
¶ ȹɝɖɋɊɎɘɋɑɢ ï ȺɋɊɋɖɆɑɢɓɔɋ ɉɔɗəɊɆɖɗɘɈɋɓɓɔɋ 
ɇɤɊɌɋɘɓɔɋ ɔɇɖɆɍɔɈɆɘɋɑɢɓɔɋ əɝɖɋɌɊɋɓɎɋ 
Ɉɡɗɞɋɉɔ ɔɇɖɆɍɔɈɆɓɎɥ çȹɚɎɒɗɐɎɏ ɉɔɗəɊɆɖ-
ɗɘɈɋɓɓɡɏ ɓɋɚɘɥɓɔɏ ɘɋɛɓɎɝɋɗɐɎɏ əɓɎɈɋɖɗɎ-
ɘɋɘè. 

¶ ȨɛɔɊɎɘ Ɉ ȵɋɖɋɝɋɓɢ ɈɋɊəɟɎɛ ɖɋɜɋɓɍɎɖəɋɒɡɛ 
ɓɆəɝɓɡɛ ɌəɖɓɆɑɔɈ Ɏ ɎɍɊɆɓɎɏ, Ɉ ɐɔɘɔɖɡɛ 
ɊɔɑɌɓɡ ɇɡɘɢ ɔɕəɇɑɎɐɔɈɆɓɡ ɔɗɓɔɈɓɡɋ ɓɆ-
əɝɓɡɋ ɖɋɍəɑɢɘɆɘɡ ɊɎɗɗɋɖɘɆɜɎɏ ɓɆ ɗɔɎɗɐɆ-
ɓɎɋ əɝɋɓɔɏ ɗɘɋɕɋɓɎ ɊɔɐɘɔɖɆ Ɏ ɐɆɓɊɎɊɆɘɆ 
ɓɆəɐ, ɕɔ ɓɆəɝɓɡɒ ɗɕɋɜɎɆɑɢɓɔɗɘɥɒ:  

1.6.9. ȩɋɔɚɎɍɎɐɆ (ɘɋɛɓɎɝɋɗɐɎɋ ɓɆəɐɎ),  
1.6.11.ȩɋɔɑɔɉɎɥ, ɕɔɎɗɐɎ, ɖɆɍɈɋɊɐɆ Ɏ ɣɐɗɕɑəɆɘɆɜɎɥ 
ɓɋɚɘɥɓɡɛ Ɏ ɉɆɍɔɈɡɛ ɒɋɗɘɔɖɔɌɊɋɓɎɏ (ɘɋɛɓɎɝɋɗɐɎɋ 
ɓɆəɐɎ),  
2.8.2.ȸɋɛɓɔɑɔɉɎɥ ɇəɖɋɓɎɥ Ɏ ɔɗɈɔɋɓɎɥ ɗɐɈɆɌɎɓ 
(ɘɋɛɓɎɝɋɗɐɎɋ ɓɆəɐɎ),  
2.8.4. ȶɆɍɖɆɇɔɘɐɆ Ɏ ɣɐɗɕɑəɆɘɆɜɎɥ ɓɋɚɘɥɓɡɛ Ɏ ɉɆ-
ɍɔɈɡɛ ɒɋɗɘɔɖɔɌɊɋɓɎɏ (ɘɋɛɓɎɝɋɗɐɎɋ ɓɆəɐɎ),  
2.8.5. ȷɘɖɔɎɘɋɑɢɗɘɈɔ Ɏ ɣɐɗɕɑəɆɘɆɜɎɥ ɓɋɚɘɋɉɆɍɔ-
ɕɖɔɈɔɊɔɈ, ɇɆɍ Ɏ ɛɖɆɓɎɑɎɟ (ɘɋɛɓɎɝɋɗɐɎɋ ɓɆəɐɎ), 
1.5.15. ɃɐɔɑɔɉɎɥ (ɘɋɛɓɎɝɋɗɐɎɋ ɓɆəɐɎ) 

 

¶ ȮɍɊɆɓɎɋ ɍɆɖɋɉɎɗɘɖɎɖɔɈɆɓɔ Ɉ ȺɋɊɋɖɆɑɢɓɔɏ 
ɗɑəɌɇɋ ɕɔ ɓɆɊɍɔɖə Ɉ ɗɚɋɖɋ ɗɈɥɍɎ, Ɏɓɚɔɖ-
ɒɆɜɎɔɓɓɡɛ ɘɋɛɓɔɑɔɉɎɏ Ɏ ɒɆɗɗɔɈɡɛ ɐɔɒɒə-
ɓɎɐɆɜɎɏ ɔɘ 30.09.2016 ɉ. ȳɔɒɋɖ ɗɈɎɊɋɘɋɑɢ-
ɗɘɈɆ ȵȮ ɷ Ⱥȷ77-67288. 

¶ ȵɔɊɕɎɗɐɆ ɔɚɔɖɒɑɥɋɘɗɥ ɝɋɖɋɍ Ȧȴ çȵɔɝɘɆ 
ȶɔɗɗɎɎè. ȵɔɊɕɎɗɓɔɏ ɎɓɊɋɐɗ ȵȳ047. 

ɓɆəɝɓɔ-ɘɋɛɓɎɝɋɗɐɎɏ ɌəɖɓɆɑ 
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ɔɗɓɔɈɆɓ Ɉ 1961 ɉ. 
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ȶɆɗɗɒɆɘɖɎɈɆɤɘɗɥ Ɉɔɕɖɔɗɡ ɘɋɔɖɎɎ Ɏ ɕɖɆɐɘɎɐɎ ɊɔɇɡɝɎ, ɗɇɔɖɆ, ɕɔɊɉɔɘɔɈɐɎ Ɏ ɘɖɆɓɗɕɔɖɘɆ ɓɋɚɘɎ, ɓɆɊɋɌɓɔ-
ɗɘɎ Ɏ ɆɓɘɎɐɔɖɖɔɍɎɔɓɓɔɏ ɍɆɟɎɘɡ ɘɖəɇɔɕɖɔɈɔɊɔɈ Ɏ ɓɋɚɘɋɉɆɍɔɈɔɉɔ ɔɇɔɖəɊɔɈɆɓɎɥ, Ɇ ɘɆɐɌɋ əɊɋɑɥɋɘɗɥ ɈɓɎɒɆɓɎɋ 
ɕɖɔɒɡɞɑɋɓɓɔɏ Ɏ ɕɔɌɆɖɓɔɏ ɇɋɍɔɕɆɗɓɔɗɘɎ ɔɇɠɋɐɘɔɈ ɓɋɚɘɋɉɆɍɔɈɔɏ ɔɘɖɆɗɑɎ, ɣɐɔɓɔɒɎɝɋɗɐɎɒ Ɏ ɣɐɔɑɔɉɎɝɋɗɐɎɒ 
ɕɖɔɇɑɋɒɆɒ. 
ȶɋɐɔɒɋɓɊəɋɘɗɥ ɗɕɋɜɎɆɑɎɗɘɆɒ-ɕɖɔɎɍɈɔɊɗɘɈɋɓɓɎɐɆɒ, ɖɆɇɔɘɓɎɐɆɒ ɓɆəɝɓɔ-ɎɗɗɑɋɊɔɈɆɘɋɑɢɗɐɎɛ Ɏ ɕɖɔɋɐɘɓɡɛ 

ɔɖɉɆɓɎɍɆɜɎɏ, ɆɗɕɎɖɆɓɘɆɒ, ɕɖɋɕɔɊɆɈɆɘɋɑɥɒ Ɏ ɗɘəɊɋɓɘɆɒ ɈɡɗɞɎɛ əɝɋɇɓɡɛ ɍɆɈɋɊɋɓɎɏ. 
Ȩɗɋ ɗɘɆɘɢɎ ɕɖɔɛɔɊɥɘ ɕɖɔɜɋɊəɖɡ Ɉɓɋɞɓɋɉɔ Ɏ Ɉɓəɘɖɋɓɓɋɉɔ ɖɋɜɋɓɍɎɖɔɈɆɓɎɥ Ɏ əɘɈɋɖɌɊɋɓɎɥ ɓɆ ɍɆɗɋɊɆɓɎɎ 

ɖɋɊɆɐɜɎɔɓɓɔɏ ɐɔɑɑɋɉɎɎ. 
 
 
 

ʈɽɼɸʂʎʀʆʅʅɸʗ ʂʆʃʃɽɻʀʗ 
 

ɼʄɹɻʆʔʂ  ʉɾɽɹʃʋʇʉ  ʊʬʤʫʙʦʥʙʜʧʥʞʝʧʛ ʊʬʤʫʙʦʥʙʜʧʥʞʝ ʅʙʜʧʥʞʝʫʙʜʡʩʧʛʡʰ - Ɋ-ɖ ɘɋɛɓ. ɓɆəɐ, ȹɚɎɒɗɐɎɏ  

                                            ɉɔɗəɊɆɖɗɘɈɋɓɓɡɏ ɓɋɚɘɥɓɔɏ ɘɋɛɓɎɝɋɗɐɎɏ əɓɎɈɋɖɗɎɘɋɘ (ɉ. ȹɚɆ, ȶɔɗɗɎɏɗɐɆɥ ȺɋɊɋɖɆɜɎɥ) 

ʀɹʅɾʊʋʁʋɾʄʕ ɼʄɹɻʆʇɼʇ ʉɾɽɹʃʋʇʉɹ ʁʪʥʙʣʧʛ ʉ.ɹ. - Ɋ-ɖ ɘɋɛɓ. ɓɆəɐ, ɕɖɔɚɋɗɗɔɖ, ȹɚɎɒɗɐɎɏ ɉɔɗəɊɆɖɗɘɈɋɓɓɡɏ  

ɓɋɚɘɥɓɔɏ ɘɋɛɓɎɝɋɗɐɎɏ əɓɎɈɋɖɗɎɘɋɘ (ɉ. ȹɚɆ, ȶɔɗɗɎɏɗɐɆɥ ȺɋɊɋɖɆɜɎɥ) 

 
 

ʐʄɾʆʔ ʉɾɽɹʃʏʁʇʆʆʇʂ ʃʇʄʄɾɼʁʁ 

ɹʠʥʞʫʧʛ ʎ.ɹ. - Ɋ-ɖ ɘɋɛɓ. ɓɆəɐ, ɕɖɔɚɋɗɗɔɖ, ȹɚɎɒɗɐɎɏ ɉɔɗəɊɆɖɗɘɈɋɓɓɡɏ ɓɋɚɘɥɓɔɏ  

ɘɋɛɓɎɝɋɗɐɎɏ əɓɎɈɋɖɗɎɘɋɘ (ɉ. ȹɚɆ, ȶɔɗɗɎɏɗɐɆɥ ȺɋɊɋɖɆɜɎɥ) 

ɹʤʞʣʪʙʦʝʩʧʛ ɹ.ɹ. - Ɋ-ɖ ɘɋɛɓ. ɓɆəɐ, ɕɖɔɚɋɗɗɔɖ, ȲɔɗɐɔɈɗɐɎɏ ɉɔɗəɊɆɖɗɘɈɋɓɓɡɏ ɘɋɛɓɎɝɋɗɐɎɏ  

əɓɎɈɋɖɗɎɘɋɘ Ɏɒ. ȳ.Ƀ. ȧɆəɒɆɓɆ (ɉ. ȲɔɗɐɈɆ, ȶɔɗɗɎɏɗɐɆɥ ȺɋɊɋɖɆɜɎɥ) 

ɺʬʜʙʢ ɽ.ɾ. - Ɋ-ɖ ɘɋɛɓ. ɓɆəɐ, ɕɖɔɚɋɗɗɔɖ, ȹɚɎɒɗɐɎɏ ɉɔɗəɊɆɖɗɘɈɋɓɓɡɏ ɓɋɚɘɥɓɔɏ  

ɘɋɛɓɎɝɋɗɐɎɏ əɓɎɈɋɖɗɎɘɋɘ (ɉ. ȹɚɆ, ȶɔɗɗɎɏɗɐɆɥ ȺɋɊɋɖɆɜɎɥ) 

ɻʞʤʡʞʛ ʅ.ʅ. - Ɋ-ɖ ɘɋɛɓ. ɓɆəɐ, Ɋɔɜɋɓɘ, ȷȵ çȨɢɋɘɗɔɈɕɋɘɖɔè (ɉ. ȨəɓɉɘɆə, ȨɢɋɘɓɆɒ) 

ɼʞʧʩʜʡʞʛ ʅ.ʆ. - Ɋ-ɖ ɘɋɛɓ. ɓɆəɐ, ɕɖɔɚɋɗɗɔɖ, ȮɓɗɘɎɘəɘ ɒɋɛɆɓɎɐɎ ȧɔɑɉɆɖɗɐɔɏ ȦɐɆɊɋɒɎɎ ɓɆəɐ  

(ɉ. ȷɔɚɎɥ, ȶɋɗɕəɇɑɎɐɆ ȧɔɑɉɆɖɎɥ) 

ɼʬʚʙʢʝʬʤʤʡʦ ʅ.ɼ. - Ɋ-ɖ ɉɋɔɑ.-ɒɎɓɋɖ. ɓɆəɐ, ɕɖɔɚɋɗɗɔɖ, ȷɋɈɋɖɓɡɏ (ȦɖɐɘɎɝɋɗɐɎɏ) ɚɋɊɋɖɆɑɢɓɡɏ  

əɓɎɈɋɖɗɎɘɋɘ ɎɒɋɓɎ Ȳ.Ȩ. ȱɔɒɔɓɔɗɔɈɆ (ɉ. ȦɖɛɆɓɉɋɑɢɗɐ, ȶɔɗɗɎɏɗɐɆɥ ȺɋɊɋɖɆɜɎɥ) 

ʀʞʥʞʦʣʧʛ ʗ.ɽ. ï Ɋ-ɖ ɘɋɛɓ. ɓɆəɐ, ɕɖɔɚɋɗɗɔɖ, ȸɤɒɋɓɗɐɎɏ ɎɓɊəɗɘɖɎɆɑɢɓɡɏ əɓɎɈɋɖɗɎɘɋɘ (ɉ. ȸɤɒɋɓɢ,  

ȶɔɗɗɎɏɗɐɆɥ ȺɋɊɋɖɆɜɎɥ) 

ʁʛʱʡʦʙ ʁ.ɺ. - Ɋ-ɖ ɇɎɔɑ. ɓɆəɐ, ɕɖɔɚɋɗɗɔɖ, ɆɐɆɊɋɒɎɐ ȶȦȳ, ȵɋɖɒɗɐɎɏ ɉɔɗəɊɆɖɗɘɈɋɓɓɡɏ ɓɆɜɎɔɓɆɑɢɓɡɏ  

ɎɗɗɑɋɊɔɈɆɘɋɑɢɗɐɎɏ əɓɎɈɋɖɗɎɘɋɘ (ɉ. ȵɋɖɒɢ, ȶɔɗɗɎɏɗɐɆɥ ȺɋɊɋɖɆɜɎɥ) 

ʃʧʫʞʦʹʛ ʗ.ɹ. ï Ɋ-ɖ ɘɋɛɓ. ɓɆəɐ, ɕɖɔɚɋɗɗɔɖ,  ȹɚɎɒɗɐɎɏ ɉɔɗəɊɆɖɗɘɈɋɓɓɡɏ ɓɋɚɘɥɓɔɏ ɘɋɛɓɎɝɋɗɐɎɏ  

əɓɎɈɋɖɗɎɘɋɘ (ɉ. ȹɚɆ, ȶɔɗɗɎɏɗɐɆɥ ȺɋɊɋɖɆɜɎɥ) 

ʄʡʨʪʣʡʢ ɻ.ʃ. - Ɋ-ɖ ɘɋɛɓ. ɓɆəɐ, ɕɖɔɚɋɗɗɔɖ, ȵɔɑɔɜɐɎɏ ɉɔɗəɊɆɖɗɘɈɋɓɓɡɏ əɓɎɈɋɖɗɎɘɋɘ  

(ɉ. ȳɔɈɔɕɔɑɔɜɐ, ȶɋɗɕəɇɑɎɐɆ ȧɋɑɆɖəɗɢ) 

ʆʙʦʝʡ ʃʙʥʙʤ ʃʙʦʫʡ - Ɋ-ɖ ɚɎɑɔɗɔɚɎɎ, ɕɖɔɚɋɗɗɔɖ, ȷɋɈɋɖɔ-ȧɋɓɉɆɑɢɗɐɎɏ əɓɎɈɋɖɗɎɘɋɘ (ɉ. ȷɎɑɎɉəɖɎ, ȮɓɊɎɥ) 

ʆʴʪʙʦʜʙʤʡʞʛ ɹ.ʆ. - Ɋ-ɖ ɘɋɛɓ. ɓɆəɐ, ɕɖɔɚɋɗɗɔɖ, ȰɆɍɆɛɗɐɎɏ ɎɓɗɘɎɘəɘ ɓɋɚɘɎ Ɏ ɉɆɍɆ  

(ɉ. ȦɑɒɆɘɡ, ȶɋɗɕəɇɑɎɐɆ ȰɆɍɆɛɗɘɆɓ) 

ʉʙʪʬʤʧʛ ʊ.ʉ. - Ɋ-ɖ ɘɋɛɓ. ɓɆəɐ, ɕɖɔɚɋɗɗɔɖ, ȦɍɋɖɇɆɏɊɌɆɓɗɐɎɏ ɉɔɗəɊɆɖɗɘɈɋɓɓɡɏ əɓɎɈɋɖɗɎɘɋɘ ɓɋɚɘɎ  

Ɏ ɕɖɔɒɡɞɑɋɓɓɔɗɘɎ (ɉ. ȧɆɐə, ȦɍɋɖɇɆɏɊɌɆɓɗɐɆɥ ȶɋɗɕəɇɑɎɐɆ) 

ʉʸʚʬʮʡʦʙ ɻ.ʆ. - ɐɆɓɊ. ɘɋɛɓ. ɓɆəɐ, ȹɚɎɒɗɐɎɏ ɉɔɗəɊɆɖɗɘɈɋɓɓɡɏ ɓɋɚɘɥɓɔɏ ɘɋɛɓɎɝɋɗɐɎɏ əɓɎɈɋɖɗɎɘɋɘ  

(ɉ. ȹɚɆ, ȶɔɗɗɎɏɗɐɆɥ ȺɋɊɋɖɆɜɎɥ) 

ʋʤʨʘʣʠʝʚ ɹ. ʊ. ï  Ɋ-ɖ ɘɋɛɓ. ɓɆəɐ, ȸȴȴ çȰɆɍȲəɓɆɏȩɆɍ-ȮɓɌɎɓɎɖɎɓɉè Ȧȴ ȳɆɜɎɔɓɆɑɢɓɆɥ ɐɔɒɕɆɓɎɥ  

çȰɆɍɒəɓɆɏɉɆɍè, ȦɘɡɖɆəɗɐɎɏ ɎɓɗɘɎɘəɘ ɓɋɚɘɎ Ɏ ɉɆɍɆ (ȦɘɡɖɆə, ȶɋɗɕəɇɑɎɐɆ ȰɆɍɆɛɗɘɆɓ) 
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ȦɓɓɔɘɆɜɎɥ. ȷɘɆɘɢɥ ɕɔɗɈɥɟɋɓɆ ɖɆɗɝɋɘə 

Ɏ ɔɜɋɓɐɋ ɔɕɘɎɒɆɑɢɓɔɏ ɉɋɔɒɋɘɖɎɎ ɘɖɋɟɎɓ Ɉ 
ɐɔɓɘɋɐɗɘɋ ɕɖɔɈɋɊɋɓɎɥ ɒɓɔɉɔɗɘɆɊɎɏɓɔɉɔ ɉɎɊ-
ɖɆɈɑɎɝɋɗɐɔɉɔ ɖɆɍɖɡɈɆ ɕɑɆɗɘɆ (Ȳȩȶȵ) ɓɆ ɉɔ-
ɖɎɍɔɓɘɆɑɢɓɡɛ ɗɐɈɆɌɎɓɆɛ. ȶɆɗɗɒɆɘɖɎɈɆɋɘɗɥ 
ɍɓɆɝɎɒɔɗɘɢ ɕɖɆɈɎɑɢɓɔɉɔ ɔɕɖɋɊɋɑɋɓɎɥ ɉɋɔ-
ɒɋɘɖɎɎ ɘɖɋɟɎɓ Ɋɑɥ ɒɆɐɗɎɒɎɍɆɜɎɎ ɕɖɔɎɍɈɔ-
ɊɎɘɋɑɢɓɔɗɘɎ ɗɐɈɆɌɎɓɡ Ɏ ɣɚɚɋɐɘɎɈɓɔɗɘɎ 
ɕɖɔɜɋɗɗɆ Ȳȩȶȵ. Ȩ ɖɆɇɔɘɋ ɆɓɆɑɎɍɎɖəɤɘɗɥ 
ɖɆɍɑɎɝɓɡɋ ɒɋɘɔɊɡ ɖɆɗɝɋɘɆ Ɏ ɔɜɋɓɐɎ ɔɕɘɎ-
ɒɆɑɢɓɔɏ ɉɋɔɒɋɘɖɎɎ ɘɖɋɟɎɓ, ɈɐɑɤɝɆɥ ɝɎɗ-
ɑɋɓɓɔɋ ɒɔɊɋɑɎɖɔɈɆɓɎɋ, ɣɐɗɕɋɖɎɒɋɓɘɆɑɢɓɡɋ 
ɎɗɗɑɋɊɔɈɆɓɎɥ Ɏ ɕɖɆɐɘɎɝɋɗɐɎɋ ɓɆɇɑɤɊɋɓɎɥ. 
Ȱɖɔɒɋ ɘɔɉɔ, ɗɘɆɘɢɥ ɔɛɈɆɘɡɈɆɋɘ ɖɋɍəɑɢɘɆɘɡ  
 

 ɣɐɗɕɋɖɎɒɋɓɘɆɑɢɓɡɛ ɎɗɗɑɋɊɔɈɆɓɎɏ, ɕɖɔɈɋ-
Ɋɋɓɓɡɛ ɗ ɜɋɑɢɤ ɆɓɆɑɎɍɆ ɕɔɈɋɊɋɓɎɥ ɘɖɋɟɎɓ 
Ɉ ɖɆɍɑɎɝɓɡɛ ɉɋɔɑɔɉɎɝɋɗɐɎɛ əɗɑɔɈɎɥɛ. ɃɘɎ 
ɎɗɗɑɋɊɔɈɆɓɎɥ ɈɐɑɤɝɆɤɘ Ɉ ɗɋɇɥ ɆɓɆɑɎɍ ɚɎ-
ɍɎɝɋɗɐɎɛ Ɏ ɒɋɛɆɓɎɝɋɗɐɎɛ ɗɈɔɏɗɘɈ ɉɔɖɓɡɛ ɕɔ-
ɖɔɊ, Ɇ ɘɆɐɌɋ ɎɍəɝɋɓɎɋ ɈɑɎɥɓɎɥ ɕɆɖɆɒɋɘɖɔɈ 
ɗɐɈɆɌɎɓɡ ɓɆ ɚɔɖɒɎɖɔɈɆɓɎɋ ɘɖɋɟɎɓ. ȵɔɑə-
ɝɋɓɓɡɋ ɖɋɍəɑɢɘɆɘɡ ɒɔɉəɘ ɇɡɘɢ ɕɔɑɋɍɓɡ Ɋɑɥ 
ɎɓɌɋɓɋɖɔɈ Ɏ ɗɕɋɜɎɆɑɎɗɘɔɈ Ɉ ɔɇɑɆɗɘɎ ɓɋɚɘɋ-
ɉɆɍɔɈɔɏ ɕɖɔɒɡɞɑɋɓɓɔɗɘɎ ɕɖɎ ɕɖɔɋɐɘɎɖɔɈɆ-
ɓɎɎ Ɏ ɕɖɔɈɋɊɋɓɎɎ ɔɕɋɖɆɜɎɏ ɕɔ Ȳȩȶȵ Ɋɑɥ 
əɈɋɑɎɝɋɓɎɥ ɊɔɇɡɝɎ əɉɑɋɈɔɊɔɖɔɊɔɈ Ɏɍ ɕɑɆ-
ɗɘɔɈ. 
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Abstract. The article is dedicated to the 
calculation and assessment of the optimal ge-
ometry of fractures in the context of conducting 
hydraulic fracturing in horizontal wells. The sig-
nificance of correctly determining the geometry 
of fractures to maximize well productivity and 
the efficiency of the hydraulic fracturing process 
is considered. The paper analyzes various 
methods for calculating and evaluating the op-
timal geometry of fractures, including numerical 
modeling, experimental research, and practical 
observations. 

 Additionally, the article covers the results of ex-
perimental studies aimed at analyzing the be-
havior of fractures in different geological condi-
tions. These studies include the analysis of 
physical and mechanical properties of rock for-
mations, as well as the influence of well param-
eters on fracture formation. The obtained results 
can be useful for engineers and specialists in 
the oil and gas industry in designing and con-
ducting hydraulic fracturing operations to in-
crease hydrocarbon recovery from reservoirs. 
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Ȩ ɗɔɈɖɋɒɋɓɓɔɏ ɓɋɚɘɋɉɆɍɔɈɔɏ ɕɖɔɒɡɞ-

ɑɋɓɓɔɗɘɎ ɔɊɓɎɒ Ɏɍ ɆɐɘəɆɑɢɓɡɛ ɓɆɕɖɆɈɑɋɓɎɏ 

ɥɈɑɥɋɘɗɥ ɖɆɍɖɆɇɔɘɐɆ ɒɋɗɘɔɖɔɌɊɋɓɎɏ ɓɆ 

ɞɋɑɢɚɋ ɗ ɕɖɎɒɋɓɋɓɎɋɒ ɕɋɖɋɊɔɈɡɛ ɘɋɛɓɔɑɔ-

ɉɎɏ, ɘɆɐɎɛ ɐɆɐ ɒɓɔɉɔɗɘɆɊɎɏɓɡɏ ɉɎɊɖɆɈɑɎɝɋ-

ɗɐɎɏ ɖɆɍɖɡɈ ɕɑɆɗɘɆ (Ȳȩȶȵ). Ƀɘɔɘ ɒɋɘɔɊ Ɋɔ-

ɇɡɝɎ əɉɑɋɈɔɊɔɖɔɊɔɈ ɕɖɎɔɇɖɋɘɆɋɘ Ɉɗɋ ɇɔɑɢ-

ɞəɤ ɕɔɕəɑɥɖɓɔɗɘɢ ɇɑɆɉɔɊɆɖɥ ɗɈɔɋɏ ɣɚɚɋɐ-

ɘɎɈɓɔɗɘɎ Ɏ əɓɎɐɆɑɢɓɡɒ ɘɋɛɓɎɝɋɗɐɎɒ ɛɆɖɆɐɘɋ-

ɖɎɗɘɎɐɆɒ. 

ȵɋɖɗɕɋɐɘɎɈɡ ɖɆɍɖɆɇɔɘɐɎ ɒɋɗɘɔɖɔɌɊɋ-

ɓɎɥ ɞɋɑɢɚɆ ɗ ɎɗɕɔɑɢɍɔɈɆɓɎɋɒ ɒɓɔɉɔɗɘɆɊɎɏ-

ɓɔɉɔ ɉɎɊɖɔɖɆɍɖɡɈɆ ɕɑɆɗɘɆ ɕɖɋɊɗɘɆɈɑɥɤɘ ɗɔ-

ɇɔɏ ɍɓɆɝɎɘɋɑɢɓɡɏ Ɏɓɘɋɖɋɗ. ȵɖɋɎɒəɟɋɗɘɈɆ 

ɎɗɕɔɑɢɍɔɈɆɓɎɥ Ȳȩȶȵ ɓɆ ɞɋɑɢɚɋ ɈɐɑɤɝɆɤɘ Ɉ 

ɗɋɇɥ əɈɋɑɎɝɋɓɎɋ ɊɔɇɡɝɎ Ɏɍ ɕɑɆɗɘɆ, əɑəɝɞɋ-

ɓɎɋ ɣɐɔɓɔɒɎɝɋɗɐɔɏ ɗɔɗɘɆɈɑɥɤɟɋɏ ɕɖɔɋɐɘɆ, 

ɗɓɎɌɋɓɎɋ ɣɐɔɑɔɉɎɝɋɗɐɔɉɔ ɈɔɍɊɋɏɗɘɈɎɥ Ɏ ɕɔ-

ɈɡɞɋɓɎɋ ɔɇɟɋɏ əɗɘɔɏɝɎɈɔɗɘɎ ɕɖɔɜɋɗɗɔɈ Ɋɔ-

ɇɡɝɎ. Ȱɖɔɒɋ ɘɔɉɔ, ɣɘɔɘ ɒɋɘɔɊ ɗɕɔɗɔɇɗɘɈəɋɘ 

əɒɋɓɢɞɋɓɎɤ ɈɖɋɒɋɓɎ ɕɖɔɈɋɊɋɓɎɥ ɖɆɇɔɘ Ɏ 

ɔɇɋɗɕɋɝɎɈɆɋɘ ɈɔɍɒɔɌɓɔɗɘɢ ɣɐɗɕɑəɆɘɆɜɎɎ ɒɋ-

ɗɘɔɖɔɌɊɋɓɎɏ ɗ ɓɎɍɐɔɏ ɕɖɔɊəɐɘɎɈɓɔɗɘɢɤ. 

ȶɆɍɖɆɇɔɘɐɆ ɒɋɘɔɊɎɐ Ɏ ɎɗɕɔɑɢɍɔɈɆɓɎɋ 

ɕɔɐɆɍɆɘɋɑɋɏ Ɋɑɥ ɖɆɗɝɋɘɆ Ɏ ɔɜɋɓɐɎ ɔɕɘɎɒɆɑɢ-

ɓɔɏ ɉɋɔɒɋɘɖɎɎ ɘɖɋɟɎɓ ɕɖɎ ɕɖɔɈɋɊɋɓɎɎ ɒɓɔ-

ɉɔɗɘɆɊɎɏɓɔɉɔ ɉɎɊɖɔɖɆɍɖɡɈɆ ɕɑɆɗɘɆ ɓɆ ɉɔɖɎ-

ɍɔɓɘɆɑɢɓɡɛ ɗɐɈɆɌɎɓɆɛ ɕɖɋɊɗɘɆɈɑɥɤɘ ɗɔɇɔɏ 

ɈɆɌɓɡɏ Ɇɗɕɋɐɘ Ɉ ɓɋɚɘɋɉɆɍɔɈɔɏ ɎɓɊəɗɘɖɎɎ. Ȩ 

ɣɘɔɒ ɐɔɓɘɋɐɗɘɋ ɒɋɘɔɊɎɐɎ ɈɐɑɤɝɆɤɘ Ɉ ɗɋɇɥ 

ɐɔɒɕɑɋɐɗɓɡɋ ɕɔɊɛɔɊɡ, ɘɆɐɎɋ ɐɆɐ ɝɎɗɑɋɓɓɔɋ 

ɒɔɊɋɑɎɖɔɈɆɓɎɋ ɕɖɔɜɋɗɗɆ ɉɎɊɖɔɖɆɍɖɡɈɆ ɕɑɆ-

ɗɘɆ ɗ ɎɗɕɔɑɢɍɔɈɆɓɎɋɒ ɗɕɋɜɎɆɑɎɍɎɖɔɈɆɓɓɔɉɔ 

ɕɖɔɉɖɆɒɒɓɔɉɔ ɔɇɋɗɕɋɝɋɓɎɥ. 

ȵɔɐɆɍɆɘɋɑɎ, Ɉ ɗɈɔɤ ɔɝɋɖɋɊɢ, ɕɖɋɊɔɗ-

ɘɆɈɑɥɤɘ ɐɔɑɎɝɋɗɘɈɋɓɓɡɋ ɔɜɋɓɐɎ ɖɋɍəɑɢɘɆ-

ɘɎɈɓɔɗɘɎ Ɏ əɗɕɋɞɓɔɗɘɎ ɕɖɔɈɋɊɋɓɎɥ ɕɖɔɜɋɗɗɆ 

Ȳȩȶȵ. ȷɖɋɊɎ ɘɆɐɎɛ ɕɔɐɆɍɆɘɋɑɋɏ ɒɔɉəɘ ɇɡɘɢ 

ɎɗɕɔɑɢɍɔɈɆɓɡ ɐɔɣɚɚɎɜɎɋɓɘɡ ɕɖɔɊəɐɘɎɈɓɔ-

ɗɘɎ ɗɐɈɆɌɎɓ, ɔɇɠɋɒ ɊɔɇɡɝɎ əɉɑɋɈɔɊɔɖɔɊɔɈ, 

ɖɆɗɕɖɋɊɋɑɋɓɎɋ ɊɆɈɑɋɓɎɥ Ɉ ɘɖɋɟɎɓɆɛ Ɏ ɕɖɔ-

ɓɎɜɆɋɒɔɗɘɢ ɕɑɆɗɘɆ. ɃɘɎ ɕɔɐɆɍɆɘɋɑɎ ɕɔɒɔɉɆɤɘ 

ɔɜɋɓɎɘɢ ɕɖɆɐɘɎɝɓɔɗɘɢ ɖɆɍɑɎɝɓɡɛ ɒɋɘɔɊɎɐ Ɏ 

ɗɘɖɆɘɋɉɎɏ ɕɖɔɈɋɊɋɓɎɥ Ȳȩȶȵ, Ɇ ɘɆɐɌɋ ɔɕɖɋɊɋ-

ɑɎɘɢ ɔɕɘɎɒɆɑɢɓɡɋ ɕɆɖɆɒɋɘɖɡ Ɏ əɗɑɔɈɎɥ Ɋɑɥ 

ɒɆɐɗɎɒɎɍɆɜɎɎ ɊɔɇɡɝɎ əɉɑɋɈɔɊɔɖɔɊɔɈ. 

Ȫɑɥ ɇɔɑɋɋ ɉɑəɇɔɐɔɉɔ ɆɓɆɑɎɍɆ ɔɕɘɎ-

ɒɆɑɢɓɔɏ ɉɋɔɒɋɘɖɎɎ ɘɖɋɟɎɓ ɕɖɎ ɒɓɔɉɔɗɘɆɊɎɏ-

ɓɔɒ ɉɎɊɖɔɖɆɍɖɡɈɋ ɕɑɆɗɘɆ ɓɆ ɉɔɖɎɍɔɓɘɆɑɢɓɡɛ 

ɗɐɈɆɌɎɓɆɛ ɘɆɐɌɋ ɒɔɉəɘ ɕɖɎɒɋɓɥɘɢɗɥ ɒɋɘɔɊɡ, 

ɔɗɓɔɈɆɓɓɡɋ ɓɆ ɆɓɆɑɎɍɋ ɊɆɓɓɡɛ ɒɎɐɖɔɖɋɉɎɗɘ-

ɖɆɜɎɎ Ɏ ɉɋɔɚɎɍɎɝɋɗɐɎɛ ɎɗɗɑɋɊɔɈɆɓɎɏ. ɃɘɎ 

ɒɋɘɔɊɡ ɕɔɍɈɔɑɥɤɘ ɕɔɑəɝɎɘɢ ɎɓɚɔɖɒɆɜɎɤ ɔ 

ɒɆɗɞɘɆɇɆɛ Ɏ ɛɆɖɆɐɘɋɖɎɗɘɎɐɆɛ ɘɖɋɟɎɓ Ɉ ɖɋ-

Ɇɑɢɓɔɒ ɈɖɋɒɋɓɎ, ɝɘɔ ɊɆɋɘ ɈɔɍɒɔɌɓɔɗɘɢ ɔɕɋ-

ɖɆɘɎɈɓɔ ɐɔɖɖɋɐɘɎɖɔɈɆɘɢ ɕɆɖɆɒɋɘɖɡ ɕɖɔɜɋɗɗɆ 

Ȳȩȶȵ Ɋɑɥ ɊɔɗɘɎɌɋɓɎɥ ɔɕɘɎɒɆɑɢɓɔɏ ɉɋɔɒɋɘ-

ɖɎɎ ɘɖɋɟɎɓ [1]. 

Ȱɖɔɒɋ ɘɔɉɔ, ɔɜɋɓɐɆ ɗɘɋɕɋɓɎ ɕɋɖɋɐɖɋɗɘ-

ɓɔɉɔ ɈɑɎɥɓɎɥ ɘɖɋɟɎɓ ɒɋɌɊə ɖɆɍɑɎɝɓɡɒɎ 

ɗɘɎɒəɑɎɖɔɈɆɓɓɡɒɎ ɍɔɓɆɒɎ Ɏ Ɏɛ ɈɍɆɎɒɔɗɈɥɍɢ 

ɗ ɉɋɔɑɔɉɎɝɋɗɐɎɒɎ ɗɘɖəɐɘəɖɆɒɎ ɒɔɌɋɘ ɇɡɘɢ 

ɐɑɤɝɋɈɡɒ ɕɔɐɆɍɆɘɋɑɋɒ Ɋɑɥ ɔɕɖɋɊɋɑɋɓɎɥ ɔɕ-

ɘɎɒɆɑɢɓɔɏ ɉɋɔɒɋɘɖɎɎ ɘɖɋɟɎɓ [2, 3]. 

ȮɗɕɔɑɢɍɔɈɆɓɎɋ ɎɓɘɋɉɖɎɖɔɈɆɓɓɡɛ ɕɔɊ-

ɛɔɊɔɈ, ɈɐɑɤɝɆɤɟɎɛ Ɉ ɗɋɇɥ ɖɆɍɑɎɝɓɡɋ ɒɋɘɔ-

ɊɎɐɎ Ɏ ɕɔɐɆɍɆɘɋɑɎ, ɕɔɍɈɔɑɥɋɘ ɓɋ ɘɔɑɢɐɔ ɔɕ-

ɖɋɊɋɑɎɘɢ ɔɕɘɎɒɆɑɢɓɡɋ ɕɆɖɆɒɋɘɖɡ Ȳȩȶȵ, ɓɔ 

Ɏ ɕɖɔɈɔɊɎɘɢ ɇɔɑɋɋ ɘɔɝɓəɤ ɔɜɋɓɐə ɊɆɓɓɔɏ 

ɘɋɛɓɔɑɔɉɎɎ Ɉ ɐɔɓɐɖɋɘɓɡɛ ɉɋɔɑɔɉɎɝɋɗɐɎɛ əɗɑɔ-

ɈɎɥɛ [4]. ȸɆɐɔɏ ɕɔɊɛɔɊ ɗɕɔɗɔɇɗɘɈəɋɘ ɇɔɑɋɋ 

ɖɆɜɎɔɓɆɑɢɓɔɒə ɎɗɕɔɑɢɍɔɈɆɓɎɤ ɖɋɗəɖɗɔɈ Ɏ 

ɕɔɈɡɞɋɓɎɤ ɔɇɟɋɏ ɕɖɔɎɍɈɔɊɎɘɋɑɢɓɔɗɘɎ ɓɋɚ-

ɘɋɉɆɍɔɈɡɛ ɒɋɗɘɔɖɔɌɊɋɓɎɏ. 

Ȫɑɥ ɔɜɋɓɐɎ ɉɋɔɒɋɘɖɎɎ ɘɖɋɟɎɓ ɉɎɊɖɆɈ-

ɑɎɝɋɗɐɔɉɔ ɖɆɍɖɡɈɆ ɕɑɆɗɘɆ (ȩȶȵ) ɎɗɕɔɑɢɍɔɈɆ-

ɑɆɗɢ ɎɓɚɔɖɒɆɜɎɥ ɕɔ ɗɐɈɆɌɎɓɋ, ɗɆɒɔɏ ɉɑəɇɔ-

ɐɔɏ Ɏɍ Ɉɗɋɛ ɕɑɆɓɎɖəɋɒɡɛ. ȫɗɑɎ ɓɆ ɓɆɝɆɑɢɓɔɒ 
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ɣɘɆɕɋ ɔɜɋɓɐɎ ɉɋɔɒɋɘɖɎɎ ɘɖɋɟɎɓ ɎɗɕɔɑɢɍɔɈɆ-

ɑɎɗɢ ɈɡɉɖəɍɐɎ ɗ ɕɆɖɆɒɋɘɖɆɒɎ ɕɔ ɗɐɈɆɌɎɓɋ Ɏ 

ɕɑɆɗɘə Ɏɍ ɕɖɔɉɖɆɒɒɡ, ɘɔ ɕɔɗɑɋ ɕɔɗɘɖɔɋɓɎɥ 4D 

ɉɋɔɒɋɛɆɓɎɝɋɗɐɔɏ ɒɔɊɋɑɎ ɎɗɕɔɑɢɍɔɈɆɑɎ ɊɆɓ-

ɓɡɋ ɕɑɆɗɘɆ Ɋɑɥ ɗɐɈɆɌɎɓɡ, ɈɡɉɖəɌɋɓɓɡɋ Ɏɍ 

4D ɒɔɊɋɑɎ (ɖɎɗəɓɐɎ 1 Ɏ  2). 

Ȫɑɥ ɈɡɇɖɆɓɓɔɏ ɗɐɈɆɌɎɓɡ ɕɖɔɈɋɊɋɓɔ 

4D ɒɔɊɋɑɎɖɔɈɆɓɎɋ. ȳɎɌɋ ɕɖɎɈɋɊɋɓɡ ɔɗɓɔɈ-

ɓɡɋ ɈɡɈɔɊɡ ɕɔ ɓɆɕɖɥɌɋɓɎɥɒ, ɗɈɔɏɗɘɈɆɒ ɕɑɆ-

ɗɘɆ, ɐɔɘɔɖɡɋ ɎɗɕɔɑɢɍɔɈɆɑɎɗɢ Ɋɑɥ ɒɔɊɋɑɎɖɔ-

ɈɆɓɎɥ Ɏ ɔɜɋɓɐɎ ɉɋɔɒɋɘɖɎɎ ɘɖɋɟɎɓɡ, ɕɖɎ ɗɔ-

ɗɘɆɈɑɋɓɎɎ ɕɖɔɉɖɆɒɒɡ ȩȶȵ Ɉ ɕɖɔɉɖɆɒɒɋ-

ɗɎɒəɑɥɘɔɖɋ. 

1. ȸɖɆɋɐɘɔɖɎɥ ɕɑɆɓɔɈɔɏ ɗɐɈɆɌɎɓɡ Ɉ Ɏɓ-

ɘɋɖɈɆɑɋ ɕɑɆɗɘɆ ɕɖɔɛɔɊɎɘ Ɉ ɆɍɎɒəɘɋ 10Á, ɇɑɎɍ-

ɐɔɒ ɐ ɒɎɓɎɒɆɑɢɓɔɒə ɉɔɖɎɍɔɓɘɆɑɢɓɔɒə ɓɆ-

ɕɖɥɌɋɓɎɤ. ȳɆɕɖɆɈɑɋɓɎɋ ɒɆɐɗɎɒɆɑɢɓɔɉɔ ɉɔ-

ɖɎɍɔɓɘɆɑɢɓɔɉɔ ɓɆɕɖɥɌɋɓɎɥ Ɉ ɍɔɓɋ Ɉɗɋɉɔ ɗɘɈɔ-

ɑɆ ɗɐɈɆɌɎɓɡ ɈɡɊɋɖɌɆɓɔ ɖɆɈɓɡɒ 79Á. 

2. ȵɔ ɖɆɗɝɋɘɆɒ ɓɆ 2022 ɉ. ɇɡɑɔ ɔɕɖɋɊɋ-

ɑɋɓɔ, ɝɘɔ ɕɑɆɗɘɔɈɔɋ ɊɆɈɑɋɓɎɋ ɈɇɑɎɍɎ ɗɐɈɆ-

ɌɎɓɡ ɗɓɎɌɋɓɔ Ɋɔ å 85 Ɇɘɒ. ȵɑɆɗɘɔɈɔɋ ɊɆɈɑɋ-

ɓɎɋ 70-75 Ɇɘɒ ɔɐɔɑɔ ɕɔɖɘɔɈ 4-6, Ɋɔ 50 Ɇɘɒ ə 

ɓɔɗɐɆ ɗɐɈɆɌɎɓɡ. 

3. ȭɆ ɗɝɋɘ ɗɓɎɌɋɓɎɥ ɊɆɈɑɋɓɎɥ ɘɆɐɌɋ 

ɗɓɎɌɆɤɘɗɥ ɉɔɖɎɍɔɓɘɆɑɢɓɡɋ ɓɆɕɖɥɌɋɓɎɥ, Ɏ Ɉ 

ɖɋɍəɑɢɘɆɘɋ ɐɔɓɘɖɆɗɘ ɒɎɓɎɒɆɑɢɓɔɉɔ ɉɔɖɎɍɔɓ-

ɘɆɑɢɓɔɉɔ ɓɆɕɖɥɌɋɓɎɥ ɒɋɌɊə ɉɑɎɓɔɏ Ɏ ɕɋɗɝɆ-

ɓɎɐɔɒ ɊɔɗɘɎɉɆɋɘ å 65 Ɇɘɒ Ɏ Ɉɡɞɋ. ȩɋɔɒɋɘɖɎɥ 

ɘɖɋɟɎɓɡ ɇəɊɋɘ ɔɇəɗɑɔɈɑɋɓɆ ɐɔɓɘɖɆɗɘɔɒ ɓɆ-

ɕɖɥɌɋɓɎɏ ɈɗɑɋɊɗɘɈɎɋ ɕɔɓɎɌɋɓɓɔɉɔ ɕɑɆɗɘɔɈɔ-

ɉɔ ɊɆɈɑɋɓɎɥ ɈɓəɘɖɎ ɜɋɑɋɈɔɉɔ ɕɑɆɗɘɆ. 

 

 

 

 
 

ȶɎɗəɓɔɐ 1. ȶɋɍəɑɢɘɆɘ ɖɆɗɝɋɘɆ əɗɘɔɏɝɎɈɔɗɘɎ ɗɘɈɔɑɆ ɗɐɈɆɌɎɓɡ (ɗɔɗɘɆɈɑɋɓɔ ɆɈɘɔɖɆɒɎ) 

 

Figure 1. Stability analysis results of wellbore (compiled by the authors) 
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ȶɎɗəɓɔɐ 2. ȨɆɖɎɆɓɘ ɖɆɗɗɘɆɓɔɈɐɎ ɕɔɖɘɔɈ ȩȶȵ ɔɘɓɔɗɎɘɋɑɢɓɔ ɉɋɔɒɋɛɆɓɎɝɋɗɐɎɛ ɕɆɖɆɒɋɘɖɔɈ ɕɑɆɗɘɆ 

Ɉ ɗɐɈɆɌɎɓɋ (ɗɔɗɘɆɈɑɋɓɔ ɆɈɘɔɖɆɒɎ) 

 

Figure 2. Placement options of hydraulic fracturing ports relative to reservoir geomechanical  

parameters in the wellbore (compiled by the authors) 

 
 

 

ȳɆɕɖɥɌɋɓɎɥ Ɉ ɉɑɎɓɆɛ Ɉɡɞɋ ɕɑɆɗɘɆ  

å 265 Ɇɘɒ, ɓɎɌɋ ɕɑɆɗɘɆ å 310 Ɇɘɒ. ȰɔɓɘɖɆɗɘ 

ɓɆɕɖɥɌɋɓɎɏ Ɉ ɗɎɗɘɋɒɋ ɕɑɆɗɘ ï ɈɒɋɟɆɤɟɆɥ 

ɗɖɋɊɆ ɊɔɗɘɎɉɆɋɘ 65-80 Ɇɘɒ, ɝɘɔ ɗɕɔɗɔɇɗɘɈəɋɘ 

ɛɔɖɔɞɋɒə ɣɐɖɆɓɎɖɔɈɆɓɎɤ ɘɖɋɟɎɓɡ ȩȶȵ 

ɈɓəɘɖɎ ɕɑɆɗɘɆ. 

Ȫɑɥ ɔɕɘɎɒɆɑɢɓɔɉɔ ɖɆɗɝɋɘɆ ɉɋɔɒɋɘɖɎɎ 

ɘɖɋɟɎɓ Ɉ ɉɔɖɎɍɔɓɘɆɑɢɓɔ ɓɆɕɖɆɈɑɋɓɓɡɛ ɗɐɈɆ-

ɌɎɓɆɛ ɗ ɎɗɕɔɑɢɍɔɈɆɓɎɋɒ ɉɎɊɖɔɖɆɍɖɡɈɓɡɛ ɕɆ-

ɐɋɖɔɈ ɓɋɔɇɛɔɊɎɒɔ əɝɋɗɘɢ ɖɥɊ ɚɆɐɘɔɖɔɈ, ɗɈɥ-

ɍɆɓɓɡɛ ɗ əɗɑɔɈɎɥɒɎ Ɏ ɕɆɖɆɒɋɘɖɆɒɎ ɕɑɆɗɘɆ 

[5].  

ȵɖɋɌɊɋ Ɉɗɋɉɔ, əɉɔɑ ɒɋɌɊə ɘɖɋɟɎɓɆɒɎ 

ȩȶȵ Ɏ ɗɘɈɔɑɔɒ ɗɐɈɆɌɎɓɡ ɎɉɖɆɋɘ ɐɑɤɝɋɈəɤ 

ɖɔɑɢ Ɏ ɇɡɑ ɔɕɖɋɊɋɑɋɓ ɓɆ əɖɔɈɓɋ 69Á, ɝɘɔ ɔɍ-

ɓɆɝɆɋɘ ɇɑɎɍɔɗɘɢ ɘɖɋɟɎɓ ɐ ɕɋɖɕɋɓɊɎɐəɑɥɖɓɡɒ 

ɓɆɕɖɆɈɑɋɓɎɥɒ ɔɘɓɔɗɎɘɋɑɢɓɔ ɗɐɈɆɌɎɓɡ. 

ȹɗɘɆɓɔɈɑɋɓɔ, ɝɘɔ ɕɑɆɗɘɔɈɔɋ ɊɆɈɑɋɓɎɋ Ɉ 

ɓɋɕɔɗɖɋɊɗɘɈɋɓɓɔɏ ɇɑɎɍɔɗɘɎ ɐ ɗɐɈɆɌɎɓɋ ɗɓɎ-

ɍɎɑɔɗɢ Ɋɔ å 85 Ɇɘɒ, ɝɘɔ ɈɆɌɓɔ əɝɎɘɡɈɆɘɢ ɕɖɎ 

ɕɖɔɋɐɘɎɖɔɈɆɓɎɎ ȩȶȵ.  

ȷəɟɋɗɘɈɋɓɓɡɏ ɐɔɓɘɖɆɗɘ ɓɆɕɖɥɌɋɓɎɏ Ɉ 

ɗɎɗɘɋɒɋ ɕɑɆɗɘɆ ɘɆɐɌɋ ɕɖɎɈɑɋɐɆɋɘ ɈɓɎɒɆɓɎɋ, 

ɉɊɋ ɈɒɋɟɆɤɟɆɥ ɗɖɋɊɆ ɊɔɗɘɎɉɆɋɘ ɍɓɆɝɋɓɎɏ ɔɘ 

65 Ɋɔ 80 Ɇɘɒ. ɃɘɎ ɊɆɓɓɡɋ ɓɋɔɇɛɔɊɎɒɡ Ɋɑɥ 

ɘɔɝɓɔɉɔ ɖɆɗɝɋɘɆ ɕɆɖɆɒɋɘɖɔɈ ȩȶȵ.  

ȵɖɔɓɎɜɆɋɒɔɗɘɢ ɕɑɆɗɘɆ, ɕɖɎɓɥɘɆɥ Ɋɑɥ 

ɖɆɗɝɋɘɔɈ, ɗɔɗɘɆɈɑɥɋɘ 4,7 ɒȪ, ɝɘɔ ɥɈɑɥɋɘɗɥ 

ɈɆɌɓɡɒ ɕɆɖɆɒɋɘɖɔɒ Ɋɑɥ ɔɕɖɋɊɋɑɋɓɎɥ ɕɖɔɈɋ-

ɊɋɓɎɥ ɉɎɊɖɔɖɆɍɖɡɈɓɡɛ ɖɆɇɔɘ. ȸɆɐɌɋ əɝɘɋɓɆ 

ɈɡɗɔɐɆɥ ɈɋɖɘɎɐɆɑɢɓɆɥ ɆɓɎɍɔɘɖɔɕɎɥ, ɈɡɥɈ-

ɑɋɓɓɆɥ Ɉ ɖɋɍəɑɢɘɆɘɋ ɎɓɘɋɖɕɖɋɘɆɜɎɎ ɉɋɔɚɎɍɎ-

ɝɋɗɐɎɛ ɊɆɓɓɡɛ Ɏɍ ɉɔɖɎɍɔɓɘɆɑɢɓɡɛ ɗɐɈɆ-

ɌɎɓ [6]. 
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ȴɊɓɎɒ Ɏɍ ɗəɟɋɗɘɈɋɓɓɡɛ ɆɗɕɋɐɘɔɈ ɕɖɎ 

ɖɆɗɝɋɘɋ ɔɕɘɎɒɆɑɢɓɔɏ ɉɋɔɒɋɘɖɎɎ ɘɖɋɟɎɓ ɥɈ-

ɑɥɋɘɗɥ ɗɓɎɌɋɓɎɋ ɚɆɍɔɈɔɏ ɕɖɔɓɎɜɆɋɒɔɗɘɎ Ɉ 

ɖɋɍəɑɢɘɆɘɋ ɖɆɍɉɆɍɎɖɔɈɆɓɎɥ Ɏ ɕɖɔɖɡɈɆ ɉɆɍɆ. 

ɃɘɎ ɊɆɓɓɡɋ, ɕɔɑəɝɋɓɓɡɋ Ɏɍ ɎɗɗɑɋɊɔɈɆɓɎɏ ɉɔ-

ɖɎɍɔɓɘɆɑɢɓɡɛ ɗɐɈɆɌɎɓ, ɕɖɋɊɔɗɘɆɈɑɥɤɘ ɈɆɌ-

ɓəɤ ɎɓɚɔɖɒɆɜɎɤ ɔ ɕɋɖɋɒɋɓɋ ɗɈɔɏɗɘɈ ɕɑɆɗɘɆ 

Ɉ ɖɋɍəɑɢɘɆɘɋ ɈɔɍɊɋɏɗɘɈɎɥ ɉɆɍɆ. 

Ȫɑɥ ɊɔɗɘɎɌɋɓɎɥ ɓɆɎɑəɝɞɎɛ ɖɋɍəɑɢɘɆ-

ɘɔɈ Ɉ ɔɕɘɎɒɎɍɆɜɎɎ ɉɋɔɒɋɘɖɎɎ ɘɖɋɟɎɓ ɗ Ɏɗ-

ɕɔɑɢɍɔɈɆɓɎɋɒ ɘɋɛɓɔɑɔɉɎɎ ȩȶȵ Ɉ ɕɑɆɗɘɋ Ɉɗɋ 

əɕɔɒɥɓəɘɡɋ ɕɆɖɆɒɋɘɖɡ Ɏ əɗɑɔɈɎɥ ɓɋɔɇɛɔɊɎ-

ɒɔ ɎɓɘɋɉɖɎɖɔɈɆɘɢ Ɉ ɒɆɘɋɒɆɘɎɝɋɗɐəɤ ɒɔɊɋɑɢ 

[7]. Ƀɘɔ ɈɐɑɤɝɋɓɎɋ ɕɔɍɈɔɑɎɘ ɕɖɔɈɋɗɘɎ ɆɓɆɑɎɍ 

ɝəɈɗɘɈɎɘɋɑɢɓɔɗɘɎ ɕɔɑəɊɑɎɓɡ ɘɖɋɟɎɓɡ ȩȶȵ ɐ 

ɎɍɒɋɓɥɤɟɎɒɗɥ əɗɑɔɈɎɥɒ ɕɑɆɗɘɆ ɗ əɝɋɘɔɒ 

ɈɆɖɢɎɖəɤɟɋɉɔɗɥ ɕɆɖɆɒɋɘɖɆ çɕɖɔɓɎɜɆɋ-

ɒɔɗɘɢè. 

ȵɖɔɈɋɊɋɓɎɋ ɆɓɆɑɎɍɆ ɝəɈɗɘɈɎɘɋɑɢɓɔɗɘɎ 

ɥɈɑɥɋɘɗɥ ɈɆɌɓɡɒ ɣɘɆɕɔɒ Ɉ ɔɕɘɎɒɎɍɆɜɎɎ, ɕɔ-

ɗɐɔɑɢɐə ɕɔɍɈɔɑɥɋɘ ɔɜɋɓɎɘɢ, Ɉ ɐɆɐɎɛ ɕɖɋɊɋɑɆɛ 

Ɏɍɒɋɓɥɋɘɗɥ ɔɕɘɎɒɆɑɢɓɆɥ ɕɔɑəɊɑɎɓɆ ɘɖɋɟɎɓɡ 

ȩȶȵ ɕɖɎ ɖɆɍɑɎɝɓɡɛ ɍɓɆɝɋɓɎɥɛ ɕɖɔɓɎɜɆɋɒɔ-

ɗɘɎ ɕɑɆɗɘɆ (ɘɆɇɑɎɜɆ 1). ɃɘɆ ɘɆɇɑɎɜɆ ɕɖɋɊɔɗ-

ɘɆɈɑɥɋɘ ɗɔɇɔɏ ɗɎɗɘɋɒɆɘɎɍɎɖɔɈɆɓɓɡɏ ɔɇɍɔɖ 

ɈɑɎɥɓɎɥ ɕɖɔɓɎɜɆɋɒɔɗɘɎ ɓɆ ɉɋɔɒɋɘɖɎɤ ɘɖɋ-

ɟɎɓ Ɏ ɕɔɒɔɉɆɋɘ ɈɡɥɈɎɘɢ ɔɕɘɎɒɆɑɢɓɡɋ ɍɓɆɝɋ-

ɓɎɥ ɕɔɑəɊɑɎɓɡ ɘɖɋɟɎɓɡ ɕɖɎ ɖɆɍɑɎɝɓɡɛ ɗɜɋ-

ɓɆɖɎɥɛ. 

 

ȸɆɇɑɎɜɆ 1. ȩɖɆɓɎɜɡ ɎɍɒɋɓɋɓɎɥ ɕɔɑəɊɑɎɓɡ 

ɘɖɋɟɎɓ ȩȶȵ Ɉ ɍɆɈɎɗɎɒɔɗɘɎ ɔɘ ɎɍɒɋɓɋɓɎɥ  

ɕɖɔɓɎɜɆɋɒɔɗɘɎ ɕɑɆɗɘɆ (ɗɔɗɘɆɈɑɋɓɔ ɆɈɘɔɖɆɒɎ) 

 

Table 1. Variation range of half-length of hydraulic 

fracture in relation to changes in reservoir  

permeability (compiled by the authors) 

 

ȵɖɔɓɎɜɆɋɒɔɗɘɢ 
ɕɑɆɗɘɆ, ɒȪ 

ȴɜɋɓɔɝɓɆɥ  
ɕɔɑəɊɑɎɓɆ ɘɖɋɟɎɓɡ, ɒ 

0,47 200ï260 

4,7 130ï180 

14,7 70ï100 

47 30ï50 

 

Ȫɑɥ ɈɡɇɖɆɓɓɔɏ ɕɖɔɓɎɜɆɋɒɔɗɘɎ ɕɑɆɗɘɆ, 

ɖɆɈɓɔɏ 4,7 ɒȪ, ɖɋɐɔɒɋɓɊəɋɘɗɥ ɖɆɗɗɒɔɘɖɋɘɢ 

ɘɖɋɟɎɓɡ, ɗɔɍɊɆɓɓɡɋ ɗ ɎɗɕɔɑɢɍɔɈɆɓɎɋɒ ȩȶȵ, 

ɗ ɕɔɑəɊɑɎɓɔɏ Ɉ ɕɖɋɊɋɑɆɛ 150-180 ɒ. ȴɊɓɆɐɔ 

ɕɖɎ ɖɆɗɝɋɘɋ ɕɖɔɉɖɆɒɒɡ ȩȶȵ ɓɋɔɇɛɔɊɎɒɔ əɝɎ-

ɘɡɈɆɘɢ ɓɋ ɘɔɑɢɐɔ ɊɆɓɓɔɋ ɍɓɆɝɋɓɎɋ ɕɖɔɓɎɜɆɋ-

ɒɔɗɘɎ, ɓɔ Ɏ ɚɆɐɘɔɖɡ, ɘɆɐɎɋ ɐɆɐ Ɏɗɘɔɟɋɓɓɔɗɘɢ 

ɍɆɑɋɌɎ ɐ ɒɔɒɋɓɘə ɕɖɔɈɋɊɋɓɎɥ ȩȶȵ Ɏ ɗəɟɋɗɘ-

Ɉɋɓɓɡɋ ɖɆɍɑɎɝɎɥ Ɉ ɓɆɕɖɥɌɋɓɎɥɛ ɒɋɌɊə ɕɑɆ-

ɗɘɔɒ Ɏ ɇɆɖɢɋɖɔɒ. 

ȹɖɔɈɋɓɢ ɎɗɘɔɟɋɓɓɔɗɘɎ ɍɆɑɋɌɎ ɎɉɖɆɋɘ 

ɈɆɌɓəɤ ɖɔɑɢ, ɈɔɍɊɋɏɗɘɈəɥ ɓɆ ɈɔɍɒɔɌɓɔɗɘɢ 

ɊɔɗɘɎɌɋɓɎɥ ɍɆɊɆɓɓɔɏ ɔɕɘɎɒɆɑɢɓɔɏ ɕɔɑəɊɑɎ-

ɓɡ ɘɖɋɟɎɓ. ȳɆɕɖɎɒɋɖ, ɕɖɎ ɔɜɋɓɐɋ ɕɖɔɓɎɜɆɋ-

ɒɔɗɘɎ ɕɑɆɗɘɆ ɓɆ əɖɔɈɓɋ 47 ɒȪ ɕɔɑəɊɑɎɓɆ 

ɘɖɋɟɎɓɡ ȩȶȵ ɔɜɋɓɎɈɆɋɘɗɥ Ɉ ɊɎɆɕɆɍɔɓɋ 30-

50 ɒ. ȷ əɝɋɘɔɒ ɗɓɎɌɋɓɓɔɉɔ ɕɑɆɗɘɔɈɔɉɔ ɊɆɈɑɋ-

ɓɎɥ ɓɆ ɒɔɒɋɓɘ ɕɖɔɈɋɊɋɓɎɥ ȩȶȵ Ɏ ɖɋɆɑɢɓɔɏ 

ɕɖɔɓɎɜɆɋɒɔɗɘɎ ɕɑɆɗɘɆ Ɉ əɗɑɔɈɎɥɛ ɓɆɉɓɋɘɆɓɎɥ 

ɌɎɊɐɔɗɘɎ Ɉ ɔɘɑɎɝɎɋ ɔɘ ɖɋɌɎɒɔɈ ɊɔɇɡɝɎ ɗ 

ɕɖɎɗəɘɗɘɈɎɋɒ ɉɆɍɆ ɗɑɋɊəɋɘ ɔɌɎɊɆɘɢ ɗɓɎɌɋɓɎɥ 

ɕɖɔɓɎɐɓɔɈɋɓɎɥ ɌɎɊɐɔɗɘɎ Ɉ ɕɖɔɜɋɗɗɋ ȩȶȵ. 

Ȫɑɥ ɕɖɋɊɈɆɖɎɘɋɑɢɓɔɏ ɔɜɋɓɐɎ ɕɆɖɆɒɋɘɖɔɈ 

ɘɖɋɟɎɓ ɕɖɎɓɎɒɆɋɘɗɥ ɓɆɝɆɑɢɓɆɥ ɕɖɔɓɎɜɆɋ-

ɒɔɗɘɢ ɕɑɆɗɘɆ ɕɔɊ ɊɋɏɗɘɈɎɋɒ ɌɎɊɐɔɗɘɎ ȩȶȵ Ɉ 

ɊɎɆɕɆɍɔɓɋ 30-35 %. Ƀɘɔ ɕɔɍɈɔɑɥɋɘ ɇɔɑɋɋ ɘɔɝ-

ɓɔ əɝɋɗɘɢ ɔɗɔɇɋɓɓɔɗɘɎ ɍɆɑɋɌɎ Ɏ ɗɔɍɊɆɘɢ ɕɖɔ-

ɉɖɆɒɒə ȩȶȵ, ɗɔɔɘɈɋɘɗɘɈəɤɟəɤ ɐɔɓɐɖɋɘɓɡɒ 

əɗɑɔɈɎɥɒ Ɏ ɘɖɋɇɔɈɆɓɎɥɒ Ɋɑɥ ɔɕɘɎɒɆɑɢɓɔɉɔ 

Ɋɔɇɡɝɓɔɉɔ ɕɖɔɜɋɗɗɆ. 

ȵɖɔɉɓɔɍɎɖəɋɘɗɥ, ɝɘɔ ɕɖɎ ɎɗɕɔɑɢɍɔɈɆɓɎɎ 

ɇɔɑɋɋ 80 ɘ ɕɖɔɕɕɆɓɘɆ Ɉ ɖɆɒɐɆɛ ɖɆɇɔɘ ɕɔ ȩȶȵ 

Ɏ ɕɖɎ ɕɑɆɓɎɖəɋɒɔɒ ɔɇɠɋɒɋ ɌɎɊɐɔɗɘɎ Ɉ əɗɑɔ-

ɈɎɥɛ ɔɉɖɆɓɎɝɋɓɓɔɉɔ ɕɔ Ɉɡɗɔɘɋ ɕɑɆɗɘɆ ɒɔɌɓɔ 

ɔɌɎɊɆɘɢ əɈɋɑɎɝɋɓɎɥ ɈɔɍɊɋɏɗɘɈɎɥ ɌɎɊɐɔɗɘɎ. 

Ƀɘɔɘ ɖɋɍəɑɢɘɆɘ, Ɉ ɗɈɔɤ ɔɝɋɖɋɊɢ, ɗɔɕɖɔɈɔɌɊɆ-

ɋɘɗɥ ɖɔɗɘɔɒ ɘɖɋɟɎɓɡ Ɉ Ɉɡɗɔɘə, ɕɖɎ ɣɘɔɒ ɞɎ-

ɖɎɓɆ ɘɖɋɟɎɓɡ ȩȶȵ Ɉ ɕɖɔɊəɐɘɎɈɓɔɏ ɝɆɗɘɎ ɒɔ-

Ɍɋɘ əɒɋɓɢɞɎɘɢɗɥ 

Ƀɘɔɘ ɕɖɔɉɓɔɍ əɐɆɍɡɈɆɋɘ ɓɆ ɕɔɘɋɓɜɎɆɑɢ-

ɓɡɋ ɈɡɉɔɊɡ ɔɘ ɎɗɕɔɑɢɍɔɈɆɓɎɥ ɇɔɑɢɞɎɛ ɔɇɠ-

ɋɒɔɈ ɕɖɔɕɕɆɓɘɆ, ɔɗɔɇɋɓɓɔ Ɉ ɐɔɓɘɋɐɗɘɋ ɔɉɖɆ-

ɓɎɝɋɓɓɡɛ ɉɋɔɑɔɉɎɝɋɗɐɎɛ əɗɑɔɈɎɏ. ȹɈɋɑɎɝɋɓɎɋ 

ɗɕɔɗɔɇɓɔɗɘɎ ɌɎɊɐɔɗɘɎ ȩȶȵ ɒɔɌɋɘ ɗɕɔɗɔɇɗɘ-

ɈɔɈɆɘɢ ɇɔɑɋɋ ɣɚɚɋɐɘɎɈɓɔɒə ɖɆɗɞɎɖɋɓɎɤ 

ɘɖɋɟɎɓ Ɏ, ɗɑɋɊɔɈɆɘɋɑɢɓɔ, ɕɔɈɡɞɋɓɎɤ ɔɇɟɋɏ 

ɕɖɔɎɍɈɔɊɎɘɋɑɢɓɔɗɘɎ ɗɐɈɆɌɎɓɡ. ȴɊɓɆɐɔ ɈɆɌ-

ɓɔ ɘɟɆɘɋɑɢɓɔ əɝɋɗɘɢ Ɉɗɋ Ɇɗɕɋɐɘɡ ɕɖɔɜɋɗɗɆ, 

ɘɆɐɎɋ ɐɆɐ ɉɋɔɒɋɘɖɎɥ ɘɖɋɟɎɓ, ɝɘɔɇɡ ɊɔɗɘɎɝɢ 

ɔɕɘɎɒɆɑɢɓɡɛ ɖɋɍəɑɢɘɆɘɔɈ ɕɖɎ ɕɑɆɓɎɖɔɈɆɓɎɎ 

Ɏ ɕɖɔɈɋɊɋɓɎɎ ɖɆɇɔɘ ȩȶȵ (ɖɎɗəɓɔɐ 3). 
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ȶɎɗəɓɔɐ 3. ȩɋɔɒɋɘɖɎɎ ɘɖɋɟɎɓ ȩȶȵ Ɉ ɍɆɈɎɗɎɒɔɗɘɎ ɔɘ ɒɆɗɗɡ ɕɖɔɕɕɆɓɘɆ (ɗɔɗɘɆɈɑɋɓɔ ɆɈɘɔɖɆɒɎ) 

 

Figure 3. Geometry of hydraulic fractures depending on proppant mass  (compiled by the authors) 

 

 

 

 

ȵɖɔɈɋɊɋɓɓɡɏ ɆɓɆɑɎɍ ɝəɈɗɘɈɎɘɋɑɢɓɔɗɘɎ 

Ɋɑɥ ɒɆɗɗɡ ɕɖɔɕɕɆɓɘɆ Ɉ ɖɆɍɒɋɖɋ 50 ɘ ɈɡɥɈɎɑ 

ɍɓɆɝɎɘɋɑɢɓɔɋ ɈɑɎɥɓɎɋ ɓɆ ɖɔɗɘ ɘɖɋɟɎɓɡ ɕɖɎ 

əɈɋɑɎɝɋɓɎɎ ɌɎɊɐɔɗɘɎ Ɉ ɉɎɊɖɔɖɆɍɖɡɈɓɡɛ ɕɆ-

ɐɋɖɆɛ. ȵɖɎ ɗɔɕɔɗɘɆɈɎɒɡɛ ɕɔɑəɊɑɎɓɆɛ ɘɖɋ-

ɟɎɓ, Ɉ ɗɖɋɊɓɋɒ ɖɆɈɓɡɛ 150 ɒ, ɓɆɇɑɤɊɆɋɘɗɥ 

ɘɋɓɊɋɓɜɎɥ ɐ əɈɋɑɎɝɋɓɎɤ Ɉɡɗɔɘɡ ɘɖɋɟɎɓɡ 

ȩȶȵ (ɖɎɗəɓɔɐ 4). 

Ƀɘɔɘ ɖɋɍəɑɢɘɆɘ ɕɔɊɝɋɖɐɎɈɆɋɘ ɈɆɌɓɔɗɘɢ 

ɈɍɆɎɒɔɗɈɥɍɎ ɒɋɌɊə ɒɆɗɗɔɏ ɕɖɔɕɕɆɓɘɆ Ɏ Ɉɔɍ-

ɊɋɏɗɘɈɎɋɒ ɌɎɊɐɔɗɘɎ Ɉ ɐɔɓɘɋɐɗɘɋ ɕɖɔɜɋɗɗɆ 

ȩȶȵ. ȵɖɎ ɎɗɕɔɑɢɍɔɈɆɓɎɎ 50 ɘ ɕɖɔɕɕɆɓɘɆ ɇɆ-

ɑɆɓɗɎɖɔɈɆɓɎɋ ɣɘɔɉɔ ɕɆɖɆɒɋɘɖɆ ɗ əɈɋɑɎɝɋɓɎ-

ɋɒ ɔɇɠɋɒɆ ɌɎɊɐɔɗɘɎ ɒɔɌɋɘ ɕɖɋɊɔɗɘɆɈɎɘɢ Ɋɔ-

ɕɔɑɓɎɘɋɑɢɓɡɋ ɈɔɍɒɔɌɓɔɗɘɎ Ɋɑɥ əɈɋɑɎɝɋɓɎɥ 

ɖɆɍɒɋɖɔɈ ɘɖɋɟɎɓ Ɉ ɈɋɖɘɎɐɆɑɢɓɔɒ ɓɆɕɖɆɈɑɋ-

ɓɎɎ. 

ȹɈɋɑɎɝɋɓɎɋ ɒɆɗɗɡ ɕɖɔɕɕɆɓɘɆ ɒɔɌɋɘ 

ɕɖɎɈɋɗɘɎ ɐ ɇɔɑɋɋ ɞɎɖɔɐɎɒ Ɏ ɗɘɆɇɎɑɢɓɡɒ 

ɘɖɋɟɎɓɆɒ, ɝɘɔ, Ɉ ɗɈɔɤ ɔɝɋɖɋɊɢ, əɑəɝɞɆɋɘ 

ɕɖɔɜɋɗɗ ɊɔɇɡɝɎ əɉɑɋɈɔɊɔɖɔɊɔɈ. ȴɊɓɆɐɔ ɈɆɌ-

ɓɔ ɗɇɆɑɆɓɗɎɖɔɈɆɘɢ ɣɘɔɘ ɕɆɖɆɒɋɘɖ ɗ ɔɇɠɋɒɔɒ 

ɌɎɊɐɔɗɘɎ, ɐɔɘɔɖɆɥ ɗɕɔɗɔɇɗɘɈəɋɘ ɗɔɍɊɆɓɎɤ 

ɘɖɋɟɎɓ Ɏ Ɏɛ ɖɆɗɞɎɖɋɓɎɤ. 

ȴɕɘɎɒɎɍɆɜɎɥ ɕɖɔɉɖɆɒɒɡ ɉɎɊɖɔɖɆɍɖɡɈɆ 

ɕɑɆɗɘɆ Ɉ ɐɔɓɘɋɐɗɘɋ ɖɆɍɖɋɍɆ ɗɐɈɆɌɎɓɡ ɕɖɋ-

ɊɔɗɘɆɈɑɥɋɘ ɕɋɖɗɕɋɐɘɎɈə ɍɓɆɝɎɘɋɑɢɓɔɉɔ əɈɋ-

ɑɎɝɋɓɎɥ ɒɆɗɗɡ ɕɖɔɕɕɆɓɘɆ Ɋɔ 62 ɘ. Ƀɘɔɘ ɞɆɉ 

ɓɆɕɖɆɈɑɋɓ ɓɆ ɒɆɐɗɎɒɎɍɆɜɎɤ ɕɖɔɜɋɗɗɆ ɉɎɊɖɔ-

ɖɆɍɖɡɈɆ Ɏ ɕɔɈɡɞɋɓɎɋ ɕɖɔɎɍɈɔɊɎɘɋɑɢɓɔɗɘɎ 

ɗɐɈɆɌɎɓɡ [8]. 

ȵɖɎɓɥɘɎɋ ɖɋɞɋɓɎɥ ɔ ɕɔɈɡɞɋɓɎɎ ɒɆɗɗɡ 

ɕɖɔɕɕɆɓɘɆ Ɋɔ 62 ɘ ɘɖɋɇəɋɘ ɇɆɑɆɓɗɎɖɔɈɐɎ ɘɋɛ-

ɓɔɑɔɉɎɝɋɗɐɎɛ ɕɆɖɆɒɋɘɖɔɈ Ɋɑɥ ɊɔɗɘɎɌɋɓɎɥ 

ɔɕɘɎɒɆɑɢɓɔɉɔ ɗɔɝɋɘɆɓɎɥ ɒɋɌɊə ɔɇɠɋɒɔɒ Ɏɗ-

ɕɔɑɢɍəɋɒɔɉɔ ɒɆɘɋɖɎɆɑɆ Ɏ ɌɋɑɆɋɒɡɒɎ ɖɋ-

ɍəɑɢɘɆɘɆɒɎ ɖɆɗɟɋɕɑɋɓɎɥ. ȸɆɐɔɏ ɕɔɊɛɔɊ ɕɔ-

ɍɈɔɑɥɋɘ ɓɋ ɘɔɑɢɐɔ əɑəɝɞɎɘɢ ɕɖɔɜɋɗɗ ɉɎɊɖɔ-

ɖɆɍɖɡɈɆ, ɓɔ Ɏ ɕɔɈɡɗɎɘɢ ɔɇɟəɤ Ɋɔɇɡɝə əɉɑɋ-

ɈɔɊɔɖɔɊɔɈ, ɝɘɔ ɥɈɑɥɋɘɗɥ ɐɑɤɝɋɈɔɏ ɜɋɑɢɤ Ɉ 

ɐɔɓɘɋɐɗɘɋ ɔɕɘɎɒɎɍɆɜɎɎ ɖɆɇɔɘɡ ɗɐɈɆɌɎɓ (ɖɎ-

ɗəɓɔɐ 5). 

ȵɆɖɆɒɋɘɖɡ ɘɖɋɟɎɓɡ ɕɔ ɊɆɓɓɡɒ ɒɔɊɋ-

ɑɎɖɔɈɆɓɎɥ ɓɆ 50 Ɏ 62 ɘ ɕɖɔɕɕɆɓɘɆ: 

Å ɕɖɔɕɕɆɓɘɓɆɥ ɕɔɑəɊɑɎɓɆ ɘɖɋɟɎɓɡ ɓɆɛɔ-

ɊɎɘɗɥ Ɉ ɕɖɋɊɋɑɆɛ 150-180 ɒ; 

Å ɔɌɎɊɆɋɒɆɥ ɕɖɔɕɕɆɓɘɓɆɥ ɕɔɑəɊɑɎɓɆ ɘɖɋ-

ɟɎɓɡ ɓɆɛɔɊɎɘɗɥ Ɉ ɕɖɋɊɋɑɆɛ 80-100 ɒ; 

Å ɈɡɗɔɘɆ ɘɖɋɟɎɓɡ ȩȶȵ ɓɆɛɔɊɎɘɗɥ Ɉ ɕɖɋɊɋ-

ɑɆɛ 18-21 ɒ; 

Å ɞɎɖɎɓɆ ɘɖɋɟɎɓɡ ȩȶȵ ɗɔɗɘɆɈɑɥɋɘ Ɉ ɗɖɋɊ-

ɓɋɒ 6 ɒɒ; 

Å ɗɒɔɊɋɑɎɖɔɈɆɓɓɔɋ ɓɆɐɔɕɑɋɓɓɔɋ ɊɆɈɑɋɓɎɋ 

68ï75 ɇɆɖ; 

Å ɔɕɘɎɒɆɑɢɓɡɏ ɔɇɠɋɒ ɌɎɊɐɔɗɘɎ ȩȶȵ ï 37-

42 %; 
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Å ɕɖɔɕəɗɐɓɆɥ ɗɕɔɗɔɇɓɔɗɘɢ ɘɖɋɟɎɓɡ ɗɔ- ɗɘɆɈɑɥɋɘ ï 3,7. 

 
 

ȶɎɗəɓɔɐ 4. ȩɋɔɒɋɘɖɎɥ ɘɖɋɟɎɓɡ Ɋɑɥ ɕɖɔɉɖɆɒɒɡ ȩȶȵ ɗ ɍɆɐɆɝɐɔɏ 50 ɘ ɓɆ ɗɐɈɆɌɎɓɋ  

(ɗɔɗɘɆɈɑɋɓɔ ɆɈɘɔɖɆɒɎ) 

 

Figure 4. Fracture geometry for a hydraulic fracturing program with a 50 t proppant injection per well 

(compiled by the authors) 

 

 

 

 

 
 

ȶɎɗəɓɔɐ 5. ȩɋɔɒɋɘɖɎɥ ɘɖɋɟɎɓɡ Ɋɑɥ ɕɖɔɉɖɆɒɒɡ ȩȶȵ ɗ ɍɆɐɆɝɐɔɏ 62 ɘ ɓɆ ɗɐɈɆɌɎɓɋ  

(ɗɔɗɘɆɈɑɋɓɔ ɆɈɘɔɖɆɒɎ) 

 

Figure 5. Fracture geometry for a hydraulic fracturing program with a 62 t proppant injection per well  

(compiled by the authors) 
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ȮɗɛɔɊɥ Ɏɍ ɕɔɊɖɔɇɓɡɛ ɖɆɗɝɋɘɔɈ, əɝɋɘɆ 

ɘɖɋɇəɋɒɔɉɔ ɔɇɠɋɒɆ ɌɎɊɐɔɗɘɎ Ɋɑɥ ɉɎɊɖɔɖɆɍ-

ɖɡɈɓɡɛ ɕɆɐɋɖɔɈ Ɏ ɓɋɔɇɛɔɊɎɒɔɗɘɎ ɕɖɔɈɋɊɋɓɎɥ 

ɒɎɓɎȩȶȵ, Ɇ ɘɆɐɌɋ ɊɖəɉɎɛ ɣɘɆɕɔɈ ɕɖɔɜɋɗɗɆ, 

ɕɖɋɊɕɔɑɆɉɆɋɒɔɋ ɐɔɑɎɝɋɗɘɈɔ ɋɒɐɔɗɘɋɏ Ɋɑɥ 

ɔɇɋɗɕɋɝɋɓɎɥ ɓɋɕɖɋɖɡɈɓɔɉɔ ɛɔɊɆ ɖɆɇɔɘ ȩȶȵ 

ɔɜɋɓɎɈɆɋɘɗɥ Ɉ 20 ɋɊɎɓɎɜ, ɈɐɑɤɝɆɥ 10 % ɍɆɕɆ-

ɗɆ ɓɆ ɗɑəɝɆɏ ɓɋɔɌɎɊɆɓɓɡɛ ɔɇɗɘɔɥɘɋɑɢɗɘɈ.  

ȶɆɗɗɝɎɘɆɓɓɡɏ ɔɇɠɋɒ ɐɆɌɊɔɏ ɋɒɐɔɗɘɎ 

Ɋɑɥ ȩȶȵ ɗɔɗɘɆɈɑɥɋɘ 50 ɒ
3
, ɕɖɎɝɋɒ Ɉ ɣɘɔɘ ɔɇɠ-

ɋɒ Ɉɐɑɤɝɋɓ çɒɋɖɘɈɡɏ ɔɇɠɋɒè Ɉ ɖɆɍɒɋɖɋ 3 ɒ
3
. 

ȨɆɌɓɔ ɔɘɒɋɘɎɘɢ, ɝɘɔ ɈɔɍɒɔɌɓɔɗɘɢ Ɏɍ-

ɒɋɓɋɓɎɥ ɒɆɗɗɡ ɕɖɔɕɕɆɓɘɆ ɎɑɎ ɔɇɠɋɒɆ ɌɎɊ-

ɐɔɗɘɎ ȩȶȵ ɕɖɋɊəɗɒɔɘɖɋɓɆ ɕɔɗɑɋ ɕɖɔɈɋɊɋɓɎɥ 

ɒɎɓɎȩȶȵ Ɏ əɝɋɘɆ ɆɐɘəɆɑɢɓɡɛ əɗɑɔɈɎɏ ɕɑɆɗɘɆ 

Ɉ ɒɔɒɋɓɘ ɈɡɕɔɑɓɋɓɎɥ ɉɎɊɖɔɖɆɍɖɡɈɓɡɛ ɖɆɇɔɘ. 

Ȩ ɗɑəɝɆɋ ɕɖɋɈɡɞɋɓɎɥ ɕɑɆɗɘɔɈɡɛ ɊɆɈɑɋɓɎɏ ɕɔ 

ɗɖɆɈɓɋɓɎɤ ɗ ɍɆɕɑɆɓɎɖɔɈɆɓɓɡɒɎ ɍɓɆɝɋɓɎɥɒɎ, 

Ɇ ɘɆɐɌɋ ɗ əɒɋɓɢɞɋɓɎɋɒ ɖɆɍɓɎɜɡ Ɉ ɓɆɕɖɥɌɋ-

ɓɎɥɛ ɒɋɌɊə ɕɑɆɗɘɔɒ Ɏ ɇɆɖɢɋɖɓɡɒɎ ɗɑɔɥɒɎ 

ɖɋɐɔɒɋɓɊəɋɘɗɥ ɖɆɗɗɒɔɘɖɋɘɢ ɈɔɍɒɔɌɓɔɗɘɢ 

əɒɋɓɢɞɋɓɎɥ ɒɆɗɗɡ ɕɖɔɕɕɆɓɘɆ Ɉ ɍɆɈɎɗɎɒɔɗɘɎ 

ɔɘ ɖɋɍəɑɢɘɆɘɆ ɔɜɋɓɐɎ ɖɔɗɘɆ ɘɖɋɟɎɓɡ Ɉ ɈɋɖɘɎ-

ɐɆɑɢɓɔɒ ɓɆɕɖɆɈɑɋɓɎɎ.  

ȸɆɐɔɏ ɉɎɇɐɎɏ ɕɔɊɛɔɊ ɔɇɋɗɕɋɝɎɈɆɋɘ 

ɆɊɆɕɘɆɜɎɤ ɕɑɆɓɔɈ ȩȶȵ ɐ ɖɋɆɑɢɓɡɒ əɗɑɔɈɎɥɒ 

Ɏ ɔɕɘɎɒɎɍɎɖəɋɘ ɕɖɔɜɋɗɗ Ɋɑɥ ɊɔɗɘɎɌɋɓɎɥ ɓɆɎ-

ɑəɝɞɎɛ ɖɋɍəɑɢɘɆɘɔɈ. 

 

ȨɡɈɔɊɡ 

ȵɖɔɈɋɊɋɓ ɈɗɋɗɘɔɖɔɓɓɎɏ ɔɇɍɔɖ ɖɆɍɑɎɝ-

ɓɡɛ ɒɋɘɔɊɔɈ Ɏ ɕɔɊɛɔɊɔɈ ɐ ɖɆɗɝɋɘə Ɏ ɔɜɋɓɐɋ 

ɔɕɘɎɒɆɑɢɓɔɏ ɉɋɔɒɋɘɖɎɎ ɘɖɋɟɎɓ ɕɖɎ ɕɖɔɈɋɊɋ-

ɓɎɎ ɒɓɔɉɔɗɘɆɊɎɏɓɔɉɔ ɉɎɊɖɔɖɆɍɖɡɈɆ ɕɑɆɗɘɆ ɓɆ 

ɉɔɖɎɍɔɓɘɆɑɢɓɡɛ ɗɐɈɆɌɎɓɆɛ. ȮɗɗɑɋɊɔɈɆɓɎɋ 

ɊɋɒɔɓɗɘɖɎɖəɋɘ ɍɓɆɝɎɒɔɗɘɢ ɕɖɆɈɎɑɢɓɔɉɔ ɔɕ-

ɖɋɊɋɑɋɓɎɥ ɕɆɖɆɒɋɘɖɔɈ ɘɖɋɟɎɓ Ɋɑɥ ɔɇɋɗɕɋ-

ɝɋɓɎɥ ɒɆɐɗɎɒɆɑɢɓɔɏ ɣɚɚɋɐɘɎɈɓɔɗɘɎ ɊɔɇɡɝɎ 

əɉɑɋɈɔɊɔɖɔɊɔɈ Ɏɍ ɕɑɆɗɘɔɈ. 

ȨɆɌɓɡɒ ɖɋɍəɑɢɘɆɘɔɒ ɖɆɇɔɘɡ ɥɈɑɥɋɘɗɥ 

ɈɡɥɈɑɋɓɎɋ ɘɔɉɔ, ɝɘɔ Ɉɡɇɔɖ ɔɕɘɎɒɆɑɢɓɔɏ ɉɋɔ-

ɒɋɘɖɎɎ ɘɖɋɟɎɓ ɎɉɖɆɋɘ ɐɑɤɝɋɈəɤ ɖɔɑɢ Ɉ ɕɔ-

ɈɡɞɋɓɎɎ ɕɖɔɎɍɈɔɊɎɘɋɑɢɓɔɗɘɎ ɗɐɈɆɌɎɓɡ Ɏ 

ɔɇɟɋɏ ɣɚɚɋɐɘɎɈɓɔɗɘɎ ɕɖɔɜɋɗɗɆ ɊɔɇɡɝɎ əɉ-

ɑɋɈɔɊɔɖɔɊɔɈ. ȨɑɎɥɓɎɋ ɖɆɍɑɎɝɓɡɛ ɚɆɐɘɔɖɔɈ, 

ɘɆɐɎɛ ɐɆɐ ɉɋɔɑɔɉɎɝɋɗɐɎɋ ɔɗɔɇɋɓɓɔɗɘɎ ɕɑɆɗɘɆ, 

ɗɈɔɏɗɘɈɆ ɚɑɤɎɊɔɈ, Ɇ ɘɆɐɌɋ ɘɋɛɓɎɝɋɗɐɎɋ ɕɆ-

ɖɆɒɋɘɖɡ ɕɖɔɜɋɗɗɆ Ȳȩȶȵ, ɓɋɔɇɛɔɊɎɒɔ əɝɎɘɡ-

ɈɆɘɢ ɕɖɎ Ɉɡɇɔɖɋ ɔɕɘɎɒɆɑɢɓɡɛ ɕɆɖɆɒɋɘɖɔɈ 

ɘɖɋɟɎɓ. 

ȸɆɐɎɒ ɔɇɖɆɍɔɒ, ɖɋɍəɑɢɘɆɘɡ ɊɆɓɓɔɉɔ 

ɎɗɗɑɋɊɔɈɆɓɎɥ ɕɔɊɝɋɖɐɎɈɆɤɘ ɈɆɌɓɔɗɘɢ ɕɖɔɈɋ-

ɊɋɓɎɥ ɐɔɒɕɑɋɐɗɓɔɉɔ ɆɓɆɑɎɍɆ ɕɖɎ Ɉɡɇɔɖɋ ɔɕ-

ɘɎɒɆɑɢɓɡɛ ɕɆɖɆɒɋɘɖɔɈ Ȳȩȶȵ ɓɆ ɉɔɖɎɍɔɓ-

ɘɆɑɢɓɡɛ ɗɐɈɆɌɎɓɆɛ, ɝɘɔ ɗɕɔɗɔɇɗɘɈəɋɘ ɕɔɈɡ-

ɞɋɓɎɤ ɣɚɚɋɐɘɎɈɓɔɗɘɎ ɊɔɇɡɝɎ əɉɑɋɈɔɊɔɖɔ-

ɊɔɈ Ɏɍ ɕɑɆɗɘɔɈ Ɏ əɑəɝɞɋɓɎɤ ɣɐɔɓɔɒɎɝɋɗɐɎɛ 

ɕɔɐɆɍɆɘɋɑɋɏ ɕɖɔɋɐɘɔɈ ɖɆɍɖɆɇɔɘɐɎ ɒɋɗɘɔɖɔɌ-

ɊɋɓɎɏ. 
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ɗɔɍɊɆɓɎɤ ɔɗɋɈɔɏ ɓɆɉɖəɍɐɎ Ɏ ɔɝɎɗɘɐɋ ɔɘ 
ɞɑɆɒɆ ɕɖɎ ɇəɖɋɓɎɎ ɉɔɖɎɍɔɓɘɆɑɢɓɡɛ ɗɐɈɆ-
ɌɎɓ.  

ȼɋɑɢ ɖɆɇɔɘɡ ï ɎɗɗɑɋɊɔɈɆɓɎɋ ɐɔɒɇɎɓɎ-
ɖɔɈɆɓɓɔɏ ɇəɖɎɑɢɓɔɏ ɐɔɑɔɓɓɡ Ɏ ɉɋɔɒɋɘɖɎɎ 
ɗɕɎɖɆɑɢɓɔɉɔ ɔɖɋɇɖɋɓɎɥ ɒɋɛɆɓɎɝɋɗɐɎɛ ɔɝɎ-
ɗɘɓɡɛ əɗɘɖɔɏɗɘɈ Ɋɑɥ ɊɔɗɘɎɌɋɓɎɥ ɔɕɘɎɒɆɑɢ-
ɓɔɏ ɓɆɉɖəɍɐɎ ɓɆ Ɋɔɑɔɘɔ Ɏ ɔɝɎɗɘɐɎ ɔɘ ɞɑɆɒɆ 
ɕɖɎ ɇəɖɋɓɎɎ ɗɐɈɆɌɎɓ ɗ ɇɔɑɢɞɔɏ ɕɖɔɘɥɌɋɓ-
ɓɔɗɘɢɤ ɉɔɖɎɍɔɓɘɆɑɢɓɔɉɔ əɝɆɗɘɐɆ. 

ȴɗɓɔɈɓɡɋ ɍɆɊɆɝɎ:  

- ɎɗɗɑɋɊɔɈɆɓɎɋ ɈɑɎɥɓɎɥ ɗɕɎɖɆɑɢɓɔɉɔ 
ɔɖɋɇɖɋɓɎɥ ɒɋɛɆɓɎɝɋɗɐɎɛ ɔɝɎɗɘɓɡɛ əɗɘ-
ɖɔɏɗɘɈ ɓɆ ɘɖɆɓɗɕɔɖɘɎɖɔɈɆɓɎɋ ɞɑɆɒɆ Ɉ ɐɔɑɢ-
ɜɋɈɔɒ ɕɖɔɗɘɖɆɓɗɘɈɋ ɓɆ ɖɆɍɖɆɇɔɘɆɓɓɔɏ ɣɐɗ-
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- ɕɖɔɈɋɊɋɓɎɋ ɗɖɆɈɓɎɘɋɑɢɓɔɉɔ ɆɓɆɑɎɍɆ Ɋɑɥ 
ɔɕɖɋɊɋɑɋɓɎɥ ɔɗɓɔɈɓɡɛ ɕɖɋɎɒəɟɋɗɘɈ ɗɔ-
ɗɘɆɈɑɋɓɓɔɏ ɐɔɒɕɔɓɔɈɐɎ.  

 ȵɖɋɊɑɔɌɋɓɔ ɕɖɎɒɋɓɋɓɎɋ ɒɋɛɆɓɎɐɔ-
ɔɝɎɗɘɓɡɛ əɗɘɖɔɏɗɘɈ, Ɉ ɝɆɗɘɓɔɗɘɎ ɐɔɓɗɘɖəɐ-
ɜɎɎ ɍɆɒɐɆ-ɜɋɓɘɖɆɘɔɖɆ-ɘəɖɇəɑɎɍɆɘɔɖɆ, ɐɔɘɔ-
ɖɆɥ ɕɔɍɈɔɑɥɋɘ əɑəɝɞɎɘɢ ɔɝɎɗɘɐə ɉɔɖɎɍɔɓ-
ɘɆɑɢɓɔɏ ɝɆɗɘɎ ɗɘɈɔɑɆ ɗɐɈɆɌɎɓɡ ɍɆ ɗɝɋɘ ɘəɖ-
ɇəɑɎɍɆɜɎɎ ɕɔɘɔɐɆ ɕɖɔɒɡɈɔɝɓɔɏ ɌɎɊɐɔɗɘɎ Ɏ 
ɕɔɊɠɋɒɆ ɞɑɆɒɆ Ɉ ɔɇɑɆɗɘɢ ɇɔɑɋɋ ɈɡɗɔɐɎɛ 
ɗɐɔɖɔɗɘɋɏ ɕɔɘɔɐɆ. ȷɕɖɔɋɐɘɎɖɔɈɆɓɆ, ɎɍɉɔɘɔɈ-
ɑɋɓɆ Ɏ ɈɈɋɊɋɓɆ Ɉ ɣɐɗɕɑəɆɘɆɜɎɤ ɣɐɗɕɋɖɎɒɋɓ-
ɘɆɑɢɓɆɥ əɗɘɆɓɔɈɐɆ Ɋɑɥ ɕɖɔɈɋɊɋɓɎɥ ɎɗɗɑɋɊɔ-
ɈɆɓɎɥ ɕɖɔɜɋɗɗɔɈ ɕɋɖɋɊɆɝɎ ɓɆɉɖəɍɐɎ ɓɆ Ɋɔ-
ɑɔɘɔ Ɏ ɔɝɎɗɘɐɎ ɗɐɈɆɌɎɓɡ ɔɘ ɞɑɆɒɆ. ȵɖɔɈɋ-
Ɋɋɓɡ ɎɗɗɑɋɊɔɈɆɓɎɥ Ɏ ɗɖɆɈɓɎɘɋɑɢɓɡɏ ɆɓɆɑɎɍ 
ɖɆɍɑɎɝɓɡɛ ɐɔɒɕɔɓɔɈɔɐ ɕɔ ɛɆɖɆɐɘɋɖə ɈɑɎɥ-
ɓɎɥ ɓɆ ɕɖɔɜɋɗɗ ɘɖɆɓɗɕɔɖɘɎɖɔɈɆɓɎɥ ɞɑɆɒɆ ɗ 
ɕɔɒɔɟɢɤ ɣɐɗɕɋɖɎɒɋɓɘɆɑɢɓɔɏ əɗɘɆɓɔɈɐɎ. 
ȵɖɋɊɗɘɆɈɑɋɓɡ ɖɋɍəɑɢɘɆɘɡ ɎɗɗɑɋɊɔɈɆɓɎɥ ɕɔ 
ɖɆɜɎɔɓɆɑɢɓɔɒə ɗɕɎɖɆɑɢɓɔɒə ɔɖɋɇɖɋɓɎɤ 
ɍɆɒɐɆ-ɜɋɓɘɖɆɘɔɖɆ-ɘəɖɇəɑɎɍɆɘɔɖɆ. ȷɕɖɔɋɐ-
ɘɎɖɔɈɆɓɆ ɔɕɘɎɒɆɑɢɓɆɥ ɐɔɒɇɎɓɎɖɔɈɆɓɓɆɥ 
ɇəɖɎɑɢɓɆɥ ɐɔɒɕɔɓɔɈɐɆ ɗ ɒɋɛɆɓɎɝɋɗɐɎɒɎ 
ɔɝɎɗɘɓɡɒɎ əɗɘɖɔɏɗɘɈɆɒɎ, ɕɖɔɈɋɊɋɓ ɗɖɆɈɓɎ-
ɘɋɑɢɓɡɏ ɆɓɆɑɎɍ, ɔɕɖɋɊɋɑɋɓɡ ɔɗɓɔɈɓɡɛ ɕɖɋ-
ɎɒəɟɋɗɘɈ ɗɔɗɘɆɈɑɋɓɓɔɏ ɐɔɒɕɔɓɔɈɐɎ.  
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ȰɑɤɝɋɈɡɋ ɗɑɔɈɆ: ɉɔɖɎɍɔɓɘɆɑɢɓɡɋ ɗɐɈɆɌɎɓɡ, ɐɔɒɇɎɓɎɖɔɈɆɓɓɆɥ ɇəɖɎɑɢɓɆɥ ɐɔɑɔɓɓɆ, ɑɋɉ-

ɐɔɗɕɑɆɈɓɡɋ ɇəɖɎɑɢɓɡɋ ɘɖəɇɡ, ɒɋɛɆɓɎɝɋɗɐɎɋ ɔɝɎɗɘɓɡɋ əɗɘɖɔɏɗɘɈɆ, ɓɆɉɖəɍɐɆ ɓɆ Ɋɔɑɔɘɔ, ɔɝɎɗɘɐɆ 
ɗɐɈɆɌɎɓɡ ɔɘ ɞɑɆɒɆ, ɖɆɜɎɔɓɆɑɢɓɔɋ ɗɕɎɖɆɑɢɓɔɋ ɔɖɋɇɖɋɓɎɋ, ɗɎɑɆ ɘɖɋɓɎɥ, ɗɐɈɆɌɎɓɆ ɗ ɇɔɑɢɞɎɒ 
ɔɘɛɔɊɔɒ ɕɔ ɈɋɖɘɎɐɆɑɎ, ɗɐɔɖɔɗɘɢ ɔɗɋɊɆɓɎɥ ɞɑɆɒɆ, ɘəɖɇəɑɎɍɆɜɎɥ ɕɔɘɔɐɆ ɕɖɔɒɡɈɔɝɓɔɏ ɌɎɊɐɔɗɘɎ, 
ɘɖɆɓɗɕɔɖɘɎɖɔɈɆɓɎɋ ɞɑɆɒɆ, ɍɆɒɔɐ-ɜɋɓɘɖɆɘɔɖ-ɘəɖɇəɑɎɍɆɘɔɖ, ɜɋɓɘɖɎɖɔɈɆɓɎɋ ɇəɖɎɑɢɓɔɏ ɐɔɑɔɓɓɡ 

 
  

 

 

 

ȧɑɆɉɔɊɆɖɓɔɗɘɎ: ȦɈɘɔɖ ɈɡɖɆɌɆɋɘ ɇɑɆɉɔɊɆɖɓɔɗɘɢ ɍɆ ɕɔɒɔɟɢ Ɉ ɖɋɆɑɎɍɆɜɎɎ ɕɖɔɋɐɘɆ ɐɆɓɊɎ-

ɊɆɘə ɘɋɛɓɎɝɋɗɐɎɛ ɓɆəɐ, ɕɖɔɚɋɗɗɔɖə ȱɋɈɎɓɗɔɓə ȱɢɈə ȲɎɛɆɏɑɔɈɎɝə; ȷɔɐɔɑɔɈə ȷɋɖɉɋɤ ȦɓɎɗɎɒɔ-

ɈɎɝə; ȸɎɒɋɖɇɆɋɈə ȩɆɍɎɍɢɥɓə ȩɆɑɎɒɢɥɓɔɈɎɝə; ȧɆɉɎɞɆɋɈə ȨɆɛɎɘə ɄɓɎɖɔɈɎɝə. 
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Abstract. The problems of creating an 
axial load and clearing cuttings when drilling 
horizontal wells are considered. 

The purpose of the work is to study a 
combined drill string and the geometry of spiral 
fins of mechanical cleaning devices to achieve 
optimal load on the bit and clean cuttings when 
drilling wells with a long horizontal section. 

Main objectives: 

- study of the influence of spiral fins of 
mechanical cleaning devices on the 
transportation of sludge in the annular space  
 

 on the developed experimental installation; 

- designing the optimal layout of a combined 
drill string with mechanical cleaning devices, 
determining the area of its effective application; 

- conducting a comparative analysis to 
determine the main advantages of the compiled 
layout.  

The use of mechanical cleaning devices 
has been proposed, in particular the design of a 
lock-centralizer-turbulator, which makes it 
possible to improve the cleaning of the 
horizontal part of the wellbore by turbulizing the  
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flow of the flushing fluid and lifting the cuttings 
to the region of higher flow rates. An 
experimental installation was designed, 
manufactured and put into operation to conduct 
a study of the processes of transferring load to 
the bit and cleaning the well from cuttings. 
Research and comparative analysis of various 
configurations was carried out according to the 
nature of their influence on the process of 
 

 sludge transportation using an experimental 
setup. The results of a study on rational spiral 
fins of a lock-centralizer-turbulator are 
presented. An optimal combined drilling 
assembly with mechanical cleaning devices 
was designed, a comparative analysis was 
carried out, and the main advantages of the 
constructed assembly were determined. 

 

 
Keywords: horizontal wells, combined drill string, light alloy drill pipes, mechanical cleaning de-

vices, load on bit, well cleaning from cuttings, rational spiral fins, friction force, well with long vertical 
reach, cuttings settling rate, turbulization of the drilling fluid flow, cuttings transportation, lock-
centralizer-turbulator, centering of the drill string 
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ȨɈɋɊɋɓɎɋ 

 
Ȩ ɖɆɇɔɘɋ [1] ɕɖɔɈɋɊɋɓ ɆɓɆɑɎɍ ɘɋɛɓɔɑɔ-

ɉɎɝɋɗɐɎɛ ɚɆɐɘɔɖɔɈ, ɈɔɍɓɎɐɆɤɟɎɛ ɕɖɎ ɇəɖɋ-

ɓɎɎ ɉɔɖɎɍɔɓɘɆɑɢɓɡɛ ɗɐɈɆɌɎɓ, ɗɈɥɍɆɓɓɡɛ ɗ 

ɕɋɖɋɊɆɝɋɏ ɓɆɉɖəɍɐɎ ɓɆ Ɋɔɑɔɘɔ Ɏ ɔɝɎɗɘɐɔɏ 

ɗɘɈɔɑɆ ɗɐɈɆɌɎɓɡ ɔɘ ɞɑɆɒɆ [2-4]. ȵɖɋɊɑɔɌɋɓɔ 

ɕɖɎɒɋɓɋɓɎɋ ɐɔɒɇɎɓɎɖɔɈɆɓɓɔɏ ɇəɖɎɑɢɓɔɏ 

ɐɔɒɕɔɓɔɈɐɎ [5-7] ɗ ɕɖɎɒɋɓɋɓɎɋɒ ɒɋɛɆɓɎɝɋ-

ɗɐɎɛ ɔɝɎɗɘɓɡɛ əɗɘɖɔɏɗɘɈ, Ɉ ɝɆɗɘɓɔɗɘɎ ɐɔɓɗɘ-

ɖəɐɜɎɎ ɍɆɒɐɆ-ɜɋɓɘɖɆɘɔɖɆ-ɘəɖɇəɑɎɍɆɘɔɖɆ 

(ȭȼȸ), ɐɔɘɔɖɆɥ ɕɔɍɈɔɑɥɋɘ əɑəɝɞɎɘɢ ɔɝɎɗɘɐə 

ɉɔɖɎɍɔɓɘɆɑɢɓɔɏ ɝɆɗɘɎ ɗɘɈɔɑɆ ɗɐɈɆɌɎɓɡ ɍɆ 

ɗɝɋɘ ɘəɖɇəɑɎɍɆɜɎɎ ɕɔɘɔɐɆ ɕɖɔɒɡɈɔɝɓɔɏ ɌɎɊ-

ɐɔɗɘɎ Ɏ ɕɔɊɠɋɒɆ ɞɑɆɒɆ Ɉ ɔɇɑɆɗɘɢ ɇɔɑɋɋ Ɉɡ-

ɗɔɐɎɛ ɗɐɔɖɔɗɘɋɏ ɕɔɘɔɐɆ [8-13]. Ȫɑɥ ɔɇɔɗɓɔɈɆ-

ɓɎɥ ɣɚɚɋɐɘɎɈɓɔɗɘɎ ɕɖɎɒɋɓɋɓɎɥ ɊɆɓɓɔɏ ɐɔɒ-

ɕɔɓɔɈɐɎ Ɉɡɕɔɑɓɋɓɡ ɕɑɆɓɎɖɔɈɆɓɎɋ ɕɖɔɈɋɊɋ-

ɓɎɥ ɎɗɗɑɋɊɔɈɆɓɎɏ ɕɔ ɖɆɜɎɔɓɆɑɢɓɔɒə ɗɕɎ-

ɖɆɑɢɓɔɒə ɔɖɋɇɖɋɓɎɤ ɒɋɛɆɓɎɝɋɗɐɎɛ ɔɝɎɗɘɓɡɛ 

əɗɘɖɔɏɗɘɈ Ɏ Ɉɡɇɔɖ ɉɋɔɒɋɘɖɎɝɋɗɐɎɛ ɖɆɍɒɋɖɔɈ 

ɒɔɊɋɑɎɖɔɈɆɓɎɥ. ȷɕɖɔɋɐɘɎɖɔɈɆɓɆ, ɎɍɉɔɘɔɈɑɋ-

ɓɆ Ɏ ɈɈɋɊɋɓɆ Ɉ ɣɐɗɕɑəɆɘɆɜɎɤ ɣɐɗɕɋɖɎɒɋɓ-

ɘɆɑɢɓɆɥ əɗɘɆɓɔɈɐɆ Ɋɑɥ ɕɖɔɈɋɊɋɓɎɥ ɎɗɗɑɋɊɔ-

ɈɆɓɎɏ ɕɖɔɜɋɗɗɔɈ ɕɋɖɋɊɆɝɎ ɓɆɉɖəɍɐɎ ɓɆ Ɋɔɑɔ-

ɘɔ Ɏ ɔɝɎɗɘɐɎ ɗɐɈɆɌɎɓɡ ɔɘ ɞɑɆɒɆ.   
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Ȩ ɊɆɓɓɔɏ ɖɆɇɔɘɋ ɕɖɋɊɗɘɆɈɑɋɓɡ ɖɋɍəɑɢ-

ɘɆɘɡ ɎɗɗɑɋɊɔɈɆɓɎɏ ɕɔ ɈɑɎɥɓɎɤ ɗɕɎɖɆɑɢɓɔɉɔ 

ɔɖɋɇɖɋɓɎɥ ɍɆɒɐɆ-ɜɋɓɘɖɆɘɔɖɆ-ɘəɖɇəɑɎɍɆɘɔɖɆ 

ɓɆ ɕɖɔɜɋɗɗ ɘɖɆɓɗɕɔɖɘɎɖɔɈɆɓɎɋ ɞɑɆɒɆ. ȴɗɔ-

ɇɋɓɓɔɗɘɢ ɕɖɔɈɋɊɋɓɓɡɛ ɖɆɇɔɘ ɍɆɐɑɤɝɆɋɘɗɥ Ɉ 

ɘɔɒ, ɝɘɔ ɎɗɗɑɋɊɔɈɆɓɎɥ ɕɖɔɈɔɊɎɑɎɗɢ ɓɆ ɖɋ-

Ɇɑɢɓɔɏ əɒɋɓɢɞɋɓɓɔɏ ɒɔɊɋɑɎ ɗɐɈɆɌɎɓɡ Ɉ ɊɎ-

ɓɆɒɎɐɋ, əɝɎɘɡɈɆɤɟɋɏ ɕɖɔɚɎɑɢ ɗɐɈɆɌɎɓɡ 

(ɍɋɓɎɘɓɡɏ əɉɔɑ, ɕɖɔɘɥɌɋɓɓɔɗɘɢ ɉɔɖɎɍɔɓɘɆɑɢ-

ɓɔɉɔ əɝɆɗɘɐɆ), ɗɈɔɏɗɘɈɆ Ɏ ɖɆɗɛɔɊ ɕɖɔɒɡɈɔɝ-

ɓɔɏ ɌɎɊɐɔɗɘɎ, ɐɔɓɜɋɓɘɖɆɜɎɤ ɞɑɆɒɆ Ɉ ɗɘɈɔɑɋ 

ɗɐɈɆɌɎɓɡ, ɝɆɗɘɔɘə ɈɖɆɟɋɓɎɥ ɇəɖɎɑɢɓɔɏ ɐɔ-

ɑɔɓɓɡ (ȧȰ), ɉɋɔɒɋɘɖɎɤ ɗɕɎɖɆɑɢɓɔɉɔ ɔɖɋɇɖɋ-

ɓɎɥ ɒɋɛɆɓɎɝɋɗɐɎɛ ɔɝɎɗɘɓɡɛ əɗɘɖɔɏɗɘɈ Ɉ ɐɔɒ-

ɕɔɓɔɈɐɋ, ɕɔɍɈɔɑɥɤɟɋɏ ɔɕɖɋɊɋɑɎɘɢ ɖɋɌɎɒɓɡɋ 

ɕɆɖɆɒɋɘɖɡ ɖɔɘɔɖɓɔɉɔ ɇəɖɋɓɎɥ Ɏ Ɉ ɖɋɌɎɒɋ 

ɗɑɆɏɊɎɖɔɈɆɓɎɥ ɔɇɋɗɕɋɝɎɈɆɤɟɎɋ ɐɆɝɋɗɘɈɋɓ-

ɓəɤ ɔɝɎɗɘɐə ɔɘ ɞɑɆɒɆ ɓɆɐɑɔɓɓɡɛ Ɏ ɉɔɖɎɍɔɓ-

ɘɆɑɢɓɡɛ əɝɆɗɘɐɔɈ ɗɐɈɆɌɎɓɡ.  

ȲɔɊɋɑɢ ɇəɖɔɈɔɏ əɗɘɆɓɔɈɐɎ ɈɡɕɔɑɓɋɓɆ Ɉ 

ɈɎɊɋ ɎɗɕɡɘɆɘɋɑɢɓɔɉɔ ɗɘɋɓɊɆ Ɋɑɥ ɕɖɔɈɋɊɋɓɎɥ 

ɎɗɗɑɋɊɔɈɆɓɎɏ ɕɖɔɜɋɗɗɔɈ ɕɋɖɋɊɆɝɎ ɓɆɉɖəɍɐɎ 

ɓɆ Ɋɔɑɔɘɔ Ɏ ɔɝɎɗɘɐɎ ɗɐɈɆɌɎɓɡ ɔɘ ɞɑɆɒɆ ɗ 

ɕɖɎɒɋɓɋɓɎɋɒ ɐɔɒɇɎɓɎɖɔɈɆɓɓɔɏ ɇəɖɎɑɢɓɔɏ 

ɐɔɑɔɓɓɡ ɕɖɎ ɇəɖɋɓɎɎ ɗɐɈɆɌɎɓ ɗ ɇɔɑɢɞɔɏ ɕɖɔ-

ɘɥɌɋɓɓɔɗɘɢɤ ɉɔɖɎɍɔɓɘɆɑɢɓɔɉɔ əɝɆɗɘɐɆ. ȵɖɎɓ-

ɜɎɕɎɆɑɢɓɆɥ ɗɛɋɒɆ ɣɐɗɕɋɖɎɒɋɓɘɆɑɢɓɔɏ əɗɘɆ-

ɓɔɈɐɎ ɕɖɋɊɗɘɆɈɑɋɓɆ ɓɆ ɖɎɗəɓɐɋ 1.  

 

 
1 - ɗɎɗɘɋɒɆ Ɉɋɖɛɓɋɉɔ ɕɖɎɈɔɊɆ; 2 - ɇəɖɔɈɆɥ ɑɋɇɋɊɐɆ; 3 - ɇəɖɔɈɔɏ ɓɆɗɔɗ;  
4 - ɇɑɔɐ əɕɖɆɈɑɋɓɎɥ əɗɘɆɓɔɈɐɔɏ; 5 - ɋɒɐɔɗɘɢ Ɋɑɥ ɖɆɗɘɈɔɖɆ (20 ɑ); 6 - ɊɆɘɝɎɐ ɈɋɗɆ ɓɆ ɐɖɤɐɋ;  
7 - ɊɆɘɝɎɐ ɓɆɉɖəɍɐɎ ɓɆ Ɋɔɑɔɘɔ; 8 - ɊɆɘɝɎɐ ɝɆɗɘɔɘɡ ɈɖɆɟɋɓɎɥ (ɈɓəɘɖɎ ȷȨȵ);  
9 - ɊɆɘɝɎɐ ɐɖəɘɥɟɋɉɔ ɒɔɒɋɓɘɆ (ɈɓəɘɖɎ ɇɑɔɐɆ əɕɖɆɈɑɋɓɎɥ); 10 - ɊɆɘɝɎɐ ɊɆɈɑɋɓɎɥ;  
11 - ɖɆɗɛɔɊɔɒɋɖ 
 
1 - top drive system; 2 - drawworks; 3 - drilling pump; 4 - rig control unit; 5 - mud tank (20 l);  
6 - hookload sensor; 7 - weight on bit sensor; 8 - RPM sensor (inside the top drive system);  
9 - torque sensor (inside the rig control unit); 10 - pressure sensor; 11 - flow meter 

 
ȶɎɗəɓɔɐ 1. ȵɖɎɓɜɎɕɎɆɑɢɓɆɥ ɗɛɋɒɆ ɣɐɗɕɋɖɎɒɋɓɘɆɑɢɓɔɏ əɗɘɆɓɔɈɐɎ 

 
Figure 1. Experimental stand principle schematic 
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ȴɗɓɔɈɓɡɋ ɖɆɇɔɝɎɋ əɍɑɡ əɗɘɆɓɔɈɐɎ: 

 

-  ɗɎɑɔɈɔɏ ɈɋɖɛɓɎɏ ɕɖɎɈɔɊ (ȷȨȵ) Ɏɒɋɋɘ 

ɑɋɈɔɋ Ɏ ɕɖɆɈɔɋ ɈɖɆɟɋɓɎɋ Ɉ ɊɎɆɕɆɍɔɓɋ Ɋɔ 

100 ɔɇ/ɒɎɓ, ɛɔɊɎɘ ɈɈɋɖɛ-ɈɓɎɍ ɕɔ ɓɆɕɖɆɈɑɥɤ-

ɟɋɏ; 

-  ɘɆɑɋɈɆɥ ɗɎɗɘɋɒɆ ɗ ɗɔɔɘɓɔɞɋɓɎɋɒ ɖɔ-

ɑɎɐɔɈ 3 Ĭ 4 Ɏ ɑɋɇɋɊɐɆ; 

-  ɗɎɗɘɋɒɆ ɜɎɖɐəɑɥɜɎɎ ɗ ɈɋɓɘɎɑɥɒɎ, 

ɊɈəɒɥ ɋɒɐɔɗɘɥɒɎ, ɓɆ ɔɊɓɔɏ Ɏɍ ɋɒɐɔɗɘɋɏ əɗɘɆ-

ɓɔɈɑɋɓ ɈɎɇɖɆɜɎɔɓɓɡɏ ɊɈɎɉɆɘɋɑɢ ɗ ɜɋɑɢɤ əɗ-

ɐɔɖɋɓɎɥ ɕɖɔɜɋɗɗɆ ɔɝɎɗɘɐɎ ɖɆɗɘɈɔɖɆ ɔɘ ɞɑɆ-

ɒɆ. ȼɎɖɐəɑɥɜɎɥ ɕɖɔɎɗɛɔɊɎɘ ɍɆ ɗɝɋɘ ɓɆɗɔɗɆ ɗ 

ɈɔɍɒɔɌɓɔɗɘɢɤ ɖɋɉəɑɎɖɔɈɆɓɎɥ Ɉ ɊɎɆɕɆɍɔɓɋ Ɋɔ 

6 ɑ/ɒɎɓ; 

-  ɐɔɒɕɔɓɔɈɐɆ ɓɎɍɆ ɇəɖɎɑɢɓɔɏ ɐɔɑɔɓɓɡ 

(ȰȳȧȰ) ɗ Ɋɔɑɔɘɔɒ Ɏ ɇəɖɎɑɢɓɡɋ ɘɖəɇɡ (ɗɘɆɑɢ-

ɓɡɋ ɇəɖɎɑɢɓɡɋ ɘɖəɇɡ (ȷȧȸ) Ɏ ɑɋɉɐɔɗɕɑɆɈɓɡɋ 

ɇəɖɎɑɢɓɡɋ ɘɖəɇɡ (ȱȧȸ) ɊɎɆɒɋɘɖɔɒ 10 ɒɒ 

ɊɑɎɓɔɏ 200 ɒɒ Ɉɗɋɉɔ ɕɔ 30 ɒ), ɗɘɆɓɊɆɖɘɓɡɋ 

ɍɆɒɐɔɈɡɋ ɗɔɋɊɎɓɋɓɎɥ (ȭȷ) ɘɖəɇ Ɏ ɍɆɒɐɔɈɡɋ 

ɗɔɋɊɎɓɋɓɎɥ ɗɔ ɗɕɎɖɆɑɢɓɡɒ ɔɖɋɇɖɋɓɎɋɒ - ȭȼȸ 

(10Á, 20Á, 30Á); 

-  ɇɑɔɐ əɕɖɆɈɑɋɓɎɥ ɗ ɊɎɗɕɑɋɋɒ Ɏ ɐɓɔɕ-

ɐɆɒɎ. 

ȹɗɘɆɓɔɈɐɆ ɔɇɔɖəɊɔɈɆɓɆ ɗɑɋɊəɤɟɎɒɎ 

ɊɆɘɝɎɐɆɒɎ: 

-  ɕɔ ȷȨȵ: ɊɆɘɝɎɐ ɝɎɗɑɆ ɔɇɔɖɔɘɔɈ Ɏ 

ɊɆɘɝɎɐ ɐɖəɘɥɟɋɉɔ ɒɔɒɋɓɘɆ; 

-  ɕɔ ɗɎɗɘɋɒɋ ɜɎɖɐəɑɥɜɎɎ: ɖɆɗɛɔɊɔɒɋɖ, 

ɣɑɋɐɘɖɔɓɓɡɏ ɊɆɘɝɎɐ ɊɆɈɑɋɓɎɥ Ɏ ɒɆɓɔɒɋɘɖ; 

-  əɗɘɢɋɈɔɏ ɊɆɘɝɎɐ ɈɋɗɆ ɓɆ ɐɖɤɐɋ Ɏ ɍɆ-

ɇɔɏɓɡɏ ɊɆɘɝɎɐ ɊɆɈɑɋɓɎɥ ɓɆ Ɋɔɑɔɘɔ. 

Ȩɗɋ ɕɔɐɆɍɆɓɎɥ ɊɆɘɝɎɐɔɈ ɔɘɔɇɖɆɌɆɤɘɗɥ 

ɓɆ ɊɎɗɕɑɋɋ, ɕɋɖɋɊɆɤɘɗɥ Ɏ ɗɔɛɖɆɓɥɤɘɗɥ ɓɆ 

ɐɔɒɕɢɤɘɋɖɋ, ɕɔ ɐɆɌɊɔɒə ɕɔɐɆɍɆɘɋɑɤ ɗɘɖɔɥɘ-

ɗɥ ɉɖɆɚɎɐɎ Ɉ ɖɋɌɎɒɋ ɖɋɆɑɢɓɔɉɔ ɈɖɋɒɋɓɎ [1]. 

Ȫɑɥ ɕɖɔɈɋɊɋɓɎɥ ɎɗɗɑɋɊɔɈɆɓɎɏ ɗɕɖɔɋɐ-

ɘɎɖɔɈɆɓ ɕɖɔɚɎɑɢ ɗɐɈɆɌɎɓɡ ɗ ɓɆɐɑɔɓɓɔ-

ɓɆɕɖɆɈɑɋɓɓɡɒ əɝɆɗɘɐɔɒ 6,3 ɒ Ɏ ɉɔɖɎɍɔɓɘɆɑɢ-

ɓɡɒ əɝɆɗɘɐɔɒ 6,5 ɒ, ɔɇɟɋɏ ɕɖɔɘɥɌɋɓɓɔɗɘɢɤ 

ɗɘɈɔɑɆ ɗɐɈɆɌɎɓɡ 13,6 ɒ (ɖɎɗəɓɔɐ 2). 

 

 
ȶɎɗəɓɔɐ 2. ȵɖɔɚɎɑɢ ɗɐɈɆɌɎɓɡ 

 

Figure 2. Borehole trajectory 

 

 

ȦɑɉɔɖɎɘɒ ɕɖɔɈɋɊɋɓɎɥ ɣɐɗɕɋɖɎɒɋɓɘɆ 

 

1. ȵɔɊɉɔɘɔɈɎɘɋɑɢɓɡɋ ɖɆɇɔɘɡ: 

- ɍɆɕɔɑɓɋɓɎɋ ɗɘɈɔɑɆ ɗɐɈɆɌɎɓɡ ɕɖɔɒɡ-

Ɉɔɝɓɔɏ ɌɎɊɐɔɗɘɢɤ; 

- ɗɔɍɊɆɓɎɋ ɓɆ ɉɔɖɎɍɔɓɘɆɑɢɓɔɒ əɝɆɗɘɐɋ 

ɗɐɈɆɌɎɓɡ ɞɑɆɒɔɈɔɏ ɕɔɊəɞɐɎ Ɉ ɔɇɠɋɒɋ ɖɆɈ-

ɓɔɏ ɕɔɑɔɈɎɓɋ ɔɇɠɋɒɆ ɉɔɖɎɍɔɓɘɆɑɢɓɔɉɔ əɝɆɗɘ-

ɐɆ; 

- ɕɔɊɉɔɘɔɈɐɆ ɇəɖɎɑɢɓɔɉɔ ɎɓɗɘɖəɒɋɓɘɆ 

Ɋɑɥ ɎɗɗɑɋɊəɋɒɔɏ ɐɔɒɕɔɓɔɈɐɎ ɇəɖɎɑɢɓɔɏ ɐɔ-

ɑɔɓɓɡ. 
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2. ȭɆɕəɗɐ ɣɐɗɕɋɖɎɒɋɓɘɆɑɢɓɔɏ əɗɘɆɓɔɈ-

ɐɎ, ɈɐɑɤɝɋɓɎɋ ɍɆɕɎɗɎ ɕɔɐɆɍɆɓɎɏ ɊɆɘɝɎɐɔɈ. 

3. ȷɕəɗɐ ɇəɖɎɑɢɓɔɏ ɐɔɑɔɓɓɡ Ɉ ɗɐɈɆɌɎ-

ɓə Ɋɔ ɍɆɇɔɥ ɗ ɈɖɆɟɋɓɎɋɒ 30-40 ɔɇ/ɒɎɓ Ɏ ɒɎ-

ɓɎɒɆɑɢɓɡɒ ɖɆɗɛɔɊɔɒ. 

4. ȨɡɛɔɊ ɓɆ ɖɋɌɎɒɓɡɋ ɕɔɐɆɍɆɘɋɑɎ. 

5. ȵɖɔɈɋɊɋɓɎɋ ɣɐɗɕɋɖɎɒɋɓɘɆ ɕɔ ɘɖɆɓɗ-

ɕɔɖɘɎɖɔɈɆɓɎɤ ɞɑɆɒɆ Ɉ ɘɋɝɋɓɎɋ 30 ɒɎɓ ɗ ɍɆ-

ɒɋɖɔɒ ɔɇɠɋɒɆ ɈɡɓɔɗɆ ɕɖɔɕɕɆɓɘɆ ɐɆɌɊɡɋ 

2 ɒɎɓ. 

6. ȴɗɘɆɓɔɈɐɆ ɈɖɆɟɋɓɎɥ Ɏ ɜɎɖɐəɑɥɜɎɎ, 

ɕɔɊɠɋɒ ɎɓɗɘɖəɒɋɓɘɆ ɓɆ əɗɘɢɋ. 

7. ȴɗɘɆɓɔɈɐɆ ɍɆɕɎɗɎ ɕɔɐɆɍɆɓɎɏ, ɗɔɛɖɆ-

ɓɋɓɎɋ ɖɋɍəɑɢɘɆɘɔɈ, ɔɘɐɑɤɝɋɓɎɋ əɗɘɆɓɔɈɐɎ.   

 

ȶɋɍəɑɢɘɆɘɡ ɎɗɗɑɋɊɔɈɆɓɎɥ ɕɔ ɖɆɜɎɔɓɆɑɢɓɔɒə 

ɗɕɎɖɆɑɢɓɔɒə ɔɖɋɇɖɋɓɎɤ  

ɍɆɒɐɆ-ɜɋɓɘɖɆɘɔɖɆ-ɘəɖɇəɑɎɍɆɘɔɖɆ 

 

ȵɖɎ ɕɖɔɈɋɊɋɓɎɎ ɣɐɗɕɋɖɎɒɋɓɘɔɈ ɖɆɗ-

ɗɒɔɘɖɋɓ ɕɖɔɜɋɗɗ ɘɖɆɓɗɕɔɖɘɎɖɔɈɆɓɎɥ ɞɑɆɒɆ Ɉ 

ɉɔɖɎɍɔɓɘɆɑɢɓɔɒ əɝɆɗɘɐɋ ɗɘɈɔɑɆ ɕɖɎ ɖɆɍɑɎɝ-

ɓɡɛ ɖɋɌɎɒɆɛ Ɏ ɐɔɒɕɔɓɔɈɐɆɛ ɇəɖɎɑɢɓɔɏ ɐɔ-

ɑɔɓɓɡ.  

Ȯɍɒɋɓɥɋɒɡɋ ɕɆɖɆɒɋɘɖɡ: ɝɆɗɘɔɘɆ ɈɖɆ-

ɟɋɓɎɥ (0 ɔɇ/ɒɎɓ, 50 ɔɇ/ɒɎɓ, 100 ɔɇ/ɒɎɓ); ɖɆɗ-

ɛɔɊ ɕɖɔɒɡɈɔɝɓɔɏ ɌɎɊɐɔɗɘɎ (1 ɑ/ɒɎɓ, 2 ɑ/ɒɎɓ, 

3 ɑ/ɒɎɓ, 4 ɑ/ɒɎɓ,); ɍɆɒɐɔɈɡɋ ɗɔɋɊɎɓɋɓɎɥ Ɉ 

ɐɔɒɕɔɓɔɈɐɋ (ȷɘɆɓɊ.ȭȷ; ȭȼȸ10; ȭȼȸ20; 

ȭȼȸ30).  

ȪɆɑɋɋ Ɉ ɐɆɝɋɗɘɈɋ ɕɖɎɒɋɖɡ ɕɖɋɊɗɘɆɈ-

ɑɋɓɡ ɖɋɍəɑɢɘɆɘɡ ɣɐɗɕɋɖɎɒɋɓɘɔɈ ɷ 4, ɷ 8, 

ɷ 28 Ɏ ɷ 32 (ɘɆɇɑɎɜɆ 1).  

ȵɖɎ ɕɖɔɈɋɊɋɓɎɎ ɣɐɗɕɋɖɎɒɋɓɘɆ ɷ 4 

ɕɖɎɒɋɓɥɑɆɗɢ ɐɔɒɕɔɓɔɈɐɆ ɗɔ ɗɘɆɓɊɆɖɘɓɡɒɎ 

ɍɆɒɐɔɈɡɒɎ ɗɔɋɊɎɓɋɓɎɥɒɎ. ȵɆɖɆɒɋɘɖɡ ɖɋɌɎ-

ɒɆ ɇəɖɋɓɎɥ ɇɡɑɎ ɗɑɋɊəɤɟɎɒɎ: ɝɆɗɘɔɘɆ ɈɖɆ-

ɟɋɓɎɥ ï 0 ɔɇ/ɒɎɓ, ɖɆɗɛɔɊ ɕɖɔɒɡɈɔɝɓɔɏ ɌɎɊ-

ɐɔɗɘɎ ï 4 ɑ/ɒɎɓ.  

ȶɋɍəɑɢɘɆɘɡ ɣɐɗɕɋɖɎɒɋɓɘɆ ɕɖɋɊɗɘɆɈɑɋ-

ɓɡ Ɉ ɈɎɊɋ ɉɖɆɚɎɐɆ, ɕɔɐɆɍɡɈɆɤɟɋɉɔ Ɏɍɒɋɓɋ-

ɓɎɥ ɍɓɆɝɋɓɎɏ ɊɆɈɑɋɓɎɥ, ɖɆɗɛɔɊɆ, ɐɔɑɎɝɋɗɘɈɔ 

ɈɡɓɔɗɎɒɔɉɔ ɞɑɆɒɆ Ɏ ɓɆɐɔɕɑɋɓɓɔɉɔ ɔɇɠɋɒɆ 

ɞɑɆɒɆ (ɖɎɗəɓɔɐ 3). 

ȰɆɐ ɈɎɊɓɔ Ɏɍ ɖɎɗəɓɐɆ 3, ɗ ɈɡɛɔɊɔɒ ɓɆ 

ɖɆɇɔɝɎɏ ɖɋɌɎɒ ɇəɖɋɓɎɥ ɐɔɑɎɝɋɗɘɈɔ ɈɡɓɔɗɎ-

ɒɔɉɔ ɞɑɆɒɆ əɈɋɑɎɝɎɈɆɋɘɗɥ Ɋɔ ɒɆɐɗɎɒɆɑɢɓɔɏ 

ɈɋɑɎɝɎɓɡ, Ɉ ɊɆɓɓɔɒ ɗɑəɝɆɋ ɣɘɔ 137 ɉ. ȴɊɓɆɐɔ 

ɗ ɘɋɝɋɓɎɋɒ ɈɖɋɒɋɓɎ ɍɓɆɝɋɓɎɋ ɔɇɠɋɒɆ Ɉɡɓɔ-

ɗɎɒɔɉɔ ɞɑɆɒɆ ɓɆɝɎɓɆɋɘ ɖɋɍɐɔ ɗɓɎɌɆɘɢɗɥ ɕɖɎ 

ɓɋɎɍɒɋɓɓɡɛ ɕɆɖɆɒɋɘɖɆɛ ɖɋɌɎɒɆ ɇəɖɋɓɎɥ. 

Ƚɋɖɋɍ 10 ɒɎɓ ɕɔɗɑɋ ɈɡɛɔɊɆ ɓɆ ɖɋɌɎɒ Ɉɡɓɔɗ 

ɞɑɆɒɆ ɊɔɗɘɎɉɆɋɘ ɒɎɓɎɒɆɑɢɓɡɛ ɍɓɆɝɋɓɎɏ. 

ȳɆɐɔɕɑɋɓɓɡɏ Ɉɡɓɔɗ ɞɑɆɒɆ Ɉ ɕɖɔɜɋɗɗɋ ɣɐɗ-

ɕɋɖɎɒɋɓɘɆ ɗɔɗɘɆɈɎɑ 335 ɉ, ɔɘɓɔɗɎɘɋɑɢɓɆɥ Ɋɔ-

ɑɥ ɈɡɓɔɗɆ ɞɑɆɒɔɈɔɏ ɕɔɊəɞɐɎ ɗɔɗɘɆɈɎɑɆ 

21 %.  

ȵɖɎ ɕɖɔɈɋɊɋɓɎɎ ɣɐɗɕɋɖɎɒɋɓɘɆ ɷ 8 ɇɡ-

ɑɔ ɕɖɎɓɥɘɔ ɖɋɞɋɓɎɋ ɊɔɇɆɈɎɘɢ ɈɖɆɟɋɓɎɋ Ɏɓ-

ɗɘɖəɒɋɓɘɆ Ɋɑɥ ɘəɖɇəɑɎɍɆɜɎɎ ɕɔɘɔɐɆ ɕɖɔɒɡ-

Ɉɔɝɓɔɏ ɌɎɊɐɔɗɘɎ Ɏ əɑəɝɞɋɓɎɥ ɘɖɆɓɗɕɔɖɘɎɖɔ-

ɈɆɓɎɥ ɞɑɆɒɆ Ɉ ɉɔɖɎɍɔɓɘɆɑɢɓɔɒ əɝɆɗɘɐɋ ɗɘɈɔ-

ɑɆ. ȶɋɌɎɒɓɡɋ ɕɆɖɆɒɋɘɖɡ Ɏ ɐɔɒɕɔɓɔɈɐɆ ɆɓɆ-

ɑɔɉɎɝɓɡ ɗ ɣɐɗɕɋɖɎɒɋɓɘɔɒ ɷ 4.  

ȶɋɍəɑɢɘɆɘɡ ɣɐɗɕɋɖɎɒɋɓɘɆ ɷ 8 ɕɖɋɊ-

ɗɘɆɈɑɋɓɡ ɓɆ ɖɎɗəɓɐɋ 4. 

Ȯɍ ɖɋɍəɑɢɘɆɘɔɈ ɣɐɗɕɋɖɎɒɋɓɘɆ ɈɎɊɓɔ, 

ɝɘɔ ɗ ɊɔɇɆɈɑɋɓɎɋɒ ɈɖɆɟɋɓɎɥ ɇəɖɎɑɢɓɔɏ ɐɔ-

ɑɔɓɓɡ ɔɇɠɋɒ ɈɡɓɔɗɎɒɔɉɔ ɞɑɆɒɆ əɈɋɑɎɝɎɑɗɥ 

ɕɖɎ ɘɋɛ Ɍɋ ɖɋɌɎɒɓɡɛ ɕɆɖɆɒɋɘɖɆɛ.  

ȵɔɗɑɋ ɈɡɛɔɊɆ ɓɆ ɖɋɌɎɒ ɒɆɐɗɎɒɆɑɢɓɆɥ 

ɈɋɑɎɝɎɓɆ ɔɇɠɋɒɆ ɈɡɓɔɗɎɒɔɉɔ ɞɑɆɒɆ ɗɔɗɘɆ-

ɈɎɑɆ 248 ɉ. ȵɖɎ ɣɘɔɒ ɔɝɎɗɘɐɆ ɗɘɈɔɑɆ ɓɆɝɆɑɆ 

əɛəɊɞɆɘɢɗɥ ɗ ɘɋɝɋɓɎɋɒ ɈɖɋɒɋɓɎ, ɔɊɓɆɐɔ ɗɘɔ-

Ɏɘ ɔɘɒɋɘɎɘɢ, ɝɘɔ ɈɋɑɎɝɎɓɆ ɔɇɠɋɒɆ ɈɡɓɔɗɎɒɔ-

ɉɔ ɞɑɆɒɆ ɔɗɘɆɈɆɑɆɗɢ Ɉɡɗɔɐɔɏ ɕɖɆɐɘɎɝɋɗɐɎ Ɋɔ 

18 ɒɎɓ Ɉ ɗɖɆɈɓɋɓɎɎ ɗ ɖɋɍəɑɢɘɆɘɆɒɎ ɣɐɗɕɋɖɎ-

ɒɋɓɘɆ ɷ 4.  

Ȯɍ ɊɆɓɓɔɉɔ ɣɐɗɕɋɖɎɒɋɓɘɆ ɒɔɌɓɔ ɗɊɋ-

ɑɆɘɢ ɈɡɈɔɊ ɔ ɘɔɒ, ɝɘɔ ɕɖɎ ɈɖɆɟɋɓɎɎ ɇəɖɎɑɢ-

ɓɔɏ ɐɔɑɔɓɓɡ ɔɝɎɗɘɐɆ ɉɔɖɎɍɔɓɘɆɑɢɓɔɉɔ əɝɆɗɘ-

ɐɆ ɗɘɈɔɑɆ ɗɐɈɆɌɎɓɡ əɑəɝɞɎɑɆɗɢ, ɋɗɑɎ ɗɖɆɈ-

ɓɎɈɆɘɢ ɗ ɔɝɎɗɘɐɔɏ ɗɘɈɔɑɆ ɕɖɎ ɇəɖɋɓɎɎ Ɉ ɖɋ-

ɌɎɒɋ ɗɑɆɏɊɎɖɔɈɆɓɎɥ (ɣɐɗɕɋɖɎɒɋɓɘ ɷ 4). 

Ȫɑɥ ɊɆɑɢɓɋɏɞɎɛ ɣɐɗɕɋɖɎɒɋɓɘɔɈ ɕɖɎ-

ɒɋɓɋɓɆ ɐɔɒɕɔɓɔɈɐɆ ɗ ɍɆɒɐɔɈɡɛ ɗɔɋɊɎɓɋɓɎɏ 

Ɋɖəɉɔɉɔ ɘɎɕɆ. Ȩ ɣɐɗɕɋɖɎɒɋɓɘɆɛ ɷ 28 Ɏ ɷ 32 

əɗɘɆɓɔɈɑɋɓɡ ɍɆɒɐɔɈɡɋ ɗɔɋɊɎɓɋɓɎɥ ɘɎɕɆ 

ȭȼȸ20 ɗ əɉɑɔɒ ɓɆɐɑɔɓɆ ɗɕɎɖɆɑɢɓɔɉɔ ɔɖɋɇɖɋ-

ɓɎɥ 20Á.  

ȶɋɌɎɒɓɡɋ ɕɆɖɆɒɋɘɖɡ ɔɗɘɆɈɎɑɎ ɓɋɎɍ-

ɒɋɓɓɡɒɎ, ɝɘɔɇɡ ɗɖɆɈɓɎɘɢ ɕɔɑəɝɋɓɓɡɋ ɖɋ-

ɍəɑɢɘɆɘɡ ɗ ɣɐɗɕɋɖɎɒɋɓɘɆɒɎ ɷ 4 Ɏ ɷ 8.  

ȶɋɍəɑɢɘɆɘɡ ɣɐɗɕɋɖɎɒɋɓɘɔɈ ɷ 28 Ɏ ɷ 32 

ɕɖɋɊɗɘɆɈɑɋɓɡ ɓɆ ɖɎɗəɓɐɆɛ 5 Ɏ 6 ɗɔɔɘɈɋɘɗɘ-

Ɉɋɓɓɔ. 
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ȸɆɇɑɎɜɆ 1. ȶɋɍəɑɢɘɆɘɡ ɣɐɗɕɋɖɎɒɋɓɘɔɈ ɷ 4, ɷ 8, ɷ 28, ɷ 32 

 

Table 1. Results of experiments No. 4, No. 8, No. 28, No. 32 

 

ȵɆɖɆɒɋɘɖ 

ɃɐɗɕɋɖɎɒɋɓɘ 

ɷ 4 ɷ 8 ɷ 28 ɷ 32 

ȶɆɗɛɔɊ, ɑ/ɒɎɓ 4 4 4 4 

ȽɆɗɘɔɘɆ ɈɖɆɟɋɓɎɥ, ɔɇ/ɒɎɓ 0 50 0 50 

ȷɖɋɊɓɋɋ ɖɆɇɔɝɋɋ ɊɆɈɑɋɓɎɋ, ɐȵɆ 90,0 87,4 106,7 102,9 

ȳɆɐɔɕɑɋɓɓɡɏ ɔɇɠɋɒ ɞɑɆɒɆ, ɒɑ 211 541 626 783 

ȳɆɐɔɕɑɋɓɓɔɋ ɐɔɑɎɝɋɗɘɈɔ ɞɑɆɒɆ, ɉ 335 860 995 1245 

 

 

 

 

 

 

 
 

 

ȶɎɗəɓɔɐ 3. ȶɋɍəɑɢɘɆɘɡ ɣɐɗɕɋɖɎɒɋɓɘɆ ɷ 4 

 

Figure 3. Results of experiment No. 4 
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ȶɎɗəɓɔɐ 4. ȶɋɍəɑɢɘɆɘɡ ɣɐɗɕɋɖɎɒɋɓɘɆ ɷ 8 
 

Figure 4. Results of experiment No. 8 
 
 

 
 

ȶɎɗəɓɔɐ 5. ȶɋɍəɑɢɘɆɘɡ ɣɐɗɕɋɖɎɒɋɓɘɆ ɷ 28 
 

Figure 5. Results of experiment No. 28 
 
 

 
 

ȶɎɗəɓɔɐ 6. ȶɋɍəɑɢɘɆɘɡ ɣɐɗɕɋɖɎɒɋɓɘɆ ɷ 32 

 
Figure 6. Results of experiment No. 32 
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Ȩ ɣɐɗɕɋɖɎɒɋɓɘɋ ɷ 28 ɒɔɊɋɑɎɖɔɈɆɑɗɥ 

ɖɋɌɎɒ ɗɑɆɏɊɎɖɔɈɆɓɎɥ, ɘɔ ɋɗɘɢ ɇəɖɎɑɢɓɆɥ ɐɔ-

ɑɔɓɓɆ ɓɋ ɈɖɆɟɆɑɆɗɢ.  

ȰɆɐ ɈɎɊɓɔ Ɏɍ ɉɖɆɚɎɐɆ, ɗ ɈɡɛɔɊɔɒ ɓɆ 

ɖɆɇɔɝɎɏ ɖɋɌɎɒ ɇəɖɋɓɎɥ ɐɔɑɎɝɋɗɘɈɔ ɈɡɓɔɗɎ-

ɒɔɉɔ ɞɑɆɒɆ ɊɔɗɘɎɉɆɋɘ ɈɋɑɎɝɎɓɡ 285 ɉ.  

ȲɎɓɎɒɆɑɢɓɡɛ ɍɓɆɝɋɓɎɏ Ɉɡɓɔɗ ɞɑɆɒɆ 

ɊɔɗɘɎɉɆɋɘ ɘɔɑɢɐɔ ɐ ɔɐɔɓɝɆɓɎɤ ɣɐɗɕɋɖɎɒɋɓɘɆ. 

ȳɆɐɔɕɑɋɓɓɡɏ Ɉɡɓɔɗ ɞɑɆɒɆ Ɉ ɕɖɔɜɋɗɗɋ ɣɐɗ-

ɕɋɖɎɒɋɓɘɆ ɗɔɗɘɆɈɎɑ 995 ɉ, ɔɘɓɔɗɎɘɋɑɢɓɆɥ Ɋɔ-

ɑɥ ɈɡɓɔɗɆ ɞɑɆɒɔɈɔɏ ɕɔɊəɞɐɎ ɗɔɗɘɆɈɎɑ 62 %. 

ɃɐɗɕɋɖɎɒɋɓɘ ɷ 32, Ɉ ɗɈɔɤ ɔɝɋɖɋɊɢ, ɕɖɔɈɔ-

ɊɎɑɗɥ ɗ ɈɖɆɟɋɓɎɋɒ ɐɔɑɔɓɓɡ ɗ ɝɆɗɘɔɘɔɏ 

50 ɔɇ/ɒɎɓ.  

ȷɘɔɎɘ ɔɘɒɋɘɎɘɢ, ɝɘɔ ɍɆ ɗɝɋɘ ɗɕɎɖɆɑɢɓɔɏ 

ɐɔɓɗɘɖəɐɜɎɎ ɍɆɒɐɔɈɡɛ ɗɔɋɊɎɓɋɓɎɏ ȭȼȸ20 

əɊɆɑɔɗɢ ɊɔɗɘɎɝɢ ɑəɝɞɋɏ ɔɝɎɗɘɐɎ ɗɘɈɔɑɆ 

ɗɐɈɆɌɎɓɡ ɊɆɌɋ ɇɋɍ ɈɖɆɟɋɓɎɥ ɐɔɑɔɓɓɡ ɇə-

ɖɎɑɢɓɡɛ ɘɖəɇ.  

Ƀɘɔ ɘɆɐɌɋ ɈɎɊɓɔ ɕɖɎ ɗɖɆɈɓɋɓɎɎ ɍɓɆɝɋ-

ɓɎɏ ɓɆ ɖɎɗəɓɐɆɛ 3 Ɏ 5.  

ȧɑɆɉɔɊɆɖɥ ɗɕɎɖɆɑɢɓɔɏ ɐɔɓɗɘɖəɐɜɎɎ 

ɍɆɒɐɔɈɡɛ ɗɔɋɊɎɓɋɓɎɏ ɕɔɘɔɐ ɕɖɔɒɡɈɔɝɓɔɏ 

ɌɎɊɐɔɗɘɎ Ɉɔ Ɉɖɋɒɥ ɕɖɔɐɆɝɐɎ ɘəɖɇəɑɎɍɎɖəɋɘ-

ɗɥ, ɝɘɔ ɓɋ ɕɔɍɈɔɑɥɋɘ ɝɆɗɘɎɜɆɒ ɞɑɆɒɆ ɔɗɋɊɆɘɢ 

Ɉ ɉɔɖɎɍɔɓɘɆɑɢɓɔɒ əɝɆɗɘɐɋ ɗɘɈɔɑɆ ɗɐɈɆɌɎɓɡ. 

ȵɖɎ ɗɖɆɈɓɋɓɎɎ ɖɋɍəɑɢɘɆɘɔɈ ɣɐɗɕɋɖɎɒɋɓɘɔɈ 

ɷ 8 Ɏ ɷ 32 ɘɆɐɌɋ ɓɆɇɑɤɊɆɋɘɗɥ ɖɆɓɋɋ ɈɡɊɋ-

ɑɋɓɓɆɥ ɍɆɐɔɓɔɒɋɖɓɔɗɘɢ ð ɔɇɠɋɒ ɈɡɓɔɗɎɒɔɉɔ 

ɞɑɆɒɆ əɈɋɑɎɝɎɈɆɋɘɗɥ, ɝɘɔ ɉɔɈɔɖɎɘ ɔɇ əɑəɝ-

ɞɋɓɎɎ ɐɆɝɋɗɘɈɆ ɔɝɎɗɘɐɎ ɉɔɖɎɍɔɓɘɆɑɢɓɔɉɔ 

ɗɘɈɔɑɆ ɗɐɈɆɌɎɓɡ. ȷ ɕɖɎɒɋɓɋɓɎɋɒ ɍɆɒɐɔɈɔɉɔ 

ɗɔɋɊɎɓɋɓɎɥ ȭȼȸ20 Ɏ ɕɖɎ ɈɖɆɟɋɓɎɎ ɐɔɑɔɓɓɡ 

ɎɓɗɘɖəɒɋɓɘɆ ɕɖɔɒɡɈɐɆ ɗɐɈɆɌɎɓɡ ɕɔɐɆɍɡɈɆɋɘ 

ɑəɝɞɎɏ ɖɋɍəɑɢɘɆɘ ɗɖɋɊɎ ɕɖɔɈɋɊɋɓɓɡɛ ɣɐɗɕɋ-

ɖɎɒɋɓɘɔɈ, ɘɆɐ ɐɆɐ ɕɔɒɎɒɔ ɈɖɆɟɋɓɎɥ ɐɔɑɔɓɓɡ 

ɕɔɘɔɐ ɕɖɔɒɡɈɔɝɓɔɏ ɌɎɊɐɔɗɘɎ ɊɔɕɔɑɓɎɘɋɑɢɓɔ 

ɘəɖɇəɑɎɍɎɖəɋɘɗɥ ɗ ɕɔɒɔɟɢɤ ɍɆɒɐɔɈɡɛ ɗɔɋɊɎ-

ɓɋɓɎɏ.  

ȵɔ ɊɆɓɓɡɒ ɘɆɇɑɎɜɡ 1 ɈɎɊɓɔ, ɝɘɔ ɗ Ɋɔ-

ɇɆɈɑɋɓɎɋɒ ɈɖɆɟɋɓɎɥ ɐɔɑɔɓɓɡ ɇəɖɎɑɢɓɡɛ 

ɘɖəɇ Ɉ ɕɋɖɈɡɛ ɊɈəɛ ɣɐɗɕɋɖɎɒɋɓɘɆɛ ɓɆɐɔɕɑɋɓ-

ɓɡɏ ɔɇɠɋɒ Ɉɡɓɋɗɋɓɓɔɉɔ ɞɑɆɒɆ əɈɋɑɎɝɎɑɗɥ Ɉ 

2,5 ɖɆɍɆ.  

Ƀɘɔ ɉɔɈɔɖɎɘ ɔ ɘɔɒ, ɝɘɔ ɘəɖɇəɑɎɍɆɜɎɥ 

ɕɔɘɔɐɆ ɕɖɔɒɡɈɔɝɓɔɏ ɌɎɊɐɔɗɘɎ ɕɖɎ ɇəɖɋɓɎɎ 

ɉɔɖɎɍɔɓɘɆɑɢɓɡɛ əɝɆɗɘɐɔɈ ɇɔɑɢɞɔɏ ɕɖɔɘɥɌɋɓ-

ɓɔɗɘɎ ɍɓɆɝɎɘɋɑɢɓɔ ɕɔɈɡɞɆɋɘ ɐɆɝɋɗɘɈɔ ɔɝɎɗɘ-

ɐɎ ɗɘɈɔɑɆ ɗɐɈɆɌɎɓɡ. ȸɆɐɌɋ ɗɘɔɎɘ ɔɘɒɋɘɎɘɢ, 

ɝɘɔ Ɉ ɣɐɗɕɋɖɎɒɋɓɘɆɛ, ɉɊɋ ɈɖɆɟɋɓɎɋ ɐɔɑɔɓɓɡ 

ɘɖəɇ ɓɋ ɕɖɔɎɍɈɔɊɎɑɔɗɢ, ɗɖɋɊɓɋɋ ɖɆɇɔɝɋɋ 

ɊɆɈɑɋɓɎɋ ɇɡɑɔ Ɉɡɞɋ, ɝɋɒ Ɉ ɣɐɗɕɋɖɎɒɋɓɘɆɛ ɗ 

ɈɖɆɟɋɓɎɋɒ ɇəɖɎɑɢɓɔɉɔ ɎɓɗɘɖəɒɋɓɘɆ. ȵɖɎ 

ɈɖɆɟɋɓɎɎ ɇəɖɎɑɢɓɔɏ ɐɔɑɔɓɓɡ əɑəɝɞɆɋɘɗɥ 

ɐɆɝɋɗɘɈɔ ɔɝɎɗɘɐɎ ɗɘɈɔɑɆ ɗɐɈɆɌɎɓɡ ɔɘ Ɉɡɇə-

ɖɋɓɓɔɏ ɕɔɖɔɊɡ, ɗɔɔɘɈɋɘɗɘɈɋɓɓɔ ɗɓɎɌɆɋɘɗɥ 

ɖɆɇɔɝɋɋ ɊɆɈɑɋɓɎɋ, ɘɆɐ ɐɆɐ Ɉ ɗɘɈɔɑɋ ɗɐɈɆɌɎɓɡ 

ɓɋ ɗɔɍɊɆɤɘɗɥ ɊɔɕɔɑɓɎɘɋɑɢɓɡɋ ɗɔɕɖɔɘɎɈɑɋɓɎɥ 

ɕɖɔɐɆɝɎɈɆɓɎɤ ɕɖɔɒɡɈɔɝɓɔɏ ɌɎɊɐɔɗɘɎ Ɉ ɈɎɊɋ 

ɔɗɋɈɞɎɛ ɝɆɗɘɎɜ ɞɑɆɒɆ. 

Ȩ ɔɇɟɋɏ ɗɑɔɌɓɔɗɘɎ ɕɖɔɈɋɊɋɓɔ 48 ɣɐɗ-

ɕɋɖɎɒɋɓɘɔɈ. ȲɆɘɖɎɜɆ ɣɐɗɕɋɖɎɒɋɓɘɔɈ Ɏ ɖɋ-

ɍəɑɢɘɆɘɡ ɍɆɒɋɖɔɈ ɕɖɋɊɗɘɆɈɑɋɓɡ ɓɆ ɖɎɗəɓ-

ɐɋ 7.  

ȳɆ ɖɎɗəɓɐɋ 8 ɕɔɐɆɍɆɓɆ ɍɆɈɎɗɎɒɔɗɘɢ Ɉɡ-

ɓɔɗɆ ɞɑɆɒɆ ɔɘ ɖɆɗɛɔɊɆ Ɏ ɝɆɗɘɔɘɡ ɈɖɆɟɋɓɎɥ 

ɇəɖɎɑɢɓɔɏ ɐɔɑɔɓɓɡ Ɋɑɥ ɗɘɆɓɊɆɖɘɓɔɉɔ ɍɆɒɐɔ-

Ɉɔɉɔ ɗɔɋɊɎɓɋɓɎɥ Ɏ ȭȼȸ. 

Ȫɑɥ ɗɘɆɓɊɆɖɘɓɔɉɔ ɍɆɒɐɔɈɔɉɔ ɗɔɋɊɎɓɋ-

ɓɎɥ Ɉɡɓɔɗ ɞɑɆɒɆ ɓɋ ɕɖɋɈɡɞɆɋɘ 1000 ɉ ɕɖɎ 

ɔɕɘɎɒɆɑɢɓɡɛ ɖɋɌɎɒɓɡɛ ɕɆɖɆɒɋɘɖɆɛ, ɕɖɎɒɋ-

ɓɋɓɎɋ ȭȼȸ Ɉ ɐɔɒɕɔɓɔɈɐɋ ɕɔɍɈɔɑɥɋɘ ɊɔɗɘɎɝɢ 

ɈɡɓɔɗɆ ɞɑɆɒɆ Ɋɔ 1500 ɉ. 

ȦɓɆɑɔɉɎɝɓɡɒ ɔɇɖɆɍɔɒ ɕɖɔɈɋɊɋɓ ɆɓɆɑɎɍ 

ɔɗɘɆɈɞɎɛɗɥ ɎɗɗɑɋɊɔɈɆɓɎɏ Ɏ ɕɔɗɘɖɔɋɓɡ ɗɑɋ-

ɊəɤɟɎɋ ɉɖɆɚɎɐɎ: 

-  ɈɑɎɥɓɎɋ ɖɆɗɛɔɊɆ ɕɖɔɒɡɈɔɝɓɔɏ ɌɎɊ-

ɐɔɗɘɎ ɓɆ ɔɇɠɋɒ ɈɡɓɔɗɆ ɞɑɆɒɆ (ɖɎɗəɓɐɎ 9-11),  

-  ɈɑɎɥɓɎɋ ɝɆɗɘɔɘɡ ɈɖɆɟɋɓɎɥ ɇəɖɎɑɢ-

ɓɔɏ ɐɔɑɔɓɓɡ ɓɆ ɔɇɠɋɒ ɈɡɓɔɗɆ ɞɑɆɒɆ (ɖɎɗəɓ-

ɐɎ 12-14),  

-  ɈɑɎɥɓɎɋ əɉɑɆ ɓɆɐɑɔɓɆ ɗɕɎɖɆɑɢɓɔɉɔ 

ɔɖɋɇɖɋɓɎɥ ɓɆ ɔɇɠɋɒ ɈɡɓɔɗɆ ɞɑɆɒɆ (ɖɎɗəɓɐɎ 

15-17). 
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ȶɎɗəɓɔɐ 7. ȲɆɘɖɎɜɆ ɣɐɗɕɋɖɎɒɋɓɘɔɈ Ɏ ɖɋɍəɑɢɘɆɘɡ ɍɆɒɋɖɔɈ 

 
Figure 7. Experiment matrix and measurement results 
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Figure 8. Dependence of cutting transport on the flow rate and RPM of the drilling tool 

 

 

 

 

 

ȨɑɎɥɓɎɋ ɖɆɗɛɔɊɆ ɕɖɔɒɡɈɔɝɓɔɏ ɌɎɊɐɔɗɘɎ ɓɆ ɔɇɠɋɒ ɈɡɓɔɗɆ ɞɑɆɒɆ 

 

 

 

ȶɎɗəɓɔɐ 9. ȨɑɎɥɓɎɋ ɖɆɗɛɔɊɆ ɌɎɊɐɔɗɘɎ ɓɆ ɔɇɠɋɒ ɈɡɓɔɗɆ ɞɑɆɒɆ ɔɘ ɕɖɎ 0 ɔɇ/ɒɎɓ 

 

Figure 9. Dependence of cutting transport on the flow rate at 0 rpm 
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ȶɎɗəɓɔɐ 10. ȨɑɎɥɓɎɋ ɖɆɗɛɔɊɆ ɌɎɊɐɔɗɘɎ ɓɆ ɔɇɠɋɒ ɈɡɓɔɗɆ ɞɑɆɒɆ ɔɘ ɕɖɎ 50 ɔɇ/ɒɎɓ 

 

Figure 10. Dependence of cutting transport on the flow rate at 50 rpm 
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Figure 11. Dependence of cutting transport on the flow rate at 100 rpm 
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ȶɎɗəɓɔɐ 12. ȨɑɎɥɓɎɋ ɝɆɗɘɔɘɡ ɈɖɆɟɋɓɎɥ ȧȰ ɓɆ ɔɇɠɋɒ ɈɡɓɔɗɆ ɞɑɆɒɆ ɕɖɎ 2 ɑ/ɒɎɓ 

 

Figure 12. Dependence of cutting transport on the RPM at 2 l/min flow rate 

 

 

 

 

 
 

ȶɎɗəɓɔɐ 13. ȨɑɎɥɓɎɋ ɝɆɗɘɔɘɡ ɈɖɆɟɋɓɎɥ ȧȰ ɓɆ ɔɇɠɋɒ ɈɡɓɔɗɆ ɞɑɆɒɆ ɕɖɎ 3 ɑ/ɒɎɓ 

 

Figure 13. Dependence of cutting transport on the RPM at 3 l/min flow rate 
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ȶɎɗəɓɔɐ 14. ȨɑɎɥɓɎɋ ɝɆɗɘɔɘɡ ɈɖɆɟɋɓɎɥ ȧȰ ɓɆ ɔɇɠɋɒ ɈɡɓɔɗɆ ɞɑɆɒɆ ɕɖɎ 4 ɑ/ɒɎɓ 

 

Figure 14. Dependence of cutting transport on the RPM at 4 l/min flow rate 

 

 

 

 

 

ȨɑɎɥɓɎɋ əɉɑɆ ɓɆɐɑɔɓɆ ɗɕɎɖɆɑɢɓɔɉɔ ɔɖɋɇɖɋɓɎɥ ɓɆ ɔɇɠɋɒ ɈɡɓɔɗɆ ɞɑɆɒɆ 

 

 

 
 

ȶɎɗəɓɔɐ 15. ȴɇɠɋɒ ɈɡɓɔɗɆ ɞɑɆɒɆ ɔɘ əɉɑɆ ɓɆɐɑɔɓɆ ɗɕɎɖɆɑɎ ɕɖɎ 0 ɔɇ/ɒɎɓ 

 

Figure 15. Dependence of cutting transport from the angle of the spiral at 0 rpm 
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ȶɎɗəɓɔɐ 16. ȴɇɠɋɒ ɈɡɓɔɗɆ ɞɑɆɒɆ ɔɘ əɉɑɆ ɓɆɐɑɔɓɆ ɗɕɎɖɆɑɎ ɕɖɎ 50 ɔɇ/ɒɎɓ 

 

Figure 16. Dependence of cutting transport from the angle of the spiral at 50 rpm 

 

 

 

 
ȶɎɗəɓɔɐ 17. ȴɇɠɋɒ ɈɡɓɔɗɆ ɞɑɆɒɆ ɔɘ əɉɑɆ ɓɆɐɑɔɓɆ ɗɕɎɖɆɑɎ ɕɖɎ 100 ɔɇ/ɒɎɓ  

 

Figure 17. Dependence of cutting transport from the angle of the spiral at 100 rpm 
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ɍɈɔɑɥɋɘ ɔɇɋɗɕɋɝɎɘɢ ɘɖɆɓɗɕɔɖɘɎɖɔɈɆɓɎɋ ɞɑɆ-

ɒɆ ɕɖɎ ɒɋɓɢɞɋɒ ɖɆɗɛɔɊɋ ɕɖɔɒɡɈɔɝɓɔɏ ɌɎɊ-

ɐɔɗɘɎ ɕɔ ɗɖɆɈɓɋɓɎɤ ɗɔ ɗɘɆɓɊɆɖɘɓɡɒɎ ȭȷ (ɖɎ-

ɗəɓɔɐ 18); 

2) ɓɆɑɎɝɎɋ ɗɕɎɖɆɑɢɓɡɛ ɔɖɋɇɖɋɓɎɏ ɕɔ-
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ɍɈɔɑɥɋɘ əɈɋɑɎɝɎɘɢ Ɉɡɓɔɗ ɞɑɆɒɆ ɓɆ 4,0-

41,0 % (Ɉ ɍɆɈɎɗɎɒɔɗɘɎ ɔɘ ɖɋɌɎɒɓɡɛ ɕɆɖɆɒɋɘ-

ɖɔɈ) Ɏ ɔɇɋɗɕɋɝɎɈɆɋɘ ɘɖɆɓɗɕɔɖɘɎɖɔɈɆɓɎɋ 

ɞɑɆɒɆ ɕɖɎ ɔɘɗəɘɗɘɈɎɎ ɈɖɆɟɋɓɎɥ ɕɔ ɗɖɆɈɓɋ-

ɓɎɤ ɗɔ ɗɘɆɓɊɆɖɘɓɡɒɎ ȭȷ (ɖɎɗəɓɔɐ 18); 

3) ɣɚɚɋɐɘɎɈɓɔɗɘɢ ɈɡɓɔɗɆ ɞɑɆɒɆ ɐɔɒ-

ɕɔɓɔɈɐɎ ɗ əɉɑɔɒ ɓɆɐɑɔɓɆ ɗɕɎɖɆɑɢɓɔɉɔ ɔɖɋɇ-

ɖɋɓɎɥ 20Ј Ɉɡɞɋ, ɝɋɒ ɗ əɉɑɔɒ ɓɆɐɑɔɓɆ 10Ј. 

ȹɈɋɑɎɝɋɓɎɋ əɉɑɆ ɓɆɐɑɔɓɆ ɇɔɑɋɋ 20Ј ɓɋ ɕɔɍɈɔ-

ɑɥɋɘ ɕɔɈɡɗɎɘɢ ɔɇɠɋɒ ɈɡɓɔɗɆ ɞɑɆɒɆ Ɏ ɕɖɎɈɔ-

ɊɎɘ ɐ əɈɋɑɎɝɋɓɎɤ ɕɋɖɋɕɆɊɆ ɊɆɈɑɋɓɎɏ, ɕɔ-

ɗɐɔɑɢɐə ɗɕɎɖɆɑɢɓɔɋ ɔɖɋɇɖɋɓɎɋ əɌɋ ɕɖɋɕɥɘɗɘ-

Ɉəɋɘ ɊɈɎɌɋɓɎɤ ɕɔɘɔɐɆ; 

4) ɗ əɝɋɘɔɒ ɖɆɍɑɎɝɓɡɛ ɖɋɌɎɒɔɈ ɖɆɇɔɘɡ 

ɔɕɘɎɒɆɑɢɓɡɏ ɊɎɆɕɆɍɔɓ əɉɑɆ ɓɆɐɑɔɓɆ ɗɕɎ-

ɖɆɑɢɓɔɉɔ ɔɖɋɇɖɋɓɎɥ, ɎɗɛɔɊɥ Ɏɍ ɣɚɚɋɐɘɎɈɓɔ-

ɗɘɎ ɈɡɓɔɗɆ ɞɑɆɒɆ Ɏ ɕɋɖɋɕɆɊɆ ɊɆɈɑɋɓɎɏ, ɗɔ-

ɗɘɆɈɑɥɋɘ 8Ј-21Ј, ɕɖɎ ɣɘɔɒ ɎɓɊɎɈɎɊəɆɑɢɓɡɏ 

ɕɔɊɇɔɖ ɐ ɗɐɈɆɌɎɓɋ Ɏ ɐɆɌɊɔɒə ɎɓɘɋɖɈɆɑə ɕɔ-

ɍɈɔɑɥɋɘ ɕɔɈɡɗɎɘɢ ɐɆɝɋɗɘɈɔ ɔɝɎɗɘɐɎ ɗɘɈɔɑɆ 

(ɖɎɗəɓɔɐ 19).  

ȵɔ ɖɋɍəɑɢɘɆɘɆɒ ɕɖɔɈɋɊɋɓɓɡɛ ɎɗɗɑɋɊɔ-

ɈɆɓɎɏ ɖɆɍɖɆɇɔɘɆɓɡ ɖɆɍɑɎɝɓɡɋ ɘɎɕɔɖɆɍɒɋɖɡ 

ȭȼȸ Ɉ ɍɆɈɎɗɎɒɔɗɘɎ ɔɘ ɕɖɎɒɋɓɥɋɒɔɉɔ Ɉ ɐɔɒ-

ɕɔɓɔɈɐɋ ɇəɖɎɑɢɓɔɉɔ ɎɓɗɘɖəɒɋɓɘɆ (ɖɎɗəɓɔɐ 

20). 

 

 

 

 

 

 
ȶɎɗəɓɔɐ 18. ȭɆɈɎɗɎɒɔɗɘɎ ɈɡɓɔɗɆ ɞɑɆɒɆ ɔɘ ɖɆɗɛɔɊɆ, ɝɆɗɘɔɘɡ ɈɖɆɟɋɓɎɥ Ɏ ɘɎɕɆ ȭȷ 

 

Figure 18. Dependences of cutting transport on the flow rate, RPM and tool joint type 
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ȶɎɗəɓɔɐ 19. ȭɆɈɎɗɎɒɔɗɘɎ ɈɡɓɔɗɆ ɞɑɆɒɆ Ɏ ɕɋɖɋɕɆɊɆ ɊɆɈɑɋɓɎɥ ɔɘ əɉɑɆ ɓɆɐɑɔɓɆ ɗɕɎɖɆɑɎ 

 

Figure 19. Dependences of cutting transport and pressure drop from the angle of the spiral 

 

 

 

 

 
 

ȶɎɗəɓɔɐ 20. ȸɎɕɔɖɆɍɒɋɖɡ ȭȼȸ 

 

Figure 20. Centralizer-turbulizer joint sizes 

 

 

 

ȨɡɈɔɊɡ 

Ȩ ɖɋɍəɑɢɘɆɘɋ ɖɆɇɔɘɡ ɕɖɔɈɋɊɋɓɔ Ɏɗɗɑɋ-

ɊɔɈɆɓɎɋ ɈɑɎɥɓɎɥ ɗɕɎɖɆɑɢɓɔɉɔ ɔɖɋɇɖɋɓɎɥ ɒɋ-

ɛɆɓɎɝɋɗɐɎɛ ɔɝɎɗɘɓɡɛ əɗɘɖɔɏɗɘɈ ɓɆ ɘɖɆɓɗɕɔɖ-

ɘɎɖɔɈɆɓɎɋ ɞɑɆɒɆ Ɉ ɐɔɑɢɜɋɈɔɒ ɕɖɔɗɘɖɆɓɗɘɈɋ 

ɓɆ ɖɆɍɖɆɇɔɘɆɓɓɔɏ ɣɐɗɕɋɖɎɒɋɓɘɆɑɢɓɔɏ əɗɘɆ-

ɓɔɈɐɋ. 

ȶɆɍɖɆɇɔɘɆɓɆ ɐɔɓɗɘɖəɐɜɎɥ ɍɆɒɐɆ-

ɜɋɓɘɖɆɘɔɖɆ-ɘəɖɇəɑɎɍɆɘɔɖɆ, ɕɖɔɈɋɊɋɓɡ Ɏɗ-

ɗɑɋɊɔɈɆɓɎɥ ɕɔ ɖɆɜɎɔɓɆɑɢɓɔɒə ɗɕɎɖɆɑɢɓɔɒə 

ɔɖɋɇɖɋɓɎɤ Ɋɑɥ əɑəɝɞɋɓɎɥ ɘɖɆɓɗɕɔɖɘɎɖɔɈɆ-

ɓɎɥ ɞɑɆɒɆ.  

ɃɐɗɕɋɖɎɒɋɓɘɆɑɢɓɔ əɗɘɆɓɔɈɑɋɓɆ ɖɆɜɎɔ-

ɓɆɑɢɓɆɥ ɉɋɔɒɋɘɖɎɥ ɗɕɎɖɆɑɢɓɔ-ɔɖɋɇɖɋɓɓɔɉɔ 

əɝɆɗɘɐɆ ɒɋɛɆɓɎɝɋɗɐɎɛ ɔɝɎɗɘɓɡɛ əɗɘɖɔɏɗɘɈ, 
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əɉɔɑ ɓɆɐɑɔɓɆ ɗɕɎɖɆɑɎ ɐ ɔɗɋɈɔɏ ɑɎɓɎɎ Ɉ ɊɎɆ-

ɕɆɍɔɓɋ ɔɘ 8Ј Ɋɔ 21Ј ɗ ɕɥɘɢɤ ɖɋɇɖɆɒɎ.  

ȷɕɖɔɋɐɘɎɖɔɈɆɓɆ ɔɕɘɎɒɆɑɢɓɆɥ ɐɔɒɕɔ-

ɓɔɈɐɆ ɐɔɒɇɎɓɎɖɔɈɆɓɓɔɏ ɇəɖɎɑɢɓɔɏ ɐɔɑɔɓɓɡ ɗ 

ɒɋɛɆɓɎɝɋɗɐɎɒɎ ɔɝɎɗɘɓɡɒɎ əɗɘɖɔɏɗɘɈɆɒɎ, ɔɕ-

ɖɋɊɋɑɋɓɆ ɔɇɑɆɗɘɢ ɋɋ ɣɚɚɋɐɘɎɈɓɔɉɔ ɕɖɎɒɋɓɋ-

ɓɎɥ, ɕɖɔɈɋɊɋɓ ɗɖɆɈɓɎɘɋɑɢɓɡɏ ɆɓɆɑɎɍ Ɋɑɥ ɔɕ-

ɖɋɊɋɑɋɓɎɥ ɔɗɓɔɈɓɡɛ ɕɖɋɎɒəɟɋɗɘɈ ɗɔɗɘɆɈ-

ɑɋɓɓɔɏ ɐɔɒɕɔɓɔɈɐɎ. 
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ȦɓɓɔɘɆɜɎɥ. Ȩ ɗɘɆɘɢɋ ɖɆɗɗɒɆɘɖɎɈɆɤɘɗɥ 

Ɉɔɕɖɔɗɡ, ɍɆɘɖɆɉɎɈɆɤɟɎɋ ɕɔɈɡɞɋɓɎɋ ɕɖɔɎɍ-
ɈɔɊɎɘɋɑɢɓɔɗɘɎ ɞɆɖɔɞɋɝɓɡɛ Ɋɔɑɔɘ ɕɖɎ ɇəɖɋ-
ɓɎɎ ɒɥɉɐɎɛ Ɏ ɒɥɉɐɔ-ɗɖɋɊɓɎɛ ɉɔɖɓɡɛ ɕɔɖɔɊ ɗ 
ɈɐɑɤɝɋɓɎɥɒɎ ɈɆɑəɓɓɔ-ɉɆɑɋɝɓɡɛ ɔɘɑɔɌɋɓɎɏ 
ɕəɘɋɒ ɔɇɔɗɓɔɈɆɓɎɥ ɖɋɞɋɓɎɏ ɕɔ əɈɋɑɎɝɋɓɎɤ 
ɔɘɓɔɗɎɘɋɑɢɓɔɉɔ ɍɆɕɆɗɆ ɕɖɔɝɓɔɗɘɎ ɗɘɆɑɢɓɔɉɔ 
ɈɔɔɖəɌɋɓɎɥ, ɐɔɘɔɖɡɏ ɈɡɖɆɌɆɋɘɗɥ Ɉ əɈɋɑɎ-
ɝɋɓɎɎ əɊɆɖɓɔɏ ɈɥɍɐɔɗɘɎ ɒɆɘɋɖɎɆɑɆ Ɋɑɥ Ɏɍ-
ɉɔɘɔɈɑɋɓɎɥ ɞɆɖɔɞɋɐ Ɉ ɗɔɈɔɐəɕɓɔɗɘɎ ɗ əɗɎ-
ɑɋɓɎɋɒ ɉɋɔɒɋɘɖɎɎ ɗɘɆɑɢɓɔɉɔ ɈɔɔɖəɌɋɓɎɥ. 
ɃɚɚɋɐɘɎɈɓɔɗɘɢ ɖɆɇɔɘɡ ɕɔɖɔɊɔɖɆɍɖəɞɆɤ-
ɟɋɉɔ ɎɓɗɘɖəɒɋɓɘɆ, Ɏ, ɐɆɐ ɗɑɋɊɗɘɈɎɋ, ɖɆɍɖə-
ɞɋɓɎɥ ɉɔɖɓɔɏ ɕɔɖɔɊɡ Ɉ ɘɋɝɋɓɎɋ Ɉɗɋɉɔ ɜɎɐɑɆ 
ɇəɖɋɓɎɥ, ɓɆɕɖɥɒəɤ ɍɆɈɎɗɎɘ ɔɘ ɖɋɗəɖɗɆ Ɏ 
ɗɘɔɏɐɔɗɘɎ ɣɑɋɒɋɓɘɔɈ ɈɔɔɖəɌɋɓɎɥ Ɋɔɑɔɘ. ȵɖɎ 
ɇəɖɋɓɎɎ ɈɋɖɛɓɎɛ ɎɓɘɋɖɈɆɑɔɈ ɒɋɗɘɔɖɔɌɊɋɓɎɏ  
 

 Ȩɔɗɘɔɝɓɔ-ȷɎɇɎɖɗɐɔɉɔ ɖɋɉɎɔɓɆ, ɗɑɔɌɋɓɓɡɛ 
ɒɥɉɐɎɒɎ Ɏ ɒɥɉɐɔ-ɗɖɋɊɓɎɒɎ ɉɔɖɓɡɒɎ ɕɔɖɔ-
ɊɆɒɎ ɗ ɈɐɑɤɝɋɓɎɥɒɎ ɈɆɑəɓɓɔ-ɉɆɑɋɝɓɡɛ ɔɘ-
ɑɔɌɋɓɎɏ, ɓɆɇɑɤɊɆɋɘɗɥ ɕɖɔɇɑɋɒɆ ɕɖɋɌɊɋ-
Ɉɖɋɒɋɓɓɔɉɔ ɎɍɓɔɗɆ ɈɔɔɖəɌɋɓɎɥ Ɋɔɑɔɘ. ȵɔɊ-
ɈɋɖɉɆɤɘɗɥ ɐɆɘɆɗɘɖɔɚɎɝɋɗɐɔɒə Ɏɍɓɔɗə ɐɆɐ 
PDC ɊɔɑɔɘɆ ɕɔ ɕɖɎɝɎɓɋ ɗɐɔɑɔɈ Ɏ ɗɑɔɒɔɈ 
ɖɋɍɜɔɈ PDC, ɘɆɐ Ɏ ɞɆɖɔɞɋɝɓɡɋ ɊɔɑɔɘɆ. Ȯɗ-
ɕɔɑɢɍɔɈɆɓɎɋ ɞɆɖɔɞɋɝɓɡɛ Ɋɔɑɔɘ ɕɋɖɈɔɉɔ 
ɐɑɆɗɗɆ, ɗɔ ɗɘɆɑɢɓɡɒ ɈɔɔɖəɌɋɓɎɋɒ, ɕɖɎɈɔɊɎɘ 
ɐ ɔɕɋɖɋɌɆɤɟɋɒə Ɏɍɓɔɗə, ɈɡɖɆɌɋɓɓɔɒə ɗɑɔ-
ɒɔɒ ɍəɇɢɋɈ ɈɓəɘɖɋɓɓɎɛ ɖɥɊɔɈ. Ƀɘɔ ɕɖɎɈɔɊɎɘ 
ɐ çɕɔɊɈɎɗɆɓɎɤè ɊɔɑɔɘɆ Ɏ ɕɔɘɋɖɋ ɒɋɛɆɓɎɝɋ-
ɗɐɔɏ ɗɐɔɖɔɗɘɎ ɕɖɔɛɔɊɐɎ. ȮɗɛɔɊɥ Ɏɍ ɣɘɔɉɔ Ɉ 
ɖɆɇɔɘɋ ɊɆɓɡ ɖɋɐɔɒɋɓɊɆɜɎɎ ɕɔ əɈɋɑɎɝɋɓɎɤ 
ɗɘɔɏɐɔɗɘɎ ɗɘɆɑɢɓɔɉɔ ɈɔɔɖəɌɋɓɎɥ Ɋɑɥ ɞɆɖɔ-
ɞɋɝɓɡɛ Ɋɔɑɔɘ ɕɋɖɈɔɉɔ ɐɑɆɗɗɆ. 
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Abstract. The article deals with issues 
concerning the increase in the productivity of 
roller bits when drilling soft and soft-medium 
rocks with inclusions of boulder-pebble for-
mations by justifying solutions to increase the 
relative safety margin of steel teeth expressed 
in an increase of the impact strength of the ma-
terial for making cones in combination with an 
increase in the geometry of steel teeth. The effi-
ciency of the rock-crushing tool and, as a result, 
the destruction of rock during the entire drilling 
cycle, directly depends on the resource and du-
rability of the elements of the roller bit. When 
drilling the upper intervals of deposits in the  
 

 East Siberian region, composed of soft and soft-
medium rocks with inclusions of boulder-pebble 
deposits, there is a problem of premature wear 
of the drill bit. Both PDC bits are subject to cat-
astrophic wear due to chips and fractures of 
PDC cutters, as well as roller bits. The use of 
first-class roller bits with steel teeth leads to ad-
vanced wear, expressed by the scrapping of the 
teeth of the inner rows. This leads to a çhang-
ingè of the bit and a loss of mechanical penetra-
tion speed. Based on this, the work provides 
recommendations for increasing the durability of 
steel teeth for first-class roller cone bits. 
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ȾɆɖɔɞɋɝɓɔɋ Ɋɔɑɔɘɔ, ɕɖɎɒɋɓɥɋɒɔɋ Ɉ 

ɐɆɝɋɗɘɈɋ ɕɔɖɔɊɔɖɆɍɖəɟɆɤɟɋɉɔ ɎɓɗɘɖəɒɋɓɘɆ, 

ɥɈɑɥɋɘɗɥ ɔɗɓɔɈɔɕɔɑɆɉɆɤɟɎɒ ɐɔɒɕɔɓɋɓɘɔɒ 

ɇəɖɔɈɔɏ ɗɎɗɘɋɒɡ, ɕɖɎɓɜɎɕɎɆɑɢɓɔ ɈɑɎɥɤɟɎɒ 

ɓɆ ɣɚɚɋɐɘɎɈɓɔɗɘɢ Ɉɗɋɉɔ ɕɖɔɜɋɗɗɆ ɇəɖɋɓɎɥ. 

ȴɓɔ ɕɖɋɊɗɘɆɈɑɥɋɘ ɗɔɇɔɏ ɗɑɔɌɓəɤ Ɏ ɒɓɔɉɔ-

ɐɔɒɕɔɓɋɓɘɓəɤ ɗɎɗɘɋɒə, ɕɔɣɘɔɒə ɕɖɔɎɍɈɔɊɎ-

ɘɋɑɢɓɔɗɘɢ, ɓɆɊɦɌɓɔɗɘɢ Ɏ ɕɖɔɊɔɑɌɎɘɋɑɢɓɔɗɘɢ 

ɖɆɇɔɘɡ ɊɔɑɔɘɆ ɍɆɈɎɗɥɘ ɐɆɐ ɔɘ ɗɔɈɋɖɞɋɓɗɘɈɆ 

ɐɔɓɗɘɖəɐɜɎɎ Ɏ ɐɆɝɋɗɘɈɆ ɎɍɉɔɘɔɈɑɋɓɎɥ, ɘɆɐ Ɏ 

ɔɘ ɕɖɆɈɎɑɢɓɔɏ ɣɐɗɕɑəɆɘɆɜɎɎ, ɗɔɇɑɤɊɋɓɎɥ 

ɖɋɌɎɒɓɡɛ ɕɆɖɆɒɋɘɖɔɈ ɇəɖɋɓɎɥ [1, 2]. 

ȴɇɟɋɎɍɈɋɗɘɓɔ, ɝɘɔ ɕɖɎ ɇəɖɋɓɎɎ ɒɥɉɐɎɛ 

ɕɔɖɔɊ ɍəɇɢɥ ɞɆɖɔɞɋɐ ɊɔɑɌɓɡ ɈɓɋɊɖɥɘɢɗɥ Ɉ 

ɉɔɖɓəɤ ɕɔɖɔɊə Ɏ ɔɘɐɆɑɡɈɆɘɢ ɔɘ ɍɆɇɔɥ ɝɆɗɘɎɜɡ 

ɞɑɆɒɆ ɘɆɐ, ɝɘɔɇɡ ɕɖɔɒɡɈɔɝɓɆɥ ɌɎɊɐɔɗɘɢ Ɉɡ-

ɓɔɗɎɑɆ ɖɆɍɖəɞɋɓɓəɤ ɕɔɖɔɊə ɗ ɍɆɇɔɥ. ȮɓɡɒɎ 

ɗɑɔɈɆɒɎ, Ɉ ɐɎɓɋɒɆɘɎɐɋ ɖɆɇɔɘɡ ɊɔɑɔɘɆ ɊɔɑɌ-

ɓɆ ɕɖɋɔɇɑɆɊɆɘɢ ɗɐɆɑɡɈɆɤɟɆɥ ɗɕɔɗɔɇɓɔɗɘɢ. 

Ȫɑɥ ɊɔɗɘɎɌɋɓɎɥ ɒɆɐɗɎɒɆɑɢɓɔɏ ɗɐɔɖɔɗɘɎ ɇə-

ɖɋɓɎɥ ɕɖɎ ɈɓɋɊɖɋɓɎɎ ɍəɇɆ Ɉ ɕɔɖɔɊə ɔɓ Ɋɔɑ-

Ɍɋɓ ɕɖɔɈɔɖɆɝɎɈɆɘɢɗɥ ɍɆ ɗɝɋɘ ɕɖɔɗɐɆɑɢɍɡɈɆ-

ɓɎɥ ɞɆɖɔɞɐɎ. ȷɔɔɘɈɋɘɗɘɈɋɓɓɔ, ɐɔɓɗɘɖəɐɜɎɥ 

ɊɔɑɔɘɆ ɊɔɑɌɓɆ ɔɐɆɍɡɈɆɘɢ ɒɆɐɗɎɒɆɑɢɓɔɋ Ɉɔɍ-

ɊɋɏɗɘɈɎɋ ɓɆ ɍɆɇɔɏ, ɐɔɘɔɖɔɋ ɊɔɗɘɎɉɆɋɘɗɥ ɕɖɎ 

ɒɆɑɔɒ əɉɑɋ ɓɆɐɑɔɓɆ ɜɆɕɚɡ Ɉ 33Á Ɉ ɗɔɈɔɐəɕ-

ɓɔɗɘɎ ɗ ɒɆɐɗɎɒɆɑɢɓɔ ɈɔɍɒɔɌɓɡɒ ɗɒɋɟɋɓɎɋɒ 

ɔɗɋɏ ɞɆɖɔɞɋɐ Ɋɔ 10 ɒɒ  Ɏ ɇɔɑɢɞɎɒ Ɉɡɑɋɘɔɒ 

Ɏ ɒɆɑɡɒ əɉɑɔɒ ɍɆɔɗɘɖɋɓɎɥ ɍəɇɢɋɈ.  

ȳɆ ɔɗɓɔɈɆɓɎɎ ɇɆɍɔɈɡɛ ɒɋɘɔɊɎɐ ɕɖɔɋɐ-

ɘɎɖɔɈɆɓɎɥ  ɞɆɖɔɞɋɝɓɡɛ Ɋɔɑɔɘ əɗɘɆɓɔɈɑɋɓɔ, 

ɝɘɔ Ɋɑɥ ɉɆɇɆɖɎɘɆ 295,3ï311,1 ɒɒ ɕɆɖɆɒɋɘɖ 

ɗɒɋɟɋɓɎɥ ɔɗɋɏ ɞɆɖɔɞɋɐ ɊɔɑɌɋɓ ɇɡɘɢ ɖɆɈɋɓ 

10 ɒɒ, əɉɔɑ ɓɆɐɑɔɓɆ ɜɆɕɚɡ 33Á [1, 3].  

ȴɊɓɆɐɔ ɕɖɎ ɕɖɔɛɔɌɊɋɓɎɎ ɎɓɘɋɖɈɆɑɔɈ, 

ɓɆɗɡɟɋɓɓɡɛ ɈɆɑəɓɓɔ-ɉɆɑɋɝɓɡɒɎ ɔɘɑɔɌɋɓɎɥ-

ɒɎ, ɊɆɓɓɆɥ ɐɔɓɚɎɉəɖɆɜɎɥ, ɔɇɋɗɕɋɝɎɈɆɤɟɆɥ 

ɒɆɐɗɎɒɆɑɢɓəɤ ɗɐɔɖɔɗɘɢ ɕɖɔɛɔɊɐɎ ɓɆ ɔɗɓɔɈ-

ɓɔɒ ɕɖɔɘɥɌɋɓɎɎ ɇəɖɋɓɎɥ ɗɋɐɜɎɎ, ɕɖɎɈɔɊɎɘ ɐ 

ɐɆɘɆɗɘɖɔɚɎɝɋɗɐɔɒə ɕɖɋɌɊɋɈɖɋɒɋɓɓɔɒə Ɏɍ-

ɓɔɗə, ɐɔɘɔɖɡɏ ɈɡɖɆɌɋɓ ɗɑɔɒɔɒ ɍəɇɢɋɈ. Ȫɑɥ 

əɈɋɑɎɝɋɓɎɥ ɗɘɔɏɐɔɗɘɎ ɈɔɔɖəɌɋɓɎɥ Ɏ ɔɇɋɗɕɋ-

ɝɋɓɎɥ ɈɡɗɔɐɎɛ ɍɓɆɝɋɓɎɏ ɒɋɛɆɓɎɝɋɗɐɔɏ ɗɐɔ-

ɖɔɗɘɎ ɕɖɔɛɔɊɐɎ, ɓɆ Ɉɗɋɛ ɎɓɘɋɖɈɆɑɆɛ ɕɖɎɒɋɓɋ-

ɓɎɥ, ɕɖɋɊɑɆɉɆɋɘɗɥ ɖɆɍɖɆɇɔɘɐɆ ɗɑɋɊəɤɟɎɛ ɒɋ-

ɘɔɊɎɝɋɗɐɎɛ Ɏ ɘɋɛɓɔɑɔɉɎɝɋɗɐɎɛ ɖɋɞɋɓɎɏ. ȴɓɎ 

ɈɐɑɤɝɆɤɘ Ɉ ɗɋɇɥ əɈɋɑɎɝɋɓɎɋ ɔɘɓɔɗɎɘɋɑɢɓɔɉɔ 

ɍɆɕɆɗɆ ɈɔɔɖəɌɋɓɎɥ ɇɋɍ ɈɑɎɥɓɎɥ ɓɆ ɐɔɓɗɘɖəɐ-

ɘɎɈɓɡɋ ɔɗɔɇɋɓɓɔɗɘɎ ɞɆɖɔɞɋɝɓɔɉɔ ɊɔɑɔɘɆ 

(ɕɆɖɆɑɑɋɑɢɓɔɋ ɗɒɋɟɋɓɎɋ ɔɗɋɏ, ɐɔɑɎɝɋɗɘɈɔ 

ɍəɇɢɋɈ ɓɆ ɈɓəɘɖɋɓɓɎɛ Ɏ ɐɆɑɎɇɖəɤɟɎɛ ɖɥɊɆɛ, 

əɉɑɔɈɔɋ ɗɒɋɟɋɓɎɋ ɔɗɋɏ, əɉɔɑ ɓɆɐɑɔɓɆ ɜɆɕɚɡ) 

ɍɆ ɗɝɋɘ ɐɔɖɖɋɐɜɎɎ ɉɋɔɒɋɘɖɎɎ ɍəɇɢɋɈ ɗɘɆɑɢɓɔ-

ɉɔ ɈɔɔɖəɌɋɓɎɥ. ȷɔɈɔɐəɕɓɔɗɘɢ ɗ əɈɋɑɎɝɋɓɎɋɒ 

ɕɖɔɝɓɔɗɘɓɡɛ ɛɆɖɆɐɘɋɖɎɗɘɎɐ ɒɆɘɋɖɎɆɑɆ Ɏɍɉɔ-

ɘɔɈɑɋɓɎɥ ɞɆɖɔɞɋɐ ɕɔɍɈɔɑɎɘ əɈɋɑɎɝɎɘɢ ɔɘɓɔ-

ɗɎɘɋɑɢɓɡɏ ɍɆɕɆɗ ɈɔɔɖəɌɋɓɎɥ ɕɔ ɖɥɊɆɒ.  

ȵɖɔɇɑɋɒɆ ɕɔɈɡɞɋɓɎɥ ɗɘɔɏɐɔɗɘɎ Ɉɔɔ-

ɖəɌɋɓɎɥ ɞɆɖɔɞɋɝɓɡɛ Ɋɔɑɔɘ ɕɋɖɈɔɉɔ ɐɑɆɗɗɆ 

ɇɡɑɆ ɖɆɗɗɒɔɘɖɋɓɆ ɉɖəɕɕɔɏ əɝɋɓɡɛ ȹɚɎɒɗɐɔɉɔ 

ɉɔɗəɊɆɖɗɘɈɋɓɓɔɉɔ ɓɋɚɘɥɓɔɉɔ ɘɋɛɓɎɝɋɗɐɔɉɔ 

əɓɎɈɋɖɗɎɘɋɘɆ. ȶɆɍɖɆɇɔɘɆɓɓɆɥ ɒɋɘɔɊɎɐɆ ɔɕ-

ɖɋɊɋɑɋɓɎɥ ɔɘɓɔɗɎɘɋɑɢɓɔɉɔ ɍɆɕɆɗɆ ɈɔɔɖəɌɋ-

ɓɎɥ ɕɔɍɈɔɑɥɋɘ ɔɇɔɇɟɎɘɢ Ɏɍɓɔɗɔɗɘɔɏɐɔɗɘɢ Ɏ 
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ɖɋɗəɖɗ ɈɔɔɖəɌɋɓɎɥ Ɋɑɥ ɐɆɌɊɔɉɔ ɈɋɓɜɆ ɞɆɖɔ-

ɞɋɐ ɊɔɑɔɘɆ. ȳɆ ɔɗɓɔɈɆɓɎɎ ɒɋɘɔɊɎɐɎ ɖɆɗɝɋɘɆ 

ɔɘɓɔɗɎɘɋɑɢɓɔɉɔ ɍɆɕɆɗɆ ɈɔɔɖəɌɋɓɎɥ ɕɔ ɖɥɊɆɒ 

ɕɖɔɈɋɊɋɓ ɖɆɗɝɋɘ ɔɘɓɔɗɎɘɋɑɢɓɔɉɔ ɍɆɕɆɗɆ Ɉɔɔ-

ɖəɌɋɓɎɥ Ɋɑɥ ɞɆɖɔɞɋɝɓɔɉɔ ɊɔɑɔɘɆ ȧȮȸ 295,3 

Z1RSJ U643 (IADC 117), ɕɖɋɊɓɆɍɓɆɝɋɓɓɔɉɔ 

Ɋɑɥ ɇəɖɋɓɎɥ ɉɔɖɓɡɛ ɕɔɖɔɊ ɐɆɘɋɉɔɖɎɏ Ȳ Ɏ Ȳȷ. 

ȶɋɍəɑɢɘɆɘɡ ɕɖɎɈɋɊɋɓɡ ɓɆ ɖɎɗəɓɐɋ 1. 

ȳɆɇɑɤɊɆɋɘɗɥ ɗɓɎɌɋɓɎɋ ɔɘɓɔɗɎɘɋɑɢɓɔɉɔ 

ɍɆɕɆɗɆ ɈɔɔɖəɌɋɓɎɥ ɓɆ ɈɓəɘɖɋɓɓɎɛ ɖɥɊɆɛ ɍɆ 

ɗɝɋɘ ɒɎɓɎɒɆɑɢɓɔɉɔ ɗɐɆɑɡɈɆɤɟɋɉɔ ɣɚɚɋɐɘɆ Ɉ 

ɓɋɏɘɖɆɑɢɓɔɒ ɗɋɝɋɓɎɎ ɞɆɖɔɞɐɎ ɊɔɑɔɘɆ Ɏ ɕɖɎ-

ɈɔɊɎɘ ɐ ɔɕɋɖɋɌɆɤɟɋɒə Ɏɍɓɔɗə, ɈɡɖɆɌɋɓɓɔɒə 

ɗɑɔɒɔɒ ɍəɇɢɋɈ əɐɆɍɆɓɓɡɛ ɖɥɊɔɈ. Ƀɘɔ ɕɖɎɈɔ-

ɊɎɘ ɐ çɕɔɊɈɎɗɆɓɎɤè ɊɔɑɔɘɆ Ɏ ɕɔɘɋɖɋ ɒɋɛɆɓɎ-

ɝɋɗɐɔɏ ɗɐɔɖɔɗɘɎ ɕɖɔɛɔɊɐɎ.      

Ȱ ɖɋɞɋɓɎɥɒ, ɐɔɘɔɖɡɋ ɒɔɉəɘ ɕɔɑɔɌɎ-

ɘɋɑɢɓɔ ɈɑɎɥɘɢ ɓɆ əɈɋɑɎɝɋɓɎɋ Ɏɍɓɔɗɔɗɘɔɏɐɔ-

ɗɘɎ ɗɘɆɑɢɓɔɉɔ ɈɔɔɖəɌɋɓɎɥ ɞɆɖɔɞɋɝɓɡɛ Ɋɔ-

ɑɔɘ, ɒɔɌɓɔ ɔɘɓɋɗɘɎ:  

1) ɗɔɈɋɖɞɋɓɗɘɈɔɈɆɓɎɋ ɆɖɒɎɖəɤɟɎɛ ɒɆ-

ɘɋɖɎɆɑɔɈ; 

2) ɗɔɈɋɖɞɋɓɗɘɈɔɈɆɓɎɋ ɉɋɔɒɋɘɖɎɎ Ɉɔ-

ɔɖəɌɋɓɎɥ; 

3) ɗɔɈɋɖɞɋɓɗɘɈɔɈɆɓɎɋ ɒɆɘɋɖɎɆɑɔɈ Ɏɍ-

ɉɔɘɔɈɑɋɓɎɥ ɞɆɖɔɞɋɐ Ɋɔɑɔɘ. 

ȰɖɎɘɎɝɋɗɐɎ ɈɆɌɓɔɋ ɈɑɎɥɓɎɋ ɓɆ Ɏɍɓɔɗɔ-

ɗɘɔɏɐɔɗɘɢ ɗɘɆɑɢɓɔɉɔ ɈɔɔɖəɌɋɓɎɥ ɕɖɎ ɗɑɔɒɆɛ 

ɍəɇɢɋɈ, ɕɖɎ ɇəɖɋɓɎɎ ɈɆɑəɓɓɔ-ɉɆɑɋɝɓɡɛ ɔɘɑɔ-

ɌɋɓɎɏ, ɕɖɋɊɗɘɆɈɑɋɓɓɡɛ Ɉ ɖɆɍɖɋɍɋ Ɉ ɈɎɊɋ 

ɕɖɔɕɑɆɗɘɐɔɈ Ɉ ɑɋɉɐɔɇəɖɎɒɔɏ ɗɖɋɊɋ, Ɏɒɋɤɘ 

ɚɎɍɎɐɔ-ɒɋɛɆɓɎɝɋɗɐɎɋ ɗɈɔɏɗɘɈɆ ɔɗɓɔɈɓɔɉɔ 

ɒɆɘɋɖɎɆɑɆ ɎɍɉɔɘɔɈɑɋɓɎɥ ɇəɖɔɈɡɛ ɞɆɖɔɞɋɝ-

ɓɡɛ Ɋɔɑɔɘ.  

ȹɈɋɑɎɝɋɓɎɋ ɎɍɓɔɗɔɗɘɔɏɐɔɗɘɎ ɗɘɆɑɢɓɔɉɔ 

ɈɔɔɖəɌɋɓɎɥ ɕɖɎ ɇəɖɋɓɎɎ ɈɆɑəɓɓɔ-ɉɆɑɋɝɓɡɛ 

ɔɘɑɔɌɋɓɎɏ ɊɔɑɌɓɔ ɔɇɋɗɕɋɝɎɈɆɘɢɗɥ ɗɔɈɋɖ-

ɞɋɓɗɘɈɔɈɆɓɎɋɒ ɚɎɍɎɐɔ-ɒɋɛɆɓɎɝɋɗɐɎɛ 

ɗɈɔɏɗɘɈ Ɏ ɗɔɈɋɖɞɋɓɗɘɈɔɈɆɓɎɋɒ ɉɋɔɒɋɘɖɎɎ 

ɗɘɆɑɢɓɡɛ ɍəɇɢɋɈ [2, 4]. 

Ȫɑɥ ɇəɖɋɓɎɥ ɒɥɉɐɎɛ ɉɔɖɓɡɛ ɕɔɖɔɊ çȲè 

ɍəɇɢɥ ɊɋɑɆɤɘɗɥ ɗ ɇɔɑɢɞɎɒ Ɉɡɑɋɘɔɒ. ȾɆɉ ɍɆ-

ɊɆɋɘɗɥ ɘɆɐɎɒ ɔɇɖɆɍɔɒ, ɝɘɔɇɡ ɇɡɑɔ ɔɇɋɗɕɋɝɋ-

ɓɔ ɇɋɗɕɖɋɕɥɘɗɘɈɋɓɓɔɋ ɈɓɋɊɖɋɓɎɋ ɓɆɛɔɊɥɟɋ-

ɉɔɗɥ Ɉ ɐɔɓɘɆɐɘɋ ɗ ɉɔɖɓɔɏ ɕɔɖɔɊɔɏ ɍəɇɆ ɓɆ ɉɑə-

ɇɎɓə, ɖɆɈɓəɤ Ɉɡɗɔɘɋ ɍəɇɆ. Ȫɑɥ Ɋɔɑɔɘ, ɕɖɋɊ-

ɓɆɍɓɆɝɋɓɓɡɛ Ɋɑɥ ɇəɖɋɓɎɥ ɗɖɋɊɓɎɛ ɕɔɖɔɊ çȷè, 

ɕɋɖɋɒɋɌɆɤɟɎɛɗɥ ɘɈɋɖɊɡɒɎ Ɏ ɆɇɖɆɍɎɈɓɡɒɎ 

(ɕɋɗɝɆɓɎɐɆɒɎ), ɈɋɑɎɝɎɓɆ ɗɒɋɟɋɓɎɥ ɔɗɋɏ ɞɆ-

ɖɔɞɋɐ Ɉ ɕɑɆɓɋ ɕɖɎɓɎɒɆɋɘɗɥ ɒɎɓɎɒɆɑɢɓɔɏ, ɓɔ 

ɊɔɗɘɆɘɔɝɓɔɏ Ɋɑɥ ɕɔɑəɝɋɓɎɥ ɈɡɗɔɐɎɛ ɗɐɔɖɔ-

ɗɘɋɏ ɇəɖɋɓɎɥ Ɉ ɉɑɎɓɎɗɘɡɛ ɕɔɖɔɊɆɛ [3, 5]. 

 

 
ȶɎɗəɓɔɐ 1. ȴɘɓɔɗɎɘɋɑɢɓɡɏ ɍɆɕɆɗ ɈɔɔɖəɌɋɓɎɥ ȧȮȸ 295,3 Z1RSJ U643  (IADC 117) 

 

Figure 1. Relative stock of weapons BIT 295,3 Z1RSJ U643  (IADC 117) 
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ȪɔɑɔɘɆ Ɋɑɥ ɇəɖɋɓɎɥ ɗɖɋɊɓɎɛ ɕɔɖɔɊ 

ɔɇɋɗɕɋɝɎɈɆɤɘ ɣɚɚɋɐɘɎɈɓɔɋ ɖɆɍɖəɞɋɓɎɋ ɕɖɔ-

ɕɑɆɗɘɐɔɈ ɕɔɖɔɊ ɍɓɆɝɎɘɋɑɢɓɔɏ ɘɈɋɖɊɔɗɘɎ Ɏ 

ɆɇɖɆɍɎɈɓɔɗɘɎ, ɕɔɣɘɔɒə ɍəɇɢɥ ɊɋɑɆɤɘɗɥ ɇɔɑɋɋ 

ɐɔɖɔɘɐɎɒɎ, ɚɖɋɍɋɖəɤɘɗɥ ɗ ɒɋɓɢɞɎɒ ɞɆɉɔɒ Ɏ 

ɇɔɑɢɞɎɒ əɉɑɔɒ ɍɆɔɗɘɖɋɓɎɥ. ȵɖɔɒɋɌəɘɔɝɓɡ-

ɒɎ ɒɋɌɊə əɐɆɍɆɓɓɡɒɎ ɖɆɓɋɋ ɘɎɕɆɒɎ çȲè Ɏ 

çȷè ɥɈɑɥɤɘɗɥ ɊɔɑɔɘɆ çȲȷè, ɕɖɋɊɓɆɍɓɆɝɋɓ-

ɓɡɋ Ɋɑɥ ɇəɖɋɓɎɥ ɒɥɉɐɎɛ Ɏ ɗɖɋɊɓɎɛ ɕɔɖɔɊ 

(ɕɑɔɘɓɡɋ ɉɑɎɓɡ ɗ ɝɆɗɘɡɒɎ ɕɖɔɗɑɔɥɒɎ ɒɋɖɉɋ-

ɑɋɏ, ɕɋɗɝɆɓɎɐɎ, ɗɔɑɎ, ɉɎɕɗ Ɏ ɘ.Ɋ.). ȹɝɎɘɡɈɆɥ, 

ɝɘɔ ɣɘɎ ɊɔɑɔɘɆ ɊɔɑɌɓɡ ɖɆɇɔɘɆɘɢ Ɉ ɕɖɔɕɑɆɗɘ-

ɐɆɛ ɕɔɖɔɊ ɕɔɈɡɞɋɓɓɔɏ ɘɈɋɖɊɔɗɘɎ (ɕɋɗɝɆɓɎ-

ɐɆɛ), Ɋɑɥ ɓɎɛ ɕɖɎɓɥɘɔ ɗɒɋɟɋɓɎɋ ɞɆɖɔɞɋɐ, 

ɆɓɆɑɔɉɎɝɓɔɋ ɊɔɑɔɘɆɒ ɘɎɕɆ çȷè. Ȫɑɥ ɕɖɎɊɆ-

ɓɎɥ ɑəɝɞɎɛ ɗɐɔɖɔɗɘɓɡɛ ɕɔɐɆɍɆɘɋɑɋɏ ɇəɖɋɓɎɥ 

ɒɥɉɐɎɛ, ɕɑɆɗɘɎɝɓɡɛ ɕɔɖɔɊ, əɉɑɡ ɓɆɐɑɔɓɆ 

ɜɆɕɚ Ɏ əɉɑɡ ɐɔɓəɗɔɈ ɞɆɖɔɞɋɐ, Ɇ ɘɆɐɌɋ əɗ-

ɑɔɈɓɡɏ əɉɔɑ ɐɆɑɎɇɖɔɈɐɎ ɗɐɈɆɌɎɓɡ ɊɋɑɆɤɘɗɥ 

ɇɑɎɍɐɎɒɎ ɑɎɇɔ ɔɊɎɓɆɐɔɈɡɒɎ ɗ ɊɔɑɔɘɆɒɎ ɘɎɕɆ 

çȲè, Ɇ ɊɑɎɓə ɍəɇɢɋɈ Ɏ Ɏɛ ɐɔɑɎɝɋɗɘɈɔ ɈɡɇɎɖɆ-

ɤɘ ɕɖɔɒɋɌəɘɔɝɓɡɒɎ ɒɋɌɊə ɊɔɑɔɘɆɒɎ ɘɎɕɔɈ 

çȲè Ɏ çȷè [6-8]. ȵɖɎɒɋɓɋɓɎɋ ɞɆɖɔɞɋɝɓɡɛ 

Ɋɔɑɔɘ Ɉ əɗɑɔɈɎɥɛ ɇəɖɋɓɎɥ ɈɋɖɛɓɎɛ ɎɓɘɋɖɈɆ-

ɑɔɈ Ȩɔɗɘɔɝɓɔ-ȷɎɇɎɖɗɐɔɉɔ ɖɋɉɎɔɓɆ, ɕɖɋɎɒə-

ɟɋɗɘɈɋɓɓɔ ɗɑɔɌɋɓɓɔɉɔ ɒɥɉɐɎɒɎ Ɏ ɒɥɉɐɔ-

ɗɖɋɊɓɎɒɎ ɉɔɖɓɡɒɎ ɕɔɖɔɊɆɒɎ, Ɋɑɥ ɐɔɘɔɖɡɛ 

ɓɆɎɇɔɑɋɋ ɣɚɚɋɐɘɎɈɓɔ Ɋɑɥ ɊɔɗɘɎɌɋɓɎɥ Ɉɡɗɔ-

ɐɎɛ ɗɐɔɖɔɗɘɋɏ ɕɖɔɛɔɊɐɎ ɕɖɎɒɋɓɥɘɢ ɞɆɖɔɞɋɝ-

ɓɡɋ ɊɔɑɔɘɆ ɗ ɐɔɊɔɒ IADC ɔɘ 117 Ɋɔ 217. ȪɆɓ-

ɓɡɏ ɘɎɕ ɈɔɔɖəɌɋɓɎɥ Ɏ ɐɔɓɗɘɖəɐɜɎɎ ɊɔɑɔɘɆ 

ɔɇɋɗɕɋɝɎɈɆɋɘ Ɉɡɗɔɐəɤ ɣɚɚɋɐɘɎɈɓɔɗɘɢ ɕɔɖɆ-

ɌɋɓɎɥ ɍɆɇɔɥ ɍɆ ɗɝɋɘ ɕɖɋɔɇɑɆɊɆɓɎɥ ɗɐɆɑɡ-

ɈɆɤɟɋɉɔ ɣɚɚɋɐɘɆ Ɉ ɗɔɈɔɐəɕɓɔɗɘɎ ɗ Ɉɡɗɔɐɔɏ 

ɆɉɖɋɗɗɎɈɓɔɗɘɢɤ ɈɔɔɖəɌɋɓɎɥ. ȵɖɋɎɒəɟɋɗɘ-

Ɉɋɓɓɔ Ɏɗɕɔɑɢɍəɋɘɗɥ ɐɔɓɗɘɖəɐɜɎɥ ɗ ɗɋɒɢɤ ɖɥ-

ɊɆɒɎ ɍəɇɢɋɈ,  Ɉ ɔɇɟɋɏ ɗɑɔɌɓɔɗɘɎ ɐɔɑɎɝɋɗɘɈɔ 

ɍəɇɢɋɈ ɗɔɗɘɆɈɑɥɋɘ ɔɘ 65 Ɋɔ 87 Ɉ ɍɆɈɎɗɎɒɔɗɘɎ 

ɔɘ ɕɖɔɚɎɑɥ ɈɔɔɖəɌɋɓɎɥ  ə ɖɆɍɑɎɝɓɡɛ ɕɖɔɎɍ-

ɈɔɊɎɘɋɑɋɏ Ɏ ɗɔɔɘɈɋɘɗɘɈəɋɘ ɐɔɊə IADC 117, ɘɆɐ 

ɐɆɐ ɕɖɎ ɕɔɒɔɟɎ Ɏɒɋɓɓɔ ɣɘɔɉɔ ɘɎɕɆ Ɋɔɑɔɘ Ɋɔɗ-

ɘɎɉɆɋɘɗɥ ɓɆɎɇɔɑɋɋ ɈɡɗɔɐɆɥ ɗɐɔɖɔɗɘɢ ɕɖɔɛɔɊ-

ɐɎ. ȵɖɎɒɋɓɋɓɎɋ ɞɆɖɔɞɋɝɓɡɛ Ɋɔɑɔɘ çȲȷè ɗ 

ɒɆɑɡɒɎ ɍɓɆɝɋɓɎɥɒɎ ɗɒɋɟɋɓɎɥ Ɏ ɓɎɍɐɔɏ Ɇɉ-

ɖɋɗɗɎɈɓɔɗɘɢɤ ɈɔɔɖəɌɋɓɎɥ ɕɖɎɈɔɊɎɘ ɐ ɗɓɎɌɋ-

ɓɎɤ ɒɋɛɆɓɎɝɋɗɐɔɏ ɗɐɔɖɔɗɘɎ ɕɖɔɛɔɊɐɎ. 

Ȫɑɥ ɊɆɓɓɡɛ əɗɑɔɈɎɏ ɇəɖɋɓɎɥ ɆɐɘəɆɑɢɓɔ 

ɕɖɎɒɋɓɥɘɢ əɗɎɑɋɓɓɔɋ ɈɔɔɖəɌɋɓɎɋ ɞɆɖɔɞɋɝ-

ɓɡɛ Ɋɔɑɔɘ ɕɖɎ ɗɔɛɖɆɓɋɓɎɎ ɒɆɐɗɎɒɆɑɢɓɔ Ɉɔɍ-

ɒɔɌɓɔɉɔ ɗɒɋɟɋɓɎɥ Ɏ ɆɉɖɋɗɗɎɈɓɔɗɘɎ ɈɔɔɖəɌɋ-

ɓɎɥ, ɘ.ɋ. əɈɋɑɎɝɋɓɎɋ ɘɈɋɖɊɔɗɘɎ ɉɔɖɓɡɛ ɕɔɖɔɊ 

ɐɔɒɕɋɓɗɎɖəɋɘɗɥ əɈɋɑɎɝɋɓɎɋɒ ɕɖɔɝɓɔɗɘɓɡɛ 

ɕɆɖɆɒɋɘɖɔɈ ɣɑɋɒɋɓɘɔɈ ɗɘɆɑɢɓɔɉɔ ɈɔɔɖəɌɋ-

ɓɎɥ. ȹɗɎɑɋɓɎɋ ɈɔɔɖəɌɋɓɎɥ ɕɖɔɎɍɈɔɊɎɘɗɥ ɕɔ 

ɗɑɋɊəɤɟɎɒ ɔɗɓɔɈɓɡɒ ɕɆɖɆɒɋɘɖɆɒ ɗɘɆɑɢɓɡɛ 

ɍəɇɢɋɈ ɞɆɖɔɞɋɐ ɊɔɑɔɘɆ.  

ȵɆɖɆɒɋɘɖɆɒɎ, ɛɆɖɆɐɘɋɖɎɍəɤɟɎɒɎ 

ɗɘɆɑɢɓɡɋ ɍəɇɢɥ, ɥɈɑɥɤɘɗɥ: 

- əɉɔɑ ɍɆɔɗɘɖɋɓɎɥ ɍəɇɆ ï əɉɔɑ ɒɋɌɊə ɓɆ-

ɇɋɉɆɤɟɋɏ Ɏ ɗɇɋɉɆɤɟɋɏ ɉɖɆɓɥɒɎ ɍəɇɆ. Ƚɋɒ 

Ɉɡɞɋ ɍɓɆɝɋɓɎɋ əɉɑɆ, ɘɋɒ ɇɔɑɢɞəɤ ɕɖɔɝɓɔɗɘɢ 

Ɏɒɋɋɘ ɍəɇ, ɓɔ ɗɓɎɌɆɋɘɗɥ ɈɓɋɊɖɋɓɎɋ Ɉ ɕɔɖɔɊə 

ɍɆ ɗɝɋɘ ɇɔɑɢɞɋɏ ɕɑɔɟɆɊɎ ɐɔɓɘɆɐɘɆ ɍəɇɆ ɗ 

ɉɔɖɓɔɏ ɕɔɖɔɊɔɏ, ɍɓɆɝɋɓɎɥ ɈɆɖɢɎɖəɤɘɗɥ ɔɘ 41Á 

Ɋɔ 50Á; 

-  ɕɖɎɘəɕɑɋɓɎɋ ɍəɇɆ ï ɖɆɗɗɘɔɥɓɎɋ ɒɋɌɊə 

ɓɆɇɋɉɆɤɟɋɏ Ɏ ɗɇɋɉɆɤɟɋɏ ɉɖɆɓɥɒɎ ɍəɇɆ. Ƚɋɒ 

Ɉɡɞɋ ɍɓɆɝɋɓɎɋ ɕɖɎɘəɕɑɋɓɎɥ, ɘɋɒ ɇɔɑɢɞəɤ 

ɕɖɔɝɓɔɗɘɢ Ɏɒɋɋɘ ɍəɇ, ɓɔ ɗɓɎɌɆɋɘɗɥ ɣɚɚɋɐ-

ɘɎɈɓɔɗɘɢ ɖɆɍɖəɞɋɓɎɥ ɉɔɖɓɔɏ ɕɔɖɔɊɡ. ȹɈɋɑɎ-

ɝɎɈɆɋɘɗɥ ɍɓɆɝɋɓɎɋ ɕɖɎɘəɕɑɋɓɎɥ ɍəɇɆ ɗ ɖɔɗ-

ɘɔɒ ɘɈɋɖɊɔɗɘɎ ɉɔɖɓɡɛ ɕɔɖɔɊ. Ȫɑɥ ɒɥɉɐɎɛ Ɏ 

ɒɥɉɐɔ-ɗɖɋɊɓɎɛ ɍɓɆɝɋɓɎɋ ɗɔɗɘɆɈɑɥɋɘ 2ï3 ɒɒ; 

- ɞɎɖɎɓɆ ɍəɇɆ ï ɖɆɗɗɘɔɥɓɎɋ ɒɋɌɊə 

ɐɖɆɏɓɎɒɎ ɘɔɝɐɆɒɎ Ɉ ɕɖɔɊɔɑɢɓɔɏ ɕɑɔɗɐɔɗɘɎ 

ɍəɇɆ, ɍɆɈɎɗɎɘ ɔɘ ɖɆɗɕɔɑɔɌɋɓɎɥ ɓɆ ɗɛɋɒɋ ɗɆ-

ɒɔɔɝɎɟɋɓɎɥ Ɏ ɐɔɑɎɝɋɗɘɈɆ ɖɥɊɔɈ ɍəɇɢɋɈ Ɋɔ-

ɑɔɘɆ. ȷ əɈɋɑɎɝɋɓɎɋɒ ɘɈɋɖɊɔɗɘɎ ɇəɖɎɒɡɛ ɉɔɖ-

ɓɡɛ ɕɔɖɔɊ ɈɋɑɎɝɎɓɆ ɗɓɎɌɆɋɘɗɥ; 

- ɈɡɗɔɘɆ ɍəɇɆ ï ɖɆɗɗɘɔɥɓɎɋ ɔɘ ɘɋɑɆ ɞɆ-

ɖɔɞɐɎ Ɋɔ ɒɆɐɗɎɒɆɑɢɓɔɏ Ɉɋɖɛɓɋɏ ɘɔɝɐɎ ɍəɇɆ Ɉ 

ɋɉɔ ɈɋɖɘɎɐɆɑɢɓɔɏ ɕɖɔɋɐɜɎɎ. ȷ əɈɋɑɎɝɋɓɎɋɒ 

ɘɈɋɖɊɔɗɘɎ ɉɔɖɓɡɛ ɕɔɖɔɊ ɍɓɆɝɋɓɎɋ ɗɓɎɌɆɋɘɗɥ. 

ȸɆɐɌɋ ɍɆɈɎɗɎɘ ɔɘ ɖɆɗɕɔɑɔɌɋɓɎɥ ɍəɇɢɋɈ ɓɆ 

ɗɛɋɒɋ ɗɆɒɔɔɝɎɟɋɓɎɥ. Ȩ ɘɆɇɑɎɜɋ 1 ɕɖɎɈɋɊɋɓɔ 

ɗɖɆɈɓɋɓɎɋ ɔɗɓɔɈɓɡɛ ɉɋɔɒɋɘɖɎɝɋɗɐɎɛ ɕɆɖɆ-

ɒɋɘɖɔɈ ɍəɇɢɋɈ ɊɔɑɔɘɆ, ɕɖɎɒɋɓɥɋɒɡɛ ɓɆ ɊɆɓ-

ɓɡɏ ɒɔɒɋɓɘ Ɏ ɕɖɋɊɑɆɉɆɋɒɡɛ ɕɔ ɖɋɍəɑɢɘɆɘɆɒ 

ɎɗɗɑɋɊɔɈɆɓɎɥ Ɉ ɊɆɓɓɔɏ ɖɆɇɔɘɋ. ȨɆɖɎɆɓɘɡ Ɏɗ-

ɕɔɑɓɋɓɎɥ ɍəɇɢɋɈ ɕɖɋɊɗɘɆɈɑɋɓɡ ɓɆ ɖɎɗəɓɐɋ 2. 

ȵɔɗɘɔɥɓɓɆɥ Ɋɑɥ Ɉɗɋɛ ɘɎɕɔɈ ɍəɇɢɋɈ 

ɕɑɔɟɆɊɢ ɔɇɋɗɕɋɝɎɈɆɋɘ ɖɆɈɓəɤ əɊɋɑɢɓəɤ ɓɆ-

ɉɖəɍɐə ɓɆ ɉɔɖɓəɤ ɕɔɖɔɊə, ɝɘɔ ɎɗɐɑɤɝɆɋɘ ɗɓɎ-

ɌɋɓɎɋ ɒɋɛɆɓɎɝɋɗɐɔɏ ɗɐɔɖɔɗɘɎ ɕɖɔɛɔɊɐɎ ɕɖɎ 

ɔɊɎɓɆɐɔɈɡɛ ɍɓɆɝɋɓɎɥɛ ɔɗɋɈɔɏ ɓɆɉɖəɍɐɎ Ɏ ɐɔ-

ɑɎɝɋɗɘɈɆ ɍəɇɢɋɈ ɓɆ ɈɋɓɜɆɛ ɞɆɖɔɞɋɐ ɊɔɑɔɘɆ. 
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ȸɆɇɑɎɜɆ 1. ȨɆɖɎɆɓɘɡ ɎɗɕɔɑɓɋɓɎɥ ɍəɇɢɋɈ  

 

Table 1. Teeth versions 

 

ȵɆɖɆɒɋɘɖɡ ɍəɇɢɋɈ 
ȸɎɕ ɍəɇɢɋɈ 

ȷɘɆɓɊɆɖɘɓɡɏ ȹɗɎɑɋɓɓɡɏ ȵɎɖɆɒɎɊɆɑɢɓɡɏ 

ȨɡɗɔɘɆ ȳ, ɒɒ 29 29 29 

ȵɖɎɘəɕɑɋɓɎɋ ȫ, ɒɒ 3 4 3ï14 

ȾɎɖɎɓɆ Ȩ, ɒɒ 16,9 18,9 18,9 

ȹɉɔɑ ɍɆɔɗɘɖɋɓɎɥ Ŭ, ɉɖɆɊ 43 46 48 

ȵɑɔɟɆɊɢ ɈɋɖɞɎɓɡ ɍəɇɆ S, ɒɒ
2 

41 46 46 

 

 

 

 

 
ȶɎɗəɓɔɐ 2. ȨɆɖɎɆɓɘɡ ɎɗɕɔɑɓɋɓɎɥ ɍəɇɢɋɈ 

 

Figure 2. Teeth designs 

 

 

 

 

 

ȶɋɞɋɓɎɋɒ Ɋɑɥ ɇəɖɋɓɎɥ ɎɓɘɋɖɈɆɑɔɈ ɍɆ-

ɑɋɉɆɓɎɥ ɈɆɑəɓɓɔ-ɉɆɑɋɝɓɡɛ ɔɘɑɔɌɋɓɎɏ, ɕɖɎ-

ɍɈɆɓɓɡɒ ɗɓɎɍɎɘɢ ɗɑɔɒ ɍəɇɢɋɈ, ɗɘɆɑɆ əɗɎɑɋɓ-

ɓɆɥ (ɕɎɖɆɒɎɊɆɑɢɓɆɥ) ɐɔɓɗɘɖəɐɜɎɥ ɗɘɆɑɢɓɔɉɔ 

ɍəɇɆ ɞɆɖɔɞɐɎ ɇəɖɔɈɔɉɔ ɊɔɑɔɘɆ [9]. 

Ȫɑɥ Ɉɗɋɛ ɘɎɕɔɈ ɍəɇɢɋɈ ɔɇɋɗɕɋɝɎɈɆɋɘɗɥ 

ɕɖɎɇɑɎɍɎɘɋɑɢɓɔ ɖɆɈɓɆɥ əɊɋɑɢɓɆɥ ɓɆɉɖəɍɐɆ ɓɆ 

ɉɔɖɓəɤ ɕɔɖɔɊə ɍɆ ɗɝɋɘ ɕɑɔɟɆɊɎ ɐɔɓɘɆɐɘɆ ɔɘ 

41 Ɋɔ 46 ɒɒ
2
, ɝɘɔ ɎɗɐɑɤɝɆɋɘ ɍɓɆɝɎɘɋɑɢɓɔɋ 

ɗɓɎɌɋɓɎɋ ɒɋɛɆɓɎɝɋɗɐɔɏ ɗɐɔɖɔɗɘɎ ɕɖɔɛɔɊɐɎ 

ɕɖɎ ɔɊɎɓɆɐɔɈɡɛ ɍɓɆɝɋɓɎɥɛ ɔɗɋɈɔɏ ɓɆɉɖəɍɐɎ Ɏ 

ɐɔɑɎɝɋɗɘɈɆ ɍəɇɢɋɈ ɓɆ ɈɋɓɜɆɛ ɞɆɖɔɞɋɐ Ɋɔɑɔ-

ɘɆ ɗ ɗɔɛɖɆɓɋɓɎɋɒ ɗɖɋɊɓɋɏ ɣɚɚɋɐɘɎɈɓɔɗɘɎ 

ɖɆɍɖəɞɋɓɎɥ ɉɔɖɓɔɏ ɕɔɖɔɊɡ. 

ȹɗɎɑɋɓɎɋ ɍəɇɢɋɈ ɍɆ ɗɝɋɘ əɈɋɑɎɝɋɓɎɥ 

əɉɑɆ ɍɆɔɗɘɖɋɓɎɥ Ɉ ɗɔɈɔɐəɕɓɔɗɘɎ ɗ əɈɋɑɎɝɋɓɎ-

ɋɒ ɞɎɖɎɓɡ ɍəɇɆ ɕɖɎɈɔɊɎɘ ɐ əɈɋɑɎɝɋɓɎɤ 

ɗɘɔɏɐɔɗɘɎ ɍəɇɆ ɕɖɎ ɈɔɍɊɋɏɗɘɈɎɎ ɓɆ ɓɋɉɔ ɗɘɆ-

ɘɎɝɋɗɐɎɛ Ɏ ɊɎɓɆɒɎɝɋɗɐɎɛ ɓɆɉɖəɍɔɐ.  

Ȩɗɋ ɓɆɉɖəɍɐɎ ɓɆ ɗɘɆɑɢɓɔɋ ɈɔɔɖəɌɋɓɎɋ, 

ɔɕɎɗɆɓɓɡɋ Ɉɡɞɋ, ɓɔɗɥɘ ɊɎɓɆɒɎɝɋɗɐɎɏ əɊɆɖ-

ɓɡɏ ɛɆɖɆɐɘɋɖ. ȹɝɎɘɡɈɆɥ ɣɘɔ, ɒɔɌɓɔ ɉɔɈɔɖɎɘɢ 
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ɔ ɓɋɔɇɛɔɊɎɒɔɗɘɎ əɈɋɑɎɝɋɓɎɥ ɗɕɔɗɔɇɓɔɗɘɎ ɔɗ-

ɓɔɈɓɔɉɔ ɒɆɘɋɖɎɑɆ ɎɍɉɔɘɔɈɑɋɓɎɥ ɞɆɖɔɞɋɐ Ɋɔ-

ɑɔɘ ɕɖɔɘɎɈɔɗɘɔɥɘɢ ɊɎɓɆɒɎɝɋɗɐɎɒ əɊɆɖɓɡɒ 

ɓɆɉɖəɍɐɆɒ ï əɈɋɑɎɝɋɓɎɤ ɚɎɍɎɐɔ-

ɒɋɛɆɓɎɝɋɗɐɎɛ ɗɈɔɏɗɘɈ Ɋɔɑɔɘɓɔɏ ɗɘɆɑɎ. ȷɕɔ-

ɗɔɇɓɔɗɘɢ Ɋɔɑɔɘɓɔɏ ɗɘɆɑɎ ɕɖɔɘɎɈɔɊɋɏɗɘɈɔɈɆɘɢ 

ɊɎɓɆɒɎɝɋɗɐɎɒ (əɊɆɖɓɡɒ) ɓɆɉɖəɍɐɆɒ ɍɆɈɎɗɎɘ 

ɔɘ ɈɋɑɎɝɎɓɡ əɊɆɖɓɔɏ ɈɥɍɐɔɗɘɎ  ɗɘɆɑɎ. 

ȹɊɆɖɓɆɥ Ɉɥɍɐɔɗɘɢ ï ɗɕɔɗɔɇɓɔɗɘɢ ɒɆɘɋ-

ɖɎɆɑɆ, Ɉ ɊɆɓɓɔɒ ɗɑəɝɆɋ Ɋɔɑɔɘɓɔɏ ɗɘɆɑɎ, ɕɔ-

ɉɑɔɟɆɘɢ ɒɋɛɆɓɎɝɋɗɐəɤ ɣɓɋɖɉɎɤ Ɉ ɕɖɔɜɋɗɗɋ 

ɊɋɚɔɖɒɆɜɎɎ Ɏ ɖɆɍɖəɞɋɓɎɥ ɕɔɊ ɊɋɏɗɘɈɎɋɒ 

əɊɆɖɓɔɏ ɓɆɉɖəɍɐɎ. ȴɗɓɔɈɓɡɒ ɔɘɑɎɝɎɋɒ əɊɆɖ-

ɓɡɛ ɓɆɉɖəɍɔɐ ɔɘ ɈɔɍɊɋɏɗɘɈɎɥ ɕɖɎ ɖɆɗɘɥɌɋɓɎɎ, 

ɗɌɆɘɎɎ ɎɑɎ ɎɍɉɎɇɋ ɥɈɑɥɋɘɗɥ ɉɔɖɆɍɊɔ ɇɔɑɋɋ 

ɈɡɗɔɐɆɥ ɗɐɔɖɔɗɘɢ ɈɡɊɋɑɋɓɎɥ ɣɓɋɖɉɎɎ ɓɆ ɗɔ-

ɈɋɖɞɋɓɎɋ ɈɔɍɊɋɏɗɘɈɎɥ ɓɆ ɒɆɘɋɖɎɆɑ. ȸɆɐɎɒ 

ɔɇɖɆɍɔɒ, əɊɆɖɓɆɥ Ɉɥɍɐɔɗɘɢ ɛɆɖɆɐɘɋɖɎɍəɋɘ 

ɗɕɔɗɔɇɓɔɗɘɢ ɒɆɘɋɖɎɆɑɆ ɐ ɇɡɗɘɖɔɒə ɕɔɉɑɔɟɋ-

ɓɎɤ ɣɓɋɖɉɎɎ. ȫɋ ɍɓɆɝɋɓɎɋ ɍɆɈɎɗɎɘ ɔɘ ɕɖɔ-

ɜɋɓɘɓɔɉɔ ɗɔɔɘɓɔɞɋɓɎɥ ɑɋɉɎɖəɤɟɎɛ ɣɑɋɒɋɓ-

ɘɔɈ Ɏ ɕɔɗɑɋɊəɤɟɋɏ ɐɔɒɕɑɋɐɗɓɔɏ ɛɎɒɎɐɔ-

ɘɋɖɒɎɝɋɗɐɔɏ ɔɇɖɆɇɔɘɐɎ ɐɔɓɋɝɓɔɉɔ ɎɍɊɋɑɎɥ. 

ȴɗɓɔɈɓɆɥ ɍɆɊɆɝɆ ɒɆɘɋɖɎɆɑɔɈ, ɐɔɘɔɖɡɋ 

ɕɖɎɒɋɓɥɤɘɗɥ Ɉ ɞɆɖɔɞɐɆɛ Ɏ ɑɆɕɆɛ ɇəɖɔɈɡɛ 

ɞɆɖɔɞɋɝɓɡɛ Ɋɔɑɔɘ, ï ɣɘɔ ɔɇɋɗɕɋɝɋɓɎɋ Ɉɡɗɔ-

ɐɔɏ ɖɆɇɔɘɔɗɕɔɗɔɇɓɔɗɘɎ ɕɔɊɞɎɕɓɎɐɔɈɡɛ əɍɑɔɈ 

ɗ ɔɊɓɔɈɖɋɒɋɓɓɡɒ ɔɇɑɆɊɆɓɎɋɒ ɈɡɗɔɐɎɛ ɕɖɔɝ-

ɓɔɗɘɓɡɛ ɛɆɖɆɐɘɋɖɎɗɘɎɐ (ɕɖɋɊɋɑ ɘɋɐəɝɋɗɘɎ, 

Ɉɖɋɒɋɓɓɔɋ ɗɔɕɖɔɘɎɈɑɋɓɎɋ, əɊɆɖɓɆɥ Ɉɥɍɐɔɗɘɢ, 

ɔɘɓɔɗɎɘɋɑɢɓɔɋ ɗəɌɋɓɎɋ, ɔɘɓɔɗɎɘɋɑɢɓɔɋ əɊɑɎ-

ɓɋɓɎɋ), Ɇ ɘɆɐɌɋ ɔɇɑɆɊɆɓɎɋɒ ɈɡɗɔɐɎɒɎ ɕɔɐɆ-

ɍɆɘɋɑɥɒɎ ɐ ɆɇɖɆɍɎɈɓɔɒə Ɏ ɐɔɓɘɆɐɘɓɔ-

əɗɘɆɑɔɗɘɓɔɒə Ɏɍɓɔɗə. Ȫɑɥ ɕɖɔɎɍɈɔɊɗɘɈɆ ɇə-

ɖɔɈɡɛ ɞɆɖɔɞɋɝɓɡɛ Ɋɔɑɔɘ ɕɖɎɒɋɓɥɤɘɗɥ ɗɕɋ-

ɜɎɆɑɢɓɡɋ ɒɆɖɐɎ ɗɘɆɑɋɏ, ɘɆɐɎɋ ɐɆɐ 15ȳ3ȲȦ, 

19ȻȩȳȲȦ, 14Ȼȳ3ȲȦ, Ɏ ɓɆɎɇɔɑɋɋ ɐɔɖɖɋɐɘɓɔ 

ɕɖɔɈɔɊɎɘɢ ɗɖɆɈɓɋɓɎɋ Ɏɒɋɓɓɔ ɗ ɊɆɓɓɡɒɎ ɒɔ-

ɊɋɑɥɒɎ ɗɘɆɑɋɏ, ɕɔɘɔɒə ɝɘɔ ɊɆɓɓɡɋ ɗɘɆɑɎ ɔɇ-

ɑɆɊɆɤɘ ɓɆɎɇɔɑɋɋ ɗɛɔɌɎɒɎ ɚɎɍɎɐɔ-

ɒɋɛɆɓɎɝɋɗɐɎɒɎ ɗɈɔɏɗɘɈɆɒɎ, Ɇ ɉɑɆɈɓɔɋ ï ɔɇ-

ɑɆɊɆɤɘ ɗɔɕɔɗɘɆɈɎɒɡɒɎ ɣɐɗɕɑəɆɘɆɜɎɔɓɓɡɒɎ 

ɛɆɖɆɐɘɋɖɎɗɘɎɐɆɒɎ [3]. 

ȳɆ ɖɎɗəɓɐɋ 3 ɗɛɋɒɆɘɎɝɓɔ ɕɔɐɆɍɆɓɆ ɞɆ-

ɖɔɞɐɆ ɊɔɑɔɘɆ ȧȮȸ 295,3 Z1RSJ, Ɉ ɐɔɘɔɖɔɏ 

ɗɈɋɘɑɔ-ɗɋɖɡɒ ɜɈɋɘɔɒ ɔɇɔɍɓɆɝɋɓɆ ɍɔɓɆ ɗ 

çɒɥɉɐɔɏè ɗɋɖɊɜɋɈɎɓɔɏ ɍɓɆɝɋɓɎɥ ɘɈɋɖɊɔɗɘɎ, Ɉ 

ɐɔɘɔɖɔɏ ɍɓɆɝɋɓɎɥ ɘɈɋɖɊɔɗɘɎ ɊɔɑɌɓɡ ɇɡɘɢ Ɉ 

ɊɎɆɕɆɍɔɓɋ 20-42 HRC, Ɇ ɘɋɒɓɔ-ɗɋɖɔɏ ï ɜɋɒɋɓ-

ɘɎɖɔɈɆɓɓɔɏ əɕɖɔɝɓɋɓɓɔɏ ɕɔɈɋɖɛɓɔɗɘɎ ɗɔ ɍɓɆ-

ɝɋɓɎɋɒ ɘɈɋɖɊɔɗɘɎ 56-62 HRC. 

ȪɋɘɆɑɎ ɇəɖɔɈɡɛ ɞɆɖɔɞɋɝɓɡɛ Ɋɔɑɔɘ, 

ɐɖɔɒɋ ɕɖɔɝɎɛ, ɕɔɊɈɋɖɉɆɤɘɗɥ ɍɓɆɝɎɘɋɑɢɓɡɒ 

əɊɆɖɓɡɒ ɓɆɉɖəɍɐɆɒ, ɕɔɣɘɔɒə ɊɔɑɌɓɡ ɔɇɑɆ-

ɊɆɘɢ ɊɔɗɘɆɘɔɝɓɔ Ɉɥɍɐɔɏ ɗɘɖəɐɘəɖɔɏ ɗɋɖɊɜɋɈɎ-

ɓɡ. ȵɔɣɘɔɒə Ɋɑɥ ɣɚɚɋɐɘɎɈɓɔɉɔ ɕɖɎɒɋɓɋɓɎɥ 

Ɋɔɑɔɘɓɔɏ ɗɘɆɑɎ ɘɖɋɇəɋɘɗɥ ɕɔɊɊɋɖɌɆɓɎɋ ɇɆ-

ɑɆɓɗɆ ɚɎɍɎɐɔ-ɒɋɛɆɓɎɝɋɗɐɎɛ ɗɈɔɏɗɘɈ Ɏ ɕɖɔɐɆ-

ɑɎɈɆɋɒɔɗɘɎ. ȭɊɋɗɢ ɈɆɌɓɔ ɕɔɓɎɒɆɘɢ, ɝɘɔ ɞɆ-

ɖɔɞɋɝɓɡɋ ɊɔɑɔɘɆ ɥɈɑɥɤɘɗɥ Ɏɓɗɘɖəɒɋɓɘɔɒ 

Ɋɖɔɇɥɟɋ-ɗɐɆɑɡɈɆɤɟɋɉɔ ɊɋɏɗɘɈɎɥ Ɏ Ɏɗɕɡɘɡ-

ɈɆɤɘ ɕɔɗɘɔɥɓɓɡɋ ɊɎɓɆɒɎɝɋɗɐɎɋ ɓɆɉɖəɍɐɎ, ɕɖɎ 

ɣɘɔɒ ɖɆɇɔɘɆɤɘ Ɉ ɐɖɆɏɓɋ ɆɉɖɋɗɗɎɈɓɔɏ ɗɖɋɊɋ.  

 

 

 

 
 

ȶɎɗəɓɔɐ 3. ȷɛɋɒɆ ɖɆɗɕɖɋɊɋɑɋɓɎɥ ɘɈɋɖɊɔɗɘɎ ɕɔ ɗɋɝɋɓɎɤ ɞɆɖɔɞɐɎ 

 

Figure 3. The scheme of hardness distribution over the cross section of the cone 
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ȴɗɓɔɈɓɡɒɎ ɈɡɛɔɊɓɡɒɎ ɕɆɖɆɒɋɘɖɆɒɎ 

Ɋɑɥ ɒɆɖɔɐ Ɋɔɑɔɘɓɔɏ ɗɘɆɑɎ ɥɈɑɥɤɘɗɥ ɚɎɍɎɐɔ-

ɒɋɛɆɓɎɝɋɗɐɎɋ ɗɈɔɏɗɘɈɆ, ɐɔɘɔɖɡɋ ɒɔɉəɘ ɇɡɘɢ 

ɕɔɑəɝɋɓɡ ɕɔɗɑɋ ɛɎɒɎɐɔ-ɘɋɖɒɎɝɋɗɐɔɏ ɔɇɖɆ-

ɇɔɘɐɎ, Ɏ ɕɖɎɈɋɊɋɓɡ Ɉ ɘɆɇɑɎɜɋ 2. ȺɎɍɎɐɔ-

ɒɋɛɆɓɎɝɋɗɐɎɋ ɗɈɔɏɗɘɈɆ ɕɖɋɊɑɆɉɆɋɒɔɏ ɒɆɖɐɎ 

ɗɘɆɑɎ ɕɖɋɈɔɗɛɔɊɥɘ ɚɎɍɎɐɔ-ɒɋɛɆɓɎɝɋɗɐɎɋ 

ɗɈɔɏɗɘɈɆ ɕɖɎɒɋɓɥɋɒɔɏ ɓɆ ɊɆɓɓɡɏ ɒɔɒɋɓɘ 

ɗɘɆɑɎ 19ȻȩȳȲȦ ɕɔ əɊɆɖɓɔɏ ɈɥɍɐɔɗɘɎ ɍɆ ɗɝɋɘ 

əɈɋɑɎɝɋɓɓɔɉɔ ɗɔɊɋɖɌɆɓɎɥ Ni Ɉ ɗɔɗɘɆɈɋ ɕɖɋɊ-

ɑɆɉɆɋɒɔɏ ɗɘɆɑɎ. ȴɇɔɗɓɔɈɆɓɎɋ ɕɖɎɒɋɓɋɓɎɥ 

Ɋɔɑɔɘɓɔɏ ɗɘɆɑɎ 19Ȼȩȳ3ȲȦ ɕɖɎɈɋɊɋɓɔ ɓɎɌɋ. 

ȷɘɆɑɢ 19Ȼȩȳ3ȲȦ ɔɘɑɎɝɆɋɘɗɥ əɈɋɑɎɝɋɓɓɡɒ 

ɕɆɖɆɒɋɘɖɔɒ əɊɆɖɓɔɏ ɈɥɍɐɔɗɘɎ, ɐɔɘɔɖɆɥ ɕɔ-

ɍɈɔɑɥɋɘ ɈɔɗɕɖɎɓɎɒɆɘɢ ɇɔɑɢɞəɤ ɓɆɉɖəɍɐə ɇɋɍ 

ɖɆɍɖəɞɋɓɎɥ ɔɇɖɆɍɜɆ. ȶɋɍəɑɢɘɆɘɡ ɎɗɕɡɘɆɓɎɏ 

ɚɎɍɎɐɔ-ɒɋɛɆɓɎɝɋɗɐɎɛ ɗɈɔɏɗɘɈ ɓɆ ɗɘɆɓɊɆɖɘ-

ɓɡɛ  ɔɇɖɆɍɜɆɛ ɕɔɐɆɍɆɓɡ ɘɆɇɑɎɜɆɛ 3, 4 [10]. 

 

 

ȸɆɇɑɎɜɆ 2. ȺɎɍɎɐɔ-ɒɋɛɆɓɎɝɋɗɐɎɋ ɗɈɔɏɗɘɈɆ ɒɆɖɔɐ ɗɘɆɑɋɏ 

 

Table 2.  Physical and mechanical properties of steel types 

 

ȲɆɖɐɆ ɗɘɆɑɎ 

ůɈ, ȳ/ɒɒ
2

 

(ɐɉɗ/ɒɒ
2

) 

ů02, ȳ/ɒɒ
2 

(ɐɉɗ/ɒɒ
2

) 
ŭ, % ȑ, % 

KCU, ȪɌ/ɗɒ
2

 

(ɐɉɗ/ɒɒ
2

) 

ȳɋ ɒɋɓɋɋ 

14Ȼȳ3ȲȦ 980 (100) 882 (90) 12 50 107,8 (11) 

15ȳ3ȲȦ 784 (80) 686 (70) 12 55 107,8 (11) 

19ȻȩȳȲȦ 833 (85) 735 (75) 12 45 78,4 (8) 

19Ȼȩȳ3ȲȦ 835 (86) 735 (75) 12 50 98 (10) 

 

 

ȸɆɇɑɎɜɆ 3.  ȶɋɍəɑɢɘɆɘɡ ɎɗɕɡɘɆɓɎɏ ɓɆ ɖɆɗɘɥɌɋɓɎɋ (Ɋɑɥ ɗɘɆɑɎ 19Ȼȩȳ3ȲȦ) 

 

Table 3. Tensile test results (for steel 19HGN3MA) 

 

ȸɎɕ ɔɇɖɆɍɜɆ  

ȩȴȷȸ 1497-84 

ȵɖɋɊɋɑ  

ɘɋɐəɝɋɗɘɎ, ȲȵɆ 

ȵɖɋɊɋɑ  

ɕɖɔɝɓɔɗɘɎ, ȲȵɆ 

ȴɘɓɔɗɎɘɋɑɢɓɔɋ 

əɊɑɎɓɋɓɎɋ, % 

ȴɘɓɔɗɎɘɋɑɢɓɔɋ 

ɗəɌɋɓɎɋ, % 

III 1006,1 1275,2 11,6 52,0 

ȵɖɔɉɓɔɍ Ó 785 Ó 883 Ó 11 Ó 50 

 

 

ȸɆɇɑɎɜɆ 4.  ȶɋɍəɑɢɘɆɘɡ ɎɗɕɡɘɆɓɎɏ ɓɆ əɊɆɖɓɡɏ ɎɍɉɎɇ (Ɋɑɥ ɗɘɆɑɎ 19Ȼȩȳ3ȲȦ) 

 

Table 4. Impact bending test results (for steel 19HGN3MA) 

 

ȸɎɕ ɔɇɖɆɍɜɆ  

ɕɔ ȩȴȷȸ 9454-78 

ȵɑɔɟɆɊɢ ɗɋɝɋɓɎɥ 

ɔɇɖɆɍɜɆ, ɗɒ
2
 

ȶɆɇɔɘɆ ɖɆɍɖəɞɋɓɎɥ, 

ȪɌ 

ȹɊɆɖɓɆɥ Ɉɥɍɐɔɗɘɢ ȰȷU, 

ȪɌ/ɗɒ
2
 

1 0,800 104,9 100,2 

ȵɖɔɉɓɔɍ ï ï Ó 98 
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Ȯɍ ɆɓɆɑɎɍɆ ɘɆɇɑɎɜ 2ï4 ɈɎɊɓɔ, ɝɘɔ ɕɖɔ-

ɎɗɛɔɊɎɘ əɈɋɑɎɝɋɓɎɋ ɚɆɐɘɎɝɋɗɐɎɛ ɍɓɆɝɋɓɎɏ 

əɊɆɖɓɔɏ ɈɥɍɐɔɗɘɎ ɔɘɓɔɗɎɘɋɑɢɓɔ ɗɘɆɓɊɆɖɘɓɔɉɔ 

ɒɆɘɋɖɎɆɑɆ. 

ȵɔ ɊɆɓɓɡɒ ɖɆɗɝɋɘɔɈ ɍəɇɢɋɈ ɗɘɆɑɢɓɔɉɔ 

ɈɔɔɖəɌɋɓɎɥ Ɉ ɕɖɔɉɖɆɒɒɓɔɒ ɒɔɊəɑɋ Ansys əɗ-

ɘɆɓɔɈɑɋɓɔ, ɝɘɔ ɕɖɎ əɊɆɖɓɔɒ ɕɖɎɑɔɌɋɓɎɎ ɓɆ-

ɉɖəɍɐɎ ɗɎɑɆ, ɘɖɋɇəɋɒɆɥ Ɋɑɥ ɖɆɍɖəɞɋɓɎɥ ɔɇ-

ɖɆɍɜɆ ɕɎɖɆɒɎɊɆɑɢɓɔɏ ɚɔɖɒɡ Ɏɍ ɗɘɆɑɎ 

19Ȼȩȳ3ȲȦ, ɓɆ 33 % Ɉɡɞɋ (ɖɎɗəɓɔɐ 4), ɝɋɒ 

Ɋɑɥ ɗɘɆɓɊɆɖɘɓɔɏ ɐɔɓɗɘɖəɐɜɎɎ ɍəɇɢɋɈ.  ȮɓɡɒɎ 

ɗɑɔɈɆɒɎ, əɈɋɑɎɝɋɓɎɋ əɉɑɆ ɍɆɔɗɘɖɋɓɎɥ ɍəɇɆ Ŭ 

Ɉ ɗɔɈɔɐəɕɓɔɗɘɎ ɗ əɈɋɑɎɝɋɓɎɋɒ ɕɖɎɘəɕɑɋɓɎɥ 

ɍəɇɆ ȫ ɕɖɎ ɓɋɎɍɒɋɓɓɔɏ Ɉɡɗɔɘɋ ɍəɇɆ ȳ Ɏ ɓɆɑɎ-

ɝɎɎ ɖɋɇɋɖ ɌɋɗɘɐɔɗɘɎ, ɔɇɖɆɍəɤɟɎɛ Ɉ ɗɋɝɋɓɎɎ 

ɕɎɖɆɒɎɊɆɑɢɓəɤ ɚɔɖɒə ɍəɇɢɋɈ, Ɉ ɗɔɈɔɐəɕɓɔ-

ɗɘɎ ɗ ɎɍɉɔɘɔɈɑɋɓɎɋɒ Ɏɍ ɗɘɆɑɎ 19Ȼȩȳ3ȲȦ ɕɔ-

ɑɔɌɎɘɋɑɢɓɔ ɗɐɆɍɡɈɆɋɘɗɥ ɓɆ ɗɕɔɗɔɇɓɔɗɘɎ ɍəɇɆ 

ɈɔɗɕɖɎɓɎɒɆɘɢ ɊɎɓɆɒɎɝɋɗɐɎɋ (əɊɆɖɓɡɋ) ɓɆ-

ɉɖəɍɐɎ. Ƀɘɔ ɔɇɋɗɕɋɝɎɈɆɋɘ əɈɋɑɎɝɋɓɎɋ ɗɘɔɏɐɔ-

ɗɘɎ ɍəɇɢɋɈ ɐ əɊɆɖɓɡɒ ɓɆɉɖəɍɐɆɒ Ɏ  ɔɇɔɗɓɔɈɡ-

ɈɆɋɘ Ɉɡɇɔɖ ɉɋɔɒɋɘɖɎɝɋɗɐɎɛ ɕɆɖɆɒɋɘɖɔɈ 

ɍəɇɢɋɈ ɗɘɆɑɢɓɔɉɔ ɈɔɔɖəɌɋɓɎɥ.   

 

 
Ɇ) 

 
b) 

 
c) 

ȶɎɗəɓɔɐ 4.  ȩɖɆɚɎɐ ɓɆɉɖəɌɋɓɎɥ ɕɖɎ əɊɆɖɓɡɛ ɎɗɕɡɘɆɓɎɥɛ ɗɘɆɓɊɆɖɘɓɔɉɔ (Ɇ), əɗɎɑɋɓɓɔɉɔ (b)  

Ɏ ɕɎɖɆɒɎɊɆɑɢɓɔɉɔ (c) ɍəɇɢɋɈ 

 
Figure 4. Loading schedule for impact tests of standard (Ɇ), reinforced (b) and pyramidal (c) teeth 
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ȶɎɗəɓɔɐ 5. ȴɘɔɗɎɘɋɑɢɓɡɏ ɍɆɕɆɗ ɈɔɔɖəɌɋɓɎɥ ȧȮȸ 295,3 Z2RSJ U700 (IADC 117) 

 

Figure 5. Relative stock of teeth bit  BIT 295,3 Z2RSJ U700 (IADC 117) 

 

 

 

 

 

 

ȹɐɆɍɆɓɓɡɋ ɘɋɛɓɎɐɔ-ɘɋɛɓɔɑɔɉɎɝɋɗɐɎɋ 

ɖɋɞɋɓɎɥ ɕɔɍɈɔɑɥɤɘ ɉɔɈɔɖɎɘɢ ɔ ɖɆɍɖɆɇɔɘɐɋ 

ɍəɇɢɋɈ ɗɘɆɑɢɓɔɉɔ ɈɔɔɖəɌɋɓɎɥ ɞɆɖɔɞɋɝɓɡɛ 

Ɋɔɑɔɘ Ɉ ɗɔɈɔɐəɕɓɔɗɘɎ ɗ ɎɍɉɔɘɔɈɑɋɓɎɋɒ ɞɆɖɔ-

ɞɋɐ Ɏɍ ɒɆɘɋɖɎɆɑɆ 19Ȼȩȳ3ȲȦ, ɐɔɘɔɖɡɋ ɔɇɋɗ-

ɕɋɝɎɈɆɤɘ əɈɋɑɎɝɋɓɎɋ ɗɘɔɏɐɔɗɘɎ ɈɔɔɖəɌɋɓɎɥ ɐ 

əɊɆɖɓɡɒ ɓɆɉɖəɍɐɆɒ Ɏ ɔɇɋɗɕɋɝɎɈɆɤɘ ɕɖɎɖɔɗɘ 

ɔɘɓɔɗɎɘɋɑɢɓɔɉɔ ɍɆɕɆɗɆ ɈɔɔɖəɌɋɓɎɥ ɕɔ ɖɥɊɆɒ 

Ɋɑɥ ɖɆɍɖɆɇɔɘɆɓɓɔɉɔ ɊɔɑɔɘɆ ȧȮȸ 295,3 Z2RSJ 

U700 (ɖɎɗəɓɔɐ 5).  

 

ȨɡɈɔɊɡ 

ȵɔ ɖɋɍəɑɢɘɆɘɆɒ ɕɖɔɈɋɊɋɓɓɡɛ ɖɆɇɔɘ, 

ɐɔɘɔɖɡɋ ɔɕɎɗɡɈɆɤɘɗɥ Ɉ ɗɘɆɘɢɋ, əɗɘɆɓɔɈɑɋɓɔ, 

ɝɘɔ ɕɎɖɆɒɎɊɆɑɢɓɆɥ ɉɋɔɒɋɘɖɎɥ ɍəɇɢɋɈ ɔɇɋɗ-

ɕɋɝɎɈɆɋɘ ɓɆɎɒɋɓɢɞɎɋ ɗəɒɒɆɖɓɡɋ ɓɆɕɖɥɌɋ-

ɓɎɥ Ɉ ɗɖɆɈɓɋɓɎɎ ɗɔ ɗɘɆɓɊɆɖɘɓɔɏ ɉɋɔɒɋɘɖɎɋɏ 

ɗɘɆɑɢɓɔɉɔ ɈɔɔɖəɌɋɓɎɥ ɍɆ ɗɝɋɘ ɓɆɑɎɝɎɥ ɖɋɇɋɖ 

ɌɋɗɘɐɔɗɘɎ, ɔɇɖɆɍəɤɟɎɛ ɈɔɗɢɒɎɉɖɆɓɓəɤ ɕɎ-

ɖɆɒɎɊə, Ɏ ɎɍɉɔɘɔɈɑɋɓɎɥ  ɞɆɖɔɞɋɐ Ɏɍ ɗɘɆɑɎ 

19Ȼȩȳ3ȲȦ.  

Ƀɘɔ, Ɉ ɗɈɔɤ ɔɝɋɖɋɊɢ, ɔɇɋɗɕɋɝɎɈɆɋɘ ɖɔɗɘ 

ɔɘɓɔɗɎɘɋɑɢɓɔɉɔ ɍɆɕɆɗɆ ɈɔɔɖəɌɋɓɎɥ Ɋɑɥ Ɉɓəɘ-

ɖɋɓɓɎɛ ɖɥɊɔɈ ɞɆɖɔɞɋɝɓɡɛ Ɋɔɑɔɘ Ɋɑɥ ɇəɖɋɓɎɥ 

ɒɥɉɐɎɛ Ɏ ɒɥɉɐɔ-ɗɖɋɊɓɎɛ ɉɔɖɓɡɛ ɕɔɖɔɊ ɓɆ ɍɓɆ-

ɝɋɓɎɥ ɔɘ 29 % Ɋɔ 34 %. 

ȹɈɋɑɎɝɋɓɎɋ ɔɘɓɔɗɎɘɋɑɢɓɔɉɔ ɍɆɕɆɗɆ 

ɈɔɔɖəɌɋɓɎɥ ɈɓəɘɖɋɓɓɎɛ ɖɥɊɔɈ ɕɔɈɡɞɆɋɘ ɣɚ-

ɚɋɐɘɎɈɓɔɗɘɢ ɇəɖɋɓɎɥ ɒɥɉɐɎɛ ɉɔɖɓɡɛ ɕɔɖɔɊ, 

ɔɗɑɔɌɓɋɓɓɡɛ ɈɆɑəɓɓɔ-ɉɆɑɋɝɓɡɒɎ ɔɘɑɔɌɋ-

ɓɎɥɒɎ, ɕəɘɋɒ ɕɖɎɒɋɓɋɓɎɥ ɞɆɖɔɞɋɝɓɡɛ Ɋɔɑɔɘ 

ɗ ɕɎɖɆɒɎɊɆɑɢɓɡɒ ɗɘɆɑɢɓɡɒ ɈɔɔɖəɌɋɓɎɋɒ. 
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ȦɓɓɔɘɆɜɎɥ. ȴɊɓɔɏ Ɏɍ ɐɑɤɝɋɈɡɛ ɕɖɔ-

ɇɑɋɒ ɓɋɚɘɥɓɔɏ ɕɖɔɒɡɞɑɋɓɓɔɗɘɎ ɥɈɑɥɋɘɗɥ 
ɔɇɖɆɍɔɈɆɓɎɋ ɆɗɚɆɑɢɘɔɗɒɔɑɔɕɆɖɆɚɎɓɔɈɡɛ 
ɔɘɑɔɌɋɓɎɏ (Ȧȷȵȴ), ɐɔɘɔɖɡɋ ɔɐɆɍɡɈɆɤɘ 
ɈɑɎɥɓɎɋ ɓɆ ɣɚɚɋɐɘɎɈɓɔɗɘɢ ɣɐɗɕɑəɆɘɆɜɎɎ 
ɗɐɈɆɌɎɓɓɔɉɔ ɔɇɔɖəɊɔɈɆɓɎɥ. Ƀɘɔ ɕɖɎɈɔɊɎɘ ɐ 
ɍɓɆɝɎɘɋɑɢɓɡɒ ɣɐɔɓɔɒɎɝɋɗɐɎɒ ɕɔɘɋɖɥɒ ɕɖɎ 
Ɋɔɇɡɝɋ Ɏ ɘɖɆɓɗɕɔɖɘɎɖɔɈɐɋ ɕɖɔɊəɐɜɎɎ. Ȩ əɗ-
ɑɔɈɎɥɛ ɗɔɐɖɆɟɋɓɎɥ ɖɋɗəɖɗɓɔɏ ɇɆɍɡ ɌɎɊɐɎɛ 
əɉɑɋɈɔɊɔɖɔɊɔɈ ɓɋɈɔɍɒɔɌɓɔɗɘɢ ɔɗəɟɋɗɘɈɑɋ-
ɓɎɥ ɕɔɗɘɔɥɓɓɔɉɔ ɐɔɓɘɖɔɑɥ ɓɆɊ ɕɖɔɜɋɗɗɔɒ 
ɣɐɗɕɑəɆɘɆɜɎɎ ɗɐɈɆɌɎɓ ɗɘɆɓɔɈɎɘɗɥ ɐɖɎɘɎɝɋ-
ɗɐɎɒ ɚɆɐɘɔɖɔɒ Ɋɑɥ ɘɋɛɓɎɐɔ-ɣɐɔɓɔɒɎɝɋɗɐɎɛ 
ɆɗɕɋɐɘɔɈ ɊɋɥɘɋɑɢɓɔɗɘɎ ɓɋɚɘɋɉɆɍɔɊɔɇɡɈɆɤ-
ɟɎɛ əɕɖɆɈɑɋɓɎɏ. ȦɓɆɑɎɍɎɖəɤɘɗɥ ɚɆɐɘɔɖɡ, 
ɈɑɎɥɤɟɎɋ ɓɆ ɎɓɘɋɓɗɎɈɓɔɗɘɢ ɔɇɖɆɍɔɈɆɓɎɥ 
 

 Ȧȷȵȴ, ɈɐɑɤɝɆɥ ɎɍɒɋɓɋɓɎɋ ɛɆɖɆɐɘɋɖɎɗɘɎɐ 
ɕɖɔɊəɐɘɎɈɓɡɛ ɕɑɆɗɘɔɈ Ɏ ɎɗɕɔɑɢɍɔɈɆɓɎɋ ɕɔɊ-
ɊɋɖɌɆɓɎɥ ɕɑɆɗɘɔɈɔɉɔ ɊɆɈɑɋɓɎɥ. ȳɋɔɇɛɔɊɎ-
ɒɔɗɘɢ ɖɆɗɗɒɔɘɖɋɓɎɥ ɇɔɖɢɇɡ ɗ Ȧȷȵȴ Ɉ ɖɆɒ-
ɐɆɛ ɖɆɍɑɎɝɓɡɛ ɗɎɗɘɋɒ Ɏ ɉɋɔɑɔɉɔ-ɘɋɛɓɎɝɋɗɐɎɛ 
ɒɋɖɔɕɖɎɥɘɎɏ ɈɆɌɓɔ Ɋɑɥ ɣɚɚɋɐɘɎɈɓɔɉɔ ɐɔɓ-
ɘɖɔɑɥ ɎɓɘɋɓɗɎɈɓɔɗɘɎ ɔɘɑɔɌɋɓɎɏ. ȹɝɋɘ ɓɋɑɎ-
ɓɋɏɓɔɗɘɎ ɕɖɔɜɋɗɗɆ ɔɇɖɆɍɔɈɆɓɎɥ Ȧȷȵȴ 
ɕɖɋɊɗɘɆɈɑɥɋɘ ɗɔɇɔɏ ɐɑɤɝɋɈəɤ ɘɔɝɐə ɕɖɎ ɖɋ-
ɞɋɓɎɎ ɆɐɘəɆɑɢɓɡɛ ɈɔɕɖɔɗɔɈ ɇɋɍɆɈɆɖɎɏɓɔɏ 
ɣɐɗɕɑəɆɘɆɜɎɎ ɗɐɈɆɌɎɓ. ȶɋɐɔɒɋɓɊəɋɘɗɥ ɐɔɒ-
ɕɑɋɐɗɓɡɏ ɕɔɊɛɔɊ ɗ əɝɋɘɔɒ ɔɗɔɇɋɓɓɔɗɘɋɏ 
ɚɔɖɒɎɖɔɈɆɓɎɥ Ȧȷȵȴ ɓɆ ɖɆɍɑɎɝɓɡɛ ɔɇɠɋɐ-
ɘɆɛ Ɋɑɥ ɕɔɈɡɞɋɓɎɥ ɣɚɚɋɐɘɎɈɓɔɗɘɎ Ɏ Ɋɔɑɉɔ-
ɈɋɝɓɔɗɘɎ ɗɐɈɆɌɎɓɓɔɉɔ ɔɇɔɖəɊɔɈɆɓɎɥ. 
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Abstract. One of the key problems of the 
oil industry is the of asphalt-resin-paraffin de-
posit (ARPD) formation which affects the effi-
ciency of well equipment operation. This leads 
to significant economic losses during extraction 
and transportation of products. In conditions of 
a reduction in the resource base of liquid hydro-
carbons, the inability of constant monitoring the 
well operation process becomes a critical factor 
for the technical and economic aspects of the 
activities of oil and gas production departments. 
The factors influencing the intensity of ARPD 
formation including changes in the characteris- 
 

 tics of productive formations and the use of res-
ervoir pressure maintenance are analyzed. The 
need to ARPD control within the framework of 
various systems and geological and technical 
measures is important for effective control of 
sediment intensity. Taking into account the non-
linearity of the ARPD formation process is a key 
point in solving urgent issues of well safe opera-
tion. An integrated approach taking into account 
the peculiarities of the ARPD formation at vari-
ous facilities to increase the efficiency and du-
rability of downhole equipment is recommend-
ed.
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ȳɆ ɘɋɐəɟɎɏ ɒɔɒɋɓɘ ɕɖɔɇɑɋɒɆ ɈɡɕɆɊɋ-

ɓɎɥ ɆɗɚɆɑɢɘɔɗɒɔɑɔɕɆɖɆɚɎɓɔɈɡɛ ɔɘɑɔɌɋɓɎɏ 

(Ȧȷȵȴ) ɓɆ ɕɔɈɋɖɛɓɔɗɘɎ ɔɇɔɖəɊɔɈɆɓɎɥ Ɋɑɥ 

ɊɔɇɡɝɎ Ɏ ɘɖɆɓɗɕɔɖɘɎɖɔɈɐɎ ɓɋɚɘɎ ɥɈɑɥɋɘɗɥ 

ɆɐɘəɆɑɢɓɡɒ ɓɆɕɖɆɈɑɋɓɎɋɒ Ɋɑɥ ɖɋɆɑɎɍɆɜɎɎ 

ɖɆɍɑɎɝɓɡɛ ɎɗɗɑɋɊɔɈɆɓɎɏ. ȪɆɓɓɡɏ ɓɋɉɆɘɎɈ-

ɓɡɏ ɕɖɔɜɋɗɗ ɗɕɔɗɔɇɗɘɈəɋɘ ɗəɟɋɗɘɈɋɓɓɔɒə 

ɗɓɎɌɋɓɎɤ ɣɚɚɋɐɘɎɈɓɔɗɘɎ ɕɔɊɠɋɒɆ ɚɑɤɎɊɆ 

ɓɆ ɕɔɈɋɖɛɓɔɗɘɢ. ȳɋɑɎɓɋɏɓɔɗɘɢ ɕɖɔɘɋɐɆɓɎɥ 

ɕɖɔɜɋɗɗɆ ɈɡɕɆɊɋɓɎɥ Ȧȷȵȴ ɥɈɑɥɋɘɗɥ ɔɊɓɎɒ 

Ɏɍ ɚɆɐɘɔɖɔɈ, ɔɗɑɔɌɓɥɤɟɎɛ ɕɑɆɓɎɖɔɈɆɓɎɋ Ɏ 

ɕɖɔɈɋɊɋɓɎɋ ɖɆɍɑɎɝɓɡɛ ɒɋɖɔɕɖɎɥɘɎɏ ɕɔ ɕɖɔ-

ɚɎɑɆɐɘɎɐɋ Ɏ əɗɘɖɆɓɋɓɎɤ ɈɡɕɆɊɋɓɎɥ ɖɆɍɑɎɝ-

ɓɡɛ ɔɘɑɔɌɋɓɎɏ. Ƀɘɔ ɕɖɎɈɔɊɎɘ ɐ  ɗɓɎɌɋɓɎɤ 

ɒɋɌɖɋɒɔɓɘɓɔɉɔ ɕɋɖɎɔɊɆ ɖɆɇɔɘɡ ɊɔɇɡɈɆɤɟɎɛ 

ɗɐɈɆɌɎɓ, ɊɔɕɔɑɓɎɘɋɑɢɓɡɒ ɍɆɘɖɆɘɆɒ ɓɆ ɕɖɔ-

ɈɋɊɋɓɎɋ ɈɓɋɕɑɆɓɔɈɡɛ ɖɋɒɔɓɘɔɈ Ɏ ɕɔɘɋɖɢ ɕɔ 

ɔɇɠɋɒə ɎɍɈɑɋɐɆɋɒɔɉɔ ɚɑɤɎɊɆ [1]. 

ȳɆ ɘɋɐəɟɋɒ ɣɘɆɕɋ ɖɆɍɖɆɇɔɘɐɎ ɓɋɚɘɥ-

ɓɡɛ ɒɋɗɘɔɖɔɌɊɋɓɎɏ ɓɋɊɖɔɕɔɑɢɍɔɈɆɘɋɑɎ Ɉɡ-

ɓəɌɊɋɓɡ ɣɚɚɋɐɘɎɈɓɔ ɖɋɆɑɎɍɔɈɡɈɆɘɢ ɕɖɔɜɋɗɗ 

ɐɔɓɘɖɔɑɥ ɍɆ ɣɐɗɕɑəɆɘɆɜɎɋɏ ɚɔɓɊɆ ɊɔɇɡɈɆɤ-

ɟɎɛ ɗɐɈɆɌɎɓ - ɔɊɓɔɉɔ Ɏɍ ɐɑɤɝɋɈɡɛ ɆɐɘɎɈɔɈ, 

ɒɆɐɗɎɒɆɑɢɓɔɋ ɎɗɕɔɑɢɍɔɈɆɓɎɋ ɐɔɘɔɖɔɉɔ ɕɔɑɔ-

ɌɎɘɋɑɢɓɔ ɈɑɎɥɋɘ ɓɆ ɘɋɛɓɎɐɔ-ɣɐɔɓɔɒɎɝɋɗɐɎɋ 

Ɇɗɕɋɐɘɡ ɊɋɥɘɋɑɢɓɔɗɘɎ ɓɋɚɘɋɉɆɍɔɊɔɇɡɈɆɤ-

ɟɎɛ əɕɖɆɈɑɋɓɎɏ. ȪɆɓɓɆɥ ɗɘɖɆɘɋɉɎɥ ɓɋɔɇɛɔ-

ɊɎɒɆ Ɉ ɗɎɑə ɗɑɋɊəɤɟɎɛ ɔɇɗɘɔɥɘɋɑɢɗɘɈ, ɔɐɆ-

ɍɡɈɆɤɟɎɛ ɈɑɎɥɓɎɋ ɓɆ ɣɚɚɋɐɘɎɈɓɔɗɘɢ ɖɋɆɑɎ-

ɍɆɜɎɎ ɕɖɔɎɍɈɔɊɗɘɈɋɓɓɡɛ ɕɖɔɜɋɗɗɔɈ [2]: 

- ɍɓɆɝɎɘɋɑɢɓɔɋ ɗɔɐɖɆɟɋɓɎɋ ɘɖɆɊɎɜɎɔɓ-

ɓɔɏ ɖɋɗəɖɗɓɔɏ ɇɆɍɡ ɌɎɊɐɎɛ əɉɑɋɈɔɊɔɖɔɊɔɈ;  

- ɗɓɎɌɋɓɎɋ ɔɇɠɋɒɔɈ ɊɔɇɡɝɎ ɓɋɚɘɎ; 

- ɓɋɈɔɍɒɔɌɓɔɗɘɢ ɐɆɝɋɗɘɈɋɓɓɔɏ ɖɋɆɑɎ-

ɍɆɜɎɎ ɖɆɍɑɎɝɓɡɛ ɒɋɖɔɕɖɎɥɘɎɏ ɕɔ ɎɓɘɋɓɗɎɚɎ-

ɐɆɜɎɎ, ɝɘɔ ɕɖɎɈɔɊɎɘ ɐ ɓɋɊɔɗɘɎɌɋɓɎɤ ɕɖɔɋɐɘ-

ɓɡɛ ɕɔɐɆɍɆɘɋɑɋɏ;   

- ɗɓɎɌɋɓɎɋ ɒɋɌɖɋɒɔɓɘɓɔɉɔ ɕɋɖɎɔɊɆ; 

- ɆɐɘɎɈɓɔɋ ɎɗɕɔɑɢɍɔɈɆɓɎɋ ɗɎɗɘɋɒɡ 

ɕɔɊɊɋɖɌɆɓɎɥ ɕɑɆɗɘɔɈɔɉɔ ɊɆɈɑɋɓɎɥ Ɋɑɥ Ɉɡ-

ɘɋɗɓɋɓɎɥ ɔɗɘɆɘɔɝɓɡɛ ɍɆɕɆɗɔɈ ɓɋɚɘɎ, ɣɚɚɋɐ-

ɘɎɈɓɆɥ ɖɆɇɔɘɆ ɐɔɘɔɖɔɏ ɈɔɍɒɔɌɓɆ ɑɎɞɢ ɗ əɝɋ-

ɘɔɒ ɉɋɔɑɔɉɔ-ɚɎɍɎɝɋɗɐɎɛ ɛɆɖɆɐɘɋɖɎɗɘɎɐ Ɏ 

ɔɗɔɇɋɓɓɔɗɘɋɏ ɕɖɔɊəɐɘɎɈɓɡɛ ɕɑɆɗɘɔɈ; 

- ɕɔɈɗɋɒɋɗɘɓɔɋ ɎɗɕɔɑɢɍɔɈɆɓɎɋ ɖɆɍɑɎɝ-

ɓɡɛ ɉɋɔɑɔɉɔ-ɘɋɛɓɎɝɋɗɐɎɛ ɒɋɖɔɕɖɎɥɘɎɏ, ɐɔɘɔ-

ɖɡɋ ɔɐɆɍɡɈɆɤɘ ɈɑɎɥɓɎɋ ɓɆ ɕɖɔɜɋɗɗɡ, ɕɖɔɎɗ-

ɛɔɊɥɟɎɋ Ɉ ɔɐɔɑɔɗɐɈɆɌɎɓɓɔɏ ɍɔɓɋ ɕɑɆɗɘɆ [3]. 

ȴɊɓɔɏ Ɏɍ ɓɆɎɇɔɑɋɋ ɆɐɘəɆɑɢɓɡɛ ɕɖɔ-

ɇɑɋɒ, ɈɔɍɓɎɐɆɤɟɎɛ ɓɆ ɗɔɈɖɋɒɋɓɓɔɒ ɣɘɆɕɋ 

ɊɔɇɡɝɎ Ɏ ɘɖɆɓɗɕɔɖɘɎɖɔɈɐɎ ɓɋɚɘɎ, ɥɈɑɥɋɘɗɥ 

ɔɇɖɆɍɔɈɆɓɎɋ ɆɗɚɆɑɢɘɆɗɒɔɑɔɕɆɖɆɚɎɓɔɈɡɛ 

ɔɘɑɔɌɋɓɎɏ. ȪɆɓɓɡɏ ɈɎɊ ɔɗɑɔɌɓɋɓɎɥ ɔɗɓɔɈɆɓ 

ɓɆ ɚɔɖɒɎɖɔɈɆɓɎɎ Ɏ ɓɆɐɔɕɑɋɓɎɎ ɗɒɋɗɎ Ɉɋ-

ɟɋɗɘɈ, ɕɖɋɎɒəɟɋɗɘɈɋɓɓɔ ɔɖɉɆɓɎɝɋɗɐɔɉɔ ɕɖɔ-

ɛɔɌɊɋɓɎɥ, ɍɆɘɖəɊɓɥɤɟɎɛ ɕɖɔɜɋɗɗ ɊɈɎɌɋɓɎɥ 

ɌɎɊɐɔɗɘɎ ɐɆɐ Ɉ ɗɎɗɘɋɒɋ ɗɇɔɖɆ Ɏ ɕɔɊɉɔɘɔɈɐɎ, 

ɘɆɐ Ɏ Ɉ ɗɐɈɆɌɎɓɆɛ ɍɆ ɗɝɋɘ əɒɋɓɢɞɋɓɎɥ ɕɔɑɋɍ-

ɓɔɏ ɕɑɔɟɆɊɎ ɗɋɝɋɓɎɥ ɓɆɗɔɗɓɔ-

ɐɔɒɕɖɋɗɗɔɖɓɡɛ ɘɖəɇ (ȳȰȸ) ɎɑɎ Ɍɋ ɍɆɐəɕɔɖɎ-

ɈɆɓɎɥ ɕɋɖɚɔɖɆɜɎɔɓɓɡɛ ɔɘɈɋɖɗɘɎɏ [4]. ȷ əɝɋ-

ɘɔɒ ɘɔɉɔ ɝɘɔ ɓɆ ɒɓɔɉɎɛ ɒɋɗɘɔɖɔɌɊɋɓɎɏ ɓɋɚ-

ɘɎ, ɖɆɍɖɆɇɆɘɡɈɆɋɒɡɛ ɗ ɎɗɕɔɑɢɍɔɈɆɓɎɋɒ ɍɆ-

ɈɔɊɓɋɓɎɥ, Ɋɑɥ ɕɔɊɊɋɖɌɆɓɎɥ ɕɖɔɋɐɘɓɡɛ ɕɔɐɆ-

ɍɆɘɋɑɋɏ ɕɔ Ɋɔɇɡɝɋ Ɏɗɕɔɑɢɍəɋɘɗɥ ɐɔɒɕɑɋɐɗ-

ɓɡɏ ɕɔɊɛɔɊ Ɉ ɈɎɊɋ ɗɎɒɇɎɔɍɆ ɖɆɍɑɎɝɓɡɛ ɉɋɔ-

ɑɔɉɔ-ɘɋɛɓɎɝɋɗɐɎɛ ɒɋɖɔɕɖɎɥɘɎɏ, ɈɑɎɥɤɟɎɛ ɓɆ 

ɐɔɓɋɝɓɡɋ ɕɆɖɆɒɋɘɖɡ ɊɔɇɡɈɆɋɒɔɏ ɕɖɔɊəɐɜɎɎ, 

ɓɋ ɈɗɋɉɊɆ əɊɆɋɘɗɥ ɣɚɚɋɐɘɎɈɓɔ ɖɋɉəɑɎɖɔɈɆɘɢ 

ɕɖɔɜɋɗɗ ɈɡɕɆɊɋɓɎɥ ɆɗɚɆɑɢɘɔɗɒɔɑɔɕɆɖɆɚɎ-

ɓɔɈɡɛ ɔɘɑɔɌɋɓɎɏ. Ƀɘɔ ɓɆɐɑɆɊɡɈɆɋɘ ɔɕɖɋɊɋ-

ɑɋɓɓɡɋ ɘɖəɊɓɔɗɘɎ, ɐɔɘɔɖɡɋ ɔɘɖɆɌɆɤɘɗɥ ɓɆ 

ɕɔɐɆɍɆɘɋɑɥɛ ɖɆɇɔɘɡ ɗɐɈɆɌɎɓ ɊɔɇɡɈɆɤɟɋɉɔ 

ɚɔɓɊɆ, ɝɘɔ ɗɘɆɈɎɘ ɕɔɊ ɗɔɒɓɋɓɎɋ Ɉɔɕɖɔɗ Ɋɔ-

ɖɆɍɖɆɇɔɘɐɎ ɘɖɆɊɎɜɎɔɓɓɡɛ ɖɋɗəɖɗɔɈ ɌɎɊɐɎɛ 

əɉɑɋɈɔɊɔɖɔɊɔɈ.  
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Ȫɑɥ ɖɋɞɋɓɎɥ ɍɆɊɆɝɎ ɕɔɈɡɞɋɓɎɥ ɣɚ-

ɚɋɐɘɎɈɓɔɗɘɎ ɣɐɗɕɑəɆɘɆɜɎɎ ɔɗɑɔɌɓɋɓɓɔɉɔ 

ɚɔɓɊɆ ɗɐɈɆɌɎɓ ɓɋɔɇɛɔɊɎɒɔ ɖɆɗɗɒɔɘɖɋɘɢ ɕɔ-

ɓɥɘɎɋ çɆɗɚɆɑɢɘɔɗɒɔɑɔɕɆɖɆɚɎɓɔɈɡɋ ɔɘɑɔɌɋ-

ɓɎɥè Ɉ ɖɆɒɐɆɛ ɖɆɍɑɎɝɓɡɛ ɗɎɗɘɋɒ, ɉɊɋ Ɉ ɖɔɑɎ 

ɉɖɆɓɎɝɓɡɛ əɗɑɔɈɎɏ ɇəɊɋɘ ɈɡɗɘəɕɆɘɢ ɔɕɖɋɊɋ-

ɑɋɓɓɡɏ ɕɋɖɋɝɋɓɢ ɚɆɐɘɔɖɔɈ, ɔɐɆɍɡɈɆɤɟɎɛ 

ɈɑɎɥɓɎɋ ɓɆ ɕɖɔɜɋɗɗ ɈɡɕɆɊɋɓɎɥ ɔɗɆɊɐɔɈ [5]. 

ȵɖɎɖɔɊɆ ɈɔɍɓɎɐɓɔɈɋɓɎɥ Ȧȷȵȴ Ɉ ɔɇɟɋɒ 

ɈɎɊɋ ɒɔɌɋɘ ɇɡɘɢ ɔɛɆɖɆɐɘɋɖɎɍɔɈɆɓɆ ɓɆɖəɞɋ-

ɓɎɋɒ ɉɎɊɖɔɊɎɓɆɒɎɝɋɗɐɔɉɔ ɖɆɈɓɔɈɋɗɎɥ ɈɔɊɔ-

ɉɆɍɔɓɋɚɘɥɓɔɏ ɗɒɋɗɎ: 

 

ὃ• ὄ• ὅ• ὃŹ•
Ź
ὄŹ•

Ź
 

 ὅŹ•
Ź
, 

 

ɉɊɋ A, B, C ï ɐɔɒɕɑɋɐɗɓɡɋ ɕɆɖɆɒɋɘɖɡ, ɛɆɖɆɐ-

ɘɋɖɎɍəɤɟɎɋ ɔɗɔɇɋɓɓɔɗɘɎ ɚɆɍɔɈɔɉɔ ɗɔɗɘɆɈɆ 

ɉɆɍɔɓɋɚɘɋɈɔɊɥɓɔɏ ɗɒɋɗɎ; 

 • ,• ,•  ï ɕɆɖɆɒɋɘɖɡ ɉɎɊɖɔɊɎɓɆɒɎɝɋ-

ɗɐɔɏ əɗɘɔɏɝɎɈɔɗɘɎ ɐɆɌɊɔɏ Ɏɍ ɘɖɋɛ ɚɆɍ Ɉ ɍɆ-

ɈɎɗɎɒɔɗɘɎ ɔɘ ɕɖɎɖɔɊɓɡɛ ɗɈɔɏɗɘɈ ɊɔɇɡɈɆɋɒɔɏ 

ɌɎɊɐɔɗɘɎ (ɉɆɍ, ɓɋɚɘɢ, ɈɔɊɆ); 

 ὃŹȟὄŹȟὅŹ ï ɐɔɒɕɑɋɐɗɓɡɋ ɕɆɖɆɒɋɘɖɡ, ɛɆ-

ɖɆɐɘɋɖɎɍəɤɟɎɋ ɔɗɔɇɋɓɓɔɗɘɎ ɖɆɗɗɒɆɘɖɎɈɆɋ-

ɒɔɏ ɗɎɗɘɋɒɡ, Ɉ ɐɔɘɔɖɔɏ ɕɖɔɎɗɛɔɊɎɘ ɔɇɖɆɍɔ-

ɈɆɓɎɋ Ȧȷȵȴ Ɋɑɥ ɐɆɌɊɔɏ Ɏɍ ɘɖɋɛ ɚɆɍ; 

 •Ź,•Ź,•Ź ï ɕɆɖɆɒɋɘɖɡ ɉɎɊɖɔɊɎɓɆɒɎɝɋ-

ɗɐɔɏ əɗɘɔɏɝɎɈɔɗɘɎ ɐɆɌɊɔɏ Ɏɍ ɘɖɋɛ ɚɆɍ Ɉ ɖɆɒ-

ɐɆɛ ɖɆɗɗɒɆɘɖɎɈɆɋɒɔɏ ɗɎɗɘɋɒɡ. 

ȵɖɎ ɣɘɔɒ ɗəɟɋɗɘɈɋɓɓəɤ ɖɔɑɢ Ɉ ɕɖɋɊɔɘ-

ɈɖɆɟɋɓɎɎ Ȧȷȵȴ ɕɖɎ ɣɐɗɕɑəɆɘɆɜɎɎ ɗɐɈɆɌɎɓ 

ɎɉɖɆɋɘ ɕɔɐɆɍɆɘɋɑɢ ɉɑəɇɎɓɡ, ɓɆ ɐɔɘɔɖɔɏ ɍɆɖɋ-

ɉɎɗɘɖɎɖɔɈɆɓɔ ɈɡɕɆɊɋɓɎɋ ɔɘɑɔɌɋɓɎɏ [6].  

ȸɆɐ, ɕɖɔɒɡɗɑɔɈɡɋ ɎɗɕɡɘɆɓɎɥ ɕɔɐɆɍɡ-

ɈɆɤɘ, ɝɘɔ ɕɖɎ ɖɆɍɖɆɇɔɘɐɋ ɐɆɖɇɔɓɆɘɓɡɛ ɐɔɑ-

ɑɋɐɘɔɖɔɈ ɓɆ ɒɋɗɘɔɖɔɌɊɋɓɎɥɛ Ȩɔɑɉɔ-

ȹɖɆɑɢɗɐɔɏ ɓɋɚɘɋɉɆɍɔɓɔɗɓɔɏ ɕɖɔɈɎɓɜɎɎ, ɍɆ-

ɑɋɉɆɤɟɎɛ Ɉ ɎɓɘɋɖɈɆɑɋ 980-1250 ɒ, Ɉ ɗɔɗɘɆɈɋ 

ɔɘɑɔɌɋɓɎɏ ɕɖɋɔɇɑɆɊɆɤɘ ɆɗɚɆɑɢɘɔɗɒɔɑɎɗɘɡɋ 

ɈɋɟɋɗɘɈɆ. ȴɗɔɇɋɓɓɔɗɘɢɤ Ɏɛ ɚɔɖɒɎɖɔɈɆɓɎɥ 

ɓɆ ɗɘɋɓɐɆɛ ȳȰȸ Ɏ ɕɔɊɍɋɒɓɔɒ ɔɇɔɖəɊɔɈɆɓɎɎ 

ɥɈɑɥɋɘɗɥ ɓɋɔɊɓɔɖɔɊɓɔɗɘɢ ɗɘɖəɐɘəɖɡ, ɝɘɔ ɕɖɎ-

ɈɔɊɎɘ ɐ ɍɓɆɝɎɘɋɑɢɓɔɒə ɖɆɍɇɖɔɗə ɍɓɆɝɋɓɎɏ 

ɘɔɑɟɎɓ ɔɘɑɔɌɋɓɎɏ [7]. ȷ əɝɋɘɔɒ ɒɓɔɉɔɔɇɖɆ-

ɍɎɥ ɚɆɐɘɔɖɔɈ, ɔɐɆɍɡɈɆɤɟɎɛ ɈɑɎɥɓɎɋ ɓɆ Ɏɓ-

ɘɋɓɗɎɈɓɔɗɘɢ ɈɡɕɆɊɋɓɎɥ Ȧȷȵȴ, ɓɆ ɓɆɞ ɈɍɉɑɥɊ, 

ɕɔɈɡɞɋɓɎɋ ɣɚɚɋɐɘɎɈɓɔɗɘɎ ɣɐɗɕɑəɆɘɆɜɎɎ 

ɗɐɈɆɌɎɓ ɗ ɈɡɗɔɐɎɒ ɗɔɊɋɖɌɆɓɎɋɒ ɆɗɚɆɑɢɘɔɗ-

ɒɔɑɔɕɆɖɆɚɎɓɔɈɡɛ ɔɘɑɔɌɋɓɎɏ Ɉ ɊɔɇɡɈɆɋɒɔɏ 

ɕɖɔɊəɐɜɎɎ ɑɋɌɎɘ Ɉ ɕɑɔɗɐɔɗɘɎ ɎɗɕɔɑɢɍɔɈɆɓɎɥ 

Ɏ əɝɋɘɆ ɔɕɡɘɆ ɇɔɖɢɇɡ ɗ ɔɘɑɔɌɋɓɎɥɒɎ ɓɆ ɒɋ-

ɗɘɔɖɔɌɊɋɓɎɥɛ ɗɔ ɗɛɔɌɎɒɎ ɛɆɖɆɐɘɋɖɎɗɘɎɐɆɒɎ 

ɚɑɤɎɊɔɈ (ɓɆɕɖɎɒɋɖ, ɕɔ ɕɆɖɆɒɋɘɖɆɒ ɈɥɍɐɔɗɘɎ 

Ɏ ɕɑɔɘɓɔɗɘɎ).  

Ȫɑɥ əɗɕɋɞɓɔɉɔ ɕɖɎɒɋɓɋɓɎɥ ɒɋɘɔɊɆ 

ɆɓɆɑɔɉɎɏ Ɉ ɗɔɈɔɐəɕɓɔɗɘɎ ɗ ɔɕɡɘɓɔ-

ɕɖɔɒɡɞɑɋɓɓɡɒɎ ɎɗɕɡɘɆɓɎɥɒɎ ɕɋɖɈɔɓɆɝɆɑɢ-

ɓɔ ɓɋɔɇɛɔɊɎɒɔ ɕɖɔɈɋɗɘɎ ɎɗɗɑɋɊɔɈɆɓɎɥ, ɓɆ-

ɕɖɆɈɑɋɓɓɡɋ ɓɆ: 

- ɆɓɆɑɎɍ ɈɔɗɕɖɎɎɒɝɎɈɔɗɘɎ Ȧȷȵȴ ɐ ɖɆɍ-

ɑɎɝɓɡɒ ɛɎɒɎɝɋɗɐɎɒ ɗɔɗɘɆɈɆɒ, Ɏɗɕɔɑɢɍəɋɒɡɒ 

Ɋɑɥ ɕɖɔɚɎɑɆɐɘɎɐɎ ɔɇɖɆɍɔɈɆɓɎɥ Ɏ əɊɆɑɋɓɎɥ 

ɔɘɑɔɌɋɓɎɏ; 

- ɕɔɎɗɐ Ɏ ɆɊɆɕɘɆɜɎɤ ɘɋɛɓɔɑɔɉɎɏ, Ɉ ɔɗ-

ɓɔɈɋ ɐɔɘɔɖɡɛ ɑɋɌɎɘ ɕɖɎɒɋɓɋɓɎɋ ɘɋɖɒɎɝɋɗɐɔ-

ɉɔ ɈɔɍɊɋɏɗɘɈɎɥ; 

- ɎɍəɝɋɓɎɋ ɈɑɎɥɓɎɥ ɗɘɋɕɋɓɎ ɔɇɖɆɍɔɈɆ-

ɓɎɥ Ȧȷȵȴ ɔɘ ɘɋɛɓɔɑɔɉɎɝɋɗɐɎɛ ɕɔɐɆɍɆɘɋɑɋɏ 

(ɓɆɕɖɎɒɋɖ ɔɇɈɔɊɓɋɓɓɔɗɘɢ ɊɔɇɡɈɆɋɒɔɏ ɕɖɔ-

ɊəɐɜɎɎ); 

- ɈɡɥɈɑɋɓɎɋ ɍɆɐɔɓɔɒɋɖɓɔɗɘɋɏ ɈɡɕɆɊɋ-

ɓɎɥ Ȧȷȵȴ Ɉ ɔɕɖɋɊɋɑɋɓɓɡɛ ɎɓɘɋɖɈɆɑɆɛ Ɉ ɜɋ-

ɑɥɛ ɎɍəɝɋɓɎɥ ɈɔɍɒɔɌɓɔɗɘɎ ɎɗɕɔɑɢɍɔɈɆɓɎɥ 

ɈɡɗɔɐɔɣɚɚɋɐɘɎɈɓɔɉɔ ɕɔɊɍɋɒɓɔɉɔ ɔɇɔɖəɊɔɈɆ-

ɓɎɥ (ɓɆɕɖɎɒɋɖ ɗɘɋɐɑɔɕɑɆɗɘɎɐɔɈɡɋ ɓɆɗɔɗɓɔ-

ɐɔɒɕɖɋɗɗɔɖɓɡɋ ɘɖəɇɡ). 

Ȩɡɇɔɖ ɊɆɓɓɔɏ ɗɘɖɆɘɋɉɎɎ ɕɖɎ ɖɋɞɋɓɎɎ 

ɍɆɊɆɝ ɇɋɗɕɋɖɋɇɔɏɓɔɏ ɖɆɇɔɘɡ ɒɋɛɆɓɎɍɎɖɔ-

ɈɆɓɓɔɉɔ ɚɔɓɊɆ ɗɐɈɆɌɎɓ ɔɇəɗɑɔɈɑɋɓ ɓɋ ɘɔɑɢɐɔ 

ɓɋɔɇɛɔɊɎɒɔɗɘɢɤ ɆɐɘɎɈɓɔɉɔ ɕɖɎɔɇɟɋɓɎɥ ɕɖɔ-

ɒɡɗɑɔɈɡɛ ɊɆɓɓɡɛ Ɋɑɥ ɆɓɆɑɎɍɆ, ɓɔ Ɏ ɍɓɆɝɎ-

ɘɋɑɢɓɔɏ ɗɑɔɌɓɔɗɘɢɤ Ɏ ɓɋɑɎɓɋɏɓɔɗɘɢɤ ɕɖɔɘɋ-

ɐɆɓɎɥ ɕɖɔɜɋɗɗɆ ɔɇɖɆɍɔɈɆɓɎɥ Ȧȷȵȴ [8]. 

ȳɆɕɖɎɒɋɖ, ɚɔɖɒɎɖɔɈɆɓɎɋ ɔɘɑɔɌɋɓɎɏ 

ɓɆ ɗɘɋɓɐɆɛ ɘɖəɇ ɓɔɗɎɘ ɆɊɗɔɖɇɜɎɔɓɓɡɏ ɛɆɖɆɐ-

ɘɋɖ, ɝɘɔ ɗɔɕɖɔɈɔɌɊɆɋɘɗɥ ɔɇɖɆɍɔɈɆɓɎɋɒ Ɋɔ-

ɕɔɑɓɎɘɋɑɢɓɔɏ ɗɎɗɘɋɒɡ, ɕɖɋɊɗɘɆɈɑɋɓɓɔɏ 

ɒɓɔɌɋɗɘɈɔɒ ɍɆɖɥɊɔɈ ɗɘɆɘɎɝɋɗɐɔɉɔ ɣɑɋɐɘɖɎ-

ɝɋɗɘɈɆ, ɎɒɋɤɟɎɛ ɔɊɎɓɆɐɔɈɔɋ ɓɆɕɖɆɈɑɋɓɎɋ Ɏ 

ɛɆɔɘɎɝɓɔɗɘɢ ɖɆɗɕɔɑɔɌɋɓɎɥ [9]. ȵɖɎ ɈɔɍɓɎɐɓɔ-

ɈɋɓɎɎ ɈɓɋɞɓɎɛ ɗɎɑ (ɒɋɛɆɓɎɝɋɗɐɔɋ ɈɔɍɊɋɏɗɘ-

ɈɎɋ, ɈɎɇɖɆɜɎɔɓɓɔɋ ɈɔɍɊɋɏɗɘɈɎɋ Ɏ ɘ.ɕ.) ɕɖɔɎɗ-

ɛɔɊɎɘ ɘɔ, ɝɘɔ ɓɆ ɗɘɋɓɐɆɛ ɘɖəɇ ɔɗɘɆɤɘɗɥ ɓɋ-
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ɗɐɔɒɕɋɓɗɎɖɔɈɆɓɓɡɋ ɍɆɖɥɊɡ. ȷɔ Ɉɖɋɒɋɓɋɒ 

ɣɘɔ ɕɖɎɈɔɊɎɘ ɐ Ɏɛ ɕɔɈɗɋɒɋɗɘɓɔɒə ɓɆɐɔɕɑɋɓɎɤ 

Ɉ ɗɎɑə ɕɔɗɘɔɥɓɓɔɉɔ ɕɖɔɘɋɐɆɓɎɥ ɕɖɔɜɋɗɗɔɈ Ɉ 

ɗɐɈɆɌɎɓɋ. Ȩ ɕɖɔɗɘɔɒ ɈɎɊɋ ɈɡɞɋəɐɆɍɆɓɓɔɋ 

ɒɔɌɋɘ ɇɡɘɢ ɕɖɋɊɗɘɆɈɑɋɓɔ ɗɑɋɊəɤɟɋɏ ɒɆɘɋ-

ɒɆɘɎɝɋɗɐɔɏ ɒɔɊɋɑɢɤ [10]. ȵəɗɘɢ  ὸ  ï Ɉɖɋɒɥ, 

ɗ, ɛɆɖɆɐɘɋɖɎɍəɤɟɋɋ ɕɖɔɘɋɐɆɓɎɋ ɕɖɔɜɋɗɗɔɈ A, 

B, C.  

ȵɔ ɆɓɆɑɔɉɎɎ ɗ ɘɋɔɖɎɋɏ ɊɈɎɌɋɓɎɥ ɍɆɖɥ-

Ɍɋɓɓɡɛ ɝɆɗɘɎɜ Ɉ ɣɑɋɐɘɖɎɝɋɗɐɔɒ ɕɔɑɋ ɍɆɕɎ-

ɞɋɒ ɗɎɗɘɋɒə, ɐɔɘɔɖɆɥ ɔɕɎɗɡɈɆɋɘ Ɏɛ ɕɋɖɋɒɋ-

ɟɋɓɎɋ ɕɖɎ ɖɆɍɑɎɝɓɡɛ ɈɔɍɊɋɏɗɘɈɎɥɛ: 
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ɉɊɋ Ўὢ , Ўὢ , Ўὢ  ï ɕɋɖɋɒɋɟɋɓɎɥ ɍɆɖɥɌɋɓ-

ɓɡɛ ɝɆɗɘɎɜ ɕɖɎ ɈɔɍɊɋɏɗɘɈɎɎ ɕɖɔɜɋɗɗɔɈ; 

 ὠ , ὠ , ὠ  ï ɓɆɝɆɑɢɓɡɋ ɗɐɔɖɔɗɘɎ ɊɈɎ-

ɌɋɓɎɥ ɍɆɖɥɌɋɓɓɡɛ ɝɆɗɘɎɜ ɕɖɎ ɈɔɍɊɋɏɗɘɈɎɎ 

ɕɖɔɜɋɗɗɔɈ A, B, C; 

 ὠ, ὠ, ὠ ï ɗɐɔɖɔɗɘɎ ɊɈɎɌɋɓɎɥ ɝɆɗɘɎɜ, ɐɔ-

ɘɔɖɡɋ ɗɔɛɖɆɓɥɤɘɗɥ Ɋɔ ɒɔɒɋɓɘɆ ɔɐɔɓɝɆɓɎɥ 

ɈɔɍɊɋɏɗɘɈɎɥ ɕɖɔɜɋɗɗɆɒɎ A, B, C.  

Ȯɍ ɣɘɔɏ ɗɎɗɘɋɒɡ ɗɑɋɊəɋɘ, ɝɘɔ ɕɖɎ ɖɋɆ-

ɑɎɍɆɜɎɎ ɒɋɖɔɕɖɎɥɘɎɏ, ɓɆɕɖɆɈɑɋɓɓɡɛ ɓɆ əɊɆ-

ɑɋɓɎɋ ɎɑɎ ɕɖɋɊəɕɖɋɌɊɋɓɎɋ ɔɇɖɆɍɔɈɆɓɎɥ 

Ȧȷȵȴ, ɈɆɌɓəɤ ɖɔɑɢ ɎɉɖɆɋɘ əɝɋɘ ɓɋɑɎɓɋɏɓɔ-

ɗɘɎ ɕɖɔɜɋɗɗɔɈ, ɕɖɔɎɗɛɔɊɥɟɎɛ Ɉ ɗɎɗɘɋɒɋ 

çɗɐɈɆɌɎɓɆ ï ɕɑɆɗɘè.  

ȪɔɗɘɆɘɔɝɓɔ ɔɘɝɋɘɑɎɈɔ ɊɆɓɓɡɏ ɚɆɐɘ ɔɘ-

ɖɆɌɆɋɘɗɥ ɕɖɎ ɆɓɆɑɎɍɋ ɗɐɈɆɌɎɓ, ɖɋɆɑɎɍɆɜɎɥ 

ɒɋɖɔɕɖɎɥɘɎɏ ɓɆ ɐɔɘɔɖɡɛ ɕɖɎɈɋɑɆ ɑɎɇɔ ɐ 

ɐɖɆɘɐɔɗɖɔɝɓɔɒə ɣɚɚɋɐɘə (ɕɔɈɡɞɋɓɎɤ ɒɋɌ-

ɖɋɒɔɓɘɓɔɉɔ ɕɋɖɎɔɊɆ ɓɆ ɓɋɐɔɘɔɖɡɛ ɗɐɈɆɌɎɓɆɛ, 

ɓɋɍɓɆɝɎɘɋɑɢɓɔɒə əɈɋɑɎɝɋɓɎɤ ɐɔɣɚɚɎɜɎɋɓɘɆ 

ɕɖɔɊəɐɘɎɈɓɔɗɘɎ, əɒɋɓɢɞɋɓɎɤ ɘɔɑɟɎɓɡ ɔɇɖɆ-

ɍɔɈɆɓɎɥ Ȧȷȵȴ), ɑɎɇɔ ɎɓɘɋɓɗɎɈɓɔɗɘɢ ɔɘɑɔɌɋ-

ɓɎɏ Ɉ ɜɋɑɔɒ ɓɋ ɎɍɒɋɓɎɑɆɗɢ ɎɑɎ ɈɔɈɗɋ əɈɋɑɎ-

ɝɎɑɆɗɢ, ɝɘɔ ɔɘɖɆɍɎɑɔɗɢ ɓɆ ɘɋɛɓɔɑɔɉɎɝɋɗɐɎɛ 

ɕɔɐɆɍɆɘɋɑɥɛ ɖɆɇɔɘɡ ɗɐɈɆɌɎɓ.  

ȸɆɐ, ɖɆɗɗɒɔɘɖɎɒ ɗɐɈɆɌɎɓɡ XX1, XX2, 

XX3 ɒɋɗɘɔɖɔɌɊɋɓɎɥ, ɕɖɎəɖɔɝɋɓɓɔɉɔ ɐ ȳɔɌɔɈ-

ɗɐɔɏ ɉɖəɕɕɋ (ȵɋɖɒɗɐɎɏ ɐɖɆɏ). ȴɗɓɔɈɓɡɋ ɕɆ-

ɖɆɒɋɘɖɡ ɊɔɇɡɈɆɋɒɔɏ ɕɖɔɊəɐɜɎɎ Ɋɑɥ əɐɆɍɆɓ-

ɓɔɉɔ Ɉɡɞɋ ɔɇɠɋɐɘɆ ɎɗɗɑɋɊɔɈɆɓɎɥ  ɕɖɋɊɗɘɆɈ-

ɑɋɓɡ Ɉ ɘɆɇɑɎɜɋ 1.  

ȷɐɈɆɌɎɓɡ XX1-XX3 ɖɆɗɕɔɑɔɌɋɓɡ ɓɆ 

ɔɊɓɔɏ ɐəɗɘɔɈɔɏ ɕɑɔɟɆɊɐɋ Ɏ ɝɎɗɑɥɘɗɥ Ɉ ɔɗ-

ɑɔɌɓɋɓɓɔɒ ɚɔɓɊɋ Ɉ ɗɎɑə ɗɑɋɊəɤɟɎɛ ɕɖɎɝɎɓ: 

- ɈɡɗɔɐɆɥ ɎɓɘɋɓɗɎɈɓɔɗɘɢ ɔɘɑɔɌɋɓɎɏ 

Ȧȷȵȴ ɓɆ ɕɔɊɍɋɒɓɔɒ ɔɇɔɖəɊɔɈɆɓɎɎ; 

- ɝɆɗɘɡɋ ɗɖɡɈɡ ɕɔɊɆɝɎ ɓɆɗɔɗɆ; 

- ɎɓɘɋɓɗɎɈɓɡɏ Ɉɡɓɔɗ ɒɋɛɆɓɎɝɋɗɐɎɛ 

ɕɖɎɒɋɗɋɏ; 

- ɈɡɗɔɐɆɥ ɗɘɋɕɋɓɢ ɈɍɆɎɒɔɈɑɎɥɓɎɥ ɗ ɓɆ-

ɉɓɋɘɆɘɋɑɢɓɡɒɎ ɗɐɈɆɌɎɓɆɒɎ (ɖɎɗəɓɔɐ 1) [11]. 

Ȩ ɖɆɒɐɆɛ ɇɔɖɢɇɡ ɗ Ȧȷȵȴ ɓɆ ɗɐɈɆɌɎɓɆɛ 

ɒɋɗɘɔɖɔɌɊɋɓɎɥ ȳɔɌɔɈɗɐɔɏ ɉɖəɕɕɡ ɇɡɑ ɖɋɆ-

ɑɎɍɔɈɆɓ ɖɥɊ ɒɋɖɔɕɖɎɥɘɎɏ (ɘɋɖɒɎɝɋɗɐɎɋ Ɏ ɒɋ-

ɛɆɓɎɝɋɗɐɎɋ ɒɋɘɔɊɡ), əɗɕɋɞɓɔɗɘɢ ɐɔɘɔɖɡɛ Ɉ 

ɗɖɋɊɓɋɒ ɗɔɗɘɆɈɎɑɆ ɓɎɌɋ 25 % [12].  

ȵɖɎ ɎɗɕɔɑɢɍɔɈɆɓɎɎ ɗɐɖɋɇɐɔɈ Ɉ ɓɋɐɔɘɔ-

ɖɡɛ ɗɑəɝɆɥɛ ɔɘɒɋɝɋɓɔ ɓɋɊɔɗɘɆɘɔɝɓɔ ɣɚɚɋɐ-

ɘɎɈɓɔɋ əɊɆɑɋɓɎɋ ɔɘɑɔɌɋɓɎɏ ɈɗɑɋɊɗɘɈɎɋ Ɏɛ 

ɘɈɋɖɊɔɗɘɎ. Ȩ ɐɆɝɋɗɘɈɋ ɘɋɖɒɎɝɋɗɐɎɛ ɒɋɘɔɊɔɈ 

ɇɡɑɎ ɎɗɕɔɑɢɍɔɈɆɓɡ ɕɖɔɒɡɈɐɆ ɉɔɖɥɝɋɏ ɓɋɚ-

ɘɢɤ Ɏ ɗɕəɗɐ ɉɖɋɤɟɋɉɔ ɐɆɇɋɑɥ, ɝɘɔ, Ɉ ɗɈɔɤ 

ɔɝɋɖɋɊɢ, Ɏɍ-ɍɆ ɓɆɑɎɝɎɥ ɇɔɑɢɞɎɛ ɘɋɕɑɔɈɡɛ 

ɕɔɘɋɖɢ ɓɋ ɕɔɍɈɔɑɎɑɔ ɖɋɞɎɘɢ ɎɗɗɑɋɊəɋɒɡɏ 

Ɉɔɕɖɔɗ.  

ȳɆɎɇɔɑɋɋ ɝɆɗɘɔ, ɗɔɉɑɆɗɓɔ ɎɗɗɑɋɊɔɈɆ-

ɓɎɥɒ, ɘɔɑɟɎɓɆ Ȧȷȵȴ ɑɎɇɔ ɗɓɎɍɎɑɆɗɢ ɓɋɍɓɆ-

ɝɎɘɋɑɢɓɔ Ɉ ɔɕɖɋɊɋɑɋɓɓɔɒ ɎɓɘɋɖɈɆɑɋ Ɏɗɗɑɋ-

ɊɔɈɆɓɎɥ, ɓɔ Ɉ ɖɆɒɐɆɛ ɔɇɟɋɏ ɕɑɔɟɆɊɎ ɗɋɝɋ-

ɓɎɥ ɓɆɗɔɗɓɔ-ɐɔɒɕɖɋɗɗɔɖɓɡɛ ɘɖəɇ əɈɋɑɎɝɎ-

ɑɆɗɢ (ɈɡɕɆɊɋɓɎɋ ɓɆɇɑɤɊɆɋɘɗɥ Ɉ Ɏɓɔɒ Ɏɓɘɋɖ-

ɈɆɑɋ), ɑɎɇɔ ɗəɟɋɗɘɈɋɓɓɔ ɕɔɈɡɗɎɑɆɗɢ, ɝɘɔ ɔɘ-

ɖɆɍɎɑɔɗɢ ɓɆ ɕɖɔɎɍɈɔɊɎɘɋɑɢɓɔɗɘɎ ɗɐɈɆɌɎɓɡ 

(ɗɖɋɊɓɋɋ ɗɓɎɌɋɓɎɋ ɊɋɇɎɘɆ ɕɔ ɌɎɊɐɔɗɘɎ ɗɔ-

ɗɘɆɈɎɑɔ Ɋɔ 5,5 ɘ/ɗəɘ ɍɆ Ɉɖɋɒɥ ɖɆɇɔɘɡ 406 ɗəɘ 

ɕɖɎ ɗɖɋɊɓɋɒ ɊɋɇɎɘɋ ɗɐɈɆɌɎɓ ɔɘ 13 Ɋɔ 

15 ɘ/ɗəɘ).  

ȮɗɛɔɊɥ Ɏɍ ɣɘɔɉɔ ɕɖɎ ɆɓɆɑɎɍɋ ɊɆɓɓɔɉɔ 

ɚɆɐɘɔɖɆ ɔɗɔɇɔɋ ɈɓɎɒɆɓɎɋ ɓɋɔɇɛɔɊɎɒɔ ɔɇɖɆ-

ɘɎɘɢ, ɐɆɐ əɐɆɍɡɈɆɑɔɗɢ Ɉɡɞɋ, ɓɆ ɓɋɑɎɓɋɏɓɔɗɘɢ 

ɔɇɖɆɍɔɈɆɓɎɥ Ȧȷȵȴ Ɉ ɗɐɈɆɌɎɓɆɛ (ɖɎɗəɓɔɐ 2) 

[13]. 
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ȸɆɇɑɎɜɆ 1. ȨɆɖɢɎɖɔɈɆɓɎɋ ɔɗɓɔɈɓɡɛ ɕɆɖɆɒɋɘɖɔɈ ɊɔɇɡɈɆɋɒɔɏ ɕɖɔɊəɐɜɎɎ ɒɋɗɘɔɖɔɌɊɋɓɎɥ  

ȳɔɌɔɈɗɐɔɏ ɉɖəɕɕɡ ɕɔ ɔɇɠɋɐɘɆɒ I Ɏ II 

 

Table 1. Variation of the extracted product main parameters from the Nozhovskaya group of field  

for Objects I and II 

 

 

 

 
ȶɎɗəɓɔɐ 1. ȷɛɋɒɆ ɈɍɆɎɒɔɈɑɎɥɓɎɥ ɊɔɇɡɈɆɤɟɎɛ ɗɐɈɆɌɎɓ ȻȻ1ïȻȻ3  

ɗ ɓɆɉɓɋɘɆɘɋɑɢɓɡɒɎ 1ȻȻ ȳɆɉɓ., 2ȻȻ ȳɆɉɓ. 

 

Figure 1. Scheme of mutual influence of production wells XX1-XX3  

with injection wells 1ȻȻ ȳɆɉɓ., 2ȻȻ ȳɆɉɓ. 

ȵɆɖɆɒɋɘɖ ȷɖɋɊɓɋɋ ɍɓɆɝɋɓɎɋ ɕɔɐɆɍɆɘɋɑɋɏ 

ȵɑɔɘɓɔɗɘɢ ɓɋɚɘɎ Ɉ ɕɑɆɗɘɔɈɡɛ əɗɑɔɈɎɥɛ ”ɓȢɗɖȢɕɑȢ, ɐɉ/ɒ
3
 874 

ȵɑɔɘɓɔɗɘɢ ɓɋɚɘɎ Ɉ ɕɔɈɋɖɛɓɔɗɘɓɡɛ əɗɑɔɈɎɥɛ 
”ɓȢɗɖȢɕɔɈȢȟ ɐɉ/ɒ

3
 

888 

Ȩɥɍɐɔɗɘɢ ɓɋɚɘɎ ȉ
ɓȢɗɖȢ
, ɒȵɆĿɗ 10,54 

 ȷɖɋɊɓɋɋ ɗɔɊɋɖɌɆɓɎɋ ɗɋɖɡ ὡ Ὓɗɖ, % 1,97 

ȷəɒɒɆɖɓɔɋ ɗɔɊɋɖɌɆɓɎɋ ɐɔɒɕɔɓɋɓɘɔɈ 
 ὡ ὃ ὄ ὅ ɗɖȢ , %,  

ɉɊɋ Ȧ ï ɗɒɔɑɡ; Ȩ ï ɕɆɖɆɚɎɓɡ; ȷ ï ɆɗɚɆɑɢɘɋɓɡ 

24,7 

ȵɑɔɘɓɔɗɘɢ ɈɔɊɡ Ɉ ɕɑɆɗɘɔɈɡɛ əɗɑɔɈɎɥɛ  ὴɈȢɗɖȢɕɑȢ, ɐɉ/ɒ
3
 1174,59 

ȪɆɈɑɋɓɎɋ ɓɆɗɡɟɋɓɎɥ, ȲȵɆ 9,52 

ȩɑəɇɎɓɆ ɍɆɑɋɉɆɓɎɥ, ɒ 1397,7 
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ȶɎɗəɓɔɐ 2. ȩɖɆɚɎɝɋɗɐɔɋ ɕɖɋɊɗɘɆɈɑɋɓɎɋ ɔ ɓɋɑɎɓɋɏɓɔɗɘɎ ɕɖɔɜɋɗɗɆ ɔɇɖɆɍɔɈɆɓɎɥ Ȧȷȵȴ 

 

Figure 2. Graphical representation of the nonlinear process of paraffin particle formation 

 

 

 

Ȫɑɥ əɝɋɘɆ ɓɋɑɎɓɋɏɓɔɗɘɎ ɕɖɔɜɋɗɗɆ ɔɇ-

ɖɆɍɔɈɆɓɎɥ Ȧȷȵȴ ɖɋɐɔɒɋɓɊəɋɘɗɥ Ɏɗɕɔɑɢɍɔ-

ɈɆɘɢ ɖɥɊ ɗɑɋɊəɤɟɎɛ ɔɕɋɖɆɜɎɏ: 

- ɕɖɔɈɋɊɋɓɎɋ ɑɆɇɔɖɆɘɔɖɓɡɛ ɎɗɗɑɋɊɔɈɆ-

ɓɎɏ, ɓɆɕɖɆɈɑɋɓɓɡɛ ɓɆ ɕɔɎɗɐ ɔɕɘɎɒɆɑɢɓɔɏ 

ɘɋɛɓɔɑɔɉɎɎ ɇɔɖɢɇɡ ɗ Ȧȷȵȴ ɗ ɎɗɕɔɑɢɍɔɈɆɓɎɋɒ 

ɔɕɡɘɆ ɖɋɆɑɎɍɆɜɎɎ ɖɆɍɑɎɝɓɡɛ ɒɋɖɔɕɖɎɥɘɎɏ ɓɆ 

ɔɇɠɋɐɘɆɛ-ɆɓɆɑɔɉɆɛ (ɓɆɕɖɎɒɋɖ, Ɋɑɥ ɓɋɐɔɘɔɖɡɛ 

ɍɆɑɋɌɋɏ ȷɆɒɆɖɗɐɔɏ ɔɇɑɆɗɘɎ ɓɆɇɑɤɊɆɋɘɗɥ 

ɗɛɔɌɆɥ ɘɋɓɊɋɓɜɎɥ ɓɆ ɔɗɑɔɌɓɋɓɓɔɒ ɚɔɓɊɋ 

ɗɐɈɆɌɎɓ, Ɉ ɘɔɒ ɝɎɗɑɋ ɓɆ ɔɇɠɋɐɘɆɛ, ɇɑɎɍɐɎɛ ɕɔ 

ɉɋɔɑɔɉɔ-ɚɎɍɎɝɋɗɐɎɒ ɛɆɖɆɐɘɋɖɎɗɘɎɐɆɒ ɕɖɔ-

ɊəɐɘɎɈɓɡɛ ɕɑɆɗɘɔɈ Ɏ ɓɆɗɡɟɆɤɟɎɛ Ɏɛ ɚɑɤɎ-

ɊɔɈ) [14]; 

- ɕɖɎ Ɉɡɇɔɖɋ ɘɋɛɓɔɑɔɉɎɎ, əɗɕɋɞɓɔ ɕɖɔ-

ɞɋɊɞɋɏ ɎɗɕɡɘɆɓɎɥ, ɈɆɌɓɔ ɗɔɕɔɗɘɆɈɎɘɢ ɋɦ ɗ 

ɔɗɔɇɋɓɓɔɗɘɥɒɎ ɔɇɖɆɍɔɈɆɓɎɥ Ȧȷȵȴ, Ɏ ɓɆ ɔɗ-

ɓɔɈɋ ɣɒɕɎɖɎɝɋɗɐɎɛ ɔɜɋɓɔɐ ɔɕɖɋɊɋɑɎɘɢ ɖɋɓ-

ɘɆɇɋɑɢɓɔɗɘɢ Ɏ ɣɚɚɋɐɘɎɈɓɔɗɘɢ ɗɐɈɆɌɎɓɓɡɛ 

ɒɋɖɔɕɖɎɥɘɎɏ; 

- ɕɔɗɑɋ ɖɋɆɑɎɍɆɜɎɎ ɔɕɡɘɓɔ-

ɕɖɔɒɡɞɑɋɓɓɡɛ ɖɆɇɔɘ ɕɔ ɕɖɔɚɎɑɆɐɘɎɐɋ ɔɇɖɆ-

ɍɔɈɆɓɎɥ Ɏ əɊɆɑɋɓɎɥ Ȧȷȵȴ (ɓɆɕɖɎɒɋɖ, Ɏɗ-

ɕɔɑɢɍɔɈɆɓɎɋ ɗɘɋɐɑɔɕɑɆɗɘɎɐɔɈɡɛ ȳȰȸ ɎɑɎ 
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ɈɓɋɊɖɋɓɎɋ ɓɆɉɖɋɈɆɘɋɑɢɓɡɛ ɣɑɋɒɋɓɘɔɈ Ɉ ɐɔɒ-

ɕɔɓɔɈɐə ɕɔɊɍɋɒɓɔɉɔ ɔɇɔɖəɊɔɈɆɓɎɥ) ɓɋɔɇɛɔ-

ɊɎɒɔ ɐɔɖɖɋɐɘɎɖɔɈɆɘɢ ɊɆɑɢɓɋɏɞəɤ ɗɘɖɆɘɋɉɎɤ, 

ɎɗɛɔɊɥ Ɏɍ ɚɆɐɘɎɝɋɗɐɎɛ ɖɋɍəɑɢɘɆɘɔɈ.  

 

ȨɡɈɔɊɡ 

ȸɆɐɎɒ ɔɇɖɆɍɔɒ, ɓɆ ɕɖɎɒɋɖɋ ɒɋɗɘɔɖɔɌ-

ɊɋɓɎɥ, ɕɖɎəɖɔɝɋɓɓɔɉɔ ɐ ȳɔɌɔɈɗɐɔɏ ɉɖəɕɕɋ, 

ɇɡɑ ɖɆɗɗɒɔɘɖɋɓ ɐɔɒɕɑɋɐɗɓɡɏ ɕɔɊɛɔɊ ɐ ɖɋ-

ɞɋɓɎɤ ɐɑɤɝɋɈɡɛ ɍɆɊɆɝ əɗɕɋɞɓɔɏ ɖɆɇɔɘɡ 

ɓɋɚɘɋɉɆɍɔɊɔɇɡɈɆɤɟɋɉɔ əɕɖɆɈɑɋɓɎɥ ɓɆ ɔɗɓɔ-

Ɉɋ ɕɔɗɘɖɔɋɓɎɥ ɊɎɓɆɒɎɐɎ ɔɇɖɆɍɔɈɆɓɎɥ Ȧȷȵȴ 

ɕɔ ɘɖɋɒ ɗɐɈɆɌɎɓɆɒ (ɖɎɗəɓɔɐ 2). ȹɝɋɘ ɓɋɑɎ-

ɓɋɏɓɔɗɘɎ ɕɖɔɜɋɗɗɆ ɔɇɖɆɍɔɈɆɓɎɥ Ȧȷȵȴ, ɍɆ-

ɐɑɤɝɆɤɟɋɏɗɥ Ɉ ɖɆɍɑɎɝɓɔɒ ɈɑɎɥɓɎɎ ɕɖɔɜɋɗ-

ɗɔɈ ɓɆ ɗɐɔɖɔɗɘɢ ɔɘɑɔɌɋɓɎɏ, ɥɈɑɥɋɘɗɥ ɓɋɔɘɠ-

ɋɒɑɋɒɔɏ ɝɆɗɘɢɤ ɕɑɆɓɎɖɔɈɆɓɎɥ ɣɚɚɋɐɘɎɈɓɡɛ 

ɒɋɖɔɕɖɎɥɘɎɏ Ɋɑɥ əɈɋɑɎɝɋɓɎɥ ɒɋɌɖɋɒɔɓɘɓɔɉɔ 

ɕɋɖɎɔɊɆ ɗɐɈɆɌɎɓɡ Ɏ əɑəɝɞɋɓɎɥ ɘɋɛɓɎɐɔ-

ɣɐɔɓɔɒɎɝɋɗɐɎɛ ɕɔɐɆɍɆɘɋɑɋɏ ɖɆɍɖɆɇɔɘɐɎ ɒɋ-

ɗɘɔɖɔɌɊɋɓɎɥ. ȪɆɑɢɓɋɏɞɎɏ Ɏɓɘɋɖɋɗ Ɉ ɊɆɓɓɔɏ 

ɔɇɑɆɗɘɎ ɕɖɋɊɗɘɆɈɑɥɤɘ ɎɍəɝɋɓɎɋ ɈɑɎɥɓɎɥ Ɏɓ-

ɘɋɓɗɎɈɓɔɗɘɎ ɔɘɇɔɖɆ ɍɆɕɆɗɔɈ ɓɋɚɘɎ ɓɆ ɚɆɐɘɔ-

ɖɡ ɔɇɖɆɍɔɈɆɓɎɥ Ȧȷȵȴ Ɏ ɖɆɍɖɆɇɔɘɐɆ ɗɕɋɜɎ-

Ɇɑɢɓɡɛ ɗɘɆɘɎɗɘɎɝɋɗɐɎɛ ɒɔɊɋɑɋɏ, ɔɕɎɗɡɈɆɤ-

ɟɎɛ ɒɋɛɆɓɎɍɒɡ ɊɈɎɌɋɓɎɥ ɌɎɊɐɔɗɘɎ Ɉ ɗɎɗɘɋ-

ɒɋ çɗɐɈɆɌɎɓɆ ï ɕɑɆɗɘè ɕɖɎ ɖɆɍɑɎɝɓɡɛ ɘɔɑɟɎ-

ɓɆɛ ɔɘɑɔɌɋɓɎɏ, ɊɆɈɑɋɓɎɥɛ Ɏ ɘɋɒɕɋɖɆɘəɖɆɛ. 
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ȦɓɓɔɘɆɜɎɥ. ȪɔɇɡɝɆ əɉɑɋɈɔɊɔɖɔɊɔɈ Ɉ 

əɗɑɔɈɎɥɛ ɓɋɚɘɥɓɡɛ ɒɋɗɘɔɖɔɌɊɋɓɎɏ ɓɋɎɍ-
ɒɋɓɓɔ ɗɈɥɍɆɓɆ ɗ ɗɔɈɒɋɗɘɓɔɏ Ɋɔɇɡɝɋɏ ɍɓɆɝɎ-
ɘɋɑɢɓɔɉɔ ɐɔɑɎɝɋɗɘɈɆ ɈɔɊɡ. Ȯɍ ɕɔɕəɘɓɔ Ɋɔ-
ɇɡɈɆɋɒɔɏ ɈɔɊɡ Ɉ ɔɕɖɋɊɋɑɋɓɓɡɛ əɗɑɔɈɎɥɛ 
ɒɔɉəɘ ɔɗɆɌɊɆɘɢɗɥ ɒɎɓɋɖɆɑɢɓɡɋ ɗɔɑɎ ɖɆɍ-
ɑɎɝɓɡɛ ɗɔɗɘɆɈɔɈ. Ȩ ɓɋɚɘɋɉɆɍɔɈɔɏ ɔɘɖɆɗɑɎ 
ɔɘɑɔɌɋɓɎɋ ɒɎɓɋɖɆɑɢɓɡɛ ɗɔɑɋɏ ɓɆ ɕɔɈɋɖɛɓɔ-
ɗɘɎ Ɏ ɕɔɊɍɋɒɓɔɒ ɊɔɇɡɈɆɤɟɋɒ ɔɇɔɖəɊɔɈɆ-
ɓɎɎ ɒɔɌɋɘ ɈɡɍɈɆɘɢ ɖɆɍɑɎɝɓɡɋ ɕɖɔɇɑɋɒɡ, 
ɘɆɐɎɋ ɐɆɐ əɛəɊɞɋɓɎɋ ɚɎɑɢɘɖɆɜɎɔɓɓɔ-
ɋɒɐɔɗɘɓɡɛ ɛɆɖɆɐɘɋɖɎɗɘɎɐ ɕɑɆɗɘɆ, ɗɓɎɌɋɓɎɋ 
ɊɔɇɡɝɎ Ɏ ɕɖɋɌɊɋɈɖɋɒɋɓɓɡɏ ɈɡɛɔɊ Ɏɍ ɗɘɖɔɥ 
ɗɐɈɆɌɎɓɓɔɉɔ ɔɇɔɖəɊɔɈɆɓɎɥ. ȷɔɑɋɔɘɑɔɌɋɓɎɋ 
ɘɆɐɌɋ ɒɔɌɋɘ ɕɖɎɈɋɗɘɎ ɐ ɓɋɎɗɕɖɆɈɓɔɗɘɎ ɓɆ-
ɗɔɗɔɈ, ɗɓɎɌɋɓɎɤ ɣɚɚɋɐɘɎɈɓɔɗɘɎ ɘɋɕɑɔɔɇ-
ɒɋɓɓɎɐɔɈ, ɗɓɎɌɋɓɎɤ ɐɆɝɋɗɘɈɆ ɘɔɈɆɖɓɔɏ 
ɕɖɔɊəɐɜɎɎ Ɏ əɗɎɑɋɓɎɤ ɕɖɔɜɋɗɗɔɈ ɐɔɖɖɔɍɎɎ. 
ȴɘɑɔɌɋɓɎɥ ɗɔɑɋɏ ɕɖɎɈɔɊɥɘ ɐ ɊɔɖɔɉɔɗɘɔɥɟɎɒ 
ɈɔɗɗɘɆɓɔɈɎɘɋɑɢɓɡɒ ɖɆɇɔɘɆɒ, ɕɖɔɗɘɔɥɒ Ɉ 
ɖɆɇɔɘɋ ɗɐɈɆɌɎɓ Ɏ, Ɉ ɐɔɓɋɝɓɔɒ Ɏɘɔɉɋ, ɐ əɈɋ-
ɑɎɝɋɓɎɤ ɗɋɇɋɗɘɔɎɒɔɗɘɎ ɊɔɇɡɈɆɋɒɔɉɔ əɉɑɋ-
ɈɔɊɔɖɔɊɓɔɉɔ ɗɡɖɢɥ. 

 
 

 Ȩ ɖɋɍəɑɢɘɆɘɋ ɉɋɔɛɎɒɎɝɋɗɐɎɛ ɕɖɔɜɋɗ-
ɗɔɈ ɒɋɌɊə ɓɆɉɓɋɘɆɋɒɔɏ Ɏ ɕɑɆɗɘɔɈɔɏ ɈɔɊɆɒɎ, 
Ɇ ɘɆɐɌɋ ɕɔɖɔɊɔɏ ɕɑɆɗɘɆ, ɗɑɔɌɓɔɉɔ ɗɔɗɘɆɈɆ 
ɕɑɆɗɘɔɈɡɛ ɚɑɤɎɊɔɈ ɐɔɓɘɖɔɑɢ ɔɇɖɆɍɔɈɆɓɎɥ 
ɓɋɔɖɉɆɓɎɝɋɗɐɎɛ ɔɘɑɔɌɋɓɎɏ ɗɘɆɓɔɈɎɘɗɥ 
ɗɑɔɌɓɔɏ ɍɆɊɆɝɋɏ.  

Ȩ ɓɋɚɘɋɉɆɍɔɈɔɏ ɔɘɖɆɗɑɎ ɝɆɟɋ Ɉɗɋɉɔ 
ɈɗɘɖɋɝɆɤɘɗɥ ɐɆɖɇɔɓɆɘɓɡɋ (ɐɆɑɢɜɎɏ), ɗəɑɢ-
ɚɎɊɓɡɋ (Ɍɋɑɋɍɔ) Ɏ ɗəɑɢɚɆɘɓɡɋ (ɐɆɑɢɜɎɏ, 
ɇɆɖɎɏ, ɗɘɖɔɓɜɎɏ) ɔɘɑɔɌɋɓɎɥ. ȴɇɖɆɍɔɈɆɓɎɋ 
ɗɔɑɋɈɡɛ ɔɘɑɔɌɋɓɎɏ ɍɆɈɎɗɎɘ ɔɘ ɓɋɗɐɔɑɢɐɎɛ 
ɚɆɐɘɔɖɔɈ, ɐɔɘɔɖɡɋ ɈɐɑɤɝɆɤɘ, ɕɔɒɎɒɔ ɕɖɔ-
ɝɋɉɔ, ɘɋɒɕɋɖɆɘəɖə, ɊɆɈɑɋɓɎɋ, ɓɆɗɡɟɋɓɓɔɗɘɢ 
ɖɆɗɘɈɔɖɆ Ɏ ɉɎɊɖɔɊɎɓɆɒɎɝɋɗɐɎɋ ɛɆɖɆɐɘɋɖɎ-
ɗɘɎɐɎ ɕɔɘɔɐɆ. 

ȷəɟɋɗɘɈəɋɘ ɊɔɗɘɆɘɔɝɓɔ ɒɓɔɉɔ ɕɔɊɛɔ-
ɊɔɈ ɐ əɕɖɆɈɑɋɓɎɤ ɗɔɑɋɔɘɑɔɌɋɓɎɋɒ, ɓɔ ɓɆɎ-
ɇɔɑɋɋ ɖɆɗɕɖɔɗɘɖɆɓɦɓɓɡɒ Ɉ ɓɆɗɘɔɥɟɋɋ Ɉɖɋ-
ɒɥ ɥɈɑɥɋɘɗɥ ɕɖɎɒɋɓɋɓɎɋ ɛɎɒɎɝɋɗɐɎɛ ɖɋɆ-
ɉɋɓɘɔɈ ï ɎɓɉɎɇɎɘɔɖɔɈ ɗɔɑɋɔɘɑɔɌɋɓɎɥ. ȸɖɆɊɎ-
ɜɎɔɓɓɡɋ ɎɓɉɎɇɎɘɔɖɡ ɗɔɑɋɔɘɑɔɌɋɓɎɏ Ɉ ɐɆɝɋ-
ɗɘɈɋ ɆɐɘɎɈɓɔɏ ɔɗɓɔɈɡ ɗɔɊɋɖɌɆɘ ɛɎɒɎɝɋɗɐɎɋ 
ɈɋɟɋɗɘɈɆ ɓɆ ɔɗɓɔɈɋ ɚɔɗɚɔɖɆ Ɏ ɆɍɔɘɆ, ɐɔɘɔ- 
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ɖɡɋ ɒɔɉəɘ ɇɡɘɢ ɈɖɋɊɓɡ Ɋɑɥ ɔɐɖəɌɆɤɟɋɏ 
ɗɖɋɊɡ Ɏ ɍɊɔɖɔɈɢɥ ɝɋɑɔɈɋɐɆ. Ȩ ɣɘɔɏ ɗɈɥɍɎ Ɉ 
ɒɎɖɔɈɔɏ ɕɖɆɐɘɎɐɋ ɓɋɚɘɋɕɖɔɒɡɗɑɔɈɔɏ ɛɎɒɎɎ 
ɆɐɘɎɈɓɔ ɖɆɍɈɎɈɆɋɘɗɥ ɓɆɕɖɆɈɑɋɓɎɋ çɍɋɑɋ-
ɓɔɏè ɛɎɒɎɎ ï ɖɋɆɉɋɓɘɔɈ, ɗɕɔɗɔɇɓɡɛ ɣɚɚɋɐ-
ɘɎɈɓɔ ɕɖɋɊɔɘɈɖɆɟɆɘɢ ɔɇɖɆɍɔɈɆɓɎɋ ɒɎɓɋ-
ɖɆɑɢɓɡɛ ɗɔɑɋɏ ɗ ɒɎɓɎɒɆɑɢɓɡɒ ɓɋɉɆɘɎɈɓɡɒ 
ɈɔɍɊɋɏɗɘɈɎɋɒ ɓɆ ɔɐɖəɌɆɤɟəɤ ɗɖɋɊə Ɏ ɝɋɑɔ-
ɈɋɐɆ.  

 Ȩ ɓɆɗɘɔɥɟɋɒ ɔɇɍɔɖɋ ɖɆɗɗɒɆɘɖɎɈɆɤɘɗɥ 
ɖɆɍɑɎɝɓɡɋ ɘɎɕɡ ɗɔɑɋɏ, ɒɋɘɔɊɡ Ɏɛ əɊɆɑɋɓɎɥ, 
ɎɓɉɎɇɎɘɔɖɡ ɗɔɑɋɔɘɑɔɌɋɓɎɏ ɖɆɍɑɎɝɓɔɏ ɕɖɎ-
ɖɔɊɡ Ɏ ɒɋɛɆɓɎɍɒɡ Ɏɛ ɖɆɇɔɘɡ. ȸɆɐɌɋ ɈɓɎɒɆ-
ɓɎɋ əɊɋɑɥɋɘɗɥ çɍɋɑɋɓɡɒè ɎɓɉɎɇɎɘɔɖɆɒ Ɏ Ɏɛ 
ɖɆɍɖɆɇɔɘɐɋ. 
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Abstract. Hydrocarbon production in oil 

field conditions invariably involves the joint pro-
duction of significant amounts of water. Mineral 
salts of various compositions can precipitate 
from produced water under certain conditions. 
In the oil and gas industry, the deposition of 
mineral salts on the surface and underground 
production equipment can cause various prob-
lems, such as deterioration of reservoir proper-
ties, reduced production and premature failure 
of well equipment. Scale deposition can also 
lead to pump malfunctions, reduced efficiency  

 of heat exchangers, reduced quality of commer-
cial products and increased corrosion process-
es. Salt deposits lead to expensive restoration 
work, downtime in well operations and, ultimate-
ly, to an increase in the cost of produced hydro-
carbons. 

As a result of the geochemical processes 
between the injected water and the formation 
water and the formation rock, as well as the 
complex composition of the formation fluids, 
controlling the formation of inorganic scales be-
comes a challenge. In the oil and gas industry,  
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carbonate (calcium), sulfide (iron) and sulfate 
(calcium, barium, strontium) deposits are most 
often encountered. The formation of scale de-
posits depends on several factors, which in-
clude, but are not limited to, temperature, pres-
sure, solution saturation and hydrodynamic flow 
characteristics. 

There are many approaches to managing 
scale deposits, but the most common currently 
is the use of chemical reagents ï scale inhibi-
tors. Traditional scale inhibitors contain phos-
phorus- and nitrogen-based chemicals as their  
 

 

active base, which can be harmful to the envi-
ronment and human health. In this regard, in the 
world practice of oilfield chemistry, the direction 
of çgreenè chemistry is actively developing ï re-
agents that can effectively prevent the formation 
of mineral salts with minimal negative impact on 
the environment and humans. 

This review discusses various scale 
types, methods for their removal, scale inhibi-
tors of various natures and the mechanism of 
their work. Attention is also paid to çgreenè in-
hibitors and their development. 
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ȨɈɋɊɋɓɎɋ 

 

ȨɔɊɆ ɥɈɑɥɋɘɗɥ ɔɊɓɎɒ Ɏɍ ɘɖɋɛ ɔɗɓɔɈɓɡɛ 

ɚɑɤɎɊɔɈ, ɕɖɎɗəɘɗɘɈəɤɟɎɛ Ɉ ɕɑɆɗɘɋ. ȨɔɊɆ, 

ɊɔɇɡɈɆɋɒɆɥ Ɏɍ ɗɐɈɆɌɎɓɡ, ɗɔɊɋɖɌɎɘ ɖɆɗɘɈɔ-

ɖɋɓɓɡɋ ɕɖɎɒɋɗɎ Ɉ ɈɎɊɋ ɒɎɓɋɖɆɑɢɓɡɛ ɗɔɑɋɏ. 

ɃɘɎ ɒɎɓɋɖɆɑɢɓɡɋ ɗɔɑɎ ɔɗɘɆɤɘɗɥ ɖɆɗɘɈɔɖɋɓ-

ɓɡɒɎ ɕɖɎ əɗɑɔɈɎɎ ɓɋɊɔɗɘɆɘɔɝɓɔɏ ɓɆɗɡɟɋɓ-

ɓɔɗɘɎ ɖɆɗɘɈɔɖɆ. ȴɊɓɆɐɔ, ɐɔɉɊɆ ɗɔɗɘɔɥɓɎɋ ɗɎɗ-

ɘɋɒɡ ɒɋɓɥɋɘɗɥ Ɏ ɈɔɊɆ ɗɘɆɓɔɈɎɘɗɥ ɕɋɖɋɓɆɗɡ-

ɟɋɓɓɔɏ Ɏɍ-ɍɆ ɎɍɒɋɓɋɓɎɥ ɘɋɒɕɋɖɆɘəɖɡ, ɊɆɈ-

ɑɋɓɎɥ, pH, ɕɆɖɜɎɆɑɢɓɔɉɔ ɊɆɈɑɋɓɎɥ CO2 Ɏ ɘ. Ɋ., 

ɔɓɆ Ɏɒɋɋɘ ɘɋɓɊɋɓɜɎɤ ɔɗɆɌɊɆɘɢ ɓɋɖɆɗɘɈɔɖɋɓ-

ɓɡɋ ɗɔɑɎ [1]. ȴɗɆɌɊɋɓɎɥ ɗɔɑɋɏ Ɏɒɋɤɘ ɘɋɓ-

ɊɋɓɜɎɤ ɓɆɐɆɕɑɎɈɆɘɢɗɥ ɓɆ ɘɈɋɖɊɡɛ ɕɔɈɋɖɛɓɔ-

ɗɘɥɛ, ɔɇɖɆɍəɥ ɓɋɕɖɔɓɎɜɆɋɒɡɋ Ɋɑɥ ɚɑɤɎɊɆ 

ɔɘɑɔɌɋɓɎɥ. ȸɋɓɊɋɓɜɎɥ ɐ ɔɘɑɔɌɋɓɎɤ ɗɔɑɋɏ 

ɈɔɍɖɆɗɘɆɋɘ ɕɔ ɒɋɖɋ əɈɋɑɎɝɋɓɎɥ ɞɋɖɔɛɔɈɆɘɔ-

ɗɘɎ ɕɔɈɋɖɛɓɔɗɘɎ. ȰɆɐ ɘɔɑɢɐɔ ɓɆɝɎɓɆɋɘɗɥ ɕɖɔ-

ɜɋɗɗ ɆɊɗɔɖɇɜɎɎ ɗɔɑɋɏ ɐ ɕɔɈɋɖɛɓɔɗɘɎ ɒɋɘɆɑ-

ɑɆ, ɔɇɖɆɍɔɈɆɓɎɋ ɗɑɋɊəɤɟɋɉɔ ɗɑɔɥ ɔɘɑɔɌɋɓɎɏ 

ɔɇɑɋɉɝɆɋɘɗɥ Ɏ, ɘɆɐɎɒ ɔɇɖɆɍɔɒ, ɕɔɗɘɋɕɋɓɓɔ ɓɆ 

ɕɔɈɋɖɛɓɔɗɘɎ ɔɘɐɑɆɊɡɈɆɋɘɗɥ Ɉɗɋ ɇɔɑɢɞɋ ɗɑɔ-

ɋɈ ɒɎɓɋɖɆɑɢɓɡɛ ɗɔɑɋɏ. ȴɇɖɆɍɔɈɆɓɎɋ ɗɔɑɋɏ 

ɒɔɌɋɘ ɕɖɔɎɗɛɔɊɎɘɢ ɓɆɗɘɔɑɢɐɔ ɎɓɘɋɓɗɎɈɓɔ, 

ɝɘɔ Ɉ ɗɌɆɘɡɋ ɗɖɔɐɎ (Ɉ ɖɥɊɋ ɗɑəɝɆɋɈ Ɉ ɘɋɝɋɓɎɋ 

ɓɋɗɐɔɑɢɐɎɛ ɗəɘɔɐ) ɒɔɌɋɘ ɕɖɎɈɋɗɘɎ ɐ ɕɔɑɓɔɒə 

ɕɋɖɋɐɖɡɘɎɤ ɕɖɔɛɔɊɓɔɉɔ ɗɋɝɋɓɎɥ ɓɆɗɔɗɓɔ-

ɐɔɒɕɖɋɗɗɔɖɓɡɛ ɘɖəɇ (ȳȰȸ) ɎɑɎ ɘɖəɇɔɕɖɔɈɔɊɆ 

[2, 3]. ȵɖɎɒɋɖɡ ɗɔɑɋɈɡɛ ɔɘɑɔɌɋɓɎɏ ɓɆ ɕɔ-

ɈɋɖɛɓɔɗɘɎ ɔɇɔɖəɊɔɈɆɓɎɥ ɕɖɎɈɋɊɋɓɡ ɓɆ ɖɎ-

ɗəɓɐɋ 1. 

ȵɖɔɜɋɊəɖɆ əɊɆɑɋɓɎɥ əɌɋ ɔɇɖɆɍɔɈɆɈ-

ɞɎɛɗɥ ɗɔɑɋɏ ɒɔɌɋɘ ɇɡɘɢ ɘɖəɊɔɋɒɐɔɏ Ɏ ɓɋɊɔɗ-

ɘɆɘɔɝɓɔ ɣɚɚɋɐɘɎɈɓɔɏ. ȧɔɑɋɋ ɖɆɜɎɔɓɆɑɢɓɡɏ 

ɈɆɖɎɆɓɘ ï ɕɖɋɊɔɘɈɖɆɟɋɓɎɋ ɔɇɖɆɍɔɈɆɓɎɥ ɗɔ-

ɑɋɈɡɛ ɔɘɑɔɌɋɓɎɏ ɗ ɕɔɒɔɟɢɤ ɎɓɉɎɇɎɘɔɖɔɈ ɗɔ-

ɑɋɔɘɑɔɌɋɓɎɥ.  

http://dx.doi.org/10.17122/ngdelo


˽͔ͪͦ͋ͣ͡· ͫ͋ͦͪ͊Σ ͎͍͙ͨͦ͒ͦͭͦ͟ ͙ ͭͪ͊ͤͫͨͦͪͭ͊ ͔ͤͺ͙ͭ ͙ ͔ͤͺ͔͍ͭͨͪͦ͒ͯͭͦ͟ 
Problems of Gathering, Treatment and Transportation of Oil and Oil Products 

 
 
 

2 (148) Å 2024 64 

  

  

ȶɎɗəɓɔɐ 1. ȵɖɎɒɋɖɡ ɗɔɑɋɈɡɛ ɔɘɑɔɌɋɓɎɏ: ɉɎɕɗ (ɗɑɋɈɆ) Ɏ ɇɆɖɎɘ (ɗɕɖɆɈɆ) 

 
Figure 1. Examples of scale deposits: gypsum (left) and barite (right) 

 

 

 

ɃɘɎ ɛɎɒɎɝɋɗɐɎɋ ɈɋɟɋɗɘɈɆ ɍɆɒɋɊɑɥɤɘ 

ɕɖɔɜɋɗɗ ɔɇɖɆɍɔɈɆɓɎɥ ɗɔɑɎ, ɓɆɖəɞɆɥ Ɇɉɑɔɒɋ-

ɖɆɜɎɤ ɒɋɑɐɎɛ ɍɆɖɔɊɡɞɋɏ, ɐɔɘɔɖɡɋ Ɉ ɗəɒɒɋ 

ɔɇɖɆɍəɤɘ ɘɈɋɖɊɡɏ ɔɗɆɊɔɐ. Ȼɔɘɥ ɎɓɉɎɇɎɘɔɖɡ 

ɗɔɑɋɔɘɑɔɌɋɓɎɥ Ɏɗɕɔɑɢɍəɤɘɗɥ Ɉ ɐɆɝɋɗɘɈɋ ɔɗ-

ɓɔɈɓɔɉɔ ɒɋɛɆɓɎɍɒɆ əɕɖɆɈɑɋɓɎɥ ɕɖɔɜɋɗɗɔɒ 

ɗɔɑɋɔɇɖɆɍɔɈɆɓɎɥ, ɔɓɎ ɓɋ ɒɔɉəɘ ɉɆɖɆɓɘɎɖɔɈɆɘɢ 

ɕɔɑɓɔɋ ɔɘɗəɘɗɘɈɎɋ ɗɔɑɋɈɡɛ ɔɘɑɔɌɋɓɎɏ. Ȩ ɗɑə-

ɝɆɥɛ, ɐɔɉɊɆ ɕɖɎɒɋɓɋɓɎɋ ɎɓɉɎɇɎɘɔɖɔɈ ɗɔɑɋɔɘ-

ɑɔɌɋɓɎɥ ɓɋ ɕɖɎɈɔɊɎɘ ɐ ɔɌɎɊɆɋɒɔɒə ɖɋɍəɑɢ-

ɘɆɘə, ɒɔɌɋɘ ɕɔɘɖɋɇɔɈɆɘɢɗɥ Ɋɖəɉɔɏ ɘɎɕ ɛɎɒɎ-

ɝɋɗɐɔɉɔ ɖɋɆɉɋɓɘɆ ï ɖɆɗɘɈɔɖɎɘɋɑɢ ɗɔɑɋɔɘɑɔɌɋ-

ɓɎɏ. 

ȵɖɎɒɋɓɋɓɎɋ ɘɔɑɢɐɔ ɎɓɉɎɇɎɘɔɖɔɈ ɗɔɑɋ-

ɔɘɑɔɌɋɓɎɥ ɒɔɌɋɘ ɔɐɆɍɆɘɢɗɥ ɓɋɊɔɗɘɆɘɔɝɓɔ 

ɣɚɚɋɐɘɎɈɓɡɒ, ɓɆɕɖɎɒɋɖ, Ɉ ɗɑɋɊəɤɟɎɛ ɗɑə-

ɝɆɥɛ:  

¶ ɖɎɗɐɎ ɗɔɑɋɔɇɖɆɍɔɈɆɓɎɥ Ɋɑɥ ɊɆɓɓɔɉɔ 

ɒɋɗɘɔɖɔɌɊɋɓɎɥ/ɕɑɆɗɘɆ ɓɋ ɇɡɑɎ ɊɔɗɘɆɘɔɝɓɔ 

ɊɋɘɆɑɢɓɔ Ɏɍəɝɋɓɡ; 

¶ Ɉɡɇɔɖ ɓɋɊɔɗɘɆɘɔɝɓɔ ɣɚɚɋɐɘɎɈɓɔɉɔ 

Ɋɑɥ ɘɋɐəɟɎɛ əɗɑɔɈɎɏ ɊɔɇɡɝɎ ɖɋɆɉɋɓɘɆ; 

¶ ɓɆɖəɞɋɓɎɥ Ɉ ɘɋɛɓɔɑɔɉɎɎ ɕɖɎɒɋɓɋɓɎɥ 

ɖɋɆɉɋɓɘɆ; 

¶ ɖɋɞɋɓɎɋ ɔ ɕɖɎɒɋɓɋɓɎɎ  ɖɆɗɘɈɔɖɎɘɋɑɥ 

ɗɔɑɋɔɘɑɔɌɋɓɎɏ, Ɇ ɓɋ ɎɓɉɎɇɎɘɔɖɆ, ɗ ɕɔɍɎɜɎɎ 

ɣɐɔɓɔɒɎɝɋɗɐɔɏ ɈɡɉɔɊɡ [4].  

ȳɋɔɇɛɔɊɎɒɔ ɔɘɒɋɘɎɘɢ, ɝɘɔ ɇɔɑɢɞɎɓɗɘɈɔ 

çɘɖɆɊɎɜɎɔɓɓɡɛè ɎɓɉɎɇɎɘɔɖɔɈ ɗɔɑɋɔɘɑɔɌɋɓɎɥ 

ɥɈɑɥɤɘɗɥ ɊɔɗɘɆɘɔɝɓɔ ɔɕɆɗɓɡɒɎ ɗ ɘɔɝɐɎ ɍɖɋ-

ɓɎɥ ɈɔɍɊɋɏɗɘɈɎɥ ɓɆ ɔɐɖəɌɆɤɟəɤ ɗɖɋɊə Ɏ 

ɍɊɔɖɔɈɢɋ ɝɋɑɔɈɋɐɆ. Ȩ ɣɘɔɏ ɗɈɥɍɎ ɒɓɔɉɎɋ 

ɗɘɖɆɓɡ əɌɋɗɘɔɝɆɤɘ ɘɖɋɇɔɈɆɓɎɥ ɐ ɕɖɎɒɋɓɥɋ-

ɒɡɒ ɓɋɚɘɋɕɖɔɒɡɗɑɔɈɡɒ ɖɋɆɉɋɓɘɆɒ. ȵɖɔɎɍ-
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ɈɔɊɎɘɋɑɎ ɈɡɓəɌɊɋɓɡ ɎɗɐɆɘɢ ɆɑɢɘɋɖɓɆɘɎɈə, Ɏ 

Ɉ ɕɔɗɑɋɊɓɋɋ Ɉɖɋɒɥ ɒɓɔɉɎɋ ɎɗɗɑɋɊɔɈɆɘɋɑɎ 

ɖɆɍɖɆɇɆɘɡɈɆɤɘ çɍɋɑɋɓɡɋè ɈɆɖɎɆɓɘɡ ɎɓɉɎɇɎ-

ɘɔɖɔɈ.  

ȪɆɓɓɆɥ ɗɘɆɘɢɥ ɕɖɋɊɗɘɆɈɑɥɋɘ ɗɔɇɔɏ ɔɇ-

ɍɔɖ Ɇɓɉɑɔɥɍɡɝɓɔɏ ɑɎɘɋɖɆɘəɖɡ Ɏ ɓɆɕɖɆɈɑɋɓɆ 

ɓɆ ɖɆɗɗɒɔɘɖɋɓɎɋ ɖɆɍɑɎɝɓɡɛ ɘɎɕɔɈ ɗɔɑɋɏ, ɒɋ-

ɛɆɓɎɍɒɆ Ɏɛ ɔɇɖɆɍɔɈɆɓɎɥ Ɏ ɚəɓɐɜɎɔɓɎɖɔɈɆɓɎɥ 

ɎɓɉɎɇɎɘɔɖɔɈ, ɔɘɒɋɝɋɓɡ ɐɆɐ çɘɖɆɊɎɜɎɔɓɓɡɋè 

ɎɓɉɎɇɎɘɔɖɡ, ɘɆɐ Ɏ ɖɆɍɑɎɝɓɡɋ ɓɆɖɆɇɔɘɐɎ Ɉ ɔɇ-

ɑɆɗɘɎ çɍɋɑɋɓɔɏè ɛɎɒɎɎ. 

 

1. ȶɆɍɑɎɝɓɡɋ ɘɎɕɡ ɒɎɓɋɖɆɑɢɓɡɛ ɗɔɑɋɏ 

 

ȷɔɑɋɈɡɋ ɔɘɑɔɌɋɓɎɥ Ɉ ɓɋɚɘɋɕɖɔɒɡɗɑɔ-

Ɉɔɏ ɕɖɆɐɘɎɐɋ ɒɔɉəɘ ɇɡɘɢ ɊɔɗɘɆɘɔɝɓɔ ɖɆɍɓɔɔɇ-

ɖɆɍɓɡɒɎ ɕɔ ɗɔɗɘɆɈə, ɐɔɘɔɖɡɏ ɒɔɌɋɘ ɖɆɍɑɎ-

ɝɆɘɢɗɥ ɐɆɐ ɒɋɌɊə ɖɆɍɓɡɒɎ ɗɐɈɆɌɎɓɆɒɎ ɔɊɓɔ-

ɉɔ ɒɋɗɘɔɖɔɌɊɋɓɎɥ, ɘɆɐ Ɏ ɕɔ ɉɑəɇɎɓɋ ɔɊɓɔɏ Ɏ 

ɘɔɏ Ɍɋ ɗɐɈɆɌɎɓɡ. ȽɆɗɘɔ ɗ ɘɋɛɓɔɑɔɉɎɝɋɗɐɔɏ 

ɘɔɝɐɎ ɍɖɋɓɎɥ ɗɔɑɎ ɐɑɆɗɗɎɚɎɜɎɖəɤɘ ɕɔ Ɉɔɍ-

ɒɔɌɓɔɗɘɎ Ɏ ɕɖɔɗɘɔɘɋ Ɏɛ ɎɓɉɎɇɎɖɔɈɆɓɎɥ Ɏ/ɎɑɎ 

əɊɆɑɋɓɎɥ [5].  

Ȩ ɘɆɇɑɎɜɋ 1 ɕɖɎɈɋɊɋɓɡ ɓɆɎɇɔɑɋɋ 

ɈɗɘɖɋɝɆɤɟɎɋɗɥ Ɉ ɓɋɚɘɋɕɖɔɒɡɗɑɔɈɔɏ ɕɖɆɐɘɎ-

ɐɋ ɗɔɑɎ.  

ȸɋɓɊɋɓɜɎɥ ɐ ɔɘɑɔɌɋɓɎɤ ɓɋɐɔɘɔɖɡɛ ɗɔ-

ɑɋɏ, ɘɆɐɎɛ ɐɆɐ ɗəɑɢɚɆɘ ɐɆɑɢɜɎɥ Ɏ ɇɆɖɎɥ, ɓɋ 

ɍɆɈɎɗɎɘ ɔɘ pH ɗɖɋɊɡ. ȴɊɓɆɐɔ ɗɐɑɔɓɓɔɗɘɢ ɐ 

ɔɘɑɔɌɋɓɎɤ ɇɔɑɢɞɎɓɗɘɈɆ ɗɔɑɋɏ, ɘɆɐɎɛ ɐɆɐ 

ɐɆɖɇɔɓɆɘ ɐɆɑɢɜɎɥ, ɗəɑɢɚɎɊɡ Ɏ ɐɆɖɇɔɓɆɘɡ 

ɌɋɑɋɍɆ, ɍɆɈɎɗɎɘ ɔɘ pH ɗɖɋɊɡ. ȧɔɑɢɞɎɓɗɘɈɔ 

ɔɘɑɔɌɋɓɎɏ ɑɎɇɔ ɈɔɊɔɖɆɗɘɈɔɖɎɒɡ, ɑɎɇɔ ɖɆɗ-

ɘɈɔɖɎɒɡ Ɉ ɐɎɗɑɔɘɆɛ. ȴɊɓɆɐɔ ɓɋɐɔɘɔɖɡɋ ɔɘɑɔ-

ɌɋɓɎɥ ɓɋ ɖɆɗɘɈɔɖɥɤɘɗɥ ɓɎ Ɉ ɈɔɊɋ, ɓɎ Ɉ ɐɎɗɑɔ-

ɘɆɛ. ȻɑɔɖɎɊ ɓɆɘɖɎɥ ɥɈɑɥɋɘɗɥ ɘɎɕɎɝɓɡɒ ɕɖɎ-

ɒɋɖɔɒ ɈɔɊɔɖɆɗɘɈɔɖɎɒɔɏ ɗɔɑɎ. ȰɆɖɇɔɓɆɘ 

ɐɆɑɢɜɎɥ, ɗəɑɢɚɎɊ ɌɋɑɋɍɆ Ɏ ɔɐɗɎɊ ɌɋɑɋɍɆ 

ɕɖɋɊɗɘɆɈɑɥɤɘ ɗɔɇɔɏ ɐɎɗɑɔɘɔɖɆɗɘɈɔɖɎɒɡɋ ɔɘ-

ɑɔɌɋɓɎɥ. Ƀɘɔ ɕɖɎɈɔɊɎɘ ɐ ɘɔɒə, ɝɘɔ Ɋɔ ɓɆ-

ɗɘɔɥɟɋɉɔ ɈɖɋɒɋɓɎ ɔɘɗəɘɗɘɈəɋɘ çəɓɎɈɋɖɗɆɑɢ-

ɓɡɏè ɖɆɗɘɈɔɖɎɘɋɑɢ, ɗɕɔɗɔɇɓɡɏ ɣɚɚɋɐɘɎɈɓɔ ɗ 

ɘɋɛɓɔɑɔɉɎɝɋɗɐɔɏ Ɏ ɣɐɔɓɔɒɎɝɋɗɐɔɏ ɘɔɝɋɐ ɍɖɋ-

ɓɎɥ əɊɆɑɥɘɢ Ɉɗɋ ɘɎɕɡ ɒɎɓɋɖɆɑɢɓɡɛ ɔɘɑɔɌɋ-

ɓɎɏ.  

 

ȸɆɇɑɎɜɆ 1. ȨɎɊɡ ɗɔɑɋɈɡɛ ɔɘɑɔɌɋɓɎɏ 

 

Table 1. Types of scale deposits 

 

ȰɆɖɇɔɓɆɘɡ ȷəɑɢɚɆɘɡ 

ȰɆɑɢɜɎɘ CaCO3 ȩɎɕɗ CaSO4Ŀ2H2O 

ȨɆɘɋɖɎɘ CaCO3 ȦɓɉɎɊɖɎɘ CaSO4 

ȦɖɆɉɔɓɎɘ CaCO3 ȧɆɗɗɆɓɎɘ (ɕɔɑəɉɎɊɖɆɘ) CaSO4Ŀ0, 5H2O 

ȷɎɊɋɖɎɘ FeCO3 ȧɆɖɎɘ BaSO4 

ȪɔɑɔɒɎɘ CaMg(CO3)2 ȼɋɑɋɗɘɎɓ SrSO4 

ȷəɑɢɚɎɊɡ ȷɔɋɊɎɓɋɓɎɥ ɌɋɑɋɍɆ 

ȵɎɖɖɔɘɎɓ Fe7S8 ȩɎɊɖɔɐɗɎɊ ɌɋɑɋɍɆ Fe(OH)2 

ȸɖɔɎɑɎɘ FeS ȩɎɊɖɔɐɗɎɊ ɌɋɑɋɍɆ Fe(OH)3 

ȲɆɐɎɓɆɈɎɘ Fe9S8 ȩɋɒɆɘɎɘ Fe2O3 

ȵɎɖɎɘ FeS2 ȲɆɉɓɋɘɎɘ Fe3O4 

ȲɆɖɐɆɍɎɘ FeS2 ȦɐɆɉɋɓɎɘ Ŭ-FeOOH 

ȩɖɋɏɉɎɘ Fe3S4 ȩɋɘɎɘ ȁ-FeOOH 

ȷɚɆɑɋɖɎɘ ZnS ȱɋɕɎɊɔɐɖɔɐɎɘ Ȃ-FeOOH 

ȩɆɑɋɓɎɘ PbS ȩɎɇɇɎɓɉɎɘ Fe2(OH)3Cl 

ȵɖɔɝɋɋ 

ȧɖəɗɎɘ Mg(OH)2 

ȵɋɖɎɐɑɆɍ MgO 

ȺɋɖɖɎɘ ɓɎɐɋɑɥ(II) NiFe2O4 
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1.1. ȳɆɎɇɔɑɋɋ ɖɆɗɕɖɔɗɘɖɆɓɋɓɓɡɋ ɘɎɕɡ  

ɒɎɓɋɖɆɑɢɓɡɛ ɗɔɑɋɏ 

 

ȰɆɖɇɔɓɆɘ ɐɆɑɢɜɎɥ 

 

ȰɆɖɇɔɓɆɘ ɐɆɑɢɜɎɥ ɥɈɑɥɋɘɗɥ ɓɆɎɇɔɑɋɋ 

ɝɆɗɘɔ ɈɗɘɖɋɝɆɤɟɋɏɗɥ ɗɔɑɢɤ Ɉ ɓɋɚɘɋɕɖɔɒɡ-

ɗɑɔɈɔɏ ɕɖɆɐɘɎɐɋ. Ȩ ɕɖɎɖɔɊɋ ɊɆɓɓɡɏ ɒɎɓɋɖɆɑ 

ɈɗɘɖɋɝɆɋɘɗɥ Ɉ ɘɖɋɛ ɚɔɖɒɆɛ: ɆɖɆɉɔɓɎɘ, ɐɆɑɢ-

ɜɎɘ Ɏ ɈɆɘɋɖɎɘ [6]. ȰɆɑɢɜɎɘ ï ɓɆɎɇɔɑɋɋ ɗɘɆ-

ɇɎɑɢɓɆɥ ɕɔɑɎɒɔɖɚɓɆɥ ɒɔɊɎɚɎɐɆɜɎɥ ɐɆɖɇɔ-

ɓɆɘɆ ɐɆɑɢɜɎɥ, Ɏ Ɏɒɋɓɓɔ Ɉ ɘɆɐɔɏ ɚɔɖɒɋ ɊɆɓ-

ɓɆɥ ɗɔɑɢ ɈɗɘɖɋɝɆɋɘɗɥ Ɉ ɈɎɊɋ ɔɘɑɔɌɋɓɎɏ ɓɆ 

ɔɇɔɖəɊɔɈɆɓɎɎ. ȲɋɛɆɓɎɍɒ ɔɗɆɌɊɋɓɎɥ ɐɆɑɢɜɎ-

ɘɆ ɈɐɑɤɝɆɋɘ ɕɖɋɈɖɆɟɋɓɎɋ ɈɔɊɔɖɆɗɘɈɔɖɎɒɔɉɔ 

ɇɎɐɆɖɇɔɓɆɘɆ ɐɆɑɢɜɎɥ Ɉ ɘɖəɊɓɔɖɆɗɘɈɔɖɎɒɡɏ 

ɐɆɖɇɔɓɆɘ ɐɆɑɢɜɎɥ, ɈɡɍɈɆɓɓɔɋ ɗɓɎɌɋɓɎɋɒ 

ɕɆɖɜɎɆɑɢɓɔɉɔ ɊɆɈɑɋɓɎɥ CO2 Ɏ ɕɔɈɡɞɋɓɎɋɒ 

ɘɋɒɕɋɖɆɘəɖɡ. ȳɋɔɇɛɔɊɎɒɔ ɔɘɒɋɘɎɘɢ, ɝɘɔ ɖɆɗ-

ɘɈɔɖɎɒɔɗɘɢ Ɉɗɋɛ ɚɔɖɒ ɐɆɖɇɔɓɆɘɆ ɐɆɑɢɜɎɥ 

ɔɇɖɆɘɓɔ ɕɖɔɕɔɖɜɎɔɓɆɑɢɓɆ ɘɋɒɕɋɖɆɘəɖɋ.  

ȷɛɋɒɆ ɔɇɖɆɍɔɈɆɓɎɥ ɐɆɖɇɔɓɆɘɆ ɐɆɑɢɜɎɥ: 

 

Ca
2+

 + 2HCO3
-
 Ҧ CaCO3Ҩ + CO2 + H2O.    (1) 

 

ȴɗɓɔɈɓɡɋ ɖɆɈɓɔɈɋɗɎɥ, ɗəɟɋɗɘɈəɤɟɎɋ Ɉ 

ɖɆɗɘɈɔɖɋ, Ɉ ɔɇɔɇɟɋɓɓɔɒ ɈɎɊɋ:  

 

CO2 (ɉ) ҭ  CO2 (Ɉ),                   (2) 

H2O + CO2 (Ɉ) ҭ  HCO3
-
 + H

+
,           (3) 

HCO3
-
 (Ɉ) ҭ  CO3

2-
 + H

+
,               (4) 

Ca
2+

(Ɉ) + CO3
2-

(Ɉ) Ҧ CaCO3 (ɘɈ),       (5) 

H2O ҭ  H
+
 + OH

-
 (Ɉ).                   (6) 

 

ȷəɑɢɚɆɘ ɐɆɑɢɜɎɥ 

 

ȷəɑɢɚɆɘ ɐɆɑɢɜɎɥ ï ɣɘɔ ɋɟɋ ɔɊɓɆ ɖɆɗ-

ɕɖɔɗɘɖɆɓɋɓɓɆɥ ɗɔɑɢ Ɉ ɓɋɚɘɋɕɖɔɒɡɗɑɔɈɔɏ 

ɕɖɆɐɘɎɐɋ. ȳɋɔɇɛɔɊɎɒɔ ɔɘɒɋɘɎɘɢ, ɝɘɔ ɕɔɒɎɒɔ 

ɊɔɇɡɈɆɤɟɎɛ ɗɐɈɆɌɎɓ ɔɘɑɔɌɋɓɎɥ ɉɎɕɗɆ ɒɔɉəɘ 

ɔɇɖɆɍɔɈɡɈɆɘɢɗɥ Ɏ ɔɘɐɑɆɊɡɈɆɘɢɗɥ ɘɆɐɌɋ Ɉ 

ɕɖɎɍɆɇɔɏɓɔɏ ɍɔɓɋ ɕɑɆɗɘɆ, ɍɓɆɝɎɘɋɑɢɓɔ əɛəɊ-

ɞɆɥ ɚɎɑɢɘɖɆɜɎɔɓɓɔ-ɋɒɐɔɗɘɓɡɋ ɗɈɔɏɗɘɈɆ ɕɔ-

ɖɔɊɡ [7].  

ȷəɑɢɚɆɘ ɐɆɑɢɜɎɥ ɒɔɌɋɘ ɗəɟɋɗɘɈɔɈɆɘɢ 

Ɉ ɘɖɋɛ ɔɗɓɔɈɓɡɛ ɚɔɖɒɆɛ: ɉɎɕɗ CaSO4*Ŀ2H2O, 

ɆɓɉɎɊɖɎɘ CaSO4, ɇɆɗɗɆɓɎɘ (ɕɔɑəɉɎɊɖɆɘ) 

CaSO4Ŀ0,5H2O. ȷəɑɢɚɆɘ ɐɆɑɢɜɎɥ ï ɕɑɔɛɔ ɖɆɗ-

ɘɈɔɖɎɒɆɥ Ɉ ɈɔɊɋ ɗɔɑɢ, ɋɋ ɖɆɗɘɈɔɖɎɒɔɗɘɢ ɗɔ-

ɗɘɆɈɑɥɋɘ 0,2036 ɉ/100 ɉ ɈɔɊɡ ɕɖɎ 20 Áȷ. ȸɋɒ-

ɕɋɖɆɘəɖɆ ɔɘɓɔɗɎɘɋɑɢɓɔ ɗɑɆɇɔ ɈɑɎɥɋɘ ɓɆ ɖɆɗ-

ɘɈɔɖɎɒɔɗɘɢ ɉɎɕɗɆ Ɉ ɈɔɊɋ.  

ȷ ɖɔɗɘɔɒ ɘɋɒɕɋɖɆɘəɖɡ Ɋɔ 40 Áȷ ɓɆɇɑɤ-

ɊɆɋɘɗɥ ɓɋɍɓɆɝɎɘɋɑɢɓɔɋ əɈɋɑɎɝɋɓɎɋ ɖɆɗɘɈɔ-

ɖɎɒɔɗɘɎ ɉɎɕɗɆ Ɉ ɈɔɊɋ. ȪɆɑɢɓɋɏɞɎɏ ɖɔɗɘ ɘɋɒ-

ɕɋɖɆɘəɖɡ ɗɖɋɊɡ ɕɖɎɈɔɊɎɘ ɐ ɗɓɎɌɋɓɎɤ ɖɆɗ-

ɘɈɔɖɎɒɔɗɘɎ ɉɎɕɗɆ Ɉ ɈɔɊɋ. ȰɆɐ ɕɖɆɈɎɑɔ, ɕɖɎ 

ɘɋɒɕɋɖɆɘəɖɆɛ < 50 ÁC ɗəɑɢɚɆɘ ɐɆɑɢɜɎɥ ɔɇɖɆ-

ɍəɋɘɗɥ Ɉ ɈɎɊɋ ɉɎɕɗɆ, Ɇ ɆɓɉɎɊɖɎɘ Ɏ ɇɆɗɗɆɓɎɘ 

ɔɇɖɆɍəɤɘɗɥ ɕɖɎ ɇɔɑɋɋ ɈɡɗɔɐɎɛ ɘɋɒɕɋɖɆɘəɖɆɛ 

ɖɆɇɔɝɋɏ ɗɖɋɊɡ. pH ɖɆɗɘɈɔɖɆ Ɏ ɊɆɈɑɋɓɎɋ ɘɆɐ-

Ɍɋ ɈɑɎɥɤɘ ɓɆ ɖɆɗɘɈɔɖɎɒɔɗɘɢ ɉɎɕɗɆ Ɉ ɈɔɊɋ. 

ȴɇɡɝɓɔ ɗəɑɢɚɆɘ ɐɆɑɢɜɎɥ ɒɋɓɋɋ ɖɆɗɘɈɔɖɎɒ Ɉ 

ɖɆɗɘɈɔɖɆɛ ɗ ɈɡɗɔɐɎɒ pH Ɏ ɓɎɍɐɎɒ ɊɆɈɑɋɓɎɋɒ 

[8].  

 

ȷəɑɢɚɆɘ ɇɆɖɎɥ 

 

ȴɘɑɔɌɋɓɎɥ ɗəɑɢɚɆɘɆ ɇɆɖɎɥ (ɇɆɖɎɘ) ɥɈ-

ɑɥɤɘɗɥ ɔɊɓɎɒ Ɏɍ ɓɆɎɇɔɑɋɋ ɗɑɔɌɓɡɛ Ɋɑɥ 

əɕɖɆɈɑɋɓɎɥ ɗɔɑɋɈɡɛ ɔɘɑɔɌɋɓɎɏ Ɉ ɓɋɚɘɋɕɖɔ-

ɒɡɗɑɔɈɔɏ ɕɖɆɐɘɎɐɋ.  

ȪɆɓɓɆɥ ɗɔɑɢ ɔɘɐɑɆɊɡɈɆɋɘɗɥ ɓɆ ɔɇɔɖə-

ɊɔɈɆɓɎɎ Ɉ ɈɎɊɋ ɔɝɋɓɢ ɕɑɔɘɓɡɛ Ɏ ɘɈɋɖɊɡɛ ɐɖɎ-

ɗɘɆɑɑɔɈ, ɐɔɘɔɖɡɋ ɗ ɇɔɑɢɞɎɒ ɘɖəɊɔɒ Ɏ, ɐɆɐ 

ɕɖɆɈɎɑɔ, ɓɎɍɐɔɏ ɣɚɚɋɐɘɎɈɓɔɗɘɢɤ ɕɔɊɈɋɖɉɆ-

ɤɘɗɥ ɛɎɒɎɝɋɗɐɎɒ ɗɕɔɗɔɇɆɒ əɊɆɑɋɓɎɥ. ȶɆɗ-

ɘɈɔɖɎɒɔɗɘɢ ɗəɑɢɚɆɘɆ ɇɆɖɎɥ ɓɋ ɍɆɈɎɗɎɘ ɔɘ ɖȳ 

ɗɖɋɊɡ, ɕɔɣɘɔɒə əɊɆɑɋɓɎɋ ɊɆɓɓɡɛ ɔɘɑɔɌɋɓɎɏ 

ɒɎɓɋɖɆɑɢɓɡɒɎ ɐɎɗɑɔɘɆɒɎ (Ɉ ɝɆɗɘɓɔɗɘɎ, ɗɔɑɥ-

ɓɔɏ) ɐɖɆɏɓɋ ɖɋɊɐɔ ɊɆɋɘ ɕɔɑɔɌɎɘɋɑɢɓɡɏ ɖɋ-

ɍəɑɢɘɆɘ.  

ȧɆɖɎɘ ɕɖɆɐɘɎɝɋɗɐɎ ɓɋɖɆɗɘɈɔɖɎɒ Ɉ ɈɔɊɋ. 

Ȩ ɣɘɔɏ ɗɈɥɍɎ əɊɆɑɋɓɎɋ əɌɋ ɔɇɖɆɍɔɈɆɈɞɋɏɗɥ 

ɗɔɑɎ ɗəɑɢɚɆɘɆ ɇɆɖɎɥ ɕɖɋɊɗɘɆɈɑɥɋɘ ɗɔɇɔɏ 

ɔɝɋɓɢ ɗɑɔɌɓəɤ Ɋɔɖɔɉɔɗɘɔɥɟəɤ ɔɕɋɖɆɜɎɤ ɗ 

ɔɉɖɆɓɎɝɋɓɓɔɏ ɣɚɚɋɐɘɎɈɓɔɗɘɢɤ. ȸɆɐɎɒ ɔɇɖɆ-

ɍɔɒ, ɈɆɌɓɔ ɖɆɍɖɆɇɔɘɆɘɢ ɕɖɔɚɎɑɆɐɘɎɝɋɗɐɎɋ 

ɒɋɖɡ, Ɇ ɓɋ ɕɖɎɒɋɓɥɘɢ ɒɋɖɡ ɕɔ ɎɗɕɖɆɈɑɋɓɎɤ 

ɗɎɘəɆɜɎɎ. 

ȴɇɖɆɍɔɈɆɓɎɋ ɗəɑɢɚɆɘɆ ɇɆɖɎɥ ɥɈɑɥɋɘɗɥ 

ɣɐɍɔɘɋɖɒɎɝɋɗɐɔɏ ɖɋɆɐɜɎɋɏ:  

 

Ba
2+
(Ɉ) + SO4

2-
(Ɉ) Ҧ BaSO4 (ɘɈ), 

 

DrH
0 
= ï858,56 ɐȪɌ/ɒɔɑɢ.              (7) 
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ȷəɑɢɚɆɘ ɗɘɖɔɓɜɎɥ 

 

ȷəɑɢɚɆɘ ɗɘɖɔɓɜɎɥ (ɜɋɑɋɗɘɎɓ), ɆɓɆɑɔ-

ɉɎɝɓɔ ɇɆɖɎɘə, ɕɖɋɊɗɘɆɈɑɥɋɘ ɗɔɇɔɏ ɊɔɗɘɆɘɔɝɓɔ 

ɗɑɔɌɓəɤ Ɋɑɥ əɕɖɆɈɑɋɓɎɥ ɗɔɑɢ. ȴɓ ɇɔɑɋɋ ɖɆɗ-

ɘɈɔɖɎɒ Ɉ ɈɔɊɋ, ɝɋɒ ɗəɑɢɚɆɘ ɇɆɖɎɥ, ɓɔ ɒɋɓɋɋ 

ɖɆɗɘɈɔɖɎɒ, ɝɋɒ ɔɘɑɔɌɋɓɎɥ ɐɆɖɇɔɓɆɘɆ ɐɆɑɢ-

ɜɎɥ. ȶɆɗɘɈɔɖɎɒɔɗɘɢ ɜɋɑɋɗɘɎɓɆ ɓɋ ɍɆɈɎɗɎɘ ɔɘ 

ɖȳ ɗɖɋɊɡ. ȫɉɔ ɖɆɗɘɈɔɖɎɒɔɗɘɢ əɒɋɓɢɞɆɋɘɗɥ ɗ 

ɕɔɈɡɞɋɓɎɋɒ ɘɋɒɕɋɖɆɘəɖɡ, ɘ.ɋ. ɕɖɎ ɇɔɑɋɋ Ɉɡ-

ɗɔɐɔɏ ɘɋɒɕɋɖɆɘəɖɋ ɐɔɑɎɝɋɗɘɈɔ ɔɘɑɔɌɋɓɎɏ 

ɒɔɌɋɘ əɈɋɑɎɝɎɈɆɘɢɗɥ. ȴɗɓɔɈɓɔɏ ɕɖɎɝɎɓɔɏ 

ɔɇɖɆɍɔɈɆɓɎɥ ɔɘɑɔɌɋɓɎɏ ɜɋɑɋɗɘɎɓɆ ɥɈɑɥɋɘɗɥ 

ɕɋɖɋɗɡɟɋɓɎɋ ɈɔɊɡ ɗ ɗɔɊɋɖɌɆɓɎɋɒ Ɉ ɓɋɏ 

ɗəɑɢɚɆɘ-ɎɔɓɆ Ɏ ɎɔɓɆ ɗɘɖɔɓɜɎɥ [9]. 

 

ȷəɑɢɚɎɊ ɌɋɑɋɍɆ 

 

ȴɇɖɆɍɔɈɆɓɎɋ ɗəɑɢɚɎɊɆ ɌɋɑɋɍɆ ɥɈɑɥɋɘ-

ɗɥ ɔɊɓɎɒ Ɏɍ ɔɗɓɔɈɓɡɛ ɈɎɊɔɈ ɗɔɑɋɔɇɖɆɍɔɈɆ-

ɓɎɥ, ɈɗɘɖɋɝɆɤɟɎɛɗɥ Ɉ ɈɡɗɔɐɔɗɋɖɓɎɗɘɡɛ ɓɋɚ-

ɘɥɓɡɛ Ɏ ɉɆɍɔɈɡɛ ɗɐɈɆɌɎɓɆɛ. ȺɎɍɎɝɋɗɐɎ ɔɓ 

ɒɔɌɋɘ ɈɆɖɢɎɖɔɈɆɘɢɗɥ ɔɘ Ɉɥɍɐɔɏ ɌɎɊɐɔɗɘɎ Ɋɔ 

ɗəɛɔɉɔ ɝɋɖɓɔɉɔ ɕɔɖɔɞɐɆ. ȻɆɖɆɐɘɋɖɎɗɘɎɐɎ ɗɔ-

ɑɎ ɔɇɡɝɓɔ ɍɆɈɎɗɥɘ ɔɘ pH, ɘɋɒɕɋɖɆɘəɖɡ Ɏ ɊɆɈ-

ɑɋɓɎɥ. ȴɇɖɆɍɔɈɆɓɎɋ ɔɗɆɊɐɆ ɗəɑɢɚɎɊɆ ɌɋɑɋɍɆ 

ɕɖɔɎɗɛɔɊɎɘ ɍɆ ɗɝɋɘ ɖɋɆɐɜɎɎ ɗɋɖɔɈɔɊɔɖɔɊɆ ɗ 

Ɍɋɑɋɍɔɒ. ȷɋɖɔɈɔɊɔɖɔɊ ɒɔɌɋɘ ɈɛɔɊɎɘɢ Ɉ ɗɔ-

ɗɘɆɈ ɕɔɕəɘɓɔ ɊɔɇɡɈɆɋɒɔɉɔ ɉɆɍɆ Ɏ ɥɈɑɥɘɢɗɥ 

çɋɗɘɋɗɘɈɋɓɓɡɒè Ɋɑɥ ɊɆɓɓɔɉɔ ɔɇɠɋɐɘɆ ɖɆɍɖɆ-

ɇɔɘɐɎ. ȪɖəɉɎɋ ɎɗɘɔɝɓɎɐɎ ɗɋɖɔɈɔɊɔɖɔɊɆ Ɉɐɑɤ-

ɝɆɤɘ, ɕɔɒɎɒɔ ɕɖɔɝɋɉɔ, ɖɆɍɑɔɌɋɓɎɋ ɊɔɇɆɈɔɐ 

ɇəɖɔɈɔɉɔ ɖɆɗɘɈɔɖɆ, ɈɔɗɗɘɆɓɔɈɑɋɓɎɋ ɗəɑɢɚɆɘ-

ɎɔɓɆ, ɘɋɖɒɎɝɋɗɐɔɋ ɖɆɍɑɔɌɋɓɎɋ ɔɖɉɆɓɎɝɋɗɐɎɛ 

ɗɋɖɔɗɔɊɋɖɌɆɟɎɛ ɗɔɋɊɎɓɋɓɎɏ, ɐɎɗɑɔɘɓɡɋ ɔɇ-

ɖɆɇɔɘɐɎ ɔɇɠɋɐɘɔɈ ɗ ɗɔɊɋɖɌɆɓɎɋɒ ɗɋɖɔɈɔɊɔ-

ɖɔɊɆ, Ɇ ɘɆɐɌɋ ɓɆɑɎɝɎɋ ɗəɑɢɚɆɘɈɔɗɗɘɆɓɆɈɑɎ-

ɈɆɤɟɎɛ ɇɆɐɘɋɖɎɏ (ȷȨȧ) [10]. ȸɋɖɒɎɝɋɗɐɔɋ 

ɖɆɍɑɔɌɋɓɎɋ ɗəɑɢɚɆɘɗɔɊɋɖɌɆɟɎɛ ɒɎɓɋɖɆɑɔɈ 

ɘɆɐɌɋ ɒɔɌɋɘ ɕɖɎɈɋɗɘɎ ɐ ɔɇɖɆɍɔɈɆɓɎɤ H2S. 

ȮɗɘɔɝɓɎɐɔɈ ɌɋɑɋɍɆ ɊɔɈɔɑɢɓɔ ɒɓɔɉɔ: 

ɖɆɍɑɎɝɓɡɋ ɒɎɓɋɖɆɑɡ (ɉɑɎɓɡ, ɛɑɔɖɎɘ, ɆɓɐɋɖɎɘ 

Ɏ ɘ.Ɋ.), ɖɆɗɐɑɎɓɎɈɆɤɟɎɋ Ɇɉɋɓɘɡ Ɏ ɓɋɐɔɘɔɖɡɋ 

ɊɖəɉɎɋ ɌɎɊɐɔɗɘɎ, Ɏɗɕɔɑɢɍəɋɒɡɋ Ɉɔ Ɉɖɋɒɥ 

ɔɕɋɖɆɜɎɏ ɇəɖɋɓɎɥ Ɏ ɍɆɐɆɓɝɎɈɆɓɎɥ ɗɐɈɆɌɎɓ. 

ȴɗɓɔɈɓɡɒ ɎɗɘɔɝɓɎɐɔɒ ɌɋɑɋɍɆ ɒɔɌɋɘ ɇɡɘɢ 

ɈɡɟɋɑɆɝɎɈɆɓɎɋ ɌɋɑɋɍɆ Ɏɍ ɒɎɓɋɖɆɑɔɈ, ɕɖɎ-

ɗəɘɗɘɈəɤɟɎɛ Ɉ ɕɑɆɗɘɋ, ɎɑɎ ɕɖɔɊəɐɘɔɈ ɐɔɖɖɔ-

ɍɎɎ.  

Ȩɔ Ɉɖɋɒɥ ɐɎɗɑɔɘɓɔɏ ɔɇɖɆɇɔɘɐɎ ɐɎɗɑɔɘɆ 

ɒɔɌɋɘ ɇɡɘɢ ɍɆɉɖɥɍɓɋɓɆ Ɍɋɑɋɍɔɒ ɓɆ ɑɤɇɔɒ 

ɣɘɆɕɋ, ɓɆɝɎɓɆɥ ɔɘ ɕɔɈɋɖɛɓɔɗɘɓɔɉɔ ɖɋɍɋɖɈəɆɖɆ 

Ɏ ɍɆɐɆɓɝɎɈɆɥ ɘɖəɇɆɒɎ ɗɐɈɆɌɎɓ. Ƀɘɔ ɍɆɉɖɥɍɓɋ-

ɓɎɋ ɒɔɌɋɘ ɕɖɎɈɋɗɘɎ ɐ ɔɘɑɔɌɋɓɎɤ ɗɔɑɋɏ Ɍɋ-

ɑɋɍɆ Ɉ ɕɑɆɗɘɋ ɎɑɎ Ɉ ɗɘɈɔɑɋ ɗɐɈɆɌɎɓɡ. ȵɔɍɌɋ, 

Ɉ ɕɖɔɜɋɗɗɋ ɍɆɐɆɝɐɎ, ɐɎɗɑɔɘɡ ɘɆɐɌɋ ɒɔɉəɘ ɖɆɗ-

ɘɈɔɖɥɘɢ ɕɖɔɊəɐɘɡ ɐɔɖɖɔɍɎɎ. ȬɋɑɋɍɔɗɔɊɋɖ-

ɌɆɟɎɋ ɒɎɓɋɖɆɑɡ Ɉ ɕɑɆɗɘɋ ɥɈɑɥɤɘɗɥ ɋɟɋ ɔɊ-

ɓɎɒ ɖɆɗɕɖɔɗɘɖɆɓɋɓɓɡɒ ɎɗɘɔɝɓɎɐɔɒ ɌɋɑɋɍɆ. 

ȳɆɕɖɎɒɋɖ, ɉɋɒɆɘɎɘ ï ɔɗɆɊɔɝɓɡɏ ɒɎɓɋɖɆɑ, 

ɖɆɗɕɖɔɗɘɖɆɓɋɓɓɡɏ Ɉ ɖɋɍɋɖɈəɆɖɆɛ Ɏɍ ɕɋɗɝɆɓɎ-

ɐɆ. ȳɋɐɔɘɔɖɡɋ ɕɋɗɝɆɓɎɐɎ ɗɔɊɋɖɌɆɘ Ɋɔ 2 % 

ɉɋɒɆɘɎɘɆ [11]. 

Ȩ ɍɆɈɎɗɎɒɔɗɘɎ ɔɘ ɒɎɓɋɖɆɑɔɉɎɎ ɕɑɆɗɘɆ, 

ɊɆɈɑɋɓɎɥ, ɘɋɒɕɋɖɆɘəɖɡ, ɒɎɓɋɖɆɑɎɍɆɜɎɎ Ɉɔ-

Ɋɡ, pH Ɏ ɈɖɋɒɋɓɎ ɈɔɍɊɋɏɗɘɈɎɥ ɗəɟɋɗɘɈəɤɘ 

ɖɆɍɑɎɝɓɡɋ ɚɔɖɒɡ ɔɘɑɔɌɋɓɎɏ ɗəɑɢɚɎɊɆ Ɍɋ-

ɑɋɍɆ Ɉ ɍɆɈɎɗɎɒɔɗɘɎ ɔɘ ɗɔɔɘɓɔɞɋɓɎɥ ɌɋɑɋɍɆ Ɏ 

ɗɋɖɡ. ȴɘɑɔɌɋɓɎɥ ɗəɑɢɚɎɊɆ ɌɋɑɋɍɆ ɒɔɉəɘ ɓɆ-

ɛɔɊɎɘɢɗɥ ɑɎɇɔ Ɉ ɒɔɓɔɗəɑɢɚɎɊɓɔɒ ɗɔɗɘɔɥɓɎɎ 

(ɕɎɖɖɔɘɎɓ, ɘɖɔɎɑɎɘ Ɏ ɒɆɐɎɓɆɈɎɘ), ɑɎɇɔ Ɉ ɊɎ-

ɗəɑɢɚɎɊɓɔɒ ɗɔɗɘɔɥɓɎɎ (ɕɎɖɎɘ Ɏ ɒɆɖɐɆɍɎɘ) 

[12].  

ȴɘɑɔɌɋɓɎɥ ɗəɑɢɚɎɊɆ ɌɋɑɋɍɆ ɒɔɉəɘ ɓɆ-

ɛɔɊɎɘɢɗɥ Ɉ ɔɘɓɔɗɎɘɋɑɢɓɔ ɒɥɉɐɔɏ ɚɔɖɒɋ, ɘɆ-

ɐɔɏ ɐɆɐ ɕɎɖɖɔɘɎɓ (ɘɈɦɖɊɔɗɘɢ ɕɔ ɞɐɆɑɋ ȲɔɔɗɆ 

ɗɔɗɘɆɈɑɥɋɘ ɔɘ 3,5 Ɋɔ 4,0 ɋɊɎɓɎɜ), ɎɑɎ Ɉ ɘɈɋɖ-

Ɋɔɏ ɚɔɖɒɋ, ɘɆɐɔɏ ɐɆɐ ɕɎɖɎɘ (ɘɈɋɖɊɔɗɘɢ ɕɔ 

ɞɐɆɑɋ ȲɔɔɗɆ ɗɔɗɘɆɈɑɥɋɘ ɔɘ 6,0 Ɋɔ 6,5 ɋɊɎ-

ɓɎɜ). Ȩ ɔɊɓɔɏ Ɏ ɘɔɏ Ɍɋ ɗɐɈɆɌɎɓɋ ɒɔɌɋɘ ɗəɟɋ-

ɗɘɈɔɈɆɘɢ ɓɋɗɐɔɑɢɐɔ ɘɎɕɔɈ ɔɘɑɔɌɋɓɎɏ ɗəɑɢɚɎ-

ɊɆ ɌɋɑɋɍɆ. ȸɈɋɖɊɡɋ ɔɘɑɔɌɋɓɎɥ ɔɇɡɝɓɔ ɕɖɎ-

ɗəɘɗɘɈəɤɘ ɓɆ ɒɋɓɢɞɋɏ ɉɑəɇɎɓɋ. ȵɖɎ ɇɔɑɋɋ 

ɈɡɗɔɐɎɛ ɘɋɒɕɋɖɆɘəɖɆɛ ɔɗɆɊɔɐ ɗəɑɢɚɎɊɆ Ɍɋ-

ɑɋɍɆ ɗɔɗɘɔɎɘ ɕɖɋɎɒəɟɋɗɘɈɋɓɓɔ Ɏɍ ɘɖɔɎɑɎɘɆ 

Ɏ/ɎɑɎ ɕɎɖɖɔɘɎɓɆ [13]. 

ȴɘɑɔɌɋɓɎɥ ɗəɑɢɚɎɊɆ ɌɋɑɋɍɆ ɈɡɍɡɈɆɤɘ 

ɒɓɔɌɋɗɘɈɔ ɣɐɗɕɑəɆɘɆɜɎɔɓɓɡɛ ɕɖɔɇɑɋɒ Ɉ 

ɓɋɚɘɋɉɆɍɔɈɔɏ ɔɘɖɆɗɑɎ. ȴɓɎ ɒɔɉəɘ ɕɖɎɗəɘɗɘ-

ɈɔɈɆɘɢ Ɉɔ Ɉɗɋɛ ɘɎɕɆɛ ɗɐɈɆɌɎɓ, ɘɆɐɎɛ ɐɆɐ Ɋɔ-

ɇɡɈɆɤɟɎɋ, ɓɆɉɓɋɘɆɘɋɑɢɓɡɋ Ɏ ɘ.Ɋ., ɕɖɎ ɓɆɑɎ-

ɝɎɎ ɌɋɑɋɍɆ Ɏ H2S [14]. ȸɆɐɌɋ ɔɘɑɔɌɋɓɎɥ 

ɗəɑɢɚɎɊɆ ɌɋɑɋɍɆ ɒɔɉəɘ ɔɇɖɆɍɔɈɡɈɆɘɢɗɥ Ɉ 

ɕɖɎɍɆɇɔɏɓɔɏ ɍɔɓɋ ɕɑɆɗɘɆ.  
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Ƀɘɔ ɒɔɌɋɘ ɎɓɘɋɓɗɎɚɎɜɎɖɔɈɆɘɢ ɔɇɖɆɍɔ-

ɈɆɓɎɋ ɆɗɚɆɑɢɘɋɓɔɈ Ɉ ɕɖɎɍɆɇɔɏɓɔɏ ɍɔɓɋ, Ɏɍ-

ɒɋɓɋɓɎɋ ɗɒɆɝɎɈɆɋɒɔɗɘɎ ɕɔɖɔɊɡ Ɏ əɛəɊɞɋɓɎɋ 

ɋɋ ɚɎɑɢɘɖɆɜɎɔɓɓɔ-ɋɒɐɔɗɘɓɡɛ ɛɆɖɆɐɘɋɖɎɗɘɎɐ 

[13]. ȴɘɑɔɌɋɓɎɥ ɗəɑɢɚɎɊɆ ɌɋɑɋɍɆ ɘɆɐɌɋ ɒɔ-

ɉəɘ ɕɖɎɈɔɊɎɘɢ ɐ əɈɋɑɎɝɋɓɎɤ ɐɔɖɖɔɍɎɔɓɓɡɛ 

ɕɔɈɖɋɌɊɋɓɎɏ ɔɇɔɖəɊɔɈɆɓɎɥ.  

ȴɘɑɔɌɋɓɎɋ ɗəɑɢɚɎɊɆ ɌɋɑɋɍɆ ɓɆ ɔɇɔɖə-

ɊɔɈɆɓɎɎ ɒɔɌɋɘ ɇɡɘɢ ɕɔɐɖɡɘɔ ɓɋɚɘɥɓɔɏ ɕɑɋɓ-

ɐɔɏ, ɝɘɔ ɗɔɍɊɆɋɘ ɊɎɚɚəɍɎɔɓɓɡɏ ɇɆɖɢɋɖ Ɏ 

əɛəɊɞɆɋɘ ɣɚɚɋɐɘɎɈɓɔɗɘɢ ɋɉɔ əɊɆɑɋɓɎɥ ɐɎ-

ɗɑɔɘɓɔɏ ɔɇɖɆɇɔɘɐɔɏ. Ȫɑɥ ɗɓɎɌɋɓɎɥ ɊɆɓɓɔɉɔ 

ɓɋɉɆɘɎɈɓɔɉɔ ɣɚɚɋɐɘɆ ɒɓɔɉɎɋ ɖɆɗɘɈɔɖɎɘɋɑɎ 

ɗəɑɢɚɎɊɆ ɌɋɑɋɍɆ ɗɔɊɋɖɌɆɘ Ɉ ɗɈɔɋɒ ɗɔɗɘɆɈɋ 

ɖɆɍɑɎɝɓɡɋ ɕɔɈɋɖɛɓɔɗɘɓɔ-ɆɐɘɎɈɓɡɋ ɈɋɟɋɗɘɈɆ 

(ȵȦȨ), ɐɔɘɔɖɡɋ əɈɋɑɎɝɎɈɆɤɘ ɕɑɔɟɆɊɢ ɈɍɆɎ-

ɒɔɊɋɏɗɘɈɎɥ ɔɘɑɔɌɋɓɎɏ Ɏ ɐɎɗɑɔɘɓɔɉɔ ɗɔɗɘɆɈɆ. 

ȸɆɐɌɋ ɔɘɒɋɝɋɓɔ, ɝɘɔ ɊɑɎɘɋɑɢɓɔɋ ɈɍɆɎɒɔɊɋɏ-

ɗɘɈɎɋ ɔɘɑɔɌɋɓɎɥ ɗəɑɢɚɎɊɆ ɌɋɑɋɍɆ ɗ ɗɋɖɔɈɔ-

ɊɔɖɔɊɔɒ ɗɕɔɗɔɇɗɘɈəɋɘ ɔɇɖɆɍɔɈɆɓɎɤ ɔɘɑɔɌɋ-

ɓɎɥ ɗ ɈɡɗɔɐɎɒ ɗɔɊɋɖɌɆɓɎɋɒ ɗɋɖɡ, ɝɘɔ ɍɓɆɝɎ-

ɘɋɑɢɓɔ ɗɓɎɌɆɋɘ ɣɚɚɋɐɘɎɈɓɔɗɘɢ ɋɉɔ əɊɆɑɋɓɎɥ 

[15].  

 

ȻɑɔɖɎɊ ɓɆɘɖɎɥ 

 

ȴɘɑɔɌɋɓɎɥ ɛɑɔɖɎɊɆ ɓɆɘɖɎɥ (ɉɆɑɎɘ) Ɉ 

ɓɋɚɘɋɕɖɔɒɡɗɑɔɈɔɒ ɔɇɔɖəɊɔɈɆɓɎɎ ɓɆɇɑɤɊɆ-

ɤɘɗɥ Ɉ ɔɗɓɔɈɓɔɒ Ɉ ɗɑəɝɆɥɛ, ɐɔɉɊɆ ɕɑɆɗɘɔɈɆɥ 

ɈɔɊɆ ɕɖɋɊɗɘɆɈɑɥɋɘ ɗɔɇɔɏ ɈɡɗɔɐɔɒɎɓɋɖɆɑɎɍɔ-

ɈɆɓɓɡɋ ɖɆɗɗɔɑɡ [16]. ȩɆɑɎɘ Ɏɒɋɋɘ ɍɓɆɝɎɘɋɑɢ-

ɓɔ ɇɔɑɋɋ Ɉɡɗɔɐəɤ ɖɆɗɘɈɔɖɎɒɔɗɘɢ Ɉ ɈɔɊɋ, ɝɋɒ 

ɇɔɑɢɞɎɓɗɘɈɔ ɊɖəɉɎɛ ɒɎɓɋɖɆɑɢɓɡɛ ɔɘɑɔɌɋɓɎɏ, 

Ɇ ɣɘɔ ɔɍɓɆɝɆɋɘ, ɝɘɔ ɊɆɌɋ ɓɋɇɔɑɢɞɆɥ ɗɘɋɕɋɓɢ 

ɕɋɖɋɓɆɗɡɟɋɓɎɥ ɒɔɌɋɘ ɕɖɎɈɋɗɘɎ ɐ ɔɇɖɆɍɔɈɆ-

ɓɎɤ ɇɔɑɢɞɔɏ ɒɆɗɗɡ ɔɗɆɊɐɆ, ɍɆɝɆɗɘəɤ ɍɓɆɝɎ-

ɘɋɑɢɓɔ ɕɖɋɈɡɞɆɤɟɋɏ ɔɘɑɔɌɋɓɎɥ ɊɖəɉɎɛ ɘɎ-

ɕɔɈ ɒɎɓɋɖɆɑɢɓɡɛ ɗɔɑɋɏ (ɓɆɕɖɎɒɋɖ, ɐɆɑɢɜɎɘ). 

ȧɔɑɋɋ ɘɔɉɔ, ɈɡɗɔɐɆɥ ɐɔɓɜɋɓɘɖɆɜɎɥ ɎɔɓɔɈ Ɉ 

ɖɆɗɘɈɔɖɋ əɈɋɑɎɝɎɈɆɋɘ Ɉɋɖɔɥɘɓɔɗɘɢ ɔɇɖɆɍɔɈɆ-

ɓɎɥ ɐɖɎɘɎɝɋɗɐɔɉɔ ɍɆɖɔɊɡɞɆ ɊɔɗɘɆɘɔɝɓɔɉɔ 

ɖɆɍɒɋɖɆ Ɋɑɥ ɕɖɋɈɖɆɟɋɓɎɥ Ɉ ɐɖɎɗɘɆɑɑ, ɗɑɋɊɔ-

ɈɆɘɋɑɢɓɔ, ɍɓɆɝɎɘɋɑɢɓɔ ɕɔɈɡɞɆɋɘɗɥ ɖɎɗɐ ɔɇ-

ɖɆɍɔɈɆɓɎɥ Ɏ ɔɗɆɌɊɋɓɎɥ ɉɆɑɎɘɆ.  

ȳɆɎɇɔɑɋɋ ɖɆɗɕɖɔɗɘɖɆɓɋɓɓɔɏ ɊɈɎɌəɟɋɏ 

ɗɎɑɔɏ ɕɋɖɋɓɆɗɡɟɋɓɎɥ ɉɆɑɎɘɔɒ ɥɈɑɥɋɘɗɥ Ɏɗ-

ɕɆɖɋɓɎɋ ɈɔɊɡ ɗ ɋɋ ɕɋɖɋɖɆɗɕɖɋɊɋɑɋɓɎɋɒ Ɉ ɉɆ-

ɍɔɈəɤ ɚɆɍə, ɔɇɡɝɓɔ ɈɡɍɡɈɆɋɒɔɋ ɕɋɖɋɕɆɊɆɒɎ 

ɊɆɈɑɋɓɎɥ Ɉ ɕɖɎɍɆɇɔɏɓɔɏ ɍɔɓɋ ɗɐɈɆɌɎɓɡ Ɏ 

ɣɐɗɕɑəɆɘɆɜɎɔɓɓɡɛ ȳȰȸ. ȪɖəɉɎɋ ɒɋɛɆɓɎɍɒɡ 

ɈɐɑɤɝɆɤɘ ɔɛɑɆɌɊɋɓɎɋ ɖɆɗɗɔɑɆ, ɈɈɋɊɋɓɎɋ ɒɋ-

ɓɋɋ ɕɔɑɥɖɓɡɛ ɖɆɗɘɈɔɖɎɘɋɑɋɏ (ɒɋɘɆɓɔɑ), Ɏɗ-

ɕɔɑɢɍəɋɒɡɛ Ɉ ɐɆɝɋɗɘɈɋ ɘɋɖɒɔɊɎɓɆɒɎɝɋɗɐɔɉɔ 

ɎɓɉɎɇɎɘɔɖɆ ɉɎɊɖɆɘɔɈ, ɎɑɎ ɣɘɆɓɔɑɆ, ɎɑɎ, ɖɋɌɋ, 

ɗɒɋɞɎɈɆɓɎɋ ɓɋɗɔɈɒɋɗɘɎɒɡɛ ɖɆɗɗɔɑɔɈ, ɕɖɎ-

ɈɔɊɥɟɋɋ ɐ ɇɔɑɋɋ ɓɎɍɐɔɏ ɖɆɗɘɈɔɖɎɒɔɗɘɎ ɛɑɔ-

ɖɎɊɆ ɓɆɘɖɎɥ. ȸɆɐɌɋ ɝɆɗɘɔ ɓɆɇɑɤɊɆɋɘɗɥ ɗɔ-

Ɉɒɋɗɘɓɔɋ ɔɗɆɌɊɋɓɎɋ ɉɆɑɎɘɆ ɗ ɊɖəɉɎɒɎ ɒɎɓɋ-

ɖɆɑɢɓɡɒɎ ɗɔɑɥɒɎ. 

 

2. ȺɆɐɘɔɖɡ, ɈɑɎɥɤɟɎɋ ɓɆ ɔɇɖɆɍɔɈɆɓɎɋ  

ɒɎɓɋɖɆɑɢɓɡɛ ɗɔɑɋɏ 

 

Ȩ ɔɕɖɋɊɋɑɋɓɓɡɛ əɗɑɔɈɎɥɛ ɉɔɒɔɉɋɓɓɆɥ Ɏ 

ɉɋɘɋɖɔɉɋɓɓɆɥ ɓəɐɑɋɆɜɎɥ ɕɖɎɈɔɊɎɘ ɐ ɔɇɖɆɍɔ-

ɈɆɓɎɤ ɗɔɑɋɏ. ȳəɐɑɋɆɜɎɥ ɓɆɝɎɓɆɋɘɗɥ, ɋɗɑɎ 

ɖɆɗɘɈɔɖ ɗɔɊɋɖɌɎɘ ɐɆɐ ɐɆɘɎɔɓɓɡɋ, ɘɆɐ Ɏ ɆɓɎ-

ɔɓɓɡɋ ɝɆɗɘɎɜɡ, Ɏ ɈɔɍɓɎɐɆɋɘ ɗɔɗɘɔɥɓɎɋ ɕɋɖɋ-

ɗɡɟɋɓɎɥ. ȵɋɖɋɗɡɟɋɓɎɋ ɥɈɑɥɋɘɗɥ ɚəɓɐɜɎɋɏ 

ɘɋɒɕɋɖɆɘəɖɡ Ɏ ɊɆɈɑɋɓɎɥ. ȫɗɑɎ ɘɋɒɕɋɖɆɘəɖə 

ɖɆɗɘɈɔɖɆ ɕɔɈɡɗɎɘɢ, ɘɔ Ɏɍ-ɍɆ ɎɗɕɆɖɋɓɎɥ ɓɋɓɆ-

ɗɡɟɋɓɓɡɏ ɖɆɗɘɈɔɖ ɒɔɌɋɘ ɗɘɆɘɢ ɓɆɗɡɟɋɓɓɡɒ 

Ɏ Ɉ ɐɔɓɋɝɓɔɒ Ɏɘɔɉɋ ɕɋɖɋɗɡɟɋɓɓɡɒ, ɝɘɔ ɕɖɎ-

ɈɋɊɋɘ ɐ ɕɖɋɈɡɞɋɓɎɤ ɕɖɋɊɋɑɆ ɖɆɗɘɈɔɖɎɒɔɗɘɎ 

Ɏ ɓɆɝɆɑə ɔɇɖɆɍɔɈɆɓɎɥ ɗɔɑɋɏ. ȰɆɖɇɔɓɆɘɓɡɋ Ɏ 

ɗəɑɢɚɆɘɓɡɋ ɔɘɑɔɌɋɓɎɥ ɒɔɉəɘ ɔɇɖɆɍɔɈɡɈɆɘɢ-

ɗɥ Ɉ ɖɋɍəɑɢɘɆɘɋ ɎɍɒɋɓɋɓɎɥ ɊɆɈɑɋɓɎɥ Ɉ ɗɎɗɘɋ-

ɒɋ. ȦɓɆɑɔɉɎɝɓɡɒ ɔɇɖɆɍɔɒ ɉɆɑɎɘ ɒɔɌɋɘ ɔɇɖɆ-

ɍɔɈɡɈɆɘɢɗɥ Ɏɍ ɈɡɗɔɐɔɒɎɓɋɖɆɑɎɍɔɈɆɓɓɔɏ Ɉɔ-

Ɋɡ. 

ȵɔɒɎɒɔ ɗɘɋɕɋɓɎ ɕɋɖɋɗɡɟɋɓɎɥ ɕɔɕəɘɓɔ 

ɊɔɇɡɈɆɋɒɔɏ ɈɔɊɡ ɓɆ ɖɎɗɐ ɗɔɑɋɔɇɖɆɍɔɈɆɓɎɥ 

ɈɑɎɥɤɘ ɗɑɋɊəɤɟɎɋ ɚɆɐɘɔɖɡ: 

¶ ɘɋɒɕɋɖɆɘəɖɆ, ɊɆɈɑɋɓɎɋ, ɖȳ ɗɖɋɊɡ; 

¶ ɗɒɋɞɋɓɎɋ ɛɎɒɎɝɋɗɐɎ ɓɋɗɔɈɒɋɗɘɎɒɡɛ 

ɈɔɊ (ɓɆɕɖɎɒɋɖ, ɕɑɆɗɘɔɈɆɥ ɈɔɊɆ Ɏ ɈɔɊɆ Ɋɑɥ 

ɕɔɊɊɋɖɌɆɓɎɥ ɕɑɆɗɘɔɈɔɉɔ ɊɆɈɑɋɓɎɥ (ȵȵȪ)); 

¶ ɍɓɆɝɎɘɋɑɢɓɔɋ ɎɍɒɋɓɋɓɎɋ ɘɋɖɒɔɊɎɓɆ-

ɒɎɝɋɗɐɎɛ əɗɑɔɈɎɏ ɕɖɎ Ɋɔɇɡɝɋ Ɏ ɘɖɆɓɗɕɔɖɘɎ-

ɖɔɈɐɋ ɚɑɤɎɊɆ; 

¶ ɉɎɊɖɔɊɎɓɆɒɎɝɋɗɐɎɋ ɕɆɖɆɒɋɘɖɡ ɕɔɘɔ-

ɐɆ; 

¶ ɖɆɍɒɋɖ ɝɆɗɘɎɜ; 

¶ ɒɎɓɋɖɆɑɎɍɆɜɎɥ ɈɔɊɡ; 

¶ ɞɋɖɔɛɔɈɆɘɔɗɘɢ ɕɔɈɋɖɛɓɔɗɘɎ ɒɋɘɆɑɑɆ. 
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ȫɟɋ ɔɊɓɎɒ əɗɑɔɈɎɋɒ ɗɔɑɋɔɇɖɆɍɔɈɆɓɎɥ 

ɥɈɑɥɋɘɗɥ ɓɆɑɎɝɎɋ ɆɓɎɔɓɔɈ Ɏ ɐɆɘɎɔɓɔɈ Ɉ ɣɐɈɎ-

ɈɆɑɋɓɘɓɔɒ ɗɔɔɘɓɔɞɋɓɎɎ. ȫɗɑɎ Ɉ ɖɆɗɘɈɔɖɋ ɔɘ-

ɗəɘɗɘɈəɋɘ ɐɆɐɔɏ-ɑɎɇɔ Ɏɍ ɎɔɓɔɈ, ɘɔ ɗɔɑɢ ɓɋ 

ɒɔɌɋɘ ɔɇɖɆɍɔɈɆɘɢɗɥ. ȪɔɗɘɆɘɔɝɓɔ ɖɆɗɕɖɔ-

ɗɘɖɆɓɋɓɓɡɒ ɗɑəɝɆɋɒ ɥɈɑɥɋɘɗɥ ɗɎɘəɆɜɎɥ, ɐɔ-

ɉɊɆ ɕɑɆɗɘɔɈɆɥ ɈɔɊɆ ɇɔɉɆɘɆ ɐɆɘɎɔɓɆɒɎ (Ca
2+

, 

Ba
2+

 Ɏ ɘ.Ɋ.), Ɇ ɈɔɊɆ Ɋɑɥ ɍɆɈɔɊɓɋɓɎɥ ɇɔɉɆɘɆ 

ɆɓɎɔɓɆɒɎ (Ɉ ɝɆɗɘɓɔɗɘɎ, SO4
2-
) [17]. ȰɔɉɊɆ ɈɔɊɆ 

Ɋɑɥ ɍɆɈɔɊɓɋɓɎɥ ɗɒɋɞɎɈɆɋɘɗɥ ɗ ɕɑɆɗɘɔɈɔɏ, 

ɗɔɍɊɆɤɘɗɥ əɗɑɔɈɎɥ Ɋɑɥ ɕɋɖɋɗɡɟɋɓɎɥ Ɏ ɔɇɖɆ-

ɍɔɈɆɓɎɥ ɗɔɑɋɏ. Ƀɘɔ ɕɖɎɒɋɖ ɔɇɖɆɍɔɈɆɓɎɥ ɗɔ-

ɑɋɏ Ɉ ɖɋɍəɑɢɘɆɘɋ ɗɒɋɞɋɓɎɥ ɛɎɒɎɝɋɗɐɎ ɓɋɗɔ-

ɈɒɋɗɘɎɒɡɛ ɈɔɊ. ȪɖəɉɎɒɎ ɕɖɎɒɋɖɆɒɎ ɔɘɑɔɌɋ-

ɓɎɏ Ɏɍ-ɍɆ ɓɋɗɔɈɒɋɗɘɎɒɔɉɔ ɗɒɋɞɎɈɆɓɎɥ ɥɈɑɥ-

ɤɘɗɥ ɗəɑɢɚɎɊɓɡɋ ɔɘɑɔɌɋɓɎɥ, ɐɔɉɊɆ ɗɋɖɔɈɔ-

ɊɔɖɔɊ ɗɒɋɞɎɈɆɋɘɗɥ ɗ ɈɔɊɔɏ, ɇɔɉɆɘɔɏ ɎɔɓɆɒɎ 

ɜɎɓɐɆ, ɌɋɑɋɍɆ Ɏ ɗɈɎɓɜɆ: 

 

Zn
2+

(Pb
2+

 ɎɑɎ Fe
2+

) + H2S Ҧ ZnS (PbS ɎɑɎ FeS) + 2H
+
.  (8) 

 

ȴɇɖɆɍɔɈɆɓɎɋ ɓɋɐɔɘɔɖɡɛ ɗɔɑɋɏ ɍɆɈɎɗɎɘ 

ɔɘ ɖȳ ɗɖɋɊɡ. ȴɊɓɎɒ Ɏɍ ɕɖɎɒɋɖɔɈ ɘɆɐɎɛ ɗɔɑɋɏ 

ɥɈɑɥɤɘɗɥ ɔɇɖɆɍɔɈɆɓɎɥ ɐɆɖɇɔɓɆɘɆ ɐɆɑɢɜɎɥ. 

ȰɔɉɊɆ ȷȴ2 ɝɆɗɘɎɝɓɔ ɖɆɗɘɈɔɖɥɋɘɗɥ Ɉ ɈɔɊɋ, ɔɓ 

ɕɖɋɈɖɆɟɆɋɘɗɥ Ɉ əɉɔɑɢɓəɤ ɐɎɗɑɔɘə, ɖȳ ɖɆɗ-

ɘɈɔɖɆ ɗɓɎɌɆɋɘɗɥ Ɏ ɖɆɗɘɈɔɖɎɒɔɗɘɢ ɐɆɖɇɔɓɆɘɆ 

ɐɆɑɢɜɎɥ əɈɋɑɎɝɎɈɆɋɘɗɥ. ȵɔɗɑɋɊəɤɟɋɋ ɕɆɊɋ-

ɓɎɋ ɊɆɈɑɋɓɎɥ ɕɖɎ Ɋɔɇɡɝɋ ɕɑɆɗɘɔɈɔɉɔ ɚɑɤɎɊɆ 

ɕɖɎɈɔɊɎɘ ɐ ɔɇɋɊɓɋɓɎɤ ɕɔɕəɘɓɔ ɊɔɇɡɈɆɋɒɔɏ 

ɈɔɊɡ ɖɆɗɘɈɔɖɋɓɓɡɒ ȷȴ2, ɖȳ ɖɆɗɘɈɔɖɆ əɈɋɑɎ-

ɝɎɈɆɋɘɗɥ, ɖɆɗɘɈɔɖɎɒɔɗɘɢ ɗɔɑɎ ɗɓɎɌɆɋɘɗɥ Ɏ 

ɐɆɑɢɜɎɘ ɈɡɕɆɊɆɋɘ Ɉ ɔɗɆɊɔɐ (əɖɆɈɓɋɓɎɥ (2)ï

(6)). 

 

3. ȲɋɛɆɓɎɍɒ ɔɇɖɆɍɔɈɆɓɎɥ ɗɔɑɋɏ 

 

Ȩ ɔɇɟɋɒ ɗɒɡɗɑɋ ɗɔɑɋɔɇɖɆɍɔɈɆɓɎɋ ï ɣɘɔ 

ɗɑɔɌɓɡɏ ɐɔɒɕɑɋɐɗɓɡɏ ɕɖɔɜɋɗɗ, ɈɐɑɤɝɆɤɟɎɏ 

ɒɋɛɆɓɎɍɒɡ ɐɖɎɗɘɆɑɑɎɍɆɜɎɎ. ȰɖɎɗɘɆɑɑɎɍɆɜɎɥ 

Ɏ ɕɔɗɑɋɊəɤɟɋɋ ɔɗɆɌɊɋɓɎɋ ɗɔɑɋɏ ɕɖɔɎɗɛɔɊɥɘ, 

ɐɔɉɊɆ ɖɆɗɘɈɔɖ ɕɔ ɘɔɏ ɎɑɎ Ɏɓɔɏ ɕɖɎɝɎɓɋ ɗɘɆɓɔ-

ɈɎɘɗɥ ɕɋɖɋɗɡɟɋɓɓɡɒ. ȸɆɐɌɋ ɈɆɌɓɡɒ ɚɆɐɘɔ-

ɖɔɒ, ɈɑɎɥɤɟɎɒ ɓɆ ɕɖɔɜɋɗɗ ɗɔɑɋɔɇɖɆɍɔɈɆɓɎɥ, 

ɥɈɑɥɋɘɗɥ ɐɎɓɋɘɎɐɆ ɖɋɆɐɜɎɎ [18].  

ȴɇɖɆɍɔɈɆɓɎɋ ɗɔɑɋɏ ɕɖɔɎɗɛɔɊɎɘ ɕɔ ɊɈəɒ 

ɒɋɛɆɓɎɍɒɆɒ ɐɖɎɗɘɆɑɑɎɍɆɜɎɎ: ɕɔɈɋɖɛɓɔɗɘɓɡɏ 

Ɏ ɔɇɠɋɒɓɡɏ [19].  

ȷɔɑɋɔɇɖɆɍɔɈɆɓɎɋ ɕɖɋɊɗɘɆɈɑɥɋɘ ɗɔɇɔɏ 

ɐɔɒɇɎɓɆɜɎɤ ɔɇɔɎɛ ɣɘɎɛ ɒɋɛɆɓɎɍɒɔɈ. ȵɔɈɋɖɛ-

ɓɔɗɘɓɆɥ ɐɖɎɗɘɆɑɑɎɍɆɜɎɥ ɕɖɔɎɗɛɔɊɎɘ ɍɆ ɗɝɋɘ 

ɉɋɘɋɖɔɉɋɓɓɡɛ ɒɋɛɆɓɎɍɒɔɈ ɍɆɖɔɊɡɞɋɔɇɖɆɍɔ-

ɈɆɓɎɥ, Ɇ ɔɇɠɋɒɓɆɥ ɐɖɎɗɘɆɑɑɎɍɆɜɎɥ ï ɍɆ ɗɝɋɘ 

ɉɔɒɔɉɋɓɓɡɛ ɒɋɛɆɓɎɍɒɔɈ ɍɆɖɔɊɡɞɋɔɇɖɆɍɔɈɆ-

ɓɎɥ [5].  

ȵɖɎ ɉɔɒɔɉɋɓɓɔɏ ɓəɐɑɋɆɜɎɎ ɖɔɑɢ ɕɔɗɘɔ-

ɖɔɓɓɋɉɔ ɒɆɘɋɖɎɆɑɆ ɔɘɗəɘɗɘɈəɋɘ, Ɏ ɍɆɖɔɊɡɞɋ-

ɔɇɖɆɍɔɈɆɓɎɋ ɕɖɔɎɗɛɔɊɎɘ Ɉ ɔɇɠɋɒɋ ɖɆɗɘɈɔɖɆ Ɉ 

ɌɎɊɐɔɏ ɚɆɍɋ. Ȩ ɣɘɔɒ ɗɑəɝɆɋ ɔɇɖɆɍɔɈɆɈɞɎɋɗɥ 

ɝɆɗɘɎɜɡ ɗɔɑɎ ɒɔɉəɘ ɘɖɆɓɗɕɔɖɘɎɖɔɈɆɘɢɗɥ ɝɋ-

ɖɋɍ ɗɎɗɘɋɒə Ɏ ɓɋ ɔɗɋɊɆɘɢ, ɎɑɎ ɓɆɔɇɔɖɔɘ, ɔɓɎ 

ɒɔɉəɘ ɔɘɐɑɆɊɡɈɆɘɢɗɥ Ɉ ɈɎɊɋ ɔɗɆɊɐɆ ɗ ɔɇɖɆɍɔ-

ɈɆɓɎɋɒ ɗɔɑɋɈɔɉɔ ɗɑɔɥ. ȷ Ɋɖəɉɔɏ ɗɘɔɖɔɓɡ, ɉɋ-

ɘɋɖɔɉɋɓɓɔɋ ɍɆɖɔɊɡɞɋɔɇɖɆɍɔɈɆɓɎɋ ɕɖɔɎɗɛɔ-

ɊɎɘ Ɉ ɕɖɎɗəɘɗɘɈɎɎ ɕɔɗɘɔɖɔɓɓɎɛ ɈɋɟɋɗɘɈ, ɐɔ-

ɘɔɖɡɋ ɊɋɏɗɘɈəɤɘ ɐɆɐ ɕəɗɐɔɈɔɏ ɒɋɛɆɓɎɍɒ Ɋɑɥ 

ɔɘɑɔɌɋɓɎɥ ɔɇɖɆɍɔɈɆɈɞɎɛɗɥ ɗɔɑɋɏ ɓɆ ɘɈɋɖɊɔɏ 

ɕɔɈɋɖɛɓɔɗɘɎ ɔɇɔɖəɊɔɈɆɓɎɥ. ȮɓɔɖɔɊɓɡɒɎ Ɉɋ-

ɟɋɗɘɈɆɒɎ ɒɔɉəɘ ɇɡɘɢ ɈɍɈɋɞɋɓɓɡɋ ɘɈɋɖɊɡɋ 

ɈɋɟɋɗɘɈɆ, ɐɖɎɗɘɆɑɑɡ ɗɔɑɋɏ, ɗɈɆɖɓɡɋ ɞɈɡ, 

ɓɆɕɖɥɌɋɓɓɡɋ ɗɔɋɊɎɓɋɓɎɥ ɒɋɘɆɑɑɔɈ, ɔɝɆɉɎ 

ɐɔɖɖɔɍɎɎ ɓɆ ɕɔɈɋɖɛɓɔɗɘɎ ɒɋɘɆɑɑɆ Ɏ ɘ.Ɋ. [5].  

ȴɊɓɎɒ Ɏɍ ɚɆɐɘɔɖɔɈ, ɔɘɈɋɘɗɘɈɋɓɓɡɛ ɍɆ 

ɔɇɖɆɍɔɈɆɓɎɋ ɗɔɑɋɏ, ɥɈɑɥɋɘɗɥ ɐɔɖɖɔɍɎɥ. Ƀɘɔ 

ɝɆɗɘɔ ɎɉɓɔɖɎɖəɋɘɗɥ, ɓɔ ɚɆɐɘ ɍɆɐɑɤɝɆɋɘɗɥ Ɉ 

ɘɔɒ, ɝɘɔ ɐɔɖɖɔɊɎɖɔɈɆɓɓɡɏ ɒɋɘɆɑɑ ɈɡɊɋɑɥɋɘ 

ɐɆɘɎɔɓɡ Fe
2+

 Ɏ Fe
3+

 Ɉ ɊɔɇɡɈɆɋɒəɤ ɌɎɊɐɔɗɘɢ, 

ɝɘɔ ɕɖɎɈɔɊɎɘ ɐ ɔɇɖɆɍɔɈɆɓɎɤ ɗəɑɢɚɎɊɔɈ Ɍɋ-

ɑɋɍɆ, ɔɐɗɎɊɔɈ ɌɋɑɋɍɆ Ɏ ɔɘɑɔɌɋɓɎɏ ɐɆɖɇɔɓɆɘɆ 

ɌɋɑɋɍɆ. 

ȴɇɖɆɍɔɈɆɓɎɋ ɗɔɑɎ ɒɔɌɋɘ ɇɡɘɢ ɔɕɎɗɆɓɔ 

ɗɑɋɊəɤɟɋɏ ɕɔɗɑɋɊɔɈɆɘɋɑɢɓɔɗɘɢɤ [18].  

 

ȦɉɖɋɉɆɜɎɥ. ȵɔɗɑɋ ɘɔɉɔ ɐɆɐ ɖɆɗɘɈɔɖ Ɋɔɗ-

ɘɎɉɆɋɘ ɕɋɖɋɗɡɟɋɓɎɥ, ɐɆɘɎɔɓɡ Ɏ ɆɓɎɔɓɡ, ɘɆ-

ɐɎɋ ɐɆɐ Ca
2+

 Ɏ CO3
2-

/SO4
2-
, ɗɘɆɑɐɎɈɆɤɘɗɥ ɗ ɔɇ-

ɖɆɍɔɈɆɓɎɋɒ Ɏɔɓɓɡɛ ɕɆɖ. ȪɆɑɋɋ ɔɓɎ ɔɇɖɆɍəɤɘ 

ɒɎɐɖɔɆɉɖɋɉɆɘɡ, ɐɔɘɔɖɡɋ ɊɋɏɗɘɈəɤɘ ɐɆɐ ɓɋ-

ɇɔɑɢɞɎɋ ɜɋɓɘɖɡ ɐɖɎɗɘɆɑɑɎɍɆɜɎɎ ɍɆɖɔɊɡɞɋɏ 

Ɏ ɒɎɐɖɔɥɊɋɖ. 

 

ȭɆɖɔɊɡɞɋɔɇɖɆɍɔɈɆɓɎɋ (ɓəɐɑɋɆɜɎɥ). 

ɃɘɎ ɒɎɐɖɔɆɉɖɋɉɆɘɡ ɊɋɏɗɘɈəɤɘ ɐɆɐ ɜɋɓɘɖɡ ɍɆ-

ɖɔɊɡɞɋɔɇɖɆɍɔɈɆɓɎɥ, ɐɔɘɔɖɡɋ əɝɆɗɘɈəɤɘ Ɉ 

ɚɔɖɒɎɖɔɈɆɓɎɎ ɒɎɐɖɔɐɖɎɗɘɆɑɑɔɈ. ȳəɐɑɋɆɜɎɥ 

ɒɔɌɋɘ ɖɆɍɈɎɈɆɘɢɗɥ ɓɆ ɕɔɈɋɖɛɓɔɗɘɎ Ɏ, Ɉɔɍ-
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ɒɔɌɓɔ, Ɉ ɔɇɠɋɒɋ ɌɎɊɐɔɗɘɎ ɕɖɎ ɔɘɓɔɗɎɘɋɑɢɓɔ 

ɇɔɑɋɋ Ɉɡɗɔɐɔɏ ɗɘɋɕɋɓɎ ɓɆɗɡɟɋɓɎɥ. 

 

ȶɔɗɘ ɐɖɎɗɘɆɑɑɔɈ. ȲɎɐɖɔɐɖɎɗɘɆɑɑɡ, ɔɇ-

ɖɆɍɔɈɆɈɞɎɋɗɥ Ɉ ɖɆɗɘɈɔɖɋ, ɆɉɑɔɒɋɖɎɖəɤɘɗɥ 

Ɏ/ɎɑɎ ɆɇɗɔɖɇɎɖəɤɘɗɥ ɕɔɈɋɖɛɓɔɗɘɢɤ ɘɈɋɖɊɔɉɔ 

ɘɋɑɆ, ɖɆɗɘəɘ Ɉ ɇɔɑɋɋ ɐɖəɕɓɡɋ ɒɎɐɖɔɐɖɎɗɘɆɑ-

ɑɡ Ɏ ɕɖɎ ɊɆɑɢɓɋɏɞɋɒ ɖɔɗɘɋ ɗɑɎɈɆɤɘɗɥ, ɔɇɖɆ-

ɍəɥ ɔɗɆɌɊɆɤɟɎɋɗɥ ɒɎɐɖɔɐɖɎɗɘɆɑɑɡ. 

 

ȦɉɑɔɒɋɖɆɜɎɥ. ȴɇɖɆɍɔɈɆɈɞɎɋɗɥ ɒɎɐɖɔ-

ɐɖɎɗɘɆɑɑɡ ɓɆɝɎɓɆɤɘ ɓɋɕɖɋɖɡɈɓɔ ɖɆɗɘɎ ɍɆ 

ɗɝɋɘ ɊɆɑɢɓɋɏɞɋɏ ɆɊɗɔɖɇɜɎɎ ɊɔɕɔɑɓɎɘɋɑɢɓɡɛ 

ɎɔɓɔɈ Ɉ ɖɆɗɘɈɔɖɋ, Ɏ ɓɆ ɕɔɈɋɖɛɓɔɗɘɎ ɓɆɝɎɓɆɤɘ 

ɔɇɖɆɍɔɈɡɈɆɘɢɗɥ ɐɖɎɗɘɆɑɑɡ ɗɔɑɋɏ. ȵɖɎ ɊɆɑɢ-

ɓɋɏɞɋɒ ɖɔɗɘɋ ɔɓɎ ɐɔɓɈɋɖɘɎɖəɤɘɗɥ Ɉ ɗɔɑɋɈɔɋ 

ɔɘɑɔɌɋɓɎɋ. 

 

4. ȹɊɆɑɋɓɎɋ Ɏ ɕɖɋɊɔɘɈɖɆɟɋɓɎɋ  

ɗɔɑɋɔɘɑɔɌɋɓɎɥ ɓɆ ɓɋɚɘɥɓɡɛ ɒɋɗɘɔɖɔɌɊɋɓɎɥɛ 

 

4.1. ȲɋɘɔɊɡ əɊɆɑɋɓɎɥ ɔɘɑɔɌɋɓɎɏ ɗɔɑɋɏ 

 

ȲɋɘɔɊɡ əɊɆɑɋɓɎɥ ɗɔɑɋɈɡɛ ɔɘɑɔɌɋɓɎɏ 

ɕɖɎɒɋɓɥɤɘɗɥ, ɐɔɉɊɆ ɓɋɔɇɛɔɊɎɒɔ əɊɆɑɎɘɢ ɔɇ-

ɖɆɍɔɈɆɈɞɎɋɗɥ Ɏ ɔɘɑɔɌɎɈɞɎɋɗɥ ɓɆ ɔɇɔɖəɊɔ-

ɈɆɓɎɎ ɗɔɑɎ Ɋɑɥ ɋɉɔ ɐɔɖɖɋɐɘɓɔɉɔ ɚəɓɐɜɎɔɓɎ-

ɖɔɈɆɓɎɥ. ȲɋɘɔɊɡ əɊɆɑɋɓɎɥ ɗɔɑɋɈɡɛ ɔɘɑɔɌɋ-

ɓɎɏ ɒɔɌɓɔ ɖɆɍɊɋɑɎɘɢ ɓɆ ɛɎɒɎɝɋɗɐɎɋ Ɏ ɒɋɛɆ-

ɓɎɝɋɗɐɎɋ. 

 

ȲɋɛɆɓɎɝɋɗɐɎɋ ɒɋɘɔɊɡ əɊɆɑɋɓɎɥ  

ɗɔɑɋɔɘɑɔɌɋɓɎɏ 

 

ȲɋɘɔɊɡ ɒɋɛɆɓɎɝɋɗɐɔɉɔ əɊɆɑɋɓɎɥ ɔɘɑɔ-

ɌɋɓɎɏ ɒɔɉəɘ ɇɡɘɢ ɊɔɗɘɆɘɔɝɓɔ ɈɆɖɎɆɘɎɈɓɡ Ɏ 

ɔɇɡɝɓɔ ɈɐɑɤɝɆɤɘ ɗɘɖəɏɓəɤ ɔɝɎɗɘɐə, ɚɖɋɍɋ-

ɖɔɈɆɓɎɋ Ɏ ɘ.Ɋ. ɃɘɎ ɒɋɘɔɊɡ ɖɆɗɗɒɆɘɖɎɈɆɤɘɗɥ 

ɘɔɑɢɐɔ Ɉ ɘɔɒ ɗɑəɝɆɋ, ɐɔɉɊɆ ɓɎ ɔɊɎɓ ɛɎɒɎɝɋ-

ɗɐɎɏ ɒɋɘɔɊ ɓɋ ɕɔɊɛɔɊɎɘ. ȸɈɋɖɊɡɋ ɗɔɑɋɈɡɋ 

ɔɘɑɔɌɋɓɎɥ, ɐɔɘɔɖɡɋ ɓɋɈɔɍɒɔɌɓɔ əɊɆɑɎɘɢ ɛɎ-

ɒɎɝɋɗɐɎɒ ɒɋɘɔɊɔɒ, ɥɈɑɥɤɘɗɥ ɔɗɓɔɈɓɡɒɎ 

ɐɆɓɊɎɊɆɘɆɒɎ ɓɆ ɣɘɔɘ ɕɔɊɛɔɊ. Ƀɘɔ Ɋɔɖɔɉɔ-

ɗɘɔɥɟɎɏ Ɏ ɒɆɑɔɣɚɚɋɐɘɎɈɓɡɏ ɒɋɘɔɊ, ɕɔ-

ɗɐɔɑɢɐə ɕɔɑɓɔɋ əɊɆɑɋɓɎɋ ɗɔɑɋɏ ɕɖɆɐɘɎɝɋɗɐɎ 

ɓɋɈɔɍɒɔɌɓɔ Ɏ ɊɆɌɋ ɕɔɗɑɋ ɋɉɔ ɕɖɎɒɋɓɋɓɎɥ 

ɝɆɗɘɢ ɗɔɑɋɈɡɛ ɔɘɑɔɌɋɓɎɏ ɓɆ ɔɇɔɖəɊɔɈɆɓɎɎ 

ɗɔɛɖɆɓɥɋɘɗɥ. ȵɔɣɘɔɒə ɛɎɒɎɝɋɗɐɎɋ ɒɋɘɔɊɡ 

əɊɆɑɋɓɎɥ ɗɔɑɋɏ, ɐɆɐ ɕɖɆɈɎɑɔ, ɇɔɑɋɋ ɣɚɚɋɐ-

ɘɎɈɓɡ, ɝɋɒ ɒɋɛɆɓɎɝɋɗɐɎɋ. 

 

ȻɎɒɎɝɋɗɐɎɋ ɒɋɘɔɊɡ əɊɆɑɋɓɎɥ ɗɔɑɋɔɘɑɔɌɋɓɎɏ 

 

ȻɎɒɎɝɋɗɐɎɋ ɒɋɘɔɊɡ ɥɈɑɥɤɘɗɥ ɓɆɎɇɔ-

ɑɋɋ ɘɋɛɓɔɑɔɉɎɝɋɗɐɎ Ɏ ɣɐɔɓɔɒɎɝɋɗɐɎ ɣɚɚɋɐ-

ɘɎɈɓɡɒɎ Ɏ əɗɕɋɞɓɡɒɎ Ɉ ɖɋɞɋɓɎɎ ɕɖɔɇɑɋɒɡ 

ɗɔɑɋɔɘɑɔɌɋɓɎɥ. ȰɔɉɊɆ ɗɔɑɎ ɔɘɐɑɆɊɡɈɆɤɘɗɥ Ɉ 

ɘɖəɊɓɔɊɔɗɘəɕɓɡɛ ɒɋɗɘɆɛ, ɉɊɋ ɒɋɛɆɓɎɝɋɗɐɆɥ 

ɔɇɖɆɇɔɘɐɆ ɓɋɈɔɍɒɔɌɓɆ, ɛɎɒɎɝɋɗɐɎɋ ɗɕɔɗɔɇɡ 

ɔɗɘɆɤɘɗɥ ɋɊɎɓɗɘɈɋɓɓɡɒɎ ɗɕɔɗɔɇɆɒɎ əɊɆɑɋ-

ɓɎɥ ɗɔɑɋɈɡɛ ɔɘɑɔɌɋɓɎɏ. Ȯɗɕɔɑɢɍəɋɘɗɥ ɓɋ-

ɗɐɔɑɢɐɔ ɐɑɆɗɗɔɈ ɛɎɒɎɝɋɗɐɎɛ ɖɋɆɉɋɓɘɔɈ, ɘɆɐɎɛ 

ɐɆɐ ɐɎɗɑɔɘɡ, ɛɋɑɆɘɎɖəɤɟɎɋ Ɇɉɋɓɘɡ Ɏ ɖɆɍɑɎɝ-

ɓɡɋ ɗɒɋɞɆɓɓɡɋ ɐɔɒɇɎɓɆɜɎɎ. 

 

ȰɎɗɑɔɘɓɡɋ ɔɇɖɆɇɔɘɐɎ. ȰɎɗɑɔɘɓɆɥ ɔɇɖɆ-

ɇɔɘɐɆ ɥɈɑɥɋɘɗɥ ɓɆɎɇɔɑɋɋ ɞɎɖɔɐɔ Ɏɗɕɔɑɢɍəɋ-

ɒɡɒ ɒɋɘɔɊɔɒ əɊɆɑɋɓɎɥ ɗɔɑɋɈɡɛ ɔɘɑɔɌɋɓɎɏ. 

ȷɔɑɎ, ɖɆɗɘɈɔɖɎɒɔɗɘɢ ɐɔɘɔɖɡɛ ɍɆɈɎɗɎɘ ɔɘ pH, 

ɥɈɑɥɤɘɗɥ ɑəɝɞɎɒɎ ɐɆɓɊɎɊɆɘɆɒɎ Ɋɑɥ ɣɘɔɉɔ 

ɕɔɊɛɔɊɆ. ȰɆɖɇɔɓɆɘɡ, ɘɆɐɎɋ ɐɆɐ ɐɆɑɢɜɎɘ 

(CaCO3), ɗɎɊɋɖɎɘ (FeCO3), Ɏ ɓɋɐɔɘɔɖɡɋ Ɋɖə-

ɉɎɋ ɔɘɑɔɌɋɓɎɥ, ɘɆɐɎɋ ɐɆɐ ɗəɑɢɚɎɊ ɌɋɑɋɍɆ 

(FeS) Ɏ ɔɐɗɎɊ ɌɋɑɋɍɆ (Fe2O3), ɖɆɗɘɈɔɖɎɒɡ Ɉ 

ɐɎɗɑɔɘɆɛ. Ȩ ɐɆɝɋɗɘɈɋ ɖɆɗɘɈɔɖɎɘɋɑɥ ɐɆɖɇɔɓɆɘ-

ɓɡɛ ɗɔɑɋɏ ɒɔɉəɘ ɎɗɕɔɑɢɍɔɈɆɘɢɗɥ ɔɖɉɆɓɎɝɋ-

ɗɐɎɋ ɐɆɖɇɔɓɔɈɡɋ ɐɎɗɑɔɘɡ (ɓɆɕɖɎɒɋɖ, ɆɐɖɎɑɔ-

ɈɆɥ ɐɎɗɑɔɘɆ (C3H4O2), ɒɆɑɋɎɓɔɈɆɥ ɐɎɗɑɔɘɆ 

(C4H4O4), ɈɎɓɓɆɥ ɐɎɗɑɔɘɆ (C4H6O6), ɥɓɘɆɖɓɆɥ 

ɐɎɗɑɔɘɆ (C4H6O4) Ɏ ɑɎɒɔɓɓɆɥ ɐɎɗɑɔɘɆ 

(C4H8O7)) Ɏ ɓɋɔɖɉɆɓɎɝɋɗɐɎɋ ɐɎɗɑɔɘɡ (ɓɆɕɖɎ-

ɒɋɖ, ɗɔɑɥɓɆɥ ɐɎɗɑɔɘɆ (HCl) ɎɑɎ ɗəɑɢɚɆɒɎɓɔ-

ɈɆɥ ɐɎɗɑɔɘɆ (NH2SO3H)). ȮɗɕɔɑɢɍɔɈɆɓɎɋ ɓɋ-

ɔɖɉɆɓɎɝɋɗɐɎɛ ɐɎɗɑɔɘ ɊɋɞɋɈɑɋ Ɏ ɊɆɋɘ ɑəɝɞɎɏ 

ɖɋɍəɑɢɘɆɘ, ɓɔ ɔɓɎ ɔɝɋɓɢ ɐɔɖɖɔɍɎɔɓɓɔ-

ɆɉɖɋɗɗɎɈɓɡ ɕɔ ɗɈɔɋɏ ɕɖɎɖɔɊɋ. ȴɓɎ əɊɆɑɥɤɘ 

ɗɑɔɏ ɐɆɖɇɔɓɆɘɓɡɛ ɔɘɑɔɌɋɓɎɏ, ɓɔ ɘɆɐɌɋ ɒɔɉəɘ 

ɕɔɈɖɋɌɊɆɘɢ ɒɋɘɆɑɑɎɝɋɗɐəɤ ɕɔɈɋɖɛɓɔɗɘɢ ɔɇɔ-

ɖəɊɔɈɆɓɎɥ. ȷɑɋɊɔɈɆɘɋɑɢɓɔ, ɕɖɎɒɋɓɋɓɎɋ ɘɆ-

ɐɎɛ ɐɎɗɑɔɘ ɈɔɍɒɔɌɓɔ ɘɔɑɢɐɔ Ɉ ɐɔɒɕɑɋɐɗɋ ɗ 

ɕɔɊɛɔɊɥɟɎɒ ɎɓɉɎɇɎɘɔɖɔɒ ɐɔɖɖɔɍɎɎ [20]. 

ȷɔɑɥɓɆɥ ɐɎɗɑɔɘɆ ɖɋɆɉɎɖəɋɘ ɗ ɐɆɖɇɔɓɆ-

ɘɔɒ ɐɆɑɢɜɎɥ ɗ ɔɇɖɆɍɔɈɆɓɎɋɒ ɈɔɊɔɖɆɗɘɈɔɖɎ-

ɒɔɉɔ ɕɖɔɊəɐɘɆ:  

 

2HCl + CaCO3 Ҧ CaCl2 + CO2 + H2O.      (9) 
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ȶɆɗɘɈɔɖɋɓɎɋ ɗ ɕɔɒɔɟɢɤ ɛɋɑɆɘɎɖəɤɟɎɛ 

ɆɉɋɓɘɔɈ. ȻɋɑɆɘɎɖəɤɟɎɋ Ɇɉɋɓɘɡ ï ɣɘɔ ɛɎɒɎɝɋ-

ɗɐɎɋ ɈɋɟɋɗɘɈɆ, ɐɔɘɔɖɡɋ ɔɇɖɆɍəɤɘ ɐɔɒɕɑɋɐɗɡ 

ɗɔ ɗɈɔɇɔɊɓɡɒɎ ɎɔɓɆɒɎ ɒɋɘɆɑɑɔɈ Ɏ ɘɆɐɎɒ ɔɇ-

ɖɆɍɔɒ əɊɆɑɥɤɘ Ɏɍɇɡɘɔɐ ɎɔɓɔɈ ɒɋɘɆɑɑɔɈ, Ɋɔɗ-

ɘəɕɓɡɛ Ɋɑɥ ɖɋɆɐɜɎɎ ɗ ɆɓɎɔɓɆɒɎ. ȵɖɎɒɋɖɆɒɎ 

ɔɇɡɝɓɡɛ ɛɋɑɆɘɎɖəɤɟɎɛ ɆɉɋɓɘɔɈ ɥɈɑɥɤɘɗɥ 

ɣɘɎɑɋɓɊɎɆɒɎɓɘɋɘɖɆəɐɗəɗɓɆɥ ɐɎɗɑɔɘɆ (ɃȪȸȦ), 

ɊɎɣɘɎɑɋɓɘɖɎɆɒɎɓɕɋɓɘɆəɐɗəɗɓɆɥ ɐɎɗɑɔɘɆ 

(ȪȸȵȦ), ɑɎɒɔɓɓɆɥ ɐɎɗɑɔɘɆ Ɏ ɎɓɉɎɇɎɘɔ-

ɖɡ/ɊɎɗɕɋɖɉɆɘɔɖɡ ɓɆ ɔɗɓɔɈɋ ɕɔɑɎɒɋɖɔɈ, ɘɆɐɎɋ 

ɐɆɐ ɕɔɑɎɆɐɖɎɑɔɈɆɥ ɐɎɗɑɔɘɆ ɎɑɎ ɆɐɖɎɑɔɈɆɥ 

ɐɎɗɑɔɘɆ, ɗɔɕɔɑɎɒɋɖɡ ɓɆ ɔɗɓɔɈɋ ɒɆɑɋɎɓɔɈɔɏ 

ɐɎɗɑɔɘɡ [21].  

ȷɘɖəɐɘəɖɡ ɣɘɎɑɋɓɊɎɆɒɎɓɘɋɘɖɆəɐɗəɗɓɔɏ 

ɐɎɗɑɔɘɡ (ɃȪȸȦ) Ɏ ɊɎɣɘɎɑɋɓɘɖɎɆɒɎɓɕɋɓɘɆəɐ-

ɗəɗɓɔɏ ɐɎɗɑɔɘɡ (ȪȸȵȦ) ɕɔɐɆɍɆɓɡ ɓɆ ɖɎɗəɓ-

ɐɋ 3. 

 

 

 
 

 

ȶɎɗəɓɔɐ 3. ȷɘɖəɐɘəɖɡ ɣɘɎɑɋɓɊɎɆɒɎɓɘɋɘɖɆəɐɗəɗɓɔɏ ɐɎɗɑɔɘɡ (ɃȪȸȦ) (ɗɑɋɈɆ)  

Ɏ ɊɎɣɘɎɑɋɓɘɖɎɆɒɎɓɕɋɓɘɆəɐɗəɗɓɔɏ ɐɎɗɑɔɘɡ (ȪȸȵȦ) (ɗɕɖɆɈɆ) 

 

Figure 3. Structures of ethylenediaminetetraacetic acid (EDTA) (left)  

and diethylenetriaminepentaacetic acid (DTPA) (right) 

 

 

 

 

ȻɋɑɆɘɎɖəɤɟɎɋ Ɇɉɋɓɘɡ, ɘɆɐɎɋ ɐɆɐ ɃȪȸȦ 

Ɏ ȪȸȵȦ, ɊɋɏɗɘɈəɤɘ ɕəɘɋɒ ɕɖɋɈɖɆɟɋɓɎɥ ɓɋ-

ɖɆɗɘɈɔɖɎɒɔɉɔ ɗəɑɢɚɆɘɆ ɇɆɖɎɥ ɑɎɇɔ Ɉ ɐɆɖɇɔ-

ɓɆɘ ɇɆɖɎɥ, ɑɎɇɔ Ɉ ɊɖəɉɎɋ ɑɋɉɐɔɖɆɗɘɈɔɖɎɒɡɋ Ɉ 

ɐɎɗɑɔɘɋ ɗɔɋɊɎɓɋɓɎɥ. ȷɘɆɇɎɑɢɓɔɗɘɢ ɐɔɒɕɑɋɐ-

ɗɆ ɎɔɓɔɈ ɒɋɘɆɑɑɔɈ ɐɔɓɘɖɔɑɎɖəɋɘɗɥ ɐɔɓɜɋɓ-

ɘɖɆɜɎɋɏ ɎɔɓɔɈ ɈɔɊɔɖɔɊɆ Ɉ ɔɐɖəɌɆɤɟɋɏ ɗɖɋ-

Ɋɋ, ɘɔ ɋɗɘɢ pH.  

ɃɚɚɋɐɘɎɈɓɔɗɘɢ ɛɋɑɆɘɎɖəɤɟɎɛ ɆɉɋɓɘɔɈ 

əɈɋɑɎɝɎɈɆɋɘɗɥ ɍɆ ɗɝɋɘ ɊɋɕɖɔɘɔɓɎɖɔɈɆɓɎɥ. 

Ƀɘɔɉɔ ɒɔɌɓɔ ɊɔɗɘɎɝɢ ɕəɘɋɒ ɕɔɈɡɞɋɓɎɥ pH 

ɖɆɗɘɈɔɖɆ, ɝɘɔ ɔɇɡɝɓɔ ɊɋɑɆɋɘɗɥ ɗ ɕɔɒɔɟɢɤ 

ɖɆɗɘɈɔɖɋɓɎɥ ɉɎɊɖɔɐɗɎɊɔɒ ɓɆɘɖɎɥ.  

ȹɊɆɑɋɓɎɋ ɗɔɑɋɈɡɛ ɔɘɑɔɌɋɓɎɏ ï ɈɆɌɓɆɥ 

ɔɕɋɖɆɜɎɥ əɕɖɆɈɑɋɓɎɥ ɗɔɑɋɔɇɖɆɍɔɈɆɓɎɋɒ. 

ȴɊɓɆɐɔ ɓɋɊɔɗɘɆɘɔɐ ɣɘɔɉɔ ɒɋɘɔɊɆ ɍɆɐɑɤɝɆɋɘɗɥ 

Ɉ ɘɔɒ, ɝɘɔ ɕɔɑɓɆɥ ɔɝɎɗɘɐɆ ɔɇɔɖəɊɔɈɆɓɎɥ, Ɇ 

ɗɑɋɊɔɈɆɘɋɑɢɓɔ, Ɏ ɕɔɑɓɔɋ ɈɔɗɗɘɆɓɔɈɑɋɓɎɋ Ɏɗ-

ɘɎɓɓɔɉɔ ɕɔɘɋɓɜɎɆɑɆ ɊɔɇɡɝɎ ɕɔɝɘɎ ɓɎɐɔɉɊɆ ɓɋ 

ɊɔɗɘɎɉɆɤɘɗɥ. ȸɆɐɌɋ ɣɘɔɘ ɕɖɔɜɋɗɗ ɔɝɋɓɢ Ɋɔɖɔ-

ɉɔɗɘɔɥɟɎɏ. Ȱɖɔɒɋ ɘɔɉɔ, ɊɆɌɋ ɕɔɗɑɋ ɔɇɖɆɇɔɘ-

ɐɎ Ɏɍ-ɍɆ ɓɋɕɔɑɓɔɉɔ əɊɆɑɋɓɎɥ ɗɔ Ɉɖɋɒɋɓɋɒ ɗɔ-

ɑɋɈɡɋ ɔɘɑɔɌɋɓɎɥ ɗɓɔɈɆ ɓɆɝɎɓɆɤɘ ɔɇɖɆɍɔɈɡ-

ɈɆɘɢɗɥ. ȷɑɋɊɔɈɆɘɋɑɢɓɔ, ɇɔɑɋɋ ɣɚɚɋɐɘɎɈɓɔɏ 

ɕɖɆɐɘɎɐɔɏ ɥɈɑɥɋɘɗɥ ɕɖɋɊɔɘɈɖɆɟɋɓɎɋ ɔɇɖɆɍɔ-

ɈɆɓɎɥ Ɏ ɔɗɆɌɊɋɓɎɥ ɗɔɑɋɏ.  

 

4.2. ȲɋɘɔɊɡ ɕɖɋɊɔɘɈɖɆɟɋɓɎɥ ɔɘɑɔɌɋɓɎɥ  

ɗɔɑɋɏ 

 

ȵɖɋɊɔɘɈɖɆɟɋɓɎɋ ɔɇɖɆɍɔɈɆɓɎɥ ɗɔɑɋɈɡɛ 

ɔɘɑɔɌɋɓɎɏ ï ɣɘɔ ɖɆɍɑɎɝɓɡɋ ɒɋɘɔɊɡ, ɕɖɎɒɋ-

ɓɥɋɒɡɋ Ɋɑɥ ɕɖɋɊəɕɖɋɌɊɋɓɎɥ ɔɇɖɆɍɔɈɆɓɎɥ 

ɗɔɑɋɏ. ȳɆɎɇɔɑɋɋ ɘɋɛɓɔɑɔɉɎɝɋɗɐɎ Ɏ ɣɐɔɓɔɒɎ-

ɝɋɗɐɎ ɣɚɚɋɐɘɎɈɓɡɒ ɒɋɘɔɊɔɒ ɕɖɋɊɔɘɈɖɆɟɋ-

ɓɎɥ ɔɇɖɆɍɔɈɆɓɎɥ ɗɔɑɋɈɡɛ ɔɘɑɔɌɋɓɎɏ ɥɈɑɥɋɘ-
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ɗɥ ɕɖɎɒɋɓɋɓɎɋ ɎɓɉɎɇɎɘɔɖɔɈ. ȴɓɎ ɊɋɏɗɘɈəɤɘ 

ɐɆɐ ɓɋɐɎɏ ɇɆɖɢɋɖ Ɋɑɥ ɔɇɖɆɍɔɈɆɓɎɥ ɗɔɑɋɏ, ɓɆ-

ɖəɞɆɥ ɒɋɛɆɓɎɍɒ Ɏɛ ɔɇɖɆɍɔɈɆɓɎɥ. ȮɓɉɎɇɎɘɔɖɡ 

Ɏɗɕɔɑɢɍəɤɘ ɗ ɜɋɑɢɤ ɕɖɋɊɔɘɈɖɆɟɋɓɎɥ ɔɇɖɆɍɔ-

ɈɆɓɎɥ ɗɔɑɋɏ. ȵɔɗɐɔɑɢɐə ɔɘɑɔɌɋɓɎɥ ɒɔɉəɘ ɓɆ-

ɝɎɓɆɘɢ ɔɇɖɆɍɔɈɡɈɆɘɢɗɥ Ɉ ɕɑɆɗɘɋ, Ɋɑɥ ɕɖɋɊɔɘ-

ɈɖɆɟɋɓɎɥ ɔɇɖɆɍɔɈɆɓɎɥ ɔɘɑɔɌɋɓɎɏ ɓɋɔɇɛɔɊɎ-

ɒɔ ɖɆɍɒɋɗɘɎɘɢ ɎɓɉɎɇɎɘɔɖ Ɉ ɕɖɎɍɆɇɔɏɓɔɏ ɍɔɓɋ 

ɕɑɆɗɘɆ. Ƀɘɔɉɔ ɒɔɌɓɔ ɊɔɗɘɎɝɢ ɖɆɍɑɎɝɓɡɒɎ 

ɒɋɘɔɊɆɒɎ, ɓɆɎɇɔɑɋɋ ɖɆɗɕɖɔɗɘɖɆɓɋɓɓɡɏ Ɏ 

ɣɚɚɋɐɘɎɈɓɡɏ Ɏɍ ɓɎɛ ï ɍɆɊɆɈɐɆ ɎɓɉɎɇɎɘɔɖɆ 

ɗɔɑɋɔɘɑɔɌɋɓɎɏ Ɉ ɕɑɆɗɘ ɕɔɊ ɊɆɈɑɋɓɎɋɒ 

(squeeze). 

 

ȮɓɉɎɇɎɘɔɖɡ ɗɔɑɋɔɘɑɔɌɋɓɎɏ 

 

ȮɓɉɎɇɎɘɔɖɡ ɗɔɑɋɔɘɑɔɌɋɓɎɏ ï ɣɘɔ ɛɎɒɎ-

ɝɋɗɐɎɋ ɈɋɟɋɗɘɈɆ, ɐɔɘɔɖɡɋ ɕɖɋɊɔɘɈɖɆɟɆɤɘ 

ɔɇɖɆɍɔɈɆɓɎɋ ɓɋɔɖɉɆɓɎɝɋɗɐɎɛ ɗɔɑɋɏ, Ɏɛ ɔɗɆɌ-

ɊɋɓɎɋ Ɏ ɔɘɑɔɌɋɓɎɋ ɓɆ ɕɔɈɋɖɛɓɔɗɘɥɛ ɔɇɔɖəɊɔ-

ɈɆɓɎɥ. ȳɆ ɣɚɚɋɐɘɎɈɓɔɗɘɢ ɎɓɉɎɇɎɘɔɖɔɈ ɗɔɑɋ-

ɔɘɑɔɌɋɓɎɏ ɈɑɎɥɤɘ ɓɋɗɐɔɑɢɐɔ ɚɆɐɘɔɖɔɈ, Ɉ ɘɔɒ 

ɝɎɗɑɋ pH, ɘɋɒɕɋɖɆɘəɖɆ, ɕɖɎɗəɘɗɘɈɎɋ ɊɈəɛɈɆ-

ɑɋɓɘɓɡɛ ɐɆɘɎɔɓɔɈ Ɏ ɊɖəɉɎɛ ɓɋɚɘɋɕɖɔɒɡɗɑɔ-

Ɉɡɛ ɖɋɆɉɋɓɘɔɈ, ɘɆɐɎɛ ɐɆɐ ɎɓɉɎɇɎɘɔɖɡ ɐɔɖɖɔ-

ɍɎɎ, Ɉ ɕɔɕəɘɓɔ ɊɔɇɡɈɆɋɒɡɛ ɈɔɊɆɛ. ȵɔɖɔɉɔɈɡɏ 

əɖɔɈɋɓɢ ɎɓɉɎɇɎɘɔɖɆ ɗɔɑɋɔɘɑɔɌɋɓɎɏ Ɋɑɥ ɔɕ-

ɖɋɊɋɑɋɓɓɔɉɔ əɖɔɈɓɥ ɣɚɚɋɐɘɎɈɓɔɗɘɎ ɎɓɉɎɇɎ-

ɖɔɈɆɓɎɥ ɓɆɍɡɈɆɋɘɗɥ ɒɎɓɎɒɆɑɢɓɔɏ ɐɔɓɜɋɓ-

ɘɖɆɜɎɋɏ ɎɓɉɎɇɎɘɔɖɆ.  

ȨɡɊɋɑɥɤɘ ɊɈɆ ɔɗɓɔɈɓɡɛ ɒɋɛɆɓɎɍɒɆ 

ɊɋɏɗɘɈɎɥ ɎɓɉɎɇɎɘɔɖɔɈ ɗɔɑɋɔɘɑɔɌɋɓɎɥ: ɐɎɓɋ-

ɘɎɝɋɗɐɔɋ Ɏ ɘɋɖɒɔɊɎɓɆɒɎɝɋɗɐɔɋ ɎɓɉɎɇɎɖɔɈɆ-

ɓɎɋ.  

 

ȰɎɓɋɘɎɝɋɗɐɔɋ ɎɓɉɎɇɎɖɔɈɆɓɎɋ. ȰɎɓɋɘɎ-

ɝɋɗɐɔɋ ɎɓɉɎɇɎɖɔɈɆɓɎɋ ɕɖɔɎɗɛɔɊɎɘ ɍɆ ɗɝɋɘ ɆɊ-

ɗɔɖɇɜɎɎ ɎɓɉɎɇɎɘɔɖɔɈ ɓɆ ɕɔɈɋɖɛɓɔɗɘɎ ɐɖɎ-

ɗɘɆɑɑɆ, ɕɖɋɊɔɘɈɖɆɟɆɥ ɋɉɔ ɊɆɑɢɓɋɏɞɎɏ ɖɔɗɘ. 

ȰɎɓɋɘɎɝɋɗɐɎɋ ɎɓɉɎɇɎɘɔɖɡ ɘɆɐɌɋ ɎɍɈɋɗɘɓɡ ɐɆɐ 

ɕɔɖɔɉɔɈɡɋ ɎɓɉɎɇɎɘɔɖɡ Ɏ ɔɇɡɝɓɔ ɕɖɋɊɕɔɝɘɎ-

ɘɋɑɢɓɋɋ ɘɋɖɒɔɊɎɓɆɒɎɝɋɗɐɎɛ ɎɓɉɎɇɎɘɔɖɔɈ, 

ɕɔɗɐɔɑɢɐə ɓɋɇɔɑɢɞɔɉɔ ɐɔɑɎɝɋɗɘɈɆ ɐɎɓɋɘɎɝɋ-

ɗɐɔɉɔ ɎɓɉɎɇɎɘɔɖɆ ɊɔɗɘɆɘɔɝɓɔ, ɝɘɔɇɡ ɍɆɇɑɔɐɎ-

ɖɔɈɆɘɢ ɒɋɗɘɔ ɖɔɗɘɆ ɐɖɎɗɘɆɑɑɔɈ. ȲɔɌɓɔ ɈɡɊɋ-

ɑɎɘɢ ɊɈɆ ɔɗɓɔɈɓɡɛ ɒɋɛɆɓɎɍɒɆ ɊɆɓɓɔɉɔ ɕɖɔ-

ɜɋɗɗɆ: ɎɓɉɎɇɎɖɔɈɆɓɎɋ ɍɆɖɔɊɡɞɋɔɇɖɆɍɔɈɆɓɎɥ 

Ɏ ɎɓɉɎɇɎɖɔɈɆɓɎɋ ɖɔɗɘɆ ɐɖɎɗɘɆɑɑɔɈ. 

ȮɓɉɎɇɎɖɔɈɆɓɎɋ ɍɆɖɔɊɡɞɋɔɇɖɆɍɔɈɆɓɎɥ 

ɈɡɍɡɈɆɋɘ ɕɔɊɆɈɑɋɓɎɋ ɊɆɓɓɔɉɔ ɕɖɔɜɋɗɗɆ Ɉ ɖɋ-

ɍəɑɢɘɆɘɋ ɈɒɋɞɆɘɋɑɢɗɘɈɆ Ɉ ɚɔɖɒɎɖɔɈɆɓɎɋ 

ɗɘɆɇɎɑɢɓɡɛ ɍɆɖɔɊɡɞɋɏ. ȵɖɎ ɉɔɒɔɉɋɓɓɔɏ ɐɖɎ-

ɗɘɆɑɑɎɍɆɜɎɎ ɣɘɔ ɈɒɋɞɆɘɋɑɢɗɘɈɔ ɈɑɎɥɋɘ ɓɆ 

ɘɋɖɒɔɊɎɓɆɒɎɝɋɗɐəɤ ɗɘɆɇɎɑɢɓɔɗɘɢ ɖɆɗɘəɟɎɛ 

ɍɆɖɔɊɡɞɋɏ ɐɖɎɗɘɆɑɑɎɍɆɜɎɎ. ȴɇɡɝɓɔ ɣɘɔɘ ɒɋ-

ɛɆɓɎɍɒ ɊɋɒɔɓɗɘɖɎɖəɋɘɗɥ ɓɋɇɔɑɢɞɎɒɎ ɕɔɑɎ-

ɒɋɖɓɡɒɎ ɒɔɑɋɐəɑɆɒɎ, ɘɆɐɎɒɎ ɐɆɐ ɕɔɑɎɈɎ-

ɓɎɑɗəɑɢɚɔɓɆɘ Ɏ ɗəɑɢɚɎɖɔɈɆɓɓɆɥ ɕɔɑɎɒɆɑɋɎ-

ɓɔɈɆɥ ɐɎɗɑɔɘɆ. ɃɚɚɋɐɘɎɈɓɔɗɘɢ ɎɓɉɎɇɎɖɔɈɆ-

ɓɎɥ ɘɆɐɎɛ ɗɔɋɊɎɓɋɓɎɏ Ɏɒɋɋɘ ɘɋɓɊɋɓɜɎɤ 

əɑəɝɞɆɘɢɗɥ Ɉ ɓɎɍɐɔɒ ɊɎɆɕɆɍɔɓɋ pH Ɏ ɘɋɒɕɋ-

ɖɆɘəɖɡ (ɈɡɗɔɐɆɥ ɗɘɋɕɋɓɢ ɓɆɗɡɟɋɓɎɥ) ɕɔ 

ɗɖɆɈɓɋɓɎɤ ɗ ɘɋɒɎ ɎɓɉɎɇɎɘɔɖɆɒɎ, ɐɔɘɔɖɡɋ ɖɆ-

ɇɔɘɆɤɘ ɕɔ ɒɋɛɆɓɎɍɒə ɇɑɔɐɎɖɔɈɆɓɎɥ ɖɔɗɘɆ 

ɐɖɎɗɘɆɑɑɔɈ. ȴɇɡɝɓɡɒ ɎɓɉɎɇɎɘɔɖɔɒ ɔɘɑɔɌɋ-

ɓɎɏ, ɊɋɏɗɘɈəɤɟɎɒ ɕɔ ɣɘɔɒə ɒɋɛɆɓɎɍɒə, ɥɈɑɥ-

ɋɘɗɥ ɚɔɗɚɎɓɔɕɔɑɎɐɆɖɇɔɓɔɈɆɥ ɐɎɗɑɔɘɆ. Ȯɗ-

ɗɑɋɊɔɈɆɓɎɥ ɣɘɔɉɔ ɒɋɛɆɓɎɍɒɆ ɕɔɐɆɍɡɈɆɤɘ, ɝɘɔ 

ɎɓɉɎɇɎɘɔɖɡ ɍɆɖɔɊɡɞɋɔɇɖɆɍɔɈɆɓɎɥ ɊɋɏɗɘɈəɤɘ 

ɕəɘɋɒ ɒɔɊɎɚɎɐɆɜɎɎ ɐɖɎɗɘɆɑɑɎɝɋɗɐɔɏ ɗɘɖəɐ-

ɘəɖɡ ɗɔɑɎ ɘɆɐɎɒ ɔɇɖɆɍɔɒ, ɝɘɔ ɐɖɎɗɘɆɑɑ ɘɋɖ-

ɒɔɊɎɓɆɒɎɝɋɗɐɎ ɗɘɖɋɒɎɘɗɥ ɐ ɕɔɈɘɔɖɓɔɒə ɖɆɗ-

ɘɈɔɖɋɓɎɤ, Ɇ ɓɋ ɐ ɚɆɍɋ ɖɔɗɘɆ. Ȩ ɕɖɔɜɋɗɗɋ ɍɆ-

ɖɔɊɡɞɋɔɇɖɆɍɔɈɆɓɎɥ ɐɖɎɗɘɆɑɑ, ɝɘɔɇɡ ɗɘɆɘɢ 

ɗɘɆɇɎɑɢɓɡɒ, ɊɔɑɌɋɓ ɕɖɋɈɡɞɆɘɢ ɐɖɎɘɎɝɋɗɐɔɋ 

ɗɔɔɘɓɔɞɋɓɎɋ ɕɑɔɟɆɊɎ ɕɔɈɋɖɛɓɔɗɘɎ ɐ ɔɇɠɋɒə. 

ȮɓɉɎɇɎɘɔɖɡ ɍɆɖɔɊɡɞɋɔɇɖɆɍɔɈɆɓɎɥ Ɏɍɒɋɓɥɤɘ 

ɚɔɖɒə ɕɖɔɘɔɐɖɎɗɘɆɑɑɆ ɘɆɐɎɒ ɔɇɖɆɍɔɒ, ɝɘɔ 

ɔɘɓɔɞɋɓɎɋ ɕɑɔɟɆɊɎ ɕɔɈɋɖɛɓɔɗɘɎ ɐ ɔɇɠɋɒə 

əɈɋɑɎɝɎɈɆɋɘɗɥ, ɘɋɒ ɗɆɒɡɒ ɣɚɚɋɐɘɎɈɓɔ ɗɔɍ-

ɊɆɈɆɥ ɊɔɕɔɑɓɎɘɋɑɢɓɡɏ ɣɓɋɖɉɋɘɎɝɋɗɐɎɏ ɇɆɖɢ-

ɋɖ Ɋɑɥ ɗəɟɋɗɘɈɔɈɆɓɎɥ Ɏ ɖɔɗɘɆ ɐɖɎɗɘɆɑɑɆ [22].  

ȮɓɉɎɇɎɖɔɈɆɓɎɋ ɖɔɗɘɆ ɐɖɎɗɘɆɑɑɔɈ. Ȳɋ-

ɛɆɓɎɍɒ ɍɆɒɋɊɑɋɓɎɥ ɖɔɗɘɆ ɐɖɎɗɘɆɑɑɔɈ Ɏɒɋɋɘ 

ɘɋɓɊɋɓɜɎɤ ɕɖɋɕɥɘɗɘɈɔɈɆɘɢ ɖɔɗɘə ɐɖɎɗɘɆɑɑɔɈ 

ɗɔɑɋɏ. Ȩ ɣɘɔɒ ɗɑəɝɆɋ ɒɔɑɋɐəɑɡ ɎɓɉɎɇɎɘɔɖɆ 

ɆɊɗɔɖɇɎɖəɤɘɗɥ Ɉ ɒɋɗɘɋ ɆɐɘɎɈɓɔɉɔ ɖɔɗɘɆ ɗə-

ɟɋɗɘɈəɤɟɋɉɔ ɐɖɎɗɘɆɑɑɆ ɗɔɑɎ, ɝɘɔ ɕɖɎɈɔɊɎɘ ɐ 

ɇɑɔɐɎɖɔɈɐɋ Ɏ ɕɖɋɊɔɘɈɖɆɟɋɓɎɤ ɊɆɑɢɓɋɏɞɋɉɔ 

ɖɔɗɘɆ. ȴɊɓɆɐɔ ɘɆɐɎɋ ɎɓɉɎɇɎɘɔɖɡ ɓɋ ɔɗɘɆɓɆɈ-

ɑɎɈɆɤɘ ɈɡɕɆɊɋɓɎɋ ɔɗɆɊɐɆ, ɔɓɎ ɈɡɍɡɈɆɤɘ ɋɉɔ 

ɍɆɒɋɊɑɋɓɎɋ, əɈɋɑɎɝɎɈɆɥ Ɉɖɋɒɥ ɎɓɊəɐɜɎɎ [23]. 

ȴɇɡɝɓɔ ɎɓɉɎɇɎɘɔɖɆɒɎ ɔɘɑɔɌɋɓɎɏ, ɐɔɘɔɖɡɋ 

ɊɋɒɔɓɗɘɖɎɖəɤɘ ɣɘɔɘ ɘɎɕ ɒɋɛɆɓɎɍɒɆ, ɥɈɑɥɤɘɗɥ 

ɓɋɇɔɑɢɞɎɋ ɚɔɗɚɔɓɆɘɓɡɋ ɉɖəɕɕɡ, ɘɆɐɎɋ ɐɆɐ 

ɊɎɣɘɎɑɋɓɘɖɎɆɒɎɓ ɕɋɓɘɆ-(ɒɋɘɎɑɚɔɗɚɔɖɓɆɥ 
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ɐɎɗɑɔɘɆ). ɃɘɎ ɎɓɉɎɇɎɘɔɖɡ ɒɔɉəɘ ɖɆɇɔɘɆɘɢ Ɉ 

ɞɎɖɔɐɔɒ ɊɎɆɕɆɍɔɓɋ pH Ɏ ɘɋɒɕɋɖɆɘəɖɡ. ȵɔɐɆ-

ɍɡɈɆɤɘ ɛɔɖɔɞəɤ ɣɚɚɋɐɘɎɈɓɔɗɘɢ ɎɓɉɎɇɎɖɔɈɆ-

ɓɎɥ Ɉ əɗɑɔɈɎɥɛ ɗɘɆɘɎɝɋɗɐɎɛ ɘɋɗɘɔɈ, Ɇ ɘɆɐɌɋ 

ɕɖɎ ɇɔɑɋɋ ɈɡɗɔɐɎɛ pH Ɏ ɘɋɒɕɋɖɆɘəɖɋ Ɏ ɕɖɎ 

ɓɎɍɐɔɒ ɕɋɖɋɗɡɟɋɓɎɎ. ȳɆ ɣɚɚɋɐɘɎɈɓɔɗɘɢ 

ɘɆɐɌɋ ɈɑɎɥɋɘ ɓɆɑɎɝɎɋ ɊɈəɛɈɆɑɋɓɘɓɡɛ ɐɆɘɎɔ-

ɓɔɈ (Ca
2+

, Mg
2+

). 

ȸɋɖɒɔɊɎɓɆɒɎɝɋɗɐɔɋ ɎɓɉɎɇɎɖɔɈɆɓɎɋ. 

Ƀɘɔɘ ɘɎɕ ɎɓɉɎɇɎɖɔɈɆɓɎɥ ɖɆɇɔɘɆɋɘ ɍɆ ɗɝɋɘ 

əɒɋɓɢɞɋɓɎɥ ɕɋɖɋɗɡɟɋɓɎɥ ɖɆɗɘɈɔɖɆ. Ƀɘɔ Ɋɔɗ-

ɘɎɉɆɋɘɗɥ ɍɆ ɗɝɋɘ ɗɓɎɌɋɓɎɥ Ɏɔɓɓɔɏ ɆɐɘɎɈɓɔ-

ɗɘɎ, ɑɎɇɔ ɍɆ ɗɝɋɘ ɕɔɊɐɎɗɑɋɓɎɥ ɖɆɗɘɈɔɖɆ (ɗɓɎ-

ɌɋɓɎɥ pH), ɑɎɇɔ ɍɆ ɗɝɋɘ ɊɔɇɆɈɑɋɓɎɥ ɛɋɑɆɘɎ-

ɖəɤɟɎɛ ɆɉɋɓɘɔɈ, ɐɔɘɔɖɡɋ ɗɈɥɍɡɈɆɤɘ ɐɆɘɎɔɓɡ 

Ɏ ɕɖɋɊɔɘɈɖɆɟɆɤɘ ɋɉɔ ɖɋɆɐɜɎɤ ɗ ɆɓɎɔɓɆɒɎ, 

ɕɖɎɗəɘɗɘɈəɤɟɎɒɎ Ɉ ɖɆɗɘɈɔɖɋ.  

Ȫɑɥ ɑɆɇɔɖɆɘɔɖɓɔɉɔ ɔɕɖɋɊɋɑɋɓɎɥ ɣɚ-

ɚɋɐɘɎɈɓɔɗɘɎ ɎɓɉɎɇɎɘɔɖɔɈ ɗɔɑɋɔɘɑɔɌɋɓɎɥ Ɉ 

ɓɋɚɘɋɉɆɍɔɈɔɏ ɔɘɖɆɗɑɎ ɞɎɖɔɐɔ Ɏɗɕɔɑɢɍəɤɘɗɥ 

ɊɈɆ ɒɋɘɔɊɆ ï ɗɘɆɘɎɝɋɗɐɔɋ Ɏ ɊɎɓɆɒɎɝɋɗɐɔɋ 

ɘɋɗɘɎɖɔɈɆɓɎɋ. ȷɘɆɘɎɝɋɗɐɔɋ ɘɋɗɘɎɖɔɈɆɓɎɋ ɕɔ-

ɍɈɔɑɥɋɘ ɔɜɋɓɎɘɢ ɣɚɚɋɐɘɎɈɓɔɗɘɢ ɎɓɉɎɇɎɘɔɖɔɈ 

Ɉ ɕɖɋɊɔɘɈɖɆɟɋɓɎɎ ɗɔɑɋɈɡɛ ɔɘɑɔɌɋɓɎɥ Ɉ ɔɇɠ-

ɋɒɓɔɏ ɚɆɍɋ. Ƀɘɔ ɓɆɎɇɔɑɋɋ ɞɎɖɔɐɔ Ɏɗɕɔɑɢ-

ɍəɋɒɡɏ ɒɋɘɔɊ ɎɗɕɡɘɆɓɎɏ Ɏɍ-ɍɆ ɓɎɍɐɔɏ ɗɘɔɎ-

ɒɔɗɘɎ Ɏ ɇɡɗɘɖɔɉɔ ɎɍɒɋɖɋɓɎɥ ɣɚɚɋɐɘɎɈɓɔɗɘɎ 

ɎɓɉɎɇɎɘɔɖɆ ɕɔ ɐɔɓɘɖɔɑɤ ɔɘɑɔɌɋɓɎɏ Ɉ ɔɇɠɋɒ-

ɓɔɏ ɚɆɍɋ. ȷ Ɋɖəɉɔɏ ɗɘɔɖɔɓɡ, ɊɎɓɆɒɎɝɋɗɐɎɏ 

ɘɋɗɘ (ɎɑɎ ɘɋɗɘ ɓɆ ɊɎɓɆɒɎɝɋɗɐəɤ ɇɑɔɐɎɖɔɈɐə 

ɐɆɕɎɑɑɥɖɆ, dynamic scale loop testing) ɔɜɋɓɎ-

ɈɆɋɘ ɣɚɚɋɐɘɎɈɓɔɗɘɢ ɎɓɉɎɇɎɘɔɖɔɈ Ɉ ɕɖɋɊɔɘ-

ɈɖɆɟɋɓɎɎ ɔɇɖɆɍɔɈɆɓɎɥ ɔɘɑɔɌɋɓɎɏ Ɉ əɗɑɔɈɎɥɛ 

ɘɋɝɋɓɎɥ ɘɋɗɘɎɖəɋɒɡɛ ɚɑɤɎɊɔɈ ɕɔ ɐɆɕɎɑɑɥɖə. 

ɃɚɚɋɐɘɎɈɓɔɗɘɢ ɎɓɉɎɇɎɘɔɖɆ ɒɔɌɓɔ ɖɆɗɗɝɎ-

ɘɆɘɢ ɐɆɐ ɔɘɓɔɞɋɓɎɋ ɈɖɋɒɋɓɎ, ɓɋɔɇɛɔɊɎɒɔɉɔ 

Ɋɑɥ ɇɑɔɐɎɖɔɈɐɎ ɐɆɕɎɑɑɥɖɆ Ɉ ɕɖɎɗəɘɗɘɈɎɎ Ɏɓ-

ɉɎɇɎɘɔɖɆ, Ɏ ɈɖɋɒɋɓɎ, ɓɋɔɇɛɔɊɎɒɔɉɔ Ɋɑɥ ɇɑɔ-

ɐɎɖɔɈɐɎ ɐɆɕɎɑɑɥɖɆ Ɉ ɔɘɗəɘɗɘɈɎɎ ɎɓɉɎɇɎɘɔɖɆ 

[24, 25]. 

ȮɓɉɎɇɎɘɔɖ ɗɔɑɋɔɘɑɔɌɋɓɎɥ ɊɔɑɌɋɓ ɖɆ-

ɇɔɘɆɘɢ ɗɘɆɇɎɑɢɓɔ Ɉ ɘɋɝɋɓɎɋ ɊɑɎɘɋɑɢɓɔɉɔ 

ɈɖɋɒɋɓɎ. ȳɆɎɇɔɑɋɋ ɝɆɗɘɔ Ɏɗɕɔɑɢɍəɋɒɡɏ ɒɋ-

ɘɔɊ ɖɆɍɒɋɟɋɓɎɥ ɎɓɉɎɇɎɘɔɖɆ Ɉ ɕɖɎɍɆɇɔɏɓɔɏ 

ɍɔɓɋ ɕɑɆɗɘɆ ï ɣɘɔ ɍɆɊɆɈɐɆ ɎɓɉɎɇɎɘɔɖɆ Ɉ ɕɑɆɗɘ 

ɕɔɊ ɊɆɈɑɋɓɎɋɒ (squeeze). Ƀɘɔ ɊɔɖɔɉɔɗɘɔɥɟɎɏ 

ɕɖɔɜɋɗɗ, ɕɔɣɘɔɒə ɗɔɛɖɆɓɋɓɎɋ ɐɔɓɜɋɓɘɖɆɜɎɎ 

ɎɓɉɎɇɎɘɔɖɆ Ɉ ɕɔɕəɘɓɔ ɊɔɇɡɈɆɋɒɔɏ ɈɔɊɋ Ɉɡɞɋ 

ɒɎɓɎɒɆɑɢɓɔ ɣɚɚɋɐɘɎɈɓɔɏ Ɉ ɘɋɝɋɓɎɋ ɒɆɐɗɎ-

ɒɆɑɢɓɔ ɈɔɍɒɔɌɓɔɉɔ ɈɖɋɒɋɓɎ ï ɣɘɔ ɔɊɎɓ Ɏɍ 

ɐɑɤɝɋɈɡɛ ɚɆɐɘɔɖɔɈ əɗɕɋɞɓɔɗɘɎ ɊɆɓɓɔɏ ɘɋɛ-

ɓɔɑɔɉɎɎ. ȮɓɉɎɇɎɘɔɖɡ ɗɔɑɋɔɘɑɔɌɋɓɎɏ ɔɇɡɝɓɔ 

ɘɖɋɇəɤɘɗɥ Ɉ ɐɔɑɎɝɋɗɘɈɋ ɔɘ ɓɋɗɐɔɑɢɐɎɛ ppm 

(ɒɉ/ɑ) Ɉ ɊɔɇɡɈɆɋɒɔɏ ɌɎɊɐɔɗɘɎ Ɋɑɥ əɗɕɋɞɓɔɏ 

ɖɆɇɔɘɡ. ȱɤɇɔɏ ɇɔɑɋɋ ɈɡɗɔɐɎɏ əɖɔɈɋɓɢ ɊɔɍɎ-

ɖɔɈɐɎ ɓɋ ɇəɊɋɘ ɕɔɈɡɞɆɘɢ ɣɚɚɋɐɘɎɈɓɔɗɘɢ, Ɇ 

ɕɖɎɈɋɊɋɘ ɘɔɑɢɐɔ ɐ ɕɋɖɋɖɆɗɛɔɊə ɎɓɉɎɇɎɘɔɖɆ. 

ȮɓɉɎɇɎɘɔɖɡ ɗɔɑɋɔɘɑɔɌɋɓɎɏ ɊɔɑɌɓɡ ɇɡɘɢ ɛɎ-

ɒɎɝɋɗɐɎ ɆɐɘɎɈɓɡɒɎ, ɓɔ ɕɖɎ ɣɘɔɒ ɗɔɈɒɋɗɘɎ-

ɒɡɒɎ ɗ ɕɑɆɗɘɔɈɡɒɎ əɗɑɔɈɎɥɒɎ. ȸɆɐɎɒ ɔɇɖɆ-

ɍɔɒ, ɕɑɆɗɘɔɈɆɥ ɘɋɒɕɋɖɆɘəɖɆ, ɊɆɈɑɋɓɎɋ, ɒɎ-

ɓɋɖɆɑɎɍɆɜɎɥ Ɏ Ɏɔɓɓɡɏ ɗɔɗɘɆɈ ɕɑɆɗɘɔɈɔɏ ɈɔɊɡ 

ɐɖɎɘɎɝɋɗɐɎ ɈɑɎɥɤɘ ɓɆ ɗɘɆɇɎɑɢɓɔɗɘɢ ɎɓɉɎɇɎ-

ɘɔɖɔɈ. ȷɖɋɊɎ ɖɆɍɑɎɝɓɡɛ ɐɑɆɗɗɔɈ ɎɓɉɎɇɎɘɔɖɔɈ 

ɚɔɗɚɔɓɆɘɡ ɓɆɎɇɔɑɋɋ ɗɘɆɇɎɑɢɓɡ, Ɏɒɋɤɘ ɕɋ-

ɖɎɔɊ ɕɔɑəɖɆɗɕɆɊɆ ɇɔɑɋɋ ɔɊɓɔɉɔ ɉɔɊɆ ɕɖɎ 

ɘɋɒɕɋɖɆɘəɖɋ ɇɔɑɋɋ 145 Áȷ Ɉ ɞɎɖɔɐɔɒ ɊɎɆɕɆ-

ɍɔɓɋ pH Ɏ ɒɎɓɋɖɆɑɎɍɆɜɎɎ ɕɑɆɗɘɔɈɔɏ ɈɔɊɡ. 

 

ȲɋɛɆɓɎɍɒ əɊɋɖɌɆɓɎɥ ɎɓɉɎɇɎɘɔɖɆ  

ɗɔɑɋɔɘɑɔɌɋɓɎɥ Ɉ ɕɑɆɗɘɋ 

 

ȷəɟɋɗɘɈəɋɘ ɊɈɆ ɔɗɓɔɈɓɡɛ ɒɋɛɆɓɎɍɒɆ, ɗ 

ɕɔɒɔɟɢɤ ɐɔɘɔɖɡɛ ɎɓɉɎɇɎɘɔɖɡ ɗɔɑɋɔɘɑɔɌɋ-

ɓɎɏ ɒɔɉəɘ əɊɋɖɌɎɈɆɘɢɗɥ ɒɆɘɖɎɜɋɏ ɕɔɖɔɊɡ Ɉ 

ɕɑɆɗɘɋ-ɐɔɑɑɋɐɘɔɖɋ Ɏ ɈɕɔɗɑɋɊɗɘɈɎɎ ɈɡɗɈɔɇɔ-

ɌɊɆɘɢɗɥ Ɉ ɕɔɘɔɐ ɊɔɇɡɈɆɋɒɔɏ ɌɎɊɐɔɗɘɎ.  

ȵɋɖɈɡɏ ɒɋɛɆɓɎɍɒ ï ɣɘɔ ɔɗɆɌɊɋɓɎɋ Ɏɓ-

ɉɎɇɎɘɔɖɔɈ, ɔɇɖɆɍɔɈɆɓɎɋ ɔɉɖɆɓɎɝɋɓɓɔ ɖɆɗɘɈɔ-

ɖɎɒɡɛ ɔɗɆɊɐɔɈ Ɉ ɖɋɍəɑɢɘɆɘɋ ɈɍɆɎɒɔɊɋɏɗɘɈɎɥ 

ɎɓɉɎɇɎɘɔɖɆ ɗ ɕɑɆɗɘɔɈɔɏ ɈɔɊɔɏ. ȹ ɣɘɔɉɔ ɒɋɘɔ-

ɊɆ ɋɗɘɢ ɔɕɖɋɊɋɑɋɓɓɡɋ ɊɔɗɘɔɎɓɗɘɈɆ Ɏ ɓɋɊɔɗ-

ɘɆɘɐɎ. ȪɆɓɓɡɏ ɒɋɛɆɓɎɍɒ ɕɔɍɈɔɑɥɋɘ ɎɓɉɎɇɎ-

ɘɔɖɆɒ əɊɋɖɌɎɈɆɘɢɗɥ Ɉ ɘɋɝɋɓɎɋ ɇɔɑɋɋ ɊɑɎ-

ɘɋɑɢɓɔɉɔ ɕɋɖɎɔɊɆ, ɓɔ ɣɘɔ ɒɔɌɋɘ ɈɡɍɈɆɘɢ ɍɆ-

ɐəɕɔɖɐə ɕɔɖ ɎɑɎ ɕɔɈɖɋɌɊɋɓɎɋ ɕɑɆɗɘɆ Ɏ ɗɓɎ-

ɌɋɓɎɋ ɕɖɔɓɎɜɆɋɒɔɗɘɎ. ȸɆɐɎɒ ɔɇɖɆɍɔɒ, ɛɔɘɥ 

ɊɆɓɓɡɏ ɕɔɊɛɔɊ ɕɔɍɈɔɑɥɋɘ ɎɓɉɎɇɎɖɔɈɆɘɢ ɕɖɔ-

ɜɋɗɗ ɔɇɖɆɍɔɈɆɓɎɥ ɗɔɑɋɏ, ɗəɟɋɗɘɈəɋɘ ɖɎɗɐ 

ɗɓɎɌɋɓɎɥ ɕɖɔɊəɐɘɎɈɓɔɗɘɎ ɗɐɈɆɌɎɓɡ [26].  

Ȩɘɔɖɔɏ ɒɋɛɆɓɎɍɒ ï ɆɊɗɔɖɇɜɎɥ ɎɓɉɎɇɎ-

ɘɔɖɆ ɓɆ ɕɔɖɔɊɋ ɕɑɆɗɘɆ. ȮɓɉɎɇɎɘɔɖ ɒɔɌɋɘ Ɉɡ-

ɗɈɔɇɔɌɊɆɘɢɗɥ ɗ ɔɇɖɆɍɔɈɆɓɎɋɒ ɒɎɓɎɒɆɑɢɓɔɏ 

ɓɋɔɇɛɔɊɎɒɔɏ ɐɔɓɜɋɓɘɖɆɜɎɎ ɕəɘɋɒ ɊɋɗɔɖɇɜɎɎ 

Ɉ ɘɋɝɋɓɎɋ ɊɑɎɘɋɑɢɓɔɉɔ ɕɋɖɎɔɊɆ ɈɖɋɒɋɓɎ. Ƀɘɔ 

ɓɆɎɇɔɑɋɋ ɕɖɎɈɑɋɐɆɘɋɑɢɓɡɏ ɒɋɛɆɓɎɍɒ, ɕɔ-
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ɗɐɔɑɢɐə ɒɋɊɑɋɓɓɔɋ ɈɡɗɈɔɇɔɌɊɋɓɎɋ ɔɇɋɗɕɋ-

ɝɎɈɆɋɘ ɇɔɑɋɋ ɊɑɎɘɋɑɢɓɔɋ ɕɔɊɆɈɑɋɓɎɋ ɔɘɑɔ-

ɌɋɓɎɏ ɗ ɒɎɓɎɒɆɑɢɓɡɒ ɕɔɈɖɋɌɊɋɓɎɋɒ ɕɑɆɗɘɆ.  

 

çȸɖɆɊɎɜɎɔɓɓɡɋè ɎɓɉɎɇɎɘɔɖɡ ɗɔɑɋɔɘɑɔɌɋɓɎɥ 

 

ȴɇɡɝɓɡɒɎ ɎɓɉɎɇɎɘɔɖɆɒɎ ɔɘɑɔɌɋɓɎɏ 

ɥɈɑɥɤɘɗɥ ɘɋ, ɐɔɘɔɖɡɋ ɐɔɒɒɋɖɝɋɗɐɎ Ɋɔɗɘəɕɓɡ 

Ɏ ɕɖɎɒɋɓɥɤɘɗɥ Ɉ ɇɔɑɢɞɎɓɗɘɈɋ ɕɔɑɋɈɡɛ ɔɕɋ-

ɖɆɜɎɏ. ȴɇɡɝɓɔ ɣɘɔ ɓɋɔɖɉɆɓɎɝɋɗɐɎɋ ɚɔɗɚɆɘ-

ɓɡɋ ɗɔɋɊɎɓɋɓɎɥ, ɚɔɗɚɔɖɔɖɉɆɓɎɝɋɗɐɎɋ ɗɔ-

ɋɊɎɓɋɓɎɥ Ɏ ɔɖɉɆɓɎɝɋɗɐɎɋ ɕɔɑɎɒɋɖɡ. Ȩ ɓɋɚɘɋ-

ɉɆɍɔɈɔɏ ɕɖɔɒɡɞɑɋɓɓɔɗɘɎ ȶɔɗɗɎɏɗɐɔɏ ȺɋɊɋ-

ɖɆɜɎɎ ɞɎɖɔɐɔ ɕɖɎɒɋɓɥɤɘɗɥ ɔɐɗɎɣɘɎɑɎɊɋɓ-

ɊɎɚɔɗɚɔɓɔɈɆɥ ɐɎɗɑɔɘɆ (ȴɃȪȺȰ) Ɏ ɓɎɘɖɎɑɔɘ-

ɖɎɒɋɘɎɑɚɔɗɚɔɓɔɈɆɥ ɐɎɗɑɔɘɆ (ȳȸȺ) Ɏ Ɏɛ ɖɆɍ-

ɑɎɝɓɡɋ ɗɒɋɗɎ. Ȩ ɍɆɖəɇɋɌɓɔɏ ɓɋɚɘɋɉɆɍɔɈɔɏ 

ɔɘɖɆɗɑɎ ɕɔɑɎɚɔɗɚɔɓɔɐɆɖɇɔɓɔɈɆɥ ɐɎɗɑɔɘɆ 

(ɕɔɑɎɒɋɖɓɡɏ ɎɓɉɎɇɎɘɔɖ) Ɏ ɊɎɣɘɎɑɋɓɘɖɎɆɒɎɓ-

ɕɋɓɘɆ-(ɒɋɘɎɑɋɓɚɔɗɚɔɓɔɈɆɥ ɐɎɗɑɔɘɆ) (ɚɔɗ-

ɚɔɖɔɖɉɆɓɎɝɋɗɐɔɋ ɗɔɋɊɎɓɋɓɎɋ) ɥɈɑɥɤɘɗɥ ɊɈə-

ɒɥ ɖɆɗɕɖɔɗɘɖɆɓɋɓɓɡɒɎ ɎɓɉɎɇɎɘɔɖɆɒɎ ɐɔɒ-

ɒɋɖɝɋɗɐɔɉɔ ɒɆɗɞɘɆɇɆ [20].  

 

ȳɋɔɖɉɆɓɎɝɋɗɐɎɋ ɕɔɑɎɚɔɗɚɆɘɡ. ȫɟɋ Ɉ 

ɕɋɖɈɔɏ ɕɔɑɔɈɎɓɋ ȻȻ ɈɋɐɆ ɇɡɑɔ ɕɔɐɆɍɆɓɔ, ɝɘɔ 

ɕɔɑɎɚɔɗɚɆɘɡ ɣɚɚɋɐɘɎɈɓɡ Ɉ ɎɓɉɎɇɎɖɔɈɆɓɎɎ 

ɔɘɑɔɌɋɓɎɏ ɐɆɖɇɔɓɆɘɆ ɐɆɑɢɜɎɥ Ɉ ɈɔɊɓɡɛ ɖɆɗ-

ɘɈɔɖɆɛ ɕɖɎ ɓɎɍɐɔɏ ɐɔɓɜɋɓɘɖɆɜɎɎ [27]. ȦɈɘɔɖɡ 

ɍɆɒɋɘɎɑɎ, ɝɘɔ ɘɋɓɊɋɓɜɎɥ ɐ ɔɇɖɆɍɔɈɆɓɎɤ ɔɘ-

ɑɔɌɋɓɎɏ ɗɓɎɌɆɋɘɗɥ Ɏɍ-ɍɆ ɕɔɈɋɖɛɓɔɗɘɓɔɏ ɖɋ-

ɆɐɜɎɎ, ɐɔɘɔɖɆɥ ɊɋɍɆɐɘɎɈɎɖəɋɘ ɍɆɖɔɊɡɞɎ ɗɔ-

ɑɋɈɡɛ ɐɖɎɗɘɆɑɑɔɈ ɓɆ ɕɔɖɔɉɔɈɔɒ əɖɔɈɓɋ Ɏɍ 

ɖɆɗɘɈɔɖɆ. ȪɆɑɋɋ ɇɡɑɔ ɕɔɊɘɈɋɖɌɊɋɓɔ, ɝɘɔ 

ɐɔɓɜɋɓɘɖɆɜɎɥ ɕɔɑɎɚɔɗɚɆɘɆ Ɉ ɊɎɆɕɆɍɔɓɋ 

ɒɎɑɑɎɉɖɆɒɒɔɈ ɓɆ ɑɎɘɖ ɣɚɚɋɐɘɎɈɓɔ ɍɆɒɋɊɑɥ-

ɋɘ ɔɗɆɌɊɋɓɎɋ ɐɆɖɇɔɓɆɘɆ ɐɆɑɢɜɎɥ [28]. ȸɆɐɌɋ 

ɇɡɑɔ ɕɔɐɆɍɆɓɔ, ɝɘɔ ɎɓɉɎɇɎɘɔɖɡ ɕɔɖɔɉɔɈɔɉɔ 

ɊɋɏɗɘɈɎɥ ɣɚɚɋɐɘɎɈɓɔ ɖɆɇɔɘɆɤɘ Ɉ ɗəɇɗɘɋɛɎɔ-

ɒɋɘɖɎɝɋɗɐɔɒ ɗɔɔɘɓɔɞɋɓɎɎ. ȦɈɘɔɖɡ ɘɆɐɌɋ ɕɔ-

ɐɆɍɆɑɎ, ɝɘɔ ɎɓɉɎɇɎɖəɤɟɎɏ ɣɚɚɋɐɘ ɕɖɔɥɈɑɥ-

ɋɘɗɥ ɈɗɑɋɊɗɘɈɎɋ ɆɊɗɔɖɇɜɎɎ. ȴɓɎ ɕɖɎɞɑɎ ɐ 

ɈɡɈɔɊə, ɝɘɔ ɕɔɑɎɚɔɗɚɆɘ ɕɖɎɘɥɉɎɈɆɑɗɥ ɐ ɔɇ-

ɖɆɍəɤɟɋɏ ɐɖɎɗɘɆɑɑɡ ɕɔɈɋɖɛɓɔɗɘɎ ɗɔɑɎ Ɏ ɘɆɐ 

ɊɋɚɔɖɒɎɖɔɈɆɑ ɖɆɍɈɎɈɆɤɟɎɏɗɥ ɐɖɎɗɘɆɑɑ. ȵɖɎ 

ɎɗɕɔɑɢɍɔɈɆɓɎɎ ɣɘɔɉɔ ɎɓɉɎɇɎɘɔɖɆ ɓɆɇɑɤɊɆ-

ɑɔɗɢ ɑɎɇɔ ɕɖɋɊɔɘɈɖɆɟɋɓɎɋ ɖɔɗɘɆ ɐɖɎɗɘɆɑɑɔɈ, 

ɑɎɇɔ ɋɉɔ ɍɆɊɋɖɌɐɆ ɓɆ ɊɑɎɘɋɑɢɓɔɋ Ɉɖɋɒɥ. ȸɆ-

ɐɎɒ ɔɇɖɆɍɔɒ, ɒɋɛɆɓɎɍɒ ɕɔɖɔɉɔɈɔɉɔ ɊɋɏɗɘɈɎɥ 

ɎɓɉɎɇɎɘɔɖɆ ɔɗɓɔɈɆɓ ɗɐɔɖɋɋ ɓɆ ɐɎɓɋɘɎɝɋɗɐɔɒ 

ɣɚɚɋɐɘɋ, Ɇ ɓɋ ɓɆ ɘɋɖɒɔɊɎɓɆɒɎɝɋɗɐɔɒ. ȵɖɎ-

ɒɋɓɋɓɎɋ ɕɔɑɎɚɔɗɚɆɘɔɈ Ɉ ɐɆɝɋɗɘɈɋ ɎɓɉɎɇɎɘɔ-

ɖɔɈ ɔɘɑɔɌɋɓɎɏ Ɏɒɋɋɘ ɒɓɔɌɋɗɘɈɔ ɕɖɋɎɒə-

ɟɋɗɘɈ. ȴɓɎ ɛɔɖɔɞɔ ɖɆɗɘɈɔɖɎɒɡ Ɉ ɈɔɊɋ, ɔɘɓɔ-

ɗɎɘɋɑɢɓɔ ɊɋɞɋɈɡ Ɏ Ɏɒɋɤɘ ɓɎɍɐɎɏ əɖɔɈɋɓɢ 

ɘɔɐɗɎɝɓɔɗɘɎ. ȴɊɓɆɐɔ ɉɎɊɖɔɑɎɍ ɚɔɗɚɔɖɓɔ-

ɐɎɗɑɔɖɔɊɓɔɏ ɗɈɥɍɎ (P-O), ɕɖɎɗəɘɗɘɈəɤɟɋɏ Ɉ 

ɒɔɑɋɐəɑɋ ɕɔɑɎɚɔɗɚɆɘɔɈ, ɕɖɎɈɔɊɎɘ ɐ ɔɇɖɆɍɔ-

ɈɆɓɎɤ ɔɖɘɔɚɔɗɚɆɘɆ, ɐɔɘɔɖɡɏ ɓɋ ɥɈɑɥɋɘɗɥ 

ɣɚɚɋɐɘɎɈɓɡɒ ɎɓɉɎɇɎɘɔɖɔɒ ɔɘɑɔɌɋɓɎɏ. Ƀɘɔ 

ɗɔɋɊɎɓɋɓɎɋ ɖɋɆɉɎɖəɋɘ ɗ Ɏɔɓɔɒ ɐɆɑɢɜɎɥ Ca
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ɔɇɖɆɍɔɈɆɓɎɋɒ ɔɘɑɔɌɋɓɎɏ ɚɔɗɚɆɘɆ ɐɆɑɢɜɎɥ, 

ɐɔɘɔɖɡɋ ɔɘɓɔɗɎɘɋɑɢɓɔ ɗɑɆɇɔɖɆɗɘɈɔɖɎɒɡ Ɉ 

ɒɎɓɋɖɆɑɎɍɔɈɆɓɓɔɏ ɈɔɊɋ. Ȱɖɔɒɋ ɘɔɉɔ, ɔɖɘɔ-

ɚɔɗɚɆɘɡ ɥɈɑɥɤɘɗɥ ɕɔɘɋɓɜɎɆɑɢɓɡɒɎ ɕɎɘɆ-

ɘɋɑɢɓɡɒɎ ɈɋɟɋɗɘɈɆɒɎ Ɋɑɥ ɈɔɊɔɖɔɗɑɋɏ Ɏ ɒɔ-

ɉəɘ ɈɡɍɈɆɘɢ Ɏɛ ɖɔɗɘ [29]. ȴɗɓɔɈɓɡɋ ɚɆɐɘɔɖɡ, 

ɈɑɎɥɤɟɎɋ ɓɆ ɕɖɋɈɖɆɟɋɓɎɋ ɕɔɑɎɚɔɗɚɆɘɔɈ Ɉ 

ɔɖɘɔɚɔɗɚɆɘ, ï ɘɋɒɕɋɖɆɘəɖɆ, pH, ɐɔɓɜɋɓɘɖɆ-

ɜɎɥ Ɏ ɛɎɒɎɝɋɗɐɎɏ ɗɔɗɘɆɈ ɈɔɊɡ.  

 

ȺɔɗɚɔɖɔɖɉɆɓɎɝɋɗɐɎɋ ɗɔɋɊɎɓɋɓɎɥ. Ƀɘɔ 

ɖɆɍɑɆɉɆɋɒɡɋ ɔɖɉɆɓɎɝɋɗɐɎɋ ɗɔɋɊɎɓɋɓɎɥ, ɗɔ-

ɊɋɖɌɆɟɎɋ ɗɈɥɍɢ CïP. ɃɘɎ ɗɔɋɊɎɓɋɓɎɥ ɥɈɑɥ-

ɤɘɗɥ ɣɚɚɋɐɘɎɈɓɡɒɎ ɎɓɉɎɇɎɘɔɖɆɒɎ Ɏ ɞɎɖɔɐɔ 

Ɏɗɕɔɑɢɍəɤɘɗɥ. Ȯɛ ɒɔɌɓɔ ɖɆɍɊɋɑɎɘɢ ɓɆ ɔɖɉɆ-

ɓɎɝɋɗɐɎɋ ɣɚɎɖɡ ɚɔɗɚɆɘɔɈ, ɚɔɗɚɔɓɆɘɡ Ɏ ɕɔ-

ɑɎɒɋɖɓɡɋ ɎɓɉɎɇɎɘɔɖɡ ɔɘɑɔɌɋɓɎɏ.  

ȴɖɉɆɓɎɝɋɗɐɎɋ ɣɚɎɖɡ ɚɔɗɚɔɖɓɔɏ ɐɎ-

ɗɑɔɘɡ. ȺɔɗɚɆɘɓɡɋ ɣɚɎɖɡ ɑəɝɞɋ ɕɔɊɛɔɊɥɘ 

Ɋɑɥ ɐɎɗɑɔɏ ɗɖɋɊɡ, ɝɋɒ ɕɔɑɎɚɔɗɚɔɓɆɘɡ. ȴɓɎ 

ɗɘɆɇɎɑɢɓɡ ɕɖɎ ɘɋɒɕɋɖɆɘəɖɋ Ɋɔ 65ï70 Áȷ Ɏ ɒɔ-

ɉəɘ ɈɡɊɋɖɌɎɈɆɘɢ ɔɘɓɔɗɎɘɋɑɢɓɔ ɈɡɗɔɐɎɋ ɘɋɒ-

ɕɋɖɆɘəɖɡ 80ï90 ÁC Ɏ ɇɔɑɋɋ Ɉ ɘɋɝɋɓɎɋ ɓɋɐɔɘɔ-

ɖɔɉɔ ɈɖɋɒɋɓɎ. Ȩ ɊɆɓɓɡɛ əɗɑɔɈɎɥɛ ɕɖɋɈɔɗɛɔɊ-

ɓɔ ɎɓɉɎɇɎɖəɤɘ ɔɇɖɆɍɔɈɆɓɎɋ ɔɘɑɔɌɋɓɎɏ ɐɆɑɢ-

ɜɎɘɆ (CaCO3) Ɏ ɉɎɕɗɆ (CaSO4). Ȱɖɔɒɋ ɘɔɉɔ, 

ɊɔɗɘɆɘɔɝɓɔ ɣɚɚɋɐɘɎɈɓɡ Ɉ ɐɎɗɑɔɏ ɗɖɋɊɋ 

(ɖȳ < 5,5) Ɋɑɥ ɎɓɉɎɇɎɖɔɈɆɓɎɥ ɔɇɖɆɍɔɈɆɓɎɥ 

ɔɘɑɔɌɋɓɎɏ ɗəɑɢɚɆɘɆ ɗɘɖɔɓɜɎɥ (SrSO4) Ɏ ɇɆ-

ɖɎɘɆ (BaSO4). ȰɆɐ ɕɖɆɈɎɑɔ, ɔɓɎ ɖɆɗɘɈɔɖɎɒɡ Ɏ 

ɗɔɈɒɋɗɘɎɒɡ ɗ ɖɆɗɗɔɑɔɒ ɗ Ɉɡɗɔɐɔɏ ɐɔɓɜɋɓ-

ɘɖɆɜɎɋɏ ɎɔɓɔɈ ɐɆɑɢɜɎɥ. 

ȺɔɗɚɔɓɆɘɡ. ȶɆɍɓɎɜɆ ɒɋɌɊə ɕɔɑɎɚɔɗ-

ɚɆɘɆɒɎ Ɏ ɚɔɗɚɔɓɆɘɆɒɎ ɍɆɐɑɤɝɆɋɘɗɥ Ɉ ɐɔɈɆ-

ɑɋɓɘɓɔɏ ɗɈɥɍɎ, ɗəɟɋɗɘɈəɤɟɋɏ ɒɋɌɊə ɖɆɍɓɡ-
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ɒɎ ɆɘɔɒɆɒɎ. Ȩ ɚɔɗɚɔɓɆɘɆɛ ɕɖɎɗəɘɗɘɈəɋɘ 

ɗɈɥɍɢ ɚɔɗɚɔɖ-əɉɑɋɖɔɊ (PïC) Ɉ ɔɘɑɎɝɎɋ ɔɘ ɗɈɥ-

ɍɎ PïO, ɕɖɎɗəɘɗɘɈəɤɟɋɏ Ɉ ɕɔɑɎɚɔɗɚɆɘɆɛ. 

ȷɈɥɍɢ ɚɔɗɚɔɖ-əɉɑɋɖɔɊ (PïC) ɒɋɓɋɋ ɕɔɊɈɋɖ-

ɌɋɓɆ ɉɎɊɖɔɑɎɍə, ɝɋɒ ɗɈɥɍɢ PïO. ȺɔɗɚɔɓɆɘɡ 

ɥɈɑɥɤɘɗɥ ɐɔɒɕɑɋɐɗɔɔɇɖɆɍɔɈɆɘɋɑɥɒɎ, ɗɔɊɋɖ-

ɌɆɟɎɒɎ ɔɊɓə ɎɑɎ ɓɋɗɐɔɑɢɐɔ ɉɖəɕɕ CïPO(OH)2. 

Ƀɘɔ ɔɝɋɓɢ ɕɔɕəɑɥɖɓɡɏ ɐɑɆɗɗ ɎɓɉɎɇɎɘɔɖɔɈ ɗɔ-

ɑɋɔɘɑɔɌɋɓɎɏ, Ɏɗɕɔɑɢɍəɋɒɡɏ Ɋɑɥ ɎɓɉɎɇɎɖɔɈɆ-

ɓɎɥ ɔɘɑɔɌɋɓɎɏ ɗɔɑɋɏ ɓɆ ɓɋɚɘɥɓɡɛ ɒɋɗɘɔɖɔɌ-

ɊɋɓɎɥɛ. ȪɎɣɘɎɑɋɓɘɖɎɆɒɎɓɕɋɓɘɆ-(ɒɋɘɎɑɋɓ-

ɚɔɗɚɔɓɔɈɆɥ) ɐɎɗɑɔɘɆ ɕɖɋɊɗɘɆɈɑɥɋɘ ɗɔɇɔɏ 

ɘɎɕ ɚɔɗɚɔɓɆɘɓɔɉɔ ɎɓɉɎɇɎɘɔɖɆ Ɋɑɥ ɕɖɋɊɔɘ-

ɈɖɆɟɋɓɎɥ ɔɘɑɔɌɋɓɎɥ ɐɆɖɇɔɓɆɘɆ ɐɆɑɢɜɎɥ ɗ 

ɣɚɚɋɐɘɎɈɓɔɗɘɢɤ Ɋɔ 98,2 % ɕɖɎ ɊɔɗɘɆɘɔɝɓɔ 

ɓɎɍɐɎɛ ɐɔɓɜɋɓɘɖɆɜɎɥɛ (ɔɐɔɑɔ 10 ppm) [30]. 

ȵɔɑɎɒɋɖɓɡɋ ɎɓɉɎɇɎɘɔɖɡ ɗɔɑɋɔɘɑɔɌɋ-

ɓɎɏ. Ȩ ɓɋɚɘɥɓɔɏ ɕɖɔɒɡɞɑɋɓɓɔɗɘɎ Ɏɗɕɔɑɢɍə-

ɤɘɗɥ ɘɆɐɌɋ ɕɔɑɎɐɆɖɇɔɓɔɈɡɋ ɐɎɗɑɔɘɡ. ȳɆɎɇɔ-

ɑɋɋ ɞɎɖɔɐɔ Ɏɗɕɔɑɢɍəɋɒɡɒ ɕɔɑɎɒɋɖɓɡɒ Ɏɓ-

ɉɎɇɎɘɔɖɔɒ ɗɔɑɋɔɘɑɔɌɋɓɎɏ Ɉ ɓɋɚɘɥɓɔɏ ɕɖɔ-

ɒɡɞɑɋɓɓɔɗɘɎ ɥɈɑɥɋɘɗɥ ɕɔɑɎɚɔɗɚɎɓɔɐɆɖɇɔ-

ɓɔɈɆɥ ɐɎɗɑɔɘɆ [31]. ɃɘɎ ɎɓɉɎɇɎɘɔɖɡ ɊɋɏɗɘɈəɤɘ 

ɕəɘɋɒ ɒɔɊɎɚɎɐɆɜɎɎ Ɏ ɎɗɐɆɌɋɓɎɥ ɐɖɎɗɘɆɑɑɔɈ 

ɗɔɑɋɏ, ɘɋɒ ɗɆɒɡɒ əɒɋɓɢɞɆɥ ɔɗɆɌɊɋɓɎɋ. Ƀɚ-

ɚɋɐɘɎɈɓɡɋ ɕɔɑɎɒɋɖɡ Ɏɒɋɤɘ ɔɘɓɔɗɎɘɋɑɢɓɔ 

ɓɎɍɐəɤ ɒɔɑɋɐəɑɥɖɓəɤ ɒɆɗɗə [17]. ȰɆɐ ɕɖɆɈɎ-

ɑɔ, ɔɓɎ ɔɝɋɓɢ ɗɘɆɇɎɑɢɓɡ ɘɋɖɒɎɝɋɗɐɎ Ɏ ɉɎɊɖɔ-

ɑɎɘɎɝɋɗɐɎ. ȳɆɎɇɔɑɋɋ ɖɆɗɕɖɔɗɘɖɆɓɋɓɓɡɒɎ 

ɐɑɆɗɗɆɒɎ ɕɔɑɎɒɋɖɓɡɛ ɎɓɉɎɇɎɘɔɖɔɈ ɥɈɑɥɤɘɗɥ 

ɕɔɑɎɆɐɖɎɑɆɘɡ, ɕɔɑɎɚɔɗɚɎɓɔɐɆɖɇɔɐɗɎɑɆɘɡ, 

ɕɔɑɎɒɆɑɋɆɘɡ, ɕɔɑɎɈɎɓɎɑɗəɑɢɚɔɓɆɘɡ Ɏ ɕɔɑɎ-

ɆɐɖɎɑɆɒɎɊɡ. ȴɓɎ ɗɘɆɇɎɑɢɓɡ ɕɖɎ ɘɋɒɕɋɖɆɘəɖɋ 

200 ÁC Ɏ Ɉɡɞɋ, ɝɘɔ ɊɋɑɆɋɘ Ɏɛ ɕɔɊɛɔɊɥɟɎɒɎ 

Ɋɑɥ ɖɆɇɔɘɡ Ɉ əɗɑɔɈɎɥɛ ɈɡɗɔɐɎɛ ɘɋɒɕɋɖɆɘəɖ. 

ɃɚɚɋɐɘɎɈɓɡ ɕɖɎ ɔɘɓɔɗɎɘɋɑɢɓɔ ɓɎɍɐɎɛ ɐɔɓ-

ɜɋɓɘɖɆɜɎɥɛ Ɋɑɥ ɎɓɉɎɇɎɖɔɈɆɓɎɥ ɔɘɑɔɌɋɓɎɏ 

CaCO3 Ɏ CaSO4. Ȩ ɐɎɗɑɔɏ ɗɖɋɊɋ ɕɔɊɛɔɊɥɘ Ɋɑɥ 

ɎɓɉɎɇɎɖɔɈɆɓɎɥ BaSO4.  

 

ȷɒɋɗɎ ɎɓɉɎɇɎɘɔɖɔɈ ɖɆɍɑɎɝɓɔɏ ɕɖɎɖɔ-

Ɋɡ. ȪɈɆ ɖɆɍɓɡɛ ɐɑɆɗɗɆ ɎɓɉɎɇɎɘɔɖɔɈ ɕɖɎ ɗɒɋ-

ɞɎɈɆɓɎɎ ɖɆɇɔɘɆɤɘ ɇɔɑɋɋ ɣɚɚɋɐɘɎɈɓɔ ɇɑɆɉɔ-

ɊɆɖɥ ɗɎɓɋɖɉɋɘɎɝɋɗɐɔɒə ɕɔɈɋɊɋɓɎɤ. ȵɖɎɝɎɓɡ 

ɒɔɉəɘ ɍɆɐɑɤɝɆɘɢɗɥ Ɉ ɘɔɒ, ɝɘɔ ɖɆɍɓɡɋ ɛɎɒɎɝɋ-

ɗɐɎɋ ɘɎɕɡ ɊɋɏɗɘɈəɤɘ ɕɔ ɖɆɍɓɡɒ ɒɋɛɆɓɎɍɒɆɒ. 

ȳɆɕɖɎɒɋɖ, ɆɓɎɔɓɓɆɥ ɕɔɑɎɒɋɖɓɆɥ ɜɋɕɢ ɒɔɌɋɘ 

ɕɖɋɕɥɘɗɘɈɔɈɆɘɢ ɕɖɋɎɒəɟɋɗɘɈɋɓɓɔ ɕɖɔɜɋɗɗə 

ɍɆɖɔɊɡɞɋɔɇɖɆɍɔɈɆɓɎɥ, ɘɔɉɊɆ ɐɆɐ ɇɔɑɋɋ ɒɋɑ-

ɐɎɋ ɒɔɑɋɐəɑɡ ɚɔɗɚɆɘɆ ɆɊɗɔɖɇɎɖəɤɘɗɥ ɓɆ 

ɥɊɖɆɛ ɐɖɎɗɘɆɑɑɔɈ Ɏ ɘɆɐɎɒ ɔɇɖɆɍɔɒ ɇɑɔɐɎɖəɤɘ 

ɕɔɈɋɖɛɓɔɗɘɢ Ɋɑɥ ɖɔɗɘɆ, ɊɋɏɗɘɈəɥ ɐɆɐ ɎɓɉɎɇɎ-

ɘɔɖ ɖɔɗɘɆ ɐɖɎɗɘɆɑɑɔɈ [32]. 

 

ȳɆɘəɖɆɑɢɓɡɋ Ɏ çɍɋɑɋɓɡɋè ɎɓɉɎɇɎɘɔɖɡ 

 

ȸɖɆɊɎɜɎɔɓɓɡɋ ɎɓɉɎɇɎɘɔɖɡ ɐɔɒɒɋɖɝɋ-

ɗɐɔɉɔ ɒɆɗɞɘɆɇɆ, ɐɆɐ ɕɖɆɈɎɑɔ, ɓɋ ɈɗɘɖɋɝɆɤɘɗɥ 

Ɉ ɕɖɎɖɔɊɋ Ɏ ɔɇɡɝɓɔ ɕɑɔɛɔ ɖɆɍɑɆɉɆɤɘɗɥ. ȴɓɎ 

ɗɎɓɘɋɍɎɖəɤɘɗɥ Ɋɑɥ ɊɑɎɘɋɑɢɓɔɉɔ ɗəɟɋɗɘɈɔɈɆ-

ɓɎɥ, ɝɘɔɇɡ ɖɆɇɔɘɆɘɢ ɒɆɐɗɎɒɆɑɢɓɔɋ Ɉɖɋɒɥ Ɏ 

ɗɔɛɖɆɓɥɘɢ ɗɈɔɤ ɣɚɚɋɐɘɎɈɓɔɗɘɢ ɉɔɊɆɒɎ. Ȯɓ-

ɉɎɇɎɘɔɖɡ ɓɆ ɔɗɓɔɈɋ ɚɔɗɚɔɖɆ ɒɔɉəɘ ɗɑəɌɎɘɢ 

ɕɎɘɆɘɋɑɢɓɡɒɎ ɈɋɟɋɗɘɈɆɒɎ Ɏ ɈɡɍɡɈɆɘɢ ɣɈ-

ɘɖɔɚɎɐɆɜɎɤ. ȶɆɗɘəɟɆɥ ɔɇɋɗɕɔɐɔɋɓɓɔɗɘɢ ɕɔ 

ɕɔɈɔɊə ɔɐɖəɌɆɤɟɋɏ ɗɖɋɊɡ Ɏ ɕɖɔɇɑɋɒɡ ɉɔɗə-

ɊɆɖɗɘɈɋɓɓɔɉɔ ɖɋɉəɑɎɖɔɈɆɓɎɥ ɍɆɗɘɆɈɎɑɎ ɕɖɔ-

ɒɡɞɑɋɓɓɔɗɘɢ ɊɈɎɉɆɘɢɗɥ Ɉ ɓɆɕɖɆɈɑɋɓɎɎ ɣɐɔ-

ɑɔɉɎɝɋɗɐɎ ɝɎɗɘɡɛ ɎɓɉɎɇɎɘɔɖɔɈ. ȻɎɒɎɝɋɗɐɔɋ 

ɈɋɟɋɗɘɈɔ ɗɝɎɘɆɋɘɗɥ çɍɋɑɋɓɡɒè, ɋɗɑɎ ɔɓɔ ɔɇ-

ɑɆɊɆɋɘ ɘɖɋɒɥ ɐɆɝɋɗɘɈɆɒɎ: ɓɋɘɔɐɗɎɝɓɔɗɘɢ, ɔɘ-

ɗəɘɗɘɈɎɋ ɇɎɔɆɐɐəɒəɑɥɜɎɎ Ɏ ɑɋɉɐɔɋ ɇɎɔɖɆɍɑɔ-

ɌɋɓɎɋ. 

ȶɆɇɔɘɡ ɓɆɊ ɖɆɍɑɎɝɓɡɒɎ ɕɖɎɖɔɊɓɡɒɎ 

ɔɖɉɆɓɎɝɋɗɐɎɒɎ ɈɋɟɋɗɘɈɆɒɎ Ɉ ɐɆɝɋɗɘɈɋ ɎɓɉɎ-

ɇɎɘɔɖɔɈ ɓɆɝɆɑɎɗɢ ɋɟɋ Ɉ ɗɋɖɋɊɎɓɋ ɕɖɔɞɑɔɉɔ 

ɈɋɐɆ [33]. ȦɈɘɔɖɡ ɔɇɓɆɖəɌɎɑɎ, ɝɘɔ ɓɋɐɔɘɔɖɡɋ 

Ɏɍ ɓɎɛ, ɘɆɐɎɋ ɐɆɐ ɇɋɑɐɔɈɡɋ ɒɆɘɋɖɎɆɑɡ Ɏ 

ɊɑɎɓɓɔɜɋɕɔɝɋɝɓɡɋ ɕɔɑɎɒɋɖɡ ɗ ɐɆɖɇɔɐɗɎɑɢ-

ɓɡɒɎ ɇɔɐɔɈɡɒɎ ɜɋɕɥɒɎ, ɣɚɚɋɐɘɎɈɓɡ Ɉ ɗɓɎ-

ɌɋɓɎɎ ɝɆɗɘɔɘɡ ɈɔɍɓɎɐɓɔɈɋɓɎɥ ɓɋɐɔɘɔɖɡɛ ɔɘ-

ɑɔɌɋɓɎɏ. ȴɓɎ ɕɔɐɆɍɆɑɎ ɈɑɎɥɓɎɋ ɕɖɎɖɔɊɓɡɛ 

ɔɖɉɆɓɎɝɋɗɐɎɛ ɒɔɑɋɐəɑ, ɘɆɐɎɛ ɐɆɐ ɌɋɑɆɘɎɓ, Ɉ 

ɐɔɓɜɋɓɘɖɆɜɎɎ Ɉɗɋɉɔ 13 ɒɉ/ɑ, ɓɆ ɗɓɎɌɋɓɎɋ ɖɔɗ-

ɘɆ ɐɖɎɗɘɆɑɑɔɈ ɗəɑɢɚɆɘɆ ɐɆɑɢɜɎɥ. ȭɆ ɕɔɗɑɋɊ-

ɓɋɋ ɊɋɗɥɘɎɑɋɘɎɋ ɖɥɊ ɎɗɗɑɋɊɔɈɆɘɋɑɋɏ ɗɔɔɇ-

ɟɎɑɎ ɔ ɓɔɈɡɛ ɎɓɉɎɇɎɘɔɖɆɛ ɗɔɑɋɔɘɑɔɌɋɓɎɏ ɗ 

ɑəɝɞɎɒ ɣɐɔɑɔɉɎɝɋɗɐɎɒ ɕɔɈɋɊɋɓɎɋɒ ɕɔ ɗɖɆɈ-

ɓɋɓɎɤ ɗ ɘɖɆɊɎɜɎɔɓɓɡɒɎ ɎɓɉɎɇɎɘɔɖɆɒɎ [34]. 

ȦɈɘɔɖɡ [35] ɕɖɔɈɋɑɎ ɎɗɗɑɋɊɔɈɆɓɎɋ ɕɔ 

ɔɜɋɓɐɋ ɣɚɚɋɐɘɎɈɓɔɗɘɎ ɎɓɉɎɇɎɖɔɈɆɓɎɥ ɔɘɑɔ-

ɌɋɓɎɏ ɕɘɋɖɔɎɑ-L-ɉɑəɘɆɒɎɓɔɈɔɏ ɐɎɗɑɔɘɡ 

(C19H19N7O6, ȵȩȰ). ȵȩȰ ï ɣɘɔ ɈɔɊɔɖɆɗɘɈɔɖɎ-

ɒɡɏ ɈɎɘɆɒɎɓ Ȳ, ɐɔɘɔɖɡɏ ɥɈɑɥɋɘɗɥ ɈɆɌɓɡɒ 

ɕɎɘɆɘɋɑɢɓɡɒ ɈɋɟɋɗɘɈɔɒ Ɋɑɥ ɒɓɔɉɔɝɎɗɑɋɓɓɡɛ 

ɚəɓɐɜɎɏ ɔɖɉɆɓɎɍɒɆ. ȴɓ ɔɇɑɆɊɆɋɘ Ɉɡɗɔɐɔɏ 
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ɇɎɔɖɆɍɑɆɉɆɋɒɔɗɘɢɤ Ɏ ɓɋɘɔɐɗɎɝɓɔɗɘɢɤ, ɕɔ-

ɣɘɔɒə Ɏɒɋɋɘ ɕɖɋɈɔɗɛɔɊɓɡɋ ɣɐɔɑɔɉɎɝɋɗɐɎɋ ɛɆ-

ɖɆɐɘɋɖɎɗɘɎɐɎ. ȦɈɘɔɖɡ ɗɔɔɇɟɎɑɎ ɔ 100 %-ɔɒ 

ɎɓɉɎɇɎɖɔɈɆɓɎɎ ɔɘɑɔɌɋɓɎɏ CaCO3 Ɉ ɖɋɍəɑɢɘɆ-

ɘɋ ɗɘɆɘɎɝɋɗɐɎɛ ɎɗɕɡɘɆɓɎɏ (NACE TM0197-

2010, NACE TM0374-2007) ɕɖɎ ɐɔɓɜɋɓɘɖɆɜɎɎ 

ȵȩȰ 120 ɒɉ/ɑ ɕɖɎ 70 ÁC. ȴɓɎ ɘɆɐɌɋ ɕɖɔɈɋɑɎ 

ɘɋɗɘ ɓɆ ɊɎɓɆɒɎɝɋɗɐəɤ ɇɑɔɐɎɖɔɈɐə ɐɆɕɎɑɑɥɖɆ 

ɕɖɎ 110 ÁC Ɏ ɕɔɊɘɈɋɖɊɎɑɎ ɣɚɚɋɐɘɎɈɓɔɗɘɢ 

ȵȩȰ (ɐɔɓɜɋɓɘɖɆɜɎɥ 160 ɒɉ/ɑ) Ɉ ɐɆɝɋɗɘɈɋ ɎɓɉɎ-

ɇɎɘɔɖɆ ɔɘɑɔɌɋɓɎɏ. ȦɈɘɔɖɡ ɕɖɎɞɑɎ ɐ ɈɡɈɔɊə, 

ɝɘɔ ȵȩȰ ɐɆɐ çɍɋɑɋɓɡɏè ɎɓɉɎɇɎɘɔɖ ɗɔɑɋɔɘɑɔ-

ɌɋɓɎɏ ɔɇɑɆɊɆɋɘ ɕɖɋɈɔɗɛɔɊɓɡɒɎ ɎɓɉɎɇɎɖəɤ-

ɟɎɒɎ ɗɈɔɏɗɘɈɆɒɎ. 

ȳɋɐɔɘɔɖɡɋ ɖɆɗɘɎɘɋɑɢɓɡɋ ɣɐɗɘɖɆɐɘɡ, 

ɘɆɐɎɋ ɐɆɐ ɣɐɗɘɖɆɐɘ ɑɎɗɘɢɋɈ ɔɑɎɈɡ, ɣɐɗɘɖɆɐɘ 

ɗɔɋɈɡɛ ɇɔɇɔɈ, ɣɐɗɘɖɆɐɘ ɑɎɗɘɢɋɈ ɎɓɌɎɖɆ, ɕɔ-

ɑɎɗɆɛɆɖɎɊɡ, ɎɍɈɑɋɝɋɓɓɡɋ Ɏɍ ɒɔɖɗɐɔɏ ɘɖɆɈɡ, 

ɣɐɗɘɖɆɐɘɡ ɉɆɒɇɎɖɆ Ɏ ɘ. Ɋ., ɇɡɑɎ ɕɖɔɘɋɗɘɎɖɔ-

ɈɆɓɡ ɖɆɍɑɎɝɓɡɒɎ ɎɗɗɑɋɊɔɈɆɘɋɑɥɒɎ ɓɆ ɕɖɋɊ-

ɒɋɘ ɖɆɍɖɆɇɔɘɐɎ çɍɋɑɋɓɡɛè ɎɓɉɎɇɎɘɔɖɔɈ. Ȩ 

ɣɘɔɒ ɓɆɕɖɆɈɑɋɓɎɎ ɓɋɔɇɛɔɊɎɒɔ ɕɖɔɈɔɊɎɘɢ 

ɇɔɑɢɞɋ ɖɆɇɔɘ, ɕɔɗɐɔɑɢɐə ɊɆɓɓɔɋ ɗɡɖɢɋ ɔɘɓɔ-

ɗɎɘɋɑɢɓɔ Ɋɔɗɘəɕɓɔ, ɕɔɑəɝɆɋɒɡɋ ɆɐɘɎɈɓɡɋ ɔɗ-

ɓɔɈɡ ɣɐɔɑɔɉɎɝɋɗɐɎ ɇɋɍɔɕɆɗɓɡ Ɏ ɑɋɉɐɔ ɎɍɈɑɋ-

ɐɆɤɘɗɥ ɕɔ ɗɖɆɈɓɋɓɎɤ ɗ ɔɖɉɆɓɎɝɋɗɐɎɒɎ ɒɔɑɋ-

ɐəɑɆɒɎ [36ï41]. 

 

çȭɋɑɋɓɡɋè ɎɓɉɎɇɎɘɔɖɡ, ɕɔɑəɝɋɓɓɡɋ Ɏɍ 

ɓɋɚɘɋɛɎɒɎɝɋɗɐɎɛ ɕɖɔɊəɐɘɔɈ. ȵɔɑɎɆɗɕɆɖɆɉɎ-

ɓɔɈɆɥ ɐɎɗɑɔɘɆ ɇɡɑɆ ɖɆɍɖɆɇɔɘɆɓɆ Ɉ ɓɆɝɆɑɋ 

1990-ɛ ɉɔɊɔɈ, Ɏ ɋɋ ɎɓɉɎɇɎɖəɤɟɎɋ ɗɈɔɏɗɘɈɆ 

ɇɡɑɎ əɗɘɆɓɔɈɑɋɓɡ Ɏ ɕɔɊɘɈɋɖɌɊɋɓɡ ɖɆɍɑɎɝ-

ɓɡɒɎ ɆɈɘɔɖɆɒɎ. ȦɈɘɔɖɡ [34] ɕɔɐɆɍɆɑɎ, ɝɘɔ Ɏɓ-

ɉɎɇɎɘɔɖ ɓɆ ɔɗɓɔɈɋ ɕɔɑɎɆɗɕɆɖɆɉɎɓɔɈɔɏ ɐɎɗɑɔ-

ɘɡ ɥɈɑɥɋɘɗɥ ɓɆɎɇɔɑɋɋ ɒɓɔɉɔɔɇɋɟɆɤɟɋɏ Ɇɑɢ-

ɘɋɖɓɆɘɎɈɔɏ ɘɖɆɊɎɜɎɔɓɓɡɒ ɎɓɉɎɇɎɘɔɖɆɒ ɔɘ-

ɑɔɌɋɓɎɏ. ȴɓ ɓɋ ɗɔɊɋɖɌɎɘ ɆɍɔɘɆ Ɏ ɚɔɗɚɔɖɆ Ɏ 

ɔɇɑɆɊɆɋɘ ɕɖɋɈɔɗɛɔɊɓɡɒɎ ɇɎɔɖɆɍɑɆɉɆɋɒɡɒɎ 

ɗɈɔɏɗɘɈɆɒɎ. ȵɔɑɎ(ɆɗɕɆɖɘɆɘɓɡɋ) ɕɔɑɎɒɋɖɡ 

ɕɔɑəɝɆɤɘ Ɏɍ ɆɗɕɆɖɆɉɎɓɔɈɔɏ ɐɎɗɑɔɘɡ ɕəɘɋɒ 

ɐɔɓɊɋɓɗɆɜɎɎ. ȸɖɋɒɥ ɔɗɓɔɈɓɡɒɎ ɒɋɘɔɊɆɒɎ 

ɕɖɔɒɡɞɑɋɓɓɔɉɔ ɕɖɔɎɍɈɔɊɗɘɈɆ ɕɔɑɎɆɗɕɆɖɆɉɎ-

ɓɔɈɔɏ ɐɎɗɑɔɘɡ ɥɈɑɥɤɘɗɥ ɘɋɖɒɎɝɋɗɐɆɥ ɐɔɓ-

ɊɋɓɗɆɜɎɥ ɆɗɕɆɖɆɉɎɓɔɈɔɏ ɐɎɗɑɔɘɡ, ɐɆɘɆɑɎɍɎ-

ɖəɋɒɆɥ ɕɔɑɎɒɋɖɎɍɆɜɎɥ ɆɗɕɆɖɆɉɎɓɔɈɔɏ ɐɎɗɑɔ-

ɘɡ Ɏ ɘɋɖɒɎɝɋɗɐɆɥ ɕɔɑɎɒɋɖɎɍɆɜɎɥ ɒɆɑɋɎɓɔ-

Ɉɔɏ ɐɎɗɑɔɘɡ Ɏ ɉɎɊɖɔɐɗɎɊɆ ɆɒɒɔɓɎɥ. ȦɈɘɔɖɡ 

[42] ɓɆɇɑɤɊɆɑɎ, ɝɘɔ ɇɎɔɖɆɍɑɆɉɆɋɒɔɗɘɢ ɕɔɑɎ-

ɆɗɕɆɖɆɉɎɓɔɈɔɏ ɐɎɗɑɔɘɡ, ɕɔɑəɝɋɓɓɔɏ Ɏɍ ɕɔɑɎ-

ɗəɐɜɎɓɎɒɎɊɆ, ɕɔɑəɝɋɓɓɔɉɔ ɘɋɖɒɎɝɋɗɐɔɏ ɐɔɓ-

ɊɋɓɗɆɜɎɋɏ ɆɗɕɆɖɆɉɎɓɔɈɔɏ ɐɎɗɑɔɘɡ, ɗɔɗɘɆɈɑɥ-

ɋɘ Ɋɔ 70 % Ɉ ɘɋɝɋɓɎɋ ɒɋɗɥɜɆ. 

ȦɈɘɔɖɡ [43] ɎɍəɝɆɑɎ ɈɍɆɎɒɔɊɋɏɗɘɈɎɋ 

ɎɓɉɎɇɎɘɔɖɆ ɗ ɕɔɈɋɖɛɓɔɗɘɢɤ ɒɋɘɔɊɆɒɎ ɛɖɔɓɔ-

ɆɒɕɋɖɔɒɋɘɖɎɎ. ȴɓɎ ɘɆɐɌɋ ɎɍəɝɎɑɎ ɒɋɛɆɓɎɍɒ, 

ɗ ɕɔɒɔɟɢɤ ɐɔɘɔɖɔɉɔ çɍɋɑɋɓɡɋè ɎɓɉɎɇɎɘɔɖɡ 

ɗɔɑɋɔɘɑɔɌɋɓɎɏ, ɘɆɐɎɋ ɐɆɐ ɐɆɖɇɔɐɗɎɒɋɘɎɑɎ-

ɓəɑɎɓ, ɕɔɑɎɒɆɑɋɎɓɔɈɆɥ ɐɎɗɑɔɘɆ Ɏ ɕɔɑɎɆɗɕɆ-

ɖɆɉɎɓɔɈɆɥ ɐɎɗɑɔɘɆ, ɊɋɏɗɘɈəɤɘ ɓɆ ɔɇɖɆɍɔɈɆ-

ɓɎɋ ɔɘɑɔɌɋɓɎɏ ɐɆɖɇɔɓɆɘɆ ɐɆɑɢɜɎɥ Ɉ ɖɆɗɗɔɑɋ, 

Ɏɒɋɤɟɋɒ ɗɔɗɘɆɈ, ɆɓɆɑɔɉɎɝɓɡɏ ɗɔɗɘɆɈə ɈɔɊɡ 

ȷɋɈɋɖɓɔɉɔ ɒɔɖɥ. ȦɈɘɔɖɡ ɕɔɐɆɍɆɑɎ ɍɓɆɝɎ-

ɘɋɑɢɓɔɋ ɗɓɎɌɋɓɎɋ ɔɘɑɔɌɋɓɎɏ ɐɆɖɇɔɓɆɘɆ 

ɐɆɑɢɜɎɥ ɕɖɎ ɐɔɓɜɋɓɘɖɆɜɎɎ ɕɔɑɎɆɗɕɆɖɆɉɎɓɔ-

Ɉɔɏ ɐɎɗɑɔɘɡ 4 ɒɉ/ɑ ɕɖɎ ɐɔɓɜɋɓɘɖɆɜɎɎ ɎɔɓɔɈ 

Ca
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 14225 ɒɉ/ɑ. ȲɎɐɖɔɗɐɔɕɎɝɋɗɐɎɋ ɓɆɇɑɤɊɋ-

ɓɎɥ ɕɔɐɆɍɆɑɎ ɎɍɒɋɓɋɓɎɋ ɐɖɎɗɘɆɑɑɎɝɋɗɐɔɏ 

ɒɔɖɚɔɑɔɉɎɎ ɐɆɑɢɜɎɘɆ ɕɔɊ ɊɋɏɗɘɈɎɋɒ ɕɔɑɎɆɗ-

ɕɆɖɆɉɎɓɔɈɔɏ ɐɎɗɑɔɘɡ, ɝɘɔ ɕɖɎɈɋɑɔ ɐ ɔɇɖɆɍɔ-

ɈɆɓɎɤ ɈɆɘɋɖɎɘɆ. ȦɈɘɔɖɡ [44] ɓɆɇɑɤɊɆɑɎ ɓɎɍ-

ɐɎɏ əɖɔɈɋɓɢ ɣɑɋɐɘɖɔɛɎɒɎɝɋɗɐɔɉɔ ɔɇɖɆɍɔɈɆ-

ɓɎɥ ɔɘɑɔɌɋɓɎɏ ɐɆɖɇɔɓɆɘɆ ɐɆɑɢɜɎɥ ɓɆ ɕɔɈɋɖɛ-

ɓɔɗɘɎ ɣɑɋɐɘɖɔɊɆ Ɏɍ ɓɋɖɌɆɈɋɤɟɋɏ ɗɘɆɑɎ ɕɖɎ 

ɕɖɎɒɋɓɋɓɎɎ ɓɎɍɐɔɉɔ əɖɔɈɓɥ ɐɔɓɜɋɓɘɖɆɜɎɎ 

ɕɔɑɎɆɗɕɆɖɆɉɎɓɔɈɔɏ ɐɎɗɑɔɘɡ. ȧɔɑɋɋ ɘɔɉɔ, ɕɔ-

ɑɎɆɗɕɆɖɆɉɎɓɔɈɆɥ ɐɎɗɑɔɘɆ ɈɍɆɎɒɔɊɋɏɗɘɈɔɈɆɑɆ 

ɗ ɜɋɓɘɖɆɒɎ ɐɖɎɗɘɆɑɑɎɍɆɜɎɎ, ɝɘɔ ɍɓɆɝɎɘɋɑɢɓɔ 

ɗɓɎɌɆɑɔ ɗɐɔɖɔɗɘɢ ɖɔɗɘɆ ɐɖɎɗɘɆɑɑɔɈ ɐɆɖɇɔɓɆ-

ɘɆ ɐɆɑɢɜɎɥ. 

ȦɈɘɔɖɡ [2] ɎɍəɝɆɑɎ ɈɑɎɥɓɎɋ ɕɔɑɎɆɗɕɆ-

ɖɆɉɎɓɔɈɔɏ ɐɎɗɑɔɘɡ ɓɆ ɣɚɚɋɐɘɎɈɓɔɗɘɢ ɎɓɉɎ-

ɇɎɖɔɈɆɓɎɥ Ɉ əɗɑɔɈɎɥɛ ɗɘɆɘɎɝɋɗɐɔɉɔ ɘɋɗɘɆ Ɉ 

ɗɑɆɇɔ ɒɎɓɋɖɆɑɢɓɔɏ ɈɔɊɋ (ɐɔɓɜɋɓɘɖɆɜɎɥ Ca
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253 ɒɉ/ɑ) ɕɖɎ 80 ÁC Ɏ ɕɔɐɆɍɆɑɎ, ɝɘɔ ɎɓɉɎɇɎ-

ɖəɤɟɎɏ ɣɚɚɋɐɘ ɕɖɎ ɐɔɓɜɋɓɘɖɆɜɎɎ 12 ɒɉ/ɑ 

ɗɔɗɘɆɈɑɥɋɘ 80 %. ȦɓɆɑɎɍɡ ɒɋɘɔɊɆɒɎ ɗɐɆɓɎ-

ɖəɤɟɋɏ ɣɑɋɐɘɖɔɓɓɔɏ ɒɎɐɖɔɗɐɔɕɎɎ Ɏ ɖɋɓɘɉɋ-

ɓɔɈɗɐɔɏ ɊɎɚɖɆɐɜɎɎ ɕɔɐɆɍɆɑɎ ɎɍɒɋɓɋɓɎɋ 

ɒɔɖɚɔɑɔɉɎɎ ɐɖɎɗɘɆɑɑɔɈ Ɉ ɕɖɎɗəɘɗɘɈɎɎ ɕɔɑɎ-

ɆɗɕɆɖɆɉɎɓɔɈɔɏ ɐɎɗɑɔɘɡ Ɏ əɒɋɓɢɞɋɓɎɋ ɐɔɑɎ-

ɝɋɗɘɈɆ ɔɗɆɊɐɔɈ. Ȱɖɔɒɋ ɘɔɉɔ, ɊɎɓɆɒɎɝɋɗɐɎɏ 

ɘɋɗɘ ɘɆɐɌɋ ɕɔɐɆɍɆɑ, ɝɘɔ ɐɆɖɇɔɓɆɘ ɐɆɑɢɜɎɥ 

CaCO3 ɕɖɆɐɘɎɝɋɗɐɎ ɓɋ ɓɆɇɑɤɊɆɋɘɗɥ ɓɆ ɕɔ-

ɈɋɖɛɓɔɗɘɎ ɘɋɕɑɔɕɋɖɋɊɆɝɎ Ɉ ɕɖɎɗəɘɗɘɈɎɎ ɕɔ-

ɑɎɆɗɕɆɖɆɉɎɓɔɈɔɏ ɐɎɗɑɔɘɡ Ɉ ɖɆɗɘɈɔɖɋ. 
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ȵɔɑɎɆɗɕɆɖɆɉɎɓɔɈəɤ ɐɎɗɑɔɘə ɗɖɆɈɓɎɈɆ-

ɤɘ ɗ ɓɔɈɡɒ ɖɆɍɖɆɇɔɘɆɓɓɡɒ çɍɋɑɋɓɡɒè ɎɓɉɎ-

ɇɎɘɔɖɔɒ, ɓɆɍɡɈɆɋɒɡɒ ɕɔɑɎɣɕɔɐɗɎɥɓɘɆɖɓɔɏ 

ɐɎɗɑɔɘɔɏ. ȪɆɓɓɔɋ ɗɔɋɊɎɓɋɓɎɋ ɇɡɑɔ ɖɆɍɖɆɇɔ-

ɘɆɓɔ Ɉ ȷȾȦ Ɉ 1990-ɛ ɉɔɊɆɛ. ȵɖɋɊɗɘɆɈɑɋɓɓɡɋ 

ɆɈɘɔɖɆɒɎ [45] ɖɋɍəɑɢɘɆɘɡ ɗɘɆɘɎɝɋɗɐɎɛ Ɏɗɕɡ-

ɘɆɓɎɏ ɕɖɎ 30 ÁC ɕɔɐɆɍɆɑɎ, ɝɘɔ ɕɖɎ ɐɔɓɜɋɓɘɖɆ-

ɜɎɎ 10 ɒɉ/ɑ ɗɖɋɊɓɎɏ ɐɔɣɚɚɎɜɎɋɓɘ ɎɓɉɎɇɎɖɔ-

ɈɆɓɎɥ ɔɘɑɔɌɋɓɎɏ CaCO3 ɕɖɋɈɡɞɆɑ 90 % ɕɖɎ 

ɘɖɋɛ ɖɆɍɑɎɝɓɡɛ ɐɔɓɜɋɓɘɖɆɜɎɥɛ ɎɔɓɔɈ ɐɆɑɢɜɎɥ 

Ɉ ɘɋɗɘɎɖəɋɒɔɒ ɖɆɗɘɈɔɖɋ (40 ɒɉ/ɑ, 100 ɒɉ/ɑ Ɏ 

200 ɒɉ/ɑ). Ȩ ɗɈɔɋɒ ɎɗɗɑɋɊɔɈɆɓɎɎ ɆɈɘɔɖɡ [44] 

ɕɔɐɆɍɆɑɎ, ɝɘɔ ɣɚɚɋɐɘɎɈɓɔɗɘɢ ɎɓɉɎɇɎɘɔɖɆ ɔɘ-

ɑɔɌɋɓɎɏ ɓɆ ɔɗɓɔɈɋ ɕɔɑɎɣɕɔɐɗɎɥɓɘɆɖɓɔɏ ɐɎ-

ɗɑɔɘɡ ɕɖɋɈɔɗɛɔɊɎɘ ɕɔɑɎɆɗɕɆɖɆɉɎɓɔɈəɤ ɐɎ-

ɗɑɔɘə. ȸɆɐɎɒ ɔɇɖɆɍɔɒ, ɕɔɑɎɣɕɔɐɗɎɥɓɘɆɖɓɆɥ 

ɐɎɗɑɔɘɆ ɒɔɌɋɘ ɎɗɕɔɑɢɍɔɈɆɘɢɗɥ Ɉ ɐɆɝɋɗɘɈɋ Ɇɐ-

ɘɎɈɓɔɏ ɔɗɓɔɈɡ ɎɓɉɎɇɎɘɔɖɔɈ ɕɖɔɘɎɈ ɐɆɖɇɔɓɆɘ-

ɓɡɛ ɔɘɑɔɌɋɓɎɏ.  

 

çȭɋɑɋɓɡɋè ɎɓɉɎɇɎɘɔɖɡ Ɏɍ ɖɆɗɘɎɘɋɑɢ-

ɓɡɛ ɎɗɘɔɝɓɎɐɔɈ. ȵɖɎɖɔɊɓɡɋ ɒɔɑɋɐəɑɡ, ɕɔɑə-

ɝɋɓɓɡɋ Ɏɍ ɖɆɗɘɎɘɋɑɢɓɡɛ ɣɐɗɘɖɆɐɘɔɈ, ɒɔɉəɘ 

ɇɡɘɢ ɕɔɘɋɓɜɎɆɑɢɓɡɒ ɎɗɘɔɝɓɎɐɔɒ çɍɋɑɋɓɔɏè 

ɛɎɒɎɎ. ȶɆɗɘɎɘɋɑɢɓɡɋ ɣɐɗɘɖɆɐɘɡ ɔɘɓɔɗɎɘɋɑɢɓɔ 

ɊɋɞɋɈɡɋ, ɣɐɔɑɔɉɎɝɋɗɐɎ ɇɋɍɔɕɆɗɓɡ, ɇɎɔɖɆɍɑɆ-

ɉɆɋɒɡ Ɏ Ɋɔɗɘəɕɓɡ. ȴɊɓɆɐɔ ɖɆɗɘɎɘɋɑɢɓɡɏ ɣɐɗ-

ɘɖɆɐɘ ɕɔɊɈɋɖɌɋɓ ɖɆɍɑɔɌɋɓɎɤ ɒɎɐɖɔɔɖɉɆɓɎɍ-

ɒɆɒɎ. ȵɖɋɊɔɘɈɖɆɘɎɘɢ ɣɘɔ ɒɔɌɓɔ ɗ ɕɔɒɔɟɢɤ 

ɇɎɔɜɎɊɔɈ. ȳɋɗɐɔɑɢɐɔ ɎɗɗɑɋɊɔɈɆɘɋɑɋɏ ɖɆɇɔ-

ɘɆɑɎ ɗ ɖɆɍɑɎɝɓɡɒɎ ɖɆɗɘɎɘɋɑɢɓɡɒɎ ɒɆɘɋɖɎɆ-

ɑɆɒɎ Ɋɑɥ ɕɖɎɉɔɘɔɈɑɋɓɎɥ ɎɓɉɎɇɎɘɔɖɆ ɔɘɑɔɌɋ-

ɓɎɏ.  

Ȩ ɖɆɇɔɘɋ [38] ɆɈɘɔɖɡ ɗɔɔɇɟɎɑɎ ɔɇ ɣɐɗ-

ɘɖɆɐɘɋ ɑɎɗɘɢɋɈ ɎɓɌɎɖɆ (ɑɆɘ. Ficus carica) ɐɆɐ 

ɗɖɋɊɗɘɈɋ ɕɖɔɘɎɈ ɔɘɑɔɌɋɓɎɏ ɗɔɑɋɏ Ɉ ɟɋɑɔɝ-

ɓɔɒ ɖɆɗɘɈɔɖɋ CaCl2. ȦɈɘɔɖɡ ɎɗɕɔɑɢɍɔɈɆɑɎ 

ɣɐɗɘɖɆɐɘɡ ɎɓɌɎɖɆ, ɝɘɔɇɡ ɕɖɔɈɋɖɎɘɢ ɋɉɔ ɣɚ-

ɚɋɐɘɎɈɓɔɗɘɢ ɔɘɓɔɗɎɘɋɑɢɓɔ ɔɇɖɆɍɔɈɆɓɎɥ 

ɐɆɑɢɜɎɘɆ. ȵɔ ɖɋɍəɑɢɘɆɘɆɒ Ɏɛ ɣɐɗɕɋɖɎɒɋɓɘɆ 

ɇɡɑɔ ɔɇɓɆɖəɌɋɓɔ, ɝɘɔ ɣɐɗɘɖɆɐɘ ɑɎɗɘɢɋɈ Ɏɓ-

ɌɎɖɆ ɕɖɋɕɥɘɗɘɈəɋɘ ɕɋɖɋɓɆɗɡɟɋɓɎɤ ɖɆɗɘɈɔɖɆ 

ɕɔ CaCO3 Ɏ əɈɋɑɎɝɎɈɆɋɘ Ɉɖɋɒɥ ɓəɐɑɋɆɜɎɎ. 

ȸɆɐɎɒ ɔɇɖɆɍɔɒ, ɣɐɗɘɖɆɐɘ ɑɎɗɘɢɋɈ ɎɓɌɎɖɆ 

ɔɐɆɍɆɑɗɥ ɕɔɘɋɓɜɎɆɑɢɓɡɒ ɗɖɋɊɗɘɈɔɒ ɕɖɔɘɎɈ 

ɔɇɖɆɍɔɈɆɓɎɥ ɐɆɑɢɜɎɘɆ. 

Ȩ ɖɆɇɔɘɋ [37] ɆɈɘɔɖɡ ɔɕɖɋɊɋɑɎɑɎ ɕɔɑɎ-

ɗɆɛɆɖɎɊɡ ɒɔɖɗɐɎɛ ɈɔɊɔɖɔɗɑɋɏ Ɏ ɒɋɘɎɑɔɈɡɏ 

ɣɚɎɖ ɗɔɋɈɔɉɔ ɒɆɗɑɆ ɐɆɐ ɕɔɘɋɓɜɎɆɑɢɓɡɋ ɎɓɉɎ-

ɇɎɘɔɖɡ ɗɔɑɋɔɘɑɔɌɋɓɎɥ Ɏ ɐɔɖɖɔɍɎɎ. Ȯɍ-ɍɆ ɇɔ-

ɑɋɋ ɗɘɖɔɉɎɛ ɕɖɆɈɎɑ ɍɆɟɎɘɡ ɔɐɖəɌɆɤɟɋɏ ɗɖɋ-

Ɋɡ ɒɓɔɉɎɋ ɘɖɆɊɎɜɎɔɓɓɡɋ ɎɓɉɎɇɎɘɔɖɡ ɗɔɑɋɔɘ-

ɑɔɌɋɓɎɏ ɍɆɕɖɋɟɋɓɡ Ɉ ɓɋɐɔɘɔɖɡɛ ɖɋɉɎɔɓɆɛ 

ɒɎɖɆ. Ȩ ɣɘɎɛ ɖɋɉɎɔɓɆɛ ɒɋɘɎɑɔɈɡɏ ɣɚɎɖ ɗɔ-

ɋɈɔɉɔ ɒɆɗɑɆ ɒɔɌɋɘ ɇɡɘɢ ɛɔɖɔɞɎɒ Ɉɡɇɔɖɔɒ 

Ɏɍ-ɍɆ ɋɉɔ ɕɖɋɈɔɗɛɔɊɓɔɉɔ ɣɐɔɑɔɉɎɝɋɗɐɔɉɔ ɕɖɔ-

ɚɎɑɥ Ɏ ɇɋɍɔɕɆɗɓɔɗɘɎ. ȪɔɕɔɑɓɎɘɋɑɢɓɡɒ ɕɖɋ-

ɎɒəɟɋɗɘɈɔɒ ɎɗɕɔɑɢɍɔɈɆɓɎɥ ɣɘɔɉɔ ɈɋɟɋɗɘɈɆ Ɉ 

ɐɆɝɋɗɘɈɋ ɎɓɉɎɇɎɘɔɖɆ ɗɔɑɋɔɘɑɔɌɋɓɎɏ ɥɈɑɥɋɘɗɥ 

ɋɉɔ ɛɎɒɎɝɋɗɐɎɏ ɗɔɗɘɆɈ, ɕɖɋɊɗɘɆɈɑɥɤɟɎɏ ɗɔ-

ɇɔɏ ɘɖɎɉɑɎɜɋɖɎɊ ɗɒɋɗɎ ɓɆɗɡɟɋɓɓɡɛ Ɏ ɓɋɓɆ-

ɗɡɟɋɓɓɡɛ ɌɎɖɓɡɛ ɐɎɗɑɔɘ (ɒɋɘɎɑɔɈɡɛ ɣɚɎ-

ɖɔɈ). Ƀɘɔɘ ɕɖɔɊəɐɘ ɔɇɋɗɕɋɝɎɈɆɋɘ ɓɋɐɔɘɔɖəɤ 

ɊɔɕɔɑɓɎɘɋɑɢɓəɤ ɍɆɟɎɘə ɔɇɔɖəɊɔɈɆɓɎɥ ɔɘ 

ɐɔɖɖɔɍɎɎ. ȶɆɗɘɈɔɖɎɒɔɗɘɢ ɒɋɘɎɑɔɈɔɉɔ ɣɚɎɖɆ 

ɗɔɋɈɔɉɔ ɒɆɗɑɆ ɆɓɆɑɔɉɎɝɓɆ ɎɑɎ Ɉɡɞɋ ɖɆɗɘɈɔ-

ɖɎɒɔɗɘɎ ɕɖɔɊəɐɘɔɈ ɓɋɚɘɋɕɋɖɋɖɆɇɔɘɐɎ.  

ȦɈɘɔɖɡ [40] ɎɗɕɔɑɢɍɔɈɆɑɎ ɣɐɗɘɖɆɐɘɡ 

ɑɎɗɘɢɋɈ Ɏ ɞɋɑəɛɎ ɉɖɆɓɆɘɆ ɔɇɡɐɓɔɈɋɓɓɔɉɔ 

(ɑɆɘ. Punica granatum) Ɋɑɥ ɕɖɎɉɔɘɔɈɑɋɓɎɥ 

çɍɋɑɋɓɔɉɔè ɎɓɉɎɇɎɘɔɖɆ ɔɇɖɆɍɔɈɆɓɎɥ ɐɆɖɇɔɓɆ-

ɘɆ ɐɆɑɢɜɎɥ. ȲɎɓɋɖɆɑɢɓɡɋ ɗɔɑɎ ɔɗɆɌɊɆɑɎɗɢ 

Ɏɍ ɖɆɗɗɔɑɆ ɕəɘɋɒ ɐɆɘɔɊɓɔɏ ɕɔɑɥɖɎɍɆɜɎɎ ɕɔ-

ɈɋɖɛɓɔɗɘɎ ɗɘɆɑɎ. ȷɐɑɔɓɓɔɗɘɢ ɣɐɗɘɖɆɐɘɔɈ ɐ Ɏɓ-

ɉɎɇɎɖɔɈɆɓɎɤ ɗɔɑɋɔɇɖɆɍɔɈɆɓɎɥ ɔɇəɗɑɔɈɑɋɓɆ 

ɓɆɑɎɝɎɋɒ ɣɑɑɆɉɔɈɔɏ ɐɎɗɑɔɘɡ (C14H6O8), ɐɔɘɔ-

ɖɆɥ ɔɇɖɆɍəɋɘ ɐɔɒɕɑɋɐɗ ɗ ɐɆɘɎɔɓɔɒ ɐɆɑɢɜɎɥ Ɉ 

ɖɆɗɘɈɔɖɋ, ɝɘɔ ɕɔɍɈɔɑɥɋɘ ɎɍɇɋɌɆɘɢ ɋɉɔ ɔɗɆɌ-

ɊɋɓɎɥ. ȴɓ ɊɋɏɗɘɈəɋɘ ɐɆɐ ɎɓɉɎɇɎɘɔɖ ɓəɐɑɋɆ-

ɜɎɎ. ȦɈɘɔɖɡ ɕɖɎɞɑɎ ɐ ɈɡɈɔɊə, ɝɘɔ ɣɐɗɘɖɆɐɘɡ 

ɞɋɑəɛɎ ɔɇɑɆɊɆɤɘ ɑəɝɞɎɒɎ ɎɓɉɎɇɎɖəɤɟɎɒɎ 

ɗɈɔɏɗɘɈɆɒɎ, ɝɋɒ ɣɐɗɘɖɆɐɘ ɑɎɗɘɢɋɈ ɉɖɆɓɆɘɆ. 

Ȩ ɖɆɇɔɘɋ [41] ɎɗɗɑɋɊɔɈɆɑɎ ɣɐɗɘɖɆɐɘɡ 

ɉɆɒɇɎɖɆ (ɑɎɗɘɢɥ Uncaria gambier Roxb) Ɉ ɐɆ-

ɝɋɗɘɈɋ ɎɓɉɎɇɎɘɔɖɆ ɔɇɖɆɍɔɈɆɓɎɥ ɐɆɖɇɔɓɆɘɆ 

ɐɆɑɢɜɎɥ ɗ ɐɔɓɜɋɓɘɖɆɜɎɋɏ ɖɆɗɘɈɔɖɆ ɔɘ 0,1 Ɋɔ 

0,6 Ȳ Ɏ ɕɖɎ ɘɋɒɕɋɖɆɘəɖɋ 80 Áȷ. ɃɐɗɘɖɆɐɘɡ 

ɉɆɒɇɎɖɆ ɔɇɑɆɊɆɤɘ ɗɈɔɏɗɘɈɆɒɎ ɕɖɔɘɎɈ ɗɔɑɋɏ 

ɇɑɆɉɔɊɆɖɥ ɓɆɑɎɝɎɤ ɔɕɖɋɊɋɑɋɓɓɡɛ ɛɎɒɎɝɋ-

ɗɐɎɛ ɈɋɟɋɗɘɈ, ɘɆɐɎɛ ɐɆɐ ɊəɇɎɑɢɓɆɥ ɐɎɗɑɔɘɆ 

(40 %), ɐɆɘɋɛɎɓ (25 %) Ɏ ɐɈɋɖɜɋɘɎɓ (12 %). ɃɘɎ 

ɛɎɒɎɝɋɗɐɎɋ ɈɋɟɋɗɘɈɆ ɊɔɐɆɍɆɑɎ ɗɈɔɤ ɣɚɚɋɐ-

ɘɎɈɓɔɗɘɢ ɕɖɔɘɎɈ ɔɇɖɆɍɔɈɆɓɎɥ ɐɆɖɇɔɓɆɘɆ 

ɐɆɑɢɜɎɥ. ȵɔɑəɝɋɓɓɡɋ ɊɆɓɓɡɋ ɕɔɐɆɍɡɈɆɤɘ, 

ɝɘɔ ɣɐɗɘɖɆɐɘɡ ɉɆɒɇɎɖɆ ɎɓɉɎɇɎɖəɤɘ ɔɇɖɆɍɔɈɆ-

ɓɎɋ ɐɆɖɇɔɓɆɘɆ ɐɆɑɢɜɎɥ ɕɖɎ ɖɆɍɑɎɝɓɡɛ ɐɔɓ-
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ɜɋɓɘɖɆɜɎɥɛ ɗɔɑɋɈɔɉɔ ɖɆɗɘɈɔɖɆ. ɃɚɚɋɐɘɎɈ-

ɓɔɗɘɢ ɣɐɗɘɖɆɐɘɔɈ ɉɆɒɇɎɖɆ ɐɆɐ ɎɓɉɎɇɎɘɔɖɆ ɔɇ-

ɖɆɍɔɈɆɓɎɥ ɐɆɖɇɔɓɆɘɆ ɐɆɑɢɜɎɥ ɗɔɗɘɆɈɑɥɋɘ 

ɔɐɔɑɔ 40ï100 % Ɉ ɎɓɉɎɇɎɖɔɈɆɓɎɎ ɗɐɔɖɔɗɘɎ 

ɖɔɗɘɆ ɔɘɑɔɌɋɓɎɏ CaCO3. ɃɘɆ ɗɕɔɗɔɇɓɔɗɘɢ ɍɆ-

ɈɎɗɎɘ ɔɘ ɐɔɓɜɋɓɘɖɆɜɎɎ ɣɐɗɘɖɆɐɘɔɈ ɉɆɒɇɎɖɆ, 

ɊɔɇɆɈɑɥɋɒɡɛ Ɉ ɘɋɗɘɎɖəɋɒɡɏ ɖɆɗɘɈɔɖ, Ɏ ɐɔɓ-

ɜɋɓɘɖɆɜɎɎ ɖɆɗɘɈɔɖɆ Ɉ ɐɆɝɋɗɘɈɋ ɗɖɋɊɡ Ɋɑɥ 

ɈɡɖɆɟɎɈɆɓɎɥ ɐɖɎɗɘɆɑɑɔɈ CaCO3. ȦɈɘɔɖɡ ɔɇ-

ɓɆɖəɌɎɑɎ, ɝɘɔ 100 %-ɉɔ ɎɓɉɎɇɎɖɔɈɆɓɎɥ ɓɋ-

ɈɔɍɒɔɌɓɔ ɊɔɗɘɎɝɢ ɊɆɌɋ ɕɖɎ ɇɔɑɋɋ ɈɡɗɔɐɎɛ 

ɐɔɓɜɋɓɘɖɆɜɎɥɛ. ȵɖɎ ɐɔɓɜɋɓɘɖɆɜɎɎ 200 ppm 

ɎɓɉɎɇɎɖɔɈɆɓɎɋ CaCO3 ɗɔɗɘɆɈɑɥɑɔ 70ï80 %.  

Ȩ ɖɆɇɔɘɋ [46] ɕɖɔɈɋɊɋɓɡ ɣɐɗɕɋɖɎɒɋɓɘɡ 

ɕɔ ɈɡɥɈɑɋɓɎɤ ɚɎɍɎɐɔ-ɛɎɒɎɝɋɗɐɎɛ Ɏ ɘɋɛɓɔɑɔ-

ɉɎɝɋɗɐɎɛ ɗɈɔɏɗɘɈ ɎɍɔɑɥɘɆ ɇɋɑɐɆ ɐɔɓɔɕɑɎ (ɑɆɘ. 

Cannabis sativa) Ɏ ɗɖɆɈɓɎɑɎ ɋɉɔ ɗ Ɏɍɔɑɥɘɔɒ 

ɗɔɋɈɔɉɔ ɇɋɑɐɆ. ȮɓɉɎɇɎɖəɤɟɎɛ ɔɇɖɆɍɔɈɆɓɎɋ 

ɒɎɓɋɖɆɑɢɓɡɛ ɗɔɑɋɏ ɗɈɔɏɗɘɈ ə ɎɍɔɑɥɘɆ ɐɔɓɔɕ-

ɑɥɓɔɉɔ ɇɋɑɐɆ ɔɇɓɆɖəɌɋɓɔ ɓɋ ɇɡɑɔ. ȳɔ Ɏɍ-ɍɆ 

ɕɖɎɗəɘɗɘɈɎɥ ɜɋɑɑɤɑɔɍɡ, ɑɎɉɓɎɓɆ, ɉɋɒɎɜɋɑ-

ɑɤɑɔɍɡ, ɕɋɐɘɎɓɆ ɗəɞɋɓəɤ ɐɔɓɔɕɑɤ ɒɔɌɓɔ 

ɎɗɕɔɑɢɍɔɈɆɘɢ Ɋɑɥ ɎɍɈɑɋɝɋɓɎɥ ɔɖɉɆɓɎɝɋɗɐɎɛ 

ɕɔɑɎɒɋɖɔɈ, ɐɔɘɔɖɡɋ ɒɔɉəɘ ɕɔɘɋɓɜɎɆɑɢɓɔ Ɏɗ-

ɕɔɑɢɍɔɈɆɘɢɗɥ Ɉ ɐɆɝɋɗɘɈɋ ɣɚɚɋɐɘɎɈɓɔɉɔ ɎɓɉɎ-

ɇɎɘɔɖɆ ɔɘɑɔɌɋɓɎɏ.  

ȰɆɖɇɔɐɗɎɒɋɘɎɑɎɓəɑɎɓ ɥɈɑɥɋɘɗɥ ɕɔɖɔ-

ɉɔɈɡɒ ɎɓɉɎɇɎɘɔɖɔɒ ɔɘɑɔɌɋɓɎɥ ɐɆɖɇɔɓɆɘɔɈ Ɏ 

ɗəɑɢɚɆɘɔɈ. ȴɓ ɛɔɖɔɞɔ ɖɆɗɘɈɔɖɎɒ Ɉ ɈɔɊɋ, 

ɗɕɔɗɔɇɋɓ ɗɔɛɖɆɓɥɘɢ ɗɘɆɇɎɑɢɓɔɗɘɢ ɕɖɎ Ɉɡɗɔ-

ɐɎɛ ɐɔɓɜɋɓɘɖɆɜɎɥɛ ɐɆɑɢɜɎɥ Ɉ ɖɆɗɘɈɔɖɋ, Ɇ 

ɘɆɐɌɋ Ɏɒɋɋɘ ɓɎɍɐəɤ Ɉɥɍɐɔɗɘɢ Ɉ ɈɔɊɓɔɒ ɖɆɗ-

ɘɈɔɖɋ. Ƀɘɔ ɕɔɑɎɐɆɖɇɔɐɗɎɑɆɘ ɓɆ ɔɗɓɔɈɋ ɕɔɑɎ-

ɗɆɛɆɖɎɊɆ. ȫɉɔ ɕɔɑəɝɆɤɘ ɕəɘɋɒ ɛɎɒɎɝɋɗɐɔɉɔ 

ɗɎɓɘɋɍɆ ɎɓəɑɎɓɆ. ȮɓəɑɎɓ ɋɗɘɋɗɘɈɋɓɓɡɒ ɔɇɖɆ-

ɍɔɒ ɕɖɎɗəɘɗɘɈəɋɘ Ɉ ɐɔɖɓɋ ɜɎɐɔɖɎɥ Ɏ ɥɈɑɥɋɘɗɥ 

ɈɔɍɔɇɓɔɈɑɥɋɒɡɒ ɕɔ ɗɈɔɋɏ ɕɖɎɖɔɊɋ. ȰɆɖɇɔɐ-

ɗɎɒɋɘɎɑɎɓəɑɎɓ ɥɈɑɥɋɘɗɥ çɍɋɑɋɓɡɒè ɎɓɉɎɇɎ-

ɘɔɖɔɒ Ɏɍ-ɍɆ ɔɘɗəɘɗɘɈɎɥ Ɉ ɗɘɖəɐɘəɖɋ ɚɔɗɚɔɖɆ 

Ɏ ɆɍɔɘɆ. ȷɘɖəɐɘəɖɆ ɐɆɖɇɔɐɗɎɒɋɘɎɑɎɓəɑɎɓɆ 

ɕɔɐɆɍɆɓɆ ɓɆ ɖɎɗəɓɐɋ 4. ȰɆɖɇɔɐɗɎɒɋɘɎɑɎɓəɑɎɓ 

ɕɔ ɗɈɔɋɏ ɕɖɎɖɔɊɋ ɇɎɔɖɆɍɑɆɉɆɋɒ Ɏ Ɏɒɋɋɘ 

ɔɝɋɓɢ ɓɎɍɐəɤ ɘɔɐɗɎɝɓɔɗɘɢ. ȧɑɆɉɔɊɆɖɥ ɓɆɑɎ-

ɝɎɤ Ɉ ɋɉɔ ɗɘɖəɐɘəɖɋ ɐɆɖɇɔɐɗɎɑɢɓɔɏ ɉɖəɕɕɡ, ɔɓ 

ɗɎɑɢɓɔ ɈɑɎɥɋɘ ɓɆ ɐɖɎɗɘɆɑɑɎɍɆɜɎɤ ɐɆɖɇɔɓɆɘɆ 

ɐɆɑɢɜɎɥ. Ȩ ɖɆɇɔɘɋ [47] ɕɔɐɆɍɆɓɔ ɈɑɎɥɓɎɋ ɐɆɖ-

ɇɔɐɗɎɒɋɘɎɑɎɓəɑɎɓɆ ɓɆ ɐɖɎɗɘɆɑɑɎɍɆɜɎɤ ɐɆɖ-

ɇɔɓɆɘɆ ɐɆɑɢɜɎɥ ɕɖɎ ɓɎɍɐɎɛ ɊɔɍɎɖɔɈɐɆɛ (0,1ï

200 ɒɉ/ɑ). Ȩ ɗɈɔɋɒ ɎɗɗɑɋɊɔɈɆɓɎɎ ɆɈɘɔɖɡ ɓɆ-

ɇɑɤɊɆɑɎ ɎɍɒɋɓɋɓɎɋ ɒɔɖɚɔɑɔɉɎɎ ɐɖɎɗɘɆɑɑɔɈ 

ɐɆɖɇɔɓɆɘɆ ɐɆɑɢɜɎɥ Ɏ, ɘɆɐɎɒ ɔɇɖɆɍɔɒ, ɕɔɐɆɍɆ-

ɑɎ, ɝɘɔ ɐɆɖɇɔɐɗɎɒɋɘɎɑɎɓəɑɎɓ ɥɈɑɥɋɘɗɥ ɛɔɖɔ-

ɞɎɒ ɎɓɉɎɇɎɘɔɖɔɒ ɔɇɖɆɍɔɈɆɓɎɥ CaCO3. ȸɆɐɌɋ 

ɇɡɑɆ ɎɍəɝɋɓɆ ɐɎɓɋɘɎɐɆ ɖɔɗɘɆ ɐɖɎɗɘɆɑɑɔɈ ɕɖɎ 

ɕɔɗɘɔɥɓɓɔɏ ɐɔɓɜɋɓɘɖɆɜɎɎ, ɔɇɓɆɖəɌɋɓɔ, ɝɘɔ 

ɐɆɖɇɔɐɗɎɒɋɘɎɑɎɓəɑɎɓ ɈɑɎɥɋɘ ɓɆ ɗɐɔɖɔɗɘɢ 

ɖɔɗɘɆ ɐɖɎɗɘɆɑɑɔɈ CaCO3. ȷɊɋɑɆɓ ɈɡɈɔɊ, ɝɘɔ 

ɒɔɑɋɐəɑɆ ɐɆɖɇɔɐɗɎɒɋɘɎɑɎɓəɑɎɓɆ ɗ Ɉɡɗɔɐɔɏ 

ɗɘɋɕɋɓɢɤ ɕɔɑɎɒɋɖɎɍɆɜɎɎ Ɏ ɍɆɒɋɟɋɓɎɥ ɇɔɑɋɋ 

ɣɚɚɋɐɘɎɈɓɆ. 

 

 
 

ȶɎɗəɓɔɐ 4. ȷɘɖəɐɘəɖɆ ɐɆɖɇɔɐɗɎɒɋɘɎɑɎɓəɑɎɓɆ 

(ɉɊɋ n ï ɐɔɑɎɝɋɗɘɈɔ ɐɆɖɇɔɐɗɎɑɆɘɓɡɛ  

ɚɖɆɉɒɋɓɘɔɈ ɓɆ ɋɊɎɓɎɜə ɚɖəɐɘɔɍɡ) 

 

Figure 4. Structure of carboxymethylinulin  

(where n is the number of carboxylate moieties  

per unit of fructose) 

 

 

ȷəɟɋɗɘɈɋɓɓəɤ ɖɔɑɢ Ɉ ɣɚɚɋɐɘɎɈɓɔɗɘɎ 

ɎɓɉɎɇɎɖɔɈɆɓɎɥ Ɏɒɋɋɘ ɗɘɋɕɋɓɢ ɍɆɒɋɟɋɓɎɥ 

(ɘ.ɋ. ɗɖɋɊɓɋɋ ɐɔɑɎɝɋɗɘɈɔ ɐɆɖɇɔɐɗɎɑɆɘɓɡɛ 

ɚɖɆɉɒɋɓɘɔɈ ɓɆ ɋɊɎɓɎɜə ɚɖəɐɘɔɍɡ), ɓɆ ɝɘɔ 

əɐɆɍɡɈɆɋɘ ɜɎɚɖɆ Ɉ ɓɆɍɈɆɓɎɎ ɗɔɋɊɎɓɋɓɎɥ (ɓɆ-

ɕɖɎɒɋɖ, ɐɆɖɇɔɐɗɎɒɋɘɎɑɎɓəɑɎɓ-15 ɎɑɎ ɐɆɖ-

ɇɔɐɗɎɒɋɘɎɑɎɓəɑɎɓ-25) [34].  
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ȰɔɓɜɋɓɘɖɆɜɎɥ ɐɆɖɇɔɐɗɎɒɋɘɎɑɎɓəɑɎɓɆ Ɉ 

ɊɎɆɕɆɍɔɓɋ 100ï300 ɒɉ/ɑ ɗɕɔɗɔɇɓɆ ɍɆɊɋɖɌɎ-

ɈɆɘɢ ɔɗɆɌɊɋɓɎɋ ɐɆɖɇɔɓɆɘɆ ɐɆɑɢɜɎɥ Ɏɍ ɕɋɖɋ-

ɗɡɟɋɓɓɔɉɔ ɖɆɗɘɈɔɖɆ. Ȩ ɖɆɇɔɘɋ [43] ɆɈɘɔɖɡ 

ɎɗɕɔɑɢɍɔɈɆɑɎ ɛɖɔɓɔɆɒɕɋɖɔɒɋɘɖɎɤ Ɋɑɥ Ɏɍə-

ɝɋɓɎɥ ɎɓɉɎɇɎɖəɤɟɋɉɔ ɣɚɚɋɐɘɆ ɐɆɖɇɔɐɗɎɒɋ-

ɘɎɑɎɓəɑɎɓɆ ɓɆ ɔɇɖɆɍɜɋ ɖɆɗɗɔɑɆ ȷɋɈɋɖɓɔɉɔ 

ɒɔɖɥ ɗ ɐɔɓɜɋɓɘɖɆɜɎɋɏ ɎɔɓɔɈ Ca
2+

 14225 ɒɉ/ɑ 

ɕɖɎ ɐɔɒɓɆɘɓɔɏ ɘɋɒɕɋɖɆɘəɖɋ. ȦɈɘɔɖɡ ɕɖɎɞɑɎ 

ɐ ɈɡɈɔɊə, ɝɘɔ ɐɆɖɇɔɐɗɎɒɋɘɎɑɎɓəɑɎɓ ɗɕɔɗɔɇɋɓ 

ɣɚɚɋɐɘɎɈɓɔ ɎɓɉɎɇɎɖɔɈɆɘɢ ɔɘɑɔɌɋɓɎɋ CaCO3. 

Ȩ ɖɆɇɔɘɋ [48] ɆɈɘɔɖɡ ɎɍəɝɆɑɎ ɗɐɔɖɔɗɘɢ 

ɖɔɗɘɆ ɒɔɑɋɐəɑ ɐɆɖɇɔɓɆɘɆ ɐɆɑɢɜɎɥ Ɉ ɕɖɎɗəɘɗɘ-

ɈɎɎ ɐɆɖɇɔɐɗɎɒɋɘɎɑɎɓəɑɎɓɆ. Ȫɑɥ ɎɗɗɑɋɊɔɈɆ-

ɓɎɥ ɔɓɎ ɎɗɕɔɑɢɍɔɈɆɑɎ ɒɋɘɔɊ ɕɔɗɘɔɥɓɓɔɉɔ ɗɔ-

ɗɘɆɈɆ. ȷɖɋɊɓɋɋ ɐɔɑɎɝɋɗɘɈɔ ɐɆɖɇɔɐɗɎɑɢɓɡɛ 

ɚɖɆɉɒɋɓɘɔɈ ɓɆ ɋɊɎɓɎɜə ɚɖəɐɘɔɍɡ ɓɆɛɔɊɎɑɔɗɢ 

Ɉ ɊɎɆɕɆɍɔɓɋ ɔɘ 1,5 (ɐɆɖɇɔɐɗɎɒɋɘɎɑɎɓəɑɎɓ-15) 

Ɋɔ 2,5 (ɐɆɖɇɔɐɗɎɒɋɘɎɑɎɓəɑɎɓ-25). ȰɆɖɇɔɐɗɎ-

ɒɋɘɎɑɎɓəɑɎɓ-25 ɕɖɎ ɔɝɋɓɢ ɓɎɍɐɔɏ ɐɔɓɜɋɓɘɖɆ-

ɜɎɎ 15Ĭ10
-9

 ɒɔɑɢ/ɑ Ɏɒɋɑ ɇɔɑɋɋ Ɉɡɗɔɐəɤ ɣɚ-

ɚɋɐɘɎɈɓɔɗɘɢ ɎɓɉɎɇɎɖɔɈɆɓɎɥ (95 %), ɔ ɝɋɒ 

ɗɈɎɊɋɘɋɑɢɗɘɈəɋɘ ɗɐɔɖɔɗɘɢ ɖɔɗɘɆ ɐɖɎɗɘɆɑɑɔɈ 

ɕɖɎ 25 ÁC Ɏ pH 8,0. ȦɈɘɔɖɡ ɍɆɥɈɎɑɎ, ɝɘɔ 

ɇɔɑɢɞɋɋ ɐɔɑɎɝɋɗɘɈɔ ɚəɓɐɜɎɔɓɆɑɢɓɡɛ ɉɖəɕɕ ɗ 

ɔɘɖɎɜɆɘɋɑɢɓɡɒ ɍɆɖɥɊɔɒ ɐɆɖɇɔɐɗɎɒɋɘɎɑɎɓə-

ɑɎɓɆ ɔɇɑɆɊɆɋɘ ɇɔɑɢɞɋɏ ɣɚɚɋɐɘɎɈɓɔɗɘɢɤ Ɉ 

ɔɘɓɔɞɋɓɎɎ ɔɗɆɌɊɋɓɎɥ ɐɆɖɇɔɓɆɘɆ ɐɆɑɢɜɎɥ. 

ȲɔɌɓɔ ɗɊɋɑɆɘɢ ɈɡɈɔɊ, ɝɘɔ ɐɆɖɇɔɐɗɎɒɋɘɎɑɎ-

ɓəɑɎɓ ɒɔɌɋɘ ɇɡɘɢ ɔɘɑɎɝɓɡɒ Ɉɡɇɔɖɔɒ Ɉ ɐɆɝɋ-

ɗɘɈɋ çɍɋɑɋɓɔɉɔè ɎɓɉɎɇɎɘɔɖɆ ɗɔɑɋɔɘɑɔɌɋɓɎɏ. 

ȦɈɘɔɖɡ [49] ɎɗɗɑɋɊəɤɘ ɕɔɑɎɗɆɛɆɖɎɊɡ 

ɐɆɐ ɣɚɚɋɐɘɎɈɓɡɋ Ɏ ɣɐɔɑɔɉɎɝɋɗɐɎ ɝɎɗɘɡɋ Ɏɓ-

ɉɎɇɎɘɔɖɡ ɔɘɑɔɌɋɓɎɥ ɗɔɑɋɏ Ɏɍ ɈɔɊɓɡɛ ɖɆɗɘɈɔ-

ɖɔɈ. ȵɔɐɆɍɆɓɔ ɈɑɎɥɓɎɋ ɕɔɑɎɗɆɛɆɖɎɊɔɈ ɓɆ 

ɐɖɎɗɘɆɑɑɎɍɆɜɎɤ ɐɆɑɢɜɎɏɗɔɊɋɖɌɆɟɎɛ ɗɔɑɋ-

Ɉɡɛ ɔɘɑɔɌɋɓɎɏ. ȷɖɋɊɎ ɕɔɑɎɗɆɛɆɖɎɊɔɈ ɗ Ɇɐ-

ɘɎɈɓɡɒɎ ɐɆɖɇɔɐɗɎɑɢɓɡɒɎ ɉɖəɕɕɆɒɎ ɒɔɌɓɔ 

ɈɡɊɋɑɎɘɢ, ɓɆɕɖɎɒɋɖ, ɐɆɖɇɔɐɗɎɒɋɘɎɑɜɋɑɑɤ-

ɑɔɍə Ɏ ɋɋ ɓɆɘɖɎɋɈəɤ ɗɔɑɢ. Ȫɔɗɘəɕɓɔɗɘɢ, ɣɐɔ-

ɑɔɉɎɝɓɔɗɘɢ, ɘɋɖɒɔɗɘɆɇɎɑɢɓɔɗɘɢ Ɏ ɇɎɔɖɆɍɑɆ-

ɉɆɋɒɔɗɘɢ Na-ɐɆɖɇɔɐɗɎɒɋɘɎɑɜɋɑɑɤɑɔɍɡ ɔɇə-

ɗɑɔɈɑɎɈɆɤɘ ɖɆɍɖɆɇɔɘɐə ɓɔɈɡɛ ɓɆɕɖɆɈɑɋɓɎɏ 

ɋɋ ɕɖɎɒɋɓɋɓɎɥ. Na-ɐɆɖɇɔɐɗɎɒɋɘɎɑɜɋɑɑɤɑɔɍɆ 

ï ɔɊɎɓ Ɏɍ ɓɆɎɇɔɑɋɋ Ɋɔɗɘəɕɓɡɛ ɈɔɊɔɖɆɗɘɈɔɖɎ-

ɒɡɛ ɕɔɑɎɗɆɛɆɖɎɊɔɈ, ə ɐɔɘɔɖɔɉɔ ɐɆɖɇɔɐɗɎɒɋ-

ɘɎɑɢɓɆɥ ɉɖəɕɕɆ ɗɈɥɍɆɓɆ ɗ ɉɎɊɖɔɐɗɎɑɢɓɡɒɎ 

ɉɖəɕɕɆɒɎ ɒɔɓɔɒɋɖɔɈ ȁ-(1Ÿ4)-D-ɉɑɤɐɔɍɡ. 

ȰɆɖɇɔɐɗɎɒɋɘɎɑɜɋɑɑɤɑɔɍɆ ɔɇɖɆɍəɋɘ ɊɔɗɘɆ-

ɘɔɝɓɔ ɕɖɔɝɓɡɋ ɐɔɒɕɑɋɐɗɡ ɗ Ɏɔɓɔɒ ȷɆ
2+
, ɝɘɔ 

ɕɔɍɈɔɑɥɋɘ əɒɋɓɢɞɎɘɢ ɔɗɆɌɊɋɓɎɋ ɗɔɑɋɏ ɐɆɑɢ-

ɜɎɥ Ɏɍ ɕɋɖɋɗɡɟɋɓɓɡɛ ɈɔɊɓɡɛ ɖɆɗɘɈɔɖɔɈ Ɏ 

ɕɖɋɊɔɘɈɖɆɘɎɘɢ ɔɇɖɆɍɔɈɆɓɎɋ ɓɋɖɆɗɘɈɔɖɎɒɡɛ 

ɗɔɑɋɏ. 

ȸɋɗɘɎɖɔɈɆɓɎɋ Na-ɐɆɖɇɔɐɗɎɒɋɘɎɑ-

ɜɋɑɑɤɑɔɍɡ ɒɋɘɔɊɔɒ ɊɎɓɆɒɎɝɋɗɐɔɉɔ ɘɋɗɘɎɖɔ-

ɈɆɓɎɥ ɕɖɎ ɘɋɒɕɋɖɆɘəɖɋ 80 Áȷ ɕɔɐɆɍɆɑɔ, ɝɘɔ 

ɕɖɎ ɐɔɓɜɋɓɘɖɆɜɎɎ 30 ɒɉ/ɑ ɖɋɆɉɋɓɘ ɕɖɆɐɘɎɝɋ-

ɗɐɎ ɕɔɑɓɔɗɘɢɤ ɎɓɉɎɇɎɖəɋɘ ɕɖɔɜɋɗɗɡ ɔɘɑɔɌɋ-

ɓɎɥ ɗɔɑɋɏ CaCO3 Ɏ CaSO4 ɗ ɣɚɚɋɐɘɎɈɓɔɗɘɢɤ 

~92ï97 %. ȵɖɎ ɕɖɔɛɔɌɊɋɓɎɎ ɒɎɓɋɖɆɑɎɍɔɈɆɓ-

ɓɔɏ ɈɔɊɡ Ɉ ɘɋɝɋɓɎɋ Ɉɗɋɉɔ ɣɐɗɕɋɖɎɒɋɓɘɆ Ɉ ɐɆ-

ɕɎɑɑɥɖɋ ɓɋ ɔɗɆɌɊɆɑɔɗɢ ɐɖɎɗɘɆɑɑɔɈ ɐɆɖɇɔɓɆ-

ɘɆ ɐɆɑɢɜɎɥ. ȷɋɊɎɒɋɓɘɆɜɎɔɓɓəɤ əɗɘɔɏɝɎɈɔɗɘɢ 

Ɉɖɋɒɋɓɓɔ ɔɇɖɆɍɔɈɆɈɞɎɛɗɥ CaCO3 Ɏ CaSO4 Ɉ 

ɈɔɊɓɔɏ ɚɆɍɋ ɎɍəɝɆɑɎ ɕɖɎ ɐɔɓɜɋɓɘɖɆɜɎɥɛ 

NaȰȲȼ 10, 20, 30, 50 Ɏ 100 ɒɉ/ɑ ɕɖɎ 80 Áȷ. Ȩ 

ɔɘɗəɘɗɘɈɎɋ NaȰȲȼ ɔɇɖɆɍɔɈɡɈɆɑɆɗɢ ɒɋɑɐɆɥ 

ɈɍɈɋɗɢ ɐɖɎɗɘɆɑɑɔɈ, ɐɔɘɔɖɆɥ Ɉ ɖɋɍəɑɢɘɆɘɋ Ɇɉ-

ɖɋɉɆɜɎɎ Ɏ ɆɉɑɔɒɋɖɆɜɎɎ ɔɗɆɌɊɆɑɆɗɢ [50]. 

ȫɟɋ ɔɊɓɎɒ Ɏɍ ɈɔɍɒɔɌɓɡɛ çɍɋɑɋɓɡɛè 

ɎɓɉɎɇɎɘɔɖɔɈ ɗɔɑɋɔɘɑɔɌɋɓɎɥ ɥɈɑɥɋɘɗɥ ɈɔɊɔ-

ɖɆɗɘɈɔɖɎɒɡɏ ɕɔɑɎɗɆɛɆɖɎɊ ɆɖɆɇɎɓɔɉɆɑɆɐɘɆɓ, 

ɕɔɑəɝɆɋɒɡɏ Ɏɍ ɊɖɋɈɋɗɎɓɡ ɑɎɗɘɈɋɓɓɎɜɡ, ɕɖɔ-

ɎɍɖɆɗɘɆɤɟɋɏ Ɉ ȷɎɇɎɖɎ. ȲɆɐɖɔɒɔɑɋɐəɑɆ ɆɖɆ-

ɇɎɓɔɉɆɑɆɐɘɆɓɆ Ɏɒɋɋɘ ɗɎɑɢɓɔ ɖɆɍɈɋɘɈɑɋɓɓəɤ 

ɗɘɖəɐɘəɖə; ɋɉɔ ɔɗɓɔɈɓɆɥ ɜɋɕɢ ɗɔɗɘɔɎɘ Ɏɍ ɉɆ-

ɑɆɐɘɔɍɓɡɛ ɍɈɋɓɢɋɈ, Ɇ ɇɔɐɔɈɡɋ ɜɋɕɎ ɗɔɗɘɔɥɘ 

Ɏɍ ɉɆɑɆɐɘɔɍɓɡɛ Ɏ ɆɖɆɇɎɓɔɍɓɡɛ ɍɈɋɓɢɋɈ, Ɇ 

ɘɆɐɌɋ əɖɔɓɔɈɡɛ ɐɎɗɑɔɘ. ȦɖɆɇɎɓɔɉɆɑɆɐɘɆɓ ɓɋ 

ɕɖɔɥɈɑɥɋɘ ɔɗɘɖɔɏ ɘɔɐɗɎɝɓɔɗɘɎ Ɉ Ɋɔɍɋ 5 ɉ/ɐɉ Ɏ 

ɛɖɔɓɎɝɋɗɐɔɏ ɘɔɐɗɎɝɓɔɗɘɎ Ɉ Ɋɔɍɋ 500 ɒɉ/ɐɉ Ɉ 

ɗəɘɐɎ, Ɇ ɋɉɔ ɚɎɍɎɐɔ-ɛɎɒɎɝɋɗɐɎɋ ɗɈɔɏɗɘɈɆ 

ɕɖɆɐɘɎɝɋɗɐɎ ɓɋ Ɏɍɒɋɓɥɤɘɗɥ Ɋɔ 130 Áȷ. ȧɑɆɉɔ-

ɊɆɖɥ ɗɈɔɋɏ əɓɎɐɆɑɢɓɔɏ ɗɚɋɖɔɎɊɆɑɢɓɔɏ 

ɗɘɖəɐɘəɖɋ ɒɆɐɖɔɒɔɑɋɐəɑɡ ɆɖɆɇɎɓɔɉɆɑɆɐɘɆɓɆ 

Ɉ ɈɔɊɓɔɏ ɗɖɋɊɋ ɔɇɖɆɍəɤɘ ɐɔɒɕɑɋɐɗɡ ɕɖɎ 

ɈɍɆɎɒɔɊɋɏɗɘɈɎɎ ɗ ɗɔɑɥɒɎ ɐɆɑɢɜɎɥ, ɒɆɉɓɎɥ Ɏ 

ɇɆɖɎɥ, Ɇ ɘɆɐɌɋ ɗɘɆɇɎɑɎɍɎɖəɤɘ ɗəɗɕɋɓɍɎɎ ɓɆ-

ɓɔɝɆɗɘɎɜ ɒɋɘɆɑɑɔɈ. ȮɗɗɑɋɊɔɈɆɓɎɋ ɆɖɆɇɎɓɔ-

ɉɆɑɆɐɘɆɓɆ ɐɆɐ ɎɓɉɎɇɎɘɔɖɆ ɔɘɑɔɌɋɓɎɥ ɗɔɑɋɏ 

ɒɋɘɔɊɔɒ ɐɆɕɎɑɑɥɖɓɔɉɔ ɘɋɗɘɎɖɔɈɆɓɎɥ ɕɖɎ 

ɘɋɒɕɋɖɆɘəɖɋ 80 Áȷ ɕɔɐɆɍɆɑɔ, ɝɘɔ Ɉ ɐɔɓɜɋɓ-

ɘɖɆɜɎɎ 20 ɒɉ/ɑ ɖɋɆɉɋɓɘ ɎɓɉɎɇɎɖɔɈɆɑ ɕɖɔɜɋɗɗ 

ɔɘɑɔɌɋɓɎɥ ɗɔɑɋɏ ȷɆȷȴ3 ɗ ɣɚɚɋɐɘɎɈɓɔ-

ɗɘɢɤ å 98 %. ȶɆɍɒɋɖɡ ɐɖɎɗɘɆɑɑɔɈ CaCO3, ɔɇ-
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ɖɆɍɔɈɆɈɞɎɛɗɥ ɕɔɊ ɊɋɏɗɘɈɎɋɒ ɆɖɆɇɎɓɔɉɆɑɆɐ-

ɘɆɓɆ, ɕɔɐɆɍɆɑɎ, ɝɘɔ Ɉ ɋɉɔ ɕɖɎɗəɘɗɘɈɎɎ ɓɆɇɑɤ-

ɊɆɑɔɗɢ əɒɋɓɢɞɋɓɎɋ ɗɖɋɊɓɋɉɔ ɖɆɍɒɋɖɆ ɐɖɎ-

ɗɘɆɑɑɔɈ ɓɆ å 12 ɒɐɒ [51ï55]. 

 

ȨɡɈɔɊɡ 

ȴɘɑɔɌɋɓɎɋ ɒɎɓɋɖɆɑɢɓɡɛ ɗɔɑɋɏ ɥɈɑɥɋɘ-

ɗɥ ɗɋɖɢɋɍɓɔɏ ɕɖɔɇɑɋɒɔɏ Ɋɑɥ ɓɋɚɘɥɓɔɏ ɕɖɔ-

ɒɡɞɑɋɓɓɔɗɘɎ. ȶɆɗɗɒɔɘɖɋɓɡ ɔɗɓɔɈɓɡɋ ɘɎɕɡ 

ɗɔɑɋɏ, əɗɑɔɈɎɥ Ɏɛ ɈɔɍɓɎɐɓɔɈɋɓɎɥ, ɒɋɛɆɓɎɍɒɡ 

ɔɇɖɆɍɔɈɆɓɎɥ Ɏ ɖɆɍɑɎɝɓɡɋ ɗɕɔɗɔɇɡ ɋɉɔ ɕɖɋ-

ɊɔɘɈɖɆɟɋɓɎɥ. ȷəɟɋɗɘɈəɋɘ ɊɈɆ ɒɋɘɔɊɆ ɇɔɖɢɇɡ 

ɗ ɔɘɑɔɌɋɓɎɋɒ ɗɔɑɋɏ: əɊɆɑɋɓɎɋ ɗəɟɋɗɘɈəɤɟɎɛ 

ɔɘɑɔɌɋɓɎɏ Ɏ ɕɖɋɊɔɘɈɖɆɟɋɓɎɋ Ɏɛ ɔɇɖɆɍɔɈɆ-

ɓɎɥ. ȵɔɐɆɍɆɓɔ, ɝɘɔ ɕɖɋɊɔɘɈɖɆɟɋɓɎɋ ɔɇɖɆɍɔ-

ɈɆɓɎɥ ɗɔɑɋɏ ɓɆɒɓɔɉɔ ɇɔɑɋɋ ɘɋɛɓɔɑɔɉɎɝɋɗɐɎ Ɏ 

ɣɐɔɓɔɒɎɝɋɗɐɎ ɈɡɉɔɊɓɔ, ɓɋɌɋɑɎ Ɏɛ ɕɔɗɑɋɊəɤ-

ɟɋɋ əɊɆɑɋɓɎɋ. 

ȵɖɔɚɎɑɆɐɘɎɝɋɗɐɎɋ ɒɋɖɡ ɕɔɍɈɔɑɥɤɘ ɗɣ-

ɐɔɓɔɒɎɘɢ ɒɆɗɗə ɣɐɗɕɑəɆɘɆɜɎɔɓɓɡɛ ɖɆɗɛɔɊɔɈ, 

Ɇ ɘɆɐɌɋ ɍɓɆɝɎɘɋɑɢɓɔ əɈɋɑɎɝɎɘɢ ɗɖɔɐ ɗɑəɌɇɡ 

ɓɋɚɘɋɕɖɔɒɡɗɑɔɈɔɉɔ ɕɔɊɍɋɒɓɔɉɔ Ɏ ɓɆɍɋɒɓɔɉɔ 

ɔɇɔɖəɊɔɈɆɓɎɥ. ȶɆɍɈɎɘɎɋ ɘɋɛɓɔɑɔɉɎɏ Ɏ ɔɉɖɆ-

ɓɎɝɋɓɎɥ, ɓɆɑɆɉɆɋɒɡɋ ɖɋɉəɑɎɖəɤɟɎɒɎ ɔɖɉɆ-

ɓɆɒɎ, ɎɉɖɆɤɘ ɈɆɌɓəɤ ɖɔɑɢ Ɉ ɕɋɖɋɛɔɊɋ ɔɘ ɘɖɆ-

ɊɎɜɎɔɓɓɡɛ ɎɓɉɎɇɎɘɔɖɔɈ ɔɘɑɔɌɋɓɎɏ ɐ ɣɐɔɑɔɉɎ-

ɝɋɗɐɎ ɝɎɗɘɡɒ, ɎɑɎ çɍɋɑɋɓɡɒè, ɎɓɉɎɇɎɘɔɖɆɒ. 

Ȩ ɊɆɓɓɔɏ ɗɘɆɘɢɋ ɔɇɗəɌɊɆɋɘɗɥ ɎɗɕɔɑɢɍɔɈɆɓɎɋ 

ɖɆɍɑɎɝɓɡɛ çɍɋɑɋɓɡɛè ɎɓɉɎɇɎɘɔɖɔɈ Ɏɍ ɕɖɎ-

ɖɔɊɓɡɛ ɎɗɘɔɝɓɎɐɔɈ Ɏ ɓɋɚɘɋɛɎɒɎɝɋɗɐɔɏ ɕɖɔ-

ɒɡɞɑɋɓɓɔɗɘɎ, Ɇ ɘɆɐɌɋ Ɏɛ ɣɚɚɋɐɘɎɈɓɔɗɘɢ Ɉ 

ɖɋɞɋɓɎɎ ɕɖɔɇɑɋɒɡ ɗɔɑɋɔɇɖɆɍɔɈɆɓɎɥ ɓɆ ɖɋ-

Ɇɑɢɓɡɛ ɒɋɗɘɔɖɔɌɊɋɓɎɥɛ.  

ȴɊɓɎɒ Ɏɍ ɘɆɐɎɛ ɕɖɎɒɋɖɔɈ ɥɈɑɥɋɘɗɥ 

ɐɆɖɇɔɐɗɎɒɋɘɎɑɎɓəɑɎɓ, ɕɔɑəɝɋɓɓɡɏ ɕɖɋɎɒə-

ɟɋɗɘɈɋɓɓɔ ɕəɘɋɒ ɗɎɓɘɋɍɆ Ɏɍ ɐɔɖɓɋɏ ɜɎɐɔɖɎɥ 

Ɏ ɘɔɕɎɓɆɒɇəɖɆ, Ɇ ɘɆɐɌɋ ɖɆɍɑɎɝɓɡɋ ɕɔɑɎɗɆɛɆ-

ɖɎɊɡ. Ƀɘɔ ɓɔɈɆɥ ɔɇɑɆɗɘɢ ɎɗɗɑɋɊɔɈɆɓɎɏ, Ɏ Ɉ 

ɇɑɎɌɆɏɞɋɋ Ɉɖɋɒɥ ɣɘɔɏ ɔɇɑɆɗɘɎ ɇəɊɋɘ əɊɋ-

ɑɥɘɢɗɥ Ɉɗɋ ɇɔɑɢɞɋ ɈɓɎɒɆɓɎɥ.  
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ȦɓɓɔɘɆɜɎɥ. ȷɔɍɊɆɓɎɋ Ɏ ɖɆɍɈɎɘɎɋ ɘɋɛ-

ɓɔɑɔɉɎɎ ɕɔɑəɝɋɓɎɥ ɈɡɗɔɐɔɣɚɚɋɐɘɎɈɓɡɛ 
ɣɐɔɑɔɉɎɝɋɗɐɎ ɝɎɗɘɡɛ ɎɓɉɎɇɎɘɔɖɔɈ ɥɈɑɥɋɘɗɥ 
ɈɆɌɓɡɒ ɓɆɕɖɆɈɑɋɓɎɋɒ Ɋɑɥ ɗɔɈɖɋɒɋɓɓɔɏ 
ɒɆɑɔɘɔɓɓɆɌɓɔɏ ɛɎɒɎɎ Ɏ ɓɋɚɘɋɉɆɍɔɈɔɏ ɕɖɔ-
ɒɡɞɑɋɓɓɔɗɘɎ. ȵɖɎɒɋɓɋɓɎɋ Ɉ ɊɆɓɓɔɒ Ɉɔɕɖɔ-
ɗɋ ɕɖɎɓɜɎɕɔɈ çɍɋɑɋɓɔɏ ɛɎɒɎɎè Ɏ ɜɎɖɐəɑɥɜɎ-
ɔɓɓɔɏ ɣɐɔɓɔɒɎɐɎ ɕɔɍɈɔɑɥɋɘ ɗɔɐɖɆɘɎɘɢ ɗɘɔɎ-
ɒɔɗɘɢ ɍɆɘɖɆɘ ɓɆ ɕɖɔɎɍɈɔɊɗɘɈɔ ɎɓɉɎɇɎɖəɤ-
ɟɎɛ ɐɔɒɕɔɍɎɜɎɏ ɕəɘɋɒ ɎɗɕɔɑɢɍɔɈɆɓɎɥ Ɉ ɐɆ-
ɝɋɗɘɈɋ ɗɡɖɢɥ ɔɘɛɔɊɔɈ ɎɑɎ ɎɍɇɡɘɐɔɈ ɕɖɔɎɍ-
ɈɔɊɗɘɈɆ ɔɖɉɆɓɎɝɋɗɐɎɛ ɗɔɋɊɎɓɋɓɎɏ. ȴɊɓɎɒ Ɏɍ 
ɘɆɐɎɛ ɐɑɆɗɗɔɈ ɗɔɋɊɎɓɋɓɎɏ ɥɈɑɥɤɘɗɥ ɐɋɘɔɓɡ 
Ɏ Ɏɛ ɕɖɔɎɍɈɔɊɓɡɋ, ɕɖɔɎɍɈɔɊɗɘɈɔ ɐɔɘɔɖɡɛ 
ɖɆɗɕɖɔɗɘɖɆɓɋɓɔ ɓɆ ɕɖɋɊɕɖɎɥɘɎɥɛ ɒɆɑɔ- Ɏ 
ɐɖəɕɓɔɘɔɓɓɆɌɓɔɏ ɛɎɒɎɎ.  

 

 ȲɆɑɔɎɍəɝɋɓɓɡɒɎ ɕɖɔɎɍɈɔɊɓɡɒɎ ɐɋɘɔ-
ɓɔɈ ɥɈɑɥɤɘɗɥ ɐɋɘɔɐɗɎɒɡ ï ɕɖɔɊəɐɘ ɈɍɆɎɒɔ-
ɊɋɏɗɘɈɎɥ ɐɋɘɔɓɔɈ Ɏ ɆɒɎɓɔɗɔɋɊɎɓɋɓɎɏ; ɈɆɌ-
ɓɡɒ ɊɔɗɘɔɎɓɗɘɈɔɒ Ɉ ɖɆɍɖɋɍɋ ɎɍəɝɋɓɎɥ ɎɓɉɎ-
ɇɎɖəɤɟɎɛ ɗɈɔɏɗɘɈ ɐɋɘɔɐɗɎɒɔɈ ɥɈɑɥɋɘɗɥ ɓɆ-
ɑɎɝɎɋ Ɉ Ɏɛ ɗɘɖəɐɘəɖɋ ɚəɓɐɜɎɔɓɆɑɢɓɔɏ ɉɖəɕ-
ɕɡ C=N-OH ɗ ɣɑɋɐɘɖɔɔɘɖɎɜɆɘɋɑɢɓɡɒɎ Ɇɘɔ-
ɒɆɒɎ N, O Ɏ ɊɈɔɏɓɔɏ ɗɈɥɍɢɤ ɔɊɓɔɈɖɋɒɋɓɓɔ, 
ɐɔɘɔɖɡɋ Ɏɒɋɤɘ ɛɔɖɔɞəɤ ɖɆɗɘɈɔɖɎɒɔɗɘɢ Ɉ 
ɈɔɊɋ, ɓɋɘɔɐɗɎɝɓɡ Ɏ ɇɎɔɖɆɍɑɆɉɆɋɒɡ. ȴɘɔ-
ɇɖɆɓɓɡɋ ɗɔɋɊɎɓɋɓɎɥ, Ɉ ɝɆɗɘɓɔɗɘɎ ɇəɘɆɓɔɓ 
ɔɐɗɎɒ (ɒɋɘɎɑɣɘɎɑɐɋɘɔɐɗɎɒ), ɐɔɘɔɖɡɏ ɥɈɑɥ-
ɋɘɗɥ ɊɔɗɘɆɘɔɝɓɔ ɖɆɗɕɖɔɗɘɖɆɓɋɓɓɡɒ ɔɖɉɆɓɎ-
ɝɋɗɐɎɒ ɗɔɋɊɎɓɋɓɎɋɒ, Ɏɗɕɔɑɢɍəɋɒɡɒ Ɉ ɕɖɔ-
ɒɡɞɑɋɓɓɔɗɘɎ Ɋɑɥ ɎɓɉɎɇɎɖɔɈɆɓɎɥ ɕɖɔɜɋɗɗɆ 
ɕɔɑɎɒɋɖɎɍɆɜɎɎ.  
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Ȯɍəɝɋɓɔ ɈɑɎɥɓɎɋ ɖɥɊɆ ɐɋɘɔɐɗɎɒɔɈ (ɗ 
ɊɑɎɓɔɏ ɜɋɕɎ ȷ4) ɓɆ ɐɔɖɖɔɍɎɔɓɓəɤ ɗɘɔɏɐɔɗɘɢ 
əɉɑɋɖɔɊɎɗɘɔɏ ɗɘɆɑɎ Ɉ ɎɒɎɘɆɘɋ ɕɑɆɗɘɔɈɔɏ Ɉɔ-
Ɋɡ NACE, ɓɆɗɡɟɋɓɓɔɏ əɉɑɋɐɎɗɑɡɒ ɉɆɍɔɒ Ɏ 
ɗɋɖɔɈɔɊɔɖɔɊɔɒ. ȹɗɘɆɓɔɈɑɋɓɔ ɈɑɎɥɓɎɋ ɘɋɒ-
ɕɋɖɆɘəɖɡ ɗɖɋɊɡ Ɏ ɈɖɋɒɋɓɎ ɣɐɗɕɔɍɎɜɎɎ ɓɆ 
ɎɓɉɎɇɎɖəɤɟɎɋ ɗɈɔɏɗɘɈɆ.  

 ȮɗɗɑɋɊɔɈɆɓɡ ɈɑɎɥɓɎɋ çɗɘɖəɐɘəɖɆ ï 
ɗɈɔɏɗɘɈɔè, ɐɎɓɋɘɎɝɋɗɐɎɋ Ɏ ɚɎɍɎɐɔ-
ɛɎɒɎɝɋɗɐɎɋ ɕɆɖɆɒɋɘɖɡ ɈɍɆɎɒɔɊɋɏɗɘɈɎɥ, Ɇ 
ɘɆɐɌɋ ɒɋɛɆɓɎɍɒ ɆɊɗɔɖɇɜɎɎ ɓɆ ɕɔɈɋɖɛɓɔɗɘɢ 
ɒɋɘɆɑɑɆ. 

 

 

 
 

 

ȰɑɤɝɋɈɡɋ ɗɑɔɈɆ: ɐɋɘɔɐɗɎɒ, ɎɓɉɎɇɎɘɔɖ ɐɔɖɖɔɍɎɎ, ɗɋɖɔɈɔɊɔɖɔɊɓɆɥ Ɏ əɉɑɋɐɎɗɑɔɘɓɆɥ ɐɔɖɖɔ-

ɍɎɥ, ɊɎɚɚəɍɎɥ ɐ ɕɔɈɋɖɛɓɔɗɘɎ, ɆɊɗɔɖɇɜɎɥ ɓɆ ɒɋɘɆɑɑɋ, ɣɓɘɆɑɢɕɎɥ ɕɖɔɜɋɗɗɆ ɎɓɉɎɇɎɖɔɈɆɓɎɥ, ɣɓ-

ɘɖɔɕɎɥ ɕɖɔɜɋɗɗɆ ɎɓɉɎɇɎɖɔɈɆɓɎɥ, əɖɆɈɓɋɓɎɋ ȦɖɖɋɓɎəɗɆ 
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Abstract. The creation and development 
of technology for the production of highly effec-
tive environmentally friendly inhibitors is an im-
portant area for modern low-tonnage chemistry 
and the oil and gas industry. The application of 
the principles of çgreen chemistryè and circula-
tion economics in this matter makes it possible 
to reduce the cost of production of inhibitory 
compositions by using waste or excess produc-
tion of organic compounds as raw materials.  

One of these classes of compounds are 
ketones and their derivatives, the production of 
which is common in small- and large-tonnage 
chemical enterprises. Poorly studied ketone de-
rivatives are ketoximes, a product of the interac-
tion of ketones and amino compounds; an im-
portant advantage in the context of studying the 
inhibitory properties of ketoximes is the pres-
ence in their structure of the functional group  
 

 

 C=NïOH with electronegative N, O atoms and a 
double bond at the same time, which have good 
solubility in water, are nontoxic and biode-
gradable. Selected compounds, in particular bu-
tanone oxime (methyl ethyl ketoxime), which is 
a fairly common organic compound used in in-
dustry to inhibit the polymerization process. The 
effect of a number of ketoximes (with a C4 chain 
length) on the corrosion resistance of carbon 
steel in an imitation of NACE formation water 
saturated with carbon dioxide and hydrogen sul-
fide has been studied. The influence of medium 
temperature and exposure time on inhibitory 
properties has been established. The influence 
of the çstructure ï propertyè, kinetic and 
physico-chemical parameters of interaction, as 
well as the mechanism of adsorption on the 
metal surface are investigated. 
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ȷ ɐɆɌɊɡɒ ɉɔɊɔɒ əɈɋɑɎɝɎɈɆɋɘɗɥ ɐɔɑɎ-

ɝɋɗɘɈɔ ɍɖɋɑɡɛ ɒɋɗɘɔɖɔɌɊɋɓɎɏ, ɈɆɌɓɔɏ ɛɆ-

ɖɆɐɘɋɖɎɗɘɎɐɔɏ ɐɔɘɔɖɡɛ ɥɈɑɥɋɘɗɥ ɇɔɑɢɞɆɥ ɔɇ-

ɈɔɊɓɋɓɓɔɗɘɢ ɊɔɇɡɈɆɋɒɔɉɔ ɚɑɤɎɊɆ, Ɉɒɋɗɘɋ ɗ 

ɕɔɗɘɔɥɓɓɡɒ əɈɋɑɎɝɋɓɎɋɒ ɊɔɇɡɝɎ ɓɋɚɘɎ ɖɆɗ-

ɘɋɘ Ɏ ɐɔɑɎɝɋɗɘɈɔ ɕɔɘɖɋɇɑɥɋɒɔɏ Ɉɡɗɔɐɔɣɚ-

ɚɋɐɘɎɈɓɔɏ ɛɎɒɎɎ [1ï3]. 

ȩɑɆɈɓɡɒɎ ɕɖɎɝɎɓɆɒɎ, ɈɑɎɥɤɟɎɒɎ ɓɆ 

ɖɆɍɖəɞɋɓɎɋ ɔɇɔɖəɊɔɈɆɓɎɥ, ɥɈɑɥɤɘɗɥ ɓɋɊɔɗ-

ɘɆɘɔɝɓɆɥ ɍɆɟɎɘɆ ɔɇɔɖəɊɔɈɆɓɎɥ ɛɎɒɎɝɋɗɐɎɒɎ 

Ɏ ɚɎɍɎɝɋɗɐɎɒɎ ɒɋɘɔɊɆɒɎ, Ɇ ɘɆɐɌɋ ɗɘɋɕɋɓɢ 

ɒɎɓɋɖɆɑɎɍɆɜɎɎ Ɏ ɗɔɑɋɈɔɏ (ɆɓɎɔɓɓɡɏ) ɗɔɗɘɆɈ 

ɕɑɆɗɘɔɈɡɛ ɈɔɊ, ɎɍɒɋɓɋɓɎɋ ɗɔɊɋɖɌɆɓɎɥ (Ɉ ɔɗ-

ɓɔɈɓɔɒ əɈɋɑɎɝɋɓɎɋ) ȳ2S, CO2, CO-S, R-SH, 

ɔɖɉɆɓɎɝɋɗɐɎɛ ɐɎɗɑɔɘ, ɘɋɒɕɋɖɆɘəɖɡ, pH ɗɖɋɊɡ 

Ɏ ɘ.ɕ. [4, 5]. 

ȨɆɌɓɔ ɔɘɒɋɘɎɘɢ, ɝɘɔ ɗɖɋɊɎ Ɉɗɋɛ ɗɔɋɊɎ-

ɓɋɓɎɏ ɗɋɖɔɈɔɊɔɖɔɊ ɔɇɑɆɊɆɋɘ ɖɋɊɐɎɒɎ Ɇɉɖɋɗ-

ɗɎɈɓɡɒɎ ɗɈɔɏɗɘɈɆɒɎ, ɈɡɍɡɈɆɤɟɎɒɎ ɓɆɎɇɔ-

ɑɋɋ ɗɋɖɢɋɍɓɡɋ ɖɆɍɖəɞɋɓɎɥ Ɏ ɕɔɈɖɋɌɊɋɓɎɥ 

http://dx.doi.org/10.17122/ngdelo
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ɔɇɔɖəɊɔɈɆɓɎɥ. Ȫɑɥ ɇɔɖɢɇɡ ɗ ɊɆɓɓɡɒɎ ɔɗɑɔɌ-

ɓɋɓɎɥɒɎ ɘɖɋɇəɋɘɗɥ ɕɖɎɒɋɓɋɓɎɋ ɎɓɉɎɇɎɘɔɖɔɈ 

ɐɔɖɖɔɍɎɎ [5]. 

ȩɋɘɋɖɔɆɘɔɒɓɡɋ ɗɔɋɊɎɓɋɓɎɥ ɥɈɑɥɤɘɗɥ 

ɓɆɎɇɔɑɋɋ ɣɚɚɋɐɘɎɈɓɡɒɎ ɔɖɉɆɓɎɝɋɗɐɎɒɎ Ɏɓ-

ɉɎɇɎɘɔɖɆɒɎ ɐɔɖɖɔɍɎɎ [1]. ȴɖɉɆɓɎɝɋɗɐɎɋ ɎɓɉɎ-

ɇɎɘɔɖɡ ɔɇɡɝɓɔ ɗɔɊɋɖɌɆɘ ɐɎɗɑɔɖɔɊ, Ɇɍɔɘ Ɏ 

ɗɋɖə. ȷɖɋɊɎ ɔɖɉɆɓɎɝɋɗɐɎɛ ɎɓɉɎɇɎɘɔɖɔɈ ɒɔɌɓɔ 

ɈɡɊɋɑɎɘɢ ɑɋɘəɝɎɋ ɆɒɎɓɡ, ɔɖɉɆɓɎɝɋɗɐɎɋ ɐɎ-

ɗɑɔɘɡ Ɏ Ɏɛ ɗɔɑɎ, ɒɋɖɐɆɕɘɆɓɡ (ɘɎɔɑɡ), ɔɖɉɆɓɎ-

ɝɋɗɐɎɋ ɗəɑɢɚɎɊɡ Ɏ ɊɎɗəɑɢɚɎɊɡ, ɘɆɐɎɋ ɐɆɐ 

ɘɎɔɒɔɝɋɈɎɓɆ, ɇɋɓɍɔɘɖɎɆɍɔɑ, ɆɑɎɚɆɘɎɝɋɗɐɎɋ 

ɒɋɖɐɆɕɘɆɓɡ, ɊɎɇɋɓɍɎɑɗəɑɢɚɔɐɗɎɊ, ɒɓɔɉɔɔɗ-

ɓɔɈɓɡɋ ɗɕɎɖɘɡ, ɈɐɑɤɝɆɥ ɣɘɎɑɋɓɉɑɎɐɔɑɢ Ɏ 

ɉɑɤɐɔɓɆɘ ɓɆɘɖɎɥ [2]. ȵɖɎɓɥɘɔ ɗɝɎɘɆɘɢ, ɝɘɔ ɔɖ-

ɉɆɓɎɝɋɗɐɎɋ ɗɔɋɊɎɓɋɓɎɥ ɔɐɆɍɡɈɆɤɘ ɎɓɉɎɇɎ-

ɖəɤɟɋɋ ɊɋɏɗɘɈɎɋ ɍɆ ɗɝɋɘ ɆɊɗɔɖɇɜɎɎ ɓɆ ɕɔ-

ɈɋɖɛɓɔɗɘɎ ɝɋɖɋɍ Ɇɘɔɒɡ N, S Ɏ O, Ɇ ɘɆɐɌɋ Ɇɘɔ-

ɒɡ ɗ ɘɖɔɏɓɔɏ ɎɑɎ ɗɔɕɖɥɌɋɓɓɔɏ ɊɈɔɏɓɔɏ ɗɈɥ-

ɍɢɤ ɎɑɎ ɆɖɔɒɆɘɎɝɋɗɐɎɒ ɐɔɑɢɜɔɒ Ɉ Ɏɛ ɒɔɑɋ-

ɐəɑɥɖɓɔɏ ɗɘɖəɐɘəɖɋ. 

ȷɡɖɢɋ Ɋɑɥ ɕɖɎɉɔɘɔɈɑɋɓɎɥ ɎɓɉɎɇɎɘɔɖɔɈ 

ɗɎɓɘɋɍɎɖəɋɘɗɥ ɓɆ ɕɖɔɎɍɈɔɊɗɘɈɆɛ ɒɆɑɔ- Ɏ 

ɗɖɋɊɓɋɘɔɓɓɆɌɓɔɏ ɛɎɒɎɎ, ɕɔɣɘɔɒə Ɏɛ ɗɘɔɎ-

ɒɔɗɘɢ Ɉ ɗɈɥɍɎ ɗ ɒɆɑɡɒ Ɉɡɕəɗɐɔɒ ɒɔɌɋɘ ɇɡɘɢ 

ɊɔɗɘɆɘɔɝɓɔ Ɉɡɗɔɐɔɏ. ȵɖɎ ɣɘɔɒ ɓɆ ɓɋɚɘɋɕɋɖɋ-

ɖɆɇɆɘɡɈɆɤɟɎɛ ɍɆɈɔɊɆɛ (ȳȵȭ) ɕɖɔɎɍɈɔɊɎɘɗɥ 

ɊɔɗɘɆɘɔɝɓɔ ɇɔɑɢɞɔɏ ɔɇɠɋɒ ɖɆɍɑɎɝɓɡɛ ɔɖɉɆ-

ɓɎɝɋɗɐɎɛ ɗɔɋɊɎɓɋɓɎɏ, ɐɔɘɔɖɡɋ ɓɋ ɓɆɛɔɊɥɘ 

ɘɋɛɓɔɑɔɉɎɝɋɗɐɔɉɔ ɕɖɎɒɋɓɋɓɎɥ (ɥɈɑɥɤɘɗɥ ɔɘ-

ɛɔɊɆɒɎ ɕɖɔɎɍɈɔɊɗɘɈɆ) ɎɑɎ ɕɖɔɎɍɈɔɊɥɘɗɥ 

ɐɖəɕɓɔɘɔɓɓɆɌɓɡɒɎ ɕɆɖɘɎɥɒɎ (ɗɕɖɔɗ ɓɆ ɐɔɘɔ-

ɖɡɋ ɒɋɓɢɞɋ ɕɖɋɊɑɔɌɋɓɎɥ).  

ȴɊɓɎɒ Ɏɍ ɕɔɊɔɇɓɡɛ ɗɔɋɊɎɓɋɓɎɏ ɥɈɑɥ-

ɋɘɗɥ ɐɋɘɔɓ ɖɆɍɑɎɝɓɔɉɔ ɗɘɖɔɋɓɎɥ, Ɏɍ ɐɔɘɔɖɔɉɔ 

ɕɖɎ ɈɍɆɎɒɔɊɋɏɗɘɈɎɎ ɗ ɉɎɊɖɔɐɗɎɑɆɒɎɓɔɒ 

ɒɔɌɓɔ ɕɔɑəɝɎɘɢ ɆɓɆɑɔɉɎɝɓɡɏ ɕɔ ɗɘɖɔɋɓɎɤ 

ɐɋɘɔɐɗɎɒ. ȨɆɌɓɡɒ ɊɔɗɘɔɎɓɗɘɈɔɒ ɐɋɘɔɐɗɎɒɔɈ 

ɥɈɑɥɋɘɗɥ ɓɆɑɎɝɎɋ Ɉ Ɏɛ ɗɘɖəɐɘəɖɋ ɚəɓɐɜɎɔ-

ɓɆɑɢɓɔɏ ɉɖəɕɕɡ C=N-OH ɗ ɣɑɋɐɘɖɔɔɘɖɎɜɆ-

ɘɋɑɢɓɡɒɎ ɆɘɔɒɆɒɎ N, O Ɏ ɊɈɔɏɓɔɏ ɗɈɥɍɢɤ 

ɔɊɓɔɈɖɋɒɋɓɓɔ, ɐɔɘɔɖɡɋ Ɏɒɋɤɘ ɛɔɖɔɞəɤ ɖɆɗ-

ɘɈɔɖɎɒɔɗɘɢ Ɉ ɈɔɊɋ, ɓɋɘɔɐɗɎɝɓɡ Ɏ ɇɎɔɖɆɍɑɆ-

ɉɆɋɒɡ [3]. 

ɃɘɎ ɚɆɐɘɔɖɡ ɍɓɆɝɎɘɋɑɢɓɡ Ɉ ɐɔɓɘɋɐɗɘɋ 

ɘɋɐəɟɋɉɔ ɕɖɎɔɖɎɘɋɘɆ ɕɖɔɎɍɈɔɊɗɘɈɆ ɣɐɔɑɔɉɎ-

ɝɋɗɐɎ ɝɎɗɘɡɛ ɎɓɉɎɇɎɘɔɖɔɈ. ȴɊɓɆɐɔ ɊɆɓɓɡɛ ɔɇ 

ɎɗɕɔɑɢɍɔɈɆɓɎɎ ɔɐɗɎɒɓɡɛ ɗɔɋɊɎɓɋɓɎɏ Ɉ ɐɆɝɋ-

ɗɘɈɋ ɎɓɉɎɇɎɘɔɖɔɈ ɐɔɖɖɔɍɎɎ ɕɖɆɐɘɎɝɋɗɐɎ ɓɋɘ. 

Ȩ 1998 ɉɔɊə Ȳɤɑɑɋɖ Ɏ Ɋɖ. [4] ɎɗɗɑɋɊɔɈɆɑɎ 

ɈɑɎɥɓɎɋ ɓɆ ɎɓɉɎɇɎɖɔɈɆɓɎɋ Ɉ ɈɔɊɓɔ-ɟɋɑɔɝɓɔɏ 

ɗɖɋɊɋ ɐɔɖɖɔɍɎɎ ɘɖɋɛ ɆɖɔɒɆɘɎɝɋɗɐɎɛ  

2-ɉɎɊɖɔɐɗɎɔɐɗɎɒɓɡɛ ɗɔɋɊɎɓɋɓɎɏ: 2-ɉɎɊɖɔ-

ɐɗɎɇɋɓɍɆɑɢɊɔɐɗɎɒɆ (ɗɆɑɎɜɎɑɆɑɢɊɔɐɗɎɒɆ),  

2-ɉɎɊɖɔɐɗɎɆɜɋɘɔɚɋɓɔɓɔɐɗɎɒɆ (ȳȦȴ) Ɏ  

2-ɉɎɊɖɔɐɗɎɕɖɔɕɎɔɚɋɓɔɓ-ɔɐɗɎɒɆ (HPO) Ɇɑɤ-

ɒɎɓɎɥ. ȶɋɍəɑɢɘɆɘɡ ɕɔɐɆɍɆɑɎ, ɝɘɔ ɗɘɋɕɋɓɢ ɍɆ-

ɟɎɘɡ ɔɇɖɆɍɜɔɈ ɒɋɘɆɑɑɆ ɔɐɗɎɒɓɡɒɎ ɗɔɋɊɎɓɋ-

ɓɎɥɒɎ ɒɔɌɋɘ ɊɔɗɘɎɉɆɘɢ 99 %. ɃɘɎ ɕɖɋɈɔɗɛɔɊ-

ɓɡɋ ɎɓɉɎɇɎɖəɤɟɎɋ ɗɈɔɏɗɘɈɆ ɔɐɗɎɒɓɡɛ ɗɔ-

ɋɊɎɓɋɓɎɏ ɕɔɊɖɆɍəɒɋɈɆɤɘ, ɝɘɔ ɔɓɎ ɔɇɑɆɊɆɤɘ 

ɛɔɖɔɞɎɒ ɕɔɘɋɓɜɎɆɑɔɒ Ɋɑɥ ɎɓɉɎɇɎɖɔɈɆɓɎɥ 

ɐɔɖɖɔɍɎɎ.  

ȴɊɓɆɐɔ ɓɆ ɊɆɓɓɡɏ ɒɔɒɋɓɘ ɈɆɌɓɔɏ ɍɆ-

ɊɆɝɋɏ ɥɈɑɥɋɘɗɥ ɍɆɟɎɘɆ ɔɘ ɐɔɖɖɔɍɎɎ Ɉ ɗɋɖɔɈɔ-

ɊɔɖɔɊɗɔɊɋɖɌɆɟɎɛ ɗɖɋɊɆɛ.  

ȳɋɔɇɛɔɊɎɒɔ ɔɘɒɋɘɎɘɢ, ɝɘɔ ɎɓɚɔɖɒɆɜɎɥ 

ɔ ɗɕɔɗɔɇɓɔɗɘɎ ɔɐɗɎɒɓɡɛ ɗɔɋɊɎɓɋɓɎɏ ɐ ɎɓɉɎ-

ɇɎɖɔɈɆɓɎɤ Ɉ ɗɎɑɢɓɔ ɐɔɖɖɔɍɎɔɓɓɔ-

ɆɉɖɋɗɗɎɈɓɡɛ ɗɖɋɊɆɛ ɓɋ ɎɍəɝɋɓɆ. 

Ȩ ɓɆɗɘɔɥɟɋɏ ɖɆɇɔɘɋ ɇɡɑɆ ɎɍəɝɋɓɆ Ɏɓ-

ɉɎɇɎɖəɤɟɆɥ ɗɕɔɗɔɇɓɔɗɘɢ ɘɖɋɛ ɐɋɘɔɐɗɎɒɔɈ 

ɖɆɍɑɎɝɓɔɉɔ ɗɘɖɔɋɓɎɥ: 3-ɒɋɘɎɇəɘɆɓɔɓ-2- ɔɐɗɎɒ 

(1), ɇəɘɆɓɔɓ ɔɐɗɎɒ (2), ɜɎɐɑɔɇəɘɆɓɔɓ ɔɐɗɎɒ 

(3). ȪɆɓɓɡɋ ɗɔɋɊɎɓɋɓɎɥ ɕɔɍɈɔɑɥɘ əɗɘɆɓɔɈɎɘɢ 

ɈɑɎɥɓɎɋ ɗɘɖəɐɘəɖɡ ɓɆ ɎɓɉɎɇɎɖəɤɟɎɋ ɗɈɔɏɗɘ-

ɈɆ ɗɔɋɊɎɓɋɓɎɏ. 

ȮɗɗɑɋɊɔɈɆɓɎɥ ɕɖɔɈɔɊɎɑɎɗɢ ɓɆ ɗɘɆɑɎ 

ȷɘ3 ɗ ɗɔɗɘɆɈɔɒ, ɒɆɗɗ. %: Fe ï 98,36; C ï 0,2; 

Mn ï 0,5; Si ï 0,15; ȶ ï 0,04; S ï 0,05; Cr ï 0,3; Ni ï 

0,2; ȷu ï 0,2, Ɉ ɎɒɎɘɆɘɋ ɕɑɆɗɘɔɈɔɏ ɈɔɊɡ NACE, 

ɗɔɗɘɆɈɆ: NaCl ï 5 ɉ/ɑ, Cȳ3ȷȴȴȳ ï 0,25 ɒɉ/ɑ. 

ȷɖɋɊɡ ɓɆɗɡɟɆɑɎɗɢ ɗɋɖɔɈɔɊɔɖɔɊɔɒ Ɏ əɉɑɋ-

ɐɎɗɑɡɒ ɉɆɍɔɒ ɖɆɍɊɋɑɢɓɔ. ȪɆɈɑɋɓɎɋ ȷȴ2 ɗɔ-

ɗɘɆɈɑɥɑɔ 1 Ɏɍɇ. Ɇɘɒ. (ɒɆɓɔɒɋɘɖɎɝɋɗɐɎɏ ɐɔɓ-

ɘɖɔɑɢ). ȷɋɖɔɈɔɊɔɖɔɊ (400 ɒɉ/ɑ) ɕɔɑəɝɆɑɎ ɓɋ-

ɕɔɗɖɋɊɗɘɈɋɓɓɔ Ɉ ɖɆɇɔɝɋɒ ɖɆɗɘɈɔɖɋ (Ɉ ɗɖɋɊə 

ɈɈɔɊɎɑɎɗɢ ɗɔɔɘɈɋɘɗɘɈəɤɟɎɋ ɐɔɑɎɝɋɗɘɈɆ Na2S 

Ɏ ȳȷl), ɐɔɓɜɋɓɘɖɆɜɎɥ ɐɔɘɔɖɔɉɔ ɐɔɓɘɖɔɑɎɖɔɈɆ-

ɑɆɗɢ ɏɔɊɔɒɋɘɖɎɝɋɗɐɎɒ ɘɎɘɖɔɈɆɓɎɋɒ [6]. Ȱɔɖ-

ɖɔɍɎɔɓɓɡɋ ɎɗɕɡɘɆɓɎɥ ɕɖɔɈɔɊɎɑɎɗɢ Ɉ ɉɋɖɒɋ-

ɘɎɝɓɡɛ ɗɔɗəɊɆɛ ɋɒɐɔɗɘɢɤ 1 ɑ ɓɆ ɔɇɖɆɍɜɆɛ 

ɗɘɆɑɎ ɖɆɍɒɋɖɔɒ 30 Ĭ 15 Ĭ 3 ɒɒ ɕɖɔɊɔɑɌɎ-

ɘɋɑɢɓɔɗɘɢɤ 24, 240 Ɏ 720 ɝ.  
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ȶɎɗəɓɔɐ 1. ȷɘɖɔɋɓɎɋ Ɏɗɕɔɑɢɍəɋɒɡɛ ɐɋɘɔɐɗɎɒɔɈ 

 

Figure 1. Structure of the ketoximes used 

 

 

 

 

ȷɖɋɊɓɋɋ ɆɖɎɚɒɋɘɎɝɋɗɐɔɋ ɍɓɆɝɋɓɎɋ 

ɗɐɔɖɔɗɘɎ ɐɔɖɖɔɍɎɎ ɊɈəɛ ɎɑɎ ɝɋɘɡɖɋɛ ɕɑɆɗɘɎɓ 

ɕɖɎɓɎɒɆɤɘ ɍɆ ɎɘɔɉɔɈɡɏ ɖɋɍəɑɢɘɆɘ: 

 

ὠʢ = (ά1 ī ά2) / (Ὓ  †),                  (1) 

 

ɉɊɋ m1 ï ɒɆɗɗɆ ɔɇɖɆɍɜɆ Ɋɔ ɣɐɗɕɋɖɎɒɋɓɘɆ, ɉ;  

 m2 ï ɒɆɗɗɆ ɔɇɖɆɍɜɆ ɕɔɗɑɋ ɣɐɗɕɋɖɎɒɋɓɘɆ, ɉ;  

 S ï ɕɑɔɟɆɊɢ ɕɔɈɋɖɛɓɔɗɘɎ ɔɇɖɆɍɜɆ, ɒ
2
;  

 t ï Ɉɖɋɒɥ ɣɐɗɕɋɖɎɒɋɓɘɆ, ɝ. 

ȷɘɋɕɋɓɢ ɍɆɟɎɘɡ ɕɖɋɊɗɘɆɈɑɥɋɘ ɗɔɇɔɏ 

ɔɘɓɔɞɋɓɎɋ ɖɆɍɓɎɜɡ ɗɐɔɖɔɗɘɎ ɐɔɖɖɔɍɎɎ 

ɗɘɆɑɢɓɡɛ ɔɇɖɆɍɜɔɈ Ɉ ɓɋɎɓɉɎɇɎɖɔɈɆɓɓɔɏ ɗɖɋ-

Ɋɋ Ɏ Ɉ ɗɖɋɊɋ ɗ ɕɖɎɒɋɓɋɓɎɋɒ ɎɓɉɎɇɎɘɔɖɆ ɕɔ 

ɔɘɓɔɞɋɓɎɤ ɐ ɗɐɔɖɔɗɘɎ ɐɔɖɖɔɍɎɎ Ɉ ɓɋɎɓɉɎɇɎ-

ɖɔɈɆɓɓɔɏ ɗɖɋɊɋ: 

 

Z = (Vko ï Vk) / Vko.                       (2) 

 

ȨɆɌɓɡɒ ɕəɓɐɘɔɒ Ɋɑɥ əɗɘɆɓɔɈɑɋɓɎɥ ɒɋ-

ɛɆɓɎɍɒɆ ɎɓɉɎɇɎɖɔɈɆɓɎɥ ɥɈɑɥɋɘɗɥ ɎɍəɝɋɓɎɋ 

ɆɊɗɔɖɇɜɎɎ ɗɔɋɊɎɓɋɓɎɏ ɓɆ ɕɔɈɋɖɛɓɔɗɘɎ ɒɋ-

ɘɆɑɑɆ. 

ɃɓɋɖɉɎɥ ɆɐɘɎɈɆɜɎɎ (Ea), ɣɓɘɆɑɢɕɎɥ Ɇɐ-

ɘɎɈɆɜɎɎ (ǧHÁ) Ɏ ɣɓɘɖɔɕɎɥ ɆɐɘɎɈɆɜɎɎ (ǧSÁ) ï 

ɈɆɌɓɡɋ əɗɑɔɈɎɥ Ɋɑɥ ɔɗəɟɋɗɘɈɑɋɓɎɥ ɈɍɆɎɒɔ-

ɊɋɏɗɘɈɎɥ ɒɋɌɊə ɖɋɆɐɘɆɓɘɔɒ Ɏ ɆɐɘɎɈɓɡɒɎ 

ɜɋɓɘɖɆɒɎ ɓɆ ɕɔɈɋɖɛɓɔɗɘɎ ɗɘɆɑɎ, ɐɔɘɔɖɡɋ ɕɔ-

ɍɈɔɑɥɤɘ ɘɆɐɌɋ əɗɘɆɓɔɈɎɘɢ ɛɆɖɆɐɘɋɖ ɈɍɆɎɒɔ-

ɊɋɏɗɘɈɎɥ ɎɓɉɎɇɎɘɔɖɆ ɗ ɒɋɘɆɑɑɎɝɋɗɐɔɏ ɕɔ-

Ɉɋɖɛɓɔɗɘɢɤ Ɉ ɕɖɔɜɋɗɗɋ ɐɔɖɖɔɍɎɎ [7].  

ȵɔɑɔɌɎɘɋɑɢɓɡɋ ɍɓɆɝɋɓɎɥ ɣɓɘɖɔɕɎɎ Ɏ 

ɣɓɘɆɑɢɕɎɎ ɆɐɘɎɈɆɜɎɎ ɝɆɗɘɔ əɐɆɍɡɈɆɤɘ ɓɆ 

ɊɎɗɗɔɜɎɆɘɎɈɓɡɏ ɒɋɛɆɓɎɍɒ, Ɉ ɐɔɘɔɖɔɒ ɓɋəɗ-

ɘɔɏɝɎɈɡɏ ɆɐɘɎɈɎɖɔɈɆɓɓɡɏ ɐɔɒɕɑɋɐɗ, ɔɇɖɆɍɔ-

ɈɆɓɓɡɏ ɎɓɉɎɇɎɘɔɖɔɒ Ɏ ɆɐɘɎɈɓɡɒɎ ɜɋɓɘɖɆɒɎ 

ɓɆ ɕɔɈɋɖɛɓɔɗɘɎ ɗɘɆɑɎ, ɗɑɆɇɔ ɗɈɥɍɆɓ Ɏ ɒɔɌɋɘ 

ɊɎɗɗɔɜɎɎɖɔɈɆɘɢ (ɖɆɍɑɔɌɎɘɢɗɥ). ȴɘɖɎɜɆɘɋɑɢ-

ɓɡɋ ɍɓɆɝɋɓɎɥ ɣɓɘɖɔɕɎɎ Ɏ ɣɓɘɆɑɢɕɎɎ ɆɐɘɎɈɆ-

ɜɎɎ əɐɆɍɡɈɆɤɘ ɓɆ ɘɔ, ɝɘɔ ɊɈɆ ɕɆɖɘɓɋɖɆ ɕɔ 

ɈɍɆɎɒɔɊɋɏɗɘɈɎɤ ɔɇɖɆɍəɤɘ ɕɖɔɝɓɡɏ ɆɐɘɎɈɎ-

ɖɔɈɆɓɓɡɏ ɐɔɒɕɑɋɐɗ [7]. ɃɓɋɖɉɎɥ ɆɐɘɎɈɆɜɎɎ 

ɖɆɗɗɝɎɘɡɈɆɑɆɗɢ ɗɔɉɑɆɗɓɔ əɖɆɈɓɋɓɎɤ: 

 

log CR= log A ï 
ȟ

,                 (3) 

 

ɉɊɋ CR ï ɗɐɔɖɔɗɘɢ ɐɔɖɖɔɍɎɎ, ɉ/ɗɒ
2
Ŀɝ; 

 Ea ï ɣɓɋɖɉɎɥ ɆɐɘɎɈɆɜɎɎ, ɐȪɌ/ɒɔɑɢ; 

 R ï əɓɎɈɋɖɗɆɑɢɓɆɥ ɉɆɍɔɈɆɥ ɕɔɗɘɔɥɓɓɆɥ; 

 T ï ɘɋɒɕɋɖɆɘəɖɆ ɗɖɋɊɡ, Áȷ. 

Ȫɑɥ ɖɆɗɝɋɘɆ ɣɓɘɆɑɢɕɎɎ Ɏ ɣɓɘɖɔɕɎɎ ɆɊ-

ɗɔɖɇɜɎɎ ɕɖɔɜɋɗɗɆ ɐɔɖɖɔɍɎɎ Ɉ ɕɖɎɗəɘɗɘɈɎɎ Ɏ 

ɔɘɗəɘɗɘɈɎɎ ɎɓɉɎɇɎɘɔɖɆ Ɉ ɗɋɖɔɈɔɊɔɖɔɊɗɔɊɋɖ-

ɌɆɟɋɏ ɗɖɋɊɋ ɎɗɕɔɑɢɍɔɈɆɑɔɗɢ əɖɆɈɓɋɓɎɋ ɘɋɔ-

ɖɎɎ ɕɋɖɋɛɔɊɓɔɉɔ ɗɔɗɘɔɥɓɎɥ: 

 

ҟὋ = ςRTln(55,5 K),   ͟ ˨͗κͣͦ͡ΈΦ         (4) 

ȵɔɗɑɋ ɕɔɗɘɖɔɋɓɎɥ ɍɆɈɎɗɎɒɔɗɘɎ logCR/ȸ 

ɔɘ ɔɇɖɆɘɓɔɏ ɘɋɒɕɋɖɆɘəɖɡ (1/T) ɕɔ əɉɑə ɓɆɐɑɔ-

ɓɆ ɔɕɖɋɊɋɑɥɑɎ ɣɓɋɖɉɎɤ ɆɐɘɎɈɆɜɎɎ ɕɖɔɜɋɗɗɆ 

ɐɔɖɖɔɍɎɎ. 
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1. ȮɍəɝɋɓɎɋ ɎɓɉɎɇɎɖəɤɟɎɛ ɗɈɔɏɗɘɈ  

ɐɋɘɔɐɗɎɒɔɈ 

 

1.1. ȨɑɎɥɓɎɋ ɐɔɓɜɋɓɘɖɆɜɎɎ ɐɋɘɔɐɗɎɒɔɈ  

ɓɆ ɎɓɉɎɇɎɖɔɈɆɓɎɋ 

 

ȳɆ ɖɎɗəɓɐɋ 2 ɎɍɔɇɖɆɌɋɓɔ ɈɑɎɥɓɎɋ ɐɔɓ-

ɜɋɓɘɖɆɜɎɎ ɐɋɘɔɐɗɎɒɆ ɓɆ ɗɘɋɕɋɓɢ ɍɆɟɎɘɡ ɒɋ-

ɘɆɑɑɎɝɋɗɐɔɏ ɕɔɈɋɖɛɓɔɗɘɎ ɕɖɎ 20 ÁC, Ɉɖɋɒɥ 

ɣɐɗɕɔɍɎɜɎɎ ï 24 ɝ. 

ȵɔ ɕɖɋɊɗɘɆɈɑɋɓɓɡɒ ɊɆɓɓɡɒ ɈɎɊɓɔ, ɝɘɔ 

ɜɎɐɑɔɇəɘɆɓɔɓ ɔɐɗɎɒ (3) ɑəɝɞɋ ɍɆɟɎɟɆɋɘ ɕɔ-

Ɉɋɖɛɓɔɗɘɢ ɒɋɘɆɑɑɆ ɔɘ ɐɔɖɖɔɍɎɎ, ɝɋɒ ɗɔɋɊɎ-

ɓɋɓɎɥ ɑɎɓɋɏɓɔɉɔ ɗɘɖɔɋɓɎɥ (1) Ɏ (2), ɗɘɋɕɋɓɢ 

ɍɆɟɎɘɡ ɐɔɘɔɖɡɛ ɊɔɗɘɆɘɔɝɓɔ ɇɑɎɍɐɆ. ȳɆɎɇɔ-

ɑɋɋ ɣɚɚɋɐɘɎɈɓɔɏ ɊɔɍɎɖɔɈɐɔɏ ɥɈɑɥɋɘɗɥ 

100 ɒɉ/ɑ, ɕɔɗɑɋ ɐɔɘɔɖɔɏ ɗɘɋɕɋɓɢ ɍɆɟɎɘɡ ɖɆɗ-

ɘɋɘ ɓɋ ɗɘɔɑɢ ɍɓɆɝɎɘɋɑɢɓɔ. 

ȺəɓɊɆɒɋɓɘɆɑɢɓɡɋ ɗɈɋɊɋɓɎɥ ɕɔ ɆɊ-

ɗɔɖɇɜɎɎ ɎɓɉɎɇɎɘɔɖɆ ɓɆ ɕɔɈɋɖɛɓɔɗɘɎ ɒɋɘɆɑɑɆ 

ɒɔɌɓɔ ɔɕɖɋɊɋɑɎɘɢ ɕɔ Ɏɍɔɘɋɖɒɋ ɆɊɗɔɖɇɜɎɎ. 

ȳɋɗɐɔɑɢɐɔ Ɏɍɔɘɋɖɒ, ɈɐɑɤɝɆɥ ȺɖəɒɐɎɓɆ, ȱɋɓ-

ɉɒɤɖɆ, ȸɋɒɐɎɓɆ, ȺɖɋɏɓɊɑɎɛɆ, ȧɔɐɖɎɗɆ-

ȷɈɎɓɐɋɑɗɆ Ɏ ȺɑɔɖɎ-ȻɆɉɉɎɓɗɆ, Ɏɗɕɔɑɢɍəɤɘɗɥ 

Ɋɑɥ ɎɍəɝɋɓɎɥ ɗɔɔɘɈɋɘɗɘɈɎɥ ɣɐɗɕɋɖɎɒɋɓɘɆɑɢ-

ɓɡɒ ɊɆɓɓɡɒ. Ȩ ɛɔɊɋ ɎɍəɝɋɓɎɥ ɆɊɗɔɖɇɜɎɎ ɐɋ-

ɘɔɐɗɎɒɔɈ ɇɡɑɎ ɕɔɗɘɖɔɋɓɡ Ɏɍɔɘɋɖɒɡ ɆɊɗɔɖɇ-

ɜɎɎ ȺɖɋɏɓɊɑɎɛɆ, ȸɋɒɐɎɓɆ, Ƀɑɢ-ȦɈɆɊɎ.  

 

 

  
 

ȶɎɗəɓɔɐ 2. ȨɑɎɥɓɎɋ ɐɔɓɜɋɓɘɖɆɜɎɎ ɐɋɘɔɐɗɎɒɔɈ ɓɆ ɗɘɋɕɋɓɢ ɍɆɟɎɘɡ Ɏ ɗɐɔɖɔɗɘɢ ɐɔɖɖɔɍɎɎ  

Ɋɑɥ ɗɔɋɊɎɓɋɓɎɏ: 3-ɒɋɘɎɇəɘɆɓɔɓ-2- ɔɐɗɎɒ (1), ɇəɘɆɓɔɓ ɔɐɗɎɒ (2), ɜɎɐɑɔɇəɘɆɓɔɓ ɔɐɗɎɒ (3). 

ȸɋɒɕɋɖɆɘəɖɆ ɗɖɋɊɡ ï 20 ÁC, Ɉɖɋɒɥ ɣɐɗɕɔɍɎɜɎɎ ï 24 ɝ 

 

Figure 2. Effect of ketoxime concentration on the protection degree and corrosion rate  

of the compounds: 3-methylbutanone-2-oxime (1), butanone oxime (2),  

cyclobutanone oxime (3). Ambient temperature ï 20 ÁC, exposure time ï 24 h 

 

 

 

 

ȹɗɘɆɓɔɈɑɋɓɔ, ɝɘɔ ɆɊɗɔɖɇɜɎɥ Ɏɍəɝɋɓɓɡɛ 

ɔɐɗɎɒɓɡɛ ɗɔɋɊɎɓɋɓɎɏ ɓɆ ɕɔɈɋɖɛɓɔɗɘɎ ɕɔɊɝɎ-

ɓɥɋɘɗɥ ɒɔɊɋɑɎ Ɏɍɔɘɋɖɒɡ ɆɊɗɔɖɇɜɎɎ ȱɋɓɉɒɤ-

ɖɆ: 

 

 =  + C,                              (5) 

ɉɊɋ Ȱ ï ɐɔɓɗɘɆɓɘɆ ɆɊɗɔɖɇɜɎɎ; 

ȷ ï ɐɔɓɜɋɓɘɖɆɜɎɥ ɎɓɉɎɇɎɘɔɖɆ, ɒɉ/ɑ; 

ȅ ï ɐɖɆɋɈɡɋ ɍɓɆɝɋɓɎɥ ɗɒɆɝɎɈɆɓɎɥ. 

ȩɖɆɚɎɐɎ ɍɆɈɎɗɎɒɔɗɘɎ C/ȅ ɔɘ ɐɔɓɜɋɓ-

ɘɖɆɜɎɎ ɊɆɤɘ ɕɖɥɒɡɋ ɑɎɓɎɎ, ɐɆɐ ɕɔɐɆɍɆɓɔ ɓɆ 

ɖɎɗəɓɐɋ 3, Ɏ ɗɔɔɘɈɋɘɗɘɈəɤɟɎɋ ɕɆɖɆɒɋɘɖɡ ɑɎ-

ɓɋɏɓɔɏ ɖɋɉɖɋɗɗɎɎ ɕɋɖɋɝɎɗɑɋɓɡ Ɉ ɘɆɇɑɎɜɋ 1.  
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ȸɆɇɑɎɜɆ 1. ȵɆɖɆɒɋɘɖɡ ɆɊɗɔɖɇɜɎɎ, ɕɔɑəɝɋɓɓɡɋ 

Ɏɍ Ɏɍɔɘɋɖɒɡ ɆɊɗɔɖɇɜɎɎ ȱɋɓɉɒɤɖɆ 

 

Table 1. Adsorption parameters obtained  

from Langmuir adsorption isotherm 

 

ȷɔɋɊɎɓɋɓɎɋ 

ȰɔɓɗɘɆɓɘɆ 
ɗɐɔɖɔɗɘɎ 
ɆɊɗɔɖɇɜɎɎ, 
ɒɔɑɢ/ɉ 

æG
Á
, 

ɐȪɌ/ɒɔɑɢ 

1 5,81 Ŀ 10
3
 -30,9 

2 3,37 Ŀ 10
3
 -29,6 

3 9,00 Ŀ 10
3
 -32,0 

 

ȰɔɣɚɚɎɜɎɋɓɘ ɑɎɓɋɏɓɔɏ ɐɔɖɖɋɑɥɜɎɎ (R) 

Ɏ ɓɆɐɑɔɓ ɔɝɋɓɢ ɇɑɎɍɐɎ ɐ 1, ɣɘɔ əɐɆɍɡɈɆɋɘ ɓɆ 

ɘɔ, ɝɘɔ ɆɊɗɔɖɇɜɎɥ ɘɖɋɛ ɔɐɗɎɒɓɡɛ ɗɔɋɊɎɓɋɓɎɏ 

ɓɆ ɕɔɈɋɖɛɓɔɗɘɎ ɕɔɊɝɎɓɥɋɘɗɥ Ɏɍɔɘɋɖɒɋ ɆɊ-

ɗɔɖɇɜɎɎ ȱɋɓɉɒɤɖɆ.  

ȸɆɐɌɋ ɍɓɆɝɋɓɎɋ ɆɊɗɔɖɇɜɎɎ ɗɑɋɊəɋɘ ɕɔ-

ɖɥɊɐə: (3) > (1) > (2).  

ȴɇɡɝɓɔ ɇɔɑɢɞɔɋ ɍɓɆɝɋɓɎɋ K ɔɍɓɆɝɆɋɘ, 

ɝɘɔ ɎɓɉɎɇɎɘɔɖ ɑɋɉɐɔ Ɏ ɕɖɔɝɓɔ ɆɊɗɔɖɇɎɖəɋɘɗɥ 

ɓɆ ɕɔɈɋɖɛɓɔɗɘɎ ɒɋɘɆɑɑɆ, ɝɘɔ ɕɖɎɈɔɊɎɘ ɐ ɑəɝ-

ɞɋɏ ɣɚɚɋɐɘɎɈɓɔɗɘɎ ɎɓɉɎɇɎɖɔɈɆɓɎɥ. Ƀɘɔ ɛɔ-

ɖɔɞɔ ɗɔɔɘɓɔɗɎɘɗɥ ɗɔ ɍɓɆɝɋɓɎɥɒɎ ɣɚɚɋɐɘɎɈ-

ɓɔɗɘɎ, ɕɔɐɆɍɆɓɓɡɒɎ ɓɆ ɖɎɗəɓɐɋ 2. 

ȭɓɆɝɋɓɎɋ ɆɊɗɔɖɇɜɎɎ Ɋɑɥ ɗɔɋɊɎɓɋɓɎɥ 

(3) ɥɈɑɥɋɘɗɥ ɇɔɑɋɋ ɓɎɍɐɎɒ ɗɖɋɊɎ ɎɗɗɑɋɊəɋ-

ɒɡɛ ɗɔɋɊɎɓɋɓɎɏ; ɣɘɔ ɉɔɈɔɖɎɘ ɔ ɘɔɒ, ɝɘɔ ɗɔ-

ɋɊɎɓɋɓɎɋ (3) Ɏɒɋɋɘ ɇ·ɑɢɞəɤ ɘɋɓɊɋɓɜɎɤ ɐ ɆɊ-

ɗɔɖɇɜɎɎ ɓɆ ɕɔɈɋɖɛɓɔɗɘɎ ɒɋɘɆɑɑɆ. 

 

 

 

 

 
 

ȶɎɗəɓɔɐ 3. ȮɍɔɘɋɖɒɆ ɆɊɗɔɖɇɜɎɎ ȱɋɓɉɒɤɖɆ Ɋɑɥ ɗɔɋɊɎɓɋɓɎɏ 3-ɒɋɘɎɇəɘɆɓɔɓ-2- ɔɐɗɎɒ (1),  

ɇəɘɆɓɔɓ ɔɐɗɎɒ (2), ɜɎɐɑɔɇəɘɆɓɔɓ ɔɐɗɎɒ (3). ȸɋɒɕɋɖɆɘəɖɆ ɗɖɋɊɡ 20 Áȷ 

 

Figure 3. Langmuir adsorption isotherm for the compounds 3-methylbutanone-2-oxime (1),  

butanone oxime (2), cyclobutanone oxime (3). Ambient temperature ï 20 ÁC 
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1.2. ȨɑɎɥɓɎɋ ɘɋɒɕɋɖɆɘəɖɡ ɓɆ ɎɓɉɎɇɎɖəɤɟɎɋ 

ɗɈɔɏɗɘɈɆ ɐɋɘɔɐɗɎɒɔɈ 

 

ȳɆ ɖɎɗəɓɐɋ 4 ɎɍɔɇɖɆɌɋɓɔ ɈɑɎɥɓɎɋ ɘɋɒ-

ɕɋɖɆɘəɖɡ ɓɆ ɗɘɋɕɋɓɢ ɍɆɟɎɘɡ ɒɋɘɆɑɑɎɝɋɗɐɔɏ 

ɕɔɈɋɖɛɓɔɗɘɎ, ɐɔɓɜɋɓɘɖɆɜɎɥ ï 100 ɒɉ/ɑ, Ɉɖɋɒɥ 

ɣɐɗɕɔɍɎɜɎɎ ï 24 ɝ. 

ȸɋɒɕɋɖɆɘəɖɆ ɥɈɑɥɋɘɗɥ ɈɆɌɓɡɒ ɐɎɓɋɘɎ-

ɝɋɗɐɎɒ ɚɆɐɘɔɖɔɒ, ɈɑɎɥɤɟɎɒ ɓɆ ɗɐɔɖɔɗɘɢ 

ɐɔɖɖɔɍɎɎ ɒɋɘɆɑɑɆ Ɏ, ɗɔɔɘɈɋɘɗɘɈɋɓɓɔ, ɓɆ ɆɊ-

ɗɔɖɇɜɎɤ ɎɓɉɎɇɎɘɔɖɆ ɓɆ ɕɔɈɋɖɛɓɔɗɘɎ ɔɇɖɆɍɜɆ. 

Ƚɘɔɇɡ ɎɍəɝɎɘɢ ɈɑɎɥɓɎɋ ɘɋɒɕɋɖɆɘəɖɡ ɓɆ ɎɓɉɎ-

ɇɎɖəɤɟɎɋ ɗɈɔɏɗɘɈɆ ɐɋɘɔɐɗɎɒɔɈ, ɣɐɗɕɋɖɎɒɋɓ-

ɘɡ ɕɖɔɈɔɊɎɑɎɗɢ Ɉ ɎɓɘɋɖɈɆɑɋ ɘɋɒɕɋɖɆɘəɖ 20ï

80 Áȷ ɗ ɎɓɘɋɖɈɆɑɔɒ 20 Áȷ. ȳɆ ɖɎɗəɓɐɋ 4 ɕɔɐɆ-

ɍɆɓɆ ɗɈɥɍɢ ɒɋɌɊə ɗɘɋɕɋɓɢɤ ɍɆɟɎɘɡ Ɏ ɘɋɒɕɋ-

ɖɆɘəɖɔɏ (Ɉɖɋɒɥ ɕɔɉɖəɌɋɓɎɥ ɗɔɗɘɆɈɑɥɋɘ 24 ɝ). 

ȴɝɋɈɎɊɓɔ, ɝɘɔ ɣɚɚɋɐɘɎɈɓɔɗɘɢ ɎɓɉɎɇɎɖɔɈɆɓɎɥ 

ɗɓɎɌɆɋɘɗɥ ɕɔ ɒɋɖɋ ɖɔɗɘɆ ɘɋɒɕɋɖɆɘəɖɡ, ɣɘɔ 

ɔɗɔɇɋɓɓɔ ɍɆɒɋɘɓɔ ɕɖɎ ɎɍɒɋɓɋɓɎɎ ɘɋɒɕɋɖɆɘə-

ɖɡ ɔɘ 40 Áȷ Ɋɔ 80 Áȷ. ȪɆɓɓɔɋ ɥɈɑɋɓɎɋ ɉɔɈɔɖɎɘ 

ɔ ɘɔɒ, ɝɘɔ ɇɔɑɋɋ ɈɡɗɔɐɎɋ ɘɋɒɕɋɖɆɘəɖɡ ɒɔɉəɘ 

ɈɡɍɈɆɘɢ ɊɋɗɔɖɇɜɎɤ ɒɔɑɋɐəɑɡ ɎɓɉɎɇɎɘɔɖɆ ɗ 

ɕɔɈɋɖɛɓɔɗɘɎ ɒɋɘɆɑɑɆ.  

Ȫɑɥ ɎɍəɝɋɓɎɥ ɣɓɋɖɉɎɎ ɆɐɘɎɈɆɜɎɎ ɕɔ-

ɗɘɖɔɋɓ ɉɖɆɚɎɐ ȦɖɖɋɓɎəɗɆ, ɐɔɘɔɖɡɏ ɥɈɑɥɋɘɗɥ 

ɔɘɓɔɞɋɓɎɋɒ ɗɐɔɖɔɗɘɎ ɐɔɖɖɔɍɎɎ ɐ ɑɎɓɋɏɓɔɏ 

ɚəɓɐɜɎɎ 1/ȸ.  

ȵɆɖɆɒɋɘɖɡ, ɕɔɑəɝɋɓɓɡɋ Ɏɍ ɉɖɆɚɎɐɆ 

ȦɖɖɋɓɎəɗɆ, ɕɖɋɊɗɘɆɈɑɋɓɡ ɓɆ ɖɎɗəɓɐɋ 5 Ɏ Ɉ 

ɘɆɇɑɎɜɋ 2. 

ȮɍɈɋɗɘɓɔ, ɝɘɔ ɓɎɍɐɎɋ ɍɓɆɝɋɓɎɥ Ea (ɓɋ 

ɇɔɑɋɋ 10 ɐȪɌ/ɒɔɑɢ)
 
ɗɈɎɊɋɘɋɑɢɗɘɈəɤɘ ɔ ɕɖɔ-

ɘɋɐɆɓɎɎ ɚɎɍɎɝɋɗɐɔɏ ɗɔɖɇɜɎɎ ɍɆ ɗɝɋɘ ɣɑɋɐ-

ɘɖɔɗɘɆɘɎɝɋɗɐɎɛ ɗɎɑ ɒɋɌɊə ɆɐɘɎɈɓɡɒɎ ɗɔɖɇ-

ɜɎɔɓɓɡɒɎ ɜɋɓɘɖɆɒɎ ɓɆ ɕɔɈɋɖɛɓɔɗɘɎ ɒɋɘɆɑɑɆ 

Ɏ ɖɋɆɐɘɆɓɘɆɒɎ (ɎɓɉɎɇɎɘɔɖɆɒɎ) [7ï9]. Ȩ ɗɈɔɤ 

ɔɝɋɖɋɊɢ, ɇɔɑɋɋ ɈɡɗɔɐɎɋ ɍɓɆɝɋɓɎɥ Ea, ɐɆɐ 

ɕɖɆɈɎɑɔ, ɗɈɎɊɋɘɋɑɢɗɘɈəɤɘ ɔ ɕɖɔɘɋɐɆɓɎɎ ɛɋ-

ɒɔɗɔɖɇɜɎɎ. Ȩ ɊɆɓɓɔɒ ɗɑəɝɆɋ ɓɆɇɑɤɊɆɋɒɡɋ 

ɍɓɆɝɋɓɎɥ Ea Ɉ ɕɖɎɗəɘɗɘɈɎɎ ɎɓɉɎɇɎɘɔɖɆ ɒɔɌɓɔ 

ɔɇɠɥɗɓɎɘɢ ɕɖɔɘɋɐɆɓɎɋɒ ɛɎɒɎɝɋɗɐɔɏ ɗɔɖɇɜɎɎ 

ɓɆɖɥɊə ɗ ɔɊɓɔɈɖɋɒɋɓɓɔ ɕɖɔɘɋɐɆɤɟɋɏ ɚɎɍɎ-

ɝɋɗɐɔɏ ɗɔɖɇɜɎɋɏ. ȵɖɎ ɣɘɔɒ ɖɋɆɐɜɎɥ ɐɔɖɖɔɍɎɎ 

ɇəɊɋɘ ɕɔɊɆɈɑɥɘɢɗɥ ɓɆ ɕɔɈɋɖɛɓɔɗɘɎ ɒɋɘɆɑɑɆ Ɏ 

ɕɖɔɎɗɛɔɊɎɘɢ ɓɆ ɓɋɕɔɐɖɡɘɡɛ ɎɓɉɎɇɎɘɔɖɔɒ ɒɋ-

ɘɆɑɑɎɝɋɗɐɎɛ ɕɔɈɋɖɛɓɔɗɘɥɛ, ɝɘɔ ɕɖɎɈɔɊɎɘ ɐ 

ɣɚɚɋɐɘə əɈɋɑɎɝɋɓɎɥ Ea. ȸɆɐɎɒ ɔɇɖɆɍɔɒ, Ɉ 

ɕɖɔɜɋɗɗɋ ɈɍɆɎɒɔɊɋɏɗɘɈɎɥ ɐɋɘɔɐɗɎɒɔɈ ɗ ɕɔ-

Ɉɋɖɛɓɔɗɘɢɤ ɗɘɆɑɎ Ɉ ɗɋɖɔɗɔɊɋɖɌɆɟɎɛ ɗɖɋɊɆɛ 

ɕɖɔɘɋɐɆɋɘ ɐɆɐ ɚɎɍɎɝɋɗɐɆɥ, ɘɆɐ Ɏ ɛɎɒɎɝɋɗɐɆɥ 

ɗɔɖɇɜɎɥ.  

 

 

 

  
 

ȶɎɗəɓɔɐ 4. ȨɑɎɥɓɎɋ ɘɋɒɕɋɖɆɘəɖɡ ɓɆ ɎɓɉɎɇɎɖəɤɟɋɋ ɗɈɔɏɗɘɈɔ ɗɔɋɊɎɓɋɓɎɏ:  

3-ɒɋɘɎɇəɘɆɓɔɓ-2- ɔɐɗɎɒ (1), ɇəɘɆɓɔɓ ɔɐɗɎɒ (2), ɜɎɐɑɔɇəɘɆɓɔɓ ɔɐɗɎɒ (3).  

ȰɔɓɜɋɓɘɖɆɜɎɥ ï 100 ɒɉ/ɑ, Ɉɖɋɒɥ ɣɐɗɕɔɍɎɜɎɎ ï 24 ɝ 

 

Figure 4. Temperature effect  on the inhibitory property of the compounds: 3-methylbutanone-2-oxime 

(1), butanone oxime (2), cyclobutanone oxime (3). Concentration ï 100 mg/l, exposure time ï 24 h 
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ȶɎɗəɓɔɐ 5. ȰɖɎɈɆɥ ȦɖɖɋɓɎəɗɆ Ɋɑɥ ɗɔɋɊɎɓɋɓɎɏ: 3-ɒɋɘɎɇəɘɆɓɔɓ-2- ɔɐɗɎɒ (1), ɇəɘɆɓɔɓ ɔɐɗɎɒ (2), 

ɜɎɐɑɔɇəɘɆɓɔɓ ɔɐɗɎɒ (3) 

 

Figure 5. Arrhenius curve for compounds: 3-methylbutanone-2-oxime (1), butanone oxime (2), 

cyclobutanone oxime (3) 

 

 

ȸɆɇɑɎɜɆ 2. ȵɆɖɆɒɋɘɖɡ, ɕɔɑəɝɋɓɓɡɋ Ɏɍ ɍɆɈɎɗɎɒɔɗɘɎ ȦɖɖɋɓɎəɗɆ 

 

Table 2. Parameters obtained from the Arrhenius equation 

 

ȷɔɋɊɎɓɋɓɎɋ æGÁ, ɐȪɌ/ɒɔɑɢ Ea, ɐȪɌ/ɒɔɑɢ ǧH
o
, ɐȪɌ/ɒɔɑɢ ǧS

o
, ȪɌ/(ɒɔɑɢĿȰ) 

1 ï30,9 72,77 69,75 305,64 

2 ï29,6 63,44 60,11 266,45 

3 ï32,0 89,97 87,01 377,75 

 

 

ɃɓɘɖɔɕɎɥ ɆɐɘɎɈɆɜɎɎ (ǧS
o
) Ɉ ɔɘɗəɘɗɘɈɎɋ 

Ɏ Ɉ ɕɖɎɗəɘɗɘɈɎɎ ɎɓɉɎɇɎɘɔɖɆ ɕɔɐɆɍɆɑɆ ɕɔɑɔɌɎ-

ɘɋɑɢɓɡɋ ɍɓɆɝɋɓɎɥ. ȳɆɇɑɤɊɆɋɒɡɋ ɍɓɆɝɋɓɎɥ 

ɗɈɎɊɋɘɋɑɢɗɘɈəɤɘ ɔ ɘɆɐ ɓɆɍɡɈɆɋɒɔɒ ɊɎɗɗɔ-

ɜɎɆɘɎɈɓɔɒ ɒɋɛɆɓɎɍɒɋ, Ɉ ɐɔɘɔɖɔɒ ɓɋɗɘɆɇɎɑɢ-

ɓɡɏ ɆɐɘɎɈɎɖɔɈɆɓɓɡɏ ɐɔɒɕɑɋɐɗ, ɔɇɖɆɍɔɈɆɓ-

ɓɡɏ ɎɓɉɎɇɎɘɔɖɔɒ Ɏ ɆɐɘɎɈɓɡɒɎ ɜɋɓɘɖɆɒɎ ɓɆ 

ɕɔɈɋɖɛɓɔɗɘɎ ɗɘɆɑɎ, ɗɑɆɇɔ ɗɈɥɍɆɓ Ɏ ɒɔɌɋɘ 

ɊɎɗɗɔɜɎɎɖɔɈɆɘɢ. ȵɖɎ ɣɘɔɒ, ɝɋɒ Ɉɡɞɋ ɐɔɓɜɋɓ-

ɘɖɆɜɎɥ ɎɓɉɎɇɎɘɔɖɆ, ɘɋɒ ɇɔɑɢɞɋɋ ɐɔɑɎɝɋɗɘɈɔ 

ɆɐɘɎɈɎɖɔɈɆɓɓɔɉɔ ɐɔɒɕɑɋɐɗɆ ɔɇɖɆɍəɋɘɗɥ ɓɆ 

ɒɋɘɆɑɑɎɝɋɗɐɔɏ ɕɔɈɋɖɛɓɔɗɘɎ, ɝɘɔ ɘɆɐɌɋ ɈɑɎɥ-

ɋɘ ɓɆ ɗɐɔɖɔɗɘɢ ɐɔɖɖɔɍɎɔɓɓɔɉɔ ɕɖɔɜɋɗɗɆ. ȷɑɋ-

Ɋəɋɘ ɔɘɒɋɘɎɘɢ, ɝɘɔ əɕɔɖɥɊɔɝɋɓɓɔɗɘɢ Ɉ ɗɎɗɘɋ-

ɒɋ ɕɔɈɡɞɆɋɘɗɥ ɕɔ ɒɋɖɋ ɕɋɖɋɛɔɊɆ ɎɓɉɎɇɎɘɔ-

ɖɔɈ Ɉ ɆɐɘɎɈɎɖɔɈɆɓɓɡɏ ɐɔɒɕɑɋɐɗ ɕɖɎ ɈɍɆɎɒɔ-

ɊɋɏɗɘɈɎɎ ɗ ɆɐɘɎɈɓɡɒɎ ɜɋɓɘɖɆɒɎ ɓɆ ɕɔɈɋɖɛɓɔ-

ɗɘɎ ɒɋɘɆɑɑɆ. 

ȭɓɆɝɋɓɎɥ ɣɓɘɆɑɢɕɎɎ ɆɐɘɎɈɆɜɎɎ (ǧH
o
) Ɉ 

ɕɖɎɗəɘɗɘɈɎɎ Ɏ Ɉ ɔɘɗəɘɗɘɈɎɋ ɎɓɉɎɇɎɘɔɖɆ ɘɆɐɌɋ 

ɕɔɐɆɍɆɑɎ ɇɑɎɍɐɎɋ ɕɔ ɍɓɆɝɋɓɎɥɒ ɕɔɑɔɌɎɘɋɑɢ-

ɓɡɋ ɈɋɑɎɝɎɓɡ, ɝɘɔ əɐɆɍɡɈɆɋɘ ɓɆ ɕɖɔɘɋɐɆɓɎɋ 

ɔɊɓɔɈɖɋɒɋɓɓɔ ɛɋɒɔɗɔɖɇɜɎɎ Ɏ ɚɎɍɎɝɋɗɐɔɏ 

ɗɔɖɇɜɎɎ ɐɋɘɔɐɗɎɒɔɈ ɗ ɝɆɗɘɢɤ ɆɐɘɎɈɓɡɛ ɜɋɓ-

ɘɖɔɈ ɓɆ ɕɔɈɋɖɛɓɔɗɘɎ ɗɘɆɑɎ, ɔɇɑɆɊɆɤɟɎɛ Ɉɡ-

ɗɔɐɎɒ ɗɖɔɊɗɘɈɔɒ ɐ ɒɔɑɋɐəɑɆɒ ɎɓɉɎɇɎɘɔɖɆ.  
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1.3. ȨɑɎɥɓɎɋ ɈɖɋɒɋɓɎ ɣɐɗɕɔɍɎɜɎɎ  

ɓɆ ɗɘɋɕɋɓɢ ɍɆɟɎɘɡ 

 

ȳɆ ɖɎɗəɓɐɋ 6 ɎɍɔɇɖɆɌɋɓɔ ɈɑɎɥɓɎɋ Ɉɖɋ-

ɒɋɓɎ ɣɐɗɕɔɍɎɜɎɎ ɓɆ ɗɘɋɕɋɓɢ ɍɆɟɎɘɡ ɒɋɘɆɑ-

ɑɎɝɋɗɐɔɏ ɕɔɈɋɖɛɓɔɗɘɎ, ɐɔɓɜɋɓɘɖɆɜɎɥ ï 

100 ɒɉ/ɑ, ɘɋɒɕɋɖɆɘəɖɆ ɗɖɋɊɡ ï 20 Áȷ. 

ȹɗɘɆɓɔɈɑɋɓɔ, ɝɘɔ Ɉɖɋɒɥ ɣɐɗɕɔɍɎɜɎɎ 

ɍɓɆɝɎɘɋɑɢɓɔ ɈɑɎɥɋɘ ɓɆ ɗɘɋɕɋɓɢ ɍɆɟɎɘɡ. ȵɔ 

ɎɘɔɉɆɒ 720 ɝ ɣɐɗɕɔɍɎɜɎɎ ɗɘɋɕɋɓɢ ɍɆɟɎɘɡ Ɋɑɥ 

ɐɆɌɊɔɉɔ Ɏɍ ɗɔɋɊɎɓɋɓɎɏ ɗɔɐɖɆɟɆɋɘɗɥ ɕɖɆɐɘɎ-

ɝɋɗɐɎ Ɉ 2 ɖɆɍɆ, ɝɘɔ ɔɇɠɥɗɓɥɋɘɗɥ əɒɋɓɢɞɋɓɎ-

ɋɒ ɍɓɆɝɋɓɎɥ ɣɓɋɖɉɎɎ ȩɎɇɇɗɆ. ȵɖɎ ɣɘɔɒ Ɋɔ 

24 ɝ ɗɘɋɕɋɓɢ ɍɆɟɎɘɡ ɖɆɗɘɋɘ, ɝɘɔ ɔɇɠɥɗɓɥɋɘɗɥ 

ɛɋɒɔɗɔɖɇɜɎɔɓɓɡɒ ɒɋɛɆɓɎɍɒɔɒ ɆɊɗɔɖɇɜɎɎ, 

əɗɘɆɓɔɈɑɋɓɓɡɒ Ɉ ɕəɓɐɘɋ 1.2. ȮɓɡɒɎ ɗɑɔɈɆɒɎ, 

ɊɔɑɉɔɈɖɋɒɋɓɓɔɋ ɓɆɛɔɌɊɋɓɎɋ ɐɋɘɔɐɗɎɒɔɈ 

ɕɖɎɈɔɊɎɘ ɐ ɊɋɗɔɖɇɜɎɎ ɗ ɕɔɈɋɖɛɓɔɗɘɎ, ɝɘɔ 

ɈɎɊɓɔ Ɏɍ ɆɓɆɑɎɍɆ ɖɎɗəɓɐɆ 6. ȷɔɋɊɎɓɋɓɎɋ (3) 

ɕɖɎ ɣɘɔɒ ɕɔɐɆɍɡɈɆɋɘ ɑəɝɞɎɋ ɎɓɉɎɇɎɖəɤɟɎɋ 

ɗɈɔɏɗɘɈɆ Ɉ ɔɘɑɎɝɎɋ ɔɘ ɗɔɋɊɎɓɋɓɎɏ (1) Ɏ (2), 

Ɉɋɖɔɥɘɓɔ, Ɏɍ-ɍɆ ɜɎɐɑɎɝɋɗɐɔɉɔ ɗɘɖɔɋɓɎɥ.  

ȪɔɕɔɑɓɎɘɋɑɢɓɔ əɗɘɆɓɔɈɑɋɓɔ, ɝɘɔ ɕɖɎ 

əɈɋɑɎɝɋɓɎɎ ɘɋɒɕɋɖɆɘəɖɡ ɗɘɋɕɋɓɢ ɍɆɟɎɘɡ ɕɆ-

ɊɆɋɘ ɋɟɋ ɇɔɑɢɞɋ, ɝɘɔ ɔɇɠɥɗɓɥɋɘɗɥ ɕɖɋɔɇɑɆ-

ɊɆɓɎɋɒ ɕɖɔɜɋɗɗɆ ɊɋɗɔɖɇɜɎɎ ɓɆɊ ɆɊɗɔɖɇɜɎɋɏ. 

 

 

 

  

 

ȶɎɗəɓɔɐ 6. ȨɑɎɥɓɎɋ ɈɖɋɒɋɓɎ ɣɐɗɕɔɍɎɜɎɎ ɓɆ ɗɘɋɕɋɓɢ ɍɆɟɎɘɡ ɔɇɖɆɍɜɔɈ Ɋɑɥ ɗɔɋɊɎɓɋɓɎɏ  

3-ɒɋɘɎɇəɘɆɓɔɓ-2- ɔɐɗɎɒ (1), ɇəɘɆɓɔɓ ɔɐɗɎɒ (2), ɜɎɐɑɔɇəɘɆɓɔɓ ɔɐɗɎɒ (3).  

ȰɔɓɜɋɓɘɖɆɜɎɥ ɗɔɋɊɎɓɋɓɎɏ ï 100 ɒɉ/ɑ, ɘɋɒɕɋɖɆɘəɖɆ ɗɖɋɊɡ ï 20 Áȷ 

 

Figure 6. Effect of exposure time on the degree of protection of samples for compounds:  

3-methylbutanone-2-oxime (1), butanone oxime (2), cyclobutanone oxime (3).  

Concentration of compounds ï 100 mg/l, medium temperature ï 20 ÁC 

 

 

 

ȪɆɑɢɓɋɏɞɋɋ ɖɆɍɈɎɘɎɋ ɖɆɇɔɘɡ ɕɖɋɊɕɔ-

ɑɆɉɆɋɘ ɎɍəɝɋɓɎɋ ɐɋɘɔɐɗɎɒɔɈ ɗ ɊɑɎɓɔɏ əɉɑɋɈɔ-

ɊɔɖɔɊɓɔɏ ɜɋɕɎ ɔɘ C3 Ɋɔ ȷ15. ȧɑɆɉɔɊɆɖɥ ɊɆɓ-

ɓɡɒ ɎɗɗɑɋɊɔɈɆɓɎɥɒ ɕɑɆɓɎɖəɋɘɗɥ əɗɘɆɓɔɈɎɘɢ 

ɈɑɎɥɓɎɋ ɗɘɖəɐɘəɖɡ ɗɔɋɊɎɓɋɓɎɥ (ɖɆɗɕɔɑɔɌɋ-

ɓɎɋ ɒɋɘɎɑɢɓɡɛ, ɣɘɎɑɢɓɡɛ ɉɖəɕɕ, ɊɑɎɓɡ əɉɑɋ-

ɈɔɊɔɖɔɊɓɔɏ ɜɋɕɎ, ɐɑɆɗɗɆ ɐɋɘɔɐɗɎɒɔɈ) ɓɆ Ɏɓ-

ɉɎɇɎɖəɤɟɎɋ ɗɈɔɏɗɘɈɆ, əɗɘɆɓɔɈɎɘɢ ɒɋɛɆɓɎɍɒ 

ɈɍɆɎɒɔɊɋɏɗɘɈɎɥ ɐɋɘɔɐɗɎɒɔɈ ɗ ɕɔɈɋɖɛɓɔɗɘɢɤ 

ɒɋɘɆɑɑɆ. 

ȨɡɈɔɊɡ 

Ȩ ɖɋɍəɑɢɘɆɘɋ ɕɖɔɈɋɊɋɓɓɔɏ ɖɆɇɔɘɡ ɇɡɑɎ 

əɗɘɆɓɔɈɑɋɓɡ ɗɑɋɊəɤɟɎɋ ɍɆɐɔɓɔɒɋɖɓɔɗɘɎ: 

1. ȮɗɗɑɋɊɔɈɆɓɓɡɋ ɐɋɘɔɐɗɎɒɡ 3-

ɒɋɘɎɇəɘɆɓɔɓ-2- ɔɐɗɎɒ (1), ɇəɘɆɓɔɓ ɔɐɗɎɒ (2), 

ɜɎɐɑɔɇəɘɆɓɔɓ ɔɐɗɎɒ (3) ɔɇɑɆɊɆɤɘ ɗɛɔɌɎɒ 

ɗɘɖɔɋɓɎɋɒ Ɏ Ɏɒɋɤɘ ɕɋɖɗɕɋɐɘɎɈɡ Ɉ ɐɆɝɋɗɘɈɋ 

ɎɓɉɎɇɎɘɔɖɔɈ ɐɔɖɖɔɍɎɎ Ɉ ɗɋɖɔɈɔɊɔɖɔɊɗɔɊɋɖ-

ɌɆɟɎɛ ɗɖɋɊɆɛ. 
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2. ȹɗɘɆɓɔɈɑɋɓɔ, ɝɘɔ ɓɆɛɔɌɊɋɓɎɋ Ɉ 

ɗɘɖəɐɘəɖɋ ɒɋɘɎɑɢɓɔɏ ɉɖəɕɕɡ (1) ɓɋɍɓɆɝɎɘɋɑɢ-

ɓɔ ɈɑɎɥɋɘ ɓɆ ɗɘɋɕɋɓɢ ɍɆɟɎɘɡ ɕɖɎ ɗɖɆɈɓɋɓɎɎ 

ɋɉɔ ɗ ɗɔɋɊɎɓɋɓɎɋɒ (2). 

3. ȼɎɐɑɎɝɋɗɐɔɋ ɗɘɖɔɋɓɎɋ (3) ɕɖɎ ɣɘɔɒ 

ɈɑɎɥɋɘ ɇɔɑɋɋ ɍɓɆɝɎɘɋɑɢɓɔ ɓɆ ɎɓɉɎɇɎɖəɤɟɎɋ 

ɗɈɔɏɗɘɈɆ ɗɔɋɊɎɓɋɓɎɏ. 

4. Ȯɍəɝɋɓɔ ɈɑɎɥɓɎɋ ɘɋɒɕɋɖɆɘəɖɡ ɓɆ 

ɎɓɉɎɇɎɖəɤɟɎɋ ɗɈɔɏɗɘɈɆ, Ɋɑɥ ɕɖɔɒɋɌəɘɐɆ 

ɘɋɒɕɋɖɆɘəɖ ɔɘ 20 Áȷ Ɋɔ 40 Áȷ ɗɘɋɕɋɓɢ ɍɆɟɎɘɡ 

Ɋɑɥ Ɉɗɋɛ ɎɗɗɑɋɊəɋɒɡɛ ɐɋɘɔɐɗɎɒɔɈ ɥɈɑɥɋɘɗɥ 

ɊɔɗɘɆɘɔɝɓɔɏ, ɕɔɗɑɋɊəɤɟɋɋ əɈɋɑɎɝɋɓɎɋ ɘɋɒ-

ɕɋɖɆɘəɖɡ ɍɓɆɝɎɘɋɑɢɓɔ əɈɋɑɎɝɎɈɆɋɘ ɗɐɔɖɔɗɘɢ 

ɐɔɖɖɔɍɎɎ [10-15]. 

5. Ȩɖɋɒɥ ɣɐɗɕɔɍɎɜɎɎ əɛəɊɞɆɋɘ ɎɓɉɎɇɎ-

ɖəɤɟɎɋ ɗɈɔɏɗɘɈɆ ɐɋɘɔɐɗɎɒɔɈ, ɘɆɐ ɐɆɐ ɓɋ ɕɔ-

ɍɈɔɑɥɋɘ ɔɇɖɆɍɔɈɆɘɢ ɕɖɔɝɓəɤ ɕɑɋɓɐə ɓɆ ɕɔ-

ɈɋɖɛɓɔɗɘɎ (ɈɔɍɒɔɌɓɔ, Ɏɍ-ɍɆ ɊɔɗɘɆɘɔɝɓɔ ɐɔ-

ɖɔɘɐɔɏ ɊɑɎɓɡ ɜɋɕɎ ɐɋɘɔɐɗɎɒɡ, ɎɒɋɤɟɎɋ 

ɊɑɎɓə ɜɋɕɎ ɇɔɑɋɋ 8, ɒɔɉəɘ ɔɇɖɆɍɔɈɡɈɆɘɢ ɇɔ-

ɑɋɋ ɐɖɋɕɐəɤ ɕɑɋɓɐə). 

ȵɔɑəɝɋɓɓɡɋ ɖɋɍəɑɢɘɆɘɡ ɕɔɍɈɔɑɥɘ Ɉ 

ɊɆɑɢɓɋɏɞɋɒ ɕɖɎɒɋɓɥɘɢ ɐɋɘɔɐɗɎɒɡ Ɉ ɐɆɝɋɗɘ-

Ɉɋ ɓɔɈɔɏ ɆɐɘɎɈɓɔɏ ɔɗɓɔɈɡ Ɋɑɥ ɎɓɉɎɇɎɘɔɖɔɈ 

ɐɔɖɖɔɍɎɎ. ȷ əɝɋɘɔɒ ɘɖɋɇɔɈɆɓɎɏ ɐ ɍɆɟɎɘɋ 

ɔɇɔɖəɊɔɈɆɓɎɥ ɒɔɌɓɔ ɈɡɇɎɖɆɘɢ ɐɋɘɔɐɗɎɒɡ 

ɖɆɍɑɎɝɓɔɉɔ ɗɘɖɔɋɓɎɥ, ɝɘɔ ɕɔɍɈɔɑɎɘ ɗɔɐɖɆɘɎɘɢ 

ɣɐɔɓɔɒɎɝɋɗɐɎɋ ɍɆɘɖɆɘɡ ɓɆ ɕɔɐəɕɐə ɎɓɉɎɇɎɘɔ-

ɖɔɈ ɐɔɖɖɔɍɎɎ, ɘɆɐ ɐɆɐ ɐɋɘɔɐɗɎɒɡ ɖɆɍɑɎɝɓɔɉɔ 

ɗɘɖɔɋɓɎɥ ɔɇɑɆɊɆɤɘ ɖɆɍɑɎɝɓɔɏ ɗɘɋɕɋɓɢɤ ɍɆ-

ɟɎɘɡ ɔɘ ɐɔɖɖɔɍɎɎ. 

 
 
 

 

ȷɕɎɗɔɐ ɎɗɘɔɝɓɎɐɔɈ  References 
1. Ryl J., Wysocka J., CieŜlik M. e.a. Under-

standing the Origin of High Corrosion Inhibition Effi-
ciency of Bee Products towards Aluminium Alloys in 
Alkaline Environments // Electrochimica Acta. 2019. 
Vol. 304. P. 263-274. DOI: 
10.1016/j.electacta.2019.03.012. 

2. Avdeev Ya.G., Kuznetsov Yu.I. Inhibitory Pro-
tection of Steels from High-Temperature Corrosion in 
Acid Solutions. A Review. Part 1 // International Jour-
nal of Corrosion and Scale Inhibition. 2020. Vol. 9. 
No. 2. P. 394-426. DOI: 10.17675/2305-6894-2020-9-
2-2.  

3. ȦɇɇɆɗɔɈ Ȩ.Ȳ., ȦɑɎɋɈɆ ȱ.Ȯ., ɃɚɋɓɊɎɋ-
ɈɆ ȱ.Ȳ. Ɏ Ɋɖ. ɃɚɚɋɐɘɎɈɓɔɗɘɢ ɊɋɏɗɘɈɎɥ ɎɒɎɊɆɍɔ-
ɑɎɓɔɈ ɓɆ ɔɗɓɔɈɋ ɓɋɚɘɥɓɡɛ ɐɎɗɑɔɘ Ɉ əɗɑɔɈɎɥɛ ɐɎ-
ɗɑɔɘɓɔɏ ɐɔɖɖɔɍɎɎ ɗɘɆɑɎ // ȵɖɆɐɘɎɐɆ ɕɖɔɘɎɈɔɐɔɖ-
ɖɔɍɎɔɓɓɔɏ ɍɆɟɎɘɡ. 2012. ɷ 2 (64). ȷ. 38-41. EDN: 
RVOMDH.  

4. El-Deeb M.M., Abdel-Shafi N.S., 
Shamroukh A.H. Electrochemical, DFT and Mont 
Carlo Simulations Studies to Evaluate the Inhibition 
Effect of Novel Pyridazine Derivatives on Iron Pitting 
Corrosion in 3.5 % NaCl  // International Journal of 
Electrochemical Science. 2018. Vol. 13. No. 6. P. 
5352-5369. DOI: 10.20964/2018.06.70. 

5. ȸɐɆɝɋɈɆ Ȩ.Ƀ., ȲɆɖɐɎɓ Ȧ.ȳ. ȱɔɐɆɑɢɓɆɥ ȷȴ2-
ɐɔɖɖɔɍɎɥ ɓɋɚɘɋɕɖɔɒɡɗɑɔɈɔɉɔ ɔɇɔɖəɊɔɈɆɓɎɥ. 
ȹɚɆ: ȶȳ-ȧɆɞȳȮȵȮɓɋɚɘɢ, 2022. 296 ɗ. ISBN: 978-
5-903404-22-3. EDN: FIEMPJ. 

6. ȩɖɋɉ ȷ., ȷɎɓɉ Ȱ. ȦɊɗɔɖɇɜɎɥ, əɊɋɑɢɓɆɥ ɕɔ-
Ɉɋɖɛɓɔɗɘɢ, ɕɔɖɎɗɘɔɗɘɢ. Ȳ.: ȲɎɖ, 1984. 310 ɗ. EDN: 
ZTYAXD. 

7. Han J., Brown B.N., Neġic S. Investigation of 
the Galvanic Mechanism for Localized Carbon Diox-
ide Corrosion Propagation using the Artificial Pit 

 1. Ryl J., Wysocka J., CieŜlik M. e.a. Under-
standing the Origin of High Corrosion Inhibition Effi-
ciency of Bee Products Towards Aluminium Alloys in 
Alkaline Environments. Electrochimica Acta, 2019, 
Vol. 304, pp. 263-274. DOI: 
10.1016/j.electacta.2019.03.012. 

2. Avdeev Ya.G., Kuznetsov Yu.I. Inhibitory Pro-
tection of Steels from High-Temperature Corrosion in 
Acid Solutions. A Review. Part 1. International Jour-
nal of Corrosion and Scale Inhibition, 2020, Vol. 9, 
No. 2, pp. 394-426. DOI: 10.17675/2305-6894-2020-
9-2-2. 

3. Abbasov V.M., Alieva L.I., Efendieva L.M. e.a. 
Effektivnost' deistviya imidazolinov na osnove 
neftyanykh kislot v usloviyakh kislotnoi korrozii stali 
[Efficiency of Imidazolines on the Basis of Oil Acids in 
the Condition of Acid Corrosion of Steel]. Praktika 
protivokorrozionnoi zashchity   ỹ   Practice of Corro-
sion Protection, 2012, No. 2 (64), pp. 38-41. EDN: 
RVOMDH. [in Russian]. 

4. El-Deeb M.M., Abdel-Shafi N.S., 
Shamroukh A.H. Electrochemical, DFT and Mont 
Carlo Simulations Studies to Evaluate the Inhibition 
Effect of Novel Pyridazine Derivatives on Iron Pitting 
Corrosion in 3.5 % NaCl . International Journal of 
Electrochemical Science, 2018, Vol. 13, No. 6, pp. 
5352-5369. DOI: 10.20964/2018.06.70. 

5. Tkacheva V.E., Markin A.N. Lokal'naya SO2-
korroziya neftepromyslovogo oborudovaniya [Local 
CO2-Corrosion of Oilfield Equipment]. Ufa, RN-
BashNIPIneft' Publ., 2022. 296 p. ISBN: 978-5-
903404-22-3. EDN: FIEMPJ. [in Russian]. 

6. Greg S., Sing K. Adsorbtsiya, udel'naya 
poverkhnost', poristost' [Adsorption, Specific Surface 
Area, Porosity]. Moscow, Mir Publ., 1984. 310 p. 



˾͊ͪ͊͋ͦͭ͊͘͟ ͙ Ήͫͨͯ͊ͭ͊͟͡ͼ͙Ύ ͔ͤͺͭΎͤ·ͻ ͙ ͎͍͊ͦ͘·ͻ ͔͔͙͚ͣͫͭͦͪͦ͗͒ͤ 
Development and Operation of Oil and Gas Fields 

 
 
 

2 (148) Å 2024 
97 

Technique // CORROSION. 2010. Vol. 66. No. 9. P. 
095003-1-095003-12.  DOI: 10.5006/1.3490308. 

8. Vargel C. Corrosion of Aluminium. Holland, 
Elsevier Inc., 2004. 626 p. URL: 
https://archive.org/details/corrosionofalumi0000varg 
(ɊɆɘɆ ɔɇɖɆɟɋɓɎɥ: 12.04.2024). 

9. Kharitonov D.S., Dobryden I.B., Sefer B., et al. 
Corrosion of AD31 (AA6063) Alloy in Chloride-
Containing Solutions // Protection of Metals and 
Physical Chemistry of Surfaces. 2018. Vol. 54. No. 2. 
P. 291-300. DOI: 10.1134/S2070205118020077. 

10. ȶɔɒɆɓɔɈ Ȩ.Ȩ. ȲɋɘɔɊɡ ɎɗɗɑɋɊɔɈɆɓɎɥ ɐɔɖ-
ɖɔɍɎɎ ɒɋɘɆɑɑɔɈ. Ȳ.: ȲɋɘɆɑɑəɖɉɎɥ, 1965. 280 ɗ. 

11. ȶɔɍɋɓɚɋɑɢɊ Ȯ.ȱ. ȮɓɉɎɇɎɘɔɖɡ ɐɔɖɖɔɍɎɎ. 
Ȳ.: ȻɎɒɎɥ, 1977. 352 ɗ.  

12. ȦɓɘɖɔɕɔɈ ȱ.Ȯ. ȪɎɚɚəɍɎɥ ɈɔɊɔɖɔɊɆ ɝɋɖɋɍ 
Ɍɋɑɋɍɓɡɋ ɒɋɒɇɖɆɓɡ ɕɖɎ Ɏɛ ɐɔɖɖɔɍɎɎ Ɉ ɖɆɗɘɈɔɖɆɛ 
ɗɋɖɓɔɏ ɐɎɗɑɔɘɡ // ȸɖəɊɡ ɘɖɋɘɢɋɉɔ ɒɋɌɊəɓɆɖɔɊɓɔ-
ɉɔ ɐɔɓɉɖɋɗɗɆ ɕɔ ɐɔɖɖɔɍɎɎ ɒɋɘɆɑɑɔɈ. ȸ.2. Ȳ.: ȲɎɖ, 
1968. ȷ. 54-62. 

13. ȼɡɉɆɓɐɔɈɆ ȱ.ȫ., ȲɔɌɆɖɔɈ A.B., ȮɈɆɓɎɟɋɓ-
ɐɔɈ ȷ.ȷ., Ȱɔɗɢɥɓɋɓɐɔ ȫ.ȷ., ȧɔɑɊɡɖɋɈ A.Ȩ. ȦɓɘɎ-
ɐɔɖɖɔɍɎɔɓɓɆɥ ɍɆɟɎɘɆ ɗɘɆɑɎ ɕɖɔɊəɐɘɆɒɎ ɕɔɑɎɒɋ-
ɖɎɍɆɜɎɎ ɆɒɎɓɔɆɒɎɊɔɈ Ɉ əɉɑɋɐɎɗɑɔɘɓɡɛ Ɏ ɗɋɖɔɈɔ-
ɊɔɖɔɊɓɡɛ ɗɖɋɊɆɛ // ȵɖɆɐɘɎɐɆ ɕɖɔɘɎɈɔɐɔɖɖɔɍɎɔɓ-
ɓɔɏ ɍɆɟɎɘɡ. 2003. ɷ 2 (28). ȷ. 25-29. 

14. ȱəɓɎɓ Ȫ.Ȧ., ȲɎɓɝɋɓɐɔ Ȫ.Ȧ., ȳɔɗɐɔɈ Ȧ.ȧ. Ɏ 
Ɋɖ. ȵɖɔɒɡɗɑɔɈɡɏ ɔɕɡɘ ɣɐɗɕɑəɆɘɆɜɎɎ ɈɓəɘɖɎ-
ɗɐɈɆɌɎɓɓɔɉɔ ɔɇɔɖəɊɔɈɆɓɎɥ Ɉ ɗɋɖɔɈɔɊɔɖɔɊɗɔɊɋɖ-
ɌɆɟɎɛ ɗɖɋɊɆɛ // ȷɋɘɋɈɔɋ ɎɍɊɆɓɎɋ çȳɋɚɘɋɉɆɍɔɈɔɋ 
Ɋɋɑɔè. 2023. ɷ 3. ȷ. 47-92. DOI: 
https://dx.doi.org/10.17122/ogbus-2023-3-47-92. 
URL: https://ogbus.ru/files/ogbus/issues/3_2023/ 
ogbus_3_2023_p47-92.pdf.  EDN: ETUXGT. 

15.  ȸɐɆɝɋɈɆ Ȩ.Ƀ., ȲɆɖɐɎɓ Ȧ.ȳ. ȹɉɑɋɐɎɗɑɔɘɓɔɋ 
ɖɆɗɘɖɋɗɐɎɈɆɓɎɋ ɕɔɊ ɓɆɕɖɥɌɋɓɎɋɒ Ɉ ɓɋɚɘɋɊɔɇɡɝɋ 
// ȷɋɘɋɈɔɋ ɎɍɊɆɓɎɋ çȳɋɚɘɋɉɆɍɔɈɔɋ Ɋɋɑɔè. 2023. 
ȸ. 21. ɷ 3. ȷ. 161-168. DOI: https://doi.org/ 
10.17122/ngdelo-2023-3-161-168. URL: https://ngde-
lo.ru/files/ngdelo/2023/3/ngdelo-3-2023-p161-
168.pdf.  

 

EDN: ZTYAXD. [in Russian]. 
7. Han J., Brown B.N., Neġic S. Investigation of 

the Galvanic Mechanism for Localized Carbon Diox-
ide Corrosion Propagation using the Artificial Pit 
Technique. CORROSION, 2010, Vol. 66, No. 9, pp. 
095003-1-095003-12.  DOI: 10.5006/1.3490308. 

8. Vargel C. Corrosion of Aluminium. Holland, 
Elsevier Inc., 2004. 626 p. URL: 
https://archive.org/details/corrosionofalumi0000varg 
(accessed 12.04.2024). 

9. Kharitonov D.S., Dobryden I.B., Sefer B., et al. 
Corrosion of AD31 (AA6063) Alloy in Chloride-
Containing Solutions. Protection of Metals and Phys-
ical Chemistry of Surfaces, 2018, Vol. 54, No. 2, pp. 
291-300. DOI: 10.1134/S2070205118020077. 

10. Romanov V.V. Metody issledovaniya korrozii 
metallov [Methods of Metal Corrosion Research]. 
Moscow, Metallurgiya Publ., 1965. 280 p. [in Rus-
sian]. 

11. Rozenfel'd I.L. Ingibitory korrozii [Corrosion 
Inhibitors]. Moscow, Khimiya Publ., 1977. 352 p. [in 
Russian]. 

12. Antropov L.I. Diffuziya vodoroda cherez 
zheleznye membrany pri ikh korrozii v rastvorakh 
sernoi kisloty [Diffusion of Hydrogen Through Iron 
Membranes During Their Corrosion in Sulfuric Acid 
Solutions]. Trudy tret'ego mezhdunarodnogo 
kongressa po korrozii metallov. Vol. 2 [Proceedings 
of the Third International Congress on Metal Corro-
sion. Vol. 2]. Moscow, Mir Publ., 1968, pp. 54-62. [in 
Russian]. 

13. Tsygankova L.E., Mozharov A.B., 
Ivanishchenkov S.S., Kos'yanenko E.S., 
Boldyrev A.V. Antikorrozionnaya zashchita stali 
produktami polimerizatsii aminoamidov v 
uglekislotnykh i serovodorodnykh sredakh [Corrosion 
Protection of Steel by Products of Polymerization of 
Aminoamides in Carbon Dioxide and Hydrogen Sul-
fide Media]. Praktika protivokorrozionnoi zashchity   ỹ   
Practice of Corrosion Protection, 2003, No. 2 (28), 
pp. 25-29. [in Russian]. 

14. Lunin D.A., Minchenko D.A., Noskov A.B., et 
al. Promyslovyi opyt ekspluatatsii vnutriskvazhinnogo 
oborudovaniya v serovodorodsoderzhashchikh 
sredakh [Field Experience of Downhole Equipment 
Operation in Hydrogen Sulfide-Containing Environ-
ments]. Setevoe izdanie çNeftegazovoe deloè   ỹ   
Online Edition çOil and Gas Businessè, 2023, No. 3, 
pp. 47-92. DOI: https://dx.doi.org/10.17122/ogbus-
2023-3-47-92. URL: https://ogbus.ru/files/ogbus/ is-
sues/3_2023/ogbus_3_2023_p47-92.pdf. EDN: 
ETUXGT. [in Russian]. 

15. Tkacheva V.E., Markin A.N. Uglekislotnoe 
rastreskivanie pod napryazheniem v neftedobyche 
[Carbon Dioxide Stress Cracking in Oil Production]. 
Setevoe izdanie çNeftegazovoe deloè   ỹ   Online Edi-
tion çOil and Gas Businessè, 2023, Vol. 21, No. 3, 
pp. 161-168. DOI: https://doi.org/10.17122/ngdelo-
2023-3-161-168. URL: https://ngdelo.ru/files/ 
ngdelo/2023/3/ngdelo-3-2023-p161-168.pdf. [in Rus-
sian]. 

 

https://archive.org/details/corrosionofalumi0000varg
https://dx.doi.org/10.17122/ogbus-2023-3-47-92
https://ogbus.ru/files/ogbus/issues/3_2023/%20ogbus_3_2023_p47-92.pdf
https://ogbus.ru/files/ogbus/issues/3_2023/%20ogbus_3_2023_p47-92.pdf
https://doi.org/%2010.17122/ngdelo-2023-3-161-168
https://doi.org/%2010.17122/ngdelo-2023-3-161-168
https://ngde-lo.ru/files/ngdelo/2023/3/ngdelo-3-2023-p161-168.pdf
https://ngde-lo.ru/files/ngdelo/2023/3/ngdelo-3-2023-p161-168.pdf
https://ngde-lo.ru/files/ngdelo/2023/3/ngdelo-3-2023-p161-168.pdf
https://archive.org/details/corrosionofalumi0000varg
https://ogbus.ru/files/ogbus/%20issues/3_2023/ogbus_3_2023_p47-92.pdf
https://ogbus.ru/files/ogbus/%20issues/3_2023/ogbus_3_2023_p47-92.pdf
https://ngdelo.ru/files/%20ngdelo/2023/3/ngdelo-3-2023-p161-168.pdf
https://ngdelo.ru/files/%20ngdelo/2023/3/ngdelo-3-2023-p161-168.pdf


˽͔ͪͦ͋ͣ͡· ͫ͋ͦͪ͊Σ ͎͍͙ͨͦ͒ͦͭͦ͟ ͙ ͭͪ͊ͤͫͨͦͪͭ͊ ͔ͤͺ͙ͭ ͙ ͔ͤͺ͔͍ͭͨͪͦ͒ͯͭͦ͟ 
Problems of Gathering, Treatment and Transportation of Oil and Oil Products 

 
 
 

2 (148) Å 2024 98 

ȮɓɚɔɖɒɆɜɎɥ ɔɇ ɆɈɘɔɖɆɛ  Information about the authors 
Å ȰɆɖɆɝɋɈɗɐɎɏ ȪɆɓɎɎɑ ɄɖɢɋɈɎɝ 
ȴȴȴ çȶȳ-ȧɆɞȳȮȵȮɓɋɚɘɢè  
(ȴȩ ȵȦȴ çȳȰ çȶɔɗɓɋɚɘɢè)  
ȷɕɋɜɎɆɑɎɗɘ ɔɘɊɋɑɆ ɇɔɖɢɇɡ ɗ ɔɗɑɔɌɓɋɓɎɥɒɎ 
ȶɔɗɗɎɥ, 450103, ȹɚɆ, əɑ. ȷɔɝɎɓɗɐɆɥ, 12;  
ȹɚɎɒɗɐɎɏ ȮɓɗɘɎɘəɘ ɛɎɒɎɎ ð ɔɇɔɗɔɇɑɋɓɓɔɋ  
ɗɘɖəɐɘəɖɓɔɋ ɕɔɊɖɆɍɊɋɑɋɓɎɋ ȺɋɊɋɖɆɑɢɓɔɉɔ  
ɉɔɗəɊɆɖɗɘɈɋɓɓɔɉɔ ɇɤɊɌɋɘɓɔɉɔ ɓɆəɝɓɔɉɔ  
əɝɖɋɌɊɋɓɎɥ ȹɚɎɒɗɐɔɉɔ ɚɋɊɋɖɆɑɢɓɔɉɔ  
ɎɗɗɑɋɊɔɈɆɘɋɑɢɗɐɔɉɔ ɜɋɓɘɖɆ ȶɔɗɗɎɏɗɐɔɏ  
ɆɐɆɊɋɒɎɎ ɓɆəɐ 
ȦɗɕɎɖɆɓɘ, ȱɆɇɔɖɆɘɔɖɎɥ ɔɖɉɆɓɎɝɋɗɐɎɛ  
ɚəɓɐɜɎɔɓɆɑɢɓɡɛ ɒɆɘɋɖɎɆɑɔɈ 
ȶɔɗɗɎɥ, 450054, ȹɚɆ, ɕɖ. ȴɐɘɥɇɖɥ, 71 
DY_Karachevskii@bnipi.rosneft.ru 
 
 
Å ȲəɗɘɆɚɎɓ ȦɛɆɘ ȩɆɍɎɍɢɥɓɔɈɎɝ, Ɋɔɐɘɔɖ  
ɛɎɒɎɝɋɗɐɎɛ ɓɆəɐ, ɕɖɔɚɋɗɗɔɖ, ɆɐɆɊɋɒɎɐ ȦɐɆɊɋɒɎɎ  
ɓɆəɐ ȶɋɗɕəɇɑɎɐ ȧɆɞɐɔɖɘɔɗɘɆɓ 
ȹɚɎɒɗɐɎɏ ȮɓɗɘɎɘəɘ ɛɎɒɎɎ ð ɔɇɔɗɔɇɑɋɓɓɔɋ  
ɗɘɖəɐɘəɖɓɔɋ ɕɔɊɖɆɍɊɋɑɋɓɎɋ ȺɋɊɋɖɆɑɢɓɔɉɔ  
ɉɔɗəɊɆɖɗɘɈɋɓɓɔɉɔ ɇɤɊɌɋɘɓɔɉɔ ɓɆəɝɓɔɉɔ  
əɝɖɋɌɊɋɓɎɥ ȹɚɎɒɗɐɔɉɔ ɚɋɊɋɖɆɑɢɓɔɉɔ  
ɎɗɗɑɋɊɔɈɆɘɋɑɢɗɐɔɉɔ ɜɋɓɘɖɆ ȶɔɗɗɎɏɗɐɔɏ ɆɐɆɊɋɒɎɎ  
ɓɆəɐ 
ȩɑɆɈɓɡɏ ɓɆəɝɓɡɏ ɗɔɘɖəɊɓɎɐ 
ȭɆɈɋɊəɤɟɎɏ ɑɆɇɔɖɆɘɔɖɎɋɏ ɔɖɉɆɓɎɝɋɗɐɎɛ  
ɚəɓɐɜɎɔɓɆɑɢɓɡɛ ɒɆɘɋɖɎɆɑɔɈ 
ȶɔɗɗɎɥ, 450054, ȹɚɆ, ɕɖ. ȴɐɘɥɇɖɥ, 71 
agmustafin@gmail.com 
 
 
Å ȨɆɑɋɐɌɆɓɎɓ Ȯɑɢɥ ȨɑɆɊɎɒɎɖɔɈɎɝ 
ȴȴȴ çȶȳ-ȧɆɞȳȮȵȮɓɋɚɘɢè  
(ȴȩ ȵȦȴ çȳȰ çȶɔɗɓɋɚɘɢè)  
ȳɆɝɆɑɢɓɎɐ ɔɘɊɋɑɆ ɇɔɖɢɇɡ ɗ ɔɗɑɔɌɓɋɓɎɥɒɎ  
ȶɔɗɗɎɥ, 450103, ȹɚɆ, əɑ. ȷɔɝɎɓɗɐɆɥ, 12  
ValekzhaninIV@bnipi.rosneft.ru  

 Å Karachevsky Daniil Yu.  
RN-BashNIPIneft LLC (Company of Rosneft Group)  
Specialist of Complications Control Department  
12, Sochinskaya str., Ufa, 450103, Russia; 
Ufa Institute of Chemistry ï a separate structural unit 
of the Federal State Budgetary Scientific Institution  
of the Ufa Federal Research Center of the Russian 
Academy of Sciences, Ufa, Russia 
Postgraduate Student, Organic Functional Materials 
Laboratory 
71, October ave., Ufa, 450054, Russia 
DY_Karachevskii@bnipi.rosneft.ru 
 
 
 
 
 
Å Mustafin Akhat G., Doctor of Chemical Sciences, 
Professor, Academician of the Academy of Sciences  
of the Republic of Bashkortostan 
Ufa Institute of Chemistry ï a separate structural unit 
of the Federal State Budgetary Scientific Institution  
of the Ufa Federal Research Center of the Russian 
Academy of Sciences, Ufa, Russia 
Chief Researcher 
Head of Organic Functional Materials Laboratory 
71, October ave., Ufa, 450054, Russia 
agmustafin@gmail.com 
 
 
 
 
 
Å Valekzhanin Ilya V.  
RN-BashNIPIneft LLC (Company of Rosneft Group)  
Head of Complications Control Department  
12, Sochinskaya str., Ufa, 450103, Russia 
ValekzhaninIV@bnipi.rosneft.ru  
  

 
 
 
 
ȷɘɆɘɢɥ ɕɔɗɘəɕɎɑɆ Ɉ ɖɋɊɆɐɜɎɤ 20.03.2024; ɔɊɔɇɖɋɓɆ ɕɔɗɑɋ ɖɋɜɋɓɍɎɖɔɈɆɓɎɥ 29.03.2024; ɕɖɎɓɥɘɆ ɐ ɕəɇɑɎɐɆ-
ɜɎɎ 01.04.2024.  
The article was submitted 20.03.2024; approved after reviewing 29.03.2024; accepted for publication 01.04.2024.  
 
 
 
 
  

mailto:DY_Karachevskii@bnipi.rosneft.ru
mailto:DY_Karachevskii@bnipi.rosneft.ru


˿͙͔ͭͪͦͭ͡Έ͍ͫͭͦ ͙ Ήͫͨͯ͊ͭ͊͟͡ͼ͙Ύ ͔ͤͺ͔͎͍͍ͭ͊ͦͨͪͦͦ͒ͦ͘Σ ͋͊͘ ͙ ͻ͙͙ͪ͊ͤ͡΅ 
Construction and Operation of Oil and Gas Pipelines, Depots and Storages 

 
 
 

2 (148) Å 2024 
99 

ȵɖɔɇɑɋɒɡ ɗɇɔɖɆ, ɕɔɊɉɔɘɔɈɐɎ Ɏ ɘɖɆɓɗɕɔɖɘɆ ɓɋɚɘɎ Ɏ ɓɋɚɘɋɕɖɔɊəɐɘɔɈ. 2024. Ȩɡɕ. 2 (148). ȷ. 99ï106. 

ISSN 1998-8443 (print) 

Problems of Gathering, Treatment and Transportation of Oil and Oil Products. 2024. Issue 2 (148). ȶ. 99ï106. 

ISSN 1998-8443 (print) 

 
 
ȳɆəɝɓɆɥ ɗɘɆɘɢɥ 

ȹȪȰ 624.953 

doi: 10.17122/ntj-oil-2024-2-99-106                                                                      EDN: DQTHKA 

 

ȴȵȸȮȲȮȭȦȼȮɅ  ȲȫȸȴȪȦ  ȴȸȶȮȼȦȸȫȱɂȳȴȯ  ȨȴȱȳɁ    

ȪȦȨȱȫȳȮɅ  ȪȱɅ  ȴȵȶȫȪȫȱȫȳȮɅ  ȲȫȷȸȦ  ȹȸȫȽȰȮ  

ȳȦ  ȩȦȭȴȵȶȴȨȴȪȫ 

 
ȦɓɆɖ ȺəɆɊ ɔɉɑɡ ȧɆɉɎɖɔɈ 

ȳɆɜɎɔɓɆɑɢɓɔɋ ȦɣɖɔɐɔɗɒɎɝɋɗɐɔɋ ȦɉɋɓɘɗɘɈɔ, ȧɆɐə, ȦɍɋɖɇɆɏɊɌɆɓɗɐɆɥ ȶɋɗɕəɇɑɎɐɆ 

anar.baghirovOl @gmail.com 

 

 
 

ȦɓɓɔɘɆɜɎɥ. ȷɘɆɘɢɥ ɕɔɗɈɥɟɋɓɆ ɔɕɘɎɒɎ-
ɍɆɜɎɎ ɒɋɘɔɊɆ ɔɘɖɎɜɆɘɋɑɢɓɔɏ Ɉɔɑɓɡ ɊɆɈɑɋ-
ɓɎɥ, ɕɖɋɊɓɆɍɓɆɝɋɓɓɔɉɔ Ɋɑɥ ɔɕɖɋɊɋɑɋɓɎɥ 
ɒɋɗɘ əɘɋɝɐɎ Ɏɍ ɉɆɍɔɕɖɔɈɔɊɆ.  

ȵɖɋɊɑɔɌɋɓɓɡɏ ɒɋɘɔɊ ɔɘɖɎɜɆɘɋɑɢɓɔɏ 
Ɉɔɑɓɡ ɊɆɈɑɋɓɎɥ ɔɇɋɗɕɋɝɎɈɆɋɘ ɇɔɑɋɋ ɘɔɝɓɔɋ 
ɔɕɖɋɊɋɑɋɓɎɋ ɒɋɗɘɆ əɘɋɝɐɎ, ɘ.ɐ. Ɏɗɕɔɑɢɍəɋɘɗɥ 
ɉɖəɕɕɆ ɗɝɎɘɡɈɆɋɒɡɛ ɖɆɈɓɔɗɘɔɥɟɎɛ ɗɋɓɗɔ-
ɖɔɈ. Ȫɑɥ ɔɕɖɋɊɋɑɋɓɎɥ ɒɋɗɘɆ əɘɋɝɐɎ Ɏɗɕɔɑɢ-
ɍəɋɘɗɥ ɕɖɎɍɓɆɐ ɕɔɥɈɑɋɓɎɥ ɒɎɓɎɒəɒɆ ɓɋɐɔ-
ɘɔɖɔɉɔ ɚəɓɐɜɎɔɓɆɑɆ, ɗɔɊɋɖɌɆɟɋɉɔ Ɉ ɐɆɝɋɗɘ-
Ɉɋ ɕɔɊɡɓɘɋɉɖɆɑɢɓɔɉɔ ɈɡɖɆɌɋɓɎɥ ɕɖɔɎɍɈɋɊɋ- 
 

 ɓɎɋ ɊɈəɛ ɣɐɗɕɔɓɋɓɜɎɆɑɢɓɡɛ ɚəɓɐɜɎɏ, ɛɆɖɆɐ-
ɘɋɖɎɍəɤɟɎɛ ɔɗɑɆɇɑɋɓɎɋ ɓɋɉɆɘɎɈɓɔɏ Ɉɔɑɓɡ 
ɊɆɈɑɋɓɎɥ, ɖɆɗɕɖɔɗɘɖɆɓɥɤɟɋɏɗɥ ɔɘ ɒɋɗɘɆ 
əɘɋɝɐɎ Ɋɔ ɕɔɍɎɜɎɎ ɈɡɇɖɆɓɓɡɛ ɑɋɈɔɉɔ Ɏ ɕɖɆ-
Ɉɔɉɔ ɗɋɓɗɔɖɔɈ.  

ȵɖɎɈɋɊɋɓɡ ɖɆɗɝɋɘɓɡɋ ɚɔɖɒəɑɡ Ɋɑɥ 
ɈɡɝɎɗɑɋɓɎɥ ɔɕɘɎɒɆɑɢɓɔɉɔ ɖɆɗɗɘɔɥɓɎɥ ɒɋɌ-
Ɋə ɗɒɋɟɆɋɒɔɏ ɕɆɖɔɏ ɗɝɎɘɡɈɆɋɒɡɛ ɗɋɓɗɔ-
ɖɔɈ, Ɇ ɘɆɐɌɋ əɗɘɆɓɔɈɑɋɓ ɈɎɊ ɔɕɘɎɒɆɑɢɓɔɏ 
ɚəɓɐɜɎɔɓɆɑɢɓɔɏ ɍɆɈɎɗɎɒɔɗɘɎ ɒɋɌɊə ɖɆɗ-
ɗɘɔɥɓɎɥɒɎ ɔɘ ɒɋɗɘɆ əɘɋɝɐɎ Ɋɔ ɕɔɍɎɜɎɎ ɗɋɓ-
ɗɔɖɔɈ. 
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Abstract. The article is devoted to the op-
timization of the negative pressure wave meth-
od, designed to determine the location of leaks 
from a gas pipeline. 

The proposed negative pressure wave 
method provides a more accurate determination 
of the leak location, because a group of reada-
ble equally spaced sensors is used. To deter-
mine the location of a leak, the sign of the ap-
pearance of a minimum of a certain functional is 
used, which contains, as an integrand, the  
 

 
 
 
 
 

 product of two exponential functions that char-
acterize the weakening of a negative pressure 
wave propagating from the location of the leak 
to the position of the selected left and right sen-
sors. 

Calculation formulas are given for calcu-
lating the optimal distance between a displaced 
pair of readable sensors, and the form of the op-
timal functional relationship between the dis-
tances from the place of leakage to the position 
of the sensors is established. 
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Ȼɔɖɔɞɔ ɎɍɈɋɗɘɓɔ, ɝɘɔ ɉɆɍɔɕɖɔɈɔɊɡ, ɕɔ 

ɐɔɘɔɖɡɒ ɕɋɖɋɐɆɝɎɈɆɤɘ əɉɑɋɈɔɊɔɖɔɊɓɡɏ ɉɆɍ 

ɕɔɊ ɊɆɈɑɋɓɎɋɒ, ɗɔɊɋɖɌɆɘ ɖɎɗɐ ɕɔɥɈɑɋɓɎɥ 

əɘɋɝɐɎ, ɝɘɔ ɒɔɌɋɘ ɔɐɆɍɆɘɢ ɗəɟɋɗɘɈɋɓɓɔɋ ɔɘ-

ɖɎɜɆɘɋɑɢɓɔɋ ɈɑɎɥɓɎɋ ɓɆ ɔɐɖəɌɆɤɟəɤ ɗɖɋɊə 

[1ï3].  

ȷɔɉɑɆɗɓɔ [1], ɔɇɟɆɥ ɊɑɎɓɆ ɉɑɔɇɆɑɢɓɔɏ 

ɗɋɘɎ ɘɖəɇɔɕɖɔɈɔɊɔɈ ɗɔɗɘɆɈɑɥɋɘ 2034065 ɐɒ, 

Ɏɍ ɓɎɛ 379000 ɐɒ ï ɘɖəɇɔɕɖɔɈɔɊɡ Ɋɑɥ ɕɋɖɋ-

ɐɆɝɐɎ ɗɡɖɔɏ ɓɋɚɘɎ, 267000 ɐɒ ï Ɋɑɥ ɕɋɖɋɐɆɝ-

ɐɎ ɓɋɚɘɋɕɖɔɊəɐɘɔɈ, 1300000 ɐɒ ï Ɋɑɥ ɕɋɖɋ-

ɐɆɝɐɎ ɕɖɎɖɔɊɓɔɉɔ ɉɆɍɆ.  

ȸɋɓɊɋɓɜɎɥ ɕɖɋɔɇɑɆɊɆɓɎɥ ɗəɒɒɆɖɓɔɏ 

ɊɑɎɓɡ ɉɆɍɔɕɖɔɈɔɊɔɈ ɘɆɐɌɋ ɗɔɛɖɆɓɥɋɘɗɥ Ɉ ȷɋ-

Ɉɋɖɓɔɏ ȦɒɋɖɎɐɋ, ɉɊɋ Ɏɛ ɗəɒɒɆɖɓɆɥ ɊɑɎɓɆ 

ɖɆɈɓɆ 495555 ɐɒ, Ɉ ɘɔ Ɉɖɋɒɥ ɐɆɐ ɗɡɖɆɥ ɓɋɚɘɢ 

ɕɋɖɋɐɆɝɎɈɆɋɘɗɥ ɕɔ ɘɖəɇɔɕɖɔɈɔɊɆɒ ɗəɒɒɆɖ-

ɓɔɏ ɊɑɎɓɔɏ 154200 ɐɒ, Ɇ ɓɋɚɘɋɕɖɔɊəɐɘɡ ï 

103106 ɐɒ.  

ȷɔɉɑɆɗɓɔ [2], ɕɋɖɋɐɆɝɐɆ əɉɑɋɈɔɊɔɖɔɊɔɈ 

ɕɔ ɘɖəɇɔɕɖɔɈɔɊɆɒ ɥɈɑɥɋɘɗɥ ɗɆɒɡɒ ɣɐɔɓɔ-

ɒɎɝɓɡɒ Ɏ ɇɋɍɔɕɆɗɓɡɒ ɒɋɘɔɊɔɒ ɕɔ ɗɖɆɈɓɋ-

ɓɎɤ ɗ ɕɋɖɋɈɔɍɐɔɏ əɉɑɋɈɔɊɔɖɔɊɔɈ ɆɈɘɔɘɖɆɓɗ-

ɕɔɖɘɔɒ, ɓɆ ɒɔɖɗɐɎɛ ɗəɊɆɛ ɎɑɎ Ɉ ɌɋɑɋɍɓɔɊɔ-

ɖɔɌɓɡɛ ɜɎɗɘɋɖɓɆɛ. Ȩɒɋɗɘɋ ɗ ɘɋɒ, ɓɆɇɑɤɊɆɋɘ-

ɗɥ ɖɔɗɘ ɖɆɍɑɎɝɓɡɛ (əɒɡɞɑɋɓɓɡɛ ɎɑɎ ɓɋ-

əɒɡɞɑɋɓɓɡɛ) ɗɑəɝɆɋɈ ɆɈɆɖɎɏ ɓɆ ɉɆɍɔɕɖɔɈɔ-

ɊɆɛ. ȸɆɐɎɋ ɆɈɆɖɎɎ Ɉɑɋɐəɘ ɍɆ ɗɔɇɔɏ ɇɔɑɢɞɎɋ 

ɚɎɓɆɓɗɔɈɡɋ ɕɔɘɋɖɎ, ɍɓɆɝɎɘɋɑɢɓɔɋ ɓɋɉɆɘɎɈ-

ɓɔɋ ɈɔɍɊɋɏɗɘɈɎɋ ɓɆ ɔɐɖəɌɆɤɟəɤ ɗɖɋɊə, Ɉ 

ɔɗɔɇɋɓɓɔɗɘɎ ɋɗɑɎ ɈɔɍɓɎɐɆɤɟɎɋ ɕɖɎ ɣɘɔɒ 

əɘɋɝɐɎ Ɏɍ ɘɖəɇɔɕɖɔɈɔɊɆ ɓɋ ɔɇɓɆɖəɌɎɈɆɤɘɗɥ 

ɔɕɋɖɆɘɎɈɓɡɒ ɔɇɖɆɍɔɒ.  

ȰɆɐ ɔɘɒɋɝɆɋɘɗɥ Ɉ ɖɆɇɔɘɋ [3], Ɋɑɥ ɔɕɋɖɆ-

ɘɎɈɓɔɉɔ ɔɇɓɆɖəɌɋɓɎɥ əɘɋɝɋɐ Ɏɍ ɓɋɚɘɋɉɆɍɔ-

ɕɖɔɈɔɊɔɈ ɒɔɉəɘ ɇɡɘɢ ɎɗɕɔɑɢɍɔɈɆɓɡ ɖɆɍɑɎɝ-

ɓɡɋ ɒɋɘɔɊɡ, ɘɆɐɎɋ ɐɆɐ ɆɐəɗɘɎɝɋɗɐɎɏ, ɎɓɚɖɆ-

ɐɖɆɗɓɡɏ, ɇɆɑɆɓɗ ɒɆɗɗɡ, Ɇ ɘɆɐɌɋ ɆɓɆɑɎɘɎɝɋ-

ɗɐɎɋ ɒɋɘɔɊɡ (ɗɘɆɘɎɗɘɎɝɋɗɐɎɏ ɒɋɘɔɊ, ɆɓɆɑɎɍ 

ɕɋɖɋɕɆɊɆ ɊɆɈɑɋɓɎɥ, ɒɔɊɋɑɎɖɔɈɆɓɎɋ ɕɋɖɋ-

ɛɔɊɓɡɛ ɕɖɔɜɋɗɗɔɈ) Ɏ Ɋɖ.  

ȷɖɋɊɎ ɒɋɘɔɊɔɈ, ɔɗɓɔɈɆɓɓɡɛ ɓɆ ɆɓɆɑɎɍɋ 

ɕɋɖɋɕɆɊɆ ɊɆɈɑɋɓɎɥ, ɇɋɍəɗɑɔɈɓɔ, ɍɓɆɝɎɘɋɑɢ-

ɓɔɋ ɒɋɗɘɔ ɍɆɓɎɒɆɋɘ ɒɋɘɔɊ ɔɘɖɎɜɆɘɋɑɢɓɔɏ 

Ɉɔɑɓɡ ɊɆɈɑɋɓɎɥ (Negative Pressure Wave 

(NPW)) [4ï7]. ȰɆɐ ɔɘɒɋɝɆɋɘɗɥ Ɉ ɖɆɇɔɘɋ [4], ɒɋ-

ɘɔɊ ɓɋɉɆɘɎɈɓɔɏ Ɉɔɑɓɡ ɊɆɈɑɋɓɎɥ ɥɈɑɥɋɘɗɥ 

ɣɐɔɓɔɒɎɝɋɗɐɎ ɓɆɎɇɔɑɋɋ ɈɡɉɔɊɓɡɒ ɗɖɋɊɎ ɒɋ-

ɘɔɊɔɈ ɆɓɆɑɎɍɆ ɕɋɖɋɕɆɊɆ ɊɆɈɑɋɓɎɥ.  

ȷɔɉɑɆɗɓɔ [5], ɔɗɓɔɈɓɡɒ ɕɖɎɓɜɎɕɔɒ ɣɘɔ-

ɉɔ ɒɋɘɔɊɆ ɥɈɑɥɋɘɗɥ ɘɔ, ɝɘɔ əɘɋɝɐɆ ɈɡɍɡɈɆɋɘ 

ɔɘɖɎɜɆɘɋɑɢɓəɤ Ɉɔɑɓə ɊɆɈɑɋɓɎɥ, ɐɔɘɔɖɆɥ ɖɆɗ-

ɕɖɔɗɘɖɆɓɥɋɘɗɥ Ɉɔ Ɉɗɋɛ ɓɆɕɖɆɈɑɋɓɎɥɛ. ȵɖɎ 

ɣɘɔɒ ɒɋɗɘɔ əɘɋɝɐɎ ɔɕɖɋɊɋɑɥɋɘɗɥ ɕɔ ɈɖɋɒɋɓɎ 

ɊɔɗɘɎɌɋɓɎɥ ɓɋɉɆɘɎɈɓɔɏ Ɉɔɑɓɔɏ ɊɆɘɝɎɐɔɈ ɊɆɈ-

ɑɋɓɎɥ, ɎɒɋɤɟɎɛɗɥ ɓɆ ɘɖəɇɔɕɖɔɈɔɊɋ.  

ȷɔɉɑɆɗɓɔ [6], Ɋɑɥ ɣɘɔɏ ɜɋɑɎ ɒɔɉəɘ ɇɡɘɢ 

ɎɗɕɔɑɢɍɔɈɆɓɡ ɔɕɘɔɈɔɑɔɐɔɓɓɡɋ ɖɋɞɋɘɐɎ ȧɖɋɉ-

ɉɆ ɗ ɜɋɑɢɤ ɔɇɓɆɖəɌɋɓɎɥ ɓɋɉɆɘɎɈɓɔɏ Ɉɔɑɓɡ.  

Ȩ ɓɆɗɘɔɥɟɋɋ Ɉɖɋɒɥ ɗəɟɋɗɘɈəɤɘ ɐɈɆɍɎ-

ɖɆɗɕɖɋɊɋɑɋɓɓɡɋ ɔɕɘɔɈɔɑɔɐɔɓɓɡɋ ɖɋɞɋɘɐɎ 

ȧɖɋɉɉɆ, ɐɔɘɔɖɡɋ ɒɔɉəɘ ɇɡɘɢ ɎɗɕɔɑɢɍɔɈɆɓɡ 

Ɋɑɥ ɔɇɓɆɖəɌɋɓɎɥ əɘɋɝɋɐ Ɏɍ ɘɖəɇɔɕɖɔɈɔɊɆ [7ï

11]. ȵɖɎ ɣɘɔɒ, ɗɔɉɑɆɗɓɔ [12], Ɋɑɥ ɖɋɉɎɗɘɖɆɜɎɎ 

ɕɖɎɛɔɊɆ ɔɘɖɎɜɆɘɋɑɢɓɔɏ Ɉɔɑɓɡ ɕɋɖɋɕɆɊɆ ɊɆɈ-

ɑɋɓɎɥ ɒɔɉəɘ ɇɡɘɢ ɎɗɕɔɑɢɍɔɈɆɓɡ ɔɕɘɔɈɔɑɔ-

ɐɔɓɓɡɋ ɊɆɘɝɎɐɎ ɐɖəɉɔɈɔɏ ɓɆɕɖɥɌɋɓɓɔɗɘɎ, 

ɈɔɍɓɎɐɆɤɟɋɏ ɓɆ ɗɘɋɓɆɛ ɘɖəɇɔɕɖɔɈɔɊɆ.  

ȰɆɐ ɔɘɒɋɝɆɋɘɗɥ Ɉ ɖɆɇɔɘɋ [12], ɕɖɎ ɔɘ-

ɗəɘɗɘɈɎɎ əɘɋɝɐɎ ɊɆɈɑɋɓɎɋ ɉɆɍɆ Ɉ ɘɖəɇɔɕɖɔɈɔ-

Ɋɋ Ɏɒɋɋɘ ɕɔɗɘɔɥɓɓəɤ ɈɋɑɎɝɎɓə.  

ȵɖɎ ɈɔɍɓɎɐɓɔɈɋɓɎɎ əɘɋɝɐɎ ɈɔɍɓɎɐɆɋɘ 

ɕɋɖɋɕɆɊ ɊɆɈɑɋɓɎɥ, ɝɘɔ ɕɖɎɈɔɊɎɘ ɐ ɕɔɥɈɑɋɓɎɤ 

ɔɘɖɎɜɆɘɋɑɢɓɔɏ Ɉɔɑɓɡ ɕɋɖɋɕɆɊɆ ɊɆɈɑɋɓɎɥ, Ɏ, 

ɗɔɔɘɈɋɘɗɘɈɋɓɓɔ, ɐ ɓɋɐɔɘɔɖɔɒə əɒɋɓɢɞɋɓɎɤ 

ɊɆɈɑɋɓɎɥ Ɉ ɘɖəɇɔɕɖɔɈɔɊɋ. ȵɖɎ ɣɘɔɒ ɒɋɗɘɔ 

əɘɋɝɐɎ ɔɕɖɋɊɋɑɥɋɘɗɥ ɕəɘɋɒ ɚɎɐɗɆɜɎɎ ɈɖɋɒɎ 

ɕɖɎɛɔɊɆ ɣɘɔɏ Ɉɔɑɓɡ ɓɆ əɗɘɆɓɔɈɑɋɓɓɡɋ ɓɆ 

ɘɖəɇɔɕɖɔɈɔɊɋ ɔɕɘɔɈɔɑɔɐɔɓɓɡɋ ɎɍɒɋɖɎɘɋɑɢ-

ɓɡɋ ɗɋɓɗɔɖɡ.  

Ȩɒɋɗɘɋ ɗ ɘɋɒ, Ɉ əɐɆɍɆɓɓɔɒ ɒɋɘɔɊɋ ɗə-

ɟɋɗɘɈəɋɘ ɓɋɐɔɘɔɖɆɥ ɓɋɔɕɖɋɊɋɑɋɓɓɔɗɘɢ Ɉɡɇɔ-

ɖɆ ɓɆɎɇɔɑɋɋ ɎɓɚɔɖɒɆɘɎɈɓɡɛ ɗɋɓɗɔɖɔɈ, Ɏɗ-

ɕɔɑɢɍəɋɒɡɛ Ɋɑɥ ɚɎɐɗɆɜɎɎ ɕɖɎɛɔɊɆ ɔɘɖɎɜɆ-

ɘɋɑɢɓɔɏ Ɉɔɑɓɡ. Ȫɋɑɔ Ɉ ɘɔɒ, ɝɘɔ ɒɋɗɘɔ ɕɖɋɊ-

ɕɔɑɆɉɆɋɒɡɛ əɘɋɝɋɐ ɍɆɖɆɓɋɋ ɓɋɎɍɈɋɗɘɓɔ, ɝɘɔ 

ɈɡɍɡɈɆɋɘ ɓɋɐɔɘɔɖəɤ ɓɋɔɕɖɋɊɋɑɋɓɓɔɗɘɢ Ɉɡ-

ɇɔɖɆ ɕɆɖ ɗɋɓɗɔɖɔɈ, ɐɔɘɔɖɡɋ ɓɆɎɇɔɑɋɋ Ɏɓ-

ɚɔɖɒɆɘɎɈɓɔ ɕɔɍɈɔɑɎɑɎ ɇɡ ɔɕɖɋɊɋɑɎɘɢ ɒɋɗɘɔ 

əɘɋɝɐɎ.  

ȪɆɑɋɋ ɎɍɑɆɉɆɋɘɗɥ ɕɖɋɊɑɆɉɆɋɒɡɏ ɒɋɘɔɊ 

ɔɕɖɋɊɋɑɋɓɎɥ ɈɍɆɎɒɔɗɈɥɍɆɓɓɡɛ ɕɔɍɎɜɎɏ ɗɋɓ-

ɗɔɖɔɈ, Ɏɗɕɔɑɢɍəɋɒɡɛ Ɋɑɥ ɈɡɝɎɗɑɋɓɎɥ ɒɋɗɘɆ 

əɘɋɝɐɎ. 
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ȲɆɘɋɖɎɆɑɡ Ɏ ɒɋɘɔɊɡ 

 

ȰɆɐ ɔɘɒɋɝɆɋɘɗɥ Ɉ ɖɆɇɔɘɋ [12], ɖɆɗɕɖɔ-

ɗɘɖɆɓɋɓɎɋ ɔɘɖɎɜɆɘɋɑɢɓɔɏ Ɉɔɑɓɡ ɊɆɈɑɋɓɎɥ, ɕɔ 

ɗəɘɎ, ɥɈɑɥɋɘɗɥ ɖɆɗɕɖɔɗɘɖɆɓɋɓɎɋɒ ɓɋɐɔɘɔɖɔɉɔ 

ɐɔɑɎɝɋɗɘɈɆ ɈɡɊɋɑɋɓɓɔɏ ɎɗɛɔɊɓɔɏ ɣɓɋɖɉɎɎ, Ɏ 

ɔɗɑɆɇɑɋɓɎɋ ɣɘɔɏ ɣɓɋɖɉɎɎ Ɉɔ ɈɖɋɒɋɓɎ ɓɋɎɍ-

ɇɋɌɓɔ.  

ȷɔɉɑɆɗɓɔ [13], ɘɆɐɔɋ ɔɗɑɆɇɑɋɓɎɋ ɕɖɔɎɗ-

ɛɔɊɎɘ ɕɔ ɣɐɗɕɔɓɋɓɜɎɆɑɢɓɔɒə ɍɆɐɔɓə, ɘ.ɋ. 

 

Ўὖ ЎὖÅØÐ‌ὰȟ                     (1) 

 

ɉɊɋ Ўὖ ï ɈɋɑɎɝɎɓɆ ɕɋɖɋɕɆɊɆ ɊɆɈɑɋɓɎɥ Ɉ ɘɔɝ-

ɐɋ əɘɋɝɐɎ; 

 Ўὖ ï ɈɋɑɎɝɎɓɆ ɕɋɖɋɕɆɊɆ ɊɆɈɑɋɓɎɥ Ɉ ɘɔɝ-

ɐɋ ὰ, ɔɘɗɝɎɘɆɓɓɔɏ ɔɘ ɘɔɝɐɎ ɕɋɖɋɕɆɊɆ ɊɆɈɑɋ-

ɓɎɥ; 

 ‌ ï ɐɔɣɚɚɎɜɎɋɓɘ ɔɗɑɆɇɑɋɓɎɥ, ɔɕɖɋɊɋ-

ɑɥɋɒɡɏ ɈɓəɘɖɋɓɓɎɒ ɊɎɆɒɋɘɖɔɒ ɘɖəɇɡ, ɐɔɣɚ-

ɚɎɜɎɋɓɘɔɒ ɉɎɊɖɆɈɑɎɝɋɗɐɔɉɔ ɘɖɋɓɎɥ, ɐɔɣɚ-

ɚɎɜɎɋɓɘɔɒ ɐɔɒɕɖɋɗɗɎɎ ɉɆɍɆ, ɗɐɔɖɔɗɘɢɤ ɖɆɗ-

ɕɖɔɗɘɖɆɓɋɓɎɥ ɓɋɉɆɘɎɈɓɔɏ Ɉɔɑɓɡ ɊɆɈɑɋɓɎɥ Ɏ 

ɊɖəɉɎɒɎ ɚɆɐɘɔɖɆɒɎ. 

ȳɆ ɖɎɗəɓɐɋ 1 ɗɛɋɒɆɘɎɝɋɗɐɎ ɕɖɋɊɗɘɆɈ-

ɑɋɓ ɘɖəɇɔɕɖɔɈɔɊ ɗ əɗɘɆɓɔɈɑɋɓɓɡɒɎ ɓɆ ɓɋɒ 

ɗɋɓɗɔɖɆɒɎ. 

ȸɆɐ ɐɆɐ ɒɋɗɘɔ əɘɋɝɐɎ ɍɆɖɆɓɋɋ ɓɋɎɍ-

Ɉɋɗɘɓɔ Ɏ ɕɔɊɑɋɌɎɘ ɈɡɝɎɗɑɋɓɎɤ, ɘɔ ɜɋɑɢɤ 

ɕɖɔɈɔɊɎɒɔɏ ɔɕɘɎɒɎɍɆɜɎɎ ɥɈɑɥɋɘɗɥ ɓɆɛɔɌɊɋ-

ɓɎɋ ɘɆɐɔɉɔ ɗɔɔɘɓɔɞɋɓɎɥ ɒɋɌɊə ὰ Ɏ Ὢὰ, ɕɖɎ 
ɐɔɘɔɖɔɒ ɕɔɥɈɑɋɘɗɥ ɝɋɘɐɆɥ ɈɔɍɒɔɌɓɔɗɘɢ Ɉɡ-

ɇɖɆɘɢ ɑɋɈɡɏ Ɏ ɕɖɆɈɡɏ ɗɋɓɗɔɖɡ, ɗ ɐɔɘɔɖɡɛ ɕɔ-

ɑəɝɋɓɓɆɥ ɎɓɚɔɖɒɆɜɎɥ ɕɔɍɈɔɑɎɑɆ ɇɡ ɗɚɔɖ-

ɒɎɖɔɈɆɘɢ ɓɋɐɔɘɔɖɡɏ ɚəɓɐɜɎɔɓɆɑ ɜɋɑɎ, ɣɐɗ-

ɘɖɋɒəɒ ɐɔɘɔɖɔɉɔ ɗɔɔɘɈɋɘɗɘɈəɋɘ ɋɉɔ ɣɐɗɘɖɋɒɆ-

ɑɎ, ɘ.ɋ. ɈɡɝɎɗɑɋɓɓɔɏ ɚəɓɐɜɎɔɓɆɑɢɓɔɏ ɍɆɈɎ-

ɗɎɒɔɗɘɎ ɒɋɌɊə ὰ Ɏ Ὢὰ.  

Ȫɑɥ ɖɋɞɋɓɎɥ ɊɆɓɓɔɏ ɔɕɘɎɒɎɍɆɜɎɔɓɓɔɏ 

ɍɆɊɆɝɎ, ɕɖɋɌɊɋ Ɉɗɋɉɔ, ɗɚɔɖɒəɑɎɖəɋɒ ɗɑɋ-

Ɋəɤɟɋɋ ɔɉɖɆɓɎɝɎɘɋɑɢɓɔɋ əɗɑɔɈɎɋ, ɓɆɑɆɉɆɋ-

ɒɔɋ ɓɆ Ɉɡɇɔɖ ɕɔɐɆɍɆɘɋɑɋɏ ὰ Ɏ Ὢὰ: 

 

᷿ ὰ ὪὰὨὰὅȠ ὅ ὧέὲίὸȢ     (2) 

 

 

 

 
 

 

ȶɎɗəɓɔɐ 1. ȷɛɋɒɆɘɎɝɋɗɐɔɋ ɕɖɋɊɗɘɆɈɑɋɓɎɋ ɘɖəɇɔɕɖɔɈɔɊɆ ɗ əɗɘɆɓɔɈɑɋɓɓɡɒɎ ɓɆ ɓɋɒ ɗɋɓɗɔɖɆɒɎ 

 

Figure 1. Schematic representation of a pipeline with sensors installed on it 

1 ïɘɖəɇɔɕɖɔɈɔɊ;  
2 ï ɉɖəɕɕɆ ɗɋɓɗɔɖɔɈ;  
3 ï ɕɔɘɔɐ ɉɆɍɆ, ɎɗɛɔɊɥɟɎɏ  
Ɏɍ ɒɋɗɘɆ əɘɋɝɐɎ; 

 ὰ ï ɖɆɗɗɘɔɥɓɎɋ ɔɘ ɈɡɇɖɆɓɓɔɉɔ  

ɑɋɈɔɉɔ ɗɋɓɗɔɖɆ Ɋɔ ɒɋɗɘɆ əɘɋɝɐɎ;  

Ὢὰ ï ɖɆɗɗɘɔɥɓɎɋ ɔɘ ɈɡɇɖɆɓɓɔɉɔ 

ɕɖɆɈɔɉɔ ɗɋɓɗɔɖɆ Ɋɔ ɒɋɗɘɆ əɘɋɝɐɎ; 

 ὰ  ï ɊɑɎɓɆ ɘɖəɇɔɕɖɔɈɔɊɆ 

 
1 ï pipeline; 2 ï group of sensors;  
3 ï gas flow from the leak;  

ὰ  ï distance from the selected left  

sensor to the leak point;  

Ὢὰ  ï distance from the selected 

right sensor to the leak point;  

ὰ  ï pipeline length 
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ȷɎɉɓɆɑ, ɕɔɑəɝɆɋɒɡɏ ɔɘ ɕɖɋɊɕɔɑɆɉɆɋɒɔ-

ɉɔ ɑɋɈɔɉɔ ɗɋɓɗɔɖɆ ὖ, Ɉ ɔɇɟɋɒ ɗɑəɝɆɋ ɔɕɖɋ-

ɊɋɑɎɒ ɐɆɐ 

 

ὖ ЎὖÅØÐ‌ὰȢ                     (3) 

 

Ȩ ɗɔɔɘɈɋɘɗɘɈɎɎ ɗ (3) ɗɎɉɓɆɑ ὖ ɔɘ ɕɖɆɈɔ-

ɉɔ ɕɖɋɊɕɔɑɆɉɆɋɒɔɉɔ ɗɋɓɗɔɖɆ ɔɕɖɋɊɋɑɎɒ ɐɆɐ 

 

ὖ ЎὖÅØÐ‌ὪὰȢ                     (4) 

 

ȺəɓɐɜɎɔɓɆɑ ɜɋɑɎ Ὂ ɕɖɔɈɔɊɎɒɔɏ ɔɕɘɎ-

ɒɎɍɆɜɎɎ ɔɕɖɋɊɋɑɎɒ ɐɆɐ 

 

Ὂ ὖὖὨὰ 

᷿ ЎὖÅØÐ‌ὰϽÅØÐ‌ὪὰὨὰȢ  (5) 

 

ȷ əɝɋɘɔɒ ɈɡɖɆɌɋɓɎɏ (2) Ɏ (5) ɗɔɗɘɆɈɎɒ 

ɚəɓɐɜɎɔɓɆɑ ɇɋɍəɗɑɔɈɓɔɏ ɈɆɖɎɆɜɎɔɓɓɔɏ ɔɕ-

ɘɎɒɎɍɆɜɎɎ Ὂ Ɉ ɈɎɊɋ: 

 

Ὂ  

᷿ ЎὖÅØÐ‌ὰϽÅØÐ‌ὪὰὨὰ

‗᷿ ὰ ὪὰὨὰὅȟ        (6) 

 

ɉɊɋ ‗ ï ɒɓɔɌɎɘɋɑɢ ȱɆɉɖɆɓɌɆ. 

ȶɋɞɋɓɎɋ ɔɕɘɎɒɎɍɆɜɎɔɓɓɔɏ ɍɆɊɆɝɎ (6) 

ɊɔɑɌɓɔ əɊɔɈɑɋɘɈɔɖɎɘɢ əɗɑɔɈɎɤ [14]: 

 

Ў Ͻ
πȢ    (7) 

 

Ȯɍ əɗɑɔɈɎɥ (7) ɕɔɑəɝɎɒ: 

 

‌ЎὖÅØÐ‌ὰϽÅØÐ‌Ὢὰ ‗ πȢ(8) 

 

Ȯɍ ɈɡɖɆɌɋɓɎɥ (8) ɓɆɛɔɊɎɒ:  

 

ÅØÐ‌Ὢὰ
Ў

Ȣ         (9) 

 

Ȯɍ ɈɡɖɆɌɋɓɎɥ (9) ɕɔɑəɝɆɋɒ 

 

Ὢὰ ÌÎ‌ЎὖÅØÐ‌ὰ ÌÎ‗Ȣ   (10) 

 

ȷ əɝɋɘɔɒ ɈɡɖɆɌɋɓɎɏ (2) Ɏ (10) ɍɆɕɎ-

ɞɋɒ:  

 

᷿ ὰ ÌÎ‌ЎὖÅØÐ‌ὰ

 1‌ln‗Ὠὰ=ὅ.          (11) 

 

Ȯɍ ɈɡɖɆɌɋɓɎɥ (11) ɍɆɕɎɞɋɒ:  

 

ρ

‌
ÌÎ‗Ὠὰ 

᷿ ὰ ÌÎ‌ЎὖÅØÐ‌ὰὨὰὅȢ (12) 

 

Ȯɍ ɈɡɖɆɌɋɓɎɥ (12) ɓɆɛɔɊɎɒ:  

 

ὰ

‗
ÌÎ‗  

᷿ ὰ ÌÎ‌ЎὖÅØÐ‌ὰὨὰὅȢ  (13) 

 

Ȯɍ ɈɡɖɆɌɋɓɎɥ (13) ɕɔɑəɝɆɋɒ  

 

ÌÎ‗  

᷿ ὰ ÌÎ‌ЎὖÅØÐ‌ὰὨὰὅȢ (14) 

 

Ȯɍ ɈɡɖɆɌɋɓɎɥ (14) ɔɐɔɓɝɆɘɋɑɢɓɔ ɕɔɑə-

ɝɆɋɒ: 

 

‗  

ÅØÐ ᷿ ὰ ÌÎ‌ЎὖÅØÐ‌ὰὨὰὅȢ(15) 

 

ȴɇɔɍɓɆɝɎɒ ɈɋɑɎɝɎɓə ɒɓɔɌɎɘɋɑɥ ‗, Ɉɡ-

ɝɎɗɑɋɓɓəɤ ɕɔ ɚɔɖɒəɑɋ (15), ɐɆɐ ‗. Ȩ ɣɘɔɒ 
ɗɑəɝɆɋ ɈɡɖɆɌɋɓɎɋ (8) ɍɆɕɎɞɋɒ ɐɆɐ: 

 

‌ЎὖÅØÐ‌ὰϽÅØÐ‌Ὢὰ ‗ πȢ  (16) 

 

Ȯɍ ɈɡɖɆɌɋɓɎɥ (16) ɕɔɑəɝɎɒ: 
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ÅØÐ‌Ὢὰ
Ў

.        (17) 

 

ȱɔɉɆɖɎɚɒɎɖɔɈɆɓɎɋ (17) ɊɆɋɘ: 

 

Ὢὰ ÌÎ
Ў

Ȣ        (18) 

 

ȨɡɖɆɌɋɓɎɋ (18) ɕɋɖɋɕɎɞɋɒ ɐɆɐ:  

 

Ὢὰ ὃ ὰȟ                     (19) 

 

ɉɊɋ ɸ = (1/‌ ÌÎ
Ў
ȟ ὃ ὧέὲίὸȢ                  (20) 

ȸɆɐɎɒ ɔɇɖɆɍɔɒ, ɍɓɆɥ ɍɓɆɝɋɓɎɥ ‗, ǧὖ, 

‌, ὅ, ὰ  ɒɔɌɓɔ ɈɡɝɎɗɑɎɘɢ ɍɓɆɝɋɓɎɋ Ὢὰ 

ɕɖɎ ɕɖɔɎɍɈɔɑɢɓɔ ɍɆɊɆɓɓɔɏ ɈɋɑɎɝɎɓɋ ὰ. 
ȵɖɎ ɖɋɞɋɓɎɎ (19) ɚəɓɐɜɎɔɓɆɑ ɜɋɑɎ 

ɊɔɗɘɎɉɆɋɘ ɒɎɓɎɒəɒɆ, ɘɆɐ ɐɆɐ ɕɖɔɎɍɈɔɊɓɆɥ 

ɈɡɖɆɌɋɓɎɥ (16) ɕɔ Ɏɗɐɔɒɔɏ ɚəɓɐɜɎɎ ɔɐɆɍɡ-

ɈɆɋɘɗɥ ɕɔɑɔɌɎɘɋɑɢɓɔɏ ɈɋɑɎɝɎɓɔɏ. 

ȸɆɐɎɒ ɔɇɖɆɍɔɒ, ɕɖɋɊɑɆɉɆɋɒɆɥ ɕɖɔɜɋ-

ɊəɖɆ ɔɕɘɎɒɎɍɆɜɎɎ ɕɔɍɈɔɑɥɋɘ ɔɕɖɋɊɋɑɎɘɢ ɘɔɝ-

ɐə əɘɋɝɐɎ ɕɔ ɕɖɎɍɓɆɐə ɒɎɓɎɒəɒɆ ɚəɓɐɜɎɔɓɆ-

ɑɆ Ὂ ɕɖɎ ɈɡɝɎɗɑɋɓɎɎ ὰ Ɏ Ὢὰȟ Ɏɗɕɔɑɢɍəɥ Ɉɡ-

ɖɆɌɋɓɎɥ (19) Ɏ (20).  

ȷɑɋɊɔɈɆɘɋɑɢɓɔ, ɒɔɌɋɘ ɇɡɘɢ ɕɖɋɊɑɔɌɋ-

ɓɆ ɗɑɋɊəɤɟɆɥ ɕɖɔɜɋɊəɖɆ ɕɔɎɗɐɆ ɒɋɗɘɆ əɘɋɝ-

ɐɎ: 

1) ɈɡɝɎɗɑɥɋɘɗɥ ɈɋɑɎɝɎɓɆ ὃ  ɚɔɖɒəɑɋ 

(20); 

2) ɈɡɇɎɖɆɤɘɗɥ ɕɆɖɡ ɗɋɓɗɔɖɔɈ, ɖɆɗ-

ɗɘɔɥɓɎɋ ɒɋɌɊə ɐɔɘɔɖɡɒɎ ɖɆɈɓɔ ὃ; 

3) ɗɒɋɟɆɥ ɈɡɇɖɆɓɓəɤ ɕɆɖə ɗɋɓɗɔɖɔɈ, 

ɊɔɗɘɎɉɆɤɘ ɕɔɍɎɜɎɎ, Ɉ ɐɔɘɔɖɔɏ ɚɎɐɗɎɖəɋɘɗɥ 

ɒɎɓɎɒəɒ ɚəɓɐɜɎɔɓɆɑɆ Ὂ; 

4) ɕɔ ɔɕɖɋɊɋɑɋɓɓɔɏ ɕɔɍɎɜɎɎ ɕɆɖɡ ɗɋɓ-

ɗɔɖɔɈ ɈɡɝɎɗɑɥɋɘɗɥ ɘɔɝɐɆ əɘɋɝɐɎ, ɕɖɔɈɔɊɥ Ɉɡ-

ɝɎɗɑɋɓɎɥ Ὢὰ ɔɕɖɋɊɋɑɥɤɘ ɐɔɓɋɝɓəɤ ɕɔɍɎɜɎɤ 

ɖɋɆɑɢɓɔɏ ɕɆɖɡ ɘɔɝɋɐ, ɐɔɘɔɖɆɥ ɇɔɑɋɋ ɘɔɝɓɔ 

ɛɆɖɆɐɘɋɖɎɍəɤɘ ɕɔɍɎɜɎɤ ɘɔɝɐɎ əɘɋɝɐɎ. 

 

ȴɇɗəɌɊɋɓɎɋ 

 

ȸɆɐɎɒ ɔɇɖɆɍɔɒ, ɕɖɋɊɑɔɌɋɓ ɔɕɘɎɒɎɍɎ-

ɖɔɈɆɓɓɡɏ Ɏ əɗɔɈɋɖɞɋɓɗɘɈɔɈɆɓɓɡɏ ɒɋɘɔɊ ɔɕ-

ɖɋɊɋɑɋɓɎɥ ɒɋɗɘɆ əɘɋɝɐɎ Ɏɍ ɉɆɍɔɕɖɔɈɔɊɆ. 

ȵɖɋɊɑɆɉɆɋɒɡɏ ɒɋɘɔɊ ɕɔɍɈɔɑɥɋɘ ɔɕɖɋɊɋɑɎɘɢ 

ɒɋɗɘɔ əɘɋɝɐɎ, Ɏɗɕɔɑɢɍəɥ ɊɔɕɔɑɓɎɘɋɑɢɓɡɏ ɓɔ-

ɈɔɈɈɋɊɋɓɓɡɏ ɕɖɎɍɓɆɐ ï ɊɔɗɘɎɌɋɓɎɋ ɒɎɓɎɒə-

ɒɆ ɈɓɔɈɢ ɈɈɋɊɋɓɓɔɉɔ ɜɋɑɋɈɔɉɔ ɚəɓɐɜɎɔɓɆɑɆ. 

Ƀɐɗɘɖɋɒəɒ ɣɘɔɉɔ ɚəɓɐɜɎɔɓɆɑɆ ɊɔɗɘɎɉɆɋɘɗɥ 

ɕɖɎ ɔɕɖɋɊɋɑɋɓɓɔɏ ɚəɓɐɜɎɔɓɆɑɢɓɔɏ ɗɈɥɍɎ 

ɒɋɌɊə ɖɆɗɗɘɔɥɓɎɥɒɎ ɔɘ ɒɋɗɘɆ əɘɋɝɐɎ Ɋɔ ɑɋ-

Ɉɔɉɔ Ɏ ɕɖɆɈɔɉɔ ɗɋɓɗɔɖɔɈ, ɔɕɖɋɊɋɑɥɋɒɔɏ ɕɔ 

ɗɕɋɜɎɆɑɢɓɔɏ ɒɋɘɔɊɎɐɋ ɈɡɝɎɗɑɋɓɎɥ ɖɆɗɗɘɔɥ-

ɓɎɥ ɒɋɌɊə əɐɆɍɆɓɓɡɒɎ ɗɋɓɗɔɖɆɒɎ. 

 

ȨɡɈɔɊ 

ȵɖɋɊɑɔɌɋɓɓɆɥ ɒɔɊɎɚɎɐɆɜɎɥ Ɏ ɊɆɑɢ-

ɓɋɏɞɆɥ ɔɕɘɎɒɎɍɆɜɎɥ ɒɋɘɔɊɆ ɔɘɖɎɜɆɘɋɑɢɓɔɏ 

Ɉɔɑɓɡ ɊɆɈɑɋɓɎɥ ɔɇɋɗɕɋɝɎɈɆɋɘ ɇɔɑɋɋ ɘɔɝɓɔɋ 

ɔɕɖɋɊɋɑɋɓɎɋ ɒɋɗɘɆ əɘɋɝɐɎ, ɘ.ɐ. ɕɖɋɊɕɔɑɆɉɆ-

ɋɘɗɥ ɎɗɕɔɑɢɍɔɈɆɘɢ ɓɋ ɔɊɓə ɕɆɖə ɗɋɓɗɔɖɔɈ 

ɊɆɈɑɋɓɎɥ, Ɇ ɉɖəɕɕə ɖɆɈɓɔɗɘɔɥɟɎɛ ɗɋɓɗɔɖɔɈ. 

ȳɆɑɎɝɎɋ ɜɋɑɔɉɔ ɖɥɊɆ ɊɆɘɝɎɐɔɈ ɕɔɍɈɔɑɥɋɘ ɇɔ-

ɑɋɋ ɘɔɝɓɔ ɔɕɖɋɊɋɑɎɘɢ ɒɋɗɘɆ əɘɋɝɐɎ, Ɏɗɕɔɑɢ-

ɍəɥ Ɋɑɥ ɣɘɔɉɔ ɕɖɎɍɓɆɐ ɕɔɥɈɑɋɓɎɥ ɒɎɓɎɒəɒɆ 

ɓɋɐɔɘɔɖɔɉɔ ɚəɓɐɜɎɔɓɆɑɆ, ɗɔɊɋɖɌɆɟɋɉɔ Ɉ ɐɆ-

ɝɋɗɘɈɋ ɕɔɊɡɓɘɋɉɖɆɑɢɓɔɉɔ ɈɡɖɆɌɋɓɎɥ ɕɖɔɎɍ-

ɈɋɊɋɓɎɋ ɊɈəɛ ɣɐɗɕɔɓɋɓɜɎɆɑɢɓɡɛ ɝɑɋɓɔɈ, ɛɆ-

ɖɆɐɘɋɖɎɍəɤɟɎɛ ɔɗɑɆɇɑɋɓɎɋ ɔɘɖɎɜɆɘɋɑɢɓɔɏ 

Ɉɔɑɓɡ ɊɆɈɑɋɓɎɥ ɕɖɎ ɖɆɗɕɖɔɗɘɖɆɓɋɓɎɎ ɔɘ ɒɋɗ-

ɘɆ əɘɋɝɐɎ Ɋɔ ɕɔɍɎɜɎɏ ɑɋɈɔɉɔ Ɏ ɕɖɆɈɔɉɔ ɗɋɓɗɔ-

ɖɔɈ. ȵɖɎɈɋɊɋɓɡ ɖɆɗɝɋɘɓɡɋ ɚɔɖɒəɑɡ Ɋɑɥ Ɉɡ-

ɝɎɗɑɋɓɎɥ ɔɕɘɎɒɆɑɢɓɔɉɔ ɖɆɗɗɘɔɥɓɎɥ ɒɋɌɊə 

ɗɋɓɗɔɖɆɒɎ, ɗɔɗɘɆɈɑɥɤɟɎɒɎ ɗɒɋɟɆɋɒəɤ ɕɆ-

ɖə, Ɇ ɘɆɐɌɋ ɈɎɊ ɚəɓɐɜɎɔɓɆɑɢɓɔɏ ɔɕɘɎɒɆɑɢɓɔɏ 

ɍɆɈɎɗɎɒɔɗɘɎ ɒɋɌɊə ɖɆɗɗɘɔɥɓɎɥɒɎ ɔɘ ɒɋɗɘɆ 

əɘɋɝɐɎ Ɋɔ ɗɋɓɗɔɖɔɈ. 
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ɕɖɔɉɖɆɒɒɓɔɒ ɔɇɋɗɕɋɝɋɓɎɎ ANSYS ɕɔɗɖɋɊ-
ɗɘɈɔɒ ɣɐɗɕɋɖɎɒɋɓɘɆɑɢɓɔɉɔ ɎɗɗɑɋɊɔɈɆɓɎɥ. 
ȼɋɑɢɤ ɖɆɇɔɘɡ ɥɈɑɥɋɘɗɥ ɣɐɗɕɋɖɎɒɋɓɘɆɑɢɓɔɋ 
ɎɗɗɑɋɊɔɈɆɓɎɋ ɈɔɍɊɋɏɗɘɈɎɥ ɔɕɔɖɓɔ-
ɜɋɓɘɖɎɖəɤɟɋɉɔ əɗɘɖɔɏɗɘɈɆ ɓɆ ɘɖəɇɔɕɖɔɈɔɊ 
ɕɖɎ ɜɋɓɘɖɔɈɐɋ ɉɖɆɓɎɝɓɡɛ əɝɆɗɘɐɔɈ ɕɖɎ Ɉɡ-
ɖɋɍɐɋ Ɋɋɚɋɐɘɓɔɏ ɐɆɘəɞɐɎ Ɉ ɕɖɔɜɋɗɗɋ ɕɖɔɈɋ- 
 

 ɊɋɓɎɥ ɆɈɆɖɎɏɓɔ-ɈɔɗɗɘɆɓɔɈɎɘɋɑɢɓɔɉɔ ɖɋɒɔɓ-
ɘɆ. ȴɇɠɋɐɘɔɒ ɎɗɗɑɋɊɔɈɆɓɎɥ ɥɈɑɥɋɘɗɥ ɣɐɗɕɋ-
ɖɎɒɋɓɘɆɑɢɓɡɏ ɗɘɋɓɊ ɘɖəɇɔɕɖɔɈɔɊɆ 

Dʥ = 40 ɒɒ, ɈɡɇɖɆɓɓɡɏ ɕɖɔɘɔɘɎɕɔɒ ɘɖəɇɔ-

ɕɖɔɈɔɊɆ Dʥ = 1020 ɒɒ. ȲɋɘɔɊɡ ɎɗɗɑɋɊɔɈɆ-

ɓɎɥ: ɒɆɘɋɒɆɘɎɝɋɗɐɔɋ ɒɔɊɋɑɎɖɔɈɆɓɎɋ, ɣɐɗ-
ɕɋɖɎɒɋɓɘɆɑɢɓɡɋ ɎɗɗɑɋɊɔɈɆɓɎɥ, ɔɇɖɆɇɔɘɐɆ 
ɣɐɗɕɋɖɎɒɋɓɘɆɑɢɓɡɛ ɊɆɓɓɡɛ.  

ȵɔɑəɝɋɓɡ ɗɑɋɊəɤɟɎɋ ɖɋɍəɑɢɘɆɘɡ:  
- ɒɆɐɗɎɒɆɑɢɓɡɋ ɊɋɚɔɖɒɆɜɎɎ ɐɔɓɜɆ 

ɘɖəɇɔɕɖɔɈɔɊɆ Ɉ ɐɔɒɕɢɤɘɋɖɓɔɏ ɒɔɊɋɑɎ ɓɆ-
ɘəɖɓɔɉɔ ɘɖəɇɔɕɖɔɈɔɊɆ ɕɖɎ ɕɖɎɑɔɌɋɓɓɔɏ ɓɆï 
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ɉɖəɍɐɋ Ɉ 10 ɐȳ ɗɔɗɘɆɈɑɥɤɘ 62,9 ɒɒ, ɒɆɐɗɎ-
ɒɆɑɢɓɔɋ ɓɆɕɖɥɌɋɓɎɋ ɖɆɈɓɔ 87,2 ȲȵɆ; 

- ɔɕɖɋɊɋɑɋɓɡ ɚɆɐɘɔɖɡ: ɓɆɉɖəɍɐɆ  

F = 0ï50 ȳ, ɊɑɎɓɆ ɗɈɔɇɔɊɓɔɉɔ ɐɔɓɜɆ ɘɖəɇɔ-

ɕɖɔɈɔɊɆ l = 0,5ï1,5 ɒ, ɉɑəɇɎɓɆ ɍɆɑɔɌɋɓɎɥ 

ɘɖəɇɔɕɖɔɈɔɊɆ h  = 50ï80 ɒɒ) Ɏ ɔɘɐɑɎɐ ɣɐɗɕɋ-

ɖɎɒɋɓɘɆ ï ɊɋɚɔɖɒɆɜɎɎ u; 

- Ɉ ɛɔɊɋ ɔɇɖɆɇɔɘɐɎ ɣɐɗɕɋɖɎɒɋɓɘɆɑɢɓɡɛ 
ɍɓɆɝɋɓɎɏ ɊɋɚɔɖɒɆɜɎɏ ɈɡɥɈɑɋɓɔ, ɝɘɔ ɉɑəɇɎ-
ɓɆ ɍɆɑɔɌɋɓɎɥ ɘɖəɇɔɕɖɔɈɔɊɆ ɓɋ ɈɑɎɥɋɘ ɓɆ 
ɖɋɍəɑɢɘɆɘɡ ɎɍɒɋɖɋɓɎɥ ɕɋɖɋɒɋɟɋɓɎɥ ɔɗɎ 
ɘɖəɇɔɕɖɔɈɔɊɆ ɔɘ ɕɖɎɑɔɌɋɓɓɡɛ ɕɔɕɋɖɋɝɓɡɛ 
ɗɎɑ, ɗɑɋɊɔɈɆɘɋɑɢɓɔ, ɇɡɑɔ ɖɋɞɋɓɔ ɕɖɔɈɔɊɎɘɢ  
 

 

 ɎɍɒɋɖɋɓɎɥ ɕɖɎ ɕɔɗɘɔɥɓɓɔɏ ɉɑəɇɎɓɋ ɍɆɑɔɌɋ-
ɓɎɥ, ɖɆɈɓɔɏ 0,08 ɒ;  

- ɕɔ ɖɋɍəɑɢɘɆɘɆɒ ɣɐɗɕɋɖɎɒɋɓɘɆ ɕɔ-
ɗɘɖɔɋɓɡ ɉɖɆɚɎɐɎ ɘɋɔɖɋɘɎɝɋɗɐɎɛ Ɏ ɣɐɗɕɋɖɎ-
ɒɋɓɘɆɑɢɓɡɛ ɍɆɈɎɗɎɒɔɗɘɋɏ ɕɋɖɋɒɋɟɋɓɎɥ ɔɗɎ 
ɘɖəɇɔɕɖɔɈɔɊɆ ɔɘ ɕɖɔɊɔɑɢɓɔɏ ɓɆɉɖəɍɐɎ: ɖɆɍ-
ɓɎɜɆ ɊɈəɛ ɗɛɋɒ ɍɆɐɖɋɕɑɋɓɎɥ ɘɖəɇɔɕɖɔɈɔɊɆ 
ɗɔɗɘɆɈɑɥɋɘ 41 %, Ɉ ɖɆɗɝɋɘɆɛ ɓɋɔɇɛɔɊɎɒɔ 
əɝɎɘɡɈɆɘɢ ɝɆɗɘɢ ɘɖəɇɔɕɖɔɈɔɊɆ, ɓɆɛɔɊɥɟɋɉɔ-
ɗɥ Ɉ ɉɖəɓɘɋ; 

- ɔɘɓɔɗɎɘɋɑɢɓɆɥ ɕɔɉɖɋɞɓɔɗɘɢ ɖɋɍəɑɢ-
ɘɆɘɔɈ ɣɐɗɕɋɖɎɒɋɓɘɆ ɗ əɝɋɘɔɒ ɘɋɔɖɋɘɎɝɋɗɐɎɛ 
ɔɞɎɇɔɐ ɗɔɗɘɆɈɑɥɋɘ ɓɋ ɇɔɑɋɋ 10 %. 
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Abstract. The relevance of the study is 
due to the testing of the results of the numerical 
calculation of the stress-strain state of the sup-
port-centering device and pipeline in ANSYS 
software through an experimental study. The 
purpose of the work is to experimentally study 
the effect of the support-centering device on the 
pipeline when centering the boundary sections 
when cutting out a defective coil during emer-
gency repairs. The object of the study is an ex-
perimental bench of a pipeline with diameter  

Dʥ = 40 mm, chosen as a prototype of a pipe-

line with diameter Dʥ = 1020 mm. Research 

methods: mathematical modeling, experimental 
research, processing of experimental data. 

The following results were obtained: 
- the maximum deformation of the end of 

the pipeline in a computer model of a full-scale 
pipeline with an applied load of 10 kN is  
62.9 mm, the maximum stress is 87.2 MPa; 

- factors identified: load F = 0ï50 N, 

length of the free end of the pipeline  
 

 l = 0.5ï1.5 m, depth of the pipeline  

h = 50ï80 mm) and experimental response - de-

formation u; 

- during the processing of experimental 
values of deformations, it was revealed that the 
depth of the pipeline does not affect the results 
of measuring the displacement of the pipeline 
axis from applied transverse forces, therefore, it 
was decided to carry out measurements at a 
constant depth of 0.08 m; 

- based on the results of the experiment, 
graphs of theoretical and experimental depend-
ences of the movement of the pipeline axis on 
the longitudinal load were constructed: the dif-
ference between the two schemes for securing 
the pipeline is 41 %, in the calculations it is 
necessary to take into account the part of the 
pipeline located in the ground; 
- the relative error of the experimental results, 
taking into account theoretical errors, is no more 
than 10 %. 

 
 

 
Keywords: repair, defective section, design position, experimental bench, graphical dependen-

cies  
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ȨɈɋɊɋɓɎɋ 

 

ȴɕɔɖɓɔ-ɜɋɓɘɖɎɖəɤɟɋɋ əɗɘɖɔɏɗɘɈɔ (ɖɎ-

ɗəɓɔɐ 1), ɕɖɎɒɋɓɥɋɒɔɋ Ɋɑɥ ɘɖəɇɔɕɖɔɈɔɊɔɈ 

ɖɆɍɑɎɝɓɔɉɔ ɊɎɆɒɋɘɖɆ, ɕɖɋɊɓɆɍɓɆɝɋɓɔ Ɋɑɥ 

ɕɖɔɈɋɊɋɓɎɥ ɆɈɆɖɎɏɓɔ-ɈɔɗɗɘɆɓɔɈɎɘɋɑɢɓɔɉɔ 

ɖɋɒɔɓɘɆ ɕɖɎ ɍɆɒɋɓɋ Ɋɋɚɋɐɘɓɔɉɔ əɝɆɗɘɐɆ ɘɖə-

ɇɔɕɖɔɈɔɊɆ.  
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1 ï ɘɖəɇɔɕɖɔɈɔɊ; 2 ï ɚɎɐɗɎɖəɤɟɎɋ əɗɘɖɔɏɗɘɈɆ; 5 ï ɗɎɑɔɈɡɋ ɜɎɑɎɓɊɖɡ; 7 ï ɈɎɓɘɔɈɡɋ Ɇɓɐɋɖɡ;  
8 ï ɗɎɑɔɈɡɋ ɗɘɆɓɜɎɎ 

 
1 ï pipeline; 2 ï fixing devices; 5 ï power cylinders; 7 ï screw anchors; 8 ï power stations 

 

ȶɎɗəɓɔɐ 1. ȷɛɋɒɆ əɗɘɆɓɔɈɐɎ ɔɕɔɖɓɔ-ɜɋɓɘɖɎɖəɤɟɋɉɔ əɗɘɖɔɏɗɘɈɆ ɓɆ ɘɖəɇɔɕɖɔɈɔɊ [5] 

 

Figure 1. Diagram of installation of a support-centering device on a pipeline [5] 

  

 

 

ȵɖɎɓɜɎɕ ɖɆɇɔɘɡ əɗɘɖɔɏɗɘɈɆ ɍɆɐɑɤɝɆɋɘ-

ɗɥ Ɉ ɚɎɐɗɆɜɎɎ Ɏ ɜɋɓɘɖɎɖɔɈɆɓɎɥ ɔɘɓɔɗɎɘɋɑɢ-

ɓɔɉɔ ɕɖɔɋɐɘɓɔɉɔ ɕɔɑɔɌɋɓɎɥ ɔɗɋɏ, ɉɖɆɓɎɝɓɡɛ ɗ 

Ɋɋɚɋɐɘɓɡɒ əɝɆɗɘɐɔɒ ɘɖəɇɔɕɖɔɈɔɊɆ, ɕɖɎ Ɉɡ-

ɖɋɍɐɋ Ɋɋɚɋɐɘɓɔɏ ɐɆɘəɞɐɎ Ɋɑɥ ɘɔɝɓɔɏ əɗɘɆ-

ɓɔɈɐɎ ɓɔɈɔɉɔ əɝɆɗɘɐɆ ɇɋɍ ɈɔɍɓɎɐɓɔɈɋɓɎɥ Ɋɔ-

ɕɔɑɓɎɘɋɑɢɓɡɛ ɊɋɚɋɐɘɔɈ Ɉ ɘɋɑɋ ɘɖəɇɡ [1-4]. 

ȷɕɔɗɔɇ ɖɋɒɔɓɘɆ Ɋɋɚɋɐɘɓɡɛ əɝɆɗɘɐɔɈ 

ɘɖəɇɔɕɖɔɈɔɊɆ (ɖɎɗəɓɔɐ 1) Ɉ ɘɖɆɓɞɋɋ ɕəɘɋɒ 

ɍɆɒɋɓɡ Ɋɋɚɋɐɘɓɔɉɔ əɝɆɗɘɐɆ ɍɆɐɑɤɝɆɋɘɗɥ Ɉ 

ɓɆɛɔɌɊɋɓɎɎ Ɋɋɚɋɐɘɓɔɉɔ əɝɆɗɘɐɆ, Ɉɡɖɋɍɐɋ Ɏ 

ɍɆɒɋɓɋ ɋɉɔ ɓɆ ɓɔɈəɤ ɐɆɘəɞɐə. ȵɔɗɑɋ ɈɡɖɋɍɐɎ 

Ɋɋɚɋɐɘɓɔɉɔ əɝɆɗɘɐɆ ɔɗəɟɋɗɘɈɑɥɤɘ ɜɋɓɘɖɔɈɐə 

ɕɖɎ ɕɔɒɔɟɎ ɜɋɓɘɖɔɈɔɝɓɡɛ əɗɘɖɔɏɗɘɈ, ɕɖɎ 

ɣɘɔɒ ɐɆɌɊɔɋ ɚɎɐɗɎɖəɤɟɋɋ əɗɘɖɔɏɗɘɈɔ ɗɔɗɘɔ-

Ɏɘ Ɏɍ ɝɋɘɡɖɋɛ ɎɑɎ ɇɔɑɋɋ ɈɎɓɘɔɈɡɛ ɆɓɐɋɖɔɈ, 

ɕɖɋɊɓɆɍɓɆɝɋɓɓɡɛ Ɋɑɥ ɓɆɊɋɌɓɔɏ ɚɎɐɗɆɜɎɎ 

ɐɔɓɗɘɖəɐɜɎɎ Ɉ ɉɖəɓɘɋ; ɊɈəɛ ɎɑɎ ɇɔɑɋɋ ɞɆɖ-

ɓɎɖɓɡɛ ɔɕɔɖ ɓɆ ɗɎɑɔɈɡɛ ɜɎɑɎɓɊɖɆɛ, ɎɒɋɤɟɎɛ 

ɈɔɍɒɔɌɓɔɗɘɢ ɖɋɉəɑɎɖɔɈɆɓɎɥ ɕɔ Ɉɡɗɔɘɋ, Ɉɐɑɤ-

ɝɋɓɓɡɛ Ɉ ɋɊɎɓɡɏ ɐɆɖɐɆɗ ɗɎɑɔɈɔɏ ɗɘɆɓɜɎɎ; 

ɊɈəɛ ɎɑɎ ɇɔɑɋɋ ɕɔɑəɍɆɛɈɆɘɔɈ, ɎɒɋɤɟɎɛ ɍɆɒ-

ɐɔɈɔɋ əɗɘɖɔɏɗɘɈɔ; Ɏ ɒɋɛɆɓɎɍɒɔɈ ɉɔɖɎɍɔɓ-

ɘɆɑɢɓɔɏ Ɏ ɈɋɖɘɎɐɆɑɢɓɔɏ ɖɋɉəɑɎɖɔɈɐɎ ɐɔɓɜɔɈ 

ɘɖəɇɔɕɖɔɈɔɊɆ.  

ȹɗɘɆɓɔɈɐɆ ɚɎɐɗɎɖəɤɟɋɉɔ əɗɘɖɔɏɗɘɈɆ 

ɓɆ ɘɖəɇɔɕɖɔɈɔɊ ɗɔɊɋɖɌɎɘ ɘɖəɇɔɕɖɔɈɔɊ 1, 

ɚɎɐɗɎɖəɤɟɎɋ əɗɘɖɔɏɗɘɈɆ 2, ɗɎɑɔɈɡɋ ɜɎɑɎɓɊ-

ɖɡ 5 ɚɎɐɗɎɖəɤɟɎɛ əɗɘɖɔɏɗɘɈ, ɈɎɓɘɔɈɡɋ Ɇɓ-

ɐɋɖɡ 7 Ɏ ɗɎɑɔɈɡɋ ɗɘɆɓɜɎɎ 8. ȵɖɎ ɔɕɖɋɊɋɑɋ-

ɓɎɎ ɔɕɆɗɓɔɗɘɎ çɓɋɐɔɓɘɖɔɑɎɖəɋɒɔɉɔ ɗɒɋɟɋ-

ɓɎɋè ɕɖɎɓɎɒɆɋɘɗɥ ɖɋɞɋɓɎɋ ɔ ɓɋɔɇɛɔɊɎɒɔɗɘɎ 

ɚɎɐɗɆɜɎɎ ɔɘɓɔɗɎɘɋɑɢɓɔ ɔɗɎ ɘɖəɇɔɕɖɔɈɔɊɆ 

ɕɋɖɈɔɉɔ ɖɋɒɔɓɘɓɔɉɔ əɝɆɗɘɐɆ ɚɎɐɗɎɖəɤɟɎɒɎ 

əɗɘɖɔɏɗɘɈɆɒɎ 2, ɎɒɋɤɟɎɒɎ ɈɔɍɒɔɌɓɔɗɘɢ ɖɋ-

ɉəɑɎɖɔɈɐɎ ɐɔɓɜɔɈ ɘɖəɇɔɕɖɔɈɔɊɆ 1 Ɉ ɉɔɖɎɍɔɓ-

ɘɆɑɢɓɔɒ Ɏ ɈɋɖɘɎɐɆɑɢɓɔɒ ɓɆɕɖɆɈɑɋɓɎɥɛ ɗ ɜɋ-

ɑɢɤ ɕɔɗɑɋɊəɤɟɋɉɔ ɗɔɈɒɋɟɋɓɎɥ Ɏɛ ɔɗɋɏ, ɕɖɎ 

ɣɘɔɒ ɚɎɐɗɎɖəɤɟɎɋ əɗɘɖɔɏɗɘɈɆ 2 ɈɐɑɤɝɆɤɘ 

ɈɎɓɘɔɈɡɋ Ɇɓɐɋɖɡ 7 ɗ ɞɆɖɓɎɖɓɡɒɎ ɔɕɔɖɆɒɎ 

(ɓɆ ɖɎɗəɓɐɋ ɓɋ ɔɇɔɍɓɆɝɋɓɡ) ɓɆ ɗɎɑɔɈɡɛ ɜɎ-

ɑɎɓɊɖɆɛ 5 Ɋɑɥ ɖɋɉəɑɎɖɔɈɆɓɎɥ ɕɔ Ɉɡɗɔɘɋ, ɗɔ-

ɊɋɖɌɆɟɎɒɎ ɕɔɑəɍɆɛɈɆɘɡ ɗ ɍɆɒɐɔɈɡɒɎ əɗɘ-

ɖɔɏɗɘɈɆɒɎ (ɓɆ ɖɎɗəɓɐɋ ɓɋ əɐɆɍɆɓɡ) [5-7]. 

ȼɋɑɢɤ ɖɆɇɔɘɡ ɥɈɑɥɋɘɗɥ ɣɐɗɕɋɖɎɒɋɓ-

ɘɆɑɢɓɔɋ ɎɗɗɑɋɊɔɈɆɓɎɋ ɈɔɍɊɋɏɗɘɈɎɥ ɔɕɔɖɓɔ-

ɜɋɓɘɖɎɖəɤɟɋɉɔ əɗɘɖɔɏɗɘɈɆ ɓɆ ɘɖəɇɔɕɖɔɈɔɊ 

ɕɖɎ ɜɋɓɘɖɔɈɐɋ ɉɖɆɓɎɝɓɡɛ əɝɆɗɘɐɔɈ ɕɖɎ Ɉɡ-

ɖɋɍɐɋ Ɋɋɚɋɐɘɓɔɉɔ əɝɆɗɘɐɆ Ɉ ɕɖɔɜɋɗɗɋ ɕɖɔɈɋ-

ɊɋɓɎɥ ɆɈɆɖɎɏɓɔ-ɈɔɗɗɘɆɓɔɈɎɘɋɑɢɓɔɉɔ ɖɋɒɔɓɘɆ. 



˿͙͔ͭͪͦͭ͡Έ͍ͫͭͦ ͙ Ήͫͨͯ͊ͭ͊͟͡ͼ͙Ύ ͔ͤͺ͔͎͍͍ͭ͊ͦͨͪͦͦ͒ͦ͘Σ ͋͊͘ ͙ ͻ͙͙ͪ͊ͤ͡΅ 
Construction and Operation of Oil and Gas Pipelines, Depots and Storages 

 
 
 

2 (148) Å 2024 
111 

ȭɆɊɆɝɎ: 

 

ï ɖɆɗɝɋɘ ɣɐɗɕɋɖɎɒɋɓɘɆɑɢɓɔɏ ɒɔɊɋɑɎ Ɉ 

ɕɖɔɉɖɆɒɒɓɔɒ ɐɔɒɕɑɋɐɗɋ ANSYS; 

ï ɕɑɆɓɎɖɔɈɆɓɎɋ ɣɐɗɕɋɖɎɒɋɓɘɆ ɕɔ ɔɕɖɋ-

ɊɋɑɋɓɎɤ ɍɆɈɎɗɎɒɔɗɘɎ ɕɖɎɑɔɌɋɓɓɔɏ ɕɔɕɋɖɋɝ-

ɓɔɏ ɓɆɉɖəɍɐɎ ɓɆ ɕɔɕɋɖɋɝɓəɤ ɊɋɚɔɖɒɆɜɎɤ ɔɗɎ 

ɘɖəɇɔɕɖɔɈɔɊɆ; 

ï ɕɖɔɈɋɊɋɓɎɋ ɣɐɗɕɋɖɎɒɋɓɘɆ; 

ï ɔɇɖɆɇɔɘɐɆ ɖɋɍəɑɢɘɆɘɔɈ ɕɖɔɈɋɊɋɓɓɔɉɔ 

ɣɐɗɕɋɖɎɒɋɓɘɆ. 

 

ȲɔɊɋɑɎɖɔɈɆɓɎɋ  

ɓɆɕɖɥɌɋɓɓɔ-ɊɋɚɔɖɒɎɖɔɈɆɓɓɔɉɔ ɗɔɗɘɔɥɓɎɥ 

 

ȲɔɊɋɑɎɖɔɈɆɓɎɋ ɓɆɕɖɥɌɋɓɓɔ-

ɊɋɚɔɖɒɎɖɔɈɆɓɓɔɉɔ ɗɔɗɘɔɥɓɎɥ ɍɆɐɑɤɝɆɑɔɗɢ Ɉ 

ɖɆɍɖɆɇɔɘɐɋ 3D ɒɔɊɋɑɎ ɔɕɔɖɓɔ-

ɜɋɓɘɖɎɖəɤɟɋɉɔ əɗɘɖɔɏɗɘɈɆ Ɏ ɘɖəɇɔɕɖɔɈɔɊɆ 

Ɋɑɥ ɖɆɗɝɋɘɔɈ ɗ Ɍɋɗɘɐɔɏ ɍɆɊɋɑɐɔɏ Ɉ ɒɋɗɘɋ ɍɆ-

ɐɖɋɕɑɋɓɎɥ ɗɋɝɋɓɎɥ ɘɖəɇɔɕɖɔɈɔɊɆ Ɏ ɗɋɝɋɓɎɏ 

ɗɈɆɏ Ɉ ɉɖəɓɘɋ; əɕɖəɉɔɉɔ ɈɍɆɎɒɔɊɋɏɗɘɈɎɥ ɕɔ 

ɊɑɎɓɋ ɘɖəɇɔɕɖɔɈɔɊɆ Ɏ ɗɈɆɏ, ɓɆɛɔɊɥɟɎɛɗɥ Ɉ 

ɉɖəɓɘɋ.  

ȰɔɓɘɆɐɘ Ɉɓəɘɖɋɓɓɋɏ ɍɔɓɡ ɔɛɈɆɘɡɈɆɤ-

ɟɋɉɔ ɐɔɑɢɜɆ Ɏ ɘɖəɇɔɕɖɔɈɔɊɆ çbondedè - ɇɋɍ 

ɕɖɔɗɐɆɑɢɍɡɈɆɓɎɥ.  

ȶɆɍɖɆɇɔɘɆɓɓɆɥ ɖɆɗɝɋɘɓɆɥ ɗɛɋɒɆ ɕɖɎ-

ɑɔɌɋɓɎɥ ɓɆɉɖəɍɔɐ, ɓɋɔɇɛɔɊɎɒɆɥ Ɋɑɥ ɕɖɔɈɋ-

ɊɋɓɎɥ ɕɖɋɊɈɆɖɎɘɋɑɢɓɔɉɔ ɖɆɗɝɋɘɆ ɓɆɕɖɥɌɋɓ-

ɓɔ-ɊɋɚɔɖɒɎɖɔɈɆɓɓɔɉɔ ɗɔɗɘɔɥɓɎɥ, ɕɖɋɊɗɘɆɈ-

ɑɋɓɆ ɓɆ ɖɎɗəɓɐɋ 2 [9-18]. 

ȶɆɍɖɆɇɔɘɆɓɆ ɒɔɊɋɑɢ ɣɐɗɕɋɖɎɒɋɓɘɆɑɢ-

ɓɔɏ əɗɘɆɓɔɈɐɎ (ɖɎɗəɓɔɐ 3). ȸɖəɇɔɕɖɔɈɔɊ ɕɔ-

ɒɋɟɋɓ Ɉ ɑɔɘɔɐ ɗɔ ɗɘɖəɐɘəɖɓɔ-ɓɋəɗɘɔɏɝɎɈɡɒ 

ɉɖəɓɘɔɒ [19].  

ȳɎɌɓɥɥ ɝɆɗɘɢ Ɏ ɑɋɈɔɋ ɗɋɝɋɓɎɋ ɘɖəɇɔ-

ɕɖɔɈɔɊɆ Ɍɋɗɘɐɔ ɍɆɐɖɋɕɑɋɓɔ çfixed supportè, 

ɉɖəɓɘə ɍɆɊɆɓɔ ɕɋɖɋɒɋɟɋɓɎɋ çdisplacementè 

(Z = 0, X = 0, Y = free), ɐ ɕɖɆɈɔɒə ɗɈɔɇɔɊɓɔɒə 

ɐɔɓɜə ɘɖəɇɔɕɖɔɈɔɊɆ ɕɖɎɑɔɌɋɓɆ ɗɎɑɆ çforceè 

ɖɆɈɓɆɥ 10 ɐȳ, ɓɆɕɖɆɈɑɋɓɓɆɥ ɈɓɎɍ ɕɔ ɔɗɎ Y. 

ȵɔ ɍɆɊɆɓɓɡɒ ɎɗɛɔɊɓɡɒ ɊɆɓɓɡɒ ɉɋɔ-

ɒɋɘɖɎɎ, ɉɖɆɓɎɝɓɡɛ əɗɑɔɈɎɏ Ɏ ɐɔɓɘɆɐɘɔɈ ɈɍɆɎ-

ɒɔɊɋɏɗɘɈɎɥ ɕɖɔɈɋɊɋɓɡ ɖɆɗɝɋɘɡ ɓɆɕɖɥɌɋɓɓɔ-

ɉɔ-ɊɋɚɔɖɒɎɖɔɈɆɓɓɔɉɔ ɗɔɗɘɔɥɓɎɥ ɘɖəɇɔɕɖɔɈɔ-

ɊɆ. ȵɔɑəɝɋɓɡ ɗɑɋɊəɤɟɎɋ ɖɋɍəɑɢɘɆɘɡ ɖɆɗɝɋ-

ɘɔɈ, ɕɖɋɊɗɘɆɈɑɋɓɓɡɋ ɓɆ ɖɎɗəɓɐɆɛ 4, 5.   

 

 
1 ï ɘɖəɇɔɕɖɔɈɔɊ; 2 ï ɖɆɒɆ; 3 ï ɓɆɕɖɆɈɑɥɤɟɎɋ; 4 ï ɔɛɈɆɘɡɈɆɤɟɋɋ ɐɔɑɢɜɔ; 5 ï Ɇɓɐɋɖɡ;  

F1 ï ɗɔɗɖɋɊɔɘɔɝɋɓɓɆɥ ɗɎɑɆ; ȹt ï ɘɋɒɕɋɖɆɘəɖɓɡɏ ɕɋɖɋɕɆɊ;  

ɛ ï ɐɔɣɚɚɎɜɎɋɓɘ ɘɖɋɓɎɥ, ɍɆɊɆɈɆɋɒɡɏ ɒɋɌɊə ɖɆɒɔɏ Ɏ ɓɆɕɖɆɈɑɥɤɟɎɒɎ;  

u ï ɗɒɋɟɋɓɎɋ ɔɗɎ ɘɖəɇɔɕɖɔɈɔɊɆ Ɉ ɕɖɔɜɋɗɗɋ ɕɖɔɈɋɊɋɓɎɥ ɖɋɒɔɓɘɆ 

 

1 ï pipeline; 2 ï frame; 3 ï guides; 4 ï female ring; 5 ï anchors; F1 ï concentrated force;  

ȹt ï temperature difference; ɛ ï friction coefficient specified between the frame and the guides;  

u ï displacement of the pipeline axis during repairs 

 
ȶɎɗəɓɔɐ 2. ȶɆɗɝɋɘɓɆɥ ɗɛɋɒɆ [9]  

 

Figure 2. Calculation scheme [9] 
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ȶɎɗəɓɔɐ 3. ȩɖɆɓɎɝɓɡɋ əɗɑɔɈɎɥ ɣɐɗɕɋɖɎɒɋɓɘɆɑɢɓɔɏ əɗɘɆɓɔɈɐɎ, ɗɒɔɊɋɑɎɖɔɈɆɓɓɔɏ  

Ɉ ɕɖɔɉɖɆɒɒɓɔɒ ɐɔɒɕɑɋɐɗɋ 

 

Figure 3. Boundary conditions of the experimental setup modeled in the software 

 

 

 

 
ȶɎɗəɓɔɐ 4. ȪɋɚɔɖɒɎɖɔɈɆɓɓɔɋ ɗɔɗɘɔɥɓɎɋ ɘɖəɇɔɕɖɔɈɔɊɆ ɕɖɎ ɕɖɎɑɔɌɋɓɎɎ ɓɆɉɖəɍɐɎ çɗɈɋɖɛə ɈɓɎɍè 

ɕɖɎ ɒɔɊɋɑɎɖɔɈɆɓɎɎ ɣɐɗɕɋɖɎɒɋɓɘɆɑɢɓɔɏ əɗɘɆɓɔɈɐɎ 

 

Figure 4. Deformed state of the pipeline when a load is applied çfrom top to bottomè when simulating 

an experimental setup 

 

 

 
ȶɎɗəɓɔɐ 5. ȳɆɕɖɥɌɋɓɓɔɋ ɗɔɗɘɔɥɓɎɋ ɘɖəɇɔɕɖɔɈɔɊɆ ɕɖɎ ɕɖɎɑɔɌɋɓɎɎ ɓɆɉɖəɍɐɎ çɗɈɋɖɛə ɈɓɎɍè  

ɕɖɎ ɒɔɊɋɑɎɖɔɈɆɓɎɎ ɣɐɗɕɋɖɎɒɋɓɘɆɑɢɓɔɏ əɗɘɆɓɔɈɐɎ 

 

Figure 5. Pipeline stress state when a load is applied çfrom top to bottomè when simulating an 

experimental setup 
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ȲɆɐɗɎɒɆɑɢɓɡɋ ɊɋɚɔɖɒɆɜɎɎ Ɉ ɘɖəɇɔ-

ɕɖɔɈɔɊɋ ɕɖɎ ɕɖɎɑɔɌɋɓɓɔɏ ɓɆɉɖəɍɐɋ Ɉ 10 ɐȳ 

ɗɔɗɘɆɈɑɥɤɘ 62,9 ɒɒ, ɒɆɐɗɎɒɆɑɢɓɔɋ ɓɆɕɖɥɌɋ-

ɓɎɋ ɖɆɈɓɔ 87,2 ȲȵɆ. ȵɔɗɑɋ ɕɖɔɈɋɊɋɓɎɥ ɖɆɗ-

ɝɋɘɔɈ ɓɆɕɖɥɌɋɓɓɔ-ɊɋɚɔɖɒɎɖɔɈɆɓɓɔɉɔ ɗɔ-

ɗɘɔɥɓɎɥ ɘɖəɇɔɕɖɔɈɔɊɆ ɇɡɑɔ ɕɖɎɓɥɘɔ ɖɋɞɋɓɎɋ 

ɔ ɕɖɔɈɋɊɋɓɎɎ ɣɐɗɕɋɖɎɒɋɓɘɆɑɢɓɡɛ ɎɗɗɑɋɊɔɈɆ-

ɓɎɏ Ɋɑɥ ɕɔɊɘɈɋɖɌɊɋɓɎɥ ɖɋɍəɑɢɘɆɘɔɈ ɖɆɗɝɋɘɆ. 

ȨɔɍɊɋɏɗɘɈɎɋ ɔɕɔɖɓɔ-ɜɋɓɘɖɎɖəɤɟɋɉɔ əɗɘɖɔɏ-

ɗɘɈɆ ɍɆɒɋɓɎɒ ɓɆ ɈɑɎɥɓɎɋ ɕɖɎɐɑɆɊɡɈɆɋɒɡɛ ɓɆ 

ɘɖəɇɔɕɖɔɈɔɊ ɓɆɉɖəɍɔɐ Ɋɑɥ ɔɕɖɋɊɋɑɋɓɎɥ ɍɆɈɎ-

ɗɎɒɔɗɘɎ ɍɓɆɝɋɓɎɏ ɕɖɎɑɔɌɋɓɓɡɛ ɗɎɑ ɔɘ ɕɋɖɋ-

ɒɋɟɋɓɎɥ ɔɗɎ ɘɖəɇɔɕɖɔɈɔɊɆ. 

 

ɃɐɗɕɋɖɎɒɋɓɘɆɑɢɓɔɋ ɎɗɗɑɋɊɔɈɆɓɎɋ 

 

ȷɛɋɒɆ, ɎɗɕɔɑɢɍəɋɒɆɥ ɕɖɎ ɖɆɗɝɋɘɋ ɒɆ-

ɘɋɒɆɘɎɝɋɗɐɔɏ ɒɔɊɋɑɎ, ɕɖɋɊɗɘɆɈɑɥɋɘ ɗɔɇɔɏ 

Ɍɋɗɘɐɔɋ ɍɆɐɖɋɕɑɋɓɎɋ ɗɋɝɋɓɎɥ ɘɖəɇɔɕɖɔɈɔɊɆ, 

ɓɆɛɔɊɥɟɋɉɔɗɥ Ɉ ɉɖəɓɘɋ (ɖɎɗəɓɔɐ 2). ȷɛɋɒɆ, 

ɖɆɗɗɒɆɘɖɎɈɆɋɒɆɥ ɕɖɎ ɕɖɔɈɋɊɋɓɎɎ ɣɐɗɕɋɖɎ-

ɒɋɓɘɆ, ɕɖɋɊɗɘɆɈɑɋɓɆ ɓɆ ɖɎɗəɓɐɋ 6, Ɇ.  

ȳɆ ɖɎɗəɓɐɋ 6, b ɕɖɋɊɗɘɆɈɑɋɓɆ ɣɐɗɕɋɖɎ-

ɒɋɓɘɆɑɢɓɆɥ əɗɘɆɓɔɈɐɆ [20]. ȸɖəɇɔɕɖɔɈɔɊ 1, 

ɎɒɋɤɟɎɏ ɓɆɖəɌɓɡɏ ɊɎɆɒɋɘɖ 40 ɒɒ Ɏ ɘɔɑɟɎ-

ɓə ɗɘɋɓɐɎ 0,5 ɒɒ, ɕɔɒɋɟɋɓ Ɉ ɕɋɗɝɆɓəɤ ɓɆ-

ɗɡɕɢ 2 ɓɆ ɉɑəɇɎɓə ɍɆɑɔɌɋɓɎɥ hʩʨ Ɋɑɥ ɔɕɖɋ-

ɊɋɑɋɓɎɥ ɕɋɖɋɒɋɟɋɓɎɏ ɗ ɕɔɒɔɟɢɤ ɎɓɊɎɐɆɘɔ-

ɖɆ ɝɆɗɔɈɔɉɔ ɘɎɕɆ 3 ɘɖəɇɔɕɖɔɈɔɊɆ 1 ɕɖɎ Ɉɔɍ-

ɊɋɏɗɘɈɎɎ ɗɎɑɡ F (ɖɎɗəɓɔɐ 6, Ɇ). 

ȮɓɊɎɐɆɘɔɖ ɝɆɗɔɈɔɉɔ ɘɎɕɆ 3 ɕɖɋɊɗɘɆɈɑɥ-

ɋɘ ɗɔɇɔɏ əɗɘɖɔɏɗɘɈɔ Ɋɑɥ ɔɕɖɋɊɋɑɋɓɎɥ ɑɎɓɋɏ-

ɓɡɛ ɖɆɍɒɋɖɔɈ ɊɋɘɆɑɋɏ Ɏ ɔɘɐɑɔɓɋɓɎɏ. 

ȻɆɖɆɐɘɋɖɎɗɘɎɐɎ ɊɆɘɝɎɐɆ ɒɆɑɡɛ ɕɋɖɋ-

ɒɋɟɋɓɎɏ (ɎɓɊɎɐɆɘɔɖ ɝɆɗɔɈɔɉɔ ɘɎɕɆ): ɔɊɓɔ Ɋɋ-

ɑɋɓɎɋ ɖɆɈɓɔ 0,01 ɒɒ, ɕɔɉɖɋɞɓɔɗɘɢ ɎɍɒɋɖɋɓɎɥ 

0,005 ɒɒ, ɒɆɐɗɎɒɆɑɢɓɔɋ Ɏɍɒɋɖɥɋɒɔɋ ɍɓɆɝɋ-

ɓɎɋ 10 ɒɒ, ɉɎɗɘɋɖɋɍɎɗ 0,003 ɒɒ, ɊɎɆɕɆɍɔɓ 

ɔɇɔɖɔɘɆ 1 ɒɒ. ȰɔɑɎɝɋɗɘɈɔ ɣɐɗɕɋɖɎɒɋɓɘɆɑɢ-

ɓɡɛ ɍɆɒɋɖɔɈ ɔɕɖɋɊɋɑɥɑɔɗɢ, ɎɗɛɔɊɥ Ɏɍ Ɏɗɗɑɋ-

Ɋəɋɒɡɛ ɚɆɐɘɔɖɔɈ ɣɐɗɕɋɖɎɒɋɓɘɆ. 

Ȱ ɚɆɐɘɔɖɆɒ ɣɐɗɕɋɖɎɒɋɓɘɆ Xi ɔɘɓɔɗɥɘɗɥ 

Ɏɍɒɋɖɥɋɒɡɋ ɈɛɔɊɓɡɋ ɊɆɓɓɡɋ, ɐɔɘɔɖɡɋ ɔɐɆ-

ɍɡɈɆɤɘ ɈɑɎɥɓɎɋ ɓɆ ɔɇɠɋɐɘ ɎɗɗɑɋɊɔɈɆɓɎɥ, Ɉ 

ɓɆɞɋɒ ɗɑəɝɆɋ ɣɘɔ ï ɊɑɎɓɆ ɗɈɔɇɔɊɓɔɏ ɝɆɗɘɎ 

ɘɖəɇɔɕɖɔɈɔɊɆ l, ɕɖɎɐɑɆɊɡɈɆɋɒɆɥ ɗɎɑɆ F, ɉɑə-

ɇɎɓɆ ɍɆɑɔɌɋɓɎɥ h. 

ȴɘɐɑɎɐɔɒ ɣɐɗɕɋɖɎɒɋɓɘɆ Yi ɥɈɑɥɋɘɗɥ 

ɓɆɇɑɤɊɆɋɒɆɥ ɗɑəɝɆɏɓɆɥ ɈɋɑɎɝɎɓɆ, ɍɆɈɎɗɥ-

ɟɆɥ ɔɘ ɚɆɐɘɔɖɔɈ ï ɕɋɖɋɒɋɟɋɓɎɥ u [21-25]. 

ȮɗɛɔɊɓɡɋ ɊɆɓɓɡɋ, ɓɋɔɇɛɔɊɎɒɡɋ Ɋɑɥ 

ɕɖɔɈɋɊɋɓɎɥ ɣɐɗɕɋɖɎɒɋɓɘɆ: 

D = 0,038 ɒ,  

ŭ = 0,0005 ɒ,  

W = 5,45ǈ10
-7

 ɒ
3
,  

I = 1, 04ǈ10
-8

 ɒ
4
,  

E = 6,55ǈ10
10

 ȵɆ. 

Ȫɑɥ ɕɖɔɈɋɊɋɓɎɥ ɣɐɗɕɋɖɎɒɋɓɘɆ ɓɆ ɊɆɓ-

ɓɔɒ ɣɘɆɕɋ ɇɡɑɎ ɈɡɊɋɑɋɓɡ ɔɗɓɔɈɓɡɋ ɚɆɐɘɔ-

ɖɡ, Ɉ ɇɔɑɢɞɋɏ ɗɘɋɕɋɓɎ ɈɑɎɥɤɟɎɋ ɓɆ ɕɋɖɋ-

ɒɋɟɋɓɎɋ ɔɗɎ ɔɘ ɕɖɎɑɔɌɋɓɓɡɛ ɓɆ ɘɖəɇɔɕɖɔɈɔɊ 

ɓɆɉɖəɍɔɐ.  

ȩɑəɇɎɓɆ ɍɆɑɔɌɋɓɎɥ ɈɆɖɢɎɖɔɈɆɑɆɗɢ ɔɘ 

50 Ɋɔ 80 ɒɒ ɗ ɞɆɉɔɒ 15 ɒɒ, Ɉ ɛɔɊɋ ɔɇɖɆɇɔɘɐɎ 

Ɏɍɒɋɖɋɓɓɡɛ ɍɓɆɝɋɓɎɏ ɈɡɥɈɑɋɓɔ, ɝɘɔ ɉɑəɇɎɓɆ 

ɍɆɑɔɌɋɓɎɥ ɘɖəɇɔɕɖɔɈɔɊɆ ɓɋ ɈɑɎɥɋɘ ɓɆ ɖɋ-

ɍəɑɢɘɆɘɡ ɎɍɒɋɖɋɓɎɥ ɕɔɕɋɖɋɝɓɔɉɔ ɕɋɖɋɒɋɟɋ-

ɓɎɥ ɔɗɎ ɘɖəɇɔɕɖɔɈɔɊɆ ɔɘ ɕɖɎɑɔɌɋɓɓɡɛ ɕɔɕɋ-

ɖɋɝɓɡɛ ɗɎɑ.  

ȪɑɎɓɆ ɗɈɔɇɔɊɓɔɉɔ ɐɔɓɜɆ ɘɖəɇɔɕɖɔɈɔɊɆ 

ɈɆɖɢɎɖɔɈɆɑɆɗɢ ɔɘ 0,5 ɒ Ɋɔ 1,5 ɗ ɞɆɉɔɒ 0,25 ɒ.  

ȨɋɑɎɝɎɓɆ ɉɖəɍɆ, Ɏɗɕɔɑɢɍəɋɒɔɉɔ Ɉ ɐɆɝɋ-

ɗɘɈɋ ɕɖɎɐɑɆɊɡɈɆɋɒɔɏ ɓɆɉɖəɍɐɎ, ɈɆɖɢɎɖɔɈɆ-

ɑɆɗɢ ɔɘ 0 Ɋɔ 50 ȳ ɗ ɞɆɉɔɒ 5 ȳ.  

 

ȻɔɊ ɕɖɔɈɋɊɋɓɎɥ ɣɐɗɕɋɖɎɒɋɓɘɆ: 

1. ɔɘɖɋɉəɑɎɖɔɈɆɘɢ ɉɑəɇɎɓə ɍɆɑɔɌɋɓɎɥ 

Ɋɔ Ɉɋɖɛɓɋɏ ɔɇɖɆɍəɤɟɋɏ ɗɔɉɑɆɗɓɔ ɘɆɇɑɎɜɋ Ɏ 

ɓɔɒɋɖə ɣɐɗɕɋɖɎɒɋɓɘɆ; 

2. ɍɆɐɖɋɕɎɘɢ ɔɊɎɓ ɐɔɓɋɜ ɘɖəɇɔɕɖɔɈɔɊɆ, 

ɔɘɖɋɉəɑɎɖɔɈɆɘɢ ɗɈɔɇɔɊɓəɤ ɊɑɎɓə ɘɖəɇɔɕɖɔ-

ɈɔɊɆ;  

3. ɓɆ ɗɈɔɇɔɊɓɡɏ ɐɔɓɋɜ ɘɖəɇɔɕɖɔɈɔɊɆ 

ɍɆɐɖɋɕɎɘɢ ɊɆɘɝɎɐ ɝɆɗɔɈɔɉɔ ɘɎɕɆ ɗ ɕɔɒɔɟɢɤ 

ɒɆɉɓɎɘɓɔɉɔ ɞɘɆɘɎɈɆ; 

4. ɓɆ ɗɈɔɇɔɊɓɡɏ ɐɔɓɋɜ ɘɖəɇɡ ɍɆɐɖɋɕ-

ɑɥɤɘɗɥ ɉɖəɍɡ ɗɔɉɑɆɗɓɔ ɘɆɇɑɎɜɋ Ɏ ɓɔɒɋɖə ɣɐɗ-

ɕɋɖɎɒɋɓɘɆ; 

5. ɍɆɕɎɗɡɈɆɋɒ ɕɔɑəɝɋɓɓɡɋ ɍɓɆɝɋɓɎɥ 

(əɈɋɑɎɝɎɈɆɥ ɓɆɉɖəɍɐə) ɗ ɊɆɘɝɎɐɆ ɝɆɗɔɈɔɉɔ ɘɎ-

ɕɆ; 

6. ɕɔɈɘɔɖɥɋɒ ɣɐɗɕɋɖɎɒɋɓɘ, ɈɆɖɢɎɖəɥ 

ɊɑɎɓə ɗɈɔɇɔɊɓɔɉɔ ɐɔɓɜɆ ɘɖəɇɔɕɖɔɈɔɊɆ [26]. 
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a) 

 

 

 
b) 

 

1 ï ɘɖəɇɔɕɖɔɈɔɊ, 2 ï ɕɋɗɝɆɓɆɥ ɓɆɗɡɕɢ (əɕɖəɉɔɋ ɔɗɓɔɈɆɓɎɋ), 3 ï ɎɓɊɎɐɆɘɔɖ ɝɆɗɔɈɔɉɔ ɘɎɕɆ 
 
1 ï pipeline, 2 ï sand embankment (elastic base), 3 ï dial indicator 

 

 

ȶɎɗəɓɔɐ 6. ɃɐɗɕɋɖɎɒɋɓɘɆɑɢɓɡɏ ɗɘɋɓɊ: ɗɛɋɒɆ ɣɐɗɕɋɖɎɒɋɓɘɆɑɢɓɔɉɔ ɗɘɋɓɊɆ (Ɇ),  

ɣɐɗɕɋɖɎɒɋɓɘɆɑɢɓɆɥ əɗɘɆɓɔɈɐɆ (b) 

 

Figure 6. Experimental stand: diagram of the experimental stand (a), experimental setup (b) 
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Ȫɑɥ ɕɋɖɋɈɔɊɆ ɕɔɑəɝɋɓɓɡɛ ɍɓɆɝɋɓɎɏ ɓɆ 

ɓɆɘəɖɓɡɏ ɒɆɗɞɘɆɇ Ɏɗɕɔɑɢɍəɋɘɗɥ ɗɑɋɊəɤɟɋɋ 

ɗɔɔɘɓɔɞɋɓɎɋ: 
 

ʵʢʩ

ʵʢʩ

ʥʘʪ

ʥʘʪ
ȟ                            (1) 

ɉɊɋ dɣɐɗ, ŭɣɐɍ ï ɊɎɆɒɋɘɖ Ɏ ɘɔɑɟɎɓɆ ɗɘɋɓɐɎ ɣɐɗ-

ɕɋɖɎɒɋɓɘɆɑɢɓɔɏ ɘɖəɇɡ ɗɔɔɘɈɋɘɗɘɈɋɓɓɔ, 

  dʥʘʪ, ŭʥʘʪ ï ɊɎɆɒɋɘɖ Ɏ ɘɔɑɟɎɓɆ ɗɘɋɓɐɎ 

ɊɋɏɗɘɈɎɘɋɑɢɓɔɏ ɘɖəɇɡ ɗɔɔɘɈɋɘɗɘɈɋɓɓɔ. 

ȵɔɊɗɘɆɈɑɥɥ Ɉ əɖɆɈɓɋɓɎɋ ɕɔɊɔɇɎɥ (1) 

ɎɗɛɔɊɓɡɋ ɍɓɆɝɋɓɎɥ ɕɔɑəɝɆɋɒ: 

 

ȟ
. 

 

ȷɑɋɊɔɈɆɘɋɑɢɓɔ, ɐɔɣɚɚɎɜɎɋɓɘ ɕɔɊɔɇɎɥ 

Kʤʘʩʰ = 25.  

ȩɑəɇɎɓə ɍɆɑɔɌɋɓɎɥ ɘɖəɇɔɕɖɔɈɔɊɆ, Ɏɗ-

ɕɔɑɢɍəɋɒɔɉɔ Ɉ ɣɐɗɕɋɖɎɒɋɓɘɋ, ɔɕɖɋɊɋɑɎɒ ɕɔ 

ɚɔɖɒəɑɋ (2). ȵɔ ȷȵ 36.13330.2012 Ɏ 

ȷȵ 86.13330.2022 [27, 28] ɉɑəɇɎɓɆ ɍɆɑɔɌɋɓɎɥ 

ɘɖəɇɔɕɖɔɈɔɊɆ Ɋɑɥ ɊɎɆɒɋɘɖɆ 1020 ɒɒ (ɓɆɘəɖ-

ɓɡɏ ɖɆɍɒɋɖ ɖɆɗɗɒɆɘɖɎɈɆɋɒɔɉɔ ɘɖəɇɔɕɖɔɈɔɊɆ) 

ɖɆɈɓɆ hʩʨ.ʥʘʪ = 1,2ï2 ɒ, ɗɑɋɊɔɈɆɘɋɑɢɓɔ, ɝɘɔɇɡ 

ɔɕɖɋɊɋɑɎɘɢ ɉɑəɇɎɓə ɍɆɑɔɌɋɓɎɥ ɣɐɗɕɋɖɎɒɋɓ-

ɘɆɑɢɓɔɉɔ ɘɖəɇɔɕɖɔɈɔɊɆ hʵʢʩ ɊɎɆɒɋɘɖɔɒ 40 ɒɒ, 

Ɏɗɕɔɑɢɍəɋɒ ɔɘɓɔɞɋɓɎɋ: 

 

ɣɐɗ

ɗɖȢɣɐɗ

ɓɆɘ

ɗɖȢɓɆɘ
.                       (2) 

Ὤɣɐɗ
Ͻ ɀ

. 

 

ȵɔ ɔɘɓɔɞɋɓɎɤ (2) ɕɔɑəɝɆɋɒ 

 hʩʨ.ʵʢʩ = 47ï80 ɒɒ ï ɉɑəɇɎɓɆ ɍɆɑɔɌɋɓɎɥ 

ɘɖəɇɔɕɖɔɈɔɊɆ Ɋɑɥ ɊɎɆɒɋɘɖɆ 40 ɒɒ. 

ȵɔɑəɝɋɓɓɡɋ ɣɐɗɕɋɖɎɒɋɓɘɆɑɢɓɡɋ ɍɓɆ-

ɝɋɓɎɥ ɕɋɖɋɈɔɊɎɒ Ɋɑɥ ɘɖəɇɔɕɖɔɈɔɊɆ ɊɎɆɒɋɘ-

ɖɔɒ 1020 ɒɒ Ɏ ɘɔɑɟɎɓɔɏ ɗɘɋɓɐɎ 13 ɒɒ ɗ əɝɋ-

ɘɔɒ ɐɔɣɚɚɎɜɎɋɓɘɆ ɒɆɗɞɘɆɇɎɖɔɈɆɓɎɥ. 

ȩɖɆɚɎɐɎ, ɕɔɑəɝɋɓɓɡɋ ɕɖɎ ɔɇɖɆɇɔɘɐɋ 

ɖɋɍəɑɢɘɆɘɔɈ, ɕɖɋɊɗɘɆɈɑɋɓɡ ɓɆ ɖɎɗəɓɐɋ 7. 

Ȯɍ ɖɎɗəɓɐɆ 7 ɈɎɊɓɔ, ɝɘɔ ɒɋɌɊə ɘɋɔɖɋ-

ɘɎɝɋɗɐɎɒɎ Ɏ ɣɐɗɕɋɖɎɒɋɓɘɆɑɢɓɡɒɎ ɉɖɆɚɎɐɆɒɎ 

Ɏɒɋɋɘɗɥ ɖɆɍɑɎɝɎɋ Ɉ ɍɓɆɝɋɓɎɥɛ, ɣɘɔ ɗɈɥɍɆɓɔ ɗ 

ɖɆɍɓɡɒɎ ɈɎɊɆɒɎ ɗɛɋɒ ɕɖɎɑɔɌɋɓɓɡɛ ɓɆɉɖəɍɔɐ 

Ɉ ɎɊɋɆɑɎɍɎɖɔɈɆɓɓɔɏ ɒɔɊɋɑɎ ɣɐɗɕɋɖɎɒɋɓɘɆ.  

ȳɆ ɉɖɆɚɎɐɋ 8, b Ɉɔɍɢɒɋɒ ɐɖɆɏɓɤɤ ɘɔɝ-

ɐə ɣɐɗɕɋɖɎɒɋɓɘɆ: 

 
ȟ ȟ

ȟ
Ͻρππ Ϸ τρ Ϸ ï ɖɆɍɓɎɜɆ ɊɈəɛ 

ɖɆɗɗɒɆɘɖɎɈɆɋɒɡɛ ɗɛɋɒ.  

 

Ȩ ɖɆɗɝɋɘɆɛ ɓɋɔɇɛɔɊɎɒɔ əɝɎɘɡɈɆɘɢ əɕɖə-

ɉɔɋ ɔɗɓɔɈɆɓɎɋ. 

ȳɆ ɖɎɗəɓɐɋ 8 ɕɖɋɊɗɘɆɈɑɋɓɡ Ɉɗɋ ɣɐɗɕɋ-

ɖɎɒɋɓɘɆɑɢɓɡɋ ɘɔɝɐɎ Ɏɍ ɉɖɆɚɎɐɔɈ ɖɎɗəɓɐɆ 7 Ɉ 

ɔɊɓɔɏ ɗɎɗɘɋɒɋ ɐɔɔɖɊɎɓɆɘ. 

ȰɔɣɚɚɎɜɎɋɓɘ ʂ (ɖɎɗəɓɔɐ 9) ɕɔɑəɝɋɓ 

ɐɆɐ ɐɔɘɆɓɉɋɓɗ ɒɋɌɊə ɕɖɥɒɔɏ ɉɖɆɚɎɐɆ ɍɆɈɎ-

ɗɎɒɔɗɘɎ (ɖɎɗəɓɔɐ 8) Ɏ ɔɗɢɤ X.  

ȵɔɑəɝɋɓɎɋ ɕɖɥɒɔɏ Ɋɑɥ ɔɊɓɔɉɔ Ɏɍ ɉɖɆ-

ɚɎɐɔɈ ɕɖɋɊɗɘɆɈɑɋɓɔ ɓɆ ɖɎɗəɓɐɋ 9.  

ȳɆ ɖɎɗəɓɐɋ 10 ɕɖɋɊɗɘɆɈɑɋɓɡ ɔɇɖɆɇɔ-

ɘɆɓɓɡɋ ɍɓɆɝɋɓɎɥ ɣɐɗɕɋɖɎɒɋɓɘɆ. ȴɘɓɔɗɎɘɋɑɢ-

ɓɆɥ ɕɔɉɖɋɞɓɔɗɘɢ ɣɐɗɕɋɖɎɒɋɓɘɆ ɗ əɝɋɘɔɒ ɘɋɔ-

ɖɋɘɎɝɋɗɐɎɛ ɔɞɎɇɔɐ ɗɔɗɘɆɈɑɥɋɘ ɓɋ ɇɔɑɋɋ 

10 %. 

ȺɎɍɎɝɋɗɐɎɏ ɗɒɡɗɑ ɐɔɣɚɚɎɜɎɋɓɘɆ Ɍɋ-

ɗɘɐɔɗɘɎ ʂ ï ɐɔɣɚɚɎɜɎɋɓɘ ɕɔɐɆɍɡɈɆɋɘ, ɓɆ-

ɗɐɔɑɢɐɔ ɊɋɚɔɖɒɎɖəɋɘɗɥ ɐɔɓɋɝɓɔɋ ɗɋɝɋɓɎɋ 

ɘɖəɇɔɕɖɔɈɔɊɆ ɕɖɎ ɕɖɎɑɔɌɋɓɎɎ ɐ ɓɋɒə ɕɔɕɋ-

ɖɋɝɓɔɏ ɓɆɉɖəɍɐɎ.  

Ƚɋɒ ɇɔɑɢɞɋ ɊɑɎɓɆ ɗɈɔɇɔɊɓɔɉɔ əɝɆɗɘɐɆ, 

ɘɋɒ ɇɔɑɢɞɋ ɊɋɚɔɖɒɆɜɎɎ ɕɖɎ ɔɊɎɓɆɐɔɈɡɛ 

əɗɎɑɎɥɛ (ɕɖɥɒɆɥ ɍɆɈɎɗɎɒɔɗɘɢ). ȲɋɌɊə ɐɔɣɚ-

ɚɎɜɎɋɓɘɔɒ Ɏ ɊɑɎɓɔɏ əɝɆɗɘɐɆ ɔɇɖɆɘɓɆɥ ɍɆɈɎ-

ɗɎɒɔɗɘɢ.  

ȰɔɓɗɔɑɢɓɆɥ ɇɆɑɐɆ: 

ὑ
Ў

ϽϽ
ȟ ɘɆɐ ɐɆɐ Ў 

Ͻ

ϽϽ
, 

 

əɕɖəɉɔɋ ɔɗɓɔɈɆɓɎɋ: ὑ
Ў
ÃÏÔ‌,  

 

ɉɊɋ ὑ ï ɐɔɣɚɚɎɜɎɋɓɘ ɌɋɗɘɐɔɗɘɎ ɗɋɐɜɎɎ ɓɆ Ɏɍ-

ɉɎɇ; 

 & ïɓɆɉɖəɍɐɆ, ȳ; 

 Ў ï ɊɋɚɔɖɒɆɜɎɎ, ɒɒ; 

 Ὁ ï ɒɔɊəɑɢ ɄɓɉɆ, ɖɆɈɓɔ 6,55ǈ10
10

 ȵɆ; 

 Ὅ = ɒɔɒɋɓɘ ɎɓɋɖɜɎɎ, ɖɆɈɋɓ 1, 04ǈ10
-8

 ɒ
4
; 

 ‌ ï əɉɔɑ ɒɋɌɊə ɑɋɉɋɓɊɔɏ ɉɖɆɚɎɐɆ Ɏ 

ɔɗɢɤ X. 



˽͔ͪͦ͋ͣ͡· ͫ͋ͦͪ͊Σ ͎͍͙ͨͦ͒ͦͭͦ͟ ͙ ͭͪ͊ͤͫͨͦͪͭ͊ ͔ͤͺ͙ͭ ͙ ͔ͤͺ͔͍ͭͨͪͦ͒ͯͭͦ͟ 
Problems of Gathering, Treatment and Transportation of Oil and Oil Products 

 
 
 

2 (148) Å 2024 116 

 
a)                                                                              b) 

 

 
c)                                                                           d) 

 
e) 

 

ȶɎɗəɓɔɐ 7. ȩɖɆɚɎɐ ɍɆɈɎɗɎɒɔɗɘɎ ɕɋɖɋɒɋɟɋɓɎɏ ɔɘ ɕɖɎɐɑɆɊɡɈɆɋɒɔɏ ɓɆɉɖəɍɐɎ ɕɖɎ ɊɑɎɓɋ  

ɗɈɔɇɔɊɓɔɉɔ ɐɔɓɜɆ ɘɖəɇɔɕɖɔɈɔɊɆ:  0,5 ɒ (a); 0,75 ɒ (b); 1 ɒ (c); 1,25 ɒ (d); 1,5 ɒ (e) 

 

Figure 7. Graph of displacement versus applied load for the length of the free end of the pipeline:  

0.5 m (a); 0.75 m (b); 1 m (c); 1.25 m (d); 1.5 m (e) 

 

 

 

 

 

ȶɎɗəɓɔɐ 8. ȴɇɟɎɏ ɈɎɊ  

ɣɐɗɕɋɖɎɒɋɓɘɆɑɢɓɔ ɕɔɑəɝɋɓɓɡɛ  

ɍɆɈɎɗɎɒɔɗɘɋɏ 

 

Figure 8. General view of experimentally 

obtained dependencies 
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ȶɎɗəɓɔɐ 9. ȭɆɈɎɗɎɒɔɗɘɢ ɐɔɣɚɚɎɜɎɋɓɘɆ ɌɋɗɘɐɔɗɘɎ ʂ ɔɘ ɊɑɎɓɡ ɗɈɔɇɔɊɓɔɉɔ ɐɔɓɜɆ ɘɖəɇɔɕɖɔɈɔɊɆ 

 

Figure 9. Dependence of the stiffness coefficient ʂ on the length of the free end of the pipeline 

 

 

 

ȶɎɗəɓɔɐ 10. ȪɎɆɕɆɍɔɓ ɕɔɑəɝɋɓɓɡɛ ɘɔɝɋɐ ɕɖɎ ɊɑɎɓɋ ɗɈɔɇɔɊɓɔɉɔ ɐɔɓɜɆ ɘɖəɇɔɕɖɔɈɔɊɆ 50 ɒɒ 

 

Figure 10. Range of points obtained with a free end length of the pipeline of 50 mm 

 

 
 

ȨɡɈɔɊɡ: 

- ɒɆɐɗɎɒɆɑɢɓɡɋ ɊɋɚɔɖɒɆɜɎɎ ɐɔɓɜɆ 

ɘɖəɇɔɕɖɔɈɔɊɆ Ɉ ɐɔɒɕɢɤɘɋɖɓɔɏ ɒɔɊɋɑɎ ɓɆɘəɖ-

ɓɔɉɔ ɘɖəɇɔɕɖɔɈɔɊɆ ɕɖɎ ɕɖɎɑɔɌɋɓɓɔɏ ɓɆɉɖəɍɐɋ 

Ɉ 10 ɐȳ ɗɔɗɘɆɈɑɥɤɘ 62,9 ɒɒ; ɒɆɐɗɎɒɆɑɢɓɔɋ 

ɓɆɕɖɥɌɋɓɎɋ ɖɆɈɓɔ 87,2 ȲȵɆ (ɖɎɗəɓɐɎ 5, 6); 

- ɔɕɖɋɊɋɑɋɓɡ ɚɆɐɘɔɖɡ: ɓɆɉɖəɍɐɆ  

F = 0ï50 ȳ, ɊɑɎɓɆ ɗɈɔɇɔɊɓɔɉɔ ɐɔɓɜɆ ɘɖəɇɔ-

ɕɖɔɈɔɊɆ l = 0,5ï1,5 ɒ, ɉɑəɇɎɓɆ ɍɆɑɔɌɋɓɎɥ ɘɖə-

ɇɔɕɖɔɈɔɊɆ h  = 50ï80 ɒɒ) Ɏ ɔɘɐɑɎɐ ɣɐɗɕɋɖɎ-

ɒɋɓɘɆ ï ɊɋɚɔɖɒɆɜɎɎ u; 

- Ɉ ɛɔɊɋ ɔɇɖɆɇɔɘɐɎ ɣɐɗɕɋɖɎɒɋɓɘɆɑɢɓɡɛ 

ɍɓɆɝɋɓɎɏ ɊɋɚɔɖɒɆɜɎɏ ɈɡɥɈɑɋɓɔ, ɝɘɔ ɉɑəɇɎɓɆ 

ɍɆɑɔɌɋɓɎɥ ɘɖəɇɔɕɖɔɈɔɊɆ ɓɋ ɈɑɎɥɋɘ ɓɆ ɖɋ-

ɍəɑɢɘɆɘɡ ɎɍɒɋɖɋɓɎɥ ɕɋɖɋɒɋɟɋɓɎɥ ɕɖɔɋɐɘɓɔɏ 

ɔɗɎ ɘɖəɇɔɕɖɔɈɔɊɆ ɔɘ ɕɖɎɑɔɌɋɓɓɡɛ ɕɔɕɋɖɋɝ-
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ɓɡɛ ɗɎɑ, ɗɑɋɊɔɈɆɘɋɑɢɓɔ, ɇɡɑɔ ɖɋɞɋɓɔ ɕɖɔɈɔ-

ɊɎɘɢ ɎɍɒɋɖɋɓɎɥ ɕɖɎ ɕɔɗɘɔɥɓɓɔɏ ɉɑəɇɎɓɋ ɍɆ-

ɑɔɌɋɓɎɥ, ɖɆɈɓɔɏ 0,08 ɒ;  

- ɕɔ ɖɋɍəɑɢɘɆɘɆɒ ɣɐɗɕɋɖɎɒɋɓɘɆ ɕɔ-

ɗɘɖɔɋɓɡ ɉɖɆɚɎɐɎ ɘɋɔɖɋɘɎɝɋɗɐɎɛ Ɏ ɣɐɗɕɋɖɎ-

ɒɋɓɘɆɑɢɓɡɛ ɍɆɈɎɗɎɒɔɗɘɋɏ ɕɋɖɋɒɋɟɋɓɎɥ ɔɗɎ 

ɘɖəɇɔɕɖɔɈɔɊɆ ɔɘ ɕɖɔɊɔɑɢɓɔɏ ɓɆɉɖəɍɐɎ: ɖɆɍ-

ɓɎɜɆ ɊɈəɛ ɗɛɋɒ ɍɆɐɖɋɕɑɋɓɎɥ ɘɖəɇɔɕɖɔɈɔɊɆ 

ɗɔɗɘɆɈɑɥɋɘ 41 %, Ɉ ɖɆɗɝɋɘɆɛ ɓɋɔɇɛɔɊɎɒɔ əɝɎ-

ɘɡɈɆɘɢ ɝɆɗɘɢ ɘɖəɇɔɕɖɔɈɔɊɆ, ɓɆɛɔɊɥɟɋɉɔɗɥ Ɉ 

ɉɖəɓɘɋ (ɖɎɗəɓɔɐ 7); 

- ɔɘɓɔɗɎɘɋɑɢɓɆɥ ɕɔɉɖɋɞɓɔɗɘɢ ɖɋɍəɑɢɘɆ-

ɘɔɈ ɣɐɗɕɋɖɎɒɋɓɘɆ ɗ əɝɋɘɔɒ ɘɋɔɖɋɘɎɝɋɗɐɎɛ 

ɔɞɎɇɔɐ ɗɔɗɘɆɈɑɥɋɘ ɓɋ ɇɔɑɋɋ 10 % (ɖɎɗə-

ɓɔɐ 10). 

 
 
 
 
ȷɕɎɗɔɐ ɎɗɘɔɝɓɎɐɔɈ 
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ɚɆɍɔɈɔɉɔ ɖɆɈɓɔɈɋɗɎɥ. ȪɎɓɆɒɎɝɋɗɐɎɋ ɕɖɔ-
ɜɋɗɗɡ, ɈɔɍɓɎɐɆɤɟɎɋ ɕɖɎ ɊɈɎɌɋɓɎɎ ɚɆɍ Ɉ 
ɈɎɛɖɋɈɔɏ ɐɆɒɋɖɋ, ɗɕɔɗɔɇɗɘɈəɤɘ ɖɆɍɊɋɑɋɓɎɤ 
ɌɎɊɐɔɏ Ɏ ɉɆɍɔɔɇɖɆɍɓɔɏ ɚɆɍ əɉɑɋɈɔɊɔɖɔɊɓɡɛ 
ɗɒɋɗɋɏ. ȸɆɐ, ɕɋɖɋɛɔɊ ɚɑɤɎɊɆ Ɉ ɒɋɘɆɗɘɆ-
ɇɎɑɢɓɔɋ ɗɔɗɘɔɥɓɎɋ Ɉ ɈɎɛɖɋɈɔɏ ɐɆɒɋɖɋ ɇəɊɋɘ 
ɔɗəɟɋɗɘɈɑɥɘɢɗɥ ɍɆ ɒɋɓɢɞɋɋ Ɉɖɋɒɥ, ɝɋɒ ɕɖɎ 
ɘɖɆɊɎɜɎɔɓɓɡɛ ɒɋɘɔɊɆɛ. 

 ȳɆ ɔɗɓɔɈɋ ɖɆɍɖɆɇɔɘɆɓɓɔɏ ɒɔɊɋɑɎ ɈɎɛ-
ɖɋɈɔɏ ɐɆɒɋɖɡ Ɉ ANSYS FLUENT ɕɖɔɈɋɊɋɓɆ 
ɗɋɖɎɥ ɝɎɗɑɋɓɓɡɛ ɣɐɗɕɋɖɎɒɋɓɘɔɈ. ȴɕɖɋɊɋɑɋ-
ɓɔ ɈɑɎɥɓɎɋ ɖɆɍɑɎɝɓɡɛ ɕɆɖɆɒɋɘɖɔɈ ɓɆ ɈɋɑɎ-
ɝɎɓə ɈɡɓɔɗɆ ɌɎɊɐɔɏ Ɏ ɉɆɍɔɔɇɖɆɍɓɔɏ ɚɆɍ əɉ-
ɑɋɈɔɊɔɖɔɊɓɡɛ ɗɒɋɗɋɏ. ȳɆɎɇɔɑɢɞɋɋ ɍɓɆɝɋ-
ɓɎɋ ɓɆ ɊɎɓɆɒɎɐə ɈɡɓɔɗɆ ɌɎɊɐɔɗɘɎ Ɉɒɋɗɘɋ ɗ 
ɉɆɍɔɒ ɔɐɆɍɡɈɆɤɘ ɕɔɐɆɍɆɘɋɑɎ ɗɈɔɏɗɘɈ ɌɎɊ-
ɐɔɏ ɚɆɍɡ, Ɉ ɘɔ Ɉɖɋɒɥ ɐɆɐ ɛɆɖɆɐɘɋɖɎɗɘɎɐɆɒɎ 
ɉɆɍɔɈɔɏ ɚɆɍɡ ɒɔɌɓɔ ɕɖɋɓɋɇɖɋɝɢ ɈɈɎɊə Ɏɛ 
ɗɘɆɘɎɗɘɎɝɋɗɐɔɏ ɓɋɍɓɆɝɎɒɔɗɘɎ.  
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ȵɖɎ ɎɗɗɑɋɊɔɈɆɓɎɎ ɐɔɓɗɘɖəɐɜɎɎ ɈɎɛɖɋ-
Ɉɔɏ ɐɆɒɋɖɡ ɓɆɎɒɋɓɢɞɎɏ Ɉɡɓɔɗ ɓɆɇɑɤɊɆɋɘɗɥ 
ɕɖɎ əɗɘɆɓɔɈɐɋ ɈɛɔɊɓɔɉɔ ɕɆɘɖəɇɐɆ ɊɆɑɢɞɋ ɔɘ 
ɈɋɖɛɆ ɐɆɒɋɖɡ (ɇɔɑɋɋ ɍɆɉɑəɇɑɋɓɆ Ɉ ɕɔɘɔɐ). 
ȴɘɓɔɞɋɓɎɋ H/D ɔɐɆɍɡɈɆɋɘ ɒɋɓɢɞɋɋ ɈɑɎɥ-
ɓɎɋ, ɔɊɓɆɐɔ Ɉɡɓɔɗ ɒɔɓɔɘɔɓɓɔ ɗɓɎɌɆɋɘɗɥ ɕɖɎ 
əɈɋɑɎɝɋɓɎɎ ɕɆɖɆɒɋɘɖɆ H/D. ȨɑɎɥɓɎɥ ɗɐɔɖɔ-
ɗɘɎ ɕɔɘɔɐɆ Ɏ ɗɔɔɘɓɔɞɋɓɎɥ ɚɆɍ, ɔɇɖɆɍɔɈɡ-
ɈɆɤɟɎɛɗɥ Ɉ ɕɆɘɖəɇɐɆɛ, ɓɆ ɈɋɑɎɝɎɓə ɈɡɓɔɗɆ 
ɗɈɎɊɋɘɋɑɢɗɘɈəɤɘ ɔ ɘɔɒ, ɝɘɔ ɕɖɎ əɈɋɑɎɝɋɓɎɎ 
ɉɆɍɔɈɔɏ ɚɆɍɡ Ɉɔ ɈɛɔɊɥɟɋɒ ɕɔɘɔɐɋ Ɉɡɓɔɗ 
ɌɎɊɐɔɗɘɎ əɈɋɑɎɝɎɈɆɋɘɗɥ. ȷɐɔɖɔɗɘɢ Ɉɔ ɈɛɔɊ-
ɓɔɒ ɕɆɘɖəɇɐɋ ɔɐɆɍɡɈɆɋɘ ɒɋɓɢɞɋɋ ɈɑɎɥɓɎɋ. 

 ȨɡɕɔɑɓɋɓɆ ɗɘɆɘɎɗɘɎɝɋɗɐɆɥ ɔɇɖɆɇɔɘɐɆ 
Ɏ ɖɋɉɖɋɗɗɎɔɓɓɡɏ ɆɓɆɑɎɍ ɖɋɍəɑɢɘɆɘɔɈ ɝɎɗ-
ɑɋɓɓɔɉɔ ɒɔɊɋɑɎɖɔɈɆɓɎɥ. ȵɔɑəɝɋɓɡ ɣɒɕɎɖɎ-
ɝɋɗɐɎɋ əɖɆɈɓɋɓɎɥ Ɋɑɥ ɖɆɗɝɋɘɆ ɈɋɑɎɝɎɓɡ Ɉɡ-
ɓɔɗɆ ɐɆɕɋɑɢɓɔɏ ɌɎɊɐɔɗɘɎ Ɏɍ ɈɎɛɖɋɈɔɏ ɐɆɒɋ-
ɖɡ. ȶɆɗɗɝɎɘɆɓɆ ɈɋɑɎɝɎɓɆ ɊɎɗɕɋɖɗɎɎ Ɏ ɕɖɔ-
ɈɋɖɋɓɆ ɍɓɆɝɎɒɔɗɘɢ ɐɔɣɚɚɎɜɎɋɓɘɔɈ ɖɋɉɖɋɗ-
ɗɎɎ. ȵɔ ɖɋɍəɑɢɘɆɘɆɒ ɔɜɋɓɐɎ ɔɊɓɔɖɔɊɓɔɗɘɎ, 
ɈɔɗɕɖɔɎɍɈɔɊɎɒɔɗɘɎ, ɆɊɋɐɈɆɘɓɔɗɘɎ ɗɊɋɑɆɓ 
ɈɡɈɔɊ ɔ ɕɖɎɉɔɊɓɔɗɘɎ ɖɆɍɖɆɇɔɘɆɓɓɔɏ ɒɔɊɋɑɎ 
Ɋɑɥ ɖɆɗɝɋɘɔɈ. 
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Abstract. Analysis of the separation pro-
cess in a vortex chamber is based on the as-
sumption of phase equilibrium existence in the 
system. Dynamic processes occurring while 
phases moving in a vortex chamber contribute 
to the separation of the liquid and gaseous 
phases of hydrocarbon mixtures. Thus, the 
transition of the fluid to a metastable state in the 
vortex chamber will occur in less time than us-
ing the  traditional methods. 

Based on the developed model of a vor-
tex chamber in ANSYS FLUENT a series of 
numerical experiments were carried out. The 
influence of various parameters on the amount 
of removal of liquid and gaseous phases of hy-
drocarbon mixtures was determined. Indicators 
of the properties of the liquid phase have the 
greatest impact on the dynamics of the removal 
of liquid with gas, while the characteristics of the 
gas phase can be neglected due to their statis-
tical insignificance. 

When studying the design of a vortex 
chamber, the smallest removal  is observed 
 

 when the inlet pipe is installed further from the 
top of the chamber (more recessed into the 
flow). The H/D ratio has less influence, but the 
offset decreases monotonically as the H/D pa-
rameter increases. The influence of the flow 
rate and the ratio of phases formed in the noz-
zles on the amount of carryover indicates that 
with an increase in the gas phase in the incom-
ing flow, the removal of liquid increases. The 
inlet rate has a less influence. 

Statistical processing and regression 
analysis of the results of numerical modeling 
were carried out. Empirical equations for calcu-
lating the amount of droplet liquid removal from 
the vortex chamber are obtained. The disper-
sion value was calculated and the significance 
of the regression coefficients was checked. 
Based on the results of assessing homogeneity, 
reproducibility, and adequacy, a conclusion was 
made about the suitability of the developed 
model for calculations. 
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ȨɈɋɊɋɓɎɋ 

 

ȲɔɊɋɑɎɖɔɈɆɓɎɋ ɥɈɑɥɋɘɗɥ ɓɋɔɘɠɋɒɑɋ-

ɒɔɏ ɝɆɗɘɢɤ ɗɔɈɖɋɒɋɓɓɡɛ ɓɆəɝɓɡɛ ɎɗɗɑɋɊɔ-

ɈɆɓɎɏ, ɗ ɋɉɔ ɕɔɒɔɟɢɤ ɈɔɍɒɔɌɓɔ ɕɔɑəɝɆɘɢ 

ɊɔɗɘɔɈɋɖɓɡɋ ɍɓɆɓɎɥ ɔ ɓɋɎɍəɝɋɓɓɡɛ ɔɇɠɋɐɘɆɛ, 

Ɉɡɕɔɑɓɥɘɢ ɆɓɆɑɎɍ ɔɗɔɇɋɓɓɔɗɘɋɏ ɖɆɍɈɎɘɎɥ Ɏ 

ɈɔɍɒɔɌɓɡɛ ɎɍɒɋɓɋɓɎɏ ɎɗɗɑɋɊəɋɒɡɛ ɕɖɔɜɋɗ-

ɗɔɈ Ɏ ɥɈɑɋɓɎɏ.  

ȨɎɛɖɋɈɡɋ ɐɆɒɋɖɡ (ȨȰ) [1ï8] ɕɔɍɈɔɑɥɤɘ 

ɕɔɈɡɗɎɘɢ ɣɚɚɋɐɘɎɈɓɔɗɘɢ ɖɆɍɊɋɑɋɓɎɥ ɒɓɔɉɔ-

ɚɆɍɓɡɛ ɗɖɋɊ ɕɖɎ ɕɔɊɉɔɘɔɈɐɋ ɓɋɚɘɎ Ɏ ɉɆɍɆ ɍɆ 

ɗɝɋɘ ɎɓɘɋɓɗɎɚɎɐɆɜɎɎ ɕɖɔɜɋɗɗɔɈ ɉɆɍɔɈɡɊɋɑɋ-

ɓɎɥ. ɃɚɚɋɐɘɎɈɓɆɥ ɐɔɓɗɘɖəɐɜɎɥ ȨȰ Ɋɑɥ ɐɔɓ-

ɐɖɋɘɓɡɛ əɗɑɔɈɎɏ ɕɔɑəɝɋɓɆ Ɉ ȸɤɒɋɓɗɐɔɒ Ɏɓ-

ɊəɗɘɖɎɆɑɢɓɔɒ əɓɎɈɋɖɗɎɘɋɘɋ Ɉ ɖɋɍəɑɢɘɆɘɋ 

ɕɖɔɈɋɊɋɓɎɥ ɝɎɗɑɋɓɓɡɛ ɣɐɗɕɋɖɎɒɋɓɘɔɈ ɗ Ɏɗ-

ɕɔɑɢɍɔɈɆɓɎɋɒ ANSYS FLUENT. ȳɆ ɔɗɓɔɈɋ 

http://dx.doi.org/10.17122/ngdelo
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ɖɆɍɖɆɇɔɘɆɓɓɔɏ ɒɔɊɋɑɎ ɈɎɛɖɋɈɔɏ ɐɆɒɋɖɡ Ɉ 

ANSYS FLUENT ɕɖɔɈɋɊɋɓɆ ɗɋɖɎɥ ɝɎɗɑɋɓɓɡɛ 

ɣɐɗɕɋɖɎɒɋɓɘɔɈ [9]. ȴɕɖɋɊɋɑɋɓɔ ɈɑɎɥɓɎɋ ɖɆɍ-

ɑɎɝɓɡɛ ɕɆɖɆɒɋɘɖɔɈ ɓɆ ɈɋɑɎɝɎɓə ɈɡɓɔɗɆ ɌɎɊ-

ɐɔɏ Ɏ ɉɆɍɔɔɇɖɆɍɓɔɏ ɚɆɍ əɉɑɋɈɔɊɔɖɔɊɓɡɛ ɗɒɋ-

ɗɋɏ. ȳɆɎɇɔɑɢɞɋɋ ɍɓɆɝɋɓɎɋ ɓɆ ɊɎɓɆɒɎɐə Ɉɡ-

ɓɔɗɆ ɌɎɊɐɔɗɘɎ Ɉɒɋɗɘɋ ɗ ɉɆɍɔɒ ɔɐɆɍɡɈɆɤɘ ɕɔ-

ɐɆɍɆɘɋɑɎ ɗɈɔɏɗɘɈ ɌɎɊɐɔɏ ɚɆɍɡ, Ɉ ɘɔ Ɉɖɋɒɥ 

ɐɆɐ ɛɆɖɆɐɘɋɖɎɗɘɎɐɆɒɎ ɉɆɍɔɈɔɏ ɚɆɍɡ ɒɔɌɓɔ 

ɕɖɋɓɋɇɖɋɝɢ ɈɈɎɊə Ɏɛ ɗɘɆɘɎɗɘɎɝɋɗɐɔɏ ɓɋɍɓɆ-

ɝɎɒɔɗɘɎ.  

 

ȴɇɠɋɐɘ Ɏ ɒɋɘɔɊ ɎɗɗɑɋɊɔɈɆɓɎɥ 

 

ȴɇɠɋɐɘɔɒ ɎɗɗɑɋɊɔɈɆɓɎɥ ɥɈɑɥɋɘɗɥ ɈɎɛ-

ɖɋɈɆɥ ɐɆɒɋɖɆ. Ȩ ɖɆɇɔɘɋ [10] ɕɖɋɊɗɘɆɈɑɋɓɆ 

ɖɆɍɖɆɇɔɘɐɆ ɒɔɊɋɑɎ ɈɎɛɖɋɈɔɏ ɐɆɒɋɖɡ Ɉ 

ANSYS FLUENT. ȲɆɘɋɒɆɘɎɝɋɗɐɆɥ ɒɔɊɋɑɢ 

ɕɖɋɊɗɘɆɈɑɋɓɆ ɗɎɗɘɋɒɔɏ ɊɎɚɚɋɖɋɓɜɎɆɑɢɓɡɛ 

əɖɆɈɓɋɓɎɏ: 

¶ ɒɋɘɔɊɆ ɔɇɠɋɒɆ ɌɎɊɐɔɗɘɎ (VOF) Ɋɑɥ 

ɔɕɎɗɆɓɎɥ ɉɖɆɓɎɜɡ ɖɆɍɊɋɑɋɓɎɥ ɚɆɍ Ɉ ɒɓɔɉɔ-

ɚɆɍɓɔɒ ɕɔɘɔɐɋ; 

¶ ɒɔɊɋɑɢ ɘəɖɇəɑɋɓɘɓɔɗɘɎ ï ɗɘɆɓɊɆɖɘɓɆɥ 

kïŮ Ɏ əɖɆɈɓɋɓɎɋ ɓɋɖɆɍɖɡɈɓɔɗɘɎ Ɋɑɥ ɔɕɎɗɆɓɎɥ 

ɕɆɖɆɒɋɘɖɔɈ ɊɈɎɌɋɓɎɥ ɒɓɔɉɔɚɆɍɓɔɏ ɌɎɊɐɔ-

ɗɘɎ. 

ȷɋɘɔɝɓɆɥ ɒɔɊɋɑɢ ɕɔɗɘɖɔɋɓɆ ɗ ɕɔɒɔɟɢɤ 

ɣɑɋɒɋɓɘɔɈ tetrahedrons ɗ ɒɆɐɗɎɒɆɑɢɓɡɒ ɖɆɍ-

ɒɋɖɔɒ 10 ɒɒ.  

ȴɜɋɓɐɆ ɊɔɗɘɔɈɋɖɓɔɗɘɎ ɕɔɑəɝɋɓɓɡɛ ɖɋ-

ɍəɑɢɘɆɘɔɈ ɒɔɊɋɑɎɖɔɈɆɓɎɥ Ɉ ANSYS FLUENT 

ɈɡɕɔɑɓɋɓɆ ɒɋɘɔɊɔɒ ɗɖɆɈɓɋɓɎɥ ɍɓɆɝɋɓɎɏ Ɉɡ-

ɓɔɗɆ ɌɎɊɐɔɏ ɚɆɍɡ ɗ ɕɔɘɔɐɔɒ ɉɆɍɔɔɇɖɆɍɓɔɏ 

ɚɆɍɡ ɗ ɖɋɍəɑɢɘɆɘɆɒɎ ɓɆɘəɖɓɡɛ ɣɐɗɕɋɖɎɒɋɓ-

ɘɔɈ. ȴɘɐɑɔɓɋɓɎɥ ɗɔɗɘɆɈɎɑɎ ɓɋ ɇɔɑɋɋ 8 %. 

Ȫɑɥ ɔɕɖɋɊɋɑɋɓɎɥ ɈɑɎɥɓɎɥ ɍɓɆɝɎɒɡɛ 

ɕɆɖɆɒɋɘɖɔɈ ɓɆ Ɉɡɓɔɗ ɐɆɕɋɑɢɓɔɏ ɌɎɊɐɔɗɘɎ 

ɕɖɔɈɋɊɋɓ ɐɔɒɕɑɋɐɗ ɝɎɗɑɋɓɓɡɛ ɣɐɗɕɋɖɎɒɋɓ-

ɘɔɈ ɗ ɎɗɕɔɑɢɍɔɈɆɓɎɋɒ ɖɆɍɖɆɇɔɘɆɓɓɔɏ ɒɔɊɋɑɎ. 

 

ȶɋɍəɑɢɘɆɘɡ ɝɎɗɑɋɓɓɡɛ ɣɐɗɕɋɖɎɒɋɓɘɔɈ 

 

Ȩ ɕɋɖɈɔɏ ɗɋɖɎɎ ɣɐɗɕɋɖɎɒɋɓɘɔɈ Ɉɡɕɔɑ-

ɓɋɓɆ ɔɜɋɓɐɆ ɈɑɎɥɓɎɥ ɕɑɔɘɓɔɗɘɋɏ Ɏ Ɉɥɍɐɔɗɘɋɏ 

ɉɆɍɔɈɔɏ Ɏ ɌɎɊɐɔɏ ɚɆɍ ɓɆ ɈɋɑɎɝɎɓə ɈɡɓɔɗɆ 

(ɖɎɗəɓɐɎ 1 Ɏ 2). 

Ȯɍ ɆɓɆɑɎɍɆ ɖɋɍəɑɢɘɆɘɔɈ ɕɖɔɈɋɊɋɓɓɡɛ 

ɎɗɗɑɋɊɔɈɆɓɎɏ ɗɑɋɊəɋɘ, ɝɘɔ ɓɆɎɇɔɑɢɞɋɋ ɍɓɆ-

ɝɋɓɎɋ ɓɆ ɊɎɓɆɒɎɐə ɈɡɓɔɗɆ ɌɎɊɐɔɗɘɎ ɔɐɆɍɡ-

ɈɆɤɘ ɕɔɐɆɍɆɘɋɑɎ ɗɈɔɏɗɘɈ ɌɎɊɐɔɏ ɚɆɍɡ, Ɉ ɘɔ 

Ɉɖɋɒɥ ɐɆɐ ɛɆɖɆɐɘɋɖɎɗɘɎɐɆɒɎ ɉɆɍɔɈɔɏ ɚɆɍɡ 

ɒɔɌɓɔ ɕɖɋɓɋɇɖɋɝɢ ɈɈɎɊə Ɏɛ ɗɘɆɘɎɗɘɎɝɋɗɐɔɏ 

ɓɋɍɓɆɝɎɒɔɗɘɎ. 

Ȩ ɣɐɗɕɋɖɎɒɋɓɘɆɛ ɔɜɋɓɎɈɆɑɔɗɢ ɈɑɎɥɓɎɋ 

ɉɋɔɒɋɘɖɎɝɋɗɐɎɛ ɕɆɖɆɒɋɘɖɔɈ ɈɎɛɖɋɈɔɏ ɐɆɒɋ-

ɖɡ ɕɖɎ ɖɆɍɑɎɝɓɡɛ ɍɓɆɝɋɓɎɥɛ ɕɔɐɆɍɆɘɋɑɋɏ 

ɗɈɔɏɗɘɈ ɉɆɍɔɈɔɏ Ɏ ɌɎɊɐɔɏ ɚɆɍ (ɖɎɗəɓɔɐ 3). 

 

 

 
ȶɎɗəɓɔɐ 1. ȨɑɎɥɓɎɋ ɕɑɔɘɓɔɗɘɋɏ ɚɆɍ ɓɆ ɈɋɑɎɝɎɓə ɈɡɓɔɗɆ ɌɎɊɐɔɗɘɎ 

 

Figure 1. The effect of phase densities on the amount of liquid removal 
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ȶɎɗəɓɔɐ 2. ȨɑɎɥɓɎɋ Ɉɥɍɐɔɗɘɋɏ ɚɆɍ ɓɆ ɈɋɑɎɝɎɓə ɈɡɓɔɗɆ ɌɎɊɐɔɗɘɎ 

 

Figure 2. The effect of phase viscosities on the amount of liquid removal 

 

 

 

 

 

 
 

ȶɎɗəɓɔɐ 3. ȨɑɎɥɓɎɋ ɉɋɔɒɋɘɖɎɝɋɗɐɎɛ ɕɆɖɆɒɋɘɖɔɈ ɈɎɛɖɋɈɔɏ ɐɆɒɋɖɡ ɓɆ ɈɋɑɎɝɎɓə  

ɈɡɓɔɗɆ ɌɎɊɐɔɗɘɎ 

 

Figure 3. The influence of vortex chamber geometric parameters  on liquid removal amount 
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ȶɋɍəɑɢɘɆɘɡ ɔɜɋɓɐɎ ɕɔɐɆɍɆɑɎ, ɝɘɔ ɓɆɎ-

ɒɋɓɢɞɎɏ Ɉɡɓɔɗ ɓɆɇɑɤɊɆɋɘɗɥ ɕɖɎ əɗɘɆɓɔɈɐɋ 

ɈɛɔɊɓɔɉɔ ɕɆɘɖəɇɐɆ ɊɆɑɢɞɋ ɔɘ ɈɋɖɛɆ ɐɆɒɋɖɡ 

(ɇɔɑɋɋ ɍɆɉɑəɇɑɋɓɆ Ɉ ɕɔɘɔɐ). ȴɘɓɔɞɋɓɎɋ H/D 

ɔɐɆɍɡɈɆɋɘ ɒɋɓɢɞɋɋ ɈɑɎɥɓɎɋ, ɔɊɓɆɐɔ Ɉɡɓɔɗ 

ɒɔɓɔɘɔɓɓɔ ɗɓɎɌɆɋɘɗɥ ɕɖɎ əɈɋɑɎɝɋɓɎɎ ɕɆɖɆ-

ɒɋɘɖɆ H/D. ɃɐɗɕɋɖɎɒɋɓɘɆɑɢɓɡɋ ɎɗɗɑɋɊɔɈɆ-

ɓɎɥ ɈɑɎɥɓɎɥ ɗɐɔɖɔɗɘɎ ɕɔɘɔɐɆ Ɏ ɗɔɔɘɓɔɞɋɓɎɥ 

ɚɆɍ, ɔɇɖɆɍəɤɟɎɛɗɥ Ɉ ɕɆɘɖəɇɐɆɛ, ɓɆ ɈɋɑɎɝɎɓə 

ɈɡɓɔɗɆ ɗɈɎɊɋɘɋɑɢɗɘɈəɤɘ ɔ ɘɔɒ, ɝɘɔ ɕɖɎ əɈɋ-

ɑɎɝɋɓɎɎ ɉɆɍɔɈɔɏ ɚɆɍɡ Ɉɔ ɈɛɔɊɥɟɋɒ ɕɔɘɔɐɋ 

Ɉɡɓɔɗ ɌɎɊɐɔɗɘɎ əɈɋɑɎɝɎɈɆɋɘɗɥ. ȷɐɔɖɔɗɘɢ Ɉɔ 

ɈɛɔɊɓɔɒ ɕɆɘɖəɇɐɋ ɔɐɆɍɡɈɆɋɘ ɒɋɓɢɞɋɋ ɈɑɎɥ-

ɓɎɋ.  

Ȩ ɐɆɝɋɗɘɈɋ ɕɖɎɒɋɖɆ ɝɆɗɘɎɝɓɔ ɖɋɍəɑɢɘɆ-

ɘɡ ɕɖɋɊɗɘɆɈɑɋɓɡ ɓɆ ɖɎɗəɓɐɋ 4. 

 

 

 
 

ȶɎɗəɓɔɐ 4. ȨɑɎɥɓɎɋ ɗɐɔɖɔɗɘɎ ɕɔɘɔɐɆ Ɏ ɗɔɔɘɓɔɞɋɓɎɥ ɚɆɍ Ɉɔ ɈɛɔɊɓɔɒ ɕɔɘɔɐɋ ɓɆ ɈɋɑɎɝɎɓə ɈɡɓɔɗɆ 

ɌɎɊɐɔɗɘɎ 

 

Figure 4. The effect of the flow velocity and the phase ratio in the inlet flow on the amount of liquid  

removal 

 

 

 

ȴɇɖɆɇɔɘɐɆ ɖɋɍəɑɢɘɆɘɔɈ ɝɎɗɑɋɓɓɡɛ  

ɣɐɗɕɋɖɎɒɋɓɘɔɈ 

 

ȵɖɎ ɔɇɖɆɇɔɘɐɋ ɖɋɍəɑɢɘɆɘɔɈ ɝɎɗɑɋɓɓɔɉɔ 

ɣɐɗɕɋɖɎɒɋɓɘɆ ɕɔɑəɝɋɓɆ ɍɆɈɎɗɎɒɔɗɘɢ Ɋɑɥ 

ɔɜɋɓɐɎ ɈɋɑɎɝɎɓ ɌɎɊɐɔɏ Ɏ ɉɆɍɔɔɇɖɆɍɓɔɏ ɚɆɍ 

əɉɑɋɈɔɊɔɖɔɊɓɡɛ ɗɒɋɗɋɏ ɕɖɎ ɎɍɒɋɓɋɓɎɎ ɘɋɛ-

ɓɔɑɔɉɎɝɋɗɐɎɛ ɕɆɖɆɒɋɘɖɔɈ ɖɆɍɖɆɇɆɘɡɈɆɋɒɡɛ 

ɉɆɍɔɐɔɓɊɋɓɗɆɘɓɡɛ ɒɋɗɘɔɖɔɌɊɋɓɎɏ.  

ȵɔɑəɝɋɓɔ ɣɒɕɎɖɎɝɋɗɐɔɋ əɖɆɈɓɋɓɎɋ ɈɎ-

ɊɆ: 

ώ Ὢὼȟὼȟ  ȣȟ ὼ ȟ                   (1) 

 

ɉɊɋ ώ ï ɍɓɆɝɋɓɎɋ ɚəɓɐɜɎɎ; ὼ ï ɍɓɆɝɋɓɎɥ Ɇɖ-

ɉəɒɋɓɘɔɈ (ɚɆɐɘɔɖɔɈ). 

ȨɆɖɢɎɖəɋɒɡɋ ɚɆɐɘɔɖɡ ɕɖɋɊɗɘɆɈɑɥɤɘɗɥ 

Ɉ ɈɎɊɋ ɇɋɍɖɆɍɒɋɖɓɡɛ ɈɋɑɎɝɎɓ: 

 

ὼ
Ͻ

Ȣ                   (2) 

 

Ȩ ɐɆɝɋɗɘɈɋ ɕɖɎɒɋɖɆ Ɉ ɖɆɇɔɘɋ ɔɕɎɗɆɓ 

ɐɔɒɕɑɋɐɗ ɝɎɗɑɋɓɓɡɛ ɣɐɗɕɋɖɎɒɋɓɘɔɈ Ɋɑɥ 

ɔɜɋɓɐɎ ɈɑɎɥɓɎɥ ɖɆɍɑɎɝɓɡɛ ɚɆɐɘɔɖɔɈ ɓɆ ɕɖɔ-

ɜɋɗɗ ɖɆɍɊɋɑɋɓɎɥ ɒɓɔɉɔɚɆɍɓɡɛ ɗɖɋɊ Ɉ ɈɎɛɖɋ-

Ɉɔɏ ɐɆɒɋɖɋ:  
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¶ ɔɘɓɔɞɋɓɎɋ ɊɑɎɓɡ ɐ ɊɎɆɒɋɘɖə ɕɆɘɖəɇ-

ɐɆ; 

¶ ɈɡɗɔɘɆ ɈɈɔɊɆ ɕɔɘɔɐɆ; 

¶ ɗɐɔɖɔɗɘɢ ɕɔɘɔɐɆ; 

¶ ɔɘɓɔɞɋɓɎɋ ɚɆɍ; 

¶ ɕɑɔɘɓɔɗɘɢ ɌɎɊɐɔɏ ɚɆɍɡ. 

ȷɑɋɊəɋɘ ɔɘɒɋɘɎɘɢ, ɝɘɔ Ɋɑɥ ɐɆɌɊɔɏ ɗɋ-

ɖɎɎ ɣɐɗɕɋɖɎɒɋɓɘɔɈ ɔɕɖɋɊɋɑɥɑɆɗɢ ɈɋɑɎɝɎɓɆ 

ɈɡɓɔɗɆ ɌɎɊɐɔɏ ɚɆɍɡ Ɏɍ ɉɆɍɔɈɔɏ ɗ ɖɆɗɝɋɘɔɒ 

ɈɋɑɎɝɎɓɡ ɊɎɗɕɋɖɗɎɎ ɕɔ ɚɔɖɒəɑɋ: 

 

Ὓ
В

Ͻ
,                    (3) 

 

ɉɊɋ Ὧ ï ɝɎɗɑɔ ɓɆɇɑɤɊɋɓɎɏ Ɉ ɔɘɊɋɑɢɓɔɒ ɔɕɡɘɋ;  

 Ù   ï ɖɋɍəɑɢɘɆɘ ɔɘɊɋɑɢɓɔɉɔ ɓɆɇɑɤɊɋɓɎɥ;  

 Ù ï ɗɖɋɊɓɋɋ ɆɖɎɚɒɋɘɎɝɋɗɐɔɋ ɍɓɆɝɋɓɎɋ 

ɖɋɍəɑɢɘɆɘɆ ɔɕɡɘɆ.   

ȵɖɔɈɋɖɐɆ ɔɊɓɔɖɔɊɓɔɗɘɎ ɊɎɗɕɋɖɗɎɎ 

ɕɖɔɈɋɊɋɓɆ ɗ ɕɔɒɔɟɢɤ ɐɖɎɘɋɖɎɥ ȰɔɛɖɋɓɆ ɗɔ-

ɉɑɆɗɓɔ:  

Ὃ
В ů
ȟ                      (4)   

 

ɉɊɋ „  ï ɒɆɐɗɎɒɆɑɢɓɔɋ ɍɓɆɝɋɓɎɋ ɊɎɗɕɋɖ-

ɗɎɎ.  

ȨɔɗɕɖɔɎɍɈɔɊɎɒɔɗɘɢ ɔɜɋɓɋɓɆ ɕɔ: 

 

„
В В

Ͻ
ȟ                 (5) 

 

ɉɊɋ  ὔ ï ɝɎɗɑɔ ɔɕɡɘɔɈ; 

  Ὧ ï ɝɎɗɑɔ ɓɆɇɑɤɊɋɓɎɏ Ɉ ɔɘɊɋɑɢɓɔɒ ɔɕɡɘɋ. 

ȦɊɋɐɈɆɘɓɔɗɘɢ ɒɔɊɋɑɎ ɔɕɖɋɊɋɑɋɓɆ ɕɔ 

ɐɖɎɘɋɖɎɤ ȺɎɞɋɖɆ: 

 

Ὂ
ůɆɊ

ů
ȟ                               (6) 

 

ɉɊɋ ůɆɊ ï ɊɎɗɕɋɖɗɎɥ ɆɊɋɐɈɆɘɓɔɗɘɎ, ɐɔɘɔɖɆɥ 

ɓɆɛɔɊɎɘɗɥ ɕɔ ɚɔɖɒəɑɋ: 

 

ůɆɊ В ȟ                     (7) 

 

ɉɊɋ ώ ï ɈɡɛɔɊɓɡɋ ɕɆɖɆɒɋɘɖɡ, ɖɆɗɗɝɎɘɆɓɓɡɋ 

ɕɔ əɖɆɈɓɋɓɎɤ ɖɋɉɖɋɗɗɎɎ; 

Ὢ ï ɝɎɗɑɔ ɗɘɋɕɋɓɋɏ ɗɈɔɇɔɊɡ ɊɎɗɕɋɖɗɎɎ 

ɆɊɋɐɈɆɘɓɔɗɘɎ: 

 

Ὢ ὔ ὶ ρȟ                       (8) 

 

ɉɊɋ ὶ ï ɐɔɑɎɝɋɗɘɈɔ ɖɆɗɗɒɆɘɖɎɈɆɋɒɡɛ ɕɆɖɆ-

ɒɋɘɖɔɈ. 

ȴɜɋɓɐɆ ɍɓɆɝɎɒɔɗɘɎ ɐɔɣɚɚɎɜɎɋɓɘɔɈ 

ɖɋɉɖɋɗɗɎɎ ɈɡɕɔɑɓɋɓɆ ɕɔ:  
 

Ўὦ
Ͻ
ȟ                           (9) 

 

ɉɊɋ ὸ ï ɐɖɎɘɋɖɎɏ ȷɘɢɤɊɋɓɘɆ. 

ȻɆɖɆɐɘɋɖɎɗɘɎɝɋɗɐɔɋ əɖɆɈɓɋɓɎɋ ɕɖɋɊ-

ɗɘɆɈɑɋɓɔ ɑɎɓɋɏɓɔɏ ɒɔɊɋɑɢɤ ɗ ɈɑɎɥɓɎɋɒ ɕɥɘɎ 

ɚɆɐɘɔɖɔɈ: 

 

ώ ὼ ὼϽ ὼϽὬ ὼϽύ ὼϽὧӶὼϽ”Ӷ,   (10) 

 

ɉɊɋ ɐɔɣɚɚɎɜɎɋɓɘɡ ɖɋɉɖɋɗɗɎɎ xi, ɛɆɖɆɐɘɋɖɎ-

ɍəɤɟɎɋ ɈɑɎɥɓɎɋ ɗɔɔɘɈɋɘɗɘɈəɤɟɋɉɔ ɚɆɐɘɔɖɆ 

ɓɆ ɈɋɑɎɝɎɓə ɈɡɓɔɗɆ.  

ȭɓɆɝɋɓɎɥ ɐɔɣɚɚɎɜɎɋɓɘɔɈ ɕɖɋɊɗɘɆɈɑɋ-

ɓɡ Ɉ ɘɆɇɑɎɜɋ 1. 

 

 

 

ȸɆɇɑɎɜɆ 1. ȭɓɆɝɋɓɎɥ ɚɆɐɘɔɖɔɈ Ɉ ɛɆɖɆɐɘɋɖɎɗɘɎɝɋɗɐɔɒ əɖɆɈɓɋɓɎɎ (10) 

 

Table 1. Values of factors in the characteristic equation (10) 

 

ὼ ὼ ὼ ὼ ὼ ὼ 

0,4997 -0,00102 0,00102 -0,00097 0,23197 0,00026 
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ȶɋɉɖɋɗɗɎɔɓɓɡɏ ɆɓɆɑɎɍ ɑɎɓɋɏɓɔɏ ɒɔɊɋ-

ɑɎ (10) ɕɔɐɆɍɆɑ, ɝɘɔ ɘɆɇɑɎɝɓɔɋ ɍɓɆɝɋɓɎɋ ɐɖɎ-

ɘɋɖɎɥ ȺɎɞɋɖɆ (6) Ɋɑɥ ɝɎɗɑɆ ɗɘɋɕɋɓɋɏ ɗɈɔɇɔ-

Ɋɡ ɝɎɗɑɎɘɋɑɥ 5 Ɏ ɍɓɆɒɋɓɆɘɋɑɥ 75, ɕɔ [11], 

ɖɆɈɓɔ 2,34, ɝɘɔ ɇɔɑɢɞɋ ɣɐɗɕɋɖɎɒɋɓɘɆɑɢɓɔɏ 

ɈɋɑɎɝɎɓɡ ɐɖɎɘɋɖɎɥ 2,16.  

ȸɆɐɎɒ ɔɇɖɆɍɔɒ, ɇɡɑɆ ɕɖɎɓɥɘɆ ɉɎɕɔɘɋɍɆ 

ɔɇ ɆɊɋɐɈɆɘɓɔɗɘɎ ɒɔɊɋɑɎ.  

ȨɋɑɎɝɎɓɆ ɐɖɎɘɋɖɎɥ ȷɘɢɤɊɋɓɘɆ Ɋɑɥ 

əɖɔɈɓɥ ɍɓɆɝɎɒɔɗɘɎ 0,05 Ɏ ɝɎɗɑɋ ɗɘɋɕɋɓɋɏ 

ɗɈɔɇɔɊɡ, ɗ ɐɔɘɔɖɡɒ ɔɕɖɋɊɋɑɥɑɆɗɢ ɚɆɐɘɔɖɓɆɥ 

ɊɎɗɕɋɖɗɎɥ, ɖɆɈɓɆ 1,96.  

ȪɔɈɋɖɎɘɋɑɢɓɡɏ ɎɓɘɋɖɈɆɑ  

ЎÂ  ρȟωφϽπȟππρτσ. 

Ȧɇɗɔɑɤɘɓɡɋ ɈɋɑɎɝɎɓɡ ɐɔɣɚɚɎɜɎɋɓɘɔɈ 

ɖɋɉɖɋɗɗɎɎ ɒɋɓɢɞɋ ɊɔɈɋɖɎɘɋɑɢɓɔɉɔ ɎɓɘɋɖɈɆ-

ɑɆ, ɉɎɕɔɘɋɍɆ ɔ ɓɋɍɓɆɝɎɒɔɗɘɎ ɐɔɣɚɚɎɜɎɋɓɘɔɈ 

ὼ, ὼ, ὼ, ὼ ɖɋɉɖɋɗɗɎɎ ɕɔɊɘɈɋɖɌɊɆɋɘɗɥ. ȫɊɎɓ-

ɗɘɈɋɓɓɡɒ ɍɓɆɝɎɒɡɒ Ɇɖɉəɒɋɓɘɔɒ ɔɐɆɍɆɑɗɥ 

ɚɆɐɘɔɖ Ø ï ɗɔɔɘɓɔɞɋɓɎɋ ɚɆɍ. 

ȶɆɗɗɒɔɘɖɎɒ ɈɆɖɎɆɓɘ ɗ ɑɎɓɋɏɓɡɒ Ɏ 

ɐɈɆɊɖɆɘɎɝɓɡɒ ɈɑɎɥɓɎɋɒ ɚɆɐɘɔɖɔɈ: 

 

ώ ὼ ὼϽ
ὒ

Ὀ
ὼϽὬ ὼϽύ ὼϽὧӶ 

ὼϽ ὼϽὬ ὼϽύ ὼϽὧӶ .  (11) 

 

ȰɔɣɚɚɎɜɎɋɓɘɡ ɖɋɉɖɋɗɗɎɎ ɕɖɋɊɗɘɆɈɑɋ-

ɓɡ Ɉ ɘɆɇɑɎɜɋ 2. 

ȶɋɍəɑɢɘɆɘɡ ɖɋɉɖɋɗɗɎɔɓɓɔɉɔ ɆɓɆɑɎɍɆ 

ɕɖɋɊɗɘɆɈɑɋɓɡ Ɉ ɘɆɇɑɎɜɋ 3. ȸɆɇɑɎɝɓɔɋ ɍɓɆɝɋ-

ɓɎɋ ɐɖɎɘɋɖɎɥ ȺɎɞɋɖɆ ɖɆɈɓɔ 2,06, ɝɘɔ ɒɋɓɢɞɋ 

ɣɐɗɕɋɖɎɒɋɓɘɆɑɢɓɔɏ ɈɋɑɎɝɎɓɡ ɐɖɎɘɋɖɎɥ, ɉɎɕɔ-

ɘɋɍɆ ɔɇ ɆɊɋɐɈɆɘɓɔɗɘɎ ɒɔɊɋɑɎ ɔɘɈɋɖɉɆɋɘɗɥ. 

ȹɝɎɘɡɈɆɥ ɖɋɍəɑɢɘɆɘɡ ɗɘɆɘɎɗɘɎɝɋɗɐɔɏ 

ɔɇɖɆɇɔɘɐɎ Ɏ ɖɋɉɖɋɗɗɎɔɓɓɔɉɔ ɆɓɆɑɎɍɆ ɕɖɔɈɋ-

Ɋɋɓɓɡɛ ɣɐɗɕɋɖɎɒɋɓɘɔɈ, ɔɕɖɋɊɋɑɋɓɡ ɈɋɑɎɝɎ-

ɓɡ ɚɆɐɘɔɖɔɈ Ɋɑɥ ɒɔɊɋɑɋɏ ɇɋɍ əɝɋɘɆ ɓɋɍɓɆ-

ɝɎɒɡɛ ɐɔɣɚɚɎɜɎɋɓɘɔɈ Ɉ ɔɐɔɓɝɆɘɋɑɢɓɔɒ ɈɎ-

Ɋɋ: 

ώ πȟτωςπȟςρτϽὧӶπȟπρρϽὬ.        (12) 

 

ȶɋɍəɑɢɘɆɘɡ ɗɘɆɘɎɗɘɎɝɋɗɐɔɏ ɔɇɖɆɇɔɘɐɎ 

ɒɔɊɋɑɋɏ ɕɖɋɊɗɘɆɈɑɋɓɡ Ɉ ɘɆɇɑɎɜɋ 4. 

 

ȸɆɇɑɎɜɆ 2. ȭɓɆɝɋɓɎɥ ɚɆɐɘɔɖɔɈ Ɉ ɛɆɖɆɐɘɋɖɎɗɘɎɝɋɗɐɔɒ əɖɆɈɓɋɓɎɎ (11) 

 
Table 2. Values of factors in the characteristic equation (11) 

 

Ø Ø Ø Ø Ø Ø Ø Ø Ø 

0,496 -0,00184 0,00264 -0,0014 0,2138 -0,0018 0,0111 -0,0019 -0,002 

 

 
ȸɆɇɑɎɜɆ 3. ȶɋɍəɑɢɘɆɘ ɔɇɖɆɇɔɘɐɎ ɖɋɍəɑɢɘɆɘɔɈ ɣɐɗɕɋɖɎɒɋɓɘɆ 

 
Table 3. Result of processing the experimental results 

 

„  ůɆɊ & ЎÂ 

0,0006 0,00136 2,25 0,0054 

 

 
ȸɆɇɑɎɜɆ 4. ȶɋɍəɑɢɘɆɘɡ ɖɋɉɖɋɗɗɎɔɓɓɔɉɔ ɆɓɆɑɎɍɆ ɣɐɗɕɋɖɎɒɋɓɘɆ 

 
Table 4. Results of regression analysis of the experiment 

 

„  ůɆɊ & ЎÂ 

0,0006 0,00125 2,08 0,0054 
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ȵɔ ɐɖɎɘɋɖɎɤ ȺɎɞɋɖɆ ɔɇɋ ɒɔɊɋɑɎ ɆɊɋɐ-

ɈɆɘɓɡ, ɕɔ ɐɖɎɘɋɖɎɤ ȷɘɢɤɊɋɓɘɆ Ɉɗɋ ɕɆɖɆɒɋɘ-

ɖɡ ɍɓɆɝɎɒɡ.  

ȦɓɆɑɔɉɎɝɓɡɒ ɔɇɖɆɍɔɒ Ɉɡɕɔɑɓɋɓɡ ɒɓɔ-

ɉɔɝɎɗɑɋɓɓɡɋ ɈɋɖɎɚɎɐɆɜɎɎ ɒɔɊɋɑɋɏ ɕɔ ɜɋɑɔ-

ɒə ɐɔɒɕɑɋɐɗə ɕɖɔɈɋɊɋɓɓɡɛ ɎɗɗɑɋɊɔɈɆɓɎɏ. 

 

ȨɡɈɔɊɡ 

ȳɆ ɔɗɓɔɈɋ ɖɆɍɖɆɇɔɘɆɓɓɔɏ ɒɔɊɋɑɎ ɈɎɛ-

ɖɋɈɔɏ ɐɆɒɋɖɡ Ɉ ANSYS FLUENT Ɉɡɕɔɑɓɋɓɔ 

ɝɎɗɑɋɓɓɔɋ ɒɔɊɋɑɎɖɔɈɆɓɎɋ, ɕɔɑəɝɋɓɡ ɣɒɕɎ-

ɖɎɝɋɗɐɎɋ əɖɆɈɓɋɓɎɥ Ɋɑɥ ɖɆɗɝɋɘɆ ɈɋɑɎɝɎɓɡ 

ɈɡɓɔɗɆ ɐɆɕɋɑɢɓɔɏ ɌɎɊɐɔɗɘɎ Ɏɍ ɈɎɛɖɋɈɔɏ ɐɆ-

ɒɋɖɡ, ɊɆɓɆ ɔɜɋɓɐɆ ɈɑɎɥɓɎɥ ɖɆɍɑɎɝɓɡɛ ɕɆɖɆ-

ɒɋɘɖɔɈ ɓɆ ɈɋɑɎɝɎɓə ɈɡɓɔɗɆ. ȵɖɔɈɋɊɋɓɡ ɗɘɆ-

ɘɎɗɘɎɝɋɗɐɆɥ ɔɇɖɆɇɔɘɐɆ Ɏ ɖɋɉɖɋɗɗɎɔɓɓɡɏ ɆɓɆ-

ɑɎɍ ɖɋɍəɑɢɘɆɘɔɈ ɝɎɗɑɋɓɓɔɉɔ ɒɔɊɋɑɎɖɔɈɆɓɎɥ. 

ȴɕɖɋɊɋɑɋɓɆ ɈɋɑɎɝɎɓɆ ɊɎɗɕɋɖɗɎɎ Ɏ ɕɖɔɈɋɖɋɓɆ 

ɍɓɆɝɎɒɔɗɘɢ ɐɔɣɚɚɎɜɎɋɓɘɔɈ ɖɋɉɖɋɗɗɎɎ.  

ȵɔ ɖɋɍəɑɢɘɆɘɆɒ ɔɜɋɓɐɎ ɔɊɓɔɖɔɊɓɔɗɘɎ, 

ɈɔɗɕɖɔɎɍɈɔɊɎɒɔɗɘɎ, ɆɊɋɐɈɆɘɓɔɗɘɎ ɒɔɊɋɑɎ 

ɗɊɋɑɆɓ ɈɡɈɔɊ ɔ ɈɔɍɒɔɌɓɔɗɘɎ ɋɋ ɎɗɕɔɑɢɍɔɈɆ-

ɓɎɥ ɕɖɎ ɔɕɎɗɆɓɎɎ ɕɖɔɜɋɗɗɆ ɕɔɊɉɔɘɔɈɐɎ ɒɓɔ-

ɉɔɐɔɒɕɔɓɋɓɘɓɡɛ əɉɑɋɈɔɊɔɖɔɊɔɈ ɐ ɘɖəɇɔɕɖɔ-

ɈɔɊɓɔɒə ɘɖɆɓɗɕɔɖɘə Ɉ ɗɑɔɌɓɡɛ ɕɖɎɖɔɊɓɔ-

ɐɑɎɒɆɘɎɝɋɗɐɎɛ əɗɑɔɈɎɥɛ. 

ȷ ɕɔɒɔɟɢɤ ɖɆɍɖɆɇɔɘɆɓɓɔɏ ɒɔɊɋɑɎ 

ɕɖɋɊɗɘɆɈɑɥɋɘɗɥ ɈɔɍɒɔɌɓɡɒ ɔɜɋɓɎɘɢ ɈɋɑɎɝɎ-

ɓə ɌɎɊɐɔɏ Ɏ ɉɆɍɔɔɇɖɆɍɓɔɏ ɚɆɍ əɉɑɋɈɔɊɔɖɔɊ-

ɓɡɛ ɗɒɋɗɋɏ ɕɖɎ ɎɍɒɋɓɋɓɎɎ ɘɋɛɓɔɑɔɉɎɝɋɗɐɎɛ 

ɕɆɖɆɒɋɘɖɔɈ ɖɆɍɖɆɇɆɘɡɈɆɋɒɡɛ ɉɆɍɔɐɔɓɊɋɓ-

ɗɆɘɓɡɛ ɒɋɗɘɔɖɔɌɊɋɓɎɏ. 
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ȦɓɓɔɘɆɜɎɥ. Ȩ ɖɆɇɔɘɋ ɕɖɔɈɋɊɋɓɡ ɑɆɇɔ-
ɖɆɘɔɖɓɡɋ ɣɐɗɕɋɖɎɒɋɓɘɡ ɕɔ ɎɍəɝɋɓɎɤ ɓɋɗɘɆ-
ɜɎɔɓɆɖɓɡɛ Ɏ ɓɋɖɆɈɓɔɈɋɗɓɡɛ ɖɋɌɎɒɔɈ ɘɋɝɋ-
ɓɎɥ ɓɋɐɔɘɔɖɡɛ ɕɆɖɆɚɎɓɎɗɘɡɛ Ɏ ɈɡɗɔɐɔɕɆ-
ɖɆɚɎɓɎɗɘɡɛ ɓɋɚɘɋɏ ȸɎɒɆɓɔ-ȵɋɝɔɖɗɐɔɏ 
ɓɋɚɘɋɉɆɍɔɓɔɗɓɔɏ ɕɖɔɈɎɓɜɎɎ  Ɉ ɖɔɘɆɜɎɔɓɓɔɒ 
ɈɎɗɐɔɍɎɒɋɘɖɋ. ȵɔɐɆɍɆɓɔ ɓɆɑɎɝɎɋ ɘɎɐɗɔɘɖɔɕ-
ɓɡɛ ɗɈɔɏɗɘɈ (ɗɊɈɎɉɔɈɔɋ çɖɆɍɌɎɌɋɓɎɋè Ɏ 
ɕɋɘɑɎ ɉɎɗɘɋɖɋɍɎɗɆ ɓɆ ɐɖɎɈɡɛ ɘɋɝɋɓɎɥ). ȵɖɔ-
ɊɋɒɔɓɗɘɖɎɖɔɈɆɓ ɕɔɖɔɉɔɈɡɏ ɛɆɖɆɐɘɋɖ ɍɆɈɎ-
ɗɎɒɔɗɘɎ ɕɑɔɟɆɊɎ ɕɋɘɑɎ ɉɎɗɘɋɖɋɍɎɗɆ ɔɘ ɘɋɒ-
ɕɋɖɆɘəɖɡ ɓɋɚɘɎ. ȴɕɡɘɡ ɕɔɐɆɍɆɑɎ, ɝɘɔ ɕɖɎ 
ɔɕɖɋɊɋɑɋɓɓɡɛ əɗɑɔɈɎɥɛ ɓɆ ɐɖɎɈɡɛ ɘɋɝɋɓɎɥ 
ɎɗɗɑɋɊɔɈɆɓɓɡɛ ɓɋɚɘɋɏ ɓɆɇɑɤɊɆɤɘɗɥ əɝɆɗɘ-
ɐɎ ɗɓɎɌɋɓɎɥ ɐɆɗɆɘɋɑɢɓɔɉɔ ɓɆɕɖɥɌɋɓɎɥ ɗɊɈɎ-
ɉɆ ɕɖɎ əɈɋɑɎɝɋɓɎɎ ɗɐɔɖɔɗɘɎ ɗɊɈɎɉɆ, ɆɓɆɑɔ-
ɉɎɝɓɡɋ əɝɆɗɘɐɆɒ çɗɈɋɖɛɆɓɔɒɆɑɎɎè ɈɥɍɐɔɗɘɎ  
 

 (ȷȦȨ) Ɉ ɕɑɆɗɘɎɝɋɗɐɎɛ ɗɒɆɍɐɆɛ. ȺɔɖɒɆ Ɏ 
ɖɆɍɒɋɖɡ ɣɘɎɛ əɝɆɗɘɐɔɈ, ɘ.ɋ. ɎɓɘɋɓɗɎɈɓɔɗɘɢ 
ɕɖɔɥɈɑɋɓɎɥ çɗɈɋɖɛɆɓɔɒɆɑɎɎè, ɗɎɑɢɓɔ ɍɆɈɎ-
ɗɥɘ ɔɘ əɗɑɔɈɎɏ ɣɐɗɕɋɖɎɒɋɓɘɆ Ɏ ɕɑɔɛɔ Ɉɔɗ-
ɕɖɔɎɍɈɔɊɎɒɡ ɔɘ ɔɕɡɘɆ ɐ ɔɕɡɘə. Ȩ ɣɐɗɕɋ-
ɖɎɒɋɓɘɆɛ ɥɈɑɋɓɎɋ ȷȦȨ ɕɖɎ ɘɋɒɕɋɖɆɘəɖɆɛ 
ɓɎɌɋ ɘɋɒɕɋɖɆɘəɖɡ ɉɋɑɋɔɇɖɆɍɔɈɆɓɎɥ ɓɆɇɑɤ-
ɊɆɑɔɗɢ ɈɗɋɉɊɆ, ɐɔɉɊɆ ɕɋɖɋɊ ɊɋɚɔɖɒɎɖɔɈɆ-
ɓɎɋɒ ɔɇɖɆɍɋɜ ɕɆɖɆɚɎɓɎɗɘɔɏ ɓɋɚɘɎ ɊɔɗɘɆ-
ɘɔɝɓɔ Ɋɔɑɉɔ ɓɆɛɔɊɎɑɗɥ Ɉ ɕɔɐɔɋ. ȫɗɑɎ Ɍɋ ɔɓ 
ɓɆɛɔɊɎɑɗɥ Ɉ ɍɆɍɔɖɋ ɒɋɌɊə ɜɎɑɎɓɊɖɆɒɎ ɈɎɗ-
ɐɔɍɎɒɋɘɖɆ ɕɔɗɑɋ ɔɐɔɓɝɆɓɎɥ ɔɝɋɖɋɊɓɔɉɔ ɜɎɐ-
ɑɆ ɎɍɒɋɖɋɓɎɏ ɓɋɊɔɑɉɔ (ɓɋ ɇɔɑɋɋ ɓɋɗɐɔɑɢɐɎɛ 
ɒɎɓəɘ), ɘɔ ɓɆ ɗɑɋɊəɤɟɋɒ ɜɎɐɑɋ ɍɆɕɎɗɎ ɐɖɎ-
Ɉɔɏ ɘɋɝɋɓɎɥ ɥɈɑɋɓɎɋ ȷȦȨ ɕɖɆɐɘɎɝɋɗɐɎ ɒɔ-
Ɍɋɘ ɇɡɘɢ ɓɋɍɆɒɋɘɓɔ, ɛɔɘɥ ɉɎɗɘɋɖɋɍɎɗ ɕɖɎ 
ɣɘɔɒ ɔɗɘɆɋɘɗɥ. ȴɕɡɘɡ ɕɔɐɆɍɡɈɆɤɘ, ɝɘɔ ɋɗɑɎ  
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ɊɋɚɔɖɒɎɖɔɈɆɘɢ ɔɇɖɆɍɋɜ ɈɡɗɔɐɔɕɆɖɆɚɎɓɎ-
ɗɘɔɏ ɓɋɚɘɎ ɕɖɎ ɕɔɗɘɔɥɓɓɔɏ ɓɋɇɔɑɢɞɔɏ ɗɐɔ-
ɖɔɗɘɎ ɗɊɈɎɉɆ, ɘ.ɋ. ɕɔɗɘɔɥɓɓɔɏ əɉɑɔɈɔɏ ɗɐɔɖɔ-
ɗɘɎ ɈɖɆɟɋɓɎɥ ɜɎɑɎɓɊɖɆ ɕɖɎɇɔɖɆ, Ɏ ɘɋɒɕɋɖɆ-
ɘəɖɋ ɓɎɌɋ ɘɋɒɕɋɖɆɘəɖɡ ɉɋɑɋɔɇɖɆɍɔɈɆɓɎɥ, ɘɔ  
 

 ɓɆ ɕɆɊɆɤɟɋɏ ɐɖɎɈɔɏ ɍɆɈɎɗɎɒɔɗɘɎ ɓɆɕɖɥɌɋ-
ɓɎɥ ɗɊɈɎɉɆ ɔɘ ɈɖɋɒɋɓɎ (çɗɊɈɎɉɔɈɔɋè ɖɆɍɌɎ-
ɌɋɓɎɋ) ɒɔɉəɘ ɓɆɇɑɤɊɆɘɢɗɥ ɐɔɑɋɇɆɓɎɥ ɓɆ-
ɕɖɥɌɋɓɎɥ ɗɊɈɎɉɆ ɗ ɕɋɖɎɔɊɔɒ, ɖɆɈɓɡɒ ɕɋ-
ɖɎɔɊə ɈɖɆɟɋɓɎɥ ɜɎɑɎɓɊɖɆ ɈɎɗɐɔɍɎɒɋɘɖɆ. 
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Abstract. Laboratory experiments were 

carried out to study the non-stationary and non-
equilibrium flow regimes of some paraffinic and 
high paraffinic crude oils of the Timan-Pechora 
Basin in a rotational viscometer. The presence  

 of thixotropic properties (shear thinnig and hys-
teresis loops on the flow curves) is shown. The 
threshold character of the dependence of the 
area of the hysteresis loop on the oil tempera 
ture is demonstrated. Experiments have shown  
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that under certain conditions on the flow curves 
of the studied oils, there are areas of a de-
crease in shear stress with an increase in shear 
rate, similar to areas of a çsuper anomalousè 
viscosity (SAV) in plastic lubricants. The shape 
and size of these areas, i.e. the intensity of the 
çsuperanomalityè manifestation strongly de-
pends on the experiment conditions and are 
poorly reproducible from experiment to experi-
ment. In experiments, the SAV phenomenon at 
temperatures below the gelation temperature 
was always observed when the sample of paraf-
finic oil was at rest for a sufficiently long time 
before deformation. If, however, it was in the 
gap between the viscometer cylinders after the  
 

 
 
 

 
end of the next measurement cycle for a short 
time (no more than a few minutes), then at the 
next cycle of recording the flow curve, the SAV 
phenomenon can be practically imperceptible, 
although the hysteresis remains. Experiments 
show that if a sample of high paraffinic oil is de-
formed at a constant low shear rate, i.e. con-
stant angular velocity of rotation of the device 
cylinder, and a temperature below the tempera-
ture of gelation, then on the falling curve of the 
dependence of shear stress on time (çshear 
thinningè), oscillations in shear stress with a pe-
riod equal to the period of rotation of the vis-
cometer cylinder can be observed. 
 

 
Keywords: high paraffinic crude oil, rotational viscometer, structured disperse systems, 

thixotropy, super anomalous viscosity 
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ȨɈɋɊɋɓɎɋ 

 

Ȩ ɓɆɗɘɔɥɟɋɋ Ɉɖɋɒɥ ɔɕəɇɑɎɐɔɈɆɓɔ 

ɇɔɑɢɞɔɋ ɐɔɑɎɝɋɗɘɈɔ ɖɆɇɔɘ, ɕɔɗɈɥɟɋɓɓɡɛ 

ɔɗɔɇɋɓɓɔɗɘɥɒ ɓɋɓɢɤɘɔɓɔɈɗɐɔɉɔ ɘɋɝɋɓɎɥ 

ɗɘɖəɐɘəɖɎɖɔɈɆɓɓɡɛ ɊɎɗɕɋɖɗɓɡɛ ɗɎɗɘɋɒ, ɓɆ-

ɕɖɎɒɋɖ, ɣɘɔ ɒɔɓɔɉɖɆɚɎɎ Ɏ ɔɇɍɔɖɓɡɋ ɖɆɇɔɘɡ 

[1ï8], Ɇ ɘɆɐɌɋ ɕɖɋɊɗɘɆɈɑɋɓɓɡɋ Ɉ ɓɎɛ ɎɗɘɔɝɓɎ-

ɐɎ. Ȩ ɣɘɎɛ ɖɆɇɔɘɆɛ ɕɖɎɈɔɊɎɘɗɥ ɒɓɔɉɔ ɣɐɗɕɋ-

ɖɎɒɋɓɘɆɑɢɓɡɛ ɊɆɓɓɡɛ, Ɇ ɘɆɐɌɋ ɊɆɓɓɡɛ ɘɋɔ-

ɖɋɘɎɝɋɗɐɔɉɔ ɆɓɆɑɎɍɆ, ɐɆɝɋɗɘɈɋɓɓɔ, Ɇ ɎɓɔɉɊɆ Ɏ 

ɐɔɑɎɝɋɗɘɈɋɓɓɔ, ɕɔɥɗɓɥɤɟɎɛ ɓɆɇɑɤɊɆɋɒɡɋ ɓɆ 

ɔɕɡɘɆɛ ɥɈɑɋɓɎɥ. ȦɓɆɑɔɉɎɝɓɡɛ ɣɐɗɕɋɖɎɒɋɓ-

ɘɆɑɢɓɡɛ ɊɆɓɓɡɛ Ɋɑɥ ɘɆɐɎɛ ɗɘɖəɐɘəɖɎɖɔɈɆɓɓɡɛ 

ɊɎɗɕɋɖɗɓɡɛ ɗɎɗɘɋɒ, ɐɆɐ ɕɆɖɆɚɎɓɎɗɘɡɋ Ɏ Ɉɡ-

ɗɔɐɔɕɆɖɆɚɎɓɎɗɘɡɋ ɓɋɚɘɎ (ȵȳ Ɏ Ȩȵȳ), ɔɕəɇ-

ɑɎɐɔɈɆɓɔ ɗəɟɋɗɘɈɋɓɓɔ ɒɋɓɢɞɋ [1, 9ï15]. Ȩ ɘɔ 

Ɍɋ Ɉɖɋɒɥ ɎɍəɝɋɓɎɋ ɓɋɖɆɈɓɔɈɋɗɓɡɛ ɖɋɌɎɒɔɈ 

ɘɋɝɋɓɎɥ ɘɆɐɎɛ ɓɋɚɘɋɏ Ɋɑɥ ɖɋɞɋɓɎɥ ɕɖɆɐɘɎɝɋ-

ɗɐɎɛ ɍɆɊɆɝ, ɈɔɍɓɎɐɆɤɟɎɛ ɕɖɎ Ɏɛ Ɋɔɇɡɝɋ Ɏ 

ɘɖɆɓɗɕɔɖɘɋ, Ɉ ɓɆɗɘɔɥɟɋɋ Ɉɖɋɒɥ ɕɖɋɊɗɘɆɈɑɥ-

ɋɘɗɥ ɐɖɆɏɓɋ ɆɐɘəɆɑɢɓɡɒ [8, 14ï18]. ȵɖɎ ɘɖɆɓɗ-

ɕɔɖɘɎɖɔɈɐɋ ɕɆɖɆɚɎɓɎɗɘɡɛ ɓɋɚɘɋɏ Ɉ ȦɖɐɘɎɝɋ-

ɗɐɔɏ ɍɔɓɋ ɘɋɒɕɋɖɆɘəɖɆ ɓɋɚɘɎ ɓɆ ɉɑəɇɎɓɋ 

ɕɖɔɐɑɆɊɐɎ ɓɋɚɘɋɕɖɔɈɔɊɆ ɒɔɌɋɘ ɔɐɆɍɆɘɢɗɥ 

ɒɋɓɢɞɋ ɘɋɒɕɋɖɆɘəɖɡ ɓɆɝɆɑɆ ɉɋɑɋɔɇɖɆɍɔɈɆ-

ɓɎɥ (ɘɋɒɕɋɖɆɘəɖɡ ɓɆɝɆɑɆ ɒɆɗɗɔɈɔɏ ɐɖɎɗɘɆɑ-

ɑɎɍɆɜɎɎ ɕɆɖɆɚɎɓɆ). Ƀɘɔ ɒɔɌɋɘ ɐɆɗɆɘɢɗɥ Ɏ 
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ɕɔɊɍɋɒɓɡɛ ɓɋɎɍɔɘɋɖɒɎɝɋɗɐɎɛ ɓɋɚɘɋɕɖɔɈɔ-

ɊɔɈ ɓɆ ȰɖɆɏɓɋɒ ȷɋɈɋɖɋ Ɉ ɍɎɒɓɎɋ ɕɋɖɎɔɊɡ 

ɈɖɋɒɋɓɎ. Ȩ ɗɑəɝɆɋ ɕɖɋɐɖɆɟɋɓɎɥ ɘɖɆɓɗɕɔɖɘɎ-

ɖɔɈɐɎ ɕɔ ɖɆɍɓɡɒ ɕɖɎɝɎɓɆɒ ɓɋɚɘɢ ɒɔɌɋɘ ɔɛ-

ɑɆɊɎɘɢɗɥ ɓɎɌɋ ɘɋɒɕɋɖɆɘəɖɡ ɕɔɥɈɑɋɓɎɥ ɓɆ-

ɝɆɑɢɓɔɉɔ (ɗɘɆɘɎɝɋɗɐɔɉɔ) ɓɆɕɖɥɌɋɓɎɥ ɗɊɈɎɉɆ Ɏ 

ɊɆɌɋ ɘɋɒɕɋɖɆɘəɖɡ ɍɆɗɘɡɈɆɓɎɥ, ɕɖɎ ɣɘɔɒ Ɇɉ-

ɑɔɒɋɖɆɘɡ Ɏɍ ɈɡɊɋɑɎɈɞɎɛɗɥ ɐɖɎɗɘɆɑɑɔɈ ɕɆ-

ɖɆɚɎɓɆ ɔɇɖɆɍəɤɘ ɕɖɔɝɓəɤ ɗɈɥɍɓɔɊɎɗɕɋɖɗɓəɤ 

ɗɖɋɊə. ȵɖɎ ɈɔɍɔɇɓɔɈɑɋɓɎɎ ɕɋɖɋɐɆɝɐɎ ə ɘɆɐɔɏ 

ɓɋɚɘɎ ɕɖɔɥɈɑɥɤɘɗɥ ɆɓɔɒɆɑɢɓɡɋ, ɓɋɖɆɈɓɔ-

Ɉɋɗɓɡɋ ɗɈɔɏɗɘɈɆ: Ɉɥɍɐɔəɕɖəɉɔɗɘɢ, ɈɥɍɐɔɕɑɆ-

ɗɘɎɝɓɔɗɘɢ, ɍɆɈɎɗɎɒɔɗɘɢ ɖɋɔɑɔɉɎɝɋɗɐɎɛ ɕɆɖɆ-

ɒɋɘɖɔɈ ɔɘ ɈɖɋɒɋɓɎ (ɘɎɐɗɔɘɖɔɕɎɥ), ɍɆɈɎɗɎ-

ɒɔɗɘɢ ɔɘ ɒɋɛɆɓɎɝɋɗɐɔɏ Ɏ ɘɋɒɕɋɖɆɘəɖɓɔɏ ɕɖɋ-

ɊɡɗɘɔɖɎɎ. ȨɔɍɓɎɐɆɋɘ ɕɖɔɇɑɋɒɆ ɇɋɍɔɕɆɗɓɔɉɔ 

ɈɔɍɔɇɓɔɈɑɋɓɎɥ ɕɋɖɋɐɆɝɐɎ, ɘ.ɋ. ɔɕɖɋɊɋɑɋɓɎɥ 

ɈɋɑɎɝɎɓɡ ɊɆɈɑɋɓɎɥ ɕəɗɐɆ Ɏ ɈɖɋɒɋɓɎ ɇɋɍɔ-

ɕɆɗɓɔɏ ɔɗɘɆɓɔɈɐɎ çɍɆɒɔɖɔɌɋɓɓɡɛè ɘɖəɇɔ-

ɕɖɔɈɔɊɔɈ, ɘɖɆɓɗɕɔɖɘɎɖəɤɟɎɛ ɘɆɐɎɋ ɓɋɚɘɎ.  

ȼɋɑɢ ɖɆɇɔɘɡ ï ɣɐɗɕɋɖɎɒɋɓɘɆɑɢɓɔɋ Ɏɗ-

ɗɑɋɊɔɈɆɓɎɋ ɓɋɖɆɈɓɔɈɋɗɓɡɛ ɖɋɌɎɒɔɈ ɘɋɝɋɓɎɥ 

ɓɆɎɇɔɑɋɋ ɛɆɖɆɐɘɋɖɓɡɛ ɕɆɖɆɚɎɓɎɗɘɡɛ Ɏ Ɉɡɗɔ-

ɐɔɕɆɖɆɚɎɓɎɗɘɡɛ ɓɋɚɘɋɏ ȸɎɒɆɓɔ-ȵɋɝɔɖɗɐɔɏ 

ɓɋɚɘɋɉɆɍɔɓɔɗɓɔɏ ɕɖɔɈɎɓɜɎɎ (ȸȵȳȩȵ) Ɉ ɖɔɘɆ-

ɜɎɔɓɓɔɒ ɈɎɗɐɔɍɎɒɋɘɖɋ ɕɖɎ ɘɋɒɕɋɖɆɘəɖɆɛ ɓɎ-

Ɍɋ ɘɋɒɕɋɖɆɘəɖɡ ɓɆɝɆɑɆ ɒɆɗɗɔɈɔɏ ɐɖɎɗɘɆɑɑɎ-

ɍɆɜɎɎ ɕɆɖɆɚɎɓɔɈ, ɉɊɋ ɎɗɗɑɋɊəɋɒɡɋ ɔɇɖɆɍɜɡ 

ɓɋɚɘɋɏ ɕɖɔɥɈɑɥɤɘ ɈɡɖɆɌɋɓɓɡɋ ɗɈɔɏɗɘɈɆ 

ɗɘɖəɐɘəɖɎɖɔɈɆɓɓɡɛ ɊɎɗɕɋɖɗɓɡɛ ɗɎɗɘɋɒ: ɓɆ-

ɑɎɝɎɋ ɓɆɝɆɑɢɓɔɉɔ ɓɆɕɖɥɌɋɓɎɥ ɗɊɈɎɉɆ (ɕɖɋɊɋ-

ɑɆ ɘɋɐəɝɋɗɘɎ),  ɘɎɐɗɔɘɖɔɕɓɡɋ ɗɈɔɏɗɘɈɆ, 

çɗɈɋɖɛɆɓɔɒɆɑɎɤè ɈɥɍɐɔɗɘɎ ɕɔ ɘɋɖɒɎɓɔɑɔɉɎɎ 

[4, 5, 19], ɐɔɑɋɇɆɘɋɑɢɓɡɋ ɖɋɌɎɒɡ ɍɆɈɎɗɎɒɔ-

ɗɘɎ ɓɆɕɖɥɌɋɓɎɥ ɗɊɈɎɉɆ ɔɘ ɈɖɋɒɋɓɎ. 

 

ȲɋɘɔɊɎɐɆ ɕɖɔɈɋɊɋɓɎɥ ɣɐɗɕɋɖɎɒɋɓɘɔɈ 

 

ȮɍɒɋɖɋɓɎɥ ɕɖɔɈɔɊɎɑɎɗɢ ɓɆ ɖɔɘɆɜɎɔɓ-

ɓɔɒ ɈɎɗɐɔɍɎɒɋɘɖɋ çHAAKE Viscotester 

VT550è. Ȫɑɥ ɣɘɔɉɔ ɈɎɗɐɔɍɎɒɋɘɖɆ ɈɖɆɟɋɓɎɋ 

Ɉɓəɘɖɋɓɓɋɉɔ ɜɎɑɎɓɊɖɆ ɗ ɝɆɗɘɔɘɔɏ 0,78 ɔɇ/ɒɎɓ 

ɗɔɔɘɈɋɘɗɘɈəɋɘ ɗɐɔɖɔɗɘɎ ɗɊɈɎɉɆ 1 ɗ
-1

 (‎ȕ ὓϽὲ, 

ɉɊɋ Ȳ ï ɕɔɗɘɔɥɓɓɡɏ ɕɆɖɆɒɋɘɖ, ɖɆɈɓɡɏ 

1,29 ɒɎɓ/ɗ). Ȩ ɓɆɗɘɔɥɟɋɏ ɖɆɇɔɘɋ ɎɍɒɋɖɋɓɎɥ 

ɕɖɔɈɔɊɎɑɎɗɢ Ɉ ɊɈəɛ ɖɋɌɎɒɆɛ. Ȩ ɕɋɖɈɔɒ ɖɋ-

ɌɎɒɋ ɕɔɗɑɋ ɔɇɡɝɓɔɉɔ ɕɔɑəɝɆɗɔɈɔɉɔ ɘɋɖɒɔ-

ɗɘɆɘɎɖɔɈɆɓɎɥ ɓɋɚɘɎ Ɉ ɍɆɍɔɖɋ ɒɋɌɊə ɈɓɋɞɓɎɒ 

Ɏ ɈɓəɘɖɋɓɓɎɒ ɜɎɑɎɓɊɖɆɒɎ ɕɖɎ ɍɆɊɆɓɓɔɏ ɘɋɒ-

ɕɋɖɆɘəɖɋ əɗɘɆɓɆɈɑɎɈɆɑɆɗɢ ɚɎɐɗɎɖɔɈɆɓɓɆɥ 

ɒɆɑɆɥ əɉɑɔɈɆɥ ɗɐɔɖɔɗɘɢ ɈɖɆɟɋɓɎɥ Ɉɓəɘɖɋɓɓɋ-

ɉɔ ɜɎɑɎɓɊɖɆ, ɗɔɔɘɈɋɘɗɘɈəɤɟɆɥ ɗɐɔɖɔɗɘɎ ɗɊɈɎ-

ɉɆ 1 ɎɑɎ 2 ɗ
-1
, Ɏ ɈɖɆɟɋɓɎɋ ɕɖɔɎɗɛɔɊɎɑɔ Ɉ ɘɋ-

ɝɋɓɎɋ 10 ɒɎɓ Ɋɔ əɗɘɆɓɔɈɑɋɓɎɥ ɗɘɆɜɎɔɓɆɖɓɔɉɔ 

ɖɋɌɎɒɆ ɘɋɝɋɓɎɥ. ȭɆɘɋɒ ɗɐɔɖɔɗɘɢ ɗɊɈɎɉɆ ɕɖɔ-

ɉɖɆɒɒɎɖəɋɒɔ əɈɋɑɎɝɎɈɆɑɆɗɢ ɔɘ 1 Ɋɔ 250 ɗ
-1

 Ɉ 

ɘɋɝɋɓɎɋ, ɓɆɕɖɎɒɋɖ, 20 ɒɎɓ Ɏ ɍɆɕɎɗɡɈɆɑɆɗɢ 

ɐɖɎɈɆɥ ɘɋɝɋɓɎɥ, ɘ.ɋ. ɍɆɈɎɗɎɒɔɗɘɢ ɓɆɕɖɥɌɋɓɎɥ 

ɗɊɈɎɉɆ ɔɘ ɗɐɔɖɔɗɘɎ ɗɊɈɎɉɆ. Ȩɔ Ɉɘɔɖɔɒ ɖɋɌɎɒɋ 

Ɉɖɋɒɥ ɈɖɆɟɋɓɎɥ ɓɆ ɒɆɑɔɏ ɓɆɝɆɑɢɓɔɏ əɉɑɔɈɔɏ 

ɗɐɔɖɔɗɘɎ ɗɔɗɘɆɈɑɥɑɔ 1 ɒɎɓ.  

ȰɆɐ ɕɖɆɈɎɑɔ, ɗɆɒ ɕɋɖɋɛɔɊɓɡɏ ɕɖɔɜɋɗɗ 

ɕɔɈɋɊɋɓɎɥ ɓɆɕɖɥɌɋɓɎɥ ɗɊɈɎɉɆ Ɉ ɘɋɝɋɓɎɋ ɕɋɖ-

Ɉɡɛ ɒɎɓəɘ ɗɔɘɖəɊɓɎɐɔɈ ɖɋɔɑɔɉɎɝɋɗɐɎɛ ɓɋɚ-

ɘɥɓɡɛ ɑɆɇɔɖɆɘɔɖɎɏ ɓɋ Ɏɓɘɋɖɋɗəɋɘ Ɏ Ɏɓɚɔɖ-

ɒɆɜɎɥ ɔɇ ɣɘɔɒ ɕɖɔɜɋɗɗɋ ɓɋ ɍɆɕɎɗɡɈɆɋɘɗɥ. 

ȴɊɓɆɐɔ ɕɋɖɋɛɔɊɓɡɋ ɕɖɔɜɋɗɗɡ əɗɘɆɓɔɈɑɋɓɎɥ 

ɖɆɈɓɔɈɋɗɓɡɛ ɍɓɆɝɋɓɎɏ ɓɆɕɖɥɌɋɓɎɥ ɗɊɈɎɉɆ 

ɒɔɉəɘ ɕɖɋɊɗɘɆɈɑɥɘɢ ɔɘɊɋɑɢɓɡɏ Ɏɓɘɋɖɋɗ ɐɆɐ ɗ 

ɘɔɝɐɎ ɍɖɋɓɎɥ ɓɆəɐɎ, ɘɆɐ Ɏ ɕɖɆɐɘɎɐɎ. Ȩ ɓɆəɝ-

ɓɔɒ ɕɑɆɓɋ ɘɆɐɎɋ ɎɗɗɑɋɊɔɈɆɓɎɥ ɒɔɉəɘ ɈɓɋɗɘɎ 

ɗəɟɋɗɘɈɋɓɓɡɏ ɈɐɑɆɊ Ɉ əɗɘɆɓɔɈɑɋɓɎɋ ɔɇɟɎɛ 

ɍɆɐɔɓɔɒɋɖɓɔɗɘɋɏ ɔɇɖɆɍɔɈɆɓɎɥ, əɗɘɔɏɝɎɈɔɗɘɎ 

Ɏ ɖɆɍɖəɞɋɓɎɥ ɗɘɖəɐɘəɖɎɖɔɈɆɓɓɡɛ ɊɎɗɕɋɖɗɓɡɛ 

ɗɎɗɘɋɒ, Ɉ ɘɔɒ ɝɎɗɑɋ ɆɓɔɒɆɑɢɓɡɛ ɓɋɚɘɋɏ. Ȩ 

ɕɖɆɐɘɎɝɋɗɐɔɒ ɔɘɓɔɞɋɓɎɎ ɘɆɐɎɋ ɖɆɇɔɘɡ ɕɔ-

ɑɋɍɓɡ Ɋɑɥ əɝɋɘɆ ɓɋɗɘɆɜɎɔɓɆɖɓɡɛ ɖɋɔɑɔɉɎɝɋ-

ɗɐɎɛ ɗɈɔɏɗɘɈ ɓɋɚɘɎ ɕɖɎ ɖɆɗɝɋɘɋ ɖɋɌɎɒɔɈ ɍɆ-

ɕəɗɐɆ ɓɋɚɘɋɕɖɔɈɔɊɔɈ ɕɔɗɑɋ ɔɗɘɆɓɔɈɔɐ ɕɔ ɘɋɒ 

ɎɑɎ Ɏɓɡɒ ɕɖɎɝɎɓɆɒ ɎɑɎ ɗɒɋɓɡ ɖɋɌɎɒɔɈ ɕɋ-

ɖɋɐɆɝɐɎ ɓɋɚɘɎ. 

 

ȶɋɍəɑɢɘɆɘɡ ɑɆɇɔɖɆɘɔɖɓɡɛ ɎɗɗɑɋɊɔɈɆɓɎɏ 

 

ȰɆɐ ɎɍɈɋɗɘɓɔ [3, 15, 20ï22], ɖɆɍɑɎɝɆɤɘ 

ɊɈɆ ɉɑɆɈɓɡɛ ɗɈɔɏɗɘɈɆ ɘɎɐɗɔɘɖɔɕɓɡɛ ɗɖɋɊ, Ɉ 

ɗɔɔɘɈɋɘɗɘɈɎɎ ɗ ɐɔɘɔɖɡɒɎ Ɏ ɊɆɋɘɗɥ Ɏɛ ɔɕɖɋɊɋ-

ɑɋɓɎɋ: 1) ɗɊɈɎɉɔɈɔɋ çɖɆɍɌɎɌɋɓɎɋè (ɗɓɎɌɋɓɎɋ 

ɈɥɍɐɔɗɘɎ ɕɖɎ ɊɋɚɔɖɒɎɖɔɈɆɓɎɎ ɗɖɋɊɡ ɗ ɕɔ-

ɗɘɔɥɓɓɔɏ ɗɐɔɖɔɗɘɢɤ ɗɊɈɎɉɆ); 2) ɓɆɑɎɝɎɋ ɕɋɘɑɎ 

ɉɎɗɘɋɖɋɍɎɗɆ ɓɆ ɐɖɎɈɔɏ ɘɋɝɋɓɎɥ ɕɖɎ ɕɖɥɒɔɒ Ɏ 

ɔɇɖɆɘɓɔɒ ɛɔɊɋ ɖɔɘɆɜɎɔɓɓɔɉɔ ɈɎɗɐɔɍɎɒɋɘɖɆ. 

ȵɖɎɒɋɖ ɕɋɖɈɔɉɔ ɣɚɚɋɐɘɆ, ɍɆɚɎɐɗɎɖɔ-

ɈɆɓɓɔɉɔ Ɉ ɓɆɗɘɔɥɟɋɏ ɖɆɇɔɘɋ, ɕɔɐɆɍɆɓ ɓɆ ɖɎ-

ɗəɓɐɋ 1 Ɋɑɥ Ȩȵȳ ȰɡɖɘɆɋɑɢɗɐɔɉɔ ɒɋɗɘɔɖɔɌɊɋ-

ɓɎɥ, ɐɔɘɔɖɆɥ ɕɔɗɘəɕɆɋɘ ɓɆ ȵȷȵ çȽɎɐɞɎɓɔè, 
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ɍɆɘɋɒ ɕɔɊɐɆɝɎɈɆɋɘɗɥ Ɉ Ȳȳ çȹɗɆ ï ȹɛɘɆè 

Ȧȴ çȸɖɆɓɗɓɋɚɘɢ-ȷɋɈɋɖè. ɃɘɆ ɓɋɚɘɢ ɔɘɑɎɝɆ-

ɋɘɗɥ ɇɔɑɢɞɎɒ ɗɔɊɋɖɌɆɓɎɋɒ ɕɆɖɆɚɎɓɔɈ (ɘɆɇ-

ɑɎɜɆ 1, ɓɋɚɘɢ ɷ 3), Ɇ ɘɆɐɌɋ ɈɡɗɔɐɎɒɎ ɍɓɆɝɋ-

ɓɎɥɒɎ ɘɋɒɕɋɖɆɘəɖ ɍɆɗɘɡɈɆɓɎɥ Ɏ ɒɆɗɗɔɈɔɏ 

ɐɖɎɗɘɆɑɑɎɍɆɜɎɎ ɕɆɖɆɚɎɓɔɈ. Ȩ ɊɆɓɓɔɒ ɗɑəɝɆɋ 

ɇɡɑ ɖɋɆɑɎɍɔɈɆɓ ɕɖɋɖɡɈɎɗɘɡɏ çɎɒɕəɑɢɗɓɡɏè 

ɖɋɌɎɒ ɎɍɒɋɖɋɓɎɥ ɍɆɈɎɗɎɒɔɗɘɎ ɓɆɕɖɥɌɋɓɎɥ 

ɗɊɈɎɉɆ ɔɘ ɈɖɋɒɋɓɎ ɕɖɎ ɕɔɗɘɔɥɓɓɔɏ ɗɐɔɖɔɗɘɎ 

ɊɋɚɔɖɒɎɖɔɈɆɓɎɥ. ȷɓɆɝɆɑɆ ɜɎɑɎɓɊɖ ɈɖɆɟɆɑ-

ɗɥ ɗ ɕɔɗɘɔɥɓɓɔɏ ɍɆɊɆɓɓɔɏ ɗɐɔɖɔɗɘɢɤ ɗɊɈɎɉɆ Ɉ 

ɘɋɝɋɓɎɋ 60 ɗ, ɍɆɘɋɒ ɔɗɘɆɓɆɈɑɎɈɆɑɗɥ ɓɆ 60 ɗ, Ɏ 

ɊɆɑɋɋ ɣɘɔɘ ɜɎɐɑ ɕɔɈɘɔɖɥɑɗɥ ɊɈɆɌɊɡ. ȭɆɘɋɒ 

ɔɗəɟɋɗɘɈɑɥɑɔɗɢ ɊɋɚɔɖɒɎɖɔɈɆɓɎɋ ɗ ɕɔɗɘɔɥɓ-

ɓɔɏ ɗɐɔɖɔɗɘɢɤ ɗɊɈɎɉɆ Ɉ ɘɋɝɋɓɎɋ 10 ɒɎɓ. Ƀɘɔɘ 

ɖɋɌɎɒ ɕɔɍɈɔɑɎɑ ɓɆɇɑɤɊɆɘɢ ɗɊɈɎɉɔɈɔɋ çɖɆɍ-

ɌɎɌɋɓɎɋè, Ɇ ɘɆɐɌɋ ɔɜɋɓɎɘɢ ɗɐɔɖɔɗɘɢ ɈɔɗɗɘɆ-

ɓɔɈɑɋɓɎɥ ɗɘɖəɐɘəɖ ɈɓəɘɖɎ ɓɋɚɘɎ Ɏ ɗɐɔɖɔɗɘɢ 

ɋɦ ɈɡɛɔɊɆ ɓɆ ɖɆɈɓɔɈɋɗɓɔɋ Ɋɑɥ ɊɆɓɓɔɏ ɗɐɔɖɔ-

ɗɘɎ ɊɋɚɔɖɒɎɖɔɈɆɓɎɥ ɍɓɆɝɋɓɎɋ ɈɥɍɐɔɗɘɎ. 

Ȩɘɔɖɔɏ ɣɚɚɋɐɘ ɘɎɐɗɔɘɖɔɕɎɎ ɕɖɔɊɋɒɔɓ-

ɗɘɖɎɖɔɈɆɓ ɓɆ ɖɎɗəɓɐɋ 2, ɉɊɋ ɕɔɐɆɍɆɓɡ ɛɆɖɆɐ-

ɘɋɖɓɡɋ ɐɖɎɈɡɋ ɘɋɝɋɓɎɥ Ɋɑɥ ɝɋɘɡɖɋɛ ɘɋɒɕɋ-

ɖɆɘəɖ ɕɆɖɆɚɎɓɎɗɘɔɏ ɗɒɋɗɎ ɓɋɚɘɋɏ ɗ ɈɡɛɔɊɆ 

ȩȳȵȷ çȹɗɆè ɒɆɉɎɗɘɖɆɑɢɓɔɉɔ ɓɋɚɘɋɕɖɔɈɔɊɆ 

çȹɗɆ ï ȹɛɘɆè (ɓɋɚɘɢ ɷ 1 Ɉ ɘɆɇɑɎɜɋ 1). ȴɘɝɋɘ-

ɑɎɈɔ ɕɖɔɥɈɑɥɤɘɗɥ ɕɋɘɑɎ ɉɎɗɘɋɖɋɍɎɗɆ Ɋɑɥ 

ɘɋɒɕɋɖɆɘəɖ 0 Áȷ, 5 Áȷ Ɏ 10 Áȷ, ɕɑɔɟɆɊɢ ɐɔɘɔ-

ɖɡɛ ɖɆɗɘɋɘ ɗɔ ɗɓɎɌɋɓɎɋɒ ɘɋɒɕɋɖɆɘəɖɡ ɓɋɚ-

ɘɎ. ȸɋɒɕɋɖɆɘəɖɆ ɓɆɝɆɑɆ ɒɆɗɗɔɈɔɏ ɐɖɎɗɘɆɑɑɎ-

ɍɆɜɎɎ ɕɆɖɆɚɎɓɔɈ Ɋɑɥ ɣɘɔɉɔ ɔɇɖɆɍɜɆ ɓɋɚɘɎ, 

ɎɍɒɋɖɋɓɓɆɥ ɕɔ ɘɔɝɐɋ ɕɋɖɋɉɎɇɆ ɍɆɈɎɗɎɒɔɗɘɎ 

ɑɔɉɆɖɎɚɒɆ ɈɥɍɐɔɗɘɎ ɔɘ ɔɇɖɆɘɓɔɏ ɘɋɒɕɋɖɆɘə-

ɖɡ (ɐɔɔɖɊɎɓɆɘɡ ȦɖɖɋɓɎəɗɆ), ɖɆɈɓɆ 19 Áȷ. 

ȰɖɎɈɆɥ ɘɋɝɋɓɎɥ ɕɖɎ 20 Áȷ ɓɎɐɆɐɔɉɔ ɉɎɗɘɋɖɋ-

ɍɎɗɆ ɓɋ ɔɇɓɆɖəɌɎɈɆɋɘ, Ɏ ɥɈɑɥɋɘɗɥ ɚɆɐɘɎɝɋ-

ɗɐɎ ɓɢɤɘɔɓɔɈɗɐɔɏ, ɝɘɔ ɋɗɘɋɗɘɈɋɓɓɔ, ɘɆɐ ɐɆɐ 

ɆɉɑɔɒɋɖɆɘɔɈ Ɏɍ ɐɖɎɗɘɆɑɑɔɈ ɕɆɖɆɚɎɓɔɈ, ɗɕɔ-

ɗɔɇɓɡɛ ɐ ɐɔɆɉəɑɥɜɎɎ Ɉ ɕɖɔɗɘɖɆɓɗɘɈɋɓɓəɤ 

ɗɘɖəɐɘəɖə, ɕɖɎ ɣɘɔɏ ɘɋɒɕɋɖɆɘəɖɋ ɋɟɋ ɓɋ ɔɇ-

ɖɆɍəɋɘɗɥ. 

ȳɆ ɖɎɗəɓɐɋ 3 ɕɖɎɈɋɊɋɓɡ ɐɖɎɈɡɋ ɘɋɝɋ-

ɓɎɥ ɕɖɎ ɖɆɍɓɡɛ ɘɋɒɕɋɖɆɘəɖɆɛ Ɋɑɥ ɈɡɗɔɐɔɕɆ-

ɖɆɚɎɓɎɗɘɔɏ ɓɋɚɘɎ ȰɡɖɘɆɋɑɢɗɐɔɉɔ ɒɋɗɘɔɖɔɌ-

ɊɋɓɎɥ.  

ȨɎɊɓɔ, ɝɘɔ ɕɔɒɎɒɔ ɍɓɆɝɎɘɋɑɢɓɔɉɔ ɉɎɗ-

ɘɋɖɋɍɎɗɆ ɓɆ ɐɖɎɈɡɛ ɘɋɝɋɓɎɥ ɔɘɝɋɘɑɎɈɔ ɈɡɖɆ-

Ɍɋɓɔ ɥɈɑɋɓɎɋ çɗɈɋɖɛɆɓɔɒɆɑɎɎè ɈɥɍɐɔɗɘɎ, ɘ.ɋ. 

ɓɆɑɎɝɎɋ əɝɆɗɘɐɔɈ ɗɓɎɌɋɓɎɥ ɓɆɕɖɥɌɋɓɎɥ 

ɗɊɈɎɉɆ ɕɖɎ əɈɋɑɎɝɋɓɎɎ ɗɐɔɖɔɗɘɎ ɗɊɈɎɉɆ.  

ȳɆ ɔɗɓɔɈɆɓɎɎ ɉɖɆɚɎɐɔɈ ɖɎɗəɓɐɆ 3 ɒɔɌ-

ɓɔ ɕɔɗɘɖɔɎɘɢ ɍɆɈɎɗɎɒɔɗɘɢ ɕɑɔɟɆɊɎ ɕɋɘɑɎ 

ɉɎɗɘɋɖɋɍɎɗɆ ɔɘ ɘɋɒɕɋɖɆɘəɖɡ ɓɋɚɘɎ (ɖɎɗəɓɔɐ 

4). ȭɓɆɝɋɓɎɋ ɣɘɔɏ ɈɋɑɎɝɎɓɡ ɒɔɌɓɔ ɖɆɗɗɒɆɘ-

ɖɎɈɆɘɢ ɐɆɐ ɐɔɑɎɝɋɗɘɈɋɓɓəɤ ɒɋɖə ɘɎɐɗɔɘɖɔɕɎɎ 

ɓɋɚɘɎ [23].  

 

 

 

ȸɆɇɑɎɜɆ 1. ȰɔɓɜɋɓɘɖɆɜɎɥ ɕɆɖɆɚɎɓɔɈ, ɘɋɒɕɋɖɆɘəɖɡ ɒɆɗɗɔɈɔɏ ɐɖɎɗɘɆɑɑɎɍɆɜɎɎ Ɏ ɍɆɗɘɡɈɆɓɎɥ  

ɎɗɗɑɋɊɔɈɆɓɓɡɛ ɓɋɚɘɋɏ 

 

Table 1. Concentration of paraffins, temperatures of mass crystallization and solidification of the oils  

under study 

 

ȳɋɚɘɢ 
ȷɔɊɋɖɌɆɓɎɋ  

ɕɆɖɆɚɎɓɔɈ (%) 

ȸ ɒɆɗɗɔɈɔɏ  

ɐɖɎɗɘɆɑɑɎɍɆɜɎɎ (Áȷ) 
ȸ ɍɆɗɘɡɈɆɓɎɥ (Áȷ) 

ɷ 1 (ɈɡɛɔɊ ȩȳȵȷ çȹɗɆè) 5ï7 17ï19 2ï6 

ɷ 2 (ȻɆɖɢɥɉɎɓɗɐɔɋ  

ɒɋɗɘɔɖɔɌɊɋɓɎɋ) 
16ï18 26ï28 18ï21 

ɷ 3 (ȰɡɖɘɆɋɑɢɗɐɔɋ  

ɒɋɗɘɔɖɔɌɊɋɓɎɋ) 
20ï24 32ï35 25ï28 
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ȶɎɗəɓɔɐ 1. ȩɖɆɚɎɐ ɍɆɈɎɗɎɒɔɗɘɎ ɐɆɗɆɘɋɑɢɓɔɉɔ ɓɆɕɖɥɌɋɓɎɥ ɗɊɈɎɉɆ  ɔɘ ɈɖɋɒɋɓɎ Ɋɑɥ ɓɋɚɘɎ  

ȰɡɖɘɆɋɑɢɗɐɔɉɔ ɒɋɗɘɔɖɔɌɊɋɓɎɥ ɕɖɎ ɕɖɋɖɡɈɎɗɘɔɒ ɊɋɚɔɖɒɎɖɔɈɆɓɎɎ ɗ ɕɔɗɘɔɥɓɓɔɏ ɗɐɔɖɔɗɘɢɤ  

ɗɊɈɎɉɆ 50 1/ɗ 

 

Figure 1. Graph of tangential shear stress versus time for oil from the Kyrtael field under intermittent  

deformation with a constant shear rate of 50 1/s 

 

 

 
 

ȶɎɗəɓɔɐ 2.  ȰɖɎɈɡɋ ɘɋɝɋɓɎɥ ɓɋɚɘɎ ɗ ɈɡɛɔɊɆ ȩȳȵȷ ȹɗɆ Ȳȳ çȹɗɆ ï ȹɛɘɆè Ɋɑɥ ɘɋɒɕɋɖɆɘəɖ 20 Áȷ, 

10 Áȷ, 5 Áȷ Ɏ 0 Áȷ 

 

Figure 2. Oil flow curves from the outlet of the Usa Oil Pumping Station çUsa ï Ukhtaè  

for temperatures 20 ÁC, 10 ÁC, 5 ÁC and 0 ÁC 
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ȶɎɗəɓɔɐ 3. ȰɖɎɈɡɋ ɘɋɝɋɓɎɥ ɈɡɗɔɐɔɕɆɖɆɚɎɓɎɗɘɔɏ ȰɡɖɘɆɋɑɢɗɐɔɏ ɓɋɚɘɎ  

ɕɖɎ ɖɆɍɓɡɛ ɘɋɒɕɋɖɆɘəɖɆɛ Ɉ  ɊɎɆɕɆɍɔɓɋ ɔɘ 40 ÁC Ɋɔ 20 ÁC 

 

Figure 3. Flow curves of high paraffinic Kyrtael oil at different temperatures  

in the range from 40 ÁC to 20 ÁC 

 

 

 

 
ȶɎɗəɓɔɐ 4. ȩɖɆɚɎɐ ɍɆɈɎɗɎɒɔɗɘɎ ɕɑɔɟɆɊɎ ɕɋɘɑɎ ɉɎɗɘɋɖɋɍɎɗɆ ɓɆ ɐɖɎɈɡɛ ɘɋɝɋɓɎɥ  

ȰɡɖɘɆɋɑɢɗɐɔɏ ɓɋɚɘɎ ɔɘ  ɘɋɒɕɋɖɆɘəɖɡ 

 

Figure 4. Graph of the dependence of hysteresis loop area on the flow curves of the Kyrtael oil 

on temperature 
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ȨɎɊɓɔ, ɝɘɔ ɖɋɍɐɎɏ ɖɔɗɘ ɕɑɔɟɆɊɎ ɕɋɘɑɎ 

ɉɎɗɘɋɖɋɍɎɗɆ ɓɆɝɎɓɆɋɘɗɥ ɕɖɎ əɒɋɓɢɞɋɓɎɎ 

ɘɋɒɕɋɖɆɘəɖɡ ɓɋɚɘɎ ɓɎɌɋ 32 Áȷ. Ƀɘɔ ɍɓɆɝɋɓɎɋ 

ɕɖɎɒɋɖɓɔ ɖɆɈɓɔ ɘɋɒɕɋɖɆɘəɖɋ ɓɆɝɆɑɆ ɒɆɗɗɔ-

Ɉɔɏ ɐɖɎɗɘɆɑɑɎɍɆɜɎɎ ɕɆɖɆɚɎɓɔɈ (ɘɋɒɕɋɖɆɘəɖɋ 

ɓɆɝɆɑɆ ɉɋɑɋɔɇɖɆɍɔɈɆɓɎɥ).  

ȸɆɐɎɒ ɔɇɖɆɍɔɒ, ɘɔɝɐə ɎɍɑɔɒɆ ɓɆ ɐɖɎɈɔɏ 

ɍɆɈɎɗɎɒɔɗɘɎ ɕɑɔɟɆɊɎ ɕɋɘɑɎ ɉɎɗɘɋɖɋɍɎɗɆ ɔɘ 

ɘɋɒɕɋɖɆɘəɖɡ ɒɔɌɓɔ ɖɆɗɗɒɆɘɖɎɈɆɘɢ ɐɆɐ ɘɋɒ-

ɕɋɖɆɘəɖə ɓɆɝɆɑɆ ɉɋɑɋɔɇɖɆɍɔɈɆɓɎɥ, ɘ.ɋ. ɕɖɔ-

ɥɈɑɋɓɎɥ ɗɘɖəɐɘəɖɎɖɔɈɆɓɓɡɛ ɗɈɔɏɗɘɈ. 

ȮɍɈɋɗɘɓɔ, ɝɘɔ ɓɆɑɎɝɎɋ ɕɋɘɑɎ ɉɎɗɘɋɖɋɍɎ-

ɗɆ ɓɆ ɐɖɎɈɔɏ ɘɋɝɋɓɎɥ Ɋɑɥ ɗɘɖəɐɘəɖɎɖɔɈɆɓɓɡɛ 

ɊɎɗɕɋɖɗɓɡɛ ɗɎɗɘɋɒ, Ɉ ɘɔɒ ɝɎɗɑɋ Ɋɑɥ Ȩȵȳ, ɥɈ-

ɑɥɋɘɗɥ ɗɑɋɊɗɘɈɎɋɒ ɔɘɐɑɔɓɋɓɎɥ ɘɋɝɋɓɎɥ ɗɖɋ-

Ɋɡ ɔɘ ɖɆɈɓɔɈɋɗɓɔɉɔ. ȵɔɣɘɔɒə ɚɔɖɒɆ Ɏ ɕɑɔ-

ɟɆɊɢ ɕɋɘɑɎ ɊɔɑɌɓɆ ɍɆɈɎɗɋɘɢ ɔɘ ɈɖɋɒɋɓɎ ɍɆ-

ɕɎɗɎ ɗɆɒɔɏ ɐɖɎɈɔɏ. ȳɆ ɖɎɗəɓɐɋ 5 ɕɖɎɈɋɊɋɓɡ 

ɐɖɎɈɡɋ ɘɋɝɋɓɎɥ (ɕɖɥɒɔɏ Ɏ ɔɇɖɆɘɓɡɏ ɛɔɊ) 

ȰɡɖɘɆɋɑɢɗɐɔɏ ɓɋɚɘɎ Ɋɑɥ ɘɖɋɛ ɍɓɆɝɋɓɎɏ Ɉɖɋ-

ɒɋɓɎ ɍɆɕɎɗɎ, ɐɔɘɔɖɡɋ ɕɔɊɘɈɋɖɌɊɆɤɘ ɊɆɓɓɔɋ 

ɕɔɑɔɌɋɓɎɋ. 

 

 

 

 

 

 
 

1 ï Ɉɖɋɒɥ ɓɆ ɕɖɥɒɔɏ Ɏ ɔɇɖɆɘɓɡɏ ɛɔɊ ɕɔ 1 ɒɎɓəɘɋ; 2 ï ɕɔ 10 ɒɎɓ; 3 ï ɕɔ 40 ɒɎɓ 

 

1 ï time for forward and reverse strokes 1 min each; 2 ï 10 min each; 3 ï 40 min each 

 

 

 

ȶɎɗəɓɔɐ 5. ȰɖɎɈɡɋ ɘɋɝɋɓɎɥ ɓɋɚɘɎ ȰɡɖɘɆɋɑɢɗɐɔɉɔ ɒɋɗɘɔɖɔɌɊɋɓɎɥ Ɋɑɥ ɖɆɍɓɡɛ Ɉɖɋɒɋɓ  

ɍɆɕɎɗɎ (ɘɋɒɕɋɖɆɘəɖɆ 25 Áȷ) 

 

Figure 5. Oil flow curves of the Kyrtael field for different recording times (temperature 25 ÁC) 
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ȳɆɇɑɤɊɋɓɎɋ çɗɈɋɖɛɆɓɔɒɆɑɎɎè ɈɥɍɐɔɗɘɎ 

 

Ȩ ɖɆɇɔɘɋ [5] ȩ. Ȩ. ȨɎɓɔɉɖɆɊɔɈɡɒ Ɏ 

Ȩ. ȵ. ȵɆɈɑɔɈɡɒ ɈɕɋɖɈɡɋ ɇɡɑɔ ɔɇɓɆɖəɌɋɓɔ 

ɥɈɑɋɓɎɋ çɗɈɋɖɛɆɓɔɒɆɑɎɎè ɈɥɍɐɔɗɘɎ Ɋɑɥ ɕɑɆ-

ɗɘɎɝɓɡɛ ɗɒɆɍɔɐ. ɃɘɎɒɎ ɆɈɘɔɖɆɒɎ ɇɡɑɔ ɊɆɓɔ 

ɔɕɖɋɊɋɑɋɓɎɋ ɗɈɋɖɛɆɓɔɒɆɑɎɎ ɈɥɍɐɔɗɘɎ ɐɆɐ 

ɥɈɑɋɓɎɥ ɗɓɎɌɋɓɎɥ ɗɔɕɖɔɘɎɈɑɋɓɎɥ ɗɊɈɎɉə Ɉ 

əɗɑɔɈɎɥɛ ɕɋɖɋɛɔɊɆ ɒɋɌɊə əɗɘɆɓɔɈɎɈɞɎɒɎɗɥ 

ɖɋɌɎɒɆɒɎ ɊɋɚɔɖɒɎɖɔɈɆɓɎɥ: ɔɘ ɖɋɌɎɒɆ ɘɋɝɋ-

ɓɎɥ ɊɎɗɕɋɖɗɓɔɏ ɗɎɗɘɋɒɡ ɕɖɆɐɘɎɝɋɗɐɎ ɇɋɍ 

ɖɆɍɖəɞɋɓɎɥ ɐɔɆɉəɑɥɘɎɈɓɔɏ ɗɘɖəɐɘəɖɡ ɐ Ɋɖə-

ɉɔɒə ɖɋɌɎɒə ɗ ɎɓɘɋɓɗɎɈɓɡɒ ɓɋɔɇɖɆɘɎɒɡɒ 

ɖɆɍɖəɞɋɓɎɋɒ ɗɘɖəɐɘəɖɓɔɉɔ ɐɆɖɐɆɗɆ. ȷɛɔɌɋɋ 

ɥɈɑɋɓɎɋ ɕɆɊɋɓɎɥ ɓɆɕɖɥɌɋɓɎɥ ɗɊɈɎɉɆ ɗ ɖɔɗɘɔɒ 

ɗɐɔɖɔɗɘɎ ɗɊɈɎɉɆ Ɉ ɕɆɖɆɚɎɓɎɗɘɡɛ ɓɋɚɘɥɛ ɓɆ-

ɇɑɤɊɆɑɔɗɢ Ɉ ɖɆɇɔɘɆɛ [4, 7, 10, 12ï14]. 

Ȩ ɓɆɗɘɔɥɟɋɏ ɖɆɇɔɘɋ ɕɔɊɔɇɓɔɋ ɥɈɑɋɓɎɋ 

ɇɡɑɔ Ɏɍəɝɋɓɔ Ɋɑɥ ɓɋɗɐɔɑɢɐɎɛ ɈɎɊɔɈ ɓɋɚɘɋɏ 

ȸȵȳȩȵ, ɘɖɆɓɗɕɔɖɘɎɖəɋɒɡɛ ɕɔ Ȳȳ çȹɗɆ ï ȹɛ-

ɘɆè Ɏ çȹɛɘɆ ï ɅɖɔɗɑɆɈɑɢè: 1) Ɋɑɥ ɈɡɗɔɐɔɍɆ-

ɗɘɡɈɆɤɟɋɏ ɓɋɚɘɎ ȰɡɖɘɆɋɑɢɗɐɔɉɔ ɒɋɗɘɔɖɔɌ-

ɊɋɓɎɥ (ɖɎɗəɓɐɎ 3 Ɏ 5); 2) Ɋɑɥ ɓɋɚɘɎ ȩȳȵȷ 

çȹɗɆè (ɖɎɗəɓɔɐ 6, Ɇ); 3) Ɋɑɥ ɈɡɗɔɐɔɕɆɖɆɚɎɓɎ-

ɗɘɔɏ ɓɋɚɘɎ ȻɆɖɢɥɉɎɓɗɐɔɉɔ ɒɋɗɘɔɖɔɌɊɋɓɎɥ 

(ɓɋɚɘɢ ɷ 2 Ɉ ɘɆɇɑɎɜɋ 1) (ɖɎɗəɓɐɎ 6, b, 7, 8).  

ȳɆ ɖɎɗəɓɐɋ 7 ɕɔɐɆɍɆɓɆ ɍɆɈɎɗɎɒɔɗɘɢ ɓɆ-

ɕɖɥɌɋɓɎɥ ɗɊɈɎɉɆ ɔɘ ɈɖɋɒɋɓɎ Ɋɑɥ ȻɆɖɢɥɉɎɓ-

ɗɐɔɏ ɓɋɚɘɎ ɕɖɎ ɘɋɒɕɋɖɆɘəɖɋ 18 Áȷ, ɐɔɘɔɖɆɥ 

ɓɆ ɓɋɗɐɔɑɢɐɔ ɉɖɆɊəɗɔɈ ɓɎɌɋ ɘɋɒɕɋɖɆɘəɖɡ 

ɒɆɗɗɔɈɔɏ ɐɖɎɗɘɆɑɑɎɍɆɜɎɎ ɕɆɖɆɚɎɓɔɈ. ȪɆɓ-

ɓɡɏ ɉɖɆɚɎɐ ɊɋɒɔɓɗɘɖɎɖəɋɘ ɊɎɓɆɒɎɐə əɗɘɆ-

ɓɔɈɑɋɓɎɥ ɖɋɌɎɒɆ ɘɋɝɋɓɎɥ ɗɘɖəɐɘəɖɎɖɔɈɆɓɓɔɏ 

ɓɋɚɘɎ ɕɖɎ ɗɑɋɊəɤɟɋɏ ɒɋɘɔɊɎɐɋ ɔɕɡɘɆ. Ȫɔ 

ɒɔɒɋɓɘɆ ɈɖɋɒɋɓɎ 60 ɗ ɜɎɑɎɓɊɖ ɈɎɗɐɔɍɎɒɋɘɖɆ 

ɈɖɆɟɆɋɘɗɥ ɗ ɕɔɗɘɔɥɓɓɔɏ ɗɐɔɖɔɗɘɢɤ, ɗɔɔɘɈɋɘ-

ɗɘɈəɤɟɋɏ ɗɐɔɖɔɗɘɎ ɗɊɈɎɉɆ 1 ɗ
-1
. ȨɎɊɓɔ, ɝɘɔ ɓɆ 

ɕɋɖɈɔɏ ɗɋɐəɓɊɋ ɕɖɔɎɗɛɔɊɎɘ ɖɋɍɐɎɏ ɖɔɗɘ ɓɆ-

ɕɖɥɌɋɓɎɥ ɗɊɈɎɉɆ, ɊɆɑɋɋ ɓɆɇɑɤɊɆɤɘɗɥ ɍɆɘə-

ɛɆɤɟɎɋ ɐɔɑɋɇɆɓɎɥ ɓɆ ɚɔɓɋ ɗɕɆɊɆɤɟɋɉɔ ɓɆ-

ɕɖɥɌɋɓɎɥ ɗɊɈɎɉɆ. Ȩ ɒɔɒɋɓɘ ɈɖɋɒɋɓɎ 60 ɗ ɗɐɔ-

ɖɔɗɘɢ ɗɊɈɎɉɆ ɓɆɝɎɓɆɋɘ əɈɋɑɎɝɎɈɆɘɢɗɥ ɕɔ ɗɔ-

ɔɘɈɋɘɗɘɈəɤɟɋɏ ɕɖɔɉɖɆɒɒɋ (ɕɖɆɐɘɎɝɋɗɐɎ ɑɎ-

ɓɋɏɓɔ ɗɔ Ɉɖɋɒɋɓɋɒ), Ɏ ɒɡ ɕɔɑəɝɆɋɒ ɐɖɎɈəɤ 

ɘɋɝɋɓɎɥ, ɘ.ɋ. ɍɆɈɎɗɎɒɔɗɘɢ ɓɆɕɖɥɌɋɓɎɥ ɗɊɈɎɉɆ 

ɔɘ ɗɐɔɖɔɗɘɎ ɗɊɈɎɉɆ, ɕɖɎ ɣɘɔɒ ɓɆɇɑɤɊɆɋɒ ɔɘ-

ɝɋɘɑɎɈɔ ɈɡɖɆɌɋɓɓɔɋ ɥɈɑɋɓɎɋ çɗɈɋɖɛɆɓɔɒɆ-

ɑɎɎè ɈɥɍɐɔɗɘɎ.  

 

 

 
Ɇ)                                                                              b) 

ȶɎɗəɓɔɐ 6. ȵɖɔɥɈɑɋɓɎɋ çɗɈɋɖɛɆɓɔɒɆɑɎɎè ɈɥɍɐɔɗɘɎ ɓɆ ɐɖɎɈɡɛ ɘɋɝɋɓɎɥ: ɓɋɚɘɢ ȩȳȵȷ ȹɗɆ,  

ɘɋɒɕɋɖɆɘəɖɆ 10 ÁC (Ɇ); ɈɡɗɔɐɔɕɆɖɆɚɎɓɎɗɘɆɥ ɓɋɚɘɢ ȻɆɖɢɥɉɎɓɗɐɔɉɔ ɒɋɗɘɔɖɔɌɊɋɓɎɥ, 

ɘɋɒɕɋɖɆɘəɖɆ 20 Áȷ (b) 

 

Figure 6. çSuper anomalous viscosityè manifestation on the flow curves: oil from the Usa Gas  

Pumping Station, temperature 10 ÁC (a); highly paraffinic oil from the Kharyaga Field,  

temperature 20 ÁC (b) 
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ȶɎɗəɓɔɐ 7.  ȰɔɒɇɎɓɎɖɔɈɆɓɓɆɥ ɍɆɈɎɗɎɒɔɗɘɢ ɓɆɕɖɥɌɋɓɎɥ ɗɊɈɎɉɆ ɔɘ ɈɖɋɒɋɓɎ Ɋɑɥ ɓɋɚɘɎ  

ȻɆɖɢɥɉɎɓɗɐɔɉɔ ɒɋɗɘɔɖɔɌɊɋɓɎɥ ɕɖɎ ɘɋɒɕɋɖɆɘəɖɋ 18 Áȷ (ɕɔɥɗɓɋɓɎɥ Ɉ ɘɋɐɗɘɋ) 

 

Figure 7. Combined dependence of shear stress on time for oil from the Kharyaga field  

at temperature 18 ÁC (explanations in the text) 

 

 

 

 

 
 

ȶɎɗəɓɔɐ 8. ȰɖɎɈɡɋ ɘɋɝɋɓɎɥ ɓɋɚɘɎ ȻɆɖɢɥɉɎɓɗɐɔɉɔ ɒɋɗɘɔɖɔɌɊɋɓɎɥ ɕɖɎ ɘɋɒɕɋɖɆɘəɖɆɛ 25ï20 Áȷ 

 

Figure 8. Flow curves of oil from the Kharyaga field at temperatures of 25ï20 ÁC 
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ȪɆɓɓɆɥ ɐɔɒɇɎɓɎɖɔɈɆɓɓɆɥ ɐɖɎɈɆɥ ɍɆɈɎ-

ɗɎɒɔɗɘɎ (Ɋɔ ɈɖɋɒɋɓɎ 60 ɗ ɗɐɔɖɔɗɘɢ ɗɊɈɎɉɆ 

ɒɆɑɆ Ɏ ɕɔɗɘɔɥɓɓɆ, Ɇ ɕɔɗɑɋ 60 ɗ ɓɆɝɎɓɆɋɘɗɥ ɋɋ 

ɑɎɓɋɏɓɡɏ ɖɔɗɘ ɗɔ Ɉɖɋɒɋɓɋɒ) ɊɆɋɘ ɓɆɉɑɥɊɓɔɋ 

ɕɖɋɊɗɘɆɈɑɋɓɎɋ ɔ ɘɔɒ, ɐɆɐ əɗɘɆɓɆɈɑɎɈɆɋɘɗɥ 

ɗɘɆɜɎɔɓɆɖɓɡɏ ɖɋɌɎɒ ɘɋɝɋɓɎɥ ɈɡɗɔɐɔɕɆɖɆ-

ɚɎɓɎɗɘɡɛ ɓɋɚɘɋɏ Ɉ ɖɔɘɆɜɎɔɓɓɔɒ ɈɎɗɐɔɍɎ-

ɒɋɘɖɋ Ɋɑɥ ɘɋɒɕɋɖɆɘəɖ, ɕɖɎ ɐɔɘɔɖɡɛ ɔɇɖɆɍə-

ɋɘɗɥ ɕɖɔɗɘɖɆɓɗɘɈɋɓɓɆɥ ɗɘɖəɐɘəɖɆ Ɏɍ ɕɆɖɆɚɎ-

ɓɔɈɡɛ əɉɑɋɈɔɊɔɖɔɊɔɈ (ȹȨ). 

Ȯɍ ɆɓɆɑɎɍɆ ɖɎɗəɓɐɆ 7 ɈɎɊɓɔ, ɝɘɔ ɓɆ-

ɇɑɤɊɆɤɘɗɥ ɊɈɆ əɝɆɗɘɐɆ ɖɔɗɘɆ Ɏ ɕɔɗɑɋɊəɤɟɋ-

ɉɔ ɕɆɊɋɓɎɥ ɓɆɕɖɥɌɋɓɎɥ ɗɊɈɎɉɆ ɗɔ Ɉɖɋɒɋɓɋɒ: 

ɕɋɖɈɡɏ əɝɆɗɘɔɐ ï Ɉ ɕɋɖɈɡɋ ɗɋɐəɓɊɡ Ɏɍɒɋɖɋ-

ɓɎɏ ɕɖɎ ɕɔɗɘɔɥɓɓɔɏ ɒɆɑɔɏ ɗɐɔɖɔɗɘɎ ɗɊɈɎɉɆ; 

Ɉɘɔɖɔɏ əɝɆɗɘɔɐ ï ɐɔɉɊɆ ɗɐɔɖɔɗɘɢ ɗɊɈɎɉɆ ɓɆɝɎ-

ɓɆɋɘ ɖɆɗɘɎ, Ɏ ɐɔɘɔɖɡɏ ɘɖɆɐɘəɋɘɗɥ ɐɆɐ ɥɈɑɋɓɎɋ 

çɗɈɋɖɛɆɓɔɒɆɑɎɎè ɈɥɍɐɔɗɘɎ.  

ȳɆ ɖɎɗəɓɐɋ 8 ɕɔɐɆɍɆɓɡ ɐɔɒɇɎɓɎɖɔɈɆɓ-

ɓɡɋ ɍɆɈɎɗɎɒɔɗɘɎ ɓɆɕɖɥɌɋɓɎɥ ɗɊɈɎɉɆ ɓɋɚɘɎ 

ȻɆɖɢɥɉɎɓɗɐɔɉɔ ɒɋɗɘɔɖɔɌɊɋɓɎɥ ɔɘ ɈɖɋɒɋɓɎ Ɏ 

ɗɐɔɖɔɗɘɎ ɗɊɈɎɉɆ Ɋɑɥ ɓɋɗɐɔɑɢɐɎɛ ɘɋɒɕɋɖɆɘəɖ. 

ȵɋɖɈəɤ ɒɎɓəɘə ɜɎɑɎɓɊɖ ɈɎɗɐɔɍɎɒɋɘɖɆ ɈɖɆ-

ɟɆɋɘɗɥ ɗ ɒɆɑɔɏ əɉɑɔɈɔɏ ɗɐɔɖɔɗɘɢɤ 

1,55 ɔɇ/ɒɎɓ (ɝɘɔ ɗɔɔɘɈɋɘɗɘɈəɋɘ ɗɐɔɖɔɗɘɎ ɗɊɈɎ-

ɉɆ 2 ɗ
-1
), Ɏ ɍɆɕɎɗɡɈɆɋɘɗɥ ɍɆɈɎɗɎɒɔɗɘɢ ɓɆɕɖɥ-

ɌɋɓɎɥ ɗɊɈɎɉɆ ɔɘ ɈɖɋɒɋɓɎ Ű(t).  

ȨɎɊɓɔ, ɝɘɔ Ɉ ɜɋɑɔɒ ɓɆɇɑɤɊɆɤɘɗɥ ɕɆ-

ɊɆɤɟɎɋ Ɏ ɈɡɛɔɊɥɟɎɋ ɕɔɗɘɋɕɋɓɓɔ ɓɆ ɖɆɈɓɔ-

Ɉɋɗɓɡɋ ɍɓɆɝɋɓɎɥ ɐɖɎɈɡɋ. Ȫɑɥ ɘɋɒɕɋɖɆɘəɖ 

ɓɎɌɋ ɓɋɐɔɘɔɖɔɉɔ ɐɖɎɘɎɝɋɗɐɔɉɔ ɍɓɆɝɋɓɎɥ ɓɆ 

ɣɘɎɛ ɗɕɆɊɆɤɟɎɛ ɐɖɎɈɡɛ ɓɆɇɑɤɊɆɤɘɗɥ ɐɔɑɋ-

ɇɆɓɎɥ ɓɆɕɖɥɌɋɓɎɥ ɗɊɈɎɉɆ. ȵɖɎɖɔɊɆ ɣɘɎɛ ɐɔ-

ɑɋɇɆɓɎɏ ɇəɊɋɘ ɔɇɗəɌɊɆɘɢɗɥ ɕɔɍɊɓɋɋ (ɗɒ. ɖɎ-

ɗəɓɔɐ 9). ȵɔɗɑɋ ɒɎɓəɘɡ ɘɆɐɔɉɔ ɈɖɆɟɋɓɎɥ ɗɐɔ-

ɖɔɗɘɢ ɗɊɈɎɉɆ ɓɆɝɎɓɆɋɘ ɈɔɍɖɆɗɘɆɘɢ Ɉ ɗɔɔɘɈɋɘ-

ɗɘɈɎɎ ɗ ɍɆɊɆɓɓɔɏ ɕɖɔɉɖɆɒɒɔɏ,  Ɏ ɍɆɕɎɗɡɈɆɋɘ-

ɗɥ ɗɔɇɗɘɈɋɓɓɔ ɐɖɎɈɆɥ ɘɋɝɋɓɎɥ ɓɋɚɘɎ. Ȫɑɥ 

ɘɋɒɕɋɖɆɘəɖ Ɉ ɊɎɆɕɆɍɔɓɋ ɔɘ 25 Áȷ Ɋɔ 21,3 Áȷ 

ɐɖɎɈɡɋ ɈɋɊəɘ ɗɋɇɥ ɕɔɛɔɌɎɒ ɔɇɖɆɍɔɒ Ɉ ɔɇɋɎɛ 

ɝɆɗɘɥɛ ɐɔɒɇɎɓɎɖɔɈɆɓɓɔɏ ɍɆɈɎɗɎɒɔɗɘɎ (Ɉɖɋ-

ɒɋɓɓɔɏ ɖɆɍɈɋɖɘɐɎ Ɏ ɖɆɍɈɋɖɘɐɎ ɕɔ ɗɐɔɖɔɗɘɎ 

ɗɊɈɎɉɆ). Ƀɘɔ ɕɔɈɋɊɋɓɎɋ ɖɋɍɐɔ ɒɋɓɥɋɘɗɥ ɕɖɎ 

ɕɋɖɋɛɔɊɋ ɔɘ 21,3 Áȷ ɐ 21 Áȷ Ɏ ɓɆ Ɉɖɋɒɋɓɓɔɏ 

ɞɐɆɑɋ, Ɏ ɓɆ ɞɐɆɑɋ ɎɍɒɋɓɋɓɎɥ ɗɐɔɖɔɗɘɎ ɗɊɈɎ-

ɉɆ. 

 

 

 

 

 
 

 

ȶɎɗəɓɔɐ 9. ȭɆɈɎɗɎɒɔɗɘɢ ɓɆɕɖɥɌɋɓɎɥ ɗɊɈɎɉɆ ɔɘ ɈɖɋɒɋɓɎ ɕɖɎ ɕɔɗɘɔɥɓɓɔɏ ɗɐɔɖɔɗɘɎ  

ɗɊɈɎɉɆ 1 1/ɗ Ɋɑɥ ɗɒɋɗɎ ɓɋɚɘɋɏ ɗ ɈɡɛɔɊɆ ȩȳȵȷ ȹɗɆ ɕɖɎ ɘɋɒɕɋɖɆɘəɖɆɛ 0 Áȷ, 5 Áȷ Ɏ 10 Áȷ 

 

Figure 9. Dependence of shear stress on time at a constant shear rate of 1 1/s for a mixture  

of oils from the outlet of the Usa gas pumping station at temperatures of 0 Áȷ, 5 Áȷ and 10 Áȷ 
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ȳɆ Ɉɖɋɒɋɓɓɔɏ ɞɐɆɑɋ Ɉ ɘɋɝɋɓɎɋ ɕɋɖɈɡɛ 

1ï2 ɗ ɕɔɥɈɑɥɋɘɗɥ ɗɐɆɝɔɐ ɓɆɕɖɥɌɋɓɎɥ ɗɊɈɎɉɆ, Ɏ 

ɊɆɑɋɋ ɔɓɔ ɗɕɆɊɆɋɘ, ɗɘɖɋɒɥɗɢ ɐ əɗɘɆɓɔɈɎɈɞɋ-

ɒəɗɥ ɍɓɆɝɋɓɎɤ. ȵɖɎ ɣɘɔɒ ɈɎɊɓɡ ɐɔɑɋɇɆɓɎɥ ɗ 

ɕɋɖɎɔɊɔɒ, ɕɖɎɒɋɖɓɔ ɖɆɈɓɡɒ  38ï40 ɗ. ȲɆɐɗɎ-

ɒɆɑɢɓɔɋ ɍɓɆɝɋɓɎɋ Ű ɍɊɋɗɢ ɒɔɌɓɔ ɘɖɆɐɘɔɈɆɘɢ 

ɐɆɐ ɓɆɝɆɑɢɓɔɋ ɓɆɕɖɥɌɋɓɎɋ ɗɊɈɎɉɆ. ȵɔɗɑɋ 

ɔɐɔɓɝɆɓɎɥ ɕɖɋɊɈɆɖɎɘɋɑɢɓɔɉɔ ɈɖɆɟɋɓɎɥ ɓɆɝɎ-

ɓɆɋɘɗɥ ɕɖɔɉɖɆɒɒɎɖɔɈɆɓɓɡɏ ɖɔɗɘ əɉɑɔɈɔɏ ɗɐɔ-

ɖɔɗɘɎ ɈɖɆɟɋɓɎɥ ɜɎɑɎɓɊɖɆ (ɗɐɔɖɔɗɘɎ ɗɊɈɎɉɆ), 

Ɏ ɓɆ ɐɖɎɈɔɏ ɍɆɈɎɗɎɒɔɗɘɎ Ű(‎ȕ) ɒɔɌɓɔ ɔɘɝɋɘɑɎ-

Ɉɔ ɓɆɇɑɤɊɆɘɢ ɥɈɑɋɓɎɋ çɗɈɋɖɛɆɓɔɒɆɑɎɎè Ɉɥɍ-

ɐɔɗɘɎ. ȫɟɋ ɖɆɍ ɔɘɒɋɘɎɒ, ɝɘɔ ɘɆɐɔɋ ɖɋɍɐɔɋ 

ɎɍɒɋɓɋɓɎɋ ɛɆɖɆɐɘɋɖɆ ɐɖɎɈɔɏ ɘɋɝɋɓɎɥ ɕɖɔɎɗ-

ɛɔɊɎɘ ɕɖɎ ɕɋɖɋɛɔɊɋ ɔɘ ɘɋɒɕɋɖɆɘəɖɡ 21,3 Áȷ 

Ɋɔ 21 Áȷ, ɘ.ɋ. Ɉ ɎɓɘɋɖɈɆɑɋ 0,3 Áȷ. 

ȫɗɑɎ ɍɆɕɎɗɆɘɢ ɐɖɎɈɡɋ ɍɆɈɎɗɎɒɔɗɘɎ ɓɆ-

ɕɖɥɌɋɓɎɥ ɗɊɈɎɉɆ ɔɘ ɈɖɋɒɋɓɎ ɕɖɎ ɕɔɗɘɔɥɓɓɔɏ 

ɗɐɔɖɔɗɘɎ ɗɊɈɎɉɆ, ɖɆɈɓɔɏ 1 ɗ
-1
, Ɏ ɈɖɋɒɋɓɎ Ɋɋ-

ɚɔɖɒɎɖɔɈɆɓɎɥ 10 ɒɎɓ, ɘɔ ɕɔɑəɝɆɤɘɗɥ ɗɑɋ-

ɊəɤɟɎɋ ɉɖɆɚɎɐɎ (ɖɎɗəɓɔɐ 9). ȪɆɓɓɡɋ ɐɖɎɈɡɋ 

Ɏɒɋɤɘ ɝɋɘɐɔ ɈɡɖɆɌɋɓɓɡɏ ɐɔɑɋɇɆɘɋɑɢɓɡɏ ɛɆ-

ɖɆɐɘɋɖ, ɐɔɘɔɖɡɏ ɕɖɎ ɇɔɑɋɋ ɈɡɗɔɐɎɛ ɘɋɒɕɋɖɆ-

ɘəɖɆɛ ɘɆɐ ɥɖɐɔ ɓɋ ɕɖɔɥɈɑɥɋɘɗɥ, ɑɎɇɔ ɈɔɈɗɋ ɓɋ 

ɍɆɒɋɘɋɓ. 

ȴɕɡɘɡ ɕɔɐɆɍɡɈɆɤɘ, ɝɘɔ ɔɇɡɝɓɔ ɕɔɗɑɋ 

ɘɋɖɒɔɗɘɆɘɎɖɔɈɆɓɎɥ ɕɖɔɇɡ ɓɋɚɘɎ Ɉ ɍɆɍɔɖɋ 

ɒɋɌɊə ɜɎɑɎɓɊɖɆɒɎ ɈɎɗɐɔɍɎɒɋɘɖɆ Ɉ ɘɋɝɋɓɎɋ 

30 ɒɎɓ Ɏ ɊɆɑɢɓɋɏɞɋɉɔ ɈɖɆɟɋɓɎɥ ɜɎɑɎɓɊɖɆ ɗ 

ɒɆɑɔɏ əɉɑɔɈɔɏ ɗɐɔɖɔɗɘɢɤ Ɉ ɘɋɝɋɓɎɋ 10ï20 ɒɎɓ 

ɕɔɗɘɋɕɋɓɓɔ əɗɘɆɓɆɈɑɎɈɆɋɘɗɥ ɖɆɈɓɔɈɋɗɓɡɏ 

ɛɆɖɆɐɘɋɖ ɘɋɝɋɓɎɥ Ɋɑɥ ɊɆɓɓɔɏ ɗɐɔɖɔɗɘɎ ɗɊɈɎ-

ɉɆ, ɈɡɍɈɆɓɓɡɏ ɐɔɓɐəɖɋɓɜɎɋɏ ɕɖɔɜɋɗɗɔɈ ɖɆɍ-

ɖəɞɋɓɎɥ ɕɖɔɗɘɖɆɓɗɘɈɋɓɓɔɏ ɗɘɖəɐɘəɖɡ, ɗɔ-

ɗɘɔɥɟɋɏ Ɉ ɔɗɓɔɈɓɔɒ Ɏɍ ɕɆɖɆɚɎɓɔɈɡɛ ȹȨ, Ɏ 

ɕɖɔɜɋɗɗɔɈ ɘɎɐɗɔɘɖɔɕɓɔɉɔ ɈɔɗɗɘɆɓɔɈɑɋɓɎɥ 

ɣɘɔɏ ɗɘɖəɐɘəɖɡ. Ȩ ɣɘɔɒ ɗɑəɝɆɋ ɐɖɎɈɆɥ ɓɆɕɖɥ-

ɌɋɓɎɥ ɗɊɈɎɉɆ ɊɔɑɌɓɆ ɒɔɓɔɘɔɓɓɔ ɗɕɆɊɆɘɢ Ɏ 

ɕɔɗɘɋɕɋɓɓɔ ɈɡɛɔɊɎɘɢ ɓɆ ɗɘɆɜɎɔɓɆɖɓɔɋ ɍɓɆɝɋ-

ɓɎɋ, ɗɔɔɘɈɋɘɗɘɈəɤɟɋɋ ɊɆɓɓɔɏ ɗɐɔɖɔɗɘɎ ɗɊɈɎ-

ɉɆ. ȰɆɐ ɈɎɊɓɔ Ɏɍ ɖɎɗəɓɐɆ 9, ɍɆɈɎɗɎɒɔɗɘɢ ɓɆ-

ɕɖɥɌɋɓɎɥ ɗɊɈɎɉɆ ɔɘ ɈɖɋɒɋɓɎ ɓɔɗɎɘ ɥɖɐɔ Ɉɡ-

ɖɆɌɋɓɓɡɏ ɐɔɑɋɇɆɘɋɑɢɓɡɏ ɛɆɖɆɐɘɋɖ ɗ ɕɋɖɎɔ-

Ɋɔɒ, ɔɊɎɓɆɐɔɈɡɒ Ɋɑɥ Ɉɗɋɛ ɘɋɒɕɋɖɆɘəɖ. ȵɖɎ-

ɖɔɊɆ ɣɘɎɛ ɐɔɑɋɇɆɓɎɏ ɕɖɋɊɗɘɆɈɑɥɋɘ ɇɋɍəɗɑɔɈ-

ɓɡɏ Ɏɓɘɋɖɋɗ ɐɆɐ Ɋɑɥ ɘɋɛɓɎɐɎ ɎɍɒɋɖɋɓɎɏ Ɉ ɖɔ-

ɘɆɜɎɔɓɓɔɏ ɈɎɗɐɔɍɎɒɋɘɖɎɎ, ɘɆɐ Ɏ Ɋɑɥ ɖɋɔɑɔɉɎɎ 

ɗɘɖəɐɘəɖɎɖɔɈɆɓɓɡɛ ɊɎɗɕɋɖɗɓɡɛ ɗɎɗɘɋɒ. ȲɔɌ-

ɓɔ ɕɖɋɊɕɔɑɔɌɎɘɢ, ɝɘɔ  ɗɐɔɖɔɗɘɎ ɕɖɔɜɋɗɗɔɈ 

ɖɆɍɖəɞɋɓɎɥ Ɏ ɈɔɗɗɘɆɓɔɈɑɋɓɎɥ ɕɖɔɗɘɖɆɓɗɘ-

Ɉɋɓɓɔɏ ɗɘɖəɐɘəɖɡ, ɔɇɖɆɍɔɈɆɓɓɔɏ ɕɆɖɆɚɎɓɔ-

ɈɡɒɎ ȹȨ, ɕɖɎ ɈɖɆɟɋɓɎɎ ɓɋɚɘɎ Ɉ ɈɎɗɐɔɍɎɒɋɘ-

ɖɋ ɕɋɖɎɔɊɎɝɋɗɐɎ Ɏɍɒɋɓɥɤɘɗɥ, ɗɘɆɓɔɈɥɗɢ ɘɔ 

ɇɔɑɢɞɋ, ɘɔ ɒɋɓɢɞɋ Ɋɖəɉ ɊɖəɉɆ. ȴɊɓɆɐɔ Ɉ ɜɋ-

ɑɔɒ ɆɒɕɑɎɘəɊɆ ɐɔɑɋɇɆɓɎɏ ɗɕɆɊɆɋɘ ɓɆ ɚɔɓɋ 

ɒɔɓɔɘɔɓɓɔɉɔ ɗɓɎɌɋɓɎɥ ɓɆɕɖɥɌɋɓɎɥ ɗɊɈɎɉɆ ɗɔ 

Ɉɖɋɒɋɓɋɒ. Ȩ Ɏɘɔɉɋ əɗɘɆɓɆɈɑɎɈɆɋɘɗɥ ɗɘɆɜɎɔ-

ɓɆɖɓɡɏ ɖɋɌɎɒ ɘɋɝɋɓɎɥ Ɋɑɥ ɊɆɓɓɔɏ ɗɐɔɖɔɗɘɎ 

ɗɊɈɎɉɆ. Ȫɑɥ ɘɋɒɕɋɖɆɘəɖ, ɕɖɋɈɡɞɆɤɟɎɛ ɘɋɒ-

ɕɋɖɆɘəɖə ɓɆɝɆɑɆ ɒɆɗɗɔɈɔɏ ɐɖɎɗɘɆɑɑɎɍɆɜɎɎ 

ɕɆɖɆɚɎɓɔɈ (ɘɋɒɕɋɖɆɘəɖɡ ɉɋɑɋɔɇɖɆɍɔɈɆɓɎɥ), 

ɕɔɊɔɇɓɡɛ ɐɔɑɋɇɆɓɎɏ Ɉ ɣɐɗɕɋɖɎɒɋɓɘɆɛ ɓɋ ɓɆ-

ɇɑɤɊɆɑɔɗɢ. 

Ȫɑɥ ɗɐɔɖɔɗɘɎ ɗɊɈɎɉɆ 1 ɗ
-1

 ɕɋɖɎɔɊ ɐɔɑɋ-

ɇɆɓɎɏ ɗɔɗɘɆɈɑɥɋɘ ɕɖɎɒɋɖɓɔ 76ï78 ɗ. ȵɖɎ ɗɐɔ-

ɖɔɗɘɎ ɗɊɈɎɉɆ 0,5 ɗ
-1
, ɘ.ɋ. ɕɖɎ əɒɋɓɢɞɋɓɎɎ ɝɆɗ-

ɘɔɘɡ ɈɖɆɟɋɓɎɥ Ɉ ɊɈɆ ɖɆɍɆ, ɕɋɖɎɔɊ ɐɔɑɋɇɆɓɎɏ 

ɗɘɆɓɔɈɎɘɗɥ ɕɖɎɒɋɖɓɔ 152ï156 ɗ, ɘ.ɋ. Ɉ ɊɈɆ 

ɖɆɍɆ əɈɋɑɎɝɎɈɆɋɘɗɥ ɕɔ ɗɖɆɈɓɋɓɎɤ ɗɔ ɗɐɔɖɔ-

ɗɘɢɤ Ɉ 1 ɗ
-1
. ȵɖɎ ɗɐɔɖɔɗɘɎ ɗɊɈɎɉɆ 5 ɗ

-1
, ɐɔɑɋ-

ɇɆɓɎɥ ɘɔɌɋ ɋɗɘɢ, ɓɔ ɍɆɒɋɘɓɔ ɝɆɟɋ. ȸɆɐɎɒ ɔɇ-

ɖɆɍɔɒ, ɕɖɔɗɘɡɋ ɖɆɗɝɋɘɡ ɕɔɐɆɍɡɈɆɤɘ, ɝɘɔ ɕɖɎ 

ɘɋɒɕɋɖɆɘəɖɆɛ ɓɎɌɋ ɘɋɒɕɋɖɆɘəɖɡ ɉɋɑɋɔɇɖɆɍɔ-

ɈɆɓɎɥ Ɉɔ Ɉɗɋɛ ɗɑəɝɆɥɛ ɈɖɆɟɋɓɎɥ ɜɎɑɎɓɊɖɆ 

ɈɎɗɐɔɍɎɒɋɘɖɆ ɗ ɕɔɗɘɔɥɓɓɔɏ əɉɑɔɈɔɏ ɗɐɔɖɔ-

ɗɘɢɤ (ɕɔɗɘɔɥɓɓɔɏ ɗɐɔɖɔɗɘɢɤ ɗɊɈɎɉɆ) ɓɆ ɐɖɎ-

Ɉɡɛ ɘɋɝɋɓɎɥ ɓɆɇɑɤɊɆɤɘɗɥ ɐɔɑɋɇɆɓɎɥ ɓɆɕɖɥ-

ɌɋɓɎɥ ɗɊɈɎɉɆ, ɕɋɖɎɔɊ ɐɔɘɔɖɡɛ ɖɆɈɋɓ ɕɋɖɎɔɊə 

ɔɇɔɖɔɘɆ ɜɎɑɎɓɊɖɆ ɈɎɗɐɔɍɎɒɋɘɖɆ. 

 

ȴɇɗəɌɊɋɓɎɋ ɖɋɍəɑɢɘɆɘɔɈ ɣɐɗɕɋɖɎɒɋɓɘɔɈ 

 

ɅɈɑɋɓɎɥ ɘɎɐɗɔɘɖɔɕɎɎ Ɏ çɗɈɋɖɛɆɓɔɒɆ-

ɑɎɎè ɈɥɍɐɔɗɘɎ (ȷȦȨ) Ɋɑɥ ɕɆɖɆɚɎɓɎɗɘɡɛ ɓɋɚ-

ɘɋɏ, ɐɔɘɔɖɡɋ ɎɍəɝɆɑɎɗɢ Ɉ ɓɆɗɘɔɥɟɋɏ ɖɆɇɔɘɋ, 

ɐɔɓɋɝɓɔ, ɓɋ ɘɔɌɊɋɗɘɈɋɓɓɡ, ɓɔ, Ɉɋɖɔɥɘɓɔ, Ɉɡ-

ɍɡɈɆɤɘɗɥ ɔɊɓɎɒɎ Ɏ ɘɋɒɎ Ɍɋ ɕɖɎɝɎɓɆɒɎ. Ȩ ɓɆ-

ɗɘɔɥɟɋɋ Ɉɖɋɒɥ ɔɇɟɋɕɖɎɓɥɘɔ, ɝɘɔ ɘɎɐɗɔɘɖɔ-

ɕɎɥ ɛɆɖɆɐɘɋɖɓɆ Ɋɑɥ ɗɘɖəɐɘəɖɎɖɔɈɆɓɓɡɛ ɊɎɗ-

ɕɋɖɗɓɡɛ ɗɎɗɘɋɒ, ɐ ɐɔɘɔɖɡɒ ɔɘɓɔɗɥɘɗɥ ɕɆɖɆ-

ɚɎɓɎɗɘɡɋ Ɏ ɈɡɗɔɐɔɕɆɖɆɚɎɓɎɗɘɡɋ ɓɋɚɘɎ ɕɖɎ 

ɘɋɒɕɋɖɆɘəɖɆɛ ɓɎɌɋ ɘɋɒɕɋɖɆɘəɖɡ ɒɆɗɗɔɈɔɏ 

ɐɖɎɗɘɆɑɑɎɍɆɜɎɎ ɕɆɖɆɚɎɓɆ. Ȩ ɐɆɝɋɗɘɈɋ ɊɎɗ-

ɕɋɖɗɓɔɏ ɚɆɍɡ ɍɊɋɗɢ ɈɡɗɘəɕɆɤɘ ɐɖɎɗɘɆɑɑɡ 

ɕɆɖɆɚɎɓɔɈɡɛ əɉɑɋɈɔɊɔɖɔɊɔɈ, ɗɕɔɗɔɇɓɡɛ ɕɖɎ 

ɗɑɎɥɓɎɎ ɔɇɖɆɍɔɈɡɈɆɘɢ ɆɉɖɋɉɆɘɡ ɖɆɍɑɎɝɓɡɛ 
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ɖɆɍɒɋɖɔɈ ɍɆ ɗɝɋɘ ɗɎɑ ɈɘɔɖɎɝɓɡɛ ɈɆɑɋɓɘɓɔ-

ɗɘɋɏ (ɗɎɑ ȨɆɓ-Ɋɋɖ-ȨɆɆɑɢɗɆ Ɏ Ɋɖ.). Ȩ ɣɘɔɒ ɗɑə-

ɝɆɋ ɕɋɘɑɥ ɉɎɗɘɋɖɋɍɎɗɆ ɔɇɠɥɗɓɥɋɘɗɥ ɗɑɋɊəɤ-

ɟɎɒ ɔɇɖɆɍɔɒ: ɕɖɎ ɘɋɝɋɓɎɎ ɗɘɖəɐɘəɖɎɖɔɈɆɓ-

ɓɡɛ ɊɎɗɕɋɖɗɓɡɛ ɗɎɗɘɋɒ Ɋɑɥ ɐɆɌɊɔɏ ɗɐɔɖɔɗɘɎ 

ɗɊɈɎɉɆ ɗəɟɋɗɘɈəɋɘ ɖɆɈɓɔɈɋɗɓɔɋ ɗɔɗɘɔɥɓɎɋ 

ɓɆɕɖɥɌɋɓɎɥ ɗɊɈɎɉɆ, ɔɕɖɋɊɋɑɥɋɒɔɋ ɇɆɑɆɓɗɔɒ 

ɒɋɌɊə ɕɖɔɜɋɗɗɆɒɎ ɖɆɍɖəɞɋɓɎɥ ɐɖəɕɓɡɛ Ɇɉɖɋ-

ɉɆɘɔɈ Ɉ ɇɔɑɋɋ ɒɋɑɐɎɋ Ɏ ɗɑɎɥɓɎɋɒ ɒɋɑɐɎɛ Ɉ 

ɇɔɑɋɋ ɐɖəɕɓɡɋ (ɎɓɆɝɋ ï ɇɆɑɆɓɗɔɒ ɒɋɌɊə ɖɆɍ-

ɖəɞɋɓɎɋɒ Ɏ ɈɔɗɗɘɆɓɔɈɑɋɓɎɋɒ ɗɈɥɍɋɏ ɒɋɌɊə 

ɝɆɗɘɎɜɆɒɎ). ȵɖɎ ɕɖɥɒɔɒ ɛɔɊɋ ɈɎɗɐɔɍɎɒɋɘɖɆ 

Ɏɍ-ɍɆ ɖɋɆɑɢɓɔɏ ɐɔɓɋɝɓɔɏ ɗɐɔɖɔɗɘɎ ɍɆɕɎɗɎ 

ɖɆɗɘəɟɋɏ ɈɋɘɈɎ ɐɖɎɈɔɏ ɘɋɝɋɓɎɥ (ɘ.ɋ. Ɉɖɋɒɥ 

ɎɍɒɋɖɋɓɎɏ ɒɆɑɔ ɕɔ ɗɖɆɈɓɋɓɎɤ ɗɔ Ɉɖɋɒɋɓɋɒ 

ɊɔɗɘɎɌɋɓɎɥ ɖɆɈɓɔɈɋɗɎɥ) ɆɉɖɋɉɆɘɡ ɓɋ əɗɕɋɈɆ-

ɤɘ ɖɆɍɖəɞɆɘɢɗɥ ɕɖɎ ɐɆɌɊɔɏ ɗɐɔɖɔɗɘɎ ɗɊɈɎɉɆ 

Ɋɔ ɖɆɈɓɔɈɋɗɓɔɉɔ ɍɓɆɝɋɓɎɥ, ɕɔɣɘɔɒə ɣɐɗɕɋɖɎ-

ɒɋɓɘɆɑɢɓɆɥ ɐɖɎɈɆɥ ɎɊɋɘ Ɉɡɞɋ ɖɆɈɓɔɈɋɗɓɔɏ 

(Ɉɥɍɐɔɗɘɢ ɗɖɋɊɡ Ɉɡɞɋ ɖɆɈɓɔɈɋɗɓɔɉɔ ɍɓɆɝɋ-

ɓɎɥ), Ɇ ɕɖɎ ɔɇɖɆɘɓɔɒ ɛɔɊɋ, ɘ.ɋ. ɕɖɎ ɗɓɎɌɋɓɎɎ 

ɗɐɔɖɔɗɘɎ ɗɊɈɎɉɆ, ɖɆɍɖəɞɋɓɓɡɋ ɆɉɖɋɉɆɘɡ ɓɋ 

əɗɕɋɈɆɤɘ ɔɇɠɋɊɎɓɥɘɗɥ Ɉ ɇɔɑɋɋ ɐɖəɕɓɡɋ, ɗɔ-

ɔɘɈɋɘɗɘɈəɤɟɎɋ ɖɆɈɓɔɈɋɗɓɡɒ ɍɓɆɝɋɓɎɥɒ, Ɏ 

ɐɖɎɈɆɥ ɎɊɋɘ ɓɎɌɋ ɖɆɈɓɔɈɋɗɓɔɏ. ȫɗɑɎ ɍɆɕɎɗɡ-

ɈɆɘɢ ɐɖɎɈɡɋ ɘɋɝɋɓɎɥ ɔɝɋɓɢ ɒɋɊɑɋɓɓɔ, ɘɔ ɉɎɗ-

ɘɋɖɋɍɎɗ ɐɖɎɈɔɏ ɘɋɝɋɓɎɥ ɕɖɆɐɘɎɝɋɗɐɎ ɕɖɔɕɆ-

ɊɆɋɘ. Ƀɘɔ ɈɎɊɓɔ ɘɆɐɌɋ Ɏ ɕɔ ɖɋɍəɑɢɘɆɘɆɒ ɓɆ-

ɞɎɛ ɎɍɒɋɖɋɓɎɏ (ɖɎɗəɓɔɐ 5).   

ȷɊɈɎɉɔɈɔɋ çɖɆɍɌɎɌɋɓɎɋè ɔɇɠɥɗɓɥɋɘɗɥ 

ɣɘɎɒ Ɍɋ ɒɋɛɆɓɎɍɒɔɒ, Ɇ Ɏɒɋɓɓɔ ɕɔɗɘɋɕɋɓɓɡɒ 

ɖɆɍɖəɞɋɓɎɋɒ ɆɉɖɋɉɆɘɔɈ ɗ ɘɋɝɋɓɎɋɒ ɈɖɋɒɋɓɎ 

ɕɖɎ ɊɋɚɔɖɒɎɖɔɈɆɓɎɎ ɗ ɕɔɗɘɔɥɓɓɔɏ ɗɐɔɖɔɗɘɢɤ 

ɗɊɈɎɉɆ. 

ȳɆ ɕɖɆɐɘɎɐɋ ɕɖɎ ɎɍɒɋɖɋɓɎɥɛ ɒɔɌɋɘ ɓɆ-

ɇɑɤɊɆɘɢɗɥ ɕɖɥɒɔɏ ɛɔɊ ɕɋɘɑɎ ɉɎɗɘɋɖɋɍɎɗɆ ɓɆ 

ɐɖɎɈɡɛ ɘɋɝɋɓɎɥ ɐɆɐ ɗ ɥɖɐɔ ɈɡɖɆɌɋɓɓɡɒ əɝɆ-

ɗɘɐɔɒ ȷȦȨ, ɘɆɐ Ɏ ɇɋɍ ɓɋɉɔ (ɗɒ. ɖɎɗəɓɐɎ 2 Ɏ 3). 

Ȩ ɓɆɞɎɛ ɣɐɗɕɋɖɎɒɋɓɘɆɛ ɥɈɑɋɓɎɋ ȷȦȨ 

ɈɗɋɉɊɆ ɓɆɇɑɤɊɆɑɔɗɢ, ɐɔɉɊɆ ɕɋɖɋɊ ɊɋɚɔɖɒɎ-

ɖɔɈɆɓɎɋɒ ɔɇɖɆɍɋɜ ɕɆɖɆɚɎɓɎɗɘɔɏ ɓɋɚɘɎ Ɋɔɗ-

ɘɆɘɔɝɓɔ Ɋɔɑɉɔ ɓɆɛɔɊɎɑɗɥ Ɉ ɕɔɐɔɋ. ȫɗɑɎ Ɍɋ ɔɓ 

ɓɆɛɔɊɎɑɗɥ Ɉ ɍɆɍɔɖɋ ɒɋɌɊə ɜɎɑɎɓɊɖɆɒɎ ɈɎɗ-

ɐɔɍɎɒɋɘɖɆ ɕɔɗɑɋ ɔɐɔɓɝɆɓɎɥ ɔɝɋɖɋɊɓɔɉɔ ɜɎɐɑɆ 

ɎɍɒɋɖɋɓɎɏ ɓɋɊɔɑɉɔ (ɓɋ ɇɔɑɋɋ ɓɋɗɐɔɑɢɐɎɛ ɒɎ-

ɓəɘ), ɘɔ ɓɆ ɗɑɋɊəɤɟɋɒ ɜɎɐɑɋ ɍɆɕɎɗɎ ɐɖɎɈɔɏ 

ɘɋɝɋɓɎɥ ɥɈɑɋɓɎɋ ȷȦȨ ɒɔɌɋɘ ɇɡɘɢ ɕɖɆɐɘɎɝɋ-

ɗɐɎ ɓɋɍɆɒɋɘɓɔ, ɛɔɘɥ ɉɎɗɘɋɖɋɍɎɗ ɕɖɎ ɣɘɔɒ ɔɗ-

ɘɆɋɘɗɥ.  

ȺɔɖɒɆ Ɏ ɖɆɍɒɋɖɡ əɝɆɗɘɐɆ çɗɈɋɖɛɆɓɔ-

ɒɆɑɎɎè ɓɆ ɐɖɎɈɔɏ ɘɋɝɋɓɎɥ ɗəɟɋɗɘɈɋɓɓɔ ɍɆɈɎ-

ɗɥɘ ɔɘ ɒɋɛɆɓɎɝɋɗɐɔɏ Ɏ ɘɋɖɒɎɝɋɗɐɔɏ ɕɖɋɊɡɗ-

ɘɔɖɎɎ ɕɖɎ ɕɔɊɉɔɘɔɈɐɋ ɎɗɕɡɘɡɈɆɋɒɔɉɔ ɔɇɖɆɍ-

ɜɆ ɓɋɚɘɎ, ɔɘ ɘɋɒɕɆ ɕɔɈɡɞɋɓɎɥ ɗɐɔɖɔɗɘɎ 

ɗɊɈɎɉɆ Ɏ ɕɑɔɛɔ ɈɔɗɕɖɔɎɍɈɔɊɎɘɗɥ ɔɘ ɔɕɡɘɆ ɐ 

ɔɕɡɘə. ȲɔɌɋɘ ɓɆɇɑɤɊɆɘɢɗɥ ɓɋ ɔɊɎɓ əɝɆɗɘɔɐ 

ɓɋɒɔɓɔɘɔɓɓɔɗɘɎ, Ɇ ɓɋɗɐɔɑɢɐɔ, ɝɘɔ ɕɔɐɆɍɆɓɔ, 

ɓɆɕɖɎɒɋɖ, ɓɆ ɖɎɗəɓɐɋ 10.   

 

 
ȶɎɗəɓɔɐ 10. ȰɖɎɈɡɋ ɘɋɝɋɓɎɥ ɓɋɚɘɎ ȰɡɖɘɆɋɑɢɗɐɔɉɔ ɒɋɗɘɔɖɔɌɊɋɓɎɥ ɗ ɓɋɗɐɔɑɢɐɎɒɎ əɝɆɗɘɐɆɒɎ 

ɓɋɒɔɓɔɘɔɓɓɔɗɘɎ 

 

Figure 10. Oil flow curves of the Kyrtael field with several areas of non-monotonicity 
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Ȫɑɥ ɔɇɠɥɗɓɋɓɎɥ ɥɈɑɋɓɎɥ ɘɎɐɗɔɘɖɔɕɎɎ 

ɕɖɎɓɥɘɔ ɈɈɔɊɎɘɢ Ɉ ɖɋɔɑɔɉɎɝɋɗɐɎɋ əɖɆɈɓɋɓɎɥ, 

ɒɔɊɋɑɎɖəɤɟɎɋ ɐɖɎɈɡɋ ɘɋɝɋɓɎɥ ɗɘɖəɐɘəɖɎɖɔ-

ɈɆɓɓɡɛ ɊɎɗɕɋɖɗɓɡɛ ɗɎɗɘɋɒ, ɓɋɐɎɏ ɗɘɖəɐɘəɖ-

ɓɡɏ ɕɆɖɆɒɋɘɖ Ȉ, ɍɆɈɎɗɥɟɎɏ ɔɘ ɈɖɋɒɋɓɎ [4, 10, 

15, 21, 24, 25], ɐɔɘɔɖɡɏ Ɏ əɝɎɘɡɈɆɋɘ ɈɑɎɥɓɎɋ 

ɗɘɖəɐɘəɖɔɔɇɖɆɍɔɈɆɓɎɥ ɓɆ ɖɋɔɑɔɉɎɝɋɗɐɎɋ ɛɆ-

ɖɆɐɘɋɖɎɗɘɎɐɎ ɣɘɎɛ ɗɎɗɘɋɒ. Ȩ ɣɘɎɛ Ɍɋ ɖɆɇɔɘɆɛ 

ɍɆɕɎɗɆɓɡ ɐɎɓɋɘɎɝɋɗɐɎɋ əɖɆɈɓɋɓɎɥ Ɋɑɥ ɕɆɖɆ-

ɒɋɘɖɆ Ȉ, ɐɔɘɔɖɡɋ ɕɔɗɘɖɔɋɓɡ ɕɔ ɆɓɆɑɔɉɎɎ ɗ 

əɖɆɈɓɋɓɎɥɒɎ ɐɎɓɋɘɎɐɎ ɛɎɒɎɝɋɗɐɎɛ ɖɋɆɐɜɎɏ. 

Ȱɔɓɐɖɋɘɓɡɋ ɖɆɗɝɋɘɡ ɓɋɗɘɆɜɎɔɓɆɖɓɡɛ 

ɐɖɎɈɡɛ ɘɋɝɋɓɎɥ Ɋɑɥ ɖɋɆɑɢɓɡɛ ɕɆɖɆɚɎɓɎɗɘɡɛ 

ɓɋɚɘɋɏ, ɕɖɔɥɈɑɋɓɎɋ ɘɎɐɗɔɘɖɔɕɎɎ Ɏ çɗɈɋɖɛ-

ɆɓɔɒɆɑɎɎè ɈɥɍɐɔɗɘɎ Ɏ ɗɖɆɈɓɋɓɎɋ ɗ ɣɐɗɕɋɖɎ-

ɒɋɓɘɆɑɢɓɡɒɎ ɊɆɓɓɡɒɎ ɇəɊəɘ ɕɖɔɈɋɊɋɓɡ Ɉ 

ɗɑɋɊəɤɟɎɛ ɖɆɇɔɘɆɛ ɆɈɘɔɖɔɈ. 

 

ȨɡɈɔɊɡ 

1. ȵɖɔɈɋɊɋɓɡ ɑɆɇɔɖɆɘɔɖɓɡɋ ɣɐɗɕɋɖɎ-

ɒɋɓɘɡ ɕɔ ɎɍəɝɋɓɎɤ ɓɋɗɘɆɜɎɔɓɆɖɓɡɛ Ɏ ɓɋɖɆɈ-

ɓɔɈɋɗɓɡɛ ɖɋɌɎɒɔɈ ɘɋɝɋɓɎɥ ɓɋɐɔɘɔɖɡɛ ɕɆɖɆ-

ɚɎɓɎɗɘɡɛ Ɏ ɈɡɗɔɐɔɕɆɖɆɚɎɓɎɗɘɡɛ ɓɋɚɘɋɏ 

ȸɎɒɆɓɔ-ȵɋɝɔɖɗɐɔɏ ɓɋɚɘɋɉɆɍɔɓɔɗɓɔɏ ɕɖɔɈɎɓ-

ɜɎɎ Ɉ ɖɔɘɆɜɎɔɓɓɔɒ ɈɎɗɐɔɍɎɒɋɘɖɋ. ȵɔɐɆɍɆɓɔ 

ɓɆɑɎɝɎɋ ɘɎɐɗɔɘɖɔɕɓɡɛ ɗɈɔɏɗɘɈ (ɗɊɈɎɉɔɈɔɋ 

çɖɆɍɌɎɌɋɓɎɋè Ɏ ɕɋɘɑɎ ɉɎɗɘɋɖɋɍɎɗɆ ɓɆ ɐɖɎɈɡɛ 

ɘɋɝɋɓɎɥ). ȵɖɔɊɋɒɔɓɗɘɖɎɖɔɈɆɓ ɕɔɖɔɉɔɈɡɏ ɛɆ-

ɖɆɐɘɋɖ ɍɆɈɎɗɎɒɔɗɘɎ ɕɑɔɟɆɊɎ ɕɋɘɑɎ ɉɎɗɘɋɖɋ-

ɍɎɗɆ ɔɘ ɘɋɒɕɋɖɆɘəɖɡ ɓɋɚɘɎ. 

2. ȴɕɡɘɡ ɕɔɐɆɍɆɑɎ, ɝɘɔ ɕɖɎ ɔɕɖɋɊɋɑɋɓ-

ɓɡɛ əɗɑɔɈɎɥɛ ɓɆ ɐɖɎɈɡɛ ɘɋɝɋɓɎɥ ɎɗɗɑɋɊɔɈɆɓ-

ɓɡɛ ɓɋɚɘɋɏ ɓɆɇɑɤɊɆɤɘɗɥ əɝɆɗɘɐɎ ɗɓɎɌɋɓɎɥ 

ɐɆɗɆɘɋɑɢɓɔɉɔ ɓɆɕɖɥɌɋɓɎɥ ɗɊɈɎɉɆ ɕɖɎ əɈɋɑɎ-

ɝɋɓɎɎ ɗɐɔɖɔɗɘɎ ɗɊɈɎɉɆ, ɆɓɆɑɔɉɎɝɓɡɋ əɝɆɗɘɐɆɒ 

çɗɈɋɖɛɆɓɔɒɆɑɎɎè ɈɥɍɐɔɗɘɎ Ɉ ɕɑɆɗɘɎɝɋɗɐɎɛ 

ɗɒɆɍɐɆɛ. ȺɔɖɒɆ Ɏ ɖɆɍɒɋɖɡ ɣɘɎɛ əɝɆɗɘɐɔɈ, ɘ.ɋ. 

ɎɓɘɋɓɗɎɈɓɔɗɘɢ ɕɖɔɥɈɑɋɓɎɥ çɗɈɋɖɛɆɓɔɒɆɑɎɎè, 

ɗɎɑɢɓɔ ɍɆɈɎɗɥɘ ɔɘ əɗɑɔɈɎɏ ɣɐɗɕɋɖɎɒɋɓɘɆ Ɏ 

ɕɑɔɛɔ ɈɔɗɕɖɔɎɍɈɔɊɎɒɡ ɔɘ ɔɕɡɘɆ ɐ ɔɕɡɘə. 

ȲɔɌɋɘ ɓɆɇɑɤɊɆɘɢɗɥ ɇɔɑɋɋ ɔɊɓɔɉɔ ɕɎɐɆ 

çɗɈɋɖɛɆɓɔɒɆɑɎɎè ɓɆ ɕɖɥɒɔɒ ɛɔɊɋ ɐɖɎɈɔɏ ɘɋ-

ɝɋɓɎɥ. 

3. ȳɆ ɕɖɆɐɘɎɐɋ ɕɖɎ ɎɍɒɋɖɋɓɎɥɛ ɒɔɌɋɘ 

ɓɆɇɑɤɊɆɘɢɗɥ ɕɖɥɒɔɏ ɛɔɊ ɕɋɘɑɎ ɉɎɗɘɋɖɋɍɎɗɆ 

ɓɆ ɐɖɎɈɡɛ ɘɋɝɋɓɎɥ ɐɆɐ ɗ əɝɆɗɘɐɔɒ ȷȦȨ, ɘɆɐ Ɏ 

ɇɋɍ ɓɋɉɔ. Ȩ ɕɖɔɈɋɊɋɓɓɡɛ ɣɐɗɕɋɖɎɒɋɓɘɆɛ ɥɈ-

ɑɋɓɎɋ ȷȦȨ ɓɆɇɑɤɊɆɑɔɗɢ ɈɗɋɉɊɆ, ɐɔɉɊɆ ɕɋɖɋɊ 

ɊɋɚɔɖɒɎɖɔɈɆɓɎɋɒ ɔɇɖɆɍɋɜ ɕɆɖɆɚɎɓɎɗɘɔɏ 

ɓɋɚɘɎ ɊɔɗɘɆɘɔɝɓɔ Ɋɔɑɉɔ ɓɆɛɔɊɎɑɗɥ Ɉ ɕɔɐɔɋ. 

ȫɗɑɎ Ɍɋ ɔɓ ɓɆɛɔɊɎɑɗɥ Ɉ ɍɆɍɔɖɋ ɒɋɌɊə ɜɎɑɎɓ-

ɊɖɆɒɎ ɈɎɗɐɔɍɎɒɋɘɖɆ ɕɔɗɑɋ ɔɐɔɓɝɆɓɎɥ ɔɝɋ-

ɖɋɊɓɔɉɔ ɜɎɐɑɆ ɎɍɒɋɖɋɓɎɏ ɓɋɊɔɑɉɔ (ɓɋ ɇɔɑɋɋ 

ɓɋɗɐɔɑɢɐɎɛ ɒɎɓəɘ), ɘɔ ɓɆ ɗɑɋɊəɤɟɋɒ ɜɎɐɑɋ 

ɍɆɕɎɗɎ ɐɖɎɈɔɏ ɘɋɝɋɓɎɥ ɥɈɑɋɓɎɋ ȷȦȨ ɒɔɌɋɘ 

ɇɡɘɢ ɕɖɆɐɘɎɝɋɗɐɎ ɓɋɍɆɒɋɘɓɔ, ɛɔɘɥ ɉɎɗɘɋɖɋɍɎɗ 

ɕɖɎ ɣɘɔɒ ɔɗɘɆɋɘɗɥ. 

4. ȫɗɑɎ ɊɋɚɔɖɒɎɖɔɈɆɘɢ ɔɇɖɆɍɋɜ Ɉɡɗɔ-

ɐɔɕɆɖɆɚɎɓɎɗɘɔɏ ɓɋɚɘɎ ɕɖɎ ɓɋɇɔɑɢɞɔɏ ɕɔ-

ɗɘɔɥɓɓɔɏ ɗɐɔɖɔɗɘɎ ɗɊɈɎɉɆ, ɘ.ɋ. ɕɔɗɘɔɥɓɓɔɏ əɉ-

ɑɔɈɔɏ ɗɐɔɖɔɗɘɎ ɈɖɆɟɋɓɎɥ ɜɎɑɎɓɊɖɆ ɈɎɗɐɔɍɎ-

ɒɋɘɖɆ, Ɏ ɘɋɒɕɋɖɆɘəɖɋ ɓɎɌɋ ɘɋɒɕɋɖɆɘəɖɡ ɉɋ-

ɑɋɔɇɖɆɍɔɈɆɓɎɥ, ɘɔ ɓɆ ɕɆɊɆɤɟɋɏ ɐɖɎɈɔɏ ɍɆɈɎ-

ɗɎɒɔɗɘɎ ɓɆɕɖɥɌɋɓɎɥ ɗɊɈɎɉɆ ɔɘ ɈɖɋɒɋɓɎ 

(çɗɊɈɎɉɔɈɔɋè ɖɆɍɌɎɌɋɓɎɋ) ɓɆɇɑɤɊɆɤɘɗɥ ɐɔ-

ɑɋɇɆɓɎɥ ɓɆɕɖɥɌɋɓɎɥ ɗɊɈɎɉɆ ɗ ɕɋɖɎɔɊɔɒ, ɖɆɈ-

ɓɡɒ ɕɋɖɎɔɊə ɈɖɆɟɋɓɎɥ ɜɎɑɎɓɊɖɆ ɈɎɗɐɔɍɎ-

ɒɋɘɖɆ. 
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ȦɓɓɔɘɆɜɎɥ. Ȩ ɗɘɆɘɢɋ ɖɆɗɗɒɔɘɖɋɓɡ Ɉɔ-

ɕɖɔɗɡ ɕɔɈɡɞɋɓɎɥ ɘɔɝɓɔɗɘɎ Ɏ ɔɕɋɖɆɘɎɈɓɔɗɘɎ 
ɕɔɊɉɔɘɔɈɐɎ ɎɗɛɔɊɓɡɛ ɊɆɓɓɡɛ, Ɇ ɘɆɐɌɋ ɕɖɔ-
ɈɋɊɋɓɎɥ ɘɋɛɓɎɝɋɗɐɎɛ ɖɆɗɝɦɘɔɈ ɕɖɎ ɕɑɆɓɎɖɔ-
ɈɆɓɎɎ ɘɖɆɗɗɡ ɕɔɑɋɈɡɛ ɒɆɉɎɗɘɖɆɑɢɓɡɛ ɘɖə-
ɇɔɕɖɔɈɔɊɔɈ ɕəɘɦɒ ɆɈɘɔɒɆɘɎɍɆɜɎɎ ɖɋɞɋɓɎɥ 
ɍɆɊɆɝ ɕɔ: Ɉɡɇɔɖə ɘɖɆɗɗɡ ɘɖəɇɔɕɖɔɈɔɊɆ ɕɔ 
ɘɔɕɔɉɖɆɚɎɝɋɗɐɔɏ ɐɆɖɘɋ, ɕɔɗɘɖɔɋɓɎɤ ɕɖɔɚɎ-
ɑɥ ɘɖɆɗɗɡ ɘɖəɇɔɕɖɔɈɔɊɆ, ɕɖɔɈɋɊɋɓɎɤ ɉɎɊ- 
 

 ɖɆɈɑɎɝɋɗɐɔɉɔ ɖɆɗɝɦɘɆ ɘɖəɇɔɕɖɔɈɔɊɆ, ɔɕɖɋ-
ɊɋɑɋɓɎɤ ɒɋɗɘ ɖɆɍɒɋɟɋɓɎɥ ɓɆɗɔɗɓɡɛ ɗɘɆɓ-
ɜɎɏ ɓɆ ɘɖɆɗɗɋ Ɏ ɖɋɌɎɒɔɈ Ɏɛ ɖɆɇɔɘɡ. ȵɖɋɊ-
ɗɘɆɈɑɋɓɡ ɖɋɍəɑɢɘɆɘɡ Ɉɡɕɔɑɓɋɓɓɡɛ Ɏɗɗɑɋ-
ɊɔɈɆɓɎɏ ɕɔ ɖɆɍɖɆɇɔɘɐɋ ɕɖɔɉɖɆɒɒɓɔɉɔ ɒɔɊə-
ɑɥ ɉɎɊɖɆɈɑɎɝɋɗɐɔɉɔ ɖɆɗɝɦɘɆ ɕɔɑɋɈɔɉɔ ɒɆɉɎ-
ɗɘɖɆɑɢɓɔɉɔ ɘɖəɇɔɕɖɔɈɔɊɆ Ɋɑɥ ɗɕɋɜɎɆɑɢɓɔɉɔ 
ɕɖɔɉɖɆɒɒɓɔɉɔ ɔɇɋɗɕɋɝɋɓɎɥ Ȧȷȹ Ȳȸȴ çȵɆ-
ɑɆɗè. 
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Abstract. The article discusses the issues 
of improving the accuracy and efficiency of  ini-
tial data preparation, as well as carrying out 
technical calculations when planning the route 
of field trunk pipelines (FTP) by automating the 
solution of tasks for: choosing the pipeline route 
according to a topographic map, constructing 
the profile of the pipeline route, conducting hy- 
 

 draulic calculation of the pipeline, determining 
the locations of pumping stations on the route 
and their operating modes. The results of the 
research carried out on the development of a 
software module for hydraulic calculation of field 
trunk pipelines for special software of the auto-
mated control system of the MTO çPalasè are 
presented. 
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ȴɗɔɇɋɓɓɔɗɘɎ ɗɔɈɖɋɒɋɓɓɔɏ ɗɎɘəɆɜɎɎ 

ɊɋɒɔɓɗɘɖɎɖəɤɘ ɔɇɠɋɐɘɎɈɓəɤ ɓɋɔɇɛɔɊɎɒɔɗɘɢ 

ɔɕɋɖɆɘɎɈɓɔɉɔ ɖɋɆɉɎɖɔɈɆɓɎɥ ɓɆ əɗɑɔɈɎɥ Ɉɓɋɞ-

ɓɋɏ ɗɖɋɊɡ. ȷɔɈɖɋɒɋɓɓɆɥ ɊɋɏɗɘɈɎɘɋɑɢɓɔɗɘɢ, 

ɖɋɉɑɆɒɋɓɘɎɖəɋɒɆɥ əɐɆɍɆɒɎ Ɉɡɗɞɋɉɔ ɖəɐɔɈɔ-

ɊɗɘɈɆ ȶȺ, ɛɆɖɆɐɘɋɖɎɍəɋɘɗɥ ɈɈɔɊɔɒ ɖɆɍɑɎɝɓɔ-

ɉɔ ɖɔɊɆ ɖɋɌɎɒɔɈ, ɕɔɍɈɔɑɥɤɟɎɛ ɔɇɋɗɕɋɝɎɘɢ 

ɔɕɘɎɒɆɑɢɓɔɋ ɎɗɕɔɑɢɍɔɈɆɓɎɋ ɈɔɍɒɔɌɓɔɗɘɋɏ Ɏ 

Ɉɡɇɔɖ ɕəɘɋɏ ɊɔɗɘɎɌɋɓɎɥ ɍɆɊɆɓɓɔɉɔ ɖɋɍəɑɢɘɆ-

ɘɆ ɔɕɘɎɒɆɑɢɓɡɛ Ɉ ɗəɟɋɗɘɈəɤɟɎɛ əɗɑɔɈɎɥɛ 

ɔɇɖɆɍɔɒ.  

ȴɗɔɇɡɋ ɗɑəɝɆɎ ɕɖɋɊɗɘɆɈɑɥɤɘ ɗɔɇɔɏ 

ɝɖɋɍɈɡɝɆɏɓɡɋ ɗɎɘəɆɜɎɎ, ɊɋɏɗɘɈɎɥ Ɉ ɖɆɒɐɆɛ 

ɐɔɘɔɖɡɛ ɗɔɕɖɥɌɋɓɡ ɗ ɔɇɋɗɕɋɝɋɓɎɋɒ ɕɔɈɡ-

ɞɋɓɓɔɏ ɓɆɊɋɌɓɔɗɘɎ Ɏ ɚɔɖɒɎɖɔɈɆɓɎɋɒ ɖɋ-

ɍɋɖɈɆ Ɋɑɥ ɕɖɎɓɥɘɎɥ ɖɋɞɋɓɎɏ Ɉ ɗɑəɝɆɋ ɓɋ-

ɕɖɋɊɈɎɊɋɓɓɡɛ ɔɇɗɘɔɥɘɋɑɢɗɘɈ. ȴɊɓɎɒ Ɏɍ ɥɖ-

ɐɎɛ ɕɖɎɒɋɖɔɈ ɖɋɆɑɎɍɆɜɎɎ ɕɔɊɔɇɓɡɛ ɗɎɘəɆɜɎɏ 

ɥɈɑɥɤɘɗɥ ɚɆɐɘɡ ɖɆɍɈɋɖɘɡɈɆɓɎɥ ɕɔɑɋɈɡɛ ɒɆ-

ɉɎɗɘɖɆɑɢɓɡɛ ɘɖəɇɔɕɖɔɈɔɊɔɈ (ȵȲȸ), Ɉ ɘ.ɝ. Ɉ 

ɔɇɗɘɔɥɘɋɑɢɗɘɈɆɛ ɕɔɈɡɞɋɓɓɔɏ ɓɋɔɕɖɋɊɋɑɦɓ-

ɓɔɗɘɎ. 

ȵɖɎ ɖɆɍɈɦɖɘɡɈɆɓɎɎ Ɏ ɈɈɔɊɋ Ɉ ɣɐɗɕɑəɆ-

ɘɆɜɎɤ ȵȲȸ Ɉɡɕɔɑɓɥɋɘɗɥ ɇɔɑɢɞɔɏ ɔɇɠɦɒ 

ɈɍɆɎɒɔɗɈɥɍɆɓɓɡɛ ɒɋɌɊə ɗɔɇɔɏ ɖɆɇɔɘ, ɈɆɌɓɔɋ 

ɍɓɆɝɋɓɎɋ ɗɖɋɊɎ ɐɔɘɔɖɡɛ ɍɆɓɎɒɆɤɘ Ɏɒɋɓɓɔ 

ɖɆɇɔɘɡ ɕɔ ɕɔɊɉɔɘɔɈɐɋ ɘɖəɇɔɕɖɔɈɔɊɆ ɐ ɖɆɍ-

ɈɦɖɘɡɈɆɓɎɤ, ɐɆɝɋɗɘɈɔ ɐɔɘɔɖɡɛ Ɉ ɊɆɑɢɓɋɏɞɋɒ 

ɕɔɍɈɔɑɥɋɘ ɔɇɋɗɕɋɝɎɘɢ ɋɉɔ ɣɐɗɕɑəɆɘɆɜɎɤ ɗ ɍɆ-

ɊɆɓɓɡɒɎ ɖɆɗɝɦɘɓɡɒɎ ɕɆɖɆɒɋɘɖɆɒɎ [1, 2]. 

ȵɑɆɓɎɖɔɈɆɓɎɋ ɖɆɍɈɦɖɘɡɈɆɓɎɥ ȵȲȸ ɥɈ-

ɑɥɋɘɗɥ ɗɑɔɌɓɔɏ Ɏ ɘɖəɊɔɦɒɐɔɏ ɖɆɇɔɘɔɏ, ɘɖɋ-

ɇəɤɟɋɏ ɐɈɆɑɎɚɎɜɎɖɔɈɆɓɓɔɉɔ ɕɔɊɛɔɊɆ. ȴɗɓɔ-

Ɉə ɣɘɔɉɔ ɗɔɗɘɆɈɑɥɤɘ ɘɆɐɎɋ ɖɆɍɊɋɑɡ, ɐɆɐ ɕɔ-

ɗɘɖɔɋɓɎɋ ɕɖɔɚɎɑɥ ɘɖɆɗɗɡ ɑɎɓɋɏɓɔɉɔ ɔɇɠɋɐɘɆ; 

ɖɆɍɈɋɊɐɆ, ɕɎɐɋɘɎɖɔɈɆɓɎɋ Ɏ ɖɋɐɔɉɓɔɗɜɎɖɔɈɐɆ 

ɒɆɖɞɖəɘɆ ɕɖɔɐɑɆɊɐɎ ɘɖɆɗɗɡ ɘɖəɇɔɕɖɔɈɔɊɆ; 

ɉɎɊɖɆɈɑɎɝɋɗɐɎɏ ɖɆɗɝɦɘ Ɏ ɔɕɖɋɊɋɑɋɓɎɋ ɕəɓɐ-

ɘɔɈ ɒɋɗɘɔɕɔɑɔɌɋɓɎɥ ɓɆɗɔɗɓɡɛ ɗɘɆɓɜɎɏ (ȳȷ) 

ɓɆ ɘɖɆɗɗɋ ȵȲȸ [3, 4]. 

ȴɗɓɔɈə ɕɖɔɜɋɗɗɆ ɚəɓɐɜɎɔɓɎɖɔɈɆɓɎɥ 

ȵȲȸ ɐɆɐ ɘɖəɇɔɕɖɔɈɔɊɓɔɏ ɘɖɆɓɗɕɔɖɘɓɔɏ ɗɎɗ-

ɘɋɒɡ ɗɔɗɘɆɈɑɥɋɘ ɖɆɇɔɘɆ ȳȷ ɓɆ ɖɆɗɝɦɘɓɡɛ 

ɖɋɌɎɒɆɛ.  

ȲɋɗɘɆ əɗɘɆɓɔɈɐɎ ȳȷ ɓɆ ɘɖɆɗɗɋ ȵȲȸ ɔɕ-

ɖɋɊɋɑɥɤɘɗɥ Ɉ ɗɔɔɘɈɋɘɗɘɈɎɎ ɗ ɖɋɍəɑɢɘɆɘɆɒɎ 

ɉɎɊɖɆɈɑɎɝɋɗɐɔɉɔ ɖɆɗɝɦɘɆ ɘɖəɇɔɕɖɔɈɔɊɆ, ɐɔ-

ɘɔɖɡɏ Ɉɡɕɔɑɓɥɋɘɗɥ ɗ ɎɗɕɔɑɢɍɔɈɆɓɎɋɒ ɘɆɐɎɛ 

ɎɗɛɔɊɓɡɛ ɊɆɓɓɡɛ, ɐɆɐ ɍɆɊɆɓɓɆɥ ɕɖɔɎɍɈɔɊɎ-

ɘɋɑɢɓɔɗɘɢ ɕɋɖɋɐɆɝɐɎ, ɛɆɖɆɐɘɋɖɎɗɘɎɐɎ ɘɖəɇɔ-

ɕɖɔɈɔɊɆ Ɏ ɋɉɔ ɕɑɆɓɔɈɔ-Ɉɡɗɔɘɓɔɉɔ ɕɔɑɔɌɋɓɎɥ, 

ɉɎɊɖɆɈɑɎɝɋɗɐɎɋ ɛɆɖɆɐɘɋɖɎɗɘɎɐɎ ɓɆɗɔɗɔɈ, 

ɕɖɎɈɔɊɥɟɎɛ ɊɈɎɉɆɘɋɑɋɏ ɗɖɋɊɗɘɈ ɕɋɖɋɐɆɝɐɎ, Ɇ 

ɘɆɐɌɋ ɚɎɍɎɐɔ-ɛɎɒɎɝɋɗɐɎɋ ɛɆɖɆɐɘɋɖɎɗɘɎɐɎ 

ɕɋɖɋɐɆɝɎɈɆɋɒɔɉɔ ɕɖɔɊəɐɘɆ [1, 2]. 
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ȵɖɎ ɣɐɗɕɑəɆɘɆɜɎɎ ȵȲȸ ɈɋɗɢɒɆ ɈɆɌɓɡ-

ɒɎ ɥɈɑɥɤɘɗɥ ɔɕɋɖɆɜɎɎ ɈɡɈɔɊɆ ɘɖəɇɔɕɖɔɈɔɊɆ 

ɓɆ ɖɆɗɝɦɘɓɡɏ ɖɋɌɎɒ Ɏ ɖɋɉəɑɎɖɔɈɆɓɎɋ ɋɉɔ Ɉ 

ɘɋɝɋɓɎɋ ɕɋɖɎɔɊɆ ɖɆɇɔɘɡ, Ɉ ɘɔɒ ɝɎɗɑɋ Ɉ ɆɈɆ-

ɖɎɏɓɡɛ ɗɎɘəɆɜɎɥɛ.  

ȭɆɊɆɓɓɆɥ ɕɖɔɎɍɈɔɊɎɘɋɑɢɓɔɗɘɢ ɕɋɖɋ-

ɐɆɝɐɎ ɕɔ ȵȲȸ ɓɆ ɣɐɗɕɑəɆɘɆɜɎɔɓɓɔɒ ɖɋɌɎɒɋ, 

Ɇ ɘɆɐɌɋ ɒɆɐɗɎɒɆɑɢɓɔ ɈɔɍɒɔɌɓɆɥ Ɉ ɆɈɆɖɎɏɓɡɛ 

ɗɎɘəɆɜɎɥɛ ɍɆɈɎɗɥɘ ɔɘ ɐɔɖɖɋɐɘɓɔɗɘɎ ɈɡɇɔɖɆ 

ɖɋɌɎɒɔɈ ɖɆɇɔɘɡ ȳȷ Ɏ ɐɆɝɋɗɘɈɆ ɖɋɉəɑɎɖɔɈɆ-

ɓɎɥ Ɉ ɕɋɖɋɛɔɊɓɡɛ ɕɖɔɜɋɗɗɆɛ ɕɖɎ ɆɈɆɖɎɏɓɡɛ 

ɗɎɘəɆɜɎɥɛ. 

ȴɜɋɓɐɆ ɕɖɋɊɗɘɆɈɑɋɓɓɔɏ Ɉ ɖəɐɔɈɔɊɥɟɎɛ 

ɊɔɐəɒɋɓɘɆɛ ɕɔ ɣɐɗɕɑəɆɘɆɜɎɎ ȵȲȸ [1, 2] ɒɋɘɔ-

ɊɎɐɎ ɉɎɊɖɆɈɑɎɝɋɗɐɔɉɔ ɖɆɗɝɦɘɆ Ɏ ɖɆɗɗɘɆɓɔɈɐɎ 

ɗɖɋɊɗɘɈ ɕɋɖɋɐɆɝɐɎ ɕɔɍɈɔɑɥɋɘ ɎɊɋɓɘɎɚɎɜɎɖɔ-

ɈɆɘɢ ɖɥɊ ɓɋɊɔɗɘɆɘɐɔɈ, Ɉ ɝɎɗɑɋ ɐɔɘɔɖɡɛ: 

ï ɓɋɕɔɑɓɡɋ ɗɕɖɆɈɔɝɓɡɋ ɊɆɓɓɡɋ ɎɑɎ Ɏɛ 

ɔɘɗəɘɗɘɈɎɋ ɕɔ ɉɎɊɖɆɈɑɎɝɋɗɐɎɒ ɛɆɖɆɐɘɋɖɎɗɘɎ-

ɐɆɒ ɓɆɗɔɗɔɈ ɞɘɆɘɓɡɛ ɗɖɋɊɗɘɈ ɕɋɖɋɐɆɝɐɎ ɕɔ 

ȵȲȸ; 

ï ɔɘɗəɘɗɘɈɎɋ ɚɔɖɒəɑ Ɋɑɥ ɆɓɆɑɎɘɎɝɋɗɐɔ-

ɉɔ ɕɖɋɊɗɘɆɈɑɋɓɎɥ ɉɎɊɖɆɈɑɎɝɋɗɐɎɛ ɛɆɖɆɐɘɋɖɎ-

ɗɘɎɐ ɓɆɗɔɗɔɈ ɗɖɋɊɗɘɈ ɕɋɖɋɐɆɝɐɎ; 

ï ɓɋ ɖɋɉɑɆɒɋɓɘɎɖɔɈɆɓ ɕɔɖɥɊɔɐ ɖɆɗɝɦɘɆ 

ɉɎɊɖɆɈɑɎɝɋɗɐɎɛ ɛɆɖɆɐɘɋɖɎɗɘɎɐ ɓɆɗɔɗɔɈ 

ɗɖɋɊɗɘɈ ɕɋɖɋɐɆɝɐɎ Ɉ ɍɆɈɎɗɎɒɔɗɘɎ ɔɘ Ɏɛ ɝɆɗɘɔ-

ɘɡ ɈɖɆɟɋɓɎɥ; 

ï ɓɋ ɖɋɉɑɆɒɋɓɘɎɖɔɈɆɓ ɕɔɖɥɊɔɐ ɖɆɗɝɦɘɆ 

ɍɓɆɝɋɓɎɥ ɒɆɐɗɎɒɆɑɢɓɔ ɊɔɕəɗɘɎɒɔɏ ɐ ɔɘɇɔɖə 

ɒɔɟɓɔɗɘɎ ɕɖɎɈɔɊɥɟɋɉɔ ɊɈɎɉɆɘɋɑɥ Ɉ ɍɆɈɎɗɎ-

ɒɔɗɘɎ ɔɘ ɋɉɔ ɝɆɗɘɔɘɡ ɈɖɆɟɋɓɎɥ; 

ï ɔɘɗəɘɗɘɈɎɋ ɗɕɖɆɈɔɝɓɡɛ ɊɆɓɓɡɛ ɕɔ ɍɆ-

ɈɎɗɎɒɔɗɘɥɒ ɖɆɍɈɎɈɆɋɒɔɏ ɒɔɟɓɔɗɘɎ ɔɘ ɝɆɗɘɔ-

ɘɡ ɈɖɆɟɋɓɎɥ ɕɖɎɈɔɊɥɟɎɛ ɊɈɎɉɆɘɋɑɋɏ ɗɖɋɊɗɘɈ 

ɕɋɖɋɐɆɝɐɎ; 

ï ɔɘɗəɘɗɘɈɎɋ ɚɔɖɒəɑ Ɋɑɥ ɆɓɆɑɎɘɎɝɋɗɐɔ-

ɉɔ ɕɖɋɊɗɘɆɈɑɋɓɎɥ ɛɆɖɆɐɘɋɖɎɗɘɎɐ ɖɆɍɈɎɈɆɋɒɔɏ 

ɒɔɟɓɔɗɘɎ ɔɘ ɝɆɗɘɔɘɡ ɈɖɆɟɋɓɎɥ ɕɖɎɈɔɊɥɟɎɛ 

ɊɈɎɉɆɘɋɑɋɏ ɗɖɋɊɗɘɈ ɕɋɖɋɐɆɝɐɎ; 

ï ɔɘɗəɘɗɘɈɎɋ ɆɑɉɔɖɎɘɒɆ ɖɆɗɝɦɘɆ Ɋɑɥ 

ɗɑəɝɆɥ ɎɗɕɔɑɢɍɔɈɆɓɎɥ ɓɋɞɘɆɘɓɡɛ ɗɖɋɊɗɘɈ 

ɕɋɖɋɐɆɝɐɎ; 

ï ɓɋ ɖɋɉɑɆɒɋɓɘɎɖɔɈɆɓ ɕɔɖɥɊɔɐ ɖɆɗɝɦɘɆ 

Ɋɑɥ ɔɕɖɋɊɋɑɋɓɎɥ ɆɈɆɖɎɏɓɡɛ ɖɋɌɎɒɔɈ ɖɆɇɔɘɡ 

ȳȷ; 

ï ɗɕɖɆɈɔɝɓɡɋ ɊɆɓɓɡɋ ɕɔ Ɉɥɍɐɔɗɘɓɔ-

ɘɋɒɕɋɖɆɘəɖɓɡɒ ɛɆɖɆɐɘɋɖɎɗɘɎɐɆɒ ɕɋɖɋɐɆɝɎ-

ɈɆɋɒɡɛ ɘɔɕɑɎɈ əɗɘɆɖɋɑɎ Ɏ ɓɋ ɗɔɔɘɈɋɘɗɘɈəɤɘ 

ɓɔɒɋɓɐɑɆɘəɖɋ ɈɡɕəɗɐɆɋɒɔɏ ɕɔ ɘɖɋɇɔɈɆɓɎɥɒ 

ɗɔɈɖɋɒɋɓɓɔɏ ɓɔɖɒɆɘɎɈɓɔɏ ɊɔɐəɒɋɓɘɆɜɎɎ; 

ï ɔɘɗəɘɗɘɈɎɋ ɚɔɖɒəɑ Ɋɑɥ ɆɓɆɑɎɘɎɝɋɗɐɔ-

ɉɔ ɕɖɋɊɗɘɆɈɑɋɓɎɥ Ɉɥɍɐɔɗɘɓɔ-ɘɋɒɕɋɖɆɘəɖɓɡɛ 

ɛɆɖɆɐɘɋɖɎɗɘɎɐ ɕɋɖɋɐɆɝɎɈɆɋɒɡɛ ɘɔɕɑɎɈ, Ɇ 

ɘɆɐɌɋ ɎɍɒɋɓɋɓɎɥ ɕɑɔɘɓɔɗɘɎ Ɉ ɍɆɈɎɗɎɒɔɗɘɎ ɔɘ 

ɘɋɒɕɋɖɆɘəɖɡ; 

ï ɔɘɗəɘɗɘɈɎɋ ɆɑɉɔɖɎɘɒɆ ɔɕɖɋɊɋɑɋɓɎɥ 

ɓɆɑɎɝɎɥ ɕɋɖɋɈɆɑɢɓɡɛ ɘɔɝɋɐ Ɏ ɗɆɒɔɘɦɝɓɡɛ 

əɝɆɗɘɐɔɈ ɓɆ ɘɖɆɗɗɋ ɘɖəɇɔɕɖɔɈɔɊɆ; 

ï ɓɋ ɖɋɉɑɆɒɋɓɘɎɖɔɈɆɓ ɕɔɖɥɊɔɐ ɖɆɗɝɦɘɆ 

Ɋɑɥ ɔɕɖɋɊɋɑɋɓɎɥ ɉɎɊɖɆɈɑɎɝɋɗɐɎɛ ɕɔɘɋɖɢ ɓɆ-

ɕɔɖɆ ɓɆ ɒɋɗɘɓɡɋ ɗɔɕɖɔɘɎɈɑɋɓɎɥ. 

Ȱɖɔɒɋ ɘɔɉɔ, ɎɗɕɔɑɢɍɔɈɆɓɎɋ ɎɒɋɤɟɎɛɗɥ 

ɘɔɕɔɉɖɆɚɎɝɋɗɐɎɛ ɐɆɖɘ ɕɖɎ ɕɑɆɓɎɖɔɈɆɓɎɎ 

ɒɆɖɞɖəɘɆ ɘɖɆɗɗɡ ɘɖəɇɔɕɖɔɈɔɊɆ ɓɋɎɍɇɋɌɓɔ 

ɈɋɊɦɘ ɐ ɔɞɎɇɐɆɒ ɕɖɎ ɕɔɗɘɖɔɋɓɎɎ ɕɖɔɚɎɑɥ. 

ȷɑɋɊəɋɘ ɘɆɐɌɋ ɔɘɒɋɘɎɘɢ ɘɖəɊɔɦɒɐɔɗɘɢ 

ɕɖɔɈɋɊɋɓɎɥ ɖɆɗɝɦɘɔɈ Ɏ ɔɚɔɖɒɑɋɓɎɥ ɎɘɔɉɔɈɡɛ 

ɊɔɐəɒɋɓɘɔɈ Ɋɑɥ ɔɕɖɋɊɋɑɋɓɎɥ ɒɋɗɘɔɕɔɑɔɌɋ-

ɓɎɥ ȳȷ ɓɆ ɘɖɆɗɗɋ ȵȲȸ Ɏ ɖɋɌɎɒɔɈ Ɏɛ ɖɆɇɔɘɡ. 

Ȱɖɔɒɋ ɣɘɔɉɔ ɕɔ ɗəɟɋɗɘɈəɤɟɋɏ ɒɋɘɔɊɎɐɋ ɍɆ-

ɘɖɆɝɎɈɆɋɘɗɥ ɓɋ ɒɋɓɋɋ 8ï9 ɝ [3]. Ȩ ɗɑəɝɆɋ ɓɋ-

ɔɇɛɔɊɎɒɔɗɘɎ əɘɔɝɓɋɓɎɥ Ɏ ɐɔɖɖɋɐɘɎɖɔɈɐɎ ɊɆɓ-

ɓɡɛ ɉɎɊɖɆɈɑɎɝɋɗɐɔɉɔ ɖɆɗɝɦɘɆ ɕɔ ɖɋɍəɑɢɘɆɘɆɒ 

ɖɆɍɈɋɊɐɎ ɘɖɆɗɗɡ ɣɘɔ Ɉɖɋɒɥ ɒɔɌɋɘ əɈɋɑɎɝɎɘɢ-

ɗɥ Ɋɔ 18ï22 ɝ [3, 4]. 

ȴɕɡɘ ɣɐɗɕɑəɆɘɆɜɎɎ ȵȲȸ ɕɔɐɆɍɡɈɆɋɘ, 

ɝɘɔ ɎɗɕɔɑɢɍɔɈɆɓɎɋ ɓɋɊɔɗɘɆɘɔɝɓɔ ɐɔɖɖɋɐɘɓɡɛ 

ɎɗɛɔɊɓɡɛ ɊɆɓɓɡɛ ɒɔɌɋɘ ɕɖɎɈɋɗɘɎ ɐ ɍɓɆɝɎ-

ɘɋɑɢɓɡɒ ɔɞɎɇɐɆɒ ɕɖɎ ɕɔɗɘɖɔɋɓɎɎ ɕɖɔɚɎɑɥ Ɏ 

ɔɕɖɋɊɋɑɋɓɎɎ ɐɔɔɖɊɎɓɆɘ ɕɔɑɔɌɋɓɎɥ ɘɖɆɗɗɡ 

ɘɖəɇɔɕɖɔɈɔɊɆ, Ɇ ɘɆɐɌɋ ɓɋɈɋɖɓɔɒə Ɉɡɇɔɖə 

ɒɋɗɘ ɖɆɗɗɘɆɓɔɈɐɎ ȳȷ Ɏ ɖɋɌɎɒɔɈ Ɏɛ ɖɆɇɔɘɡ. 

ȰɆɐ ɗɑɋɊɗɘɈɎɋ ï ɗɓɎɌɋɓɎɋ ɔɌɎɊɆɋɒɔɏ ɕɖɔɎɍ-

ɈɔɊɎɘɋɑɢɓɔɗɘɎ ɕɋɖɋɐɆɝɐɎ ɕɔ ɘɖəɇɔɕɖɔɈɔɊə 

(ɕɔɖɥɊɐɆ 20 %) [5]. 

ȷɑɋɊəɋɘ ɔɘɒɋɘɎɘɢ, ɝɘɔ ɗɓɎɌɋɓɎɋ ɔɌɎ-

ɊɆɋɒɔɏ ɕɖɔɎɍɈɔɊɎɘɋɑɢɓɔɗɘɎ ɕɋɖɋɐɆɝɐɎ ɕɔ 

ȵȲȸ Ɉ ɔɘɊɋɑɢɓɡɛ ɗɑəɝɆɥɛ ɒɔɌɋɘ ɇɡɘɢ Ɏ ɇɔ-

ɑɋɋ ɍɓɆɝɎɘɋɑɢɓɡɒ. ȮɍɈɋɗɘɓɡ ɗɑəɝɆɎ, ɐɔɉɊɆ 

ɓɋɐɔɖɖɋɐɘɓɆɥ ɖɆɗɗɘɆɓɔɈɐɆ ɓɆɗɔɗɓɡɛ ɗɘɆɓɜɎɏ 

Ɉ əɗɑɔɈɎɥɛ ɉɔɖɓɔɏ ɒɋɗɘɓɔɗɘɎ ɕɖɎɈɋɑɆ ɐ ɗɓɎ-

ɌɋɓɎɤ ɕɖɔɎɍɈɔɊɎɘɋɑɢɓɔɗɘɎ ɕɋɖɋɐɆɝɐɎ ɕɔ 

ȵȲȸ Ɋɔ 50 % [5, 6]. 

ȵɔɈɡɞɋɓɎɋ ɣɚɚɋɐɘɎɈɓɔɗɘɎ ɣɐɗɕɑəɆɘɆ-

ɜɎɎ ȵȲȸ ɍɆɈɎɗɎɘ ɔɘ ɖɥɊɆ ɈɍɆɎɒɔɗɈɥɍɆɓɓɡɛ 
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ɒɋɖɔɕɖɎɥɘɎɏ, ɗɖɋɊɎ ɐɔɘɔɖɡɛ ɔɗɓɔɈɓɡɒɎ ɥɈ-

ɑɥɤɘɗɥ: 

ï ɗɔɐɖɆɟɋɓɎɋ ɗɖɔɐɔɈ ɕɔɊɉɔɘɔɈɐɎ ɎɗɛɔɊ-

ɓɡɛ ɊɆɓɓɡɛ Ɋɑɥ ɖɆɍɈɋɖɘɡɈɆɓɎɥ ȵȲȸ; 

ï ɕɔɈɡɞɋɓɎɋ ɗɐɔɖɔɗɘɎ ɖɆɍɈɋɊɐɎ Ɏ ɕɎɐɋ-

ɘɎɖɔɈɆɓɎɥ ɘɖɆɗɗɡ ȵȲȸ; 

ï ɕɔɈɡɞɋɓɎɋ ɘɔɝɓɔɗɘɎ ɉɎɊɖɆɈɑɎɝɋɗɐɔɉɔ 

ɖɆɗɝɦɘɆ Ɏ ɔɕɖɋɊɋɑɋɓɎɥ ɒɋɗɘ ɖɆɗɗɘɆɓɔɈɐɎ ȳȷ 

ɓɆ ɘɖɆɗɗɋ ȵȲȸ; 

ï ɔɕɘɎɒɎɍɆɜɎɥ ɖɋɌɎɒɔɈ ɖɆɇɔɘɡ ȳȷ. 

Ȫɑɥ ɖɋɞɋɓɎɥ ɓɆɍɈɆɓɓɡɛ ɒɋɖɔɕɖɎɥɘɎɏ 

ɓɋɔɇɛɔɊɎɒɔ ɆɈɘɔɒɆɘɎɍɎɖɔɈɆɘɢ ɖɆɇɔɝɎɋ ɕɖɔ-

ɜɋɗɗɡ. ȴɊɓɎɒ Ɏɍ ɣɘɆɕɔɈ Ɉ ɔɇɑɆɗɘɎ ɆɈɘɔɒɆɘɎ-

ɍɆɜɎɎ əɕɖɆɈɑɋɓɝɋɗɐɎɛ Ɏ ɘɋɛɓɔɑɔɉɎɝɋɗɐɎɛ 

ɕɖɔɜɋɗɗɔɈ ɕɖɎ ɕɑɆɓɎɖɔɈɆɓɎɎ ɘɖɆɗɗɡ ȵȲȸ 

ɇɡɑɆ ɖɆɍɖɆɇɔɘɐɆ ȵɖɎɈɥɍɝɎɐɆ ȳȷ Ɉ ɕɋɖɎɔɊ 

1985-1992 ɉ. [7].  

Ȱɔɒɕɑɋɐɘ ɔɇɔɖəɊɔɈɆɓɎɥ ȵɖɎɈɥɍɝɎɐɆ 

ȳȷ əɗɘɆɓɔɈɑɋɓ ɓɆ ɞɆɗɗɎ ɆɈɘɔɒɔɇɎɑɥ ɕɔɈɡ-

ɞɋɓɓɔɏ ɕɖɔɛɔɊɎɒɔɗɘɎ ȩȦȭ-66 (ɖɎɗəɓɔɐ 1) Ɏ 

ɈɐɑɤɝɆɑ Ɉ ɗɔɗɘɆɈɋ (ɖɎɗəɓɔɐ 2): ɇɔɖɘɔɈəɤ 

ɣɑɋɐɘɖɔɓɓɔ-ɈɡɝɎɗɑɎɘɋɑɢɓəɤ ɒɆɞɎɓə (ɃȨȲ), Ɉ 

ɐɔɘɔɖəɤ ɈɈɔɊɥɘɗɥ ɎɗɛɔɊɓɡɋ ɊɆɓɓɡɋ Ɋɑɥ ɉɎɊ-

ɖɆɈɑɎɝɋɗɐɔɉɔ ɖɆɗɝɦɘɆ (ɕɑɔɘɓɔɗɘɢ, ɐɎɓɋɒɆɘɎ-

ɝɋɗɐɆɥ Ɉɥɍɐɔɗɘɢ ɕɖɔɊəɐɘɆ ɕɋɖɋɐɆɝɐɎ, ɍɆɊɆɓ-

ɓɆɥ ɕɖɔɎɍɈɔɊɎɘɋɑɢɓɔɗɘɢ ɕɋɖɋɐɆɝɐɎ, ɊɎɆɒɋɘɖ 

ȵȲȸ); ɓɆɈɎɉɆɜɎɔɓɓəɤ ɆɕɕɆɖɆɘəɖə; ɆɈɘɔɒɆɘɎ-

ɍɎɖɔɈɆɓɓɔɋ əɗɘɖɔɏɗɘɈɔ Ɋɑɥ ɔɕɖɋɊɋɑɋɓɎɥ ɒɋ-

ɗɘɔɕɔɑɔɌɋɓɎɥ ɓɆ ɘɖɆɗɗɋ ȵȲȸ ɓɆɗɔɗɓɡɛ ɗɘɆɓ-

ɜɎɏ (Ȧȹȴȳȷ); ɈɗɕɔɒɔɉɆɘɋɑɢɓəɤ ɆɕɕɆɖɆɘəɖə. 

 

 

 

 

 

 
 

ȶɎɗəɓɔɐ 1. ȵɖɎɈɥɍɝɎɐ ɓɆɗɔɗɓɡɛ ɗɘɆɓɜɎɏ (ɔɇɟɎɏ ɈɎɊ) 

 

Figure 1. Pumping unit anchor (general view) 
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1 ï ɕəɑɢɘ əɕɖɆɈɑɋɓɎɥ ɔɕɋɖɆɘɔɖɆ; 2 ï ɕəɑɢɘ əɕɖɆɈɑɋɓɎɥ ɐəɖɗɔɈɔɏ ɗɎɗɘɋɒɔɏ; 
3 ï ɉɎɖɔɐəɖɗɔəɐɆɍɆɘɋɑɢ ɐəɖɗɔɈɔɏ ɗɎɗɘɋɒɡ;  
4 ï ɕəɑɢɘ əɕɖɆɈɑɋɓɎɥ ɆɈɘɔɒɆɘɎɍɎɖɔɈɆɓɓɔɉɔ əɗɘɖɔɏɗɘɈɆ Ɋɑɥ ɔɕɖɋɊɋɑɋɓɎɥ  
ɒɋɗɘɔɕɔɑɔɌɋɓɎɥ ɓɆɗɔɗɓɡɛ ɗɘɆɓɜɎɏ ɓɆ ɕɔɑɋɈɡɛ ɒɆɉɎɗɘɖɆɑɢɓɡɛ ɘɖəɇɔɕɖɔɈɔɊɆɛ; 
5 ï ɐəɖɗɔɕɖɔɐɑɆɊɝɎɐ 
 
1 ï operator control panel; 2 ï course system control panel;  
3 ï gyrocourse indicator of the course system; 
4 ï automated device control panel for pumping unit location on the field trunk pipelines; 
5 ï courseplanner 

 

ȶɎɗəɓɔɐ 2. ȴɇɔɖəɊɔɈɆɓɎɋ ɕɖɎɈɥɍɝɎɐɆ ɓɆɗɔɗɓɡɛ ɗɘɆɓɜɎɏ 

 

Figure 2. Pumping unit anchor equipment 

 

 

 

 

ȳɆɈɎɉɆɜɎɔɓɓɆɥ ɆɕɕɆɖɆɘəɖɆ ȵɖɎɈɥɍɝɎɐɆ 

ȳȷ ɈɐɑɤɝɆɋɘ Ɉ ɗɋɇɥ: 

ï ɐəɖɗɔɕɖɔɐɑɆɊɝɎɐ Ȱȵ-4, ɕɖɋɊɓɆɍɓɆɝɋɓ-

ɓɡɏ Ɋɑɥ ɓɋɕɖɋɖɡɈɓɔɉɔ ɆɈɘɔɒɆɘɎɝɋɗɐɔɉɔ Ɉɡ-

ɝɎɗɑɋɓɎɥ Ɏ ɔɘɔɇɖɆɌɋɓɎɥ ɓɆ ɗɝɋɘɝɎɐɆɛ ɕɖɥɒɔ-

əɉɔɑɢɓɡɛ ɐɔɔɖɊɎɓɆɘ ɕɔɑɔɌɋɓɎɥ, ɊɈɎɌəɟɋɉɔɗɥ 

ȵɖɎɈɥɍɝɎɐɆ ȳȷ Ɏ ɈɡɝɋɖɝɎɈɆɓɎɥ ɓɆ ɘɔɕɔɉɖɆ-

ɚɎɝɋɗɐɎɛ ɐɆɖɘɆɛ ɕɖɔɛɔɊɎɒɔɉɔ ɕəɘɎ; 

ï ɐəɖɗɔɈɆɥ ɗɎɗɘɋɒɆ ȲɆɥɐ-2, ɕɖɋɊɓɆɍɓɆ-

ɝɋɓɓɆɥ Ɋɑɥ ɓɋɕɖɋɖɡɈɓɔɉɔ ɔɕɖɋɊɋɑɋɓɎɥ Ɏɍɒɋ-

ɓɋɓɎɥ ɊɎɖɋɐɜɎɔɓɓɔɉɔ əɉɑɆ ɕɖɔɊɔɑɢɓɔɏ ɔɗɎ 

ȵɖɎɈɥɍɝɎɐɆ ȳȷ Ɏ ɕɋɖɋɊɆɝɎ ɎɓɚɔɖɒɆɜɎɎ ɔɇ 

ɋɉɔ ɈɋɑɎɝɎɓɋ Ɉ ɗɝɦɘɓɔ-ɖɋɞɆɤɟɋɋ əɗɘɖɔɏɗɘɈɔ 

ɐəɖɗɔɕɖɔɐɑɆɊɝɎɐɆ; 

ï ɈɎɍɎɖ ɔɖɎɋɓɘɎɖɔɈɆɓɎɥ ɕɆɓɔɖɆɒɎɝɋ-

ɗɐɎɏ, ɕɖɋɊɓɆɍɓɆɝɋɓɓɡɏ Ɋɑɥ ɔɕɖɋɊɋɑɋɓɎɥ ɉɔ-

ɖɎɍɔɓɘɆɑɢɓɡɛ əɉɑɔɈ ɒɋɌɊə ɕɖɔɊɔɑɢɓɔɏ ɔɗɢɤ 

ȵɖɎɈɥɍɝɎɐɆ ȳȷ Ɏ ɓɆɕɖɆɈɑɥɤɟɎɒɎ ɓɆ Ɉɡ-

ɇɖɆɓɓɡɋ ɔɖɎɋɓɘɎɖɡ; 
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ï ɣɑɋɐɘɖɔɒɋɛɆɓɎɝɋɗɐɎɏ ɊɆɘɝɎɐ ɕəɘɎ, 

ɕɖɋɊɓɆɍɓɆɝɋɓɓɡɏ Ɋɑɥ ɕɋɖɋɊɆɝɎ ɕəɘɎ, ɕɖɔɛɔ-

ɊɎɒɔɉɔ ȵɖɎɈɥɍɝɎɐɔɒ ȳȷ, Ɉ ɐəɖɗɔɕɖɔɐɑɆɊɝɎɐ 

Ɏ ɣɑɋɐɘɖɔɓɓɡɏ ɇɑɔɐ ɆɕɕɆɖɆɘəɖɡ Ȧȹȴȳȷ; 

ï ɕɋɖɎɗɐɔɕɎɝɋɗɐɆɥ ɆɖɘɎɑɑɋɖɎɏɗɐɆɥ ɇəɗ-

ɗɔɑɢ, ɕɖɋɊɓɆɍɓɆɝɋɓɓɆɥ Ɋɑɥ ɎɍɒɋɖɋɓɎɥ ɒɆɉ-

ɓɎɘɓɡɛ ɆɍɎɒəɘɔɈ, ɉɔɖɎɍɔɓɘɆɑɢɓɡɛ Ɏ ɈɋɖɘɎ-

ɐɆɑɢɓɡɛ əɉɑɔɈ ɓɆ ɒɋɗɘɓɔɗɘɎ Ɏ Ɋɑɥ ɔɕɖɋɊɋɑɋ-

ɓɎɥ ɖɆɗɗɘɔɥɓɎɏ Ɋɔ 400 ɒ ɕɔ ɊɆɑɢɓɔɒɋɖɓɔɏ 

ɞɐɆɑɋ ɒɔɓɔɐəɑɥɖɆ ɕɖɎ ɕɔɒɔɟɎ ɊɆɑɢɓɔɒɋɖ-

ɓɡɛ Ɉɋɞɋɐ; 

ï ɊɆɑɢɓɔɒɋɖ, ɕɖɋɊɓɆɍɓɆɝɋɓɓɡɏ Ɋɑɥ ɔɕ-

ɖɋɊɋɑɋɓɎɥ ɖɆɗɗɘɔɥɓɎɏ ɔɘ 50 Ɋɔ 2000 ɒ ɕɔ ɒɋ-

ɗɘɓɡɒ ɕɖɋɊɒɋɘɆɒ. 

ȦɈɘɔɒɆɘɎɍɎɖɔɈɆɓɓɔɋ əɗɘɖɔɏɗɘɈɔ Ɋɑɥ 

ɔɕɖɋɊɋɑɋɓɎɥ ɒɋɗɘɔɕɔɑɔɌɋɓɎɥ ɓɆ ɘɖɆɗɗɋ ȵȲȸ 

ɓɆɗɔɗɓɡɛ ɗɘɆɓɜɎɏ (Ȧȹȴȳȷ) ɕɖɋɊɓɆɍɓɆɝɋɓɔ 

Ɋɑɥ ɈɡɕɔɑɓɋɓɎɥ ɉɎɊɖɆɈɑɎɝɋɗɐɔɉɔ ɖɆɗɝɋɘɆ 

ɘɖəɇɔɕɖɔɈɔɊɔɈ ȵȲȸ-100, ȵȲȸ-150, ȵȲȸȵ-

100, ȵȲȸȵ-150 Ɏ ȵȲȸȧ-200, ɔɕɖɋɊɋɑɋɓɎɥ ɒɋ-

ɗɘɔɕɔɑɔɌɋɓɎɥ ɓɆ ɘɖɆɗɗɋ ɘɖəɇɔɕɖɔɈɔɊɆ ȳȷ, 

ɖɋɉəɑɥɘɔɖɔɈ ɊɆɈɑɋɓɎɥ Ɏ ɔɇɖɆɘɓɡɛ ɐɑɆɕɆɓɔɈ 

(Ɉ ɐɔɒɕɑɋɐɗɋ ɗ ɓɆɈɎɉɆɜɎɔɓɓɔɏ ɆɕɕɆɖɆɘəɖɔɏ). 

ȨɗɕɔɒɔɉɆɘɋɑɢɓɆɥ ɆɕɕɆɖɆɘəɖɆ ȵɖɎɈɥɍ-

ɝɎɐɆ ȳȷ: ɕɖɎɇɔɖ ɓɔɝɓɔɉɔ ɈɎɊɋɓɎɥ, ɖɆɊɎɔ-

ɗɘɆɓɜɎɥ, ɘɖɆɓɗɕɔɖɘɓɔɋ ɉɖɔɒɐɔɉɔɈɔɖɥɟɋɋ əɗɘ-

ɖɔɏɗɘɈɔ Ɏ ɘ.Ɋ. 

ȵɔɉɖɋɞɓɔɗɘɢ ɔɕɖɋɊɋɑɋɓɎɥ Ɉɡɗɔɘɓɡɛ 

ɔɘɒɋɘɔɐ ɘɖɆɗɗɡ ɘɖəɇɔɕɖɔɈɔɊɆ, ɕɖɎ ɗɐɔɖɔɗɘɎ 

ɊɈɎɌɋɓɎɥ ȵɖɎɈɥɍɝɎɐɆ ȳȷ Ɋɔ 15 ɐɒ/ɝ, ɓɋ ɇɔ-

ɑɋɋ: 

ï 4,5 ɒ ɓɆ ɒɋɗɘɓɔɗɘɎ ɕɖɎ ɕɋɖɋɕɆɊɋ Ɉɡ-

ɗɔɘ Ɋɔ 60 ɒ; 

ï 5,0 ɒ ɓɆ ɒɋɗɘɓɔɗɘɎ ɕɖɎ ɕɋɖɋɕɆɊɋ Ɉɡ-

ɗɔɘ Ɋɔ 120 ɒ; 

ï 5,5 ɒ ɓɆ ɒɋɗɘɓɔɗɘɎ ɕɖɎ ɕɋɖɋɕɆɊɋ Ɉɡ-

ɗɔɘ Ɋɔ 400 ɒ; 

ȵɔɉɖɋɞɓɔɗɘɢ ɔɕɖɋɊɋɑɋɓɎɥ ɊɑɎɓɡ ɕəɘɎ 

ȵɖɎɈɥɍɝɎɐɆ ȳȷ ɓɆ əɝɆɗɘɐɋ ɕɖɔɘɥɌɋɓɓɔɗɘɢɤ 

10 ɐɒ ɓɋ ɇɔɑɋɋ Ñ 60,0 ɒ. 

Ȩ ɕɖɔɜɋɗɗɋ ɊɈɎɌɋɓɎɥ ȵɖɎɈɥɍɝɎɐɆ ȳȷ 

ɐɔɒɕɑɋɐɗ ɔɇɔɖəɊɔɈɆɓɎɥ ɆɈɘɔɒɆɘɎɝɋɗɐɎ ɓɆɓɔ-

ɗɎɑ Ɉɡɗɔɘɓɡɋ ɔɘɒɋɘɐɎ ɕɖɔɚɎɑɥ ɘɖɆɗɗɡ ȵȲȸ, 

ɔɕɖɋɊɋɑɋɓɓɡɋ ɒɋɘɔɊɔɒ ɇɆɖɔɒɋɘɖɎɝɋɗɐɔɉɔ 

ɓɎɈɋɑɎɖɔɈɆɓɎɥ, Ɏ ɕɔ ɍɆɊɆɓɓɔɒə ɖɋɌɎɒə ɖɆ-

ɇɔɘɡ ɓɆɗɔɗɓɡɛ ɗɘɆɓɜɎɏ ɔɕɖɋɊɋɑɥɑ ɒɋɗɘɆ Ɏɛ 

ɖɆɗɗɘɆɓɔɈɐɎ [8]. ȭɆ ɗɝɦɘ ɕɔɈɡɞɋɓɎɥ ɘɔɝɓɔɗɘɎ 

ɕɖɔɈɋɊɋɓɎɥ ɖɆɗɝɦɘɔɈ ɕɖɔɎɍɈɔɊɎɘɋɑɢɓɔɗɘɢ 

ɕɋɖɋɐɆɝɐɎ ɕɔɈɡɞɆɑɆɗɢ ɓɆ 10ï12 %, ɎɗɕɡɘɆ-

ɓɎɥ ȵɖɎɈɥɍɝɎɐɆ ȳȷ ɕɖɔɞɑɎ əɗɕɋɞɓɔ Ɉ 1993 ɉ. 

ȴɊɓɆɐɔ Ɏɍ-ɍɆ ɓɋɕɖɔɗɘɔɏ ɣɐɔɓɔɒɎɝɋɗɐɔɏ ɗɎ-

ɘəɆɜɎɎ Ɉ ɗɘɖɆɓɋ ɈɓɋɊɖɋɓɎɋ Ɉ ɕɖɆɐɘɎɝɋɗɐɔɋ 

ɎɗɕɔɑɢɍɔɈɆɓɎɋ ȵɖɎɈɥɍɝɎɐɆ ȳȷ ɇɡɑɔ ɍɆɘɖəɊ-

ɓɋɓɔ. 

ȶɆɇɔɘɡ ɕɔ ɊɆɑɢɓɋɏɞɋɒə ɖɆɍɈɎɘɎɤ Ɉ 

ɔɇɑɆɗɘɎ ɆɈɘɔɒɆɘɎɍɆɜɎɎ ɉɎɊɖɆɈɑɎɝɋɗɐɔɉɔ ɖɆɗ-

ɝɦɘɆ ȵȲȸ Ɏ ɖɆɍɖɆɇɔɘɐɎ ɕɖɎɐɑɆɊɓɡɛ ɖɆɗɝɦɘ-

ɓɡɛ ɕɖɔɉɖɆɒɒ ɕɖɔɊɔɑɌɎɑɎɗɢ [9], ɇɡɑɎ ɕɖɋɊ-

ɑɔɌɋɓɡ ɇɔɑɋɋ ɗɔɈɋɖɞɋɓɓɡɋ ɗɕɔɗɔɇɡ ɔɕɖɋ-

ɊɋɑɋɓɎɥ ɒɋɗɘ əɗɘɆɓɔɈɐɎ ȳȷ ɓɆ ɘɖɆɗɗɋ ȵȲȸ 

[10, 11]. Ȩ ɜɋɑɥɛ ɖɋɞɋɓɎɥ ɍɆɊɆɝ ɕɔ ɐɆɝɋɗɘ-

Ɉɋɓɓɔɒə ɔɇɋɗɕɋɝɋɓɎɤ ɕɔɊɉɔɘɔɈɐɎ ɐ ɣɐɗɕɑəɆ-

ɘɆɜɎɎ ȵȲȸ Ɏ ɕɖɔɈɋɊɋɓɎɤ ɎɗɗɑɋɊɔɈɆɓɎɏ ɕɔ 

ɖɆɍɖɆɇɔɘɐɋ ɗɖɋɊɗɘɈ ɆɈɘɔɒɆɘɎɍɆɜɎɎ Ɋɑɥ ɕɑɆ-

ɓɎɖɔɈɆɓɎɥ ɘɖɆɗɗɡ ɘɖəɇɔɕɖɔɈɔɊɆ ɓɆ ɇɆɍɋ ɗɔ-

Ɉɖɋɒɋɓɓɡɛ ɎɓɚɔɖɒɆɜɎɔɓɓɔ-ɎɍɒɋɖɎɘɋɑɢɓɡɛ 

ɐɔɒɕɑɋɐɗɔɈ, ɜɎɚɖɔɈɡɛ ɘɋɛɓɔɑɔɉɎɏ, ɗɖɋɊɗɘɈ 

ɗɈɥɍɎ Ɏ ɓɆɈɎɉɆɜɎɔɓɓɔɉɔ ɔɇɋɗɕɋɝɋɓɎɥ ɖɆɍɖɆ-

ɇɔɘɆɓɆ əɘɔɝɓɦɓɓɆɥ ɒɋɘɔɊɎɐɆ ɉɎɊɖɆɈɑɎɝɋɗɐɔɉɔ 

ɖɆɗɝɦɘɆ Ɋɑɥ ɖɆɗɗɘɆɓɔɈɐɎ ȳȷ ɕɔ ɘɖɆɗɗɋ ȵȲȸ. 

ȶɆɍɖɆɇɔɘɆɓɓɆɥ ɒɋɘɔɊɎɐɆ ɉɎɊɖɆɈɑɎɝɋ-

ɗɐɔɉɔ ɖɆɗɝɦɘɆ Ɋɑɥ ɖɆɗɗɘɆɓɔɈɐɎ ȳȷ ɕɔ ɘɖɆɗɗɋ 

ȵȲȸ ɆɕɖɔɇɎɖɔɈɆɓɆ Ɉ ɕɋɖɎɔɊ ɖɆɍɈɦɖɘɡɈɆɓɎɥ Ɏ 

ɣɐɗɕɑəɆɘɆɜɎɎ ɗɋɘɎ ɕɔɑɋɈɡɛ ɒɆɉɎɗɘɖɆɑɢɓɡɛ 

ɘɖəɇɔɕɖɔɈɔɊɔɈ ȵȲȸȵ-100 (3 ɑɎɓɎɎ) Ɏ ȵȲȸȵ-

150 (12 ɑɎɓɎɏ) ɔɇɟɋɏ ɕɖɔɘɥɌɦɓɓɔɗɘɢɤ 

817,5 ɐɒ ɓɆ ɓɆɕɖɆɈɑɋɓɎɎ çȸɆɏɉɆɓɗɐɎɏ ɉɎɊɖɔ-

əɍɋɑ ï ȷɎɒɚɋɖɔɕɔɑɢɗɐɔɋ ɈɔɊɔɛɖɆɓɎɑɎɟɋè ɗ 

ɜɋɑɢɤ ɔɇɋɗɕɋɝɋɓɎɥ ɓɆɗɋɑɋɓɎɥ ȶɋɗɕəɇɑɎɐɎ 

Ȱɖɡɒ ɈɔɊɔɏ ɕɖɎ ɑɎɐɈɎɊɆɜɎɎ ɕɔɗɑɋɊɗɘɈɎɏ 

ɝɖɋɍɈɡɝɆɏɓɔɏ ɗɎɘəɆɜɎɎ (ɍɆɗəɛɎ) Ɉ 2020 ɉ. 

ȵɖɎɒɋɓɋɓɎɋ ɓɆ ɕɖɆɐɘɎɐɋ ɕɖɋɊɑɔɌɋɓɓɔɏ 

ɒɋɘɔɊɎɐɎ ɉɎɊɖɆɈɑɎɝɋɗɐɔɉɔ ɖɆɗɝɦɘɆ ɗɔɈɒɋɗɘɓɔ 

ɗɔ ɗɖɋɊɗɘɈɔɒ ɓɆɈɎɉɆɜɎɔɓɓɔɉɔ ɔɇɋɗɕɋɝɋɓɎɥ 

ȩȱȴȳȦȷȷ ï ɒɔɇɎɑɢɓɡɒ ɊɎɗɕɋɘɝɋɖɗɐɎɒ ɜɋɓ-

ɘɖɔɒ ȲȪȼ 14ȼ8004 Ɏɍ ɗɔɗɘɆɈɆ ɆɈɘɔɒɆɘɎɍɎ-

ɖɔɈɆɓɓɔɏ ɗɎɗɘɋɒɡ ɒɔɓɎɘɔɖɎɓɉɆ ɒɋɗɘɔɕɔɑɔ-

ɌɋɓɎɥ ȦȷȲȲ 14ȼ884 (ɖɎɗəɓɔɐ 3) ɕɔɍɈɔɑɎɑɔ Ɉ 

ɆɈɘɔɒɆɘɎɍɎɖɔɈɆɓɓɔɒ ɖɋɌɎɒɋ: 

- ɔɕɖɋɊɋɑɎɘɢ ɐɔɔɖɊɎɓɆɘɡ ɕɔɑɔɌɋɓɎɥ Ɏ 

Ɉɡɗɔɘɓɡɋ ɔɘɒɋɘɐɎ ɘɖɆɗɗɡ ɘɖəɇɔɕɖɔɈɔɊɆ; 

- ɕɔɗɘɖɔɎɘɢ ɕɖɔɚɎɑɢ ɘɖɆɗɗɡ ɘɖəɇɔɕɖɔ-

ɈɔɊɆ; 

- ɕɖɔɈɋɗɘɎ ɉɎɊɖɆɈɑɎɝɋɗɐɎɏ ɖɆɗɝɦɘ; 

- ɔɕɖɋɊɋɑɎɘɢ ɒɋɗɘɆ ɖɆɗɗɘɆɓɔɈɐɎ 

ɗɖɋɊɗɘɈ ɕɋɖɋɐɆɝɐɎ Ɏ ɖɋɌɎɒɡ Ɏɛ ɖɆɇɔɘɡ. 
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ȶɋɍəɑɢɘɆɘɡ ɉɎɊɖɆɈɑɎɝɋɗɐɎɛ ɖɆɗɝɦɘɔɈ, 

ɕɖɔɈɋɊɋɓɓɡɛ ɗ ɎɗɕɔɑɢɍɔɈɆɓɎɋɒ ɕɖɋɊɑɔɌɋɓ-

ɓɔɏ ɒɋɘɔɊɎɐɎ, ɕɔɍɈɔɑɎɑɎ: əɈɋɑɎɝɎɘɢ ɕɖɔɎɍ-

ɈɔɊɎɘɋɑɢɓɔɗɘɢ ɕɋɖɋɐɆɝɐɎ ɈɔɊɡ ɕɔ ɘɖəɇɔɕɖɔ-

ɈɔɊə ȵȲȸȵ-150 ɓɆ 13 %, ɕɔ ɘɖəɇɔɕɖɔɈɔɊə 

ȵȲȸȵ-100 ɓɆ 11 %; ɔɇɔɗɓɔɈɆɘɢ ɓɆɎɇɔɑɋɋ 

ɣɐɔɓɔɒɎɝɓɡɏ ɖɋɌɎɒ ɖɆɇɔɘɡ ɕɋɖɋɊɈɎɌɓɡɛ 

ɓɆɗɔɗɓɡɛ əɗɘɆɓɔɈɔɐ (ȵȳȹ-100/200Ȳ, ȵȳȹ-

100/200Ȱ Ɏ ȵȳȹ-75), ɕɋɖɋɐɆɝɎɈɆɤɟɎɛ ɗɘɆɓ-

ɜɎɏ ɉɔɖɤɝɋɉɔ (ȵȷȩ-160) Ɏ ɕɋɖɋɊɈɎɌɓɡɛ ɕɔɊ-

ɕɔɖɓɡɛ əɗɘɆɓɔɈɔɐ (ȵȵȹ-500); ɗɓɎɍɎɘɢ Ɉɖɋɒɥ 

ɕɖɔɈɋɊɋɓɎɥ ɉɎɊɖɆɈɑɎɝɋɗɐɔɉɔ ɖɆɗɝɋɘɆ ɗ 8 ɝ Ɋɔ 

30 ɒɎɓ. 

ȧɡɑɔ ɔɕɖɋɊɋɑɋɓɔ ɓɆɑɎɝɎɋ ɓɆ 42,5 ɐɒ 

ɘɖɆɗɗɡ ɘɖəɇɔɕɖɔɈɔɊɆ ɕɋɖɋɈɆɑɢɓɔɏ ɘɔɝɐɎ, ɍɆ 

ɐɔɘɔɖɔɏ ɕɋɖɋɐɆɝɐɆ ɈɔɊɡ ɓɆ ɐɔɓɋɝɓɡɏ ɕəɓɐɘ 

ɔɗəɟɋɗɘɈɑɥɑɆɗɢ ɗɆɒɔɘɦɐɔɒ. Ƀɘɔ ɕɔɍɈɔɑɎɑɔ 

ɗɔɐɖɆɘɎɘɢ ɐɔɑɎɝɋɗɘɈɔ ȳȷ ɗ 4 Ɋɔ 3 Ɏ, ɐɆɐ ɗɑɋɊ-

ɗɘɈɎɋ, ɗɓɎɍɎɘɢ ɍɆɘɖɆɘɡ ɓɆ ɣɐɗɕɑəɆɘɆɜɎɤ ȵȳȹ 

Ɉ 1,33 ɖɆɍɆ. Ȫɑɥ əɊɔɇɗɘɈɆ ɔɇɗɑəɌɎɈɆɓɎɥ Ɏ 

əɕɖɆɈɑɋɓɎɥ ɒɋɗɘɆ ɖɆɗɗɘɆɓɔɈɐɎ ɓɆɗɔɗɓɡɛ 

ɗɘɆɓɜɎɏ Ɏ ɖɋɌɎɒɡ Ɏɛ ɖɆɇɔɘɡ ɇɡɑɎ ɕɔɊɔɇɖɆ-

ɓɡ ɘɆɐɎɒ ɔɇɖɆɍɔɒ, ɝɘɔɇɡ Ɉɗɋ ɗɖɋɊɗɘɈɆ ɕɋɖɋ-

ɐɆɝɐɎ ɕɔ ɘɖəɇɔɕɖɔɈɔɊɆɒ ȵȲȸȵ-100 Ɏ ȵȲȸȵ-

150 ɓɆɛɔɊɎɑɎɗɢ ɓɆ ɔɊɓɔɏ ɕɑɔɟɆɊɐɋ. 
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çȸɆɏɉɆɓɗɐɎɏ ɉɎɊɖɔəɍɋɑ ï ȷɎɒɚɋɖɔɕɔɑɢɗɐɔɋ ɈɔɊɔɛɖɆɓɎɑɎɟɋè 

 

Figure 3.The use of MDC 14C8004 to determine the coordinates of the position and elevation  

of the pipeline route in the direction of çTaigan hydroelectric complex ï Simferopol reservoirè 
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ȳɆ ɔɗɓɔɈɆɓɎɎ Ɉɡɕɔɑɓɋɓɓɡɛ ɖɆɗɝɦɘɔɈ 

ɇɡɑɔ ɔɇɋɗɕɋɝɋɓɔ ɔɕɘɎɒɆɑɢɓɔɋ ɖɆɗɕɖɋɊɋɑɋ-

ɓɎɋ ɕɋɖɗɔɓɆɑɆ Ɏ ɎɒɋɤɟɎɛɗɥ ɗɖɋɊɗɘɈ ɕɋɖɋ-

ɐɆɝɐɎ ɕɖɎ ɖɆɍɈɦɖɘɡɈɆɓɎɎ Ɏ ɣɐɗɕɑəɆɘɆɜɎɎ ɗɋ-

ɘɎ ɘɖəɇɔɕɖɔɈɔɊɔɈ çȸɆɏɉɆɓɗɐɎɏ ɉɎɊɖɔəɍɋɑ ï 

ȷɎɒɚɋɖɔɕɔɑɢɗɐɔɋ ɈɔɊɔɛɖɆɓɎɑɎɟɋè, ɝɘɔ ɕɔ-

ɍɈɔɑɎɑɔ ɗəɟɋɗɘɈɋɓɓɔ ɗɓɎɍɎɘɢ Ɉɖɋɒɋɓɓɡɋ Ɏ 

ɖɋɗəɖɗɓɡɋ ɍɆɘɖɆɘɡ. 

Ȩ ɖɆɒɐɆɛ ɕɔɗɑɋɊəɤɟɋɏ ɖɋɆɑɎɍɆɜɎɎ ɖɋ-

ɍəɑɢɘɆɘɔɈ ɎɗɗɑɋɊɔɈɆɓɎɏ ɕɖɔɈɋɊɋɓɡ ɒɋɖɔ-

ɕɖɎɥɘɎɥ ɗ ɜɋɑɢɤ ɖɆɍɖɆɇɔɘɐɎ ɕɖɔɉɖɆɒɒɓɔɉɔ 

ɒɔɊəɑɥ ɗɕɋɜɎɆɑɢɓɔɉɔ ɕɖɔɉɖɆɒɒɓɔɉɔ ɔɇɋɗɕɋ-

ɝɋɓɎɥ (ȷȵȴ) ɎɍɊɋɑɎɥ Ȧȷȹ Ȳȸȴ çȵɆɑɆɗè Ɉ 

ɝɆɗɘɎ ɆɈɘɔɒɆɘɎɍɆɜɎɎ ɖɋɞɋɓɎɥ ɍɆɊɆɝ ɕɔ: 

ï Ɉɡɇɔɖə ɒɆɖɞɖəɘɆ ɘɖɆɗɗɡ ɘɖəɇɔɕɖɔɈɔɊɆ 

ɕɔ ɜɎɚɖɔɈɔɏ ɐɆɖɘɋ ɒɋɗɘɓɔɗɘɎ; 

ï ɔɕɖɋɊɋɑɋɓɎɤ ɕɑɆɓɔɈɔ-Ɉɡɗɔɘɓɔɉɔ ɕɔɑɔ-

ɌɋɓɎɥ ɘɖɆɗɗɡ ɘɖəɇɔɕɖɔɈɔɊɆ; 

ï ɉɎɊɖɆɈɑɎɝɋɗɐɔɒə ɖɆɗɝɦɘə ɘɖəɇɔɕɖɔɈɔɊɆ; 

ï ɔɕɖɋɊɋɑɋɓɎɤ ɒɋɗɘ ɖɆɗɗɘɆɓɔɈɐɎ ȳȷ ɓɆ 

ɘɖɆɗɗɋ ɘɖəɇɔɕɖɔɈɔɊɆ Ɏ Ɉɡɇɔɖə ɖɋɌɎɒɔɈ Ɏɛ 

ɖɆɇɔɘɡ. 

ȶɆɍɖɆɇɔɘɆɓɓɔɋ ɕɖɔɉɖɆɒɒɓɔɋ ɎɍɊɋɑɎɋ 

Ɏɒɋɋɘ ɗɑɋɊəɤɟəɤ ɗɘɖəɐɘəɖə ɔɐɔɓ: ɗɕɖɆɈɔɝɓɎɐ 

ɘɖəɇɔɕɖɔɈɔɊɔɈ (ɖɎɗəɓɔɐ 4), ɗɕɖɆɈɔɝɓɎɐ ɕɖɔ-

ɊəɐɘɔɈ ɕɋɖɋɐɆɝɐɎ (ɖɎɗəɓɔɐ 5), ɗɕɖɆɈɔɝɓɎɐɎ 

ɗɖɋɊɗɘɈ ɕɋɖɋɐɆɝɐɎ (ɖɎɗəɓɐɎ 6, 7), ɖɆɇɔɝɆɥ 

ɐɆɖɘɆ (ɖɎɗəɓɔɐ 8), ɕɎɐɋɘɡ ɕɑɆɓɔɈɔ-Ɉɡɗɔɘɓɔɉɔ 

ɕɔɑɔɌɋɓɎɥ (ɖɎɗəɓɔɐ 9), ɎɗɛɔɊɓɡɋ ɊɆɓɓɡɋ ɕɔ 

ɛɆɖɆɐɘɋɖɎɗɘɎɐɆɒ ɘɖɆɗɗɡ ɘɖəɇɔɕɖɔɈɔɊɆ (ɖɎɗə-

ɓɔɐ 10), ɎɗɛɔɊɓɡɋ ɊɆɓɓɡɋ ɕɔ ɛɆɖɆɐɘɋɖɎɗɘɎ-

ɐɆɒ ɕɋɖɋɐɆɝɎɈɆɋɒɔɉɔ ɕɖɔɊəɐɘɆ (ɖɎɗəɓɔɐ 11), 

ɖɆɗɝɦɘ ɖɋɌɎɒɔɈ ɖɆɇɔɘɡ ɗɖɋɊɗɘɈ ɕɋɖɋɐɆɝɐɎ 

(ɖɎɗəɓɐɎ 12, 13), ɈɡɝɎɗɑɋɓɓɡɋ ɊɆɓɓɡɋ (ɖɎɗə-

ɓɔɐ 14), ɖɆɗɗɘɆɓɔɈɐɆ ɗɖɋɊɗɘɈ ɕɋɖɋɐɆɝɐɎ ɓɆ 

ɕɖɔɚɎɑɋ ɘɖɆɗɗɡ ɘɖəɇɔɕɖɔɈɔɊɆ (ɖɎɗəɓɔɐ 15). 

 

 
ȶɎɗəɓɔɐ 4. ȴɐɓɔ ɗɕɖɆɈɔɝɓɎɐɆ ɘɖəɇɔɕɖɔɈɔɊɔɈ 

 
Figure 4. Window of  pipeline directory 

 

 

 
ȶɎɗəɓɔɐ 5. ȴɐɓɔ ɗɕɖɆɈɔɝɓɎɐɆ ɕɖɔɊəɐɘɔɈ ɕɋɖɋɐɆɝɐɎ 

 
Figure 5.  Window of transfer products directory 
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ȶɎɗəɓɔɐ 6. ȴɐɓɔ ɗɕɖɆɈɔɝɓɎɐɆ ɗɖɋɊɗɘɈ ɗɔɍɊɆɓɎɥ ɕɔɊɕɔɖɆ 

 
Figure 6. Window of directory of means of creating a backup 

 

 
ȶɎɗəɓɔɐ 7. ȴɐɓɔ ɗɕɖɆɈɔɝɓɎɐɆ ɗɖɋɊɗɘɈ ɗɔɍɊɆɓɎɥ ɓɆɕɔɖɆ 

 
Figure 7.  Window of the directory of pressure creation tools 

 

 
ȶɎɗəɓɔɐ 8. ȴɐɓɔ çȶɆɇɔɝɆɥ ɐɆɖɘɆè 

 
Figure 8. Window çWorking cardè 


