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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 жəне 

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 əрі the Science Citation Index Expanded, 
the Social Sciences Citation Index жəне the Arts & Humanities Citation Index-ке қабылдау мəселесін 
қарастыруда. Webof Science зерттеушілер, авторлар, баспашылар мен мекемелерге контент 
тереңдігі мен сапасын ұсынады. ҚР ҰҒА Хабарлары. Геология жəне техникалық ғылымдар 
сериясы Emerging Sources Citation Index-ке енуі біздің қоғамдастық үшін ең өзекті жəне беделді 
геология жəне 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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MICROPROCESSOR CONTROL SYSTEM  
FOR SOLAR POWER STATION  

 
Abstract. In this article, there has been developed a microprocessor control system that provides synchronous 

operation of a solar power station with an electric grid. It is shown that, in practice, the voltage in the mains does not 
correspond to a pure sinusoid and has distortions to which the output voltage of the inverter must be adapted. 

Keywords: microprocessors, control system, solar power station, inverter, power network, synchronization, 
voltage. 

 
Currently, the electricity voltage does not correspond to a pure sinusoid and has distortions that occur 

when using semiconductor converters (controlled rectifiers, power converters, converters and other 
devices). Therefore, inverters of solar power plants must be adapted to the power grid. 

The scientific novelty of this work is the development of a microprocessor-based inverter control 
system for a solar power plant that transforms electricity into an energy grid. It should be noted that the 
microprocessor control system of the inverter reacts instantly to changes in the mains voltage, excluding 
emergency modes. At the same time, solar cells are saved and the maximum transformation of the electric 
power of the solar power station into the power grid. Thus, the development and practical application of 
the microprocessor control system is an actual problem. 

In most inverters existing to date, the output voltage is formed by a circuit that produces rectangular 
pulses in the form of a meander at the output. This is sufficient for working in an autonomous mode, but 
not suitable for working together with the power grid. To correct this shortcoming, there are two principal 
ways to improve the inverter output voltage curve by the circuit: 

- the pulse width modulation of the output voltage curve; 
- the amplitude-pulse modulation of the output voltage curve. 
Figure 1 shows a stepped voltage form close to a sinusoid with amplitude-pulse modulation [1]. 
In this work, there was developed and presented [2, 3] a scheme of a multilevel inverter with 

amplitude-pulse control, where each of n sources of direct voltage (solar cells) are connected in series and 
through n switching keys are connected to a bridge inverter with a common load. In this work it is used 
amplitude-pulse control in such a way that a multilevel voltage is provided at the output of the inverter, 
which is close in shape to the sinusoid (figure 1). 

Figure 2 shows a block diagram of the organization and connection of a multilevel inverter that 
allows tracking and synchronizing the output voltage of the inverter with the voltage of the city network in 
order to maximize the energy of solar cells in the grid. 

To connect a power inverter to an industrial network it is very important to achieve synchronous 
operation of the inverter with the power network. For this, it is necessary to fulfill all the requirements for 
parallel operation of electric power sources (generators, inverters) and the power grid, which are expressed 
by the following conditions: 

 

ଵ݂ ൌ ௖݂; 	 ଵܷ ൌ ௖ܷ; 	∝ൌ  (1)                                                            , ߨ
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where ଵ݂ and ௖݂ – respectively, are the frequencies of the source of electrical energy and the power system; 

	 ଵܷ and ௖ܷ – respectively, are the voltages of a source of electrical energy and a power system; ∝ – is an 
angle between the vectors of voltages U1 and UC and the order of rotation of the phases of the sources of 
electrical energy must be the same. 

 

 
 

Figure 1 – Stepped voltage form close to sinusoid 
 

 
 

Figure 2 – The block diagram of the inverter's synchronization with the power grid 
 

To fulfill the condition of synchronization of the inverter voltage with the mains voltage, a pulse 
former was developed. Sync pulses have a periodicity equal to the period of the AC network and are 
designed to control the frequency and phase of the AC voltage at the output of the inverter.  

To synchronize the mains voltage with the voltage of the inverter, there has been developed a device 
that generates the front of the synchronization pulse at the time of alternating current polarity in the 
industrial network. A scheme for converting and matching the network voltage level with the level of the 
multistage inverter voltage has also been developed. 

Figure 3 shows the developed circuit of the microcontroller control system of the inverter. For the 
inverter control system, it was decided to use the Atmel microcontroller of the Mega family. This micro-
controller has three 8-bit data I / O ports, which meets the management requirements. The control system 
was developed in the software environment Code Vision. 
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Figure 3 – The scheme of the microcontroller control system 
 

For accuracy of compliance with the commutation angles, the minimum performance is 12 MIPS that 
the microcontroller AVR of the ATMEGA series can be made by connecting to a 12 MHz crystal oscil-
lator. Programming was performed in the AVR Studio 4 environment, in the programming language C. 

Figure 4 shows the scheme of the synchronization block of the inverter with the power grid. The 
microcontroller synchronizes with the external network and calculates the sine period. For this, the 
microcontroller reads pulses from the synchronization block. In this case, it uses two blocks with 
optocouplers to calculate the timing of the synchronization. The input SYNCRO_2 receives pulses from 
the optocoupler U10, which is connected to the external network through the lowering resistance R63 
(figure 4). At the input SYNCRO_2, a pulse is produced for each half-period of the input voltage. 

In the scheme of the synchronization block of the inverter with the power grid, there is determined 
the time point of the positive and negative half-cycle of the mains voltage. In order to calculate the exact 
time of the sinusoid transition from the positive half cycle to the negative half and back, there are used 
pulses arriving at the input SYNCRO_1. 

In addition, the block calculates the time of the positive and negative half-cycle of the sinusoid. After 
calculating the time of the input voltage period, the step-on time is calculated. To do this, the analogue 
comparator inputs compare the voltage of the stage and the voltage of the external network and when the 
external voltage becomes greater than the step voltage, the value of the timer counter is recorded. Taking 
into account the value of the counter in the timer, the next voltage stage of the inverter is switched on in 
subsequent counts. 

 



N E W S of 
 

After 
according 
interrupt o
otherwise 
time of the

F
 

In thi
block circu
power  net
during syn
ensures fu
case, six v
practice (1

f the Academy 

completion 
to the count

of the compar
the run time

e stage is set.

Figure 5 – The 

is work ther
uit. There ha
twork.  Figur
nchronization
ull synchroni
voltage level
1) of synchro

of Sciences of

Fig

of reading an
tdown timer. 
rator occurre
e of the step 
. 

oscillogram of 

re have been
ave been car
re 5  shows  
n. As can be
ization of the
ls are used. 

onization of t

f the Republic

gure 4 – The sch

nd comparin
In this case,

ed before the
increases. I

the output volta

n made a mi
rried out exp
an  oscillogr

e seen from t
e output mul
Thus, it wa

the output mu

c of Kazakhsta
 

   
110  

heme of the syn
 

ng, the invert
, the externa
e timer has tr
n order that 

 

 

age of the inver

icrocontrolle
perimental st
ram  of the o
the voltage o
ltistage volta

as possible to
ultistage volt

an 

nchronization bl

ter goes into 
l voltage is m
ripped, then 
no false ala

rter and the pow

r control sy
tudies of the

output voltag
oscillogram, 
age of the in
o realize the
tage of the in

lock 

the basic mo
monitored by
the step coun

arms occur, t

wer grid during 

stem circuit 
e operation o
ge of the inve

the microco
nverter with 
e theoretical 
nverter with 

ode of operat
y the compar
ntdown time
the minimum

 

synchronizatio

and a synch
of the invert
erter and the 
ontroller cont
the power g
positions (f
the power gr

 

tion strictly 
rator. If the 
e decreases, 
m operating 

on 

hronization 
er with the 
power grid 
trol system 

grid. In this 
figure 1) in 
rid. 



ISSN 2224-5278                                                                                Series of Geology and Technical Sciences. 1. 2019 
 

 
111 

Н. Т. Исембергенов, К. Н. Тайсариева, У. О. Сейдалиева, В. В. Данильченко 
 

Қ. И. Сəтбаев атындағы Қазақ ұлттық техникалық зерттеу университетіб Алматы, Қазақстан 
 

КҮН ЭЛЕКТРСТАНЦИЯСЫН БАСҚАРУҒА АРНАЛҒАН МИКРОПРОЦЕССОРЛЫ ЖҮЙЕ 
  

Аннотация. Ғылыми мақалада микропроцессорлы басқару жүйесі өңделген. Ол жүйе күн электр стан-
циясын электжелісімен бірге синхронды жұмыс істеуін қамтамассыз етеді. Тəжірибеде көрсетілгендей, 
электржелісі таза синусоиданы бермейді жəнеде көптеген бұрмаланулары бар, яғни инвертордың шығыс 
кернеуін синусоидаға келтіру қажет.  

Түйін сөздер: микропроцессорлар, басқару жүйесі, күн электр станциясы, инвертор, энергожелі, 
синхрондау, кернеу. 
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МИКРОПРОЦЕССОРНАЯ СИСТЕМА УПРАВЛЕНИЯ ДЛЯ СОЛНЕЧНОЙ ЭЛЕКТРОСТАНЦИИ 
 

Аннотация. В статье разработана микропроцессорная система управления, которая обеспечить син-
хронную работу солнечной электростанции с электросетью. Показано, что на практике в электросети напря-
жение не соответствует чистой синусоиде и имеет искажения, к которым необходимо адаптировать выход-
ное напряжение инвертора. 

Ключевые слова: микропроцессоры, система управления, солнечная электростанция, инвертор, энерго-
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