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Ⱥ.Ɇ. Ʉɥɟɳɟɜɧɢɤɨɜ 

ɈАɈ «ɉɪɨɬɨɧ-ɉɆ», ɝ. ɉɟɪɦɶ 

ȼɕȻɈɊ ȽȿɈɆȿɌɊɂɑȿɋɄɂɏ ɂ ɊȿɀɂɆɇɕɏ ɉȺɊȺɆȿɌɊɈȼ  

ɄȺɆȿɊɕ ɋȽɈɊȺɇɂə ȾɅə ɍɌɂɅɂɁȺɐɂɂ ɉɈɉɍɌɇɈȽɈ  

ɇȿɎɌəɇɈȽɈ ȽȺɁȺ 

Ɋɚɫɫɦɨɬɪɟɧɵ ɜɨɩɪɨɫɵ ɜɵɛɨɪɚ ɪɟɠɢɦɧɵɯ ɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ 

(Ʉɋ) ɞɥɹ ɭɬɢɥɢɡɚɰɢɢ ɪɚɡɧɨɪɨɞɧɨɝɨ ɩɨ ɫɨɫɬɚɜɭ, ɧɟɨɱɢɳɟɧɧɨɝɨ, ɜɥɚɠɧɨɝɨ ɩɨɩɭɬɧɨɝɨ ɧɟɮɬɹɧɨɝɨ 

ɝɚɡɚ (ɉɇȽ) ɜ ɷɧɟɪɝɨɭɫɬɚɧɨɜɤɚɯ ɞɥɹ ɜɵɪɚɛɨɬɤɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɧɚ ɦɚɥɨɞɟɛɢɬ-
ɧɵɯ ɦɟɫɬɨɪɨɠɞɟɧɢɹɯ. ɍɫɥɨɜɧɨ Ʉɋ ɞɟɥɢɬɫɹ ɧɚ ɡɨɧɭ ɝɨɪɟɧɢɹ (ɨɛɟɫɩɟɱɟɧɢɟ ɭɫɬɨɣɱɢɜɨɫɬɢ ɝɨɪɟɧɢɹ 

ɉɇȽ ɪɚɡɥɢɱɧɵɯ ɦɟɫɬɨɪɨɠɞɟɧɢɣ) ɢ ɡɨɧɭ ɪɚɡɛɚɜɥɟɧɢɹ (ɨɛɟɫɩɟɱɟɧɢɟ ɡɚɞɚɧɧɨɝɨ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ 

ɭɪɨɜɧɹ ɧɚ ɜɯɨɞɟ ɜ ɝɚɡɨɜɭɸ ɬɭɪɛɢɧɭ). ȼɬɨɪɢɱɧɵɣ ɜɨɡɞɭɯ ɞɥɹ ɪɚɡɛɚɜɥɟɧɢɹ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ 

ɨɞɧɨɜɪɟɦɟɧɧɨ ɹɜɥɹɟɬɫɹ ɨɯɥɚɞɢɬɟɥɟɦ ɞɥɹ ɠɚɪɨɜɨɣ ɬɪɭɛɵ (ЖɌ) ɢ ɩɨɞɚɟɬɫɹ ɜ ɡɨɧɭ ɪɚɡɛɚɜɥɟɧɢɹ 

ɱɟɪɟɡ ɳɟɥɢ ɢ ɨɬɜɟɪɫɬɢɹ ɢɡ ɤɨɥɶɰɟɜɨɝɨ ɤɚɧɚɥɚ ɦɟɠɞɭ ЖɌ ɢ ɤɨɠɭɯɨɦ. Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ 

Ʉɋ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɟɪɢɣɧɨɣ ɝɨɪɟɥɤɢ ɜ ɡɨɧɟ ɝɨɪɟɧɢɹ, ɚ ɞɥɢɧɚ ЖɌ ɧɚ 2 % ɦɟɧɶ-
ɲɟ ɞɥɢɧɵ ɤɨɠɭɯɚ. ЖɌ ɪɚɛɨɬɚɟɬ ɜ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɤɨɪɪɨɡɢɨɧɧɨ-ɚɤɬɢɜɧɨɣ ɫɪɟɞɟ, ɩɨɷɬɨɦɭ 
ɜ ɩɪɨɰɟɫɫɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɨɩɪɟɞɟɥɟɧɵ ɫɨɫɬɚɜ ɢ ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ 

ɩɨ ɞɥɢɧɟ Ʉɋ. Ⱦɥɢɧɚ ɢ ɞɢɚɦɟɬɪ ЖɌ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɩɪɢɧɹɬɵɦ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ 

ɩɨɥɹ ɧɚ ɜɯɨɞɟ ɜ ɬɭɪɛɢɧɭ ɢ ɨɛɴɟɦɧɨɣ ɬɟɩɥɨɧɚɩɪɹɠɟɧɧɨɫɬɢ. Ⱦɥɹ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɩɟɪɟɦɟɲɢɜɚɧɢɹ 

ɜɬɨɪɢɱɧɨɝɨ ɜɨɡɞɭɯɚ ɫ ɩɪɨɞɭɤɬɚɦɢ ɫɝɨɪɚɧɢɹ ɜɧɭɬɪɢ ЖɌ ɫɨɨɬɧɨɲɟɧɢɟ ɢɯ ɞɢɧɚɦɢɱɟɫɤɢɯ ɧɚɩɨɪɨɜ 

ɩɪɢɧɹɬɨ ɪɚɜɧɵɦ 30. ɉɪɢɜɟɞɟɧɧɵɟ ɜ ɫɬɚɬɶɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɥɭɱɟɧɵ ɩɪɢ ɥɢɧɟɣɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨ-

ɷɮɮɢɰɢɟɧɬɚ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɩɨ ɞɥɢɧɟ Ʉɋ, ɤɨɬɨɪɚɹ ɞɚɥɟɟ ɛɭɞɟɬ ɭɬɨɱɧɹɬɶɫɹ ɜ ɩɪɨɰɟɫɫɟ ɞɨɜɨɞɨɱ-
ɧɵɯ ɢɫɩɵɬɚɧɢɣ Ʉɋ. 

Ʉɥюɱɟɜɵɟ ɫɥɨɜɚ: ɩɨɩɭɬɧɵɣ ɧɟɮɬɹɧɨɣ ɝɚɡ, ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ, ɩɟɪ-

ɜɢɱɧɵɣ ɢ ɜɬɨɪɢɱɧɵɣ ɜɨɡɞɭɯ, ɠɚɪɨɜɚɹ ɬɪɭɛɚ, ɤɨɠɭɯ, ɦɧɨɝɨɡɨɧɧɚɹ ɤɚɦɟɪɚ ɫɝɨɪɚɧɢɹ, ɞɢɧɚɦɢɱɟɫɤɢɣ 

ɧɚɩɨɪ, ɭɫɬɨɣɱɢɜɨɫɬɶ ɝɨɪɟɧɢɹ, ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ, ɬɟɦɩɟɪɚɬɭɪɚ ɢ ɫɨɫɬɚɜ ɩɪɨɞɭɤɬɨɜ 

ɫɝɨɪɚɧɢɹ, ɡɨɧɚ ɝɨɪɟɧɢɹ, ɡɨɧɚ ɪɚɡɛɚɜɥɟɧɢɹ. 
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CHOICE OF GEOMETRICAL AND REGIME PARAMETERS  

OF THE COMBUSTION CHAMBER FOR UTILIZATION  

OF ASSOCIATED PETROLEUM GAS 

It is considered the choice of regime and geometrical parameters of the combustion chamber for 

utilization heterogenous, rough, humid associated petroleum gas in power plants for generation of elec-

tric and thermal energy in low-yield field. Conditionally the combustion chamber is divided on combus-

tion zone (providing the combustion stability of associated petroleum gas of various fields) and dilution 

zone (providing the set temperature level at gas-turbine entrance). Secondary air is used for dilution of 

combustion products and simultaneously it is coolant for flame tube. The secondary air is fed in a dilu-

tion zone through slots and orifices from annular duct between flame tube and casing. The developed 

construction of combustion chamber assumes the using of serial burner in combustion zone. Length of 

combustion flame is less than length of casing at 2%. Flame tube operates in the high-temperature 

corrosion-active environment, so in the course of thermodynamic calculations the composition and tem-

perature of combustion products along combustion chamber are determined. Length and diameter of 

flame tube are determined on accepted unevenness of a temperature field at turbine entrance and vol-

ume thermal stress. For high-quality mixing of secondary air with combustion products in flame tube the 

ratio of their dynamic pressures is accepted equal 30. The results given in article are obtained by linear 

dependence of excess air coefficient along combustion chamber which will be specified further in the 

course of development test of combustion chamber. 

Keywords: associated petroleum gas, unevenness of temperature field, primary and secondary 

air, flame tube, casing, multizone combustion chamber, dynamic pressure, combustion stability, excess 

air coefficient, temperature and composition of combustion products, combustion zone, dilution zone. 

 

Ʉɋ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɯɢɦɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɬɨɩ-

ɥɢɜɧɨɝɨ ɝɚɡɚ ɜ ɬɟɩɥɨɜɭɸ ɷɧɟɪɝɢɸ ɩɭɬɟɦ ɟɝɨ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɠɢɝɚɧɢɹ 
ɜ ɩɨɬɨɤɟ ɜɨɡɞɭɯɚ. Ɋɚɛɨɱɢɣ ɩɪɨɰɟɫɫ ɜ Ʉɋ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɨɜɨɤɭɩ-

ɧɨɫɬɶ ɩɪɨɰɟɫɫɨɜ ɩɨɞɝɨɬɨɜɤɢ ɬɨɩɥɢɜɨɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ, ɟɟ ɧɟɩɪɟɪɵɜɧɨ-
ɝɨ ɩɨɞɠɢɝɚɧɢɹ, ɫɨɛɫɬɜɟɧɧɨ ɝɨɪɟɧɢɹ ɢ ɪɚɡɛɚɜɥɟɧɢɹ ɜɬɨɪɢɱɧɵɦ ɜɨɡɞɭ-
ɯɨɦ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɨɛɪɚɡɭɟɬɫɹ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɟ ɪɚɛɨɱɟɟ ɬɟɥɨ 
( 700...950 °C=  ) ɞɥɹ ɩɪɢɜɨɞɚ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ ɷɧɟɪɝɨɭɫɬɚɧɨɜɤɢ. 

ɉɇȽ – ɷɬɨ ɭɝɥɟɜɨɞɨɪɨɞɧɵɣ ɝɚɡ, ɧɚɯɨɞɹɳɢɣɫɹ ɜ ɧɟɮɬɹɧɵɯ ɡɚɥɟɠɚɯ 
ɜ ɪɚɫɬɜɨɪɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ ɢ ɜɵɞɟɥɹɸɳɢɣɫɹ ɢɡ ɧɟɮɬɢ ɩɪɢ ɫɧɢɠɟɧɢɢ 

ɞɚɜɥɟɧɢɹ. Ʉɨɥɢɱɟɫɬɜɨ ɝɚɡɚ, ɩɪɢɯɨɞɹɳɟɟɫɹ ɧɚ 1 ɬ ɧɟɮɬɢ, ɡɚɜɢɫɢɬ ɨɬ ɭɫ-
ɥɨɜɢɣ ɮɨɪɦɢɪɨɜɚɧɢɹ ɢ ɡɚɥɟɝɚɧɢɹ ɧɟɮɬɹɧɵɯ ɦɟɫɬɨɪɨɠɞɟɧɢɣ ɢ ɦɨɠɟɬ 
ɫɨɫɬɚɜɥɹɬɶ ɨɬ 1–2 ɞɨ ɧɟɫɤɨɥɶɤɢɯ ɬɵɫɹɱ ɤɭɛɨɦɟɬɪɨɜ. Ɉɫɧɨɜɧɵɦɢ ɫɨ-
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ɫɬɚɜɥɹɸɳɢɦɢ ɉɇȽ ɹɜɥɹɸɬɫɹ ɩɪɟɞɟɥɶɧɵɟ ɭɝɥɟɜɨɞɨɪɨɞɵ – ɨɬ ɦɟɬɚɧɚ 
ɋɇ4 ɞɨ ɝɟɤɫɚɧɚ ɋ6ɇ14. Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɫɨɫɬɚɜɟ ɉɇȽ ɩɪɢɫɭɬɫɬɜɭɸɬ ɚɡɨɬ 
N2, ɭɝɥɟɤɢɫɥɵɣ ɝɚɡ CO2, ɫɟɪɨɜɨɞɨɪɨɞ H2S ɢ ɦɟɪɤɚɩɬɚɧɵ [1]. ɉɨɤɚɡɚɬɟ-
ɥɢ ɉɇȽ, ɞɨɛɵɜɚɟɦɨɝɨ ɈȺɈ «ɅɍɄɈɃɅ-ɉɟɪɦɶ» ɢ ɈȺɈ «Ɋɢɬɟɤ-ɍɪɚɥ-
ɨɣɥ» ɧɚ ɦɟɫɬɨɪɨɠɞɟɧɢɹɯ ɉɟɪɦɫɤɨɝɨ ɤɪɚɹ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɢɠɟ. 

ɉɨɤɚɡɚɬɟɥɢ ɉɇȽ ɧɚ ɦɟɫɬɨɪɨɠɞɟɧɢɹɯ ɉɟɪɦɫɤɨɝɨ ɤɪɚɹ: 
Ⱥɡɨɬ, N2, ɨɛ. % 0,90–40,03 

ɍɝɥɟɤɢɫɥɵɣ ɝɚɡ CO2, ɨɛ. % 0,07–1,75 

Ɇɟɬɚɧ CH4, ɨɛ. % 12,56–67,09 

ɗɬɚɧ C2H6, ɨɛ. % 7,59–29,51 

ɉɪɨɩɚɧ C3H8, ɨɛ. % 4,19–36,78 

ɂɡɨɛɭɬɚɧ iC4H10, ɨɛ. % 0,72–4,17 

ɇɨɪɦɚɥɶɧɵɣ ɛɭɬɚɧ C4H10, ɨɛ. % 1,43–10,43 

ɂɡɨɩɟɧɬɚɧ iC5H12, ɨɛ. % 0,46–4,83 

ɇɨɪɦɚɥɶɧɵɣ ɩɟɧɬɚɧ C5H12, ɨɛ. % 0,38–4,04 

Ƚɟɤɫɚɧ C6H14, ɨɛ. % 0,25–1,63 

ɋɟɪɨɜɨɞɨɪɨɞ H2S, ɨɛ. % 0,0001–7,0 

Ƚɟɥɢɣ ɇɟ, ɨɛ. % 0,0001–0,13 

ɉɥɨɬɧɨɫɬɶ, ɤɝ/ɦ3 0,9–1,3 

ɇɢɡɲɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ, ɤȾɠ/ɦ3,  

ɤɤɚɥ/ɦ3 

35112–54758 

8400–13100 

ɑɢɫɥɨ ȼɨɛɛɟ, ɤȾɠ/ɦ3,  

ɤɤɚɥ/ɦ3 

36366–53086 

8700–12700 

Ɇɟɬɚɧɨɜɨɟ ɱɢɫɥɨ 28,7–52,5 

Ⱥɛɫɨɥɸɬɧɚɹ ɜɥɚɠɧɨɫɬɶ, ɝ/ɦ3 2,8–3,8 

Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɜɥɚɠɧɨɫɬɶ, % 33,0–50,0 

 

ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɫɨɞɟɪɠɚɧɢɹ ɚɡɨɬɚ ɜ ɫɨɫɬɚɜɟ ɉɇȽ ɫɭɠɚɸɬɫɹ ɩɪɟɞɟ-
ɥɵ ɭɫɬɨɣɱɢɜɨɝɨ ɝɨɪɟɧɢɹ ɬɨɩɥɢɜɨɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ. ȼ ɬɨɩɥɢɜɨɜɨɡɞɭɲ-

ɧɨɣ ɫɦɟɫɢ, ɧɚɯɨɞɹɳɟɣɫɹ ɜɧɟ ɷɬɢɯ ɩɪɟɞɟɥɨɜ, ɩɥɚɦɹ ɧɟ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ 
ɢɡ-ɡɚ ɭɜɟɥɢɱɟɧɢɹ ɬɟɩɥɨɜɵɯ ɩɨɬɟɪɶ ɧɚ ɧɚɝɪɟɜ ɢɧɟɪɬɧɨɝɨ ɚɡɨɬɚ (ɫɦɟɫɶ 
ɦɨɠɟɬ ɜɫɩɵɯɧɭɬɶ, ɧɨ ɬɭɬ ɠɟ ɩɨɝɚɫɧɟɬ). 

ɉɪɢ ɭɬɢɥɢɡɚɰɢɢ ɉɇȽ ɜ ɷɧɟɪɝɨɭɫɬɚɧɨɜɤɚɯ ɞɥɹ ɜɵɪɚɛɨɬɤɢ ɷɥɟɤ-
ɬɪɢɱɟɫɤɨɣ ɢ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɜɚɠɧɵɦ ɹɜɥɹɟɬɫɹ ɬɳɚ-
ɬɟɥɶɧɨɟ ɨɬɫɥɟɠɢɜɚɧɢɟ ɤɚɱɟɫɬɜɚ ɬɨɩɥɢɜɧɨɝɨ ɝɚɡɚ ɢ ɩɪɟɞɨɬɜɪɚɳɟɧɢɟ ɨɛ-

ɪɚɡɨɜɚɧɢɹ ɜ ɧɟɦ ɠɢɞɤɢɯ ɮɪɚɤɰɢɣ. ɀɢɞɤɢɟ ɮɪɚɤɰɢɢ ɦɨɝɭɬ ɮɨɪɦɢɪɨ-
ɜɚɬɶɫɹ ɢɡ ɤɨɧɞɟɧɫɢɪɭɟɦɵɯ ɜɵɫɲɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ (ɩɟɧɬɚɧ ɢ ɜɵɲɟ), 
ɚ ɬɚɤɠɟ ɢɡ ɜɥɚɝɢ ɜɨɞɹɧɵɯ ɩɚɪɨɜ ɜɥɚɠɧɨɝɨ ɬɨɩɥɢɜɧɨɝɨ ɝɚɡɚ. Ⱦɥɹ ɬɨɝɨ 
ɱɬɨɛɵ ɢɫɤɥɸɱɢɬɶ ɨɛɪɚɡɨɜɚɧɢɟ ɠɢɞɤɢɯ ɮɪɚɤɰɢɣ ɜ ɬɨɩɥɢɜɧɨɣ ɫɢɫɬɟɦɟ 
ɷɧɟɪɝɨɭɫɬɚɧɨɜɤɢ, ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɬɨɱɤɢ ɪɨɫɵ ɤɚɤ 
ɩɨ ɭɝɥɟɜɨɞɨɪɨɞɚɦ, ɬɚɤ ɢ ɩɨ ɜɨɞɟ ɩɪɢ ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ. Ⱦɥɹ ɭɞɚ-
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ɥɟɧɢɹ ɠɢɞɤɢɯ ɮɪɚɤɰɢɣ ɢɡ ɫɨɫɬɚɜɚ ɬɨɩɥɢɜɧɨɝɨ ɝɚɡɚ ɧɟɨɛɯɨɞɢɦ ɟɝɨ ɩɪɨ-
ɝɪɟɜ ɞɨ ɩɨɞɚɱɢ ɜ ɬɨɩɥɢɜɧɭɸ ɫɢɫɬɟɦɭ ɷɧɟɪɝɨɭɫɬɚɧɨɜɤɢ ɨɬɪɚɛɨɬɚɧɧɵɦ 

ɧɚ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɟ ɪɚɛɨɱɢɦ ɬɟɥɨɦ ɜ ɫɩɟɰɢɚɥɶɧɨ ɪɚɡɪɚɛɨɬɚɧɧɨɦ ɬɟɩɥɨ-
ɨɛɦɟɧɧɢɤɟ. Ʉɨɦɩɪɢɦɢɪɨɜɚɧɢɟ ɬɨɩɥɢɜɧɨɝɨ ɝɚɡɚ ɩɟɪɟɞ ɩɨɞɚɱɟɣ ɜ Ʉɋ ɩɨ-
ɜɵɲɚɟɬ ɟɝɨ ɬɟɦɩɟɪɚɬɭɪɭ. ɉɨɩɚɞɚɧɢɟ ɠɢɞɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɜ Ʉɋ ɦɨ-
ɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɧɟɤɨɧɬɪɨɥɢɪɭɟɦɨɦɭ ɫɚɦɨɜɨɡɝɨɪɚɧɢɸ ɢ ɪɚɫɩɪɨɫɬɪɚɧɟ-
ɧɢɸ ɩɥɚɦɟɧɢ ɜɜɟɪɯ ɩɨ ɩɨɬɨɤɭ, ɧɚɡɵɜɚɟɦɨɦɭ «ɨɛɪɚɬɧɨɟ ɡɚɠɢɝɚɧɢɟ». 

Ɍɟɦɩɟɪɚɬɭɪɚ ɫɚɦɨɜɨɡɝɨɪɚɧɢɹ ɞɥɹ ɬɹɠɟɥɵɯ ɠɢɞɤɢɯ ɮɪɚɤɰɢɣ ɪɚɜɧɚ 204–

288 °ɋ. Ʉɨɧɬɚɤɬ ɫ ɜɨɡɞɭɯɨɦ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɜɵɲɟ ɞɚɧɧɨɣ ɩɪɢɜɨɞɢɬ 
ɤ ɦɝɧɨɜɟɧɧɨɦɭ ɜɨɫɩɥɚɦɟɧɟɧɢɸ ɤɚɩɟɥɶ ɠɢɞɤɨɫɬɢ ɢ ɧɟɤɨɧɬɪɨɥɢɪɭɟɦɨɦɭ 

ɩɨɞɜɨɞɭ ɬɟɩɥɚ ɤ ɷɥɟɦɟɧɬɚɦ ɤɨɧɫɬɪɭɤɰɢɢ Ʉɋ [2]. 

ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɫɨɞɟɪɠɚɧɢɹ ɫɟɪɨɜɨɞɨɪɨɞɚ ɜ ɫɨɫɬɚɜɟ ɉɇȽ ɭɜɟɥɢ-

ɱɢɜɚɟɬɫɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɫɟɪɨɫɨɞɟɪɠɚɳɢɯ ɫɨɟɞɢɧɟɧɢɣ SOx ɢ ɩɚɪɨɜ 
H2SO4 ɜ ɫɨɫɬɚɜɟ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ (ɉɋ), ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɡɧɚɱɢɬɟɥɶ-
ɧɨɦɭ ɤɨɪɪɨɡɢɨɧɧɨɦɭ ɭɧɨɫɭ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɩɨ «ɝɨɪɹɱɟ-
ɦɭ» ɬɪɚɤɬɭ ɷɧɟɪɝɨɭɫɬɚɧɨɜɤɢ. 

ȼ ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɭɫɬɚɧɨɜɤɚɯ ɡɧɚɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɚ ɩɟɪɟɞ 

ɧɟɨɯɥɚɠɞɚɟɦɨɣ ɬɭɪɛɢɧɨɣ ɩɪɢɧɢɦɚɟɬɫɹ ɨɛɵɱɧɨ ɪɚɜɧɵɦ 700–950 °ɋ ɩɨ 
ɭɫɥɨɜɢɹɦ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɞɟɬɚɥɟɫɛɨɪɨɱɧɵɯ ɟɞɢɧɢɰ (Ⱦɋȿ) ɬɭɪɛɢɧɵ. 

ɉɨɫɤɨɥɶɤɭ ɩɪɢ ɬɚɤɢɯ ɭɫɥɨɜɢɹɯ ɫɬɚɧɨɜɢɬɫɹ ɧɟɜɨɡɦɨɠɧɨɣ ɤɚɱɟɫɬɜɟɧɧɚɹ 
ɨɪɝɚɧɢɡɚɰɢɹ ɩɪɨɰɟɫɫɚ ɭɫɬɨɣɱɢɜɨɝɨ ɝɨɪɟɧɢɹ ɧɢ ɨɞɧɨɝɨ ɜɢɞɚ ɬɨɩɥɢɜɚ [3, 4], 

ɬɨ ɞɥɹ ɫɨɛɫɬɜɟɧɧɨ ɝɨɪɟɧɢɹ ɬɨɩɥɢɜɧɨɝɨ ɝɚɡɚ ɧɟɨɛɯɨɞɢɦɨ ɜɵɞɟɥɢɬɶ ɡɨɧɭ 
ɝɨɪɟɧɢɹ ɫ ɩɨɞɜɨɞɨɦ ɩɟɪɜɢɱɧɨɝɨ ɜɨɡɞɭɯɚ, ɨɛɟɫɩɟɱɢɜɚɹ ɭɫɥɨɜɢɹ ɭɫɬɨɣ-

ɱɢɜɨɝɨ ɝɨɪɟɧɢɹ ɢ ɜɵɫɨɤɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɩɪɨɰɟɫɫɚ. Ɉɫɬɚɥɶɧɚɹ ɱɚɫɬɶ 
ɰɢɤɥɨɜɨɝɨ ɜɨɡɞɭɯɚ (ɜɬɨɪɢɱɧɵɣ ɜɨɡɞɭɯ), ɦɢɧɭɹ ɡɨɧɭ ɝɨɪɟɧɢɹ, ɱɟɪɟɡ ɳɟ-
ɥɢ ɢɥɢ ɪɹɞɵ ɨɬɜɟɪɫɬɢɣ ɩɨɞɚɟɬɫɹ ɜ ɡɨɧɵ ɫɦɟɲɟɧɢɹ (ɪɚɡɛɚɜɥɟɧɢɹ), ɝɞɟ, 
ɫɦɟɲɢɜɚɹɫɶ ɫ ɉɋ ɡɨɧɵ ɝɨɪɟɧɢɹ, ɨɛɟɫɩɟɱɢɜɚɟɬ ɡɚɞɚɧɧɵɣ ɭɪɨɜɟɧɶ ɬɟɦ-

ɩɟɪɚɬɭɪɵ ɝɚɡɨɜ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ. 

Ȼɵɥɚ ɩɪɨɜɟɞɟɧɚ ɫɟɪɢɹ ɪɚɫɱɟɬɨɜ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɨɛɳɟɝɨ ɨɛɥɢɤɚ 
ɦɧɨɝɨɡɨɧɧɨɣ Ʉɋ ɞɥɹ ɫɠɢɝɚɧɢɹ ɪɚɡɧɨɪɨɞɧɵɯ ɩɨ ɫɨɫɬɚɜɭ, ɧɟɨɱɢɳɟɧɧɵɯ 
ɢ ɜɥɚɠɧɵɯ ɉɇȽ ɪɚɡɥɢɱɧɵɯ ɦɟɫɬɨɪɨɠɞɟɧɢɣ ɢ ɫɪɚɜɧɟɧɢɹ ɟɝɨ ɫ ɢɦɟɸɳɢ-

ɦɢɫɹ Ʉɋ ɚɜɢɚɰɢɨɧɧɵɯ, ɬɪɚɧɫɩɨɪɬɧɵɯ ɢ ɫɬɚɰɢɨɧɚɪɧɵɯ ɝɚɡɨɬɭɪɛɢɧɧɵɯ 
ɞɜɢɝɚɬɟɥɟɣ ɢ ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɭɫɬɚɧɨɜɨɤ [2]. Ⱦɥɹ ɞɚɥɶɧɟɣɲɢɯ ɪɚɡɪɚɛɨɬɨɤ 
ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɦɧɨɝɨɡɨɧɧɚɹ Ʉɋ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜ ɡɨɧɟ ɝɨɪɟɧɢɹ ɫɟ-
ɪɢɣɧɨɣ ɞɢɮɮɭɡɢɨɧɧɨɣ ɝɨɪɟɥɤɢ, ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶɸ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ 
ɩɨɥɹ ɧɚ ɜɵɯɨɞɟ 0,17,θ=  ɨɬɧɨɲɟɧɢɟɦ ɞɥɢɧɵ ɀɌ ɤ ɟɟ ɞɢɚɦɟɬɪɭ 

ɀɌ ɀɌ/ 2,072l d =  ɢ ɬɟɩɥɨɧɚɩɪɹɠɟɧɧɨɫɬɶɸ 0,21=  Ⱦɠ/(ɦ3
·ɫ·ɉɚ). ɇɢɠɟ 
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ɩɪɢɜɨɞɹɬɫɹ ɨɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ ɩɪɢ ɜɵɛɨɪɟ ɪɟɠɢɦɧɵɯ ɢ ɝɟɨɦɟɬɪɢɱɟ-
ɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɜ Ʉɋ. 

Ⱦɥɢɧɚ ɀɌ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ ɨɛɟɫɩɟɱɟɧɢɹ ɡɚɞɚɧɧɨɣ ɧɟɪɚɜ-
ɧɨɦɟɪɧɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɧɚ ɜɵɯɨɞɟ ș  [5, 6]: 

1

ɀɌ ɀɌ

ɀɌ ɀɌ

1
ln

1

l P
A

d q

−∆ = −θ  , 

ɝɞɟ ɷɦɩɢɪɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ 07,0=A  ɞɥɹ ɬɪɭɛɱɚɬɨɣ Ʉɋ; ɀɌP∆ , 

ɀɌq  – ɩɚɞɟɧɢɟ ɞɚɜɥɟɧɢɹ ɢ ɫɤɨɪɨɫɬɧɨɣ ɧɚɩɨɪ ɜ ɠɚɪɨɜɨɣ ɬɪɭɛɟ. ɇɟɪɚɜ-
ɧɨɦɟɪɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɧɚ ɜɵɯɨɞɟ  

max min

cp

T T

T

−θ= , 

ɝɞɟ maxT , minT , cpT  – ɦɚɤɫɢɦɚɥɶɧɚɹ, ɦɢɧɢɦɚɥɶɧɚɹ ɢ ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭ-

ɪɵ ɉɋ ɩɨ ɩɨɩɟɪɟɱɧɨɦɭ ɫɟɱɟɧɢɸ ɧɚ ɜɵɯɨɞɟ ɢɡ Ʉɋ. 

ɉɥɨɳɚɞɢ ɦɢɞɟɥɟɜɨɝɨ ɫɟɱɟɧɢɹ ɬɪɭɛɵ 
2
ɀɌ

ɀɌ 4

d
F

π=  ɢ ɤɨɠɭɯɚ 

2
ɤ

ɤ 4

d
F

π⋅=  ɫɜɹɡɚɧɵ ɫɨɨɬɧɨɲɟɧɢɟɦ 

ɀɌ ɤF kF= . 

ɉɨ ɨɩɵɬɭ ɩɪɟɞɲɟɫɬɜɭɸɳɢɯ ɪɚɡɪɚɛɨɬɨɤ ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɩɨɪɰɢɨ-
ɧɚɥɶɧɨɫɬɢ 0,7...0,8k =  ɞɥɹ ɬɪɭɛɱɚɬɵɯ Ʉɋ. 

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɩɥɨɳɚɞɟɣ ɨɬɜɟɪɫɬɢɣ ɩɨ ɞɥɢɧɟ ɠɚɪɨɜɨɣ ɬɪɭɛɵ ɹɜ-
ɥɹɟɬɫɹ ɜɚɠɧɟɣɲɢɦ ɤɨɧɫɬɪɭɤɬɢɜɧɵɦ ɩɚɪɚɦɟɬɪɨɦ Ʉɋ. Ɉɬ ɬɨɝɨ, ɧɚɫɤɨɥɶ-
ɤɨ ɩɪɚɜɢɥɶɧɨ ɡɚɞɚɧɨ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜɨɡɞɭɯɚ, ɛɭɞɭɬ ɡɚɜɢɫɟɬɶ ɜɫɟ ɨɫɧɨɜ-
ɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ Ʉɋ – ɩɨɥɧɨɬɚ ɫɝɨɪɚɧɢɹ, ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɪɟɞɧɵɯ 

ɢ ɤɨɪɪɨɡɢɨɧɧɨ-ɚɤɬɢɜɧɵɯ ɜɟɳɟɫɬɜ ɜ ɫɨɫɬɚɜɟ ɉɋ ɢ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶ 
ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɧɚ ɜɯɨɞɟ ɜ ɬɭɪɛɢɧɭ. ɇɚ ɫɬɚɞɢɢ ɷɫɤɢɡɧɨɝɨ ɩɪɨ-

ɟɤɬɢɪɨɜɚɧɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜɨɡɞɭɯɚ ɫɥɟɞɭɟɬ ɡɚɞɚɜɚɬɶ ɧɚ ɨɫɧɨɜɚɧɢɢ 

ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɞɚɧɧɵɯ, ɩɨɥɭɱɟɧɧɵɯ ɨɛɨɛɳɟɧɢɟɦ ɨɩɵɬɚ ɩɪɨɟɤɬɢɪɨ-

ɜɚɧɢɹ Ʉɋ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɡɚɞɚɜɚɥɨɫɶ ɥɢɧɟɣɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɤɨɷɮɮɢɰɢ-

ɟɧɬɚ ɢɡɛɵɬɤɚ ɨɤɢɫɥɢɬɟɥɹ ɩɨ ɞɥɢɧɟ ɀɌ ɨɬ 1,08α =  ɜ ɡɨɧɟ ɝɨɪɟɧɢɹ ɞɨ 
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7,10α =  ɧɚ ɜɵɯɨɞɟ ɢɡ Ʉɋ. ɉɨɬɪɟɛɧɵɣ ɪɚɫɯɨɞ ɜɬɨɪɢɱɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɡɨ-
ɧɭ ɪɚɡɛɚɜɥɟɧɢɹ i 

1

ɨɤ 0 ɝɨɪ ɨɤ
1

,
i j

i

i m

j

g K g g
−
=

= α −∑  

ɝɞɟ iα  – ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɨɤɢɫɥɢɬɟɥɹ ɜ ɡɨɧɟ ɪɚɡɛɚɜɥɟɧɢɹ i; 0mK  – 

ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ ɜɨɡɞɭɯɨɦ ɢ ɬɨɩɥɢɜɧɵɦ ɝɚɡɨɦ; 

ɝɨɪg  – ɪɚɫɯɨɞ ɬɨɩɥɢɜɧɨɝɨ ɝɚɡɚ ɜ ɡɨɧɭ ɝɨɪɟɧɢɹ. 
ɋɤɨɪɨɫɬɶ ɩɨɞɚɱɢ ɜɬɨɪɢɱɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɡɨɧɭ ɪɚɡɛɚɜɥɟɧɢɹ ɨɩɪɟɞɟ-

ɥɹɟɬɫɹ ɩɨ ɡɚɞɚɧɧɨɦɭ ɨɬɧɨɲɟɧɢɸ ɞɢɧɚɦɢɱɟɫɤɢɯ ɧɚɩɨɪɨɜ ɫɬɪɭɢ ɜɬɨɪɢɱ-
ɧɨɝɨ ɜɨɡɞɭɯɚ ɢ ɩɨɬɨɤɚ ɉɋ ɜ ɀɌ [5, 7]: 

2
ɨɤ ɨɤ

2
ɉɋ ɉɋ

W
q

W

ρ= ρ , 

ɝɞɟ ɩɨ ɨɩɵɬɭ ɩɪɟɞɲɟɫɬɜɭɸɳɢɯ ɪɚɡɪɚɛɨɬɨɤ q  = 20...30; ɨɤρ , ɨɤW  – 

ɩɥɨɬɧɨɫɬɶ ɢ ɫɤɨɪɨɫɬɶ ɜɬɨɪɢɱɧɨɝɨ ɜɨɡɞɭɯɚ; ɉɋρ , ɉɋW  – ɩɥɨɬɧɨɫɬɶ 
ɢ ɫɤɨɪɨɫɬɶ ɉɋ. 

ɉɨɬɪɟɛɧɚɹ ɩɥɨɳɚɞɶ ɨɬɜɟɪɫɬɢɣ ɜ ɫɬɟɧɤɟ ɀɌ ɞɥɹ ɩɨɞɜɨɞɚ ɜɬɨɪɢɱ-
ɧɨɝɨ ɜɨɡɞɭɯɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɭɪɚɜɧɟɧɢɸ ɧɟɪɚɡɪɵɜɧɨɫɬɢ 

ɨɤ
ɨɤ

ɨɤ ɨɤ ɨɬɜ

g
F

W
= ρ µ , 

ɝɞɟ ɨɬɜµ  – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ ɳɟɥɟɣ ɢɥɢ ɨɬɜɟɪɫɬɢɣ. 

ɋɤɨɪɨɫɬɶ ɉɋ ɜ ɡɨɧɟ i 

ɨɤ ɝɨɪ
ɉɋ

ɀɌ ɉɋ ɀɌ

i

i

g g
W

F

+= µ ρ∑
, 

ɝɞɟ ɀɌµ  – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ ɜ ɀɌ. 

ȼɵɫɨɬɚ ɤɨɥɶɰɟɜɨɝɨ ɤɚɧɚɥɚ ɦɟɠɞɭ ɀɌ ɢ ɤɨɠɭɯɨɦ 

ɤ ɀɌ
ɀɌ2

d d
h

−= −δ , 

ɝɞɟ ɤd , ɀɌd  – ɜɧɭɬɪɟɧɧɢɟ ɞɢɚɦɟɬɪɵ ɤɨɠɭɯɚ ɢ ɠɚɪɨɜɨɣ ɬɪɭɛɵ; ɀɌδ  – 

ɬɨɥɳɢɧɚ ɠɚɪɨɜɨɣ ɬɪɭɛɵ. 
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ȼɪɟɦɹ ɩɪɟɛɵɜɚɧɢɹ ɜ ɡɨɧɟ i 
2

ɉɋɀɌ
ɉɊ

ɉɋ4i

i

ld

g

ρπ  τ =    . 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɪɟɠɢɦɧɵɯ ɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɨ 
ɩɪɟɞɥɨɠɟɧɧɨɣ ɦɟɬɨɞɢɤɟ ɧɟɨɛɯɨɞɢɦɚ ɢɧɮɨɪɦɚɰɢɹ ɨ ɩɚɪɚɦɟɬɪɚɯ ɝɨɪɟ-
ɧɢɹ ɪɚɡɧɨɪɨɞɧɵɯ ɩɨ ɫɨɫɬɚɜɭ ɉɇȽ. ɋ ɷɬɨɣ ɰɟɥɶɸ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɬɟɪ-
ɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ ɩɪɨɰɟɫɫɚ ɝɨɪɟɧɢɹ ɉɇȽ 15 ɦɟɫɬɨɪɨɠɞɟɧɢɣ 

ɉɟɪɦɫɤɨɝɨ ɤɪɚɹ. ɉɪɢɜɟɞɟɧɧɵɟ ɜ ɫɬɚɬɶɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɥɭɱɟɧɵ ɫ ɢɫɩɨɥɶ-
ɡɨɜɚɧɢɟɦ ɩɚɪɚɦɟɬɪɨɜ ɉɋ, ɪɚɫɫɱɢɬɚɧɧɵɯ ɩɭɬɟɦ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɨɛɪɚ-
ɛɨɬɤɢ ɪɟɡɭɥɶɬɚɬɨɜ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ ɫ ɞɨɜɟɪɢɬɟɥɶɧɨɣ ɜɟɪɨ-
ɹɬɧɨɫɬɶɸ 95 %. ɇɚ ɪɢɫ. 1 ɩɨɤɚɡɚɧɨ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɉɋ 

ɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɩɨ ɞɥɢɧɟ ɦɧɨɝɨɡɨɧɧɨɣ Ʉɋ. 

 

Ɋɢɫ. 1. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ  
ɩɨ ɞɥɢɧɟ Ʉɋ: 1 – ɬɟɦɩɟɪɚɬɭɪɚ ɉɋ ɜ Ʉɋ; 2 – ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ  

ɨɤɢɫɥɢɬɟɥɹ ɜ Ʉɋ 

Ɋɟɠɢɦɧɵɟ ɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɦɧɨɝɨɡɨɧɧɨɣ Ʉɋ, ɩɨɥɭ-
ɱɟɧɧɵɟ ɩɨ ɩɪɢɜɟɞɟɧɧɨɣ ɜɵɲɟ ɦɟɬɨɞɢɤɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɚɧɧɵɯ ɬɟɪ-
ɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ (ɫɦ. ɪɢɫ. 1), ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɢɠɟ. 

Ɋɟɠɢɦɧɵɟ ɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɦɧɨɝɨɡɨɧɧɨɣ Ʉɋ ɞɥɹ 
ɫɠɢɝɚɧɢɹ ɉɇȽ: 
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Ɇɚɫɫɨɜɵɣ ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ, ɤɝ/ɫ 2,539 

Ɇɚɫɫɨɜɵɣ ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ ɜ ɡɨɧɭ ɝɨɪɟɧɢɹ, ɤɝ/ɫ 0,386 

Ɇɚɫɫɨɜɵɣ ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ ɜ ɡɨɧɵ ɪɚɡɛɚɜɥɟɧɢɹ, ɤɝ/ɫ 2,153 

Ɇɚɫɫɨɜɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɧɨɝɨ ɝɚɡɚ, ɤɝ/ɫ 0,024 

Ʉɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɜ ɡɨɧɟ ɝɨɪɟɧɢɹ 1,08 

Ɍɟɦɩɟɪɚɬɭɪɚ ɉɋ ɜ ɡɨɧɟ ɝɨɪɟɧɢɹ, Ʉ 

 °C 

2385,7 

2112,7 

Ⱦɚɜɥɟɧɢɟ ɜɨɡɞɭɯɚ ɧɚ ɜɯɨɞɟ ɜ Ʉɋ, ɤɉɚ 345,3 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɧɚ ɜɯɨɞɟ ɜ Ʉɋ, Ʉ  

°C 

443 

170 

Ⱦɚɜɥɟɧɢɟ ɬɨɩɥɢɜɧɨɝɨ ɝɚɡɚ ɧɚ ɜɯɨɞɟ ɜ Ʉɋ, ɤɉɚ 400 

Ɍɟɦɩɟɪɚɬɭɪɚ ɬɨɩɥɢɜɧɨɝɨ ɝɚɡɚ ɧɚ ɜɯɨɞɟ ɜ Ʉɋ, Ʉ 

°C 

288 

15 

Ⱦɚɜɥɟɧɢɟ ɧɚ ɜɵɯɨɞɟ ɢɡ Ʉɋ, ɤɉɚ 328 

Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ Ʉɋ, Ʉ 

 °C 

973 

700 

Ʉɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɨɤɢɫɥɢɬɟɥɹ ɧɚ ɜɵɯɨɞɟ ɢɡ Ʉɋ 7,1 

ɋɬɟɯɢɨɦɟɬɪɢɱɟɫɤɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ  14,9 

Ɇɚɫɫɨɜɵɣ ɪɚɫɯɨɞ ɉɋ ɧɚ ɜɵɯɨɞɟ ɢɡ Ʉɋ, ɤɝ/ɫ 2,563 

ɇɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɩɨ ɩɨɩɟɪɟɱɧɨɦɭ ɫɟɱɟɧɢɸ 

ɧɚ ɜɵɯɨɞɟ ɢɡ Ʉɋ  
0,17 

ȼɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɠɚɪɨɜɨɣ ɬɪɭɛɵ, ɦ 0,460 

Ⱦɥɢɧɚ ɠɚɪɨɜɨɣ ɬɪɭɛɵ, ɦ 0,953 

Ɍɨɥɳɢɧɚ ɠɚɪɨɜɨɣ ɬɪɭɛɵ, ɦ 0,003 

ȼɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɤɨɠɭɯɚ, ɦ 0,549 

Ɍɨɥɳɢɧɚ ɤɨɠɭɯɚ, ɦ 0,005 

ɒɢɪɢɧɚ ɤɨɥɶɰɟɜɨɝɨ ɡɚɡɨɪɚ ɦɟɠɞɭ ɤɨɠɭɯɨɦ ɢ ɠɚɪɨɜɨɣ ɬɪɭɛɨɣ, ɦ 0,042 

Ɉɬɧɨɲɟɧɢɟ ɞɢɧɚɦɢɱɟɫɤɢɯ ɧɚɩɨɪɨɜ ɜɬɨɪɢɱɧɨɝɨ ɜɨɡɞɭɯɚ ɢ ɝɚɡɚ ɜ 
ɠɚɪɨɜɨɣ ɬɪɭɛɟ  30 

Ʉɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ ɨɬɜɟɪɫɬɢɣ  0,8 

Ɍɟɩɥɨɧɚɩɪɹɠɟɧɧɨɫɬɶ, Ⱦɠ/(ɦ3·ɫ·ɉɚ) 21,0  

ɉɨɥɧɨɬɚ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ 0,98 

Ɍɟɩɥɨɜɚɹ ɦɨɳɧɨɫɬɶ, ɤȼɬ 1183,0 

 

Ɋɚɡɪɚɛɚɬɵɜɚɟɦɚɹ Ʉɋ ɞɨɥɠɧɚ ɧɚɞɟɠɧɨ ɮɭɧɤɰɢɨɧɢɪɨɜɚɬɶ ɩɪɢ ɫɠɢ-

ɝɚɧɢɢ ɉɇȽ ɪɚɡɥɢɱɧɵɯ ɦɟɫɬɨɪɨɠɞɟɧɢɣ, ɨɬɥɢɱɚɸɳɢɯɫɹ ɩɨ ɫɨɫɬɚɜɭ, 

ɜɥɚɠɧɨɫɬɢ ɢ ɞɪɭɝɢɦ ɩɚɪɚɦɟɬɪɚɦ. Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɪɟɫɭɪɫɚ ɪɚɛɨɬɵ ɞɨ 
100 000 ɱ (ɤɚɩɢɬɚɥɶɧɵɣ ɪɟɦɨɧɬ 60 000 ɱ) ɧɟɨɛɯɨɞɢɦ ɬɳɚɬɟɥɶɧɵɣ ɜɵ-

ɛɨɪ ɯɪɨɦɨɧɢɤɟɥɟɜɵɯ ɫɩɥɚɜɨɜ, ɪɚɛɨɬɚɸɳɢɯ ɜ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ 

ɤɨɪɪɨɡɢɨɧɧɨ-ɚɤɬɢɜɧɨɣ ɫɪɟɞɟ. ɋ ɰɟɥɶɸ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɜɵɛɨɪɚ ɤɨɧɫɬ-
ɪɭɤɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɬɟɪɦɨɯɢɦɢɱɟɫɤɢɟ ɢ ɬɟɪɦɨɞɢ-

ɧɚɦɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɫɬɚɜɚ ɉɋ ɩɨ ɞɥɢɧɟ Ʉɋ. Ɋɟɡɭɥɶ-
ɬɚɬɵ ɷɬɢɯ ɪɚɫɱɟɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 2. 
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Ɋɢɫ. 2. ɋɨɫɬɚɜ ɉɋ ɩɨ ɞɥɢɧɟ Ʉɋ: 1 – H2O; 2 – N2; 3 – CO2; 4 – OH; 5 – O;  

6 – O2; 7 – SO2; 8 – NO; 9 – NO2; 10 – N2O; 11 – SO3; 12 – HNO2; 13 – H2SO4 

ȼ ɉɋ ɉɇȽ ɧɚɢɛɨɥɶɲɭɸ ɤɨɪɪɨɡɢɨɧɧɭɸ ɚɤɬɢɜɧɨɫɬɶ ɢɦɟɸɬ ɩɚɪɵ 

ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ H2SO4, ɨɤɫɢɞ ɫɟɪɵ SO, ɞɢɨɤɫɢɞ ɫɟɪɵ SO2, ɬɪɢɨɤɫɢɞ 

ɫɟɪɵ SO3, ɩɚɪɵ ɜɨɞɵ H2Ɉ [8]. Ɇɟɧɟɟ ɜɫɟɝɨ ɫɟɪɨɫɨɞɟɪɠɚɳɢɟ ɝɚɡɵ ɞɟɣ-

ɫɬɜɭɸɬ ɧɚ ɯɪɨɦ, ɩɨɷɬɨɦɭ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɫɤɨɪɨɫɬɢ ɨɤɢɫɥɟɧɢɹ ɯɪɨɦɢ-

ɫɬɵɟ ɫɬɚɥɢ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɟɟ ɯɪɨɦɨɧɢɤɟɥɟɜɵɯ. ɋɨɞɟɪɠɚɧɢɟ ɧɢɤɟɥɹ 
ɜ ɫɨɫɬɚɜɟ ɫɩɥɚɜɚ ɧɟɨɛɯɨɞɢɦɨ ɧɟ ɞɥɹ ɭɦɟɧɶɲɟɧɢɹ ɫɤɨɪɨɫɬɢ ɨɤɢɫɥɟɧɢɹ, 
ɚ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɯɨɪɨɲɢɯ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ [9]. ɉɨɞɛɨɪɨɦ ɫɨ-
ɫɬɚɜɚ ɫɩɥɚɜɨɜ ɧɟɜɨɡɦɨɠɧɨ ɞɨɛɢɬɶɫɹ ɞɨɫɬɚɬɨɱɧɨɣ ɫɬɨɣɤɨɫɬɢ ɦɚɬɟɪɢɚ-
ɥɨɜ ɤ ɚɝɪɟɫɫɢɜɧɨɦɭ ɞɟɣɫɬɜɢɸ ɫɟɪɨɫɨɞɟɪɠɚɳɢɯ ɝɚɡɨɜ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦ-

ɩɟɪɚɬɭɪɚɯ – ɦɨɠɧɨ ɥɢɲɶ ɝɨɜɨɪɢɬɶ ɨɛ ɨɬɧɨɫɢɬɟɥɶɧɨɦ ɭɥɭɱɲɟɧɢɢ ɤɨɪ-
ɪɨɡɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ. 

Ⱥɧɚɥɢɡ ɫɨɫɬɚɜɨɜ ɉɋ ɢ ɫɭɳɟɫɬɜɭɸɳɢɯ ɠɚɪɨɫɬɨɣɤɢɯ ɫɩɥɚɜɨɜ ɩɨ-
ɤɚɡɚɥ, ɱɬɨ ɩɪɢ ɫɨɡɞɚɧɢɢ ɜɵɫɨɤɨɪɟɫɭɪɫɧɨɣ Ʉɋ ɞɥɹ ɭɬɢɥɢɡɚɰɢɢ ɉɇȽ ɰɟɥɟ-
ɫɨɨɛɪɚɡɧɨ ɩɪɢɦɟɧɟɧɢɟ ɫɩɥɚɜɨɜ ɏɇ60ȼɌ6, 20ɏ23ɇ18, 20ɏ25ɇ20ɋ2 

ɞɥɹ ɀɌ; 20ɏ23ɇȼ, 12ɏ18ɇ10Ɍ ɞɥɹ ɤɨɠɭɯɚ, ɚɪɦɚɬɭɪɵ ɢ ɤɪɟɩɟɠɧɵɯ 

ɢɡɞɟɥɢɣ [10]. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɩɪɟɞɟɥɟɧɵ ɪɟɠɢɦɧɵɟ ɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚ-
ɦɟɬɪɵ ɜɵɫɨɤɨɪɟɫɭɪɫɧɨɣ ɦɧɨɝɨɡɨɧɧɨɣ Ʉɋ ɞɥɹ ɭɬɢɥɢɡɚɰɢɢ ɪɚɡɧɨɪɨɞɧɵɯ 

ɩɨ ɫɨɫɬɚɜɭ ɉɇȽ ɪɚɡɥɢɱɧɵɯ ɦɚɥɨɞɟɛɢɬɧɵɯ ɦɟɫɬɨɪɨɠɞɟɧɢɣ. ɂɫɩɨɥɶɡɨ-
ɜɚɧɢɟ ɩɪɟɞɥɨɠɟɧɧɨɣ Ʉɋ ɜ ɫɨɫɬɚɜɟ ɷɧɟɪɝɨɭɫɬɚɧɨɜɤɢ ɩɨɡɜɨɥɹɟɬ ɜɵɪɚɛɚ-
ɬɵɜɚɬɶ 145 ɤȼɬ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. 
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