
ISSN (Print) 2616-7263
ISSN (Online) 2663-1261

Л.Н. Гумилев атындағы Еуразия ұлттық университетiнiң

ХАБАРШЫСЫ

BULLETIN
of L.N. Gumilyov Eurasian
National University

ВЕСТНИК
Евразийского национального

университета имени Л.Н. Гумилева

ТЕХНИКАЛЫҚ ҒЫЛЫМДАР ЖӘНЕ ТЕХНОЛОГИЯЛАР сериясы

TECHNICAL SCIENCE AND TECHNOLOGY Series

Серия ТЕХНИЧЕСКИЕ НАУКИ И ТЕХНОЛОГИИ

№4(125)/2018

1995 жылдан бастап шығады
Founded in 1995

Издается с 1995 года

Жылына 4 рет шығады

Published 4 times a year

Выходит 4 раза в год

Астана, 2018
Astanа, 2018



Бас редакторы
т.ғ.д., проф

Мерзадинова Г.Т. (Қазақстан)

Бас редактордың орынбасары Жусупбеков А.Ж., т.ғ.д, проф.
(Қазақстан)

Бас редактордың орынбасары Тогизбаева Б.Б., т.ғ.д., проф.
(Қазақстан)

Бас редактордың орынбасары Сарсембаев Б.К., т.ғ.к., доцент
(Қазақстан)

Редакция алқасы

Акира Хашигава проф. (Жапония)
Акитоши Мочизуки проф. (Жапония)
Базарбаев Д.О. PhD (Қазақстан)
Байдабеков А.К. т.ғ.д., проф. (Қазақстан)
Дер Вэн Чанг PhD, проф. (Тайвань (ROC))
Жардемов Б.Б. т.ғ.д. (Қазақстан)
Жумагулов М.Г. т.ғ.к., PhD (Қазақстан)
Йошинори Ивасаки т.ғ.д., проф. (Жапония)
Калякин В. т.ғ.д., проф. (АҚШ)
Колчун М. PhD, проф. (Словения)
Тадатсугу Танака проф. (Жапония)
Талал Аввад PhD, проф. (Сирия)
Хо Линг проф. (АҚШ)
Чекаева Р.У. а.к., проф. (Қазақстан)
Шахмов Ж.А. PhD, доцент (Қазақстан)
Юн Чул Шин PhD, проф. (Оңтүстiк Корея)

Редакцияның мекенжайы: 010008, Қазақстан, Астана қ., Сәтпаев к-сi, 2, Л.Н. Гумилев
атындағы Еуразия ұлттық университетi, 349 б.

Тел: +7 (7172) 709-500 (iшкi 31-428). E-mail: vest_techsci@enu.kz

Жауапты хатшы, компьютерде беттеген: А. Нұрболат

Л.Н. Гумилев атындағы Еуразия ұлттық университетiнiң хабаршысы.
ТЕХНИКАЛЫҚ ҒЫЛЫМДАР ЖӘНЕ ТЕХНОЛОГИЯЛАР сериясы
Меншiктенушi: ҚР БжҒМ "Л.Н. Гумилев атындағы Еуразия ұлттық университетi" ШЖҚ РМК
Мерзiмдiлiгi: жылына 4 рет
Қазақстан Республикасының Ақпарат және коммуникациялар министрлiгiмен тiркелген
27.03.2018ж. №16991-ж тiркеу куәлiгi
Тиражы: 30 дана
Типографияның мекенжайы: 010008, Қазақстан, Астана қ., Қажымұқан к-сi ,12/1, Л.Н. Гумилев
атындағы Еуразия ұлттық университетi
Tел: +7 (7172)709-500 (iшкi 31-428). Сайт: http://bultech.enu.kz

c© Л.Н. Гумилев атындағы Еуразия ұлттық университетi



Editor-in-Chief
Gulnara Merzadinova, Prof. (Kazakhstan)

Deputy Editor-in-Chief Askar Zhussupbekov, Prof.
(Kazakhstan)

Deputy Editor-in-Chief Baglan Togizbayeva, Prof.
(Kazakhstan)

Deputy Editor-in-Chief Bayandy Sarsembayev, Assoc. Prof.
(Kazakhstan)

Editorial board

Akira Hasegawa Prof. (Japan)
Akitoshi Mochizuki Prof. (Japan)
Daniyar Bazarbayev Assoc. Prof. (Kazakhstan)
Auez Baydabekov Prof. (Kazakhstan)
Rahima Chekaeva Prof. (Kazakhstan)
Der Wen Chang Prof. (Taiwan (ROC))
Eun Chul Shin Prof. (South Korea)
Hoe Ling Prof. (USA)
Viktor Kalyakin Prof. (USA)
Mihail Kolchun Prof. (Slovenia)
Zhanbolat Shakhmov Assoc.Prof.(Kazakhstan)
Tadatsugu Tanaka Prof. (Japan)
Talal Awwad Prof. (Syria)
Yoshinori Iwasaki Prof. (Japan)
Bolat Zardemov Doctor of Engineering(Kazakhstan)
Mihail Zhumagulov Assoc. Prof.(Kazakhstan)

Editorial address:
2, Satpayev str., of. 349, L.N. Gumilyov Eurasian National University, Astana, Kazakhstan, 010008

Теl.: +7 (7172) 709-500 (ext. 31-428), E-mail: vest_techsci@enu.kz

Responsible secretary, computer layout: Aizhan Nurbolat

Bulletin of L.N. Gumilyov Eurasian National University.
TECHNICAL SCIENCE and TECHNOLOGY Series
Owner: Republican State Enterprise in the capacity of economic conduct "L.N. Gumilyov Eurasian
National University" Ministry of Education and Science of the Republic of Kazakhstan
Periodicity: 4 times a year
Registered by the Ministry of Information and Communication of the Republic of Kazakhstan
Registration certificate №16991-ж from 27.03.2018. Circulation: 30 copies
Address of Printing Office: 12/1 Kazhimukan str., L.N. Gumilyov Eurasian National
University, Astana, Kazakhstan 010008
Tel: +7 (7172) 709-500 (ext.31-428). Website: http://bultech.enu.kz

c© L.N.Gumilyov Eurasian National University



Главный редактор
д.т.н., проф.

Мерзадинова Г.Т. (Казахстан)

Зам. главного редактора Жусупбеков А.Ж., д.т.н., проф. (Казахстан)
Зам. главного редактора Тогизбаева Б.Б., д.т.н., проф. (Казахстан)
Зам. главного редактора Сарсембаев Б.К., к.т.н. доцент (Казахстан)

Редакционная коллегия

Акира Хашигава проф. (Япония)
Акитоши Мочизуки проф. (Япония)
Базарбаев Д.О. PhD (Казахстан)
Байдабеков А.К. д.т.н., проф. (Казахстан)
Дер Вэн Чанг PhD, проф. (Тайвань (ROC))
Жардемов Б.Б. д.т.н. (Казахстан)
Жумагулов М.Г. к.т.н., PhD (Казахстан)
Йошинори Ивасаки т.ғ.д., проф. (Япония)
Калякин В. д.т.н., проф. (США)
Колчун М. PhD, проф. (Словения)
Тадатсугу Танака проф. (Япония)
Талал Аввад PhD, проф. (Сирия)
Хо Линг проф. (США)
Чекаева Р.У. к.а., проф. (Казахстан)
Шахмов Ж.А. PhD, доцент (Казахстан)
Юн Чул Шин PhD, проф. (Южная Корея)

Адрес редакции: 010008, Казахстан, г. Астана, ул. Сатпаева, 2, Евразийский национальный
университет имени Л.Н. Гумилева, каб. 349

Тел: +7(7172) 709-500 (вн. 31-428). E-mail: vest_techsci@enu.kz

Ответственный секретарь, компьютерная верстка: А. Нурболат

Вестник Евразийского национального университета имени Л.Н. Гумилева.
Серия ТЕХНИЧЕСКИЕ НАУКИ И ТЕХНОЛОГИИ
Собственник: РГПнаПХВ"Евразийский национальныйуниверситет имениЛ.Н. Гумилева"МОНРК
Периодичность: 4 раза в год
Зарегистрирован Министерством информации и коммуникаций Республики Казахстан
Регистрационное свидетельство №16991-ж от 27.03.2018г
Тираж: 30 экземпляров . Адрес типографии: 010008, Казахстан, г. Астана, ул. Кажимукана, 12/1,
Евразийский национальный университет имени Л.Н. Гумилева
Tел.: +7(7172)709-500 (вн.31-428). Сайт: http://bultech.enu.kz

c© Евразийский национальный университет имени Л.Н. Гумилева



Л.Н. ГУМИЛЕВ АТЫНДАҒЫ ЕУРАЗИЯ ҰЛТТЫҚ УНИВЕРСИТЕТIНIҢ
ХАБАРШЫСЫ. ТЕХНИКАЛЫҚ ҒЫЛЫМДАР ЖӘНЕ ТЕХНОЛОГИЯЛАР сериясы

№4(125)/2018

МАЗМҰНЫ

Аленов К.Т, Джанмулдаев Б.Д Деформацияланатын орта қабаты астындағы жазық
элементтiң температураның әсерiн ескергендегi тербелiсi есебiнiң жалпы қойылымы

8

Абдугулова Ж.К, Кисикова Н.М, Қуанай Ә.Е. Қазақстандағы жылумен қамтамасыз ететiн
өнеркәсiптердiң жылу мен ыстық сумен қамтамасыз ету жүйесiнiң сапасын жақсарту
барысында автоматтандырылған жылу пунктiн құру және зерттеу

17

Абдураманов А.А, Абиров А.А, Абашев А.А,Қалиева Ж.Е, Усербаев М.Т. Ағынды суларды
тазарту процестерiн күшейту үшiн гидроциклонды сорғы қондырғыларын пайдалану

21

Базарбаев Д.О, Утепов Е.Б, Тайжанова Б.Б. Құрылыстық бұйымдарды 3D принтердi
қолдану негiзiнде әзiрлеудiң инновациялық әдiсi

29

Бекенов Т.Н., Мерзадинова Г.Т., Нусупбек Ж.Т., Тасыбеков Ж.Т. Толық жетектi машина
(4х4) доңғалақтарының жолмен тартымдық өткiзгiштiгiн есептеу моделiн негiздеу

37

Бекенов Т.Н., Тасыбеков Ж.Т., Нусупбек Ж.Т. Катоктың жүктемелерден жол негiздерiн
тығыздау моделiн негiздеу

44

Шахмов Ж.А, Тлеуленова Г.Т, Икапова И.С. Тоңдану индексi және тоңдану-жiбуге
байланысты қауiптер

51

Жусупбеков А.Ж, Алибекова Н.Т, Ахажанов С.Б. Астана қаласының геоақпараттық
мәлiметтер жиынтық жүйесi

56

Жұмабаев А.А, Абшенов Х.А,Қазтуғанова Г.А. Төменгi температура кезiнде
конструкциялық болаттардың сызаттық төзiмдiлiк сиаттамаларының таралуын бағалау

63

Тогузбаев К.У, Ермаханова Ф.Р, Ибраева А.А, Тогузбаева А.А. Жаңа материалдың
комплекстi көрсеткiштерiн бағалау үшiн былғарының ерекше қасиеттерiн зерттеу

68

Тогизбаева Б.Б, Сазамбаева Б.Т, Кенесбек А.Б, Кинжебаева А.С. Гидравликалық
эксковатордың жұмыс органын есептеу әдiсi

75

Сулейменов Т.Б, Султанов Т.Т, Тлепиева Г.М. Қазақстан Республикасының халықаралық
көлiк жүйесiне кiрiгу транзиттiк әлеуеттi дамыту интеграция жағдайы

81

5



BULLETIN OF L.N. GUMILYOV EURASIAN NATIONAL UNIVERSITY.
TECHNICAL SCIENCE AND TECHNOLOGY

№4(125)/2018

CONTENTS

Alenov K.T, Dzhanmuldayev B.D. General formulation of flat element oscillation below the
deformable medium surface by reference to temperature

8

Abdugulova Zh.K, Kisikova N.M, Kuanay A.E Development and research of automated heat point
in improving the quality of heating and hot water supply systems in Kazakhstan

17

Abduramanov A.A, Abirov А.А, Abashev А.А, Kaliyeva Zh.Е, Userbayev М.Т. The use of hydro-
cyclone pumping units for the intensification of wastewater treatment processes

21

Bazarbayev D.О, Utepov Y.B, Taizhanova B.B Innovative method of development of building
products by using of 3D printer

29

Bekenov T.N., Merzadinova G.T., Nussupbek Z.T., Tassybekov Z.T. Justification of model for
calculating the traction passability of the wheels of the all-wheel drive car (4x4) with the road

37

Bekenov Т.N., Tassybekov Z.Т., Nussupbek Z.Т. Justification of the model of compaction of road
foundations from road roller loads

44

Shakhmov Zh.A, Tleulenova G.T, Ikapova I.S. Hazards regarding to freezing-thawing and freezing
index

51

Zhussupbekov A.Zh, Alibekova N.Т, Akhazhanov S.B. Geoinformation database system for the city
of Astana

56

Jumabayev A.A, Abshenov Kh.A, Kaztuganova G.A. Evaluation of distribution of structural steels
crack resistance characteristics at low temperatures

63

Toguzbaev K.U, Ermakhanova F.R, Ibraeva A.A, Toguzbaeva A.A. Investigation of specific prop-
erties of leather, which allows a comprehensive assessment of the quality of the new material

68

Togizbayeva B.B, Sazambayeva B.T., Kenesbek A.B, Kinzhebayeva A.S. Calculation method of the
working body of a hydraulic excavator

75

Suleimenov Т.B, Sultanov Т.Т, Tlepiyeva G.M. Development of transit potential in conditions of
integration of the Republic of Kazakhstan into International transport system

81

6



ВЕСТНИК ЕВРАЗИЙСКОГО НАЦИОНАЛЬНОГО УНИВЕРСИТЕТА
ИМЕНИ Л.Н.ГУМИЛЕВА. СЕРИЯ ТЕХНИЧЕСКИЕ НАУКИ И ТЕХНОЛОГИИ

№4(125)/2018

СОДЕРЖАНИЕ

Аленов К.Т, Джанмулдаев Б.Д Постановка общей задачи колебания плоского элемента,
находящегося под поверхностью деформируемой среды, с учетом темпнратуры

8

Абдугулова Ж.К., Кисикова Н.М., Куанай А.Е. Разработка и исследование
автоматизированных тепловых пунктов в улучшении качества систем отопления и горячего
водоснабжения в Казахстане

17

Абдураманов А.А, Абиров А.А,Абашев А.А, Калиева Ж.Е, Усербаев М.Т. Использование
гидроциклонных насосных установок для интенсификации технологических процессов
очистки сточных вод

21

Базарбаев Д.О, Утепов Е.Б, Тайжанова Б.Б. Инновационный метод разработки
строительных изделий с применением 3D принтера

29

Бекенов Т.Н., Мерзадинова Г.Т., Нусупбек Ж.Т., Тасыбеков Ж.Т. Обоснование модели
расчета тяговой проходимости колес полноприводной машины (4х4) с дорогой

37

Бекенов Т.Н., Тасыбеков Ж.Т., Нусупбек Ж.Т. Обоснование модели уплотнения дорожных
оснований от катковых нагрузок

44

Шахмов Ж.А, Тлеуленова Г.Т, Икапова И.С. Опасности, связанные с замораживанием-
оттаиванием, и индекс промерзания

51

Жусупбеков А.Ж, Алибекова Н.Т., Ахажанов С.Б. Геоинформационная система база
данных для города Астаны

56

Жумабаев А.А, Абшенов Х.А,Казтуганова Г.А. Оценка распределения характеристик
трещиностойкости конструкционных сталей при низких температурах

63

Тогузбаев К.У, Ермаханова Ф.Р, Ибраева А.А, Тогузбаева А.А. Исследование специфических
свойств кож, позволяющих комплексно оценить показатели качества нового материала

68

Тогизбаева Б.Б, Сазамбаева Б.Т, Кенесбек А.Б, Кинжебаева А.С. Методика расчета рабочего
органа гидравлического эксковатора

75

Сулейменов Т.Б, Султанов Т.Т, Тлепиева Г.М. Развитие транзитного потенциала в условиях
интеграции Республики Казахстан в международную транспортную систему

81

7



ISRTI 70.25.10.

A.A. Abduramanov 2,3 , А.А. Abirov 1,2 , А.А. Abashev 3 , Zh.Е. Kaliyeva 1,2 ,
М.Т. Userbayev 4

1 L.N. Gumilyov Eurasian National University, Astana, Kazakhstan
2 RPO, PEI "Association of Applied Geometry and Graphics", Astana, Kazakhstan

3 M.Kh. Dulati Taraz State University, Taraz, Kazakhstan
4 S.Seifullin Kazakh AgroTechnical university, Astana, Kazakhstan

(E-mail: abduramanov40@bk.ru, askar_abirov@mail.ru, abashev-95@list.ru,
zhanna-080477@mail.ru, usermur@mail.ru)

The use of hydro-cyclone pumping units for the intensification of wastewater
treatment processes

Abstract: To optimize the operation of small sewage treatment plants, it is proposed to use a
new design of a hydro-cyclone pump installation (application for obtaining a patent for the utility
model of the Republic of Kazakhstan No. 201805052.2 of August 2, 2018), which allows combining a
three-stage process of simultaneous separation of multiphase fluid into components: clarified water
+ thickened sediment.

Keywords: pump, hydrocyclone, slurry, minihydrocyclone, vacuum hydrocyclone, working noz-
zle.

DOI: https://doi.org/10.32523/2616-7263-2018-125-4-21-28

Introduction. Kazakhstan is a state with limited water resources. The territory of the country
occupies the central regions of Asia, where semi-desert and arid lands dominate with a rare network
of rivers, many of which have short-term runoff, which stops in summer. Large rivers tend to
have a transboundary character. The volume of water resources that can be removed from them
for consumption by the population decreases from year to year due to the intensive use of water
resources by neighboring states. In the near future, a reduction in the flow of transboundary water
resources into the republic is expected due to the growth of economic activity, primarily in China
and Russia, as well as in Kyrgyzstan and Uzbekistan.

Artificially created surface sources, reservoirs, are subject to strong anthropogenic influences, as
well as climatic influences associated with global warming. Also, a serious reason for the depletion
of fresh water in Kazakhstan is the discharge of wastewater and the flushing of pollutants from the
territories into water bodies. This problem in the coming decades could be threatening, including
for the national security of the country. The level of public access to water supply and sanitation
is one of the elements that determine the quality of human life. Ensuring the same standard of
living of the population, both in cities and in rural (small) settlements is a priority that has been
repeatedly noted in the annual Presidential addresses of the Republic of Kazakhstan, as well as
in ongoing state programs (the Development Program of the Regions for 2020, State program of
infrastructural development "Nurly Zhol" for 2015-2019). The proportion of the population of
Kazakhstan living in rural areas is about 43% . In the countries of Central and Eastern Europe,
which are more comparable in terms of economic development with Kazakhstan, the share of the
population living in small settlements of up to 2,000 people is about 30% and forms an important
part of its population. In small settlements (Poland, Lithuania, Latvia, Estonia, Czech Republic),
in which more than a third of the rural population lives, biological treatment with active sludge
is used, which is distinguished by its versatility, since it distinguishes almost all types of organic
pollution, is ecologically clean and widely known to specialists [1-3].
1. Problematic issues. A distinctive feature of a sewage disposal system in rural (small) settle-

ments is sharp fluctuations in flow, heterogeneity of their composition and quality of maintenance of
small sewage facilities. The simplest and most reliable are sewage treatment plants based on natural
methods of purification. These include structures with underground filtration - filter wells, filter
trenches, underground filtration fields, sand and gravel filters. These facilities are easy to operate,
provide high-quality cleaning and disinfection of wastewater [3-5].
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However, in regions with a high groundwater level and unfavorable soils for filtration, the pos-
sibility of using these structures is limited. In these cases, wastewater treatment plants based on
artificial purification methods have a higher productivity. In such facilities, the most widely used
biological method of wastewater treatment. This method is distinguished by its versatility, since it
distinguishes almost all types of organic pollution, is environmentally friendly and widely known to
specialists [6, 7].

In general, the technological scheme of cleaning includes a mechanical unit (grids, sand traps,
primary settlers) and biological (aerotanks with extended aeration, biofilters of various designs)
cleaning.

The purpose of mechanical treatment, which is an important step in the process of water purifica-
tion, is to prepare wastewater, if necessary, for a biological, physico-chemical, or other method with
a deeper treatment.

It promotes the removal of undissolved and partially colloidal mineral and organic impurities
from wastewater. Mechanical treatment ensures the release of suspended solids from sewage up to
90 − 95% and the reduction of organic pollutants (by BODcomplete ) by 20 − 25% [1, 7, 8]. In
some cases, mechanical cleaning is the only and sufficient way to extract mechanical impurities from
wastewater and prepare them for reuse in recycled water supply systems. Mechanical cleaning is
carried out by means of filtering, sanding, settling, centrifuging, filtering. However, the use of these
methods requires significant both capital and operating costs.

In particular, the process of settling is carried out in primary and secondary settlers, having large
dimensions and a significant consumption of materials for their manufacture, respectively, their cost
is very high. Also requires a long duration of settling. In the case of the presence in the clarification
process of a turbulent mode of movement of water in the settling basins, sedimentation of suspensions
is slowed down and the clarification effect decreases. Wastewater treatment from mineral impurities
is carried out, as a rule, at sand traps of various types. For normal operation of sand traps, it
is necessary to ensure regular discharge of sediment retained in them. Its excessive accumulation
leads to a decrease in the living cross section of sand traps and an increase in sand removal from
them, which causes difficulties in removing the sediment from the primary sedimentation tanks,
pumping the sediment through pipelines and processing it. Even in the most advanced types of sand
traps, organic impurities capable of decay are precipitated along with sand. This causes significant
difficulties in the subsequent processing and disposal of sediment from sand traps
2. Solutions. One of the areas of scientific research is the research and development of high-

performance compact devices used in the technological scheme of wastewater treatment.
Of undoubted interest for solving these problems are pressure hydrocyclones. In addition, as

shown by studies of domestic and foreign scientists, the extremely broad prospects for the use of
hydrocyclones are associated with the technology of industrial wastewater treatment [4, 9-11].

Most of the works devoted to hydrocyclone cleaning belong to the field of separation of a two-
component fluid containing impurities with a density much higher than the density of the medium
being treated. At the same time, there is a high performance of these devices. However, when
separating three-component liquids (these include municipal wastewater), containing impurities of
both higher and lower density of the treated medium, more than 50 percent of the total content of
pollution, mainly floating, is removed from the apparatus with clarified water [9, 12].

Analysis of the reasons for the negative effect of the removal, the study of the advantages and
disadvantages of the known technical solutions showed that the three-step process of centrifugal
separation of a multicomponent liquid is important in intensifying the separation process in a hy-
drocyclone.

In Kazakhstan, Professor A.A. Abduramanov for the first time a hydrocyclone method of sediment
collection in the pump suction line was developed, which later turned out to be a very promising
direction in hydraulic engineering and land reclamation, water supply and sewerage, utilities and
pump engineering [10, 13-15]. Later similar work was carried out in Japan, Bulgaria, Russia, USA
[2, 8, 10, 12].

On the basis of this method, a new scientific direction has been created - hydraulics of hydrocy-
clones and hydrocyclone pump installations [4, 10, 13-27]. A distinctive feature of these plants is
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that they are multifunctional, belong to intensive technologies, and simultaneously carry out several
processes in the technological cycle, which were previously carried out separately by the base pump,
sump, separator, flotation cell and other expensive equipment that occupies large production areas
and requires a large number of service personnel.

The basis of all these developments was the idea of giving a swirling character to the flow drawn in
by the pump. The use of the centrifugal effect of displacing solid particles (suspensions) from a liquid
in a rotating flow created in cylindrical (conical) or cylindrical conical suction pipes (hydrocyclone
chamber) of pumps allows the separation of a two-component medium to components.

For a long time, the effectiveness of such a separation of two-component slurry into its constituent
components remained doubtful, because any local resistance located on the suction line of the pump
increases the loss of specific energy, thereby reducing the cavitation reserve of the pump. It was
believed that the reliability of the hydrocyclone pumping units is low. However, as practice has
shown, cavitation phenomena occur when the depth of vacuum in the suction line of a centrifugal
pump exceeds 7-8 meters of water column. Therefore, below this limit, the pump installation may
operate normally. The loss of specific energy (pressure) in hydrocyclones with a diameter of the
cylindrical part of less than 0.5 m is usually 2-3 m. Of water. st. This means that a hydrocyclone
pump installation can work quite satisfactorily when drawing water from a source located at a depth
of 4-5 meters. This depth is sufficient for the successful solution of many production problems.

Until now, in published works, the movement of flows in a hydrocyclone was considered steady, if
we ignore the short periods of starting and stopping the pump unit. But the work of a hydrocyclone as
the head of a hydraulic ram shed light on the need to study the unsteady motion of a two-component
swirling liquid. Naturally, the theoretical and experimental study of the unsteady motion of three-
dimensional (swirling) flows in a hydrocyclone and other hydraulic engineering devices represents a
new promising direction in science and technology. A very important and promising direction is the
separation at the suction line of the pump fluid “liquid + liquid” and the three-component medium
“solid phase + heavy liquid component + light liquid component” (sand + water + fatty impurities
(oil, oil, etc.) a) on the constituent.

The authors propose the creation of a technological process of mechanical wastewater treatment
based on centrifugal separation of phase components in hydrocyclone pumping units, allowing to
combine in one node a three-step process of simultaneous separation of a multiphase fluid into
components: fats + clarified water + thickened sediment [28-30].

The essence of the proposed process is illustrated by drawings (Fig. 1). Hydro-cyclone-pumping
oil sludge separator consists of a centrifugal pump 1, vacuum hydraulic 2, hydraulic elevator 3,
mini-hydraulic cyclone 4, inlet 5, vacuum-hydrocyclone, drain pipe 6 with straight slots 7, discharge
pipe 8, discharge pipe 9, inlet drawing, and in-out-of-the-art white-outboard drawing, inlet drawing,
in-line drawing, in-line drawing, in-line drawing, in a white-outlined template, in-line design, in a
white-outlined pattern, inlet template, in-line design, in an inlet template, in an inlet design, in an
inlet design, in a vacuum cleaner, in a slotted outlet , slurry nozzle (working nozzle) 12, thickening
chamber (suction nozzle of hydraulic elevator) 13, mixing chamber (inlet of a hydrocyclone) 14,
hydrocyclone 15, a discharge nozzle 16 of a hydrocyclone and slime (dog ovogo) holes 17.

Hydrocyclone-pumping oil sludge separator works as follows. After starting the pump, the three-
component slurry (sludges + water + oil impurities) tangentially enters through the nozzle 5 into
the vacuum cyclone 2. Under the action of the centrifugal inertia force, the slurry is divided into two
parts. The heaviest phase (component) - sludge (sand) moves to the wall of the vacuum-hydrocyclone
and at the same time to the top of the conical part, that is, to the thickening chamber 13. And the
lighter phase - oil impurities through the straight slots 7 of the discharge pipe 6 enters the pump 1.
However, these petroleum products contain a significant amount of water. Therefore, it is necessary
to enrich them by reducing the amount of water contained in them.

For this purpose, the pumped fluid from the pipe 8 and the pipe 9, and the inlet pipe 10 (oil
products + water) is sent to the mini-hydro cyclone 4. Here the slurry is separated by density.
Water having a high density goes to the top of the conical part of the mini-hydro cyclone and is
then used as a working jet, which under high pressure flows through the working nozzle 12 into the
receiving chamber 3 of the hydraulic elevator.
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Figure 1 – Hydrocyclone pumping oil sludge separator

In the receiving chamber, a vacuum and sludge (sediment) are formed, concentrated in the thick-
ening chamber 13, is drawn into the working stream. Further, in the mixing chamber 14, water
and sludge are mixed and enter into hydrocyclone 1 tangentially. In the hydrocyclone, the slurry
is divided into water and solid particles (sediment, sand, sludge). Water exits through the drain
16, and the sediments through the hole 17. Concentrated oil impurities are discharged from the
mini-hydro cyclone by the oil drain pipe 11.

Thus, in a hydrocyclone pumping oil sludge separator, extraction of the oil product, sediment
(sludge) and water separately is carried out successfully from the three-component initial slurry of
the oil product.

A distinctive feature of this installation is that various hydraulic processes will occur in hydro-
cyclone chamber 2 and mini-hydrocyclones 4.15: vacuum and pressure-vacuum, respectively, due to
the location of the hydrocyclone chamber of the slurry pipe (working nozzle) at the mouth of the
cone 12.

Research and implementation of this wastewater treatment method will allow not only to intensify
the work of sewage treatment plants, but also to improve the quality of treatment.
3. Conclusion. The considered technological process allows to significantly expand the function-

ality of commercially available pumping equipment. Based on the combined use of hydrocyclones,
impeller and hydrojet pumps, it is possible to significantly increase the pressure or flow, as well as
the allowable vacuum suction height of vane pumps, pump slurries and gases, create a vacuum, mix
liquid, solid and gaseous media, trap sediments, thicken the slurry, clean ( lighten the liquid phase
from suspended solids in motion and many other slurry transport operations. On the other hand,
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the creation of these installations makes it possible to achieve large values of efficiency as compared
to the efficiency of a separately located hydrocyclone or jet pump. Increased efficiency is achieved
due to the fact that most of the useful work in a complex installation is performed by a blade pump,
and the hydrocyclone and jet apparatus perform only those technological functions that the blade
pump cannot perform (separation of slurry in phases, removal of pulp to the side, gas pumping,
suppression of cavitation, etc.).

Many of the disadvantages inherent in separately installed hydrocyclones, impeller pumps or jet
apparatus can be eliminated by creating and using installations in which the hydrocyclone cen-
trifugal pump and the jet apparatus are mutually complementary. In particular, in the proposed
hydrocyclone-pumping oil sludge separator, the slurry nozzle 12 of mini-hydrocyclone 4 is simul-
taneously the working nozzle of the receiving chamber of the hydraulic elevator 3, and the mixing
chamber 14 of the hydraulic elevator 3 is the input nozzle of the hydrocyclone 15. Such a com-
bination of installation units makes it possible to significantly intensify the process of separating
multi-phase components into a hydrocyclone 15. This combination of installation units makes it
possible to significantly intensify the process of separating multi-phase components. and also to
simplify its design as a whole.
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(распечатанном варианте) в одном экземпляре, подписанном автором в Отдел научных изданий (по адресу: 010008,
Казахстан, г.Астана, ул. Сатпаева, 2, Евразийский национальный университет им. Л.Н.Гумилева, Учебно-
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Численное дифференцирование функций в контексте Компьютерного

(вычислительного) поперечника
Аннотация: В рамках компьютерного (вычислительного) поперечника полностью
решена задача приближенного дифференцирования функций, принадлежащих классам
Соболева по неточной информации, полученной от произвольного конечного множества
тригонометрических коэффициентов Фурье-Лебега дифференцируемой функции... [100-200
слов].
Ключевые слова приближенное дифференцирование, восстановление по неточной

информации, предельная погрешность, компьютерный (вычислительный) поперечник. [6-8
слов/словосочетаний].

Введение

Текст введения...
Авторам не следует использовать нестандартные пакеты LaTeX (используйте их лишь в

случае крайней необходимости)

Заголовок секции

1.1 Заголовок подсекции
Окружения.

Теорема 1. ...

Лемма 1. ...

Предложение 1. ...

Определение 1. ...

Следствие 1. ...

Замечание 1. ...

Теорема 2 (Темиргалиев Н. [2]). Текст теоремы.

Д о к а з а т е л ь с т в о. Текст доказательства.

2. Формулы, таблицы, рисунки

δN (εN ;DN )Y ≡ δN (εN ;T ;F ;DN )Y ≡ inf
(l(N),ϕN)∈DN

δN

(
εN ;

(
l(N), ϕN

))
Y
, (1.1)

где δN
(
εN ;

(
l(N), ϕN

))
Y
≡ δN (εN ;T ;F ;

(
l(N), ϕN

)
)Y ≡

≡ sup
f∈F∣∣∣γ(τ)

N

∣∣∣≤1(τ=1,...,N)

∥∥∥Tf (·)− ϕN
(
l
(1)
N (f) + γ

(1)
N ε

(1)
N , ..., l

(N)
N (f) + γ

(N)
N ε

(N)
N ; ·

)∥∥∥
Y
.

Таблицы, рисунки необходимо располагать после упоминания. С каждой иллюстрацией должна
следовать надпись.
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Таблица 2 – Название таблицы

Простые Не простые
2, 3, 5, 7, 11, 13, 17, 19, 23, 29 4, 6, 8, 9, 10, 12, 14

Рисунок 4 – Название рисунка
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