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I Clarivate
Analytics

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 Pecnyonuxacol ¥nmmoix eoinvim akademusicol « KP ¥£A Xabapnapwi. ['eonoeusi scane
MEXHUKATLIK SbLIBIMOAD CEePUsChly blIbIMU JCypHAIbIiHbIY Web of Science-miy oicanananean
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
Byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol scypHanowvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvi0ay macenecin xapacmuipyoa. Webof Science szepmmeywiinep,
asmopnap, bacnawbliap MeH meKemenepze KOHmMenm mepenoiei MeH canacvih Ycuvlhaovl. KP
¥I'A Xabapnapwi. 'eonozus scone mexuuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yuiik ey 03eKkmi Jicane 6e0eNoi 2e0102Usl HCIHE MEXHUKATBIK
EbLILIMOAp OOUbIHULA KOHMEHMKE A0a0blebIMbI30bl OLI0IPeOi.

HAH PK coobwaem, umo nayunoiii sicypran «Mzeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
Hayk» 6vL1 npunam 0 undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uUHOEeKCUpO8aHUU HAXOOUMCS 8 CMAOUul paccmMoOmpeHus
xomnanueu Clarivate Analytics ons danvueiiueeo npunsmus sicypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index. Web
of Science npeonacaem xavecmeo u enyOuHy KOHmMeHmMa Ol UCCledosamenel, asmopos,
uzoamenei u yupescoenuil. Brmouenue Hzeecmusi HAH PK. Cepus ceonocuu u mexHuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYanbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102UU U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmaa.



Bac penakrop

KYPBIHOB Mypar KypbiHYJIbI, XUMHUS FBUIBIMIAPBIHBIH TOKTOpBI, Tpodeccop, KP ¥FA
akanemuri, Ka3zakcran PecnyOmukackl YarTeik FwutbiM  akagemusichiHbIH mpesuneHTi, AK «/1.B.
CoOKONBCKHI aTBIHAAFBI OTHIH, KaTaln3 jKOHE MEKTPOXUMHS HHCTUTYTBIHBIH» 0ac TUPEKTOpHI (AJIMATHI,
Kazakcran) H =4

FplabiMu XaTiibl

ABCAJIBIKOB BaxbiT Hapukaiiyabl, TeXHUKa FRUIBIMIApBIHEIH JTOKTOpHI, podeccop, KP ¥FA

JKayanThl XaTIbIChl, A.b. BekTypoB aTbIHAaFb! XUMUS FBUIBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakunusaablK ajka:

OBCAMETOB Mauic Kyasicyiabl (6ac penakTopablH OpbIHOAcaphl), T€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, mpodeccop, KP ¥FA akamemnri, «Y.M. Axmencaduna aTbIHAAFBI
THIIPOTCOIOTHS KOHE T€OIKOOTH MHCTUTYTHIHBIHY) TUPEeKTophl (AnMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpBIHOAcCAPhI), TEONOTUS-MHHEPAIOTHS
FBUTBIMJIAPBIHBIH JOKTOPHI, mpodeccop, K.M. CaTmnaeB ThIHIAFBI T€ONIOTHS FHUIBIMIAPH HHCTUTYTHIHBIH
nupektopsl (Anmarsl, Kazakcran) H=2

CHOY [Ipuuen, Ph.D, kaybiMaacteipbutran npogeccop, Hebpacka yuuBepcuteTinid Cy FhUIBIMIAPDI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typassl FbutbiMaap Oestiminjae
TIETPOJIOTHS XKOHE Taiiiasbl Ka30aap KeH OpBIHAAPBI CalachIHAAFEl 3epTTeyIepain kerekmrici (Jlonmomn,
Anrnus) H =37

MMAH®UJIOB Muxaua BopucoBud, TeXHUKa FRUIBIMIAPBIHBIH JOKTOPEI, Hancn yHHBepcHuTeTIHIH
npodeccopsl (Hancu, @panrms) H=15

HIEH IMun, Ph.D, KeITaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMEpHKaH/IbIK YKOHOMHKAIBIK Teosiortap KaybiMaacToiFbiHbIH Mylieci (ITexun, Keitait) H = 25

OUIIEP Axkcean, Ph.D, [/IpesneH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMAACTHIPBLUIFAH Ipodeccopsl
(dpesnen, bepnun) H=6

KOHTOPOBUY Anekceii IMHIbeBHY, T€OJOTUS-MHHEPAIOTNs FHUIBIMAAPLIHBIH JIOKTODBI,
npodeccop, PFA akamemuri, A.A. Tpodumyka arblHIaFbl MyHai-ra3 TeOJIOTHSCHI JKoHEe reodusuka
nHcTuTyTH (HOoBOCHOMpCK, Peceit) H = 19

ATABEKOB Baanuvup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH J10KTOpHI, benapycs ¥FA akanemuri,
YKana matepuanap XUMHACHI MHCTUTYTBIHBIH KYPMETTi aupektopsl (Munck, berapycs) H =13

KATAJUIUH Credan, Ph.D, J/[pe3neH TeXHUKaJIBIK yHUBEPCUTETIHIH KaybIMaCTBIPBUIFaH Podeccopbl
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOTHS FHUTBIMIAPHIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.J. Carnaes arsiaaarsl [ €0m0Tus FRUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyiici (Anmarsl, Kazakcran) H=11

CATYBIHTAEB Kanaii, Ph.D, xaysimmacteipsuiran npogeccop, Hazapbaes ymmsepcureti (Hyp-
Cyurran, Kazakcran) H =11

DOPATTUHMU IMaouo, Ph.D, bukokk Munian yHHBEpCUTETI KaybIMAACTHIPBIIFAH mpodeccopsl (MmumaH,
Uranus) H = 28

«KP ¥F'A Xa6apaapsl. ['eosiorusi xoHe TEXHUKAJIBIK FHUIBIMAAP CEPUsIChD».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymi: «Kazakcran PecryOnukachiHbIH ¥JITTHIK FRUIBIM akageMusick» PKB (Anmars! K.).
Kazakcran PecmyOnukachiHBIH AKHapar »KoHE KOFaMIBIK JaMy MUHHCTPJITiHIH AKHapar KOMHUTETiHIE
29.07.2020 x. 6epinrer Ne KZ39VPY 00025420 mep3imMaik 6acbUIbIM TipKeyiHe KOWBLTY Typalibl KyoiK.
TaKpIPBINTHIK OAFBITHL: 2€0102Usl, MYHAL HCIHE 2a30bl OHOEYOTH XUMUALLIK MEXHOL02UANAPbI, MYHAL
XUMUACDL, MEMANOAPObL ALY HCIHE ONAPObIH KOCLIHOBLIAPIHBIY MEXHONOSUACHL.
Mep3iMaimiri: KpUIbIHA 6 PET.
Tupaxsr: 300 nana.
Penakuusaei MekeH-xkaiibl: 050010, Anmarsr K., [lleBuenko kerr., 28, 219 6en., Ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© Kazakcran PecryOnukachiHbIH ¥ITTHIK FBUIBIM aKageMuscel, 2023

Tunorpadususie MekeH-kaibl: «Apyna» KK, Anmarsl k., Myparbaes kemt., 75.
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuseHT HanmonanpHoi akagemun Hayk PecryGnmkm Kasaxcran, reHepanbHblii pupextop AO
«MHCTUTYT TOTUIMBA, KaTaiau3a U anekTpoxuMun uM. J1.B. Cokonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBIIi cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpodeccop, OTBETCTBEHHBIN

cexperaps HAH PK, UucTnTyT XuMnueckux Hayk uM. A.B. Bexryposa (Anmarer, Kazaxcran) H=15
PenaknuoHHasg KodJgerus:

ABCAMETOB Masuc KyapicoBud, (3aMeCTUTEINb ITTABHOTO PEAKTOPA), JOKTOP I'€0JIOTOMHUHEPAIIO-
THYECKHX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTA THAPOTE€OIOTHU U TEOIKOTOTUH M.
V.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEpAo-
THYeCKUX Hayk, mpodeccop, mupekrop MHcruryrta reonmornueckux Hayk nm. K.M. CarmaeBa (AmnMarsl,
Kazaxcran) H=2

CHOY Jpuuen, Ph.D, acconnupoBanHslii mpodeccop, aupexrop JlabopaTopun BOTHBIX HayK YHHBED-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJBTMAH Peiimap, Ph.D, pyxoBoauTes HCCIEI0BaHIH B 00JIACTH IIETPOJIOTHU  MECTOPOXKIACHHI
M0JIe3HBIX HCKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBenHol uctopuu (Jlonnon, Aurmus) H = 37

IMAH®HWJIOB Muxana BopucoBud, T0KTOp TEXHHYECKNX Hayk, mpodeccop Yansepcutera Hancn
(Hancu, ®dpannus) H=15

HIEH ITun, Ph.D, 3amecturens qupexropa Komutera o ropxoii reosornu Kuraifickoro reooruaeckoro
o01ecTBa, wieH AMEepUKaHCKOW acconmanuy skonomudeckux reoioros (ITexun, Kurait) H = 25

OUIIEP Axkceab, accouunpoBaHHBIA mpodeccop, Ph.D, TexHmueckmit yHuBepcurer [pesneH
(dpesnen, bepnun) H=6

KOHTOPOBUY Aunekceli DMUIbeBHY, TOKTOP TI'eOJIOTO-MHHEPAIOTHIECKUX HAyK, Ipodeccop,
akagemuk PAH, Uuctutyr HedrerasoBoit reomornu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H=19

AT'ABEKOB Baagumup EHokoBHY, TOKTOp XMMUUECKUX HayK, akageMuk HAH benapycu, moueTHsIi
mupekTop MHCTHTYTa XUMHUU HOBBIX MarepuaiioB (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuuposanusiii mpodeccop, Texuuueckuit yausepcuret (pesneH,
Bepnmun) H = 20

CEMTMYPATOBA Dieonopa FOcynoBHa, TOKTOp reonoro-MAHEPAIOrHYECKHX HayK, Tpodeccop,
uneH-koppecnionneHT HAH PK, 3aBenyromas naGoparopun MHcTHTyTa Teonormdecknx Hayk um. K.
CarnaeBa (Anmatsl, Kazaxcran) H=11

CAT'MHTAEB Kanuaii, Ph.D, accormmupoBannslit mpodeccop, Hazapdaes yausepcuter (Hypcynras,
Kazaxcran) H=11

D®PATTUHU IMaoso, Ph.D, accounmmpoBanHBIil mpodeccop, MuUIaHCKUH yHHBEPCHUTET BHKOKK
(Munan, Utamns) H = 28

«M3Bectusst HAH PK. Cepust reo1oruu 1 TeXHH4eCKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
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© HarmmonansHas akagemus Hayk Pecrryonuku Kaszaxcran, 2023
Anpec tunorpaduu: UIT «Apynay, . Anmarsl, yi1. Mypar6aesa, 75.
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Editorial chief

ZHURINOYV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK, president
of the National Academy of Sciences of the Republic of Kazakhstan, general director of JSC “Institute of
fuel, catalysis and electrochemistry named after D.V. Sokolsky» (Almaty, Kazakhstan) H = 4

Scientific secretary

ABSADYKOYV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of

NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H =5
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
hydrophysics (Almaty, Kazakhstan) H=2

ZHOLTAEV Geroy Zholtaevich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, director of the institute of geological sciences named after K.I. Satpayev (Almaty,
Kazakhstan) H=2

SNOW Daniel, Ph.D, associate professor, director of the labotatory of water sciences, Nebraska
University (Nebraska, USA) H = 32

ZELTMAN Reymar, Ph.D, head of research department in petrology and mineral deposits in the Earth
sciences section of the museum of natural history (London, England) H = 37

PANFILOV Mikhail Borisovich, doctor of technical sciences, professor at the Nancy University
(Nancy, France) H=15

SHEN Ping, Ph.D, deputy director of the Committee for Mining geology of the China geological
Society, Fellow of the American association of economic geologists (Beijing, China) H = 25

FISCHER Axel, Ph.D, associate professor, Dresden University of technology (Dresden, Germany) H=6

KONTOROVICH Aleksey Emilievich, doctor of geological and mineralogical sciences, professor,
academician of RAS, Trofimuk Institute of petroleum geology and geophysics SB RAS (Novosibirsk,
Russia) H=19

AGABEKOYV Vladimir Enokovich, doctor of chemistry, academician of NAS of Belarus, honorary
director of the Institute of chemistry of new materials (Minsk, Belarus) H =13

KATALIN Stephan, Ph.D, associate professor, Technical university (Dresden, Berlin) H =20

SEITMURATOVA Eleonora Yusupovna, doctor of geological and mineralogical sciences, professor,
corresponding member of NAS RK, head of the laboratory of the Institute of geological sciences named
after K.I. Satpayev (Almaty, Kazakhstan) H=11

SAGINTAYEYV Zhanay, Ph.D, associate professor, Nazarbayev University (Nursultan, Kazakhstan) H = 11

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H =28
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©A.A. Yerzhan', P.V. Boikachev?, B.R. Nakisbekova!’, Z.D. Manbetova3,
P.A. Dunayev?, 2023
'Almaty University of Power Engineering and Telecommunications named after
Gumarbek Daukeev, Almaty, Kazakhstan;
2 Educational Institution "Military Academy of the Republic of Belarus",
Minsk, Belarus;
3NCISC «S. Seifullin Kazakh Agrotechnical Research University»,
Astana, Kazakhstan.

E-mail: b.nakisbekova@aues.kz

METHOD OF SYNTHESIS OF MATCHING TELECOMMUNICATION
DEVICES BASED ON THE METHOD OF REAL FREQUENCIES FOR 5G
ANTENNAS IN A DISTRIBUTED ELEMENT BASIS

Yerzhan Assel — PhD. Department "Telecommunications and Innovative Technologies", Almaty
University of Power Engineering and Telecommunications named after Gumarbek Daukeev, Almaty,
Kazakhstan
https://orcid.org/0000-0003-3533-1371. E-mail: a.erzhan@aues.kz;
Boikachev Pavel — Educational Institution "Military Academy of the Republic of Belarus", 220
Nezavisimosti Ave., Minsk, 220057, Belarus
https://orcid.org 0000-0003-2873-9192. E-mail: pashapasha.boi@mail.ru;
Nakisbekova Balausa — doctoral student, Department "Telecommunications and Innovative
Technologies", Almaty University of Power Engineering and Telecommunications named after Gumarbek
Daukeev, Almaty, Kazakhstan.,
https://orcid.org/0000-0003-4084-0402. E-mail: b.nakisbekova@aues.kz;
Manbetova Zhanat — PhD., Department of Radio Engineering, Electronics and Telecommunications,
NCIJSC «S. Seifullin Kazakh Agrotechnical Research University», Astana
https://orcid.org/0000-0002-6716-4646. E-mail: zh.manbetova@kazatu.kz;
Dunayev Pavel — Candidate of Technical Sciences, PhD, acting Associate Professor, Head of the
Department of Radio Engineering, Electronics and Telecommunications, NCJSC «S. Seifullin Kazakh
Agrotechnical Research University», Astana

https://orcid.org/0000-0003-0379-315X. E-mail: dunayev.kz@mail.ru.

Abstract. To solve the problem of synthesizing load matching circuits in a
distributed element basis, the complex resistance of which has a non-stationary
character in a wide band of operating frequencies, a new matching technique based
on the sensitivity invariant apparatus in combination with the Richards and Kuroda
transformation has been developed. The verification of the methodology was carried
out on the example of matching the active element with the output and input loads in
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Mitsubishi's LD-MOSRDO07 power amplifiers. Radio engineering devices (RTU) are
widely used in almost all spheres of human activity. In order for the RTU to provide
maximum energy efficiency, and as a consequence, the maximum range of the radio line
in various operating conditions, it is necessary that the elements of the radio engineering
paths of both the transmitting and receiving devices, having their complex resistance
(varying over time), be coordinated with each other. To perform this task, broadband
matching devices (SHSU) are used, the synthesis methods of which do not take into
account the variability of the load impedance caused by changes in operating conditions
(temperature, vibration, various modes of operation of active elements, etc.). As a
result, there is a need to develop a method for the synthesis of SHSU that provides
a stable level of power transmission in conditions of varying load impedance. Such a
need is relevant for RTU in both concentrated and distributed element basis. The paper
proposes a method for the synthesis of matching devices for a distributed element basis.
Geology is a multifaceted science that is classified into many areas, depending on the
subject of research, analysis technology, subjects of study, theoretical calculations or
the scope of application of knowledge obtained in the course of complex research. The
most common aspects of geology as a science, their practical or applied application and
benefits for humanity in modern life are described in detail below.

Keywords: 5G antenna, radio engineering device, load resistance, radio line,
operating frequency

Financing. The work was carried out with financial support under the grant of the
President of the Republic of Belarus in the fields of science, education, health, culture,
youth policy. In accordance with the Decree of the President of the Republic of Belarus
dated September 13, 2013 No 425,

©A.A. Epxan’, IL.B. Boiikauer?, b.P. Hakucoexosa'", 7K.JI. ManoeroBa®,
I1.A. lynaes?, 2023
'FymapOek JlaykeeB aTbiHIAFbl AJIMaThl SHEPreTHKA JKOHE OailJIaHbIC YHUBEPCHTETI,
Anmatsl, Ka3akcran;
*benapyck Ockepu Akanemusicbl, MuHCK, benapych;
3«C.Ceitdymnnun atbiHaarsl Kasak arporeXHUKaNbIK 3epTTey YHHBepcuTeT» KeAK,
Acrana, KazakcTaH.

E-mail: b.nakisbekova@aues.kz

YJECTIPIJITEH DJIEMEHT BA3ACBIHJIA 5 G AHTEHHAJIAP
YIITH HAKTBI KUK 9ICI HET'BIHJE KEJICETIH
TEJEKOMMYHUKALUSIBIK KYPBLIFBLIAPIBI CHHTE3JEY
QJIICTEMECI

AnHoramus. KemeHai keneprici »KYMBIC JKUUTIKTEPIHIH KEeH ayKbIMBIHIA CTa-
LIMOHAPIILIK €MEeC CUMarTa OOJaThIH YJECTIpUIreH 3JeMEHTTEp O0a3achlHIa KYKTe-
MEHI YWJIECTIpy CXeMaJapblH CHUHTE3/Iey MOCENeCiH mmemry yirH Puyapac men
Kypoarteiy TtypieHmipyiMeH ce3iMTajlbIKKa WHBAapUAHTTHI araparka Heri3feNreH
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ColiKeCTeH I pY/IiH )KaHa 9Iici )kaca el OaicteMeHi Tekcepy Mitsubishi LD-MOSRDO7
KyaT KyHIeWTkimTepinaeri 6eiceni sanemMentTTi LbIFpIC KoHE Kipic KYKTeMenepiMeH
yinectipy MbIcanbiHAa JKyprizinmi. Pagmorexuukanbik kypburbiiap (RTU) anmam
KBI3METIHIH OapiblK cajaliapblHaa KEHIHEH KOJJIaHbLIaAbl. O3iHiH KEIICH I Keleprici
Oap (yaxpIT OOHMBIHIIIA ©3TEpeTiH) TapaTyllbl KoHe KaObUTAAYIIbl KYpPbUIFBLIAPABIH
PaAMOTEXHUKAIBIK TpakTiuIepiHiH anemeHTTepi RTU Makcumain sl S3Heprus THIMIUTITIH
JKOHE COHBIH CalJapblHaH OPTYpPJi MaijanaHy >KarnaiiapblHOa paguoIMHUSIIApABIH
MaKCHUMAaJIIbl JTUANa30HBIH KaMTaMmachl3 €Ty YVIIiH Oip-OipiMeH Kemicityi THIC.
Byn rtancelpMaHbl OpBIHAAY VINIH CHHTE3IEY OiCTepi >KYMBIC KafAaislapbIHbIH
(Temmeparypa, aipin, OEICEHI AIEMEHTTEP/IH SPTYPIIi KYMBIC PeKUMAEP] xKoHE T.0.)
e3repyiHeH TYbIHIaFaH )KYKTeMe KeJePTiCiHIH ©3TepPTillTITiH €CKEPMEHUTIH KeH KOJaKThI
kemicy kypouirbuiapel (LLICY) konmansuiagsl. HoTwkecinze sKyKTeMEHIH e3repMeni
KeJleprici JkarmaibiHAa KyaT OepymiH TYpakThl JeHrehin kamramachid3 eretin CFC
CHUHTE3JIEY OJIICIH 93ipiiey KaxeT O0mambl.. byl KaXKeTTiTiK MIOFBIPIaHABIPhUTFaH KOHE
yiectipinares snementrep 6asacoiHgarsl RTU yiin MaHe3asl. Makanaaa yiecTtipiiren
aNeMeHTTep 0a3achlHa THICTI KYPBUIFBUIAPABI CHHTE3/ICY 9/1ici YChIHbUIFaH. [eonorus-
Oy keH FBUIBIMM TYXKBIpBIMIIaMa, OHBIH KypaMblHa KOJIJaHOallbl KOJIAAHY cajachl,
TEOPHSUIBIK €CerTeyiIep KaTeropuschl, TOMEHAE erKeH-TerKeli cunarTanfal 3eprrey
0OBEKTINIEpiHiH TYpi OOMBIHIIA epeKIIeNICHEeTIH KonTereH Oeimaep Kipei.

Tyiiin ce3aep: 5G aHTEeHHACHI, PaIOTEXHUKAIBIK KYPBUIFBI, XYKTEMe KeJeprici,
panumo Keiici, JKYMbIC KHIIri
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AHHoTamms. [ pemieHus 3ajadyl CHHTE3a CXeM KOOpAMHAIIMU Harpy3Kd Ha
pacrnpeneneHHoN 3eMEeHTHON 0a3ze, KOMIUIEKCHOE COIPOTHBIEHHE KOTOPOH HOCHUT
HECTAIMOHAPHBIN XapakTep B HIMPOKOM JTHana3oHe pabounx 4acToT ObUT pa3zpadoTaH
HOBBI MeTOJ HWICHTU(HUKALMK, OCHOBAaHHBI Ha amnmapare, HHBapUAHTHOM K
YYBCTBUTENBHOCTH, ¢ Npeobpa3oBanueM Puuapnca um Kypoma. IIpoBepka meromuku
MIPOBOJIMJIACH Ha IMPHUMEpPE COIVIACOBAHMS AaKTHBHOTO J3JEMEHTa B YCHJIMTENSIX
momHocTr Mitsubishi LD-MOSRDO07 ¢ BBIXOAHBIMH W BXOJHBIMH HAarpy3KaMu.
Pagnorexnuueckue ycrpoiictBa (RTU) mmpoko wucnonb3yrorcs Bo Bcex cdepax
YeJIOBeUECKON JEATENbHOCTH. DIEMEHThI PaJUOTEXHUUECKIX TPAKTOB MEPeNaIoNINX U
MNpUHUMAIOIUX yCTpOﬁCTB CO CBOUM KOMIIJICKCHBIM COIIPOTUBIICHUEM (I/I3MeH$[IOHH/IMC$I
BO BPEMEHH) JOJDKHBI OBITh COIIACOBAaHBI JIPyr C JPYroM, 4TOOBI 00ECHEeYUTh
MakcuMalibHyio 3HeprodddexruBnocts RTU wu, Kak clieAcTBHE, MaKCHMabHbBIN
Juara3oH paIlI/IOJII/IHI/Iﬁ B pa3JIMYHbIX YCJIOBUAX SKCILTyaTalluu. I[HSI BBITIOJTHEHUS 3TOU
3aJlaud UCIOJIB3YIOTCS IIMPOKOIIOIOCHBIE coracyromue ycTpoiicta (LLICY), meToas!
CHUHTE3a KOTOPBIX HE YYUTLIBAIOT U3MCHYUBOCTL COIIPOTUBJICHU A HAI'PY3KHU, BLI3BAHHYIO
HW3MEHEHUEM YCIIOBHI pa0bOTHI (TeMIeparypbl, BAOpaIUK, Pa3IMIHBIX PEXKUMOB pabOThI
AKTUBHBIX 3JIECMEHTOB U Jp.). B pe3ynbrare Bo3HMKAeT HEOOXOAMMOCTh pa3pabOTKH
MeToza cuHTe3a XDY, obecneunBaroniero cTabMIbHBINA ypOBEHb IIepeiadll MOIIIHOCTH B
YCIIOBHSIX MIEPEMEHHOTO CONPOTUBIIEHNS Harpy3Ku. JTa noTpedHoCcTh BaxkHa 1151 RTU
B KOHCOJIMJIMPOBAHHOW M paclpelielieHHOH dlIeMeHTHOH 0a3e. B crarbe mpeanaraercs
METOJl CHHTE3a COOTBETCTBYIOIIUX YCTPOWCTB Ha paclpelesIeHHOH dlieMeHTHOH Oase.
[eonmorust — 3T0 OOIIMpPHAS Hay4HAs KOHLENIHs, KOTopasi BKIoYaeT B ce0st 00acTb
MPUKJIATHOTO TPUMEHEHUs, KaTerOpHI0 TEOPETHYECKUX pPacyeToB, MHOXECTBO
pa3zienoB, pa3MYaloIUXCs 10 TUIY OOBEKTOB MCCIECAOBAHMUS, MOJPOOHO OMMCAHHBIX
HUXKCE.

KuaroueBble ciioBa: anteHHa 5G, paJloTEeXHUYECKOE YCTPOMCTBO, CONPOTUBICHNE
Harpy3KH, paJIMoJIHHUS, pabodas 4acToTa

Introduction

Acreview and analysis of broadband matching methods have shown that it is advisable
to use the method of real frequencies as a mathematical apparatus for the synthesis of a
matching circuit (MC) with varying load impedance (Dubovik et al., 2021).

It is proposed to develop a method for the synthesis of BMD that provide the required
level of power transmission under conditions of varying load impedance for RED in a
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distributed element basis based on the method of real frequencies in combination with
the Richards and Kuroda transformation.

It should be noted that the spread of the nominal values of the BMD elements (in a
distributed element basis, the dimensions, magnetic and dielectric permittivity of the
substrates, etc.) and the load connected to it negatively affect the functioning of the RED
in various operating conditions. The connection between the space of circuit parameters,
analysis and optimization, including with adjustable (controlled) parameters, can be
carried out using the sensitivity function. This function can contribute to solving a wide
range of tasks related to the analysis of the impact of small changes in design parameters
and external conditions on the operation of RED.

For the synthesis of the BMD, which allows to ensure the level of the power gain
(PG) is not worse than required, in the presence of a changing load impedance, first of
all it is necessary to assess the degree of influence of the load impedance variation on
the PG level. Let's imagine the complex load resistance as a number of parameters (i =
1,2... M), on which a certain function describing the frequency response of the BMD
(PG, group delay time, etc.) depends. The deviation of the function from the nominal
value caused by a change in the parameter is determined by the corresponding Taylor
series expansion. For the linearized case (we neglect the derivatives of the second and
higher orders), the decomposition has the form

4l GD(xI.)
S;?:S{D(xi),xl-}ziz_lla—xi (1)
where Sy =S {D(x,.),xi}:ia%ixi) - sensitivity of the function to parameter
~ oy,

1

changes !

- number of parameters;

- function deviation.

Expression (1) is used to describe the effect of small deviations, and it is based on
mathematical analysis. Of particular interest in this expression is the sensitivity of the
BMD characteristic, since a decrease in the value of this parameter leads to a decrease in
the deviation of the BMD characteristic, and with its fixed (permissible) value increases
the deviation , at which the required values of the BMD characteristic are preserved
(Dedus et al., 2004).

To ensure the required level of PG in the presence of a changing load impedance,
it is necessary that the synthesized BMD has the property of minimal sensitivity of the
reflection coefficient function to changes in load parameters. To do this, it is necessary
to solve a system of equations

;E(chﬁ - (1 18, (f+ZusZen )‘2 ))2 df < 5
/j Re{R{S,.,, (f,ZH,Zcu)}}rdf < min

fu
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where K., - required level of PG; Zu(/) - complex payload resistance;
Z (f)- complex resistance of the matching circuit;

in s &ZHs &I (ZH (f)+ZCLl (f))(ZH (f)_ZCL[ (_f)) )
of the reflection coefficient function to changes in payload parameters;
(fZ Z. ) ZH(f)—Z(,II(—f)

" ! Zy () + Zew ()
coefficient); - permissible deviation of the PG level in the operating frequency range.

To determine the minimum value of the sensitivity invariant, it is proposed to use
the expression 3.

- invariant of the sensitivity

- reflection coefficient function (mismatch

Ty A

Sk

Zy " 3)

(f ZiZn)|
)| [(ARe{z,} +iatm{z,})

(S 2 Zey

where A‘S (f.Z4.Zc,)| - permissible deviation of the reflection coefficient function

module;

ARe{Z,},iAIm{Z,} - permissible deviation of the real, imaginary part of the reflection
coefficient function.
Thus, the system of equations is transformed to the form

T(Kmﬁ - (1 -1, (7.2, 2, )‘2 )jz df <e

" : ()
jRe{ {8, (/.22 )}} dr<s

Ji

where the initial data is given: the required deviation of the PG level, the permissible
deviation of the modulus of the reflection coefficient function, the deviation of the
complex load resistance (ARe{Z, },AIm{Z,}).

The system of equations can be used as an objective function (complex criterion) in
combination with one of the existing numerical methods for the synthesis of BMD. It
is proposed to use the method of real frequencies as a method of BMD synthesis. The
main advantage of this method is that it does not require an approximation of the load
impedance, and also that the PG function is represented as an analytical expression,
while the ladder structure of the BMD is synthesized using iterative approaches to
search for the real component of the resistance function of the BMD (Boykachev et
al., 2012; Cherdyntsev et al., 2010). Thus, the combination of a complex criterion with
the method of real frequencies 5G type of the real component of the resistance function
allowed us to develop a method for the synthesis of matching devices for broadband
radio engineering devices to a changing load impedance in a distributed element basis,
which is shown in Fig. 1.
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The developed methodology consists of seven stages:

To simplify the subsequent calculations, the input data (complex load resistance
and frequency) is normalized, presented in the form of discrete samples. Based on
the required level of PG and the permissible deviation of the load impedance in the
operating frequency range, as well as the order of the electrical circuit;

The procedure for forming the form of the real component of the resistance function
of the MC and the formation algorithm.

Formation of a complex representation of the function;

Calculation of the PG level taking into account the resistance function of the
matching circuit;

Calculation of the sensitivity invariant of the reflection coefficient function module,
as well as the minimum possible value of the sensitivity invariant in the operating
frequency band;

Depending on the type of matching problem, one of the optimality criteria
is calculated, according to the value of which a decision is made to recalculate the
coefficients of the auxiliary polynomial. If the optimality criterion is met, proceed to the
seventh stage of synthesis;

Formation of the complex resistance function of the MC with its subsequent transfer
to the Richards (Fano et al., 1965; Orazbayev et al., 2012) space and synthesis of
microstrip lines from the formed function;

Replacement of physically unrealizable elements with Kuroda elements (Filippovich
et al., 1965; Filippovich et al., 2021)

The advantage of this approach lies in the absence of differentiation of the reflection
coefficient function to find the sensitivity value. It is enough only to know the value of
the SD impedance at a discrete range of frequencies in order to synthesize a BMD with
minimal sensitivity to changes in the load impedance in a distributed element basis.

Analysis of quality indicators of the obtained mathematical model of adaptive
matching device.

After the development of the BMD synthesis technique followed by the synthesis of
the matching chain in combination with RFPA, Richards and Kuroda transformations,
it is necessary to check the operability of this technique. To verify the presented
methodology, it is proposed to develop a broadband impedance transformer based on
it, designed for the Mitsubishi LD-MOSRDO7 power amplifier. (Alekseeva et al., 1987;
Moldasheva et al., 2022).

Synthesis of MC for Mitsubishi LD-MOSRDO7 power amplifier.

II ; e ma el vl

Fig. I The task of double matching of the LD-MOSRDO07 power amplifier
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Referring to Fig. 1, the impedance conversion filter is built between the generator R
= 12 ohms (the output of the HF power amplifier, which is designed using Mitsubishi's

LD-MOSRDO7).
&G -
e LU |Matching circuin | - Zt

F0 ) =aia 1B

Fig. 2 Description of the matching network using the input resistance from the Z_(}) side

Standard load R, = 50 ohms in the range of 850-2100 MHz. On the oscillator side
(12 ohms), the LG//CG1 resonant circuit introduces zero transmission at a frequency
of 4200 GHz, which is the second harmonic at the upper end of the bandwidth. In
addition, C 2 introduces zero DC transmission. Similarly, on the load side, the LL//CL
oscillatory circuit introduces zero transmission at the third harmonic (6300 MHz). Thus,
Figure 2 shows the problem of double matching (complex resistance on both sides). The
matching circuit must ensure coordination between the complex generator Z . and the
complex load Z, .

Let's set the initial parameters of the loads R, = 12 ohms, L, = 0.947 nGn, C_1 =
1.515pF,C 2=3.4pF,C, = 1.515pF, L, =0.412 nGn, R, =50 ohms.

The matching circuit is synthesized, providing matching resistance from Z ()) using
six commensurate transmission lines (n = 6). During the design, k = 4 (the total number
of cascades) and q = 0 (without zero DC transmission) are selected, which, in turn, gives
n oo =k — q = 2 transmission zeros at infinity.

The coefficients of the auxiliary polynomial are initialized. In addition, cO is fixed
equal to one (cO = 1), so that the normalized terminal resistance R is set equal to one.
Thus, a fractional rational function describing the resistance Z (1) obtained by the
presented method will have the form:

ad) _ 0A®+0.62A5+0.7259A%+0.2427A34+0.1717A% +0.0169A+0.0036 (5)
b(A)  2.1530A6+2.5204A5+1.1745A%+0.9848A3+0.1634A2+0.0754A+0.0036

Zg() =

The coefficients are obtained as a result of optimization, and the coefficients of
the numerator polynomial and the denominator polynomial are obtained using the
Levenberg-Marquardt method (Yarman et al., 2010; Gorshelev et al., 1977).

Table 1. Calculation results

Ne c(Q), *100 a() a(d)
5,9257 0 2,1529
6,0851 0,6200 2,5204
-2,2964 0,7258 1,1744
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-2,3805 0,2426 0,9844
0,1579 0,1717 0,1634
0,1757 0,0168 0,0753
0,010 0,0036 0,0036

After finding the function Z (1) with normalized parameters R = 1, f, = 1/(2n),
perform the Richards transform.
The list of output vectors is shown in Table 2, and the final synthesis of Z,(A) is
shown in Figure 4.

Table 2. Synthesis results for the Richards transformation

Ne Z new a new b _new CT (0\%
0.2517 0 1.0000 8 7.5637
1.8721 0.1322 1.1706 1 0.8542
0.1245 0.1547 0.1547 9 0.9999
1.536 - - - -

where Z new - normalized wave resistance; a new, b_new — recalculated values of
the coefficients of the numerator, denominator of the resistance function; CT is the type
of connection of the MC cascade and the type of radio element (CT = 1 — serial Richards
inductance, 8 — parallel Richards capacitance, 9 — resistor); CV — the remainder of the
division.

LA

ZG
Ec n
&

Ch _|_ 74 73 7> Zlﬁ‘ 7L il
7B

Fig. 3 — Results of the synthesis of MC from Z,(})

Thus, the wave resistance in Fig. 3 is determined by the expression

Z, = 0.2517; Z, = 1.8721; Z; = 0.1246; Z, = 1.5364,

and the Richards components are listed as:
C=7,5637; L=0,8542.
When choosing the number of resistance normalization R = 50 ohms, the actual
values of the elements are determined as
Z _new=[12,5850 93,6052 6,2297 76,8177];

The Richards capacitor C is made in the form of a shunting open loop with a reduced
characteristic resistance Zcap = 1/C or with an actual wave resistance Zcap = R /C.
Similarly, the Richards inductor L is implemented as a sequential short loop with a
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normalized characteristic resistance ZInd = L or with an actual characteristic resistance
Zind = R L. Thus, it turns out that Zcap = R /C = 50/7,5 = 6.6105 ohms and Zind
= R L = 42.7106 ohms. For the case under consideration, Z3-act = 6.2297 ohms and
Zcap-act = 6.6 ohms are difficult to implement. As for practical implementation, we
may prefer to use microstrip technology to implement ideal commensurate transmission
lines. Richards shunt capacitors (i.e., open loops in a shunt configuration) can be easily
implemented, but the implementation of Richards series inductors (i.e., short loops in
a serial configuration) presents serious difficulties. However, the problems of physical
implementation can be circumvented by using Kuroda identities (Abdukadyrov et al.,
2023; Plotkin et al., 2021). In this regard, the sequential application of Kuroda identities
removes consecutive short loops with shunting open loops (Yerzhan et al., 2023).

Identification of Kuroda 1:

According to Fig. 5, a transmission line with a capacitive load can be replaced by an
equivalent line with an inductive load using the following set of equations:

Za

ZB = CAZA+1’ (6)
_ _CaZi
B T Ccaza+?’ (7

In our case, the Richards capacitor and a pair of transmission lines {CA, Z4} = {CA
=7,5637\, Z4 = 1,5364} can be replaced by a pair of transmission lines and Richards
inductors {ZB1, LBIA} so that

Za

ZBl zmz 01217, (8)
2
Ly, = Cj;fil =1.4146, )

Thus, at the first stage, we used the Kuroda I identity and obtained the following
chain topology.

—=__IWY\_

Cal II Za —> zs Lk

Jr—
L
Fig. 4 - 1dentification of inductance using Kuroda identities

Identification of Kuroda 2

Referring to Fig. 4, the pairs {LA, ZB1} and {LB1, Z3} can be replaced by identical
pairs using the Kuroda II identity, as shown in Fig. 5. The set of replacement equations
is given by the expression
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Zg=Zy+ Ly, (10)
Lg
Cp = Za(Za+La) (1 1)

In the second stage, the Kuroda II identity is applied twice. First, the pair {A LB1,
73} is replaced by

Zgs = Z3 + Lg; = 1.5393, (12)
or is the actual value of ZB3 equal to ZB3-act =76 ohms.

_ LBy —
Cps = Zp1(Zp1+Lp1) 7:37, (13)

Similarly, the pair {LA, ZB1} is replaced by a new {ZB2, CB2} such that
Zpy =Zpy + L = 09759, (14)
or is the actual value of ZB2 equal to ZB2-act =48.7974 ohms.

Cos =7.1899, (15)

_ L
Zp1(Zp1+L)

Hence, we get Fig. 5 as the final synthesis of ZB2(})

Q”4 ZB2 ZB3 72 Z1 V49
|
%, %,

Fig.5 - Matching circuit for power amplifier LD-MOSRDO07

The matching device is made on FR-4 with a dielectric constant of 4.3. The
characteristics of the matched system are shown in Fig. 6.
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Fig. 6 - PG dependency with and without matching chain
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Fig. 7 - The dependence of the PG on the frequency of the amplifier with and without a matching circuit
Conclusions

In cases of instability of the amplifier parameters caused by various kinds of
destabilizing factors, which led to a change in load parameters up to 25% of the nominal
value, leads to a change in the PG in the bandwidth slightly when using a synthesized
matching circuit (Fig. 7 — solid lines), unlike without it (Fig. 7 — dashed lines).

Based on the results obtained, it follows that the MD provides not only an improvement
in PG in the frequency range from 0.9 to 2.1 GHz, but also has increased selectivity over
the bandwidth. Thus, the obtained technique can be used for the synthesis of MD both in
the concentrated element basis and in the microwave frequency range.

Geology is an extensive scientific concept, which includes many subsections that
differ in the scope of application, category of theoretical calculations, type of research
objects, described in detail below.
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