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 ɍȾɄ 57λ.6μμ004.942 

Ɋɚɡɪɚɛɨɬɤɚ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɩɪɨɰɟɫɫɚ ɜɵɪɚɳɢɜɚɧɢɹ ɝɪɢɛɨɜ ɜ 
ɤɭɥɶɬɢɜɚɰɢɨɧɧɨɣ ɤɚɦɟɪɟ 

Ȼɟɪɟɝɨɜɵɯ ɘ.ȼ., Ɉɪɥɨɜ ɘ.Ʉ., Ƚɪɵɧɶ Ɉ.ȼ. 
Ⱦɨɧɟɰɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 
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Ȼɟɪɟɝɨɜɵɯ ɘ.ȼ., Ɉɪɥɨɜ ɘ.Ʉ., Ƚɪɵɧɶ Ɉ.ȼ. Ɋɚɡɪɚɛɨɬɤɚ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɩɪɨɰɟɫɫɚ 
ɜɵɪɚɳɢɜɚɧɢɹ ɝɪɢɛɨɜ ɜ ɤɭɥɶɬɢɜɚɰɢɨɧɧɨɣ ɤɚɦɟɪɟ. ȼ ɫɬɚɬɶе ɩɪɢвеɞеɧɚ ɪɚɡɪɚɛоɬɤɚ ɞɢɧɚɦɢɱеɫɤоɣ 
ɦɚɬеɦɚɬɢɱеɫɤоɣ ɦоɞеɥɢ ɞɥɹ ɩɪоɝɧоɡɚ ɯɚɪɚɤɬеɪɢɫɬɢɤ ɩɪоɰеɫɫɚ ɪоɫɬɚ ɝɪɢɛов в ɤɭɥɶɬɢвɚɰɢоɧɧоɣ 
ɤɚɦеɪе. Ⱦɥɹ ɪеɲеɧɢɹ ɡɚɞɚɱɢ ɛɵɥ ɩɪовеɞеɧ ɚɧɚɥɢɡ ɯɚɪɚɤɬеɪɢɫɬɢɤ оɛɴеɤɬɚ ɦоɞеɥɢɪовɚɧɢɹ, 
ɢɫɫɥеɞовɚɧɵ ɯɢɦɢɤо-ɬеɯɧоɥоɝɢɱеɫɤɢе оɫоɛеɧɧоɫɬɢ ɩɪоɬеɤɚɧɢɹ ɩɪоɰеɫɫɚ, ɫɮоɪɦɢɪовɚɧɚ ɝɢɩоɬеɡɚ 
о ɦеɯɚɧɢɡɦе ɩɪоɰеɫɫɚ ɢ ɮоɪɦɚɥɢɡовɚɧɵ ɦɚɬеɦɚɬɢɱеɫɤɢе ɡɚвɢɫɢɦоɫɬɢ ɦоɞеɥɢ.  

 

ȼɜɟɞɟɧɢɟ 

ȼɟɲɟɧɤɚ – ɫɚɦɵɣ ɞɨɫɬɭɩɧɵɣ ɝɪɢɛ ɞɥɹ 
ɜɵɪɚɳɢɜɚɧɢɹ. ɉɥɨɞɵ ɜɟɲɟɧɤɢ ɫɨɞɟɪɠɚɬ ɞɨ 30% 
ɭɫɜɨɹɟɦɨɝɨ ɛɟɥɤɚ ɩɨ ɫɭɯɨɦɭ ɜɟɫɭ. Ɉɧ ɜɤɥɸɱɚɟɬ 17 
ɪɚɡɥɢɱɧɵɯ ɚɦɢɧɨɤɢɫɥɨɬ, ɜ ɬɨɦ ɱɢɫɥɟ 8 
ɧɟɡɚɦɟɧɢɦɵɯ. ɍɩɨɬɪɟɛɥɟɧɢɟ ɜɟɲɟɧɤɢ ɫɧɢɠɚɟɬ 
ɜɵɫɨɤɨɟ ɤɪɨɜɹɧɨɟ ɞɚɜɥɟɧɢɟ, ɭɥɭɱɲɚɟɬ 
ɩɢɳɟɜɚɪɟɧɢɟ Д1Ж. 

ɉɪɨɢɡɜɨɞɫɬɜɨ ɝɪɢɛɨɜ ɨɬɧɨɫɢɬɫɹ ɤ ɨɞɧɨɦɭ 
ɢɡ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɪɚɡɜɢɬɢɹ 
ɩɢɳɟɜɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. Ʉɪɭɩɧɵɟ ɝɪɢɛɧɵɟ 
ɯɨɡɹɣɫɬɜɚ ɢɫɩɨɥɶɡɭɸɬ ɪɚɡɧɨɨɛɪɚɡɧɵɟ 
ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɟ ɫɢɫɬɟɦɵ ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ 
ɡɚɞɚɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ ɜɵɪɚɳɢɜɚɧɢɹ 
ɝɪɢɛɨɜ. Ɉɛɡɨɪ ɥɢɬɟɪɚɬɭɪɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɩɨ 
ɩɨɞɨɛɧɵɦ ɫɢɫɬɟɦɚɦ ɩɨɤɚɡɚɥ, ɱɬɨ, ɧɟɫɦɨɬɪɹ ɧɚ 
ɭɫɩɟɲɧɨɟ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɷɬɢ 
ɫɢɫɬɟɦɵ ɧɟ ɩɪɟɞɩɨɥɚɝɚɸɬ ɪɟɲɟɧɢɟ ɡɚɞɚɱ 
ɨɩɬɢɦɚɥɶɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɰɟɫɫɨɦ Д2,6-9]. 

ɉɨɫɬɚɧɨɜɤɚ ɩɪɨɛɥɟɦɵ 

Ɋɨɫɬ ɤɨɧɤɭɪɟɧɬɧɨɣ ɛɨɪɶɛɵ ɧɚ ɷɬɨɦ ɪɵɧɤɟ 
ɩɨɜɵɲɚɟɬ ɬɪɟɛɨɜɚɧɢɹ ɤ ɭɪɨɜɧɸ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɰɟɫɫɨɦ, ɱɬɨ ɨɛɭɫɥɚɜɥɢɜɚɟɬ 
ɚɤɬɭɚɥɶɧɨɫɬɶ ɡɚɞɚɱɢ ɫɢɧɬɟɡɚ ɫɢɫɬɟɦɵ 
ɨɩɬɢɦɚɥɶɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɰɟɫɫɨɦ 
ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɝɪɢɛɨɜ ɫ ɰɟɥɶɸ ɭɜɟɥɢɱɟɧɢɹ 
ɨɛɴɟɦɨɜ ɩɪɨɢɡɜɨɞɫɬɜɚ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɢɜɟɞɟɧɚ ɪɚɡɪɚɛɨɬɤɚ 
ɞɢɧɚɦɢɱɟɫɤɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, 
ɩɨɡɜɨɥɹɸɳɟɣ ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɩɪɨɰɟɫɫɚ ɜɵɪɚɳɢɜɚɧɢɹ ɝɪɢɛɨɜ. Ɋɟɲɟɧɢɟ ɞɚɧɧɨɣ 
ɡɚɞɚɱɢ ɜɤɥɸɱɚɟɬμ 

- ɚɧɚɥɢɡ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɨɛɴɟɤɬɚ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ; 

- ɢɫɫɥɟɞɨɜɚɧɢɟ ɯɢɦɢɤɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɨɫɨɛɟɧɧɨɫɬɟɣ ɩɪɨɬɟɤɚɧɢɹ ɩɪɨɰɟɫɫɚ ɧɚ ɩɪɨɬɹɠɟɧɢɢ 

ɜɫɟɝɨ ɰɢɤɥɚ ɪɨɫɬɚ ɝɪɢɛɨɜ; 
- ɮɨɪɦɢɪɨɜɚɧɢɟ ɝɢɩɨɬɟɡɵ ɨ ɦɟɯɚɧɢɡɦɟ 

ɩɪɨɰɟɫɫɚ; 
- ɮɨɪɦɚɥɢɡɚɰɢɸ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ 

ɡɚɜɢɫɢɦɨɫɬɟɣ. 

Ɉɛɴɟɤɬ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

Ƚɪɢɛɧɢɰɚ ɜɟɲɟɧɤɢ ɨɛɥɚɞɚɟɬ ɚɤɬɢɜɧɵɦɢ 
ɮɟɪɦɟɧɬɚɦɢ ɞɥɹ ɭɫɜɨɟɧɢɹ ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɫɵɪɶɹ. 
Ɂɚ ɫɱɟɬ ɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɢ ɪɨɫɬɚ ɝɪɢɛɧɢɰɵ 
ɜɟɲɟɧɤɚ ɢɦɟɟɬ ɤɨɧɤɭɪɟɧɬɧɨɟ ɩɪɟɢɦɭɳɟɫɬɜɨ ɩɟɪɟɞ 
ɩɥɟɫɟɧɹɦɢ. ɉɨɷɬɨɦɭ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɞɪɭɝɢɯ ɝɪɢɛɨɜ, 
ɜɟɲɟɧɤɚ ɦɨɠɟɬ ɜɵɪɚɫɬɢ ɞɚɠɟ ɩɪɢ ɧɟ ɨɱɟɧɶ 
ɤɚɱɟɫɬɜɟɧɧɨɣ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ ɫɭɛɫɬɪɚɬɚ. 
ɋɭɛɫɬɪɚɬɧɵɣ ɛɥɨɤ ɞɥɹ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɜɟɲɟɧɤɢ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɨɥɢɷɬɢɥɟɧɨɜɵɣ ɦɟɲɨɤ 
ɩɥɨɬɧɨ ɧɚɛɢɬɵɣ ɞɪɟɜɟɫɧɵɦɢ ɨɩɢɥɤɚɦɢ ɢɥɢ 
ɞɪɭɝɢɦɢ ɪɚɫɬɢɬɟɥɶɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ Д1Ж. ɇɚ 
ɪɢɫɭɧɤɟ 1 ɩɨɤɚɡɚɧ ɩɪɨɰɟɫɫ ɜɵɪɚɳɢɜɚɧɢɹ ɜɟɲɟɧɤɢ. 

 

 
 

Ɋɢɫɭɧɨɤ 1 – ȼɵɪɚɳɢɜɚɧɢɟ ɜɟɲɟɧɤɢ 

 

Ⱥɧɚɥɢɡ ɨɛɴɟɤɬɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɨɞɟɪɠɢɬ 
ɢɫɫɥɟɞɨɜɚɧɢɟ ɭɫɬɪɨɣɫɬɜɚ ɤɭɥɶɬɢɜɚɰɢɨɧɧɨɣ 
ɤɚɦɟɪɵ ɢ ɩɪɨɰɟɫɫɚ ɜɵɪɚɳɢɜɚɧɢɹ ɝɪɢɛɨɜ.  
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Ʉɭɥɶɬɢɜɚɰɢɨɧɧɚɹ ɤɚɦɟɪɚ ɫɯɟɦɚɬɢɱɟɫɤɢ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2 

 

 
Ɋɢɫɭɧɨɤ 2 – ɋɯɟɦɚɬɢɱɟɫɤɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ 

ɤɭɥɶɬɢɜɚɰɢɨɧɧɨɣ ɤɚɦɟɪɵ 

 

Ʉɚɤ ɜɢɞɧɨ ɧɚ ɪɢɫɭɧɤɟ 2, ɤɭɥɶɬɢɜɚɰɢɨɧɧɚɹ 
ɤɚɦɟɪɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɡɚɤɪɵɬɨɟ ɩɨɦɟɳɟɧɢɟ, 

ɤɨɬɨɪɨɟ ɫɨɞɟɪɠɢɬμ ɫɬɟɥɥɚɠɢ ɞɥɹ ɩɨɞɜɟɲɢɜɚɧɢɹ 
ɛɥɨɤɨɜ (ɬɪɢ ɹɪɭɫɚ); ɫɭɛɫɬɪɚɬɧɵɟ ɛɥɨɤɢ (ɦɢɰɟɥɢɣ, 
ɫɭɛɫɬɪɚɬ, ɝɪɢɛɵ); ɚɷɪɨɡɨɥɶɧɵɣ ɝɟɧɟɪɚɬɨɪ; ɛɥɨɤ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɩɨɞɝɨɬɨɜɤɢ ɜɨɡɞɭɯɚ 
ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ (ɤɚɥɨɪɢɮɟɪɵ, ɫɦɟɫɢɬɟɥɶɧɚɹ 
ɤɚɦɟɪɚ, ɩɪɢɬɨɱɧɵɣ ɜɟɧɬɢɥɹɬɨɪ); ɛɥɨɤ ɜɵɜɨɞɚ 
ɜɨɡɞɭɯɚ ɤɭɥɶɬɢɜɚɰɢɨɧɧɨɣ ɤɚɦɟɪɵ (ɜɵɬɹɠɧɨɣ 
ɤɥɚɩɚɧ, ɜɟɧɬɢɥɹɬɨɪ) Д3Ж.  

ɉɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɝɪɢɛɨɜ ɜɵɞɟɥɹɸɬ ɱɟɬɵɪɟ 
ɝɥɨɛɚɥɶɧɵɟ ɫɬɚɞɢɢ. ɉɟɪɜɚɹ ɫɬɚɞɢɹ – ɫɬɚɞɢɹ 
ɡɚɪɚɫɬɚɧɢɹ ɫɭɛɫɬɪɚɬɧɵɯ ɛɥɨɤɨɜ ɦɢɰɟɥɢɟɦ, ɜɬɨɪɚɹ 
– ɫɬɚɞɢɹ ɩɥɨɞɨɧɨɲɟɧɢɹ ɢ ɩɟɪɜɚɹ ɜɨɥɧɚ 
ɩɥɨɞɨɧɨɲɟɧɢɹ, ɬɪɟɬɶɹ – ɫɬɚɞɢɹ ɨɬɞɵɯɚ ɦɟɠɞɭ 
ɞɜɭɦɹ ɜɨɥɧɚɦɢ ɩɥɨɞɨɧɨɲɟɧɢɹ, ɢɥɢ ɫɬɚɞɢɹ ɫɧɚ, ɢ 
ɩɨɫɥɟɞɧɹɹ – ɷɬɨ ɫɬɚɞɢɹ ɩɥɨɞɨɧɨɲɟɧɢɹ ɢ ɜɬɨɪɚɹ 
ɜɨɥɧɚ ɩɥɨɞɨɧɨɲɟɧɢɹ (ɬɚɛɥɢɰɚ 1).  

 

Ɍɚɛɥɢɰɚ 1 – Ʉɥɢɦɚɬɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ ɜ ɤɭɥɶɬɢɜɚɰɢɨɧɧɨɣ ɤɚɦɟɪɟ ɜ ɩɪɨɰɟɫɫɟ ɪɨɫɬɚ ɝɪɢɛɨɜ ɜɟɲɟɧɤɢ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɮɚɡ ɪɚɡɜɢɬɢɹ 

№ ɋɬɚɞɢɹ 
ɪɨɫɬɚ 

Ʉɨɥɢɱɟɫɬɜɨ 
ɞɧɟɣ 

Ɏɚɡɚ ɪɚɡɜɢɬɢɹ ɍɫɥɨɜɢɹ ɉɪɢɦɟɱɚɧɢɟ 
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2 

 

 

1 

ɂɧɤɭɛɚɰɢɹ 

 

 

 

ɂɧɢɰɢɚɰɢɹ 
ɭɜɥɚɠɧɟɧɢɟɦ 

 

Ɉɛɪɚɡɨɜɚɧɢɟ 
ɩɪɢɦɨɪɞɢɟɜ 

Ɍ ɜɨɡɞɭɯɚ 22-25
ɨɋ 

RH            70-75% 

CO2 ɞɨ 3000-5000 

ppm 

RH            90-95% 

 

 

CO2 ɞɨ 2000 ppЦ 

ȼ ɩɟɪɢɨɞ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 
ɪɚɡɨɝɪɟɜɚ ɬɟɦɩɟɪɚɬɭɪɚ 
ɫɭɛɫɬɪɚɬɚ ɞɨɫɬɢɝɚɟɬ 30ɨɋ 

 

 

 

 

Ɇɚɫɫɨɜɨ ɩɨɹɜɥɹɸɬɫɹ 
ɫɢɝɧɚɥɶɧɵɟ ɩɪɢɦɨɪɞɢɢ 
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4 

 

 

 

9 

ɉɥɨɞɨɨɛɪɚɡɨɜɚɧɢɟ 

 

 

 

ɋɛɨɪ 1-ɣ ɜɨɥɧɵ 

Ɍ ɜɨɡɞɭɯɚ 14-15
ɨɋ 

RH            90-92% 

CO2 ɞɨ λ00-1100 ppm 

RH            86-88% 

CO2 850-900 ppm 

Ⱦɥɹ ɩɥɨɞɨɨɛɪɚɡɨɜɚɧɢɹ ɧɟ 
ɬɪɟɛɭɟɬɫɹ ɪɟɡɤɨɝɨ 
ɩɨɧɢɠɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ 

 

ɉɪɢ ɭɦɟɪɟɧɧɨ ɧɢɡɤɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ ɤɚɱɟɫɬɜɨ 
ɝɪɢɛɨɜ ɥɭɱɲɟ 

3 

Ɉ
ɬɞ

ɵɯ
 

ɦɟ
ɠ

ɞɭ
 

ɞɜ
ɭɦ

ɹ 
ɜɨ

ɥɧ
ɚɦ

ɢ

5 ɇɚɝɪɟɜ Ɍ ɜɨɡɞɭɯɚ 20-23
ɨɋ 

RH            90-92% 

CO2 ɞɨ 2000 ppЦ 

Ɇɚɫɫɨɜɨ ɩɨɹɜɥɹɸɬɫɹ 
ɩɪɢɦɨɪɞɢɢ 

4 

ɉ
ɥɨ

ɞɨ
ɨɛ

ɪɚ
ɡɨ

ɜɚ
ɧɢ

ɟ 
ɢ 

2-
ɹ 

ɜɨ
ɥɧ

ɚ 
ɩɥ

ɨɞ
ɨɧ

ɨɲ
ɟɧ

ɢɹ
 

5 

 

 

 

10 

ɉɥɨɞɨɨɛɪɚɡɨɜɚɧɢɟ 

 

 

 

ɋɛɨɪ 2-ɣ ɜɨɥɧɵ 

Ɍ ɜɨɡɞɭɯɚ 14-15
ɨɋ 

RH            90-92% 

CO2 ɞɨ λ00-1100 ppm 

Ɍ ɜɨɡɞɭɯɚ 15-16
ɨɋ 

RH            86-88% 

CO2 ɞɨ λ00 ppЦ 

 

 

 

 

ɇɚ ɜɬɨɪɨɣ ɜɨɥɧɟ 
ɬɟɦɩɟɪɚɬɭɪɭ ɜɨɡɞɭɯɚ 
ɩɨɞɧɢɦɚɸɬ ɧɚ 1-2

 ɨɋ 

 

ȼ ɬɚɛɥɢɰɟ ɩɪɢɜɟɞɟɧɵ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɫɬɚɞɢɢ ɪɚɡɜɢɬɢɹ ɝɪɢɛɨɜ, ɤɥɢɦɚɬɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ 
ɞɥɹ ɜɫɟɝɨ ɰɢɤɥɚ ɪɨɫɬɚ ɜɟɲɟɧɤɢ (50 ɞɧɟɣ). 

ɉɪɨɰɟɫɫ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɝɪɢɛɨɜ ɜɨɡɦɨɠɟɧ 
ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɦɢɤɪɨɤɥɢɦɚɬɚ. ɇɚ 

ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ ɝɪɢɛɨɜ ɢ ɢɯ ɤɚɱɟɫɬɜɨ ɜɥɢɹɸɬ 
ɫɥɟɞɭɸɳɢɟ ɮɚɤɬɨɪɵμ ɡɧɚɱɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɚ; ɡɧɚɱɟɧɢɹ ɨɩɬɢɦɚɥɶɧɨɣ 
ɜɥɚɠɧɨɫɬɢ; ɡɧɚɱɟɧɢɹ ɫɤɨɪɨɫɬɢ ɩɨɞɚɱɢ ɫɜɟɠɟɝɨ 
ɜɨɡɞɭɯɚ; ɡɧɚɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ Д4Ж. Ⱦɥɹ 

В̛д 
̭̍оку 

Во̚ду̵ 
к̥̌е̬̼ 

Поток ̏о̚ду̵̌ 

Стелл̙̌ 

К̌ло̴̛̬е̬ 

8 

С̥е̛̭тел̦̽̌
я к̥̌е̬̌ 

К̌ло̴̛̬е
̬ 

к̥̌е̬̼

Фо̬̭у̦к
̌ 

А̬̾о̚ол̦̼̜̽ 
̐е̦е̬̌то̬ 

В̼тя̙̦о̜ кл̌п̦̌ c 

̏е̦т̛лято̬о̥ 

Ве̦т̛лято̬ Те̵̦оло̛̐че̭к̛̜ 
ко̛̬до̬ 

Су̭̍т̬̌т̦̼̜ 
̍лок 

8 
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ɜɵɹɜɥɟɧɢɹ ɦɟɯɚɧɢɡɦɚ ɜɥɢɹɧɢɹ ɭɤɚɡɚɧɧɵɯ 
ɮɚɤɬɨɪɨɜ ɧɚ ɩɪɨɰɟɫɫ ɩɪɨɢɡɜɨɞɫɬɜɚ ɧɟɨɛɯɨɞɢɦɨ 
ɢɫɫɥɟɞɨɜɚɬɶ ɟɝɨ ɯɢɦɢɤɨ-ɛɢɨɥɨɝɢɱɟɫɤɢɟ 
ɨɫɨɛɟɧɧɨɫɬɢ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɯɢɦɢɤɨ-

ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɩɪɨɬɟɤɚɧɢɹ ɩɪɨɰɟɫɫɚ 
ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɝɪɢɛɨɜ ɛɵɥɢ ɜɵɹɜɥɟɧɵ 
ɨɫɧɨɜɧɵɟ ɯɢɦɢɱɟɫɤɢɟ ɪɟɚɤɰɢɢ, ɩɪɨɢɫɯɨɞɹɳɢɟ ɜ 
ɡɨɧɟ ɫɭɛɫɬɪɚɬɧɨɝɨ ɛɥɨɤɚ ɢ ɜ ɡɨɧɟ ɩɥɨɞɨɜɵɯ ɬɟɥ 
[5]. 

ȼ ɡɨɧɟ ɫɭɛɫɬɪɚɬɧɨɝɨ ɛɥɨɤɚ ɨɫɧɨɜɧɵɦɢ 
ɹɜɥɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɪɟɚɤɰɢɢμ 
H2CO3ĺH

+
+HCO3   (1) 

HCO3↔CO2Ĺ+OH   (2) 

H2O+CO2↔H2CO3   (3) 

Ca2
+
+2HOOC COOHĺ2CaC2O4 + 4H

+
 (4) 

H2CO3+CaCO3ĺCa(HCO3)2  (5) 

2Ca(HCO3)2ĺCa2
+
+4HCO3  (6) 

C6H12O6+6O2ĺ6CO2Ĺ+6H2O+ɤȾɠ (7) 

ȼ ɡɨɧɟ ɩɥɨɞɨɜɵɯ ɬɟɥ (ɝɪɢɛɨɜ) ɨɫɧɨɜɧɵɦ 
ɯɢɦɢɱɟɫɤɢɦɢ ɪɟɚɤɰɢɹɦɢ ɹɜɥɹɸɬɫɹ ɪɟɚɤɰɢɢ (1), (2) 
ɢ (3).  

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɩɪɨɜɟɞɟɧɧɨɝɨ ɯɢɦɢɤɨ-

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɫɮɨɪɦɢɪɨɜɚɧɚ ɝɢɩɨɬɟɡɚ 
ɨ ɦɟɯɚɧɢɡɦɟ ɩɪɨɰɟɫɫɚ.  

Ɂɨɧɚ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɝɪɢɛɨɜ ɪɚɡɛɢɜɚɟɬɫɹ 
ɧɚ ɬɪɢ ɩɫɟɜɞɨɨɞɧɨɪɨɞɧɵɟ ɡɨɧɵ (ɪɢɫɭɧɨɤ 3):  

- 1-ɹ ɡɨɧɚ – ɡɨɧɚ ɫɭɛɫɬɪɚɬɧɨɝɨ ɛɥɨɤɚ;  
- 2-ɹ ɡɨɧɚ – ɡɨɧɚ ɩɥɨɞɨɜɵɯ ɬɟɥ (ɝɪɢɛɨɜ);  
- 3-ɹ ɡɨɧɚ – ɡɨɧɚ ɤɭɥɶɬɢɜɚɰɢɨɧɧɨɣ ɤɚɦɟɪɵ.  
 

 

 
Ɋɢɫɭɧɨɤ 3 – ɋɯɟɦɚɬɢɱɟɫɤɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɩɪɨɰɟɫɫɚ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɝɪɢɛɨɜ ɜɟɲɟɧɤɢ ɫ ɪɚɡɛɢɟɧɢɟɦ ɧɚ 

ɡɨɧɵ 

 

Ⱦɥɹ ɤɚɠɞɨɣ ɢɡ ɡɨɧ ɫɮɨɪɦɢɪɨɜɚɧ 
ɦɚɬɟɪɢɚɥɶɧɵɣ ɢ ɬɟɩɥɨɜɨɣ ɛɚɥɚɧɫ, ɨɬɨɛɪɚɠɟɧɧɵɣ 
ɫɯɟɦɚɬɢɱɟɫɤɢ ɧɚ ɪɢɫɭɧɤɟ 3.  

Ɇɚɬɟɪɢɚɥɶɧɵɣ ɛɚɥɚɧɫ ɯɚɪɚɤɬɟɪɢɡɭɟɬ 

ɢɡɦɟɧɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɜɟɳɟɫɬɜ ɜ ɡɨɧɟ, ɚ ɬɟɩɥɨɜɨɣ 

ɛɚɥɚɧɫ – ɢɡɦɟɧɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɬɟɩɥɚ ɜ ɡɨɧɟ. 

ɉɪɢ ɮɨɪɦɢɪɨɜɚɧɢɢ ɝɢɩɨɬɟɡɵ ɨ ɦɟɯɚɧɢɡɦɟ 
ɩɪɨɰɟɫɫɚ ɩɪɢɧɹɬɵ ɞɨɩɭɳɟɧɢɹμ ɝɪɚɞɢɟɧɬɵ 
ɩɥɨɬɧɨɫɬɟɣ ɜɧɭɬɪɢ ɤɚɠɞɨɣ ɢɡ ɡɨɧ ɨɬɫɭɬɫɬɜɭɸɬ, 
ɯɢɦɢɱɟɫɤɢɟ ɪɟɚɤɰɢɢ ɩɪɨɬɟɤɚɸɬ ɥɢɲɶ ɜ ɩɟɪɜɨɣ ɢ 
ɜɬɨɪɨɣ ɡɨɧɚɯ, ɚ ɪɟɚɤɰɢɢ (4) ɢ (5) ɧɟ ɩɪɢɧɢɦɚɸɬɫɹ 
ɜɨ ɜɧɢɦɚɧɢɟ ɢɡ-ɡɚ ɢɯ ɧɟɡɧɚɱɢɬɟɥɶɧɨɝɨ ɜɥɢɹɧɢɹ ɧɚ 
ɩɪɨɰɟɫɫ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɝɪɢɛɨɜ ɜɟɲɟɧɤɢ. ȼ 
ɤɚɱɟɫɬɜɟ ɨɪɝɚɧɢɱɟɫɤɨɣ ɞɨɛɚɜɤɢ ɜ ɫɭɛɫɬɪɚɬɟ 
ɩɪɢɫɭɬɫɬɜɭɟɬ ɬɨɥɶɤɨ ɳɚɜɟɥɟɜɚɹ ɤɢɫɥɨɬɚ.  

Ɋɚɡɪɚɛɨɬɤɚ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ 

ɇɚ ɨɫɧɨɜɟ ɫɮɨɪɦɢɪɨɜɚɧɧɨɣ ɝɢɩɨɬɟɡɵ 
ɪɚɡɪɚɛɨɬɚɧɵ ɭɪɚɜɧɟɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɜ 
ɜɢɞɟ ɫɢɫɬɟɦɵ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ. 
ɇɟɤɨɬɨɪɵɟ ɬɢɩɨɜɵɟ ɭɪɚɜɧɟɧɢɹ ɩɪɢɜɟɞɟɧɵ ɧɢɠɟ.  

ɂɡɦɟɧɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɭɝɨɥɶɧɨɣ ɤɢɫɥɨɬɵ 
H2CO3 ɜ ɡɨɧɟ 1μ 
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ɩɨɬɪɚɱɟɧɧɨɟ ɧɚ ɪɟɚɤɰɢɸ (1.3) (ɤɝ/c); )(32
11 tg

COH
d  – 

ɤɨɥɢɱɟɫɬɜɨ ɭɝɨɥɶɧɨɣ ɤɢɫɥɨɬɵ H2CO3, 

ɩɨɬɪɚɱɟɧɧɨɟ ɧɚ ɪɟɚɤɰɢɸ (1.1) (ɤɝ/c); i  – 

ɤɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɧɨɫɚ ɦɚɫɫɵ ɢɡ i-ɨɣ ɡɨɧɵ (ɦ/c); 

4,1i ; 21F - ɩɥɨɳɚɞɶ ɤɨɧɬɚɤɬɚ 1-ɨɣ ɢ 2-ɨɣ ɡɨɧɨɣ 
(ɦ2

); i  – ɩɥɨɬɧɨɫɬɶ i-ɣ ɡɨɧɵ (ɤɝ/ɦ3
); iвещеɫɬво ][ - 

ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɟɳɟɫɬɜɚ ɜ i-ɨɣ ɡɨɧɟ (ɞɨɥɢ). 
 

ɂɡɦɟɧɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɬɟɩɥɚ ɜ ɡɨɧɟ 2μ 
 

)()(

)(

322232221211

2333323
2

TTCFTTFK

TTCF
dt

dQ












,  (9) 

ɝɞɟ Сi – ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ i-ɨɣ ɡɨɧɵ 
(Ⱦɠ/Ʉɤɝ); Ti – ɬɟɦɩɟɪɚɬɭɪɚ i-ɨɣ ɡɨɧɵ (Ʉ); Ki – 

ɩɚɪɚɦɟɬɪɵ ɦɨɞɟɥɢ. 
 

Ɋɚɫɱɟɬ ɧɟɥɢɧɟɣɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɜ ɩɪɚɜɵɯ 
ɱɚɫɬɹɯ ɭɪɚɜɧɟɧɢɣ ɩɪɢɜɟɞɟɧ ɧɢɠɟ. 

Ɋɚɫɱɟɬ ɤɨɥɢɱɟɫɬɜɚ ɞɢɫɫɨɰɢɢɪɨɜɚɧɧɨɣ 
ɭɝɨɥɶɧɨɣ ɤɢɫɥɨɬɵ H2CO3 ɩɨ ɪɟɚɤɰɢɢ (3) ɜ ɡɨɧɟ i: 

 

i
i

COHCOH
di COH

RT

E
Kg ][exp 32

32
2

32
3 








 ,(10) 

ɝɞɟ вовещE   – ɷɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ 
(Ⱦɠ/ɦɨɥɶ);  R = 8,314 (Ⱦɠ/(ɦɨɥɶ∙Ʉ)) – 

ɭɧɢɜɟɪɫɚɥɶɧɚɹ ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ. 
 

Ɋɚɫɱɟɬ ɤɨɥɢɱɟɫɬɜɚ ɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɚ СO2 ɩɨ 
ɪɟɚɤɰɢɢ (3) ɜ ɡɨɧɟ i: 

 

ii

i
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i OHCO

RT

E
Kg ][][exp 2

2
3

2
3 


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 . (11) 

 

Ɋɚɫɱɟɬ ɤɨɥɢɱɟɫɬɜɚ ɝɥɸɤɨɡɵ C6 H12O6 ɩɨ 
ɪɟɚɤɰɢɢ (7) ɜ ɡɨɧɟ 1μ 

 

1216126
1
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4
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17 ][][exp OOHC

RT
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
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Ɋɚɫɱɟɬ ɤɨɧɰɟɧɬɪɚɰɢɣ ɜɟɳɟɫɬɜ ɞɥɹ ɜɫɟɯ 
ɩɫɟɜɞɨɨɞɧɨɪɨɞɧɵɯ ɡɨɧ ɩɪɢɜɟɞɟɧ ɧɢɠɟ.  

Ʉɨɧɰɟɧɬɪɚɰɢɹ ɭɝɨɥɶɧɨɣ ɤɢɫɥɨɬɵ H2CO3 ɞɥɹ 
i-ɨɣ ɡɨɧɵμ 
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i-ɨɣ ɡɨɧɵ (ɤɝ). 
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Ʉɨɧɰɟɧɬɪɚɰɢɹ ɝɥɸɤɨɡɵ C6H12Ɉ6 ɞɥɹ ɡɨɧɵ 1μ 
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Ʉɨɧɰɟɧɬɪɚɰɢɹ ɤɢɫɥɨɪɨɞɚ Ɉ2 ɞɥɹ ɡɨɧɵ 1μ 
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ɉɥɨɬɧɨɫɬɢ ɡɨɧ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨ 
ɧɢɠɟɩɪɢɜɟɞɟɧɧɨɣ ɮɨɪɦɭɥɟ. 

ɉɥɨɬɧɨɫɬɶ i-ɨɣ ɡɨɧɵμ 
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ɝɞɟ )(tVi  – ɷɬɨ ɨɛɴɟɦ i-ɨɣ ɡɨɧɵ (ɦ3
). 

Ɋɚɫɱɟɬ ɦɚɫɫɵ ɡɨɧɵμ 
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ɜɟɳɟɫɬɜ ɜ ɡɨɧɟ i. 

ȼɵɜɨɞɵ 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɚɡɪɚɛɨɬɚɧɚ ɫɬɪɭɤɬɭɪɚ 
ɞɢɧɚɦɢɱɟɫɤɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɞɥɹ 
ɩɪɨɝɧɨɡɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɨɰɟɫɫɚ ɪɨɫɬɚ ɝɪɢɛɨɜ ɜ 
ɤɭɥɶɬɢɜɚɰɢɨɧɧɨɣ ɤɚɦɟɪɟ. Ⱦɥɹ ɟё ɩɪɚɤɬɢɱɟɫɤɨɝɨ 
ɩɪɢɦɟɧɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɫɬɢ ɩɪɨɰɟɞɭɪɭ 
ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɣ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɢ ɫɮɨɪɦɢɪɨɜɚɬɶ 
ɤɪɢɬɟɪɢɢ ɢ ɚɥɝɨɪɢɬɦ ɨɩɬɢɦɚɥɶɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 
ɩɪɨɰɟɫɫɨɦ. 
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