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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, РҚБ 

«Қазақстан Республикасы Ұлттық Ғылым академиясының» президенті, АҚ «Д.В. Сокольский атындағы 
отын, катализ және электрохимия институтының» бас директоры (Алматы, Қазақстан), https://www.scopus.
com/authid/detail.uri?authorId=6602177960, https://www.webofscience.com/wos/author/record/2017489

БАС РЕДАКТОРДЫҢ ОРЫНБАСАРЫ: 
АБСАДЫҚОВ Бақыт Нәрікбайұлы, техника ғылымдарының докторы, профессор, ҚР ҰҒА 

академигі, Қ.И. Сәтбаев атындағы Қазақ ұлттық техникалық зерттеу университеті (Алматы, Қазақстан), 
https://www.scopus.com/authid/detail.uri?authorId=6504694468, https://www.webofscience.com/wos/author/
record/2411827

РЕДАКЦИЯ АЛҚАСЫ:
ӘБСӘМЕТОВ Мәлiс Құдысұлы (бас редактордың орынбасары), геология-минералогия 

ғылымдарының докторы, профессор, ҚР ҰҒА академигі, У.М. Ахмедсафин атындағы Гидрогеология 
және геоэкология институтының директоры, (Алматы, Қазақстан), https://www.scopus.com/authid/detail.
uri?authorId=56955769200, https://www.webofscience.com/wos/author/record/1937883

ЖОЛТАЕВ Герой Жолтайұлы, геология-минералогия ғылымдарының докторы, профессор, ҚР ҰҒА 
құрметті академигі, (Алматы, Қазақстан), https://www.scopus.com/authid/detail.uri?authorId=57112610200, 
https://www.webofscience.com/wos/author/record/1939201

СНОУ Дэниел, PhD, қауымдастырылған профессор, Небраска университетінің Су ғылымдары 
зертханасының директоры, (Небраска штаты, АҚШ), https://www.scopus.com/authid/detail.
uri?authorId=7103259215, https://www.webofscience.com/wos/author/record/1429613

ЗЕЛЬТМАНН Раймар, PhD, Жер туралы ғылымдар бөлімінің петрология және пайдалы қазбалар 
кен орындары саласындағы зерттеулерінің жетекшісі, Табиғи тарих мұражайы, (Лондон, Ұлыбритания), 
https://www.scopus.com/authid/detail.uri?authorId=55883084800, https://www.webofscience.com/wos/author/
record/1048681

ПАНФИЛОВ Михаил Борисович, техника ғылымдарының докторы, Нанси университетінің 
профессоры, (Нанси, Франция), https://www.scopus.com/authid/detail.uri?authorId=7003436752, https://www.
webofscience.com/wos/author/record/1230499

ШЕН Пин, PhD, Қытай геологиялық қоғамының Тау-кен геологиясы комитеті директорының 
орынбасары, Американдық экономикалық геологтар қауымдастығының мүшесі, (Бейжің, Қытай), 
https://www.scopus.com/authid/detail.uri?authorId=57202873965, https://www.webofscience.com/wos/author/
record/1753209

ФИШЕР Аксель, қауымдастырылған профессор, PhD, Дрезден техникалық университеті, (Дрезден, 
Берлин), https://www.scopus.com/authid/detail.uri?authorId=35738572100, https://www.webofscience.com/
wos/author/record/2085986

АГАБЕКОВ Владимир Енокович, химия ғылымдарының докторы, Беларусь ҰҒА академигі, Жаңа 
материалдар химиясы институтының құрметті директоры, (Минск, Беларусь), https://www.scopus.com/
authid/detail.uri?authorId=7004624845

КАТАЛИН Стефан, PhD, қауымдастырылған профессор, Техникалық университеті (Дрезден, 
Германия), https://www.scopus.com/authid/detail.uri?authorId=35203904500, https://www.webofscience.com/
wos/author/record/1309251

САҒЫНТАЕВ Жанай, PhD, қауымдастырылған профессор, Назарбаев университеті (Астана, 
Қазақстан), https://www.scopus.com/authid/detail.uri?authorId=57204467637, https://www.webofscience.com/
wos/author/record/907886

ФРАТТИНИ Паоло, PhD, қауымдастырылған профессор, Бикокк Милан университеті, (Милан, 
Италия), https://www.scopus.com/authid/detail.uri?authorId=56538922400 

НҰРПЕЙІСОВА Маржан Байсанқызы – Техника ғылымдарының докторы, Қ.И. Сәтбаев атындағы 
Қазақ ұлттық зерттеу техникалық университетінің профессоры, (Aлматы, Қазақстан), https://www.scopus.com/
authid/detail.uri?authorId=57202218883, https://www.webofscience.com/wos/author/record/AAD-1173-2019

Ратов Боранбай Товбасарович, техника ғылымдарының докторы, профессор, «Геофизика және 
сейсмология» кафедрасының меңгерушісі, Қ.И. Сәтбаев атындағы Қазақ ұлттық зерттеу техникалық 
университеті, (Алматы, Қазақстан), https://www.scopus.com/authid/detail.uri?authorId=55927684100, https://
www.webofscience.com/wos/author/record/1993614

РОННИ Берндтссон, Лунд университетінің Таяу Шығысты перспективалы зерттеу орталығының 
профессоры, Лунд университетінің толық курсты профессоры, (Швеция), https://www.scopus.com/authid/
detail.uri?authorId=7005388716, https://www.webofscience.com/wos/author/record/1324908

МИРЛАС Владимир, Ариэль университетінің Химиялық инженерия факультеті және Шығыс ғылыми-
зерттеу орталығы, (Израиль), https://www.scopus.com/authid/detail.uri?authorId=8610969300, https://www.
webofscience.com/wos/author/record/53680261



«Известия РОО «НАН РК». Серия геологии и технических наук».
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Свидетельство о постановке на учет периодического печатного издания в Комитете информации 
Министерства информации и общественного развития Республики Казахстан № KZ39VPY00025420, 
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ГЛАВНЫЙ РЕДАКТОР
ЖУРИНОВ Мурат Журинович, доктор химических наук, профессор, академик НАН РК, президент 

РОО Национальной академии наук Республики Казахстан, генеральный директор АО «Институт топлива, 
катализа и электрохимии им. Д.В. Сокольского» (Алматы, Казахстан), https://www.scopus.com/authid/detail.
uri?authorId=6602177960, https://www.webofscience.com/wos/author/record/2017489

ЗАМЕСТИТЕЛЬ ГЛАВНОГО РЕДАКТОРА 
АБСАДЫКОВ Бахыт Нарикбаевич, доктор технических наук, профессор, академик НАН РК, 

Казахский национальный исследовательский технический университет им. К.И. Сатпаева (Алматы, 
Казахстан), https://www.scopus.com/authid/detail.uri?authorId=6504694468, https://www.webofscience.com/
wos/author/record/2411827

РЕДАКЦИОННАЯ КОЛЛЕГИЯ:
АБСАМЕТОВ Малис Кудысович, (заместитель главного редактора), доктор геолого-

минералогических наук, профессор, академик НАН РК, директор Института гидрогеологии и геоэкологии 
им. У.М. Ахмедсафина (Алматы, Казахстан), https://www.scopus.com/authid/detail.uri?authorId=56955769200, 
https://www.webofscience.com/wos/author/record/1937883

ЖОЛТАЕВ Герой Жолтаевич, доктор геологоминералогических наук, профессор, почетный академик 
НАН РК (Алматы, Казахстан), https://www.scopus.com/authid/detail.uri?authorId=57112610200, https://www.
webofscience.com/wos/author/record/1939201

СНОУ Дэниел, PhD, ассоциированный профессор, директор Лаборатории водных наук Университета 
Небраски (штат Небраска, США), https://www.scopus.com/authid/detail.uri?authorId=7103259215, https://
www.webofscience.com/wos/author/record/1429613

ЗЕЛЬТМАНН Раймар, PhD, руководитель исследований в области петрологии и месторождений 
полезных ископаемых в Отделе наук о Земле Музея естественной истории (Лондон, Англия), https://www.
scopus.com/authid/detail.uri?authorId=55883084800, https://www.webofscience.com/wos/author/record/1048681

ПАНФИЛОВ Михаил Борисович, доктор технических наук, профессор Университета Нанси (Нанси, 
Франция), https://www.scopus.com/authid/detail.uri?authorId=7003436752, https://www.webofscience.com/
wos/author/record/1230499

ШЕН Пин, PhD, заместитель директора Комитета по горной геологии Китайского геологического 
общества, член Американской ассоциации экономических геологов (Пекин, Китай), https://www.scopus.
com/authid/detail.uri?authorId=57202873965, https://www.webofscience.com/wos/author/record/1753209

ФИШЕР Аксель, ассоциированный профессор, PhD, технический университет Дрезден (Дрезден, 
Берлин), https://www.scopus.com/authid/detail.uri?authorId=35738572100, https://www.webofscience.com/
wos/author/record/2085986

АГАБЕКОВ Владимир Енокович, доктор химических наук, академик НАН Беларуси, почетный 
директор Института химии новых материалов (Минск, Беларусь), https://www.scopus.com/authid/detail.
uri?authorId=7004624845

КАТАЛИН Стефан, PhD, ассоциированный профессор, Технический университет (Дрезден, 
Германия), https://www.scopus.com/authid/detail.uri?authorId=35203904500, https://www.webofscience.com/
wos/author/record/1309251

САГИНТАЕВ Жанай, PhD, ассоциированный профессор, Назарбаев университет (Астана, Казахстан), 
https://www.scopus.com/authid/detail.uri?authorId=57204467637 , https://www.webofscience.com/wos/author/
record/907886

ФРАТТИНИ Паоло, PhD, ассоциированный профессор, Миланский университет Бикокк (Милан, 
Италия), https://www.scopus.com/authid/detail.uri?authorId=56538922400 НУРПЕИСОВА Маржан 
Байсановна – доктор технических наук, профессор Казахского Национального исследовательского 
технического университета им. К.И. Сатпаева, (Aлматы, Казахстан), https://www.scopus.com/authid/detail.
uri?authorId=57202218883, https://www.webofscience.com/wos/author/record/AAD-1173-2019

РАТОВ Боранбай Товбасарович, доктор технических наук, профессор, заведующий кафедрой 
«Геофизика и сейсмология», Казахский Национальный исследовательский технический университет им. 
К.И. Сатпаева, (Алматы, Казахстан), https://www.scopus.com/authid/detail.uri?authorId=55927684100, https://
www.webofscience.com/wos/author/record/1993614

РОННИ Берндтссон, Профессор Центра перспективных ближневосточных исследований Лундского 
университета, профессор (полный курс) Лундского университета, (Швеция), https://www.scopus.com/
authid/detail.uri?authorId=7005388716 , https://www.webofscience.com/wos/author/record/1324908

МИРЛАС Владимир, Факультет химической инженерии и Восточный научно-исследовательский 
центр, Университет Ариэля, (Израиль), https://www.scopus.com/authid/detail.uri?authorId=8610969300, 
https://www.webofscience.com/wos/author/record/53680261



News of the National Academy of Sciences of the Republic of Kazakhstan. Series of geology and 
technology sciences.
ISSN 2518-170X (Online), 
ISSN 2224-5278 (Print)
Owner: RPA «National Academy of Sciences of the Republic of Kazakhstan» (Almaty).
The certificate of registration of a periodical printed publication in the Committee of information of the Ministry of 
Information and Social Development of the Republic of Kazakhstan No. KZ39VPY00025420, issued 29.07.2020.
Thematic scope:  geology, hydrogeology, geography, mining and chemical technologies of oil, gas and metals
Periodicity: 6 times a year. 
http://www.geolog-technical.kz/index.php/en/

©  National Academy of Sciences of the Republic of Kazakhstan, 2025

EDITOR-IN-CHIEF
ZHURINOV Murat Zhurinovich, Doctor of Chemical Sciences, Professor, Academician of NAS RK, 

President of National Academy of Sciences of the Republic of Kazakhstan, RPA, General Director of JSC " 
D.V. Sokolsky Institute of Fuel, Catalysis and Electrochemistry " (Almaty, Kazakhstan), https://www.scopus.com/
authid/detail.uri?authorId=6602177960, https://www.webofscience.com/wos/author/record/2017489

DEPUTY EDITOR-IN-CHIEF
ABSADYKOV Bakhyt Narikbayevich, Doctor of Technical Sciences, Professor, Academician of NAS RK, 

Satbayev University (Almaty, Kazakhstan), https://www.scopus.com/authid/detail.uri?authorId=6504694468, 
https://www.webofscience.com/wos/author/record/2411827

EDITORIAL BOARD:
ABSAMETOV Malis Kudysovich, (Deputy Editor-in-Chief), Doctor of Geological and Mineralogical 

Sciences, Professor, Academician of NAS RK, Director of the Akhmedsafin Institute of Hydrogeology and 
Geoecology (Almaty, Kazakhstan), https://www.scopus.com/authid/detail.uri?authorId=56955769200, https://
www.webofscience.com/wos/author/record/1937883

ZHOLTAEV Geroy Zholtaevich, Doctor of Geological and Mineralogical Sciences, Professor, Honorary 
Academician of NAS RK (Almaty, Kazakhstan), https://www.scopus.com/authid/detail.uri?authorId=57112610200, 
https://www.webofscience.com/wos/author/record/1939201

SNOW Daniel, PhD, Associate Professor, Director, Aquatic Sciences Laboratory , University of Nebraska 
(Nebraska, USA), https://www.scopus.com/authid/detail.uri?authorId=7103259215, https://www.webofscience.
com/wos/author/record/1429613

SELTMANN Reimar, PhD, Head of Petrology and Mineral Deposits Research in the Earth Sciences 
Department, Natural History Museum (London, England), https://www.scopus.com/authid/detail.
uri?authorId=55883084800, https://www.webofscience.com/wos/author/record/1048681

PANFILOV Mikhail Borisovich, Doctor of Technical Sciences, Professor at the University of Nancy 
(Nancy, France), https://www.scopus.com/authid/detail.uri?authorId=7003436752, https://www.webofscience.
com/wos/author/record/1230499

SHEN Ping, PhD, Deputy Director of the Mining Geology Committee of the Chinese Geological Society, 
Member of the American Association of Economic Geologists (Beijing, China), https://www.scopus.com/authid/
detail.uri?authorId=57202873965 , https://www.webofscience.com/wos/author/record/1753209

FISCHER Axel, PhD, Associate Professor, Technical University of Dresden (Dresden, Berlin), https://www.
scopus.com/authid/detail.uri?authorId=35738572100, https://www.webofscience.com/wos/author/record/2085986

AGABEKOV Vladimir Enokovich, Doctor of Chemical Sciences, Academician of NAS of Belarus, 
Honorary Director of the Institute of Chemistry of New Materials (Minsk, Belarus), https://www.scopus.com/
authid/detail.uri?authorId=7004624845

CATALIN Stefan, PhD, Associate Professor, Technical University of Dresden, Germany, https://www.scopus.
com/authid/detail.uri?authorId=35203904500, https://www.webofscience.com/wos/author/record/1309251

Jay Sagin, PhD, Associate Professor, Nazarbayev University (Astana, Kazakhstan), https://www.scopus.com/
authid/detail.uri?authorId=57204467637 , https://www.webofscience.com/wos/author/record/907886

FRATTINI Paolo, PhD, Associate Professor, University of Milano - Bicocca (Milan, Italy), https://www.
scopus.com/authid/detail.uri?authorId=56538922400 

NURPEISOVA Marzhan Baysanovna – Doctor of Technical Sciences, Professor of Satbayev University, 
(Almaty, Kazakhstan), https://www.scopus.com/authid/detail.uri?authorId=57202218883, https://www.
webofscience.com/wos/author/record/AAD-1173-2019

RATOV Boranbay Tovbasarovich, Doctor of Technical Sciences, Professor, Head of the Department of 
Geophysics and Seismology, Satbayev University (Almaty, Kazakhstan), https://www.scopus.com/authid/detail.
uri?authorId=55927684100, https://www.webofscience.com/wos/author/record/1993614

RONNY Berndtsson, Professor at the Center of Promising Middle Eastern Research, Lund University 
(Sweden), https://www.scopus.com/authid/detail.uri?authorId=7005388716, https://www.webofscience.com/wos/
author/record/1324908

MIRLAS Vladimir, Faculty chemical engineering and Oriental research center, Ariel University, (Israel), 
https://www.scopus.com/authid/detail.uri?authorId=8610969300 , https://www.webofscience.com/wos/author/
record/53680261



277

ISSN 2224-5278                                                                                                           2.2025

NEWS of the National Academy of Sciences of the Republic of Kazakhstan
SERIES OF GEOLOGY AND TECHNICAL SCIENCES
ISSN 2224–5278
Volume 2. Number 470 (2025), 277–289         

https://doi.org/10.32014/2025.2518-170X.455

UDC 621.31

G.E. Sakhmetova1, B.K. Uralov1, R.A. Shinibekova1, K.T. Sherov2, 
M.R. Sikhimbayev3, 2025.

1South Kazakhstan University named after M. Auezov, Shymkent, Kazakhstan;
2Kazakh Agrotechnical Research University named after S. Seifullin,

Astana, Kazakhstan;
3Karaganda University of Kazpotrebsoyuz, Karaganda, Kazakhstan.

E-mail: 17-07-70@mail.ru

COMPARATIVE ANALYSIS OF AMPLITUDE-MODULATION 
TYPE FREQUENCY CONVERTERS

Sakhmetova Gulmira Edilovna – PhD, Associate Professor, M. Auezov South Kazakhstan University, 
Shymkent, Kazakhstan, E-mail: 17-07-70@mail.ru, ORCID ID: 0009-0003-9818-3772;
Uralov Baydulla Kidirbaevich – Candidate of Technical Sciences, Associate Professor, South 
Kazakhstan University, Shymkent, Kazakhstan, E-mail: uralov-1973.2@mail.ru Shymkent, 
Kazakhstan, ORCID ID: 0009-0001-7876-2625;
Shinibekova Raikhan Altynbekova – Senior Lecturer, Auezov South Kazakhstan University, 
Shymkent, Kazakhstan, E-mail: shinibekova.raikhan@mail.ru, ORCID ID: 0009-0005-3164-4700;
SherovKaribekTagayevich – Doctor of Engineering Sciences, Professor, S. Seifullin Kazakh Agro 
Technical University, Astana, Kazakhstan, E-mail: shkt1965@mail.ru, ORCID: 0000-0003-0209-
180X;
Sikhimbayev Muratbay Ryzdikbayevich – Doctor of Economic Sciences, Professor, Karaganda 
university of Kazpotrebsoyuz, Karaganda, Kazakhstan, E-mail: smurat@yandex.ru, ORCID: 0000-
0002-8763-6145.

Abstract: Relevance. Currently, the problem of environmental pollution from 
traditional energy sources is particularly relevant. In gas turbine installations with 
an amplitude-modulating frequency converter, precise control of the power and 
speed of the GTI is performed, reducing the amount of fuel burned at incomplete 
loads and, most importantly, leads to a reduction in pollutant emissions. The 
additional load on the electrical components of a gas turbine installation due to 
current distortion has negative consequences affecting the efficiency, reliability and 
service life of the equipment. Despite the existing research and development work 
on AMPF, the task of recording the output current spectrum remains unresolved, 
which complicates the optimal design of the GTI. Thus, the issue of optimal design 
of the GTI using an amplitude-modulated frequency converter, which would ensure 
the least distortion and stable operation of the GTI, is relevant. Goal. The aim of the 
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work is to develop scientifically based recommendations to stabilize the load on the 
electrical components of the GTI to reduce emissions, noise and thermal pollution. 
An amplitude-modulation frequency converter in the form of a modulation generator 
with a sinusoidally pulsating excitation current was chosen as the object of the 
study. Methods. The article proposes a method for determining the distortion of the 
load current of amplitude-modulating frequency converters with direct coupling to 
optimize the control system of the GTI. The paper provides a comparative analysis 
of an amplitude-modulating frequency converter and a frequency converter with 
direct coupling and artificial switching of thyristors to determine load current 
distortions. Results and conclusions. The analysis and calculation results show 
that the amplitude-modulation frequency converter ensures the least distortion and 
stable operation of the GTI and, as a result, a reduction in emissions of pollutants 
into the atmosphere. The methods and conclusions can be applied to solve actual 
practical problems in the design of geoecological, energy-efficient energy supply 
systems.

Key words: gas turbine installations, frequency converter, load distortion, 
harmonics, modulation generator.
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Аннотация. Өзектілігі. Қазіргі уақытта дәстүрлі энергия көздерінің 
қоршаған ортаны ластау мәселесі ерекше өзекті болып табылады. 
Амплитудалық модуляциялаушы жиілік түрлендіргіші бар газ турбиналы 
қондырғыларда  қуаты мен айналу жиілігін дәл реттеу жүзеге асырылады, 
бұл толық емес жүктемелер кезінде жанатын отын мөлшерін азайтады және 
ең бастысы ластаушы заттар шығарындыларының азаюына әкеледі. Газ 
турбиналық қондырғының электр компоненттеріне токтың бұрмалануына 
байланысты қосымша жүктеме жабдықтың тиімділігіне, сенімділігіне 
және қызмет ету мерзіміне әсер ететін жағымсыз салдарға әкеледі. АМЖТ 
бойынша қолданыстағы ғылыми-зерттеу және тәжірибелік-конструкторлық 
жұмыстарға қарамастан, шығыс ток спектрін тіркеу міндеті шешілмеген 
күйінде қалып, оңтайлы ГТҚ құрылымын қиындатады.Осылайша, ең аз 
бұрмалануды және тұрақты ГТҚ жұмысын қамтамасыз ететін амплитудалық 
модуляцияланған жиілік түрлендіргішін қолданатын оңтайлы ГТҚ құрылысы 
туралы мәселе өзекті болып табылады. Мақсаты.Жұмыстың мақсаты 
шығарындыларды, шуды және жылу ластануын азайту үшін ГТҚ электр 
компоненттеріне жүктемені тұрақтандыру бойынша ғылыми негізделген 
ұсыныстар әзірлеу болып табылады. Зерттеу нысаны ретінде синусоидалы 
импульстік қоздыру тогы бар модуляциялық генератор түріндегі амплитудалық 
модуляцияланған жиілік түрлендіргіші таңдалды.Әдістері. Мақалада ГТҚ 
басқару жүйесін оңтайландыру үшін тікелей байланысқан амплитудалық 
модуляциялық жиілік түрлендіргіштерінің жүктеме тогының бұрмалануын 
анықтау әдісі ұсынылған. Мақалада жүктеме тогының бұрмалануын анықтау 
үшін амплитудалық модуляцияланған жиілік түрлендіргіші мен тікелей 
байланысқан жиілік түрлендіргіші және тиристорлардың жасанды ауысуы 
салыстырмалы талдау жасалды.Нәтижелер мен қорытындылар. Талдау және 
есептеу нәтижелері амплитудалық модуляцияланған жиілік түрлендіргіші 
ГТҚ-ның ең аз бұрмалануын және тұрақты жұмысын қамтамасыз ететінін 
және нәтижесінде атмосфераға ластаушы заттардың шығарындыларын 
азайтатынын көрсетеді.Алынған әдістер мен қорытындыларды энергиямен 
жабдықтаудың геоэкологиялық, энергия тиімді жүйелерін жобалау кезінде 
өзекті практикалық міндеттерді шешу үшін қолдануға болады.

Түйін сөздер: газ турбиналық қондырғылар, жиілік түрлендіргіші, 
жүктеме бұрмалануы, гармоника, модуляция генераторы.
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Аннотация. Актуальность. В настоящее время проблема загрязнения 
окружающей среды традиционными источниками энергии является особенно 
актуальной. В газотурбинных установках с амплитудно-модулирующим 
преобразователем частоты осуществляется точное регулирование мощности 
и частоты вращения ГТУ, что сокращает количество сжигаемого топлива 
при неполных нагрузках и, самое главное, приводит к снижению выбросов 
загрязняющих веществ. Дополнительная нагрузка на электрические 
компоненты газотурбинной установки из-за искажения тока имеет негативные 
последствия, влияющие на эффективность, надежность и срок службы 
оборудования. Несмотря на существующие научно-исследовательские и 
опытно-конструкторские работы по АМПЧ, задача регистрации спектра 
выходного тока остается нерешенной, что усложняет оптимальную 
конструкцию ГТУ. Таким образом, вопрос об оптимальной конструкции 
ГТУ с использованием амплитудно-модулированного преобразователя 
частоты, который обеспечивал бы наименьшие искажения и стабильную 
работу ГТУ, является актуальным. Цель. Целью работы является разработка 
научно обоснованных рекомендаций по стабилизации нагрузки на 
электрические компоненты ГТУ для снижения выбросов, шума и теплового 
загрязнения. В качестве объекта исследования был выбран преобразователь 
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частоты c амплитудной модуляцией в виде модуляционного генератора 
с синусоидально пульсирующим током возбуждения. Методы. В статье 
предложен метод определения искажений тока нагрузки амплитудно-
модулирующих преобразователей частоты с прямой связью для оптимизации 
системы управления ГТУ. В статье проведен сравнительный анализ 
преобразователя частоты c амплитудной модуляцией и преобразователя 
частоты с прямой связью и искусственным переключением тиристоров для 
определения искажений тока нагрузки. Результаты и выводы. Результаты 
анализа и расчетов показывают, что преобразователь частоты с амплитудной 
модуляцией обеспечивает наименьшие искажения и стабильную работу GTI 
и, как следствие, снижение выбросов загрязняющих веществ в атмосферу. 
Полученные методы и выводы могут быть применены для решения 
актуальных практических задач при проектировании геоэкологических, 
энергоэффективных систем энергоснабжения.

Ключевые слова: газотурбинные установки, преобразователь частоты, 
искажение нагрузки, гармоники, генератор модуляции.

Introduction. The geo-ecological situation associated with the use of traditional 
powerful energy sources is deteriorating every year. In this regard, back in 1997 
in Kyoto, Japan, the Kyoto Protocol, an international agreement, was adopted 
within the framework of the UN Convention on Climate Change. One of the key 
features of the Kyoto Protocol was the commitments of the participating countries 
to reduce greenhouse gas emissions, with specific quotas for developed countries 
(Strovsky, 2004). To comply with the agreement, the participating countries began 
to increase the share of non-traditional energy sources. But they are inferior in 
power to traditional ones and are also tied to weather conditions. The use of gas 
turbine installations that provide quick start and power control makes them ideal 
for covering peak loads of electric energy consumers (Campbell,1998). In general, 
although gas turbine installations (GTI) represent a more environmentally friendly 
alternative to many other energy sources, they can still have an impact on the 
environment. With precise and smooth control of the start and stop of the GTI, 
the risk of fuel leaks or other pollutants that may enter the soil can be reduced 
(Tolubayeva,2024). Currently, in a number of cases, an amplitude-modulated 
frequency converter (AMFC) is used to control the GTI, which allows not only 
frequency control, but also solves a number of problems related to emissions that 
affect atmospheric conditions and cause global warming and a decrease in air quality 
during operation and management of the GTI (Manezhnov, 2016; Karsakova, et al., 
2024:11).

Research materials and methods. In one of the variants that has recently 
attracted the most attention of researchers, AMFC contains a (GM) modulation 
generator and a K(2,3,6) thyristor switch (Fig. 1, a). In this case, the frequency 
conversion (Makarenko, 2019; Beisembetov, et al., 2013:6; Khayitov, et al., 
2024:10), which affects the efficiency of fuel combustion and emissions, is carried 
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out by amplitude modulation of the output voltage of phase m1 GM by exciting it 
with an alternating current of the required frequency, but with a value equal to the 
output frequency of the system f2, followed by rectification of the high-frequency 
voltage of the generator and cyclic repolarization relative to the load of half-waves 
of the output frequency using a switch (Fig.1, b)

.  

 
 
Figure 1- shows a block diagram of one of the AMFC variants with m1=3, m2=1 (a) and time diagrams 

of AMFC output voltages and currents (b). 
GM – modulator generator, K-switchboard, EW- excitation winding, PS- f2 frequency power supply, 

CS- current sensor, SCU – switchboard control unit 
 
To form an m2–phase voltage system using such a device, an m2–phase alternating current 

source with excitation power and an m2 – phase K are used, and the GM is made in the form of a 
number of synchronous machines structurally combined by means of a shaft and a body m2. Some 
principles of GM excitation and improvement of its energy parameters affecting the geo-ecological 
situation are considered in (Ivanchin,2017; Sherov, et al., 2021a:7; Absadykov, et al., 2024:9). 

The switch can be made on thyristor with artificial (Popov, 1971) or natural switching. The 
simplest K circuit with a sufficiently high output voltage quality is obtained at m1=3 (Fig.1, a). With 
natural switching of thyristors for control. The most effective principle of separate control can be 
applied, reducing the negative impact on the environment, which has recently been used to control 
reversible rectifiers and frequency converters with direct connection. This principle is illustrated in 
Fig.1b, which shows the output voltages U2 and current i2, as well as the switching laws Ψ1 – Ψ6 of 
thyristors 1-6. Such a system is of particular interest, in particular, for autonomous power supply 
systems for mobile facilities with variable rotation speed of the generator drive, with the aim of 
rational use of resources and minimizing environmental risks (Allison, 1972; Sherov, et al., 
2022b:13; Sherov, et al., 2022:8). The main advantages of this system, compared, for example, with 
a similar system without modulating the excitation flow of the generator, are the comparative 
simplicity of the control system and a significantly higher quality of the output current, all other 
things being equal, which in some cases makes it possible to dispense with filters. The slightly 
higher weight of the GM compared to a generator without flow modulation is a known disadvantage 
of the system. The task here is not to determine the appropriate areas of application of AMFC of all 
known types. The given example of an AMFC in the form of a GM with a sinusoidally pulsating 
excitation current and K is taken for illustration. 

Despite the available research and development work on AMPF, the task of recording the 
output current spectrum K remains unresolved for the general case of the ratio of input and output 
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switching. The simplest K circuit with a sufficiently high output voltage quality is 
obtained at m1=3 (Fig.1, a). With natural switching of thyristors for control. The 
most effective principle of separate control can be applied, reducing the negative 
impact on the environment, which has recently been used to control reversible 
rectifiers and frequency converters with direct connection. This principle is 
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illustrated in Fig.1b, which shows the output voltages U2 and current i2, as well 
as the switching laws Ψ1 – Ψ6 of thyristors 1-6. Such a system is of particular 
interest, in particular, for autonomous power supply systems for mobile facilities 
with variable rotation speed of the generator drive, with the aim of rational use 
of resources and minimizing environmental risks (Allison, 1972; Sherov, et al., 
2022b:13; Sherov, et al., 2022:8). The main advantages of this system, compared, 
for example, with a similar system without modulating the excitation flow of the 
generator, are the comparative simplicity of the control system and a significantly 
higher quality of the output current, all other things being equal, which in some 
cases makes it possible to dispense with filters. The slightly higher weight of the 
GM compared to a generator without flow modulation is a known disadvantage of 
the system. The task here is not to determine the appropriate areas of application of 
AMFC of all known types. The given example of an AMFC in the form of a GM 
with a sinusoidally pulsating excitation current and K is taken for illustration.

Despite the available research and development work on AMPF, the task of 
recording the output current spectrum K remains unresolved for the general case of 
the ratio of input and output frequencies ω1/ω2 and for an arbitrary number of phases 
of GM - m1, which makes it difficult to optimally design, control and compare such 
devices with others to minimize emissions into the atmosphere. The present work 
is devoted to solving this problem. The method of switching functions, or otherwise 
the method of mathematical description of signals with amplitude-pulse modulation, 
is used as the research apparatus. In the analysis, we make assumptions about the 
ideality of thyristors (instantaneous switching, no voltage drop), zero reactants 
GM (switching angle γ = 0) and neglect the pause between half-waves of the load 
current, which, depending on the type of thyristor, is (20-100) microseconds. The 
output voltage U1 of the switch can be represented by the product of two functions:

U2= U1вΨ2								        (1)

where U1b is the rectified voltage; Ψ2 is the modulating effect.

The rectified m1 pulse voltage can be written as follows [L. 4]:
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Results. As can be seen from expression (1a), the amplitudes of the fundamental and higher 

harmonics of the voltage are determined only by the phase of GM-m1.  
It should also be noted the advantage of this frequency conversion method, which affects the 

operation of fuel combustion in the GTI, which consists in the fundamental absence of 
subharmonics in the output voltage, since according to the principle of operation, the condition 
ω2<ω1 must be fulfilled. When ω2=0 and θ2=π/2, expression (1a) turns into the spectrum of the m1 
pulse rectified voltage. Based on (1a) voltage harmony coefficient 
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The graph of this dependence is shown in Fig. 2. For comparison, the 

dependence  is shown for a frequency converter with direct coupling and artificial 
switching of thyristors (FCDCA) with the most efficient control algorithm by cyclically connecting 
the network phases to the load at regular intervals to determine the geo-ecological aspects 
(Barbosa,2019; Ängquist,2013). 
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Results. As can be seen from expression (1a), the amplitudes of the fundamental 
and higher harmonics of the voltage are determined only by the phase of GM-m1. 
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For m1 = 2, the sum is found by reducing the method of indefinite coefficients of the initial 

fraction representing the common term of the series to the sum of more elementary fractions 
describing the common terms of the series, the sums of which are known from the reference 
literature: 

 
 
Thus, for m1=2, the coefficient, i.e., is the same as that of the meander (Espinoza,2001). 

Calculating the exact value at m1 = 3.6, etc. by a similar method causes difficulties. Taking into 
account only the first three terms for m1 = 3, and for m1 = 6. Using an estimate of the sum of the 
unaccounted-for terms of the series, using inequalities, it can be shown that the calculation error in 
the first case does not exceed 1.7%, and in the second 0.47%. For example, let m1 = 3. Let 's 
estimate the relative error allowed in this case. Because when k>1 
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complex load resistance corresponding to its frequency, followed by summing the resulting 
harmonic currents. For convenience of calculations, the complex resistance module for the 
fundamental harmonic. 
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m1 = 6. Using an estimate of the sum of the unaccounted-for terms of the series, 
using inequalities, it can be shown that the calculation error in the first case does 
not exceed 1.7%, and in the second 0.47%. For example, let m1 = 3. Let ‘s estimate 
the relative error allowed in this case. Because when k>1
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where it is indicated for convenience   

Discussion 
The calculation results for three values m1 =2, 3, 6 in the range of parameter changes 

и are shown in Fig. 3.4. Taking into account the rapid convergence of the 
radius (10), the nearest 10 harmonics were taken into account. 
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A comparative analysis under equal conditions for  shows that AMFC provides 

significantly lower distortion, especially harmonic distortion, and also minimizes impacts that may 
occur in the ecosystem compared to FCDCAS 

Conclusions 
1. The problem of increasing the environmental sustainability of gas turbine installations, 

reducing emissions, noise and thermal pollution is solved with the help of AMFC in GTI. 
2. A method is proposed for determining the distortion of the load current for frequency 

converters with direct amplitude modulation to control the GTI and minimize their noise pollution. 
3. Results of calculations of load current distortions for AMFC and some other types of 

converters. 
4. The results obtained, as well as the method for determining primary currents, can be used in 

the design of energy-efficient and environmentally friendly GM. 
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