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For the first time it is shown that diffusion and drift of  ideal gas molecules 

in the gravitational field create a temperature gradient on altitude, not 

equalize temperature over all volume. The case of heat-insulated gas with 

default both convection and adiabatic expansion was considered. 
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ȼɩɟɪɜɵɟ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɞɢɮɮɭɡɢɹ ɢ ɞɪɟɣɮ ɦɨɥɟɤɭɥ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ ɜ 
ɝɪɚɜɢɬɚɰɢɨɧɧɨɦ ɩɨɥɟ ɫɨɡɞɚɸɬ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɝɪɚɞɢɟɧɬ ɩɨ ɜɵɫɨɬɟ, ɧɨ 
ɧɟ ɭɪɚɜɧɢɜɚɸɬ ɬɟɦɩɟɪɚɬɭɪɭ ɩɨ ɜɫɟɦɭ ɨɛɴɟɦɭ. Ɋɚɫɫɦɚɬɪɢɜɚɥɫɹ ɫɥɭɱɚɣ 
ɬɟɩɥɨɢɡɨɥɢɪɨɜɚɧɧɨɝɨ ɝɚɡɚ ɜ ɨɬɫɭɬɫɬɜɢɟ ɤɚɤ ɤɨɧɜɟɤɰɢɢ, ɬɚɤ ɢ 
ɚɞɢɚɛɚɬɢɱɟɫɤɨɝɨ  ɪɚɫɲɢɪɟɧɢɹ. 
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Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɝɚɡ, ɝɪɚɜɢɬɚɰɢɹ, ɝɪɚɞɢɟɧɬ ɬɟɦɩɟɪɚɬɭɪ. 

 

ȼ ɭɱɟɛɧɢɤɚɯ ɩɨ ɮɢɡɢɤɟ ɚɬɦɨɫɮɟɪɵ [1, 2] ɪɟɲɚɥɚɫɶ ɡɚɞɚɱɚ ɨɩɪɟɞɟɥɟɧɢɹ 
ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɝɪɚɞɢɟɧɬɚ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɫɭɯɨɦ ɢɞɟɚɥɶɧɨɦ ɝɚɡɟ, ɧɚɯɨɞɹɳɟɦɫɹ 
ɜ ɫɨɫɬɨɹɧɢɢ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɜ ɩɨɥɟ ɫɢɥɵ ɬɹɠɟɫɬɢ ɜ 
ɚɞɢɚɛɚɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ .  Дɥя ɪɟɲɟɧɢя ɡɚɩɢɫɵɜɚɥɨɫɶ: ɚ)ɭɪɚɜɧɟɧɢɟ 
ɫɨɫɬɨяɧɢя Мɟɧɞɟɥɟɟɜɚ - Кɥɚɩɟɣɪɨɧɚ:  

  p = ρRT/ȝ           (1)  

ɝɞɟ R = 8,31 Ⱦɠ/ɝɪɚɞ - ɭɧɢɜɟɪɫɚɥɶɧɚɹ ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ, T- ɚɛɫɨɥɸɬɧɚɹ 
ɬɟɦɩɟɪɚɬɭɪɚ,  ρ — ɩɥɨɬɧɨɫɬɶ ɝɚɡɚ, ȝ – ɟɝɨ ɦɨɥɹɪɧɚɹ ɦɚɫɫɚ; ɡɚɩɢɫɵɜɚɥɨɫɶ 
ɬɚɤɠɟ ɛ) ɭɪɚɜɧɟɧɢɟ ɝɢɞɪɨ- ɚɷɪɨɫɬɚɬɢɤɢ ɞɥя  ɝɚɡɚ, ɧɚхɨɞяɳɟɝɨɫя ɜ 
ɫɨɫɬɨяɧɢɢ ɦɟхɚɧɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢя ɜ ɩɨɥɟ ɫɢɥɵ ɬяɠɟɫɬɢ  

  dp/dz = − ρg ,         (2)  

ɝɞɟ  g — ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ; ɫɱɢɬɚɥɨɫɶ, ɱɬɨ ɜ ɝɚɡɟ ɩɪɨɬɟɤɚɟɬ 
ɪɚɜɧɨɜɟɫɧɵɣ ɚɞɢɚɛɚɬɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ, ɢ ɞɥɹ ɧɟɝɨ ɫɩɪɚɜɟɞɥɢɜɨ ɜ) ɭɪɚɜɧɟɧɢɟ 
Пɭɚɫɫɨɧɚ ɤɨɬɨɪɨɟ ɜ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɮɨɪɦɟ ɢɦɟɟɬ ɜɢɞ 

dp/p = γdρ/ρ = γ(γ−1)dT/T ,        (3)  

ɝɞɟ γ = cp/cV -  ɩɨɤɚɡɚɬɟɥɶ ɚɞɢɚɛɚɬɵ ɢɥɢ ɤɨɷɮɮɢɰɢɟɧɬ ɉɭɚɫɫɨɧɚ, cp ɢ cV  

ɭɞɟɥɶɧɵɟ ɬɟɩɥɨёɦɤɨɫɬɢ ɝɚɡɚ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɞɚɜɥɟɧɢɢ ɢ ɨɛɴёɦɟ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɋɟɲɟɧɢɟ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ (1) - (3) ɩɨɡɜɨɥɢɥɨ ɨɩɪɟɞɟɥɢɬɶ 
ɚɞɢɚɛɚɬɢɱɟɫɤɢɣ ɝɪɚɞɢɟɧɬ ɬɟɦɩɟɪɚɬɭɪɵ ɞɥɹ ɫɭɯɨɝɨ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ: 

  dT/dz = - g/ɫp  .        (4) 

Ɉɞɧɚɤɨ ɬɚɤɨɟ ɪɟɲɟɧɢɟ, ɩɨɥɭɱɟɧɧɨɟ ɜ ɪɚɦɤɚɯ ɦɨɞɟɥɢ ɚɞɢɚɛɚɬɢɱɟɫɤɨɝɨ 

ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɩɟɪɟɧɨɫɚ ɝɚɡɚ, ɨɛɥɚɞɚɟɬ ɪɹɞɨɦ ɧɟɞɨɫɬɚɬɤɨɜ: 1)ɫɤɪɵɜɚɟɬ 

ɩɪɢɱɢɧɵ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɝɪɚɞɢɟɧɬɚ ɬɟɦɩɟɪɚɬɭɪ ɢ ɟɝɨ 

ɡɚɜɢɫɢɦɨɫɬɶ ɨɬ ɦɨɥɹɪɧɨɣ ɦɚɫɫɵ ɝɚɡɚ; 2)ɧɟ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ, ɛɭɞɟɬ ɥɢ 

ɩɨɞɞɟɪɠɢɜɚɬɶɫɹ ɝɪɚɞɢɟɧɬ ɬɟɦɩɟɪɚɬɭɪɵ ɩɭɬёɦ ɞɢɮɮɭɡɢɢ ɢ ɞɪɟɣɮɚ ɦɨɥɟɤɭɥ 

ɝɚɡɚ ɜ ɝɪɚɜɢɬɚɰɢɨɧɧɨɦ ɩɨɥɟ ɜ ɨɬɫɭɬɫɬɜɢɟ ɤɨɧɜɟɤɰɢɢ ɢɥɢ ɩɪɨɢɡɨɣɞёɬ 

ɜɵɪɚɜɧɢɜɚɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨ ɜɫɟɣ ɜɵɫɨɬɟ ɫɬɨɥɛɚ.     

 ɉɨɷɬɨɦɭ ɜ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɩɨɫɬɚɜɥɟɧɚ ɡɚɞɚɱɚ: ɢɡɭɱɢɬɶ ɩɪɢɪɨɞɭ ɫɢɥ, 

ɫɨɡɞɚɸɳɢɯ  ɫɭɯɨɚɞɢɚɛɚɬɢɱɟɫɤɢɣ ɝɪɚɞɢɟɧɬ ɬɟɦɩɟɪɚɬɭɪ,  ɢ ɢɫɫɥɟɞɨɜɚɬɶ ɜɨɩɪɨɫ 
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ɨ  ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪ ɫɭɯɨɝɨ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ ɜ ɝɪɚɜɢɬɚɰɢɨɧɧɨɦ ɩɨɥɟ, 

ɜɨɡɧɢɤɚɸɳɟɦ ɜɫɥɟɞɫɬɜɢɟ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɢ ɞɪɟɣɮɨɜɨɝɨ ɞɜɢɠɟɧɢɹ ɦɨɥɟɤɭɥ ɜ 

ɨɬɫɭɬɫɬɜɢɟ ɤɨɧɜɟɤɰɢɢ.         

 ȼ ɬɟɩɥɨɢɡɨɥɢɪɨɜɚɧɧɨɦ ɫɬɨɥɛɟ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ   ɩɪɨɜɟɞёɦ 

ɜɟɪɬɢɤɚɥɶɧɭɸ ɨɫɶ Oz ɫ ɧɚɱɚɥɨɦ ɨɬɫɱёɬɚ z = 0 ɧɚ ɧɢɠɧɟɣ ɬɟɩɥɨɢɡɨɥɢɪɭɸɳɟɣ 

ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. ȼɵɞɟɥɢɦ Ȟ ɦɨɥɟɣ ɝɚɡɚ, ɩɟɪɟɦɟɳɚɸɳɢɯɫɹ 

ɚɞɢɚɛɚɬɢɱɟɫɤɢ (ɛɟɡ ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɢ ɬɟɩɥɨɨɛɦɟɧɚ ɫ ɨɤɪɭɠɚɸɳɢɦ ɝɚɡɨɦ) 

ɜɜɟɪɯ ɫ ɜɵɫɨɬɵ  z1 ɧɚ ɜɵɫɨɬɭ z2. ɉɪɢ ɷɬɨɦ ɬɟɦɩɟɪɚɬɭɪɚ  ɢɡɦɟɧɹɟɬɫɹ ɨɬ T1  ɞɨ T2  

ɡɚ  ɫɱёɬ  ɚɞɢɚɛɚɬɢɱɟɫɤɨɝɨ  ɪɚɫɲɢɪɟɧɢɹ.  ɂɡɦɟɧɟɧɢɟ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ      

∆U = Ȟ•ɋV•(T2 – T1) = Ȟ•i•R•(T2 – T1)/2, ɝɞɟ ɋV  - ɦɨɥɹɪɧɚɹ ɬɟɩɥɨёɦɤɨɫɬɶ ɝɚɡɚ ɜ 

ɢɡɨɯɨɪɧɨɦ ɩɪɨɰɟɫɫɟ, ɚ i - ɫɭɦɦɚ ɱɢɫɥɚ ɩɨɫɬɭɩɚɬɟɥɶɧɵɯ, ɜɪɚɳɚɬɟɥɶɧɵɯ ɢ 

ɭɞɜɨɟɧɧɨɝɨ ɱɢɫɥɚ ɤɨɥɟɛɚɬɟɥɶɧɵɯ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɦɨɥɟɤɭɥɵ. ɗɥɟɦɟɧɬɚɪɧɚɹ 

ɪɚɛɨɬɚ ɝɚɡɚ  dA = p•dV. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɚɞɢɚɛɚɬɢɱɟɫɤɨɦ ɩɪɨɰɟɫɫɟ   

ɷɥɟɦɟɧɬɚɪɧɨɟ ɢɡɦɟɧɟɧɢɟ  ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ ɩɪɨɢɫɯɨɞɢɬ ɡɚ ɫɱёɬ ɪɚɛɨɬɵ 

ɝɚɡɚ:  

 ȞɋV·dT = - p·dV.        (5)  

ɍɪɚɜɧɟɧɢɟ Ʉɥɚɩɟɣɪɨɧɚ-Ɇɟɧɞɟɥɟɟɜɚ ɜ ɤɥɚɫɫɢɱɟɫɤɨɦ ɜɢɞɟ: 

  pV = ȞRT.         (6) 

ȿɝɨ ɩɨɥɧɵɣ ɞɢɮɮɟɪɟɧɰɢɚɥ 

  V•dp + p•dV = Ȟ•R•dT.       (7) 

Ɉɬɫɸɞɚ:  

  p•dV = Ȟ•R•dT - V•dp.       (8) 

ɉɨɞɫɬɚɜɢɦ  (8) ɜ ɩɪɚɜɭɸ ɱɚɫɬɶ (5): 

  Ȟ•ɋV•dT = - Ȟ•R•dT + V•dp.      (9) 

ɂɡ ɭɪɚɜɧɟɧɢɹ ɝɢɞɪɨɫɬɚɬɢɤɢ [1]: 

dp = − ρ•g•dz = - Ȟ•ȝ•g•dz/V      (10) 

ɩɨɞɫɬɚɜɢɦ (10) ɜ (9): 

   Ȟ•(ɋV + R)•dT  = - Ȟ•ȝ•g•dz.      (11)  



ɂɡ ɭɪɚɜɧɟɧɢɹ (8) ɨɩɪɟɞɟɥɢɦ ɝɪɚɞɢɟɧɬ ɬɟɦɩɟɪɚɬɭɪɵ: 

  dT/dz = - ȝ•g/Cp,          (12) 

ɝɞɟ Cp = ɋV + R  - ɦɨɥɹɪɧɚɹ ёɦɤɨɫɬɶ ɝɚɡɚ ɜ ɢɡɨɛɚɪɧɨɦ ɩɪɨɰɟɫɫɟ. ɋɪɚɜɧɟɧɢɟ (4) 

ɢ (12) ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɜɵɪɚɠɟɧɢɹ ɬɨɠɞɟɫɬɜɟɧɧɵ (ɬ.ɤ. Cp = ȝ•ɫp), ɢ ɜ ɫɬɨɥɛɟ 

ɢɞɟɚɥɶɧɨɝɨ ɫɭɯɨɝɨ ɝɚɡɚ, ɧɚɯɨɞɹɳɟɦɫɹ ɜ ɨɞɧɨɪɨɞɧɨɦ ɝɪɚɜɢɬɚɰɢɨɧɧɨɦ ɩɨɥɟ, 

ɩɪɢ ɧɚɥɢɱɢɢ ɤɨɧɜɟɤɰɢɢ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɫɭɯɨɚɞɢɚɛɚɬɢɱɟɫɤɢɣ ɝɪɚɞɢɟɧɬ 

ɬɟɦɩɟɪɚɬɭɪ (12). Ɉɞɧɚɤɨ ɜɨ ɜɬɨɪɨɦ ɫɥɭɱɚɟ, ɹɫɟɧ ɮɢɡɢɱɟɫɤɢɣ ɫɦɵɫɥ 

ɩɨɥɭɱɟɧɧɨɝɨ ɪɟɡɭɥɶɬɚɬɚ. Ʌɟɝɤɨ ɜɢɞɟɬɶ, ɱɬɨ ɢɡ ɭɪɚɜɧɟɧɢɣ (11) ɢ (5) ɫɥɟɞɭɟɬ, 

ɱɬɨ: 

  Ȟ•ɋv·dT + Ȟ•ȝ•g·dz = - Ȟ•R·dT = - d(pV) = - V•dp – p•dV  (13) 

ɝɞɟ, ɫɨɝɥɚɫɧɨ  ɭɪɚɜɧɟɧɢɸ ɝɢɞɪɨ- ɚɷɪɨɫɬɚɬɢɤɢ (2), 

  -V•dp = - V• (dp/dz)• dz = ρ•g•V•dz,      (14) 

- ɪɚɛɨɬɚ ɫɢɥɵ Аɪɯɢɦɟɞɚ ɩɪɢ ɜɫɩɥɵɬɢɢ ɝɚɡɚ ɧɚ dz. Ɍɨɝɞɚ: 

dU = - Ȟ•ȝ•g•dz + dAɚɪɯ – p•dV      (15) 

- ɢɡɦɟɧɟɧɢɟ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ ɜ ɝɪɚɜɢɬɚɰɢɨɧɧɨɦ ɩɨɥɟ 

ɩɪɨɢɫɯɨɞɢɬ ɜɫɥɟɞɫɬɜɢɟ ɪɚɛɨɬɵ ɫɢɥ ɬɹɝɨɬɟɧɢɹ, ɪɚɛɨɬɵ ɫɢɥɵ Аɪɯɢɦɟɞɚ ɢ 

ɪɚɛɨɬɵ ɩɪɨɬɢɜ ɞɚɜɥɟɧɢɹ ɜɧɟɲɧɟɝɨ ɝɚɡɚ. ɋɢɥɚ ɬɹɠɟɫɬɢ, ɞɟɣɫɬɜɭɸɳɚɹ ɧɚ 

ɜɵɞɟɥɟɧɧɵɣ ɨɛɴёɦ ɝɚɡɚ, ɭɪɚɜɧɨɜɟɲɢɜɚɟɬɫɹ ɫɢɥɨɣ Аɪɯɢɦɟɞɚ ɢ ɧɟ ɜɯɨɞɢɬ ɜ 

ɭɪɚɜɧɟɧɢɟ (5). Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɷɬɨ ɩɨɥɟ ɫɢɥ ɬɹɝɨɬɟɧɢɹ ɫɨɡɞɚёɬ ɛɨɥɶɰɦɚɧɨɜɫɤɨɟ 

ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɦɨɥɟɤɭɥ ɝɚɡɚ ɩɨ ɜɵɫɨɬɟ. ɍɦɟɧɶɲɟɧɢɟ ɩɥɨɬɧɨɫɬɢ 

ɝɚɡɚ ɫ ɜɵɫɨɬɨɣ ɩɪɢɜɨɞɢɬ ɤ ɚɞɢɚɛɚɬɢɱɟɫɤɨɦɭ ɪɚɫɲɢɪɟɧɢɸ ɢ ɨɯɥɚɠɞɟɧɢɸ ɩɪɢ 

ɜɫɩɥɵɬɢɢ ɜɵɞɟɥɟɧɧɨɝɨ ɨɛɴёɦɚ ɝɚɡɚ ɜ ɨɫɬɚɥɶɧɨɦ ɨɛɴёɦɟ. ɂɡ (15) ɫɥɟɞɭɟɬ, ɱɬɨ 

ɪɚɛɨɬɚ ɫɢɥɵ ɬɹɠɟɫɬɢ ɢɞёɬ ɧɚ ɢɡɦɟɧɟɧɢɟ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ ɝɚɡɚ, ɩɪɨɬɢɜ 

ɪɚɛɨɬɵ ɫɢɥ Аɪɯɢɦɟɞɚ ɢ ɧɚ ɪɚɛɨɬɭ ɚɞɢɚɛɚɬɢɱɟɫɤɨɝɨ ɢɡɦɟɧɟɧɢɹ ɨɛɴёɦɚ: 

  - Ȟ•ȝ•g•dz =  dU - dAɚɪɯ + p•dV.      (16) 



 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɚɛɨɬɚ ɫɢɥɵ ɬɹɠɟɫɬɢ ɩɪɢɜɨɞɢɬ ɤ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɦɭ 

ɪɚɡɞɟɥɟɧɢɸ ɫɥɨёɜ ɝɚɡɚ ɫ ɪɚɡɥɢɱɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ. ɋ ɪɨɫɬɨɦ ɜɵɫɨɬɵ 

ɬɟɦɩɟɪɚɬɭɪɚ ɭɦɟɧɶɲɚɟɬɫɹ. 

Ʉɚɤ ɢɡɜɟɫɬɧɨ [1-3], ɩɪɢ ɭɦɟɧɶɲɟɧɢɢ ɦɨɞɭɥɹ ɝɪɚɞɢɟɧɬɚ ɬɟɦɩɟɪɚɬɭɪɵ 

ɦɟɧɶɲɟ ɚɛɫɨɥɸɬɧɨɣ ɜɟɥɢɱɢɧɵ ɫɭɯɨɚɞɢɚɛɚɬɢɱɟɫɤɨɝɨ  ɝɪɚɞɢɟɧɬɚ ɤɨɧɜɟɤɰɢɹ ɜ 

ɝɚɡɟ ɩɪɟɤɪɚɳɚɟɬɫɹ ɢ ɩɟɪɟɬɨɤ ɬɟɩɥɚ ɦɟɠɞɭ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦɢ ɫɥɨɹɦɢ ɝɚɡɚ 

ɜɨɡɦɨɠɟɧ ɬɨɥɶɤɨ ɜɫɥɟɞɫɬɜɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ. Ɋɚɫɫɦɨɬɪɢɦ ɷɬɨɬ ɩɪɨɰɟɫɫ ɜ 

ɬɟɩɥɨɢɡɨɥɢɪɨɜɚɧɧɨɦ ɫɨɫɭɞɟ.        

 ɇɚ ɩɪɨɢɡɜɨɥɶɧɨɣ ɜɵɫɨɬɟ z ɜɵɛɟɪɟɦ ɞɜɚ ɫɨɫɟɞɧɢɯ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɫɥɨɹ 

ɫ ɬɨɥɳɢɧɨɣ ɪɚɜɧɨɣ ɫɪɟɞɧɟɣ ɩɪɨɟɤɰɢɢ ɞɥɢɧɵ ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɛɟɝɚ ɧɚ 

ɜɟɪɬɢɤɚɥɶɧɭɸ ɨɫɶ Oz . ȼ ɜɟɪɯɧɟɦ ɫɥɨɟ ɫ ɧɨɦɟɪɨɦ  j+1 ɩɨɥɨɜɢɧɚ ɦɨɥɟɤɭɥ 

ɢɦɟɟɬ ɩɪɨɟɤɰɢɸ ɫɤɨɪɨɫɬɢ ɧɚɩɪɚɜɥɟɧɧɭɸ ɜɧɢɡ. Ɂɚ ɜɪɟɦɹ ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɛɟɝɚ 

ɷɬɚ ɩɨɥɨɜɢɧɚ ɦɨɥɟɤɭɥ ɜɟɪɯɧɟɝɨ ɫɥɨɹ ɩɟɪɟɦɟɫɬɢɬɫɹ ɜ ɧɢɠɧɢɣ ɫɥɨɣ. 

ɉɪɨɢɫɯɨɞɢɬ ɩɟɪɟɧɨɫ  ɷɧɟɪɝɢɢ ɬɟɩɥɨɜɨɝɨ ɞɜɢɠɟɧɢɹ -  n<l>z •i•k•Tj+1 /2 ɢ 

ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɢ -   n•m•g•<l>z
 2 /2, ɤɨɬɨɪɚɹ ɩɟɪɟɯɨɞɢɬ ɜ ɬɟɩɥɨɜɭɸ ɩɪɢ 

ɫɬɨɥɤɧɨɜɟɧɢɢ ɫ ɦɨɥɟɤɭɥɚɦɢ ɜ ɧɢɠɧɟɦ j - ɦ ɫɥɨɟ. Ⱦɥɹ ɫɬɚɰɢɨɧɚɪɧɨɝɨ ɫɥɭɱɚɹ 

ɧɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ ɩɪɢɪɚɳɟɧɢɟ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ ɷɬɢɯ n/2 ɦɨɥɟɤɭɥ 

ɩɪɨɢɫɯɨɞɢɥɨ ɡɚ ɫɱёɬ ɢɡɦɟɧɟɧɢɹ ɢɯ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɢ ɜ ɝɪɚɜɢɬɚɰɢɨɧɧɨɦ 

ɩɨɥɟ:  

n<l>z•i•k•(Tj+1 - Tj) /2 - n•m•g•<l>z
2 
/2  =0    (17) 

ɋɨɤɪɚɳɚɹ ɤɨɧɰɟɧɬɪɚɰɢɸ ɦɨɥɟɤɭɥ ɢ ɩɪɨɟɤɰɢɸ ɞɥɢɧɵ ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɛɟɝɚ ɧɚ 

ɨɫɶ Oz, ɢ ɭɦɧɨɠɚɹ ɧɚ ɱɢɫɥɨ Аɜɨɝɚɞɪɨ, ɩɨɥɭɱɢɦ ɨɰɟɧɤɭ ɝɪɚɞɢɟɧɬɚ ɬɟɦɩɟɪɚ-

ɬɭɪɵ, ɫɨɡɞɚɜɚɟɦɨɝɨ ɞɜɢɠɟɧɢɟɦ ɦɨɥɟɤɭɥ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ ɜ ɩɨɥɟ ɫɢɥ ɬɹɠɟɫɬɢ 

  dT/dz = - ȝ•g/Cv,          (18)    

ȿɫɥɢ ɪɚɛɨɬɚ ɫɢɥɵ ɬɹɠɟɫɬɢ ɩɪɢ ɩɟɪɟɦɟɳɟɧɢɢ ɦɨɥɟɤɭɥ ɢɡ ɨɞɧɨɝɨ ɫɥɨɹ ɜ 

ɞɪɭɝɨɣ ɛɭɞɟɬ ɦɟɧɶɲɟ, ɱɟɦ ɪɚɡɧɨɫɬɶ ɜɧɭɬɪɟɧɧɢɯ ɷɧɟɪɝɢɣ ɷɬɢɯ ɦɨɥɟɤɭɥ ɜ 

ɧɢɠɧɟɦ j-ɦ ɢ ɜɟɪɯɧɟɦ j+1-ɦ ɫɥɨɹɯ ɩɨɫɥɟ ɫɬɨɥɤɧɨɜɟɧɢɹ ɢ ɬɟɪɦɚɥɢɡɚɰɢɢ, ɬɨ 

ɛɭɞɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɩɟɪɟɧɨɫ ɷɧɟɪɝɢɢ ɨɬ ɜɟɪɯɧɢɯ ɫɥɨёɜ ɤ ɧɢɠɧɢɦ ɜɫɥɟɞɫɬɜɢɟ 



ɬɟɩɥɨɜɨɝɨ ɞɜɢɠɟɧɢɹ ɦɨɥɟɤɭɥ ɜ ɝɪɚɜɢɬɚɰɢɨɧɧɨɦ ɩɨɥɟ. Ɉɬɦɟɬɢɦ, ɱɬɨ ɜɪɟɦɹ 

ɭɫɬɚɧɨɜɥɟɧɢɹ ɝɪɚɞɢɟɧɬɚ ɬɟɦɩɟɪɚɬɭɪ ɜ ɩɪɨɰɟɫɫɟ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɩɟɪɟɧɨɫɚ ɧɚ 

ɩɨɪɹɞɤɢ ɛɨɥɶɲɟ, ɱɟɦ ɡɚ ɫɱёɬ ɤɨɧɜɟɤɰɢɢ ɢ ɚɞɢɚɛɚɬɢɱɟɫɤɨɝɨ ɪɚɫɲɢɪɟɧɢɹ. 

ɉɨɷɬɨɦɭ ɜ ɨɛɵɱɧɵɯ ɭɫɥɨɜɢɹɯ ɚɬɦɨɫɮɟɪɵ ɷɬɨɬ ɩɪɨɰɟɫɫ ɧɟ ɩɪɨɹɜɥɹɟɬɫɹ. 

ȼɵɜɨɞɵ.  

1. Ƚɪɚɜɢɬɚɰɢɨɧɧɨɟ ɩɨɥɟ ɩɪɨɢɡɜɨɞɢɬ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ ɪɚɡɞɟɥɟɧɢɟ ɦɨɥɟɤɭɥ 

ɝɚɡɚ ɩɨ ɬɟɦɩɟɪɚɬɭɪɟ, ɤɚɤ ɩɪɢ ɦɚɤɪɨɩɟɪɟɦɟɳɟɧɢɹɯ ɝɚɡɚ (ɤɨɧɜɟɤɰɢɹ), ɬɚɤ ɢ 

ɩɪɢ ɩɟɪɟɦɟɳɟɧɢɹɯ ɦɨɥɟɤɭɥ ɜ ɩɨɥɟ ɫɢɥ ɬɹɠɟɫɬɢ. 

2. ȼɩɟɪɜɵɟ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɞɢɮɮɭɡɢɹ ɢ ɞɪɟɣɮ ɦɨɥɟɤɭɥ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ ɜ 

ɝɪɚɜɢɬɚɰɢɨɧɧɨɦ ɩɨɥɟ ɩɪɢɜɨɞɢɬ ɤ ɪɚɡɞɟɥɟɧɢɸ ɫɥɨёɜ ɦɨɥɟɤɭɥ ɩɨ 

ɬɟɦɩɟɪɚɬɭɪɟ ɫ ɝɪɚɞɢɟɧɬɨɦ ɛɨɥɶɲɢɦ, ɱɟɦ ɫɭɯɨɚɞɢɚɛɚɬɢɱɟɫɤɢɣ. 
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