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Ɍɟɦɚ 1. ȼɜɟɞɟɧɢɟ. Ɉɫɧɨɜɧɵɟ ɩɨɧɹɬɢɹ ɢ ɨɩɪɟɞɟɥɟɧɢɹ.
1.1 ȼɜɟɞɟɧɢɟ
Ɍɟɩɥɨɬɟɯɧɢɤɚ  ɧɚɭɤɚ, ɤɨɬɨɪɚɹ ɢɡɭɱɚɟɬ ɦɟɬɨɞɵ ɩɨɥɭɱɟɧɢɹ, ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ, ɩɟɪɟɞɚɱɢ ɢ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɹ ɬɟɩɥɨɬɵ, ɚ ɬɚɤɠɟ ɩɪɢɧɰɢɩɵ ɞɟɣɫɬɜɢɹ ɢ ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɬɟɩɥɨ-
ɜɵɯ ɦɚɲɢɧ, ɚɩɩɚɪɚɬɨɜ ɢ ɭɫɬɪɨɣɫɬɜ. Ɍɟɩɥɨɬɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜɨ ɜɫɟɯ ɨɛɥɚɫɬɹɯ ɞɟɹɬɟɥɶɧɨɫɬɢ 
ɱɟɥɨɜɟɤɚ. Ⱦɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɧɚɢɛɨɥɟɟ ɪɚɰɢɨɧɚɥɶɧɵɯ ɫɩɨɫɨɛɨɜ ɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ, ɚɧɚɥɢɡɚ 
ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɪɚɛɨɱɢɯ ɩɪɨɰɟɫɫɨɜ ɬɟɩɥɨɜɵɯ ɭɫɬɚɧɨɜɨɤ ɢ ɫɨɡɞɚɧɢɹ ɧɨɜɵɯ, ɧɚɢɛɨɥɟɟ ɫɨ-
ɜɟɪɲɟɧɧɵɯ ɬɢɩɨɜ ɬɟɩɥɨɜɵɯ ɚɝɪɟɝɚɬɨɜ ɧɟɨɛɯɨɞɢɦɚ ɪɚɡɪɚɛɨɬɤɚ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɨɫɧɨɜ ɬɟɩɥɨ-
ɬɟɯɧɢɤɢ.
Ɍɚɤɢɦɢ ɬɟɨɪɟɬɢɱɟɫɤɢɦɢ ɪɚɡɞɟɥɚɦɢ ɹɜɥɹɸɬɫɹ ɬɟɯɧɢɱɟɫɤɚɹ ɬɟɪɦɨɞɢɧɚɦɢɤɚ ɢ ɨɫɧɨɜɵ ɬɟɨɪɢɢ 
ɬɟɩɥɨɨɛɦɟɧɚ, ɜ ɤɨɬɨɪɵɯ ɢɫɫɥɟɞɭɸɬɫɹ ɡɚɤɨɧɵ ɩɪɟɜɪɚɳɟɧɢɹ ɢ ɫɜɨɣɫɬɜɚ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɢ 
ɩɪɨɰɟɫɫɵ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɬɟɩɥɨɬɵ.
Ɋɚɡɥɢɱɚɸɬ ɞɜɚ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɪɚɡɥɢɱɧɵɯ ɧɚɩɪɚɜɥɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɟɩɥɨɬɵ  ɷɧɟɪɝɟɬɢ-
ɱɟɫɤɨɟ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɟ.
ɉɪɢ ɷɧɟɪɝɟɬɢɱɟɫɤɨɦ ɢɫɩɨɥɶɡɨɜɚɧɢɢ, ɬɟɩɥɨɬɚ ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɜ ɦɟɯɚɧɢɱɟɫɤɭɸ ɪɚɛɨɬɭ, ɫ ɩɨ-
ɦɨɳɶɸ ɤɨɬɨɪɨɣ ɜ ɝɟɧɟɪɚɬɨɪɚɯ ɫɨɡɞɚɟɬɫɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ, ɭɞɨɛɧɚɹ ɞɥɹ ɩɟɪɟɞɚɱɢ ɧɚ 
ɪɚɫɫɬɨɹɧɢɟ. Ɍɟɩɥɨɬɭ ɩɪɢ ɷɬɨɦ ɩɨɥɭɱɚɸɬ ɫɠɢɝɚɧɢɟɦ ɬɨɩɥɢɜɚ ɜ ɤɨɬɟɥɶɧɵɯ ɭɫɬɚɧɨɜɤɚɯ ɢɥɢ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɞɜɢɝɚɬɟɥɹɯ ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨɪɚɧɢɹ.
ɉɪɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦ - ɬɟɩɥɨɬɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɧɚɩɪɚɜɥɟɧɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɫɜɨɣɫɬɜ ɪɚɡ-
ɥɢɱɧɵɯ ɬɟɥ (ɪɚɫɩɥɚɜɥɟɧɢɹ, ɡɚɬɜɟɪɞɟɜɚɧɢɹ, ɢɡɦɟɧɟɧɢɹ ɫɬɪɭɤɬɭɪɵ, ɦɟɯɚɧɢɱɟɫɤɢɯ, ɮɢɡɢɱɟ-
ɫɤɢɯ, ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ).
Ʉɨɥɢɱɟɫɬɜɨ ɩɪɨɢɡɜɨɞɢɦɵɯ ɢ ɩɨɬɪɟɛɥɹɟɦɵɯ ɷɧɟɪɝɨɪɟɫɭɪɫɨɜ ɨɝɪɨɦɧɨ. ɉɨ ɞɚɧɧɵɦ Ɇɢɧ-
ɬɨɩɷɧɟɪɝɨ ɊɎ ɢ ɮɢɪɦɵ "SСОll" Д3Ж ɞɢɧɚɦɢɤɚ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɟɪɜɢɱɧɵɯ ɷɧɟɪɝɨɪɟɫɭɪɫɨɜ ɞɚ-
ɧɵ ɜ ɬɚɛɥɢɰɟ 1.1.
Ɍɚɛɥɢɰɚ 1.1.

ȼɢɞ ɷɧɟɪɝɨɪɟɫɭɪɫɨɜ
Ƚɨɞɵ

1980 1985 1990 1994 1995 

ɇɟɮɬɶ, Ɇɬ, ɜ ɦɢɪɟ 2922 2652 3022 3264 - 

Ɋɨɫɫɢɹ 547 542 518 317,8 306,7 

Ƚɚɡ, Ƚɦ3, ɜ ɦɢɪɟ 1620 1981 2413 2250 - 

Ɋɨɫɫɢɹ 252 462 641 607,3 595,4 

ɍɝɨɥɶ, Ɇɬ, ɜ ɦɢɪɟ 3249 3808 3935 4163 - 

Ɋɨɫɫɢɹ 391 395 395 270,9 262,2 

Э/ɷɧɟɪɝɢɹ,ɌȾɠ, ɜ ɦɢɪɟ 10712 11900 16498 18221 - 

Ɋɨɫɫɢɹ 596,7 886,5 942,7 890,7 862 

ɂɬɨɝɨ, Ɇɬɭɬ*, ɜ ɦɢɪɟ 9451 10231 11692 12277 - 

Ɋɨɫɫɢɹ 1430 1690 1430 1391 - 
* ɬɭɬ  ɬɨɧɧɚ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ.
Ⱦɚɧɧɵɣ ɤɭɪɫ ɹɜɥɹɟɬɫɹ ɨɛɳɟɬɟɯɧɢɱɟɫɤɨɣ ɞɢɫɰɢɩɥɢɧɨɣ ɩɪɢ ɩɨɞɝɨɬɨɜɤɟ ɫɩɟɰɢɚɥɢɫɬɨɜ ɬɟɯ-
ɧɢɱɟɫɤɨɣ ɫɩɟɰɢɚɥɶɧɨɫɬɢ.
1.2. Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ.
Ɍɟɯɧɢɱɟɫɤɚɹ ɬɟɪɦɨɞɢɧɚɦɢɤɚ (ɬ/ɞ) ɪɚɫɫɦɚɬɪɢɜɚɟɬ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɜɡɚɢɦɧɨɝɨ ɩɪɟɜɪɚɳɟɧɢɹ 
ɬɟɩɥɨɬɵ ɜ ɪɚɛɨɬɭ. Ɉɧɚ ɭɫɬɚɧɚɜɥɢɜɚɟɬ ɜɡɚɢɦɨɫɜɹɡɶ ɦɟɠɞɭ ɬɟɩɥɨɜɵɦɢ, ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɢ 
ɯɢɦɢɱɟɫɤɢɦɢ ɩɪɨɰɟɫɫɚɦɢ, ɤɨɬɨɪɵɟ ɫɨɜɟɪɲɚɸɬɫɹ ɜ ɬɟɩɥɨɜɵɯ ɢ ɯɨɥɨɞɢɥɶɧɵɯ ɦɚɲɢɧɚɯ, 
ɢɡɭɱɚɟɬ ɩɪɨɰɟɫɫɵ, ɩɪɨɢɫɯɨɞɹɳɢɟ ɜ ɝɚɡɚɯ ɢ ɩɚɪɚɯ, ɚ ɬɚɤɠɟ ɫɜɨɣɫɬɜɚ ɷɬɢɯ ɬɟɥ ɩɪɢ ɪɚɡɥɢɱ-
ɧɵɯ ɮɢɡɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ.
Ɍɟɪɦɨɞɢɧɚɦɢɤɚ ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɞɜɭɯ ɨɫɧɨɜɧɵɯ ɡɚɤɨɧɚɯ (ɧɚɱɚɥɚɯ) ɬɟɪɦɨɞɢɧɚɦɢɤɢμ 
I ɡɚɤɨɧ ɬɟɪɦɨɞɢɧɚɦɢɤɢ - ɡɚɤɨɧ ɩɪɟɜɪɚɳɟɧɢɹ ɢ ɫɨɯɪɚɧɟɧɢɹ ɷɧɟɪɝɢɢν
II ɡɚɤɨɧ ɬɟɪɦɨɞɢɧɚɦɢɤɢ  ɭɫɬɚɧɚɜɥɢɜɚɟɬ ɭɫɥɨɜɢɹ ɩɪɨɬɟɤɚɧɢɹ ɢ ɧɚɩɪɚɜɥɟɧɧɨɫɬɶ ɦɚɤɪɨɫɤɨ-
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ɩɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɜ ɫɢɫɬɟɦɚɯ, ɫɨɫɬɨɹɳɢɯ ɢɡ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɱɚɫɬɢɰ.
Ɍɟɯɧɢɱɟɫɤɚɹ ɬ/ɞ, ɩɪɢɦɟɧɹɹ ɨɫɧɨɜɧɵɟ ɡɚɤɨɧɵ ɤ ɩɪɨɰɟɫɫɚɦ ɩɪɟɜɪɚɳɟɧɢɹ ɬɟɩɥɨɬɵ ɜ ɦɟɯɚɧɢ-
ɱɟɫɤɭɸ ɪɚɛɨɬɭ ɢ ɨɛɪɚɬɧɨ, ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɡɪɚɛɚɬɵɜɚɬɶ ɬɟɨɪɢɢ ɬɟɩɥɨɜɵɯ ɞɜɢɝɚɬɟɥɟɣ, 
ɢɫɫɥɟɞɨɜɚɬɶ ɩɪɨɰɟɫɫɵ, ɩɪɨɬɟɤɚɸɳɢɟ ɜ ɧɢɯ ɢ ɬ.ɩ.
Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ, ɤɨɬɨɪɨɣ ɦɨɝɭɬ ɛɵɬɶ ɝɪɭɩ-
ɩɚ ɬɟɥ, ɬɟɥɨ ɢɥɢ ɱɚɫɬɶ ɬɟɥɚ. Ɍɨ, ɱɬɨ ɧɚɯɨɞɢɬɫɹ ɜɧɟ ɫɢɫɬɟɦɵ, ɧɚɡɵɜɚɟɬɫɹ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟ-
ɞɨɣ. Ɍ/ɞ ɫɢɫɬɟɦɚ ɷɬɨ ɫɨɜɨɤɭɩɧɨɫɬɶ ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɢɯ ɬɟɥ, ɨɛɦɟɧɢɜɚɸɳɢɟɫɹ ɷɧɟɪɝɢɟɣ ɞɪɭɝ 
ɫ ɞɪɭɝɨɦ ɢ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɨɣ. ɇɚɩɪɢɦɟɪμ ɬ/ɞ ɫɢɫɬɟɦɚ  ɝɚɡ, ɧɚɯɨɞɹɳɟɣɫɹ ɜ ɰɢɥɢɧɞɪɟ ɫ 
ɩɨɪɲɧɟɦ, ɚ ɨɤɪɭɠɚɸɳɚɹ ɫɪɟɞɚ  ɰɢɥɢɧɞɪ, ɩɨɪɲɟɧɶ, ɜɨɡɞɭɯ, ɫɬɟɧɵ ɩɨɦɟɳɟɧɢɹ.
ɂɡɨɥɢɪɨɜɚɧɧɚɹ ɫɢɫɬɟɦɚ - ɬ/ɞ ɫɢɫɬɟɦɚ ɧɟ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɚɹ ɫ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɨɣ.
Ⱥɞɢɚɛɚɬɧɚɹ (ɬɟɩɥɨɢɡɨɥɢɪɨɜɚɧɧɚɹ) ɫɢɫɬɟɦɚ  ɫɢɫɬɟɦɚ ɢɦɟɟɬ ɚɞɢɚɛɚɬɧɭɸ ɨɛɨɥɨɱɤɭ, ɤɨɬɨ-
ɪɚɹ ɢɫɤɥɸɱɚɟɬ ɨɛɦɟɧ ɬɟɩɥɨɬɨɣ (ɬɟɩɥɨɨɛɦɟɧ) ɫ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɨɣ.
Ɉɞɧɨɪɨɞɧɚɹ ɫɢɫɬɟɦɚ  ɫɢɫɬɟɦɚ, ɢɦɟɸɳɚɹ ɜɨ ɜɫɟɯ ɫɜɨɢɯ ɱɚɫɬɹɯ ɨɞɢɧɚɤɨɜɵɣ ɫɨɫɬɚɜ ɢ ɮɢɡɢ-
ɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ.
Ƚɨɦɨɝɟɧɧɚɹ ɫɢɫɬɟɦɚ  ɨɞɧɨɪɨɞɧɚɹ ɫɢɫɬɟɦɚ ɩɨ ɫɨɫɬɚɜɭ ɢ ɮɢɡɢɱɟɫɤɨɦɭ ɫɬɪɨɟɧɢɸ, ɜɧɭɬɪɢ 
ɤɨɬɨɪɨɣ ɧɟɬ ɩɨɜɟɪɯɧɨɫɬɟɣ ɪɚɡɞɟɥɚ (ɥɟɞ, ɜɨɞɚ, ɝɚɡɵ).
Ƚɟɬɟɪɨɝɟɧɧɚɹ ɫɢɫɬɟɦɚ  ɫɢɫɬɟɦɚ, ɫɨɫɬɨɹɳɚɹ ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɝɨɦɨɝɟɧɧɵɯ ɱɚɫɬɟɣ (ɮɚɡ) ɫ ɪɚɡ-
ɥɢɱɧɵɦɢ ɮɢɡɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɨɬɞɟɥɟɧɧɵɯ ɨɞɧɚ ɨɬ ɞɪɭɝɨɣ ɜɢɞɢɦɵɦɢ ɩɨɜɟɪɯɧɨɫɬɹɦɢ 
ɪɚɡɞɟɥɚ (ɥɟɞ ɢ ɜɨɞɚ, ɜɨɞɚ ɢ ɩɚɪ).
ȼ ɬɟɩɥɨɜɵɯ ɦɚɲɢɧɚɯ (ɞɜɢɝɚɬɟɥɹɯ) ɦɟɯɚɧɢɱɟɫɤɚɹ ɪɚɛɨɬɚ ɫɨɜɟɪɲɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɪɚɛɨɱɢɯ 
ɬɟɥ  ɝɚɡ, ɩɚɪ.
1.3. ɉɚɪɚɦɟɬɪɵ ɫɨɫɬɨɹɧɢɹ.
ȼɟɥɢɱɢɧɵ, ɤɨɬɨɪɵɟ ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɮɢɡɢɱɟɫɤɨɟ ɫɨɫɬɨɹɧɢɟ ɬɟɥɚ ɧɚɡɵɜɚɸɬɫɹ ɬɟɪɦɨɞɢɧɚɦɢ-
ɱɟɫɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɫɨɫɬɨɹɧɢɹ. Ɍɚɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɹɜɥɹɸɬɫɹ ɭɞɟɥɶɧɵɣ ɨɛɴɟɦ, ɚɛɫɨ-
ɥɸɬɧɨɟ ɞɚɜɥɟɧɢɟ, ɚɛɫɨɥɸɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ, ɜɧɭɬɪɟɧɧɹɹ ɷɧɟɪɝɢɹ, ɷɧɬɚɥɶɩɢɹ, ɷɧɬɪɨɩɢɹ, 
ɤɨɧɰɟɧɬɪɚɰɢɹ, ɬɟɩɥɨɟɦɤɨɫɬɶ ɢ ɬ.ɞ. ɉɪɢ ɨɬɫɭɬɫɬɜɢɢ ɜɧɟɲɧɢɯ ɫɢɥɨɜɵɯ ɩɨɥɟɣ (ɝɪɚɜɢɬɚɰɢɨɧ-
ɧɨɝɨ, ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɢ ɞɪ.) ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɟ ɫɨɫɬɨɹɧɢɟ ɨɞɧɨɮɚɡɧɨɝɨ ɬɟɥɚ ɦɨɠɧɨ 
ɨɞɧɨɡɧɚɱɧɨ ɨɩɪɟɞɟɥɢɬɶ 3-ɦɹ ɩɚɪɚɦɟɬɪɚɦɢ  ɭɞ. ɨɛɴɟɦɨɦ (υ), ɬɟɦɩɟɪɚɬɭɪɨɣ (Ɍ), ɞɚɜɥɟɧɢɟɦ 
(Ɋ). 
ɍɞɟɥɶɧɵɣ ɨɛɴɟɦ  ɜɟɥɢɱɢɧɚ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɨɬɧɨɲɟɧɢɟɦ ɨɛɴɟɦɚ ɜɟɳɟɫɬɜɚ ɤ ɟɝɨ ɦɚɫɫɟ.
υ = V / Ц , Дɦ3/ɤɝЖ , (1.1)
ɉɥɨɬɧɨɫɬɶ ɜɟɳɟɫɬɜɚ  ɜɟɥɢɱɢɧɚ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɨɬɧɨɲɟɧɢɟɦ ɦɚɫɫɵ ɤ ɨɛɴɟɦɭ ɜɟɳɟɫɬɜɚ.
ρ = Ц / V , Дɤɝ/ɦ3] , (1.2)
υ = 1 / ρ ν ρ = 1 / υ ν υ • ρ = 1 . (1.3)
Ⱦɚɜɥɟɧɢɟ  ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɦɨɥɟɤɭɥɹɪɧɨ-ɤɢɧɟɬɢɱɟɫɤɨɣ ɬɟɨɪɢɢ ɟɫɬɶ ɫɪɟɞɧɢɣ ɪɟɡɭɥɶɬɚɬ ɭɞɚ-
ɪɨɜ ɦɨɥɟɤɭɥ ɝɚɡɚ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɧɟɩɪɟɪɵɜɧɨɦ ɯɚɨɬɢɱɟɫɤɨɦ ɞɜɢɠɟɧɢɢ, ɨ ɫɬɟɧɤɭ ɫɨɫɭɞɚ, ɜ 
ɤɨɬɨɪɨɦ ɡɚɤɥɸɱɟɧ ɝɚɡ.
Ɋ = F / S ν ДɉɚЖ = Дɇ/ɦ2] (1.4)
ȼɧɟɫɢɫɬɟɦɧɵɟ ɟɞɢɧɢɰɵ ɞɚɜɥɟɧɢɹμ
1 ɤɝɫ/ɦ2 = λ,κ1 ɉɚ = 1 ɦɦ.ɜɨɞɧ.ɫɬ.
1 ɚɬ. (ɬɟɯɧ.ɚɬɦɨɫɮɟɪɚ) = 1 ɤɝɫ/ɫɦ2 = λκ,1 ɤɉɚ.
1 ɚɬɦ. (ɮɢɡɢɱɟɫɤɚɹ ɚɬɦɨɫɮɟɪɚ) = 101,325 ɤɉɚ = 760 ɦɦ.ɪɬ.ɫɬ.
1 ɚɬ. = 0,λ6κ ɚɬɦ.
1 ɦɦ.ɪɬ.ɫɬ. = 133,32 ɉɚ.
1 ɛɚɪ = 0,1 Ɇɉɚ = 100 ɤɉɚ = 105 ɉɚ.
Ɋɚɡɥɢɱɚɸɬ ɢɡɛɵɬɨɱɧɨɟ ɢ ɚɛɫɨɥɸɬɧɨɟ ɞɚɜɥɟɧɢɟ.
ɂɡɛɵɬɨɱɧɨɟ ɞɚɜɥɟɧɢɟ (Ɋɢ) ɪɚɡɧɨɫɬɶ ɦɟɠɞɭ ɞɚɜɥɟɧɢɟɦ ɠɢɞɤɨɫɬɢ ɢɥɢ ɝɚɡɚ ɢ ɞɚɜɥɟɧɢɟɦ 
ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ.
Ⱥɛɫɨɥɸɬɧɨɟ ɞɚɜɥɟɧɢɟ (Ɋ) ɞɚɜɥɟɧɢɟ ɨɬɫɱɢɬɵɜɚɟɦɨɟ ɨɬ ɚɛɫɨɥɸɬɧɨɝɨ ɧɭɥɹ ɞɚɜɥɟɧɢɹ ɢɥɢ ɨɬ 
ɚɛɫɨɥɸɬɧɨɝɨ ɜɚɤɭɭɦɚ. Эɬɨ ɞɚɜɥɟɧɢɟ ɹɜɥɹɟɬɫɹ ɬ/ɞ ɩɚɪɚɦɟɬɪɨɦ ɫɨɫɬɨɹɧɢɹ.
Ⱥɛɫɨɥɸɬɧɨɟ ɞɚɜɥɟɧɢɟ ɨɩɪɟɞɟɥɹɟɬɫɹμ
1). ɉɪɢ ɞɚɜɥɟɧɢɢ ɫɨɫɭɞɚ ɛɨɥɶɲɟ ɚɬɦɨɫɮɟɪɧɨɝɨμ
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Ɋ = Ɋɢ + Ɋɨ ; (1.5)
2). ɉɪɢ ɞɚɜɥɟɧɢɢ ɫɨɫɭɞɚ ɦɟɧɶɲɟ ɚɬɦɨɫɮɟɪɧɨɝɨμ
Ɋ = Ɋɨ + Ɋɜ ; (1.6)
ɝɞɟ Ɋɨ  ɚɬɦɨɫɮɟɪɧɨɟ ɞɚɜɥɟɧɢɟν
Ɋɜ  ɞɚɜɥɟɧɢɟ ɜɚɤɭɭɦɚ.
Ɍɟɦɩɟɪɚɬɭɪɚ  ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɫɬɟɩɟɧɶ ɧɚɝɪɟɬɨɫɬɢ ɬɟɥ, ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɦɟɪɭ ɫɪɟɞɧɟɣ 
ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɩɨɫɬɭɩɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ ɟɝɨ ɦɨɥɟɤɭɥ. ɑɟɦ ɛɨɥɶɲɟ ɫɪɟɞɧɹɹ ɫɤɨ-
ɪɨɫɬɶ ɞɜɢɠɟɧɢɹ, ɬɟɦ ɜɵɲɟ ɬɟɦɩɟɪɚɬɭɪɚ ɬɟɥɚ.
Ɂɚ ɬ/ɞ ɩɚɪɚɦɟɬɪ ɫɨɫɬɨɹɧɢɹ ɫɢɫɬɟɦɵ ɩɪɢɧɢɦɚɸɬ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɭɸ ɬɟɦɩɟɪɚɬɭɪɭ (Ɍ), ɬ.ɟ. 
ɚɛɫɨɥɸɬɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ. Ɉɧɚ ɜɫɟɝɞɚ ɩɨɥɨɠɢɬɟɥɶɧɚ, ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɚɛɫɨɥɸɬɧɨɝɨ ɧɭɥɹ 
(Ɍ=0) ɬɟɩɥɨɜɵɟ ɞɜɢɠɟɧɢɹ ɩɪɟɤɪɚɳɚɸɬɫɹ ɢ ɷɬɚ ɬɟɦɩɟɪɚɬɭɪɚ ɹɜɥɹɟɬɫɹ ɧɚɱɚɥɨɦ ɨɬɫɱɟɬɚ ɚɛ-
ɫɨɥɸɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ. 
1.4. ɍɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ ɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ.
Ɉɫɧɨɜɧɵɟ ɬ/ɞ ɩɚɪɚɦɟɬɪɵ ɫɨɫɬɨɹɧɢɹ Ɋ, υ, Ɍ ɨɞɧɨɪɨɞɧɨɝɨ ɬɟɥɚ ɡɚɜɢɫɹɬ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɢ ɜɡɚ-
ɢɦɧɨ ɫɜɹɡɚɧɵ ɦɟɠɞɭ ɫɨɛɨɣ ɨɩɪɟɞɟɥɟɧɧɵɦ ɦɚɬɟɦɚɬɢɱɟɫɤɢɦ ɭɪɚɜɧɟɧɢɟɦ, ɤɨɬɨɪɵɣ ɧɚɡɵɜɚ-
ɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦ ɫɨɫɬɨɹɧɢɹ:
П (Ɋ, υ, Ɍ) = 0 . (1.7)
Ɋɚɜɧɨɜɟɫɧɵɦ ɫɨɫɬɨɹɧɢɟɦ ɧɚɡɵɜɚɟɬɫɹ ɫɨɫɬɨɹɧɢɟ ɬɟɥɚ, ɩɪɢ ɤɨɬɨɪɨɦ ɜɨ ɜɫɟɯ ɟɝɨ ɬɨɱɤɚɯ ɨɛɴ-
ɟɦɚ Ɋ, υ ɢ Ɍ ɢ ɜɫɟ ɞɪɭɝɢɟ ɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɨɞɢɧɚɤɨɜɵ.
ɋɨɜɨɤɭɩɧɨɫɬɶ ɢɡɦɟɧɟɧɢɣ ɫɨɫɬɨɹɧɢɹ ɬ/ɞ ɫɢɫɬɟɦɵ ɩɪɢ ɩɟɪɟɯɨɞɟ ɢɡ ɨɞɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜ ɞɪɭ-
ɝɨɟ ɧɚɡɵɜɚɟɬɫɹ ɬ/ɞ ɩɪɨɰɟɫɫɨɦ. Ɍ/ɞ ɩɪɨɰɟɫɫɵ ɛɵɜɚɸɬ ɪɚɜɧɨɜɟɫɧɵɟ ɢ ɧɟɪɚɜɧɨɜɟɫɧɵɟ. ȿɫɥɢ 
ɩɪɨɰɟɫ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɪɚɜɧɨɜɟɫɧɵɟ ɫɨɫɬɨɹɧɢɹ, ɬɨ ɨɧ ɧɚɡɵɜɚɟɬɫɹ ɪɚɜɧɨɜɟɫɧɵɦ. ȼ ɪɟɚɥɶ-
ɧɵɯ ɫɥɭɱɚɹɯ ɜɫɟ ɩɪɨɰɟɫɫɵ ɹɜɥɹɸɬɫɹ ɧɟɪɚɜɧɨɜɟɫɧɵɦɢ.

ȿɫɥɢ ɩɪɢ ɥɸɛɨɦ ɬ/ɞ ɩɪɨɰɟɫɫɟ ɢɡɦɟɧɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɫɨɫɬɨɹɧɢɹ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɜɢɞɚ ɩɪɨɰɟɫ-
ɫɚ, ɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɚɱɚɥɶɧɵɦ ɢ ɤɨɧɟɱɧɵɦ ɫɨɫɬɨɹɧɢɟɦ, ɬɨ ɩɚɪɚɦɟɬɪɵ ɫɨɫɬɨɹɧɢɹ ɧɚɡɵɜɚɸɬ-
ɫɹ ɮɭɧɤɰɢɟɣ ɫɨɫɬɨɹɧɢɹ. Ɍɚɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɹɜɥɹɸɬɫɹ ɜɧɭɬɪɟɧɧɹɹ ɷɧɟɪɝɢɹ, ɷɧɬɚɥɶɩɢɹ, 
ɷɧɬɪɨɩɢɹ ɢ ɬ.ɞ.
ɂɧɬɟɧɫɢɜɧɵɟ ɩɚɪɚɦɟɬɪɵ  ɷɬɨ ɩɚɪɚɦɟɬɪɵ ɧɟ ɡɚɜɢɫɹɳɢɟ ɨɬ ɦɚɫɫɵ ɫɢɫɬɟɦɵ (ɞɚɜɥɟɧɢɟ, ɬɟɦ-
ɩɟɪɚɬɭɪɚ).
Ⱥɞɞɢɬɢɜɧɵɟ (ɷɤɫɬɟɧɫɢɜɧɵɟ) ɩɚɪɚɦɟɬɪɵ  ɩɚɪɚɦɟɬɪɵ, ɡɧɚɱɟɧɢɹ ɤɨɬɨɪɵɯ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵ 
ɦɚɫɫɟ ɫɢɫɬɟɦɵ (Ɉɛɴɟɦ, ɷɧɟɪɝɢɹ, ɷɧɬɪɨɩɢɹ ɢ ɬ.ɞ.).

Ɍɟɦɚ 2. ɉɟɪɜɵɣ ɡɚɤɨɧ ɬɟɪɦɨɞɢɧɚɦɢɤɢ.
2.1. Ɍɟɩɥɨɬɚ ɢ ɪɚɛɨɬɚ.
Ɍɟɥɚ, ɭɱɚɫɬɜɭɸɳɢɟ ɩɪɢ ɩɪɨɬɟɤɚɧɢɢ ɬ/ɞ ɩɪɨɰɟɫɫɚ ɨɛɦɟɧɢɜɚɸɬɫɹ ɷɧɟɪɝɢɟɣ. ɉɟɪɟɞɚɱɚ ɷɧɟɪ-
ɝɢɢ ɨɬ ɨɞɧɨɝɨ ɬɟɥɚ ɤ ɞɪɭɝɨɦɭ ɩɪɨɢɫɯɨɞɢɬ ɞɜɭɦɹ ɫɩɨɫɨɛɚɦɢ.
1-ɣ ɫɩɨɫɨɛ ɪɟɚɥɢɡɭɟɬɫɹ ɩɪɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɦ ɤɨɧɬɚɤɬɟ ɬɟɥ, ɢɦɟɸɳɢɯ ɪɚɡɥɢɱɧɭɸ ɬɟɦɩɟ-
ɪɚɬɭɪɭ, ɩɭɬɟɦ ɨɛɦɟɧɚ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɟɣ ɦɟɠɞɭ ɦɨɥɟɤɭɥɚɦɢ ɫɨɩɪɢɤɚɫɚɸɳɢɯɫɹ ɬɟɥ 
ɥɢɛɨ ɥɭɱɢɫɬɵɦ ɩɟɪɟɧɨɫɨɦ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ ɢɡɥɭɱɚɸɳɢɯ ɬɟɥ ɩɭɬɟɦ ɷ/ɦ ɜɨɥɧ. ɉɪɢ ɷɬɨɦ 
ɷɧɟɪɝɢɹ ɩɟɪɟɞɚɟɬɫɹ ɨɬ ɛɨɥɟɟ ɧɚɝɪɟɬɨɝɨ ɤ ɦɟɧɟɟ ɧɚɝɪɟɬɨɦɭ.
Ʉɨɥɢɱɟɫɬɜɨ ɷɧɟɪɝɢɢ, ɩɟɪɟɞɚɧɧɨɣ 1-ɦ ɫɩɨɫɨɛɨɦ ɨɬ ɨɞɧɨɝɨ ɬɟɥɚ ɤ ɞɪɭɝɨɦɭ, ɧɚɡɵɜɚɟɬɫɹ ɤɨ-
ɥɢɱɟɫɬɜɨɦ ɬɟɩɥɨɬɵ  Q ДȾɠЖ, ɚ ɫɩɨɫɨɛ  ɩɟɪɟɞɚɱɚ ɷɧɟɪɝɢɢ ɜ ɮɨɪɦɟ ɬɟɩɥɨɬɵ.
2-ɣ ɫɩɨɫɨɛ ɫɜɹɡɚɧ ɫ ɧɚɥɢɱɢɟɦ ɫɢɥɨɜɵɯ ɩɨɥɟɣ ɢɥɢ ɜɧɟɲɧɟɝɨ ɞɚɜɥɟɧɢɹ. Ⱦɥɹ ɩɟɪɟɞɚɱɢ ɷɧɟɪ-
ɝɢɢ ɷɬɢɦ ɫɩɨɫɨɛɨɦ ɬɟɥɨ ɞɨɥɠɧɨ ɥɢɛɨ ɩɟɪɟɞɜɢɝɚɬɶɫɹ ɜ ɫɢɥɨɜɨɦ ɩɨɥɟ, ɥɢɛɨ ɢɡɦɟɧɹɬɶ ɫɜɨɣ 
ɨɛɴɟɦ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɜɧɟɲɧɟɝɨ ɞɚɜɥɟɧɢɹ, Ɍɨ ɟɫɬɶ ɩɟɪɟɞɚɱɢ ɷɧɟɪɝɢɢ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɭɫɥɨ-
ɜɢɢ ɩɟɪɟɦɟɳɟɧɢɹ ɜɫɟɝɨ ɬɟɥɚ ɢɥɢ ɟɝɨ ɱɚɫɬɢ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ. ɉɪɢ ɷɬɨɦ ɤɨɥɢɱɟɫɬɜɨ ɩɟɪɟɞɚɧ-
ɧɨɣ ɷɧɟɪɝɢɢ ɧɚɡɵɜɚɟɬɫɹ ɪɚɛɨɬɨɣ  δ ДȾɠЖ, ɚ ɫɩɨɫɨɛ ɩɟɪɟɞɚɱɚ ɷɧɟɪɝɢɢ ɜ ɮɨɪɦɟ ɪɚɛɨɬɵ.
Ʉɨɥɢɱɟɫɬɜɨ ɷɧɟɪɝɢɢ, ɩɨɥɭɱɟɧɧɨɟ ɬɟɥɨɦ ɜ ɮɨɪɦɟ ɪɚɛɨɬɵ ɧɚɡɵɜɚɟɬɫɹ ɪɚɛɨɬɨɣ ɫɨɜɟɪɲɟɧɧɨɣ 
ɧɚɞ ɬɟɥɨɦ, ɚ ɨɬɞɚɧɧɭɸ ɷɧɟɪɝɢɸ  ɡɚɬɪɚɱɟɧɧɨɣ ɬɟɥɨɦ ɪɚɛɨɬɨɣ.
Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɩɨɥɭɱɟɧɧɨɟ (ɨɬɞɚɧɧɨɟ) ɬɟɥɨɦ ɢ ɪɚɛɨɬɚ, ɫɨɜɟɪɲɟɧɧɚɹ (ɡɚɬɪɚɱɟɧɧɚɹ) 
ɧɚɞ ɬɟɥɨɦ, ɡɚɜɢɫɹɬ ɨɬ ɭɫɥɨɜɢɣ ɩɟɪɟɯɨɞɚ ɬɟɥɚ ɢɡ ɧɚɱɚɥɶɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜ ɤɨɧɟɱɧɨɟ, ɬ.ɟ. ɡɚ-
ɜɢɫɹɬ ɨɬ ɯɚɪɚɤɬɟɪɚ ɬ/ɞ ɩɪɨɰɟɫɫɚ.
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2.2. ȼɧɭɬɪɟɧɧɹɹ ɷɧɟɪɝɢɹ.
ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɟɣ ɧɚɡɵɜɚɟɬɫɹ ɫɨɜɨɤɭɩɧɨɫɬɶ ɜɫɟɯ ɜɢɞɨɜ ɷɧɟɪɝɢɣ, ɡɚ-
ɤɥɸɱɟɧɧɨɣ ɜ ɬɟɥɟ ɢɥɢ ɫɢɫɬɟɦɟ ɬɟɥ. Эɬɭ ɷɧɟɪɝɢɸ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɤɚɤ ɫɭɦɦɭ ɨɬɞɟɥɶɧɵɯ 
ɜɢɞɨɜ ɷɧɟɪɝɢɣμ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɦɨɥɟɤɭɥ (ɩɨɫɬɭɩɚɬɟɥɶɧɨɝɨ ɢ ɜɪɚɳɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟ-
ɧɢɹ ɦɨɥɟɤɭɥ)ν ɤɨɥɟɛɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ ɚɬɨɦɨɜ ɜ ɫɚɦɨɣ ɦɨɥɟɤɭɥɟν ɷɧɟɪɝɢɢ ɷɥɟɤɬɪɨɧɨɜν 
ɜɧɭɬɪɢɹɞɟɪɧɨɣ ɷɧɟɪɝɢɢν ɷɧɟɪɝɢɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɹɞɪɨɦ ɦɨɥɟɤɭɥɵ ɢ ɷɥɟɤɬɪɨɧɚɦɢν 
ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɢ ɦɨɥɟɤɭɥ.
ȼ ɬɟɯɧɢɱɟɫɤɨɣ ɬɟɪɦɨɞɢɧɚɦɢɤɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɬɨɥɶɤɨ ɬɚɤɢɟ ɩɪɨɰɟɫɫɵ, ɜ ɤɨɬɨɪɵɯ ɢɡɦɟ-
ɧɹɸɬɫɹ ɤɢɧɟɬɢɱɟɫɤɚɹ ɢ ɩɨɬɟɧɰɢɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɢɟ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ. ɉɪɢ ɷɬɨɦ ɡɧɚ-
ɧɢɟ ɚɛɫɨɥɸɬɧɵɯ ɡɧɚɱɟɧɢɣ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ ɧɟ ɬɪɟɛɭɟɬɫɹ. ɉɨɷɬɨɦɭ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢ-
ɟɣ ɞɥɹ ɢɞɟɚɥɶɧɵɯ ɝɚɡɨɜ ɧɚɡɵɜɚɸɬ ɤɢɧɟɬɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ ɞɜɢɠɟɧɢɹ ɦɨɥɟɤɭɥ ɢ ɷɧɟɪɝɢɸ 
ɤɨɥɟɛɚɬɟɥɶɧɵɯ ɞɜɢɠɟɧɢɣ ɚɬɨɦɨɜ ɜ ɦɨɥɟɤɭɥɟ, ɚ ɞɥɹ ɪɟɚɥɶɧɵɯ ɝɚɡɨɜ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɜɤɥɸ-
ɱɚɸɬ ɩɨɬɟɧɰɢɚɥɶɧɭɸ ɷɧɟɪɝɢɸ ɦɨɥɟɤɭɥ.
ȼɧɭɬɪɟɧɧɹɹ ɷɧɟɪɝɢɹ (U) ɹɜɥɹɟɬɫɹ ɮɭɧɤɰɢɟɣ ɞɜɭɯ ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɫɨɫɬɨɹɧɢɹ ɝɚɡɚ, ɬ.ɟ. 
U = П (P,T), U = П (υ ,T) U= П (P,υ). Κɚɠɞɨɦɭ ɫɨɫɬɨɹɧɢɸ ɪɚɛɨɱɟɝɨ ɬɟɥɚ (ɫɢɫɬɟɦɵ) ɫɨɨɬɜɟɬ-
ɫɬɜɭɟɬ ɜɩɨɥɧɟ ɨɩɪɟɞɟɥɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɫɨɫɬɨɹɧɢɹ, ɬɨ ɞɥɹ ɤɚɠɞɨɝɨ ɫɨɫɬɨɹɧɢɹ 
ɝɚɡɚ ɛɭɞɟɬ ɯɚɪɚɤɬɟɪɧɚ ɫɜɨɹ ɨɞɧɨɡɧɚɱɧɚɹ, ɜɩɨɥɧɟ ɨɩɪɟɞɟɥɟɧɧɚɹ ɜɟɥɢɱɢɧɚ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪ-
ɝɢɢ U. Ɍɨ ɟɫɬɶ U ɹɜɥɹɟɬɫɹ ɮɭɧɤɰɢɟɣ ɫɨɫɬɨɹɧɢɹ ɝɚɡɚ. ɂ ɪɚɡɧɨɫɬɶ ɜɧɭɬɪɟɧɧɢɯ ɷɧɟɪɝɢɣ ɞɥɹ 
ɞɜɭɯ ɤɚɤɢɯ-ɥɢɛɨ ɫɨɫɬɨɹɧɢɣ ɪɚɛɨɱɟɝɨ ɬɟɥɚ ɢɥɢ ɫɢɫɬɟɦɵ ɬɟɥ ɧɟ ɛɭɞɟɬ ɡɚɜɢɫɟɬɶ ɨɬ ɩɭɬɢ ɩɟ-
ɪɟɯɨɞɚ ɨɬ ɩɟɪɜɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜɨ ɜɬɨɪɨɟ.
2.3. ɉɟɪɜɵɣ ɡɚɤɨɧ ɬɟɪɦɨɞɢɧɚɦɢɤɢ.
ɉɟɪɜɵɣ ɡɚɤɨɧ ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɨɣ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɣ ɬɟɨɪɢɢ ɢ ɢɦɟɟɬ 
ɨɝɪɨɦɧɨɟ ɩɪɢɤɥɚɞɧɨɟ ɡɧɚɱɟɧɢɟ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ. Эɬɨɬ 
ɡɚɤɨɧ ɹɜɥɹɟɬɫɹ ɡɚɤɨɧɨɦ ɫɨɯɪɚɧɟɧɢɹ ɢ ɩɪɟɜɪɚɳɟɧɢɹ ɷɧɟɪɝɢɢμ
"Эɧɟɪɝɢɹ ɧɟ ɢɫɱɟɡɚɟɬ ɢ ɧɟ ɜɨɡɧɢɤɚɟɬ ɜɧɨɜɶ, ɨɧɚ ɥɢɲɶ ɩɟɪɟɯɨɞɢɬ 
ɢɡ ɨɞɧɨɝɨ ɜɢɞɚ ɜ ɞɪɭɝɨɣ ɜ ɪɚɡɥɢɱɧɵɯ ɮɢɡɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɚɯ".
Ⱦɥɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɡɚɤɨɧ ɭɫɬɚɧɚɜɥɢɜɚɟɬ ɜɡɚɢɦɨɫɜɹɡɶ ɦɟɠɞɭ ɬɟɩɥɨɬɨɣ, ɪɚ-
ɛɨɬɨɣ ɢ ɢɡɦɟɧɟɧɢɟɦ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ ɬ/ɞ ɫɢɫɬɟɦɵμ
"Ɍɟɩɥɨɬɚ, ɩɨɞɜɟɞɟɧɧɚɹ ɤ ɫɢɫɬɟɦɟ, ɪɚɫɯɨɞɭɟɬɫɹ ɧɚ ɢɡɦɟɧɟɧɢɟ ɷɧɟɪɝɢɢ ɫɢɫɬɟɦɵ ɢ ɫɨɜɟɪɲɟ-
ɧɢɟ ɪɚɛɨɬɵ".
ɍɪɚɜɧɟɧɢɟ ɩɟɪɜɨɝɨ ɡɚɤɨɧɚ ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞμ 
Q = (U2  U1) + L , (2.1) 
ɝɞɟ Q - ɤɨɥɢɱɟɫɬɜɚ ɬɟɩɥɨɬɵ ɩɨɞɜɟɞɟɧɧɚɹ (ɨɬɜɟɞɟɧɧɚɹ) ɤ ɫɢɫɬɟɦɟν
L - ɪɚɛɨɬɚ, ɫɨɜɟɪɲɟɧɧɚɹ ɫɢɫɬɟɦɨɣ (ɧɚɞ ɫɢɫɬɟɦɨɣ)ν
(U2  U1) - ɢɡɦɟɧɟɧɢɟ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ ɜ ɞɚɧɧɨɦ ɩɪɨɰɟɫɫɟ.
ȿɫɥɢμ 
Q > 0  ɬɟɩɥɨɬɚ ɩɨɞɜɨɞɢɬɫɹ ɤ ɫɢɫɬɟɦɟν
Q < 0  ɬɟɩɥɨɬɚ ɨɬɜɨɞɢɬɫɹ ɨɬ ɫɢɫɬɟɦɵν
δ > 0 ɪɚɛɨɬɚ ɫɨɜɟɪɲɚɟɬɫɹ ɫɢɫɬɟɦɨɣν
δ < 0  ɪɚɛɨɬɚ ɫɨɜɟɪɲɚɟɬɫɹ ɧɚɞ ɫɢɫɬɟɦɨɣ.
Ⱦɥɹ ɟɞɢɧɢɰɵ ɦɚɫɫɵ ɜɟɳɟɫɬɜɚ ɭɪɚɜɧɟɧɢɟ ɩɟɪɜɨɝɨ ɡɚɤɨɧɚ ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɢɦɟɟɬ ɜɢɞμ
q = Q /m = (u2  u1) + l . (2.2)  
В ɞɚɥɶɧɟɣɲɟɦ ɜɫɟ ɮɨɪɦɭɥɵ ɢ ɭɪɚɜɧɟɧɢɹ ɛɭɞɭɬ ɞɚɧɵ ɜ ɨɫɧɨɜɧɨɦ ɞɥɹ ɟɞɢɧɢɰɵ ɦɚɫɫɵ 
ɜɟɳɟɫɬɜɚ.

1-ɣ ɡɚɤɨɧ ɬ/ɞ ɭɤɚɡɵɜɚɟɬ, ɱɬɨ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɩɨɥɟɡɧɨɣ ɪɚɛɨɬɵ (δ) ɜ ɧɟɩɪɟɪɵɜɧɨ ɞɟɣɫɬɜɭɸ-
ɳɟɦ ɬɟɩɥɨɜɨɦ ɞɜɢɝɚɬɟɥɟ ɧɚɞɨ ɩɨɞɜɨɞɢɬɶ (ɡɚɬɪɚɱɢɜɚɬɶ) ɬɟɩɥɨɬɭ (Q).
"Ⱦɜɢɝɚɬɟɥɶ, ɩɨɫɬɨɹɧɧɨ ɩɪɨɡɜɨɞɹɳɢɣ ɪɚɛɨɬɭ ɢ ɧɟ ɩɨɬɪɟɛɥɹɸɳɢɣ ɧɢɤɚɤɨɣ ɷɧɟɪɝɢɢ ɧɚɡɵɜɚ-
ɟɬɫɹ ɜɟɱɧɵɦ ɞɜɢɝɚɬɟɥɟɦ I ɪɨɞɚ."
ɂɡ ɷɬɨɝɨ ɦɨɠɧɨ ɜɵɫɤɚɡɚɬɶ ɫɥɟɞɭɸɳɟɟ ɨɩɪɟɞɟɥɟɧɢɟ 1-ɝɨ ɡɚɤɨɧɚ ɬɟɪɦɨɞɢɧɚɦɢɤɢμ 
" ȼɟɱɧɵɣ ɞɜɢɝɚɬɟɥɶ ɩɟɪɜɨɝɨ ɪɨɞɚ ɧɟɜɨɡɦɨɠɟɧ".
2.4. Ɍɟɩɥɨɟɦɤɨɫɬɶ ɝɚɡɚ.
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ɂɫɬɢɧɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɪɚɛɨɱɟɝɨ ɬɟɥɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɬɧɨɲɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɚ ɩɨɞɜɟɞɟɧɧɨɣ 
(ɨɬɜɟɞɟɧɧɨɣ) ɤ ɪɚɛɨɱɟɦɭ ɬɟɥɭ ɬɟɩɥɨɬɵ ɜ ɞɚɧɧɨɦ ɬ/ɞ ɩɪɨɰɟɫɫɟ ɤ ɜɵɡɜɚɧɧɨɦɭ ɷɬɢɦ ɢɡɦɟɧɟ-
ɧɢɹɦ ɬɟɦɩɟɪɚɬɭɪɵ ɬɟɥɚ.
ɋ = НQ / НT , ДȾɠ /ɄЖ ν (2.3)
Ɍɟɩɥɨɟɦɤɨɫɬɶ ɡɚɜɢɫɢɬ ɨɬ ɜɧɟɲɧɢɯ ɭɫɥɨɜɢɣ ɢɥɢ ɯɚɪɚɤɬɟɪɚ ɩɪɨɰɟɫɫɚ, ɩɪɢ ɤɨɬɨɪɨɦ ɩɪɨɢɫɯɨ-
ɞɢɬ ɩɨɞɜɨɬ ɢɥɢ ɨɬɜɨɞ ɬɟɩɥɨɬɵ.
Ɋɚɡɥɢɱɚɸɬ ɫɥɟɞɭɸɳɢɟ ɭɞɟɥɶɧɵɟ ɬɟɩɥɨɟɦɤɨɫɬɢμ
ɦɚɫɫɨɜɭɸ  ɫ = ɋ / Ц , ДȾɠ/ɤɝЖ ν (2.4)
ɦɨɥɹɪɧɭɸ - ɫȝ = ɋ / Ȟ , ДȾɠ/ɦɨɥɶЖ , (2.5)

ɝɞɟ Ȟ - ɤɨɥɢɱɟɫɬɜɚ ɜɟɳɟɫɬɜɚ ДɦɨɥɶЖ ν
ɨɛɴɟɦɧɭɸ - ɫ/ = ɋ / V = ɫ·ρ , ДȾɠ/ɦ3] , (2.6)
ɝɞɟ - ρ = Ц / V - ɩɥɨɬɧɨɫɬɶ ɜɟɳɟɫɬɜɚ.
ɋɜɹɡɶ ɦɟɠɞɭ ɷɬɢɦɢ ɬɟɩɥɨɟɦɤɨɫɬɹɦɢμ
ɫ = ɫ/ · υ = ɫȝ / ȝ ,
ɝɞɟ - υ = V/Ц - ɭɞɟɥɶɧɵɣ ɨɛɴɟɦ ɜɟɳɟɫɬɜɚ, Дɦ3/ɤɝЖν
ȝ = Ц /Ȟ  ɦɨɥɹɪɧɚɹ (ɦɨɥɟɤɭɥɹɪɧɚɹ) ɦɚɫɫɚ, Дɤɝ/ɦɨɥɶЖ.
Ɍɟɩɥɨɟɦɤɨɫɬɶ ɝɚɡɨɜ ɜ ɛɨɥɶɲɨɣ ɫɬɟɩɟɧɢ ɡɚɜɢɫɢɬ ɨɬ ɬɟɯ ɭɫɥɨɜɢɣ, ɩɪɢ ɤɨɬɨɪɵɯ ɩɪɨɢɫɯɨɞɢɬ 
ɩɪɨɰɟɫɫ ɢɯ ɧɚɝɪɟɜɚɧɢɹ ɢɥɢ ɨɯɥɚɠɞɟɧɢɹ. Ɋɚɡɥɢɱɚɸɬ ɬɟɩɥɨɟɦɤɨɫɬɢ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɞɚɜɥɟ-
ɧɢɢ (ɢɡɨɛɚɪɧɵɣ) ɢ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɨɛɴɟɦɟ (ɢɡɨɯɨɪɧɵɣ).
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɪɚɡɥɢɱɚɸɬ ɫɥɟɞɭɸɳɢɟ ɭɞɟɥɶɧɵɟ ɬɟɩɥɨɟɦɤɨɫɬɢμ
ɫɪ , ɫv  ɦɚɫɫɨɜɵɟ ɢɡɨɛɚɪɧɵɟ ɢ ɢɡɨɯɨɪɧɵɟ ɬɟɩɥɨɟɦɤɨɫɬɢν
ɫpȝ , ɫvȝ  ɦɨɥɹɪɧɵɟ ɢɡɨɛɚɪɧɵɟ ɢ ɢɡɨɯɨɪɧɵɟ ɬɟɩɥɨɟɦɤɨɫɬɢν
ɫ/

p , ɫ/
v  ɨɛɴɟɦɧɵɟ ɢɡɨɛɚɪɧɵɟ ɢ ɢɡɨɯɨɪɧɵɟ ɬɟɩɥɨɟɦɤɨɫɬɢ.

Ɇɟɠɞɭ ɢɡɨɛɚɪɧɵɦɢ ɢ ɢɡɨɯɨɪɧɵɦɢ ɬɟɩɥɨɟɦɤɨɫɬɹɦɢ ɫɭɳɟɫɬɜɭɟɬ ɫɥɟɞɭɸɳɚɹ ɡɚɜɢɫɢɦɨɫɬɶμ
ɫɪ - ɫv = R - ɭɪɚɜɧɟɧɢɟ Ɇɚɣɟɪɚν (2.7)
ɫpȝ - ɫvȝ = Rȝ . (2.8)
Ɍɟɩɥɨɟɦɤɨɫɬɶ ɡɚɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ, ɤɨɬɨɪɵɟ ɞɚɸɬɫɹ ɜ ɫɩɪɚɜɨɱɧɵɯ ɥɢɬɟɪɚɬɭɪɚɯ ɜ ɜɢɞɟ 
ɬɚɛɥɢɰɵ ɤɚɤ ɫɪɟɞɧɢɟ ɬɟɩɥɨɟɦɤɨɫɬɢ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɨɬ 0 ɞɨ tɯ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɫɪɟɞɧɟɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɨɬ t1 ɞɨ t2 ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɥɟɞɭɸɳɭɸ 
ɮɨɪɦɭɥɭμ
ɫеt2t1 = (ɫеt20 t2 - ɫеt10 t1) / (t2 - t1) . (2.9)
2.5. ɍɧɢɜɟɪɫɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ.
ɂɞɟɚɥɶɧɵɦ ɝɚɡɨɦ ɧɚɡɵɜɚɟɬɫɹ ɬɚɤɨɣ ɝɚɡ, ɭ ɤɨɬɨɪɨɝɨ ɨɬɫɭɬɫɬɜɭɸɬ ɫɢɥɵ ɜɡɚɢɦɧɨɝɨ ɩɪɢɬɹɠɟ-
ɧɢɹ ɢ ɨɬɬɚɥɤɢɜɚɧɢɹ ɦɟɠɞɭ ɦɨɥɟɤɭɥɚɦɢ ɢ ɩɪɟɧɟɛɪɟɝɚɸɬ ɪɚɡɦɟɪɚɦɢ ɦɨɥɟɤɭɥ. ȼɫɟ ɪɟɚɥɶɧɵɟ 
ɝɚɡɵ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɢ ɦɚɥɵɯ ɞɚɜɥɟɧɢɹɯ ɦɨɠɧɨ ɩɪɚɤɬɢɱɟɫɤɢ ɫɱɢɬɚɬɶ ɤɚɤ ɢɞɟ-
ɚɥɶɧɵɟ ɝɚɡɵ.
ɍɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ ɤɚɤ ɞɥɹ ɢɞɟɚɥɶɧɵɯ, ɤɚɤ ɢ ɞɥɹ ɪɟɚɥɶɧɵɯ ɝɚɡɨɜ ɨɩɢɫɵɜɚɸɬɫɹ ɬɪɟɦɹ 
ɩɚɪɚɦɟɬɪɚɦɢ ɩɨ ɭɪɚɜɧɟɧɢɸ (1.7).
ɍɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ ɦɨɠɧɨ ɜɵɜɟɫɬɢ ɢɡ ɦɨɥɟɤɭɥɹɪɧɨ-ɤɢɧɟɬɢɱɟɫɤɨɣ ɬɟɨ-
ɪɢɢ ɢɥɢ ɢɡ ɫɨɜɦɟɫɬɧɨɝɨ ɪɚɫɫɦɨɬɪɟɧɢɹ ɡɚɤɨɧɨɜ Ȼɨɣɥɹ-Ɇɚɪɢɨɬɬɚ ɢ Ƚɟɣ-Ʌɸɫɫɚɤɚ.
Эɬɨ ɭɪɚɜɧɟɧɢɟ ɛɵɥɨ ɜɵɜɟɞɟɧɨ ɜ 1κ34 ɝ. ɮɪɚɧɰɭɡɤɢɦ ɮɢɡɢɤɨɦ Ʉɥɚɩɟɣɪɨɧɨɦ ɢ ɞɥɹ 1 ɤɝ ɦɚɫ-
ɫɵ ɝɚɡɚ ɢɦɟɟɬ ɜɢɞμ
Ɋ·υ = R·Ɍ , (2.10)
ɝɞɟμ R - ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ ɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɪɚɛɨɬɭ 1 ɤɝ ɝɚɡɚ ɜ ɩɪɨɰɟɫɫɟ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ 
ɞɚɜɥɟɧɢɢ ɢ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ 1 ɝɪɚɞɭɫ.
ɍɪɚɜɧɟɧɢɟ (2.7) ɧɚɡɵɜɚɸɬ ɬɟɪɦɢɱɟɫɤɢɦ ɭɪɚɜɧɟɧɢɟɦ ɫɨɫɬɨɹɧɢɹ ɢɥɢ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɦ 
ɭɪɚɜɧɟɧɢɟɦ.
Ⱦɥɹ ɩɪɨɢɡɜɨɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɝɚɡɚ ɦɚɫɫɨɣ Ц ɭɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ ɛɭɞɟɬμ
Ɋ·V = Ц·R·Ɍ . (2.11)
ȼ 1κ74 ɝ. Ⱦ.ɂ.Ɇɟɧɞɟɥɟɟɜ ɨɫɧɨɜɵɜɚɹɫɶ ɧɚ ɡɚɤɨɧɟ Ⱦɚɥɶɬɨɧɚ ("ȼ ɪɚɜɧɵɯ ɨɛɴɟɦɚɯ ɪɚɡɧɵɯ 
ɢɞɟɚɥɶɧɵɯ ɝɚɡɨɜ, ɧɚɯɨɞɹɳɢɯɫɹ ɩɪɢ ɨɞɢɧɚɤɨɜɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɢ ɞɚɜɥɟɧɢɹɯ, ɫɨɞɟɪɠɢɬɫɹ 
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ɨɞɢɧɚɤɨɜɨɟ ɤɨɥɢɱɟɫɬɜɨ ɦɨɥɟɤɭɥ") ɩɪɟɞɥɨɠɢɥ ɭɧɢɜɟɪɫɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ ɞɥɹ 1 ɤɝ 
ɝɚɡɚ, ɤɨɬɨɪɭɸ ɧɚɡɵɜɚɸɬ ɭɪɚɜɧɟɧɢɟɦ Ʉɥɚɩɟɣɪɨɧɚ-Ɇɟɧɞɟɥɟɟɜɚ:
Ɋ·υ = Rȝ·Ɍ/ȝ , (2.12)
ɝɞɟμ ȝ - ɦɨɥɹɪɧɚɹ (ɦɨɥɟɤɭɥɹɪɧɚɹ) ɦɚɫɫɚ ɝɚɡɚ, (ɤɝ/ɤɦɨɥɶ)ν
Rȝ = κ314,20 Ⱦɠ/ɤɦɨɥɶ (κ,3142 ɤȾɠ/ɤɦɨɥɶ) - ɭɧɢɜɟɪɫɚɥɶɧɚɹ ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ ɢ ɩɪɟɞ-
ɫɬɚɜɥɹɟɬ ɪɚɛɨɬɭ 1 ɤɦɨɥɶ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ ɜ ɩɪɨɰɟɫɫɟ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɞɚɜɥɟɧɢɢ ɢ ɩɪɢ ɢɡɦɟ-
ɧɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ 1 ɝɪɚɞɭɫ.
Ɂɧɚɹ Rȝ ɦɨɠɧɨ ɧɚɣɬɢ ɝɚɡɨɜɭɸ ɩɨɫɬɨɹɧɧɭɸ R = Rȝ/ȝ.
Ⱦɥɹ ɩɪɨɢɡɜɨɥɶɧɨɣ ɦɚɫɫɵ ɝɚɡɚ ɭɪɚɜɧɟɧɢɟ Ʉɥɚɩɟɣɪɨɧɚ-Ɇɟɧɞɟɥɟɟɜɚ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞμ
Ɋ·V = Ц·Rȝ·Ɍ/ȝ . (2.13)
2.6. ɋɦɟɫɶ ɢɞɟɚɥɶɧɵɯ ɝɚɡɨɜ.
Ƚɚɡɨɜɨɣ ɫɦɟɫɶɸ ɩɨɧɢɦɚɟɬɫɹ ɫɦɟɫɶ ɨɬɞɟɥɶɧɵɯ ɝɚɡɨɜ, ɜɫɬɭɩɚɸɳɢɯ ɦɟɠɞɭ ɫɨɛɨɣ ɧɢ ɜ ɤɚɤɢɟ 
ɯɢɦɢɱɟɫɤɢɟ ɪɟɚɤɰɢɢ. Ʉɚɠɞɵɣ ɝɚɡ (ɤɨɦɩɨɧɟɧɬ) ɜ ɫɦɟɫɢ ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɞɪɭɝɢɯ ɝɚɡɨɜ ɩɨɥɧɨ-
ɫɬɶɸ ɫɨɯɪɚɧɹɟɬ ɜɫɟ ɫɜɨɢ ɫɜɨɣɫɬɜɚ ɢ ɜɟɞɟɬ ɫɟɛɹ ɬɚɤ, ɤɚɤ ɟɫɥɢ ɛɵ ɨɧ ɨɞɢɧ ɡɚɧɢɦɚɥ ɜɟɫɶ ɨɛɴ-
ɟɦ ɫɦɟɫɢ.
ɉɚɪɰɢɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ  ɷɬɨ ɞɚɜɥɟɧɢɟ, ɤɨɬɨɪɨɟ ɢɦɟɥ ɛɵ ɤɚɠɞɵɣ ɝɚɡ, ɜɯɨɞɹɳɢɣ ɜ ɫɨɫɬɚɜ 
ɫɦɟɫɢ, ɟɫɥɢ ɛɵ ɷɬɨɬ ɝɚɡ ɧɚɯɨɞɢɥɫɹ ɨɞɢɧ ɜ ɬɨɦ ɠɟ ɤɨɥɢɱɟɫɬɜɟ, ɜ ɬɨɦ ɠɟ ɨɸɴɟɦɟ ɢ ɩɪɢ ɬɨɣ 
ɠɟ ɬɟɦɩɟɪɚɬɭɪɟ, ɱɬɨ ɢ ɜ ɫɦɟɫɢ.
Ƚɚɡɨɜɚɹ ɫɦɟɫɶ ɩɨɞɱɢɧɹɟɬɫɹ ɡɚɤɨɧɭ Ⱦɚɥɶɬɨɧɚ:
Ɉɛɳɟɟ ɞɚɜɥɟɧɢɟ ɫɦɟɫɢ ɝɚɡɨɜ ɪɚɜɧɨ ɫɭɦɦɟ ɩɚɪɰɢɚɥɶɧɵɯ ɞɚɜɥɟɧɢɣ ɨɬɞɟɥɶɧɵɯ ɝɚɡɨɜ, ɫɨɫɬɚɜ-
ɥɹɸɳɢɯ ɫɦɟɫɶ.
Ɋ = Ɋ1 + Ɋ2 + Ɋ3 + . . . Ɋn = ∑ Ɋi , (2.14)
ɝɞɟ Ɋ1 , Ɋ2 , Ɋ3 . . . Ɋn  ɩɚɪɰɢɚɥɶɧɵɟ ɞɚɜɥɟɧɢɹ.
ɋɨɫɬɚɜ ɫɦɟɫɢ ɡɚɞɚɟɬɫɹ ɨɛɴɟɦɧɵɦɢ, ɦɚɫɫɨɜɵɦɢ ɢ ɦɨɥɶɧɵɦɢ ɞɨɥɹɦɢ, ɤɨɬɨɪɵɟ ɨɩɪɟɞɟɥɹɸɬ-
ɫɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɨ ɫɥɟɞɭɸɳɢɦ ɮɨɪɦɭɥɚɦμ
r1 = V1 / Vɫɦ ; r2 = V2 / Vɫɦ ; … rn = Vn / Vɫɦ , (2.15) 
g1 = m1 / mɫɦ ; g2 = m2 / mɫɦ ; … gn = mn / mɫɦ , (2.16) 
r1

′ = Ȟ1 / Ȟɫɦ ; r2
′ = Ȟ2 / Ȟɫɦ ; … rn

′ = Ȟn / Ȟɫɦ , (2.17)
ɝɞɟ V1 ; V2 ; … Vn ; Vɫɦ ɨɛɴɟɦɵ ɤɨɦɩɨɧɟɧɬɨɜ ɢ ɫɦɟɫɢν Ц1 ; m2 ; … mn ; mɫɦ  ɦɚɫɫɵ ɤɨɦɩɨ-
ɧɟɧɬɨɜ ɢ ɫɦɟɫɢν Ȟ1 ν Ȟ2 ν … Ȟn ν Ȟɫɦ  ɤɨɥɢɱɟɫɬɜɨ ɜɟɳɟɫɬɜɚ (ɤɢɥɨɦɨɥɟɣ) ɤɨɦɩɨɧɟɧɬɨɜ ɢ ɫɦɟɫɢ.
Ⱦɥɹ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ ɩɨ ɡɚɤɨɧɭ Ⱦɚɥɶɬɨɧɚμ
r1 = r1

′ ; r2 = r2
′ ; … rn = rn

′ . (2.18)
Ɍɚɤ ɤɚɤ V1 +V2 + … + Vn = Vɫɦ ɢ Ц1 + m2 + … + mn = mɫɦ ,
ɬɨ r1 + r2 + … + rn = 1 , (2.19)
g1 + g2 + … + gn = 1. (2.20) 
ɋɜɹɡɶ ɦɟɠɞɭ ɨɛɴɟɦɧɵɦɢ ɢ ɦɚɫɫɨɜɵɦɢ ɞɨɥɹɦɢ ɫɥɟɞɭɸɳɟɟμ
g1 = r1∙ȝ1/ȝɫɦ ; g2 = r2∙ȝ2 /ȝɫɦ ; … gn = rn∙ȝn /ȝɫɦ , (2.21)
ɝɞɟμ ȝ1 , ȝ2 , … ȝn , ȝɫɦ  ɦɨɥɟɤɭɥɹɪɧɵɟ ɦɚɫɫɵ ɤɨɦɩɨɧɟɧɬɨɜ ɢ ɫɦɟɫɢ.
Ɇɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ ɫɦɟɫɢ:
ȝɫɦ = ȝ1 r1 + r2 ȝ2+ … + rn ȝn . (2.22)
Ƚɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ ɫɦɟɫɢ:
Rɫɦ = g1 R1 + g2 R2 + … + gn Rn =  
= Rȝ (g1/ȝ1 + g2/ȝ2+ … + gn/ȝn ) =
= 1 / (r1/R1 + r2/R2+ … + rn/Rn) . (2.23) 
ɍɞɟɥɶɧɵɟ ɦɚɫɫɨɜɵɟ ɬɟɩɥɨɟɦɤɨɫɬɢ ɫɦɟɫɢ:
ɫɪ ɫɦ. = g1 ɫɪ 1 + g2 ɫɪ 2 + … + gn ɫɪ n . (2.24)
ɫv ɫɦ. = g1 ɫɪ 1 + g2 ɫv 2 + … + gn ɫv n . (2.25)
ɍɞɟɥɶɧɵɟ ɦɨɥɹɪɧɵɟ (ɦɨɥɟɤɭɥɹɪɧɵɟ) ɬɟɩɥɨɟɦɤɨɫɬɢ ɫɦɟɫɢ:
ɫɪȝ ɫɦ. = r1 ɫɪȝ 1 + r2 ɫɪȝ 2 + … + rn ɫɪȝ n . (2.26)
ɫvȝ ɫɦ. = r1 ɫvȝ 1 + r2 ɫvȝ 2 + … + rn ɫvȝ n . (2.27)

Ɍɟɦɚ 3. ȼɬɨɪɨɣ ɡɚɤɨɧ ɬɟɪɦɨɞɢɧɚɦɢɤɢ.
3.1. Ɉɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ ɜɬɨɪɨɝɨ ɡɚɤɨɧɚ ɬɟɪɦɨɞɢɧɚɦɢɤɢ.
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ɉɟɪɜɵɣ ɡɚɤɨɧ ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɭɬɜɟɪɠɞɚɟɬ, ɱɬɨ ɬɟɩɥɨɬɚ ɦɨɠɟɬ ɩɪɟɜɪɚɳɚɬɶɫɹ ɜ ɪɚɛɨɬɭ, ɚ 
ɪɚɛɨɬɚ ɜ ɬɟɩɥɨɬɭ ɢ ɧɟ ɭɫɬɚɧɚɜɥɢɜɚɟɬ ɭɫɥɨɜɢɣ, ɩɪɢ ɤɨɬɨɪɵɯ ɜɨɡɦɨɠɧɵ ɷɬɢ ɩɪɟɜɪɚɳɟɧɢɹ. 
ɉɪɟɜɪɚɳɟɧɢɟ ɪɚɛɨɬɵ ɜ ɬɟɩɥɨɬɭ ɩɪɨɢɫɯɨɞɢɬ ɜɫɟɝɞɚ ɩɨɥɧɨɫɬɶɸ ɢ ɛɟɡɭɫɥɨɜɧɨ. Ɉɛɪɚɬɧɵɣ 
ɩɪɨɰɟɫɫ ɩɪɟɜɪɚɳɟɧɢɹ ɬɟɩɥɨɬɵ ɜ ɪɚɛɨɬɭ ɩɪɢ ɧɟɩɪɟɪɵɜɧɨɦ ɟё ɩɟɪɟɯɨɞɟ ɜɨɡɦɨɠɟɧ ɬɨɥɶɤɨ 
ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɢ ɧɟ ɩɨɥɧɨɫɬɶɸ. Ɍɟɩɥɨɬɚ ɫɚɦ ɫɨɛɨɣ ɦɨɠɟɬ ɩɟɪɟɯɨɞɢɬ ɨɬ ɛɨɥɟɟ 
ɧɚɝɪɟɬɵɯ ɬɟɥ ɤ ɯɨɥɨɞɧɵɦ. ɉɟɪɟɯɨɞ ɬɟɩɥɨɬɵ ɨɬ ɯɨɥɨɞɧɵɯ ɬɟɥ ɤ ɧɚɝɪɟɬɵɦ ɫɚɦ ɫɨɛɨɣ ɧɟ 
ɩɪɨɢɫɯɨɞɢɬ. Ⱦɥɹ ɷɬɨɝɨ ɧɭɠɧɨ ɡɚɬɪɚɬɢɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɷɧɟɪɝɢɸ.
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɞɥɹ ɩɨɥɧɨɝɨ ɚɧɚɥɢɡɚ ɹɜɥɟɧɢɹ ɢ ɩɪɨɰɟɫɫɨɜ ɧɟɨɛɯɨɞɢɦɨ ɢɦɟɬɶ ɤɪɨɦɟ ɩɟɪɜɨ-
ɝɨ ɡɚɤɨɧɚ ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɟɳɟ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɡɚɤɨɧɨɦɟɪɧɨɫɬɶ. Эɬɢɦ ɡɚɤɨɧɨɦ ɹɜɥɹɟɬɫɹ 
ɜɬɨɪɨɣ ɡɚɤɨɧ ɬɟɪɦɨɞɢɧɚɦɢɤɢ. Ɉɧ ɭɫɬɚɧɚɜɥɢɜɚɟɬ, ɜɨɡɦɨɠɟɧ ɢɥɢ ɧɟɜɨɡɦɨɠɟɧ ɬɨɬ ɢɥɢ ɢɧɨɣ 
ɩɪɨɰɟɫɫ, ɜ ɤɚɤɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɩɪɨɬɟɤɚɟɬ ɩɪɨɰɟɫɫ, ɤɨɝɞɚ ɞɨɫɬɢɝɚɟɬɫɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɟ 
ɪɚɜɧɨɜɟɫɢɟ ɢ ɩɪɢ ɤɚɤɢɯ ɭɫɥɨɜɢɹɯ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɦɚɤɫɢɦɚɥɶɧɭɸ ɪɚɛɨɬɭ.
Ɏɨɪɦɭɥɢɪɨɜɤɢ ɜɬɨɪɨɝɨ ɡɚɤɨɧɚ ɬɟɪɦɨɞɢɧɚɦɢɤɢ. 
Ⱦɥɹ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɬɟɩɥɨɜɨɝɨ ɞɜɢɝɚɬɟɥɹ ɧɟɨɛɯɨɞɢɦɵ 2 ɢɫɬɨɱɧɢɤɚ  ɝɨɪɹɱɢɣ ɢɫɬɨɱɧɢɤ ɢ 
ɯɨɥɨɞɧɵɣ ɢɫɬɨɱɧɢɤ (ɨɤɪɭɠɚɸɳɚɹ ɫɪɟɞɚ). ȿɫɥɢ ɬɟɩɥɨɜɨɣ ɞɜɢɝɚɬɟɥɶ ɪɚɛɨɬɚɟɬ ɬɨɥɶɤɨ ɨɬ ɨɞ-
ɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɬɨ ɨɧ ɧɚɡɵɜɚɟɬɫɹ ɜɟɱɧɵɦ ɞɜɢɝɚɬɟɥɟɦ 2-ɝɨ ɪɨɞɚ.
1 ɮɨɪɦɭɥɢɪɨɜɤɚ (Ɉɫɬɜɚɥɶɞɚ)μ "ȼɟɱɧɵɣ ɞɜɢɝɚɬɟɥɶ 2-ɝɨ ɪɨɞɚ ɧɟɜɨɡɦɨɠɟɧ".
ȼɟɱɧɵɣ ɞɜɢɝɚɬɟɥɶ 1-ɝɨ ɪɨɞɚ ɷɬɨ ɬɟɩɥɨɜɨɣ ɞɜɢɝɚɬɟɥɶ, ɭ ɤɨɬɨɪɨɝɨ δ>Q1, ɝɞɟ Q1 - ɩɨɞɜɟɞɟɧ-
ɧɚɹ ɬɟɩɥɨɬɚ. ɉɟɪɜɵɣ ɡɚɤɨɧ ɬɟɪɦɨɞɢɧɚɦɢɤɢ "ɩɨɡɜɨɥɹɟɬ" ɜɨɡɦɨɠɧɨɫɬɶ ɫɨɡɞɚɬɶ ɬɟɩɥɨɜɨɣ 
ɞɜɢɝɚɬɟɥɶ ɩɨɥɧɨɫɬɶɸ ɩɪɟɜɪɚɳɚɸɳɢɣ ɩɨɞɜɟɞɟɧɧɭɸ ɬɟɩɥɨɬɭ Q1ɜ ɪɚɛɨɬɭ δ, ɬ.ɟ. δ = Q1. ȼɬɨ-
ɪɨɣ ɡɚɤɨɧ ɧɚɤɥɚɞɵɜɚɟɬ ɛɨɥɟɟ ɠɟɫɬɤɢɟ ɨɝɪɚɧɢɱɟɧɢɹ ɢ ɭɬɜɟɪɠɞɚɟɬ, ɱɬɨ ɪɚɛɨɬɚ ɞɨɥɠɧɚ ɛɵɬɶ 
ɦɟɧɶɲɟ ɩɨɞɜɟɞɟɧɧɨɣ ɬɟɩɥɨɬɵ (δ<Q1) ɧɚ ɜɟɥɢɱɢɧɭ ɨɬɜɟɞɟɧɧɨɣ ɬɟɩɥɨɬɵ  Q2, ɬ.ɟ. δ = Q1 - Q2.
ȼɟɱɧɵɣ ɞɜɢɝɚɬɟɥɶ 2-ɝɨ ɪɨɞɚ ɦɨɠɧɨ ɨɫɭɳɟɫɬɜɢɬɶ, ɟɫɥɢ ɬɟɩɥɨɬɭ Q2 ɩɟɪɟɞɚɬɶ ɨɬ ɯɨɥɨɞɧɨɝɨ 
ɢɫɬɨɱɧɢɤɚ ɤ ɝɨɪɹɱɟɦɭ. ɇɨ ɞɥɹ ɷɬɨɝɨ ɬɟɩɥɨɬɚ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨ ɞɨɥɠɧɚ ɩɟɪɟɣɬɢ ɨɬ ɯɨɥɨɞ-
ɧɨɝɨ ɬɟɥɚ ɤ ɝɨɪɹɱɟɦɭ, ɱɬɨ ɧɟɜɨɡɦɨɠɧɨ. Ɉɬɫɸɞɚ ɫɥɟɞɭɟɬ 2-ɹ ɮɨɪɦɭɥɢɪɨɜɤɚ (Ʉɥɚɭɡɢɭɫɚ)μ
"Ɍɟɩɥɨɬɚ ɧɟ ɦɨɠɟɬ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨ ɩɟɪɟɯɨɞɢɬ ɨɬ ɛɨɥɟɟ ɯɨɥɨɞɧɨɝɨ ɬɟɥɚ ɤ ɛɨɥɟɟ 

ɧɚɝɪɟɬɨɦɭ".
Ⱦɥɹ ɪɚɛɨɬɵ ɬɟɩɥɨɜɨɝɨ ɞɜɢɝɚɬɟɥɹ ɧɟɨɛɯɨɞɢɦɵ 2 ɢɫɬɨɱɧɢɤɚ  ɝɨɪɹɱɢɣ ɢ ɯɨɥɨɞɧɵɣ. 3-ɹ ɮɨɪ-
ɦɭɥɢɪɨɜɤɚ (Ʉɚɪɧɨ)μ
"Ɍɚɦ ɝɞɟ ɟɫɬɶ ɪɚɡɧɢɰɚ ɬɟɦɩɟɪɚɬɭɪ, ɜɨɡɦɨɠɧɨ ɫɨɜɟɪɲɟɧɢɟ 
ɪɚɛɨɬɵ".
ȼɫɟ ɷɬɢ ɮɨɪɦɭɥɢɪɨɜɤɢ ɜɡɚɢɦɨɫɜɹɡɚɧɵ, ɢɡ ɨɞɧɨɣ ɮɨɪɦɭɥɢɪɨɜɤɢ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɞɪɭɝɭɸ.
3.2. Эɧɬɪɨɩɢɹ.
Ɉɞɧɢɦ ɢɡ ɮɭɧɤɰɢɣ ɫɨɫɬɨɹɧɢɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɹɜɥɹɟɬɫɹ ɷɧɬɪɨɩɢɹ. Эɧɬɪɨɩɢɟɣ 
ɧɚɡɵɜɚɟɬɫɹ ɜɟɥɢɱɢɧɚ ɨɩɪɟɞɟɥɹɟɦɚɹ ɜɵɪɚɠɟɧɢɟɦμ
НS = НQ / T. ДȾɠ/ɄЖ (3.1)
ɢɥɢ ɞɥɹ ɭɞɟɥɶɧɨɣ ɷɧɬɪɨɩɢɢμ
Нs = Нq / T. ДȾɠ/(ɤɝ·Ʉ)Ж (3.2)
Эɧɬɪɨɩɢɹ ɟɫɬɶ ɨɞɧɨɡɧɚɱɧɚɹ ɮɭɧɤɰɢɹ ɫɨɫɬɨɹɧɢɹ ɬɟɥɚ, ɩɪɢɧɢɦɚɸɳɚɹ ɞɥɹ ɤɚɠɞɨɝɨ ɫɨɫɬɨɹ-
ɧɢɹ ɜɩɨɥɧɟ ɨɩɪɟɞɟɥɟɧɧɨɟ ɡɧɚɱɟɧɢɟ. Ɉɧɚ ɹɜɥɹɟɬɫɹ ɷɤɫɬɟɧɫɢɜɧɵɦ (ɡɚɜɢɫɢɬ ɨɬ ɦɚɫɫɵ ɜɟɳɟ-
ɫɬɜɚ) ɩɚɪɚɦɟɬɪɨɦ ɫɨɫɬɨɹɧɢɹ ɢ ɜ ɥɸɛɨɦ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɦ ɩɪɨɰɟɫɫɟ ɩɨɥɧɨɫɬɶɸ ɨɩɪɟɞɟ-
ɥɹɟɬɫɹ ɧɚɱɚɥɶɧɵɦ ɢ ɤɨɧɟɱɧɵɦ ɫɨɫɬɨɹɧɢɟɦ ɬɟɥɚ ɢ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɩɭɬɢ ɩɪɨɬɟɤɚɧɢɹ ɩɪɨɰɟɫɫɚ.
Эɧɬɪɨɩɢɸ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɤɚɤ ɮɭɧɤɰɢɸ ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɫɨɫɬɨɹɧɢɹμ
S = f1(P,V) ; S = f2(P,T) ; S = f3(V,T) ; (3.3) 
ɢɥɢ ɞɥɹ ɭɞɟɥɶɧɨɣ ɷɧɬɪɨɩɢɢ:
s = f1(P,υ) ; s = f2(P,T) ; S = f3(υ,T) ; (3.4)
Ɍɚɤ ɤɚɤ ɷɧɬɪɨɩɢɹ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɜɢɞɚ ɩɪɨɰɟɫɫɚ ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɚɱɚɥɶɧɵɦɢ ɢ ɤɨɧɟɱɧɵɦɢ 
ɫɨɫɬɨɹɧɢɹɦɢ ɪɚɛɨɱɟɝɨ ɬɟɥɚ, ɬɨ ɧɚɯɨɞɹɬ ɬɨɥɶɤɨ ɟɝɨ ɢɡɦɟɧɟɧɢɟ ɜ ɞɚɧɧɨɦ ɩɪɨɰɟɫɫɟ, ɤɨɬɨɪɵɟ 
ɦɨɠɧɨ ɧɚɣɬɢ ɩɨ ɫɥɟɞɭɸɳɢɦ ɭɪɚɜɧɟɧɢɹɦμ∆s = cv·ln(T2/T1) + R·lЧ(υ 2/υ 1) ; (3.5)∆s = cp·ln(T2/T1) - R·ln(P2/P1) ; (3.6)∆s = cv·lЧ(Ɋ2/Ɋ1) + cɪ·lЧ(υ 2/υ 1) . (3.7)
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ȿɫɥɢ ɷɧɬɪɨɩɢɹ ɫɢɫɬɟɦɵ ɜɨɡɪɚɫɬɚɟɬ (∆s > 0), ɬɨ ɫɢɫɬɟɦɟ ɩɨɞɜɨɞɢɬɫɹ ɬɟɩɥɨ.
ȿɫɥɢ ɷɧɬɪɨɩɢɹ ɫɢɫɬɟɦɵ ɭɦɟɧɶɲɚɟɬɫɹ (∆s < 0), ɬɨ ɫɢɫɬɟɦɟ ɨɬɜɨɞɢɬɫɹ ɬɟɩɥɨ.
ȿɫɥɢ ɷɧɬɪɨɩɢɹ ɫɢɫɬɟɦɵ ɧɟ ɢɡɦɟɧɹɟɬɫɹ (∆s = 0, s = ɫШЧst), ɬɨ ɫɢɫɬɟɦɟ ɧɟ ɩɨɞɜɨɞɢɬɫɹ ɢ ɧɟ 
ɨɬɜɨɞɢɬɫɹ ɬɟɩɥɨ (ɚɞɢɚɛɚɬɧɵɣ ɩɪɨɰɟɫɫ).
3.3. ɐɢɤɥ ɢ ɬɟɨɪɟɦɵ Ʉɚɪɧɨ.
ɐɢɤɥɨɦ Ʉɚɪɧɨ ɧɚɡɵɜɚɟɬɫɹ ɤɪɭɝɨɜɨɣ ɰɢɤɥ, ɫɨɫɬɨɹɳɢɣ ɢɡ 2-ɯ ɢɡɨɬɟɪɦɢɱɟɫɤɢɯ ɢ ɢɡ 2-ɯ 
ɚɞɢɚɛɚɬɧɵɯ ɩɪɨɰɟɫɫɨɜ. Ɉɛɪɚɬɢɦɵɣ ɰɢɤɥ Ʉɚɪɧɨ ɜ p,υ- ɢ T,s- ɞɢɚɝɪɚɦɦɚɯ ɩɨɤɚɡɚɧ ɧɚ 
ɪɢɫ.3.1.

Ɋɢɫ. 3.1. Ɉɛɪɚɬɢɦɵɣ ɰɢɤɥ Ʉɚɪɧɨ ɜ ɪ,υ (ɚ) ɢ Ɍ,s (ɛ) ɞɢɚɝɪɚɦɦɚɯ

1-2  ɨɛɪɚɬɢɦɨɟ ɚɞɢɚɛɚɬɧɨɟ ɪɚɫɲɢɪɟɧɢɟ ɩɪɢ s1=ɫШЧst. Ɍɟɦɩɟɪɚɬɭɪɚ ɭɦɟɧɶɲɚɟɬɫɹ ɨɬ Ɍ1 ɞɨ 
Ɍ2.
2-3  ɢɡɨɬɟɪɦɢɱɟɫɤɨɟ ɫɠɚɬɢɟ, ɨɬɜɨɞ ɬɟɩɥɨɬɵ q2 ɤ ɯɨɥɨɞɧɨɦɭ ɢɫɬɨɱɧɢɤɭ ɨɬ ɪɚɛɨɱɟɝɨ ɬɟɥɚ.
3-4  ɨɛɪɚɬɢɦɨɟ ɚɞɢɚɛɚɬɧɨɟ ɫɠɚɬɢɟ ɩɪɢ s2=ɫШЧst. Ɍɟɦɩɟɪɚɬɭɪɚ ɩɨɜɵɲɚɟɬɫɹ ɨɬ Ɍ3 ɞɨ Ɍ4.
4-1  ɢɡɨɬɟɪɦɢɱɟɫɤɨɟ ɪɚɫɲɢɪɟɧɢɟ, ɩɨɞɜɨɞ ɬɟɩɥɨɬɵ q1 ɤ ɝɨɪɹɱɟɝɨ ɢɫɬɨɱɧɢɤɚ ɤ ɪɚɛɨɱɟɦɭ ɬɟ-
ɥɭ.
Ɉɫɧɨɜɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɥɸɛɨɝɨ ɰɢɤɥɚ ɹɜɥɹɟɬɫɹ ɬɟɪɦɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ
ɞɟɣɫɬɜɢɹ (ɬ.ɤ.ɩ.ɞ.).ηt = Lɰ / Qɰ , (3.8)
ɢɥɢηt = (Q1  Q2) / Q1 .
Ⱦɥɹ ɨɛɪɚɬɢɦɨɝɨ ɰɢɤɥɚ Ʉɚɪɧɨ ɬ.ɤ.ɩ.ɞ. ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟμηtɤ = (Ɍ1  Ɍ2) / Ɍ1 . (3.9)
Ɉɬɫɸɞɚ ɫɥɟɞɭɟɬ 1-ɹ ɬɟɨɪɟɦɚ Ʉɚɪɧɨ:
"Ɍɟɪɦɢɱɟɫɤɢɣ ɤ.ɩ.ɞ. ɨɛɪɚɬɢɦɨɝɨ ɰɢɤɥɚ Ʉɚɪɧɨ ɧɟ ɡɚɜɢɫɢɬ ɨɬ 
ɫɜɨɣɫɬɜ ɪɚɛɨɱɟɝɨ ɬɟɥɚ ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɨɥɶɤɨ ɬɟɦɩɟɪɚɬɭɪɚɦɢ 
ɢɫɬɨɱɧɢɤɨɜ".
Bɢɡ ɫɪɚɜɧɟɧɢɹ ɩɪɨɢɡɜɨɥɶɧɨɝɨ ɨɛɪɚɬɢɦɨɝɨ ɰɢɤɥɚ ɢ ɰɢɤɥɚ Ʉɚɪɧɨ ɜɵɬɟɤɚɟɬ 2-ɹ ɬɟɨɪɟɦɚ 
Ʉɚɪɧɨ:
"Ɉɛɪɚɬɢɦɵɣ ɰɢɤɥ Ʉɚɪɧɨ ɹɜɥɹɟɬɫɹ ɧɚɢɜɨɝɨɞɧɟɣɲɢɦ ɰɢɤɥɨɦ ɜ  ɡɚɞɚɧɧɨɦ ɢɧɬɟɪɜɚɥɟ 

ɬɟɦɩɟɪɚɬɭɪ" 
Ɍ.ɟ. ɬ.ɤ.ɩ.ɞ. ɰɢɤɥɚ Ʉɚɪɧɨ ɜɫɟɝɞɚ ɛɨɥɶɲɟ ɬ.ɤ.ɩ.ɞ. ɩɪɨɢɡɜɨɥɶɧɨɝɨ ɰɢɤɥɚμηtɤ > ηt . (3.10)

Ɍɟɦɚ 4. Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ.
4.1. Ɇɟɬɨɞ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬ/ɞ ɩɪɨɰɟɫɫɨɜ.
Ʉɚɤ ɫɤɚɡɚɧɨ ɜɵɲɟ ɩɟɪɜɵɣ ɡɚɤɨɧ ɬ/ɞ ɭɫɬɚɧɚɜɥɢɜɚɟɬ ɜɡɚɢɦɨɫɜɹɡɶ ɦɟɠɞɭ ɤɨɥɢɱɟɫɬɜɨɦ ɬɟɩɥɨ-
ɬɵ, ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɟɣ ɢ ɪɚɛɨɬɨɣ. ɉɪɢ ɷɬɨɦ, ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ ɩɨɞɜɨɞɢɦɨɟ ɤ ɬɟɥɭ ɢɥɢ 
ɨɬɜɨɞɢɦɨɟ ɨɬ ɬɟɥɚ ɡɚɜɢɫɢɬ ɨɬ ɯɚɪɚɤɬɟɪɚ ɩɪɨɰɟɫɫɚ.
Ʉ ɨɫɧɨɜɧɵɦ ɬ/ɞ ɩɪɨɰɟɫɫɚɦ ɨɬɧɨɫɹɬɫɹμ ɢɡɨɯɨɪɧɵɣ, ɢɡɨɬɟɪɦɢɱɟɫɤɢɣ, ɢɡɨɛɚɪɧɵɣ ɢ ɚɞɢɚɛɚɬ-
ɧɵɣ.
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Ⱦɥɹ ɜɫɟɯ ɷɬɢɯ ɩɪɨɰɟɫɫɨɜ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɨɛɳɢɣ ɦɟɬɨɞ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɤɨɬɨɪɵɣ ɡɚɤɥɸɱɚɟɬ-
ɫɹ ɜ ɫɥɟɞɭɸɳɟɦμ

• ɜɵɜɨɞɢɬɫɹ ɭɪɚɜɧɟɧɢɟ ɩɪɨɰɟɫɫɚ ɤɪɢɜɨɣ Pυ ɢ TS  ɞɢɚɝɪɚɦɦɚɯν
• ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɡɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ ɨɫɧɨɜɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɪɚɛɨɱɟ-

ɝɨ ɬɟɥɚ ɜ ɧɚɱɚɥɟ ɢ ɤɨɧɰɟ ɩɪɨɰɟɫɫɚν
• ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡɦɟɧɟɧɢɟ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ ɩɨ ɮɨɪɦɭɥɟ, ɫɩɪɚɜɟɞɥɢ-

ɜɨɣ ɞɥɹ ɜɫɟɯ ɩɪɨɰɟɫɫɨɜ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚμ∆u = ɫvɦ|0t2· t2 - ɫvɦ|0t1· t1. (4.1)
ɢɥɢ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ∆U = Ц·ɫv· (t2 - t1); (4.2)
ɜɵɱɢɫɥɹɟɬɫɹ ɪɚɛɨɬɚμ δ = P·(V2  V1); (4.3)
ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɭɱɚɫɬɜɭɸɳɟɟ ɜ ɩɪɨɰɟɫɫɟμ
q = cx· (t2- t1); (4.4) 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡɦɟɧɟɧɢɟ ɷɧɬɚɥɶɩɢɢ ɩɨ ɮɨɪɦɭɥɟ, ɫɩɪɚɜɟɞɥɢɜɨɣ ɞɥɹ ɜɫɟɯ ɩɪɨɰɟɫɫɨɜ ɢɞɟɚɥɶ-
ɧɨɝɨ ɝɚɡɚμ ∆i = (i2  i1) = ɫpɦ|0t2· t2  ɫpɦ|0t1· t1, (4.5)
ɢɥɢ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢμ ∆Т = ɫp·(t2  t1); (4.6)
ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡɦɟɧɟɧɢɟ ɷɧɬɪɨɩɢɢμ∆s = cv·ln(T2/T1) + R·lЧ(υ 2/υ 1) ; (4.7)∆s = cp·ln(T2/T1) - R·ln(P2/P1) ; (4.8)∆s = cv·ln(T2/T1) + cp·lЧ(υ 2/υ 1) . (4.9)
ȼɫɟ ɩɪɨɰɟɫɫɵ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɤɚɤ ɨɛɪɚɬɢɦɵɟ. 
4.2. ɂɡɨɩɪɨɰɟɫɫɵ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ.
1). ɂɡɨɯɨɪɧɵɣ ɩɪɨɰɟɫɫ (Ɋɢɫ.4.1).υ = ɫШЧst , υ 2 = υ 1. (4.10)
ɍɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ ɩɪɨɰɟɫɫɚμ
P2 / P1 = T2 / T1. (4.11) 
Ɍɚɤ ɤɚɤ υ 2 = υ 1, ɬɨ l = 0 ɢ ɭɪɚɜɧɟɧɢɟ 1-ɝɨ ɡɚɤɨɧɚ ɬ/ɞ ɢɦɟɟɬ ɜɢɞμ
q = ∆u = = ɫv· (t2 - t1); (4.12)

Ɋɢɫ. 4.1. ɂɡɨɯɨɪɧɵɣ ɩɪɨɰɟɫɫ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ
2). ɂɡɨɛɚɪɧɵɣ ɩɪɨɰɟɫɫ (Ɋɢɫ.4.2).
P = ɫШЧst , P2 = P1

ɍɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ ɩɪɨɰɟɫɫɚμυ 2 /υ 1 = T2 / T1 , (4.13)
Ɋɚɛɨɬɚ ɷɬɨɝɨ ɩɪɨɰɟɫɫɚμ
l = P·(υ 2 - υ 1). (4.14)
ɍɪɚɜɧɟɧɢɟ 1-ɝɨ ɡɚɤɨɧɚ ɬ/ɞ ɢɦɟɟɬ ɜɢɞμ
q = ∆u + l = ɫɪ·(t2 - t1); (4.15)
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Ɋɢɫ. 4.2. ɂɡɨɛɚɪɧɵɣ ɩɪɨɰɟɫɫ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ
3). ɂɡɨɬɟɪɦɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ (Ɋɢɫ.4.3).
Ɍ = ɫonst , Ɍ2 = Ɍ1

ɍɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹμ
P1 / P2 = υ 2 / υ 1 , (4.16)
Ɍɚɤ ɤɚɤ Ɍ2 = Ɍ1, ɬɨ ∆u = 0 ɢ ɭɪɚɜɧɟɧɢɟ 1-ɝɨ ɡɚɤɨɧɚ ɬ/ɞ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞμ
q = l = R·T·ln(υ 2/υ 1), (4.17)
ɢɥɢ q = l = R·T·ln(P1/P2), (4.18)
ɝɞɟ R = Rη/ η  ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ ДȾɠ/(ɤɝ·Ʉ)Ж.

Ɋɢɫ. 4.3. ɂɡɨɬɟɪɦɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ
4). Ⱥɞɢɚɛɚɬɧɵɣ ɩɪɨɰɟɫɫ (Ɋɢɫ.4.4).
ȼ ɞɚɧɧɨɦ ɩɪɨɰɟɫɫɟ ɧɟ ɩɨɞɜɨɞɢɬɫɹ ɢ ɧɟ ɨɬɜɨɞɢɬɫɹ ɬɟɩɥɨ, ɬ.ɟ. q =0.
ɍɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹμ
P· υ λ = ɫШЧst, (4.1λ)
ɝɞɟ λ = cp / cv  ɩɨɤɚɡɚɬɟɥɶ ɚɞɢɚɛɚɬɵ.
ɍɪɚɜɧɟɧɢɟ 1-ɝɨ ɡɚɤɨɧɚ ɬ/ɞ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞμ
l = -∆u = = -ɫv·(t2  t1) = ɫv·(t1  t2), (4.20)
ɢɥɢ
l = R·(T1  T2) / (λ -1); (4.21)
l = R·T1·[1  (υ 1/ υ 2) λ -1] /(λ  1); (4.22)
l = R·T2·[1  (P2/P1) (λ -1)/ λ] /(λ  1). (4.23)

Ɋɢɫ. 4.4. ȼɡɚɢɦɧɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɚɞɢɚɛɚɬɵ ɢ ɢɡɨɬɟɪɦɵ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ ɜ ɪυ ɞɢɚɝɪɚɦɦɟ
4.3. ɉɨɥɢɬɪɨɩɧɵɣ ɩɪɨɰɟɫɫ.
ɉɨɥɢɬɪɨɩɧɵɦ ɩɪɨɰɟɫɫɨɦ ɧɚɡɵɜɚɟɬɫɹ ɩɪɨɰɟɫɫ, ɜɫɟ ɫɨɫɬɨɹɧɢɹ ɤɨɬɨɪɨɝɨ ɭɞɨɜɥɟɬɜɨɪɹɸɬɫɹ 
ɭɫɥɨɜɢɸμ
P· υn = ɫonst, (4.24)
ɝɞɟ Ч  ɩɨɤɚɡɚɬɟɥɶ ɩɨɥɢɬɪɨɩɵ, ɩɨɫɬɨɹɧɧɚɹ ɞɥɹ ɞɚɧɧɨɝɨ ɩɪɨɰɟɫɫɚ.
ɂɡɨɛɚɪɧɵɣ, ɢɡɨɯɨɪɧɵɣ, ɢɡɨɬɟɪɦɢɱɟɫɤɢɣ ɢ ɚɞɢɚɛɚɬɧɵɣ ɩɪɨɰɟɫɫɵ ɹɜɥɹɸɬɫɹ ɱɚɫɬɧɵɦɢ ɫɥɭ-
ɱɚɹɦɢ ɩɨɥɢɬɪɨɩɧɨɝɨ ɩɪɨɰɟɫɫɚ (Ɋɢɫ.4.5)μ
ɩɪɢ Ч = ± ∞ υ = ɫШЧst, (ɢɡɨɯɨɪɧɵɣ),
Ч = 0 P = ɫШЧst, (ɢɡɨɛɚɪɧɵɣ),
Ч = 1 T = ɫШЧst, (ɢɡɨɬɟɪɦɢɱɟɫɤɢɣ),
n = λ P· υ = ɫШЧst, (ɚɞɢɚɛɚɬɧɵɣ).
Ɋɚɛɨɬɚ ɩɨɥɢɬɪɨɩɧɨɝɨ ɩɪɨɰɟɫɫɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɚɧɚɥɨɝɢɱɧɨ ɤɚɤ ɩɪɢ ɚɞɢɚɛɚɬɧɨɦ ɩɪɨɰɟɫɫɟμ
l = R·(T1  T2) / (n  1); (4.25) 
l = R·T1·[1  (υ 1/ υ 2) n-1] /(n  1); (4.26)
l = R·T2·[1  (P2/P1) (n-1)/ n] /(n  1). (4.27) 
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Ɍɟɩɥɨɬɚ ɩɪɨɰɟɫɫɚμ
q = cn ·(T2  T1), (4.28) 
ɝɞɟ Мn = cv ·(n - λ)/(Ч  1)  ɦɚɫɫɨɜɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ (4.2λ)
ɩɨɥɢɬɪɨɩɧɨɝɨ ɩɪɨɰɟɫɫɚ.

Ɋɢɫ. 4.5. ɉɨɥɢɬɪɨɩɧɵɟ ɩɪɨɰɟɫɫɵ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚμ
1  ɢɡɨɛɚɪɚν 2  ɢɡɨɬɟɪɦɚν 3  ɚɞɢɚɛɚɬɚν 4  ɢɡɨɯɨɪɚ
Ɍɟɦɚ 5. Ɍɟɪɦɨɞɢɧɚɦɢɤɚ ɩɨɬɨɤɚ.
5.1. ɉɟɪɜɵɣ ɡɚɤɨɧ ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɞɥɹ ɩɨɬɨɤɚ.
ɇɚ ɩɪɚɤɬɢɤɟ ɩɪɢ ɪɚɫɫɦɨɬɪɟɧɢɢ ɪɚɛɨɱɢɯ ɩɪɨɰɟɫɫɨɜ ɦɚɲɢɧ, ɚɩɩɚɪɚɬɨɜ ɢ ɭɫɬɪɨɣɫɬɜ, ɜɫɬɪɟ-
ɱɚɸɬɫɹ ɡɚɞɚɱɢ ɢɡɭɱɟɧɢɢ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɞɜɢɠɟɧɢɹ ɪɚɛɨɱɢɯ ɬɟɥ (ɝɚɡɨɜ, ɩɚɪɚ ɢ ɠɢɞɤɨ-
ɫɬɟɣ).
ɍɪɚɜɧɟɧɢɟ 1-ɝɨ ɡɚɤɨɧɚ ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɞɥɹ ɩɨɬɨɤɚ ɝɚɡɚ ɩɪɢ ɫɥɟɞɭɸɳɢɯ ɞɨɩɭɳɟɧɢɹɯμ

• ɞɜɢɠɟɧɢɟ ɝɚɡɚ ɩɨ ɤɚɧɚɥɭ ɭɫɬɚɧɨɜɢɜɲɟɟɫɹ ɢ ɧɟɪɚɡɪɵɜɧɨɟν
• ɫɤɨɪɨɫɬɢ ɩɨ ɫɟɱɟɧɢɸ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɦɭ ɨɫɢ ɤɚɧɚɥɚ, ɩɨɫɬɨɹɧɧɵν
• ɩɪɟɧɟɛɪɟɝɚɟɬɫɹ ɬɪɟɧɢɟ ɱɚɫɬɢɱɟɤ ɝɚɡɚ ɞɪɭɝ ɞɪɭɝɭ ɢ ɨ ɫɬɟɧɤɢ ɤɚɧɚɥɚν
• ɢɡɦɟɧɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɩɨ ɫɟɱɟɧɢɸ ɤɚɧɚɥɚ ɦɚɥɨ ɩɨ ɫɪɚɜɧɟɧɢɸ ɢɯ ɚɛ-

ɫɨɥɸɬɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ,
ɢɦɟɟɬ ɜɢɞμ
q = ∆u + ∆e + lɩɪɨɬ. + lɬɟɯɧ. , (1)
ɝɞɟ ∆e = (c2

2  c2
1)/2 + g·(z2 z1)  ɢɡɦɟɧɟɧɢɟ ɷɧɟɪɝɢɢ ɫɢɫɬɟɦɵ, 

ɫɨɫɬɨɹɳɢɣ ɢɡ ɢɡɦɟɧɟɧɢɹ ɤɢɧɟɬɢɱɟɫɤɨɣ ɢ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɣν
c1 ,c2  ɫɤɨɪɨɫɬɢ ɩɨɬɨɤɚ ɜ ɧɚɱɚɥɟ ɢ ɜ ɤɨɧɰɟ ɤɚɧɚɥɚν
z1 , z2  ɜɵɫɨɬɚ ɩɨɥɨɠɟɧɢɹ ɧɚɱɚɥɚ ɢ ɤɨɧɰɚ ɤɚɧɚɥɚ. 
lɩɪɨɬ. = P2·υ2  P1·υ1 ɪɚɛɨɬɚ ɩɪɨɬɚɥɤɢɜɚɧɢɹ, ɡɚɬɪɚɱɢɜɚɟɦɚɹ ɧɚ ɞɜɢɠɟɧɢɹ ɩɨɬɨɤɚν
lɬɟɯɧ.  ɬɟɯɧɢɱɟɫɤɚɹ (ɩɨɥɟɡɧɚɹ) ɪɚɛɨɬɚ (ɬɭɪɛɢɧɵ, ɤɨɦɩɪɟɫɫɨɪɚ, ɧɚɫɨɫɚ, ɜɟɧɬɢɥɹɬɨɪɚ ɢ ɬ.ɞ.).
q = (u2  u1) + (c2

2  c2
1)/2 + g·(z2 z1) + P2·υ 2  P1·υ1 + lɬɟɯɧ. (2)

ȼɜɟɞɟɦ ɩɨɧɹɬɢɹ ɷɧɬɚɥɶɩɢɢ, ɤɨɬɨɪɵɣ ɨɛɨɡɧɚɱɢɦ ɱɟɪɟɡ ɜɟɥɢɱɢɧɭμ
h = u + Pυ , (5.3)
h2 = u2 + P2·υ2; h1 = u1 + P1·υ1. (4)
Ɍɨɝɞɚ ɭɪɚɜɧɟɧɢɟ 1-ɝɨ ɡɚɤɨɧɚ ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɞɥɹ ɩɨɬɨɤɚ ɝɚɡɚ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞμ
q = h2  h1 + (c2

2  c2
1)/2 + g·(z2 z1) + lɬɟɯɧ. (5) 

5.2. Ʉɪɢɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ ɢ ɫɤɨɪɨɫɬɶ. ɋɨɩɥɨ Ʌɚɜɚɥɹ.
ȿɫɥɢ ɩɟɪɟɦɟɳɟɧɢɟ ɝɚɡɚ ɩɨ ɤɚɧɚɥɭ ɩɪɨɢɫɯɨɞɢɬ ɟɝɨ ɪɚɫɲɢɪɟɧɢɟ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɞɚɜɥɟɧɢɹ ɢ 
ɭɜɟɥɢɱɟɧɢɟɦ ɫɤɨɪɨɫɬɢ, ɬɨ ɬɚɤɨɣ ɤɚɧɚɥ ɧɚɡɵɜɚɟɬɫɹ ɫɨɩɥɨɦ.
ȿɫɥɢ ɜ ɤɚɧɚɥɟ ɩɪɨɢɫɯɨɞɢɬ ɫɠɚɬɢɟ ɪɚɛɨɱɟɝɨ ɬɟɥɚ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɟɝɨ ɞɚɜɥɟɧɢɹ ɢ ɭɦɟɧɶɲɟ-
ɧɢɟɦ ɫɤɨɪɨɫɬɢ, ɬɨ ɬɚɤɨɣ ɤɚɧɚɥ ɧɚɡɵɜɚɸɬ ɞɢɮɮɭɡɨɪɨɦ.
ȼ ɤɚɧɚɥɚɯ ɩɪɢ ɧɟɛɨɥɶɲɨɣ ɪɚɡɧɨɫɬɢ ɞɚɜɥɟɧɢɣ ɝɚɡɚ ɢ ɜɧɟɲɧɟɣ ɫɪɟɞɵ ɫɤɨɪɨɫɬɶ ɬɟɱɟɧɢɹ ɪɚ-
ɛɨɱɟɝɨ ɬɟɥɚ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɚɹ. ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɞɥɢɧɚ ɤɚɧɚɥɚ ɧɟɛɨɥɶɲɚɹ ɢ ɩɪɨ-
ɰɟɫɫ ɬɟɩɥɨɨɛɦɟɧɚ ɦɟɠɞɭ ɫɬɟɧɤɨɣ ɢ ɝɚɡɨɦ ɧɟɡɧɚɱɢɬɟɥɟɧ, ɩɨɷɬɨɦɭ ɩɪɨɰɟɫɫ ɢɫɬɟɱɟɧɢɹ ɝɚɡɚ 
ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɚɞɢɚɛɚɬɧɵɦ.
ɋɤɨɪɨɫɬɶ ɢɫɬɟɱɟɧɢɹ (ɧɚ ɜɵɯɨɞɟ ɤɚɧɚɥɚ) ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɭɪɚɜɧɟɧɢɹμ
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( ) 2
2 1 2 12ñ ñ h h c= = − + . (6)

ɢɥɢ 
( )1

2
2 1 1

1

2
1

1

k

kk p
c p

k p
υ

−   = −   −    
. (7) 

Ɇɚɫɫɨɜɵɣ ɫɟɤɭɧɞɧɵɣ ɪɚɫɯɨɞ ɝɚɡɚ, Дɤɝ/ɫЖμ
m = F·c2/υ2 , (8)
ɝɞɟμ F  ɩɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɤɚɧɚɥɚ ɧɚ ɜɵɯɨɞɟ.
Ɍɚɤ ɤɚɤ ɩɪɨɰɟɫɫ ɢɫɬɟɱɟɧɢɹ ɚɞɢɚɛɚɬɧɵɣ, ɬɨμ

( )12

2 2
1 1

1 1

2

1

k

k kk p p
m F p

k p p
υ

+     = −    −      
. (9) 

Ɇɚɫɫɨɜɵɣ ɫɟɤɭɧɞɧɵɣ ɪɚɫɯɨɞ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ ɡɚɜɢɫɢɬ ɨɬ ɩɥɨɳɚɞɢ ɜɵɯɨɞɧɨɝɨ ɤɚɧɚɥɚ, 
ɧɚɱɚɥɶɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɝɚɡɚ ɢ ɫɬɟɩɟɧɢ ɟɝɨ ɪɚɫɲɢɪɟɧɢɹ.
Ʉɪɢɬɢɱɟɫɤɢɦ ɞɚɜɥɟɧɢɟɦ ɧɚɡɵɜɚɟɬɫɹ ɬɚɤɨɟ ɞɚɜɥɟɧɢɟ ɧɚ ɜɵɯɨɞɧɨɦ ɫɟɱɟɧɢɢ ɤɚɧɚɥɚ, ɩɪɢ ɤɨ-
ɬɨɪɨɦ ɞɨɫɬɢɝɚɟɬɫɹ ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ ɝɚɡɚ ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɜɵɪɚɠɟɧɢɟɦμ
Pɤɪ = P2 = βɤɪ·P1 , (10)
ɝɞɟμ βɤɪ = (2/(k + 1))k/(k-1) .
ɞɥɹ ɨɞɧɨɚɬɨɦɧɵɯ ɝɚɡɨɜμ k =1,66, βɤɪ = 0,49;
ɞɥɹ ɞɜɭɯɚɬɨɦɧɵɯ ɝɚɡɨɜμ k =1,41, βɤɪ = 0,528;
ɞɥɹ ɬɪɟɯɚɬɨɦɧɵɯ ɝɚɡɨɜμ k =1,29, βɤɪ = 0,546.
Ʉɪɢɬɢɱɟɫɤɨɣ ɫɤɨɪɨɫɬɶɸ ɧɚɡɵɜɚɟɬɫɹ ɫɤɨɪɨɫɬɶ ɝɚɡɚ ɜ ɜɵɯɨɞɧɨɦ ɫɟɱɟɧɢɢ ɤɚɧɚɥɚ, ɩɪɢ ɞɚɜɥɟ-
ɧɢɢ ɪɚɜɧɨɦ ɢɥɢ ɦɟɧɶɲɟɦ ɤɪɢɬɢɱɟɫɤɨɝɨ  Pɤɪ.

êð 1 1

2

1

k
c p

k
υ= + . (11) 

Ʉɪɢɬɢɱɟɫɤɚɹ ɫɤɨɪɨɫɬɶ ɡɚɜɢɫɢɬ ɩɪɢ ɢɫɬɟɱɟɧɢɢ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ ɬɨɥɶɤɨ ɨɬ ɧɚɱɚɥɶɧɵɯ ɩɚɪɚ-
ɦɟɬɪɨɜ, ɟɝɨ ɩɪɢɪɨɞɵ ɢ ɪɚɜɧɚ ɫɤɨɪɨɫɬɢ ɡɜɭɤɚ ɝɚɡɚ (ɚ) ɩɪɢ ɤɪɢɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɚɯ.

êð êð êðc kp υ= . (12)

Ʉɨɦɛɢɧɢɪɨɜɚɧɧɨɟ ɫɨɩɥɨ Ʌɚɜɚɥɹ ɩɪɟɞɧɚɡɧɚɱɟɧɨ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɛɨɥɶɲɢɯ ɩɟɪɟɩɚɞɨɜ 
ɞɚɜɥɟɧɢɹ ɢ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɫɤɨɪɨɫɬɟɣ ɢɫɬɟɱɟɧɢɹ, ɩɪɟɜɵɲɚɸɳɢɯ ɤɪɢɬɢɱɟɫɤɭɸ ɢɥɢ ɫɤɨɪɨɫɬɶ 
ɡɜɭɤɚ. ɋɨɩɥɨ Ʌɚɜɚɥɹ ɫɨɫɬɨɢɬ ɢɡ ɤɨɪɨɬɤɨɝɨ ɫɭɠɢɜɚɸɳɟɝɨɫɹ ɭɱɚɫɬɤɚ ɢ ɪɚɫɲɢɪɹɸɳɟɣɫɹ ɤɨ-
ɧɢɱɟɫɤɨɣ ɧɚɫɚɞɤɢ (Ɋɢɫ.1). Ɉɩɵɬɵ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɭɝɨɥ ɤɨɧɭɫɧɨɫɬɢ ɪɚɫɲɢɪɹɸɳɟɣɫɹ ɱɚɫɬɢ 
ɞɨɥɠɟɧ ɛɵɬɶ ɪɚɜɟɧ α = 8-12ɨ. ɉɪɢ ɛɨɥɶɲɢɯ ɭɝɥɚɯ ɧɚɛɥɸɞɚɟɬɫɹ ɨɬɪɵɜ ɫɬɪɭɢ ɨɬ ɫɬɟɧɨɤ ɤɚ-
ɧɚɥɚ.
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Ɋɢɫ. 1. Ƚɪɚɮɢɤɢ ɢɡɦɟɧɟɧɢɹ p, ɫ, υ ɩɪɢ ɢɫɬɟɱɟɧɢɢ ɱɟɪɟɡ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɟ ɫɨɩɥɨ

ɋɤɨɪɨɫɬɶ ɢɫɬɟɱɟɧɢɹ ɢ ɫɟɤɭɧɞɧɵɣ ɪɚɫɯɨɞ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ (7) ɢ 
(9). 
Ⱦɥɢɧɭ ɪɚɫɲɢɪɹɸɳɟɣɫɹ ɱɚɫɬɢ ɫɨɩɥɚ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɭɪɚɜɧɟɧɢɸμ
l = (D  d)/2tg(ϕ/2), (13)
ɝɞɟμ ϕ - ɭɝɨɥ ɤɨɧɭɫɧɨɫɬɢ ɫɨɩɥɚν
D - ɞɢɚɦɟɬɪ ɜɵɯɨɞɧɨɝɨ ɨɬɜɟɪɫɬɢɹν
d - ɞɢɚɦɟɬɪ ɫɨɩɥɚ ɜ ɦɢɧɢɦɚɥɶɧɨɦ ɫɟɱɟɧɢɢ.
5.3.Ⱦɪɨɫɫɟɥɢɪɨɜɚɧɢɟ.
Ⱦɪɨɫɫɟɥɢɪɨɜɚɧɢɟɦ ɧɚɡɵɜɚɟɬɫɹ ɹɜɥɟɧɢɟ, ɩɪɢ ɤɨɬɨɪɨɦ ɩɚɪ ɢɥɢ ɝɚɡ ɩɟɪɟɯɨɞɢɬ ɫ ɜɵɫɨɝɨ ɞɚɜ-
ɥɟɧɢɹ ɧɚ ɧɢɡɤɨɟ ɛɟɡ ɫɨɜɟɪɲɟɧɢɹ ɜɧɟɲɧɟɣ ɪɚɛɨɬɵ ɢ ɛɟɡ ɩɨɞɜɨɞɚ ɢɥɢ ɨɬɜɨɞɚ ɬɟɩɥɨɬɵ. Ɍɚɤɨɟ 
ɹɜɥɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɜ ɬɪɭɛɨɩɪɨɜɨɞɟ, ɝɞɟ ɢɦɟɟɬɫɹ ɦɟɫɬɨ ɫɭɠɟɧɢɹ ɩɪɨɯɨɞɧɨɝɨ ɤɚɧɚɥɚ (Ɋɢɫ. 
2). ɉɪɢ ɬɚɤɨɦ ɫɭɠɟɧɢɢ, ɜɫɥɟɞɫɬɜɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɣ, ɞɚɜɥɟɧɢɟ ɡɚ ɦɟɫɬɨɦ ɫɭɠɟɧɢɹ - Ɋ2, ɜɫɟ-
ɝɞɚ ɦɟɧɶɲɟ ɞɚɜɥɟɧɢɹ ɩɟɪɟɞ ɧɢɦ  Ɋ1.

Ɋɢɫ. 2. Ʉ ɜɨɩɪɨɫɭ ɨ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɢ ɝɚɡɨɜ
Ʌɸɛɨɣ ɤɪɚɧ, ɜɟɧɬɢɥɶ, ɡɚɞɜɢɠɤɚ, ɤɥɚɩɚɧ ɢ ɩɪɨɱɢɟ ɦɟɫɬɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɭɦɟɧɶɲɚɸɳɢɟ 
ɩɪɨɯɨɞɧɨɟ ɫɟɱɟɧɢɟ ɬɪɭɛɨɩɪɨɜɨɞɚ, ɜɵɡɵɜɚɸɬ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɝɚɡɚ ɢɥɢ ɩɚɪɚ, ɫɥɟɞɨɜɚɬɟɥɶ-
ɧɨ  ɩɚɞɟɧɢɹ ɞɚɜɥɟɧɢɹ. ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɷɬɨ ɹɜɥɟɧɢɟ ɩɪɢɧɨɫɢɬ ɛɟɡɭɫɥɨɜɧɵɣ ɜɪɟɞ. ɇɨ 
ɢɧɨɝɞɚ ɨɧɨ ɹɜɥɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦɵɦ ɢ ɫɨɡɞɚɟɬɫɹ ɢɫɤɭɫɫɬɜɟɧɧɨ (ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɩɚɪɨɜɵɯ ɞɜɢ-
ɝɚɬɟɥɟɣ, ɜ ɯɨɥɨɞɢɥɶɧɵɯ ɭɫɬɚɧɨɜɤɚɯ, ɜ ɩɪɢɛɨɪɚɯ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɪɚɫɯɨɞɚ ɝɚɡɚ ɢ ɬ.ɞ.).
ɉɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɝɚɡɚ ɱɟɪɟɡ ɨɬɜɟɪɫɬɢɟ, ɤɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɝɚɡɚ ɢ ɟɝɨ ɫɤɨɪɨɫɬɶ ɜ ɭɡɤɨɦ 
ɫɟɱɟɧɢɢ ɜɨɡɪɚɫɬɚɸɬ, ɱɬɨ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɩɚɞɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɞɚɜɥɟɧɢɹ.
Ƚɚɡ, ɩɪɨɬɟɤɚɹ ɱɟɪɟɡ ɨɬɜɟɪɫɬɢɟ, ɩɪɢɯɨɞɢɬ ɜ ɜɢɯɪɟɜɨɟ ɞɜɢɠɟɧɢɟ. ɑɚɫɬɶ ɟɝɨ ɤɢɧɟɬɢɱɟɫɤɨɣ 
ɷɧɟɪɝɢɢ ɡɚɬɪɚɱɢɜɚɟɬɫɹ ɧɚ ɨɛɪɚɡɨɜɚɧɢɟ ɷɬɢɯ ɜɢɯɪɟɣ ɢ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɬɟɩɥɨɬɭ. Ʉɪɨɦɟ ɬɨɝɨ, 
ɜ ɬɟɩɥɨɬɭ ɩɪɟɜɪɚɳɚɟɬɫɹ ɢ ɪɚɛɨɬɚ, ɡɚɬɪɚɱɟɧɧɚɹ ɧɚ ɩɪɟɨɞɨɥɟɧɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɣ (ɬɪɟɧɢɟ). 
ȼɫɹ ɷɬɚ ɬɟɩɥɨɬɚ ɜɨɫɩɪɢɧɢɦɚɟɬɫɹ ɝɚɡɨɦ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɬɟɦɩɟɪɚɬɭɪɚ ɟɝɨ ɢɡɦɟɧɹɟɬɫɹ 
(ɭɦɟɧɶɲɚɟɬɫɹ ɢɥɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ).
ȼ ɨɬɜɟɪɫɬɢɟ ɫɤɨɪɨɫɬɶ ɝɚɡɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. Ɂɚ ɨɬɜɟɪɫɬɢɟɦ ɝɚɡ ɨɩɹɬɶ ɬɟɱɟɬ ɩɨ ɩɨɥɧɨɦɭ ɫɟɱɟ-
ɧɢɸ, ɢ ɫɤɨɪɨɫɬɶ ɟɝɨ ɜɧɨɜɶ ɩɨɧɢɠɚɟɬɫɹ, ɚ ɞɚɜɥɟɧɢɟ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɧɨ ɞɨ ɧɚɱɚɥɶɧɨɝɨ ɡɧɚɱɟ-
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ɧɢɹ ɨɧɨ ɧɟ ɩɨɞɧɢɦɚɟɬɫɹν ɧɟɤɨɬɨɪɨɟ ɢɡɦɟɧɟɧɢɟ ɫɤɨɪɨɫɬɢ ɩɪɨɢɡɨɣɞɟɬ ɜ ɫɜɹɡɢ ɫ ɭɜɟɥɢɱɟɧɢɟɦ 
ɭɞɟɥɶɧɨɝɨ ɨɛɴɟɦɚ ɝɚɡɚ ɨɬ ɭɦɟɧɶɲɟɧɢɹ ɞɚɜɥɟɧɢɹ.
Ⱦɪɨɫɫɟɥɢɪɨɜɚɧɢɟ ɹɜɥɹɟɬɫɹ ɧɟɨɛɪɚɬɢɦɵɦ ɩɪɨɰɟɫɫɨɦ, ɩɪɢ ɤɨɬɨɪɨɦ ɩɪɨɢɫɯɨɞɢɬ ɭɜɟɥɢɱɟɧɢɟ 
ɷɧɬɪɨɩɢɢ ɢ ɭɦɟɧɶɲɟɧɢɟ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɪɚɛɨɱɟɝɨ ɬɟɥɚ.
ɍɪɚɜɧɟɧɢɟɦ ɩɪɨɰɟɫɫɚ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɫɥɟɞɭɸɳɟɟ ɭɪɚɜɧɟɧɢɟμ
h1 = h2. (14) 
Эɬɨ ɪɚɜɟɧɫɬɜɨ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɷɧɬɚɥɶɩɢɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɧɟ ɢɡɦɟɧɹɟɬɫɹ ɢ 
ɫɩɪɚɜɟɞɥɢɜɨ ɬɨɥɶɤɨ ɞɥɹ ɫɟɱɟɧɢɣ, ɞɨɫɬɚɬɨɱɧɨ ɭɞɚɥɟɧɧɵɯ ɨɬ ɫɭɠɟɧɢɹ.
Ⱦɥɹ ɢɞɟɚɥɶɧɵɯ ɝɚɡɨɜ ɷɧɬɚɥɶɩɢɹ ɝɚɡɚ ɹɜɥɹɟɬɫɹ ɨɞɧɨɡɧɚɱɧɨɣ ɮɭɧɤɰɢɟɣ ɬɟɦɩɟɪɚɬɭɪɵ. Ɉɬɫɸ-
ɞɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɩɪɢ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɢ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ ɟɝɨ ɬɟɦɩɟɪɚɬɭɪɚ ɧɟ ɢɡɦɟɧɹɟɬɫɹ (Ɍ1 =
Ɍ2).
ɉɪɢ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɢ ɪɟɚɥɶɧɵɯ ɝɚɡɨɜ ɷɧɬɚɥɶɩɢɹ ɝɚɡɚ ɨɫɬɚɟɬɫɹ ɩɨɫɬɨɹɧɧɨɣ, ɷɧɬɪɨɩɢɹ ɢ 
ɨɛɴɟɦ ɭɜɟɥɢɱɢɜɚɸɬɫɹ, ɞɚɜɥɟɧɢɟ ɩɚɞɚɟɬ, ɚ ɬɟɦɩɟɪɚɬɭɪɚ ɢɡɦɟɧɹɟɬɫɹ (ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɭɦɟɧɶ-
ɲɚɟɬɫɹ ɢɥɢ ɨɫɬɚɟɬɫɹ ɧɟɢɡɦɟɧɧɨɣ).
ɂɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɠɢɞɤɨɫɬɟɣ ɢ ɪɟɚɥɶɧɵɯ ɝɚɡɨɜ ɩɪɢ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɢ ɧɚɡɵɜɚɟɬɫɹ 
ɷɮɮɟɤɬɨɦ Ⱦɠɨɭɥɹ-Ɍɨɦɫɨɧɚ. Ⱦɥɹ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ ɷɮɮɟɤɬ Ⱦɠɨɭɥɹ-Ɍɨɦɫɨɧɚ ɪɚɜɟɧ ɧɭɥɸ. 
Ʉɚɤ ɩɨɤɚɡɵɜɚɟɬ ɨɩɵɬ, ɡɧɚɤ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ (dT/dp)h ɞɥɹ ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ ɜɟɳɟɫɬɜɚ 
ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɨɠɢɬɟɥɶɧɵɦ (dT/dp)h>0, ɝɚɡ ɩɪɢ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɢ ɨɯɥɚɠɞɚɟɬɫɹ) ɢ ɨɬɪɢɰɚ-
ɬɟɥɶɧɵɦ(dT/dp)h<0, ɝɚɡ ɧɚɝɪɟɜɚɟɬɫɹ) ɜ ɪɚɡɥɢɱɧɵɯ ɨɛɥɚɫɬɹɯ ɫɨɫɬɨɹɧɢɹ.
ɋɨɫɬɨɹɧɢɟ ɝɚɡɚ, ɜ ɤɨɬɨɪɨɦ (dT/dp)h = 0, ɧɚɡɵɜɚɟɬɫɹ ɬɨɱɤɨɣ ɢɧɜɟɪɫɢɢ ɷɮɮɟɤɬɚ Ⱦɠɨɭɥɹ -
Ɍɨɦɫɨɧɚ, ɚ ɬɟɦɩɟɪɚɬɭɪɚ, ɩɪɢ ɤɨɬɨɪɨɣ ɷɮɮɟɤɬ ɦɟɧɹɟɬ ɡɧɚɤ,- ɬɟɦɩɟɪɚɬɭɪɨɣ ɢɧɜɟɪɫɢɢ.

Ɍɟɦɚ 6. Ɋɟɚɥɶɧɵɟ ɝɚɡɵ. ȼɨɞɹɧɨɣ ɩɚɪ. ȼɥɚɠɧɵɣ ɜɨɡɞɭɯ.
6.1. ɋɜɨɣɫɬɜɚ ɪɟɚɥɶɧɵɯ ɝɚɡɨɜ.
Ɋɟɚɥɶɧɵɟ ɝɚɡɵ ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɢɞɟɚɥɶɧɵɯ ɝɚɡɨɜ ɬɟɦ, ɱɬɨ ɦɨɥɟɤɭɥɵ ɷɬɢɯ ɝɚɡɨɜ ɢɦɟɸɬ ɨɛɴɟ-
ɦɵ ɢ ɫɜɹɡɚɧɵ ɦɟɠɞɭ ɫɨɛɨɣ ɫɢɥɚɦɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, ɤɨɬɨɪɵɟ ɭɦɟɧɶɲɚɸɬɫɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ 
ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɦɨɥɟɤɭɥɚɦɢ. ɉɪɢ ɩɪɚɤɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɚɯ ɪɚɡɥɢɱɧɵɯ ɫɜɨɣɫɬɜ ɪɟɚɥɶɧɵɯ 
ɝɚɡɨɜ ɧɚɪɹɞɭ ɫ ɭɪɚɜɧɟɧɢɟɦ ɫɨɫɬɨɹɧɢɹ ɩɪɢɦɟɧɹɟɬɫɹ ɨɬɧɨɲɟɧɢɟ P·υ/(R·T)=c, ɤɨɬɨɪɚɹ ɧɚɡɵ-
ɜɚɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɫɠɢɦɚɟɦɨɫɬɢ.
Ɍɚɤ ɤɚɤ ɞɥɹ ɢɞɟɚɥɶɧɵɯ ɝɚɡɨɜ ɩɪɢ ɥɸɛɵɯ ɭɫɥɨɜɢɹɯ P·υ = R·T, ɬɨ ɞɥɹ ɷɬɢɯ ɝɚɡɨɜ ɫ = 1. Ɍɨɝɞɚ 
ɜɟɥɢɱɢɧɚ ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɠɢɦɚɟɦɨɫɬɢ ɜɵɪɚɠɚɟɬ ɨɬɤɥɨɧɟɧɢɟ ɫɜɨɣɫɬɜ ɪɟɚɥɶɧɨɝɨ ɝɚɡɚ ɨɬ 
ɫɜɨɣɫɬɜ ɢɞɟɚɥɶɧɨɝɨ. ȼɟɥɢɱɢɧɚ ɫ ɞɥɹ ɪɟɚɥɶɧɵɯ ɝɚɡɨɜ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɞɚɜɥɟɧɢɹ ɢ ɬɟɦɩɟɪɚ-
ɬɭɪɵ ɦɨɠɟɬ ɩɪɢɧɢɦɚɬɶ ɡɧɚɱɟɧɢɹ ɛɨɥɶɲɟ ɢɥɢ ɦɟɧɶɲɟ ɟɞɢɧɢɰɵ ɢ ɬɨɥɶɤɨ ɩɪɢ ɦɚɥɵɯ ɞɚɜɥɟ-
ɧɢɹɯ ɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɨɧɚ ɩɪɚɤɬɢɱɟɫɤɢ ɪɚɜɧɚ ɟɞɢɧɢɰɟ. Ɍɨɝɞɚ ɪɟɚɥɶɧɵɟ ɝɚɡɵ ɦɨɠ-
ɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɢɞɟɚɥɶɧɵɟ.
ȼ ɫɜɹɡɢ ɫ ɨɬɥɢɱɢɟɦ ɫɜɨɣɫɬɜ ɪɟɚɥɶɧɨɝɨ ɝɚɡɚ ɨɬ ɫɜɨɣɫɬɜ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ ɧɭɠɧɨ ɢɦɟɬɶ ɧɨɜɵɟ 
ɭɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ, ɤɨɬɨɪɵɟ ɫɜɹɡɵɜɚɥɢ ɛɵ ɡɧɚɱɟɧɢɹ P, υ, T ɢ ɞɚɜɚɥɢ ɛɵ ɜɨɡɦɨɠɧɨɫɬɶ 
ɪɚɫɫɱɢɬɵɜɚɬɶ ɧɟɤɨɬɨɪɵɟ ɫɜɨɣɫɬɜɚ ɝɚɡɨɜ ɞɥɹ ɪɚɡɧɵɯ ɭɫɥɨɜɢɣ. Ȼɵɥɢ ɩɪɟɞɥɨɠɟɧɵ ɦɧɨɝɨɱɢɫ-
ɥɟɧɧɨɟ ɱɢɫɥɨ ɪɚɡɥɢɱɧɵɯ ɭɪɚɜɧɟɧɢɣ ɫɨɫɬɨɹɧɢɹ ɪɟɚɥɶɧɵɯ ɝɚɡɨɜ, ɧɨ ɧɢ ɨɞɧɨ ɢɡ ɧɢɯ ɧɟ ɪɟɲɚ-
ɟɬ ɩɪɨɛɥɟɦɭ ɞɥɹ ɨɛɳɟɝɨ ɫɥɭɱɚɹ. Ɋɚɡɜɢɬɢɟ ɤɢɧɟɬɢɱɟɫɤɨɣ ɬɟɨɪɢɢ ɝɚɡɨɜ, ɩɨɡɜɨɥɢɥɨ ɭɫɬɚɧɨ-
ɜɢɬ ɬɨɱɧɨɟ ɭɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ ɪɟɚɥɶɧɵɯ ɝɚɡɨɜ ɜ ɜɢɞɟμ
P·υ = R·[1 - Συ /(υ + 1)·Bυ / υυ]. (6.1)
Bυ  ɜɢɪɢɚɥɶɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ, ɜɵɪɚɠɚɸɬɫɹ ɱɟɪɟɡ ɩɨɬɟɧɰɢɚɥɶɧɵɟ ɷɧɟɪɝɢɸ ɜɡɚɢɦɨɞɟɣ-
ɫɬɜɢɹ ɦɨɥɟɤɭɥ ɞɚɧɧɨɝɨ ɝɚɡɚ ɢ ɬɟɦɩɟɪɚɬɭɪɭ Ɍ.
Ɉɞɧɚɤɨ ɷɬɨ ɭɪɚɜɧɟɧɢɟ ɜ ɨɛɳɟɦ ɜɢɞɟ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɨ ɞɥɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɵɯ 
ɪɚɫɱɟɬɨɜ ɪɟɚɥɶɧɵɯ ɝɚɡɨɜ. Ⱦɥɹ ɨɬɞɟɥɶɧɵɯ ɱɚɫɬɧɵɯ ɫɥɭɱɚɟɜ ɩɨɥɭɱɟɧɵ ɪɚɫɱɟɬɧɵɟ ɭɪɚɜɧɟɧɢɹ 
ɬɨɝɨ ɢɥɢ ɢɧɨɝɨ ɪɟɚɥɶɧɨɝɨ ɝɚɡɚ. ɂɡ-ɡɚ ɫɥɨɠɧɨɫɬɢ ɜɵɱɢɫɥɟɧɢɹ ɜɢɪɢɚɥɶɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 
ɨɛɵɱɧɨ ɨɝɪɚɧɢɱɢɜɚɸɬɫɹ ɪɚɫɱɟɬɨɦ ɩɟɪɜɵɯ ɞɜɭɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ. Ɍɨɝɞɚ ɪɚɫɱɟɬɧɨɟ ɭɪɚɜɧɟ-
ɧɢɟ ɢɦɟɟɬ ɜɢɞμ
P·υ = R·(1  Ⱥ/υ - B/ υ2), (6.2)
ɝɞɟ Ⱥ ɢ ȼ - ɩɟɪɜɵɣ ɢ ɜɬɨɪɨɣ ɜɢɪɢɚɥɶɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ, ɹɜɥɹɸɳɢɟɫɹ ɮɭɧɤɰɢɟɣ ɬɨɥɶɤɨ 
ɬɟɦɩɟɪɚɬɭɪɵ. 
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ɉɪɢ ɪɚɫɱɟɬɟ ɫɜɨɣɫɬɜ ɦɧɨɝɢɯ ɪɟɚɥɶɧɵɯ ɝɚɡɨɜ ɭɪɚɜɧɟɧɢɹ ɬɚɤɨɝɨ ɬɢɩɚ ɩɨɥɭɱɢɥɢ ɛɨɥɶɲɨɟ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ.
6.2. ɍɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ ɪɟɚɥɶɧɨɝɨ ɝɚɡɚ.
ɇɚɢɛɨɥɟɟ ɩɪɨɫɬɵɦ ɢ ɤɚɱɟɫɬɜɟɧɧɨ ɜɟɪɧɨ ɨɬɨɛɪɚɠɚɸɳɢɦ ɩɨɜɟɞɟɧɢɟ ɪɟɚɥɶɧɨɝɨ ɝɚɡɚ, ɹɜɥɹɟɬ-
ɫɹ ɭɪɚɜɧɟɧɢɟ ȼɚɧ-ɞɟɪ-ȼɚɚɥɶɫɚμ
(P + a/υ2)·(υ  b) = R·T . (6.3)
ɚ, Л  ɩɨɫɬɨɹɧɧɵɟ ɜɟɥɢɱɢɧɵ, ɩɟɪɜɚɹ ɭɱɢɬɵɜɚɟɬ ɫɢɥɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, ɜɬɨɪɚɹ ɭɱɢɬɵɜɚɟɬ 
ɪɚɡɦɟɪ ɦɨɥɟɤɭɥ.
a/υ2  ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɞɨɛɚɜɨɱɧɨɟ ɞɚɜɥɟɧɢɟ, ɩɨɞ ɤɨɬɨɪɵɦ ɧɚɯɨɞɢɬɫɹ ɪɟɚɥɶɧɵɣ ɝɚɡ ɜɫɥɟɞɫɬɜɢɟ 
ɫɢɥ ɫɰɟɩɥɟɧɢɹ ɦɟɠɞɭ ɦɨɥɟɤɭɥɚɦɢ ɢ ɧɚɡɵɜɚɟɬɫɹ ɜɧɭɬɪɟɧɧɢɦ ɞɚɜɥɟɧɢɟɦ. Ⱦɥɹ ɠɢɞɤɢɯ ɬɟɥ 
ɷɬɨ ɞɚɜɥɟɧɢɟ ɢɦɟɟɬ ɛɨɥɶɲɢɟ ɡɧɚɱɟɧɢɹ (ɧɚɩɪɢɦɟɪ, ɞɥɹ ɜɨɞɵ ɩɪɢ 200ɋ ɫɨɫɬɚɜɥɹɟɬ 1050 
Ɇɩɚ), ɚ ɞɥɹ ɝɚɡɨɜ ɢɡ-ɡɚ ɦɚɥɵɯ ɫɢɥ ɫɰɟɩɥɟɧɢɹ ɦɨɥɟɤɭɥ ɨɧɨ ɨɱɟɧɶ ɦɚɥɨ. ɉɨɷɬɨɦɭ ɜɧɟɲɧɟɟ 
ɞɚɜɥɟɧɢɟ, ɩɨɞ ɤɨɬɨɪɵɦ ɧɚɯɨɞɢɬɫɹ ɠɢɞɤɨɫɬɶ, ɨɤɚɡɵɜɚɟɬ ɧɢɱɬɨɠɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɟё ɨɛɴɟɦ, ɢ 
ɠɢɞɤɨɫɬɶ ɫɱɢɬɚɸɬ ɧɟɫɠɢɦɚɟɦɨɣ. ȼ ɝɚɡɚɯ ɜ ɜɢɞɭ ɦɚɥɨɫɬɢ ɡɧɚɱɟɧɢɹ К/υ2 ɜɧɟɲɧɟɟ ɞɚɜɥɟɧɢɟ 
ɥɟɝɤɨ ɢɡɦɟɧɹɟɬ ɢɯ ɨɛɴɟɦ.
ɍɪɚɜɧɟɧɢɟ ȼɚɧ-ɞɟɪ-ȼɚɚɥɶɫɚ ɤɚɱɟɫɬɜɟɧɧɨ ɜɟɪɧɨ ɨɬɨɛɪɚɠɚɟɬ ɩɨɜɟɞɟɧɢɟ ɠɢɞɤɢɯ ɢ ɝɚɡɨɨɛ-
ɪɚɡɧɵɯ ɜɟɳɟɫɬɜ, ɞɥɹ ɞɜɭɯɮɚɡɧɵɯ ɫɨɫɬɨɹɧɢɣ ɨɧɨ ɧɟɩɪɢɦɟɧɢɦɨ.
ɇɚ PV  ɞɢɚɝɪɚɦɦɟ (ɪɢɫ.6.1) ɩɨɤɚɡɚɧɵ ɢɡɨɬɟɪɦɵ ɩɨɫɬɪɨɟɧɧɵɟ ɩɨ ɭɪɚɜɧɟɧɢɸ ȼɚɧ-ɞɟɪ-
ȼɚɚɥɶɫɚ. ɂɡ ɤɪɢɜɵɯ ɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɫɪɚɜɧɢɬɟɥɶɧɨ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɢɦɟɸɬɫɹ ɜɨɥɧɨɨɛ-
ɪɚɡɧɵɟ ɭɱɚɫɬɤɢ. ɑɟɦ ɜɵɲɟ ɬɟɦɩɟɪɚɬɭɪɚ, ɬɟɦ ɤɨɪɨɱɟ ɷɬɢ ɱɚɫɬɢ ɤɪɢɜɵɯ. Эɬɢ ɜɨɥɧɨɨɛɪɚɡɧɵɟ 
ɤɪɢɜɵɟ ɭɤɚɡɵɜɚɸɬ ɧɚ ɧɟɩɪɟɪɵɜɧɵɣ ɩɟɪɟɯɨɞ ɨɬ ɠɢɞɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜ ɩɚɪɨɨɛɪɚɡɧɨɟ ɩɪɢ 
ɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. Ɍɨɱɤɚ Ⱥ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɨɫɬɨɹɧɢɢ ɠɢɞɤɨɫɬɢ, ɬɨɱɤɚ ȼ ɨɬɧɨɫɢɬɫɹ ɩɚɪɨ-
ɨɛɪɚɡɧɨɦɭ ɫɨɫɬɨɹɧɢɢ ɜɟɳɟɫɬɜɚ.

Ɋɢɫ. 6.1.
ȼ ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ ɩɟɪɟɯɨɞ ɢɡ ɠɢɞɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜ ɩɚɪɨɨɛɪɚɡɧɨɟ ɜɫɟɝɞɚ ɩɪɨɢɫɯɨɞɢɬ ɱɟ-
ɪɟɡ ɞɜɭɯɮɚɡɧɨɟ ɫɨɫɬɨɹɧɢɟ ɜɟɳɟɫɬɜɚ. ɉɪɢ ɷɬɨɦ ɩɪɢ ɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɪɨɰɟɫɫ ɩɟɪɟɯɨɞɚ 
ɩɪɨɢɫɯɨɞɢɬ ɬɚɤɠɟ ɢ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɞɚɜɥɟɧɢɢ. Эɬɨɬ ɞɟɣɫɬɜɢɬɟɥɶɧɵɣ ɩɟɪɟɯɨɞ ɢɡ ɠɢɞɤɨɝɨ 
ɫɨɫɬɨɹɧɢɹ ɜ ɩɚɪɨɨɛɪɚɡɧɨɟ ɢɡɨɛɪɚɠɚɟɬɫɹ ɩɪɹɦɨɣ ɥɢɧɢɟɣ Ⱥȼ.
ɉɪɚɤɬɢɱɟɫɤɢ ɞɥɹ ɨɫɨɛɨ ɱɢɫɬɵɯ ɜɟɳɟɫɬɜ ɜɨɡɦɨɠɧɨ ɨɫɭɳɟɫɬɜɥɟɧɢɟ ɭɱɚɫɬɤɨɜ ɜɨɥɧɨɨɛɪɚɡɧɨɣ 
ɤɪɢɜɨɣ AQ ɢ DB. ȼ ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɢɦɟɸɬ ɦɟɫɬɨ ɧɟɭɫɬɨɣɱɢɜɵɟ ɫɨɫɬɨɹɧɢɹ ɩɟɪɟɝɪɟɬɨɣ ɠɢɞ-
ɤɨɫɬɢ, ɚ ɜɨ ɜɬɨɪɨɦ  ɩɟɪɟɨɯɥɚɠɞɟɧɧɨɝɨ ɩɚɪɚ.
ɉɪɢ ɨɩɪɟɞɟɥɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢɡɨɬɟɪɦɚ ɭɪɚɜɧɟɧɢɹ ȼɚɧ-ɞɟɪ-ȼɚɚɥɶɫɚ ɧɟ ɛɭɞɟɬ ɢɦɟɬɶ ɜɨɥ-
ɧɨɨɛɪɚɡɧɨɝɨ ɭɱɚɫɬɤɚ (ɬɨɱɤɚ Ʉ). Эɬɭ ɬɟɦɩɟɪɚɬɭɪɭ ɧɚɡɵɜɚɸɬ ɤɪɢɬɢɱɟɫɤɨɣ. ȿɫɥɢ ɫɨɟɞɢɧɢɬɶ 
ɬɨɱɤɢ Ⱥ1, Ⱥ2, Ⱥ3 … ɢ ȼ1, ȼ2, ȼ3 ... ɩɨɥɭɱɢɦ ɤɪɢɜɭɸ ɩɨɯɨɠɭɸ ɧɚ ɩɚɪɚɛɨɥɭ. Ʉɪɢɜɚɹ ȺɄ 
ɧɚɡɵɜɚɟɬɫɹ ɧɢɠɧɟɣ ɩɨɝɪɚɧɢɱɧɨɣ ɤɪɢɜɨɣ ɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɜ ɫɨɫɬɨɹɧɢɢ ɤɢɩɟɧɢɹ ɠɢɞɤɨɫɬɢ. 
Ʉɪɢɜɚɹ Ʉȼ ɧɚɡɵɜɚɟɬɫɹ ɜɟɪɯɧɟɣ ɩɨɝɪɚɧɢɱɧɨɣ ɤɪɢɜɨɣ ɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɨɫɬɨɹɧɢɹ ɫɭɯɨɝɨ 
ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ.
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɪɟɚɥɶɧɨɝɨ ɜɟɳɟɫɬɜɚ PV  ɞɢɚɝɪɚɦɦɭ ɦɨɠɧɨ ɪɚɡɛɢɬɶ ɧɚ 3 ɨɛɥɚɫɬɢμ
1 - ɨɛɥɚɫɬɶ ɠɢɞɤɨɝɨ ɫɨɫɬɨɹɧɢɹ, ɪɚɫɩɨɥɨɠɟɧɚ ɥɟɜɟɟ ɧɢɠɧɟɣ ɩɨɝɪɚɧɢɱɧɨɣ ɤɪɢɜɨɣν
2 - ɨɛɥɚɫɬɶ ɞɜɭɯɮɚɡɧɵɯ ɫɨɫɬɨɹɧɢɣ (ɜɥɚɠɧɵɣ ɩɚɪ), ɪɚɫɩɨɥɨɠɟɧɚ ɦɟɠɞɭ ɧɢɠɧɟɣ ɢ ɜɟɪɯɧɟɣ 
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ɩɨɝɪɚɧɢɱɧɨɣ ɤɪɢɜɨɣ)ν
3  ɨɛɥɚɫɬɶ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ, ɪɚɫɩɨɥɨɠɟɧɚ ɩɪɚɜɟɟ ɜɟɪɯɧɟɣ ɩɨɝɪɚɧɢɱɧɨɣ ɤɪɢɜɨɣ ɢ ɜɵɲɟ 
ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɢ. ɍɫɥɨɜɧɨ ɨɛɥɚɫɬɶ ɠɢɞɤɨɫɬɢ ɨɝɪɚɧɢɱɢɜɚɸɬ ɫɜɟɪɯɭ ɥɢɧɢɟɣ ɄɆ  ɤɪɢɬɢ-
ɱɟɫɤɚɹ ɢɡɨɛɚɪɚ.
Ʉɪɢɬɢɱɟɫɤɭɸ ɬɟɦɩɟɪɚɬɭɪɭ Ⱦ.ɂ.Ɇɟɧɞɟɥɟɟɜ ɧɚɡɵɜɚɥ ɚɛɫɨɥɸɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɤɢɩɟɧɢɹ,
ɩɪɢ ɤɨɬɨɪɨɣ ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɧɚɬɹɠɟɧɢɟ ɜ ɠɢɞɤɨɫɬɢ ɫɬɚɧɨɜɢɬɫɹ ɪɚɜɧɵɦ ɧɭɥɸ, ɬ.ɟ. ɢɫɱɟɡɚɟɬ 
ɪɚɡɥɢɱɢɟ ɦɟɠɞɭ ɠɢɞɤɨɫɬɶɸ ɢ ɩɚɪɨɨɛɪɚɡɧɵɦ ɫɨɫɬɨɹɧɢɟɦ ɜɟɳɟɫɬɜɚ (ɧɚɫɵɳɟɧɧɵɦ ɩɚɪɨɦ).
ɋɜɹɡɶ ɦɟɠɞɭ ɤɪɢɬɢɱɟɫɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɢ ɩɨɫɬɨɹɧɧɵɦɢ ɭɪɚɜɧɟɧɢɹ ȼɚɧ-ɞɟɪ-ȼɚɚɥɶɫɚμ
Ɍɤ = κ·ɚ/(27·R·Л)ν Pɤ = a/(27·b2); (6.4)
ɚ = (27·R2·Ɍ2

ɤ)/(64Pɤ); b = (27·R·Ɍɤ)/(8·Pɤ). (6.5)
ɍɪɚɜɧɟɧɢɟ ȼɚɧ-ɞɟɪ-ȼɚɚɥɶɫɚ ɩɪɢ ɛɨɥɶɲɢɯ ɩɥɨɬɧɨɫɬɹɯ ɝɚɡɚ ɞɚɟɬ ɡɧɚɱɢɬɟɥɶɧɵɟ ɨɲɢɛɤɢ. 
Ʉɪɨɦɟ ɷɬɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɩɭɬɟɦ ɞɨɤɚɡɚɧɚ, ɱɬɨ ɤɨɷɮɮɢɰɢɟɧɬɵ ɚ, Л ɡɚɜɢɫɹɬ ɨɬ ɬɟɦ-
ɩɟɪɚɬɭɪɵ ɢ ɞɚɜɥɟɧɢɹ, ɩɪɢɱɟɦ ɷɬɚ ɡɚɜɢɫɢɦɨɫɬɶ ɨɱɟɧɶ ɫɥɨɠɧɚɹ.
Ɇ.ɉ. ȼɭɤɚɥɨɜɢɱ ɢ ɂ.ɂ. ɇɨɜɢɤɨɜ ɜ 1λ3λ ɝ. ɩɪɟɞɥɨɠɢɥɢ ɧɨɜɨɟ ɭɧɢɜɟɪɫɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɫɨ-
ɫɬɨɹɧɢɹ ɪɟɚɥɶɧɵɯ ɝɚɡɨɜ ɫ ɭɱɟɬɨɦ ɚɫɫɨɰɢɚɰɢɢ ɢ ɞɢɫɫɨɰɢɚɰɢɢ ɢɯ ɦɨɥɟɤɭɥ, ɤɨɬɨɪɵɣ ɢɦɟɟɬ 
ɫɥɟɞɭɸɳɢɣ ɜɢɞμ
(P + a/υ2)·(υ  b) = R·T(1  ɋ/(υ·Ɍ(3+2m)/2), (6.6)
ɝɞɟ К, Л  ɩɨɫɬɨɹɧɧɵɟ ɭɪɚɜɧɟɧɢɹ ȼɚɧ-ɞɟɪ-ȼɚɚɥɶɫɚν
ɋ, Ц  ɩɨɫɬɨɹɧɧɵɟ, ɨɩɪɟɞɟɥɹɟɦɵɟ ɧɚ ɨɫɧɨɜɚɧɢɢ ɨɩɵɬɧɵɯ ɞɚɧɧɵɯ.
6.3. ɉɨɧɹɬɢɹ ɨ ɜɨɞɹɧɨɦ ɩɚɪɟ.
Ɉɞɧɢɦ ɢɡ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɪɚɛɨɱɢɦ ɬɟɥɨɦ ɜ ɩɚɪɨɜɵɯ ɬɭɪɛɢɧɚɯ, ɩɚɪɨɜɵɯ ɦɚɲɢɧɚɯ, ɜ 
ɚɬɨɦɧɵɯ ɭɫɬɚɧɨɜɤɚɯ, ɬɟɩɥɨɧɨɫɢɬɟɥɟɦ ɜ ɪɚɡɥɢɱɧɵɯ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚɯ ɹɜɥɹɟɬɫɹ ɜɨɞɹɧɨɣ 
ɩɚɪ.
ɉɚɪ - ɝɚɡɨɨɛɪɚɡɧɨɟ ɬɟɥɨ ɜ ɫɨɫɬɨɹɧɢɢ, ɛɥɢɡɤɨɟ ɤ ɤɢɩɹɳɟɣ ɠɢɞɤɨɫɬɢ.
ɉɚɪɨɨɛɪɚɡɨɜɚɧɢɟ  ɩɪɨɰɟɫɫ ɩɪɟɜɪɚɳɟɧɢɹ ɜɟɳɟɫɬɜɚ ɢɡ ɠɢɞɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜ ɩɚɪɨɨɛɪɚɡɧɨɟ.
ɂɫɩɚɪɟɧɢɟ  ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɟ, ɩɪɨɢɫɯɨɞɹɳɟɟ ɜɫɟɝɞɚ ɩɪɢ ɥɸɛɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɫ ɩɨɜɟɪɯɧɨɫɬɢ 
ɠɢɞɤɨɫɬɢ.
ɉɪɢ ɧɟɤɨɬɨɪɨɣ ɨɩɪɟɞɟɥɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɡɚɜɢɫɹɳɟɣ ɨɬ ɩɪɢɪɨɞɵ ɠɢɞɤɨɫɬɢ ɢ ɞɚɜɥɟɧɢɹ, 
ɩɨɞ ɤɨɬɨɪɵɦ ɨɧɚ ɧɚɯɨɞɢɬɫɹ, ɧɚɱɢɧɚɟɬɫɹ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɟ ɜɨ ɜɫɟɣ ɦɚɫɫɟ ɠɢɞɤɨɫɬɢ. Эɬɨɬ 
ɩɪɨɰɟɫɫ ɧɚɡɵɜɚɟɬɫɹ ɤɢɩɟɧɢɟɦ.
Ɉɛɪɚɬɧɵɣ ɩɪɨɰɟɫɫ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ ɧɚɡɵɜɚɟɬɫɹ ɤɨɧɞɟɧɫɚɰɢɟɣ. Ɉɧɚ ɬɚɤɠɟ ɩɪɨɬɟɤɚɟɬ ɩɪɢ 
ɩɨɫɬɨɹɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ.
ɉɪɨɰɟɫɫ ɩɟɪɟɯɨɞɚ ɬɜɟɪɞɨɝɨ ɜɟɳɟɫɬɜɚ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɩɚɪ ɧɚɡɵɜɚɟɬɫɹ ɫɭɛɥɢɦɚɰɢɟɣ. Ɉɛ-
ɪɚɬɧɵɣ ɩɪɨɰɟɫɫ ɩɟɪɟɯɨɞɚ ɩɚɪɚ ɜ ɬɜɟɪɞɨɟ ɫɨɫɬɨɹɧɢɟ ɧɚɡɵɜɚɟɬɫɹ ɞɟɫɭɛɥɢɦɚɰɢɟɣ.
ɉɪɢ ɢɫɩɚɪɟɧɢɢ ɠɢɞɤɨɫɬɢ ɜ ɨɝɪɚɧɢɱɟɧɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ (ɜ ɩɚɪɨɜɵɯ ɤɨɬɥɚɯ) ɨɞɧɨɜɪɟɦɟɧɧɨ 
ɩɪɨɢɫɯɨɞɢɬ ɨɛɪɚɬɧɨɟ ɹɜɥɟɧɢɟ  ɤɨɧɞɟɧɫɚɰɢɹ ɩɚɪɚ. ȿɫɥɢ ɫɤɨɪɨɫɬɶ ɤɨɧɞɟɧɫɚɰɢɢ ɫɬɚɧɟɬ ɪɚɜ-
ɧɨɣ ɫɤɨɪɨɫɬɢ ɢɫɩɚɪɟɧɢɹ, ɬɨ ɧɚɫɬɭɩɚɟɬ ɞɢɧɚɦɢɱɟɫɤɨɟ ɪɚɜɧɨɜɟɫɢɟ. ɉɚɪ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɢɦɟɟɬ 
ɦɚɤɫɢɦɚɥɶɧɭɸ ɩɥɨɬɧɨɫɬɶ ɢ ɧɚɡɵɜɚɟɬɫɹ ɧɚɫɵɳɟɧɧɵɦ ɩɚɪɨɦ.
ȿɫɥɢ ɬɟɦɩɟɪɚɬɭɪɚ ɩɚɪɚ ɜɵɲɟ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ ɬɨɝɨ ɠɟ ɞɚɜɥɟɧɢɹ, ɬɨ ɬɚɤɨɣ 
ɩɚɪ ɧɚɡɵɜɚɟɬɫɹ ɩɟɪɟɝɪɟɬɵɦ. Ɋɚɡɧɨɫɬɶ ɦɟɠɞɭ ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ ɢ ɬɟɦɩɟɪɚɬɭ-
ɪɨɣ ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ ɬɨɝɨ ɠɟ ɞɚɜɥɟɧɢɹ ɧɚɡɵɜɚɟɬɫɹ ɫɬɟɩɟɧɶɸ ɩɟɪɟɝɪɟɜɚ. Ɍɚɤ ɤɚɤ ɭɞɟɥɶ-
ɧɵɣ ɨɛɴɟɦ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ ɛɨɥɶɲɟ ɭɞɟɥɶɧɨɝɨ ɨɛɴɟɦɚ ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ, ɬɨ ɩɥɨɬɧɨɫɬɶ 
ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ ɦɟɧɶɲɟ ɩɥɨɬɧɨɫɬɢ ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ. ɉɨɷɬɨɦɭ ɩɟɪɟɝɪɟɬɵɣ ɩɚɪ ɹɜɥɹɟɬɫɹ 
ɧɟɧɚɫɵɳɟɧɧɵɦ ɩɚɪɨɦ.
ȼ ɦɨɦɟɧɬ ɢɫɩɚɪɟɧɢɹ ɩɨɫɥɟɞɧɟɣ ɤɚɩɥɢ ɠɢɞɤɨɫɬɢ ɜ ɨɝɪɚɧɢɱɟɧɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɛɟɡ ɢɡɦɟɧɟ-
ɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɞɚɜɥɟɧɢɹ ɨɛɪɚɡɭɟɬɫɹ ɫɭɯɨɣ ɧɚɫɵɳɟɧɧɵɣ ɩɚɪ. ɋɨɫɬɨɹɧɢɟ ɬɚɤɨɝɨ ɩɚɪɚ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɞɧɢɦ ɩɚɪɚɦɟɬɪɨɦ - ɞɚɜɥɟɧɢɟɦ.
Ɇɟɯɚɧɢɱɟɫɤɚɹ ɫɦɟɫɶ ɫɭɯɨɝɨ ɩɚɪɚ ɢ ɦɟɥɶɱɚɣɲɢɯ ɤɚɩɟɥɟɤ ɠɢɞɤɨɫɬɢ ɧɚɡɵɜɚɟɬɫɹ ɜɥɚɠɧɵɦ 
ɩɚɪɨɦ.
Ɇɚɫɫɨɜɚɹ ɞɨɥɹ ɫɭɯɨɝɨ ɩɚɪɚ ɜɨ ɜɥɚɠɧɨɦ ɩɚɪɟ ɧɚɡɵɜɚɟɬɫɹ ɫɬɟɩɟɧɶɸ ɫɭɯɨɫɬɢ  ɯ.
ɯ = mɫɩ / mɜɩ , (6.7)
mɫɩ - ɦɚɫɫɚ ɫɭɯɨɝɨ ɩɚɪɚ ɜɨ ɜɥɚɠɧɨɦν
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mɜɩ - ɦɚɫɫɚ ɜɥɚɠɧɨɝɨ ɩɚɪɚ.
Ɇɚɫɫɨɜɚɹ ɞɨɥɹ ɠɢɞɤɨɫɬɢ ɜɨ ɜɥɚɠɧɨɦ ɩɚɪɟ ɧɚɡɵɜɚɟɬɫɹ ɫɬɟɩɟɧɶɸ ɜɥɚɠɧɨɫɬɢ  ɭ.
ɭ = 1  ɯ. (6.8)
Ⱦɥɹ ɤɢɩɹɳɟɣ ɠɢɞɤɨɫɬɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚɫɵɳɟɧɢɹ ɯ = 0, ɞɥɹ ɫɭɯɨɝɨ ɩɚɪɚ  ɯ = 1.
6.4. ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɥɚɠɧɨɝɨ ɜɨɡɞɭɯɚ.
Ⱥɬɦɨɫɮɟɪɧɵɣ ɜɨɡɞɭɯ, ɜ ɨɫɧɨɜɧɨɦ ɫɨɫɬɨɹɳɢɣ ɢɡ ɤɢɫɥɨɪɨɞɚ, ɚɡɨɬɚ, ɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɚ, ɫɨ-
ɞɟɪɠɢɬ ɜɫɟɝɞɚ ɧɟɤɨɬɨɪɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɨɞɹɧɨɝɨ ɩɚɪɚ.
ɋɦɟɫɶ ɫɭɯɨɝɨ ɜɨɡɞɭɯɚ ɢ ɜɨɞɹɧɨɝɨ ɩɚɪɚ ɧɚɡɵɜɚɟɬɫɹ ɜɥɚɠɧɵɦ ɜɨɡɞɭɯɨɦ.
ȼɥɚɠɧɵɣ ɜɨɡɞɭɯ ɩɪɢ ɞɚɧɧɨɦ ɞɚɜɥɟɧɢɢ ɢ ɬɟɦɩɟɪɚɬɭɪɟ ɦɨɠɟɬ ɫɨɞɟɪɠɚɬɶ ɪɚɡɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɜɨɞɹɧɨɝɨ ɩɚɪɚ. ȿɫɥɢ ɫɦɟɫɶ ɫɨɫɬɨɢɬ ɢɡ ɫɭɯɨɝɨ ɜɨɡɞɭɯɚ ɢ ɧɚɫɵɳɟɧɧɨɝɨ ɜɨɞɹɧɨɝɨ ɩɚɪɚ, ɬɨ ɟɝɨ 
ɧɚɡɵɜɚɸɬ ɧɚɫɵɳɟɧɧɵɦ ɜɥɚɠɧɵɦ ɜɨɡɞɭɯɨɦ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɜɨ ɜɥɚɠɧɨɦ ɜɨɡɞɭɯɟ ɧɚɯɨɞɢɬɫɹ 
ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɟ ɞɥɹ ɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɤɨɥɢɱɟɫɬɜɨ ɜɨɞɹɧɨɝɨ ɩɚɪɚ. ɉɪɢ ɨɯɥɚ-
ɠɞɟɧɢɢ ɷɬɨɝɨ ɜɨɡɞɭɯɚ, ɛɭɞɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɤɨɧɞɟɧɫɚɰɢɹ ɜɨɞɹɧɨɝɨ ɩɚɪɚ. ɉɚɪɰɢɚɥɶɧɨɟ ɞɚɜ-
ɥɟɧɢɟ ɜɨɞɹɧɨɝɨ ɩɚɪɚ ɜ ɷɬɨɣ ɫɦɟɫɢ ɪɚɜɧɨ ɞɚɜɥɟɧɢɸ ɧɚɫɵɳɟɧɢɹ ɩɪɢ ɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ.
ȿɫɥɢ ɜɥɚɠɧɵɣ ɜɨɡɞɭɯ ɫɨɞɟɪɠɢɬ ɩɪɢ ɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜɨɞɹɧɨɣ ɩɚɪ ɜ ɩɟɪɟɝɪɟɬɨɦ ɫɨɫɬɨ-
ɹɧɢɢ, ɬɨ ɨɧ ɛɭɞɟɬ ɧɚɡɵɜɚɬɶɫɹ ɧɟɧɚɫɵɳɟɧɧɵɦ. Ɍɚɤ ɤɚɤ ɜ ɧɟɦ ɧɚɯɨɞɢɬɫɹ ɧɟ ɦɚɤɫɢɦɚɥɶɧɨ 
ɜɨɡɦɨɠɧɨɟ ɞɥɹ ɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɤɨɥɢɱɟɫɬɜɨ ɜɨɞɹɧɨɝɨ ɩɚɪɚ, ɬɨ ɨɧ ɫɩɨɫɨɛɟɧ ɤ ɞɚɥɶɧɟɣ-
ɲɟɦɭ ɭɜɥɚɠɧɟɧɢɸ. ɉɨɷɬɨɦɭ ɬɚɤɨɣ ɜɨɡɞɭɯ ɢɫɩɨɥɶɡɭɸɬ ɜ ɤɚɱɟɫɬɜɟ ɫɭɲɢɥɶɧɨɝɨ ɚɝɟɧɬɚ ɜ 
ɪɚɡɥɢɱɧɵɯ ɫɭɲɢɥɶɧɵɯ ɭɫɬɚɧɨɜɤɚɯ.
ɉɨ ɡɚɤɨɧɭ Ⱦɚɥɶɬɨɧɚ ɨɛɳɟɟ ɞɚɜɥɟɧɢɟ ɜɥɚɠɧɨɝɨ ɜɨɡɞɭɯɚ ɪɚɜɧɨ ɫɭɦɦɟ ɩɚɪɰɢɚɥɶɧɵɯ ɞɚɜɥɟ-
ɧɢɣ ɫɭɯɨɝɨ ɜɨɡɞɭɯɚ ɢ ɜɨɞɹɧɨɝɨ ɩɚɪɚ, ɜɯɨɞɹɳɢɯ ɜ ɟɝɨ ɫɨɫɬɚɜμ
Ɋ = Ɋȼ + Ɋɉ , (6.9)
ɝɞɟμ Ɋȼ  ɩɚɪɰɢɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɫɭɯɨɝɨ ɜɨɡɞɭɯɚν
Ɋɉ - ɩɚɪɰɢɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɜɨɞɹɧɨɝɨ ɩɚɪɚ.
Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ Ɋɉ ɩɪɢ ɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜɥɚɠɧɨɝɨ ɜɨɡɞɭɯɚ t ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨ-
ɛɨɣ ɞɚɜɥɟɧɢɟ ɧɚɫɵɳɟɧɧɨɝɨ ɜɨɞɹɧɨɝɨ ɩɚɪɚ - Ɋɇ.
Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ɩɚɪɰɢɚɥɶɧɨɝɨ ɞɚɜɥɟɧɢɹ ɩɚɪɚ ɩɨɥɶɡɭɸɬɫɹ ɫɩɟɰɢɚɥɶɧɵɦ ɩɪɢɛɨɪɨɦ  ɝɢɝɪɨ-
ɦɟɬɪɨɦ. ɋ ɩɨɦɨɳɶɸ ɷɬɨɝɨ ɩɪɢɛɨɪɚ ɨɩɪɟɞɟɥɹɸɬ ɬɨɱɤɭ ɪɨɫɵ, ɬ.ɟ. ɬɟɦɩɟɪɚɬɭɪɭ (tp), ɞɨ ɤɨɬɨ-
ɪɨɣ ɧɭɠɧɨ ɨɯɥɚɞɢɬɶ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɞɚɜɥɟɧɢɢ ɜɨɡɞɭɯ, ɱɬɨɛɵ ɨɧ ɫɬɚɥ ɧɚɫɵɳɟɧɧɵɦ. Ɂɧɚɹ 
ɬɨɱɤɭ ɪɨɫɵ, ɦɨɠɧɨ ɩɨ ɬɚɛɥɢɰɚɦ ɨɩɪɟɞɟɥɢɬɶ ɩɚɪɰɢɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɜɨɡɞɭɯɟ ɤɚɤ ɞɚɜ-
ɥɟɧɢɟ ɧɚɫɵɳɟɧɢɹ (Ɋɇ), ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɬɨɱɤɢ ɪɨɫɵ tp.
Ⱥɛɫɨɥɸɬɧɨɣ ɜɥɚɠɧɨɫɬɶɸ ɜɨɡɞɭɯɚ ρ ɧɚɡɵɜɚɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ ɜɨɞɹɧɵɯ ɩɚɪɨɜ, ɧɚɯɨɞɹɳɢɯɫɹ 
ɜ 1 ɦ3 ɜɥɚɠɧɨɝɨ ɜɨɡɞɭɯɚ. Ⱥɛɫɨɥɸɬɧɚɹ ɜɥɚɠɧɨɫɬɶ ɪɚɜɧɚ ɩɥɨɬɧɨɫɬɢ ɩɚɪɚ ɩɪɢ ɟɝɨ ɩɚɪɰɢɚɥɶ-
ɧɨɦ ɞɚɜɥɟɧɢɢ ɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜɨɡɞɭɯɚ  tɧ .
Ɉɬɧɨɲɟɧɢɟ ɞɟɣɫɬɜɢɬɟɥɶɧɨɣ ɚɛɫɨɥɸɬɧɨɣ ɜɥɚɠɧɨɫɬɢ ɜɨɡɞɭɯɚ ρɩ ɤ ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɣ 
ɚɛɫɨɥɸɬɧɨɣ ɜɥɚɠɧɨɫɬɢ ρs ɩɪɢ ɬɨɣ ɠɟ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚɡɵɜɚɸɬ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɜɥɚɠɧɨɫɬɶɸ 
ɢ ɨɛɨɡɧɚɱɚɸɬ ɱɟɪɟɡ ϕ.ϕ = ρɩ/ρs. (6.10)
Ⱦɥɹ ɫɭɯɨɝɨ ɜɨɡɞɭɯɚ ϕ = 0, ɞɥɹ ɧɟɧɚɫɵɳɟɧɧɨɝɨ ϕ < 1, ɞɥɹ ɧɚɫɵɳɟɧɧɨɝɨ ϕ = 1(100%).
ȿɫɥɢ ɜɨɞɹɧɨɣ ɩɚɪ ɫɱɢɬɚɬɶ ɤɚɤ ɢɞɟɚɥɶɧɵɣ ɝɚɡ, ɬɨ ɩɨ ɡɚɤɨɧɭ Ȼɨɣɥɹ-Ɇɚɪɢɨɬɬɚ ɨɬɧɨɲɟɧɢɟ 
ɩɥɨɬɧɨɫɬɟɣ ɦɨɠɧɨ ɡɚɦɟɧɢɬɶ ɨɬɧɨɲɟɧɢɟɦ ɞɚɜɥɟɧɢɣ. Ɍɨɝɞɚμϕ = ɪɩ/ɪs,  (6.11)
ɝɞɟ ɪɩ  ɩɚɪɰɢɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɜɨɞɹɧɨɝɨ ɩɚɪɚ ɜɨ ɜɥɚɠɧɨɦ ɜɨɡɞɭɯɟν ps  ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡ-
ɦɨɠɧɨɟ ɩɚɪɰɢɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɜɨɞɹɧɨɝɨ ɩɚɪɚ ɩɪɢ ɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ.
ɉɥɨɬɧɨɫɬɶ ɜɥɚɠɧɨɝɨ ɜɨɡɞɭɯɚ ɫɥɚɝɚɟɬɫɹ ɢɡ ɦɚɫɫ, ɫɨɞɟɪɠɚɳɢɯɫɹ ɜ 1 ɦ3 ɫɭɯɨɝɨ ɜɨɡɞɭɯɚ ɢ 
ɜɨɞɹɧɵɯ ɩɚɪɨɜμρ = ρɜ + ρɩ = PB/(RB·T) + ϕ/υ'' . (6.12)
Ɇɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ ɜɥɚɠɧɨɝɨ ɜɨɡɞɭɯɚ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟμµ = 28,95  10,934ϕ Pɇ/P (6.13)
Ɂɧɚɱɟɧɢɹ Ɋɇ ɢ υ'' ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜɨɡɞɭɯɚ t ɛɟɪɭɬɫɹ ɢɡ ɬɚɛɥɢɰɵ ɜɨɞɹɧɨɝɨ ɩɚɪɚ, ϕ  ɩɨ ɞɚɧ-
ɧɵɦ ɩɫɢɯɪɨɦɟɬɪɚ, P - ɩɨ ɛɚɪɨɦɟɬɪɭ.
ȼɥɚɝɨɫɨɞɟɪɠɚɧɢɟ  ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɬɧɨɲɟɧɢɟ ɦɚɫɫɵ ɩɚɪɚ ɤ ɦɚɫɫɟ ɫɭɯɨɝɨ ɜɨɡɞɭɯɚμ
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Н = Ɇɉ / Ɇȼ , (6.14)
ɝɞɟμ Ɇɉ, Ɇȼ  ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɦɚɫɫɵ ɩɚɪɚ ɢ ɫɭɯɨɝɨ ɜɨɡɞɭɯɚ ɜɨ ɜɥɚɠɧɨɦ ɜɨɡɞɭɯɟ.
ɋɜɹɡɶ ɦɟɠɞɭ ɜɥɚɝɨɫɨɞɟɪɠɚɧɢɟɦ ɫ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɜɥɚɠɧɨɫɬɶɸμ
d = 0,622 ϕ·Ɋs·/(Ɋ - ϕ·Ɋs). (6.15)
Ɇɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɟ ɜɥɚɝɨɫɨɞɟɪɠɚɧɢɟ ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ ɩɨɥɧɨɦ ɧɚɫɵɳɟɧɢɢ ɜɨɡɞɭɯɚ 
ɜɨɞɹɧɵɦɢ ɩɚɪɚɦɢ (ϕ=1)
dɦɚɯ = 0,622 Ɋs·/(Ɋ - Ɋs). (6.16)
Ɉɛɴɟɦ ɜɥɚɠɧɨɝɨ ɜɨɡɞɭɯɚ, ɩɪɢɯɨɞɹɳɟɝɨɫɹ ɧɚ 1 ɤɝ ɫɭɯɨɝɨ ɜɨɡɞɭɯɚμ
VȼɅ.ȼ = R·T/P. (6.17) 
ɍɞɟɥɶɧɵɣ ɨɛɶɟɦ ɜɥɚɠɧɨɝɨ ɜɨɡɞɭɯɚ:υ = VȼɅ.ȼ/(1 + d). (6.18)
ɍɞɟɥɶɧɚɹ ɦɚɫɫɨɜɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɩɚɪɨɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢμ 
ɫɪ = ɫɪȼ + Н·ɫɪɉ . (6.18)
Эɧɬɚɥɶɩɢɹ ɜɥɚɠɧɨɝɨ ɜɨɡɞɭɯɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɷɧɬɚɥɶɩɢɹ ɝɚɡɨɜɨɣ ɫɦɟɫɢ, ɫɨɫɬɨɹɳɟɣ ɢɡ 1 
ɤɝ ɫɭɯɨɝɨ ɜɨɡɞɭɯɚ ɢ d ɤɝ ɫɭɯɨɝɨ ɩɚɪɚ. ɬ. ɟ.
h = hɜ+dhɩ. (6.19) 

Ɍɟɦɚ 7. Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɰɢɤɥɵ.
7.1. ɐɢɤɥɵ ɩɚɪɨɬɭɪɛɢɧɧɵɯ ɭɫɬɚɧɨɜɨɤ (ɉɌɍ).
ɉɚɪɨɬɭɪɛɢɧɧɚɹ ɭɫɬɚɧɨɜɤɚ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɨɣ ɫɨɜɪɟɦɟɧɧɵɯ ɬɟɩɥɨɜɵɯ ɢ ɚɬɨɦɧɵɯ ɷɥɟɤɬɪɨ-
ɫɬɚɧɰɢɣ. Ɋɚɛɨɱɢɦ ɬɟɥɨɦ ɜ ɬɚɤɢɯ ɭɫɬɚɧɨɜɤɚɯ ɹɜɥɹɟɬɫɹ ɩɚɪ ɤɚɤɨɣ-ɥɢɛɨ ɠɢɞɤɨɫɬɢ (ɜɨɞɹɧɨɣ 
ɩɚɪ). Ɉɫɧɨɜɧɵɦ ɰɢɤɥɨɦ ɜ ɩɚɪɨɬɭɪɛɢɧɧɨɣ ɭɫɬɚɧɨɜɤɟ ɹɜɥɹɟɬɫɹ ɰɢɤɥ Ɋɟɧɤɢɧɚ.
ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɉɌɍ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ.7.1 ɢ ɩɪɨɰɟɫɫ ɩɨɥɭɱɟɧɢɹ ɪɚɛɨɬɵ ɩɪɨɢɫɯɨɞɢɬ 
ɜ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. ȼ ɩɚɪɨɜɨɦ ɤɨɬɥɟ (1) ɢ ɜ ɩɟɪɟɝɪɟɜɚɬɟɥɟ (2) ɬɟɩɥɨɬɚ ɝɨɪɟɧɢɹ ɬɨɩɥɢɜɚ 
ɩɟɪɟɞɚɟɬɫɹ ɜɨɞɟ. ɉɨɥɭɱɟɧɧɵɣ ɩɚɪ ɩɨɫɬɭɩɚɟɬ ɜ ɬɭɪɛɢɧɭ (3), ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ ɩɪɟɨɛɪɚɡɨɜɚ-
ɧɢɟ ɬɟɩɥɨɬɵ ɜ ɦɟɯɚɧɢɱɟɫɤɭɸ ɪɚɛɨɬɭ, ɚ ɡɚɬɟɦ ɜ ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ ɜ ɷɥɟɤɬɪɨɝɟɧɟɪɚɬɨ-
ɪɟ (4). Ɉɬɪɚɛɨɬɚɧɧɵɣ ɩɚɪ ɩɨɫɬɭɩɚɟɬ ɜ ɤɨɧɞɟɧɫɚɬɨɪ (5), ɝɞɟ ɨɬɞɚɟɬ ɬɟɩɥɨɬɭ ɨɯɥɚɠɞɚɸɳɟɣ 
ɜɨɞɟ. ɉɨɥɭɱɟɧɧɵɣ ɤɨɧɞɟɧɫɚɬ ɧɚɫɨɫɨɦ (6) ɨɬɩɪɚɜɥɹɟɬɫɹ ɜ ɩɢɬɚɬɟɥɶɧɵɣ ɛɚɤ (7), ɨɬɤɭɞɚ ɩɢ-
ɬɚɬɟɥɶɧɵɦ ɧɚɫɨɫɨɦ (κ) ɫɠɢɦɚɟɬɫɹ ɞɨ ɞɚɜɥɟɧɢɹ, ɪɚɜɧɨɝɨ ɜ ɤɨɬɥɟ, ɢ ɩɨɞɚɟɬɫɹ ɱɟɪɟɡ ɩɨɞɨɝɪɟ-
ɜɚɬɟɥɶ (10) ɜ ɩɚɪɨɜɨɣ ɤɨɬɟɥ (1).

Ɋɢɫ. 1. ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɉɌɍ
Ɋɚɫɫɦɨɬɪɢɦ ɰɢɤɥ Ɋɟɧɤɢɧɚ ɧɚ ɧɚɫɵɳɟɧɧɨɦ ɩɚɪɟ. ɋɯɟɦɚ ɭɫɬɚɧɨɜɤɢ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɩɪɟɞɵɞɭ-
ɳɟɣ ɫɯɟɦɵ ɬɟɦ, ɱɬɨ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɛɭɞɟɬ ɨɬɫɭɬɫɬɜɨɜɚɬɶ ɩɟɪɟɝɪɟɜɚɬɟɥɶ. ɉɨɷɬɨɦɭ ɧɚ ɬɭɪ-
ɛɢɧɭ ɛɭɞɟɬ ɩɨɫɬɭɩɚɬɶ ɧɚɫɵɳɟɧɧɵɣ ɩɚɪ. ɇɚ ɪɢɫ.7.2,ɚ ɢɡɨɛɪɚɠɟɧ ɰɢɤɥ Ɋɟɧɤɢɧɚ ɜ TS-
ɞɢɚɝɪɚɦɦɟ.
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Ɋɢɫ. 2. ɐɢɤɥ Ɋɟɧɤɢɧɚ ɧɚ ɧɚɫɵɳɟɧɧɨɦ ɩɚɪɟ
ɉɪɨɰɟɫɫɵμ 
3-1  ɩɨɞɜɨɞ ɬɟɩɥɨɬɵ ɨɬ ɢɫɬɨɱɧɢɤɚ ɜ ɜɨɞɟ q1, ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɩɪɨɰɟɫɫɨɜμ 3-3/ - ɤɢɩɟɧɢɟ ɜɨ-
ɞɵ ɜ ɤɨɬɥɟν
3/-1  ɢɫɩɚɪɟɧɢɟ ɜɨɞɵ ɜ ɩɚɪ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɞɚɜɥɟɧɢɢν
1-2  ɜ ɬɭɪɛɢɧɟ ɩɚɪ ɪɚɫɲɢɪɹɟɬɫɹ ɚɞɢɚɛɚɬɢɱɟɫɤɢν
2-2/ - ɩɚɪ ɤɨɧɞɟɧɫɢɪɭɟɬɫɹ ɢ ɨɬɞɚɟɬ ɬɟɩɥɨɬɭ q2 ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɟν
2/-3  ɤɨɧɞɟɧɫɚɬ ɚɞɢɚɛɚɬɢɱɟɫɤɢ ɫɠɢɦɚɟɬɫɹ.
Ɍɟɪɦɢɱɟɫɤɢɣ ɤ.ɩ.ɞ. ɰɢɤɥɚ Ɋɟɧɤɢɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɭɪɚɜɧɟɧɢɸμηt = (q1  q2)/q1. (1)
Ɍɚɤ ɤɚɤμ q1 = h1  h3; q2 = h2  h2

/, ɬɨ ηt = [(h1  h2) - (h3  h2
/)] /( h1  h3) = l/q1. (2)

ɉɨɥɟɡɧɚɹ ɪɚɛɨɬɚ ɰɢɤɥɚ ɪɚɜɧɚ ɪɚɡɧɨɫɬɢ ɪɚɛɨɬ ɬɭɪɛɢɧɵ ɢ ɧɚɫɨɫɚμ
l = lɬ  lɧ ,  
ɝɞɟμ lɬ = h1  h2 , lɧ = h3  h2

/.
ȼ ɨɫɧɨɜɧɨɦ lɬ >> lɧ , ɬɨɝɞɚ ɫɱɢɬɚɹ С3 = h2

/ , ɦɨɠɧɨ ɡɚɩɢɫɚɬɶμ ηt = (h1  h2)/(h1  h3). (3)
Ɍɟɨɪɟɬɢɱɟɫɤɭɸ ɦɨɳɧɨɫɬɶ ɬɭɪɛɢɧɵ ɪɚɫɫɱɢɬɵɜɚɸɬ ɩɨ ɮɨɪɦɭɥɟμ
Nɬ = (h1  h2)·D/3600 , ДȼɬЖ (4)
ɝɞɟμ D = 3600·Ц  ɱɚɫɨɜɨɣ ɪɚɫɯɨɞ, Дɤɝ/ɱЖ
Ц  ɫɟɤɭɧɞɧɵɣ ɪɚɫɯɨɞ, Дɤɝ/ɫЖ
Цɢɤɥ Ɋɟɧɤɢɧɚ ɧɚ ɩɟɪɟɝɪɟɬɨɦ ɩɚɪɟ ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɭɜɟɥɢɱɟɧɢɹ ɬɟɪɦɢɱɟɫɤɨɝɨ ɤ.ɩ.ɞ. ɰɢɤɥɚ 
ɉɌɍ. Ⱦɥɹ ɷɬɨɝɨ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ ɫɬɚɜɹɬ ɩɟɪɟɝɪɟɜɚɬɟɥɶ 2 (Ɋɢɫ. 1), ɤɨɬɨɪɵɣ ɭɜɟɥɢɱɢɜɚɟɬ 
ɬɟɦɩɟɪɚɬɭɪɭ ɢ ɞɚɜɥɟɧɢɟ ɩɚɪɚ. ɉɪɢ ɷɬɨɦ ɜɨɡɪɚɫɬɚɟɬ ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɞɜɨɞɚ ɬɟɩɥɨɬɵ 
ɜ ɰɢɤɥɟ. Ⱦɢɚɝɪɚɦɦɚ ɰɢɤɥɚ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 3 Ɏɨɪɦɭɥɵ ɪɚɫɱɟɬɚ l, ηt, Nɬ ɨɫɬɚɸɬɫɹ ɛɟɡ ɢɡɦɟ-
ɧɟɧɢɣ.

Ɋɢɫ. 3. ɐɢɤɥ Ɋɟɧɤɢɧɚ ɧɚ ɩɟɪɟɝɪɟɬɨɦ ɩɚɪɟ

7.2. ɐɢɤɥɵ ɞɜɢɝɚɬɟɥɟɣ ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨɪɚɧɢɹ (Ⱦȼɋ).
ɐɢɤɥɵ ɩɨɪɲɧɟɜɵɯ ɞɜɢɝɚɬɟɥɟɣ ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨɪɚɧɢɹ ɩɨɞɪɚɡɞɟɥɹɸɬ ɧɚ ɬɪɢ ɝɪɭɩɩɵμ

• ɫ ɩɨɞɜɨɞɨɦ ɬɟɩɥɨɬɵ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɨɛɴɟɦɟ (ɤɚɪɛɸɪɚɬɨɪɧɵɟ Ⱦȼɋ)ν
• ɫ ɩɨɞɜɨɞɨɦ ɬɟɩɥɨɬɵ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɞɚɜɥɟɧɢɢ (ɤɨɦɩɪɟɫɫɨɪɧɵɟ ɞɢɡɟ-

ɥɢ)ν
• ɫɨ ɫɦɟɳɚɧɧɵɦ ɩɨɞɜɨɞɨɦ ɬɟɩɥɨɬɵ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɨɛɴɟɦɟ (ɛɟɡɤɨɦ-

ɩɪɟɫɫɨɪɧɵɟ ɞɢɡɟɥɢ)ν
Ɉɫɧɨɜɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɢɥɢ ɩɚɪɚɦɟɬɪɚɦɢ ɥɸɛɨɝɨ ɰɢɤɥɚ ɬɟɩɥɨɜɨɝɨ ɞɜɢɝɚɬɟɥɹ ɹɜɥɹ-
ɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɛɟɡɪɚɦɟɪɧɵɟ ɜɟɥɢɱɢɧɵμ
ɫɬɟɩɟɧɶ ɫɠɚɬɢɹ (ɨɬɧɨɲɟɧɢɟ ɭɞɟɥɶɧɵɯ ɨɛɴɟɦɨɜ ɪɚɛɨɱɟɝɨ ɬɟɥɚ ɜ ɧɚɱɚɥɟ ɢ ɤɨɧɰɟ ɫɠɚɬɢɹ) ε = υ1/υ2 , (5)
ɫɬɟɩɟɧɶ ɩɨɜɵɲɟɧɢɹ ɞɚɜɥɟɧɢɹ (ɨɬɧɨɲɟɧɢɟ ɞɚɜɥɟɧɢɣ ɜ ɤɨɧɰɟ ɢ ɜ ɧɚɱɚɥɟ ɢɡɨɯɨɪɧɨɝɨ ɩɪɨɰɟɫ-
ɫɚ ɩɨɞɜɨɞɚ ɬɟɩɥɨɬɵ)λ = Ɋ3/Ɋ2, (6)
ɫɬɟɩɟɧɶ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɢɥɢ ɫɬɟɩɟɧɶ ɢɡɨɛɚɪɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ (ɨɬɧɨɲɟɧɢɟ 
ɭɞɟɥɶɧɵɯ ɨɛɴɟɦɨɜ ɜ ɤɨɧɰɟ ɢ ɜ ɧɚɱɚɥɟ ɢɡɨɯɨɪɧɨɝɨ ɩɪɨɰɟɫɫɚ ɩɨɞɜɨɞɚ ɬɟɩɥɨɬɵ)
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ρ = υ3/υ2. (7)
1). Ɋɚɫɫɦɨɬɪɢɦ ɰɢɤɥ Ⱦȼɋ ɫ ɩɨɞɜɨɞɨɦ ɬɟɩɥɨɬɵ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɨɛɴɟɦɟ ɧɚ ɩɪɢɦɟɪɟ ɱɟɬɵ-
ɪɟɯɬɚɤɬɧɨɝɨ ɞɜɢɝɚɬɟɥɹ. 
Ⱦɢɚɝɪɚɦɦɚ ɪɟɚɥɶɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ.4.

Ɋɢɫ. 3. ɐɢɤɥ ɞɜɢɝɚɬɟɥɹ ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨɪɚɧɢɹ ɫ ɩɨɞɜɨɞɨɦ ɬɟɩɥɨɬɵ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɨɛɴɟɦɟ
ɚ-1 (1 ɬɚɤɬ)  ɜ ɰɢɥɢɧɞɪ ɱɟɪɟɡ ɜɫɚɫɵɜɚɸɳɢɣ ɤɥɚɩɚɧ ɩɨɫɬɭɩɚɟɬ ɫɦɟɫɶ ɜɨɡɞɭɯɚ ɢ ɩɚɪɨɜ ɝɨɪɸ-
ɱɟɝɨ (ɧɟɬɟɪɦɨɞɢɧɚɦɢɱɟɦɤɢɣ ɩɪɨɰɟɫɫ)ν
1-2 (2 ɬɚɤɬ)  ɚɞɢɚɛɚɬɧɨɟ ɫɠɚɬɢɟ (ɩɨɜɵɲɚɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɚ)ν
2-3  ɫɝɨɪɚɧɢɟ ɝɨɪɸɱɟɣ ɫɦɟɫɢ, ɞɚɜɥɟɧɢɟ ɛɵɫɬɪɨ ɜɨɡɪɚɫɬɚɟɬ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɨɛɴɟɦɟ (ɩɨɞɜɨɞ 
ɬɟɩɥɨɬɵ q1);
3-4 (3 ɬɚɤɬ)  ɚɞɢɚɛɚɬɧɨɟ ɪɚɫɲɢɪɟɧɢɟ (ɪɚɛɨɱɢɣ ɩɪɨɰɟɫɫ, ɫɨɜɟɪɲɚɟɬɫɹ ɩɨɥɟɡɧɚɹ ɪɚɛɨɬɚ)ν
4-1  ɨɬɤɪɵɜɚɟɬɫɹ ɜɵɯɥɨɩɧɨɣ ɤɥɚɩɚɧ ɢ ɨɬɪɚɛɨɬɚɧɧɵɟ ɝɚɡɵ ɩɨɤɢɞɚɸɬ ɰɢɥɢɧɞɪ ɞɚɜɥɟɧɢɟ ɰɢ-
ɥɢɧɞɪɚ ɩɚɞɚɟɬ (ɨɬɜɨɞɢɬɫɹ ɬɟɩɥɨɬɚ q2).
1-ɚ (4 ɬɚɤɬ)  ɜɵɬɚɥɤɢɜɚɧɢɟ ɨɫɬɚɜɲɢɯɫɹ ɜ ɰɢɥɢɧɞɪɟ ɝɚɡɨɜ.
Ɂɚɬɟɦ ɩɪɨɰɟɫɫ ɩɨɜɬɨɪɹɟɬɫɹ.
Ɉɩɢɫɚɧɧɵɣ ɩɪɨɰɟɫɫ ɹɜɥɹɟɬɫɹ ɧɟɨɛɪɚɬɢɦɵɦ (ɧɚɥɢɱɢɟ ɬɪɟɧɢɹ, ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ ɜ ɪɚɛɨ-
ɱɟɦ ɬɟɥɟ, ɤɨɧɟɱɧɵɟ ɫɤɨɪɨɫɬɢ ɩɨɪɲɧɹ, ɬɟɩɥɨɨɛɦɟɧ ɩɪɢ ɤɨɧɟɱɧɨɣ ɪɚɡɧɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪ ɢ 
ɬ.ɩ.).
Ⱦɥɹ ɚɧɚɥɢɡɚ ɬɟɨɪɢɢ ɬɟɩɥɨɜɵɯ ɦɚɲɢɧ ɬɟɪɦɨɞɢɧɚɦɢɤɚ ɪɚɫɫɦɚɬɪɢɜɚɟɬ ɢɞɟɚɥɶɧɵɟ ɨɛɪɚɬɢɦɵɟ 
ɰɢɤɥɵ. Ⱦɢɚɝɪɚɦɦɚ ɢɞɟɚɥɶɧɨɝɨ ɩɪɨɰɟɫɫɚ ɞɜɢɝɚɬɟɥɹ ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨɪɚɧɢɹ ɩɨɤɚɡɚɧɚ ɧɚ 
ɪɢɫ.5.

Ɋɢɫ. 5. ɂɞɟɚɥɶɧɵɣ ɰɢɤɥ Ⱦȼɋ ɫ ɢɡɨɯɨɪɧɵɦ ɩɨɞɜɨɞɨɦ ɬɟɩɥɨɬɵ
ɂɡ ɷɬɨɣ ɞɢɚɝɪɚɦɦɵ ɜɵɜɨɞɢɬɫɹ ɮɨɪɦɭɥɚ ɞɥɹ ɬɟɪɦɢɱɟɫɤɨɝɨ ɤ.ɩ.ɞ. ɰɢɤɥɚ ɫ ɩɨɞɜɨɞɨɦ ɬɟɩɥɨ-
ɬɵ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɨɛɴɟɦɟ, ɤɨɬɨɪɵɣ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞμηt = 1  1/εk , (8)
ɝɞɟμ ε ɫɬɟɩɟɧɶ ɫɠɚɬɢɹ (ɨɫɧɨɜɧɨɣ ɩɨɤɚɡɚɬɟɥɶ ɪɚɛɨɬɵ ɞɜɢɝɚɬɟɥɹ, ɱɟɦ ɜɵɲɟ ɟ, ɬɟɦ ɜɵɲɟ ɷɤɨ-
ɧɨɦɢɱɧɨɫɬɶ Ⱦȼɋ)ν
Ф  ɩɨɤɚɡɚɬɟɥɶ ɚɞɢɚɛɚɬɵ. 
2). ɂɞɟɚɥɶɧɵɣ ɰɢɤɥ Ⱦȼɋ ɫɨ ɫɦɟɳɚɧɧɵɦ ɩɨɞɜɨɞɨɦ ɬɟɩɥɨɬɵ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɨɛɴɟɦɟ (ɛɟɡ-
ɤɨɦɩɪɟɫɫɨɪɧɵɟ ɞɢɡɟɥɢ). Ⱦɢɚɝɪɚɦɦɚ ɰɢɤɥɚ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ.6.
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Ɋɢɫ. 6. ɐɢɤɥ ɞɜɢɝɚɬɟɥɹ ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨɪɚɧɢɹ ɫɨ ɫɦɟɲɚɧɧɵɦ ɩɨɞɜɨɞɨɦ ɬɟɩɥɨɬɵ
1-2 - ɱɢɫɬɵɣ ɜɨɡɞɭɯ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ Ɍ1 ɫɠɢɦɚɟɬɫɹ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ Ɍ2, ɤɨɬɨɪɚɹ ɛɨɥɶɲɟ 
ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɬɨɩɥɢɜɚ. ȼ ɷɬɨɬ ɦɨɦɟɧɬ ɜ ɰɢɥɢɧɞɪ ɱɟɪɟɡ ɮɨɪɫɭɧɤɢ ɩɨɞ ɞɚɜ-
ɥɟɧɢɟɦ ɜɩɪɵɫɤɢɜɚɟɬɫɹ ɬɨɩɥɢɜɨ.
2-3  ɝɨɪɸɱɚɹ ɫɦɟɫɶ ɫɚɦɨɜɨɫɩɥɚɦɟɧɹɟɬɫɹ ɢ ɤ ɪɚɛɨɱɟɦɭ ɬɟɥɭ ɩɨɞɜɨɞɢɬɫɹ ɬɟɩɥɨ q1

/, ɞɚɜɥɟɧɢɟ 
ɩɨɜɵɲɚɟɬɫɹ ɞɨ Ɋ3.
3-4  ɩɨɪɲɟɧɶ ɩɟɪɟɦɟɲɚɟɬɫɹ ɨɛɪɚɬɧɨ, ɩɨɫɬɭɩɥɟɧɢɟ ɢ ɫɝɨɪɚɧɢɟ ɬɨɩɥɢɜɚ ɩɪɨɞɨɥɠɚɟɬɫɹ ɩɪɢ 
ɩɨɫɬɨɹɧɧɨɦ ɞɚɜɥɟɧɢɢ ɢ ɩɨɞɜɨɞɢɬɫɹ ɬɟɩɥɨ q1

//.
4-5  ɩɨɪɲɟɧɶ ɩɪɨɞɨɥɠɚɟɬ ɩɟɪɟɦɟɳɚɬɶɫɹ ɜ ɧɢɠɧɸɸ ɦɟɪɬɜɭɸ ɬɨɱɤɭ, ɞɚɜɥɟɧɢɟ ɩɚɞɚɟɬ 
(ɚɞɢɚɛɚɬɧɨɟ ɪɚɫɲɢɪɟɧɢɟ)ν
5-1  ɩɪɨɰɟɫɫ ɨɬɜɨɞɚ ɬɟɩɥɨɬɵ q2 ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɨɛɴɟɦɟ (ɱɟɪɟɡ ɜɵɩɭɫɤɧɨɣ ɤɥɚɩɚɧ ɩɨɤɢɞɚ-
ɸɬ ɨɬɪɚɛɨɬɚɧɧɵɟ ɝɚɡɵ).
Ɍɟɪɦɢɱɟɫɤɢɣ ɤ.ɩ.ɞ. ɰɢɤɥɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟμηt = 1  (λ·ρk  1) / εk-1·[(λ - 1) + k·λ·(ρ  1)] . (9)
ɐɢɤɥ ɞɜɢɝɚɬɟɥɟɣ ɫ ɩɨɞɜɨɞɨɦ ɬɟɩɥɨɬɵ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɞɚɜɥɟɧɢɢ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɧɟ 
ɧɚɲɥɢ, ɬɚɤ ɤɚɤ ɭ ɷɬɢɯ ɰɢɤɥɨɜ ɨɱɟɧɶ ɛɨɥɶɲɨɣ ɤɨɷɮɮɢɰɢɟɧɬ ɫɠɚɬɢɹ.
7.3. ɐɢɤɥɵ ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɭɫɬɚɧɨɜɨɤ (ȽɌɍ).
Ɉɫɧɨɜɧɵɦɢ ɧɟɞɨɫɬɚɬɤɚɦɢ ɩɨɪɲɧɟɜɵɯ ɞɜɢɝɚɬɟɥɟɣ ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨɪɚɧɢɹ ɹɜɥɹɸɬɫɹ ɨɝɪɚɧɢ-
ɱɟɧɧɨɫɬɶ ɢɯ ɦɨɳɧɨɫɬɢ ɢ ɧɟɜɨɡɦɨɠɧɨɫɬɶ ɚɞɢɚɛɚɬɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɪɚɛɨɱɟɝɨ ɬɟɥɚ ɞɨ ɚɬɦɨ-
ɫɮɟɪɧɨɝɨ ɞɚɜɥɟɧɢɹ, ɤɨɬɨɪɵɟ ɨɬɫɭɬɫɬɜɭɸɬ ɜ ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɭɫɬɚɧɨɜɤɚɯ. ȽɌɍ ɪɚɛɨɱɢɦ ɬɟ-
ɥɨɦ ɹɜɥɹɸɬɫɹ ɩɪɨɞɭɤɬɵ ɫɝɨɪɚɧɢɹ ɠɢɞɤɨɝɨ ɢɥɢ ɝɚɡɨɨɛɪɚɡɧɨɝɨ ɬɨɩɥɢɜɚ.
ɇɚ ɪɢɫ. 7. ɞɚɧɚ ɫɯɟɦɚ ɩɪɨɫɬɟɣɲɟɣ ɝɚɡɨɬɭɪɛɢɧɧɨɣ ɭɫɬɚɧɨɜɤɢ ɫɨ ɫɝɨɪɚɧɢɟɦ ɬɨɩɥɢɜɚ ɩɪɢ ɩɨ-
ɫɬɨɹɧɧɨɦ ɞɚɜɥɟɧɢɢ. Ɍɨɩɥɢɜɧɵɦ ɧɚɫɨɫɨɦ 5 ɢ ɤɨɦɩɪɟɫɫɨɪɨɦ 4 ɬɨɩɥɢɜɨ ɢ ɜɨɡɞɭɯ ɱɟɪɟɡ ɮɨɪ-
ɫɭɧɤɢ 6 ɢ 7 ɩɨɫɬɭɩɚɸɬ ɜ ɤɚɦɟɪɭ ɫɝɨɪɚɧɢɹ 1. ɂɡ ɤɚɦɟɪɵ ɩɪɨɞɭɤɬɵ ɫɝɨɪɚɧɢɹ ɧɚɩɪɚɜɥɹɸɬɫɹ ɜ 
ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɟ ɫɨɩɥɚ 2, ɝɞɟ ɨɧɢ ɪɚɫɲɢɪɹɸɬɫɹ, ɢ ɩɨɫɬɭɩɚɸɬ ɧɚ ɥɨɩɚɬɤɢ ɝɚɡɨɜɨɣ ɬɭɪɛɢ-
ɧɵ 3.

Ɋɢɫ. 7.
ɇɚ ɪɢɫ.κ ɢ ɪɢɫ. λ ɩɪɟɞɫɬɚɜɥɟɧɵ ɢɞɟɚɥɶɧɵɣ ɰɢɤɥ ȽɌɍ ɧɚ Pυ ɢ TS ɞɢɚɝɪɚɦɦɚɯ.

Ɋɢɫ. κ.        Ɋɢɫ. λ.
1-2 - ɚɞɢɚɛɚɬɧɨɟ ɫɠɚɬɢɟ ɞɨ ɞɚɜɥɟɧɢɹ Ɋ2;
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2-3  ɩɨɞɜɨɞ ɬɟɩɥɨɬɵ q1 ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɞɚɜɥɟɧɢɢ Ɋ2 (ɫɝɨɪɚɧɢɟ ɬɨɩɥɢɜɚ)ν
3-4  ɚɞɢɚɛɚɬɧɨɟ ɪɚɫɲɢɪɟɧɢɟ ɞɨ ɩɟɪɜɨɧɚɱɚɥɶɧɨɝɨ ɞɚɜɥɟɧɢɹ Ɋ1;
4-1  ɨɯɥɚɠɞɟɧɢɟ ɪɚɛɨɱɟɝɨ ɬɟɥɚ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɞɚɜɥɟɧɢɢ Ɋ1 (ɨɬɜɨɞ ɬɟɩɥɨɬɵ q2);
ɏɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɰɢɤɥɚ ɹɜɥɹɸɬɫɹμ 
ɫɬɟɩɟɧɶ ɩɨɜɵɲɟɧɢɹ ɞɚɜɥɟɧɢɹ - λ = Ɋ2/Ɋ1 ;
ɫɬɟɩɟɧɶ ɢɡɨɛɚɪɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ - ρ = υ3/υ2 .
Ɋɚɛɨɬɚ ɬɭɪɛɢɧɵμ
lɬ = h3  h4 . (7.10) 
Ɋɚɛɨɬɚ ɤɨɦɩɪɟɫɫɨɪɚμ
lɧ = h2  h1 . (7.11) 
ɉɨɥɟɡɧɚɹ ɪɚɛɨɬɚ ȽɌɍ ɪɚɜɧɚ ɪɚɡɧɨɫɬɢ ɪɚɛɨɬ ɬɭɪɛɢɧɵ ɢ ɤɨɦɩɪɟɫɫɨɪɚμ
LȽɌɍ = lɬ  lɤ . (7.12) 
Ɍɟɪɦɢɱɟɫɤɢɣ ɤ.ɩ.ɞ. ɰɢɤɥɚ ȽɌɍ ɢɦɟɟɬ ɜɢɞμηt = 1  1/ λ (k-1)/k . (7.13)
Ɍɟɨɪɟɬɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ, ɤɨɦɩɪɟɫɫɨɪɚ ɢ ɭɫɬɚɧɨɜɤɢ (ȽɌɍ)μ
Nɬ = lɬ·D/3600 = (h3  h4)·D/3600 , (7.14) 
Nɤ = lɤ·D/3600 = (h2  h1)·D/3600 , (7.15) 
NȽɌɍ = lȽɌɍ·D/3600 = [(h3  h4) (h2  h1) ]·D/3600 . (7.16) 
Ⱦɟɣɫɬɜɢɬɟɥɶɧɵɣ ɰɢɤɥ ȽɌɍ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɧɚɥɢɱɢɟɦ ɩɨɬɟɪɶ ɧɚ ɬɪɟɧɢɟ ɢ 
ɜɢɯɪɟɨɨɛɪɚɡɨɜɚɧɢɟ ɜ ɬɭɪɛɢɧɟ ɢ ɤɨɦɩɪɟɫɫɨɪɟ. Эɮɮɟɤɬɢɜɧɵɦɢ ɦɟɬɨɞɚɦɢ ɩɨɜɵɲɟɧɢɹ ɷɤɨ-
ɧɨɦɢɱɧɨɫɬɢ ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɭɫɬɚɧɨɜɨɤ ɹɜɥɹɸɬɫɹμ ɪɟɝɟɧɟɪɚɰɢɹ ɬɟɩɥɨɬɵ, ɫɬɭɩɟɧɱɚɬɨɟ ɫɠɚ-
ɬɢɟ ɢ ɪɚɫɲɢɪɟɧɢɟ ɪɚɛɨɱɟɝɨ ɬɟɥɚ ɢ ɩɪ.

Ɋɚɡɞɟɥ II. Ɉɫɧɨɜɵ ɬɟɨɪɢɢ ɬɟɩɥɨɨɛɦɟɧɚ.
Ɍɟɦɚ 8. Ɉɫɧɨɜɧɵɟ ɩɨɧɹɬɢɹ ɢ ɨɩɪɟɞɟɥɟɧɢɹ.
Ɍɟɨɪɢɹ ɬɟɩɥɨɨɛɦɟɧɚ ɢɡɭɱɚɟɬ ɩɪɨɰɟɫɫɵ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɬɟɩɥɨɬɵ ɜ ɬɜɟɪɞɵɯ, ɠɢɞɤɢɯ ɢ ɝɚ-
ɡɨɨɛɪɚɡɧɵɯ ɬɟɥɚɯ. ɉɟɪɟɧɨɫ ɬɟɩɥɨɬɵ ɦɨɠɟɬ ɩɟɪɟɞɚɜɚɬɶɫɹ ɬɪɟɦɹ ɫɩɨɫɨɛɚɦɢμ

• ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸν
• ɤɨɧɜɟɤɰɢɟɣν
• ɢɡɥɭɱɟɧɢɟɦ (ɪɚɞɢɚɰɢɟɣ).

ɉɪɨɰɟɫɫ ɩɟɪɟɞɚɱɢ ɬɟɩɥɨɬɵ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɦ ɤɨɧ-
ɬɚɤɬɟ ɬɟɥ ɢɥɢ ɱɚɫɬɢɰɚɦɢ ɬɟɥ ɫ ɪɚɡɥɢɱɧɵɦɢ ɬɟɦɩɟɪɚɬɭɪɚɦɢ ɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɦɨɥɟɤɭ-
ɥɹɪɧɵɣ ɩɪɨɰɟɫɫ ɩɟɪɟɞɚɱɢ ɬɟɩɥɨɬɵ. ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ ɬɟɥɚ, ɤɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɟɝɨ ɦɨɥɟ-
ɤɭɥ ɜɨɡɪɚɫɬɚɟɬ ɢ ɱɚɫɬɢɰɵ ɛɨɥɟɟ ɧɚɝɪɟɬɨɣ ɱɚɫɬɢ ɬɟɥɚ, ɫɬɚɥɤɢɜɚɹɫɶ ɫ ɫɨɫɟɞɧɢɦɢ ɦɨɥɟɤɭɥɚ-
ɦɢ, ɫɨɨɛɳɚɸɬ ɢɦ ɱɚɫɬɶ ɫɜɨɟɣ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ.
Ʉɨɧɜɟɤɰɢɹ  ɷɬɨ ɩɟɪɟɧɨɫ ɬɟɩɥɨɬɵ ɩɪɢ ɩɟɪɟɦɟɳɟɧɢɢ ɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɜɫɟɣ ɦɚɫɫɵ ɧɟɪɚɜɧɨ-
ɦɟɪɧɨ ɧɚɝɪɟɬɵɯ ɠɢɞɤɨɫɬɢ ɢɥɢ ɝɚɡɚ. ɉɪɢ ɷɬɨɦ, ɩɟɪɟɧɨɫ ɬɟɩɥɨɬɵ ɡɚɜɢɫɢɬ ɨɬ ɫɤɨɪɨɫɬɢ ɞɜɢ-
ɠɟɧɢɹ ɠɢɞɤɨɫɬɢ ɢɥɢ ɝɚɡɚ ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ. Эɬɨɬ ɜɢɞ ɩɟɪɟɞɚɱɢ ɬɟɩɥɨɬɵ ɫɨɩɪɨɜɨɠ-
ɞɚɟɬɫɹ ɜɫɟɝɞɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ. Ɉɞɧɨɜɪɟɦɟɧɧɵɣ ɩɟɪɟɧɨɫ ɬɟɩɥɨɬɵ ɤɨɧɜɟɤɰɢɟɣ ɢ ɬɟɩɥɨ-
ɩɪɨɜɨɞɧɨɫɬɶɸ ɧɚɡɵɜɚɟɬɫɹ ɤɨɧɜɟɤɬɢɜɧɵɦ ɬɟɩɥɨɨɛɦɟɧɨɦ.
ȼ ɢɧɠɟɧɟɪɧɵɯ ɪɚɫɱɟɬɚɯ ɱɚɫɬɨ ɨɩɪɟɞɟɥɹɸɬ ɤɨɧɜɟɤɬɢɜɧɵɣ ɬɟɩɥɨɨɛɦɟɧ ɦɟɠɞɭ ɩɨɬɨɤɚɦɢ 
ɠɢɞɤɨɫɬɢ ɢɥɢ ɝɚɡɚ ɢ ɩɨɜɟɪɯɧɨɫɬɶɸ ɬɜɟɪɞɨɝɨ ɬɟɥɚ. Эɬɨɬ ɩɪɨɰɟɫɫ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɬɟɩɥɨɨɛ-
ɦɟɧɚ ɧɚɡɵɜɚɸɬ ɤɨɧɜɟɤɬɢɜɧɨɣ ɬɟɩɥɨɨɬɞɚɱɟɣ ɢɥɢ ɩɪɨɫɬɨ ɬɟɩɥɨɨɬɞɚɱɟɣ.
ɉɪɨɰɟɫɫ ɩɟɪɟɞɚɱɢ ɬɟɩɥɨɬɵ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ ɬɟɥɚ ɜ ɜɢɞɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɜɨɥɧ ɧɚɡɵ-
ɜɚɟɬɫɹ ɢɡɥɭɱɟɧɢɟɦ (ɪɚɞɢɚɰɢɟɣ). Эɬɨɬ ɩɪɨɰɟɫɫ ɩɪɨɢɫɯɨɞɢɬ ɜ ɬɪɢ ɫɬɚɞɢɢμ ɩɪɟɜɪɚɳɟɧɢɟ ɱɚɫɬɢ 
ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ ɨɞɧɨɝɨ ɢɡ ɬɟɥ ɜ ɷɧɟɪɝɢɸ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɜɨɥɧ, ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ 
ɷ/ɦ ɜɨɥɧ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ, ɩɨɝɥɨɳɟɧɢɟ ɷɧɟɪɝɢɢ ɢɡɥɭɱɟɧɢɹ ɞɪɭɝɢɦ ɬɟɥɨɦ. ɋɨɜɦɟɫɬɧɵɣ ɬɟɩ-
ɥɨɨɛɦɟɧ ɢɡɥɭɱɟɧɢɟɦ ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ ɧɚɡɵɜɚɸɬ ɪɚɞɢɚɰɢɨɧɧɨ-ɤɨɧɞɭɤɬɢɜɧɵɦ ɬɟɩɥɨ-
ɨɛɦɟɧɨɦ.
ɋɨɜɨɤɭɩɧɨɫɬɶ ɜɫɟɯ ɬɪɟɯ ɜɢɞɨɜ ɬɟɩɥɨɨɛɦɟɧɚ ɧɚɡɵɜɚɟɬɫɹ ɫɥɨɠɧɵɦ ɬɟɩɥɨɨɛɦɟɧɨɦ.
ɉɪɨɰɟɫɫɵ ɬɟɩɥɨɨɛɦɟɧɚ ɦɨɝɭɬ ɩɪɨɢɫɯɨɞɢɬɶ ɜ ɪɚɡɥɢɱɧɵɯ ɫɪɟɞɚɯμ ɱɢɫɬɵɯ ɜɟɳɟɫɬɜɚɯ ɢ ɪɚɡ-
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ɧɵɯ ɫɦɟɫɹɯ, ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɢ ɛɟɡ ɢɡɦɟɧɟɧɢɹ ɚɝɪɟɝɚɬɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɪɚɛɨɱɢɯ ɫɪɟɞ ɢ ɬ.ɞ. ȼ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɷɬɨɝɨ ɬɟɩɥɨɨɛɦɟɧ ɩɪɨɬɟɤɚɟɬ ɩɨ ɪɚɡɧɨɦɭ ɢ ɨɩɢɫɵɜɚɟɬɫɹ ɪɚɡɥɢɱɧɵɦɢ ɭɪɚɜ-
ɧɟɧɢɹɦɢ.
ɉɪɨɰɟɫɫ ɩɟɪɟɧɨɫɚ ɬɟɩɥɨɬɵ ɦɨɠɟɬ ɫɨɩɪɨɜɨɠɞɚɬɶɫɹ ɩɟɪɟɧɨɫɨɦ ɜɟɳɟɫɬɜɚ (ɦɚɫɫɨɨɛɦɟɧ).
ɇɚɩɪɢɦɟɪ, ɢɫɩɚɪɟɧɢɟ ɜɨɞɵ ɜ ɜɨɡɞɭɯ, ɞɜɢɠɟɧɢɟ ɠɢɞɤɨɫɬɟɣ ɢɥɢ ɝɚɡɨɜ ɜ ɬɪɭɛɨɩɪɨɜɨɞɚɯ 
ɢ.ɬ.ɩ. ɢ.ɬ.ɞ. Ɍɨɝɞɚ ɩɪɨɰɟɫɫ ɬɟɩɥɨɨɛɦɟɧɚ ɭɫɥɨɠɧɹɟɬɫɹ, ɬɚɤ ɤɚɤ ɬɟɩɥɨɬɚ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɩɟ-
ɪɟɧɨɫɢɬɫɹ ɫ ɦɚɫɫɨɣ ɞɜɢɠɭɳɟɝɨɫɹ ɜɟɳɟɫɬɜɚ.

Ɍɟɦɚ 9.Ɍɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ.
9.1. Ɍɟɦɩɟɪɚɬɭɪɧɨɟ ɩɨɥɟ. ɍɪɚɜɧɟɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ.
Ȼɭɞɟɦ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɬɨɥɶɤɨ ɨɞɧɨɪɨɞɧɵɟ ɢ ɢɡɨɬɪɨɩɧɵɟ ɬɟɥɚ, ɬ.ɟ. ɬɚɤɢɟ ɬɟɥɚ, ɤɨɬɨɪɵɟ ɨɛ-
ɥɚɞɚɸɬ ɨɞɢɧɚɤɨɜɵɦɢ ɮɢɡɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɩɨ ɜɫɟɦ ɧɚɩɪɚɜɥɟɧɢɹɦ. ɉɪɢ ɩɟɪɟɞɚɱɢ ɬɟɩ-
ɥɨɬɵ ɜ ɬɜɟɪɞɨɦ ɬɟɥɟ, ɬɟɦɩɟɪɚɬɭɪɚ ɬɟɥɚ ɛɭɞɟɬ ɢɡɦɟɧɹɬɶɫɹ ɩɨ ɜɫɟɦɭ ɨɛɴɟɦɭ ɬɟɥɚ ɢ ɜɨ ɜɪɟɦɟ-
ɧɢ. ɋɨɜɨɤɭɩɧɨɫɬɶ ɡɧɚɱɟɧɢɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɞɥɹ ɜɫɟɯ ɬɨɱɟɤ ɢɡɭɱɚ-
ɟɦɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɧɚɡɵɜɚɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɧɵɦ ɩɨɥɟɦ:
t = f(x, y, z, τ) , (λ.1)
ɝɞɟμ t ɬɟɦɩɟɪɚɬɭɪɚ ɬɟɥɚν
x, y, z -ɤɨɨɪɞɢɧɚɬɵ ɬɨɱɤɢν
τ - ɜɪɟɦɹ.
Ɍɚɤɨɟ ɬɟɦɩɟɪɚɬɭɪɧɨɟ ɩɨɥɟ ɧɚɡɵɜɚɟɬɫɹ ɧɟɫɬɚɰɢɨɧɚɪɧɵɦ ∂t/∂τ ≠ 0, ɬ.ɟ. ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧɟ-
ɭɫɬɚɧɨɜɢɜɲɟɦɭɫɹ ɬɟɩɥɨɜɨɦɭ ɪɟɠɢɦɭ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ
ȿɫɥɢ ɬɟɦɩɟɪɚɬɭɪɚ ɬɟɥɚ ɮɭɧɤɰɢɹ ɬɨɥɶɤɨ ɤɨɨɪɞɢɧɚɬ ɢ ɧɟ ɢɡɦɟɧɹɟɬɫɹ ɫ ɬɟɱɟɧɢɟɦ ɜɪɟɦɟɧɢ, ɬɨ 
ɬɟɦɩɟɪɚɬɭɪɧɨɟ ɩɨɥɟ ɧɚɡɵɜɚɟɬɫɹ ɫɬɚɰɢɨɧɚɪɧɵɦ:
t = П(б,в,г) , ∂t/∂τ = 0 (9.2)
ɍɪɚɜɧɟɧɢɟ ɞɜɭɯɦɟɪɧɨɝɨ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹμ
ɞɥɹ ɧɟɫɬɚɰɢɨɧɚɪɧɨɝɨ ɪɟɠɢɦɚμ
t = П(б,в,τ) ν ∂t/∂г = 0 (λ.3)
ɞɥɹ ɫɬɚɰɢɨɧɚɪɧɨɝɨ ɪɟɠɢɦɚμ
t = П(б,в) , ∂t/∂г = 0ν ∂t/∂τ = 0 (λ.4)
ɍɪɚɜɧɟɧɢɟ ɨɞɧɨɦɟɪɧɨɝɨ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹμ
ɞɥɹ ɧɟɫɬɚɰɢɨɧɚɪɧɨɝɨ ɪɟɠɢɦɚμ
t = П(б,τ) ν ∂t/∂в = ∂t/∂г = 0ν ∂t/∂τ ≠ 0 (9.5)
ɞɥɹ ɫɬɚɰɢɨɧɚɪɧɨɝɨ ɪɟɠɢɦɚμ
t = П(б)ν ∂t/∂в = ∂t/∂г = 0ν ∂t/∂τ = 0 (λ.6)
ɂɡɨɬɟɪɦɢɱɟɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɧɚɡɵɜɚɟɬɫɹ ɩɨɜɟɪɯɧɨɫɬɶ ɬɟɥɚ ɫ ɨɞɢɧɚɤɨɜɵɦɢ ɬɟɦɩɟɪɚɬɭ-
ɪɨɣ.
Ɋɚɫɫɦɨɬɪɢɦ ɞɜɟ ɢɡɨɬɟɪɦɢɱɟɫɤɢɟ ɩɨɜɟɪɯɧɨɫɬɢ (Ɋɢɫ.λ.1) ɫ ɬɟɦɩɟɪɚɬɭɪɚɦɢ t ɢ t + ∆t. Ƚɪɚɞɢ-
ɟɧɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɡɵɜɚɸɬ ɩɪɟɞɟɥ ɨɬɧɨɲɟɧɢɹ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ∆t ɤ ɪɚɫɫɬɨɹ-
ɧɢɸ ɦɟɠɞɭ ɢɡɨɬɟɪɦɚɦɢ ɩɨ ɧɨɪɦɚɥɢ, ɤɨɝɞɚ ∆Ч ɫɬɪɟɦɢɬɫɹ ɤ ɧɭɥɸμ
gradt = |gradt| = lТЦД∆t/∆ЧЖ∆Ч→0 = ∂t/∂Ч (λ.7)

Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɝɪɚɞɢɟɧɬ-ɷɬɨ ɜɟɤɬɨɪ, ɧɚɩɪɚɜɥɟɧɧɵɣ ɩɨ ɧɨɪɦɚɥɢ ɤ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɩɨ-
ɜɟɪɯɧɨɫɬɢ ɜ ɫɬɨɪɨɧɭ ɜɨɡɪɚɫɬɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɱɢɫɥɟɧɧɨ ɪɚɜɧɵɣ ɩɪɨɢɡɜɨɞɧɨɣ ɬɟɦɩɟɪɚ-
ɬɭɪɵ t ɩɨ ɧɨɪɦɚɥɢ n:
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gradt = ∂t/∂n no, (9.7)
ɝɞɟμno  ɟɞɢɧɢɱɧɵɣ ɜɟɤɬɨɪ.

Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɩɪɨɯɨɞɹɳɟɟ ɱɟɪɟɡ ɢɡɨɬɟɪɦɢɱɟɫɤɭɸ ɩɨɜɟɪɯɧɨɫɬɶ F ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟ-
ɧɢ ɧɚɡɵɜɚɟɬɫɹ ɬɟɩɥɨɜɵɦ ɩɨɬɨɤɨɦ  Q, Дȼɬ=Ⱦɠ/ɫЖ.
Ɍɟɩɥɨɜɨɣ ɩɨɬɨɤ, ɩɪɨɯɨɞɹɳɢɣ ɱɟɪɟɡ ɟɞɢɧɢɰɭ ɩɥɨɳɚɞɢ ɧɚɡɵɜɚɸɬ ɩɥɨɬɧɨɫɬɶɸ ɬɟɩɥɨɜɨɝɨ 
ɩɨɬɨɤɚ  q = Q / F, Дȼɬ/ɦ2]
Ⱦɥɹ ɬɜɟɪɞɨɝɨ ɬɟɥɚ ɭɪɚɜɧɟɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɩɨɞɱɢɧɹɟɬɫɹ ɡɚɤɨɧɭ Ɏɭɪɶɟ:
Ɍɟɩɥɨɜɨɣ ɩɨɬɨɤ, ɩɟɪɟɞɚɜɚɟɦɵɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ, ɩɪɨɩɨɪɰɢɨɧɚɥɟɧ ɝɪɚɞɢɟɧɬɭ ɬɟɦ-
ɩɟɪɚɬɭɪɵ ɢ ɩɥɨɳɚɞɢ ɫɟɱɟɧɢɹ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɸ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ.
Q = -Ȝ∙F ∂t/∂Ч, (λ.κ)
ɢɥɢ 
q = -Ȝ ∂t/∂n no = -Ȝ∙gradt, (9.9)
ɝɞɟμ q  ɜɟɤɬɨɪ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚν
Ȝ  țɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, Дȼɬ/(ɦ∙Ʉ)Ж.
ɑɢɫɥɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɜɟɤɬɨɪɚ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɪɚɜɧɨμ
q = -Ȝ ∂t/∂Ч = -Ȝ∙еgradt| , (9.10)
ɝɞɟμ РrКНtе- ɦɨɞɭɥɶ ɜɟɤɬɨɪɚ ɝɪɚɞɢɟɧɬɚ ɬɟɦɩɟɪɚɬɭɪɵ.
Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɹɜɥɹɟɬɫɹ ɮɢɡɢɱɟɫɤɢɦ ɩɚɪɚɦɟɬɪɨɦ ɜɟɳɟɫɬɜɚ, ɯɚɪɚɤɬɟɪɢ-
ɡɭɸɳɢɦ ɫɩɨɫɨɛɧɨɫɬɶ ɬɟɥɚ ɩɪɨɜɨɞɢɬɶ ɬɟɩɥɨɬɭ. Ɉɧɚ ɡɚɜɢɫɢɬ ɨɬ ɪɨɞɚ ɜɟɳɟɫɬɜɚ, ɞɚɜɥɟɧɢɹ ɢ 
ɬɟɦɩɟɪɚɬɭɪɵ. Ɍɚɤɠɟ ɧɚ ɟё ɜɟɥɢɱɢɧɭ ɜɥɢɹɟɬ ɜɥɚɠɧɨɫɬɶ ɜɟɳɟɫɬɜɚ. Ⱦɥɹ ɛɨɥɶɲɢɧɫɬɜɚ ɜɟ-
ɳɟɫɬɜ ɤɨɷɮɮɢɰɢɟɧɬɵ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɨɩɵɬɧɵɦ ɩɭɬɟɦ ɢ ɞɥɹ ɬɟɯɧɢɱɟɫɤɢɯ 
ɪɚɫɱɟɬɨɜ ɛɟɪɭɬɫɹ ɢɡ ɫɩɪɚɜɨɱɧɨɣ ɥɢɬɟɪɚɬɭɪɵ.
Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɞɥɹ ɬɪɟɯɦɟɪɧɨɝɨ ɧɟɫɬɚɰɢɨɧɚɪɧɨɝɨ ɬɟɦ-
ɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞμ( )2 2 2 2 2 2

t a t x t y t zτ∂ ∂ = ∂ ∂ + ∂ ∂ + ∂ ∂ , (9.11)

ɝɞɟμ ɚ = λ/(ɫ·ρ) ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ Дɦ2/ɫЖ, ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɫɤɨɪɨɫɬɶ 
ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ.
Ⱦɥɹ ɫɬɚɰɢɨɧɚɪɧɨɣ ɡɚɞɚɱɢ, ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɢɦɟɟɬ ɜɢɞμ( )2 2 2 2 2 2 0a t x t y t z∂ ∂ + ∂ ∂ + ∂ ∂ = . (9.12)

9.2. ɋɬɚɰɢɨɧɚɪɧɚɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɱɟɪɟɡ ɩɥɨɫɤɭɸ ɫɬɟɧɤɭ.
1).Ɉɞɧɨɪɨɞɧɚɹ ɩɥɨɫɤɚɹ ɫɬɟɧɤɚ (Ɋɢɫ.λ.2.).

Ɋɢɫ. λ.2. Ɉɞɧɨɪɨɞɧɚɹ ɩɥɨɫɤɚɹ ɫɬɟɧɤɚ
Ɍɟɦɩɟɪɚɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɟɣ ɫɬɟɧɤɢ tɫɬ1 ɢ tɫɬ2.
ɉɥɨɬɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚμ
q = -Ȝ ∂t/∂Ч = - Ȝ ∂t/∂б = - Ȝ (tМɬ2 - tМɬ1)/(xМɬ2 - xМɬ1)
ɢɥɢ 
q = Ȝ /(бМɬ2 - xМɬ1)∙ (λ.13)
(tМɬ2 - tМɬ1) = ∆t - ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪν
(xМɬ2 - xМɬ1) = į - ɬɨɥɳɢɧɚ ɫɬɟɧɤɢ.
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Ɍɨɝɞɚ
q = Ȝ/į∙(tɫɬ1  tɫɬ2) = Ȝ/į∙Δt, (λ.14)
ȿɫɥɢ R =į/Ȝ -ɬɟɪɦɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɫɬɟɧɤɢ Д(ɦ2∙Ʉ)/ȼɬЖ, ɬɨ ɩɥɨɬ-
ɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚμ
q = (tɫɬ1  tɫɬ2)/R. (9.15) 
Ɉɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɤɨɬɨɪɨɟ ɩɟɪɟɞɚɟɬɫɹ ɱɟɪɟɡ ɩɨɜɟɪɯɧɨɫɬɶ F ɡɚ ɜɪɟɦɹ τ ɨɩɪɟɞɟɥɹ-
ɟɬɫɹμ 
Q = q∙F∙τ = (tɫɬ1  tɫɬ2) F∙τ /R. (λ.16)
Ɍɟɦɩɟɪɚɬɭɪɚ ɬɟɥɚ ɜ ɬɨɱɤɟ ɫ ɤɨɨɪɞɢɧɚɬɨɣ ɯ ɧɚɯɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟμ
tx = tɫɬ1  (tɫɬ1  tɫɬ2)∙x/ į . (λ.17)
2).Ɇɧɨɝɨɫɥɨɣɧɚɹ ɩɥɨɫɤɚɹ ɫɬɟɧɤɚ.
Ɋɚɫɫɦɨɬɪɢɦ 3-ɯ ɫɥɨɣɧɭɸ ɫɬɟɧɤɭ (Ɋɢɫ.λ.3). Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚɪɭɠɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɫɬɟɧɨɤ 
tɫɬ1 ɢ tɫɬ2, ɤɨɷɮɮɢɰɢɟɧɬɵ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɫɥɨɟɜ Ȝ1, Ȝ2, Ȝ3, ɬɨɥɳɢɧɚ ɫɥɨɟɜ į1, į2, į3.

Ɋɢɫ. λ.3. Ɇɧɨɝɨɫɥɨɣɧɚɹ ɩɥɨɫɤɚɹ ɫɬɟɧɤɚ
ɉɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɵɯ ɩɨɬɨɤɨɜ ɱɟɪɟɡ ɤɚɠɞɵɣ ɫɥɨɣ ɫɬɟɧɤɢμ
q = (tɫɬ1  tɫɥ1)·Ȝ1/į1, (9.18)
q = (tɫɥ1  tɫɥ2)·Ȝ2/į2, (9.19)
q = (tɫɥ2  tɫɬ2)·Ȝ3/į3, (9.20)
Ɋɟɲɚɹ ɷɬɢ ɭɪɚɜɧɟɧɢɹ, ɨɬɧɨɫɢɬɟɥɶɧɨ ɪɚɡɧɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪ ɢ ɫɤɥɚɞɵɜɚɹ, ɩɨɥɭɱɚɟɦμ
q = (t1  t4)/(į1/Ȝ1 + į2/Ȝ2 + į3/Ȝ3) = (tɫɬ1  tɫɬ4)/Ro , (9.21)
ɝɞɟμ Ro = (į1/Ȝ1 + į2/Ȝ2 + į3/Ȝ3)  ɨɛɳɟɟ ɬɟɪɦɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɦɧɨ-
ɝɨɫɥɨɣɧɨɣ ɫɬɟɧɤɢ.
Ɍɟɦɩɟɪɚɬɭɪɚ ɫɥɨɟɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɢɦ ɮɨɪɦɭɥɚɦμ
tɫɥ1 = tɫɬ1  q∙(į1/Ȝ1). (9.22)
tɫɥ2 = tɫɥ1  q·į2/Ȝ2). (9.23)
9.3. ɋɬɚɰɢɨɧɚɪɧɚɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɱɟɪɟɡ ɰɢɥɢɧɞɪɢɱɟɫɤɭɸ ɫɬɟɧɤɭ.
1). Ɉɞɧɨɪɨɞɧɚɹ ɰɢɥɢɧɞɪɢɱɟɫɤɚɹ ɫɬɟɧɤɚ.
Ɋɚɫɫɦɨɬɪɢɦ ɨɞɧɨɪɨɞɧɵɣ ɨɞɧɨɫɥɨɣɧɵɣ ɰɢɥɢɧɞɪ ɞɥɢɧɨɣ l, ɜɧɭɬɪɟɧɧɢɦ ɞɢɚɦɟɬɪɨɦ Н1ɢ 
ɜɧɟɲɧɢɦ ɞɢɚɦɟɬɪɨɦ Н2 (Ɋɢɫ.λ.4).
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Ɋɢɫ. λ.4. Ɉɞɧɨɫɥɨɣɧɚɹ ɰɢɥɢɧɞɪɢɱɟɫɤɚɹ ɫɬɟɧɤɚ
Ɍɟɦɩɟɪɚɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɟɣ ɫɬɟɧɤɢ  tɫɬ1 ɢ tɫɬ2.
ɍɪɚɜɧɟɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɩɨ ɡɚɤɨɧɭ Ɏɭɪɶɟ ɜ ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ ɤɨɨɪɞɢɧɚɬɚɯμ 
Q = - Ȝ∙2∙π∙r ·l· ∂t / ∂r (λ.24)
ɢɥɢ
Q = 2·π·Ȝ·l·Δt/ln(d2/d1), (9.25)
ɝɞɟμ Δt = tɫɬ1  tɫɬ2  ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪν
Ȝ  ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɫɬɟɧɤɢ.
Ⱦɥɹ ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɜɜɨɞɹɬ ɩɨɧɹɬɢɹ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɟɞɢɧɢɰɵ ɞɥɢɧɵ ɰɢ-
ɥɢɧɞɪɢɱɟɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ (ɥɢɧɟɣɧɚɹ ɩɥɨɬɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ), ɞɥɹ ɤɨɬɨɪɨɣ ɪɚɫɱɟɬ-
ɧɵɟ ɮɨɪɦɭɥɵ ɛɭɞɭɬμ
ql = Q/l =2·π·Ȝ·Δt /ln(d2/d1), Дȼɬ/ɦЖ. (λ.26)
Ɍɟɦɩɟɪɚɬɭɪɚ ɬɟɥɚ ɜɧɭɬɪɢ ɫɬɟɧɤɢ ɫ ɤɨɨɪɞɢɧɚɬɨɣ Нɯ:
tx = tɫɬ1  (tɫɬ1  tɫɬ2) ·ln(dx/d1) / ln(d2/d1). (9.27) 
2). Ɇɧɨɝɨɫɥɨɣɧɚɹ ɰɢɥɢɧɞɪɢɱɟɫɤɚɹ ɫɬɟɧɤɚ.
Ⱦɨɩɭɫɬɢɦ ɰɢɥɢɧɞɪɢɱɟɫɤɚɹ ɫɬɟɧɤɚ ɫɨɫɬɨɢɬ ɢɡ ɬɪɟɯ ɩɥɨɬɧɨ ɩɪɢɥɟɝɚɸɳɢɯ ɫɥɨɟɜ (Ɋɢɫ.λ.5). 

Ɋɢɫ. λ.5. Ɇɧɨɝɨɫɥɨɣɧɚɹ ɰɢɥɢɧɞɪɢɱɟɫɤɚɹ ɫɬɟɧɤɚ
Ɍɟɦɩɟɪɚɬɭɪɚ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɟɧɤɢ  tɫɬ1, ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɪɭɠɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 
ɫɬɟɧɤɢ  tɫɬ2, ɤɨɷɮɮɢɰɢɟɧɬɵ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɫɥɨɟɜ - Ȝ1, Ȝ2, Ȝ3, ɞɢɚɦɟɬɪɵ ɫɥɨɟɜ Н1, d2, d3,
d4. 
Ɍɟɩɥɨɜɵɟ ɩɨɬɨɤɢ ɞɥɹ ɫɥɨɟɜ ɛɭɞɭɬμ
1-ɣ ɫɥɨɣ
Q = 2·π· Ȝ1·l·(tɫɬ1  tɫɥ1)/ln(d2/d1), (9.28)
2-ɣ ɫɥɨɣ
Q = 2·π·Ȝ2·l·(tɫɥ1  tɫɥ2)/ ln(d3/d2), (9.29)
3-ɣ ɫɥɨɣ
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Q = 2·π·Ȝ3·l·(tɫɥ2  tɫɬ2)/ln(d4/d3), (9.30)
Ɋɟɲɚɹ ɩɨɥɭɱɟɧɧɵɟ ɭɪɚɜɧɟɧɢɹ, ɩɨɥɭɱɚɟɦ ɞɥɹ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɱɟɪɟɡ ɦɧɨɝɨɫɥɨɣɧɭɸ ɫɬɟɧ-
ɤɭμ
Q = 2·π·l·(tɫɬ1  tɫɬ2)/[ln(d2/d1)/Ȝ1 + ln(d3/d2)/Ȝ2 + ln(d4/d3)/Ȝ3]. (9.31)
Ⱦɥɹ ɥɢɧɟɣɧɨɣ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɢɦɟɟɦμ
ql = Q/l = 2·π· (t1  t2) / [ln(d2/d1)/Ȝ1 + ln(d3/d2)/Ȝ2 + ln(d4/d3)/Ȝ3]. (9.32)
Ɍɟɦɩɟɪɚɬɭɪɭ ɦɟɠɞɭ ɫɥɨɹɦɢ ɧɚɯɨɞɢɦ ɢɡ ɫɥɟɞɭɸɳɢɯ ɭɪɚɜɧɟɧɢɣμ
tɫɥ1 = tɫɬ1  ql·ln(d2/d1) / 2·π·Ȝ1 . (9.33)
tɫɥ2 = tɫɥ1  ql·ln(d3/d2) / 2·π·Ȝ2 . (9.34)
9.4. ɋɬɚɰɢɨɧɚɪɧɚɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɱɟɪɟɡ ɲɚɪɨɜɭɸ ɫɬɟɧɤɭ.
ɉɭɫɬɶ ɢɦɟɟɬɫɹ ɩɨɥɵɣ ɲɚɪ (Ɋɢɫ.λ.6)  ɜɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ Н1, ɜɧɟɲɧɢɣ ɞɢɚɦɟɬɪН2, ɬɟɦɩɟɪɚ-
ɬɭɪɚ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɟɧɤɢ tɫɬ1, ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɪɭɠɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɟɧɤɢ  tɫɬ2,
ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɫɬɟɧɤɢ -Ȝ .
ɍɪɚɜɧɟɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɩɨ ɡɚɤɨɧɭ Ɏɭɪɶɟ ɜ ɫɮɟɪɢɱɟɫɤɢɯ ɤɨɨɪɞɢɧɚɬɚɯμ 
Q = - Ȝ·4·π·r2·∂t / ∂r (λ.35)
ɢɥɢ
Q =4·π·Ȝ·Δt/(1/r2 - 1/r1) =2·π·Ȝ·Δt/(1/Н1 - 1/d2) =
= 2·π·Ȝ·d1·d2·Δt /(d2 - d1) = π·Ȝ·d1·d2·Δt / į (λ.36)
ɝɞɟμ Δt = tɫɬ1  tɫɬ2  ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪν
į ɬɨɥɳɢɧɚ ɫɬɟɧɤɢ.

Ɋɢɫ. λ.6. Ɉɞɧɨɪɨɞɧɚɹ ɲɚɪɨɜɚɹ ɫɬɟɧɤɚ

Ɍɟɦɚ 10. Ʉɨɧɜɟɤɬɢɜɧɵɣ ɬɟɩɥɨɨɛɦɟɧ.
10.1. Ɏɚɤɬɨɪɵ, ɜɥɢɹɸɳɢɟ ɧɚ ɤɨɧɜɟɤɬɢɜɧɵɣ ɬɟɩɥɨɨɛɦɟɧ.
Ʉɨɧɜɟɤɬɢɜɧɵɦ ɬɟɩɥɨɨɛɦɟɧɨɦ ɧɚɡɵɜɚɟɬɫɹ ɨɞɧɨɜɪɟɦɟɧɧɵɣ ɩɟɪɟɧɨɫ ɬɟɩɥɨɬɵ ɤɨɧɜɟɤɰɢɟɣ ɢ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ.

ȼ ɢɧɠɟɧɟɪɧɵɯ ɪɚɫɱɟɬɚɯ ɱɚɫɬɨ ɨɩɪɟɞɟɥɹɸɬ ɤɨɧɜɟɤɬɢɜɧɵɣ ɬɟɩɥɨɨɛɦɟɧ ɦɟɠɞɭ ɩɨɬɨɤɚɦɢ 
ɠɢɞɤɨɫɬɢ ɢɥɢ ɝɚɡɚ ɢ ɩɨɜɟɪɯɧɨɫɬɶɸ ɬɜɟɪɞɨɝɨ ɬɟɥɚ. Эɬɨɬ ɩɪɨɰɟɫɫ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɬɟɩɥɨɨɛ-
ɦɟɧɚ ɧɚɡɵɜɚɸɬ ɤɨɧɜɟɤɬɢɜɧɨɣ ɬɟɩɥɨɨɬɞɚɱɟɣ ɢɥɢ ɩɪɨɫɬɨ ɬɟɩɥɨɨɬɞɚɱɟɣ.
Ɉɫɧɨɜɧɵɦɢ ɮɚɤɬɨɪɚɦɢ, ɜɥɢɹɸɳɢɦɢ ɧɚ ɩɪɨɰɟɫɫ ɬɟɩɥɨɨɬɞɚɱɢ ɹɜɥɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟμ
1). ɉɪɢɪɨɞɚ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɞɜɢɠɟɧɢɹ ɠɢɞɤɨɫɬɢ ɜɞɨɥɶ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɟɧɤɢ. 
ɋɚɦɨɩɪɨɢɡɜɨɥɶɧɨɟ ɞɜɢɠɟɧɢɟ ɠɢɞɤɨɫɬɢ (ɝɚɡɚ) ɜ ɩɨɥɟ ɬɹɠɟɫɬɢ, ɨɛɭɫɥɨɜɥɟɧɧɨɟ ɪɚɡɧɨɫɬɶɸ 
ɩɥɨɬɧɨɫɬɟɣ ɟё ɝɨɪɹɱɢɯ ɢ ɯɨɥɨɞɧɵɯ ɫɥɨɟɜ, ɧɚɡɵɜɚɸɬ ɫɜɨɛɨɞɧɵɦ ɞɜɢɠɟɧɢɟɦ (ɟɫɬɟɫɬɜɟɧɧɚɹ 
ɤɨɧɜɟɤɰɢɹ).
Ⱦɜɢɠɟɧɢɟ, ɫɨɡɞɚɜɚɟɦɨɟ ɜɫɥɟɞɫɬɜɢɟ ɪɚɡɧɨɫɬɢ ɞɚɜɥɟɧɢɣ, ɤɨɬɨɪɵɟ ɫɨɡɞɚɸɬɫɹ ɧɚɫɨɫɨɦ, ɜɟɧ-
ɬɢɥɹɬɨɪɨɦ ɢ ɞɪɭɝɢɦɢ ɭɫɬɪɨɣɫɬɜɚɦɢ, ɧɚɡɵɜɚɟɬɫɹ ɜɵɧɭɠɞɟɧɧɵɦ (ɜɵɧɭɠɞɟɧɧɚɹ ɤɨɧɜɟɤɰɢɹ).
2). Ɋɟɠɢɦ ɞɜɢɠɟɧɢɹ ɠɢɞɤɨɫɬɢ.
ɍɩɨɪɹɞɨɱɟɧɧɨɟ, ɫɥɨɢɫɬɨɟ, ɫɩɨɤɨɣɧɨɟ, ɛɟɡ ɩɭɥɶɫɚɰɢɣ ɞɜɢɠɟɧɢɟ ɧɚɡɵɜɚɟɬɫɹ ɥɚɦɢɧɚɪɧɵɦ.
Ȼɟɫɩɨɪɹɞɨɱɧɨɟ, ɯɚɨɬɢɱɟɫɤɨɟ, ɜɢɯɪɟɜɨɟ ɞɜɢɠɟɧɢɟ ɧɚɡɵɜɚɟɬɫɹ ɬɭɪɛɭɥɟɧɬɧɵɦ.
3). Ɏɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɠɢɞɤɨɫɬɟɣ ɢ ɝɚɡɨɜ.
Ȼɨɥɶɲɨɟ ɜɥɢɹɧɢɟ ɧɚ ɤɨɧɜɟɤɬɢɜɧɵɣ ɬɟɩɥɨɨɛɦɟɧ ɨɤɚɡɵɜɚɸɬ ɫɥɟɞɭɸɳɢɟ ɮɢɡɢɱɟɫɤɢɟ ɩɚɪɚ-

30



ɦɟɬɪɵμ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ (λ), ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ (ɫ), ɩɥɨɬɧɨɫɬɶ (ρ), ɤɨ-
ɷɮɮɢɰɢɟɧɬ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ (ɚ = Ȝ/Мɪ·ρ), ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɧɚɦɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ (ȝ) 
ɢɥɢ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ (Ȟ = ȝ/ρ), ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɨɛɴɟɦɧɨɝɨ ɪɚɫɲɢɪɟ-
ɧɢɹ (β = 1/Ɍ).
4). Ɏɨɪɦɚ (ɩɥɨɫɤɚɹ, ɰɢɥɢɧɞɪɢɱɟɫɤɚɹ), ɪɚɡɦɟɪɵ ɢ ɩɨɥɨɠɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ (ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ, 
ɜɟɪɬɢɤɚɥɶɧɚɹ).
10.2.Ɂɚɤɨɧ ɇɶɸɬɨɧɚ-Ɋɢɯɦɚɧɚ.
ɉɪɨɰɟɫɫ ɬɟɩɥɨɨɛɦɟɧɚ ɦɟɠɞɭ ɩɨɜɟɪɯɧɨɫɬɶɸ ɬɟɥɚ ɢ ɫɪɟɞɨɣ ɨɩɢɫɵɜɚɟɬɫɹ ɡɚɤɨɧɨɦ ɇɶɸɬɨɧɚ-
Ɋɢɯɦɚɧɚ, ɤɨɬɨɪɚɹ ɝɥɚɫɢɬ, ɱɬɨ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɩɟɪɟɞɚɜɚɟɦɚɹ ɤɨɧɜɟɤɬɢɜɧɵɦ ɬɟɩɥɨɨɛ-
ɦɟɧɨɦ ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɪɚɡɧɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɥɚ (t'ɫɬ) ɢ ɨɤɪɭɠɚɸɳɟɣ 
ɫɪɟɞɵ (t'ɠ):
Q = α·(t'ɫɬ - t'ɠ)·F , (10.1)
ɢɥɢ
q = α·(t'ɫɬ - t'ɠ) , (10.2)
ɝɞɟμ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ Дȼɬ/(ɦ2Ʉ)Ж, ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɬɟɩɥɨɨɛɦɟɧɚ 
ɦɟɠɞɭ ɩɨɜɟɪɯɧɨɫɬɶɸ ɬɟɥɚ ɢ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɨɣ.
Ɏɚɤɬɨɪɵ, ɤɨɬɨɪɵɟ ɜɥɢɹɸɬ ɧɚ ɩɪɨɰɟɫɫ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɬɟɩɥɨɨɛɦɟɧɚ, ɜɤɥɸɱɚɸɬ ɜ ɷɬɨɬ ɤɨ-
ɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ. Ɍɨɝɞɚ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɹɜɥɹɟɬɫɹ ɮɭɧɤɰɢɟɣ ɷɬɢɯ ɩɚɪɚ-
ɦɟɬɪɨɜ ɢ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɷɬɭ ɡɚɜɢɫɢɦɨɫɬɶ ɜ ɜɢɞɟ ɫɥɟɞɭɸɳɟɝɨ ɭɪɚɜɧɟɧɢɹμ
α = П1(ɏν Ɏν lo; xc; yc; zc; coν θν Ȝν ɚν ɫɪν ρν Ȟν β) , (10.3)
ɝɞɟμ ɏ  ɯɚɪɚɤɬɟɪ ɞɜɢɠɟɧɢɹ ɫɪɟɞɵ (ɫɜɨɛɨɞɧɚɹ, ɜɵɧɭɠɞɟɧɧɚɹ)ν
Ɏ  ɮɨɪɦɚ ɩɨɜɟɪɯɧɨɫɬɢ;
lo  ɯɚɪɚɤɬɟɪɧɵɣ ɪɚɡɦɟɪ ɩɨɜɟɪɯɧɨɫɬɢ (ɞɥɢɧɚ, ɜɵɫɨɬɚ, ɞɢɚɦɟɬɪ ɢ ɬ.ɞ.)ν
xc; yc; zc  ɤɨɨɪɞɢɧɚɬɵν
co  ɫɤɨɪɨɫɬɶ ɫɪɟɞɵ (ɠɢɞɤɨɫɬɶ, ɝɚɡ)ν
θ = (t'ɫɬ - t'ɠ)  ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪν
Ȝ  ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɫɪɟɞɵν
ɚ  ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɫɪɟɞɵν
ɫɪ ɢɡɨɛɚɪɧɚɹ ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɫɪɟɞɵν 
ρ ɩɥɨɬɧɨɫɬɶ ɫɪɟɞɵν
Ȟ  ɤɨɷɮɮɢɰɢɟɧɬ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɫɪɟɞɵν
β  ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɨɛɴɟɦɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɫɪɟɞɵ.
ɍɪɚɜɧɟɧɢɟ (10.3) ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɜɟɥɢɱɢɧɚ ɫɥɨɠɧɚɹ ɢ ɞɥɹ ɟё 
ɨɩɪɟɞɟɥɟɧɢɹ ɧɟɜɨɡɦɨɠɧɨ ɞɚɬɶ ɨɛɳɭɸ ɮɨɪɦɭɥɭ. ɉɨɷɬɨɦɭ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɬɟɩɥɨɨɬɞɚɱɢ ɩɪɢɦɟɧɹɸɬ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɣ ɦɟɬɨɞ ɢɫɫɥɟɞɨɜɚɧɢɹ.
Ⱦɨɫɬɨɢɧɫɬɜɨɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɦɟɬɨɞɚ ɹɜɥɹɟɬɫɹμ ɞɨɫɬɨɜɟɪɧɨɫɬɶ ɩɨɥɭɱɚɟɦɵɯ ɪɟɡɭɥɶɬɚ-
ɬɨɜν ɨɫɧɨɜɧɨɟ ɜɧɢɦɚɧɢɟ ɦɨɠɧɨ ɫɨɫɪɟɞɨɬɨɱɢɬɶ ɧɚ ɢɡɭɱɟɧɢɢ ɜɟɥɢɱɢɧ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ 
ɧɚɢɛɨɥɶɲɢɣ ɩɪɚɤɬɢɱɟɫɤɢɣ ɢɧɬɟɪɟɫ.
Ɉɫɧɨɜɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɷɬɨɝɨ ɦɟɬɨɞɚ ɹɜɥɹɟɬɫɹ, ɱɬɨ ɪɟɡɭɥɶɬɚɬɵ ɞɚɧɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɧɟ 
ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ, ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɞɪɭɝɨɦɭ ɹɜɥɟɧɢɸ, ɤɨɬɨɪɨɟ ɜ ɞɟɬɚɥɹɯ ɨɬɥɢɱɚ-
ɟɬɫɹ ɨɬ ɢɡɭɱɟɧɧɨɝɨ. ɉɨɷɬɨɦɭ ɜɵɜɨɞɵ, ɫɞɟɥɚɧɧɵɟ ɧɚ ɨɫɧɨɜɚɧɢɢ ɚɧɚɥɢɡɚ ɪɟɡɭɥɶɬɚɬɨɜ ɞɚɧɧɨ-
ɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɧɟ ɞɨɩɭɫɤɚɸɬ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɢɯ ɧɚ ɞɪɭɝɢɟ ɹɜɥɟ-
ɧɢɹ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɦ ɦɟɬɨɞɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɤɚɠɞɵɣ ɤɨɧɤɪɟɬɧɵɣ 
ɫɥɭɱɚɣ ɞɨɥɠɟɧ ɫɥɭɠɢɬɶ ɫɚɦɨɫɬɨɹɬɟɥɶɧɵɦ ɨɛɴɟɤɬɨɦ ɢɡɭɱɟɧɢɹ. 
10.3. Ʉɪɚɬɤɢɟ ɫɜɟɞɟɧɢɹ ɢɡ ɬɟɨɪɢɢ ɩɨɞɨɛɢɹ.
Ⱦɥɹ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɬɟɩɥɨɨɛɦɟɧɚ ɧɭɠɧɨ ɪɟɲɢɬɶ ɫɢ-
ɫɬɟɦɭ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ, ɫɨɫɬɨɹɳɭɸ ɢɡμ 
1). ɍɪɚɜɧɟɧɢɹ ɷɧɟɪɝɢɢ (ɡɚɤɨɧ ɫɨɯɪɚɧɟɧɢɹ ɷɧɟɪɝɢɢ)μ
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 ∂ ∂ ∂ ∂ ∂ ∂ ∂+ + = + + + ∂ ∂ ∂ ∂ ∂ ∂ ∂  , (10.4) 

2). ɍɪɚɜɧɟɧɢɹ ɞɜɢɠɟɧɢɹ (ɢɦɩɭɥɶɫɚ)μ
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, (10.5) 

3). ɍɪɚɜɧɟɧɢɹ ɧɟɪɚɡɪɵɜɧɨɫɬɢ (ɡɚɤɨɧ ɫɨɯɪɚɧɟɧɢɹ ɦɚɫɫɵ)μ

0yx z
ww w

x y z

∂∂ ∂+ + =∂ ∂ ∂ . (10.6) 

4). ɍɪɚɜɧɟɧɢɟ ɬɟɩɥɨɨɛɦɟɧɚ (ɭɫɥɨɜɢɟ ɬɟɩɥɨɨɛɦɟɧɚ ɧɚ ɝɪɚɧɢɰɟ ɬɜɟɪɞɨɝɨ ɬɟɥɚ ɢ ɫɪɟɞɵ)μ
α = -Ȝ/Δt·∂t/∂r n=0. (10.7)
Ⱦɚɧɧɵɟ ɭɪɚɜɧɟɧɢɹ ɡɚɩɢɫɚɧɵ ɞɥɹ ɧɟɫɠɢɦɚɟɦɨɣ ɠɢɞɤɨɫɬɢ (ρ = ɫШЧst).
Ɋɟɲɟɧɢɟ ɷɬɢɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɫɥɨɠɧɚɹ ɢ ɬɪɭɞɨɟɦɤɚɹ ɡɚɞɚɱɚ, ɢ ɨɧɚ ɜɨɡɦɨɠ-
ɧɚ ɩɪɢ ɨɝɪɚɧɢɱɟɧɧɵɯ ɩɪɨɫɬɵɯ ɫɥɭɱɚɟɜ. ɉɨɷɬɨɦɭ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɬɟɩɥɨ-
ɨɛɦɟɧɚ ɩɪɢɦɟɧɹɸɬ ɦɟɬɨɞ ɬɟɨɪɢɢ ɩɨɞɨɛɢɹ.
Ɍɟɨɪɢɹ ɩɨɞɨɛɢɹ  ɷɬɨ ɧɚɭɤɚ ɨ ɩɨɞɨɛɧɵɯ ɹɜɥɟɧɢɹɯ. ɉɨɞɨɛɧɵɦɢ ɹɜɥɟɧɢɹɦɢ ɧɚɡɵɜɚɸɬɫɹ ɬɚɤɢɟ 
ɮɢɡɢɱɟɫɤɢɟ ɹɜɥɟɧɢɹ, ɤɨɬɨɪɵɟ ɨɞɢɧɚɤɨɜɵ ɤɚɱɟɫɬɜɟɧɧɨ ɩɨ ɮɨɪɦɟ ɢ ɩɨ ɫɨɞɟɪɠɚɧɢɸ, ɬ.ɟ. 
ɢɦɟɸɬ ɨɞɧɭ ɮɢɡɢɱɟɫɤɭɸ ɩɪɢɪɨɞɭ, ɪɚɡɜɢɜɚɸɬɫɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɨɞɢɧɚɤɨɜɵɯ ɫɢɥ ɢ ɨɩɢɫɵ-
ɜɚɸɬɫɹ ɨɞɢɧɚɤɨɜɵɦɢ ɩɨ ɮɨɪɦɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɦɢ ɭɪɚɜɧɟɧɢɹɦɢ ɢ ɤɪɚɟɜɵɦɢ ɭɫɥɨɜɢɹɦɢ.
Ɉɛɹɡɚɬɟɥɶɧɵɦ ɭɫɥɨɜɢɟɦ ɩɨɞɨɛɢɹ ɮɢɡɢɱɟɫɤɢɯ ɹɜɥɟɧɢɣ ɞɨɥɠɧɨ ɛɵɬɶ ɝɟɨɦɟɬɪɢɱɟɫɤɨɟ ɩɨɞɨ-
ɛɢɟ ɫɢɫɬɟɦ, ɝɞɟ ɷɬɢ ɹɜɥɟɧɢɹ ɩɪɨɬɟɤɚɸɬ. Ⱦɜɚ ɮɢɡɢɱɟɫɤɢɯ ɹɜɥɟɧɢɹ ɛɭɞɭɬ ɩɨɞɨɛɧɵ ɥɢɲɶ ɜ 
ɬɨɦ ɫɥɭɱɚɟ, ɟɫɥɢ ɛɭɞɭɬ ɩɨɞɨɛɧɵ ɜɫɟ ɜɟɥɢɱɢɧɵ, ɤɨɬɨɪɵɟ ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɢɯ.
Ⱦɥɹ ɜɫɟɯ ɩɨɞɨɛɧɵɯ ɫɢɫɬɟɦ ɫɭɳɟɫɬɜɭɸɬ ɛɟɡɪɚɡɦɟɪɧɵɟ ɤɨɦɩɥɟɤɫɵ ɜɟɥɢɱɢɧ, ɤɨɬɨɪɵɟ ɧɚɡɵ-
ɜɚɸɬɫɹ ɤɪɢɬɟɪɢɹɦɢ ɩɨɞɨɛɢɹ.
Ɉɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ ɬɟɨɪɢɢ ɩɨɞɨɛɢɹ ɮɨɪɦɭɥɢɪɭɸɬ ɜ ɜɢɞɟ 3-ɯ ɬɟɨɪɟɦ ɩɨɞɨɛɢɹ.
1 ɬɟɨɪɟɦɚμ ɉɨɞɨɛɧɵɟ ɹɜɥɟɧɢɹ ɢɦɟɸɬ ɨɞɢɧɚɤɨɜɵɟ ɤɪɢɬɟɪɢɢ ɩɨɞɨɛɢɹ.
2 ɬɟɨɪɟɦɚμ Ʌɸɛɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ ɩɟɪɟɦɟɧɧɵɦɢ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹ ɤɚɤɢɟ-ɥɢɛɨ ɹɜɥɟ-
ɧɢɹ, ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɚ, ɜ ɮɨɪɦɟ ɡɚɜɢɫɢɦɨɫɬɢ ɦɟɠɞɭ ɤɪɢɬɟɪɢɹɦɢ ɩɨɞɨɛɢɹ, ɫɨɫɬɚɜ-
ɥɟɧɧɵɦɢ ɢɡ ɷɬɢɯ ɩɟɪɟɦɟɧɧɵɯ, ɤɨɬɨɪɚɹ ɛɭɞɟɬ ɧɚɡɵɜɚɬɶɫɹ ɤɪɢɬɟɪɢɚɥɶɧɵɦ ɭɪɚɜɧɟɧɢɟɦ.
3 ɬɟɨɪɟɦɚ: Ⱦɜɚ ɹɜɥɟɧɢɹ ɩɨɞɨɛɧɵ, ɟɫɥɢ ɨɧɢ ɢɦɟɸɬ ɩɨɞɨɛɧɵɟ ɭɫɥɨɜɢɹ ɨɞɧɨɡɧɚɱɧɨɫɬɢ ɢ 
ɱɢɫɥɟɧɧɨ ɨɞɢɧɚɤɨɜɵɟ ɨɩɪɟɞɟɥɹɸɳɢɟ ɤɪɢɬɟɪɢɢ ɩɨɞɨɛɢɹ.
ɍɫɥɨɜɢɹɦɢ ɨɞɧɨɡɧɚɱɧɨɫɬɢ ɹɜɥɹɸɬɫɹμ

• ɧɚɥɢɱɢɟ ɝɟɨɦɟɬɪɢɱɟɫɤɨɝɨ ɩɨɞɨɛɢɹ ɫɢɫɬɟɦν
• ɧɚɥɢɱɢɟ ɨɞɢɧɚɤɨɜɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣν
• ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɟɞɢɧɫɬɜɟɧɧɨɝɨ ɪɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɹ ɩɪɢ ɡɚɞɚɧɧɵɯ ɝɪɚ-

ɧɢɱɧɵɯ ɭɫɥɨɜɢɹɯν
• ɢɡɜɟɫɬɧɵ ɱɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɢ ɮɢɡɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬ-

ɪɨɜ.

10.4. Ʉɪɢɬɟɪɢɚɥɶɧɵɟ ɭɪɚɜɧɟɧɢɹ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɬɟɩɥɨɨɛɦɟɧɚ.
ɂɫɩɨɥɶɡɭɹ ɬɟɨɪɢɸ ɩɨɞɨɛɢɹ ɢɡ ɫɢɫɬɟɦɵ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ 10.4, 10.λ, 10.10 ɢ 
10.11 ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɭɪɚɜɧɟɧɢɟ ɬɟɩɥɨɨɬɞɚɱɢ (10.3) ɞɥɹ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɬɟɩɥɨɨɛɦɟɧɚ ɜ 
ɫɥɭɱɚɟ ɨɬɫɭɬɫɬɜɢɹ ɜɧɭɬɪɟɧɧɢɯ ɢɫɬɨɱɧɢɤɨɜ ɬɟɩɥɚ ɜ ɫɥɟɞɭɸɳɟɦ ɤɪɢɬɟɪɢɚɥɶɧɨɣ ɮɨɪɦɟ:
Nu = f2(ɏ; Ɏ; X0; Y0; Z0; Re; Gr; Pr) , (10.12)
ɝɞɟμ Б0; Y0; Z0  ɛɟɡɪɚɡɦɟɪɧɵɟ ɤɨɨɪɞɢɧɚɬɵν
Nu = α ·l0/Ȝ - ɤɪɢɬɟɪɢɣ ɇɭɫɫɟɥɶɬɚ (ɛɟɡɪɚɡɦɟɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ), ɯɚɪɚɤɬɟɪɢ-
ɡɭɟɬ ɬɟɩɥɨɨɛɦɟɧ ɦɟɠɞɭ ɩɨɜɟɪɯɧɨɫɬɶɸ ɫɬɟɧɤɢ ɢ ɠɢɞɤɨɫɬɶɸ (ɝɚɡɨɦ)ν
Re = c·l0/Ȟ - ɤɪɢɬɟɪɢɣ Ɋɟɣɧɨɥɶɞɫɚ, ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɫɨɨɬɧɨɲɟɧɢɟ ɫɢɥ ɢɧɟɪɰɢɢ ɢ ɜɹɡɤɨɫɬɢ ɢ 
ɨɩɪɟɞɟɥɹɟɬ ɯɚɪɚɤɬɟɪ ɬɟɱɟɧɢɹ ɠɢɞɤɨɫɬɢ (ɝɚɡɚ)ν
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Gr = (β·Р·l0
3·Δt)/Ȟ2 - ɤɪɢɬɟɪɢɣ Ƚɪɚɫɝɨɮɚ, ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɩɨɞɶɟɦɧɭɸ ɫɢɥɭ, ɜɨɡɧɢɤɚɸɳɭɸ ɜ 

ɠɢɞɤɨɫɬɢ (ɝɚɡɟ) ɜɫɥɟɞɫɬɜɢɟ ɪɚɡɧɨɫɬɢ ɩɥɨɬɧɨɫɬɟɣν
Pr = Ȟ/ɚ = (ȝ·cp)/Ȝ - ɤɪɢɬɟɪɢɣ ɉɪɚɧɞɬɥɹ, ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɠɢɞɤɨɫɬɢ (ɝɚ-
ɡɚ)ν
l0  ɨɩɪɟɞɟɥɹɸɳɢɣ ɪɚɡɦɟɪ (ɞɥɢɧɚ, ɜɵɫɨɬɚ, ɞɢɚɦɟɬɪ).
10.5. Ɋɚɫɱɟɬɧɵɟ ɮɨɪɦɭɥɵ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɬɟɩɥɨɨɛɦɟɧɚ.
ɉɪɢɜɟɞɟɦ ɧɟɤɨɬɨɪɵɟ ɨɫɧɨɜɧɵɟ ɪɚɫɱɟɬɧɵɟ ɮɨɪɦɭɥɵ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɬɟɩɥɨɨɛɦɟɧɚ (ɚɤɚɞɟ-
ɦɢɤɚ Ɇ.Ⱥ.Ɇɢɯɟɟɜɚ), ɤɨɬɨɪɵɟ ɞɚɧɵ ɞɥɹ ɫɪɟɞɧɢɯ ɡɧɚɱɟɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɟɩɥɨɨɬɞɚɱɢ ɩɨ 
ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɟɧɤɢ. 

1. ɋɜɨɛɨɞɧɚɹ ɤɨɧɜɟɤɰɢɹ ɜ ɧɟɨɝɪɚɧɢɱɟɧɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ.
ɚ). Ƚɨɪɢɡɨɧɬɚɥɶɧɚɹ ɬɪɭɛɚ ɞɢɚɦɟɬɪɨɦ Н ɩɪɢ 103<(Gr·Pr)ɠН <108.

NuɠНɫɪ. = 0,5·(GrɠН Pr ɠ)0,25 (Pr ɠ/Prɫɬ)0,25. (10.13) 
ɛ). ȼɟɪɬɢɤɚɥɶɧɚɹ ɬɪɭɛɚ ɢ ɩɥɚɫɬɢɧɚ:
1). ɥɚɦɢɧɚɪɧɨɟ ɬɟɱɟɧɢɟ - 103<(Gr Pr)ɠ <109:

NuɠНɫɪ. = 0,75· (GrɠН ·Pr ɠ)0,25·(Pr ɠ/Prɫɬ)0,25. (10.14) 
2). ɬɭɪɛɭɥɟɧɬɧɨɟ ɬɟɱɟɧɢɟ - (Gr Pr)ɠ > 109:

NuɠНɫɪ. = 0,15·(GrɠН Pr ɠ)0,33 (Pr ɠ/Prɫɬ)0,25. (10.15) 
Ɂɞɟɫɶ ɡɧɚɱɟɧɢɹ GrɠН ɢ Pr ɠ ɛɟɪɭɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɠɢɞɤɨɫɬɢ (ɝɚɡɚ), ɚ Prɫɬ ɩɪɢ ɬɟɦɩɟɪɚɬɭ-
ɪɟ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɟɧɤɢ.
Ⱦɥɹ ɜɨɡɞɭɯɚ Pr ɠ/Prɫɬ = 1 ɢ ɮɨɪɦɭɥɵ (10.13-10.15) ɭɩɪɨɳɚɸɬɫɹ.
2. Вɵɧɭɠɞɟɧɧɚɹ ɤɨɧɜɟɤɰɢɹ.
Ɋɟɠɢɦ ɬɟɱɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɜɟɥɢɱɢɧɟ RО.
ɚ). Ɍɟɱɟɧɢɟ ɠɢɞɤɨɫɬɢ ɜ ɝɥɚɞɤɢɯ ɬɪɭɛɚɯ ɤɪɭɝɥɨɝɨ ɫɟɱɟɧɢɹ.
1). ɥɚɦɢɧɚɪɧɨɟ ɬɟɱɟɧɢɟ  RО < 2100
NuɠНɫɪ. = 0,15·ReɠН

0,33·Prɠ
0,33·(GrɠН·Prɠ)0,1·(Prɠ/Prɫɬ)0,25·İl , (10.16)

ɝɞɟ İl - ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɢɡɦɟɧɟɧɢɟ ɫɪɟɞɧɟɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱɢ ɩɨ 
ɞɥɢɧɟ ɬɪɭɛɵ ɢ ɡɚɜɢɫɢɬ ɨɬ ɨɬɧɨɲɟɧɢɹ ɞɥɢɧɵ ɬɪɭɛɵ ɤ ɟɝɨ ɞɢɚɦɟɬɪɭ (l/Н). Ɂɧɚɱɟɧɢɹ ɷɬɨɝɨ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 10.1.
Ɍɚɛɥɢɰɚ 10.1.
Ɂɧɚɱɟɧɢɟ İl ɩɪɢ ɥɚɦɢɧɚɪɧɨɦ ɪɟɠɢɦɟ.

l/d 1 2 5 10 15 20 30 40 50 

İl 1,9 1,7 1,44 1,28 1,18 1,13 1,05 1,02 1,0

2). ɩɟɪɟɯɨɞɧɨɣ ɪɟɠɢɦ  2100 < Re < 104

NuɠНɫɪ. = Ʉ0·Prɠ
0,43·(Prɠ/Prɫɬ)0,25·İl . (10.17)

Ʉɨɷɮɮɢɰɢɟɧɬ Ʉ0 ɡɚɜɢɫɢɬ ɨɬ ɤɪɢɬɟɪɢɹ Ɋɟɣɧɨɥɶɞɫɚ RО ɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 10.2.
Ɍɚɛɥɢɰɚ 10.2.
Ɂɧɚɱɟɧɢɟ Ʉ0 .

Re·104 2,1 2,2 2,3 2,4 2,5 3 4 5 6 8 10 

Ʉ0 1,9 2,2 3,3 3,8 4,4 6,0 10,3 15,5 19,5 27,0 33,3 

3). ɬɭɪɛɭɥɟɧɬɧɨɟ ɬɟɱɟɧɢɟ  Re = 104

NuɠНɫɪ. = 0,021·ReɠН
0,8·Prɠ

0,43·(Prɠ/Prɫɬ)0,25·İl. (10.18)
Ɍɚɛɥɢɰɚ 10.3.
Ɂɧɚɱɟɧɢɟ İl ɩɪɢ ɬɭɪɛɭɥɟɧɬɧɨɦ ɪɟɠɢɦɟ.

l/d 

Re = 2·103 Re = 2·104 Re = 2·105 

1 1,9 1,51 1,28 

2 1,70 1,40 1,22 
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5 1,44 1,27 1,15 

10 1,28 1,18 1,10 

15 1,18 1,13 1,08 

20 1,13 1,11 1,06 

30 1,05 1,05 1,03 

40 1,02 1,02 1,02 

50 1,00 1,00 1,00 

ɛ).Ɉɛɬɟɤɚɧɢɟ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ.
1). ɥɚɦɢɧɚɪɧɨɟ ɬɟɱɟɧɢɟ  RО < 4·104

NuɠНɫɪ. = 0,66·ReɠН
0,5·Prɠ

0,33 ·(Prɠ/Prɫɬ)0,25. (10.19) 
2). ɬɭɪɛɭɥɟɧɬɧɨɟ ɬɟɱɟɧɢɟ  Re > 4·104

NuɠНɫɪ. = 0,037·ReɠН
0,5·Prɠ

0,33 ·(Prɠ/Prɫɬ)0,25
 . (10.20) 

ɜ). ɉɨɩɟɪɟɱɧɨɟ ɨɛɬɟɤɚɧɢɟ ɨɞɢɧɨɱɧɨɣ ɬɪɭɛɵ (ɭɝɨɥ ɚɬɚɤɢ ϕ = 900).

1). ɩɪɢ RОɠН = 5·103

NuɠНɫɪ. = 0,57·Reɠ
0,5·Prɠ

0,38 ·(Prɠ/Prɫɬ)0,25
 . (10.21) 

2). ɩɪɢ RОɠН = 103 - 2·105

NuɠНɫɪ. = 0,25 Reɠ
0,6·Prɠ

0,38 ·(Prɠ/Prɫɬ)0,25. (10.22) 

Ɍɟɦɚ 11. Ɍɟɩɥɨɜɨɟ ɢɡɥɭɱɟɧɢɟ.
11.1. Ɉɛɳɢɟ ɫɜɟɞɟɧɢɹ ɨ ɬɟɩɥɨɜɨɦ ɢɡɥɭɱɟɧɢɢ.
Ʌɭɱɢɫɬɚɹ ɷɧɟɪɝɢɹ ɜɨɡɧɢɤɚɟɬ ɡɚ ɫɱɟɬ ɷɧɟɪɝɢɢ ɞɪɭɝɢɯ ɜɢɞɨɜ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɥɨɠɧɵɯ ɦɨɥɟɤɭ-
ɥɹɪɧɵɯ ɢ ɜɧɭɬɪɢɚɬɨɦɧɵɯ ɩɪɨɰɟɫɫɨɜ. ɉɪɢɪɨɞɚ ɜɫɟɯ ɥɭɱɟɣ ɨɞɢɧɚɤɨɜɚ. Ɉɧɢ ɩɪɟɞɫɬɚɜɥɹɸɬ 
ɫɨɛɨɣ ɪɚɫɩɪɨɫɬɪɚɧɹɸɳɢɟɫɹ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɟ ɜɨɥɧɵ. ɂɫɬɨɱɧɢɤɨɦ ɬɟɩɥɨ-
ɜɨɝɨ ɢɡɥɭɱɟɧɢɹ ɹɜɥɹɟɬɫɹ ɜɧɭɬɪɟɧɧɹɹ ɷɧɟɪɝɢɹ ɧɚɝɪɟɬɨɝɨ ɬɟɥɚ. Ʉɨɥɢɱɟɫɬɜɨ ɥɭɱɢɫɬɨɣ ɷɧɟɪ-
ɝɢɢ ɜ ɨɫɧɨɜɧɨɦ ɡɚɜɢɫɢɬ ɨɬ ɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɢɡɥɭɱɚɸɳɟɝɨ ɬɟɥɚ. Эɥɟɤ-
ɬɪɨɦɚɝɧɢɬɧɵɟ ɜɨɥɧɵ ɪɚɡɥɢɱɚɸɬɫɹ ɦɟɠɞɭ ɫɨɛɨɣ ɞɥɢɧɨɣ ɜɨɥɧɵ 
ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɞɥɢɧɵ ɜɨɥɧɵ λ ɥɭɱɢ ɨɛɥɚɞɚɸɬ ɪɚɡɥɢɱɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ. ɇɚɢɦɟɧɶɲɟɣ 
ɞɥɢɧɨɣ ɜɨɥɧɵ ɨɛɥɚɞɚɸɬ ɤɨɫɦɢɱɟɫɤɢɟ ɥɭɱɢ λ = (0,1  10)ɨȺ (ɝɞɟ ɨȺ – ɚɧɝɫɬɪɟɦ, ɟɞɢɧɢɰɚ 
ɞɥɢɧɵ, 1ɨȺ = 10-10ɦ). Ƚɚɦɦɚ-ɥɭɱɢ, ɢɫɩɭɫɤɚɟɦɵɟ ɪɚɞɢɨɚɤɬɢɜɧɵɦɢ ɜɟɳɟɫɬɜɚɦɢ, ɢɦɟɸɬ ɞɥɢ-
ɧɭ ɜɨɥɧɵ ɞɨ 10ɨȺ ν ɥɭɱɢ Ɋɟɧɬɝɟɧɚ  λ = (10-200) ɨȺν ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɵɟ ɥɭɱɢ ɥ = (200ɨȺ - 0,4
ɦɤ (ɦɤ – ɦɢɤɪɨɧ, 1 ɦɤ – 0,001 ɦɦ), ɫɜɟɬɨɜɵɟ ɥɭɱɢ λ = (0,4-0,8) ɦɤ, ɢɧɮɪɚɤɪɚɫɧɵɟ ɢɥɢ ɬɟɩ-
ɥɨɜɵɟ ɥɭɱɢ  λ = (0,8  400) ɦɤ, ɪɚɞɢɨ ɢɥɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɟ ɥɭɱɢ - λ > 400 ɦɤ. ɂɡ ɜɫɟɯ ɥɭ-
ɱɟɣ ɧɚɢɛɨɥɶɲɢɣ ɢɧɬɟɪɟɫ ɞɥɹ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɬɟɩɥɨɜɵɟ ɥɭɱɢ ɫ λ = (0,8  40)
ɦɤ.
Ʌɭɱɟɢɫɩɭɫɤɚɧɢɟ ɫɜɨɣɫɬɜɟɧɧɨ ɜɫɟɦ ɬɟɥɚɦ, ɢ ɤɚɠɞɨɟ ɢɡ ɧɢɯ ɢɡɥɭɱɚɟɬ ɢ ɩɨɝɥɨɳɚɟɬ ɷɧɟɪɝɢɸ 
ɧɟɩɪɟɪɵɜɧɨ, ɟɫɥɢ ɬɟɦɩɟɪɚɬɭɪɚ ɟɝɨ ɧɟ ɪɚɜɧɚ 0°Ʉ. ɉɪɢ ɨɞɢɧɚɤɨɜɵɯ ɢɥɢ ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚ-
ɬɭɪɚɯ ɦɟɠɞɭ ɬɟɥɚɦɢ, ɪɚɫɩɨɥɨɠɟɧɧɵɦɢ ɤɚɤ ɭɝɨɞɧɨ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ, ɫɭɳɟɫɬɜɭɟɬ ɧɟɩɪɟɪɵɜ-
ɧɵɣ ɥɭɱɢɫɬɵɣ ɬɟɩɥɨɨɛɦɟɧ.
ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɪɚɜɧɨɜɟɫɢɢ ɬɟɥ ɤɨɥɢɱɟɫɬɜɨ ɨɬɞɚɜɚɟɦɨɣ ɥɭɱɢɫɬɨɣ ɷɧɟɪɝɢɢ ɛɭɞɟɬ ɪɚɜɧɨ 
ɤɨɥɢɱɟɫɬɜɭ ɩɨɝɥɨɳɚɟɦɨɣ ɥɭɱɢɫɬɨɣ ɷɧɟɪɝɢɢ. ɋɩɟɤɬɪ ɢɡɥɭɱɟɧɢɹ ɛɨɥɶɲɢɧɫɬɜɚ ɬɜɟɪɞɵɯ ɢ 
ɠɢɞɤɢɯ ɬɟɥ ɧɟɩɪɟɪɵɜɟɧ. Эɬɢ ɬɟɥɚ ɢɫɩɭɫɤɚɸɬ ɥɭɱɢ ɜɫɟɯ ɞɥɢɧ ɜɨɥɧ ɨɬ ɦɚɥɵɯ ɞɨ ɛɨɥɶɲɢɯ.
ɋɩɟɤɬɪ ɢɡɥɭɱɟɧɢɹ ɝɚɡɨɜ ɢɦɟɟɬ ɥɢɧɟɣɱɚɬɵɣ ɯɚɪɚɤɬɟɪ. Ƚɚɡɵ ɢɫɩɭɫɤɚɸɬ ɥɭɱɢ ɧɟ ɜɫɟɯ ɞɥɢɧ 
ɜɨɥɧ. Ɍɚɤɨɟ ɢɡɥɭɱɟɧɢɟ ɧɚɡɵɜɚɟɬɫɹ ɫɟɥɟɤɬɢɜɧɵɦ (ɢɡɛɢɪɚɬɟɥɶɧɵɦ). ɂɡɥɭɱɟɧɢɟ ɝɚɡɨɜ ɧɨɫɢɬ 
ɨɛɴɟɦɧɵɣ ɯɚɪɚɤɬɟɪ.
ɋɭɦɦɚɪɧɨɟ ɢɡɥɭɱɟɧɢɟ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɥɚ ɩɨ ɜɫɟɦ ɧɚɩɪɚɜɥɟɧɢɹɦ ɩɨɥɭɫɮɟɪɢɱɟɫɤɨɝɨ ɩɪɨ-
ɫɬɪɚɧɫɬɜɚ ɢ ɩɨ ɜɫɟɦ ɞɥɢɧɚɦ ɜɨɥɧ ɫɩɟɤɬɪɚ ɧɚɡɵɜɚɟɬɫɹ ɢɧɬɟɝɪɚɥɶɧɵɦ ɢɥɢ ɩɨɥɧɵɦ ɥɭɱɢ-
ɫɬɵɦ ɩɨɬɨɤɨɦ (Q).
ɂɧɬɟɝɪɚɥɶɧɵɣ ɥɭɱɢɫɬɵɣ ɩɨɬɨɤ, ɢɡɥɭɱɚɟɦɵɣ ɟɞɢɧɢɰɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨ ɜɫɟɦ ɧɚɩɪɚɜɥɟɧɢɹɦ, 
ɧɚɡɵɜɚɟɬɫɹ ɢɡɥɭɱɚɬɟɥɶɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ ɬɟɥɚ ɢ ɨɛɨɡɧɚɱɚɟɬɫɹ
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ȿ = НQ / НF , Дɜɬ/ɦ2] (11.1)
ɝɞɟ НQ - ɷɥɟɦɟɧɬɚɪɧɵɣ ɥɭɱɢɫɬɵɣ ɩɨɬɨɤ, ɢɫɩɭɫɤɚɟɦɵɣ ɷɥɟɦɟɧɬɨɦ
ɩɨɜɟɪɯɧɨɫɬɢ НF.
Ʉɚɠɞɨɟ ɬɟɥɨ ɫɩɨɫɨɛɧɨ ɧɟ ɬɨɥɶɤɨ ɢɡɥɭɱɚɬɶ, ɧɨ ɢ ɨɬɪɚɠɚɬɶ, ɩɨɝɥɨɳɚɬɶ ɢ ɩɪɨɩɭɫɤɚɬɶ ɱɟɪɟɡ 
ɫɟɛɹ ɩɚɞɚɸɳɢɟ ɥɭɱɢ ɨɬ ɞɪɭɝɨɝɨ ɬɟɥɚ. ȿɫɥɢ ɨɛɨɡɧɚɱɢɬɶ ɨɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɥɭɱɢɫɬɨɣ ɷɧɟɪ-
ɝɢɢ, ɩɚɞɚɸɳɟɣ ɧɚ ɬɟɥɨ, ɱɟɪɟɡ Q, ɬɨ ɱɚɫɬɶ ɷɧɟɪɝɢɢ, ɪɚɜɧɚɹ Ⱥ, ɩɨɝɥɨɬɢɬɫɹ ɬɟɥɨɦ, ɱɚɫɬɶ, ɪɚɜ-
ɧɚɹ R, ɨɬɪɚɡɢɬɫɹ, ɚ ɱɚɫɬɶ, ɪɚɜɧɚɹ D, ɩɪɨɣɞɟɬ ɫɤɜɨɡɶ ɬɟɥɨ. Ɉɬɫɸɞɚ
Q = QA + QR + QD , (11.2) 
ɢɥɢ
A + R + D = 1. (11.3) 
ȼɟɥɢɱɢɧɭ Ⱥ ɧɚɡɵɜɚɸɬ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɩɨɝɥɨɳɟɧɢɹ. Ɉɧ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɬɧɨɲɟɧɢɟ 
ɩɨɝɥɨɳɟɧɧɨɣ ɥɭɱɢɫɬɨɣ ɷɧɟɪɝɢɢ ɤɨ ɜɫɟɣ ɥɭɱɢɫɬɨɣ ɷɧɟɪɝɢɢ, ɩɚɞɚɸɳɟɣ ɧɚ ɬɟɥɨ. ȼɟɥɢɱɢɧɭ R 
ɧɚɡɵɜɚɸɬ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɨɬɪɚɠɟɧɢɹ. R ɟɫɬɶ ɨɬɧɨɲɟɧɢɟ ɨɬɪɚɠɟɧɧɨɣ ɥɭɱɢɫɬɨɣ ɷɧɟɪɝɢɢ 
ɤɨ ɜɫɟɣ ɩɚɞɚɸɳɟɣ. ȼɟɥɢɱɢɧɭ D ɧɚɡɵɜɚɸɬ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɩɪɨɧɢɰɚɟɦɨɫɬɢ. D ɟɫɬɶ ɨɬɧɨ-
ɲɟɧɢɟ ɩɪɨɲɟɞɲɟɣ ɫɤɜɨɡɶ ɬɟɥɨ ɥɭɱɢɫɬɨɣ ɷɧɟɪɝɢɢ ɤɨ ɜɫɟɣ ɥɭɱɢɫɬɨɣ ɷɧɟɪɝɢɢ, ɩɚɞɚɸɳɟɣ ɧɚ 
ɬɟɥɨ. Ⱦɥɹ ɛɨɥɶɲɢɧɫɬɜɚ ɬɜɟɪɞɵɯ ɬɟɥ, ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɩɪɨɩɭɫɤɚɸɳɢɯ ɫɤɜɨɡɶ ɫɟɛɹ ɥɭɱɢɫɬɭɸ 
ɷɧɟɪɝɢɸ, Ⱥ + R = 1.
ȿɫɥɢ ɩɨɜɟɪɯɧɨɫɬɶ ɩɨɝɥɨɳɚɟɬ ɜɫɟ ɩɚɞɚɸɳɢɟ ɧɚ ɧɟɟ ɥɭɱɢ, ɬ. ɟ. Ⱥ = 1, R = 0 ɢ D = 0, ɬɨ ɬɚɤɭɸ 
ɩɨɜɟɪɯɧɨɫɬɶ ɧɚɡɵɜɚɸɬ ɚɛɫɨɥɸɬɧɨ ɱɟɪɧɨɣ. ȿɫɥɢ ɩɨɜɟɪɯɧɨɫɬɶ ɨɬɪɚɠɚɟɬ ɩɨɥɧɨɫɬɶɸ ɜɫɟ ɩɚ-
ɞɚɸɳɢɟ ɧɚ ɧɟɟ ɥɭɱɢ, ɬɨ ɬɚɤɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɧɚɡɵɜɚɸɬ ɚɛɫɨɥɸɬɧɨ ɛɟɥɨɣ. ɉɪɢ ɷɬɨɦ R = 1, Ⱥ 
= Ɉ, D = 0. ȿɫɥɢ ɬɟɥɨ ɚɛɫɨɥɸɬɧɨ ɩɪɨɧɢɰɚɟɦɨ ɞɥɹ ɬɟɩɥɨɜɵɯ ɥɭɱɟɣ, ɬɨ D = 1, R = 0 ɢ A = 0. 
ȼ ɩɪɢɪɨɞɟ ɚɛɫɨɥɸɬɧɨ ɱɟɪɧɵɯ, ɛɟɥɵɯ ɢ ɩɪɨɡɪɚɱɧɵɯ ɬɟɥ ɧɟ ɫɭɳɟɫɬɜɭɟɬ, ɬɟɦ ɧɟ ɦɟɧɟɟ ɩɨɧɹ-
ɬɢɟ ɨ ɧɢɯ ɹɜɥɹɟɬɫɹ ɨɱɟɧɶ ɜɚɠɧɵɦ ɞɥɹ ɫɪɚɜɧɟɧɢɹ ɫ ɪɟɚɥɶɧɵɦɢ ɩɨɜɟɪɯɧɨɫɬɹɦɢ.
Ʉɜɚɪɰ ɞɥɹ ɬɟɩɥɨɜɵɯ ɥɭɱɟɣ ɧɟɩɪɨɡɪɚɱɟɧ, ɚ ɞɥɹ ɫɜɟɬɨɜɵɯ ɢ ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɵɯ ɥɭɱɟɣ ɩɪɨ-
ɡɪɚɱɟɧ. Ʉɚɦɟɧɧɚɹ ɫɨɥɶ ɩɪɨɡɪɚɱɧɚ ɞɥɹ ɬɟɩɥɨɜɵɯ ɥɭɱɟɣ ɢ ɧɟɩɪɨɡɪɚɱɧɚ ɞɥɹ ɭɥɶɬɪɚɮɢɨɥɟɬɨ-
ɜɵɯ ɥɭɱɟɣ. Ɉɤɨɧɧɨɟ ɫɬɟɤɥɨ ɩɪɨɡɪɚɱɧɨ ɞɥɹ ɫɜɟɬɨɜɵɯ ɥɭɱɟɣ, ɚ ɞɥɹ ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɵɯ ɢ ɬɟɩ-
ɥɨɜɵɯ ɩɨɱɬɢ ɧɟɩɪɨɡɪɚɱɧɨ. Ȼɟɥɚɹ ɩɨɜɟɪɯɧɨɫɬɶ (ɬɤɚɧɶ, ɤɪɚɫɤɚ) ɯɨɪɨɲɨ ɨɬɪɚɠɚɟɬ ɥɢɲɶ ɜɢ-
ɞɢɦɵɟ ɥɭɱɢ, ɚ ɬɟɩɥɨɜɵɟ ɥɭɱɢ ɩɨɝɥɨɳɚɟɬ ɬɚɤɠɟ ɯɨɪɨɲɨ, ɤɚɤ ɢ ɬɟɦɧɚɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɫɜɨɣɫɬɜɨ ɬɟɥ ɩɨɝɥɨɳɚɬɶ ɢɥɢ ɨɬɪɚɠɚɬɶ ɬɟɩɥɨɜɵɟ ɥɭɱɢ ɡɚɜɢɫɹɬ ɜ ɨɫɧɨɜɧɨɦ ɨɬ ɫɨɫɬɨɹɧɢɹ ɩɨ-
ɜɟɪɯɧɨɫɬɢ, ɚ ɧɟ ɨɬ ɟɟ ɰɜɟɬɚ.
ȿɫɥɢ ɩɨɜɟɪɯɧɨɫɬɶ ɨɬɪɚɠɚɟɬ ɥɭɱɢ ɩɨɞ ɬɟɦ ɠɟ ɭɝɥɨɦ, ɩɨɞ ɤɨɬɨɪɵɦ ɨɧɢ ɩɚɞɚɸɬ ɧɚ ɧɟɟ, ɬɨ 
ɬɚɤɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɧɚɡɵɜɚɸɬ ɡɟɪɤɚɥɶɧɨɣ. ȿɫɥɢ ɩɚɞɚɸɳɢɣ ɥɭɱ ɩɪɢ ɨɬɪɚɠɟɧɢɢ ɪɚɫɳɟɩɥɹ-
ɟɬɫɹ ɧɚ ɦɧɨɠɟɫɬɜɨ ɥɭɱɟɣ, ɢɞɭɳɢɯ ɩɨ ɜɫɟɜɨɡɦɨɠɧɵɦ ɧɚɩɪɚɜɥɟɧɢɹɦ, ɬɨ ɬɚɤɨɟ ɨɬɪɚɠɟɧɢɟ 
ɧɚɡɵɜɚɸɬ ɞɢɮɮɭɡɧɵɦ (ɧɚɩɪɢɦɟɪ ɩɨɜɟɪɯɧɨɫɬɶ ɦɟɥɚ).
ɉɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɥɭɱɢɫɬɵɯ ɩɨɬɨɤɨɜ ɛɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ ɢɦɟɟɬ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɥɭɱɢɫɬɨɣ 
ɷɧɟɪɝɢɢ, ɢɫɩɭɫɤɚɟɦɨɣ ɚɛɫɨɥɸɬɧɨ ɱɟɪɧɵɦ ɬɟɥɨɦ ɩɨ ɨɬɞɟɥɶɧɵɦ ɞɥɢɧɚɦ ɜɨɥɧ ɫɩɟɤɬɪɚ. Ʉɚɠ-
ɞɨɣ ɞɥɢɧɟ ɜɨɥɧɵ ɥɭɱɟɣ, ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɩɪɟɞɟɥɟɧɧɚɹ ɢɧ-
ɬɟɧɫɢɜɧɨɫɬɶ ɢɡɥɭɱɟɧɢɹ - Isλ. ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɢɡɥɭɱɟɧɢɹ ɢɥɢ ɫɩɟɤnɪɚɥɶɧɚɹ (ɦɨɧɨɯɪɨɦɚɬɢɱɟ-
ɫɤɚɹ) ɢɧɬɟɧɫɢɜɧɨɫɬɶ, ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɥɨɬɧɨɫɬɶ ɥɭɱɢɫɬɨɝɨ ɩɨɬɨɤɚ ɬɟɥɚ ɞɥɹ ɞɥɢɧ ɜɨɥɧ 
ɨɬ λ ɞɨ λ+dλ, ɨɬɧɟɫɟɧɧɚɹ ɤ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦɭ ɢɧɬɟɪɜɚɥɭ ɞɥɢɧ ɜɨɥɧ Нλ;
Isλ = dEsλ / dλ , (11.4)
ɝɞɟ Isλ - ɫɩɟɤɬɪɚɥɶɧɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɢɡɥɭɱɟɧɢɹ ɚɛɫɨɥɸɬɧɨ ɱɟɪɧɨɝɨ ɬɟɥɚ.
11.2. Ɉɫɧɨɜɧɵɟ ɡɚɤɨɧɵ ɬɟɩɥɨɜɨɝɨ ɢɡɥɭɱɟɧɢɹ
Ɂɚɤɨɧ ɉɥɚɧɤɚ. ɂɧɬɟɧɫɢɜɧɨɫɬɢ ɢɡɥɭɱɟɧɢɹ ɚɛɫɨɥɸɬɧɨ ɱɟɪɧɨɝɨ ɬɟɥɚ Isλ ɢ ɥɸɛɨɝɨ ɪɟɚɥɶɧɨɝɨ 
ɬɟɥɚ Iλ ɡɚɜɢɫɹɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɞɥɢɧɵ ɜɨɥɧɵ.
Ⱥɛɫɨɥɸɬɧɨ ɱɟɪɧɨɟ ɬɟɥɨ ɩɪɢ ɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢɫɩɭɫɤɚɟɬ ɥɭɱɢ ɜɫɟɯ ɞɥɢɧ ɜɨɥɧ ɨɬλ = 0 ɞɨ λ = ∞. ȿɫɥɢ ɤɚɤɢɦ-ɥɢɛɨ ɨɛɪɚɡɨɦ ɨɬɞɟɥɢɬɶ ɥɭɱɢ ɫ ɪɚɡɧɵɦɢ ɞɥɢɧɚɦɢ ɜɨɥɧ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɢ 
ɢɡɦɟɪɢɬɶ ɷɧɟɪɝɢɸ ɤɚɠɞɨɝɨ ɥɭɱɚ, ɬɨ ɨɤɚɠɟɬɫɹ, ɱɬɨ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɷɧɟɪɝɢɢ ɜɞɨɥɶ ɫɩɟɤɬɪɚ 
ɪɚɡɥɢɱɧɨ.
ɉɨ ɦɟɪɟ ɭɜɟɥɢɱɟɧɢɹ ɞɥɢɧɵ ɜɨɥɧɵ ɷɧɟɪɝɢɹ ɥɭɱɟɣ ɜɨɡɪɚɫɬɚɟɬ, ɩɪɢ ɧɟɤɨɬɨɪɨɣ ɞɥɢɧɟ ɜɨɥɧɵ 
ɞɨɫɬɢɝɚɟɬ ɦɚɤɫɢɦɭɦɚ, ɡɚɬɟɦ ɭɛɵɜɚɟɬ. Ʉɪɨɦɟ ɬɨɝɨ, ɞɥɹ ɥɭɱɚ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɞɥɢɧɵ ɜɨɥɧɵ 
ɷɧɟɪɝɢɹ ɟɝɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ ɜɨɡɪɚɫɬɚɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɬɟɥɚ, ɢɫɩɭɫɤɚɸɳɟɝɨ ɥɭɱɢ 
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(ɪɢɫ.11.1).

Ɋɢɫ. 11.1.
ɉɥɚɧɤ ɭɫɬɚɧɨɜɢɥ ɫɥɟɞɭɸɳɢɣ ɡɚɤɨɧ ɢɡɦɟɧɟɧɢɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢɡɥɭɱɟɧɢɹ ɚɛɫɨɥɸɬɧɨ ɱɟɪ-
ɧɨɝɨ ɬɟɥɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɞɥɢɧɵ ɜɨɥɧɵμ
Isλ = ɫ1 λ-5 / (ɟɫ/(λɌ)  1) , (11.5)
ɝɞɟ ɟ - ɨɫɧɨɜɚɧɢɟ ɧɚɬɭɪɚɥɶɧɵɯ ɥɨɝɚɪɢɮɦɨɜν ɫ1 = 3,74*10-16 ȼɬ/ɦ2ν ɫ2 = 1,44*10-2 ɦ*ɝɪɚɞν λ -
ɞɥɢɧɚ ɜɨɥɧɵ, ɦν Ɍ - ɬɟɦɩɟɪɚɬɭɪɚ ɢɡɥɭɱɚɸɳɟɝɨ ɬɟɥɚ, Ʉ.

ɂɡ ɪɢɫ.11.1 ɜɢɞɧɨ, ɱɬɨ ɞɥɹ ɥɸɛɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɢɡɥɭɱɟɧɢɹ Isλ ɜɨɡɪɚɫɬɚɟɬ ɨɬ 
ɧɭɥɹ (ɩɪɢ λ=0) ɞɨ ɫɜɨɟɝɨ ɧɚɢɛɨɥɶɲɟɝɨ ɡɧɚɱɟɧɢɹ, ɚ ɡɚɬɟɦ ɭɛɵɜɚɟɬ ɞɨ ɧɭɥɹ (ɩɪɢ λ=∞). ɉɪɢ 
ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɢɡɥɭɱɟɧɢɹ ɞɥɹ ɤɚɠɞɨɣ ɞɥɢɧɵ ɜɨɥɧɵ ɜɨɡɪɚɫɬɚɟɬ.
Ɂɚɤɨɧ ɫɦɟɳɟɧɢɹ ȼɢɧɚ. Ʉɪɨɦɟ ɬɨɝɨ, ɢɡ ɪɢɫ.11.1 ɫɥɟɞɭɟɬ, ɱɬɨ ɦɚɤɫɢɦɭɦɵ ɤɪɢɜɵɯ ɫ ɩɨɜɵ-
ɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɫɦɟɳɚɸɬɫɹ ɜ ɫɬɨɪɨɧɭ ɛɨɥɟɟ ɤɨɪɨɬɤɢɯ ɜɨɥɧ. Ⱦɥɢɧɚ ɜɨɥɧɵ λms, ɨɬɜɟ-
ɱɚɸɳɚɹ ɦɚɤɫɢɦɚɥɶɧɨɦɭ ɡɧɚɱɟɧɢɸ Isλ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɡɚɤɨɧɨɦ ɫɦɟɳɟɧɢɹ ȼɢɧɚ:λms = 2,9 / T. (11.6)
ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ λms ɭɦɟɧɶɲɚɟɬɫɹ, ɱɬɨ ɢ ɫɥɟɞɭɟɬ ɢɡ ɡɚɤɨɧɚ.
ɉɨɥɶɡɭɹɫɶ ɡɚɤɨɧɨɦ ɫɦɟɳɟɧɢɹ ȼɢɧɚ, ɦɨɠɧɨ ɢɡɦɟɪɹɬɶ ɜɵɫɨɤɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɬɟɥ ɧɚ ɪɚɫɫɬɨ-
ɹɧɢɢ, ɧɚɩɪɢɦɟɪ, ɪɚɫɩɥɚɜɥɟɧɧɵɯ ɦɟɬɚɥɥɨɜ, ɤɨɫɦɢɱɟɫɤɢɯ ɬɟɥ ɢ ɞɪ.
Ɂɚɤɨɧ ɋɬɟɮɚɧɚ-Ȼɨɥɶɰɦɚɧɚ. ɉɥɚɧɤ ɭɫɬɚɧɨɜɢɥ, ɱɬɨ ɤɚɠɞɨɣ ɞɥɢɧɟ ɜɨɥɧɵ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɨɩɪɟɞɟɥɟɧɧɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɢɡɥɭɱɟɧɢɹ, ɤɨɬɨɪɚɹ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ ɜɨɡɪɚɫɬɚɧɢɟɦ ɬɟɦɩɟɪɚ-
ɬɭɪɵ. Ɍɟɩɥɨɜɨɣ ɩɨɬɨɤ, ɢɡɥɭɱɚɟɦɵɣ ɟɞɢɧɢɰɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɱɟɪɧɨɝɨ ɬɟɥɚ ɜ ɢɧɬɟɪɜɚɥɟ ɞɥɢɧ 
ɜɨɥɧ ɨɬ λ ɞɨ λ + dλ, ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧ ɢɡ ɭɪɚɜɧɟɧɢɹ
dEs = Isλ*dλ . (11.7)
Эɥɟɦɟɧɬɚɪɧɚɹ ɩɥɨɳɚɞɤɚ ɧɚ ɪɢɫ.11.1, ɨɝɪɚɧɢɱɟɧɧɚɹ ɤɪɢɜɨɣ Ɍ = МШЧst, ɨɫɧɨɜɚɧɢɟɦ Нλ λ ɨɪ-
ɞɢɧɚɬɚɦɢ λ ɢ λ + dλ (Isλ) ɨɩɪɟɞɟɥɹɟɬ ɤɨɥɢɱɟɫɬɜɨ ɥɭɱɢɫɬɨɣ ɷɧɟɪɝɢɢ НEs ɢ ɧɚɡɵɜɚɟɬɫɹ ɥɭɱɟ-
ɢɫɩɭɫɤɚɬɟɥɶɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ ɚɛɫɨɥɸɬɧɨ ɱɟɪɧɨɝɨ ɬɟɥɚ ɞɥɹ ɞɥɢɧ ɜɨɥɧ Нɥ. ȼɫɹ ɠɟ ɩɥɨ-
ɳɚɞɶ ɦɟɠɞɭ ɥɸɛɨɣ ɤɪɢɜɨɣ Ɍ = МШЧst ɢ ɨɫɶɸ ɚɛɫɰɢɫɫ ɪɚɜɧɚ ɢɧɬɟɝɪɚɥɶɧɨɦɭ ɢɡɥɭɱɟɧɢɸ ɱɟɪ-
ɧɨɝɨ ɬɟɥɚ ɜ ɩɪɟɞɟɥɚɯ ɨɬ λ = 0 ɞɨ λ = ∞ ɩɪɢ ɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ.
ɉɨɞɫɬɚɜɥɹɹ ɜ ɭɪɚɜɧɟɧɢɟ (11.7) ɡɚɤɨɧ ɉɥɚɧɤɚ ɢ ɢɧɬɟɝɪɢɪɭɹ ɨɬ ɨɬ λ = 0 ɞɨ λ = ∞, ɧɚɣɞɟɦ, 
ɱɬɨ ɢɧɬɟɝɪɚɥɶɧɨɟ ɢɡɥɭɱɟɧɢɟ (ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ) ɚɛɫɨɥɸɬɧɨ ɱɟɪɧɨɝɨ ɬɟɥɚ ɩɪɹɦɨ ɩɪɨɩɨɪɰɢ-
ɨɧɚɥɶɧɨ ɱɟɬɜɟɪɬɨɣ ɫɬɟɩɟɧɢ ɟɝɨ ɚɛɫɨɥɸɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ (ɡɚɤɨɧ ɋɬɟɮɚɧɚ-Ȼɨɥɶɰɦɚɧɚ).
Es = ɋs (Ɍ/100)4 , (11.8)
ɝɞɟ ɋs = 5,67 ȼɬ/(ɦ2*Ʉ4) - ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɥɭɱɟɧɢɹ ɚɛɫɨɥɸɬɧɨ ɱɟɪɧɨɝɨ ɬɟɥɚ
Ɉɬɦɟɱɚɹ ɧɚ ɪɢɫ.11.1 ɤɨɥɢɱɟɫɬɜɨ ɷɧɟɪɝɢɢ, ɨɬɜɟɱɚɸɳɟɣ ɫɜɟɬɨɜɨɣ ɱɚɫɬɢ ɫɩɟɤɬɪɚ (0,4–0,8 ɦɤ),
ɧɟɬɪɭɞɧɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɨɧɨ ɞɥɹ ɧɟɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɨɱɟɧɶ ɦɚɥɨ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɷɧɟɪɝɢ-
ɟɣ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɢɡɥɭɱɟɧɢɹ. Ɍɨɥɶɤɨ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɫɨɥɧɰɚ з 6000Ʉ ɷɧɟɪɝɢɹ ɫɜɟɬɨɜɵɯ 
ɥɭɱɟɣ ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 50% ɨɬ ɜɫɟɣ ɷɧɟɪɝɢɢ ɱɟɪɧɨɝɨ ɢɡɥɭɱɟɧɢɹ.
ȼɫɟ ɪɟɚɥɶɧɵɟ ɬɟɥɚ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ ɬɟɯɧɢɤɟ, ɧɟ ɹɜɥɹɸɬɫɹ ɚɛɫɨɥɸɬɧɨ ɱɟɪɧɵɦɢ ɢ ɩɪɢ ɨɞɧɨɣ 
ɢ ɬɨɣ ɠɟ ɬɟɦɩɟɪɚɬɭɪɟ ɢɡɥɭɱɚɸɬ ɦɟɧɶɲɟ ɷɧɟɪɝɢɢ, ɱɟɦ ɚɛɫɨɥɸɬɧɨ ɱɟɪɧɨɟ ɬɟɥɨ. ɂɡɥɭɱɟɧɢɟ 
ɪɟɚɥɶɧɵɯ ɬɟɥ ɬɚɤɠɟ ɡɚɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɞɥɢɧɵ ɜɨɥɧɵ. ɑɬɨɛɵ ɡɚɤɨɧɵ ɢɡɥɭɱɟɧɢɹ 
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ɱɟɪɧɨɝɨ ɬɟɥɚ ɦɨɠɧɨ ɛɵɥɨ ɩɪɢɦɟɧɢɬɶ ɞɥɹ ɪɟɚɥɶɧɵɯ ɬɟɥ, ɜɜɨɞɢɬɫɹ ɩɨɧɹɬɢɟ ɨ ɫɟɪɨɦ ɬɟɥɟ ɢ 
ɫɟɪɨɦ ɢɡɥɭɱɟɧɢɢ. ɉɨɞ ɫɟɪɵɦ ɢɡɥɭɱɟɧɢɟɦ ɩɨɧɢɦɚɸɬ ɬɚɤɨɟ, ɤɨɬɨɪɨɟ ɚɧɚɥɨɝɢɱɧɨ ɢɡɥɭɱɟɧɢɸ 
ɱɟɪɧɨɝɨ ɬɟɥɚ ɢɦɟɟɬ ɫɩɥɨɲɧɨɣ ɫɩɟɤɬɪ, ɧɨ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɥɭɱɟɣ ɞɥɹ ɤɚɠɞɨɣ ɞɥɢɧɵ ɜɨɥɧɵ Iλ
ɩɪɢ ɥɸɛɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɫɨɫɬɚɜɥɹɟɬ ɧɟɢɡɦɟɧɧɭɸ ɞɨɥɸ ɨɬ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢɡɥɭɱɟɧɢɹ ɱɟɪɧɨ-
ɝɨ ɬɟɥɚ Isλ, ɬ.ɟ. ɫɭɳɟɫɬɜɭɟɬ ɨɬɧɨɲɟɧɢɟμ
Iλ / Isλ = ε = const. (11.9)
ȼɟɥɢɱɢɧɭ ε ɧɚɡɵɜɚɸɬ ɫɬɟɩɟɧɶɸ ɱɟɪɧɨɬɵ. Ɉɧɚ ɡɚɜɢɫɢɬ ɨɬ ɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɬɟɥɚ. ɋɬɟ-
ɩɟɧɶ ɱɟɪɧɨɬɵ ɫɟɪɵɯ ɬɟɥ ɜɫɟɝɞɚ ɦɟɧɶɲɟ ɟɞɢɧɢɰɵ.
Ȼɨɥɶɲɢɧɫɬɜɨ ɪɟɚɥɶɧɵɯ ɬɜɟɪɞɵɯ ɬɟɥ ɫ ɨɩɪɟɞɟɥɟɧɧɨɣ ɫɬɟɩɟɧɶɸ ɬɨɱɧɨɫɬɢ ɦɨɠɧɨ ɫɱɢɬɚɬɶ 
ɫɟɪɵɦɢ ɬɟɥɚɦɢ, ɚ ɢɯ ɢɡɥɭɱɟɧɢɟ – ɫɟɪɵɦ ɢɡɥɭɱɟɧɢɟɦ. Эɧɟɪɝɢɹ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɢɡɥɭɱɟɧɢɹ 
ɫɟɪɨɝɨ ɬɟɥɚ ɪɚɜɧɚμ
ȿ = ε*Es = ɋ* (Ɍ/100)4 . (11.10)
Ʌɭɱɟɢɫɩɭɫɤɚɬɟɥɶɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɫɟɪɨɝɨ ɬɟɥɚ ɫɨɫɬɚɜɥɹɟɬ ɞɨɥɸ, ɪɚɜɧɭɸ ɟ ɨɬ ɥɭɱɟɢɫɩɭɫɤɚ-
ɬɟɥɶɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɱɟɪɧɨɝɨ ɬɟɥɚ.
ȼɟɥɢɱɢɧɭ ɋ = ε*Es ɧɚɡɵɜɚɸɬ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɢɡɥɭɱɟɧɢɹ ɫɟɪɨɝɨ ɬɟɥɚ. ȼɟɥɢɱɢɧɚ ɋ ɪɟɚɥɶ-
ɧɵɯ ɬɟɥ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɡɚɜɢɫɢɬ ɧɟ ɬɨɥɶɤɨ ɨɬ ɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɬɟɥɚ, ɧɨ ɢ ɨɬ ɫɨɫɬɨɹɧɢɹ 
ɩɨɜɟɪɯɧɨɫɬɢ ɢɥɢ ɨɬ ɟɟ ɲɟɪɨɯɨɜɚɬɨɫɬɢ, ɚ ɬɚɤɠɟ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɞɥɢɧɵ ɜɨɥɧɵ. Ɂɧɚɱɟɧɢɹ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɢɡɥɭɱɟɧɢɹ ɢ ɫɬɟɩɟɧɟɣ ɱɟɪɧɨɬɵ ɬɟɥ ɛɟɪɭɬ ɢɡ ɬɚɛɥɢɰ.
Ɍɚɛɥɢɰɚ 11.1
ɋɬɟɩɟɧɶ ɱɟɪɧɨɬɵ ɩɨɥɧɨɝɨ ɧɨɪɦɚɥɶɧɨɝɨ ɢɡɥɭɱɟɧɢɹ
ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ

ɇɚɢɦɟɧɨɜɚɧɢɟ ɦɚɬɟɪɢɚɥɚ t ,°ɋ ε 
Ⱥɥɸɦɢɧɢɣ ɩɨɥɢɪɨɜɚɧɧɵɣ 50–500 0,04–0,06 

Ȼɪɨɧɡɚ 50 0,1 

ɀɟɥɟɡɨ ɥɢɫɬɨɜɨɟ ɨɰɢɧɤɨɜɚɧɧɨɟ, ɛɥɟɫɬɹɳɟɟ 30 0,23 

ɀɟɫɬɶ ɛɟɥɚɹ, ɫɬɚɪɚɹ 20 0,28 

Ɂɨɥɨɬɨ ɩɨɥɢɪɨɜɚɧɧɨɟ 200 - 600 0,02–0,03 

Ʌɚɬɭɧɶ ɦɚɬɨɜɚɹ 20-350 0,22 

Ɇɟɞɶ ɩɨɥɢɪɨɜɚɧɧɚɹ 50–100 0,02 

ɇɢɤɟɥɶ ɩɨɥɢɪɨɜɚɧɧɵɣ 200–400 0,07–0,09 

Ɉɥɨɜɨ ɛɥɟɫɬɹɳɟɟ 20–50 0,04–0,06 

ɋɟɪɟɛɪɨ ɩɨɥɢɪɨɜɚɧɧɨɟ 200–600 0,02–0,03 

ɋɬɚɥɶɧɨɣ ɥɢɫɬɨɜɨɣ ɩɪɨɤɚɬ 50 0,56 

ɋɬɚɥɶ ɨɤɢɫɥɟɧɧɚɹ 200–600 0,8 

ɋɬɚɥɶ ɫɢɥɶɧɨ ɨɤɢɫɥɟɧɧɚɹ 500 0,98 

ɑɭɝɭɧɧɨɟ ɥɢɬɶɟ 50 0,81 

Ⱥɫɛɟɫɬɨɜɵɣ ɤɚɪɬɨɧ 20 0,96 

Ⱦɟɪɟɜɨ ɫɬɪɨɝɚɧɨɟ 20 0,8–0,9 

Ʉɢɪɩɢɱ ɨɝɧɟɭɩɨɪɧɵɣ 500–1000 0,8–0,9 

Ʉɢɪɩɢɱ ɲɚɦɨɬɧɵɣ 1000 0,75 

Ʉɢɪɩɢɱ ɤɪɚɫɧɵɣ, ɲɟɪɨɯɨɜɚɬɵɣ 20 0,88–0,93 

Ʌɚɤ ɱɟɪɧɵɣ, ɦɚɬɨɜɵɣ 40–100 0,96–0,98 

Ʌɚɤ ɛɟɥɵɣ 40–100 0:8–0,95 

Ɇɚɫɥɹɧɵɟ ɤɪɚɫɤɢ ɪɚɡɥɢɱɧɵɯ ɰɜɟɬɨɜ . . . 100 0,92–0,96 

ɋɚɠɚ ɥɚɦɩɨɜɚɹ 20–400 0,95 

ɋɬɟɤɥɨ 20–100 0,91–0,94 
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Эɦɚɥɶ ɛɟɥɚɹ 20 0,9 

Ɂɚɤɨɧ Ʉɢɪɯɝɨɮɚ. Ⱦɥɹ ɜɫɹɤɨɝɨ ɬɟɥɚ ɢɡɥɭɱɚɬɟɥɶɧɚɹ ɢ ɩɨɝɥɨɳɚɬɟɥɶɧɚɹ ɫɩɨɫɨɛɧɨɫɬɢ ɡɚɜɢɫɹɬ 
ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɞɥɢɧɵ ɜɨɥɧɵ. Ɋɚɡɥɢɱɧɵɟ ɬɟɥɚ ɢɦɟɸɬ ɪɚɡɥɢɱɧɵɟ ɡɧɚɱɟɧɢɹ ȿ ɢ Ⱥ. Ɂɚɜɢ-
ɫɢɦɨɫɬɶ ɦɟɠɞɭ ɧɢɦɢ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɡɚɤɨɧɨɦ Ʉɢɪɯɝɨɮɚ:
ȿ = ȿs*Ⱥ ɢɥɢ ȿ /Ⱥ = ȿs = ȿs/Ⱥs = ɋs*(Ɍ/100)4 . (11.11)
Ɉɬɧɨɲɟɧɢɟ ɥɭɱɟɢɫɩɭɫɤɚɬɟɥɶɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɬɟɥɚ (ȿ) ɤ ɟɝɨ ɩɨɝɥɨ-ɳɚɬɟɥɶɧɨɣ ɫɩɨɫɨɛɧɨ-
ɫɬɢ (Ⱥ) ɨɞɢɧɚɤɨɜɨ ɞɥɹ ɜɫɟɯ ɫɟɪɵɯ ɬɟɥ, ɧɚɯɨɞɹɳɢɯɫɹ ɩɪɢ ɨɞɢɧɚɤɨɜɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɢ ɪɚɜ-
ɧɨ ɥɭɱɟɢɫɩɭɫɤɚɬɟɥɶɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɚɛɫɨɥɸɬɧɨ ɱɟɪɧɨɝɨ ɬɟɥɚ ɩɪɢ ɬɨɣ ɠɟ ɬɟɦɩɟɪɚɬɭɪɟ.
ɂɡ ɡɚɤɨɧɚ Ʉɢɪɯɝɨɮɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɟɫɥɢ ɬɟɥɨ ɨɛɥɚɞɚɟɬ ɦɚɥɨɣ ɩɨɝɥɨɳɚɬɟɥɶɧɨɣ ɫɩɨɫɨɛɧɨ-
ɫɬɶɸ, ɬɨ ɨɧɨ ɨɞɧɨɜɪɟɦɟɧɧɨ ɨɛɥɚɞɚɟɬ ɢ ɦɚɥɨɣ ɥɭɱɟɢɫɩɭɫɤɚɬɟɥɶɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ (ɩɨɥɢɪɨ-
ɜɚɧɧɵɟ ɦɟɬɚɥɥɵ). Ⱥɛɫɨɥɸɬɧɨ ɱɟɪɧɨɟ ɬɟɥɨ, ɨɛɥɚɞɚɸɳɟɟ ɦɚɤɫɢɦɚɥɶɧɨɣ ɩɨɝɥɨɳɚɬɟɥɶɧɨɣ 
ɫɩɨɫɨɛɧɨɫɬɶɸ, ɢɦɟɟɬ ɢ ɧɚɢɛɨɥɶɲɭɸ ɢɡɥɭɱɚɬɟɥɶɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ.
Ɂɚɤɨɧ Ʉɢɪɯɝɨɮɚ ɨɫɬɚɟɬɫɹ ɫɩɪɚɜɟɞɥɢɜɵɦ ɢ ɞɥɹ ɦɨɧɨɯɪɨɦɚɬɢɱɟɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ. Ɉɬɧɨɲɟ-
ɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢɡɥɭɱɟɧɢɹ ɬɟɥɚ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɨɣ ɞɥɢɧɟ ɜɨɥɧɵ ɤ ɟɝɨ ɩɨɝɥɨɳɚɬɟɥɶɧɨɣ 
ɫɩɨɫɨɛɧɨɫɬɢ ɩɪɢ ɬɨɣ ɠɟ ɞɥɢɧɟ ɜɨɥɧɵ ɞɥɹ ɜɫɟɯ ɬɟɥ ɨɞɧɨ ɢ ɬɨ ɠɟ, ɟɫɥɢ ɨɧɢ ɧɚɯɨɞɹɬɫɹ ɩɪɢ 
ɨɞɢɧɚɤɨɜɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɢ ɱɢɫɥɟɧɧɨ ɪɚɜɧɨ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢɡɥɭɱɟɧɢɹ ɚɛɫɨɥɸɬɧɨ ɱɟɪɧɨ-
ɝɨ ɬɟɥɚ ɩɪɢ ɬɨɣ ɠɟ ɞɥɢɧɟ ɜɨɥɧɵ ɢ ɬɟɦɩɟɪɚɬɭɪɟ, ɬ.ɟ. ɹɜɥɹɟɬɫɹ ɮɭɧɤɰɢɟɣ ɬɨɥɶɤɨ ɞɥɢɧɵ ɜɨɥ-
ɧɵ ɢ ɬɟɦɩɟɪɚɬɭɪɵμ
ȿλ / Ⱥλ = Iλ / Ⱥλ = ȿsλ = Isλ = f (λ ,T). (11.12)
ɉɨɷɬɨɦɭ ɬɟɥɨ, ɤɨɬɨɪɨɟ ɢɡɥɭɱɚɟɬ ɷɧɟɪɝɢɸ ɩɪɢ ɤɚɤɨɣ-ɧɢɛɭɞɶ ɞɥɢɧɟ ɜɨɥɧɵ, ɫɩɨɫɨɛɧɨ ɩɨ-
ɝɥɨɳɚɬɶ ɟɟ ɩɪɢ ɷɬɨɣ ɠɟ ɞɥɢɧɟ ɜɨɥɧɵ. ȿɫɥɢ ɬɟɥɨ ɧɟ ɩɨɝɥɨɳɚɟɬ ɷɧɟɪɝɢɸ ɜ ɤɚɤɨɣ-ɬɨ ɱɚɫɬɢ 
ɫɩɟɤɬɪɚ, ɬɨ ɨɧɨ ɜ ɷɬɨɣ ɱɚɫɬɢ ɫɩɟɤɬɪɚ ɢ ɧɟ ɢɡɥɭɱɚɟɬ.
ɂɡ ɡɚɤɨɧɚ Ʉɢɪɯɝɨɮɚ ɬɚɤɠɟ ɫɥɟɞɭɟɬ, ɱɬɨ ɫɬɟɩɟɧɶ ɱɟɪɧɨɬɵ ɫɟɪɨɝɨ ɬɟɥɚ ɟ ɩɪɢ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ 
ɬɟɦɩɟɪɚɬɭɪɟ ɱɢɫɥɟɧɧɨ ɪɚɜɧɨ ɤɨɷɮɮɢɰɢɟɧɬɭ ɩɨɝɥɨɳɟɧɢɹ Ⱥμ ε = Iλ / Isλ = ȿ / ȿsλ = ɫ / ɫsλ = Ⱥ . (11.13)
Ɂɚɤɨɧ Ʌɚɦɛɟɪɬɚ. ɂɡɥɭɱɚɟɦɚɹ ɬɟɥɨɦ ɥɭɱɢɫɬɚɹ ɷɧɟɪɝɢɹ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ 
ɩɨ ɪɚɡɥɢɱɧɵɦ ɧɚɩɪɚɜɥɟɧɢɹɦ ɫ ɪɚɡɥɢɱɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ. Ɂɚɤɨɧ, ɭɫɬɚɧɚɜɥɢɜɚɸɳɢɣ ɡɚɜɢ-
ɫɢɦɨɫɬɶ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢɡɥɭɱɟɧɢɹ ɨɬ ɧɚɩɪɚɜɥɟɧɢɹ, ɧɚɡɵɜɚɟɬɫɹ ɡɚɤɨɧɨɦ Ʌɚɦɛɟɪɬɚ.
Ɂɚɤɨɧ Ʌɚɦɛɟɪɬɚ ɭɫɬɚɧɚɜɥɢɜɚɟɬ, ɱɬɨ ɤɨɥɢɱɟɫɬɜɨ ɥɭɱɢɫɬɨɣ ɷɧɟɪɝɢɢ, ɢɡɥɭɱɚɟɦɨɟ ɷɥɟɦɟɧɬɨɦ 
ɩɨɜɟɪɯɧɨɫɬɢ НF1 ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɷɥɟɦɟɧɬɚ НF2, ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɩɪɨɢɡɜɟɞɟɧɢɸ ɤɨɥɢɱɟɫɬɜɚ 
ɷɧɟɪɝɢɢ, ɢɡɥɭɱɚɟɦɨɣ ɩɨ ɧɨɪɦɚɥɢ НQn, ɧɚ ɜɟɥɢɱɢɧɭ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɭɝɥɚ Нɳ ɢ МШsɰ, ɫɨ-
ɫɬɚɜɥɟɧɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɟɦ ɢɡɥɭɱɟɧɢɹ ɫ ɧɨɪɦɚɥɶɸ (ɪɢɫ.11.2)μ
d2Qn = dQn* dω*cosϕ. (11.14)

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɚɢɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɥɭɱɢɫɬɨɣ ɷɧɟɪɝɢɢ ɢɡɥɭɱɚɟɬɫɹ ɜ ɩɟɪɩɟɧɞɢɤɭɥɹɪ-
ɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɢɡɥɭɱɟɧɢɹ, ɬ. ɟ. ɩɪɢ (ϕ = 0). ɋ ɭɜɟɥɢɱɟɧɢɟɦ ϕ ɤɨɥɢɱɟɫɬɜɨ 
ɥɭɱɢɫɬɨɣ ɷɧɟɪɝɢɢ ɭɦɟɧɶɲɚɟɬɫɹ ɢ ɩɪɢ ϕ = λ0° ɪɚɜɧɨ ɧɭɥɸ. Ɂɚɤɨɧ Ʌɚɦɛɟɪɬɚ ɩɨɥɧɨɫɬɶɸ 
ɫɩɪɚɜɟɞɥɢɜ ɞɥɹ ɚɛɫɨɥɸɬɧɨ ɱɟɪɧɨɝɨ ɬɟɥɚ ɢ ɞɥɹ ɬɟɥ, ɨɛɥɚɞɚɸɳɢɯ ɞɢɮɮɭɡɧɵɦ ɢɡɥɭɱɟɧɢɟɦ 
ɩɪɢ ϕ = 0 - 60°.
Ⱦɥɹ ɩɨɥɢɪɨɜɚɧɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɡɚɤɨɧ Ʌɚɦɛɟɪɬɚ ɧɟɩɪɢɦɟɧɢɦ. Ⱦɥɹ ɧɢɯ ɥɭɱɟɢɫɩɭɫɤɚɧɢɟ 
ɩɪɢ ɭɝɥɟ ϕ ɛɭɞɟɬ ɛɨɥɶɲɢɦ, ɱɟɦ ɜ ɧɚɩɪɚɜɥɟɧɢɢ, ɧɨɪɦɚɥɶɧɨɦ ɤ ɩɨɜɟɪɯɧɨɫɬɢ.
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Ɍɟɦɚ 12.Ɍɟɩɥɨɩɟɪɟɞɚɱɚ.
12.1. Ɍɟɩɥɨɩɟɪɟɞɚɱɚ ɱɟɪɟɡ ɩɥɨɫɤɭɸ ɫɬɟɧɤɭ.
Ɍɟɩɥɨɩɟɪɟɞɚɱɟɣ ɧɚɡɵɜɚɟɬɫɹ ɩɟɪɟɞɚɱɚ ɬɟɩɥɨɬɵ ɨɬ ɝɨɪɹɱɟɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɤ ɯɨɥɨɞɧɨɦɭ 
ɬɟɩɥɨɧɨɫɢɬɟɥɸ ɱɟɪɟɡ ɫɬɟɧɤɭ, ɪɚɡɞɟɥɹɸɳɭɸ ɷɬɢ ɬɟɩɥɨɧɨɫɢɬɟɥɢ.
ɉɪɢɦɟɪɚɦɢ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɹɜɥɹɸɬɫɹμ ɩɟɪɟɞɚɱɚ ɬɟɩɥɨɬɵ ɨɬ ɝɪɟɸɳɟɣ ɜɨɞɵ ɧɚɝɪɟɜɚɬɟɥɶɧɵɯ 
ɷɥɟɦɟɧɬɨɜ (ɨɬɨɩɢɬɟɥɶɧɵɯ ɫɢɫɬɟɦ) ɤ ɜɨɡɞɭɯɭ ɩɨɦɟɳɟɧɢɹν ɩɟɪɟɞɚɱɚ ɬɟɩɥɨɬɵ ɨɬ ɞɵɦɨɜɵɯ 
ɝɚɡɨɜ ɤ ɜɨɞɟ ɱɟɪɟɡ ɫɬɟɧɤɢ ɤɢɩɹɬɢɥɶɧɵɯ ɬɪɭɛ ɜ ɩɚɪɨɜɵɯ ɤɨɬɥɚɯν ɩɟɪɟɞɚɱɚ ɬɟɩɥɨɬɵ ɨɬ ɪɚɫ-
ɤɚɥɟɧɧɵɯ ɝɚɡɨɜ ɤ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɟ (ɠɢɞɤɨɫɬɢ) ɱɟɪɟɡ ɫɬɟɧɤɭ ɰɢɥɢɧɞɪɚ ɞɜɢɝɚɬɟɥɹ ɜɧɭɬ-
ɪɟɧɧɟɝɨ ɫɝɨɪɚɧɢɹν ɩɟɪɟɞɚɱɚ ɬɟɩɥɨɬɵ ɨɬ ɜɧɭɬɪɟɧɧɟɝɨ ɜɨɡɞɭɯɚ ɩɨɦɟɳɟɧɢɹ ɤ ɧɚɪɭɠɧɨɦɭ ɜɨɡ-
ɞɭɯɭ ɢ ɬ. ɞ. ɉɪɢ ɷɬɨɦ ɨɝɪɚɠɞɚɸɳɚɹ ɫɬɟɧɤɚ ɹɜɥɹɟɬɫɹ ɩɪɨɜɨɞɧɢɤɨɦ ɬɟɩɥɨɬɵ, ɱɟɪɟɡ ɤɨɬɨɪɭɸ 
ɬɟɩɥɨɬɚ ɩɟɪɟɞɚɟɬɫɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ, ɚ ɨɬ ɫɬɟɧɤɢ ɤ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɟ ɤɨɧɜɟɤɰɢɟɣ ɢ 
ɢɡɥɭɱɟɧɢɟɦ. ɉɨɷɬɨɦɭ ɩɪɨɰɟɫɫ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɹɜɥɹɟɬɫɹ ɫɥɨɠɧɵɦ ɩɪɨɰɟɫɫɨɦ ɬɟɩɥɨɨɛɦɟɧɚ.
ɉɪɢ ɩɟɪɟɞɚɱɟ ɬɟɩɥɨɬɵ ɨɬ ɫɬɟɧɤɢ ɤ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɟ ɜ ɨɫɧɨɜɧɨɦ ɩɪɟɨɛɥɚɞɚɟɬ ɤɨɧɜɟɤɬɢɜ-
ɧɵɣ ɬɟɩɥɨɨɛɦɟɧ, ɩɨɷɬɨɦɭ ɛɭɞɭɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ ɬɚɤɢɟ ɡɚɞɚɱɢ.
1). Ɍɟɩɥɨɩɟɪɟɞɚɱɚ ɱɟɪɟɡ ɩɥɨɫɤɭɸ ɫɬɟɧɤɭ.
Ɋɚɫɫɦɨɬɪɢɦ ɨɞɧɨɫɥɨɣɧɭɸ ɩɥɨɫɤɭɸ ɫɬɟɧɤɭ ɬɨɥɳɢɧɨɣ δ ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ λ (ɪɢɫ12.1).

Ɍɟɦɩɟɪɚɬɭɪɚ ɝɨɪɹɱɟɣ ɠɢɞɤɨɫɬɢ (ɫɪɟɞɵ) t'
ɠ, ɯɨɥɨɞɧɨɣ ɠɢɞɤɨɫɬɢ (ɫɪɟɞɵ) t''

ɠ.
Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɩɟɪɟɞɚɧɧɨɣ ɨɬ ɝɨɪɹɱɟɣ ɠɢɞɤɨɫɬɢ (ɫɪɟɞɵ) ɤ ɫɬɟɧɤɟ ɩɨ ɡɚɤɨɧɭ ɇɶɸɬɨ-
ɧɚ-Ɋɢɯɦɚɧɚ ɢɦɟɟɬ ɜɢɞμ
Q = α1 ·  (t'

ɠ  t1) ·  F, (12.1)
ɝɞɟ α1  ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɨɬ ɝɨɪɹɱɟɣ ɫɪɟɞɵ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ t'

ɠ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɟɧ-
ɤɢ• ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ t1;
F  ɪɚɫɱɟɬɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɩɥɨɫɤɨɣ ɫɬɟɧɤɢ.
Ɍɟɩɥɨɜɨɣ ɩɨɬɨɤ, ɩɟɪɟɞɚɧɧɵɣ ɱɟɪɟɡ ɫɬɟɧɤɭ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɭɪɚɜɧɟɧɢɸμ
Q = λ/δ ·  (t1  t2) ·  F. (12.2)
Ɍɟɩɥɨɜɨɣ ɩɨɬɨɤ ɨɬ ɜɬɨɪɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɟɧɤɢ ɤ ɯɨɥɨɞɧɨɣ ɫɪɟɞɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭ-
ɥɟμ
Q = ɛ2 ·  (t2 - t''

ɠ) ·  F, (12.3)
ɝɞɟ α2  ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɨɬ ɜɬɨɪɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɟɧɤɢ ɤ ɯɨɥɨɞɧɨɣ ɫɪɟɞɟ ɫ ɬɟɦ-
ɩɟɪɚɬɭɪɨɣ t''

ɠ.
Ɋɟɲɚɹ ɷɬɢ ɬɪɢ ɭɪɚɜɧɟɧɢɹ ɩɨɥɭɱɚɟɦμ
Q = (t'

ɠ  t''
ɠ) • F • Ʉ, (12.4)

ɝɞɟ Ʉ = 1 / (1/α1 + / λ + 1/α2)  ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ, (12.5)
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ɢɥɢ 
R0 = 1/Ʉ = (1/α1 + δ/λ + 1/α2)  ɩɨɥɧɨɟ ɬɟɪɦɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɱɟɪɟɡ 
ɨɞɧɨɫɥɨɣɧɭɸ ɩɥɨɫɤɭɸ ɫɬɟɧɤɭ. (12.6)
1/α1, 1/α2  ɬɟɪɦɢɱɟɫɤɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɟɩɥɨɨɬɞɚɱɢ ɩɨɜɟɪɯɧɨɫɬɟɣ ɫɬɟɧɤɢνδ/λ - ɬɟɪɦɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɬɟɧɤɢ.
Ⱦɥɹ ɦɧɨɝɨɫɥɨɣɧɨɣ ɩɥɨɫɤɨɣ ɫɬɟɧɤɢ ɩɨɥɧɨɟ ɬɟɪɦɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶ-
ɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟμ
R0 = (1/α1 + δ1/λ1 + δ2/λ2 + … + δn/λn +1/α2), (12.7)
ɚ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢμ
Ʉ = 1 / (1/α1 + δ1/λ1 + δ2/λ2 + … + δn/λn +1/α2), (12.8)

12.2. Ɍɟɩɥɨɩɟɪɟɞɚɱɚ ɱɟɪɟɡ ɰɢɥɢɧɞɪɢɱɟɫɤɭɸ ɫɬɟɧɤɭ.
ɉɪɢɧɰɢɩ ɪɚɫɱɟɬɚ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɱɟɪɟɡ ɰɢɥɢɧɞɪɢɱɟɫɤɭɸ ɫɬɟɧɤɭ ɚɧɚɥɨɝɢɱɧɚ ɤɚɤ ɢ ɞɥɹ 
ɩɥɨɫɤɨɣ ɫɬɟɧɤɢ. Ɋɚɫɫɦɨɬɪɢɦ ɨɞɧɨɪɨɞɧɭɸ ɬɪɭɛɭ (ɪɢɫ.12.2) ɫ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ λ, ɜɧɭɬ-
ɪɟɧɧɢɣ ɞɢɚɦɟɬɪ Н1, ɧɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ Н2, ɞɥɢɧɚ l. ȼɧɭɬɪɢ ɬɪɭɛɵ ɧɚɯɨɞɢɬɫɹ ɝɨɪɹɱɚɹ ɫɪɟɞɚ 
ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ t'

ɠ, ɚ ɫɧɚɪɭɠɢ ɯɨɥɨɞɧɚɹ ɫɪɟɞɚ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ t''
ɠ.

Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɩɟɪɟɞɚɧɧɨɣ ɨɬ ɝɨɪɹɱɟɣ ɫɪɟɞɵ ɤ ɜɧɭɬɪɟɧɧɟɣ ɫɬɟɧɤɟ ɬɪɭɛɵ ɩɨ ɡɚɤɨɧɭ 
ɇɶɸɬɨɧɚ-Ɋɢɯɦɚɧɚ ɢɦɟɟɬ ɜɢɞμ
Q = π·d1·α1·l· (t'

ɠ  t1) , (12.9)
ɝɞɟ α1  ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɨɬ ɝɨɪɹɱɟɣ ɫɪɟɞɵ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ t'

ɠ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɟɧ-
ɤɢ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ t1;
Ɍɟɩɥɨɜɨɣ ɩɨɬɨɤ, ɩɟɪɟɞɚɧɧɵɣ ɱɟɪɟɡ ɫɬɟɧɤɭ ɬɪɭɛɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɭɪɚɜɧɟɧɢɸμ
Q = 2·π·λ·l·(t1  t2) / ln (d2/d1). (12.10)
Ɍɟɩɥɨɜɨɣ ɩɨɬɨɤ ɨɬ ɜɬɨɪɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɟɧɤɢ ɬɪɭɛɵ ɤ ɯɨɥɨɞɧɨɣ ɫɪɟɞɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟμ
Q = π·d2·α2·l· (t1 - t''

ɠ) , (12.11)
ɝɞɟ α2  ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɨɬ ɜɬɨɪɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɟɧɤɢ ɤ ɯɨɥɨɞɧɨɣ ɫɪɟɞɟ ɫ ɬɟɦ-
ɩɟɪɚɬɭɪɨɣ t''

ɠ.
Ɋɟɲɚɹ ɷɬɢ ɬɪɢ ɭɪɚɜɧɟɧɢɹ ɩɨɥɭɱɚɟɦμ
Q = π l·(t'

ɠ  t''
ɠ) • Ʉ, (12.12)

ɝɞɟ Ʉl = 1/[1/(α1d1) + 1/(2λln(d2/d1) + 1/(α2d2)]  (12.13)
- ɥɢɧɟɣɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ,
ɢɥɢ Rl = 1/ Ʉl = [1/(α1d1) + 1/(2λln(d2/d1) + 1/(α2d2)]  (12.14)

• ɩɨɥɧɨɟ ɥɢɧɟɣɧɨɟ ɬɟɪɦɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ
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ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɱɟɪɟɡ ɨɞɧɨɫɥɨɣɧɭɸ ɰɢɥɢɧɞɪɢɱɟɫɤɭɸ ɫɬɟɧɤɭ. 
1/(α1d1), 1/(α2d2)  ɬɟɪɦɢɱɟɫɤɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɟɩɥɨɨɬɞɚɱɢ ɩɨɜɟɪɯɧɨɫɬɟɣ ɫɬɟɧɤɢν
1/(2λln(d2/d1) - ɬɟɪɦɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɬɟɧɤɢ.
Ⱦɥɹ ɦɧɨɝɨɫɥɨɣɧɨɣ (Ч ɫɥɨɟɜ) ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɫɬɟɧɤɢ ɩɨɥɧɨɟ ɥɢɧɟɣɧɨɟ ɬɟɪɦɢɱɟɫɤɨɟ ɫɨɩɪɨ-
ɬɢɜɥɟɧɢɟ ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟμ
Rl = 1/ Ʉl = [1/(α1d1) + 1/(2λ1ln(d2/d1) + 1/(2λ3ln(d3/d2) + …
+ 1/(2λnln(dn+1/dn) + 1/(α2dn)]  (12.15)
12.3. Ɍɢɩɵ ɬɟɩɥɨɨɛɦɟɧɧɵɯ ɚɩɩɚɪɚɬɨɜ.
Ɍɟɩɥɨɨɛɦɟɧɧɵɦ ɚɩɩɚɪɚɬɨɦ ɧɚɡɵɜɚɸɬ ɜɫɹɤɨɟ ɭɫɬɪɨɣɫɬɜɨ, ɜ ɤɨɬɨɪɨɦ ɨɞɧɚ ɠɢɞɤɨɫɬɶ – ɝɨɪɹ-
ɱɚɹ ɫɪɟɞɚ, ɩɟɪɟɞɚɟɬ ɬɟɩɥɨɬɭ ɞɪɭɝɨɣ ɠɢɞɤɨɫɬɢ - ɯɨɥɨɞɧɨɣ ɫɪɟɞɟ. ȼ ɤɚɱɟɫɬɜɟ ɬɟɩɥɨɧɨɫɢɬɟ-
ɥɟɣ ɜ ɬɟɩɥɨɜɵɯ ɚɩɩɚɪɚɬɚɯ ɢɫɩɨɥɶɡɭɸɬɫɹ ɪɚɡɧɨɨɛɪɚɡɧɵɟ ɤɚɩɟɥɶɧɵɟ ɢ ɭɩɪɭɝɢɟ ɠɢɞɤɨɫɬɢ ɜ 
ɫɚɦɨɦ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɞɚɜɥɟɧɢɣ ɢ ɬɟɦɩɟɪɚɬɭɪ. ɉɨ ɩɪɢɧɰɢɩɭ ɪɚɛɨɬɵ ɚɩɩɚɪɚɬɵ ɞɟɥɹɬ 
ɧɚ ɪɟɝɟɧɟɪɚɬɢɜɧɵɟ, ɫɦɟɫɢɬɟɥɶɧɵɟ ɢ ɪɟɤɭɩɟɪɚɬɢɜɧɵɟ.
ȼ ɪɟɝɟɧɟɪɚɬɢɜɧɵɯ ɚɩɩɚɪɚɬɚɯ ɝɨɪɹɱɢɣ ɬɟɩɥɨɧɨɫɢɬɟɥɶ ɨɬɞɚɟɬ ɫɜɨɸ ɬɟɩɥɨɬɭ ɚɤɤɭɦɭɥɢɪɭɸ-
ɳɟɦɭ ɭɫɬɪɨɣɫɬɜɭ, ɤɨɬɨɪɨɟ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɩɟɪɢɨɞɢɱɟɫɤɢ ɨɬɞɚɟɬ ɬɟɩɥɨɬɭ ɜɬɨɪɨɣ ɠɢɞɤɨɫɬɢ 
- ɯɨɥɨɞɧɨɦɭ ɬɟɩɥɨɧɨɫɢɬɟɥɸ, ɬ. ɟ. ɨɞɧɚ ɢ ɬɚ ɠɟ ɩɨɜɟɪɯɧɨɫɬɶ ɧɚɝɪɟɜɚ ɨɦɵɜɚɟɬɫɹ ɬɨ ɝɨɪɹɱɟɣ, 
ɬɨ ɯɨɥɨɞɧɨɣ ɠɢɞɤɨɫɬɶɸ.
ȼ ɫɦɟɫɢɬɟɥɶɧɵɯ ɚɩɩɚɪɚɬɚɯ ɩɟɪɟɞɚɱɚ ɬɟɩɥɨɬɵ ɨɬ ɝɨɪɹɱɟɣ ɤ ɯɨɥɨɞɧɨɣ ɠɢɞɤɨɫɬɢ ɩɪɨɢɫɯɨɞɢɬ 
ɩɪɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɦ ɫɦɟɲɟɧɢɢ ɨɛɟɢɯ ɠɢɞɤɨɫɬɟɣ, ɧɚɩɪɢɦɟɪ ɫɦɟɲɢɜɚɸɳɢɟ ɤɨɧɞɟɧɫɚɬɨ-
ɪɵ.
Ɉɫɨɛɟɧɧɨ ɲɢɪɨɤɨɟ ɪɚɡɜɢɬɢɟ ɜɨ ɜɫɟɯ ɨɛɥɚɫɬɹɯ ɬɟɯɧɢɤɢ ɩɨɥɭɱɢɥɢ ɪɟɤɭɩɟɪɚɬɢɜɧɵɟ ɚɩɩɚɪɚ-
ɬɵ, ɜ ɤɨɬɨɪɵɯ ɬɟɩɥɨɬɚ ɨɬ ɝɨɪɹɱɟɣ ɤ ɯɨɥɨɞɧɨɣ ɠɢɞɤɨɫɬɢ ɩɟɪɟɞɚɟɬɫɹ ɱɟɪɟɡ ɪɚɡɞɟɥɢɬɟɥɶɧɭɸ 
ɫɬɟɧɤɭ. Ɍɨɥɶɤɨ ɬɚɤɢɟ ɚɩɩɚɪɚɬɵ ɛɭɞɭɬ ɪɚɫɫɦɨɬɪɟɧɵ ɜ ɞɚɥɶɧɟɣɲɟɦ.
Ɍɟɩɥɨɨɛɦɟɧɧɵɟ ɚɩɩɚɪɚɬɵ ɦɨɝɭɬ ɢɦɟɬɶ ɫɚɦɵɟ ɪɚɡɧɨɨɛɪɚɡɧɵɟ ɧɚɡɧɚɱɟɧɢɹ – ɩɚɪɨɜɵɟ ɤɨɬɥɵ, 
ɤɨɧɞɟɧɫɚɬɨɪɵ, ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɢ, ɩɪɢɛɨɪɵ ɰɟɧɬɪɚɥɶɧɨɝɨ ɨɬɨɩɥɟɧɢɹ ɢ ɬ. ɞ. Ɍɟɩɥɨɨɛɦɟɧ-
ɧɵɟ ɚɩɩɚɪɚɬɵ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɡɧɚɱɢɬɟɥɶɧɨ ɨɬɥɢɱɚɸɬɫɹ ɞɪɭɝ -ɨɬ ɞɪɭɝɚ ɤɚɤ ɩɨ ɫɜɨɢɦ 
ɮɨɪɦɚɦ ɢ ɪɚɡɦɟɪɚɦ, ɬɚɤ ɢ ɩɨ ɩɪɢɦɟɧɹɟɦɵɦ ɜ ɧɢɯ ɪɚɛɨɱɢɦ ɬɟɥɚɦ. ɇɟɫɦɨɬɪɹ ɧɚ ɛɨɥɶɲɨɟ 
ɪɚɡɧɨɨɛɪɚɡɢɟ ɬɟɩɥɨɨɛɦɟɧɧɵɯ ɚɩɩɚɪɚɬɨɜ, ɨɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ ɬɟɩɥɨɜɨɝɨ ɪɚɫɱɟɬɚ ɞɥɹ ɧɢɯ 
ɨɫɬɚɸɬɫɹ ɨɛɳɢɦɢ.
ȼ ɬɟɩɥɨɨɛɦɟɧɧɵɯ ɚɩɩɚɪɚɬɚɯ ɞɜɢɠɟɧɢɟ ɠɢɞɤɨɫɬɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɬɪɟɦ ɨɫɧɨɜɧɵɦ ɫɯɟ-
ɦɚɦ.
ȿɫɥɢ ɧɚɩɪɚɜɥɟɧɢɟ ɞɜɢɠɟɧɢɹ ɝɨɪɹɱɟɝɨ ɢ ɯɨɥɨɞɧɨɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɟɣ ɫɨɜɩɚɞɚɸɬ, ɬɨ ɬɚɤɨɟ 
ɞɜɢɠɟɧɢɟ ɧɚɡɵɜɚɟɬɫɹ ɩɪɹɦɨɬɨɤɨɦ (ɪɢɫ.12.3,ɚ).

ȿɫɥɢ ɧɚɩɪɚɜɥɟɧɢɟ ɞɜɢɠɟɧɢɹ ɝɨɪɹɱɟɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨ ɞɜɢɠɟɧɢɸ ɯɨɥɨɞ-
ɧɨɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ, ɬɨ ɬɚɤɨɟ ɞɜɢɠɟɧɢɟ ɧɚɡɵɜɚɟɬɫɹ ɩɪɨɬɢɜɨɬɨɤɨɦ (ɪɢɫ.12.3,ɛ). ȿɫɥɢ ɠɟ 
ɝɨɪɹɱɢɣ ɬɟɩɥɨɧɨɫɢɬɟɥɶ ɞɜɢɠɟɬɫɹ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɞɜɢɠɟɧɢɸ ɯɨɥɨɞɧɨɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ, 
ɬɨ ɬɚɤɨɟ ɞɜɢɠɟɧɢɟ ɧɚɡɵɜɚɟɬɫɹ ɩɟɪɟɤɪɟɫɬɧɵɦ ɬɨɤɨɦ (ɪɢɫ.12.3,ɜ). Ʉɪɨɦɟ ɷɬɢɯ ɨɫɧɨɜɧɵɯ 
ɫɯɟɦ ɞɜɢɠɟɧɢɹ ɠɢɞɤɨɫɬɟɣ, ɜ ɬɟɩɥɨɨɛɦɟɧɧɵɯ ɚɩɩɚɪɚɬɚɯ ɩɪɢɦɟɧɹɸɬ ɛɨɥɟɟ ɫɥɨɠɧɵɟ ɫɯɟɦɵ 
ɞɜɢɠɟɧɢɹ, ɜɤɥɸɱɚɸɳɢɟ ɜɫɟ ɬɪɢ ɨɫɧɨɜɧɵɟ ɫɯɟɦɵ.
12.4. Ɋɚɫɱɟɬ ɬɟɩɥɨɨɛɦɟɧɧɵɯ ɚɩɩɚɪɚɬɨɜ.
ɐɟɥɶɸ ɬɟɩɥɨɜɨɝɨ ɪɚɫɱɟɬɚ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɩɥɨɨɛɦɟɧɚ, ɚ ɟɫɥɢ ɩɨɫɥɟɞ-
ɧɹɹ ɢɡɜɟɫɬɧɚ, ɬɨ ɰɟɥɶɸ ɪɚɫɱɟɬɚ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɤɨɧɟɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪ ɪɚɛɨɱɢɯ ɠɢɞ-
ɤɨɫɬɟɣ. Ɉɫɧɨɜɧɵɦɢ ɪɚɫɱɟɬɧɵɦɢ ɭɪɚɜɧɟɧɢɹɦɢ ɬɟɩɥɨɨɛɦɟɧɚ ɩɪɢ ɫɬɚɰɢɨɧɚɪɧɨɦ ɪɟɠɢɦɟ ɹɜ-
ɥɹɸɬɫɹ ɭɪɚɜɧɟɧɢɟ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɢ ɭɪɚɜɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ. ɍɪɚɜɧɟɧɢɟ ɬɟɩɥɨɩɟɪɟ-
ɞɚɱɢμ
Q = k·F·(t1  t2 ) , 
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ɝɞɟ Q – ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ, ȼɬ,
k - ɫɪɟɞɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ, ȼɬ/(ɦ2ɝɪɚɞ), F – ɩɨɜɟɪɯɧɨɫɬɶ ɬɟɩɥɨɨɛɦɟɧɚ ɜ ɚɩ-
ɩɚɪɚɬɟ, ɦ2, t1 ɢ t2 - ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɬɟɦɩɟɪɚɬɭɪɵ ɝɨɪɹɱɟɝɨ ɢ ɯɨɥɨɞɧɨɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɟɣ.
ɍɪɚɜɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɩɪɢ ɭɫɥɨɜɢɢ ɨɬɫɭɬɫɬɜɢɹ ɬɟɩɥɨɜɵɯ ɩɨɬɟɪɶ ɢ ɮɚɡɨɜɵɯ ɩɟɪɟ-
ɯɨɞɨɜμ
Q = = m1 ·∆t1 = m2·∆t2 ,
ɢɥɢ 
Q = V1 ρ1·cɪ1·(t/

1 - t//
1) = V2 ρ2·cɪ2 ·(t//

2 - t/
2), (12.16)

ɝɞɟ V1 ρ1, V2 ρ2 - ɦɚɫɫɨɜɵɟ ɪɚɫɯɨɞɵ ɬɟɩɥɨɧɨɫɢɬɟɥɟɣ, ɤɝ/ɫɟɤ, ɫ
cɪ1 ɢ Мɪ2 - ɫɪɟɞɧɢɟ ɦɚɫɫɨɜɵɟ ɬɟɩɥɨɟɦɤɨɫɬɢ ɠɢɞɤɨɫɬɟɣ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɨɬ tґ ɞɨ t//,
t/

1 ɢ t//1 ɬɟɦɩɟɪɚɬɭɪɵ ɠɢɞɤɨɫɬɟɣ ɩɪɢ ɜɯɨɞɟ ɜ ɚɩɩɚɪɚɬν 
t/

2 ɢ t//2 - ɬɟɦɩɟɪɚɬɭɪɵ ɠɢɞɤɨɫɬɟɣ ɩɪɢ ɜɵɯɨɞɟ ɢɡ ɚɩɩɚɪɚɬɚ. 

ȼɟɥɢɱɢɧɭ ɩɪɨɢɡɜɟɞɟɧɢɹ
V·ρ·cɪ = C, ȼɬ/ɝɪɚɞ
ɧɚɡɵɜɚɸɬ ɜɨɞɹɧɵɦ, ɢɥɢ ɭɫɥɨɜɧɵɦ, ɷɤɜɢɜɚɥɟɧɬɨɦ.
ɋ ɭɱɟɬɨɦ ɩɨɫɥɟɞɧɟɝɨ ɭɪɚɜɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɫɥɟɞɭɸ-
ɳɟɦ ɜɢɞɟμ
(t/

1 - t//
1) / (t//

2 - tґ2) = C2 / C1 , (12.17 )
C2 , C1 - ɭɫɥɨɜɧɵɟ ɷɤɜɢɜɚɥɟɧɬɵ ɝɨɪɹɱɟɣ ɢ ɯɨɥɨɞɧɨɣ ɠɢɞɤɨɫɬɟɣ.
ɉɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɱɟɪɟɡ ɬɟɩɥɨɨɛɦɟɧɧɵɣ ɚɩɩɚɪɚɬ ɪɚɛɨɱɢɯ ɠɢɞɤɨɫɬɟɣ ɢɡɦɟɧɹɸɬɫɹ ɬɟɦɩɟɪɚ-
ɬɭɪɵ ɝɨɪɹɱɢɯ ɢ ɯɨɥɨɞɧɵɯ ɠɢɞɤɨɫɬɟɣ. ɇɚ ɢɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪ ɛɨɥɶɲɨɟ ɜɥɢɹɧɢɟ ɨɤɚɡɵ-
ɜɚɸɬ ɫɯɟɦɚ ɞɜɢɠɟɧɢɹ ɠɢɞɤɨɫɬɟɣ ɢ ɜɟɥɢɱɢɧɵ ɭɫɥɨɜɧɵɯ ɷɤɜɢɜɚɥɟɧɬɨɜ. ɇɚ ɪɢɫ.12.4 ɩɪɟɞ-
ɫɬɚɜɥɟɧɵ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɝɪɚɮɢɤɢ ɞɥɹ ɚɩɩɚɪɚɬɨɜ ɫ ɩɪɹɦɨɬɨɤɨɜ, ɚ ɧɚ ɪɢɫ.12.5 ɞɥɹ ɚɩɩɚɪɚɬɨɜ 
ɫ ɩɪɨɬɢɜɨɬɨɤɨɦ.

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫ.12.4 , ɩɪɢ ɩɪɹɦɨɬɨɤɟ ɤɨɧɟɱɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɯɨɥɨɞɧɨɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ 
ɜɫɟɝɞɚ ɧɢɠɟ ɤɨɧɟɱɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɝɨɪɹɱɟɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ. ɉɪɢ ɩɪɨɬɢɜɨɬɨɤɟ (ɪɢɫ.12.5) 
ɤɨɧɟɱɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɯɨɥɨɞɧɨɣ ɠɢɞɤɨɫɬɢ ɦɨɠɟɬ ɛɵɬɶ ɡɧɚɱɢɬɟɥɶɧɨ ɜɵɲɟ ɤɨɧɟɱɧɨɣ ɬɟɦ-
ɩɟɪɚɬɭɪɵ ɝɨɪɹɱɟɣ ɠɢɞɤɨɫɬɢ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜ ɚɩɩɚɪɚɬɚɯ ɫ ɩɪɨɬɢɜɨɬɨɤɨɦ ɦɨɠɧɨ ɧɚɝɪɟɬɶ 
ɯɨɥɨɞɧɭɸ ɫɪɟɞɭ, ɩɪɢ ɨɞɢɧɚɤɨɜɵɯ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ, ɞɨ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ, 
ɱɟɦ ɜ ɚɩɩɚɪɚɬɚɯ ɫ ɩɪɹɦɨɬɨɤɨɦ. Ʉɪɨɦɟ ɬɨɝɨ, ɤɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɨɜ, ɧɚɪɹɞɭ ɫ ɢɡɦɟɧɟɧɢɹɦɢ 
ɬɟɦɩɟɪɚɬɭɪ ɢɡɦɟɧɹɟɬɫɹ ɬɚɤɠɟ ɢ ɪɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɹ ɦɟɠɞɭ ɪɚɛɨɱɢɦɢ ɠɢɞɤɨɫɬɹɦɢ, ɢɥɢ 
ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ ∆t.

ȼɟɥɢɱɢɧɵ ∆t ɢ Ф ɦɨɠɧɨ ɩɪɢɧɹɬɶ ɩɨɫɬɨɹɧɧɵɦɢ ɬɨɥɶɤɨ ɜ ɩɪɟɞɟɥɚɯ ɷɥɟɦɟɧɬɚɪɧɨɣ ɩɨɜɟɪɯɧɨ-
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ɫɬɢ ɬɟɩɥɨɨɛɦɟɧɚ НF. ɉɨɷɬɨɦɭ ɭɪɚɜɧɟɧɢɟ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɞɥɹ ɷɥɟɦɟɧɬɚ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɩɥɨ-
ɨɛɦɟɧɚ НF ɫɩɪɚɜɟɞɥɢɜɨ ɥɢɲɶ ɜ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɮɨɪɦɟμ
dQ==k·dF·∆t . (12.18)
Ɍɟɩɥɨɜɨɣ ɩɨɬɨɤ, ɩɟɪɟɞɚɧɧɵɣ ɱɟɪɟɡ ɜɫɸ ɩɨɜɟɪɯɧɨɫɬɶ F ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɫɪɟɞɧɟɦ ɤɨɷɮɮɢ-
ɰɢɟɧɬɟ ɬɟɩɥɨɩɟɪɟɞɚɱɢ Ф, ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟɦ ɭɪɚɜɧɟɧɢɹ (12. ):
Q = ∫ k·dF·∆t= k·F·∆tɫɪ , (12.19)
ɝɞɟ ∆tɫɪ - ɫɪɟɞɧɢɣ ɥɨɝɚɪɢɮɦɢɱɟɫɤɢɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ ɩɨ ɜɫɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚ.
Ⱦɥɹ ɫɥɭɱɚɟɜ, ɤɨɝɞɚ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɧɚ ɨɬɞɟɥɶɧɵɯ ɭɱɚɫɬɤɚɯ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɩ-
ɥɨɨɛɦɟɧɚ ɡɧɚɱɢɬɟɥɶɧɨ ɢɡɦɟɧɹɟɬɫɹ, ɟɝɨ ɭɫɪɟɞɧɹɸɬμ
kɫɪ = (F1·k1 + F2·k2 + … + Fn·kn) / (F1 + F2 + … + Fn). 
Ɍɨɝɞɚ ɩɪɢ Фɫɪ = МШЧst ɭɪɚɜɧɟɧɢɟ (12.λ ) ɩɪɢɦɟɬ ɜɢɞ 
Q = ∫kɫɪ ∆t ·dF = kɫɪ ·∆tɫɪ ·F. (12.20)
ȿɫɥɢ ɬɟɦɩɟɪɚɬɭɪɚ ɬɟɩɥɨɧɨɫɢɬɟɥɟɣ ɢɡɦɟɧɹɟɬɫɹ ɩɨ ɡɚɤɨɧɭ ɩɪɹɦɨɣ ɥɢɧɢɢ (ɪɢɫ.12.6, ɩɭɧɤ-
ɬɢɪɧɵɟ ɥɢɧɢɢ), ɬɨ ɫɪɟɞɧɢɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ ɜ ɚɩɩɚɪɚɬɟ ɪɚɜɟɧ ɪɚɡɧɨɫɬɢ ɫɪɟɞɧɟɚɪɢɮ-
ɦɟɬɢɱɟɫɤɢɯ ɜɟɥɢɱɢɧμ∆tɫɪ = (t/

1 + t//
1)/2 - (t//

2 + t/
2)/2 . (12.21) 

Ɉɞɧɚɤɨ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɛɨɱɢɯ ɠɢɞɤɨɫɬɟɣ ɦɟɧɹɸɬɫɹ ɩɨ ɤɪɢɜɨɥɢɧɟɣɧɨɦɭ ɡɚɤɨɧɭ. ɉɨɷɬɨɦɭ 
ɭɪɚɜɧɟɧɢɟ (12.21) ɛɭɞɟɬ ɬɨɥɶɤɨ ɩɪɢɛɥɢɠɟɧɧɵɦ ɢ ɦɨɠɟɬ ɩɪɢɦɟɧɹɬɶɫɹ ɩɪɢ ɧɟɛɨɥɶɲɢɯ ɢɡ-
ɦɟɧɟɧɢɹɯ ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɟɢɯ ɠɢɞɤɨɫɬɟɣ. ɉɪɢ ɤɪɢɜɨɥɢɧɟɣɧɨɦ ɢɡɦɟɧɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ 
ɜɟɥɢɱɢɧɭ ∆tɫɪ ɧɚɡɵɜɚɸɬ ɫɪɟɞɧɟɥɨɝɚɪɢɮɦɢɱɟɫɤɢɦ ɬɟɦɩɟɪɚɬɭɪɧɵɦ ɧɚɩɨɪɨɦ ɢ ɨɩɪɟɞɟɥɹɟɬ-
ɫɹ ɩɨ ɮɨɪɦɭɥɚɦμ
ɞɥɹ ɚɩɩɚɪɚɬɨɜ ɫ ɩɪɹɦɨɬɨɤɨɦ∆tɫɪ = [(t/1 - t/2) - (t//

1 - t//2)] / ln[(t/
1 - t/

2)/(t//
1 - t//

2)] . (12.22) 
ɞɥɹ ɚɩɩɚɪɚɬɨɜ ɫ ɩɪɨɬɢɜɨɬɨɤɨɦ∆tɫɪ = [(t/1 - t//2) - (t//

1 - t/
2)] / ln[(t/

1 - t//
2)/(t//

1 - t/
2)] . (12.23) 

ɑɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ∆tɫɪ ɞɥɹ ɚɩɩɚɪɚɬɨɜ ɫ ɩɪɨɬɢɜɨɬɨɤɦ ɩɪɢ ɨɞɢɧɚɤɨɜɵɯ ɭɫɥɨɜɢɹɯ ɜɫɟɝɞɚ 
ɛɨɥɶɲɟ ∆tɫɪ ɞɥɹ ɚɩɩɚɪɚɬɨɜ ɫ ɩɪɹɦɨɬɨɤɨɦ, ɩɨɷɬɨɦɭ ɚɩɩɚɪɚɬɵ ɫ ɩɪɨɬɢɜɨɬɨɤɦ ɢɦɟɸɬ ɦɟɧɶ-
ɲɢɟ ɪɚɡɦɟɪɵ.

Ɍɟɦɚ 13. Эɧɟɪɝɟɬɢɱɟɫɤɨɟ ɬɨɩɥɢɜɨ.
13.1. ɋɨɫɬɚɜ ɬɨɩɥɢɜɚ.
Ɍɨɩɥɢɜɨɦ ɧɚɡɵɜɚɟɬɫɹ ɝɨɪɸɱɟɟ ɜɟɳɟɫɬɜɨ, ɢɫɩɨɥɶɡɭɟɦɨɟ ɜ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ ɩɨɥɭɱɟɧɢɹ 
ɬɟɩɥɨɬɵ ɜ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ, ɩɪɨɦɵɲɥɟɧɧɵɯ ɢ ɨɬɨɩɢɬɟɥɶɧɵɯ ɭɫɬɚɧɨɜɤɚɯ. 
ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ ɪɟɚɤɰɢɣ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɵɯ ɜɵɞɟɥɹɟɬɫɹ ɬɟɩɥɨɬɚ ɢɡ ɬɨɩɥɢɜɚ, ɪɚɡ-
ɥɢɱɚɸɬ ɨɪɝɚɧɢɱɟɫɤɨɟ ɢ ɹɞɟɪɧɨɟ ɬɨɩɥɢɜɨ.
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢ ɩɨ ɩɪɨɝɧɨɡɚɦ ɞɨ 2030 ɝ. ɨɪɝɚɧɢɱɟɫɤɨɟ ɬɨɩɥɢɜɨ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ 
ɢɫɬɨɱɧɢɤɨɦ ɷɧɟɪɝɢɢ (ɬɟɩɥɨɬɵ) ɞɥɹ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ.
Ɍɚɛɥɢɰɚ 13.1.
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ɉɨɬɪɟɛɥɟɧɢɟ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɬɨɩɥɢɜɚ ɜ1λλ3 ɝ.

ɉɨɬɪɟɛɢɬɟɥɶ ȼɢɞ ɬɨɩɥɢɜɚ
Ɍɜɟɪɞɨɟ ɀɢɞɤɨɟ Ƚɚɡɨɨɛɪɚɡɧɨɟ

ȼɨ ɜɫɟɦ ɦɢɪɟ, ɦɥɪɞ.ɬ ɭ.ɬ. 3,21 4,29 2,66 

Ɋɨɫɫɢɹ, ɦɥɧ. ɬ ɭ.ɬ. 226 232 503 

ɉɪɢɦɟɱɚɧɢɟμ ɭ.ɬ.  ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ 
ȼ ɨɪɝɚɧɢɱɟɫɤɢɯ ɬɨɩɥɢɜɚɯ ɬɟɩɥɨɬɚ ɜɵɞɟɥɹɟɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ ɨɤɢɫɥɟɧɢɹ 
ɟɝɨ ɝɨɪɸɱɢɯ ɱɚɫɬɟɣ ɩɪɢ ɭɱɚɫɬɢɢ ɤɢɫɥɨɪɨɞɚ, ɚ ɜ ɹɞɟɪɧɵɯ ɬɨɩɥɢɜɚɯ  ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɩɚɞɚ 
ɞɟɥɟɧɢɹ ɹɞɟɪ ɬɹɠɟɥɵɯ ɷɥɟɦɟɧɬɨɜ (ɭɪɚɧɚ, ɩɥɭɬɨɧɢɹ ɢ ɬ.ɞ.).
Ɍɚɛɥɢɰɚ 13.2.
Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɨɪɝɚɧɢɱɟɫɤɢɯ ɬɨɩɥɢɜ ɩɨ ɚɝɪɟɝɚɬɧɨɦɭ ɫɨɫɬɨɹɧɢɸ.

Ɍɨɩɥɢɜɨ Ⱥɝɪɟɝɚɬɧɨɟ ɫɨɫɬɨɹɧɢɟ
Ɍɜɟɪɞɨɟ ɀɢɞɤɨɟ Ƚɚɡɨɨɛɪɚɡɧɨɟ

ɉɪɢɪɨɞɧɨɟ

Ⱦɪɨɜɚ, ɬɨɪɮ, ɛɭɪɵɟ ɢ 
ɤɚɦɟɧɧɵɟ ɭɝɥɢ, ɚɧ-
ɬɪɚɰɢɬ, ɝɨɪɸɱɢɟ 
ɫɥɚɧɰɵ

ɇɟɮɬɶ ɉɪɢɪɨɞɧɵɣ ɝɚɡ

ɂɫɤɭɫɫɬɜɟɧɧɨɟ

Ⱦɪɟɜɟɫɧɵɣ ɭɝɨɥɶ, 
ɩɨɥɭɤɨɤɫ, ɤɨɤɫ, 
ɭɝɨɥɶɧɵɟ ɢ ɬɨɪɮɹɧɵɟ 
ɛɪɢɤɟɬɵ

Ɇɚɡɭɬ, ɤɟɪɨɫɢɧ, ɛɟɧ-
ɡɢɧ, ɫɨɥɹɪɨɜɨɟ ɦɚɫ-
ɥɨ, ɝɚɡɨɣɥɶ, ɩɟɱɧɨɟ 
ɬɨɩɥɢɜɨ

Ƚɚɡɵ ɧɟɮɬɹɧɨɣ, ɤɨɤɫɨɜɵɣ, 
ɝɟɧɟɪɚɬɨɪɧɵɣ, ɞɨɦɟɧɧɵɣ, 
ɝɚɡ ɩɨɞɡɟɦɧɨɣ ɝɚɡɨɮɢɤɚɰɢɢ 

Ɍɜɟɪɞɵɟ ɢ ɠɢɞɤɢɟ ɬɨɩɥɢɜɚ ɫɨɫɬɨɹɬ ɢɡ ɝɨɪɸɱɢɯ (ɭɝɥɟɪɨɞɚ - ɋ, ɜɨɞɨɪɨɞɚ - ɇ, ɥɟɬɭɱɟɣ ɫɟɪɵ -
Sɥ == Sɨɪ + Sɤ) ɢ ɧɟɝɨɪɸɱɢɯ (ɚɡɨɬɚ - N ɢ ɤɢɫɥɨɪɨɞɚ - Ɉ) ɷɥɟɦɟɧɬɨɜ ɢ ɛɚɥɥɚɫɬɚ (ɡɨɥɵ - Ⱥ, 
ɜɥɚɝɢ - C).
Эɥɟɦɟɧɬɚɪɧɵɣ ɫɨɫɬɚɜ ɬɜɟɪɞɨɝɨ ɢ ɠɢɞɤɨɝɨ ɬɨɩɥɢɜɚ ɞɚɟɬɫɹ ɜ ɩɪɨɰɟɧɬɚɯ ɤ ɦɚɫɫɟ 1 ɤɝ ɬɨɩɥɢ-
ɜɚ. ɉɪɢ ɷɬɨɦ ɪɚɡɥɢɱɚɸɬ ɪɚɛɨɱɭɸ, ɫɭɯɭɸ, ɝɨɪɸɱɭɸ ɢ ɨɪɝɚɧɢɱɟɫɤɭɸ ɦɚɫɫɭ ɬɨɩɥɢɜɚ.
Ɋɚɛɨɱɚɹ ɦɚɫɫɚ  ɷɬɨ ɦɚɫɫɚ ɢ ɫɨɫɬɚɜ ɬɨɩɥɢɜɨ, ɜ ɤɨɬɨɪɨɦ ɩɨɫɬɭɩɚɟɬ ɤ ɩɨɬɪɟɛɢɬɟɥɸ ɢ ɩɨɞɜɟɪ-
ɝɚɟɬɫɹ ɫɠɢɝɚɧɢɸ. 
ɋɨɫɬɚɜ ɪɚɛɨɱɟɣ, ɝɨɪɸɱɟɣ, ɫɭɯɨɣ ɢ ɨɪɝɚɧɢɱɟɫɤɨɣ ɦɚɫɫɵ ɨɛɨɡɧɚɱɚɟɬɫɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɢɧ-
ɞɟɤɫɚɦɢ "ɪ", "ɫ", "ɝ" ɢ "ɨ" ɢ ɜɵɪɚɠɚɸɬɫɹ ɫɥɟɞɭɸɳɢɦɢ ɪɚɜɟɧɫɬɜɚɦɢμ 
ɋɪ + ɇɪ + Sɪ

ɥ + Nɪ + Oɪ + Aɪ + Cɪ = 100 % ; (13.1)
ɋɫ + ɇɫ + Sɫ

ɥ + Nɫ + Oɫ + Aɫ = 100 % . (13.2)
ɋɝ + ɇɝ + Sɝ

ɥ + Nɝ + Oɝ = 100 % ; (13.3)
ɋɨ + ɇɨ + Sɨ

ɨɪɝ + Nɨ + Oɨ = 100 % . (13.4)
Ɉɪɝɚɧɢɱɟɫɤɚɹ ɦɚɫɫɚ ɬɨɩɥɢɜɚ ɜ ɨɬɥɢɱɢɢ ɨɬ ɝɨɪɸɱɟɣ ɦɚɫɫɵ ɫɨɞɟɪɠɢɬ ɬɨɥɶɤɨ ɨɪɝɚɧɢɱɟɫɤɭɸ 
ɫɟɪɭ ɢ ɧɟ ɜɤɥɸɱɚɟɬ ɤɨɥɱɟɞɚɧɧɭɸμ
Sɨ

ɨɪɝ = Sɨ
ɥ - Sɨ

ɤ . (13.5)
Ʉɨɷɮɮɢɰɢɟɧɬɵ ɩɟɪɟɫɱɟɬɚ ɫɨɫɬɚɜɚ ɬɨɩɥɢɜɚ ɢɡ ɨɞɧɨɣ ɦɚɫɫɵ ɜ ɞɪɭɝɭɸ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 
13.3.  
Ɍ ɚ ɛ ɥ ɢ ɰ ɚ 13.3

Ɂɚɞɚɧɧɚɹ ɦɚɫɫɚ ɬɨɩɥɢɜɚ Ʉɨɷɮɮɢɰɢɟɧɬɵ ɩɟɪɟɫɱɟɬɚ ɧɚ ɦɚɫɫɭ
ɪɚɛɨɱɭɸ ɝɨɪɸɱɭɸ ɫɭɯɭɸ

Ɋɚɛɨɱɚɹ 1 100/[100 - (Aɪ + Cɪ)] 100/(100 - Cɪ)
Ƚɨɪɸɱɚɹ [100 - (Aɪ + Cɪ)]/100 1 (100 - Aɫ)/100
ɋɭɯɚɹ (100 - Cɪ) / 100 100 / (100 - Aɫ) 1 

Ⱦɥɹ ɫɥɚɧɰɟɜ ɫɨɫɬɚɜɚ (ɋɪ, ɇɪ, Sɪ
ɥ, Nɪ, Oɪ, Aɪ, Cɪ) ɩɟɪɟɫɱɟɬ ɫ ɪɚɛɨɱɟɣ

ɦɚɫɫɵ ɧɚ ɝɨɪɸɱɭɸ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɤɨɷɮɮɢɰɢɟɧɬɚμ
Ʉ = 100 / Д100 - Aɪ

ɢ - Cɪ - (ɋɈ2)ɪ
ɤ] , (13.6)

ɝɞɟ Aɪ
ɢ - ɢɫɬɢɧɧɚɹ ɡɨɥɶɧɨɫɬɶ ɪɚɛɨɱɟɣ ɦɚɫɫɵ, %·, Cɪ - ɜɥɚɠɧɨɫɬɶ ɪɚɛɨɱɟɣ ɦɚɫɫɵ, %, (ɋɈ2)ɪ

ɤ
- ɫɨɞɟɪɠɚɧɢɟ ɭɝɥɟɤɢɫɥɨɬɵ ɤɚɪɛɨɧɚɬɨɜ, %. ɂɫɬɢɧɧɚɹ ɡɨɥɶɧɨɫɬɶ ɪɚɛɨɱɟɣ ɦɚɫɫɵ ɨɩɪɟɞɟɥɹɟɬ-
ɫɹ ɩɨ ɮɨɪɦɭɥɟ 
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Aɪ
ɢ = Aɪ - [2,5(Sɪ

ɚ - Sɪ
ɫ ) +0,375Sɪ

ɤ] [(100 - Cɪ) / 100], (13.7)
ɝɞɟ Sɪ

ɚ - ɫɨɞɟɪɠɚɧɢɟ ɫɟɪɵ ɜ ɥɚɛɨɪɚɬɨɪɧɨɣ ɡɨɥɟ ɜ ɩɪɨɰɟɧɬɚɯ ɤ ɦɚɫɫɟ ɬɨɩɥɢɜɚν Sɪ
ɫ - ɫɨɞɟɪ-

ɠɚɧɢɟ ɫɭɥɶɮɚɬɧɨɣ ɫɟɪɵ ɜ ɬɨɩɥɢɜɟ, %. 
ȼɟɥɢɱɢɧɚ Д2,5(Sɪ

ɚ - Sɪ
ɫ) +0,375Sɪ

ɤЖ ɞɥɹ ɥɟɧɢɧɝɪɚɞɫɤɢɯ ɢ ɷɫɬɨɧɫɤɢɯ ɫɥɚɧɰɟɜ ɦɨɠɟɬ ɛɵɬɶ 
ɩɪɢɧɹɬɚ ɪɚɜɧɨɣ 2,0, ɞɥɹ ɤɚɲɩɢɪɫɤɢɯ - 4,1.
ɉɟɪɟɫɱɟɬ ɫɨɫɬɚɜɚ (%) ɪɚɛɨɱɟɣ ɦɚɫɫɵ ɬɨɩɥɢɜɚ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɜɥɚɠɧɨɫɬɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ 
ɮɨɪɦɭɥɚɦμ
ɋɪ

2 = ɋɪ
1(100 - Cɪ

2) / (100 - Cɪ
1)

Hɪ
2 = Hɪ

1(100 - Cɪ
2) / (100 - Cɪ

1), (13.8)
ɝɞɟ Cɪ

1 - ɧɚɱɚɥɶɧɚɹ ɜɥɚɠɧɨɫɬɶ ɬɨɩɥɢɜɚ, %, Cɪ
2 - ɤɨɧɟɱɧɚɹ ɜɥɚɠɧɨɫɬɶ ɬɨɩɥɢɜɚ, %.

ɋɪɟɞɧɢɣ ɫɨɫɬɚɜ (%) ɫɦɟɫɢ ɞɜɭɯ ɬɜɟɪɞɵɯ ɢɥɢ ɠɢɞɤɢɯ ɬɨɩɥɢɜ, ɡɚɞɚɧɧɵɯ ɦɚɫɫɨɜɵɦɢ ɞɨɥɹɦɢ, 
- ɩɟɪɜɨɝɨ (ɋɪ

2, Hɪ
2 ....)ɢ ɜɬɨɪɨɝɨ (ɋɪ

1, Hɪ ...) - ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɭɪɚɜɧɟɧɢɹɦμ 
ɋɪ

ɫɦ = b1 ɫɪ
1 + (1 - b1) ɫɪ

2 , 
Hɪ

ɫɦ = b1 Hɪ
1 + (1 - b1) Hɪ

2 ,  , (13.9)
......................................... . 
ɝɞɟ ɦɚɫɫɨɜɚɹ ɞɨɥɹ Л1 ɨɞɧɨɝɨ ɢɡ ɬɨɩɥɢɜ ɜ ɫɦɟɫɢ ɧɚɯɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟμ
b1 = ȼ1 /(ȼ1 + ȼ2) . (13.10)
Ɂɞɟɫɶ ȼ1 ɢ ȼ2 - ɦɚɫɫɵ ɬɨɩɥɢɜ, ɜɯɨɞɹɳɢɯ ɜ ɫɦɟɫɶ, ɤɝ. 
Ƚɚɡɨɨɛɪɚɡɧɨɟ ɬɨɩɥɢɜɨ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɦɟɫɶ ɝɨɪɸɱɢɯ ɢ ɧɟɝɨɪɸɱɢɯ ɝɚɡɨɜ. Ƚɨɪɸɱɚɹ 
ɱɚɫɬɶ ɫɨɫɬɨɢɬ ɢɡ ɩɪɟɞɟɥɶɧɵɯ (?ɋnH2n+2) ɢ ɧɟɩɪɟɞɟɥɶɧɵɯ (?ɋnH2n) ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɜɨɞɨɪɨɞɚ 
ɇ2, ɨɤɢɫɢ ɭɝɥɟɪɨɞɚ ɋɈ, ɢ ɫɟɪɧɢɫɬɨɝɨ ɜɨɞɨɪɨɞɚ (ɇ2S). ȼ ɫɨɫɬɚɜ ɧɟɝɨɪɸɱɢɯ ɷɥɟɦɟɧɬɨɜ ɜɯɨ-
ɞɢɬ ɚɡɨɬ ( N2) , ɭɝɥɟɤɢɫɥɵɣ ɝɚɡ (ɋO2) ɢ ɤɢɫɥɨɪɨɞ (Ɉ2). ɋɨɫɬɚɜɵ ɩɪɢɪɨɞɧɨɝɨ ɢ ɢɫɤɭɫɫɬɜɟɧ-
ɧɨɝɨ ɝɚɡɨɨɛɪɚɡɧɵɯ ɬɨɩɥɢɜ ɪɚɡɥɢɱɧɵ. ɉɪɢɪɨɞɧɵɣ ɝɚɡ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚ-
ɧɢɟɦ ɦɟɬɚɧɚ (ɋH4), ɚ ɬɚɤɠɟ ɧɟɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɞɪɭɝɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜμ ɷɬɚɧɚ (ɋ2H6),
ɩɪɨɩɚɧɚ (ɋ3H8), ɛɭɬɚɧɚ (ɋ4H10), ɷɬɢɥɟɧɚ (ɋ2H4), ɢ ɩɪɨɩɢɥɟɧɚ (ɋ3H6). ȼ ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɝɚ-
ɡɚɯ ɫɨɞɟɪɠɚɧɢɟ ɝɨɪɸɱɢɯ ɫɨɫɬɚɜɥɹɸɳɢɯ (ɜɨɞɨɪɨɞɚ ɢ ɨɤɢɫɢ ɭɝɥɟɪɨɞɚ) ɞɨɫɬɢɝɚɟɬ 25-45%, ɜ 
ɛɚɥɥɚɫɬɟ ɩɪɟɨɛɥɚɞɚɸɬ ɚɡɨɬ ɢ ɭɝɥɟɤɢɫɥɨɬɚ  55-75%.
ɋɨɫɬɚɜ ɝɚɡɨɨɛɪɚɡɧɨɝɨ ɬɨɩɥɢɜɚ ɡɚɞɚɟɬɫɹ ɜ ɨɛɴɟɦɧɵɯ ɞɨɥɹɯ ɢ ɜ ɨɛɳɟɦ ɜɢɞɟ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ 
ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦμΣɋnH2n+2 + ΣɋnH2n + ɇ2 + ɋɈ + ɇ2S + Ɉ2 + N2 + ɫɈ2 = 100% , (13.11)
ɝɞɟ ΣɋnH2n+2  ɩɪɟɞɟɥɶɧɵɟ ɭɝɥɟɜɨɞɨɪɨɞɵνΣɋnH2n  ɧɟɩɪɟɞɟɥɶɧɵɟ ɭɝɥɨɜɨɞɨɪɨɞɵν 
ɇ2S  ɫɟɪɧɢɫɬɵɣ ɜɨɞɨɪɨɞ.
ɋɈ  ɨɤɢɫɶ ɭɝɥɟɪɨɞɚν
ɫɈ2 - ɭɝɥɟɤɢɫɥɵɣ ɝɚɡ.
13.2. ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɬɨɩɥɢɜɚ.
ȼɥɚɠɧɨɫɬɶ ɜɨɡɞɭɯɚ. ɋɪɟɞɧɹɹ ɜɥɚɠɧɨɫɬɶ ɬɨɩɥɢɜɚ ɜ ɪɚɛɨɱɟɦ ɫɨɫɬɨɹɧɢɢ ɫɨɫɬɚɜɥɹɟɬ ɜ %μ ɞɥɹ 
ɬɨɪɮɚ 50ν ɫɥɚɧɰɟɜ 13-17ν ɤɚɦɟɧɧɨɝɨ ɭɝɥɹ 5-14 ɢ ɚɧɬɪɚɰɢɬɚ 5-κ. Ȼɭɪɵɟ ɭɝɥɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ 
ɨɬ ɜɥɚɠɧɨɫɬɢ ɞɟɥɹɬ ɧɚ 3 ɝɪɭɩɩɵμ ɝɪɭɩɩɚ Ȼ1  ɛɨɥɟɟ 40% ɜɥɚɠɧɨɫɬɢν ɝɪɭɩɩɚ Ȼ2  30-40%;
ɝɪɭɩɩɚ Ȼ3  ɦɟɧɟɟ 30%.
Ɂɨɥɚ ɬɨɩɥɢɜɚ. ȼ ɫɨɫɬɚɜ ɡɨɥɵ ɜɯɨɞɹɬ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɫɨɥɢ ɳɟɥɨɱɧɵɯ ɢ ɳɟɥɨɱɧɨ-
ɡɟɦɟɥɶɧɵɯ ɦɟɬɚɥɥɨɜ, ɨɤɢɫɥɵ ɠɟɥɟɡɚ, ɚɥɸɦɢɧɢɹ, ɚ ɬɚɤɠɟ ɫɭɥɶɮɚɬɧɚɹ ɫɟɪɚ. Ɇɢɧɟɪɚɥɶɧɵɟ 
ɨɫɬɚɬɤɢ, ɨɛɪɚɡɭɸɳɢɟɫɹ ɩɨɫɥɟ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ, ɢɦɟɸɬ ɜɢɞ ɥɢɛɨ ɫɵɩɭɱɟɣ ɦɚɫɫɵ (ɡɨɥɚ), 
ɥɢɛɨ ɫɩɥɚɜɥɟɧɧɵɯ ɤɭɫɤɨɜ (ɲɥɚɤ). ɉɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɡɨɥɚ ɪɚɡɦɹɝɱɚɟɬɫɹ, ɚ ɡɚɬɟɦ 
ɩɥɚɜɢɬɫɹ. Ɋɚɡɦɹɝɱɟɧɧɚɹ ɡɨɥɚ ɢ ɲɥɚɤ ɩɪɢɥɢɩɚɸɬ ɤ ɫɬɟɧɤɚɦ ɨɛɦɭɪɨɜɤɢ ɬɨɩɤɢ, ɭɦɟɧɶɲɚɹ 
ɫɟɱɟɧɢɟ ɝɚɡɨɯɨɞɨɜ ɨɬɤɥɚɞɵɜɚɸɬɫɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɹɯ ɧɚɝɪɟɜɚ, ɭɜɟɥɢɱɢɜɚɹ ɬɟɦ ɫɚɦɵɦ ɬɟɪɦɢ-
ɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜ ɩɪɨɰɟɫɫɟ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɨ ɝɚɡɨɜ ɤ ɧɚɝɪɟɜɚɟɦɨɣ ɫɪɟɞɟ, ɡɚɛɢɜɚɸɬ 
ɨɬɜɟɪɫɬɢɹ ɞɥɹ ɩɪɨɯɨɞɚ ɜɨɡɞɭɯɚ ɜ ɤɨɥɨɫɧɢɤɨɜɨɣ ɪɟɲɟɬɤɟ, ɨɛɜɨɥɚɤɢɜɚɸɬ ɱɚɫɬɢɰɵ ɬɨɩɥɢɜɚ, 
ɡɚɬɪɭɞɧɹɹ ɢɯ ɫɠɢɝɚɧɢɟ.
Ɋɚɡɥɢɱɧɵɟ ɜɢɞɵ ɬɨɩɥɢɜɚ ɫɨɞɟɪɠɚɬ ɪɚɡɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɡɨɥɵ. ɇɚɩɪɢɦɟɪ, ɜ %μ ɞɪɟɜɟɫɢɧɚ 1ν 
ɬɨɪɮ 10ν ɤɭɡɧɟɰɤɢɣ ɭɝɨɥɶ 10-20ν ɩɨɞɦɨɫɤɨɜɧɵɣ ɛɭɪɵɣ ɭɝɨɥɶ 30ν ɫɥɚɧɰɵ 60. ɀɢɞɤɨɟ ɬɨɩ-
ɥɢɜɨ (ɦɚɡɭɬ) ɫɨɞɟɪɠɢɬ 0,2-1% ɦɢɧɟɪɚɥɶɧɵɯ ɩɪɢɦɟɫɟɣ.
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Ʌɟɬɭɱɢɟ ɜɟɳɟɫɬɜɚ. ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ ɬɜɟɪɞɨɝɨ ɬɨɩɥɢɜɚ ɞɨ κ70-1100 Ʉ ɛɟɡ ɞɨɫɬɭɩɚ ɨɤɢɫɥɢ-
ɬɟɥɹ, ɜɵɞɟɥɹɸɬɫɹ ɩɚɪɨɝɚɡɨɨɛɪɚɡɧɵɟ ɜɟɳɟɫɬɜɚ, ɤɨɬɨɪɵɟ ɧɚɡɵɜɚɸɬɫɹ ɥɟɬɭɱɢɦɢ. Ɉɧɢ ɹɜɥɹ-
ɸɬɫɹ ɩɪɨɞɭɤɬɚɦɢ ɪɚɫɩɚɞɚ ɫɥɨɠɧɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ, ɫɨɞɟɪɠɚɳɢɯɫɹ ɜ ɨɪɝɚɧɢɱɟɫɤɨɣ 
ɦɚɫɫɟ ɬɨɩɥɢɜɚ. ȼ ɫɨɫɬɚɜ ɥɟɬɭɱɢɯ ɜɟɳɟɫɬɜ ɜɯɨɞɹɬμ ɚɡɨɬ N2, ɤɢɫɥɨɪɨɞ Ɉ2, ɜɨɞɨɪɨɞ ɇ2, ɨɤɢɫɶ 
ɭɝɥɟɪɨɞɚ ɋɈ, ɭɝɥɟɜɨɞɨɪɨɞɧɵɟ ɝɚɡɵ ɋH4, ɋ2H4 ɢ ɬ.ɞ, ɚ ɬɚɤɠɟ ɜɨɞɹɧɵɟ ɩɚɪɵ.
Ʉɨɤɫ. Ɍɜɟɪɞɵɣ ɨɫɬɚɬɨɤ, ɤɨɬɨɪɵɣ ɩɨɥɭɱɚɟɬɫɹ ɩɨɫɥɟ ɧɚɝɪɟɜɚɧɢɹ ɬɨɩɥɢɜɚ (ɛɟɡ ɞɨɫɬɭɩɚ ɨɤɢɫ-
ɥɢɬɟɥɹ) ɢ ɜɵɯɨɞɚ ɥɟɬɭɱɢɯ ɜɟɳɟɫɬɜ. ȼ ɫɨɫɬɚɜ ɤɨɤɫɚ ɜɯɨɞɹɬ ɨɫɬɚɬɨɱɧɵɣ ɭɝɥɟɪɨɞ ɢ ɡɨɥɚ. ɉɪɢ 
ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɜ ɬɜɟɪɞɨɦ ɨɫɬɚɬɤɟ ɤɪɨɦɟ ɡɨɥɵ ɦɨɠɟɬ ɨɤɚɡɚɬɶɫɹ ɱɚɫɬɶ ɷɥɟɦɟɧɬɨɜ (ɫ, 
H, Sɥ, N). Ɍɨɝɞɚ ɬɜɟɪɞɵɣ ɨɫɬɚɬɨɤ ɧɚɡɵɜɚɟɬɫɹ ɩɨɥɭɤɨɤɫɨɦ. ɉɨ ɫɜɨɢɦ ɦɟɯɚɧɢɱɟɫɤɢɦ ɫɜɨɣ-
ɫɬɜɚɦ ɤɨɤɫ ɦɨɠɟɬ ɛɵɬɶ ɩɨɪɨɲɤɨɨɛɪɚɡɧɵɦ, ɫɥɚɛɨɫɩɟɤɲɢɦɫɹ ɢ ɫɩɟɤɲɢɦɫɹ.
ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɵɯɨɞɚ ɥɟɬɭɱɢɯ ɜɟɳɟɫɬɜ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɤɫɚ ɤɚɦɟɧɧɵɟ ɭɝɥɢ ɪɚɡɞɟ-
ɥɹɸɬɫɹ ɧɚ 10 ɦɚɪɨɤμ ɞɥɢɧɧɨɩɥɚɦɟɧɧɵɣ - Ⱦ, ɝɚɡɨɜɵɣ - Ƚ, ɝɚɡɨɜɵɣ ɠɢɪɧɵɣ  Ƚɀ, ɠɢɪɧɵɣ  ɀ, 
ɤɨɤɫɨɜɵɣ ɠɢɪɧɵɣ = Ʉɀ, ɤɨɤɫɨɜɵɣ - Ʉ, ɤɨɤɫɨɜɵɣ ɜɬɨɪɨɣ  Ʉ2, ɨɬɨɳɟɧɧɵɣ ɫɩɟɤɚɸɳɢɣɫɹ 
Ɉɋ, ɫɥɚɛɨɫɩɟɤɚɸɳɢɣɫɹ  ɋɋ, ɬɨɳɢɣ  Ɍ.
Ɍɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ. Ɉɞɧɨɣ ɢɡ ɨɫɧɨɜɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɥɸɛɨɝɨ ɜɢɞɚ ɬɨɩɥɢɜɚ ɹɜɥɹɟɬɫɹ ɬɟɩ-
ɥɨɬɚ ɫɝɨɪɚɧɢɹ, ɬ.ɟ. ɬɨ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɤɨɬɨɪɨɟ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧɨ ɩɪɢ ɩɨɥɧɨɦ ɫɝɨ-
ɪɚɧɢɢ ɟɞɢɧɢɰɵ ɦɚɫɫɵ ɢɥɢ ɨɛɴɟɦɚ ɬɨɩɥɢɜɚ. ɉɨɥɧɵɦ ɫɝɨɪɚɧɢɟɦ ɧɚɡɵɜɚɟɬɫɹ ɬɚɤɨɟ, ɩɪɢ ɤɨ-
ɬɨɪɨɦ ɝɨɪɸɱɢɟ ɤɨɦɩɨɧɟɧɬɵ ɬɨɩɥɢɜɚ ɋ, ɇ ɢ S ɩɨɥɧɨɫɬɶɸ ɨɤɢɫɥɹɸɬɫɹ ɤɢɫɥɨɪɨɞɨɦ. Ɍɟɩɥɨɬɭ 
ɫɝɨɪɚɧɢɹ ɬɜɟɪɞɨɝɨ ɢ ɠɢɞɤɨɝɨ ɬɨɩɥɢɜɚ ɨɬɧɨɫɹɬ ɤ 1 ɤɝ, ɚ ɝɚɡɨɜɨɝɨ  ɤ 1 ɦ3 ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ 
ɭɫɥɨɜɢɹɯ.
Ɋɚɡɥɢɱɚɸɬ ɧɢɡɲɭɸ ɢ ɜɵɫɲɭɸ ɬɟɩɥɨɬɭ ɫɝɨɪɚɧɢɹ. ȼ ɜɵɫɲɭɸ ɬɟɩɥɨɬɭ ɫɝɨɪɚɧɢɹ ɜɯɨɞɢɬ ɤɨɥɢ-
ɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɤɨɬɨɪɨɟ ɦɨɠɟɬ ɛɵɬɶ ɜɵɞɟɥɟɧɨ ɩɪɢ ɤɨɧɞɟɧɫɚɰɢɢ ɜɨɞɹɧɵɯ ɩɚɪɨɜ, ɧɚɯɨɞɹ-
ɳɢɯɫɹ ɜ ɩɪɨɞɭɤɬɚɯ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ.
ɉɪɢ ɢɡɜɟɫɬɧɨɦ ɷɥɟɦɟɧɬɚɪɧɨɦ ɫɨɫɬɚɜɟ ɬɜɟɪɞɨɝɨ ɢ ɠɢɞɤɨɝɨ ɬɨɩɥɢɜ ɬɟɩɥɨɬɭ ɢɯ ɫɝɨɪɚɧɢɹ 
(ɤȾɠ/ɤɝ) ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɷɦɩɢɪɢɱɟɫɤɢɦ ɮɨɪɦɭɥɚɦ, ɩɪɟɞɥɨɠɟɧɧɨɣ Ⱦ.ɂ.Ɇɟɧɞɟɥɟɟɜɵɦμ
Qp

ɧ = 340ɋɪ + 1035ɇɪ  10λ(Ɉɪ - Sɪ
ɥ)  25Cɪ . (13.12)

Qp
ɜ = 340ɋɪ + 1260ɇɪ  10λ(Ɉɪ - Sɪ

ɥ) ; (13.13)
Ɍɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɫɭɯɨɝɨ ɝɚɡɚ (ɤȾɠ/ɦ3) ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɨɛɴɟɦɧɨɦɭ ɫɨɫɬɚɜɭ,%, ɢ ɢɡɜɟɫɬɧɨɣ 
ɬɟɩɥɨɬɟ ɫɝɨɪɚɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜμ
Qp

ɧ = 35κɋɇ4 + 640ɋ2ɇ6 + λ15ɋ3ɇ8 + 11λ0ɋ4ɇ10 +
+ 1465 ɋ5ɇ12 + 126,5 ɋɈ + 107,5ɇ2 + 234ɇ2S; (13.14)
Qp

ɧ = 3λκɋɇ4 + 700ɋ2ɇ6 + λλ5ɋ3ɇ8 + 12κ5 ɋ4ɇ10 +
+ 1575 ɋ5ɇ12 + 126,5 ɋɈ + 127,5ɇ2 + 257ɇ2S; (13.15)
ȿɫɥɢ ɜ ɫɨɫɬɚɜ ɝɚɡɚ ɜɯɨɞɹɬ ɧɟɢɡɜɟɫɬɧɵɟ ɭɝɥɟɜɨɞɨɪɨɞɧɵɟ ɤɨɦɩɨɧɟɧɬɵ (ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɫɨ-
ɞɟɪɠɚɧɢɟ ɦɟɬɚɧɚ ɢɡɜɟɫɬɧɨ), ɬɨ ɫɭɦɦɭ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɭɫɥɨɜɧɨ ɩɪɢɧɢɦɚɸɬ ɤɚɤ ɫɨɞɟɪɠɚɧɢɟ 
ɷɬɚɧɚ ɋ2ɇ4 ɢ ɬɟɩɥɨɬɭ ɫɝɨɪɚɧɢɹ ɪɚɫɫɱɢɬɵɜɚɸɬ ɩɨ ɮɨɪɦɭɥɚɦ, ɚɧɚɥɨɝɢɱɧɵɦ ɭɪɚɜɧɟɧɢɹɦ 
(13.14) ɢ (13.15).
Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ ɬɨɩɥɢɜɚ ɩɨ ɢɯ ɬɟɩɥɨɜɨɦɭ ɷɮɮɟɤɬɭ ɜɜɨɞɹɬ ɩɨɧɹɬɢɟ ɭɫɥɨɜ-
ɧɨɝɨ ɬɨɩɥɢɜɚ, ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɤɨɬɨɪɨɝɨ ɩɪɢɧɹɬɚ ɪɚɜɧɨɣ 2λ300 ɤȾɠ/ɤɝ.
Ɉɬɧɨɲɟɧɢɟ Qp

ɧ ɞɚɧɧɨɝɨ ɬɨɩɥɢɜɚ ɤ Qɭ.ɬ. ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɧɚɡɵɜɚɟɬɫɹ ɬɨɩɥɢɜɧɵɦ ɷɤɜɢɜɚ-
ɥɟɧɬɨɦ  Э. Ɍɨɝɞɚ ɞɥɹ ɪɚɫɱɟɬɚ ɪɚɫɯɨɞɚ ɧɚɬɭɪɚɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ȼɧ ɜ ɭɫɥɨɜɧɨɟ ȼɭ.ɬ. , ɞɨɫɬɚɬɨɱ-
ɧɨ ɜɟɥɢɱɢɧɭ ȼɧ ɭɦɧɨɠɢɬɶ ɧɚ ɷɤɜɢɜɚɥɟɧɬ Э, ɬ.ɟ.μ
ȼɭ.ɬ. = ȼɭ.ɬ•Э = ȼɭ.ɬ.•(Qp

ɧ / Qɭ.ɬ.) (13.16)
13.3. Ɇɨɬɨɪɧɵɟ ɬɨɩɥɢɜɚ ɞɥɹ ɩɨɪɲɧɟɜɵɯ Ⱦȼɋ.
Ɉɫɧɨɜɧɵɦɢ ɦɨɬɨɪɧɵɦɢ ɬɨɩɥɢɜɚɦɢ ɹɜɥɹɸɬɫɹ ɛɟɧɡɢɧɵ ɢ ɞɢɡɟɥɶɧɵɟ ɬɨɩɥɢɜɚ, ɩɨɥɭɱɚɟɦɵɟ 
ɩɭɬɟɦ ɩɟɪɟɪɚɛɨɬɤɢ ɧɟɮɬɢ. Ʉɪɨɦɟ ɷɬɨɝɨ ɬɚɤɠɟ ɢɫɩɨɥɶɡɭɸɬ ɫɠɚɬɵɟ ɢ ɫɠɢɠɟɧɧɵɟ ɝɚɡɵ;
ɫɢɧɬɟɬɢɱɟɫɤɢɟ ɬɨɩɥɢɜɚ, ɩɨɥɭɱɚɟɦɵɟ ɩɟɪɟɪɚɛɨɬɤɨɣ ɭɝɥɹ, ɫɥɚɧɰɟɜ, ɛɢɬɭɦɨɧɨɡɧɵɯ ɩɟɫɤɨɜν 
ɫɩɢɪɬɵ; ɷɮɢɪɵ.
Ⱥɜɬɨɦɨɛɢɥɶɧɵɟ ɛɟɧɡɢɧɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɫɦɟɫɢ ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɜɵɤɢɩɚɸɳɢɯ ɜ ɞɢɚ-
ɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ 35…205?ɋ ɢ ɜɵɪɚɛɚɬɵɜɚɸɬɫɹ ɫɥɟɞɭɸɳɢɯ ɦɚɪɨɤμ ɩɨ ȽɈɋɌɭ 20κ4-77 Ⱥ-
76, Ⱥɂ-λ3 (Ⱥ-λ2), Ⱥɂ-λ5, ɚ ɬɚɤɠɟ ɧɟɷɬɢɥɢɪɨɜɚɧɧɵɣ Ⱥɂ-λ1ν ɷɤɫɩɨɪɬɧɵɟ ɛɟɧɡɢɧɵ Ⱥ-κ0, Ⱥ-
λ2, Ⱥ-λ6, ɫ ɭɥɭɱɲɟɧɧɵɦɢ ɷɤɨɥɨɝɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ  ɇɈɊɋɂ Ⱥɂ-κ0, ɇɈɊɋɂ Ⱥɂ-92,
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ɇɈɊɋɂ Ⱥɂ-λ5. ɐɢɮɪɵ ɜ ɦɚɪɤɟ ɛɟɧɡɢɧɚ ɩɨɤɚɡɵɜɚɟɬ ɨɤɬɚɧɨɜɨɟ ɱɢɫɥɨ (Ɉɑ), ɤɨɬɨɪɨɟ ɯɚɪɚɤ-
ɬɟɪɢɡɭɟɬ ɞɟɬɨɧɚɰɢɨɧɧɭɸ ɫɬɨɣɤɨɫɬɶ ɛɟɧɡɢɧɚ.
Ⱦɢɡɟɥɶɧɵɟ ɬɨɩɥɢɜɚ ɜɵɪɚɛɚɬɵɜɚɸɬɫɹ ɜ ɨɫɧɨɜɧɨɦ ɢɡ ɝɢɞɪɨɨɱɢɳɟɧɧɵɯ ɮɪɚɤɰɢɣ ɩɪɹɦɨɣ ɩɟ-
ɪɟɝɨɧɤɢ ɧɟɮɬɢ. ȼ Ɋɨɫɢɢɢ ɜɵɪɚɛɚɬɵɜɚɸɬ ɬɪɢ ɫɨɪɬɚ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚμ 
"ɥ" (ɥɟɬɧɟɟ)  ɞɥɹ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 0?ɋ ɢ ɜɵɲɟν 
"ɡ" (ɡɢɦɧɟɟ) - ɞɥɹ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ -20?ɋ ɢ ɜɵɲɟν
"ɚ" (ɚɪɤɬɢɱɟɫɤɨɟ) - ɞɥɹ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ -50?ɋ ɢ ɜɵɲɟ.
ɍɝɥɟɜɨɞɨɪɨɞɧɵɟ ɝɚɡɨɨɛɪɚɡɧɵɟ ɬɨɩɥɢɜɚ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɩɨɞɪɚɡɞɟɥɹɸɬ ɧɚ ɫɠɚ-
ɬɵɟ (ɋɉȽ) ɢ ɫɠɢɠɟɧɧɵɟ (ɋɇȽ). ȼ ɤɚɱɟɫɬɜɟ ɫɠɚɬɨɝɨ ɝɚɡɚ ɢɫɩɨɥɶɡɭɸɬ ɩɪɢɪɨɞɧɵɣ ɝɚɡ 
(λ5% ɦɟɬɚɧɚ ɋɇ4). ɋɠɢɠɟɧɧɵɟ ɝɚɡɵ ɹɜɥɹɸɬɫɹ ɩɪɨɞɭɤɬɚɦɢ ɩɟɪɟɪɚɛɨɬɤɢ ɩɨɩɭɬɧɵɯ ɝɚɡɨɜ ɢ 
ɝɚɡɨɜ ɝɚɡɨɤɨɧɞɟɧɫɚɬɧɵɯ ɦɟɫɬɨɪɨɠɞɟɧɢɣ ɢ ɜɨɫɧɨɜɧɨɦ ɫɨɞɟɪɠɚɬ ɛɭɬɚɧɩɪɨɩɚɧɨɜɵɟ ɢ ɛɭɬɢ-
ɥɟɧɩɪɨɩɢɥɟɧɨɜɵɟ ɫɦɟɫɢ, ɧɚɯɨɞɹɳɢɟɫɹ ɩɪɢ ɧɨɪɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɠɢɞɤɨɦ ɫɨɫɬɨɹɧɢɢ.
Ɉɫɧɨɜɧɵɦ ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɝɚɤɡɨɜɵɯ ɬɨɩɥɢɜ ɹɜɥɹɟɬɫɹ ɢɯ ɱɢɫɬɨɬɚ, ɛɨɥɟɟ ɥɟɝɤɢɣ ɡɚɩɭɫɤ ɜ 
ɯɨɥɨɞɧɨɟ ɜɪɟɦɹ, ɜɵɫɨɤɢɟ ɷɤɨɥɨɝɢɱɟɫɤɢɟ ɤɚɱɟɫɬɜɚ.

Ɍɟɦɚ 14. Ʉɨɬɟɥɶɧɵɟ ɭɫɬɚɧɨɜɤɢ.
14.1. Ʉɨɬɟɥɶɧɵɣ ɚɝɪɟɝɚɬ ɢ ɟɝɨ ɷɥɟɦɟɧɬɵ.
Ʉɚɤ ɭɠɟ ɭɤɚɡɵɜɚɥɨɫɶ, ɭɫɬɪɨɣɫɬɜɚ, ɜ ɤɨɬɨɪɵɯ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜɵɪɚɛɚɬɵɜɚɟɬɫɹ ɩɚɪ ɢ 
ɧɚɝɪɟɜɚɟɬɫɹ ɜɨɞɚ, ɧɚɡɵɜɚɸɬ ɩɚɪɨɜɵɦɢ ɢɥɢ ɜɨɞɨɝɪɟɣɧɵɦɢ ɤɨɬɥɚɦɢ. ȿɫɥɢ ɤɨɬɥɵ ɜ ɨɬɨɩɢ-
ɬɟɥɶɧɵɯ ɤɨɬɟɥɶɧɵɯ ɜɵɪɚɛɚɬɵɜɚɸɬ ɩɚɪ ɞɚɜɥɟɧɢɟɦ Ɋ
ȼ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɤɨɬɟɥɶɧɵɯ ɩɨ ɞɚɜɥɟɧɢɸ ɩɨɥɭɱɚɟɦɨɝɨ ɩɚɪɚ ɤɨɬɟɥɶ-
ɧɵɟ ɚɝɪɟɝɚɬɵ ɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɫɥɟɞɭɸɳɢɟμ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ (0,κ-1,6 Ɇɉɚ), ɫɪɟɞɧɟɝɨ (2,4-4
Ɇɉɚ), ɜɵɫɨɤɨɝɨ (10-14Ɇɉɚ) ɢ ɫɜɟɪɯɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ (25-31Ɇɩɚ). ɉɚɪɨɜɵɟ ɤɨɬɟɥɶɧɵɟ 
ɚɝɪɟɝɚɬɵ ɫɬɚɧɞɚɪɬɢɡɢɪɨɜɚɧɵ (ȽɈɋɌ 361λ-76) ɩɨ ɩɚɪɚɦɟɬɪɚɦ ɜɵɪɚɛɚɬɵɜɚɟɦɨɝɨ ɩɚɪɚ (Ɋ ɢ 
Ɍ) ɢ ɦɨɳɧɨɫɬɢ.
Ʉɨɬɟɥɶɧɵɟ ɚɝɪɟɝɚɬɵ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 0,01-5,5 ɤɝ/ɫ ɨɬɧɨɫɹɬɫɹ ɤ ɤɨɬɥɚɦ ɦɚɥɨɣ ɦɨɳɧɨ-
ɫɬɢ, ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɞɨ 30 ɤɝ/ɫ ɤ ɤɨɬɥɚɦ ɫɪɟɞɧɟɣ ɦɨɳɧɨɫɬɢ ɢ ɛɨɥɟɟ 30 ɤɝ/ɫ (ɞɨ 500-
1000 ɤɝ/ɫ)  ɤ ɤɨɬɥɚɦ ɛɨɥɶɲɨɣ ɦɨɳɧɨɫɬɢ.
ȼɨɞɨɝɪɟɣɧɵɟ ɤɨɬɥɵ ɭɧɢɮɢɰɢɪɨɜɚɧɵ ɩɨ ɬɟɩɥɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɧɚ ɜɨɫɟɦɶ ɬɢɩɨɜμ 4, 6,5, 
10, 20, 30, 50, 100 ɢ 1κ0 Ƚɤɚɥ/ɱ. Ʉɨɬɥɵ ɬɟɩɥɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɧɢɠɟ 30 Ƚɤɚɥ/ɱ ɩɪɟɞɧɚ-
ɡɧɚɱɚɸɬɫɹ ɞɥɹ ɪɚɛɨɬɵ ɬɨɥɶɤɨ ɜ ɨɞɧɨɦ ɪɟɠɢɦɟ (ɨɫɧɨɜɧɨɦ). Ʉɨɬɥɵ ɬɟɩɥɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨ-
ɫɬɶɸ 30 Ƚɤɚɥ/ɱ ɢ ɜɵɲɟ ɞɨɩɭɫɤɚɸɬ ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɛɨɬɵ ɤɚɤ ɜ ɨɫɧɨɜɧɨɦ, ɬɚɤ ɢ ɜ ɩɢɤɨɜɨɦ 
ɪɟɠɢɦɚɯ, ɬ.ɟ. ɜ ɩɟɪɢɨɞ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɬɟɩɥɨɩɨɬɪɟɛɥɟɧɢɹ ɩɪɢ ɧɚɢɛɨɥɟɟ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭ-
ɪɚɯ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ.
Ⱦɥɹ ɤɨɬɥɨɜ ɬɟɩɥɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɞɨ 30 Ƚɤɚɥ/ɱ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɧɚ ɜɵɯɨɞɟ ɩɪɢɧɢ-
ɦɚɟɬɫɹ 432 Ʉ, ɚ ɞɚɜɥɟɧɢɟ ɜɨɞɵ ɧɚ ɜɯɨɞɟ ɜ ɤɨɬɟɥ  1,6 Ɇɉɚ. Ⱦɥɹ ɤɨɬɥɨɜ ɬɟɩɥɨɩɪɨɢɡɜɨɞɢ-
ɬɟɥɶɧɨɫɬɶɸ 30 Ƚɤɚɥ/ɱ ɢ ɜɵɲɟ ɦɚɤɫɢɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɧɚ ɜɵɯɨɞɟ ɩɪɢɧɢɦɚɟɬɫɹ 
450-470 Ʉ, ɚ ɞɚɜɥɟɧɢɟ ɜɨɞɵ ɧɚ ɜɯɨɞɟ  2,5 Ɇɉɚ.
ɉɨ ɤɨɧɫɬɪɭɤɰɢɢ ɩɚɪɨɜɵɟ ɤɨɬɥɵ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɞɜɚ ɬɢɩɚ  ɝɚɡɨɬɪɭɛɧɵɟ ɢ ɜɨɞɨɬɪɭɛ-
ɧɵɟ. ȼ ɝɚɡɨɬɪɭɛɧɵɯ ɤɨɬɥɚɯ ɨɫɧɨɜɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚ ɧɚɯɨɞɹɬɫɹ ɜɧɭɬɪɢ ɰɢɥɢɧɞɪɢɱɟ-
ɫɤɨɝɨ ɫɨɫɭɞɚ ɛɨɥɶɲɨɝɨ ɞɢɚɦɟɬɪɚ ɜ ɜɢɞɟ ɬɚɤ ɧɚɡɵɜɚɟɦɵɯ ɠɚɪɨɜɵɯ ɢɥɢ ɞɵɦɨɝɚɪɧɵɯ ɬɪɭɛ 
ɢɥɢ ɪɚɡɥɢɱɧɵɯ ɢɯ ɤɨɦɛɢɧɚɰɢɣ, ɩɨ ɤɨɬɨɪɵɦ ɞɜɢɠɭɬɫɹ ɩɪɨɞɭɤɬɵ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ. ɇɚ ɪɢɫ. 
14.1 ɩɨɤɚɡɚɧɵ ɫɯɟɦɵ ɤɨɬɥɨɜ ɫ ɠɚɪɨɜɵɦɢ ɢ ɞɵɦɨɝɚɪɧɵɦɢ ɬɪɭɛɚɦɢ.
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Ȼɨɥɟɟ ɫɨɜɟɪɲɟɧɧɵɦɢ ɹɜɥɹɸɬɫɹ ɜɨɞɨɬɪɭɛɧɵɟ ɩɚɪɨɜɵɟ ɤɨɬɥɵ. Ɉɧɢ ɢɦɟɸɬ ɪɚɡɜɢɬɵɟ ɩɨ-
ɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚ, ɫɨɫɬɨɹɳɢɟ ɢɡ ɬɪɭɛ, ɡɚɩɨɥɧɟɧɧɵɯ ɜɧɭɬɪɢ ɜɨɞɨɣ ɢ ɩɚɪɨɜɨɞɹɧɨɣ ɫɦɟɫɶɸ, 
ɚ ɫɧɚɪɭɠɢ ɨɛɨɝɪɟɜɚɟɦɵɯ ɩɪɨɞɭɤɬɚɦɢ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ. Ʉɨɬɥɵ ɨɬɧɨɫɹɬɫɹ ɤ ɝɨɪɢɡɨɧɬɚɥɶ-
ɧɨ-ɜɨɞɨɬɪɭɛɧɵɦ, ɟɫɥɢ ɬɪɭɛɵ ɪɚɫɩɨɥɨɠɟɧɵ ɩɨɞ ɭɝɥɨɦ ɤ ɝɨɪɢɡɨɧɬɭ ɧɟ ɛɨɥɟɟ 25ɨ, ɢ ɤ ɜɟɪɬɢ-
ɤɚɥɶɧɨ-ɜɨɞɨɬɪɭɛɧɵɦ, ɟɫɥɢ ɬɪɭɛɵ ɢɞɭɬ ɛɨɥɟɟ ɤɪɭɬɨ ɢɥɢ ɜɟɪɬɢɤɚɥɶɧɨ. ȼ ɷɬɢɯ ɤɨɬɥɚɯ ɩɭɬɟɦ 
ɢɡɦɟɧɟɧɢɹ ɱɢɫɥɚ ɬɪɭɛ ɜ ɩɭɱɤɚɯ ɢ ɱɢɫɥɚ ɫɚɦɵɯ ɩɭɱɤɨɜ ɭɞɚɥɨɫɶ ɭɜɟɥɢɱɢɬɶ ɩɥɨɳɚɞɶ ɩɨɜɟɪɯ-
ɧɨɫɬɢ ɧɚɝɪɟɜɚ, ɧɟ ɭɜɟɥɢɱɢɜɚɹ ɞɢɚɦɟɬɪ ɢɯ ɛɚɪɚɛɚɧɨɜ, ɱɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɞɚɥɨ ɜɨɡɦɨɠɧɨɫɬɶ 
ɩɨɥɭɱɢɬɶ ɜ ɷɬɢɯ ɤɨɬɥɚɯ ɩɚɪ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ.
ɉɪɢ ɪɚɛɨɬɟ ɩɚɪɨɜɨɝɨ ɤɨɬɥɚ ɨɱɟɧɶ ɜɚɠɧɨ ɨɛɟɫɩɟɱɢɬɶ ɧɚɞɟɠɧɨɟ ɨɯɥɚɠɞɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɟɣ 
ɧɚɝɪɟɜɚ, ɜ ɤɨɬɨɪɵɯ ɩɪɨɢɫɯɨɞɢɬ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɟ. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ 
ɨɛɪɚɡɨɦ ɨɪɝɚɧɢɡɨɜɚɬɶ ɞɜɢɠɟɧɢɟ ɜɨɞɵ ɢ ɩɚɪɨɜɨɞɹɧɨɣ ɫɦɟɫɢ ɜ ɢɫɩɚɪɢɬɟɥɶɧɵɯ ɩɨɜɟɪɯɧɨ-
ɫɬɹɯ ɧɚɝɪɟɜɚ. ɉɨ ɯɚɪɚɤɬɟɪɭ ɨɪɝɚɧɢɡɚɰɢɢ ɞɜɢɠɟɧɢɹ ɪɚɛɨɱɟɝɨ ɬɟɥɚ ɜ ɢɫɩɚɪɢɬɟɥɶɧɵɯ ɩɨ-
ɜɟɪɯɧɨɫɬɹɯ ɤɨɬɟɥɶɧɵɟ ɚɝɪɟɝɚɬɵ ɞɟɥɹɬɫɹ ɧɚ ɬɪɢ ɬɢɩɚμ

1. ɫ ɟɫɬɟɫɬɜɟɧɧɨɣ ɰɢɪɤɭɥɹɰɢɟɣ (ɪɢɫ 14.2,ɚ);
2. ɫ ɩɪɢɧɭɞɢɬɟɥɶɧɨɣ ɰɢɪɤɭɥɹɰɢɟɣ (ɪɢɫ 14.2,ɛ);
3. ɩɪɹɦɨɬɨɱɧɵɟ.
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ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɩɪɹɦɨɬɨɱɧɨɝɨ ɤɨɬɥɚ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ 14.3. ɉɢɬɚɬɟɥɶɧɚɹ ɜɨɞɚ ɩɨɞɚ-
ɟɬɫɹ ɜ ɤɨɧɜɟɤɬɢɜɧɵɣ ɷɤɨɧɨɦɚɣɡɟɪ 6, ɝɞɟ ɨɧɚ ɩɨɞɨɝɪɟɜɚɟɬɫɹ ɡɚ ɫɱɟɬ ɬɟɩɥɚ ɝɚɡɨɜ, ɢ ɩɨɫɬɭɩɚ-
ɟɬ ɜ ɷɤɪɚɧɧɵɟ ɬɪɭɛɵ 2, ɜɵɩɨɥɧɟɧɧɵɟ ɜ ɜɢɞɟ ɩɚɪɚɥɥɟɥɶɧɨ ɜɤɥɸɱɟɧɧɵɯ ɡɦɟɟɜɢɤɨɜ, ɪɚɫɩɨ-
ɥɨɠɟɧɧɵɯ ɧɚ ɫɬɟɧɚɯ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ. ȼ ɧɢɠɧɟɣ ɱɚɫɬɢ ɡɦɟɟɜɢɤɨɜ ɜɨɞɚ ɧɚɝɪɟɜɚɟɬɫɹ ɞɨ 
ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɫɵɳɟɧɢɹ. ɉɚɪɨɨɛɪɚɡɨɜɚɧɢɟ ɞɨ ɫɬɟɩɟɧɢ ɫɭɯɨɫɬɢ 70-75% ɩɪɨɢɫɯɨɞɢɬ ɜ ɡɦɟ-
ɟɜɢɤɚɯ ɫɪɟɞɧɟɝɨ ɭɪɨɜɧɹ ɪɚɫɩɨɥɨɠɟɧɢɹ. ɉɚɪɨɜɨɞɹɧɚɹ ɫɦɟɫɶ ɡɚɬɟɦ ɩɨɫɬɭɩɚɟɬ ɜ ɩɟɪɟɯɨɞɧɭɸ 
ɤɨɧɜɟɤɬɢɜɧɭɸ ɡɨɧɭ 4, ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ ɨɤɨɧɱɚɬɟɥɶɧɨɟ ɢɫɩɚɪɟɧɢɟ ɜɨɞɵ ɢ ɱɚɫɬɢɱɧɵɣ ɩɟɪɟ-
ɝɪɟɜ ɩɚɪɚ. ɂɡ ɩɟɪɟɯɨɞɧɨɣ ɡɨɧɵ ɩɚɪ ɧɚɩɪɚɜɥɹɟɬɫɹ ɜ ɪɚɞɢɚɰɢɨɧɧɵɣ ɩɟɪɟɝɪɟɜɚɬɟɥɶ 2, ɡɚɬɟɦ 
ɞɨɜɨɞɢɬɫɹ ɞɨ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɤɨɧɜɟɤɬɢɜɧɨɦ ɩɟɪɟɝɪɟɜɚɬɟɥɟ 3 ɢ ɩɨɫɬɭɩɚɟɬ ɧɚ ɬɭɪ-
ɛɢɧɭ. ȼ ɨɩɭɫɤɧɨɣ ɲɚɯɬɟ ɤɨɬɥɨɚɝɪɟɝɚɬɚ ɪɚɫɩɨɥɨɠɟɧɵ ɩɟɪɜɚɹ (ɩɨ ɯɨɞɭ ɝɚɡɨɜ) ɢ ɜɬɨɪɚɹ ɫɬɭ-
ɩɟɧɢ 5 ɢ 7 ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ.
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Ʉ ɨɫɧɨɜɧɵɦ ɷɥɟɦɟɧɬɚɦ ɤɨɬɟɥɶɧɵɯ ɚɝɪɟɝɚɬɨɜ ɨɬɧɨɫɹɬɫɹ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɢ, ɷɤɨɧɨɦɚɣɡɟɪɵ 
ɢ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɢ.
ɉɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɶ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɡɦɟɟɜɢɤɨɜɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɬɟɩɥɨɨɛɦɟɧɚ, ɩɪɟɞɧɚ-
ɡɧɚɱɟɧɧɭɸ ɞɥɹ ɩɟɪɟɝɪɟɜɚ ɩɚɪɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɜ ɢɫɩɚɪɢɬɟɥɶɧɨɣ ɱɚɫɬɢ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ. 
ɉɚɪ ɞɜɢɠɟɬɫɹ ɜɧɭɬɪɢ ɬɪɭɛɨɤ, ɨɦɵɜɚɟɦɵɯ ɫɧɚɪɭɠɢ ɞɵɦɨɜɵɦɢ ɝɚɡɚɦɢ. ɉɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɶ 
ɧɟɨɬɴɟɦɥɟɦɵɣ ɷɥɟɦɟɧɬ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɤɨɬɟɥɶɧɵɯ ɚɝɪɟɝɚɬɨɜ. ȿɫɥɢ ɞɥɹ ɧɟɤɨɬɨɪɵɯ ɬɟɯɧɨ-
ɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɬɪɟɛɭɟɬɫɹ ɩɟɪɟɝɪɟɬɵɣ ɩɚɪ, ɬɨ ɤɨɬɟɥɶɧɵɟ ɚɝɪɟɝɚɬɵ ɦɚɥɨɣ ɢ ɫɪɟɞɧɟɣ 
ɦɨɳɧɨɫɬɢ ɬɚɤɠɟ ɫɧɚɛɠɚɸɬ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹɦɢ.
ȼɨɞɹɧɵɟ ɷɤɨɧɨɦɚɣɡɟɪɵ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɩɨɞɨɝɪɟɜɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɞɨ ɩɨɫɬɭɩɥɟɧɢɹ 
ɟɟ ɜ ɢɫɩɚɪɢɬɟɥɶɧɭɸ ɱɚɫɬɶ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ. ɉɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɩɨɞɨɝɪɟɜ ɜɨɞɵ ɡɚ ɫɱɟɬ 
ɬɟɩɥɨɬɵ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɫɭɳɟɫɬɜɟɧɧɨ ɭɜɟɥɢɱɢɜɚɟɬ ɄɉȾ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ .
ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɢɦɟɧɹɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɷɤɨɧɨɦɚɣɡɟɪɵ ɞɟɥɹɬɫɹ ɧɚ ɱɭɝɭɧɧɵɟ ɢ ɫɬɚɥɶ-
ɧɵɟ, ɩɨ ɬɢɩɭ ɩɨɜɟɪɯɧɨɫɬɢ  ɧɚ ɪɟɛɪɢɫɬɵɟ ɢ ɝɥɚɞɤɨɬɪɭɛɧɵɟ, ɩɨ ɫɬɟɩɟɧɢ ɩɨɞɨɝɪɟɜɚ ɜɨɞɵ  ɧɚ 
ɧɟ ɤɢɩɹɳɢɟ ɢ ɤɢɩɹɳɢɟ.
ȼɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɢ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɜɨɞɹɧɨɝɨ ɷɤɨɧɨɦɚɣɡɟɪɚ ɢ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ɜɨɡɞɭ-
ɯɨɩɨɞɨɝɪɟɜɚɬɟɥɶ. ɨɬɧɢɦɚɹ ɬɟɩɥɨɬɭ ɨɬ ɭɯɨɞɹɳɢɯ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɢ ɭɦɟɧɶɲɚɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ 
ɩɨɬɟɪɢ ɟɟ ɫ ɷɬɢɦɢ ɝɚɡɚɦɢ, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɨɬɧɹɬɭɸ ɬɟɩɥɨɬɭ ɧɟ ɩɟɪɟɞɚɟɬ ɪɚɛɨɱɟɦɭ ɬɟɥɭ 
(ɜɨɞɟ ɢɥɢ ɩɚɪɭ). Ƚɨɪɹɱɢɣ ɜɨɡɞɭɯ, ɧɚɩɪɚɜɥɹɟɦɵɣ ɜ ɬɨɩɤɭ ɤɨɬɥɚ, ɭɥɭɱɲɚɟɬ ɭɫɥɨɜɢɹ ɫɝɨɪɚɧɢɹ 
ɬɨɩɥɢɜɚ, ɭɦɟɧɶɲɚɟɬ ɩɨɬɟɪɢ ɬɟɩɥɨɬɵ ɨɬ ɯɢɦɢɱɟɫɤɨɣ ɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɧɟɩɨɥɧɨɬɵ ɫɝɨɪɚɧɢɹ 
ɬɨɩɥɢɜɚ, ɩɨɜɵɲɚɟɬ ɬɟɦɩɟɪɚɬɭɪɭ ɟɝɨ ɝɨɪɟɧɢɹ, ɢɧɬɟɧɫɢɮɢɰɢɪɭɟɬ ɬɟɩɥɨɨɛɦɟɧ, ɱɬɨ ɜ ɢɬɨɝɟ 
ɩɨɜɵɲɚɟɬ ɄɉȾ ɭɫɬɚɧɨɜɤɢ. ȼ ɫɪɟɞɧɟɦ ɩɨɧɢɠɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ ɧɚ ɤɚɠɞɵɟ 
20-25 Ʉ ɩɨɜɵɲɚɟɬ ɄɉȾ ɩɪɢɦɟɪɧɨ ɧɚ 1%.
14.2. ȼɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɤɨɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ.
ɋɟɩɚɪɚɰɢɨɧɧɵɟ ɭɫɬɪɨɣɫɬɜɚ. ȼɥɚɠɧɵɣ ɧɚɫɵɳɟɧɧɵɣ ɩɚɪ, ɩɨɥɭɱɚɟɦɵɣ ɜ ɛɚɪɚɛɚɧɟ ɤɨɬɥɨ-
ɚɝɪɟɝɚɬɨɜ ɧɢɡɤɨɝɨ ɢ ɫɪɟɞɧɟɝɨ ɞɚɜɥɟɧɢɣ, ɦɨɠɟɬ ɭɧɨɫɢɬɶ ɫ ɫɨɛɨɣ ɤɚɩɥɢ ɤɨɬɥɨɜɨɣ ɜɨɞɵ, ɫɨ-
ɞɟɪɠɚɳɟɣ ɪɚɫɬɜɨɪɟɧɧɵɟ ɜ ɧɟɣ ɫɨɥɢ. ȼ ɤɨɬɥɨɚɝɪɟɝɚɬɚɯ ɜɵɫɨɤɨɝɨ ɢ ɫɜɟɪɯɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɣ 
ɡɚɝɪɹɡɧɟɧɢɟ ɩɚɪɚ ɨɛɭɫɥɚɜɥɢɜɚɟɬɫɹ ɟɳɟ ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɭɧɨɫɨɦ ɫɨɥɟɣ ɤɪɟɦɧɢɟɜɨɣ ɤɢɫ-
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ɥɨɬɵ ɢ ɫɨɟɞɢɧɟɧɢɣ ɧɚɬɪɢɹ, ɤɨɬɨɪɵɟ ɪɚɫɬɜɨɪɹɸɬɫɹ ɜ ɩɚɪɟ.
ɉɪɢɦɟɫɢ, ɭɧɨɫɢɦɵɟ ɫ ɩɚɪɨɦ, ɨɬɤɥɚɞɵɜɚɸɬɫɹ ɜ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɟ, ɱɬɨ ɤɪɚɣɧɟ ɧɟɠɟɥɚɬɟɥɶ-
ɧɨ, ɬɚɤ ɤɚɤ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɩɟɪɟɠɨɝɭ ɬɪɭɛ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ. ɉɨɷɬɨɦɭ ɩɚɪ ɩɟɪɟɞ ɜɵɯɨ-
ɞɨɦ ɢɡ ɛɚɪɚɛɚɧɚ ɤɨɬɥɚ ɩɨɞɜɟɪɝɚɟɬɫɹ ɫɟɩɚɪɚɰɢɢ, ɜ ɩɪɨɰɟɫɫɟ ɤɨɬɨɪɨɣ ɤɚɩɥɢ ɤɨɬɥɨɜɨɣ ɜɨɞɵ 
ɨɬɞɟɥɹɸɬɫɹ ɢ ɨɫɬɚɸɬɫɹ ɜ ɛɚɪɚɛɚɧɟ. ɋɟɩɚɪɚɰɢɹ ɩɚɪɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɫɩɟɰɢɚɥɶɧɵɯ ɫɟɩɚ-
ɪɢɪɭɸɳɢɯ ɭɫɬɪɨɣɫɬɜɚɯ, ɜ ɤɨɬɨɪɨɦ ɫɨɡɞɚɸɬɫɹ ɭɫɥɨɜɢɹ ɞɥɹ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɢɥɢ ɦɟɯɚɧɢɱɟ-
ɫɤɨɝɨ ɪɚɡɞɟɥɟɧɢɹ ɜɨɞɵ ɢ ɩɚɪɚ.
ȿɫɬɟɫɬɜɟɧɧɚɹ ɫɟɩɚɪɚɰɢɹ ɩɪɨɢɫɯɨɞɢɬ ɜɫɥɟɞɫɬɜɢɟ ɛɨɥɶɲɨɣ ɪɚɡɧɨɫɬɢ ɩɥɨɬɧɨɫɬɟɣ ɜɨɞɵ ɢ ɩɚ-
ɪɚ. Ɇɟɯɚɧɢɱɟɫɤɢɣ ɢɧɟɪɰɢɨɧɧɵɣ ɩɪɢɧɰɢɩ ɫɟɩɚɪɚɰɢɢ ɨɫɧɨɜɚɧ ɧɚ ɪɚɡɥɢɱɢɢ ɢɧɟɪɰɢɨɧɧɵɯ 
ɫɜɨɣɫɬɜ ɜɨɞɹɧɵɯ ɤɚɩɟɥɶ ɢ ɩɚɪɚ ɩɪɢ ɪɟɡɤɨɦ ɭɜɟɥɢɱɟɧɢɢ ɫɤɨɪɨɫɬɢ ɢ ɨɞɧɨɜɪɟɦɟɧɧɨɦ ɢɡɦɟ-
ɧɟɧɢɢ ɧɚɩɪɚɜɥɟɧɢɹ ɢɥɢ ɡɚɤɪɭɱɢɜɚɧɢɹ ɩɨɬɨɤɚ ɜɥɚɠɧɨɝɨ ɩɚɪɚ.
ɇɚ ɪɢɫ 14.4 ɩɨɤɚɡɚɧɵ ɩɪɢɧɰɢɩɢɚɥɶɧɵɟ ɫɯɟɦɵ ɫɟɩɚɪɢɪɭɸɳɢɯ ɭɫɬɪɨɣɫɬɜ.
Ɍɹɝɨɞɭɬɶɟɜɵɟ ɭɫɬɪɨɣɫɬɜɚ. Ⱦɥɹ ɧɨɪɦɚɥɶɧɨɣ ɪɚɛɨɬɵ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ɧɟɨɛɯɨɞɢɦɵ ɧɟ-
ɩɪɟɪɵɜɧɚɹ ɩɨɞɚɱɚ ɜɨɡɞɭɯɚ ɞɥɹ ɝɨɪɟɧɢɹ ɬɨɩɥɢɜɚ ɢ ɧɟɩɪɟɪɵɜɧɨɟ ɭɞɚɥɟɧɢɟ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚ-
ɧɢɹ.

ȼ ɫɨɜɪɟɦɟɧɧɵɯ ɤɨɬɟɥɶɧɵɯ ɭɫɬɚɧɨɜɤɚɯ ɲɢɪɨɤɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɚ ɫɯɟɦɚ ɫ ɪɚɡɪɟɠɟɧɢɟɦ ɩɨ 
ɝɚɡɨɯɨɞɚɦ. Ʉ ɧɟɞɨɫɬɚɬɤɚɦ ɷɬɨɣ ɫɯɟɦɵ ɫɥɟɞɭɟɬ ɨɬɧɟɫɬɢ ɧɚɥɢɱɢɟ ɩɪɢɫɨɫɨɜ ɜɨɡɞɭɯɚ ɜ ɝɚɡɨɨɬ-
ɯɨɞɵ ɱɟɪɟɡ ɧɟɩɥɨɬɧɨɫɬɢ ɜ ɨɝɪɚɠɞɟɧɢɹɯ ɢ ɪɚɛɨɬɭ ɞɵɦɨɫɨɫɨɜ ɧɚ ɡɚɩɵɥɟɧɧɵɯ ɝɚɡɚɯ. Ⱦɨɫɬɨ-
ɢɧɫɬɜɨ ɬɚɤɨɣ ɫɯɟɦɵ  ɨɬɫɭɬɫɬɜɢɟ ɜɵɛɢɜɚɧɢɹ ɢ ɭɬɟɱɟɤ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɜ ɩɨɦɟɳɟɧɢɟ ɤɨɬɟɥɶ-
ɧɨɣ, ɬɚɤ ɤɚɤ ɜɨɡɞɭɯ ɜ ɬɨɩɤɭ ɧɚɝɧɟɬɚɟɬ ɜɟɧɬɢɥɹɬɨɪ, ɚ ɞɵɦɨɜɵɟ ɝɚɡɵ ɭɞɚɥɹɟɬ ɞɵɦɨɫɨɫ. ȼ ɩɨ-
ɫɥɟɞɧɟɟ ɜɪɟɦɹ ɜ ɦɨɳɧɵɯ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɤɨɬɟɥɶɧɵɯ ɭɫɬɚɧɨɜɤɚɯ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɬɫɹ ɫɯɟ-
ɦɚ ɫ ɧɚɞɞɭɜɨɦ. Ɍɨɩɤɚ ɢ ɜɟɫɶ ɝɚɡɨɜɵɣ ɬɪɚɤɬ ɧɚɯɨɞɹɬɫɹ ɩɨɞ ɞɚɜɥɟɧɢɟɦ 3-5 ɤɉɚ. Ⱦɚɜɥɟɧɢɟ 
ɫɨɡɞɚɟɬɫɹ ɦɨɳɧɵɦɢ ɜɟɧɬɢɥɹɬɨɪɚɦɢν ɞɵɦɨɫɨɫ ɨɬɫɭɬɫɬɜɭɟɬ. Ɉɫɧɨɜɧɨɣ ɧɟɞɨɫɬɚɬɨɤ ɷɬɨɣ ɫɯɟ-
ɦɵ  ɬɪɭɞɧɨɫɬɢ, ɫɜɹɡɚɧɧɵɟ ɫ ɨɛɟɫɩɟɱɟɧɢɟɦ ɧɚɞɥɟɠɚɳɟɣ ɝɟɪɦɟɬɢɱɧɨɫɬɢ ɬɨɩɤɢ ɢ ɝɚɡɨɯɨɞɨɜ 
ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ.
Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɬɹɝɢ ɧɟɨɛɯɨɞɢɦɨ ɭɜɟɥɢɱɢɜɚɬɶ ɜɵɫɨɬɭ ɬɪɭɛɵ ɢɥɢ ɬɟɦɩɟɪɚɬɭɪɭ ɭɯɨɞɹɳɢɯ 
ɝɚɡɨɜ. Ɉɞɧɚɤɨ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɥɸɛɨɝɨ ɢɡ ɷɬɢɯ ɫɩɨɫɨɛɨɜ ɧɟɨɛɯɨɞɢɦɨ ɢɦɟɬɶ ɜ ɜɢɞɭ, ɱɬɨ 
ɜɵɫɨɬɚ ɬɪɭɛɵ ɨɝɪɚɧɢɱɟɧɚ ɟɟ ɫɬɨɢɦɨɫɬɶɸ ɢ ɩɪɨɱɧɨɫɬɶɸ, ɚ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ  ɨɩɬɢɦɚɥɶ-
ɧɵɦ ɡɧɚɱɟɧɢɟɦ ɄɉȾ ɤɨɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ. ɉɨɷɬɨɦɭ ɛɨɥɶɲɢɧɫɬɜɨ ɫɨɜɪɟɦɟɧɧɵɯ ɤɨɬɟɥɶɧɵɯ 
ɭɫɬɚɧɨɜɨɤ ɨɛɨɪɭɞɭɸɬ ɢɫɤɭɫɫɬɜɟɧɧɨɣ ɬɹɝɨɣ, ɞɥɹ ɫɨɡɞɚɧɢɹ ɤɨɬɨɪɨɣ ɩɪɢɦɟɧɹɸɬ ɞɵɦɨɫɨɫ, 
ɩɪɟɨɞɨɥɟɜɚɸɳɢɣ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɚɡɨɜɨɝɨ ɬɪɚɤɬɚ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɜɵɫɨɬɭ ɬɪɭɛɵ ɜɵɛɢɪɚɸɬ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɫɚɧɢɬɚɪɧɨ-ɬɟɯɧɢɱɟɫɤɢɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ.
ɇɚɩɨɪ ɜɨɡɞɭɯɚ, ɫɨɡɞɚɜɚɟɦɵɣ ɜɟɧɬɢɥɹɬɨɪɨɦ, ɬɚɤɠɟ ɫɥɟɞɭɟɬ ɨɩɪɟɞɟɥɹɬɶ ɧɚ ɨɫɧɨɜɚɧɢɢ ɚɷɪɨ-
ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ ɜɨɡɞɭɲɧɨɝɨ ɬɪɚɤɬɚ (ɜɨɡɞɭɯɨɜɨɞɨɜ, ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ, ɝɨɪɟ-
ɥɨɱɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɢ ɬ.ɞ.) Ɇɚɤɫɢɦɚɥɶɧɵɣ ɧɚɩɨɪ ɜɟɧɬɢɥɹɬɨɪɚ ɞɨɥɠɟɧ ɛɵɬɶ ɧɚ 10% ɛɨɥɶɲɟ 
(β2 = 1,1) ɩɨɬɟɪɶ ɧɚɩɨɪɚ ɜ ɜɨɡɞɭɲɧɨɦ ɬɪɚɤɬɟ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ.
Ɉɫɧɨɜɵ ɜɨɞɨɩɨɞɝɨɬɨɜɤɢ. Ɉɞɧɨɣ ɢɡ ɨɫɧɨɜɧɵɯ ɡɚɞɚɱ ɛɟɡɨɩɚɫɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɤɨɬɟɥɶɧɵɯ 
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ɭɫɬɚɧɨɜɨɤ ɹɜɥɹɟɬɫɹ ɨɪɝɚɧɢɡɚɰɢɹ ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɜɨɞɧɨɝɨ ɪɟɠɢɦɚ, ɩɪɢ ɤɨɬɨɪɨɦ ɧɟ ɨɛɪɚɡɭ-
ɟɬɫɹ ɧɚɤɢɩɶ ɧɚ ɫɬɟɧɤɚɯ ɢɫɩɚɪɢɬɟɥɶɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ, ɨɬɫɭɬɫɬɜɭɟɬ ɢɯ ɤɨɪɪɨɡɢɹ ɢ 
ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɜɵɫɨɤɨɟ ɤɚɱɟɫɬɜɨ ɜɵɪɚɛɚɬɵɜɚɟɦɨɝɨ ɩɚɪɚ. ɉɚɪ, ɜɵɪɚɛɚɬɵɜɚɟɦɵɣ ɜ ɤɨɬɟɥɶ-
ɧɨɣ ɭɫɬɚɧɨɜɤɟ, ɜɨɡɜɪɚɳɚɟɬɫɹ ɨɬ ɩɨɬɪɟɛɢɬɟɥɹ ɜ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɦ ɫɨɫɬɨɹɧɢɢν ɩɪɢ ɷɬɨɦ ɤɨ-
ɥɢɱɟɫɬɜɨ ɜɨɡɜɪɚɳɚɟɦɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɨɛɵɱɧɨ ɛɵɜɚɟɬ ɦɟɧɶɲɟ, ɱɟɦ ɤɨɥɢɱɟɫɬɜɨ ɜɵɪɚɛɨɬɚɧ-
ɧɨɝɨ ɩɚɪɚ. 
ɉɨɬɟɪɢ ɤɨɧɞɟɧɫɚɬɚ ɢ ɜɨɞɵ ɩɪɢ ɩɪɨɞɭɜɤɟ ɜɨɫɩɨɥɧɹɸɬɫɹ ɡɚ ɫɱɟɬ ɞɨɛɚɜɤɢ ɜɨɞɵ ɢɡ ɤɚɤɨɝɨ-
ɥɢɛɨ ɢɫɬɨɱɧɢɤɚ. Эɬɚ ɜɨɞɚ ɞɨɥɠɧɚ ɛɵɬɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɨɛɪɚɡɨɦ ɩɨɞɝɨɬɨɜɥɟɧɚ ɞɨ ɩɨ-
ɫɬɭɩɥɟɧɢɹ ɜ ɤɨɬɟɥɶɧɵɣ ɚɝɪɟɝɚɬ. ȼɨɞɚ, ɩɪɨɲɟɞɲɚɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɭɸ ɩɨɞɝɨɬɨɜɤɭ, ɧɚɡɵɜɚ-
ɟɬɫɹ ɞɨɛɚɜɨɱɧɨɣ, ɫɦɟɫɶ ɜɨɡɜɪɚɳɚɟɦɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɢ ɞɨɛɚɜɨɱɧɨɣ ɜɨɞɵ  ɩɢɬɚɬɟɥɶɧɨɣ, ɚ 
ɜɨɞɚ, ɤɨɬɨɪɚɹ ɰɢɪɤɭɥɢɪɭɟɬ ɜ ɤɨɧɬɭɪɟ ɤɨɬɥɚ, ɤɨɬɥɨɜɨɣ.
Ɉɬ ɤɚɱɟɫɬɜɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɡɚɜɢɫɢɬ ɧɨɪɦɚɥɶɧɚɹ ɪɚɛɨɬɚ ɤɨɬɟɥɶɧɵɯ ɚɝɪɟɝɚɬɨɜ. Ɏɢɡɢɤɨ-
ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɜɨɞɵ ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɫɥɟɞɭɸɳɢɟ ɩɨɤɚɡɚɬɟɥɢμ ɩɪɨɡɪɚɱɧɨɫɬɶ, ɫɨɞɟɪ-
ɠɚɧɢɟ ɜɡɜɟɲɟɧɧɵɯ ɜɟɳɟɫɬɜ, ɫɭɯɨɣ ɨɫɬɚɬɨɤ, ɫɨɥɟɫɨɞɟɪɠɚɧɢɟ, ɨɤɢɫɥɹɟɦɨɫɬɶ, ɠɟɫɬɤɨɫɬɶ, 
ɳɟɥɨɱɧɨɫɬɶ, ɤɨɧɰɟɧɬɪɚɰɢɹ ɪɚɫɬɜɨɪɟɧɧɵɯ ɝɚɡɨɜ (ɋɈ2 ɢ Ɉ2).
ɉɪɨɡɪɚɱɧɨɫɬɶ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɧɚɥɢɱɢɟɦ ɜɡɜɟɲɟɧɧɵɯ ɦɟɯɚɧɢɱɟɫɤɢɯ ɢ ɤɨɥɥɨɢɞɧɵɯ ɩɪɢɦɟ-
ɫɟɣ, ɚ ɫɨɞɟɪɠɚɧɢɟ ɜɡɜɟɲɟɧɧɵɯ ɜɟɳɟɫɬɜ ɨɩɪɟɞɟɥɹɟɬ ɫɬɟɩɟɧɶ ɡɚɝɪɹɡɧɟɧɢɹ ɜɨɞɵ ɬɜɟɪɞɵɦɢ 
ɧɟɪɚɫɬɜɨɪɢɦɵɦɢ ɩɪɢɦɟɫɹɦɢ.
Ɍɨɩɥɢɜɨɩɨɞɚɱɚ. Ⱦɥɹ ɧɨɪɦɚɥɶɧɨɣ ɢ ɛɟɫɩɟɪɟɛɨɣɧɨɣ ɪɚɛɨɬɵ ɤɨɬɟɥɶɧɵɯ ɭɫɬɚɧɨɜɨɤ ɬɪɟɛɭɟɬ-
ɫɹ, ɱɬɨɛɵ ɬɨɩɥɢɜɨ ɤ ɧɢɦ ɩɨɞɚɜɚɥɨɫɶ ɧɟɩɪɟɪɵɜɧɨ. ɉɪɨɰɟɫɫ ɩɨɞɚɱɢ ɬɨɩɥɢɜɚ ɫɤɥɚɞɵɜɚɟɬɫɹ 
ɢɡ ɞɜɭɯ ɨɫɧɨɜɧɵɯ ɷɬɚɩɨɜμ 1) ɩɨɞɚɱɚ ɬɨɩɥɢɜɚ ɨɬ ɦɟɫɬɚ ɟɝɨ ɞɨɛɵɱɢ ɧɚ ɫɤɥɚɞɵ, ɪɚɫɩɨɥɨɠɟɧ-
ɧɵɟ ɜɛɥɢɡɢ ɤɨɬɟɥɶɧɨɣν 2) ɩɨɞɚɱɚ ɬɨɩɥɢɜɚ ɫɨ ɫɤɥɚɞɨɜ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɤɨɬɟɥɶɧɵɟ ɩɨɦɟ-
ɳɟɧɢɹ.
Ɉɱɢɫɬɤɚ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɢ ɭɞɚɥɟɧɢɟ ɡɨɥɵ ɢ ɲɥɚɤɚ. ɉɪɢ ɫɝɨɪɚɧɢɢ ɬɜɟɪɞɨɝɨ ɬɨɩɥɢɜɚ ɨɛ-
ɪɚɡɭɟɬɫɹ ɦɧɨɝɨ ɡɨɥɵ. ɉɪɢ ɫɥɨɟɜɨɦ ɩɪɨɰɟɫɫɟ ɫɠɢɝɚɧɢɹ ɨɫɧɨɜɧɚɹ ɱɚɫɬɶ ɦɢɧɟɪɚɥɶɧɵɯ ɩɪɢ-
ɦɟɫɟɣ ɬɨɩɥɢɜɚ (60-70%) ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɲɥɚɤ ɢ ɩɪɨɜɚɥɢɜɚɟɬɫɹ ɱɟɪɟɡ ɤɨɥɨɫɧɢɤɨɜɵɟ ɪɟɲɟɬ-
ɤɢ ɜ ɡɨɥɶɧɢɤ. ȼ ɩɵɥɟɭɝɨɥɶɧɵɯ ɬɨɩɤɚɯ ɛɨɥɶɲɚɹ ɱɚɫɬɶ (75-κ5%) ɡɨɥɵ ɭɧɨɫɢɬɫɹ ɢɡ ɤɨɬɥɨ-
ɚɝɪɟɝɚɬɨɜ ɫ ɞɵɦɨɜɵɦɢ ɝɚɡɚɦɢ.
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɤɨɬɟɥɶɧɵɯ ɩɪɢɦɟɧɹɸɬ ɫɥɟɞɭɸɳɢɟ ɬɢɩɵ ɡɨɥɨɭɥɨɜɢɬɟɥɟɣμ 1) ɢɧɟɪɰɢ-
ɨɧɧɵɟ ɦɟɯɚɧɢɱɟɫɤɢɟν 2) ɦɨɤɪɵɟν 3) ɷɥɟɤɬɪɨɮɢɥɶɬɪɵν 4) ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɟ.
ɂɧɟɪɰɢɨɧɧɵɟ (ɦɟɯɚɧɢɱɟɫɤɢɟ) ɡɨɥɨɭɥɨɜɢɬɟɥɢ ɪɚɛɨɬɚɸɬ ɩɨ ɩɪɢɧɰɢɩɭ ɜɵɞɟɥɟɧɢɹ ɡɨɥɨɜɵɯ 
ɱɚɫɬɢɰ ɢɡ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɩɨɞ ɜɥɢɹɧɢɟɦ ɫɢɥ ɢɧɟɪɰɢɢ.
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬɫɹ ɡɨɥɨɭɥɚɜɢɬɟɥɢ ɦɨɤɪɨɝɨ ɬɢɩɚ. ɇɚ ɪɢɫ.14.5 ɩɨɤɚ-
ɡɚɧɚ ɫɯɟɦɚ ɦɨɤɪɨɝɨ ɡɨɥɨɭɥɚɜɢɬɟɥɹ (ɫɤɪɭɛɛɟɪɚ) ɫ ɧɢɠɧɢɦ ɬɚɧɝɟɧɰɢɚɥɶɧɵɦ ɩɨɞɜɨɞɨɦ ɡɚɩɵ-
ɥɟɧɧɨɝɨ ɝɚɡɚ.
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ɉɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ ɷɥɟɤɬɪɨɮɢɥɶɬɪɨɜ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɡɚɩɵɥɟɧɧɵɟ ɝɚɡɵ ɩɪɨɯɨɞɹɬ 
ɱɟɪɟɡ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɩɨɥɟ, ɨɛɪɚɡɭɟɦɨɟ ɦɟɠɞɭ ɫɬɚɥɶɧɵɦ ɰɢɥɢɧɞɪɨɦ (ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɩɨ-
ɥɸɫ) ɢ ɩɪɨɜɨɥɨɤɨɣ, ɩɪɨɯɨɞɹɳɟɣ ɩɨ ɨɫɢ ɰɢɥɢɧɞɪɚ (ɨɬɪɢɰɚɬɟɥɶɧɵɣ ɩɨɥɸɫ). Ɉɫɧɨɜɧɚɹ ɦɚɫɫɚ 
ɱɚɫɬɢɰ ɡɨɥɵ ɩɨɥɭɱɚɟɬ ɨɬɪɢɰɚɬɟɥɶɧɵɣ ɡɚɪɹɞ ɢ ɩɪɢɬɹɝɢɜɚɟɬɫɹ ɤ ɫɬɟɧɤɚɦ ɰɢɥɢɧɞɪɚ, ɧɟɡɧɚɱɢ-
ɬɟɥɶɧɚɹ ɱɚɫɬɶ ɱɚɫɬɢɰ ɡɨɥɵ ɩɨɥɭɱɚɟɬ ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɡɚɪɹɞ ɢ ɩɪɢɬɹɝɢɜɚɟɬɫɹ ɤ ɩɪɨɜɨɥɨɤɟ. 
ɉɪɢ ɩɟɪɢɨɞɢɱɟɫɤɨɦ ɜɫɬɪɹɯɢɜɚɧɢɢ ɷɥɟɤɬɪɨɮɢɥɶɬɪɚ ɷɥɟɤɬɪɨɞɵ ɨɫɜɨɛɨɠɞɚɸɬɫɹ ɨɬ ɡɨɥɵ. 
Эɥɟɤɬɪɨɮɢɥɶɬɪɵ ɩɪɢɦɟɧɹɸɬ ɜ ɤɨɬɟɥɶɧɵɯ ɫ ɪɚɫɯɨɞɨɦ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɛɨɥɟɟ 70000 ɦ3/ɱ, ɨɬ-
ɧɟɫɟɧɧɵɯ ɤ ɧɨɪɦɚɥɶɧɵɦ ɭɫɥɨɜɢɹɦ.
Ʉɨɦɛɢɧɢɪɨɜɚɧɧɵɟ ɡɨɥɨɭɥɨɜɢɬɟɥɢ ɹɜɥɹɸɬɫɹ ɞɜɭɯɫɬɭɩɟɧɱɚɬɵɦɢ , ɩɪɢ ɷɬɨɦ ɪɚɛɨɬɚ ɤɚɠɞɨɣ 
ɫɬɭɩɟɧɢ ɨɫɧɨɜɚɧɚ ɧɚ ɪɚɡɥɢɱɧɵɯ ɩɪɢɧɰɢɩɚɯ. ɑɚɳɟ ɜɫɟɝɨ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɣ ɡɨɥɨɭɥɨɜɢɬɟɥɶ 
ɫɨɫɬɨɢɬ ɢɡ ɛɚɬɚɪɟɣɧɨɝɨ ɰɢɤɥɨɧɚ (ɩɟɪɜɚɹ ɫɬɭɩɟɧɶ) ɢ ɷɥɟɤɬɪɨɮɢɥɶɬɪɚ (ɜɬɨɪɚɹ ɫɬɭɩɟɧɶ). 
ɉɪɨɰɟɫɫ ɡɨɥɨɲɥɚɤɨɭɞɚɥɟɧɢɹ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɞɜɟ ɨɫɧɨɜɧɵɟ ɨɩɟɪɚɰɢɢμ ɨɱɢɫɬɤɚ ɲɥɚɤɨ-
ɜɵɯ ɢ ɡɨɥɶɧɵɯ ɛɭɧɤɟɪɨɜ ɢ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɚ ɡɨɥɵ ɢ ɲɥɚɤɚ ɧɚ ɡɨɥɨɨɬɜɚɥɵ ɢɥɢ ɲɥɚɤɨɛɟɬɨɧ-
ɧɵɯ ɢɡɞɟɥɢɣ. 
14.3. Ɍɟɩɥɨɜɨɣ ɛɚɥɚɧɫ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ.
Ɍɟɩɥɨɜɨɣ ɛɚɥɚɧɫ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ ɭɫɬɚɧɚɜɥɢɜɚɟɬ ɪɚɜɟɧɫɬɜɨ ɦɟɠɞɭ ɩɨɫɬɭɩɚɸɳɢɦ ɜ ɚɝ-
ɪɟɝɚɬ ɤɨɥɢɱɟɫɬɜɨɦ ɬɟɩɥɨɬɵ ɢ ɟɝɨ ɪɚɫɯɨɞɨɦ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɨɩɪɟɞɟɥɹɸɬ 
ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɢ ɜɵɱɢɫɥɹɸɬ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ, ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɛɨɬɵ 
ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ.
ȼ ɤɨɬɟɥɶɧɨɦ ɚɝɪɟɝɚɬɟ ɯɢɦɢɱɟɫɤɢ ɫɜɹɡɚɧɧɚɹ ɷɧɟɪɝɢɹ ɬɨɩɥɢɜɚ ɜ ɩɪɨɰɟɫɫɟ ɝɨɪɟɧɢɹ ɩɪɟɨɛɪɚ-
ɡɭɟɬɫɹ ɜ ɮɢɡɢɱɟɫɤɭɸ ɬɟɩɥɨɬɭ ɝɨɪɸɱɢɯ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ. Эɬɚ ɬɟɩɥɨɬɚ ɪɚɫɯɨɞɭɟɬɫɹ ɧɚ 
ɜɵɪɚɛɨɬɤɭ ɢ ɩɟɪɟɝɪɟɜ ɩɚɪɚ ɢɥɢ ɧɚɝɪɟɜɚɧɢɹ ɜɨɞɵ. ȼɫɥɟɞɫɬɜɢɟ ɧɟɢɡɛɟɠɧɵɯ ɩɨɬɟɪɶ ɩɪɢ ɩɟ-
ɪɟɞɚɱɟ ɬɟɩɥɨɬɵ ɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɷɧɟɪɝɢɢ ɜɵɪɚɛɚɬɵɜɚɟɦɵɣ ɩɪɨɞɭɤɬ (ɩɚɪ, ɜɨɞɚ ɢ ɬ.ɞ.) ɜɨɫ-
ɩɪɢɧɢɦɚɟɬ ɬɨɥɶɤɨ ɱɚɫɬɶ ɬɟɩɥɨɬɵ. Ⱦɪɭɝɭɸ ɱɚɫɬɶ ɫɨɫɬɚɜɥɹɸɬ ɩɨɬɟɪɢ, ɤɨɬɨɪɵɟ ɡɚɜɢɫɹɬ ɨɬ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɨɪɝɚɧɢɡɚɰɢɢ ɩɪɨɰɟɫɫɨɜ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɷɧɟɪɝɢɢ (ɫɠɢɝɚɧɢɹ ɩɨɬɥɢɜɚ) ɢ ɩɟ-
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ɪɟɞɚɱɢ ɬɟɩɥɨɬɵ ɜɵɪɚɛɚɬɵɜɚɟɦɨɦɭ ɩɪɨɞɭɤɬɭ.
ɍɪɚɜɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɞɥɹ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɬɟɩɥɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ ɚɝɪɟɝɚɬɚ ɡɚɩɢɫɵ-
ɜɚɸɬ ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟμ
Qp

p=Q1+ Qɩ 

ɢɥɢ
Qɪ

ɪ=Q1+Q2+Q3+Q4+Q5+Q6 (14.1)
ɝɞɟ Qp

p  ɬɟɩɥɨɬɚ, ɤɨɬɨɪɨɣ ɪɚɫɩɨɥɚɝɚɸɬν Q1  ɢɫɩɨɥɶɡɨɜɚɧɧɚɹ ɬɟɩɥɨɬɚν Qɩ - ɨɛɳɢɟ ɩɨɬɟɪɢν Q2

ɩɨɬɟɪɢ ɬɟɩɥɨɬɵ ɫ ɭɯɨɞɹɳɢɦɢ ɝɚɡɚɦɢν Q3  ɩɨɬɟɪɢ ɬɟɩɥɨɬɵ ɨɬ ɯɢɦɢɱɟɫɤɨɝɨ ɧɟɞɨɠɨɝɚν Q4

ɩɨɬɟɪɢ ɬɟɩɥɨɬɵ ɨɬ ɦɟɯɚɧɢɱɟɫɤɨɣ ɧɟɩɨɥɧɨɬɵ ɫɝɨɪɚɧɢɹν Q5  ɩɨɬɟɪɢ ɬɟɩɥɨɬɵ ɜ ɨɤɪɭɠɚɸɳɭɸ 
ɫɪɟɞɭν Q6  ɩɨɬɟɪɢ ɬɟɩɥɨɬɵ ɫ ɮɢɡɢɱɟɫɤɨɣ ɬɟɩɥɨɬɨɣ ɲɥɚɤɨɜ.
Ʌɟɜɚɹ ɩɪɢɯɨɞɧɚɹ ɱɚɫɬɶ ɭɪɚɜɧɟɧɢɹ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ (14.1) ɹɜɥɹɟɬɫɹ ɫɭɦɦɨɣ ɫɥɟɞɭɸɳɢɯ 
ɜɟɥɢɱɢɧμ
Qɪ

ɪ=Qɪ
ɧ+Qɜ.ɜɧ+Qɩɚɪ+Qɮɢɡ.ɬ. (14.2)

ɝɞɟ Qɜ.ɜɧ  ɬɟɩɥɨɬɚ, ɜɧɨɫɢɦɚɹ ɜ ɤɨɬɥɨɚɝɪɟɝɚɬ ɫ ɜɨɡɞɭɯɨɦ ɧɚ 1 ɤɝ ɬɨɩɥɢɜɚν ɷɬɚ ɬɟɩɥɨɬɚ ɭɱɢɬɵ-
ɜɚɟɬɫɹ ɬɨɝɞɚ, ɤɨɝɞɚ ɜɨɡɞɭɯ ɧɚɝɪɟɜɚɟɬɫɹ ɜɧɟ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ (ɧɚɩɪɢɦɟɪ, ɜ ɩɚɪɨɜɵɯ ɢɥɢ 
ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɤɚɥɨɪɢɮɟɪɚɯ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɯ ɞɨ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɹ)ν ɟɫɥɢ ɜɨɡɞɭɯ 
ɧɚɝɪɟɜɚɟɬɫɹ ɬɨɥɶɤɨ ɜ ɜɨɡɞɭɯɨɧɚɝɪɟɜɚɬɟɥɟ, ɬɨ, ɬɟɩɥɨɬɚ ɧɟ ɭɱɢɬɵɜɚɟɬɫɹ, ɬɚɤ ɤɚɤ ɨɧɚ ɜɨɡɜɪɚ-
ɳɚɟɬɫɹ ɜ ɬɨɩɤɭ ɚɝɪɟɝɚɬɚν Qɩɚɪ - ɬɟɩɥɨɬɚ, ɜɧɨɫɢɦɚɹ ɜ ɬɨɩɤɭ ɫ ɞɭɬɶɟɜɵɦ (ɮɨɪɫɭɧɨɱɧɵɦ) ɩɚ-
ɪɨɦ ɧɚ 1 ɤɝ ɩɨɬɥɢɜɚν Qɮɢɡ.ɬ. - ɮɢɡɢɱɟɫɤɚɹ ɬɟɩɥɨɬɚ 1 ɤɝ ɢɥɢ 1 ɦ3 ɬɨɩɥɢɜɚ.
Ɍɟɩɥɨɬɭ, ɜɧɨɫɢɦɭɸ ɫ ɜɨɡɞɭɯɨɦ, ɪɚɫɫɱɢɬɵɜɚɸɬ ɩɨ ɪɚɜɟɧɫɬɜɭμ
Qɜ.ɜɧ = β/V0ɫɪ/(Tɝ.ɜɡ  Ɍɯ.ɜɡ), . (14.3)
ɝɞɟ β/ - ɨɬɧɨɲɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɜɨɡɞɭɯɚ ɧɚ ɜɯɨɞɟ ɜ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɶ ɤ ɬɟɨɪɟɬɢɱɟɫɤɢ 
ɧɟɨɛɯɨɞɢɦɨɦɭν ɫɪ

/= 1,33 ɤȾɠ/(ɦ3·Ʉ), ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜɨɡɞɭɯɚ ɞɨ 600Ʉν Ɍɝ.ɜɡ , Ɍɯ.ɜɡ  ɬɟɦɩɟ-
ɪɚɬɭɪɵ ɝɨɪɹɱɟɝɨ ɨ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ, ɨɛɵɱɧɨ Ɍɯ.ɜɡ = 300Ʉ.
Ɍɟɩɥɨɬɭ, ɜɧɨɫɢɦɭɸ ɫ ɩɚɪɨɦ ɞɥɹ ɪɚɫɩɵɥɟɧɢɹ ɦɚɡɭɬɚ (ɮɨɪɫɭɧɨɱɧɵɣ ɩɚɪ), ɧɚɯɨɞɹɬ ɩɨ ɮɨɪ-
ɦɭɥɟμ
Qɩɚɪ = Cɮ (iɮ  r) , . (14.4) 

ɝɞɟ Cɮ  ɪɚɫɯɨɞ ɮɨɪɫɭɧɨɱɧɨɝɨ ɩɚɪɚ, ɪɚɜɧɵɣ 0,3-0,4 ɤɝ/ɤɝν Тɮ  ɷɧɬɚɥɶɩɢɹ ɮɨɪɫɭɧɨɱɧɨɝɨ ɩɚɪɚ, 
ɤȾɠ/ɤɝν r  ɬɟɩɥɨɬɚ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ, ɤȾɠ/ɤɝ.
Ɏɢɡɢɱɟɫɤɚɹ ɬɟɩɥɨɬɚ 1 ɤɝ ɬɨɩɥɢɜɚμ
Qɮɢɡ.ɬ. = ɫɬ (Ɍɬ  273) , . (14.5)

ɝɞɟ ɫɬ  ɬɟɩɥɨɟɦɤɨɫɬɶ ɬɨɩɥɢɜɚ, ɤȾɠ/(ɤɝ· Ʉ)ν Ɍɬ  ɬɟɦɩɟɪɚɬɭɪɚ ɬɨɩɥɢɜɚ.
ȿɫɥɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɩɨɞɨɝɪɟɜ ɜɨɡɞɭɯɚ ɢ ɬɨɩɥɢɜɚ ɨɬɫɭɬɫɬɜɭɟɬ ɢ ɩɚɪ ɞɥɹ ɪɚɫɩɵɥɟɧɢɹ 
ɬɨɩɥɢɜɚ ɧɟ ɢɫɩɨɥɶɡɭɟɬɫɹ, ɬɨ Qɪ

ɪ=Qɪ
ɧ.

Ɍɟɦɚ 15. Ɍɨɩɨɱɧɵɟ ɭɫɬɪɨɣɫɬɜɚ.
15.1. Ɍɨɩɨɱɧɵɟ ɭɫɬɪɨɣɫɬɜɚ.
Ɍɨɩɤɚ  ɨɞɢɧ ɢɡ ɨɫɧɨɜɧɵɯ ɷɥɟɦɟɧɬɨɜ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ. ȼ ɧɟɣ ɩɪɨɢɫɯɨɞɢɬ ɩɪɨɰɟɫɫ ɝɨɪɟ-
ɧɢɹ, ɩɪɢ ɤɨɬɨɪɨɦ ɯɢɦɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɬɨɩɥɢɜɚ ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɜ ɬɟɩɥɨɜɭɸ ɷɧɟɪɝɢɸ ɩɪɨɞɭɤ-
ɬɨɜ ɫɝɨɪɚɧɢɹ, ɩɟɪɟɞɚɜɚɟɦɭɸ ɞɚɥɟɟ ɠɢɞɤɨɫɬɢ ɢ ɩɚɪɭ, ɧɚɯɨɞɹɳɢɦɫɹ ɜ ɤɨɬɥɟ.
ɋɭɳɟɫɬɜɭɸɳɢɟ ɬɨɩɨɱɧɵɟ ɭɫɬɪɨɣɫɬɜɚ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɫɥɨɟɜɵɟ ɢ ɤɚɦɟɪɧɵɟ.
ɋɥɨɟɜɵɟ ɬɨɩɤɢ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɫɠɢɝɚɧɢɹ ɬɜɟɪɞɨɝɨ ɬɨɩɥɢɜɚ ɜ ɫɥɨɟ ɧɚ ɤɨɥɨɫɧɢɤɨɜɨɣ 
ɪɟɲɟɬɤɟ. ȼ ɤɚɦɟɪɧɵɯ ɬɨɩɤɚɯ ɫɠɢɝɚɟɬɫɹ ɬɜɟɪɞɨɟ ɬɨɩɥɢɜɨ ɜɨ ɜɡɜɟɲɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ ɜ ɜɢ-
ɞɟ ɩɵɥɢ ɢ ɞɪɨɛɥɟɧɵɯ ɱɚɫɬɢɰ, ɚ ɬɚɤɠɟ ɠɢɞɤɨɟ, ɪɚɫɩɵɥɹɟɦɨɟ ɫ ɩɨɦɨɳɶɸ ɮɨɪɫɭɧɨɤ, ɢ ɝɚɡɨ-
ɨɛɪɚɡɧɨɟ. Ʉɚɦɟɪɧɵɟ ɬɨɩɤɢ ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɮɚɤɟɥɶɧɵɟ ɢ ɜɢɯɪɟɜɵɟ.
ɇɚ ɪɢɫ.15.1 ɩɨɤɚɡɚɧɵ ɫɯɟɦɵ ɫɥɨɟɜɨɝɨ, ɮɚɤɟɥɶɧɨɝɨ ɢ ɜɢɯɪɟɜɨɝɨ ɫɩɨɫɨɛɨɜ ɫɠɢɝɚɧɢɹ ɬɨɩɥɢ-
ɜɚ. ɉɪɢ ɫɥɨɟɜɨɦ ɫɩɨɫɨɛɟ ɫɠɢɝɚɧɢɹ ɧɟɨɛɯɨɞɢɦɵɣ ɞɥɹ ɝɨɪɟɧɢɹ ɜɨɡɞɭɯ ɩɨɩɚɞɚɟɬɫɹ ɤ ɫɥɨɸ 
ɬɨɩɥɢɜɚ ɱɟɪɟɡ ɤɨɥɨɫɧɢɤɨɜɭɸ ɪɟɲɟɬɤɭ.
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ɉɪɢ ɮɚɤɟɥɶɧɨɦ ɫɩɨɫɨɛɟ ɫɠɢɝɚɧɢɹ ɬɜɟɪɞɨɟ ɬɨɩɥɢɜɨ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɪɚɡɦɚɥɵɜɚɟɬɫɹ ɜ 
ɦɟɥɶɧɢɰɚɯ ɢ ɩɵɥɶ ɜɦɟɫɬɟ ɫ ɜɨɡɞɭɯɨɦ (ɚɷɪɨɫɦɟɫɶ) ɩɨɩɚɞɚɟɬ ɜ ɬɨɩɤɭ. ȼɪɟɦɹ ɩɪɟɛɵɜɚɧɢɹ ɝɚ-
ɡɚ ɢ ɩɵɥɢ ɜ ɨɛɴɟɦɟ ɬɨɩɤɢ ɧɟɡɧɚɱɢɬɟɥɶɧɨ (1,5-2 ɫ).
ɐɢɤɥɨɧɧɵɣ ɫɩɨɫɨɛ ɫɠɢɝɚɧɢɹ ɨɫɧɨɜɚɧ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɡɚɤɪɭɱɟɧɧɵɯ ɬɨɩɥɢɜɨɜɨɡɞɭɲɧɵɯ 
ɩɨɬɨɤɨɜ. Ɍɪɚɧɫɩɨɪɬ ɬɨɩɥɢɜɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜɨɡɞɭɯɨɦ. Ɍɨɩɥɢɜɧɵɟ ɱɚɫɬɢɰɵ ɰɢɪɤɭɥɢɪɭɸɬ 
ɩɨ ɨɩɪɟɞɟɥɟɧɧɵɦ ɬɪɚɟɤɬɨɪɢɹɦ ɜ ɬɟɱɟɧɢɟ ɜɪɟɦɟɧɢ, ɧɟɨɛɯɨɞɢɦɨɝɨ ɞɥɹ ɡɚɜɟɪɲɟɧɢɹ ɢɯ ɫɝɨ-
ɪɚɧɢɹ. ɉɨɞ ɞɟɣɫɬɜɢɟɦ ɰɟɧɬɪɨɛɟɠɧɵɯ ɫɢɥ ɱɚɫɬɢɰɵ ɞɜɢɠɭɬɫɹ ɜ ɜɢɞɟ ɭɩɥɨɬɧɟɧɧɨɝɨ ɩɪɢ-
ɫɬɟɧɧɨɝɨ ɫɥɨɹ, ɢɧɬɟɧɫɢɜɧɨ ɩɟɪɟɦɟɲɢɜɚɹɫɶ ɫ ɜɨɡɞɭɯɨɦ. ȼɪɟɦɹ ɩɪɟɛɵɜɚɧɢɹ ɱɚɫɬɢɰ ɜ ɰɢɤ-
ɥɨɧɧɨɣ ɤɚɦɟɪɟ ɜɵɛɢɪɚɟɬɫɹ ɞɨɫɬɚɬɨɱɧɵɦ ɞɥɹ ɜɵɝɨɪɚɧɢɹ ɝɪɭɛɨɣ ɩɵɥɢ (ɪɚɡɦɟɪ ɱɚɫɬɢɰ  200 
ɦɤɦ) ɢɥɢ ɞɪɨɛɥɟɧɨɝɨ ɬɨɩɥɢɜɚ (ɪɚɡɦɟɪ ɱɚɫɬɢɰ ɞɨ 5 ɦɦ).
ɋɥɨɟɜɵɟ ɬɨɩɤɢ. ɉɨ ɫɩɨɫɨɛɭ ɦɟɯɚɧɢɡɚɰɢɢ ɨɩɟɪɚɰɢɣ ɨɛɫɥɭɠɢɜɚɧɢɹ (ɩɨɞɚɱɚ ɬɨɩɥɢɜɚ, ɲɢ-
ɪɨɜɤɚ ɫɥɨɹ, ɭɞɚɥɟɧɢɟ ɡɨɥɜ ɢ ɲɥɚɤɚ) ɫɥɨɟɜɵɟ ɬɨɩɤɢ ɞɟɥɹɬɫɹ ɧɚ ɪɭɱɧɵɟ (ɧɟɦɟɯɚɧɢɡɢɪɨɜɚɧ-
ɧɵɟ), ɩɨɥɭɦɟɯɚɧɢɱɟɫɤɢɟ ɢ ɦɟɯɚɧɢɱɟɫɤɢɟ. ȼ ɩɨɥɭɦɟɯɚɧɢɱɟɫɤɢɯ ɬɨɩɤɚɯ ɦɟɯɚɧɢɡɢɪɨɜɚɧɚ 
ɱɚɫɬɶ ɨɩɟɪɚɰɢɣ. ȼ ɦɟɯɚɧɢɱɟɫɤɢɯ ɬɨɩɤɚɯ ɦɟɯɚɧɢɡɢɪɨɜɚɧɵ ɜɫɟ ɨɩɟɪɚɰɢɢ.
Ʉɥɚɫɫɢɮɢɤɚɰɢɢ ɧɚɢɛɨɥɟɟ ɬɢɩɢɱɧɵɯ ɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɲɢɪɨɤɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɬɨɩɨɱɧɵɯ 
ɭɫɬɪɨɣɫɬɜ ɫɨ ɫɥɨɟɜɵɦ ɫɠɢɝɚɧɢɟɦ ɬɨɩɥɢɜɚ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ.15.2.

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɩɨɫɨɛɚ ɨɪɝɚɧɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ ɫɠɢɝɚɧɢɹ ɬɨɩɥɢɜɚ ɫɥɨɟɜɵɟ ɬɨɩɤɢ ɦɨɠɧɨ 
ɪɚɡɞɟɥɢɬɶ ɧɚ ɬɪɢ ɝɪɭɩɩɵμ
1) ɫ ɧɟɩɨɞɜɢɠɧɨɣ ɤɨɥɨɫɧɢɤɨɜɨɣ ɪɟɲɟɬɤɨɣ ɢ ɧɟɩɨɞɜɢɠɧɵɦ ɫɥɨɟɦ ɬɨɩɥɢɜɚ (ɪɢɫ.15.2,ɚ, ɛ);
2) ɫ ɧɟɩɨɞɜɢɠɧɨɣ ɤɨɥɨɫɧɢɤɨɜɨɣ ɪɟɲɟɬɤɨɣ ɢ ɩɟɪɟɦɟɳɟɧɢɟɦ ɬɨɩɥɢɜɚ ɩɨ ɪɟɲɟɬɤɟ (ɪɢɫ.15.2
ɜ, ɝ, ɞ);
3) ɫ ɩɨɞɜɢɠɧɨɣ ɤɨɥɨɫɧɢɤɨɜɨɣ ɪɟɲɟɬɤɨɣ ɢ ɞɜɢɠɭɳɢɦɫɹ ɜɦɟɫɬɟ ɫ ɧɟɣ ɫɥɨɟɦ ɬɨɩɥɢɜɚ
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(ɪɢɫ.15.2 ɟ).
ȼ ɩɨɤɚɡɚɧɧɭɸ ɧɚ ɪɢɫ.15.2,ɚ ɬɨɩɤɭ ɬɨɩɥɢɜɨ ɡɚɝɪɭɠɚɸɬ ɜɪɭɱɧɭɸ ɢ ɜɪɭɱɧɭɸ ɭɞɚɥɹɸɬ ɨɱɚɝɨ-
ɜɵɟ ɨɫɬɚɬɤɢ ɱɟɪɟɡ ɡɨɥɶɧɢɤ. ɂɡ-ɡɚ ɛɨɥɶɲɨɣ ɡɚɬɪɚɬɵ ɮɢɡɢɱɟɫɤɨɝɨ ɬɪɭɞɚ ɬɨɩɤɢ ɷɬɨɝɨ ɬɢɩɚ 
ɢɫɩɨɥɶɡɭɸɬ ɬɨɥɶɤɨ ɞɥɹ ɤɨɬɥɨɜ ɦɚɥɨɣ ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ (ɞɨ 0,5 ɤɝ/ɫ).
ɇɚ ɪɢɫ.15.2,ɛ ɩɨɤɚɡɚɧɚ ɩɨɥɭɦɟɯɚɧɢɱɟɫɤɚɹ ɬɨɩɤɚ ɫ ɩɧɟɜɦɨɦɟɯɚɧɢɱɟɫɤɢɦ ɡɚɛɪɚɫɵɜɚɬɟɥɟɦ 
(ɉɆɁ) (ɪɢɫ.15.3) ɢ ɪɭɱɧɵɦɢ ɩɨɜɨɪɚɱɢɜɚɸɳɢɦɢɫɹ ɤɨɥɨɫɧɢɤɚɦɢ (ɊɉɄ). 

Ɍɨɩɥɢɜɨ ɡɚɛɪɚɫɵɜɚɟɬɫɹ ɩɢɬɚɬɟɥɟɦ ɉɆɁ ɢ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɪɟɲɟɬɤɟ, ɍɞɚɥɹ-
ɸɬ ɨɱɚɝɨɜɵɟ ɨɫɬɚɬɤɢ ɩɭɬɟɦ ɢɯ ɫɛɪɚɫɵɜɚɧɢɹ ɜ ɡɨɥɶɧɵɣ ɛɭɧɤɟɪ ɩɪɢ ɩɨɜɨɪɨɬɟ ɤɨɥɨɫɧɢɤɨɜ 
ɨɤɨɥɨ ɫɜɨɟɣ ɨɫɢ ɨɬ ɪɭɱɧɨɝɨ ɩɪɢɜɨɞɚ. ȼ ɬɨɩɤɟ, ɩɨɤɚɡɚɧɧɨɣ ɧɚ ɪɢɫ. 15.2, ɜ, ɡɚɝɪɭɡɤɚ ɨɫɭ-
ɳɟɫɬɜɥɹɟɬɫɹ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɫɨɛɫɬɜɟɧɧɨɝɨ ɜɟɫɚ ɬɨɩɥɢɜɚ. Ɍɨɩɤɢ ɫ ɧɚɤɥɨɧɧɨɣ ɪɟɲɟɬɤɨɣ (ɫ 
ɭɝɥɨɦ 40-50, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɭɝɥɭ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɨɬɤɨɫɚ ɫɠɢɝɚɟɦɨɝɨ ɬɨɩɥɢɜɚ) ɢɫɩɨɥɶɡɭ-
ɸɬ ɨɛɵɱɧɨ ɞɥɹ ɫɠɢɝɚɧɢɹ ɞɪɟɜɟɫɧɵɯ ɨɬɯɨɞɨɜ ɢ ɤɭɫɤɨɜɨɝɨ ɬɨɪɮɚ. ȼɨɡɜɪɚɬɧɨ-
ɩɨɫɬɭɩɚɬɟɥɶɧɨɟ ɞɜɢɠɟɧɢɟ ɤɨɥɨɫɧɢɤɨɜ ɧɚ ɧɚɤɥɨɧɧɨ-ɩɟɪɟɬɚɥɤɢɜɚɸɳɟɣ ɪɟɲɟɬɤɟ (ɪɢɫ. 15.2,ɝ)
ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɨɫɭɳɟɫɬɜɢɬɶ ɧɟɩɪɟɪɵɜɧɭɸ ɲɭɪɨɜɤɭ ɫɥɨɹ ɬɨɩɥɢɜɚ, ȼ ɬɚɤɢɯ ɬɨɩɤɚɯ ɜɨɡ-
ɦɨɠɧɨ ɫɠɢɝɚɧɢɟ ɝɨɪɸɱɢɯ ɫɥɚɧɰɟɜ, ɛɭɪɵɯ ɭɝɥɟɣ ɫ ɛɨɥɶɲɨɣ ɡɨɥɶɧɨɫɬɶɸ ɢ ɩɨɜɵɲɟɧɧɨɣ 
ɜɥɚɠɧɨɫɬɶɸ ɢ ɤɚɦɟɧɧɵɯ ɭɝɥɟɣ ɫ ɛɨɥɶɲɢɦ ɜɵɯɨɞɨɦ ɥɟɬɭɱɢɯ ɜɟɳɟɫɬɜ.
Ɍɨɩɤɢ ɫ ɲɭɪɭɸɳɟɣ ɩɥɚɧɤɨɣ (ɪɢɫ. 15.2,ɞ) ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɫɠɢɝɚɧɢɹ ɦɧɨɝɨɡɨɥɶɧɵɯ ɛɭ-
ɪɵɯ ɢ ɧɟɫɩɟɤɚɸɳɢɯɫɹ ɤɚɦɟɧɧɵɯ ɭɝɥɟɣ. ɒɭɪɭɸɳɚɹ ɩɥɚɧɤɚ ɜɵɩɨɥɧɹɟɬɫɹ ɜ ɜɢɞɟ ɬɪɟɯɝɪɚɧ-
ɧɨɣ ɩɪɢɡɦɵ ɢɡ ɥɢɬɨɝɨ ɱɭɝɭɧɚ ɢɥɢ ɫɬɚɥɢ. ɍɝɨɥ ɧɚɤɥɨɧɚ ɩɟɪɟɞɧɟɣ ɩɥɨɫɤɨɫɬɢ ɤ ɝɨɪɢɡɨɧɬɚɥɶ-
ɧɨɣ ɩɥɨɫɤɨɫɬɢ ɫɨɫɬɚɜɥɹɟɬ 35, ɚ ɡɚɞɧɟɣ  15. ɉɪɢ ɞɜɢɠɟɧɢɢ ɜɩɟɪɟɞ (ɤ ɡɚɞɧɟɣ ɫɬɟɧɤɟ ɬɨɩɤɢ) 
ɬɨɩɥɢɜɨ ɩɨɞɪɟɡɚɟɬɫɹ ɡɚɞɧɟɣ ɝɪɚɧɶɸ ɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɲɭɪɨɜɤɚ ɝɨɪɹɳɟɝɨ ɫɥɨɹ ɬɨɩɥɢɜɚ.
Ʉɚɦɟɪɧɵɟ ɬɨɩɤɢ ɞɥɹ ɫɠɢɝɚɧɢɹ ɬɜɟɪɞɨɝɨ ɬɨɩɥɢɜɚ ɢɫɩɨɥɶɡɭɸɬ ɜ ɤɨɬɟɥɶɧɵɯ ɚɝɪɟɝɚɬɚɯ 
ɫɪɟɞɧɟɣ (10-42 ɤɝ/ɫ) ɢ ɛɨɥɶɲɨɣ ( 42 ɤɝ/ɫ) ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ.
Ɉɫɧɨɜɧɵɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ɤɚɦɟɪɧɵɯ ɬɨɩɨɤ ɡɚɤɥɸɱɚɸɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦμ
1) ɜɨɡɦɨɠɧɨɫɬɶ ɷɤɨɧɨɦɢɱɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟɯ ɫɨɪɬɨɜ ɭɝɥɹ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ
ɧɢɡɤɨɤɚɱɟɫɬɜɟɧɧɵɯ, ɤɨɬɨɪɵɟ ɬɪɭɞɧɨ ɫɠɢɝɚɬɶ ɜ ɫɥɨɟν
2) ɯɨɪɨɲɟɟ ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɬɨɩɥɢɜɚ ɫ ɜɨɡɞɭɯɨɦ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɪɚɛɨɬɚɬɶ ɫ ɧɟɛɨɥɶɲɢɦ ɢɡ-
ɛɵɬɤɨɦ ɜɨɡɞɭɯɚ (ɚ=1,2-1,25);
3) ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɜɵɲɟɧɢɹ ɟɞɢɧɢɱɧɨɣ ɦɨɳɧɨɫɬɢ ɤɨɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚμ
4) ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɪɨɫɬɨɬɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɨɡɦɨɠɧɨɫɬɶ
ɩɨɥɧɨɣ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɬɨɩɨɱɧɨɝɨ ɩɪɨɰɟɫɫɚ.
15.2. ɋɠɢɝɚɧɢɟ ɬɨɩɥɢɜɚ.
ɋɠɢɝɚɧɢɟ ɬɜɟɪɞɨɝɨ ɬɨɩɥɢɜɚ ɜ ɮɚɤɟɥɟ. Ȼɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɪɚɛɨɬɵ ɩɵɥɟɭɝɨɥɶɧɵɯ ɬɨɩɨɤ 
ɢɦɟɟɬ ɤɨɧɫɬɪɭɤɰɢɹ ɩɪɢɦɟɧɹɟɦɵɯ ɝɨɪɟɥɨɤ. Ƚɨɪɟɥɤɢ ɞɨɥɠɧɵ ɨɛɟɫɩɟɱɢɜɚɬɶ ɯɨɪɨɲɟɟ ɩɟɪɟ-
ɦɟɲɢɜɚɧɢɟ ɬɨɩɥɢɜɚ ɫ ɜɨɡɞɭɯɨɦ, ɧɚɞɟɠɧɨɟ ɡɚɠɢɝɚɧɢɟ ɚɷɪɨɫɦɟɫɢ, ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɚɩɨɥɧɟ-
ɧɢɟ ɮɚɤɟɥɨɦ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɵ ɢ ɥɟɝɤɨ ɩɨɞɞɚɜɚɬɶɫɹ ɪɟɝɭɥɢɪɨɜɚɧɢɸ ɩɨ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨ-
ɫɬɢ ɜ ɡɚɞɚɧɧɵɯ ɩɪɟɞɟɥɚɯ.
ɋɠɢɝɚɧɢɟ ɦɚɡɭɬɚ ɢ ɝɚɡɨɜ ɜ ɬɨɩɤɚɯ. ɀɢɞɤɨɟ ɬɨɩɥɢɜɨ, ɫɠɢɝɚɟɦɨɟ ɜ ɬɨɩɤɚɯ, ɩɨɞɜɟɪɝɚɟɬɫɹ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɦɭ ɪɚɫɩɵɥɟɧɢɸ ɫ ɩɨɦɨɳɶɸ ɮɨɪɫɭɧɤɢ, ɹɜɥɹɸɳɟɣɫɹ ɷɥɟɦɟɧɬɨɦ ɝɨɪɟɥɤɢ. 
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ɉɨɥ ɝɨɪɟɥɤɨɣ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɩɨɧɢɦɚɟɬɫɹ ɚɝɪɟɝɚɬ, ɜɤɥɸɱɚɸɳɢɣ ɩɨɦɢɦɨ ɮɨɪɫɭɧɤɢ ɜɨɡɞɭ-
ɯɨɧɚɩɪɚɜɥɹɸɳɢɣ ɚɩɩɚɪɚɬ, ɡɚɩɚɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɢ ɦɟɯɚɧɢɡɦ ɭɩɪɚɜɥɟɧɢɹ.
Ʉɚɱɟɫɬɜɟɧɧɨɟ ɫɠɢɝɚɧɢɟ ɠɢɞɤɨɝɨ ɬɨɩɥɢɜɚ ɨɛɭɫɥɚɜɥɢɜɚɟɬɫɹ ɬɨɧɤɨɫɬɶɸ ɟɝɨ ɪɚɫɩɵɥɟɧɢɹ. Ⱦɥɹ 
ɷɬɨɣ ɰɟɥɢ ɢɫɩɨɥɶɡɭɸɬ ɮɨɪɫɭɧɤɢ, ɤɨɬɨɪɵɟ, ɤɪɨɦɟ ɬɨɝɨ, ɨɛɟɫɩɟɱɢɜɚɸɬ ɧɟɨɛɯɨɞɢɦɵɣ ɞɢɚɩɚ-
ɡɨɧ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ ɢ ɭɫɬɨɣɱɢɜɨɟ ɡɚɠɢɝɚɧɢɟ ɫɦɟɫɢ.
ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɩɨɫɨɛɚ ɪɚɫɩɵɥɟɧɢɹ ɬɨɩɥɢɜɚ ɮɨɪɫɭɧɤɢ ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɱɟɬɵɪɟ ɤɥɚɫ-
ɫɚμ ɦɟɯɚɧɢɱɟɫɤɢɟ, ɩɚɪɨɜɵɟ, ɜɨɡɞɭɲɧɵɟ (ɩɧɟɜɦɚɬɢɱɟɫɤɢɟ) ɢ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɟ. ɇɚ ɪɢɫ.15.4 
ɩɨɤɚɡɚɧɵ ɩɪɢɧɰɢɩɢɚɥɶɧɵɟ ɫɯɟɦɵ ɩɪɢɦɟɧɹɟɦɵɯ ɮɨɪɫɭɧɨɤ.

Ɏɨɪɫɭɧɤɢ ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ ɪɚɫɩɵɥɟɧɢɟɦ ɪɚɡɞɟɥɹɸɬ ɧɚ ɩɪɹɦɨɫɬɪɭɣɧɵɟ, ɰɟɧɬɪɨɛɟɠɧɵɟ ɢ 
ɪɨɬɚɰɢɨɧɧɵɟ. ȼ ɩɪɹɦɨɫɬɪɭɣɧɵɯ ɮɨɪɫɭɧɤɚɯ (Ɋɢɫ.15.4,ɚ) ɞɪɨɛɥɟɧɢɟ ɫɬɪɭɢ ɬɨɩɥɢɜɚ ɧɚ ɦɟɥɶ-
ɱɚɣɲɢɟ ɤɚɩɥɢ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɟɝɨ ɩɪɨɞɚɜɥɢɜɚɧɢɢ ɩɨɞ ɡɧɚɱɢɬɟɥɶɧɵɦ ɞɚɜɥɟɧɢɟɦ (1-2 Ɇɩɚ) 
ɱɟɪɟɡ ɫɨɩɥɨ ɦɚɥɨɝɨ ɞɢɚɦɟɬɪɚ.
ȼ ɰɟɧɬɪɨɛɟɠɧɵɯ ɮɨɪɫɭɧɤɚɯ (Ɋɢɫ.15.4,ɛ,ɜ) ɬɨɩɥɢɜɨ ɪɚɫɩɵɥɹɟɬɫɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɰɟɧɬɪɨ-
ɛɟɠɧɵɯ ɫɢɥ, ɜɨɡɧɢɤɚɸɳɢɯ ɩɪɢ ɡɚɤɪɭɱɢɜɚɧɢɢ ɬɨɩɥɢɜɧɨɝɨ ɩɨɬɨɤɚ. 
ȼ ɪɨɬɚɰɢɨɧɧɵɯ ɮɨɪɫɭɧɤɚɯ (Ɋɢɫ.15.4,ɝ) ɬɨɩɥɢɜɨ ɩɨɞɚɟɬɫɹ ɜɧɭɬɪɶ ɛɵɫɬɪɨ ɜɪɚɳɚɸɳɟɝɨɫɹ 
ɪɚɫɩɵɥɢɜɚɸɳɟɝɨɫɹ ɫɬɚɤɚɧɚ, ɝɞɟ ɨɧɨ ɪɚɫɬɟɤɚɟɬɫɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɰɟɧɬɪɨɛɟɠɧɵɯ ɫɢɥ, ɨɛɪɚ-
ɡɭɹ ɬɨɧɤɭɸ ɩɥɟɧɤɭ. ɇɚ ɜɵɯɨɞɧɨɣ ɤɪɨɦɤɟ ɫɬɚɤɚɧɚ ɬɨɧɤɚɹ ɩɥɟɧɤɚ ɩɨɞɯɜɚɬɵɜɚɟɬɫɹ ɩɨɞɜɨɞɢ-
ɦɵɦ ɩɟɪɜɢɱɧɵɦ ɜɨɡɞɭɯɨɦ.
ɉɚɪɨɜɵɟ ɢ ɩɧɟɜɦɚɬɢɱɟɫɤɢɟ ɮɨɪɫɭɧɤɢ ɦɨɠɧɨ ɨɛɴɟɞɢɧɢɬɶ ɜ ɨɞɢɧ ɤɥɚɫɫ  ɮɨɪɫɭɧɤɢ ɫ ɪɚɫɩɵ-
ɥɢɜɚɸɳɟɣ ɫɪɟɞɨɣ. ȼ ɩɚɪɨɜɵɯ ɮɨɪɫɭɧɤɚɯ (Ɋɢɫ.15.4,ɞ) ɜ ɤɚɱɟɫɬɜɟ ɬɚɤɨɣ ɫɪɟɞɵ ɢɫɩɨɥɶɡɭɸɬ 
ɜɨɞɹɧɨɣ ɩɚɪ ɫ ɞɚɜɥɟɧɢɟɦ 0,4-1,6 Ɇɩɚ., ɚ ɜ ɩɧɟɜɦɚɬɢɱɟɫɤɢɯ ɮɨɪɫɭɧɤɚɯ (Ɋɢɫ.15.4,ɟ) ɢɫɩɨɥɶ-
ɡɭɸɬ ɜɨɡɞɭɯ ɧɢɡɤɨɝɨ (0,002-0,00κ Ɇɩɚ) ɢ ɜɵɫɨɤɨɝɨ (0,2-1 Ɇɩɚ ɢ ɜɵɲɟ) ɞɚɜɥɟɧɢɹ.
Ƚɚɡɨɜɵɟ ɝɨɪɟɥɤɢ ɛɵɜɚɸɬμ
ɤɢɧɟɬɢɱɟɫɤɢɟ - ɩɨɥɧɨɝɨ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɫɦɟɲɟɧɢɹ (ɝɚɡ ɫ ɜɨɡɞɭɯɨɦ ɫɦɟɲɢɜɚɟɬɫɹ ɞɨ ɜɵ-
ɯɨɞɚ ɢɡ ɝɨɪɟɥɤɢ)ν
ɞɢɮɮɭɡɢɨɧɧɨ-ɤɢɧɟɬɢɱɟɫɤɢɟ  ɱɚɫɬɢɱɧɨɝɨ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɫɦɟɲɟɧɢɹν
ɞɢɮɮɭɡɢɨɧɧɵɟ  ɜɧɟɲɧɟɝɨ ɫɦɟɲɟɧɢɹ.
ɉɨ ɫɩɨɫɨɛɭ ɩɨɞɚɱɢ ɜɨɡɞɭɯɚ ɝɨɪɟɥɤɢ ɞɟɥɹɬɫɹ ɧɚ ɢɧɠɟɤɰɢɨɧɧɵɟ ɢ ɞɭɬɶɟɜɵɟ (ɩɪɢɧɭɞɢɬɟɥɶ-
ɧɨɣ ɩɨɞɚɱɟɣ ɜɨɡɞɭɯɚ).
ɇɚ ɪɢɫ.15.5 ɩɨɤɚɡɚɧɵ ɨɫɧɨɜɧɵɟ ɩɪɢɧɰɢɩɢɚɥɶɧɵɟ ɫɯɟɦɵ ɝɚɡɨɜɵɯ ɝɨɪɟɥɨɤ. 
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15.3. Ɍɟɩɥɨɬɟɯɧɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɪɚɛɨɬɵ ɬɨɩɨɤ.
ȼɚɠɧɟɣɲɚɹ ɬɟɩɥɨɬɟɯɧɢɱɟɫɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɬɨɩɨɱɧɵɯ ɭɫɬɪɨɣɫɬɜ, ɨɫɧɨɜɵɜɚɹɫɶ ɧɚ ɤɨɬɨ-
ɪɨɣ ɪɟɲɚɸɬ ɜɨɩɪɨɫɵ ɢɯ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɨɰɟɧɢɜɚɸɬ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɪɚɛɨɬɵ, - ɬɟɩɥɨɜɨɟ 
ɧɚɩɪɹɠɟɧɢɟ ɨɛɴɟɦɚ ɬɨɩɨɱɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ. Ɉɧɨ ɜɵɪɚɠɚɟɬɫɹ ɨɬɧɨɲɟɧɢɟɦ Q/Vɬ ɢ ɩɪɟɞ-
ɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɜɵɞɟɥɢɜɲɟɣɫɹ ɩɪɢ ɫɠɢɝɚɧɢɢ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɤɨɥɢɱɟ-
ɫɬɜɚ ɬɨɩɥɢɜɚ ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ ȼ ɢ ɩɪɢɯɨɞɹɳɟɣɫɹ ɧɚ 1 ɤɭɛ.ɦ ɨɛɴɟɦɚ ɬɨɩɨɱɧɨɝɨ ɩɪɨ-
ɫɬɪɚɧɫɬɜɚ, ɬ.ɟ.μ
qυ = Q/Vɬ = Qp

ɧ B/Vɬ. (15.1) 
ȿɞɢɧɢɰɟɣ ɢɡɦɟɪɟɧɢɹ q ɞɥɹ ɹɜɥɹɟɬɫɹ ȼɬ/ɦ3.
ȿɫɥɢ ɡɧɚɱɟɧɢɟ q ɛɭɞɟɬ ɩɪɟɜɵɲɚɬɶ ɨɩɪɟɞɟɥɟɧɧɭɸ ɱɢɫɥɨɜɭɸ ɜɟɥɢɱɢɧɭ, ɭɫɬɚɧɨɜɥɟɧɧɭɸ 
ɩɪɚɤɬɢɱɟɫɤɢ, ɬɨ ɡɚ ɜɪɟɦɹ ɧɚɯɨɠɞɟɧɢɹ ɜ ɬɨɩɤɟ ɬɨɩɥɢɜɨ ɧɟ ɫɝɨɪɢɬ ɩɨɥɧɨɫɬɶɸ. Ɉɩɵɬ ɷɤɫɩɥɭ-
ɚɬɚɰɢɢ ɤɨɬɟɥɶɧɵɯ ɚɝɪɟɝɚɬɨɜ ɩɨɤɚɡɚɥ, ɱɬɨ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ ɬɨɩɥɢɜɚ, ɫɩɨɫɨɛɨɜ ɫɠɢɝɚ-
ɧɢɹ ɢ ɤɨɧɫɬɪɭɤɰɢɣ ɬɨɩɨɤ ɞɨɩɭɫɬɢɦɨɟ ɡɧɚɱɟɧɢɟ qυ ɢɡɦɟɧɹɟɬɫɹ ɜ ɲɢɪɨɤɢɯ ɩɪɟɞɟɥɚɯ. 
ɇɚɩɪɢɦɟɪ, ɞɥɹ ɫɥɨɟɜɵɯ ɬɨɩɨɤ ɫ ɧɟɩɨɞɜɢɠɧɨɣ ɪɟɲɟɬɤɨɣ ɢ ɪɭɱɧɵɦ ɡɚɛɪɨɫɨɦ ɬɨɩɥɢɜɚ qυ =
2λ0  350 ɤȼɬ/ɦ3, ɭ ɫɥɨɟɜɵɯ ɦɟɯɚɧɢɡɢɪɨɜɚɧɧɵɯ ɬɨɩɨɤ qɯ =2λ0  465 ɤȼɬ/ɦ3, ɞɥɹ ɤɚɦɟɪɧɵɯ 
ɬɨɩɨɤ ɩɪɢ ɫɠɢɝɚɧɢɢ ɭɝɨɥɶɧɨɣ ɩɵɥɢ qυ = 145  230 ɤȼɬ/ɦ3, ɚ ɩɪɢ ɫɠɢɝɚɧɢɢ ɜ ɧɢɯ ɝɚɡɚ ɢɥɢ 
ɦɚɡɭɬɚ qɯ = 230  460ɤȼɬ/ɦ3.
ȼ ɫɥɨɟɜɵɯ ɬɨɩɤɚɯ, ɜ ɤɨɬɨɪɵɯ ɱɚɫɬɶ ɬɨɩɥɢɜɚ ɫɝɨɪɚɟɬ ɜ ɫɥɨɟ, ɚ ɞɪɭɝɚɹ ɱɚɫɬɶ ɜ ɬɨɩɨɱɧɨɦ ɩɪɨ-
ɫɬɪɚɧɫɬɜɟ, ɩɪɢɦɟɧɹɸɬ ɟɳɟ ɨɞɧɭ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɬɟɩɥɨɜɨɣ ɪɚɛɨɬɵ ɬɨɩɤɢ, 
ɧɚɡɵɜɚɟɦɭɸ ɬɟɩɥɨɜɵɦ ɧɚɩɪɹɠɟɧɢɟɦ ɡɟɪɤɚɥɚ ɝɨɪɟɧɢɹ ɢ ɢɦɟɸɳɭɸ ɜɢɞμ
qR=Q/R=Qp

ɧ/R. (15.2) 

ȿɞɢɧɢɰɟɣ ɢɡɦɟɪɟɧɢɹ ɞɥɹ qR ɹɜɥɹɟɬɫɹ ȼɬ/ɦ2ν ȼ  ɤɝ/ɫν Qɪ
ɧ  Ⱦɠ/ɤɝ ɢ ɞɥɹ - R ɦ3.

Эɬɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɜɵɞɟɥɢɜɲɟɣɫɹ ɩɪɢ ɫɠɢɝɚɧɢɢ 
ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɬɨɩɥɢɜɚ ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ ɢ ɩɪɢɯɨɞɹɳɟɣɫɹ ɧɚ 1 ɦ2 ɩɥɨɳɚɞɢ 
ɩɨɜɟɪɯɧɨɫɬɢ ɡɟɪɤɚɥɚ ɝɨɪɟɧɢɹ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɱɟɦ ɛɨɥɶɲɟ qR, ɬɟɦ ɛɨɥɶɲɟ ɩɨɬɟɪɹ ɬɟɩɥɨ-
ɬɵ ɨɬ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɧɟɞɨɠɨɝɚ ɜɫɥɟɞɫɬɜɢɟ ɭɧɨɫɚ ɢɡ ɩɪɟɞɟɥɨɜ ɬɨɩɤɢ ɦɟɥɤɢɯ, ɧɟ ɭɫɩɟɜɲɢɯ 
ɫɝɨɪɟɬɶ ɱɚɫɬɢɰ ɬɨɩɥɢɜɚ. Ɂɧɚɱɟɧɢɹ ɬɟɩɥɨɜɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɡɟɪɤɚɥɚ ɡɨɥɵ, ɤɨɧɫɬɪɭɤɰɢɢ ɬɨɩɤɢ 
ɢ ɬ.ɞ. ɢ ɢɡɦɟɧɹɸɬɫɹ ɜ ɲɢɪɨɤɢɯ ɩɪɟɞɟɥɚɯ  ɨɬ 350 ɞɨ 1100 ɤȼ/ɦ2. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɱɟɦ ɛɨɥɶɲɟ 
ɡɧɚɱɟɧɢɟ qu ɢ qR ɞɥɹ ɡɚɞɚɧɧɵɯ ɪɚɡɦɟɪɨɜ ɬɨɩɤɢ ɢ ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ ɜɢɞɚ ɬɨɩɥɢɜɚ, ɬɟɦ ɢɧɬɟɧ-
ɫɢɜɧɟɣ (ɮɨɪɫɢɪɨɜɚɧɧɟɣ) ɩɪɨɬɟɤɚɟɬ ɪɚɛɨɬɚ ɬɨɩɤɢ, ɬ.ɟ. ɛɨɥɶɲɟ ɫɠɢɝɚɟɬɫɹ ɬɨɩɥɢɜɚ ɜ ɟɞɢɧɢɰɭ 
ɜɪɟɦɟɧɢ ɢ ɛɨɥɶɲɟ ɜɵɪɚɛɚɬɵɜɚɟɬɫɹ ɬɟɩɥɨɬɵ. Ɉɞɧɚɤɨ ɮɨɪɫɢɪɨɜɚɬɶ ɬɨɩɤɭ ɦɨɠɧɨ ɥɢɲɶ ɞɨ 
ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɩɪɟɞɟɥɚ, ɢɛɨ ɜ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ ɜɨɡɪɚɫɬɚɸɬ ɩɨɬɟɪɢ ɨɬ ɯɢɦɢɱɟɫɤɨɣ ɢ ɦɟ-
ɯɚɧɢɱɟɫɤɨɣ ɧɟɩɨɥɧɨɬɵ ɫɝɨɪɚɧɢɹ ɢ ɫɧɢɠɚɟɬɫɹ ɄɉȾ.

Ɍɟɦɚ 16.Ƚɨɪɟɧɢɟ ɬɨɩɥɢɜɚ.
16.1. Ɏɢɡɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɝɨɪɟɧɢɹ ɬɨɩɥɢɜɚ.
Ƚɨɪɟɧɢɟ ɬɨɩɥɢɜɚ  ɯɢɦɢɱɟɫɤɚɹ ɪɟɚɤɰɢɹ ɫɨɟɞɢɧɟɧɢɹ ɝɨɪɸɱɢɯ ɷɥɟɦɟɧɬɨɜ ɬɨɩɥɢɜɚ ɫ ɨɤɢɫɥɢ-
ɬɟɥɟɦ ɩɪɢ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɫɨɩɪɨɜɨɠɞɚɸɳɢɣɫɹ ɢɧɬɟɧɫɢɜɧɵɦ ɜɵɞɟɥɟɧɢɟɦ ɬɟɩɥɨɬɵ. 
ȼ ɤɚɱɟɫɬɜɟ ɨɤɢɫɥɢɬɟɥɹ ɢɫɩɨɥɶɡɭɸɬ ɤɢɫɥɨɪɨɞ ɜɨɡɞɭɯɚ.
ɉɪɨɰɟɫɫɵ ɝɨɪɟɧɢɹ ɪɚɡɞɟɥɹɸɬ ɧɚ 2 ɝɪɭɩɩɵμ
1). ɝɨɦɨɝɟɧɧɨɟ ɝɨɪɟɧɢɟ  ɝɨɪɟɧɢɟ ɝɚɡɨɨɛɪɚɡɧɵɯ ɝɨɪɸɱɢɯ (ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɫɢɫɬɟɦɨɣ 
"ɝɚɡ+ɝɚɡ")ν
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2). ɝɟɬɟɪɨɝɟɧɧɨɟ ɝɨɪɟɧɢɟ  ɝɨɪɟɧɢɟ ɬɜɟɪɞɵɯ ɢ ɠɢɞɤɢɯ ɝɨɪɸɱɢɯ (ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɫɢɫɬɟɦɨɣ 
"ɬɜɟɪɞɨɟ ɬɟɥɨ+ɝɚɡ" ɢɥɢ "ɠɢɞɤɨɫɬɶ+ɝɚɡ").
ɉɪɨɰɟɫɫ ɝɨɪɟɧɢɹ ɦɨɠɟɬ ɩɪɨɬɟɤɚɬɶ ɫ ɪɚɡɧɨɣ ɫɤɨɪɨɫɬɶɸ  ɨɬ ɦɟɞɥɟɧɧɨɝɨ ɞɨ ɦɝɧɨɜɟɧɧɨɝɨ. 
Ɇɟɞɥɟɧɧɨɟ ɝɨɪɟɧɢɟ  ɫɚɦɨɜɨɡɝɨɪɚɧɢɟ ɬɜɟɪɞɨɝɨ ɬɨɩɥɢɜɚ ɩɪɢ ɟɝɨ ɯɪɚɧɟɧɢɢ ɧɚ ɫɤɥɚɞɚɯ. 
Ɇɝɧɨɜɟɧɧɨɟ ɝɨɪɟɧɢɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɜɡɪɵɜ. ȼ ɬɟɩɥɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɭɫɬɚɧɨɜɤɚɯ ɩɪɚɤ-
ɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɢɦɟɟɬ ɬɚɤɚɹ ɫɤɨɪɨɫɬɶ ɪɟɚɤɰɢɢ, ɩɪɢ ɤɨɬɨɪɨɣ ɩɪɨɢɫɯɨɞɢɬ ɭɫɬɨɣɱɢɜɨɟ ɝɨ-
ɪɟɧɢɟ, ɬ.ɟ. ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɩɨɞɚɱɟ ɜ ɡɨɧɭ ɝɨɪɟɧɢɹ ɬɨɩɥɢɜɚ ɢ ɨɤɢɫɥɢɬɟɥɹ. ɉɪɢ ɷɬɨɦ ɫɨɨɬ-
ɧɨɲɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɬɨɩɥɢɜɚ ɢ ɨɤɢɫɥɢɬɟɥɹ ɞɨɥɠɟɧ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɧɵɦ. ɉɪɢ ɧɚɪɭɲɟ-
ɧɢɢ ɷɬɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ (ɛɨɝɚɬɚɹ ɫɦɟɫɶ, ɛɟɞɧɚɹ ɫɦɟɫɶ) ɫɤɨɪɨɫɬɶ ɪɟɚɤɰɢɢ ɫɧɢɠɚɟɬɫɹ ɢ 
ɭɦɟɧɶɲɚɟɬɫɹ ɬɟɩɥɨɜɵɞɟɥɟɧɢɟ ɧɚ ɟɞɢɧɢɰɭ ɨɛɴɟɦɚ.
Ƚɨɪɟɧɢɟ  ɷɬɨ ɜ ɨɫɧɨɜɧɨɦ ɯɢɦɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ, ɬ.ɤ. ɜ ɪɟɡɭɥɶɬɚɬɟ ɟɝɨ ɩɪɨɬɟɤɚɧɢɹ ɩɪɨɢɫɯɨɞɢɬ 
ɤɚɱɟɫɬɜɟɧɧɵɟ ɢɡɦɟɧɟɧɢɹ ɫɨɫɬɚɜɚ ɪɟɚɝɢɪɭɸɳɢɯ ɦɚɫɫ. ɇɨ ɜ ɬɨ ɠɟ ɜɪɟɦɹ ɯɢɦɢɱɟɫɤɚɹ ɪɟɚɤ-
ɰɢɹ ɝɨɪɟɧɢɹ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɪɚɡɥɢɱɧɵɦɢ ɮɢɡɢɱɟɫɤɢɦɢ ɹɜɥɟɧɢɹɦɢμ ɩɟɪɟɧɨɫ ɬɟɩɥɨɬɵ, 
ɞɢɮɮɭɡɢɨɧɧɵɣ ɩɟɪɟɧɨɫ ɪɟɚɝɢɪɭɸɳɢɯ ɦɚɫɫ ɢ ɞɪ.
ȼɪɟɦɹ ɝɨɪɟɧɢɹ ɬɨɩɥɢɜɚ ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ ɜɪɟɦɟɧɢ ɩɪɨɬɟɤɚɧɢɹ ɮɢɡɢɱɟɫɤɢɯ (ιɮɢɡ) ɢ ɯɢɦɢɱɟ-
ɫɤɢɯ ɩɪɨɰɟɫɫɨɜ (ιɯɢɦ):ιɝɨɪ = ιɮɢɡ + ιɯɢɦ . (16.1)
ȼɪɟɦɹ ɩɪɨɬɟɤɚɧɢɹ ɮɢɡɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɫɨɫɬɨɢɬ ɢɡ ɜɪɟɦɟɧɢ, ɧɟɨɛɯɨɞɢɦɨɝɨ ɞɥɹ ɫɦɟɲɢ-
ɜɚɧɢɹ ɬɨɩɥɢɜɚ ɫ ɨɤɢɫɥɢɬɟɥɟɦ (ιɫɦ) ɢ ɜɪɟɦɟɧɢ, ɜ ɬɟɱɟɧɢɢ ɤɨɬɨɪɨɝɨ ɬɨɩɥɢɜɨ  ɜɨɡɞɭɲɧɚɹ 
ɫɦɟɫɶ ɩɨɞɨɝɪɟɜɚɟɬɫɹ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɫɩɥɚɦɟɧɟɧɢɹ (tɧ):ιɮɢɡ = ιɫɦ + ιɧ . (16.2)
ȼɪɟɦɹ ɝɨɪɟɧɢɹ (ιɝɨɪ) ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɤɨɪɨɫɬɶɸ ɧɚɢɛɨɥɟɟ ɦɟɞɥɟɧɧɟɝɨ ɩɪɨɰɟɫɫɚ.
Ƚɨɪɟɧɢɟ ɝɚɡɨɨɛɪɚɡɧɨɝɨ ɬɨɩɥɢɜɚ. Ɇɢɧɢɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɢ ɤɨɬɨɪɨɣ ɩɪɨɢɫɯɨɞɢɬ ɜɨɫ-
ɩɥɚɦɟɧɟɧɢɟ ɫɦɟɫɢ, ɧɚɡɵɜɚɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɨɣ ɜɨɫɩɥɚɦɟɧɟɧɢɹ. Ɂɧɚɱɟɧɢɟ ɷɬɨɣ ɬɟɦɩɟɪɚɬɭɪɵ 
ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɝɚɡɨɜ ɧɟɨɞɢɧɚɤɨɜɨ ɢ ɡɚɜɢɫɢɬ ɨɬ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɝɨɪɸɱɢɯ ɝɚɡɨɜ, 
ɫɨɞɟɪɠɚɧɢɹ ɝɨɪɸɱɟɝɨ ɜ ɫɦɟɫɢ, ɭɫɥɨɜɢɣ ɡɚɠɢɝɚɧɢɹ, ɭɫɥɨɜɢɣ ɨɬɜɨɞɚ ɬɟɩɥɨɬɵ ɜ ɤɚɠɞɨɦ ɤɨɧ-
ɤɪɟɬɧɨɦ ɭɫɬɪɨɣɫɬɜɟ ɢ ɬ.ɞ.
Ƚɨɪɸɱɢɣ ɝɚɡ ɜ ɫɦɟɫɢ ɫ ɨɤɢɫɥɢɬɟɥɟɦ ɫɝɨɪɚɟɬ ɜ ɮɚɤɟɥɟ. Ɋɚɡɥɢɱɚɸɬ ɞɜɚ ɦɟɬɨɞɚ ɫɠɢɝɚɧɢɹ ɝɚɡɚ 
ɜ ɮɚɤɟɥɟ  ɤɢɧɟɬɢɱɟɫɤɢɣ ɢ ɞɢɮɮɭɡɢɨɧɧɵɣ. ɉɪɢ ɤɢɧɟɬɢɱɟɫɤɨɦ ɫɠɢɝɚɧɢɢ ɞɨ ɧɚɱɚɥɚ ɝɨɪɟɧɢɹ 
ɝɚɡ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɫɦɟɲɢɜɚɟɬɫɹ ɫ ɨɤɢɫɥɢɬɟɥɟɦ. Ƚɚɡ ɢ ɨɤɢɫɥɢɬɟɥɶ ɩɨɞɚɸɬɫɹ ɫɧɚɱɚɥɚ ɜ 
ɫɦɟɲɢɜɚɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ ɝɨɪɟɥɤɢ. Ƚɨɪɟɧɢɟ ɫɦɟɫɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜɧɟ ɩɪɟɞɟɥɨɜ ɫɦɟɫɢɬɟ-
ɥɹ. ɉɪɢ ɷɬɨɦ ɫɤɨɪɨɫɬɶ ɝɨɪɟɧɢɹ ɧɟ ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ ɫɤɨɪɨɫɬɢ ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ ɝɨɪɟ-
ɧɢɹ ιɝɨɪ = ιɯɢɦ.
Ⱦɢɮɮɭɡɢɨɧɧɨɟ ɝɨɪɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɜ ɩɪɨɰɟɫɫɟ ɫɦɟɲɢɜɚɧɢɹ ɝɨɪɸɱɟɝɨ ɝɚɡɚ ɫ ɜɨɡɞɭɯɨɦ. Ƚɚɡ 
ɩɨɫɬɭɩɚɟɬ ɜ ɪɚɛɨɱɢɣ ɨɛɴɟɦ ɨɬɞɟɥɶɧɨ ɨɬ ɜɨɡɞɭɯɚ. ɋɤɨɪɨɫɬɶ ɩɪɨɰɟɫɫɚ ɛɭɞɟɬ ɨɝɪɚɧɢɱɟɧɚ 
ɫɤɨɪɨɫɬɶɸ ɫɦɟɲɢɜɚɧɢɹ ɝɚɡɚ ɫ ɜɨɡɞɭɯɨɦ ιɝɨɪ = ιɮɢɡ.
Ʉɪɨɦɟ ɷɬɨɝɨ ɫɭɳɟɫɬɜɭɟɬ ɫɦɟɲɚɧɧɨɟ (ɞɢɮɮɭɡɢɨɧɧɨ-ɤɢɧɟɬɢɱɟɫɤɨɟ) ɝɨɪɟɧɢɟ. ɉɪɢ ɷɬɨɦ ɝɚɡ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɫɦɟɲɢɜɚɟɬɫɹ ɫ ɧɟɤɨɬɨɪɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɜɨɡɞɭɯɚ, ɡɚɬɟɦ ɩɨɥɭɱɟɧɧɚɹ ɫɦɟɫɶ 
ɩɨɫɬɭɩɚɟɬ ɜ ɪɚɛɨɱɢɣ ɨɛɴɟɦ, ɝɞɟ ɨɬɞɟɥɶɧɨ ɩɨɞɚɟɬɫɹ ɨɫɬɚɥɶɧɚɹ ɱɚɫɬɶ ɜɨɡɞɭɯɚ.
ȼ ɬɨɩɤɚɯ ɤɨɬɟɥɶɧɵɯ ɚɝɪɟɝɚɬɨɜ ɜ ɨɫɧɨɜɧɨɦ ɢɫɩɨɥɶɡɭɸɬ ɤɢɧɟɬɢɱɟɫɤɢɣ ɢ ɫɦɟɲɚɧɧɵɣ ɫɩɨɫɨ-
ɛɵ ɫɠɢɝɚɧɢɹ ɬɨɩɥɢɜɚ.
Ƚɨɪɟɧɢɟ ɬɜɟɪɞɨɝɨ ɬɨɩɥɢɜɚ. ɉɪɨɰɟɫɫ ɝɨɪɟɧɢɹ ɫɨɫɬɨɢɬ ɢɡ ɫɥɟɞɭɸɳɢɯ ɫɬɚɞɢɣμ 1) ɩɨɞɫɭɲɤɚ 
ɬɨɩɥɢɜɚ ɢ ɧɚɝɪɟɜɚɧɢɟ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɱɚɥɚ ɜɵɯɨɞɚ ɥɟɬɭɱɢɯ ɜɟɳɟɫɬɜν 2) ɜɨɫɩɥɚɦɟɧɟɧɢɟ 
ɥɟɬɭɱɢɯ ɜɟɳɟɫɬɜ ɢ ɢɯ ɜɵɝɨɪɚɧɢɟν 3) ɧɚɝɪɟɜɚɧɢɟ ɤɨɤɫɚ ɞɨ ɜɨɫɩɥɚɦɟɧɟɧɢɹν 4) ɜɵɝɨɪɚɧɢɟ ɝɨ-
ɪɸɱɢɯ ɜɟɳɟɫɬɜ ɢɡ ɤɨɤɫɚ. Эɬɢ ɫɬɚɞɢɢ ɢɧɨɝɞɚ ɱɚɫɬɢɱɧɨ ɧɚɤɥɚɞɵɜɚɸɬɫɹ ɨɞɧɚ ɧɚ ɞɪɭɝɭɸ. 
ȼɵɯɨɞ ɥɟɬɭɱɢɯ ɜɟɳɟɫɬɜ ɭ ɪɚɡɥɢɱɧɵɯ ɬɨɩɥɢɜ ɧɚɱɢɧɚɟɬɫɹ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯμ ɭ 
ɬɨɪɮɚ ɩɪɢ 550-660Ʉ, ɭ ɛɭɪɵɯ ɭɝɥɟɣ ɩɪɢ 6λ0-710Ʉ, ɭ ɬɨɳɢɯ ɭɝɥɟɣ ɢ ɚɧɬɪɚɰɢɬɚ ɩɪɢ 1050-
1070Ʉ.
Ƚɨɪɟɧɢɟ ɠɢɞɤɨɝɨ ɬɨɩɥɢɜɚ. Ɉɫɧɨɜɧɵɦ ɠɢɞɤɢɦ ɬɨɩɥɢɜɨɦ, ɢɫɩɨɥɶɡɭɟɦɵɦ ɜ ɬɟɩɥɨɷɧɟɪɝɟɬɢɤɟ 
ɢ ɩɪɨɦɵɲɥɟɧɧɨɣ ɬɟɩɥɨɬɟɯɧɢɤɟ ɹɜɥɹɟɬɫɹ ɦɚɡɭɬ. ȼ ɭɫɬɚɧɨɜɤɚɯ ɧɟɛɨɥɶɲɨɣ ɦɨɳɧɨɫɬɢ ɬɚɤɠɟ 
ɢɫɩɨɥɶɡɭɸɬ ɫɦɟɫɶ ɬɟɯɧɢɱɟɫɤɨɝɨ ɤɟɪɨɫɢɧɚ ɫɨ ɫɦɨɥɚɦɢ.
ɇɚɢɛɨɥɶɲɟɟ ɩɪɢɦɟɧɟɧɢɟ ɩɨɥɭɱɢɥɨ ɦɟɬɨɞ ɫɠɢɝɚɧɢɹ ɜ ɪɚɫɩɵɥɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ. Эɬɨɬ ɦɟɬɨɞ 
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ɩɨɡɜɨɥɹɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɭɫɤɨɪɢɬɶ ɟɝɨ ɫɝɨɪɚɧɢɟ ɢ ɩɨɥɭɱɢɬɶ ɜɵɫɨɤɢɟ ɬɟɩɥɨɜɵɟ ɧɚɩɪɹɠɟɧɢɹ 
ɨɛɴɟɦɨɜ ɬɨɩɨɱɧɵɯ ɤɚɦɟɪ ɜɫɥɟɞɫɬɜɢɟ ɭɜɟɥɢɱɟɧɢɹ ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɧɬɚɤɬɚ ɬɨɩɥɢɜɚ ɫ 
ɨɤɢɫɥɢɬɟɥɟɦ.
ɉɪɨɰɟɫɫ ɝɨɪɟɧɢɹ ɠɢɞɤɨɝɨ ɬɨɩɥɢɜɚ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɫɥɟɞɭɸɳɢɟ ɫɬɚɞɢɢμ 1) ɧɚɝɪɟɜɚɧɢɟ 
ɢ ɢɫɩɚɪɟɧɢɟ ɬɨɩɥɢɜɚν 2) ɨɛɪɚɡɨɜɚɧɢɟ ɝɨɪɸɱɟɣ ɫɦɟɫɢν 3) ɜɨɫɩɥɚɦɟɧɟɧɢɟ ɝɨɪɸɱɟɣ ɫɦɟɫɢ ɨɬ 
ɩɨɫɬɨɪɨɧɧɟɝɨ ɢɫɬɨɱɧɢɤɚ (ɢɫɤɪɵ, ɪɚɫɤɚɥɟɧɧɨɣ ɫɩɢɪɚɥɢ ɢ ɬ.ɩ.)ν 4) ɫɨɛɫɬɜɟɧɧɨ ɝɨɪɟɧɢɟ ɫɦɟ-
ɫɢ.
16.2. Ɉɩɪɟɞɟɥɟɧɢɟ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɢ ɞɟɣɫɬɜɢɬɟɥɶɧɨɝɨ ɪɚɫɯɨɞɚ ɜɨɡɞɭɯɚ ɧɚ ɝɨɪɟɧɢɟ 
ɬɨɩɥɢɜɚ.
Ƚɨɪɸɱɢɟ ɜɟɳɟɫɬɜɚ ɬɨɩɥɢɜɚ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɫ ɤɢɫɥɨɪɨɞɨɦ ɜɨɡɞɭɯɚ ɜ ɨɩɪɟɞɟɥɟɧɧɨɦ ɤɨɥɢ-
ɱɟɫɬɜɟɧɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ. Ɋɚɫɯɨɞ ɤɢɫɥɨɪɨɞɚ ɢ ɤɨɥɢɱɟɫɬɜɨ ɩɨɥɭɱɚɸɳɢɯɫɹ ɩɪɨɞɭɤɬɨɜ ɫɝɨ-
ɪɚɧɢɹ ɪɚɫɫɱɢɬɵɜɚɸɬ ɩɨ ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɢɦ ɭɪɚɜɧɟɧɢɹɦ ɝɨɪɟɧɢɹ, ɤɨɬɨɪɵɟ ɡɚɩɢɫɵɜɚɸɬ 
ɞɥɹ 1 ɤɦɨɥɹ ɤɚɠɞɨɣ ɝɨɪɸɱɟɣ ɫɨɫɬɚɜɥɹɸɳɟɣ.
ɋɬɟɯɢɨɦɟɬɪɢɱɟɫɤɢɟ ɭɪɚɜɧɟɧɢɹ ɝɨɪɟɧɢɹ ɝɨɪɸɱɢɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɬɜɟɪɞɨɝɨ ɢ ɠɢɞɤɨɝɨ ɬɨɩ-
ɥɢɜɚ ɢɦɟɸɬ ɜɢɞμ
ɭɝɥɟɪɨɞɚ ɋ + Ɉ2 = ɋɈ2:
12ɤɝ ɋ + 32ɤɝ Ɉ2 = 44ɤɝ ɋɈ2 ;
1ɤɝ ɋ + (32/12)ɤɝ Ɉ2 = (44/12)ɤɝ ɋɈ2 ; (16.3)
ɜɨɞɨɪɨɞɚ 2ɇ2 + Ɉ2 = 2ɇ2Ɉ μ 
4ɤɝ ɇ2 + 32ɤɝ Ɉ2 = 36ɤɝ ɇ2Ɉ ν
1ɤɝ ɇ2 + κɤɝ Ɉ2 = λɤɝ ɇ2Ɉ . (16.4)
ɫɟɪɵ S + O2 = SO2 :
32ɤɝ S + 32ɤɝ O2 = 64ɤɝ SO2 ;
1ɤɝ S + 1ɤɝ O2 = 2ɤɝ SO2 ; (16.5)
Ⱦɥɹ ɝɨɪɟɧɢɹ 1 ɤɝ ɭɝɥɟɪɨɞɚ, ɜɨɞɨɪɨɞɚ ɢ ɫɟɪɵ ɧɟɨɛɯɨɞɢɦɨ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ κ/3, κ ɢ 1 ɤɝ ɤɢɫ-
ɥɨɪɨɞɚ. ȼ ɬɨɩɥɢɜɟ ɧɚɯɨɞɢɬɫɹ ɋɪ/100 ɤɝ ɭɝɥɟɪɨɞɚ, ɇɪ/100 ɤɝ ɜɨɞɨɪɨɞɚ, Sɥ

ɪ/100 ɤɝ ɥɟɬɭɱɟɣ 
ɫɟɪɵ ɢ Ɉɪ/100 ɤɝ ɤɢɫɥɨɪɨɞɚ. Ɍɨɝɞɚ ɞɥɹ ɝɨɪɟɧɢɹ 1 ɤɝ ɬɨɩɥɢɜɚ ɫɭɦɦɚɪɧɵɣ ɪɚɫɯɨɞ ɤɢɫɥɨɪɨɞɚ 
ɛɭɞɟɬ ɪɚɜɟɧμ
Ɇɨ

Ɉ2 = (κ/3ɋɪ + κɇɪ + Sɥ
ɪ - Ɉɪ ) / 100 . (16.6)

Ɍɚɤ ɤɚɤ ɦɚɫɫɨɜɚɹ ɞɨɥɹ ɤɢɫɥɨɪɨɞɚ ɜ ɜɨɡɞɭɯɟ ɪɚɜɧɚ 0,232, ɬɨ ɦɚɫɫɨɜɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɨɡɞɭɯɚ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟμ
Ɇɨ = (κ/3ɋɪ + κɇɪ + Sɥ

ɪ - Ɉɪ ) / 100 · 100/23,2 .
Ɇɨ = 0,115 ɋɪ + 0,345 ɇɪ + 0,043(Sɥ

ɪ - Ɉɪ ) . (16.7)
ɉɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɩɥɨɬɧɨɫɬɶ ɜɨɡɞɭɯɚ ρɨ= 1,2λ3ɤɝ/ɦ3. Ɍɨɝɞɚ ɨɛɴɟɦɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɜɨɡɞɭɯɚ, ɧɟɨɛɯɨɞɢɦɨɝɨ ɞɥɹ ɝɨɪɟɧɢɹ 1ɤɝ ɬɨɩɥɢɜɚ ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭ-
ɥɟμ
Vɨ = Ɇɨ / ɫɨ= Ɇɨ / 1,2λ3 ɦ3 /ɤɝ.
Vɨ = 0,0κκλ (ɋɪ + 0,3755Sɥ

ɪ ) + 0,265 ɇɪ  0,033Ɉɪ . (16.8)
Ⱦɥɹ ɝɚɡɨɨɛɪɚɡɧɨɝɨ ɬɨɩɥɢɜɚ ɪɚɫɯɨɞ ɧɟɨɛɯɨɞɢɦɨɝɨ ɜɨɡɞɭɯɚ Vɨ ɨɩɪɟɞɟɥɹɸɬ ɢɡ ɨɛɴɟɦɧɵɯ ɞɨ-
ɥɟɣ ɝɨɪɸɱɢɯ ɤɨɦɩɨɧɟɧɬɨɜ ɝɚɡɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣμ
ɇ2 + 0,5 Ɉ2 = ɇ2Ɉ ν
ɋɈ + 0,5 Ɉ2 = ɋɈ2 ;
ɋɇ4 + 2 Ɉ2 = ɋɈ2 + 2ɇ2Ɉ ν
ɇ2S+ 1,5Ɉ2 = SɈ2 + ɇ2Ɉ .
Ɍɟɨɪɟɬɢɱɟɫɤɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɨɡɞɭɯɚ (ɦ3/ɦ3), ɧɟɨɛɯɨɞɢɦɨɝɨ ɞɥɹ ɫɠɢɝɚɧɢɹ ɝɚɡɚ, ɨɩɪɟɞɟɥɹɸɬ 
ɩɨ ɮɨɪɦɭɥɟμ
Vɨ = 0,0476 Д0,5ɋɈ + 0,5ɇ2 + 2ɋɇ4 +
+ 1,5ɇ2S + Σ(Ц + Ч/4)ɫmHn - O2] . (16.9)
Ʉɨɥɢɱɟɫɬɜɨ ɜɨɡɞɭɯɚ Vɨ, ɪɚɫɫɱɢɬɵɜɚɟɦɨɝɨ ɩɨ ɮɨɪɦɭɥɚɦ (16.κ) ɢ (16.λ), ɧɚɡɵɜɚɟɬɫɹ ɬɟɨɪɟ-
ɬɢɱɟɫɤɢ ɧɟɨɛɯɨɞɢɦɵɦ. Ɍɨ ɟɫɬɶ Vɨ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɦɢɧɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɨɡɞɭɯɚ, 
ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɩɨɥɧɨɝɨ ɫɝɨɪɚɧɢɹ 1 ɤɝ (1ɦ3) ɬɨɩɥɢɜɚ ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɩɪɢ 
ɝɨɪɟɧɢɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜɟɫɶ ɫɨɞɟɪɠɚɳɢɣɫɹ ɜ ɬɨɩɥɢɜɟ ɢ ɩɨɞɚɜɚɟɦɵɣ ɜɦɟɫɬɟ ɫ ɜɨɡɞɭɯɨɦ ɤɢɫ-
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ɥɨɪɨɞ.
ȼ ɪɟɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɢɡ-ɡɚ ɬɟɯɧɢɱɟɫɤɢɯ ɬɪɭɞɧɨɫɬɟɣ ɨɳɭɳɚɟɬɫɹ ɦɟɫɬɧɵɣ ɧɟɞɨɫɬɚɬɨɤ ɢɥɢ 
ɢɡɛɵɬɨɤ ɨɤɢɫɥɢɬɟɥɹ (ɜɨɡɞɭɯɚ), ɜ ɪɟɡɭɥɶɬɚɬɟ ɭɯɭɞɲɚɟɬɫɹ ɩɨɥɧɨɟ ɝɨɪɟɧɢɟ ɬɨɩɥɢɜɚ. ɉɨɷɬɨɦɭ 
ɜɨɡɞɭɯ ɩɨɞɚɟɬɫɹ ɜ ɛɨɥɶɲɟɦ ɤɨɥɢɱɟɫɬɜɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɟɝɨ ɬɟɨɪɟɬɢɱɟɫɤɢɦ ɤɨɥɢɱɟɫɬɜɨɦ 
Vɨ. Ɉɬɧɨɲɟɧɢɟ ɞɟɣɫɬɜɢɬɟɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɜɨɡɞɭɯɚ (Vɞ), ɩɨɞɚɜɚɟɦɨɝɨ ɜ ɬɨɩɤɭ, ɤ ɬɟɨɪɟɬɢ-
ɱɟɫɤɢ ɧɟɨɛɯɨɞɢɦɨɦɭ ɤɨɥɢɱɟɫɬɜɭ ɧɚɡɵɜɚɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ:α = Vɞ / Vɨ . (16.10)
16.3. Ʉɨɥɢɱɟɫɬɜɨ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ.
ɉɪɢ ɩɨɥɧɨɦ ɫɝɨɪɚɧɢɢ ɬɨɩɥɢɜɚ ɩɪɨɞɭɤɬɵ ɫɝɨɪɚɧɢɹ ɫɨɞɟɪɠɚɬ ɝɚɡɵμ ɋɈ2, S2O, N2, Ɉ2 ɢ ɩɚɪɵ 
ɜɨɞɵ ɇ2Ɉ, ɬ. ɟ. 
ɋɈ2 + S2O + N2 + Ɉ2 + ɇ2Ɉ = 100 %. 
ɉɨɥɧɵɣ ɨɛɴɟɦ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ Vɝ (ɦ3/ɤɝ) ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɭɦɦɭ ɨɛɴɟɦɨɜ ɫɭɯɢɯ 
ɝɚɡɨɜ Vɫ.ɝ. ɢ ɜɨɞɹɧɵɯ ɩɚɪɨɜ Vɇ2Ɉ :
Vɝ = Vɫ.ɝ. + Vɇ2Ɉ , (16.11)  
ɩɪɢ ɷɬɨɦ Vɫ.ɝ. = VRO2 + VN2 + VO2 ,
ɝɞɟ VR2O = VɫO2 + VSO2 - ɨɛɴɟɦ ɬɪɟɯɚɬɨɦɧɵɯ ɝɚɡɨɜ, ɦ3/ɤɝ ν
VN2 + VO2 - ɨɛɴɟɦ ɞɜɭɯɚɬɨɦɧɵɯ ɝɚɡɨɜ, ɦ3/ɤɝ.
1.ɉɪɢ αɬ = 1
1. Ⱦɥɹ ɬɜɟɪɞɵɯ (ɤɪɨɦɟ ɫɥɚɧɰɟɜ) ɢ ɠɢɞɤɢɯ ɬɨɩɥɢɜ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɨɛɴɟɦɵ (ɦ3/ɤɝ) ɩɪɨɞɭɤɬɨɜ
ɩɨɥɧɨɝɨ ɫɝɨɪɚɧɢɹ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦμ 
ɚ). ɨɛɴɟɦ ɞɜɭɯɚɬɨɦɧɵɯ ɝɚɡɨɜ μ
Vo

N2 = 0,79Vo + 0,8No/100 ; (16.12) 
ɛ). ɨɛɴɟɦ ɬɪɟɯɚɬɨɦɧɵɯ ɝɚɡɨɜ μ
VRO2 = 0,01κ7(ɋɪ + 0,375 Sɪ

ɥ) ; (16.13)
ɜ). ɨɛɴɟɦ ɫɭɯɢɯ ɝɚɡɨɜ μ
Vo

ɫ.ɝ. = VRO2 + Vo
N2 =  

= 0,01κ7 (ɋɪ + 0,3753 Sɪ
ɥ) + 0,79Vo + 0,8No/100; (16.14)

ɝ). ɨɛɴɟɦ ɜɨɞɹɧɵɯ ɩɚɪɨɜ μ
Vo

ɇ2Ɉ = 0,0124(λɇɪ + Cɪ) + 0,0161Vo ; (16.15)
ɞ). ɩɨɥɧɵɣ ɨɛɴɟɦ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ μ
Vo

ɝ = Vo
ɫ.ɝ. + Vo

ɇ2Ɉ = 0,01κ7 (ɋɪ + 0,3753 Sɪ
ɥ) + 0,79Vo + 0,8No/100 +0,0124(λɇɪ + Cɪ) +

0,0161Vo ; (16.16)  
2. Ⱦɥɹ ɫɥɚɧɰɟɜ ɨɛɴɟɦ ɬɪɟɯɚɬɨɦɧɵɯ ɝɚɡɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ μ
VRO2Ʉ = VRO2 + Д0,50λ(ɋɈ2)ɪ

ɤ / 100Ж Ʉ = 0,01κ7(ɋɪ + 0,375 Sɪ
ɥ) [0,509(ɋɈ2)ɪ

ɤ / 100Ж Ʉ , (16.17) 
ɝɞɟ Ʉ - ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɡɥɨɠɟɧɢɹ ɤɚɪɛɨɧɚɬɨɜμ
ɩɪɢ ɫɥɨɟɜɨɦ ɫɠɢɝɚɧɢɢ Ʉ= 0,7 ν 
ɩɪɢ ɤɚɦɟɪɧɨɦ- 1,0 .
3. Ⱦɥɹ ɝɚɡɨɨɛɪɚɡɧɨɝɨ ɬɨɩɥɢɜɚ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɨɛɴɟɦɵ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ (ɦ3/ɦ3) ɨɩɪɟɞɟ-
ɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦμ 
ɚ). ɨɛɴɟɦ ɞɜɭɯɚɬɨɦɧɵɯ ɝɚɡɨɜ 
Vo

N2 = 0,79 Vo + N2 / 100 ; (16.18) 
ɛ). ɨɛɴɟɦ ɬɪɟɯɚɬɨɦɧɵɯ ɝɚɡɨɜ 
VRO2 = 0,01ДɋO2 + ɋɈ + ɇ2S + ΣЦɫmHn] ; (16.19)
ɜ). ɨɛɴɟɦ ɫɭɯɢɯ ɝɚɡɨɜ μ
Vo

ɫ.ɝ. = VRO2 + Vo
N2 ; (16.20) 

ɝ). ɨɛɴɟɦ ɜɨɞɹɧɵɯ ɩɚɪɨɜ 
Vo

H2O = 0,01Дɇ2S + ɇ2 + Σ(Ч/2)ɫmHn + 0,124dɝ + 0,0161Vo , (16.21) ɝɞɟ Нɝ - ɜɥɚɝɨɫɨɞɟɪɠɚɧɢɟ 
ɝɚɡɨɨɛɪɚɡɧɨɝɨ ɬɨɩɥɢɜɚ, ɨɬɧɟɫɟɧɧɨɟ ɤ 1 ɦ3 ɫɭɯɨɝɨ ɝɚɡɚ, ɝ/ɦ3;
ɞ). ɩɨɥɧɵɣ ɨɛɴɟɦ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ 
Vo

ɝ = Vo
ɫ.ɝ. + Vo

ɇ2Ɉ . (16.22)  
Ȼ. ɉɪɢ αɬ 1
1. Ⱦɥɹ ɬɜɟɪɞɵɯ (ɤɪɨɦɟ ɫɥɚɧɰɟɜ), ɠɢɞɤɢɯ ɤ ɝɚɡɨɨɛɪɚɡɧɵɯ ɬɨɩɥɢɜ ɨɛɴɟɦɵ ɩɪɨɞɭɤɬɨɜ ɩɨɥɧɨ-
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ɝɨ ɫɝɨɪɚɧɢɹ (ɦȾ/ɤɝ) ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦμ 
ɚ). ɨɛɴɟɦ ɫɭɯɢɯ ɝɚɡɨɜ μ
Vɫ.ɝ. = Vo

ɫ.ɝ. + (αɬ - 1)Vo
 = VRO2 + Vo

N2 + (αɬ - 1)Vo
 ; (16.23)

ɛ).ɨɛɴɟɦ ɜɨɞɹɧɵɯ ɩɚɪɨɜ μ
VH2O = Vo

H2O + 0,0161(αɬ - 1)Vo ; (16.24)
ɜ). ɩɨɥɧɵɣ ɨɛɴɟɦ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ (3.31).
2. Ⱦɥɹ ɫɥɚɧɰɟɜ ɩɨɥɧɵɣ ɨɛɴɟɦ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ (ɦ3/ɤɝ) μ
Vɝ.ɤ. = VRO2ɤ + Vo

N2 + VH2O = VRO2ɤ + Vo
N2 + 0,0124(λɇɪ + Cɪ) + 0,0161αɬVo

 . (16.25)
ɋɨɞɟɪɠɚɧɢɟ ɋɈ2, S2O ɢ RO2 ɜ ɫɭɯɢɯ ɝɚɡɚɯ ɩɪɢ ɩɨɥɧɨɦ ɫɝɨɪɚɧɢɢ ɬɨɩɥɢɜɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɚɦμ
ɋɈ2 = (VɫO2 / Vɫ.ɝ.) ; (16.26)
S2O = (VSO2 / Vɫ.ɝ.) ; (16.27) 
RO2 = (VRO2 / Vɫ.ɝ.) . (16.28) 
Ɇɚɤɫɢɦɚɥɶɧɨɟ ɫɨɞɟɪɠɚɧɢɟ (%) ɬɪɟɯɚɬɨɦɧɵɯ ɝɚɡɨɜ RO2

max ɜ ɫɭɯɢɯ ɝɚɡɚɯ ɩɪɢ ɩɨɥɧɨɦ ɫɝɨɪɚ-
ɧɢɢ ɬɨɩɥɢɜɚμ
RO2

max = 21 / (1 + β), (16.29)β - ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɬɨɩɥɢɜɚν
ɞɥɹ ɬɜɟɪɞɨɝɨ ɢ ɠɢɞɤɨɝɨ μβ = 2,35 (ɇɪ - 0,126Ɉɪ + 0,04Nɪ) / (ɋɪ + 0,375Sɪ

ɥ) ; (16.30)
ɞɥɹ ɝɚɡɨɨɛɪɚɡɧɨɝɨ μβ = 0,21 (0,01N2 + 0,79Vo) / VRO2 - 0,79 . (16.31)
ɋɨɞɟɪɠɚɧɢɟ (%) ɚɡɨɬɚ N2, ɢ ɤɢɫɥɨɪɨɞɚ, ɜ ɫɭɯɢɯ ɝɚɡɚɯ ɢ ɩɨɥɧɨɦ ɫɝɨɪɚɧɢɢ ɬɨɩɥɢɜɚμ
N2 = 100 - RO2 - O2 ; (16.32) 
O2 = 21 - βRO2 - RO2 . (16.33)
Мɚɫɫɚ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ.
ɚ). Ⱦɥɹ ɬɜɟɪɞɨɝɨ (ɤɪɨɦɟ ɫɥɚɧɰɟɜ) ɢ ɠɢɞɤɨɝɨ ɬɨɩɥɢɜɚ (ɤɝ/ɤɝ) μ
Ɇɝ = 1 - 0,01Ⱥɪ + 1,306αɬVo ; (16.34)
ɛ). ɞɥɹ ɝɚɡɨɨɛɪɚɡɧɨɝɨ ɬɨɩɥɢɜɚ (ɤɝ/ɦ3) :
Ɇɝ = ρɫ

ɝ.ɬ. + 0,001d ɝ.ɬ. + 1.306αɬVo , (16.35)ρɫ
ɝ.ɬ. - ɩɥɨɬɧɨɫɬɶ ɫɭɯɨɝɨ ɝɚɡɚ, ɤɝ/ɦ3 ; d ɝ.ɬ. - ɫɨɞɟɪɠɚɧɢɟ ɜɥɚɝɢ ɜ ɬɨɩɥɢɜɟ, ɤɝ/ɦ3 ;

ɜ). ɞɥɹ ɫɥɚɧɰɟɜ (ɤɝ/ɤɝ)μ
Ɇɝ.ɤ. = 1- 0,01Ⱥɪ

ɤ + 1,306αɬVo + 0,01(ɋɈ2) ɪ
ɤɄ , (16.36) 

ɝɞɟ Ⱥɪ
ɤ - ɪɚɫɱɟɬɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɡɨɥɵ ɜ ɬɨɩɥɢɜɟ ɫ ɭɱɟɬɨɦ ɧɟɪɚɡɥɨɠɢɜɲɢɯɫɹ ɤɚɪɛɨɧɚɬɨɜ, %, 

Ʉ - ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɡɥɨɠɟɧɢɹ ɤɚɪɛɨɧɚɬɨɜμ ɩɪɢ ɫɥɨɟɜɨɦ ɫɠɢɝɚɧɢɢ Ʉ == 0,7, ɩɪɢ ɤɚɦɟɪɧɨɦ -
1,0.  
Ɋɚɫɱɟɬɧɨɟ ɫɨɞɟɪɠɚɧɢɟ (%) ɡɨɥɵ ɜ ɬɨɩɥɢɜɟ ɫ ɭɱɟɬɨɦ ɧɟɪɚɡɥɨɠɢɜɲɢɯɫɹ ɤɚɪɛɨɧɚɬɨɜμ 
Ⱥɪ

ɤ = Ⱥɪ +(1 - Ʉ) (ɋɈ2) ɪ
ɤ . (16.37)

Ⱦɥɹ ɬɜɟɪɞɵɯ ɬɨɩɥɢɜ ɤɨɧɰɟɧɬɪɚɰɢɹ ɡɨɥɵ ɜ ɩɪɨɞɭɤɬɚɯ ɫɝɨɪɚɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟμηɡɥ = Ⱥɪ ɚɭɧ / (100 Ɇɝ) , (16.38)
ɝɞɟ ɚɭɧ - ɞɨɥɹ ɡɨɥɵ ɬɨɩɥɢɜɚ, ɭɧɨɫɢɦɨɣ ɩɪɨɞɭɤɬɚɦɢ ɫɝɨɪɚɧɢɹ. 
Кɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɜ ɬɨɩɤɟ. ɉɪɢ ɩɨɥɧɨɦ ɫɝɨɪɚɧɢɢ ɬɨɩɥɢɜɚ ɤɨɷɮɮɢɰɢɟɧɬ 
ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɜ ɬɨɩɤɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟμαɬ = 21 / (21 - 79 O2 / N2) , (16.39)
ɝɞɟ O2 ɢ N2 - ɫɨɞɟɪɠɚɧɢɟ ɤɢɫɥɨɪɨɞɚ ɢ ɚɡɨɬɚ ɜ ɝɚɡɚɯ, (%).

Ɍɟɦɚ 17. Ʉɨɦɩɪɟɫɫɨɪɧɵɟ ɭɫɬɚɧɨɜɤɢ.
17.1. Ɉɛɴɟɦɧɵɣ ɤɨɦɩɪɟɫɫɨɪ.
ɋɠɚɬɵɣ ɜɨɡɞɭɯ ɩɨɥɭɱɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɪɚɡɥɢɱɧɨɝɨ ɬɢɩɚ ɤɨɦɩɪɟɫɫɨɪɨɜ. Ʉɨɦɩɪɟɫɫɨɪɵ ɧɢɡ-
ɤɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚɡɵɜɚɸɬ ɜɟɧɬɢɥɹɬɨɪɚɦɢ ɢ ɩɪɢɦɟɧɹɸɬ ɞɥɹ ɩɟɪɟɦɟɳɟɧɢɹ ɢ ɩɨɞɚɱɢ ɜɨɡɞɭɯɚ 
ɜ ɤɚɥɨɪɢɮɟɪɵ ɫɭɲɢɥɶɧɵɯ ɭɫɬɚɧɨɜɨɤ, ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɢ, ɬɨɩɤɢ, ɚ ɬɚɤɠɟ ɞɥɹ ɩɪɟɨɞɨɥɟ-
ɧɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɜɢɠɟɧɢɸ ɝɚɡɨɜ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɬɹɝɨɞɭɬɶɟɜɨɣ ɪɟɠɢɦ ɜ ɪɚɡɥɢɱɧɵɯ 
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ɭɫɬɚɧɨɜɤɚɯ.
ɉɨ ɩɪɢɧɰɢɩɭ ɭɫɬɪɨɣɫɬɜɚ ɢ ɪɚɛɨɬɵ ɤɨɦɩɪɟɫɫɨɪɵ ɞɟɥɹɬɫɹ ɧɚ ɞɜɟ ɝɪɭɩɩɵ  ɨɛɴɟɦɧɵɟ ɢ ɥɨɩɚ-
ɬɨɱɧɵɟ. Ɉɛɴɟɦɧɵɟ ɤɨɦɩɪɟɫɫɨɪɵ ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɩɨɪɲɧɟɜɵɟ ɢ ɪɨɬɚɰɢɨɧɧɵɟ, ɚ ɥɨɩɚ-
ɬɨɱɧɵɟ  ɧɚ ɰɟɧɬɪɨɛɟɠɧɵɟ ɢ ɨɫɟɜɵɟ (ɚɤɫɢɚɥɶɧɵɟ). ɇɟɫɦɨɬɪɹ ɧɚ ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɪɚɡɥɢɱɢɹ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɩɪɢɧɰɢɩɵ ɢɯ ɪɚɛɨɬɵ ɚɧɚɥɨɝɢɱɧɵ ɦɟɠɞɭ ɫɨɛɨɣ.
Ɉɛɴɟɦɧɵɣ ɤɨɦɩɪɟɫɫɨɪ  ɷɬɨ ɤɨɦɩɪɟɫɫɨɪ ɫɬɚɬɢɱɟɫɤɨɝɨ ɫɠɚɬɢɹ, ɤɨɬɨɪɨɟ ɩɪɨɢɫɯɨɞɢɬ ɜ ɧɟɦ 
ɜɫɥɟɞɫɬɜɢɟ ɭɦɟɧɶɲɟɧɢɹ ɨɛɴɟɦɚ, ɝɞɟ ɡɚɤɥɸɱɟɧ ɝɚɡ. 
Ɉɞɧɨɫɬɭɩɟɧɱɚɬɵɣ ɩɨɪɲɧɟɜɨɣ ɤɨɦɩɪɟɫɫɨɪ. ɇɚ ɪɢɫ.17.1,ɚ ɩɨɤɚɡɚɧɚ ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟ-
ɦɚ ɨɞɧɨɫɬɭɩɟɧɱɚɬɨɝɨ ɩɨɪɲɧɟɜɨɝɨ ɤɨɦɩɪɟɫɫɨɪɚ. Ʉɨɥɟɧɱɚɬɵɣ ɜɚɥ ɤɨɦɩɪɟɫɫɨɪɚ ɩɪɢɜɨɞɢɬɫɹ 
ɜɨ ɜɪɚɳɟɧɢɟ ɨɬ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɢɥɢ ɨɬ ɩɨɪɲɧɟɜɨɝɨ ɞɜɢɝɚɬɟɥɹ ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨɪɚɧɢɹ. 
ɉɪɢ ɞɜɢɠɟɧɢɢ ɩɨɪɲɧɹ ɨɬ ȼɆɌ ɤ ɇɆɌ ɜ ɰɢɥɢɧɞɪ ɫ ɨɯɥɚɠɞɚɟɦɨɣ ɪɭɛɚɲɤɨɣ ɱɟɪɟɡ ɚɜɬɨɦɚ-
ɬɢɱɟɫɤɢ ɨɬɤɪɵɜɚɸɳɢɣɫɹ ɤɥɚɩɚɧ Ⱥ ɢɡ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜɫɚɫɵɜɚɟɬɫɹ ɝɚɡ. ɇɚɝɧɟɬɚɬɟɥɶ-
ɧɵɣ ɤɥɚɩɚɧ ȼ ɡɚɤɪɵɬ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɞɚɜɥɟɧɢɹ ɝɚɡɨɜ ɜ ɪɟɡɟɪɜɭɚɪɟ, ɤɨɬɨɪɨɟ ɛɨɥɶɲɟ ɚɬɦɨ-
ɫɮɟɪɧɨɝɨ. ɉɪɢ ɨɛɪɚɬɧɨɦ ɞɜɢɠɟɧɢɢ ɩɨɪɲɧɹ ɨɬ ɇɆɌ ɤ ȼɆɌ ɝɚɡ ɧɚɱɢɧɚɟɬ ɫɠɢɦɚɬɶɫɹ, ɞɚɜ-
ɥɟɧɢɟ ɟɝɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɢ ɜɫɚɫɵɜɚɸɳɢɣ ɤɥɚɩɚɧ ɡɚɤɪɵɜɚɟɬɫɹ. ɉɪɨɰɟɫɫ ɫɠɚɬɢɹ ɩɪɨɞɨɥɠɚ-
ɟɬɫɹ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɞɚɜɥɟɧɢɟ ɜ ɰɢɥɢɧɞɪɟ ɧɟ ɫɬɚɧɟɬ ɪɚɜɧɵɦ (ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɫɤɨɥɶɤɨ 
ɛɨɥɶɲɟ) ɞɚɜɥɟɧɢɸ ɜ ɪɟɡɟɪɜɭɚɪɟ. Ɍɨɝɞɚ ɤɥɚɩɚɧ ȼ ɨɬɤɪɵɜɚɟɬɫɹ, ɢ ɧɚɱɢɧɚɟɬɫɹ ɩɪɨɰɟɫɫ ɧɚɝɧɟ-
ɬɚɧɢɹ ɫɠɚɬɨɝɨ ɝɚɡɚ ɜ ɪɟɡɟɪɜɭɚɪ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɩɨɪɲɟɧɶ ɧɟ ɩɪɢɞɟɬ ɜ ȼɆɌ.

Ɋɚɫɫɦɨɬɪɢɦ ɪɚɛɨɱɢɣ ɩɪɨɰɟɫɫ ɜ ɪV - ɤɨɨɪɞɢɧɚɬɚɯ ɞɥɹ ɢɞɟɚɥɶɧɨɝɨ ɨɞɧɨɫɬɭɩɟɧɱɚɬɨɝɨ ɤɨɦ-
ɩɪɟɫɫɨɪɚ (ɢɞɟɚɥɶɧɨɝɨ ɜ ɬɨɦ ɫɦɵɫɥɟ, ɱɬɨ ɜ ɧɟɦ ɧɟ ɭɱɢɬɵɜɚɸɬɫɹ ɩɨɬɟɪɢ ɧɚ ɬɪɟɧɢɟ, ɚ ɭɬɟɱɤɢ 
ɝɚɡɚ ɢ ɨɛɴɟɦ ɜɪɟɞɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ (ɨɛɴɟɦ ɦɟɠɞɭ ɤɪɵɲɤɨɣ ɰɢɥɢɧɞɪɚ ɢ ɞɧɢɳɟɦ ɩɨɪɲɧɹ 
ɩɪɢ ɟɝɨ ɩɨɥɨɠɟɧɢɢ ɟɝɨ ɜ ȼɆɌ) ɩɪɢɧɢɦɚɸɬɫɹ ɪɚɜɧɵɦɢ ɧɭɥɸ, ɬ. ɟ. ɧɚ ɪɢɫ.17.1,ɛ ɩɨɥɨɠɟɧɢɟ 
ȼɆɌ ɛɭɞɟɬ ɫɨɜɩɚɞɚɬɶ ɫ ɨɫɶɸ ɨɪɞɢɧɚɬ). Ɉɛɨɡɧɚɱɢɦμ Vh - ɪɚɛɨɱɢɣ (ɩɨɥɟɡɧɵɣ) ɨɛɴɟɦ ɰɢɥɢɧ-
ɞɪɚν P1 – ɞɚɜɥɟɧɢɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵν P2 - ɞɚɜɥɟɧɢɟ ɝɚɡɚ ɜ ɪɟɡɟɪɜɭɚɪɟν ɩɪɨɰɟɫɫɵμ D - 1 -
ɜɫɚɫɵɜɚɧɢɟν 1-2 - ɫɠɚɬɢɟν 2-ɫ - ɧɚɝɧɟɬɚɧɢɟ.
ɋ ɧɚɱɚɥɨɦ ɧɨɜɨɝɨ ɯɨɞɚ ɩɨɪɲɧɹ ɫɧɨɜɚ ɨɬɤɪɵɜɚɟɬɫɹ ɜɫɚɫɵɜɚɸɳɢɣ ɤɥɚɩɚɧ, ɞɚɜɥɟɧɢɟ ɜ ɰɢ-
ɥɢɧɞɪɟ ɩɚɞɚɟɬ ɨɬ Ɋ2 ɞɨ Ɋ1 ɬɟɨɪɟɬɢɱɟɫɤɢ ɦɝɧɨɜɟɧɧɨ, ɬ. ɟ. ɩɨ ɜɟɪɬɢɤɚɥɢ ɋ-D, ɢ ɪɚɛɨɱɢɣ ɩɪɨ-
ɰɟɫɫ ɩɨɜɬɨɪɹɟɬɫɹ, ɡɚɜɟɪɲɚɹɫɶ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɡɚ ɞɜɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɯɨɞɚ ɩɨɪɲɧɹ. ɋɥɟ-
ɞɨɜɚɬɟɥɶɧɨ, ɤɨɦɩɪɟɫɫɨɪ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɞɜɭɯɬɚɤɬɧɭɸ ɦɚɲɢɧɭ. ɉɥɨɳɚɞɶ ɬɟɨɪɟɬɢɱɟ-
ɫɤɨɣ ɢɧɞɢɤɚɬɨɪɧɨɣ ɞɢɚɝɪɚɦɦɵ D-1-2-ɫ, ɤɨɬɨɪɚɹ ɝɪɚɮɢɱɟɫɤɢ ɢɡɨɛɪɚɠɚɟɬ ɤɪɭɝɨɜɨɣ ɩɪɨɰɟɫɫ, 
ɢɡɦɟɪɹɟɬ ɪɚɛɨɬɭ, ɪɚɫɯɨɞɭɟɦɭɸ ɤɨɦɩɪɟɫɫɨɪɨɦ ɡɚ ɨɞɢɧ ɨɛɨɪɨɬ ɟɝɨ ɜɚɥɚ. ɇɭɠɧɨ ɢɦɟɬɶ ɜ ɜɢ-
ɞɭ ɭɫɥɨɜɧɨɫɬɶ ɧɚɡɜɚɧɢɹ ɤɪɭɝɨɜɨɝɨ ɩɪɨɰɟɫɫɚ (ɰɢɤɥɚ) ɤɨɦɩɪɟɫɫɨɪɚ, ɬɚɤ ɤɚɤ ɜɫɚɫɵɜɚɧɢɟ ɢ 
ɧɚɝɧɟɬɚɧɢɟ ɧɟ ɹɜɥɹɸɬɫɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɦɢ ɩɪɨɰɟɫɫɚɦɢ, ɩɨɫɤɨɥɶɤɭ ɨɧɢ ɩɪɨɢɫɯɨɞɹɬ ɩɪɢ 
ɩɟɪɟɦɟɧɧɨɦ ɤɨɥɢɱɟɫɬɜɟ ɝɚɡɚ. ȼ ɷɬɨɦ ɫɨɫɬɨɢɬ ɨɬɥɢɱɢɟ ɢɧɞɢɤɚɬɨɪɧɨɣ ɞɢɚɝɪɚɦɦɵ ɨɬ pɯ-
ɞɢɚɝɪɚɦɦɵ, ɤɨɬɨɪɚɹ ɫɬɪɨɢɬɫɹ ɞɥɹ ɩɨɫɬɨɹɧɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɪɚɛɨɱɟɝɨ ɬɟɥɚ. ȼ ɢɧɞɢɤɚɬɨɪɧɨɣ 
ɞɢɚɝɪɚɦɦɟ D-1-2-ɫ ɫɠɚɬɢɟ ɝɚɡɚ 1-2 - ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ, ɢɛɨ ɜ ɧɟɦ ɭɱɚɫɬɜɭɟɬ ɩɨ-
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ɫɬɨɹɧɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɝɚɡɚ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɨɞɧɨɦ ɢ ɬɨɦ ɠɟ ɤɨɧɟɱɧɨɦ ɞɚɜɥɟɧɢɢ P2 ɤɨ-
ɧɟɱɧɵɣ ɨɛɴɟɦ ɯ2 ɛɭɞɟɬ ɪɚɡɥɢɱɟɧ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɯɚɪɚɤɬɟɪɚ ɤɪɢɜɨɣ ɩɪɨɰɟɫɫɚ ɫɠɚɬɢɹ 1-2,
ɚ ɡɧɚɱɢɬ, ɛɭɞɟɬ ɪɚɡɥɢɱɧɚ ɢ ɪɚɛɨɬɚ, ɡɚɬɪɚɱɢɜɚɟɦɚɹ ɧɚ ɩɪɢɜɨɞ ɤɨɦɩɪɟɫɫɨɪɚ.
Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɪɢɫ. 17.1ɛ, ɧɚɢɛɨɥɟɟ ɜɵɝɨɞɧɵɦ ɩɪɨɰɟɫɫɨɦ ɫɠɚɬɢɹ ɩɨ ɡɚɬɪɚɬɟ ɪɚɛɨɬ ɢɡɜɧɟ 
ɞɥɹ ɩɪɢɜɨɞɚ ɤɨɦɩɪɟɫɫɨɪɚ ɹɜɥɹɟɬɫɹ ɢɡɨɬɟɪɦɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ 1-2'. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɫɨɛɥɸɞɚ-
ɸɬɫɹ ɬɚɤɠɟ ɢɞɟɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɞɥɹ ɫɨɯɪɚɧɟɧɢɹ ɤɚɱɟɫɬɜɚ ɫɦɚɡɨɱɧɵɯ ɦɚɫɟɥ (ɜɹɡɤɨɫɬɶ, ɬɟɦ-
ɩɟɪɚɬɭɪɚ ɜɫɩɵɲɤɢ ɢ ɞɪ.). Ɉɞɧɚɤɨ ɢɡɨɬɟɪɦɢɱɟɫɤɨɟ ɫɠɚɬɢɟ ɝɚɡɚ ɜ ɤɨɦɩɪɟɫɫɨɪɟ ɩɪɚɤɬɢɱɟɫɤɢ 
ɧɟɨɫɭɳɟɫɬɜɢɦɨ, ɢ ɤɪɢɜɚɹ ɫɠɚɬɢɹ ɨɛɵɱɧɨ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɦɟɠɞɭ ɢɡɨɬɟɪɦɨɣ ɢ ɚɞɢɚɛɚɬɨɣ ɢ 
ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɧɹɬɚ ɡɚ ɩɨɥɢɬɪɨɩɭ ɫ ɩɨɤɚɡɚɬɟɥɟɦ Ч = 1,2–1,25. ɑɟɦ ɢɧɬɟɧɫɢɜɧɟɟ ɛɭɞɟɬ 
ɨɯɥɚɠɞɟɧɢɟ ɝɚɡɚ ɩɪɢ ɫɠɚɬɢɢ (ɱɚɳɟ ɜɫɟɝɨ ɜɨɞɨɣ, ɩɪɨɯɨɞɹɳɟɣ ɱɟɪɟɡ ɪɭɛɚɲɤɭ ɤɨɦɩɪɟɫɫɨɪɚ), 
ɬɟɦ ɛɨɥɶɲɟ ɛɭɞɟɬ ɩɨɥɢɬɪɨɩɚ ɫɠɚɬɢɹ 1-2 ɨɬɤɥɨɧɹɬɶɫɹ ɨɬ ɚɞɢɚɛɚɬɵ 1-2" ɜ ɫɬɨɪɨɧɭ ɢɡɨɬɟɪɦɵ 
1-2'. ɋ ɭɦɟɧɶɲɟɧɢɟɦ ɬɟɩɥɨɨɛɦɟɧɚ ɩɨɤɚɡɚɬɟɥɶ Ч ɭɜɟɥɢɱɢɜɚɟɬɫɹ. Ɉɱɟɜɢɞɧɨ ɬɚɤɠɟ, ɱɬɨ ɫ ɭɜɟ-
ɥɢɱɟɧɢɟɦ Ч ɩɪɢ ɨɞɧɨɦ ɢ ɬɨɦ ɠɟ ɨɬɧɨɲɟɧɢɢ P2/P1 ɤɨɧɟɱɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɫɠɚɬɨɝɨ ɝɚɡɚ Ɍ2

ɛɭɞɟɬ ɜɨɡɪɚɫɬɚɬɶ ɩɨ ɡɚɤɨɧɭμ
Tn

1P1-n
1 = Tn

2P1-n
2  

ɢɥɢ T2 = T1(P2/P1)(n-1)/n . (17.1)
ɇɚɩɪɢɦɟɪ, ɩɪɢ P1 = 0,1 Ɇɉɚ, t1 = 16°ɋ ɢ ɤɨɧɟɱɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ t2 = 160°ɋ ɩɪɢ ɚɞɢɚɛɚɬɧɨɦ 
ɫɠɚɬɢɢ ɞɚɜɥɟɧɢɟ ɜɨɡɞɭɯɚ ɦɨɠɧɨ ɭɜɟɥɢɱɢɬɶ ɜ 4 ɪɚɡɚ, ɚ ɩɪɢ ɩɨɥɢɬɪɨɩɧɨɦ (Ч = 1,2) ɜ 10 ɪɚɡ. 
Ɍɨ ɟɫɬɶ ɤɨɧɟɱɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɫɠɚɬɢɹ Ɍ2 ɡɚɜɢɫɢɬ ɨɬ ɯɚɪɚɤɬɟɪɚ ɩɪɨɰɟɫɫɚ ɫɠɚɬɢɹ. ɇɚɢɛɨɥɟɟ 
ɧɟɜɵɝɨɞɧɵɦ ɩɪɨɰɟɫɫɨɦ ɹɜɥɹɟɬɫɹ ɚɞɢɚɛɚɬɧɨɟ ɫɠɚɬɢɟ. 
Ⱥɛɫɨɥɸɬɧɨɟ ɡɧɚɱɟɧɢɟ ɪɚɛɨɬɵ, ɡɚɬɪɚɱɢɜɚɟɦɨɣ ɧɚ ɫɠɚɬɢɟ 1 ɤɝ ɝɚɡɚ ɜ ɨɞɧɨɫɬɭɩɟɧɱɚɬɨɦ ɢɞɟ-
ɚɥɶɧɨɦ ɤɨɦɩɪɟɫɫɨɪɟ (Ⱥ0) ɦɨɠɟɬ ɛɵɬɶ ɩɨɞɫɱɢɬɚɧɨ ɬɚɤμ
Ⱥ0 = Ⱥɫɠ + Ⱥɧɚɝɧ - Ⱥɜɫɚɫ = ∫ ɊНv + Ɋ2 v2 - Ɋ1 v1 . (17.2)
ɉɨ ɫɦɵɫɥɭ ɪɚɛɨɬɵ Ⱥ0, Ⱥɫɠ, Ⱥɧɚɝɧ ɹɜɥɹɸɬɫɹ ɨɬɪɢɰɚɬɟɥɶɧɵɦɢ, ɚ ɪɚɛɨɬɚ ɩɪɨɰɟɫɫɚ ɜɫɚɫɵɜɚɧɢɹ 
Ⱥɜɫɚɫ - ɩɨɥɨɠɢɬɟɥɶɧɨɣ, ɬɚɤ ɤɚɤ ɧɚ ɟɟ ɫɨɜɟɪɲɟɧɢɟ ɷɧɟɪɝɢɹ ɧɟ ɡɚɬɪɚɱɢɜɚɟɬɫɹ (ɬɪɟɧɢɟ ɨɬɫɭɬ-
ɫɬɜɭɟɬ), ɢ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜɨɡɞɭɯɚ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɫɩɪɚɜɚ ɩɨɞ ɩɨɪɲɧɟɦ ɩɪɢ ɯɨɞɟ ɜɫɚɫɵɜɚ-
ɧɢɹ, ɧɟ ɭɱɢɬɵɜɚɟɬɫɹ, ɢɛɨ ɧɟ ɩɪɢɧɢɦɚɟɬɫɹ ɬɚɤɠɟ ɜɨ ɜɧɢɦɚɧɢɟ ɩɨɥɨɠɢɬɟɥɶɧɚɹ ɪɚɛɨɬɚ ɷɬɨɝɨ 
ɜɨɡɞɭɯɚ ɩɪɢ ɫɠɚɬɢɢ ɢ ɧɚɝɧɟɬɚɧɢɢ. 
ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɯɚɪɚɤɬɟɪɚ ɩɪɨɰɟɫɫɚ ɫɠɚɬɢɹ ∫ ɊНv ɢɦɟɟɬ ɡɧɚɱɟɧɢɹμ
ɞɥɹ ɢɡɨɬɟɪɦɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚμ
Ⱥɬ = Ɋ1 v1lЧ(Ɋ1/Ɋ2);
ɞɥɹ ɚɞɢɚɛɚɬɧɨɝɨ ɩɪɨɰɟɫɫɚμ
Ⱥɚɞ = 1/(β  1)(P1 v1  Ɋ2 v2);
ɞɥɹ ɩɨɥɢɬɪɨɩɧɨɝɨ ɩɪɨɰɟɫɫɚμ
Ⱥɩɨɥ = 1/(Ч  1)(Ɋ1 v1  Ɋ2 v2).
ɑɬɨɛɵ ɧɟ ɢɦɟɬɶ ɞɟɥɨ ɫ ɨɬɪɢɰɚɬɟɥɶɧɵɦɢ ɜɟɥɢɱɢɧɚɦɢ ɩɪɢ ɩɨɞɫɱɟɬɟ ɪɚɛɨɬɵ ɫɠɚɬɢɹ, ɢɯ 
ɭɦɧɨɠɚɸɬ ɧɚ -1. Эɬɨ ɞɚɟɬμ
Ⱥɬ = Ɋ1 v1lЧ(Ɋ2/Ɋ1)ν Ⱥɚɞ = 1/(β  1)(P2 v2  Ɋ1 v1);
Ⱥɩɨɥ = 1/(Ч  1)(Ɋ2 v2  Ɋ1v1).
Ɍɨɝɞɚ ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɪɚɛɨɬɚ ɤɨɦɩɪɟɫɫɨɪɚ ɡɚɬɪɚɱɢɜɚɟɦɚɹ ɧɚ ɫɠɚɬɢɟ 1 ɤɝ ɝɚɡɚ, ɩɪɢ ɢɡɨɬɟɪ-
ɦɢɱɟɫɤɨɦ ɩɪɨɰɟɫɫɟ ɫɠɚɬɢɹ ɜɵɪɚɡɢɬɫɹ ɪɚɜɟɧɫɬɜɨɦμ
Ⱥɬ

0 = Ɋ1 v1lЧ(Ɋ2/Ɋ1); (17.3)
ɩɪɢ ɚɞɢɚɛɚɬɢɱɟɫɤɨɦ ɩɪɨɰɟɫɫɟ ɫɠɚɬɢɹμ
Ⱥɚɞ

0 = β/(β  1)P1 v1Д(Ɋ2/Ɋ1) (β - 1)/β  1]; (17.4)
ɩɪɢ ɩɨɥɢɬɪɨɩɧɨɦ ɩɪɨɰɟɫɫɟ ɫɠɚɬɢɹμ
Ⱥɩɨɥ

0 = Ч/(Ч  1)Ɋ1 v1Д(Ɋ2/Ɋ1) (n - 1)/n  1]; (17.5)
ɉɪɢ ɭɦɟɧɶɲɟɧɢɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɤɨɦɩɪɟɫɫɨɪɚ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɞɚɜɥɟɧɢɹ ɫɠɚɬɨɝɨ ɜɨɡ-
ɞɭɯɚ ɢ ɭɯɭɞɲɟɧɢɢ ɩɪɢ ɷɬɨɦ ɭɫɥɨɜɢɣ ɫɦɚɡɤɢ ɢɡ-ɡɚ ɩɨɜɵɲɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ Ɍ2 ɨɞɧɨɫɬɭ-
ɩɟɧɱɚɬɵɣ ɤɨɦɩɪɟɫɫɨɪ ɫɬɚɧɨɜɢɬɫɹ ɧɟɩɪɢɝɨɞɧɵɦ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɫɠɚɬɨɝɨ ɝɚɡɚ ɜɵɫɨɤɨɝɨ ɞɚɜ-
ɥɟɧɢɹ. Ɉɛɵɱɧɨ ɨɞɧɨɫɬɭɩɟɧɱɚɬɵɟ ɤɨɦɩɪɟɫɫɨɪɵ ɩɪɢɦɟɧɹɸɬ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɫɠɚɬɨɝɨ ɝɚɡɚ 
ɞɚɜɥɟɧɢɟɦ ɧɟ ɜɵɲɟ 0,κ–1 Ɇɉɚ. ɉɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɢɦɟɬɶ ɫɠɚɬɵɣ ɝɚɡ ɛɨɥɟɟ ɜɵɫɨɤɨɝɨ 
ɞɚɜɥɟɧɢɹ ɢɫɩɨɥɶɡɭɸɬ ɦɧɨɝɨɫɬɭɩɟɧɱɚɬɵɟ ɤɨɦɩɪɟɫɫɨɪɵ.
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Ɇɧɨɝɨɫɬɭɩɟɧɱɚɬɵɣ ɩɨɪɲɧɟɜɨɣ ɤɨɦɩɪɟɫɫɨɪ. ȼ ɦɧɨɝɨɫɬɭɩɟɧɱɚɬɵɯ ɤɨɦɩɪɟɫɫɨɪɚɯ ɫɠɚɬɢɟ 
ɝɚɡɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜ ɧɟɫɤɨɥɶɤɢɯ ɰɢɥɢɧɞɪɚɯ (ɞɨ ɫɟɦɢ) ɫ ɩɪɨɦɟɠɭɬɨɱ-
ɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ ɩɨɫɥɟ ɤɚɠɞɨɝɨ ɰɢɥɢɧɞɪɚ ɜ ɫɩɟɰɢɚɥɶɧɵɯ ɯɨɥɨɞɢɥɶɧɢɤɚɯ. ɉɪɢ ɬɚɤɨɦ 
ɩɪɢɧɰɢɩɟ ɪɚɛɨɬɵ ɫɠɚɬɢɟ ɝɚɡɚ ɜ ɤɚɠɞɨɦ ɰɢɥɢɧɞɪɟ ɜɨɡɦɨɠɧɨ ɩɪɢ ɞɨɩɭɫɬɢɦɨɦ ɬɟɦɩɟɪɚɬɭɪ-
ɧɨɦ ɪɟɠɢɦɟ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɦ ɛɥɚɝɨɩɪɢɹɬɧɵɟ ɭɫɥɨɜɢɹ ɫɦɚɡɤɢ. ȼ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɯɨɥɨ-
ɞɢɥɶɧɢɤɚɯ ɩɨɫɥɟ ɤɚɠɞɨɝɨ ɰɢɥɢɧɞɪɚ ɝɚɡ ɨɯɥɚɠɞɚɸɬ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɞɚɜɥɟɧɢɢ, ɪɚɜɧɨɦ ɞɚɜ-
ɥɟɧɢɸ ɤɨɧɟɱɧɨɝɨ ɫɠɚɬɢɹ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɫɬɭɩɟɧɢ.
Ɋɚɫɫɦɨɬɪɢɦ ɜ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɪɚɛɨɬɭ ɬɪɟɯɫɬɭɩɟɧɱɚɬɨɝɨ ɩɨɪɲɧɟɜɨɝɨ ɤɨɦɩɪɟɫɫɨɪɚ, ɫɯɟɦɚ 
ɤɨɬɨɪɨɝɨ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ.17.2, ɚ ɪɚɛɨɱɢɣ ɩɪɨɰɟɫɫ ɜ pɯ- ɢ ɬs- ɤɨɨɪɞɢɧɚɬɚɯ (ɞɥɹ ɢɞɟɚɥɶɧɨ-
ɝɨ ɤɨɦɩɪɟɫɫɨɪɚ) – ɧɚ ɪɢɫ.17.3.

Ƚɚɡ ɜɫɚɫɵɜɚɟɬɫɹ ɜ ɰɢɥɢɧɞɪ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ (ɩɪɨɰɟɫɫ D-1 ɧɚ ɪɢɫ.17.3), ɫɠɢɦɚɟɬɫɹ ɩɨ ɩɨ-
ɥɢɬɪɨɩɟ 1-2 ɞɨ ɞɚɜɥɟɧɢɹ P2 ɢ ɧɚɝɧɟɬɚɟɬɫɹ ɜ ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɯɨɥɨɞɢɥɶɧɢɤ б1, ɝɞɟ ɩɪɢ ɩɨ-
ɫɬɨɹɧɧɨɦ ɞɚɜɥɟɧɢɢ P2 ɨɯɥɚɠɞɚɟɬɫɹ ɜɫɥɟɞɫɬɜɢɟ ɨɬɞɚɱɢ ɬɟɩɥɨɬɵ ɜɨɞɟ, ɨɦɵɜɚɸɳɟɣ ɡɦɟɟɜɢɤ. 
ɂɡ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɯɨɥɨɞɢɥɶɧɢɤɚ ɫɠɚɬɵɣ ɝɚɡ ɩɪɢ ɬɨɦ ɠɟ ɞɚɜɥɟɧɢɢ P2 ɜɫɚɫɵɜɚɟɬɫɹ ɜɨ ɜɬɨ-
ɪɭɸ ɫɬɭɩɟɧɶ. Ʉɨɧɟɱɧɵɣ ɨɛɴɟɦ ɜɫɚɫɵɜɚɧɢɹ V3 < V2ν ɬɚɤ ɤɚɤ P2 = ɫШЧst, ɚ T3 < T2. ȼɨ ɜɬɨɪɨɣ 
ɫɬɭɩɟɧɢ ɝɚɡ ɫɠɢɦɚɟɬɫɹ ɩɨ ɩɨɥɢɬɪɨɩɟ ɞɨ ɞɚɜɥɟɧɢɹ P4 (ɩɪɨɰɟɫɫ 3-4), ɧɚɝɧɟɬɚɟɬɫɹ ɩɪɢ ɷɬɨɦ 
ɞɚɜɥɟɧɢɢ ɜɨ ɜɬɨɪɨɣ ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɯɨɥɨɞɢɥɶɧɢɤ ɯ2 ɢ ɨɬɬɭɞɚ ɩɨɫɬɭɩɚɟɬ ɜ ɬɪɟɬɶɸ ɫɬɭɩɟɧɶ, 
ɝɞɟ ɢ ɫɠɢɦɚɟɬɫɹ ɞɨ ɤɨɧɟɱɧɨɝɨ ɡɚɞɚɧɧɨɝɨ ɞɚɜɥɟɧɢɹ P6 (ɩɪɨɰɟɫɫ 5-6) ɢ ɧɚɝɧɟɬɚɟɬɫɹ ɜ ɪɟɡɟɪ-
ɜɭɚɪ.
Ɋɚɛɨɬɭ ɦɧɨɝɨɫɬɭɩɟɧɱɚɬɨɝɨ ɤɨɦɩɪɟɫɫɨɪɚ ɫɬɪɟɦɹɬɫɹ ɨɪɝɚɧɢɡɨɜɚɬɶ ɬɚɤ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɜɚ-
ɥɢɫɶ ɫɥɟɞɭɸɳɢɟ ɬɪɢ ɭɫɥɨɜɢɹμ
1) ɩɨɥɧɨɟ ɨɯɥɚɠɞɟɧɢɟ ɝɚɡɚ ɜɨ ɜɫɟɯ ɯɨɥɨɞɢɥɶɧɢɤɚɯ, ɬ.ɟ. ɬɟɦɩɟɪɚɬɭɪɭ ɝɚɡɚ ɞɨɜɨɞɹɬ ɞɨ
ɧɚɱɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ Ɍ1, ɤɨɬɨɪɭɸ ɨɧ ɢɦɟɥ ɩɪɢ ɜɯɨɞɟ ɜ ɩɟɪɜɭɸ ɫɬɭɩɟɧɶ (Ɍ1 = Ɍ3 = Ɍ5);
2) ɨɞɢɧɚɤɨɜɚɹ ɤɨɧɟɱɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɫɠɚɬɢɹ ɝɚɡɚ ɜɨ ɜɫɟɯ ɫɬɭɩɟɧɹɯ, ɨɛɟɫɩɟɱɢɜɚɸɳɚɹ ɜɨ
ɜɫɟɯ ɰɢɥɢɧɞɪɚɯ ɧɚɞɟɠɧɵɟ ɭɫɥɨɜɢɹ ɫɦɚɡɤɢ (Ɍ2 = Ɍ4 = Ɍ6);
3) ɨɞɢɧɚɤɨɜɵɟ ɩɨɤɚɡɚɬɟɥɢ ɩɨɥɢɬɪɨɩ ɫɠɚɬɢɹ ɜɨ ɜɫɟɯ ɰɢɥɢɧɞɪɚɯ, ɬ.ɟ.
nI = nII = nIII = n. 
ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɷɬɢɯ ɭɫɥɨɜɢɣ ɩɟɪɟɩɚɞɵ ɞɚɜɥɟɧɢɣ (ɨɬɧɨɲɟɧɢɟ ɤɨɧɟɱɧɨɝɨ ɞɚɜɥɟɧɢɹ ɤ 
ɧɚɱɚɥɶɧɨɦɭ) ɜɨ ɜɫɟɯ ɫɬɭɩɟɧɹɯ ɨɞɢɧɚɤɨɜɵ, ɬ.ɟ. Ɋ2/Ɋ1 = Ɋ4 /Ɋ3 = Ɋ6/Ɋ5.
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Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɨɛɳɟɣ ɪɚɛɨɬɵ, ɡɚɬɪɚɱɢɜɚɟɦɨɣ ɧɚ ɩɪɢɜɨɞ ɦɧɨɝɨɫɬɭɩɟɧɱɚɬɨɝɨ ɤɨɦɩɪɟɫɫɨ-
ɪɚ, ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɫɭɦɦɢɪɨɜɚɬɶ ɪɚɛɨɬɵ, ɡɚɬɪɚɱɢɜɚɟɦɵɟ ɧɚ ɫɠɚɬɢɟ ɝɚɡɚ ɩɨ ɨɬɞɟɥɶɧɵɦ ɫɬɭ-
ɩɟɧɹɦ. ɇɟɬɪɭɞɧɨ ɩɨɤɚɡɚɬɶ, ɱɬɨ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɬɪɟɯ ɭɤɚɡɚɧɧɵɯ ɭɫɥɨɜɢɣ ȺI

0, ȺII
0, ȺIII

0 ɛɭ-
ɞɭɬ ɨɞɢɧɚɤɨɜɵ. 
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɮɨɪɦɭɥɨɣ (17.5) ɢɦɟɟɦμ
ȺI

0 = Ч/(Ч  1)Ɋ1 v1Д(Ɋ2/Ɋ1) (n - 1)/n  1] =
= n/(n  1)RT1Д(Ɋ2/Ɋ1) (n - 1)/n  1]; (17.6)

ȺII
0 = Ч/(Ч  1)Ɋ3 v3Д(Ɋ4/Ɋ3) (n - 1)/n  1] =

= n/(n  1)RT3Д(Ɋ4/Ɋ3) (n - 1)/n  1]; (17.7)

ȺIII
0 = Ч/(Ч  1)Ɋ5v5Д(Ɋ6/Ɋ5) (n - 1)/n  1]=

= n/(n  1)RT5Д(Ɋ6/Ɋ5) (n - 1)/n  1]; (17.8)
Ɍɚɤ ɤɚɤ ɩɪɚɜɵɟ ɱɚɫɬɢ ɭɪɚɜɧɟɧɢɣ ɪɚɜɧɵ, ɬɨ ȺI

0 = ȺII
0 = ȺIII

0. Ɍɨɝɞɚ ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɪɚɛɨɬɚ m
ɫɬɭɩɟɧɱɚɬɨɝɨ ɤɨɦɩɪɟɫɫɨɪɚ, ɡɚɬɪɚɱɢɜɚɟɦɚɹ ɧɚ ɫɠɚɬɢɟ 1 ɤɝ ɝɚɡɚ, ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɩɪɨɢɡ-
ɜɟɞɟɧɢɟɦ m•Ⱥ0.
Ɍɟɨɪɟɬɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ N0 (ȼɬ), ɡɚɬɪɚɱɢɜɚɟɦɚɹ ɧɚ ɩɪɢɜɨɞ ɤɨɦɩɪɟɫɫɨɪɚ, ɦɨɠɟɬ ɛɵɬɶ 
ɨɩɪɟɞɟɥɟɧɚ ɩɨ ɪɚɜɟɧɫɬɜɭμ
N0 = M·m•Ⱥ0 , (17.9)
ɝɞɟμ ε  ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɦɩɪɟɫɫɨɪɚ, ɤɝ/ɫν Ⱥ0  ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɪɚɛɨɬɚ ɧɚ ɫɠɚɬɢɟ 1 ɤɝ 
ɝɚɡɚ ɜ ɨɞɧɨɣ ɫɬɭɩɟɧɢ, Ⱦɠ/ɤɝν m  ɱɢɫɥɨ ɫɬɭɩɟɧɟɣ ɤɨɦɩɪɟɫɫɨɪɚ.
Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɞɟɣɫɬɜɢɬɟɥɶɧɨɣ (ɷɮɮɟɤɬɢɜɧɨɣ) ɦɨɳɧɨɫɬɢ Nɟ, ɧɟɨɛɯɨɞɢɦɨɣ ɞɥɹ ɩɪɢɜɨɞɚ 
ɤɨɦɩɪɟɫɫɨɪɚ, ɧɭɠɧɨ ɡɧɚɬɶ ɩɨɬɟɪɢ ɪɚɛɨɬɵ ɧɚ ɩɪɟɨɞɨɥɟɧɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɤɥɚɩɚɧɨɜ ɢ ɬɪɭ-
ɛɨɩɪɨɜɨɞɨɜ ɢ ɧɚ ɬɪɟɧɢɟ ɜ ɫɨɩɪɢɤɚɫɚɸɳɢɯɫɹ ɱɚɫɬɹɯ ɤɨɦɩɪɟɫɫɨɪɚ, ɤɨɬɨɪɵɟ ɭɱɢɬɵɜɚɸɬɫɹ 
ɦɟɯɚɧɢɱɟɫɤɢɦ ɄɉȾμ
Nɟ = N0 / ɡɦ = M·m•Ⱥ0 / ɡɦ . (17.10)
Ⱦɥɹ ɩɨɪɲɧɟɜɨɝɨ ɤɨɦɩɪɟɫɫɨɪɚ ɡɦ = 0,8–0,9.
17.2. Ʌɨɩɚɬɨɱɧɵɣ ɤɨɦɩɪɟɫɫɨɪ.
ȼ ɨɬɥɢɱɢɟ ɨɬ ɨɛɴɟɦɧɨɝɨ ɥɨɩɚɬɨɱɧɵɣ ɤɨɦɩɪɟɫɫɨɪ - ɷɬɨ ɤɨɦɩɪɟɫɫɨɪ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɫɠɚɬɢɹ. 
Ɉɧɢ ɛɵɜɚɸɬ ɞɜɭɯ ɜɢɞɨɜμ ɰɟɧɬɪɨɛɟɠɧɵɟ ɢ ɨɫɟɜɵɟ (ɚɤɫɢɚɥɶɧɵɟ).
ɐɟɧɬɪɨɛɟɠɧɵɣ ɦɧɨɝɨɫɬɭɩɟɧɱɚɬɵɣ ɤɨɦɩɪɟɫɫɨɪ (ɧɚɝɧɟɬɚɬɟɥɶ) ɪɚɫɫɱɢɬɚɧ ɧɚ ɩɨɞɚɱɭ ɝɚɡɨɜ 
ɞɚɜɥɟɧɢɟɦ ɞɨ 0,κ - 1 Ɇɉɚ. ɉɪɢɧɰɢɩ ɟɝɨ ɪɚɛɨɬɵ (ɪɢɫ. 17.4) ɫɥɟɞɭɸɳɢɣ. Ɋɚɛɨɱɟɟ ɤɨɥɟɫɨ 1 ɫ 
ɪɚɞɢɚɥɶɧɨ ɧɚɩɪɚɜɥɟɧɧɵɦɢ ɤɚɧɚɥɚɦɢ ɭɤɪɟɩɥɟɧɨ ɧɚ ɜɚɥɭ 2 ɢ ɜɪɚɳɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɞɜɢɝɚ-
ɬɟɥɹ ɜ ɤɨɪɩɭɫɟ 3. ȼɨɡɞɭɯ ɢɥɢ ɝɚɡ, ɩɨɫɬɭɩɚɸɳɢɣ ɜ ɤɚɧɚɥɵ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, ɨɬɛɪɚɫɵɜɚɟɬɫɹ 
ɰɟɧɬɪɨɛɟɠɧɨɣ ɫɢɥɨɣ ɤ ɩɟɪɢɮɟɪɢɢ ɢ ɩɨɩɚɞɚɟɬ ɜ ɥɨɩɚɬɨɱɧɵɣ ɚɩɩɚɪɚɬ 4, ɥɨɩɚɬɤɢ ɤɨɬɨɪɨɝɨ 
ɨɛɪɚɡɭɸɬ ɪɚɫɲɢɪɹɸɳɢɟɫɹ ɤɚɧɚɥɵ. ȼ ɷɬɢɯ ɤɚɧɚɥɚɯ ɜɫɥɟɞɫɬɜɢɟ ɭɦɟɧɶɲɟɧɢɹ ɫɤɨɪɨɫɬɢ ɜɨɡ-
ɞɭɯɚ (ɝɚɡɚ) ɩɨɜɵɲɚɟɬɫɹ ɟɝɨ ɞɚɜɥɟɧɢɟ. Ⱦɚɥɟɟ ɫɠɚɬɵɣ ɜɨɡɞɭɯ ɱɟɪɟɡ ɧɚɩɨɪɧɵɣ ɩɚɬɪɭɛɨɤ 5 
ɩɨɫɬɭɩɚɟɬ ɜ ɧɚɝɧɟɬɚɬɟɥɶɧɵɣ ɬɪɭɛɨɩɪɨɜɨɞ. ɉɨ ɨɩɢɫɚɧɧɨɦɭ ɩɪɢɧɰɢɩɭ ɪɚɛɨɬɚɸɬ ɢ ɰɟɧɬɪɨ-
ɛɟɠɧɵɟ ɜɟɧɬɢɥɹɬɨɪɵ, ɩɪɢɜɨɞɢɦɵɟ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹɦɢ ɢ ɫɨɡɞɚɸɳɢɟ ɢɡɛɵɬɨɱɧɨɟ ɞɚɜɥɟ-
ɧɢɟ ɞɨ 12 ɤɉɚ.

66



Ɉɛɵɱɧɨ ɜ ɰɟɧɬɪɨɛɟɠɧɵɯ ɧɚɝɧɟɬɚɬɟɥɹɯ ɜɵɯɨɞɧɨɟ ɫɟɱɟɧɢɟ ɩɨɞɛɢɪɚɟɬɫɹ ɬɚɤ, ɱɬɨɛɵ ɫɤɨɪɨɫɬɢ 
ɝɚɡɚ ɧɚ ɜɯɨɞɟ М1 ɢ ɧɚ ɜɵɯɨɞɟ М2 ɛɵɥɢ ɨɞɢɧɚɤɨɜɵ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɪɚɛɨɬɚ, ɡɚ-
ɬɪɚɱɢɜɚɟɦɚɹ ɧɚ ɫɠɚɬɢɟ 1 ɤɝ ɝɚɡɚ ɜ ɢɞɟɚɥɶɧɨɦ ɰɟɧɬɪɨɛɟɠɧɨɦ ɤɨɦɩɪɟɫɫɨɪɟ, ɬ.ɟ. ɜ ɬɚɤɨɦ, ɝɞɟ 
ɨɬɫɭɬɫɬɜɭɟɬ ɬɟɩɥɨɨɛɦɟɧ ɫ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɨɣ (ɩɨɬɟɪɢ ɬɟɩɥɨɬɵ ɱɟɪɟɡ ɫɬɟɧɤɢ ɪɚɜɧɵ ɧɭ-
ɥɸ), ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ ɩɨ ɭɪɚɜɧɟɧɢɸ (17.4).
ɇɚ ɩɪɚɤɬɢɤɟ ɧɟɨɛɯɨɞɢɦɨ ɡɚɬɪɚɱɢɜɚɬɶ ɛɨɥɶɲɭɸ ɪɚɛɨɬɭ, ɱɟɦ ɩɪɢ ɚɞɢɚɛɚɬɧɨɦ ɫɠɚɬɢɢ. Ɍɟɦ-
ɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɧɚ ɜɵɯɨɞɟ ɢɡ ɧɚɝɧɟɬɚɬɟɥɹ ɛɭɞɟɬ ɜɫɟɝɞɚ ɛɨɥɶɲɟ, ɱɟɦ ɜ ɚɞɢɚɛɚɬɧɨɦ ɩɪɨɰɟɫɫɟ, 
ɡɚ ɫɱɟɬ ɩɟɪɟɯɨɞɚ ɪɚɛɨɬɵ ɬɪɟɧɢɹ ɜ ɬɟɩɥɨɬɭ, ɩɨɜɵɲɚɸɳɭɸ ɤɨɧɟɱɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɜɨɡɞɭɯɚ.
ɉɨɤɚɡɚɬɟɥɶ ɩɨɥɢɬɪɨɩɵ ɫɠɚɬɢɹ Ч = 1,5–1,55 ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɛɨɥɶɲɟ ɩɨɤɚɡɚɬɟɥɹ ɚɞɢɚɛɚɬɵ. 
Ⱦɥɹ ɰɟɧɬɪɨɛɟɠɧɵɯ ɧɚɝɧɟɬɚɬɟɥɟɣ ηɚɞ

ɤ = 0,7–0,8.
Ɉɫɟɜɨɣ ɤɨɦɩɪɟɫɫɨɪ (ɪɢɫ.17.5,ɚ) ɪɚɫɫɱɢɬɚɧ ɧɚ ɩɨɞɚɱɭ ɫɠɚɬɨɝɨ ɝɚɡɚ ɞɚɜɥɟɧɢɟɦ ɞɨ 0,4–0,5
Ɇɉɚ. ɄɉȾ ɟɝɨ ɜɵɲɟ, ɱɟɦ ɭ ɰɟɧɬɪɨɛɟɠɧɨɝɨ ɧɚɝɧɟɬɚɬɟɥɹ, ɢ ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ κ5–λ0%. ȼ ɬɨ 
ɠɟ ɜɪɟɦɹ ɨɫɟɜɵɟ ɤɨɦɩɪɟɫɫɨɪɵ ɨɛɥɚɞɚɸɬ ɛɨɥɶɲɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ, ɦɚɥɵɦɢ ɪɚɞɢ-
ɚɥɶɧɵɦɢ ɪɚɡɦɟɪɚɦɢ ɢ ɦɚɫɫɨɣ. Эɬɢ ɩɪɟɢɦɭɳɟɫɬɜɚ ɨɫɟɜɵɯ ɤɨɦɩɪɟɫɫɨɪɨɜ ɨɛɭɫɥɨɜɢɥɢ ɢɯ 
ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɭɫɬɚɧɨɜɤɚɯ, ɢ, ɜ ɱɚɫɬɧɨɫɬɢ, ɜ ɜɨɡɞɭɲɧɨ-ɪɟɚɤɬɢɜɧɵɯ 
ɞɜɢɝɚɬɟɥɹɯ.

Ɉɫɟɜɨɣ ɤɨɦɩɪɟɫɫɨɪ ɫɨɫɬɨɢɬ ɢɡ ɤɨɪɩɭɫɚ 1, ɜɧɭɬɪɢ ɤɨɬɨɪɨɝɨ ɜɪɚɳɚɟɬɫɹ ɪɨɬɨɪ 2. ɇɚ ɧɟɦ 
ɭɤɪɟɩɥɟɧɨ ɧɟɫɤɨɥɶɤɨ ɪɹɞɨɜ ɪɚɛɨɱɢɯ ɥɨɩɚɬɨɤ 3. ɉɟɪɟɞ ɩɟɪɜɵɦ ɪɹɞɨɦ ɪɚɛɨɱɢɯ ɥɨɩɚɬɨɤ ɧɚ 

67



ɤɨɪɩɭɫɟ ɭɤɪɟɩɥɟɧɵ ɧɟɩɨɞɜɢɠɧɵɟ ɥɨɩɚɬɤɢ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ 4, ɚ ɩɨɫɥɟ ɤɚɠɞɨɝɨ 
ɪɹɞɚ ɪɚɛɨɱɢɯ ɥɨɩɚɬɨɤ - ɧɟɩɨɞɜɢɠɧɵɟ ɥɨɩɚɬɤɢ ɫɩɪɹɦɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ 5.
Ʉɚɠɞɵɣ ɪɹɞ ɪɚɛɨɱɢɯ ɥɨɩɚɬɨɤ ɜ ɫɨɜɨɤɭɩɧɨɫɬɢ ɫɨ ɫɥɟɞɭɸɳɢɦ ɡɚ ɧɢɦ ɫɩɪɹɦɥɹɸɳɢɦ ɚɩɩɚ-
ɪɚɬɨɦ ɫɨɫɬɚɜɥɹɟɬ ɨɞɧɭ ɫɬɭɩɟɧɶ ɩɨɜɵɲɟɧɢɹ ɞɚɜɥɟɧɢɹ. ɑɢɫɥɨ ɫɬɭɩɟɧɟɣ ɦɨɠɟɬ ɞɨɯɨɞɢɬɶ ɞɨ 
15–20. ɉɪɨɮɢɥɶ ɪɚɛɨɱɢɯ ɢ ɫɩɪɹɦɥɹɸɳɢɯ ɥɨɩɚɬɨɤ ɜɵɛɢɪɚɸɬ ɬɚɤ, ɱɬɨ ɩɪɢ ɩɪɨɯɨɠɞɟɧɢɢ 
ɱɟɪɟɡ ɦɟɠɥɨɩɚɬɨɱɧɵɟ ɤɚɧɚɥɵ ɪɚɛɨɱɢɯ ɥɨɩɚɬɨɤ ɜɨɡɞɭɯ ɩɨɥɭɱɚɟɬ ɨɬ ɪɨɬɨɪɚ ɦɟɯɚɧɢɱɟɫɤɭɸ 
ɷɧɟɪɝɢɸ ɢ ɫɤɨɪɨɫɬɶ ɟɝɨ ɜɨɡɪɚɫɬɚɟɬ, ɚ ɩɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɱɟɪɟɡ ɫɩɪɹɦɥɹɸɳɢɣ ɚɩɩɚɪɚɬ ɫɤɨ-
ɪɨɫɬɶ ɜɨɡɞɭɯɚ ɭɦɟɧɶɲɚɟɬɫɹ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɜɨɡɪɚɫɬɚɟɬ ɟɝɨ ɞɚɜɥɟɧɢɟ. Эɬɨ ɢɥɥɸɫɬɪɢɪɭɟɬɫɹ 
ɬɪɟɭɝɨɥɶɧɢɤɚɦɢ ɫɤɨɪɨɫɬɟɣ ɧɚ ɪɢɫ. 17.5,ɛ.
ɉɨɫɤɨɥɶɤɭ ɜɨɡɞɭɯ (ɝɚɡ) ɜ ɬɚɤɢɯ ɤɨɦɩɪɟɫɫɨɪɚɯ ɩɪɨɯɨɞɢɬ ɜɞɨɥɶ ɢɯ ɨɫɢ, ɬɨ ɨɧɢ ɢ ɩɨɥɭɱɢɥɢ 
ɧɚɡɜɚɧɢɟ ɨɫɟɜɵɯ ɢɥɢ ɚɤɫɢɚɥɶɧɵɯ ɤɨɦɩɪɟɫɫɨɪɨɜ.
ɇɟɞɨɫɬɚɬɤɨɦ ɨɫɟɜɵɯ ɤɨɦɩɪɟɫɫɨɪɨɜ ɹɜɥɹɟɬɫɹ ɫɥɨɠɧɨɫɬɶ ɢɯ ɤɨɧɫɬɪɭɤɰɢɣ, ɨɛɭɫɥɨɜɥɟɧɧɚɹ 
ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɬɳɚɬɟɥɶɧɨɝɨ ɜɵɩɨɥɧɟɧɢɹ ɩɪɨɮɢɥɟɣ ɥɨɩɚɬɨɤ ɪɚɛɨɱɢɯ ɤɨɥɟɫ ɢ ɧɚɩɪɚɜɥɹ-
ɸɳɢɯ ɚɩɩɚɪɚɬɨɜ.

Ɍɟɦɚ 18. ȼɨɩɪɨɫɵ ɷɤɨɥɨɝɢɢ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɬɟɩɥɨɬɵ.
18.1. Ɍɨɤɫɢɱɧɵɟ ɝɚɡɵ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ.
ɉɪɨɞɭɤɬɵ ɫɝɨɪɚɧɢɹ, ɪɚɫɱɟɬ ɤɨɬɨɪɵɯ ɢɡɥɨɠɟɧ ɜ ɩ/ɩ 16.3 ɬɟɦɵ 16, ɨɤɚɡɵɜɚɸɬ ɨɩɪɟɞɟɥɹɸ-
ɳɟɟ ɜɥɢɹɧɢɟ ɧɚ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɢ ɷɤɨɥɨɝɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɪɚɡɥɢɱɧɵɯ ɬɟɩɥɨɬɟɯɧɢɱɟɫɤɢɯ 
ɭɫɬɚɧɨɜɨɤ.
Ɉɞɧɚɤɨ ɩɨɦɢɦɨ ɷɬɢɯ ɩɪɨɞɭɤɬɨɜ ɩɪɢ ɫɝɨɪɚɧɢɢ ɨɛɪɚɡɭɟɬɫɹ ɢ ɪɹɞ ɞɪɭɝɢɯ ɜɟɳɟɫɬɜ, ɤɨɬɨɪɵɟ 
ɜɫɥɟɞɫɬɜɢɟ ɢɯ ɦɚɥɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɧɟ ɭɱɢɬɵɜɚɸɬɫɹ ɜ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɚɯ, ɧɨ ɨɩɪɟɞɟ-
ɥɹɸɬ ɷɤɨɥɨɝɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɬɨɩɨɤ, ɩɟɱɟɣ, ɬɟɩɥɨɜɵɯ ɞɜɢɝɚɬɟɥɟɣ ɢ ɞɪɭɝɢɯ ɭɫɬɪɨɣɫɬɜ 
ɫɨɜɪɟɦɟɧɧɨɣ ɬɟɩɥɨɬɟɯɧɢɤɢ.
ȼ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɤ ɱɢɫɥɭ ɷɤɨɥɨɝɢɱɟɫɤɢ ɜɪɟɞɧɵɯ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɫɥɟɞɭɟɬ ɨɬɧɟɫɬɢ ɬɚɤ 
ɧɚɡɵɜɚɟɦɵɟ ɬɨɤɫɢɱɧɵɟ ɝɚɡɵ.
Ɍɨɤɫɢɱɧɵɦɢ ɧɚɡɵɜɚɸɬ ɜɟɳɟɫɬɜɚ, ɨɤɚɡɵɜɚɸɳɢɟ ɧɟɝɚɬɢɜɧɵɟ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɨɪɝɚɧɢɡɦ ɱɟɥɨ-
ɜɟɤɚ ɢ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ. Ɉɫɧɨɜɧɵɦɢ ɬɨɤɫɢɱɧɵɦɢ ɜɟɳɟɫɬɜɚɦɢ ɹɜɥɹɸɬɫɹ ɨɤɫɢɞɵ ɚɡɨɬɚ 
(NɈɯ), ɨɤɫɢɞ ɭɝɥɟɪɨɞɚ (ɋɈ), ɪɚɡɥɢɱɧɵɟ ɭɝɥɟɜɨɞɨɪɨɞɵ (ɋɇ), ɫɚɠɚ ɢ ɫɨɟɞɢɧɟɧɢɹ, ɫɨɞɟɪɠɚ-
ɳɢɟ ɫɜɢɧɟɰ ɢ ɫɟɪɭ.
Ɉɤɫɢɞɵ ɚɡɨɬɚ. ɉɪɢ ɫɝɨɪɚɧɢɢ ɬɨɩɥɢɜ ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ ɨɛɪɚɡɭɟɬɫɹ ɨɤɫɢɞ ɚɡɨɬɚ NO, ɤɨɬɨ-
ɪɵɣ ɡɚɬɟɦ ɜ ɚɬɦɨɫɮɟɪɟ ɨɤɢɫɥɹɟɬɫɹ ɞɨ NO2.
Ɉɛɪɚɡɨɜɚɧɢɟ NO ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɨɜ ɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɢɫɥɨɪɨɞɚ ɢ 
ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɫɨɫɬɚɜɚ ɬɨɩɥɢɜɚ.
ɇɚɯɨɞɹɳɢɣɫɹ ɜ ɚɬɦɨɫɮɟɪɟ NO2 ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɝɚɡ ɤɪɚɫɧɨɜɚɬɨ-ɛɭɪɨɝɨ ɰɜɟɬɚ, ɨɛɥɚɞɚ-
ɸɳɢɣ ɜ ɛɨɥɶɲɢɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɭɞɭɲɥɢɜɵɦ ɡɚɩɚɯɨɦ. NO2 ɨɤɚɡɵɜɚɟɬ ɧɟɝɚɬɢɜɧɨɟ ɜɨɡɞɟɣ-
ɫɬɜɢɟ ɧɚ ɫɥɢɡɢɫɬɵɟ ɨɛɨɥɨɱɤɢ ɝɥɚɡ ɢ
Ɉɤɫɢɞ ɭɝɥɟɪɨɞɚ (ɋɈ) ɨɛɪɚɡɭɟɬɫɹ ɜɨ ɜɪɟɦɹ ɫɝɨɪɚɧɢɹ ɩɪɢ ɧɟɞɨɫɬɚɬɤɟ ɤɢɫɥɨɪɨɞɚ ɢɥɢ ɩɪɢ 
ɞɢɫɫɨɰɢɚɰɢɢ ɋO2. Ɉɫɧɨɜɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɨɛɪɚɡɨɜɚɧɢɟ ɋɈ ɨɤɚɡɵɜɚɟɬ ɫɨɫɬɚɜ ɫɦɟɫɢμ ɱɟɦ ɨɧɚ 
ɛɨɝɚɱɟ, ɬɟɦ ɜɵɲɟ ɤɨɧɰɟɧɬɪɚɰɢɹ ɋɈ.
Ɉɤɫɢɞ ɭɝɥɟɪɨɞɚ - ɛɟɫɰɜɟɬɧɵɣ ɢ ɧɟ ɢɦɟɸɳɢɣ ɡɚɩɚɯɚ ɝɚɡ. ɉɪɢ ɜɞɵɯɚɧɢɢ ɜɦɟɫɬɟ ɫ ɜɨɡɞɭɯɨɦ 
ɨɧ ɢɧɬɟɧɫɢɜɧɨ ɫɨɟɞɢɧɹɟɬɫɹ ɫ ɝɟɦɨɝɥɨɛɢɧɨɦ ɤɪɨɜɢ, ɱɬɨ ɭɦɟɧɶɲɚɟɬ ɟɟ ɫɩɨɫɨɛɧɨɫɬɶ ɤ ɫɧɚɛ-
ɠɟɧɢɸ ɨɪɝɚɧɢɡɦɚ ɤɢɫɥɨɪɨɞɨɦ. ɋɢɦɩɬɨɦɵ ɨɬɪɚɜɥɟɧɢɹ ɨɪɝɚɧɢɡɦɚ ɝɚɡɨɦ ɋɈμ ɝɨɥɨɜɧɚɹ ɛɨɥɶ, 
ɫɟɪɞɰɟɛɢɟɧɢɟ, ɡɚɬɪɭɞɧɟɧɢɟ ɞɵɯɚɧɢɹ ɢ ɬɨɲɧɨɬɚ.
ɍɝɥɟɜɨɞɨɪɨɞɵ (ɋɇ) ɫɨɫɬɨɹɬ ɢɡ ɢɫɯɨɞɧɵɯ ɢɥɢ ɪɚɫɩɚɜɲɢɯɫɹ ɦɨɥɟɤɭɥ ɬɨɩɥɢɜɚ, ɤɨɬɨɪɵɟ ɧɟ 
ɩɪɢɧɢɦɚɥɢ ɭɱɚɫɬɢɹ ɜ ɫɝɨɪɚɧɢɢ. ɍɝɥɟɜɨɞɨɪɨɞɵ ɩɨɹɜɥɹɸɬɫɹ ɜ ɨɬɪɚɛɨɬɚɜɲɢɯ ɝɚɡɚɯ (ɈȽ) 
ɞɜɢɝɚɬɟɥɟɣ ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨɪɚɧɢɹ ɜɫɥɟɞɫɬɜɢɟ ɝɚɲɟɧɢɹ ɩɥɚɦɟɧɢ ɜɛɥɢɡɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɯɨ-
ɥɨɞɧɵɯ ɫɬɟɧɨɤ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ, ɜ “ɡɚɳɟɦɥɟɧɧɵɯ” ɨɛɴɟɦɚɯ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɜɵɬɟɫɧɢɬɟɥɹɯ 
ɢ ɜ ɡɚɡɨɪɟ ɦɟɠɞɭ ɩɨɪɲɧɟɦ ɢ ɰɢɥɢɧɞɪɨɦ ɧɚɞ ɜɟɪɯɧɢɦ ɤɨɦɩɪɟɫɫɢɨɧɧɵɦ ɤɨɥɶɰɨɦ.
ȼ ɞɢɡɟɥɹɯ ɭɝɥɟɜɨɞɨɪɨɞɵ ɨɛɪɚɡɭɸɬɫɹ ɜ ɩɟɪɟɨɛɨɝɚɳɟɧɧɵɯ ɡɨɧɚɯ ɫɦɟɫɢ, ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ ɩɢ-
ɪɨɥɢɡ ɦɨɥɟɤɭɥ ɬɨɩɥɢɜɚ. ȿɫɥɢ ɜ ɩɪɨɰɟɫɫɟ ɪɚɫɲɢɪɟɧɢɹ ɜ ɷɬɢ ɡɨɧɵ ɧɟ ɩɨɫɬɭɩɢɬ ɞɨɫɬɚɬɨɱɧɨɟ 
ɤɨɥɢɱɟɫɬɜɨ ɤɢɫɥɨɪɨɞɚ, ɬɨ ɋɇ ɨɤɚɠɟɬɫɹ ɜ ɫɨɫɬɚɜɟ ɈȽ.
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Ʉɨɥɢɱɟɫɬɜɨ ɪɚɡɥɢɱɧɵɯ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɜɯɨɞɹɳɢɯ ɜ ɷɬɭ ɝɪɭɩɩɭ ɬɨɤɫɢɱ-
ɧɵɯ ɜɟɳɟɫɬɜ, ɩɪɟɜɵɲɚɟɬ 200. ȼ ɬɟɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ, ɜ ɤɨɬɨɪɵɯ ɋɇ ɫɨɞɟɪɠɢɬɫɹ ɜ ɜɨɡɞɭɯɟ, 
ɧɚɩɪɢɦɟɪ, ɜ ɡɨɧɚɯ ɫ ɢɧɬɟɧɫɢɜɧɵɦ ɞɜɢɠɟɧɢɟɦ ɚɜɬɨɬɪɚɧɫɩɨɪɬɚ, ɨɧɢ ɧɟ ɩɪɢɧɨɫɹɬ ɧɟɩɨɫɪɟɞ-
ɫɬɜɟɧɧɨɝɨ ɜɪɟɞɚ ɡɞɨɪɨɜɶɸ ɱɟɥɨɜɟɤɚ, ɨɞɧɚɤɨ, ɦɨɝɭɬ ɜɵɡɵɜɚɬɶ ɪɟɚɤɰɢɢ, ɤɨɬɨɪɵɟ ɜɟɞɭɬ ɤ ɨɛ-
ɪɚɡɨɜɚɧɢɸ ɫɨɟɞɢɧɟɧɢɣ, ɜɪɟɞɧɵɯ ɞɚɠɟ ɩɪɢ ɧɟɡɧɚɱɢɬɟɥɶɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ.
Ɍɚɤ, ɭɝɥɟɜɨɞɨɪɨɞɵ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɨɥɧɟɱɧɵɯ ɥɭɱɟɣ ɦɨɝɭɬ ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ ɫ NɈɯ, ɨɛ-
ɪɚɡɭɹ ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɟ ɜɟɳɟɫɬɜɚ, ɤɨɬɨɪɵɟ ɪɚɡɞɪɚɠɚɸɳɟ ɞɟɣɫɬɜɭɸɬ ɧɚ ɨɪɝɚɧɵ ɞɵ-
ɯɚɬɟɥɶɧɵɯ ɩɭɬɟɣ ɢ ɜɵɡɵɜɚɸɬ ɩɨɹɜɥɟɧɢɟ ɬɚɤ ɧɚɡɵɜɚɟɦɨɝɨ ɫɦɨɝɚ.
Ɉɫɨɛɨɟ ɜɥɢɹɧɢɟ ɨɤɚɡɵɜɚɸɬ ɜɵɛɪɨɫɵ ɛɟɧɡɨɥɚ, ɬɨɥɭɨɥɚ, ɩɨɥɢɰɢɤɥɢɱɟɫɤɢɯ ɚɪɨɦɚɬɢɱɟɫɤɢɯ 
ɭɝɥɟɜɨɞɨɪɨɞɨɜ (ɉȺɍ) ɢ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɛɟɧɡɩɢɪɟɧɚ (ɋ20ɇ12). Эɬɚ ɝɪɭɩɩɚ ɜɵɫɨɤɨɬɨɤɫɢɱ-
ɧɵɯ ɜɟɳɟɫɬɜ ɨɛɪɚɡɭɟɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɢɪɨɥɢɡɚ ɥɟɝɤɢɯ ɢ ɫɪɟɞɧɢɯ ɮɪɚɤɰɢɣ ɬɨɩɥɢɜɚ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ 600...700Ʉ. Ɍɚɤɢɟ ɭɫɥɨɜɢɹ ɜɨɡɧɢɤɚɸɬ ɜɛɥɢɡɢ ɯɨɥɨɞɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɰɢɥɢɧ-
ɞɪɚ ɩɪɢ ɧɚɥɢɱɢɢ ɬɚɦ ɧɟɫɝɨɪɟɜɲɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ. Ʉɨɥɢɱɟɫɬɜɨ ɉȺɍ ɜ ɈȽ ɬɟɦ ɛɨɥɶɲɟ, ɱɟɦ 
ɜɵɲɟ ɤɨɧɰɟɧɬɪɚɰɢɹ ɜ ɬɨɩɥɢɜɟ ɛɟɧɡɨɥɚ. ɉȺɍ ɨɬɧɨɫɢɬɫɹ ɤ ɬɚɤ ɧɚɡɵɜɚɟɦɵɦ ɤɚɧɰɟɪɨɝɟɧɧɵɦ 
ɜɟɳɟɫɬɜɚɦ, ɨɧɢ ɧɟ ɜɵɜɨɞɹɬɫɹ ɢɡ ɨɪɝɚɧɢɡɦɚ ɱɟɥɨɜɟɤɚ, ɚ ɫɨ ɜɪɟɦɟɧɟɦ ɧɚɤɚɩɥɢɜɚɸɬɫɹ ɜ ɧɟɦ, 
ɫɩɨɫɨɛɫɬɜɭɹ ɨɛɪɚɡɨɜɚɧɢɸ ɡɥɨɤɚɱɟɫɬɜɟɧɧɵɯ ɨɩɭɯɨɥɟɣ.
ɋɚɠɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɬɜɟɪɞɵɣ ɩɪɨɞɭɤɬ, ɫɨɫɬɨɹɳɢɣ ɜ ɨɫɧɨɜɧɨɦ ɢɡ ɭɝɥɟɪɨɞɚ. Ʉɪɨɦɟ 
ɭɝɥɟɪɨɞɚ ɜ ɫɚɠɟ ɫɨɞɟɪɠɢɬɫɹ 1..3 % (ɩɨ ɦɚɫɫɟ) ɜɨɞɨɪɨɞɚ.
ɋɚɠɚ ɨɛɪɚɡɭɟɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜɵɲɟ 1500Ʉ ɜ ɪɟɡɭɥɶɬɚɬɟ ɨɛɴɟɦɧɨɝɨ ɩɪɨɰɟɫɫɚ ɬɟɪɦɢɱɟ-
ɫɤɨɝɨ ɪɚɡɥɨɠɟɧɢɹ (ɩɢɪɨɥɢɡɚ) ɩɪɢ ɫɢɥɶɧɨɦ ɧɟɞɨɫɬɚɬɤɟ ɤɢɫɥɨɪɨɞɚ. Ɏɨɪɦɚɥɶɧɨ ɪɟɚɤɰɢɹ ɩɢ-
ɪɨɥɢɡɚ ɜɵɪɚɠɚɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦμ
ɋn ɇm ↔ Чɋ + 1/2 Цɇ2 . (18.1)
ɇɚɱɚɥɨ ɨɛɪɚɡɨɜɚɧɢɹ ɫɚɠɢ ɢɦɟɟɬ ɦɟɫɬɨ ɩɪɢ ? ɦɟɧɶɲɟ 0,3... 0,7 ɢ ɡɚɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢ 
ɞɚɜɥɟɧɢɹ ɝɚɡɨɜ, ɚ ɬɚɤɠɟ ɨɬ ɜɢɞɚ ɬɨɩɥɢɜɚ. ɉɪɢ ɨɞɢɧɚɤɨɜɨɦ ɤɨɥɢɱɟɫɬɜɟ ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ ɩɨ 
ɫɬɟɩɟɧɢ ɭɜɟɥɢɱɟɧɢɹ ɫɤɥɨɧɧɨɫɬɢ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɫɚɠɢ ɭɝɥɟɜɨɞɨɪɨɞɵ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɫɥɟɞɭ-
ɸɳɢɦ ɨɛɪɚɡɨɦμ ɩɚɪɚɮɢɧɵ, ɨɥɟɮɢɧɵ, ɚɪɨɦɚɬɢɤɢ.
ɇɚɥɢɱɢɟ ɫɚɠɢ ɜ ɈȽ ɞɢɡɟɥɟɣ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɱɟɪɧɵɣ ɞɵɦ ɧɚ ɜɵɩɭɫɤɟ.
ɋɚɠɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɦɟɯɚɧɢɱɟɫɤɢɣ ɡɚɝɪɹɡɧɢɬɟɥɶ ɧɨɫɨɝɥɨɬɤɢ ɢ ɥɟɝɤɢɯ. Ȼɨɥɶɲɚɹ ɨɩɚɫ-
ɧɨɫɬɶ ɫɜɹɡɚɧɚ ɫɨ ɫɜɨɣɫɬɜɨɦ ɫɚɠɢ ɧɚɤɚɩɥɢɜɚɬɶ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɜɨɢɯ ɱɚɫɬɢɰ ɤɚɧɰɟɪɨɝɟɧ-
ɧɵɟ ɜɟɳɟɫɬɜɚ ɢ ɫɥɭɠɢɬɶ ɢɯ ɩɟɪɟɧɨɫɱɢɤɨɦ.
ɋɚɠɚ - ɧɟ ɟɞɢɧɫɬɜɟɧɧɨɟ ɬɜɟɪɞɨɟ ɜɟɳɟɫɬɜɨ, ɫɨɞɟɪɠɚɳɟɟɫɹ ɜ ɈȽ. Ⱦɪɭɝɢɟ ɬɜɟɪɞɵɟ ɜɟɳɟɫɬɜɚ 
ɨɛɪɚɡɭɸɬɫɹ ɢɡ ɫɨɞɟɪɠɚɳɟɣɫɹ ɜ ɞɢɡɟɥɶɧɨɦ ɬɨɩɥɢɜɟ ɫɟɪɵ, ɚ ɬɚɤɠɟ ɜ ɜɢɞɟ ɚɷɪɨɡɨɥɟɣ ɦɚɫɥɚ ɢ 
ɧɟɫɝɨɪɟɜɲɟɝɨ ɬɨɩɥɢɜɚ. ȼɫɟ ɜɟɳɟɫɬɜɚ, ɤɨɬɨɪɵɟ ɨɫɟɞɚɸɬ ɧɚ ɫɩɟɰɢɚɥɶɧɨɦ ɮɢɥɶɬɪɟ ɩɪɢ ɩɪɨ-
ɯɨɠɞɟɧɢɢ ɱɟɪɟɡ ɧɟɝɨ ɈȽ, ɩɨɥɭɱɢɥɢ ɨɛɳɟɟ ɧɚɡɜɚɧɢɟ - ɱɚɫɬɢɰɵ.
ɋɨɞɟɪɠɚɧɢɟ ɜ ɈȽ ɩɪɨɞɭɤɬɨɜ ɧɟɩɨɥɧɨɝɨ ɫɝɨɪɚɧɢɹ (ɋɈ, ɋɇ ɢ ɫɚɠɢ) ɧɟɠɟɥɚɬɟɥɶɧɨ ɧɟ ɬɨɥɶɤɨ 
ɢɡ-ɡɚ ɢɯ ɬɨɤɫɢɱɧɨɫɬɢ, ɧɨ ɢ ɩɨɬɨɦɭ, ɱɬɨ ɩɪɢ ɧɟɩɨɥɧɨɦ ɫɝɨɪɚɧɢɢ ɬɨɩɥɢɜɚ ɧɟɞɨɜɵɞɟɥɹɟɬɫɹ 
ɱɚɫɬɶ ɬɟɩɥɨɬɵ, ɚ ɷɬɨ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɭɯɭɞɲɟɧɢɟ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɬɟɩɥɨɜɵɯ 
ɭɫɬɚɧɨɜɨɤ.
ɋɜɢɧɟɰ ɢ ɫɟɪɚ. ɉɪɢɦɟɪɧɨ 50... 70% ɫɜɢɧɰɚ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ ɛɟɧɡɢɧɟ, ɩɨɩɚɞɚɟɬ ɜɦɟɫɬɟ ɫ ɈȽ 
ɜ ɚɬɦɨɫɮɟɪɭ ɜ ɮɨɪɦɟ ɫɜɢɧɰɨɜɵɯ ɫɨɥɟɣ, ɬ.ɟ. ɜ ɜɢɞɟ ɱɚɫɬɢɰ ɞɢɚɦɟɬɪɨɦ ɦɟɧɶɲɟ 1 ɦɤɦ. Эɬɢ 
ɱɚɫɬɢɰɵ ɩɪɨɧɢɤɚɸɬ ɜ ɨɪɝɚɧɢɡɦ ɱɟɥɨɜɟɤɚ ɜɦɟɫɬɟ ɫ ɜɨɡɞɭɯɨɦ ɢ ɱɟɪɟɡ ɤɨɠɭ. ɋɨɟɞɢɧɟɧɢɹ 
ɫɜɢɧɰɚ ɨɱɟɧɶ ɹɞɨɜɢɬɵ ɢ ɧɟ ɜɵɜɨɞɹɬɫɹ ɢɡ ɨɪɝɚɧɢɡɦɚ, ɧɚɤɚɩɥɢɜɚɹɫɶ ɜ ɧɟɦ. Ɉɧɢ ɧɟɝɚɬɢɜɧɨ 
ɜɨɡɞɟɣɫɬɜɭɸɬ ɧɚ ɰɟɧɬɪɚɥɶɧɭɸ ɧɟɪɜɧɭɸ ɫɢɫɬɟɦɭ, ɜɵɡɵɜɚɹ ɧɟɪɜɧɵɟ ɢ ɩɫɢɯɢɱɟɫɤɢɟ ɪɚɫ-
ɫɬɪɨɣɫɬɜɚ.
ɋɟɪɚ, ɫɨɞɟɪɠɚɳɚɹɫɹ ɜ ɞɢɡɟɥɶɧɨɦ ɬɨɩɥɢɜɟ, ɦɚɡɭɬɟ ɢ ɤɚɦɟɧɧɨɦ ɭɝɥɟ ɜɵɛɪɚɫɵɜɚɟɬɫɹ ɜ ɚɬɦɨ-
ɫɮɟɪɭ ɩɨɫɥɟ ɫɝɨɪɚɧɢɹ ɷɬɢɯ ɬɨɩɥɢɜ ɜ ɮɨɪɦɟ ɞɢɨɤɫɢɞɚ SO2, ɤɨɬɨɪɵɣ ɨɱɟɧɶ ɜɪɟɞɟɧ ɞɥɹ ɪɚɫ-
ɬɟɧɢɣ ɢ ɫɩɨɫɨɛɫɬɜɭɟɬ ɜɨɡɧɢɤɧɨɜɟɧɢɸ “ɤɢɫɥɨɬɧɵɯ” ɞɨɠɞɟɣ.
ɉɪɢɫɭɬɫɬɜɢɟ ɜ ɈȽ ɫɨɟɞɢɧɟɧɢɣ ɫɜɢɧɰɚ ɢ ɫɟɪɵ ɞɟɥɚɟɬ ɧɟɜɨɡɦɨɠɧɵɦ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɚɬɚɥɢ-
ɬɢɱɟɫɤɢɯ ɧɟɣɬɪɚɥɢɡɚɬɨɪɨɜ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ ɫɧɢɠɟɧɢɹ ɬɨɤɫɢɱɧɨɫɬɢ ɈȽ.
ɇɟɤɨɬɨɪɵɟ ɬɨɤɫɢɱɧɵɟ ɜɟɳɟɫɬɜɚ ɩɨɫɥɟ ɬɨɝɨ, ɤɚɤ ɨɧɢ ɩɨɩɚɞɚɸɬ ɜ ɚɬɦɨɫɮɟɪɭ ɜ ɫɨɫɬɚɜɟ ɩɪɨ-
ɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ, ɩɪɟɬɟɪɩɟɜɚɸɬ ɞɚɥɶɧɟɣɲɢɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ. ɇɚɩɪɢɦɟɪ, ɩɪɢ ɧɚɥɢɱɢɢ ɜ 
ɚɬɦɨɫɮɟɪɟ ɭɝɥɟɜɨɞɨɪɨɞɨɜ (ɢɥɢ ɢɯ ɪɚɞɢɤɚɥɨɜ), ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɢ ɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɩɪɢ ɢɧɬɟɧ-
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ɫɢɜɧɨɦ ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɨɦ ɢɡɥɭɱɟɧɢɢ ɫɨɥɧɰɚ ɨɛɪɚɡɭɟɬɫɹ ɨɡɨɧ Ɉɡ, ɹɜɥɹɸɳɢɣɫɹ ɫɢɥɶɧɟɣ-
ɲɢɦ ɨɤɢɫɥɢɬɟɥɟɦ ɢ ɜɵɡɵɜɚɸɳɢɣ ɩɪɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɭɯɭɞɲɟɧɢɟ ɫɚɦɨ-
ɱɭɜɫɬɜɢɹ ɥɸɞɟɣ.
ɉɪɢ ɜɵɫɨɤɨɦ ɫɨɞɟɪɠɚɧɢɢ ɜ ɦɚɥɨɩɨɞɜɢɠɧɨɣ ɢ ɜɥɚɠɧɨɣ ɚɬɦɨɫɮɟɪɟ NO2, Ɉ3 ɢ ɋɇ ɜɨɡɧɢɤɚɟɬ 
ɬɭɦɚɧ ɤɨɪɢɱɧɟɜɨɝɨ ɰɜɟɬɚ, ɤɨɬɨɪɵɣ ɩɨɥɭɱɢɥ ɧɚɡɜɚɧɢɟ “ɫɦɨɝ” (ɨɬ ɚɧɝɥɢɣɫɤɢɯ ɫɥɨɜ SЦШФО -
ɞɵɦ ɢ ПШР -ɬɭɦɚɧ). ɋɦɨɝ ɹɜɥɹɟɬɫɹ ɫɦɟɫɶɸ ɠɢɞɤɢɯ ɝɚɡɨɨɛɪɚɡɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ, ɨɧ ɪɚɡɞɪɚ-
ɠɚɟɬ ɝɥɚɡɚ ɢ ɫɥɢɡɢɫɬɵɟ ɨɛɨɥɨɱɤɢ, ɭɯɭɞɲɚɟɬ ɜɢɞɢɦɨɫɬɶ ɧɚ ɞɨɪɨɝɚɯ.
Ɉɫɧɨɜɧɵɦɢ ɢɫɬɨɱɧɢɤɚɦɢ ɜɵɛɪɨɫɚ ɬɨɤɫɢɱɧɵɯ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɹɜɥɹɸɬɫɹ ɚɜɬɨɦɨɛɢɥɢ, 
ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ, ɬɟɩɥɨɜɵɟ ɢ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɬɚɧɰɢɢ. ȼ ɧɟɤɨɬɨɪɵɯ ɝɨɪɨɞɚɯ ɫɨɞɟɪɠɚɧɢɟ ɜ 
ɚɬɦɨɫɮɟɪɟ ɬɨɤɫɢɱɧɵɯ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɩɪɟɜɵɲɚɟɬ ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɭɸ ɤɨɧɰɟɧɬɪɚ-
ɰɢɸ ɜ ɧɟɫɤɨɥɶɤɨ ɞɟɫɹɬɤɨɜ ɪɚɡ.
Ⱦɥɹ ɛɨɪɶɛɵ ɫ ɷɬɢɦ ɡɥɨɦ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɬɪɚɧ ɦɢɪɚ ɩɪɢɧɹɬɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɡɚɤɨɧɵ, 
ɨɝɪɚɧɢɱɢɜɚɸɳɢɟ ɞɨɩɭɫɬɢɦɨɟ ɫɨɞɟɪɠɚɧɢɟ ɬɨɤɫɢɱɧɵɯ ɜɟɳɟɫɬɜ ɜ ɩɪɨɞɭɤɬɚɯ ɫɝɨɪɚɧɢɹ, ɜɵ-
ɛɪɚɫɵɜɚɟɦɵɯ ɜ ɚɬɦɨɫɮɟɪɭ.
18.2. ȼɨɡɞɟɣɫɬɜɢɹ ɬɨɤɫɢɱɧɵɯ ɝɚɡɨɜ.
Ⱦɥɹ ɨɰɟɧɤɢ ɤɨɧɰɟɧɬɪɚɰɢɣ ɬɨɤɫɢɱɧɵɯ ɜɵɛɪɨɫɨɜ ɩɪɢɧɹɬɨ ɫɪɚɜɧɢɜɚɬɶ ɢɯ ɮɚɤɬɢɱɟɫɤɢɟ ɤɨɧ-
ɰɟɧɬɪɚɰɢɢ ɫ ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɦɢ (ɦɚɤɫɢɦɚɥɶɧɨ ɪɚɡɨɜɵɦɢ, ɫɪɟɞɧɟɫɭɬɨɱɧɵɦɢ ɢɥɢ 
ɫɪɟɞɧɟɝɨɞɨɜɵɦɢ).
ɇɚ ɨɫɧɨɜɚɧɢɢ ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ ɷɩɢɞɟɦɢɨɥɨɝɢɱɟɫɤɢɯ ɢ ɬɨɤɫɢɤɨɥɨɝɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 
ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜɨɡɞɟɣɫɬɜɢɟ ɤɚɠɞɨɝɨ ɢɡ ɜɪɟɞɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɨɩɪɟɞɟ-
ɥɟɧɧɵɦ ɧɟɝɚɬɢɜɧɵɦ ɩɨɫɥɟɞɫɬɜɢɹɦ.
Ɉɤɫɢɞ ɭɝɥɟɪɨɞɚ ɋɈ (ɜɪɟɦɹ ɠɢɡɧɢ ɜ ɚɬɦɨɫɮɟɪɟ 2...42 ɦɟɫ.) ɜɨɡɞɟɣɫɬɜɭɟɬ ɧɚ ɧɟɪɜɧɭɸ ɫɢɫɬɟ-
ɦɭ, ɜɵɡɵɜɚɟɬ ɨɛɦɨɪɨɤɢ, ɬɚɤ ɤɚɤ ɜɫɬɭɩɚɟɬ ɜ ɪɟɚɤɰɢɸ ɫ ɝɟɦɨɝɥɨɛɢɧɨɦ ɤɪɨɜɢ, ɡɚɦɟɳɚɹ ɤɢɫ-
ɥɨɪɨɞ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɋɈ ɜ ɜɨɡɞɭɯɟ ɢ ɜɪɟɦɟɧɢ ɜɨɡɞɟɣɫɬɜɢɹ ɫɬɟɩɟɧɶ ɩɨ-
ɪɚɠɟɧɢɹ ɨɪɝɚɧɢɡɦɚ ɦɨɠɟɬ ɫɭɳɟɫɬɜɟɧɧɨ ɪɚɡɥɢɱɚɬɶɫɹ.
Ʉɨɝɞɚ ɜɞɨɯ ɩɪɟɤɪɚɳɚɟɬɫɹ, ɋɈ, ɫɜɹɡɚɧɧɵɣ ɝɟɦɨɝɥɨɛɢɧɨɦ, ɩɨɫɬɟɩɟɧɧɨ ɜɵɞɟɥɹɟɬɫɹ, ɢ ɤɪɨɜɶ 
ɡɞɨɪɨɜɨɝɨ ɱɟɥɨɜɟɤɚ ɨɱɢɳɚɟɬɫɹ ɨɬ ɧɟɝɨ ɧɚ 50% ɤɚɠɞɵɟ 3...4 ɱ.
ȼɨɡɞɟɣɫɬɜɢɟ ɋɈ ɧɚ ɰɟɧɬɪɚɥɶɧɭɸ ɧɟɪɜɧɭɸ ɫɢɫɬɟɦɭ ɩɪɨɹɜɥɹɟɬɫɹ ɜ ɢɡɦɟɧɟɧɢɢ ɰɜɟɬɨɜɨɣ ɢ 
ɫɜɟɬɨɜɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɝɥɚɡ - ɜɨɡɪɚɫɬɚɟɬ ɜɟɪɨɹɬɧɨɫɬɶ ɚɜɚɪɢɣ. Ɇɚɤɫɢɦɚɥɶɧɨ-ɪɚɡɨɜɚɹ 
ɉȾɄ ɷɬɨɝɨ ɜɟɳɟɫɬɜɚ ɜ ɧɚɫɟɥɟɧɧɵɯ ɩɭɧɤɬɚɯ ɫɨɫɬɚɜɥɹɟɬ 3 ɦɝ/ɦ3, ɜ ɋɒȺ - 10 ɦɝ/ɦ3 ɡɚ κ ɱ 
ɜɨɡɞɟɣɫɬɜɢɹ.
ȼ ɚɬɦɨɫɮɟɪɟ ɧɚɞ ɚɜɬɨɦɚɝɢɫɬɪɚɥɹɦɢ ɢ ɩɪɢɥɟɝɚɸɳɢɯ ɬɟɪɪɢɬɨɪɢɹɯ ɢɡ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɜɫɬɪɟ-
ɱɚɸɬɫɹ, ɜ ɨɫɧɨɜɧɨɦ NɈ ɢ NɈ2. NɈ ɹɜɥɹɟɬɫɹ ɧɟɭɫɬɨɣɱɢɜɵɦ ɤɨɦɩɨɧɟɧɬɨɦ, ɤɨɬɨɪɵɣ ɜ ɬɟɱɟ-
ɧɢɟ ɨɬ 0,5...3 ɞɨ 100 ɱ (ɡɚɜɢɫɢɬ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜ ɜɨɡɞɭɯɟ) ɨɤɢɫɥɹɟɬɫɹ ɞɨ NɈ2. Ɍɨɤɫɢɱ-
ɧɨɫɬɶ NɈ2 ɜ 7 ɪɚɡ ɜɵɲɟ ɬɨɤɫɢɱɧɨɫɬɢ NɈ.
ɇɚ ɨɪɝɚɧɢɡɦ ɱɟɥɨɜɟɤɚ NɈ2 ɞɟɣɫɬɜɭɟɬ ɤɚɤ ɨɫɬɪɵɣ ɪɚɡɞɪɚɠɢɬɟɥɶ ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ 15 ɦɝ/ɦ3

ɢ ɦɨɠɟɬ ɜɵɡɜɚɬɶ ɨɬɟɤ ɥɟɝɤɢɯ ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ 200...300 ɦɝ/ɦ3. Ɋɟɚɝɢɪɭɹ ɫ ɚɬɦɨɫɮɟɪɧɨɣ 
ɜɥɚɝɨɣ, ɨɤɫɢɞɵ ɚɡɨɬɚ ɨɛɪɚɡɭɸɬ ɚɡɨɬɧɭɸ ɤɢɫɥɨɬɭ, ɜɵɡɵɜɚɸɳɭɸ ɤɨɪɪɨɡɢɸ ɦɟɬɚɥɥɨɜ, ɭɧɢ-
ɱɬɨɠɟɧɢɟ ɪɚɫɬɢɬɟɥɶɧɨɫɬɢ ɢ ɬ.ɞ.
ɇɚɢɛɨɥɶɲɭɸ ɨɩɚɫɧɨɫɬɶ ɨɤɫɢɞɵ ɚɡɨɬɚ ɩɪɟɞɫɬɚɜɥɹɸɬ ɤɚɤ ɚɤɬɢɜɧɵɣ ɤɨɦɩɨɧɟɧɬ ɩɪɢ ɨɛɪɚɡɨ-
ɜɚɧɢɢ ɮɨɬɨɯɢɦɢɱɟɫɤɨɝɨ ɫɦɨɝɚ. Ɇɚɤɫɢɦɚɥɶɧɨ-ɪɚɡɨɜɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɜ ɚɬɦɨ-
ɫɮɟɪɟ ɧɚɫɟɥɟɧɧɵɯ ɩɭɧɤɬɨɜ - 0,0κ5 ɦɝ/ɦ3.
Ƚɚɡɨɨɛɪɚɡɧɵɟ ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɟ ɭɝɥɟɜɨɞɨɪɨɞɵ ɨɤɚɡɵɜɚɸɬ ɧɚɪɤɨɬɢɱɟɫɤɨɟ ɞɟɣɫɬɜɢɟ ɧɚ 
ɨɪɝɚɧɢɡɦ ɱɟɥɨɜɟɤɚ, ɜɵɡɵɜɚɹ ɫɨɫɬɨɹɧɢɟ ɷɣɮɨɪɢɢ, ɱɬɨ ɭɜɟɥɢɱɢɜɚɟɬ ɜɟɪɨɹɬɧɨɫɬɶ ȾɌɉ. Ɍɨɤ-
ɫɢɱɧɨɫɬɶ ɢɯ ɜɨɡɪɚɫɬɚɟɬ ɩɪɢ ɧɚɥɢɱɢɢ ɜ ɜɨɡɞɭɯɟ ɞɪɭɝɢɯ ɡɚɝɪɹɡɧɟɧɢɣ, ɤɨɬɨɪɵɟ ɜ ɫɨɜɨɤɭɩɧɨ-
ɫɬɢ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɨɥɧɟɱɧɨɣ ɪɚɞɢɚɰɢɢ ɨɛɪɚɡɭɸɬ ɮɨɬɨɯɢɦɢɱɟɫɤɢɟ ɨɤɫɢɞɚɧɬɵ ɫɦɨɝɚ. ɉȾɄ 
ɦɚɤɫɢɦɚɥɶɧɨ-ɪɚɡɨɜɚɹ ɫɨɫɬɚɜɥɹɟɬ 5 ɦɝ/ɦ3.
ɉɨɥɢɰɢɤɥɢɱɟɫɤɢɟ ɚɪɨɦɚɬɢɱɟɫɤɢɟ ɭɝɥɟɜɨɞɨɪɨɞɵ, ɫɨɞɟɪɠɚɳɢɟɫɹ ɜ ɜɵɛɪɨɫɚɯ ɞɜɢɝɚɬɟɥɟɣ, 
ɹɜɥɹɸɬɫɹ ɤɚɧɰɟɪɨɝɟɧɧɵɦɢ, ɢɡ ɤɨɬɨɪɵɯ ɧɚɢɛɨɥɶɲɟɣ ɚɤɬɢɜɧɨɫɬɶɸ ɨɛɥɚɞɚɟɬ ɛɟɧɡɩɢɪɟɧ 
(ɋ20ɇ12), ɫɨɞɟɪɠɚɳɢɣɫɹ ɜ ɨɬɪɚɛɨɬɚɜɲɢɯ ɝɚɡɚɯ ɞɢɡɟɥɟɣ. ɉȾɄ ɫɨɫɬɚɜɥɹɟɬ 0,1 ɦɤɝ/100 ɦ3

ɜɨɡɞɭɯɚ.
ɋɚɠɚ, ɫɨɞɟɪɠɚɳɚɹɫɹ ɜ ɨɬɪɚɛɨɬɚɜɲɢɯ ɝɚɡɚɯ, ɨɛɥɚɞɚɟɬ ɛɨɥɶɲɟɣ ɬɨɤɫɢɱɧɨɫɬɶɸ, ɱɟɦ ɨɛɵɱ-
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ɧɚɹ ɩɵɥɶ. ɇɚ ɩɨɜɟɪɯɧɨɫɬɢ ɱɚɫɬɢɰ ɫɚɠɢ ɚɞɫɨɪɛɢɪɭɸɬɫɹ ɤɚɧɰɟɪɨɝɟɧɧɵɟ ɜɟɳɟɫɬɜɚ. ȼɢɞɢ-
ɦɵɦ ɚɜɬɨɦɨɛɢɥɶɧɵɣ ɜɵɯɥɨɩ ɫɬɚɧɨɜɢɬɫɹ ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɚɠɢ 130 ɦɝ/ɦ3.
Ɋɚɡɦɟɪɵ ɱɚɫɬɢɰ ɫɨɫɬɚɜɥɹɸɬ 0,1λ...0,54 ɦɤɦ ɜ ɞɢɚɦɟɬɪɟ ɢ ɦɨɝɭɬ ɞɨɫɬɢɝɚɬɶ ɚɥɶɜɟɨɥ ɥɟɝɤɢɯ 
ɢɥɢ ɨɬɤɥɚɞɵɜɚɬɶɫɹ ɜ ɧɨɫɨɜɵɯ ɩɚɡɭɯɚɯ, ɬɪɚɯɟɹɯ ɢɥɢ ɛɪɨɧɯɚɯ.
Ɉɤɫɢɞɵ ɫɟɪɵ ɩɪɢ ɦɚɥɵɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ (0,001%) ɜɵɡɵɜɚɸɬ ɪɚɡɞɪɚɠɟɧɢɟ ɞɵɯɚɬɟɥɶɧɵɯ 
ɩɭɬɟɣ, ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ 0,01% ɩɪɨɢɫɯɨɞɢɬ ɨɬɪɚɜɥɟɧɢɟ ɥɸɞɟɣ ɡɚ ɧɟɫɤɨɥɶɤɨ ɦɢɧɭɬ. ɇɚɥɢ-
ɱɢɟ ɜ ɚɬɦɨɫɮɟɪɟ ɫɟɪɧɢɫɬɵɯ ɝɚɡɨɜ ɩɪɟɩɹɬɫɬɜɭɟɬ ɮɨɬɨɫɢɧɬɟɡɭ ɪɚɫɬɟɧɢɣ, ɧɟɛɥɚɝɨɩɪɢɹɬɧɨ 
ɜɨɡɞɟɣɫɬɜɭɟɬ ɧɚ ɞɵɯɚɬɟɥɶɧɵɟ ɩɭɬɢ ɱɟɥɨɜɟɤɚ. ɉɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ SɈ2 ɜ ɜɨɡɞɭɯɟ ɛɨɥɟɟ 0,λ 
ɦɝ/ɦ3 ɩɪɨɢɫɯɨɞɢɬ ɢɡɦɟɧɟɧɢɟ ɩɪɨɰɟɫɫɨɜ ɮɨɬɨɫɢɧɬɟɡɚ ɪɚɫɬɟɧɢɣν ɱɟɪɟɡ 5... 10 ɞɧɟɣ ɯɜɨɹ ɫɨɫ-
ɧɵ, ɟɥɢ ɧɚɱɢɧɚɟɬ ɪɵɠɟɬɶ ɢ ɩɪɟɠɞɟɜɪɟɦɟɧɧɨ ɨɩɚɞɚɟɬ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɦɟɫɶ SɈ2 ɢ ɋɈ 
ɩɪɢ ɞɥɢɬɟɥɶɧɨɦ ɜɨɡɞɟɣɫɬɜɢɢ ɜɵɡɵɜɚɟɬ ɧɚɪɭɲɟɧɢɟ ɝɟɧɟɬɢɱɟɫɤɨɣ ɮɭɧɤɰɢɢ ɨɪɝɚɧɢɡɦɚ. ɉȾɄ 
ɜ ɪɚɛɨɱɟɣ ɡɨɧɟ ɫɨɫɬɚɜɥɹɟɬ 10 ɦɝ/ɦ3.
ɋɨɟɞɢɧɟɧɢɹ ɫɜɢɧɰɚ ɩɪɢɜɨɞɹɬ ɤ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɝɨɥɨɜɧɨɣ ɛɨɥɢ, ɭɬɨɦɥɟɧɢɸ, ɧɚɪɭɲɟɧɢɸ 
ɫɧɚ, ɮɟɪɦɟɧɬɚɬɢɜɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɛɟɥɤɨɜ ɠɢɜɵɯ ɨɪɝɚɧɢɡɦɨɜ. ɉȾɄ ɫɪɟɞɧɟɫɭɬɨɱɧɚɹ ɫɨɫɬɚɜ-
ɥɹɟɬ 0,0003 ɦɝ/ɦ3. ɋɜɢɧɟɰ ɧɚɤɚɩɥɢɜɚɟɬɫɹ ɜ ɨɪɝɚɧɢɡɦɟ ɢ ɦɨɠɟɬ ɜɵɡɜɚɬɶ ɬɹɠɟɥɵɟ ɪɚɫɫɬɪɨɣ-
ɫɬɜɚ ɧɟɪɜɧɨɣ ɢ ɤɪɨɜɟɧɨɫɧɨɣ ɫɢɫɬɟɦɵ.
ɇɟɝɚɬɢɜɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɜɵɛɪɨɫɨɜ ɧɚ ɱɟɥɨɜɟɤɚ ɩɪɨɹɜɥɹɟɬɫɹ ɢ ɱɟɪɟɡ ɩɢɬɶɟ-
ɜɭɸ ɜɨɞɭ, ɢ ɩɪɨɞɭɤɬɵ ɩɢɬɚɧɢɹ. ɉɪɢɜɨɞɹɬ ɤ ɭɯɭɞɲɟɧɢɸ ɡɞɨɪɨɜɶɹ ɬɪɚɧɫɩɨɪɬɧɵɣ ɲɭɦ ɢ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɟ ɢɡɥɭɱɟɧɢɹ.
18.3. ɉɨɫɥɟɞɫɬɜɢɹ ɩɚɪɧɢɤɨɜɨɝɨ ɷɮɮɟɤɬɚ.
Ɉɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ ɬɨɩɥɢɜ ɹɜɥɹɟɬɫɹ ɞɢɨɤɫɢɞ ɭɝɥɟ-
ɪɨɞɚ (ɋɈ2), ɤɨɬɨɪɵɣ ɧɟ ɨɬɧɨɫɢɬɫɹ ɤ ɬɨɤɫɢɱɧɵɦ ɝɚɡɚɦ. Ƚɨɞɨɜɚɹ ɷɦɢɫɫɢɹ ɋɈ2 ɫɨɫɬɚɜɥɹɟɬ 
130...1100 ɦɥɪɞ. ɬ/ɝɨɞ. Ɉɫɧɨɜɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɋɈ2 ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɪɢɪɨɞɧɵɦɢ ɢɫɬɨɱɧɢɤɚɦɢ, 
ɢ ɬɨɥɶɤɨ ɩɪɢɦɟɪɧɨ 1...3 % ɫɜɹɡɚɧɵ ɫ ɬɟɯɧɢɱɟɫɤɨɣ ɞɟɹɬɟɥɶɧɨɫɬɶɸ ɱɟɥɨɜɟɤɚ (ɚɧɬɪɨɩɨɝɟɧɧɵɟ 
ɜɵɛɪɨɫɵ). Ɉɞɧɚɤɨ ɷɬɢ 1...3% ɦɨɝɭɬ ɧɚɪɭɲɚɬɶ ɪɚɜɧɨɜɟɫɢɟ ɜ ɚɬɦɨɫɮɟɪɟ ɢ ɫɥɭɠɢɬɶ ɩɪɢɱɢɧɨɣ 
ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɬɚɤ ɧɚɡɵɜɚɟɦɨɝɨ “ɩɚɪɧɢɤɨɜɨɝɨ” ɷɮɮɟɤɬɚ.
ȼ ɜɟɪɯɧɢɯ ɫɥɨɹɯ ɚɬɦɨɫɮɟɪɵ ɜɫɟɝɞɚ ɪɚɫɩɨɥɚɝɚɥɚɫɶ ɫɦɟɫɶ ɝɚɡɨɜ, ɫɨɫɬɨɹɳɚɹ ɧɚ 60... λ0 % ɢɡ 
ɜɨɞɹɧɨɝɨ ɩɚɪɚ. Эɬɚ ɫɦɟɫɶ ɝɚɡɨɜ ɩɪɟɩɹɬɫɬɜɭɟɬ ɨɬɜɨɞɭ ɬɟɩɥɨɬɵ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɲɟɣ ɩɥɚ-
ɧɟɬɵ, ɩɨɜɵɲɚɹ ɟɟ ɫɪɟɞɧɸɸ ɬɟɦɩɟɪɚɬɭɪɭ ɧɚ 33°ɋ (ɨɬ -1κ°ɋ ɞɨ +15°ɋ). ȼ ɭɜɟɥɢɱɟɧɢɢ ɫɪɟɞ-
ɧɟɣ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɡɟɦɥɢ ɢ ɡɚɤɥɸɱɚɟɬɫɹ “ɩɚɪɧɢɤɨɜɵɣ” ɷɮɮɟɤɬ, ɤɨɬɨɪɵɣ 
ɨɛɭɫɥɨɜɢɥ ɛɥɚɝɨɩɪɢɹɬɧɵɟ ɭɫɥɨɜɢɹ ɞɥɹ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɢ ɪɚɡɜɢɬɢɹ ɠɢɡɧɢ ɧɚ Ɂɟɦɥɟ. Ɉɞɧɚɤɨ 
ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɟɹɬɟɥɶɧɨɫɬɢ ɱɟɥɨɜɟɤɚ ɜ ɫɬɪɚɬɨɫɮɟɪɟ ɢ ɬɪɨɩɨɫɮɟɪɟ ɫɬɚɥɢ ɧɚɤɚɩɥɢɜɚɬɶɫɹ ɬɚ-
ɤɢɟ ɜɟɳɟɫɬɜɚ ɤɚɤ ɋɈ2, ɋɇ4, ɝɚɥɨɝɟɧɢɪɨɜɚɧɧɵɟ ɭɝɥɟɜɨɞɨɪɨɞɵ, ɨɡɨɧ ɢ ɝɟɦɢɨɤɫɢɞ ɚɡɨɬɚ 
(NɈ2). ɋɭɦɦɚɪɧɚɹ ɞɨɥɹ ɷɬɢɯ ɝɚɡɨɜ ɜ “ɩɚɪɧɢɤɨɜɨɦ” ɫɥɨɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɜɟɥɢɤɚ ɜɫɟɝɨ 0,5... 
15%. Ɉɞɧɚɤɨ ɨɧɢ ɜɵɡɜɚɥɢ ɡɚ ɩɨɫɥɟɞɧɢɟ 100 ɥɟɬ ɩɨɜɵɲɟɧɢɟ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢɦɟɪ-
ɧɨ ɧɚ 0,45°ɋ, ɱɬɨ ɜɵɪɚɡɢɥɨɫɶ ɜ ɢɡɜɟɫɬɧɨɦ ɩɨɬɟɩɥɟɧɢɢ ɤɥɢɦɚɬɚ. ɉɪɢ ɞɚɥɶɧɟɣɲɟɦ ɧɟɤɨɧ-
ɬɪɨɥɢɪɭɟɦɨɦ ɭɫɢɥɟɧɢɢ “ɩɚɪɧɢɤɨɜɨɝɨ” ɷɮɮɟɤɬɚ ɦɨɠɟɬ ɩɪɨɢɡɨɣɬɢ ɢɧɬɟɧɫɢɜɧɨɟ ɬɚɹɧɢɟ 
ɥɟɞɧɢɤɨɜ, ɤɨɬɨɪɨɟ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɝɥɨɛɚɥɶɧɨɣ ɤɚɬɚɫɬɪɨɮɟ.
ɂɡ ɜɫɟɯ ɚɧɬɪɨɩɨɝɟɧɧɵɯ “ɩɚɪɧɢɤɨɜɵɯ” ɝɚɡɨɜ ɝɥɚɜɧɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɭɫɢɥɟɧɢɹ “ɩɚɪɧɢɤɨɜɨɝɨ” 
ɷɮɮɟɤɬɚ ɢɦɟɟɬ ɋɈ2. ȼɚɠɧɟɣɲɢɦɢ ɢɫɬɨɱɧɢɤɚɦɢ ɚɧɬɪɨɩɨɝɟɧɧɵɯ ɜɵɛɪɨɫɨɜ ɋɈ2 ɹɜɥɹɸɬɫɹμ 
ɬɟɩɥɨɜɵɟ ɢ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɬɚɧɰɢɢ - 27%, ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ - 20%, ɨɬɨɩɥɟɧɢɟ ɠɢɥɵɯ ɩɨ-
ɦɟɳɟɧɢɣ ɢ ɦɚɥɚɹ ɷɧɟɪɝɟɬɢɤɚ - 20%, ɬɪɚɧɫɩɨɪɬ - 17%.
ɋɧɢɠɟɧɢɟ ɚɧɬɪɨɩɨɝɟɧɧɵɯ ɜɵɛɪɨɫɨɜ ɋɈ2 ɫɬɚɥɨ ɨɫɬɪɨɣ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɩɪɨɛɥɟɦɨɣ. ȼ ɬɨ ɠɟ 
ɜɪɟɦɹ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɱɟɦ ɛɨɥɶɲɟ ɋɈ2 ɨɛɪɚɡɭɟɬɫɹ ɩɪɢ ɫɝɨɪɚɧɢɢ ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ ɬɨɩɥɢɜ, 
ɬɟɦ ɨɧɨ ɫɨɜɟɪɲɟɧɧɟɟ. ɉɨɷɬɨɦɭ ɪɟɲɟɧɢɟ ɩɪɨɛɥɟɦɵ ɭɦɟɧɶɲɟɧɢɹ ɚɧɬɪɨɩɨɝɟɧɧɵɯ ɜɵɛɪɨɫɨɜ 
ɋɈ2 ɜɨɡɦɨɠɧɨ ɩɭɬɟɦμ
- ɭɦɟɧɶɲɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɫɠɢɝɚɟɦɨɝɨ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɬɨɩɥɢɜɚ, ɬ.ɟ. ɩɨɜɵɲɟɧɢɹ ɬɨɩɥɢɜ-
ɧɨɣ ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɬɟɩɥɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɭɫɬɪɨɣɫɬɜ ɢ ɬɟɩɥɨɜɵɯ ɞɜɢɝɚɬɟɥɟɣν
- ɩɪɢɦɟɧɟɧɢɹ ɬɨɩɥɢɜ ɫ ɦɚɥɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɭɝɥɟɪɨɞɚ (ɫɠɚɬɵɣ ɢ ɫɠɢɠɟɧɧɵɣ ɝɚɡɵ, ɫɩɢɪɬɵ 
ɢ ɷɮɢɪɵ)ν - ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɨɞɨɪɨɞɚν- ɩɟɪɟɯɨɞɚ ɤ ɲɢɪɨɤɨɦɭ ɩɪɢɦɟɧɟɧɢɸ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ 
ɢɫɬɨɱɧɢɤɨɜ ɷɧɟɪɝɢɢ (ɷɧɟɪɝɢɹ ɫɨɥɧɰɚ и ɜɟтра, ɝиɞрɨэɧɟрɝия, атɨɦɧая и яɞɟрɧая эɧɟрɝия).
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