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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.

Kaszaxcman Pecnybnukacer ¥immuolx 2oiivim akademuscol « KP YA Xabapnapwr. ['eonocus
JICOHE MEXHUKANBIK RbLILIMOAD CepUsiColy &blibiMu dicypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyee KabulioanHeanwin
xabapaaiiovl. Byn unoexcmeny oapvicoinda Clarivate Analytics komnanuscol JHcypHAIOb
o0an api the Science Citation Index Expanded, the Social Sciences Citation Index scane the
Arts & Humanities Citation Index-xe kabuvinioay macenecin xapacmoipyoa. Webof Science
sepmmeywinep, agmopiap, 6acnawibliap MeH MeKemenepze KOHmeHnm mepenoici MeH
canacwin yeoinaowvl. KP YFA Xabapnapel. eonoeust scane mexHUKAIbIK 2bLIbIMOAP CEpUsicol
Emerging Sources Citation Index-xe enyi 0i30iy Koamoacmulx ywin ey 03eKmi dcone
6edendi eeonocus JHcoHe MEXHUKATIBIK bLILIMOAP OOUbIHULA KOHMEHMKe A0an0blebiMbI30bl

6in0ipeoi.

HAH PK coobwaem, umo nayunvii scypuan «Mseecmuss HAH PK. Cepusa ceonozuu u
MeXHUYecKux Hayk» ol npunsm 015 unoexcuposanusi 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codeporcanue 6 3mom uHOEKCUPOBAHUL HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as Oanvbheuue2o npuHAmMUs
acypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u
the Arts & Humanities Citation Index. Web of Science npednacaem xauecmeo u enyoumy
KOHmeHma O ucciedogamenell, asmopos, uzoameneii u yupedxcoeHull. Brmouenue
Uszeecmua HAH PK. Cepus ceonocuu u mexuuueckux Hayk ¢ Emerging Sources Citation
Index demoncmpupyem nauty npusepiceHHOCHb K Hauboiee akmyaibHOMY U GIUAMETbHOMY
KOHMEHMY NO 2e0102UU U MEeXHUYeCKUM HAYKAM 0I5l Haule2o coooujecmad.



BAC PEJJAKTOP

YKYPBIHOB Mypar JKypbIHy./IbI, XUMHUS FBUIBIMIAPEIHBIH TOKTOPSL, mpodeccop, KP YFA akanemuri, PKB
«Kazakcran Pecriyonukacel YTtk FouibiM akagemusicbinbiay npesuaenti, AK «/1.B. Cokonbekuii aTbIHIaFbI
OTBIH, KaTaJli3 JKOHE MICKTPOXUMHS HHCTUTYTHIHBIH» 0ac IupekTopsl (AnMarsl, Kazakcran), https://www.scopus.
com/authid/detail.uri?authorld=6602177960, https://www.webofscience.com/wos/author/record/2017489

BAC PEJAKTOP/IbIH OPBIHEACAPBI:

ABCAIBIKOB BakbiT Hopik6aiiyiabl, TexHHKa FbUIBIMIAAPBIHBIH JOKTOpBI, mpodeccop, KP YFA
akazemuri, K.M. Corbaes arbiHiarel Kasak yITTBIK TEXHHKANIBIK 3epTTey yHUBepcuteTi (Anmarsl, Kaszakcran),
https://www.scopus.com/authid/detail.uri?authorld=6504694468,  https://www.webofscience.com/wos/author/
record/2411827

PEJAKLUS AJIKACHI:

OBCOMETOB Momic Kyasicyabl (6ac  pemakTopAblH — OpbIHOAcapbl), I€OJOTUs-MHUHEPAIOTUst
FBUIBIMIAPBIHBIH JTOKTOPBI, mpodeccop, KP YFA akagemuri, Y.M. Axmencadun arteiHmarst I'naporeonorus
JKOHE TEO0DKOJIOTUSI MHCTUTYTHIHBIH THUpPEKTOpsl, (AnmMarsl, Ka3zakcran), https://www.scopus.com/authid/detail.
uri?authorld=56955769200, https://www.webofscience.com/wos/author/record/1937883

YKOJITAEB I'epoii XKoaraiiyiibl, reonorus-MHHEPAIOT sl FEUTBIMAAPBIHBIH TOKTOPHL, podeccop, KP YFA
KypMetTi akazgemuri, (Anmarsl, Kasakcran), https://www.scopus.com/authid/detail.uri?authorld=57112610200,
https://www.webofscience.com/wos/author/record/1939201

CHOY JIpumen, PhD, xaysimpacteipeutirad mnpodeccop, Hebpacka yuuBepcuretiniy Cy FbUIBIMIAphI
3epTXaHACBIHBIH ~ JHPEKTOPHI, (HeOpacka  mrarer,  AKII),  https://www.scopus.com/authid/detail.
uri?authorld=7103259215, https://www.webofscience.com/wos/author/record/1429613

3EJIBTMAHH Paiimap, PhD, Xep Typans! reuisiMaap OemiMiHIH NETPOIOTHs JKOHE Maiansl Kazdamap
KCH OPBIHIApPBI CAIACBIHIAFDI 3epTTeyIepiHiH xerekurici, Taburu Tapux mypaxaiisl, (JIoH10H, ¥IbI0pUTaHNS),
https://www.scopus.com/authid/detail.uri?authorld=55883084800,  https://www.webofscience.com/wos/author/
record/1048681

MNAH®WJIOB Muxaua BopucoBuy, TexHHMKa FHUIBIMIAPHIHBIH JOKTOPHL, HaHCH yHUBepCHTETiHIH
npodeccopsl, (Hancn, ®panims), https://www.scopus.com/authid/detail.uri?authorld=7003436752, https://www.
webofscience.com/wos/author/record/1230499

HIEH Ilun, PhD, Kpitail reoforusiblk KOFaMbIHBIH Tay-KEH ICONOTHICHl KOMHTETI JHPEKTOPHIHBIH
opbiHOacapsl, AMEpPHKAaH/bIK JKOHOMHKAJIBIK TEOJOrTap KaybIMIAacThIFbIHBIH Mymreci, (Beibkin, Kerrait),
https://www.scopus.com/authid/detail.uri?authorld=57202873965,  https://www.webofscience.com/wos/author/
record/1753209

OUIIEP Akceub, KaybIMaacTeIpbuIFad npodeccop, PhD, Jlpesnen texHukanslK yHusepcureri, (JpesieH,
bepmun),  https://www.scopus.com/authid/detail.uri?authorld=35738572100, https://www.webofscience.com/
wos/author/record/2085986

ATABEKOB Baagumup EHokoBHY, XMMUsI FBUIBIMIAPBIHBIH TOKTOPBI, benapycs ¥FA akanemuri, XKana
Marepuaiaap XUMHAChI WHCTUTYTBIHBIH KypMeTTi aupektopsl, (Munck, Bemapycs), https:/www.scopus.com/
authid/detail.uri?authorld=7004624845

KATAJIUH Credan, PhD, xaysimpacteipsutran mnpodeccop, Texuukambsik yHuBepcuteTi ([pesnew,
I'epmanus), https://www.scopus.com/authid/detail.uri?authorld=35203904500, https://www.webofscience.com/
wos/author/record/1309251

CAFBIHTAEB “Kanaii, PhD, xaysimaactsipsurran npodeccop, HasapGaeB yHuBepcureri (AcrtaHa,
Kasakctan), https:/www.scopus.com/authid/detail.uri?authorld=57204467637, https://www.webofscience.com/
wos/author/record/907886

®PATTUHHU IMaoso, PhD, xaysimpacteipbuiran npodeccop, bukokk Mmuman ynusepcuteti, (Munas,
Wrtamus), https://www.scopus.com/authid/detail.uri?authorld=56538922400

HYPIHEUICOBA Map:kan Baiicankbi3bl — TexHrKka FbUTbIMAAPBIHBIH JOKTOPBI, K. CaTbaes aTbiHIaFbl
Ka3akyITTEIK3epTTey TeXHHKAIBIKyHIBEpCUTETiHIHITPpodeccopsl, (Anmarsl, Kasakcran), https:/www.scopus.com/
authid/detail.uri?authorld=57202218883,  https://www.webofscience.com/wos/author/record/AAD-1173-2019

ParoB bopanéaii ToB6acapoBH4, TeXHHKa FHUIBIMIAPBIHBIH JOKTOPHI, mpodeccop, «leopms3nka sxoHe
ceiicmonorns» KadenapackinbiH MeHrepyiici, KM, CorbaeB arbinmarbl Kazak yITTHIK 3epTTey TEXHHKAJBIK
yHuBepcurerti, (Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.uri?authorld=55927684100, https://
www.webofscience.com/wos/author/record/1993614

POHHU Bepuarccon, Jlynn ynuepcurerinif Tasyy IIBIFBICTHI HEePCIEKTUBANIBI 3€PTTEY OPTAIBIFHIHBIH
npodeccopsl, JIyHI yHHBEPCUTETIHIH TONBIK KypcThl mpodeccopst, (LLBerms), https://www.scopus.com/authid/
detail.uri?authorld=7005388716, https://www.webofscience.com/wos/author/record/1324908

MMUPJIAC Baagumup, Apuaib YHHBEPCUTETiHIH X UMUSIIBIK HHKeHepHs GaKkyabTeTi skoHe LLIBIFbIC FUTBIMU-
3eprrey opranbiFbl, (M3pauns), https:/www.scopus.com/authid/detail.uri?authorld=8610969300, https://www.
webofscience.com/wos/author/record/53680261

«KP ¥FA» PKB Xa6apaapsl. I'eo10rus #dHe TeXHHKAJBIK FBLIBIMAAP CEPHSACHD».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menikreyi: «Kazakcran PecriyonukachiHbIH YIITTBIK FBUIBIM akaemusicb» PKB (AnMarsl K. ).
Kaszakctan PecrmyOnukachiHbIH AKmnapar J>koHE KOFAMIBIK JaMy MHHHCTDPIIMHIH AKmapar KOMHTETiHIEe
29.07.2020 x. 6epinren Ne KZ39VPY 00025420 mep3iMaik 6acbuibiM TipKeyiHe KOWbUTY Typallbl KyalliK.
TakKbIPBINTBIK OAFBITHI: [ €on02us, 2udpoceonousl, 2eocpagus, may-KeH ici, MYHat, a3 JcaHe Memanioapobly
XUMUATIIK MEXHON0UANAPbL
Mep3iMaiiri: )KbUIbIHA 6 PET.
http://www.geolog-technical kz/index.php/en/
© «Kazakcran PecriyonukachiHblH YITTHIK FBUTBIM akagemusicel» PKB, 2025



IJTABHBIA PEJAKTOP

JKYPUHOB Mypar ’KypuHoBHY, JOKTOp XUMHYECKHX HayK, npodeccop, akanemuk HAH PK, npesunent
POO HauunonanbHoii akagemun Hayk Pecriyonuku Kaszaxcran, renepanbhbiii tupekrop AO «MHCTUTYT TOTUINBA,
karanmsa u snekrpoxumun uM. J[.B. Coxonbsckoro» (Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.
uri?authorld=6602177960, https://www.webofscience.com/wos/author/record/2017489

3AMECTHUTEJIb INTABHOT'O PEJAKTOPA

ABCAJIBIKOB Baxpit Hapuk6aeBu4, JOKTOp TEXHMYECKHX Hayk, npodeccop, akagemuk HAH PK,
Ka3zaxckuil HaIMOHAIBHBIN HCCIENOBATEIbCKHN TexHmueckuil ynusepcurer M. K.M. CarmaeBa (AimMarsl,
Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=6504694468, https://www.webofscience.com/
wos/author/record/2411827

PEJAKIHIMOHHASI KOJUIET' ASI:

ABCAMETOB Mauuc KyabicoBu4, (3amMecTHTeNlb [JIABHOTO  PEOAaKTOpa), JOKTOp  TI'e0JIoro-
MHUHEpPAJIOTHYeCKUX Hayk, podeccop, akanemuk HAH PK, nupexrop MHCTUTYTA rHApOre0I0ruu U re03KOJIOT U
nM. Y.M. Axmencaduna (Anmatsl, Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=56955769200,
https://www.webofscience.com/wos/author/record/1937883

YKOJITAEB I'epoii KosTaeBn4, 10KTOp re0JIOTOMHHEPAIIOTHYSCKUX HayK, Ipodeccop, IIOUYSTHBIH akaJIeMIK
HAH PK (Anwmarsi, Kazaxcran), https://www.scopus.com/authid/detail.uri?authorld=57112610200, https:/www.
webofscience.com/wos/author/record/1939201

CHOY [pumne, PhD, accounnposanusiii mpodeccop, aupexrop Jlabopatopruu BOTHBIX HAyK YHUBEPCHTETA
Heb6packu (mrar HeGpacka, CIIIA), https://www.scopus.com/authid/detail.uri?authorld=7103259215, https:/
www.webofscience.com/wos/author/record/1429613

3EJIBTMAHH Paiimap, PhD, pykoBoauTens ucciieoBaHuil B 001aCTH HETPOJIOTUH M MECTOPOXKICHUI
MoJIe3HBIX McKomaeMbix B Otaerne Hayk o 3emie Mysest ectectBenHoit uctopun (Jlonmon, Anrmus), https:/www.
scopus.com/authid/detail.uri?authorld=55883084800, https://www.webofscience.com/wos/author/record/104868 1

MNAH®UJIOB Muxani BopucoBuy, 10KTop TeXHHUECKUX Hayk, mpodeccop Yuusepcurera Hancu (Hamcn,
Opannust), https://www.scopus.com/authid/detail.uri?authorld=7003436752, https://www.webofscience.com/
wos/author/record/1230499

HIEH Iun, PhD, 3amecrurens aupexropa Komurera mo ropHoii reoxornn Kuraiickoro reonorndeckoro
obmiecTBa, 4ieH AMEPHKaHCKON acconmaiuu skoHomuyeckux reosoros (Ilexun, Kurait), https://www.scopus.
com/authid/detail.uri?authorld=57202873965, https://www.webofscience.com/wos/author/record/1753209

@OUUIEP Akceab, accormupoBannbiii npodeccop, PhD, texuuueckuii yuusepcurer dpesnen ([pesnew,
Bbepmun),  https://www.scopus.com/authid/detail.uri?authorld=35738572100,  https://www.webofscience.com/
wos/author/record/2085986

ATABEKOB Baagumup EHokoBUY, JOKTOp XMMHYecKuX Hayk, akagemuk HAH Benapycu, noderHslii
nmupekTop MHcTuTyTa XMMHH HOBBIX MarepuanoB (Mumck, Bemapycs), https://www.scopus.com/authid/detail.
uri?authorld=7004624845

KATAJIUH Credan, PhD, accoumuposanusiii npodeccop, Texumueckuii ynusepcuter ([pesnew,
I'epmanus), https://www.scopus.com/authid/detail.uri?authorld=35203904500, https://www.webofscience.com/
wos/author/record/1309251

CATUHTAEB Kanaii, PhD, acconunpoBannstii npogeccop, Hazapbaes yausepcuret (Actana, Kazaxcran),
https://www.scopus.com/authid/detail.uri?authorld=57204467637 , https://www.webofscience.com/wos/author/
record/907886

®PATTUHMU Iaoao, PhD, accoummupoBanubiii npodeccop, Munanckuii yausepcurer bukokk (Munan,
Uramus),  https://www.scopus.com/authid/detail.uri?authorld=56538922400 HYPIIEMCOBA  Map:kan
BaiicaHoBHa — 10KTOp TeXHMuYeCKMX Hayk, npodeccop Kazaxckoro HalmoHaabHOrO HCCIIENI0BATENIBCKOTO
TexHudeckoro ynusepcutera uMm. K.M. Carnaesa, (Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.
uri?authorld=57202218883, https://www.webofscience.com/wos/author/record/AAD-1173-2019

PATOB Bopan6aii ToBdacapoBu4, IOKTOp TEXHHYECKHX HayK, mpodeccop, 3aBelyroluii Kapeapoi
«leodusuka u ceiicmornorusy, Kasaxckuit HarmoHa bHbINA HCCIIECIOBATEIBCKUH TEXHHYECKUI YHUBEPCUTET HM.
K. Carnaesa, (Anmarsl, Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=55927684100, https://
www.webofscience.com/wos/author/record/1993614

POHHMU Bepuarccon, [Tpodeccop LlenTpa nepcrnekTHBHEIX OIMXHEBOCTOUHBIX HCcIenoBanuit JlyHnckoro
yHuBepcuTeTa, mnpodeccop (momubii Kype) Jlymackoro ymumsepcurera, (ILBermsi), https:/www.scopus.com/
authid/detail.uri?authorld=7005388716 , https://www.webofscience.com/wos/author/record/1324908

MMUPIAC Baagumup, DaxyabTeT XUMHYECKOH MHKEHEPUUM M BOCTOUHBINM Hay4yHO-MCCIIEI0BATENbCKHI
neHTp, YuuBepcureT Apwot, (M3pamns), https://www.scopus.com/authid/detail.uri?authorld=8610969300,
https://www.webofscience.com/wos/author/record/53680261

«H3Bectust POO «<HAH PK». Cepusi reo/10ruu M TEXHHYECKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Cobctennuk: PecryOnkaHckoe obmiecTBeHHOE o0benHeHNne «HamoHanbHas akageMus Hayk PecriyOnmku
Kazaxcran» (. Anmarsr).
CBHUIETEIECTBO O IIOCTAHOBKE HA YydYeT IIEPHOAMYSCKOro IedaTHoro u3fgaHus B Komurere wnHbOpManuu
MunucreperBa HHGOpMAUUK U 00LIeCTBeHHOro pas3BuTust PecrnyOnukm Kaszaxcran Ne KZ39VPY00025420,
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Member of the American Association of Economic Geologists (Beijing, China), https://www.scopus.com/authid/
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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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AHHoOTauus. Oszexminiei. Kazipri yakpITTa IOCTYpii SHEprus Ke3JepiHiH
KOpLIaraH OpTaHbl JlacTay Maceleci epeKiie ©3eKTi OoJbll  TaObLaabl.
AMIUIUTYIANBIK, MOAYJSIIMSATIAYIIBl SKUUIIK TYpieHaiprimi Oap ra3 TypOuHAabI
KOHJIBIPFBIIApAa KyaTbl MEH aliHally >KUUIITIH A9 PETTEy JKy3ere achIpbliajbl,
Oy TOJBIK eMec KYKTeMelep Ke3iHe jKaHaThIH OThIH MOJILIEPIH a3aiTaabl )KoHE
eH O0acTBICBhl JacTaylllbl 3aTTap LIBIFAPBIHABUIAPBIHBIH a3aloblHa okenedi. [a3
TypOUHAIIBIK KOHJABIPFBIHBIH AJIEKTP KOMIIOHEHTTEPIHE TOKTHIH OypMaiaHybIHa
0aifIaHpICTBl KOCHIMIIIA JKYKTEME KAOABIKTHIH THIMILIITIHE, CEHIMILUIIriHe
KOHE KbI3MET €Ty Mep3iMiHe acep €TeTiH >KarbIMChI3 canjapra okeneni. AMXKT
OoMbIHIIA KOJIAAHBICTAFbl FHUIBIMU-3EPTTEY JKOHE TOXKipHUOETIK-KOHCTPYKTOPIBIK
KYMBICTapFa KapaMacTaH, IIBIFBIC TOK CHEKTPiH TipKey MIHAETI IIeIIijMereH
kyHinge xanbin, oHrainel ['TK kypbutbiMblH KublHAaTaabl. OchbUTaiiina, €H a3
Oypmananyas! xoHe TypakThl I TK jkyMbICBIH KaMTaMachl3 €TeTiH aMIUIUTYIAJbIK
MOYJISIIIASTIAHFAH JKUUTIK TYpASHIIprinmiH KonganateH oHTaiibl [ 'TK kypbuibich
Typalibl Macene e3ekTi Oonbin Tabbutansl. Makxcamsl. JKYMBICTBIH MakcaThl
LIBIFAPBIHABUIAPABI, LYl JKOHE KbUTy JacTaHyblH azaity ymin ['TK snexrp
KOMIIOHEHTTEpiHE JKYKTEMEHI TYpaKTaHAbIPYy OOWBIHIIA FHUIBIMH HEri3leNreH
YCBIHBICTAp 93ipiiey OOJIBIT TaObUIAABl. 3€pTTey HBICAHBI PETiHAE CUHYCOUIAIBI
HUMITYJIBCTIK KO3IBIPY TOTBI 0ap MOAYJISILMSIIBIK TeHEPATOP TYPIHACT1 aMIIIUTYIAJIBIK
MOYJSIIUSIIAHFAH KUUTIK TYpIICHAIprimi TaHganasl.ddicmepi. Makanaga ['TK
Oackapy >KyleciH OHTaWJIaHIBIPY YIUiH TikeJdeld OalIaHBICKaH aMIUIMTYIAJbBIK
MOIYJSIUUSIIBIK KUK TYPICHAIPTIIITEPiHiH JKYKTeME TOTBIHBIH OypMallaHybIH
aHBIKTAy 97iCi YChIHbUIFaH. Makanaza *YKTeMe TOIbIHbIH OypMalaHybIH aHBIKTAy
YIUiH aMIUIMTYAAJIbIK MOAYSLMSAJIAHFaH KUK TYPJACHIIPrili MeH Tikeien
OaiiTaHBICKAH JKUUIIK TYPJICHAIPTIIIl KOHE THPHCTOPIApPAbIH KacaHAbl aybICybl
CaJIBICTBIPMAIIbI TaJAay Kacansl. Homuoicenep mern Kopvimuinovliap. Tannay xxoHe
ecenTey HOTWKENepl aMIUINTYJaJbIK MOIYJSILMSUIAHFAH KHUUIK TYpACHIIprimi
I'TK-Hb1H eH a3 OypMallaHyblH OHE TYPaKThl KYMBICHIH KaMTaMachl3 €TETiHiH
KOHE HOTHXKeCiHIe arMocdepara JacTaylbl 3aTTapAblH LIBIFAPBIHABLIAPBIH
a3aiTaTbIHBIH KepceTeli. AJIBIHFaH 9ICTep MEH KOPBITBIHABUIAPIABI SHEPTHAMEH
XKaOIBIKTAYIbIH T'€OIKOJIOTHSIIBIK, SHEPTUS THIMII KYHelepiH jxolanay KesiHue
©3€KTi NPAKTHKAJIBIK MiHIETTEpl Ieny YUIiH KoJgaHyFa 0onabl.

Tyiiin ce3mep: Ta3 TypOMHANBIK KOHIBIPFBUIAP, JKUALTK TYypieHIiprimi,
KYKTeMe OypMallaHybl, TApMOHHUKA, MOAYJISIIMS T€HEPaTOPHI.

279



NEWS of the National Academy of Sciences of the Republic of Kazakhstan

I'.E. CaxmeroBa', B.K. ¥Ypanaos', P.A. lllunudexona’, K.T. [llepos?,
M.P. Cuxum6aes®, 2025.
"TO>xH0-Kazaxcranckuit yanBepceutet uMeHn M. Aya3oBa, llIsivkenT, Kazaxcran;
?KazaxCKuil arpOTEeXHUYCCKHIA CCIIEI0BATEILCKHIA YHUBEPCUTET
nmenu C. Ceiipynnmuna, Acrana, Kasaxcran;
SKaparauaunackuii ynuBepceutet Kasmorpebcorosa, Kaparanna, Kasaxcran.
E-mail: 17-07-70@mail.ru

CPABHUTEJIbHBII AHAJIN3 TPEOBPA3OBATEJIEM YACTOTHI
AMINVIMTYJHO-MOAYJIAIIMOHHOI'O TUITA

CaxmetoBa I'yaibmupa ExmnoBua — PhD, nmouent, IOxHo-Ka3axcranckuii yHHBepcHTET UM. M.
Ayna3oBa, llIemvkenT, Kazaxcran, E-mail: 17-07-70@mail.ru, ORCID ID: 0009-0003-9818-3772;
Ypanos baiinynna Kuaup6aeBuy — KaHIUIAT TEXHUIECKUX HayK, noueHT, FOxH0-Kazaxcranckuit
yauBepcutet, UIsivkenT, Kazaxcran, llsivkenT, Kazaxcran, E-mail: uralov-1973.2@mail.ru, ORCID
ID: 0009-0001-7876-2625;

IunudexoBa Paiixan AuareiHOexkoBa — crapmuii mpenomasarens, HOxHo-KazaxcraHckoro
yHuBepcuTeta uMeHH M. Aya3oBa, llIsimkent, Kazaxcran, E-mail: shinibekova.raikhan@mail.ru,
ORCID ID: 0009-0005-3164-4700;

lepoB Kapu6ek TaraeBu4 — TOKTOp TEXHUYECKUX HAYyK, Mpodeccop, Kazaxckuii arpoTeXHUIeCKUAI
nccnenoparenbcknit yauBepeuteT uM. C. Ceiidymnmnaa, Actana, Kazaxcran, E-mail: shkt1965@mail.
ru, ORCID: 0000-0003-0209-180X;

CuxumbaeB Myparbaii Ppi3aukéaeBuy — JOKTOp OSKOHOMHYECKHMX Hayk, mpodeccop,
Kaparanauuckuii yausepcutet Kasmorpebcorosa, Kaparanna, Kazaxcran, E-mail: smurat@yandex.
ru, ORCID: 0000-0002-8763-6145.

AHHOTanus. Axmyanrsnocms. B HacTosiiee BpeMsi mpoOiiema 3arpsisHeHHs
OKpY’Kalollel cpelbl TpaiuIMOHHBIMA HCTOUHUKAMH SHEPTHH SIBISICTCS 0COOCHHO
aKTyaqbHOH. B ra3oTypOMHHBIX YCTaHOBKax € aMIUIUTYIHO-MOIYTHPYIOIIUM
nmpeoOpa3zoBaresieM 4acTOThl OCYILIECTBISIETCSl TOYHOE PEryJMpOBaHUE MOIIHOCTH
n vactoTsl BpameHus: ['TY, 4To cokpalaeT KOJUYECTBO CXKMIAEMOTO TOILUIMBA
IIPY HETIONHBIX HArpy3kax M, caMoe€ IVIaBHOE, NPUBOAMT K CHMKCHHUIO BBIOPOCOB
3arpsi3HAIOMMX — BemlecTB. JlomojHWTeNnbHAass Harpy3ka Ha JJIEKTPUYECKHE
KOMIIOHEHTHI Fa30TYPOMHHON yCTaHOBKH M3-3a HCKaKEHUS TOKA IMEET HETaTHBHBIC
MOCTENCTBHSA, BIUAOMNE Ha 3(QPEKTHBHOCTb, HAJIEKHOCTh M CPOK CIYXKOBI
obopynoBanus. HecMoTps Ha cCymIeCTBYIOIIME HAayYHO-HCCIICAOBATEILCKUE U
OIBITHO-KOHCTPYKTOpCcKHE paborel mo AMIIY, 3amaya perucrpauuu cCrekTpa
BBIXOJHOTO TOKa OCTAeTCSl HEPEIICHHOH, YTO YCIOXHSAET ONTUMAIBHYIO
koHcTpykuuio I'TY. Takum oOpa3om, Bompoc 00 ONTHMAaJIbHOW KOHCTPYKIMU
I'TY ¢ wncnomnb3oBaHHEM aMIUTUTYAHO-MOIYJIUPOBAHHOTO —MpeoOpas3oBaresis
9acTOTBI, KOTOPBIH obOecreunBai Obl HAMMEHBIINE HCKKEHHUS U CTAOMIBHYIO
paboty I'TY, sBusiercs akryanbHbIM. [[ens. Llenbio paboThl sBIsieTcst pa3padoTka
HayyHO OOOCHOBAHHBIX PEKOMEHIAUMH TO CTaOWIM3alud Harpy3kd Ha
aNeKTpruUecKue KoMnoHeHTsl ['TY ams cHKeHHs BBIOPOCOB, IyMa M TEMJIOBOTO
3arpsizHeHMs. B kauecTBe 00beKTa McciaeqoBaHus ObUT BEIOpaH mpeoOpa3oBarellb
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4acTOThl C aMIUIMTYAHOM MOAYJISLUEN B BHAE MOIYIALMOHHOTO TIeHeparopa
C CHHYCOHMJAJBbHO ITyJbCHUPYIOIINM TOKOM BO30ykaeHus. Memoowl. B crarbe
MPEUIOKEH METOJl OMNpENeleHNUs HCKaXEHWH TOKa Harpy3Kd amIUTUTYIHO-
MOIYJIUPYIOLINX NTpeoOpa3oBaTeiel 4acTOThI C MPSIMOM CBA3BIO AJISI ONTUMHU3ALNN
cucrembl ynpasineHuss ['TY. B crarbe IpoBENEeH CpaBHUTEIBHBIA aHAIU3
npeoOpaszoBareliss 4acTOThl C AMIUIMTYIHOH MOLylmsuued u mpeoOpasoBarelis
YaCTOThI C MPSMOMN CBA3BI0 U MCKYCCTBEHHBIM IEPEKIOYEHUEM THPUCTOPOB IS
OIIpeIeNICHNs] UCKAKCHUH TOKa Harpy3ku. Pesyivmamul u 6u1600bi. Pe3ynmbraTbl
aHaJIM3a ¥ PacyeToB I1OKa3bIBAIOT, YTO IIPE00pa30BaTellb YaCTOThI C AMIUINTYIHOMI
Mofysiuel obecriedyrBaeT HaMMEHbBINE UCKaXeHUSI U cTabuibHyo padoty GTI
U, KaK CJIEICTBHE, CHIKCHHE BHIOPOCOB 3arpsi3HSIOIIMX BELIECTB B aTMocdepy.
[lomy4yeHHBbIE METOABI M BBIBOABI MOTYT OBITh NPUMEHEHBI Ui PEIIeHHUs
aKTyaJbHBIX MPAKTHMYECKHUX 3a4a4 IpPH TMPOEKTHPOBAHWUU T'EO3KOJIOTUUECKHX,
AHEProdPPEKTUBHBIX CHCTEM YHEPTOCHAOKCHUSI.

KiroueBble ciioBa: ra3zoTypOMHHBIE YCTaHOBKH, MPeoOpa3oBaTeib 4YacTOTHI,
HCKa)XCHNE HArpy3KH, TAPMOHUKH, TEHEPATOP MOLYJISLIAN.

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 m, GM by exciting it
with an alternating current of the required frequency, but with a value equal to the
output frequency of the system f, 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)
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Figure 1- shows a block diagram of one of the AMFC variants with m =3, m,=1 (a) and time
diagrams of AMFC output voltages and currents (b).
GM — modulator generator, K-switchboard, EW- excitation winding, PS- f, frequency power supply,
CS- current sensor, SCU — switchboard control unit

To form an m_ -—phase voltage system using such a device, an m -phase
alternating current source with excitation power and an m, — 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 m,. 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 m =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 U, and current i, as well
as the switching laws ¥, — ¥, 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
AMEFC 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 o /w, and for an arbitrary number of phases
of GM - m, 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 y = 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 U, of the switch can be represented by the product of two functions:

U=UpBY, (1
where U is the rectified voltage; 'V, is the modulating effect.

The rectified m, pulse voltage can be written as follows [L. 4]:

Uymmy , ™ oo (—1)F+
Ug=——sin—|1+2}, -y =
18 ™ my Ek_lmfk'—"

_; cosmy klew, t + 6'1}]1 ()

where k=1, 2,3, ...,00; ml =2, 3,4, 5, 6 and so on . The function ‘¥, in this case
1S a unit sinusoidal

W, = sinl{w,t + &,), (3)

Here 61 in (2) and 62 in (3) are the reference angles, and Um in (2) is the
amplitude value of the rectified voltage.

Substituting (2) and (3) into (1), we get:

oo,(1a)
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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-m,.

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 ®,<w, must be fulfilled. When ®,=0 and
0,=n/2, expression (la) turns into the spectrum of the m1 pulse rectified voltage.
Based on (1a) voltage harmony coefficient

Krwn = |Eiimar “)
_The graph of this dependence is shown in Fig. 2. For comparison, the dependence
K., = f(m,) 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; Angquist,2013).
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Figure 2 — Dependences of harmonic coefficients
1,2 — from the number of input phases m1 for AMFC and FCAS, controlled by the method of cyclic
connection at regular intervals and network phases to the load phase; 3 — from the pause value
between half-waves of voltage (current)

For m, = 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:

,Z' @2-1 - 224::——1
‘1‘2{2“—1}" 4Z(Zk+l)- %(%)+?11-(%)+211.(%—1)=E—%,

Thus, for m =2, the coefficient, i.e., is the same as that of the meander
(Espinoza,2001). Calculating the exact value at m, = 3.6, etc. by a similar method
causes difficulties. Taking into account only the first three terms for m = 3, and for
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m, = 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 m, = 3. Let ‘s estimate
the relative error allowed in this case. Because when k>1

1 17 1 1 2
—> __—¢g -<—( ——)ne N
(5k2-1) K “glpi-1 g LT

e | l lice 1 = 1
- V=1 B — Jziqek ,leiziek +§(Ek:4F__l _Ek::;f.f) || > o — 0017
Gl = - —_— 2 om 1 - Z = .
V=1 O VI B g7 izaga | =L

The output current is determined in expression (la) by dividing each voltage
harmonic by the 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.

T 73
|Z04] = 75 + (@2L4)%, (%)
with an argument

Yy = al'ﬂtguzh;
w

T

(6)

We take it equal to one and express it in terms of the parameters of the resistance
modulus for harmonics of the lower and upper side frequencies:

f z
u'1+[1—m-_k§';} wwéu

_ 7
|22l 1+tg%n1 ' 7
(72)
The harmonic coefficient of the current is determined by the formula
K L [y= 2 rzy(I, km)?
Fliz) = i Y=g Iokm + 32 (1, km)®, (8)
where
Iy = Msin T = Pigin D
m — T my - T my I:;IHEJ{'.'._l:”Z!;{l ! (9)
My . T My T (-pk+e
Ly = —*sin s e L (9a)
Lgm = m—"sinl—{_l}kﬁ 96
2km — .1? m-_[mfk'-"-lj ( )
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- the amplitudes of the fundamental and higher harmonics, respectively.
Substituting (9), (9a), (96) into (8), taking into account (7), (7a), we obtain:

- - - 1 1 1
Ky = _J(l tig ¢21}Ek:1[mik1—1)5{ll-l-(l—m]_ka}'-"tg'-"qﬁ-n + |1+(1+mLka}1th¢;1}’ (10)
where it is indicated for convenience g = =*.

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

changes a=2+10u ¢,y =0+ 85 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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Figure 3 — Dependences of the harmonic coefficients of the phase current on the load angle
according to the fundamental harmonic 1- for an AMFC with m, =2,3,6 in the parameter range o /w,
=2-10; 2 — for a three-phase inverter with ¢ = 180°. Static load
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Figure 4 — Dependences of the harmonics coefficients of the AMFC load current on the parameter
© /o, at different load angles
1- ¢, =0;2-¢,=6"; 3-¢,=20";4-¢,=30°; 5- ¢,,=40°; 6- 9, = 60°; 7- 9, =85°

Additional distortions due to the omission of the At pause between the half-
waves of the load current can be determined with sufficient accuracy by neglecting
the current ripples and representing it as half-cycles of a harmonic signal with an
amplitude of I m (Fig. 2, a), followed by recording as a series:
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= RYE cos—— (2k + 1) X cos[(2k + Dyt +6,1. (1)

_c
e2—(2k+1)2

Then, having found the effective value of this signal in the usual way (Fig. 2, ¢)
and knowing its first harmonic from (11), one can easily determine the harmonic
coefficient.

- 1 2
Krii) = pomlc  F2om (12)
where
— .-I.'-r_|.
€= n-zae (13)
&lame ™
'irzl:l'i':ﬂ = RI::I:I_i:l DS;‘ (14)

For small sps, the dependence (12) is shown in Fig. 2, in a graph from which it
can be seen, for example, that at £,= 400 Hz, At=100 microseconds, ¢=1,087, the
distortion from the pause can be ignored. For large values of c, which is typical for
high frequencies of f, or elevated values of At, an approximate formula can be used

r 1 | [="a] =5 1 -+
Krii,) = a1'1|IE],{:1{4T,_:1-;111+ I, k1n}+; — g (15)

In this case, the values will be slightly overestimated.

To compare the distortions of the analyzed frequency conversion method with
others, Fig. 3,b shows the dependence for an inverter(S) with a 180° conduction
angle of its switches (Ilves,2012).

As can be seen from Fig. 3, b, even the simplest AMFC (m,=2) at :—; = 5,5and

@1 = 207 provides less distortion than and(Multi,2020) shows the dependences of

Ly
load current distortions on the parameters ws,,’ a1 g three-phase frequency
converters with artificial switching (FCDCAS) controlled by cyclically connecting

i i

the phases of the grid to the load (Orlov,2017)at regular intervals. The b, (L,

L, the effective values of the total load current and its fundamental harmonic,

respectively) indicator associated with the Kry;,, dependence was used to evaluate
the distortions.

- I
.F'Lr,:t'!} = 1'1||I:1 - l. (16)

287



NEWS of the National Academy of Sciences of the Republic of Kazakhstan

A comparative analysis under equal conditions for ml,%J ¢2q shows that
AMEFC 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 GTL

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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