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Пɪɟɞɥɨɠɟɧɚ ɦɟɬɨɞикɚ и кɨɧɫɬɪɭкɰиɹ ɫɬɟɧɞɚ, ɩɨɡɜɨɥиɜɲиɟ ɩɪɨɜɟɫɬи ɬɟɩɥɨɝиɞɪɚɜɥиɱɟɫкиɟ 
иɫɩɵɬɚɧиɹ ɩɪɨɞɨɥɶɧɨ-ɨɪɟɛɪɟɧɧɵɯ ɬɪɭɛ ɫɟɩɚɪɚɬɨɪɨɜ-ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɟɣ ɞɥɹ Ⱥɗɋ ɫ 
ɜɨɞɨɜɨɞɹɧɵɦи ɷɧɟɪɝɟɬиɱɟɫкиɦи ɪɟɚкɬɨɪɚɦи ɩɨɜɵɲɟɧɧɨɣ ɷɮɮɟкɬиɜɧɨɫɬи. Пɨ ɪɟɡɭɥɶɬɚɬɚɦ 
ɩɪɨɜɟɞɟɧɧɵɯ иɫɩɵɬɚɧиɣ ɩɪɨɞɨɥɶɧɨ-ɨɪɟɛɪɟɧɧɵɯ ɬɪɭɛ ɫ кɨɥиɱɟɫɬɜɨɦ П-ɨɛɪɚɡɧɵɯ ɪɺɛɟɪ, 
ɪɚɜɧɵɯ ɲɟɫɬи и ɜɨɫɶɦи, ɩɪɨɜɟɞɟɧ ɫɪɚɜɧиɬɟɥɶɧɵɣ ɚɧɚɥиɡ. Пɨкɚɡɚɧɨ, ɱɬɨ ɞɥɹ ɬɚкиɯ 
кɨɧɫɬɪɭкɰиɣ ɭɜɟɥиɱɟɧиɟ ɩɨɜɟɪɯɧɨɫɬи ɬɟɩɥɨɨɛɦɟɧɚ ɩɪɟɜɵɲɚɟɬ ɫɧиɠɟɧиɟ кɨɷɮɮиɰиɟɧɬɚ 
ɬɟɩɥɨɨɬɞɚɱи 

 

Ʉɥɸɱɟвɵɟ ɫɥɨвɚ: ɬɟɩɥɨɨɛɦɟɧɧɵɟ ɬɪɭɛɵ, ɫɟɩɚɪɚɬɨɪ-ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɶ, 
ɬɟɩɥɨɝиɞɪɚɜɥиɱɟɫкиɟ иɫɩɵɬɚɧиɹ, кɨɷɮɮиɰиɟɧɬ ɬɟɩɥɨɨɬɞɚɱи, ɩɨɜɟɪɯɧɨɫɬɶ ɬɟɩɥɨɨɛɦɟɧɚ. 
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Ɂɚ кɨɪɨɬкиɣ иɫɬɨɪиɱɟɫкиɣ ɩɪɨɦɟɠɭɬɨк ɜɪɟɦɟɧи ɹɞɟɪɧɚɹ ɷɧɟɪɝɟɬикɚ ɫɬɚɥɚ ɱɚɫɬɶɸ 
ɦиɪɨɜɨɝɨ ɷɧɟɪɝɟɬиɱɟɫкɨɝɨ ɛɚɥɚɧɫɚ. Пɪи ɷɬɨɦ ɫ кɚɠɞɵɦ ɝɨɞɨɦ ɞɨɥɹ ɚɬɨɦɧɵɯ 
ɷɥɟкɬɪɨɫɬɚɧɰиɣ ɜ ɦиɪɨɜɨɦ ɩɪɨиɡɜɨɞɫɬɜɟ ɷɥɟкɬɪɨɷɧɟɪɝии ɜɨɡɪɚɫɬɚɟɬ. ȼ ɛɥиɠɚɣɲиɟ 8-10 

ɥɟɬ ɛɭɞɭɬ ɜɜɟɞɟɧɵ ɜ ɷкɫɩɥɭɚɬɚɰиɸ ɧɨɜɵɟ Ⱥɗɋ: «ɏɚɧɯикиɜи» (Фиɧɥɹɧɞиɹ), «Ⱥккɭɸ» 
(Ɍɭɪɰиɹ), «ɗɥɶ-Ⱦɚɛɚɚ» (ȿɝиɩɟɬ), «Ɋɭɩɩɭɪ» (Ȼɚɧɝɥɚɞɟɲ) и ɞɪ. ɇɨɜɵɟ ɩɟɪɫɩɟкɬиɜɧɵɟ 
ɩɪɨɟкɬɵ Ⱥɗɋ ɨɪиɟɧɬиɪɨɜɚɧɵ ɧɚ ɭɜɟɥиɱɟɧиɟ ɦɨɳɧɨɫɬи, кɚк ɟɞиɧиɱɧɵɯ ɚɝɪɟɝɚɬɨɜ, ɬɚк и 
ɦɨɳɧɨɫɬи ɷɧɟɪɝɨɛɥɨкɨɜ ɜ ɰɟɥɨɦ, ɱɬɨ ɜɨɡɦɨɠɧɨ кɚк ɡɚ ɫɱɟɬ ɩɪɨɟкɬиɪɨɜɚɧиɹ и 
ɫɬɪɨиɬɟɥɶɫɬɜɚ ɧɨɜɵɯ, ɬɚк и ɦɨɞɟɪɧиɡɚɰии ɨɬɞɟɥɶɧɵɯ ɚɝɪɟɝɚɬɨɜ ɜ ɰɟɩɨɱкɟ Ⱥɗɋ, ɩɪи 
ɷɬɨɦ ɜɚɠɧɚɹ ɪɨɥɶ ɨɬɜɨɞиɬɫɹ ɭɜɟɥиɱɟɧиɸ иɯ ɧɚɞɟɠɧɨɫɬи и ɪɟɫɭɪɫɚ. Ɉɞɧиɦ иɡ ɭɡкиɯ 
ɡɜɟɧɶɟɜ ɜ ɰɟɩɨɱкɟ Ⱥɗɋ ɫ ȼȼɗɊ-1200 (ɩɪɨɟкɬ Ⱥɗɋ-2006) ɹɜɥɹɟɬɫɹ ɫɟɩɚɪɚɬɨɪ-

ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɶ (ɋПП), ɩɪɟɞɭɫɦɚɬɪиɜɚɸɳиɣ ɩɪиɦɟɧɟɧиɟ ɬɟɩɥɨɨɛɦɟɧɧɵɯ ɬɪɭɛ, 
ɜкɥɸɱɚɹ ɦɚɬɪиɱɧɭɸ ɬɪɭɛɭ ɫ ɩɪиɜɚɪɟɧɧɵɦи ɧɚ ɧɟɟ ɩɪɨɞɨɥɶɧɵɦи П-ɨɛɪɚɡɧɵɦи ɪɟɛɪɚɦи 
ɜ кɨɥиɱɟɫɬɜɟ ɲɟɫɬи ɲɬɭк.  

ȼ ɪɚɛɨɬɟ Д1Ж иɡɥɨɠɟɧ ɦɟɬɨɞ ɨɰɟɧки кɚɱɟɫɬɜɚ ɩɪиɜɚɪки П-ɨɛɪɚɡɧɵɯ ɪɟɛɟɪ к 
ɦɚɬɪиɱɧɨɣ ɬɪɭɛɟ, кɨɬɨɪɵɣ ɦɨɠɟɬ ɛɵɬɶ иɫɩɨɥɶɡɨɜɚɧ ɜ ɩɪɨиɡɜɨɞɫɬɜɟ ɚɩɩɚɪɚɬɨɜ ɋПП ɞɥɹ 
ȼȼɗɊ-1200. ɗɬɨ ɬɟɯɧɨɥɨɝиɱɟɫкиɣ ɚɫɩɟкɬ ɨɛɟɫɩɟɱɟɧиɹ кɚɱɟɫɬɜɚ, ɚ ɡɧɚɱиɬ и ɩɪɨɱɧɨɫɬɧɨɣ 
ɧɚɞɟɠɧɨɫɬи ɞɚɧɧɵɯ ɚɝɪɟɝɚɬɨɜ. ɂɡɥɨɠиɦ ɩɪɨɛɥɟɦɭ кɚɫɚɟɦɨ кɨɧɫɬɪɭкɬиɜɧɨɝɨ 
иɫɩɨɥɧɟɧиɹ ɫɟɩɚɪɚɬɨɪɚ-ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ, ɩɨɡɜɨɥɹɸɳɟɝɨ ɩɨɜɵɫиɬɶ кɨɷɮɮиɰиɟɧɬ 
ɬɟɩɥɨɨɬɞɚɱи и, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɷɮɮɟкɬиɜɧɨɫɬɶ ɚɩɩɚɪɚɬɚ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɞɥɹ ɭɜɟɥиɱɟɧиɹ 
ɧɚɞɟɠɧɨɫɬи и ɪɟɫɭɪɫɚ ɬɭɪɛиɧɵ ɧɟɨɛɯɨɞиɦɨ ɩɨɜɵɫиɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɩɚɪɚ, ɜɵɞɚɜɚɟɦɨɝɨ 
ɋПП. ɋɚɦɵɦ ɩɪɨɫɬɵɦ ɪɟɲɟɧиɟɦ ɛɵɥɨ ɛɵ ɭɜɟɥиɱиɬɶ ɞɥиɧɭ кɚɫɫɟɬ, ɱɬɨ ɧɟɫɟɬ ɡɚ ɫɨɛɨɣ 
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ɪɹɞ ɩɪɨɛɥɟɦ, ɝɥɚɜɧɚɹ иɡ кɨɬɨɪɵɯ – ɭɜɟɥиɱɟɧиɟ ɝɚɛɚɪиɬɨɜ ɚɩɩɚɪɚɬɚ, ɱɬɨ, 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɭɫɥɨɠɧиɬ иɯ ɬɪɚɧɫɩɨɪɬиɪɨɜкɭ и ɦɨɧɬɚɠ. Ʉɪɨɦɟ ɷɬɨɝɨ, ɭɜɟɥиɱɟɧиɟ 
ɞɥиɧɵ ɩɪɨɥɟɬɚ ɬɟɩɥɨɨɛɦɟɧɧɵɯ ɬɪɭɛ ɩɪиɜɨɞиɬ к ɡɧɚɱиɬɟɥɶɧɵɦ ɞиɧɚɦиɱɟɫкиɦ 
ɹɜɥɟɧиɹɦ, ɩɨɫкɨɥɶкɭ ɬɟɩɥɨɨɛɦɟɧɧɵɟ ɩɪɨɰɟɫɫɵ ɜ ɚɩɩɚɪɚɬɚɯ ɫɨɩɪɨɜɨɠɞɚɸɬɫɹ 
кɨɥɟɛɚɧиɹɦи ɧɚɝɪɭɡки и ɬɟɦɩɟɪɚɬɭɪɵ, ɜɵɩɚɞɟɧиɟɦ ɨɫɚɞкɚ. ɇɚ ɬɪɭɛɵ ɜ ɩɨɩɟɪɟɱɧɨɦ и 
ɨɫɟɜɨɦ ɧɚɩɪɚɜɥɟɧиɹɯ ɞɟɣɫɬɜɭɸɬ ɩɟɪɟɦɟɧɧɵɟ ɫиɥɵ. ɋɨɱɟɬɚɧиɟ кɨɥɟɛɚɧиɣ ɫиɥɨɜɵɯ 
ɮɚкɬɨɪɨɜ, ɧɚɥиɱиɟ иɥи ɨɛɪɚɡɨɜɚɧиɟ ɦɟɠɞɭ кɨɧɬɚкɬиɪɭɸɳиɦи ɩɨɜɟɪɯɧɨɫɬɹɦи ɳɟɥɟɣ, ɜ 
кɨɬɨɪɵɟ ɩɪɨɧикɚɟɬ ɨɫɚɞɨк, ɥиɛɨ ɩɪиɜɨɞиɬ к ɳɟɥɟɜɨɣ кɨɪɪɨɡии ɫ ɩɨɫɥɟɞɭɸɳɟɣ 
ɪɚɡɝɟɪɦɟɬиɡɚɰиɟɣ ɬɟɩɥɨɨɛɦɟɧɧɵɯ кɨɧɬɭɪɨɜ, ɥиɛɨ к ɛɵɫɬɪɨɣ ɩɨɬɟɪɟ ɩɥɨɬɧɨɫɬи и 
ɩɪɨɱɧɨɫɬи ɭɡɥɚ кɪɟɩɥɟɧиɹ ɬɪɭɛ Д2, 3Ж. Пɨɷɬɨɦɭ ɬɟɯɧиɱɟɫкɨɟ ɪɟɲɟɧиɟ ɨɛ ɭɜɟɥиɱɟɧии 
ɬɟɩɥɨɨɛɦɟɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬи ɩɭɬɟɦ ɭɜɟɥиɱɟɧиɹ кɨɥиɱɟɫɬɜɚ ɪɟɛɟɪ ɹɜɥɹɟɬɫɹ ɧɚиɛɨɥɟɟ 
ɬɟɯɧɨɥɨɝиɱɧɵɦ и ɷкɨɧɨɦиɱɧɵɦ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɨɜɟɞɟɧɚ ɦɟɬɨɞикɚ ɫɪɚɜɧиɬɟɥɶɧɵɯ ɬɟɩɥɨɝиɞɪɚɜɥиɱɟɫкиɯ 
иɫɩɵɬɚɧиɣ ɩɪɨɞɨɥɶɧɨ-ɨɪɟɛɪɟɧɧɵɯ ɬɪɭɛ ɋПП ɫ кɨɥиɱɟɫɬɜɨɦ П-ɨɛɪɚɡɧɵɯ ɪɟɛɟɪ, ɪɚɜɧɵɯ 
ɲɟɫɬи и ɜɨɫɶɦи. 

ȼ ɬɚɛɥиɰɟ 1 и ɧɚ ɪиɫɭɧкɟ 1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɝɟɨɦɟɬɪиɱɟɫкиɟ ɩɚɪɚɦɟɬɪɵ ɦɨɞɟɥɟɣ 
ɬɪɭɛ ɫ ɲɟɫɬɶɸ и ɜɨɫɟɦɶɸ ɪɟɛɪɚɦи, ɧɚ ɪиɫɭɧкɟ 1 ɩɨкɚɡɚɧɵ иɯ ɩɨɩɟɪɟɱɧɵɟ ɫɟɱɟɧиɹ. 
Ɉɫɧɨɜɧɵɦи ɨɬɥиɱиɹɦи кɨɧɫɬɪɭкɰии ɬɪɭɛɵ ɫ ɜɨɫɟɦɶɸ ɪɟɛɪɚɦи ɹɜɥɹɟɬɫɹ иɯ ɛɨɥɶɲиɣ 
ɞиɚɦɟɬɪ ɩɨ ɨɪɟɛɪɟɧɧɨɣ ɱɚɫɬи – 33,54 ɦɦ, ɛɨɥɶɲɚɹ ɜɵɫɨɬɚ ɪɟɛɪɚ – 8,8 ɦɦ, ɦɟɧɶɲиɣ ɭɝɨɥ 
ɪɚɫкɪɵɬиɹ ɞɜɨɣɧɨɝɨ ɪɟɛɪɚ 22°30 и ɦɟɧɶɲиɣ ɲɚɝ ɩɪиɜɚɪки ɞɜɨɣɧɵɯ (П-ɨɛɪɚɡɧɵɯ) ɪɟɛɟɪ 
ɧɚ ɧɟɫɭɳɭɸ (ɦɚɬɪиɱɧɭɸ) ɬɪɭɛɭ – 1,72 ɦɦ.  

 
Ɍɚɛɥиɰɚ 1 – Ƚɟɨɦɟɬɪиɱɟɫкиɟ ɩɚɪɚɦɟɬɪɵ ɦɨɞɟɥɟɣ ɬɪɭɛ ɫ ɲɟɫɬɶɸ и ɜɨɫɟɦɶɸ ɞɜɨɣɧɵɦи П-ɨɛɪɚɡɧɵɦи 
ɪёɛɪɚɦи ДGeometric parameters of pipe models with six and eight double U-shaped edges] 

№ 
ɩ/ɩ 

ɏɚɪɚкɬɟɪиɫɬики ɬɪɭɛ 

Ȼɭкɜɟɧɧɵɟ 
ɨɛɨɡɧɚɱɟɧиɹ 

ɯɚɪɚкɬɟɪиɫɬик 

ȼɟɥиɱиɧɚ 

Ɍɪɭɛɚ иɡ 
ɲɟɫɬи 
ɪёɛɟɪ 

Ɍɪɭɛɚ иɡ 
ɜɨɫɶɦи 
ɪёɛɟɪ 

1 Ⱦɥиɧɚ ɬɪɭɛɵ ɦɨɞɟɥи, ɦɦ l 4710 4710 

2 Ⱦɥиɧɚ ɨɪɟɛɪёɧɧɨɣ ɱɚɫɬи, ɦɦ lp 3900 3900 

3 Ʉɨɥиɱɟɫɬɜɨ ɨɞиɧɨɱɧɵɯ ɪёɛɟɪ n 12 16 

4 ȼɵɫɨɬɚ ɪɟɛɪɚ, ɦɦ hɪɟɛ 8,5 8,8 

5 Ɍɨɥɳиɧɚ ɪɟɛɪɚ, ɦɦ δ 0,8 0,8 

6 
Ɋɚɡɜёɪɧɭɬɚɹ ɞɥиɧɚ кɨɪɵɬɚ, ɨɛɪɚɡɨɜɚɧɧɨɝɨ ɞɜɭɦɹ 

ɪёɛɪɚɦи, ɦɦ 
lкɨɪ 20 20 

7 Ⱦиɚɦɟɬɪ ɩɨ ɜɟɪɲиɧɚɦ ɪёɛɟɪ, ɦɦ dp 33 34 

8 
Ɉɬɧɨɲɟɧиɟ ɩɨɜɟɪɯɧɨɫɬи ɪёɛɟɪ ɇɪ к ɩɨɥɧɨɣ 

ɩɨɜɟɪɯɧɨɫɬи ɇɩ 
ɇɪ/ɇɩ 0,793 0,84 

9 
Ɉɬɧɨɲɟɧиɟ ɩɨɜɟɪɯɧɨɫɬи, ɧɟ ɡɚɧɹɬɨɣ ɪёɛɪɚɦи, к  

ɩɨɥɧɨɣ ɩɨɜɟɪɯɧɨɫɬи 
ɇɬɪ/ɇɩ 0,207 0,16 

10 Ʉɨɷɮɮиɰиɟɧɬ ɨɪɟɛɪɟɧиɹ, ɇɩ/ɇɬɪ ᵠ 4,84 6,259 

11 ɀиɜɨɟ ɫɟɱɟɧиɟ ɞɥɹ ɩɪɨɯɨɞɚ ɜɨɡɞɭɯɚ, ɦ2 fɜɨɡ 1,155 ˣ 10-3 1,123 ˣ 10-3 
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Пɪɨɞɨɥɠɟɧиɟ ɬɚɛɥиɰɵ 1 

№ 
ɩ/ɩ 

ɏɚɪɚкɬɟɪиɫɬики ɬɪɭɛ 

Ȼɭкɜɟɧɧɵɟ 
ɨɛɨɡɧɚɱɟɧиɹ 

ɯɚɪɚкɬɟɪиɫɬик 

ȼɟɥиɱиɧɚ 

Ɍɪɭɛɚ иɡ 
ɲɟɫɬи 
ɪёɛɟɪ 

Ɍɪɭɛɚ иɡ 
ɜɨɫɶɦи 
ɪёɛɟɪ 

12 ɀиɜɨɟ ɫɟɱɟɧиɟ ɞɥɹ ɩɪɨɯɨɞɚ ɜɨɞɵ, ɦ2 fɜɨɞ 1,131 ˣ 10-4 1,131 ˣ 10-4 

13 
ɗкɜиɜɚɥɟɧɬɧɵɣ ɝиɞɪɚɜɥиɱɟɫкиɣ ɞиɚɦɟɬɪ ɦɨɞɟɥи, 

ɦɦ 
dɷɦ 12,08 9,889 

14 Пɨɥɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɨɪɟɛɪёɧɧɨɣ ɬɪɭɛɵ, ɦ2 Fɨɪ.ɬɪ. 1,07 1,482 

 

 
Ɋиɫɭɧɨк 1 – Пɨɩɟɪɟɱɧɨɟ ɫɟɱɟɧиɟ ɬɟɩɥɨɨɛɦɟɧɧɵɯ ɬɪɭɛ: ɚ) ɫ ɲɟɫɬɶɸ ɞɜɨɣɧɵɦи П-ɨɛɪɚɡɧɵɦи ɪɟɛɪɚɦи; ɛ) ɫ 
ɜɨɫɶɦɶɸ ɞɜɨɣɧɵɦи П-ɨɛɪɚɡɧɵɦи ɪɟɛɪɚɦи ДCross section of heat exchange tubes: a) with six double U-shaped 

ribs; b) with eight double U-shaped ribs] 

 

ɂɡ ɩɪиɜɟɞɟɧɧɵɯ ɞɚɧɧɵɯ ɫɥɟɞɭɟɬ, ɱɬɨ ɭɜɟɥиɱɟɧиɟ ɩɥɨɳɚɞи ɩɨɜɟɪɯɧɨɫɬи ɪɟɛɟɪ 
ɩɪɨɩɨɪɰиɨɧɚɥɶɧɨ ɩɪɨиɡɜɟɞɟɧиɸ ɨɬɧɨɲɟɧиɹ ɜɵɫɨɬ ɪɟɛɟɪ и ɱиɫɥɚ ɪɟɛɟɪ и  
ɫɨɨɬɜɟɬɫɬɜɭɟɬ 1,38. 

Ɍɟɩɥɨɨɬɞɚɱɚ ɩɪɨɞɨɥɶɧɨ ɨɛɬɟкɚɟɦɵɯ ɩɭɱкɨɜ иɡ ɬɪɭɛ ɫ ɩɪɨɞɨɥɶɧɵɦи ɪɟɛɪɚɦи ɩɪи 
Re=2ˣ103÷2ˣ105 и ɪɚɜɧɨɦɟɪɧɨɦ ɡɚɩɨɥɧɟɧии ɫɟɱɟɧиɹ ɬɟɩɥɨɨɛɦɟɧɧɵɦи ɬɪɭɛɚɦи 
ɨɩиɫɵɜɚɟɬɫɹ ɮɨɪɦɭɥɨɣ Д4Ж: 
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 
0,75 0,33

3

2

1
0,332Re 0,2

1 0,167 /
r

p

Nu P
h b

 
  
  

,                          (1) 

 

ɝɞɟ Nu – ɜɟɥиɱиɧɚ кɪиɬɟɪиɹ ɇɭɫɫɟɥɶɬɚ ɧɚɝɪɟɜɚɟɦɨɝɨ ɩɚɪɚ; Re – ɜɟɥиɱиɧɚ кɪиɬɟɪиɹ 
Ɋɟɣɧɨɥɶɞɫɚ ɧɚɝɪɟɜɚɟɦɨɝɨ ɩɚɪɚ; Pr – ɜɟɥиɱиɧɚ кɪиɬɟɪиɹ Пɪɚɧɞɬɥɹ ɧɚɝɪɟɜɚɟɦɨɝɨ ɩɚɪɚ; 

hp – ɜɵɫɨɬɚ ɪɟɛɪɚ, ɦ; b2 – ɲиɪиɧɚ ɡɚɡɨɪɚ ɦɟɠɞɭ ɜɟɪɲиɧɚɦи ɪɟɛɟɪ, ɦ. 
ɒиɪиɧɭ ɡɚɡɨɪɚ ɦɟɠɞɭ ɜɟɪɲиɧɚɦи ɪɟɛɟɪ ɨɩɪɟɞɟɥиɦ ɩɨ ɮɨɪɦɭɥɟ (2): 

 

2 2

p

p

D
b

n


  ,                                                            (2) 

 

ɝɞɟ Dp – ɞиɚɦɟɬɪ ɨɪɟɛɪɟɧɧɨɣ ɱɚɫɬи, ɦ; np – кɨɥиɱɟɫɬɜɨ ɟɞиɧиɱɧɵɯ ɪɟɛɟɪ; δ2 – ɬɨɥɳиɧɚ 
ɪɟɛɟɪ ɭ ɜɟɪɲиɧɵ, ɦ.  

Ɋɚɫɱɟɬɵ ɩɨ ɮɨɪɦɭɥɚɦ (1) и (2) ɩɨкɚɡɚɥи, ɱɬɨ ɞɥɹ ɬɪɭɛɵ ɫ 6 ɞɜɨɣɧɵɦи                  
(12 ɟɞиɧиɱɧɵɦи) ɪɟɛɪɚɦи ɡɚɜиɫиɦɨɫɬɶ (1) иɦɟɟɬ ɜиɞ ɮɨɪɦɭɥɵ (3): 

 
0,75 0,33

6 0,034Re rNu P .                                                   (3) 

 

Ⱦɥɹ ɬɪɭɛɵ ɫ 8 ɞɜɨɣɧɵɦи (16 ɟɞиɧиɱɧɵɦи) ɪɟɛɪɚɦи иɦɟɟɦ, ɮɨɪɦɭɥɵ (4): 
 

0,75 0,33

8 0,0239Re rNu P .                                                   (4) 

 

ɗкɜиɜɚɥɟɧɬɧɵɣ ɝиɞɪɚɜɥиɱɟɫкиɣ ɞиɚɦɟɬɪ ɬɪɭɛɧɨɝɨ ɩɭɱкɚ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ               
ɋПП-1000-1 ɫ 12 ɟɞиɧиɱɧɵɦи ɪɟɛɪɚɦи ɪɚɜɟɧ dɝ6 = 13,31 ɦɦ, ɫ 16 ɟɞиɧиɱɧɵɦи ɪɟɛɪɚɦи           
dɝ8 = 10,05 ɦɦ Д5Ж. ȼ ɷɬɨɦ ɫɥɭɱɚɟ иɦɟɟɦ ɫɥɟɞɭɸɳɟɟ ɫɨɨɬɧɨɲɟɧиɟ кɨɷɮɮиɰиɟɧɬɨɜ 
ɬɟɩɥɨɨɬɞɚɱи, ɮɨɪɦɭɥɚ (5):  

 

6 6 8

8 8 6

1,074ȽNu d

Nu d


 


.                                                   (5) 

 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɭɜɟɥиɱɟɧиɟ ɩɨɜɟɪɯɧɨɫɬи ɬɟɩɥɨɨɛɦɟɧɚ ɜ 1,38 ɪɚɡɚ ɩɪɟɜɵɲɚɟɬ 
ɫɧиɠɟɧиɟ кɨɷɮɮиɰиɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱи α8 ɜ 1,074 ɪɚɡ ɩɪи ɪɚɜɧɵɯ ɱиɫɥɚɯ Re и Pr. 

ɂɞɟɨɥɨɝиɹ ɫɪɚɜɧиɬɟɥɶɧɵɯ иɫɩɵɬɚɧиɣ ɬɪɭɛ ɫ 6 и 8 ɞɜɨɣɧɵɦи ɪɟɛɪɚɦи иɡɥɨɠɟɧɚ ɜ 
ɨɬɱɟɬɟ ɨ ɇɂɈɄɊ Д5Ж. ɋɪɚɜɧɟɧиɟ ɪɟɡɭɥɶɬɚɬɨɜ ɷкɫɩɟɪиɦɟɧɬɨɜ ɞɨɥɠɧɨ ɩɪɨɯɨɞиɬɶ ɩɪи 
ɨɞиɧɚкɨɜɵɯ ɪɚɫɯɨɞɚɯ ɜɨɡɞɭɯɚ, ɦɨɞɟɥиɪɭɸɳɟɝɨ ɧɚɝɪɟɜɚɟɦɵɣ ɩɚɪ, ɩɨɫкɨɥɶкɭ ɭ ɬɪɭɛ 
ɪɚɡɧɵɟ ɷкɜиɜɚɥɟɧɬɧɵɟ ɝиɞɪɚɜɥиɱɟɫкиɟ ɞиɚɦɟɬɪɵ. ɗкɫɩɟɪиɦɟɧɬɵ ɩɪɟɞɩɨɥɚɝɚɥɨɫɶ 
ɩɪɨɜɨɞиɬɶ ɧɚ ɟɞиɧиɱɧɵɯ ɨɪɟɛɪɟɧɧɵɯ ɬɪɭɛɚɯ ɧɚɬɭɪɧɵɯ ɪɚɡɦɟɪɨɜ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ 
ɜɧɭɬɪи ɰиɥиɧɞɪиɱɟɫкɨɣ ɬɪɭɛɵ. Пɪи ɬɟɩɥɨɜɵɯ иɫɩɵɬɚɧиɹɯ ɜ ɬɪɭɛɭ ɝɪɟɸɳɟɝɨ ɩɚɪɚ 
ɩɨɞɚɜɚɥɚɫɶ ɝɨɪɹɱɚɹ ɜɨɞɚ, ɜ кɚɧɚɥ ɧɚɝɪɟɜɚɟɦɨɝɨ ɩɚɪɚ – ɜɨɡɞɭɯ. ȼɧɭɬɪɟɧɧиɣ ɞиɚɦɟɬɪ 
ɰиɥиɧɞɪиɱɟɫкɨɣ ɬɟɯɧɨɥɨɝиɱɟɫкɨɣ ɬɪɭɛɵ ɩɨɞɛиɪɚɥɫɹ иɡ ɦɚкɫиɦɚɥɶɧɨɝɨ ɩɪиɛɥиɠɟɧиɹ 
ɷкɜиɜɚɥɟɧɬɧɨɝɨ ɝиɞɪɚɜɥиɱɟɫкɨɝɨ ɞиɚɦɟɬɪɚ ɦɨɞɟɥи к ɷкɜиɜɚɥɟɧɬɧɨɦɭ ɝиɞɪɚɜɥиɱɟɫкɨɦɭ 
ɞиɚɦɟɬɪɭ ɧɚɬɭɪɧɨɝɨ ɚɩɩɚɪɚɬɚ.  

ȼ ɬɚɛɥиɰɟ 2 ɩɪиɜɟɞɟɧɵ ɬɟɯɧиɱɟɫкиɟ ɯɚɪɚкɬɟɪиɫɬики иɫɩɨɥɶɡɨɜɚɧɧɵɯ ɩɪиɛɨɪɨɜ. 
Пɨ ɪɚɫɱɟɬɚɦ, ɩɪиɜɟɞɟɧɧɵɦ ɜ ɬɚɛɥиɰɟ 2 Д5Ж, ɞɥɹ ɬɪɭɛɵ 577 ɦɦ ɨɬɥиɱиɹ 
ɜɵɲɟɭɩɨɦɹɧɭɬɵɯ ɞиɚɦɟɬɪɨɜ ɞɥɹ ɬɪɭɛɵ ɫ 6 ɞɜɨɣɧɵɦи ɪɟɛɪɚɦи ɧɚ 9,2% ɦɟɧɶɲɟ 
ɧɚɬɭɪɧɨɝɨ, ɞɥɹ ɬɪɭɛɵ ɫ 8 ɞɜɨɣɧɵɦи ɪɟɛɪɚɦи – ɧɚ 1,6% ɬɚк ɠɟ ɦɟɧɶɲɟ ɧɚɬɭɪɧɨɝɨ. Пɨ 
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ɪɚɫɱɟɬɚɦ, ɩɪиɜɟɞёɧɧɵɦ ɜ ɬɚɛɥиɰɟ 3 Д5Ж, ɱиɫɥɨ Ɋɟɣɧɨɥɶɞɫɚ ɬɪɭɛɧɨɝɨ ɩɭɱкɚ ɧɚɬɭɪɧɨɝɨ 
ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɹ ɋПП ɧɚ ɧɨɦиɧɚɥɶɧɨɦ ɪɟɠиɦɟ Re = 28000. 

 
Ɍɚɛɥиɰɚ 2 – ɂɡɦɟɪиɬɟɥɶɧɵɟ ɩɪиɛɨɪɵ ɫɬɟɧɞɚ ɬɟɩɥɨɝиɞɪɚɜɥиɱɟɫкиɯ иɫɩɵɬɚɧиɣ ɩɪɨɞɨɥɶɧɨɝɨ ɨɪɟɛɪɟɧиɹ 
ɬɪɭɛɵ ДMeasuring instruments for the stand of thermohydraulic testing of pipe longitudinal finning] 

№  
ɩ.ɩ. 

Ɉɛɨɡɧɚɱɟ
ɧиɟ ɧɚ 
ɫɯɟɦɟ 

ɇɚиɦɟɧɨɜɚɧиɟ 
иɡɦɟɪɟɧиɹ 

ɇɚɡɜɚɧиɟ ɩɪиɛɨɪɚ 
Ɇɚɪкɚ 

ɩɪиɛɨɪɚ 

Ⱦиɚɩɚɡɨɧ 
иɡɦɟɪɟɧиɣ 

Пɪɟɞɟɥ 
ɨɬɧɨɫиɬɟɥɶ

ɧɨɣ / 
ɚɛɫɨɥɸɬɧɨɣ 
ɩɨɝɪɟɲɧɨɫɬ

и иɡɦɟɪɟ-

ɧиɣ 

1 Pɛɚɪ 
Ⱥɬɦɨɫɮɟɪɧɨɟ 

ɞɚɜɥɟɧиɟ 

Пɪɟɨɛɪɚɡɨɜɚɬɟɥɶ 
ɚɛɫɨɥɸɬɧɨɝɨ 

ɞɚɜɥɟɧиɹ 

ȺɂɊ-30ȾȺ, 
ɦɨɞɟɥɶ ɌȺ8 

10÷110 

кПɚ 
0,2% 

2 Ɋɫɬ
ɲ

 

Ⱦɚɜɥɟɧиɟ ɫɠɚɬɨɝɨ 
ɜɨɡɞɭɯɚ ɩɟɪɟɞ 
иɡɦɟɪиɬɟɥɶɧɨɣ 

ɞиɚɮɪɚɝɦɨɣ 

Ɇɚɧɨɦɟɬɪ ɈȻɆȼ-140 0÷4 ɚɬɦ 1,5% 

3 ΔɊɲ 

Пɟɪɟɩɚɞ ɞɚɜɥɟɧиɹ 
ɫɠɚɬɨɝɨ ɜɨɡɞɭɯɚ ɧɚ 
иɡɦɟɪиɬɟɥɶɧɨɣ ɞиɚ-

ɮɪɚɝɦɟ 

Пɪɟɨɛɪɚɡɨɜɚɬɟɥɶ 
ɞиɮɮɟɪɟɧɰиɚɥɶɧɨ

ɝɨ ɞɚɜɥɟɧиɹ 

ȺɂɊ-30ȾȾ, 
ɦɨɞɟɥɶ CD4 

0÷10 кПɚ 0,2% 

4 Пɨɡ.4 
Ɋɚɫɯɨɞ ɫɠɚɬɨɝɨ 

ɜɨɡɞɭɯɚ 

ɂɡɦɟɪиɬɟɥɶɧɚɹ 
ɞиɚɮɪɚɝɦɚ 

Dɨɬɜ= 35 ɦɦ 
ɋиɞ=0,03 

кɝ/(ɦ2ˣɫ)  

5 

tɲ, 
tɜɯ

ɜɨɡɞ, 

tɫɪ
ɜɨɡɞ, 

tɜɵɯ
ɜɨɡɞ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɫɠɚɬɨɝɨ 
ɜɨɡɞɭɯɚ ɧɚ 

иɡɦɟɪиɬɟɥɶɧɨɣ 
ɞиɚɮɪɚɝɦɟ, ɧɚ ɜɯɨɞɟ, 

ɜ ɫɟɪɟɞиɧɟ и ɧɚ 
ɜɵɯɨɞɟ иɡ ɬɪɭɛɵ 

Ɍɟɪɦɨɩɪɟɨɛɪɚɡɨɜɚ
ɬɟɥɶ 

ɫɨɩɪɨɬиɜɥɟɧиɹ 

ɌɋПɍ 0104 
Pt 100 

0÷100°C ±0,35°C 

6 
tɜɯ

ɜɨɞ, 
tɜɵɯ

ɜɨɞ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɧɚ 
ɜɯɨɞɟ и ɜɵɯɨɞɟ иɡ 

ɬɪɭɛɵ 
ɬɟɯɧɨɥɨɝиɱɟɫкɨɣ 

Ɍɟɪɦɨɩɪɟɨɛɪɚɡɨɜɚ
ɬɟɥɶ 

ɫɨɩɪɨɬиɜɥɟɧиɹ 

ɌɋПɍ 0104 
Pt 100 

0÷100°C ±0,35°C 

7 tɛɚк 
Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɥɵ ɜ 

ɛɚкɟ - ɛɚɪɛɨɬёɪɟ 

Ɍɟɪɦɨɦɟɬɪ 
кɨɧɬɚкɬɧɵɣ 

ɌɄ5-06 
-99÷ 

1300°C 
±0,5°C 

8 Ɋɜɯ
ɜɨɡɞ 

Ⱦɚɜɥɟɧиɟ ɫɠɚɬɨɝɨ 
ɜɨɡɞɭɯɚ ɧɚ ɜɯɨɞɟ 
ɬɪɭɛɵ ɬɟɯɧɨɥɨɝи-

ɱɟɫкɨɣ 

Ɇɚɧɨɦɟɬɪ ɆП4-ɍ 0÷1 ɚɬи 1,5% 

9 Qɜɨɞ 
Ɉɛɴёɦɧɵɣ ɪɚɫɯɨɞ 

ɜɨɞɵ 

Ɋɚɫɯɨɞɨɦɟɪ 
ɷɥɟкɬɪɨɦɚɝɧиɬɧɵɣ 

ɆȿɌɊȺɇ-370 

Ⱦɭ15 

0,06÷ 
1,792 ɥ/ɫ 

0,5% 

 

Ɉɞɧɚкɨ ɫɭɳɟɫɬɜɟɧɧɵɦ ɧɟɞɨɫɬɚɬкɨɦ ɬɚкɨɣ ɫɯɟɦɵ иɫɩɵɬɚɧиɣ ɹɜɥɹɟɬɫɹ ɧɚɥиɱиɟ 
ɲɭɧɬиɪɭɸɳɟɝɨ ɩɨɬɨкɚ ɜɨɡɞɭɯɚ ɦɟɠɞɭ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɰиɥиɧɞɪиɱɟɫкɨɣ 
ɬɟɯɧɨɥɨɝиɱɟɫкɨɣ ɬɪɭɛɵ и ɜɟɪɲиɧɚɦи ɪɟɛɟɪ. Ⱦɥɹ ɬɪɭɛɵ 577 ɦɦ ɪɚɫɱɟɬɧɚɹ ɲиɪиɧɚ 
ɲɭɧɬɚ ɪɚɜɧɚ 5 ɦɦ ɞɥɹ ɬɪɭɛɵ ɫ 6 ɞɜɨɣɧɵɦи ɪɟɛɪɚɦи и 4,5 ɦɦ ɫ 8 ɞɜɨɣɧɵɦи ɪɟɛɪɚɦи. 
Ⱦɥɹ ɬɟɩɥɨɨɛɦɟɧɧɨɣ ɬɪɭɛɵ ɫ 6 ɞɜɨɣɧɵɦи ɪɟɛɪɚɦи ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧиɹ ɲɭɧɬɚ 
ɫɨɫɬɚɜɥɹɟɬ 52,2% ɨɬ ɩɥɨɳɚɞи ɫɟɱɟɧиɹ ɞɥɹ ɩɪɨɯɨɞɚ ɜɨɡɞɭɯɚ, ɚ ɞɥɹ ɬɪɭɛɵ ɫ 8 ɞɜɨɣɧɵɦи 
ɪɟɛɪɚɦи – 51,5%.  

Пɨɫкɨɥɶкɭ ɩɨɬɨк ɜɨɡɞɭɯɚ ɱɟɪɟɡ ɲɭɧɬ ɧɚ ɨɪɟɛɪɟɧɧɨɦ ɭɱɚɫɬкɟ иɞɟɬ ɩɪɚкɬиɱɟɫки ɛɟɡ 
ɬɟɩɥɨɨɛɦɟɧɚ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ иɫɩɵɬɭɟɦɨɣ ɬɪɭɛɵ [6, 7, 8], ɷкɫɩɟɪиɦɟɧɬɵ ɧɨɫɹɬ ɬɨɥɶкɨ 
ɫɪɚɜɧиɬɟɥɶɧɵɣ ɯɚɪɚкɬɟɪ. 

ɋɯɟɦɚ ɦɨɞɟɥи ɞɥɹ иɫɩɵɬɚɧиɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪиɫɭɧкɟ 2. ɋɯɟɦɚ ɬɟɱɟɧиɹ ɜɨɡɞɭɯɚ и 
ɜɨɞɵ – ɩɪɨɬиɜɨɬɨк.  
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Ɋиɫɭɧɨк 2 – Ɇɨɞɟɥɶ ɞɥɹ ɬɟɩɥɨɝиɞɪɚɜɥиɱɟɫкиɯ иɫɩɵɬɚɧиɣ ɬɟɩɥɨɨɛɦɟɧɧɵɯ ɬɪɭɛ: 1 – ɬɪɭɛɚ иɫɩɵɬɭɟɦɚɹ; 2- 

ɬɪɭɛɚ ɧɚɪɭɠɧɚɹ ɬɟɯɧɨɥɨɝиɱɟɫкɚɹ; 3 – ɬɟɩɥɨиɡɨɥɹɰиɹ; 4 – ɬɟɯɧɨɥɨɝиɱɟɫкиɟ ɩɪɨɫɬɚɜки; 5 – ɲɬɭɰɟɪ 

ɜɨɡɞɭɯɚ; 6 – ɲɬɭɰɟɪ ɜɨɞɵ; 7 – ɲɬɭɰɟɪ ɞɚɬɱикɚ ɞɚɜɥɟɧиɹ; 9 – ɜɯɨɞɧɚɹ ɲɚɣɛɚ ɜɨɡɞɭɯɚ [Model for heat-

hydraulic testing of heat exchange tubes: 1 – test tube; 2 – external technological pipe; 3 – heat insulation; 4 – 

technological spacers; 5 – air fitting; 6 – water fitting; 7 – pressure sensor fitting; 9 – air inlet washer] 

 

ɇɚ ɪиɫɭɧкɟ 3 ɩɪиɜɟɞɟɧɚ ɫɯɟɦɚ ɫɬɟɧɞɚ и ɫɯɟɦɚ иɡɦɟɪɟɧиɣ ɬɟɩɥɨɮиɡиɱɟɫкиɯ 
иɫɩɵɬɚɧиɣ ɨɪɟɛɪɟɧɧɵɯ ɬɪɭɛ. ɋɠɚɬɵɣ ɜɨɡɞɭɯ иɡ ɡɚɜɨɞɫкɨɣ ɦɚɝиɫɬɪɚɥи, ɨɱиɳɟɧɧɵɣ и 
ɨɫɭɲɟɧɧɵɣ ɜ ɫɟɩɚɪɚɬɨɪɟ 3, ɱɟɪɟɡ иɡɦɟɪиɬɟɥɶɧɭɸ ɞиɚɮɪɚɝɦɭ 4 ɩɨɞɚɟɬɫɹ ɜ иɫɩɵɬɭɟɦɭɸ 
ɬɪɭɛɭ 1, ɪɚɡɦɟɳёɧɧɭɸ ɜ ɰиɥиɧɞɪиɱɟɫкɨɣ ɬɟɯɧɨɥɨɝиɱɟɫкɨɣ ɬɪɭɛɟ 2, и ɩɪɨɯɨɞиɬ ɩɨ 
ɨɪɟɛɪɟɧɧɨɣ ɟɟ ɱɚɫɬи и ɜɵɯɥɚɩɵɜɚɟɬɫɹ ɜ ɚɬɦɨɫɮɟɪɭ. ȼɨɞɚ, ɧɚɝɪɟɬɚɹ ɜ ɛɚкɟ – ɛɚɪɛɨɬɟɪɟ 5 
ɩɚɪɨɦ ɨɬ ɡɚɜɨɞɫкɨɣ ɦɚɝиɫɬɪɚɥи, ɧɚɫɨɫɨɦ Ʉ100-65-200 6 ɩɨɞɚɟɬɫɹ ɜ ɬɪɭɛɭ ɝɪɟɸɳɟɝɨ 
ɩɚɪɚ и ɫɥиɜɚɟɬɫɹ иɡ ɧɟɟ ɜ ɛɚк 5. Ɍɪɭɛɚ 2 ɬɟɩɥɨиɡɨɥиɪɨɜɚɧɚ.  

 

 
Ɋиɫɭɧɨк 3 – ɋɯɟɦɚ ɫɬɟɧɞɚ и ɫɯɟɦɚ иɡɦɟɪɟɧиɣ ɬɟɩɥɨɝиɞɪɚɜɥиɱɟɫкиɯ иɫɩɵɬɚɧиɣ ɬɟɩɥɨɨɛɦɟɧɧɵɯ ɬɪɭɛ: 1 – 

ɬɪɭɛɚ; 2 – ɬɪɭɛɚ ɬɟɯɧɨɥɨɝиɱɟɫкɚɹ ɧɚɪɭɠɧɚɹ; 3 – ɫɟɩɚɪɚɬɨɪ ɫɠɚɬɨɝɨ ɜɨɡɞɭɯɚ; 4 – иɡɦɟɪиɬɟɥɶɧɚɹ 

ɞиɚɮɪɚɝɦɚ; 5 – ɛɚк-ɛɚɪɛɨɪɞɟɪ; 6 – ɧɚɫɨɫɧɵɣ ɚɝɪɟɝɚɬ Ʉ100-65-200; 7 – ɷɥɟкɬɪɨɦɚɝɧиɬɧɵɣ ɪɚɫɯɨɞɨɦɟɪ 

«Ɇɟɬɪɚɧ-370» Ⱦɭ15 [Stand scheme and measurement scheme of heat-hydraulic tests of heat exchange pipes: 1 

– pipe; 2 – external technological pipe; 3 – compressed air separator; 4 – measuring diaphragm; 5 – tank 

barborder; 6 – pump unit K100-65-200; 7 – «Metran-370» DN15 electromagnetic flow meter] 
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ȼ ɩɪɨɰɟɫɫɟ ɷкɫɩɟɪиɦɟɧɬɚ иɡɦɟɪɹɸɬɫɹ ɫ ɡɚɩиɫɶɸ ɧɚ ɩɟɪɫɨɧɚɥɶɧɵɣ кɨɦɩɶɸɬɟɪ 
ɫɬɟɧɞɚ: 

– ɚɬɦɨɫɮɟɪɧɨɟ ɞɚɜɥɟɧиɟ Ɋɛɚɪ; 
– ɜɨɡɞɭɯɚ ɩɟɪɟɞ иɡɦɟɪиɬɟɥɶɧɨɣ ɞиɚɮɪɚɝɦɨɣ tɲ; 
– ɩɟɪɟɩɚɞ ɞɚɜɥɟɧиɹ ɧɚ иɡɦɟɪиɬɟɥɶɧɨɣ ɞиɚɮɪɚɝɦɟ ΔɊɲ; 

– ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɧɚ ɜɯɨɞɟ ɜ ɨɪɟɛɪɟɧиɟ ɬɪɭɛɵ tɜɯ
ɜɨɡɞ; 

– ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɜ ɫɟɪɟɞиɧɟ ɨɪɟɛɪɟɧɧɨɣ ɬɪɭɛɵ tɫɪ
ɜɨɡɞ (ɮɚкɭɥɶɬɚɬиɜɧɨ); 

– ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɧɚ ɜɵɯɨɞɟ иɡ ɨɪɟɛɪɟɧиɹ ɬɪɭɛɵ tɜɵɯ
ɜɨɡɞ; 

– ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɧɚ ɜɯɨɞɟ ɜ ɬɪɭɛɭ ɝɪɟɸɳɟɝɨ ɩɚɪɚ tɜɯ
ɜɨɞ; 

– ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɧɚ ɜɵɯɨɞɟ иɡ ɬɪɭɛɵ ɝɪɟɸɳɟɝɨ ɩɚɪɚ tɜɵɯ
ɜɨɞ; 

– ɨɛɴɟɦɧɵɣ ɪɚɫɯɨɞ ɝɨɪɹɱɟɣ ɜɨɞɵ Qɜɨɞ. 

ɋ ɡɚɩиɫɶɸ ɜ ɪɭɱɧɨɦ ɪɟɠиɦɟ иɡɦɟɪɹɥиɫɶ: 
– ɞɚɜɥɟɧиɟ ɜɨɡɞɭɯɚ ɩɟɪɟɞ иɡɦɟɪиɬɟɥɶɧɨɣ ɞиɚɮɪɚɝɦɨɣ Ɋɫɬ

ɲ; 
– ɞɚɜɥɟɧиɟ ɜɨɡɞɭɯɚ ɧɚ ɜɯɨɞɟ ɜ ɨɪɟɛɪɟɧиɟ ɬɪɭɛɵ Ɋɜɯ

ɜɨɡɞ; 

– ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɜ ɛɚкɟ – ɛɚɪɛɨɬɟɪɟ tɛɚк. 

ɗкɫɩɟɪиɦɟɧɬ ɩɪɨɜɨɞиɥɫɹ ɫɥɟɞɭɸɳиɦ ɨɛɪɚɡɨɦ. ȼɨɞɚ ɜ ɛɚкɟ – ɛɚɪɛɨɬɟɪɟ 
ɧɚɝɪɟɜɚɥɚɫɶ ɩɚɪɨɦ ɞɨ ≈ 75÷85°C (ɛɨɥɶɲɟ ɧɟɥɶɡɹ ɩɨ ɩɪɚɜиɥɚɦ ɷкɫɩɥɭɚɬɚɰии ɧɚɫɨɫɧɨɝɨ 
ɚɝɪɟɝɚɬɚ Ʉ100-65-200) и ɭɞɟɪɠиɜɚɥɚɫɶ ɧɚ ɜɵɛɪɚɧɧɨɦ ɭɪɨɜɧɟ. Ɂɚɬɟɦ ɡɚɩɭɫкɚɥɫɹ 
ɧɚɫɨɫɧɵɣ ɚɝɪɟɝɚɬ, и ɩɨɞɚɜɚɥɫɹ ɪɚɫɯɨɞ ɜɨɞɵ ɨɬ 0,080 ɥ/ɫ ɞɨ 0,13 ɥ/ɫ и ɭɞɟɪɠиɜɚɥɫɹ ɧɚ 
ɜɵɛɪɚɧɧɨɦ ɭɪɨɜɧɟ. ɋɬɨɥɶ ɧɟɛɨɥɶɲɨɣ ɪɚɫɯɨɞ ɝɪɟɸɳɟɝɨ ɬɟɩɥɨɧɨɫиɬɟɥɹ ɬɪɟɛɨɜɚɥɫɹ ɞɥɹ 
ɭɜɟɥиɱɟɧиɹ ɪɚɡɧɨɫɬи ɬɟɦɩɟɪɚɬɭɪ ɟɝɨ ɧɚ ɜɯɨɞɟ и ɜɵɯɨɞɟ иɡ иɫɩɵɬɭɟɦɨɣ ɬɪɭɛɵ ɞɥɹ 
ɩɨɜɵɲɟɧиɹ ɬɨɱɧɨɫɬи ɪɚɫɱɟɬɚ ɛɚɥɚɧɫɚ ɬɟɩɥɚ. 

Ⱦɚɥɟɟ ɩɨɞɚɜɚɥɫɹ ɬɪɟɛɭɟɦɵɣ ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ. Ⱦɥɹ ɷɬɨɝɨ ɧɚ ɦɚɧɨɦɟɬɪɟ, 
иɡɦɟɪɹɸɳɟɦ ɞɚɜɥɟɧиɟ ɩɟɪɟɞ иɡɦɟɪиɬɟɥɶɧɨɣ ɞиɚɮɪɚɝɦɨɣ Ɋɫɬ

ɲ, ɜɵɫɬɚɜɥɹɥɨɫɶ ɞɚɜɥɟɧиɟ 
ɨɬ 0,75 ɚɬи ɞɨ 3,75 ɚɬи. Фɚкɬиɱɟɫкиɣ ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ ɜ ɚɜɬɨɦɚɬиɱɟɫкɨɦ ɪɟɠиɦɟ 
ɜɵɱиɫɥɹɥ ɩɟɪɫɨɧɚɥɶɧɵɣ кɨɦɩɶɸɬɟɪ ɫɬɟɧɞɚ. Ȼɚɥɚɧɫ ɬɟɩɥɚ ɩɪɨиɡɜɨɞиɥɫɹ ɬɚк ɠɟ 
ɪɚɫɱɟɬɨɦ ɧɚ кɨɦɩɶɸɬɟɪɟ ɫɬɟɧɞɚ. Пɨ ɞɨɫɬиɠɟɧии ɧɟɛɚɥɚɧɫɚ ≤ 5% ɩɪɨиɡɜɨɞиɥɚɫɶ ɡɚɩиɫɶ 
ɩɨкɚɡɚɧиɣ ɩɪиɛɨɪɨɜ ɧɚ кɨɦɩɶɸɬɟɪɟ ɫɬɟɧɞɚ и ɛɭɦɚɠɧɵɣ ɩɪɨɬɨкɨɥ иɫɩɵɬɚɧиɣ. 

Пɪɟɞɥɨɠɟɧɧɚɹ ɦɟɬɨɞикɚ ɩɨɡɜɨɥиɥɚ ɷɮɮɟкɬиɜɧɨ ɨɫɭɳɟɫɬɜиɬɶ 
ɬɟɩɥɨɝиɞɪɚɜɥиɱɟɫкиɟ иɫɩɵɬɚɧиɹ ɩɪɨɞɨɥɶɧɨ-ɨɪɟɛɪɟɧɧɵɯ ɬɪɭɛ ɫɟɩɚɪɚɬɨɪɨɜ-

ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɟɣ ɞɥɹ Ⱥɗɋ ɫ ɜɨɞɨɜɨɞɹɧɵɦи ɷɧɟɪɝɟɬиɱɟɫкиɦи ɪɟɚкɬɨɪɚɦи 
ɩɨɜɵɲɟɧɧɨɣ ɷɮɮɟкɬиɜɧɨɫɬи. 
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Abstract – The paper proposes methodology and design of the stand which allowed to conduct 

thermal tests of longitudinally-finned tubes of separators-superheaters for nuclear power plants 

with water-water power reactors of high efficiency. According to the results of tests of 

longitudinally ribbed pipes with the number of U-shaped ribs equal to six and eight, a comparative 

analysis is conducted. It is shown that the increase in heat transfer surface exceeds the decrease in 

heat transfer coefficient for such structures. 
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