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Abstract. Parametrizations of the most important radiation characteris-

tics of the gas and dispersed phases of the earth's atmosphere and com-

ponents of anthropogenic atmospheric emissions in the UV, visible and 

IR spectral ranges are considered. To calculate the spectral transmis-

sion functions, a two-parameter method of equivalent mass is used. Op-

tical characteristics of the dispersed phase of the atmosphere are calcu-

lated on the basis of data on the chemical composition and 
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microstructure of aerosol formations. The optical characteristics of 

clouds are calculated from their microstructure and the spectral de-

pendences of the real and imaginary parts of the complex refractive in-

dex of water and ice. 

Keywords: Radiation heat transfer, solar radiation, solar thermal sta-

tions, optical characteristics of the dispersed phase and clouds, spectral 

transmission functions. 

ȼȼȿȾȿɇɂȿ 

ɉɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱ ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɬɟɩɥɨɨɛɦɟɧɚ ɜ ɫɨɥɧɟɱɧɵɯ ɬɟɩ-

ɥɨɜɵɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɬɚɧɰɢɹɯ ɜɨɡɧɢɤɚɟɬ ɩɪɨɛɥɟɦɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

ɨɩɬɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɚɬɦɨɫɮɟɪɵ ɢ ɚɧɬɪɨɩɨɝɟɧɧɵɯ ɚɬɦɨɫɮɟɪɧɵɯ 

ɜɵɛɪɨɫɨɜ, ɤɨɬɨɪɵɟ ɜ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɪɟɲɚɸɬɫɹ ɧɚ ɨɫɧɨɜɟ ɤɨɦɩɥɟɤɫ-
ɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɨɩɬɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɝɚ-
ɡɨɜɨɣ ɢ ɞɢɫɩɟɪɫɧɨɣ ɮɚɡ ɚɬɦɨɫɮɟɪɵ: ɮɭɧɤɰɢɢ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɩɪɨɩɭɫɤɚ-
ɧɢɹ, ɷɮɮɟɤɬɢɜɧɵɟ ɫɟɱɟɧɢɹ ɩɨɝɥɨɳɟɧɢɹ ɢ ɪɚɫɫɟɹɧɢɹ, ɢɧɞɢɤɚɬɪɢɫɚ 
ɪɚɫɫɟɹɧɢɹ ɞɥɹ ɞɢɫɩɟɪɫɧɨɣ ɮɚɡɵ ɚɬɦɨɫɮɟɪɵ, ɜɤɥɸɱɚɹ ɨɛɥɚɱɧɵɟ ɨɛɪɚ-
ɡɨɜɚɧɢɹ, ɩɨɫɥɟɞɧɟɟ ɩɨɡɜɨɥɹɟɬ ɪɚɫɫɱɢɬɚɬɶ ɫɩɟɤɬɪɚɥɶɧɨɟ ɚɥɶɛɟɞɨ ɩɨ-

ɝɥɨɳɚɸɳɟɣ ɢ ɪɚɫɫɟɢɜɚɸɳɟɣ ɫɪɟɞɵ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɢɡɥɭɱɟɧɢɹ. 

ɎɍɇɄɐɂɂ ɋɉȿɄɌɊȺɅɖɇɈȽɈ ɉɊɈɉɍɋɄȺɇɂə  

ɉɈ ɉɊɈɂɁȼɈɅɖɇɈ ɈɊɂȿɇɌɂɊɈȼȺɇɇɕɆ ɌɊȺɋɋȺɆ 

ȺɌɆɈɋɎȿɊɕ 

Ⱦɥɹ ɧɟɫɟɥɟɤɬɢɜɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɋɨɥɧɰɚ ɪɚɡɪɚɛɨɬɚɧɵ ɨɞɧɨɩɚɪɚɦɟɬ-
ɪɢɱɟɫɤɢɣ ɢ ɞɜɭɯɩɚɪɚɦɟɬɪɢɱɟɫɤɢɣ ɦɟɬɨɞɵ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɦɚɫɫɵ ɞɥɹ 

ɪɚɫɱɟɬɨɜ ɮɭɧɤɰɢɣ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɩɪɨɩɭɫɤɚɧɢɹ (Ɏɋɉ) τΔν ɜ ɦɧɨɝɨɤɨɦ-

ɩɨɧɟɧɬɧɨɣ ɫɬɪɭɤɬɭɪɧɨ-ɧɟɨɞɧɨɪɨɞɧɨɣ ɫɪɟɞɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɢɡɥɭɱɟ-
ɧɢɹ: 

 [ ]L T
ii

 
 
 

 
,                                     (1) 

ɝɞɟ i–ɧɨɦɟɪ ɝɚɡɨɜɨɝɨ ɢɥɢ ɚɷɪɨɡɨɥɶɧɨɝɨ ɢɧɝɪɟɞɢɟɧɬɚ ɚɬɦɨɫɮɟɪɵ, Δ–

ɫɩɟɤɬɪɚɥɶɧɨɟ ɪɚɡɪɟɲɟɧɢɟ, L–ɨɩɬɢɱɟɫɤɢɣ ɩɭɬɶ ɜ ɫɪɟɞɟ, T–ɬɟɦɩɟɪɚɬɭɪɚ. 
ɉɪɨɢɡɜɟɞɟɧɢɟ ɜ ɫɨɨɬɧɨɲɟɧɢɢ (1) ɛɟɪёɬɫɹ ɩɨ ɜɫɟɦ ɢɧɝɪɟɞɢɟɧɬɚɦ i ɫɪɟ-

ɞɵ. ɉɚɪɚɦɟɬɪɢɡɚɰɢɹ Ɏɋɉ i   ɜɵɩɨɥɧɹɟɬɫɹ ɩɨ ɞɜɭɯɩɚɪɚɦɟɬɪɢɱɟ-
ɫɤɨɦɭ ɦɟɬɨɞɭ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɦɚɫɫɵ, ɫɨɝɥɚɫɧɨ ɤɨɬɨɪɨɦɭ 

22 2
1 1 1

'
'' ' ''ln ln ' ln ln ln

Mi

i i i i i
        

  
    

    
              

,      (2) 
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ɝɞɟ  '
ln [ ( )]k L T L dLi ii

L
    ,        (3) 

 1/ /''
ln ( ) [ ( )] ( )

mim n mi i iT L T P L dLi i iɷi
     ,                     (4) 

'
ln ln [ ( )]L Tii
     ,                                                             (5) 

exp ln [ ( )]L T
ii

    
 
  

,                                                         (6) 

 
2

( ) ( ) ( )iP L P B L T P Liɷ N ik kk
   ,                                                 (7) 

ɝɞɟ  Li  – ɤɨɧɰɟɧɬɪɚɰɢɹ ɨɩɬɢɱɟɫɤɢ ɚɤɬɢɜɧɨɝɨ ɢɧɝɪɟɞɢɟɧɬɚ i ɧɚ ɨɩɬɢ-

ɱɟɫɤɨɦ ɩɭɬɢ L,  Liɷ – ɷɮɮɟɤɬɢɜɧɨɟ ɞɚɜɥɟɧɢɟ ɞɥɹ ɨɩɬɢɱɟɫɤɢ ɚɤɬɢɜɧɨ-

ɝɨ ɢɧɝɪɟɞɢɟɧɬɚ i ɧɚ ɨɩɬɢɱɟɫɤɨɦ ɩɭɬɢ L, B
ik

–ɮɚɤɬɨɪ ɭɲɢɪɟɧɢɹ ɫɩɟɤ-

ɬɪɚɥɶɧɵɯ ɥɢɧɢɣ ɞɥɹ ɫɬɨɥɤɧɨɜɟɧɢɣ ɦɨɥɟɤɭɥ i-k, Ɍ – ɬɟɦɩɟɪɚɬɭɪɚ,  k T
i

, ( )Ti , mi
, ni

 – ɩɚɪɚɦɟɬɪɵ Ɏɋɉ 
i  ɜ ɚɩɩɪɨɤɫɢɦɚɰɢɹɯ ɫɥɚɛɨɝɨ ɢ 

ɫɢɥɶɧɨɝɨ ɩɨɝɥɨɳɟɧɢɹ, Mi – ɩɚɪɚɦɟɬɪ, ɨɩɪɟɞɟɥɹɸɳɢɣ ɫɤɨɪɨɫɬɶ ɩɟɪɟɯɨ-

ɞɚ Ɏɋɉ ɨɬ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɫɥɚɛɨɝɨ ɩɨɝɥɨɳɟɧɢɹ ɤ ɚɩɩɪɨɤɫɢɦɚɰɢɢ 

ɫɢɥɶɧɨɝɨ ɩɨɝɥɨɳɟɧɢɹ. ɉɚɪɚɦɟɬɪɵ  k Ti , ( )Ti mi
, ni

, Mi
, B

ik
 ɨɩɪɟ-

ɞɟɥɟɧɵ ɩɨ ɞɚɧɧɵɦ ɜɵɩɨɥɧɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. 

Ⱦɥɹ ɤɨɧɬɢɧɭɚɥɶɧɨɝɨ ɩɨɝɥɨɳɟɧɢɹ ɢɡɥɭɱɟɧɢɹ ɤɪɵɥɶɹɦɢ ɋɅɉ ɢ ɢɧɞɭɰɢ-

ɪɨɜɚɧɧɨɝɨ ɞɚɜɥɟɧɢɟɦ ɩɨɝɥɨɳɟɧɢɹ m = n = 1, M = -1. Ⱦɥɹ ɭɫɥɨɜɢɣ ɫɦɚ-
ɡɚɧɧɨɣ ɜɪɚɳɚɬɟɥɶɧɨɣ ɫɬɪɭɤɬɭɪɵ ɫɩɟɤɬɪɚ m = 1, n = 0, M = -1. Ⱦɥɹ ɪɚɡ-
ɥɢɱɧɵɯ ɝɚɡɨɜɵɯ ɢɧɝɪɟɞɢɟɧɬɨɜ i  0, 1Mi   . 

Ɏɋɉ ɛɟɡɨɛɥɚɱɧɨɣ ɚɬɦɨɫɮɟɪɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ  

ɩ ɚɷɪ ɦɪ         ,  

ɝɞɟ ɩ  – ɩɪɨɩɭɫɤɚɧɢɟ, ɨɛɭɫɥɨɜɥɟɧɧɨɟ ɦɨɥɟɤɭɥɹɪɧɵɦ ɩɨɝɥɨɳɟɧɢɟɦ 

ɪɚɞɢɚɰɢɢ ɚɬɦɨɫɮɟɪɧɵɦɢ ɝɚɡɚɦɢ; ɚɷɪ  – ɩɪɨɩɭɫɤɚɧɢɟ, ɨɛɭɫɥɨɜɥɟɧɧɨɟ 

ɚɷɪɨɡɨɥɶɧɵɦ ɨɫɥɚɛɥɟɧɢɟɦ; ɦɪ  – ɩɪɨɩɭɫɤɚɧɢɟ, ɨɛɭɫɥɨɜɥɟɧɧɨɟ ɦɨɥɟɤɭ-

ɥɹɪɧɵɦ ɪɚɫɫɟɹɧɢɟɦ. ɗɦɩɢɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ Ɏɋɉ ɩɨɥɭɱɟɧɵ ɞɥɹ ɜɨ-

ɞɹɧɨɝɨ ɩɚɪɚ, CO2, N2O, CH4, O3, O2, N2, NH3, HNO3, SO2, NO2, NO, CO  
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ɩɨ ɞɚɧɧɵɦ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɡɦɟɪɟɧɢɣ ɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɪɚɫɱɟɬɨɜ 

ɫɩɟɤɬɪɚɥɶɧɨɣ ɩɪɨɡɪɚɱɧɨɫɬɢ ɚɬɦɨɫɮɟɪɵ [1] ɞɥɹ ɫɮɟɪɢɱɟɫɤɨɣ ɦɨɞɟɥɢ 

Ɂɟɦɥɢ. ɇɚ ɪɢɫ. 1 ɩɪɟɞɫɬɚɜɥɟɧɵ Ɏɋɉ ɡɟɦɧɨɣ ɚɬɦɨɫɮɟɪɵ ɞɥɹ ɦɨɞɟ- 
ɥɢ ɫɪɟɞɧɟɝɥɨɛɚɥɶɧɨɣ ɚɬɦɨɫɮɟɪɵ ARDC ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɡɟɧɢɬɧɵɯ  

ɭɝɥɚɯ ɜɢɡɢɪɨɜɚɧɢɹ  1( 0) 0, 90z     ɜ ɫɩɟɤɬɪɚɥɶɧɨɣ ɨɛɥɚɫɬɢ 0.3÷9 ɦɤɦ.  

Ⱥɷɪɨɡɨɥɶɧɨɟ ɨɫɥɚɛɥɟɧɢɟ ɭɱɬɟɧɨ ɩɨ ɷɦɩɢɪɢɱɟɫɤɨɣ ɦɟɬɨɞɢɤɟ [2] ɩɪɢ 

ɦɟɬɟɨɪɨɥɨɝɢɱɟɫɤɨɣ ɞɚɥɶɧɨɫɬɢ ɜɢɞɢɦɨɫɬɢ ɧɚ ɭɪɨɜɧɟ ɦɨɪɹ Sɦ=10 ɤɦ. 

ȼ ɫɥɭɱɚɟ ɩɪɢɦɟɧɟɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɩɪɢёɦɧɢɤɨɜ ɢɡɥɭɱɟɧɢɹ ɮɨɬɨɷɥɟɤ-

ɬɪɢɱɟɫɤɢɯ ɦɨɞɭɥɟɣ ɜɨɫɩɪɢɧɢɦɚɟɦɵɣ ɩɨɬɨɤ ɫɨɥɧɟɱɧɨɝɨ ɢɡɥɭɱɟɧɢɹ 

(ɋɂ) ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɜ ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ ɫɨɥɧɟɱɧɵɯ ɛɚɬɚɪɟɣ ɢ 

ɨɩɪɟɞɟɥɢɬɫɹ ɫɨɨɬɧɨɲɟɧɢɟɦ 

W F dȽ ɚ    
   


,                                    (8) 

ɝɞɟ F Ƚ   – ɫɩɟɤɬɪɚɥɶɧɵɣ ɩɨɬɨɤ ɋɂ ɧɚ ɜɧɟɲɧɟɣ ɝɪɚɧɢɰɟ ɚɬɦɨɫɮɟɪɵ, 

 – ɫɩɟɤɬɪɚɥɶɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɫɨɥ-

ɧɟɱɧɨɣ ɪɚɞɢɚɰɢɢ ɜ ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ,  –ɫɩɟɤɬɪɚɥɶɧɵɣ ɞɢɚ-
ɩɚɡɨɧ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɮɨɬɨɷɥɟɦɟɧɬɨɜ. 

ȼ ɫɥɭɱɚɟ ɛɟɡɨɛɥɚɱɧɨɣ ɚɬɦɨɫɮɟɪɵ ɞɥɹ ɪɚɫɱɟɬɨɜ ɩɨɬɨɤɨɜ ɋɂ ɰɟɥɟɫɨ-

ɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɟɬɨɞ ɪɚɡɥɨɠɟɧɢɹ ɪɟɲɟɧɢɹ ɩɨ ɤɪɚɬɧɨɫɬɢ ɪɚɫɫɟ-
ɹɧɢɹ, ɩɨɡɜɨɥɹɸɳɢɦ ɭɱɟɫɬɶ ɩɨɝɥɨɳɟɧɢɟ ɢɡɥɭɱɟɧɢɹ ɜ ɪɚɫɫɟɢɜɚɸɳɟɣ 

ɢɡɥɭɱɟɧɢɟ ɚɬɦɨɫɮɟɪɟ ɩɨ ɚɧɚɥɢɬɢɱɟɫɤɢɦ Ɏɋɉ [3]. Ⱦɥɹ ɨɛɥɚɱɧɨɣ ɚɬɦɨ-

ɫɮɟɪɵ ɧɚɢɛɨɥɟɟ ɧɚɞёɠɧɨ ɩɪɢɦɟɧɟɧɢɟ ɦɟɬɨɞɚ ɦɧɨɝɨɩɨɬɨɤɨɜɨɝɨ ɩɪɢ-

ɛɥɢɠɟɧɢɹ ɜ ɪɚɫɱɟɬɚɯ ɩɨɬɨɤɨɜ ɧɢɫɯɨɞɹɳɟɝɨ ɢɡɥɭɱɟɧɢɹ F  . ɉɪɹɦɵɟ 
ɡɚɫɜɟɬɤɢ ɋɂ F ɉ  ɩɪɢёɦɧɵɯ ɩɥɨɳɚɞɨɤ ɭɱɢɬɵɜɚɸɬɫɹ ɩɨ ɫɩɟɤɬɪɚɦ ɩɪɨ-

ɡɪɚɱɧɨɫɬɢ ( ) 
 ɚɬɦɨɫɮɟɪɵ [1]: 

( ) ( )F F dɉ ɋ     
   


,                                  (9) 

ɝɞɟ  F ɋ  – ɫɩɟɤɬɪɚɥɶɧɚɹ ɨɛɥɭɱɟɧɧɨɫɬɶ ɋɨɥɧɰɟɦ ɜɧɟɲɧɟɣ ɝɪɚɧɢɰɵ 

ɚɬɦɨɫɮɟɪɵ;   – ɡɟɧɢɬɧɵɣ ɭɝɨɥ. 

Ⱦɥɹ ɩɪɢɦɟɪɚ ɜ ɬɚɛɥɢɰɚɯ 1, 2 ɩɪɢɜɟɞɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɫɩɟɤɬɪɚɥɶɧɵɯ 

ɚɥɶɛɟɞɨ ɚ  ɜ ɫɩɟɤɬɪɚɥɶɧɨɦ ɞɢɚɩɚɡɨɧɟ 0.3–0.8 ɦɤɦ ɞɥɹ ɪɚɡɥɢɱɧɵɯ 

ɡɟɧɢɬɧɵɯ ɭɝɥɨɜ ɋɨɥɧɰɚ θ ɛɟɡɨɛɥɚɱɧɨɣ ɚɬɦɨɫɮɟɪɵ. ɋɭɬɨɱɧɵɟ ɜɚɪɢɚɰɢɢ 

ș ɨɬ ɜɪɟɦɟɧɢ ɫɭɬɨɤ ɜɵɱɢɫɥɹɸɬɫɹ ɩɨ ɨɧɥɚɣɧ ɤɚɥɶɤɭɥɹɬɨɪɭ ɞɥɹ ɥɸɛɨɝɨ 

ɦɟɫɬɚ ɡɟɦɧɨɝɨ ɲɚɪɚ. 
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Ɋɢɫ. 1. ɋɩɟɤɬɪɚɥɶɧɚɹ ɩɪɨɡɪɚɱɧɨɫɬɶ ɚɬɦɨɫɮɟɪɵ ɜ ɨɛɥɚɫɬɢ ɫɩɟɤɬɪɚ 0.3–9 ɦɤɦ  

ɫ ɜɵɫɨɬɚɦɢ z1=0 ɤɦ ɩɪɢ ɡɟɧɢɬɧɵɯ ɭɝɥɚɯ ɜɢɡɢɪɨɜɚɧɢɹ θ (z1): 24–0Ɉ, 25–60Ɉ,  

26–70Ɉ, 27–80Ɉ, 28–85Ɉ, 29–88Ɉ, 30–90Ɉ. Ɇɨɞɟɥɶ ɚɬɦɨɫɮɟɪɵ I. a–ɨɛɥɚɫɬɶ ɫɩɟɤ-

ɬɪɚ 0.3–1.4 ɦɤɦ; b–ɨɛɥɚɫɬɶ ɫɩɟɤɬɪɚ 1.4–3.1 ɦɤɦ; ɫ–ɨɛɥɚɫɬɶ ɫɩɟɤɬɪɚ 3.1–9 ɦɤɦ 
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ɌȺȻɅɂɐȺ 1 

ɋɉȿɄɌɊȺɅɖɇɈȿ ȺɅɖȻȿȾɈ ȻȿɁɈȻɅȺɑɇɈɃ ɎɈɇɈȼɈɃ ȺɌɆɈɋɎȿɊɕ 

ɉɊɂ ɇȺȻɅɘȾȿɇɂɂ ɋ ɉɈȾɋɌɂɅȺɘɓȿɃ ɉɈȼȿɊɏɇɈɋɌɂ  

(ș–ɁȿɇɂɌɇɕɃ ɍȽɈɅ ɋɈɅɇɐȺ, λ–ȾɅɂɇȺ ȼɈɅɇɕ) 

θ, 
̬̐̌д 

λ, ̥к̥ 
0,300  0,347  0,400  0,500  0,550  0,600  0,694  0,800 

0,0  0,01758  0,2504  0,1722  0,08648  0,06246  0,04898  0,03587  0,02494 

5,0  0,01708  0,2640  0,1845  0,09867  0,07251  0,05850  0,04273  0,03099 

10,0  0,01658  0,2775  0,1967  0,1109  0,08256  0,06802  0,04958  0,03705 

15,0  0,01608  0,2911  0,2006  0,1137  0,09262  0,07754  0,05643  0,04310 

30,0  0,01457  0,3138  0,2193  0,1263  0,1036  0,08701  0,06326  0,04843 

45,0  0,01197  0,3563  0,2555  0,1506  0,1240  0,1045  0,07654  0,05883 

60,0  0,008280  0,4306  0,3241  0,1994  0,1652  0,1402  0,1046  0,08109 

75,0  0,005156  0,5532  0,4632  0,3161  0,2652  0,2293  0,1809  0,1440 

80,0  0,005111  0,6006  0,5360  0,3934  0,3325  0,2919  0,2422  0,1977 

85,0  0,005066  0,6335  0,6127  0,5015  0,4253  0,3844  0,3613  0,3139 

 

 

ɌȺȻɅɂɐȺ 2 

ɋɉȿɄɌɊȺɅɖɇɈȿ ȺɅɖȻȿȾɈ ȻȿɁɈȻɅȺɑɇɈɃ ȺɌɆɈɋɎȿɊɕ  

ɋ ȽɈɊɈȾɋɄɈɃ ȾɕɆɄɈɃ ɉɊɂ ɇȺȻɅɘȾȿɇɂɂ ɉɊɈɌɂȼɈɂɁɅɍɑȿɇɂə  

ɋ ɉɈȾɋɌɂɅȺɘɓȿɃ ɉɈȼȿɊɏɇɈɋɌɂ (ș–ɁȿɇɂɌɇɕɃ ɍȽɈɅ ɋɈɅɇɐȺ,  

λ–ȾɅɂɇȺ ȼɈɅɇɕ) 

θ, ̬̐̌д  λ, ̥к̥ 
0,300  0,347  0,400  0,500  0,550  0,600  0,694  0,800 

0,0  0,0175  0,1250  0,1111  0,0624  0,0519  0,0411  0,0301  0,0216 

5,0  0,0169  0,1321  0,1245  0,0692  0,0611  0,0584  0,0369  0,0274 

10,0  0,0161  0,1392  0,1353  0,0784  0,0713  0,0599  0,0428  0,0314 

15,0  0,0159  0,1462  0,1405  0,0795  0,0801  0,0694  0,0459  0,0336 

30,0  0,0141  0,1519  0,1654  0,0899  0,0824  0,0782  0,0541  0,0386 

45,0  0,0111  0,1532  0,1896  0,1154  0,1114  0,0899  0,0614  0,0486 

60,0  0,0081  0,2163  0,2511  0,1610  0,1433  0,1198  0,0812  0,0649 

75,0  0,0050  0,2281  0,3214  0,2594  0,2141  0,1508  0,1622  0,0999 

80,0  0,0049  0,3003  0,4192  0,3114  0,2645  0,2251  0,1914  0,1391 

85,0  0,0048  0,3167  0,4853  0,4153  0,3664  0,3116  0,2863  0,2342 
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ȼ ɪɚɫɱɟɬɚɯ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɚɥɶɛɟɞɨ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɦɧɨɝɨɤɨɦɩɨ-

ɧɟɧɬɧɚɹ ɦɨɞɟɥɶ ɚɬɦɨɫɮɟɪɧɨɝɨ ɚɷɪɨɡɨɥɹ, ɩɨɫɬɪɨɟɧɧɚɹ ɩɨ [3] ɫ ɩɪɢɦɟɧɟ-
ɧɢɟɦ ɷɥɟɤɬɪɨɧɧɨɣ ɛɚɡɵ ɞɚɧɧɵɯ ɫɩɟɤɬɪɚɥɶɧɵɯ ɨɩɬɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢ-

ɫɬɢɤ ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ ɚɬɦɨɫɮɟɪɧɨɝɨ ɢ ɚɧɬɪɨɩɨɝɟɧɧɨɝɨ ɫɚɠɟɜɨɝɨ ɡɨɥɹ 

ɪɚɡɥɢɱɧɨɣ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɩɪɢ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɜɥɚɠɧɨɫɬɢ  0,1r  
ɫɪɟɞɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɢɡɥɭɱɟɧɢɹ [4,5]. 

Ɂɚɜɢɫɢɦɨɫɬɶ ɚɥɶɛɟɞɨ δ ɨɬ ɦɚɫɫɨɜɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɚɠɢ ɪɚɫɫɦɨɬɪɟ-
ɧɚ ɜ [5]. ɇɚ ɤɨɚɝɭɥɹɰɢɸ ɱɚɫɬɢɰ ɚɷɪɨɡɨɥɹ ɫɢɥɶɧɨɟ ɜɥɢɹɧɢɟ ɨɤɚɡɵɜɚɸɬ 
ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɱɚɫɬɢɰ. 

Ɉɬɧɨɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɨɥɧɟɱɧɵɯ ɮɨɬɨ-

ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɬɚɧɰɢɣ (ɋɎɗɋ) ɜ ɭɫɥɨɜɢɹɯ ɚɧɬɪɨɩɨɝɟɧɧɨ ɧɟɜɨɡɦɭ-

ɳɟɧɧɨɣ ɚɬɦɨɫɮɟɪɵ ɢ ɚɬɦɨɫɮɟɪɵ ɫ ɭɱɟɬɨɦ ɜɨɡɞɟɣɫɬɜɢɹ ɝɨɪɨɞɫɤɨɣ 

ɞɵɦɤɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɨɨɬɧɨɲɟɧɢɟɦ [5]: 

( ) ( ) ( ) ( ) ( ) ( )
1 2 0

0 ( ) ( ) ( ) ( ) ( ) ( )
1 2 0

f F k d F k d f F k dɝ ɝ ɝ

f F k d F k d f F k d

                      
                      

         


         

   
   
   
   
   
   

(10) 

ɝɞɟ k – ɫɩɟɤɬɪɚɥɶɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɋɂ; 

1
f – ɜɟɪɨɹɬɧɨɫɬɶ ɛɟɡɨɛɥɚɱɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɚɬɦɨɫɮɟɪɵ; 

2
f  – ɜɟɪɨɹɬɧɨɫɬɶ 

ɩɟɪɟɤɪɵɬɢɹ ɧɟɛɨɫɜɨɞɚ ɨɛɥɚɱɧɨɫɬɶɸ, 1
1 2
f f  . 

ɋɪɚɜɧɟɧɢɟ ɫɩɟɤɬɪɚɥɶɧɵɯ ɨɛɥɭɱёɧɧɨɫɬɟɣ ɋɂ ɞɥɹ ɮɨɧɨɜɨɣ ɦɨɞɟɥɢ 

ɚɬɦɨɫɮɟɪɵ ɢ ɚɬɦɨɫɮɟɪɵ ɜɨɡɦɭɳɟɧɧɨɣ ɚɧɬɪɨɩɨɝɟɧɧɵɦɢ ɜɵɛɪɨɫɚɦɢ 

ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɚɧɬɪɨɩɨɝɟɧɧɵɟ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɚɬɦɨɫɮɟɪɭ ɜ ɭɫɥɨɜɢɹ 

ɝɨɪɨɞɫɤɨɣ ɞɵɦɤɢ ɡɚɧɢɠɚɸɬ ɩɨɬɨɤ ɋɂ ɧɚ ɬɟɩɥɨɜɨɫɩɪɢɧɢɦɚɸɳɭɸ ɩɨ-

ɜɟɪɯɧɨɫɬɶ ɜ ɫɪɟɞɧɟɦ ɧɚ 24–30 %, ɫɧɢɠɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɛɨɬɵ 

ɋɎɗɍ. Ȼɨɥɟɟ ɡɧɚɱɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɨɤɚɡɵɜɚɟɬ ɡɚɝɪɹɡɧɟɧɢɟ ɨɛɥɚɤɨɜ 

ɫɚɠɟɜɵɦ ɩɪɨɦɵɲɥɟɧɧɵɦ ɚɷɪɨɡɨɥɟɦ ɧɚ ɨɛɥɭɱɟɧɧɨɫɬɶ ɩɪɢɟɦɧɢɤɚ ɋɂ 

ɫɨɥɧɟɱɧɨɣ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɭɫɬɚɧɨɜɤɢ (ɋɗɍ). ɇɚɩɪɢɦɟɪ, ɩɪɢ ɬɨɥɳɢɧɟ 
ɱɢɫɬɨɝɨ ɨɛɥɚɱɧɨɝɨ ɩɨɤɪɨɜɚ τ0 = 5 ɪɚɫɫɟɹɧɧɨɟ ɋɂ, ɞɨɫɬɢɝɚɸɳɢɟ ɬɟɩɥɨ-

ɜɨɫɩɪɢɧɢɦɚɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɫɨɫɬɚɜɥɹɟɬ 45 % ɨɬ ɩɨɬɨɤɚ ɋɂ Wɉ ɧɚ 
ɜɧɟɲɧɟɣ ɝɪɚɧɢɰɟ ɚɬɦɨɫɮɟɪɵ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɭɦɟɧɶɲɟɧɢɟ ɜɟɪɨɹɬɧɨɫɬɢ 

ɜɵɠɢɜɚɧɢɹ ɤɜɚɧɬɚ ɞɨ ɡɧɚɱɟɧɢɹ ω0=0.98 ɜɫɥɟɞɫɬɜɢɟ ɡɚɯɜɚɬɚ ɱɚɫɬɢɰɚɦɢ 

ɨɛɥɚɤɚ ɫɚɠɟɜɨɝɨ ɡɨɥɹ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɨɛɥɭɱɟɧɧɨɫɬɢ ɋɂ ɧɚ ɬɟɩ-

ɥɨɜɨɫɩɪɢɧɢɦɚɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɞɨ ɡɧɚɱɟɧɢɹ 27 % ɨɬ Wɉ. ɋɧɢɠɟɧɢɟ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɋɎɗɍ ɫɨɫɬɚɜɢɬ ɩɪɢ ɷɬɨɦ 40 %.  

ȼ ɫɜɹɡɢ ɫɨ ɡɧɚɱɢɬɟɥɶɧɵɦ ɜɥɢɹɧɢɟɦ ɚɧɬɪɨɩɨɝɟɧɧɵɯ ɜɨɡɦɭɳɟɧɢɣ ɧɚ 
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ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɛɨɬɵ ɋɗɍ ɢɯ ɧɟɨɛɯɨɞɢɦɨ ɪɚɡɦɟɳɚɬɶ ɡɚ ɩɪɟɞɟɥɚɦɢ 

ɝɨɪɨɞɫɤɨɣ ɱɟɪɬɵ. ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɨɩɬɢɱɟɫɤɨɣ ɬɨɥɳɢɧɵ ɨɛɥɚɤɚ ɫɧɢɠɚ-
ɟɬɫɹ ɩɨɬɨɤ ɋɂ ɧɚ ɬɟɩɥɨɜɨɫɩɪɢɧɢɦɚɸɳɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɢ, ɫɥɟɞɨɜɚɬɟɥɶ-
ɧɨ, ɫɧɢɠɚɟɬɫɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɋɗɍ. 

ȻɂȻɅɂɈȽɊȺɎɂɑȿɋɄɂɃ ɋɉɂɋɈɄ 
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