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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical sciences 
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new 
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics 
to be accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and 
the Arts & Humanities Citation Index. The quality and depth of content Web of Science offers to 
researchers, authors, publishers, and institutions sets it apart from other research  databases.  
The  inclusion  of News  of  NAS  RK.  Series  of  geology  and  technical sciences in the 
Emerging Sources Citation Index demonstrates our dedication to providing the most relevant 
and influential content of geology and engineering sciences to our community.

Қазақстан Республикасы Ұлттық ғылым академиясы «ҚР ҰҒА Хабарлары. Геология және 
техникалық ғылымдар сериясы» ғылыми журналының Web of Science-тің жаңаланған 
нұсқасы Emerging Sources Citation Index-те индекстелуге қабылданғанын хабарлайды. 
Бұл индекстелу барысында Clarivate Analytics компаниясы журналды одан әрі the Science 
Citation Index Expanded, the Social Sciences Citation Index және the Arts & Humanities 
Citation Index-ке қабылдау мәселесін қарастыруда. Webof Science зерттеушілер, 
авторлар, баспашылар мен мекемелерге контент тереңдігі мен сапасын ұсынады. ҚР 
ҰҒА Хабарлары. Геология және техникалық ғылымдар сериясы Emerging Sources Citation 
Index-ке енуі біздің қоғамдастық үшін ең өзекті және беделді геология және техникалық 
ғылымдар бойынша контентке адалдығымызды білдіреді.

НАН РК сообщает, что научный журнал «Известия НАН РК. Серия геологии и технических 
наук» был принят для индексирования в Emerging Sources Citation Index, обновленной версии 
Web of Science. Содержание в этом индексировании находится в стадии рассмотрения 
компанией Clarivate Analytics для дальнейшего принятия журнала в the Science Citation 
Index Expanded, the Social Sciences Citation Index и the Arts & Humanities Citation Index. Web 
of Science предлагает качество   и  глубину   контента   для   исследователей,  авторов,  
издателей  и  учреждений. Включение Известия НАН РК. Серия геологии и технических 
наук в Emerging Sources Citation Index демонстрирует нашу приверженность к наиболее 
актуальному и влиятельному контенту по геологии и техническим наукам для нашего 
сообщества.
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Бас редактор
ЖҰРЫНОВ Мұрат Жұрынұлы, химия ғылымдарының докторы, профессор, ҚР ҰҒА 

академигі, Қазақстан Республикасы Ұлттық Ғылым академиясының президенті, АҚ «Д.В. 
Сокольский атындағы отын, катализ және электрохимия институтының» бас директоры (Алматы, 
Қазақстан) H = 4

Ғылыми хатшы
АБСАДЫКОВ Бахыт Нарикбайұлы, техника ғылымдарының докторы, профессор, ҚР ҰҒА 

жауапты хатшысы, А.Б. Бектұров атындағы химия ғылымдары институты (Алматы, Қазақстан) H = 5
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ӘБСАМЕТОВ Мәліс Құдысұлы (бас редактордың орынбасары), геология-минералогия 
ғылымдарының докторы, профессор, ҚР ҰҒА академигі, «У.М. Ахмедсафина атындағы 
гидрогеология және геоэкология институтының» директоры (Алматы, Қазақстан) H = 2

ЖОЛТАЕВ Герой Жолтайұлы (бас редактордың орынбасары), геология-минералогия 
ғылымдарының докторы, профессор, Қ.И. Сатпаев тындағы геология ғылымдары институтының 
директоры (Алматы, Қазақстан) Н=2

СНОУ Дэниел, Рһ.D, қауымдастырылған профессор, Небраска университетінің Су ғылымдары 
зертханасының директоры (Небраска штаты, АҚШ) H = 32

ЗЕЛЬТМАН Реймар, Рһ.D, табиғи тарих мұражайының Жер туралы ғылымдар бөлімінде 
петрология және пайдалы қазбалар кен орындары саласындағы зерттеулердің жетекшісі (Лондон, 
Англия) H = 37

ПАНФИЛОВ Михаил Борисович, техника ғылымдарының докторы, Нанси университетінің 
профессоры (Нанси, Франция) Н=15
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ФИШЕР Аксель, Ph.D, Дрезден техникалық университетінің қауымдастырылған профессоры 
(Дрезден, Берлин) Н = 6

КОНТОРОВИЧ Алексей Эмильевич, геология-минералогия ғылымдарының докторы, 
профессор, РҒА академигі, А.А. Трофимука атындағы мұнай-газ геологиясы және геофизика 
институты (Новосибирск, Ресей) H = 19

АГАБЕКОВ Владимир Енокович, химия ғылымдарының докторы, Беларусь ҰҒА академигі, 
Жаңа материалдар химиясы институтының құрметті директоры (Минск, Беларусь) H = 13

КАТАЛИН Стефан, Рһ.D, Дрезден техникалық университетінің қауымдастырылған профессоры 
(Дрезден, Берлин) H = 20

СЕЙТМҰРАТОВА Элеонора Юсуповна, геология-минералогия ғылымдарының докторы, 
профессор, ҚР ҰҒА корреспондент-мүшесі, Қ.И. Сатпаев атындағы Геология ғылымдары институты 
зертханасының меңгерушісі (Алматы, Қазақстан) Н=11

САҒЫНТАЕВ Жанай, Ph.D, қауымдастырылған профессор, Назарбаев университеті (Нұр-
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Италия) H = 28
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AUTOMATIC CONTROL SYSTEM OF A GAS-PUMPING UNIT

Abstract. Currently, the main type of intracontinental gas transport in 
all countries of the world is pipeline. The rapid development of pipeline 
transportation of gas is explained by the fact that pumping it through pipelines is 
more economical than delivery by other means of transport. The article deals with 
the problem of regulating the combustion temperature of fuel in the combustion 
chamber of a gas pumping unit. The gas pumping unit as a control object belongs 
to the class of nonlinear, multidimensional and high-speed objects. In order to 
properly conduct the technological process of gas transportation, the operational 
personnel of the compressor station must have reliable information about the 
state of the control object, about the regime and technological parameters 
characterizing the state of the process. In order to obtain information by actual 
measurements of parameters and calculations, a model for calculating the flame 
temperature has been developed in the MATLAB application software package. 
This model, being a system of logical relations that describe the real object, 
regulates the starting temperature by performing all the operations that were 
specified in the block calculation block diagram. During the simulation of this 
model, several values of the adjusted temperature were obtained. The calculated 
determination of the flame temperature of a particular mixture is quite a difficult 
task, since in addition to the composition of the mixture, the initial temperature 
and pressure strongly afect the temperature. An increase in the temperature and 
pressure of the initial components leads to an increase in the flame temperature. 
Heat exchange with the environment and dissociation reactions, on the contrary, 
reduce the flame temperature. The paper develops the structure of the automatic 
control system of the gas pumping unit, which is based on the balanced ratios 
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between the energy indicators required for gas transportation and fuel costs for 
the creation of the turbine working fluid.

Key words: gas pumping unit (GPU), heat of combustion, dissociation, 
turbine power, automatic control system. 

Л.Н. Есмаханова1, С.A. Орынбаев1*, М.К. Жанкуанышев1, П. Комада2

1М.Х. Дулати атындағы Тараз өңірлік университеті, Қазақстан;
2Люблин технологиялық университеті, Польша.

E-mail: seitzhan_74@mail.ru

ГАЗ ТАСЫМАЛДАУШЫ АГРЕГАТТЫ АВТОМАТТЫ БАСҚАРУ 
ЖҮЙЕСІ

Аннотация. Қазіргі таңда құрлық ішінде әлемнің барлық мемлекеттерінде 
негізгі газ тасымалдау құбырлар арқылы жүргізіледі. Құбырлар арқылы 
газды тасымалдаудың қарқынды дамуы оның басқа тасымалдау түрлеріне 
қарағанда экономикалық тұрғыдан тиімділігі. Мақалада газ айдау 
қондырғысының жану камерасындағы отынның жану температурасын 
реттеу мәселесі қарастырылады. Газ айдау қондырғысы басқару объектісі 
ретінде сызықты емес, көп өлшемді және жылдам әрекет ететін объектілер 
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жүйесінің құрылымы әзірленді, ол газ тасымалдауға қажетті энергетикалық 
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шығындары арасындағы тепе-теңдік қатынастарына негізделген.
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СИСТЕМА АВТОМАТИЧЕСКОГО УПРАВЛЕНИЯ 
ГАЗОПЕРЕКАЧИВАЮЩИМ АГРЕГАТОМ

Аннотация. В настоящее время основным видом внутриконтинентального 
транспорта газа во всех странах мира служит трубопроводный. Быстрое 
развитие трубопроводного транспорта газа объясняется тем, что 
перекачка его по трубопроводам более экономична, чем доставка другим 
видом транспорта. В статье рассматривается проблема регулирования 
температуры сгорания топлива в камере сгорания газоперекачивающего 
агрегата. Газоперекачивающий агрегат как объект управления относится 
к классу нелинейных, многомерных и быстродействующих объектов. 
Для правильного ведения технологического процесса транспорта газа 
оперативный персонал компрессорной станции должен иметь достоверную 
информацию о состоянии объекта управления, о режимно-технологических 
параметрах, характеризующих состояние процесса. В целях получения 
информации путём фактических измерений параметров и вычислений 
в пакете прикладных программ MATLAB разработана модель расчета 
температуры пламени. Данная модель, являясь системой логических 
соотношений, которые описывают реальный объект, регулирует стартовую 
температуру, выполняя все операции, которые были указаны в 
структурной схеме расчета с блоками. В ходе имитирования данной модели 
было получено несколько значений отрегулированной температуры. 
Расчетное определение температуры горения конкретной смеси является 
достаточно сложной задачей, так как кроме состава смеси на температуру 
сильно влияют начальная температура, давление. Увеличение температуры 
и давления исходных компонентов приводит к росту температуры горения. 
Теплообмен с окружающей средой и реакции диссоциации, наоборот, 
снижают температуру горения. В работе разработана структура системы 
автоматического управления газоперекачивающего агрегата, который 
основывается на балансных соотношениях между энергетическими 
показателями необходимых на транспортировку газа и топливными 
затратами на создание рабочего тела турбины.
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диссоциация, мощность турбины, система автоматического управления.

Introduction. In connection with the constant increase in gas production, 
the network of product pipelines is expanded – the most economical type of gas 
transportation.

The main economic factors for the efficient use of pipeline transportation are 
the possibility of full automation of gas pipelines. 

Gas moves through the gas pipeline from the gas field to the consumer, 
overcomes the pipeline resistance and loses pressure. Excessive pressure loss leads 
to a reduction in carrying capacity and irrational use of the pipeline (Farukhshina 
et al., 2022). Compressor stations are constructed for the economic pumping of 
gas at large distances with maximum utilization of the pipelines’ bearing capacity 
(Anuchin et al., 2004). Compressor stations of main gas pipelines are a complex 
of structures designed for gas compression (Gorbiychuk et al., 2019).

Gas-pumping units (GPUs) are complex power plants designed for compression 
of natural gas entering the compressor station on the main gas pipeline.

The task of gas-pumping units at compressor stations is to increase the 
pressure of blue fuel to the specified value. GPUs with gas turbine aircraft and 
marine, as well as electric engines, are used for gas transportation by main gas 
pipelines. The most common drive is a gas turbine.

The compression process is a complex technological process with a large 
number of variables, so GPUs can be applied to multidimensional control objects.

In addition, it is necessary to note that the main dependencies between 
variables, such as the compression coefficient ε and the gas consumption Q, 
carry a nonlinear character. Therefore, GPU control systems generally work in 
modes of automatic stabilization in a narrow range of variable variations, only 
in this case it is possible to linearize the characteristics and adjust the regulators.

The duration of the gas flow in GPU is calculated in split seconds, the number 
of revolutions of the supercharger reaches 4000-6000 rpm, so it is necessary to 
note that the compression process is fast (Vesely et al., 2000). All this imposes 
certain requirements on the choice of technical means of automation, on its speed 
and accuracy (Singh, 2016).

Thus, it can be said that GPU as an object of control belongs to the class of 
nonlinear, multidimensional and fast-acting objects.

Research Material and methods. GPU is a complex technological unit, 
there is a large number of models that reflect dependencies (Guha, 2003).

- flow characteristics on the number of GPU revolutions;
- pressure at the output of the device on Pi, Qd

;
- pressure at the inlet of the device on ω of GPU.
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In our case, in order to solve the problem of optimal distribution of pressure on 
the units, it is necessary to have a model that reflects the compressive dependence 
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where  – number of GPU revolutions; 
T – gas outlet temperature at HPT outlet (high pressure turbine) (Giro  et al., 

2021).
Combustion is a complex physicochemical process based on exothermic 

oxidative-restorative reactions, which is characterized by a significant flow rate, 
separation of a large amount of heat, mass exchange with the surrounding area, 
etc (Altshul et al., 2019).

The calculation of a particular mixture’s combustion temperature is a rather 
difficult task, as the initial temperature, pressure strongly afect the mixture’s 
composition (Soudarev et al., 1997). The increase in temperature and pressure of 
the initial components leads to the combustion temperature increase (Sukhinenko  
et al., 1995). Heat exchange with the surrounding medium and dissociation 
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reactions, on the contrary, reduce the burning temperature (Krasnov et al., 2018).
Heat exchange with the surrounding medium and dissociation reactions, on 

the contrary, reduce the combustion temperature (Orynbayev et al., 2021).
The general equation of any hydrocarbon’s combustion reaction has the 

following form: 
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molecule; 
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i.e. a reaction with the heat absorption and increase in volume. 
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where Q1+2 – the heat capacity of the mixed flows; 
V1,2 – the volume of the mixed flows; 
Ср1 – the average volumetric heat capacity of the gases. 
After reviewing this technique for determining the combustion temperature, the 

following block diagram for determining the combustion temperature is built (Fig.4). 
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qd – the heat amount, which is absorbed during the process of dissociation of 
carbon dioxide and water vapor, kJ/m3;

                                                                   (4) 
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Figure 2 – Graphical dissociation of water vapor 
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Figure 4 – Block diagram of the flame temperature determination 

 
Let’s consider each block separately. 
The heat and volume calculation block – this block, taking into account the gas 

consumption V1 and air consumption V2, calculates the total volume of consumed 
fuel according to the formula: 
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The corresponding released combustion heat is selected depending on the type of 
fuel. In our case, natural gas was chosen, its combustion heat was Q = 36000 kJ/m3. 

Result and discussion. A model is a simplified representation of a real system. A 
mathematical model is a system of logical relationships that describe a real object. 
However, this is not an exact copy of physical systems, they only describe the most 
essential features of physical systems. In this project, a model was developed for cal-
culating the flame temperature using the MATLAB program (Fig. 5). 

This model controls the starting temperature, performing all the operations that 
were indicated in the structural diagram of the calculation with blocks (Scott  et al., 
2006). Its task is to compare the combustion heat released from the gas with the heat 
released from the exhaust gases (Temirbekova et al., 2022). Since the released heat of 
the exhaust gases is greater than that of the fuel, the search regulator lowers the start-
ing temperature and controls it more precisely until the material balance is estab-
lished (Orynbayev et al., 2019). The following results were obtained from the model: 
Tstarting = 1300°C, and Tcalculated = 1245°C. 

Several experiments were carried out and the following results were obtained 
(Table), diagram of the dependence of the average volumetric heat capacity on the 
combustion temperature (Fig. 6). 
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The corresponding released combustion heat is selected depending on the 
type of fuel. In our case, natural gas was chosen, its combustion heat was Q = 
36000 kJ/m3.

Result and discussion. A model is a simplified representation of a real 
system. A mathematical model is a system of logical relationships that describe 
a real object. However, this is not an exact copy of physical systems, they 
only describe the most essential features of physical systems. In this project, a 
model was developed for calculating the flame temperature using the MATLAB 
program (Fig. 5).

This model controls the starting temperature, performing all the operations 
that were indicated in the structural diagram of the calculation with blocks (Scott  
et al., 2006). Its task is to compare the combustion heat released from the gas 
with the heat released from the exhaust gases (Temirbekova et al., 2022). Since 
the released heat of the exhaust gases is greater than that of the fuel, the search 
regulator lowers the starting temperature and controls it more precisely until the 
material balance is established (Orynbayev et al., 2019). The following results 
were obtained from the model: Tstarting = 1300°C, and Tcalculated = 1245°C.

Several experiments were carried out and the following results were obtained 
(Table), diagram of the dependence of the average volumetric heat capacity on 
the combustion temperature (Fig. 6).

Тstarting, °С Тcalculated, °С
1200 1262
1300 1245
1350 1244
1370 1229
1400 1192
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Since the supercharger power was equal to Nsupercharger = 2.8 MW, then from 
the diagram it is possible to determine the turbine power, which will be equal to 
Nturbine = 8.3 MW.
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The predetermined temperature is determined using the following formula:The predetermined temperature is determined using the following formula: 
 

                                                                       (7) 
 

where Nturbine is the turbine power, Сav is the average volumetric heat capacity, 
Qwb is the working body consumption. 

                                                  (7)

where Nturbine is the turbine power, С
av is the average volumetric heat capacity, 

Q
wb is the working body consumption.

 
Figure 9 – Functional diagram of GPU 

 Figure 9 – Functional diagram of GPU



211

ISSN 2224-5278                                                                                                    4. 2022

All types of sensors are field-installed (Fig. 9). All sensors were from Metran. 
Each sensor has dx index, since they are all anti-explosive.

Conclusion. As a result of this work, the mathematical model for calculating 
the combustion temperature in the combustion chamber was developed. During 
the simulation of this model, a few values of the controlled temperature were 
obtained. The structure of the automatic control system of the gas-pumping 
unit was developed, which is based on the balance ration between the energy 
indicators necessary for the gas transportation and fuel costs for the turbine 
working body construction. 
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