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Ɍɟɪɦɨɷɤɫɬɪɚɤɰɢɨɧɧɵɟ ɩɪɟɜɪɚɳɟɧɢɹ ɤɟɪɨɝɟɧɫɨɞɟɪɠɚɳɟɝɨ ɫɵɪɶɹ. 
 

ɋ. ȼ. Ʉɚɪɞɚɲɟɜ, ɋ. ȼ. Ʌɵɫɟɧɤɨ, ɋ. ȼ. ȿɝɚɡɚɪɶɹɧɰ, Ⱥ. ȼ. Ɍɚɪɚɤɚɧɨɜɚ, ȼ. ȿ. ɇɟɡɧɚɧɨɜ, Ⱥ. ȼ. 
Ⱥɧɢɫɢɦɨɜ, ɗ. Ⱥ. Ʉɚɪɚɯɚɧɨɜ 

 

ɆȽɍ ɢɦɟɧɢ Ɇ. ȼ. Ʌɨɦɨɧɨɫɨɜɚ, ɯɢɦɢɱɟɫɤɢɣ ɮɚɤɭɥɶɬɟɬ 

 

E-mail: sulfur45@mail.ru 

 

ȼ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 450–500°ɋ ɢɫɫɥɟɞɨɜɚɧɵ ɬɟɪɦɨɷɤɫɬɪɚɤɰɢɨɧɧɵɟ ɩɪɟɜɪɚɳɟɧɢɹ ɝɨɪɸɱɟɝɨ 
ɫɥɚɧɰɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɠɢɞɤɨɫɬɟɣ: ɬɨɥɭɨɥɚ, ɞɟɤɚɥɢɧɚ, ɬɟɬɪɚɥɢɧɚ, 
ɬɟɬɪɚɞɟɤɚɧɚ, ɝɚɡɨɣɥɟɜɵɯ ɮɪɚɤɰɢɣ ɢ ɞɪ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɥɭɱɲɢɦɢ ɷɤɫɬɪɚɝɟɧɬɚɦɢ ɹɜɥɹɸɬɫɹ ɬɨɥɭɨɥ ɢ 
ɬɟɬɪɚɥɢɧ ɩɪɢ ɦɚɫɫɨɜɨɦ ɫɨɨɬɧɨɲɟɧɢɢ ɷɤɫɬɪɚɝɟɧɬ : ɩɨɪɨɞɚ, ɪɚɜɧɨɦ 1:1. Ɇɟɬɨɞɨɦ ɯɪɨɦɚɬɨɦɚɫɫ-

ɫɩɟɤɬɪɨɦɟɬɪɢɢ ɭɫɬɚɧɨɜɥɟɧ ɫɨɫɬɚɜ ɤɨɧɤɪɟɬɧɨɣ «ɫɢɧɬɟɬɢɱɟɫɤɨɣ ɧɟɮɬɢ». 
Ключевые слова: ɝɨɪɸɱɢɣ ɫɥɚɧɟɰ, ɤɟɪɨɝɟɧ, ɬɟɪɦɨɷɤɫɬɪɚɤɰɢɹ. 
 

Thermoextractive conversions of kerogen-containing materials 

S. V. KКrНКsСОЯ, S. V. LвsОЧФШ, S. V. EРКгКr’вКЧЭs, A. V. TКrКФКЧШЯК, V. E. NОгЧКЧШЯ, A. V. AЧТsТЦШЯ, 
КЧН л. A. KКrКФСКЧШЯ 

 

Thermoextractive conversions of oil shale are studied in the 450–500°C rКЧРО ЮsТЧР sЮpОrМrТЭТМКХ ПХЮТНs 
like toluene, decalin, tetralin, tetradecane, gas oil fractions, etc. It is shown that toluene and tetralin in 1:1 

extractant:rock weight ratio are the best extractants. The composition of a specific synthetic oil was 

determined by chromato-mass spectrometry. 

Key words: oil shale, kerogen, thermal extraction. 

 

 

 

Вɨɡɦɨɠɧɨɫɬɢ ɩɨɥɭɱɟɧɢɹ ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ ɬɨɩɥɢɜ ɢɡ ɩɪɨɞɭɤɬɨɜ ɫɨɜɦɟɫɬɧɨɣ ɬɟɪɦɢɱɟɫɤɨɣ 
ɤɨɧɜɟɪɫɢɢ ɞɪɟɜɟɫɧɨɣ ɛɢɨɦɚɫɫɵ ɢ ɦɚɡɭɬɚ 
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ɉɪɨɜɟɞɟɧɚ ɫɪɚɜɧɢɬɟɥɶɧɚɹ ɨɰɟɧɤɚ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɠɢɞɤɢɯ ɩɪɨɞɭɤɬɨɜ ɩɢɪɨɥɢɡɚ 

ɞɪɟɜɟɫɧɨɣ ɛɢɨɦɚɫɫɵ ɜ ɱɢɫɬɨɦ ɜɢɞɟ ɢ ɜ ɫɦɟɫɢ ɫ ɦɚɡɭɬɨɦ. ɍɫɬɚɧɨɜɥɟɧɵ ɬɟɧɞɟɧɰɢɢ ɢɡɦɟɧɟɧɢɹ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɠɢɞɤɢɯ ɩɪɨɞɭɤɬɨɜ ɩɢɪɨɥɢɡɚ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɦɚɡɭɬɚ ɜ ɫɵɪɶɟɜɨɣ ɫɦɟɫɢ. ɉɨɤɚɡɚɧɨ, ɱɬɨ 
ɦɚɤɫɢɦɚɥɶɧɵɣ ɜɵɯɨɞ ɢ ɧɚɢɛɨɥɟɟ ɩɪɢɟɦɥɟɦɵɟ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɠɢɞɤɨɝɨ ɛɢɨɩɪɨɞɭɤɬɚ 
ɨɛɟɫɩɟɱɢɜɚɸɬɫɹ ɜ ɩɪɨɰɟɫɫɟ ɫɨɜɦɟɫɬɧɨɣ ɬɟɪɦɢɱɟɫɤɨɣ ɤɨɧɜɟɪɫɢɢ ɞɪɟɜɟɫɧɵɯ ɨɩɢɥɨɤ ɢ ɦɚɡɭɬɚ ɜ 
ɫɨɨɬɧɨɲɟɧɢɢ 1:3. Ɋɚɫɫɦɨɬɪɟɧɵ ɜɨɡɦɨɠɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɪɟɞɧɟɞɢɫɬɢɥɥɹɬɧɵɯ ɮɪɚɤɰɢɣ 
ɩɪɨɞɭɤɬɨɜ ɩɢɪɨɥɢɡɚ ɜ ɤɚɱɟɫɬɜɟ ɤɨɦɩɨɧɟɧɬɨɜ ɞɢɡɟɥɶɧɵɯ ɬɨɩɥɢɜ. 
Ключевые слова: ɬɟɪɦɢɱɟɫɤɚɹ ɤɨɧɜɟɪɫɢɹ, ɞɪɟɜɟɫɧɚɹ ɛɢɨɦɚɫɫɚ, ɨɩɢɥɤɢ, ɩɢɪɨɥɢɡ ɛɢɨɦɚɫɫɵ, 
ɫɨɜɦɟɫɬɧɚɹ ɩɟɪɟɪɚɛɨɬɤɚ. 
 

Feasibility of hydrocarbon fuels production from products of combined thermal conversion of wood 

biomass and residual fuel oil 
 

L. A. GЮХвКОЯК, V. ВЮ. AsКЮХК, O. I. SСЦОХ’ФШЯК, КЧН E. A. CСОrЧвsСОЯК 

 

A comparative evaluation is made of the physicochemical properties of liquid products of pyrolysis of 

wood biomass alone and its blend with residual fuel oil. The characteristics of the liquid pyrolysis 

products with residual fuel oil content in the mixed feedstock are shown to have a tendency for variation. 



It is shown that the maximum yield and the best physicochemical properties of the liquid bioproduct are 

ensured in the process of combined thermal conversion of wood dusts and residual fuel oil in 1:3 ratio. 

The possibility of utilization of middle-distillate fractions of the pyrolysis products as components of 

diesel fuels are examined. 

Keywords: thermal conversion, wood biomass, dusts, biomass pyrolysis, joint processing. 
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Ⱦɥɹ ɛɭɪɟɧɢɹ ɝɥɭɛɨɤɢɯ ɫɤɜɚɠɢɧ ɪɚɡɪɚɛɨɬɚɧ ɬɟɪɦɨɫɬɨɣɤɢɣ (ɞɨ 200°ɋ) ɛɭɪɨɜɨɣ ɪɚɫɬɜɨɪ ɧɚ ɜɨɞɧɨɣ 
ɨɫɧɨɜɟ ɛɟɡ ɛɟɧɬɨɧɢɬɚ. ȼ ɫɨɫɬɚɜ ɪɚɫɬɜɨɪɚ ɜɯɨɞɹɬ ɬɟɪɦɨɫɬɨɣɤɢɣ ɩɨɥɢɦɟɪɧɵɣ ɡɚɝɭɫɬɢɬɟɥɶ, 
ɬɟɪɦɨɫɬɨɣɤɢɣ ɤɪɚɯɦɚɥ, ɫɭɥɶɮɢɬ ɧɚɬɪɢɹ ɢ ɞɪ. Ʉɚɠɭɳɚɹɫɹ ɢ ɩɥɚɫɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɛɭɪɨɜɨɝɨ 
ɪɚɫɬɜɨɪɚ, ɧɚɩɪɹɠɟɧɢɟ ɫɞɜɢɝɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 180°ɋ ɫɨɫɬɚɜɥɹɸɬ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 30 ɦɉɚ·ɫ, 17 
ɦɉɚ·ɫ, 14,5 ɉɚ. Ɋɚɫɬɜɨɪ ɩɪɨɹɜɥɹɟɬ ɯɨɪɨɲɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɤ ɜɵɧɨɫɭ ɨɛɥɨɦɤɨɜ ɩɨɪɨɞɵ ɢɡ ɫɤɜɚɠɢɧɵ 
ɢ ɯɨɪɨɲɨ ɨɱɢɳɚɟɬ ɫɬɜɨɥ ɫɤɜɚɠɢɧɵ. Ȼɭɪɨɜɨɣ ɪɚɫɬɜɨɪ ɫɧɢɠɚɟɬ ɫɬɟɩɟɧɶ ɥɢɧɟɣɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ 
ɛɟɧɬɨɧɢɬɚ ɢ ɩɨɪɨɲɤɚ ɫɥɚɧɰɟɜɨɣ ɩɨɪɨɞɵ, ɩɪɟɞɨɬɜɪɚɳɚɟɬ ɨɛɪɚɡɨɜɚɧɢɟ ɜɨɞɧɨɝɨ ɛɚɪɶɟɪɚ ɢ ɧɟ 
ɩɨɜɪɟɠɞɚɟɬ ɤɨɥɥɟɤɬɨɪ. Ɋɚɫɬɜɨɪ ɧɟ ɬɨɤɫɢɱɟɧ, ɢɦɟɟɬ ɜɵɫɨɤɨɟ ɡɧɚɱɟɧɢɟ EC50 ɢ ɩɨɞɯɨɞɢɬ ɞɥɹ 
ɛɭɪɟɧɢɹ ɝɥɭɛɨɤɢɯ ɫɤɜɚɠɢɧ ɜ ɪɚɣɨɧɚɯ, ɨɫɨɛɨ ɜɚɠɧɵɯ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɨɯɪɚɧɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. 
 

Ключевые слова: ɛɭɪɨɜɨɣ ɪɚɫɬɜɨɪ ɧɚ ɜɨɞɧɨɣ ɨɫɧɨɜɟ, ɡɚɳɢɬɚ ɤɨɥɥɟɤɬɨɪɚ, ɬɟɪɦɨɫɬɨɣɤɨɫɬɶ, 
ɝɥɭɛɨɤɚɹ ɫɤɜɚɠɢɧɚ, ɩɨɥɢɦɟɪɧɵɣ ɡɚɝɭɫɬɢɬɟɥɶ. 
 

Bentonite-free water-based drilling fluid with high temperature tolerance for protecting deep 

reservoirs 

 

Weian Huang, Binqiang Xie, Zhengsong Qui, and Lin Jiang 

 

A bentonite-free water-based drilling fluid (BFDF) with high temperature tolerance (up to 200C) was 

developed for protecting reservoirs in deep wells.  The fluid is composed of heat-resistant polymeric 

thickener and starch, sodium sulfite, etc.  A series of methods, including environment scanning electron 

microscopy (ESEM), linear expansion and hot rolling dispersion test, core flow experiments, and 

measurements of rheological parameter, filtrate, and biotoxicity, were used to evaluate the performance of 

the BFDF formulation.  The laboratory results indicate that the fluid has excellent high temperature 

tolerance, its yield point and plastic viscosity ratio is up to 0,38 even after aging at 200C for 16 h with 

API filtrate of 9,8 ml, its apparent viscosity, plastic viscosity, and yield point at 180C are 30 mPas, 17 

mPas, and 14,5 Pa, respectively, which shows its high well cuttings carrying performance and wellbore 

purification capacity.  The BFDF formulation exhibits strong capacity to restrain linear expansion rate of 

bentonite and shale powder, improve cuttings recovery, protect well reservoir by cutting down water 

blocking and lowering permeability damage, and minimize biotoxicity with high EC50 value, and is 

suitable for drilling deep wells in environmentally sensitive areas. 

Keywords: bentonite-free water-based drilling fluid, reservoir protection, high temperature tolerance, 

deep well, polymeric thickener, biotoxicity. 

 

 

 



Мɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɤɪɟɤɢɧɝɚ ɧɟɮɬɟɲɥɚɦɚ, ɩɨɞɜɟɪɝɧɭɬɨɝɨ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɚɤɬɢɜɚɰɢɢ 
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ɉɪɟɞɫɬɚɜɥɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɩɨ ɤɚɬɚɥɢɬɢɱɟɫɤɨɦɭ ɤɪɟɤɢɧɝɭ 
ɧɟɮɬɟɲɥɚɦɚ ɜ ɫɦɟɫɢ ɫ ɜɚɤɭɭɦɧɵɦ ɝɚɡɨɣɥɟɦ ɛɟɡ ɚɤɬɢɜɚɰɢɢ ɢ ɫ ɚɤɬɢɜɚɰɢɟɣ ɫɵɪɶɹ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɢɡɥɭɱɟɧɢɟɦ. ɋɨɡɞɚɧɵ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɤɪɟɤɢɧɝɚ 
ɧɟɮɬɟɲɥɚɦɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɰɟɨɥɢɬɚɥɸɦɨɫɢɥɢɤɚɬɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɚɹ ɚɤɬɢɜɚɰɢɹ ɫɵɪɶɹ ɩɨɜɵɲɚɟɬ ɜɵɯɨɞ ɛɟɧɡɢɧɨɜɨɣ ɢ ɞɢɡɟɥɶɧɨɣ ɮɪɚɤɰɢɣ ɩɪɢ 

ɤɪɟɤɢɧɝɟ. ɉɪɨɰɟɫɫ ɤɪɟɤɢɧɝɚ ɚɤɬɢɜɢɪɨɜɚɧɧɨɝɨ ɫɵɪɶɹ ɩɪɨɬɟɤɚɟɬ ɫ ɛɨɥɟɟ ɧɢɡɤɨɣ ɷɧɟɪɝɢɟɣ ɚɤɬɢɜɚɰɢɢ. 
Ключевые слова: ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɟ ɩɨɥɟ, ɧɟɮɬɟɲɥɚɦ, ɤɚɬɚɥɢɬɢɱɟɫɤɢɣ ɤɪɟɤɢɧɝ, ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ 
ɦɨɞɟɥɶ. 
 

Mathematical modeling of catalytic cracking of oil sludge submitted to electromagnetic activation 

 

I. M. Kolesnikov, V. I. Frolov, Kh. Kh. Borzaev, A. P. Glotov, and S. V. Kardashev 

 

Experimental and theoretical data on catalytic cracking of oil sludge mixed with vacuum gas oil without 

activation and with activation of the feedstock by electromagnetic radiation are furnished. Mathematical 

models of catalytic cracking of oil sludge in the presence of aluminosilicate zeolite catalysts are 

constructed. It is demonstrated that preactivation of the feedstock enhances gasoline and diesel yield upon 

cracking. Cracking of activated feedstock occurs with lower activation energy. 

Keywords: electromagnetic field, oil sludge, catalytic cracking, mathematical model. 

 

 

 

Кɢɧɟɬɢɤɚ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɨɤɢɫɥɟɧɢɹ ɧɟɮɬɹɧɵɯ ɫɭɥɶɮɨɤɫɢɞɨɜ ɩɟɪɨɤɫɢɞɨɦ ɜɨɞɨɪɨɞɚ 
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ɂɡɭɱɟɧɵ ɤɢɧɟɬɢɱɟɫɤɢɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɨɤɢɫɥɟɧɢɹ ɧɟɮɬɹɧɵɯ ɫɭɥɶɮɨɤɫɢɞɨɜ ɩɟɪɨɤɫɢɞɨɦ ɜɨɞɨɪɨɞɚ 
ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɤɚɬɚɥɢɡɚɬɨɪɚ — ɦɨɥɢɛɞɟɧɨɜɨɣ ɢɥɢ ɜɨɥɶɮɪɚɦɨɜɨɣ ɤɢɫɥɨɬ. Ɉɩɪɟɞɟɥɟɧɵ ɩɨɪɹɞɤɢ 
ɪɟɚɤɰɢɢ ɩɨ ɪɟɚɝɟɧɬɚɦ ɜ ɤɢɧɟɬɢɱɟɫɤɨɦ ɭɪɚɜɧɟɧɢɢ. ȼ ɨɛɨɛɳɟɧɧɨɦ ɜɢɞɟ ɩɪɢɜɟɞɟɧɚ ɫɯɟɦɚ 
ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɩɟɪɟɤɢɫɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɧɟɮɬɹɧɵɯ ɫɭɥɶɮɨɤɫɢɞɨɜ, ɨɛɴɹɫɧɹɸɳɚɹ ɩɨɥɭɱɟɧɧɵɟ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɤɢɧɟɬɢɱɟɫɤɢɯ ɞɚɧɧɵɯ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɨɤɢɫɥɢɬɟɥɹɦɢ 
ɫɭɥɶɮɨɤɫɢɞɨɜ ɜɵɫɬɭɩɚɸɬ ɩɟɪɨɤɫɨɤɢɫɥɨɬɵ, ɚ ɩɪɨɦɟɠɭɬɨɱɧɵɦɢ ɩɪɨɞɭɤɬɚɦɢ ɪɟɚɤɰɢɢ, ɜɟɪɨɹɬɧɟɟ 
ɜɫɟɝɨ, ɹɜɥɹɸɬɫɹ ɤɨɦɩɥɟɤɫɵ ɫɭɥɶɮɨɤɫɢɞɚ 

ɫ ɩɟɪɨɤɫɨɤɢɫɥɨɬɚɦɢ, ɧɚɯɨɞɹɳɢɦɢɫɹ ɜ ɨɛɨɥɨɱɤɟ ɨɛɪɚɬɧɵɯ ɷɦɭɥɶɫɢɣ. 
Ключевые слова: ɧɟɮɬɹɧɵɟ ɫɭɥɶɮɨɤɫɢɞɵ, ɫɭɥɶɮɨɧɵ, ɨɤɢɫɥɟɧɢɟ, ɩɟɪɨɤɫɢɞ ɜɨɞɨɪɨɞɚ, 
ɦɨɥɢɛɞɟɧɨɜɚɹ ɤɢɫɥɨɬɚ, ɜɨɥɶɮɪɚɦɨɜɚɹ ɤɢɫɥɨɬɚ. 
 

Kinetics of catalytic oxidation of petroleum sulfoxides by hydrogen peroxide 

 

I. M. Borisov, Z. Sh. Gazizova, R. S. Luksha, A. V. Baiburtli, and I. S. Faizrakhmanov 

 



The kinetic mechanisms of petroleum sulfoxide oxidation by hydrogen peroxide in the presence of 

molybdic and tungstic acid catalysts are studied.  The reagent-wise reaction orders in the kinetic equation 

are determined.  A scheme of catalytic peroxide oxidation of petroleum sulfoxides, which explains the 

obtained experimental results, is presented in a generalized form.  Based on the kinetic data, it is shown 

that peroxy acids act as sulfoxide oxidants and the intermediate reaction products are most probably 

complexes of sulfoxide with peroxy acids present in the reverse emulsion shell.  

Keywords: petroleum sulfoxides, sulfones, oxidation, hydrogen peroxide, molybdic acid, tungstic acid, 

peroxy acid 

 

 

 

Кɢɧɟɬɢɱɟɫɤɨɟ ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɝɢɞɪɚɬɨɨɛɪɚɡɨɜɚɧɢɹ ɩɨɥɢɦɟɪɧɵɦɢ ɪɟɚɝɟɧɬɚɦɢ: ɷɮɮɟɤɬ 
ɞɚɜɥɟɧɢɹ ɢ ɫɬɪɭɤɬɭɪɵ ɝɚɡɨɜɵɯ ɝɢɞɪɚɬɨɜ  
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ɂɫɫɥɟɞɨɜɚɧɨ ɤɢɧɟɬɢɱɟɫɤɨɟ ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɨɛɪɚɡɨɜɚɧɢɹ ɝɢɞɪɚɬɚ ɦɟɬɚɧɚ Ʉɋ-I ɢ ɝɢɞɪɚɬɚ ɦɟɬɚɧ-

ɩɪɨɩɚɧɨɜɨɣ ɫɦɟɫɢ 4,34% ɋ3ɇ8 + 95,66% ɋɇ4 (% ɦɨɥ.) Ʉɋ-II ɩɨɥɢɦɟɪɧɵɦɢ ɪɟɚɝɟɧɬɚɦɢ LЮЯТМКp 
55А ɢ LЮЯТМКp EG ɜ ɞɢɚɩɚɡɨɧɟ ɞɚɜɥɟɧɢɣ 40–120 ɛɚɪ. Ⱦɥɹ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɤɢɧɟɬɢɱɟɫɤɨɝɨ 
ɢɧɝɢɛɢɪɨɜɚɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɢ ɦɟɬɨɞ ɨɯɥɚɠɞɟɧɢɹ ɫ ɩɨɫɬɨɹɧɧɨɣ ɫɤɨɪɨɫɬɶɸ 1°ɋ/ɱ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ 
ɤɢɧɟɬɢɱɟɫɤɢɟ ɢɧɝɢɛɢɬɨɪɵ ɝɢɞɪɚɬɨɨɛɪɚɡɨɜɚɧɢɹ (ɄɂȽ) LЮЯТМКp EG ɢ LЮЯТМКp 55А ɩɪɢ ɨɞɢɧɚɤɨɜɨɣ 
ɞɨɡɢɪɨɜɤɟ 5000 ppЦ ɫɩɨɫɨɛɧɵ ɢɧɝɢɛɢɪɨɜɚɬɶ ɨɛɪɚɡɨɜɚɧɢɟ ɝɢɞɪɚɬɚ ɦɟɬɚɧɚ ɩɪɢ ɫɬɟɩɟɧɢ 
ɩɟɪɟɨɯɥɚɠɞɟɧɢɹ ɜ 2 ɪɚɡɚ ɛɨɥɟɟ ɧɢɡɤɨɣ (6–7°ɋ), ɱɟɦ ɜ ɫɥɭɱɚɟ ɢɧɝɢɛɢɪɨɜɚɧɢɹ ɨɛɪɚɡɨɜɚɧɢɹ ɝɢɞɪɚɬɨɜ 
ɦɟɬɚɧ-ɩɪɨɩɚɧɨɜɨɣ ɫɦɟɫɢ (13–14°ɋ). ɉɨɹɜɥɟɧɢɟ ɝɢɞɪɚɬɨɜ ɜ ɫɢɫɬɟɦɟ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɄɂȽ ɜ ɜɢɞɟ 
ɮɢɤɫɢɪɭɟɦɨɝɨ ɜɢɡɭɚɥɶɧɨ ɩɨɦɭɬɧɟɧɢɹ ɩɟɪɜɨɧɚɱɚɥɶɧɨ ɩɪɨɡɪɚɱɧɨɝɨ ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ ɩɪɨɢɫɯɨɞɢɬ 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚ 1–2°ɋ ɜɵɲɟ, ɱɟɦ ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɬɨɱɤɟ ɨɬɤɥɨɧɟɧɢɹ Ɋ(Ɍ)-ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɩɪɹɦɨɣ, ɬ.ɟ. ɪɚɧɶɲɟ, ɱɟɦ ɩɨɹɜɥɹɸɬɫɹ ɩɪɢɡɧɚɤɢ ɩɨɝɥɨɳɟɧɢɹ ɝɚɡɚ. Ɉɛɪɚɡɨɜɚɧɢɟ ɬɚɤɢɯ ɫɥɟɞɨɜɵɯ 
ɤɨɥɢɱɟɫɬɜ ɝɢɞɪɚɬɚ ɧɟ ɩɪɢɜɨɞɢɬ ɤ ɡɚɦɟɬɧɨɦɭ ɨɬɤɥɨɧɟɧɢɸ P(Ɍ)-ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɹɦɨɣ ɢ ɦɨɠɟɬ 
ɛɵɬɶ ɡɚɮɢɤɫɢɪɨɜɚɧɨ ɬɨɥɶɤɨ ɛɨɥɟɟ ɱɭɜɫɬɜɢɬɟɥɶɧɵɦɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ. 
ɂɧɝɢɛɢɪɭɸɳɢɟ ɫɜɨɣɫɬɜɚ LЮЯТМКp EG ɢ LЮЯТМКp 55А ɜ ɨɬɧɨɲɟɧɢɢ ɝɢɞɪɚɬɚ ɦɟɬɚɧɚ ɨɬɥɢɱɚɸɬɫɹ 
ɧɟɡɧɚɱɢɬɟɥɶɧɨ, ɨɞɧɚɤɨ ɩɟɪɜɵɣ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɟɧ ɩɪɢ ɢɧɝɢɛɢɪɨɜɚɧɢɢ ɪɨɫɬɚ ɤɪɢɫɬɚɥɥɨɜ. 
ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɝɨɜɨɪɹɬ ɨ ɬɨɦ, ɱɬɨ LЮЯТМКp 55А ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɟɧ, ɱɟɦ LЮЯТМКp EG, 
ɩɪɢ ɢɧɝɢɛɢɪɨɜɚɧɢɢ ɧɭɤɥɟɚɰɢɢ ɢ ɪɨɫɬɚ ɤɪɢɫɬɚɥɥɨɜ ɝɢɞɪɚɬɨɜ ɦɟɬɚɧ-ɩɪɨɩɚɧɨɜɨɣ ɫɦɟɫɢ.  
Ключевые слова: ɤɢɧɟɬɢɱɟɫɤɨɟ ɢɧɝɢɛɢɪɨɜɚɧɢɟ, ɤɢɧɟɬɢɱɟɫɤɢɟ ɢɧɝɢɛɢɬɨɪɵ ɝɢɞɪɚɬɨɨɛɪɚɡɨɜɚɧɢɹ, 
ɝɢɞɪɚɬ ɦɟɬɚɧɚ, ɝɢɞɪɚɬ ɦɟɬɚɧ-ɩɪɨɩɚɧɨɜɨɣ ɫɦɟɫɢ, ɫɬɟɩɟɧɶ ɩɟɪɟɨɯɥɚɠɞɟɧɢɹ. 
 

Kinetic inhibition of hydrate formation by polymeric reagents: effect of pressure and structure of 

gas hydrates 

 

A. P. Semenov, V. I. Medvedev, P. A. Gushchin, and V. A. Vinokurov 

 

Kinetic inhibition of formation of methane hydrate (CS-I) and methane-propane (CH4 + C3H8 in 95.66 + 

4.34 mole %) hydrate (CS-II) by the polymeric reagents Luvicap 55W and Luvicap EG is studied in the 

40-120 bar pressure range.  Cooling at the constant rate of 1C/h was used to assess the effectiveness of 

kinetic inhibition.  It is shown that the kinetic hydrate formation inhibitors (KHI) Luvicap 55W and 

Luvicap EG in identical proportion of 5000 ppm are capable of inhibiting methane hydrate formation at a 

supercooling temperature twice as low (6-7C) as in the case of hydrates of methane-propane mixture 

(13-14C).  In the presence of KHI, hydrates appear in the system in the form of visually discernible 

opacity of the initially transparent aqueous solution at a temperature that is 1-2C higher than the 

temperature at the point of deviation of the P(T) curve from the straight line, i.e., they appear earlier than 

appearance of signs of gas absorption.  Formation of such trace quantities of hydrate do not cause a 

marked deviation of the P(T) curve from the straight line and can be discerned only by more sensitive 



physicochemical methods. The inhibiting properties of Luvicap EG and Luvicap 55W with respect to 

methane hydrate differ insignificantly, but the former is more effective in inhibiting crystal growth.  The 

experimental data indicate that Luvicap 55W is more effective than Luvicap EG in inhibiting nucleation 

and growth of methane-propane hydrate crystals. 

Keywords: kinetic inhibition, kinetic inhibitors of hydrate formation, methane hydrate, methane-propane 

hydrate, degree of supercooling. 
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ɋ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɹɬɢ ɨɛɪɚɡɰɨɜ ɬɹɠɟɥɵɯ ɧɟɮɬɟɣ Ʉɢɬɚɹ ɩɪɢɝɨɬɨɜɥɟɧɵ 15 ɷɦɭɥɶɫɢɣ ɬɢɩɚ «ɜɨɞɚ ɜ 
ɧɟɮɬɢ» ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɜɨɞɵ 10; 20 ɢ 30%. Ɉɩɪɟɞɟɥɟɧɚ ɜɹɡɤɨɫɬɶ ɷɦɭɥɶɫɢɣ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 30–
75°ɋ. ȼ ɰɟɥɨɦ, ɜɹɡɤɨɫɬɶ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɷɦɭɥɶɫɢɣ ɧɚɯɨɞɢɬɫɹ ɜ ɢɧɬɟɪɜɚɥɟ 401–75200 ɦɉɚ·ɫ. ɇɚ 
ɨɫɧɨɜɚɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɩɪɟɞɥɨɠɟɧɚ ɧɨɜɚɹ ɪɟɨɥɨɝɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɷɦɭɥɶɫɢɣ «ɜɨɞɚ ɜ 
ɬɹɠɟɥɨɣ ɧɟɮɬɢ» ɧɚ ɨɫɧɨɜɟ ɦɨɞɟɥɢ Ʉɚɥɪɚ, ɞɨɩɨɥɧɟɧɧɨɣ ɱɥɟɧɨɦ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɦ ɡɚɜɢɫɢɦɨɫɬɶ 
ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɨɬ ɫɨɞɟɪɠɚɧɢɹ ɜɨɞɵ ɜ ɷɦɭɥɶɫɢɢ. ɋɪɟɞɧɹɹ ɚɛɫɨɥɸɬɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ 
ɩɪɢ ɪɚɫɱɟɬɚɯ ɩɨ ɩɪɟɞɥɨɠɟɧɧɨɣ ɦɨɞɟɥɢ ɫɨɫɬɚɜɢɥɚ 17,36%, ɱɬɨ ɧɚ 6,37% ɦɟɧɶɲɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɢɫɯɨɞɧɨɣ ɦɨɞɟɥɶɸ Ʉɚɥɪɚ. 
Ключевые слова: ɬɹɠɟɥɚɹ ɧɟɮɬɶ, ɜɨɞɨɧɟɮɬɹɧɚɹ ɷɦɭɥɶɫɢɹ, ɜɹɡɤɨɫɬɶ, ɪɟɨɥɨɝɢɱɟɫɤɚɹ ɦɨɞɟɥɶ. 
 

Measurement and prediction of viscosities of water-in-oil emulsions prepared from superheavy oils 

 

Wenlong Jia, Changjun Li, and Xia Wu 

 

Using five superheavy oils from China, 15 W/O emulsions were prepared with water cuts of 10, 20, and 

30 %.  Their viscosity was measured in the 30-75C range by an Anton Paar MCR 302 rheometer.  By 

and large, the viscosity of the test emulsions range from 401 to 75,200 mPas.  Based on the obtained 

experimental data, a new viscosity prediction model for superheavy W/O emulsions was developed using 

the original Kalra model, supplemented by a term that characterizes the dependence of the relative error 

on the water cut in the emulsion.  Comparison of the experimental and prediction data showed that the 

average absolute error is 17.36%, which is 6.37% lower compared to the original Kalra model.  This work 

provides an effective way to develop an accurate prediction model for viscosities of superheavy W/O 

emulsions. 

Keywords: superheavy oil, water-in-oil emulsion, viscosity, viscosity model, experiment, prediction. 
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ɉɨɫɪɟɞɫɬɜɨɦ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢɡɭɱɟɧɵ ɩɪɨɮɢɥɶ ɬɟɦɩɟɪɚɬɭɪɵ, ɬɟɦɩɟɪɚɬɭɪɧɨɟ 
ɧɚɩɪɹɠɟɧɢɟ ɢ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɞɟɮɨɪɦɚɰɢɢ ɩɪɢ ɜɧɭɬɪɢɩɥɚɫɬɨɜɨɦ ɪɟɬɨɪɬɢɧɝɟ ɫɥɚɧɰɟɜ. Ɉɛɧɚɪɭɠɟɧɨ, 
ɱɬɨ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɝɪɟɜɚɬɟɥɹ ɢ ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɦɟɫɬɟ ɭɫɬɚɧɨɜɤɢ ɨɛɫɚɞɧɵɯ ɬɪɭɛ ɦɚɥɨ ɢɡɦɟɧɹɟɬɫɹ, 
ɬɨɝɞɚ ɤɚɤ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɜ ɫɬɜɨɥɟ ɫɤɜɚɠɢɧɵ ɢ ɜ ɨɛɥɚɫɬɢ ɰɟɦɟɧɬɧɨɝɨ ɤɨɥɶɰɚ ɛɵɫɬɪɨ ɫɧɢɠɚɟɬɫɹ. 
Ɍɟɦɩɟɪɚɬɭɪɚ ɜ ɫɥɨɹɯ ɧɢɠɟ ɫɬɜɨɥɚ ɫɤɜɚɠɢɧɵ ɞɨɫɬɢɝɚɟɬ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ ɫɥɚɧɰɚ ɩɨɫɥɟ 
ɧɟɩɪɟɪɵɜɧɨɝɨ ɧɚɝɪɟɜɚɧɢɹ ɜ ɬɟɱɟɧɢɟ 10–100 ɱ, ɚ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɝɪɟɜɚɬɟɥɹ — ɱɟɪɟɡ 1000 ɱ. 
ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɧɚɝɪɟɜɚɧɢɹ ɛɵɫɬɪɨ ɫɧɢɠɚɟɬɫɹ ɜɜɢɞɭ ɡɧɚɱɢɬɟɥɶɧɨɣ ɤɨɧɜɟɤɰɢɢ, ɤɨɬɨɪɚɹ ɧɟ 
ɩɨɡɜɨɥɹɟɬ ɷɮɮɟɤɬɢɜɧɨ ɪɚɡɨɝɪɟɬɶ ɩɥɚɫɬ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ, ɬɟɩɥɨɜɨɟ ɪɚɫɲɢɪɟɧɢɟ ɜɟɞɟɬ ɤ ɢɡɦɟɧɟɧɢɸ 
ɜɵɬɟɫɧɟɧɢɹ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɏ ɢ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ. Ɉɛɚ ɭɤɚɡɚɧɧɵɯ ɩɚɪɚɦɟɬɪɚ ɞɨɫɬɢɝɚɸɬ 
ɦɚɤɫɢɦɭɦɚ ɭ ɫɬɟɧɤɢ ɫɤɜɚɠɢɧɵ ɢ ɨɫɬɚɸɬɫɹ ɧɟɢɡɦɟɧɧɵɦɢ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɪɚɫɫɬɨɹɧɢɹ ɨɬ ɫɬɜɨɥɚ 
ɫɤɜɚɠɢɧɵ. ȼ ɞɚɧɧɵɯ ɭɫɥɨɜɢɹɯ ɩɨɜɟɪɯɧɨɫɬɶ ɪɚɡɞɟɥɚ ɨɛɫɚɞɧɨɣ ɬɪɭɛɵ ɢ ɰɟɦɟɧɬɧɨɝɨ ɤɨɥɶɰɚ, 
ɰɟɦɟɧɬɧɨɝɨ ɤɨɥɶɰɚ ɢ ɩɥɚɫɬɚ ɛɭɞɟɬ ɫɢɥɶɧɨ ɫɦɟɳɚɬɶɫɹ, ɨɛɪɚɡɭɹ ɞɜɟ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɡɞɟɥɚ, ɢ 
ɷɤɜɢɜɚɥɟɧɬɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɪɢɜɟɞɟɬ ɤ ɞɟɮɨɪɦɚɰɢɢ ɨɛɫɚɞɧɵɯ ɬɪɭɛ, ɰɟɦɟɧɬɧɨɝɨ ɤɨɥɶɰɚ ɢ ɩɥɚɫɬɚ. 
ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɟɡɧɵ ɩɪɢ ɰɟɦɟɧɬɢɪɨɜɚɧɢɢ ɢ ɡɚɤɚɧɱɢɜɚɧɢɢ ɫɤɜɚɠɢɧ. 
Ключевые слова: ɝɨɪɸɱɢɣ ɫɥɚɧɟɰ, ɷɥɟɤɬɪɨɩɪɨɝɪɟɜ ɩɥɚɫɬɚ, ɩɪɨɮɢɥɶ ɬɟɦɩɟɪɚɬɭɪɵ, ɬɟɦɩɟɪɚɬɭɪɧɨɟ 
ɧɚɩɪɹɠɟɧɢɟ, ɬɟɦɩɟɪɚɬɭɪɧɚɹ ɞɟɮɨɪɦɚɰɢɹ. 
 

Temperature distribution, thermal stress, and thermal displacement in oil shale heated in situ 

 

Yang Ho 

 

The temperature of the heater for in-situ heating of oil shale may reach 760C, which makes it necessary 

to study the influence of temperature on the borehole wall stability.  The heater temperature distribution, 

thermal stress, and thermal displacement in oil shale heated in situ were studied by numerical simulation.  

It was found that the heater temperature and the temperature at the position of the casing change little, 

while the water temperature in the wellbore and at the position of the cement ring drops quickly.  Under 

given conditions, the layers below the wellbore reach the melting temperature of the oil shale after 

continuous heating for10–100 h and reach the temperature of the heater in 1000 h.  The heating efficiency 

falls sharply because of strong convection, owing to which the stratum temperature cannot be raised 

effectively.  At the same time, thermal expansion causes a change in displacement in the X direction and 

in equivalent stress.  Both parameters attain the maximum near the well wall and remain unchanged with 

increase of distance from the wellbore.  In such cases, the casingcement ring and cement ringstratum 

interfaces slip markedly, separating the interfaces thereby, and the equivalent stress leads to yielding of 

the casing, cement ring, and stratum.  The obtained data can be useful for well cementing and completion. 

Keywords: oil shale, in-situ electric stratum heating, temperature distribution, thermal stress, thermal 

displacement. 
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ɂɫɫɥɟɞɨɜɚɧɵ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɩɪɨɰɟɫɫɚ ɷɤɫɬɪɚɤɬɢɜɧɨɣ ɪɟɝɟɧɟɪɚɰɢɢ ɤɚɬɚɥɢɡɚɬɨɪɨɜ 
ɨɥɢɝɨɦɟɪɢɡɚɰɢɢ ɧɚ ɨɫɧɨɜɟ ɩɢɥɥɚɪ-ɝɥɢɧ ɜ ɫɪɟɞɟ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ (ɋɄɎ-CO2) 

ɜ «ɱɢɫɬɨɦ» ɜɢɞɟ ɢ ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɯɥɨɪɫɨɞɟɪɠɚɳɟɝɨ ɫɨɟɞɢɧɟɧɢɹ (CCХ4 ɢɥɢ C2H4Cl2). ɉɪɨɜɟɞɟɧɨ 
ɫɪɚɜɧɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɜ ɩɪɨɰɟɫɫɟ ɨɥɢɝɨɦɟɪɢɡɚɰɢɢ ɩɨɫɥɟ ɪɟɝɟɧɟɪɚɰɢɢ 
ɪɚɡɥɢɱɧɵɦɢ ɋɄɎ-ɪɚɫɬɜɨɪɢɬɟɥɹɦɢ. Ɂɚɤɨɤɫɨɜɚɧɧɵɣ ɢ ɪɟɝɟɧɟɪɢɪɨɜɚɧɧɵɣ ɤɚɬɚɥɢɡɚɬɨɪɵ 
ɢɫɫɥɟɞɨɜɚɧɵ ɦɟɬɨɞɨɦ ɬɟɪɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ. Ɉɬɦɟɱɟɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɯɥɨɪɫɨɞɟɪɠɚɳɢɯ ɞɨɛɚɜɨɤ ɜ ɩɪɨɰɟɫɫɟ ɪɟɝɟɧɟɪɚɰɢɢ. 



Ключевые слова: ɪɟɝɟɧɟɪɚɰɢɹ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɨɥɢɝɨɦɟɪɢɡɚɰɢɹ, ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɣ ɮɥɸɢɞ, ɛɭɬɚɧ-

ɛɭɬɢɥɟɧɨɜɚɹ ɮɪɚɤɰɢɹ, ɢɡɨɨɥɟɮɢɧɵ. 
 

Regeneration of refinery gas treatment superacid catalysts by scf solvent extraction 

 

ВЮ. A. KСКЦгТЧ, R. R. SСТrТвКгНКЧШЯ, A. R. DКЯХОЭsСТЧ, F. SС. VТХ’НКЧШЯ, E. A. IpКЭШЯК, M. N. 
RКФСТЦШЯ, л. G. TОХвКsСОЯ, R. R. AЛНвЮsСОЯ, L. S. DШТЧТЭsвЧК, КЧН V. R. KСКФТЦШЯ 

 

The mechanisms of the process of extractive regeneration of oligomerization catalysts based on pillared 

clays in supercritical carbon dioxide (SCF-CO3) in pure state and with addition of chlorine compounds 

(CCl4 or C2H4Cl2) are studied.  The catalyst efficiency in the oligomerization process after regeneration 

with various SCF solvents is compared.  The carburized and regenerated catalysts are studied by thermal 

analysis methods.  Chlorine-containing additives are found to be effective in the regeneration process. 

Keywords: catalyst regeneration, oligomerization, supercritical fluid, butane-butylene fraction, 

isoolefins. 

 

 

 

Вɵɱɢɫɥɟɧɢɟ ɩɪɟɞɟɥɶɧɨɣ ɞɥɢɧɵ ɫɤɜɚɠɢɧɵ ɫ ɛɨɥɶɲɢɦ ɨɬɯɨɞɨɦ ɨɬ ɜɟɪɬɢɤɚɥɢ ɫ ɭɱɟɬɨɦ 
ɨɝɪɚɧɢɱɟɧɢɹ ɦɨɳɧɨɫɬɢ ɢɦɟɸɳɢɯɫɹ ɛɭɪɨɜɵɯ ɧɚɫɨɫɨɜ. 
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Ɉɩɢɫɚɧɚ ɦɟɬɨɞɢɤɚ ɪɚɫɱɟɬɚ ɞɚɜɥɟɧɢɹ ɧɚ ɧɚɫɨɫɟ, ɢɫɩɨɥɶɡɭɸɳɟɝɨɫɹ ɩɪɢ ɛɭɪɟɧɢɢ ɫɤɜɚɠɢɧɵ ɫ 
ɛɨɥɶɲɢɦ ɨɬɯɨɞɨɦ ɨɬ ɜɟɪɬɢɤɚɥɢ. ɉɪɟɞɥɨɠɟɧ ɦɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɣ ɞɥɢɧɵ 
ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɫɬɜɨɥɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɵɯ ɞɚɜɥɟɧɢɹ ɢ ɦɨɳɧɨɫɬɢ. 
ɉɪɢɜɟɞɟɧ ɩɪɢɦɟɪ ɪɚɫɱɟɬɚ ɦɚɤɫɢɦɚɥɶɧɨɣ ɝɥɭɛɢɧɵ ɫɤɜɚɠɢɧɵ ɫ ɭɱɟɬɨɦ ɨɝɪɚɧɢɱɟɧɢɣ ɤɨɧɤɪɟɬɧɨɝɨ 
ɧɚɫɨɫɚ ɫ ɡɚɞɚɧɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. 
Ключевые слова: ɧɚɫɨɫ, ɞɚɜɥɟɧɢɟ ɧɚ ɧɚɫɨɫɟ, ɫɤɜɚɠɢɧɚ ɫ ɛɨɥɶɲɢɦ ɨɬɯɨɞɨɦ ɨɬ ɜɟɪɬɢɤɚɥɢ, 
ɩɪɟɞɟɥ ɭɜɟɥɢɱɟɧɢɹ ɞɥɢɧɵ ɫɤɜɚɠɢɧɵ 

 

Calculation of extended reach well hydraulic extension limit 

 

Shujie Liu, Xiangfang Li, Tengfei Sun, and Hui Zhang 

 

A procedure for calculating the pressure and power of mud pump used in drilling extended- reach well is 

described.  A method is proposed for determining the hydraulic extension limit length in the drilling 

process depending on the rated pressure and power of the pump.  An example of maximum well depth 

calculation with due account of limitations of a specific pump with fixed characteristics is given. 

Keywords: pump, pump pressure, extended reach well, well length extension limit. 
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ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɨɩɪɟɞɟɥɟɧɵ ɩɥɨɬɧɨɫɬɶ, ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ, ɫɨɞɟɪɠɚɧɢɟ ɫɟɪɵ, 
ɫɨɞɟɪɠɚɧɢɟ ɜɨɞɵ ɢ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɛɨɥɟɟ 50 ɨɛɪɚɡɰɨɜ ɦɚɡɭɬɨɜ, ɜɨɞɨɦɚɡɭɬɧɵɯ ɷɦɭɥɶɫɢɣ ɢ 
ɨɬɪɚɛɨɬɚɧɧɵɯ ɦɚɫɟɥ. ɍɫɬɚɧɨɜɥɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɡɧɚɱɟɧɢɣ ɜɹɡɤɨɫɬɢ ɢ ɜɵɫɲɟɣ ɬɟɩɥɨɬɵ ɫɝɨɪɚɧɢɹ 
ɜɨɞɨɦɚɡɭɬɧɵɯ ɷɦɭɥɶɫɢɣ ɨɬ ɫɨɞɟɪɠɚɧɢɹ ɜɨɞɵ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɱɢɫɥɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɜɹɡɤɨɫɬɢ 
ɨɛɨɫɧɨɜɚɧɨ ɨɩɬɢɦɚɥɶɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɜɨɞɵ ɜ ɜɨɞɨɦɚɡɭɬɧɵɯ ɷɦɭɥɶɫɢɹɯ. ɍɫɬɚɧɨɜɥɟɧɵ ɢ 
ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɢɧɬɟɪɜɚɥɵ ɢɡɦɟɧɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɢ ɜɵɫɲɟɣ ɬɟɩɥɨɬɵ ɫɝɨɪɚɧɢɹ ɢɫɫɥɟɞɨɜɚɧɧɵɯ 
ɨɛɪɚɡɰɨɜ. Ɋɚɫɫɦɨɬɪɟɧɵ ɜɚɪɢɚɧɬɵ ɪɚɫɱɟɬɚ ɬɟɩɥɨɬɵ ɫɝɨɪɚɧɢɹ ɧɟɮɬɟɩɪɨɞɭɤɬɨɜ. ɉɪɟɞɥɨɠɟɧɵ 
ɭɪɚɜɧɟɧɢɹ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɜɵɫɲɟɣ ɢ ɧɢɡɲɟɣ ɬɟɩɥɨɬɵ ɫɝɨɪɚɧɢɹ ɬɹɠɟɥɵɯ ɧɟɮɬɹɧɵɯ ɤɨɬɟɥɶɧɵɯ 
ɬɨɩɥɢɜ, ɜɤɥɸɱɚɹ ɜɨɞɨɦɚɡɭɬɧɵɟ ɷɦɭɥɶɫɢɢ. 
Ключевые слова: ɦɚɡɭɬ, ɜɨɞɨɦɚɡɭɬɧɚɹ ɷɦɭɥɶɫɢɹ, ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ, ɜɹɡɤɨɫɬɶ, ɩɥɨɬɧɨɫɬɶ. 

 

Physicochemical properties of water-residual fuel oil emulsions 

 

Г. A. AЧЭШЧШЯК, ВЮ. V. MКФsТЦЮФ, V. S. KrЮФ, V. N. KЮrsОЯТМС, КЧН V. V. FОs’ФШ 

 

The density, kinematic viscosity, sulfur content, water content, and combustion heat of more than 50 

samples of residual fuel oils, water-residual fuel oil emulsions, and spent oils are determined 

experimentally. The viscosity and higher heat of combustion of water-residual fuel oil emulsions are 

shown to be dependent on the water content.  The optimal water content in water-residual fuel oil 

emulsions is determined using numerical viscosity values.  The density and higher combustion heat 

variation ranges of the test samples are determined and analyzed.  Variants of calculation of combustion 

heat of oil products are studied.  Equations are proposed for calculating the highest and lowest 

combustion heat of heavy boiler oils, including water-residual fuel oil emulsions. 

Keywords: residual fuel oil, water-residual fuel oil emulsion, combustion heat, viscosity, density. 

 

 

 

Пɪɨɝɧɨɡɢɪɨɜɚɧɢɟ ɫɤɨɪɨɫɬɢ ɤɨɪɪɨɡɢɢ ɭɝɥɟɪɨɞɢɫɬɨɣ ɫɬɚɥɢ ɧɚ ɨɫɧɨɜɟ ɚɥɝɨɪɢɬɦɚ ɱɟɪɟɞɭɸɳɢɯɫɹ 
ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɨɠɢɞɚɧɢɣ (АɋЕ) 
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ɇɚ ɨɫɧɨɜɟ ɞɢɧɚɦɢɱɟɫɤɢɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨ ɤɨɪɪɨɡɢɢ ɩɪɟɞɥɨɠɟɧɚ ɧɨɜɚɹ ɦɨɞɟɥɶ ɞɥɹ 
ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɫɤɨɪɨɫɬɢ ɤɨɪɪɨɡɢɢ, ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɚɥɝɨɪɢɬɦɟ ɱɟɪɟɞɭɸɳɢɯɫɹ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ 
ɨɠɢɞɚɧɢɣ (КХЭОrЧКЭТЧР МШЧНТЭТШЧ expectation — Ⱥɋȿ). Ⱦɚɧɧɚɹ ɦɨɞɟɥɶ ɩɨɡɜɨɥɹɟɬ ɛɨɥɟɟ ɬɨɱɧɨ 
ɫɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɫɤɨɪɨɫɬɶ ɤɨɪɪɨɡɢɢ ɞɥɹ ɲɢɪɨɤɨɝɨ ɞɢɚɩɚɡɨɧɚ ɬɟɦɩɟɪɚɬɭɪ, ɪɇ ɢ ɤɨɧɰɟɧɬɪɚɰɢɣ 
ɢɨɧɨɜ ɋɚ2+

, HCO
3 –

, Mg
2+

, Cl
–
, SO4

2–. ɇɚ ɨɫɧɨɜɚɧɢɢ ɢɫɩɵɬɚɧɢɣ, ɩɪɨɜɟɞɟɧɧɵɯ ɧɚ ɩɪɨɜɟɪɨɱɧɨɣ 
ɝɪɭɩɩɟ ɨɛɪɚɡɰɨɜ, ɩɨɞɬɜɟɪɠɞɟɧɚ ɧɚɞɟɠɧɨɫɬɶ ɦɨɞɟɥɢ, ɚ ɬɚɤɠɟ ɞɨɤɚɡɚɧɚ ɟɟ ɜɵɫɨɤɚɹ ɬɨɱɧɨɫɬɶ. Ⱥɧɚɥɢɡ 
ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɧɚ ɨɫɧɨɜɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɧɝɨɜɨɣ ɤɨɪɪɟɥɹɰɢɢ ɜɵɹɜɢɥ, ɱɬɨ ɨɫɧɨɜɧɵɦ ɮɚɤɬɨɪɨɦ, 
ɜɥɢɹɸɳɢɦ ɧɚ ɫɤɨɪɨɫɬɶ ɤɨɪɪɨɡɢɢ ɫɬɚɥɢ ɝɪɭɩɩɵ ɩɪɨɱɧɨɫɬɢ N80, ɹɜɥɹɟɬɫɹ ɜɟɥɢɱɢɧɚ ɪɇ. Ɍɚɤɠɟ 
ɩɪɨɜɟɞɟɧ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɩɨɦɨɳɢ ɚɥɝɨɪɢɬɦɚ Ⱥɋȿ, ɫ 
ɪɟɡɭɥɶɬɚɬɚɦɢ, ɩɨɥɭɱɟɧɧɵɦɢ ɩɪɢ ɩɨɦɨɳɢ ɧɟɣɪɨɧɧɨɣ ɫɟɬɢ ɫ ɨɛɪɚɬɧɵɦ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟɦ ɨɲɢɛɤɢ 
ɨɛɭɱɟɧɢɹ (ЛКМФ prШpКРКЭТШЧ ЧОЮrКХ ЧОЭаШrФ — BPNN) ɢ ɦɟɬɨɞɚ ɨɩɨɪɧɨɝɨ ɜɟɤɬɨɪɚ ɪɟɝɪɟɫɫɢɢ (sЮppШrЭ 
vector regression — SVR). ȼ ɪɟɡɭɥɶɬɚɬɟ ɛɵɥɨ ɜɵɹɜɥɟɧɨ, ɱɬɨ ɦɨɞɟɥɶ ɧɚ ɨɫɧɨɜɟ ɚɥɝɨɪɢɬɦɚ Ⱥɋȿ 
ɢɦɟɟɬ ɛɨ'ɥɶɲɭɸ ɬɨɱɧɨɫɬɶ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɩɪɢɦɟɧɹɸɳɢɦɢɫɹ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ 
ɦɨɞɟɥɹɦɢ. 
Ключевые слова: ɚɥɝɨɪɢɬɦ ACE, ɫɤɨɪɨɫɬɶ ɤɨɪɪɨɡɢɢ, ɩɪɨɝɧɨɡɧɚɹ ɦɨɞɟɥɶ, ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ, 
ɭɝɥɟɪɨɞɢɫɬɚɹ ɫɬɚɥɶ. 
 



 

Carbon steel corrosion rate prediction based on ACE algorithm 

 

Chen Xing-yi, Yuan Zong-ming, Zheng Yun-ping, and Liu Wei 

 

Based on indoor dynamic corrosion experiments, a new corrosion rate prediction model is proposed, 

using alternating conditional expectation (ACE) algorithm to predict more accurately the corrosion rate 

for a wide range of temperatures, pH values, Ca
2+

, HCO

3 , Mg

2+
, Cl

-
, and SO 2

4 ion concentrations, etc.  

To test the accuracy and validity of the corrosion rate prediction model, the basic data are divided into 

two groups, namely, training sample and testing sample.  Average relative error (ARE), average absolute 

relative error (AARE), and standard deviation (SD) indexes are used to analyze the precision of the 

prediction results, which show that the ARE for predicting 38 training samples is 0,1055% with an SD of 

0,1055%, while the ARE for 8 testing samples is 0,504% with an SD of 0,7317%, which proves the 

accuracy of the ACE prediction model.  Sensitivity analysis based on rank correlation coefficients 

(Spearman correlation coefficients) shows that the major factor influencing the corrosion rate of N80 steel 

is pH value.  Comparative analysis of the results obtained by ACE algorithm and the results obtained by 

using back propagation neural network (BPNN) and support vector regression (SVR) method shows that 

the model based on ACE algorithm is more accurate than the models being used currently. 

Keywords: ACE algorithm, corrosion rate, prediction model, carbon steel, comparative analysis. 

 


