨ ɬɟɥɚ: Ⱦ – ɞɟɚɷɪɚɬɨɪ 

 

 
Ɋɢɫ. 7.3. ɋɯɟɦɚ ɩɨɞɨɝɪɟɜɚ ɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɞɟɚɷɪɚɰɢɢ ɞɨɛɚɜɨɱɧɨɣ ɜɨɞɵ, ɢɞɭɳɟɣ 

ɧɚ ɜɨɫɩɨɥɧɟɧɢɟ ɜɧɟɲɧɢɯ ɩɨɬɟɪɶ:Ⱦ – ɞɟɚɷɪɚɬɨɪ; ȻɁɄ – ɛɚɤ ɡɚɩɚɫɚ ɤɨɧɞɟɧɫɚɬɚ 
 

ɇɚ Ɍɗɋ ɫ ɜɧɟɲɧɢɦɢ ɩɨɬɟɪɹɦɢ ɪɚɛɨɱɟɝɨ ɬɟɥɚ ɞɨɛɚɜɨɱɧɚɹ ɜɨɞɚ, 
ɜɨɫɩɨɥɧɹɸɳɚɹ ɢɯ, ɩɟɪɟɞ ɩɨɞɚɱɟɣ ɟɟ ɜ ɞɟɚɷɪɚɬɨɪ ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ 
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ɬɭɪɛɢɧɵ ɞɨɥɠɧɚ ɩɨɞɨɝɪɟɜɚɬɶɫɹ ɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɞɟɚɷɪɢɪɨɜɚɬɶɫɹ ɜ ɚɬ-
ɦɨɫɮɟɪɧɨɦ ɞɟɚɷɪɚɬɨɪɟ. ɋɯɟɦɚ ɩɨɞɨɝɪɟɜɚ ɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɞɟɚɷɪɚɰɢɢ 

ɞɨɛɚɜɨɱɧɨɣ ɜɨɞɵ, ɢɞɭɳɟɣ ɧɚ ɜɨɫɩɨɥɧɟɧɢɟ ɜɧɟɲɧɢɯ ɩɨɬɟɪɶ, ɩɪɢɜɟɞɟɧɚ 
ɧɚ ɪɢɫ. 7.3. 

ɉɪɢ ɧɚɥɢɱɢɢ ɧɚ Ɍɗɋ ɤɨɥɥɟɤɬɨɪɚ (0,12–0,25 Ɇɉɚ) ɞɥɹ ɩɪɟɞɜɚɪɢ-

ɬɟɥɶɧɨɝɨ ɩɨɞɨɝɪɟɜɚ ɞɨɛɚɜɨɱɧɨɣ ɜɨɞɵ ɢ ɟɟ ɞɟɚɷɪɚɰɢɢ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨ-
ɜɚɬɶ ɩɚɪ ɢɡ ɷɬɨɝɨ ɤɨɥɥɟɤɬɨɪɚ. ɇɚ ɪɹɞɟ Ɍɗɐ ɜɧɟɲɧɢɟ ɩɨɬɟɪɢ ɩɚɪɚ ɢ ɤɨɧ-

ɞɟɧɫɚɬɚ ɜɨɫɩɨɥɧɹɸɬɫɹ ɬɟɪɦɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɚɜɬɨɧɨɦ-

ɧɵɯ ɢɫɩɚɪɢɬɟɥɶɧɵɯ ɭɫɬɚɧɨɜɨɤ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɞɢɫɬɢɥɥɹɬ ɨɛɵɱɧɨ ɩɨɞɚ-
ɟɬɫɹ ɜ ɞɟɚɷɪɚɬɨɪ ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɬɭɪɛɢɧɵ. 

ȿɫɥɢ ɚɜɬɨɧɨɦɧɚɹ ɢɫɩɚɪɢɬɟɥɶɧɚɹ ɭɫɬɚɧɨɜɤɚ ɪɚɛɨɬɚɟɬ ɛɟɡ ɩɟɪɟɞɚɱɢ 

ɬɟɩɥɨɬɵ ɜ «ɯɨɥɨɞɧɵɣ» ɢɫɬɨɱɧɢɤ, ɬɨ ɬɟɩɥɨɜɚɹ ɷɤɨɧɨɦɢɱɧɨɫɬɶ ɩɪɨɢɡɜɨɞ-

ɫɬɜɚ ɞɨɛɚɜɨɱɧɨɣ ɜɨɞɵ ɩɪɢ ɯɢɦɢɱɟɫɤɨɦ ɢ ɬɟɪɦɢɱɟɫɤɨɦ ɦɟɬɨɞɚɯ ɛɭɞɟɬ 
ɨɞɢɧɚɤɨɜɚ. ɗɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɤɚɤ ɜ ɩɟɪɜɨɦ, ɬɚɤ ɢ ɜɨ ɜɬɨɪɨɦ ɫɥɭ-
ɱɚɟ ɬɟɩɥɨɬɚ ɩɚɪɚ ɢɡ ɫɬɚɧɰɢɨɧɧɨɝɨ ɤɨɥɥɟɤɬɨɪɚ (0,8–1,3 Ɇɉɚ) ɬɪɚɬɢɬɫɹ 
ɬɨɥɶɤɨ ɧɚ ɩɨɞɨɝɪɟɜ ɞɨɛɚɜɨɱɧɨɣ ɜɨɞɵ. 

Ʉɪɨɦɟ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɯ ɩɨɬɟɪɶ ɩɚɪɚ ɢ ɤɨɧɞɟɧɫɚɬɚ ɧɚ Ɍɗɋ ɫɭ-
ɳɟɫɬɜɭɸɬ ɬɚɤ ɧɚɡɵɜɚɟɦɵɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɨɬɟɪɢ (ɢɥɢ ɩɨɬɟɪɢ ɧɚ ɫɨɛ-

ɫɬɜɟɧɧɵɟ ɧɭɠɞɵ). Ɉɧɢ ɫɜɹɡɚɧɵ ɫ ɪɚɛɨɬɨɣ ɮɨɪɫɭɧɨɤ, ɨɛɞɭɜɤɚɦɢ ɢ ɨɬ-
ɦɵɜɤɚɦɢ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ, ɨɛɫɥɭɠɢɜɚɧɢɟɦ ɭɫɬɚɧɨɜɨɤ ɞɥɹ ɨɱɢɫɬɤɢ 

ɤɨɧɞɟɧɫɚɬɚ, ɞɟɚɷɪɚɰɢɟɣ ɩɨɞɩɢɬɨɱɧɨɣ ɜɨɞɵ ɬɟɩɥɨɫɟɬɢ, ɪɚɡɝɪɭɡɤɨɣ ɦɚɡɭ-
ɬɚ, ɨɬɛɨɪɨɦ ɩɪɨɛ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɞɥɹ ɯɢɦɢɱɟɫɤɢɯ ɚɧɚɥɢɡɨɜ ɢ ɞɪ. 

ɇɨɪɦɵ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɨɬɟɪɶ ɩɚɪɚ ɢ ɤɨɧɞɟɧɫɚɬɚ ɪɚɡɪɚɛɚɬɵɜɚ-
ɸɬɫɹ ɷɥɟɤɬɪɨɫɬɚɧɰɢɟɣ ɞɥɹ ɤɚɠɞɨɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɨɩɟɪɚɰɢɢ ɫ ɭɱɟɬɨɦ 

ɜɨɡɦɨɠɧɨɝɨ ɩɨɜɬɨɪɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɨɬɟɪɶ. Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɨɬɟɪɢ 

ɧɟ ɭɱɢɬɵɜɚɸɬɫɹ ɩɪɢ ɪɚɫɱɟɬɟ ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ ɫɬɚɧɰɢɢ, 

ɧɨ ɞɨɥɠɧɵ ɩɪɢɧɢɦɚɬɶɫɹ ɜɨ ɜɧɢɦɚɧɢɟ ɩɪɢ ɜɵɛɨɪɟ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɩɪɨɢɡ-
ɜɨɞɢɬɟɥɶɧɨɫɬɢ ɜɨɞɨɩɨɞɝɨɬɨɜɢɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ. 

Ⱦɪɟɧɚɠɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɩɚɪɨɩɪɨɜɨɞɨɜ ɤɚɤ ɩɨɫɬɨɹɧɧɵɟ (ɧɚɩɪɢ-

ɦɟɪ, ɢɡ ɭɩɥɨɬɧɟɧɢɣ ɧɚɫɨɫɨɜ), ɬɚɤ ɢ ɩɟɪɢɨɞɢɱɟɫɤɢɟ (ɛɨɥɶɲɢɧɫɬɜɨ ɯɚɪɚɤ-
ɬɟɪɧɨ ɞɥɹ ɩɭɫɤɨɨɫɬɚɧɨɜɨɱɧɵɯ ɪɟɠɢɦɨɜ) ɫɨɛɢɪɚɸɬɫɹ ɜ ɞɪɟɧɚɠɧɵɣ ɛɚɤ ɢ 

ɩɟɪɢɨɞɢɱɟɫɤɢ ɜɨɡɜɪɚɳɚɸɬɫɹ ɜ ɰɢɤɥ. 
ɇɚ ɫɨɜɪɟɦɟɧɧɵɯ Ɍɗɋ ɡɚɝɪɹɡɧɟɧɧɵɣ ɤɨɧɞɟɧɫɚɬ ɨɛɵɱɧɨ ɫɨɛɢɪɚɟɬɫɹ 

ɜ ɛɚɤ ɡɚɝɪɹɡɧɟɧɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɢ ɩɨɫɥɟ ɨɱɢɫɬɤɢ ɟɝɨ ɧɚ ɢɨɧɢɬɨɜɵɯ 
ɮɢɥɶɬɪɚɯ ɢ ɞɟɚɷɪɚɰɢɢ ɜɨɡɜɪɚɳɚɟɬɫɹ ɜ ɰɢɤɥ. ȿɫɥɢ ɧɚ Ɍɗɋ ɢɦɟɸɬɫɹ ɢɫɩɚ-
ɪɢɬɟɥɢ, ɡɚɝɪɹɡɧɟɧɧɵɣ ɤɨɧɞɟɧɫɚɬ, ɩɪɨɞɭɜɨɱɧɚɹ ɜɨɞɚ ɛɚɪɚɛɚɧɧɵɯ ɤɨɬɥɨɜ 
ɦɨɝɭɬ ɧɚɩɪɚɜɥɹɬɶɫɹ ɬɚɤɠɟ ɜ ɷɬɢ ɚɩɩɚɪɚɬɵ. ɉɪɢ ɬɚɤɢɯ ɫɯɟɦɚɯ ɨɛɳɢɟ ɩɨ-
ɬɟɪɢ ɜɨɞɵ ɧɚ Ɍɗɋ ɪɟɡɤɨ ɫɨɤɪɚɳɚɸɬɫɹ. 

ȼɫɟ ɛɟɡɜɨɡɜɪɚɬɧɵɟ ɩɨɬɟɪɢ ɩɚɪɚ ɢ ɤɨɧɞɟɧɫɚɬɚ ɧɚ Ɍɗɋ ɞɨɥɠɧɵ ɜɨɫ-
ɩɨɥɧɹɬɶɫɹ ɞɨɛɚɜɨɱɧɨɣ ɜɨɞɨɣ. 

ɂɡ ɢɡɥɨɠɟɧɧɨɝɨ ɜɵɲɟ ɫɥɟɞɭɟɬ: 
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ɪɚɫɯɨɞ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ ɤɨɬɥɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
ɩɟ 0 ɜɬD D D= + ;                                          (7.5) 

ɪɚɫɯɨɞ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɞɥɹ ɛɚɪɚɛɚɧɧɵɯ ɤɨɬɥɨɜ ɢɦɟɟɬ ɜɢɞ 
ɛ.ɤ
ɩ.ɜ 0 ɜɬ ɩɪ.ɤD D D D= + + ;                                   (7.6) 

ɪɚɫɯɨɞ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɞɥɹ ɩɪɹɦɨɬɨɱɧɵɯ ɤɨɬɥɨɜ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ 
ɜ ɜɢɞɟ 

ɩɪ.ɤ
ɩ.ɜ ɩɟ 0 ɜɬD D D D= = + ;                                    (7.7) 

ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɪɚɫɯɨɞ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɧɚ Ɍɗɋ, ɨɛɨɪɭɞɨɜɚɧɧɨɣ 

ɛɚɪɚɛɚɧɧɵɦɢ ɤɨɬɥɚɦɢ, ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɢɡ ɫɨɨɬɧɨɲɟɧɢɹ 
Ɍɗɋ
ɩ.ɜ ɤ ɜɬ ɩɪ.ɪ2 ɜɧ ɩ.ɪ1 ɨ.ɤD D D D D D D= + + + + +∑ ;               (7.8) 

ɝɞɟ  
ɤD∑  – ɪɚɫɯɨɞ ɤɨɧɞɟɧɫɚɬɚ, ɩɨɫɬɭɩɢɜɲɟɝɨ ɜ ɤɨɧɞɟɧɫɚɬɨɪ, ɞɟɚɷɪɚ-

ɬɨɪ ɢ ɬɟɩɥɨɨɛɦɟɧɧɢɤɢ ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɢ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɬɭɪ-
ɛɨɭɫɬɚɧɨɜɤɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɤɨɧɞɟɧɫɚɬɚ ɜɬɨɪɨɝɨ ɪɚɫɲɢɪɢɬɟɥɹ ɩɪɨɞɭɜɤɢ 

ɤɨɬɥɚ. 
Ɋɚɫɯɨɞ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɧɚ Ɍɗɋ ɫ ɩɪɹɦɨɬɨɱɧɵɦɢ ɤɨɬɥɚɦɢ ɛɟɡ 

ɜɧɟɲɧɢɯ ɩɨɬɟɪɶ 
Ɍɗɋ
ɩ.ɜ ɤ ɜɬ ɜɬ 0D D D D D= + = +∑ .                             (7.9) 

 

 

7.2. ɋɉɈɋɈȻɕ ɉɈȾȽɈɌɈȼɄɂ ȼɈȾɕ ȾɅə ȼɈɋɉɈɅɇȿɇɂə 

ɉɈɌȿɊɖ ɉȺɊȺ ɂ ɄɈɇȾȿɇɋȺɌȺ ɇȺ Ɍɗɋ 

 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɦɢɪɨɜɨɣ ɩɪɚɤɬɢɤɟ ɢ ɧɚ Ɍɗɋ Ɋɨɫɫɢɢ ɩɪɢɦɟ-
ɧɹɸɬɫɹ ɜ ɨɫɧɨɜɧɨɦ ɬɪɢ ɫɩɨɫɨɛɚ ɨɛɟɫɫɨɥɢɜɚɧɢɹ ɜɨɞɵ ɞɥɹ ɜɨɫɩɨɥɧɟɧɢɹ 
ɩɨɬɟɪɶ ɩɚɪɚ ɢ ɤɨɧɞɟɧɫɚɬɚ: ɯɢɦɢɱɟɫɤɢɣ (ɢɨɧɨɨɛɦɟɧɧɵɣ), ɬɟɪɦɢɱɟɫɤɢɣ ɢ 

ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɣ ɧɚ ɨɫɧɨɜɟ ɫɨɱɟɬɚɧɢɹ ɭɫɬɚɧɨɜɨɤ ɨɛɪɚɬɧɨɝɨ ɨɫɦɨɫɚ ɫ 
ɭɫɬɚɧɨɜɤɚɦɢ ɯɢɦɢɱɟɫɤɨɝɨ (ɢɨɧɨɨɛɦɟɧɧɨɝɨ) ɨɛɟɫɫɨɥɢɜɚɧɢɹ. 

ɉɪɢ ɜɵɛɨɪɟ ɫɩɨɫɨɛɚ ɩɨɞɝɨɬɨɜɤɢ ɜɨɞɵ ɨɛɵɱɧɨ ɭɱɢɬɵɜɚɸɬ ɤɚɱɟɫɬɜɨ 
ɢɫɯɨɞɧɨɣ ɜɨɞɵ, ɤɨɥɢɱɟɫɬɜɨ ɢ ɤɚɱɟɫɬɜɨ ɫɬɨɱɧɵɯ ɜɨɞ, ɜɨɡɦɨɠɧɨɫɬɶ ɢɯ 
ɫɛɪɨɫɚ ɢɥɢ ɭɬɢɥɢɡɚɰɢɢ, ɚ ɬɚɤɠɟ ɧɚɞɟɠɧɨɫɬɶ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɨɛɨɪɭɞɨɜɚ-
ɧɢɹ. 

ɉɪɢ ɫɪɟɞɧɟɝɨɞɨɜɨɦ ɫɭɦɦɚɪɧɨɦ ɫɨɞɟɪɠɚɧɢɢ ɚɧɢɨɧɨɜ ɫɢɥɶɧɵɯ ɤɢ-

ɫɥɨɬ ɜ ɢɫɯɨɞɧɨɣ ɜɨɞɟ ɞɨ 5,0 ɦɝ-ɷɤɜ/ɥ, ɚ ɬɚɤɠɟ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɫɩɟɰɢɮɢ-

ɱɟɫɤɢɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ, ɤɨɬɨɪɵɟ ɜ ɞɨɥɠɧɨɣ ɦɟɪɟ ɧɟ ɭɞɚɥɹɸɬ-
ɫɹ ɩɪɢ ɤɨɚɝɭɥɹɰɢɢ ɢ ɢɡɜɟɫɬɤɨɜɚɧɢɢ, ɜɨɫɩɨɥɧɟɧɢɟ ɩɨɬɟɪɶ ɩɪɨɢɡɜɨɞɢɬɫɹ 
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ɯɢɦɢɱɟɫɤɢ ɨɛɟɫɫɨɥɟɧɧɨɣ ɜɨɞɨɣ ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɭɫɥɨɜɢɣ ɫɛɪɨɫɚ ɪɟɝɟɧɟ-
ɪɚɰɢɨɧɧɵɯ ɫɬɨɱɧɵɯ ɜɨɞ. 

ɉɪɢ ɫɪɟɞɧɟɝɨɞɨɜɨɦ ɫɨɞɟɪɠɚɧɢɢ ɚɧɢɨɧɨɜ ɫɢɥɶɧɵɯ ɤɢɫɥɨɬ ɜ ɢɫɯɨɞ-

ɧɨɣ ɜɨɞɟ ɛɨɥɟɟ 5,0 ɦɝ-ɷɤɜ/ɥ ɜɨɫɩɨɥɧɟɧɢɟ ɩɨɬɟɪɶ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɨɢɡ-
ɜɨɞɢɬɶ ɞɢɫɬɢɥɥɹɬɨɦ ɢɫɩɚɪɢɬɟɥɶɧɵɯ ɢ ɩɚɪɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶɧɵɯ ɭɫɬɚɧɨ-
ɜɨɤ ɢɥɢ ɨɛɟɫɫɨɥɟɧɧɨɣ ɜɨɞɨɣ, ɩɨɥɭɱɟɧɧɨɣ ɩɭɬɟɦ ɫɨɱɟɬɚɧɢɹ ɯɢɦɢɱɟɫɤɨɝɨ 
ɨɛɟɫɫɨɥɢɜɚɧɢɹ ɫ ɦɟɦɛɪɚɧɧɵɦɢ ɦɟɬɨɞɚɦɢ. 

ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɷɬɢ ɝɪɚɧɢɰɵ ɷɮɮɟɤɬɢɜɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɪɚɡ-
ɥɢɱɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɨɛɟɫɫɨɥɢɜɚɧɢɹ ɫɬɚɜɹɬɫɹ ɩɨɞ ɫɨɦɧɟɧɢɟ. Ɍɚɤ, ɧɚɩɪɢ-

ɦɟɪ, ɩɪɢ ɫɨɫɬɚɜɥɟɧɢɢ ɨɱɟɪɟɞɧɨɣ ɪɟɞɚɤɰɢɢ «ɇɨɪɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ Ɍɗɋ» ɪɹɞ ɨɪɝɚɧɢɡɚɰɢɣ ɪɟɤɨɦɟɧɞɭɟɬ ɯɢɦɢɱɟɫɤɨɟ ɨɛɟɫ-
ɫɨɥɢɜɚɧɢɟ ɩɪɢɦɟɧɹɬɶ ɩɪɢ ɫɪɟɞɧɟɝɨɞɨɜɨɦ ɫɨɞɟɪɠɚɧɢɢ ɚɧɢɨɧɨɜ ɫɢɥɶɧɵɯ 
ɤɢɫɥɨɬ ɜ ɢɫɯɨɞɧɨɣ ɜɨɞɟ ɞɨ 7,0 ɦɝ-ɷɤɜ/ɥ, ɚ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɟ ɢ ɬɟɪɦɢɱɟ-
ɫɤɨɟ – ɩɪɢ ɛɨɥɶɲɟɦ ɢɯ ɫɨɞɟɪɠɚɧɢɢ. Ɍɟɪɦɢɱɟɫɤɨɟ ɨɛɟɫɫɨɥɢɜɚɧɢɟ ɪɟɤɨ-
ɦɟɧɞɭɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɚɤɠɟ ɩɪɢ ɫɪɟɞɧɟɝɨɞɨɜɨɦ ɫɨɞɟɪɠɚɧɢɢ ɜ ɢɫɯɨɞ-

ɧɨɣ ɜɨɞɟ ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɩɨ ɩɟɪɦɚɧɝɚɧɚɬɧɨɣ ɨɤɢɫɥɹɟɦɨɫɬɢ 

ɛɨɥɟɟ 20 ɦɝ O2/ɥ ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɚɧɢɨɧɨɜ ɫɢɥɶɧɵɯ ɤɢɫɥɨɬ 
ɢɥɢ ɩɪɢ ɥɸɛɨɦ ɫɨɞɟɪɠɚɧɢɢ ɜ ɢɫɯɨɞɧɨɣ ɜɨɞɟ ɚɧɢɨɧɨɜ ɫɢɥɶɧɵɯ ɤɢɫɥɨɬ 
ɩɪɢ ɪɚɛɨɬɟ ɢɫɩɚɪɢɬɟɥɶɧɵɯ ɭɫɬɚɧɨɜɨɤ ɛɟɡ ɬɟɩɥɨɜɵɯ ɩɨɬɟɪɶ. ɋɭɳɟɫɬɜɭɸɬ 
ɢ ɞɪɭɝɢɟ ɬɨɱɤɢ ɡɪɟɧɢɹ. 

ɇɚ ɨɬɟɱɟɫɬɜɟɧɧɵɯ Ɍɗɋ ɩɪɢ ɩɨɞɝɨɬɨɜɤɟ ɞɨɛɚɜɨɱɧɨɣ ɜɨɞɵ ɞɥɹ ɩɢ-

ɬɚɧɢɹ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɤɨɬɥɨɜ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɬɫɹ ɯɢɦɢɱɟɫɤɨɟ (ɢɨɧɨ-
ɨɛɦɟɧɧɨɟ) ɨɛɟɫɫɨɥɢɜɚɧɢɟ ɢɫɯɨɞɧɨɣ ɜɨɞɵ ɩɨ ɦɧɨɝɨɫɬɭɩɟɧɱɚɬɵɦ ɫɯɟɦɚɦ 

ɫ ɩɚɪɚɥɥɟɥɶɧɨ-ɬɨɱɧɵɦɢ ɮɢɥɶɬɪɚɦɢ ɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜ ɨɫɧɨɜɧɨɦ ɨɬɟ-
ɱɟɫɬɜɟɧɧɵɯ ɢɨɧɢɬɨɜ. ɉɪɢ ɷɬɨɦ ɧɚ ɪɟɝɟɧɟɪɚɰɢɸ ɢɨɧɢɬɧɵɯ ɮɢɥɶɬɪɨɜ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɦɢ ɫɬɪɚɧɵ ɪɚɫɯɨɞɭɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɟɪɧɨɣ 

ɤɢɫɥɨɬɵ ɢ ɟɞɤɨɝɨ ɧɚɬɪɚ. Ɉɛɪɚɡɭɸɳɢɟɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɰɟɫɫɚ ɦɢɧɟɪɚ-
ɥɢɡɨɜɚɧɧɵɟ ɫɬɨɱɧɵɟ ɜɨɞɵ ɩɨɫɥɟ ɢɯ ɧɟɣɬɪɚɥɢɡɚɰɢɢ ɢ ɪɚɡɛɚɜɥɟɧɢɹ ɫɛɪɚ-
ɫɵɜɚɸɬɫɹ ɜ ɜɨɞɧɵɟ ɢɫɬɨɱɧɢɤɢ ɧɚ ɫɨɝɥɚɫɨɜɚɧɧɵɯ ɫ ɩɪɢɪɨɞɨɨɯɪɚɧɧɵɦɢ 

ɨɪɝɚɧɚɦɢ ɭɫɥɨɜɢɹɯ. 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɨɬɟɱɟɫɬɜɟɧɧɨɣ ɩɪɚɤɬɢɤɟ ɯɢɦɢɱɟɫɤɨɝɨ ɨɛɟɫ-

ɫɨɥɢɜɚɧɢɹ ɜɨɞɵ ɭɜɟɥɢɱɢɥɨɫɶ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɢɦɩɨɪɬɧɵɯ ɫɦɨɥ ɪɚɡɥɢɱɧɨ-
ɝɨ ɧɚɡɧɚɱɟɧɢɹ ɢ ɧɚɱɚɥɢ ɩɪɢɦɟɧɹɬɶɫɹ ɡɚɪɭɛɟɠɧɵɟ ɩɪɨɬɢɜɨɬɨɱɧɵɟ ɬɟɯɧɨ-
ɥɨɝɢɢ ɫ ɬɚɤ ɧɚɡɵɜɚɟɦɵɦ ɩɪɹɦɵɦ ɢ ɨɛɪɚɬɧɵɦ ɩɪɨɬɢɜɨɬɨɤɨɦ, ɬɚɤɢɟ ɤɚɤ 
Schwebebett, Amberpack ɢ ɞɪ. 

Ɉɩɵɬ ɩɪɢɦɟɧɟɧɢɹ ɩɪɨɬɢɜɨɬɨɱɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɧɚ ɜɨɞɨɩɨɞɝɨɬɨɜɢ-

ɬɟɥɶɧɵɯ ɭɫɬɚɧɨɜɤɚɯ (ȼɉɍ) ɨɬɟɱɟɫɬɜɟɧɧɵɯ Ɍɗɋ ɩɨɤɚɡɚɥ, ɱɬɨ ɩɨ ɫɪɚɜɧɟ-
ɧɢɸ ɫ ɩɪɹɦɨɬɨɤɨɦ ɪɚɫɯɨɞ ɪɟɚɝɟɧɬɨɜ ɧɚ ɪɟɝɟɧɟɪɚɰɢɸ ɫɧɢɠɚɟɬɫɹ ɜ ɫɪɟɞ-

ɧɟɦ ɧɚ 50–60 %, ɚ ɪɚɫɯɨɞ ɜɨɞɵ – ɜ 1,5–2 ɪɚɡɚ. Ʉɪɨɦɟ ɬɨɝɨ, ɭɦɟɧɶɲɚɸɬɫɹ 
ɱɢɫɥɨ ɢɫɩɨɥɶɡɭɟɦɵɯ ɮɢɥɶɬɪɨɜ ɢ ɩɨɬɪɟɛɧɨɫɬɶ ɜ ɢɨɧɨɨɛɦɟɧɧɨɦ ɦɚɬɟɪɢɚ-
ɥɟ. 
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ɇɚ ɪɢɫ. 7.4 ɢɡɨɛɪɚɠɟɧɚ ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ 
ɯɢɦɢɱɟɫɤɨɝɨ ɨɛɟɫɫɨɥɢɜɚɧɢɹ ɜɨɞɵ. Ɉɛɟɫɫɨɥɢɜɚɧɢɟ ɜɨɞɵ ɩɨ ɷɬɨɣ ɫɯɟɦɟ 
ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɩɪɟɞɜɚɪɢɬɟɥɶɧɭɸ ɨɛɪɚɛɨɬɤɭ ɢɫɯɨɞɧɨɣ ɜɨɞɵ ɜ ɨɫɜɟɬɥɢ-

ɬɟɥɹɯ ɢɡɜɟɫɬɶɸ, ɤɨɚɝɭɥɹɧɬɨɦ ɢ ɮɥɨɤɭɥɹɧɬɨɦ, ɫɛɨɪ ɨɫɜɟɬɥɟɧɧɨɣ ɜɨɞɵ ɜ 
ɛɚɤɚɯ, ɮɢɥɶɬɪɚɰɢɸ ɨɫɜɟɬɥɟɧɧɨɣ ɜɨɞɵ ɱɟɪɟɡ ɦɟɯɚɧɢɱɟɫɤɢɟ ɮɢɥɶɬɪɵ, ɩɨ-
ɫɥɟɞɭɸɳɟɟ ɝɥɭɛɨɤɨɟ ɨɛɟɫɫɨɥɢɜɚɧɢɟ ɨɫɜɟɬɥɟɧɧɨɣ ɜɨɞɵ ɜ ɩɪɨɬɢɜɨɬɨɱɧɵɯ 
ɇ- ɢ Ɉɇ-ɮɢɥɶɬɪɚɯ. Ɋɟɝɟɧɟɪɚɰɢɹ ɢɨɧɢɬɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɪɚɫɬɜɨɪɨɦ 

ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ ɢ ɟɞɤɢɦ ɧɚɬɪɨɦ. Ⱦɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɪɟɝɟɧɟɪɚɰɢɨɧɧɵɯ 
ɪɚɫɬɜɨɪɨɜ ɢ ɨɬɦɵɜɤɢ ɢɨɧɢɬɨɜ ɨɬ ɩɪɨɞɭɤɬɨɜ ɪɟɝɟɧɟɪɚɰɢɢ ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɨɛɟɫɫɨɥɟɧɧɚɹ ɜɨɞɚ. 

 

 
 
Ɋɢɫ. 7.4. ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɯɢɦɢɱɟɫɤɨɝɨ ɨɛɟɫɫɨɥɢɜɚɧɢɹ ɜɨɞɵ: 

1 – ɨɫɜɟɬɥɢɬɟɥɶ; 2 – ɛɚɤ ɨɫɜɟɬɥɟɧɧɨɣ ɜɨɞɵ; 3 – ɦɟɯɚɧɢɱɟɫɤɢɣ ɮɢɥɶɬɪ, 4 – ɩɪɨɬɢ-
ɜɨɬɨɱɧɵɣ ɇ-ɮɢɥɶɬɪ; 5 – ɩɪɨɬɢɜɨɬɨɱɧɵɣ Ɉɇ-ɮɢɥɶɬɪ; 6 – ɲɥɚɦɨɭɩɥɨɬɧɢɬɟɥɶɧɚɹ 
ɫɬɚɧɰɢɹ 
 

 
Ɋɢɫ. 7.5. ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ ɨɛɟɫɫɨɥɢɜɚɧɢɹ 
ɜɨɥɵ: 

4 – ɭɫɬɚɧɨɜɤɚ ɨɛɪɚɬɧɨɝɨ ɨɫɦɨɫɚ; 5 – ɇ-ɮɢɥɶɬɪ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ; 6 – Ɉɇ-ɮɢɥɶɬɪ 
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ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ; 7– ɲɥɚɦɨɭɩɥɨɬɧɢɬɟɥɶɧɚɹ ɫɬɚɧɰɢɹ; ɨɫɬɚɥɶɧɵɟ ɨɛɨɡɧɚɱɟɧɢɹ ɬɟ 
ɠɟ, ɱɬɨ ɧɚ ɪɢɫ. 5.4 

 

Ɉɛɟɫɫɨɥɢɜɚɧɢɟ ɜɨɞɵ ɩɨ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ ɫɯɟɦɟ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ 
ɪɢɫ. 7.5. Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɭɫɬɚɧɨɜɤɢ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɩɪɟɞɜɚɪɢ-

ɬɟɥɶɧɭɸ ɨɛɪɚɛɨɬɤɭ ɢɫɯɨɞɧɨɣ ɜɨɞɵ ɜ ɨɫɜɟɬɥɢɬɟɥɹɯ ɢɡɜɟɫɬɶɸ, ɤɨɚɝɭɥɹɧ-

ɬɨɦ ɢ ɮɥɨɤɭɥɹɧɬɨɦ, ɫɛɨɪ ɨɫɜɟɬɥɟɧɧɨɣ ɜɨɞɵ ɜ ɛɚɤɚɯ, ɮɢɥɶɬɪɚɰɢɸ ɨɫɜɟɬ-
ɥɟɧɧɨɣ ɜɨɞɵ ɱɟɪɟɡ ɦɟɯɚɧɢɱɟɫɤɢɟ ɮɢɥɶɬɪɵ, ɩɨɞɤɢɫɥɟɧɢɟ ɜɨɞɵ ɫɟɪɧɨɣ 

ɤɢɫɥɨɬɨɣ ɢ ɞɨɡɢɪɨɜɚɧɢɟ ɚɧɬɢɫɤɚɥɹɧɬɨɜ ɩɟɪɟɞ ɭɫɬɚɧɨɜɤɨɣ ɨɛɪɚɬɧɨɝɨ ɨɫ-
ɦɨɫɚ (ɍɈɈ), ɩɨɞɚɱɭ ɜɨɞɵ ɱɟɪɟɡ ɮɢɥɶɬɪɵ ɬɨɧɤɨɣ ɨɱɢɫɬɤɢ ɜ ɍɈɈ, ɞɨ-
ɨɛɟɫɫɨɥɢɜɚɧɢɟ ɟɟ ɩɨɫɥɟ ɍɈɈ ɜ ɇ- ɢ Ɉɇ-ɮɢɥɶɬɪɚɯ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɞɟɣɫɬɜɭɟɬ ɪɹɞ ɨɬɧɨ-
ɫɢɬɟɥɶɧɨ ɤɪɭɩɧɵɯ ɭɫɬɚɧɨɜɨɤ ɨɛɪɚɬɧɨɝɨ ɨɫɦɨɫɚ, ɜɯɨɞɹɳɢɯ ɜ ɫɨɫɬɚɜ ɤɨɦ-

ɛɢɧɢɪɨɜɚɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɩɨɥɭɱɟɧɢɹ ɝɥɭɛɨɤɨ ɨɛɟɫɫɨɥɟɧɧɨɣ ɜɨɞɵ. Ɍɚ-
ɤɢɟ ɭɫɬɚɧɨɜɤɢ ɢɦɟɸɬɫɹ ɧɚ Ɍɗɐ-23 ɈȺɈ «Ɇɨɫɷɧɟɪɝɨ», ɇɢɠɧɟɤɚɦɫɤɨɣ 

Ɍɗɐ-1. ɇɚ Ɍɗɐ-23 ɈȺɈ «Ɇɨɫɷɧɟɪɝɨ» ɭɫɬɚɧɨɜɤɚ ɨɛɪɚɬɧɨɝɨ ɨɫɦɨɫɚ ɩɪɨ-
ɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 50 ɬ/ɱ ɷɤɫɩɥɭɚɬɢɪɭɟɬɫɹ ɫ 1997 ɝ. 

ɇɚ ɪɢɫ. 7.6 ɩɪɟɞɫɬɚɜɥɟɧɚ ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ 
ɬɟɪɦɢɱɟɫɤɨɝɨ ɨɛɟɫɫɨɥɢɜɚɧɢɹ ɜɨɞɵ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɢɫɩɚɪɢɬɟɥɟɣ ɬɢɩɚ ɂ. 

ȼ ɫɯɟɦɟ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɤɨɚɝɭɥɹɰɢɹ ɢ ɢɡɜɟɫɬɤɨɜɚɧɢɟ ɢɫɯɨɞɧɨɣ ɜɨɞɵ, 

ɦɟɯɚɧɢɱɟɫɤɚɹ ɮɢɥɶɬɪɚɰɢɹ, Na-ɤɚɬɢɨɧɢɪɨɜɚɧɢɟ, ɬɟɪɦɢɱɟɫɤɚɹ ɞɟɚɷɪɚɰɢɹ. 
ɉɨɫɥɟ ɷɬɨɝɨ ɭɦɹɝɱɟɧɧɚɹ ɜɨɞɚ ɩɨɞɚɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɩɢɬɚɬɟɥɶɧɨɣ ɜ ɢɫɩɚɪɢ-

ɬɟɥɶɧɭɸ ɭɫɬɚɧɨɜɤɭ. 

 
 

Ɋɢɫ. 7.6. ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɬɟɪɦɢɱɟɫɤɨɝɨ ɨɛɟɫɫɨɥɢɜɚɧɢɹ ɜɨ-
ɞɵ: 

4 – Nɚ-ɮɢɥɶɬɪ; 5 – ɞɟɚɷɪɚɬɨɪ; 6 – ɢɫɩɚɪɢɬɟɥɶɧɚɹ ɭɫɬɚɧɨɜɤɚ; ɨɫɬɚɥɶɧɵɟ ɨɛɨɡɧɚɱɟ-
ɧɢɹ ɬɟ ɠɟ, ɱɬɨ ɧɚ ɪɢɫ. 7.5 

 

ȼɨɡɦɨɠɧɵ ɢ ɞɪɭɝɢɟ ɫɯɟɦɵ ɨɛɟɫɫɨɥɢɜɚɧɢɹ ɜɨɞɵ. 
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ɋɭɬɶ ɬɟɪɦɢɱɟɫɤɨɝɨ ɨɛɟɫɫɨɥɢɜɚɧɢɹ ɜɨɞɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɟɟ ɢɫɩɚɪɟ-
ɧɢɢ ɡɚ ɫɱɟɬ ɬɟɩɥɨɬɵ ɩɚɪɚ ɢɡ ɨɬɛɨɪɚ ɬɭɪɛɢɧɵ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɤɨɧɞɟɧɫɚ-
ɰɢɟɣ ɜɬɨɪɢɱɧɨɝɨ ɩɚɪɚ. ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ ɱɬɨ ɜ ɩɪɨɰɟɫɫɟ ɢɫɩɚɪɟɧɢɹ ɫ ɜɬɨ-
ɪɢɱɧɵɦ ɩɚɪɨɦ ɭɧɨɫɢɬɫɹ ɱɚɫɬɶ ɜɨɞɵ ɜ ɜɢɞɟ ɤɚɩɟɥɶ ɫ ɫɨɞɟɪɠɚɳɢɦɢɫɹ ɜ 
ɧɟɣ ɩɪɢɦɟɫɹɦɢ, ɱɢɫɬɨɬɚ ɞɢɫɬɢɥɥɹɬɚ ɢɫɩɚɪɢɬɟɥɟɣ ɩɨɥɭɱɚɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ 
ɜɵɫɨɤɨɣ, ɩɨɫɤɨɥɶɤɭ ɨɫɧɨɜɧɚɹ ɱɚɫɬɶ ɜɟɳɟɫɬɜ, ɩɨɫɬɭɩɢɜɲɢɯ ɫ ɩɢɬɚɬɟɥɶ-
ɧɨɣ ɜɨɞɨɣ ɜ ɢɫɩɚɪɢɬɟɥɶ, ɨɫɬɚɟɬɫɹ ɜ ɟɝɨ ɤɨɧɰɟɧɬɪɚɬɟ ɤɚɤ ɩɪɨɞɭɤɬɟ ɜɵɩɚ-
ɪɢɜɚɧɢɹ ɜɨɞɵ ɜ ɧɟɦ ɢ ɜɵɜɨɞɢɬɫɹ ɢɡ ɢɫɩɚɪɢɬɟɥɹ ɧɟɩɪɟɪɵɜɧɨ ɫ ɟɝɨ ɩɪɨ-
ɞɭɜɤɨɣ. 

ȼ ɧɚɲɟɣ ɫɬɪɚɧɟ ɷɧɟɪɝɨɦɚɲɢɧɨɫɬɪɨɢɬɟɥɶɧɵɦɢ ɡɚɜɨɞɚɦɢ ɜɵɩɭɫɤɚ-
ɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɢɫɩɚɪɢɬɟɥɢ: ɝɨɪɢɡɨɧɬɚɥɶɧɨ-ɬɪɭɛɧɵɟ ɩɥɟɧɨɱɧɵɟ; 
«ɦɝɧɨɜɟɧɧɨɝɨ» ɜɫɤɢɩɚɧɢɹ; ɫ ɜɵɧɨɫɧɨɣ ɡɨɧɨɣ ɤɢɩɟɧɢɹ ɢ ɬɢɩɚ ɂ. 

Ɉɛɨɛɳɟɧɢɟ ɨɩɵɬɚ ɩɪɢɦɟɧɟɧɢɹ ɬɟɪɦɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ ɨɛɟɫɫɨɥɢɜɚ-
ɧɢɹ ɞɨɛɚɜɨɱɧɨɣ ɜɨɞɵ ɧɚ Ɍɗɋ Ɋɨɫɫɢɢ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɧɚɢɛɨɥɶɲɟɟ ɪɚɫ-
ɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɭɱɢɥɢ ɢɫɩɚɪɢɬɟɥɢ ɬɢɩɚ ɂ ɢ ɪɹɞ ɫɯɟɦ ɢɯ ɜɤɥɸɱɟɧɢɹ: 

• ɛɥɨɱɧɵɟ ɢɫɩɚɪɢɬɟɥɶɧɵɟ ɭɫɬɚɧɨɜɤɢ (Ȼɂɍ), ɜɤɥɸɱɟɧɧɵɟ ɜ ɫɢɫɬɟɦɭ 
ɩɨɞɨɝɪɟɜɚ ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɬɭɪɛɢɧ ɧɚ Ʉɗɋ; 

• Ȼɂɍ, ɜɤɥɸɱɟɧɧɵɟ ɜ ɫɢɫɬɟɦɭ ɩɨɞɨɝɪɟɜɚ ɫɟɬɟɜɨɣ ɜɨɞɵ ɧɚ Ɍɗɐ; 

• ɦɧɨɝɨɫɬɭɩɟɧɱɚɬɵɟ ɢɫɩɚɪɢɬɟɥɶɧɵɟ ɭɫɬɚɧɨɜɤɢ (Ɇɂɍ) ɧɚ ɩɪɨɦɵɲ-

ɥɟɧɧɨ-ɨɬɨɩɢɬɟɥɶɧɵɯ Ɍɗɐ; 

• ɩɚɪɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶɧɵɟ ɭɫɬɚɧɨɜɤɢ ɧɚ ɩɪɨɦɵɲɥɟɧɧɵɯ Ɍɗɐ. 

Ⱥɧɚɥɢɡ ɬɟɩɥɨɜɵɯ ɫɯɟɦ ɤɨɧɞɟɧɫɚɰɢɨɧɧɵɯ ɬɭɪɛɨɭɫɬɚɧɨɜɨɤ ɩɨɤɚɡɵ-

ɜɚɟɬ, ɱɬɨ ɜɨ ɜɫɟɯ ɫɥɭɱɚɹɯ ɧɟɨɛɯɨɞɢɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɞɨɛɚɜɨɱɧɨɣ ɜɨɞɵ 

ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧɨ ɨɬ ɢɫɩɚɪɢɬɟɥɶɧɵɯ ɭɫɬɚɧɨɜɨɤ (ɨɞɧɨɣ ɢɥɢ ɞɜɭɯ), 
ɜɤɥɸɱɟɧɧɵɯ ɜ ɪɟɝɟɧɟɪɚɬɢɜɧɭɸ ɫɢɫɬɟɦɭ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ. 

ɇɚ ɪɢɫ. 7.7 ɩɨɤɚɡɚɧɚ ɫɯɟɦɚ ɜɤɥɸɱɟɧɢɹ Ȼɂɍ ɜ ɫɢɫɬɟɦɭ ɩɨɞɨɝɪɟɜɚ 
ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɬɭɪɛɢɧɵ Ʉ-300-240. 

ɂɫɩɚɪɢɬɟɥɶɧɚɹ ɭɫɬɚɧɨɜɤɚ ɩɨ ɝɪɟɸɳɟɦɭ ɩɚɪɭ ɜɤɥɸɱɚɟɬɫɹ ɜ ɨɬɛɨɪ 
VI ɬɭɪɛɢɧɵ, ɚ ɤɨɧɞɟɧɫɚɬɨɪ ɢɫɩɚɪɢɬɟɥɹ – ɜ ɪɚɫɫɟɱɤɭ ɦɟɠɞɭ ɉɇȾ-3 ɢ 

ɉɇȾ-2. Ⱦɥɹ ɫɧɢɠɟɧɢɹ ɬɟɩɥɨɜɵɯ ɩɨɬɟɪɶ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɞɢɫɬɢɥɥɹɬɚ 
ɩɨɫɥɟɞɧɢɣ ɩɟɪɟɞ ɩɨɞɚɱɟɣ ɜ ɤɨɧɞɟɧɫɚɬɨɪ ɬɭɪɛɢɧɵ ɨɯɥɚɠɞɚɟɬɫɹ ɯɢɦɢɱɟ-
ɫɤɢ ɨɱɢɳɟɧɧɨɣ ɜɨɞɨɣ. 

ɗɤɫɩɥɭɚɬɚɰɢɹ ɬɚɤɢɯ Ȼɂɍ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɩɪɢɜɨɞɢɬ ɤ ɢɡɦɟɧɟɧɢɸ 

ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ ɪɟɝɟɧɟɪɚɰɢɢ ɬɭɪɛɢɧ ɢ ɬɟɩɥɨɜɨɣ ɷɤɨɧɨɦɢɱɧɨɫɬɢ 

Ʉɗɋ, ɩɨɫɤɨɥɶɤɭ ɜɫɹ ɬɟɩɥɨɬɚ, ɨɬɨɛɪɚɧɧɚɹ ɩɚɪɨɦ ɢɡ ɧɟɪɟɝɭɥɢɪɭɟɦɨɝɨ ɨɬ-
ɛɨɪɚ ɬɭɪɛɢɧɵ ɧɚ ɨɫɭɳɟɫɬɜɥɟɧɢɟ ɩɪɨɰɟɫɫɚ ɞɢɫɬɢɥɥɹɰɢɢ, ɜɨɡɜɪɚɳɚɟɬɫɹ ɜ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɣ ɰɢɤɥ. ɇɢɠɟ ɩɪɢɜɨɞɢɬɫɹ ɦɟɬɨɞɢɤɚ ɩɨɜɟɪɨɱɧɨɝɨ ɪɚɫ-
ɱɟɬɚ ɨɞɧɨɫɬɭɩɟɧɱɚɬɨɣ ɛɥɨɱɧɨɣ ɢɫɩɚɪɢɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ. 
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Ɋɢɫ. 7.7. ɋɯɟɦɚ ɜɤɥɸɱɟɧɢɹ Ȼɂɍ ɜ ɫɢɫɬɟɦɭ ɩɨɞɨɝɪɟɜɚ ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɬɭɪɛɢɧɵ 

Ʉ-300-240: 

V–IX– ɧɨɦɟɪɚ ɨɬɛɨɪɨɜ; ȻɈɍ– ɛɥɨɱɧɚɹ ɨɛɟɫɫɨɥɢɜɚɸɳɚɹ ɭɫɬɚɧɨɜɤɚ 
 

Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɩɟɪɟɞɚɜɚɟɦɨɣ ɨɬ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɜ ɢɫɩɚɪɢɬɟ-
ɥɟ, ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɜ ɜɢɞɟ 

ɢ ɜɬ ɜɬ ɩ.ɜ ɩɪ ɜɬ ɩ.ɜ( ) ( )Q D h h D h h′′ ′= − + − ,                       (7.10) 

ɝɞɟ  
ɜɬD  – ɤɨɥɢɱɟɫɬɜɨ ɜɬɨɪɢɱɧɨɝɨ ɩɚɪɚ ɢɫɩɚɪɢɬɟɥɹ, ɤɝ/ɫ;  
ɩɪD  – ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɞɭɜɨɱɧɨɣ ɜɨɞɵ ɢɫɩɚɪɢɬɟɥɹ, ɤɝ/ɫ;  

ɜɬ ɜɬ ɩ.ɜ, ,h h h′′ ′  – ɷɧɬɚɥɶɩɢɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜɬɨɪɢɱɧɨɝɨ ɩɚɪɚ, ɟɝɨ ɤɨɧɞɟɧɫɚɬɚ 
ɢ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ, ɩɨɫɬɭɩɚɸɳɟɣ ɜ ɢɫɩɚɪɢɬɟɥɶ, ɤȾɠ/ɤɝ.  

Ɍɟɩɥɨɬɚ ɤɨɧɞɟɧɫɚɰɢɢ ɜɬɨɪɢɱɧɨɝɨ ɩɚɪɚ ɩɟɪɟɞɚɟɬɫɹ ɜ ɤɨɧɞɟɧɫɚɬɨɪɟ 
ɢɫɩɚɪɢɬɟɥɹ ɨɫɧɨɜɧɨɦɭ ɤɨɧɞɟɧɫɚɬɭ, ɢɡɦɟɧɹɹ ɟɝɨ ɷɧɬɚɥɶɩɢɸ ɨɬ ɤ.ɢ1h  ɞɨ 
ɤ.ɢ2h , ɬ.ɟ. 

ɤ.ɢ ɨ.ɤ ɤ.ɢ2 ɤ.ɢ1( )Q G h h= − ,                                 (7.11) 

ɝɞɟ  
ɨ.ɤG  – ɪɚɫɯɨɞ ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ, ɩɪɨɯɨɞɹɳɟɝɨ ɱɟɪɟɡ ɤɨɧɞɟɧɫɚɬɨɪ 

ɢɫɩɚɪɢɬɟɥɹ, ɤɝ/ɫ. 
Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɨɩɪɟɞɟɥɹɟɦɨɟ ɩɨ (7.10), ɦɨɠɟɬ ɛɵɬɶ ɬɚɤɠɟ 

ɧɚɣɞɟɧɨ ɢɡ ɭɪɚɜɧɟɧɢɹ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɞɥɹ ɢɫɩɚɪɢɬɟɥɹ: 
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ɢ ɢ ɢ ɢQ k t F= ⋅Δ ⋅ ,                                       (7.12) 

ɝɞɟ  
ɢk  – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɜ ɢɫɩɚɪɢɬɟɥɟ, ɤȼɬ/(ɦ2Ʉ);  

ɢtΔ  – ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ ɜ ɢɫɩɚɪɢɬɟɥɟ, °ɋ;  

ɢF  – ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɝɪɟɸɳɟɣ ɫɟɤɰɢɢ ɢɫɩɚɪɢɬɟɥɹ, ɦ2
. 

Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ ɜ ɢɫɩɚɪɢɬɟɥɟ ɪɚɜɟɧ ɪɚɡɧɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪ 
ɧɚɫɵɳɟɧɢɹ ɝɪɟɸɳɟɝɨ ɢ ɜɬɨɪɢɱɧɨɝɨ ɩɚɪɚ: ɢ ɝɪ ɜɬt t t′ ′Δ = − . 

Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɨɩɪɟɞɟɥɹɟɦɨɟ ɩɨ (7.11), ɦɨɠɟɬ ɛɵɬɶ ɪɚɫɫɱɢ-

ɬɚɧɨ ɢɡ ɭɪɚɜɧɟɧɢɹ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɞɥɹ ɤɨɧɞɟɧɫɚɬɨɪɚ ɢɫɩɚɪɢɬɟɥɹ (Ʉɂ): 

ɤ.ɢ ɤ.ɢ ɤ.ɢ ɤ.ɢQ k t F= ⋅Δ ⋅ ,                                  (7.13) 

Ɂɧɚɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɧɚɩɨɪɚ ɜ Ʉɂ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɫɪɟɞɧɟɥɨ-
ɝɚɪɢɮɦɢɱɟɫɤɨɟ. ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɢɫɩɚɪɢɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɩɨ ɞɢɫ-
ɬɢɥɥɹɬɭ ɦɨɠɧɨ ɜɵɱɢɫɥɢɬɶ ɢɡ ɫɨɨɬɧɨɲɟɧɢɹ 

ɤ.ɢ
ɢ.ɭ

ɤ.ɢ

Q
D

r
= ,                                  (7.14) 

ɝɞɟ  
ɤ.ɢr  – ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɬɚ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ, ɤȾɠ/ɤɝ. 

ɉɪɟɞɫɬɚɜɥɟɧɧɵɟ ɭɪɚɜɧɟɧɢɹ ɩɨɡɜɨɥɹɸɬ ɨɞɧɨɡɧɚɱɧɨ ɨɩɪɟɞɟɥɢɬɶ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɢɫɩɚɪɢɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ, ɚ ɬɚɤɠɟ ɩɚɪɚɦɟɬɪɵ ɬɟɩ-

ɥɨɧɨɫɢɬɟɥɟɣ ɜ ɢɫɩɚɪɢɬɟɥɟ ɢ ɟɝɨ ɤɨɧɞɟɧɫɚɬɨɪɟ. ɉɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜ ɬɪɭ-
ɛɨɩɪɨɜɨɞɟ ɜɬɨɪɢɱɧɨɝɨ ɩɚɪɚ ɦɨɠɧɨ ɩɪɢɧɢɦɚɬɶ ɪɚɜɧɵɦɢ 5 %. 

ɇɚ ɪɢɫ. 7.8 ɩɪɢɜɟɞɟɧɚ ɬɟɩɥɨɜɚɹ ɫɯɟɦɚ ɜɤɥɸɱɟɧɢɹ ɢɫɩɚɪɢɬɟɥɶɧɨɣ 

ɭɫɬɚɧɨɜɤɢ ɜ ɫɢɫɬɟɦɭ ɩɨɞɨɝɪɟɜɚ ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɛɥɨɤɚ ɦɨɳɧɨɫɬɶɸ 

200 Ɇȼɬ. Ⱦɥɹ ɛɥɨɤɚ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɜɟ ɢɫɩɚɪɢɬɟɥɶɧɵɟ ɭɫɬɚɧɨɜɤɢ, ɨɞɧɚ 
ɢɡ ɧɢɯ ɩɨɞɤɥɸɱɟɧɚ ɤ ɨɬɛɨɪɭ IV, ɞɪɭɝɚɹ – ɤ ɨɬɛɨɪɭ V. ɂɫɩɚɪɢɬɟɥɢ ɢɦɟɸɬ 
ɫɜɨɢ ɤɨɧɞɟɧɫɚɬɨɪɵ Ʉɂ-1 ɢ Ʉɂ-2, ɜɤɥɸɱɟɧɧɵɟ ɜ ɫɢɫɬɟɦɭ ɪɟɝɟɧɟɪɚɬɢɜɧɨ-
ɝɨ ɩɨɞɨɝɪɟɜɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɍɦɹɝɱɟɧɧɚɹ ɩɢɬɚɬɟɥɶɧɚɹ ɜɨɞɚ ɢɫɩɚɪɢɬɟ-
ɥɟɣ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɞɟɚɷɪɢɪɭɟɬɫɹ ɜ ɞɟɚɷɪɚɬɨɪɟ ɩɪɢ ɞɚɜɥɟɧɢɢ 0,12 Ɇɉɚ. 

ɉɪɢɦɟɧɹɸɬɫɹ ɬɚɤɠɟ Ȼɂɍ ɫ ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɣ ɫɯɟɦɨɣ ɜɤɥɸɱɟɧɢɹ 
ɢɫɩɚɪɢɬɟɥɟɣ. ɇɚ ɪɢɫ. 7.9 ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɯɟɦɚ ɜɤɥɸɱɟɧɢɹ ɞɜɭɯɫɬɭɩɟɧɱɚ-
ɬɨɣ ɢɫɩɚɪɢɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɜ ɫɢɫɬɟɦɭ ɩɨɞɨɝɪɟɜɚ ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚ-
ɬɚ ɛɥɨɤɚ ɦɨɳɧɨɫɬɶɸ 800 Ɇȼɬ. ɉɪɢ ɪɚɛɨɬɟ ɬɚɤɨɣ ɭɫɬɚɧɨɜɤɢ ɩɚɪ ɩɟɪɜɨɣ 

ɫɬɭɩɟɧɢ ɢɫɩɚɪɢɬɟɥɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɝɪɟɸɳɟɣ ɫɪɟɞɵ ɜɨ ɜɬɨɪɨɣ 

ɫɬɭɩɟɧɢ, ɚ ɜɵɪɚɛɚɬɵɜɚɟɦɵɣ ɬɪɟɬɢɱɧɵɣ ɩɚɪ ɨɬɜɨɞɢɬɫɹ ɜ ɤɨɧɞɟɧɫɚɬɨɪ ɢɫ-
ɩɚɪɢɬɟɥɹ, ɝɞɟ ɤɨɧɞɟɧɫɢɪɭɟɬɫɹ ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ ɨɫɧɨɜɧɵɦ ɤɨɧɞɟɧɫɚɬɨɦ 

ɬɭɪɛɢɧɵ. ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɢɫɩɚɪɢɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɩɨ ɞɢɫɬɢɥɥɹɬɭ 
ɜɨɡɪɚɫɬɚɟɬ ɩɪɢ ɷɬɨɦ ɜ 1,5–1,7 ɪɚɡɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɞɧɨɫɬɭɩɟɧɱɚɬɨɣ ɭɫ-
ɬɚɧɨɜɤɨɣ. 
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Ɋɢɫ. 7.8. ɋɯɟɦɚ ɜɤɥɸɱɟɧɢɹ Ȼɂɍ ɜ ɫɢɫɬɟɦɭ ɩɨɞɨɝɪɟɜɚ ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɬɭɪɛɢɧɵ 

Ʉ-200-130 ɋɭɪɝɭɬɫɤɨɣ ȽɊɗɋ-1: ɨɛɨɡɧɚɱɟɧɢɹ ɬɟ ɠɟ, ɱɬɨ ɧɚ ɪɢɫ. 7.7.  

 
Ɋɢɫ. 7.9. ɋɯɟɦɚ ɜɤɥɸɱɟɧɢɹ Ȼɂɍ ɜ ɫɢɫɬɟɦɭ ɩɨɞɨɝɪɟɜɚ ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɬɭɪɛɢɧɵ 

Ʉ-800-240 ɋɭɪɝɭɬɫɤɨɣ ȽɊɗɋ-2: ɨɛɨɡɧɚɱɟɧɢɹ ɬɟ ɠɟ, ɱɬɨ ɧɚ ɪɢɫ. 7.7. 
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Ɋɢɫ. 7.10. ɋɯɟɦɚ ɜɤɥɸɱɟɧɢɹ ɢɫɩɚɪɢɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɜ ɫɢɫɬɟɦɭ ɩɨɞɨɝɪɟɜɚ ɫɟɬɟɜɨɣ 

ɜɨɞɵ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɣ ɬɭɪɛɢɧɵ: 

ɋɉ-1 – ɜɟɪɯɧɢɣ ɫɟɬɟɜɨɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ; ɋɉ-2 – ɧɢɠɧɢɣ ɫɟɬɟɜɨɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ; 1 – 

ɩɨɞɜɨɞ ɝɪɟɸɳɟɝɨ ɩɚɪɚ; 2 – ɨɬɜɨɞ ɜɬɨɪɢɱɧɨɝɨ ɩɚɪɚ; 3 – ɩɨɞɜɨɞ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ; 4 

– ɩɪɨɞɭɜɤɚ; 5 – ɨɬɜɨɞ ɤɨɧɞɟɧɫɚɬɚ ɝɪɟɸɳɟɝɨ ɩɚɪɚ; 6,8 – ɩɨɞɜɨɞ ɫɟɬɟɜɨɣ ɜɨɞɵ ɤ Ʉɂ ɢ 
ɨɬɜɨɞ ɟɟ ɩɪɢ ɪɚɛɨɬɟ ɢɫɩɚɪɢɬɟɥɹ ɧɚ ɩɚɪɟ ɧɢɠɧɟɝɨ ɪɟɝɭɥɢɪɭɟɦɨɝɨ ɨɬɛɨɪɚ; 7,9 – ɩɨɞ-
ɜɨɞ ɫɟɬɟɜɨɣ ɜɨɞɵ ɤ Ʉɂ ɢ ɨɬɜɨɞ ɟɟ ɩɪɢ ɪɚɛɨɬɟ ɢɫɩɚɪɢɬɟɥɹ ɧɚ ɩɚɪɟ ɜɟɪɯɧɟɝɨ ɪɟɝɭɥɢ-
ɪɭɟɦɨɝɨ ɨɬɛɨɪɚ 
 

ȼɤɥɸɱɚɟɦɵɟ ɜ ɫɢɫɬɟɦɭ ɩɨɞɨɝɪɟɜɚ ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɬɭɪɛɢɧ 

Ȼɂɍ ɞɥɢɬɟɥɶɧɨɟ ɜɪɟɦɹ ɷɤɫɩɥɭɚɬɢɪɭɸɬɫɹ ɧɚ ɦɧɨɝɢɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ 
Ɋɨɫɫɢɢ (ɋɭɪɝɭɬɫɤɨɣ, ɇɨɜɨ-ɱɟɪɤɚɫɫɤɨɣ, ɉɟɪɦɫɤɨɣ Ɍɗɋ ɢ ɞɪ.). 

Ⱦɥɹ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɯ ɬɭɪɛɨɭɫɬɚɧɨɜɨɤ ɩɪɢ ɨɬɩɭɫɤɟ ɬɟɩɥɨɬɵ ɩɨ-
ɬɪɟɛɢɬɟɥɹɦ ɩɨɬɨɤ ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɞɨ ɜɜɨɞɚ ɤɨɧɞɟɧɫɚɬɚ ɫɟɬɟɜɵɯ 
ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɜɟɫɶɦɚ ɧɟɜɟɥɢɤ ɢ ɧɟ ɦɨɠɟɬ ɨɛɟɫɩɟɱɢɬɶ ɩɨɥɭɱɟɧɢɟ ɬɪɟ-
ɛɭɟɦɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɜɬɨɪɢɱɧɨɝɨ ɩɚɪɚ ɢɫɩɚɪɢɬɟɥɹ. Ⱦɥɹ ɬɚɤɢɯ ɬɭɪɛɨɭɫɬɚ-
ɧɨɜɨɤ ɪɚɰɢɨɧɚɥɶɧɵɦ ɦɟɫɬɨɦ ɜɤɥɸɱɟɧɢɹ ɢɫɩɚɪɢɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɹɜɥɹ-
ɟɬɫɹ ɫɢɫɬɟɦɚ ɩɨɞɨɝɪɟɜɚ ɫɟɬɟɜɨɣ ɜɨɞɵ. ɋɯɟɦɚ ɜɤɥɸɱɟɧɢɹ ɢɫɩɚɪɢɬɟɥɶɧɨɣ 

ɭɫɬɚɧɨɜɤɢ ɜ ɫɢɫɬɟɦɭ ɩɨɞɨɝɪɟɜɚ ɫɟɬɟɜɨɣ ɜɨɞɵ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ. 7.10. 

ɉɪɢ ɜɤɥɸɱɟɧɢɢ ɢɫɩɚɪɢɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɩɨ ɬɚɤɨɣ ɫɯɟɦɟ ɦɨɠɧɨ ɜɨɫ-
ɩɨɥɧɢɬɶ ɧɟ ɬɨɥɶɤɨ ɜɧɭɬɪɟɧɧɢɟ, ɧɨ ɢ ɱɚɫɬɢɱɧɨ ɢɥɢ ɩɨɥɧɨɫɬɶɸ ɜɧɟɲɧɢɟ 
ɩɨɬɟɪɢ ɩɚɪɚ ɢ ɤɨɧɞɟɧɫɚɬɚ ɧɚ Ɍɗɐ. 

Ɇɧɨɝɨɫɬɭɩɟɧɱɚɬɵɟ ɢɫɩɚɪɢɬɟɥɶɧɵɟ ɭɫɬɚɧɨɜɤɢ ɩɪɢɦɟɧɹɸɬɫɹ ɧɚ 
ɩɪɨɦɵɲɥɟɧɧɨ-ɨɬɨɩɢɬɟɥɶɧɵɯ Ɍɗɐ, ɝɞɟ ɩɨɬɟɪɢ ɩɚɪɚ ɢ ɤɨɧɞɟɧɫɚɬɚ ɢɡ-ɡɚ 
ɧɟɜɨɡɜɪɚɬɚ ɱɚɫɬɢ ɤɨɧɞɟɧɫɚɬɚ ɫ ɩɪɨɢɡɜɨɞɫɬɜɚ ɞɨɫɬɢɝɚɸɬ ɛɨɥɶɲɢɯ ɡɧɚɱɟ-
ɧɢɣ. ȼ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɨɣ ɜɨɞɵ ɡɞɟɫɶ ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɪɢɪɨɞɧɚɹ ɜɨɞɚ, 
ɫɛɪɨɫɧɵɟ ɜɨɞɵ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ, ɩɪɨɞɭɜɨɱɧɚɹ ɜɨɞɚ ɤɨɬɥɨɜ, ɫɢɫ-
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ɬɟɦ ɨɛɨɪɨɬɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɤɨɧɞɟɧɫɚɬɨɪɨɜ (ɋɈɈ), ɡɚɦɚɫɥɟɧɧɵɟ ɢ ɡɚɦɚ-
ɡɭɱɟɧɧɵɟ ɫɬɨɱɧɵɟ ɜɨɞɵ, ɩɪɨɦɥɢɜɧɟɜɵɟ ɜɨɞɵ ɫ ɬɟɪɪɢɬɨɪɢɢ Ɍɗɋ ɢ ɞɪ. 

ɇɚ ɪɢɫ. 7.11 ɩɪɟɞɫɬɚɜɥɟɧɚ ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɲɟɫɬɢɫɬɭɩɟɧɱɚ-
ɬɨɣ ɢɫɩɚɪɢɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɩɪɢ ɩɚɪɚɥɥɟɥɶɧɨɦ ɩɢɬɚɧɢɢ ɜɨɞɨɣ ɢɫɩɚɪɢ-

ɬɟɥɟɣ. Ƚɪɟɸɳɢɣ ɩɚɪ ɧɚ Ɇɂɍ ɩɨɫɬɭɩɚɟɬ ɢɡ ɫɬɚɧɰɢɨɧɧɨɝɨ ɤɨɥɥɟɤɬɨɪɚ 
(0,8 – 1,3 Ɇɉɚ). Ʉɨɧɞɟɧɫɚɬ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɢ ɞɢɫɬɢɥɥɹɬ ɢɡ ɝɪɟɸɳɢɯ ɫɟɤ-
ɰɢɣ Ɇɂɍ ɫɥɢɜɚɸɬɫɹ ɜ ɪɚɫɲɢɪɢɬɟɥɢ ɞɢɫɬɢɥɥɹɬɚ. Ɉɛɪɚɡɭɸɳɢɣɫɹ ɜ ɤɨɪ-
ɩɭɫɟ ɜɬɨɪɢɱɧɵɣ ɩɚɪ ɨɱɟɪɟɞɧɨɣ ɫɬɭɩɟɧɢ ɢɫɩɚɪɢɬɟɥɹ ɩɨɞɚɟɬɫɹ ɜ ɝɪɟɸɳɭɸ 

ɫɟɤɰɢɸ ɫɥɟɞɭɸɳɟɣ ɫɬɭɩɟɧɢ. ȼɬɨɪɢɱɧɵɣ ɩɚɪ ɩɨɫɥɟɞɧɟɣ ɫɬɭɩɟɧɢ ɢɫɩɨɥɶ-
ɡɭɟɬɫɹ ɜ ɞɟɚɷɪɚɬɨɪɟ Ɇɂɍ ɢ ɜ ɩɨɞɨɝɪɟɜɚɬɟɥɟ ɯɢɦɢɱɟɫɤɢ ɨɱɢɳɟɧɧɨɣ ɜɨ-
ɞɵ. ɉɪɢ ɧɚɥɢɱɢɢ ɢɡɛɵɬɤɚ ɜɬɨɪɢɱɧɨɝɨ ɩɚɪɚ ɨɧ ɩɨɞɚɟɬɫɹ ɜ ɤɨɥɥɟɤɬɨɪ 
(0,12 – 0,25 Ɇɉɚ). 

ɉɢɬɚɬɟɥɶɧɚɹ ɜɨɞɚ ɩɨɫɥɟ ɞɟɚɷɪɚɬɨɪɚ Ɇɂɍ ɩɨɫɬɭɩɚɟɬ ɜ ɤɚɠɞɵɣ ɢɫ-
ɩɚɪɢɬɟɥɶ ɩɚɪɚɥɥɟɥɶɧɨ. ɉɪɢ ɷɬɨɦ ɩɟɪɟɞ ɩɟɪɜɵɦɢ ɬɪɟɦɹ ɫɬɭɩɟɧɹɦɢ Ɇɂɍ 

ɨɧɚ ɩɨɞɨɝɪɟɜɚɟɬɫɹ ɤɨɧɞɟɧɫɚɬɨɦ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɫɬɭɩɟ-
ɧɢ. 

 
 
Ɋɢɫ. 7.11. ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɲɟɫɬɢɫɬɭɩɟɧɱɚɬɨɣ ɢɫɩɚɪɢɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɩɪɢ 

ɩɚɪɚɥɥɟɥɶɧɨɦ ɩɢɬɚɧɢɢ ɜɨɞɨɣ ɢɫɩɚɪɢɬɟɥɟɣ: 

1 – ɢɫɩɚɪɢɬɟɥɶ; 2 –ɞɟɚɷɪɚɬɨɪ ɂɍ; 3 – ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɯɢɦɢɱɟɫɤɢ ɨɱɢɳɟɧɧɨɣ ɜɨɞɵ; 4 

– ɩɨɞɨɝɪɟɜɚɬɟɥɢ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɢɫɩɚɪɢɬɟɥɟɣ; 5 – ɩɨɞɨɝɪɟɜɚɬɟɥɢ ɞɢɫɬɢɥɥɹɬɚ 
ɂɍ; 6 – ɪɚɫɲɢɪɢɬɟɥɶ ɩɪɨɞɭɜɨɱɧɨɣ ɜɨɞɵ; 7 – ɪɚɫɲɢɪɢɬɟɥɢ ɞɢɫɬɢɥɥɹɬɚ; 8 – ɨɯɥɚɞɢ-
ɬɟɥɶ ɩɪɨɞɭɜɨɱɧɨɣ ɜɨɞɵ; 9 – ɯɢɦɢɱɟɫɤɢ ɨɱɢɳɟɧɧɚɹ ɜɨɞɚ 
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Ɋɢɫ. 7.12. ɋɯɟɦɚ ɩɚɪɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ: 

1 – ɩɨɞɜɨɞ ɝɪɟɸɳɟɝɨ ɩɚɪɚ; 2 – ɨɬɜɨɞ ɜɬɨɪɢɱɧɨɝɨ ɩɚɪɚ; 5 – ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɢ; 4 – 

ɩɚɪɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ; 5 – ɨɯɥɚɞɢɬɟɥɶ ɤɨɧɞɟɧɫɚɬɚ; 6 – ɨɯɥɚɞɢɬɟɥɶ ɩɪɨɞɭɜɨɱɧɨɣ ɜɨ-
ɞɵ; 7 – ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ; 8 – ɩɢɬɚɬɟɥɶɧɵɣ ɧɚɫɨɫ; 9 – ɩɨɞɜɨɞ ɩɚɪɚ 
ɤ ɩɨɞɨɝɪɟɜɚɬɟɥɸ ɢ ɞɟɚɷɪɚɬɨɪɭ; 10 – ɞɟɚɷɪɚɬɨɪ; 11 – ɤɨɧɞɟɧɫɚɬ ɩɚɪɚ; 12 – ɯɢɦɢɱɟ-
ɫɤɢ ɨɱɢɳɟɧɧɚɹ ɜɨɞɚ; 13 – ɩɪɨɞɭɜɨɱɧɚɹ ɜɨɞɚ 

 

ɋɢɫɬɟɦɚ ɩɨɞɨɝɪɟɜɚ ɞɢɫɬɢɥɥɹɬɚ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ, ɜ 
ɤɨɬɨɪɵɯ ɜ ɤɚɱɟɫɬɜɟ ɝɪɟɸɳɟɣ ɫɪɟɞɵ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜɬɨɪɢɱɧɵɣ ɩɚɪ ɢɡ ɩɟɪ-
ɜɨɣ ɢ ɱɟɬɜɟɪɬɨɣ ɫɬɭɩɟɧɟɣ Ɇɂɍ. Ⱦɢɫɬɢɥɥɹɬ ɩɨɫɥɟ ɩɨɞɨɝɪɟɜɚ ɞɨ 130–150 

°ɋ ɩɨɞɚɟɬɫɹ ɜ ɨɫɧɨɜɧɨɣ ɞɟɚɷɪɚɬɨɪ ɬɭɪɛɨɭɫɬɚɧɨɜɤɢ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɤɪɭɩɧɵɟ Ɇɂɍ ɷɤɫɩɥɭɚɬɢɪɭɸɬɫɹ ɧɚ ɋɚɪɚɧɫɤɨɣ 

Ɍɗɐ-2, Ʉɚɡɚɧɫɤɨɣ Ɍɗɐ-3 ɢ ɧɚ ɧɟɤɨɬɨɪɵɯ ɞɪɭɝɢɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ Ɋɨɫ-
ɫɢɢ. 

ɉɪɢ ɩɨɜɵɲɟɧɧɵɯ ɩɨɬɟɪɹɯ ɩɚɪɚ ɢ ɤɨɧɞɟɧɫɚɬɚ ɭ ɜɧɟɲɧɢɯ ɩɨɬɪɟɛɢ-

ɬɟɥɟɣ ɬɟɩɥɨɬɵ ɧɚ Ɍɗɐ ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɚɪɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶɧɵɟ ɭɫɬɚɧɨɜ-
ɤɢ. ȼ ɤɚɱɟɫɬɜɟ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɞɥɹ ɉɉɍ ɢɫɩɨɥɶɡɭɸɬɫɹ ɧɟɤɨɧɞɢɰɢɨɧ-

ɧɵɣ ɤɨɧɞɟɧɫɚɬ ɫ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ ɯɢɦɢɱɟɫɤɢ ɨɱɢɳɟɧɧɚɹ ɜɨɞɚ. Ʉɨɧɞɟɧɫɚɬ 
ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɉɉɍ ɫɨɯɪɚɧɹɟɬɫɹ ɜ ɨɫɧɨɜɧɨɦ ɷɧɟɪɝɟɬɢɱɟɫɤɨɦ ɰɢɤɥɟ 
Ɍɗɐ ɢ ɩɨɫɥɟ ɉɉɍ ɜɨɡɜɪɚɳɚɟɬɫɹ ɜ ɰɢɤɥ Ɍɗɐ. 

ɋɯɟɦɚ ɩɚɪɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 
7.12. ɉɚɪ ɢɡ ɪɟɝɭɥɢɪɭɟɦɨɝɨ ɨɬɛɨɪɚ ɬɭɪɛɢɧɵ ɧɚɩɪɚɜɥɹɟɬɫɹ ɫɧɚɱɚɥɚ ɜ ɩɚ-
ɪɨɩɟɪɟɝɪɟɜɚɬɟɥɶ ɜɬɨɪɢɱɧɨɝɨ ɩɚɪɚ, ɚ ɡɚɬɟɦ ɜ ɝɪɟɸɳɭɸ ɫɟɤɰɢɸ ɩɚɪɨɩɪɟ-
ɨɛɪɚɡɨɜɚɬɟɥɹ. ɉɢɬɚɬɟɥɶɧɚɹ ɜɨɞɚ ɩɨɫɬɭɩɚɟɬ ɜ ɩɚɪɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɢɡ ɞɟ-
ɚɷɪɚɬɨɪɚ. Ɉɛɪɚɡɭɸɳɢɣɫɹ ɜ ɩɚɪɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟ ɩɚɪ ɱɟɪɟɡ ɩɚɪɨɩɟɪɟɝɪɟ-
ɜɚɬɟɥɶ ɩɨɞɚɟɬɫɹ ɩɨɬɪɟɛɢɬɟɥɸ. Ʉɨɧɞɟɧɫɚɬ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɱɟɪɟɡ ɨɯɥɚɞɢ-
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ɬɟɥɶ ɤɨɧɞɟɧɫɚɬɚ ɧɚɩɪɚɜɥɹɟɬɫɹ ɜ ɞɟɚɷɪɚɬɨɪ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɬɭɪɛɨɭɫɬɚ-
ɧɨɜɤɢ. 

ɉɪɢ ɪɚɛɨɬɟ ɩɨ ɬɚɤɨɣ ɫɯɟɦɟ ɩɪɢ ɥɸɛɵɯ ɩɨɬɟɪɹɯ ɩɚɪɚ ɢ ɤɨɧɞɟɧɫɚɬɚ 
ɭ ɩɨɬɪɟɛɢɬɟɥɹ ɫɨɯɪɚɧɹɟɬɫɹ ɜɟɫɶ ɤɨɧɞɟɧɫɚɬ ɩɚɪɚ, ɨɬɜɟɞɟɧɧɨɝɨ ɢɡ ɨɬɛɨɪɚ 
ɢɥɢ ɜɵɯɥɨɩɚ ɬɭɪɛɢɧɵ ɜ ɩɚɪɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ. 

Ⱦɥɹ ɩɨɜɟɪɨɱɧɵɯ ɪɚɫɱɟɬɨɜ ɦɧɨɝɨɫɬɭɩɟɧɱɚɬɵɯ ɢɫɩɚɪɢɬɟɥɶɧɵɯ ɭɫɬɚ-
ɧɨɜɨɤ ɧɟɨɛɯɨɞɢɦɨ ɫɨɫɬɚɜɢɬɶ ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɢ 

ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɞɥɹ ɤɚɠɞɨɝɨ ɢɡ ɷɥɟɦɟɧɬɨɜ ɨɛɨɪɭɞɨɜɚɧɢɹ ɚɧɚɥɨɝɢɱɧɨ ɬɨ-
ɦɭ, ɤɚɤ ɷɬɨ ɛɵɥɨ ɫɞɟɥɚɧɨ ɞɥɹ ɨɞɧɨɫɬɭɩɟɧɱɚɬɨɣ ɭɫɬɚɧɨɜɤɢ. 

Ɋɟɲɚɹ ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ ɞɥɹ ɜɵɛɪɚɧɧɵɯ ɬɢɩɨɪɚɡɦɟɪɨɜ ɢɫɩɚɪɢɬɟ-
ɥɟɣ, ɤɨɧɞɟɧɫɚɬɨɪɨɜ ɢɫɩɚɪɢɬɟɥɟɣ ɢ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ, ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɭɫɬɚɧɨɜɤɢ ɢ ɩɚɪɚɦɟɬɪɵ ɬɟɩɥɨɧɨɫɢɬɟɥɟɣ. 

ɋɭɳɟɫɬɜɟɧɧɵɦɢ ɩɪɟɢɦɭɳɟɫɬɜɚɦɢ ɬɟɪɦɢɱɟɫɤɨɝɨ ɫɩɨɫɨɛɚ ɨɛɟɫɫɨ-
ɥɢɜɚɧɢɹ ɜɨɞɵ ɹɜɥɹɸɬɫɹ ɜɵɫɨɤɚɹ ɫɬɟɩɟɧɶ ɟɟ ɨɱɢɫɬɤɢ ɨɬ ɦɢɧɟɪɚɥɶɧɵɯ ɢ 

ɨɪɝɚɧɢɱɟɫɤɢɯ ɩɪɢɦɟɫɟɣ ɩɨɜɵɲɟɧɧɨɣ ɦɢɧɟɪɚɥɢɡɚɰɢɢ, ɚ ɬɚɤɠɟ ɦɚɥɨɟ 
ɜɥɢɹɧɢɟ ɫɨɫɬɚɜɚ ɢɫɯɨɞɧɨɣ ɜɨɞɵ ɧɚ ɤɚɱɟɫɬɜɨ ɞɢɫɬɢɥɥɹɬɚ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɷɬɨɬ ɫɩɨɫɨɛ ɞɥɹ ɨɛɟɫɫɨɥɢɜɚɧɢɹ ɩɪɢɪɨɞɧɵɯ ɢ ɫɬɨɱɧɵɯ ɜɨɞ. 

 

 

 

ȼɨɩɪɨɫɵ ɞɥɹ ɫɚɦɨɩɪɨɜɟɪɤɢ  
 

 

1. ɉɟɪɟɱɢɫɥɢɬɟ ɜɢɞɵ ɩɨɬɟɪɶ ɩɚɪɚ ɢ ɤɨɧɞɟɧɫɚɬɚ ɜ ɰɢɤɥɟ Ɍɗɋ ɢ ɫɩɨɫɨɛɵ 

ɢɯ ɜɨɫɩɨɥɧɟɧɢɹ. 
2. Ʉɚɤɨɜɨ ɧɚɡɧɚɱɟɧɢɟ ɪɚɫɲɢɪɢɬɟɥɟɣ ɜ ɫɯɟɦɟ ɩɪɨɞɭɜɤɢ ɤɨɬɥɨɜ? 

3. ɑɟɦɭ ɪɚɜɧɨ ɤɨɥɢɱɟɫɬɜɨ ɩɚɪɚ, ɩɨɥɭɱɚɟɦɨɝɨ ɜ ɩɟɪɜɨɣ ɢ ɜɬɨɪɨɣ ɫɬɭɩɟɧɹɯ 
ɪɚɫɲɢɪɟɧɢɹ ɩɪɨɞɭɜɤɢ ɤɨɬɥɚ? 

4. ɇɚɡɨɜɢɬɟ ɫɩɨɫɨɛɵ ɩɨɞɝɨɬɨɜɤɢ ɜɨɞɵ ɞɥɹ ɜɨɫɩɨɥɧɟɧɢɹ ɜɧɟɲɧɢɯ ɩɨɬɟɪɶ 
ɧɚ Ɍɗɐ. 

5. ɉɨɹɫɧɢɬɟ ɫɜɹɡɶ ɦɟɠɞɭ ɫɨɞɟɪɠɚɧɢɟɦ ɩɪɢɦɟɫɟɣ ɜ ɢɫɯɨɞɧɨɣ ɜɨɞɟ ɢ ɫɩɨ-
ɫɨɛɚɦɢ ɟɟ ɨɱɢɫɬɤɢ. 

6. ɇɚɡɨɜɢɬɟ ɨɫɧɨɜɧɵɟ ɪɚɡɥɢɱɢɹ ɫɯɟɦ ɜɤɥɸɱɟɧɢɹ ɢɫɩɚɪɢɬɟɥɟɣ ɧɚ Ʉɗɋ ɢ 

Ɍɗɐ. 

7. Ʉɚɤɨɜɨ ɧɚɡɧɚɱɟɧɢɟ ɦɧɨɝɨɫɬɭɩɟɧɱɚɬɵɯ ɢɫɩɚɪɢɬɟɥɶɧɵɯ ɭɫɬɚɧɨɜɨɤ ɧɚ 
Ɍɗɋ? 

8. ɇɚɡɨɜɢɬɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ɬɟɪɦɢɱɟɫɤɨɝɨ ɫɩɨɫɨɛɚ ɨɛɪɚɛɨɬɤɢ ɜɨɞɵ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɫɩɨɫɨɛɚɦɢ. 
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Ƚɥɚɜɚ ɜɨɫɶɦɚя. ɗɅȿɆȿɇɌɕ ɉɊɂɇɐɂɉɂȺɅɖɇɕɏ ɌȿɉɅɈ-

ȼɕɏ ɋɏȿɆ ɗɅȿɄɌɊɈɋɌȺɇɐɂɃ 

 

8.1. ɋɈȾȿɊɀȺɇɂȿ ɉɊɂɇɐɂɉɂȺɅɖɇɈɃ ɌȿɉɅɈȼɈɃ ɋɏȿɆɕ 

 

ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɬɟɩɥɨɜɚɹ ɫɯɟɦɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɨɬɪɚɠɚɟɬ ɜɫɟ 
ɷɬɚɩɵ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɷɧɟɪɝɢɢ, ɜɵɞɟɥɢɜ-
ɲɟɣɫɹ ɩɪɢ ɫɠɢɝɚɧɢɢ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɬɨɩɥɢɜɚ ɢɥɢ ɞɟɥɟɧɢɢ ɹɞɟɪ ɭɪɚɧɚ, ɜ 
ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ ɢ ɬɟɩɥɨɬɭ, ɢɫɩɨɥɶɡɭɟɦɭɸ ɞɥɹ ɩɪɨɦɵɲɥɟɧɧɵɯ 
ɧɭɠɞ ɢ ɬɟɩɥɨɮɢɤɚɰɢɢ. ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɬɟɩɥɨɜɚɹ ɫɯɟɦɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ 

ɧɚ ɨɪɝɚɧɢɱɟɫɤɨɦ ɬɨɩɥɢɜɟ ɫɨɞɟɪɠɢɬ ɜɫɟ ɨɫɧɨɜɧɨɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɨɬ ɤɨɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɞɨ ɬɭɪɛɢɧɵ ɩɨ 
ɩɚɪɨɜɵɦ ɢ ɜɨɞɹɧɵɦ ɥɢɧɢɹɦ, ɚ ɬɚɤɠɟ ɜɫɟ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɫɥɭɠɚɳɟɟ ɞɥɹ 
ɨɬɩɭɫɤɚ ɬɟɩɥɨɬɵ ɜɧɟɲɧɢɦ ɩɨɬɪɟɛɢɬɟɥɹɦ, ɬɟɪɦɢɱɟɫɤɨɣ ɩɨɞɝɨɬɨɜɤɢ ɞɨ-
ɛɚɜɨɱɧɨɣ ɜɨɞɵ, ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɟɩɥɨɬɵ ɩɪɨɞɭɜɨɱɧɨɣ ɜɨɞɵ ɢ ɞɪ. 

Ⱦɥɹ ɨɞɧɨɤɨɧɬɭɪɧɨɣ Ⱥɗɋ ɧɚ ɫɯɟɦɟ ɩɪɢɜɨɞɢɬɫɹ ɜɫɟ ɬɟɯɧɨɥɨɝɢɱɟ-
ɫɤɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɤɨɧɬɭɪɚ ɪɚɛɨɱɟɣ ɫɪɟɞɵ, ɚ ɞɥɹ ɞɜɭɯɤɨɧɬɭɪɧɵɯ ɢ ɬɪɟɯ-
ɤɨɧɬɭɪɧɵɯ ɫɯɟɦ ɧɚɪɹɞɭ ɫ ɨɛɨɪɭɞɨɜɚɧɢɟɦ ɷɬɨɝɨ ɤɨɧɬɭɪɚ – ɨɛɨɪɭɞɨɜɚɧɢɟ 
ɤɨɧɬɭɪɨɜ ɬɟɩɥɨɧɨɫɢɬɟɥɟɣ. ɇɚ ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ ɫɯɟɦɟ ɩɨɤɚɡɵɜɚɸɬ ɥɢɲɶ 
ɬɟ ɫɜɹɡɢ (ɤɨɦɦɭɧɢɤɚɰɢɢ) ɦɟɠɞɭ ɨɛɨɪɭɞɨɜɚɧɢɟɦ, ɤɨɬɨɪɵɟ ɧɟɨɛɯɨɞɢɦɵ 

ɞɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ. Ɋɟɡɟɪɜɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ 
ɧɚ ɫɯɟɦɟ ɧɟ ɭɤɚɡɵɜɚɟɬɫɹ. Ɉɞɧɨɬɢɩɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɜɧɟ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɱɢɫɥɚ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɚɝɪɟɝɚɬɨɜ ɢɡɨɛɪɚɠɚɟɬɫɹ ɨɞɧɢɦ ɷɥɟɦɟɧɬɨɦ, ɚ ɬɪɭ-
ɛɨɩɪɨɜɨɞɵ ɩɪɢ ɧɟɫɤɨɥɶɤɢɯ ɩɚɪɚɥɥɟɥɶɧɵɯ ɩɨɬɨɤɚɯ – ɨɞɧɨɣ ɧɢɬɤɨɣ. 

ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɬɟɩɥɨɜɚɹ ɫɯɟɦɚ ɦɨɠɟɬ ɛɵɬɶ ɫɨɫɬɚɜɥɟɧɚ ɥɢɲɶ ɩɨ-
ɫɥɟ ɬɨɝɨ, ɤɚɤ ɧɚ ɨɫɧɨɜɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɯ ɩɪɨɪɚɛɨɬɨɤ ɜɵɛɪɚɧɵ ɬɢɩ ɫɬɚɧ-

ɰɢɢ, ɧɚɱɚɥɶɧɵɟ ɢ ɤɨɧɟɱɧɵɟ ɩɚɪɚɦɟɬɪɵ, ɰɢɤɥ ɩɚɪɨɬɭɪɛɢɧɧɨɣ ɭɫɬɚɧɨɜɤɢ 

ɢ ɟɟ ɦɨɳɧɨɫɬɶ, ɫɯɟɦɚ ɪɟɝɟɧɟɪɚɬɢɜɧɨɝɨ ɩɨɞɨɝɪɟɜɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ, 

ɫɩɨɫɨɛ ɩɨɞɝɨɬɨɜɤɢ ɞɨɛɚɜɨɱɧɨɣ ɜɨɞɵ, ɫɯɟɦɚ ɨɬɩɭɫɤɚ ɬɟɩɥɨɬɵ ɩɨɬɪɟɛɢɬɟ-
ɥɸ, ɫɯɟɦɵ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɟɩɥɨɬɵ ɭɩɥɨɬɧɟɧɢɣ ɬɭɪɛɢɧɵ, ɷɠɟɤɬɨɪɧɨɣ 

ɭɫɬɚɧɨɜɤɢ, ɩɪɨɞɭɜɨɱɧɨɣ ɜɨɞɵ ɩɚɪɨɜɵɯ ɤɨɬɥɨɜ ɢ ɉȽ, ɢɫɩɚɪɢɬɟɥɟɣ ɢ ɩɚ-
ɪɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɢ ɞɪ. 

Ɋɚɫɱɟɬ ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ ɩɨɡɜɨɥɹɟɬ ɭɫɬɚɧɨɜɢɬɶ ɩɨ-
ɤɚɡɚɬɟɥɢ ɬɟɩɥɨɜɨɣ ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɫɬɚɧɰɢɢ ɢ ɨɬɞɟɥɶɧɵɯ ɭɫɬɚɧɨɜɨɤ, ɚ 
ɬɚɤɠɟ ɪɚɫɯɨɞɵ ɩɚɪɚ, ɜɨɞɵ ɢ ɬɟɩɥɨɧɨɫɢɬɟɥɟɣ ɤɨɧɬɭɪɨɜ Ⱥɗɋ. Ʉɪɨɦɟ ɬɨɝɨ, 
ɩɨ ɞɚɧɧɵɦ ɷɬɨɝɨ ɪɚɫɱɟɬɚ ɭɬɨɱɧɹɸɬ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɫɧɨɜ-
ɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɩɨ 
ɤɨɬɨɪɵɦ ɦɨɝɭɬ ɛɵɬɶ ɜɵɛɪɚɧɵ ɢɥɢ ɪɚɡɪɚɛɨɬɚɧɵ ɷɥɟɦɟɧɬɵ ɜɫɩɨɦɨɝɚɬɟɥɶ-
ɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 
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ɇɢɠɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɨɫɧɨɜɧɵɟ ɷɥɟɦɟɧɬɵ ɩɪɢɧɰɢɩɢɚɥɶɧɵɯ ɬɟɩ-

ɥɨɜɵɯ ɫɯɟɦ ɢ ɩɪɢɜɨɞɢɬɫɹ ɨɩɢɫɚɧɢɟ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɚɪɨɜɵɯ ɢ ɜɨɞɹɧɵɯ 
ɥɢɧɢɣ ɤɨɧɬɭɪɨɜ ɪɚɛɨɱɟɣ ɫɪɟɞɵ ɬɟɩɥɨɜɵɯ ɢ ɚɬɨɦɧɵɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ, ɚ 
ɬɚɤɠɟ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɞɜɭɯɤɨɧɬɭɪɧɨɣ Ⱥɗɋ. 

 

 

8.2. ɊȿȽȿɇȿɊȺɌɂȼɇɕȿ ɉɈȾɈȽɊȿȼȺɌȿɅɂ 

 

Ʉɚɤ ɭɠɟ ɨɬɦɟɱɚɥɨɫɶ ɪɚɧɟɟ, ɩɨɞɨɝɪɟɜ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɦɨɠɧɨ 
ɩɪɨɜɨɞɢɬɶ ɜ ɩɨɞɨɝɪɟɜɚɬɟɥɹɯ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɢ ɫɦɟɲɢɜɚɸɳɟɝɨ ɬɢɩɨɜ. 
ɋɯɟɦɵ ɫ ɩɨɞɨɝɪɟɜɚɬɟɥɹɦɢ ɬɨɥɶɤɨ ɫɦɟɲɢɜɚɸɳɟɝɨ ɬɢɩɚ ɩɪɢɦɟɧɟɧɢɹ ɧɟ 
ɧɚɲɥɢ, ɯɨɬɹ ɩɪɢ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɨɜɵɲɚɟɬɫɹ ɬɟɩɥɨɜɚɹ ɷɤɨɧɨɦɢɱɧɨɫɬɶ 
ɭɫɬɚɧɨɜɤɢ ɢ ɪɟɡɤɨ ɫɨɤɪɚɳɚɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɞɭɤɬɨɜ ɤɨɪɪɨɡɢɢ, ɤɨɬɨ-
ɪɵɟ ɨɛɪɚɡɭɸɬɫɹ ɜ ɬɪɚɤɬɟ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɢ ɜɵɧɨɫɹɬɫɹ ɩɨɬɨɤɨɦ ɜ ɤɨɬ-
ɥɵ ɢ ɉȽ. ɗɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɜ ɫɯɟɦɚɯ ɫɨ ɫɦɟɲɢɜɚɸɳɢɦɢ ɩɨɞɨɝ-
ɪɟɜɚɬɟɥɹɦɢ ɧɟɨɛɯɨɞɢɦɨ ɩɨɫɥɟ ɤɚɠɞɨɣ ɫɬɭɩɟɧɢ ɩɨɞɨɝɪɟɜɚ ɭɫɬɚɧɚɜɥɢɜɚɬɶ 
ɩɟɪɟɤɚɱɢɜɚɸɳɢɣ ɧɚɫɨɫ ɥɢɛɨ ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɩɪɟɞɫɬɨɹɳɟɣ ɫɬɭɩɟɧɢ ɪɚɫ-
ɩɨɥɚɝɚɬɶ ɧɚ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɨɬɦɟɬɤɟ (ɧɚɞ ɩɨɞɨɝɪɟɜɚɬɟɥɟɦ ɩɨɫɥɟɞɭɸɳɟɣ 

ɫɬɭɩɟɧɢ ɩɨɞɨɝɪɟɜɚ), ɱɬɨɛɵ ɩɟɪɟɬɟɤɚɧɢɟ ɜɨɞɵ ɩɪɨɢɫɯɨɞɢɥɨ ɜɫɥɟɞɫɬɜɢɟ 
ɪɚɡɧɨɫɬɢ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɢɯ ɭɪɨɜɧɟɣ. 

Ɉɞɧɚɤɨ ɩɨɫɥɟɞɧɟɟ ɩɪɚɤɬɢɱɟɫɤɢ ɦɨɠɧɨ ɨɫɭɳɟɫɬɜɢɬɶ ɥɢɲɶ ɜ ɬɨɣ 

ɱɚɫɬɢ ɫɯɟɦɵ, ɝɞɟ ɞɥɹ ɩɨɞɨɝɪɟɜɚ ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɩɪɢɦɟɧɹɟɬɫɹ ɩɚɪ 
ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ ɢ ɪɚɡɧɨɫɬɶ ɞɚɜɥɟɧɢɣ ɦɟɠɞɭ ɨɬɛɨɪɚɦɢ ɧɟ ɩɪɟɜɵɲɚɟɬ 
ɩɪɢɦɟɪɧɨ 0,2 Ɇɉɚ, ɧɨ ɞɚɠɟ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɧɢɠɧɟɣ ɫɬɭɩɟ-
ɧɢ ɞɨɥɠɟɧ ɛɵɬɶ ɪɚɫɩɨɥɨɠɟɧ ɧɚɞ ɩɨɫɥɟɞɭɸɳɢɦ ɩɨɞɨɝɪɟɜɚɬɟɥɟɦ ɧɚ ɜɵ-

ɫɨɬɟ ɛɨɥɟɟ 20 ɦ. ɉɨɷɬɨɦɭ ɩɪɢɦɟɧɟɧɢɟ ɧɚɯɨɞɹɬ ɥɢɲɶ ɫɯɟɦɵ, ɜ ɤɨɬɨɪɵɯ 
ɫɦɟɲɢɜɚɸɳɢɦɢ ɹɜɥɹɸɬɫɹ ɬɨɥɶɤɨ ɩɟɪɜɵɟ ɞɜɚ ɩɨɞɨɝɪɟɜɚɬɟɥɹ (ɩɨ ɯɨɞɭ 
ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ). ɉɪɢ ɷɬɨɦ ɩɟɪɜɵɣ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɧɚ ɫɨɨɬɜɟɬɫɬ-
ɜɭɸɳɟɣ ɜɵɫɨɬɟ ɢ ɜɨɞɚ ɢɡ ɧɟɝɨ ɫɚɦɨɬɟɤɨɦ ɩɟɪɟɬɟɤɚɟɬ ɜɨ ɜɬɨɪɨɣ ɩɨɞɨɝɪɟ-
ɜɚɬɟɥɶ, ɡɚ ɤɨɬɨɪɵɦ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɩɨɫɥɟɞɭɸɳɚɹ ɫɬɭɩɟɧɶ ɤɨɧɞɟɧɫɚɬ-
ɧɵɯ ɧɚɫɨɫɨɜ. Ⱦɟɚɷɪɚɬɨɪ, ɤɨɧɟɱɧɨ, ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ ɫɦɟɲɢɜɚɸɳɢɦ ɩɨɞɨɝ-
ɪɟɜɚɬɟɥɟɦ. 

ȼɤɥɸɱɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɜ ɫɢɫɬɟɦɭ ɪɟɝɟɧɟɪɚ-
ɬɢɜɧɨɝɨ ɩɨɞɨɝɪɟɜɚ ɦɨɠɟɬ ɩɪɨɜɨɞɢɬɶɫɹ ɩɨ ɫɯɟɦɚɦ, ɩɪɢɜɟɞɟɧɧɵɦ ɧɚ ɪɢɫ. 
8.1. Ɍɟɩɥɨɜɚɹ ɷɤɨɧɨɦɢɱɧɨɫɬɶ ɭɫɬɚɧɨɜɤɢ, ɜ ɤɨɬɨɪɨɣ ɤɨɧɞɟɧɫɚɬ ɝɪɟɸɳɟɝɨ 
ɩɚɪɚ (ɞɪɟɧɚɠ) ɨɬɜɨɞɢɬɫɹ ɜ ɥɢɧɢɸ ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɩɨɫɥɟ ɩɨɞɨɝɪɟ-
ɜɚɬɟɥɹ (ɪɢɫ. 8.1, ɚ), ɧɚɢɛɨɥɟɟ ɜɵɫɨɤɚɹ, ɬɚɤ ɤɚɤ ɞɪɟɧɚɠ ɩɪɢ ɫɦɟɲɢɜɚɧɢɢ ɫ 
ɨɫɧɨɜɧɵɦ ɤɨɧɞɟɧɫɚɬɨɦ (ɢɥɢ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɨɣ, ɟɫɥɢ ɬɚɤɚɹ ɫɯɟɦɚ ɩɪɢ-

ɦɟɧɟɧɚ ɧɚ ɩɨɞɨɝɪɟɜɚɬɟɥɹɯ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ) ɧɟɫɤɨɥɶɤɨ ɩɨɜɵɲɚɟɬ 
ɬɟɦɩɟɪɚɬɭɪɭ ɜɨɞɵ ɩɨɫɥɟ ɩɨɞɨɝɪɟɜɚɬɟɥɹ. ȿɫɥɢ ɞɪɟɧɚɠ ɧɚɩɪɚɜɥɹɬɶ ɩɨ ɥɢ-
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ɧɢɢ, ɩɨɤɚɡɚɧɧɨɣ ɩɭɧɤɬɢɪɨɦ, ɬɟɩɥɨɜɚɹ ɷɤɨɧɨɦɢɱɧɨɫɬɶ ɩɨɧɢɡɢɬɫɹ. Ɉɧɚ 
ɟɳɟ ɛɨɥɟɟ ɩɨɧɢɡɢɬɫɹ ɩɪɢ ɤɚɫɤɚɞɧɨɦ ɨɬɜɨɞɟ ɞɪɟɧɚɠɚ (ɪɢɫ. 8.1, ɛ), ɬɚɤ ɤɚɤ 
ɡɞɟɫɶ ɜɨ ɜɫɟɯ ɩɨɞɨɝɪɟɜɚɬɟɥɹɯ, ɤɪɨɦɟ ɩɟɪɜɨɝɨ, ɱɚɫɬɶ ɩɚɪɚ ɨɬɛɨɪɚ ɜɵɬɟɫ-
ɧɹɟɬɫɹ ɩɚɪɨɦ, ɨɛɪɚɡɨɜɚɜɲɢɦɫɹ ɩɪɢ ɫɚɦɨɢɫɩɚɪɟɧɢɢ ɧɟɤɨɬɨɪɨɝɨ ɤɨɥɢɱɟ-
ɫɬɜɚ ɞɪɟɧɚɠɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɨɞɚ ɜ ɷɬɢɯ ɩɨɞɨɝɪɟɜɚɬɟɥɹɯ ɱɚɫɬɢɱɧɨ ɧɚ-
ɝɪɟɜɚɟɬɫɹ ɬɟɩɥɨɬɨɣ, ɨɬɜɟɞɟɧɧɨɣ ɩɚɪɨɦ ɩɪɟɞɵɞɭɳɟɝɨ ɨɬɛɨɪɚ. ɉɪɢ ɧɟɢɡ-
ɦɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɬɭɪɛɢɧɵ ɷɬɨ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɩɨɬɟɪɶ ɬɟɩɥɨɬɵ 

ɜ ɯɨɥɨɞɧɨɦ ɢɫɬɨɱɧɢɤɟ. Ɉɫɨɛɟɧɧɨ ɡɚɦɟɬɧɨ ɭɜɟɥɢɱɢɜɚɟɬ ɷɬɢ ɩɨɬɟɪɢ ɨɬɜɨɞ 
ɢɡ ɩɨɫɥɟɞɧɟɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ, ɬɚɤ ɤɚɤ ɩɪɢ ɷɬɨɦ ɱɚɫɬɶ ɬɟɩɥɨɬɵ, ɫɨɞɟɪɠɚ-
ɳɟɣɫɹ ɜ ɞɪɟɧɢɪɭɟɦɨɦ ɤɨɧɞɟɧɫɚɬɟ, ɨɬɞɚɟɬɫɹ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɟ ɤɨɧɞɟɧ-

ɫɚɬɨɪɚ. ɂɦɟɧɧɨ ɩɨɷɬɨɦɭ ɫɯɟɦɚ, ɩɪɢɜɟɞɟɧɧɚɹ ɧɚ ɪɢɫ. 8.1, ɛ, ɢɦɟɟɬ ɧɚɢɛɨ-
ɥɟɟ ɧɢɡɤɭɸ ɬɟɩɥɨɜɭɸ ɷɤɨɧɨɦɢɱɧɨɫɬɶ. 
 

 

 

 

 

 

 

Ɋɢɫ. 8.1. ɋɯɟɦɵ ɜɤɥɸɱɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɜ ɫɢɫɬɟɦɭ ɪɟɝɟɧɟɪɚɬɢɜ-
ɧɨɝɨ ɩɨɞɨɝɪɟɜɚ: 
ɫ ɞɪɟɧɚɠɧɵɦɢ ɧɚɫɨɫɚɦɢ ɭ ɤɚɠɞɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ (ɚ); ɫ ɤɚɫɤɚɞɧɵɦ ɨɬɜɨɞɨɦ ɤɨɧ-
ɞɟɧɫɚɬɚ (ɛ) ɢ ɫɨ ɫɦɟɲɚɧɧɵɦ ɨɬɜɨɞɨɦ ɤɨɧɞɟɧɫɚɬɚ (ɜ); 
1 – ɪɟɝɟɧɟɪɚɬɢɜɧɵɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ; 2 – ɩɨɞɜɨɞ ɩɚɪɚ ɨɬ ɨɬɛɨɪɚ ɬɭɪɛɢɧɵ; 3 – ɨɫ-
ɧɨɜɧɨɣ ɤɨɧɞɟɧɫɚɬ; 4, 6 – ɞɪɟɧɚɠɧɵɣ ɢ ɤɨɧɞɟɧɫɚɬɧɵɣ ɧɚɫɨɫɵ; 5 – ɤɨɧɞɟɧɫɚɬɨɪ. 

 

ɇɚɥɢɱɢɟ ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɞɪɟɧɚɠɧɵɯ ɧɚɫɨɫɨɜ ɭɫɥɨɠɧɹɟɬ ɫɯɟɦɭ, 
ɩɪɢɜɟɞɟɧɧɭɸ ɧɚ ɪɢɫ. 8.1, ɚ, ɢ ɞɟɥɚɟɬ ɟɟ ɦɟɧɟɟ ɧɚɞɟɠɧɨɣ ɜ ɷɤɫɩɥɭɚɬɚɰɢɢ. 

ɉɨɷɬɨɦɭ ɫɯɟɦɚ ɧɟ ɢɫɩɨɥɶɡɭɟɬɫɹ. Ɉɛɵɱɧɨ ɩɪɢɦɟɧɹɸɬ ɫɯɟɦɭ, ɩɪɢɜɟɞɟɧ-

ɧɭɸ ɧɚ ɪɢɫ. 8.1, ɜ, ɬɟɩɥɨɜɚɹ ɷɤɨɧɨɦɢɱɧɨɫɬɶ ɤɨɬɨɪɨɣ ɧɟɫɤɨɥɶɤɨ ɧɢɠɟ, 
ɱɟɦ ɭ ɫɯɟɦɵ, ɢɡɨɛɪɚɠɟɧɧɨɣ ɧɚ ɪɢɫ. 8.1, ɚ, ɧɨ ɡɚɬɨ ɬɪɟɛɭɟɬɫɹ ɥɢɲɶ ɨɞɢɧ 

ɞɪɟɧɚɠɧɵɣ ɧɚɫɨɫ. Ɋɚɛɨɬɚ ɩɨ ɫɯɟɦɟ, ɩɪɢɜɟɞɟɧɧɨɣ ɧɚ ɪɢɫ. 8.1, ɛ, ɨɫɭɳɟɫɬ-
ɜɥɹɟɬɫɹ, ɤɨɝɞɚ ɞɪɟɧɚɠɧɵɣ ɧɚɫɨɫ ɩɨ ɬɟɦ ɢɥɢ ɢɧɵɦ ɩɪɢɱɢɧɚɦ ɧɟ ɦɨɠɟɬ 
ɛɵɬɶ ɜɤɥɸɱɟɧ. 
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ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɢɦɟɧɹɸɬ ɩɨɜɟɪɯɧɨɫɬɧɵɟ ɪɟɝɟɧɟɪɚɬɢɜɧɵɟ 
ɩɨɞɨɝɪɟɜɚɬɟɥɢ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ. ȼ ɨɞɧɢɯ ɧɚɝɪɟɜ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ (ɢɥɢ 

ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ) ɩɪɨɢɫɯɨɞɢɬ ɬɨɥɶɤɨ ɜɫɥɟɞɫɬɜɢɟ ɬɟɩɥɨɨɬɞɚɱɢ ɨɬ 
ɤɨɧɞɟɧɫɢɪɭɸɳɟɝɨɫɹ ɩɚɪɚ (ɪɢɫ. 8.2, ɚ), ɜ ɞɪɭɝɢɯ ɧɚɪɹɞɭ ɫ ɩɨɜɟɪɯɧɨɫɬɹɦɢ 

ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɨɬ ɤɨɧɞɟɧɫɢɪɭɸɳɟɝɨɫɹ ɩɚɪɚ ɜɵɞɟɥɟɧɵ ɩɨɜɟɪɯɧɨɫɬɢ, ɧɚ 
ɤɨɬɨɪɵɯ ɤɨɧɞɟɧɫɚɬ ɩɚɪɚ (ɞɪɟɧɚɠ) ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɨɯɥɚɠɞɚɟɬɫɹ ɩɢɬɚ-
ɬɟɥɶɧɨɣ ɜɨɞɨɣ (ɩɨɜɟɪɯɧɨɫɬɢ ɨɯɥɚɞɢɬɟɥɹ ɞɪɟɧɚɠɚ) (ɪɢɫ. 8.2, ɛ). ɉɪɢɦɟ-
ɧɹɸɬɫɹ ɬɚɤɠɟ ɪɟɝɟɧɟɪɚɬɢɜɧɵɟ ɩɨɞɨɝɪɟɜɚɬɟɥɢ ɫ ɜɵɞɟɥɟɧɧɵɦɢ ɨɯɥɚɞɢɬɟ-
ɥɹɦɢ ɞɪɟɧɚɠɚ ɢ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ (ɪɢɫ. 8.2, ɜ). ɇɚ Ⱥɗɋ, ɝɞɟ ɜ ɪɟɝɟɧɟɪɚ-
ɬɢɜɧɵɟ ɩɨɞɨɝɪɟɜɚɬɟɥɢ ɩɨɫɬɭɩɚɟɬ ɜɥɚɠɧɵɣ ɩɚɪ, ɩɪɢɦɟɧɹɸɬɫɹ, ɤɨɧɟɱɧɨ, 
ɬɨɥɶɤɨ ɩɨɞɨɝɪɟɜɚɬɟɥɢ, ɩɨɤɚɡɚɧɧɵɟ ɧɚ ɪɢɫ. 8.2, ɚ, ɛ. 

ɇɚ ɪɢɫ. 8.2 ɩɪɢɜɟɞɟɧɵ ,t Q  - ɞɢɚɝɪɚɦɦɵ ɞɥɹ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɪɚɡ-
ɥɢɱɧɵɯ ɬɢɩɨɜ. Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɨɜ, ɜɵɞɟɥɟɧɧɵɣ ɨɯɥɚɞɢɬɟɥɶ ɞɪɟɧɚɠɚ 
ɩɨɡɜɨɥɹɟɬ ɩɨɧɢɡɢɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɤɨɧɞɟɧɫɚɬɚ, ɚ ɨɯɥɚɞɢɬɟɥɶ ɩɟɪɟɝɪɟɬɨɝɨ 
ɩɚɪɚ – ɧɚɝɪɟɬɶ ɜɨɞɭ ɞɨ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɧɚ ɜɵɯɨɞɟ ɢɡ ɩɨɞɨɝɪɟ-
ɜɚɬɟɥɹ ɩɪɢ ɨɞɧɢɯ ɢ ɬɟɯ ɠɟ ɩɚɪɚɦɟɬɪɚɯ ɩɚɪɚ. ȼɫɟ ɷɬɨ ɩɨɜɵɲɚɟɬ ɬɟɩɥɨɜɭɸ 

ɷɤɨɧɨɦɢɱɧɨɫɬɶ ɭɫɬɚɧɨɜɤɢ. 
 

 
Ɋɢɫ. 8.2. ɋɯɟɦɵ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɪɟɝɟɧɟɪɚɬɢɜɧɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ (ɚ–ɜ) ɢ ,t Q  - ɞɢɚ-
ɝɪɚɦɦɵ ɞɥɹ ɷɬɢɯ ɫɯɟɦ (ɝ–ɟ): 
ɚ – ɩɪɨɫɬɟɣɲɢɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ; ɛ – ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɫ ɨɯɥɚɞɢɬɟɥɟɦ ɞɪɟɧɚɠɚ; ɜ – ɩɨ-
ɞɨɝɪɟɜɚɬɟɥɶ ɫ ɨɯɥɚɞɢɬɟɥɟɦ ɞɪɟɧɚɠɚ ɢ ɨɯɥɚɞɢɬɟɥɟɦ ɩɚɪɚ;  
1 – ɨɫɧɨɜɧɨɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ; 2 – ɨɯɥɚɞɢɬɟɥɶ ɞɪɟɧɚɠɚ; 3 – ɨɯɥɚɞɢɬɟɥɶ ɩɟɪɟɝɪɟɬɨɝɨ 
ɩɚɪɚ 
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Ɍɟɩɥɨɜɚɹ ɷɤɨɧɨɦɢɱɧɨɫɬɶ ɭɫɬɚɧɨɜɤɢ ɡɚɜɢɫɢɬ ɧɟ ɬɨɥɶɤɨ ɨɬ ɬɟɦɩɟɪɚ-
ɬɭɪɵ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɢ ɱɢɫɥɚ ɪɟɝɟɧɟɪɚɬɢɜɧɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ, ɧɨ ɢ ɨɬ 
ɩɟɪɟɩɚɞɨɜ ɬɟɦɩɟɪɚɬɭɪɵ ɦɟɠɞɭ ɝɪɟɸɳɢɦ ɩɚɪɨɦ ɢ ɩɨɞɨɝɪɟɜɚɟɦɨɣ ɫɪɟɞɨɣ 

ɜ ɯɚɪɚɤɬɟɪɧɵɯ ɬɨɱɤɚɯ 1 3t tΔ − Δ  (ɪɢɫ. 8.2, ɝ–ɟ). 
ɍɜɟɥɢɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɧɚɩɨɪɨɜ ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ 

ɪɚɡɦɟɪɨɜ ɩɨɜɟɪɯɧɨɫɬɟɣ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɢ, ɫɥɟɞɨɜɚɬɟɥɶ-
ɧɨ, ɤ ɭɦɟɧɶɲɟɧɢɸ ɢɯ ɫɬɨɢɦɨɫɬɢ. Ɉɞɧɚɤɨ ɜɧɭɬɪɟɧɧɢɣ ɚɛɫɨɥɸɬɧɵɣ ɄɉȾ 

ɭɫɬɚɧɨɜɨɤ ɩɚɞɚɟɬ ɢ ɩɪɢ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ ɷN  

ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ. ɉɪɢ ɭɦɟɧɶɲɟɧɢɢ ɩɟɪɟɩɚɞɚ ɬɟɦɩɟɪɚɬɭɪ 
tΔ  ɧɚɛɥɸɞɚɟɬɫɹ ɨɛɪɚɬɧɚɹ ɤɚɪɬɢɧɚ. Ɉɩɬɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɷɬɢɯ ɜɟɥɢɱɢɧ 

ɜɵɛɢɪɚɸɬ ɢɫɯɨɞɹ ɢɡ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ. Ɉɛɵɱɧɨ ɧɟɞɨɝ-
ɪɟɜ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɫɵɳɟɧɢɹ 1tΔ  ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 1,5–3 °ɋ, ɦɢ-

ɧɢɦɚɥɶɧɵɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ ɜ ɨɯɥɚɞɢɬɟɥɹɯ ɞɪɟɧɚɠɚ 2tΔ  – ɜ ɩɪɟɞɟ-
ɥɚɯ 4–8 °ɋ, ɚ ɨɫɬɚɬɨɱɧɵɣ ɩɟɪɟɝɪɟɜ ɩɚɪɚ 3tΔ – ɜ ɩɪɟɞɟɥɚɯ 7–15 °ɋ. Ȼɨɥɶ-
ɲɢɟ ɡɧɚɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɧɚɩɨɪɨɜ ɹɜɥɹɸɬɫɹ ɨɩɬɢɦɚɥɶɧɵɦɢ ɩɪɢ ɞɟ-
ɲɟɜɵɯ ɬɨɩɥɢɜɚɯ, ɦɟɧɶɲɢɟ – ɩɪɢ ɞɨɪɨɝɨɫɬɨɹɳɢɯ. 

ȼ ɪɟɝɟɧɟɪɚɬɢɜɧɨɦ ɩɨɞɨɝɪɟɜɚɬɟɥɟ ɫ ɜɵɞɟɥɟɧɧɵɦ ɨɯɥɚɞɢɬɟɥɟɦ ɩɚɪɚ 
(Ɉɉ), ɩɨɤɚɡɚɧɧɨɦ ɧɚ ɫɯɟɦɟ ɪɢɫ. 8.2, ɜ, ɱɟɪɟɡ ɜɵɞɟɥɟɧɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ 

ɩɪɨɯɨɞɢɬ ɜɫɹ ɩɢɬɚɬɟɥɶɧɚɹ ɜɨɞɚ. Ɉɛɵɱɧɨ ɱɟɪɟɡ ɩɨɜɟɪɯɧɨɫɬɢ Ɉɉ ɩɪɨɩɭɫ-
ɤɚɟɬɫɹ ɥɢɲɶ ɱɚɫɬɶ ɨɛɳɟɝɨ ɩɨɬɨɤɚ ɜɨɞɵ, ɬɚɤ ɤɚɤ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɨɬ-
ɛɢɪɚɟɦɨɣ ɨɬ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ, ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɜɟɥɢɤɨ ɢ ɫɭɦɦɚɪɧɨɟ 
ɜɯɨɞɧɨɟ ɫɟɱɟɧɢɟ ɜɫɟɯ ɬɪɭɛ, ɩɨ ɤɨɬɨɪɵɦ ɩɪɨɯɨɞɢɬ ɜɨɞɚ, ɨɤɚɡɵɜɚɟɬɫɹ ɧɟ-
ɛɨɥɶɲɢɦ. Ɉɫɧɨɜɧɨɣ ɩɨɬɨɤ ɩɪɢ ɷɬɨɦ ɩɪɨɩɭɫɤɚɟɬɫɹ ɱɟɪɟɡ ɛɚɣɩɚɫ. ɋɯɟɦɚ, 
ɢɡɨɛɪɚɠɟɧɧɚɹ ɧɚ ɪɢɫ. 8.3, ɚ, ɜ ɤɨɬɨɪɨɣ ɜɨɞɚ, ɩɪɨɲɟɞɲɚɹ ɱɟɪɟɡ Ɉɉ, ɬɭɬ 
ɠɟ ɡɚ ɩɨɞɨɝɪɟɜɚɬɟɥɟɦ ɫɦɟɲɢɜɚɟɬɫɹ ɫ ɨɫɧɨɜɧɵɦ ɩɨɬɨɤɨɦ, ɩɨ ɬɟɩɥɨɜɨɣ 

ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɧɟ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɫɯɟɦɵ, ɩɨɤɚɡɚɧɧɨɣ ɧɚ ɪɢɫ. 8.2, ɜ. ɂɡ-
ɜɟɫɬɧɵ ɫɯɟɦɵ, ɩɨ ɤɨɬɨɪɵɦ ɜ ɨɯɥɚɞɢɬɟɥɶ ɩɚɪɚ ɨɬɜɨɞɢɬɫɹ ɜɨɞɚ, ɩɪɨɲɟɞ-

ɲɚɹ ɜɫɟ ɪɟɝɟɧɟɪɚɬɢɜɧɵɟ ɩɨɞɨɝɪɟɜɚɬɟɥɢ (ɪɢɫ. 8.3, ɛ). ɉɪɢ ɬɚɤɨɣ ɫɯɟɦɟ 
ɬɟɩɥɨɬɚ, ɩɨɥɭɱɟɧɧɚɹ ɨɬ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ, ɭɜɟɥɢɱɢɜɚɟɬ ɬɟɦɩɟɪɚɬɭɪɭ ɩɢ-

ɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɜɫɟɣ ɭɫɬɚɧɨɜɤɢ, ɩɨɷɬɨɦɭ ɄɉȾ ɩɨɜɵɲɚɟɬɫɹ ɧɟɫɤɨɥɶɤɨ 
ɛɨɥɶɲɟ, ɱɟɦ ɩɪɢ ɪɚɛɨɬɟ ɩɨ ɫɯɟɦɟ, ɩɪɢɜɟɞɟɧɧɨɣ ɧɚ ɪɢɫ. 8.3, ɚ. Ɇɨɠɧɨ 
ɬɚɤɠɟ ɩɨɫɬɭɩɚɸɳɭɸ ɜ ɩɚɪɨɨɯɥɚɞɢɬɟɥɶ ɜɨɞɭ (ɤɚɤ ɢ ɩɨ ɫɯɟɦɟ ɪɢɫ. 8.3, ɚ) 
ɨɬɛɢɪɚɬɶ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɨɫɥɟ ɩɨɜɟɪɯɧɨɫɬɟɣ ɨɫɧɨɜɧɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟ-
ɥɹ, ɚ ɡɚɬɟɦ ɫɦɟɲɢɜɚɬɶ ɫ ɨɫɧɨɜɧɵɦ ɩɨɬɨɤɨɦ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɡɚ ɩɨ-
ɫɥɟɞɧɢɦ ɩɨɞɨɝɪɟɜɚɬɟɥɟɦ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ (ɪɢɫ. 8.3, ɜ). Ɍɚɤ ɤɚɤ ɩɪɢ 

ɷɬɨɦ ɩɚɪ ɨɬɛɨɪɚ ɦɨɠɟɬ ɛɵɬɶ ɨɯɥɚɠɞɟɧ ɜ Ɉɉ ɞɨ ɛɨɥɟɟ ɧɢɡɤɨɣ ɬɟɦɩɟɪɚ-
ɬɭɪɵ, ɱɟɦ ɩɪɢ ɪɚɛɨɬɟ ɩɨ ɫɯɟɦɟ ɪɢɫ. 8.3, ɛ, ɬɚɤɚɹ ɫɯɟɦɚ ɧɚɢɛɨɥɟɟ ɷɤɨɧɨ-
ɦɢɱɧɚ. 
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Ɋɢɫ. 8.3. ɋɯɟɦɚ ɩɨɞɨɝɪɟɜɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɜ ɩɨɞɨɝɪɟɜɚɬɟɥɹɯ ɫ ɨɯɥɚɞɢɬɟɥɹɦɢ ɩɚɪɚ 
ɢ ɞɪɟɧɚɠɚ: 
ɚ – ɜɨɞɚ ɩɨɫɥɟ Ɉɉ ɫɦɟɲɢɜɚɟɬɫɹ ɫ ɨɫɧɨɜɧɵɦ ɩɨɬɨɤɨɦ; ɛ – ɜ Ɉɉ ɩɨɫɬɭɩɚɟɬ ɱɚɫɬɶ 
ɩɨɬɨɤɚ, ɩɪɨɲɟɞɲɟɝɨ ɜɫɟ ɪɟɝɟɧɟɪɚɬɢɜɧɵɟ ɩɨɞɨɝɪɟɜɚɬɟɥɢ (ɫɯɟɦɚ ȼɢɨɥɟɧ); ɜ – Ɉɉ ɭɫ-
ɬɚɧɨɜɥɟɧ ɩɟɪɟɞ ɩɨɞɨɝɪɟɜɚɬɟɥɟɦ-ɤɨɧɞɟɧɫɚɬɨɪɨɦ, ɚ ɧɚɝɪɟɬɚɹ ɜ ɧɟɦ ɜɨɞɚ ɧɚɩɪɚɜɥɹ-
ɟɬɫɹ ɜ ɩɨɬɨɤ, ɩɪɨɲɟɞɲɢɣ ɜɫɟ ɩɨɞɨɝɪɟɜɚɬɟɥɢ (ɫɯɟɦɚ ɇɟɤɨɥɶɧɨɝɨ – Ɋɢɤɚɪɚ);  
1 – ɞɟɚɷɪɚɬɨɪ; 2 – ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɫ ɨɯɥɚɞɢɬɟɥɟɦ ɞɪɟɧɚɠɚ ɢ ɨɯɥɚɞɢɬɟɥɟɦ ɩɚɪɚ; 3 – 

ɨɯɥɚɞɢɬɟɥɶ ɩɚɪɚ; 4 – ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɫ ɨɯɥɚɞɢɬɟɥɟɦ ɞɪɟɧɚɠɚ. 
 

ɇɚɪɹɞɭ ɫ ɨɯɥɚɞɢɬɟɥɟɦ ɞɪɟɧɚɠɚ (ɈȾ), ɜɫɬɪɨɟɧɧɵɦ ɜ ɤɨɪɩɭɫ ɪɟɝɟ-
ɧɟɪɚɬɢɜɧɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ, ɩɪɢɦɟɧɹɸɬɫɹ ɨɯɥɚɞɢɬɟɥɢ, ɜɵɩɨɥɧɟɧɧɵɟ ɨɬ-
ɞɟɥɶɧɵɦɢ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚɦɢ. ɑɟɪɟɡ ɬɚɤɨɣ ɬɟɩɥɨɨɛɦɟɧɧɢɤ ɩɪɨɩɭɫɤɚɟɬɫɹ 
ɱɚɫɬɶ ɜɨɞɵ ɢɡ ɨɫɧɨɜɧɨɝɨ ɩɨɬɨɤɚ ɤɨɧɞɟɧɫɚɬɚ, ɤɨɬɨɪɚɹ ɩɨɫɥɟ ɩɨɞɨɝɪɟɜɚ ɜ 
ɷɬɨɦ ɚɩɩɚɪɚɬɟ ɜɧɨɜɶ ɫɦɟɲɢɜɚɟɬɫɹ ɫ ɩɨɬɨɤɨɦ, ɢɞɭɳɢɦ ɜ ɫɥɟɞɭɸɳɢɣ ɩɨ 
ɯɨɞɭ ɜɨɞɵ ɪɟɝɟɧɟɪɚɬɢɜɧɵɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ (ɪɢɫ. 8.4). 
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Ɋɢɫ. 8.4. ɋɯɟɦɚ ɪɟɝɟɧɟɪɚɬɢɜɧɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɫ ɜɵɧɟɫɟɧɧɵɦ ɨɯɥɚɞɢɬɟɥɟɦ ɞɪɟɧɚɠɚ: 
1 – ɪɟɝɟɧɟɪɚɬɢɜɧɵɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ; 2 – ɨɯɥɚɞɢɬɟɥɶ ɞɪɟɧɚɠɚ; 3 – ɞɪɨɫɫɟɥɶɧɚɹ ɞɢɚ-
ɮɪɚɝɦɚ 

 

ɉɨ ɤɨɧɫɬɪɭɤɰɢɢ ɩɨɜɟɪɯɧɨɫɬɧɵɟ ɪɟɝɟɧɟɪɚɬɢɜɧɵɟ ɩɨɞɨɝɪɟɜɚɬɟɥɢ 

ɪɚɡɞɟɥɹɸɬ ɧɚ ɩɨɞɨɝɪɟɜɚɬɟɥɢ ɫ ɬɪɭɛɧɨɣ ɞɨɫɤɨɣ ɢ ɫ ɤɨɥɥɟɤɬɨɪɧɨɣ ɫɢɫɬɟ-
ɦɨɣ. ɇɚ ɪɢɫ. 8.5 ɩɨɤɚɡɚɧ ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɫ ɬɪɭɛɧɨɣ ɞɨɫɤɨɣ ɛɟɡ ɜɵɞɟɥɟɧ-

ɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ Ɉɉ ɢ ɈȾ. Ƚɪɟɸɳɢɣ ɩɚɪ ɩɨɞɚɟɬɫɹ ɜ ɜɟɪɯɧɸɸ ɱɚɫɬɶ 
ɤɨɪɩɭɫɚ ɢ ɤɨɧɞɟɧɫɢɪɭɟɬɫɹ ɧɚ ɧɚɪɭɠɧɵɯ ɩɨɜɟɪɯɧɨɫɬɹɯ ɜɟɪɬɢɤɚɥɶɧɵɯ U-

ɨɛɪɚɡɧɵɯ ɬɪɭɛ. Ⱦɜɢɠɟɧɢɟ ɩɚɪɚ ɧɚɩɪɚɜɥɹɟɬɫɹ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦɢ ɩɟɪɟɝɨ-
ɪɨɞɤɚɦɢ. Ʉɨɧɞɟɧɫɚɬ ɩɚɪɚ ɨɬɜɨɞɢɬɫɹ ɢɡ ɧɢɠɧɟɣ ɱɚɫɬɢ ɤɨɪɩɭɫɚ. Ⱦɥɹ ɬɨɝɨ 
ɱɬɨɛɵ ɫ ɤɨɧɞɟɧɫɚɬɨɦ ɧɟ ɩɟɪɟɬɟɤɚɥɨ ɢ ɧɟɤɨɬɨɪɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɚɪɚ (ɱɬɨ 
ɩɪɢ ɤɚɫɤɚɞɧɨɦ ɫɥɢɜɟ ɞɪɟɧɚɠɚ ɩɪɢɜɟɞɟɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɬɟɩɥɨɜɨɣ ɷɤɨɧɨ-
ɦɢɱɧɨɫɬɢ ɭɫɬɚɧɨɜɤɢ, ɚ ɩɪɢ ɩɨɞɚɱɟ ɞɪɟɧɚɠɚ ɜ ɥɢɧɢɸ ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧ-

ɫɚɬɚ – ɤ ɫɪɵɜɚɦ ɜ ɪɚɛɨɬɟ ɞɪɟɧɚɠɧɨɝɨ ɧɚɫɨɫɚ), ɜ ɩɨɞɨɝɪɟɜɚɬɟɥɟ ɪɟɝɭɥɹɬɨ-
ɪɨɦ ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɩɨɫɬɨɹɧɧɵɣ ɭɪɨɜɟɧɶ ɤɨɧɞɟɧɫɚɬɚ. ɇɚɝɪɟɜɚɟɦɚɹ ɜɨɞɚ 
ɩɨɞɚɟɬɫɹ ɜɨ ɜɯɨɞɧɭɸ ɱɚɫɬɶ ɤɚɦɟɪɵ, ɩɪɨɯɨɞɢɬ U-ɨɛɪɚɡɧɵɟ ɬɪɭɛɵ ɢ ɩɨ-
ɩɚɞɚɟɬ ɜ ɞɪɭɝɨɟ ɨɬɞɟɥɟɧɢɟ. ȿɫɥɢ ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɞɜɭɯɯɨɞɨɜɨɣ, ɜɨɞɚ ɨɬɜɨ-
ɞɢɬɫɹ ɱɟɪɟɡ ɜɵɯɨɞɧɨɣ ɲɬɭɰɟɪ. ɉɪɢ ɱɟɬɵɪɟɯɯɨɞɨɜɨɦ ɩɨɞɨɝɪɟɜɚɬɟɥɟ ɜɨɞɚ 
ɞɟɥɚɟɬ ɟɳɟ ɞɜɚ ɯɨɞɚ. Ɍɪɟɛɭɟɦɨɟ ɞɜɢɠɟɧɢɟ ɜɨɞɵ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɭɫɬɪɨɣ-

ɫɬɜɨɦ ɩɟɪɟɝɨɪɨɞɨɤ ɜ ɜɨɞɹɧɨɣ ɤɚɦɟɪɟ. 
ɇɚ ɤɨɪɩɭɫɟ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɢɦɟɸɬɫɹ ɲɬɭɰɟɪɚ ɞɥɹ ɩɟɪɟɩɭɫɤɚ ɧɟɤɨɧ-

ɞɟɧɫɢɪɭɸɳɢɯɫɹ ɝɚɡɨɜ ɢ ɩɨɞɜɨɞɚ ɞɪɟɧɚɠɟɣ ɢɡ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɛɨɥɟɟ ɜɵ-

ɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ. ɇɟɤɨɧɞɟɧɫɢɪɭɸɳɢɟɫɹ ɝɚɡɵ ɜ ɩɨɞɨɝɪɟɜɚɬɟɥɹɯ ɧɢɡɤɨɝɨ 
ɞɚɜɥɟɧɢɹ ɩɟɪɟɩɭɫɤɚɸɬɫɹ ɢɡ ɨɞɧɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɜ ɞɪɭɝɨɣ, ɚ ɢɡ ɩɨɫɥɟɞ-

ɧɟɝɨ – ɜ ɤɨɧɞɟɧɫɚɬɨɪ. 
Ɋɟɝɟɧɟɪɚɬɢɜɧɵɟ ɩɨɞɨɝɪɟɜɚɬɟɥɢ ɫ ɬɪɭɛɧɨɣ ɞɨɫɤɨɣ ɜɵɩɭɫɤɚɸɬɫɹ ɡɚ-

ɜɨɞɚɦɢ ɞɥɹ Ɍɗɋ ɧɚ ɞɚɜɥɟɧɢɟ ɫɨ ɫɬɨɪɨɧɵ ɜɨɞɵ ɞɨ 3,2, ɞɥɹ Ⱥɗɋ – ɞɨ 4,2 

Ɇɉɚ. 
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Ɋɢɫ. 8.5. Ɋɟɝɟɧɟɪɚɬɢɜɧɵɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɫ ɬɪɭɛɧɨɣ ɞɨɫɤɨɣ: 

1 – ɤɨɪɩɭɫ; 2 – ɥɢɧɢɹ ɩɨɞɜɨɞɚ ɝɪɟɸɳɟɝɨ ɩɚɪɚ; 3 – ɡɚɳɢɬɧɵɣ ɳɢɬ; 4, 5 – ɜɯɨɞɧɨɣ ɢ 
ɜɵɯɨɞɧɨɣ ɩɚɬɪɭɛɤɢ ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ; ɛ – ɜɨɞɹɧɚɹ ɤɚɦɟɪɚ; 7 – ɬɪɭɛɧɚɹ ɞɨɫɤɚ; 
8 – ɥɚɬɭɧɧɵɟ U-ɨɛɪɚɡɧɵɟ ɬɪɭɛɵ; 9 – ɧɚɩɪɚɜɥɹɸɳɢɟ ɩɟɪɟɝɨɪɨɞɤɢ; 10 – ɨɬɫɨɫ ɜɨɡɞɭ-
ɯɚ; 11 – ɩɨɞɜɨɞ ɞɪɟɧɚɠɚ ɢɡ ɞɪɭɝɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ; 12 – ɫɥɢɜ ɤɨɧɞɟɧɫɚɬɚ ɝɪɟɸɳɟɝɨ 
ɩɚɪɚ; 13 – ɲɬɭɰɟɪ ɞɥɹ ɨɩɨɪɨɠɧɟɧɢɹ; 14 – ɜɨɞɨɦɟɪɧɨɟ ɫɬɟɤɥɨ; 15 – ɩɨɞɜɨɞ ɧɟɤɨɧ-
ɞɟɧɫɢɪɭɸɳɢɯɫɹ ɝɚɡɨɜ ɢɡ ɞɪɭɝɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ. 
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ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚ ɤɪɭɩɧɵɯ ɛɥɨɤɚɯ ɧɚɪɹɞɭ ɫ ɪɟɝɟɧɟɪɚɬɢɜɧɵɦɢ 

ɩɨɞɨɝɪɟɜɚɬɟɥɹɦɢ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ (ɉɇȾ), ɜ ɤɨɬɨɪɵɯ ɩɨɞɨɝɪɟɜ ɨɫɧɨɜ-
ɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɩɪɨɢɫɯɨɞɢɬ ɬɨɥɶɤɨ ɜ ɬɪɭɛɧɵɯ ɩɭɱɤɚɯ, ɨɛɨɝɪɟɜɚɟɦɵɯ 
ɤɨɧɞɟɧɫɢɪɭɸɳɢɦɫɹ ɩɚɪɨɦ (ɪɢɫ. 8.5), ɩɪɢɦɟɧɹɸɬ ɩɨɞɨɝɪɟɜɚɬɟɥɢ ɫ ɜɫɬɪɨ-
ɟɧɧɵɦɢ ɈȾ ɢ ɩɨɞɨɝɪɟɜɚɬɟɥɢ, ɜ ɤɨɬɨɪɵɯ ɟɫɬɶ ɤɚɤ ɈȾ, ɬɚɤ ɢ Ɉɉ. ɇɚ ɪɢɫ. 
8.6 ɩɨɤɚɡɚɧ ɉɇȾ ɫ U-ɨɛɪɚɡɧɵɦɢ ɬɪɭɛɤɚɦɢ, ɭɫɬɚɧɨɜɥɟɧɧɵɦɢ ɜ ɬɪɭɛɧɵɯ 
ɞɨɫɤɚɯ, ɫ Ɉɉ ɢ ɈȾ. Ɍɪɭɛɵ Ɉɉ ɪɚɡɦɟɳɚɸɬɫɹ ɡɞɟɫɶ ɜ ɜɵɞɟɥɟɧɧɨɦ ɨɬɫɟɤɟ 
ɤɨɪɩɭɫɚ ɩɨɞɨɝɪɟɜɚɬɟɥɹ. ɉɭɱɨɤ ɷɬɢɯ ɬɪɭɛ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɩɚɪɚɥɥɟɥɶɧɨ 
ɬɪɭɛɚɦ, ɧɚ ɩɨɜɟɪɯɧɨɫɬɹɯ ɤɨɬɨɪɵɯ ɩɚɪ ɤɨɧɞɟɧɫɢɪɭɟɬɫɹ [ɬɪɭɛɵ ɩɭɱɤɚ ɩɨ-
ɞɨɝɪɟɜɚɬɟɥɹ-ɤɨɧɞɟɧɫɚɬɨɪɚ (ɉɄ)]. ȼɧɢɡɭ ɤɨɪɩɭɫɚ ɪɟɝɟɧɟɪɚɬɢɜɧɨɝɨ ɩɨ-
ɞɨɝɪɟɜɚɬɟɥɹ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɈȾ. ɉɟɪɟɝɪɟɬɵɣ ɩɚɪ ɨɬ ɨɬɛɨɪɚ ɬɭɪɛɢɧɵ ɩɨ-
ɫɬɭɩɚɟɬ ɜ ɧɢɠɧɸɸ ɱɚɫɬɶ ɩɨɞɨɝɪɟɜɚɬɟɥɹ, ɩɪɨɯɨɞɢɬ ɬɪɭɛɵ Ɉɉ (ɪɢɫ. 8.6, ɚ) 
ɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ, ɛɥɢɡɤɨɣ ɤ ɧt , ɩɟɪɟɬɟɤɚɟɬ ɱɟɪɟɡ ɨɬɜɟɪɫɬɢɹ ɜ ɤɨɠɭɯɟ 
ɫɜɚɪɧɨɝɨ ɨɬɫɟɤɚ ɜ ɉɄ. Ɂɞɟɫɶ ɩɚɪ ɤɨɧɞɟɧɫɢɪɭɟɬɫɹ, ɚ ɨɛɪɚɡɭɸɳɢɣɫɹ ɤɨɧ-

ɞɟɧɫɚɬ ɫɬɟɤɚɟɬ ɜ ɈȾ, ɝɞɟ ɨɯɥɚɠɞɚɟɬɫɹ ɱɚɫɬɶɸ ɩɨɬɨɤɚ ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧ-

ɫɚɬɚ. Ɉɯɥɚɠɞɟɧɧɵɣ ɤɨɧɞɟɧɫɚɬ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɨɬɜɨɞɢɬɫɹ ɱɟɪɟɡ ɲɬɭɰɟɪ, 
ɪɚɫɩɨɥɨɠɟɧɧɵɣ ɜ ɧɢɠɧɟɣ ɱɚɫɬɢ ɤɨɪɩɭɫɚ. 

ɉɨɬɨɤ ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɩɨɫɬɭɩɚɟɬ ɜɨ ɜɯɨɞɧɭɸ ɱɚɫɬɶ ɜɨɞɹɧɨɣ 

ɤɚɦɟɪɵ, ɩɪɨɯɨɞɢɬ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɱɟɬɵɪɟɯɯɨɞɨɜɵɟ ɩɨɞɨɝɪɟɜɚɬɟɥɶ-
ɤɨɧɞɟɧɫɚɬɨɪ ɢ ɨɯɥɚɞɢɬɟɥɶ ɩɚɪɚ, ɩɨɫɥɟ ɱɟɝɨ ɩɨɩɚɞɚɟɬ ɜ ɜɵɯɨɞɧɭɸ ɱɚɫɬɶ 
ɤɚɦɟɪɵ, ɨɬɤɭɞɚ ɜɵɯɨɞɢɬ ɱɟɪɟɡ ɨɬɜɨɞɹɳɢɣ ɲɬɭɰɟɪ. ɇɟɛɨɥɶɲɚɹ ɱɚɫɬɶ ɩɨ-
ɬɨɤɚ ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɞɨ ɩɨɫɬɭɩɥɟɧɢɹ ɜ ɬɪɭɛɧɵɣ ɩɭɱɨɤ ɉɄ ɩɨɞɚɟɬ-
ɫɹ ɜ ɜɨɞɹɧɭɸ ɤɚɦɟɪɭ ɈȾ, ɩɪɨɯɨɞɢɬ U-ɨɛɪɚɡɧɵɟ ɬɪɭɛɵ ɨɯɥɚɞɢɬɟɥɹ ɢ, ɩɨ-
ɞɨɝɪɟɬɚɹ, ɫɥɢɜɚɟɬɫɹ ɫ ɨɫɧɨɜɧɵɦ ɩɨɬɨɤɨɦ (ɪɢɫ. 8.6, ɛ). 

ɉɪɢɜɟɞɟɧɧɵɣ ɧɚ ɪɢɫ. 8.6 ɪɟɝɟɧɟɪɚɬɢɜɧɵɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɭɫɬɚɧɚɜ-
ɥɢɜɚɟɬɫɹ ɧɚ ɛɥɨɤɟ ɫ ɨɞɧɨɜɚɥɶɧɨɣ ɬɭɪɛɢɧɨɣ Ʉ-800-240. Ɍɪɭɛɧɵɟ ɩɭɱɤɢ ɜ 
ɧɟɦ ɫɨɛɪɚɧɵ ɢɡ ɬɪɭɛ ɞɢɚɦɟɬɪɨɦ 16x1 ɦɦ, ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɢɡ ɫɬɚɥɢ 

ɏ18ɇ10Ɍ. 

Ɋɟɝɟɧɟɪɚɬɢɜɧɵɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɫ ɤɨɥɥɟɤɬɨɪɧɨɣ ɫɢɫɬɟɦɨɣ ɩɨɤɚɡɚɧ 

ɧɚ ɪɢɫ. 8.7. ȼ ɤɨɪɩɭɫɟ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɱɟɬɵɪɟ ɩɭɱɤɚ ɞɜɨɣ-

ɧɵɯ ɫɩɢɪɚɥɶɧɵɯ ɬɪɭɛ, ɤ ɤɨɬɨɪɵɦ ɨɬ ɞɜɭɯ ɜɟɪɬɢɤɚɥɶɧɵɯ ɤɨɥɥɟɤɬɨɪɨɜ 
ɩɨɞɜɨɞɢɬɫɹ ɩɨɞɨɝɪɟɜɚɟɦɚɹ ɜɨɞɚ. Ɉɬɜɨɞɢɬɫɹ ɜɨɞɚ ɬɚɤɠɟ ɜ ɜɟɪɬɢɤɚɥɶɧɵɟ 
ɤɨɥɥɟɤɬɨɪɵ. ȼ ɤɨɥɥɟɤɬɨɪɚɯ ɢɦɟɸɬɫɹ ɪɚɡɞɟɥɢɬɟɥɶɧɵɟ ɞɢɚɮɪɚɝɦɵ, ɤɨɬɨ-
ɪɵɟ ɨɛɟɫɩɟɱɢɜɚɸɬ ɬɪɟɛɭɟɦɨɟ ɱɢɫɥɨ ɯɨɞɨɜ ɜ Ɉɉ, ɉɄ ɢ ɈȾ ɢ ɫɨɨɬɜɟɬɫɬ-
ɜɭɸɳɭɸ ɫɤɨɪɨɫɬɶ ɜɨɞɵ ɜ ɬɪɭɛɚɯ. Ɍɪɭɛɵ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɪɚɡɞɟɥɹɸɬɫɹ ɝɨ-
ɪɢɡɨɧɬɚɥɶɧɵɦɢ ɩɟɪɟɝɨɪɨɞɤɚɦɢ, ɱɬɨɛɵ ɫɨɡɞɚɬɶ ɫɤɨɪɨɫɬɢ ɩɚɪɚ ɢ ɤɨɧɞɟɧ-

ɫɚɬɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɧɟɨɛɯɨɞɢɦɵɟ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɟɩɥɨɨɬ-
ɞɚɱɢ ɩɪɢ ɞɨɩɭɫɬɢɦɵɯ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɫɨɩɪɨɬɢɜɥɟɧɢɹɯ. ȼ ɩɟɪɟɝɨɪɨɞɤɚɯ 
ɢɦɟɸɬɫɹ ɨɬɜɟɪɫɬɢɹ, ɩɨ ɤɨɬɨɪɵɦ ɩɚɪ ɢ ɤɨɧɞɟɧɫɚɬ ɩɟɪɟɬɟɤɚɸɬ ɢɡ ɨɞɧɨɣ 

ɫɟɤɰɢɢ ɜ ɞɪɭɝɭɸ. 
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Ɋɢɫ. 8.6. Ʉɨɧɫɬɪɭɤɰɢɹ ɪɟɝɟɧɟɪɚɬɢɜɧɨɝɨ 
ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ ɫ ɨɯɥɚ-
ɞɢɬɟɥɹɦɢ ɩɚɪɚ ɢ ɞɪɟɧɚɠɚ ɉɇ-1000-32-7-

1ɒɀ (ɚ) ɢ ɫɯɟɦɚ ɞɜɢɠɟɧɢɹ ɜɨɞɵ ɢ ɩɚɪɚ 
(ɛ): 
1 – ɤɨɪɩɭɫ; 2 – ɬɪɭɛɧɵɣ ɩɭɱɨɤ ɉɄ; 3 – 

ɬɪɭɛɧɚɹ ɞɨɫɤɚ ɉɄ ɢ Ɉɉ; 4 – ɜɨɞɹɧɚɹ 
ɤɚɦɟɪɚ ɉɄ ɢ Ɉɉ; 5 – ɥɢɧɢɹ ɩɨɞɜɨɞɚ ɩɚ-
ɪɚ; 6 – ɥɢɧɢɹ ɨɬɜɨɞɚ ɤɨɧɞɟɧɫɚɬɚ; 7 – 

ɬɪɭɛɧɵɣ ɩɭɱɨɤ ɈȾ; 8 – ɬɪɭɛɧɚɹ ɞɨɫɤɚ 
ɈȾ; 9 – ɜɨɞɹɧɚɹ ɤɚɦɟɪɚ ɈȾ; 10 – ɲɬɭ-
ɰɟɪ ɩɨɞɜɨɞɚ ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɈȾ; 

11 – ɥɢɧɢɹ ɨɬɫɨɫɚ ɧɟɤɨɧɞɟɧɫɢɪɭɸɳɢɯɫɹ 
ɝɚɡɨɜ; 12 – ɥɢɧɢɹ ɩɨɞɜɨɞɚ ɞɪɟɧɚɠɚ ɢɡ 
ɞɪɭɝɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ; 13, 14 – ɫɨɨɬ-

ɜɟɬɫɬɜɟɧɧɨ ɲɬɭɰɟɪɚ ɩɨɞɜɨɞɚ ɢ ɨɬɜɨɞɚ 
ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɉɄ ɢ Ɉɉ; 15 – 

ɬɪɭɛɧɵɣ ɩɭɱɨɤ Ɉɉ; 16 – ɥɢɧɢɹ ɩɨɞɜɨɞɚ 
ɩɚɪɨɝɚɡɨɜɨɣ ɫɦɟɫɢ ɢɡ ɞɪɭɝɨɝɨ ɩɨɞɨɝɪɟ-
ɜɚɬɟɥɹ; 17 – ɲɬɭɰɟɪ ɨɬɜɨɞɚ ɩɨɬɨɤɚ 
ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ (ɈɄ). 
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Ɋɢɫ. 8.7. Ʉɨɧɫɬɪɭɤɰɢɹ ɪɟɝɟɧɟɪɚɬɢɜɧɨɝɨ ɩɨ-
ɞɨɝɪɟɜɚɬɟɥɹ ɫ ɤɨɥɥɟɤɬɨɪɧɨɣ ɫɢɫɬɟɦɨɣ (ɚ) ɢ 

ɫɯɟɦɚ ɞɜɢɠɟɧɢɹ ɜɨɞɵ ɜ ɬɪɭɛɧɨɣ ɫɢɫɬɟɦɟ 
(ɛ): 
1 – ɩɨɞɜɨɞ ɝɪɟɸɳɟɝɨ ɩɚɪɚ; 2 – ɨɯɥɚɞɢɬɟɥɶ 
ɩɚɪɚ; 3 – ɩɨɜɟɪɯɧɨɫɬɢ ɉɄ; 4 – ɩɨɞɜɨɞ ɧɟ-
ɤɨɧɞɟɧɫɢɪɭɸɳɢɯɫɹ ɝɚɡɨɜ ɢɡ ɞɪɭɝɨɝɨ ɩɨɞɨɝ-
ɪɟɜɚɬɟɥɹ; 5 – ɨɬɫɨɫ ɧɟɤɨɧɞɟɧɫɢɪɭɸɳɢɯɫɹ 
ɝɚɡɨɜ; 6 – ɨɬɜɨɞ ɤɨɧɞɟɧɫɚɬɚ ɝɪɟɸɳɟɝɨ ɩɚ-
ɪɚ; 7 – ɤɨɥɥɟɤɬɨɪɵ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ; 8 –

ɨɯɥɚɞɢɬɟɥɶ ɞɪɟɧɚɠɚ; 9 – ɩɚɬɪɭɛɨɤ ɤ ɭɤɚ-
ɡɚɬɟɥɸ ɭɪɨɜɧɹ; 10, 11 – ɩɨɞɜɨɞ ɩɢɬɚɬɟɥɶ-
ɧɨɣ ɜɨɞɵ ɢ ɟɟ ɨɬɜɨɞ; 12 – ɩɨɞɜɨɞ ɤɨɧɞɟɧ-
ɫɚɬɚ ɢɡ ɞɪɭɝɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ. 
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Ƚɪɟɸɳɢɣ ɩɚɪ ɩɨɞɜɨɞɢɬɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɤ ɨɯɥɚɞɢɬɟɥɸ ɩɚɪɚ 
ɫɜɟɪɯɭ (ɪɢɫ. 8.7) ɢɥɢ ɱɟɪɟɡ ɲɬɭɰɟɪ ɜ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɱɚɫɬɢ ɤɨɪɩɭɫɚ, ɨɯ-
ɥɚɠɞɟɧɧɵɣ ɤɨɧɞɟɧɫɚɬ ɨɬɜɨɞɢɬɫɹ ɢɡ ɧɢɠɧɟɣ ɱɚɫɬɢ ɩɨɞɨɝɪɟɜɚɬɟɥɹ. ɋɧɢɡɭ 
ɪɚɫɩɨɥɨɠɟɧɵ ɬɚɤɠɟ ɩɨɞɜɨɞɹɳɢɣ ɢ ɨɬɜɨɞɹɳɢɣ ɲɬɭɰɟɪɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨ-
ɞɵ. ɇɟɤɨɧɞɟɧɫɢɪɭɸɳɢɟɫɹ ɝɚɡɵ ɨɬɜɨɞɹɬɫɹ ɩɨ ɬɪɭɛɟ, ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɧɚɞ 
ɨɯɥɚɞɢɬɟɥɟɦ ɤɨɧɞɟɧɫɚɬɚ. 

Ʉɨɪɩɭɫ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɢɦɟɟɬ ɜɧɢɡɭ ɮɥɚɧɰɟɜɨɟ ɫɨɟɞɢɧɟɧɢɟ, ɜɟɪɯ-
ɧɹɹ ɱɚɫɬɶ ɤɨɬɨɪɨɝɨ ɩɪɢ ɪɟɦɨɧɬɟ ɦɨɠɟɬ ɛɵɬɶ ɫɧɹɬɚ ɤɪɚɧɨɦ, ɢɦɟɸɳɢɦɫɹ 
ɜ ɦɚɲɢɧɧɨɦ ɡɚɥɟ. Ɉɫɬɚɥɶɧɵɟ ɷɥɟɦɟɧɬɵ ɤɨɧɫɬɪɭɤɰɢɢ ɩɨɧɹɬɧɵ ɢɡ ɪɢɫɭɧ-

ɤɚ. 
Ɋɟɝɟɧɟɪɚɬɢɜɧɵɟ ɩɨɞɨɝɪɟɜɚɬɟɥɢ ɫ ɤɨɥɥɟɤɬɨɪɧɨɣ ɫɢɫɬɟɦɨɣ ɜɵɩɭɫ-

ɤɚɸɬɫɹ ɡɚɜɨɞɚɦɢ ɞɥɹ ɞɚɜɥɟɧɢɣ ɜ ɬɪɭɛɧɨɣ ɫɢɫɬɟɦɟ ɞɨ 38 Ɇɉɚ ɢ ɢɫɩɨɥɶ-
ɡɭɸɬɫɹ ɤɚɤ ɩɨɞɨɝɪɟɜɚɬɟɥɢ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ (ɉȼȾ), ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɟ 
ɩɨɫɥɟ ɩɢɬɚɬɟɥɶɧɵɯ ɧɚɫɨɫɨɜ. ɇɨɜɵɟ ɤɨɧɫɬɪɭɤɰɢɢ ɬɚɤɢɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ 

ɨɬɥɢɱɚɸɬɫɹ ɯɨɪɨɲɢɦ ɡɚɩɨɥɧɟɧɢɟɦ ɨɛɴɟɦɚ ɤɨɪɩɭɫɚ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ 
ɨɤɚɡɚɥɨɫɶ ɜɨɡɦɨɠɧɵɦ ɞɚɠɟ ɧɚ ɤɪɭɩɧɵɯ ɛɥɨɤɚɯ ɧɚ ɤɚɠɞɨɦ ɨɬɛɨɪɟ ɭɫɬɚ-
ɧɚɜɥɢɜɚɬɶ ɨɞɢɧ ɪɟɝɟɧɟɪɚɬɢɜɧɵɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ, ɬ.ɟ. ɩɪɢɦɟɧɹɬɶ ɫɯɟɦɭ ɫ 
ɬɚɤ ɧɚɡɵɜɚɟɦɨɣ ɨɞɧɨɧɢɬɨɱɧɨɣ ɝɪɭɩɩɨɣ ɉȼȾ. ɂɧɨɝɞɚ ɧɚ ɬɚɤɢɯ ɩɨɞɨɝɪɟ-
ɜɚɬɟɥɹɯ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɬɚɤɠɟ ɨɬɞɟɥɶɧɵɣ ɨɬɜɨɞ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ, 

ɩɨɞɨɝɪɟɬɨɣ ɜ Ɉɉ. ɉɨɫɥɟɞɧɟɟ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɢ ɜɫɬɪɨɟɧɧɨɦ Ɉɉ ɢɫ-
ɩɨɥɶɡɨɜɚɬɶ ɬɟɩɥɨɬɭ ɩɨɫɬɭɩɚɸɳɟɝɨ ɜ ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ ɩɨ 
ɫɯɟɦɟ ɇɟɤɨɥɶɧɨɝɨ – Ɋɢɤɚɪɚ (ɫɦ. ɪɢɫ. 8.3, ɜ). 

ɇɚ ɪɢɫ. 8.8 ɩɨɤɚɡɚɧɵ ɤɨɧɫɬɪɭɤɰɢɹ ɢ ɪɚɫɩɨɥɨɠɟɧɢɟ ɝɪɟɸɳɢɯ ɩɭɱ-
ɤɨɜ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɛɥɨɤɚ ɫ ɬɭɪɛɢɧɨɣ Ʉ-500-240. Ɋɟɝɟɧɟɪɚɬɢɜɧɵɣ ɩɨɞɨɝ-
ɪɟɜɚɬɟɥɶ ɢɦɟɟɬ ɨɬɞɟɥɶɧɨ ɜɵɞɟɥɟɧɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ Ɉɉ, ɉɄ ɢ ɈȾ, ɫɨɛ-

ɪɚɧɧɵɟ ɢɡ ɩɭɱɤɨɜ ɨɞɧɨɪɹɞɧɵɯ ɫɩɢɪɚɥɶɧɵɯ ɬɪɭɛ ɞɢɚɦɟɬɪɨɦ 32×5 ɦɦ 

(ɞɥɹ ɉɄ ɢ ɈȾ) ɢ 32×6 ɦɦ (ɞɥɹ Ɉɉ). Ʉɚɠɞɵɣ ɩɭɱɨɤ ɡɦɟɟɜɢɤɨɜ Ɉɉ ɡɚ-
ɤɥɸɱɟɧ ɜ ɫɜɨɣ ɤɨɠɭɯ. Ʉɨɠɭɯɢ ɫɨɟɞɢɧɟɧɵ ɩɟɪɟɩɭɫɤɧɵɦɢ ɤɨɪɨɛɚɦɢ. 

Ƚɪɟɸɳɢɣ ɩɚɪ ɩɨɞɜɨɞɢɬɫɹ ɤ ɞɜɭɦ ɩɭɱɤɚɦ (ɤɨɥɨɧɤɚɦ) Ɉɉ ɩɨ ɫɬɨɹɤɭ, ɪɚɫ-
ɩɨɥɨɠɟɧɧɨɦɭ ɜ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ ɤɨɪɩɭɫɚ ɚɩɩɚɪɚɬɚ, ɢ ɩɪɨɯɨɞɢɬ ɩɨɫɥɟ-
ɞɨɜɚɬɟɥɶɧɨ ɬɪɢ ɤɨɥɨɧɤɢ. ɂɡ ɨɞɧɨɣ ɤɨɥɨɧɤɢ ɜ ɞɪɭɝɭɸ ɩɚɪ ɩɟɪɟɬɟɤɚɟɬ ɩɨ 
ɤɨɪɨɛɚɦ. Ɉɯɥɚɞɢɬɟɥɶ ɤɨɧɞɟɧɫɚɬɚ ɢɦɟɟɬ ɬɚɤɭɸ ɠɟ ɤɨɧɫɬɪɭɤɰɢɸ, ɨɞɧɚɤɨ 
ɤɨɧɞɟɧɫɚɬ ɜ ɧɟɦ ɩɨɞɜɨɞɢɬɫɹ ɤ ɨɞɧɨɣ ɤɨɥɨɧɤɟ ɢ ɩɨɷɬɨɦɭ ɩɨɫɥɟɞɨɜɚɬɟɥɶ-
ɧɨ ɩɪɨɬɟɤɚɟɬ ɜɫɟ ɩɭɱɤɢ. 
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Ɋɢɫ. 8.8, ɚ. 
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Ɋɢɫ. 8.8. Ʉɨɧɫɬɪɭɤɰɢɹ ɢ ɪɚɫɩɨɥɨɠɟɧɢɟ ɝɪɟɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɪɟɝɟɧɟɪɚɬɢɜɧɨɝɨ ɩɨɞɨɝ-

ɪɟɜɚɬɟɥɹ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɬɭɪɛɢɧɵ Ʉ-500-240: 

ɚ – ɤɨɪɩɭɫ ɪɟɝɟɧɟɪɚɬɢɜɧɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɫ ɝɪɟɸɳɢɦɢ ɷɥɟɦɟɧɬɚɦɢ ɢ ɤɨɥɥɟɤɬɨɪɧɨɣ 
ɫɢɫɬɟɦɨɣ; ɛ – ɫɩɢɪɚɥɶɧɵɣ ɨɞɧɨɪɹɞɧɵɣ ɡɦɟɟɜɢɤ;  
1 – ɨɯɥɚɞɢɬɟɥɶ ɞɪɟɧɚɠɚ; 2 – ɩɨɞɨɝɪɟɜɚɬɟɥɶ-ɤɨɧɞɟɧɫɚɬɨɪ; 3–ɨɯɥɚɞɢɬɟɥɶ ɩɚɪɚ; Ʉ–

ɤɨɠɭɯ ɤɨɥɨɧɨɤ Ɉɉ ɢ ɈȾ; ɉ–ɩɟɪɟɝɨɪɨɞɤɚ ɉɄ; Ʉɨɪ.–ɩɟɪɟɩɭɫɤɧɨɣ ɤɨɪɨɛ. 
 

ɋɯɟɦɵ ɞɜɢɠɟɧɢɹ ɩɚɪɚ ɢ ɤɨɧɞɟɧɫɚɬɚ ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫ. 8.9, ɚ. ɇɚ 
ɪɢɫ. 8.9, ɛ ɞɚɧɚ ɫɯɟɦɚ ɞɜɢɠɟɧɢɹ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɱɟɪɟɡ ɩɨɞɨɝɪɟɜɚɬɟɥɶ. 
Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ, ɜɨɞɚ ɩɨɞɜɨɞɢɬɫɹ ɫɧɢɡɭ ɤ ɬɪɟɦ ɤɨɥɥɟɤɬɨɪɚɦ. Ɉɬ 
ɷɬɢɯ ɤɨɥɥɟɤɬɨɪɨɜ ɱɚɫɬɶ ɩɨɬɨɤɚ ɩɟɪɟɩɭɫɤɚɟɬɫɹ ɜ ɤɨɥɥɟɤɬɨɪɵ ɈȾ. ɉɨɫɥɟ 
ɨɯɥɚɞɢɬɟɥɹ ɞɪɟɧɚɠɚ ɜɟɫɶ ɩɨɬɨɤ ɜɨɞɵ ɜɧɨɜɶ ɫɨɛɢɪɚɟɬɫɹ ɜ ɤɨɥɥɟɤɬɨɪɚɯ ɢ 

ɧɚɩɪɚɜɥɹɟɬɫɹ ɜ ɫɩɟɰɢɚɥɶɧɵɟ ɬɪɭɛɵ ɉɄ ɢ Ɉɉ. ɉɨɬɨɤ, ɩɪɨɲɟɞɲɢɣ ɬɪɭɛɵ 

ɉɄ, ɨɬɜɨɞɢɬɫɹ ɱɟɪɟɡ ɤɨɥɥɟɤɬɨɪɵ ɜ ɨɛɳɭɸ ɥɢɧɢɸ ɢ ɧɚɩɪɚɜɥɹɟɬɫɹ ɜ ɫɥɟ-
ɞɭɸɳɢɣ ɪɟɝɟɧɟɪɚɬɢɜɧɵɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɢɥɢ ɩɢɬɚɬɟɥɶɧɭɸ ɦɚɝɢɫɬɪɚɥɶ 
ɤɨɬɥɚ, ɚ ɱɚɫɬɶ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ, ɩɪɨɲɟɞɲɚɹ Ɉɉ, ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɬɨɝɨ, ɧɚ 
ɤɚɤɨɦ ɨɬɛɨɪɟ ɭɫɬɚɧɨɜɥɟɧ ɩɨɞɨɝɪɟɜɚɬɟɥɶ, ɧɚɩɪɚɜɥɹɟɬɫɹ ɜ ɩɨɬɨɤ ɜɨɞɵ, 

ɩɪɨɲɟɞɲɟɣ ɜɫɟ ɪɟɝɟɧɟɪɚɬɢɜɧɵɟ ɩɨɞɨɝɪɟɜɚɬɟɥɢ. 
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Ɋɢɫ. 8.9. ɋɯɟɦɵ ɞɜɢɠɟɧɢɹ ɩɨɬɨɤɨɜ ɩɚɪɚ ɢ ɤɨɧɞɟɧɫɚɬɚ (ɚ), ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ (ɛ) ɜ 
ɉȼȾ: 

1–3 – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɨɜɟɪɯɧɨɫɬɢ ɈȾ, ɉɄ ɢ Ɉɉ; 4 – ɤɨɥɥɟɤɬɨɪɵ ɩɢɬɚɬɟɥɶɧɨɣ 
ɜɨɞɵ; 5 – ɤɨɥɥɟɤɬɨɪɵ ɈȾ; 6 – ɩɟɪɟɩɭɫɤɧɵɟ ɬɪɭɛɵ; 7 – ɨɝɪɚɧɢɱɢɬɟɥɶɧɵɟ ɲɚɣɛɵ; 8, 

9 – ɜɯɨɞ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɢ ɟɟ ɜɵɯɨɞ; 10 – ɨɬɜɨɞ ɜɨɞɵ ɢɡ Ɉɉ; ɉ – ɩɨɞɜɨɞ ɩɚɪɚ; 12 

– ɜɯɨɞ ɤɨɧɞɟɧɫɚɬɚ; 13 – ɨɬɜɨɞ ɤɨɧɞɟɧɫɚɬɚ. 
 

ɇɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ, ɪɚɛɨɬɚɸɳɢɯ ɩɪɢ ɞɨɤɪɢɬɢɱɟɫɤɢɯ ɧɚɱɚɥɶɧɵɯ 
ɩɚɪɚɦɟɬɪɚɯ ɧɚ ɨɪɝɚɧɢɱɟɫɤɨɦ ɬɨɩɥɢɜɟ, ɚ ɬɚɤɠɟ ɧɚ ɞɜɭɯɤɨɧɬɭɪɧɵɯ Ⱥɗɋ 

ɬɪɭɛɵ ɉɇȾ ɢɡɝɨɬɚɜɥɢɜɚɸɬ ɢɡ ɥɚɬɭɧɢ, ɚ ɡɦɟɟɜɢɤɢ ɉȼȾ – ɢɡ ɭɝɥɟɪɨɞɢ-

ɫɬɨɣ ɫɬɚɥɢ. ɍɝɥɟɪɨɞɢɫɬɭɸ ɫɬɚɥɶ ɞɥɹ ɬɪɭɛɧɨɣ ɫɢɫɬɟɦɵ ɉɇȾ ɩɪɢɦɟɧɹɬɶ 
ɧɟɥɶɡɹ, ɬɚɤ ɤɚɤ ɤɨɧɞɟɧɫɚɬ ɫɨɞɟɪɠɢɬ ɤɢɫɥɨɪɨɞ ɢ ɭɝɥɟɤɢɫɥɨɬɭ ɢ, ɫɥɟɞɨɜɚ-
ɬɟɥɶɧɨ, ɬɪɭɛɵ ɢɡ ɭɝɥɟɪɨɞɢɫɬɵɯ ɫɬɚɥɟɣ ɜ ɷɬɢɯ ɭɫɥɨɜɢɹɯ ɛɭɞɭɬ ɫɢɥɶɧɨ 
ɤɨɪɪɨɞɢɪɨɜɚɬɶ. 

ɇɚ ɪɢɫ. 8.10 ɩɨɤɚɡɚɧ ɪɟɝɟɧɟɪɚɬɢɜɧɵɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ, ɜ ɤɨɬɨɪɨɦ 

ɬɪɭɛɧɚɹ ɫɢɫɬɟɦɚ ɫɨɛɪɚɧɚ ɢɡ ɩɪɹɦɵɯ ɬɪɭɛ, ɡɚɤɪɟɩɥɟɧɧɵɯ ɜ ɞɜɭɯ ɬɪɭɛɧɵɯ 
ɞɨɫɤɚɯ. ȼ ɷɬɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɩɪɢ ɪɚɫɲɢɪɟɧɢɢ ɬɪɭɛ ɜ ɩɪɨɰɟɫɫɟ ɧɚɝɪɟɜɚ-
ɧɢɹ ɧɢɠɧɹɹ ɜɨɞɹɧɚɹ ɤɚɦɟɪɚ ɧɟɫɤɨɥɶɤɨ ɩɟɪɟɦɟɳɚɟɬɫɹ ɢ, ɬɚɤ ɠɟ ɤɚɤ ɩɪɢ 

U-ɨɛɪɚɡɧɵɯ ɬɪɭɛɚɯ (ɫɦ. ɪɢɫ. 8.5), ɫɤɨɥɶɤɨ-ɧɢɛɭɞɶ ɫɭɳɟɫɬɜɟɧɧɵɟ ɬɟɦɩɟ-
ɪɚɬɭɪɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɧɟ ɩɨɹɜɥɹɸɬɫɹ. Ɍɚɤɢɟ ɚɩɩɚɪɚɬɵ ɩɪɢɦɟɧɹɸɬɫɹ ɜ 
ɨɫɧɨɜɧɨɦ ɧɚ ɛɥɨɤɚɯ Ⱥɗɋ. Ɍɪɭɛɧɚɹ ɫɢɫɬɟɦɚ ɢɡɝɨɬɚɜɥɢɜɚɟɬɫɹ ɢɡ ɧɟɪɠɚ-
ɜɟɸɳɟɣ ɫɬɚɥɢ. Ɍɪɭɛɵ ɤɪɟɩɹɬɫɹ ɜɚɥɶɰɨɜɤɨɣ ɫ ɨɛɜɚɪɤɨɣ ɢɯ ɤɨɧɰɨɜ ɤ 
ɬɪɭɛɧɵɦ ɞɨɫɤɚɦ. 
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Ɋɢɫ. 8.10. Ɋɟɝɟɧɟɪɚɬɢɜɧɵɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɫ ɬɪɭɛɧɨɣ ɫɢɫɬɟɦɨɣ, ɫɨɛɪɚɧɧɨɣ ɢɡ ɩɪɹɦɵɯ 
ɬɪɭɛ: 

1 -– ɤɨɪɩɭɫ; 2 – ɬɪɭɛɧɚɹ ɞɨɫɤɚ; 3, 5 – ɜɯɨɞ ɢ ɜɵɯɨɞ ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ; 4 – ɜɟɪɯ-
ɧɹɹ ɜɨɞɹɧɚɹ ɤɚɦɟɪɚ; 6 – ɨɬɫɨɫ ɩɚɪɨɝɚɡɨɜɨɣ ɫɦɟɫɢ; 7 – ɲɬɭɰɟɪ ɤ ɩɨɤɚɡɚɬɟɥɸ ɭɪɨɜɧɹ; 
8 – ɧɢɠɧɹɹ ɜɨɞɹɧɚɹ ɤɚɦɟɪɚ; 9 – ɨɬɜɨɞ ɤɨɧɞɟɧɫɚɬɚ ɝɪɟɸɳɟɝɨ ɩɚɪɚ; 10 – ɩɨɞɜɨɞ ɞɪɟ-
ɧɚɠɚ ɢɡ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɛɨɥɟɟ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ; 11 – ɩɨɞɜɨɞ ɝɪɟɸɳɟɝɨ ɩɚɪɚ. 

 

ȼ ɩɪɢɜɟɞɟɧɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɧɢɠɧɢɟ ɭɱɚɫɬɤɢ ɬɪɭɛ ɡɚɬɨɩɥɟɧɵ ɤɨɧ-

ɞɟɧɫɚɬɨɦ ɝɪɟɸɳɟɝɨ ɩɚɪɚ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɤɨɧɞɟɧɫɚɬ ɨɯɥɚɠɞɚɟɬɫɹ ɞɨ 
ɬɟɦɩɟɪɚɬɭɪɵ t , ɤɨɬɨɪɚɹ ɧɢɠɟ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɫɵɳɟɧɢɹ ɤt , ɧɨ ɬɚɤ ɤɚɤ ɜ 
ɷɬɨɣ ɱɚɫɬɢ ɬɪɭɛɧɨɣ ɫɢɫɬɟɦɵ ɜ ɬɪɭɛɚɯ ɧɚɯɨɞɢɬɫɹ ɜɨɞɚ (ɨɫɧɨɜɧɨɣ ɤɨɧɞɟɧ-
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ɫɚɬ), ɩɨɞɨɝɪɟɬɚɹ ɭɠɟ ɜ ɩɟɪɜɨɦ ɢ ɬɪɟɬɶɟɦ ɯɨɞɚɯ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ, ɡɞɟɫɶ 
ɞɨɫɬɢɝɚɟɬɫɹ, ɤɨɧɟɱɧɨ, ɦɟɧɶɲɚɹ ɝɥɭɛɢɧɚ ɨɯɥɚɠɞɟɧɢɹ ɤɨɧɞɟɧɫɚɬɚ, ɱɟɦ ɜ 
ɤɨɧɫɬɪɭɤɰɢɢ, ɩɨɤɚɡɚɧɧɨɣ ɧɚ ɪɢɫ. 8.7. Ɋɟɝɟɧɟɪɚɬɢɜɧɵɟ ɩɨɞɨɝɪɟɜɚɬɟɥɢ ɫ 
ɩɪɹɦɵɦɢ ɬɪɭɛɚɦɢ ɜɵɩɭɫɤɚɸɬɫɹ ɬɚɤɠɟ ɫ ɬɪɭɛɧɨɣ ɫɢɫɬɟɦɨɣ, ɜ ɤɨɬɨɪɨɣ 

ɬɟɩɥɨɬɚ ɩɟɪɟɞɚɟɬɫɹ ɨɬ ɩɚɪɚ ɤ ɜɨɞɟ ɬɨɥɶɤɨ ɤɨɧɞɟɧɫɚɰɢɟɣ (ɛɟɡ ɨɯɥɚɞɢɬɟ-
ɥɟɣ ɤɨɧɞɟɧɫɚɬɚ). 

ɇɚ Ⱥɗɋ ɩɪɢɦɟɧɹɸɬɫɹ ɪɟɝɟɧɟɪɢɪɨɜɚɧɧɵɟ ɩɨɞɨɝɪɟɜɚɬɟɥɢ ɢ ɫ ɤɨɥ-
ɥɟɤɬɨɪɧɨɣ ɫɢɫɬɟɦɨɣ. ɂɯ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɧɚ ɛɥɨɤɚɯ ɫ ɪɟɚɤɬɨɪɚɦɢ ɬɢɩɚ 
ȼȼɗɊ ɜ ɤɚɱɟɫɬɜɟ ɉȼȾ (ɩɨɫɥɟ ɞɟɚɷɪɚɬɨɪɚ). Ɉɯɥɚɞɢɬɟɥɢ ɩɚɪɚ ɧɚ ɧɢɯ ɨɬ-
ɫɭɬɫɬɜɭɸɬ. 

ɇɚ ɨɞɧɨɤɨɧɬɭɪɧɵɯ Ⱥɗɋ ɬɪɭɛɵ ɉɇȾ ɢɡɝɨɬɚɜɥɢɜɚɸɬ ɢɡ ɧɟɪɠɚɜɟɸ-

ɳɟɣ ɫɬɚɥɢ, ɬɚɤ ɤɚɤ ɩɨɩɚɞɚɧɢɟ ɜ ɪɟɚɤɬɨɪ ɦɟɞɢ ɧɟɠɟɥɚɬɟɥɶɧɨ. Ⱦɥɹ ɡɦɟɟ-
ɜɢɤɨɜ ɉȼȾ ɬɚɤɠɟ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɢɦɟɧɹɬɶ ɧɟɪɠɚɜɟɸɳɭɸ ɫɬɚɥɶ, ɬɚɤ 
ɤɚɤ ɡɞɟɫɶ ɭɫɢɥɢɜɚɟɬɫɹ ɤɨɪɪɨɡɢɹ ɬɪɭɛ ɫ ɜɧɟɲɧɟɣ ɫɬɨɪɨɧɵ ɢɡ-ɡɚ ɩɨɜɵ-

ɲɟɧɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɪɚɞɢɨɥɢɬɢɱɟɫɤɨɝɨ ɤɢɫɥɨɪɨɞɚ. 
Ɍɪɭɛɵ ɢɡ ɧɟɪɠɚɜɟɸɳɟɣ ɫɬɚɥɢ ɧɚɱɢɧɚɸɬ ɩɪɢɦɟɧɹɬɶ ɬɚɤɠɟ ɞɥɹ 

ɉɇȾ ɨɛɵɱɧɵɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɩɪɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɧɚɱɚɥɶɧɵɯ ɩɚɪɚ-
ɦɟɬɪɚɯ ɩɚɪɚ (ɫɦ. ɪɢɫ. 8.6), ɱɬɨɛɵ ɢɡɛɟɠɚɬɶ ɨɬɥɨɠɟɧɢɣ, ɫɨɞɟɪɠɚɳɢɯ ɨɤ-
ɫɢɞɵ ɦɟɞɢ ɢ ɠɟɥɟɡɚ, ɜ ɬɨɩɨɱɧɵɯ ɷɤɪɚɧɚɯ ɤɨɬɥɚ (ɢɦɟɸɳɢɯ ɧɚɢɛɨɥɟɟ ɜɵ-

ɫɨɤɢɟ ɬɟɩɥɨɜɵɟ ɧɚɝɪɭɡɤɢ) ɢ ɜ ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ ɬɭɪɛɢɧ. Ɉɬɥɨɠɟɧɢɹ ɩɨ-
ɧɢɠɚɸɬ ɷɤɨɧɨɦɢɱɧɨɫɬɶ ɬɭɪɛɨɭɫɬɚɧɨɜɤɢ ɢ ɦɨɝɭɬ ɩɪɢɜɟɫɬɢ ɤ ɚɜɚɪɢɢ ɤɨɬ-
ɥɚ. ɉɪɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɧɚɱɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɧɚ ɛɥɨɤɚɯ ɫ ɥɚɬɭɧɧɵ-

ɦɢ ɬɪɭɛɚɦɢ ɨɬɥɨɠɟɧɢɹ ɨɛɪɚɡɭɸɬɫɹ ɜɟɫɶɦɚ ɢɧɬɟɧɫɢɜɧɨ. ɉɨɷɬɨɦɭ ɡɚɦɟɧɚ 
ɥɚɬɭɧɧɵɯ ɬɪɭɛ ɬɪɭɛɚɦɢ ɢɡ ɫɬɚɥɢ X18ɇ10Ɍ (ɤɨɬɨɪɚɹ ɩɪɢɜɨɞɢɬ ɤ ɭɞɨɪɨ-
ɠɚɧɢɸ ɪɟɝɟɧɟɪɚɬɢɜɧɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ) ɛɵɫɬɪɨ ɨɤɭɩɚɟɬɫɹ. 

Ɋɟɝɟɧɟɪɚɬɢɜɧɵɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɫɦɟɲɢɜɚɸɳɟɝɨ ɬɢɩɚ ɩɨɤɚɡɚɧ ɧɚ 
ɪɢɫ. 8.11. Ɍɚɤɢɟ ɩɨɞɨɝɪɟɜɚɬɟɥɢ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚ ɛɥɨ-
ɤɚɯ ɦɨɳɧɨɫɬɶɸ 200, 300, 500 ɢ 800 Ɇȼɬ [59]. Ⱦɥɹ ɛɥɨɤɚ ɫ ɬɭɪɛɢɧɨɣ Ʉ-

200-130 ɤɨɪɩɭɫ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɢɦɟɟɬ ɞɢɚɦɟɬɪ 2200 ɢ ɜɵɫɨɬɭ 6000 ɦɦ (ɨɬ 
ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɲɬɭɰɟɪɚ ɩɨɞɜɨɞɚ ɩɚɪɚ ɞɨ ɧɢɠɧɟɝɨ ɫɟɱɟɧɢɹ ɲɬɭɰɟɪɚ 
ɨɬɜɨɞɚ ɤɨɧɞɟɧɫɚɬɚ). Ʉɨɪɩɭɫ ɪɚɡɞɟɥɟɧ ɩɨɩɟɪɟɱɧɨɣ ɩɟɪɟɝɨɪɨɞɤɨɣ 11 ɧɚ 
ɫɨɛɫɬɜɟɧɧɨ ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɢ ɫɛɨɪɧɢɤ ɤɨɧɞɟɧɫɚɬɚ. ɉɨɬɨɤ ɨɫɧɨɜɧɨɝɨ ɤɨɧ-

ɞɟɧɫɚɬɚ ɩɨɞɚɟɬɫɹ ɜ ɜɟɪɯɧɸɸ ɱɚɫɬɶ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɧɚ ɞɵɪɱɚɬɵɣ ɥɢɫɬ 4, 

ɨɬɤɭɞɚ ɫɬɪɭɹɦɢ ɩɟɪɟɬɟɤɚɟɬ ɧɚ ɥɢɫɬ 2 ɢ ɡɚɬɟɦ ɜ ɡɚɧɹɬɨɟ ɜɨɞɨɣ ɩɪɨɫɬɪɚɧ-

ɫɬɜɨ ɩɟɪɟɥɢɜɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ 16. ɂɡ ɷɬɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɤɨɧɞɟɧɫɚɬ ɩɨ ɬɪɭ-
ɛɚɦ 19 ɩɟɪɟɩɭɫɤɚɟɬɫɹ ɜ ɧɢɠɧɸɸ ɱɚɫɬɶ ɚɩɩɚɪɚɬɚ (ɫɛɨɪɧɢɤ ɤɨɧɞɟɧɫɚɬɚ). 
ɉɟɪɟɥɢɜɧɵɟ ɬɪɭɛɵ 19 ɢɦɟɸɬ ɨɛɪɚɬɧɵɟ ɡɚɬɜɨɪɵ. ɉɚɪ ɩɨɫɬɭɩɚɟɬ ɜ ɩɨɞɨɝ-
ɪɟɜɚɬɟɥɶ ɩɨ ɬɪɭɛɟ 5, ɧɚ ɤɨɬɨɪɨɣ ɬɚɤɠɟ ɭɫɬɚɧɨɜɥɟɧ ɨɛɪɚɬɧɵɣ ɡɚɬɜɨɪ. Ɉɛ-

ɪɚɬɧɵɟ ɡɚɬɜɨɪɵ ɧɚ ɩɚɪɨɜɨɣ ɢ ɜɨɞɹɧɨɣ ɥɢɧɢɹɯ ɢɫɤɥɸɱɚɸɬ ɜɨɡɦɨɠɧɨɫɬɶ 
ɨɛɪɚɬɧɨɝɨ ɩɟɪɟɬɨɤɚ ɜɨɞɵ ɜ ɩɚɪɨɜɭɸ ɥɢɧɢɸ ɢ ɨɬɛɨɪ ɬɭɪɛɢɧɵ ɩɪɢ ɜɧɟ-
ɡɚɩɧɨɦ ɫɧɢɠɟɧɢɢ ɦɨɳɧɨɫɬɢ ɬɭɪɛɢɧɵ ɢ ɞɚɜɥɟɧɢɹ ɩɚɪɚ ɜ ɨɬɛɨɪɟ.  
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Ɋɢɫ. 8.11. Ɋɟɝɟɧɟɪɚɬɢɜɧɵɣ 

ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɫɦɟɲɢ-

ɜɚɸɳɟɝɨ ɬɢɩɚ: 
1 – ɤɨɪɩɭɫ;  
2, 4 – ɞɵɪɱɚɬɵɟ ɥɢɫɬɵ;  

3 – ɥɢɧɢɹ ɩɨɞɜɨɞɚ ɤɨɧɞɟɧ-
ɫɚɬɚ;  
5 – ɩɨɞɜɨɞ ɩɚɪɚ;  
6 – ɨɬɫɨɫ ɩɚɪɨɜɨɡɞɭɲɧɨɣ 
ɫɦɟɫɢ;  
7 – ɢɥɥɸɦɢɧɚɬɨɪ;  
8 – ɨɛɪɚɬɧɵɣ ɡɚɬɜɨɪ ɞɥɹ 
ɩɚɪɚ;  
9 – ɥɸɤ;  
10 – ɭɪɚɜɧɢɬɟɥɶɧɚɹ ɬɪɭ-
ɛɚ;  
11 – ɪɚɡɞɟɥɢɬɟɥɶɧɚɹ ɩɟɪɟ-
ɝɨɪɨɞɤɚ;  
12 – ɨɛɪɚɬɧɵɣ ɡɚɬɜɨɪ ɞɥɹ 
ɤɨɧɞɟɧɫɚɬɚ;  
13 – ɩɟɪɟɥɢɜɧɚɹ ɬɪɭɛɚ;  
14 – ɨɬɜɨɞ ɤɨɧɞɟɧɫɚɬɚ;  
15 – ɩɨɞɜɨɞ ɩɚɪɚ ɢɡ ɭɩ-
ɥɨɬɧɟɧɢɣ; 
16 – ɩɟɪɟɥɢɜɧɨɟ ɭɫɬɪɨɣ-
ɫɬɜɨ;  
17 – ɞɪɟɧɚɠ ɢɡ ɫɟɬɟɜɵɯ 
ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ; 
18 – ɤɨɥɶɰɟɜɨɣ ɤɨɥɥɟɤɬɨɪ; 
19 – ɩɟɪɟɥɢɜɧɚɹ ɬɪɭɛɚ;  
20 – ɬɪɭɛɚ ɞɥɹ ɩɨɞɜɨɞɚ 
ɞɪɟɧɚɠɚ ɢɡ ɜɵɲɟɫɬɨɹɳɟ-
ɝɨ ɉɇȾ (ɩɨ ɯɨɞɭ ɩɚɪɚ ɜ 
ɬɭɪɛɢɧɟ) 
 

 

ɉɟɪɟɫɟɤɚɹ ɜɨɞɹɧɵɟ ɫɬɪɭɢ, ɩɚɪ ɤɨɧɞɟɧɫɢɪɭɟɬɫɹ ɢ ɩɨɞɨɝɪɟɜɚɟɬ ɜɨɞɭ 
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ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɫɵɳɟɧɢɹ ɧt . ɉɨɞɨɝɪɟɬɵɣ ɩɨɬɨɤ ɨɬɜɨɞɢɬɫɹ ɢɡ ɧɢɠɧɟɣ 

ɱɚɫɬɢ ɚɩɩɚɪɚɬɚ. Ʉɨɝɞɚ ɭɪɨɜɟɧɶ ɜ ɤɨɪɩɭɫɟ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɩɨɞɧɢɦɚɟɬɫɹ 
ɜɵɲɟ ɞɨɩɭɫɬɢɦɨɝɨ ɡɧɚɱɟɧɢɹ, ɱɚɫɬɶ ɜɨɞɵ ɩɟɪɟɬɟɤɚɟɬ ɱɟɪɟɡ ɝɢɞɪɚɜɥɢɱɟ-
ɫɤɢɣ ɡɚɬɜɨɪ ɢ ɩɨ ɬɪɭɛɟ 13 ɨɬɜɨɞɢɬɫɹ ɜ ɤɨɧɞɟɧɫɚɬɨɪ ɬɭɪɛɢɧɵ. ȼɵɩɚɪ ɨɬ-
ɫɚɫɵɜɚɟɬɫɹ ɢ ɨɬɜɨɞɢɬɫɹ ɩɨ ɥɢɧɢɢ, ɩɨɞɫɨɟɞɢɧɟɧɧɨɣ ɤ ɲɬɭɰɟɪɭ 6. Ⱦɪɟɧɚɠ 

ɢɡ ɜɵɲɟɫɬɨɹɳɟɝɨ ɉɇȾ (ɩɨ ɯɨɞɭ ɩɚɪɚ ɜ ɬɭɪɛɢɧɟ) ɩɨɞɜɨɞɢɬɫɹ ɩɨ ɬɪɭɛɟ 20 

ɱɟɪɟɡ ɤɨɥɥɟɤɬɨɪ 18. 

ɇɚɪɹɞɭ ɫ ɪɚɫɫɦɨɬɪɟɧɧɵɦ ɩɨɞɨɝɪɟɜɚɬɟɥɟɦ ɫɦɟɲɢɜɚɸɳɟɝɨ ɬɢɩɚ 
ɪɚɡɪɚɛɨɬɚɧɵ ɢ ɩɪɢɦɟɧɹɸɬɫɹ ɤɨɧɫɬɪɭɤɰɢɢ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɢɫɩɨɥɧɟ-
ɧɢɢ. ɉɪɢ ɷɬɨɦ ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɩɨɡɜɨɥɹɟɬ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɝɪɚɜɢɬɚɰɢɨɧɧɭɸ ɫɯɟɦɭ ɢɯ ɭɫɬɚɧɨɜɤɢ, ɱɬɨ ɢɫɤɥɸɱɚɟɬ ɧɟɨɛ-

ɯɨɞɢɦɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɧɚɫɨɫɨɜ ɞɥɹ ɩɟɪɟɤɚɱɢɜɚɧɢɹ 
ɤɨɧɞɟɧɫɚɬɚ ɢɡ ɨɞɧɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɜ ɞɪɭɝɨɣ. 

ɇɚ ɪɢɫ. 8.12 ɩɨɤɚɡɚɧɚ ɫɯɟɦɚ ɭɫɬɚɧɨɜɤɢ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɧɢɡɤɨɝɨ 
ɞɚɜɥɟɧɢɹ ɫɦɟɲɢɜɚɸɳɟɝɨ ɬɢɩɚ ɛɥɨɤɚ Ʉ-300-240. ɉɨɞɨɝɪɟɜɚɬɟɥɢ 1ɉ  ɢ 2ɉ  

ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɨɞɢɧ ɧɚɞ ɞɪɭɝɢɦ (ɝɪɚɜɢɬɚɰɢɨɧɧɚɹ 
ɫɯɟɦɚ). Ɋɚɡɧɨɫɬɶ ɜɵɫɨɬ ɦɟɠɞɭ ɩɨɞɨɝɪɟɜɚɬɟɥɹɦɢ ɜɵɛɢɪɚɟɬɫɹ ɩɨ ɦɚɤɫɢ-

ɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɣ ɪɚɡɧɨɫɬɢ ɞɚɜɥɟɧɢɣ ɜ ɧɢɯ ɫ ɭɱɟɬɨɦ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɫɥɢɜɚ ɢ ɧɟɤɨɬɨɪɨɝɨ ɡɚɩɚɫɚ ɜɵɫɨɬɵ. Ⱦɥɹ 
ɩɪɢɜɟɞɟɧɧɨɣ ɧɚ ɪɢɫ. 8.12 ɫɯɟɦɵ ɷɬɚ ɜɵɫɨɬɚ ɪɚɜɧɚ 8,5 ɦ. 

ɉɟɪɜɵɣ ɩɨ ɯɨɞɭ ɤɨɧɞɟɧɫɚɬɚ ɩɨɞɨɝɪɟɜɚɬɟɥɶ 1ɉ  ɢɦɟɟɬ ɞɢɚɦɟɬɪ 1,6 ɦ 

ɢ ɞɥɢɧɭ 4,5 ɦ. ȼɧɭɬɪɢ ɤɨɪɩɭɫɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɪɚɫɩɨɥɨɠɟɧɵ ɬɪɢ ɹɪɭɫɚ 
ɥɨɬɤɨɜ ɫ ɨɬɜɟɪɫɬɢɹɦɢ ɞɢɚɦɟɬɪɨɦ 8 ɦɦ, ɦɟɠɞɭ ɤɨɬɨɪɵɦɢ (ɜ ɰɟɧɬɪɚɥɶɧɨɣ 

ɱɚɫɬɢ ɤɨɪɩɭɫɚ) ɢɦɟɟɬɫɹ ɤɚɧɚɥ ɞɥɹ ɩɪɨɯɨɞɚ ɩɚɪɚ. ɉɟɪɟɬɟɤɚɹ ɫ ɨɞɧɨɝɨ 
ɥɨɬɤɚ ɧɚ ɞɪɭɝɨɣ, ɜɨɞɚ ɞɪɨɛɢɬɫɹ ɧɚ ɬɨɧɤɢɟ ɫɬɪɭɢ. Ƚɪɟɸɳɢɣ ɩɚɪ ɩɨɞɜɨ-
ɞɢɬɫɹ ɨɞɧɨɜɪɟɦɟɧɧɨ ɤɨ ɜɫɟɦ ɫɬɪɭɣɧɵɦ ɩɭɱɤɚɦ ɢ ɤɨɧɞɟɧɫɢɪɭɟɬɫɹ ɧɚ ɧɢɯ, 
ɩɨɞɨɝɪɟɜɚɹ ɜɨɞɭ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɫɵɳɟɧɢɹ. ɉɨɞɨɝɪɟɬɵɣ ɜ 1ɉ  ɤɨɧɞɟɧ-

ɫɚɬ ɫɚɦɨɬɟɤɨɦ ɩɟɪɟɥɢɜɚɟɬɫɹ ɜ 2ɉ . Ʉɨɧɫɬɪɭɤɰɢɹ 2ɉ  ɧɟ ɨɬɥɢɱɚɟɬɫɹ ɨɬ 
ɤɨɧɫɬɪɭɤɰɢɢ 1ɉ . ɉɨɞ ɩɨɞɨɝɪɟɜɚɬɟɥɟɦ 2ɉ  ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɤɨɧɞɟɧɫɚɬɨɫ-
ɛɨɪɧɢɤ, ɤɨɬɨɪɵɣ ɨɬɞɟɥɟɧ ɨɬ ɩɚɪɨɜɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɩɟɪɟ-
ɝɨɪɨɞɤɨɣ ɫ ɨɛɪɚɬɧɵɦɢ ɡɚɬɜɨɪɚɦɢ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɪɟɞɨɬɜɪɚɬɢɬɶ ɩɨɩɚɞɚ-
ɧɢɟ ɜɨɞɵ ɜ ɩɚɪɨɩɪɨɜɨɞ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɢ ɨɬɤɚɡɚɬɶɫɹ ɨɬ ɭɫɬɚɧɨɜɤɢ ɧɚ ɧɟɦ 

ɡɚɳɢɬɧɨɣ ɚɪɦɚɬɭɪɵ. 

Ʉɨɧɫɬɪɭɤɰɢɹ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɩɨɡɜɨɥɹɟɬ ɨɛɟɫɩɟɱɢɜɚɬɶ ɷɮɮɟɤɬɢɜ-
ɧɭɸ ɞɟɚɷɪɚɰɢɸ ɩɨɬɨɤɚ ɤɨɧɞɟɧɫɚɬɚ. ɉɨɫɥɟɞɧɟɟ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɨ 
ɩɪɢ ɫɨɡɞɚɧɢɢ ɛɟɡɞɟɚɷɪɚɬɨɪɧɨɣ ɫɯɟɦɵ ɛɥɨɤɨɜ. 
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Ɋɢɫ. 8.12. ɋɯɟɦɚ ɭɫɬɚɧɨɜɤɢ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ ɫɦɟɲɢɜɚɸɳɟɝɨ ɬɢɩɚ 
ɛɥɨɤɚ Ʉ-300-240:  

1ɉ , 2ɉ  – ɩɟɪɜɵɣ ɢ ɜɬɨɪɨɣ ɩɨɞɨɝɪɟɜɚɬɟɥɢ; 2Ʉɇ  – ɤɨɧɞɟɧɫɚɬɧɵɣ ɧɚɫɨɫ ɜɬɨɪɨɝɨ 
ɩɨɞɴɟɦɚ; 1 – ɨɛɪɚɬɧɵɣ ɡɚɬɜɨɪ; 2 – ɝɢɞɪɨɡɚɬɜɨɪ; 3 – ɚɜɚɪɢɣɧɵɣ ɫɥɢɜ; 4 – ɤɥɚɩɚɧ; 5 

– ɚɜɚɪɢɣɧɵɣ ɫɥɢɜ ɢɡ 1ɉ ; 6 – ɩɨɞɜɨɞ ɤɨɧɞɟɧɫɚɬɚ ɤ 2ɉ ; 7,10 – ɨɬɜɨɞ ɩɚɪɨɜɨɡɞɭɲɧɨɣ 
ɫɦɟɫɢ; 8 – ɛɚɤ; 9 – ɫɥɢɜ ɤɨɧɞɟɧɫɚɬɚ, ɦɢɧɭɹ 2ɉ ; 11 – ɩɨɞɜɨɞ ɤɨɧɞɟɧɫɚɬɚ 
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ȼ ɪɟɝɟɧɟɪɚɬɢɜɧɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɹɯ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɬɢɩɚ ɩɨɬɨɤɢ 

ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɢ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɩɨɞɨɝɪɟɜɚɸɬɫɹ ɞɨ ɬɟɦɩɟɪɚ-
ɬɭɪɵ ɜt , ɨɬɥɢɱɚɸɳɟɣɫɹ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɫɵɳɟɧɢɹ ɪ.ɩt′  ɜ ɩɨɞɨɝɪɟɜɚɬɟɥɟ 
ɧɚ ɡɧɚɱɟɧɢɟ ɧɟɞɨɝɪɟɜɚ 1tΔ .. Ⱦɥɹ ɩɪɢɧɹɬɵɯ ɡɧɚɱɟɧɢɣ 1tΔ  ɢ ɞɪɭɝɢɯ ɩɟɪɟ-
ɩɚɞɨɜ ɜ ɯɚɪɚɤɬɟɪɧɵɯ ɬɨɱɤɚɯ ( 2tΔ  ɢ 3tΔ ) ɪɚɫɯɨɞ ɩɚɪɚ ɜ ɩɨɞɨɝɪɟɜɚɬɟɥɟ 

jD ) ( jα ) ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɭɪɚɜɧɟɧɢɹ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ. 
 

 
 

Ɋɢɫ. 8.13. ɍɩɪɨɲɟɧɧɚɹ ɫɯɟɦɚ ɩɨɫɬɭɩɥɟɧɢɹ ɜɨɞɵ, ɩɚɪɚ ɢ ɞɪɟɧɚɠɟɣ ɜ ɪɟɝɟɧɟɪɚɬɢɜɧɵɟ 
ɩɨɞɨɝɪɟɜɚɬɟɥɢ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ (ɚ) ɢ ɫɦɟɲɢɜɚɸɳɟɝɨ (ɛ) ɬɢɩɨɜ ɢ ɜɵɯɨɞɚ ɢɡ ɧɢɯ 

 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɨɛɨɡɧɚɱɟɧɢɹɦɢ, ɩɪɢɧɹɬɵɦɢ ɧɚ ɪɢɫ. 8.13, ɷɬɨ 
ɭɪɚɜɧɟɧɢɟ ɡɚɩɢɲɟɬɫɹ ɜ ɜɢɞɟ 

ɜ ɜ ɜ -1 ɪ.ɩ ɪ.ɩ ɞɪ ɞɪ ɞɪ +1 ɞɪ( ) ( ) ( )j j j j j j jD h h D h h D h hη⋅ − ⋅ = ⋅ − + ⋅ −∑ ,       (8.1) 

ɢɥɢ ɜ ɪɚɫɱɟɬɟ ɧɚ 1 ɤɝ ɩɚɪɚ, ɩɨɞɜɟɞɟɧɧɨɝɨ ɤ ɬɭɪɛɢɧɟ, 

ɜ ɜ ɜ -1 ɪ.ɩ ɪ.ɩ ɞɪ ɞɪ ɞɪ +1 ɞɪ( ) ( ) ( )j j j j j j jh h h h h hα η α α⋅ − ⋅ = ⋅ − + ⋅ −∑ ,       (8.1 ɚ) 
ɝɞɟ  

ɞɪ ɞɪ,D α∑ ∑ – ɫɭɦɦɚ ɪɚɫɯɨɞɨɜ ɜɫɟɯ ɩɨɬɨɤɨɜ, ɩɟɪɟɩɭɫɤɚɟɦɵɯ ɤɚɫɤɚɞɧɨ 
ɢɡ ɜɵɲɟɫɬɨɹɳɟɝɨ ɪɟɝɟɧɟɪɚɬɢɜɧɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɣ, ɜ 
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ɚɛɫɨɥɸɬɧɨɦ ɢ ɨɬɧɨɫɢɬɟɥɶɧɨɦ ɜɵɪɚɠɟɧɢɹɯ;  
ɪ.ɩ 0,99η ≈ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɩɨɬɟɪɢ ɬɟɩɥɨɬɵ ɜ ɨɤɪɭɠɚɸ-

ɳɭɸ ɫɪɟɞɭ. 
Ɍɚɤɨɣ ɜɢɞ ɭɪɚɜɧɟɧɢɟ ɢɦɟɟɬ ɜ ɬɟɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɧɚɪɹɞɭ ɫ ɬɪɭɛɧɵɦ 

ɩɭɱɤɨɦ ɉɄ ɢɦɟɸɬɫɹ ɩɭɱɤɢ Ɉɉ ɢ ɈȾ ɢ ɤɨɝɞɚ ɬɚɤɢɯ ɩɭɱɤɨɜ ɧɟɬ ɢɥɢ ɢɦɟ-
ɟɬɫɹ ɥɢɲɶ ɈȾ. ɗɧɬɚɥɶɩɢɢ ɞɪ -1 ɞɪj jh h− , ɤɨɧɟɱɧɨ, ɡɚɜɢɫɹɬ ɨɬ ɬɢɩɚ ɪɟɝɟɧɟ-
ɪɚɬɢɜɧɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɢ ɩɪɢɧɹɬɵɯ ɡɧɚɱɟɧɢɣ 2tΔ . 

ȼ ɪɟɝɟɧɟɪɚɬɢɜɧɨɦ ɩɨɞɨɝɪɟɜɚɬɟɥɟ ɫɦɟɲɢɜɚɸɳɟɝɨ ɬɢɩɚ ɩɨɬɨɤ ɨɫ-
ɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɭɯɨɞɢɬ ɢɡ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɩɪɢ ɜ ɪ.ɩt t′= , ɤɨɧɞɟɧɫɚɬ ɩɚ-
ɪɚ ɫɦɟɲɢɜɚɟɬɫɹ ɫ ɨɫɧɨɜɧɵɦ ɤɨɧɞɟɧɫɚɬɨɦ ɢ ɭɪɚɜɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧ-

ɫɚ ɩɪɢɧɢɦɚɟɬ ɜɢɞ 

ɪ.ɩ ɜ ɜ -1 ɞɪ ɞɪ +1 ɪ.ɩ ɜ ɪ.ɩ( )j j j j jD h D D h D h D hη⎡ ⎤ ′+ − + ⋅ ⋅ =⎣ ⎦∑ ;                     (8.2) 

ɪ.ɩ ɜ ɜ -1 ɞɪ ɞɪ +1 ɪ.ɩ ɜ ɪ.ɩ( )j j j j jh h h hα α α α η α⎡ ⎤ ′+ − + ⋅ ⋅ =⎣ ⎦∑ .                      (8.2ɚ) 
 

ɗɬɢ ɭɪɚɜɧɟɧɢɹ ɩɨɡɜɨɥɹɸɬ ɨɩɪɟɞɟɥɢɬɶ ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɩɨɞɨɝɪɟɜɚ 
ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɤɨɥɢɱɟɫɬɜɨ ɨɬɛɨɪɧɨɝɨ ɩɚɪɚ. 

 

 

ȼɨɩɪɨɫɵ ɞɥɹ ɫɚɦɨɩɪɨɜɟɪɤɢ  

 

1. ɇɚɡɨɜɢɬɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ɢ ɧɟɞɨɫɬɚɬɤɢ ɤɚɫɤɚɞɧɨɝɨ ɫɥɢɜɚ ɞɪɟɧɚɠɚ ɪɟ-
ɝɟɧɟɪɚɬɢɜɧɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ. 

2. Ʉɚɤɨɜɨ ɧɚɡɧɚɱɟɧɢɟ ɨɯɥɚɞɢɬɟɥɹ ɩɚɪɚ ɢ ɨɯɥɚɞɢɬɟɥɹ ɞɪɟɧɚɠɚ ɜ ɪɟɝɟɧɟ-
ɪɚɬɢɜɧɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɹɯ? 

3. ɉɨɱɟɦɭ ɞɚɜɥɟɧɢɟ ɝɪɟɸɳɟɝɨ ɩɚɪɚ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɜɫɟɝɞɚ ɧɢɠɟ ɞɚɜɥɟ-
ɧɢɹ ɧɚɝɪɟɜɚɟɦɨɣ ɜɨɞɵ? 

4. ɑɟɦ ɨɛɭɫɥɨɜɥɟɧɨ ɩɪɢɦɟɧɟɧɢɟ ɤɨɥɥɟɤɬɨɪɧɨɣ ɫɢɫɬɟɦɵ ɩɨɞɜɨɞɚ ɢ ɨɬɜɨ-
ɞɚ ɜɨɞɵ ɜ ɉȼȾ? 

5. Ʉɚɤɨɜɨ ɧɚɡɧɚɱɟɧɢɟ ɚɧɤɟɪɧɵɯ ɛɨɥɬɨɜ ɜ ɉɇȾ? 

6. ɉɨɹɫɧɢɬɟ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɨɬɜɨɞɚ ɜɨɡɞɭɯɚ ɢ ɧɟɤɨɧɞɟɧɫɢɪɭɸɳɢɯɫɹ ɝɚ-
ɡɨɜ ɢɡ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ. 

7. Ʉɚɤ ɢɡɦɟɧɢɬɫɹ ɧɟɞɨɝɪɟɜ ɜɨɞɵ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɫɵɳɟɧɢɹ ɝɪɟɸɳɟɝɨ 
ɩɚɪɚ ɜ ɪɟɝɟɧɟɪɚɬɢɜɧɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɹɯ ɩɪɢ ɫɧɢɠɟɧɢɢ ɧɚɝɪɭɡɤɢ ɬɭɪ-
ɛɨɭɫɬɚɧɨɜɤɢ? 

8. ɉɨɹɫɧɢɬɟ ɩɪɢɧɰɢɩ ɬɟɪɦɢɱɟɫɤɨɣ ɞɟɚɷɪɚɰɢɢ ɜɨɞɵ. 

9. ɇɚɡɨɜɢɬɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ɛɚɪɛɨɬɚɠɧɵɯ ɞɟɚɷɪɢɪɭɸɳɢɯ ɭɫɬɪɨɣɫɬɜ. 
10. Ʉɚɤɨɟ ɧɚɡɧɚɱɟɧɢɟ ɢɦɟɟɬ ɛɚɤ-ɚɤɤɭɦɭɥɹɬɨɪ? 

11. ɇɚɡɨɜɢɬɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ɢ ɧɟɞɨɫɬɚɬɤɢ ɬɭɪɛɢɧɧɨɝɨ ɩɪɢɜɨɞɚ ɩɢɬɚ-
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ɬɟɥɶɧɨɝɨ ɧɚɫɨɫɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɷɥɟɤɬɪɢɱɟɫɤɢɦ. 

12. ɂɡ ɤɚɤɢɯ ɫɨɨɛɪɚɠɟɧɢɣ ɜɵɛɢɪɚɟɬɫɹ ɬɢɩ ɭɝɥɟɪɚɡɦɨɥɶɧɵɯ ɦɟɥɶɧɢɰ? 

13. Ʉɚɤɨɣ ɢɡ ɫɩɨɫɨɛɨɜ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɹɝɨɞɭɬɶɟɜɵɯ ɦɚɲɢɧ ɧɚɢɛɨɥɟɟ 
ɷɤɨɧɨɦɢɱɟɧ? 
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