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ɋȿɄɐɂə 12. ɋɈȼɊȿɆȿɇɇɕȿ ɌȿɏɇɈɅɈȽɂɂ ɊȺɁɊȺȻɈɌɄɂ ɇȿɎɌəɇɕɏ ɂ 
ȽȺɁɈȼɕɏ ɆȿɋɌɈɊɈɀȾȿɇɂɃ. 

 
ɉɪɢɦɟɧɟɧɢɟ ɆȽɊɉ ɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɭɱɚɫɬɤɟ ɫɤɜɚɠɢɧɵ ɨɛɨɫɧɨɜɚɧɨ ɝɟɨɥɨɝɢɱɟɫɤɢɦ ɫɬɪɨɟɧɢɟɦ 

ɦɟɫɬɨɪɨɠɞɟɧɢɹ  
ȼɵɩɨɥɧɟɧ ɪɚɫɱɟɬ ɩɪɨɞɭɤɬɢɜɧɨɫɬɢ ɫɤɜɚɠɢɧɵ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɚɹ ɨɰɟɧɤɚ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɟɣ ɞɥɹ ɱɟɬɵɪɟɯ 

ɫɬɚɞɢɣ ɪɚɡɪɵɜɚ  
ɗɤɨɧɨɦɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɨɬ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɦɟɪɨɩɪɢɹɬɢɹ ɨɰɟɧɟɧ ɤɚɤ ɩɨɥɨɠɢɬɟɥɶɧɵɣ  

 
Ʌɢɬɟɪɚɬɭɪɚ 

 
 Hujun Li, Zhengqi Jia. A new method to predict performance of fractured horizontal wells. SPE 37071, 1996 1.
 Boyun Guo and Xiance Yu. A simple and accurate mathematical model for predicting productivity of multifractured 2.

Horizontal wells. SPE 114452, 2008. 
 Hong Yoan. A new model for predicting inflow performance of fractured horizontal wells. SPE 133610, 2010. 3.

 

ȺɇȺɅɂɁ ȼɈɁɆɈɀɇɈɋɌȿɃ ɉɊɂɆȿɇȿɇɂə ɆȿɌɈȾȺ ȾɂɇȺɆɂɑȿɋɄɈȽɈ ɊȺɋɋȿəɇɂə 
ɋȼȿɌȺ ȾɅə ɈɐȿɇɄɂ ɋɌȺȻɂɅɖɇɈɋɌɂ ɇȿɄɈɌɈɊɕɏ ɄɈɆɉɈɇȿɇɌɈȼ ȻɍɊɈȼɈȽɈ 

ɊȺɋɌȼɈɊȺ 

Ⱥ.ɋ. ȼɚɫɢɥɶɟɜ 

ɇɚɭɱɧɵɟΝɪɭɤɨɜɨɞɢɬɟɥɢΝɞɨɰɟɧɬΝɅέȼέΝɒɢɲɦɢɧɚ,ΝɚɫɩɢɪɚɧɬΝȺέɆέȽɨɪɲɤɨɜ 
ɇɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ Ɍɨɦɫɤɢɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɝ. Ɍɨɦɫɤ, Ɋɨɫɫɢɹ 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɺɧɧɵɦɢ ɩɪɢ ɛɭɪɟɧɢɢ ɧɟɮɬɹɧɵɯ ɢ ɝɚɡɨɜɵɯ ɫɤɜɚɠɢɧ ɹɜɥɹɸɬɫɹ 
ɪɚɫɬɜɨɪɵ ɧɚ ɝɥɢɧɢɫɬɨɣ ɨɫɧɨɜɟ. Ɉɞɧɚɤɨ ɨɧɢ ɨɛɥɚɞɚɸɬ ɪɹɞɨɦ ɧɟɞɨɫɬɚɬɤɨɜμ ɩɪɢɯɜɚɬɵ ɛɭɪɢɥɶɧɨɣ ɤɨɥɨɧɧɵ ɢ 
ɩɪɢɛɨɪɨɜν ɫɧɢɠɟɧɢɟ ɟɫɬɟɫɬɜɟɧɧɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɩɪɨɞɭɤɬɢɜɧɵɯ ɝɨɪɢɡɨɧɬɨɜ ɡɚ ɫɱɟɬ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɝɥɢɧɢɫɬɵɯ 
ɱɚɫɬɢɰ ɢ ɮɢɥɶɬɪɚɬɚν ɛɨɥɶɲɢɟ ɡɚɬɪɚɬɵ ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɝɟɧɬɨɜ ɧɚ ɩɪɢɝɨɬɨɜɥɟɧɢɟ ɪɚɫɬɜɨɪɨɜν ɧɢɡɤɢɟ ɩɨɤɚɡɚɬɟɥɢ 
ɛɭɪɟɧɢɹν ɭɯɭɞɲɟɧɢɟ ɤɚɱɟɫɬɜɚ ɰɟɦɟɧɬɢɪɨɜɚɧɢɹ ɨɛɫɚɞɧɵɯ ɤɨɥɨɧɧ ɩɪɢ ɨɛɪɚɡɨɜɚɧɢɢ ɬɨɥɫɬɨɣ ɢ ɪɵɯɥɨɣ ɝɥɢɧɢɫɬɨɣ 
ɤɨɪɤɢДγЖ. Ⱥɧɚɥɢɡ ɡɚɪɭɛɟɠɧɵɯ ɢ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɪɟɰɟɩɬɭɪ ɛɭɪɨɜɵɯ ɪɚɫɬɜɨɪɨɜ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɧɚɢɛɨɥɟɟ 
ɷɮɮɟɤɬɢɜɧɵɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ ɹɜɥɹɸɬɫɹ ɤɪɚɯɦɚɥɫɨɞɟɪɠɚɳɢɟ ɪɟɚɝɟɧɬɵ, ɤɨɬɨɪɵɟ ɩɪɨɹɜɥɹɸɬ ɜɵɫɨɤɢɟ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ, ɨɞɧɨɜɪɟɦɟɧɧɨ ɥɟɝɤɨ ɩɨɞɜɟɪɝɚɸɬɫɹ ɞɟɫɬɪɭɤɰɢɢ ɢ ɬɟɦ ɫɚɦɵɦ ɫɨɯɪɚɧɹɸɬ 
ɟɫɬɟɫɬɜɟɧɧɭɸ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɤɨɥɥɟɤɬɨɪɨɜ ɢ ɧɟ ɡɚɝɪɹɡɧɹɸɬ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ. ɉɨɥɢɫɚɯɚɪɢɞɵ ɫɩɨɫɨɛɧɵ ɜɨ 
ɜɪɟɦɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɫɤɜɚɠɢɧɵ ɨɛɪɚɡɨɜɵɜɚɬɶ ɤɨɥɶɦɚɬɚɰɢɨɧɧɵɣ ɷɤɪɚɧ, ɫɩɨɫɨɛɧɵɣ ɧɟ ɩɪɨɩɭɫɤɚɬɶ ɮɢɥɶɬɪɚɬɵ 
ɛɭɪɨɜɵɯ ɢ ɰɟɦɟɧɬɧɵɯ ɪɚɫɬɜɨɪɨɜ ɜ ɩɪɨɞɭɤɬɢɜɧɵɣ ɩɥɚɫɬ ɢ ɫɨ ɜɪɟɦɟɧɟɦ ɫɚɦɨɪɚɡɪɭɲɚɬɶɫɹ (ɞɟɫɬɪɭɤɰɢɹ ɞɨ ɩɪɨɫɬɵɯ 
ɫɚɯɚɪɨɜ) ɜɨɫɫɬɚɧɚɜɥɢɜɚɹ ɩɟɪɜɨɧɚɱɚɥɶɧɭɸ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɤɨɥɥɟɤɬɨɪɚ[1]. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɜɨɣɫɬɜ 
ɤɪɚɯɦɚɥɶɧɵɯ ɪɚɫɬɜɨɪɨɜ ɜ ɤɚɱɟɫɬɜɟ ɤɨɦɩɨɧɟɧɬɨɜ ɛɭɪɨɜɨɝɨ ɪɚɫɬɜɨɪɚ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɧɚɭɱɧɨɣ ɢ ɩɪɚɤɬɢɱɟɫɤɨɣ 
ɡɚɞɚɱɟɣ. Ɉɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɫɜɨɣɫɬɜ ɛɭɪɨɜɨɝɨ ɪɚɫɬɜɨɪɚ ɹɜɥɹɟɬɫɹ ɫɬɪɭɤɬɭɪɧɚɹ ɨɞɧɨɪɨɞɧɨɫɬɶ, ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬ 
ɟɝɨ ɭɫɬɨɣɱɢɜɨɫɬɶ. ɍɫɬɨɣɱɢɜɨɫɬɶ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɪɚɡɦɟɪɨɦ ɱɚɫɬɢɰ. Ɉɞɧɢɦ ɢɡ ɩɟɪɫɩɟɤɬɢɜɧɵɯ 
ɦɟɬɨɞɨɜ, ɩɨɡɜɨɥɹɸɳɢɯ ɨɩɪɟɞɟɥɹɬɶ ɪɚɡɦɟɪɵ ɱɚɫɬɢɰ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ ɞɢɧɚɦɢɱɟɫɤɨɝɨ 
ɪɚɫɫɟɹɧɢɹ ɫɜɟɬɚ (ȾɊɋ). 

ɐɟɥɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ – ɢɫɫɥɟɞɨɜɚɬɶ ɫɬɚɛɢɥɶɧɨɫɬɶ ɤɪɚɯɦɚɥɶɧɨɝɨ ɪɚɫɬɜɨɪɚ ɦɟɬɨɞɨɦ ɞɢɧɚɦɢɱɟɫɤɨɝɨ 
ɪɚɫɫɟɹɧɢɹ ɫɜɟɬɚ. 

Ɇɟɬɨɞ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɫɫɟɹɧɢɹ ɫɜɟɬɚ (ȾɊɋ) – ɦɟɬɨɞ, ɢɫɩɨɥɶɡɭɸɳɢɣ ɹɜɥɟɧɢɟ ɪɚɫɫɟɹɧɢɹ ɫɜɟɬɚ, ɢ 
ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɪɚɡɦɟɪɨɜ ɧɚɧɨ- ɢ ɫɭɛɦɢɤɪɨɧɧɵɯ ɞɢɫɩɟɪɫɧɵɯ ɱɚɫɬɢɰ. Ɇɟɬɨɞ ɹɜɥɹɟɬɫɹ 
ɛɟɫɤɨɧɬɚɤɬɧɵɦ, ɧɟ ɜɧɨɫɹɳɢɦ ɜɨɡɦɭɳɟɧɢɟ ɜ ɢɫɫɥɟɞɭɟɦɭɸ ɫɪɟɞɭ ɢ ɨɬɥɢɱɚɟɬɫɹ ɜɵɫɨɤɢɦ ɛɵɫɬɪɨɞɟɣɫɬɜɢɟɦ ɢ 
ɬɨɱɧɨɫɬɶɸДβЖ. 

ɇɚ ɪɢɫ. 1 ɪɚɫɫɦɨɬɪɟɧ ɩɪɨɰɟɫɫ ɞɢɮɮɭɡɢɢ ɫɭɛɦɢɤɪɨɧɧɵɯ ɦɨɧɨɞɢɫɩɟɪɫɧɵɯ ɱɚɫɬɢɰ, ɞɢɫɩɟɪɝɢɪɨɜɚɧɧɵɯ ɜ 
ɠɢɞɤɨɫɬɢ. ɏɚɨɬɢɱɟɫɤɨɟ ɛɪɨɭɧɨɜɫɤɨɟ ɞɜɢɠɟɧɢɟ ɞɢɫɩɟɪɫɧɵɯ ɱɚɫɬɢɰ ɩɪɢɜɨɞɢɬ ɤ ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɦ ɮɥɭɤɬɭɚɰɢɹɦ 
ɢɯ ɥɨɤɚɥɶɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ, ɱɬɨ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɜɵɡɵɜɚɟɬ ɥɨɤɚɥɶɧɵɟ ɮɥɭɤɬɭɚɰɢɢ ɩɨɤɚɡɚɬɟɥɹ ɩɪɟɥɨɦɥɟɧɢɹ 
ɫɪɟɞɵ. ɉɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɥɚɡɟɪɧɨɝɨ ɥɭɱɚ, ɩɪɟɞɫɬɚɜɥɹɸɳɟɝɨ ɫɨɛɨɣ ɩɥɨɫɤɭɸ, ɦɨɧɨɯɪɨɦɚɬɢɱɟɫɤɭɸ, ɥɢɧɟɣɧɨ 
ɩɨɥɹɪɢɡɨɜɚɧɧɭɸ ɜɨɥɧɭ, ɱɟɪɟɡ ɬɚɤɭɸ ɫɪɟɞɭ, ɱɚɫɬɶ ɫɜɟɬɚ ɛɭɞɟɬ ɪɚɫɫɟɹɧɚ ɧɚ ɷɬɢɯ ɥɨɤɚɥɶɧɵɯ ɧɟɨɞɧɨɪɨɞɧɨɫɬɹɯ 
ɩɨɤɚɡɚɬɟɥɹ ɩɪɟɥɨɦɥɟɧɢɹ. Ɏɥɭɤɬɭɚɰɢɢ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɪɚɫɫɟɹɧɧɨɝɨ ɫɜɟɬɚ ɛɭɞɭɬ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɮɥɭɤɬɭɚɰɢɹɦ 
ɥɨɤɚɥɶɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɢɫɩɟɪɫɧɵɯ ɱɚɫɬɢɰ. Ɇɟɬɨɞ ȾɊɋ ɩɨɡɜɨɥɹɟɬ ɢɡɦɟɪɹɬɶ ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ 
ɞɢɫɩɟɪɫɧɵɯ ɱɚɫɬɢɰ ɜ ɠɢɞɤɨɫɬɢ. ɉɨɫɤɨɥɶɤɭ ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ ɞɢɫɩɟɪɫɧɵɯ ɱɚɫɬɢɰ ɨɞɧɨɡɧɚɱɧɨ ɫɜɹɡɚɧ ɫ 
ɪɚɡɦɟɪɨɦ ɱɚɫɬɢɰ, ɬɨ ȾɊɋ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞɨɦ ɢɡɦɟɪɟɧɢɹ ɪɚɡɦɟɪɨɜ ɬɚɤɢɯ ɫɭɛɦɢɤɪɨɧɧɵɯ ɱɚɫɬɢɰДβЖ. 

 

 
Ɋɢɫ. 1 ɋɯɟɦɚ ɩɪɨɰɟɫɫɚ ɪɚɫɫɟɹɧɢɹ ɫɜɟɬɚ 
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ɉɊɈȻɅȿɆɕ ȽȿɈɅɈȽɂɂ ɂ ɈɋȼɈȿɇɂə ɇȿȾɊ 

ɂɧɮɨɪɦɚɰɢɹ ɨ ɤɨɷɮɮɢɰɢɟɧɬɟ ɞɢɮɮɭɡɢɢ ɱɚɫɬɢɰ ɫɨɞɟɪɠɢɬɫɹ ɜɨ ɜɪɟɦɟɧɧɨɣ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ 
ɮɥɭɤɬɭɚɰɢɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɪɚɫɫɟɹɧɧɨɝɨ ɫɜɟɬɚ. 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɡɦɟɪɟɧɢɣ ɪɚɡɦɟɪɚ ɱɚɫɬɢɰ ɞɢɫɩɟɪɫɧɵɯ ɫɢɫɬɟɦ ɧɚɦɢ ɢɫɩɨɥɶɡɨɜɚɧɚ ɫɢɫɬɟɦɚ PСШЭШωШЫ 
Complex. ɋɩɟɤɬɪɨɦɟɬɪ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɨɫɧɨɜɧɵɯ ɱɚɫɬɟɣμ ɨɩɬɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɛɥɨɤɚ ɢ ɛɥɨɤɚ ɭɩɪɚɜɥɟɧɢɹ ɢ 
ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ (ɪɢɫ. β). 

 

 
Ɋɢɫ. 2 Ȼɥɨɤ-ɫɯɟɦɚ ɮɨɬɨɧɧɨɝɨ ɤɨɪɪɟɥɹɰɢɨɧɧɨɝɨ ɫɩɟɤɬɪɨɦɟɬɪɚ 

 
ȼ ɩɚɤɟɬ PСШЭШωШЫ ωШЦЩХОб ɜɫɬɪɨɟɧɚ ɩɪɨɝɪɚɦɦɚ DвЧКLS, ɜ ɤɨɬɨɪɨɣ ɩɪɨɢɡɜɨɞɢɬɫɹ ɚɧɚɥɢɡ 

ɚɜɬɨɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɡɦɟɪ ɱɚɫɬɢɰ ДζЖ. 
ȼ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɚ ɜɵɛɪɚɧɚ ɫɦɟɫɶ ɜɨɞɵ, ɝɢɞɪɨɤɫɢɞɚ ɧɚɬɪɢɹ ɢ ɤɪɚɯɦɚɥɚ. 
Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɞɚɧɧɨɝɨ ɪɚɫɬɜɨɪɚ ɤ ζ00 ɦɥ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɵ ɛɵɥɨ ɞɨɛɚɜɥɟɧɨ 7 ɝ σКτH , ɱɬɨɛɵ 

ɩɨɜɵɫɢɬɶ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɤɪɚɯɦɚɥɚ ɜ ɜɨɞɟ. Ʉɪɚɯɦɚɥ ɪɚɫɬɜɨɪɹɥɫɹ ɜ ɳɟɥɨɱɧɨɣ ɫɪɟɞɟ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 
θηº ɋ ɢ ɟɝɨ ɤɨɧɰɟɧɬɪɚɰɢɹ ɫɨɫɬɚɜɢɥɚ β% ɦɚɫɫ. 

Ⱦɥɹ ɢɡɦɟɪɟɧɢɹ ɪɚɡɦɟɪɨɜ ɤɨɥɥɨɢɞɧɵɯ ɱɚɫɬɢɰ ɜ ɢɫɫɥɟɞɭɟɦɨɦ ɪɚɫɬɜɨɪɟ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɩɪɢɛɨɪ PСШЭШωШЫ 
ωШЦЩХОб. ɂɫɬɨɱɧɢɤɨɦ ɫɜɟɬɚ ɜ ɩɪɢɛɨɪɟ ɹɜɥɹɟɬɫɹ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɣ ɥɚɡɟɪ ɫ ɞɥɢɧɨɣ ɜɨɥɧɵ θηζ ɧɦ. Ɋɚɫɫɟɹɧɧɵɣ 
ɫɜɟɬ ɪɟɝɢɫɬɪɢɪɭɟɬɫɹ Ɏɗɍ ɩɨɞ ɭɝɥɨɦ λ0°. ɇɟɨɛɯɨɞɢɦɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɬɟɪɦɨɫɬɚɬɟ ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ 
ɬɟɪɦɨɪɟɝɭɥɹɬɨɪɨɦ, ɭɩɪɚɜɥɹɟɦɵɦ ɫ ɩɨɦɨɳɶɸ ɤɨɦɩɶɸɬɟɪɚ. ȼɫɟ ɢɡɦɟɪɟɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ ɬɟɪɦɨɫɬɚɬɚ β7º ɋ. Ɍɚɤɠɟ ɪɚɫɬɜɨɪ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɤɪɚɯɦɚɥɚ ɛɵɥ ɨɛɪɚɛɨɬɚɧ ɭɥɶɬɪɚɡɜɭɤɨɦ, ɫ ɰɟɥɶɸ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɢɫɯɨɞɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɞɢɫɩɟɪɫɧɨɣ ɫɢɫɬɟɦɵ ɢ ɪɚɡɪɭɲɟɧɢɹ ɛɨɥɶɲɢɯ ɱɚɫɬɢɰ, ɩɨɹɜɢɜɲɢɯɫɹ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɧɟɠɟɥɚɬɟɥɶɧɨɣ ɚɝɪɟɝɚɰɢɢ. 

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɨɰɟɧɢɬɶ ɜɥɢɹɧɢɟ ɤɚɠɞɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɫɢɫɬɟɦɵ ɧɚ ɭɫɬɨɣɱɢɜɨɫɬɶ, ɛɵɥɨ ɢɫɫɥɟɞɨɜɚɧɨ γ 
ɪɚɫɬɜɨɪɚμ Hβτ+σКτH, Hβτ+ɤɪɚɯɦɚɥ ɢ Hβτ+σКτH+ɤɪɚɯɦɚɥ. Ɋɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɹ ɫɪɟɞɧɟɝɨ ɪɚɞɢɭɫɚ ɱɚɫɬɢɰ ɨɬ 
ɜɪɟɦɟɧɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ γ. 

 

 
ɚ 

 
ɛ 

Ɋɢɫ. 3 Ɂɚɜɢɫɢɦɨɫɬɶ ɫɪɟɞɧɟɝɨ ɪɚɞɢɭɫɚ ɱɚɫɬɢɰ ɨɬ ɜɪɟɦɟɧɢ: 
ɚ – H2τ+σКτH, ɛ – H2τ+ɤɪɚɯɦɚɥ 

 
ɂɡ ɪɢɫɭɧɤɚ γ ɜɢɞɧɨ, ɱɬɨ ɪɚɫɬɜɨɪ Hβτ+σКτH ɹɜɥɹɟɬɫɹ ɩɨɥɢɞɢɫɩɟɪɫɧɨɣ ɫɢɫɬɟɦɨɣ, ɬɚɤ ɤɚɤ ɜ ɫɦɟɫɢ ɟɫɬɶ 

ɱɚɫɬɢɰɵ ɨɬ 10 ɧɦ ɞɨ 10000ɧɦ. Ɉɞɧɚɤɨ, ɫɨɝɥɚɫɧɨ ɬɟɨɪɟɬɢɱɟɫɤɢɦ ɩɪɟɞɫɬɚɜɥɟɧɢɹɦ, ɳɟɥɨɱɶ ɞɨɥɠɧɚ ɩɨɥɧɨɫɬɶɸ 
ɪɚɫɬɜɨɪɹɬɶɫɹ ɜ ɜɨɞɟ, ɨɛɪɚɡɭɹ ɦɨɥɟɤɭɥɹɪɧɵɣ ɪɚɫɬɜɨɪ. ȼɨɡɦɨɠɧɨ, ɷɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɜ ɷɤɫɩɟɪɢɦɟɧɬɟ 
ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɬɟɯɧɢɱɟɫɤɚɹ ɳɟɥɨɱɶ σКτH. 

Ɋɚɫɬɜɨɪ ɤɪɚɯɦɚɥɚ ɜ ɜɨɞɟ ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ ɩɨɥɢɞɢɫɩɟɪɫɧɨɣ ɫɢɫɬɟɦɨɣ, ɜ ɤɨɬɨɪɨɣ ɞɨɦɢɧɢɪɭɸɬ ɞɜɚ ɪɚɡɦɟɪɚ 
ɱɚɫɬɢɰμ ɩɨɪɹɞɤɚ 100 ɧɦ ɢ 1000 ɧɦ. Ʉɪɨɦɟ ɬɨɝɨ ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ ɭɜɟɥɢɱɟɧɢɟ ɫɪɟɞɧɟɝɨ ɪɚɞɢɭɫɚ ɱɚɫɬɢɰ ɫɨ 
ɜɪɟɦɟɧɟɦ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɚɝɪɟɝɚɬɢɜɧɨɣ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ ɢɫɫɥɟɞɭɟɦɨɝɨ ɪɚɫɬɜɨɪɚ. Ɍɚɤɠɟ ɩɪɢ ɜɧɟɲɧɟɦ 
ɨɫɦɨɬɪɟ ɤɸɜɟɬɵ ɩɨɫɥɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɛɵɥ ɜɢɞɟɧ ɨɫɚɞɨɤ, ɱɬɨ ɝɨɜɨɪɢɬ ɨ ɫɟɞɢɦɟɧɬɚɰɢɨɧɧɨɣ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ ɫɦɟɫɢ. 
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ɋȿɄɐɂə 12. ɋɈȼɊȿɆȿɇɇɕȿ ɌȿɏɇɈɅɈȽɂɂ ɊȺɁɊȺȻɈɌɄɂ ɇȿɎɌəɇɕɏ ɂ 
ȽȺɁɈȼɕɏ ɆȿɋɌɈɊɈɀȾȿɇɂɃ. 

 

 
ɚ 

 
ɛ 

Ɋɢɫ. 4: Ɋɚɫɬɜɨɪ H2τ+σКτH+ɤɪɚɯɦɚɥ 
ɚ – ɡɚɜɢɫɢɦɨɫɬɶ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɪɚɫɫɟɹɧɧɨɝɨ ɫɟɬɚ ɨɬ ɜɪɟɦɟɧɢ; ɛ – ɡɚɜɢɫɢɦɨɫɬɶ ɫɪɟɞɧɟɝɨ ɪɚɞɢɭɫɚ ɱɚɫɬɢɰ ɨɬ 

ɜɪɟɦɟɧɢ 
 

Ⱦɥɹ ɪɚɫɬɜɨɪɚ Hβτ+σКτH+ɤɪɚɯɦɚɥ ɛɵɥɚ ɡɚɩɢɫɚɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɪɚɫɫɟɹɧɧɨɝɨ ɫɜɟɬɚ ɨɬ 
ɜɪɟɦɟɧɢ ɢ ɨɩɪɟɞɟɥɟɧɵ ɡɧɚɱɟɧɢɹ ɫɪɟɞɧɢɯ ɪɚɞɢɭɫɨɜ ɱɚɫɬɢɰ (ɪɢɫ. ζ). ɂɡ ɩɟɪɜɨɝɨ ɝɪɚɮɢɤɚ (ɪɢɫ. ζ.ɚ) ɜɢɞɧɨ, ɱɬɨ ɩɨɫɥɟ 
γ00 ɦɢɧɭɬɵ ɧɚɛɥɸɞɚɟɬɫɹ ɫɢɥɶɧɵɣ ɪɚɡɛɪɨɫ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɜɵɩɚɞɟɧɢɢ ɬɹɠɟɥɵɯ 
ɱɚɫɬɢɰ, ɢ ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɨ ɫɟɞɢɦɟɧɬɚɰɢɨɧɧɨɣ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ ɫɢɫɬɟɦɵ. Ɍɚɤɠɟ ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɪɚɫɬɜɨɪ 
Hβ0+σКτH+ɤɪɚɯɦɚɥ ɹɜɥɹɟɬɫɹ ɩɨɥɢɞɢɫɩɟɪɫɧɨɣ ɫɢɫɬɟɦɨɣ, ɜ ɤɨɬɨɪɨɣ ɱɚɫɬɢɰɵ ɢɦɟɸɬ ɩɨɪɹɞɨɤ 10, 100 ɢ 1000 ɧɦ 
(ɪɢɫ. ζɛ). 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɛɨɬɵ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɩɪɢɝɨɞɧɨɫɬɢ ɦɟɬɨɞɚ ȾɊɋ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɚɫɬɜɨɪɚ 
ɤɪɚɯɦɚɥɚ ɜ ɜɨɞɟ, ɬɚɤ ɤɚɤ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɡɧɚɱɟɧɢɹ ɫɪɟɞɧɢɯ ɪɚɞɢɭɫɨɜ ɱɚɫɬɢɰ ɜɫɟɯ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɫɦɟɫɟɣ. Ⱦɥɹ 
ɞɚɥɶɧɟɣɲɢɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɪɟɤɨɦɟɧɞɨɜɚɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɯɢɦɢɱɟɫɤɢ ɱɢɫɬɭɸ ɳɟɥɨɱɶ ɞɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ 
ɪɚɫɬɜɨɪɚ, ɚ ɬɚɤɠɟ ɢɫɫɥɟɞɨɜɚɬɶ ɞɪɭɝɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɪɚɯɦɚɥɚ ɜ ɜɨɞɟ. 
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ɈɉɊȿȾȿɅȿɇɂȿ ɊȺȼɇɈȼȿɋɇɕɏ ɍɋɅɈȼɂɃ ȽɂȾɊȺɌɈɈȻɊȺɁɈȼȺɇɂə ɇȺ ɉɊɂɆȿɊȿ 
ȽȺɁɈɄɈȾȿɇɋȺɌɇɈȽɈ ɆȿɌɋɌɈɊɈɀȾȿɇɂə ɈɌɊȺȾɇɂɇɋɄɈȿ 

Ⱥ.Ɇ. ȼɚɫɢɥɶɟɜɚ 

ɇɚɭɱɧɵɣΝɪɭɤɨɜɨɞɢɬɟɥɶΝɚɫɫɢɫɬɟɧɬΝɈέȼέΝɇɨɫɨɜɚ 
ɇɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ Ɍɨɦɫɤɢɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɝ. Ɍɨɦɫɤ, Ɋɨɫɫɢɹ 

Ɉɬɪɚɞɧɢɧɫɤɨɟ ɦɟɫɬɨɪɨɠɞɟɧɢɟ ɧɚɯɨɞɢɬɫɹ ɧɚ ɬɟɪɪɢɬɨɪɢɢ Ʌɟɧɫɤɨɝɨ ɪɚɣɨɧɚ Ɋɟɫɩɭɛɥɢɤɢ ɋɚɯɚ (əɤɭɬɢɹ). ɋ 
ɫɟɧɬɹɛɪɹ β00λ ɝɨɞɚ ɜ ɪɟɠɢɦɟ ɨɩɵɬɧɨ-ɩɪɨɦɵɲɥɟɧɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɜɜɟɥɚɫɶ ɜ ɪɚɛɨɬɭ ɨɞɧɚ ɫɤɜɚɠɢɧɚ. ȼɨ ɜɪɟɦɹ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɨɬɦɟɱɚɥɚɫɶ ɤɪɚɣɧɟ ɧɟɫɬɚɛɢɥɶɧɚɹ ɪɚɛɨɬɚ ɷɬɨɣ ɫɤɜɚɠɢɧɵ. ɉɪɢɱɢɧɨɣ ɬɚɤɨɣ ɪɚɛɨɬɵ ɛɵɥɨ ɹɜɥɹɥɨɫɶ 
ɨɛɪɚɡɨɜɚɧɢɟ ɭɫɬɨɣɱɢɜɵɯ ɝɚɡɨɜɵɯ ɝɢɞɪɚɬɨɜ,  ɤɚɤ ɜ ɩɪɢɡɚɛɨɣɧɨɣ ɡɨɧɟ, ɬɚɤ ɢ ɜ ɫɬɜɨɥɟ ɫɚɦɨɣ ɫɤɜɚɠɢɧɵ. 

Ⱦɥɹ ɩɪɟɞɭɩɪɟɠɞɟɧɢɹ ɨɛɪɚɡɨɜɚɧɢɹ ɝɢɞɪɚɬɨɜ ɜ ɫɤɜɚɠɢɧɚɯ ɧɟɨɛɯɨɞɢɦɨ ɫɨɡɞɚɬɶ ɬɚɤɨɣ ɪɟɠɢɦ ɨɬɛɨɪɚ ɝɚɡɚ, 
ɩɪɢ ɤɨɬɨɪɨɦ ɟɝɨ ɬɟɦɩɟɪɚɬɭɪɚ ɛɭɞɟɬ ɜɵɲɟ ɪɚɜɧɨɜɟɫɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɝɢɞɪɚɬɨɨɛɪɚɡɨɜɚɧɢɹ, ɩɨɷɬɨɦɭ ɜɚɠɧɨ 
ɩɪɚɜɢɥɶɧɨ ɨɩɪɟɞɟɥɢɬɶ ɪɚɜɧɨɜɟɫɧɵɟ ɭɫɥɨɜɢɹ ɨɛɪɚɡɨɜɚɧɢɹ ɝɢɞɪɚɬɨɜ. 

ɐɟɥɶ ɪɚɛɨɬɵμ ɨɩɪɟɞɟɥɢɬɶ ɭɫɥɨɜɢɹ ɝɢɞɪɚɬɨɨɛɪɚɡɨɜɚɧɢɹ ɧɚ Ɉɬɪɚɞɧɢɧɫɤɨɦ ɝɚɡɨɤɨɧɞɟɧɫɚɬɧɨɦ 
ɦɟɫɬɨɪɨɠɞɟɧɢɢ. Ⱦɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɷɬɨɣ ɰɟɥɢ ɫɬɚɜɹɬɫɹ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢμ 

- Ɉɫɜɨɟɧɢɟ ɦɟɬɨɞɢɤɢ ɢɧɠɟɧɟɪɧɨɝɨ ɪɚɫɱɟɬɚ ɪɚɜɧɨɜɟɫɧɵɯ ɭɫɥɨɜɢɣ ɝɢɞɪɚɬɨɨɛɪɚɡɨɜɚɧɢɹ. 
- Ɋɚɫɱɟɬ ɞɚɜɥɟɧɢɹ ɝɢɞɪɚɬɨɨɛɪɚɡɨɜɚɧɢɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. 
- Ɋɚɫɱɟɬ ɭɫɥɨɜɢɹ ɨɛɪɚɡɨɜɚɧɢɹ ɝɢɞɪɚɬɨɜ ɫ ɭɱɟɬɨɦ ɢɡɦɟɧɟɧɢɹ ɫɨɫɬɚɜɚ ɝɚɡɚ ɜ ɩɪɨɰɟɫɫɟ ɪɚɡɪɚɛɨɬɤɢ. 
- Ɉɰɟɧɤɚ ɜɥɢɹɧɢɹ ɢɧɝɢɛɢɬɨɪɚ ɧɚ ɭɫɥɨɜɢɹ ɨɛɪɚɡɨɜɚɧɢɹ ɝɢɞɪɚɬɨɜ. 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɭɫɥɨɜɢɣ ɝɢɞɪɚɬɨɨɛɪɚɡɨɜɚɧɢɹ, ɧɟɫɦɨɬɪɹ ɧɚ ɧɚɥɢɱɢɟ ɞɨɫɬɚɬɨɱɧɨ 

ɫɬɪɨɝɢɯ ɪɚɫɱɟɬɧɵɯ ɦɟɬɨɞɨɜ, ɜ ɢɧɠɟɧɟɪɧɨɣ ɩɪɚɤɬɢɤɟ ɨɛɵɱɧɨ ɢɫɩɨɥɶɡɭɸɬ ɩɪɨɫɬɵɟ ɷɦɩɢɪɢɱɟɫɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ. 
Ɉɞɧɚɤɨ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɪɚɜɧɨɜɟɫɧɨɝɨ ɞɚɜɥɟɧɢɹ ɞɥɹ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨ ɷɬɢɦ ɦɟɬɨɞɚɦ ɜ ɨɬɞɟɥɶɧɵɯ 
ɫɥɭɱɚɹɯ ɪɚɡɥɢɱɚɸɬɫɹ ɦɟɠɞɭ ɫɨɛɨɣ ɜ β-γ ɪɚɡɚ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ȼ.Ⱥ. ɂɫɬɨɦɢɧ ɢ ȼ.Ƚ. Ʉɜɨɧ Д1Ж, ɫɨɯɪɚɧɢɜ 
ɩɪɟɢɦɭɳɟɫɬɜɚ ɩɪɨɫɬɵɯ ɪɚɫɱɟɬɧɵɯ ɫɯɟɦ, ɪɚɡɪɚɛɨɬɚɥɢ ɪɚɫɱɟɬɧɭɸ ɦɟɬɨɞɢɤɭ, ɩɪɢɛɥɢɠɚɸɳɭɸɫɹ ɤ ɬɨɱɧɨɫɬɢ 
ɧɚɞɟɠɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ. 

ɗɬɚ ɦɟɬɨɞɢɤɚ ɪɚɫɱɟɬɚ ɪɚɜɧɨɜɟɫɧɵɯ ɭɫɥɨɜɢɣ ɜ ɫɢɫɬɟɦɟ «ɩɪɢɪɨɞɧɵɣ ɝɚɡ – ɜɨɞɚ – ɝɢɞɪɚɬ» ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɞɥɹ ɩɪɢɪɨɞɧɵɯ ɢ ɩɨɩɭɬɧɵɯ ɧɟɮɬɹɧɵɯ ɝɚɡɨɜ, ɫɨɫɬɨɹɳɢɯ ɜ ɨɫɧɨɜɧɨɦ ɢɡ ɦɟɬɚɧɚ ɋɇ4 (ɛɨɥɟɟ η0% ɨɛ.) ɫɨ 
ɡɧɚɱɢɬɟɥɶɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɋ2ɇ6, ɋ3ɇ8, i-ɋ4ɇ10, ɋO2, H2S. ȼ ɷɬɨɣ ɦɟɬɨɞɢɤɟ ɜ ɤɚɱɟɫɬɜɟ ɩɟɪɜɨɝɨ ɲɚɝɚ ɮɢɤɫɢɪɭɸɬ 
ɧɟɤɨɬɨɪɭɸ ɬɟɦɩɟɪɚɬɭɪɭ, ɞɥɹ ɤɨɬɨɪɨɣ ɨɩɪɟɞɟɥɹɸɬ ɞɚɜɥɟɧɢɟ ɝɢɞɪɚɬɨɨɛɪɚɡɨɜɚɧɢɹ ɢɫɫɥɟɞɭɟɦɨɣ ɫɦɟɫɢ ɝɚɡɨɜ. 


