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ȼ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɩɪɨɬɟɱɤɚ ɪɚɞɢɨɧɭɤɥɢɞɚ ɚɡɨɬɚ 16

N7 (Ɍ½ = 7,11 ɫ,  
E,max = 6,1γ4 Mɷȼ, Ȟ,ЦКб = 6λ%), ɜɨɡɧɢɤɚɸɳɟɝɨ ɜ 1-ɨɦ ɤɨɧɬɭɪɟ ɪɟɚɤɬɨɪɚ ɄɅɌ-40, 

ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɧɚ ɥɟɞɨɤɨɥɚɯ ɢ ɩɥɚɜɭɱɢɯ ɷɧɟɪɝɨɛɥɨɤɚɯ (ɉɗȻ-ɚɯ), ɱɟɪɟɡ ɩɚɪɨɝɟɧɟɪɚɬɨɪ ɜɨ 
ɜɬɨɪɨɣ ɤɨɧɬɭɪ, ɜ ɤɨɬɨɪɵɣ ɩɨɫɬɭɩɚɟɬ ɜɨɞɚ ɩɨɞ ɞɚɜɥɟɧɢɟɦ Pɜ, ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ Ɍɜ, ɧɚɝɪɟɜɚɟɬɫɹ 
ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɩɚɪɚ, ɜɵɯɨɞ ɤɨɬɨɪɨɝɨ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɱɟɪɟɡ ɫɩɢɪɚɥɶɧɵɣ 
ɩɚɪɨɩɪɨɜɨɞ ɩɚɪɨɝɟɧɟɪɚɬɨɪɚ ɩɨɞ ɜɵɫɨɤɢɦ ɞɚɜɥɟɧɢɟɦ Pɩ. ɫɨɞɟɪɠɚɧɢɟ ɭɤɚɡɚɧɧɨɝɨ 
ɪɚɞɢɨɧɭɤɥɢɞɚ ɜ ɩɚɪɟ ɦɨɠɧɨ ɨɛɧɚɪɭɠɢɬɶ ɢ ɨɰɟɧɢɬɶ ɩɭɬɺɦ ɩɪɢɦɟɧɟɧɢɹ ɦɟɬɨɞɨɜ 
ɫɩɟɤɬɪɨɦɟɬɪɢɢ -ɢɡɥɭɱɟɧɢɹ, ɢɡɦɟɪɟɧɢɹ ɨɛɴɺɦɧɨɣ -ɚɤɬɢɜɧɨɫɬɢ ɩɚɪɚ, ɢɡɦɟɪɟɧɢɹ ɦɨɳɧɨɫɬɢ 
ɞɨɡɵ -ɢɡɥɭɱɟɧɢɹ ɩɚɪɚ ɢ ɩɪɢɦɟɧɟɧɢɟɦ ɪɚɫɱɺɬɧɨɣ ɦɨɞɟɥɢ, ɢɫɩɨɥɶɡɭɸɳɟɣ ɧɟɫɥɨɠɧɵɣ 
ɦɚɬɟɦɚɬɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ, ɩɨɡɜɨɥɹɸɳɢɣ ɨɩɪɟɞɟɥɢɬɶ ɨɛɥɚɫɬɶ ɩɪɨɬɟɱɤɢ. ȼ ɪɚɛɨɬɟ 
ɭɤɚɡɵɜɚɸɬɫɹ ɨɫɧɨɜɧɵɟ ɨɛɥɚɫɬɢ ɜ ɤɨɧɫɬɪɭɤɰɢɢ ɩɚɪɨɝɟɧɟɪɚɬɨɪɚ, ɧɚ ɤɨɬɨɪɵɯ ɦɨɝɭɬ ɛɵɬɶ 
ɨɫɭɳɟɫɬɜɥɟɧɵ ɢɡɦɟɪɟɧɢɹ ɪɚɞɢɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢ ɦɟɬɨɞɵ ɢɯ ɨɰɟɧɤɢ. 
 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚμ ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɪɟɚɤɬɨɪ, ɪɚɞɢɨɧɭɤɥɢɞ, ɩɚɪɨɝɟɧɟɪɚɬɨɪ, ɞɚɜɥɟɧɢɟ 
ɬɟɦɩɟɪɚɬɭɪɚ, ɦɨɳɧɨɫɬɶ ɞɨɡɵ, ɪɚɞɢɚɰɢɨɧɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ. 
 

ɉɨɫɬɭɩɢɥɚ ɜ ɪɟɞɚɤɰɢɸ 14.05.β01λ 

ɉɨɫɥɟ ɞɨɪɚɛɨɬɤɢ 08.08.β01λ 

ɉɪɢɧɹɬɚ ɤ ɩɭɛɥɢɤɚɰɢɢ 1γ.08.β01λ 

 
ɉɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɪɟɚɤɬɨɪɨɜ ɫɟɪɢɢ ɄɅɌ-40 ɢ ɪɹɞɚ ɞɪɭɝɢɯ ɜɨɞɨ-ɜɨɞɹɧɵɯ ɹɞɟɪɧɵɯ 

ɪɟɚɤɬɨɪɨɜ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɟɝɥɚɦɟɧɬɨɦ ɩɨ ɪɚɞɢɚɰɢɨɧɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɹɞɟɪɧɵɯ 
ɤɨɪɚɛɟɥɶɧɵɯ ɭɫɬɚɧɨɜɨɤ ɛɵɥɨ ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɫɬɪɭɹ ɩɚɪɚ ɩɚɪɨɝɟɧɟɪɚɬɨɪɚ, 
ɩɨɫɬɭɩɚɸɳɟɝɨ ɧɚ ɬɭɪɛɢɧɭ, ɫɨɞɟɪɠɢɬ ɪɚɞɢɨɧɭɤɥɢɞ 16

N7 (Ɍ½ = 7,11 ɫ, ɫ ɷɧɟɪɝɢɟɣ  
-ɢɡɥɭɱɟɧɢɹ E,ЦКб = 6,1γ4 Mɷȼ ɢ ɤɜɚɧɬɨɜɵɦ ɜɵɯɨɞɨɦ Ȟ,ЦКб = 6λ%) (ɪɢɫ. 1), 
ɫɨɞɟɪɠɚɧɢɟ ɤɨɬɨɪɨɝɨ ɜ ɩɚɪɟ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɩɪɢɡɧɚɤɟ ɧɚɪɭɲɟɧɢɹ ɝɟɪɦɟɬɢɱɧɨɫɬɢ 
ɜɨɞɨɩɚɪɨɩɪɨɜɨɞɚ ɜɬɨɪɨɝɨ ɤɨɧɬɭɪɚ ɩɚɪɨɝɟɧɟɪɚɬɨɪɚ, ɱɬɨ ɦɨɠɧɨ ɨɛɧɚɪɭɠɢɬɶ ɩɭɬɺɦ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɟɬɨɞɚ ɫɩɟɤɬɪɨɦɟɬɪɢɢ -ɢɡɥɭɱɟɧɢɹ, ɢɡɦɟɪɟɧɢɹ ɨɛɴɺɦɧɨɣ -ɚɤɬɢɜɧɨɫɬɢ 
ɩɚɪɚ ɜ ɫɨɜɨɤɭɩɧɨɫɬɢ ɫ ɦɟɬɨɞɨɦ ɢɡɦɟɪɟɧɢɹ ɦɨɳɧɨɫɬɢ ɞɨɡɵ -ɢɡɥɭɱɟɧɢɹ ɩɚɪɚ.  

                                                             
ɄɅɌ-40 – ɜɨɞɨ-ɜɨɞɹɧɨɣ ɹɞɟɪɧɵɣ ɪɟɚɤɬɨɪ, ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɜ ɈɄȻɆ ɢɦɟɧɢ ɂ.ɂ. Ⱥɮɪɢɤɚɧɬɨɜɚ. ɂɡɝɨɬɚɜɥɢɜɚɥɫɹ ɧɚ ɇɢɠɟɝɨɪɨɞɫɤɨɦ 
ɦɚɲɢɧɨɫɬɪɨɢɬɟɥɶɧɨɦ ɡɚɜɨɞɟ. ɍɤɚɡɚɧɧɵɣ ɬɢɩ ɪɟɚɤɬɨɪɨɜ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɧɚ ɥɟɞɨɤɨɥɚɯ ɢ ɩɥɚɜɭɱɢɯ ɷɧɟɪɝɨɛɥɨɤɚɯ (ɉɗȻ). 



8  ȿɅɈɏɂɇ ɢ ɞɪ. 
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Ɋɢɫɭɧɨɤ 1 – ɂɥɥɸɫɬɪɚɰɢɹ ɤ ɜɨɩɪɨɫɭ ɨ ɩɪɨɬɟɱɤɟ ɪɚɞɢɨɧɭɤɥɢɞɚ 16N ɢɡ ɩɟɪɜɨɝɨ ɤɨɧɬɭɪɚ ɜ ɩɚɪɨɩɪɨɜɨɞ 

ɜɬɨɪɨɝɨ – (ɚ). Ʉ ɪɚɫɱɺɬɭ ɩɥɨɬɧɨɫɬɢ ɩɚɪɚ ρɩ(б) ɢ ɨɛɴɺɦɧɨɣ ɚɤɬɢɜɧɨɫɬɢ QN(б, Э) 16N ɜ ɩɚɪɨɩɪɨɜɨɞɟ 
ɩɚɪɨɝɟɧɟɪɚɬɨɪɚ – (ɛ)ν lvr – ɲɢɪɢɧɚ ɨɛɥɚɫɬɢ ɩɪɨɬɟɱɤɢ. ɗɧɟɪɝɟɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɚɪɚ ɢ ɜɨɞɵ 

ɩɪɢɜɨɞɹɬɫɹ ɢɡ ɪɚɛɨɬ [1, 2] [Illustration to the issue of 16N radionuclide leakage from the primary circuit to the 

second steam line is (a). Calculation of the steam density ρɩ(x) and the volume activity QN(x, t) 16N in the 

steam generator steam line is (b); lvr is the width of the leak area. The energy characteristics of steam and water 

are given from [1, 2] 

 

Ɉɛɳɢɣ ɩɪɢɧɰɢɩ ɪɚɛɨɬɵ ɹɞɟɪɧɨɝɨ ɪɟɚɤɬɨɪɚ ɧɚ ɹɞɟɪɧɨɣ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɭɫɬɚɧɨɜɤɟ 
(əɗɍ) ɢ ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɩɚɪɨɝɟɧɟɪɚɬɨɪɚ, ɪɚɫɩɨɥɚɝɚɸɳɟɝɨɫɹ ɜɟɪɬɢɤɚɥɶɧɨ ɧɚ 
ɹɞɟɪɧɨɣ ɭɫɬɚɧɨɜɤɟ, ɩɪɢɜɨɞɢɬɫɹ ɧɚ ɪɢɫɭɧɤɟ β.  

 

 
Ɋɢɫɭɧɨɤ β – Ɉɫɧɨɜɧɵɟ ɷɥɟɦɟɧɬɵ ɹɞɟɪɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɭɫɬɚɧɨɜɤɢ. Ɉɛɳɚɹ ɫɯɟɦɚ ɢ ɩɪɢɧɰɢɩ ɪɚɛɨɬɵ 

ɩɚɪɨɝɟɧɟɪɚɬɨɪɚ [The main elements of the nuclear power plant. The general scheme and principle of the steam 

generator operation] 

 

ȼɨ ɜɬɨɪɨɣ ɤɨɧɬɭɪ ɩɚɪɨɝɟɧɟɪɚɬɨɪɚ ɩɨ ɜɨɞɨɩɪɨɜɨɞɭ ɩɨɫɬɭɩɚɟɬ ɜɨɞɚ ɩɨɞ ɞɚɜɥɟɧɢɟɦ 
Pɜ (ɥɟɜɚɹ ɨɛɥɚɫɬɶ ɪɢɫ. 1ɚ), ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ Ɍɜ, ɧɚɝɪɟɜɚɟɬɫɹ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɩɚɪɚ, ɜɵɯɨɞ 
ɤɨɬɨɪɨɝɨ ɱɟɪɟɡ N ɫɩɢɪɚɥɶɧɵɯ ɩɚɪɨɩɪɨɜɨɞɨɜ ɬɨɝɨ ɠɟ ɜɧɭɬɪɟɧɧɟɝɨ ɞɢɚɦɟɬɪɚ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ Ɍɩ ɩɨɞ ɜɵɫɨɤɢɦ ɞɚɜɥɟɧɢɟɦ

 Pɩ Д1, βЖ. ȼ ɩɪɨɰɟɫɫɟ 
ɩɪɨɯɨɠɞɟɧɢɹ ɜɨɞɵ ɩɨ ɜɨɞɨɩɪɨɜɨɞɭ ɜ ɩɚɪɨɝɟɧɟɪɚɬɨɪɟ ɜɨɞɚ ɧɚɝɪɟɜɚɟɬɫɹ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 
ɧɚɫɵɳɟɧɢɹ ɩɚɪɚ ɩɪɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ ɞɚɜɥɟɧɢɢ, ɢɫɩɚɪɹɟɬɫɹ ɧɚ ɜɧɭɬɪɟɧɧɟɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɬɪɭɛɨɤ ɩɚɪɨɝɟɧɟɪɚɬɨɪɚ, ɫɨɡɞɚɜɚɹ ɷɮɮɟɤɬɢɜɧɭɸ ɩɨɝɪɚɧɢɱɧɭɸ ɨɛɥɚɫɬɶ 
ɜɨɞɚ-ɩɚɪ ɢ, ɧɚɤɨɧɟɰ, ɜ ɜɢɞɟ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ ɩɨɫɬɭɩɚɟɬ ɧɚ ɬɭɪɛɢɧɭ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚ 
ɜɯɨɞ ɬɭɪɛɢɧɵ ɩɨɞɚɟɬɫɹ ɩɚɪ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɩɟɪɟɝɪɟɬɵɣ ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɟɦɩɟɪɚɬɭɪɵ 
ɧɚɫɵɳɟɧɢɹ. Ɂɚɜɢɫɢɦɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɵ ɤɢɩɟɧɢɹ ɜɨɞɵ (ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ) ɨɬ ɟɺ ɞɚɜɥɟɧɢɹ 
ɩɪɢɜɟɞɟɧɚ ɜ ɬɚɛɥɢɰɟ 1.  
                                                             

 Ɍɚɤɨɣ ɬɢɩ ɩɚɪɨɝɟɧɟɪɚɬɨɪɚ ɯɚɪɚɤɬɟɪɟɧ ɞɥɹ ɪɟɚɤɬɨɪɨɜ ɄɅɌ-40 ɢ ɞɪɭɝɢɯ ɜɨɞɨ-ɜɨɞɹɧɵɯ ɹɞɟɪɧɵɯ ɪɟɚɤɬɨɪɨɜ Д1Ж 
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Ɍɚɛɥɢɰɚ 1 – Ɂɚɜɢɫɢɦɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɵ ɤɢɩɟɧɢɹ ɜɨɞɵ ɨɬ ɞɚɜɥɟɧɢɹ P [The dependence of the boiling point of 

water on pressure P] 

 

ɂɫɩɨɥɶɡɭɹ ɫɜɨɣɫɬɜɨ ɜɨɞɵ ɤɚɤ ɧɟɫɠɢɦɚɟɦɨɣ ɠɢɞɤɨɫɬɢ, ɢ ɭɱɢɬɵɜɚɹ, ɱɬɨ ɩɪɨɰɟɫɫ 
ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɚɪɨ-ɜɨɞɧɨɝɨ ɛɚɥɚɧɫɚ ɜ ɜɨɞɨ-ɩɚɪɨɩɪɨɜɨɞɟ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧ, ɩɭɬɺɦ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ, ɩɪɢɯɨɞɢɦ ɤ ɜɵɜɨɞɭ, ɱɬɨ ɢɡɛɵɬɨɤ ɞɚɜɥɟɧɢɹ ɩɚɪɚ 
ɩɪɢɜɟɞɟɬ ɤ ɧɟɤɨɬɨɪɨɦɭ ɫɦɟɳɟɧɢɸ ɜɨɞɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɪɚɜɧɨɜɟɫɧɨɝɨ ɩɨɥɨɠɟɧɢɹ ɜ 
ɩɨɝɪɚɧɢɱɧɨɣ ɨɛɥɚɫɬɢ ɜɨɞɚ-ɩɚɪ, ɜ ɤɨɬɨɪɨɣ ɬɟɦɩɟɪɚɬɭɪɚ ɛɭɞɟɬ ɢɡɦɟɧɹɬɶɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ 
ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɫɪɟɞɵ. Ⱥɜɬɨɦɚɬɢɱɟɫɤɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ, 
ɤɨɬɨɪɨɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɩɨɫɬɭɩɥɟɧɢɹ ɜɨɞɵ ɢɡ ɭɪɚɜɧɢɬɟɥɶɧɨɣ ɰɢɫɬɟɪɧɵ Д1Ж, 
ɩɪɢɜɟɞɺɬ ɤ ɩɨɜɵɲɟɧɢɸ ɞɚɜɥɟɧɢɹ ɜɨɞɵ ɜ ɜɨɞɨɩɪɨɜɨɞɟ ɢ ɨɛɪɚɬɧɨɦɭ ɫɦɟɳɟɧɢɸ ɜɨɞɵ ɜ 
ɩɟɪɜɨɧɚɱɚɥɶɧɨɟ ɩɨɥɨɠɟɧɢɟ. ɗɬɨɬ ɮɥɭɤɬɭɚɰɢɨɧɧɵɣ ɩɪɨɰɟɫɫ ɨɤɨɥɨ ɧɟɤɨɬɨɪɨɝɨ 
ɪɚɜɧɨɜɟɫɧɨɝɨ ɩɨɥɨɠɟɧɢɹ ɜ ɭɤɚɡɚɧɧɨɣ ɩɨɝɪɚɧɢɱɧɨɣ ɨɛɥɚɫɬɢ ɩɚɪ-ɜɨɞɚ ɛɭɞɟɬ ɩɪɨɢɫɯɨɞɢɬɶ 
ɫ ɧɟɤɨɬɨɪɨɣ ɱɚɫɬɨɬɨɣ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɩɨɝɪɚɧɢɱɧɨɣ ɨɛɥɚɫɬɢ ɧɚ ɜɨɞɨ-ɩɚɪɨɩɪɨɜɨɞɟ ɛɭɞɟɬ ɩɨɫɬɨɹɧɧɨ 
ɢɡɦɟɧɹɬɶɫɹ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟɠɢɦ. ɉɨɫɥɟɞɧɟɟ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɩɪɢɜɟɞɺɬ ɤ ɚɧɚɥɨɝɢɱɧɨɦɭ 
ɢɡɦɟɧɟɧɢɸ ɱɚɫɬɨɬɵ ɦɟɯɚɧɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ ɜɨɞɨ-ɩɚɪɨɩɪɨɜɨɞɚ ɜ ɷɬɨɣ ɨɛɥɚɫɬɢ, 
ɩɨɫɥɟɞɭɸɳɟɣ ɭɫɬɚɥɨɫɬɢ ɦɟɬɚɥɥɚ ɢ ɤ ɜɟɪɨɹɬɧɨɦɭ ɩɨɹɜɥɟɧɢɸ ɦɢɤɪɨɬɪɟɳɢɧ, ɱɟɪɟɡ 
ɤɨɬɨɪɵɟ ɢɡ ɩɟɪɜɨɝɨ ɤɨɧɬɭɪɚ ɜɨ ɜɬɨɪɨɣ ɦɨɠɟɬ ɩɪɨɧɢɤɚɬɶ ɪɚɞɢɨɧɭɤɥɢɞ 16N, ɫɨɡɞɚɜɚɹ, 
ɬɚɤ ɧɚɡɵɜɚɟɦɭɸ, ɩɪɨɬɟɱɤɭ. ɉɨɫɤɨɥɶɤɭ ɩɥɨɬɧɨɫɬɶ ɩɚɪɚ ɫɭɳɟɫɬɜɟɧɧɨ ɦɟɧɶɲɟ ɩɥɨɬɧɨɫɬɢ 
ɜɨɞɵ ɪɚɞɢɨɚɤɬɢɜɧɵɣ ɚɡɨɬ ɛɭɞɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɜ ɨɛɥɚɫɬɶ ɩɚɪɨɜɨɣ ɮɚɡɵ, ɜɤɥɸɱɚɹ ɢ 
ɜɵɯɨɞ ɩɚɪɚ ɧɚ ɬɭɪɛɢɧɭ, ɤɚɤ ɨɬɦɟɱɚɥɨɫɶ ɜɵɲɟ, ɧɚɥɢɱɢɟ ɩɨɫɥɟɞɧɟɝɨ ɜ ɩɚɪɟ ɫ ɭɱɺɬɨɦ 
ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɪɚɫɩɚɞɚ, ɜ ɡɚɞɚɧɧɨɣ ɬɨɱɤɟ ɩɚɪɨɩɪɨɜɨɞɚ, ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɨ ɩɨ 
ɢɡɦɟɪɟɧɧɨɦɭ ɡɧɚɱɟɧɢɸ ɦɨɳɧɨɫɬɢ ɞɨɡɵ, ɫɨɡɞɚɜɚɟɦɨɣ ɭɤɚɡɚɧɧɵɦ ɪɚɞɢɨɧɭɤɥɢɞɨɦ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɨɰɟɧɤɢ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɜɟɥɢɱɢɧ, ɜ ɭɫɥɨɜɢɹɯ ɫɬɚɰɢɨɧɚɪɧɨɝɨ 
ɩɪɨɰɟɫɫɚ, ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɧɢɟ ɩɥɨɬɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɨɞɵ ρɜ(Ɍ), ɩɨɫɬɭɩɚɸɳɟɣ ɜ 
ɜɨɞɨɩɪɨɜɨɞ ɩɚɪɨɝɟɧɟɪɚɬɨɪɚ, ɤɚɤ ɮɭɧɤɰɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢ ɟɺ ɩɟɪɟɧɨɫɟ ɜɞɨɥɶ ɨɫɢ б ɩɨ 
ɜɨɞɨɩɪɨɜɨɞɭ (ɪɢɫ. γ), ɩɥɨɬɧɨɫɬɢ ɩɚɪɚ ρɩ(Ɍ) ɤɚɤ ɮɭɧɤɰɢɢ ɬɟɦɩɟɪɚɬɭɪɵ (ɪɢɫ. 4) ɢɥɢ 
ɪɚɫɫɬɨɹɧɢɹ б ɩɪɢ ɟɝɨ ɩɟɪɟɧɨɫɟ ɜɞɨɥɶ ɨɫɢ б ɩɨ ɩɚɪɨɩɪɨɜɨɞɭ (ɪɢɫ.1ɛ) ɩɪɢ ɫɩɪɹɦɥɟɧɢɢ ɟɝɨ 
ɫɩɢɪɚɥɶɧɨɣ ɱɚɫɬɢ ɞɥɢɧɨɣ L ɫ ɜɧɭɬɪɟɧɧɢɦ ɪɚɞɢɭɫɨɦ R0 = 1,5 – β,0 ɫɦ (0 ≤ Ы ≤ R0). 

 

P 
ЭФ,°C 

P 
ЭФ,°C 

ɤɉɚ. ɚɬɦ. ɤɉɚ. ɚɬɦ. 
0,981 0,01 6,698 196,1 2,0 119,62 

1,961 0,02 17,20 245,2 2,5 126,79 

3,923 0,05 28,64 294,2 3,0 132,88 

9,807 0,1 45,45 392,3 4,0 142,92 

19,61 0,2 59,67 490,3 5,0 151,11 

29,42 0,3 68,68 588,4 6,0 158,08 

39,23 0,4 75,42 686,5 7,0 164,17 

49,03 0,5 80,86 784,5 8,0 169,61 

58,84 0,6 85,45 882,6 9,0 174,53 

68,65 0,7 89,45 980,7 10,0 179,04 

78,45 0,8 92,99 1961 20,0 211,38 

88,26 0,9 96,18 2452 25,0 222,90 

98,07 1,0 99,09 4903 50,0 262,70 

101,3 1,033 100,00 9807 100,0 309,53 

147,1 1,5 110,79 - - - 



10  ȿɅɈɏɂɇ ɢ ɞɪ. 
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Ɋɢɫɭɧɨɤ γ – Ɂɚɜɢɫɢɦɨɫɬɶ ɩɥɨɬɧɨɫɬɢ ɜɨɞɵ ρ(Ɍ) ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. Ɉɛɥɚɫɬɶ ɤɪɢɜɨɣ ɦɟɠɞɭ ɦɟɬɤɚɦɢ 

ɚɩɩɪɨɤɫɢɦɢɪɭɟɬɫɹ ɞɥɹ ɭɞɨɛɫɬɜɚ ɪɚɛɨɬɵ ɩɚɪɚɛɨɥɨɣ ДTСО НОЩОЧНОЧМО ШП ρ(Ɍ) аКЭОЫ НОЧЬТЭв ШЧ ЭОЦЩОЫКЭЮЫО. 
The area of the curve between the marks is approximated for convenience by a parabola] 

 

 
Ɋɢɫɭɧɨɤ 4 – Ɂɚɜɢɫɢɦɨɫɬɶ ɞɚɜɥɟɧɢɹ (ɚ) ɢ ɩɥɨɬɧɨɫɬɢ (ɛ) ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ ɤɚɤ ɮɭɧɤɰɢɢ ɬɟɦɩɟɪɚɬɭɪɵ. 

Ʉɪɢɜɚɹ 1 (ɪɢɫ.4 ɚ) ɩɪɢɜɟɞɟɧɚ ɜ ɟɞɢɧɢɰɚɯ (ɚɬɦ.), ɤɪɢɜɚɹ 2 – ɜ ɟɞɢɧɢɰɚɯ (ɤɝ/ɫɦ2) [Dependence of pressure (a) 

and density (b) of saturated steam as a function of temperature. Curve 1 (Fig. 4 a) is given in units (atm.), Curve 

2 is given in units (kg / cm2)] 
 

ɉɪɢ ɷɬɨɦ ɞɥɢɧɚ ɜɨɞɨɩɪɨɜɨɞɚ (ɜɟɪɬɢɤɚɥɶɧɚɹ ɨɛɥɚɫɬɶ ɜ ɥɟɜɨɣ ɱɚɫɬɢ (ɪɢɫ. 1ɛ) ɛɭɞɟɬ 
ɫɨɫɬɚɜɥɹɬɶ L0 (L0 < L).  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɯɚɪɚɤɬɟɪ ɡɚɜɢɫɢɦɨɫɬɢ ɩɥɨɬɧɨɫɬɢ ɜɨɞɵ ɢ ɩɚɪɚ ɤɚɤ ɮɭɧɤɰɢɣ 
ɬɟɦɩɟɪɚɬɭɪɵ ɫɭɳɟɫɬɜɟɧɧɨ ɪɚɡɥɢɱɚɸɬɫɹμ ɩɥɨɬɧɨɫɬɶ ɜɨɞɵ ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɩɚɞɚɟɬ, 
ɚ ɩɥɨɬɧɨɫɬɶ ɩɚɪɚ ɪɚɫɬɺɬ ɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɨɛɪɚɡɨɦ ɢɡɦɟɧɹɸɬɫɹ ɞɚɜɥɟɧɢɟ ɜɨɞɵ ɢɥɢ 
ɩɚɪɚ. ȿɫɥɢ ɩɪɢɧɹɬɶ, ɱɬɨ ɪɨɫɬ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨ ɜɨɞɨ-ɩɚɪɨɩɪɨɜɨɞɭ ɩɪɨɩɨɪɰɢɨɧɚɥɟɧ 
ɪɚɫɫɬɨɹɧɢɸ x, ɬɨ ɧɚɣɞɺɦ, ɱɬɨ ɩɪɢ ɧɟɤɨɬɨɪɨɦ xL ɞɚɜɥɟɧɢɟ ɩɚɪɚ ɢ ɜɨɞɵ ɦɨɠɟɬ ɛɵɬɶ 
ɭɪɚɜɧɨɜɟɲɟɧɨ. Ɍɨɝɞɚ ɷɬɨ ɡɧɚɱɟɧɢɟ xL = L0 ɢ ɨɩɪɟɞɟɥɢɬ ɷɮɮɟɤɬɢɜɧɭɸ ɞɥɢɧɭ 
ɜɨɞɨɩɪɨɜɨɞɚ, ɜ ɩɨɝɪɚɧɢɱɧɨɣ ɨɛɥɚɫɬɢ ɤɨɬɨɪɨɣ ɛɭɞɟɬ ɜɨɡɧɢɤɚɬɶ ɩɪɨɬɟɱɤɚ. 

Ɋɚɫɫɦɨɬɪɢɦ ɨɫɨɛɟɧɧɨɫɬɢ ɮɢɡɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɩɟɪɟɧɨɫɚ ɜɨɞɵ, ɤɨɬɨɪɚɹ ɩɨɞɚɺɬɫɹ 
ɜ ɜɨɞɨɩɪɨɜɨɞ ɩɚɪɨɝɟɧɟɪɚɬɨɪɚ, ɩɪɢ ɧɚɱɚɥɶɧɨɦ ɞɚɜɥɟɧɢɢ Pɝɪ ≈ 6,1-6,4 Ɇɉɚ. ȼ ɪɟɡɭɥɶɬɚɬɟ 
ɩɟɪɟɞɚɱɢ ɬɟɩɥɚ ɨɬ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɩɟɪɜɨɝɨ ɤɨɧɬɭɪɚ ɜɨɞɚ ɜ ɬɪɭɛɨɩɪɨɜɨɞɟ ɩɚɪɨɝɟɧɟɪɚɬɨɪɚ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɧɚɝɪɟɜɚɟɬɫɹ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɟɺ ɩɥɨɬɧɨɫɬɢ, ɢɫɩɚɪɟɧɢɸ ɢ 
ɨɛɪɚɡɨɜɚɧɢɸ ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ, ɞɚɜɥɟɧɢɟ ɤɨɬɨɪɨɝɨ ɪɚɫɬɺɬ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ, ɬ.ɟ. ɫ 
ɪɨɫɬɨɦ x. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɮɨɪɦɭɥɢɪɨɜɤɟ ɡɚɞɚɱɢ ɩɟɪɟɧɨɫɚ ɜɨɞɵ ɜ ɬɪɭɛɨɩɪɨɜɨɞɟ 
ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɟɺ ɞɜɢɠɟɧɢɟ ɫ ɡɚɞɚɧɧɨɣ ɫɤɨɪɨɫɬɶɸ, ɨɩɪɟɞɟɥɹɟɦɨɟ ɧɚɱɚɥɶɧɵɦ 
ɞɚɜɥɟɧɢɟɦ ɢ ɩɥɨɬɧɨɫɬɶɸ, ɭɦɟɧɶɲɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɜɨɞɵ ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɟɺ 
ɢɫɩɚɪɟɧɢɟ. ɉɨɷɬɨɦɭ, ɩɨɥɚɝɚɹ, ɱɬɨ ɩɨɩɟɪɟɱɧɚɹ ɫɤɨɪɨɫɬɶ ɩɟɪɟɧɨɫɚ ɜɨɞɵ ɧɚ ɫɬɟɧɤɢ 
ɬɪɭɛɨɩɪɨɜɨɞɚ ɪɚɜɧɚ ɧɭɥɸ, ɫɬɚɰɢɨɧɚɪɧɨɟ ɭɪɚɜɧɟɧɢɟ, ɭɱɢɬɵɜɚɸɳɟɟ ɷɬɢ ɮɢɡɢɱɟɫɤɢɟ 
ɩɪɨɰɟɫɫɵ ɞɥɹ ɱɚɫɬɢɰɵ ɜɨɞɵ ɦɚɫɫɨɣ m = ρ(T)Vɜ, ɡɚɧɢɦɚɸɳɟɣ ɨɛɴɺɦ Vɜ = πR

2
0L0, ɜ 

ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɝɟɨɦɟɬɪɢɢ ɛɭɞɟɬ ɜɵɝɥɹɞɟɬɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦμ 
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ɝɞɟ vɜ – ɫɤɨɪɨɫɬɶ ɩɟɪɟɧɨɫɚ ɜɨɞɵ ɩɨ ɜɨɞɨɩɪɨɜɨɞɭν G – ɝɟɧɟɪɚɰɢɹ ɜɨɞɵ (ɧɚɝɧɟɬɚɧɢɟ ɜɨɞɵ 
ɩɨɞ ɞɚɜɥɟɧɢɟɦ ɫɦ. ɪɢɫ.1ɚ, G = const.), Дɤɝ/ɫЖν K(r,T) – ɤɨɷɮɮɢɰɢɟɧɬ ɬɭɪɛɭɥɟɧɬɧɨɣ 
ɞɢɮɮɭɡɢɢ ɜɨɞɵ ɜ ɜɨɞɨɩɪɨɜɨɞɟν uɩ(Ɍ) – ɫɤɨɪɨɫɬɶ ɢɫɩɚɪɟɧɢɹ ɜɨɞɵ ɢɥɢ ɫɤɨɪɨɫɬɶ 
ɝɟɧɟɪɚɰɢɢ ɩɚɪɚ, Дɤɝ/ɦ2ɫЖν Sɜ = βπR0L0 – ɩɥɨɳɚɞɶ ɢɫɩɚɪɟɧɢɹ ɜɨɞɵ. ɉɨɫɤɨɥɶɤɭ ɩɥɨɳɚɞɢ 
ɢɫɩɚɪɟɧɢɹ Sɜ ɜɨɞɵ ɢ ɡɚɧɢɦɚɟɦɵɣ ɟɸ ɨɛɴɺɦ Vɜ ɹɜɥɹɸɬɫɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɨɞɧɨɝɨ ɢ 
ɬɨɝɨ ɠɟ ɨɛɴɺɦɚ ɫɪɟɞɵ, ɬɨ ɢɯ ɨɬɧɨɲɟɧɢɟ Sɜ/Vɜ = 2/r0. ȿɫɥɢ ɫɩɢɪɚɥɶ ɩɚɪɨɩɪɨɜɨɞɚ 
ɩɪɟɞɫɬɚɜɢɬɶ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦ ɭɱɚɫɬɤɨɦ (ɫɦ. ɪɢɫ. 1ɛ), ɚ ɢɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɫɪɟɞɟ 
ɜɬɨɪɨɝɨ ɤɨɧɬɭɪɚ ɩɚɪɨɝɟɧɟɪɚɬɨɪɚ ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɬɶ ɧɟɤɨɬɨɪɨɣ ɥɢɧɟɣɧɨɣ ɮɭɧɤɰɢɟɣ, 
ɡɚɜɢɫɹɳɟɣ ɨɬ x:  

 

  Ɍ(x) = 170 + 120x/(L0+L) ºɋ,  (2) 
 

ɜ ɤɨɬɨɪɨɣ x ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɧɟɪɚɜɟɧɫɬɜɭ 0 ≤ x ≤ (L0 + L), ɬɨ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɡɚɞɚɱɢ, 
ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɟ ɬɟɦɩɟɪɚɬɭɪɧɨɦɭ ɪɚɫɩɪɟɞɟɥɟɧɢɸ ɜɨɞɵ ɜ ɩɚɪɨɝɟɧɟɪɚɬɨɪɟ, ɛɭɞɭɬ 
ɜɵɝɥɹɞɟɬɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦμ 
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ɉɪɢ ɷɬɨɦ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɜ ɝɪɚɧɢɱɧɨɦ ɭɫɥɨɜɢɢ (γ) ɛɭɞɟɬ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ 
ɬɟɦɩɟɪɚɬɭɪɟ ɟɺ ɜɯɨɞɚ ɜ ɩɚɪɨɝɟɧɟɪɚɬɨɪ (ɪɢɫ. 1ɚ), ɚ ɟɺ ɩɥɨɬɧɨɫɬɶ ρɜ(Ɍ) ɨɩɪɟɞɟɥɢɬɫɹ 
ɩɥɨɬɧɨɫɬɶɸ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ γ, ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ Ɍ = 170 ºɋ. Ƚɪɚɧɢɱɧɨɟ 
ɭɫɥɨɜɢɟ (4) ɛɭɞɟɬ ɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɩɥɨɬɧɨɫɬɶ ɜɨɞɵ, ɤɨɬɨɪɚɹ ɢɡɦɟɧɹɟɬɫɹ ɤɚɤ ɮɭɧɤɰɢɹ 
ɪɚɫɫɬɨɹɧɢɹ x ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɢɧɹɬɨɣ ɥɢɧɟɣɧɨɣ ɡɚɜɢɫɢɦɨɫɬɶɸ ɬɟɦɩɟɪɚɬɭɪɵ Ɍ ɨɬ 
ɪɚɫɫɬɨɹɧɢɹ x, ɨɩɪɟɞɟɥɹɟɦɨɣ ɮɨɪɦɭɥɨɣ (β), ɜ ɜɨɞɨ-ɩɚɪɨɩɪɨɜɨɞɟ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɜɵɞɟɥɟɧɧɨɣ ɨɛɥɚɫɬɶɸ ɧɚ ɪɢɫɭɧɤɟ γ.  

Ƚɪɚɧɢɱɧɨɟ ɭɫɥɨɜɢɟ (5) ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɭɫɥɨɜɢɸ ɷɤɫɬɪɟɦɭɦɚ ɜ ɩɥɨɬɧɨɫɬɢ 
ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɜɨɞɵ ɜ ɜɨɞɨɩɪɨɜɨɞɟ ɜ ɫɢɥɭ ɫɜɨɣɫɬɜɚ ɟɺ ɪɚɞɢɚɥɶɧɨɣ ɫɢɦɦɟɬɪɢɢ. Ɉɰɟɧɤɚ 
ɫɤɨɪɨɫɬɢ ɩɟɪɟɧɨɫɚ ɜɨɞɵ ɦɚɫɫɨɣ m ɩɨ ɜɨɞɨɩɪɨɜɨɞɭ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧɚ ɢɡ ɭɫɥɨɜɢɹ 
ɪɚɜɟɧɫɬɜɚ ɤɢɧɟɬɢɱɟɫɤɨɣ ɢ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɣ ɞɚɜɥɟɧɢɹ ɜɨɞɵ ɧɚ ɜɯɨɞɟ ɜɬɨɪɨɝɨ 
ɤɨɧɬɭɪɚ ɩɚɪɨɝɟɧɟɪɚɬɨɪɚ 22

ɜɜɝɪ vmNVP  , ɝɞɟ N – ɱɢɫɥɨ ɜɨɞɨɩɪɨɜɨɞɨɜ ɜ ɩɚɤɟɬɟ. 
ɍɬɨɱɧɢɦ ɮɢɡɢɱɟɫɤɢɣ ɫɦɵɫɥ ɷɬɨɝɨ ɪɚɜɟɧɫɬɜɚ. ɉɨɬɟɧɰɢɚɥɶɧɚɹ ɷɧɟɪɝɢɹ ɦɨɠɟɬ ɛɵɬɶ 
ɡɚɬɪɚɱɟɧɚμ ɧɚ ɫɨɜɟɪɲɟɧɢɟ ɪɚɛɨɬɵ ɩɪɨɬɢɜ ɫɢɥ ɬɪɟɧɢɹ ɜɨɞɵ ɨ ɫɬɟɧɤɢ ɬɪɭɛɵ ɜɨɞɨɩɪɨɜɨɞɚ, 
ɧɚ ɤɢɧɟɬɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ ɩɪɢ ɩɟɪɟɦɟɳɟɧɢɢ ɱɚɫɬɢɰ ɠɢɞɤɨɫɬɢ (ɜɨɞɵ) ɩɨ ɜɨɞɨɩɪɨɜɨɞɭ 
ɫɨ ɫɤɨɪɨɫɬɶɸ vɜ ɢ ɢɡɦɟɧɟɧɢɟ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ ɫɪɟɞɵ (ɨɩɹɬɶ ɠɟ ɜɨɞɵ), ɧɚɩɪɢɦɟɪ, ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɢɡɦɟɧɟɧɢɹ ɟɺ ɬɟɦɩɟɪɚɬɭɪɵ ɡɚ ɫɱɺɬ ɬɪɟɧɢɹ, ɬ.ɟ.μ PɝɪVɜ = Ⱥɬɪ + ȿɤɢɧ+Uɜɧ. ɇɨ 

ɩɨɫɤɨɥɶɤɭ ɬɟɦɩɟɪɚɬɭɪɚ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɩɟɪɜɨɝɨ ɤɨɧɬɭɪɚ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɟ 
ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɞɵ ɧɚ ɜɯɨɞɟ, ɜɬɨɪɨɝɨ ɤɨɧɬɭɪɚ (ɪɢɫ.1ɚ), ɩɨɫɬɨɥɶɤɭ ɜɨɞɚ ɜ ɬɪɭɛɤɚɯ 
ɜɬɨɪɨɝɨ ɤɨɧɬɭɪɚ ɢɫɩɚɪɹɟɬɫɹ ɜ ɨɛɥɚɫɬɢ ɫɬɟɧɨɤ, ɚ ɟɺ ɨɫɧɨɜɧɚɹ ɦɚɫɫɚ ɧɚɯɨɞɢɬɫɹ ɜ ɬɨɧɤɨɣ 
ɩɚɪɨɜɨɣ ɨɛɨɥɨɱɤɟ ɢ ɩɟɪɟɧɨɫɢɬɫɹ ɛɟɡ ɬɪɟɧɢɹ, ɩɨɷɬɨɦɭ ɩɟɪɜɵɦ ɫɥɚɝɚɟɦɵɦ ɦɨɠɧɨ 
ɩɪɟɧɟɛɪɟɱɶ. ɉɨ ɷɬɨɣ ɠɟ ɩɪɢɱɢɧɟ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ ɢ ɬɪɟɬɶɢɦ ɫɥɚɝɚɟɦɵɦ, ɭɱɢɬɵɜɚɹ, 
ɱɬɨ ɢɡɦɟɧɟɧɢɟ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ ɜɨɞɵ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ, ɜ ɨɫɧɨɜɧɨɦ, ɡɚ ɫɱɺɬ ɩɟɪɟɞɚɱɢ 
ɬɟɩɥɚ ɬɟɩɥɨɧɨɫɢɬɟɥɟɦ ɩɟɪɜɨɝɨ ɤɨɧɬɭɪɚ ɜɬɨɪɨɦɭ (ɫɦ. ɪɢɫ. 1ɚ ɢ ɪɢɫ. β). Ɉɬɫɸɞɚ ɢ 



12  ȿɅɈɏɂɇ ɢ ɞɪ. 

 

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № γ(γβ) 2019 

ɜɨɡɧɢɤɚɟɬ ɭɤɚɡɚɧɧɨɟ ɪɚɜɟɧɫɬɜɨ. ɉɨɷɬɨɦɭ, ɭɱɢɬɵɜɚɹ ɫɜɨɣɫɬɜɨ ɜɨɞɵ ɤɚɤ ɧɟɫɠɢɦɚɟɦɨɣ 
ɠɢɞɤɨɫɬɢ, ɛɭɞɟɦ ɫɱɢɬɚɬɶ ɟɺ ɫɤɨɪɨɫɬɶ ɜ ɤɚɠɞɨɣ ɬɪɭɛɤɟ ɜɨɞɨɩɪɨɜɨɞɚ ɩɨɫɬɨɹɧɧɨɣ 
ɜɟɥɢɱɢɧɨɣ, ɨɩɪɟɞɟɥɹɟɦɨɣ ɜɵɪɚɠɟɧɢɟɦμ 

 

   170ρ2 ɝɪɝɪɜ  ɌNPv .  (6) 

 

ȼ ɮɨɪɦɭɥɟ (6) ρɜ(Ɍ) ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ 170 ºɋ ≤ Ɍ ≤ βλ0 ºɋ ɛɭɞɟɬ 
ɨɩɪɟɞɟɥɹɬɶɫɹ ɡɚɜɢɫɢɦɨɫɬɶɸ, ɩɪɢɜɟɞɟɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ γ, ɚ ɢɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɫ 
ɪɚɫɫɬɨɹɧɢɟɦ x – ɮɨɪɦɭɥɨɣ (β). Ɂɚɜɢɫɢɦɨɫɬɶ ɫɤɨɪɨɫɬɢ ɢɫɩɚɪɟɧɢɹ ɢɥɢ ɝɟɧɟɪɚɰɢɢ ɩɚɪɚ 
(ɢɫɩɚɪɟɧɢɹ ɫ ɟɞɢɧɢɰɵ ɩɨɜɟɪɯɧɨɫɬɢ, ɤɝ/ɦ2·ɫ) ɤɚɤ ɮɭɧɤɰɢɢ ɬɟɦɩɟɪɚɬɭɪɵ uɩ(T), 

ɨɩɪɟɞɟɥɹɸɳɟɣ ɜ ɭɪɚɜɧɟɧɢɢ (1) ɭɦɟɧɶɲɟɧɢɹ ɦɚɫɫɵ ɜɨɞɵ ɢɥɢ ɟɺ ɩɥɨɬɧɨɫɬɢ, 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5 ДγЖ.  

 

Ɋɢɫɭɧɨɤ 5 – Ɂɚɜɢɫɢɦɨɫɬɶ ɫɤɨɪɨɫɬɢ ɢɫɩɚɪɟɧɢɹ ɜɨɞɹɧɨɝɨ ɩɚɪɚ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɵ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵμ  
1 – ɪɟɡɭɥɶɬɚɬ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɨɰɟɧɤɢ, β – ɪɟɡɭɥɶɬɚɬ ɷɤɫɩɟɪɢɦɟɧɬɚ ДγЖ ДDОЩОЧНОЧМО ШП ЭСО ЫКЭО ШП ОЯКЩШЫКЭТШЧ 

of distilled water water vapor on temperature: 1 is the result of theoretical evaluation, 2 is the result of the 

experiment [3] 

 

Ʉɪɨɦɟ ɬɨɝɨ, ɪɚɫɱɺɬɧɵɟ ɨɰɟɧɤɢ ɫɤɨɪɨɫɬɢ ɢɫɩɚɪɟɧɢɹ ɩɚɪɚ uɩ(T) ɩɪɢ ɢɡɦɟɧɟɧɢɢ 
ɬɟɦɩɟɪɚɬɭɪɵ ɨɬ T0 ɞɨ T (Ʉ) ɦɨɝɭɬ ɛɵɬɶ ɧɚɣɞɟɧɵ ɩɨ ɮɨɪɦɭɥɟ Ʉɥɚɩɟɣɪɨɧɚ-Ʉɥɚɡɢɭɫɚμ 
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ɝɞɟ Λ – ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɬɚ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ, ɤɨɬɨɪɚɹ ɬɚɤɠɟ ɡɚɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵν  
      mɩ – ɦɚɫɫɚ ɩɚɪɚν  
      T0 – ɧɚɱɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ, ɧɚɩɪɢɦɟɪ, T0 = 170 ºɋ. 

ɉɨɥɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ Λ(T) ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ 0 ≤ Ɍ ≤ γ74 ºɋ ɩɪɢɜɨɞɢɬɫɹ ɜ 
ɬɚɛɥɢɰɟ β. Ɂɚɜɢɫɢɦɨɫɬɶ (7) ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ (Ɍ > T0) ɫɤɨɪɨɫɬɶ 
ɢɫɩɚɪɟɧɢɹ ɜɨɞɵ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. 

Ⱥɧɚɥɢɡ ɭɪɚɜɧɟɧɢɹ (1) ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɜ ɬɪɭɛɤɚɯ ɜɨɞɨ-ɩɚɪɨɩɪɨɜɨɞɚ ɭɤɚɡɚɧɧɨɝɨ 
ɪɚɞɢɭɫɚ ɦɚɫɲɬɚɛ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ ɨɝɪɚɧɢɱɟɧ ɢ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɛɨɥɶɲɟ ɜɧɭɬɪɟɧɧɟɝɨ 
ɪɚɞɢɭɫɚ ɬɪɭɛɤɢ. ɉɨɷɬɨɦɭ ɜɬɨɪɵɦ ɫɥɚɝɚɟɦɵɦ ɜ ɩɪɚɜɨɣ ɱɚɫɬɢ ɭɪɚɜɧɟɧɢɹ (1), 
ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɦ ɬɭɪɛɭɥɟɧɬɧɨɫɬɶ ɩɨɬɨɤɚ ɜɨɞɵ, ɪɚɫɩɪɨɫɬɪɚɧɹɸɳɟɣɫɹ ɩɨ ɜɨɞɨɩɪɨɜɨɞɭ, 
ɜ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ, ɩɪɢ ɨɰɟɧɤɟ ɩɥɨɬɧɨɫɬɢ ɜɨɞɵ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ. Ɍɨɝɞɚ, 
ɩɨɞɫɬɚɜɥɹɹ ɜ ɮɨɪɦɭɥɭ (1) ɜɵɪɚɠɟɧɢɟ (6), ɩɨɫɥɟ ɧɟɫɥɨɠɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɜɦɟɫɬɨ (1) 
ɩɨɥɭɱɢɦ ɭɪɚɜɧɟɧɢɟ (8), ɪɟɲɟɧɢɟ ɤɨɬɨɪɨɝɨ ɨɩɪɟɞɟɥɢɬɫɹ ɜɵɪɚɠɟɧɢɟɦ (λ): 
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ɝɞɟ ɩɨɫɬɨɹɧɧɚɹ ɋ ɨɩɪɟɞɟɥɹɟɬɫɹ ɱɟɪɟɡ ɝɪɚɧɢɱɧɨɟ ɭɫɥɨɜɢɟ (γ), ɬ.ɟ. ɡɧɚɱɟɧɢɟ ɩɥɨɬɧɨɫɬɢ 
ɜɨɞɵ ɢɡ ɪɢɫɭɧɤɚ γ ɩɪɢ Ɍ = 170 ºɋ, x = 0 (  170ρɝɪ  ɌC ), ɚ ɡɚɜɢɫɢɦɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɵ 
ɜ ɜɵɪɚɠɟɧɢɢ ɫɤɨɪɨɫɬɢ ɢɫɩɚɪɟɧɢɹ ɜɨɞɵ uɩ(Ɍ) ɢ ɭɞɟɥɶɧɨɣ ɬɟɩɥɨɬɵ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ, 
ɨɩɪɟɞɟɥɹɟɦɵɯ ɮɨɪɦɭɥɨɣ (7) ɢ ɞɚɧɧɵɦɢ ɬɚɛɥɢɰɵ β, ɨɬ ɤɨɨɪɞɢɧɚɬɵ x ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɜɵɪɚɠɟɧɢɟɦ (β).  

 

Ɍɚɛɥɢɰɚ β – Ɂɧɚɱɟɧɢɹ ɭɞɟɥɶɧɨɣ ɬɟɩɥɨɬɵ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ ɜɨɞɵ ɩɪɢ ɪɚɡɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ДVКХЮОЬ ШП 
specific heat of water vaporization at different temperatures] 

Ɍɟɦɩɟɪɚɬɭɪɚ ºC 
ɍɞɟɥɶɧɚɹ ɬɟɩɥɨɬɚ 

ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ 

Λ(T), ɆȾɠ/ɤɝ

Ɍɟɦɩɟɪɚɬɭɪɚ ºC 
ɍɞɟɥɶɧɚɹ ɬɟɩɥɨɬɚ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ 

Λ(T), ɆȾɠ/ɤɝ 

0 2,45 250 1,71 

50 2,38 300 1,38 

100 2,26 350 0,88 

150 2,12 374 0 

200 1,96 - - 

  
ɂɡ ɩɨɥɭɱɟɧɧɨɝɨ ɜɵɪɚɠɟɧɢɹ (λ) ɫɥɟɞɭɟɬ, ɱɬɨ ɩɨɫɤɨɥɶɤɭ ɫɤɨɪɨɫɬɶ ɢɫɩɚɪɟɧɢɹ ɜɨɞɵ ɫ 

ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɬɨ ɜɬɨɪɨɟ ɫɥɚɝɚɟɦɨɟ ɜ ɤɪɭɝɥɵɯ ɫɤɨɛɤɚɯ ɜ (λ) ɛɭɞɟɬ 
ɪɚɫɬɢ ɡɧɚɱɢɬɟɥɶɧɨ ɛɵɫɬɪɟɟ (ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨ) ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɟɪɜɵɦ ɫɥɚɝɚɟɦɵɦ ɫ 
ɪɨɫɬɨɦ x. ɗɬɨ ɩɪɢɜɟɞɺɬ ɤ ɬɨɦɭ, ɱɬɨ ɩɪɢ ɧɟɤɨɬɨɪɨɦ x ɩɥɨɬɧɨɫɬɶ ɩɪɨɬɟɤɚɸɳɟɣ ɩɨ 
ɜɨɞɨɩɪɨɜɨɞɭ ɜɨɞɵ ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɛɭɞɟɬ ɭɦɟɧɶɲɚɬɶɫɹ, ɱɬɨ ɧɟ ɩɪɨɬɢɜɨɪɟɱɢɬ 
ɝɪɚɮɢɤɭ, ɩɪɢɜɟɞɺɧɧɨɦɭ ɧɚ ɪɢɫɭɧɤɟ γ. Ɍɨɝɞɚ, ɩɨɥɚɝɚɹ ɩɨɫɬɨɹɧɧɨɣ ɫɤɨɪɨɫɬɶ ɩɟɪɟɧɨɫɚ 
ɜɨɞɵ ɩɨ ɜɨɞɨɩɪɨɜɨɞɭ, ɩɨɫɤɨɥɶɤɭ ɟɺ ɩɟɪɟɧɨɫ ɩɪɨɢɫɯɨɞɢɬ ɛɟɡ ɬɪɟɧɢɹ (ɷɬɨɦɭ 
ɫɩɨɫɨɛɫɬɜɭɟɬ ɩɪɨɰɟɫɫ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ ɧɚ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɬɪɭɛɨɤ 
ɩɚɪɨɝɟɧɟɪɚɬɨɪɚ), ɞɚɜɥɟɧɢɟ ɜɨɞɵ ɫ ɪɨɫɬɨɦ x, ɬ.ɟ. ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ, ɨɩɪɟɞɟɥɹɟɦɨɣ 
ɭɪɚɜɧɟɧɢɟɦ (β), ɛɭɞɟɬ ɬɚɤɠɟ ɭɦɟɧɶɲɚɬɶɫɹ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɩɥɨɬɧɨɫɬɢ ɜɨɞɵ. 

 

       2ρ 2

ɜɜɜ vxTxTP  .  (10) 

 

ɉɪɢ ɮɨɪɦɭɥɢɪɨɜɤɟ ɭɪɚɜɧɟɧɢɹ ɩɟɪɟɧɨɫɚ ɩɚɪɚ ɩɨ ɩɚɪɨɩɪɨɜɨɞɭ, ɬɚɤɠɟ ɧɟɨɛɯɨɞɢɦɨ 
ɭɱɢɬɵɜɚɬɶ ɪɚɞɢɚɥɶɧɵɣ ɞɢɮɮɭɡɢɨɧɧɵɣ ɱɥɟɧ, ɩɨɥɚɝɚɹ, ɱɬɨ ɩɟɪɟɧɨɫ ɩɚɪɚ ɢɦɟɟɬ ɯɚɪɚɤɬɟɪ 
ɬɭɪɛɭɥɟɧɬɧɨɝɨ ɩɨɬɨɤɚ, ɤɨɬɨɪɵɣ ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɚɞɜɟɤɬɢɜɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɜɞɨɥɶ 
ɨɫɢ ɩɚɪɨɩɪɨɜɨɞɚ, ɤɨɬɨɪɵɣ ɦɵ ɩɪɟɞɫɬɚɜɢɥɢ ɩɪɹɦɨɥɢɧɟɣɧɵɦ ɨɬɪɟɡɤɨɦ, ɪɚɫɩɨɥɨɠɟɧɧɵɦ 
ɝɨɪɢɡɨɧɬɚɥɶɧɨ, ɫɤɨɪɨɫɬɶɸ ɝɟɧɟɪɚɰɢɢ ɩɚɪɚ ɢ ɟɝɨ ɜɪɟɦɟɧɟɦ ɠɢɡɧɢ (ɜ ɩɚɪɨɩɪɨɜɨɞɟ) ɞɨ 
ɜɵɛɪɨɫɚ ɧɚ ɬɭɪɛɢɧɭ. Ɉɞɧɚɤɨ, ɞɢɮɮɭɡɢɨɧɧɵɦ ɱɥɟɧɨɦ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɩɟɪɟɧɨɫɚ, 
ɨɱɟɜɢɞɧɨ, ɬɚɤɠɟ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ, ɭɱɢɬɵɜɚɹ, ɱɬɨ ɫɤɨɪɨɫɬɶ ɩɟɪɟɧɨɫɚ ɡɚ ɫɱɺɬ 
ɬɭɪɛɭɥɟɧɬɧɨɣ ɞɢɮɮɭɡɢɢ ɩɚɪɚ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟ ɟɝɨ ɫɤɨɪɨɫɬɢ, ɨɛɭɫɥɨɜɥɟɧɧɨɣ 
ɚɞɜɟɤɬɢɜɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɟɫɥɢ ɨɛɨɡɧɚɱɢɬɶ ɦɚɫɫɭ ɩɚɪɚ ɱɟɪɟɡ  
mɩ = ρɩ·Vɩɪ, ɝɞɟ Vɩɪ – ɜɧɭɬɪɟɧɧɢɣ ɨɛɴɺɦ ɩɚɪɨɩɪɨɜɨɞɚ (Vɩɪ = πR

2
0·L), ɬɨ ɭɪɚɜɧɟɧɢɟ 

ɩɟɪɟɧɨɫɚ ɞɥɹ ɩɥɨɬɧɨɫɬɢ ɩɚɪɚ ɩɨ ɩɚɪɨɩɪɨɜɨɞɭ (ɜ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɝɟɨɦɟɬɪɢɢ) ɩɪɢ ɟɝɨ 
ɪɚɞɢɚɥɶɧɨɣ (ɩɨɩɟɪɟɱɧɨɣ) ɫɤɨɪɨɫɬɢ ɪɚɜɧɨɣ ɧɭɥɸ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ. 
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ɝɞɟ vɩ – ɩɪɨɞɨɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɩɟɪɟɧɨɫɚ ɩɚɪɚ ɩɨ ɩɚɪɨɩɪɨɜɨɞɭν uɩ – ɪɚɧɟɟ ɨɩɪɟɞɟɥɺɧɧɚɹ 
ɮɨɪɦɭɥɨɣ (7) ɫɤɨɪɨɫɬɶ ɝɟɧɟɪɚɰɢɢ ɩɚɪɚν Sɩ – ɩɥɨɳɚɞɶ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ (Sɩ з βπR0L0);  

Kɩ(r) – ɤɨɷɮɮɢɰɢɟɧɬ ɬɭɪɛɭɥɟɧɬɧɨɣ ɞɢɮɮɭɡɢɢ ɩɚɪɚν τɩ = L/vɩ – ɜɪɟɦɹ «ɠɢɡɧɢ» ɩɚɪɚ ɜ 
ɬɪɭɛɨɩɪɨɜɨɞɟ; L – ɞɥɢɧɚ ɩɚɪɨɩɪɨɜɨɞɚ. Ƚɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɨɩɪɟɞɟɥɹɸɬɫɹ, ɢɫɯɨɞɹ ɢɡ 
ɫɥɟɞɭɸɳɢɯ ɫɨɨɛɪɚɠɟɧɢɣ.  

Ɂɧɚɱɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɩɚɪɚ ɜ ɩɨɝɪɚɧɢɱɧɨɣ ɨɛɥɚɫɬɢ ρɩ(L0), ɬ.ɟ. ɩɪɢ x = L0, ɦɨɠɧɨ 
ɧɚɣɬɢ, ɢɫɩɨɥɶɡɭɹ ɭɫɥɨɜɢɹ ɪɚɜɟɧɫɬɜɚ ɞɚɜɥɟɧɢɹ ɜɨɞɵ ɢ ɩɚɪɚ ɜ ɷɬɨɣ ɨɛɥɚɫɬɢ ɩɪɢ ɡɚɞɚɧɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ, ɬ.ɟ. 

00
ɩɜ LxLx

PP


 . ɉɨɫɤɨɥɶɤɭ ɞɚɜɥɟɧɢɟ ɜɨɞɵ ɩɪɢ ɧɚɣɞɟɧɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ 

ɩɥɨɬɧɨɫɬɢ ɜɨɞɵ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ (ɤɨɨɪɞɢɧɚɬɵ x), ɨɩɪɟɞɟɥɟɧɧɨ ɜɵɪɚɠɟɧɢɹɦɢ (β), (λ), 
(10), ɬɨ ɪɚɫɫɦɚɬɪɢɜɚɹ ɩɚɪ ɤɚɤ ɢɞɟɚɥɶɧɵɣ ɝɚɡ ɢ ɢɫɩɨɥɶɡɭɹ ɭɪɚɜɧɟɧɢɟ Ʉɥɚɩɟɣɪɨɧɚ-

Ɇɟɧɞɟɥɟɟɜɚ, ɧɚɣɞɺɦ, ɱɬɨμ  
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ɝɞɟ vɜ = const., ɨɩɪɟɞɟɥɟɧɧɚɹ ɮɨɪɦɭɥɨɣ (6), ɡɚɜɢɫɢɦɨɫɬɶ Ɍ(x) – ɜɵɪɚɠɟɧɢɟɦ (β), ɚ 
ρɜ[T(x)] – ɮɨɪɦɭɥɨɣ (λ). ɇɢɠɟ ɛɭɞɟɬ ɩɨɤɚɡɚɧɨ, ɤɚɤ ɤɨɧɤɪɟɬɧɨ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɭɫɥɨɜɢɟɦ 
(1β) ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɡɧɚɱɟɧɢɹ x = L0. ɉɪɟɧɟɛɪɟɝɚɹ ɩɨɬɟɪɹɦɢ ɬɟɩɥɚ ɜ ɦɟɬɚɥɥɢɱɟɫɤɨɣ 
ɬɪɭɛɟ ɩɚɪɨɩɪɨɜɨɞɚ, ɛɭɞɟɦ ɩɨɥɚɝɚɬɶ, ɱɬɨ ɬɟɦɩɟɪɚɬɭɪɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜ ɩɚɪɟ 
ɩɚɪɨɩɪɨɜɨɞɚ ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɜɢɞɚ (β), ɤɨɬɨɪɨɟ ɢ ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶ 
ɝɪɚɧɢɱɧɨɟ ɭɫɥɨɜɢɟ (1γ)μ 
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Ƚɪɚɧɢɱɧɨɟ ɭɫɥɨɜɢɟ (14) ɬɚɤɠɟ ɛɭɞɟɬ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɭɫɥɨɜɢɸ ɷɤɫɬɪɟɦɭɦɚ ɜ 
ɩɥɨɬɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɩɚɪɚ ɜ ɩɚɪɨɩɪɨɜɨɞɟ ɜ ɫɢɥɭ ɫɜɨɣɫɬɜɚ ɟɺ ɪɚɞɢɚɥɶɧɨɣ 
ɫɢɦɦɟɬɪɢɢ.  

Ⱦɥɹ ɫɬɪɨɝɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɭɪɛɭɥɟɧɬɧɨɣ ɞɢɮɮɭɡɢɢ Kɩ(r, x) 

ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɫɢɫɬɟɦɭ ɧɟɥɢɧɟɣɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɜɬɨɪɨɝɨ 
ɩɨɪɹɞɤɚ ɜ ɱɚɫɬɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɬɢɩɚ ɭɪɚɜɧɟɧɢɣ Ɋɟɣɧɨɥɶɞɫɚ Д4Ж, ɨɩɢɫɵɜɚɸɳɢɯ ɩɟɪɟɧɨɫ 
ɬɨɣ ɢɥɢ ɢɧɨɣ ɫɪɟɞɵ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɭɫɥɨɜɢɹɯ, ɱɬɨ ɫɭɳɟɫɬɜɟɧɧɨ ɭɫɥɨɠɧɢɬ ɪɚɫɱɺɬɵ. 
ɉɨɷɬɨɦɭ, ɨɝɪɚɧɢɱɢɜɚɹɫɶ ɫɬɚɰɢɨɧɚɪɧɵɦɢ ɭɫɥɨɜɢɹɦɢ ɩɟɪɟɧɨɫɚ ɩɚɪɚ, ɫɪɚɜɧɢɦ ɩɨ ɦɨɞɭɥɸ 
ɜɬɨɪɨɣ ɱɥɟɧ ɜ ɥɟɜɨɣ ɱɚɫɬɢ ɭɪɚɜɧɟɧɢɹ (11), ɨɩɪɟɞɟɥɹɸɳɢɣ ɚɞɜɟɤɬɢɜɧɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ 
ɫɤɨɪɨɫɬɢ ɜɵɛɪɨɫɚ ɝɚɡɚ ɢɡ ɩɚɪɨɩɪɨɜɨɞɚ, ɢ ɩɟɪɜɵɣ ɱɥɟɧ ɜ ɩɪɚɜɨɣ ɱɚɫɬɢ ɷɬɨɝɨ ɠɟ 
ɭɪɚɜɧɟɧɢɹ, ɨɩɪɟɞɟɥɹɸɳɢɣ ɫɤɨɪɨɫɬɶ ɬɭɪɛɭɥɟɧɬɧɨɣ ɞɢɮɮɭɡɢɢ ɩɪɢ ɩɟɪɟɧɨɫɟ. Ⱦɥɹ ɨɰɟɧɤɢ 
ɭɤɚɡɚɧɧɵɯ ɜɟɥɢɱɢɧ, ɩɨɥɚɝɚɹ, ɱɬɨ ɯɚɪɚɤɬɟɪɧɵɟ ɩɪɢɪɚɳɟɧɢɹ dx ~ dr ≈ r ≈ R0, ɧɟɨɛɯɨɞɢɦɨ 
ɭɱɢɬɵɜɚɬɶ, ɱɬɨ ɦɚɫɲɬɚɛ ɬɭɪɛɭɥɟɧɬɧɵɯ ɩɭɥɶɫɚɰɢɣ ɬɚɤɠɟ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɛɨɥɶɲɟ 
ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɪɚɞɢɭɫɚ ɩɚɪɨɩɪɨɜɨɞɚ R0. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɤɨɷɮɮɢɰɢɟɧɬ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ 

Kɩ(r) ɦɨɠɧɨ ɨɰɟɧɢɬɶ ɜɟɥɢɱɢɧɨɣ ɪɚɜɧɨɣ     ɩ
2

ɩ0 vLLvRrKɩ  . ɉɪɢ ɷɬɢɯ ɭɫɥɨɜɢɹɯ ɞɥɹ 
ɷɥɟɦɟɧɬɚ ɦɚɫɫɵ ɩɚɪɚ Δm ɛɭɞɟɬ ɜɵɩɨɥɧɹɬɶɫɹ ɧɟɪɚɜɟɧɫɬɜɨ vɩ >> vɩ(R0/L), ɱɬɨ ɫɨɜɟɪɲɟɧɧɨ 
ɫɩɪɚɜɟɞɥɢɜɨ, ɩɨɫɤɨɥɶɤɭ R0/L<<1. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɥɚɝɚɹ, ɱɬɨ ɜɵɩɨɥɧɹɟɬɫɹ 
ɧɟɪɚɜɟɧɫɬɜɨμ 

                                                             

 ɉɪɢ ɩɨɧɢɠɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜɪɟɦɹ ɠɢɡɧɢ ɩɚɪɚ ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɜɪɟɦɟɧɟɦ, ɤɨɬɨɪɨɟ ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ ɟɝɨ ɤɨɧɞɟɧɫɚɰɢɢ, ɬ.ɟ. 
ɛɭɞɟɬ ɡɚɜɢɫɟɬɶ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɫɪɟɞɵ. 
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ɜɦɟɫɬɨ ɭɪɚɜɧɟɧɢɹ (11) ɫ ɭɱɺɬɨɦ ɜɵɪɚɠɟɧɢɹ ɞɥɹ ɩɥɨɬɧɨɫɬɢ ɩɚɪɚ ɩɨɥɭɱɢɦ ɫɥɟɞɭɸɳɟɟ 
ɭɪɚɜɧɟɧɢɟ ɞɥɹ ɟɝɨ ɩɥɨɬɧɨɫɬɢμ 
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ȼ ɞɚɧɧɨɦ ɭɪɚɜɧɟɧɢɢ ɫɤɨɪɨɫɬɢ ɤɚɤ ɩɟɪɟɧɨɫɚ ɩɚɪɚ vɩ, ɬɚɤ ɢ ɟɝɨ ɝɟɧɟɪɚɰɢɢ (ɩɪɢ 
ɢɫɩɚɪɟɧɢɢ ɜɨɞɵ) uɩ ɡɚɜɢɫɹɬ ɨɬ ɟɝɨ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɞɚɜɥɟɧɢɹ. ȼ ɤɚɱɟɫɬɜɟ ɨɰɟɧɤɢ ɫɤɨɪɨɫɬɢ 
ɩɟɪɟɧɨɫɚ ɩɚɪɚ ɦɨɠɧɨ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɮɨɪɦɭɥɨɣ ɋɟɧ-ȼɟɧɚɧɚ, ɨɩɪɟɞɟɥɹɸɳɟɣ ɢɫɬɟɱɟɧɢɟ 
ɝɚɡɚ ɢɡ ɪɟɡɟɪɜɭɚɪɚ ɜ ɚɬɦɨɫɮɟɪɭ ɤɚɤ ɮɭɧɤɰɢɢ ɟɝɨ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɞɚɜɥɟɧɢɹ Д5, 6Жμ 
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 ,  (17) 

 

ɝɞɟ k – ɩɨɫɬɨɹɧɧɚɹ ɚɞɢɚɛɚɬɵ ɜɨɞɹɧɨɝɨ ɩɚɪɚν  
      R – ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ (Ⱦɠ/ɦɨɥɶ·Ʉ)ν  
      Tɩ – ɬɟɦɩɟɪɚɬɭɪɚ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɩɚɪɚɩɪɨɜɨɞɚ (Ʉ)ν Pɚɬ – ɚɬɦɨɫɮɟɪɧɨɟ ɞɚɜɥɟɧɢɟν  
      Pɩ – ɞɚɜɥɟɧɢɟ ɩɚɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɩɚɪɨɩɪɨɜɨɞɚ. Ɋɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɹ (16) ɢɦɟɟɬ ɜɢɞμ  
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ɝɞɟ uɩ(Ɍ) ɨɩɪɟɞɟɥɟɧɨ ɮɨɪɦɭɥɨɣ (7), ɚ vɩ(Ɍ) – ɮɨɪɦɭɥɨɣ (17). Ɋɟɲɟɧɢɟ (18) ɛɭɞɟɬ 
ɩɨɥɧɨɫɬɶɸ ɫɩɪɚɜɟɞɥɢɜɨ ɩɪɢ «ɤɜɚɡɢɫɬɚɰɢɨɧɚɪɧɨɦ» ɩɪɢɛɥɢɠɟɧɢɢ ɢɡɦɟɧɟɧɢɹ ɫɤɨɪɨɫɬɢ 
ɝɟɧɟɪɚɰɢɢ ɩɚɪɚ ɢ ɫɤɨɪɨɫɬɢ ɟɝɨ ɩɟɪɟɧɨɫɚ ɤɚɤ ɮɭɧɤɰɢɣ ɬɟɦɩɟɪɚɬɭɪɵ Ɍ(x), ɬ.ɟ. ɤɨɝɞɚ 
ɮɭɧɤɰɢɢ uɩ[T(x)Ж ɢ vɩ[T(x)Ж ɢɥɢ ɢɯ ɨɬɧɨɲɟɧɢɟ ɫɥɚɛɨ ɡɚɜɢɫɹɬ ɨɬ x. ȿɫɥɢ ɩɨɫɥɟɞɧɟɟ 
ɫɩɪɚɜɟɞɥɢɜɨ, ɬɨ ɜɟɥɢɱɢɧɭ ρɩ(L0) ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɡɦɟɪɟɧɢɣ 
ɩɚɪɚɦɟɬɪɨɜ ɩɚɪɚ ɩɪɢ ɟɝɨ ɜɵɯɨɞɟ ɧɚ ɬɭɪɛɢɧɭ, ɬ.ɟ. ɩɪɢ x = L. Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɜ ɷɬɨɣ ɬɨɱɤɟ 
ɦɨɝɭɬ ɛɵɬɶ ɢɡɦɟɪɟɧɵ ɞɚɜɥɟɧɢɟ ɩɚɪɚ, ɟɝɨ ɬɟɦɩɟɪɚɬɭɪɚ, ɩɨ ɞɚɧɧɵɦ ɪɢɫɭɧɤɚ 5, ɬɚɛɥɢɰɵ β, 
ɮɨɪɦɭɥɚɦ (7) ɢ (17) ɩɚɪɚɦɟɬɪɵ uɩ(Ɍ), vɩ(Ɍ), ɚ ɩɨ ɭɪɚɜɧɟɧɢɸ Ʉɥɚɩɟɣɪɨɧɚ-Ɇɟɧɞɟɥɟɟɜɚ, 
ɪɚɫɫɦɚɬɪɢɜɚɹ ɩɚɪ ɤɚɤ ɢɞɟɚɥɶɧɵɣ ɝɚɡ, ɨɩɪɟɞɟɥɟɧɚ ɩɥɨɬɧɨɫɬɶ ɩɚɪɚ ρɩ(L). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ 
ɢɡ ɭɪɚɜɧɟɧɢɹ (18) ɩɪɢ x = L ɦɨɠɟɬ ɛɵɬɶ ɧɚɣɞɟɧɚ ɩɨɫɬɨɹɧɧɚɹ ρɩ(L0). ɉɪɢ ɷɬɨɦ ɝɪɚɧɢɱɧɨɟ 
ɭɫɥɨɜɢɟ (1β) ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɭɪɚɜɧɟɧɢɟμ  

 

       0
2

ρρ
0

2

ɜ
ɜ0ɩ 

Lx
xRT

v
xTL . 

 

Ɋɟɲɟɧɢɟ ɷɬɨɝɨ ɭɪɚɜɧɟɧɢɹ, ɧɚɩɪɢɦɟɪ, ɦɟɬɨɞɨɦ ɤɚɫɚɬɟɥɶɧɵɯ ɢɥɢ ɩɭɬɺɦ ɩɨɞɛɨɪɚ 
ɨɩɪɟɞɟɥɺɧɧɨɝɨ ɡɧɚɱɟɧɢɹ x, ɭɞɨɜɥɟɬɜɨɪɹɸɳɟɝɨ ɪɟɲɟɧɢɸ ɭɪɚɜɧɟɧɢɹ, ɩɨɡɜɨɥɢɬ ɧɚɣɬɢ 
ɢɫɤɨɦɨɟ ɡɧɚɱɟɧɢɟ ɩɨɝɪɚɧɢɱɧɨɣ ɨɛɥɚɫɬɢ L0 ɢɥɢ ɨɛɥɚɫɬɢ ɩɪɨɬɟɱɤɢ. 

ɉɨɫɤɨɥɶɤɭ ɩɟɪɢɨɞ ɩɨɥɭɪɚɫɩɚɞɚ 16
N ɜɟɫɶɦɚ ɦɚɥ, ɬɨ ɩɪɢ ɮɨɪɦɭɥɢɪɨɜɤɟ ɭɪɚɜɧɟɧɢɹ 

ɩɟɪɟɧɨɫɚ ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɚɡɨɬɚ 16
N7 ɩɨ ɩɚɪɨɩɪɨɜɨɞɭ ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɟɝɨ ɜɨ 

ɜɪɟɦɟɧɢ, ɭɱɢɬɵɜɚɹ ɥɨɤɚɥɶɧɭɸ ɝɟɧɟɪɚɰɢɸ ɜ ɩɨɝɪɚɧɢɱɧɨɣ ɨɛɥɚɫɬɢ ɜɨɞɚ-ɩɚɪ, ɭɦɟɧɶɲɟɧɢɟ 
ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɪɚɫɩɚɞɚ ɢ, ɤɪɨɦɟ ɬɨɝɨ, ɧɚɥɢɱɢɟ ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɚɡɨɬɚ ɜ 
ɨɛɴɺɦɟ ɩɚɪɚ, ɪɚɫɩɪɨɫɬɪɚɧɢɜɲɟɝɨɫɹ ɜ ɩɨɫɥɟɞɧɟɦ ɜ ɩɪɟɞɵɞɭɳɢɟ ɦɨɦɟɧɬɵ ɜɪɟɦɟɧɢ. ɉɪɢ 
ɷɬɨɦ ɜɟɥɢɱɢɧɚ ɩɥɨɬɧɨɫɬɢ ɩɚɪɚ ɨɩɪɟɞɟɥɢɬɫɹ ɪɟɲɟɧɢɟɦ (18) ɭɪɚɜɧɟɧɢɹ (16). Ɉɛɴɺɦɧɚɹ 
ɚɤɬɢɜɧɨɫɬɶ ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɚɡɨɬɚ 16

N, ɫɨɞɟɪɠɚɳɟɝɨɫɹ ɜ ɩɚɪɨɜɨɣ ɮɚɡɟ, ɢ ɜɵɯɨɞɹɳɟɝɨ ɧɚ 
ɬɭɪɛɢɧɭ QN(L) ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ ɩɭɬɺɦ ɟɺ ɢɡɦɟɪɟɧɢɹ ɧɚ ɜɵɯɨɞɟ ɡɚ ɨɩɪɟɞɟɥɺɧɧɵɣ 



16  ȿɅɈɏɂɇ ɢ ɞɪ. 
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ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ τN, ɡɚ ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɸɬ ɢ ɜɵɯɨɞ ɦɚɫɫɵ ɩɚɪɚ mɩ (ɜɨɞɵ). Ɍɨɝɞɚ 
ɨɬɧɨɲɟɧɢɟ     αɩ LmLQN , ɨɩɪɟɞɟɥɢɬ ɪɚɡɦɟɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ α (Ʉɢ/ɤɝ), ɜ ɨɛɥɚɫɬɢ 
ɜɵɯɨɞɚ ɩɚɪɚ ɧɚ ɬɭɪɛɢɧɭ, ɬ.ɟ. ɩɪɢ x = L.  

Ƚɟɧɟɪɚɰɢɹ ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɚɡɨɬɚ, ɚɧɚɥɨɝɢɱɧɨ ɜɵɛɪɨɫɚɦ ɢɡ ɜɟɧɬɪɭɛ ɪɚɞɢɨɧɭɤɥɢɞɨɜ 
ɂɊȽ ɜ ɚɬɦɨɫɮɟɪɭ Д7Ж, ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɚ ɦɨɳɧɨɫɬɶɸ ɜɛɪɨɫɚ 16

N7 ɜ ɩɚɪɨɜɭɸ ɮɚɡɭ, 
ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɜɵɪɚɠɟɧɢɟɦμ 

 

 Pɜ = G·Q0ɩɪ,   (19) 

 

ɝɞɟ G – ɫɟɤɭɧɞɧɵɣ ɪɚɫɯɨɞ Дɦ3/ɫЖ ɢɥɢ Дɥ/ɱɚɫЖν  
      Q0ɩɪ – ɨɛɴɺɦɧɚɹ ɚɤɬɢɜɧɨɫɬɶ ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɚɡɨɬɚ ДɄɢ/ɦ3Ж ɢɥɢ ДȻɤ/ɥЖ.  
ȿɫɥɢ ɨɛɴɺɦɧɭɸ ɚɤɬɢɜɧɨɫɬɶ 16

N7 ɢɡɦɟɪɢɬɶ ɧɚ ɜɵɯɨɞɟ ɢɡ ɩɚɪɨɩɪɨɜɨɞɚ, ɬɨ ɜ ɟɝɨ ɧɚɱɚɥɶɧɨɣ 
ɬɨɱɤɟ (x = L0), ɬ.ɟ. ɜ ɨɛɥɚɫɬɢ ɟɝɨ ɝɟɧɟɪɚɰɢɢ, ɡɧɚɱɟɧɢɟ ɧɚɱɚɥɶɧɨɣ ɨɛɴɺɦɧɨɣ ɚɤɬɢɜɧɨɫɬɢ 
Q0ɩɪ ɦɨɠɟɬ ɛɵɬɶ ɧɚɣɞɟɧɨ ɫ ɩɨɩɪɚɜɤɨɣ ɧɚ ɪɚɞɢɨɚɤɬɢɜɧɵɣ ɪɚɫɩɚɞ 16

N7. ɋɟɤɭɧɞɧɵɣ 
ɪɚɫɯɨɞ G ɜɛɪɨɫɚ ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɚɡɨɬɚ 16

N ɜ ɩɚɪɨɜɭɸ ɮɚɡɭ ɜ ɩɨɝɪɚɧɢɱɧɨɣ ɨɛɥɚɫɬɢ ɜɨɞɚ-

ɩɚɪ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɪɨɢɡɜɟɞɟɧɢɟ ɩɥɨɳɚɞɢ ɩɨɝɪɚɧɢɱɧɨɣ ɨɛɥɚɫɬɢ ɩɚɪɨɩɪɨɜɨɞɚ  
Sɩɝ = 2R0lvr, ɝɞɟ lvr – ɲɢɪɢɧɚ ɩɨɝɪɚɧɢɱɧɨɣ ɨɛɥɚɫɬɢ ɜɨɞɚ-ɩɚɪ (water-vapour region), ɧɚ 
ɫɤɨɪɨɫɬɶ ɜɵɯɨɞɚ ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɚɡɨɬɚ ɢɡ ɬɪɟɳɢɧ Uɝ, ɩɪɟɞɫɬɚɜɥɹɸɳɟɣ ɫɨɛɨɣ ɢɫɤɨɦɭɸ 
ɜɟɥɢɱɢɧɭμ  

 

 G = 2R0lvr·Uɝ.  (20) 
 

ȼɟɥɢɱɢɧɭ lvr ɦɨɠɧɨ ɨɰɟɧɢɬɶ ɩɨ ɩɨɤɚɡɚɧɢɸ ɪɚɫɯɨɞɨɦɟɪɚ, ɬ.ɟ. ɩɨ ɜɟɥɢɱɢɧɟ 
ɩɪɨɞɜɢɠɟɧɢɹ «ɯɨɞɚ» ɜɨɞɵ ɜ ɬɪɭɛɟ ɜɨɞɨɩɪɨɜɨɞɚ ɧɚ ɟɝɨ ɧɚɱɚɥɶɧɨɦ ɭɱɚɫɬɤɟ ɩɪɢ 
ɮɥɭɤɬɭɚɰɢɢ ɜ ɧɺɦ ɞɚɜɥɟɧɢɹ ɜɨɞɵ, ɤɨɬɨɪɨɟ ɬɚɤɠɟ ɦɨɠɟɬ ɛɵɬɶ ɢɡɦɟɪɟɧɨ ɩɨ ɩɨɤɚɡɚɧɢɸ 
ɦɚɧɨɦɟɬɪɚ. Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɟɫɥɢ ɩɪɢ ɧɟɤɨɬɨɪɨɦ ɞɚɜɥɟɧɢɢ ɜɨɞɵ Pɜ,1 ɦɵ ɧɚɲɥɢ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɡɧɚɱɟɧɢɟ x1 = L0, ɩɪɢ ɤɨɬɨɪɨɦ ɝɪɚɧɢɱɧɨɟ ɭɫɥɨɜɢɟ (1β) ɩɪɟɞɫɬɚɜɥɹɟɬ 
ɫɨɛɨɣ ɭɪɚɜɧɟɧɢɟ, ɬɨ ɩɪɢ ɞɚɜɥɟɧɢɢ ɜɨɞɵ Pɜ,β > Pɜ,1, ɚɧɚɥɨɝɢɱɧɨ, ɢɡɦɟɪɹɹ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɩɚɪɚɦɟɬɪɵ, ɧɚɣɞɺɦ, ɱɬɨ ɨɧɢ ɯɚɪɚɤɬɟɪɧɵ ɞɥɹ ɡɧɚɱɟɧɢɹ x2 = L0 + lvr. 

ɉɪɢ ɷɬɨɦ ɜɟɥɢɱɢɧɚ lvr = x2 - x1 ɛɭɞɟɬ ɡɚɜɢɫɟɬɶ ɨɬ ɪɚɡɧɨɫɬɢ ɢɡɦɟɪɹɟɦɵɯ ɞɚɜɥɟɧɢɣ ɜɨɞɵ. 
Ɂɧɚɱɟɧɢɟ ɨɛɴɺɦɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɚɡɨɬɚ 

16
N Q0ɩɪ ɩɪɢ ɟɝɨ ɝɟɧɟɪɚɰɢɢ ɱɟɪɟɡ 

ɩɨɝɪɚɧɢɱɧɭɸ ɨɛɥɚɫɬɶ ɩɚɪɨɩɪɨɜɨɞɚ ɞɨɥɠɧɨ ɨɩɪɟɞɟɥɹɬɶɫɹ ɟɝɨ ɨɛɴɺɦɧɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɜ 
ɨɛɴɺɦɟ ɩɚɪɨɝɟɧɟɪɚɬɨɪɚ (ɫɦ. ɪɢɫ.1), ɢɡ ɤɨɬɨɪɨɝɨ ɱɟɪɟɡ ɬɪɟɳɢɧɵ ɩɨɝɪɚɧɢɱɧɨɣ ɨɛɥɚɫɬɢ 
ɜɨɞɚ-ɩɚɪ ɨɧ ɩɨɫɬɭɩɚɟɬ ɜɨ ɜɬɨɪɨɣ. ɉɨɫɤɨɥɶɤɭ ɜɟɥɢɱɢɧɚ Q0ɩɪ ɬɨɠɟ ɧɟɢɡɜɟɫɬɧɚ, ɬɨ ɨɛɳɟɟ 
ɩɪɨɢɡɜɟɞɟɧɢɟ, ɨɩɪɟɞɟɥɹɟɦɨɟ ɮɨɪɦɭɥɨɣ (1λ), ɛɭɞɟɬ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɩɪɟɞɫɬɚɜɥɹɬɶ ɫɨɛɨɣ 
ɢɫɤɨɦɭɸ ɩɨɫɬɨɹɧɧɭɸ Pɜ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɟɪɟɧɨɫ ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɚɡɨɬɚ 

16
N ɜ 

ɩɚɪɨɩɪɨɜɨɞɟ ɦɨɠɟɬ ɛɵɬɶ ɨɩɢɫɚɧ ɫɥɟɞɭɸɳɢɦ ɭɪɚɜɧɟɧɢɟɦμ 
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ɝɞɟ L0 – ɞɥɢɧɚ ɜɨɞɨɩɪɨɜɨɞɚ. ȼ ɭɪɚɜɧɟɧɢɢ (β1) ɩɟɪɜɵɣ ɱɥɟɧ ɜ ɩɪɚɜɨɣ ɱɚɫɬɢ ɨɩɢɫɵɜɚɟɬ 
ɝɟɧɟɪɚɰɢɸ ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɚɡɨɬɚ 

16
N ɜ ɩɨɝɪɚɧɢɱɧɨɣ ɨɛɥɚɫɬɢ ɜɨɞɚ-ɩɚɪ ɲɢɪɢɧɨɣ  

lvr << L0ν η(x) – ɟɞɢɧɢɱɧɚɹ ɮɭɧɤɰɢɹν ɜɬɨɪɨɣ – ɭɛɵɥɶ ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɚɡɨɬɚ, 
ɫɨɞɟɪɠɚɳɟɝɨɫɹ ɜ ɩɚɪɟ, ɡɚ ɫɱɺɬ ɜɵɧɨɫɚ ɩɨɫɥɟɞɧɟɝɨ ɩɨ ɩɚɪɨɩɪɨɜɨɞɭ ɧɚ ɬɭɪɛɢɧɭ, ɬɪɟɬɢɣ – 

ɭɛɵɥɶ ɪɚɞɢɨɧɭɤɥɢɞɚ ɡɚ ɫɱɺɬ ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɪɚɫɩɚɞɚ ɚɡɨɬɚ 16
N ɫ ɩɨɫɬɨɹɧɧɨɣ ɪɚɫɩɚɞɚ Ȝ. 

ȼɵɧɨɫ ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɚɡɨɬɚ ɫ ɩɚɪɨɦ ɢɡ ɩɚɪɨɩɪɨɜɨɞɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɜɬɨɪɵɦ ɱɥɟɧɨɦ 
ɜ ɮɨɪɦɭɥɟ (β1), ɡɚɜɢɫɢɬ ɨɬ ɚɞɜɟɤɬɢɜɧɨɣ ɫɤɨɪɨɫɬɢ, ɨɩɪɟɞɟɥɹɟɦɨɣ ɮɨɪɦɭɥɨɣ (17), ɞɥɹ 
ɚɡɨɬɚ, ɫɬɪɨɝɨ ɝɨɜɨɪɹ, ɞɨɥɠɟɧ ɛɵɬɶ ɧɟɫɤɨɥɶɤɨ ɨɬɥɢɱɧɵɦ ɨɬ ɩɚɪɚ, ɩɨɫɤɨɥɶɤɭ ɩɨɫɬɨɹɧɧɚɹ 
ɚɞɢɚɛɚɬɵ ɜ ɮɨɪɦɭɥɟ (17) ɞɥɹ ɚɡɨɬɚ ɢ ɩɚɪɚ ɨɬɥɢɱɚɸɬɫɹ Д8, λЖ (ɬɚɛɥ. γ).  



 ɆȿɌɈȾ ɈɐȿɇɄɂ ɉɊɈɌȿɑɄɂ ɊȺȾɂɈȺɄɌɂȼɇɈȽɈ ȺɁɈɌȺ 16
N7 17 

 

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № γ(γβ) 2019 

Ɍɚɛɥɢɰɚ γ – ɉɨɤɚɡɚɬɟɥɢ ɚɞɢɚɛɚɬɵ k ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪ ɢ ɝɚɡɨɜ ДIЧНТМКЭШЫЬ ШП КНТКЛКЭ k for various 
temperatures and gases] [8, 9] 

 

ɉɨɫɤɨɥɶɤɭ ɜ ɮɨɪɦɭɥɟ (17) ɞɚɜɥɟɧɢɟ ɩɚɪɚ (ɫɦ. ɪɢɫ. 1) ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɟ 
ɚɬɦɨɫɮɟɪɧɨɝɨ ɞɚɜɥɟɧɢɹ, ɬɨ ɫɤɨɪɨɫɬɢ ɜɵɯɨɞɚ ɩɚɪɚ ɢ ɚɡɨɬɚ 16

N ɛɭɞɭɬ, ɜ ɨɫɧɨɜɧɨɦ, 
ɨɩɪɟɞɟɥɹɬɶɫɹ ɢɯ ɬɟɦɩɟɪɚɬɭɪɨɣ ɢ ɡɧɚɱɟɧɢɟɦ ɩɨɫɬɨɹɧɧɨɣ ɚɞɢɚɛɚɬɵ. ɉɨɷɬɨɦɭ, ɢɫɩɨɥɶɡɭɹ 
ɞɚɧɧɵɟ ɬɚɛɥ.γ ɞɥɹ ɚɡɨɬɚ ɢ ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ ɩɪɢ T = β0 ºC (H2O) ɢ T =15 ºC (N2), 

ɧɚɣɞɺɦ, ɱɬɨ ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɫɤɨɪɨɫɬɢ ɜɵɛɪɨɫɚ ɚɡɨɬɚ 16
N ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɚɪɚ 

ɫɨɫɬɚɜɢɬ ɧɟ ɛɨɥɶɲɟ 7%, ɬ.ɟ. ɜ ɩɪɟɞɟɥɚɯ ɩɨɝɪɟɲɧɨɫɬɢ ɢɡɦɟɪɟɧɢɹ ɫɤɨɪɨɫɬɢ ɜɵɛɪɨɫɚ ɩɚɪɚ. 
ɉɨɫɥɟɞɧɟɟ ɩɨɡɜɨɥɹɟɬ ɩɪɢɧɹɬɶ, ɷɬɨ ɨɬɥɢɱɢɟ ɧɟɡɧɚɱɢɬɟɥɶɧɵɦ ɢ ɫɱɢɬɚɬɶ, ɱɬɨ ɢ ɜɵɧɨɫ 
ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɚɡɨɬɚ 16

N ɢɡ ɩɚɪɨɩɪɨɜɨɞɚ ɩɪɨɢɫɯɨɞɢɬ ɫɨ ɫɤɨɪɨɫɬɶɸ ɜɵɧɨɫɚ ɩɚɪɚ.  
Ɋɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɹ (β1) ɧɚɣɞɺɦ, ɢɫɩɨɥɶɡɭɹ ɦɟɬɨɞ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ʌɚɩɥɚɫɚ Д10Ж, 

ɩɪɟɞɫɬɚɜɥɹɹ ɮɭɧɤɰɢɸ QN(x, t) ɜ ɜɢɞɟ ɢɡɨɛɪɚɠɟɧɢɹ F(x, p), ɨɩɪɟɞɟɥɹɟɦɨɝɨ ɜɵɪɚɠɟɧɢɟɦμ 
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ɚ ɢɫɤɨɦɵɣ ɨɪɢɝɢɧɚɥ – ɪɟɲɟɧɢɟɦ ɭɪɚɜɧɟɧɢɹ (β1), ɤɨɬɨɪɨɟ ɩɪɢ L0 ≤ x ≤ L ɩɪɢɧɢɦɚɟɬ ɜɢɞμ 
 

 
         

      tLQt

Lx
V

S

v

u

L

L
VvlLxLxP

txQ N

vr

N ȜexpȜexp1
Ȝ

exp
ραηη

, 0

ɬɪ

ɩ

ɩ

ɩ0ɩ
ɬɪɩ00ɜ




























 .(22) 

 

ɉɪɢ ɧɚɣɞɟɧɧɨɣ ɮɭɧɤɰɢɢ ɨɛɴɺɦɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɩɚɪɚ QN(x, t) ɢ ɩɥɨɬɧɨɫɬɢ ɩɚɪɚ, 
ɨɩɪɟɞɟɥɹɟɦɨɣ ɮɨɪɦɭɥɨɣ (18), ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɭɬɨɱɧɢɬɶ ɪɚɧɟɟ ɜɜɟɞɺɧɧɵɣ ɩɚɪɚɦɟɬɪ α, 
ɤɨɬɨɪɵɣ ɛɵɥ ɩɨɥɭɱɟɧ ɧɚ ɜɵɯɨɞɟ ɩɚɪɨɩɪɨɜɨɞɚ ɜ ɬɨɱɤɟ x = L, ɢɫɤɥɸɱɚɹ ɩɪɨɬɟɱɤɭ, 
ɩɨɫɤɨɥɶɤɭ     LxlLxP vr  0ɜ , ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɜɵɯɨɞɭ ɩɚɪɚ 
ɢɡ ɩɚɪɨɩɪɨɜɨɞɚ ɧɚ ɬɭɪɛɢɧɭ t = τɩ = L/vɩ:  
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ɬɟɦɩ. ɝɚɡ k 

 

ɬɟɦɩ. ɝɚɡ k 

 

ɬɟɦɩ. ɝɚɡ k 

−181 °C 

H2  

1,597 200 °C 

ɫɭɯɨɣ 

ɜɨɡɞɭɯ 

1,398 20 °C NO 1,400 

−76 °C 1,453 400 °C 1,393 20 °C N2O 1,310 

20 °C 1,410 1000 ° 1,365 −181 °C 
N2  

1,470 

100 °C 1,404 2000 ° 1,088 15 °C 1,404 

400 °C 1,387 0 °C 

CO2  

1,310 20 °C Cl2  1,340 

1000 °C 1,358 20 °C 1,300 −115 °C 

CH4  

1,410 

2000 °C 1,318 100 °C 1,281 −74 °C 1,350 

20 °C He 1,660 400 °C 1,235 20 °C 1,320 

20 °C H2O 

ɧɚɫɵɳɟɧɧɵɣ 

ɜɨɞɹɧɨɣ ɩɚɪ 

1,330 1000 °
C 

1,195 15 °C NH3  1,310 

100 °C 1,324 20 °C CO  1,400 19 °C Ne 1,640 

200 °C 1,310 −181 °

O2  

1,450 19 °C Xe 1,660 

−180 °C Ar  1,760 −76 °C 1,415 19 °C Kr  1,680 

20 °C  1,670 20 °C 1,400 15 °C SO2  1,290 

0 °C 

ɫɭɯɨɣ 

ɜɨɡɞɭɯ 

1,403 100 °C 1,399 360 °C Hg  1,670 

20 °C 1,400 200 °C 1,397 15 °C C2H6  1,220 

100 °C 1,401 400 °C 1,394 16 °C C3H8  1,130 

https://ru.wikipedia.org/wiki/%D0%92%D0%BE%D0%B4%D0%BE%D1%80%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%92%D0%BE%D0%B7%D0%B4%D1%83%D1%85
https://ru.wikipedia.org/wiki/%D0%9E%D0%BA%D0%B8%D1%81%D1%8C_%D0%B0%D0%B7%D0%BE%D1%82%D0%B0
https://ru.wikipedia.org/wiki/%D0%97%D0%B0%D0%BA%D0%B8%D1%81%D1%8C_%D0%B0%D0%B7%D0%BE%D1%82%D0%B0
https://ru.wikipedia.org/wiki/%D0%90%D0%B7%D0%BE%D1%82
https://ru.wikipedia.org/wiki/%D0%A3%D0%B3%D0%BB%D0%B5%D0%BA%D0%B8%D1%81%D0%BB%D1%8B%D0%B9_%D0%B3%D0%B0%D0%B7
https://ru.wikipedia.org/wiki/%D0%A5%D0%BB%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%B0%D0%BD
https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BB%D0%B8%D0%B9
https://ru.wikipedia.org/wiki/%D0%92%D0%BE%D0%B4%D1%8F%D0%BD%D0%BE%D0%B9_%D0%BF%D0%B0%D1%80
https://ru.wikipedia.org/wiki/%D0%90%D0%BC%D0%BC%D0%B8%D0%B0%D0%BA
https://ru.wikipedia.org/wiki/%D0%A3%D0%B3%D0%B0%D1%80%D0%BD%D1%8B%D0%B9_%D0%B3%D0%B0%D0%B7
https://ru.wikipedia.org/wiki/%D0%9D%D0%B5%D0%BE%D0%BD
https://ru.wikipedia.org/wiki/%D0%9A%D0%B8%D1%81%D0%BB%D0%BE%D1%80%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%9A%D1%81%D0%B5%D0%BD%D0%BE%D0%BD
https://ru.wikipedia.org/wiki/%D0%90%D1%80%D0%B3%D0%BE%D0%BD
https://ru.wikipedia.org/wiki/%D0%9A%D1%80%D0%B8%D0%BF%D1%82%D0%BE%D0%BD
https://ru.wikipedia.org/wiki/%D0%A1%D0%B5%D1%80%D0%BD%D0%B8%D1%81%D1%82%D1%8B%D0%B9_%D0%B3%D0%B0%D0%B7
https://ru.wikipedia.org/wiki/%D0%92%D0%BE%D0%B7%D0%B4%D1%83%D1%85
https://ru.wikipedia.org/wiki/%D0%A0%D1%82%D1%83%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%AD%D1%82%D0%B0%D0%BD
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D0%BF%D0%B0%D0%BD
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ɝɞɟ e – ɨɫɧɨɜɚɧɢɟ ɧɚɬɭɪɚɥɶɧɨɝɨ ɥɨɝɚɪɢɮɦɚ. 
ȿɫɥɢ ɢɡ ɩɨɥɭɱɟɧɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɧɚɣɬɢ ɩɚɪɚɦɟɬɪ α ДɄɢ/ɤɝЖ, ɬɨ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɧɚɣɞɺɦ, ɱɬɨ ɷɬɨɬ ɩɚɪɚɦɟɬɪ ɞɟɣɫɬɜɢɬɟɥɶɧɨ ɡɚɜɢɫɢɬ ɨɬ ɧɚɱɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɩɚɪɚ, 
ɨɛɴɺɦɧɨɣ ɚɤɬɢɜɧɨɫɬɢ, ɞɚɜɥɟɧɢɹ ɜɨɞɵ, ɫɤɨɪɨɫɬɢ ɩɟɪɟɧɨɫɚ, ɬ.ɟ. ɞɚɜɥɟɧɢɹ ɢ ɬɟɦɩɟɪɚɬɭɪɵ 
ɜ ɩɚɪɨɩɪɨɜɨɞɟ ɢ ɫɤɨɪɨɫɬɢ ɝɟɧɟɪɚɰɢɢ ɩɚɪɚ, ɱɬɨ ɢ ɩɪɟɞɩɨɥɚɝɚɥɨɫɶ ɩɪɢ ɟɝɨ ɨɩɪɟɞɟɥɟɧɢɢ.  

  
 (23) 

 
 

 

ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɟɫɥɢ ρɩ(x) – ɩɥɨɬɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɩɚɪɚ ɜ 
ɩɚɪɨɩɪɨɜɨɞɟ, ɚ QN(x, t) – ɮɭɧɤɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɨɛɴɺɦɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɜ ɩɚɪɨɩɪɨɜɨɞɟ 
(Ʉɢ), ɬɨ ɜɟɥɢɱɢɧɚ ɦɨɳɧɨɫɬɢ ɞɨɡɵ, ɫɨɡɞɚɜɚɟɦɨɣ ɩɚɤɟɬɨɦ ɩɚɪɨɩɪɨɜɨɞɨɜ ɫ 
ɪɚɞɢɨɚɤɬɢɜɧɵɦ ɚɡɨɬɨɦ 16

N ɜ ɧɟɤɨɬɨɪɨɣ ɡɚɞɚɧɧɨɣ ɬɨɱɤɟ P(x0, y0, z0) ɫ ɭɱɺɬɨɦ ɩɨɩɪɚɜɨɤ 
ɧɚ ɩɥɨɬɧɨɫɬɶ ɩɚɪɚ ɜ ɤɨɷɮɮɢɰɢɟɧɬɚɯ ɩɟɪɟɞɚɱɢ ɷɧɟɪɝɢɢ ɢ ɥɢɧɟɣɧɨɝɨ ɨɫɥɚɛɥɟɧɢɹ, 
ɨɩɪɟɞɟɥɢɬɫɹ ɮɭɧɤɰɢɨɧɚɥɨɦ, ɡɚɞɚɧɧɵɦ ɧɚ ɩɨɥɟ ɪɟɲɟɧɢɣ ɨɬɧɨɫɢɬɟɥɶɧɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɪɚɞɢɨɚɤɬɢɜɧɨɣ ɩɪɢɦɟɫɢ, ɢ ɛɭɞɟɬ ɫɨɞɟɪɠɚɬɶ ɦɨɳɧɨɫɬɶ ɜɛɪɨɫɚ 16

N, ɬ.ɟ. (ɩɪɨɬɟɱɤɭ)  

Pɜ (Ʉɢ/ɫ).  
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R
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REBtxQEENKEzyxD N

N

V

NNaNNNN 2000

ȝexp
,,ȝȞ,,


  , (24) 

 

ɝɞɟ N – ɱɢɫɥɨ ɩɚɪɨɩɪɨɜɨɞɨɜ, ɫɨɫɬɚɜɥɹɸɳɢɯ ɨɛɳɢɣ ɢɫɬɨɱɧɢɤ ɩɚɪɚν  
      K – ɪɚɡɦɟɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ (K = 1,456·103

 ɦɁɜ/ɱɚɫ)ν  
      ȿN – ɷɧɟɪɝɢɹ Ȗ-ɢɡɥɭɱɟɧɢɹ (Ɇɷȼ)ν  
      ȞN  – ɤɜɚɧɬɨɜɵɣ ɜɵɯɨɞ Ȗ-ɢɡɥɭɱɟɧɢɹ ɚɡɨɬɚ 16

N;  

      ȝ, ȝa – ɥɢɧɟɣɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɞɚɱɢ ɷɧɟɪɝɢɢ Ȗ-ɢɡɥɭɱɟɧɢɹ (ɦ-1
) 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨν  
      B(EN, R) – ɮɚɤɬɨɪ ɧɚɤɨɩɥɟɧɢɹ Ȗ-ɢɡɥɭɱɟɧɢɹν  

          20

2

0

2

0 zzyyxxR  (ɦ)ν  
      x, y, z – ɬɟɤɭɳɢɟ ɤɨɨɪɞɢɧɚɬɵν  
      x0, y0, z0 – ɤɨɨɪɞɢɧɚɬɵ ɬɨɱɤɢ ɧɚɛɥɸɞɟɧɢɹ, dV = dxdydz;  

      V – ɨɛɥɚɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɮɭɧɤɰɢɢ.  
ɋɪɚɜɧɢɜɚɹ ɢɡɦɟɪɟɧɧɭɸ ɜɟɥɢɱɢɧɭ ɦɨɳɧɨɫɬɢ ɞɨɡɵ, ɫɨɡɞɚɜɚɟɦɨɣ Ȗ-ɢɡɥɭɱɟɧɢɟɦ 

ɚɡɨɬɚ 16
N ɜ ɧɟɤɨɬɨɪɨɣ ɬɨɱɤɟ P(x0, y0, z0) ɧɚ ɜɵɯɨɞɟ ɩɚɪɚ ɧɚ ɬɭɪɛɢɧɭ, ɢ, ɟɺ ɱɢɫɥɟɧɧɨɟ 

ɡɧɚɱɟɧɢɟ ɩɨ ɮɨɪɦɭɥɟ (β4), ɦɵ ɨɩɪɟɞɟɥɢɦ ɢɫɤɨɦɭɸ ɜɟɥɢɱɢɧɭ ɩɪɨɬɟɱɤɢ Pɜ. ȿɫɥɢ 
ɨɰɟɧɤɭ ɦɨɳɧɨɫɬɢ ɞɨɡɵ ɩɪɨɜɨɞɢɬɶ ɜ ɬɨɱɤɟ ɜɵɯɨɞɚ ɩɚɪɚ ɢɡ ɩɚɪɨɩɪɨɜɨɞɚ ɩɪɢ x = L, y = 0; 

z = 0, ɬɨ ɮɚɤɬɨɪ ɧɚɤɨɩɥɟɧɢɹ B(EN, R) ɦɨɠɧɨ ɩɪɢɧɹɬɶ ɪɚɜɧɵɦ 1, R = x-L, dV = Sdx;  

S = πR
2

0; L0 ≤ x ≤ Lν ɞɥɹ t = τɩ = L/vɩ, ɬɨɝɞɚ ɜɦɟɫɬɨ ɜɵɪɚɠɟɧɢɹ (β4) ɩɨɥɭɱɢɦ ɫɥɟɞɭɸɳɟɟμ 
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ρρȝexp
,ρρȝȞ, , (25) 

 

ɜ ɤɨɬɨɪɨɦ QN(x, t) ɨɩɪɟɞɟɥɟɧɚ ɮɨɪɦɭɥɨɣ (β1), ɜ ɤɨɬɨɪɨɣ ɦɧɨɠɢɬɟɥɶ  ɜɨɡɞɩɚɪ ρρ  ɩɪɢ 
ɤɨɷɮɮɢɰɢɟɧɬɚɯ ɥɢɧɟɣɧɨɝɨ ȝ ɨɫɥɚɛɥɟɧɢɹ ɢ ɩɟɪɟɞɚɱɢ ɷɧɟɪɝɢɢ ȝɚ ɭɱɢɬɵɜɚɟɬ ɨɫɨɛɟɧɧɨɫɬɢ 
ɩɟɪɟɧɨɫɚ Ȗ-ɢɡɥɭɱɟɧɢɹ ɜ ɩɚɪɟ, ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t = L/vɩ. ɉɨɞɫɬɚɜɥɹɹ ɜ (β5) ɜɵɪɚɠɟɧɢɟ 

QN(x, t), ɨɩɪɟɞɟɥɺɧɧɨɟ ɮɨɪɦɭɥɨɣ (β1), ɢ ɩɪɨɜɨɞɹ ɡɚɦɟɧɭ x – L = U, 

  Lba 1,ρρ ɜɨɡɞɩɚɪ   , ɩɨɫɥɟ ɧɟɫɥɨɠɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɩɨɥɭɱɢɦμ 
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        ȼɵɩɨɥɧɹɹ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɩɨɞɵɧɬɟɝɪɚɥɶɧɵɯ ɜɵɪɚɠɟɧɢɣ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ Д11, 12], 
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ɝɞɟ Ei(x) – ɢɧɬɟɝɪɚɥɶɧɚɹ ɩɨɤɚɡɚɬɟɥɶɧɚɹ ɮɭɧɤɰɢɹ Д1γЖ ɢ, ɭɱɢɬɵɜɚɹ ɨɛɥɚɫɬɶ ɢɧɬɟɪɜɚɥɚ, ɧɚ 
ɤɨɬɨɪɨɦ ɟɞɢɧɢɱɧɚɹ ɮɭɧɤɰɢɹ ɜ ɩɟɪɜɨɦ ɫɥɚɝɚɟɦɨɦ ɜ ɩɪɚɜɨɣ ɱɚɫɬɢ ɜɵɪɚɠɟɧɢɹ (β6) 
ɨɬɥɢɱɧɚ ɨɬ ɧɭɥɹ (L0 ≤ x ≤ L0 + lvr), ɧɚɯɨɞɢɦμ 
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ɝɞɟ e – ɨɫɧɨɜɚɧɢɟ ɧɚɬɭɪɚɥɶɧɨɝɨ ɥɨɝɚɪɢɮɦɚ. 
ɉɨɥɭɱɟɧɧɨɟ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ (β7), ɩɨɡɜɨɥɹɟɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚɣɬɢ ɢɫɤɨɦɨɟ 

ɡɧɚɱɟɧɢɟ ɩɪɨɬɟɱɤɢ Pɜ, ɤɨɬɨɪɨɟ ɩɪɟɞɫɬɚɜɥɟɧɨ ɫɨɦɧɨɠɢɬɟɥɟɦ ɜ ɩɟɪɜɨɦ ɫɥɚɝɚɟɦɨɦ 
ɜɵɪɚɠɟɧɢɣ (β7) ɢ (28). 
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ɉɪɢ ɷɬɨɦ ɩɚɪɚɦɟɬɪ Pɜ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɮɨɪɦɭɥɚɦɢ (1λ) ɢ (β0)  
(Pɜ = QN(L0) 2R0lvr·Uɝ), ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɨɩɪɟɞɟɥɢɬɫɹ ɜɵɪɚɠɟɧɢɟɦμ 
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ɉɪɢ ɚɧɚɥɢɡɟ ɮɨɪɦɭɥɵ (βλ) ɫɥɟɞɭɟɬ ɨɛɪɚɬɢɬɶ ɜɧɢɦɚɧɢɟ ɧɚ ɬɨ, ɱɬɨ ɩɪɨɢɡɜɟɞɟɧɢɟ 
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lvr << |L0 - Lе ɬɨ ɩɟɪɜɵɣ ɱɥɟɧ ɜɨ ɜɬɨɪɨɦ ɫɥɚɝɚɟɦɨɦ ɜ ɩɪɚɜɨɣ ɱɚɫɬɢ ɜɵɪɚɠɟɧɢɹ (βλ) ɦɨɠɧɨ 
ɪɚɡɥɨɠɢɬɶ ɜ ɪɹɞ Ɍɟɣɥɨɪɚ. Ɍɨɝɞɚ, ɨɝɪɚɧɢɱɢɜɚɹɫɶ ɩɟɪɜɵɦɢ ɞɜɭɦɹ ɱɥɟɧɚɦɢ ɪɚɡɥɨɠɟɧɢɹ ɢ 
ɩɪɟɧɟɛɪɟɝɚɹ lvr ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ еL0 - Lе ɜ ɚɪɝɭɦɟɧɬɟ ɜɬɨɪɨɝɨ ɫɥɚɝɚɟɦɨɝɨ, ɩɨɫɥɟ 
ɧɟɫɥɨɠɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɩɨɥɭɱɢɦμ 

 

 
   

   

    
 

   .1
exp

π2

Ȝexp1

Ȝexp
ρ

Ȝexp1
Ȝ

α
ρρȝȞ

,

Ȝ

02

0

0
ɝ001ɜ

ɩ

3

ɩ
02

ɬɪɩ

ɩɩ0ɩ

ɩ

ɬɪ
ɩ

ɜɨɡɞɩɚɪ

ɩ























































































































vrvrN

N

aNNN

N

lLLa
LL

LLa
lURLQAP

v

L

A
v

L
LQA

Vv

Su

L

L

v

L

e

V
v

SENKE

v

L
LD

  (30) 

 

ɉɪɢ ɜɵɱɢɫɥɟɧɢɢ ɩɚɪɚɦɟɬɪɚ Pɜ ɲɢɪɢɧɭ ɩɪɨɬɟɱɤɢ lvr, ɧɟɨɛɯɨɞɢɦɨ ɡɚɞɚɬɶ (ɚɩɪɢɨɪɢ) 
ɢɥɢ ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɩɨɤɚɡɚɧɢɸ ɪɚɫɯɨɞɨɦɟɪɚ, ɤɚɤ ɭɤɚɡɵɜɚɥɨɫɶ ɪɚɧɟɟ, ɩɨɫɥɟ ɱɟɝɨ ɢ 
ɜɵɱɢɫɥɹɬɶ Pɜ.  

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɲɢɪɢɧɭ ɩɪɨɬɟɱɤɢ ɢɥɢ ɟɺ ɩɥɨɳɚɞɶ ɦɨɠɧɨ ɭɦɟɧɶɲɢɬɶ, 
ɩɨɜɵɲɚɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ ɩɚɪɨɩɪɨɜɨɞ – 

ɜɨɞɚ. Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɩɨɜɵɲɟɧɢɟ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɞɟɬɟɤɬɨɪɨɜ, ɪɟɝɭɥɢɪɭɸɳɢɯ ɷɬɨɬ 
ɩɪɨɰɟɫɫ, ɩɪɢɜɟɞɟɬ ɤ ɭɦɟɧɶɲɟɧɢɸ «ɯɨɞɚ» (ɮɥɭɤɬɭɚɰɢɢ) ɜɨɞɵ ɜ ɩɨɝɪɚɧɢɱɧɨɣ ɨɛɥɚɫɬɢ 
ɜɨɞɚ-ɩɚɪ, ɱɬɨ, ɟɫɬɟɫɬɜɟɧɧɨ, ɩɪɢɜɟɞɺɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɲɢɪɢɧɵ ɩɪɨɬɟɱɤɢ lvr ɢ, ɜ ɤɨɧɟɱɧɨɦ 
ɢɬɨɝɟ, ɟɺ ɩɥɨɳɚɞɢ.  

Ɉɩɪɟɞɟɥɹɹ ɜɟɥɢɱɢɧɭ Pɜ, ɢ, ɢɫɩɨɥɶɡɭɹ ɮɨɪɦɭɥɭ (βγ), ɩɪɢ ɡɚɞɚɧɧɨɦ ɩɚɪɚɦɟɬɪɟ α, 
ɧɚɯɨɞɢɦ ɧɚɱɚɥɶɧɭɸ ɨɛɴɺɦɧɭɸ ɚɤɬɢɜɧɨɫɬɶ ɚɡɨɬɚ 16

N QN(L0) = Q0ɩɪ. Ⱦɚɥɟɟ 
ɜɨɫɩɨɥɶɡɨɜɚɜɲɢɫɶ ɮɨɪɦɭɥɚɦɢ (1λ) ɢ (β0), ɧɚɯɨɞɢɦ ɫɟɤɭɧɞɧɵɣ ɪɚɫɯɨɞ G = 2R0lvr·Uɝ 

ɢɥɢ, ɩɪɢ ɡɚɞɚɧɧɨɣ lvr, ɜɟɥɢɱɢɧɭ ɫɤɨɪɨɫɬɢ ɝɟɧɟɪɚɰɢɢ ɚɡɨɬɚ 16
N Uɝ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ 

ɧɚɣɞɟɧɧɚɹ ɧɚɱɚɥɶɧɚɹ ɨɛɴɺɦɧɚɹ ɚɤɬɢɜɧɨɫɬɶ ɚɡɨɬɚ 16
N Q0ɩɪ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɡɧɚɱɟɧɢɟ 

ɨɛɴɺɦɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɚɡɨɬɚ ɜ ɬɪɭɛɟ ɩɚɪɨɩɪɨɜɨɞɚ. Ɂɧɚɱɟɧɢɟ ɠɟ ɨɛɴɺɦɧɨɣ ɚɤɬɢɜɧɨɫɬɢ 
ɚɡɨɬɚ 16

N ɜ ɩɚɪɨɝɟɧɟɪɚɬɨɪɟ Q0, ɩɪɢ ɭɫɥɨɜɢɢ ɟɝɨ ɪɚɜɧɨɦɟɪɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨ ɨɛɴɺɦɭ 
ɩɚɪɨɝɟɧɟɪɚɬɨɪɚ, ɦɨɠɟɬ ɛɵɬɶ ɧɚɣɞɟɧɨ ɩɭɬɺɦ ɫɪɚɜɧɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɢɡɦɟɪɟɧɢɣ ɢ 
ɪɚɫɱɺɬɨɜ ɦɨɳɧɨɫɬɢ ɞɨɡɵ ɨɬ ɨɛɴɺɦɧɨɝɨ ɢɫɬɨɱɧɢɤɚ, ɩɪɟɞɫɬɚɜɥɹɸɳɟɝɨ ɫɨɛɨɣ 
ɩɚɪɨɝɟɧɟɪɚɬɨɪ, ɧɚ ɟɝɨ ɩɨɜɟɪɯɧɨɫɬɢ ɫ ɭɱɺɬɨɦ ɨɫɥɚɛɥɟɧɢɹ Ȗ-ɢɡɥɭɱɟɧɢɹ ɦɚɬɟɪɢɚɥɨɦ 
ɡɚɳɢɬɧɨɣ ɨɛɨɥɨɱɤɢ, ɢɫɩɨɥɶɡɭɹ ɱɢɫɥɟɧɧɵɟ ɦɟɬɨɞɵ ɢɥɢ ɦɟɬɨɞ Ɇɨɧɬɟ-Ʉɚɪɥɨ Д7, 14Ж. ɉɪɢ 
ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɭɱɺɬɚ ɧɟɪɚɜɧɨɦɟɪɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɚɡɨɬɚ 16

N ɜ ɨɛɴɺɦɟ 
ɩɚɪɨɝɟɧɟɪɚɬɨɪɚ, ɫɥɟɞɭɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɢɫɬɟɦɭ ɫɬɚɰɢɨɧɚɪɧɵɯ ɧɟɥɢɧɟɣɧɵɯ ɭɪɚɜɧɟɧɢɣ 
ɬɢɩɚ ɭɪɚɜɧɟɧɢɣ Ɋɟɣɧɨɥɶɞɫɚ, ɫɨɜɦɟɫɬɧɨ ɫ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɜɪɟɦɟɧɧɵɦ ɭɪɚɜɧɟɧɢɟɦ 
ɩɟɪɟɧɨɫɚ ɚɡɨɬɚ 16

N Д7Ж. Ɋɟɲɟɧɢɟ ɩɨɞɨɛɧɨɣ ɫɢɫɬɟɦɵ ɩɨɡɜɨɥɢɬ ɩɨɥɭɱɢɬɶ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɪɚɞɢɨɧɭɤɥɢɞɚ, ɢɫɩɨɥɶɡɭɹ ɤɨɬɨɪɨɟ ɦɨɠɧɨ ɭɬɨɱɧɢɬɶ 
ɯɚɪɚɤɬɟɪ ɩɪɨɬɟɱɤɢ, ɟɺ ɜɟɥɢɱɢɧɭ ɢ ɟɺ ɨɫɨɛɟɧɧɨɫɬɢ. ɉɪɢ ɷɬɨɦ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ ɢ 
ɤɨɪɪɟɤɬɧɨɫɬɢ ɢɡɦɟɪɟɧɢɣ ɧɚ ɩɪɢɫɭɬɫɬɜɢɟ ɚɡɨɬɚ 16

N ɜ ɩɚɪɨɝɟɧɟɪɚɬɨɪɟ ɧɟɨɛɯɨɞɢɦɨ 
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ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɪɨɜɟɫɬɢ ɫɩɟɤɬɪɨɦɟɬɪɢɱɟɫɤɢɟ ɢɡɦɟɪɟɧɢɹ ɧɚ ɧɚɥɢɱɢɟ ɜ ɧɺɦ ɢɧɵɯ 
ɪɚɞɢɨɧɭɤɥɢɞɨɜ ɜ ɨɬɥɢɱɢɟ ɨɬ ɚɡɨɬɚ 16

N, ɢɫɩɨɥɶɡɭɹ ɞɥɹ ɷɬɢɯ ɰɟɥɟɣ 
ɜɵɫɨɤɨɱɭɜɫɬɜɢɬɟɥɶɧɵɣ ɫɩɟɤɬɪɨɦɟɬɪ ɧɚ ɫɠɚɬɨɦ ɤɫɟɧɨɧɟ Д15, 16Ж ɫ ɪɚɛɨɱɢɦ ɞɢɚɩɚɡɨɧɨɦ 
ɬɟɦɩɟɪɚɬɭɪ ɨɬ -β0 ɞɨ 180 ºɋ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɧɚɣɞɟɧɧɨɟ ɡɧɚɱɟɧɢɟ Q0ɩɪ ɜ ɩɚɪɨɩɪɨɜɨɞɟ 
ɛɭɞɟɬ ɨɬɥɢɱɚɬɶɫɹ ɨɬ ɜɵɱɢɫɥɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ Q0 ɧɚ ɜɟɥɢɱɢɧɭ ɤɨɷɮɮɢɰɢɟɧɬɚ ɷɤɫɬɢɧɤɰɢɢ, 
ɤɨɬɨɪɵɣ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ Ʉɷɤɫ = exp(-Ȝɩɪtɩɪ), ɬ.ɟ. ɨɩɪɟɞɟɥɢɬɶ Q0ɩɪ ɜ ɜɢɞɟμ  
Q0ɩɪ = Q0·exp(-Ȝɩɪtɩɪ), ɱɬɨ ɩɪɢ ɢɡɜɟɫɬɧɨɣ ɬɨɥɳɢɧɟ ɩɚɪɨɩɪɨɜɨɞɚ tɩɪ ɩɨɡɜɨɥɢɬ ɧɚɣɬɢ 
ɩɨɫɬɨɹɧɧɭɸ ɷɤɫɬɢɧɤɰɢɢ Ȝɩɪ, ɚ ɜ ɞɚɥɶɧɟɣɲɟɦ ɜɵɛɪɚɬɶ ɦɚɬɟɪɢɚɥ ɩɚɪɨɩɪɨɜɨɞɚ ɫ 
ɦɚɤɫɢɦɚɥɶɧɨɣ Ȝɩɪ (ɧɚɢɦɟɧɶɲɢɦ Ʉɷɤɫ). ɉɪɢ ɷɬɨɦ ɜɟɥɢɱɢɧɚ ɩɪɨɬɟɱɤɢ ɜɦɟɫɬɨ (1λ), 
ɨɩɪɟɞɟɥɢɬɫɹ ɜɵɪɚɠɟɧɢɟɦμ 
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ɉɪɢ ɢɡɦɟɪɟɧɢɢ ɢɫɤɨɦɵɯ ɜɟɥɢɱɢɧ, ɬɚɤɢɯ ɤɚɤ, ɧɚɩɪɢɦɟɪ, ɦɨɳɧɨɫɬɶ ɞɨɡɵ, 
ɫɨɡɞɚɜɚɟɦɚɹ 16

N, ɟɝɨ ɨɛɴɺɦɧɚɹ ɚɤɬɢɜɧɨɫɬɶ, ɩɥɨɬɧɨɫɬɶ ɩɚɪɚ ɢ ɟɝɨ ɧɚɱɚɥɶɧɚɹ ɩɥɨɬɧɨɫɬɶ, 
ɤɨɷɮɮɢɰɢɟɧɬ α ɢ ɬ.ɞ., ɫɥɟɞɭɟɬ ɢɦɟɬɶ ɜ ɜɢɞɭ, ɱɬɨ ɢɡɦɟɪɹɟɦɵɟ ɩɚɪɚɦɟɬɪɵ ɧɚɯɨɞɹɬ ɫ 
ɨɩɪɟɞɟɥɺɧɧɨɣ ɩɨɝɪɟɲɧɨɫɬɶɸ, ɩɨɷɬɨɦɭ ɜɚɪɶɢɪɭɹ ɬɟ ɢɥɢ ɢɧɵɟ ɜɟɥɢɱɢɧɵ ɜ ɪɚɦɤɚɯ 
ɩɨɝɪɟɲɧɨɫɬɟɣ ɢɡɦɟɪɟɧɢɹ ɭɤɚɡɚɧɧɵɯ ɜɟɥɢɱɢɧ, ɩɨɫɥɟɞɧɢɟ ɜɫɟɝɞɚ ɦɨɠɧɨ ɭɬɨɱɧɢɬɶ. 
ɇɚɩɪɢɦɟɪ, ɜ ɮɨɪɦɭɥɟ (β7) ɜɟɥɢɱɢɧɚɦɢ, ɩɨɞɥɟɠɚɳɢɦɢ ɭɬɨɱɧɟɧɢɸ ɹɜɥɹɸɬɫɹ 
ɩɨɜɟɪɯɧɨɫɬɶ ɢɫɩɚɪɟɧɢɹ Sɩ ɢ ɧɚɱɚɥɶɧɚɹ ɩɥɨɬɧɨɫɬɶ ɩɚɪɚ ρɩ(L0), ɞɚɜɥɟɧɢɟ ɩɚɪɚ Pɩ ɢ ɟɝɨ 
ɬɟɦɩɟɪɚɬɭɪɚ Tɩ, ɲɢɪɢɧɚ ɩɨɝɪɚɧɢɱɧɨɣ ɨɛɥɚɫɬɢ ɜɨɞɚ-ɩɚɪ lvr, ɞɥɢɧɵ ɩɚɪɨɩɪɨɜɨɞɚ L ɢ 
ɜɨɞɨɩɪɨɜɨɞɚ L0. ȼɧɟɫɟɧɢɟ ɩɨɩɪɚɜɨɤ ɜ ɷɬɢ ɜɟɥɢɱɢɧɵ ɞɚɫɬ ɜɨɡɦɨɠɧɨɫɬɶ ɭɬɨɱɧɢɬɶ ɨɰɟɧɤɭ 
ɢɫɤɨɦɨɣ ɜɟɥɢɱɢɧɵ ɩɪɨɬɟɱɤɢ. Ɉɞɧɚɤɨ ɩɪɢ ɜɫɟɯ ɢɡɦɟɧɟɧɢɹɯ ɩɚɪɚɦɟɬɪɨɜ ɡɧɚɱɟɧɢɹ 
ɢɡɦɟɪɹɟɦɵɯ ɜɟɥɢɱɢɧμ ɦɨɳɧɨɫɬɢ ɞɨɡɵ ɢ ɨɛɴɺɦɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɞɨɥɠɧɵ ɨɫɬɚɜɚɬɶɫɹ ɜ 
ɩɪɟɞɟɥɚɯ ɩɨɝɪɟɲɧɨɫɬɢ ɢɯ ɢɡɦɟɪɟɧɢɣ, ɢɫɩɨɥɶɡɭɹ ɷɬɨ ɬɪɟɛɨɜɚɧɢɟ ɜ ɤɚɱɟɫɬɜɟ ɤɪɢɬɟɪɢɹ, 
ɤɨɬɨɪɨɦɭ ɧɟɨɛɯɨɞɢɦɨ ɫɥɟɞɨɜɚɬɶ. ɑɬɨɛɵ ɭɦɟɧɶɲɢɬɶ ɩɨɝɪɟɲɧɨɫɬɶ ɩɪɢ ɢɡɦɟɪɟɧɢɢ ɷɬɢɯ 
ɜɟɥɢɱɢɧ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɟɬɟɤɬɨɪɵ Ȗ-ɢɡɥɭɱɟɧɢɹ ɫ ɜɵɫɨɤɢɦ ɬɟɦɩɟɪɚɬɭɪɧɵɦ 
ɞɢɚɩɚɡɨɧɨɦ ɢɯ ɪɚɛɨɬɵ Д17Ж. ɉɪɢɜɟɞɟɧɧɵɟ ɨɰɟɧɤɢ ɩɪɨɬɟɱɤɢ ɫɩɪɚɜɟɞɥɢɜɵ ɬɨɥɶɤɨ ɞɥɹ 
ɜɢɞɚ ɩɚɪɨɝɟɧɟɪɚɬɨɪɚ, ɭɤɚɡɚɧɧɨɝɨ ɧɚ ɪɢɫɭɧɤɚɯ 1 ɢ β. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɜɨɞɹ ɢɡɦɟɪɟɧɢɹ ɦɨɳɧɨɫɬɢ ɞɨɡɵ ɩɪɢ ɜɵɯɨɞɟ ɩɚɪɚ ɧɚ ɬɭɪɛɢɧɭ, 
ɢ, ɢɡɦɟɪɹɹ ɜ ɷɬɨɣ ɬɨɱɤɟ ɨɛɴɺɦɧɭɸ ɚɤɬɢɜɧɨɫɬɶ 16

N ɢ ɦɚɫɫɭ ɩɚɪɚ ɡɚ ɜɪɟɦɹ ɩɪɨɯɨɠɞɟɧɢɹ τɩ 

ɩɨ ɩɚɪɨɩɪɨɜɨɞɭ, ɲɢɪɢɧɭ ɩɨɝɪɚɧɢɱɧɨɣ ɨɛɥɚɫɬɢ lvr – ɩɨ ɩɨɤɚɡɚɧɢɸ ɪɚɫɯɨɞɨɦɟɪɚ, ɚ ɬɚɤɠɟ 
ɞɚɜɥɟɧɢɟ, ɬɟɦɩɟɪɚɬɭɪɭ ɩɚɪɚ ɢ ɜɨɞɵ ɢ, ɩɪɨɜɨɞɹ ɢɡɦɟɪɟɧɢɟ ɦɨɳɧɨɫɬɢ ɞɨɡɵ, ɫɨɡɞɚɜɚɟɦɨɣ 
ɚɡɨɬɨɦ 16

N ɜ ɨɛɴɟɦɟ ɩɟɪɜɨɝɨ ɤɨɧɬɭɪɚ, ɚ ɬɚɤɠɟ ɢɡɦɟɪɟɧɢɟ ɢ ɪɚɫɱɺɬɵ ɦɨɳɧɨɫɬɢ ɞɨɡɵ ɧɚ 
ɟɝɨ ɩɨɜɟɪɯɧɨɫɬɢ, ɧɚ ɨɫɧɨɜɟ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɦɟɬɨɞɚ ɦɨɠɧɨ ɨɰɟɧɢɬɶ ɩɪɨɬɟɱɤɭ ɚɡɨɬɚ 16

N 

ɜɨ ɜɬɨɪɨɣ ɤɨɧɬɭɪ ɢɡ ɩɟɪɜɨɝɨ, ɩɪɨɜɟɫɬɢ ɨɰɟɧɤɭ ɜɵɛɪɨɫɚ ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɚɡɨɬɚ 16
N ɧɚ 

ɬɭɪɛɢɧɭ, ɦɢɧɢɦɢɡɢɪɨɜɚɬɶ ɟɝɨ ɩɪɨɬɟɱɤɭ ɩɭɬɺɦ ɜɵɛɨɪɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɫɩɥɚɜɨɜ, 
ɢɫɩɨɥɶɡɭɟɦɵɯ ɞɥɹ ɩɚɪɨɩɪɨɜɨɞɨɜ ɜ ɩɚɪɨɝɟɧɟɪɚɬɨɪɟ, ɢ, ɧɚɤɨɧɟɰ, ɪɚɡɪɚɛɨɬɚɬɶ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɦɟɪɵ ɪɚɞɢɚɰɢɨɧɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ.  
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Abstract – The paper considers the leakage of the radionuclide of nitrogen 
16

N7 (Ɍ½=7,11 ɫ,  

E,max= 6,134 Mɷȼ, Ȟ,max = 69%) arising in the 1st loop of the KLT-40 reactor used on icebreakers 

and floating units (PEB), through the steam generator to the second circuit into which water flows 

under pressure Pɜ, with temperature Ɍɜ, heats up with the formation of radioactive steam, the 

output of which is carried out through the spiral steam line of steam generator under high pressure 

Pɩ. The content of the specified radionuclide in a pair can be detected and assessed by applying the 

methods of -radiation spectrometry, measuring the volumetric -activity of steam, measuring the 

dose rate of -radiation of steam and using a computational model using a simple mathematical 

apparatus to determine the leakage region. The work identifies the main areas in the design of the 

steam generator, which can be used to measure radiation characteristics and methods for their 

assessment. 

 

Keywords: power reactor, radionuclide, steam generator, pressure temperature, dose rate, radiation 

safety.


