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NAS RK is pleased to announce that Bulletin of NAS RK 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 Bulletin 
of NAS RK in the Emerging Sources Citation Index demonstrates our dedication to providing the 
most relevant and influential multidiscipline content to our community. 

 
 
Қазақстан Республикасы Ұлттық ғылым академиясы "ҚР ҰҒА Хабаршысы" ғылыми журна-

лының 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. Web of Science зерттеушілер, 
авторлар, баспашылар мен мекемелерге контент тереңдігі мен сапасын ұсынады. ҚР ҰҒА 
Хабаршысының Emerging Sources Citation Index-ке енуі біздің қоғамдастық үшін ең өзекті жəне 
беделді мультидисциплинарлы контентке адалдығымызды білдіреді.  

 
 
НАН РК сообщает, что научный журнал «Вестник НАН РК» был принят для индексирования 

в Emerging Sources Citation Index, обновленной версии Web of Science. Содержание в этом индек-
сировании 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 Вестника НАН РК в Emerging 
Sources Citation Index демонстрирует нашу приверженность к наиболее актуальному и 
влиятельному мультидисциплинарному контенту для нашего сообщества. 
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ENERGY-EFFICIENT FREQUENCY CONVERTER  
FOR INDUCTION HEATING 

 
Abstract. This article considers an energy-efficient frequency converter for induction heating, which consists 

of two power transistors, which increases the coefficient of performance and reduces the cost of the frequency con-
verter. This provides a high frequency of current from several kHz to hundreds of kHz. The operating principle of the 
frequency converter is described. 

Keywords: induction heating, frequency converter, transistor, energy efficiency and ЕСЕ. 
 

Induction heating is a method of contactless heating of electrically conductive materials (metals) by 
high-frequency currents of high power with the help of frequency converters, the efficiency of which does 
not exceed 60-80%. 

The purpose of the research is to develop a frequency converter for induction heating with the most 
efficient use of energy consumed with high efficiency and low cost. 

Induction heating is used to heat the technological equipment (oil pipeline, pipeline, tank, etc.), 
heating the metal, fluids, desiccation of coatings, materials (e.g. wood) [1]. The most important parameter 
of the induction heating installation is the frequency. For each process, there is an optimal frequency 
range, which provides the best technological and economic indicators. The frequencies from 50 Hz to 5 
MHz are used for induction heating of the metal. 

The main device of the induction heater is a frequency converter, which consists of a rectifier and an 
inverter. Depending on the power and frequency, the inverter is assembled from thyristors or transistors 
[2, 3]. 

Currently, frequency converters use power transistors, and inverters perform on four transistors, 
which, with a high switching frequency of transistors and with large inductive load currents, increases the 
frequency converter losses. This reduces efficiency and increases the ventilation power, which leads to a 
significant increase in the mass-size dimensions of the frequency converter and a decrease in power in the 
inductor. 

The frequency converter for induction heating with the smallest number of transistors and high 
efficiency is developed in the article, when it is connected to three-phase power supplies. Scientific 
recency is the number of transistors reduction to two, which increases the efficiency, which results in 
saving energy and reducing the cost of the frequency converter. 

Figure 1 shows a scheme of frequency converters for induction heating. Frequency converter for 
induction heating, contains two three-phase rectifiers, two switches on transistors, a high-frequency 
transformer with two primary and one secondary winding and inductor (Fig. 1). The input of the frequency 
converter is supplied with an alternating three-phase voltage, which is converted into two constant-voltage 
sources by two three-phase rectifiers, one has a direct polarity and the other has a reverse polarity. These 
two sources of direct voltage are turned on against each other (figure 1). 

The three-phase rectifier 1 is connected to the first primary winding W1 of the high-frequency 
transformer through the first transistor switch Т1 and the second three-phase rectifier 2 is connected to the 
second primary winding W2 of the high-frequency transformer through the second transistor switch Т2, the 
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The results of the experimental study showed that the prototype of the frequency converter works 
stably, produces the specified technical characteristics. Figure 3 shows the process of induction surface 
heating of a metal with a 120 mm diameter at a frequency of 20 kHz. This is done to show that the 
frequency converter only heats the metal surface at a frequency of 20 kHz, with the heating temperature 
reaching 800 degrees. It is not necessary to heat the oil pipeline to such a temperature, it is sufficient to 
heat the oil to a temperature of 50 degrees. 

It should be especially emphasized that the greatest use of electromagnetic energy will be if the 
power factor of the inductor is close to one. This can be achieved if a compensating capacitor bank is 
connected in parallel with the inductor. The compensating battery of capacitors and the inductor form a 
loading oscillatory circuit in which the reactive energy stored in the magnetic field of the inductor is 
transferred to the capacitors, passing into the energy of the electric field. 

Thus, a frequency converter for induction heating must have an output frequency range within 2-20 
kHz. The depth of induction field penetration in this frequency range is 2-5 mm, again depending on the 
frequency. If further heating is required in the depth of the part, the heating time increases. 
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ЭНЕРГИЯНЫҢ ИНДУКЦИЯЛЫҚ ҚЫЗДЫРУҒА АРНАЛҒАН  

ЭНЕРГИЯСЫНЫҢ ТИІМДІ СИПАТТАМАСЫ 
 

Аннотация. Мақалада қуатты транзистордан тұратын индукциялық қыздыру үшін энергияны үнем-
дейтін жиілікті түрлендіргіш қарастырылады, ол тиімділікті арттырады жəне жиілікті түрлендіргіштің құнын 
төмендетеді. Бұл бірнеше кГц - жүздеген кГц-ке дейінгі тоқ жиілігін қамтамасыз етеді. Жиілік түрлендіргі-
шінің жұмыс принципі сипатталған. 

Түйін сөздер: индукциялық жылу, жиілікті түрлендіргіш, транзистор, энергия тиімділігі жəне ПƏК. 
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ЭНЕРГОЭФФЕКТИВНЫЙ ПРЕОБРАЗОВАТЕЛЬ ЧАСТОТЫ ДЛЯ ИНДУКЦИОННОГО НАГРЕВА 

 
Аннотация. В статье рассматривается энергоэффективный преобразователь частоты для индукцион-

ного нагрева, который состоит из двух силовых транзисторов, что повышает КПД и снижает стоимость 
преобразователя частоты. При этом обеспечивается высокая частота тока от нескольких кГц до сотни кГц. 
Описан принцип работы преобразователя частоты. 

Ключевые слова: индукционный нагрев, преобразователь частоты, транзистор, энергоэффективность и 
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