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wall friction over the pipeline and reduction of wall friction relative to high-viscosity core due to formation of water ring. 
The local hydrodynamic parameters are represented also for mixture complex flow. The data describe the behavior of 
friction factor at the condition of steady turbulent flow (D=5,6mm. Umix=2.1 m/s, ɋw=0.3). It is obvious that in the 
process of flow motion in the proximal part of the pipeline (x=50 mm) the stable convective and diffusion interactions are 
formed. They are formed in the processes of momentum transfer and mass transfer which can be predicted by 
implementation of applied research of friction based on the correlation (Ȣ -x) in the zone x>= 0,05 m. 

 
Fig. 6. Distribution of wall friction over the pipeline (D=5,6mm). 

Umix=2.1 m/s, ɋw=0.3). 
 

Thus, the research helps to predict how the changes of physical characteristics of dynamic structure of the 
mixture entering the pipe in conditions of unstable phase motions influence on flows and mass exchange. The 
mechanisms of flow influence on the phase interface are pointed. The generalization of the evaluation of flows of oil-
water mixtures are represented as criterion connections for friction factor in wide range of changes of key parameters of 
phase motions. The reliability of the evaluations was compared with actual data of similar flows made by other authors 
[5]. The future research is to review flow regimes depending on the structure of the flow at the inlet. 
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ȺɇȺɅɂɁ ɊȺȻɈɌɕ  ɇȿɎɌȿɉɊɈȼɈȾɈȼ ȼ ɋȿɃɋɆɂɑȿɋɄɂ ȺɄɌɂȼɇɕɏ ɊȿȽɂɈɇȺɏ  

Ⱥ.Ɇ. Ɇɚɣɤɨɜɚ, Ʉ.Ⱥ. Ɉɡɞɨɟɜ  
ɇɚɭɱɧɵɣΝɪɭɤɨɜɨɞɢɬɟɥɶΝɩɪɨɮɟɫɫɨɪΝɉέȼέΝȻɭɪɤɨɜΝ 

ɇɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ Ɍɨɦɫɤɢɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɝ. Ɍɨɦɫɤ, Ɋɨɫɫɢɹ 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɬɪɭɛɨɩɪɨɜɨɞɧɵɣ ɬɪɚɧɫɩɨɪɬ ɢɦɟɟɬ ɦɧɨɠɟɫɬɜɨ ɩɪɨɛɥɟɦ, ɫɜɹɡɚɧɧɵɯ ɫ ɩɪɨɦɵɲɥɟɧɧɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɶɸ, ɨɫɧɨɜɧɚɹ ɢɡ ɤɨɬɨɪɵɯ ɝɟɨɞɢɧɚɦɢɱɟɫɤɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ, ɫɨɫɬɨɹɳɚɹ ɢɡ ɦɧɨɝɢɯ ɮɚɤɬɨɪɨɜ, 
ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɤɨɬɨɪɵɟ ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ ɭɫɬɪɚɧɟɧɢɹ ɩɨɜɵɲɟɧɧɨɝɨ ɪɚɡɜɢɬɢɹ ɞɟɮɨɪɦɚɰɢɣ. ɋɥɨɠɧɟɣɲɟɣ 
ɬɟɯɧɢɱɟɫɤɢɦ ɜɨɩɪɨɫɨɦ  ɹɜɥɹɟɬɫɹ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɢ ɨɛɫɥɭɠɢɜɚɧɢɟ ɩɨɞɡɟɦɧɵɯ ɧɟɮɬɟɩɪɨɜɨɞɨɜ. ɗɬɨ ɩɪɨɢɫɯɨɞɢɬ ɢɡ-
ɡɚ ɬɨɝɨ ɱɬɨ ɫɢɥɶɧɨ ɡɚɬɪɭɞɧɟɧ ɤɨɧɬɪɨɥɶ ɬɟɤɭɳɟɝɨ ɫɨɫɬɨɹɧɢɹ, ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɠɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɛɵɫɬɪɨɝɨ 
ɦɨɧɢɬɨɪɢɧɝɚ ɢ ɥɢɤɜɢɞɚɰɢɢ ɩɨɪɵɜɨɜ ɜ ɬɪɭɛɟ.  

ȼ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɩɪɢɦɟɪɧɨ β0% ɡɟɦɟɥɶ ɩɨɞɜɟɪɝɚɸɬɫɹ ɱɚɫɬɵɦ ɡɟɦɥɟɬɪɹɫɟɧɢɹɦ ɩɨ ɲɤɚɥɟ 
Ɋɢɯɬɟɪɚ ɛɨɥɟɟ 7 ɛɚɥɥɨɜ, ɛɨɥɟɟ η% ɡɟɦɟɥɶ - 8-λ ɛɚɥɥɨɜ. Ʉ ɷɬɢɦ ɪɚɣɨɧɚɦ ɨɬɧɨɫɹɬ ɋɟɜɟɪɧɵɣ Ʉɚɜɤɚɡ, ɉɪɢɛɚɣɤɚɥɶɟ, 
əɤɭɬɢɸ, ɋɚɯɚɥɢɧ, Ʉɚɦɱɚɬɤɭ ɢ Ʉɭɪɢɥɶɫɤɢɟ ɨɫɬɪɨɜɚ.Д1Ж 

Ɇɟɬɨɞ ɩɨɞɡɟɦɧɨɣ ɩɪɨɤɥɚɞɤɢ ɢɦɟɟɬ  ɞɨɫɬɚɬɨɱɧɨ ɦɧɨɝɨ ɧɟɞɨɫɬɚɬɤɨɜ, ɨɞɧɚɤɨ ɨɧ  ɜɫɺ ɠɟ ɢɦɟɟɬ ɦɟɫɬɨ ɛɵɬɶ 
ɜ ɧɟɮɬɟɝɚɡɨɜɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ.  Ɍɚɤ ɠɟ ɪɚɡɪɚɛɚɬɵɜɚɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɪɟɲɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɛɥɟɦ, 
ɫɭɳɟɫɬɜɭɸɳɢɯ ɜ ɞɚɧɧɨɦ ɦɟɬɨɞɟ ɩɪɨɤɥɚɞɤɢ. ȼɨ ɜɪɟɦɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɩɨ ɫɯɟɦɟ ɩɪɨɟɤɬɚ ɋɚɯɚɥɢɧ II/ 
Ɏɚɡɚ II ɧɨɜɲɟɫɬɜɨɦ ɫɬɚɥɨ ɫɨɡɞɚɧɢɟ «ɫɩɟɰɢɚɥɶɧɵɯ ɬɪɚɧɲɟɣ», ɞɨɤɬɪɢɧɚ ɤɨɬɨɪɵɯ ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɩɨɥɨɠɟɧɢɢ ɨ 
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ɬɨɦ, ɱɬɨ ɜɨ ɜɪɟɦɹ ɞɜɢɠɟɧɢɟ ɩɨ ɪɚɡɥɨɦɭ ɬɪɭɛɨɩɪɨɜɨɞ ɩɨɝɥɨɳɚɟɬ ɞɜɢɠɟɧɢɹ, ɧɟ ɩɨɞɜɟɪɝɚɹɫɶ ɫɥɢɲɤɨɦ ɛɨɥɶɲɨɣ 
ɞɟɮɨɪɦɚɰɢɢ. ɉɪɢ ɫɦɟɳɟɧɢɟ ɛɨɪɬɨɜ ɪɚɡɥɨɦɚ, ɦɚɬɟɪɢɚɥ ɧɟ ɞɨɥɠɟɧ ɨɝɪɚɧɢɱɢɜɚɬɶ ɤɨɥɢɱɟɫɬɜɨ ɞɜɢɠɟɧɢɹ 
ɬɪɭɛɨɩɪɨɜɨɞɚ. Ⱦɥɹ ɬɨɝɨ ɫɬɨ ɛɵ ɧɟ ɛɵɥɨ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɜɨɞɵ ɜ ɬɪɚɧɲɟɸ, ɧɚ ɤɚɠɞɨɦ ɭɱɚɫɬɤɟ ɬɪɭɛɨɩɪɨɜɨɞɚ, ɝɞɟ 
ɫɭɳɟɫɬɜɭɟɬ  ɩɟɪɟɫɟɱɟɧɢɟ ɫ ɪɚɡɥɨɦɨɦ, ɛɵɥɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɪɟɲɟɧɢɹμ 

1) Ⱦɪɟɧɚɠɧɵɟ ɬɪɚɧɲɟɢ - ɡɚɩɨɥɧɟɧɧɵɟ ɩɟɫɤɨɦ ɢɥɢ ɥɟɝɤɢɦ ɦɚɬɟɪɢɚɥɨɦ ɡɚɫɵɩɤɢ (ɅɆɁ). ɂɫɩɨɥɶɡɭɸɬɫɹ 
ɩɪɢ ɧɚɥɢɱɢɟ ɧɚ ɭɱɚɫɬɤɟ  ɜɨɞɨɩɪɨɧɢɰɚɟɦɨɝɨ ɝɪɭɧɬɚ, ɩɨɞɯɨɞɹɳɟɝɨ ɞɥɹ ɩɨɞɡɟɦɧɨɝɨ ɨɬɜɟɞɟɧɢɹ ɜɨɞ 
ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɢɦ ɧɚɩɨɪɨɦ (ɜ ɯɨɥɨɞɧɵɟ ɦɟɫɹɰɵ) (Ɋɢɫ.1). 

β) ȼɨɞɨɧɟɩɪɨɧɢɰɚɟɦɵɟ ɬɪɚɧɲɟɢ - ɡɚɩɨɥɧɟɧɧɵɟ ɩɟɫɤɨɦ ɢɥɢ ɅɆɁ. ɗɬɨ ɪɟɲɟɧɢɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɝɟɪɦɟɬɢɡɚɰɢɸ ɩɭɬɟɦ ɨɛɟɪɬɵɜɚɧɢɹ ɬɪɚɧɲɟɢ ɝɟɨɦɟɦɛɪɚɧɚɦɢ ɢ ɫɜɚɪɤɢ ɢɯ ɦɟɠɞɭ ɫɨɛɨɣ, ɱɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ 
ɫɨɯɪɚɧɟɧɢɸ ɫɭɯɨɫɬɢ. Ⱦɪɟɧɚɠɧɵɣ ɤɨɦɩɨɡɢɬ ɆɚɤȾɪɟɣɧ βL ɪɚɡɦɟɳɚɟɬɫɹ ɞɨ ɝɢɞɪɨɢɡɨɥɹɰɢɨɧɧɨɣ ɝɟɨɦɟɦɛɪɚɧɵ ɞɥɹ 
ɬɨɝɨ, ɱɬɨɛɵ ɭɦɟɧɶɲɢɬɶ ɞɚɜɥɟɧɢɟ ɜɨɞɧɨɝɨ ɧɚɩɨɪɚ ɧɚ ɫɬɟɧɤɭ ɬɪɚɧɲɟɢ ɢ ɜɵɜɟɞɟɧɢɹ  ɜɨɞɵ ɜ ɞɪɟɧɚɠ ɩɪɨɯɨɞɹɳɢɣ ɧɚ 
ɧɢɠɧɟɣ ɨɛɪɚɡɭɸɳɟɣ ɬɪɭɛɵ. Ⱦɪɟɧɚɠɧɚɹ ɨɫɧɨɜɚ ɫɞɟɥɚɧɚ ɢɡ ɩɨɥɢɩɪɨɩɢɥɟɧɨɜɨɣ ɧɢɬɢ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ 
ɦɚɬɟɪɢɚɥɚ ɩɨɥɢɩɪɨɩɢɥɟɧɨɜɚɹ ɧɢɬɶ ɦɨɠɟɬ ɛɵɬɶ ɪɚɡɧɨɣ ɬɨɥɳɢɧɵ ɢ ɦɚɫɫɵ. ɉɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɨɞɧɭ ɫɬɨɪɨɧɭ 
ɦɨɠɧɨ ɡɚɥɚɦɢɧɢɪɨɜɚɬɶ ɜɨɞɨɧɟɩɪɨɧɢɰɚɟɦɨɣ ɩɥɟɧɤɨɣ, ɱɬɨ ɩɪɢɞɚɫɬ ɝɟɨɤɨɦɩɨɡɢɬɚɦ ɨɫɨɛɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨ 
ɜɨɞɨɧɟɩɪɨɧɢɰɚɟɦɨɫɬɢ. Д2] 
 

                                
Ɋɢɫ. 1 ȼɨɞɨɧɟɩɪɨɧɢɰɚɟɦɵɟ ɬɪɚɧɲɟɢ 

Ȼɥɚɝɨɞɚɪɹ ɧɨɜɵɦ ɬɟɯɧɨɥɨɝɢɹɦ ɬɪɭɛɚ ɦɨɠɟɬ ɞɜɢɝɚɬɶɫɹ ɩɨɞ ɡɟɦɥɟɣ ɜ ɫɥɭɱɚɟ ɫɟɣɫɦɢɱɟɫɤɢɯ ɞɟɮɨɪɦɚɰɢɣ 
ɝɪɭɧɬɚ ɢ ɫɨɯɪɚɧɢɬɶ ɟɺ ɜ ɰɟɥɨɫɬɢ. ɍɱɢɬɵɜɚɹ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɩɪɢ ɫɟɣɫɦɢɱɟɫɤɢɯ ɩɨɞɜɢɠɤɚɯ ɡɟɦɧɨɣ ɤɨɪɵ ɦɨɝɭɬ ɛɵɬɶ 
ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ ɢ ɜɟɪɬɢɤɚɥɶɧɵɟ ɞɟɮɨɪɦɚɰɢɢ ɝɪɭɧɬɨɜ, ɱɬɨ ɜɨɡɶɦɺɬ ɧɚ ɫɟɛɹ ɪɨɥɶ ɜ ɩɨɦɨɳɢ ɩɪɟɞɭɩɪɟɠɞɟɧɢɹ 
ɩɨɪɵɜɨɜ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɢ ɤɚɬɚɫɬɪɨɮɢɱɟɫɤɢɟ ɩɨɫɥɟɞɫɬɜɢɹ ɞɥɹ ɩɪɢɪɨɞɵ. 

Ȼɵɥ ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɪɚɛɨɬɵ ɦɚɝɢɫɬɪɚɥɶɧɨɝɨ ɧɟɮɬɟɩɪɨɜɨɞɚ. Ȼɵɥɢ ɩɨɥɭɱɟɧɵ ɪɟɡɭɥɶɬɚɬɵ, ɨɬɪɚɠɚɸɳɢɟ 
ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɞɚɜɥɟɧɢɹ ɧɚ ɨɩɨɪɚɯ ɩɪɢ ɩɨɫɬɨɹɧɧɵɯ ɧɚɝɪɭɡɤɚɯ ɢ ɪɟɡɤɢɯ ɩɟɪɟɩɚɞɚɯ ɧɚ ɨɩɨɪɚɯ. 

ȼ ɩɪɨɰɟɫɫɟ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɪɚɛɨɬɵ ɨɩɨɪ ɫɩɟɰɢɚɥɶɧɨɝɨ ɬɢɩɚ ɛɵɥɨ ɜɵɹɜɥɟɧɨ, ɱɬɨ ɞɚɧɧɵɣ ɬɢɩ ɨɩɨɪ 
ɯɨɪɨɲɨ ɪɚɛɨɬɚɟɬ ɧɚ ɩɪɨɞɨɥɶɧɵɟ ɧɚɝɪɭɡɤɢ, ɢ ɩɥɨɯɨ ɪɟɚɝɢɪɭɟɬ ɧɚ ɫɪɟɡɚɸɳɢɟ ɧɚɝɪɭɡɤɢ, ɞɟɣɫɬɜɭɸɳɢɟ ɜɞɨɥɶ ɬɟɥɚ 
ɬɪɭɛɵ. ɉɨɷɬɨɦɭ ɧɟɨɛɯɨɞɢɦɚ ɫɭɳɟɫɬɜɟɧɧɚɹ ɞɨɪɚɛɨɬɤɚ ɤɨɧɫɬɪɭɤɰɢɢ ɨɩɨɪ ɞɥɹ ɭɜɟɥɢɱɟɧɢɹ ɡɚɩɚɫɚ ɩɪɨɱɧɨɫɬɢ ɧɚ 
ɫɪɟɡɚɸɳɢɟ ɧɚɝɪɭɡɤɢ.ДβЖ 

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ, ɩɨɥɨɠɟɧɢɟ ɞɟɥ ɬɚɤɨɝɨ, ɱɬɨ ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɛɚɥɚɧɫ ɜɫɟɝɨ ɦɢɪɚ ɤ β0η0 ɝɨɞɭ ɞɨɥɠɟɧ 
ɛɵɬɶ ɭɞɜɨɟɧ, ɬɚɤ ɤɚɤ ɧɚ ɦɧɨɝɨ ɜɨɡɪɚɫɬɺɬ ɩɨɬɪɟɛɥɟɧɢɟ ɷɧɟɪɝɢɢ. ɂɡ-ɡɚ ɦɟɞɥɟɧɧɨɝɨ, ɧɨ ɭɜɟɪɟɧɧɨɝɨ ɢɫɬɨɳɟɧɢɹ 
ɪɟɫɭɪɫɨɜ, ɚ ɬɚɤɠɟ ɞɨɫɬɚɬɨɱɧɨ ɫɢɥɶɧɨɝɨ ɩɨɜɵɲɟɧɢɹ ɢɯ ɫɬɨɢɦɨɫɬɢ, ɩɪɢɯɨɞɢɬɫɹ ɩɪɢɛɟɝɚɬɶ ɤ ɪɚɡɪɚɛɨɬɤɟ 
ɦɟɫɬɨɪɨɠɞɟɧɢɣ ɜ ɭɞɚɥɺɧɧɵɯ, ɬɪɭɞɧɨɞɨɫɬɭɩɧɵɯ ɪɟɝɢɨɧɚɯ ɫɬɪɚɧɵ ɫɨ ɫɥɨɠɧɵɦɢ ɩɪɢɪɨɞɧɵɦɢ ɭɫɥɨɜɢɹɦɢ. Ʉ ɧɢɦ 
ɨɬɧɨɫɢɬɫɹ ɫɟɣɫɦɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ, ɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɢ ɫɨɨɪɭɠɟɧɢɸ ɬɪɭɛɨɩɪɨɜɨɞɧɵɯ ɫɢɫɬɟɦ ɜ ɬɚɤɢɯ ɭɫɥɨɜɢɹɯ. 
Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɷɬɨɬ ɩɪɨɰɟɫɫ ɨɫɥɨɠɧɺɧ ɪɚɡɥɢɱɧɵɦɢ ɮɚɤɬɨɪɚɦɢ, ɩɨɷɬɨɦɭ ɪɚɡɪɚɛɨɬɤɚ ɫɨɜɪɟɦɟɧɧɵɯ ɦɟɬɨɞɨɜ 
ɨɛɟɫɩɟɱɟɧɢɹ ɩɨɥɧɨɣ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ, ɞɨɥɝɨɜɟɱɧɨɫɬɢ ɢ ɧɚɞɟɠɧɨɫɬɢ ɧɟɮɬɟɩɪɨɜɨɞɨɜ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɵɦ 
ɜɨɩɪɨɫɨɦ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ. 
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