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Ɋɢɫ. β. ȼɥɢɹɧɢɟ 2 ɧɚ ɫɪɟɞɧɸɸ ɬɟɦɩɟɪɚɬɭɪɭ ɢɫ-
ɬɨɱɧɢɤɚ ɷɧɟɪɝɢɢ Ɍavg (ɚ) ɢ ɧɚ ɥɨɤɚɥɶɧɵɣ ɤɨɷɮɮɢ-
ɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ conv

loc  ɩɨ ɝɪɚɧɢɰɟ ɢɫɬɨɱɧɢɤɚ 
ɷɧɟɪɝɢɢ (ɛ) 

 
ɍɜɟɥɢɱɟɧɢɟ 2 ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ Ɍavg. Ⱦɨ-

ɫɬɢɠɟɧɢɟ ɩɨɫɬɨɹɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚ-
ɬɭɪɵ ɢɫɬɨɱɧɢɤɚ ɷɧɟɪɝɢɢ ɩɪɨɢɫɯɨɞɢɬ ɛɵɫɬɪɟɟ ɩɪɢ 
ɛɨɥɶɲɢɯ ɡɧɚɱɟɧɢɹɯ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱɢ 
ɜɫɥɟɞɫɬɜɢɟ ɛɨɥɟɟ ɢɧɬɟɧɫɢɜɧɨɝɨ ɜɵɪɚɜɧɢɜɚɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ. Ʌɨɤɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɤɨɧ-
ɜɟɤɬɢɜɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɛɦɟɧɚ 
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 ɧɚ ɝɪɚɧɢɰɟ ɬɟɩɥɨɜɵɞɟɥɹɸɳɟɝɨ 

ɷɥɟɦɟɧɬɚ (ɪɢɫ. 2,ɛ) ɫ ɪɨɫɬɨɦ 2 ɫɧɢɠɚɸɬɫɹ. ɉɪɢ-
ɱɢɧɨɣ ɧɚɛɥɸɞɚɟɦɨɝɨ ɷɮɮɟɤɬɚ ɹɜɥɹɟɬɫɹ ɭɜɟɥɢɱɟ-
ɧɢɟ ɬɟɩɥɨɨɬɜɨɞɚ ɱɟɪɟɡ ɧɢɠɧɸɸ ɫɬɟɧɤɭ. 

ȼɬɨɪɵɦ, ɧɟɫɤɨɥɶɤɨ ɧɟɬɪɢɜɢɚɥɶɧɵɦ, ɪɚɫɫɦɨɬ-
ɪɟɧɧɵɦ ɦɟɬɨɞɨɜ ɨɯɥɚɠɞɟɧɢɹ ɬɟɩɥɨɜɵɞɟɥɹɸɳɟɝɨ 
ɷɥɟɦɟɧɬɚ ɹɜɥɹɟɬɫɹ ɢɡɦɟɧɟɧɢɟ ɫɬɟɩɟɧɢ ɱɟɪɧɨɬɵ 
ɜɧɭɬɪɟɧɧɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɩɨɥɨɫɬɢ ɢ ɢɫɬɨɱɧɢɤɚ 
ɷɧɟɪɝɢɢ.  

ɂɡɦɟɧɟɧɢɟ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜɧɭɬɪɢ ɢɫ-
ɬɨɱɧɢɤɚ ɷɧɟɪɝɢɢ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɹɯ 1 ɢ 3 
ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫ. γ. ȼɢɞɧɨ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɢɡɥɭɱɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɟɧɨɤ 1 
ɩɪɢɜɨɞɢɬ ɤ ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɫɧɢɠɟɧɢɸ ɬɟɦɩɟɪɚɬɭ-
ɪɵ ɬɟɩɥɨɧɚɝɪɭɠɟɧɧɨɝɨ ɷɥɟɦɟɧɬɚ. ȼ ɪɚɫɫɦɚɬɪɢɜɚɟ-
ɦɵɯ ɭɫɥɨɜɢɹɯ ɫɧɢɠɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɦɨɠɟɬ ɞɨ-
ɫɬɢɝɚɬɶ 1λ ɝɪɚɞɭɫɨɜ, ɱɬɨ ɫɨɫɬɚɜɥɹɟɬ 1κ.4% ɨɬ 

w hs 0
avgT    . ɂɡɜɟɫɬɧɨ, ɟɫɥɢ ɫɧɢɡɢɬɶ ɪɚɛɨɱɭɸ ɬɟɦɩɟ-

ɪɚɬɭɪɭ ɫɬɪɭɤɬɭɪɵ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɨɝɨ ɩɪɢɛɨɪɚ 

ɧɚ 15–β0%, ɬɨ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɨɬɤɚɡɨɜ ɫɧɢɡɢɬɫɹ ɜ 
2–γ ɪɚɡɚ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɩɪɟɞɥɨɠɟɧɧɵɣ ɨɱɟɧɶ 
ɩɪɨɫɬɨɣ ɜ ɬɟɯɧɢɱɟɫɤɨɣ ɪɟɚɥɢɡɚɰɢɢ ɦɟɬɨɞ ɨɯɥɚ-
ɠɞɟɧɢɹ ɢɫɬɨɱɧɢɤɨɜ ɷɧɟɪɝɢɢ ɢɦɟɟɬ ɞɨɫɬɚɬɨɱɧɨ 
ɜɵɫɨɤɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ. 

 
Ɋɢɫ. γ. ȼɥɢɹɧɢɟ ɫɬɟɩɟɧɢ ɱɟɪɧɨɬɵ 1 ɢ γ ɧɚ ɫɪɟɞ-
ɧɸɸ ɬɟɦɩɟɪɚɬɭɪɭ ɢɫɬɨɱɧɢɤɚ ɷɧɟɪɝɢɢ ɌКЯР ɩɪɢ 

2 = 10 (ɚ) ɢ 2 = 50 (ɛ) 
 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɦɨɠ-
ɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɩɪɢ ɮɢɤɫɢɪɨɜɚɧɧɵɯ 
ɡɧɚɱɟɧɢɹɯ ɬɟɦɩɟɪɚɬɭɪɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɢ 
ɜɧɟɲɧɟɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱɢ ɢɧɬɟɧɫɢɮɢ-
ɰɢɪɨɜɚɬɶ ɨɯɥɚɠɞɟɧɢɟ ɬɟɩɥɨɜɵɞɟɥɹɸɳɢɯ ɷɥɟɦɟɧ-
ɬɨɜ ɦɨɠɧɨ ɬɨɥɶɤɨ ɡɚ ɫɱɟɬ ɭɜɟɥɢɱɟɧɢɹ ɫɬɟɩɟɧɢ 
ɱɟɪɧɨɬɵ ɜɧɭɬɪɟɧɧɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɫɬɟɧɨɤ ɩɨɥɨɫɬɢ 
ɢ ɫɚɦɢɯ ɢɫɬɨɱɧɢɤɨɜ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ 
ɋɨɜɟɬɚ ɩɨ ɝɪɚɧɬɚɦ ɉɪɟɡɢɞɟɧɬɚ ɊɎ ɞɥɹ ɦɨɥɨɞɵɯ 
ɪɨɫɫɢɣɫɤɢɯ ɭɱɟɧɵɯ (ɝɪɚɧɬ ɆɄ-5652.2012.8). 

 
Ʌɢɬɟɪɚɬɭɪɚ 
1. ɂɫɦɚɢɥɨɜ Ɍ.Ⱥ., ȿɜɞɭɥɨɜ Ɉ.ȼ., Ɇɚɯɦɭɞɨɜɚ 

Ɇ.Ɇ., ȿɜɞɭɥɨɜ Ⱦ.ȼ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɫɢɫɬɟɦɵ ɨɯɥɚ-
ɠɞɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɨɣ ɚɩɩɚɪɚɬɭɪɵ, 
ɪɚɛɨɬɚɸɳɢɯ ɜ ɪɟɠɢɦɟ ɩɨɜɬɨɪɧɨ-ɤɪɚɬɤɨɜɪɟɦɟɧɧɵɯ 
ɬɟɩɥɨɜɵɞɟɥɟɧɢɣ // ɂɡɜɟɫɬɢɹ ɜɭɡɨɜ Ɋɨɫɫɢɢ. Ɋɚɞɢɨ-
ɷɥɟɤɬɪɨɧɢɤɚ. β00κ. ʋ5. ɋ.54–60. 

2. Martyushev S.G., Sheremet M.A. Conjugate 
natural convection combined with surface thermal 
radiation in an air filled cavity with internal heat 
source // International Journal of Thermal Sciences. – 
2014. – Vol. 76. – Pp. 51–67. 

 
ɂɋɋɅȿȾɈȼȺɇɂȿ ȺȼɌɈȻȺɅȺɇɋɂɊȺ ɋ ɆɇɈȽɈɊȿɁȿɊȼɍȺɊɇɕɆ 

ɍɋɌɊɈɃɋɌȼɈɆ 
Ɇɚɫɫɨɧ ɂ.Ⱥ. 

Ɍɨɦɫɤɢɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 
6γ4050, Ɋɨɫɫɢɹ, ɝ. Ɍɨɦɫɤ, ɩɪ–ɬ Ʌɟɧɢɧɚ, γ0 

Email: epashkov1@sibmail.com 
 

ȼɜɟɞɟɧɢɟ 
ɂɡɜɟɫɬɧɵɟ ɚɜɬɨɛɚɥɚɧɫɢɪɭɸɳɢɟ ɭɫɬɪɨɣɫɬɜɚ 

(ȺȻɍ) ɞɨɫɬɚɬɨɱɧɨ ɷɮɮɟɤɬɢɜɧɨ ɭɦɟɧɶɲɚɸɬ ɪɟ-
ɠɢɦɧɨɟ ɢɡɦɟɧɟɧɢɟ ɞɢɫɛɚɥɚɧɫɚ ɪɨɬɨɪɚ. Ɉɞɧɚɤɨ 
ɬɚɤɚɹ ɪɟɡɭɥɶɬɚɬɢɜɧɨɫɬɶ ɞɨɫɬɢɝɚɟɬɫɹ ɡɚ ɫɱɟɬ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɹ ɬɹɠɟɥɨɣ ɠɢɞɤɨɫɬɢ (ɪɬɭɬɢ) ɜ ɤɚɱɟɫɬɜɟ 
ɤɨɪɪɟɤɬɢɪɭɸɳɟɣ ɦɚɫɫɵ. ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɦɚɲɢɧ ɢ 
ɩɪɢɛɨɪɨɜ ɫɬɪɟɦɹɬɫɹ ɢɡɛɟɝɚɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɵɫɨ-
ɤɨɬɨɤɫɢɱɧɵɯ ɜɟɳɟɫɬɜ. ɂɦɟɸɳɢɟɫɹ ɧɟɬɨɤɫɢɱɧɵɟ 

ɠɢɞɤɨɫɬɢ ɨɛɥɚɞɚɸɬ ɩɥɨɬɧɨɫɬɶɸ ɧɟ ɛɨɥɟɟ β ɝ/ɫɦ3, 
ɩɨɷɬɨɦɭ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɢɯ ɜ ɤɚɱɟɫɬɜɟ ɤɨɪɪɟɤɬɢ-
ɪɭɸɳɟɣ ɦɚɫɫɵ ɜ ɠɢɞɤɨɫɬɧɵɯ ȺȻɍ, ɜɦɟɫɬɨ ɪɬɭɬɢ, 
ɜɟɞɟɬ ɤ ɫɧɢɠɟɧɢɸ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ 
ɛɚɥɚɧɫɢɪɨɜɤɢ ɪɨɬɨɪɚ [1, βЖ. ɂɦɟɧɧɨ ɢɡ-ɡɚ ɧɟɞɨɫɬɚ-
ɬɨɱɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɠɢɞɤɨɫɬɧɵɯ ȺȻɍ, ɨɛɭ-
ɫɥɨɜɥɟɧɧɨɣ ɦɚɥɨɣ ɩɥɨɬɧɨɫɬɶɸ ɠɢɞɤɨɫɬɢ, ɮɚɤɬɨ-
ɪɵ, ɜɥɢɹɸɳɢɟ ɧɚ ɬɨɱɧɨɫɬɶ ɛɚɥɚɧɫɢɪɨɜɤɢ, ɛɵɥɢ 
ɫɥɚɛɨ ɨɫɜɟɳɟɧɵ. ɇɚ ɤɚɮɟɞɪɟ ɌɉɆ Ɍɉɍ ɛɵɥɨ ɪɚɡ-
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ɪɚɛɨɬɚɧɨ ɭɫɬɪɨɣɫɬɜɨ ДγЖ, ɩɨɡɜɨɥɹɸɳɟɟ ɦɧɨɝɨɤɪɚɬ-
ɧɨ ɩɨɜɵɲɚɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɛɚ-
ɥɚɧɫɢɪɨɜɤɢ ɪɨɬɨɪɨɜ ɫ ɩɨɦɨɳɶɸ ɠɢɞɤɨɫɬɧɵɯ ȺȻɍ. 
ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɜɨɡɧɢɤɥɚ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɢɫɫɥɟɞɨ-
ɜɚɧɢɹ ɪɚɡɥɢɱɧɵɯ ɮɚɤɬɨɪɨɜ, ɤɨɬɨɪɵɟ ɜɥɢɹɸɬ ɧɚ 
ɬɨɱɧɨɫɬɶ ɛɚɥɚɧɫɢɪɨɜɤɢ. 

 
Ɇɚɬɟɪɢɚɥ ɢ ɦɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ 
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Ɋɢɫ. 1. ɋɯɟɦɚ, ɩɨɹɫɧɹɸɳɚɹ ɞɨɫɬɚɬɨɱɧɨɫɬɶ ɠɢɞɤɨ-
ɫɬɢ ɜ ɨɛɨɣɦɟ 1 – ɠɢɞɤɨɫɬɶ, ɧɟ ɭɱɚɫɬɜɭɸɳɚɹ ɜ ɛɚ-
ɥɚɧɫɢɪɨɜɤɟν β – ɩɨɜɟɪɯɧɨɫɬɶ ɪɟɡɟɪɜɭɚɪɚν γ – ɠɢɞ-

ɤɨɫɬɶ, ɭɱɚɫɬɜɭɸɳɚɹ ɜ ɛɚɥɚɧɫɢɪɨɜɤɟν 4 – ɫɜɨɛɨɞɧɚɹ 
ɩɨɜɟɪɯɧɨɫɬɶ ɠɢɞɤɨɫɬɢν 5 – ɩɨɜɟɪɯɧɨɫɬɶ, ɨɩɪɟɞɟ-

ɥɹɸɳɚɹ ɭɫɥɨɜɢɟ ɞɨɫɬɚɬɨɱɧɨɫɬɢ ɠɢɞɤɨɫɬɢ 
 
Ʉɚɤ ɩɨɤɚɡɚɧɨ (ɪɢɫ. 1), ɜ ɠɢɞɤɨɫɬɧɨɦ ɚɜɬɨɛɚ-

ɥɚɧɫɢɪɭɸɳɟɦ ɭɫɬɪɨɣɫɬɜɟ ɭɱɚɫɬɜɭɟɬ ɜ ɩɪɨɰɟɫɫɟ 
ɛɚɥɚɧɫɢɪɨɜɤɢ ɬɨɥɶɤɨ ɱɚɫɬɶ ɠɢɞɤɨɫɬɢ ɜɧɭɬɪɟɧɧɟɣ 
ɩɨɜɟɪɯɧɨɫɬɶɸ ɪɟɡɟɪɜɭɚɪɚ ɢ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɩɨ-
ɜɟɪɯɧɨɫɬɶɸ, ɤɚɫɚɸɳɟɣɫɹ ɩɨɜɟɪɯɧɨɫɬɢ ɪɟɡɟɪɜɭɚɪɚ 
ɢ ɢɦɟɸɳɟɣ ɨɫɶ, ɫɨɜɩɚɞɚɸɳɭɸ ɫ ɨɫɶɸ ɪɨɬɨɪɚ. ɉɨ-
ɥɭɱɚɟɬɫɹ ɩɚɪɚɞɨɤɫɚɥɶɧɵɣ ɪɟɡɭɥɶɬɚɬ ɦɚɫɫɚ ɠɢɞɤɨ-
ɫɬɢ ɜ ɪɟɡɟɪɜɭɚɪɟ, ɡɚɜɢɫɢɬ ɨɬ ɪɚɞɢɭɫɚ ɫɜɨɛɨɞɧɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɠɢɞɤɨɫɬɢ, ɚ ɩɪɨɝɢɛ ɜɚɥɚ Ь, ɨɬ ɪɚɞɢɭɫɚ 
ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɠɢɞɤɨɫɬɢ ɧɟ ɡɚɜɢɫɢɬ ɩɪɢ 
ɜɵɩɨɥɧɟɧɢɢ ɭɫɥɨɜɢɹ R r s   ɞɨɫɬɚɬɨɱɧɨɫɬɢ 
ɠɢɞɤɨɫɬɢ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɨɝɢɛ ɜɚɥɚ ɨɬ ɦɚɫɫɵ 
ɠɢɞɤɨɫɬɢ ɧɟ ɡɚɜɢɫɢɬ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɭɫɥɨɜɢɹ ɟɟ 
ɞɨɫɬɚɬɨɱɧɨɫɬɢ. Ɇɚɫɫɚ ɷɬɨɣ ɠɢɞɤɨɫɬɢ ɭɞɨɜɥɟɬɜɨ-
ɪɹɟɬ ɝɪɚɧɢɱɧɨɦɭ ɡɧɚɱɟɧɢɸ ɜ ɭɫɥɨɜɢɢ ɟɟ ɞɨɫɬɚɬɨɱ-
ɧɨɫɬɢ, ɬ.ɟ. ɩɪɢ ɡɚɞɚɧɧɨɦ ɡɧɚɱɟɧɢɢ ɩɪɨɝɢɛɚ ɜɚɥɚ 
ɫɜɨɛɨɞɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɠɢɞɤɨɫɬɢ ɤɚɫɚɟɬɫɹ ɜɧɭɬ-
ɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɪɟɡɟɪɜɭɚɪɚ. 

Ɉɫɬɚɥɶɧɚɹ ɱɚɫɬɶ ɠɢɞɤɨɫɬɢ ɜ ɩɪɨɰɟɫɫɟ ɛɚɥɚɧɫɢ-
ɪɨɜɤɢ ɧɟ ɭɱɚɫɬɜɭɟɬ. ɇɚ ɨɫɧɨɜɟ ɷɬɨɝɨ ɛɵɥɨ ɩɪɟɞ-
ɥɨɠɟɧɨ ɚɜɬɨɦɚɬɢɱɟɫɤɨɟ ɛɚɥɚɧɫɢɪɨɜɨɱɧɨɟ ɭɫɬɪɨɣ-
ɫɬɜɨ ɫ ɧɟɫɤɨɥɶɤɢɦɢ ɤɨɧɰɟɧɬɪɢɱɟɫɤɢɦɢ ɪɟɡɟɪɜɭɚ-
ɪɚɦɢ, ɨɫɢ ɜɧɭɬɪɟɧɧɢɯ ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ ɩɨɜɟɪɯɧɨ-
ɫɬɟɣ ɤɨɬɨɪɵɯ ɫɨɜɩɚɞɚɸɬ ɫ ɨɫɶɸ ɪɨɬɨɪɚ. ɗɬɨ 
ɭɫɬɪɨɣɫɬɜɨ ɛɭɞɟɦ ɜ ɞɚɥɶɧɟɣɲɟɦ ɧɚɡɵɜɚɬɶ ɦɧɨɝɨ-
ɤɚɦɟɪɧɵɦ ɭɫɬɪɨɣɫɬɜɨɦ Д4Ж. Ɋɚɛɨɬɚɟɬ ɦɧɨɝɨɪɟɡɟɪ-

ɜɭɚɪɧɨɟ ɚɜɬɨɛɚɥɚɧɫɢɪɭɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ ɩɨɞɨɛɧɨ 
ɠɢɞɤɨɫɬɧɨɦɭ ȺȻɍ ɫ ɨɞɧɢɦ ɪɟɡɟɪɜɭɚɪɨɦ. ɉɪɨɚɧɚ-
ɥɢɡɢɪɭɟɦ ɟɝɨ ɪɚɛɨɬɭ. 
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Ɋɢɫ. β. ɋɯɟɦɚ ɫɢɥ ɜ ɦɧɨɝɨɪɟɡɟɪɜɭɚɪɧɨɦ ɭɫɬɪɨɣ-

ɫɬɜɟ 
 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɢɯ ɨɛɫɭɠɞɟɧɢɟ 
ɉɭɫɬɶ ɪɨɬɨɪ ɢɦɟɟɬ ɫɬɚɬɢɱɟɫɤɢɣ ɞɢɫɛɚɥɚɧɫ 

(ɪɢɫ. β), ɬ.ɟ. ɰɟɧɬɪ ɦɚɫɫ ɪɨɬɨɪɚ (ɬɨɱɤɚ P) ɫɦɟɳɟɧ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ ɪɨɬɨɪɚ (ɜ ɩɪɨɟɤɰɢɢ ɬɨɱɤɚ O1) ɧɚ 
ɜɟɥɢɱɢɧɭ e0. ɉɪɢ ɜɪɚɳɟɧɢɢ ɪɨɬɨɪɚ ɫ ɩɨɫɬɨɹɧɧɨɣ 
ɱɚɫɬɨɬɨɣ Ȧ, ɩɪɟɜɵɲɚɸɳɟɣ ɤɪɢɬɢɱɟɫɤɭɸ, ɩɪɨɢɫ-
ɯɨɞɢɬ ɩɪɨɝɢɛ ɨɫɢ ɜɚɥɚ ɪɨɬɨɪɚ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨ 
ɜɵɩɨɥɧɹɟɬɫɹ ɪɚɜɟɧɫɬɜɨ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɫɢ-
ɫɬɟɦɭμ 

1    ... ...  0
ɢ ɢ ɢ ɢ

ɭɩɪ ɪ Т ЧF F F F F F       
ɢɥɢ ɜ ɩɪɨɟɤɰɢɹɯ ɧɚ ɨɫɶ x (1): 

1 ... ...  0ɢ ɢ ɢ ɢ
ɭɩɪ ɪ Т ЧF F F F F        , 

ɝɞɟ 2ɢ
i i iF m s   – ɫɢɥɚ ɢɧɟɪɰɢɢ ɠɢɞɤɨɫɬɢ ɜ i- 

ɬɨɦ ɪɟɡɟɪɜɭɚɪɟ, ɩɪɢɥɨɠɟɧɧɚɹ ɤ ɟɟ ɰɟɧɬɪɭ ɦɚɫɫν 
2 2( )i i im h R r   – ɦɚɫɫɚ ɠɢɞɤɨɫɬɢ ɜ i- ɬɨɦ 

ɪɟɡɟɪɜɭɚɪɟ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɭɫɥɨɜɢɟɦ ɟɟ ɞɨɫɬɚ-

ɬɨɱɧɨɫɬɢν 
2

2 2( )
i

i
i i

R
s s

R r



 – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɨɫɢ 

ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ɞɨ ɰɟɧɬɪɚ ɦɚɫɫ ɠɢɞɤɨɫɬɢ ɞɥɹ i-ɬɨɝɨ 
ɪɟɡɟɪɜɭɚɪɚ; Ri, ri – ɪɚɞɢɭɫ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ 
ɪɟɡɟɪɜɭɚɪɚ ɢ ɪɚɞɢɭɫ ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɠɢɞ-
ɤɨɫɬɢ ɞɥɹ i-ɬɨɝɨ ɪɟɡɟɪɜɭɚɪɚν n – ɱɢɫɥɨ ɪɟɡɟɪɜɭɚɪɨɜ. 

ɍɫɥɨɜɢɟ ɞɨɫɬɚɬɨɱɧɨɫɬɢ ɠɢɞɤɨɫɬɢ ɜ ɦɧɨɝɨɪɟ-
ɡɟɪɜɭɚɪɧɨɦ ɭɫɬɪɨɣɫɬɜɟ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɚɧɚɥɨɝɢɱɧɨ-
ɝɨ ɭɫɥɨɜɢɹ ɜ ɠɢɞɤɨɫɬɧɨɦ ȺȻɍ ɫ ɨɞɧɢɦ ɪɟɡɟɪɜɭɚ-
ɪɨɦ Д5Ж. ȼ ɦɧɨɝɨɪɟɡɟɪɜɭɚɪɧɨɦ ɭɫɬɪɨɣɫɬɜɟ ɭɫɥɨɜɢɟ 
ɞɨɫɬɚɬɨɱɧɨɫɬɢ ɠɢɞɤɨɫɬɢ ɜɵɩɨɥɧɹɟɬɫɹ, ɟɫɥɢ ɫɜɨ-
ɛɨɞɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɠɢɞɤɨɫɬɢ ɜ i- ɬɨɦ ɪɟɡɟɪɜɭɚɪɟ 
ɧɟ ɩɟɪɟɫɟɤɚɟɬɫɹ ɫ ɜɧɭɬɪɟɧɧɢɦɢ ɰɢɥɢɧɞɪɢɱɟɫɤɢɦɢ 
ɩɨɜɟɪɯɧɨɫɬɹɦɢ ɷɬɨɝɨ ɪɟɡɟɪɜɭɚɪɚ, ɨɛɪɚɡɨɜɚɧɧɵɦɢ 
ɰɢɥɢɧɞɪɢɱɟɫɤɢɦɢ ɩɟɪɟɝɨɪɨɞɤɚɦɢ [6, 7Ж. ɉɨɷɬɨɦɭ 
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ɭɫɥɨɜɢɟ ɞɨɫɬɚɬɨɱɧɨɫɬɢ ɠɢɞɤɨɫɬɢ ɜ ɦɧɨɝɨɪɟɡɟɪɜɭ-
ɚɪɧɨɦ ɭɫɬɪɨɣɫɬɜɟ ɢɦɟɟɬ ɜɢɞμ 

i iR r s  ; 1( )i ir R s    , (2) 

ɝɞɟ į – ɬɨɥɳɢɧɚ ɫɬɟɧɤɢ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɩɟɪɟɝɨ-
ɪɨɞɤɢ. 

ɍɱɢɬɵɜɚɹ ɭɫɥɨɜɢɟ ɞɨɫɬɚɬɨɱɧɨɫɬɢ ɠɢɞɤɨɫɬɢ (β), 
ɨɩɪɟɞɟɥɹɟɦ ɢɡ ɭɪɚɜɧɟɧɢɹ ɚɦɩɥɢɬɭɞɵ ɤɨɥɟɛɚɧɢɣ 
ɪɨɬɨɪɚ ɩɪɢ ɛɚɥɚɧɫɢɪɨɜɤɟ ɟɝɨ ɫ ɩɨɦɨɳɶɸ ɦɧɨɝɨɪɟ-
ɡɟɪɜɭɚɪɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚμ 
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. (3) 

Ɉɬɫɸɞɚ ɜɢɞɧɨ, ɱɬɨ ɜ ɨɬɥɢɱɢɟ ɨɬ ɠɢɞɤɨɫɬɧɨɝɨ 
ȺȻɍ ɫ ɨɞɧɢɦ ɪɟɡɟɪɜɭɚɪɨɦ, ɜ ɦɧɨɝɨɪɟɡɟɪɜɭɚɪɧɨɦ 
ɭɫɬɪɨɣɫɬɜɟ ɚɦɩɥɢɬɭɞɚ ɤɨɥɟɛɚɧɢɣ ɪɨɬɨɪɚ ɬɟɦ 
ɦɟɧɶɲɟ, ɱɟɦ ɛɨɥɶɲɟ ɱɢɫɥɨ ɪɟɡɟɪɜɭɚɪɨɜ ɢ ɱɟɦ 
ɛɨɥɶɲɟ ɪɚɞɢɭɫɵ ɢɯ ɜɧɭɬɪɟɧɧɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ. ɗɬɚ 
ɚɦɩɥɢɬɭɞɚ ɤɨɥɟɛɚɧɢɣ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɦɚɫɫɵ ɠɢɞɤɨ-
ɫɬɢ ɜ ɤɚɦɟɪɟ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɭɫɥɨɜɢɹ ɟɟ ɞɨɫɬɚ-
ɬɨɱɧɨɫɬɢ (2). 

ɂɫɩɨɥɶɡɭɹ ɜɵɪɚɠɟɧɢɟ (γ) ɞɥɹ ɦɧɨɝɨɪɟɡɟɪɜɭɚɪ-
ɧɨɝɨ ɚɜɬɨɛɚɥɚɧɫɢɪɭɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ, ɦɨɠɧɨ ɩɨ-
ɥɭɱɢɬɶ ɜɵɪɚɠɟɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɪɢɬɢɱɟɫɤɨɣ 
ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɚɜɬɨ-
ɦɚɬɢɱɟɫɤɨɣ ɛɚɥɚɧɫɢɪɨɜɤɢμ 

2

1

ɤ n

i
i

ɫ

ɬ Ф С R


 
  

;  (4) 

2 2

1 11

n n

i i
i i

e

m h R h R
E

ɬ ɬ
 

   
   . (5) 

 
Ɂɚɤɥɸɱɟɧɢɟ 
Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɜɟɞɟɧɧɨɣ ɪɚɛɨɬɵ ɩɨɤɚɡɵɜɚɸɬ, 

ɱɬɨ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɛɚɥɚɧɫɢɪɨɜɤɢ 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ ɪɨɫɬɨɦ ɱɢɫɥɚ ɪɟɡɟɪɜɭɚɪɨɜ. Ʉɪɢ-

ɬɢɱɟɫɤɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ɭɦɟɧɶɲɚɟɬɫɹ ɫ 
ɪɨɫɬɨɦ ɱɢɫɥɚ ɪɟɡɟɪɜɭɚɪɨɜ. 
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ȼɜɟɞɟɧɢɟ 
ȼ ɢɫɫɥɟɞɨɜɚɧɢɹɯ, ɩɨɫɜɹɳɟɧɧɵɯ ɪɚɡɪɚɛɨɬɤɟ 

ɲɚɪɨɜɵɯ ɢ ɠɢɞɤɨɫɬɧɵɯ ɚɜɬɨɛɚɥɚɧɫɢɪɭɸɳɢɯ 
ɭɫɬɪɨɣɫɬɜ Д1Ж, ɩɨɤɚɡɚɧɨ, ɱɬɨ ɧɚɥɢɱɢɟ ɷɤɫɰɟɧɬɪɢɫɢ-
ɬɟɬɚ ɛɟɝɨɜɨɣ ɞɨɪɨɠɤɢ ɲɚɪɨɜɨɝɨ ɚɜɬɨɛɚɥɚɧɫɢɪɚ ɢ 
ɷɤɫɰɟɧɬɪɢɫɢɬɟɬɚ ɨɛɨɣɦɵ ɩɪɢɜɨɞɢɬ ɤ ɩɨɹɜɥɟɧɢɸ 
ɨɫɬɚɬɨɱɧɨɝɨ ɞɢɫɛɚɥɚɧɫɚ ɪɨɬɨɪɚ. ȼɥɢɹɧɢɟ ɷɥɥɢɩɫ-
ɧɨɫɬɢ ɪɟɡɟɪɜɭɚɪɚ ɧɚ ɬɨɱɧɨɫɬɶ ɛɚɥɚɧɫɢɪɨɜɤɢ ɧɟ 
ɪɚɫɫɦɚɬɪɢɜɚɥɨɫɶ. ɉɨɫɥɟ ɪɟɲɟɧɢɹ ɩɪɨɛɥɟɦɵ, ɩɨ-
ɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɛɚɥɚɧ-

ɫɢɪɨɜɤɢ ɡɚ ɫɱɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɧɨɝɨɪɟɡɟɪɜɭɚɪɧɨ-
ɝɨ ɭɫɬɪɨɣɫɬɜɚ, ɧɟɨɛɯɨɞɢɦɨμ ɢɫɫɥɟɞɨɜɚɬɶ ɜɥɢɹɧɢɟ 
ɷɥɥɢɩɫɧɨɫɬɢ ɢ ɷɤɫɰɟɧɬɪɢɫɢɬɟɬɚ ɜɧɭɬɪɟɧɧɟɣ ɩɨ-
ɜɟɪɯɧɨɫɬɢ ɪɟɡɟɪɜɭɚɪɚ ɧɚ ɬɨɱɧɨɫɬɶ ɛɚɥɚɧɫɢɪɨɜɤɢ ɢ 
ɩɨɤɚɡɚɬɶ ɩɭɬɢ ɭɫɬɪɚɧɟɧɢɹ ɷɬɨɝɨ ɜɥɢɹɧɢɢ. 

 


