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Аɧɬɢɞɟɬɨɧɚɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ ɫɦɟɫɟɣ 2-ɦɟɬɢɥɮɭɪɚɧɚ ɢ 2,5-ɞɢɦɟɬɢɥɮɭɪɚɧɚ ɫ 

ɷɬɚɥɨɧɧɵɦ ɬɨɩɥɢɜɨɦ 

ɂ. Ⱥ. Ɍɢɭɧɨɜ, Ɇ. ɋ. Ʉɨɬɟɥɟɜ, ȼ. Ⱥ. ȼɢɧɨɤɭɪɨɜ, ɉ. Ⱥ. Ƚɭɳɢɧ, Ɇ. ȿ. Ȼɚɪɞɢɧ, Ⱥ. Ⱥ. ɇɨɜɢɤɨɜ 

E-mail: tiunov.i@gubkin.ru 

ɉɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɚɧɬɢɞɟɬɨɧɚɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ ɫɦɟɫɟɣ 2-ɦɟɬɢɥɮɭɪɚɧɚ ɢ 2,5-

ɞɢɦɟɬɢɥɮɭɪɚɧɚ ɫ ɷɬɚɥɨɧɧɵɦ ɬɨɩɥɢɜɨɦ, ɫɨɞɟɪɠɚɳɢɦ ɬɨɥɭɨɥ. ȼɵɱɢɫɥɟɧɵ ɨɤɬɚɧɨɜɵɟ ɱɢɫɥɚ 

ɫɦɟɲɟɧɢɹ ɢɫɫɥɟɞɭɟɦɵɯ ɜɟɳɟɫɬɜ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ, ɚ ɬɚɤɠɟ ɢɫɫɥɟɞɨɜɚɧɨ 

ɢɡɦɟɧɟɧɢɟ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɬɨɩɥɢɜɚ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɦɚɤɫɢɦɚɥɶɧɨɟ ɨɤɬɚɧɨɜɨɟ ɱɢɫɥɨ 

ɫɦɟɲɟɧɢɹ ɩɨ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɦɭ ɦɟɬɨɞɭ ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɨɛɚɜɨɤ 10% ɨɛ., 

ɩɪɢ ɷɬɨɦ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɬɨɩɥɢɜɚ ɜɨɡɪɚɫɬɚɟɬ ɜ ɦɟɧɶɲɟɣ ɫɬɟɩɟɧɢ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 2-

ɦɟɬɢɥɮɭɪɚɧɚ. 

Ключевые слова: ɦɟɬɢɥɮɭɪɚɧ, ɞɢɦɟɬɢɥɮɭɪɚɧ, ɨɤɫɢɝɟɧɚɬɵ, ɨɤɬɚɧɨɜɨɟ ɱɢɫɥɨ, 

ɚɥɶɬɟɪɧɚɬɢɜɧɵɟ ɬɨɩɥɢɜɚ. 

 

Antiknock properties of blends of 2-methylfuran and 2,5-dimethylfuran with ethanol fuel 

I. A. Tiunov, M. S. Kotelev, V. A. Vinokurov, P. A. Gushchin, M. E. Bardin, and A. A. Novikov 

The antiknock properties of blends of 2-methylfuran and 2,5-dimethylfuran with ethanol fuel 

containing toluene are studied. The octane numbers of blends of these substances in various 

concentrations and the change in sensitivity of the fuel are calculated. It is shown that in research 

method the octane number of the blend attains the maximum at additive concentration of 10 vol. 

%, at which the sensitivity of the fuel increases at a smaller degree when 2-methylfuran is used. 

Keywords: methylfuran, dimethylfuran, oxɮygenates, octane number, alternative fuels. 

 

 

Оɰɟɧɤɚ ɫɨɫɬɚɜɨɜ ɢ ɫɜɨɣɫɬɜ ɩɥɚɫɬɢɱɧɵɯ ɫɦɚɡɨɤ ɧɚ ɨɫɧɨɜɟ ɨɬɪɚɛɨɬɚɧɧɵɯ ɦɚɫɟɥ 

ȼ. ȼ. Ɉɫɬɪɢɤɨɜ, ɋ. ɇ. ɋɚɡɨɧɨɜ, ȼ. ȼ. ɋɚɮɨɧɨɜ, ȼ. ɂ. Ȼɚɥɚɛɚɧɨɜ, ȼ. ɂ. ȼɢɝɞɨɪɨɜɢɱ 

E-mail: viitinlab8@bk.ru 

Ɋɚɫɫɦɨɬɪɟɧ ɫɩɨɫɨɛ ɨɱɢɫɬɤɢ ɦɚɫɟɥ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɨɧɨɷɬɚɧɨɥɚɦɢɧɚ ɢ ɢɡɨɩɪɨɩɚɧɨɥɚ, 

ɩɨɡɜɨɥɹɸɳɢɣ ɨɱɢɳɚɬɶ ɨɬɪɚɛɨɬɚɧɧɵɟ ɫɢɧɬɟɬɢɱɟɫɤɢɟ ɦɚɫɥɚ ɞɥɹ ɢɯ ɩɨɫɥɟɞɭɸɳɟɝɨ 

ɩɪɢɦɟɧɟɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɞɢɫɩɟɪɫɢɨɧɧɨɣ ɫɪɟɞɵ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɩɥɚɫɬɢɱɧɵɯ ɫɦɚɡɨɤ. 

Ɉɩɪɟɞɟɥɟɧɵ ɫɨɫɬɚɜɵ ɩɥɚɫɬɢɱɧɵɯ ɫɦɚɡɨɤ ɚɧɚɥɨɝɨɜ ɋɨɥɢɞɨɥɚ ɀ ɢ Ʌɢɬɨɥɚ-24, ɫɨɡɞɚɧɧɵɯ ɧɚ 

ɨɫɧɨɜɟ ɨɬɪɚɛɨɬɚɧɧɵɯ ɦɚɫɟɥ. Ɉɰɟɧɟɧɵ ɨɫɧɨɜɧɵɟ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ 

ɫɜɨɣɫɬɜɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɫɨɫɬɚɜɨɜ ɫɦɚɡɨɤ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɥɚɫɬɢɱɧɵɟ ɫɦɚɡɤɢ ɧɚ 

ɨɫɧɨɜɟ ɨɬɪɚɛɨɬɚɧɧɵɯ ɦɨɬɨɪɧɵɯ ɦɚɫɟɥ ɪɚɜɧɵ ɢɥɢ ɩɪɟɜɨɫɯɨɞɹɬ ɩɨ ɫɜɨɣɫɬɜɚɦ ɬɨɜɚɪɧɵɟ 

ɚɧɚɥɨɝɢ, ɢɡɝɨɬɨɜɥɟɧɧɵɟ ɧɚ ɨɫɧɨɜɟ ɛɚɡɨɜɵɯ ɞɨɪɨɝɨɫɬɨɹɳɢɯ ɦɚɫɟɥ. 



Ключевые слова: ɨɬɪɚɛɨɬɚɧɧɨɟ ɦɚɫɥɨ, ɩɥɚɫɬɢɱɧɵɟ ɫɦɚɡɤɢ, ɨɱɢɫɬɤɚ ɦɚɫɥɚ, ɞɢɫɩɟɪɫɢɨɧɧɚɹ 

ɫɪɟɞɚ, ɞɢɫɩɟɪɫɧɚɹ ɮɚɡɚ, ɬɟɦɩɟɪɚɬɭɪɚ ɤɚɩɥɟɩɚɞɟɧɢɹ. 

 

Determination of compositions and properties of plastic lubricants based on used oils 

V. V. Ostrikov, S. N. Sazonov, V. V. Safonov, V. I. Balabanov, and V. I. Vigdorovich 

The method of oil cleaning using monoethanolamine and isopropanol, which allows cleaning of 

used synthetic oils for their subsequent utilization as a dispersing medium for producing plastic 

lubricants, is examined. The compositions of plastic lubricants of Solidol J and Lithol-24 cousins 

produced from used oils are determined. The basic physicochemical and performance properties 

of experimental compositions of the lubricants are evaluated. It is shown that plastic lubricants 

based on used oils are comparable or even superior in properties to the commercial cousins 

produced from costly base oils. 

Keywords: used oil, plastic lubricants, oil cleaning, dispersing medium, disperse phase, dropping 

point. 

 

 

Вɥɢɹɧɢɟ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɫɨɫɬɚɜɚ ɧɚ ɤɚɱɟɫɬɜɨ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ ɫɪɟɞɧɢɯ 

ɞɢɫɬɢɥɥɹɬɧɵɯ ɮɪɚɤɰɢɣ ɢ ɫɭɞɨɜɵɯ ɦɚɥɨɜɹɡɤɢɯ ɬɨɩɥɢɜ 

ɇ. Ʉ. Ʉɨɧɞɪɚɲɟɜɚ, Ⱦ. Ɉ. Ʉɨɧɞɪɚɲɟɜ, ȼ. Ⱥ. Ɋɭɞɤɨ, Ⱥ. Ⱥ. ɒɚɣɞɭɥɢɧɚ 
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ɂɫɫɥɟɞɨɜɚɧɵ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɪɟɞɧɢɯ ɞɢɫɬɢɥɥɹɬɧɵɯ ɮɪɚɤɰɢɣ ɩɪɨɰɟɫɫɨɜ 

ɝɥɭɛɨɤɨɣ ɩɟɪɟɪɚɛɨɬɤɢ ɧɟɮɬɹɧɨɝɨ ɫɵɪɶɹ ɨɞɧɨɝɨ ɢɡ ɪɨɫɫɢɣɫɤɢɯ ɇɉɁ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɢɯ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɤɨɦɩɨɧɟɧɬɨɜ ɫɭɞɨɜɵɯ ɦɚɥɨɜɹɡɤɢɯ ɬɨɩɥɢɜ. ɉɪɨɜɟɞɟɧɨ 

ɨɩɪɟɞɟɥɟɧɢɟ ɢ ɫɪɚɜɧɟɧɢɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ ɞɢɡɟɥɶɧɨɣ ɮɪɚɤɰɢɢ ɩɨɫɥɟ 

ɝɢɞɪɨɨɱɢɫɬɤɢ ɢ ɥёɝɤɢɯ ɝɚɡɨɣɥɟɣ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɤɪɟɤɢɧɝɚ ɢ ɡɚɦɟɞɥɟɧɧɨɝɨ ɤɨɤɫɨɜɚɧɢɹ. 

ȼɵɹɜɥɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ ɢɫɫɥɟɞɭɟɦɵɯ 

ɮɪɚɤɰɢɣ ɨɬ ɢɯ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɫɨɫɬɚɜɚ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ 

ɪɚɡɪɚɛɨɬɚɧ ɢ ɪɟɤɨɦɟɧɞɨɜɚɧ ɤ ɜɧɟɞɪɟɧɢɸ ɨɩɬɢɦɚɥɶɧɵɣ ɤɨɦɩɨɧɟɧɬɧɵɣ ɫɨɫɬɚɜ ɫɭɞɨɜɨɝɨ 

ɦɚɥɨɜɹɡɤɨɝɨ ɬɨɩɥɢɜɚ. 

Ключевые слова: ɫɭɞɨɜɨɟ ɦɚɥɨɜɹɡɤɨɟ ɬɨɩɥɢɜɨ, ɞɢɡɟɥɶɧɨɟ ɬɨɩɥɢɜɨ, ɫɪɟɞɧɢɟ ɞɢɫɬɢɥɥɹɬɵ, 

ɭɝɥɟɜɨɞɨɪɨɞɧɵɣ ɫɨɫɬɚɜ. 

 

 

 



Influence of hydrocarbon composition on quality and performance properties of middle 

distillates and low-viscosity marine fuels 

N. K. Kondrasheva, D. O. Kondrashev, V. A. Rudko, and A. A. Shaidulina\ 

The physicochemical properties of middle distillates of exhaustive refining of crude oil of one of 

the Russian refineries are studied from the point of their utilization as components of low-viscosity 

marine fuels. The performance properties of diesel fractions after hydrofining and of light gas oils 

of catalytic cracking and delayed carbonization are determined and compared. The 

physicochemical and performance properties of the studied fractions are found to depend on the 

hydrocarbon composition of the fractions. Based on the noted dependencies, the optimum 

component composition of low-viscosity marine fuel is developed and recommended for 

introduction. 

Keywords: low-viscosity marine fuel, diesel fuel, middle distillates, hydrocarbon composition. 

 

 

Иɡɦɟɧɟɧɢɟ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɢ ɤɨɦɩɨɧɟɧɬɧɨɝɨ ɫɨɫɬɚɜɨɜ ɬɹɠɟɥɨɣ ɧɟɮɬɢ 

Аɲɚɥɶɱɢɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɜ ɩɪɨɰɟɫɫɟ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɚɤɜɚɬɟɪɦɨɥɢɡɚ 
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ɉɪɨɜɟɞɟɧɨ ɮɢɡɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɚɤɜɚɬɟɪɦɨɥɢɡɚ ɬɹɠɟɥɨɣ ɧɟɮɬɢ 

Ⱥɲɚɥɶɱɢɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 250, 300 ɢ 350°ɋ. ȼ ɤɚɱɟɫɬɜɟ 

ɧɟɮɬɟɪɚɫɬɜɨɪɢɦɵɯ ɩɪɟɤɭɪɫɨɪɨɜ ɤɚɬɚɥɢɡɚɬɨɪɚ ɢɫɩɨɥɶɡɨɜɚɥɢ ɤɚɪɛɨɤɫɢɥɚɬɵ ɧɢɤɟɥɹ ɢ 

ɤɨɛɚɥɶɬɚ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɩɪɨɰɟɫɫɚ 300°ɋ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɞɨɧɨɪɚ 

ɩɪɨɬɨɧɨɜ ɜɨɞɨɪɨɞɚ ɩɪɨɢɫɯɨɞɢɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɦɚɫɟɥ, ɭɦɟɧɶɲɟɧɢɟ 

ɫɨɞɟɪɠɚɧɢɹ ɫɦɨɥ ɜ 1,8 ɪɚɡɚ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɜɹɡɤɨɫɬɢ ɧɟɮɬɢ ɧɚ 91% ɢ ɩɥɨɬɧɨɫɬɢ 

ɫ 960 ɞɨ 953 ɤɝ/ɦ3. Ɇɟɬɨɞɨɦ ɯɪɨɦɚɬɨ-ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ ɢɡɭɱɟɧ ɭɝɥɟɜɨɞɨɪɨɞɧɵɣ ɫɨɫɬɚɜ 

ɠɢɞɤɢɯ ɩɪɨɞɭɤɬɨɜ ɚɤɜɚɬɟɪɦɨɥɢɡɚ, ɦɟɬɨɞɨɦ ɆȺɅȾɂ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ ɨɩɪɟɞɟɥɟɧɚ ɫɪɟɞɧɹɹ 

ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ ɚɫɮɚɥɶɬɟɧɨɜ. ɇɚɢɛɨɥɶɲɟɟ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɜ ɫɨɫɬɚɜɟ 

ɧ-ɚɥɤɚɧɨɜ, ɚɥɤɢɥɰɢɤɥɨɝɟɤɫɚɧɨɜ ɢ ɚɥɤɢɥɛɟɧɡɨɥɨɜ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 300 ɢ 

350°ɋ. Ɉɩɪɟɞɟɥɟɧ ɫɨɫɬɚɜ ɩɪɨɞɭɤɬɨɜ ɩɪɟɜɪɚɳɟɧɢɹ ɞɨɧɨɪɚ ɩɪɨɬɨɧɨɜ ɜɨɞɨɪɨɞɚ (ɬɟɬɪɚɥɢɧɚ) 

ɩɪɢ ɭɤɚɡɚɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɚɤɜɚɬɟɪɦɨɥɢɡɚ. 

Ключевые слова: ɚɤɜɚɬɟɪɦɨɥɢɡ, ɬɹɠɟɥɚɹ ɧɟɮɬɶ, ɚɫɮɚɥɶɬɟɧɵ, ɩɪɟɤɭɪɫɨɪ ɤɚɬɚɥɢɡɚɬɨɪɚ, 

ɞɨɧɨɪ ɩɪɨɬɨɧɨɜ ɜɨɞɨɪɨɞɚ. 

 

 



Change in hydrocarbon and component compositions of heavy crude oil from ashalchinskoe 

field in catalytic aquathermolysis process 

L. E. Foss, G. P. Kayukova, B. P. Tumanyan, N. N. Petrukhina, V. F. Nikolaev, and G. V. 

Romanov 

A physical model of the process of aquathermolysis of heavy crude oil from Ashalchinskoe oilfield 

КЭ 250, 300, КЧН 350°C СКs ЛООЧ НОvОХШpОН. NТМФОХ КЧН МШЛКХЭ МКrЛШбвХКЭОs аОrО ЮsОН Кs ШТХ-

soluble catalyst precursors. IЭ аКs ПШЮЧН ЭСКЭ КЭ 300°C prШМОss ЭОЦpОrКЭЮrО ТЧ ЭСО prОsОЧМО ШП 

hydrogen proton donor the oil content increases substantially and the resin content decreases by 

1.8 times, which leads to a decrease in crude oil viscosity by 91% and in density from 960 to 933 

kg/m3. The hydrocarbon composition of liquid aquathermolysis products was studied by 

chromato-mass spectrometry and the average molecular weight of asphaltenes was determined by 

matrix-assisted laser desorption/ionization (MALDI) spectrometry. The maximum 

disproportionation of hydrocarbons in n-alkanes, alkylcyclohexanes, and alkylbenzenes occurs at 

300 КЧН 350°C. TСО МШЦpШsТЭТШЧ ШП СвНrШРОЧ prШЭШЧ НШЧШr (ЭОЭrКХТЧ) МШЧvОrsТШЧ prШНЮМЭs КЭ ЭСОsО 

aquathermolysis temperatures was determined. 

Keywords: aquathermolysis, heavy crude oil, asphaltenes, catalyst precursor, hydrogen proton 

donor. 

 

 

Иɧɬɟɧɫɢɮɢɤɚɰɢɹ ɩɪɨɰɟɫɫɨɜ ɩɪɨɢɡɜɨɞɫɬɜɚ ɛɟɧɡɢɧɨɜ ɪɚɡɥɢɱɧɵɯ ɦɚɪɨɤ ɧɚ ɨɫɧɨɜɟ ɭɱɟɬɚ 

ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɤɨɦɩɨɧɟɧɬɨɜ ɫɦɟɫɢ ɢ ɫɨɫɬɚɜɚ ɩɟɪɟɪɚɛɚɬɵɜɚɟɦɨɝɨ 

ɫɵɪɶɹ 
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ɂɡɥɨɠɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɰɟɫɫɨɜ ɩɪɨɢɡɜɨɞɫɬɜɚ ɛɟɧɡɢɧɨɜ ɫ 

ɩɪɢɦɟɧɟɧɢɟɦ ɤɨɦɩɶɸɬɟɪɧɨɣ ɫɢɫɬɟɦɵ ɧɚ ɨɫɧɨɜɟ ɭɱɟɬɚ ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ 

ɤɨɦɩɨɧɟɧɬɨɜ ɫɦɟɫɢ ɩɪɢ ɪɚɫɱɟɬɟ ɨɤɬɚɧɨɜɵɯ ɱɢɫɟɥ ɫɦɟɫɟɜɵɯ ɩɪɨɞɭɤɬɨɜ ɪɚɡɥɢɱɧɵɯ ɦɚɪɨɤ, 

ɢɡɦɟɧɟɧɢɹ ɫɨɫɬɚɜɚ ɩɟɪɟɪɚɛɚɬɵɜɚɟɦɨɝɨ ɫɵɪɶɹ ɜ ɩɪɨɰɟɫɫɚɯ ɪɢɮɨɪɦɢɧɝɚ, ɢɡɨɦɟɪɢɡɚɰɢɢ, 

ɚɥɤɢɥɢɪɨɜɚɧɢɹ ɢ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɤɪɟɤɢɧɝɚ. 

ɉɪɢɦɟɧɟɧɢɟ ɤɨɦɩɶɸɬɟɪɧɨɣ ɫɢɫɬɟɦɵ ɩɨɡɜɨɥɹɟɬ ɨɩɟɪɚɬɢɜɧɨ ɢ ɬɨɱɧɨ ɨɩɪɟɞɟɥɹɬɶ 

ɨɩɬɢɦɚɥɶɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɟ ɩɨɥɭɱɟɧɢɟ ɬɨɜɚɪɧɵɯ ɛɟɧɡɢɧɨɜ, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɜɫɟɦ ɫɨɜɪɟɦɟɧɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ ɧɨɪɦɚɬɢɜɧɵɯ ɞɨɤɭɦɟɧɬɨɜ. 

Ключевые слова: ɤɨɦɩɚɭɧɞɢɪɨɜɚɧɢɟ, ɨɤɬɚɧɨɜɨɟ ɱɢɫɥɨ, ɞɢɩɨɥɶɧɵɣ ɦɨɦɟɧɬ, 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ, ɩɪɨɢɡɜɨɞɫɬɜɨ ɛɟɧɡɢɧɚ. 



Intensification of production various grades of gasolines based on study of intermolecular 

interactions of blend components and composition of process stock 

л. D. IvКЧМСТЧК, E. N. IvКsСФТЧК, D. V. KСrКpШv, N. V. KШrШЭФШvК, A. V. KХОТЦОЧШv, КЧН V. A. 

GШХШvКМСщv 

The results of improving of gasoline production efficiency using a computer system, taking 

account of intermolecular interactions of blend components in calculation of octane numbers of 

various grades of blended products and change in composition of the process stock in reforming, 

isomerization, alkylation, and catalytic cracking processes, are analyzed. The computer system 

can be used to determine quickly and precisely the optimal components ratio that ensures 

production of commercial gasolines conforming to all current requirements of normative 

documents. 

Keywords: compounding, octane number, dipole moment, mathematical modeling, gasoline 

production. 

 

 

Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɞɥɹ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢ ɜɵɯɨɞɨɜ ɩɪɨɞɭɤɬɨɜ ɤɨɤɫɨɜɚɧɢɹ ɬɹɠɟɥɵɯ 

ɧɟɮɬɹɧɵɯ ɨɫɬɚɬɤɨɜ 
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ɉɪɨɰɟɫɫ ɡɚɦɟɞɥɟɧɧɨɝɨ ɤɨɤɫɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɧɚɢɛɨɥɟɟ ɞɢɧɚɦɢɱɧɨ ɪɚɡɜɢɜɚɸɳɢɯɫɹ 

ɜ ɦɢɪɨɜɨɣ ɧɟɮɬɟɩɟɪɟɪɚɛɨɬɤɟ ɬɟɯɧɨɥɨɝɢɟɣ. Ɉɫɧɨɜɧɵɦɢ ɮɚɤɬɨɪɚɦɢ, ɨɩɪɟɞɟɥɹɸɳɢɦɢ 

ɦɚɬɟɪɢɚɥɶɧɵɣ ɛɚɥɚɧɫ ɢ ɤɚɱɟɫɬɜɨ ɩɨɥɭɱɚɟɦɵɯ ɩɪɢ ɤɨɤɫɨɜɚɧɢɢ ɩɪɨɞɭɤɬɨɜ, ɹɜɥɹɸɬɫɹ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɩɪɨɰɟɫɫɚ ɢ ɤɚɱɟɫɬɜɨ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɫɵɪɶɹ. Ɉɞɧɚɤɨ ɞɚɧɧɵɟ ɨ 

ɡɚɜɢɫɢɦɨɫɬɢ ɜɵɯɨɞɚ ɝɚɡɨɨɛɪɚɡɧɵɯ ɢ ɠɢɞɤɢɯ ɩɪɨɞɭɤɬɨɜ ɤɨɤɫɨɜɚɧɢɹ ɨɬ ɤɚɱɟɫɬɜɚ ɢɫɯɨɞɧɨɝɨ 

ɫɵɪɶɹ ɜ ɨɬɟɱɟɫɬɜɟɧɧɨɣ ɥɢɬɟɪɚɬɭɪɟ ɨɬɫɭɬɫɬɜɭɸɬ. ȼ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɚɡɪɚɛɨɬɚɧɧɵɟ 

ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɜɵɯɨɞɚ ɩɪɨɞɭɤɬɨɜ ɤɨɤɫɨɜɚɧɢɹ ɬɹɠɟɥɵɯ ɧɟɮɬɹɧɵɯ ɨɫɬɚɬɤɨɜ, 

ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ ɪɟɝɭɥɢɪɨɜɚɬɶ ɜɵɯɨɞ ɩɪɨɞɭɤɬɨɜ, ɢɡɦɟɧɹɹ ɞɨɥɟɜɨɟ ɫɨɨɬɧɨɲɟɧɢɟ 

ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɫɵɪɶɟ, ɭɱɢɬɵɜɚɹ ɩɪɢ ɷɬɨɦ ɢɡɦɟɧɟɧɢɟ ɤɨɤɫɭɟɦɨɫɬɢ ɤɚɠɞɨɝɨ ɢɡ ɤɨɦɩɨɧɟɧɬɨɜ 

ɫɵɪɶɹ. 

Ключевые слова: ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ, ɤɨɤɫɨɜɚɧɢɟ ɬɹɠɟɥɵɯ ɧɟɮɬɹɧɵɯ ɨɫɬɚɬɤɨɜ, ɫɵɪɶɟ 
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Mathematical model for predicting yield of heavy oil residue carbonization products 

V. P. Zaporin, S. V. Sukhov, M. Yu. Dolomatov, N. A. Zhuravleva, A. R. Galiakbirov, V. V. 

Martynov, and A. V. Kutueva 

Delayed carbonization is one of the most dynamically developing technologies in global petroleum 

processing. The basic factors determining the material balance and the quality of carbonization 

products are process parameters and quality of the feedstock used. However, data on the 

dependence of yield of gaseous and liquid carbonization products on the quality of the feedstock 

are absent in the domestic literature. This paper presents the developed mathematical models of 

the yield of heavy oil residue carbonization products, which help control products yield by varying 

the proportions of the components in the feedstock, taking account of the change in carbonizability 

of each component of the feedstock. 

Keywords: mathematical model, carbonization of heavy oil residues, carbonization feedstock, 

carbonizability. 

 

 

Иɫɫɥɟɞɨɜɚɧɢɟ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɬɹɠɟɥɨɣ ɫɦɨɥɵ ɩɢɪɨɥɢɡɚ ɫ ɰɟɥɶɸ ɟɟ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɫɵɪɶɹ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɧɟɮɬɹɧɵɯ ɩɟɤɨɜ 

Ⱥ. Ɍ. Ɇɭɯɚɦɟɞɡɹɧɨɜ, Ⱥ. Ⱥ. Ɇɭɯɚɦɟɞɡɹɧɨɜɚ, Ⱥ. Ⱥ. ɏɚɣɛɭɥɥɢɧ, Ȼ. ɋ. ɀɢɪɧɨɜ, Ⱥ. ɋ. Ⱥɥɹɛɶɟɜ 
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ɉɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɨɫɬɚɜɚ ɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɩɨɛɨɱɧɨɝɨ 

ɩɪɨɞɭɤɬɚ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɬɢɥɟɧɚ — ɬɹɠɟɥɨɣ ɫɦɨɥɵ ɩɢɪɨɥɢɡɚ (Ɍɋɉ). ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ Ɍɋɉ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɥɨɠɧɵɟ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɟ ɫɦɟɫɢ ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ 

ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɢ ɜ ɦɟɧɶɲɟ ɫɬɟɩɟɧɢ ɧɟɩɪɟɞɟɥɶɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ. ɋɨɫɬɚɜ 

ɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ Ɍɋɉ ɧɚ ɩɪɨɦɵɲɥɟɧɧɨɣ ɭɫɬɚɧɨɜɤɟ ɩɢɪɨɥɢɡɚ ɢɡɦɟɧɹɸɬɫɹ ɜɨ 

ɜɪɟɦɟɧɢ ɜ ɞɨɫɬɚɬɨɱɧɨ ɲɢɪɨɤɢɯ ɩɪɟɞɟɥɚɯ ɞɚɠɟ ɩɪɢ ɩɢɪɨɥɢɡɟ ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ ɜɢɞɚ ɫɵɪɶɹ. 

ȼ ɷɬɨɣ ɫɜɹɡɢ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ Ɍɋɉ ɜ ɤɚɱɟɫɬɜɟ ɫɵɪɶɹ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɭɝɥɟɪɨɞɧɨɝɨ 

ɦɚɬɟɪɢɚɥɚ ɡɚɞɚɧɧɨɝɨ ɤɚɱɟɫɬɜɚ ɜɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɫɬɚɛɢɥɢɡɚɰɢɢ ɟɝɨ ɫɨɫɬɚɜɚ, 

ɫɬɪɭɤɬɭɪɵ ɢ ɫɜɨɣɫɬɜ ɜɨ ɜɪɟɦɟɧɢ. Ɉɛɫɭɠɞɟɧɵ ɩɨɬɟɧɰɢɚɥɶɧɵɟ ɩɭɬɢ ɪɟɲɟɧɢɹ ɷɬɨɣ ɩɪɨɛɥɟɦɵ, 

ɫɪɟɞɢ ɤɨɬɨɪɵɯ ɩɪɨɢɡɜɨɞɫɬɜɨ Ɍɋɉ ɤɚɤ ɨɞɧɨɝɨ ɢɡ ɰɟɥɟɜɵɯ ɩɪɨɞɭɤɬɨɜ ɩɢɪɨɥɢɡɚ ɢ ɩɨɞɝɨɬɨɜɤɚ 

Ɍɋɉ, ɤɚɤ ɩɨɛɨɱɧɨɝɨ ɩɪɨɞɭɤɬɚ ɩɪɨɢɡɜɨɞɫɬɜɚ ɨɥɟɮɢɧɨɜ ɤ ɩɟɪɟɪɚɛɨɬɤɟ ɜ ɭɝɥɟɪɨɞɧɵɟ 

ɦɚɬɟɪɢɚɥɵ ɡɚɞɚɧɧɨɝɨ ɤɚɱɟɫɬɜɚ 

Ключевые слова: ɩɢɪɨɥɢɡ ɛɟɧɡɢɧɚ, ɬɹɠɟɥɚɹ ɫɦɨɥɚ ɩɢɪɨɥɢɡɚ, ɧɟɮɬɹɧɨɣ ɩɟɤ, ɩɢɪɨɭɝɥɟɪɨɞ, 

ɤɨɤɫɭɟɦɨɫɬɶ. 

 



Study of physicochemical properties of heavy pyrolysis tar for its utilization as feedstock for 

producing petroleum pitch 

A. T. Mukhamedzyanov, A. A. Mukhamedzyanova, A. A. Khaibullin, B. S. Zhirnov, and A. S. 

AХвКЛ’Оv 

The results of study of composition and physicochemical properties of ethylene production by-

product, namely, heavy pyrolysis tar (HPT) are reported. It is shown that HPT is a complex 

multicomponent mixture essentially of aromatic compounds and partially of unsaturated 

hydrocarbons. The composition and physicochemical properties of HPT in an industrial pyrolysis 

plant vary with time in a wide range even when same type of feedstock is pyrolyzed. In view of 

this, for using HPT as a feedstock for producing carbon material of a fixed quality, it is necessary 

to stabilize its composition, structure, and properties with time. The potential paths of solving this 

problem, among which are production of HPT as one of the target pyrolysis products and 

preparation of HPT as an olefin production by-product for processing into carbon materials of a 

fixed quality, are discussed. 

Keywords: gasoline pyrolysis, heavy pyrolysis tar, petroleum pitch, pyrocarbon, carbonizability. 

 

 

Ʌɚɛɨɪɚɬɨɪɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɝɟɨɦɟɬɪɢɢ ɬɪɟɳɢɧ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɦɧɨɝɨɫɬɭɩɟɧɱɚɬɨɝɨ 

ɝɢɞɪɨɪɚɡɪɵɜɚ ɩɥɚɫɬɚ ɩɪɢ ɬɪɟɯɨɫɧɨɦ ɧɚɩɪɹɠɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ 

ɏɨɭ Ȼɢɧ, ɑɟɧɶ Ɇɹɧɶ, ȼɚɧɶ ɑɟɧ, ɋɭɧ Ɍɷɧɮɷɣ 
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ɉɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɨ ɦɧɨɝɨɫɬɭɩɟɧɱɚɬɨɦɭ 

ɝɢɞɪɨɪɚɡɪɵɜɭ ɩɥɚɫɬɚ (ȽɊɉ) ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɝɟɥɶ-ɪɚɫɬɜɨɪɚ ɜ ɤɚɱɟɫɬɜɟ ɠɢɞɤɨɫɬɢ ȽɊɉ ɧɚ 

ɥɚɛɨɪɚɬɨɪɧɨɣ ɭɫɬɚɧɨɜɤɟ ɩɨ ɦɨɞɟɥɢɪɨɜɚɧɢɸ ȽɊɉ ɩɪɢ ɬɪɟɯɨɫɧɨɦ ɧɚɩɪɹɠɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ. 

ȼ ɤɭɛɢɱɟɫɤɨɦ ɨɛɪɚɡɰɟ ɩɨɪɨɞɵ ɜ ɪɟɡɭɥɶɬɚɬɟ ɷɤɫɩɟɪɢɦɟɧɬ ɨɛɪɚɡɨɜɚɥɚɫɶ ɫɟɬɶ ɬɪɟɳɢɧ. 

ȼɵɹɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɪɟɚɥɢɡɚɰɢɢ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ ȽɊɉ ɨɛɪɚɡɨɜɚɥɚɫɶ ɩɨɱɬɢ ɩɥɨɫɤɚɹ ɬɪɟɳɢɧɚ, 

ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɩɪɢ ɪɟɚɥɢɡɚɰɢɢ ɜɬɨɪɨɣ — ɜɨɝɧɭɬɚɹ ɬɪɟɳɢɧɚ. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɩɨɥɟɣ 

ɧɚɩɪɹɠɟɧɢɣ, ɫɨɡɞɚɜɚɟɦɵɯ ɞɜɭɦɹ ɝɥɚɜɧɵɦɢ ɬɪɟɳɢɧɚɦɢ ȽɊɉ, ɜɵɡɜɚɥɨ ɪɨɫɬ ɜɬɨɪɢɱɧɵɯ 

ɬɪɟɳɢɧ, ɧɚɩɪɚɜɥɟɧɢɹ ɤɨɬɨɪɵɯ ɨɤɚɡɚɥɢɫɶ ɩɚɪɚɥɥɟɥɶɧɵ ɫɦɨɞɟɥɢɪɨɜɚɧɧɨɦɭ ɫɬɜɨɥɭ, ɧɨ ɩɪɢ 

ɷɬɨɦ ɩɪɢɜɟɥɨ ɤ ɭɦɟɧɶɲɟɧɢɸ ɲɢɪɢɧɵ ɩɨɫɥɟɞɭɸɳɟɣ ɝɥɚɜɧɨɣ ɬɪɟɳɢɧɵ. Ȼɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, 

ɱɬɨ ɦɨɞɟɥɶ ɞɢɫɤɨɜɢɞɧɨɣ ɬɪɟɳɢɧɵ ɩɨɞɯɨɞɢɬ ɞɥɹ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɝɟɨɦɟɬɪɢɢ ɬɪɟɳɢɧ ȽɊɉ 

ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɫɤɜɚɠɢɧɚɯ ɜ ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ, ɱɟɦ ɞɜɭɦɟɪɧɵɟ ɦɨɞɟɥɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ 

ɬɪɟɳɢɧ (ɦɨɞɟɥɶ PKN, ɦɨɞɟɥɶ KGD). ɉɪɨɟɤɬɢɪɨɜɚɧɢɸ ɡɧɚɱɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɪɚɫɩɨɥɨɠɟɧɢɹ 

ɫɬɭɩɟɧɟɣ ȽɊɉ ɞɨɥɠɧɨ ɭɞɟɥɹɬɶɫɹ ɨɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɩɪɢ ɪɟɚɥɢɡɚɰɢɢ ɦɧɨɝɨɫɬɭɩɟɧɱɚɬɨɝɨ ȽɊɉ 

ɜ ɫɤɜɚɠɢɧɚɯ ɫ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦ ɨɤɨɧɱɚɧɢɟɦ. 



Ключевые слова: ɝɢɞɪɨɪɚɡɪɵɜ ɩɥɚɫɬɚ, ɬɪɟɳɢɧɚ ȽɊɉ, ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ ɫɤɜɚɠɢɧɚ, ɝɟɨɦɟɬɪɢɹ 

ɬɪɟɳɢɧɵ, ɩɥɨɬɧɨɫɬɶ ɪɚɫɩɨɥɨɠɟɧɢɹ ɫɬɭɩɟɧɟɣ ȽɊɉ. 

 

Experimental investigation on fracture geometry in multi-stage fracturing under triaxial 

stresses 

Hou Bing, Chen Mian, Wan Cheng, and Sun Tengfei 

Multi-stage fracturing of horizontal wells is an effective simulation technique used commonly for 

unconventional reservoirs. Complex interactions between multiple hydraulic fractures are believed 

to have a significant impact on fracture geometry in rock mass. Many theoretical models proposed 

for predicting hydraulic fracture geometry and stress-interference resulting from multi-stage 

fracturing have not been validated experimentally. In this study, a multi-stage fracturing test using 

gel solution as fracturing fluid was conducted under triaxial stressed state. The results showed that 

the first fracturing stage produced a planar fracture, while the second, a concave (bowl-shaped) 

fracture. Stress interference between these two main fractures caused growth of secondary 

fractures parallel to the simulated wellbore and decrease in width of subsequent main fractures. 

Penny (disk)-shaped fracture model is believed to be more suitable than rectangular fracture model 

for predicting the real fracture geometry in horizontal wells. For multi-stage fracturing in 

horizontal wells, special attention should be focused on spacing of fracture stages. 

Keywords: hydraulic fracture, multi-stage fracturing, horizontal well, fracture geometry, fracture 

stage spacing. 
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Ɋɚɡɪɚɛɨɬɚɧ ɦɟɬɨɞ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɞɥɹ ɪɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɹ ɇɚɜɶɟ — ɋɬɨɤɫɚ ɢ ɜɵɜɨɞɚ 

ɭɪɚɜɧɟɧɢɹ, ɨɩɢɫɵɜɚɸɳɟɝɨ ɩɪɨɰɟɫɫɵ ɤɨɧɜɟɤɰɢɢ ɢ ɞɢɮɮɭɡɢɢ ɜ ɦɚɬɪɢɱɧɨ-ɬɪɟɳɢɧɧɨɣ ɫɪɟɞɟ. 

ɉɪɢ ɩɨɦɨɳɢ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɛɵɥɨ ɢɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɦɨɥɟɤɭɥɹɪɧɨɣ 

ɞɢɮɮɭɡɢɢ, ɫɤɨɪɨɫɬɢ ɩɟɪɟɦɟɳɟɧɢɹ ɮɥɸɢɞɚ ɢ ɩɨɪɢɫɬɨɫɬɢ ɦɚɬɪɢɰɵ ɧɚ ɫɦɟɲɢɜɚɸɳɭɸɫɹ 

ɫɢɫɬɟɦɭ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɨɰɟɫɫ ɤɨɧɜɟɤɰɢɢ, ɜ ɨɫɧɨɜɧɨɦ, ɩɪɨɬɟɤɚɟɬ ɜ ɬɪɟɳɢɧɚɯ, ɩɪɨɰɟɫɫ 

ɞɢɮɮɭɡɢɢ — ɤɚɤ ɜ ɬɪɟɳɢɧɚɯ, ɬɚɤ ɢ ɜ ɦɚɬɪɢɰɟ ɩɨɪɨɞɵ. Ɍɚɤɠɟ ɜɵɹɜɥɟɧɨ, ɱɬɨ ɫɬɟɩɟɧɶ 

ɫɦɟɲɟɧɢɹ ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɹɦɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɦɨɥɟɤɭɥɹɪɧɨɣ ɞɢɮɮɭɡɢɢ, 

ɩɨɪɢɫɬɨɫɬɢ ɦɚɬɪɢɰɵ ɢ ɪɚɡɦɟɪɚ ɬɪɟɳɢɧ ɢ ɜ ɨɛɪɚɬɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ — ɨɬ ɫɤɨɪɨɫɬɢ 

ɩɟɪɟɦɟɳɟɧɢɹ ɠɢɞɤɨɫɬɢ. 



Ключевые слова: ɫɦɟɲɢɜɚɸɳɟɟɫɹ ɜɵɬɟɫɧɟɧɢɟ, ɦɚɬɪɢɱɧɨ-ɬɪɟɳɢɧɧɚɹ ɫɪɟɞɚ, 

ɫɦɟɲɢɜɚɸɳɢɣɫɹ ɨɛɪɚɡɟɰ, ɦɟɬɨɞ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɦɢɤɪɨɦɚɫɲɬɚɛɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 

 

Microscale investigation of mixing in matrix-fracture medium for intermixing displacement 

Chenshuo Zhang, Zifei Fan, Anzhu Xu, and Guangyan Hu 

A finite element method was developed to solve the Navier-Stokes equation and the convection-

diffusion equation in matrix-fracture medium. Using this method, we investigated the effect of 

molecular diffusion coefficient, fluid velocity, matrix porosity, and fracture space on the mixing 

pattern. Our research indicates that the dispersion pattern is dominated by convection in the 

fracture and by diffusion in both the matrix and the fracture. We further discovered that the level 

of mixing has a direct relationship with molecular diffusion coefficient, matrix porosity, and 

fracture space, whereas fluid velocity has an inverse relationship with the level of mixing. 

Keywords: intermixing displacement, matrix-fracture medium, mixing pattern, finite elements 

method, micro scale. 

 

 

Ɇɟɬɨɞ ɤɨɧɬɪɨɥɹ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɫɬɨɣɤɨɫɬɢ ɦɨɬɨɪɧɵɯ ɦɚɫɟɥ ɢ ɜɥɢɹɧɢɹ ɩɪɨɞɭɤɬɨɜ 

ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɞɟɫɬɪɭɤɰɢɢ ɧɚ ɩɪɨɬɢɜɨɢɡɧɨɫɧɵɟ ɫɜɨɣɫɬɜɚ 
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The results of determination of thermal stability of mineral and semisynthetic motor oils are 

presented. The thermal stability criterion is validated and the link between it and the wear-

resistance properties of motor oils is determined. 
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