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Иɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɬɢɜɨɢɡɧɨɫɧɵɯ ɫɜɨɣɫɬɜ ɬɨɩɥɢɜ ɞɥɹ ɜɨɡɞɭɲɧɨ-ɪɟɚɤɬɢɜɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɧɚ 

ɪɚɫɬɢɬɟɥɶɧɨ-ɦɢɧɟɪɚɥɶɧɨɣ ɨɫɧɨɜɟ 

Ⱥ. ȼ. əɤɨɜɥɟɜɚ, ɋ. ȼ. Ȼɨɣɱɟɧɤɨ, Ʉ. Ʌɟɣɞɚ, Ɉ. Ⱥ. ȼɨɜɤ, ɏ. Ʉɭɠɟɜɫɤɢɣ 

E-mail: pinchuk_anya@ukr.net 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɢɫɫɥɟɞɨɜɚɧɵ ɩɪɨɬɢɜɨɢɡɧɨɫɧɵɟ ɫɜɨɣɫɬɜɚ ɬɨɩɥɢɜ ɞɥɹ ɜɨɡɞɭɲɧɨ-ɪɟɚɤɬɢɜɧɵɯ 

ɞɜɢɝɚɬɟɥɟɣ ɬɪɟɯ ɜɢɞɨɜ ɛɢɨɤɨɦɩɨɧɟɧɬɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɢɡ ɪɚɩɫɨɜɨɝɨ ɦɚɫɥɚ ɢ ɢɯ ɫɦɟɫɟɣ. 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɦɚɡɵɜɚɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɛɢɨɤɨɦɩɨɧɟɧɬɨɜ ɡɧɚɱɢɬɟɥɶɧɨ ɜɵɲɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɬɪɚɞɢɰɢɨɧɧɵɦ ɧɟɮɬɹɧɵɦ ɬɨɩɥɢɜɨɦ ɞɥɹ ȼɊȾ. ɉɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ 

ɞɨɛɚɜɥɟɧɢɟ ɛɢɨɤɨɦɩɨɧɟɧɬɨɜ ɜ ɫɨɫɬɚɜ ɚɜɢɚɰɢɨɧɧɨɝɨ ɬɨɩɥɢɜɚ ɩɪɢɜɨɞɢɬ ɤ ɭɩɪɨɱɧɟɧɢɸ ɝɪɚɧɢɱɧɨɝɨ 

ɫɥɨɹ ɢ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɥɭɱɲɚɟɬ ɩɪɨɬɢɜɨɢɡɧɨɫɧɵɟ ɫɜɨɣɫɬɜɚ ɬɨɩɥɢɜɧɵɯ ɫɦɟɫɟɣ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ 

ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɟ ɛɢɨɤɨɦɩɨɧɟɧɬɨɜ ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ ɢɯ ɫɦɚɡɵɜɚɸɳɭɸ 

ɫɩɨɫɨɛɧɨɫɬɶ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ ɫɬɚɧɞɚɪɬɧɵɦɢ ɛɢɨɤɨɦɩɨɧɟɧɬɚɦɢ, ɩɨɥɭɱɟɧɧɵɦɢ ɢɡ ɪɚɩɫɨɜɨɝɨ ɦɚɫɥɚ. 

Ключевые слова: ɬɨɩɥɢɜɨ ɞɥɹ ȼɊȾ, ɚɥɶɬɟɪɧɚɬɢɜɧɨɟ ɬɨɩɥɢɜɨ, ɩɪɨɬɢɜɨɢɡɧɨɫɧɵɟ ɫɜɨɣɫɬɜɚ, 

ɛɢɨɤɨɦɩɨɧɟɧɬɵ, ɫɦɚɡɵɜɚɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ, ɧɚɝɪɭɡɤɚ ɡɚɞɢɪɚ. 

 

Study of Antiwear Properties of Plant-Mineral Based Fuels for Airbreathing Jet Engines 

A. V. Yakovleva, S. V. Boichenko, K. Leida, O. A. Vovk, and Kh. Kuzhevskii 

The antiwear properties of fuels for airbreathing jet engines (AJE) and three types of biocomponents 

derived from rapeseed oil and their blends are studied experimentally. It is shown that the lubricating 

capacity of the biocomponents is much higher than those of conventional petroleum fuels for AJE. The 

studies disclosed that addition of biocomponents to aviation fuel strengthens boundary layers and thereby 

improves the antiwear properties of the fuel blends. It is demonstrated that additional modification of the 

biocomponents enhances their lubricating capacity vis-р-vis standard components derived from rapeseed 

oil. 

Keywords: AJE fuel, alternative fuel, antiwear properties, biocomponents, lubricating capacity, scoring 

load, friction. 

 

 

ɉɨɥɭɱɟɧɢɟ ɫɢɧɬɨɧɨɜ ɞɥɹ ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɦɚɫɟɥ ɫ ɜɵɫɨɤɢɦɢ ɜɹɡɤɨɫɬɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ 

Ⱥ. Ƚ. Ƚɚɫɚɧɨɜ, Ⱥ. Ƚ. Ⱥɡɢɡɨɜ, Ⱥ. Ɇ. Ɇɚɦɟɞɨɜɚ, ɂ. Ƚ. Ⱥɸɛɨɜ  

E-mail: aqasanov@mail.ru 

ɉɪɨɜɟɞɟɧɨ ɚɥɤɢɥɢɪɨɜɚɧɢɟ ɰɢɤɥɨɩɟɧɬɚɞɢɟɧɚ ɨɞɧɨɚɬɨɦɧɵɦɢ ɫɩɢɪɬɚɦɢ ɋ6–ɋ10 ɜ ɩɪɢɫɭɬɫɬɜɢɢ 

ɳɟɥɨɱɧɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ. ɂɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ ɦɨɥɶɧɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ ɰɢɤɥɨɩɟɧɬɚɞɢɟɧ : ɫɩɢɪɬ, 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɪɟɚɤɰɢɢ ɧɚ ɜɵɯɨɞ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 

ɞɢɚɥɤɢɥɰɢɤɥɨɩɟɧɬɚɞɢɟɧɨɜ ɧɨɪɦɚɥɶɧɨɝɨ ɫɬɪɨɟɧɢɹ. ɇɚ ɩɪɢɦɟɪɟ ɞɢɨɤɬɢɥɰɢɤɥɨɩɟɧɬɚɞɢɟɧɚ 

ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɟɝɨ ɝɢɞɪɢɪɨɜɚɧɢɟɦ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɞɢɚɥɤɢɥɰɢɤɥɨɩɟɧɬɚɧ ɫ 

ɜɵɫɨɤɢɦɢ ɜɹɡɤɨɫɬɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɜ ɤɚɱɟɫɬɜɟ 

ɫɢɧɬɟɬɢɱɟɫɤɨɝɨ ɦɚɫɥɚ, ɚ ɬɚɤɠɟ ɞɨɛɚɜɤɢ ɤ ɦɢɧɟɪɚɥɶɧɵɦ ɦɚɫɥɚɦ. 



Ключевые слова: ɫɢɧɬɨɧɵ, ɰɢɤɥɨɩɟɧɬɚɞɢɟɧ, ɚɥɤɢɥɢɪɨɜɚɧɢɟ, ɧɚɧɨɪɚɡɦɟɪɧɵɣ ɳɟɥɨɱɧɨɣ 

ɤɚɬɚɥɢɡɚɬɨɪ, ɢɧɞɟɤɫ ɜɹɡɤɨɫɬɢ. 

 

Production of synthons for synthetic oils having high-viscosity properties 

A. G. Gasanov, A. G. Azizov, A. M. Mamedova, and I. G. Ayubov 

CвМХШpОЧЭКНТОЧО Тs КХФвХКЭОН Лв C6‒C10 ЦШЧШКЭШЦТМ КХМШСШХs ТЧ ЭСО prОsОЧМО ШП КЧ КХФКХТ МКЭКХвsЭ. TСО 

influence of cyclopentadiene to alcohol molar ratio, reaction time, and temperature on the yield of 

respective normal dialkyl cyclopentadienes is studied. It is shown by the example of dioctyl 

cyclopentadiene that its hydrogenation yields the respective dialkyl cyclopentane with high viscosity 

properties, which can be used as a synthetic oil and an additive to mineral oils. 

Keywords: synthons, cyclopentadiene, alkylation, nano-sized alkali catalyst, viscosity index. 

 

 

Ɉɰɟɧɤɚ ɜɥɢɹɧɢɹ ɜɫɩɟɧɢɜɚɟɦɨɫɬɢ ɫɦɚɡɨɱɧɵɯ ɦɚɫɟɥ ɧɚ ɪɚɛɨɬɭ ɦɚɫɥɨɫɢɫɬɟɦ ɚɜɢɚɰɢɨɧɧɵɯ 

ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ 

Ⱥ. ɋ. ɇɨɜɢɤɨɜ, Ʌ. ɋ. əɧɨɜɫɤɢɣ, ȼ. Ɇ. ȿɠɨɜ, Ⱥ. Ⱥ. Ɇɨɥɨɤɚɧɨɜ, Ʉ. ȼ. ɒɚɪɚɧɢɧɚ 

E-mail: yanovskiy@ciam.ru 

ɉɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɟɧɨɨɛɪɚɡɭɸɳɢɯ ɫɜɨɣɫɬɜ ɫɦɚɡɨɱɧɵɯ 

ɦɚɫɟɥ ɞɥɹ ɚɜɢɚɰɢɨɧɧɵɯ ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ. ɍɫɬɚɧɨɜɥɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɜɫɩɟɧɢɜɚɟɦɨɫɬɢ 

ɚɜɢɚɰɢɨɧɧɵɯ ɦɚɫɟɥ ɨɬ ɪɚɫɯɨɞɚ ɜɨɡɞɭɯɚ ɢ ɬɟɦɩɟɪɚɬɭɪɵ. ɉɪɟɞɫɬɚɜɥɟɧɵ ɞɨɩɨɥɧɟɧɢɹ ɤ ɫɬɚɧɞɚɪɬɧɨɣ 

ɦɟɬɨɞɢɤɟ ȽɈɋɌ 21058-75 ɞɥɹ ɛɨɥɟɟ ɬɨɱɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɜɫɩɟɧɢɜɚɟɦɨɫɬɢ ɚɜɢɚɰɢɨɧɧɵɯ ɦɚɫɟɥ. 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɢɡɦɟɧɟɧɢɟ ɩɟɧɨɨɛɪɚɡɭɸɳɢɯ ɫɜɨɣɫɬɜ ɦɚɫɟɥ ɩɪɢɜɨɞɢɬ ɤ ɢɡɦɟɧɟɧɢɸ ɪɚɛɨɱɢɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚɫɥɨɫɢɫɬɟɦɵ. 

Ключевые слова: ɚɜɢɚɰɢɨɧɧɵɟ ɦɚɫɥɚ, ɜɫɩɟɧɢɜɚɟɦɨɫɬɶ, ɩɟɧɨɨɛɪɚɡɭɸɳɢɟ ɫɜɨɣɫɬɜɚ. 

 

Effect of Lubricating-Oil Foamability on Oil-System Operation in Aviation Gas-Turbine Engines 

A. S. Novikov, L. S. Yanovskii, V. M. Ezhov, A. A. Molokanov, and K. V. Sharanina 

The foaming properties of lubricating oils for aviation gas-turbine engines were studied experimentally. 

The dependences of the aviation oil foamability on the air flow and temperature were found. Addenda to 

the standard method of GOST 21058-75 for more accurate determination of aviation oil foamability were 

presented. It was shown that the oil-system operating characteristics changed if the oil foaming properties 

changed. 

Keywords: aviation oils, foamability, foaming properties 

 

 

 

 



Кɢɧɟɬɢɤɚ ɧɚɤɨɩɥɟɧɢɹ ɫɭɥɶɮɨɧɨɜ ɩɪɢ ɤɚɬɚɥɢɡɢɪɨɜɚɧɧɨɦ ɩɟɪɨɤɫɢɞɧɨɦ ɨɤɢɫɥɟɧɢɢ ɧɟɮɬɹɧɵɯ 

ɫɭɥɶɮɨɤɫɢɞɨɜ 

ɂ. Ɇ. Ȼɨɪɢɫɨɜ, ɂ. ɋ. Ɏɚɣɡɪɚɯɦɚɧɨɜ, ɂ. ȿ. Ⱥɥɟɯɢɧɚ, Ɋ. ɂ. Ɏɚɣɡɪɚɯɦɚɧɨɜ 
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ɉɪɨɜɟɞɟɧ ɤɢɧɟɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɩɪɟɞɥɚɝɚɟɦɨɣ ɫɯɟɦɵ ɨɛɪɚɡɨɜɚɧɢɹ ɫɭɥɶɮɨɧɨɜ ɩɪɢ ɨɤɢɫɥɟɧɢɢ 

ɧɟɮɬɹɧɵɯ ɫɭɥɶɮɨɤɫɢɞɨɜ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɩɟɪɨɤɫɢɞɚ ɜɨɞɨɪɨɞɚ ɢ ɤɚɬɚɥɢɡɚɬɨɪɚ — ɨɤɫɢɞɚ 

ɦɨɥɢɛɞɟɧɚ (VI). Ɍɟɨɪɟɬɢɱɟɫɤɢ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɧɚ ɧɚɱɚɥɶɧɵɯ ɫɬɚɞɢɹɯ ɪɟɚɤɰɢɢ 

ɤɨɧɰɟɧɬɪɚɰɢɹ ɫɭɥɶɮɨɧɨɜ ɥɢɧɟɣɧɨ ɡɚɜɢɫɢɬ ɨɬ ɤɜɚɞɪɚɬɚ ɜɪɟɦɟɧɢ. Ɉɩɪɟɞɟɥɟɧɚ ɷɮɮɟɤɬɢɜɧɚɹ ɷɧɟɪɝɢɹ 

ɚɤɬɢɜɚɰɢɢ ɩɪɨɰɟɫɫɚ ȿɚɤɬ = (31 ± 7) ɤȾɠ/ɦɨɥɶ. 

Ключевые слова: ɧɟɮɬɹɧɵɟ ɫɭɥɶɮɨɤɫɢɞɵ, ɫɭɥɶɮɨɧɵ, ɤɚɬɚɥɢɬɢɱɟɫɤɨɟ ɨɤɢɫɥɟɧɢɟ, ɨɤɫɢɞ 

ɦɨɥɢɛɞɟɧɚ (VI). 

 

Kinetics of sulfone accumulation upon catalyzed peroxide oxidation of petroleum sulfoxides 

I. M. Borisov, I. S. Faizrakhmanov, I. E. Alekhina, and R. I. Faizrakhmanov 

Kinetic analysis of the proposed scheme of sulfone production by oxidation of petroleum sulfoxides 

under the action of hydrogen peroxide and molybdenum (VI) oxide catalyst is performed. It is shown 

theoretically and experimentally that at the initial stages of the reaction sulfone concentration depends 

linearly on the square of time. The effective activation energy of the process is found to be Eact = (31 ± 7) 

kJ/mole. 

Keywords: petroleum sulfoxides, sulfones, catalytic oxidation, molybdenum (VI) oxide. 

 

 

Кɨɦɩɥɟɤɫɧɨɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɟ ɪɟɲɟɧɢɟ ɩɨ ɩɟɪɟɪɚɛɨɬɤɟ ɨɬɪɚɛɨɬɚɧɧɨɣ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ 

ɩɪɨɰɟɫɫɚ ɚɥɤɢɥɢɪɨɜɚɧɢɹ ɢɡɨɛɭɬɚɧɚ ɨɥɟɮɢɧɚɦɢ 
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Ɋɚɡɪɚɛɨɬɚɧɵ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɨɫɧɨɜɵ ɭɬɢɥɢɡɚɰɢɢ ɨɬɪɚɛɨɬɚɧɧɨɣ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ ɩɪɨɰɟɫɫɚ 

ɫɟɪɧɨɤɢɫɥɨɬɧɨɝɨ ɚɥɤɢɥɢɪɨɜɚɧɢɹ ɢɡɨɛɭɬɚɧɚ ɨɥɟɮɢɧɚɦɢ. ɉɪɟɞɫɬɚɜɥɟɧ ɤɨɦɩɥɟɤɫ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 

ɨɩɟɪɚɰɢɣ ɞɥɹ ɩɟɪɟɪɚɛɨɬɤɢ ɨɬɪɚɛɨɬɚɧɧɨɣ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ, ɩɨɡɜɨɥɹɸɳɢɣ ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɨɧɨɝɢɞɪɚɬ 

ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ ɜ ɩɪɨɰɟɫɫɚɯ ɩɨɥɭɱɟɧɢɹ ɫɭɥɶɮɚɬɨɜ ɧɚɬɪɢɹ ɢ ɚɦɦɨɧɢɹ. Ɇɚɤɫɢɦɚɥɶɧɵɣ ɜɵɯɨɞ 

ɫɭɥɶɮɚɬɚ ɧɚɬɪɢɹ ɢɥɢ ɫɭɥɶɮɚɬɚ ɚɦɦɨɧɢɹ (ɞɨ 90% ɦɚɫ.) ɛɵɥ ɞɨɫɬɢɝɧɭɬ ɷɤɫɬɪɚɤɰɢɟɣ ɨɪɝɚɧɢɱɟɫɤɢɯ 

ɩɪɢɦɟɫɟɣ ɫɦɟɫɶɸ «ɷɬɢɥɨɜɵɣ ɫɩɢɪɬ : ɚɰɟɬɨɧ» (1:1). ɉɨɥɭɱɟɧɧɵɟ ɫɭɥɶɮɚɬ ɧɚɬɪɢɹ ɢ ɫɭɥɶɮɚɬ 

ɚɦɦɨɧɢɹ ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɜɫɟɦ ɬɪɟɛɨɜɚɧɢɹɦ, ɩɪɟɞɴɹɜɥɹɟɦɵɦ ɤ ɬɨɜɚɪɧɵɦ ɩɪɨɞɭɤɬɚɦ; ɫɨɞɟɪɠɚɧɢɟ 

ɨɪɝɚɧɢɱɟɫɤɢɯ ɩɪɢɦɟɫɟɣ ɜ ɧɢɯ ɧɟ ɩɪɟɜɵɲɚɟɬ 0,2 % ɦɚɫ. ȼɵɞɟɥɟɧɧɚɹ ɨɪɝɚɧɢɱɟɫɤɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ 

ɚɩɪɨɛɢɪɨɜɚɧɚ ɜ ɫɨɫɬɚɜɚɯ ɞɥɹ ɧɟɮɬɟɜɵɬɟɫɧɟɧɢɹ, ɫɵɪɶɟɜɵɯ ɫɦɟɫɹɯ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɬɟɯɧɢɱɟɫɤɨɝɨ 

ɭɝɥɟɪɨɞɚ ɢ ɬɟɯɧɢɱɟɫɤɢɯ ɦɨɸɳɢɯ ɫɪɟɞɫɬɜɚɯ. 

Ключевые слова: ɨɬɪɚɛɨɬɚɧɧɚɹ ɫɟɪɧɚɹ ɤɢɫɥɨɬɚ, ɚɥɤɢɥɢɪɨɜɚɧɢɟ, ɨɥɟɮɢɧ. 

 



Comprehensive technological scheme for reprocessing spent sulfuric acid from alkylation of isobutane 

by olefins 

A. D. Badikova, F. Kh. Kudasheva, M. A. Tsadkin, E. S. Mortikov, and R. A. Yalalova 

The technological principles for recycling spent sulfuric acid from alkylation of isobutane by olefins were 

developed. A scheme of technological operations for reprocessing spent sulfuric acid that enabled sulfuric 

acid monohydrate to be used for production of sodium and ammonium sulfates was presented. The 

maximum yields of sodium and ammonium sulfates (up to 90 mass%) were obtained by extracting 

organic contaminants with an EtOH:Me2CO mixture (1:1). The obtained sodium and ammonium sulfates 

satisfied all requirements for commercial products. The organic contaminants in them were ≤0.2 mass%. 

The isolated organic component was certified in oil-displacement formulations and feedstock mixtures for 

production of technical carbon and detergents. 

Keywords: spent sulfuric acid, alkylation, olefins. 

 

 

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɩɨɥɭɤɨɤɫɨɜɚɧɢɹ ɫɟɪɧɢɫɬɵɯ ɝɨɪɸɱɢɯ ɫɥɚɧɰɟɜ ɜ ɪɟɚɤɬɨɪɟ 

ɩɫɟɜɞɨɨɠɢɠɟɧɧɨɝɨ ɫɥɨɹ 
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Ɋɚɡɪɚɛɨɬɚɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɩɪɨɰɟɫɫɚ ɩɨɥɭɤɨɤɫɨɜɚɧɢɹ ɫɟɪɧɢɫɬɨɝɨ ɝɨɪɸɱɟɝɨ ɫɥɚɧɰɚ ɜ 

ɪɟɚɤɬɨɪɟ ɩɫɟɜɞɨɨɠɢɠɟɧɧɨɝɨ ɫɥɨɹ, ɭɱɢɬɵɜɚɸɳɚɹ ɨɫɨɛɟɧɧɨɫɬɢ ɝɢɞɪɨɞɢɧɚɦɢɤɢ ɢ ɬɟɩɥɨɨɛɦɟɧɚ ɩɪɢ 

ɬɟɪɦɢɱɟɫɤɨɦ ɪɚɡɥɨɠɟɧɢɢ ɫɥɚɧɰɚ, ɚ ɬɚɤɠɟ ɤɢɧɟɬɢɤɭ ɬɟɪɦɨɞɟɫɬɪɭɤɰɢɢ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɜɟɳɟɫɬɜɚ. 

ɉɪɢɜɨɞɹɬɫɹ ɛɥɨɤ-ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ ɪɚɫɱɟɬɚ ɢ ɪɟɡɭɥɶɬɚɬɵ ɱɢɫɥɟɧɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɜɵɩɨɥɧɟɧɧɨɝɨ 

ɩɨ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ. ɉɨɤɚɡɚɧɨ ɜɥɢɹɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɟɪɧɢɫɬɨɝɨ ɫɥɚɧɰɚ ɢ 

ɭɫɥɨɜɢɣ ɩɪɨɰɟɫɫɚ ɩɨɥɭɤɨɤɫɨɜɚɧɢɹ ɧɚ ɩɚɪɚɦɟɬɪɵ ɪɟɚɤɬɨɪɚ ɩɫɟɜɞɨɨɠɢɠɟɧɧɨɝɨ ɫɥɨɹ. 

Ключевые слова: ɝɨɪɸɱɢɣ ɫɥɚɧɟɰ, ɤɢɧɟɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ, ɩɨɥɭɤɨɤɫɨɜɚɧɢɟ, 

ɩɫɟɜɞɨɨɠɢɠɟɧɧɵɣ ɫɥɨɣ, ɬɟɩɥɨɨɛɦɟɧ 

 

Modeling of low-temperature carbonization of sulfur-bearing oil shales in fluidized-bed reactor 

A. A. Morev, A. N. Mrakin, and A. A. Selivanov 

A mathematical model of the process of low-temperature carbonization of sulfur-bearing oil shales in a 

fluidized-bed reactor, which takes account of the characteristics of hydrodynamics and heat exchange in 

the thermal shale decomposition process as well as the kinetics of thermal degradation of the organic 

matter, is developed. A block diagram of the calculation algorithm and the results of numerical 

experiment based on the developed mathematical model are presented. It is shown that the properties of 

the sulfur-bearing shale and the conditions of the low-temperature carbonization process affect the 

parameters of the fluidized-bed reactor. 

Keywords: oil shale, kinetic modeling, low-temperature carbonization, fluidized-bed, heat exchange. 

 



Тɟɪɦɨɞɢɧɚɦɢɤɚ ɩɪɨɰɟɫɫɚ ɝɚɡɢɮɢɤɚɰɢɢ ɨɪɝɚɧɢɱɟɫɤɨɣ ɦɚɫɫɵ ɛɭɪɨɝɨ ɭɝɥɹ ɩɪɢ ɪɚɡɥɢɱɧɵɯ 

ɫɨɫɬɚɜɚɯ ɨɤɢɫɥɢɬɟɥɹ 
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ɉɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɪɚɜɧɨɜɟɫɧɨɝɨ 

ɫɨɫɬɚɜɚ ɩɪɨɞɭɤɬɨɜ ɝɚɡɢɮɢɤɚɰɢɢ ɛɭɪɨɝɨ ɭɝɥɹ ɦɟɫɬɨɪɨɠɞɟɧɢɹ Ʉɢɹɤɬɵ (Ɋɟɫɩɭɛɥɢɤɚ Ʉɚɡɚɯɫɬɚɧ) ɩɪɢ 

ɪɚɡɥɢɱɧɨɦ ɫɨɫɬɚɜɟ ɢɫɯɨɞɧɨɝɨ ɫɵɪɶɹ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɦɟɬɨɞɨɦ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

ɦɨɠɧɨ ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɫɨɫɬɚɜ ɩɪɨɞɭɤɬɨɜ ɝɚɡɢɮɢɤɚɰɢɢ ɫ ɡɚɞɚɧɧɵɦ ɫɨɨɬɧɨɲɟɧɢɟɦ ɋɈ : ɇ2, ɱɬɨ 

ɧɟɨɛɯɨɞɢɦɨ ɩɪɢ ɩɨɥɭɱɟɧɢɢ ɫɢɧɬɟɡ-ɝɚɡɚ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɜ ɤɚɱɟɫɬɜɟ ɫɵɪɶɹ ɞɥɹ 

ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɫɢɧɬɟɡɚ ɢɥɢ ɬɨɩɥɢɜɚ. 

Ключевые слова: ɝɚɡɢɮɢɤɚɰɢɹ ɭɝɥɹ, ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ, ɪɚɜɧɨɜɟɫɧɵɣ ɫɨɫɬɚɜ, ɫɢɧɬɟɡ-ɝɚɡ. 

 

Thermodynamics of gasification of organic matter of brown coal using oxidants of various 

compositions 

T. A. Yarkova, Zh. K. Kairbekov, Zh. T. Eshova, E. A. Aubakirov, A. Zh. Kairbekov, and A. M. 

GвЮХ’ЦКХТОЯ 

The results of thermodynamic calculations of temperature dependence of equilibrium composition of 

products of gasification of brown coal from the Kiyakty field (Kazakhstan) using feedstock of various 

compositions are reported. It is shown that the composition of the gasification products with a fixed 

CO:H2O ratio, required for producing synthesis gas that can be used as a feedstock for organic synthesis 

or fuel, can be predicted by thermodynamic modeling. 

Keywords: coal gasification, thermodynamic calculation, equilibrium composition, synthesis gas. 

 

 

ɉɪɨɝɧɨɡɢɪɨɜɚɧɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɝɚɡɨɠɢɞɤɨɫɬɧɨɣ ɞɢɮɮɭɡɢɢ ɨɬ ɤɚɩɢɥɥɹɪɧɨɝɨ 

ɞɚɜɥɟɧɢɹ ɜ ɩɨɪɢɫɬɨɣ ɫɪɟɞɟ 
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Ɉɩɢɫɚɧɵ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɡɦɟɧɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɢɮɮɭɡɢɢ ɜ 

ɩɨɪɢɫɬɨɣ ɫɪɟɞɟ. ȼɵɜɟɞɟɧɵ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɭɪɚɜɧɟɧɢɹ ɞɥɹ ɪɚɫɱɟɬɚ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɢɮɮɭɡɢɢ ɜ 

ɧɟɮɬɹɧɨɣ ɢ ɝɚɡɨɜɨɣ ɮɚɡɚɯ. ɗɤɫɩɟɪɢɦɟɧɬɵ ɩɪɨɜɨɞɢɥɢ ɤɚɤ ɜ PVT-ɤɚɦɟɪɟ, ɬɚɤ ɢ ɜ ɨɛɪɚɡɰɟ ɪɟɚɥɶɧɨɝɨ 

ɤɟɪɧɚ ɩɨɫɪɟɞɫɬɜɨɦ ɦɟɬɨɞɚ ɩɚɞɟɧɢɹ ɞɚɜɥɟɧɢɹ. ȼɵɹɜɥɟɧɨ, ɱɬɨ ɩɨɪɢɫɬɨɫɬɶ ɫɪɟɞɵ ɡɧɚɱɢɬɟɥɶɧɨ ɜɥɢɹɟɬ 

ɧɚ ɩɚɞɟɧɢɟ ɞɚɜɥɟɧɢɹ ɜ ɫɢɫɬɟɦɟ, ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɢɮɮɭɡɢɢ ɜ PVT ɤɚɦɟɪɟ ɧɚ ɞɜɚ ɩɨɪɹɞɤɚ 

ɩɪɟɜɵɲɚɸɬ ɡɧɚɱɟɧɢɹ ɜ ɤɟɪɧɟ. ɂɫɫɥɟɞɨɜɚɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɢɮɮɭɡɢɢ ɨɬ 

ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɢ ɩɨɪɢɫɬɨɫɬɢ ɩɨɪɨɞɵ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɨɪɢɫɬɨɫɬɶ, ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɮɚɤɬɨɪɨɦ, 

ɜɥɢɹɸɳɢɦ ɧɚ ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɜɥɢɹɧɢɟɦ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɦɨɠɧɨ 

ɩɪɟɧɟɛɪɟɱɶ. 

Ключевые слова: ɞɢɮɮɭɡɢɹ ɜ ɩɨɪɚɯ, ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ, ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɩɨɪɨɞɵ, ɤɟɪɧ. 



Predicted dependence of gas—liquid diffusion coefficient on capillary pressure in porous media 

P. Guo, H. Tu, A. Ye, and Z. Wang 

Theoretical and experimental studies of the change of diffusion coefficient in porous media are reported. 

Mathematical equations were derived for calculating the diffusion coefficient in oil and gas phases. 

Experiments were conducted by measuring pressure decline in both a PVT-cell and a sample of actual 

core. The medium porosity was found to have a significant effect on the system pressure decline. The 

diffusion coefficient in the PVT-cell was two orders of magnitude greater than that in the core. The 

diffusion coefficient was studied as a function or rock permeability and porosity. It was found that the 

porosity was the main factor affecting the diffusion coefficient whereas the permeability could be 

neglected. 

Keywords: diffusion in pores, diffusion coefficient, rock permeability, core 

 

 

ɇɨɜɵɣ ɦɟɬɨɞ ɨɰɟɧɤɢ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɩɨɪɨɞɵ ɤ ɧɚɩɪɹɠɟɧɢɸ ɞɥɹ ɧɢɡɤɨɩɪɨɧɢɰɚɟɦɵɯ 

ɩɥɨɬɧɵɯ ɝɚɡɨɜɵɯ ɤɨɥɥɟɤɬɨɪɨɜ 

əɧ ɑɠɚɨɩɷɧ, əɧ ɏɚɨ, ɑɷɧɶ ɏɷɩɢɧ, ɑɠɚɧ ɏɭɧɰɹɧ 

E-mail: yanghao@cugb.edu.cn 

Ʉɥɚɫɫɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɨɩɪɟɞɟɥɟɧɢɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɩɨɪɨɞɵ ɤ ɜɨɡɞɟɣɫɬɜɢɸ ɧɚɩɪɹɠɟɧɢɣ, ɩɪɢ 

ɤɨɬɨɪɵɯ ɜɚɪɶɢɪɭɸɬ ɝɨɪɧɨɟ ɞɚɜɥɟɧɢɟ, ɚ ɩɨɪɨɜɨɟ ɞɚɜɥɟɧɢɟ ɩɨɞɞɟɪɠɢɜɚɸɬ ɧɚ ɩɨɫɬɨɹɧɧɨɦ ɭɪɨɜɧɟ, ɧɟ 

ɩɨɞɯɨɞɹɬ ɞɥɹ ɭɫɥɨɜɢɣ ɧɢɡɤɨɩɪɨɧɢɰɚɟɦɵɯ ɩɥɨɬɧɵɯ ɝɚɡɨɜɵɯ ɤɨɥɥɟɤɬɨɪɨɜ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ 

ɢɫɫɥɟɞɨɜɚɧ ɦɟɬɨɞ ɨɰɟɧɤɢ ɩɨɫɪɟɞɫɬɜɨɦ ɢɡɦɟɧɟɧɢɹ ɩɨɪɨɜɨɝɨ ɞɚɜɥɟɧɢɹ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɝɨɪɧɨɦ 

ɞɚɜɥɟɧɢɢ. Ⱦɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɮɚɤɬɢɱɟɫɤɢɯ ɩɥɚɫɬɨɜɵɯ ɞɚɜɥɟɧɢɣ ɩɪɢɦɟɧɹɥɢ ɦɟɬɨɞ ɫɢɧɯɪɨɧɧɨɝɨ 

ɭɜɟɥɢɱɟɧɢɹ ɝɨɪɧɨɝɨ ɢ ɩɨɪɨɜɨɝɨ ɞɚɜɥɟɧɢɣ. ȼɵɜɟɞɟɧɨ ɭɪɚɜɧɟɧɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɩɪɨɞɭɤɬɢɜɧɨɫɬɢ 

ɝɚɡɨɜɨɣ ɫɤɜɚɠɢɧɵ ɨɬ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɤɨɥɥɟɤɬɨɪɚ ɤ ɧɚɩɪɹɠɟɧɢɸ, ɞɨɤɚɡɚɧɚ ɚɞɟɤɜɚɬɧɨɫɬɶ 

ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɨɞɟɥɢ. 

Ключевые слова: ɧɢɡɤɨɩɪɨɧɢɰɚɟɦɵɣ ɩɥɨɬɧɵɣ ɝɚɡɨɜɵɣ ɤɨɥɥɟɤɬɨɪ, ɷɮɮɟɤɬɢɜɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, 

ɤɨɷɮɮɢɰɢɟɧɬ ɷɮɮɟɤɬɢɜɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɷɮɮɟɤɬɢɜɧɨɟ ɝɨɪɧɨɟ ɞɚɜɥɟɧɢɟ, ɤɨɷɮɮɢɰɢɟɧɬ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɤ ɧɚɩɪɹɠɟɧɢɸ. 

 

A new method of studying stress sensitivity for low-permeability tight gas reservoirs 

Yang Zhaopeng, Yang Hao, Chen Heping, and Zhang Chongqiang 

Conventional methods of determination of rock sensitivity to stresses at which the confining pressure 

changes, but the pore pressure remains unchanged, are not suitable for low-permeability tight gas 

reservoirs. In this work, a new method of determination is proposed, where the pore pressure is varied, 

but the confining pressure is kept constant. For determining the actual formation pressures, the method of 

synchronous elevation of confining and pore 

pressures was applied. An equation correlating gas reservoir productivity with reservoir stress sensitivity 

is derived and the adequacy of the developed simulation method is proved. 



Keywords: low-permeability tight gas reservoir, effective stress, effective stress coefficient, confining 

pressure, pore pressure, stress sensitivity coefficient. 

 

 

Вɢɫɤɨɡɢɦɟɬɪɢɹ ɤɚɤ ɦɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɷɬɢɥɨɜɵɯ ɷɮɢɪɨɜ ɠɢɪɧɵɯ ɤɢɫɥɨɬ ɜ 

ɛɢɨɞɢɡɟɥɶɧɨɦ ɬɨɩɥɢɜɟ 
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ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɢɫɫɥɟɞɨɜɚɧɚ ɪɟɚɤɰɢɹ ɩɟɪɟɷɬɟɪɢɮɢɤɚɰɢɢ ɪɚɩɫɨɜɨɝɨ ɦɚɫɥɚ ɜ ɫɪɟɞɟ ɷɬɚɧɨɥɚ 

ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɮɥɸɢɞɧɵɯ ɭɫɥɨɜɢɹɯ ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ 320–380°ɋ, ɞɚɜɥɟɧɢɢ 30 Ɇɉɚ, 

ɦɨɥɶɧɵɯ ɨɬɧɨɲɟɧɢɹɯ ɷɬɢɥɨɜɵɣ ɫɩɢɪɬ : ɪɚɩɫɨɜɨɟ ɦɚɫɥɨ (6–20):1. ɉɨɥɭɱɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ 

ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɩɪɨɞɭɤɬɚ ɪɟɚɤɰɢɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ, ɦɨɥɶɧɨɝɨ ɨɬɧɨɲɟɧɢɹ ɢɫɯɨɞɧɵɯ 

ɪɟɚɝɟɧɬɨɜ ɢ ɞɥɢɬɟɥɶɧɨɫɬɢ ɩɪɨɜɟɞɟɧɢɹ ɪɟɚɤɰɢɢ. ɉɪɟɞɥɨɠɟɧɚ ɤɨɪɪɟɥɹɰɢɨɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ, 

ɩɨɡɜɨɥɹɸɳɚɹ ɜɵɱɢɫɥɹɬɶ ɫɨɞɟɪɠɚɧɢɟ ɷɬɢɥɨɜɵɯ ɷɮɢɪɨɜ ɠɢɪɧɵɯ ɤɢɫɥɨɬ ɜ ɩɪɨɞɭɤɬɟ ɪɟɚɤɰɢɢ 

ɩɟɪɟɷɬɟɪɢɮɢɤɚɰɢɢ ɧɚ ɨɫɧɨɜɚɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɨ ɡɧɚɱɟɧɢɹɯ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ 

ɜɹɡɤɨɫɬɢ ɩɪɨɞɭɤɬɚ ɪɟɚɤɰɢɢ. 

Ключевые слова: ɩɟɪɟɷɬɟɪɢɮɢɤɚɰɢɹ, ɪɚɩɫɨɜɨɟ ɦɚɫɥɨ, ɷɬɚɧɨɥ, ɛɢɨɞɢɡɟɥɶ, ɷɬɢɥɨɜɵɟ ɷɮɢɪɵ 

ɠɢɪɧɵɯ ɤɢɫɥɨɬ. 

 

Viscometry as a method for determining concentration of fatty acid ethyl esters in biodiesel fuel 

A. R. Gabitova, S. V. Mazanov, R. A. Usmanov, Z. I. Zaripov, F. M. Gumerov, and I. M. Abdulagatov 

The reaction of transesterification of rapeseed oil in ethanol under supercritical fluid conditions in the 

320-380ºC rКЧРО, 30 MPК prОssЮrО, ОЭСвХ КХМШСШХ ЭШ rapeseed oil molar ratio (6-20):1 is studied 

experimentally. Dependencies of kinematic viscosity of the reaction product on the temperature, molar 

ratio of the original reagents, and duration of reaction implementation are obtained. A correlative 

dependence that allows calculation of the content of ethyl esters of fatty acids in the transesterification 

product is proposed using experimental data on the kinematic viscosity values of the reaction product. 

Keywords: transesterification, rapeseed oil, ethanol, biodiesel, ethyl esters of fatty acids. 
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Ⱥɛɫɨɪɛɰɢɨɧɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɨɫɬɚɬɤɚ ɩɢɪɨɥɢɡɚ ɧɟɮɬɟɲɥɚɦɚ ɪɟɚɥɢɡɨɜɚɧɚ ɞɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ 

ɤɨɦɩɨɡɢɰɢɣ, ɨɫɜɨɛɨɠɞɚɸɳɢɯ ɤɢɫɥɨɪɨɞ, ɫ ɰɟɥɶɸ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɝɪɭɧɬɨɜɵɯ ɜɨɞ. Ɉɩɪɟɞɟɥɟɧɵ 

ɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɨɫɬɚɬɤɚ ɩɢɪɨɥɢɡɚ ɧɟɮɬɟɲɥɚɦɚ: ɭɞɟɥɶɧɚɹ ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɫɨɫɬɚɜɥɹɟɬ 

13,936 ɦ2/ɝ, ɨɫɧɨɜɧɚɹ ɞɨɥɹ ɩɨɪ ɢɦɟɟɬ ɪɚɡɦɟɪɵ ɩɨɪɹɞɤɚ ɧɚɧɨɦɟɬɪɨɜ. Ɉɫɬɚɬɨɤ ɩɢɪɨɥɢɡɚ ɧɟ ɬɨɤɫɢɱɟɧ 

ɢ ɧɟ ɜɵɡɨɜɟɬ ɜɬɨɪɢɱɧɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ ɝɪɭɧɬɨɜɵɯ ɜɨɞ. ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɫɤɨɪɨɫɬɶ ɩɨɬɟɪɢ ɦɚɫɫɵ 



ɩɟɪɨɤɫɢɞɚ ɤɚɥɶɰɢɹ ɢ ɫɤɨɪɨɫɬɶ ɜɵɫɜɨɛɨɠɞɟɧɢɹ ɤɢɫɥɨɪɨɞɚ ɜ ɜɨɞɟ. ɉɪɟɞɥɨɠɟɧɚ ɜɵɞɟɥɹɸɳɚɹ 

ɤɢɫɥɨɪɨɞ ɤɨɦɩɨɡɢɰɢɹ, ɫɨɞɟɪɠɚɳɚɹ 35% ɩɟɪɨɤɫɢɞɚ ɤɚɥɶɰɢɹ, 15% ɨɫɬɚɬɤɚ ɩɢɪɨɥɢɡɚ ɧɟɮɬɟɲɥɚɦɚ, 

30% ɪɟɱɧɨɝɨ ɩɟɫɤɚ, 10% ɢɡɜɟɫɬɤɨɜɨɣ ɛɟɧɬɨɧɢɬɨɜɨɣ ɩɨɱɜɵ, 10% ɞɟɢɨɧɢɡɢɪɨɜɚɧɧɨɣ ɜɨɞɵ. 

Ⱦɨɛɚɜɥɟɧɢɟ ɤ ɤɨɦɩɨɡɢɰɢɢ ɧɟɮɬɟɲɥɚɦɚ ɩɪɢɜɨɞɢɬ ɤ ɡɚɤɭɩɨɪɢɜɚɧɢɸ ɱɚɫɬɢ ɜɵɞɟɥɹɸɳɟɣ ɤɢɫɥɨɪɨɞ 

ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɡɚɦɟɞɥɹɟɬ ɫɤɨɪɨɫɬɶ ɜɵɞɟɥɟɧɢɹ ɤɢɫɥɨɪɨɞɚ. ɇɟɩɪɟɪɵɜɧɨɟ ɨɫɚɠɞɟɧɢɟ CaCO3 ɧɚ 

ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɜ ɩɨɪɚɯ ɤɨɦɩɨɡɢɰɢɢ ɬɚɤɠɟ ɫɧɢɠɚɟɬ ɫɤɨɪɨɫɬɶ ɜɵɞɟɥɟɧɢɹ ɤɢɫɥɨɪɨɞɚ ɧɚ ɧɚɱɚɥɶɧɨɦ 

ɷɬɚɩɟ ɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɦɟɞɥɟɧɧɨɟ ɜɵɞɟɥɟɧɢɟ ɤɢɫɥɨɪɨɞɚ. 

Ключевые слова: ɩɢɪɨɥɢɡ ɧɟɮɬɟɲɥɚɦɚ, ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɝɪɭɧɬɨɜɵɯ ɜɨɞ, ɜɵɞɟɥɹɸɳɚɹ ɤɢɫɥɨɪɨɞ 

ɤɨɦɩɨɡɢɰɢɹ, ɛɟɧɬɨɧɢɬ. 

 

Groundwater remediation using a pyrolysis oily sludge composite 

C. Ma, S. Zhang, Y. Liu, and L. Zhao 

The absorption capacity of pyrolysis oily sludge residue was utilized to prepare oxygen-releasing 

composites for groundwater remediation. The physical properties of the pyrolysis oily sludge residue 

were specific surface area 13.936 m2/g and main pore size of the order of nanometers. The pyrolysis 

residue was nontoxic and would not cause secondary contamination of groundwater. The rate of mass loss 

of calcium peroxide and the oxygen release rate in water were analyzed. An oxygen-releasing composite 

containing 35% calcium peroxide, 15% pyrolysis oily sludge residue, 30% fluviatile sand, 10% calcium-

based bentonite soil, and 10% deionized water was proposed. Addition of oily sludge to the composite 

plugged the parts of the surface releasing oxygen and slowed the rate of oxygen release. Continuous 

precipitation of CaCO3 on the surface and in the pores of the composite also reduced the initial oxygen 

release rate and slowed it. 
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