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ɊȿɎȿɊȺɌ 

 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «Ʉɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɟ ɢ 

ɯɨɥɨɞɨɫɧɚɛɠɟɧɢɟ ɡɞɚɧɢɹ ɤɢɧɨɬɟɚɬɪɚ ɜ ɝ. Ɍɨɦɫɤ» ɫɨɞɟɪɠɢɬ 78 ɫɬɪɚɧɢɰ 

ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 5 ɩɪɢɥɨɠɟɧɢɣ, 19 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, 4 ɥɢɫɬɚ 

ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ. 

Ɉɛɴɟɤɬ ɤɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɹ ɢ ɯɨɥɨɞɨɫɧɚɛɠɟɧɢɹ – ɡɞɚɧɢɟ ɤɢɧɨɬɟɚɬɪɚ ɜ ɝ. 

Ɍɨɦɫɤ. 

ɐɟɥɢ: 

- ɨɩɪɟɞɟɥɢɬɶ ɫɯɟɦɵ ɨɪɝɚɧɢɡɚɰɢɢ ɜɨɡɞɭɯɨɨɛɦɟɧɚ ɜ ɩɨɦɟɳɟɧɢɢ, ɚ ɢɦɟɧɧɨ, 

ɩɪɚɜɢɥɶɧɨ ɨɪɝɚɧɢɡɨɜɚɬɶ ɦɟɫɬɚ, ɫɩɨɫɨɛɵ ɩɨɞɚɱɢ ɢ ɭɞɚɥɟɧɢɹ ɜɨɡɞɭɯɚ ɢɡ 

ɩɨɦɟɳɟɧɢɹ ɞɥɹ ɷɮɮɟɤɬɢɜɧɨɣ ɪɚɛɨɬɵ ɜɟɧɬɢɥɹɰɢɨɧɧɵɯ ɫɢɫɬɟɦ; 

- ɜɵɛɪɚɬɶ ɫɯɟɦɵ ɨɛɪɚɛɨɬɤɢ ɜɨɡɞɭɯɚ ɜ ɰɟɧɬɪɚɥɶɧɨɦ ɤɨɧɞɢɰɢɨɧɟɪɟ, 

ɨɫɭɳɟɫɬɜɥɹɹ ɢɯ ɩɨɫɥɟ ɩɨɫɬɪɨɟɧɢɹ ɩɪɨɰɟɫɫɨɜ ɢɡɦɟɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ ɜɨɡɞɭɯɚ ɧɚ 

I-D ɞɢɚɝɪɚɦɦɟ. ɉɪɢ ɷɬɨɦ ɩɪɟɞɩɨɱɬɟɧɢɟ ɨɬɞɚɟɬɫɹ ɧɚɢɛɨɥɟɟ ɷɤɨɧɨɦɢɱɧɵɦ ɢ 

ɤɨɧɫɬɪɭɤɬɢɜɧɨ ɩɪɨɫɬɵɦ ɫɯɟɦɚɦ; 

- ɜɵɩɨɥɧɢɬɶ ɪɚɫɱɟɬ ɢ ɩɨɞɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɜɫɟɯ ɪɚɫɫɦɨɬɪɟɧɧɵɯ 

ɜɚɪɢɚɧɬɨɜ ɩɨɫɬɪɨɟɧɢɹ ɩɪɨɰɟɫɫɨɜ ɨɛɪɚɛɨɬɤɢ ɜɨɡɞɭɯɚ; 

- ɜɵɩɨɥɧɢɬɶ ɩɨɞɛɨɪ ɯɨɥɨɞɢɥɶɧɨɣ ɦɚɲɢɧɵ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɧɚɡɧɚɱɟɧɧɵɦɢ 

ɨɩɰɢɹɦɢ, ɜɢɞɨɦ ɯɥɚɞɨɚɝɟɧɬɚ ɢ ɯɨɥɨɞɢɥɶɧɵɦɢ ɧɚɝɪɭɡɤɚɦɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ 

ɤɚɬɚɥɨɝɚɦ ɮɢɪɦ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɢɹ ɤɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɹ ɢ ɯɨɥɨɞɨɫɧɚɛɠɟɧɢɹ ɡɞɚɧɢɹ 

ɛɵɥ ɨɛɟɫɩɟɱɟɧ ɧɨɪɦɚɥɶɧɵɣ ɜɨɡɞɭɯɨɨɛɦɟɧ ɜɨ ɜɫɟɯ ɩɨɦɟɳɟɧɢɹɯ ɢ ɭɫɬɚɧɨɜɥɟɧɚ 

ɬɪɟɛɭɟɦɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɢ ɜɥɚɠɧɨɫɬɶ ɜɨɡɞɭɯɚ, ɬɚɤɠɟ ɛɵɥɨ ɩɨɞɨɛɪɚɧɨ 

ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɦɢɤɪɨɤɥɢɦɚɬɚ ɩɨɦɟɳɟɧɢɹ ɨɛɨɪɭɞɨɜɚɧɢɟ, 

ɩɪɟɞɨɫɬɚɜɥɟɧɵ ɪɚɡɥɢɱɧɵɟ ɜɚɪɢɚɧɬɵ ɨɛɪɚɛɨɬɤɢ ɜɨɡɞɭɯɚ ɢ ɜɵɛɪɚɧ ɧɚɢɛɨɥɟɟ 

ɷɤɨɧɨɦɢɱɟɫɤɢ ɜɵɝɨɞɧɵɣ ɜɚɪɢɚɧɬ. 
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ȼȼȿȾȿɇɂȿ 

 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚɛɥɸɞɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ ɪɨɫɬɚ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 

ɬɨɪɝɨɜɵɯ ɤɨɦɩɥɟɤɫɨɜ ɫ ɤɢɧɨɬɟɚɬɪɚɦɢ. ɍɪɨɜɟɧɶ ɨɬɞɟɥɤɢ, ɩɪɢɦɟɧɹɟɦɵɯ 

ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɚ ɬɚɤɠɟ ɫɢɫɬɟɦ Ɉȼ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤ. 

Ʉ ɬɨɦɭ ɠɟ ɩɪɢɦɟɧɟɧɢɟ ɧɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ ɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, 

ɭɫɬɚɧɨɜɤɚ ɝɟɪɦɟɬɢɱɧɵɯ ɫɬɟɤɥɨɩɚɤɟɬɨɜ ɞɥɹ ɛɨɪɶɛɵ ɫ ɬɟɩɥɨɩɨɬɟɪɹɦɢ ɱɟɪɟɡ 

ɨɝɪɚɠɞɚɸɳɢɟ ɤɨɧɫɬɪɭɤɰɢɢ ɩɪɢɜɨɞɹɬ ɤ ɬɨɦɭ, ɱɬɨ ɟɫɬɟɫɬɜɟɧɧɚɹ ɜɟɧɬɢɥɹɰɢɹ 

ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɜɨɡɦɨɠɧɚ.  

Ɉɫɧɨɜɧɵɟ ɡɚɞɚɱɢ, ɪɟɲɚɟɦɵɟ ɩɪɨɟɤɬɨɦ: ɨɛɟɫɩɟɱɟɧɢɟ ɫɚɧɢɬɚɪɧɨ-

ɝɢɝɢɟɧɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɜɨɡɞɭɲɧɨɣ ɫɪɟɞɵ ɜ ɩɨɦɟɳɟɧɢɹɯ; ɫɧɢɠɟɧɢɟ ɡɚɬɪɚɬ 

ɧɚ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɩɪɢɦɟɧɹɹ ɨɬɟɱɟɫɬɜɟɧɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɜɵɫɨɤɨɝɨ ɤɚɱɟɫɬɜɚ; 

ɦɢɧɢɦɚɥɶɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɥɨɳɚɞɟɣ ɩɨɞ ɜɟɧɬɨɛɨɪɭɞɨɜɚɧɢɟ; ɜɵɛɨɪ 

ɨɩɬɢɦɚɥɶɧɵɯ ɫɯɟɦ ɩɪɨɤɥɚɞɤɢ ɜɨɡɞɭɯɨɜɨɞɨɜ. Ⱥ ɬɚɤɠɟ: ɨɛɟɫɩɟɱɟɧɢɟ ɤɨɦɮɨɪɬɚ, 

ɧɚɞɟɠɧɨɝɨ ɢ ɭɞɨɛɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɫɢɫɬɟɦɚɦɢ, ɝɚɪɦɨɧɢɢ ɜɧɟɲɧɟɝɨ ɜɢɞɚ 

ɢɧɠɟɧɟɪɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫ ɞɢɡɚɣɧɨɦ ɩɨɦɟɳɟɧɢɣ. 

Ⱦɥɹ ɷɬɨɝɨ ɜ ɩɪɨɟɤɬɟ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɦ ɤɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɟ ɜɨɡɞɭɯɚ. 
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1. Ɍɟɯɧɢɱɟɫɤɨɟ ɡɚɞɚɧɢɟ ɧɚ ɤɭɪɫɨɜɭɸ ɪɚɛɨɬɭ 

 

1.1. ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 

 

1. Ɋɚɣɨɧ ɫɬɪɨɢɬɟɥɶɫɬɜɚ – ɝ. Ɍɨɦɫɤ. 

2. ɇɨɦɟɪ ɩɥɚɧɚ – 6. 

3. Ɉɪɢɟɧɬɚɰɢɹ ɝɥɚɜɧɨɝɨ ɮɚɫɚɞɚ – ɋɟɜɟɪ 

4. Ɋɚɫɱɟɬɧɚɹ ɝɟɨɝɪɚɮɢɱɟɫɤɚɹ ɲɢɪɨɬɚ – 56 ɫ.ɲ  

5. Ɍɢɩ ɡɞɚɧɢɹ: ɤɢɧɨɬɟɚɬɪ, ɤɨɥɢɱɟɫɬɜɨ ɦɟɫɬ: 320. 

6. Ɂɞɚɧɢɟ ɞɜɭɯɷɬɚɠɧɨɟ, ɜɫɟ ɩɨɦɟɳɟɧɢɹ ɷɤɫɩɥɭɚɬɢɪɭɸɬɫɹ ɤɪɭɝɥɵɣ ɝɨɞ. 

7. ɂɫɬɨɱɧɢɤ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ – Ɍɗɐ 1. 

8. Ɍɟɩɥɨɧɨɫɢɬɟɥɶ – ɜɨɞɚ, ɫ ɩɚɪɚɦɟɬɪɚɦɢ 150/70. 
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Ɋɢɫɭɧɨɤ 1 – ɉɥɚɧ ɡɞɚɧɢɹ 

 

 

1. 1.2. Ɋɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ 

 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɝɟɨɝɪɚɮɢɱɟɫɤɨɝɨ ɦɟɫɬɨɪɚɫɩɨɥɨɠɟɧɢɹ ɡɞɚɧɢɹ 

ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɢɫɯɨɞɧɵɟ ɤɥɢɦɚɬɨɥɨɝɢɱɟɫɤɢɟ ɞɚɧɧɵɟ: 

 ɝɟɨɝɪɚɮɢɱɟɫɤɚɹ ɲɢɪɨɬɚ; 

 ɪɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɷɧɬɚɥɶɩɢɢ ɧɚɪɭɠɧɨɝɨ 

ɜɨɡɞɭɯɚ ɞɥɹ ɬɟɩɥɨɝɨ ɢ ɯɨɥɨɞɧɨɝɨ ɩɟɪɢɨɞɨɜ ɝɨɞɚ; 

 ɫɪɟɞɧɟɫɭɬɨɱɧɚɹ ɚɦɩɥɢɬɭɞɚ ɤɨɥɟɛɚɧɢɣ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɪɭɠɧɨɝɨ 

ɜɨɡɞɭɯɚ; 
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 ɪɚɫɱɟɬɧɚɹ ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ ɜ ɬɟɩɥɵɣ ɩɟɪɢɨɞ ɝɨɞɚ; 

 ɦɚɤɫɢɦɚɥɶɧɚɹ ɢ ɫɪɟɞɧɟɫɭɬɨɱɧɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɫɨɥɧɟɱɧɨɣ 

ɪɚɞɢɚɰɢɢ (ɩɪɹɦɨɣ ɢ ɪɚɫɫɟɹɧɧɨɣ) ɜ ɢɸɥɟ, ɩɨɫɬɭɩɚɸɳɟɣ ɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɭɸ 

ɩɨɜɟɪɯɧɨɫɬɶ; 

 ɜɪɟɦɹ ɦɚɤɫɢɦɭɦɚ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɨɥɧɟɱɧɨɣ ɪɚɞɢɚɰɢɢ.   

Ɋɚɫɱɟɬɧɵɟ ɤɥɢɦɚɬɨɥɨɝɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɩɪɨɟɤɬɚ ɋɄȼ ɞɥɹ 

ɡɞɚɧɢɣ ɥɸɛɨɝɨ ɧɚɡɧɚɱɟɧɢɹ ɤɚɤ ɞɥɹ ɯɨɥɨɞɧɨɝɨ, ɬɚɤ ɢ ɞɥɹ ɬɟɩɥɨɝɨ ɩɟɪɢɨɞɨɜ ɝɨɞɚ, 

ɫɨɝɥɚɫɧɨ ɩ. 5.10 [1], ɩɪɢɧɢɦɚɸɬɫɹ ɩɨ ɩɚɪɚɦɟɬɪɚɦ Ȼ, ɤɨɬɨɪɵɟ ɫɥɟɞɭɟɬ 

ɨɩɪɟɞɟɥɹɬɶ, ɢɫɩɨɥɶɡɭɹ ɬɚɛɥɢɰɭ 10.1 [2]. 

ɉɪɢɧɹɬɵɟ ɪɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɡɚɧɨɫɢɦ ɜ                

ɬɚɛɥɢɰɭ 1. 

ɍɞɟɥɶɧɵɟ ɷɧɬɚɥɶɩɢɢ ɞɥɹ ɯɨɥɨɞɧɨɝɨ ɢ ɬɟɩɥɨɝɨ ɩɟɪɢɨɞɨɜ ɨɩɪɟɞɟɥɟɧɵ ɩɨ J-

D ɞɢɚɝɪɚɦɦɟ. Ⱦɥɹ ɯɨɥɨɞɧɨɝɨ ɩɟɪɢɨɞɚ ɧɚ J-D ɞɢɚɝɪɚɦɦɭ ɧɚɧɨɫɢɦ ɩɚɪɚɦɟɬɪɵ 

ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ, ɞɥɹ ɷɬɨɝɨ ɩɨ ɩɨɫɬɨɹɧɧɨɣ ɢɡɨɬɟɪɦɟ ɫ ɡɧɚɱɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ 

ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ tɧ = -39 ɜɟɞɟɦ ɞɨ ɥɢɧɢɢ ɫ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɜɥɚɠɧɨɫɬɶɸ φ=74%, 

ɩɨɥɭɱɚɟɦ ɬɨɱɤɭ ɫ ɩɚɪɚɦɟɬɪɚɦɢ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ, ɞɜɢɝɚɹɫɶ ɩɨ ɩɨɫɬɨɹɧɧɨɣ 

ɷɧɬɚɥɶɩɢɢ ɨɩɪɟɞɟɥɹɟɦ ɭɞɟɥɶɧɭɸ ɷɧɬɚɥɶɩɢɸ, ɚɧɚɥɨɝɢɱɧɨ ɞɥɹ ɬɟɩɥɨɝɨ ɩɟɪɢɨɞɚ, 

ɩɨ ɩɨɫɬɨɹɧɧɨɣ ɢɡɨɬɟɪɦɟ ɫ ɡɧɚɱɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ tɧ = 26 

ɜɟɞɟɦ ɞɨ ɥɢɧɢɢ ɫ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɜɥɚɠɧɨɫɬɶɸ φ=55%, ɩɨɥɭɱɚɟɦ ɬɨɱɤɭ ɫ 

ɩɚɪɚɦɟɬɪɚɦɢ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ, ɞɜɢɝɚɹɫɶ ɩɨ ɩɨɫɬɨɹɧɧɨɣ ɷɧɬɚɥɶɩɢɢ 

ɨɩɪɟɞɟɥɹɟɦ ɭɞɟɥɶɧɭɸ ɷɧɬɚɥɶɩɢɸ (ɪɢɫɭɧɨɤ 2). 
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Ɋɢɫɭɧɨɤ 2 – ɉɚɪɚɦɟɬɪɵ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɬɟɩɥɨɝɨ ɢ ɯɨɥɨɞɧɨɝɨ 

ɩɟɪɢɨɞɨɜ 

 

Ɋɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ 

Ɍɚɛɥɢɰɚ 1 

ɉɟɪɢɨɞ ɝɨɞɚ Ɍɟɦɩɟɪɚɬɭɪɚ tɧ, °ɋ ɍɞɟɥɶɧɚɹ ɷɧɬɚɥɶɩɢɹ 

Iɧ, ɤȾɠ/ɤɝ 

Ɉɬɧɨɫɢɬɟɥɶɧɚɹ 

ɜɥɚɠɧɨɫɬɶ φ, % 

ɏɨɥɨɞɧɵɣ -39 -39,2 74 

Ɍɟɩɥɵɣ 26 55,8 55 

 

2. 1.3. Ɋɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɜɧɭɬɪɟɧɧɟɝɨ ɜɨɡɞɭɯɚ 

 

Ɋɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɜɧɭɬɪɟɧɧɟɝɨ ɜɨɡɞɭɯɚ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɋɄȼ 

ɫɥɟɞɭɟɬ ɨɩɪɟɞɟɥɹɬɶ ɫɨɝɥɚɫɧɨ ɩ. 5.2 [1] ɜ ɩɪɟɞɟɥɚɯ ɨɩɬɢɦɚɥɶɧɵɯ ɧɨɪɦ ɩɨ ɬɚɛɥɢ-

ɰɟ 2 [3] ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɟɪɢɨɞɚ ɝɨɞɚ ɢ ɤɚɬɟɝɨɪɢɢ ɩɨɦɟɳɟɧɢɹ. ɋ ɰɟɥɶɸ 

ɭɦɟɧɶɲɟɧɢɹ ɡɚɬɪɚɬ ɧɚ ɬɟɩɥɨ- ɢ ɯɨɥɨɞɨɫɧɚɛɠɟɧɢɟ ɋɄȼ ɪɚɫɱɟɬɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ 

ɢ ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɜɥɚɠɧɨɫɬɶ ɜɨɡɞɭɯɚ ɜ ɩɨɦɟɳɟɧɢɢ ɫɥɟɞɭɟɬ ɩɪɢɧɢɦɚɬɶ ɞɥɹ 

ɬɟɩɥɨɝɨ ɩɟɪɢɨɞɚ ɝɨɞɚ ɦɚɤɫɢɦɚɥɶɧɭɸ, ɞɥɹ ɯɨɥɨɞɧɨɝɨ – ɦɢɧɢɦɚɥɶɧɭɸ ɢɡ 

ɞɢɚɩɚɡɨɧɚ ɨɩɬɢɦɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ. Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɜɥɚɠɧɨɫɬɶ ɜɨɡɞɭɯɚ, 

ɨɩɬɢɦɚɥɶɧɚɹ ɞɥɹ ɱɟɥɨɜɟɤɚ ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 30-60%. ȼ ɦɟɫɬɧɨɫɬɹɯ ɫ 

ɪɚɫɱɟɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɬɟɩɥɵɣ ɩɟɪɢɨɞ ɩɨ ɩɚɪɚɦɟɬɪɚɦ Ȼ 

ɛɨɥɟɟ +30°ɋ ɬɟɦɩɟɪɚɬɭɪɭ ɜɨɡɞɭɯɚ ɜ ɩɨɦɟɳɟɧɢɹɯ ɫɥɟɞɭɟɬ ɩɪɢɧɢɦɚɬɶ ɜɵɲɟ ɧɚ 

0,4°ɋ ɧɚ ɤɚɠɞɵɣ ɝɪɚɞɭɫ ɩɪɟɜɵɲɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɫɜɟɪɯ 
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ɬɟɦɩɟɪɚɬɭɪɵ 30°ɋ, ɭɜɟɥɢɱɢɜɚɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɜɨɡɞɭɯɚ ɧɚ 

0,1 ɦ/ɫ ɧɚ ɤɚɠɞɵɣ ɝɪɚɞɭɫ ɩɪɟɜɵɲɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ. ɉɪɢ 

ɷɬɨɦ, ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɜɨɡɞɭɯɚ ɜ ɩɨɦɟɳɟɧɢɹɯ ɜ ɭɤɚɡɚɧɧɵɯ ɭɫɥɨɜɢɹɯ ɞɨɥɠɧɚ 

ɛɵɬɶ ɧɟ ɛɨɥɟɟ 0,5 ɦ/ɫ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɭɧɤɬɨɦ 5 [1]. 

Ʉɢɧɨɬɟɚɬɪ ɢ ɝɥɚɜɧɵɣ ɯɨɥɥ – ɦɟɫɬɨ, ɝɞɟ ɡɪɢɬɟɥɢ ɧɚɯɨɞɹɬɫɹ ɫɢɞɹ ɛɟɡ 

ɜɟɪɯɧɟɣ ɨɞɟɠɞɵ, ɤɚɬɟɝɨɪɢɹ ɩɨɦɟɳɟɧɢɹ 3ɚ. ɉɪɢɧɢɦɚɟɦ ɩɚɪɚɦɟɬɪɵ 

ɜɧɭɬɪɟɧɧɟɝɨ ɜɨɡɞɭɯɚ ɡɪɢɬɟɥɶɧɨɝɨ ɡɚɥɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ [3] ɢ ɡɚɧɨɫɢɦ ɞɚɧɧɵɟ ɜ 

ɬɚɛɥɢɰɭ 2. 

 

ɉɚɪɚɦɟɬɪɵ ɜɧɭɬɪɟɧɧɟɝɨ ɜɨɡɞɭɯɚ 

Ɍɚɛɥɢɰɚ 2 

ɉɟɪɢɨɞ ɝɨɞɚ Ɍɟɦɩɟɪɚɬɭɪɚ tɧ, °ɋ Ɉɬɧɨɫɢɬɟɥɶɧɚɹ 

ɜɥɚɠɧɨɫɬɶ φ, % 

ɋɤɨɪɨɫɬɶ ɜɨɡɞɭɯɚ 

(ɩɨɞɜɢɠɧɨɫɬɶ) v, 

ɦ/ɫ 

ɏɨɥɨɞɧɵɣ 20-21 45-30 0,2 

Ɍɟɩɥɵɣ 23-25 60-30 0,15 

 

Ⱦɥɹ ɛɨɥɟɟ ɬɨɱɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɜɧɭɬɪɟɧɧɟɝɨ ɜɨɡɞɭɯɚ ɫɬɪɨɢɦ 

ɡɨɧɭ ɨɩɬɢɦɚɥɶɧɵɯ ɡɧɚɱɟɧɢɟ (ɪɢɫɭɧɨɤ 3). Ɂɨɧɭ ɫɬɪɨɢɦ ɩɨ ɯɚɪɚɤɬɟɪɧɵɦ ɬɨɱɤɚɦ: 

ɬ.1 – 𝑡 х˅ = ʹͲ °ܥ; 𝜑х˅ = Ͷͷ %; 

ɬ.2 – 𝑡 х˅ = ʹͳ °ܥ; 𝜑х˅ = ͵Ͳ %; 

ɬ.3– 𝑡 х˅ = ˅𝜑х ;ܥ° ͵ʹ = ͸Ͳ %; 

ɬ.4– 𝑡 х˅ = ʹͷ °ܥ; 𝜑х˅ = ͵Ͳ %; 
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Ɋɢɫɭɧɨɤ 3 – Ɂɨɧɚ ɨɩɬɢɦɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ 

 

Ɉɩɢɪɚɹɫɶ ɧɚ ɬɪɟɛɨɜɚɧɢɹ ɡɚɤɨɧɚ ɨɛ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɢ, ɫɥɟɞɭɟɬ ɩɪɢɧɹɬɶ 

ɞɜɚ ɪɟɠɢɦɚ ɤɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɹ: ɞɥɹ ɬɟɩɥɨɝɨ ɢ ɯɨɥɨɞɧɨɝɨ ɩɟɪɢɨɞɨɜ. Ⱦɥɹ 

ɬɟɩɥɨɝɨ ɩɟɪɢɨɞɚ ɫɥɟɞɭɟɬ ɩɪɢɧɢɦɚɬɶ ɛɨɥɶɲɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɢɡ ɨɩɬɢɦɚɥɶɧɵɯ 

ɡɧɚɱɟɧɢɣ, ɚ ɞɥɹ ɯɨɥɨɞɧɨɝɨ ɩɟɪɢɨɞɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɦɟɧɶɲɭɸ. ȿɫɥɢ ɞɚɧɧɨɟ 

ɩɨɥɨɠɟɧɢɟ ɪɚɫɫɦɨɬɪɟɬɶ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɫɨɡɞɚɧɢɹ ɤɨɦɮɨɪɬɧɵɯ ɭɫɥɨɜɢɣ ɞɥɹ 

ɱɟɥɨɜɟɤɚ, ɬɨ ɜ ɬɟɩɥɵɣ ɩɟɪɢɨɞ ɝɨɞɚ, ɩɪɢ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɧɟɨɛɯɨɞɢɦɚ 

ɧɢɡɤɚɹ ɜɥɚɠɧɨɫɬɶ, ɚ ɩɪɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɜɵɫɨɤɚɹ. Ɋɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ 

ɜɧɭɬɪɟɧɧɟɝɨ ɜɨɡɞɭɯɚ ɡɚɧɟɫɟɧɵ ɜ ɬɚɛɥɢɰɭ 3. 

 

Ɋɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɜɧɭɬɪɟɧɧɟɝɨ ɜɨɡɞɭɯɚ 

Ɍɚɛɥɢɰɚ 3 

ɉɟɪɢɨɞ ɝɨɞɚ Ɍɟɦɩɟɪɚɬɭɪɚ tɧ, 

°ɋ 

Ɉɬɧɨɫɢɬɟɥɶɧɚɹ 

ɜɥɚɠɧɨɫɬɶ φ, % 

ɋɤɨɪɨɫɬɶ ɜɨɡɞɭɯɚ 

(ɩɨɞɜɢɠɧɨɫɬɶ) v, 

ɦ/ɫ 

ɏɨɥɨɞɧɵɣ 21 35 0,2 

Ɍɟɩɥɵɣ 23 55 0,15 

 

ɂɫɩɨɥɶɡɭɹ ɞɚɧɧɵɟ ɬɚɛɥɢɰɵ 3 ɨɩɪɟɞɟɥɹɟɦ ɧɚ J-Dɞɢɚɝɪɚɦɦɟ ɩɨɥɨɠɟɧɢɟ 

ɬɨɱɤɢ tȼ
ɏ ɢ ɬɨɱɤɢ tȼ

Ɍ (ɪɢɫɭɧɨɤ 3). 

 

3. 3. Ɋɚɫɱɟɬ ɜɪɟɞɧɵɯ ɜɵɞɟɥɟɧɢɣ 

 

Ɉɫɧɨɜɧɵɦɢ ɜɪɟɞɧɵɦɢ ɜɵɞɟɥɟɧɢɹɦɢ, ɩɨɫɬɭɩɚɸɳɢɦɢ ɜ ɩɨɦɟɳɟɧɢɹ ɫ 

ɦɚɫɫɨɜɵɦ ɩɪɟɛɵɜɚɧɢɟɦ ɥɸɞɟɣ, ɹɜɥɹɸɬɫɹ ɢɡɛɵɬɤɢ ɬɟɩɥɨɬɵ, ɜɥɚɝɢ ɢ ɞɢɨɤɫɢɞ 

ɭɝɥɟɪɨɞɚ (ɋ02). ɂɫɬɨɱɧɢɤɨɦ ɜɫɟɯ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɜɪɟɞɧɵɯ ɜɵɞɟɥɟɧɢɣ ɹɜɥɹɸɬɫɹ 

ɥɸɞɢ, ɧɚɯɨɞɹɳɢɟɫɹ ɜ ɩɨɦɟɳɟɧɢɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɬɟɩɥɨɬɚ ɩɨɫɬɭɩɚɟɬ ɜ ɩɨɦɟɳɟɧɢɟ 

ɨɬ ɢɫɬɨɱɧɢɤɨɜ ɨɫɜɟɳɟɧɢɹ, ɨɬ ɫɨɥɧɟɱɧɨɣ ɪɚɞɢɚɰɢɢ ɱɟɪɟɡ ɫɜɟɬɨɜɵɟ ɩɪɨɟɦɵ ɢ 
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ɩɨɤɪɵɬɢɟ (ɜ ɬɟɩɥɵɣ ɩɟɪɢɨɞ ɝɨɞɚ) ɢ ɨɬ ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ (ɜ ɯɨɥɨɞɧɵɣ ɩɟɪɢɨɞ 

ɝɨɞɚ). 

Ɋɚɫɱɟɬ ɤɨɥɢɱɟɫɬɜɚ ɜɪɟɞɧɵɯ ɜɵɞɟɥɟɧɢɣ ɨɬ ɥɸɞɟɣ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ 

ɤɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɹ ɜɨɡɞɭɯɚ ɜɵɩɨɥɧɹɸɬ ɞɥɹ ɹɜɧɨɣ ɬɟɩɥɨɬɵ, ɜɥɚɝɢ ɢ ɞɢɨɤɫɢɞɚ 

ɭɝɥɟɪɨɞɚ. ȼɵɞɟɥɟɧɢɟ ɬɟɩɥɨɬɵ ɢ ɜɥɚɝɢ ɥɸɞɶɦɢ ɡɚɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɯɚ 

ɜ ɩɨɦɟɳɟɧɢɢ ɢ ɤɚɬɟɝɨɪɢɢ ɬɹɠɟɫɬɢ ɜɵɩɨɥɧɹɟɦɨɣ ɢɦɢ ɪɚɛɨɬɵ.  

 

4. 3.1. Ɍɟɩɥɨɩɨɫɬɭɩɥɟɧɢɹ ɨɬ ɥɸɞɟɣ 

 

Ɉɩɪɟɞɟɥɹɟɦ ɤɨɥɢɱɟɫɬɜɨ ɜɵɞɟɥɹɸɳɢɯɫɹ ɜɪɟɞɧɵɯ ɜɵɞɟɥɟɧɢɣ ɜ 

ɩɨɦɟɳɟɧɢɹɯ ɤɢɧɨɬɟɚɬɪ ɞɥɹ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɝ. Ɍɨɦɫɤ. 

Ɋɚɫɱɟɬ ɤɨɥɢɱɟɫɬɜɚ ɜɵɞɟɥɹɸɳɢɯɫɹ ɜɪɟɞɧɨɫɬɟɣ ɜ ɤɢɧɨɬɟɚɬɪɟ ɜɵɩɨɥɧɹɟɦ 

ɞɥɹ ɩɚɪɚɦɟɬɪɨɜ ɜɧɭɬɪɟɧɧɟɝɨ ɜɨɡɞɭɯɚ ɩɪɢɧɹɬɵɯ ɜ ɬɚɛɥɢɰɟ 3.  

Ɋɚɫɱɟɬ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɩɪɢ 100% ɡɚɝɪɭɡɤɢ ɤɢɧɨɡɚɥɚ ɢ ɩɪɢ 50% ɡɚɝɪɭɡɤɢ 

ɯɨɥɥɚ. 

 

5. 3.1.1. Ɍɟɩɥɨɩɨɫɬɭɩɥɟɧɢɹ ɜ ɩɨɦɟɳɟɧɢɟ ɤɢɧɨɡɚɥɚ 

 

ȼ ɤɢɧɨɬɟɚɬɪɟ ɥɸɞɢ ɧɚɯɨɞɹɬɫɹ ɛɟɡ ɜɟɪɯɧɟɣ ɨɞɟɠɞɵ, ɜ ɩɨɥɨɠɟɧɢɢ ɫɢɞɹ, 

ɜɵɩɨɥɧɹɹ ɫɪɟɞɧɸɸ ɪɚɛɨɬɭ. Ɉɤɧɚ ɜ ɡɚɥɟ ɨɬɫɭɬɫɬɜɭɸɬ. ɉɨɞɜɟɫɧɨɣ ɩɨɬɨɥɨɤ 

ɧɚɯɨɞɢɬɫɹ ɧɚ ɨɬɦɟɬɤɟ +9,200. ɉɥɨɳɚɞɶ 24·36=864ɦ2. ɋɜɟɬɢɥɶɧɢɤɢ 

ɥɸɦɢɧɟɫɰɟɧɬɧɵɟ. 

1. Ʉɨɥɢɱɟɫɬɜɨ ɹɜɧɨɣ ɬɟɩɥɨɬɵ, ɜɵɞɟɥɹɟɦɨɣ ɥɸɞɶɦɢ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ 1, ȼɬ: ܳЯ = 𝑞˖я̌ · ݊; (1) 

ɝɞɟ qɭɞ 
ɹ – ɤɨɥɢɱɟɫɬɜɨ ɹɜɧɨɣ ɬɟɩɥɨɬɵ, ɜɵɞɟɥɹɟɦɨɣ ɨɞɧɢɦ ɱɟɥɨɜɟɤɨɦ, ȼɬ/ɱ [6]; – 

ɤɨɥɢɱɟɫɬɜɨ ɥɸɞɟɣ ɜ ɩɨɦɟɳɟɧɢɢ. 

Ɍɟɩɥɵɣ ɩɟɪɢɨɞ ܳЯ =79·320=25280, ȼɬ, 
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ɏɨɥɨɞɧɵɣ ɩɟɪɢɨɞ ܳЯ =93·320=29760, ȼɬ; 

2. Ʉɨɥɢɱɟɫɬɜɨ ɩɨɥɧɨɣ ɬɟɩɥɨɬɵ, ɜɵɞɟɥɹɟɦɨɣ ɥɸɞɶɦɢ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ 2, ȼɬ: ܳʞ = 𝑞˖ˇ˒ · ݊; (2) 

ɝɞɟ qɭɞ 
ɩ – ɤɨɥɢɱɟɫɬɜɨ ɩɨɥɧɨɣ ɬɟɩɥɨɬɵ, ɜɵɞɟɥɹɟɦɨɣ ɨɞɧɢɦ ɱɟɥɨɜɟɤɨɦ, ȼɬ/ɱ [6]; 

n – ɤɨɥɢɱɟɫɬɜɨ ɥɸɞɟɣ ɜ ɩɨɦɟɳɟɧɢɢ. 

Ɍɟɩɥɵɣ ɩɟɪɢɨɞ ܳʞ =147·320=47040, ȼɬ, 

ɏɨɥɨɞɧɵɣ ɩɟɪɢɨɞ ܳʞ =149·320=47680, ȼɬ; 

3. Ʉɨɥɢɱɟɫɬɜɨ ɜɥɚɝɢ, ɜɵɞɟɥɹɟɦɨɣ ɥɸɞɶɦɢ, ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

3, ɝ/ɱ 

Wɥ = Wɭɞ· N; (3) 

ɝɞɟ N – ɤɨɥɢɱɟɫɬɜɨ ɥɸɞɟɣ ɜ ɩɨɦɟɳɟɧɢɟ; Wɭɞ – ɤɨɥɢɱɟɫɬɜɨ ɜɥɚɝɢ, ɜɵɞɟɥɹɟɦɨɟ 

ɨɞɧɢɦ ɱɟɥɨɜɟɤɨɦ, ɝ/ɱ. 

Ɍɟɩɥɵɣ ɩɟɪɢɨɞ 

Wɥ = 99· ͵ʹͲ = ͵ͳͶͻʹ, ɝ/ɱ = 31,5, ɤɝ/ɱ. 

ɏɨɥɨɞɧɵɣ ɩɟɪɢɨɞ 

Wɥ = 83· ͵ʹͲ = ʹͷͻʹͶ, ɝ/ɱ = 25,9, ɤɝ/ɱ. 

4. Ʉɨɥɢɱɟɫɬɜɨ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ, ɜɵɞɟɥɹɟɦɨɝɨ ɥɸɞɶɦɢ, ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ 

ɩɨ ɮɨɪɦɭɥɟ 4, ɝ/ɱ ܯ𝐶ைଶ = ݉˖ˇ ∙ ݊, (4) 

ɝɞɟ mɭɞ – ɤɨɥɢɱɟɫɬɜɨ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ, ɜɵɞɟɥɹɟɦɨɝɨ ɨɞɧɢɦ ɱɟɥɨɜɟɤɨɦ, ɝ/ɱ 

[6]; n– ɬɨɠɟ ɱɬɨ ɢ ɜ ɮɨɪɦɭɥɟ 1. ܯ𝐶ைଶ= 45·320 = 14400, ɝ/ɱ. 

 

6. 3.1.2. Ɍɟɩɥɨɩɨɫɬɭɩɥɟɧɢɹ ɜ ɩɨɦɟɳɟɧɢɟ ɯɨɥɥɚ 
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ȼ ɯɨɥɥɟ ɥɸɞɢ ɧɚɯɨɞɹɬɫɹ ɛɟɡ ɜɟɪɯɧɟɣ ɨɞɟɠɞɵ, ɜ ɩɨɥɨɠɟɧɢɢ ɫɢɞɹ, ɫɬɨɹ 

ɢɥɢ ɩɟɪɟɦɟɳɚɹɫɶ ɜɵɩɨɥɧɹɹ ɫɪɟɞɧɸɸ ɪɚɛɨɬɭ. Ɉɤɧɚ ɜ ɡɚɥɟ ɨɬɫɭɬɫɬɜɭɸɬ. 

ɉɨɞɜɟɫɧɨɣ ɩɨɬɨɥɨɤ ɧɚɯɨɞɢɬɫɹ ɧɚ ɨɬɦɟɬɤɟ +9,200, ɨɬɦɟɬɤɚ ɩɨɥɚ +4,500. 

ɉɥɨɳɚɞɶ 42ɯ9=378ɦ2. ɋɜɟɬɢɥɶɧɢɤɢ ɥɸɦɢɧɟɫɰɟɧɬɧɵɟ. 

2. Ʉɨɥɢɱɟɫɬɜɨ ɹɜɧɨɣ ɬɟɩɥɨɬɵ, ɜɵɞɟɥɹɟɦɨɣ ɥɸɞɶɦɢ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ 1, ȼɬ: ܳЯ = 𝑞˖я̌ · ݊; (1) 

ɝɞɟ qɭɞ 
ɹ – ɤɨɥɢɱɟɫɬɜɨ ɹɜɧɨɣ ɬɟɩɥɨɬɵ, ɜɵɞɟɥɹɟɦɨɣ ɨɞɧɢɦ ɱɟɥɨɜɟɤɨɦ, ȼɬ/ɱ [6]; – 

ɤɨɥɢɱɟɫɬɜɨ ɥɸɞɟɣ ɜ ɩɨɦɟɳɟɧɢɢ. 

Ɍɟɩɥɵɣ ɩɟɪɢɨɞ ܳЯ =79·160=12640, ȼɬ, 

ɏɨɥɨɞɧɵɣ ɩɟɪɢɨɞ ܳЯ =93·160=14880, ȼɬ; 

2. Ʉɨɥɢɱɟɫɬɜɨ ɩɨɥɧɨɣ ɬɟɩɥɨɬɵ, ɜɵɞɟɥɹɟɦɨɣ ɥɸɞɶɦɢ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ 2, ȼɬ: ܳʞ = 𝑞˖ˇ˒ · ݊; (2) 

ɝɞɟ qɭɞ 
ɩ – ɤɨɥɢɱɟɫɬɜɨ ɩɨɥɧɨɣ ɬɟɩɥɨɬɵ, ɜɵɞɟɥɹɟɦɨɣ ɨɞɧɢɦ ɱɟɥɨɜɟɤɨɦ, ȼɬ/ɱ [6]; 

n – ɤɨɥɢɱɟɫɬɜɨ ɥɸɞɟɣ ɜ ɩɨɦɟɳɟɧɢɢ. 

Ɍɟɩɥɵɣ ɩɟɪɢɨɞ ܳʞ =147·160=23520, ȼɬ, 

ɏɨɥɨɞɧɵɣ ɩɟɪɢɨɞ ܳʞ =149·160=23840, ȼɬ; 

3. Ʉɨɥɢɱɟɫɬɜɨ ɜɥɚɝɢ, ɜɵɞɟɥɹɟɦɨɣ ɥɸɞɶɦɢ, ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

3, ɝ/ɱ 

Wɥ = Wɭɞ· N; (3) 

ɝɞɟ N – ɤɨɥɢɱɟɫɬɜɨ ɥɸɞɟɣ ɜ ɩɨɦɟɳɟɧɢɟ; Wɭɞ – ɤɨɥɢɱɟɫɬɜɨ ɜɥɚɝɢ, ɜɵɞɟɥɹɟɦɨɟ 

ɨɞɧɢɦ ɱɟɥɨɜɟɤɨɦ, ɝ/ɱ. 

Ɍɟɩɥɵɣ ɩɟɪɢɨɞ 

Wɥ = 99· ͳ͸Ͳ = ͳͷͺͶͲ ɝ/ɱ =15,840, ɤɝ/ɱ. 
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ɏɨɥɨɞɧɵɣ ɩɟɪɢɨɞ 

Wɥ = 83· ͳ͸Ͳ = ͳ͵ʹͺͲ ɝ/ɱ = 13,280, ɤɝ/ɱ. 

4. Ʉɨɥɢɱɟɫɬɜɨ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ, ɜɵɞɟɥɹɟɦɨɝɨ ɥɸɞɶɦɢ, ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ 

ɩɨ ɮɨɪɦɭɥɟ 4, ɝ/ɱ ܯ𝐶ைଶ = ݉˖ˇ ∙ ݊, (4) 

ɝɞɟ mɭɞ – ɤɨɥɢɱɟɫɬɜɨ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ, ɜɵɞɟɥɹɟɦɨɝɨ ɨɞɧɢɦ ɱɟɥɨɜɟɤɨɦ, ɝ/ɱ 

[6]; n– ɬɨɠɟ ɱɬɨ ɢ ɜ ɮɨɪɦɭɥɟ 1. ܯ𝐶ைଶ= 45·160 = 7200, ɝ/ɱ. 

 

7. 3.2. Ɍɟɩɥɨɩɨɫɬɭɩɥɟɧɢɹ ɨɬ ɢɫɬɨɱɧɢɤɨɜ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ 

ɨɫɜɟɳɟɧɢɹ 

 ܳˑ˔˅ = ܧ · ܨ ∙ 𝑞ˑ˔˅ ∙ ݊ˑ˔˅, (5) 

ɝɞɟ E – ɨɫɜɟɳɟɧɧɨɫɬɶ, Ʌɤ, [4]; F – ɩɥɨɳɚɞɶ ɩɨɥɚ ɩɨɦɟɳɟɧɢɹ, ɦ2; qɭɞ – ɭɞɟɥɶɧɵɟ 

ɬɟɩɥɨɜɵɞɟɥɟɧɢɹ [5]; nɨɫɜ – ɞɨɥɹ ɬɟɩɥɨɬɵ ɩɨɫɬɭɩɚɸɳɟɣ, ɜ ɩɨɦɟɳɟɧɢɟ [5]. ܳˑ˔˅ Ɂɚɥ= 75·864·0,067·0,45=1954, ȼɬ. ܳˑ˔˅ ɯɨɥɥ= 75·378·0,067·0,45=855, ȼɬ. 

 

8. 3.3. Ɍɟɩɥɨɩɨɫɬɭɩɥɟɧɢɹ ɨɬ ɫɨɥɧɟɱɧɨɣ ɪɚɞɢɚɰɢɢ 

 

ȼ ɩɨɦɟɳɟɧɢɹɯ ɤɢɧɨɬɟɚɬɪɚ ɩɪɟɞɭɫɦɨɬɪɟɧ ɩɨɞɜɟɫɧɨɣ ɩɨɬɨɥɨɤ, 

ɡɚɩɨɬɨɥɨɱɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ ɩɪɨɜɟɬɪɢɜɚɟɬɫɹ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɩɨɫɬɭɩɥɟɧɢɟ ɬɟɩɥɚ 

ɨɬ ɫɨɥɧɟɱɧɨɣ ɪɚɞɢɚɰɢɢ ɱɟɪɟɡ ɩɨɤɪɵɬɢɟ ɜ ɡɪɢɬɟɥɶɧɵɣ ɡɚɥ ɦɨɠɧɨ ɧɟ ɭɱɢɬɵɜɚɬɶ. 

 

9. 3.4. Ɍɟɩɥɨɩɨɫɬɭɩɥɟɧɢɹ ɨɬ ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ 

 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɨɟɤɬɢɪɨɜɚɬɶ ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ ɛɟɡ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɨɬɩɭɫɤɚ ɬɟɩɥɚ ɡɚɩɪɟɳɟɧɨ. Ɉɬɫɸɞɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɫɢɫɬɟɦɚ ɨɬɨɩɥɟɧɢɹ 

ɜɤɥɸɱɚɟɬɫɹ ɬɨɥɶɤɨ ɬɨɝɞɚ, ɤɨɝɞɚ ɬɟɦɩɟɪɚɬɭɪɚ ɜɧɭɬɪɟɧɧɟɝɨ ɜɨɡɞɭɯɚ ɩɨɦɟɳɟɧɢɹ ɨɩɭɫɬɢɬɫɹ 
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ɧɢɠɟ ɪɚɫɱɟɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ. Ɉɬɨɩɢɬɟɥɶɧɵɟ ɩɪɢɛɨɪɵ ɨɫɧɚɳɟɧɵ ɬɟɪɦɨɫɬɚɬɢɱɟɫɤɢɦɢ 

ɤɥɚɩɚɧɚɦɢ, ɤɨɬɨɪɵɟ ɩɪɢ ɩɨɫɬɭɩɥɟɧɢɢ ɢɡɛɵɬɨɱɧɨɝɨ ɬɟɩɥɚ ɛɭɞɭɬ ɨɬɤɥɸɱɚɬɶ ɩɪɢɛɨɪɵ. ȼ 

ɧɚɲɟɦ ɫɥɭɱɚɟ ɩɪɢɦɟɦ Qɨ = 0, ɬɨɝɞɚ ɫɥɟɞɭɟɬ ɭɱɟɫɬɶ ɬɟɩɥɨɩɨɬɟɪɢ ɩɨɦɟɳɟɧɢɟɦ ɜ ɯɨɥɨɞɧɵɣ 

ɩɟɪɢɨɞ. 

ȼ ɪɚɛɨɬɟ ɩɨɬɟɪɢ ɬɟɩɥɚ QɌɉ, ȼɬ, ɦɨɠɧɨ ɭɫɥɨɜɧɨ ɩɪɢɧɹɬɶ ɩɨ ɭɤɪɭɩɧɟɧɧɵɦ 

ɩɨɤɚɡɚɬɟɥɹɦ ɭɱɢɬɵɜɚɹ ɩɨɬɟɪɢ ɱɟɪɟɡ ɞɜɟ ɧɚɪɭɠɧɵɟ ɫɬɟɧɵ, ɩɨɬɨɥɨɤ ɢ ɩɨɥ ɧɟ ɭɬɟɩɥɟɧɧɵɣ 

ɧɚ ɝɪɭɧɬɟ. ܳʡʞ = 𝑞଴ ∙ ܸ ∙ ሺ𝑡ʑ − 𝑡ʜሻ, (6) 

ɝɞɟ 𝑞଴ – ɭɞɟɥɶɧɚɹ ɨɬɨɩɢɬɟɥɶɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ (ɪɚɜɧɚɹ 0,036 ȼɬ/ɦ3°ɋ); ܸ – ɨɛɴɟɦ 

ɩɨɦɟɳɟɧɢɹ, ɦ3; 𝑡ʑ ˋ 𝑡ʜ – ɜɧɭɬɪɟɧɧɹɹ ɢ ɧɚɪɭɠɧɚɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɯɚ. ܳʡʞ ˊ˃ˎˎ = Ͳ,Ͳ͵͸ · ͹ͻͶͻ · (ʹͳ − ሺ−͵ͻሻ)/ͳͲͲͲ = ͳ͹,ͳ͹, ˍʑ˕; ܳʡʞ хˑˎˎ = Ͳ,Ͳ͵͸ · ͻͷͶ · (ʹͳ − ሺ−͵ͻሻ)/ͳͲͲͲ = ʹ,Ͳ͸, ˍʑ˕ . 

ɋ ɭɱɟɬɨɦ ɬɟɩɥɨɩɨɬɟɪɶ ɫɨɫɬɚɜɥɹɟɦ ɬɚɛɥɢɰɵ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɞɥɹ ɤɚɠɞɨɝɨ ɢɡ 

ɪɚɫɱɟɬɧɵɯ ɩɨɦɟɳɟɧɢɣ.  

 

Ɍɚɛɥɢɰɚ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɞɥɹ ɤɢɧɨɡɚɥɚ 

Ɍɚɛɥɢɰɚ 4 

ɉɟɪɢɨɞ ɝɨɞɚ 
ɉɨɫɬɭɩɥɟɧɢɟ ɬɟɩɥɚ 

ɉɨɬɟɪɢ 

ɬɟɩɥɚ ܳЯ, ɤȼɬ ܳʞ, ɤȼɬ ܳʝʠʑ, ɤȼɬ ܳʝ ܳʡʞ 

ɏɨɥɨɞɧɵɣ 29,76 47,68 1,95 0 17,17 

Ɍɟɩɥɵɣ 25,28 47,04 1,95 0 0 

 

Ɍɚɛɥɢɰɚ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɞɥɹ ɯɨɥɥɚ 

Ɍɚɛɥɢɰɚ 5 

ɉɟɪɢɨɞ ɝɨɞɚ 
ɉɨɫɬɭɩɥɟɧɢɟ ɬɟɩɥɚ 

ɉɨɬɟɪɢ 

ɬɟɩɥɚ ܳЯ, ɤȼɬ ܳʞ, ɤȼɬ ܳʝʠʑ, ɤȼɬ ܳʝ ܳʡʞ 
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ɏɨɥɨɞɧɵɣ 14,88 23,84 0,855 0 2,06 

Ɍɟɩɥɵɣ 12,64 23,52 0,855 0 0 

 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɩɨ ɜɵɞɟɥɟɧɢɸ ɜɪɟɞɧɨɫɬɟɣ ɫɜɨɞɢɦ ɜ ɬɚɛɥɢɰɭ 6. 

 

 

Ɋɚɫɱɟɬɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɵɞɟɥɹɸɳɢɯɫɹ ɜɪɟɞɧɨɫɬɟɣ ɞɥɹ ɤɢɧɨɡɚɥɚ 

Ɍɚɛɥɢɰɚ 6 

ɉɟɪɢɨɞ ɝɨɞɚ 

Ɍɟɦɩɟɪɚɬɭɪɚ 

ɜɧɭɬɪɟɧɧɟɝɨ 

ɜɨɡɞɭɯɚ, tȼ, 

°ɋ 

Ʉɨɥɢɱɟɫɬɜɨ ɜɵɞɟɥɹɸɳɢɯɫɹ ɜɪɟɞɧɨɫɬɟɣ 

ܳʗʖʐЯ , ɤȼɬ ܳʗʖʐʞ , ɤȼɬ W, ɤɝ/ɱ ܯ𝐶ைଶ, ɤɝ/ɱ 

ɏɨɥɨɞɧɵɣ 21 14,54 32,46 25,9 14,4 

Ɍɟɩɥɵɣ 23 27,23 48,99 31,5 14,4 

 

Ɋɚɫɱɟɬɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɵɞɟɥɹɸɳɢɯɫɹ ɜɪɟɞɧɨɫɬɟɣ ɞɥɹ ɯɨɥɥɚ 

Ɍɚɛɥɢɰɚ 7 

ɉɟɪɢɨɞ ɝɨɞɚ 

Ɍɟɦɩɟɪɚɬɭɪɚ 

ɜɧɭɬɪɟɧɧɟɝɨ 

ɜɨɡɞɭɯɚ, tȼ, 

°ɋ 

Ʉɨɥɢɱɟɫɬɜɨ ɜɵɞɟɥɹɸɳɢɯɫɹ ɜɪɟɞɧɨɫɬɟɣ 

ܳʗʖʐЯ , ɤȼɬ ܳʗʖʐʞ , ɤȼɬ W, ɤɝ/ɱ ܯ𝐶ைଶ, ɤɝ/ɱ 

ɏɨɥɨɞɧɵɣ 21 7,27 16,23 13,28 7,2 

Ɍɟɩɥɵɣ 23 13,6 24,5 15,84 7,2 

 

10. 4. ɉɨɫɬɪɨɟɧɢɟ ɥɭɱɚ ɩɪɨɰɟɫɫɚ 

 

Ɉɫɧɨɜɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɜɨɡɞɭɯɚ ɜ ɩɨɦɟɳɟɧɢɢ 

ɹɜɥɹɟɬɫɹ ɨɬɧɨɲɟɧɢɟ ɢɡɛɵɬɨɱɧɨɝɨ ɩɨɥɧɨɝɨ ɬɟɩɥɚ ɤ ɜɥɚɝɨɜɵɞɟɥɟɧɢɹɦ, 

ɧɚɡɵɜɚɟɦɨɟ ɭɝɥɨɜɵɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɥɭɱɚ ɩɪɨɰɟɫɫɚ ɜ ɩɨɦɟɳɟɧɢɢ, ɤȾɠ/ɤɝ 
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ȼɵɱɢɫɥɟɧɢɟ ɭɝɥɨɜɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɪɨɰɟɫɫɚ ɢɡɦɟɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ 

ɜɨɡɞɭɯɚ ɜ ɩɨɦɟɳɟɧɢɢ ɜ ɬɟɩɥɵɣ ɢ ɯɨɥɨɞɧɵɣ ɩɟɪɢɨɞɵ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ 

7. 𝜀ʤ,ʡ = ଷ,଺ொʗʖʐʞௐ , (7) 

ɝɞɟ ܳʗʖʐʞ – ɢɡɛɵɬɨɱɧɵɟ ɩɨɥɧɵɟ ɬɟɩɥɨɜɵɞɟɥɟɧɢɹ ɜ ɩɨɦɟɳɟɧɢɢ, ȼɬ; ܹ – 

ɜɥɚɝɨɜɵɞɟɥɟɧɢɹ ɜ ɩɨɦɟɳɟɧɢɢ, ɤɝ/ɱ. 

1. Ʉɢɧɨɡɚɥ 

ɏɨɥɨɞɧɵɣ ɩɟɪɢɨɞ  𝜀ʤ = ଷ,଺∙ଷଶସ଺଴ଶହ,ଽ = ͶͷͲͲ, ɤȾɠ/ɤɝ; 

Ɍɟɩɥɵɣ ɩɟɪɢɨɞ 𝜀ʡ = ଷ,଺∙ସ଼ଽଽ଴ଷଵ,ହ = ͷ͸ͲͲ, ɤȾɠ/ɤɝ. 

2. ɏɨɥɥ 

ɏɨɥɨɞɧɵɣ ɩɟɪɢɨɞ  𝜀ʤ = ଷ,଺∙ሺଵ଺ଶଷ଴ሻଵଷ,ଶ଼ = ͶͶͲͲ, ɤȾɠ/ɤɝ; 

Ɍɟɩɥɵɣ ɩɟɪɢɨɞ 𝜀ʡ = ଷ,଺∙ଶସହ଴଴ଵହ,଼ସ = ͷͷ͹Ͳ, ɤȾɠ/ɤɝ. 

 

11. 5. Ɉɪɝɚɧɢɡɚɰɢɹ ɜɨɡɞɭɯɨɨɛɦɟɧɚ ɜ ɩɨɦɟɳɟɧɢɢ 

 

ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɛɨɬɵ ɜɟɧɬɢɥɹɰɢɨɧɧɵɯ ɫɢɫɬɟɦ ɡɚɜɢɫɢɬ ɨɬ ɝɪɚɦɨɬɧɨ 

ɜɵɛɪɚɧɧɨɣ ɫɯɟɦɵ ɨɪɝɚɧɢɡɚɰɢɢ ɜɨɡɞɭɯɨɨɛɦɟɧɚ ɜ ɩɨɦɟɳɟɧɢɢ, ɚ ɢɦɟɧɧɨ ɨɬ 

ɩɪɚɜɢɥɶɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɦɟɫɬɚ, ɫɩɨɫɨɛɚ ɩɨɞɚɱɢ ɢ ɭɞɚɥɟɧɢɹ ɜɨɡɞɭɯɚ ɢɡ 

ɩɨɦɟɳɟɧɢɹ. ɇɚɢɥɭɱɲɢɦ ɜɚɪɢɚɧɬɨɦ ɹɜɥɹɟɬɫɹ ɬɚɤɨɣ, ɩɪɢ ɤɨɬɨɪɨɦ ɧɟɬ 

ɡɚɫɬɨɣɧɵɯ (ɧɟ ɩɪɨɜɟɬɪɢɜɚɟɦɵɯ) ɡɨɧ, ɚ ɨɬɤɥɨɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɢ 

ɩɨɞɜɢɠɧɨɫɬɢ ɜɨɡɞɭɯɚ ɜ ɨɛɫɥɭɠɢɜɚɟɦɨɣ ɡɨɧɟ ɧɟ ɩɪɟɜɵɲɚɸɬ ɞɨɩɭɫɬɢɦɵɯ 

ɡɧɚɱɟɧɢɣ. ɉɪɢɧɹɬɚɹ ɫɯɟɦɚ ɨɪɝɚɧɢɡɚɰɢɢ ɜɨɡɞɭɯɨɨɛɦɟɧɚ ɨɩɪɟɞɟɥɹɟɬ ɩɚɪɚɦɟɬɪɵ 

ɩɪɢɬɨɱɧɨɝɨ ɢ ɭɞɚɥɹɟɦɨɝɨ ɜɨɡɞɭɯɚ.  
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Ɉɛɳɟɩɪɢɧɹɬɵɟ ɫɯɟɦɵ ɨɪɝɚɧɢɡɚɰɢɢ ɜɨɡɞɭɯɨɨɛɦɟɧɚ "ɫɜɟɪɯɭ-ɜɜɟɪɯ", 

"ɫɜɟɪɯɭ-ɜɧɢɡ", "ɫɧɢɡɭ-ɜɜɟɪɯ", "ɫɧɢɡɭ ɜɧɢɡ" ɢ "ɫɦɟɲɚɧɧɚɹ" ɢɥɢ 

"ɤɨɦɛɢɧɢɪɨɜɚɧɧɚɹ". ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɦɟɫɬɚ ɢ ɫɩɨɫɨɛɚ ɩɨɞɚɱɢ ɜɨɡɞɭɯɚ ɜ 

ɩɨɦɟɳɟɧɢɟ ɫɥɟɞɭɟɬ ɪɭɤɨɜɨɞɫɬɜɭɟɦɫɹ ɭɤɚɡɚɧɢɹɦɢ [8, 9, 10]. Ⱦɥɹ ɜɵɛɨɪɚ ɫɯɟɦɵ 

ɩɨɞɚɱɢ ɢ ɪɚɫɱɟɬɚ ɫɬɪɭɣ ɫɥɟɞɭɟɬ ɭɱɢɬɵɜɚɬɶ [11]. ȼ ɩɪɨɟɤɬɟ ɩɪɢɧɢɦɚɟɦ 

ɜɨɡɞɭɯɨɪɚɫɩɪɟɞɟɥɢɬɟɥɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɁȺɈ "Ⱥɪɤɬɢɤɚ" ɞɥɹ ɷɬɨɝɨ ɩɨɥɶɡɭɟɦɫɹ 

ɤɚɬɚɥɨɝɨɦ ɤɨɦɩɚɧɢɢ [11]. 

ɉɪɢɧɢɦɚɟɦ ɫɯɟɦɭ «ɫɜɟɪɯɭ-ɜɧɢɡ» ɧɚɫɬɢɥɚɸɳɢɦɢɫɹ ɧɚ ɩɨɬɨɥɨɤ 

ɜɟɟɪɧɵɦɢ ɫɬɪɭɹɦɢ (ɪɢɫɭɧɨɤ 4). ɇɟɨɛɯɨɞɢɦɨ ɩɪɟɞɭɫɦɨɬɪɟɬɶ ɬɨ, ɱɬɨ ɜɨɡɞɭɯ 

ɞɨɥɠɟɧ ɭɞɚɥɹɬɶɫɹ ɢɡ ɫɚɦɨɣ ɡɚɝɪɹɡɧɟɧɧɨɣ ɡɨɧɵ.  

ȼɨɡɞɭɲɧɵɣ ɩɨɬɨɤ ɡɚɯɜɚɬɵɜɚɟɬ ɛɨɥɶɲɢɟ ɤɨɥɢɱɟɫɬɜɚ ɜɧɭɬɪɟɧɧɟɝɨ 

ɜɨɡɞɭɯɚ, ɤɨɬɨɪɵɣ ɫɦɟɲɢɜɚɟɬɫɹ ɫ ɩɪɢɬɨɱɧɨɣ ɫɬɪɭɟɣ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɷɬɨɝɨ ɫɬɪɭɹ, 

ɪɚɫɩɪɟɞɟɥɹɹɫɶ ɩɨ ɩɨɦɟɳɟɧɢɸ, ɪɚɫɲɢɪɹɟɬɫɹ, ɧɨ ɬɟɪɹɟɬ ɫɤɨɪɨɫɬɶ. ɗɬɨɬ ɩɪɨɰɟɫɫ 

ɧɚɡɵɜɚɟɬɫɹ ɷɠɟɤɰɢɟɣ ɢɥɢ ɩɨɞɫɨɫɨɦ ɜɧɭɬɪɟɧɧɟɝɨ ɜɨɡɞɭɯɚ ɩɪɢɬɨɱɧɨɣ ɫɬɪɭɟɣ. 

Ⱦɜɢɠɟɧɢɟ ɜɨɡɞɭɯɚ, ɫɨɡɞɚɧɧɨɟ ɫɬɪɭɟɣ, ɩɪɢɜɨɞɢɬ ɤ ɛɵɫɬɪɨɦɭ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɸ ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɩɨ ɜɫɟɦɭ ɩɨɦɟɳɟɧɢɸ. ɗɬɨ ɡɧɚɱɢɬ, ɱɬɨ 

ɜɪɟɞɧɵɟ ɜɵɞɟɥɟɧɢɹ, ɩɪɢɫɭɬɫɬɜɭɸɳɢɟ ɜɨ ɜɧɭɬɪɟɧɧɟɦ ɜɨɡɞɭɯɟ, ɪɚɫɬɜɨɪɹɸɬɫɹ 

ɩɪɢɬɨɱɧɵɦ ɜɨɡɞɭɯɨɦ ɢ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɜɫɟɦɭ ɩɨɦɟɳɟɧɢɸ. Ɍɨ 

ɟɫɬɶ ɩɪɨɢɫɯɨɞɢɬ ɪɚɡɛɚɜɥɟɧɢɟ ɜɪɟɞɧɵɯ ɜɵɞɟɥɟɧɢɣ ɩɪɢɬɨɱɧɵɦ ɜɨɡɞɭɯɨɦ. ɉɪɢ 

ɬɚɤɨɦ ɬɢɩɟ ɜɟɧɬɢɥɹɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɨɤɚɡɵɜɚɟɬɫɹ ɫɪɚɜɧɢɬɟɥɶɧɨ 

ɪɚɜɧɨɦɟɪɧɵɦ ɩɨ ɜɫɟɦɭ ɩɨɦɟɳɟɧɢɸ. 

ȼɚɠɧɟɣɲɢɦ ɤɪɢɬɟɪɢɟɦ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɜɟɧɬɢɥɹɰɢɢ ɷɬɨɝɨ ɬɢɩɚ 

ɹɜɥɹɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɧɢɡɤɚɹ ɫɤɨɪɨɫɬɶ ɜɨɡɞɭɲɧɨɣ ɫɬɪɭɢ ɜ ɪɚɛɨɱɟɣ ɡɨɧɟ. 
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Ɋɢɫɭɧɨɤ 4 – ɋɯɟɦɚ ɜɨɡɞɭɯɨɨɛɦɟɧɚ ɜ ɤɢɧɨɬɟɚɬɪɟ «ɫɜɟɪɯɭ-ɜɧɢɡ» 

ɧɚɫɬɢɥɚɸɳɢɦɢɫɹ ɜɟɟɪɧɵɦɢ ɫɬɪɭɹɦɢ 

 

12. 6. Ɉɩɪɟɞɟɥɟɧɢɟ ɜɨɡɞɭɯɨɨɛɦɟɧɚ 

 

ɂɫɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ɩɪɢ ɪɚɫɱɟɬɟ ɤɨɥɢɱɟɫɬɜɚ ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɞɥɹ 

ɩɨɦɟɳɟɧɢɣ ɹɜɥɹɸɬɫɹ ɤɨɥɢɱɟɫɬɜɨ ɜɵɞɟɥɹɟɦɵɯ ɡɚ 1 ɱ ɜɪɟɞɧɨɫɬɟɣ, ɞɨɩɭɫɬɢɦɨɟ 

ɤɨɥɢɱɟɫɬɜɨ ɜɪɟɞɧɨɫɬɟɣ ɜ 1 ɦ3 ɜɨɡɞɭɯɚ ɪɚɛɨɱɟɣ ɡɨɧɵ ɢ ɤɨɥɢɱɟɫɬɜɨ ɬɟɯ ɠɟ 

ɜɟɳɟɫɬɜ ɜ 1 ɦ3 ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ. Ɉɩɪɟɞɟɥɟɧɢɟ ɜɟɥɢɱɢɧɵ ɧɟɨɛɯɨɞɢɦɨɝɨ 

ɜɨɡɞɭɯɨɨɛɦɟɧɚ ɩɪɨɜɨɞɢɬɫɹ ɧɚ ɨɫɧɨɜɚɧɢɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɪɚɫɱɟɬɨɜ, 

ɝɢɝɢɟɧɢɱɟɫɤɢɦɢ ɤɪɢɬɟɪɢɹɦɢ ɩɪɢ ɷɬɨɦ ɫɥɭɠɚɬ ɫɨɞɟɪɠɚɧɢɟ ɜ ɜɨɡɞɭɯɟ ɞɢɨɤɫɢɞɚ 

ɭɝɥɟɪɨɞɚ, ɜɥɚɝɨɫɨɞɟɪɠɚɧɢɟ ɢ ɢɡɛɵɬɤɢ ɬɟɩɥɚ. 

ɉɟɪɟɞ ɬɟɦ ɤɚɤ ɩɪɢɫɬɭɩɢɬɶ ɤ ɪɚɫɱɟɬɭ ɜɨɡɞɭɯɨɨɛɦɟɧɚ ɜ ɩɨɦɟɳɟɧɢɢ, 

ɫɥɟɞɭɟɬ ɡɚɞɚɬɶɫɹ ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ, ɜɟɥɢɱɢɧɚ ɤɨɬɨɪɨɣ ɡɚɜɢɫɢɬ 

ɨɬ ɩɪɢɧɹɬɨɣ ɫɯɟɦɵ ɩɨɞɚɱɢ ɜɨɡɞɭɯɚ ɜ ɩɨɦɟɳɟɧɢɟ. 

 

13. 6.1. ɉɚɪɚɦɟɬɪɵ ɭɞɚɥɹɟɦɨɝɨ ɜɨɡɞɭɯɚ 

 

ȼ ɤɢɧɨɬɟɚɬɪɟ ɩɪɢɧɹɬɚ ɩɟɪɟɦɟɲɢɜɚɸɳɚɹ ɫɯɟɦɚ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ 

ɬɟɦɩɟɪɚɬɭɪɚ ɭɞɚɥɹɟɦɨɝɨ ɜɨɡɞɭɯɚ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɧɹɬɚ ɧɚ ɬɪɢ ɝɪɚɞɭɫɚ ɜɵɲɟ 

ɜɧɭɬɪɟɧɧɟɣ ɞɥɹ ɬɟɩɥɨɝɨ ɩɟɪɢɨɞɚ ɢ ɞɜɚ ɝɪɚɞɭɫ ɞɥɹ ɯɨɥɨɞɧɨɝɨ (ɜ ɯɨɥɨɞɧɵɣ 

ɩɟɪɢɨɞ ɬɟɩɥɨɢɡɛɵɬɤɢ ɦɧɨɝɨ ɦɟɧɶɲɟ, ɱɟɦ ɜ ɬɟɩɥɵɣ) [12]. 

ɇɚɧɨɫɢɦ ɡɧɚɱɟɧɢɹ ɧɚ I-D ɞɢɚɝɪɚɦɦɭ ɢ ɨɩɪɟɞɟɥɹɟɦ ɨɫɬɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ 

ɜɨɡɞɭɯɚ ɢ ɡɚɩɢɫɵɜɚɟɦ ɜ ɬɚɛɥɢɰɭ 8. 

 

 

 

 

 



22 
 

ɉɚɪɚɦɟɬɪɵ ɭɞɚɥɹɟɦɨɝɨ ɜɨɡɞɭɯɚ 

Ɍɚɛɥɢɰɚ 8 

ɉɟɪɢɨɞ 

ɝɨɞɚ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 

ɩɨɦɟɳɟɧɢɹ 

Ɍɟɦɩɟɪɚɬɭɪɚ 

ɜɧɭɬɪɟɧɧɟɝɨ 

ɜɨɡɞɭɯɚ, tȼ, 

°ɋ 

Ɍɟɦɩɟɪɚɬɭɪɚ 

ɭɞɚɥɹɟɦɨɝɨ 

ɜɨɡɞɭɯɚ, tɍ, 

°ɋ 

ɗɧɬɚɥɶɩɢɹ 

ɭɞɚɥɹɟɦɨɝɨ 

ɜɨɡɞɭɯɚ, Iɍ, ˍДʕˍˆ∙℃ 

ȼɥɚɝɨɫɨɞɟɪɠɚɧɢɟ 

ɭɞɚɥɹɟɦɨɝɨ 

ɜɨɡɞɭɯɚ, dɍ, ɝ/ɤɝ

ɏɨɥɨɞɧɵɣ 
Ʉɢɧɨɡɚɥ 

21 22 37 5,9 

Ɍɟɩɥɵɣ 23 25 49,5 9,8 

ɏɨɥɨɞɧɵɣ 
ɏɨɥɥ 

21 22 37 5,9 

Ɍɟɩɥɵɣ 23 25 49,5 9,8 

 

14. 6.2 ɉɚɪɚɦɟɬɪɵ ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ 

 

ɉɪɢ ɜɵɫɨɬɟ ɩɨɦɟɳɟɧɢɣ ɞɨ 4 ɦ ɩɪɢɧɢɦɚɸɬ tɉ ɧɢɠɟ tȼ ɧɚ 1-3 0ɋ; ɩɪɢ 

ɜɵɫɨɬɟ ɩɨɦɟɳɟɧɢɣ ɛɨɥɟɟ 4 ɦ, ɩɪɢɧɢɦɚɸɬ tɉ ɧɢɠɟ tȼ ɧɚ 3-6 0ɋ. Ȼɨɥɶɲɟɟ 

ɩɨɧɢɠɟɧɢɟ ɡɧɚɱɟɧɢɹ tɩ ɜɨɡɦɨɠɧɨ, ɧɨ ɩɪɢ ɟɝɨ ɜɵɛɨɪɟ ɧɟɨɛɯɨɞɢɦɨ 

ɝɚɪɚɧɬɢɪɨɜɚɬɶ ɫɨɛɥɸɞɟɧɢɟ ɡɚɞɚɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɜɨɡɞɭɯɚ ɜ ɨɛɫɥɭɠɢɜɚɟɦɨɣ 

ɡɨɧɟ ɩɨɦɟɳɟɧɢɹ, ɩɨɞɬɜɟɪɞɢɜ ɷɬɨ ɪɚɫɱɟɬɨɦ ɩɪɢɬɨɱɧɨɣ ɫɬɪɭɢ. ɋɥɟɞɭɟɬ ɩɪɢɧɹɬɶ 

ɜɨ ɜɧɢɦɚɧɢɟ, ɱɬɨ ɩɨɞɜɢɠɧɨɫɬɶ ɜɨɡɞɭɯɚ ɜ ɪɚɛɨɱɟɣ ɡɨɧɟ ɧɟ ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ 

ɞɨɩɭɫɬɢɦɵɯ ɡɧɚɱɟɧɢɣ. 

ɉɪɢɦɟɦ ɬɟɦɩɟɪɚɬɭɪɭ ɜɨɡɞɭɯɚ, ɩɨɞɚɜɚɟɦɨɝɨ ɧɚ 4 ɨɋ ɧɢɠɟ ɬɟɦɩɟɪɚɬɭɪɵ 

ɜɧɭɬɪɟɧɧɟɝɨ ɜɨɡɞɭɯɚ, ɬɨɝɞɚ ɞɥɹ ɯɨɥɨɞɧɨɝɨ ɩɟɪɢɨɞɚ:  

tɉ
ɏ = tȼ

ɏ – 4 = 21 – 4 = 17, ɨɋ; 

ɞɥɹ ɬɟɩɥɨɝɨ ɩɟɪɢɨɞɚ: 

 tɉ
Ɍ = tȼ

Ɍ – 4 = 23 – 4 =19, ɨɋ. 

ɉɪɢɧɢɦɚɹ ɪɚɫɱɟɬɧɵɣ ɪɚɫɯɨɞ ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɩɨ ɮɨɪɦɭɥɟ 8, ɩɨ 

ɧɨɪɦɢɪɭɟɦɨɦɭ ɜɨɡɞɭɯɨɨɛɦɟɧɭ ɢ ɩɪɢɧɹɬɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɭɞɚɥɹɟɦɨɝɨ ɜɨɡɞɭɯɚ ɜ 

ɬɟɩɥɵɣ ɩɟɪɢɨɞ ɝɨɞɚ – ɬɟɦɩɟɪɚɬɭɪɭ ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɩɨ 

ɮɨɪɦɭɥɟ 9. 
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௠𝑖௡ܩ = 𝜌 ∙ ܮ ∙ ݊, (8) 

ɝɞɟ ܮ – ɦɢɧɢɦɚɥɶɧɵɣ ɜɨɡɞɭɯɨɨɛɦɟɧ ɧɚ 1 ɱɟɥɨɜɟɤɚ, ɦ3/ɱ[1]; ݊ – ɤɨɥɢɱɟɫɬɜɨ 

ɥɸɞɟɣ; 𝜌 – ɩɥɨɬɧɨɫɬɶ ɜɨɡɞɭɯɚ, ɤɝ/ɦ3. ܩ௠𝑖௡ = ͳ,ʹ · ʹͷ · ͵ʹͲ = ͻ͸ͲͲ, ɤɝ/ɱ – ɞɥɹ ɤɢɧɨɡɚɥɚ; ܩ௠𝑖௡ = ͳ,ʹ · ʹͲ · ͳ͸Ͳ = ͵ͺͶͲ, ɤɝ/ɱ – ɞɥɹ ɯɨɥɥɚ; 𝑡ʞʤ,ʡ = 𝑡ʢʤ,ʡ − ܳЯʗʖʐʤ,ʡʠ ∙  ʞ (9)ܩ

Ɍɟɩɥɵɣ ɩɟɪɢɨɞ 𝑡ʞʡ = ʹͷ − ʹ͹ʹ͵ͲͲ,ʹ͹ͺ ∙ ͻ͸ͲͲ = ͳͶ,ͺ °ʠ 

𝑡ʞʡ = ʹͷ − ͳ͵͸ͲͲͲ,ʹ͹ͺ ∙ ͵ͺͶͲ = ͳʹ,͹ °ʠ 

 

ȼ ɫɜɹɡɢ ɫ ɧɟɫɩɨɫɨɛɧɨɫɬɶɸ ɬɟɪɦɨɦɟɬɪɚ ɭɥɚɜɥɢɜɚɬɶ ɡɧɚɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ 

ɫ ɛɨɥɶɲɨɣ ɬɨɱɧɨɫɬɶɸ, ɩɪɢɧɢɦɚɟɦ ɬɟɦɩɟɪɚɬɭɪɭ ɩɪɢɬɨɤɚ ɜ ɬɟɩɥɵɣ ɩɟɪɢɨɞ ɝɨɞɚ 

ɪɚɜɧɭɸ 15 °ɋ ɞɥɹ ɤɢɧɨɡɚɥɚ ɢ 13 °ɋ ɞɥɹ ɯɨɥɥɚ ɢ ɩɟɪɟɫɱɢɬɵɜɚɟɦ ɪɚɫɯɨɞ 

ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ. ܩ௠𝑖௡ = ொʗʖʐЯʠሺ௧ʢ−௧ʞሻ = ଶ଻ଶଷ଴଴,ଶ଻଼∙ሺଶହ−ଵହሻ = ͻͺͲͲ, ɤɝ/ɱ – ɞɥɹ ɡɚɥɚ; ܩ௠𝑖௡ = ொʗʖʐЯʠሺ௧ʢ−௧ʞሻ = ଵଷ଺଴଴଴,ଶ଻଼∙ሺଶହ−ଵଷሻ = ͶͳͲͲ, ɤɝ/ɱ – ɞɥɹ ɯɨɥɥɚ. 

 

Ⱥɧɚɥɨɝɢɱɧɨ ɩɪɨɢɡɜɟɞɟɦ ɪɚɫɱɟɬ ɞɥɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɜ 

ɯɨɥɨɞɧɵɣ ɩɟɪɢɨɞ, ɩɪɢ ɷɬɨɦ ɩɪɨɜɟɪɹɹ ɞɨɩɭɫɬɢɦɨɟ ɨɬɤɥɨɧɟɧɢɟ ±1°ɋ ɞɥɹ 

ɬɟɦɩɟɪɚɬɭɪɵ ɭɞɚɥɹɟɦɨɣ. ɍɞɚɥɹɟɦɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɢɧɹɬɚ ɜ ɩɭɧɤɬɟ 6.1. 𝑡ʞʤ = ʹʹ − ଶହହଶ଴଴,ଶ଻଼∙ଽ଼଴଴ = ͳʹ,͸, °ʠ – ɞɥɹ ɡɚɥɚ; 𝑡ʞʤ = ʹʹ − ଵଶଽ଻଺଴,ଶ଻଼∙ସଵ଴଴ = ͳͳ,Ͷ, °ʠ – ɞɥɹ ɯɨɥɥɚ; 

ɉɪɢɧɢɦɚɟɦ ɬɟɦɩɟɪɚɬɭɪɭ ɩɪɢɬɨɤɚ ɜ ɯɨɥɨɞɧɵɣ ɩɟɪɢɨɞ ɝɨɞɚ ɪɚɜɧɭɸ 13°ɋ 

ɞɥɹ ɡɚɥɚ ɢ 12 °ɋ ɞɥɹ ɯɨɥɥɚ ɢ ɩɪɨɢɡɜɨɞɢɦ ɩɪɨɜɟɪɤɭ.  
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𝑡ʢʤ = 𝑡ʞʡ + ܳʗʖʐЯʠ ∙ ʞܩ = ͳ͵ + ʹͷͷʹͲͲ,ʹ͹ͺ ∙ ͻͺͲͲ = ʹʹ,͵, ℃ ∆𝑡 = ʹʹ,͵ − ʹʹ = Ͳ,͵℃ < ͳ℃ − ˅ˈ˓ːˑ. 𝑡ʢʤ = 𝑡ʞʡ + ܳʗʖʐЯʠ ∙ ʞܩ = ͳʹ + ͳʹͻ͹͸Ͳ,ʹ͹ͺ ∙ ͶͳͲͲ = ʹ͵,Ͷ, ℃ ∆𝑡 = ʹʹ,͵ − ʹ͵,Ͷ = −Ͳ,ͳ℃ < ͳ℃ − ˅ˈ˓ːˑ. 

ɇɚɧɨɫɢɦ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢɬɨɤɚ ɧɚ I-D ɞɢɚɝɪɚɦɦɭ, ɨɩɪɟɞɟɥɹɟɦ ɨɫɬɚɥɶɧɵɟ 

ɩɚɪɚɦɟɬɪɵ ɢ ɡɚɧɨɫɢɦ ɜ ɬɚɛɥɢɰɭ 8. 

 

ɉɚɪɚɦɟɬɪɵ ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ 

Ɍɚɛɥɢɰɚ 9 

ɉɟɪɢɨɞ 

ɝɨɞɚ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 

ɩɨɦɟɳɟɧɢɹ 

Ɍɟɦɩɟɪɚɬɭɪɚ 

ɩɪɢɬɨɱɧɨɝɨ  

ɜɨɡɞɭɯɚ, 

tɉ, °ɋ 

ɗɧɬɚɥɶɩɢɹ 

ɩɪɢɬɨɱɧɨɝɨ 

ɜɨɡɞɭɯɚ, Iɉ, ˍДʕˍˆ∙℃ 

ȼɥɚɝɨɫɨɞɟɪɠɚɧɢɟ 

ɩɪɢɬɨɱɧɨɝɨ 

ɜɨɡɞɭɯɚ,  

dɉ, ɝ/ɤɝ 

ɏɨɥɨɞɧɵɣ 
Ʉɢɧɨɡɚɥ 

13 24 2,8 

Ɍɟɩɥɵɣ 15 26 3,4 

ɏɨɥɨɞɧɵɣ 
ɏɨɥɥ 

12 23 2,6 

Ɍɟɩɥɵɣ 13 24 2,8 

 

15. 6.3. Ɋɚɫɱɟɬ ɜɨɡɞɭɯɨɨɛɦɟɧɚ 

 

Ɋɚɫɯɨɞ ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɩɨɦɟɳɟɧɢɢ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɜɫɟɦ 

ɜɪɟɞɧɨɫɬɹɦ, ɩɨɫɬɭɩɚɸɳɢɦ ɜ ɷɬɨ ɩɨɦɟɳɟɧɢɟ. Ɋɚɫɱɟɬ ɜɨɡɞɭɯɨɨɛɦɟɧɚ ɜɟɞɟɦ ɩɨ 

ɪɟɤɨɦɟɧɞɚɰɢɹɦ, ɤɝ/ɱ [1]. 

ȼɨɡɞɭɯɨɨɛɦɟɧ ɩɨ ɹɜɧɵɦ ɬɟɩɥɨɢɡɛɵɬɤɚɦ ܩʡ,ʤЯ = ͵,͸ܳʗʖʐЯ˔ሺ𝑡ʢ − 𝑡ʞሻ, (10) 
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ɝɞɟ ܳ ʗʖʐЯ – ɢɡɛɵɬɨɱɧɵɟ ɹɜɧɵɟ ɬɟɩɥɨɩɨɫɬɭɩɥɟɧɢɹ ɜ ɩɨɦɟɳɟɧɢɟ; tɍ – ɬɟɦɩɟɪɚɬɭɪɚ 

ɭɞɚɥɹɟɦɨɝɨ ɜɨɡɞɭɯɚ; tɉ – ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ; ɫ– ɬɟɩɥɨёɦɤɨɫɬɶ 

ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ. 

ȼɨɡɞɭɯɨɨɛɦɟɧ ɩɨ ɩɨɥɧɵɦ ɬɟɩɥɨɢɡɛɵɬɤɚɦ ܩʡ,ʤʞ = ͵,͸ܳʗʖʐʞሺ𝐼ʢ − 𝐼ʞሻ, (11) 

ɝɞɟ ܳʗʖʐʞ – ɢɡɛɵɬɨɱɧɵɟ ɩɨɥɧɵɟ ɬɟɩɥɨɜɵɞɟɥɟɧɢɹ ɜ ɩɨɦɟɳɟɧɢɟ; Iɍ ɢ Iɉ – 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɷɧɬɚɥɶɩɢɢ ɭɞɚɥɹɟɦɨɝɨ ɢ ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ. 

ȼɨɡɞɭɯɨɨɛɦɟɧ ɩɨ ɢɡɛɵɬɤɚɦ ɜɥɚɝɢ ܩௐ = ͳͲͲͲ · ܹሺ𝑑ʢ − 𝑑ʞሻ, (12) 

ɝɞɟ W – ɜɥɚɝɨɢɡɛɵɬɤɢ ɜ ɩɨɦɟɳɟɧɢɢ, ɤɝ/ɱ; dɍ ɢ dɉ – ɜɥɚɝɨɫɨɞɟɪɠɚɧɢɟ ɜɨɡɞɭɯɚ, 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɭɞɚɥɹɟɦɨɝɨ ɢ ɩɨɞɚɜɚɟɦɨɝɨ ɜ ɩɨɦɟɳɟɧɢɟ, ɝ/ɤɝ. 

ȼɨɡɞɭɯɨɨɛɦɟɧ ɩɨ ɨɤɢɫɢ ɭɝɥɟɪɨɞɚ ܩʠʝమ = ʛͳͲͲͲሺʠʢ − ʠʞሻ, (13) 

ɝɞɟ M – ɩɨɫɬɭɩɥɟɧɢɟ ɨɤɢɫɢ ɭɝɥɟɪɨɞɚ ɜ ɩɨɦɟɳɟɧɢɟ, ɤɝ/ɱ; ɋɍ ɢ ɋɉ– ɫɨɞɟɪɠɚɧɢɟ 

ɋɈ2 ɜ ɜɨɡɞɭɯɟ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɭɞɚɥɹɟɦɨɝɨ ɢ ɩɨɞɚɜɚɟɦɨɝɨ ɜ ɩɨɦɟɳɟɧɢɟ 

ɝ/ɦ3ɜɨɡɞɭɯɚ. 

Ʉɨɧɰɟɧɬɪɚɰɢɸ ɋɈ2 ɜ ɧɚɪɭɠɧɨɦ (ɩɪɢɬɨɱɧɨɦ) ɜɨɡɞɭɯɟ ɫɥɟɞɭɟɬ ɩɪɢɧɢɦɚɬɶ 

ɩɨ ɫɩɪɚɜɤɟ, ɜɵɞɚɧɧɨɣ ɦɟɬɟɨɫɥɭɠɛɨɣ ɞɥɹ ɪɚɣɨɧɚ ɫɬɪɨɢɬɟɥɶɫɬɜɚ. ȼ ɤɭɪɫɨɜɨɦ 

ɩɪɨɟɤɬɟ ɦɨɠɧɨ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɪɟɤɨɦɟɧɞɚɰɢɟɣ ɢɡ ɬɚɛɥɢɰɵ 11 [12]. Ⱦɥɹ 

ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɩɪɢɧɢɦɚɟɦ 0,9 ɝ/ɦ3. 

Ⱦɥɹ ɭɞɚɥɹɟɦɨɝɨ: ɫ ɤɪɚɬɤɨɜɪɟɦɟɧɧɵɦ ɩɪɟɛɵɜɚɧɢɟɦ ɥɸɞɟɣ (ɡɚɥɵ 

ɡɚɫɟɞɚɧɢɣ, ɡɪɢɬɟɥɶɧɵɟ ɡɚɥɵ ɢ ɬ. ɩ.) – 3,7. 

Ɇɢɧɢɦɚɥɶɧɵɣ (ɧɨɪɦɢɪɭɟɦɵɣ) ɜɨɡɞɭɯɨɨɛɦɟɧ 

Ɇɢɧɢɦɚɥɶɧɵɣ ɜɨɡɞɭɯɨɨɛɦɟɧ ɜ ɩɨɦɟɳɟɧɢɢ ɡɪɢɬɟɥɶɧɨɝɨ ɡɚɥɚ 

ɨɩɪɟɞɟɥɹɸɬ ɢɡ ɪɚɫɱɟɬɚ ɧɚ ɨɞɧɨɝɨ ɱɟɥɨɜɟɤɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɚɛɥɢɰɟɣ 7.3 [13] 

ɤɝ/ɱ. 
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௠𝑖௡ܩ = 𝜌 ∙ ܮ ∙ ݊, (14) 

ɝɞɟ ܮ – ɦɢɧɢɦɚɥɶɧɵɣ ɜɨɡɞɭɯɨɨɛɦɟɧ ɧɚ 1 ɱɟɥɨɜɟɤɚ, ɦ3/ɱ; ݊ – ɤɨɥɢɱɟɫɬɜɨ ɦɟɫɬ ɜ 

ɡɪɢɬɟɥɶɧɨɦ ɡɚɥɟ; 𝜌 – ɩɥɨɬɧɨɫɬɶ ɜɨɡɞɭɯɚ, ɤɝ/ɦ3. 

ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɜɨɡɞɭɯɨɨɛɦɟɧɚ ɢɡ ɭɫɥɨɜɢɹ ɨɞɧɨɜɪɟɦɟɧɧɨɝɨ ɭɞɚɥɟɧɢɹ 

ɢɡɛɵɬɨɱɧɨɣ ɬɟɩɥɨɬɵ ɢ ɜɥɚɝɢ, ɞɨɥɠɧɨ ɜɵɩɨɥɧɹɬɶɫɹ ɩɪɢɦɟɪɧɨɟ ɪɚɜɟɧɫɬɜɨ ܩ = ொ˒ሺ𝐼˖−𝐼˒ሻ = ௐሺௗ˖−ௗ˒ሻ, (15) 

ȿɫɥɢ ɩɪɨɰɟɧɬ ɧɟɜɹɡɤɢ ɦɟɧɟɟ 5 %, ɬɨ ɩɨɥɭɱɟɧɧɵɟ ɧɚɦɢ ɩɪɢ ɪɚɫɱёɬɚɯ 

ɡɧɚɱɟɧɢɹ ɦɨɠɧɨ ɩɪɢɧɹɬɶ ɤɚɤ ɜɟɪɧɵɟ.  

ɉɪɢ ɨɞɧɨɜɪɟɦɟɧɧɨɦ ɩɨɫɬɭɩɥɟɧɢɢ ɜ ɩɨɦɟɳɟɧɢɟ ɪɚɡɥɢɱɧɵɯ ɜɪɟɞɧɨɫɬɟɣ 

ɜɨɡɞɭɯɨɨɛɦɟɧ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɤɚɠɞɨɣ ɜɪɟɞɧɨɫɬɢ ɨɬɞɟɥɶɧɨ. Ɉɛɵɱɧɨ ɡɚ 

ɪɚɫɱɟɬɧɵɣ ɜɨɡɞɭɯɨɨɛɦɟɧ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɤɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɹ ɜɨɡɞɭɯɚ, 

ɤɨɝɞɚ ɨɫɧɨɜɧɵɦɢ ɜɪɟɞɧɨɫɬɹɦɢ ɹɜɥɹɟɬɫɹ ɢɡɛɵɬɨɱɧɚɹ ɬɟɩɥɨɬɚ, ɩɪɢɧɢɦɚɸɬ 

ɦɢɧɢɦɚɥɶɧɵɣ, ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɨɧ ɩɪɟɜɵɲɚɟɬ ɜɨɡɞɭɯɨɨɛɦɟɧ ɩɨ ɜɪɟɞɧɵɦ 

ɝɚɡɚɦ (Gmin>GɋɈ2), ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɢɡɛɵɬɤɢ ɬɟɩɥɚ ɢ ɜɥɚɝɢ ɦɨɠɧɨ 

ɚɫɫɢɦɢɥɢɪɨɜɚɬɶ ɫ ɩɨɦɨɳɶɸ ɫɢɫɬɟɦɵ ɤɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɹ. 

 

16. 6.3.1. Ɋɚɫɱɟɬ ɜɨɡɞɭɯɨɨɛɦɟɧɚ ɞɥɹ ɤɢɧɨɡɚɥɚ 

 

ɏɨɥɨɞɧɵɣ ɩɟɪɢɨɞ GʤЯ = ଷ,଺·ଵସହସ଴ଵ·ሺଶଶ−ଵଷሻ = ͷͺͳͻ, ɤɝ/ɱ; Gʤʞ = ଷ,଺·ଷଶସ଺଴ሺଷ଻−ଶସሻ = ͺͻͺͺ, ɤɝ/ɱ; GʤW = ଶହ,ଽ·ଵ଴଴଴ሺହ,ଽ−ଶ,଼ሻ = ͺ͵ͷͶ, ɤɝ/ɱ; GʤେOଶ = ଵସସ଴଴ሺଷ,଻−଴,ଽሻ = ͷ͹͸Ͳ, ɤɝ/ɱ. 

Ɍɟɩɥɵɣ ɩɟɪɢɨɞ ܩʡЯ = ଷ,଺·ଶ଻ଶଷ଴ଵ·ሺଶହ−ଵହሻ = ͵ͷʹ͸ʹɤɝ/ɱ; ܩʡʞ = ଷ,଺·ସ଼ଽଽ଴ሺସଽ,ହ−ଷଵሻ = ͻͷ͵͵ɤɝ/ɱ; 
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ʡௐܩ = ଷଵ,ହ·ଵ଴଴଴ሺଽ,଼−଺,ଷሻ = ͹ͶͲͲ ɤɝ/ɱ; ܩʡ𝐶ைଶ = ଵସସ଴଴ሺଷ,଻−଴,ଽሻ = ͷ͹͸Ͳ ɤɝ/ɱ. 

Ɉɫɭɳɟɫɬɜɢɦ ɩɪɨɜɟɪɤɭ ɜɵɱɢɫɥɟɧɢɣ ɩɨ ɮɨɪɦɭɥɟ 15, ∆ʤ= ଼ଽ଼଼−଼ଷହସ଼ଽ଼଼ · ͳͲͲ =7% ∆்= ଽହଷଷ−଻ସ଴଴ଽହଷଷ · ͳͲͲ =22,4%. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɜɨɡɞɭɯɨɨɛɦɟɧɨɜ ɩɨ ɜɫɟɦ ɜɢɞɚɦ ɜɪɟɞɧɨɫɬɟɣ ɫɜɨɞɹɬ ɜ 

ɬɚɛɥɢɰɭ 10. 

Ɉɩɪɟɞɟɥɢɦ ɧɚɝɪɭɡɤɭ ɧɚ ɰɟɧɬɪɚɥɶɧɵɣ ɤɨɧɞɢɰɢɨɧɟɪ (ɤɨɥɢɱɟɫɬɜɨ ɜɥɚɝɢ ɢ 

ɢɡɛɵɬɨɱɧɨɝɨ ɬɟɩɥɚ, ɚɫɫɢɦɢɥɢɪɭɟɦɨɟ ɩɪɢɬɨɱɧɵɦ ɜɨɡɞɭɯɨɦ) ɞɥɹ ɯɨɥɨɞɧɨɝɨ ɢ 

ɬɟɩɥɨɝɨ ɩɟɪɢɨɞɨɜ. ܳЯʥКʤ,ʡ = ܩ ∙ ܥ ∙ (𝑡ʢʤ,ʡ − 𝑡ʞʤ,ʡ), (16) ܳʞʥКʤ,ʡ = ܩ ∙ (𝐼ʢʤ,ʡ − 𝐼ʞʤ,ʡ)/͵,͸, (17) 

ʥܹКʤ,ʡ = ܩ ∙ (𝑑ʢʤ,ʡ − 𝑑ʞʤ,ʡ)/ͳͲͲͲ, (18) 

ɏɨɥɨɞɧɵɣ ɩɟɪɢɨɞ ܳЯʥКʤ = ͻͺͲͲ · Ͳ,ʹ͹ͺ · ሺʹʹ − ͳ͵ሻ = ʹͶͷʹͲ, ȼɬ; ܳʞʥКʤ = ͻͺͲͲ · ଷ଻−ଶସଷ,଺ = ͶͷͳͺͶ, ȼɬ; 

ʥܹКʤ = ͻͺͲͲ · ହ,ଽ−ଶ,଼ଵ଴଴଴ = ͵Ͳ,Ͷ, ɤɝ/ɱ. 

Ɍɟɩɥɵɣ ɩɟɪɢɨɞ ܳЯʥКʡ = ͻͺͲͲ · Ͳ,ʹ͹ͺ · ሺʹͷ − ͳͷሻ = ʹ͹ʹͶͶ, ȼɬ; ܳʞʥКʡ = ͻͺͲͲ · ସଽ,ହ−ଷଵଷ,଺ = ͷͲ͵͸ͳ, ȼɬ; 

ʥܹКʡ = ͻͺͲͲ · ଽ,଼−଺,ଷଵ଴଴଴ = ʹͷ,ͻ, ɤɝ/ɱ. 

Ʉɨɥɢɱɟɫɬɜɨ ɜɥɚɝɢ ɢ ɢɡɛɵɬɨɱɧɨɝɨ ɬɟɩɥɚ, ɚɫɫɢɦɢɥɢɪɭɟɦɨɟ ɦɟɫɬɧɵɦɢ 

ɞɨɜɨɞɱɢɤɚɦɢ ɞɥɹ ɯɨɥɨɞɧɨɝɨ ɢ ɬɟɩɥɨɝɨ ɩɟɪɢɨɞɨɜ, ɪɚɫɫɱɢɬɵɜɚɟɦ ɩɨ ɮɨɪɦɭɥɚɦ ܳЯʛДʤ,ʡ = ܳЯʗʖʐʤ,ʡ − ܳЯʥКʤ,ʡ , (19) ܳʞʛДʤ,ʡ = ܳʞʗʖʐʤ,ʡ − ܳʞʥКʤ,ʡ , (20) 
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ʛܹДʤ,ʡ = ܹʤ,ʡ − ʞܹʥКʤ,ʡ , (21) 

ɏɨɥɨɞɧɵɣ ɩɟɪɢɨɞ ܳЯʛДʤ = ͳͶͷͶͲ − ͳ͵͸ʹʹ = ͻͳͺ ȼɬ; ܳʞʛДʤ = ͵ʹͶ͸Ͳ − ʹͺͻͶͶ = ʹͷͳ͸ȼɬ; 

ʛܹДʤ = ʹͷ,ͻ − ʹͷ,ͻ =0ɤɝ/ɱ. 

Ɍɟɩɥɵɣ ɩɟɪɢɨɞ ܳЯʛДʡ = ʹ͹ʹ͵Ͳ − ʹ͹ʹͶͶ = −ͳͶ ȼɬ; ܳʞʛДʡ = ͶͺͻͻͲ − ͷͲ͵͸ͳ = −ͳ͵͹ͳ ȼɬ; 

ʛܹДʡ = ͵ͳ,ͷ − ʹͷ,ͻ =5,6 ɤɝ/ɱ = 134,4 ɥ/ɫɭɬ. 

 

 

Ɋɚɫɱɟɬɧɵɟ ɜɨɡɞɭɯɨɨɛɦɟɧɵ 

Ɍɚɛɥɢɰɚ 10 

ɇɚɢɦɟɧ

ɨɜɚɧɢɟ 

ɩɨɦɟɳɟ

ɧɢɹ 

ɉɟɪɢɨ

ɞ ɝɨɞɚ 

ȼɨɡɞɭɯɨɨɛɦɟɧ G, ɤɝ/ɱ 

 ௐ, ɤɝ/ɱܩ ʞ, ɤɝ/ɱܩ Я, ɤɝ/ɱܩ
 ,𝐶ைଶܩ

ɤɝ/ɱ 

 ,௠𝑖௡ܩ

ɤɝ/ɱ 

Ɋɚɫɱɟɬ

ɧɵɣ 

Ʉɢɧɨɡɚɥ 

ɏɨɥɨɞ

ɧɵɣ 
45184 9533 7400 

5760 

9600 

9800 
Ɍɟɩɥɵ

ɣ 
5819 8988 8354 9600 

 

17. 6.3.2. Ɋɚɫɱɟɬ ɜɨɡɞɭɯɨɨɛɦɟɧɚ ɞɥɹ ɯɨɥɥɚ 

 

ɏɨɥɨɞɧɵɣ ɩɟɪɢɨɞ ܩʤЯ = ଷ,଺·଻ଶ଻଴ଵ·ሺଶଶ−ଵଷሻ = ʹͻͲͺ, ɤɝ/ɱ; ܩʤʞ = ଷ,଺·ଵ଺ଶଷ଴ሺଷ଻−ଶସሻ = ͶͶͻͶ, ɤɝ/ɱ; 
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ʤௐܩ = ଵଷ,ଶ଼·ଵ଴଴଴ሺହ,ଽ−ଶ,଼ሻ = ͶʹͺͶ, ɤɝ/ɱ; ܩʤ𝐶ைଶ = ଻ଶ଴଴ሺଷ,଻−଴,ଽሻ = ʹͷ͹Ͳ, ɤɝ/ɱ. 

Ɍɟɩɥɵɣ ɩɟɪɢɨɞ ܩʡЯ = ଷ,଺·ଵଷ଺଴଴ଵ·ሺଶହ−ଵହሻ = ͶͻͲͲ, ɤɝ/ɱ; ܩʡʞ = ଷ,଺·ଶସହ଴଴ሺସଽ,ହ−ଷଵሻ = Ͷ͹͹Ͳ, ɤɝ/ɱ; ܩʡௐ = ଵହ,଼ସ·ଵ଴଴଴ሺଽ,଼−଺,ଷሻ = Ͷͷʹͷ, ɤɝ/ɱ; ܩʡ𝐶ைଶ = ଻ଶ଴଴ሺଷ,଻−଴,ଽሻ = ʹͷ͹Ͳ, ɤɝ/ɱ. 

Ɉɫɭɳɟɫɬɜɢɦ ɩɪɨɜɟɪɤɭ ɜɵɱɢɫɥɟɧɢɣ ɩɨ ɮɨɪɦɭɥɟ 15, ∆ʤ= ସସଽସ−ସଶ଼ସସସଽସ · ͳͲͲ =4,7, % ∆்= ସ଻଻଴−ସହଶହସ଻଻଴ · ͳͲͲ =5,13%. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɜɨɡɞɭɯɨɨɛɦɟɧɨɜ ɩɨ ɜɫɟɦ ɜɢɞɚɦ ɜɪɟɞɧɨɫɬɟɣ ɫɜɨɞɹɬ ɜ 

ɬɚɛɥɢɰɭ 11. 

Ɉɩɪɟɞɟɥɢɦ ɧɚɝɪɭɡɤɭ ɧɚ ɰɟɧɬɪɚɥɶɧɵɣ ɤɨɧɞɢɰɢɨɧɟɪ (ɤɨɥɢɱɟɫɬɜɨ ɜɥɚɝɢ ɢ 

ɢɡɛɵɬɨɱɧɨɝɨ ɬɟɩɥɚ, ɚɫɫɢɦɢɥɢɪɭɟɦɨɟ ɩɪɢɬɨɱɧɵɦ ɜɨɡɞɭɯɨɦ) ɞɥɹ ɯɨɥɨɞɧɨɝɨ ɢ 

ɬɟɩɥɨɝɨ ɩɟɪɢɨɞɨɜ. ܳЯʥКʤ,ʡ = ܩ ∙ ܥ ∙ (𝑡ʢʤ,ʡ − 𝑡ʞʤ,ʡ), (16) ܳʞʥКʤ,ʡ = ܩ ∙ (𝐼ʢʤ,ʡ − 𝐼ʞʤ,ʡ)/͵,͸, (17) 

ʥܹКʤ,ʡ = ܩ ∙ (𝑑ʢʤ,ʡ − 𝑑ʞʤ,ʡ)/ͳͲͲͲ. (18) 

ɏɨɥɨɞɧɵɣ ɩɟɪɢɨɞ ܳЯʥКʤ = ͶͳͲͲ · Ͳ,ʹ͹ͺ · ሺʹʹ − ͳʹሻ = ͳͳ͵ͻͺ, ȼɬ; ܳʞʥКʤ = ͶͳͲͲ · ଷ଻−ଶଷଷ,଺ = ͳͷͻͶͶ, ȼɬ; 

ʥܹКʤ = ͶͳͲͲ · ହ,ଽ−ଶ,଺ଵ଴଴଴ = ͳ͵,ͷ͵, ɤɝ/ɱ. 

Ɍɟɩɥɵɣ ɩɟɪɢɨɞ ܳЯʥКʡ = ͶͳͲͲ · Ͳ,ʹ͹ͺ · ሺʹͷ − ͳ͵ሻ = ͳ͵͸͹ͺ, ʑ˕; 
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ܳʞʥКʡ = ͶͳͲͲ · ସଽ,ହ−ଶସଷ,଺ = ʹͻͲͶʹ, ȼɬ; 

ʥܹКʡ = ͶͳͲͲ · ଽ,଼−ଶ,଼ଵ଴଴଴ = ʹͺ,͹, ɤɝ/ɱ. 

Ʉɨɥɢɱɟɫɬɜɨ ɜɥɚɝɢ ɢ ɢɡɛɵɬɨɱɧɨɝɨ ɬɟɩɥɚ, ɚɫɫɢɦɢɥɢɪɭɟɦɨɟ ɦɟɫɬɧɵɦɢ 

ɞɨɜɨɞɱɢɤɚɦɢ ɞɥɹ ɯɨɥɨɞɧɨɝɨ ɢ ɬɟɩɥɨɝɨ ɩɟɪɢɨɞɨɜ, ɪɚɫɫɱɢɬɵɜɚɟɦ ɩɨ ɮɨɪɦɭɥɚɦ ܳЯʛДʤ,ʡ = ܳЯʗʖʐʤ,ʡ − ܳЯʥКʤ,ʡ , (19) ܳʞʛДʤ,ʡ = ܳʞʗʖʐʤ,ʡ − ܳʞʥКʤ,ʡ , (20) 

ʛܹДʤ,ʡ = ܹʤ,ʡ − ʞܹʥКʤ,ʡ , (21) 

ɏɨɥɨɞɧɵɣ ɩɟɪɢɨɞ ܳЯʛДʤ = ͹ʹ͹Ͳ − ͳͳ͵ͻͺ = −Ͷ,ͳʹͺ, ȼɬ; ܳʞʛДʤ = ͳ͸ʹ͵Ͳ − ͳͷͻͶͶ = ʹͺ͸, ȼɬ; 

ʛܹДʤ = ͳ͵,ʹͺ − ͳ͵,ͷ͵ = −Ͳ,͹ͷ, ɤɝ/ɱ. 

Ɍɟɩɥɵɣ ɩɟɪɢɨɞ ܳЯʛДʡ = ͳ͵͸ͲͲ − ͳ͵͸͹ͺ = −͹ͺ, ȼɬ; ܳʞʛДʡ = ʹͶͷͲͲ − ʹͻͲͶʹ = −ͶͷͶʹ, ȼɬ; 

ʛܹДʡ = ͳͷ,ͺͶ − ʹͺ,͹ = −ͳʹ,ͺ͸,  ɤɝ/ɱ = -308,64, ɥ/ɫɭɬ. 

 

Ɋɚɫɱɟɬɧɵɟ ɜɨɡɞɭɯɨɨɛɦɟɧɵ 

Ɍɚɛɥɢɰɚ 11 

ɇɚɢɦɟɧ

ɨɜɚɧɢɟ 

ɩɨɦɟɳɟ

ɧɢɹ 

ɉɟɪɢɨɞ 

ɝɨɞɚ 

ȼɨɡɞɭɯɨɨɛɦɟɧ G, ɤɝ/ɱ ܩЯ, 

ɤɝ/ɱ 
 ௐ, ɤɝ/ɱܩ ʞ, ɤɝ/ɱܩ

 ,𝐶ைଶܩ

ɤɝ/ɱ 

 ,௠𝑖௡ܩ

ɤɝ/ɱ 

Ɋɚɫɱɟɬ

ɧɵɣ 

Ʉɢɧɨɡɚɥ 

ɏɨɥɨɞɧ

ɵɣ 
2908 4494 4284 

2570 
3840 

4100 

Ɍɟɩɥɵɣ 4900 4770 4525 3840 
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18. 6.3.3. Ɉɛɳɢɣ ɜɨɡɞɭɯɨɨɛɦɟɧɚ ɞɥɹ ɩɨɦɟɳɟɧɢɣ 

 

ȼɥɚɝɚ ɩɨɥɧɨɫɬɶɸ ɧɟ ɚɫɫɢɦɢɥɢɪɭɟɬɫɹ ɜ ɬɟɩɥɵɣ ɩɟɪɢɨɞ, ɩɨɷɬɨɦɭ ɫɬɚɜɢɦ 1 

ɨɫɭɲɢɬɟɥɶ BALLUBD15N ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 15 ɥ/ɫɭɬ ɢ 2 ɨɫɭɲɢɬɟɥɹ 

BALLUBD60U ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 60 ɥ/ɫɭɬ, ɩɨɞɨɛɪɚɜ ɨɫɭɲɢɬɟɥɢ ɜ ɫɭɦɦɟ 

ɩɨɥɭɱɚɟɦ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 135 ɥ/ɫɭɬ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧɚɲɢɦ ɪɚɫɱɟɬɚɦ.  

 

Ɋɚɫɱɟɬɧɵɟ ɜɨɡɞɭɯɨɨɛɦɟɧɵ 

Ɍɚɛɥɢɰɚ 12 

ɇɚɢɦɟɧ

ɨɜɚɧɢɟ 

ɩɨɦɟɳɟ

ɧɢɹ 

ɉɟɪɢɨ

ɞ ɝɨɞɚ 

ȼɨɡɞɭɯɨɨɛɦɟɧ G, ɤɝ/ɱ 

 ௐ, ɤɝ/ɱܩ ʞ, ɤɝ/ɱܩ Я, ɤɝ/ɱܩ
 ,𝐶ைଶܩ

ɤɝ/ɱ 

 ,௠𝑖௡ܩ

ɤɝ/ɱ 

Ɋɚɫɱɟɬ

ɧɵɣ 

Ʉɢɧɨɡɚɥ 

ɏɨɥɨɞ

ɧɵɣ 
48091 14027 11684 

8330 

13080 

13900 
Ɍɟɩɥɵ

ɣ 
10719 13758 12879 13080 

 

19.  

20. 7. ȼɵɛɨɪ ɫɯɟɦɵ ɤɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɹ 

 

ȼ ɞɢɩɥɨɦɧɨɣ ɪɚɛɨɬɟ ɤɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɟ ɜɨɡɞɭɯɚ ɧɟɨɛɯɨɞɢɦɨ 

ɨɪɝɚɧɢɡɨɜɚɬɶ ɞɥɹ ɡɪɢɬɟɥɶɧɨɝɨ ɡɚɥɚ ɢ ɯɨɥɥɚ ɤɢɧɨɬɟɚɬɪɚ. Ɉɪɝɚɧɢɡɚɰɢɹ 

ɤɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɹ ɜɨɡɞɭɯɚ ɞɥɹ ɨɫɬɚɥɶɧɵɯ ɩɨɦɟɳɟɧɢɣ ɤɢɧɨɬɟɚɬɪɚ ɧɟ 

ɹɜɥɹɟɬɫɹ ɨɛɹɡɚɬɟɥɶɧɨɣ. 

ȼɵɛɨɪ ɫɯɟɦɵ ɨɛɪɚɛɨɬɤɢ ɜɨɡɞɭɯɚ ɜ ɰɟɧɬɪɚɥɶɧɨɦ ɤɨɧɞɢɰɢɨɧɟɪɟ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨɫɥɟ ɩɨɫɬɪɨɟɧɢɹ ɩɪɨɰɟɫɫɨɜ ɢɡɦɟɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ ɜɨɡɞɭɯɚ ɧɚ 

I-Dɞɢɚɝɪɚɦɦɟ. ɉɪɢ ɷɬɨɦ ɩɪɟɞɩɨɱɬɟɧɢɟ ɨɬɞɚɟɬɫɹ ɧɚɢɛɨɥɟɟ ɷɤɨɧɨɦɢɱɧɵɦ ɢ 

ɤɨɧɫɬɪɭɤɬɢɜɧɨ ɩɪɨɫɬɵɦ ɫɯɟɦɚɦ. 
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ɉɨɫɬɪɨɟɧɢɟ ɩɪɨɰɟɫɫɨɜ ɨɛɪɚɛɨɬɤɢ ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɭɞɨɛɧɟɟ 

ɪɚɫɫɦɨɬɪɟɬɶ ɧɚ ɤɨɧɤɪɟɬɧɵɯ ɩɪɢɦɟɪɚɯ. 

ɉɨɫɬɪɨɟɧɢɟ ɫɯɟɦɵ ɨɛɪɚɛɨɬɤɢ ɜɨɡɞɭɯɚ ɧɚɱɢɧɚɸɬ ɫ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚ I-D 

ɞɢɚɝɪɚɦɦɟ ɩɨɥɨɠɟɧɢɟ ɬɨɱɟɤ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯ ɩɚɪɚɦɟɬɪɵ ɩɪɢɬɨɱɧɨɝɨ – ɬɨɱɤɚ 

tɉ ɢ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ – ɬɨɱɤɚ tɇ ɞɥɹ ɯɨɥɨɞɧɨɝɨ ɢ ɬɟɩɥɨɝɨ ɩɟɪɢɨɞɨɜ. 

Ⱦɥɹ ɝ. Ɍɨɦɫɤ ɩɚɪɚɦɟɬɪɵ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɩɪɢɧɢɦɚɟɦ ɩɨ ɬɚɛɥɢɰɟ 1. ɉɨ 

ɞɚɧɧɵɦ ɬɚɛɥɢɰɵ ɧɚɧɨɫɢɦ ɧɚ I-Dɞɢɚɝɪɚɦɦɭ ɬɨɱɤɢ ɫ ɩɚɪɚɦɟɬɪɚɦɢ tɇ
 ɏ = -39°ɋ, 

φ = 74% ɢ  tɇ
 Ɍ = 26°ɋ, φ = 55%. 

Ⱥɧɚɥɨɝɢɱɧɨ ɞɥɹ ɬɟɩɥɨɝɨ ɩɟɪɢɨɞɚ ɩɨ ɬɚɛɥɢɰɟ 2 ɩɪɢɧɢɦɚɟɦ ɩɚɪɚɦɟɬɪɵ 

ɜɧɭɬɪɟɧɧɟɝɨ ɜɨɡɞɭɯɚ ɢ ɩɨ ɞɚɧɧɵɦ ɬɚɛɥɢɰɵ ɧɚɧɨɫɢɦ ɧɚ I-Dɞɢɚɝɪɚɦɦɭ ɬɨɱɤɢ 

tȼ
ɏ=21 °ɋɢ tȼ

Ɍ = 23 °ɋ. 

Ⱥɧɚɥɢɡɢɪɭɹ ɩɨɥɨɠɟɧɢɟ ɬɨɱɟɤ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯ ɩɚɪɚɦɟɬɪɵ ɜɨɡɞɭɯɚ 

ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɪɨɰɟɫɫɵ ɨɛɪɚɛɨɬɤɢ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɩɟɪɟɞ ɩɨɞɚɱɟɣ ɟɝɨ 

ɜ ɩɨɦɟɳɟɧɢɟ. Ⱦɥɹ ɯɨɥɨɞɧɨɝɨ ɩɟɪɢɨɞɚ ɧɚɪɭɠɧɵɣ ɜɨɡɞɭɯ ɩɟɪɟɞ ɩɨɞɚɱɟɣ ɟɝɨ ɜ 

ɩɨɦɟɳɟɧɢɟ ɫɥɟɞɭɟɬ ɧɚɝɪɟɬɶ ɢ ɭɜɥɚɠɧɢɬɶ. Ⱦɥɹ ɬɟɩɥɨɝɨ ɩɟɪɢɨɞɚ ɨɯɥɚɞɢɬɶ ɢ 

ɨɫɭɲɢɬɶ. 

Ɋɚɫɫɦɨɬɪɢɦ ɧɟɫɤɨɥɶɤɨ ɜɚɪɢɚɧɬɨɜ ɨɛɪɚɛɨɬɤɢ ɜɨɡɞɭɯɚ. 

21.  

22. 7.1. ɉɪɹɦɨɬɨɱɧɚɹ ɫɯɟɦɚ. ɏɨɥɨɞɧɵɣ ɩɟɪɢɨɞ 

 

ɉɪɹɦɨɬɨɱɧɨɣ ɧɚɡɵɜɚɟɬɫɹ ɫɢɫɬɟɦɚ, ɜ ɤɨɬɨɪɨɣ ɨɛɪɚɛɚɬɵɜɚɟɬɫɹ ɬɨɥɶɤɨ 

ɧɚɪɭɠɧɵɣ ɜɨɡɞɭɯ. ȼ ɬɚɤɢɯ ɫɢɫɬɟɦɚɯ ɜɨɡɦɨɠɧɵ ɫɥɟɞɭɸɳɢɟ ɫɯɟɦɵ ɨɛɪɚɛɨɬɤɢ 

ɜɨɡɞɭɯɚ: ɫ ɚɞɢɚɛɚɬɢɱɟɫɤɢɦ ɨɯɥɚɠɞɟɧɢɟɦ ɢ ɭɜɥɚɠɧɟɧɢɟɦ, ɫ ɩɨɥɢɬɪɨɩɢɱɟɫɤɢɦ 

ɨɯɥɚɠɞɟɧɢɟɦ ɢ ɭɜɥɚɠɧɟɧɢɟ ɢɥɢ ɨɫɭɲɟɧɢɟɦ ɜ ɤɚɦɟɪɟ ɨɪɨɲɟɧɢɹ ɩɨ 

ɬɪɚɞɢɰɢɨɧɧɨɣ ɫɯɟɦɟ ɫ ɞɜɭɦɹ ɩɨɞɨɝɪɟɜɚɦɢ ɢɥɢ ɭɩɪɚɜɥɹɟɦɵɦ ɩɪɨɰɟɫɫɨɦ ɜ 

ɤɚɦɟɪɟ ɨɪɨɲɟɧɢɹ. 

ɉɪɟɠɞɟ ɱɟɦ ɩɪɢɫɬɭɩɢɬɶ ɤ ɪɚɫɱɟɬɭ ɜɨɡɞɭɯɨɧɚɝɪɟɜɚɬɟɥɹ ɫɥɟɞɭɟɬ ɩɪɢɧɹɬɶ 

ɪɟɲɟɧɢɟ ɩɨ ɫɩɨɫɨɛɭ ɭɜɥɚɠɧɟɧɢɹ ɜɨɡɞɭɯɚ. Ⱦɥɹ ɭɜɥɚɠɧɟɧɢɹ ɜɨɡɞɭɯɚ ɩɪɢɦɟɧɹɸɬ 
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ɤɨɧɬɚɤɬɧɵɟ ɚɩɩɚɪɚɬɵ: ɤɚɦɟɪɵ ɨɪɨɲɟɧɢɹ, ɫɨɬɨɜɵɟ ɭɜɥɚɠɧɢɬɟɥɢ ɢ ɭɜɥɚɠɧɟɧɢɟ 

ɩɚɪɨɦ. 

 

23. 7.1.1. ɏɨɥɨɞɧɵɣ ɢ ɬɟɩɥɵɣ ɩɟɪɢɨɞɵ. Ɉɛɪɚɛɨɬɤɚ ɩɪɢɬɨɱɧɨɝɨ 

ɜɨɡɞɭɯɚ ɩɪɢ ɭɜɥɚɠɧɟɧɢɢ ɜ ɤɚɦɟɪɟ ɨɪɨɲɟɧɢɹ. Ʉɚɥɨɪɢɮɟɪ ɜɬɨɪɨɝɨ 
ɩɨɞɨɝɪɟɜɚ 

 

ɉɨɫɬɪɨɟɧɢɟ ɩɪɨɰɟɫɫɚ ɧɚɱɢɧɚɟɦ ɫ ɧɚɧɟɫɟɧɢɹ ɧɚ I-Dɞɢɚɝɪɚɦɦɭ ɬɨɱɟɤ ɫ 

ɩɚɪɚɦɟɬɪɚɦɢ ɩɪɢɬɨɱɧɨɝɨ ɢ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɞɥɹ ɯɨɥɨɞɧɨɝɨ ɩɟɪɢɨɞɚ. 

ɂɡ ɬɨɱɤɢ 𝑡ʞଵʤ  ɩɪɨɜɨɞɢɦ ɥɭɱ 𝑑௖௢௡௦௧ɞɨ ɩɟɪɟɫɟɱɟɧɢɹ ɫ ɤɪɢɜɨɣ 

ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɜɥɚɠɧɨɫɬɢ φ=60%, ɬ.ɤ. ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɞɨɥɠɧɚ ɛɵɬɶ 5 ̊ ɋ ɢɥɢ 

ɜɵɲɟ ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɟɟ ɡɚɦɟɪɡɚɧɢɹ ɢ ɫɬɚɜɢɦ ɬɨɱɤɭ 𝑡ʞКଶʤ  

ɯɚɪɚɤɬɟɪɢɡɭɸɳɭɸ ɩɚɪɚɦɟɬɪɵ ɜɨɡɞɭɯɚ ɩɨɫɥɟ ɤɚɦɟɪɵ ɨɪɨɲɟɧɢɹ. ɂɡ ɬɨɱɤɢ 𝑡ʞКଶʤ  

ɩɪɨɜɨɞɢɦ ɥɭɱ ɫ ɩɨɫɬɨɹɧɧɨɣ ɷɧɬɚɥɶɩɢɟɣ 𝑖௖௢௡௦௧ɞɨ ɩɟɪɟɫɟɱɟɧɢɹ ɫ ɥɭɱɨɦ 𝑑௖௢௡௦௧ɩɪɨɜɟɞɟɧɧɵɦ ɢɡ ɬɨɱɤɢ 𝑑ʜʤ . ɇɚ ɩɟɪɟɫɟɱɟɧɢɢ ɥɭɱɟɣ ɫɬɚɜɢɦ ɬɨɱɤɭ𝑡ʞКଵʤ  

ɯɚɪɚɤɬɟɪɢɡɭɸɳɭɸ ɩɚɪɚɦɟɬɪɵ ɜɨɡɞɭɯɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɤɚɥɨɪɢɮɟɪɚ ɩɟɪɜɨɝɨ 

ɩɨɞɨɝɪɟɜɚ (ɧɚ ɜɯɨɞɟ ɜ ɤɚɦɟɪɭ ɨɪɨɲɟɧɢɹ). Ʌɭɱ 𝑡ʜʤ - 𝑡ʞКଵʤ  ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɩɪɨɰɟɫɫ 

ɧɚɝɪɟɜɚ ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɜɨɡɞɭɯɨɧɚɝɪɟɜɚɬɟɥɟ ɩɟɪɜɨɝɨ ɩɨɞɨɝɪɟɜɚ (ɫɭɯɨɣ 

ɧɚɝɪɟɜ). 

Ʌɭɱ 𝑡ʞКଵʤ - 𝑡ʞКଶʤ  ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɩɪɨɰɟɫɫ ɭɜɥɚɠɧɟɧɢɹ ɢ ɨɯɥɚɠɞɟɧɢɹ 

ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɤɚɦɟɪɟ ɨɪɨɲɟɧɢɹ. Ʌɭɱ 𝑡ʞКଶʤ -𝑡ʞଵʤ   ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɩɪɨɰɟɫɫ 

ɧɚɝɪɟɜɚ ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɜɨɡɞɭɯɨɧɚɝɪɟɜɚɬɟɥɟ ɜɬɨɪɨɝɨ ɩɨɞɨɝɪɟɜɚ (ɫɭɯɨɣ 

ɧɚɝɪɟɜ). 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɫɬɪɨɟɧɢɹ ɩɨɥɭɱɚɟɦ ɧɚ I-Dɞɢɚɝɪɚɦɦɟ ɩɚɪɚɦɟɬɪɵ 

ɯɚɪɚɤɬɟɪɧɵɯ ɬɨɱɟɤ. Ʌɭɱ 𝑡ʞଵʤ   -𝑡ʞʤ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɩɪɨɰɟɫɫ ɧɚɝɪɟɜɚ ɧɚ 1 ˚ɋ ɜ 

ɜɟɧɬɢɥɹɬɨɪɟ. 

ɏɨɥɨɞɧɵɣ ɩɟɪɢɨɞ 
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ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 

Ɍɚɛɥɢɰɚ 13  

ȼɨɡɞɭɯ Ɍɟɦɩɟɪɚɬɭɪɚ, t, °C 
ȼɥɚɝɨɫɨɞɟɪɠɚɧɢɟ, 

d, ɝ/ɤɝ 

ɗɧɬɚɥɶɩɢɹ, I, ˍДˉ∙ˍˆ℃  

ɇɚɪɭɠɧɵɣ -39 0,3 -39,2 

ȼɧɭɬɪɟɧɧɢɣ 21 5,4 34,9 

ɉɪɢɬɨɱɧɵɣ 13 3,1 21 

 

 

Ɋɢɫɭɧɨɤ 5 – ɉɨɫɬɪɨɟɧɢɟ ɩɪɨɰɟɫɫɚ ɜ ɯɨɥɨɞɧɵɣ ɩɟɪɢɨɞ ɨɛɪɚɛɨɬɤɚ 

ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɩɪɢ ɭɜɥɚɠɧɟɧɢɢ ɜ ɤɚɦɟɪɟ ɨɪɨɲɟɧɢɹ. Ʉɚɥɨɪɢɮɟɪ ɜɬɨɪɨɝɨ 

ɩɨɞɨɝɪɟɜɚ 

 

ɂɫɩɨɥɶɡɭɹ ɩɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ, ɩɪɨɜɟɞɟɦ ɪɚɫɱɟɬɵ: 
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- ɪɚɫɯɨɞɚ ɬɟɩɥɚ ɧɚ ɧɚɝɪɟɜɚɧɢɟ ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɜɨɡɞɭɯɨɧɚɝɪɟɜɚɬɟɥɟ 

ɩɟɪɜɨɝɨ ɩɨɞɨɝɪɟɜɚ ܳʞКଵʤ = ʞܩ ∙ Ͳ,ʹ͹ͺ ∙ (𝑡ʞКଵʤ − 𝑡ʜʤ) = ͳ͵ͻͲͲ ∙ Ͳ,ʹ͹ͺ ∙ (ͳ͵,ͷ − ሺ−͵ͻሻ) = ʹͲʹͺ͹Ͳ,ͷ ȼɬ; 

 

(22) 

- ɪɚɫɯɨɞɚ ɬɟɩɥɚ ɧɚ ɧɚɝɪɟɜɚɧɢɟ ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɜɨɡɞɭɯɨɧɚɝɪɟɜɚɬɟɥɟ 

ɜɬɨɪɨɝɨ ɩɨɞɨɝɪɟɜɚ ܳʞКଶʤ = ʞܩ ∙ Ͳ,ʹ͹ͺ ∙ (𝑡ʞଵʤ − 𝑡ʞКଶʤ ) = ͳ͵ͻͲͲ ∙ Ͳ,ʹ͹ͺ ∙ ሺͳ͸ − ͷ,ͷሻ = = ͶͲͷ͹Ͷ,ͳ ȼɬ; 
(23) 

- ɫɭɦɦɚɪɧɨɝɨ ɪɚɫɯɨɞɚ ɬɟɩɥɚ ɧɚ ɨɛɪɚɛɨɬɤɭ ɜɨɡɞɭɯɚ ܳʝʐЩʤ = ܳʞКଵʤ + ܳʞКଶʤ = ʹͲʹͺ͹Ͳ,ͷ + ͶͲͷ͹Ͷ,ͳ = ʹͶ͵ͶͶͶ,͸ ȼɬ; (24) 

- ɪɚɫɯɨɞ ɜɨɞɵ ɧɚ ɭɜɥɚɠɧɟɧɢɟ ɜɨɡɞɭɯɚ ɜ ɤɚɦɟɪɟ ɨɪɨɲɟɧɢɹ ܩКʝʤ = ʞܩ ∙ ሺ𝑑ʞ − 𝑑ʜሻ = ͳ͵ͻͲͲ ∙ ሺ͵,Ͷ − Ͳ,ͺሻ = ͵͸ͳͶͲ,ɝ/ɱ=36,14 

ɤɝ/ɱ; 
(25) 

Ɍɟɩɥɵɣ ɩɟɪɢɨɞ 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 

Ɍɚɛɥɢɰɚ 14 

ȼɨɡɞɭɯ Ɍɟɦɩɟɪɚɬɭɪɚ, t, °C 
ȼɥɚɝɨɫɨɞɟɪɠɚɧɢɟ, 

d, ɝ/ɤɝ 

ɗɧɬɚɥɶɩɢɹ, I, ˍДˉ∙ˍˆ℃  

ɇɚɪɭɠɧɵɣ 31 13,6 66 

ȼɧɭɬɪɟɧɧɢɣ 23 9,7 47,8 

ɉɪɢɬɨɱɧɵɣ 15 7 32,9 

 

1 ɋɩɨɫɨɛ – (ɨɫɭɲɟɧɢɟ ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɤɨɧɬɚɤɬɧɵɦ ɨɯɥɚɞɢɬɟɥɟɦ), 

Ʉɚɥɨɪɢɮɟɪ ɜɬɨɪɨɝɨ ɩɨɞɨɝɪɟɜɚ 

ɂɡ ɬɨɱɤɢ 𝑡ʞଵʡ  ɨɩɭɫɬɢɦ ɥɭɱ 𝑑௖௢௡௦௧ɞɨ ɩɟɪɟɫɟɱɟɧɢɹ ɫ ɥɢɧɢɟɣ φ90% [12]ɢ 

ɫɬɚɜɢɦ ɬɨɱɤɭ Ɉ. Ⱦɚɥɟɟ ɩɪɨɜɨɞɢɦ ɥɭɱ ɢɡ ɬɨɱɤɢ 𝑡ʜʡ ɞɨ ɬɨɱɤɢ Ɉ. Ʌɭɱ 𝑡ʜʡ – 

Ɉɯɚɪɚɤɬɟɪɢɡɭɟɬ ɩɪɨɰɟɫɫ ɨɛɪɚɛɨɬɤɢ ɜɨɡɞɭɯɚ ɜ ɤɚɦɟɪɟ ɨɪɨɲɟɧɢɹ (ɨɯɥɚɠɞɟɧɢɟ ɢ 
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ɨɫɭɲɟɧɢɟ). Ʌɭɱ Ɉ – 𝑡ʞଵʡ  ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɩɪɨɰɟɫɫ ɧɚɝɪɟɜɚ ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɜ 

ɜɨɡɞɭɯɨɧɚɝɪɟɜɚɬɟɥɟ ɜɬɨɪɨɝɨ ɩɨɞɨɝɪɟɜɚ. Ɍɨɱɤɚ К ɧɚ ɩɟɪɟɫɟɱɟɧɢɢ ɩɪɨɞɨɥɠɟɧɢɹ 

ɥɭɱɚ Ɉ – 𝑡ʞଵʡ  ɫ ɥɢɧɢɟɣ ɧɚɫɵɳɟɧɢɹ φ 100% ɨɩɪɟɞɟɥɹɟɬ ɫɪɟɞɧɸɸ ɬɟɦɩɟɪɚɬɭɪɭ 

ɜɨɞɵ ɞɥɹ ɤɚɦɟɪɵ ɨɪɨɲɟɧɢɹ 𝑡ௐʡ .  

ɂɫɩɨɥɶɡɭɹ ɩɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ, ɩɪɨɜɟɞɟɦ ɪɚɫɱɟɬɵ: 

- ɪɚɫɯɨɞɚ ɬɟɩɥɚ ɧɚ ɧɚɝɪɟɜɚɧɢɟ ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɜɨɡɞɭɯɨɧɚɝɪɟɜɚɬɟɥɟ 

ɜɬɨɪɨɝɨ ɩɨɞɨɝɪɟɜɚ ܳʞКଶʤ = ʞܩ ∙ Ͳ,ʹ͹ͺ ∙ (𝑡ʞଵʡ − 𝑡ʝʡ) = ͳ͵ͻͲͲ ∙ Ͳ,ʹ͹ͺ ∙ ሺͳͶ − ͳͲሻ = = ͳͷͶͷ͸,ͺ, ȼɬ; 
(26) 

- ɪɚɫɯɨɞ ɯɨɥɨɞɚ  ܳʤКʝʤ = ʞܩ ∙ (𝐼ʜʡ − 𝐼ʝʡ)/͵,͸ = ͳ͵ͻͲͲ ∙ ሺͷͷ − ͵ʹ,ͻሻ/͵,͸ = = ͺͷ͵͵Ͳ, ȼɬ; 
(27) 

- ɫɭɦɦɚɪɧɨɝɨ ɪɚɫɯɨɞɚ ɬɟɩɥɚ ɧɚ ɨɛɪɚɛɨɬɤɭ ɜɨɡɞɭɯɚ ܳʝʐЩʤ = ܳʞКଶʤ = ͳͷͶͷ͸,ͺ, ȼɬ; (28) 

- ɪɚɫɯɨɞ ɜɨɞɵ ɞɥɹ ɤɚɦɟɪɵ ɨɪɨɲɟɧɢɹ ܩКʝʤ = ʞܩ ∙ ሺ𝑑ʜ − 𝑑ʞሻ = ͳ͵ͻͲͲ ∙ ሺͳͳ,ͷ − ͹ሻ = ͸ʹͷͷͲ, ɝ/ɱ 

=62, 55, ɤɝ/ɱ. 
(29) 

 

 

Ɋɢɫɭɧɨɤ 6 – ɉɨɫɬɪɨɟɧɢɟ ɩɪɨɰɟɫɫɚ ɜ ɬɟɩɥɵɣ ɩɟɪɢɨɞ ɨɛɪɚɛɨɬɤɚ 
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ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ – ɨɯɥɚɠɞɟɧɢɟ ɢ ɨɫɭɲɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɧɵɦ ɨɯɥɚɞɢɬɟɥɟɦ. 

Ʉɚɥɨɪɢɮɟɪ ɜɬɨɪɨɝɨ ɩɨɞɨɝɪɟɜɚ 

 

2 ɋɩɨɫɨɛ – ɍɩɪɚɜɥɹɟɦɵɣ ɩɪɨɰɟɫɫ Ɋɢɫɭɧɨɤ 7 

ɂɡ ɬɨɱɤɢ 𝑡ʜʡ ɩɪɨɜɨɞɢɦ ɥɭɱ ɱɟɪɟɡ ɬɨɱɤɭ 𝑡ʞଵʡ  ɞɨ ɩɟɪɟɫɟɱɟɧɢɹ ɫ ɥɢɧɢɟɣ 

ɧɚɫɵɳɟɧɢɹ φ100%. Ʌɭɱ 𝑡ʜʡ- 𝑡ʞଵʡ  ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɭɩɪɚɜɥɹɟɦɵɣ ɩɪɨɰɟɫɫ ɨɛɪɚɛɨɬɤɢ 

ɜɨɡɞɭɯɚ ɜ ɤɚɦɟɪɟ ɨɪɨɲɟɧɢɹ (ɨɯɥɚɠɞɟɧɢɟ ɢ ɨɫɭɲɟɧɢɟ). ɉɨ ɢɡɨɬɟɪɦɟ ɬɨɱɤɢ 

ɩɟɪɟɫɟɱɟɧɢɹ ɫ ɥɢɧɢɟɣ ɧɚɫɵɳɟɧɢɹ ɨɩɪɟɞɟɥɹɟɦ ɬɟɦɩɟɪɚɬɭɪɭ ɜɨɞɵ ɞɥɹ ɤɚɦɟɪɵ 

ɨɪɨɲɟɧɢɹ 𝑡ௐʡ .Ʌɭɱ ɧɟ ɩɟɪɟɫɟɤɚɟɬ ɥɢɧɢɸ ɧɚɫɵɳɟɧɢɹ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɭɠɧɨ 

ɦɟɧɹɬɶ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɣ ɢɥɢ ɫɬɚɜɢɬɶ ɤɚɥɨɪɢɮɟɪ ɜɬɨɪɨɝɨ ɩɨɞɨɝɪɟɜɚ.  

 

 

Ɋɢɫɭɧɨɤ 7 – ɉɨɫɬɪɨɟɧɢɟ ɩɪɨɰɟɫɫɚ ɜ ɬɟɩɥɵɣ ɩɟɪɢɨɞ ɨɛɪɚɛɨɬɤɚ 

ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɩɪɢ ɭɜɥɚɠɧɟɧɢɢ ɜ ɤɚɦɟɪɟ ɨɪɨɲɟɧɢɹ 

 

24. 7.1.2. ɏɨɥɨɞɧɵɣ ɩɟɪɢɨɞ. Ɉɛɪɚɛɨɬɤɚ ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɩɪɢ 

ɭɜɥɚɠɧɟɧɢɢ ɩɚɪɨɦ 
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ɉɪɢ ɭɜɥɚɠɧɟɧɢɢ ɜɨɡɞɭɯɚ ɩɚɪɨɦ ɩɪɨɰɟɫɫ ɩɪɢɧɹɬɨ ɫɱɢɬɚɬɶ 

ɢɡɨɬɟɪɦɢɱɟɫɤɢɦ, ɬ.ɟ. ɩɪɨɰɟɫɫ ɭɜɥɚɠɧɟɧɢɹ ɛɭɞɟɬ ɩɪɨɯɨɞɢɬɶ ɫ ɩɨɫɬɨɹɧɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɨɣ. 

Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɩɪɨɰɟɫɫɚ ɫɥɟɞɭɟɬ ɩɨ ɢɡɨɬɟɪɦɟ ɩɪɨɜɟɫɬɢ ɥɭɱ ɢɡ ɬɨɱɤɢ tɉ1
ɏ 

(ɩɚɪɚɦɟɬɪɵ ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ) ɜ ɫɬɨɪɨɧɭ ɨɫɢ ɨɪɞɢɧɚɬ ɞɨ ɩɟɪɟɫɟɱɟɧɢɹ ɫ 

ɥɢɧɢɟɣ ɩɨɫɬɨɹɧɧɨɝɨ ɜɥɚɝɨɫɨɞɟɪɠɚɧɢɹ dɉ1
ɏ. ɉɨɥɭɱɟɧɧɚɹ ɬɨɱɤɚ tɉɄ

ɏ 

ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɫɨɫɬɨɹɧɢɟ ɜɨɡɞɭɯɚ ɧɚ ɜɯɨɞɟ ɜ ɤɚɦɟɪɭ ɭɜɥɚɠɧɟɧɢɹ, ɬ.ɟ. 

ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɩɚɪɚɦɟɬɪɵ ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɩɨɫɥɟ ɜɨɡɞɭɯɨɧɚɝɪɟɜɚɬɟɥɹ. 

ɉɪɨɰɟɫɫ ɧɚɝɪɟɜɚ ɜɨɡɞɭɯɚ ɜ ɩɨɜɟɪɯɧɨɫɬɧɨɦ ɜɨɡɞɭɯɨɧɚɝɪɟɜɚɬɟɥɟ ɩɪɨɯɨɞɢɬ ɛɟɡ 

ɢɡɦɟɧɟɧɢɹ ɜɥɚɝɨɫɨɞɟɪɠɚɧɢɹ "ɫɭɯɨɣ ɧɚɝɪɟɜ" 𝑑ʞc୭୬ୱ୲ʤ . Ɋɢɫɭɧɨɤ 8 

 

 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 

Ɍɚɛɥɢɰɚ 15 

 

ȼɨɡɞɭɯ Ɍɟɦɩɟɪɚɬɭɪɚ, t, °C 
ȼɥɚɝɨɫɨɞɟɪɠɚɧɢɟ, 

d, ɝ/ɤɝ 

ɗɧɬɚɥɶɩɢɹ, I, ˍДˉ∙ˍˆ℃  

ɇɚɪɭɠɧɵɣ -39 0,3 -39,2 

ȼɧɭɬɪɟɧɧɢɣ 21 5,4 34,9 

ɉɪɢɬɨɱɧɵɣ 17 3,4 26 
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Ɋɢɫɭɧɨɤ 8 – ɉɨɫɬɪɨɟɧɢɟ ɩɪɨɰɟɫɫɚ ɜ ɯɨɥɨɞɧɵɣ ɩɟɪɢɨɞ. Ɉɛɪɚɛɨɬɤɚ 

ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɩɪɢ ɭɜɥɚɠɧɟɧɢɢ ɩɚɪɨɦ 

 

ɂɫɩɨɥɶɡɭɹ ɩɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ, ɩɪɨɜɟɞɟɦ ɪɚɫɱɟɬɵ: 

 ɪɚɫɯɨɞ ɬɟɩɥɚ ɧɚ ɜɵɪɚɛɨɬɤɭ ɩɚɪɚ, ȼɬ ܳʞʏʟʤ = ʞܩ ∙ (𝐼ʞКభʤ −𝐼ʞభʤ )ଷ,଺ = ͳ͵ͻͲͲ ∙ ሺʹͶ,ͻ − ͳ͸,ͺሻ/͵,͸ = ͵ͳʹ͹ͷ, ȼɬ; (30) 

 ɪɚɫɯɨɞɚ ɬɟɩɥɚ ɧɚ ɧɚɝɪɟɜɚɧɢɟ ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɜ 

ɜɨɡɞɭɯɨɧɚɝɪɟɜɚɬɟɥɟ, ȼɬ ܳʞКଵʤ = ʞܩ ∙ Ͳ,ʹ͹ͺ ∙ (𝑡ʞଵʤ − 𝑡ʜʤ) = ͳ͵ͻͲͲ ∙ Ͳ,ʹ͹ͺ ∙ ሺͳ͸ − ሺ−͵ͻሻሻ = = ʹͳʹͷ͵ͳ, ȼɬ; 
(31) 

 ɫɭɦɦɚɪɧɨɝɨ ɪɚɫɯɨɞɚ ɬɟɩɥɚ ɧɚ ɨɛɪɚɛɨɬɤɭ ɜɨɡɞɭɯɚ ܳʝʐЩʤ = ܳʞʏʟʤ + ܳʞКଵʤ = ͵ͳʹ͹ͷ + ʹͳʹͷ͵ͳ = ʹͶ͵ͺͲ͸, ȼɬ; (32) 

 ɪɚɫɯɨɞ ɜɨɞɵ ɧɚ ɭɜɥɚɠɧɟɧɢɟ ɜɨɡɞɭɯɚ ɩɚɪɨɦ ܩКʝʤ = ʞܩ ∙ ሺ𝑑ʞ − 𝑑ʜሻ = ͳ͵ͻͲͲ ∙ ሺ͵,Ͷ − Ͳ,͵ሻ = Ͷ͵ͲͻͲ, ˆ/˚ = 

=43,09, ɤɝ/ɱ. 
(33) 
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25. 7.2 Ɉɛɪɚɛɨɬɤɚ ɜɨɡɞɭɯɚ ɜ ɰɟɧɬɪɚɥɶɧɨɦ ɤɨɧɞɢɰɢɨɧɟɪɟ ɫ 

ɱɚɫɬɢɱɧɨɣ ɪɟɰɢɪɤɭɥɹɰɢɟɣ 

 

ɐɟɧɬɪɚɥɶɧɵɟ ɤɨɧɞɢɰɢɨɧɟɪɵ ɫ ɱɚɫɬɢɱɧɨɣ ɪɟɰɢɪɤɭɥɹɰɢɟɣ (ɱɚɫɬɶ ɜɨɡɞɭɯɚ 

ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɪɢɬɨɱɧɨɣ ɫɦɟɫɢ ɡɚɛɢɪɚɟɬɫɹ ɢɡ ɩɨɦɟɳɟɧɢɹ) ɩɪɢɦɟɧɹɸɬɫɹ ɫ 

ɰɟɥɶɸ ɩɨɜɵɲɟɧɢɹ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɢ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɋɄȼ. 

Ɉɛɹɡɚɬɟɥɶɧɨɟ ɬɪɟɛɨɜɚɧɢɟ, ɷɬɨ ɫɨɯɪɚɧɟɧɢɟ ɤɚɤ ɦɢɧɢɦɭɦ ɧɨɪɦɢɪɭɟɦɨɝɨ 

ɜɨɡɞɭɯɨɨɛɦɟɧɚ. 

Ʌɸɛɨɣ ɩɪɨɰɟɫɫ ɨɛɪɚɛɨɬɤɢ ɜɨɡɞɭɯɚ ɧɚ I-D ɞɢɚɝɪɚɦɦɟ ɢɡɨɛɪɚɠɚɟɬɫɹ 

ɥɢɧɢɟɣ, ɫɨɟɞɢɧɹɸɳɟɣ ɬɨɱɤɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɫɨɫɬɨɹɧɢɸ ɜɨɡɞɭɯɚ ɜ ɧɚɱɚɥɟ ɢ 

ɜ ɤɨɧɰɟ ɩɪɨɰɟɫɫɚ. ɉɚɪɚɦɟɬɪɵ ɫɦɟɫɢ ɜɨɡɞɭɯɚ ɦɨɝɭɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɵ 

ɚɧɚɥɢɬɢɱɟɫɤɢɦ ɫɩɨɫɨɛɨɦ ɢɥɢ ɝɪɚɮɢɱɟɫɤɢ ɩɪɢ ɩɨɦɨɳɢ I-D ɞɢɚɝɪɚɦɦɵ.  

ȿɫɥɢ ɬɪɟɛɭɟɬɫɹ ɫɦɟɲɚɬɶ G1 ɜɨɡɞɭɯɚ ɫ ɩɚɪɚɦɟɬɪɚɦɢ t1, d1, i1 ɢ G2 ɜɨɡɞɭɯɚ 

ɫ ɩɚɪɚɦɟɬɪɚɦɢ t2, d2, i2, ɬɨ ɚɧɚɥɢɬɢɱɟɫɤɢ ɩɚɪɚɦɟɬɪɵ ɫɦɟɫɢ ɜɨɡɞɭɯɚ GɋɆ 

ɨɩɪɟɞɟɥɹɸɬ ɢɡ ɭɪɚɜɧɟɧɢɹ ɬɟɩɥɨɜɥɚɠɧɨɫɬɧɨɝɨ ɛɚɥɚɧɫɚ. 

ɗɧɬɚɥɶɩɢɹ ɫɦɟɫɢ, ɤȾɠ/ɤɝ·°ɋ 𝑖ʠʛ = 
𝐺భ𝑖భ+𝐺మ𝑖మ𝐺ʠʛ ; (34) 

Ɍɟɦɩɟɪɚɬɭɪɚ ɫɦɟɫɢ, ɨɋ 𝑡ʠʛ =
𝐺భ௧భ+𝐺మ௧మ𝐺ʠʛ ; (35) 

ȼɥɚɝɨɫɨɞɟɪɠɚɧɢɟ ɫɦɟɫɢ, ɝ/ɤɝ 𝑑ʠʛ=
𝐺భௗభ+𝐺మௗమ𝐺ʠʛ . (36) 

 

26. 7.2.1. Ɉɛɪɚɛɨɬɤɚ ɜɨɡɞɭɯɚ ɞɥɹ ɯɨɥɨɞɧɨɝɨ ɩɟɪɢɨɞɚ ɜ 

ɰɟɧɬɪɚɥɶɧɨɦ ɤɨɧɞɢɰɢɨɧɟɪɟ ɫ ɱɚɫɬɢɱɧɨɣ ɪɟɰɢɪɤɭɥɹɰɢɟɣ. ɉɪɢ 
ɭɜɥɚɠɧɟɧɢɢ ɩɚɪɨɦ. ɋ ɤɚɥɨɪɢɮɟɪɨɦ ɜɬɨɪɨɝɨ ɩɨɞɨɝɪɟɜɚ 

 

ɇɚɝɪɟɟɦ ɩɪɢɬɨɱɧɵɣ ɜɨɡɞɭɯ ɜ ɜɨɡɞɭɯɨɧɚɝɪɟɜɚɬɟɥɟ ɩɟɪɜɨɝɨ ɩɨɞɨɝɪɟɜɚ ɞɨ t˒ˍଵх =–17°ɋ. 
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ɋɨɟɞɢɧɢɦ ɬɨɱɤɢ t˒ˍଵх  ɢ tх̟ɩɨɥɭɱɢɦ ɩɪɨɰɟɫɫ ɫɦɟɲɢɜɚɧɢɹ. 

Ɉɩɪɟɞɟɥɢɦ ɩɚɪɚɦɟɬɪɵ ɬɨɱɤɢ ɫɦɟɫɢ: ɬɟɦɩɟɪɚɬɭɪɭ, °ɋ; ɜɥɚɝɨɫɨɞɟɪɠɚɧɢɟ, 

ɝ/ɤɝ; ɬɟɩɥɨɫɨɞɟɪɠɚɧɢɟ, ɤȾɠ/ɤɝ, ɫɦɟɲɢɜɚɧɢɟ ɞɟɥɚɟɦ 50 ɧɚ 50. t˔ˏ = ଵଷଽ଴଴∙ሺ−ଵ଻ሻ+ଵଷଽ଴଴∙ଶଶଵଽ଺଴଴ = ͵,ͷͷ, °ɋ; d˔ˏ = ଵଷଽ଴଴∙଴,ଷ+ଵଷଽ଴଴∙଺ଵଽ଺଴଴ = ʹ,Ͷ͸, ɝ/ɤɝ; i˔ˏ = ଵଷଽ଴଴∙ሺ−଼ሻ+ଵଷଽ଴଴∙ଷ଻ଵଽ଺଴଴ = ʹͲ.ͷ͸, ɤȾɠ/ɤɝ. 

ɍɜɥɚɠɧɢɦ ɩɪɢɬɨɱɧɵɣ ɜɨɡɞɭɯ ɩɚɪɨɦ (ɢɡɨɬɟɪɦɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ). 

ɉɪɨɜɟɞɟɦ ɥɭɱ ɢɡ ɬɨɱɤɢ t˔ˏ ɩɨ ɢɡɨɬɟɪɦɟ ɞɨ ɩɟɪɟɫɟɱɟɧɢɹ ɫ ɥɭɱɨɦ dc୭୬ୱ୲  
ɩɪɨɜɟɞɟɧɧɵɦ ɢɡ ɬɨɱɤɢ t˒ଵх ɩɨɥɭɱɢɦ ɬɨɱɤɭt˒ˍଶх , ɯɚɪɚɤɬɟɪɢɡɭɸɳɭɸ ɩɚɪɚɦɟɬɪɵ 

ɜɨɡɞɭɯɚ ɩɟɪɟɞ ɤɚɥɨɪɢɮɟɪɨɦ ɜɬɨɪɨɝɨ ɩɨɞɨɝɪɟɜɚ ɩɨɫɥɟ ɭɜɥɚɠɧɟɧɢɹ. Ʌɭɱ ɢɡ 

ɬɨɱɤɢt˒ˍଶх , ɞɨ ɬɨɱɤɢt˒ଵх ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɩɪɨɰɟɫɫ ɧɚɝɪɟɜɚ ɜɨɡɞɭɯɚ ɜ ɤɚɥɨɪɢɮɟɪɟ 

ɜɬɨɪɨɝɨ ɩɨɞɨɝɪɟɜɚ (ɫɭɯɨɣ ɧɚɝɪɟɜ). 

ȼɵɩɨɥɧɢɦ ɪɚɫɱɟɬɵ ɩɨ ɩɨɥɭɱɟɧɧɵɦ ɩɚɪɚɦɟɬɪɚɦ ɢ ɨɩɪɟɞɟɥɢɦ ɡɚɬɪɚɬɵ 

ɬɟɩɥɚ ɢ ɩɚɪɚ ɞɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɞɚɧɧɵɯ ɩɪɨɰɟɫɫɨɜ: 

– Ɋɚɫɯɨɞ ɬɟɩɥɚ ɧɚ ɧɚɝɪɟɜɚɧɢɟ ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɜɨɡɞɭɯɨɧɚɝɪɟɜɚɬɟɥɟ 

ɩɟɪɜɨɝɨ ɩɨɞɨɝɪɟɜɚ, ȼɬ Q˒ˍଵх = G˒ ∙ c ∙ ሺt˒ˍଵх −  tхː ሻ/͵,͸, (1) Q˒ˍଵх = ͳ͵ͻͲͲ ∙ ͳ,ͲͲ͸ ∙ (−ͺ − ሺ−͵ͻሻ)/͵,͸ = ͳʹͲͶͳ͵ ȼɬ 

– Ɋɚɫɯɨɞ ɬɟɩɥɚ ɧɚ ɧɚɝɪɟɜɚɧɢɟ ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɜɨɡɞɭɯɨɧɚɝɪɟɜɚɬɟɥɟ 

ɜɬɨɪɨɝɨ ɩɨɞɨɝɪɟɜɚ Q˒ˍଶх = G˔ˏ ∙ c ∙ ሺt˒ଵх −  t˒ˍଶх ሻ/͵,͸, (2) Q˒ˍଶх = ͳͻ͸ͲͲ ∙ ͳ,ͲͲ͸ ∙ ሺͳ͸ − ʹ,ͷሻ/͵,͸ = ͹͵ͷͲͲȼɬ. 

– Ɉɛɳɢɣ ɪɚɫɯɨɞ ɬɟɩɥɨɬɵ ɧɚ ɩɨɞɝɨɬɨɜɤɭ ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ, ȼɬ Qˑ˄˜х = Q˒ˍଵх + Q˒ˍଶх , (3) Qˑ˄˜х = ͳʹͲͶͳ͵ + ͹͵ͷͲͲ = ͳͻ͵ͻͳ͵, ȼɬ 

– Ɋɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɜɵɪɚɛɨɬɤɭ ɩɚɪɚ, ȼɬ Q˒˃˓х = G˔ˏ ∙ ሺi˒ˍଶх −  i˔ˏх ሻ/͵,͸, (4) Q˒ˍଶх = ͳͻ͸ͲͲ ∙ ሺͳʹ − ͳͲ,ͻሻ/͵,͸ = ͷͻͺͻȼɬ 
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– Ɋɚɫɯɨɞ ɩɚɪɚ ɧɚ ɭɜɥɚɠɧɟɧɢɟ, ɝ/ɱ Gˍˑх = G˔ˏ ∙ ሺdх˒ −  d˔ˏх ሻ, (5) Gˍˑх = ͳͻ͸ͲͲ ∙ ሺ͵,ͷ −  ʹ,ͻ ሻ = ͳͳ͹͸Ͳɝ/ɱ 

 

27. 7.2.2. ɉɨɫɬɪɨɟɧɢɟ ɩɪɨɰɟɫɫɨɜ ɨɛɪɚɛɨɬɤɢ ɜɨɡɞɭɯɚ ɜ ɰɟɧɬɪɚɥɶɧɨɦ 
ɤɨɧɞɢɰɢɨɧɟɪɟ ɜ ɬɟɩɥɵɣ ɩɟɪɢɨɞ ɫ ɱɚɫɬɢɱɧɨɣ ɪɟɰɢɪɤɭɥɹɰɢɟɣ. 

Ɉɯɥɚɠɞɟɧɢɟ ɢ ɨɫɭɲɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɧɵɦ ɨɯɥɚɞɢɬɟɥɟɦ 

 

ɉɨɫɬɪɨɢɦ ɩɪɨɰɟɫɫɵ ɨɛɪɚɛɨɬɤɢ ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɞɥɹ ɬɟɩɥɨɝɨ ɩɟɪɢɨɞɚ 

ɜ ɰɟɧɬɪɚɥɶɧɨɦ ɤɨɧɞɢɰɢɨɧɟɪɟ ɩɪɢ ɩɨɞɚɱɟ ɧɚɫɬɢɥɚɸɳɢɦɢɫɹ ɜɟɟɪɧɵɦɢ ɫɬɪɭɹɦɢ 

ɫ ɱɚɫɬɢɱɧɨɣ ɪɟɰɢɪɤɭɥɹɰɢɟɣ ɞɥɹ ɭɫɥɨɜɢɣ, ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɜ ɩɪɟɞɵɞɭɳɢɯ 

ɩɪɢɦɟɪɚɯ. Ɉɛɪɚɛɨɬɤɚ ɜɨɡɞɭɯɚ ɩɨɜɟɪɯɧɨɫɬɧɵɦ ɜɨɡɞɭɯɨɨɯɥɚɞɢɬɟɥɟɦ 

(ɭɩɪɚɜɥɹɟɦɵɣ ɩɪɨɰɟɫɫ). 

ɉɪɨɜɨɞɢɦ ɥɭɱ ɫɦɟɲɢɜɚɧɢɹ – ɫɨɟɞɢɧɹɟɦ ɬɨɱɤɢ 𝑡ʢʡ ɢ 𝑡ʜʡ. ɇɚɧɨɫɢɦ ɬɨɱɤɭ tɋɆ, 

ɤɨɬɨɪɚɹ ɛɭɞɟɬ ɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɩɚɪɚɦɟɬɪɵ ɜɨɡɞɭɯɚ ɩɟɪɟɞ ɜɨɡɞɭɯɨɨɯɥɚɞɢɬɟɥɟɦ. 

ɋɨɟɞɢɧɹɟɦ ɬɨɱɤɢ tɋɆ ɢ 𝑡ʞଵʡ ɉɨɥɭɱɚɟɬ ɩɪɨɰɟɫɫ ɨɯɥɚɠɞɟɧɢɟ ɢ ɨɫɭɲɟɧɢɹ 

ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɩɨɜɟɪɯɧɨɫɬɧɵɦ ɨɯɥɚɞɢɬɟɥɟɦ (ɭɩɪɚɜɥɹɟɦɵɣ ɩɪɨɰɟɫɫ).  

ɉɪɨɞɥɟɜɚɹ ɥɭɱ ɧɟ ɩɨɥɭɱɚɟɦ ɩɟɪɟɫɟɱɟɧɢɟ ɫ ɥɢɧɢɟɣ ɧɚɫɵɳɟɧɢɹ, ɩɨɷɬɨɦɭ 

ɩɪɨɰɟɫɫ ɧɟɜɨɡɦɨɠɟɧ. Ɋɢɫɭɧɨɤ 10 
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Ɋɢɫɭɧɨɤ 10 – ɉɨɫɬɪɨɟɧɢɟ ɩɪɨɰɟɫɫɚ ɜ ɬɟɩɥɵɣ ɩɟɪɢɨɞ ɫ ɱɚɫɬɢɱɧɨɣ 

ɪɟɰɢɪɤɭɥɹɰɢɟɣ. Ɉɯɥɚɠɞɟɧɢɟ ɢ ɨɫɭɲɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɧɵɦ ɨɯɥɚɞɢɬɟɥɟɦ 

 

Ⱦɟɥɚɟɦ ɜɵɛɨɪ ɢɡ ɜɫɟɯ ɩɨɫɬɪɨɟɧɧɵɯ ɩɪɨɰɟɫɫɨɜ. ɉɪɨɰɟɫɫɵ, ɩɨɫɬɪɨɟɧɧɵɟ ɫ 

ɪɟɰɢɪɤɭɥɹɰɢɟɣ ɷɤɨɧɨɦɢɱɟɫɤɢ ɧɟɜɵɝɨɞɧɨ ɩɪɢɦɟɧɹɬɶ, ɬɚɤ ɤɚɤ ɧɚ ɭɫɬɪɨɣɫɬɜɨ 

ɰɟɧɬɪɚɥɶɧɨɝɨ ɤɨɧɞɢɰɢɨɧɟɪɚ ɪɚɫɯɨɞɭɟɬɫɹ ɦɧɨɝɨ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɩɪɨɤɥɚɞɤɭ 

ɜɨɡɞɭɯɨɜɨɞɨɜ ɞɥɹ ɫɦɟɲɢɜɚɧɢɹ ɜɨɡɞɭɯɚ. 

 

 

 

ɋɪɚɜɧɟɧɢɟ ɜɚɪɢɚɧɬɨɜ 

Ɍɚɛɥɢɰɚ 16 

Ɋɢɫɭɧɨɤ 

Ɋɚɫɯɨɞ ɬɟɩɥɚ 

ɐɄ,  ȼɬ ɩɨ 

ɩɟɪɢɨɞɚɦ 

Ɋɚɫɯɨɞ ɯɨɥɨɞɚ 

ɐɄ, ȼɬ ɩɨ 

ɩɟɪɢɨɞɚɦ 

Ɋɚɫɯɨɞ ɷɧɟɪɝɢɢ ɧɚ 

ɜɵɪɚɛɨɬɤɭ ɩɚɪɚ, 

ɤȼɬ 

Ɍɟɦɩɟɪɚɬɭɪɚ 

ɜɨɞɵ ɞɥɹ 

ɨɛɪɚɛɨɬɤɢ 

ɜɨɡɞɭɯɚ, ɨɋ 

ɬɟɩɥɵɣ 

ɩɟɪɢɨɞ 

 

ɬɟɩɥɵɣ 

 

ɯɨɥɨɞɧ. 

 

ɬɟɩɥɵɣ 

 

ɯɨɥɨɞɧ. 

Ɋɚɫɯɨɞ 

ɩɚɪɚ, 

ɤɝ/ɱ 

Ɋɚɫɯɨɞ 

ɷɥ.ɷɧɟɪɝɢɢ 

ɤȼɬ 

5 

8 

- 

 

242531 

212531 

- 

- 

- 

- 

- 

30,4 

- 

22,05 

5,5 

16,5 

6 

7 

24520 

- 

- 

- 

85330 

- 

- 

- 

- 

- 

- 

- 

6 

- 

9 

10 

- 

- 

198395 

- 

- 

- 

- 

- 

11,76 

- 

5,99 

- 

- 

- 

 

ȼɵɜɨɞ: ɫɨɝɥɚɫɧɨ ɬɚɛɥɢɱɧɵɦ ɞɚɧɧɵɦ ɞɟɥɚɟɦ ɜɵɛɨɪ ɜ ɩɨɥɶɡɭ ɭɜɥɚɠɧɟɧɢɹ 

ɩɚɪɨɦ, ɬ.ɤ. ɞɚɧɧɵɣ ɫɩɨɫɨɛ ɛɨɥɟɟ ɷɤɨɧɨɦɢɱɧɵɣ. 
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28. 8. ȼɨɡɞɭɯɨɪɚɫɪɟɞɟɥɟɧɢɟ 

 

Ⱦɥɹ ɩɨɞɚɱɢ ɩɪɢɬɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɩɪɢɧɹɬɚ ɫɯɟɦɚ Ⱦ [11], «ɫɜɟɪɯɭ ɜɧɢɡ» 

ɧɚɫɬɢɥɚɸɳɢɦɢɫɹ ɜɟɟɪɧɵɦɢ ɫɬɪɭɹɦɢ. ɉɪɢ ɜɵɛɨɪɟ ɜɨɡɞɭɯɨɪɚɫɩɪɟɞɟɥɢɬɟɥɟɣ 

ɫɥɟɞɭɟɬ ɫɬɪɟɦɢɬɶɫɹ ɤ ɧɚɢɦɟɧɶɲɟɦɭ ɢɯ ɱɢɫɥɭ, ɫɨɛɥɸɞɚɹ ɪɚɜɧɨɦɟɪɧɨɫɬɶ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɭɪɨɜɟɧɶ ɡɜɭɤɨɜɨɣ ɦɨɳɧɨɫɬɢ ɧɟ ɞɨɥɠɟɧ ɞɥɹ 

ɡɪɢɬɟɥɶɧɨɝɨ ɡɚɥɚ ɩɪɟɜɵɲɚɬɶ 35 ɞȻ. 

 

 

29. 8.1. ȼɵɛɨɪ ɜɨɡɞɭɯɨɪɚɫɩɪɟɞɟɥɢɬɟɥɟɣ 

 

Ɋɚɫɱɟɬ ɢ ɩɨɞɛɨɪ ɜɨɡɞɭɯɨɪɚɫɩɪɟɞɟɥɢɬɟɥɟɣ ɜɵɩɨɥɧɟɧ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ 

ɪɚɫɱɟɬɨɦ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɦ ɜ [12] ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ ArtkosCFSelAir, 

ɨɬɱɟɬ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 11. 

 

 

 

ɚ

ɛ
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ɚ) ɯɨɥɨɞɧɵɣ ɩɟɪɢɨɞ; ɛ) ɬɟɩɥɵɣ ɩɟɪɢɨɞ 

Ɋɢɫɭɧɨɤ 11 – Ɉɬɱɟɬ ɩɨ ɩɨɞɛɨɪɭ ɜɨɡɞɭɯɨɪɚɫɩɪɟɞɟɥɢɬɟɥɟɣ 

 

ɂɡ ɨɬɱɟɬɚ ɜɢɞɢɦ, ɱɬɨ ɜ ɯɨɥɨɞɧɵɣ ɢ ɬɟɩɥɵɣ ɩɟɪɢɨɞ ɦɵ ɩɨɩɚɞɚɟɦ ɜ 

ɞɨɩɭɫɬɢɦɵɟ ɨɬɤɥɨɧɟɧɢɹ ɩɨ ɢɡɦɟɧɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ ±1°ɋ, ɩɨ ɫɤɨɪɨɫɬɢ ɜ 

ɪɚɛɨɱɟɣ ɡɨɧɟ ±0,07 ɦ/ɫ[1]. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢɧɢɦɚɟɦ ɜɨɡɞɭɯɨɪɚɫɩɪɟɞɟɥɢɬɟɥɢ ɬɢɩ ɤɪɭɝɥɵɟ 

ɞɢɮɮɭɡɨɪɵ ɦɚɪɤɢ: 

- ȾɄɄ Ø315 ɦɦ - 6 ɲɬ ɞɥɹ ɡɚɥɚ; 

- ȾɄɄ Ø160 ɦɦ - 3 ɲɬ ɞɥɹ ɯɨɥɥɚ. 

 

30. 9. Ɋɚɫɱɟɬ ɢ ɩɨɞɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢɹ 

 

Ɋɚɫɱɟɬ ɢ ɩɨɞɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɭɠɧɨ ɜɵɩɨɥɧɢɬɶ ɞɥɹ ɜɫɟɯ 

ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɜɚɪɢɚɧɬɨɜ ɩɨɫɬɪɨɟɧɢɹ ɩɪɨɰɟɫɫɨɜ ɨɛɪɚɛɨɬɤɢ ɜɨɡɞɭɯɚ. Ɋɚɫɱɟɬ ɢ 

ɩɨɞɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫɥɟɞɭɟɬ ɜɵɩɨɥɧɹɬɶ, ɢɫɩɨɥɶɡɭɹ ɩɪɨɝɪɚɦɦɵ 

ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ ɨɛɨɪɭɞɨɜɚɧɢɹ. ɉɪɨɝɪɚɦɦɵ ɦɨɠɧɨ ɧɚɣɬɢ ɧɚ ɫɚɣɬɚɯ ɤɨɦɩɚɧɢɣ. 

ȼɨɡɞɭɯ ɜ ɰɟɧɬɪɚɥɶɧɨɦ ɤɨɧɞɢɰɢɨɧɟɪɚ ɨɛɪɚɛɚɬɵɜɚɟɬɫɹ ɩɨ ɫɯɟɦɟ: 

 ɜ ɬɟɩɥɵɣ ɩɟɪɢɨɞ – ɩɨɜɟɪɯɧɨɫɬɧɵɣ ɜɨɡɞɭɯɨɨɯɥɚɞɢɬɟɥɶ, ɤɚɥɨɪɢɮɟɪ 

ɜɬɨɪɨɝɨ ɩɨɞɨɝɪɟɜɚ(ɷɥɟɤɬɪɢɱɟɫɤɢɣ); 

 ɜ ɯɨɥɨɞɧɵɣ ɩɟɪɢɨɞ – ɩɨɜɟɪɯɧɨɫɬɧɵɣ ɜɨɡɞɭɯɨɧɚɝɪɟɜɚɬɟɥɶ 

(ɤɚɥɨɪɢɮɟɪ ɜɨɞɧɵɣ), ɩɨɜɟɪɯɧɨɫɬɧɵɣ ɤɚɥɨɪɢɮɟɪ ɜɬɨɪɨɝɨ ɩɨɞɨɝɪɟɜɚ, ɤɚɦɟɪɚ 

ɨɪɨɲɟɧɢɹ. 

Ɍɟɩɥɨɧɨɫɢɬɟɥɶ ɜɨɞɚ ɫ ɩɚɪɚɦɟɬɪɚɦɢ Ɍ1-Ɍ2: ɯɨɥɨɞɧɵɣ ɩɟɪɢɨɞ 95-70Ɉɋ. 

Ʉɨɦɩɨɧɨɜɤɚ ɰɟɧɬɪɚɥɶɧɨɝɨ ɤɨɧɞɢɰɢɨɧɟɪɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɉɪɢɥɨɠɟɧɢɢ 

Ⱥ. 

 

31. 9.2. ɍɡɟɥ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɟɩɥɨɨɬɞɚɱɢ ɜɨɞɹɧɨɝɨ ɤɚɥɨɪɢɮɟɪɚ 
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ɉɪɢɦɟɦ ɫɯɟɦɭ ɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɩɪɟɞɫɬɚɜɥɟɧɧɭɸ ɧɚ ɪɢɫɭɧɤɟ 11, ɫ 

ɬɪɟɯɯɨɞɨɜɵɦ ɪɟɝɭɥɢɪɭɸɳɢɦ ɤɥɚɩɚɧɨɦ 

 

 

Ɋɢɫɭɧɨɤ 11 – ɋɯɟɦɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɭɡɥɚ 

Ⱦɥɹ ɫɢɫɬɟɦɵ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɤɚɥɨɪɢɮɟɪɚ ɩɪɢɦɟɦ ɬɪɭɛɵ ɫɬɚɥɶɧɵɟ 

ɷɥɟɤɬɪɨɫɜɚɪɧɵɟ ȽɈɋɌ 10704-91. Ɉɩɪɟɞɟɥɢɦ ɞɢɚɦɟɬɪ ɬɪɭɛɨɩɪɨɜɨɞɨɜ 

ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ. ɉɨ ɪɚɫɯɨɞɭ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɡɚɞɚɜɲɢɫɶ ɫɤɨɪɨɫɬɶɸ 

ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɜ ɬɪɭɛɟ ω=1,0 ɦ/ɫ, ɢɫɩɨɥɶɡɭɹ ɬɚɛɥɢɰɵ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ 

ɩɪɢɦɟɦ ɞɢɚɦɟɬɪ ɬɪɭɛ Ø57ɯ3,5 DN50 ɦɦ. 

ɇɨɦɢɧɚɥɶɧɵɣ ɞɢɚɦɟɬɪ DN (ɞɢɚɦɟɬɪ ɭɫɥɨɜɧɨɝɨ ɩɪɨɯɨɞɚ) ɡɚɩɨɪɧɨɣ 

ɚɪɦɚɬɭɪɵ ɢ ɮɢɥɶɬɪɚ ɩɪɢɦɟɦ ɩɨ ɞɢɚɦɟɬɪɭ ɬɪɭɛ. 

ɉɪɨɢɡɜɟɞɟɦ ɪɚɫɱɟɬ ɢ ɩɨɞɛɨɪ ɪɟɝɭɥɢɪɭɸɳɟɝɨ ɤɥɚɩɚɧɚ ɩɨ ɤɚɬɚɥɨɝɭ 

ɮɢɪɦɵ Danfoss. 

Ɉɩɪɟɞɟɥɹɟɦ ɨɛɴёɦɧɵɣ ɪɚɫɯɨɞ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɱɟɪɟɡ ɤɚɥɨɪɢɮɟɪ   ɩɟɪɜɨɣ 

ɫɬɭɩɟɧɢ, ɦ3/ɱ ܩКଵ = 𝐺ʑభʤଽ଺ଶ·𝜌ʑభ = ଻ଷ଻ହଽ଺ଶ·ଵ = ͹,͸, ɦ3/ɱ (37) 

Ɋɚɫɫɱɢɬɵɜɚɟɦ ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɪɟɝɭɥɢɪɭɸɳɟɝɨ ɤɥɚɩɚɧɚ ɩɨ 

ɮɨɪɦɭɥɟ 
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݇𝑣௦ = 𝐺Кభ√∆௉̱ ˎ = ଻,ସ√଴,଴ଷ = Ͷʹ,͹, ɦ3/ɱ (38) 

ɝɞɟ    ܩКଵ – ɨɛɴɟɦɧɵɣ ɪɚɫɯɨɞ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɤɚɥɨɪɢɮɟɪɚ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ; ∆̱ܲ ˎ 

– ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜ ɤɥɚɩɚɧɟ, ɩɪɢɧɢɦɚɟɦ 0,03, ɢɫɯɨɞɹ ɢɡ ɭɫɥɨɜɢɹ, ɱɬɨ ∆̱ܲ ˎ ≥∆̝ܲ ˋ˔˕ ∙ Ͳ,ͷ (ɩɪɢɥɨɠɟɧɢɟ Ⱥ), ɝɞɟ ∆̝ܲ ˋ˔˕ – ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɤɚɥɨɪɢɮɟɪɚ. 

ɉɨɞɛɢɪɚɟɦ ɪɟɝɭɥɢɪɭɸɳɢɣ ɬɪɟɯɯɨɞɨɜɨɣ ɤɥɚɩɚɧ VRȼ3 Dy=50; ݇𝑣௦=40 

ɦ3/ɱ. Ⱦɥɹ ɭɩɪɚɜɥɟɧɢɹ ɤɥɚɩɚɧɨɦ, ɩɪɨɢɡɜɨɞɢɬɟɥɶ ɩɪɟɞɥɚɝɚɟɬ ɷɥɟɤɬɪɨɩɪɢɜɨɞɵ 

AMV 435, ɧɚɩɪɹɠɟɧɢɟ 24v. ɋɤɨɪɨɫɬɶ ɩɟɪɟɦɟɳɟɧɢɹ ɲɬɨɤɚ ɩɪɢɜɨɞɚ 7,5 ɫ ɧɚ 

1ɦɦ. 

ɉɪɨɜɟɞɟɦ ɩɪɨɜɟɪɤɭ ɤɥɚɩɚɧɚ ɧɚ 

 ɤɚɜɢɬɚɰɢɸ  𝑣ˍˎ = ͵ͷͶ · 𝐺Кభୈy = ͵ͷͶ · ଻,଺ହ଴మ = ͳ,Ͳͺ ɦ/ɫ < 3,5, ɦ/ɫ – ɜɟɪɧɨ.   (39) 

 ɲɭɦ  𝛥ܲ˒ ˓ˈˇ = Ͳ,ͻ ∙ 𝑍 ∙ ሺܲ˅ х − ܲː ˃˔ሻ = Ͳ,ͻ · Ͳ,ͷ · ሺͲ,Ͳͺ − Ͳ,Ͳ͹ሻ = Ͳ,ͲͲͷ, 

ɛɚɪ 
(40) 

ɉɪɨɢɡɜɟɞɟɦ ɩɨɞɛɨɪ ɰɢɪɤɭɥɹɰɢɨɧɧɨɝɨ ɧɚɫɨɫɚ. ɐɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɢɧɢɦɚɬɶ 

ɜɬɨɪɭɸ ɢɥɢ ɬɪɟɬɶɸ ɱɚɫɬɶ ɨɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɪɚɫɯɨɞɚ. ܩʜ = 𝐺𝑚𝑎𝑥ଶ÷ଷ = ଻,଺ଶ = ͵,ͺ, ɦ3/ɱ (41) 

ɇɚɩɨɪ, ɫɨɡɞɚɜɚɟɦɵɣ ɧɚɫɨɫɨɦ, ɞɨɥɠɟɧ ɨɛɟɫɩɟɱɢɬɶ ɰɢɪɤɭɥɹɰɢɸ 

ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɱɟɪɟɡ ɤɨɧɬɭɪ ɤɚɥɨɪɢɮɟɪɚ. ɉɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜ ɤɚɥɨɪɢɮɟɪɟ, 

ɬɪɭɛɚɯ ɩɨɞɜɨɞɤɢ, ɨɛɪɚɬɧɨɦ ɤɥɚɩɚɧɟ. ̱ܲ ˎଵ = ͷ,ͷ ˍʞ˃ (ɩɪɢɥɨɠɟɧɢɟ Ⱥ). ʜܲ = ͳ,ʹ · ሺ̱ܲ ˎଵ + ̱ܲ ˎሻ = ͳ,ʹ · ሺͷ,ͷ + ʹ,͹ሻ = ͻ,ͺͶ, ˍʞ˃ (42) 

Ʉ ɭɫɬɚɧɨɜɤɟ ɩɪɢɧɢɦɚɟɦ ɧɚɫɨɫ ɮɢɪɦɵ MAGNA1 25-40. 
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Ɋɢɫɭɧɨɤ 13 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɧɚɫɨɫɚMAGNA1 25-40 

 

  

Ɋɢɫɭɧɨɤ 14 – ɋɯɟɦɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɭɡɥɚ 2 
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Ⱦɥɹ ɫɢɫɬɟɦɵ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɤɚɥɨɪɢɮɟɪɚ ɩɪɢɦɟɦ ɬɪɭɛɵ ɫɬɚɥɶɧɵɟ 

ɷɥɟɤɬɪɨɫɜɚɪɧɵɟ ȽɈɋɌ 10704-91. Ɉɩɪɟɞɟɥɢɦ ɞɢɚɦɟɬɪ ɬɪɭɛɨɩɪɨɜɨɞɨɜ 

ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ. ɉɨ ɪɚɫɯɨɞɭ ɬɟɩɥɨɧɨɫɢɬɟɥɹ, ɡɚɞɚɜɲɢɫɶ ɫɤɨɪɨɫɬɶɸ 

ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɜ ɬɪɭɛɟ ω=1,0 ɦ/ɫ, ɢɫɩɨɥɶɡɭɹ ɬɚɛɥɢɰɵ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ 

ɩɪɢɦɟɦ ɞɢɚɦɟɬɪ ɬɪɭɛ Ø32ɯ2,8 DN25 ɦɦ. 

ɇɨɦɢɧɚɥɶɧɵɣ ɞɢɚɦɟɬɪ DN (ɞɢɚɦɟɬɪ ɭɫɥɨɜɧɨɝɨ ɩɪɨɯɨɞɚ) ɡɚɩɨɪɧɨɣ 

ɚɪɦɚɬɭɪɵ ɢ ɮɢɥɶɬɪɚ ɩɪɢɦɟɦ ɩɨ ɞɢɚɦɟɬɪɭ ɬɪɭɛ. 

ɉɪɨɢɡɜɟɞɟɦ ɪɚɫɱɟɬ ɢ ɩɨɞɛɨɪ ɪɟɝɭɥɢɪɭɸɳɟɝɨ ɤɥɚɩɚɧɚ ɩɨ ɤɚɬɚɥɨɝɭ 

ɮɢɪɦɵ Danfoss. 

Ɉɩɪɟɞɟɥɹɟɦ ɨɛɴёɦɧɵɣ ɪɚɫɯɨɞ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɱɟɪɟɡ ɤɚɥɨɪɢɮɟɪ   ɩɟɪɜɨɣ 

ɫɬɭɩɟɧɢ, ɦ3/ɱ ܩКଵ = 𝐺ʑభʤଽ଺ଶ·𝜌ʑభ = ଵସ଻ସଽ଺ଶ·ଵ = ͳ,ͷ͵ ɦ3/ɱ  

Ɋɚɫɫɱɢɬɵɜɚɟɦ ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɪɟɝɭɥɢɪɭɸɳɟɝɨ ɤɥɚɩɚɧɚ ɩɨ 

ɮɨɪɦɭɥɟ ݇𝑣௦ = 𝐺Кభ√∆௉̱ ˎ = ଵ,ହଷ√଴,଴଻଺ = ͷ,ͷͷ ɦ3/ɱ  

ɝɞɟ    ܩКଵ – ɨɛɴɟɦɧɵɣ ɪɚɫɯɨɞ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɤɚɥɨɪɢɮɟɪɚ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ; ∆̱ܲ ˎ 

– ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜ ɤɥɚɩɚɧɟ, ɩɪɢɧɢɦɚɟɦ 0,076, ɢɫɯɨɞɹ ɢɡ ɭɫɥɨɜɢɹ, ɱɬɨ ∆̱ܲ ˎ ≥∆̝ܲ ˋ˔˕ ∙ Ͳ,ͷ ( ɩɪɢɥɨɠɟɧɢɟ Ⱥ). 

ɉɨɞɛɢɪɚɟɦ ɪɟɝɭɥɢɪɭɸɳɢɣ ɤɥɚɩɚɧ VRB3 Dy=25; ݇𝑣௦=10 ɦ3/ɱ. Ⱦɥɹ 

ɭɩɪɚɜɥɟɧɢɹ ɤɥɚɩɚɧɨɦ, ɩɪɨɢɡɜɨɞɢɬɟɥɶ ɩɪɟɞɥɚɝɚɟɬ ɷɥɟɤɬɪɨɩɪɢɜɨɞɵ AMV 435, 

ɧɚɩɪɹɠɟɧɢɟ 24v. ɋɤɨɪɨɫɬɶ ɩɟɪɟɦɟɳɟɧɢɹ ɲɬɨɤɚ ɩɪɢɜɨɞɚ 7,5 ɫ ɧɚ 1ɦɦ. 

ɉɪɨɜɟɞɟɦ ɩɪɨɜɟɪɤɭ ɤɥɚɩɚɧɚ ɧɚ 

 ɤɚɜɢɬɚɰɢɸ  𝑣ˍˎ = ͵ͷͶ · 𝐺Кభୈy = ͵ͷͶ · ଵ,ହଷଶହమ = Ͳ,ͺ͸ ɦ/ɫ < 3,5 ɦ/ɫ – ɜɟɪɧɨ.    

 ɲɭɦ  𝛥ܲ˒ ˓ˈˇ = Ͳ,ͻ ∙ 𝑍 ∙ ሺܲ˅ х − ܲː ˃˔ሻ = Ͳ,ͻ · Ͳ,ͷ · ሺͲ,Ͳͺ − Ͳ,Ͳ͹ሻ = Ͳ,ͲͲͷ 

ɛɚɪ 
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ɉɪɨɢɡɜɟɞɟɦ ɩɨɞɛɨɪ ɰɢɪɤɭɥɹɰɢɨɧɧɨɝɨ ɧɚɫɨɫɚ. ɐɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɢɧɢɦɚɬɶ 

ɜɬɨɪɭɸ ɢɥɢ ɬɪɟɬɶɸ ɱɚɫɬɶ ɨɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɪɚɫɯɨɞɚ. ܩʜ = 𝐺𝑚𝑎𝑥ଶ÷ଷ = ଵ,ହଷଶ = Ͳ,͹͹ ɦ3/ɱ  

ɇɚɩɨɪ, ɫɨɡɞɚɜɚɟɦɵɣ ɧɚɫɨɫɨɦ, ɞɨɥɠɟɧ ɨɛɟɫɩɟɱɢɬɶ ɰɢɪɤɭɥɹɰɢɸ 

ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɱɟɪɟɡ ɤɨɧɬɭɪ ɤɚɥɨɪɢɮɟɪɚ. ɉɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜ ɤɚɥɨɪɢɮɟɪɟ, 

ɬɪɭɛɚɯ ɩɨɞɜɨɞɤɢ, ɨɛɪɚɬɧɨɦ ɤɥɚɩɚɧɟ.̱ܲ ˎଵ = ͳͷ,ʹ ˍʞ˃ (ɩɪɢɥɨɠɟɧɢɟ Ⱥ). ʜܲ = ͳ,ʹ · ሺ̱ܲ ˎଵ + ̱ܲ ˎሻ = ͳ,ʹ · ሺͳͷ,ʹ + ͹,͸ሻ = ʹʹ,ͺ ˍʞ˃  

Ʉ ɭɫɬɚɧɨɜɤɟ ɩɪɢɧɢɦɚɟɦ ɧɚɫɨɫ ɮɢɪɦɵ ALPHA2 25-40 130. 

 

 

Ɋɢɫɭɧɨɤ 15 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɧɚɫɨɫɚ ALPHA2 25-40 130 

ȼɫɟ ɞɚɧɧɵɟ ɩɨ ɩɨɞɛɨɪɭ ɡɚɩɨɪɧɨ-ɪɟɝɭɥɢɪɭɸɳɟɣ ɚɪɦɚɬɭɪɵ ɩɪɟɞɫɬɚɜɥɟɧɵ 

ɜ ɬɚɛɥɢɰɟ 14. 
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Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɡɚɩɨɪɧɨ-ɪɟɝɭɥɢɪɭɸɳɟɣ ɚɪɦɚɬɭɪɵ, 

ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ "ɨɛɜɹɡɤɢ" ɤɚɥɨɪɢɮɟɪɨɜ ɩɟɪɜɨɣ ɢ ɜɬɨɪɨɣ 

ɫɬɭɩɟɧɢ ɰɟɧɬɪɚɥɶɧɨɝɨ ɤɨɧɞɢɰɢɨɧɟɪɚ 

Ɍɚɛɥɢɰɚ 17 

ɉɨɡɢɰ

ɢɹ 

Ʉɚɥɨɪɢɮɟɪ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ 

ɩɨɞɨɝɪɟɜɚ. ɍɊ-1 

Ʉɚɥɨɪɢɮɟɪ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ 

ɩɨɞɨɝɪɟɜɚ. ɍɊ-2 

1 

Fɀȼ=1,59 ɦ2, DN50, G= 13440 

ɦ3/ɱ, tɧ=-39 oC, tɤ=13,5  oC, 

Q=236,34 ɤȼɬ, Ɍ1-Ɍ2=95-70 oC, 

Gȼ=7975 ɥ/ɱ, ∆Ɋ=5,5 ɤɉɚ 

Fɀȼ = 0,55ɦ2, DN32, G=13440 

ɦ3/ɱ,  

tɧ=6 oC, tɤ=16 oC, Q=45,02 ɤȼɬ, 

Ɍ1-Ɍ2=95-70 oC, 

Gȼ=1874 ɦ3/ɱ, ∆Ɋ=15,2 ɤɉɚ 

2 

Ʉɥɚɩɚɧ ɪɟɝɭɥɢɪɭɸɳɢɣ 

ɫɢɞɟɥɶɧɵɣ VRB3, DN50, ܭ௏ௌ = ͶͲ ɦ3/ɱ, Ɋmax=16 ɛɚɪ, 

Tmax=130 oC. 

∆Ɋ= 2,7 ɤɉɚ 

ɗɥɟɤɬɪɨɩɪɢɜɨɞ AMV435, 24v. 

ɋɤɨɪɨɫɬɶ ɩɟɪɟɦɟɳɟɧɢɹ ɲɬɨɤɚ 

ɩɪɢɜɨɞɚ 7,5 ɫ ɧɚ 1ɦɦ. 

Ʉɥɚɩɚɧ ɪɟɝɭɥɢɪɭɸɳɢɣ 

ɫɢɞɟɥɶɧɵɣ VRB3, DN25, ܭ௏ௌ =ͳͲ ɦ3/ɱ, Ɋmax=16 ɛɚɪ, Tmax=130 oC, 

∆Ɋ= 7,6 ɤɉɚ 

ɗɥɟɤɬɪɨɩɪɢɜɨɞ AMV435, 24v. 

ɋɤɨɪɨɫɬɶ ɩɟɪɟɦɟɳɟɧɢɹ ɲɬɨɤɚ 

ɩɪɢɜɨɞɚ 7,5 ɫ ɧɚ 1ɦɦ. 

3 

ɇɚɫɨɫ ɰɢɪɤɭɥɹɰɢɨɧɧɵɣ 

MAGNA1 25-40 

7,6 ɦ3/ɱ /, 9,84 ɤɉɚ, 230 ȼɬ 

ɇɚɫɨɫ ɰɢɪɤɭɥɹɰɢɨɧɧɵɣ 

ALPHA2 25-40 130 7,6 ɦ3 /ɱ/, 

22,8 ɤɉɚ, 230 ȼɬ 

4 

Ʉɥɚɩɚɧ ɨɛɪɚɬɧɵɣ DN25,  ܭ௏ௌ = ͳͲ,͵ ɦ3/ɱ, Ɋmax=16ɛɚɪ, 

Tmax=110 oC 

Ʉɥɚɩɚɧ ɨɛɪɚɬɧɵɣ DN25, ܭ௏ௌ = ͳͲ,͵ ɦ3/ɱ, Ɋmax=25ɛɚɪ, 

Tmax=110 oC 

5 

Ɏɢɥɶɬɪ ɫɟɬɱɚɬɵɣ FVR-D, 

DN50,  ܭ௏ௌ = ͵͸ ɦ3/ɱ, Ɋmax=25 

ɛɚɪ, 

Tmax=130 oC 

Ɏɢɥɶɬɪ ɫɟɬɱɚɬɵɣ FVR-D, DN25,  ܭ௏ௌ = ͳͳ,ʹ ɦ3/ɱ, Ɋmax=25 ɛɚɪ, 

Tmax=130 oC 
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6 

Ʉɪɚɧ ɲɚɪɨɜɨɣ   

Jip Premium WW DN50,  ܭ௏ௌ = ͵Ͷ ɦ3/ɱ,  

Ɋmax=40 ɛɚɪ, Tmax=180 oC 

Ʉɪɚɧ ɲɚɪɨɜɨɣ  Jip Premium 

WWD N25, ܭ௏ௌ = ͵Ͷ ɦ3/ɱ,  

Ɋmax=40 ɛɚɪ, Tmax=150 oC 

7 

Ʉɪɚɧ ɲɚɪɨɜɨɣ ɫɩɭɫɤɧɨɣ 

BVR-CDN50, ܭ௏ௌ = ͳ͵,͵ ɦ3/ɱ, 

Ɋmax=10ɛɚɪ, Tmax=90 oC 

Ʉɪɚɧ ɲɚɪɨɜɨɣ ɫɩɭɫɤɧɨɣ 

BVR-CDN25, ܭ௏ௌ = ͳͳ,ʹ ɦ3/ɱ, 

Ɋmax=10ɛɚɪ, Tmax=90 oC 

8 

Ʉɪɚɧ ɲɚɪɨɜɨɣ (ɜɨɡɞɭɲɧɢɤ) 

BVR, DN15, ܭ௏ௌ = ͳͷ ɦ3/ɱ, 

Ɋmax=40 ɛɚɪ, Tmax=110 oC 

Ʉɪɚɧ ɲɚɪɨɜɨɣ (ɜɨɡɞɭɲɧɢɤ) BVR, 

DN15, ܭ௏ௌ = ͳͷ ɦ3/ɱ, Ɋmax=40 

ɛɚɪ, Tmax=110 oC 

9 

Ɍɟɪɦɨɫɬɚɬ ɬɢɩɚ Ʉɉ 61, IP33, 

ɞɢɚɩɚɡɨɧ -30+15 oC, 16Ⱥ, 440ɜ 

Tmax=120 oC 

Ɍɟɪɦɨɫɬɚɬ ɬɢɩɚ Ʉɉ 61, IP33, 

ɞɢɚɩɚɡɨɧ -30+15 oC, 16Ⱥ, 440ɜ 

Tmax=120 oC 

10 

Ⱦɚɬɱɢɤ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɞɵ 

ɩɨɜɟɪɯɧɨɫɬɧɵɣ ESM-11, IP32, 

0-100 oC. 

Ⱦɚɬɱɢɤ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɞɵ 

ɩɨɜɟɪɯɧɨɫɬɧɵɣ ESM-11, IP32, 0-

100 oC. 

11 
Ⱦɚɬɱɢɤ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɯɚ 

ESMB-12, IP54, 0-100 oC. 

Ⱦɚɬɱɢɤ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɯɚ 

ESMB-12, IP54, 0-100 oC. 

12 

Ɋɟɥɟ ɞɚɜɥɟɧɢɹ PS-3, ɞɢɚɩɚɡɨɧ 

0,6-6ɛɚɪ, 3Ⱥ, 220ɜ 

Tmax=70 oC 

Ɋɟɥɟ ɞɚɜɥɟɧɢɹ PS-3, ɞɢɚɩɚɡɨɧ 

0,6-6ɛɚɪ, 3Ⱥ, 220ɜ 

Tmax=70 oC 

32.  

33. 10. ɋɢɫɬɟɦɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɨɡɞɭɯɚ ɜ ɤɢɧɨɬɟɚɬɪɟ 

 

ɉɟɪɟɞ ɩɪɨɜɟɞɟɧɢɟɦ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ ɜɵɱɟɪɱɢɜɚɟɦ ɪɚɫɱɟɬɧɭɸ 

ɫɯɟɦɭ ɜɨɡɞɭɯɨɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜ ɚɤɫɨɧɨɦɟɬɪɢɱɟɫɤɨɣ ɩɪɨɟɤɰɢɢ. 

Ⱥɷɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɜɵɩɨɥɧɹɟɬɫɹ ɫ ɰɟɥɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɫɟɱɟɧɢɣ 

ɜɨɡɞɭɯɨɜɨɞɨɜ ɢ ɫɭɦɦɚɪɧɵɯ ɩɨɬɟɪɶ ɞɚɜɥɟɧɢɹ ɩɨ ɭɱɚɫɬɤɚɦ ɨɫɧɨɜɧɨɝɨ 

ɧɚɩɪɚɜɥɟɧɢɹ (ɦɚɝɢɫɬɪɚɥɢ). 
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ɉɪɢɧɢɦɚɟɦ ɤɚɦɟɪɭ ɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɪɚɫɩɨɥɨɠɟɧɧɭɸ ɧɚɞ 

ɩɨɬɨɥɤɨɦ ɜɬɨɪɨɝɨ ɷɬɚɠɚ ɫ ɜɨɡɞɭɯɨɪɚɫɩɪɟɞɟɥɢɬɟɥɹɦɢ ȾɄɄ. 

ɏɨɞ ɪɚɫɱɟɬɚ: 

1. ɇɚ ɫɯɟɦɟ ɜɵɛɢɪɚɟɦ ɨɫɧɨɜɧɨɟ (ɦɚɝɢɫɬɪɚɥɶɧɨɟ) ɧɚɩɪɚɜɥɟɧɢɟ, ɞɥɹ ɱɟɝɨ 

ɜɵɹɜɥɹɟɦ ɧɚɢɛɨɥɟɟ ɩɪɨɬɹɠɟɧɧɭɸ ɰɟɩɨɱɤɭ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɪɚɫɩɨɥɨɠɟɧɧɵɯ 

ɪɚɫɱɟɬɧɵɯ ɭɱɚɫɬɤɨɜ. ɉɪɢ ɪɚɜɧɨɣ ɩɪɨɬɹɠɟɧɧɨɫɬɢ ɦɚɝɢɫɬɪɚɥɟɣ ɡɚ ɪɚɫɱɟɬɧɭɸ 

ɩɪɢɧɢɦɚɟɦ ɧɚɢɛɨɥɟɟ ɧɚɝɪɭɠɟɧɧɭɸ. ɉɪɨɢɡɜɨɞɢɦ ɧɭɦɟɪɚɰɢɸ ɭɱɚɫɬɤɨɜ 

ɦɚɝɢɫɬɪɚɥɢ, ɧɚɱɢɧɚɹ ɫ ɭɱɚɫɬɤɚ ɫ ɦɟɧɶɲɢɦ ɪɚɫɯɨɞɨɦ, ɚ ɡɚɬɟɦ ɧɭɦɟɪɭɟɦ ɭɱɚɫɬɤɢ 

ɨɬɜɟɬɜɥɟɧɢɣ. ɇɚ ɤɚɠɞɨɦ ɭɱɚɫɬɤɟ ɭɤɚɡɵɜɚɸɬ ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ L, ɦ3/ɱ, ɢ ɞɥɢɧɭ l, 

ɦ. 

2. Ɉɪɢɟɧɬɢɪɨɜɨɱɧɭɸ ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɜɨɡɞɭɯɨɜɨɞɚ, ɦ2, 

ɩɪɢɧɢɦɚɟɦ ɩɨ ɮɨɪɦɭɥɟ ܨ௢ = ͸ͲͲ͵ܮ · ܸ˓ ˈˍ, (43) 

ɝɞɟ: L – ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ ɧɚ ɭɱɚɫɬɤɟ, ɦ3/ɱ; ܸ˓ ˈˍ – ɪɟɤɨɦɟɧɞɭɟɦɚɹ ɫɤɨɪɨɫɬɶ 

ɜɨɡɞɭɯɚ, ɦ/ɫ, ܸ˓ ˈˍ = 5 ɦ/ɫ. 

Ɉɪɢɟɧɬɢɪɭɹɫɶ ɧɚ ܨ௢, ɩɪɢɧɢɦɚɟɦ ɩɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɫɬɚɧɞɚɪɬɧɨɝɨ 

ɜɨɡɞɭɯɨɜɨɞɚ ̝ܨ ˕ ɢ ɪɚɡɦɟɪ ɞɢɚɦɟɬɪɚ.  

3. Ɏɚɤɬɢɱɟɫɤɭɸ ɫɤɨɪɨɫɬɶ ɜɨɡɞɭɯɚ, ɦ/ɫ, ɨɩɪɟɞɟɥɹɟɦ ɫ ɭɱɟɬɨɦ ɩɥɨɳɚɞɢ 

ɫɟɱɟɧɢɹ ̝ܨ ˕ ɩɪɢɧɹɬɨɝɨ ɫɬɚɧɞɚɪɬɧɨɝɨ ɜɨɡɞɭɯɨɜɨɞɚ ܸ = ͸ͲͲ͵ܮ · ܨ̝ ˕ (44) 

4. ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɡɧɚɱɟɧɢɹ R ɞɥɹ ɤɪɭɝɥɵɯ ɜɨɡɞɭɯɨɜɨɞɨɜ ɧɟɨɛɯɨɞɢɦɨ 

ɧɚɯɨɞɢɬɶ ɡɧɚɱɟɧɢɟ R ɩɪɢ V ɢ 𝑑𝑣. ɉɨ ɬɚɛɥɢɰɟ ɪɚɫɱɟɬɚ ɦɟɬɚɥɥɢɱɟɫɤɢɯ 

ɜɨɡɞɭɯɨɜɨɞɨɜ ɤɪɭɝɥɨɝɨ ɫɟɱɟɧɢɹ ɧɚɯɨɞɢɦ ɞɢɧɚɦɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ. 

5. ɉɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɧɚ ɬɪɟɧɢɟ, ɉɚ, ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ ∆̞ܲ ˓ = ܴ · ˛ · ݈ (45) 

6. Ɉɩɪɟɞɟɥɹɟɦ ɫɭɦɦɭ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɹ (ɤ.ɦ.ɫ.) ɧɚ 

ɭɱɚɫɬɤɚɯ . 
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ɍɱɚɫɬɨɤ 1 

Ɉɬɜɨɞ 90 ° = 0,35·2=0,7; 

ȼɧɟɡɚɩɧɨɟ ɫɭɠɟɧɢɟ = 0,08; 

Ʉɨɧɮɭɡɨɪ = 0,08;  

=0,86. 

 

ɍɱɚɫɬɨɤ 2 

ȼɧɟɡɚɩɧɨɟ ɪɚɫɲɢɪɟɧɢɟ = 0,4; 

Ʉɨɧɮɭɡɨɪ = 0,08; 

=0,48. 

 

ɍɱɚɫɬɨɤ 3 

ȼɧɟɡɚɩɧɨɟ ɪɚɫɲɢɪɟɧɢɟ = 0,4; 

Ɍɪɨɣɧɢɤ = 0,5; 

Ɉɬɜɨɞ 90 ° = 0,35·2=0,7. 

=1,6. 

 

7. ɉɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɹɯ 𝑍 , ɉɚ, ɨɩɪɟɞɟɥɹɸɬ ɩɨ 

ɮɨɪɦɭɥɟ: 𝑍 =  · P̌  (46) 

8. Ɉɛɳɢɟ ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɧɚ ɪɚɫɱɟɬɧɨɦ ɭɱɚɫɬɤɟ ܲ, ɉɚ, ɨɩɪɟɞɟɥɹɸɬ ɩɨ 

ɮɨɪɦɭɥɟ: 

ܲ = ܴ · ˛ · ݈ + 𝑍 (47) 

Ɉɛɳɢɟ ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜ ɫɢɫɬɟɦɟ ɪɚɜɧɵ ɫɭɦɦɟ ɩɨɬɟɪɶ ɜ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɨɟɞɢɧɟɧɧɵɯ ɭɱɚɫɬɤɚɯ ɩɨ ɦɚɝɢɫɬɪɚɥɶɧɨɦɭ ɧɚɩɪɚɜɥɟɧɢɸ. 

 

Ɍɚɛɥɢɰɚ 18 – Ⱥɷɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ  
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№   
ɭɱ-ɤɚ

Ɋɚɫɯɨɞ 
ɜɨɡɞɭɯɚ 
L, ɦ3/ɱ

Дɢɚɦɟɬɪ 
ɜɨɡɞɭɯɨ-
ɜɨɞɚ d, ɦ

Дɥɢɧɚ 
ɜɨɡɞɭɯɨ-

ɜɨɞɚ             
L, ɦ

ɋɤɨɪɨɫɬɶ 
ɞɜɢɠɟɧɢя 
ɜɨɡɞɭɯɚ         

U, ɦ/ɫ

Дɢɧɚɦɢ-
ɱɟɫɤɨɟ 

ɞɚɜɥɟɧɢɟ 
ɜɨɡɞɭɯɚ 
Pɞ, ɉɚ

Уɞɟɥɶɧɚя 
ɩɨɬɟɪя 

ɞɚɜɥɟɧɢɟ 
ɧɚ ɬɪɟɧɢɟ 
ɊR, ɉɚ/ɦ

ɉɨɬɟɪя 
ɞɚɜɥɟɧɢя 
ɩɨ ɜɫɟɦɭ 
ɭɱɚɫɬɤɭ 

ɊR* L, ɉɚ

Кɨɷɮ-
ɮɢɰɟɧɬ 

ɦɟɫɬɧɨɝɨ 
ɫɨɩɪɨɬɢɜɥ

ɟɧɢя, К

ɉɨɬɟɪɢ 
ɞɚɜɥɟɧɢя 
ɧɚ ɦɟɫɬ-

ɧɵɟ ɫɨɩɪɨ-
ɬɢɜɥɟɧɢя 

Ɋz, ɉɚ

Ɉɛщɚя 
ɩɨɬɟɪя 

ɞɚɜɥɟɧɢя 
ɧɚ ɭɱɚɫɬɤɟ 
ɊR*L+Pz, 

ɉɚ

ɋɭɦɦɚɪɧ
ɵɟ 

ɩɨɬɟɪɢ,ɉ
ɚ

1 1500 0,47 10,00 2,40 3,60 0,17 1,70 0,86 3,10 4,80 4,80

2 9000 0,89 18,00 4,00 10,00 0,25 4,48 0,48 4,80 9,28 14,07

3 11760 0,89 8,00 5,30 17,56 0,44 3,52 1,60 28,09 31,61 45,68

58 103,68Рɪɟшɟɬɤа ɩɨɫɥɟɞɧяя
 

34.  

 

Ɋɢɫɭɧɨɤ 16 – ɋɯɟɦɚ ɤɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɹ 

35.  

36. 11. ɏɨɥɨɞɨɫɧɚɛɠɟɧɢɟ 

 

Ⱦɥɹ ɫɧɚɛɠɟɧɢɹ ɤɨɧɞɢɰɢɨɧɢɪɭɟɦɵɯ ɩɨɦɟɳɟɧɢɣ ɯɨɥɨɞɨɦ ɜ ɡɚɜɢɫɢɦɨɫɬɢ 

ɨɬ ɩɪɢɧɹɬɨɣ ɫɯɟɦɵ, ɩɪɢɦɟɧɹɸɬ ɤɨɦɩɪɟɫɫɨɪɧɨ-ɤɨɧɞɟɧɫɚɬɨɪɧɵɟ ɛɥɨɤɢ (ɄɄȻ) 

ɢɥɢ ɱɢɥɥɟɪɵ. ȼɵɛɨɪ ɯɨɥɨɞɢɥɶɧɨɣ ɦɚɲɢɧɵ ɧɚɱɢɧɚɟɬɫɹ ɫ ɨɩɪɟɞɟɥɟɧɢɹ 

ɜɟɥɢɱɢɧɵ ɯɨɥɨɞɢɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ɢ ɯɚɪɚɤɬɟɪɚ ɟɟ ɢɡɦɟɧɟɧɢɹ ɜɨ ɜɪɟɦɟɧɢ. ɉɪɢ 

ɩɟɪɟɦɟɧɧɨɣ ɜɨ ɜɪɟɦɟɧɢ ɯɨɥɨɞɢɥɶɧɨɣ ɧɚɝɪɭɡɤɟ ɤ ɭɫɬɚɧɨɜɤɟ ɫɥɟɞɭɟɬ ɩɪɢɧɢɦɚɬɶ 

ɧɟɫɤɨɥɶɤɨ ɯɨɥɨɞɢɥɶɧɵɯ ɦɚɲɢɧ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɞɜɭɯɤɨɧɬɭɪɧɵɯ ɫ ɨɞɢɧɚɤɨɜɵɦɢ 

ɢɥɢ ɪɚɡɥɢɱɧɵɦɢ ɩɨ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɤɨɦɩɪɟɫɫɨɪɚɦɢ. 
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37. 11.1 ȼɵɛɨɪ ɯɨɥɨɞɢɥɶɧɨɣ ɦɚɲɢɧɵ 

 

ɉɨɞɛɨɪ ɯɨɥɨɞɢɥɶɧɨɣ ɦɚɲɢɧɵ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɧɚɡɧɚɱɟɧɧɵɦɢ ɨɩɰɢɹɦɢ, 

ɜɢɞɨɦ ɯɥɚɞɨɚɝɟɧɬɚ ɢ ɯɨɥɨɞɢɥɶɧɵɦɢ ɧɚɝɪɭɡɤɚɦɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɤɚɬɚɥɨɝɚɦ 

ɮɢɪɦ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ. 

Ⱦɥɹ ɩɨɞɛɨɪɚ ɱɢɥɥɟɪɚ ɪɚɫɫɱɢɬɚɟɦ ɟɝɨ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɨ ɯɨɥɨɞɭ. 

ɇɚɝɪɭɡɤɭ ɧɚ ɱɢɥɥɟɪ ɜ ɬɟɩɥɵɣ ɩɟɪɢɨɞ ɩɪɢɦɟɦ ɫ ɭɱɟɬɨɦ ɩɨɬɟɪɶ ɜ ɬɪɭɛɨɩɪɨɜɨɞɚɯ 

ɧɚ 15% ɜɵɲɟ ɪɚɫɱɟɬɧɨɣ.  ܳʤʛ = ͳ,ͳͷ ∙ (ܳʥК + ܳʣ) = ͳ,ͳͷ ∙ ሺͺͷ͵͵Ͳ + Ͳሻ = ͻͺͳʹͻ,ͷ ʑ˕ ≈ ͻͺ,ͳ ˍʑ˕ (48) 

ɝɞɟ: Qɰɤ – ɯɨɥɨɞɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɐɄ, ɛɟɪɟɦ ɩɨ Ɍɚɛɥ. 11(ɪɚɫɯɨɞ 

ɯɨɥɨɞɚ ɡɚ ɬɟɩɥɵɣ ɩɟɪɢɨɞ)  

 

 

38. 11.2. ɉɨɞɛɨɪ ɱɢɥɥɟɪɚ 

 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɭɟɦɨɣ ɯɨɥɨɞɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɩɪɢɦɟɦ ɤ 

ɭɫɬɚɧɨɜɤɟ ɱɢɥɥɟɪ SyScroll Air CO S ɩɪɨɢɡɜɨɞɫɬɜɚ ɤɨɦɩɚɧɢɢ Systemair. 

Ɍɟɯɧɢɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ: ɯɨɥɨɞɢɥɶɧɚɹ ɦɚɲɢɧɚ ɫɟɪɢɢ SyScrollAir CO S 

ɪɚɛɨɬɚɟɬ ɧɚ ɯɥɚɞɚɝɟɧɬɟ R 410A. ɑɢɥɥɟɪ– ɦɨɞɟɥɶ ɫ ɜɨɡɞɭɲɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ 

ɤɨɧɞɟɧɫɚɬɨɪɚ.  

• 3 ɢɫɩɨɥɧɟɧɢɹ: STD (ɫɬɚɧɞɚɪɬɧɨɟ), HT (ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɟ), HPF (ɫ 

ɜɵɫɨɤɨɧɚɩɨɪɧɵɦɢ ɜɟɧɬɢɥɹɬɨɪɚɦɢ).  

• 2 ɜɚɪɢɚɧɬɚ ɩɨ ɭɪɨɜɧɸ ɲɭɦɚ: BLN(ɫɬɚɧɞɚɪɬɧɚɹ ɜɟɪɫɢɹ ɫ ɧɢɡɤɢɦ 

ɭɪɨɜɧɟɦ ɲɭɦɚ), SLN (ɫ ɨɱɟɧɶ ɧɢɡɤɢɦ ɭɪɨɜɧɟɦ ɲɭɦɚ). 

• 6 ɬɢɩɨɪɚɡɦɟɪɨɜ;  

• ɋɩɢɪɚɥɶɧɵɟ ɤɨɦɩɪɟɫɫɨɪɵ; 

• ɇɢɡɤɨɟ ɫɨɞɟɪɠɚɧɢɟ ɜɨɞɵ ɜ ɫɢɫɬɟɦɟ. 

ȼɫɟ ɞɚɧɧɵɟ ɱɢɥɥɟɪɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ Ȼ. 
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39. 11.3. Ɉɛɴɟɦ ɯɨɥɨɞɨɧɨɫɢɬɟɥɹ ɜ ɤɨɧɬɭɪɟ 

 

Ɇɢɧɢɦɚɥɶɧɵɣ ɨɛɴɟɦ ɯɨɥɨɞɨɧɨɫɢɬɟɥɹ, ɥ, ɜ ɤɨɧɬɭɪɟ ɨɯɥɚɠɞɟɧɢɹ 

ɜɵɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɦɢɧɢɦɚɥɶɧɨɦɭ ɜɪɟɦɟɧɢ ɪɚɛɨɬɵ ɤɨɦɩɪɟɫɫɨɪɚ (ɞɥɹ 

ɫɩɢɪɚɥɶɧɵɯ ɤɨɦɩɪɟɫɫɨɪɨɜ 1,5 ɦɢɧɭɬɵ) ɢ ɦɢɧɢɦɚɥɶɧɨɦɭ ɲɚɝɭ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ (ɪɚɛɨɬɚɟɬ ɬɨɥɶɤɨ ɨɞɢɧ ɤɨɦɩɪɟɫɫɨɪ ɢɡ ɱɟɬɵɪɟɯ 

ɭɫɬɚɧɨɜɥɟɧɧɵɯ). 

ʤܸʜ = ܲ • 𝑡ሺ݊ • ʹͷ • ∆𝑇ሻ, (49) 

ɝɞɟ    ܲ – ɨɛɳɚɹ ɯɨɥɨɞɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɦɚɲɢɧɵ, ȼɬ; ݊ – ɱɢɫɥɨ ɲɚɝɨɜ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɤɨɦɩɪɟɫɫɨɪɚ, 2 ɲɚɝɚ;  𝑡 – ɦɢɧɢɦɚɥɶɧɨɟ ɜɪɟɦɹ ɪɚɛɨɬɵ 

ɤɨɦɩɪɟɫɫɨɪɚ, 1,5 ɦɢɧɭɬɵ; ∆𝑇 – ɪɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪ ɢɫɩɚɪɢɬɟɥɹ, 5ɨɋ. 

Ɇɢɧɢɦɚɥɶɧɵɣ ɨɛɴɟɦ ɜɨɞɵ ɜ ɤɨɧɬɭɪɟ ɞɨɥɠɟɧ ɛɵɬɶ ɧɟ ɦɟɧɟɟ 3 ɥ/ɤȼɬ. 

ʤܸʜ = ଽ଼ଵଶଽ∙ଵ,ହሺଶ∙ଶହ∙ହሻ = ͷͺͻ, ɥ. 

ȼɫɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɱɢɥɥɟɪɚ SyScrollAir CO S, ɪɚɡɦɟɪɵ, ɬɪɟɛɨɜɚɧɢɹ ɤ 

ɫɜɨɛɨɞɧɨɦɭ ɩɪɨɫɬɪɚɧɫɬɜɭ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɨɝɪɚɧɢɱɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 

ɩɪɢɥɨɠɟɧɢɹɯ ȼ, Ƚ ɢ Ⱦ. 

ɉɨ ɞɚɧɧɵɦ ɬɚɛɥɢɰɵ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɱɢɥɥɟɪɚ ɩɨ ɯɨɥɨɞɭ ɡɚɜɢɫɢɬ ɨɬ 

ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ, ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ ɪɚɫɱɟɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ 

ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɬɟɩɥɵɣ ɩɟɪɢɨɞ 𝑡ʜʡ =  +ʹ͸ɨɋ, ɟɫɥɢ ɩɪɢɧɹɬɶ ɭɫɥɨɜɢɟ ɱɬɨ 

ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ ɤɨɧɞɟɧɫɚɬɨɪɚ ɩɨɜɵɲɚɟɬɫɹ ɧɚ +8ɨɋ, 

ɬɨɝɞɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɤɨɧɞɟɧɫɚɬɨɪɚ ɜɨɡɞɭɯ ɛɭɞɟɬ ɢɦɟɬɶ ɬɟɦɩɟɪɚɬɭɪɭ +34ɨɋ. ɉɪɢ 

ɬɟɦɩɟɪɚɬɭɪɟ ɜɨɞɵ ɧɚ ɜɵɯɨɞɟ ɢɡ ɌɈ ɱɢɥɥɟɪɚ +5ɨɋ ɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜɨɡɞɭɯɚ ɧɚ 

ɜɵɯɨɞɟ ɢɡ ɤɨɧɞɟɧɫɚɬɨɪɚ +34ɨɋ ɧɚɯɨɞɢɦ ɯɨɥɨɞɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɪɢɧɹɬɨɝɨ 

ɬɢɩɨɪɚɡɦɟɪɚ ɱɢɥɥɟɪɚ, ɤɨɬɨɪɚɹ ɫɨɫɬɚɜɢɬ ܳʦʡ=98,1 ɤȼɬ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 

ɬɪɟɛɭɟɦɨɣ ɧɚɝɪɭɡɤɟ. 

ɂɫɩɨɥɶɡɭɹ ɞɚɧɧɵɦɢ ɩɪɢɥɨɠɟɧɢɟ Ȼ ɩɪɢɦɟɦ ɪɚɫɯɨɞ ɯɨɥɨɞɨɧɨɫɢɬɟɥɹ 

(ɢɫɩɚɪɢɬɟɥɹ) ɱɟɪɟɡ ɌɈ ɨɯɥɚɞɢɬɟɥɹ ܩʦʡ=15,7ɦ3/ɱ (4,4 ɥ/ɫ). ɍɱɢɬɵɜɚɹ, ɱɬɨ ɜ 

ɤɨɧɬɭɪɟ ɢɫɩɨɥɶɡɭɟɬɫɹ 55% ɪɚɫɬɜɨɪ ɩɪɨɩɢɥɟɧɝɥɢɤɨɥɹ ɫ ɭɞɟɥɶɧɨɣ 
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ɬɟɩɥɨɟɦɤɨɫɬɶɸ 3,4 ɤȾɠ/(ɤɝ·Ʉ) ɢ ɩɥɨɬɧɨɫɬɶɸ ρ=1,042 ɤɝ/ɦ3 ɬɪɟɛɭɟɬɫɹ 

ɫɤɨɪɪɟɤɬɢɪɨɜɚɬɶ ɪɚɫɯɨɞ ɯɨɥɨɞɨɧɨɫɢɬɟɥɹ ɩɪɢ ɬɟɯ ɠɟ ɭɫɥɨɜɢɹɯ 

ʕܩ  = ଷ,଺ொ௖ሺ௧ʕʜ−௧ʕКሻ𝜌,                                                                                           (50) 

ʕܩ  = ͵,͸ · ͻͺͳʹͻ͵,Ͷሺͳͳ − ͸ሻͳ,ͲͶʹ = ͳͻͻͶ͵,    ˍˆ̊. 
 

ɉɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜ ɌɈ ɨɩɪɟɞɟɥɹɟɦ, ∆ ʡܲʝʡ = 17,7 ɤɉɚ. ɉɨɬɟɪɢ ɭɜɟɥɢɱɚɬɫɹ 

ɜ ɫɪɟɞɧɟɦ ɧɚ 5-20%. ∆ ʡܲʝʡ = 1,2·17,7= 21,24 ɤɉɚ. Ⱦɢɚɦɟɬɪ ɩɨɞɜɨɞɹɳɢɯ ɬɪɭɛ ɤ 

ɌɈ (ܦʢ = ͳͲͲ ˏˏሻ. 

 

40. 11.4. Ɋɚɫɱɟɬ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ 

 

Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɛɟɫɩɟɪɟɛɨɣɧɨɣ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ ɯɨɥɨɞɨɫɧɚɛɠɟɧɢɹ 

(ɏɋ1-ɏɋ2) ɜ ɬɟɱɟɧɢɢ ɝɨɞɚ, ɜɬɨɪɨɣ ɤɨɧɬɭɪ ɱɢɥɥɟɪɚ ɡɚɩɨɥɧɟɧ 55%-ɧɵɦ ɜɨɞɧɵɦ 

ɪɚɫɬɜɨɪɨɦ ɩɪɨɩɢɥɟɧ ɝɥɢɤɨɥɹ. Ɍɟɦɩɟɪɚɬɭɪɚ 6-10 °ɋ. ɑɢɥɥɟɪ ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɧɚ 

ɤɪɨɜɥɟ ɞɨɦɚ ɤɭɥɶɬɭɪɵ (ɩɥɨɫɤɚɹ ɤɪɵɲɚ), ɭɫɬɚɧɨɜɤɚ ɧɚ ɤɪɨɜɥɟ ɨɛɭɫɥɚɜɥɢɜɚɟɬ 

ɩɪɢɦɟɧɟɧɢɟ ɪɚɫɬɜɨɪɚ ɩɪɨɩɢɥɟɧ ɝɥɢɤɨɥɹ, ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɡɚɦɟɪɡɚɧɢɹ 

ɬɪɭɛɨɤ ɩɨɞɤɥɸɱɟɧɢɹ ɢ ɫɚɦɨɝɨ ɱɢɥɥɟɪɚ. Ƚɪɭɩɩɭ ɰɢɪɤɭɥɹɰɢɨɧɧɵɯ ɧɚɫɨɫɨɜ, ɛɚɤ-

ɚɤɤɭɦɭɥɹɬɨɪ ɢ ɬɟɩɥɨɨɛɦɟɧɧɢɤ (ɌɈ) ɪɚɡɦɟɳɚɟɦ ɜ ɩɨɦɟɳɟɧɢɢ ɜɟɧɬɤɚɦɟɪɵ. 

Ɍɟɩɥɨɨɛɦɟɧɧɢɤ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɩɟɪɟɞɚɱɢ ɯɨɥɨɞɚ (6-10 °ɋ) ɨɬ ɱɢɥɥɟɪɚ ɜ 

ɫɢɫɬɟɦɭ (7-13°ɋ ɉɨ ɪɢɫ. 6 ɛɟɪɟɦ +6 °ɋ.) ɯɨɥɨɞɨɫɧɚɛɠɟɧɢɹ ɰɟɧɬɪɚɥɶɧɨɝɨ 

ɤɨɧɞɢɰɢɨɧɟɪɚ (ɏɋ11-ɏɋ21). Ɋɚɫɱɟɬ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ ɜɵɩɨɥɧɢɦ 

ɩɪɨɢɡɜɨɞɢɬɟɥɟɦ ɜ ɩɪɨɝɪɚɦɦɟ Ridan. 

ɏɨɥɨɞɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ܳʤ = ͻͺͳʹͻ, ʑ˕ 

Ɋɚɫɯɨɞ ɯɨɥɨɞɨɧɨɫɢɬɟɥɹ ɩɨ ɤɨɧɬɭɪɭ ɱɢɥɥɟɪɚ (ɩɪɨɩɢɥɟɧ ɝɥɢɤɨɥɶ 55%) 6-

10ɨɋ ܩʞʞ = ʹʹ͵ͶͶ ˍˆ̊
 (ɯɨɥɨɞɧɚɹ ɫɬɨɪɨɧɚ); 

Ɋɚɫɯɨɞ ɯɨɥɨɞɨɧɨɫɢɬɟɥɹ ɩɨ ɤɨɧɬɭɪɭ ɰɟɧɬɪɚɥɶɧɨɝɨ ɤɨɧɞɢɰɢɨɧɟɪɚ (ɜɨɞɚ)   
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 +6ɋ ܩʞʞ = ͳʹͷ͵Ͷ ˍˆ̊
 (ɝɨɪɹɱɚɹ ɫɬɨɪɨɧɚ);  

ɉɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɯɨɥɨɞɧɚɹ ɫɬɨɪɨɧɚ 2,96 ɦ.ɜɨɞ.ɫɬ.=29,6 ɤɉɚ=0,3 ɛɚɪ;  

ɉɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɝɨɪɹɱɚɹ ɫɬɨɪɨɧɚ 0,8 ɦ.ɜɨɞ.ɫɬ.=8,042 ɤɉɚ=0,08 ɛɚɪ; 

ȼɧɭɬɪɟɧɧɢɣ ɨɛɴёɦ ɯɨɥɨɞɧɚɹ ɫɬɨɪɨɧɚ 70,15 ɥ; 

ȼɧɭɬɪɟɧɧɢɣ ɨɛɴёɦ ɝɨɪɹɱɚɹ ɫɬɨɪɨɧɚ 70,15 ɥ. 

 

41. 11.3 Ɋɚɫɱɟɬ ɢ ɩɨɞɛɨɪ ɝɢɞɪɨɦɨɞɭɥɹ 

 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɚɧɟɟ ɜɵɩɨɥɧɟɧɧɵɦɢ ɪɚɫɱɟɬɚɦɢ ɨɛɴёɦ ɠɢɞɤɨɫɬɢ ɜ 

ɤɨɧɬɭɪɟ ɱɢɥɥɟɪɚ ɞɨɥɠɟɧ ɛɵɬɶ ɧɟ ɦɟɧɟɟ ʤܸʜ = ͷͺͻ ˎ. 
Ʉɨɥɢɱɟɫɬɜɨ ɠɢɞɤɨɫɬɢ ɜ ɌɈ ɱɢɥɥɟɪɚ (ɤɨɧɞɟɧɫɚɬɨɪ) Кܸ = ͹ ˎ. 
Ʉɨɥɢɱɟɫɬɜɨ ɠɢɞɤɨɫɬɢ ɜ ɌɈ ɰɟɧɬɪɚɥɶɧɨɝɨ ɤɨɧɞɢɰɢɨɧɟɪɚ ʥܸК = ͹Ͳ,ͳͷ ˎ. 
ȿɦɤɨɫɬɶ ɯɨɥɨɞɨɩɪɨɜɨɞɨɜ (ɬɪɭɛ Dɭ100) ɩɪɨɬɹɠɟɧɧɨɫɬɶɸ 20ɦ ܸ̞ ˓ = ͳͷ͹ 

ɥ. 

ɋɭɦɦɚɪɧɚɹ ёɦɤɨɫɬɶ ɫɢɫɬɟɦɵ ʤܸʠଵ,ଶ = ͹ + ͹Ͳ,ͳͷ + ͳͷ͹ =  ʹ͵Ͷ,ͳͷ ˎ.(71) 

Ɇɢɧɢɦɚɥɶɧɚɹ ёɦɤɨɫɬɶ ɛɚɤɚ-ɚɤɤɭɦɭɥɹɬɨɪɚ ʐܸ = ʤܸʜ- ʤܸʠଵ,ଶ=ͷʹ͸ − ʹ͵Ͷ,ͳͷ =291,85 ɥ.       (51) 

ɉɪɢɦɟɦ ɤ  ɭɫɬɚɧɨɜɤɟ ɝɢɞɪɨɦɨɞɭɥɶSystemaier HPT. 

 
1 – ɚɤɤɭɦɭɥɢɪɭɸɳɚɹ ɟɦɤɨɫɬɶ (ɛɚɤ-ɚɤɤɭɦɭɥɹɬɨɪ); 2 – ɧɚɫɨɫɵ; 3 – ɪɚɫɲɢɪɢɬɟɥɶɧɵɣ 

ɛɚɤ; 4 – ɦɚɧɨɦɟɬɪ;5 – ɡɚɩɨɪɧɵɣ ɜɟɧɬɢɥɶ; 6 – ɩɪɟɞɨɯɪɚɧɢɬɟɥɶɧɵɣ ɤɥɚɩɚɧ; 7 – 

ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ ɜɨɡɞɭɯɨɨɬɜɨɞɱɢɤ; 8 – ɪɭɱɧɨɣ ɜɨɡɞɭɯɨɜɵɩɭɫɤɧɨɣ ɤɥɚɩɚɧ; 9 – ɡɚɩɨɪɧɵɣ 
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ɜɟɧɬɢɥɶ ɩɨɞɩɢɬɤɢ; 10 – ɜɟɧɬɢɥɶ ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ ɩɨɞɩɢɬɤɢ;11 – ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɚɧɟɥɶ;12 – 

ɨɛɪɚɬɧɵɣ ɤɥɚɩɚɧ;13 – ɜɵɩɭɫɤɧɨɣ ɤɥɚɩɚɧ 

Ɋɢɫɭɧɨɤ 18 – ɋɯɟɦɚ ɝɢɞɪɨɦɨɞɭɥɹ SystemaierHPT: 

 

ȼɬɨɪɨɣ ɧɚɫɨɫ ɜ ɝɢɞɪɨɦɨɞɭɥɟ ɹɜɥɹɟɬɫɹ ɪɟɡɟɪɜɧɵɦ, ɤɨɬɨɪɵɣ ɜɤɥɸɱɚɟɬɫɹ 

ɜ ɫɥɭɱɚɟ ɩɨɥɨɦɤɢ ɩɟɪɜɨɝɨ. 

ɉɨɞɛɢɪɚɟɦ ɦɨɞɟɥɶ ɧɚɫɨɫɚ A. Ⱥɤɤɭɦɭɥɢɪɭɸɳɚɹ ёɦɤɨɫɬɶ ɝɢɞɪɨɦɨɞɭɥɹ 

ɪɚɜɧɚ 300 ɥ. 

 

Ɋɢɫɭɧɨɤ 19 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɢɞɪɨɦɨɞɭɥɹ Systemaier 

HPT 

 

42. 11.3.1 ɉɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜ ɤɨɧɬɭɪɟ ɱɢɥɥɟɪɚ 

 

ɉɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜ ɤɨɧɞɟɧɫɚɬɨɪɟ ɩɪɢ tW = +6ɨɋ 

∆ Кܲ=17,7 ɤɉɚ= 0,18 ɦ.ɜɨɞ.ɫɬ. 

ɉɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜ ɌɈ ɯɨɥɨɞɧɚɹ ɫɬɨɪɨɧɚ ∆ ʡܲʝ=2,96 ɦ.ɜɨɞ.ɫɬ. 

ɉɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜ ɬɪɭɛɚɯ ɢ ɦɟɫɬɧɵɟ ɩɨɬɟɪɢ ∆ ʡܲʟ=5,31 ɤɉɚ=0,54 

ɦ.ɜɨɞ.ɫɬ. 

Ɍɪɟɛɭɟɦɨɟ ɞɚɜɥɟɧɢɟ ɧɚɫɨɫɚ ʜܲ = ͳ,ͳሺ∆ Кܲ +∆ ʡܲʝ + ∆ ʡܲʟሻ=1,1(0,18+2,86+0,54) = 3,94 ɦ.ɜɨɞ.ɫɬ. 

Ƚɢɞɪɨɦɨɞɭɥɶ ɩɨɞɨɛɪɚɧ ɜɟɪɧɨ. 

 

43. 11.4 ɍɡɟɥ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɨɜɟɪɯɧɨɫɬɧɵɦ ɜɨɡɞɭɯɨɨɯɥɚɞɢɬɟɥɟɦ 
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ɉɪɢ ɜɵɛɨɪɟ ɩɪɨɰɟɫɫɚ ɨɯɥɚɠɞɟɧɢɹ ɢ ɨɫɭɲɟɧɢɹ ɜɨɡɞɭɯɚ ɩɨɜɟɪɯɧɨɫɬɧɵɦ 

ɨɯɥɚɞɢɬɟɥɟɦ, ɧɟɨɛɯɨɞɢɦɨ ɜ ɫɯɟɦɭ ɯɨɥɨɞɨɫɧɚɛɠɟɧɢɹ ɜɤɥɸɱɢɬɶ ɭɡɟɥ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ (ɍɊ) ɨɬɩɭɫɤɚ ɯɨɥɨɞɚ ɨɯɥɚɞɢɬɟɥɟɦ ɢ ɩɨɞɨɛɪɚɬɶ ɪɟɝɭɥɢɪɭɸɳɢɣ 

ɤɥɚɩɚɧ. 

ɏɨɥɨɞɨɧɨɫɢɬɟɥɶ ɜɨɞɚ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ 7-13ɨɋ.  

Ɋɚɫɯɨɞ ɜɨɞɵ GW= 15741 ɥ/ɱ =4,4 ɥ/ɫ. 

ɉɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɨɯɥɚɞɢɬɟɥɟ ∆ ʝܲ= 17,7 ɤɉɚ. 

Ɍɪɭɛɵ ɯɨɥɨɞɨɫɧɚɛɠɟɧɢɹ ɩɪɢɦɟɦ ɩɨɥɢɩɪɨɩɢɥɟɧɨɜɵɟ ɞɥɹ ɯɨɥɨɞɧɨɣ ɜɨɞɵ 

PPRSPN10. Ɉɪɢɟɧɬɢɪɨɜɨɱɧɨ ɫɤɨɪɨɫɬɶ ɜ ɬɪɭɛɚɯ ɩɪɢɦɟɦ 1,22 ɦ/ɫ. ɉɨɥɶɡɭɹɫɶ 

ɧɨɦɨɝɪɚɦɦɨɣ [18] ɩɪɢ ɪɚɫɯɨɞɟ 4,4 ɥ/ɫ ɞɢɚɦɟɬɪ ɬɪɭɛɵ Ø90ɯ8,2. ɍɞɟɥɶɧɵɟ 

ɩɨɬɟɪɢ R=11ɦɦ/ɦ. 

ɇɨɦɢɧɚɥɶɧɵɣ ɞɢɚɦɟɬɪ DN (ɞɢɚɦɟɬɪ ɭɫɥɨɜɧɨɝɨ ɩɪɨɯɨɞɚ) ɡɚɩɨɪɧɨɣ 

ɚɪɦɚɬɭɪɵ ɢ ɮɢɥɶɬɪɚ ɩɪɢɦɟɦ ɩɨ ɭɫɥɨɜɧɨɦɭ ɞɢɚɦɟɬɪɭ ɬɪɭɛ ܦʢ͸ͷ. 

 

 

1 – ɜɨɡɞɭɯɨɨɯɥɚɞɢɬɟɥɶ; 2 – ɮɢɥɶɬɪ; 3 – ɪɟɝɭɥɢɪɭɸɳɢɣ ɤɥɚɩɚɧ ɬɪɟɯɯɨɞɨɜɨɣ; 4 – 

ɡɚɩɨɪɧɚɹ ɚɪɦɚɬɭɪɚ; 5 – ɜɨɡɞɭɲɧɢɤ: 6 – ɞɪɟɧɚɠ; 7 – ɛɚɥɚɧɫɢɪɨɜɨɱɧɵɣ ɤɥɚɩɚɧ; 8 – ɞɨɜɨɞɱɢɤ  

Ɋɢɫɭɧɨɤ 20 –ɋɯɟɦɚ ɭɡɥɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɜɨɡɞɭɯɨɨɯɥɚɞɢɬɟɥɹ (ɍɊ-3): 

 

 

ɉɪɨɢɡɜɟɞɟɦ ɪɚɫɱɟɬ ɢ ɩɨɞɛɨɪ ɪɟɝɭɥɢɪɭɸɳɟɝɨ ɤɥɚɩɚɧɚ ɩɨ ɤɚɬɚɥɨɝɭ 

ɮɢɪɦɵ Danfoss. 

Ɋɚɫɫɱɢɬɵɜɚɟɦ ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɪɟɝɭɥɢɪɭɸɳɟɝɨ ɤɥɚɩɚɧɚ ɩɨ 

ɮɨɪɦɭɥɟ 
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݇𝑣௦ = ସ,ସ√଴,ହ = ͸,ʹ ɦ3/ɱ.          (57) 

ɉɨɞɛɢɪɚɟɦ ɪɟɝɭɥɢɪɭɸɳɢɣ ɤɥɚɩɚɧ TRV-3 Dy=65; ݇𝑣௦=63 ɦ3/ɱ. Ⱦɥɹ 

ɭɩɪɚɜɥɟɧɢɟɦ ɤɥɚɩɚɧɨɦ, ɩɪɨɢɡɜɨɞɢɬɟɥɶ ɩɪɟɞɥɚɝɚɟɬ ɷɥɟɤɬɪɨɩɪɢɜɨɞɵ DN.RU, 

ɧɚɩɪɹɠɟɧɢɟ 220v. ɋɤɨɪɨɫɬɶ ɩɟɪɟɦɟɳɟɧɢɹ ɲɬɨɤɚ ɩɪɢɜɨɞɚ 3 ɫ ɧɚ 1ɦɦ. 

ɉɪɨɜɟɞɟɦ ɩɪɨɜɟɪɤɭ ɤɥɚɩɚɧɚ ɧɚ ɤɚɜɢɬɚɰɢɸ ɢ ɲɭɦ. 𝑣ˍˎ = ͵ͷͶ · ସ,ସ଺ହమ = Ͳ,͵͹ ɦ/ɫ < 3,5 ɦ/ɫ – ɜɟɪɧɨ.  

 

Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɡɚɩɨɪɧɨ-ɪɟɝɭɥɢɪɭɸɳɟɣ ɚɪɦɚɬɭɪɵ 

Ɍɚɛɥɢɰɚ19 

ɉɨɡɢɰɢɹ  ɍɡɟɥ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 3(ɍɊ-3) ɤ ɨɯɥɚɞɢɬɟɥɸ ɐɄ 

1 

Fɀȼ=1,59ɦ2, DN65, G=11740ɦ3/ɱ, tɧ=26oC, tɤ=14oC, ܳ ʤ=91,8ɤȼɬ, 

ɏɋ11-ɏɋ21=7-13oC, 

Gȼ=15741 ɥ/ɱ, ∆Ɋ=78,3ɤɉɚ 

2 
Ɏɢɥɶɬɪ ɫɟɬɱɚɬɵɣ FVF, DN65,ܭ௏ௌ = ͷ͹ ɦ3/ɱ, 

Ɋmax=16ɛɚɪ,Tmax=130oC 

3 

Ʉɥɚɩɚɧ ɪɟɝɭɥɢɪɭɸɳɢɣ ɫɢɞɟɥɶɧɵɣTRV-3DN65, ܭ௏ௌ = ͸ͷ ɦ3/ɱ,  

Ɋmax=25 ɛɚɪ,Tmax=200oC. 

ɗɥɟɤɬɪɨɩɪɢɜɨɞ DN.RU 220ȼ.  

ɋɤɨɪɨɫɬɶ ɩɟɪɟɦɟɳɟɧɢɹ ɲɬɨɤɚ ɩɪɢɜɨɞɚ 3 ɧɚ 1ɦɦ. 

4 
ɄɪɚɧɲɚɪɨɜɨɣBVRDN65,ܭ௏ௌ = Ͷ͹͸ ɦ3/ɱ, Ɋmax=40 ɛɚɪ, 

Tmax=180oC 

5 
Ʉɪɚɧɲɚɪɨɜɨɣ (ɜɨɡɞɭɲɧɢɤ) BVR, DN32, ܭ௏ௌ = ͳͷ ɦ3/ɱ, 

Ɋmax=40ɛɚɪ, Tmax=110oC 

6 
Ʉɪɚɧɲɚɪɨɜɨɣɫɩɭɫɤɧɨɣ 

BVR-CDN65,ܭ௏ௌ = Ͷ͹Ͳ ɦ3/ɱ, Ɋmax=10ɛɚɪ, Tmax=90oC 
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44. 12 Ƚɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɫɢɫɬɟɦ ɰɟɧɬɪɚɥɶɧɨɝɨ 

ɤɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɹ 

 

ȼ ɩɪɨɟɤɬɟ ɫɥɟɞɭɟɬ ɪɚɡɪɚɛɨɬɚɬɶ ɞɜɟ ɫɢɫɬɟɦɵ ɯɨɥɨɞɨɫɧɚɛɠɟɧɢɹ. ɋɢɫɬɟɦɚ 

ɩɟɪɟɞɚɱɢ ɯɨɥɨɞɚ ɏɋ1-ɏɋ2 ɨɬ ɱɢɥɥɟɪɚ ɞɨ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ, ɫɢɫɬɟɦɚ ɏɋ11-

ɏɋ21 ɨɬ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ ɞɨ ɨɯɥɚɞɢɬɟɥɹ ɰɟɧɬɪɚɥɶɧɨɝɨ ɤɨɧɞɢɰɢɨɧɟɪɚ (ɜɬɨɪɨɣ 

ɤɨɧɬɭɪ). 

ɋɢɫɬɟɦɚ ɏɋ1-ɏɋ2 ɡɚɩɨɥɧɟɧɵ 55% ɪɚɫɬɜɨɪɨɦ ɩɪɨɩɢɥɟɧ ɝɥɢɤɨɥɹ ɫ 

ɬɟɦɩɟɪɚɬɭɪɨɣ 6-11ɨɋ, ɬɪɭɛɵ ɫɬɚɥɶɧɵɟ ɷɥɟɤɬɪɨɫɜɚɪɧɵɟ (ɩɟɪɜɵɣ ɤɨɧɬɭɪ). 

ɋɢɫɬɟɦɚ ɏɋ11-ɏɋ21 ɡɚɩɨɥɧɟɧɚ ɜɨɞɨɣ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ 8-13ɨɋ, ɬɪɭɛɵ ɢɡ 

ɩɨɥɢɩɪɨɩɢɥɟɧɚ PN10 (ɜɬɨɪɨɣ ɤɨɧɬɭɪ). 

 

 

Ƚɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɚɫɱɟɬ 

Ɍɚɛɥɢɰɚ 20 

№ 

ɭɱ-

ɤɚ 

G, 

ɤɝ/ɱ 

L, 

ɦ 

v, 

ɦ/ɫ 

D, 

 ɦɦ 

R,  

ɉɚ/ɦ 

R·l,  

ɉɚ 

∑

ξ 
Z* Rl+Z 

ΔH,  

ɉɚ 

Δɇ, 

ɛɚɪ 

Ʉɚɥɨɪɢɮɟɪ 1-ɝɨ ɩɨɞɨɝɪɟɜɚ  

 7375 41 0,914 50 220 9020 - 
315

7 
12177 12177  

ΔPɎ         6000 18177  

ΔPɄɅ         2700 20877 0,2 

ΔPɄɅȻ=8-7-0,2=0,8 ɛɚɪ 

Ʉɚɥɨɪɢɮɟɪ 2-ɝɨ ɩɨɞɨɝɪɟɜɚ 

 1474 43 0,69 25 300 
1290

0 
- 

451

5 
17415 17415  

ΔPɎ         100 17515  

ΔPɄɅ         7600 31115 0,31 
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ΔPɄɅȻ=8-7-0,31=0,69 ɛɚɪ 

ɏɋ11-ɏɋ21 (ɨɬ ɌɈ ɤ ɨɯɥɚɞɢɬɟɥɸ) 

 15741 20,5 0,852 65 110 2255 - 790 3045 3045  

ΔPɎ         20000 23045  

ΔPɌɈ         29571 52616  

ΔPɈɏ

Ʌ 
        17700 70316 0,7 

ɉɪɢɦɟɱɚɧɢɟ: 

*-ɩɨɬɟɪɢ ɧɚ ɦɟɫɬɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɪɚɫcɱɢɬɵɜɚɟɦ ɱɟɪɟɡ ɞɨɥɢ ɩɨɬɟɪɶ ɩɨ 

ɬɚɛɥɢɰɟ II .21 [7] 

 

ɉɨɞɛɢɪɚɟɦ ɛɚɥɚɧɫɢɪɨɜɨɱɧɵɟ ɤɥɚɩɚɧɵ: 

 Ʉɚɥɨɪɢɮɟɪ 1-ɝɨ ɩɨɞɨɝɪɟɜɚ 

ɉɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɤɥɚɩɚɧɚ ɪɚɜɧɚ ݇𝑣௦ = ଻,଺√଴,଼ = ͺ,ͷ ɦ3/ɱ 

ɉɨɞɛɢɪɚɟɦ ɛɚɥɚɧɫɢɪɨɜɨɱɧɵɣ ɤɥɚɩɚɧ USVDy =40; ݇𝑣௦= 10 ɦ3/ɱ ɢ 

ɧɚɫɬɪɚɢɜɚɟɦ ɟɝɨ ɧɚ ɞɚɜɥɟɧɢɟ 0,8 ɛɚɪ. 

 Ʉɚɥɨɪɢɮɟɪ 2-ɝɨ ɩɨɞɨɝɪɟɜɚ 

ɉɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɤɥɚɩɚɧɚ ɪɚɜɧɚ ݇𝑣௦ = ଵ,ହଷ√଴,଺ଽ = ͳ,ͺ ɦ3/ɱ 

ɉɨɞɛɢɪɚɟɦ ɛɚɥɚɧɫɢɪɨɜɨɱɧɵɣ ɤɥɚɩɚɧ USVDy=20; ݇𝑣௦= 2,5ɦ3/ɱɢ 

ɧɚɫɬɪɚɢɜɚɟɦ ɟɝɨ ɧɚ ɞɚɜɥɟɧɢɟ 0,69 ɛɚɪ. 

ɉɪɨɢɡɜɟɞɟɦ ɩɨɞɛɨɪ ɰɢɪɤɭɥɹɰɢɨɧɧɨɝɨ ɧɚɫɨɫɚ ɞɥɹ ɜɬɨɪɨɝɨ ɤɨɧɬɭɪɚ.  

ɐɢɪɤɭɥɹɰɢɨɧɧɵɣ ɧɚɫɨɫ ɜɬɨɪɨɝɨ ɤɨɧɬɭɪɚ ɞɨɥɠɟɧ ɨɛɟɫɩɟɱɢɬɶ 

ɰɢɪɤɭɥɹɰɢɸ ɪɚɫɱɟɬɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɯɨɥɨɞɨɧɨɫɢɬɟɥɹ ɜ ɫɢɫɬɟɦɟ ɏɋ11-ɏɋ21 ɫ 

ɭɱɟɬɨɦ ɩɨɬɟɪɶ ɞɚɜɥɟɧɢɹ ɜ ɫɢɫɬɟɦɟ. 

Ⱦɚɜɥɟɧɢɟ, ɫɨɡɞɚɜɚɟɦɨɟ ɧɚɫɨɫɨɦ, ɞɨɥɠɧɨ ɛɵɬɶ ɪɚɜɧɨ, ɦ.ɜ.ɫɬ. 

ΔPɧ=1,1·(17,7+29,6)=47,3 ɤɉɚ=4,8 ɦ. ɜ. ɫɬ.     
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Ɋɚɫɯɨɞ ɧɚɫɨɫɚ ɪɚɜɟɧ, ɦ3/ɱ ܩʜ = ͳ,ͳܩʤʠ = ͳ,ͳ · ͳͷ͹Ͷͳ = ͳ͹͵ͳͷ ɤɝ/ɱ=17,3 ɦ3/ɱ. 

ɉɪɢɦɟɦ ɤ ɭɫɬɚɧɨɜɤɟ ɧɚɫɨɫ MAGNA3 40-120 F. ɉɨɞɛɨɪ ɩɪɨɢɡɜɟɞɟɧ ɩɨ 

ɩɪɨɝɪɚɦɦɟ Grundfos Product Center. 

 

 

Ɋɢɫɭɧɨɤ 21 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɧɚɫɨɫɚMAGNA3 40-120 F 

 

 

 

45.  

  

http://product-selection.grundfos.com/#/%D0%91%D1%8B%D1%81%D1%82%D1%80%D1%8B%D0%B9%20%D0%BF%D0%BE%D0%B4%D0%B1%D0%BE%D1%80?qcid=19568857
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ɁȺɄɅɘЧȿɇɂȿ 

ȼ ɯɨɞɟ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ ɞɨɫɬɢɝɧɭɬɚ ɝɥɚɜɧɚɹ ɰɟɥɶ – ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ 

ɫɢɫɬɟɦɵ ɤɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɹ ɢ ɯɨɥɨɞɨɫɧɚɛɠɟɧɢɹ ɡɞɚɧɢɹ. 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɰɟɥɢ ɛɵɥɢ ɪɟɲɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

- ɪɚɫɫɱɢɬɚɧɨ ɩɚɪɚɦɟɬɪɵ ɩɪɢɬɨɱɧɨɝɨ ɢ ɭɞɚɥɹɟɦɨɝɨ ɜɨɡɞɭɯɚ; 

- ɪɚɡɪɚɛɨɬɚɧɚ ɫɯɟɦɚ ɜɨɡɞɭɯɨɨɛɦɟɧɚ ɩɨɦɟɳɟɧɢɣ; 

- ɩɨɞɨɛɪɚɧɨ ɧɟɨɛɯɨɞɢɦɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ. 

ȼ ɪɚɡɞɟɥɟ ɩɪɢɥɨɠɟɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧɨ ɨɩɢɫɚɧɢɟ ɬɟɯɧɢɱɟɫɤɨɝɨ 

ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɫɢɫɬɟɦ, ɚ ɬɚɤɠɟ ɭɤɚɡɚɧɵ ɪɚɛɨɱɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɯɨɥɨɞɢɥɶɧɵɯ ɭɫɬɚɧɨɜɨɤ. 
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46. ɋɉɂɋɈɄ ɂɋɉɈɅɖɁɍȿɆɕɏ ɂɋɌɈЧɇɂɄɈȼ 

 

1. ɋɉ 60.13330.2012 Ɉɬɨɩɥɟɧɢɟ, ɜɟɧɬɢɥɹɰɢɹ ɢ ɤɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɟ 

ɜɨɡɞɭɯɚ. Ⱥɤɬɭɚɥɢɡɢɪɨɜɚɧɧɚɹ ɪɟɞɚɤɰɢɹ ɋɇɢɉ 41-01-2003. ȼɜɟɞ.01.01.2013. - 

Ɇɨɫɤɜɚ: Ɇɢɧɪɟɝɢɨɧ Ɋɨɫɫɢɢ, 2012. – 76ɫ. 

2. ɋɉ 131.13330.2018 ɋɬɪɨɢɬɟɥɶɧɚɹ ɤɥɢɦɚɬɨɥɨɝɢɹ. Ⱥɤɬɭɚɥɢɡɢɪɨɜɚɧɧɚɹ 

ɪɟɞɚɤɰɢɹ ɋɇɢɉ 23-01-99*. ȼɜɟɞ.01.01.2013. - Ɇɨɫɤɜɚ: Ɇɢɧɪɟɝɢɨɧ Ɋɨɫɫɢɢ, 

2012. – 108 ɫ. 

3. ȽɈɋɌ 30494-2011 Ɂɞɚɧɢɹ ɠɢɥɵɟ ɢ ɨɛɳɟɫɬɜɟɧɧɵɟ. ɉɚɪɚɦɟɬɪɵ 

ɦɢɤɪɨɤɥɢɦɚɬɚ ɜ ɩɨɦɟɳɟɧɢɹɯ. Ⱦɨɤɢɩɟɞɢɹ: ȽɈɋɌ 30494-2011 Ɂɞɚɧɢɹ ɠɢɥɵɟ ɢ 

ɨɛɳɟɫɬɜɟɧɧɵɟ. ɉɚɪɚɦɟɬɪɵ ɦɢɤɪɨɤɥɢɦɚɬɚ ɜ ɩɨɦɟɳɟɧɢɹɯ. - ȼɡɚɦɟɧ ȽɈɋɌ 

30494-96; ɜɜɟɞ. 01.01.2013. - Ɇɨɫɤɜɚ: ɆɇɌɄɋ,2013. – 20 ɫ. 

4. ɋɚɧɉɢɇ 2.2.1/2.1.1.1278-03 "Ƚɢɝɢɟɧɢɱɟɫɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ 

ɟɫɬɟɫɬɜɟɧɧɨɦɭ, ɢɫɤɭɫɫɬɜɟɧɧɨɦɭ ɢ ɫɨɜɦɟɳɟɧɧɨɦɭ ɨɫɜɟɳɟɧɢɸ ɠɢɥɵɯ ɢ 

ɨɛɳɟɫɬɜɟɧɧɵɯ ɡɞɚɧɢɣ" (ɫ ɢɡɦɟɧɟɧɢɹɦɢ ɧɚ 15 ɦɚɪɬɚ 2010 ɝɨɞɚ). – ɜɜɟɞ. 

15.06.2003. – Ɇɨɫɤɜɚ:ȽȽɋȼ ɊɎ, 2010. – 26 ɫ. 

5. Ɍɢɬɨɜ, ȼ. ɉ.Ʉɭɪɫɨɜɨɟ ɢ ɞɢɩɥɨɦɧɨɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɩɨ ɜɟɧɬɢɥɹɰɢɢ 

ɝɪɚɠɞɚɧɫɤɢɯ ɢ ɩɪɨɦɵɲɥɟɧɧɵɯ ɡɞɚɧɢɣ: ɭɱɟɛ. ɩɨɫɨɛɢɟ ɞɥɹ ɜɭɡɨɜ / ȼ. ɉ. Ɍɢɬɨɜ, 

ɗ. ȼ. ɋɚɡɨɧɨɜ ɢ ɞɪ. – Ɇ: ɋɬɪɨɣɢɡɞɚɬ, 1985. – 208 ɫ. 

6. ɉɨɫɨɛɢɟ 2.91 ɤ ɋɇɢɉ 2.04.05-91Ɋɚɫɱɟɬ ɩɨɫɬɭɩɥɟɧɢɹ ɬɟɩɥɨɬɵ 

ɫɨɥɧɟɱɧɨɣ ɪɚɞɢɚɰɢɢ ɜ ɩɨɦɟɳɟɧɢɹ.-ɜɜɟɞ.  01.01.1993.- Ɇɨɫɤɜɚ: 

ɉɪɨɦɫɬɪɨɣɩɪɨɟɤɬ, 1993. – 34ɫ. 

7. ɋɩɪɚɜɨɱɧɢɤ ɩɪɨɟɤɬɢɪɨɜɳɢɤɚ. ȼɧɭɬɪɟɧɧɢɟ ɫɚɧɢɬɚɪɧɨ-ɬɟɯɧɢɱɟɫɤɢɟ 

ɭɫɬɪɨɣɫɬɜɚ. ɑ.3. ȼɟɧɬɢɥɹɰɢɹ ɢ ɤɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɟ ɜɨɡɞɭɯɚ. Ʉɧ.2. / ɉɨɞ ɪɟɞ. 

ɇ.ɇ.ɉɚɜɥɨɜɚ ɢ ɘ.ɂ.ɒɢɥɥɟɪɚ. – Ɇ: ɋɬɪɨɣɢɡɞɚɬ, 1992. – 416 ɫ. 

8. Ȼɟɥɨɜɚ, ȿ. Ɇ. ɐɟɧɬɪɚɥɶɧɵɟ ɫɢɫɬɟɦɵ ɤɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɹ ɜɨɡɞɭɯɚ ɜ 

ɡɞɚɧɢɹɯ / ȿ. Ɇ. Ȼɟɥɨɜɚ. – Ɇ: ȿɜɪɨɤɥɢɦɚɬ, 2006. – 640 ɫ. 
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9. Ɉɬɨɩɥɟɧɢɟ ɢ ɜɟɧɬɢɥɹɰɢɹ. ɍɱɟɛɧɢɤ ɞɥɹ ɜɭɡɨɜ. ɜ 2-ɯ ɱ. ɑ. 2. ȼɟɧɬɢɥɹɰɢɹ. 

ȼ. ɇ. Ȼɨɝɨɫɥɨɜɫɤɢɣ, ȼ. ɂ. ɇɨɜɨɠɢɥɨɜ, Ȼ. Ⱦ. ɋɢɦɚɤɨɜ, ȼ. ɉ. Ɍɢɬɨɜ. ɉɨɞ ɨɛɳ. 

ɪɟɞ. ȼ. ɇ. Ȼɨɝɨɫɥɨɜɫɤɨɝɨ. - Ɇɨɫɤɜɚ: ɋɬɪɨɣɢɡɞɚɬ, 1976. – 439 ɫ. 

10. ɉɨɫɨɛɢɟ 2.91 ɤ ɋɇɢɉ 2.04.05-91Ɋɚɫɱɟɬ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɪɢɬɨɱɧɨɝɨ 

ɜɨɡɞɭɯɚ.-ɜɜɟɞ.  01.01.1993.- Ɇɨɫɤɜɚ: ɉɪɨɦɫɬɪɨɣɩɪɨɟɤɬ, 1993. – 48ɫ. 

11. ȼɨɡɞɭɯɨɪɚɫɩɪɟɞɟɥɢɬɟɥɢ ɤɨɦɩɚɧɢɢ "Ⱥɪɤɬɨɫ". ɍɤɚɡɚɧɢɹ ɤ ɪɚɫɱɟɬɭ ɢ 

ɩɪɚɤɬɢɱɟɫɤɨɦɭ ɩɪɢɦɟɧɟɧɢɸ / Ɇɨɫɤɜɚ: Ⱥɪɤɬɨɫ, 2008. – 218 ɫ. 

12. ȼ. ɂ. ɉɚɧɮɢɥɨɜ, ȼ. Ʉ. ɒɦɢɞɬ. Ʉɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɟ ɜɨɡɞɭɯɚ ɢ 

ɯɨɥɨɞɨɫɧɚɛɠɟɧɢɟ [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]- ɭɱɟɛ.-ɦɟɬɨɞ. ɩɨɫɨɛɢɟ ɩɨ 

ɜɵɩɨɥɧɟɧɢɸ ɤɭɪɫɨɜɨɝɨ ɩɪɨɟɤɬɚ. - Ʉɪɚɫɧɨɹɪɫɤ: ɋɢɛ. ɮɟɞɟɪ. ɭɧ-ɬ. 2019. – 121 ɫ. 

13. ɋɉ 118.13330.2012* Ɉɛɳɟɫɬɜɟɧɧɵɟ ɡɞɚɧɢɹ ɢ ɫɨɨɪɭɠɟɧɢɹ. Ⱥɤɬɭɚ-

ɥɢɡɢɪɨɜɚɧɧɚɹ ɪɟɞɚɤɰɢɹ ɋɇɢɉ 31-06-2009 (ɫ ɂɡɦɟɧɟɧɢɹɦɢ N 1, 2). -

ȼɜɟɞ.09.01.2014. - Ɇɨɫɤɜɚ: Ɇɢɧɪɟɝɢɨɧ Ɋɨɫɫɢɢ, 2014. – 71 ɫ. 

14. ɋɧɢɩII -12-77 «Ɂɚɳɢɬɚ ɨɬ ɲɭɦɚ» Ƚɨɫɫɬɪɨɣ ɋɋɋɊ, 1977. – 133 ɫ. 

15. ȽɈɋɌ 21.602-2016 ɋɢɫɬɟɦɚ ɩɪɨɟɤɬɧɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ ɞɥɹ 

ɫɬɪɨɢɬɟɥɶɫɬɜɚ (ɋɉȾɋ). ɉɪɚɜɢɥɚ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɱɟɣ ɞɨɤɭɦɟɧɬɚɰɢɢ ɫɢɫɬɟɦ 

ɨɬɨɩɥɟɧɢɹ, ɜɟɧɬɢɥɹɰɢɢ ɢ ɤɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɹ; ɜɜɟɞ. 01.07.2017. – Ɇɨɫɤɜɚ: 

ɋɬɚɧɞɚɪɬɢɧɮɨɪɦ, 2017. – 31 ɫ. 

16. Ⱥ3-804 Ɋɭɤɨɜɨɞɫɬɜɨ ɩɨ ɪɚɫɱɟɬɭ ɜɨɡɞɭɯɨɜɨɞɨɜ ɢɡ ɭɧɢɮɢɰɢɪɨɜɚɧɧɵɯ 

ɞɟɬɚɥɟɣ. - Ɇɨɫɤɜɚ: Ƚɉɂ ɉɪɨɟɤɬɩɪɨɦɜɟɧɬɢɥɹɰɢɹ, 179. – 206 ɫ. 

17. Ȼɨɝɨɫɥɨɜɫɤɢɣ, ȼ. ɇ.Ʉɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɟ ɜɨɡɞɭɯɚ ɢ 

ɯɨɥɨɞɨɫɧɚɛɠɟɧɢɟ: ɭɱɟɛɧɢɤ ɞɥɹ ɜɭɡɨɜ / ȼ. ɇ. Ȼɨɝɨɫɥɨɜɫɤɢɣ, Ɉ. ə. Ʉɨɤɨɪɢɧ, 

Ʌ.ȼ. ɉɟɬɪɨɜ; ɩɨɞ ɪɟɞ.ȼ. ɇ. Ȼɨɝɨɫɥɨɜɫɤɨɝɨ. – Ɇ.: ɋɬɪɨɣɢɡɞɚɬ, 1985. – 367 ɫ 

18. ɋɉ 40-101-96. ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɢ ɦɨɧɬɚɠ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɢɡ 

ɩɨɥɢɩɪɨɩɢɥɟɧɚ Ɋɚɧɞɨɦ ɫɨɩɨɥɢɦɟɪ.-ɜɜɟɞ. 04.09.1996.- Ɇɨɫɤɜɚ: Ƚɍɉ ɐɉɉ, 

1997 – 33 ɫ. 

19. ɋɌɈ 4.2-07-2014 ɋɢɫɬɟɦɚ ɦɟɧɟɞɠɦɟɧɬɚ ɤɚɱɟɫɬɜɚ. Ɉɛɳɢɟ 

ɬɪɟɛɨɜɚɧɢɹ ɤ ɩɨɫɬɪɨɟɧɢɸ, ɢɡɥɨɠɟɧɢɸ ɢ ɨɮɨɪɦɥɟɧɢɸ ɞɨɤɭɦɟɧɬɨɜ ɭɱɟɛɧɨɣ 

ɞɟɹɬɟɥɶɧɨɫɬɢ.-ȼɜɟɞ.22.12.2014.- Ʉɪɚɫɧɨɹɪɫɤ: ɂɉɄ ɋɎɍ, 2014. – 60 ɫ. 



ɉɊɂɅɈɀȿɇɂȿ Ⱥ 

Ɍɟɯɧɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɧɚ ɩɪɢɬɨɱɧɭɸ ɭɫɬɚɧɨɜɤɭ ɨɬ ɩɪɨɢɡɜɨɞɢɬɟɥɹ 

Ɍɟɯɧɢɱɟɫɤɢɟ ɞаɧɧɵɟ  
 
 Ɍɢɩɨɪаɡɦɟɪ PR 160 Кɨɪɩɭɫ 
 Ɋаɫɯɨɞ ɩɪɢɬɨɱ. ɜɨɡɞ. 11760 m?/h Ɍɨɥɳɢɧа ɦɟɬ. ɥɢɫɬа 1.0 ɦɦ ɧɚɪ. / 0.8 ɦɦ 
ɜɧ. 
 3.27 m?/s ȼɧɭɬɪ. ɥɢɫɬ Ɉɰɢɧɤɨɜ. ɫɬɚɥɶ 
 Ɍɢɩ аɝɪɟɝаɬа ȼɧɭɬɪɟɧ. ɭɫɬɚɧɨɜɤɢ ɇаɪɭɠ. ɥɢɫɬ ɋ ɷɦɚɥɟɜɵɦ 
ɩɨɤɪɵɬɢɟɦ 
 ȼɵɫɨɬа ɧаɞ ɭɪ.ɦ. 0 m Кɪɟɩɟɠ Ɉɰɢɧɤɨɜ. ɫɬɚɥɶ 
 Velocity in air tunnel 2.06 m/s Иɡɨɥɹɰɢɹ Ɇɢɧɟɪɚɥ. ɜɚɬɚ (35 
ɤɝ/ɦ?) 
 / 50 ɦɦ 
 

 Energy Efficiency Class : D  
 
 Кɥаɫɫɢɮɢɤаɰɢɹ ɩɨ EN 1886 
 ɉɪɨɱɧɨɫɬɶ ɤɨɪɩɭɫа : ɤɥаɫɫ 2A - D1 (PR & TR) Ɍɟɩɥɨɢɡɨɥɹɰɢɹ : ɤɥаɫɫ T2(PR) / T4(TR) 
 Ƚɟɪɦɟɬɢɱ. Кɨɪɩɭɫа : ɤɥаɫɫ B/B - L2/L2 (PR & TR) Ɍɟɩɥɨɜɵɟ ɦɨɫɬɢɤɢ : ɤɥаɫɫ TB2(PR) / 
TB3(TR) 
 ɍɬɟɱɤɢ ɧа ɮɢɥɶɬɪɟ : ɤɥаɫɫ F9 (PR & TR) ɋɟɪɬɢɮɢɤаɬ EUROVENT № 
04.12.068(PR) / 07.01.337(TR) 
 
 

 
 
 ȼɢɞ ɫɛɨɤɭ 
 
 
 
 Ⱥɝɪɟɝɚɬ ɜ ɤɨɦɩɥɟɤɬɟ ɫ Ɉɩɨɪɧ. ɪɚɦɚ ɜɵɫ.150 ɦɦ (ɨɰɢɧɤɨɜ. ɫɬɚɥɶ) 
 
 Ɍɨɪɝɨɜая ɰɟɧа: 24611 Euro 
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 Ɍɪаɧɫɩɨɪɬ. ɋɟɤɰɢя 1 Ⱦɥɢɧа: 1322 mm   ȼɟɫ: 321 kg 
 (1)  ɋɟɤɰɢя ɫɦɟɲɟɧɢя 
 ɇаɪɭɠɧɵɣ ɜɨɡɞɭɯ   ɇаɪɭɠ. ɤɥаɩаɧ ɧа ɩɨɥɧɭɸ ɮɪɨɧɬ. ɩаɧɟɥɶ   ɋɬаɧɞаɪɬ. 
 Ɇɚɤ. ɪɚɫɯ. ɜɨɡɞ. 11760 m?/h ɉɚɞɟɧɢɟ ɞɚɜɥɟɧɢɹ 7 Pa Ʉɪɭɬ. 
ɦɨɦɟɧɬ 11.9 Nm 
 3.27 m?/s 
 
 (2)  Ɏɢɥɶɬɪ ɫ Ⱦɜɟɪɰа 
 Хаɪаɤɬɟɪɢɫɬɢɤɢ ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ Ɋаɡɦɟɪ ɢ ɤɨɥ-ɜɨ 
 Ɍɢɩ ɋɢɧɬɟɬɢɱ. ɩɥɨɫɤɢɣ Ɋɚɫɯɨɞ ɜɨɡɞɭɯɚ         
11760 m?/h 592 x 592 4 
 Ʉɥɚɫɫ G4 3.267 m?/s 
 ɉɥɨɳɚɞɶ ɩɨɜɟɪɯ. 1.486 m? Ʉɨɧɟɱ. 
ɞɚɜɥɟɧɢɟ 150 Pa 
 Ɋɚɫɱɟɬ. 
ɞɚɜɥɟɧɢɟ 96 Pa 
 
 (3)  Пɭɫɬая ɫɟɤɰɢя 100mm 
 
 (4)  Ɏɢɥɶɬɪ ɫ Ⱦɜɟɪɰа 
 Хаɪаɤɬɟɪɢɫɬɢɤɢ ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ Ɋаɡɦɟɪ ɢ ɤɨɥ-ɜɨ 
 Ɍɢɩ Ʉɚɪɦɚɧɧɵɣ ɮ. Ɋɚɫɯɨɞ ɜɨɡɞɭɯɚ 11760 m?/h 592 x 592 4 
 Ʉɥɚɫɫ F5 3.267 m?/s 
 ɉɥɨɳɚɞɶ ɩɨɜɟɪɯ. 1.486 m? Ʉɨɧɟɱ. 
ɞɚɜɥɟɧɢɟ 200 Pa 
 Ɋɚɫɱɟɬ. 
ɞɚɜɥɟɧɢɟ 124 Pa 
 
 (5)  Вɨɡɞɭɯɨɧаɝɪɟɜаɬɟɥɶ 
 Хаɪаɤɬɟɪɢɫɬɢɤɢ ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ Эɧɟɪɝɨɧɨɫɢɬɟɥɶ 
 Ɍɢɩ Ɍɟɩɥɨɨɛɦɟɧɧɢɤ Ɋɚɫɯɨɞ ɜɨɡɞɭɯɚ          
11780 m?/h Ɍɢɩ ȼɨɞɚ 
 Ɇɚɬɟɪɢɚɥ Cu/Al 3.267 m?/s Ƚɥɢɤɨɥɶ 0 % 
 Ɏɪɨɧɬ. ɫɤɨɪɨɫɬɶ 2.6 m/s ȼɯɨɞ. ɜɨɡɞɭɯ -39/74 °C/%r.H. t 
ɜɯɨɞ./ɜɵɯɨɞ.   150/70 °C 
 ɉɥɨɳɚɞɶ ɩɨɜɟɪɯɧ. 1.28 m? ȼɵɯɨɞ. 
ɜɨɡɞɭɯ 13.5/1 °C/%r.H. Ɋɚɫɯɨɞ 7375 l/h 
 Ɋɹɞɵ/ɯɨɞɵ 4/48 Ʉɨɷɮ. 
ɛɟɡɨɩɚɫɧ. 86 % ɋɤɨɪɨɫɬɶ 0.7 m/s 
 Ɋɚɫɫɬ. ɦ. ɪɟɛɪ. 2.5 mm ɉɨɥɧɚɹ ɩɪɨɢɡɜ. 208.6 kW ɉɨɬɟɪɹ ɧɚɩɨɪɚ 5.5 kPa 
 ɋɨɟɞɢɧɟɧɢɹ DN50 ɉɚɞɟɧɢɟ ɞɚɜɥ. 69 Pa Ɇɢɧ. ɬɟɦɩɟɪɚɬ. 0 °C 
 
 
 
 Ɍɪаɧɫɩɨɪɬ. ɋɟɤɰɢя 2 Ⱦɥɢɧа: 1622 mm   ȼɟɫ: 192 kg 
 (6)  ɍɜɥаɠɧɢɬɟɥɶ 
 ɍɜɥаɠɧɢɬɟɥɶ ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ Эɧɟɪɝɨɧɨɫɢɬɟɥɶ 
 Ɍɢɩ Ɉɪɨɫɢɬɟɥɶ Ɋɚɫɯɨɞ ɜɨɡɞɭɯɚ 11760 m?/h Ɍɢɩ ȼɨɞɚ 
 ɋɬɚɧɞɚɪɬ. 3.267 m?/s t ɜɯɨɞ./ɜɵɯɨɞ. 8 °C 
 ɗɮɮɟɤɬɢɜ. ȼɯɨɞ. ɜɨɡɞɭɯ 13.5/5 °C/%r.H. Ɋɚɫɯɨɞ
 4324 l/h 
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 Ɏɪɨɧɬ. ɫɤɨɪɨɫɬɶ 2.1 m/s ȼɵɯɨɞ. ɜɨɡɞɭɯ 8/42 °C/%r.H. Ɇɨɳɧɨɫɬɶ 
ɧɚɫɨɫɚ 0.55 kW 
 ɉɥɨɳɚɞɶ 
ɩɨɜɟɪɯɧ. 1.59 m? ɗɮɮɟɤɬɢɜɧɨɫɬɶ 55
 % 
 ɉɚɞɟɧɢɟ ɞɚɜɥ. 61 Pa 
 
 Ɍɪаɧɫɩɨɪɬ. ɋɟɤɰɢя 3 Ⱦɥɢɧа: 2422 mm   ȼɟɫ: 652 kg 
 
 (7)  Вɨɡɞɭɯɨɧаɝɪɟɜаɬɟɥɶ 
 Хаɪаɤɬɟɪɢɫɬɢɤɢ ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ Эɧɟɪɝɨɧɨɫɢɬɟɥɶ 
 Ɍɢɩ Ɍɟɩɥɨɨɛɦɟɧɧɢɤ Ɋɚɫɯɨɞ 
ɜɨɡɞɭɯɚ 11760 m?/h Ɍɢɩ ȼɨɞɚ 
 Ɇɚɬɟɪɢɚɥ Cu/Al 3.267 m?/s Ƚɥɢɤɨɥɶ 0 % 
 Ɏɪɨɧɬ. ɫɤɨɪɨɫɬɶ 2.6 m/s ȼɯɨɞ. ɜɨɡɞɭɯ 5.5/60 °C/%r.H. t 
ɜɯɨɞ./ɜɵɯɨɞ. 95/70 °C 
 ɉɥɨɳɚɞɶ ɩɨɜɟɪɯɧ. 1.28 m? ȼɵɯɨɞ. 
ɜɨɡɞɭɯ 16/30 °C/%r.H. Ɋɚɫɯɨɞ 1474 l/h 
 Ɋɹɞɵ/ɯɨɞɵ 1/7 Ʉɨɷɮ. 
ɛɟɡɨɩɚɫɧ. 120 % ɋɤɨɪɨɫɬɶ 0.9 m/s 
 Ɋɚɫɫɬ. ɦ. ɪɟɛɪ. 2.5 mm ɉɨɥɧɚɹ ɩɪɨɢɡɜ. 41.7 kW ɉɨɬɟɪɹ ɧɚɩɨɪɚ 15.2 kPa 
 ɋɨɟɞɢɧɟɧɢɹ DN25 ɉɚɞɟɧɢɟ ɞɚɜɥ. 16 Pa Ɇɢɧ. ɬɟɦɩɟɪɚɬ. 0 °C 
 (8)  Вɨɡɞɭɯɨɨɯɥаɞɢɬɟɥɶ 
 Хаɪаɤɬɟɪɢɫɬɢɤɢ ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ Эɧɟɪɝɨɧɨɫɢɬɟɥɶ 
 Ɍɢɩ Ɍɟɩɥɨɨɛɦɟɧɧɢɤ Ɋɚɫɯɨɞ 
ɜɨɡɞɭɯɚ 11760 m?/h Ɍɢɩ ȼɨɞɚ 
 Ɇɚɬɟɪɢɚɥ Cu/Al 3.267 m?/s Ƚɥɢɤɨɥɶ 0 % 
 Ɏɪɨɧɬ. ɫɤɨɪɨɫɬɶ 2.6 m/s ȼɯɨɞ. ɜɨɡɞɭɯ 26/55 °C/%r.H. t 
ɜɯɨɞ./ɜɵɯɨɞ. 7/12 °C 
 ɉɥɨɳɚɞɶ ɩɨɜɟɪɯɧ. 1.28 m? ȼɵɯɨɞ. 
ɜɨɡɞɭɯ 11/98 °C/%r.H. Ɋɚɫɯɨɞ 15741 l/h 
 Ɋɹɞɵ/ɯɨɞɵ 8/68 Ʉɨɷɮ. 
ɛɟɡɨɩɚɫɧ. 0 % ɋɤɨɪɨɫɬɶ 1 m/s 
 Ɋɚɫɫɬ. ɦ. ɪɟɛɪ. 2.5 mm ɉɨɥɧɚɹ ɩɪɨɢɡɜ. 91.8 kW ɉɨɬɟɪɹ ɧɚɩɨɪɚ 17.7 kPa 
 ɋɨɟɞɢɧɟɧɢɹ DN65 əɜɧɚɹ ɩɪɨɢɡɜ. 58.1 kW Ɇɢɧ. ɬɟɦɩɟɪɚɬ. 0 °C 
 Ʉɨɧɞɟɧɫɚɰɢɹ 53.6 l/h 
 ɉɚɞɟɧɢɟ ɞɚɜɥ. 257 Pa 
 
 (9)  Вɨɡɞɭɯɨɧаɝɪɟɜаɬɟɥɶ 
 Хаɪаɤɬɟɪɢɫɬɢɤɢ ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 
 Ɍɢɩ ɗɥ. ɤɚɥɨɪɢɮɟɪ Ɋɚɫɯɨɞ ɜɨɡɞɭɯɚ 11760 m?/h 
 Ɏɪɨɧɬ. ɫɤɨɪɨɫɬɶ 2.5 m/s 3.267 m?/s 
 ɉɥɨɳɚɞɶ ɩɨɜɟɪɯɧ. 1.33 m? ȼɯɨɞ. 
ɜɨɡɞɭɯ 10/90 °C/%r.H. 
 ɋɬɭɩɟɧɢ 2 ȼɵɯɨɞ. ɜɨɡɞɭɯ 16/60 °C/%r.H. 
 ɉɨɥɧɚɹ ɩɪɨɢɡɜ. 24 kW 
 ɉɚɞɟɧɢɟ ɞɚɜɥ. 35 Pa 
 Аɤɫɟɫɫɭаɪɵ - 1x Ɉɬɪɚɠɚɬɟɥɶ ɜɧɢɡ ɩɨ ɩɨɬɨɤɭ (ɨɰɢɧɤ. ɫɬɚɥɶ) 
 
 (10)  Пɪɢɬɨɱɧɵɣ ɜɟɧɬɢɥяɬɨɪ ɫ Ⱦɜɟɪɰа 
 ȼɟɧɬɢɥɹɬɨɪ Эɥɟɤɬɪɨɞɜɢɝаɬɟɥɶ ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 
 Ɍɢɩɨɪɚɡɦɟɪ ADH 400 L Rated Power 5.5 kW Ɋɚɫɯɨɞ ɜɨɡɞɭɯɚ 11760
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 m?/h 
 ɋɬɚɧɞɚɪɬ ɇɚɩɪɹɠɟɧɢɟ 400/690V-3ph-50Hz 3.267
 m?/s 
 Ʌɨɩɚɬɤɢ Ɂɚɝɧ. ɜɩɟɪɟɞ Ʉɥɚɫɫ ɡɚɳɢɬɵ IP55 ɋɬɚɧɞɚɪɬ ɉɚɞ. ɞɚɜɥ. ɜ ɚɝɪ.
 690.4 Pa 
 ȼɢɛɪɨɢɡɨɥɹɬɨɪɵ Ɋɟɡɢɧɨɜɵɟ Ɍɟɩɥɨɜɚɹ ɡɚɳɢɬɚ PTO ȼɧɟɲɧɟɟ 
ɞɚɜɥɟɧɢɟ 89.6 Pa 
 ɋɤɨɪɨɫɬɶ 1120 ɨɛ/ɦɢɧ Rated Speed 1455 ɨɛ/ɦɢɧ Ⱦɢɧɚɦ. 
ɞɚɜɥɟɧɢɟ 96 Pa 
 ɗɮɮɟɤɬɢɜɧɨɫɬɶ 63 % Rated Current 11.4 A Ɉɛɳɟɟ 
ɞɚɜɥɟɧɢɟ 876 Pa 
 Shaft power 4.55 kW ɉɨɬɪɟɛ. 
ɦɨɳɧɨɫɬɶ 6.35 kW 
 SFP4 1944 W/(m?/s) 
 
 ɍɪɨɜɟɧɶ ɲɭɦа 63 Hz 125 Hz 250 Hz 500 Hz 1 kHz 2 kHz 4 kHz 8 kHz ɉɨɥɧ. 
 Lw ɜɨɡɞɭɯɨɜ. ɜɜɟɪɯ ɩɨ ɩ. 82 dB 87 dB 82 dB 82 dB 81 dB 79 dB 77 dB 72 
dB 86 dB(A) 
 Lw ɜɨɡɞɭɯɨɜ. ɜɧɢɡ ɩɨ ɩ. 84 dB 89 dB 84 dB 83 dB 81 dB 79 dB 77 dB 72 
dB 87 dB(A) 
 Lw ɤɨɪɩɭɫɚ 66 dB 68 dB 57 dB 57 dB 52 dB 53 dB 45 dB 33 dB 60 dB(A) 
 Lp* 49 dB 51 dB 40 dB 40 dB 35 dB 36 dB 28 dB 16 dB 43 dB(A) 
 Lw ɇɚɪɭɠɧɵɣ ɜɨɡɞɭɯ 78.4 dB 81.8 dB 75.3 dB 73.8 dB 71.8 dB 69.5 dB 64.3 dB 58.8 
dB 77 dB(A) 
 Lw ɉɪɢɬɨɱɧɵɣ ɜɨɡɞɭɯ 78.9 dB 81.9 dB 72.9 dB 65.9 dB 58.9 dB 59.9 dB 59.9 dB 60.9 
dB 71 dB(A) 
 *ɍɪ. ɡɜ. ɞɚɜɥ.. ɪɚɫɫɱ. ɧɚ ɪɚɫɫɬ. 2ɦ ɜ ɭɫɥ. ɫɜ. ɩɪɨɫɬɪ. 
 
 Ɍɪаɧɫɩɨɪɬ. ɋɟɤɰɢя 4 Ⱦɥɢɧа: 1322 mm   ȼɟɫ: 244 kg 
 
 (11)  Дɢɮɮɭɡɨɪ 500mm 
 
 (12)  Шɭɦɨɝɥɭɲɢɬɟɥɶ 
 ɒɢɪɢɧɚ ɪɚɡɞɟɥɢɬ. 200 mm Ʉɨɥ-ɜɨ ɪɚɡɞɟɥɢɬ. 4 ɋɤ. 
ɜɨɡɞɭɯɚ 6 m/s 
 Ⱦɥɢɧɚ ɪɚɡɞɟɥɢɬ. 600 mm ɉɨɬɟɪɹ ɞɚɜɥ. 25 Pa 
 
 ɍɪɨɜɟɧɶ ɲɭɦа 63 Hz 125 Hz 250 Hz 500 Hz 1 kHz 2 kHz 4 kHz 8 kHz 
 Ɂɚɬɭɯɚɧɢɟ 5 7 11 17 22 19 17 11 
 
 (13)  Вɵɯɨɞ ɜɨɡɞɭɯа 
 ɉɪɢɬɨɱɧɵɣ ɜɨɡɞɭɯ   ɉɨɥɧɨɟ ɨɬɜɟɪɫɬɢɟ ɜɨ ɮɪɨɧɬ. ɩаɧɟɥɢ 
 Ɇɚɤ. ɪɚɫɯ. ɜɨɡɞ. 11760 m?/h 
 3.27 m?/s 
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47. ɉɊɂɅɈɀȿɇɂȿ Ȼ 

Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ SyscrollAir CO 105 S 
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48. ɉɊɂɅɈɀȿɇɂȿ ȼ 

 

Ƚɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ Syscroll CO 105 S 
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49. ɉɊɂɅɈɀȿɇɂȿ Ƚ 

 

Ɍɪɟɛɨɜɚɧɢɹ ɤ ɭɫɬɚɧɨɜɤɟ ɩɨ ɫɜɨɛɨɞɧɨɦɭ ɩɪɨɫɬɪɚɧɫɬɜɭ 
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50. ɉɊɂɅɈɀȿɇɂȿ Ⱦ 

 

Ɋɚɛɨɱɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɯɨɥɨɞɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ 
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