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ɋɈɄɊȺɓȿɇɇɕɃ ɉȺɋɉɈɊɌ ȻȺɄɋȺɇɋɄɈɃ Ƚɗɋ 
 

1. ɇɚɢɦɟɧɨɜɚɧɢɟ Ƚɗɋ: Ȼɚɤɫɚɧɫɤɚɹ Ƚɗɋ ɧɚ ɪɟɤɟ Ȼɚɤɫɚɧ; 
2. Ɇɟɫɬɨɧɚɯɨɠɞɟɧɢɟ Ƚɗɋ: Ɋɟɫɩɭɛɥɢɤɚ Ʉɚɛɚɪɞɢɧɨ-Ȼɚɥɤɚɪɢɹ; 
3. Ɍɢɩ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɭɫɬɚɧɨɜɤɢ: Ƚɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɹ; 
4. ɏɚɪɚɤɬɟɪɧɵɟ ɪɚɫɯɨɞɵ ɜɨɞɵ: 
ɚ) ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɢɣ 33 ɦ3/ɫ; 
ɛ) ɦɚɤɫɢɦɚɥɶɧɵɣ ɩɨɜɟɪɨɱɧɵɣ ɪɚɫɯɨɞ ɨɛɟɫɩɟɱɟɧɧɨɫɬɶɸ 0,01%, 149 ɦ3/ɫ; 
ɜ) ɦɢɧɢɦɚɥɶɧɵɣ 9 ɦ³/ɫ; 
5. ɉɚɪɚɦɟɬɪɵ ɜɨɞɨɯɪɚɧɢɥɢɳɚ: 
ɚ) ɯɚɪɚɤɬɟɪ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɬɨɤɚ ɝɨɞɢɱɧɵɣ; 
ɛ) ɨɬɦɟɬɤɢ: ɇɉɍ 671,00 ɦ; ɍɆɈ 652,5 ɦ; 
ɜ) ɨɛɴёɦɵ: ɩɨɥɧɵɣ 0,3 ɤɦ3; ɩɨɥɟɡɧɵɣ 0,29 ɤɦ3; 
6. ɇɚɩɨɪɵ Ƚɗɋ: 
ɚ) ɦɚɤɫɢɦɚɥɶɧɵɣ 107,00 ɦ; ɛ) ɫɪɟɞɧɢɣ 93 ɦ; 
ɜ) ɪɚɫɱɟɬɧɵɣ 98,75 ɦ; ɝ) ɦɢɧɢɦɚɥɶɧɵɣ 87,27 ɦ; 
7. ɗɧɟɪɝɟɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: 
ɚ) Ɇɨɳɧɨɫɬɶ ɭɫɬɚɧɨɜɥɟɧɧɚɹ 71 Ɇȼɬ; 
ɛ) ɋɪɟɞɧɟɦɧɨɝɨɥɟɬɧɹɹ ɜɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 246 ɦɥɧ. ɤȼɬ∙ɱ.; 
ɜ) ɑɢɫɥɨ ɱɚɫɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ 4000 ɱɚɫ; 
8) ɉɥɨɬɢɧɚ: 
ɚ) ɞɟɪɢɜɚɰɢɨɧɧɚɹ, ɦɚɬɟɪɢɚɥ ɛɟɬɨɧ; 
ɛ) ɦɚɤɫɢɦɚɥɶɧɚɹ ɜɵɫɨɬɚ 29,4 ɦ; 
ɜ) ɞɥɢɧɚ ɞɟɪɢɜɚɰɢɢ 87ɦ; 
9) Ɂɞɚɧɢɟ Ƚɗɋ: 
ɚ) ɬɢɩ ɡɞɚɧɢɹ: ɩɥɨɬɢɧɧɨɟ. ɱɢɫɥɨ ɚɝɪɟɝɚɬɨɜ 2; 
ɛ) ɝɪɭɧɬɵ ɜ ɨɫɧɨɜɚɧɢɢ ɫɤɚɥɶɧɵɟ (ɞɨɥɨɦɢɬɵ); 
ɜ) ɬɢɩ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ -ɦɟɬɚɥɥɢɱɟɫɤɚɹ ɤɪɭɝɥɨɝɨ ɫɟɱɟɧɢɹ; 
ɝ) ɬɢɩ ɨɬɫɚɫɵɜɚɸɳɟɣ ɬɪɭɛɵ - ɢɡɨɝɧɭɬɚɹ; 
ɞ) ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɨɫɹɦɢ ɚɝɪɟɝɚɬɨɜ 8 ɦ; 
10) Ɉɫɧɨɜɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ: 
ɚ) ɬɢɩ ɬɭɪɛɢɧɵ ɊɈ115-ȼ-180, ɞɢɚɦɟɬɪ 1,8 ɦ; 
ɛ) ɬɢɩ ɝɟɧɟɪɚɬɨɪɚ ɋȼ-425/135-14, ɦɨɳɧɨɫɬɶ 35,5 Ɇȼɬ; 
ɜ) ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ 428,6 ɨɛ/ɦɢɧ; 
ɝ) Ɇɇɍ - Ɇɇɍ1,6/1-40-2,5-2; 
ɞ ɗȽɊ-100 4/11; 
11) Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ: 
ɚ) ɩɟɪɢɨɞ ɨɤɭɩɚɟɦɨɫɬɢ 118ɦɟɫ.; 
ɛ) ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɷɧɟɪɝɢɢ 0,36ɪɭɛ/ɤȼɬ∙ɱ; 
ɜ) ɭɞɟɥɶɧɵɟ ɤɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ 46910 ɪɭɛ/ɤȼɬ. 
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ȼȼȿȾȿɇɂȿ 
 
ɉɨɬɪɟɛɥɟɧɢɟ ɷɧɟɪɝɢɢ ɹɜɥɹɟɬɫɹ ɨɛɹɡɚɬɟɥɶɧɵɦ ɭɫɥɨɜɢɟɦ ɫɭɳɟɫɬɜɨɜɚɧɢɹ 

ɱɟɥɨɜɟɱɟɫɬɜɚ. ɇɚɥɢɱɢɟ ɞɨɫɬɭɩɧɨɣ ɞɥɹ ɩɨɬɪɟɛɥɟɧɢɹ ɷɧɟɪɝɢɢ ɜɫɟɝɞɚ ɛɵɥɨ 
ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ ɭɞɨɜɥɟɬɜɨɪɟɧɢɹ ɩɨɬɪɟɛɧɨɫɬɟɣ ɱɟɥɨɜɟɤɚ, ɭɜɟɥɢɱɟɧɢɹ 
ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɢ ɭɥɭɱɲɟɧɢɹ ɭɫɥɨɜɢɣ ɟɝɨ ɠɢɡɧɢ. ɋɚɦɵɦ ɪɚcɩɪɨcɬɪɚɧɟɧɧɵɦ 
ɜɢɞɨɦ ɷɧɟɪɝɢɢ ɹɜɥɹɟɬcɹ ɷɥɟɤɬɪɢɱɟcɤɚɹ ɷɧɟɪɝɢɹ  

ɗɥɟɤɬɪɢɱɟcɤɚɹ ɷɧɟɪɝɢɹ ɜɵɪɚɛɚɬɵɜɚɟɬcɹ ɧɚ ɷɥɟɤɬɪɢɱɟcɤɢɯ cɬɚɧɰɢɹɯ, 
ɪɚɡɥɢɱɧɨɝɨ ɬɢɩɚ. ɋɚɦɵɦ ɭɞɨɛɧɵɦ ɜɢɞɨɦ ɷɥɟɤɬɪɨcɬɚɧɰɢɣ c ɧɢɡɤɨɣ 
cɟɛɟcɬɨɢɦɨcɬɶɸ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ cɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɹɜɥɹɸɬcɹ ɝɢɞɪɚɜɥɢɱɟcɤɢɟ, 
c ɧɟɨcɩɨɪɢɦɵɦ ɩɥɸcɨɦ, ɬɚɤɢɦ ɤɚɤ ɷɤɨɥɨɝɢɱɟcɤɚɹ ɱɢcɬɨɬɚ. Ɉɞɧɢɦ ɢɡ ɨcɧɨɜɧɵɯ 
cɨɨɪɭɠɟɧɢɣ ɝɢɞɪɚɜɥɢɱɟcɤɢɯ cɬɚɧɰɢɣ ɹɜɥɹɟɬcɹ ɩɥɨɬɢɧɚ, ɤɨɬɨɪɚɹ cɥɭɠɢɬ ɞɥɹ 
ɩɨɞɩɨɪɚ ɜɨɞɵ, c ɩɨcɥɟɞɭɸɳɢɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟɦ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɢ ɜɨɞɵ ɜ 
ɷɥɟɤɬɪɢɱɟcɤɭɸ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɡɪɭɲɟɧɢɹ ɩɥɨɬɢɧɵ, ɩɨɹɜɥɹɟɬcɹ ɭɝɪɨɡɚ 
ɡɚɬɨɩɥɟɧɢɹ ɛɨɥɶɲɢɯ ɬɟɪɪɢɬɨɪɢɣ. ɉɨɷɬɨɦɭ ɧɟɨɛɯɨɞɢɦ ɤɪɚɣɧɟ cɟɪɶɟɡɧɵɣ ɩɨɞɯɨɞ 
ɤ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ɝɢɞɪɨɬɟɯɧɢɱɟcɤɢɯ cɨɨɪɭɠɟɧɢɣ ɞɥɹ ɤɚɱɟcɬɜɟɧɧɨɝɨ ɢ 
ɛɟɡɨɩɚcɧɨɝɨ ɢcɩɨɥɶɡɨɜɚɧɢɹ ɝɢɞɪɨɪɟcɭɪcɨɜ, ɱɬɨ ɪɟɝɥɚɦɟɧɬɢɪɭɟɬcɹ ɜ ɋɇɢɉɚɯ ɢ 
ɧɨɪɦɚɬɢɜɧɵɯ ɞɨɤɭɦɟɧɬɚɯ.  

ɐɟɥɶɸ ɛɚɤɚɥɚɜɪcɤɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬcɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ cɨɨɪɭɠɟɧɢɣ, ɜɵɛɨɪ 
ɨcɧɨɜɧɨɝɨ ɢ ɜcɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɪɚɡɪɚɛɨɬɤɚ ɩɪɚɜɢɥ ɨɯɪɚɧɵ ɬɪɭɞɚ ɢ 
ɨɤɪɭɠɚɸɳɟɣ cɪɟɞɵ, ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟcɤɨɟ ɨɛɨcɧɨɜɚɧɢɟ ɷɮɮɟɤɬɢɜɧɨcɬɢ 
ɩɪɨɟɤɬɚ, ɪɚɡɪɚɛɨɬɤɚ ɬɟɯɧɨɥɨɝɢɱɟcɤɨɣ ɤɚɪɬɵ ɢ cɨcɬɚɜɥɟɧɢɟ ɤɚɥɟɧɞɚɪɧɨɝɨ ɩɥɚɧɚ 
cɬɪɨɢɬɟɥɶcɬɜɚ ɝɢɞɪɨɭɡɥɚ. 
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1 Ⱥɧɚɥɢɡ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɜɧɟɲɧɢɯ ɭɫɥɨɜɢɣ 
ɮɭɧɤɢɨɧɢɪɨɜɚɧɢɹ Ƚɗɋ 

 
1.1 ɉɪɢɪɨɞɧɵɟ ɭɫɥɨɜɢɹ ɢ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 
 
1.1.1 Ɇɟɫɬɨɩɨɥɨɠɟɧɢɟ ɝɢɞɪɨɭɡɥɚ ɢ ɩɪɢɪɨɞɧɵɟ ɭɫɥɨɜɢɹ 

 
Ȼɚɤɫɚɧɫɤɢɣ ɝɢɞɪɨɭɡɟɥ ɪɚɫɩɨɥɨɠɟɧ ɧɚ ɋɟɜɟɪɧɨɦ Ʉɚɜɤɚɡɟ, ɧɚ ɪɟɤɟ Ȼɚɤɫɚɧ 

ɜɵɲɟ ɩɨ ɬɟɱɟɧɢɸ ɨɬ ɝɨɪɨɞɚ Ȼɚɤɫɚɧ.   
Ⱦɥɢɧɚ ɪɟɤɢ — 169ɤɦ, ɩɥɨɳɚɞɶ ɟё ɜɨɞɨɫɛɨɪɧɨɝɨ ɛɚɫɫɟɣɧɚ — 6800ɤɦ². 

ɋɪɟɞɧɢɣ ɪɚɫɯɨɞ ɜɨɞɵ ɭ ɫɟɥɚ Ɂɚɸɤɨɜɨ ɫɨɫɬɚɜɥɹɟɬ 33,6 ɦ³/ɫ. Ȼɚɤɫɚɧ ɛɟɪёɬ ɫɜɨё 
ɧɚɱɚɥɨ ɢɡ ɥɟɞɧɢɤɨɜ ɜ ɪɚɣɨɧɟ ɝ. ɗɥɶɛɪɭɫ. ɉɢɬɚɧɢɟ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɥɟɞɧɢɤɨɜɨɟ, 
ɫɧɟɝɨɜɨɟ ɢ ɩɨɞɡɟɦɧɨɟ. Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɤɨɥɟɛɥɟɬɫɹ ɨɬ +6 ɞɨ +12 ɝɪɚɞɭɫɨɜ 
ɐɟɥɶɫɢɹ ɉɨɥɨɜɨɞɶɟ ɜ ɢɸɥɟ-ɚɜɝɭɫɬɟ.  

Ȼɚɤɫɚɧ — ɬɢɩɢɱɧɚɹ ɝɨɪɧɚɹ ɪɟɤɚ ɫ ɛɨɥɶɲɢɦ ɭɤɥɨɧɨɦ ɢ ɛɵɫɬɪɵɦ ɬɟɱɟɧɢɟɦ, 
ɩɪɨɬɟɤɚɸɳɚɹ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɫ ɡɚɩɚɞɚ ɧɚ ɜɨɫɬɨɤ. 

 
1.1.2 Ɇɟɫɬɨɩɨɥɨɠɟɧɢɟ ɝɢɞɪɨɭɡɥɚ ɢ ɩɪɢɪɨɞɧɵɟ ɭɫɥɨɜɢɹ 
 
ɇɚ ɪɚɜɧɢɧɟ ɢ ɜ ɩɪɟɞɝɨɪɶɹɯ ɪɚɫɩɪɨɫɬɪɚɧёɧ ɜɥɚɠɧɵɣ ɤɨɧɬɢɧɟɧɬɚɥɶɧɵɣ 

ɤɥɢɦɚɬ, ɤɨɬɨɪɵɣ ɜ ɝɨɪɚɯ ɫɦɟɧɹɟɬɫɹ ɧɚ ɤɥɢɦɚɬ ɫɭɛɚɥɶɩɢɣɫɤɨɝɨ ɩɨɹɫɚ. 
 
1.1.3  ɋɟɡɨɧɧɨɫɬɶ 

 
Ɂɢɦɚ ɜ ɝɨɪɧɨɣ ɱɚɫɬɢ ɬɟɪɪɢɬɨɪɢɢ ɤɨɪɨɬɤɚɹ ɢ ɯɨɥɨɞɧɚɹ. ɋɚɦɵɣ ɯɨɥɨɞɧɵɣ 

ɦɟɫɹɰ ɡɢɦɵ — ɹɧɜɚɪɶ, ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɜ ɷɬɨ ɜɪɟɦɹ ɫɨɫɬɚɜɥɹɟɬ 
ɦɢɧɭɫ 2-15°ɋ. ɗɤɫɬɪɟɦɚɥɶɧɵɟ ɬɟɦɩɟɪɚɬɭɪɵ ɦɨɝɭɬ ɞɨɫɬɢɝɚɬɶ ɛɨɥɶɲɢɯ ɡɧɚɱɟɧɢɣ. 
Ɍɚɤ, ɦɢɧɢɦɚɥɶɧɵɟ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɨɩɭɫɤɚɸɬɫɹ ɧɢɠɟ 
-29ɝɪɚɞɭɫɨɜ ɐɟɥɶɫɢɹ. Ʌɟɬɨ ɧɚ ɪɚɜɧɢɧɟ ɨɱɟɧɶ ɬёɩɥɨɟ, ɜɬɨɪɚɹ ɩɨɥɨɜɢɧɚ ɠɚɪɤɚɹ. 

ɂɸɧɶ ɜ ɫɪɟɞɧɟɦ ɫɚɦɵɣ ɜɥɚɠɧɵɣ ɦɟɫɹɰ, ɜɵɩɚɞɚɟɬ ɛɨɥɶɲɟ ɜɫɟɝɨ ɨɫɚɞɤɨɜ, ɢ 
ɫɢɥɶɧɨɣ ɠɚɪɵ ɜ ɢɸɧɟ ɨɛɵɱɧɨ ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ (ɞɨ +37,0° ɋ). ɋɚɦɵɣ ɠɚɪɤɢɣ 
ɩɟɪɢɨɞ — ɤɨɧɟɰ ɢɸɥɹ — ɚɜɝɭɫɬ. Ɍɟɦɩɟɪɚɬɭɪɚ ɜ ɢɸɥɟ ɜ ɝɨɪɧɨɣ ɱɚɫɬɢ ɧɟɪɟɞɤɨ 
ɩɨɞɧɢɦɚɸɬɫɹ ɜɵɲɟ +32° C.  

 
1.1.4 Ɍɨɩɨɝɪɚɮɢɹ 
 
Ƚɟɨɞɢɧɚɦɢɱɟɫɤɚɹ ɨɛɫɬɚɧɨɜɤɚ ɧɚ ɬɟɪɪɢɬɨɪɢɢ Ʉɚɛɚɪɞɢɧɨ-Ȼɚɥɤɚɪɢɢ 

ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɪɚɡɧɨɨɛɪɚɡɧɚɹ: ɪɨɢ ɫɥɚɛɵɯ ɡɟɦɥɟɬɪɹɫɟɧɢɣ ɢ ɬɟɯɧɨɝɟɧɧɵɟ 
ɹɜɥɟɧɢɹ, ɥɨɤɚɥɶɧɵɟ ɝɟɨɞɢɧɚɦɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɜ ɪɚɣɨɧɟ ɗɥɶɛɪɭɫɫɤɨɝɨ 
ɜɭɥɤɚɧɢɱɟɫɤɨɝɨ ɰɟɧɬɪɚ, ɪɚɡɥɢɱɧɵɟ ɷɤɡɨɝɟɧɧɵɟ ɩɪɨɰɟɫɫɵ, ɬɚɤɢɟ ɤɚɤ ɨɩɨɥɡɧɢ, 
ɫɟɥɟɜɵɟ ɩɨɬɨɤɢ ɢ ɫɯɨɞɵ ɥɟɞɧɢɤɨɜ.  

 
1.1.5 Ƚɢɞɪɨɥɨɝɢɱɟɫɤɢɟ ɞɚɧɧɵɟ 
 



9 

 

Ƚɢɞɪɨɥɨɝɢɱɟɫɤɢɣ ɪɹɞ ɪɚɫɯɨɞɨɜ ɜɨɞɵ ɡɚ ɩɟɪɢɨɞ 1955–2004 ɝɝ. ɩɪɟɞɫɬɚɜɥɟɧ 
ɜ ɬɚɛɥɢɰɟ 1. 

 
Ɍɚɛɥɢɰɚ 1.1 – ɋɪɟɞɧɟɦɟɫɹɱɧɵɟ, ɫɪɟɞɧɟɝɨɞɨɜɵɟ ɢ ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɢɟ ɪɚɫɯɨɞɵ 
ɜɨɞɵ (ɦ3/ɫ) ɜ ɫɬɜɨɪɟ Ƚɗɋ 

Ƚɨɞɵ I II  III  IV V VI  VII VIII IX X XI  XII Qɫɪ.ɝɨɞ 

1955 24 33 35 33 38 32 51 43 19 19 20 22 28 

1956 9 10 31 28 41 64 75 60 22 22 9 15 32 

1957 14 18 23 24 36 51 70 64 27 17 14 17 31 

1958 16 19 25 26 50 56 69 58 23 25 14 17 33 

1959 12 18 23 21 33 55 65 53 16 6 6 14 27 

1960 8 10 13 19 35 50 61 54 17 6 9 16 25 

1961 17 18 23 23 33 50 66 57 21 21 19 17 30 

1962 22 23 25 24 34 51 69 58 22 13 10 16 31 

1963 15 18 27 30 37 57 66 57 20 14 17 16 31 

1964 13 18 29 28 33 52 58 54 18 16 14 15 29 

1965 14 18 23 23 40 42 62 59 21 21 16 15 30 

1966 17 19 24 22 30 52 68 57 22 14 9 16 29 

1967 19 26 42 50 92 102 86 63 23 21 18 17 46 

1968 16 21 24 23 32 44 59 61 20 16 7 15 28 

1969 17 18 27 31 37 46 57 52 22 17 12 17 29 

1970 14 18 23 22 80 70 63 57 19 11 9 15 33 

1971 10 17 22 24 59 57 64 59 23 13 11 13 31 

1972 26 33 36 38 36 39 62 49 20 18 19 21 32 

1973 17 19 24 24 39 56 68 61 37 23 27 17 34 

1974 17 24 23 25 35 49 62 57 20 23 17 18 31 

1975 19 24 26 32 84 70 82 71 22 31 25 21 42 

1976 16 18 22 27 43 52 73 62 25 23 26 16 33 

1977 18 19 23 28 38 44 64 55 19 13 23 17 30 

1978 6 11 14 41 52 61 57 38 19 19 17 16 29 

1979 14 18 24 23 88 85 65 38 24 25 30 16 37 

1980 4 10 15 15 44 42 55 56 20 18 12 15 26 

1981 17 18 24 28 71 80 60 60 20 16 22 18 36 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 1.1 
Ƚɨɞɵ I II  III  IV V VI  VII VIII  IX X XI  XII Qɫɪ.ɝɨɞ 

1982 14 18 28 30 40 59 72 60 24 20 34 14 34 
1983 17 19 24 23 69 63 68 58 22 18 9 29 35 

1984 17 19 30 29 60 74 77 63 24 18 16 17 37 

1985 17 25 30 52 99 100 87 69 35 29 24 21 49 

1986 21 19 24 46 77 74 90 75 39 35 26 17 45 

1987 21 23 25 38 63 57 74 63 27 26 23 19 38 

1988 9 16 26 38 70 65 73 60 23 25 31 18 38 

1989 23 18 27 35 62 59 70 58 22 15 12 16 35 

1990 20 19 28 24 46 55 73 59 24 20 20 17 34 

1991 18 19 22 22 34 49 65 62 24 20 16 16 30 

1992 16 18 23 34 65 103 71 59 22 17 14 15 38 

1993 14 15 27 28 48 49 63 53 17 12 6 16 29 

1994 16 19 24 35 55 55 73 61 23 23 18 16 35 

1995 16 18 23 28 40 44 45 58 19 13 17 15 28 

1996 17 17 23 33 46 50 68 55 19 18 25 22 33 

1997 17 19 24 32 37 61 64 58 22 19 14 17 32 

1998 16 17 18 32 50 52 70 59 20 21 12 16 32 

1999 8 10 14 16 33 38 49 41 19 18 15 15 23 

2000 16 18 22 19 61 65 65 54 18 10 12 17 31 

2001 16 19 24 24 55 57 65 67 25 15 17 15 33 

2002 22 22 25 31 70 73 76 60 26 28 16 21 39 

2003 21 19 25 37 47 53 72 68 28 25 29 17 37 

2004 17 22 29 31 35 44 74 64 25 20 19 16 33 

ɫɪɟɞ.ɡɧɚɱ 16 18 24 29 51 58 67 58 23 19 17 17 33 

 

Ⱦɚɧɧɵɟ ȼɏɄ ɢ ɩɨɬɟɪɢ ɩɨ ɛɵɬɨɜɨɦɭ ɪɚɫɯɨɞɭ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.2. 
 

Ɍɚɛɥɢɰɚ 1.2 – Ⱦɚɧɧɵɟ ɩɨ ȼɏɄ ɢ ɩɨɬɟɪɢ ɪɚɫɯɨɞɚ 

ɉɚɪɚɦɟɬɪ 
Ɇɟɫɹɰ 

1 2 3 4 5 6 7 8 9 10 11 12 
Ɍɪɟɛɨɜɚɧɢɹ ȼɏɄ, 

ɦ3/ɫ 
19 26 28 30 36 35 56 47 15,0 15,0 16,0 14,0 

Q,ɢɫɩɚɪ, ɦ3/ɫ 0 0 0 1 1 1 1 1 0 0 0 0 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 1.2 

ɉɚɪɚɦɟɬɪ 
Ɇɟɫɹɰ 

1 2 3 4 5 6 7 8 9 10 11 12 

Q, ɥɟɞ, ɦ3/ɫ 1 1 0 -1 -1 0 0 0 0 0 0 0 

Q, ɮɢɥɶɬɪɚɰɢɹ, 
ɦ3/ɫ 

1 1 1 1 1 1 1 1 1 1 1 1 

Q, ɫɚɧ.ɩɨɩɭɫɤ, 
ɦ3/ɫ 

9 9 9 9 9 9 9 9 9 9 9 9 

 
Ʉɪɢɜɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɪɚɫɯɨɞɨɜ ɨɬ ɭɪɨɜɧɟɣ ɜɨɞɵ ɜ ɇȻ, ɩɨɫɬɪɨɟɧɧɵɟ ɩɨ 

ɤɨɨɪɞɢɧɚɬɚɦ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɦ ɜ ɬɚɛɥɢɰɟ 1.3, ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫɭɧɤɟ 1.1. 
 

Ɍɚɛɥɢɰɚ 1.3 – Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɤɪɢɜɵɯ ɫɜɹɡɢ ɜ ɇȻ 

Q, ɦ3/ɫ Zɧɛ, ɦ 
0 652 

24,8 652,4 
49,6 652,8 
74,4 653,2 
99,2 653,6 
124 653,8 
149 564 

 

 
Ɋɢɫɭɧɨɤ 1.1 – Ʉɪɢɜɚɹ ɫɜɹɡɢ ɪɚɫɯɨɞɨɜ ɢ ZɇȻ 

 
Ʉɪɢɜɵɟ ɫɜɹɡɢ ɨɛɴɟɦɨɜ ɨɬ ɭɪɨɜɧɟɣ ɜɨɞɵ ɜ ɜɨɞɨɯɪɚɧɢɥɢɳɟ, ɩɨɫɬɪɨɟɧɧɵɟ ɩɨ 

ɞɚɧɧɵɦ ɤɨɨɪɞɢɧɚɬ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɦ ɜ ɬɚɛɥɢɰɟ 1.4, ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫɭɧɤɟ 1.2. 
 

Ɍɚɛɥɢɰɚ 1.4 – Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɤɪɢɜɨɣ ɫɜɹɡɢ ɜ ȼȻ 

Z, ɦ V, ɤɦ3 
652 0 
657 0,05 
661 0,1 

651.5
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652.5
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654

654.5

0 50 100 150 200

Z
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Q, ɦ3/c

Ʉɪɢɜɚɹ ɫɜɹɡɢ ɪɚɫɯɨɞɨɜ ɢ ZɇȻ
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Ɉɤɨɧɱɚɧɢɟ 1.4 
Z, ɦ V, ɤɦ3 
665 0,15 
668 0,2 
670 0,25 
671 0,3 
672 0,35 

 

 
Ɋɢɫɭɧɨɤ 1.2 – Ʉɪɢɜɚɹ ɫɜɹɡɢ ɨɛɴɟɦɨɜ ɢ ZȼȻ 

 
1.1.6 ɗɧɟɪɝɨ - ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɪɚɣɨɧɚ 
 
Ȼɚɤɫɚɧɫɤɢɣ ɪɚɣɨɧ ɪɚɫɩɨɥɨɠɟɧ ɜ ɫɟɜɟɪɧɨɣ ɱɚɫɬɢ ɪɟɫɩɭɛɥɢɤɢ ɢ ɝɪɚɧɢɱɢɬ: ɧɚ 

ɫɟɜɟɪɟ — ɫɨ ɋɬɚɜɪɨɩɨɥɶɫɤɢɦ ɤɪɚɟɦ, ɧɚ ɜɨɫɬɨɤɟ — ɫ ɉɪɨɯɥɚɞɧɟɧɫɤɢɦ ɪɚɣɨɧɨɦ, 
ɧɚ ɸɝɨ-ɜɨɫɬɨɤɟ ɫ ɍɪɜɚɧɫɤɢɦ ɪɚɣɨɧɨɦ, ɧɚ ɸɝɟ — ɫ ɑɟɝɟɦɫɤɢɦ ɪɚɣɨɧɨɦ, ɧɚ ɸɝɨ-
ɡɚɩɚɞɟ — ɫ ɗɥɶɛɪɭɫɫɤɢɦ ɪɚɣɨɧɨɦ ɢ ɧɚ ɡɚɩɚɞɟ — ɫ Ɂɨɥɶɫɤɢɦ ɪɚɣɨɧɨɦ. ȼ 
ɰɟɧɬɪɚɥɶɧɭɸ ɱɚɫɬɶ ɪɚɣɨɧɚ ɜɞɚёɬɫɹ ɦɭɧɢɰɢɩɚɥɶɧɨɟ ɨɛɪɚɡɨɜɚɧɢɟ ɝɨɪɨɞɫɤɨɣ ɨɤɪɭɝ 
«ɝɨɪɨɞ Ȼɚɤɫɚɧ». 

Ʉɚɛɚɪɞɢɧɨ-Ȼɚɥɤɚɪɫɤɚɹ ɪɟɫɩɭɛɥɢɤɚ ɪɚɛɨɬɚɟɬ ɜ ɫɨɫɬɚɜɟ Ɉɛɴɟɞɢɧɟɧɧɨɣ 
ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɘɝɚ (Ɉɗɋ ɘɝɚ) ɩɚɪɚɥɥɟɥɶɧɨ ɫ ȿɞɢɧɨɣ ɷɧɟɪɝɨɫɢɫɬɟɦɨɣ Ɋɨɫɫɢɢ. 
Ɏɭɧɤɰɢɢ ɨɩɟɪɚɬɢɜɧɨ-ɞɢɫɩɟɬɱɟɪɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɨɛɴɟɤɬɚɦɢ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɢ 
ɧɚ ɬɟɪɪɢɬɨɪɢɢ Ʉɚɛɚɪɞɢɧɨ-Ȼɚɥɤɚɪɢɢ ɨɫɭɳɟɫɬɜɥɹɟɬ ɋɟɜɟɪɨɤɚɜɤɚɡɫɤɨɟ ɊȾɍ. 

ɋɬɜɨɪ Ȼɚɤɫɚɧɫɤɨɣ Ƚɗɋ ɛɵɥ ɜɵɛɪɚɧ ɜ Ȼɚɤɫɚɧɫɤɨɦ ɪɚɣɨɧɟ. ɗɬɨɬ ɜɵɛɨɪ 
ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɪɚɣɨɧ ɧɭɠɞɚɟɬɫɹ ɜ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɩɨɫɬɚɜɤɟ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɜ ɫɜɹɡɢ ɫ ɧɚɥɢɱɢɟɦ ɜ ɪɚɣɨɧɟ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ 
ɬɭɪɢɫɬɢɱɟɫɤɢɯ ɛɚɡ ɢ ɛɚɡ ɨɬɞɵɯɚ, ɚ ɬɚɤɠɟ ɡɚɜɨɞɨɜ ɢ ɤɪɭɩɧɟɣɲɟɣ ɨɛɫɟɪɜɚɬɨɪɢɢ.  

ȼ ɧɟɞɪɚɯ ɡɟɦɟɥɶ ɢɦɟɸɬɫɹ ɩɨɥɟɡɧɵɟ ɢɫɤɨɩɚɟɦɵɟ: ɢɡɜɟɫɬɶ, ɬɭɮ, 
ɜɭɥɤɚɧɢɱɟɫɤɢɣ ɩɟɩɟɥ, ɝɥɢɧɚ, ɤɨɬɨɪɚɹ ɩɪɢɝɨɞɧɚ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɨɝɨ ɤɢɪɩɢɱɚ. ɉɪɢ ɞɨɛɵɱɟ ɢɫɤɨɩɚɟɦɵɯ ɢɫɩɨɥɶɡɭɟɬɫɹ ɛɨɥɶɲɨɟ 

650

655

660

665

670

675

0 0.1 0.2 0.3 0.4

Z
ɧɛ

,ɦ

V, ɤɦ3

Ʉɪɢɜɚɹ ɫɜɹɡɢ ɨɛɴɟɦɨɜ ɢ ZȼȻ



13 

 

ɤɨɥɢɱɟɫɬɜɨ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɤɨɬɨɪɨɣ ɩɨ ɞɚɧɧɵɦ ɐɟɧɬɪɚ ɷɤɨɧɨɦɢɱɟɫɤɢɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɹɜɥɹɟɬɫɹ ɜ ɧɟɞɨɫɬɚɬɤɟ ɞɥɹ ɪɟɫɩɭɛɥɢɤɢ.  

Ⱦɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɷɧɟɪɝɨɞɨɫɬɚɬɨɱɧɨɫɬɢ, ɜ ɪɟɝɢɨɧɟ ɛɭɞɟɬ ɪɚɫɩɨɥɚɝɚɬɶɫɹ 
ɩɪɨɟɤɬɢɪɭɟɦɚɹ Ƚɗɋ. 

Ⱦɚɧɧɵɟ ɩɨ ɷɧɟɪɝɨɫɢɫɬɟɦɟ: ɗɧɟɪɝɨɫɢɫɬɟɦɚ ɈȾɍ ɘɝɚ, ɋɟɜɟɪɨɤɚɜɤɚɡɫɤɨɟ 
ɊȾɍ, Pmax=3604 Ɇȼɬ. 

ɉɥɚɧ ɩɨɬɪɟɛɥɟɧɢɹ ɋɟɜɟɪɨɤɚɜɤɚɡɫɤɨɝɨ ɊȾɍ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 1.3 
 

 
Ɋɢɫɭɧɨɤ 1.3 - ɋɭɬɨɱɧɵɟ ɝɪɚɮɢɤɢ ɧɚɝɪɭɡɤɢ ɋɟɜɟɪɨɤɚɜɤɚɡɫɤɨɝɨ ɊȾɍ  

 

1.1.7 ɋɭɳɟɫɬɜɭɸɳɢɟ Ƚɗɋ ɜ ɪɟɫɩɭɛɥɢɤɟ Ʉɚɛɚɪɞɢɧɨ-Ȼɚɥɤɚɪɢɹ 
 
ɋɭɳɟɫɬɜɭɸɳɢɟ Ƚɗɋ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.5 
 

Ɍɚɛɥɢɰɚ 1.5 – ɋɭɳɟɫɬɜɭɸɳɢɟ Ƚɗɋ 
ɇɚɡɜɚɧɢɟ Ƚɗɋ ɗɝɨɞ, ɦɥɧ ɤȼɬ*ɱ Nɭɫɬ, Ɇȼɬ 

Ɂɟɥɟɧɱɭɤɫɤɚɹ Ƚɗɋ 384 200 
 

Ⱥɜɚɪɢɣɧɵɣ ɪɟɡɟɪɜ - 7%. 
ɇɚɝɪɭɡɨɱɧɵɣ ɪɟɡɟɪɜ - 1%. 
Ʉɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ – Ʉɦ=8,8. 
ɉɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɜɨɞɨɩɪɨɜɨɞɹɳɢɯ ɫɨɨɪɭɠɟɧɢɹɯ - ∆h=0,1ɦ. 
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2 ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟcɤɢɟ ɢ ɜɨɞɨɯɨɡɹɣɫɬɜɟɧɧɵɟ ɪɚɫɱёɬɵ 
 
2.1 ȼɵɛɨɪ ɪɚɫɱɟɬɧɵɯ ɝɢɞɪɨɝɪɚɮɨɜ ɞɥɹ ɦɚɥɨɜɨɞɧɨɝɨ ɢ 

ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ ɩɪɢ ɡɚɞɚɧɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɫɬɨɤɚ 
 
Ⱦɥɹ ɜɵɛɨɪɚ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ Ƚɗɋ ɢ ɪɚɫɱɟɬɚ ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɟɣ 

ɜɵɪɚɛɨɬɤɢ ɧɟɨɛɯɨɞɢɦɨ ɪɚɡɨɛɪɚɬɶɫɹ ɫ ɭɫɥɨɜɢɹɦɢ ɜɨɞɧɨɫɬɢ ɪɟɤɢ ɜ ɡɚɞɚɧɧɨɦ 
ɫɬɜɨɪɟ, ɢɫɯɨɞɹ ɢɡ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɬɚɛɥɢɰɟ 1.1 ɝɢɞɪɨɝɪɚɮɨɜ ɡɚ 1955-2004 ɝɝ., ɢ 
ɨɩɪɟɞɟɥɢɬɶ ɪɚɫɯɨɞɵ ɦɚɥɨɜɨɞɧɨɝɨ ɢ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ.  

Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɪɚɡɞɟɥɢɬɶ ɤɚɠɞɵɣ ɝɨɞ ɧɚ ɞɜɚ ɩɟɪɢɨɞɚ – ɩɨɥɨɜɨɞɶɟ ɢ 
ɦɟɠɟɧɶ. 

ɋɱɢɬɚɟɬɫɹ, ɱɬɨ ɤ ɩɟɪɢɨɞɭ ɩɨɥɨɜɨɞɶɹ ɨɬɧɨɫɹɬɫɹ ɦɟɫɹɰɵ, ɜ ɤɨɬɨɪɵɯ ɪɚɫɯɨɞɵ 
ɛɨɥɶɲɟ ɢɥɢ ɪɚɜɧɵ ɫɪɟɞɧɟɝɨɞɨɜɨɦɭ ɪɚɫɯɨɞɭ. Ɉɫɬɚɥɶɧɵɟ ɦɟɫɹɰɵ ɫɨɫɬɚɜɹɬ 
ɦɚɥɨɜɨɞɧɵɣ ɩɟɪɢɨɞ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤ ɩɟɪɢɨɞɭ ɩɨɥɨɜɨɞɶɹ ɨɬɧɨɫɹɬɫɹ V, VI , VII, VIII , ɦɟɫɹɰɵ, ɚ 
ɤ ɩɟɪɢɨɞɭ ɦɟɠɟɧɢ – IX , X, XI , XII ɢ, I, II , III , IV ɦɟɫɹɰɵ.  

Ⱦɚɥɟɟ ɜɵɱɢɫɥɹɟɦ ɫɪɟɞɧɢɟ ɪɚɫɯɨɞɵ (ɦ3/ɫ) ɞɥɹ ɜɫɟɯ ɥɟɬ ɪɹɞɚ, ɡɚ ɩɟɪɢɨɞ 
ɦɟɠɟɧɢ ɢ ɩɨɥɨɜɨɞɶɹ ɢ ɪɚɫɩɨɥɚɝɚɟɦ ɢɯ ɜ ɩɨɪɹɞɤɟ ɭɛɵɜɚɧɢɹ. 
Ɉɛɟɫɩɟɱɟɧɧɨɫɬɶ ɧɚɯɨɞɢɦ ɩɨ ɮɨɪɦɭɥɟ 2.1: 
 Pሺmሻ = ୫୬+ଵ ∙ ͳͲͲ% (2.1) 
 

ɋɪɟɞɧɢɟ ɪɚɫɯɨɞɵ ɡɚ ɝɨɞ ɜ ɦɚɥɨɜɨɞɧɵɣ ɩɟɪɢɨɞ ɢ ɫɪɟɞɧɟɜɨɞɧɵɣ ɩɟɪɢɨɞ  

ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.1 
 
Ɍɚɛɥɢɰɚ 2.1 – ɋɪɟɞɧɢɟ ɪɚɫɯɨɞɵ ɡɚ ɝɨɞ ɜ ɦɚɥɨɜɨɞɧɵɣ ɩɟɪɢɨɞ ɢ ɫɪɟɞɧɟɜɨɞɧɵɣ 
ɩɟɪɢɨɞ 

m P, % Ƚɨɞɵ Qɝɨɞ, ɦ3/ɫ Ƚɨɞɵ Qɦɟɠɟɧɶ, ɦ3/ɫ Ƚɨɞɵ Qɩɨɥɨɜ, ɦ3/ɫ 

1 2 1985 49 1985 29 1985 89 

2 4 1967 46 1986 28 1967 86 

3 6 1986 45 1967 27 1986 79 

4 8 1975 42 1987 25 1975 77 

5 10 2002 39 2003 25 1992 75 

6 12 1987 38 1975 25 2002 70 

7 14 1988 38 2002 24 1979 69 

8 16 1992 38 1973 23 1984 68 

9 18 1979 37 1988 23 1981 68 

10 20 1984 37 1982 23 1970 67 

11 22 2003 37 2004 22 1988 67 

12 24 1981 36 1996 22 1983 65 

13 25 1983 35 1994 22 1987 64 

14 27 1989 35 1972 22 1989 62 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 2.1 
m P, % Ƚɨɞɵ Qɝɨɞ, ɦ3/ɫ Ƚɨɞɵ Qɦɟɠɟɧɶ, ɦ3/ɫ Ƚɨɞɵ Qɩɨɥɨɜ, ɦ3/ɫ 

15 29 1994 35 1976 22 2000 61 

16 31 1973 34 1979 22 1994 61 

17 33 1982 34 1990 21 2001 61 

18 35 1990 34 1984 21 2003 60 

19 37 1958 33 1974 21 1956 60 

20 39 1970 33 1989 21 1971 60 

21 41 1976 33 1981 20 1990 58 

22 43 1996 33 1997 20 1958 58 

23 45 2001 33 1958 20 1982 58 

24 47 2004 33 1969 20 1998 58 

25 49 1956 32 1983 20 1976 57 

26 51 1972 32 1955 20 1973 56 

27 53 1997 32 1992 20 1997 55 

28 55 1998 32 1961 20 1957 55 

29 57 1957 31 1977 20 1996 55 

30 59 1962 31 1963 20 2004 54 

31 61 1963 31 1991 20 1963 54 

32 63 1971 31 1962 19 1962 53 

33 65 1974 31 2001 19 1993 53 

34 67 2000 31 1957 19 1972 52 

35 69 1961 30 1998 19 1991 52 

36 71 1965 30 1965 19 1978 52 

37 73 1977 30 1964 19 1966 51 

38 75 1991 30 1995 19 1959 51 
39 76 1964 29 1956 18 1961 51 
40 78 1966 29 1966 18 1965 51 
41 80 1969 29 1978 18 1974 51 
42 82 1978 29 1968 18 1977 50 
43 84 1993 29 1993 17 1960 50 
44 86 1968 28 1971 17 1964 50 
45 88 1995 28 1970 17 1980 49 
46 90 1955 27 2000 16 1968 49 
47 92 1959 27 1959 15 1969 48 
48 94 1980 26 1999 14 1995 47 
49 96 1960 25 1980 14 1955 41 
50 98 1999 23 1960 12 1999 40 

 
2.2 ɇɚɯɨɠɞɟɧɢɟ ɢ ɤɨɪɪɟɤɬɢɪɨɜɤɚ ɦɚɥɨɜɨɞɧɨɝɨ ɢ ɫɪɟɞɧɟɜɨɞɧɨɝɨ ɝɨɞɚ 
 
- ɋɪɟɞɧɟɜɨɞɧɵɣ (50%) ɝɨɞ 
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ɇɚ ɝɪɚɮɢɤɟ ɨɬɫɭɬɫɬɜɭɟɬ ɤɨɧɤɪɟɬɧɵɣ ɝɨɞ ɞɥɹ Ɋ=50%, ɞɥɹ ɧɭɠɧɨ ɜɡɹɬɶ 
ɛɥɢɠɚɣɲɢɟ ɪɚɫɯɨɞɵ ɨɬ ɪɚɫɱɟɬɧɨɣ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ: 1956 ɝɨɞ ɢ 1972. 
ɂɧɬɟɪɩɨɥɢɪɭɹ ɡɧɚɱɟɧɢɟ ɪɚɫɯɨɞɚ ɞɥɹ 50% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ. 

1973 ɢ 1976 ɝɝ. ɗɬɢ ɝɨɞɚ ɩɪɢɲɥɢ ɧɚ ɨɛɟɫɩɟɱɟɧɧɨɫɬɶ 49% ɢ 51% ɩɨ 
ɩɨɥɨɜɨɞɶɸ. ɂɧɬɟɪɩɨɥɢɪɭɹ, ɩɨɥɭɱɚɟɦ  ܳ˄˃ˊሺ˒ˑˎˑ˅ˑˇ˟ˈሻ = 56,5ˏ ଷ/˔. ɗɬɨɬ ɪɚɫɯɨɞ 
ɩɪɢɯɨɞɢɬɫɹ ɧɚ ɨɛɟɫɩɟɱɟɧɧɨɫɬɶ 50% ɩɨ ɩɨɥɨɜɨɞɶɸ. 

1955 ɢ 1983 ɝɝ. ɗɬɢ ɝɨɞɚ ɩɪɢɲɥɢ ɧɚ ɨɛɟɫɩɟɱɟɧɧɨɫɬɶ 49% ɢ 51% ɩɨ ɦɟɠɟɧɢ. 
ɂɧɬɟɪɩɨɥɢɪɭɹ, ɩɨɥɭɱɚɟɦ  ܳ˄˃ˊሺˏˈˉˈː˟ሻ = 20ˏ ଷ/˔. ɗɬɨɬ ɪɚɫɯɨɞ ɩɪɢɯɨɞɢɬɫɹ ɧɚ 
ɨɛɟɫɩɟɱɟɧɧɨɫɬɶ 50% ɩɨ ɦɟɠɟɧɢ. 

Ʉɨɷɮɮɢɰɢɟɧɬɵ ɩɪɢɜɟɞɟɧɢɹ ɩɨ ɩɨɥɨɜɨɞɶɸ ɢ ɦɟɠɟɧɢ ɞɥɹ ɫɪɚɜɧɢɜɚɟɦɨɝɨ 
1956 ɢ 1972 ɝ. 

1956 ɝɨɞ: 
 

Ʉɩ = ொ˄˃ˊሺ˒ˑˎˑ˅ˑˇ˟ˈሻ ொ ଵଽହ଺ ˒ˑ ˒ˑˎˑ˅ˑˇ˟ˡ = ହ଺.ହ଺଴ = Ͳ.ͻ (2.2) 

 

Ʉɦ = ொ˄˃ˊሺˏˈˉˈː˟ሻ ொ ଵଽହ଺ ˒ˑ ˏˈˉˈːˋ = ଶ଴ଵ଼ = ͳ (2.3) 

 
1972 ɝɨɞ 
 

Ʉɩ = ொ˄˃ˊሺ˒ˑˎˑ˅ˑˇ˟ˈሻ ொ ଵଽ଻ଶ ˒ˑ ˒ˑˎˑ˅ˑˇ˟ˡ = ହ଺.ହହଶ = ͳ.Ͳͺ (2.4) 

 

Ʉɦ = ொ˄˃ˊሺˏˈˉˈː˟ሻ ொ ଵଽ଻ଶ ˒ˑ ˏˈˉˈːˋ = ଶ଴ଶଶ = Ͳ.ͻ (2.5) 

 
Ƚɨɞ ɩɪɢɜɟɞɟɧɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɤɨɬɨɪɨɝɨ ɛɭɞɭɬ ɛɥɢɠɟ ɤ 1, ɛɭɞɟɬ 

ɫɪɟɞɧɟɜɨɞɧɵɦ ɝɨɞɨɦ. ɂɫɯɨɞɹ ɢɡ ɩɨɥɭɱɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 
ɫɪɟɞɧɟɜɨɞɧɵɦ ɛɭɞɟɬ 1972 ɝɨɞ. ɉɪɨɢɡɜɟɞɟɦ ɤɨɪɪɟɤɬɢɪɨɜɤɭ ɪɚɫɯɨɞɨɜ 1972 ɝɨɞɚ ɫ 
ɭɱɟɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɪɢɜɟɞɟɧɢɹ. Ⱦɚɧɧɵɟ ɪɚɫɯɨɞɨɜ ɫ ɭɱɟɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 
ɩɪɢɜɟɞɟɧɢɹ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 2.2. 

 
Ɍɚɛɥɢɰɚ 2.2 – Ⱦɚɧɧɵɟ ɪɚɫɯɨɞɨɜ ɫ ɭɱɟɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɪɢɜɟɞɟɧɢɹ 

Ɇɟɫɹɰ I II  III  IV V VI  VII VIII IX X XI  XII ɫɪɟɞ 
Q50%ɢɫɯɨɞɧɨɟ 26 33 36 38 36 39 62 49 20 18 19 21 32 

Q50% ɫ 

ɤɨɷɮ.ɩɪɢɜɟɞ. 23 30 32 34 39 42 67 53 18 16 17 19 32 
 
- Ɇɚɥɨɜɨɞɧɵɣ (90%) ɝɨɞ 
ɉɨ ɝɪɚɮɢɤɭ ɞɥɹ 90% ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɩɪɢɯɨɞɢɬɫɹ 1955 ɝɨɞ. ȼɵɱɢɫɥɢɦ 

ɩɪɢɜɟɞɟɧɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ ɩɨ ɩɨɥɨɜɨɞɶɸ ɢ ɩɨ ɦɟɠɟɧɢ ɞɥɹ 
ɞɚɧɧɨɝɨ ɝɨɞɚ. ܳ˄˃ˊሺ˒ˑˎˑ˅ˑˇ˟ˈሻ  ˏଷ/˔ (1968ɝ). ɗɬɨɬ ɝɨɞ ɩɪɢɲɟɥ ɧɚ ɨɛɟɫɩɟɱɟɧɧɨɫɬɶ 90% 
ɩɨ ɩɨɥɨɜɨɞɶɸ. 
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ܳ˄˃ˊሺˏˈˉˈː˟ሻ =  ˏଷ/˔ (2000ɝ). ɗɬɨɬ ɝɨɞ ɩɪɢɲɟɥ ɧɚ ɨɛɟɫɩɟɱɟɧɧɨɫɬɶ 90% 
ɩɨ ɦɟɠɟɧɢ. 

 

Ʉɩ = ொ˄˃ˊሺ˒ˑˎˑ˅ˑˇ˟ˈሻ ொ ଵଽ଺଼ ˒ˑ ˒ˑˎˑ˅ˑˇ˟ˡ = ସଽସଵ = ͳ,ͳ (2.6) 

 

Ʉɦ = ொ˄˃ˊˑ˅ˑˈሺˏˈˉˈː˟ሻொ ଶ଴଴଴ ˒ˑ ˏˈˉˈːˋ = ଵ଺ଶ଴ = 0,8 (2.7) 

 
Ⱦɚɧɧɵɟ ɪɚɫɯɨɞɨɜ ɫ ɭɱɟɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɪɢɜɟɞɟɧɢɹ ɞɥɹ ɦɚɥɨɜɨɞɧɨɝɨ 

ɝɨɞɚ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 2.3. 
 

Ɍɚɛɥɢɰɚ 2.3 - Ⱦɚɧɧɵɟ ɪɚɫɯɨɞɨɜ ɫ ɭɱɟɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɪɢɜɟɞɟɧɢɹ 
ɦɟɫɹɰɵ I II  III  IV V VI  VII VIII IX X XI  XII ɫɪɝɨɞ 
Q90% 
ɢɫɯɨɞɧ. 

24 33 35 38 33 32 51 43 19 19 20 22 28 

Q ɩɪɢɜɟɞ 19 26 28 30 36 35 56 47 15,0 15,0 16,0 14,0 28 
 

2.3 ɉɨɫɬɪɨɟɧɢɟ ɝɢɞɪɨɝɪɚɮɚ ɪɟɤɢ Ȼɚɤɫɚɧ 
 
ɉɨ ɞɚɧɧɵɦ ɢɡ ɬɚɛɥɢɰ 2.2, 2.3 ɫɬɪɨɢɬɫɹ ɝɢɞɪɨɝɪɚɮ ɪɟɤɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ 

ɪɢɫɭɧɤɟ 2.1.  
 

 
Ɋɢɫɭɧɨɤ 2.1 - Ƚɢɞɪɨɝɪɚɮ ɪɟɤɢ Ȼɚɤɫɚɧ 

 
2.4 ɉɨɫɬɪɨɟɧɢɟ ɝɨɞɨɜɵɯ ɝɪɚɮɢɤɨɜ ɦɚɤɫɢɦɚɥɶɧɵɯ ɢ 

ɫɪɟɞɧɟɦɟɫɹɱɧɵɯ ɧɚɝɪɭɡɨɤ ɷɧɟɪɝɨɫɢɫɬɟɦɵ 
 
ɂɫɩɨɥɶɡɭɹ ɞɚɧɧɵɟ ɢɡ ɫɭɬɨɱɧɨɝɨ ɝɪɚɮɢɤɚ P(t), ɩɨɫɬɪɨɢɦ ɝɨɞɨɜɵɟ ɝɪɚɮɢɤɢ 

ɦɚɤɫɢɦɚɥɶɧɵɯ ɢ ɫɪɟɞɧɟɦɟɫɹɱɧɵɯ ɧɚɝɪɭɡɨɤ ɷɧɟɪɝɨɫɢɫɬɟɦɵ: 
Ɇɚɤɫɢɦɚɥɶɧɚɹ ɢ ɫɪɟɞɧɹɹ ɧɚɝɪɭɡɤɚ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɧɨɫɢɬ ɫɢɧɭɫɨɢɞɚɥɶɧɵɣ 

ɯɚɪɚɤɬɟɪ ɢ ɞɥɹ ɪɚɛɨɱɟɝɨ ɞɧɹ ɤɚɠɞɨɝɨ ɦɟɫɹɰɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 2.8: 
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௧ܲ௠௔௫ = ܽ + ሺܾ ∙ cos|͵Ͳ° ∙ ݐ − ͳͷ°|ሻ, (2.8) 
 
ɝɞɟ t - ɩɨɪɹɞɤɨɜɵɣ ɧɨɦɟɪ ɦɟɫɹɰɚ ɜ ɝɨɞɭ (1- ɹɧɜɚɪɶ, 2- ɮɟɜɪɚɥɶ ɢ ɬ. ɞ.);  

ɚ,b - ɤɨɷɮɮɢɰɢɟɧɬɵ, ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɬɨɪɵɯ ɢɫɩɨɥɶɡɭɸɬɫɹ ɮɨɪɦɭɥɵ:  
 a = ୔ˊˋˏ˃ౣax +୔ˎˈ˕ˑౣaxଶ = ଷ଺଴ସ+ଶ଼ଶସଶ = ͵ʹʹʹ (2.9) 
 b = ୔ˊˋˏ˃ౣax−୔ˎˈ˕ˑౣaxଶ = ଷ଺଴ସ−ଶ଼ଶସଶ = ͵ͺͳ  (2.10) 

 a˔˓ = ୔ˊˋˏ˃˔˓ +୔ˎˈ˕ˑ˔˓ଶ = ଷଶଵହ+ଶହଶଽଶ = ʹͺ͹ͳ,ͻ (2.11) 
 b˔˓ = ୔ˊˋˏ˃˔˓ −୔ˎˈ˕ˑ˔˓ଶ = ଷଶଵହ−ଶହଶଽଶ = ͵Ͷ͵,ʹ (2.12) 

 
Ȼɵɥɢ ɧɚɣɞɟɧɵ ɦɚɤɫɢɦɚɥɶɧɚɹ ɢ ɫɪɟɞɧɟɦɟɫɹɱɧɚɹ ɧɚɝɪɭɡɤɚ 

ɋɟɜɟɪɨɤɚɜɤɚɡɫɤɨɝɨ ɊȾɍ ɞɥɹ ɤɚɠɞɨɝɨ ɦɟɫɹɰɚ, ɪɟɡɭɥɶɬɚɬɵ ɡɚɧɟɫɟɧɵ ɜ ɬɚɛɥɢɰɭ 2.4 
 

Ɍɚɛɥɢɰɚ 2.4 - Ƚɨɞɨɜɵɟ ɦɚɤɫɢɦɚɥɶɧɵɟ ɢ ɫɪɟɞɧɟɦɟɫɹɱɧɵɟ ɧɚɝɪɭɡɤɢ ɊȾɍ 
t ߙ cos  P(max) P(cp) ߙ
1 0,26 0,97 3591 3204 
2 0,79 0,71 3492 3115 
3 1,31 0,26 3321 2961 
4 1,83 -0,26 3124 2783 
5 2,36 -0,71 2953 2630 
6 2,88 -0,97 2854 2541 
7 3,40 -0,97 2853 2540 
8 3,93 -0,71 2952 2629 
9 4,45 -0,26 3123 2782 
10 4,97 0,26 3320 2960 
11 5,50 0,71 3492 3114 
12 6,02 0,97 3591 3203 

 

ɋɨɝɥɚɫɧɨ ɩɨɥɭɱɟɧɧɵɦ ɞɚɧɧɵɦ ɛɵɥ ɩɨɫɬɪɨɟɧ ɝɪɚɮɢɤ ɦɨɳɧɨɫɬɟɣ ɪɢɫɭɧɨɤ 
2.2 
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Ɋɢɫɭɧɨɤ 2.2 - Ƚɨɞɨɜɵɟ ɝɪɚɮɢɤɢ ɧɚɝɪɭɡɤɢ ɩɨ ɦɨɳɧɨɫɬɹɦ 
 

2.4.1 Ɋɚɫɱɟɬ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ Ƚɗɋ ɛɟɡ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫ ɭɱɟɬɨɦ 
ɬɪɟɛɨɜɚɧɢɣ ɜɨɞɨɯɨɡɹɣɫɬɜɟɧɧɨɣ ɫɢɫɬɟɦɵ 
 

Ƚɥɚɜɧɵɦ ɤɪɢɬɟɪɢɟɦ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ 
ɹɜɥɹɟɬɫɹ ɦɚɤɫɢɦɭɦ ɜɵɬɟɫɧɟɧɢɹ ɬɟɩɥɨɜɵɯ ɦɨɳɧɨɫɬɟɣ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɟ. 
Ⱦɥɹ ɜɵɛɪɚɧɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ (1955ɝ.) ɜɵɱɢɫɥɹɟɦ ɡɧɚɱɟɧɢɟ 
ɦɨɳɧɨɫɬɢ ɧɚ ɩɨɥɟɡɧɨɦ ɛɵɬɨɜɨɦ ɫɬɨɤɟ ɞɥɹ ɤɚɠɞɨɝɨ ɦɟɫɹɰɚ ɝɨɞɚ ɩɨ ɮɨɪɦɭɥɟ 2.13, 
2.14: 
  ʐܰ˞˕.ʒЭʠ = ݇ே ∙ ܳ˒˓ଽ଴% ∙ 𝐻ʒЭʠ˒ˑˇ˅,  (2.13) 
 
ɝɞɟ ݇ே  –  ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ, ݇ே  =  ͺ,ͺ; ܳ˒˓ଽ଴% – ɛɵɬɨɜɨɣ ɪɚɫɯɨɞ ɪɚɫɱɟɬɧɨɝɨ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ, ɦ3/ɫ; 𝐻ʒЭʠ˒ˑˇ˅ −  ɩɨɞɜɟɞɟɧɧɵɣ ɧɚɩɨɪ Ƚɗɋ, ɦ. 
 𝐻ʒЭʠ˒ˑˇ˅ = ܼʑʐ − ܼʜʐ(ܳʜʐሺݐሻ) − ∆ℎ, (2.14) 
 
ɝɞɟ ܼʑʐ − ɨɬɦɟɬɤɚ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɨɬɦɟɬɤɟ  ʜʞʢ, ɦ; ܼʜʐ(ܳʜʐሺݐሻ) − ɭɪɨɜɟɧɶ ɧɢɠɧɟɝɨ ɛɶɟɮɚ, ɨɩɪɟɞɟɥɟɧɧɵɣ ɩɨ ɥɟɬɧɟɣ ɢɥɢ 
ɡɢɦɧɟɣ ɤɪɢɜɨɣ ɫɜɹɡɢ, ɦ; ∆ℎ − ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɜɨɞɨɩɨɞɜɨɞɹɳɢɯ ɫɨɨɪɭɠɟɧɢɹɯ, ∆ℎ = Ͳ,ͳ ɦ. 

Ɂɚɬɟɦ ɪɚɫɫɱɢɬɵɜɚɟɦ ɦɨɳɧɨɫɬɶ Ƚɗɋ ɜ ɪɟɠɢɦɟ ɪɚɛɨɬɵ ɩɨ ɬɪɟɛɨɜɚɧɢɹɦ ȼɏɄ 
ɩɨ ɮɨɪɦɭɥɟ (2.15):  
 ʑܰХК = ݇ே ∙ ܳʑХК ∙ 𝐻ʒЭʠ˒ˑˇ˅, (2.15) 
 

ɝɞɟ ܳʑХК − ɪɚɫɯɨɞ ɜɨɞɵ ɩɨ ɬɪɟɛɨɜɚɧɢɹɦ ɭɱɚɫɬɧɢɤɨɜ ɜɨɞɨɯɨɡɹɣɫɬɜɟɧɧɨɝɨ 
ɤɨɦɩɥɟɤɫɚ, ɦ3/ɫ. 
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ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɞɚɧɧɵɦ ɡɚɩɨɥɧɹɟɦ ɬɚɛɥɢɰɭ 2.5 
 

Ɍɚɛɥɢɰɚ 2.5 – Ɋɟɠɢɦ ɪɚɛɨɬɵ ɛɟɡ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫ ɭɱɟɬɨɦ ȼɏɄ 

Ɇɟɫɹɰ I II  III  IV V VI  VII VIII IX X XI  XII 

Qɛɵɬ90% 19,0 26,0 28,0 30,0 36,0 35,0 56,0 47,0 15,0 15,0 16,0 14,0 

Qɜɯɤ 19 19 19 19 19 19 19 19 19 19 19 19 ܳˋ˔˒ , ˏଷ/˔ 0 0 0 1 1 1 1 1 0 0 0 0 ܳˎˈˇ, ˏଷ/˔ 1 1 0 -1 -1 0 0 0 0 0 1 1 ܳ˗ˋˎ˟˕˓,  ˏଷ/˔ 1 1 1 1 1 1 1 1 1 1 1 1 ܳ˛ˎˡˊ , ˏ ଷ/˔ 0 0 0 0 0 0 0 0 0 0 0 0 ∑ ܳ˒ˑ˕ˈ˓˟, ˏ ଷ/˔ 
1 1 1 1 1 2 2 2 1 1 1 1 ܳ˒ˑˎ.˄˞˕., ˏ ଷ/˔ 18 25 27 29 35 33 54 45 14 14 15 13 ܼː˄, ˏ 564 565 565 565 565 565 565 565 565 565 565 565 ܼ˅˄, ˏ 671 𝐻, ˏ 107 107 107 107 107 107 107 107 107 107 107 107 

 

ɂɫɯɨɞɹ ɢɡ ɞɚɧɧɵɯ ɬɚɛɥɢɰɵ 2.5 ɨɩɪɟɞɟɥɹɟɬɫɹ, ɱɬɨ 12 ɦɟɫɹɰ – ɷɬɨ ɦɟɫɹɰ 
ɧɚɱɚɥɚ ɫɪɚɛɨɬɤɢ ɜɨɞɨɯɪɚɧɢɥɢɳɚ. 

Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɛɚɥɚɧɫɚ ɷɧɟɪɝɢɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.6. 
 
Ɍɚɛɥɢɰɚ 2.6 – Ⱦɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɛɚɥɚɧɫɚ ɷɧɟɪɝɢɢ 

Ɇɟɫɹɰ I II  III  IV V VI  VII VIII IX X XI  XII ˄ܰ˞˕, ʛʑ˕ 17 23 25 27 33 31 50 42 13 13 14 12 ˅ܰ˘ˍ , ʛʑ˕ 13 13 13 13 13 13 13 13 13 13   13 13 ˅ܰˑˇˑ˕ − ˅ܰ˘ˍ, ʛʑ˕ 
4 10 12 14 20 18 37 29 0 0 1 -1 

 
Ⱦɚɧɧɵɣ ɪɚɫɱёɬ ɜɵɩɨɥɧɹɟɬɫɹ ɫ ɰɟɥɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɫɹɰɟɜ, ɜ ɤɨɬɨɪɵɟ Ƚɗɋ 

ɛɭɞɟɬ ɪɚɛɨɬɚɬɶ ɧɚ ɪɚɫɯɨɞɚɯ, ɩɪɟɜɵɲɚɸɳɢɯ ɬɪɟɛɨɜɚɧɢɹ ȼɏɄ. Ɇɨɳɧɨɫɬɶ, ɤɨɬɨɪɭɸ 
ɦɵ ɦɨɠɟɦ ɪɚɫɩɪɟɞɟɥɢɬɶ ɜ ɦɟɫɹɰɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
2.16:  
 

Nɛɵɬ-Nɜɯɤ= 145 Ɇȼɬ  (2.16) 
 

ɉɨ ɞɚɧɧɵɦ ɬɚɛɥɢɰɵ 2.6 ɫɬɪɨɢɦ ɛɚɥɚɧɫ ɷɧɟɪɝɢɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ 
ɪɢɫɭɧɤɟ 2.3, ɧɚ ɤɨɬɨɪɨɦ ɢɡɥɢɲɤɢ ɛɵɬɨɜɨɣ ɦɨɳɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɹɟɦ ɬɚɤɢɦ 
ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɦɚɤɫɢɦɚɥɶɧɨɟ ɜɵɬɟɫɧɟɧɢɟ ɬɟɩɥɨɜɵɯ ɦɨɳɧɨɫɬɟɣ 
ɫɢɫɬɟɦɵ ɢ ɦɚɤɫɢɦɚɥɶɧɨ ɫɝɥɚɞɢɬɶ ɫɪɟɞɧɟɦɟɫɹɱɧɭɸ ɧɚɝɪɭɡɤɭ ɧɚ ɝɨɞɨɜɨɦ ɝɪɚɮɢɤɟ 
ɫɪɟɞɧɟɦɟɫɹɱɧɵɯ ɦɨɳɧɨɫɬɟɣ.  
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Ɋɢɫɭɧɨɤ 2.3 - Ȼɚɥɚɧɫ ɷɧɟɪɝɢɢ ɞɥɹ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɫ ɭɱёɬɨɦ 
ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ ɛɵɬɨɜɵɯ ɦɨɳɧɨɫɬɟɣ  

 

Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɩɪɨɢɡɜɟɫɬɢ ɩɟɪɜɵɣ ɩɪɢɛɥɢɠɟɧɧɵɣ ɪɚɫɱёɬ 
ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɷɧɟɪɝɨɨɬɞɚɱɢ, ɧɚ ɪɢɫɭɧɤɟ ɩɪɨɜɨɞɢɦ ɝɨɪɢɡɨɧɬɚɥɶɧɭɸ ɩɪɹɦɭɸ 
ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɦɨɳɧɨɫɬɢ (ɱɟɪɧɚɹ ɥɢɧɢɹ). 

Ɂɚ ɦɟɫɹɰ ɫɪɚɛɨɬɤɢ ɩɪɢɧɢɦɚɟɦ ɩɟɪɜɵɣ ɦɟɫɹɰ ɩɨɫɥɟ ɩɨɥɨɜɨɞɶɹ, ɜ ɤɨɬɨɪɨɦ 
ɪɚɡɧɢɰɚ Nɛɵɬ-Nɜɯɤ ɛɭɞɟɬ ɨɬɪɢɰɚɬɟɥɶɧɨɣ. ɂɡ ɪɢɫɭɧɤɚ 2.3 ɜɢɞɧɨ, ɱɬɨ ɩɨɞ 
ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɩɨɩɚɥɢ 2 ɦɟɫɹɰɚ, ɚ ɜ ɨɫɬɚɥɶɧɵɟ ɦɟɫɹɰɚ, Ƚɗɋ ɪɚɛɨɬɚɟɬ ɩɨ 
ɬɪɟɛɨɜɚɧɢɹɦ ȼɏɄ. Ⱦɚɧɧɵɟ ɬɚɛɥɢɰɵ 2.7 ɧɟɨɛɯɨɞɢɦɵ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ 1 ɢɬɟɪɚɰɢɢ 
ȼɗɊ. 

 
Ɍɚɛɥɢɰɚ 2.7 – Ƚɚɪɚɧɬɢɪɨɜɚɧɧɚɹ ɦɨɳɧɨɫɬɶ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ 

Ɇɟɫɹɰ I II  III  IV V VI  VII VIII IX X XI  XII ˆܰ˃˓, ʛʑ˕ 80  ȼɏɄ    80 

 
2.5 ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ ɜ ɦɚɥɨɜɨɞɧɨɦ  

 
Ɋɚɫɱɟɬ ɪɚɛɨɬɵ ɜɨɞɨɯɪɚɧɢɥɢɳɚ Ƚɗɋ ɩɪɨɢɡɜɨɞɢɬɫɹ ɤɚɥɟɧɞɚɪɧɵɦ ɦɟɬɨɞɨɦ 

ɧɚ ɡɚɞɚɧɧɵɣ ɪɟɠɢɦ ɫɪɟɞɧɟɦɟɫɹɱɧɵɯ ɦɨɳɧɨɫɬɟɣ. Ɉɛɹɡɚɬɟɥɶɧɵɦ ɭɫɥɨɜɢɟɦ ɞɥɹ 
ɜɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɚɫɱёɬɨɜ ɹɜɥɹɟɬɫɹ ɪɚɜɟɧɫɬɜɨ ɭɪɨɜɧɟɣ ɜɨɞɵ ɜ 
ɜɨɞɨɯɪɚɧɢɥɢɳɟ ɜ ɧɚɱɚɥɟ ɢ ɜ ɤɨɧɰɟ ɪɚɫɱёɬɧɨɝɨ ɩɟɪɢɨɞɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. ɗɬɨ 
ɭɫɥɨɜɢɟ ɨɛɭɫɥɨɜɥɟɧɨ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɫɟɣ ɩɨɥɟɡɧɨɣ ёɦɤɨɫɬɢ 
ɜɨɞɨɯɪɚɧɢɥɢɳɚ. 
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Ɋɚɫɱɟɬ ɧɚɱɢɧɚɟɬɫɹ ɫ ɦɨɦɟɧɬɚ, ɤɨɝɞɚ ɜɨɞɨɯɪɚɧɢɥɢɳɟ ɧɚɩɨɥɧɟɧɨ ɢ, 
ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɭɪɨɜɟɧɶ ɜɨɞɵ ɜ ɧɟɦ ɪɚɜɟɧ ∇ɇɉɍ = 671 ɦ. Ɇɟɫɹɰɟɦ, ɜ ɤɨɬɨɪɵɣ 
ɧɚɱɢɧɚɟɬɫɹ ɫɪɚɛɨɬɤɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɩɪɢɧɢɦɚɟɬɫɹ ɩɟɪɜɵɣ ɩɨɫɥɟ ɩɨɥɨɜɨɞɶɹ, ɜ 
ɤɨɬɨɪɨɦ ɦɨɳɧɨɫɬɶ ȼɏɄ ɩɪɟɜɵɲɚɟɬ ɦɨɳɧɨɫɬɶ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɩɨ ɜɨɞɨɬɨɤɭ, 
ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɫɥɭɱɚɟ ɷɬɨ ɧɨɹɛɪɶ. 

Ɋɟɡɭɥɶɬɚɬɵ ɩɟɪɜɨɝɨ ɪɚɫɱɟɬɚ ɫɪɚɛɨɬɤɢ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɬɚɛɥɢɰɟ ɧɚ ɪɢɫɭɧɤɟ Ⱥ.1 [ɉɊɂɅɈɀȿɇɂȿ Ⱥ]. 

ȼ ɞɚɧɧɨɦ ɪɚɫɱɟɬɟ ɜɢɞɧɨ, ɱɬɨ ɜɨɞɨɯɪɚɧɢɥɢɳɟ ɧɟ ɧɚɩɨɥɧɹɟɬɫɹ ɞɨ ɧɭɠɧɨɣ 
ɨɬɦɟɬɤɢ ȼȻ. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɤɨɪɪɟɤɬɢɪɨɜɤɭ ˆܰ˃˓.  

Ɋɟɡɭɥɶɬɚɬɵ ɜɬɨɪɨɝɨ ɪɚɫɱɟɬɚ ɫɪɚɛɨɬɤɢ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ ɧɚ ɪɢɫɭɧɤɟ Ⱥ.2 
[ɉɊɂɅɈɀȿɇɂȿ Ⱥ]. 

ɂɫɯɨɞɹ ɢɡ ɜɵɩɨɥɧɟɧɧɵɯ ɪɚɫɱɟɬɨɜ, ɩɪɢɧɢɦɚɟɦ ɨɬɦɟɬɤɭ ɍɆɈ ɪɚɜɧɨɣ 652,5 
ɦ. 

Ƚɪɚɮɢɤ ɫɪɚɛɨɬɤɢ-ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ 
ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.4  

 

 

Ɋɢɫɭɧɨɤ 2.4 - Ƚɪɚɮɢɤ ɫɪɚɛɨɬɤɢ-ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ 
 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ȼɗɊ ɩɨ ɭɫɥɨɜɢɸ ɦɚɥɨɜɨɞɧɨɝɨ ɝɨɞɚ: 
– ɝɚɪɚɧɬɢɪɨɜɚɧɧɚɹ ɦɨɳɧɨɫɬɶ ɹɧɜɚɪɹ, ɞɟɤɚɛɪɹ – Nɝɚɪ=60 Ɇȼɬ; 
– ɭɪɨɜɟɧɶ ɦёɪɬɜɨɝɨ ɨɛɴёɦɚ –  ɍɆɈ=652,5 (ɦ). 
– ɩɨɥɟɡɧɵɣ ɨɛɴɟɦ – Vɩɨɥɟɡɧ=0,29 (ɤɦ3). 
Ɉɩɪɟɞɟɥɢɦ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɪɟɝɭɥɢɪɨɜɚɧɧɨɫɬɢ ɫɬɨɤɚ ɩɨ ɮɨɪɦɭɥɟ (2.17), 

ɤɨɬɨɪɵɣ ɪɚɜɟɧ ɨɬɧɨɲɟɧɢɸ ɩɨɥɟɡɧɨɝɨ ɨɛɴɟɦɚ ɜɨɞɨɯɪɚɧɢɥɢɳɚ Vɩɨɥɟɡɧ=0,3 ɤɦ3   ɤ 
ɫɪɟɞɧɟɦɭ ɡɚ ɦɧɨɝɨɥɟɬɧɢɣ ɩɟɪɢɨɞ ɨɛɴɟɦɭ ɝɨɞɨɜɨɝɨ ɫɬɨɤɚ Ƚɗɋ: 

ߚ  = ௏˒ ˑˎௐ̅   (2.17) 
 𝑊 = Σொˆˑˇ˔˓ ·௧ଵ଴−9 = ଷଷ·ଷ଺ହ·ଶସ·ଷ଺଴଴ଵ଴−9 = ͳ,ͲͶ ˍˏଷ  (2.18) 
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ߚ = Ͳ,ʹͻͳ,ͲͶ = Ͳ,͵   
 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɩɨɥɭɱɚɟɦ ɝɨɞɢɱɧɵɣ ɬɢɩ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. 
 

2.6 ɇɚɯɨɠɞɟɧɢɟ ɪɚɛɨɱɟɣ ɦɨɳɧɨɫɬɢ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ  
 
Ⱦɥɹ ɜɵɛɨɪɚ ɪɚɛɨɱɟɣ ɦɨɳɧɨɫɬɢ, ɜɵɩɨɥɧɢɥ ɩɨɫɬɪɨɟɧɢɟ ɂɄɇ ɞɥɹ 6 ɦɟɫɹɰɟɜ. 

ɇɟɨɛɯɨɞɢɦɨ ɧɚ ɤɚɠɞɭɸ ɂɄɇ ɜɩɢɫɚɬɶ ɜɵɪɚɛɨɬɤɭ ɡɚ ɦɟɫɹɰ, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 
ɪɚɡɛɢɜ ɟɟ ɦɢɧɢɦɭɦ ɧɚ 2 ɱɚɫɬɢ ɞɥɹ ɪɚɛɨɬɵ ɜ ɛɚɡɟ, ɩɢɤɟ (ɩɨɥɭɩɢɤɟ) ɝɪɚɮɢɤɚ 
ɧɚɝɪɭɡɤɢ, ɚ ɬɚɤɠɟ ɜɩɢɫɚɬɶ ɭɠɟ ɫɭɳɟɫɬɜɭɸɳɢɟ Ƚɗɋ. 

ȼ ɫɨɫɬɚɜ ɋɟɜɟɪɨɄɚɜɤɚɡɫɤɨɝɨ  ɊȾɍ ɜɯɨɞɢɬ Ɂɟɥɟɧɱɭɤɫɤɚɹ Ƚɗɋ ɫ ɫɭɬɨɱɧɨɣ 
ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɜɵɪɚɛɨɬɤɨɣ ɷɧɟɪɝɢɢ: 

 Э˔˓.˔˖˕ ˔˖˜.ʒЭʠ = ͳ,ͷͺ ˏˎː. ˍʑ˕ ∙ ˚ 
 
Ɉɩɪɟɞɟɥɢɦ ɫɭɬɨɱɧɭɸ ɜɵɪɚɛɨɬɤɭ ɩɨ ɹɧɜɚɪɸ ɢ ɢɸɧɸ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 

ɞɨɛɚɜɢɜ ɢ ɨɬɧɹɜ ɤ ɜɵɲɟ ɩɪɢɜɟɞёɧɧɨɣ ɜɵɪɚɛɨɬɤɟ 20%, ɜɡɹɬɵɯ ɨɬ ɧɟё ɠɟ: 
 Эˆ˃˓.ˢː˅.˔˖˜.ʒЭʠ = ͳ,ͺͻ ˏˎː. ˍʑ˕ ∙ ˚ 

 Эˆ˃˓.ˋˡː˟.˔˖˜.ʒЭʠ = ͳ,ʹ͸ ˏˎː. ˍʑ˕ ∙ ˚ 
 
ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ Ƚɗɋ: 
 ˖ܰ˔˕ = ͵ͲͲ ʛʑ˕ 
 
ɋɬɪɨɢɦ ɬɪɟɭɝɨɥɶɧɢɤ ɫɭɳɟɫɬɜɭɸɳɟɣ Ƚɗɋ, ɝɞɟ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɨɫɢ 

ɪɚɫɩɨɥɨɠɟɧɚ ɫɭɬɨɱɧɚɹ ɜɵɪɚɛɨɬɤɚ, ɚ ɩɨ ɜɟɪɬɢɤɚɥɶɧɨɣ-ɫɪɟɞɧɟɫɭɬɨɱɧɚɹ ɦɨɳɧɨɫɬɶ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ Ƚɗɋ. ɂɧɬɟɝɪɚɥɶɧɵɟ ɤɪɢɜɵɟ ɧɚɝɪɭɡɤɢ, ɜɦɟɫɬɟ ɫ ɜɩɢɫɚɧɧɨɣ 
ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ, ɚ ɬɚɤɠɟ ɭɠɟ ɫɭɳɟɫɬɜɭɸɳɢɦɢ Ƚɗɋ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 
Ⱥ.3 [ɉɊɂɅɈɀȿɇɂȿ Ⱥ]. 

ȼɩɢɫɵɜɚɟɦ ɟɝɨ ɜ ɭɠɟ ɩɨɫɬɪɨɟɧɧɭɸ ɪɚɧɟɟ ɂɄɇ, ɬɚɤ, ɱɬɨɛɵ ɞɜɟ ɜɟɪɲɢɧɵ 
ɬɪɟɭɝɨɥɶɧɢɤɚ ɤɚɫɚɥɢɫɶ ɟё.  

Ⱦɚɥɟɟ ɜɩɢɫɵɜɚɟɦ ɩɪɨɟɤɬɢɪɭɟɦɭɸ Ƚɗɋ ɜ ɫɜɨɛɨɞɧɭɸ ɡɨɧɭ ɩɢɤɚ ɥɢɛɨ ɩɨɥɭ 
ɩɢɤɚ, ɚ ɬɚɤɠɟ ɜ ɛɚɡɭ ɝɪɚɮɢɤɚ ɧɚɝɪɭɡɤɢ. 

Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢ, Qɫɚɧ.ɩɨɩɭɫɤɚ = 9 ɦ³/c, ɜɵɱɢɫɥɢɬɶ ɩɨ ɮɨɪɦɭɥɟ 2.19, 
2.20: 

 ˄ܰ˃ˊ˞ = ௞೙∙ொ˔˃ː.˒ˑ˒˖˔ˍ˃ ∙𝐻ˆˠ˔ଵ଴଴଴ = ଼,଼∙ଽ∙ଽଷ,ଷଵ଴଴଴ = ͹,͹ͻʛʑ˕  (2.19) 

 Э˄˃ˊ˞ = ଶସ∙ே˄˃ˊ˞ଵ଴଴଴ = Ͳ,ͳͺ ˏˎː. ˍʑ˕ ∙ ˚  (2.20) 



24 

 

ȼɩɢɫɵɜɚɟɦ ɩɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɛɚɡɵ ɧɚ ɂɄɇ. ɑɬɨɛɵ ɜɩɢɫɚɬɶ 
ɩɪɨɟɤɬɢɪɭɟɦɭɸ Ƚɗɋ ɜ ɡɨɧɭ ɩɢɤɚ ɢɥɢ ɩɨɥɭɩɢɤɚ ɧɟɨɛɯɨɞɢɦɨ. Nɝɚɪ=60 Ɇȼɬ, 
ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɨ ɮɨɪɦɭɥɟ 2.21 ɢ 2.22: 

 Эˆ˃˓ = ଶସ∙ேˆ˃˓ଵ଴଴଴ = ͳ,Ͷ ˏˎː. ˍʑ˕ ∙ ˚  (2.21) 

  
ɗɩɢɤ = ɗɝɚɪ - ɗɛɚɡ = 1,4 – 0,18 = 1,25 ɦɥɧ. ɤȼɬ·ɱ  (2.22) 
 
ɉɪɨɜɨɞɢɦ ɗɩɢɤ ɧɚ ɂɄɇ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɜɟɪɲɢɧɵ ɬɪɟɭɝɨɥɶɧɢɤɚ 

ɤɨɫɧɭɥɢɫɶ ɥɢɧɢɢ ɂɄɇ. Ʉɚɬɟɬ ɬɪɟɭɝɨɥɶɧɢɤɚ ɩɚɪɚɥɥɟɥɶɧɵɣ ɨɫɢ P, ɩɪɢɦɟɬ 
ɡɧɚɱɟɧɢɟ Nɩɢɤ = 61,1 Ɇȼɬ.  

 
ȼ ɪɟɡɭɥɶɬɚɬɟ, ɡɧɚɹ ɦɨɳɧɨɫɬɶ ɛɚɡɵ ɢ ɩɢɤɚ ɪɚɫɫɱɢɬɚɟɦ Nɪɚɛ: 
 
Nɪɚɛ = Nɩɢɤ + Nɛɚɡɵ = 61,1 + 7,79 =68,9Ɇȼɬ (2.23) 
 
2.7 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɛɨɱɢɯ ɦɨɳɧɨɫɬɟɣ ɫɭɳɟɫɬɜɭɸɳɟɣ ɢ 

ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɜ ɞɪɭɝɢɯ ɦɟɫɹɰɚɯ 
 
Ɋɚɫɱɟɬ ɪɚɛɨɱɢɯ ɦɨɳɧɨɫɬɟɣ ɞɥɹ ɨɫɬɚɜɲɢɯɫɹ ɦɟɫɹɰɟɜ ɩɪɨɜɨɞɹɬɫɹ 

ɚɧɚɥɨɝɢɱɧɨ ɩɭɧɤɬɭ 2.6 ɢ ɡɚɧɨɫɢɬɫɹ ɜ ɬɚɛɥɢɰɭ 2.8 
 

Ɍɚɛɥɢɰɚ 2.8 – ɋɜɨɞɧɚɹ ɬɚɛɥɢɰɚ ɪɚɛɨɱɢɯ ɦɨɳɧɨɫɬɟɣ ɞɥɹ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ 
Ɇɟɫɹɰ Nɪɚɛ,Ɇȼɬ 
əɧɜɚɪɶ 69 

Ɏɟɜɪɚɥɶ 39 
Ɇɚɪɬ 25 

Ⱥɩɪɟɥɶ 37 
Ɇɚɣ 32 

ɂɸɧɶ 24 
ɂɸɥɶ 24 

Ⱥɜɝɭɫɬ 32 
ɋɟɧɬɹɛɪɶ 37 
Ɉɤɬɹɛɪɶ 25 
ɇɨɹɛɪɶ 39 
Ⱦɟɤɚɛɪɶ 69 

 
2.8  Ɋɚɫɱɟɬ ɪɟɡɟɪɜɨɜ ɢ ɨɩɪɟɞɟɥɟɧɢɟ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ 

ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ, ɪɚɫɱɟɬ ɛɚɥɚɧɫɚ ɦɨɳɧɨɫɬɟɣ 
 
ɉɪɢ ɫɨɫɬɚɜɥɟɧɢɢ ɛɚɥɚɧɫɚ ɦɨɳɧɨɫɬɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɭɱɢɬɵɜɚɟɦ, ɱɬɨ 

ɧɚɝɪɭɡɨɱɧɵɣ ɪɟɡɟɪɜ ɫɢɫɬɟɦɵ ɪɚɜɟɧ ͳ %  ˑ˕ ௧ܲ௠௔௫, ɚɜɚɪɢɣɧɵɣ ɪɟɡɟɪɜ ɫɨɫɬɚɜɥɹɟɬ 
7% ɨɬ ௧ܲ௠௔௫.  
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ɇɚɝɪɭɡɨɱɧɵɣ ɪɟɡɟɪɜ ɪɚɫɩɨɥɨɠɟɧ ɧɚ ɫɭɳɟɫɬɜɭɸɳɢɯ ɢ ɧɚ ɩɪɨɟɤɬɢɪɭɟɦɨɣ 
Ƚɗɋ, ɩɨɷɬɨɦɭ ɚɜɚɪɢɣɧɵɣ ɛɭɞɟɬ ɪɚɡɦɟɳɟɧ ɧɚ Ɍɗɋ.  Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.9. 

Ɋɟɦɨɧɬ ɨɛɨɪɭɞɨɜɚɧɢɹ Ƚɗɋ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɬɟ ɦɟɫɹɰɵ, ɤɨɝɞɚ ɨɧɨ ɧɟ 
ɩɨɥɧɨɫɬɶɸ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɷɧɟɪɝɨɫɢɫɬɟɦɟ, ɬ.ɟ. ɤɨɝɞɚ ɧɚ Ƚɗɋ ɢɦɟɟɬɫɹ ɫɜɨɛɨɞɧɚɹ 
ɦɨɳɧɨɫɬɶ.  

Ʉɚɩɢɬɚɥɶɧɵɣ ɪɟɦɨɧɬ ɨɛɨɪɭɞɨɜɚɧɢɹ Ɍɗɋ ɩɨ ɮɨɪɦɭɥɟ 2.24: 
 F˓ˈˏʡЭʠ = ୒೘ೌ𝑥ʡЭʠ଺ ∙ ͳˏˈ˔ = ଷଶ଼଼଺ = ହସ଼ସ = ͵Ͳͻ Ɇȼɬ ∙ ɦɟɫ

ɝɨɞ
  (2.24) 

 
Ɍɚɛɥɢɰɚ 2.9 – Ȼɚɥɚɧɫ ɦɨɳɧɨɫɬɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ 

Ɇɟɫ
ɹɰ 

ɋɢɫɬɟɦɚ ɋɭɳ.Ƚɗɋ Ɇɨɹ Ƚɗɋ Ɍɗɋ 

Pcm Nɧ.ɪ Nɚ.ɪ Nɪɚɛ Nɧ.ɪ Nɪ Nɪ Nɧ.ɪ 
Nɪɟ

ɦ 
Nɪ Nɚɪ Nɪɟɦ 

I 3591 36 251 240 34  69 2  3282 251  
II  3492 35 244 224 33  39 1  3229 244  
III  3321 33 232 208 32  25 1  3088 232  
IV 3124 31 219 192 30  37 1  2895 219  
V 2953 30 207 176 28  32 1  2745 207 67 
VI  2854 29 200 160 27  24 1  2670 200 179 
VII 2853 29 200 160 27  24 1  2669 200 179 
VIII 2952 30 207 176 28  32 1  2744 207 67 
IX 3123 31 219 192 30 40 37 1  2894 219  
ɏ 3320 33 232 208 32  25 1 12 3087 232  
XI  3492 35 244 224 33  39 1  3229 244  
XII 3591 36 251 240 34  69 2  3282 251  
Nɭɫ

ɬ 
65   274   71   3533   

 
ɉɨ ɞɚɧɧɵɦ ɬɚɛɥɢɰɵ 2.9 ɫɬɪɨɢɬɫɹ ɛɚɥɚɧɫ ɦɨɳɧɨɫɬɟɣ, ɪɢɫɭɧɨɤ 2.5 
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Ɋɢɫɭɧɨɤ 2.5 –Ȼɚɥɚɧɫ ɦɨɳɧɨɫɬɢ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ 

 
ɍɫɬɚɧɨɜɥɟɧɧɭɸ ɦɨɳɧɨɫɬɶ ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ ɩɪɟɞɫɬɚɜɢɦ ɩɨ ɮɨɪɦɭɥɟ 

2.25 ɜ ɜɢɞɟ ɫɭɦɦɵ: 
 ˖ܰ˔˕.ʒЭʠ = ˓ܰ˃˄ʒЭʠ + ˓ܰˈˊʒЭʠ = ͸ͻ + ʹ = ͹ͳ ʛʑ˕ (2.25) 

 
2.9 ȼɨɞɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ ɜ 

ɫɪɟɞɧɟɜɨɞɧɨɦ ɝɨɞɭ ɫ ɭɱɟɬɨɦ ȼɏɄ 
 
Ɂɚɞɚɱɚ ȼɗɊ ɪɟɠɢɦɚ ɪɚɛɨɬɵ Ƚɗɋ ɜ ɫɪɟɞɧɟɜɨɞɧɨɦ ɝɨɞɭ – ɨɩɪɟɞɟɥɢɬɶ 

ɫɪɟɞɧɟɦɧɨɝɨɥɟɬɧɸɸ ɜɵɪɚɛɨɬɤɭ. 
Ɋɚɫɫɦɨɬɪɢɦ ɪɟɠɢɦ ɧɚɩɨɥɧɟɧɢɹ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɪɟɠɢɦ ɩɨ ɦɨɳɧɨɫɬɹɦ ɜ 

ɩɟɪɢɨɞ ɧɚɩɨɥɧɟɧɢɹ ɜ ɦɚɥɨɜɨɞɧɨɦ ɝɨɞɭ, ɪɟɡɭɥɶɬɚɬɵ ɤɨɬɨɪɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɩɪɢɥɨɠɟɧɢɢ Ⱥ2. 

ɉɨ ɞɚɧɧɨɦɭ ɪɚɫɱёɬɭ ɩɨɫɬɪɨɢɦ ɝɪɚɮɢɤ ɫɪɚɛɨɬɤɢ ɢ ɧɚɩɨɥɧɟɧɢɹ 
ɜɨɞɨɯɪɚɧɢɥɢɳɚ Ƚɗɋ ɜ ɫɪɟɞɧɟɜɨɞɧɨɦ ɝɨɞɭ ɢ ɨɛɴɟɞɢɧɢɦ ɟɝɨ ɫ ɦɚɥɨɜɨɞɧɵɦ 
ɪɢɫɭɧɨɤ 2.6 

 

 
Ɋɢɫɭɧɨɤ 2.6 - Ƚɪɚɮɢɤ ɫɪɚɛɨɬɤɢ-ɧɚɩɨɥɧɟɧɢɹ ɜ ɬɟɱɟɧɢɟ ɝɨɞɚ 
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2.10 Ɋɟɠɢɦɧɨɟ ɩɨɥɟ 
 
ɇɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɨɛɥɚɫɬɶ ɞɨɩɭɫɬɢɦɵɯ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ, 

ɩɪɨɟɤɬɢɪɭɟɦɨɣ Ƚɗɋ, ɞɥɹ ɷɬɨɝɨ ɫɬɪɨɢɦ ɪɟɠɢɦɧɨɟ ɩɨɥɟ ɫ ɭɤɚɡɚɧɢɟɦ ɥɢɧɢɣ 
ɨɝɪɚɧɢɱɟɧɢɣ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɨɜ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɟ ɧɚ ɪɢɫɭɧɤɟ 2.7  

ɉɪɢ ɫɨɫɬɚɜɥɟɧɢɢ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ ɩɨɥɶɡɭɟɦɫɹ ɦɟɬɨɞɢɤɨɣ, ɩɪɢɜɟɞɟɧɧɨɣ ɜ 
ɦɟɬɨɞɢɱɟɫɤɨɦ ɩɨɫɨɛɢɢ «ȼɵɛɨɪ ɩɚɪɚɦɟɬɪɨɜ Ƚɗɋ» 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɨɜ ɫɜɨɞɢɦ ɜ ɬɚɛɥɢɰɭ 2.10. 
 

Ɍɚɛɥɢɰɚ 2.10 – Ⱦɚɧɧɵɟ ɪɚɫɱёɬɚ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ 

Ʉɪɢɜɵɟ ɫɜɹɡɢ ȼȻ ɢ 
ɇȻ 

ɇɚɩɨɪɧɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

Ʌɢɧɢɹ ɨɝɪɚɧɢɱ. ɩɨ 
ɪɚɫɱɟɬɧɨɣ Nɭɫɬ 

Ʌɢɧɢɹ ɨɝɪɚɧɢɱ. 
ɩɨ ɩɪɨɩɭɫ. 

ɫɩɨɫɨɛ. Ƚɗɋ ܳː˄,  ˏଷ/ܿ 
ܼː˄., ˏ  ʜʜʞʢ, ˏ ʜʢʛʝ , ˏ 𝐻ʑʐˢː˅ 𝐻, ˏ ܳ, ˏଷ/ܿ 𝐻, ˏ 

ܳ, ˏଷ/ܿ 
0 564,00 107,00 88,5 99,97 119,1349 62 98,75 42,7 
15 564,00 106,60 88,10 99,57 111,58 66,20 94,70 42 
30 564,68 106,32 87,82 99,29 104,92 70,40 91,00 41,3 
45 564,88 106,12 87,62 99,09 98,75 74,60 87,00 40,6 
60 565,06 105,94 87,44 98,91 93,74 78,80 84,00 39,9 
75 565,22 105,78 87,27 98,75 88,99 83,00 83,90 39,2 
90 565,38 105,62 87,12 98,59 84,71 87,20 83,80 38,5 
105 565,56 105,44 86,94 98,41 80,81 91,40 83,70 37,8 
120 565,73 105,27 86,77 98,24 77,26 95,60 83,60 37,1 
135 565,89 105,11 86,61 98,08 74,01 99,80 83,50 36,4 
150 566,01 104,99 86,49 97,96 71,02 104,00 83,40 35,7 

 

 
Ɋɢɫɭɧɨɤ 2.7 – Ɋɟɠɢɦɧɨɟ ɩɨɥɟ 

 
ɂɡ ɩɨɫɬɪɨɟɧɧɨɝɨ ɪɟɠɢɦɧɨɝɨ ɩɨɥɹ (ɪɢɫɭɧɨɤ 2.7) ɨɩɪɟɞɟɥɹɟɦ: 
 



28 

 

– ɦɚɤɫɢɦɚɥɶɧɵɣ ɧɚɩɨɪ H୫ୟx = ͳͲ͹ɦ. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɜ ɬɨɱɤɟ ɩɟɪɟɫɟɱɟɧɢɹ 
ɧɚɩɨɪɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢ ɇɉɍ ɢ ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɦɢɧɢɦɚɥɶɧɨɦɭ 
ɪɚɫɯɨɞɭ; 

– ɪɚɫɱёɬɧɵɣ ɧɚɩɨɪ H˓˃˔˚ = ͻͺ.͹ͷ ˏ. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɜ ɬɨɱɤɟ ɩɟɪɟɫɟɱɟɧɢɹ 
ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɪɚɫɱɟɬɧɨɣ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɫ ɥɢɧɢɟɣ ɪɚɫɱёɬɧɨɝɨ 
ɧɚɩɨɪɚ; 

– ɦɢɧɢɦɚɥɶɧɵɣ ɧɚɩɨɪ H୫i୬ = ͺ͹.ʹ͹ ˏ. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɜ ɬɨɱɤɟ ɩɟɪɟɫɟɱɟɧɢɹ 
ɧɚɩɨɪɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢ ɍɆɈ ɢ ɥɢɧɢɢ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɩɪɨɩɭɫɤɧɨɣ 
ɫɩɨɫɨɛɧɨɫɬɢ Ƚɗɋ.
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3 ȼɵɛɨɪ ɝɢɞɪɨɫɢɥɨɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
 
3.1 ȼɵɛɨɪ ɫɢɫɬɟɦɵ ɢ ɤɨɥɢɱɟɫɬɜɚ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ 
 
Ⱦɥɹ ɩɨɥɭɱɟɧɧɨɝɨ ɞɢɚɩɚɡɨɧɚ ɢɡɦɟɧɟɧɢɹ ɧɚɩɨɪɚ ɩɨ ɫɩɪɚɜɨɱɧɵɦ 

ɦɚɬɟɪɢɚɥɚɦ ɩɨɞɛɢɪɚɟɦ ɜɫɟ ɜɨɡɦɨɠɧɵɟ ɬɢɩɵ ɝɢɞɪɨɬɭɪɛɢɧ, ɢɫɯɨɞɹ ɢɡ 
ɫɥɟɞɭɸɳɢɯ ɭɫɥɨɜɢɣ: 

1) Ɂɧɚɱɟɧɢɟ ɩɪɟɞɟɥɶɧɨɝɨ ɧɚɩɨɪɚ ɧɟ ɞɨɥɠɧɨ ɛɵɬɶ ɦɟɧɶɲɟ 
ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɪɚɫɱɟɬɧɨɝɨ, ɬ.ɟ. 𝐻௠௔௫ ൑ 𝐻˒˓ˈˇ.; 

2) Ɉɬɧɨɲɟɧɢɟ 𝐻೘𝑖೙𝐻೘ೌ𝑥 = ଼଻.ଶଵ଴଻ = Ͳ,ͺ͵ ɞɨɥɠɧɨ ɛɵɬɶ ɧɟ ɦɟɧɶɲɟ ɫɩɪɚɜɨɱɧɵɯ 

ɞɚɧɧɵɯ (ɉɨ ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ 𝐻೘𝑖೙𝐻೘ೌ𝑥 = Ͳ,͸ሻ. 

3) Ɇɚɤɫɢɦɚɥɶɧɵɣ ɞɢɚɦɟɬɪ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɞɨɥɠɟɧ ɜɵɛɢɪɚɬɶɫɹ ɫ 
ɭɱɟɬɨɦ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ ɤ ɦɟɫɬɭ ɦɨɧɬɚɠɚ. 

Ⱦɥɹ ɞɚɧɧɨɝɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɧɚɩɨɪɚ ɜɵɛɢɪɚɟɦ ɫɥɟɞɭɸɳɢɟ ɝɢɞɪɨɬɭɪɛɢɧɵ: 
- ɉɅȾ115-B; 
- ɊɈ115-ȼ. 

ɋɨɫɬɚɜɢɥ ɬɚɛɥɢɰɭ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɟɥɟɣ ɞɚɧɧɵɯ ɝɢɞɪɨɬɭɪɛɢɧ (ɬɚɛɥɢɰɚ 3.1). 
 

Ɍɚɛɥɢɰɚ 3.1 – ɉɚɪɚɦɟɬɪɵ ɜɵɛɪɚɧɧɵɯ ɬɢɩɨɜ ɦɨɞɟɥɶɧɵɯ ɝɢɞɪɨɬɭɪɛɢɧ 
ɉɚɪɚɦɟɬɪ ɉɅȾ115-B ɊɈ115-ȼ 

ɇɩɪɟɞ, ɦ 115 115 
ɇmin/Hmax 0,5 0,6 

n'Iopt, ɦɢɧ-1 83 75 
Q'Iopt, ɥ/ɫ 830 900 
ɦ opt 0.916 0.927 

QI max, ɥ/ɫ 1200 1080 
D'1 m, ɦ 0.40 0.15 
Hɦɨɞ, ɦ 0.460 0.5156 
tɦɨɞ, 0ɋ 4 4 

Ȟɦɨɞ·10-6, ɦ2/ɫ 4 2 
 
ɇɚ ɝɥɚɜɧɵɯ ɭɧɢɜɟɪɫɚɥɶɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ ɬɭɪɛɢɧ ɧɚɦɟɬɢɥ ɪɚɫɱɟɬɧɵɟ 

ɬɨɱɤɢ Ɋ1, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɪɨɜɟɞɹ ɥɢɧɢɸ ɱɟɪɟɡ ɨɩɬɢɦɭɦ ɄɉȾ. 
Ɂɚɞɚёɦɫɹ ɪɹɞɨɦ ɫɬɚɧɞɚɪɬɧɵɯ ɡɧɚɱɟɧɢɟ ɞɢɚɦɟɬɪɨɜ D1 ɢ ɞɥɹ ɤɚɠɞɨɝɨ 

ɞɢɚɦɟɬɪɚ ɪɚɫɫɱɢɬɵɜɚɟɦ ɫɥɟɞɭɸɳɢɟ ɩɚɪɚɦɟɬɪɵ:  
 
Ɇɨɳɧɨɫɬɶ ɚɝɪɟɝɚɬɚ ɜ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ ɩɨ ɮɨɪɦɭɥɟ 3.1: 
 Nୟ = ͻ,ͺͳ · Q୍˓′ · Dଵଶ · √H˓ · η˕ ∙ ηˆ, (3.1) 
 

ɝɞɟ Q'Iɪ - ɩɪɢɜɟɞɟɧɧɵɣ ɪɚɫɯɨɞ ɜ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ; 
ɬ - ɄɉȾ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ; 
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ɝ - ɄɉȾ ɝɟɧɟɪɚɬɨɪɚ. ɉɪɢɧɢɦɚɟɦ ɝ=0,97 
ɄɉȾ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ ɩɨ ɮɨɪɦɭɥɟ 3.2: 
 η˕ = ͳ − ሺͳ − ηˏሻ (ሺͳ − ɂሻ + ɂ√ୈభˏˑˇୈభఱ ∙ √ୌˏˑˇʜ˓భబ ∙ √ νːνˏˑˇఱ ), (3.2) 

 
ɝɞɟ ɦ - ɄɉȾ ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ; 

D1ɦɨɞ - ɞɢɚɦɟɬɪ ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ; 
ɇɦɨɞ - ɧɚɩɨɪ ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ; 
D1 - ɞɢɚɦɟɬɪ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ; 
ɇɪ - ɪɚɫɱɟɬɧɵɣ ɧɚɩɨɪ ɧɚɬɭɪɧɨɣ ɝɢɞɪɨɬɭɪɛɢɧɵ; 
Ȟɧ, Ȟɦɨɞ - ɤɨɷɮɮɢɰɢɟɧɬɵ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɜɨɞɵ ɞɥɹ ɧɚɬɭɪɧɨɣ ɢ 

ɦɨɞɟɥɶɧɨɣ ɬɭɪɛɢɧɵ, ɤɨɬɨɪɵɟ ɡɚɜɢɫɹɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɞɵ ɞɥɹ ɧɚɬɭɪɧɵɯ ɢ 
ɦɨɞɟɥɶɧɵɯ ɭɫɥɨɜɢɣ; Ȟɧ ɩɪɢ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜɨɞɵ ɜ ɝɨɞɭ 10°ɋ ɫɨɫɬɚɜɥɹɟɬ 
1,3·10-6 ɦ2/ɫ; ɂ - ɤɨɷɮɮɢɰɢɟɧɬ, ɜɵɪɚɠɚɸɳɢɣ ɨɬɧɨɲɟɧɢɟ ɩɨɬɟɪɶ ɬɪɟɧɢɹ ɤɨ ɜɫɟɦ 
ɝɢɞɪɚɜɥɢɱɟɫɤɢɦ ɩɨɬɟɪɹɦ (𝜺=0,75). 

Ʉɨɥɢɱɟɫɬɜɨ ɚɝɪɟɝɚɬɨɜ ɩɨ ɮɨɪɦɭɥɟ 3.3: 
 Z′˃ˆ˓ = ୒˖˔˕୒˃ˆ˓,  (3.3) 

 
ɝɞɟ Nɭɫɬ - ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ Ƚɗɋ (Nɭɫɬ =71000 ɤȼɬ); 

Na - ɦɨɳɧɨɫɬɶ ɚɝɪɟɝɚɬɚ; 
ɉɨɩɪɚɜɤɚ ɄɉȾ ɩɨ ɮɨɪɦɭɥɟ 3.4: 
 ∆ଵ= ηːηˏ  (3.4) 

 
ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɬɭɪɛɢɧɵ (ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɨɤɪɭɝɥɟɧɢɟɦ ɞɨ ɫɬɚɧɞɚɪɬɧɨɝɨ 

ɡɧɚɱɟɧɢɹ) ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 3.5: 
 ݊′ = ௡𝐼 ˓′ √Δభ∙ʜ˓஽భ ,  (3.5) 

 
ɝɞɟ n'Iɪ - ɩɪɢɜɟɞɟɧɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɦɨɞɟɥɶɧɨɣ ɝɢɞɪɨɬɭɪɛɢɧɵ ɜ ɪɚɫɱɟɬɧɨɣ 
ɬɨɱɤɟ. 

ɉɪɢɜɟɞɟɧɧɵɟ ɦɚɤɫɢɦɚɥɶɧɚɹ, ɪɚɫɱɟɬɧɚɹ ɢ ɦɢɧɢɦɚɥɶɧɚɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ 
ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ 3.6, 3.7ɢ 3.8: 

 n୍ ୫ୟx′ = ୬˔ˋː˘ୈభሺ∆భୌౣi౤ሻబ.ఱ  (3.6) 

 n୍ ˓˃˔˚′ = ୬˔ˋː˘ୈభ(∆భୌ˓)బ.ఱ  (3.7) 
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n୍ ୫i୬′ = ୬˔ˋː˘ୈభሺ∆భୌౣaxሻబ.ఱ  (3.8) 

 
ɉɪɨɢɡɜɟɞɟɧɢɟ ɩɪɢɜɟɞёɧɧɨɝɨ ɪɚɫɯɨɞɚ ɜ ɪɚɫɱɟɬɧɨɣ ɬɨɱɤɟ ɧɚ ɄɉȾ ɩɨ 

ɮɨɪɦɭɥɟ 3.9: 
 Q′୮ ∙ η˕ = ୒aଽ,଼ଵ∙ୈభమ∙ୌpభ,ఱ∙ηˆ ˔˓  (3.9) 

 
Ʌɟɜɚɹ ɱɚɫɬɶ ɭɪɚɜɧɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨɞɛɨɪɨɦ ɬɚɤɨɣ ɬɨɱɤɢ ɧɚ ɥɢɧɢɢ n'Iɪ, 

ɱɬɨɛɵ ɩɪɨɢɡɜɟɞɟɧɢɟ Q′୮ ∙ η˕ ɜ ɷɬɨɣ ɬɨɱɤɟ ɨɛɟɫɩɟɱɢɜɚɥɨ ɜɵɩɨɥɧɟɧɢɟ ɭɤɚɡɚɧɧɨɝɨ 
ɪɚɜɟɧɫɬɜɚ. 

ɉɪɨɢɡɜɟɞɟɧɢɟ ɞɥɹ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɝɟɧɟɪɚɬɨɪɭ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
3.10: 

 Q′୮ ∙ η˕ = ୒aଽ,଼ଵ∙ୈభమ∙ୌౣaxభ,ఱ ∙ηˆ ˔˓  (3.10) 

 
ɉɪɢɜɟɞɟɧɧɵɟ ɪɚɫɯɨɞɵ ɩɨ ɮɨɪɦɭɥɚɦ 3.11 ɢ 3.12: 
 Q′˓ = ୕ౣi౤୬∙ୈభమ∙√ୌౣi౤∙Δ  (3.11) 

 Q′˓ = ୕ౣi౤୬∙ୈభమ∙√ୌౣax∙Δ  (3.12) 

 
Ɋɚɫɱɟɬɵ ɞɥɹ ɧɟɫɤɨɥɶɤɢɯ ɞɢɚɦɟɬɪɨɜ ɬɭɪɛɢɧɵ, ɉɅȾ115 ɢ ɊɈ115  

ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɚɯ 3.2 ɢ 3.3 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
 
Ɍɚɛɥɢɰɚ 3.2 – ɉɚɪɚɦɟɬɪɵ ɝɢɞɪɨɬɭɪɛɢɧɵ ɉɅȾ115-ȼ45 

D1,ɦ 1 1,25 1,4 1,6 1,8 1,9 2 2,12 
ɄɉȾ ɬɭɪɛ 0,941 0,943 0,944 0,945 0,946 0,946 0,946 0,947 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 3.2 
D1,ɦ 1 1,25 1,4 1,6 1,8 1,9 2 2,12 
Q max 476,26 406,05 647,12 495,21 586,66 526,43 475,02 422,68 
Q min 528,17 450,31 717,66 549,19 650,61 583,81 526,80 468,75 

 
Ɍɚɛɥɢɰɚ 3.3 – ɉɚɪɚɦɟɬɪɵ ɝɢɞɪɨɬɭɪɛɢɧɵ ɊɈ115 

D1,ɦ 1 1,25 1,4 1,6 1,8 1,9 2 2,12 
ɄɉȾ ɬɭɪɛ 0,920 0,922 0,923 0,925 0,926 0,926 0,927 0,927 

N`ɚɝɪ 
Ɇȼɬ 

9,312 14,550 18,251 23,839 30,171 33,616 37,248 41,852 

Za` 7,625 4,880 3,890 2,978 2,353 2,112 1,906 1,696 
Za 8 6 2 3 2 2 2 2 

Nɚɝɪ Ɇȼɬ 8,875 11,833 35,500 23,667 35,500 35,500 35,500 35,500 
m(∆1) 1,041 1,043 1,044 1,046 1,047 1,048 1,048 1,049 

nc` 761,2 609,7 544,7 477,0 424,2 402,0 382,0 360,5 
ncɢɧɯɪ  1000,0 750,00 600,00 500,00 428,60 428,60 375,00 375,00 

n1`Hmax 94,8 88,7 79,5 75,6 72,9 76,9 70,8 75,0 
n1`Hp 98,5 92,3 82,6 78,6 75,8 80,0 73,6 78,0 

n1`Hmin 105,1 98,4 88,1 83,9 80,8 85,3 78,5 83,2 
Q1*ƞɪ 1,039 0,887 2,120 1,082 1,283 1,151 1,039 0,925 

Q1*ƞmax 0,925 0,789 1,887 0,963 1,142 1,025 0,925 0,823 
Q max 390,92 333,17 796,33 406,17 481,10 431,67 389,49 346,54 
Q min 433,5 369,4 883,1 450,4 533,5 478,7 431,9 384,3 

 
ɋɨɩɨɫɬɚɜɢɦ ɪɚɡɥɢɱɧɵɟ ɬɭɪɛɢɧɵ ɩɨ ɫɥɟɞɭɸɳɢɦ ɩɚɪɚɦɟɬɪɚɦ: 
-Ɇɚɤɫɢɦɚɥɶɧɵɣ ɄɉȾ; 
-Ɉɩɬɢɦɚɥɶɧɚɹ ɪɚɛɨɱɚɹ ɡɨɧɚ ɬɭɪɛɢɧɵ; 
-ɋɨɤɪɚɳɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɚɝɪɟɝɚɬɨɜ; 
ɉɨɫɬɪɨɢɦ ɪɚɛɨɱɭɸ ɡɨɧɭ ɷɬɢɯ ɬɭɪɛɢɧ ɞɥɹ ɨɤɨɧɱɚɬɟɥɶɧɨɝɨ ɪɟɲɟɧɢɹ, 

ɪɢɫɭɧɨɤ Ȼ.1 [ɩɪɢɥɨɠɟɧɢɟ Ȼ]
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∇ܼ˓.ˍ. = ܼː˄ሺܳː˄ሻ + 𝐻௦, (3.13) 
 
ɝɞɟ ܼː˄ሺܳː˄ሻ - ɨɬɦɟɬɤɚ ɭɪɨɜɧɹ ɜɨɞɵ ɜ ɇȻ ɩɪɢ ɪɚɫɯɨɞɟ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ 
ɪɚɫɱɟɬɧɨɦɭ ɡɧɚɱɟɧɢɸ ɜɵɫɨɬɵ ɨɬɫɚɫɵɜɚɧɢɹ. 

Ɋɚɫɱɟɬɧɨɟ ɡɧɚɱɟɧɢɟ ɜɵɫɨɬɵ ɨɬɫɚɫɵɜɚɧɢɹ HS ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ 
ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɦ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɤɚɜɢɬɚɰɢɢ ɪɟɠɢɦɨɦ ɪɚɛɨɬɵ ɝɢɞɪɨɬɭɪɛɢɧɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ. Ⱥɧɚɥɢɡ ɤɚɜɢɬɚɰɢɨɧɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɧɚɢɛɨɥɟɟ 
ɨɩɚɫɧɵɦɢ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɤɚɜɢɬɚɰɢɢ, ɬ.ɟ. ɬɪɟɛɭɸɳɢɦɢ ɧɚɢɛɨɥɶɲɟɝɨ ɡɚɝɥɭɛɥɟɧɢɹ 
ɹɜɥɹɸɬɫɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɬɪɢ ɪɟɠɢɦɚ: 

-ɞɥɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɧɚɩɨɪɚ Hmax ɢ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ; 
-ɞɥɹ ɪɚɫɱɟɬɧɨɝɨ ɧɚɩɨɪɚ Hɪ ɢ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ; 
-ɞɥɹ ɦɢɧɢɦɚɥɶɧɨɝɨ ɧɚɩɨɪɚ Hmin ɢ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ. 
ȼɵɫɨɬɚ ɨɬɫɚɫɵɜɚɧɢɹ ɧɚɯɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 3.14: 
 𝐻௦ = ͳͲ,͵͵ − ௓ː˄ሺொː˄ሻଽ଴଴ − 𝜎 ∗ 𝐻 − ͳ,ͷ + ∆ܼ˘.˒ˎ, (3.14) 

 
ɝɞɟ  – ɤɨɷɮɮɢɰɢɟɧɬ ɤɚɜɢɬɚɰɢɢ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɝɥɚɜɧɨɣ ɭɧɢɜɟɪɫɚɥɶɧɨɣ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɞɥɹ ɪɚɫɱɟɬɧɵɯ ɭɫɥɨɜɢɣ;  

ɇ – ɧɚɩɨɪ ɬɭɪɛɢɧɵ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɭɪɨɜɧɟɦ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ ɢ Zɧɛ(Qɧɛ); 
Zɯ.ɩɥ. – ɪɚɡɧɨɫɬɶ ɜɵɫɨɬɧɵɯ ɨɬɦɟɬɨɤ ɞɜɭɯ ɯɚɪɚɤɬɟɪɧɵɯ ɩɥɨɫɤɨɫɬɟɣ 

ɦɨɞɟɥɶɧɨɣ ɢ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧ, ɞɥɹ ɨɫɟɜɵɯ ɜɟɪɬɢɤɚɥɶɧɵɯ ɉɅ-ɬɭɪɛɢɧ Zɯ.ɩɥ.=0. 
ɉɪɢ ɇmin: 
 𝐻௦ = ͳͲ,͵͵ − ሺͷ͸Ͷ,ͶͺሻͻͲͲ − Ͳ,ͳ ∙ ͺ͹ − ͳ,ͷ + Ͳ,ʹͺͶ = −Ͳ,ʹͳ ˏ 

 
ɉɪɢ Hɪ: 
 𝐻௦ = ͳͲ,͵͵ − ሺͷ͸Ͷ,ͶͺሻͻͲͲ − Ͳ,ͳ ∙ ͻͻ − ͳ,ͷ + Ͳ,ʹͺͶ = −ͳ,Ͷͳˏ 

 
ɉɪɢ Hmax: 
  𝐻௦ = ͳͲ,͵͵ − ሺͷ͸Ͷ,Ͷ͹ሻͻͲͲ − Ͳ,ͳ ∙ ͳͲ͹ − ͳ,ͷ + Ͳ,ʹͺͶ = −ʹ,ʹͳ͵ˏ            
 
Ɋɚɫɫɱɢɬɚɧɧɵɟ ɜɵɫɨɬɵ ɨɬɫɚɫɵɜɚɧɢɹ ɜɯɨɞɹɬ ɜ ɞɨɩɭɫɬɢɦɵɟ ɩɪɟɞɟɥɵ. 
Ɋɚɫɫɱɢɬɵɜɚɟɦ ɨɬɦɟɬɤɭ ɭɫɬɚɧɨɜɤɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɩɪɢ ɤɚɠɞɨɣ ɢɡ 

ɜɵɱɢɫɥɟɧɧɵɯ ɜɵɫɨɬ ɨɬɫɚɫɵɜɚɧɢɹ ɩɨ ɤɪɢɜɨɣ ɫɜɹɡɢ ɧɢɠɧɟɝɨ ɛɶɟɮɚ. 
.ˍ.˓ܼߘ  = ܼː.˄. ሺܳː.˄.ሻ + 𝐻௦, 
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ɝɞɟ ܼː.˄. ሺܳː.˄.ሻ – ɨɬɦɟɬɤɚ ɭɪɨɜɧɹ ɜɨɞɵ ɜ ɇȻ ɩɪɢ  ܳː.˄.,  ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ 
ɪɚɫɱёɬɧɨɦɭ ɡɧɚɱɟɧɢɸ ɜɵɫɨɬɵ ɨɬɫɚɫɵɜɚɧɢɹ 𝐻௦. 

 
Ⱦɥɹ ɜɫɟɯ ɜɵɲɟɨɩɢɫɚɧɧɵɯ ɫɥɭɱɚɟɜ: 
.ˍ.˓ܼߘ  = ͷ͸Ͷ,Ͷͺ + ሺͲ,ʹͳሻ = ͷ͸Ͷ,͸ͻ ˏ. 
.ˍ.˓ܼߘ  = ͷ͸Ͷ,Ͷͺ + ሺ−ͳ,Ͷͳሻ = ͷ͸͵,Ͳ͹ ˏ. 
.ˍ.˓ܼߘ  = ͷ͸Ͷ,Ͷ͹ + ሺ−ʹ,ʹͳ͵ሻ = ͷ͸ʹ, ʹͷ͹ˏ. 
 
Ɋɚɫɫɱɢɬɵɜɚɟɦ ɨɬɦɟɬɤɭ ɭɫɬɚɧɨɜɤɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɩɪɢ ɤɚɠɞɨɣ ɢɡ 

ɜɵɱɢɫɥɟɧɧɵɯ ɜɵɫɨɬ ɨɬɫɚɫɵɜɚɧɢɹ.  
Ⱦɥɹ ɬɭɪɛɢɧɵ: ɊɈ115-ȼ-180 ܼʟКሺH୫i୬ሻ = ͷ͸Ͷ,͸ͻ ˏ ܼʟК(H˓˃˔˚) = ͷ͸͵,Ͳ͹ ˏ ܼʟКሺH௠௔௫ሻ = ͷ͸ʹ,ʹͷ͹ ˏ 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɜɟɞɹ ɚɧɚɥɢɡ ɜɫɟɯ ɜɨɡɦɨɠɧɵɯ ɞɢɚɦɟɬɪɨɜ ɪɚɛɨɱɟɝɨ 

ɤɨɥɟɫɚ ɢ ɜɵɫɨɬ ɨɬɫɚɫɵɜɚɧɢɹ, ɧɚɢɛɨɥɟɟ ɨɩɬɢɦɚɥɶɧɨɣ ɹɜɥɹɟɬɫɹ ɬɭɪɛɢɧɚ ɊɈ115-ȼ-
180.Ⱦɥɹ ɛɟɡɤɚɜɢɬɚɰɢɨɧɧɨɝɨ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɩɪɢɧɢɦɚɟɦ ɦɢɧɢɦɚɥɶɧɭɸ ɨɬɦɟɬɤɭ 
ɭɫɬɚɧɨɜɤɢ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ Zɪɤ (Hɪɚɫɱ)= 562,257ɦ. 

 
3.3  ȼɵɛɨɪ ɬɢɩɚ ɫɟɪɢɣɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ  

 
Ƚɢɞɪɨɝɟɧɟɪɚɬɨɪ ɩɨɞɛɢɪɚɟɬɫɹ ɩɨ ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ ɫɟɪɢɣɧɵɯ ɬɢɩɨɜ, 

ɢɫɯɨɞɹ ɢɡ ɪɚɫɱɟɬɧɨɝɨ ɡɧɚɱɟɧɢɹ ɟɝɨ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ ɢ ɫɢɧɯɪɨɧɧɨɣ 
ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ. 

ȼ ɤɧɢɝɟ “Ƚɢɞɪɨɷɧɟɪɝɟɬɢɱɟɫɤɨɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ 
ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ” ɩɨɞ ɪɟɞɚɤɰɢɟɣ Ⱦ.ɋ.ɓɚɜɟɥɟɜɚ, ɜ ɝɥɚɜɟ «15.8 Ʉɨɧɫɬɪɭɤɰɢɢ 
ɤɪɭɩɧɵɯ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ» ɨɩɪɟɞɟɥёɧ ɬɢɩ ɝɟɧɟɪɚɬɨɪɚ ɜ ɬɚɛɥɢɰɟ 15.2 – 15.3 ɩɨ 
ɫɢɧɯɪɨɧɧɨɣ ɱɚɫɬɨɬɟ ɜɪɚɳɟɧɢɹ ɢ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ. ɗɬɢɦ ɩɟɪɟɱɧɹɦ 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɝɢɞɪɨɝɟɧɟɪɚɬɨɪ ɋȼ-425/135-14. 

Ɂɞɟɫɶ ɠɟ ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɢɩ ɢɫɩɨɥɧɟɧɢɹ ɢ ɟɝɨ ɤɨɦɩɨɧɨɜɤɚ. ȼ 
ɩɪɟɞɫɬɚɜɥɟɧɧɨɦ ɜɚɪɢɚɧɬɟ, ɝɟɧɟɪɚɬɨɪ ɩɨɞɜɟɫɧɨɝɨ ɬɢɩɚ. 

 
3.4 ɉɨɫɬɪɨɟɧɢɟ ɪɚɛɨɱɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɝɢɞɪɨɬɭɪɛɢɧɵ  

 
Ⱦɥɹ ɜɵɛɪɚɧɧɨɣ ɬɭɪɛɢɧɵ ɪɚɫɫɱɢɬɚɧɚ ɢ ɩɨɫɬɪɨɟɧɚ ɡɚɜɢɫɢɦɨɫɬɢ  = f (N), ɇ 

ɞɨɩ
s = f (N) ɢ Q = f (N) ɩɪɢ ɫɢɧɯɪɨɧɧɨɣ ɱɚɫɬɨɬɟ ɜɪɚɳɟɧɢɹ nɫɢɧɯ ɞɥɹ ɱɟɬɵɪɟɯ 

ɡɧɚɱɟɧɢɣ ɧɚɩɨɪɚ (ɇmax, ɇɫɪ, ɇp, ɇmin). 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ Hɫɪ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɮɨɪɦɭɥɨɣ 3.15. 

Hɫɪ = (ɇ min + ɇ p)/2, (3.15) 



35 

 

ɉɪи ɜɵɩɨɥɧɟɧии ɭɫɥɨɜия (ɇmax - ɇp) < (ɇɪ - ɇmin). 

Hɫɪ = (87 + 99 )/2 = 93 ɦ. 

Ɋɚɫɱɟɬ ɩɪɨɢɡɜɟɞɟɧ ɧɚ ɨɫɧɨɜɚɧɢɢ ɍɏ ɜɵɛɪɚɧɧɨɣ ɦɨɞɟɥɢ. Ⱦɚɧɧɵɟ ɪɚɫɱɟɬɚ 
ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɚɯ 3.4, 3.5, 3,6 и 3.7. 

 

Тɚɛɥиɰɚ 3.4 – Зɧɚɱɟɧия ɪɚɛɨɱиɯ ɯɚɪɚɤɬɟɪиɫɬиɤ ɞɥя Hmin 
Ɇɨɞɟɥɶ n1=83,8 (ɨɛ/ɦɢɧ) ɇɚɬɭɪɚ ɇɦɢɧ=87,2ɦ; kQ=30; kN=8,8 . 

Ɍɨɱɤɚ ηɦ 
Q1, 
ɦ3/ɫ 

σ ηɦσ 
Q1σ, 
ɦ3/ɫ 

ηɧ 
Q, 

ɦ3/ɫ 
N, ɤȼɬ ɇɞɨɩs, ɦ Nσ, ɤȼɬ 

1 0,88 0,382 0,05 0,892 0,45 0,894 11,81 8013,9 3,53 11091,5 
2 0,89 0,436 0,1 0,916 0,69 0,904 13,48 10123,3 -1,41 17464,6 
3 0,9 0,502 0,15 0,9205 0,826 0,914 15,52 12101,9 -6,36 21009,6 
4 0,91 0,588 0,2 0,918 0,938 0,924 18,18 14708,9 -11,31 23793,5 
5 0,915 0,652 0,25 0,917 1,03 0,929 20,16 16484,72 -16,26 26098,7 
6 0,919 0,79 0,3 0,916 1,096 0,933 24,42 20061,14 -21,21 27740,8 
7 0,915 1,11 0,35 0,913 1,157 0,929 34,32 28064,48 -26,16 29188,9 
8 0,91 1,23 0,4 0,911 1,215 0,924 38,03 30928,54 -31,11 30584,9 
9 0,909 1,245 0,415 0,909 1,245 0,923 38,49 31271,32 -32,59 31271,3 

 
Ɍɚɛɥɢɰɚ 3.5 – Ɂɧɚɱɟɧɢɹ ɪɚɛɨɱɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɞɥɹ Hɪɚɫɱ 

Ɇɨɞɟɥɶ n1=86,(ɨɛ/ɦɢɧ) ɇɚɬɭɪɚ ɇɪ=98,7ɦ; kQ=30; kN=8,8 . 

Ɍɨɱɤɚ ηɦ 
Q1, 
ɦ3/ɫ 

σ ηɦσ 
Q1σ, 
ɦ3/ɫ 

ηɧ Q, ɦ3/ɫ N, ɤȼɬ 
ɇɞɨɩs, 

ɦ 
Nσ, 
ɤȼɬ 

1 0,6 0,283 0,08 0,905 0,783 0,647 9,33517 5695,404 4 12001 
2 0,65 0,31 0,1 0,926 0,881 0,697 10,2258 6758,68 -1,41 18509 
3 0,7 0,338 0,12 0,918 0,961 0,747 11,1494 7935,998 -3,39 20308 
4 0,75 0,367 0,14 0,908 1,023 0,797 12,106 9232,39 -5,37 21707 
5 0,82 0,43 0,15 0,89 1,08 0,867 14,1842 11826,85 -6,36 22306 
6 0,84 0,467 0,13 0,872 1,123 0,887 15,4047 13157,79 -12 25502 
7 0,86 0,523 0,125 0,869 1,29 0,907 17,2519 15086,45 -20 28704 
8 0,88 0,597 0,12 0,865 1,34 0,927 19,6929 17621,54 -29 31308 
9 0,9 0,66 0,11 0,86 1,39 0,947 21,7711 19923,85 -32,5 33309 

 
Ɍɚɛɥɢɰɚ 3.6 – Ɂɧɚɱɟɧɢɹ ɪɚɛɨɱɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɞɥɹ Hɫɪɟɞ 

Ɇɨɞɟɥɶ n1=86,7(ɨɛ/ɦɢɧ) ɇɚɬɭɪɚ ɇɫɪ=93ɦ; kQ=30; kN=8,8 . 

Ɍɨɱɤɚ ηɦ 
Q1, 
ɦ3/ɫ 

σ ηɦσ 
Q1σ, 
ɦ3/ɫ 

ηɧ Q, ɦ3/ɫ N, ɤȼɬ 
ɇɞɨɩs, 

ɦ 
Nσ, ɤȼɬ 

1 0,88 0,39 0,05 0,89 0,447 0,894 11,4007 6789 4,59 9287,14 
2 0,89 0,447 0,1 0,915 0,69 0,904 13,067 8252,1 0,71 14738,6 
3 0,9 0,52 0,15 0,92 0,824 0,914 15,201 10125 -3,17 17697 
4 0,91 0,6 0,2 0,918 0,94 0,924 17,5396 12136,3 -7,06 20144,4 
5 0,915 0,655 0,25 0,917 1,034 0,929 19,1474 13541 -10,95 22134,7 
6 0,919 0,838 0,3 0,916 1,105 0,933 24,497 17978,12 -14,83 23628,8 
7 0,915 1,116 0,35 0,9125 1,17 0,929 32,6237 23838,01 -18,72 24923,2 
8 0,91 1,223 0,4 0,91 1,23 0,924 35,7516 25980,8 -22,61 26129,5 
9 0,905 1,284 0,445 0,905 1,286 0,919 37,5348 27126,78 -26,11 27169 
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Ɍɚɛɥɢɰɚ 3.7 – Ɂɧɚɱɟɧɢɹ ɪɚɛɨɱɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɞɥɹ Hmax 
Ɇɨɞɟɥɶ n1=88,3(ɨɛ/ɦɢɧ) ɇɚɬɭɪɚ ɇɦɚɯ=107ɦ; kQ=30; kN=8,8. 

Ɍɨɱɤɚ ηɦ 
Q1, 
ɦ3/ɫ 

σ ηɦσ 
Q1σ, 
ɦ3/ɫ 

ηɧ Q, ɦ3/ɫ N, ɤȼɬ 
ɇɞɨɩs, 

ɦ 
Nσ, 
ɤȼɬ 

1 0,6 0,27 0,08 0,912 0,78 0,647 9,25921 6105,549 4,0 13012 
2 0,65 0,29 0,1 0,926 0,88 0,697 9,94508 7104,296 -2,5 20309 
3 0,7 0,32 0,12 0,913 0,97 0,747 10,9739 8442,241 -3,5 21310 
4 0,75 0,36 0,14 0,898 1,03 0,797 12,3456 10175,92 -5,5 22907 
5 0,8 0,439 0,15 0,88 1,1 0,847 15,0548 13236,23 -7,0 24108 
6 0,82 0,485 0,13 0,82 1,2 0,867 16,6323 14988,75 -9,5 25607 
7 0,84 0,54 0,12 0,8 1,25 0,887 18,5184 17095,54 -12,0 27306 
8 0,86 0,595 0,1 0,78 1,3 0,907 20,4046 19285,24 -18,5 31005 

 
Ƚɪɚɮɢɤɢ ɡɚɜɢɫɢɦɨɫɬɢ  = f (N), ɇ ɞɨɩ

s = f (N) ɢ Q = f (N) ɞɥɹ ɤɚɠɞɨɝɨ ɢɡ 
ɧɚɩɨɪɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɚɯ 3.1, 3.2 ɢ 3.3 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

 

 
Ɋиɫɭɧɨɤ 3.1 -  Зɚɜиɫиɦɨɫɬɶ КɉД ɨɬ ɦɨщɧɨɫɬи 
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Ɋиɫɭɧɨɤ 3.2 - Зɚɜиɫиɦɨɫɬɶ ɜɵɫɨɬɵ ɨɬɫɚɫɵɜɚɧия ɨɬ ɦɨщɧɨɫɬи 

 

 
Ɋиɫɭɧɨɤ 3.3 - Зɚɜиɫиɦɨɫɬɶ ɪɚɫɯɨɞɚ ɨɬ ɦɨщɧɨɫɬи 

 
3.5  ɉɨɫɬɪɨɟɧɢɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɢɞɪɨɬɭɪɛɢɧɵ  
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Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɧɚɩɨɪɧɨ – ɦɨɳɧɨɫɬɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɬɭɪɛɢɧɵ, ɢɫɩɨɥɶɡɭɹ ɪɚɛɨɱɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɚ ɬɚɤɠɟ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɟ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬɤɪɵɬɢɣ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ, ɫɜɟɞɟɧɧɵɟ ɜ ɬɚɛɥɢɰɵ 3.8, 3.9. 

 
Ɍɚɛɥɢɰɚ 3.8 – Ɂɚɜɢɫɢɦɨɫɬɶ ɨɬɤɪɵɬɢɹ ɇȺ ao=f (N) 

a0 [ɦɦ] 

55 73 92 
H [ɦ] N [ɤȼɬ] H [ɦ] N [ɤȼɬ] H [ɦ] N [ɤȼɬ] 
107 19005 107 23598 107 27900 
99 20455 99 25362 99 30043 
93 21677 93 27006 93 32999 
87 22574 87 28640 87 34365 

 
Ɍɚɛɥɢɰɚ 3.9 – Ɂɚɜɢɫɢɦɨɫɬɶ ɨɬɤɪɵɬɢɹ ɇȺ ao=f (N) 

a0 [ɦɦ] 

105 125 140 
H [ɦ] N [ɤȼɬ] H [ɦ] N [ɤȼɬ] H [ɦ] N [ɤȼɬ] 
107 32056 107 34755 107 36369 
99 34600 99 36300 99 38188 
93 37893 93 39125 93 41509 
87 40900 87 42489 87 44897 

 
ɉɨɫɥɟ ɪɚɫɱёɬɚ ɨɬɤɪɵɬɢɣ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ ɩɪɢ ɜɫɟɯ ɧɚɩɨɪɚɯ, 

ɫɬɪɨɢɬɫɹ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɧɚɬɭɪɧɨɣ ɬɭɪɛɢɧɵ. Ⱦɥɹ ɷɬɨɝɨ ɧɚ 
ɪɢɫɭɧɨɤ ɩɟɪɟɧɨɫɹɬɫɹ ɢɡɨɥɢɧɢɢ ɄɉȾ, ɥɢɧɢɢ ɜɵɫɨɬɵ ɨɬɫɚɫɵɜɚɧɢɹ ɢ ɨɬɤɪɵɬɢɹ ɇȺ. 
ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɪɢɥɚɝɚɟɬɫɹ ɪɢɫɭɧɨɤ Ȼ.2 [ɉɪɢɥɨɠɟɧɢɟ Ȼ]. 

 
3.6 ȼɵɛɨɪ ɩɨɞɲɢɩɧɢɤɚ 

 
ȼɚɥ ɝɢɞɪɨɚɝɪɟɝɚɬɚ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɩɟɪɟɞɚɱɢ ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ ɨɬ 

ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɤ ɪɨɬɨɪɭ ɝɟɧɟɪɚɬɨɪɚ. Ɋɚɫɱɟɬ ɜɚɥɚ ɧɚ ɩɪɨɱɧɨɫɬɶ ɧɟɨɛɯɨɞɢɦɨ 
ɩɪɨɢɡɜɨɞɢɬɶ ɫ ɭɱɟɬɨɦ ɫɨɜɦɟɫɬɧɨɝɨ ɞɟɣɫɬɜɢɹ ɫɤɪɭɱɢɜɚɸɳɢɯ, ɢɡɝɢɛɚɸɳɢɯ ɢ 
ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɭɫɢɥɢɣ. 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɧɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɜɚɥɚ ɩɨ ɮɨɪɦɭɥɟ 3.16. 
˅∗ܦ  ൒ (ͷ,ͳ ∙ ʛˍ˓[𝜏ˇˑ˒])଴,ଷଷ,  (3.16) 

 
ɝɞɟ [𝜏ˇˑ˒] = 30-35 Ɇɉɚ, ɚ ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ ʛˍ˓ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
3.17. 
 ʛˍ˓ = Ͳ,ͲͲͻ͹Ͷ ∙ ே௡˔ˋː˘  (3.17) 

 
ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɞɢɚɦɟɬɪɚ ɨɤɪɭɝɥɹɸɬ ɞɨ ɫɬɚɧɞɚɪɬɢɡɢɪɨɜɚɧɧɨɝɨ 

(ɤɪɚɬɧɨɟ 50 ɦɦ ɩɪɢ ܦ˅ ɦɟɧɟɟ 1000ɦɦ  ɢ ɤɪɚɬɧɨɟ 100 ɦɦ ɩɪɢ D൒ ͳͲͲͲˏˏ) 
Ⱦɚɥɟɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɪɚɫɱɟɬ ɩɨ ɜɵɲɟɨɩɢɫɚɧɧɵɦ ɮɨɪɦɭɥɚɦ 3.16 ɢ 3.17. 
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ʛˍ˓ = Ͳ,ͲͲͻ͹Ͷ ∙ ͵ͷͷͲͲͶʹͺ,͸ = Ͳ,ͺͲ͹ ˍʜ ∙ ˏ 

˅ܦ  = (ͷ,ͳ ∙ Ͳ,ͺͲ͹͵ͷ )଴,ଷଷ = Ͳ,ͷ ˏ 

 
Ɉɤɨɧɱɚɬɟɥɶɧɵɣ ɞɢɚɦɟɬɪ ɜɚɥɚ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 0,5 ɦ 
ɇɚɩɪɚɜɥɹɸɳɢɣ ɩɨɞɲɢɩɧɢɤ ɬɭɪɛɢɧɵ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɜɨɫɩɪɢɹɬɢɹ 

ɪɚɞɢɚɥɶɧɵɯ ɧɚɝɪɭɡɨɤ.  
Ɋɚɫɱɟɬ ɩɨɞɲɢɩɧɢɤɚ ɫɜɨɞɢɬɫɹ ɤ ɨɩɪɟɞɟɥɟɧɢɸ ɟɝɨ ɪɚɡɦɟɪɚ ɢ ɩɪɨɜɟɪɤɟ ɩɨ 

ɤɪɢɬɟɪɢɸ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ. 
Ɋɚɞɢɚɥɶɧɚɹ ɫɢɥɚ ɧɚ ɪɚɛɨɱɟɦ ɤɨɥɟɫɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɷɦɩɢɪɢɱɟɫɤɨɣ 

ɡɚɜɢɫɢɦɨɫɬɢ ɩɨ ɮɨɪɦɭɥɟ 3.18. 
 ܴ˓˃ˇ = Ͳ,ͺ ∙ ேሺ௡˔ˋː˘ ∙஽భሻ  (3.18) 

 
Ⱦɢɚɦɟɬɪ ɜɚɥɚ ɩɨɞ ɩɨɞɲɢɩɧɢɤɨɦ ݀˒, ɫ ɭɱɟɬɨɦ ɨɛɥɢɰɨɜɤɢ, ɨɛɵɱɧɨ 

ɩɪɢɧɢɦɚɟɬɫɹ ɧɚ 15 – 20 ɦɦ ɛɨɥɶɲɟ ܦ˅. 
Ⱦɥɹ ɤɨɥɶɰɟɜɨɝɨ ɩɨɞɲɢɩɧɢɤɚ ɭɞɟɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ 3.19. 
ˇ˖݌  =  ோ˓˃ˇሺௗ˒∙ℎ˒ሻ ൑  (3.19) [ˇ˖݌]

 
ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɩɨɥɭɱɟɧɨ, ɱɬɨ ɞɨɩɭɫɤɚɟɦɨɟ [݌˖ˇ] = ʹͻ ∙ 𝑈, ˍʞ˃, 
 𝑈 = 𝜋∙௡˔ˋː˘∙ௗ˒ଷ଴  (3.20) 

 
Ɋɚɫɱɟɬ ɤɨɥɶɰɟɜɨɝɨ ɩɨɞɲɢɩɧɢɤɚ: 

 ܴ˓˃ˇ = Ͳ,ͺ ∙ ͵ͷͷͲͲሺͶʹͺ,͸ ∙ ͳ,ͺሻ = ͵͸,ͺ ˍʜ 

 𝑈 = ͵,ͳͶ ∙ Ͷʹͺ,͸ ∙ Ͳ,ͷͳͷ͵Ͳ = ʹ͵,ͳͲ ˍʞ˃ 

[ˇ˖݌]  = ʹͻ ∙ ʹ͵,ͳͲ = ͸͸ͻ,ͻ ˍʞ˃, 
ˇ˖݌  =  ͵͸,ͺሺͲ,ͷͳͷ ∙ Ͳ,͵ሻ ൑ [ˇ˖݌] = ʹ͵ͺ,ͳͺ ˍʞ˃ ൑ ͸͸ͻ,͸ ˍʞ˃. 
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˓˖ˇ ൑[ɪɭɞ], ɬɚɤ ɤɚɤ ɷɬɨ ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ, ɤɨɥɶɰɟɜɨɣ ɩɨɞɲɢɩɧɢɤ 
ɫɩɨɫɨɛɟɧ ɜɵɞɟɪɠɚɬɶ ɪɚɞɢɚɥɶɧɵɟ ɧɚɝɪɭɡɤɢ ɜ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ. 

Ⱦɥɹ ɫɟɝɦɟɧɬɧɨɝɨ ɩɨɞɲɢɩɧɢɤɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɜɵɛɢɪɚɟɬɫɹ ɱɢɫɥɨ ɢ ɜɵɫɨɬɚ 
ɫɟɝɦɟɧɬɨɜ ɢɡ ɬɚɛɥɢɰɵ 3.10. 

 
Ɍɚɛɥɢɰɚ 3.10 – Ⱦɚɧɧɵɟ ɞɥɹ ɫɟɝɦɟɧɬɧɨɝɨ ɩɨɞɲɢɩɧɢɤɚ 

Dɜ,ɦɦ 500-800 850-1100 1200-1600 1700-2200 
Hɩ,ɦɦ 300 400 500 600 

Zɫɟɝ 8 8 10 12 
 
Ɉɩɪɟɞɟɥɹɟɬɫɹ ɭɫɢɥɢɟ ɧɚ ɧɚɢɛɨɥɟɟ ɡɚɝɪɭɠɟɧɧɵɣ ɫɟɝɦɟɧɬ ɩɨ ɮɨɪɦɭɥɟ 3.21. 
 ܴଵ = ோ˓˃ˇሺଵ+ଶ௖௢௦𝛼+ଶୡ୭s ሺଶ𝛼ሻ,  (3.21) 

 
ɝɞɟ ߙ – ɰɟɧɬɪɚɥɶɧɵɣ ɭɝɨɥ ɪɚɫɩɨɥɨɠɟɧɢɹ ɫɟɝɦɟɧɬɨɜ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ 3.22: 

ߙ  = ଷ଺଴°௓˔ˈˆˏ  (3.22) 

 
Ɋɚɫɫɱɢɬɵɜɚɟɬɫɹ ɭɞɟɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɫɟɝɦɟɧɬ ɩɨ ɮɨɪɦɭɥɟ 3.23. 
ˇ˖݌  = ோ˓˃ˇሺ௟˔ˈˆˏ∙ℎ˒ሻ ൑  (3.23)  ,[ˇ˖݌]

 
ɝɞɟ ݈˔ˈˆˏ – ɞɥɢɧɚ ɫɟɝɦɟɧɬɚ ɜ ɨɤɪɭɠɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ, ɩɪɢɱɟɦ ɩɨ ɮɨɪɦɭɥɟ 3.24: 

 ݈˔ˈˆˏ = ሺ଴,଼ହ−଴,ଽହሻ∙𝜋∙ௗ˒௓˔ˈˆˏ   (3.24) 

 
Ⱦɥɹ ɬɚɤɢɯ ɩɨɞɲɢɩɧɢɤɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɩɨɥɭɱɟɧɨ, ɱɬɨ ɞɨɩɭɫɤɚɟɦɨɟ [݌˖ˇ] = ͷͲ ∙ 𝑈, ˍʞ˃. 
Ɋɚɫɱɟɬ ɫɟɝɦɟɧɬɧɨɝɨ ɩɨɞɲɢɩɧɢɤɚ: 
ߙ  = ͵͸Ͳ°ͺ = Ͷͷ° 
 ܴଵ = ͵͸,ͺሺͳ + Ͷͷݏ݋ܿʹ + ʹcos ሺʹ ∙ Ͷͷሻ = ͳͷ.ʹͶ ˍʜ 

 ݈˔ˈˆˏ = Ͳ,ͺͷ ∙ ͵,ͳͶ ∙ Ͳ,ͷͳͷͺ = Ͳ,ͳ͹ ˏ 

[ˇ˖݌]  = ͷͲ ∙ ʹ͵.ͳͲ = ͳͳͷͷ ˍʞ˃ 
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ˇ˖݌ = ͵͸.ͺͲ,ͳ͹ ∙ Ͳ,͵ ൑ [ˇ˖݌] = ͹ʹͳ.ͷ͸ ൑  ͳͳͷͷ ˍʞ˃ 

 ˓˖ˇ ൑ [ɪɭɞ], ɬɚɤ ɤɚɤ ɷɬɨ ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ, ɫɟɝɦɟɧɬɧɵɣ ɩɨɞɲɢɩɧɢɤ 
ɫɩɨɫɨɛɟɧ ɜɵɞɟɪɠɚɬɶ ɪɚɞɢɚɥɶɧɵɟ ɧɚɝɪɭɡɤɢ ɜ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ. 

ɂɫɯɨɞɹ ɢɡ ɭɫɥɨɜɢɹ ɷɤɨɧɨɦɢɱɧɨɫɬɢ, ɩɪɢɧɢɦɚɟɬɫɹ ɫɟɝɦɟɧɬɧɵɣ ɩɨɞɲɢɩɧɢɤ. 
 

3.7 Ƚɢɞɪɨɦɟɯɚɧɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɢ ɩɥɚɧ ɩɨɫɬɪɨɟɧɢɹ ɫɩɢɪɚɥɶɧɨɣ 
ɤɚɦɟɪɵ 

 

ɐɟɥɶɸ ɪɚɫɱɟɬɚ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɪɚɡɦɟɪɨɜ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ ɢ ɟɟ 
ɮɨɪɦɵ. 

Ɇɟɬɚɥɥɢɱɟɫɤɚɹ ɫɩɢɪɚɥɶɧɚɹ ɤɚɦɟɪɚ ɢɦɟɟɬ ɤɪɭɝɥɨɟ ɩɨɩɟɪɟɱɧɨɟ ɫɟɱɟɧɢɟ ɫ 
ɩɟɪɟɯɨɞɨɦ ɧɚ ɷɥɥɢɩɬɢɱɟɫɤɢɟ ɜ ɪɚɣɨɧɟ ɡɭɛɚ, ɫɥɭɠɢɬ ɞɥɹ ɩɨɞɜɨɞɚ ɜɨɞɵ ɤ ɬɭɪɛɢɧɟ 
ɢ ɮɨɪɦɢɪɨɜɚɧɢɸ ɩɨɬɨɤɚ ɧɚ ɜɯɨɞɟ ɜ ɇȺ. 

Ⱦɥɹ  ɬɭɪɛɢɧɵ ɊɈ115-ȼ-180 ɜɵɛɢɪɚɸɬɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɩɚɪɚɦɟɬɪɵ: ܾ଴ = Ͳ,͵ͳ͸ ∙ ଵܦ = Ͳ,͵ͳ͸ ∗ ͳ,ͺ = Ͳ,͵͵ͺˏ 
ɭɝɨɥ ɨɛɯɜɚɬɚ 𝜑 = ͵ͷͳ଴  
ɜɵɫɨɬɚ ɫɬɚɬɨɪɚ ܾଵ = ܾ଴ + Ͳ,Ͳʹ = Ͳ,͵͵ͺ + Ͳ,Ͳʹ = Ͳ,͵ͶͲ ɦ  
Ɉɫɧɨɜɧɵɟ ɪɚɡɦɟɪɵ ɫɬɚɬɨɪɚ ɞɥɹ D1 =1,8ɦ ܦ௔ = ͵ͲͲͲˏ; ℎଵ = ʹͳͲ; ܦ௕ = ͵͵ͲͲˏ; R =200 ɦ 
Ɋɚɫɯɨɞ ɱɟɪɟɡ ɜɯɨɞɧɨɟ ɫɟɱɟɧɢɟ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 3.25. 
 ܳ˅˘ = ܳ௣ ∙ 𝜑ଷ଺଴బ = ͵ʹ,ͳ͹ͷ ˎ̝

  (3.25) 

 
ɉɥɨɳɚɞɶ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 3.26. 
 𝐹 ˘ = ொ˅˘𝑣˔˓ = ͵,ͺͷ͵ˏ  (3.26) 

 
Ɋɚɞɢɭɫ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 3.27. 

ݎ˅  ˘ = √𝐹𝜋 =  ͳ,ͳͲͺˏ  (3.27) 

 
ɉɨɥɧɚɹ ɜɵɫɨɬɚ ɫɬɚɬɨɪɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 3.28. 
 ʜଵ = ܾଵ + ʹ ∙ ℎଵ = ͳ,ͲͲͺͺˏ  (3.28) 
 
Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɨɫɢ ɬɭɪɛɢɧɵ ɞɨ ɰɟɧɬɪɚ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ 3.29. 
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˃˅˘ = ܴସ + ଶ̆ݎ˅√ − ቀʜభଶ ቁଶ = ʹ,͸͵͸ˏ  (3.29) 

 
ɇɚɪɭɠɧɵɣ ɪɚɞɢɭɫ ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 3.30. 
 ܴ˅˘ = ܽ˅˘ + ݎ˅ ˘ = 3,744ɦ (3.30) 
 
Ɂɧɚɱɟɧɢɟ 𝜑̝  ɜɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 3.31. 

 ଵ௖ = ଷ଺଴∙ሺ˃˅˘−√˃˅˘మ −௥˅ ˘మሻ𝜑 = Ͳ,ʹͷͲˏ  (3.31) 

 
Ⱦɚɥɟɟ ɡɚɞɚɜɚɹɫɶ ɪɹɞɨɦ ɡɧɚɱɟɧɢɣ ɭɝɥɨɜ 𝜑𝑖 ɱɟɪɟɡ ∆𝜑 = ͳͷ଴, ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ 

ɜɫɟ ɫɟɱɟɧɢɹ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ ɩɨ ɮɨɪɦɭɥɟ 3.32. 
 ˘ = 𝜑̝ + √ଶ∙ோర∙𝜑஼ − ቀ𝐻భଶ ቁଶ = Ͳ,ʹͶͶˏ  (3.32)  

 
Ɋɚɫɫɬɨɹɧɢɟ ɞɨ ɰɟɧɬɪɚ ɪɚɫɱɟɬɧɨɝɨ ɫɟɱɟɧɢɹ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 3.33. 
 ˃ = ܴସ + 𝑥 = ͳ,Ͳ͸͵ ˏ  (3.33) 
 
Ɋɚɞɢɭɫ ɪɚɫɱɟɬɧɨɝɨ ɫɟɱɟɧɢɹ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 3.34. 
 ʟ = √˘ଶ + ቀʜభଶ ቁଶ = ʹ,Ͷ͵ʹ ˏ  (3.34) 

 
Ⱦɚɧɧɵɟ ɪɚɫɱɟɬɚ ɫɜɨɞɹɬɫɹ ɜ ɬɚɛɥɢɰɭ 3.11. 

 
Ɍɚɛɥɢɰɚ 3.11 – ɋɜɨɞɧɚɹ ɬɚɛɥɢɰɚ 

1 2 3 4 5 6 7 8 9 10 11 12 
φ - - - - - x x2 p2 p a R 
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351 0,975 0,290 0,956 0,702 0,838 1,13 1,271 1,525 1,24 2,777 4,012 
336 0,933 0,277 0,915 0,661 0,813 1,09 1,188 1,443 1,20 2,740 3,941 
321 0,892 0,265 0,874 0,620 0,787 1,05 1,107 1,362 1,17 2,702 3,869 
306 0,850 0,253 0,833 0,579 0,761 1,01 1,027 1,282 1,13 2,663 3,796 
291 0,808 0,240 0,793 0,538 0,734 0,97 0,948 1,203 1,10 2,624 3,720 
276 0,767 0,228 0,752 0,497 0,705 0,93 0,870 1,125 1,06 2,583 3,644 
261 0,725 0,215 0,711 0,456 0,676 0,89 0,794 1,048 1,02 2,541 3,565 
246 0,683 0,203 0,670 0,416 0,645 0,85 0,719 0,973 0,99 2,498 3,484 
231 0,642 0,191 0,629 0,375 0,612 0,80 0,645 0,899 0,95 2,453 3,401 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 3.11 
1 2 3 4 5 6 7 8 9 10 11 12 
φ - - - - - x x2 p2 p a R 
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216 0,600 0,178 0,588 0,334 0,578 0,76 0,572 0,826 0,91 2,406 3,315 
201 0,558 0,166 0,547 0,293 0,541 0,71 0,500 0,755 0,87 2,357 3,226 
186 0,517 0,154 0,507 0,252 0,502 0,66 0,430 0,684 0,83 2,306 3,133 
171 0,475 0,141 0,466 0,211 0,460 0,60 0,361 0,615 0,78 2,251 3,035 

 
Ⱦɚɥɟɟ ɫɧɢɦɚɟɬɫɹ ɡɧɚɱɟɧɢɟ Rɜ ɞɥɹ ɭɝɥɚ 𝜑: ܴሺ𝜑=ଵହ଺ሻ = ʹ,ͻͷ͸ˏ 
Ɋɚɡɦɟɪɵ ɷɥɥɢɩɬɢɱɟɫɤɢɯ ɫɟɱɟɧɢɣ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ 3.35: 
 ˓ଵ = ʜభଶ∙si୬ ˃ˍ = ଴,଼ସଶ∙si୬ ଷହబ = Ͳ, ͺͺˏ.  (3.35) 

 
Ɇɟɧɶɲɢɣ ɪɚɞɢɭɫ ɞɥɹ ɥɸɛɨɝɨ ɷɥɥɢɩɬɢɱɟɫɤɨɝɨ ɫɟɱɟɧɢɹ ɩɨ ɮɨɪɦɭɥɟ 3.36: 
 ˓ଶሺ𝜑=ଵଵଵሻ = ோሺ𝜑=భభభሻ−(ோర+௣భ∙ሺଵ−ୡ୭s ௔𝑘ሻ)ଶ∙ୡ୭s ଷହబ   (3.36) 

 ˓ଶሺ𝜑=ଵଵଵሻ = ʹ,Ͳ͹͵ − (ͳ,͸ͷͲ + Ͳ,ͺͺ ∙ ሺͳ − cos ͵ͷሻ)ʹ ∙ cos ͵ͷ଴ = Ͳ,͵ͳ͵ ˏ 

 
Ⱦɚɧɧɵɟ ɡɚɧɨɫɹɬɫɹ ɜ ɬɚɛɥɢɰɭ 3.12, ɫɜɨɞɧɵɟ ɞɚɧɧɵɟ ɬɚɛɥɢɰɵ 3.12 ɢ 3.11 

ɫɜɨɞɹɬɫɹ ɜ ɝɪɚɮɢɤ, ɪɢɫɭɧɨɤ 3.4. 
 

Ɍɚɛɥɢɰɚ 3.12 – Ɋɚɫɱɟɬ ɷɥɥɢɩɬɢɱɟɫɤɨɝɨ ɫɟɱɟɧɢɹ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ 
φ Ɋ1 R Ɋ2 

156 0,88 3,0 1,21 
141  2,8 1,10 
126  2,8 1,00 
111  2,7 0,90 
96  2,6 0,85 
81  2,5 0,80 
66  2,5 0,72 
51  2,4 0,64 
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Ɋɢɫɭɧɨɤ 3. 4 - ɂɡɦɟɧɟɧɢɟ ɧɚɪɭɠɧɨɝɨ ɞɢɚɦɟɬɪɚ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ  
 
ɑɟɪɬɟɠ ɫɩɢɪɚɥɶɧɨɣ ɤɚɦɟɪɵ ɩɪɢɥɚɝɚɟɬɫɹ ɪɢɫɭɧɨɤ Ȼ.3 [ɉɪɢɥɨɠɟɧɢɟ Ȼ] 
 
3.8 ɇɚɩɪɚɜɥɹɸɳɢɣ ɚɩɩɚɪɚɬ 

 
ɇɚɩɪɚɜɥɹɸɳɢɣ ɚɩɩɚɪɚɬ ɪɟɚɤɬɢɜɧɵɯ ɝɢɞɪɨɬɭɪɛɢɧ ɫɨɡɞɚɟɬ ɡɚɤɪɭɱɟɧɧɵɣ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ ɜɪɚɳɟɧɢɹ ɬɭɪɛɢɧɵ ɩɨɬɨɤ ɧɚ ɜɯɨɞɟ ɜ ɪɚɛɨɱɟɟ ɤɨɥɟɫɨ ɢ 
ɪɟɝɭɥɢɪɭɟɬ ɪɚɫɯɨɞ ɜɨɞɵ ɱɟɪɟɡ ɬɭɪɛɢɧɭ ɫ ɩɨɥɧɵɦ ɩɟɪɟɤɪɵɬɢɟɦ ɪɚɛɨɱɟɣ ɱɚɫɬɢ ɩɪɢ 
ɨɫɬɚɧɨɜɤɟ ɬɭɪɛɢɧɵ, ɤɚɤ ɩɪɢ ɧɨɪɦɚɥɶɧɨɣ ɟɟ ɪɚɛɨɬɟ, ɬɚɤ ɢ ɜ ɫɥɭɱɚɟ ɪɚɡɝɨɧɚ. Ɍɚɤɢɦ 
ɨɛɪɚɡɨɦ, ɧɚɩɪɚɜɥɹɸɳɢɣ ɚɩɩɚɪɚɬ ɹɜɥɹɟɬɫɹ ɧɚɩɪɚɜɥɹɸɳɢɦ, ɪɟɝɭɥɢɪɭɸɳɢɦ ɢ 
ɡɚɩɨɪɧɵɦ ɨɪɝɚɧɨɦ ɝɢɞɪɨɬɭɪɛɢɧɵ.            

Ɉɫɧɨɜɧɵɦ ɷɥɟɦɟɧɬɨɦ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ ɹɜɥɹɸɬɫɹ ɥɨɩɚɬɤɢ, 
ɤɨɥɢɱɟɫɬɜɨ ɤɨɬɨɪɵɯ ɪɚɜɧɨ z0. Ɉɫɢ ɩɨɜɨɪɨɬɚ ɥɨɩɚɬɨɤ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɨɥɨɠɟɧɵ 
ɜɨɤɪɭɝ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɬɭɪɛɢɧɵ ɧɚ ɨɤɪɭɠɧɨɫɬɢ ɫ ɞɢɚɦɟɬɪɨɦ D0. 

ȼ ɧɚɩɪɚɜɥɹɸɳɟɦ ɚɩɩɚɪɚɬɟ ɩɨɜɨɪɨɬ ɥɨɩɚɬɨɤ ɦɨɠɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɥɢɛɨ 
ɱɟɪɟɡ ɰɟɧɬɪɚɥɶɧɨ ɪɚɫɩɨɥɨɠɟɧɧɨɟ ɪɟɝɭɥɢɪɭɸɳɟɟ ɤɨɥɶɰɨ ɫ ɩɪɢɜɨɞɨɦ ɟɝɨ ɨɬ 1 — 4 
ɫɟɪɜɨɦɨɬɨɪɨɜ, ɥɢɛɨ ɢɧɞɢɜɢɞɭɚɥɶɧɵɦɢ ɫɟɪɜɨɦɨɬɨɪɚɦɢ, ɩɨ ɬɨɣ ɢɥɢ ɢɧɨɣ ɫɯɟɦɟ 
ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɭɩɪɚɜɥɹɸɳɢɦɢ ɩɨɥɨɠɟɧɢɟɦ ɤɚɠɞɨɣ ɥɨɩɚɬɤɢ. 

ȼɧɟɲɧɟɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɪɟɝɭɥɢɪɭɸɳɟɝɨ ɤɨɥɶɰɚ ɩɪɢɦɟɧɹɸɬ ɞɥɹ ɦɚɥɵɯ 
ɝɢɞɪɨɬɭɪɛɢɧ ɫ ɞɢɚɦɟɬɪɨɦ ɪɚɫɩɨɥɨɠɟɧɢɹ ɨɫɟɣ ɩɨɜɨɪɨɬɚ ɥɨɩɚɬɨɤ D0 ≤ 4020 ɦɦ. ɉɨ 
ɮɨɪɦɭɥɟ 3.37. 

଴ܦ  = k ∙  ଵ  (3.37)ܦ
଴ܦ  = ͳ,ʹͳʹ ∙ ͳ,ͺ = ʹ,ʹ ˏ. 

 
ɉɨ ɪɟɤɨɦɟɧɞɚɰɢɢ, ɩɪɢɜɟɞɟɧɧɨɣ ɜ ɥɢɬɟɪɚɬɭɪɟ, ɜɵɛɢɪɚɟɦ D0 ɢ z0 ɞɥɹ 

ɝɢɞɪɨɬɭɪɛɢɧɵ ɊɈ115-ȼ-180 ɫ ɞɢɚɦɟɬɪɨɦ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ D1 = 1,8 ɦ,  
D0 = 2,2 ɦ; z0 = 20, φ = 351⁰. 
 
3.9 ȼɵɛɨɪ ɮɨɪɦɵ ɫɟɱɟɧɢɹ ɥɨɩɚɬɤɢ 

 
Ʌɨɩɚɬɤɚ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ ɜɵɩɨɥɧɹɟɬɫɹ ɜ ɜɢɞɟ ɥɢɬɨɣ ɢɥɢ ɫɜɚɪɧɨ-

ɥɢɬɨɣ ɤɨɧɫɬɪɭɤɰɢɢ, ɫɨɫɬɨɹɳɟɣ ɢɡ ɩɪɨɮɢɥɶɧɨɣ ɱɚɫɬɢ ɢ ɤɪɭɝɥɵɯ ɨɩɨɪɧɵɯ ɰɚɩɮ. 
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Ɏɨɪɦɚ ɫɟɱɟɧɢɹ ɩɪɨɮɢɥɶɧɨɣ ɱɚɫɬɢ ɥɨɩɚɬɤɢ ɢ ɟɝɨ ɨɬɧɨɫɢɬɟɥɶɧɵɟ ɪɚɡɦɟɪɵ 
ɨɤɚɡɵɜɚɸɬ ɜɥɢɹɧɢɟ ɧɚ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɬɭɪɛɢɧɵ, ɧɚɩɪɢɦɟɪ, ɟɟ ɄɉȾ, ɢ 
ɫɢɥɨɜɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ.  

ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɪɚɛɨɬɵ ɩɪɢɦɟɧɹɟɦ ɫɢɦɦɟɬɪɢɱɧɵɟ ɩɪɨɮɢɥɢ ɥɨɩɚɬɨɤ ɇȺ. 
Ɋɚɡɦɟɪɵ ɩɪɨɮɢɥɹ ɞɥɹ ɤɨɧɤɪɟɬɧɨɣ ɬɭɪɛɢɧɵ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɬɚɛɥɢɰɟ 
ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɪɚɡɦɟɪɨɜ ɫɢɦɦɟɬɪɢɱɧɵɯ ɩɪɨɮɢɥɟɣ ɪɚɡɥɢɱɧɨɣ ɨɬɧɨɫɢɬɟɥɶɧɨɣ 
ɬɨɥɳɢɧɵ. 
 
Ɍɚɛɥɢɰɚ 3.13 – Ɋɚɡɦɟɪɵ ɩɪɨɮɢɥɹ ɥɨɩɚɬɤɢ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ɉɬɧ. ɪɚɡɦɟɪɵ, ɦ Ⱥɛɫ. ɪɚɡɦɟɪɵ, ɦ 

L 0,16789 0,369 

L1 0,07867 0,173 

r 0,00337 0,07 

k 0,0011 0,02 

a 0,00524 0,011 

b 0,0093 0,020 

c 0,0133 0,029 

d 0,01648 0,036 

e 0,01826 0,040 

g 0,01848 0,040 

h 0,01755 0,038 

m 0,01508 0,033 

n 0,01105 0,024 

p 0,0074 0,016 

 
Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɚɛɫɨɥɸɬɧɵɯ ɪɚɡɦɟɪɨɜ ɩɪɨɮɢɥɹ ɥɨɩɚɬɤɢ ɧɚɬɭɪɧɨɣ 

ɝɢɞɪɨɬɭɪɛɢɧɵ, ɧɟɨɛɯɨɞɢɦɨ ɢɯ ɨɬɧɨɫɢɬɟɥɶɧɵɟ ɪɚɡɦɟɪɵ ɭɦɧɨɠɢɬɶ ɧɚ D0. 
ɉɪɢɜɟɞɟɦ ɬɚɛɥɢɰɭ ɩɟɪɟɫɱɟɬɚ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɪɚɡɦɟɪɨɜ ɧɚ ɚɛɫɨɥɸɬɧɵɟ (ɬɚɛɥɢɰɚ 
3.13). 

ɇɚ ɜɟɥɢɱɢɧɭ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɦɨɦɟɧɬɚ ɬɚɤ ɠɟ ɜɥɢɹɟɬ ɷɤɫɰɟɧɬɪɢɫɢɬɟɬ (𝜀), 
ɩɨɞ ɤɨɬɨɪɵɦɢ ɩɨɧɢɦɚɸɬ ɜɟɥɢɱɢɧɭ ɫɦɟɳɟɧɢɹ ɨɫɢ ɩɨɜɨɪɨɬɚ ɥɨɩɚɬɤɢ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɨɱɤɢ ɩɪɢɥɨɠɟɧɢɹ ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɟɣ ɫɢɥ ɞɚɜɥɟɧɢɹ ɩɪɢ ɡɚɤɪɵɬɨɦ 
ɟё ɩɨɥɨɠɟɧɢɢ, ɡɧɚɱɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɷɤɫɰɟɧɬɪɢɫɢɬɟɬɚ ɩɨ ɮɨɪɦɭɥɟ 3.38.  

 ݊଴ = 𝜀/ሺܮଵ′ + ′ଶܮ ሻ   (3.38) 
 𝜀 = ͳʹ ሺܮଵ′ + ′ଶܮ ሻ = Ͳ,ͳʹ 
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Ɋɢɫɭɧɨɤ- 3.5 Ʌɨɩɚɬɤɚ ɇȺ (ɪɚɡɦɟɪɵ ɭɤɚɡɚɧɵ ɜ ɦɟɬɪɚɯ) 

 
Ɉɩɪɟɞɟɥɢɦ ɦɚɤɫɢɦɚɥɶɧɨɟ ɨɬɤɪɵɬɢɟ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ a0max. 

ȼɟɥɢɱɢɧɚ a଴୫ୟx ɞɥɹ ɦɨɞɟɥɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ. 
ɉɟɪɟɫɱɟɬ ɞɥɹ ɧɚɬɭɪɧɨɣ ɝɢɞɪɨɬɭɪɛɢɧɵ ɩɨ ɮɨɪɦɭɥɟ 3.39. 

 a଴ ୫ୟx = a଴ˏ,୫ୟx ∙ ୈబୈబˏ ∙ zబˏzబ  (3.39) 

 ܽ଴ː,௠௔௫ = ͵͹,ͳ ∙ ͳ,ͺͳ,ʹͳʹ ∙ Ͳ,ͷͳͷ͸ ∙ ʹͲʹͲ = ͳ͵͵,͹ ˏˏ 

 
3.10 Ʉɢɧɟɦɚɬɢɱɟɫɤɚɹ ɫɯɟɦɚ ɦɟɯɚɧɢɡɦɚ ɩɨɜɨɪɨɬɚ ɥɨɩɚɬɤɢ 

ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ 
 

Ʉɢɧɟɦɚɬɢɱɟɫɤɚɹ ɫɯɟɦɚ ɦɟɯɚɧɢɡɦɚ ɩɨɜɨɪɨɬɚ ɥɨɩɚɬɤɢ ɧɚɩɪɚɜɥɹɸɳɟɝɨ 
ɚɩɩɚɪɚɬɚ ɫɬɪɨɢɬɫɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɯɨɞɚ ɩɨɪɲɧɹ ɫɟɪɜɨɦɨɬɨɪɚ. Ɉɩɪɟɞɟɥɹɟɬɫɹ 
ɦɚɤɫɢɦɚɥɶɧɵɣ ɯɨɞ ɩɨɪɲɧɹ, ɩɨɡɜɨɥɹɸɳɢɣ ɨɛɟɫɩɟɱɢɬɶ ɦɚɤɫɢɦɚɥɶɧɨɟ ɨɬɤɪɵɬɢɟ 
ɥɨɩɚɬɨɤ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ. 

Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɫɯɟɦɵ ɩɨɜɨɪɨɬɚ ɥɨɩɚɬɤɢ ɇȺ ɧɭɠɧɨ ɡɧɚɬɶ 
ɪɚɡɦɟɪɵ ɞɟɬɚɥɟɣ ɦɟɯɚɧɢɡɦɚ ɩɨɜɨɪɨɬɚ: Lɧ − ɞɥɢɧɭ ɧɚɤɥɚɞɤɢ ɢ Lɫ − ɞɥɢɧɭ ɫɟɪɶɝɢ, 
ɚ ɬɚɤɠɟ ɞɢɚɦɟɬɪɵ Dɫ (ɫɨɟɞɢɧɟɧɢɟ ɪɟɝɭɥɢɪɭɸɳɟɝɨ ɤɨɥɶɰɚ ɫ ɫɟɪɶɝɚɦɢ) ɢ Dɤ 
(ɫɨɟɞɢɧɟɧɢɟ ɪɟɝɭɥɢɪɭɸɳɟɝɨ ɤɨɥɶɰɚ ɫ ɫɟɪɜɨɦɨɬɨɪɚɦɢ).  

Ⱦɥɹ ɞɚɧɧɨɣ ɫɯɟɦɵ ɦɟɯɚɧɢɡɦɚ ɩɨɜɨɪɨɬɚ ɜɫɟ ɷɬɢ ɪɚɡɦɟɪɵ ɩɪɢɜɟɞɟɧɵ ɜ 
ɬɚɛɥɢɰɟ ɢ ɩɨɤɚɡɚɧɨ, ɤɚɤ ɜɵɩɨɥɧɹɟɬɫɹ ɩɨɫɬɪɨɟɧɢɟ. Ⱦɢɚɦɟɬɪ Dɤ ɡɚɜɢɫɢɬ ɨɬ ɬɢɩɚ ɢ 
ɪɚɫɩɨɥɨɠɟɧɢɹ ɫɟɪɜɨɦɨɬɨɪɨɜ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ, ɜɵɛɢɪɚɟɬɫɹ ɢɡ 
ɫɨɨɬɧɨɲɟɧɢɹ ɩɨ ɮɨɪɦɭɥɟ 3.40 ɢ 3.41 

 ஽ˍ஽ʠ = ሺͲ,ͻ − ͳ,ͳሻ  (3.40) 

ˍܦ  = ˔ܦ ∙ ͳ,Ͳ͸ͷ (3.41) 
ˍܦ  = ͵ͲͲͲ ∙ ͳ,Ͳ͸Ͷ = ͵ʹͲͲ ˏˏ. 

 
ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 3.14 ɢ ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫɭɧɤɟ 3.6. 
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Ɍɚɛɥɢɰɚ 3.14 – Ɋɚɡɦɟɪɵ ɦɟɯɚɧɢɡɦɚ ɩɨɜɨɪɨɬɚ ɥɨɩɚɬɨɤ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ 
D0, [ɦɦ] z0, ɲɬ φ, ɝɪɚɞ Dɤ, [ɦɦ] Lɧ, [ɦɦ] Lɪ, [ɦɦ] Lɫ, [ɦɦ] Ɍɢɩ ɧ/a 

2280 20 22 3200 240 130 297 IH 
 

 
Ɋɢɫɭɧɨɤ 3.6 - Ɇɟɯɚɧɢɡɦ ɩɨɜɨɪɨɬɚ ɥɨɩɚɬɨɤ ɇȺ ɬɭɪɛɢɧɵ ɊɈ 115-ȼ-180 
 
ɂɡɦɟɪɢɜ ɧɚ ɪɢɫɭɧɤɟ 3.6 ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɜɟɥɢɱɢɧɵ (ɚ0) ɢ (Smax) ɫ ɭɱɟɬɨɦ 

ɦɚɫɲɬɚɛɚ ɩɨɫɬɪɨɟɧɢɹ, ɩɨɥɭɱɚɟɦ ɡɚɜɢɫɢɦɨɫɬɶ ɚ0=f(S) ɫɜɟɞɟɧɧɭɸ ɜ ɬɚɛɥɢɰɭ 3.15 ɢ 
ɪɢɫɭɧɨɤ 3.7. 

 
Ɍɚɛɥɢɰɚ 3.15 – Ɂɚɜɢɫɢɦɨɫɬɶ ɨɬɤɪɵɬɢɹ ɇȺ ɨɬ ɯɨɞɚ ɩɨɪɲɧɹ ɫɟɪɜɨɦɨɬɨɪɚ 

ɚ0ɧ, [ɦɦ] Sɦɚɯ, [ɦɦ] 
0 0 

27,7 40,42 

54,66 84,68 

72,3 117,92 

90,5 161,24 

109,3 200,78 

133,7 248,37 

 



48 

 

 

Ɋɢɫɭɧɨɤ 3.7- Ɂɚɜɢɫɢɦɨɫɬɶ ɨɬɤɪɵɬɢɹ ɇȺ ɨɬ ɯɨɞɚ ɩɨɪɲɧɹ ɫɟɪɜɨɦɨɬɨɪɚ 
 
ɉɨɥɭɱɟɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɦɚɤɫɢɦɚɥɶɧɵɣ ɯɨɞ ɩɨɪɲɧɹ 

ɫɟɪɜɨɦɨɬɨɪɚ (SɆȺɏ = 248,37 ɦɦ) ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨɝɨ ɡɧɚɱɟɧɢɹ 
ɨɬɤɪɵɬɢɹ ɥɨɩɚɬɨɤ ɇȺ (ɚ0ɆȺɏ = 133,7 ɦɦ) 
 

3.11 Ɋɚɫɱɟɬ ɭɡɥɨɜ ɝɢɞɪɨɬɭɪɛɢɧɵ  
 

Ɇɚɫɥɨɧɚɩɨɪɧɚɹ ɭɫɬɚɧɨɜɤɚ (Ɇɇɍ): 
Ƚɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ ɦɚɫɥɨɧɚɩɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɨɛɴɟɦɨɦ 

ɦɚɫɥɨɜɨɡɞɭɲɧɨɝɨ ɤɨɬɥɚ, ɡɚɜɢɫɹɳɟɝɨ ɨɬ ɫɭɦɦɚɪɧɨɝɨ ɱɢɫɥɚ ɫɟɪɜɨɦɨɬɨɪɨɜ, 
ɨɛɫɥɭɠɢɜɚɟɦɵɯ ɨɞɧɨɣ Ɇɇɍ. 

ɉɨ ɧɨɦɨɝɪɚɦɦɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɢɩ ɦɚɫɥɨɧɚɩɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ ɡɚɜɢɫɹɳɟɣ ɨɬ 
ɧɚɩɨɪɚ ɢ ɪɚɞɢɭɫɚ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ: ɜɵɛɢɪɚɟɬɫɹ Ɇɇɍ1,6/1-40-2,5-2 
ɝɞɟ 1,6 - ɨɛɴɟɦ ɝɢɞɪɨɚɤɤɭɦɭɥɹɬɨɪɚ; 

1 - ɤɨɥɢɱɟɫɬɜɨ ɝɢɞɪɨɚɤɤɭɦɭɥɹɬɨɪɨɜ; 
40 - ɫɨɫɭɞ, ɪɚɫɫɱɢɬɚɧɧɵɣ ɧɚ ɞɚɜɥɟɧɢɟ 40 ɤɝɫ/ɫɦ2; 
2,5 – ɜɦɟɫɬɢɬɟɥɶɧɨɫɬɶ ɫɥɢɜɧɨɝɨ ɛɚɤɚ ɜ ɦ3; 
2 - ɤɨɥɢɱɟɫɬɜɨ ɧɚɫɨɫɨɜ. 
ɗɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɟɝɭɥɹɬɨɪ: 
ɉɨ ɧɨɦɨɝɪɚɦɦɟ ɨɩɪɟɞɟɥɹɟɦ ɬɢɩ ɗȽɊ. Ɍɚɤ ɤɚɤ ɬɭɪɛɢɧɚ ɪɚɞɢɚɥɶɧɨ-ɨɫɟɜɚɹ, 

ɬɨ ɜɵɛɢɪɚɟɦ ɗȽɊ. Ⱦɢɚɦɟɬɪ ɝɥɚɜɧɨɝɨ ɡɨɥɨɬɧɢɤɚ - 100ɦɦ. ȼɵɛɪɚɧɧɵɣ ɪɟɝɭɥɹɬɨɪ - 
ɗȽɊ-100 4/11 
ɝɞɟ ɗȽɊ - ɷɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɟɝɭɥɹɬɨɪ; 

100- ɞɢɚɦɟɬɪ ɝɥɚɜɧɨɝɨ ɡɨɥɨɬɧɢɤɚ% 
4 - ɝɢɞɪɨɦɟɯɚɧɢɱɟɫɤɚɹ ɤɨɥɨɧɤɚ 4-ɝɨ ɢɫɩɨɥɧɟɧɢɹ. 
ȼɵɛɨɪ ɤɪɚɧɨɜ: 
ȼɵɛɢɪɚɹ ɬɢɩɵ, ɤɨɥɢɱɟɫɬɜɨ ɢ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɢ ɤɪɚɧɨɜ, ɫɥɟɞɭɟɬ 

ɨɫɧɨɜɵɜɚɬɶɫɹ ɧɚ ɫɥɟɞɭɸɳɢɯ ɭɫɥɨɜɢɹɯ: 
1) Ƚɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶ ɤɪɚɧɚ ɞɨɥɠɧɚ ɛɵɬɶ ɛɨɥɶɲɟ ɦɚɫɫɵ ɪɨɬɨɪɚ. 
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2) ɉɪɢ ɤɨɥɢɱɟɫɬɜɟ ȽȺ ɧɚ ɫɬɚɧɰɢɢ ɛɨɥɟɟ ɩɹɬɢ, ɧɟɨɛɯɨɞɢɦɚ ɭɫɬɚɧɨɜɤɚ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɤɪɚɧɚ. 

3) Ʉɥɢɦɚɬɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ ɞɚɧɧɨɣ ɦɟɫɬɧɨɫɬɢ 
ɤɨɥɢɱɟɫɬɜɚ ɚɝɪɟɝɚɬɨɜ - 2, ɜɵɛɢɪɚɟɦ ɦɨɫɬɨɜɨɣ ɤɪɚɧ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶɸ 90 

ɬɨɧɧ. Ʉɨɡɥɨɜɨɣ ɤɪɚɧ ɜɟɪɯɧɟɝɨ ɛɶɟɮɚ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶɸ 10 ɬɨɧɧ ɢ ɧɢɠɧɟɝɨ 
ɛɶɟɮɚ ɝɪɭɡɨɩɨɞɴёɦɧɨɫɬɶɸ 10 ɬɨɧɧ. 
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4 Ɉɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɢ ɩɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ ɧɚɩɪɚɜɥɹɸɳɟɝɨ 
ɚɩɩɚɪɚɬɚ 
 

ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɪɚɞɢɚɥɶɧɨɝɨ ɧɚɩɪɚɜɥɹɸɳɟɝɨ 
ɚɩɩɚɪɚɬɚ ɬɭɪɛɢɧɵ ɪɚɞɢɚɥɶɧɨ-ɨɫɟɜɨɝɨ ɬɢɩɚ ɫɨɫɬɨɢɬ ɢɡ ɫɥɟɞɭɸɳɢɯ ɨɫɧɨɜɧɵɯ 
ɷɥɟɦɟɧɬɨɜ, ɭɤɚɡɚɧɧɵɯ ɧɚ ɪɢɫɭɧɤɟ 4.1.  
 

 
Ɋɢɫɭɧɨɤ 4.1 – Ɋɚɡɪɟɡ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ ɝɢɞɪɨɬɭɪɛɢɧɵ 

 
ɇɚ ɪɢɫɭɧɤɟ 4.1 ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɱɢɫɥɨɜɵɦɢ ɨɛɨɡɧɚɱɟɧɢɹɦɢ ɩɨɤɚɡɚɧɵ 

ɷɥɟɦɟɧɬɵ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 4.1  
 

Ɍɚɛɥɢɰɚ 4.1 – ɗɥɟɦɟɧɬɵ ɤɨɧɫɬɪɭɤɰɢɢ ɇȺ ɝɢɞɪɨɬɭɪɛɢɧɵ  
ɑɢɫɥɨɜɨɟ 

ɨɛɨɡɧɚɱɟɧɢɟ 
ɇɚɡɜɚɧɢɟ ɷɥɟɦɟɧɬɚ 

ɑɢɫɥɨɜɨɟ 
ɨɛɨɡɧɚɱɟɧɢɟ 

ɇɚɡɜɚɧɢɟ ɷɥɟɦɟɧɬɚ 

1 ɇɢɠɧɟɟ ɤɨɥɶɰɨ 9 
Ɋɵɱɚɝ ɩɨɜɨɪɨɬɚ 

ɥɨɩɚɬɤɢ 
2 ȼɬɭɥɤɚ 10 ɇɚɤɥɚɞɤɚ ɫɟɪɶɝɢ 
3 Ʌɨɩɚɬɤɚ 11 Ʉɥɢɧɨɜɚɹ ɲɩɨɧɤɚ 
4 ȼɬɭɥɤɚ 12 Ȼɨɥɬ 
5 ɋɪɟɞɧɢɣ ɩɨɞɲɢɩɧɢɤ 13 ɋɪɟɡɧɨɣ ɩɚɥɟɰ 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 4.1 
ɑɢɫɥɨɜɨɟ 

ɨɛɨɡɧɚɱɟɧɢɟ 
ɇɚɡɜɚɧɢɟ ɷɥɟɦɟɧɬɚ 

ɑɢɫɥɨɜɨɟ 
ɨɛɨɡɧɚɱɟɧɢɟ 

ɇɚɡɜɚɧɢɟ ɷɥɟɦɟɧɬɚ 

6 Ʉɪɵɲɤɚ ɬɭɪɛɢɧɵ 14 ɋɟɪɶɝɚ 
7 ȼɬɭɥɤɚ 15 Ɍɹɝɨɜɨɟ ɤɨɥɶɰɨ 

8 ȼɟɪɯɧɢɣ ɩɨɞɲɢɩɧɢɤ 16 
Ɋɟɝɭɥɢɪɭɸɳɟɟ 

ɤɨɥɶɰɨ 
 
Ʌɨɩɚɬɤɚ (3) ɰɚɩɮɚɦɢ ɨɩɢɪɚɟɬɫɹ ɧɚ ɬɪɢ ɧɚɩɪɚɜɥɹɸɳɢɟ ɜɬɭɥɤɢ. ȼɬɭɥɤɚ (2) 

ɪɚɫɩɨɥɨɠɟɧɚ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɧɢɠɧɟɦ ɤɨɥɶɰɟ (1) ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ, ɚ 
ɜɬɭɥɤɢ (4) ɢ (7) — ɜ ɩɨɞɲɢɩɧɢɤɚɯ (5) ɢ (8), ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɜ ɤɪɵɲɤɟ (6) ɬɭɪɛɢɧɵ.  

Ⱦɥɹ ɭɦɟɧɶɲɟɧɢɹ ɢɡɝɢɛɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɬɟɥɟ ɥɨɩɚɬɤɢ ɫɨɩɪɹɠɟɧɢɟ ɫ 
ɜɟɪɯɧɟɣ ɜɬɭɥɤɨɣ ɜɵɩɨɥɧɹɟɬɫɹ ɫ ɤɨɧɫɬɪɭɤɬɢɜɧɵɦ ɡɚɡɨɪɨɦ. Ʉɪɵɲɤɚ ɬɭɪɛɢɧɵ ɢ 
ɧɢɠɧɟɟ ɤɨɥɶɰɨ ɡɚɤɪɟɩɥɟɧɵ ɧɚ ɫɬɚɬɨɪɟ ɬɭɪɛɢɧɵ. 

ɉɨɜɨɪɨɬ ɥɨɩɚɬɤɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɪɵɱɚɝɨɦ (9), ɧɚɫɚɠɟɧɧɵɦ ɧɚ ɟɟ ɜɟɪɯɧɸɸ 
ɰɚɩɮɭ. ȼɡɚɢɦɧɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɥɨɩɚɬɤɢ ɢ ɪɵɱɚɝɚ ɮɢɤɫɢɪɭɟɬɫɹ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ 
ɪɚɡɪɟɡɧɨɣ ɤɥɢɧɨɜɨɣ ɲɩɨɧɤɨɣ (11), ɫɨɫɬɨɹɳɟɣ ɢɡ ɞɜɭɯ ɱɚɫɬɟɣ. ɉɨɫɥɟɞɧɢɟ 
ɫɨɩɪɹɝɚɸɬɫɹ ɦɟɠɞɭ ɫɨɛɨɣ ɩɨ ɩɥɨɫɤɨɫɬɢ, ɧɚɤɥɨɧɧɨɣ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɨɫɢ 
ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɲɩɨɧɤɢ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɭɫɬɚɧɨɜɢɬɶ ɟɟ ɫ 
ɧɟɨɛɯɨɞɢɦɵɦ ɧɚɬɹɝɨɦ. Ɋɵɱɚɝ ɧɢɠɧɟɣ ɩɥɨɫɤɨɫɬɶɸ ɨɩɢɪɚɟɬɫɹ ɧɚ ɮɥɚɧɟɰ ɜɬɭɥɤɢ 
ɢɥɢ ɫɩɟɰɢɚɥɶɧɨɟ ɨɩɨɪɧɨɟ ɤɨɥɶɰɨ. ɋ ɩɨɦɨɳɶɸ ɛɨɥɬɚ (12) ɪɟɝɭɥɢɪɭɸɬ ɩɨɥɨɠɟɧɢɟ 
ɥɨɩɚɬɤɢ ɩɨ ɜɵɫɨɬɟ ɢ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɧɟɨɛɯɨɞɢɦɵɟ ɡɚɡɨɪɵ ɩɨ ɬɨɪɰɚɦ ɩɟɪɚ.  

ɇɚ ɫɬɭɩɢɰɟ ɪɵɱɚɝɚ ɭɫɬɚɧɨɜɥɟɧɚ ɧɚɤɥɚɞɤɚ ɫɟɪɶɝɢ (10), ɤɨɬɨɪɚɹ ɲɚɪɧɢɪɧɨ 
ɫɨɟɞɢɧɟɧɚ ɫ ɫɟɪɶɝɨɣ (14). ȼɡɚɢɦɧɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɧɚɤɥɚɞɤɢ ɢ ɪɵɱɚɝɚ 
ɮɢɤɫɢɪɭɟɬɫɹ ɫɪɟɡɧɵɦ ɩɚɥɶɰɟɦ (13), ɤɨɬɨɪɵɣ ɩɪɟɞɨɯɪɚɧɹɟɬ ɧɚɩɪɚɜɥɹɸɳɢɣ 
ɚɩɩɚɪɚɬ ɨɬ ɛɨɥɟɟ ɫɟɪɶɟɡɧɵɯ ɩɨɥɨɦɨɤ ɩɪɢ ɩɨɩɚɞɚɧɢɢ ɦɟɠɞɭ ɥɨɩɚɬɤɚɦɢ 
ɩɨɫɬɨɪɨɧɧɟɝɨ ɩɪɟɞɦɟɬɚ.  

ɋ ɩɨɦɨɳɶɸ ɫɟɪɟɝ ɜɫɟ ɥɨɩɚɬɤɢ ɲɚɪɧɢɪɧɨ ɫɜɹɡɚɧɵ ɫ ɪɟɝɭɥɢɪɭɸɳɢɦ 
ɤɨɥɶɰɨɦ (16), ɭɫɬɚɧɨɜɥɟɧɧɵɦ ɧɚ ɨɩɨɪɟ, ɪɚɫɩɨɥɨɠɟɧɧɨɣ ɧɚ ɤɪɵɲɤɟ ɬɭɪɛɢɧɵ. 
ɍɫɢɥɢɟ ɞɥɹ ɩɨɜɨɪɨɬɚ ɪɟɝɭɥɢɪɭɸɳɟɟ ɤɨɥɶɰɨ ɩɨɥɭɱɚɟɬ ɨɬ ɫɟɪɜɨɦɨɬɨɪɨɜ, ɩɨɪɲɧɢ 
ɤɨɬɨɪɵɯ ɲɚɪɧɢɪɧɨ ɫɜɹɡɚɧɵ ɫ ɤɨɥɶɰɨɦ ɬɹɝɢ (15). ɉɟɪɟɦɟɳɟɧɢɟ ɩɨɪɲɧɟɣ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨɞ ɞɚɜɥɟɧɢɟɦ ɦɚɫɥɚ, ɩɨɫɬɭɩɚɸɳɟɝɨ ɜ ɫɟɪɜɨɦɨɬɨɪɵ ɢɡ ɫɢɫɬɟɦɵ 
ɪɟɝɭɥɢɪɨɜɚɧɢɹ. 

 
4.1 Ɋɚɫɱɟɬ ɧɚ ɩɪɨɱɧɨɫɬɶ ɥɨɩɚɬɤɢ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ 
 
4.1.1 ɍɫɥɨɜɧɚɹ ɪɚɫɱёɬɧɚɹ ɫɯɟɦɚ 

 
ɍɫɥɨɜɧɚɹ ɫɯɟɦɚ ɥɨɩɚɬɤɢ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 

ɪɢɫɭɧɤɟ 4.2 
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Ɋɢɫɭɧɨɤ 4.2 –ɍɫɥɨɜɧɚɹ ɫɯɟɦɚ ɥɨɩɚɬɤɢ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ 

 
4.1.2 ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 

 
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɥɨɩɚɬɤɢ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.2 
 
Ɍɚɛɥɢɰɚ 4.2 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɥɨɩɚɬɤɢ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ɉɛɨɡɧɚɱɟɧɢɟ Ɂɧɚɱɟɧɢɟ 
Ⱦɥɢɧɚ ɭɱɚɫɬɤɚ 1, ɫɦ l1 5,5 
Ⱦɥɢɧɚ ɭɱɚɫɬɤɚ 2, ɫɦ l2 = b0 33 
Ⱦɥɢɧɚ ɭɱɚɫɬɤɚ 3, ɫɦ l3 6 
Ⱦɥɢɧɚ ɭɱɚɫɬɤɚ 4, ɫɦ l4 69 
Ⱦɥɢɧɚ ɭɱɚɫɬɤɚ 5, ɫɦ l5 85 

Ʉɨɥɢɱɟɫɬɜɨ ɥɨɩɚɬɨɤ ɇȺ, ɫɦ z0 20 
Ʉɨɥɢɱɟɫɬɜɨ ɥɨɩɚɬɨɤ ɇȺ, ɫɦ z0 20 

Ⱦɢɚɦɟɬɪ ɪɚɫɩɨɥɨɠɟɧɢɹ ɭɲɟɣ ɧɚ 
ɨɤɪɭɠɧɨɫɬɢ, ɫɦ 

Dɭ 3,3 

Ⱦɢɚɦɟɬɪ ɪɚɫɩɨɥɨɠɟɧɢɹ ɫɟɪёɝ ɧɚ 
ɨɤɪɭɠɧɨɫɬɢ, ɫɦ 

Dɫ 3,0 

Ⱦɥɢɧɚ ɨɬ ɫɟɪɟɞɢɧ ɩɨɞɲɢɩɧɢɤɨɜ, ɫɦ L 43 
Ⱦɢɚɦɟɬɪ ɊɄ, ɦ D1 1,8 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 4.2 
ɇɚɢɦɟɧɨɜɚɧɢɟ Ɉɛɨɡɧɚɱɟɧɢɟ Ɂɧɚɱɟɧɢɟ 

ɍɝɨɥ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɟɣ ɧɚɤɥɚɞɤɢ ɢ 
ɫɟɪɶɝɢ ɇȺ, ɝɪɚɞɭɫ 

α 107 

ɍɝɨɥ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɟɣ ɫɟɪɶɝɢ ɢ ɭɯɚ ɇȺ, 
ɝɪɚɞɭɫ 

ȕ 63 

ɍɝɨɥ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɟɣ ɥɨɩɚɬɤɢ ɢ 
ɧɚɤɥɚɞɤɢ ɇȺ, ɝɪɚɞɭɫ 

Ȗ 41 

Ɇɚɤɫɢɦɚɥɶɧɵɣ ɧɚɩɨɪ, ɦ ɇ 107 
Ⱦɢɚɦɟɬɪ ɇȺ, ɦ D0

 2,2 
ȼɵɫɨɬɚ ɥɨɩɚɬɤɢ ɇȺ, ɦ b0 0,33 

Ⱦɥɢɧɧɚ ɫɟɪɶɝɢ, ɦ Lh 240 
Ⱦɢɚɦɟɬɪ ɜɟɪɯɧɟɝɨ ɩɨɞɲɢɩɧɢɤɚ, ɦ dc 0,11 
Ⱦɢɚɦɟɬɪ ɫɪɟɞɧɟɝɨ ɩɨɞɲɢɩɧɢɤɚ, ɦ db 0,12 
Ⱦɢɚɦɟɬɪ ɧɢɠɧɟɝɨ ɩɨɞɲɢɩɧɢɤɚ, ɦ da 0,11 

Ⱦɢɚɦɟɬɪ ɰɚɩɮɵ, ɦ dv 0,08 
ȼɵɫɨɬɚ ɰɚɩɮɵ, ɦ hv 0,58 

 
4.1.3 Ɋɚɫɱɟɬ ɫɨɫɪɟɞɨɬɨɱɟɧɧɨɝɨ ɭɫɢɥɢɹ ɨɬ ɪɵɱɚɝɚ 
  
ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɧɚɝɪɭɡɤɢ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 4.1. 
 q = ୔ˆ୪మ , (4.1) 

 
ɝɞɟ ݈ଶ = ܾ଴ − ɜɵɫɨɬɚ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ ɜ ɫɦ; ܲ̂  − ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ ɭɫɢɥɢɟ, ɞɟɣɫɬɜɭɸɳɟɟ ɧɚ ɥɨɩɚɬɤy ɩɨ ɮɨɪɦɭɥɟ 4.2: 

 P̂ = πୈబୌ′ஓୠబzబ ,  (4.2) 

 
ɝɞɟ ܦ଴ ɢ ܾ଴ – ɞɢɚɦɟɬɪ ɢ ɜɵɫɨɬɚ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ ɜ ɦ;  

Ȗ = 1000 ɤɝ/ˏଷ – ɭɞɟɥɶɧɵɣ ɜɟɫ ɜɨɞɵ;  𝑧଴ – ɱɢɫɥɨ ɧɚɩɪɚɜɥɹɸɳɢɯ ɥɨɩɚɬɨɤ; 𝐻′ – ɧɚɩɨɪ, ɞɟɣɫɬɜɭɸɳɢɣ ɧɚ ɥɨɩɚɬɤɭ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 4.3: 
 𝐻′ = ሺͳ + 𝜉ሻʜ,     (4.3) 

 
ɝɞɟ  𝐻 - ɦɚɤɫɢɦɚɥɶɧɵɣ ɧɚɩɨɪ; 𝜉 – ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɩɨɜɵɲɟɧɢɟ ɧɚɩɨɪɚ ɜ ɦɨɦɟɧɬ ɩɨɥɧɨɝɨ ɡɚɤɪɵɬɢɹ 
ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ.  𝜉 ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɚɩɨɪɚ, ɢɡ ɪɚɫɱɟɬɚ ɝɚɪɚɧɬɢɣ 
ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɭɪɛɢɧɵ, ɩɪɢ ɧɚɩɨɪɟ 107ɦ 𝜉 = Ͳ,͵ ÷ Ͳ,ͷ. ɉɪɢɧɢɦɚɟɦ 𝜉 = Ͳ,Ͷ. 
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𝐻′ = ሺͳ + Ͳ,Ͷሻ ∙ ͳͲ͹ = ͳͶͻ,ͺ �f 
 ܲ̂ = ͵,ͳͶ ∙ ʹ,ʹ ∙ ͳͲͲͲ ∙ Ͳ,͵͵ ∙ ͳͶͻ,ͺʹͲ = ͳ͹Ͳ͹Ͷ,ͷ ˍˆ˔ = ͳ͸͹,Ͷ ˍʜ 

ݍ             = ͳ͹Ͳ͹Ͷ,ͷ͵͵ = ͷͳ͹,Ͷͳ ˍˆ˔
�k�f

= ͷͲ͹,͸ ˍʜˏ
 

 
�M�k�b�e�b�_���� �i�j�b�e�h�‘�_�g�g�h�_�� �d�� �p�Z�i�n�_��

�b�g�_�j�p�b�b���l�_�e�Z���e�h�i�Z�l�d�b �j�Z�k�k�q�b�l�u�\�Z�_�l�k�y���i�h���n�h�j�f�m�e�_  
 P =  P୮ cos α, (4.4) 
 
�]�^�_ P୮ �– �m�k�b�e�b�_���h�l���k�_�j�\�h�f�h�l�h�j�Z�����i�j�b�e�h�‘�_�g α �– �m�]�h�e���f�_�‘�^�m���h�k�v�x���j�u�q�Z�]�Z���b���]�e�Z 

�I�j�b���j�Z�k�q�_�l�_���i�j�b�g�b�f�Z�_�f�� 
 P =  P̂ . 
 P =  P̂ = ͳ͹Ͳ͹Ͷ,ͷ �d�]�k = ͳ͸͹,Ͷ ˍʜ 
 

�<�_�e�b�q�b�g�Z  P୮ �h�i�j�_�^�_�e�y�_�l�k�y���i�h���n�h�j�f�m�e�_ 4.5:  
 

�3�S� 
�3�k�’�\��

�]���’�F
�´
�V�L�Q��

�F�R�V��
, (4.5) 

 
௬ �– �^�b�Z�f�_�l�j���h�d�j�m�‘�g�h�k�l�b�����g�Z���d�h�l�h�jܦ _�^�[�
�d�h�e�v�p�Z��௖ �– �^�b�Z�f�_�l�j���h�d�j�m�‘�g�h�k�l�b���j�_�]�m�e�b�j�m�xܦ ��
�i�Z�e�v�p�u���k�_�j�_�]�� 

�����– �m�]�h�e���f�_�‘�^�m���h�k�v�x���g�Z�d�e�Z�^�d�b���b���h�k 
�����– �m�]�h�e�� �f�_�‘�^�m�� �h�k�v�x�� �k�_�j�v�]�b�� �b�� �dܦ௖ �\�� �l�h�q

�a�Z�d�j�_�i�e�_�g�b�y���k�_�j�v�]�b���� ̝ܲ  �– �m�k�b�e�b�_���^�\�m�o���k�_�j�\�h�f�h�l�h�j�h�\���j�Z�k 
 P̝ = πସ ሺʹdୡଶ − dୡ˕ଶ ሻ ∙ p୫ୟx,  (4.6) 

 
�]�^�_ p୫ୟx �– �f�Z�d�k�b�f�Z�e�v�g�h�_���^�Z�\�e�_�g�b�_���\���k�_2;  

dc �b��d�k�l�����– �^�b�Z�f�_�l�j�u���i�h�j�r�g�y���b���k�l�Z�d�Z�g�Z�� 
�I�j�_�^�\�Z�j�b�l�_�e�v�g�u�c���j�Z�k�q�_�l���^�b�Z�f�_�l 

 dୡ = λ ∙ Dଵ ∙ √k଴ ∙ H୫ୟx, (4.7) 
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ɝɞɟ λ = Ͳ,Ͳ͵ʹ ɩɪɢ 20 ɥɨɩɚɬɤɚɯ ɇȺ; Dଵ – ɞɢɚɦɟɬɪ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, ɦ; k଴ − ˑ˕ːˑ˔ˋ˕ˈˎ˟ː˃ˢ ˅˞˔ˑ˕˃ ʜʏ: 
 k଴ = ୠబୈభ,  (4.8) 

 
ɝɞɟ b଴ − ˅˞˔ˑ˕˃ ˎˑ˒˃˕ˍˋ ʜʏ. 
 k଴ = Ͳ,͵͵ͳ,ͺ =  Ͳ,ͳͺ͵ 

 dୡ = Ͳ,Ͳ͵ʹ ∙ ͳ,ͺ ∙ √Ͳ,ͳͺ͵ ∙ ͳͲ͹ = Ͳ,ʹͷͷ ˏ 
 

ɉɪɢɧɢɦɚɟɦ ɛɥɢɠɚɣɲɟɟ ɧɨɪɦɢɪɨɜɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɩɨ Ɍɚɛɥɢɰɟ V.40. 
ɉɨɪɲɧɟɜɨɣ ɫɟɪɜɨɦɨɬɨɪ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ (Ƚɢɞɪɨɬɭɪɛɢɧɵ: ɤɨɧɫɬɪɭɤɰɢɢ 
ɢ ɜɨɩɪɨɫɵ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ. ɇ.ɇ. Ʉɨɜɚɥɟɜ. 1971) 
 dୡ = ͵Ͳ ɫɦ 
 dୡ˕ = ͳʹ ɫɦ 

 ̝ܲ = ͵,ͳͶͶ ሺʹ ∙ ͵Ͳଶ − ͳʹଶሻ ∙ ʹͷ = ͵ʹͶͻͻ ˍˆ˔ =  ͵ͳͺ,͹ ˍʜ 

 

௣ܲ = ͵ʹͶͻͻ ∙ ͵,͵ʹͲ ∙ ͵ ∙ Ͳ,͸ͷͲ,Ͷͷ = ʹͷͺͳ,ͺ  ˍˆ˔ = ʹͷ,͵ ˍʜ 

 
4.1.4 Ɋɚɫɱɟɬ ɪɟɚɤɰɢɣ ɨɩɨɪ 

 Rୟ୯ = ౢమమ +୪య୐ = యయమ +଺ସଷ = Ͳ,ͷʹ͵ˍʜ  (4.9) 

 Rୟ୮ = ୪ఱ୐ ∙ sinሺα − ɀሻ = ଼ହସଷ ∙ sinሺͳͲ͹ − Ͷͳሻ = ͳ,ͺͲͷˍʜ  (4.10) 

 Rୟୖ = ୪ర୐ = ଺ଽସଷ = ͳ,͸ͲͶ ɤɇ (4.11) 

 Rୠ୯ = ౢమమ +୪భ୐ = యయమ +ହ,ହସଷ = Ͳ,ͷͳʹ ɤɇ (4.12) 

 Rୠ୮ = ୐+୪ఱ୐ ∙ sinሺα − ɀሻ = ସଷ + ଼ହସଷ sinሺͳͲ͹ − Ͷͳሻ = ʹ,͹ͳͻ ˍʜ (4.13) 
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Rୠୖ = ୐+୪ర୐ =  ସଷ+ ଺ଽସଷ = ʹ,͸ͲͶ ɤɇ (4.14) 

 
4.1.5 Ɋɚɫɱɟɬ ɦɨɦɟɧɬɨɜ ɫɨɩɪɨɬɢɜɥɟɧɢɹ. 

 Mଵ୯ = Rୟ୯ ∙  lଵ = Ͳ,ͷʹ͵ ∙ Ͳ,Ͳͷͷ = Ͳ,Ͳʹͺ ɤɇ∙ɦ (4.15) 
 Mଶ୯ =  Rୠ୯  ∙  lଷ = Ͳ,ͷͳʹ ∙ Ͳ,Ͳ͸ = Ͳ,Ͳ͵Ͳ ɤɇ∙ɦ (4.16) 
 Mଷ୯ = Mସ୯ = Ͳ ɤɇ∙ɦ (4.17) 
 Mହ୯ =  Rୟ୯ ∙ ቀlଵ +  ୪మଶ ቁ − ୪మ଼ (4.18) 

 Mହ୯ = Ͳ,ͷʹ͵ ∙ ቀͲ,Ͳͷͷ + ଴,ଷଷଶ ቁ − ଴,ଷଷ଼ = Ͳ,Ͳ͹͵ ɤɇ∙ɦ  

 Mଵ୮ = Rୟ୮ ∙  lଵ = ͳ,ͺͲͷ ∙ Ͳ,Ͳͷͷ = Ͳ,Ͳͻͻ ɤɇ∙ɦ (4.19) 
 Mଶ୮ =  Rୟ୮  ∙ ሺlଵ + lଶሻ = ͳ,ͺͲͷ ∙ ሺͲ,Ͳͷͷ + Ͳ,͵͵ሻ = Ͳ,͸ͻͶ ɤɇ∙ɦ (4.20) 

 Mଷ୮ = lହ ∙ sinሺα − ɀሻ = Ͳ,ͺͷ ∙ sinሺͳͲ͹ − Ͷͳሻ = Ͳ,͹͹͸ ɤɇ∙ɦ (4.21) 
 Mସ୮ = ሺlହ − lସሻ ∙ sinሺα − ɀሻ (4.22) 
 Mସ୮ = ሺͲ,ͺͷ − Ͳ,͸ͻሻ ∙ sinሺͳͲ͹ − Ͷͳሻ = Ͳ,ͳͶ͸  

 Mହ୮ = Rୟ୮  ∙ ቀlଵ + ୪మଶ ቁ = ͳ,ͺͲͷ ∙ ቀͲ,Ͳͷͷ + ଴,ଷଷଶ ቁ = Ͳ,͵ͻ͹ ɤɇ∙ɦ (4.23) 

 Mଵୖ = Rୟୖ ∙  lଵ = ͳ,͸ͲͶ ∙ Ͳ,Ͳͷͷ = Ͳ,Ͳͺͺ ɤɇ∙ɦ (4.24) 
 Mଶୖ = Rୟୖ  ∙ ሺlଵ +  lଶሻ = ͳ,͸ͲͶ ∙ ሺͲ,Ͳͷͷ + Ͳ,͵͵ሻ = Ͳ,͸ͳͻ ɤɇ∙ɦ (4.25) 
 Mଷୖ =  lସ = Ͳ,͸ͻ ɤɇ∙ɦ (4.26) 
 Mସୖ = Ͳ ɤɇ∙ɦ (4.27) 
 Mହୖ = Rୟୖ  ∙ ቀlଵ + ୪మଶ ቁ = ͳ,͸ͲͶ ∙ ቀͲ,Ͳͷͷ + ଴,ଷଷଶ ቁ = Ͳ,͵ͷʹ ɤɇ∙ɦ (4.28) 

 
4.1.6 Ɋɚɫɱɟɬ ɫɭɦɦɚɪɧɵɯ ɦɨɦɟɧɬɨɜ ɩɨ ɫɟɱɟɧɢɸ  

 Mଵ =  Mଵ୯ ∙ ʟˆ +  Mଵ୮ ∙ ʟ − Mଵୖ ∙ Rେ = Ͳ,Ͳʹͺ ∙ ͳ͸͹,Ͷ + Ͳ,Ͳͻͻ ∙ ʹͷ,͵ − 
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− Ͳ = ͹,ͳͻͳɤɇ∙ɦ, (4.29) 
 

ɝɞɟ Rେ = Ͳ 
 Mଶ =  Mଶ୯ ∙ ʟˆ +  Mଶ୮ ∙ ʟ − Mଵୖ ∙ Rେ = Ͳ,Ͳ͵Ͳ ∙ ͳ͸͹,Ͷ + Ͳ,͸ͻͶ ∙ ʹͷ,͵ =  =  ʹʹ,ͷͺͲ ɇ∙ɦ (4.30) 
 Mଷ = Mଷ˓ ∙ ʟ = Ͳ,͹͹͸ ∙ ʹͷ,͵ = ͳͻ,͵͹ͻ ɤɇ∙ɦ (4.31) 
 Mସ = Mସ˓ ∙ ʟ = Ͳ,ͳͶ͸ ∙ ʹͷ,͵ = ͵,͸ͻ͵ ɤɇ∙ɦ (4.32) 
 Mହ =  Mହ୯ ∙ ʟˆ +  Mହ୮ ∙ ʟ − Mହୖ ∙ Rେ = Ͳ,Ͳ͹͵ ∙ ͳ͸͹,Ͷ + Ͳ,͵ͻ͹ ∙ ʹͷ,͵ =               = ʹʹ,ʹ͸Ͷ ɤɇ∙ɦ  (4.33) 
 

4.1.7 Ɋɚɫɱёɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɧɨɪɦɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɩɪɢ ɢɡɝɢɛɟ 
 σଵ = ୑భWభ = ଻,ଵଽଵ   ଴,ଶ଺ଵ∙ଵ଴−య = ʹ͹ͷͷͳ ɤɇ/ɦ2 (4.34) 

 Wଵ = π∙ୈభయଵ଺ = ଷ,ଵସ∙଴,ଵଵయଵ଺ = Ͳ,ʹ͸ͳ ∙ ͳͲ−ଷ ɦ3 (4.35) 

 σଶ = ୑మWమ = ଶଶ,ହ଼଴  ଴,ଵ଴∙ଵ଴−య = ʹʹͷͺͲͲ ɤɇ/ɦ2  (4.36) 

 Wଶ = π∙ୈమయଵ଺ = ଷ,ଵସ∙଴,଴଼యଵ଺ = Ͳ,ͳͲ ∙ ͳͲ−ଷ ɦ3 (4.37) 

 σଷ = ୑యWయ = ଵଽ,ଷ଻ଽ଴,ଷଷଽ∙ଵ଴−య = ͷ͹ͳ͸ͷ ɤɇ/ɦ2 (4.38) 

 Wଷ = π∙ୈయయଵ଺ = ଷ,ଵସ∙଴,ଵଶయଵ଺ = Ͳ,͵͵ͻ ∙ ͳͲ−ଷ ɦ3 (4.39) 

 σସ = ୑రWర = ଷ,଺ଽଷ ଴,ଵ଴ଵ∙ଵ଴−య = ͵͸ͷ͸Ͷ ɤɇ/ɦ2 (4.40) 

 Wସ = π∙ୈరయଵ଺ = ଷ,ଵସ∙଴,଴଼యଵ଺ = Ͳ,ͳͲͳ ∙ ͳͲ−ଷ ɦ3 (4.41) 

 σହ = ୑ఱWఱ = ଶଶ,ଶ଺ସ  ଴,ଶ଺ଵ∗ଵ଴−య = ͺͷ͵Ͳ͵ ɤɇ/ɦ2 (4.42) 

 Wହ = π∙ୈఱయଵ଺ = ଷ,ଵସ∙଴,ଵଵయଵ଺ = Ͳ,ʹ͸ͳ ∙ ͳͲ−ଷ ɦ3 (4.43) 
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4.1.8 Ɋɚɫɱёɬ ɥɨɩɚɬɤɢ ɧɚ ɤɪɭɱɟɧɢɟ 
 

 
Ɋɢɫɭɧɨɤ 4.3 – ɋɯɟɦɚ ɪɟɚɤɰɢɣ ɨɩɨɪ ɢ ɭɫɢɥɢɣ ɥɨɩɚɬɤɢ ɇȺ 

 
Ɋɚɫɱɟɬ ɪɟɚɤɰɢɣ ɨɩɨɪ, ɩɪɨɜɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ 4.45 ɢ 4.46 
 ܴ௔ = ௟భ+௟మ+௟య௅ = ହ,ହ+ଷଷ+଺ସଷ = ͳ ɤɇ (4.44) 

 ܴ௕ = − ௟భ+௟మ+௟య௅ = − ହ,ହ+ଷଷ+଺ସଷ = −ͳɤɇ (4.45) 

  
Ɋɚɫɱёɬ ɤɪɭɬɹɳɢɯ ɦɨɦɟɧɬɨɜ, ɩɪɨɜɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ: 
௬ܯ  = ଵଶ ∙ ߤ ∙ ݀௔ ∙ ʟˆ, (4.46) 

 
ɝɞɟ ȝ – ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ ɫɬɚɥɢ; 

dn – ɞɢɚɦɟɬɪ ɩɨɞɲɢɩɧɢɤɚ 
௬ܯ  = ͳʹ ∙ Ͳ,ͳ ∙ Ͳ,ͳͳ ∙ ͳ͸͹,Ͷ = Ͳ,ͻʹͳ ˍʜ ∙ ˏ 

˓ଵ̱ܯ  = ଵଶ ∙ ௔ߤ ∙ ݀௔ ∙ ܴ௔ = Ͳ,ͷ ∙ Ͳ,ͳ ∙ Ͳ,ͳͳ ∙ ͳ = ͷ,ͷ ∙ ͳͲ−ଷˍʜ ∙ ˏ (4.47) 

 
ɝɞɟ Ra – ɪɟɚɤɰɢɹ ɨɩɨɪɵ ɜ ɬɨɱɤɟ ɚ 

˓ଶ̱ܯ  = ܲ ∙ ℎ௔ ∙ ሺͳߙ𝑖݊ݏ − ݊ଵሻ − Ͳ,ͷሺߤ௕ ∙ ݀௕ ∙ ܴ௕ + ௖ߤ ∙ ݀௖ ∙ ܴ௖ሻ −  ௬, (4.48)ܯ
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ɝɞɟ hn – ɜɵɫɨɬɚ ɩɨɞɲɢɩɧɢɤɚ; 
n1 = 0,01 
˓ଶ̱ܯ  = ʹͷ,͵ ∙ Ͳ,ͳͳ ∙ Ͳ,ͻͶ − Ͳ,ͷሺͲ,ͳ ∙ Ͳ,ͳʹ ∙ ͳ + Ͳ,ͳ ∙ Ͳ,ͳͳ ∙ Ͳሻ − Ͳ,ͻʹͳ 
˓ଶ̱ܯ  = ͳ,͸ͺͻ ˍʜ ∙ ˏ 
 

˓ଷ̱ܯ            = ܲ ∙ ℎ௕ ∙ ሺͳߙ𝑖݊ݏ − ݊ଵሻ − Ͳ,ͷ ∙ ௖ߤ ∙ ݀௖ ∙ ܴ௖ −  ௬ (4.49)ܯ
˓ଷ̱ܯ  = ʹͷ,͵ ∙ Ͳ,ͳʹ ∙ Ͳ,ͻͶ − Ͳ,ͷ ∙ Ͳ,ͳ ∙ Ͳ,ͳʹ ∙ Ͳ − Ͳ,ͻʹͳ = ͳ,ͻ͵ʹ ˍʜ ∙ ˏ 
˓ସ̱ܯ  = ܲ ∙ ℎ௖ ∙ ሺͳߙ𝑖݊ݏ − ݊ଵሻ − ௬ܯ = ʹͷ,͵ ∙ Ͳ,ͳͳ ∙ Ͳ,ͻͶ − Ͳ,ͻʹͳ (4.50) 
˓ସ̱ܯ  = ͳ,͸ͻͷ ˍʜ ∙ ˏ 
˓ହ̱ܯ  = ܲ ∙ ݈ଶ ∙ ሺͳߙ𝑖݊ݏ − ݊ଵሻ + Ͳ,ͷ ∙ ʟˆ − Ͳ,ͷሺߤ௕ ∙ ݀௕ ∙ ܴ௕ + ௖ߤ ∙ ݀௖ ∙ ܴ௖ሻ  ௬ (4.51)ܯ −−
˓ହ̱ܯ  = ʹͷ,͵ ∙ Ͳ,͵͵ ∙ Ͳ,ͻͶ + Ͳ,ͷ ∙ ͳ͸͹,Ͷ − Ͳ,ͷሺͲ,ͳ ∙ Ͳ,ͳʹ ∙ ͳሻ − Ͳ,921 
˓ହ̱ܯ  = ͻͲ,͸ʹͳ ˍʜ ∙ ˏ 

 
Ɇɚɤɫɢɦɚɥɶɧɵɟ ɧɨɪɦɚɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɩɪɢ ɤɪɭɱɟɧɢɢ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨ 

ɮɨɪɦɭɥɚɦ: 
 𝜏ଵ = ெభ̱˓ௐభ̱ ˓ = ହ,ହ∙ଵ଴−య଴,ଶ଺ଵ∙ଵ଴−య = ʹͳ ɤɇ/ɦ3 (4.52) 

 𝑊ଵ̱ ˓ = 𝜋∙ௗయೌଵ଺ = ଷ,ଵସ∙଴,ଵଵయଵ଺ = Ͳ,ʹ͸ͳ ∙ ͳͲ−ଷɦ3 4.53) 

 𝜏ଶ = ெమ̱˓ௐమ̱ ˓ = ଵ,଺଼ଽ ଴,ଵ∙ଵ଴−య = ͳ͸ͺͻͲ ɤɇ/ɦ3 (4.54) 

 𝑊ଶ̱ ˓ = 𝜋∙ௗ𝑣యଵ଺ = ଷ,ଵସ∙଴,଴଼యଵ଺ = Ͳ,ͳ ∙ ͳͲ−ଷ ɦ3 (4.55) 

 𝜏ଷ = ெయ̱˓ௐయ̱ ˓ = ଵ,ଽଷଶ଴,ଷଷଽ∙ଵ଴−య = ͷ͸ͻͻ ɤɇ/ɦ3 (4.56) 

 𝑊ଷ̱ ˓ = 𝜋∙ௗయ್ଵ଺ = ଷ,ଵସ∙଴,ଵଶయଵ଺ = Ͳ,͵͵ͻ ∙ ͳͲ−ଷɦ3 (4.57) 

 



60 

 

𝜏ସ = ெర̱˓ௐర̱ ˓ = ଵ,଺଺଼ ଴,ଵ∙ଵ଴−య = ͳ͸͸ͺͲ ɤɇ/ɦ3 (4.58) 𝑊ସ̱ ˓ = 𝜋∙ௗ𝑣యଵ଺ = ଷ,ଵସ∙଴,଴଼యଵ଺ = Ͳ,ͳ ∙ ͳͲ−ଷ ɦ3 (4.59) 

 𝜏ହ = ெఱ̱˓ௐఱ̱ ˓ = ଽ଴,଺ଶଵ   ଴,ଶ଺ଵ∙ଵ଴−య = ͵Ͷ͹ʹͲ͹ ɤɇ/ɦ3 (4.60) 

 𝑊ହ̱ ˓ = 𝜋∙ௗ೎యଵ଺ = ଷ,ଵସ∙଴,ଵଵయଵ଺ = Ͳ,ʹ͸ͳ ∙ ͳͲ−ଷ ɦ3 (4.61) 

 
4.1.9 Ɋɚɫɱɟɬ ɩɪɟɞɟɥɶɧɨɣ ɩɪɨɱɧɨɫɬɢ ɥɨɩɚɬɤɢ ɇȺ 

 
Ɋɚɫɱɟɬ ɩɪɟɞɟɥɶɧɨɣ ɩɪɨɱɧɨɫɬɢ, ɜɵɩɨɥɧɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ: 
 𝜎ଵ˒ ˓ = √𝜎ଵଶ + Ͷ ∙ 𝜏ଵଶ = √ʹ͹ͷͷͳଶ + Ͷ ∙ ʹͳଶ = ʹ͹,ͷͷͳ Ɇɇ/ɦ2 (4.62)  
  𝜎ଶ˒ ˓ = √𝜎ଶଶ + Ͷ ∙ 𝜏ଶଶ = √ʹʹͷͺͲͲଶ + Ͷ ∙ ͳ͹͸ͺͻͲଶ = Ͷͳͻ,͸ͻ͹ Ɇɇ/ɦ2 (4.63) 
 𝜎ଷ˒ ˓ = √𝜎ଷଶ + Ͷ ∙ 𝜏ଷଶ = √ͷ͹ͳ͸ͷଶ + Ͷ ∙ ͷ͸ͻͻଶ = ͷͺ,ʹͻͲ Ɇɇ/ɦ2 (4.64) 
 𝜎ସ˒ ˓ = √𝜎ସଶ + Ͷ ∙ 𝜏ସଶ = √͵͸ͷ͸Ͷଶ + Ͷ ∙ ͳ͸͸ͺͲଶ = Ͷͻ,Ͷͻͷ Ɇɇ/ɦ2 (4.65) 
 𝜎ହ˒ ˓ = √𝜎ହଶ + Ͷ ∙ 𝜏ହଶ = √ͺͷ͵Ͳ͵ ଶ + Ͷ ∙ ͵Ͷ͹ʹͲ͹ ଶ = ͸ͻͻ,͸͵͵ ʛʜ/ɦ2 (4.66) 
 
Ʌɨɩɚɬɤɚ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ ɢɡɝɨɬɨɜɥɟɧɚ ɢɡ ɫɬɚɥɢ 10ɏ12ɇȾɅ 

ɤɨɬɨɪɚɹ ɫɥɭɠɢɬ ɞɥɹ ɨɬɥɢɜɚ ɷɥɟɦɟɧɬɨɜ ɫɜɚɪɧɨ-ɥɢɬɵɯ ɪɚɛɨɱɢɯ ɤɨɥɟɫ ɪɚɞɢɚɥɶɧɨ-
ɨɫɟɜɨɣ ɝɢɞɪɨɬɭɪɛɢɧɵ ɢ ɨɬɥɢɜɤɢ ɞɟɬɚɥɟɣ ɝɢɞɪɨɬɭɪɛɢɧ. Ɍɚɤ ɤɚɤ ɢɧɮɨɪɦɚɰɢɹ ɨ 
ɞɚɧɧɨɣ ɫɬɚɥɢ ɨɬɫɭɬɫɬɜɭɟɬ ɜ ɨɬɤɪɵɬɨɦ ɞɨɫɬɭɩɟ, ɫɪɚɜɧɟɧɢɟ ɢ ɚɧɚɥɢɡ ɛɭɞɭ 
ɩɪɨɜɨɞɢɬɶ ɧɚ ɫɬɚɥɢ ɫ ɩɨɯɨɠɢɦ ɯɢɦɢɱɟɫɤɢɦ ɫɨɫɬɚɜɨɦ, ɚ ɬɚɤɠɟ ɮɢɡɢɱɟɫɤɢɦɢ 
ɫɜɨɣɫɬɜɚɦɢ. ɋɬɚɥɶ 20ɏȽɋȺ, ɢɡɝɨɬɚɜɥɢɜɚɟɬɫɹ ɞɥɹ ɯɨɞɨɜɵɯ ɜɢɧɬɨɜ, ɨɫɟɣ, ɜɚɥɨɜ, 
ɥɨɩɚɫɬɟɣ ɪɚɛɨɱɢɯ ɤɨɥɟɫ ɝɢɞɪɨɬɭɪɛɢɧ ɢ ɞɪɭɝɢɯ ɞɟɬɚɥɟɣ, ɪɚɛɨɬɚɸɳɢɟ ɜ ɭɫɥɨɜɢɹɯ 
ɢɡɧɨɫɚ, ɤɨɪɪɨɡɢɨɧɧɨɫɬɨɣɤɚ, ɢɦɟɟɬ ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ ɜ 800 Ɇɉɚ = 800 ʛʜ/ˏଶ. 
Ɍɚɛɥɢɰɚ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɫɬɚɥɟɣ [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]: https://www.center-
pss.ru/st/st165.htm (ɞɚɬɚ ɨɛɪɚɳɟɧɢɹ: 24.02.2020). 

ɂɫɯɨɞɹ ɢɡ ɩɨɥɭɱɟɧɧɵɯ ɩɭɬɟɦ ɪɭɱɧɨɝɨ ɪɚɫɱɟɬɚ ɞɚɧɧɵɯ ɫɬɚɧɨɜɢɬɫɹ ɹɫɧɨ, ɱɬɨ 
ɥɨɩɚɬɤɚ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ ɪɚɞɢɚɥɶɧɨ-ɨɫɟɜɨɣ ɬɭɪɛɢɧɵ ɛɭɞɟɬ ɭɫɬɨɣɱɢɜɚ ɤ 
ɧɚɝɪɭɡɤɚɦ, ɚ ɬɚɤɠɟ ɢɦɟɬɶ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɢɣ ɩɟɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ ɞɥɹ 
ɜɵɩɨɥɧɟɧɢɹ ɫɜɨɢɯ ɪɚɛɨɱɢɯ ɮɭɧɤɰɢɣ, ɜ ɛɥɚɝɨɩɪɢɹɬɧɨɦ ɪɟɠɢɦɟ ɪɚɛɨɬɵ.  

 
4.2 ɉɨɫɬɪɨɟɧɢɟ ɫɢɦɦɟɬɪɢɱɧɨɣ ɥɨɩɚɬɤɢ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ ɜ 

ɩɪɨɝɪɚɦɦɟ Cosmos/M 
 

https://www.center-pss.ru/st/st165.htm
https://www.center-pss.ru/st/st165.htm
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ɉɨɫɥɟ ɡɚɩɭɫɤɚ ɩɪɨɝɪɚɦɦɵ, ɡɚɞɚɟɦ ɢɦɹ ɮɚɣɥɭ. ɑɬɨɛɵ ɩɪɢɫɬɭɩɢɬɶ ɤ 
ɫɨɡɞɚɧɢɸ ɝɟɨɦɟɬɪɢɢ ɜɵɩɨɥɧɢɦ ɫɥɟɞɭɸɳɢɟ ɲɚɝɢ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɩɪɨɟɤɰɢɢ ɢ 
ɪɚɛɨɱɟɣ ɩɥɨɫɤɨɫɬɢ (ɪɢɫɭɧɨɤ 4.1). 

 

 
Ɋɢɫɭɧɨɤ 4.1 – ɉɭɬɶ ɤɨɦɚɧɞɵ Plane 

 
ȼɵɛɢɪɚɟɦ ɨɫɶ Y (ɪɢɫɭɧɨɤ 4.2). 
 

 
Ɋɢɫɭɧɨɤ 4.2 – ɉɚɪɚɦɟɬɪɵ ɤɨɦɚɧɞɵ Plane 

 
ɇɚɱɢɧɚɟɦ ɩɨɫɬɪɨɟɧɢɟ ɩɪɨɮɢɥɹ ɥɨɩɚɬɤɢ ɇȺ ɩɨ ɤɨɨɪɞɢɧɚɬɚɦ (ɬɚɛɥɢɰɚ 4.3), 

ɫ ɩɨɦɨɳɶɸ ɤɨɦɚɧɞɵ Define. 
 

Ɍɚɛɥɢɰɚ 4.3 – Ʉɨɨɪɞɢɧɚɬɵ ɬɨɱɟɤ 
ɇɨɦɟɪ ɬɨɱɤɢ Ɂɧɚɱɟɧɢɹ ɩɨ ɏ Ɂɧɚɱɟɧɢɹ ɩɨ Y Ɂɧɚɱɟɧɢɹ ɩɨ Y 

1 0 0 0 
2 0 0 0,03895 
3 -0,0412 0 0,0451 
4 -0,0824 0 0,0497 
5 -0,1236 0 0,0517 
6 -0,1648 0 0,0497 
7 -0,206 0 0,041 
8 -0,248 0 0 
9 -0,227 0 0 
10 0,233 0 0 
11 0,233 0 0,0041 

 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɚɟɦ ɩɨɥɨɜɢɧɭ ɬɨɱɟɤ ɤɨɧɬɭɪɚ ɥɨɩɚɬɤɢ (ɪɢɫɭɧɨɤ 4.3). 
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Ɋɢɫɭɧɨɤ 4.3 – ɉɨɥɨɜɢɧɚ ɬɨɱɟɤ ɤɨɧɬɭɪɚ ɥɨɩɚɬɤɢ 

 
Ⱦɚɥɟɟ ɩɪɢ ɩɨɦɨɳɢ ɤɨɦɚɧɞɵ Ellipse ɫɬɪɨɢɦ ɷɥɥɢɩɫ ɦɟɠɞɭ ɬɨɱɤɚɦɢ 8 ɢ 7, ɫ 

ɰɟɧɬɪɨɦ ɜ ɬɨɱɤɟ 9. ɉɨɫɥɟ ɫɨɟɞɢɧɹɟɦ ɜɫɟ ɪɚɧɟɟ ɩɨɫɬɪɨɟɧɧɵɟ ɬɨɱɤɢ ɩɨɥɢɥɢɧɢɟɣ  
ɉɨɥɭɱɚɟɦ ɩɨɥɨɜɢɧɭ ɤɨɧɬɭɪɚ ɥɨɩɚɬɤɢ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ (ɪɢɫɭɧɨɤ 

4.5). 
 

 
Ɋɢɫɭɧɨɤ 4.5 –ɉɨɥɨɜɢɧɚ ɤɨɧɬɭɪɚ ɥɨɩɚɬɤɢ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ 

 
Ⱦɚɥɟɟ ɨɬɪɚɠɚɟɦ ɧɢɠɧɸɸ ɱɚɫɬɶ, ɬɟɦ ɫɚɦɵɦ ɩɨɥɭɱɚɟɦ ɩɨɥɧɵɣ ɤɨɧɬɭɪ 

ɥɨɩɚɬɤɢ, ɫ ɩɨɦɨɳɶɸ ɤɨɦɚɧɞɵ Symmetry. 
ɋ ɩɨɦɨɳɶɸ ɤɨɦɚɧɞɵ Circles ɫɬɪɨɢɦ ɧɢɠɧɢɣ ɩɨɞɲɢɩɧɢɤ ɢ ɰɚɩɮɭ 

ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ. Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɧɢɠɧɟɝɨ ɩɨɞɲɢɩɧɢɤɚ ɢ ɰɚɩɮɵ ɧɭɠɧɨ 
ɢɡɨɛɪɚɡɢɬɶ ɞɜɟ ɨɤɪɭɠɧɨɫɬɢ ɫ ɪɚɡɧɵɦɢ ɪɚɞɢɭɫɚɦɢ: 0,03895 ɦ. – ɪɚɞɢɭɫ ɰɚɩɮɵ; 
0,05395 ɦ. – ɪɚɞɢɭɫ ɩɨɞɲɢɩɧɢɤɚ (ɪɢɫɭɧɨɤ 4.6). 

 

 
Ɋɢɫɭɧɨɤ 4.6 – ɇɢɠɧɹɹ ɰɚɩɮɚ ɢ ɩɨɞɲɢɩɧɢɤ 

 
ȼɵɩɨɥɧɹɟɦ ɜɵɞɚɜɥɢɜɚɧɢɟ ɩɨɫɬɪɨɟɧɧɵɯ ɨɤɪɭɠɧɨɫɬɟɣ ɧɚ ɜɵɫɨɬɭ ɧɢɠɧɟɝɨ 

ɩɨɞɲɢɩɧɢɤɚ ɢ ɰɚɩɮɵ ɩɪɢ ɩɨɦɨɳɢ ɮɭɧɤɰɢɢ Extrusion. 
Ⱦɥɹ ɬɟɥɚ ɥɨɩɚɬɤɢ ɩɨɜɬɨɪɹɟɦ ɤɨɦɚɧɞɭ, ɜɵɞɚɜɥɢɜɚɹ ɩɪɨɮɢɥɶ ɧɚ ɜɵɫɨɬɭ 

ɥɨɩɚɬɤɢ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɚɩɩɚɪɚɬɚ (ɪɢɫɭɧɨɤ 4.7). 
 


	СОКРАЩЕННЫЙ ПАСПОРТ БАКСАНСКОЙ ГЭС
	ВВЕДЕНИЕ
	1 Анализ исходных данных и определения внешних условий функионирования ГЭС
	1.1 Природные условия и исходные данные
	1.1.1 Местоположение гидроузла и природные условия
	1.1.2 Местоположение гидроузла и природные условия
	1.1.3  Сезонность
	1.1.4 Топография
	1.1.5 Гидрологические данные
	1.1.6 Энерго - экономическая характеристика района
	1.1.7 Существующие ГЭС в республике Кабардино-Балкария


	2 Водно-энергетичеcкие и водохозяйственные расчёты
	2.1 Выбор расчетных гидрографов для маловодного и средневодного года при заданной обеспеченности стока
	2.2 Нахождение и корректировка маловодного и средневодного года
	2.3 Построение гидрографа реки Баксан
	2.4 Построение годовых графиков максимальных и среднемесячных нагрузок энергосистемы
	2.4.1 Расчет режимов работы ГЭС без регулирования с учетом требований водохозяйственной системы

	2.5 Водно-энергетический расчет режима работы ГЭС в маловодном
	2.6 Нахождение рабочей мощности проектируемой ГЭС
	2.7 Определение рабочих мощностей существующей и проектируемой ГЭС в других месяцах
	2.8  Расчет резервов и определение установленной мощности проектируемой ГЭС, расчет баланса мощностей
	2.9 Водно-энергетический расчет режима работы ГЭС в средневодном году с учетом ВХК
	2.10 Режимное поле

	3 Выбор гидросилового оборудования
	3.1 Выбор системы и количества гидроагрегатов
	3.2 Определение отметки установки рабочего колеса гидротурбины для обеспечения её безкавитационной работы
	3.3  Выбор типа серийного генератора
	3.4 Построение рабочих характеристик гидротурбины
	3.5  Построение эксплуатационной характеристики гидротурбины
	3.6 Выбор подшипника
	3.7 Гидромеханический расчет и план построения спиральной камеры
	3.8 Направляющий аппарат
	3.9 Выбор формы сечения лопатки
	3.10 Кинематическая схема механизма поворота лопатки направляющего аппарата

	4 Основные параметры и принцип действия направляющего аппарата
	4.1 Расчет на прочность лопатки направляющего аппарата
	4.1.1 Условная расчётная схема
	4.1.2 Исходные данные
	4.1.3 Расчет сосредоточенного усилия от рычага
	4.1.4 Расчет реакций опор
	4.1.5 Расчет моментов сопротивления.
	4.1.6 Расчет суммарных моментов по сечению
	4.1.7 Расчёт максимального нормального напряжения при изгибе
	4.1.8 Расчёт лопатки на кручение

	4.2 Построение симметричной лопатки направляющего аппарата в программе Cosmos/M

	5 Пожарная безопасность и охрана труда
	5.1 Пожарная безопасность
	5.2 Охрана труда
	5.3 Безопасная организация и содержание рабочего места

	6 Мероприятия по охране окружающей среды в зоне влияния Баксанского гидроузла
	6.1 Общие сведения о районе строительства
	6.2 Мероприятия по обеспечению охраны окружающей среды в период строительства
	6.4 Отходы, образующиеся при строительстве
	6.4.1 Лом бетонных изделий, отходы бетона в кусковой форме

	6.5 Мероприятия по обеспечению охраны окружающей среды в период эксплуатации

	7 Объемы производства электроэнергии и расходы в период эксплуатации ГЭС
	7.1 Оценка объемов реализации электроэнергии
	7.2 Текущие расходы по гидроузлу
	7.3 Налоговые расходы в первые годы эксплуатации
	7.4 Оценка суммы прибыли от реализации электроэнергии и мощности
	7.5 Оценка инвестиционного проекта
	7.6 Методология, исходные данные
	7.7 Коммерческая эффективность
	7.8 Бюджетная эффективность
	7.9 Анализ чувствительности

	8 Направляющие подшипники гидротурбины. Разработка конструкций и тепловой расчет
	8.1 Обзор конструкции направляющих подшипников гидравлических турбин
	8.2 Конструкционные особенности
	8.3 Анализ конструкций подшипников
	8.4 Расчет подшипника
	8.5 Выбор антифрикционного покрытия
	8.6 Эксплуатационные показатели качества направляющих подшипников гидротурбин
	8.7 Тепловой расчет подшипника
	8.8 Маслохозяйство подшипников
	8.9 Требования к сегментным баббитовым направляющим подшипникам вертикальных турбин

	ЗАКЛЮЧЕНИЕ
	СПИСОК ИСПОЛЬЗОВАННЫХ ИСТОЧНИКОВ
	ПРИЛОЖЕНИЕ А
	ПРИЛОЖЕНИЕ Б

