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Ⱦɥɹ ɫɨɜɪɟɦɟɧɧɨɣ ɫɩɭɬɧɢɤɨɜɨɣ ɫɜɹɡɢ ɬɪɟɛɭɸɬɫɹ ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɵɟ ɚɧɬɟɧɧɵ ɫ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɶɸ ɮɨɪɦɵ 

ɨɬɪɚɠɚɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ. ɉɪɢ ɷɬɨɦ ɨɧɢ ɞɨɥɠɧɵ ɛɵɬɶ ɥɟɝɤɢɦɢ, ɩɪɨɱɧɵɦɢ ɢ ɫɬɨɣɤɢɦɢ ɤ ɬɟɦɩɟɪɚɬɭɪɧɵɦ 

ɜɨɡɞɟɣɫɬɜɢɹɦ. ɇɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɜ ɚɧɬɟɧɧɟ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɬɟɦɩɟɪɚɬɭɪɧɵɦ ɞɟɮɨɪ-
ɦɚɰɢɹɦ ɨɬɪɚɠɚɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɭɯɭɞɲɟɧɢɸ ɩɟɪɟɞɚɜɚɟɦɨɝɨ ɫɢɝɧɚɥɚ. Ɉɩɪɟɞɟɥɹɬɶ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɜɨɡɞɟɣ-
ɫɬɜɢɹ ɧɚ ɚɧɬɟɧɧɵ ɢ ɪɟɮɥɟɤɬɨɪɵ ɧɟɨɛɯɨɞɢɦɨ ɧɚ ɷɬɚɩɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ. Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɪɟɮɥɟɤɬɨɪ, ɤɨɬɨ-
ɪɵɣ ɞɨɥɠɟɧ ɮɭɧɤɰɢɨɧɢɪɨɜɚɬɶ ɧɚ ɝɟɨɫɬɚɰɢɨɧɚɪɧɨɣ ɨɪɛɢɬɟ ɜ ɫɨɫɬɚɜɟ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɫɜɹɡɢ. Ɋɟɮɥɟɤ-
ɬɨɪ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɬɪɟɯɫɥɨɣɧɭɸ ɩɚɧɟɥɶ, ɫɨɫɬɨɹɳɭɸ ɢɡ ɞɜɭɯ ɨɛɲɢɜɨɤ ɢ ɫɨɬɨɜɨɝɨ ɡɚɩɨɥɧɢɬɟɥɹ. Ɍɟɩɥɨɮɢ-
ɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɬɪɟɯɫɥɨɣɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɜɯɨɞɹɳɢɯ ɜ ɢɯ ɫɨɫɬɚɜ ɭɝɥɟɩɥɚɫɬɢɤɨɜ ɢ ɫɨɬɨɜɵɯ ɡɚɩɨɥɧɢɬɟɥɟɣ 
ɦɨɝɭɬ ɛɵɬɶ ɫɚɦɵɦɢ ɪɚɡɧɨɨɛɪɚɡɧɵɦɢ. ɇɚ ɷɬɚɩɟ ɩɪɨɜɟɞɟɧɢɹ ɬɟɩɥɨɜɵɯ ɚɧɚɥɢɡɨɜ ɩɪɢ ɩɨɦɨɳɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɤɨɪɪɟɤɬɧɵɯ ɢ ɧɚɢɛɨɥɟɟ ɬɨɱɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɡɧɚɱɟɧɢɟ ɚɧɢɡɨ-
ɬɪɨɩɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɭɝɥɟɩɥɚɫɬɢɤɨɜ ɢ ɭɱɢɬɵɜɚɬɶ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɫɨɬɨɜɨɝɨ ɡɚɩɨɥ-
ɧɢɬɟɥɹ ɜ ɩɪɨɞɨɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ. Чɚɫɬɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɬɚɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɜ ɦɨɦɟɧɬ ɩɪɨɜɟɞɟɧɢɹ 
ɬɟɩɥɨɜɵɯ ɚɧɚɥɢɡɨɜ ɧɟɢɡɜɟɫɬɧɵ. ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɨɜ, ɜɯɨɞɹɳɢɯ ɜ ɫɨɫɬɚɜ ɪɟɮɥɟɤ-
ɬɨɪɚ, ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɩɪɨɜɟɞɟɧɧɵɦɢ ɪɚɫɱɟɬɚɦɢ. Ɋɚɫɫɦɨɬɪɟɧɵ ɨɫɧɨɜɧɵɟ ɭɪɚɜɧɟɧɢɹ ɬɟɩɥɨɜɨɝɨ ɪɚɜɧɨɜɟɫɢɹ 
ɞɥɹ ɤɨɫɦɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ ɢ ɢɯ ɫɨɫɬɚɜɧɵɯ ɱɚɫɬɟɣ. ɋɨɡɞɚɧɚ ɬɟɩɥɨɜɚɹ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɪɟɮɥɟɤɬɨɪɚ 
 ɫ ɝɚɛɚɪɢɬɧɵɦɢ ɪɚɡɦɟɪɚɦɢ 3,6×2 ɦ. ɉɪɨɜɟɞɟɧɚ ɨɰɟɧɤɚ ɜɥɢɹɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɨɛɲɢɜɨɤ  
ɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɦɟɠɞɭ ɨɛɲɢɜɤɚɦɢ ɪɟɮɥɟɤɬɨɪɚ ɧɚ ɦɚɤɫɢɦɚɥɶɧɵɟ ɢ ɦɢɧɢɦɚɥɶɧɵɟ ɫɭɬɨɱɧɵɟ 
ɬɟɦɩɟɪɚɬɭɪɵ, ɦɚɤɫɢɦɚɥɶɧɵɣ ɩɟɪɟɩɚɞ ɬɟɦɩɟɪɚɬɭɪ. Ȼɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɤɨɷɮɮɢɰɢɟɧɬɵ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 
 ɢ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɨɤɚɡɵɜɚɸɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ, ɩɨɷɬɨɦɭ ɡɚɞɚɱɚ 
ɚɤɤɭɪɚɬɧɨɝɨ ɪɚɫɱɟɬɚ ɚɧɢɡɨɬɪɨɩɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɩɪɢɦɟɧɹɟɦɵɯ ɭɝɥɟɩɥɚɫɬɢɤɨɜ ɢ ɫɨɬɨ-
ɡɚɩɨɥɧɢɬɟɥɟɣ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɜ ɩɪɨɰɟɫɫɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɪɟɮɥɟɤɬɨɪɨɜ.  

 

Кɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɵɣ ɪɟɮɥɟɤɬɨɪ, ɭɝɥɟɩɥɚɫɬɢɤ, ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ, ɬɟɩɥɨɜɨɣ ɛɚɥɚɧɫ ɤɨɫɦɢ-
ɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ. 

 
Vestnik SibGAU 

2014, No. 4(56), P. 25–32 

 

THE RESEARCH OF EFFECTIVE THERMAL CONDUCTIVITY COEFFICIENT EFFECT  

ON THE TEMPERATURE FIELD OF REFLECTOR  

 

O. V. Burova1, E. V. Romankov1, I. N. Tsivilev1, A. V. Minakov2 

 
1 JSC “Information satellite systems” named after academician M. F. Reshetnev”  

52, Lenin str., Zheleznogorsk, Krasnoyarsk region, 662972, Russian Federation 
2Siberian Federal University 

79, Svobodnyi Av., Krasnoyarsk, 660041, Russian Federation 

E-mail: ovburime@yandex.ru 

 

Contemporary satellite communications require the large-dimensioned antennas with high precision of the 

reflecting surface. They shall be light, robust and temperature resistant. The unevenness of the temperature field in an 

antenna can result in the temperature deformations of the reflecting surface and deterioration of the transmitted signal. 

The temperature influence on antennas and reflectors shall be determined during the design phase. This research 

examines the reflector accommodated on the telecommunication satellite which operates on the geostationary orbit. The 

reflector is a three-ply sandwich panel which consists of two skins and a honeycomb core. The heat-transfer properties 
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of the reflector sandwich panel as well as carbon fiber composites and honeycomb core can vary significantly. For the 

purpose of the most accurate calculations during the temperature analysis phase an engineer has to find the anisotropic 

thermal conductivity coefficient of the carbon fiber composites and honeycomb core by applying the mathematical 

simulation. The heat-transfer properties of such materials are often unknown during the temperature analysis phase. 

The necessity to determine the properties of the reflector materials is confirmed by performed calculations. The basic 

equations for thermal equilibrium of the spacecraft and its components were reviewed. The thermal mathematical 

model was developed for the reflector with overall dimensions of 3.6 m×2 m. The estimate of the reflector materials 

conductivity and heat-transfer coefficient effect on the maximum and minimum diurnal temperatures and maximum 

temperature difference was made. The significant influence of the conductivity and heat-transfer coefficients on 

temperature difference in the reflector was shown. 

 

Keywords: large-dimensioned reflector, carbon fiber-reinforced plastic, thermal conductivity, the heat balance of 

the spacecraft. 

 

ȼɜɟɞɟɧɢɟ. Ⱦɥɹ ɫɨɜɪɟɦɟɧɧɨɣ ɫɩɭɬɧɢɤɨɜɨɣ ɫɜɹɡɢ 

ɬɪɟɛɭɸɬɫɹ ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɵɟ ɚɧɬɟɧɧɵ ɫ ɜɵɫɨɤɨɣ ɬɨɱ-
ɧɨɫɬɶɸ ɮɨɪɦɵ ɨɬɪɚɠɚɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ. ɉɪɢ ɷɬɨɦ 

ɨɧɢ ɞɨɥɠɧɵ ɛɵɬɶ ɥɟɝɤɢɦɢ, ɩɪɨɱɧɵɦɢ ɢ ɫɬɨɣɤɢɦɢ  

ɤ ɬɟɦɩɟɪɚɬɭɪɧɵɦ ɜɨɡɞɟɣɫɬɜɢɹɦ. ɇɟɪɚɜɧɨɦɟɪɧɨɫɬɶ 
ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɜ ɬɚɤɨɣ ɚɧɬɟɧɧɟ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ 

ɤ ɬɟɦɩɟɪɚɬɭɪɧɵɦ ɞɟɮɨɪɦɚɰɢɹɦ ɨɬɪɚɠɚɸɳɟɣ ɩɨɜɟɪɯ-
ɧɨɫɬɢ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɤ ɭɯɭɞɲɟɧɢɸ ɩɟɪɟɞɚɜɚɟɦɨɝɨ 
ɫɢɝɧɚɥɚ. ɉɨɷɬɨɦɭ ɜɨɩɪɨɫ ɫɨɡɞɚɧɢɹ ɚɧɬɟɧɧ ɫ ɤɨɧɬɪɨ-
ɥɢɪɭɟɦɵɦɢ ɬɟɩɥɨɜɵɦɢ ɢ ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢ-

ɫɬɢɤɚɦɢ ɹɜɥɹɟɬɫɹ ɨɱɟɧɶ ɜɚɠɧɵɦ ɞɥɹ ɪɚɛɨɬɵ ɤɨɫɦɢɱɟ-
ɫɤɨɝɨ ɚɩɩɚɪɚɬɚ. Ɉɩɪɟɞɟɥɹɬɶ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɜɨɡɞɟɣɫɬ-
ɜɢɹ ɧɚ ɥɸɛɵɟ ɷɥɟɦɟɧɬɵ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ, ɜ ɬɨɦ 

ɱɢɫɥɟ ɧɚ ɚɧɬɟɧɧɵ ɢ ɪɟɮɥɟɤɬɨɪɵ, ɧɟɨɛɯɨɞɢɦɨ ɧɚ ɷɬɚɩɟ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ. Ʉɨɦɩɶɸɬɟɪɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɹɜɥɹ-
ɟɬɫɹ ɦɨɳɧɵɦ ɢɧɫɬɪɭɦɟɧɬɨɦ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɩɨɞɨɛ-

ɧɵɯ ɚɧɚɥɢɡɨɜ. Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɪɚɛɨɬɵ ɜɵɡɜɚɧɚ ɧɟɨɛɯɨ-
ɞɢɦɨɫɬɶɸ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɩɨɜɟɞɟɧɢɹ 
ɪɟɮɥɟɤɬɨɪɚ ɧɚ ɜɫɟɯ ɷɬɚɩɚɯ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɤɨɫɦɢ-

ɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ, ɱɬɨ ɧɚɩɪɹɦɭɸ ɡɚɜɢɫɢɬ ɨɬ ɫɭɬɨɱɧɨɝɨ 
ɩɟɪɟɩɚɞɚ ɬɟɦɩɟɪɚɬɭɪ. 
ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɪɟɮɥɟɤɬɨɪ, ɤɨ-

ɬɨɪɵɣ ɞɨɥɠɟɧ ɮɭɧɤɰɢɨɧɢɪɨɜɚɬɶ ɧɚ ɝɟɨɫɬɚɰɢɨɧɚɪɧɨɣ 
ɨɪɛɢɬɟ (ɫɩɭɬɧɢɤ ɞɨɥɠɟɧ ɨɛɪɚɳɚɬɶɫɹ ɜ ɧɚɩɪɚɜɥɟɧɢɢ 
ɜɪɚɳɟɧɢɹ Ɂɟɦɥɢ ɧɚ ɜɵɫɨɬɟ 35900 ɤɦ ɧɚɞ ɭɪɨɜɧɟɦ ɦɨ-
ɪɹ [1]) ɜ ɫɨɫɬɚɜɟ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɫɜɹɡɢ ɢ ɬɟɥɟ-
ɜɟɳɚɧɢɹ. Ƚɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ ɪɟɮɥɟɤɬɨɪɚ ɫɨɫɬɚɜɥɹɸɬ 
3,6×2 ɦ. Ɋɟɮɥɟɤɬɨɪ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɬɪɟɯɫɥɨɣɧɭɸ 
ɩɚɧɟɥɶ, ɤɨɬɨɪɚɹ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɨɛɲɢɜɨɤ ɢ ɫɨɬɨɜɨɝɨ 
ɡɚɩɨɥɧɢɬɟɥɹ. Ɉɛɲɢɜɤɢ ɢɡɝɨɬɚɜɥɢɜɚɸɬɫɹ ɢɡ ɭɝɥɟɩɥɚ-
ɫɬɢɤɨɜ. 
ɍɝɥɟɩɥɚɫɬɢɤɢ – ɷɬɨ ɩɨɥɢɦɟɪɧɵɟ ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ 

ɦɚɬɟɪɢɚɥɵ ɢɡ ɩɟɪɟɩɥɟɬɟɧɧɵɯ ɧɢɬɟɣ ɭɝɥɟɪɨɞɧɨɝɨ ɜɨ-
ɥɨɤɧɚ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜ ɦɚɬɪɢɰɟ ɢɡ ɩɨɥɢɦɟɪɧɵɯ 
ɫɦɨɥ. Ɍɚɤɢɟ ɦɚɬɟɪɢɚɥɵ ɨɬɥɢɱɚɸɬɫɹ ɜɵɫɨɤɨɣ ɩɪɨɱɧɨ-
ɫɬɶɸ, ɠɟɫɬɤɨɫɬɶɸ ɢ ɦɚɥɨɣ ɦɚɫɫɨɣ, ɨɧɢ ɱɚɫɬɨ ɩɪɨɱɧɟɟ 
ɫɬɚɥɢ, ɧɨ ɝɨɪɚɡɞɨ ɥɟɝɱɟ. Ɉɫɧɨɜɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ 
ɱɚɫɬɶ ɭɝɥɟɩɥɚɫɬɢɤɚ – ɷɬɨ ɧɢɬɢ ɭɝɥɟɪɨɞɚ (ɞɢɚɦɟɬɪ ɫɨ-
ɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 0,005–0,010 ɦɦ). Ɍɚɤɢɟ ɧɢɬɢ ɦɨɝɭɬ 
ɢɦɟɬɶ ɪɚɡɧɵɣ ɪɢɫɭɧɨɤ ɩɥɟɬɟɧɢɹ. Ⱦɥɹ ɩɪɢɞɚɧɢɹ ɟɳɟ 
ɛɨɥɶɲɟɣ ɩɪɨɱɧɨɫɬɢ ɬɤɚɧɢ ɢɡ ɧɢɬɟɣ ɭɝɥɟɪɨɞɚ ɤɥɚɞɭɬ 
ɫɥɨɹɦɢ, ɤɚɠɞɵɣ ɪɚɡ ɦɟɧɹɹ ɭɝɨɥ ɧɚɩɪɚɜɥɟɧɢɹ ɩɥɟɬɟɧɢɹ. 
ɋɥɨɢ ɫɤɪɟɩɥɹɸɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɷɩɨɤɫɢɞɧɵɯ ɫɦɨɥ [2]. 
ɋɜɨɣɫɬɜɚ ɫɥɨɢɫɬɵɯ ɩɥɚɫɬɢɤɨɜ ɡɚɜɢɫɹɬ ɨɬ ɢɯ ɫɬɪɭɤ-

ɬɭɪɵ, ɬɢɩɚ ɫɦɨɥɵ, ɚɪɦɢɪɭɸɳɟɝɨ ɦɚɬɟɪɢɚɥɚ ɢ ɧɚɩɨɥ-
ɧɢɬɟɥɟɣ [3]. 
ɋɨɬɨɜɵɣ ɡɚɩɨɥɧɢɬɟɥɶ ɢɦɟɟɬ ɲɟɫɬɢɝɪɚɧɧɭɸ ɹɱɟɢ-

ɫɬɭɸ ɫɬɪɭɤɬɭɪɭ. Ɇɚɬɟɪɢɚɥɨɦ ɦɨɠɟɬ ɛɵɬɶ ɚɥɸɦɢɧɢɟɜɚɹ 

ɮɨɥɶɝɚ, ɤɟɜɥɚɪ, ɚɪɚɦɢɞɧɚɹ ɛɭɦɚɝɚ ɢ ɞɪ. əɱɟɣɤɚ ɫɨɬɨ-
ɜɨɝɨ ɡɚɩɨɥɧɢɬɟɥɹ ɦɨɠɟɬ ɢɦɟɬɶ ɝɢɛɤɭɸ ɤɨɧɮɢɝɭɪɚɰɢɸ 
(ɧɚɩɪɢɦɟɪ, ɫɨɬɨɜɵɟ ɡɚɩɨɥɧɢɬɟɥɢ ɮɢɪɦɵ HexWeb 
Nonmetallic Flex-Core). 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɬɪɟɯ-

ɫɥɨɣɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ, ɚ ɬɚɤɠɟ ɜɯɨɞɹɳɢɯ ɜ ɢɯ ɫɨɫɬɚɜ 
ɭɝɥɟɩɥɚɫɬɢɤɨɜ (ɡɚ ɫɱɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɚɡɥɢɱɧɵɯ  
ɭɝɥɟɪɨɞɧɵɯ ɜɨɥɨɤɨɧ ɢ ɬɤɚɧɟɣ, ɫɯɟɦ ɩɥɟɬɟɧɢɹ, ɭɤɥɚɞɤɢ 
ɢ ɫɜɹɡɭɸɳɟɝɨ) ɢ ɫɨɬɨɜɵɯ ɡɚɩɨɥɧɢɬɟɥɟɣ ɦɨɝɭɬ ɛɵɬɶ 
ɫɚɦɵɦɢ ɪɚɡɧɨɨɛɪɚɡɧɵɦɢ. 
ɇɚ ɷɬɚɩɟ ɩɪɨɜɟɞɟɧɢɹ ɬɟɩɥɨɜɨɝɨ ɚɧɚɥɢɡɚ ɪɟɮɥɟɤɬɨ-

ɪɨɜ ɩɪɢ ɩɨɦɨɳɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɥɹ 
ɩɨɥɭɱɟɧɢɹ ɤɨɪɪɟɤɬɧɵɯ ɢ ɧɚɢɛɨɥɟɟ ɬɨɱɧɵɯ ɪɟɡɭɥɶɬɚ-
ɬɨɜ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨ-
ɩɪɨɜɨɞɧɨɫɬɢ ɭɝɥɟɩɥɚɫɬɢɤɨɜ ɜɨ ɜɫɟɯ ɧɚɩɪɚɜɥɟɧɢɹɯ, ɬɚɤ 
ɤɚɤ ɭ ɭɝɥɟɩɥɚɫɬɢɤɨɜ ɪɟɡɤɨ ɜɵɪɚɠɟɧɚ ɚɧɢɡɨɬɪɨɩɢɹ 
ɫɜɨɣɫɬɜ [4]. 
Ɍɚɤɠɟ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ 

ɫɨɬɨɜɨɝɨ ɡɚɩɨɥɧɢɬɟɥɹ ɜ ɩɪɨɞɨɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ. 
ɑɚɫɬɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɬɚɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɜ 
ɦɨɦɟɧɬ ɩɪɨɜɟɞɟɧɢɹ ɬɟɩɥɨɜɵɯ ɚɧɚɥɢɡɨɜ ɧɟɢɡɜɟɫɬɧɵ, 
ɩɪɢ ɷɬɨɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɫɜɨɣɫɬɜ 
ɡɚɧɢɦɚɟɬ ɞɨɜɨɥɶɧɨ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɟ ɜɪɟɦɹ. 
ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɨɜ, 

ɜɯɨɞɹɳɢɯ ɜ ɫɨɫɬɚɜ ɪɟɮɥɟɤɬɨɪɚ, ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɩɪɨ-
ɜɟɞɟɧɧɵɦɢ ɪɚɫɱɟɬɚɦɢ. 

1. Ɇɚɬɟɦɚɬɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ. ɍɪɚɜɧɟɧɢɟ ɬɟɩɥɨɜɨ-
ɝɨ ɛɚɥɚɧɫɚ ɜ ɭɫɥɨɜɢɹɯ ɤɨɫɦɢɱɟɫɤɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ. 
Ʉɨɫɦɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ ɜ ɤɨɫɦɨɫɟ ɦɨɠɟɬ ɜɡɚɢɦɨɞɟɣɫɬ-
ɜɨɜɚɬɶ ɫ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɨɣ ɬɨɥɶɤɨ ɩɭɬɟɦ ɪɚɞɢɚɰɢ-
ɨɧɧɨɝɨ ɬɟɩɥɨɨɛɦɟɧɚ. ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɩɨɥɧɵɣ ɬɟɩɥɨ-
ɜɨɣ ɩɨɬɨɤ QΣ  (ɜ ȼɬ), ɩɨɝɥɨɳɟɧɧɵɣ ɭɱɚɫɬɤɨɦ ɩɨɜɟɪɯ-
ɧɨɫɬɢ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ, ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜ-
ɥɟɧ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

 

 ɫɨɛ ɨɬɪ ɫɨɛ ɨɬɪ ɜɧɭɬɪ
ɫɨɥ ɩɥ ɩɥ ɄȺ ɄȺ ɄȺ ,Q Q Q Q Q Q QΣ = + + + + +  (1) 

 

ɝɞɟ ɫɨɥQ  – ɩɨɬɨɤ ɫɨɥɧɟɱɧɨɣ ɪɚɞɢɚɰɢɢ (ɢɡɥɭɱɟɧɢɟ ɜ 
ɜɢɞɢɦɨɣ ɱɚɫɬɢ ɫɩɟɤɬɪɚ); ɫɨɛ

ɩɥQ  – ɩɨɬɨɤ ɫɨɛɫɬɜɟɧɧɨɝɨ 
(ɢɧɮɪɚɤɪɚɫɧɨɝɨ) ɢɡɥɭɱɟɧɢɹ ɩɥɚɧɟɬ; ɨɬɪ

ɩɥQ  – ɩɨɬɨɤ ɨɬ-
ɪɚɠɟɧɧɨɣ ɩɥɚɧɟɬɨɣ ɫɨɥɧɟɱɧɨɣ ɪɚɞɢɚɰɢɢ (ɫɩɟɤɬɪ ɫɨɥ-
ɧɟɱɧɨɝɨ ɢɡɥɭɱɟɧɢɹ); ɫɨɛ

ɄȺQ  – ɩɨɬɨɤ ɢɧɮɪɚɤɪɚɫɧɨɝɨ ɢɡ-
ɥɭɱɟɧɢɹ, ɩɨɫɬɭɩɚɸɳɟɝɨ ɨɬ ɞɪɭɝɢɯ ɭɱɚɫɬɤɨɜ ɩɨɜɟɪɯɧɨ-
ɫɬɢ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ (ɩɨɬɨɤ ɩɟɪɟɢɡɥɭɱɟɧɢɹ); 

ɨɬɪ
ɄȺQ  – ɩɨɬɨɤ ɫɨɥɧɟɱɧɨɣ ɪɚɞɢɚɰɢɢ (ɩɪɹɦɨɣ ɢ ɨɬɪɚɠɟɧ-

ɧɵɣ ɩɥɚɧɟɬɨɣ), ɩɨɫɬɭɩɚɸɳɢɣ ɧɚ ɭɱɚɫɬɨɤ ɩɨɜɟɪɯɧɨɫɬɢ 
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ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɩɨɫɥɟ ɨɬɪɚɠɟɧɢɣ ɞɪɭɝɢɦɢ 

ɭɱɚɫɬɤɚɦɢ (ɩɨɬɨɤ ɩɟɪɟɨɬɪɚɠɟɧɢɹ); ɜɧɭɬɪ
ɄȺQ  – ɬɟɩɥɨɜɨɣ 

ɩɨɬɨɤ, ɩɨɫɬɭɩɚɸɳɢɣ ɤ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 

ɨɬ ɜɧɭɬɪɟɧɧɢɯ ɢɫɬɨɱɧɢɤɨɜ ɬɟɩɥɚ [5–7]. 

Ʉɨɫɦɢɱɟɫɤɢɟ ɚɩɩɚɪɚɬɵ (ɢ ɞɪɭɝɢɟ ɷɥɟɦɟɧɬɵ, ɜɯɨ-
ɞɹɳɢɟ ɜ ɢɯ ɫɨɫɬɚɜ) ɧɟ ɹɜɥɹɸɬɫɹ ɱɟɪɧɵɦɢ ɬɟɥɚɦɢ ɢ 

ɩɨɝɥɨɳɚɸɬ ɬɨɥɶɤɨ ɱɚɫɬɶ α ɩɚɞɚɸɳɟɝɨ ɢɡɥɭɱɟɧɢɹ: 
 ɩɨɝɥɨɳɟɧɧɵɣ ɩɚɞɚɸɳɢɣα .J J=  (2) 

Ɉɧɢ ɬɚɤɠɟ ɢɡɥɭɱɚɸɬ ɤɚɤ ɫɟɪɵɟ ɬɟɥɚ, ɢɫɩɭɫɤɚɹ 
ɱɚɫɬɶ ε ɨɬ ɢɡɥɭɱɟɧɢɹ ɱɟɪɧɨɝɨ ɬɟɥɚ ɩɪɢ ɬɟɯ ɠɟ ɬɟɦɩɟ-
ɪɚɬɭɪɚɯ: 
 4

ɢɡɥɭɱɟɧɧɵɣ εσ ,J T=  (3) 
 

ɝɞɟ α ɢ ε ɢɡɜɟɫɬɧɵ ɤɚɤ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ ɢ 

ɤɨɷɮɮɢɰɢɟɧɬ ɱɟɪɧɨɬɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; σ – ɩɨɫɬɨɹɧɧɚɹ 
ɋɬɟɮɚɧɚ Ȼɨɥɶɰɦɚɧɚ, ɪɚɜɧɚɹ 5,67 · 10−8 ȼɬ·ɦ−2 K−4. 

ɉɟɪɟɩɢɲɟɦ ɜɵɪɚɠɟɧɢɟ (1) ɱɟɪɟɡ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 

ɩɨɬɨɤɚ ɢ ɨɩɪɟɞɟɥɢɦ ɜɵɪɚɠɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ 
ɷɥɟɦɟɧɬɚ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ ɤɨɫɦɨɫɟ: 
 ɫɨɥ ɫɨɥ ɫɨɥα ;Q J A=  (4) 

 ɨɬɪ ɨɬɪ
ɩɥ ɄȺ ɨɬɪ ɚɥɶɛɟɞɨα ;Q Q J A+ =  (5) 

 ɫɨɛ
ɩɥ ɩɥ ɩɥε ;Q J Ⱥ=  (6) 

 
ɫɨɛ ɫɨɛ
ɄȺ ɄȺ ɫɨɛε ,Q J A=  (7) 

ɝɞɟ Aɫɨɥ, Aɚɥɶɛɟɞɨ, Aɩɥ ɢ ɫɨɛA  ɪɚɫɱɟɬɧɵɟ ɩɥɨɳɚɞɢ, ɫɨɨɬ-
ɜɟɬɫɬɜɟɧɧɨ ɩɨɥɭɱɚɸɳɢɟ ɫɨɥɧɟɱɧɨɟ, ɨɬɪɚɠɟɧɧɨɟ, ɩɥɚ-
ɧɟɬɚɪɧɨɟ ɢ ɫɨɛɫɬɜɟɧɧɨɟ ɢɧɮɪɚɤɪɚɫɧɨɟ ɢɡɥɭɱɟɧɢɟ. 
ȿɫɥɢ ɦɵ ɩɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ Jɫɨɥ, Jɨɬɪ, Jɩɥ, 

ɫɨɛ
ɄȺJ  ɢ 

ɜɧɭɬɪ
ɄȺQ  ɨɫɬɚɸɬɫɹ ɩɨɫɬɨɹɧɧɵɦɢ, ɬɨ ɤɨɫɦɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ 

ɞɨɫɬɢɝɧɟɬ ɪɚɜɧɨɜɟɫɢɹ ɬɟɦɩɟɪɚɬɭɪ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ [8]: 

 
ɫɨɥ ɫɨɥ ɚɥɶɛɟɞɨ ɨɬɪ

ɫɨɛ ɜɧɭɬɪ 4

ɩɥ ɩɥ ɫɨɛ ɄȺ ɄȺ ɄȺ

             (   )α 

( )ε    εσ .

A J A J

A J A J Q A T

+ +

+ + + =
 (8) 

Кɨɧɞɭɤɬɢɜɧɵɣ ɬɟɩɥɨɨɛɦɟɧ. ɗɥɟɦɟɧɬɵ ɤɨɫɦɢɱɟ-
ɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɹɜɥɹɸɬɫɹ ɫɥɨɠɧɵɦɢ ɨɛɴɟɤɬɚɦɢ, ɬɟɦ-

ɩɟɪɚɬɭɪɚ ɤɨɬɨɪɵɯ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɮɭɧɤɰɢɟɣ ɩɨɥɨɠɟ-
ɧɢɹ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɢ ɜɪɟɦɟɧɢ. Ⱦɟɬɚɥɶɧɵɣ ɪɚɫɱɟɬ ɬɟɦ-

ɩɟɪɚɬɭɪɧɵɯ ɩɨɥɟɣ ɜɫɟɯ ɷɥɟɦɟɧɬɨɜ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩ-

ɩɚɪɚɬɚ ɧɟɜɨɡɦɨɠɟɧ, ɩɨɷɬɨɦɭ ɡɚɞɚɱɚ ɪɚɫɱɟɬɚ ɬɟɦɩɟɪɚ-
ɬɭɪɧɵɯ ɩɨɥɟɣ ɭɩɪɨɳɚɟɬɫɹ ɩɭɬɟɦ ɫɨɡɞɚɧɢɹ ɬɟɩɥɨɜɨɣ 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ. 

Ɍɟɩɥɨɜɚɹ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ 
ɤɚɤ ɧɟɤɨɬɨɪɨɟ ɱɢɫɥɨ ɢɡɨɬɟɪɦɢɱɟɫɤɢɯ ɭɡɥɨɜ. Ʉɚɠɞɵɣ 

ɭɡɟɥ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɨɣ, ɬɟɩɥɨɟɦɤɨɫɬɶɸ, 

ɬɟɩɥɨɨɬɞɚɱɟɣ, ɪɚɞɢɚɰɢɨɧɧɵɦɢ ɢ ɤɨɧɞɭɤɬɢɜɧɵɦɢ ɫɜɹ-
ɡɹɦɢ ɫ ɨɤɪɭɠɚɸɳɢɦɢ ɭɡɥɚɦɢ ɦɨɞɟɥɢ, ɚ ɬɚɤɠɟ ɪɚɞɢɚ-
ɰɢɨɧɧɵɦɢ ɫɜɹɡɹɦɢ ɫ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɨɣ. 

Ʉɨɧɞɭɤɬɢɜɧɵɣ ɬɟɩɥɨɨɛɦɟɧ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ: 

 
λ

,c

A
Q T

l
= Δ  (9) 

ɝɞɟ λ – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ; Ⱥ – ɩɥɨɳɚɞɶ 
ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ; l – ɞɥɢɧɚ ɩɟɪɟɬɟɤɚɧɢɹ. 

ɉɪɢɦɟɦ 
λ

c

A
h

l
= , ɬɨɝɞɚ ɪɚɡɧɢɰɚ ɬɟɦɩɟɪɚɬɭɪ ɩɪɢ-

ɧɢɦɚɟɬ ɜɢɞ 

 
1

c

c

T Q
h

Δ = . (10) 

A ɢ λ ɦɨɝɭɬ ɡɧɚɱɢɬɟɥɶɧɨ ɨɬɥɢɱɚɬɶɫɹ ɜɞɨɥɶ ɞɥɢɧɵ ɩɟ-
ɪɟɬɟɤɚɧɢɹ. ȿɫɥɢ ɩɪɨɜɨɞɹɳɢɣ ɩɭɬɶ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ 

ɤɚɤ ɧɟɤɨɬɨɪɚɹ ɫɟɪɢɹ ɩɪɨɜɨɞɹɳɢɯ ɩɭɬɟɣ, ɬɨɝɞɚ ɜɵɪɚ-
ɠɟɧɢɟ (10) ɩɪɢɧɢɦɚɟɬ ɜɢɞ 

 
1 2 3

1 1 1 1
...c c

c

T Q Q
h h h h

⎛ ⎞
Δ = + + + =⎜ ⎟

⎝ ⎠
. (11) 

Ɂɧɚɱɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ hc ɦɨɠ-

ɧɨ ɨɩɪɟɞɟɥɢɬɶ ɤɚɤ 

 
1 2 3

1 1 1 1
...

ch h h h

⎛ ⎞
= + + +⎜ ⎟
⎝ ⎠

. (12) 

Ⱦɥɹ ɷɥɟɦɟɧɬɚ, ɫɨɫɬɨɹɳɟɝɨ ɢɡ n ɢɡɨɬɟɪɦɢɱɟɫɤɢɯ ɭɡ-
ɥɨɜ, ɬɟɩɥɨ, ɨɬɜɨɞɢɦɨɟ ɨɬ i-ɝɨ ɭɡɥɚ ɤ j-ɦɭ, ɨɩɪɟɞɟɥɹɟɬɫɹ 

 

 ( )cij ij i jQ h T T= − , (13) 

ɝɞɟ ijh −  ɷɮɮɟɤɬɢɜɧɚɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɦɟɠɞɭ ɷɥɟ-
ɦɟɧɬɚɦɢ i ɢ j; Ti – ɬɟɦɩɟɪɚɬɭɪɚ i-ɝɨ ɭɡɥɚ; Tj – ɬɟɦɩɟɪɚ-
ɬɭɪɚ j-ɝɨ ɭɡɥɚ [8].  

Ɋɚɞɢɚɰɢɨɧɧɵɣ ɬɟɩɥɨɨɛɦɟɧ. Ɋɚɞɢɚɰɢɨɧɧɵɣ ɬɟɩɥɨ-
ɨɛɦɟɧ ɦɟɠɞɭ ɞɜɭɦɹ ɩɨɜɟɪɯɧɨɫɬɹɦɢ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɬɪɟɦɹ ɜɚɠɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ – ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɨɜɟɪɯ-
ɧɨɫɬɢ, ɪɚɞɢɚɰɢɨɧɧɵɦ ɮɨɪɦɮɚɤɬɨɪɨɦ ɢ ɫɜɨɣɫɬɜɚɦɢ 

ɩɨɜɟɪɯɧɨɫɬɢ. Ⱦɥɹ ɪɚɫɫɟɢɜɚɸɳɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɤɨɥɢ-

ɱɟɫɬɜɨ ɢɡɥɭɱɟɧɢɹ, ɢɫɩɭɳɟɧɧɨɝɨ ɫ ɩɨɜɟɪɯɧɨɫɬɢ i ɢ ɩɨ-
ɝɥɨɳɟɧɧɨɝɨ ɩɨɜɟɪɯɧɨɫɬɶɸ j [7], ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ 
ɤɚɤ 

 4 4ε σ( ),rij i ij ij i jQ A F T T= −  (14) 
 

ɝɞɟ Ai – ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ i; Fij – ɮɨɪɦɮɚɤɬɨɪ (ɤɚɤ 
ɩɨɜɟɪɯɧɨɫɬɶ j ɜɢɞɢɬ ɩɨɜɟɪɯɧɨɫɬɶ i); εij – ɷɮɮɟɤɬɢɜɧɵɣ 

ɤɨɷɮɮɢɰɢɟɧɬ ɱɟɪɧɨɬɵ ɦɟɠɞɭ ɷɥɟɦɟɧɬɚɦɢ i ɢ j.  

ȼɵɱɢɫɥɟɧɢɟ ɮɨɪɦɮɚɤɬɨɪɚ ɢ ɷɮɮɟɤɬɢɜɧɨɝɨ ɤɨɷɮ-

ɮɢɰɢɟɧɬɚ ɱɟɪɧɨɬɵ – ɨɱɟɧɶ ɫɥɨɠɧɵɣ, ɬɪɭɞɨɟɦɤɢɣ ɩɪɨ-
ɰɟɫɫ, ɩɨɷɬɨɦɭ ɨɧ ɡɞɟɫɶ ɧɟ ɩɪɢɜɨɞɢɬɫɹ. Ʉ ɩɪɢɦɟɪɭ, 
ɷɮɮɟɤɬɢɜɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɱɟɪɧɨɬɵ ɦɟɠɞɭ ɞɜɭɦɹ 
ɩɚɪɚɥɥɟɥɶɧɵɦɢ ɩɥɚɫɬɢɧɚɦɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɪɚɠɟ-
ɧɢɟɦ (15) [7; 8]: 
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2. Ɉɩɢɫɚɧɢɟ ɬɟɩɥɨɜɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ 

ɪɟфɥɟɤɬɨɪɚ. Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɩɪɟɞɫɬɚɜɥɹɟɬ 
ɫɨɛɨɣ ɪɟɮɥɟɤɬɨɪ, ɫɨɫɬɨɹɳɢɣ ɢɡ 982 ɪɚɫɱɟɬɧɵɯ ɭɡɥɨɜ. 
ȼ ɦɨɞɟɥɢ ɬɚɤɠɟ ɩɪɢɫɭɬɫɬɜɭɟɬ ɢɦɢɬɚɬɨɪ ɤɨɪɩɭɫɚ ɤɨɫ-
ɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɫ ɫɨɥɧɟɱɧɵɦɢ ɛɚɬɚɪɟɹɦɢ, ɤɨɬɨ-
ɪɵɟ ɜɫɟɝɞɚ ɧɚɩɪɚɜɥɟɧɵ ɪɚɛɨɱɟɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɧɚ 
ɋɨɥɧɰɟ, ɞɥɹ ɭɱɟɬɚ ɬɟɩɥɨɩɪɢɬɨɤɨɜ ɫ ɷɬɢɯ ɷɥɟɦɟɧɬɨɜ, 
ɷɮɮɟɤɬɨɜ ɡɚɬɟɧɟɧɢɹ ɢ ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɬɟɩɥɨɨɛɦɟɧɚ. 
Ɋɟɮɥɟɤɬɨɪ ɪɚɫɫɦɚɬɪɢɜɚɥɫɹ ɛɟɡ ɩɪɢɦɟɧɟɧɢɹ ɷɤɪɚɧɧɨ-
ɜɚɤɭɭɦɧɨɣ ɬɟɩɥɨɢɡɨɥɹɰɢɢ ɢɥɢ ɷɤɪɚɧɨɜ, ɬɚɤ ɤɚɤ ɜ ɞɚɧ-

ɧɨɦ ɫɥɭɱɚɟ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɬɨɥɶɤɨ ɜɥɢɹɧɢɟ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɚ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɷɥɟɦɟɧɬɵ ɬɨɥɶ-
ɤɨ ɭɜɟɥɢɱɢɜɚɸɬ ɜɪɟɦɹ ɪɚɫɱɟɬɚ. 
Ɉɩɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɜɵɲɟ ɷɥɟ-

ɦɟɧɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ. Ɉɛɳɢɣ ɜɢɞ ɝɟɨɦɟɬ-
ɪɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ. 1. 

ɉɪɢ ɪɚɫɱɟɬɟ ɫɨɥɧɟɱɧɨɝɨ ɜɥɢɹɧɢɹ ɩɪɢɧɢɦɚɥɨɫɶ, ɱɬɨ 
ɪɟɮɥɟɤɬɨɪ ɞɜɢɠɟɬɫɹ ɜ ɫɨɫɬɚɜɟ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ 
ɧɚ ɝɟɨɫɬɚɰɢɨɧɚɪɧɨɣ ɨɪɛɢɬɟ ɜ ɩɟɪɢɨɞ ɨɫɟɧɧɟɝɨ ɪɚɜɧɨ-
ɞɟɧɫɬɜɢɹ. ɋɨɥɧɟɱɧɚɹ ɩɨɫɬɨɹɧɧɚɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ 
ɷɬɨɦɭ ɩɟɪɢɨɞɭ, ɪɚɜɧɚ 1361 ȼɬ/ɦ2. 
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Ɉɩɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɷɥɟɦɟɧɬɨɜ ɦɨɞɟɥɢ 
 

ɗɥɟɦɟɧɬ ɦɨɞɟɥɢ ε α 

ɉɨɜɟɪɯɧɨɫɬɶ ɪɚɞɢɚɬɨɪɨɜ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ 0,85 0,28 

ɗɤɪɚɧɧɨ-ɜɚɤɭɭɦɧɚɹ ɬɟɩɥɨɢɡɨɥɹɰɢɹ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ 0,82 0,92 

Ɉɛɲɢɜɤɢ ɪɟɮɥɟɤɬɨɪɚ, ɲɬɚɧɝɚ 0,84 0,92 

Ɋɚɛɨɱɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɛɚɬɚɪɟɣ ɫɨɥɧɟɱɧɵɯ 0,9 0,69 

Ɍɵɥɶɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɛɚɬɚɪɟɣ ɫɨɥɧɟɱɧɵɯ 0,81 0 

Ɉɛɥɭɱɚɬɟɥɶ  0,85 0,32 

ɍɩɨɪɵ ɩɨɞ ɡɚɦɤɢ ɡɚɱɟɤɨɜɤɢ 0,82 0,92 

 

 
 

Ɋɢɫ. 1. Ƚɟɨɦɟɬɪɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɪɟɮɥɟɤɬɨɪɚ 
 

ɉɨɫɬɪɨɟɧɢɟ ɬɟɩɥɨɜɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, 

ɪɚɫɱɟɬ ɪɚɞɢɚɰɢɨɧɧɵɯ ɬɟɩɥɨɜɵɯ, ɧɟɫɬɚɰɢɨɧɚɪɧɵɯ ɫɨɥ-
ɧɟɱɧɵɯ ɩɨɬɨɤɨɜ ɢ ɪɚɫɱɟɬ ɬɟɦɩɟɪɚɬɭɪ ɜɵɩɨɥɧɟɧ ɜ ɫɪɟ-
ɞɟ ɥɢɰɟɧɡɢɨɧɧɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ 
SYSTEMA (ɩɪɨɢɡɜɨɞɫɬɜɚ EADS ASTRIUM) ɜɟɪɫɢɢ 

4.3.3. Ⱦɥɹ ɪɚɫɱɟɬɚ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ 2 ɦɨɞɭɥɹ ɩɪɨ-
ɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ: 

– THERMICA – ɞɥɹ ɪɚɫɱɟɬɚ ɜɧɟɲɧɢɯ ɩɨɬɨɤɨɜ, 
ɤɨɧɞɭɤɬɢɜɧɵɯ, ɤɨɧɜɟɤɬɢɜɧɵɯ ɢ ɪɚɞɢɚɰɢɨɧɧɵɯ ɫɜɹɡɟɣ; 

– THERMISOL – ɞɥɹ ɪɚɫɱɟɬɚ ɬɟɦɩɟɪɚɬɭɪ ɪɟɮɥɟɤɬɨɪɚ. 
3. ɂɡɦɟɧɟɧɢɟ ɤɨɷффɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 

ɨɛɲɢɜɨɤ ɪɟфɥɟɤɬɨɪɚ. ɉɪɢ ɪɚɫɱɟɬɟ ɪɟɮɥɟɤɬɨɪɨɜ, ɦɚ-
ɬɟɪɢɚɥɨɦ ɨɛɲɢɜɨɤ ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ ɭɝɥɟɩɥɚɫɬɢɤ, ɧɟ 
ɜɫɟɝɞɚ ɢɡɜɟɫɬɟɧ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜ 
ɩɪɨɞɨɥɶɧɨɦ ɢ ɩɨɩɟɪɟɱɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ. Ⱦɥɹ ɪɚɫɱɟɬɨɜ 
ɩɪɢɦɟɧɹɸɬɫɹ ɭɫɪɟɞɧɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɩɪɨɞɨɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɢ ɬɟɩ-

ɥɨɩɟɪɟɞɚɱɢ ɨɬ ɨɞɧɨɣ ɨɛɲɢɜɤɢ ɤ ɞɪɭɝɨɣ ɱɟɪɟɡ ɫɥɨɣ 

ɫɨɬɨɡɚɩɨɥɧɢɬɟɥɹ. 
ɇɚ ɪɢɫ. 2 ɩɪɟɞɫɬɚɜɥɟɧɨ ɤɚɱɟɫɬɜɟɧɧɨɟ ɪɚɫɩɪɟɞɟɥɟ-

ɧɢɟ ɬɟɦɩɟɪɚɬɭɪ ɪɚɛɨɱɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɪɟɮɥɟɤɬɨɪɚ  
ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɨɥɨɠɟɧɢɹ ɧɚ ɨɪɛɢɬɟ. Ʉɚɤ ɜɢɞɧɨ ɢɡ 
ɝɪɚɮɢɤɚ, ɦɨɦɟɧɬɭ ɜɪɟɦɟɧɢ, ɪɚɜɧɨɦɭ 24 ɢɥɢ 48 ɱɚɫɨɜ, 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɦɚɤɫɢɦɚɥɶɧɵɣ ɩɟɪɟɩɚɞ ɬɟɦɩɟɪɚɬɭɪ ɩɨ 
ɩɨɜɟɪɯɧɨɫɬɢ, ɜ ɷɬɨɬ ɦɨɦɟɧɬ ɨɞɧɚ ɱɚɫɬɶ ɪɟɮɥɟɤɬɨɪɚ 
ɨɫɬɚɟɬɫɹ ɜ ɬɟɧɢ, ɚ ɞɪɭɝɚɹ ɡɚɫɜɟɱɢɜɚɟɬɫɹ ɋɨɥɧɰɟɦ.  

ȼ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ, ɪɚɜɧɵɣ 46 ɱɚɫɚɦ, ɧɚ ɪɟɮɥɟɤɬɨɪɟ 
ɧɚɛɥɸɞɚɟɬɫɹ ɦɢɧɢɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɫɥɟɞɫɬɜɢɟ 
ɩɨɥɧɨɝɨ ɡɚɬɟɧɟɧɢɹ ɪɟɮɥɟɤɬɨɪɚ ɢɦɢɬɚɬɨɪɨɦ ɤɨɪɩɭɫɚ 
ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ. ɉɨɫɥɟ ɜɵɯɨɞɚ ɢɡ ɬɟɧɢ ɢɦɢɬɚ-
ɬɨɪɚ ɪɚɛɨɱɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɪɟɮɥɟɤɬɨɪɚ ɩɨɥɧɨɫɬɶɸ ɡɚ-
ɫɜɟɱɢɜɚɟɬɫɹ ɋɨɥɧɰɟɦ ɢ ɧɚ ɪɟɮɥɟɤɬɨɪɟ ɞɨɫɬɢɝɚɟɬɫɹ 
ɦɚɤɫɢɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ. 

 
 

Ɋɢɫ. 2. ɋɭɬɨɱɧɨɟ ɢɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪ ɪɚɛɨɱɟɣ 

ɩɨɜɟɪɯɧɨɫɬɢ ɪɟɮɥɟɤɬɨɪɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɨɥɨ- 
 

ɠɟɧɢɹ ɧɚ ɨɪɛɢɬɟ 
 

Ⱦɥɹ ɨɰɟɧɤɢ ɜɥɢɹɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞ-
ɧɨɫɬɢ ɨɛɲɢɜɨɤ ɪɟɮɥɟɤɬɨɪɚ ɧɚ ɩɟɪɟɩɚɞ ɬɟɦɩɟɪɚɬɭɪ ∆T, 

ɦɚɤɫɢɦɚɥɶɧɵɟ ɢ ɦɢɧɢɦɚɥɶɧɵɟ ɫɭɬɨɱɧɵɟ ɬɟɦɩɟɪɚɬɭ-
ɪɵ, ɜ ɦɨɞɟɥɢ ɢɡɦɟɧɹɥɚɫɶ ɬɨɥɶɤɨ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ 
ɨɛɲɢɜɨɤ ɪɟɮɥɟɤɬɨɪɚ ɨɬ 0,5 ɞɨ 80 ȼɬ/ɦ·°ɋ, ɜɫɟ ɨɫɬɚɥɶ-
ɧɵɟ ɩɚɪɚɦɟɬɪɵ ɨɫɬɚɜɚɥɢɫɶ ɧɟɢɡɦɟɧɧɵɦɢ. Ɍɚɤɨɣ ɞɢɚ-
ɩɚɡɨɧ ɢɡɦɟɧɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 

ɩɪɨɞɢɤɬɨɜɚɧ ɨɰɟɧɤɚɦɢ ɡɧɚɱɟɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɟɩ-

ɥɨɩɪɨɜɨɞɧɨɫɬɢ ɦɚɬɟɪɢɚɥɨɜ ɪɟɮɥɟɤɬɨɪɚ. 
ɇɚ ɪɢɫ. 3 ɩɪɟɞɫɬɚɜɥɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɦɢɧɢɦɚɥɶɧɵɯ 

ɫɭɬɨɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪ ɨɛɲɢɜɨɤ ɪɟɮɥɟɤɬɨɪɚ ɜ ɡɚɜɢɫɢ-
ɦɨɫɬɢ ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ. ȼɢɞɧɨ, 
ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɭɜɟ-
ɥɢɱɢɜɚɟɬ ɦɢɧɢɦɚɥɶɧɭɸ ɫɭɬɨɱɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɧɚ 5 °ɋ. 

 

 
 

Ɋɢɫ. 3. ȼɥɢɹɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 

ɨɛɲɢɜɨɤ ɪɟɮɥɟɤɬɨɪɚ ɧɚ ɦɢɧɢɦɚɥɶɧɵɟ ɬɟɦɩɟɪɚɬɭɪɵ  
 

ɨɛɲɢɜɨɤ ɪɟɮɥɟɤɬɨɪɚ 
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ɇɚ ɪɢɫ. 4 ɩɪɟɞɫɬɚɜɥɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɦɚɤɫɢɦɚɥɶ-
ɧɵɯ ɫɭɬɨɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪ ɨɛɲɢɜɨɤ ɪɟɮɥɟɤɬɨɪɚ ɜ ɡɚ-
ɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ. ɍɜɟ-
ɥɢɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɭɦɟɧɶɲɚɟɬ 
ɦɚɤɫɢɦɚɥɶɧɭɸ ɫɭɬɨɱɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɧɟ ɛɨɥɟɟ ɱɟɦ  

ɧɚ 3 °ɋ. ɇɚɢɛɨɥɶɲɢɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɟɬ ɩɨɜɟɞɟɧɢɟ 
ɦɚɤɫɢɦɚɥɶɧɵɯ ɩɟɪɟɩɚɞɨɜ ɬɟɦɩɟɪɚɬɭɪ ɜ ɪɟɮɥɟɤɬɨɪɟ, 
ɩɨɫɤɨɥɶɤɭ ɢɦɟɧɧɨ ɩɟɪɟɩɚɞ ɬɟɦɩɟɪɚɬɭɪɵ ɜɟɞɟɬ ɤ ɬɟɪ-
ɦɢɱɟɫɤɢɦ ɞɟɮɨɪɦɚɰɢɹɦ ɩɨɜɟɪɯɧɨɫɬɢ. 

ɇɚ ɪɢɫ. 5 ɢ 6 ɩɪɟɞɫɬɚɜɥɟɧɨ ɢɡɦɟɧɟɧɢɟ ɩɟɪɟɩɚɞɚ 
ɬɟɦɩɟɪɚɬɭɪ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨ-
ɩɪɨɜɨɞɧɨɫɬɢ ɨɛɲɢɜɨɤ ɪɟɮɥɟɤɬɨɪɚ. ɉɪɢ ɷɬɨɦ ɩɟɪɟɩɚɞ 
ɬɟɦɩɟɪɚɬɭɪ ɪɚɛɨɱɟɣ ɢ ɬɵɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɭɦɟɧɶɲɚ-
ɟɬɫɹ ɧɚ 20 °ɋ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɨɬ 0 ɞɨ 50 ȼɬ/ɦ·°ɋ, ɞɚɥɶɧɟɣɲɟɟ 
ɭɜɟɥɢɱɟɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɧɟ ɩɪɢɜɨɞɢɬ ɤ ɡɧɚɱɢ-

ɬɟɥɶɧɵɦ ɢɡɦɟɧɟɧɢɹɦ. 

 

 
 

Ɋɢɫ. 4. ȼɥɢɹɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 

ɨɛɲɢɜɨɤ ɪɟɮɥɟɤɬɨɪɚ ɧɚ ɦɚɤɫɢɦɚɥɶɧɵɟ ɬɟɦɩɟɪɚɬɭɪɵ  
 

ɨɛɲɢɜɨɤ ɪɟɮɥɟɤɬɨɪɚ 
 

 
 

Ɋɢɫ. 5. ȼɥɢɹɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨ-
ɫɬɢ ɨɛɲɢɜɨɤ ɪɟɮɥɟɤɬɨɪɚ ɧɚ ɩɟɪɟɩɚɞ ɬɟɦɩɟɪɚɬɭɪ 
 

ɩɨ ɪɚɛɨɱɟɣ ɩɨɜɟɪɯɧɨɫɬɢ 
 

4. ɂɡɦɟɧɟɧɢɟ ɤɨɷффɢɰɢɟɧɬɚ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɨɛ-
ɲɢɜɨɤ ɪɟфɥɟɤɬɨɪɚ. Ⱦɥɹ ɨɰɟɧɤɢ ɜɥɢɹɧɢɹ ɤɨɷɮɮɢɰɢ-

ɟɧɬɚ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɦɟɠɞɭ ɨɛɲɢɜɤɚɦɢ ɪɟɮɥɟɤɬɨɪɚ ɧɚ 
ɝɪɚɞɢɟɧɬ ɬɟɦɩɟɪɚɬɭɪ, ɦɚɤɫɢɦɚɥɶɧɵɟ ɢ ɦɢɧɢɦɚɥɶɧɵɟ 
ɫɭɬɨɱɧɵɟ ɬɟɦɩɟɪɚɬɭɪɵ, ɜ ɦɨɞɟɥɢ ɢɡɦɟɧɹɥɚɫɶ ɬɨɥɶɤɨ 

ɬɟɩɥɨɩɟɪɟɞɚɱɚ ɦɟɠɞɭ ɨɛɲɢɜɤɚɦɢ ɪɟɮɥɟɤɬɨɪɚ ɨɬ 0,5 

ɞɨ 80 ȼɬ/ɦ2·°ɋ, ɜɫɟ ɨɫɬɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɨɫɬɚɜɚɥɢɫɶ 
ɧɟɢɡɦɟɧɧɵɦɢ. 

ɇɚ ɪɢɫ. 7 ɩɪɟɞɫɬɚɜɥɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɦɢɧɢɦɚɥɶɧɵɯ 
ɫɭɬɨɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪ ɨɛɲɢɜɨɤ ɪɟɮɥɟɤɬɨɪɚ ɜ ɡɚɜɢɫɢ-

ɦɨɫɬɢ ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɟɪɟɞɚɱɢ. ɍɜɟɥɢɱɟɧɢɟ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɭɜɟɥɢɱɢɜɚɟɬ ɦɢɧɢɦɚɥɶ-
ɧɭɸ ɫɭɬɨɱɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɧɚ 1,3 °ɋ. 

 

 
 

Ɋɢɫ. 6. ȼɥɢɹɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 

ɨɛɲɢɜɨɤ ɪɟɮɥɟɤɬɨɪɚ ɧɚ ɩɟɪɟɩɚɞ ɬɟɦɩɟɪɚɬɭɪ ɩɨ  
 

ɬɵɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 
 

 
 

Ɋɢɫ. 7. ȼɥɢɹɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɦɟɠɞɭ 
ɨɛɲɢɜɤɚɦɢ ɪɟɮɥɟɤɬɨɪɚ ɧɚ ɦɢɧɢɦɚɥɶɧɵɟ ɬɟɦɩɟɪɚɬɭɪɵ  
 

ɨɛɲɢɜɨɤ ɪɟɮɥɟɤɬɨɪɚ 
 

ɇɚ ɪɢɫ. 8 ɩɪɟɞɫɬɚɜɥɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɦɚɤɫɢɦɚɥɶ-
ɧɵɯ ɫɭɬɨɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪ ɨɛɲɢɜɨɤ ɪɟɮɥɟɤɬɨɪɚ ɜ ɡɚ-
ɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɟɪɟɞɚɱɢ. ɍɜɟɥɢɱɟ-
ɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɭɦɟɧɶɲɚɟɬ ɦɚɤɫɢ-

ɦɚɥɶɧɭɸ ɫɭɬɨɱɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɛɨɥɟɟ ɱɟɦ ɧɚ 40 °ɋ. 

ɇɚ ɪɢɫ. 9 ɩɪɟɞɫɬɚɜɥɟɧɨ ɢɡɦɟɧɟɧɢɟ ɩɟɪɟɩɚɞɚ ɬɟɦ-

ɩɟɪɚɬɭɪ ɧɚ ɪɚɛɨɱɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɦɟɠɞɭ ɨɛɲɢɜɤɚɦɢ ɪɟɮ-

ɥɟɤɬɨɪɚ ɱɟɪɟɡ ɫɨɬɨɡɚɩɨɥɧɢɬɟɥɶ. ɉɪɢ ɷɬɨɦ ɩɟɪɟɩɚɞ 
ɬɟɦɩɟɪɚɬɭɪ ɪɚɛɨɱɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɭɦɟɧɶɲɚɟɬɫɹ ɧɚ 35 °ɋ 

ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɟɪɟɞɚ-
ɱɢ ɨɬ 0 ɞɨ 30 ȼɬ/ɦ2·°ɋ, ɞɚɥɶɧɟɣɲɟɟ ɭɜɟɥɢɱɟɧɢɟ ɬɟɩ-

ɥɨɩɟɪɟɞɚɱɢ ɧɟ ɩɪɢɜɨɞɢɬ ɤ ɡɧɚɱɢɬɟɥɶɧɵɦ ɢɡɦɟɧɟɧɢɹɦ. 

ɇɚ ɪɢɫ. 10 ɩɪɟɞɫɬɚɜɥɟɧɨ ɢɡɦɟɧɟɧɢɟ ɩɟɪɟɩɚɞɚ ɬɟɦ-

ɩɟɪɚɬɭɪ ɧɚ ɬɵɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ  

ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɦɟɠɞɭ ɨɛɲɢɜɤɚɦɢ 
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ɪɟɮɥɟɤɬɨɪɚ ɱɟɪɟɡ ɫɨɬɨɡɚɩɨɥɧɢɬɟɥɶ. ɉɪɢ ɷɬɨɦ ɩɟɪɟɩɚɞ 
ɬɟɦɩɟɪɚɬɭɪ ɬɵɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɧɚ 85 °ɋ 

ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɟɪɟɞɚ-
ɱɢ ɨɬ 0 ɞɨ 30 ȼɬ/ɦ2·°ɋ, ɞɚɥɶɧɟɣɲɟɟ ɭɜɟɥɢɱɟɧɢɟ ɬɟɩ-

ɥɨɩɟɪɟɞɚɱɢ ɧɟ ɩɪɢɜɨɞɢɬ ɤ ɡɧɚɱɢɬɟɥɶɧɵɦ ɢɡɦɟɧɟɧɢɹɦ. 

 

 
 

Ɋɢɫ. 8. ȼɥɢɹɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɦɟɠɞɭ 
ɨɛɲɢɜɤɚɦɢ ɪɟɮɥɟɤɬɨɪɚ ɧɚ ɦɚɤɫɢɦɚɥɶɧɵɟ ɬɟɦɩɟɪɚ- 
 

ɬɭɪɵ ɨɛɲɢɜɨɤ ɪɟɮɥɟɤɬɨɪɚ 
 

 
 

Ɋɢɫ. 9. ȼɥɢɹɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɦɟɠɞɭ 
ɨɛɲɢɜɤɚɦɢ ɪɟɮɥɟɤɬɨɪɚ ɧɚ ɝɪɚɞɢɟɧɬ ɬɟɦɩɟɪɚɬɭɪ ɩɨ 
 

ɪɚɛɨɱɟɣ ɩɨɜɟɪɯɧɨɫɬɢ 

 

Ⱦɥɹ ɩɪɚɜɢɥɶɧɨɣ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɩɨɥɭɱɟɧɧɵɯ ɪɟ-
ɡɭɥɶɬɚɬɨɜ ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɦɨɬɪɟɬɶ ɟɳɟ ɞɜɚ ɝɪɚɮɢɤɚ 
ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪ ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɟɪɟ-
ɞɚɱɢ. Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫ. 7 ɢ 11, ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟ-
ɪɟɞɚɱɢ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɨɤɚɡɵɜɚɟɬ ɜɥɢɹɧɢɹ ɧɚ ɦɢɧɢ-

ɦɚɥɶɧɵɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨ ɜɪɟɦɹ ɨɪɛɢɬɚɥɶɧɨɝɨ ɮɭɧɤ-
ɰɢɨɧɢɪɨɜɚɧɢɹ. 
Ɉɞɧɚɤɨ ɩɪɢ ɪɚɫɫɦɨɬɪɟɧɢɢ ɦɚɤɫɢɦɚɥɶɧɵɯ ɬɟɦɩɟɪɚ-

ɬɭɪ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ, ɪɚɜɧɵɣ 24 ɱɚɫɚɦ, ɜ ɡɚɜɢɫɢɦɨ-
ɫɬɢ ɧɚɛɥɸɞɚɟɬɫɹ ɭɦɟɧɶɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɛɨɱɟɣ 

ɩɨɜɟɪɯɧɨɫɬɢ ɪɟɮɥɟɤɬɨɪɚ ɢ ɭɜɟɥɢɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ 

ɬɵɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɢɫɯɨɞɢɬ 
ɜɵɪɚɜɧɢɜɚɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɦɟɠɞɭ ɨɛɲɢɜɤɚɦɢ 

(ɪɢɫ. 12). 
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ɞɭ ɨɛɲɢɜɤɚɦɢ ɪɟɮɥɟɤɬɨɪɚ ɧɚ ɦɚɤɫɢɦɚɥɶɧɭɸ ɬɟɦɩɟ-
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Ɂɚɤɥɸɱɟɧɢɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ 
ɤɨɷɮɮɢɰɢɟɧɬɵ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɢ ɬɟɩɥɨɩɟɪɟɞɚɱɢ 

ɨɤɚɡɵɜɚɸɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɪɚɫɩɪɟɞɟɥɟɧɢɟ 
ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɪɟɮɥɟɤɬɨɪɚ, ɩɨɷɬɨɦɭ ɡɚɞɚɱɚ ɚɤ-
ɤɭɪɚɬɧɨɝɨ ɪɚɫɱɟɬɚ ɚɧɢɡɨɬɪɨɩɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩ-

ɥɨɩɪɨɜɨɞɧɨɫɬɢ ɩɪɢɦɟɧɹɟɦɵɯ ɭɝɥɟɩɥɚɫɬɢɤɨɜ ɢ ɫɨɬɨɡɚ-
ɩɨɥɧɢɬɟɥɟɣ ɹɜɥɹɟɬɫɹ ɨɱɟɧɶ ɚɤɬɭɚɥɶɧɨɣ ɜ ɩɪɨɰɟɫɫɟ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɪɟɮɥɟɤɬɨɪɨɜ. ȼ ɞɚɥɶɧɟɣɲɟɦ ɩɥɚɧɢ-

ɪɭɟɬɫɹ ɩɪɨɞɨɥɠɢɬɶ ɞɚɧɧɭɸ ɪɚɛɨɬɭ ɜ ɧɚɩɪɚɜɥɟɧɢɢ 

ɫɨɡɞɚɧɢɹ ɦɨɞɟɥɢ ɭɝɥɟɩɥɚɫɬɢɤɚ ɢ ɫɨɬɨɡɚɩɨɥɧɢɬɟɥɹ 
ɪɟɮɥɟɤɬɨɪɚ ɞɥɹ ɪɚɫɱɟɬɚ ɚɧɢɡɨɬɪɨɩɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ. ɉɨɯɨɠɢɟ ɪɚɛɨɬɵ ɜɟɞɭɬɫɹ ɜ ɆȽɌɍ 

ɢɦ. Ȼɚɭɦɚɧɚ [9–15]. 
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