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 The drift (directed downward) and diffusive (directed upward) streams of 

molecules of ideal gas in the gravitational field were considered. It is shown that in 

the Boltzmann distribution of concentration of molecules on a height these streams 

are not equal to each other. They try to create quasi Boltzmann distribution. But 

such distribution can not be carried out. 

 

 

 

 Дɪɟɣɮɨɜɵɣ ɢ ɞɢɮɮɭɡɢɨɧɧɵɣ ɩɨɬɨɤɢ  

ɦɨɥɟɤɭɥ ɢɞɟаɥɶɧɨɝɨ ɝаɡа ɜ ɝɪаɜɢɬацɢɨɧɧɨɦ ɩɨɥɟ 
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 Ⱦɪɟɣɮɨɜɵɣ (ɧɚɩɪɚɜɥɟɧ ɜɧɢɡ) ɢ ɞɢɮɮɭɡɢɨɧɧɵɣ (ɧɚɩɪɚɜɥɟɧ ɜɜɟɪɯ) 
 ɩɨɬɨɤɢ ɦɨɥɟɤɭɥ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ ɜ ɝɪɚɜɢɬɚɰɢɨɧɧɨɦ ɩɨɥɟ ɛɵɥɢ 
 ɪɚɫɫɦɨɬɪɟɧɵ . ɉɨɤɚɡɚɧɨ, ɱɬɨ ɜ ɛɨɥɶɰɦɚɧɨɜɫɤɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɢ 
 ɤɨɧɰɟɧɬɪɚɰɢɢ ɦɨɥɟɤɭɥ ɩɨ ɜɵɫɨɬɟ ɷɬɢ ɩɨɬɨɤɢ ɧɟ ɪɚɜɧɵ ɞɪɭɝ ɞɪɭɝɭ. Ɉɧɢ 
 ɩɵɬɚɸɬɫɹ ɫɨɡɞɚɬɶ ɤɜɚɡɢ-ɛɨɥɶɰɦɚɧɨɜɫɤɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ. ɇɨ ɬɚɤɨɟ  
 ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɨɫɭɳɟɫɬɜɥɟɧɨ. 

 

 

ȼɨ ɜɫɟɯ ɭɱɟɛɧɢɤɚɯ ɩɨ ɦɨɥɟɤɭɥɹɪɧɨɣ ɮɢɡɢɤɟ ɩɪɢɜɨɞɢɬɫɹ ɮɨɪɦɭɥɚ ɞɥɹ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɦɨɥɟɤɭɥ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ ɩɨ ɜɵɫɨɬɟ:  

  n = no•exp(-mgz/kT),      (1) 

mailto:Vasilenko.phd@gmail.com
mailto:malgota_aa@ukr.net
mailto:Vasilenko.phd@gmail.com
mailto:malgota_aa@ukr.net


ɝɞɟ n – ɤɨɧɰɟɧɬɪɚɰɢɹ ɦɨɥɟɤɭɥ ɝɚɡɚ ɧɚ ɜɵɫɨɬɟ z, no – ɩɥɨɬɧɨɫɬɶ ɦɨɥɟɤɭɥ ɝɚɡɚ 
ɧɚ ɭɪɨɜɧɟ ɦɨɪɹ, m – ɦɚɫɫɚ ɦɨɥɟɤɭɥɵ ɝɚɡɚ, g – ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ, 
k – ɩɨɫɬɨɹɧɧɚɹ Ȼɨɥɶɰɦɚɧɚ, T – ɚɛɫɨɥɸɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ. ɋɨɨɬɧɨɲɟɧɢɟ (1) 

ɩɨɥɭɱɟɧɨ Ʌɸɞɜɢɝɨɦ Ȼɨɥɶɰɦɚɧɨɦ  ɜ 1866 ɝɨɞɭ ɩɪɢ ɪɚɫɫɦɨɬɪɟɧɢɢ ɪɚɜɧɨɜɟɫɢɹ 
ɜɵɞɟɥɟɧɧɨɝɨ ɨɛɴёɦɚ ɝɚɡɚ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɤɚɤ ɟɞɢɧɨɟ ɰɟɥɨɟ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ 
ɫɢɥɵ ɬɹɠɟɫɬɢ ɢ ɪɚɡɧɨɫɬɢ ɫɢɥ ɚɬɦɨɫɮɟɪɧɨɝɨ ɞɚɜɥɟɧɢɹ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɷɬɨɬ 
ɨɛɴёɦ ɫɧɢɡɭ ɢ ɫɜɟɪɯɭ. ȼɤɥɚɞ, ɫɨɛɫɬɜɟɧɧɨ, ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɞɜɢɠɟɧɢɹ ɜ 
ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɦɨɥɟɤɭɥ ɩɨ ɜɵɫɨɬɟ ɧɢɤɨɝɞɚ ɢ ɧɢɤɟɦ ɧɟ 
ɪɚɫɫɦɚɬɪɢɜɚɥɫɹ 

ɉɨɷɬɨɦɭ ɜ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɫɬɚɜɢɬɫɹ ɡɚɞɚɱɚ ɜɨɫɩɨɥɧɢɬɶ ɷɬɨɬ ɩɪɨɛɟɥ ɢ 
ɢɫɫɥɟɞɨɜɚɬɶ ɞɜɢɠɟɧɢɟ ɦɨɥɟɤɭɥ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ ɜ ɝɪɚɜɢɬɚɰɢɨɧɧɨɦ ɩɨɥɟ.  
Ɂɚɩɢɲɟɦ. Ʉɨɧɰɟɧɬɪɚɰɢɹ ɦɨɥɟɤɭɥ ɝɚɡɚ ɭɛɵɜɚɟɬ ɩɨ ɜɵɫɨɬɟ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ 
ɞɢɮɮɭɡɢɨɧɧɵɣ ɩɨɬɨɤ ɦɨɥɟɤɭɥ ɝɚɡɚ ɧɚɩɪɚɜɥɟɧ ɜɜɟɪɯ. ɇɚ ɦɨɥɟɤɭɥɵ ɝɚɡɚ 
ɞɟɣɫɬɜɭɟɬ ɫɢɥɚ ɬɹɠɟɫɬɢ - ɞɪɟɣɮɨɜɵɣ ɩɨɬɨɤ ɧɚɩɪɚɜɥɟɧ ɜɧɢɡ. Ʉɚɠɞɚɹ ɦɨɥɟɤɭɥɚ 
ɭɱɚɫɬɜɭɟɬ ɨɞɧɨɜɪɟɦɟɧɧɨ ɜ ɞɢɮɮɭɡɢɢ ɢ ɞɪɟɣɮɟ, ɧɨ ɦɵ ɦɨɠɟɦ ɧɚɩɢɫɚɬɶ 
ɜɵɪɚɠɟɧɢɹ ɨɬɞɟɥɶɧɨ ɞɥɹ ɤɚɠɞɨɝɨ ɢɡ ɩɨɬɨɤɨɜ, ɤɚɤ ɷɬɨ ɞɟɥɚɟɬɫɹ ɞɥɹ 
ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɢ ɞɪɟɣɮɨɜɨɝɨ ɬɨɤɨɜ ɧɨɫɢɬɟɥɟɣ ɜ ɮɢɡɢɤɟ ɦɟɬɚɥɥɨɜ ɢɥɢ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜ. 

ɇɚ ɩɪɨɢɡɜɨɥɶɧɨɣ ɜɵɫɨɬɟ z ɜɵɞɟɥɢɦ ɝɨɪɢɡɨɧɬɚɥɶɧɭɸ ɩɥɨɫɤɨɫɬɶ, 
ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɭɸ ɨɫɢ z. ɉɨɬɨɤ ɦɨɥɟɤɭɥ ɜɜɟɪɯ ɩɪɨɢɫɯɨɞɢɬ ɜɫɥɟɞɫɬɜɢɟ 
ɞɢɮɮɭɡɢɢ. ȿɝɨ ɩɥɨɬɧɨɫɬɶ: 

  jD = -D•dn/dz ,       (2) 

ɝɞɟ D –ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ.               

ɋɨɝɥɚɫɧɨ ɤɢɧɟɬɢɱɟɫɤɨɣ ɬɟɨɪɢɢ ɝɚɡɨɜ [2],        

D = 1/3•‹v›•‹l› ,       (3)  

Ƚɞɟ ‹l› - ɫɪɟɞɧɹɹ ɞɥɢɧɚ ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɛɟɝɚ, ‹v› - ɫɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ 
ɦɨɥɟɤɭɥ. ɋɨɝɥɚɫɧɨ ɪɚɫɩɪɟɞɟɥɟɧɢɸ Ɇɚɤɫɜɟɥɥɚ [2]:  

  ‹v› = [8kT/(πm)]
1/2

.      (4) 

ɉɨɞɫɬɚɜɢɦ (1),(3) ɜ (2) ɢ ɜɨɡɶɦёɦ ɩɪɨɢɡɜɨɞɧɭɸ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɨ z, ɩɨɥɭɱɢɦ: 

  jD = nmg•‹v›•‹l›/(3kT) .      (5) 

Ⱦɪɟɣɮɨɜɵɣ ɩɨɬɨɤ ɦɨɥɟɤɭɥ  ɜ ɝɪɚɜɢɬɚɰɢɨɧɧɨɦ ɩɨɥɟ ɧɚɩɪɚɜɥɟɧ ɜɧɢɡ: 

  jg  = ngτ/2 ,        (6) 

ɝɞɟ ɫɪɟɞɧɟɟ ɜɪɟɦɹ ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɛɟɝɚ τ = ‹l›/‹v›, g = 9,8 ɦ/ɫ2 – ɭɫɤɨɪɟɧɢɟ 

ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ,  

jg  = ng‹l›/(2•‹v›) .       (7) 



ɇɚɣɞёɦ ɨɬɧɨɲɟɧɢɟ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɩɨɬɨɤɚ ɦɨɥɟɤɭɥ ɝɚɡɚ (ɧɚɩɪɚɜɥɟɧ ɜɜɟɪɯ) ɤ 
ɞɪɟɣɮɨɜɨɦɭ (ɧɚɩɪɚɜɥɟɧ ɜɧɢɡ) ɩɨɬɨɤɭ: 

jD /jg = [nmg•‹v›•‹l›/(3kT)]/[ng‹l›/2•‹v›] = 2m‹v›2
/(3kT)  (8) 

ɉɨɞɫɬɚɧɨɜɤɚ ɫɪɟɞɧɟɣ ɫɤɨɪɨɫɬɢ (4) ɦɚɤɫɜɟɥɥɨɜɫɤɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ  
ɦɨɥɟɤɭɥ ɩɨ ɫɤɨɪɨɫɬɹɦ ɜ (8) ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɜ ɛɨɥɶɰɦɚɧɨɜɫɤɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɢ  
ɷɬɢ ɩɨɬɨɤɢ ɧɟ ɪɚɜɧɵ ɞɪɭɝ ɞɪɭɝɭ ɢ ɫɚɦɢ ɧɟ ɦɨɝɭɬ ɩɪɢɜɨɞɢɬɶ ɤ ɪɚɜɧɨɜɟɫɧɨɦɭ 
ɫɨɫɬɨɹɧɢɸ: 

jD /jg = = 2m(8kT/mπ)/(3kT) = 16/(3π) ≠ 1.    (9) 

 ɇɚɣɞёɦ ɬɚɤɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɦɨɥɟɤɭɥ ɝɚɡɚ ɩɨ ɜɵɫɨɬɟ, ɜ 
ɤɨɬɨɪɨɦ ɞɢɮɮɭɡɢɨɧɧɵɣ ɩɨɬɨɤ ɦɨɥɟɤɭɥ ɜɵɪɚɜɧɢɜɚɟɬɫɹ ɞɪɟɣɮɨɜɵɦ: 

  jD = jg .        (10)  

ɉɨɞɫɬɚɜɢɦ (2),(3) ɜ ɥɟɜɭɸ ɱɚɫɬɶ (10), ɚ (7) - ɜ ɩɪɚɜɭɸ: 

-1/3•‹v›•‹l› dn/dz = ng‹l›/(2•‹v›)     (11) 

Ɉɬɤɭɞɚ  

   dn/dz = - n3g/(2•‹v›2
).      (12) 

ɉɨɞɫɬɚɜɢɜ (4) ɜ (12), ɩɨɥɭɱɢɦ: 

  dn/dz = - n(3π/16)[mg/(kT)] .     (13) 

Ɉɬɤɭɞɚ ɩɨɥɭɱɢɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɦɨɥɟɤɭɥ ɩɨ ɜɵɫɨɬɟ, 
ɫɨɡɞɚɜɚɟɦɨɟ ɱɢɫɬɨ ɦɨɥɟɤɭɥɹɪɧɵɦ ɞɜɢɠɟɧɢɟɦ ɜ ɝɚɡɟ.    

  n = no•exp[(-mgz/kT)•(3π/16)],     (14) 

ɢɥɢ 

  n = no•exp[-0,589mgz/(kT)] .     (15) 

 ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɞɚɜɥɟɧɢɹ p ɩɨ ɜɵɫɨɬɟ ɢɦɟɟɬ ɜɢɞ: 

  p = nokT•exp[-0,589mgz/(kT)] .    (16) 

ɍɦɧɨɠɢɦ (14) ɧɚ ɜɟɫ ɦɨɥɟɤɭɥɵ mg ɢ ɩɪɨɢɧɬɟɝɪɢɪɭɟɦ ɩɨ ɜɵɫɨɬɟ ɨɬ 0 ɞɨ ∞. 
ɉɨɥɭɱɢɦ ɜɟɫ ɫɬɨɥɛɚ, ɩɪɢɯɨɞɹɳɢɣɫɹ ɧɚ ɟɞɢɧɢɰɭ ɩɥɨɳɚɞɢ ɨɫɧɨɜɚɧɢɹ:  

  po = (16/3π)nokT,       (17) 

ɋɪɚɜɧɟɧɢɟ (14) ɩɪɢ z=0 ɢ (17) ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɜɟɫ ɝɚɡɚ ɧɟ 
ɭɪɚɜɧɨɜɟɲɢɜɚɟɬɫɹ ɞɚɜɥɟɧɢɟɦ ɢ ɩɪɨɢɫɯɨɞɢɬ ɦɚɤɪɨ-ɩɟɪɟɦɟɳɟɧɢɟ ɝɚɡɚ, 
ɪɚɡɪɭɲɚɸɳɟɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ (16). Ɍɚɤɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɧɟ ɦɨɠɟɬ ɛɵɬɶ 
ɪɟɚɥɢɡɨɜɚɧɨ. ɉɨ-ɜɢɞɢɦɨɦɭ, ɥɨɤɚɥɶɧɵɟ ɦɚɤɪɨ-ɩɟɪɟɦɟɳɟɧɢɹ ɝɚɡɚ ɞɨɩɨɥɧɹɸɬ 



ɞɪɟɣɮɨɜɵɣ ɩɨɬɨɤ, ɤɨɬɨɪɵɣ ɧɟ ɦɨɠɟɬ ɭɪɚɜɧɨɪɜɟɫɢɬɶ ɩɨɬɨɤ ɞɢɮɮɭɡɢɨɧɧɵɣ 
(9). 

 

ȼɵɜɨɞɵ: 

1.  Ⱦɪɟɣɮɨɜɵɣ ɢ ɞɢɮɮɭɡɢɨɧɧɵɣ ɩɨɬɨɤɢ ɝɚɡɚ ɜ ɝɪɚɜɢɬɚɰɢɨɧɧɨɦ ɩɨɥɟ ɧɟ ɪɚɜɧɵ 
ɞɪɭɝ ɞɪɭɝɭ. 

2. Ⱦɨɥɠɟɧ ɫɭɳɟɫɬɜɨɜɚɬɶ ɦɟɯɚɧɢɡɦ, ɞɨɩɨɥɧɹɸɳɢɣ ɞɪɟɣɮɨɜɵɣ ɩɨɬɨɤ. ȼ 
ɤɚɱɟɫɜɟ ɬɚɤɨɜɨɝɨ ɦɨɝɭɬ ɜɵɫɬɭɩɚɬɶ ɥɨɤɚɥɶɧɵɟ ɦɚɤɪɨ-ɩɟɪɟɦɟɳɟɧɢɹ ɝɚɡɚ ɩɨɞ 
ɞɟɣɫɬɜɢɟɦ ɝɪɚɜɢɬɚɰɢɨɧɧɨɝɨ ɩɨɥɹ. 
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