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ɍȾɄ 628.179:628.180.1 

ɊɈɁɊȺɏɍɇɈɄ ȼɌɊȺɌ ȿɅȿɄɌɊɈȿɇȿɊȽȱȲ ɉɊɂ ɁȺȻɊɍȾɇȿɇɇȱ ɄɈɇȾȿɇɋȺɌɈɊȱȼ 

ɌɍɊȻȱɇɂ ȻɅɈɄɍ ȼȼȿɊ-1000 ȼȱȾɄɅȺȾȿɇɇəɆɂ  

 

ɋ. ɋ. Ʉɭɪɢɧ 

ɫɬɭɞɟɧɬ 4 ɤɭɪɫɭ, ɝɪɭɩɚ Ɍȿ-41, ɧɚɜɱɚɥɶɧɨ-ɧɚɭɤɨɜɢɣ ɿɧɫɬɢɬɭɬ ɜɨɞɧɨɝɨ ɝɨɫɩɨɞɚɪɫɬɜɚ ɬɚ 
ɩɪɢɪɨɞɨɨɛɥɚɲɬɭɜɚɧɧɹ 
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ɍ ɫɬɚɬɬɿ ɩɪɟɞɫɬɚɜɥɟɧɚ ɩɪɨɛɥɟɦɚ ɡɚɛɪɭɞɧɟɧɧɹ ɤɨɧɞɟɧɫɚɬɨɪɿɜ ɬɭɪɛɿɧ (ɄɌ) ɬɟɩɥɨɜɢɯ ɬɚ 

ɚɬɨɦɧɢɯ ɟɥɟɤɬɪɨɫɬɚɧɰɿɣ. ɉɪɨɚɧɚɥɿɡɨɜɚɧɨ ɡɦɟɧɲɟɧɧɹ ɤɨɟɮɿɰɿєɧɬɚ ɬɟɩɥɨɩɟɪɟɞɚɱɿ ɄɌ 

ɜɧɚɫɥɿɞɨɤ ɡɚɛɪɭɞɧɟɧɶ ɬɚ ɡɜ’ɹɡɚɧɿ ɡ ɰɢɦ ɟɤɨɧɨɦɿɱɧɿ ɜɬɪɚɬɢ  ɛɥɨɤɚ ȼȼȿɊ-1000. ɉɪɢ 

ɡɧɢɠɟɧɧɿ ɤɨɟɮɿɰɿєɧɬɚ ɬɟɩɥɨɩɟɪɟɞɚɱɿ ɡɪɨɫɬɚє ɬɢɫɤ ɿ ɬɟɦɩɟɪɚɬɭɪɚ ɩɚɪɢ ɭ ɩɚɪɨɜɨɦɭ 

ɩɪɨɫɬɨɪɿ, ɳɨ ɜɟɞɟ ɞɨ ɡɧɢɠɟɧɧɹ ɤɨɟɮɿɰɿєɧɬɚ ɤɨɪɢɫɧɨʀ ɞɿʀ (ɄɄȾ) ɛɥɨɤɚ.  ɉɨɤɚɡɚɧɨ, ɳɨ 

ɬɨɜɳɢɧɚ ɜɿɞɤɥɚɞɟɧɶ ɜɫɶɨɝɨ 1 ɦɦ ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɜɬɪɚɬ ɟɥɟɤɬɪɨɟɧɟɪɝɿʀ ɧɚ ɫɭɦɭ 130 ɦɥɧ 

ɝɪɧ. ɧɚ ɪɿɤ, ɡɭɩɢɧɤɚ ɛɥɨɤɚ ɧɚ ɩɨɡɚɩɥɚɧɨɜɢɣ ɪɟɦɨɧɬ ɧɚ 2.5 ɞɨɛɢ ɩɪɢɜɨɞɢɬɶ ɞɨ ɜɬɪɚɬɢ 

24.3 ɦɥɧ ɝɪɧ.    

Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɤɨɧɞɟɧɫɚɬɨɪ ɬɭɪɛɿɧ, ɤɨɟɮɿɰɿєɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɿ, ɜɬɪɚɬɢ ɟɥɟɤɬɪɨɟɧɟɪɝɿʀ, 
ɜɿɞɤɥɚɞɟɧɧɹ ɭ ɄɌ, ɬɟɦɩɟɪɚɬɭɪɚ ɬɚ ɬɢɫɤ ɜ ɩɚɪɨɜɨɦɭ ɩɪɨɫɬɨɪɿ ɄɌ, ɄɄȾ ɛɥɨɤɚ ȼȼȿɊ-1000. 

 

ȼ ɫɬɚɬɶɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɩɪɨɛɥɟɦɚ ɡɚɝɪɹɡɧɟɧɢɹ ɤɨɧɞɟɧɫɚɬɨɪɨɜ ɬɭɪɛɢɧ (ɄɌ) ɬɟɩɥɨɜɵɯ ɢ 

ɚɬɨɦɧɵɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ. ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɩɪɢɱɢɧɵ ɭɦɟɧɶɲɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ 

ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɄɌ ɜɫɥɟɞɫɬɜɢɟ ɡɚɝɪɹɡɧɟɧɢɣ ɢ ɫɜɹɡɚɧɧɵɟ ɫ ɷɬɢɦ ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɬɟɪɢ 

ɛɥɨɤɚ ȼȼɗɊ-1000. ɉɪɢ ɫɧɢɠɟɧɢɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɜɨɡɪɚɫɬɚɟɬ ɞɚɜɥɟɧɢɟ ɢ 

ɬɟɦɩɟɪɚɬɭɪɚ ɩɚɪɚ ɜ ɩɚɪɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɤɨɷɮɮɢɰɢɟɧɬɚ 

ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ (ɄɉȾ) ɛɥɨɤɚ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɬɨɥɳɢɧɚ ɨɬɥɨɠɟɧɢɣ ɜɫɟɝɨ 1 ɦɦ 

ɩɪɢɜɨɞɢɬ ɤ ɩɨɬɟɪɹɦ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɫɭɦɦɭ 130 ɦɥɧ ɝɪɧ. ɜ ɝɨɞ, ɨɫɬɚɧɨɜɤɚ ɛɥɨɤɚ ɧɚ 

ɜɧɟɩɥɚɧɨɜɵɣ ɪɟɦɨɧɬ ɧɚ 2.5 ɫɭɬɨɤ ɩɪɢɜɨɞɢɬ ɤ ɩɨɬɟɪɟ 24.3 ɦɥɧ ɝɪɧ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɤɨɧɞɟɧɫɚɬɨɪ ɬɭɪɛɢɧ, ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ, ɩɨɬɟɪɢ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɨɬɥɨɠɟɧɢɹ ɜ ɄɌ, ɬɟɦɩɟɪɚɬɭɪɚ ɢ ɞɚɜɥɟɧɢɟ ɜ ɩɚɪɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɄɌ, ɄɉȾ 

ɛɥɨɤɚ ȼȼɗɊ-1000. 

 

The article presents the problem of contamination of turbine capacitors (TC) of thermal and 

nuclear power plants. The reduction of the heat transfer coefficient of TC due to 

contamination and the associated economic losses of the VVER-1000 block have been 

analyzed. When the coefficient of heat transfer decreases, the pressure and temperature of 

steam in the steam space increases, which leads to a decrease in the efficiency of the block. It 

is shown that the thickness of deposits of only 1 mm leads to electricity losses amounting to 

130 million UAH. per year, block for unscheduled repair for 2.5 days results in loss of 24.3 

million UAH. 

Keywords: turbine condenser, heat transfer coefficient, power losses, deposition in TC, 

temperature and pressure in TC steam space, efficiency of the block VVER-1000. 

ɋɢɫɬɟɦɚ ɬɟɯɧɿɱɧɨɝɨ ɨɛɨɪɨɬɧɨɝɨ ɜɨɞɨɩɨɫɬɚɱɚɧɧɹ (ɋɌɈȼ) ɡɚɛɟɡɩɟɱɭє ɛɟɡɩɟɪɟɛɿɣɧɭ 

ɪɨɛɨɬɭ ɤɨɧɞɟɧɫɚɬɨɪɿɜ ɬɭɪɛɿɧ (ɄɌ), ɬɟɯɧɨɥɨɝɿɱɧɢɯ ɤɨɧɞɟɧɫɚɬɨɪɿɜ, ɤɨɧɞɟɧɫɚɬɨɪɿɜ 

ɬɭɪɛɨɠɢɜɢɥɶɧɢɯ ɧɚɫɨɫɿɜ, ɫɢɫɬɟɦ ɨɯɨɥɨɞɠɟɧɧɹ ɪɟɚɤɬɨɪɿɜ, ɫɢɫɬɟɦ ɡɨɥɨ- ɬɚ ɲɥɚɤɨɜɢɞɚɥɟɧɧɹ ɿ 
ɛɚɝɚɬɨ ɿɧɲɢɯ ɞɨɩɨɦɿɠɧɢɯ ɫɢɫɬɟɦ ɫɬɚɧɰɿɣ, ɳɨ ɫɩɨɠɢɜɚɸɬɶ ɬɟɯɧɿɱɧɭ ɜɨɞɭ. ɇɚɞɿɣɧɚ ɪɨɛɨɬɚ 
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ɋɌɈȼ ɧɟ ɦɟɧɲ ɜɚɠɥɢɜɚ, ɧɿɠ ɩɚɪɨɬɭɪɛɿɧɧɨʀ ɱɢ ɤɨɬɟɥɶɧɨʀ ɭɫɬɚɧɨɜɨɤ. Ɉɫɧɨɜɧɢɦɢ 

ɫɩɨɠɢɜɚɱɚɦɢ ɬɟɯɧɿɱɧɨʀ ɜɨɞɢ є ɄɌ ɫɬɚɧɰɿɣ, ɹɤɿ ɫɩɨɠɢɜɚɸɬɶ ɞɨ 95% ɜɢɬɪɚɬɢ ɜɨɞɢ ɿ ɩɨɜɢɧɧɿ 
ɡɚɛɟɡɩɟɱɭɜɚɬɢ ɜɚɤɭɭɦ ɧɚ ɜɢɯɨɞɿ ɡ ɜɢɯɥɨɩɧɨɝɨ ɩɚɬɪɭɛɤɚ ɬɭɪɛɿɧɢ. 

ȼ ɩɪɨɰɟɫɿ ɪɨɛɨɬɢ ɋɌɈȼ ɜɧɚɫɥɿɞɨɤ ɜɢɩɚɪɨɜɭɜɚɧɧɹ ɜɨɞɢ ɜ ɫɢɫɬɟɦɿ ɧɚɤɨɩɢɱɭɸɬɶɫɹ ɫɨɥɿ, 
ɡɨɤɪɟɦɚ ɭɬɜɨɪɸɸɱɿ ɜɿɞɤɥɚɞɟɧɧɹ ɧɚ ɬɟɯɧɨɥɨɝɿɱɧɢɯ ɬɟɩɥɨɨɛɦɿɧɧɢɤɚɯ (ɌɈ) ɬɚ ɄɌ. ɐɟ 
ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɛɚɝɚɬɶɨɯ ɧɟɝɚɬɢɜɧɢɯ ɹɜɢɳ, ɳɨ ɡɧɢɠɭɸɬɶ ɟɮɟɤɬɢɜɧɿɫɬɶ ɪɨɛɨɬɢ ɫɬɚɧɰɿʀ. 
Ɂɨɤɪɟɦɚ ɞɨ ɩɿɞɜɢɳɟɧɧɹ ɬɟɦɩɟɪɚɬɭɪɢ ɬɚ ɬɢɫɤɭ ɜ ɩɚɪɨɜɨɦɭ ɩɪɨɫɬɨɪɿ ɄɌ, ɡɜɭɠɟɧɧɹ ɩɪɨɯɿɞɧɢɯ 

ɩɟɪɟɪɿɡɿɜ ɬɪɭɛɧɢɯ ɫɢɫɬɟɦ, ɜɢɧɢɤɧɟɧɧɹ ɩɿɬɬɿɧɝɨɜɨʀ ɤɨɪɨɡɿʀ, ɡɧɢɠɟɧɧɹ ɤɨɟɮɿɰɿєɧɬɚ 
ɬɟɩɥɨɩɟɪɟɞɚɱɿ ɬɚ ɜɡɚєɦɧɨɝɨ ɩɪɨɧɢɤɧɟɧɧɹ ɬɟɩɥɨɧɨɫɿʀɜ. 

Ɇɟɬɨɸ ɞɨɫɥɿɞɠɟɧɧɹ є ɚɧɚɥɿɡ ɜɩɥɢɜɭ ɜɿɞɤɥɚɞɟɧɶ ɿ ɡɚɛɪɭɞɧɟɧɧɹ ɩɨɜɟɪɯɨɧɶ ɄɌ ɧɚ 
ɜɢɪɨɛɿɬɨɤ ɟɥɟɤɬɪɨɟɧɟɪɝɿʀ ɛɥɨɤɨɦ ȼȼȿɊ-1000. 

ɉɟɪɟɜɚɠɧɨ ɜɿɞɤɥɚɞɟɧɧɹ ɧɚ ɬɪɭɛɧɢɯ ɫɢɫɬɟɦɚɯ ɄɌ ɿɫɧɭɸɬɶ ɭ ɜɢɝɥɹɞɿ ɲɚɪɭ ɋɚɋɈ3 ɿ 
ɯɚɪɚɤɬɟɪɢɡɭɸɬɶɫɹ ɦɚɥɨɸ ɬɟɩɥɨɩɪɨɜɿɞɧɿɫɬɸ. ɇɚɩɪɢɤɥɚɞ, ɤɨɟɮɿɰɿєɧɬ ɬɟɩɥɨɩɪɨɜɿɞɧɨɫɬɿ ɦɿɞɿ λɦ 

= 395, ɦɚɬɟɪɿɚɥɭ ɬɪɭɛɨɤ ɄɌ Ɇɇɀ-5-1, λɬɪ=130, ɤɨɬɥɨɜɨʀ ɫɬɚɥɿ ɋɬ.20, λɫɬ = 54.3 ȼɬ/(ɦ·Ʉ), ɚ 
ɤɨɟɮɿɰɿєɧɬ ɬɟɩɥɨɩɪɨɜɿɞɧɨɫɬɿ ɜɿɞɤɥɚɞɟɧɶ ɋɚɋɈ3 ɦɚє ɜɟɥɢɱɢɧɭ λɧ = 1.3…2.5 ȼɬ/(ɦ·Ʉ), ɬɨɛɬɨ 

ɦɚɣɠɟ ɭ ɫɬɨ ɪɚɡɿɜ ɦɟɧɲɭ ɧɿɠ ɭ ɬɪɭɛɨɤ ɄɌ ɡ ɦɚɬɟɪɿɚɥɭ Ɇɇɀ-5-1. Ɂɚ ɬɚɤɨʀ ɬɟɩɥɨɩɪɨɜɿɞɧɨɫɬɿ, 
ɧɚɜɿɬɶ ɬɨɧɤɢɣ (0.5…1.0 ɦɦ) ɲɚɪ ɜɿɞɤɥɚɞɟɧɶ, ɫɭɬɬєɜɨ ɡɧɢɠɭє ɤɨɟɮɿɰɿєɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɿ ɄɌ, 

(ɞɢɜ. ɪɢɫ. 1).  

Ȼɚɱɢɦɨ, ɳɨ ɫɭɰɿɥɶɧɢɣ ɲɚɪ ɜɿɞɤɥɚɞɟɧɶ ɬɨɜɳɢɧɨɸ ɥɢɲɟ 0,5 ɦɦ ɡɦɟɧɲɭє ɤɨɟɮɿɰɿєɧɬ 
ɬɟɩɥɨɩɟɪɟɞɚɱɿ ɧɚ 40%.  

 

 

 

 

 

 

 

 

Ɂɚɛɪɭɞɧɟɧɧɹ ɬɪɭɛɧɨʀ ɫɢɫɬɟɦɢ ɄɌ ɜɿɞɤɥɚɞɟɧɧɹɦɢ ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɩɿɞɜɢɳɟɧɧɹ 

ɬɟɦɩɟɪɚɬɭɪɢ ɜ ɩɚɪɨɜɨɦɭ ɩɪɨɫɬɨɪɿ ɄɌ ɿ, ɜɿɞɩɨɜɿɞɧɨ, ɬɢɫɤɭ ɜ ɧɶɨɦɭ. ȼɿɞɨɦɨ, ɳɨ ɡɛɿɥɶɲɟɧɧɹ 

ɬɢɫɤɭ ɜ ɄɌ ɫɭɩɪɨɜɨɞɠɭєɬɶɫɹ ɡɦɟɧɲɟɧɧɹɦ ɄɄȾ ɛɥɨɤɚ. ɓɨɛ ɜɢɡɧɚɱɢɬɢ ɡɚɥɟɠɧɿɫɬɶ ɡɦɟɧɲɟɧɧɹ 

ɄɄȾ ɛɥɨɤɚ ɜɿɞ ɬɨɜɳɢɧɢ ɜɿɞɤɥɚɞɟɧɶ ɧɚ ɬɪɭɛɤɚɯ ɄɌ, ɪɨɡɪɚɯɭєɦɨ ɬɟɦɩɟɪɚɬɭɪɭ ɜ ɩɚɪɨɜɨɦɭ 

ɩɪɨɫɬɨɪɿ ɄɌ  ɡɚɥɟɠɧɨ ɜɿɞ ɬɨɜɳɢɧɢ ɲɚɪɭ ɜɿɞɤɥɚɞɟɧɶ: 

                                                      (1) 

ɞɟ  – ɜɿɞɩɨɜɿɞɧɨ, ɩɟɪɟɩɚɞɢ ɬɟɦɩɟɪɚɬɭɪɢ ɧɚ ɬɪɭɛɤɚɯ ɄɌ, ɦɿɠ ɩɚɪɨɜɢɦ ɩɪɨɫɬɨɪɨɦ 

ɄɌ ɿ ɬɪɭɛɤɚɦɢ ɬɚ ɦɿɠ ɬɪɭɛɤɚɦɢ ɿ ɜɨɞɨɸ ɨɯɨɥɨɞɠɟɧɧɹ.  

Ɉɰɿɧɤɢ ɞɥɹ ɄɌ ɞɚɸɬɶ [3]:       

   

Ɋɟɡɭɥɶɬɚɬ ɪɨɡɪɚɯɭɧɤɭ t  ɜ ɩɚɪɨɜɨɦɭ ɩɪɨɫɬɨɪɿ ɄɌ ɛɥɨɤɚ ȼȼȿɊ-1000 ɡɚɥɟɠɧɨ ɜɿɞ 

ɬɨɜɳɢɧɢ ɜɿɞɤɥɚɞɟɧɶ ɩɪɢ ɭɦɨɜɿ, ɳɨ ɤɨɟɮɿɰɿєɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɿ ɬɪɭɛɧɨʀ ɫɢɫɬɟɦɢ ɄɌ 0 =  

2680 ȼɬ/(ɦ2·Ʉ), λɧ= 1,43 ȼɬ/(ɦ·Ʉ), ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. 2. Ȼɚɱɢɦɨ, ɳɨ ɲɚɪ ɜɿɞɤɥɚɞɟɧɶ ɬɨɜɳɢɧɨɸ 

1,6 ɦɦ ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɡɪɨɫɬɚɧɧɹ ɬɟɦɩɟɪɚɬɭɪɢ ɜ ɩɚɪɨɜɨɦɭ ɩɪɨɫɬɨɪɿ ɄɌ ɧɚ 24
ɨ ɋ.  

 

 

Ɋɢɫ. 1. Ɂɚɥɟɠɧɿɫɬɶ ɜɿɞɧɨɫɧɨʀ  ɜɟɥɢɱɢɧɢ ɤɨɟɮɿɰɿєɧɬɚ ɬɟɩɥɨɩɟɪɟɞɚɱɿ 
K(Δ)/K(0) ɜɿɞ ɬɨɜɳɢɧɢ ɜɿɞɤɥɚɞɟɧɶ Δ, ɦɦ (ɩɪɢɣɧɹɬɨ λɜ = 1,5 ȼɬ/ɦ·Ʉ) 

K(Δ)/K(0) 

Δ, ɦɦ



ɋɌɍȾȿɇɌɋЬɄɂɃ ȼІɋɇɂɄ  
ɇАЦІɈɇАɅЬɇɈȽɈ ɍɇІȼȿɊɋɂɌȿɌɍ ȼɈȾɇɈȽɈ ȽɈɋɉɈȾАɊɋɌȼА ɌА ɉɊɂɊɈȾɈɄɈɊɂɋɌɍȼАɇɇə 

 
 

35

              

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ɂɚ ɮɨɪɦɭɥɨɸ (1) ɬɚ ɬɚɛɥɢɰɹɦɢ ɫɬɚɧɭ ɧɚɫɢɱɟɧɨʀ ɩɚɪɢ ɪɨɡɪɚɯɭєɦɨ ɡɚɥɟɠɧɿɫɬɶ ɬɢɫɤɭ ɜ ɄɌ 

ɜɿɞ ɬɨɜɳɢɧɢ ɜɿɞɤɥɚɞɟɧɶ. ȼɨɧɚ  ɩɪɟɞɫɬɚɜɥɟɧɚ ɿɧɬɟɪɩɨɥɹɰɿɣɧɨɸ ɮɨɪɦɭɥɨɸ, Ɇɉɚ: 

                  (2) 

ȼɪɚɯɨɜɭɸɱɢ ɮɨɪɦɭɥɭ (2), ɪɨɡɪɚɯɨɜɚɧɨ ɜɬɪɚɬɭ ɟɥɟɤɬɪɢɱɧɨɝɨ ɄɄȾ ɛɥɨɤɚ  ȼȼȿɊ-1000 

ɡɚɥɟɠɧɨ ɜɿɞ ɬɨɜɳɢɧɢ ɜɿɞɤɥɚɞɟɧɶ ɩɪɢ ɡɚɞɚɧɿɣ ɬɟɩɥɨɩɪɨɜɿɞɧɨɫɬɿ ɜɿɞɤɥɚɞɟɧɶ λɧ = 1,5 ȼɬ/(ɦ·Ʉ).  

Ɂ ɪɢɫ. 3 ɜɢɞɧɨ, ɳɨ ɤɚɪɛɨɧɚɬɧɿ ɜɿɞɤɥɚɞɟɧɧɹ ɬɨɜɳɢɧɨɸ ɜ 1      

1,5%. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ɉɫɤɿɥɶɤɢ ɟɥɟɤɬɪɢɱɧɚ ɛɪɭɬɬɨ-ɩɨɬɭɠɧɿɫɬɶ ɛɥɨɤɭ ɜɢɪɚɠɚєɬɶɫɹ ɱɟɪɟɡ ɄɄȾ ɛɪɭɬɬɨ 

ɟɧɟɪɝɨɛɥɨɤɭ Șe , 

                                                                                                             (3) 

ɞɟ Nr – ɬɟɩɥɨɜɚ ɩɨɬɭɠɧɿɫɬɶ ɪɟɚɤɬɨɪɚ, Ɇȼɬ, ɹɤɚ ɧɟ ɡɚɥɟɠɢɬɶ ɜɿɞ ɩɪɢɫɭɬɧɨɫɬɿ ɜɿɞɤɥɚɞɟɧɶ, ɬɨ 

ɡɦɿɧɚ ɟɥɟɤɬɪɢɱɧɨʀ ɩɨɬɭɠɧɨɫɬɿ, ɜɢɡɧɚɱɚєɬɶɫɹ ɡɦɿɧɨɸ ɄɄȾ ɿ ɫɬɚɧɨɜɢɬɶ,  

                                                       .                                                            (4) 

Ɉɫɤɿɥɶɤɢ  , Ș0 – ɄɄȾ ɟɧɟɪɝɨɛɥɨɤɚ ɩɪɢ ɱɢɫɬɨɦɭ ɄɌ, ɨɬɪɢɦɭєɦɨ ɜɢɪɚɡ ɞɥɹ 

ɪɨɡɪɚɯɭɧɤɭ ΔNe, 

                                       , Ɇȼɬ.                                                (5) 

ɄɄȾ 

Ɋɢɫ. 2. Ɂɚɥɟɠɧɿɫɬɶ ɩɪɢɪɨɫɬɭ ɬɟɦɩɟɪɚɬɭɪɢ ɭ ɩɚɪɨɜɨɦɭ ɩɪɨɫɬɨɪɿ ɄɌ ɜɿɞ 

ɬɨɜɳɢɧɢ Δ ɜɿɞɤɥɚɞɟɧɶ ɧɚ ɬɪɭɛɧɿɣ ɫɢɫɬɟɦɿ 

δtɩ,o
C 

Δ, ɦ 

Ɋɢɫ. 3. Ɂɚɥɟɠɧɿɫɬɶ ɡɦɿɧɢ ɟɥɟɤɬɪɢɱɧɨɝɨ ɄɄȾ ɛɥɨɤɚ ȼȼȿɊ-1000 ɜɿɞ 

ɬɨɜɳɢɧɢ ɲɚɪɭ ɜɿɞɤɥɚɞɟɧɶ ɧɚ  ɬɪɭɛɧɿɣ ɫɢɫɬɟɦɿ  ɄɌ 

Δ, ɦ 
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ɉɪɢɣɦɚɸɱɢ Ș0 = 0,32, Ne0 = 900 Ɇȼɬ, ɩɟɪɿɨɞ ɪɨɛɨɬɢ ɛɥɨɤɚ 10 ɦɿɫɹɰɿɜ, ɜɚɪɬɿɫɬɶ 

ɟɥɟɤɬɪɨɟɧɟɪɝɿʀ ɋɟ = 450 ɝɪɧ/Ɇȼɬ·ɝɨɞ ɬɚ ɜɢɤɨɪɢɫɬɨɜɭɸɱɢ ɞɚɧɿ ɪɢɫ. 3, ɨɬɪɢɦɭєɦɨ ɡɚɥɟɠɧɿɫɬɶ 

ɟɤɨɧɨɦɿɱɧɢɯ ɜɬɪɚɬ ɜɿɞ ɧɟɞɨɜɢɪɨɛɿɬɤɭ ɟɥɟɤɬɪɨɟɧɟɪɝɿʀ ɜɧɚɫɥɿɞɨɤ ɭɬɜɨɪɟɧɧɹ ɜɿɞɤɥɚɞɟɧɶ ɧɚ Ɍɋ 

ɤɨɧɞɟɧɫɚɬɨɪɚ ɬɭɪɛɿɧɢ. 

Ɉɰɿɧɤɚ ɜɬɪɚɬ ɧɟ ɜɤɥɸɱɚє ɞɨɞɚɬɤɨɜɿ ɜɬɪɚɬɢ ɱɟɪɟɡ ɡɧɢɠɟɧɧɹ ɧɚɞɿɣɧɨɫɬɿ ɪɨɛɨɬɢ ɄɌ, ɳɨ 

ɜɿɞɨɛɪɚɠɚєɬɶɫɹ ɭ ɡɭɩɢɧɤɚɯ ɛɥɨɤɿɜ ɧɚ ɩɨɡɚɩɥɚɧɨɜɿ ɪɟɦɨɧɬɢ ɄɌ ɿ ɜɿɞɩɨɜɿɞɧɿ ɟɤɨɧɨɦɿɱɧɿ ɜɬɪɚɬɢ. 

ɉɪɢ ɩɨɡɚɩɥɚɧɨɜɿɣ ɡɭɩɢɧɰɿ ɛɥɨɤɚ ɧɚ 2,5 ɞɨɛɢ ɜɬɪɚɬɢ ɫɬɚɧɨɜɥɹɬɶ 

 

  

Ɉɫɤɿɥɶɤɢ ɤɨɟɮɿɰɿєɧɬ ɬɟɩɥɨɩɪɨɜɿɞɧɨɫɬɿ ɜɿɞɤɥɚɞɟɧɶ ɭ ɞɟɫɹɬɤɢ ɪɚɡɿɜ ɦɟɧɲɢɣ ɜɿɞ 

ɦɚɬɟɪɿɚɥɭ ɬɪɭɛɧɨʀ ɫɢɫɬɟɦɢ ɄɌ, ɧɚɜɿɬɶ ɜɿɞɤɥɚɞɟɧɧɹ ɦɚɥɨʀ ɬɨɜɳɢɧɢ, 1-2 ɦɦ, ɪɿɡɤɨ ɡɧɢɠɭɸɬɶ 

ɤɨɟɮɿɰɿєɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɿ ɄɌ. 

Ɂɧɢɠɟɧɧɹ ɤɨɟɮɿɰɿєɧɬɚ ɬɟɩɥɨɩɟɪɟɞɚɱɿ ɬɹɝɧɟ ɡɚ ɫɨɛɨɸ ɩɿɞɜɢɳɟɧɧɹ ɬɢɫɤɭ ɜ ɩɚɪɨɜɨɦɭ 

ɩɪɨɫɬɨɪɿ ɄɌ ɿ, ɜɿɞɩɨɜɿɞɧɨ, ɬɟɦɩɟɪɚɬɭɪɢ ɤɨɧɞɟɧɫɚɰɿʀ ɩɚɪɢ, ɳɨ ɜɟɞɟ ɞɨ ɡɧɢɠɟɧɧɹ ɄɄȾ ɛɥɨɤɚ. 
Ɂɧɢɠɟɧɧɹ ɄɄȾ ɛɥɨɤɚ ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɧɟɞɨɜɢɪɨɛɿɬɤɭ ɟɥɟɤɬɪɨɟɧɟɪɝɿʀ. ɇɚɩɪɢɤɥɚɞ, ɩɪɢ ɬɨɜɳɢɧɿ 
ɜɿɞɤɥɚɞɟɧɶ 1 ɦɦ ɬɚ ʀɯ ɬɟɩɥɨɩɪɨɜɿɞɧɨɫɬɿ 1,5 ȼɬ/ɦ·Ʉ  ɟɤɨɧɨɦɿɱɧɿ ɜɬɪɚɬɢ ɜɿɞ ɧɟɞɨɜɢɪɨɛɿɬɤɭ ɞɥɹ 

ɛɥɨɤɚ ȼȼȿɊ-1000, ɞɢɜ. ɪɢɫ. 4, ɫɬɚɧɨɜɥɹɬɶ 130 ɦɥɧ ɝɪɧ ɧɚ ɪɿɤ,  ɚ ɡɭɩɢɧɤɚ ɛɥɨɤɚ ɧɚ 
ɩɨɡɚɩɥɚɧɨɜɢɣ ɪɟɦɨɧɬ ɧɚ 2,5 ɞɨɛɢ ɩɪɢɜɨɞɢɬɶ ɞɨ ɜɬɪɚɬɢ 24,3 ɦɥɧ ɝɪɧ.    
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ΔɄ,  

ɦɥɧ ɝɪɧ 

Δ, ɦɦ 

Ɋɢɫ. 4. Ɂɚɥɟɠɧɿɫɬɶ ɟɤɨɧɨɦɿɱɧɢɯ ɜɬɪɚɬ ɡɚ 10 ɦɿɫɹɰɿɜ ɟɤɫɩɥɭɚɬɚɰɿʀ 
ɛɥɨɤɚ ȼȼȿɊ-1000 ɜɿɞ ɬɨɜɳɢɧɢ ɲɚɪɭ ɜɿɞɤɥɚɞɟɧɶ  


