ISSN 1561-5405 (print), 2587-9960 (online)
DOI: 10.24151/1561-5405

H3BecTHs BhICHINX Y4eOHBIX 3aBeACHUI.

QJIEKTPOHUKA

2N Tom 29, Ne 1,2024
<) SIHBAapb — (heBpaJIb

A WCCNEROBATENL oy, -
b‘,\b\ " Y

Hayuno-mexnuueckuii scypnan

H30aemca c 1996 .
BoixoauT 6 pa3 B roa

Yupenurenb u u3nareib: Hayuonanonwtii uccneoosamenvckuil ynusepcumem «MHIT»

I'naBublii penakrop: Yanavieun Hpuii Anexcandposuu — axanemux PAH, n.T.H.,
mpod., MUDT (Mocksa, Poccust), ORCID: 0000-0002-7505-5175

Pemaxknumonnas xoJjierus:

T'aspunoe Cepzeii Anexcandpoguu — 3aMeCTUTEIb TTIABHOTO peAaKkTopa, I.T.H., mpod., MUDT
(Mocksa, Poccus), ORCID: 0000-0002-2967-272X

Baxmun Anexcandp Anexcandposeuu — xaun.1.H., nou., MUDT (Mocksa, Poccus),

ORCID: 0000-0002-1107-0878

Benesonenckuii Cepzeii bopucoeuu — n.1.1., npod., DI'BHY «Hayuno-uccnenoBaTensCKkuit
UHCTUTYT — PecnyOnukaHCKUid MCCIeI0BATENLCKUI HAyYHO-KOHCYIBTAllMOHHBIN IIEHTP
skcnepTu3s» (Mocksa, Poccust), ORCID: 0000-0003-3177-9136

FBecnanos Braoumup Anexcanoposuy — un.-xopp. PAH, n.1.1., npod., MUIT (Mockga, Poccus)
bopzapom Huxonanu Heanoeuu — n.¢pu3.-mat.H., nmpod., MUIT (Mocksa, Poccus),

ORCID: 0000-0001-8015-7603

T'agpunoe Cepzeit Bumanwveguu — 1.1.1., 1pod., THCTUTYT Tpobi1eM NpOeKTHPOBAHUS B MUKPO-
anektponuke PAH (Mocksa, Poccust), ORCID: 0000-0003-0566-4482

T'azapuna Jlapuca I'ennadveena — n.1.1., ipod., MUDT (Mocksa, Poccns),

ORCID: 0000-0001-7591-9175

T'anonenko Cepzeni Bacunveeuu — akan. HAH benapycu, n.¢u3.-mat.H., ipod.,

Wncturyt ¢pusuku HAH benapycu (Munck, benapycs),

ORCID: 0000-0003-3774-5471

Topbayesuy Anexcanop Anekceesuyu — axan. PAH, n.¢uz.-mar.H., npod., Duznueckuii KHCTUTYT
nM. I1.H. Jle6enesa PAH (Mocksa, Poccust), ORCID: 0000-0002-1950-356X

Jlywikun Anexcandp Buxkmoposuu — 1,1.1., iout.,, MUDT (Mocksa, Poccus),

ORCID: 0000-0002-8078-8971

Kononnée bopuc I'eopzueeuu — n.1.1., npod., FOxubI Penepanbublii yauepcureT (Taranpor,
Poccus), ORCID: 0000-0003-3105-029X

Kopxuwro FOpuin Hukonaeeuu — n.¢uz.-mar.H., npod., HIIK «Onrommak» (Mocksa, Poccust)
Koponée Muxaun Anexcanopoeuu — 11.7.H., ipod., MUDT (Mocksa, Poccus),

ORCID: 0000-0003-3043-1293

Kpacnukoe I'ennaouii AAxosnesuu — akan. PAH, n.1.1., npo¢., npe3unear PAH (Mocksa,
Poccust), ORCID: 0000-0002-2441-7455

Jlabynoe Braoumup Apxunoeuu — axan. HAH benapycu, unoctpanssiii wien PAH, n.1.1.,
npod., benopycckuii rocynapcTBeHHbII yHUBEpCUTET HH(YOPMATHUKH U PAANOIICKTPOHUKI
(Mumuck, benapycs), ORCID: 0000-0002-3494-4881

Menuxan Baszen Illasapwoeuu — 1n.-kopp. HAH Apmenun, 10.1.H., mpod., 3A0 «CuHoncuc
Apmenus» (Epesan, Apmenns), ORCID: 0000-0002-1667-6860

Heeonun Bnaoumup Kupunnosuu — n.pus.-mar.u., npod., MUIT (Mocksa, Poccus),

ORCID: 0000-0003-4348-0377

Hesonun Bnaoumup Hukonaeeuu — 1.¢pu3z.-mar.H., npo¢., HanmoHansHeIH Mccie0BaTebCKIi
anepHblit yauBepcuretT «MUDW» (Mocksa, Poccus)

© «HM3BecTust BY30B. DJIEKTPOHUKA», 2024
© MHUIT, 2024



Ilepesep3zee Anexceii Jleonudosuu — n.71.4., nou., MUDT (Mocksa, Poccus),

ORCID: 0000-0002-5834-5138

Ilempocany Koncmanmun Opecmoeuy — 1.7.H., 1pod., HarpoHameHEBIH Hccie10BaTeNbCKAN
yHHBepcHuTeT «BrIcias mkoia sSkoHoMuKI» (Mocksa, Poccust), ORCID: 0000-0001-7969-4786
Cazonoe Anopei FOpvesuu — PhD, ipod., Yausepcuret Barepnoo (Kanana),

ORCID: 0000-0003-0974-1262

Caypoeé Anekcandp Huxonaeeuu — akan. PAH, n.1.1., nmpo¢., UHCTHTYT HAHOTEXHOIOTHI
mukposnektpornkn PAH (Mocksa, Poccust), ORCID: 0000-0001-7368-5977

Ceemyxun Bauecnae Buxmopoeuu — un.-xkopp. PAH, n.¢us.-mat.H., mpod.,

HIIK «Texnonoruueckuii nenrp» (Mocksa, Poccus), ORCID: 0000-0003-0831-9254
Cenuwes Cepzen Bacunvesuu — n.¢us.-mat.H., mpod., MUDT (Mocksa, Poccus),

ORCID: 0000-0002-5589-7068

Cuzo6 Anexcandp Cepzeesuu — axan. PAH, n.¢us.-mar.H., npod., MUPDA — Poccuiickuii TexHO-
noruueckuit yausepcureT (Mocksa, Poccust), ORCID: 0000-0003-2017-9186

Cuoopenko Anamonuii Cepzeesuu — akan. AH Monnossl, 1.¢u3.-Mat.H., mpod.,

OpnoBckuii rocympapctBeHHBIN yHUBepcuteT uM. W. C. Typrenesa (Opémn, Poccus),

ORCID: 0000-0001-7433-4140

Teney Bumanuii Apcenvesuy — 11.7.H., ipod., HanmmoHanpHEIN HCCIen0BaTSTECKUH SICPHBIN
yansepcurer « MUDU» (Mocksa, Poccust), ORCID: 0000-0003-4944-676X

Tumowenkoe Cepzeii Ilempoeuu — n.1.1., ipo¢., MUOT (Mocksa, Poccus),

ORCID: 0000-0001-5411-1804

Xopee Anamonuit Anamonvesuu — 1.1.1., npod., MUIT (Mocksa, Poccus),

ORCID: 0000-0001-9074-385X

FOpuw Cepzeii IOpveguu — xaua.T.H., IFSA Publishing, S.L. (bapcenona, Vcnanus),

ORCID: 0000-0002-1433-260X

3aBeaywomas penaxuueii 4. M. /loponuna
Penaxrop A. B. Tuxonosa

Koppexrop HU. B. Ilpockypakosa

Bepcrka A. FO. Poiorckos, C. FO. Poiickos

Anpec penaxkuum: 124498, Poccus, r. Mockaa, r. 3eneHorpay, . [lokuna, a. 1, MUDT.
Tes.: 8-499-734-6205, e-mail: magazine @miee.ru, caiit: http://ivuz-e.ru

Anpec u3nareasi: 124498, Poccus, r. Mocksa, 1. 3enenorpa, . Hlokuna, a. 1, MUDT.
Anpec noaurpaduueckoro npeagnpusatus: 124498, Poccus, r. Mocksa, 1. 3enenorpan, . Hlokuna, a. 1, MUDT.

[Moamnucano B nevats 13.02.2024. dopmar 6ymaru 60x84 1/8. Iludposas neyars.
Oo6mwem 15,345 yen.med.i., 14,344 ya.-m3n.01. Tupaxk 120 3k3. 3akaz Ne 11. CroboHas 1ieHa.
CeugerensctBo o peructpanun CMU MU Ne &C 77-72307 ot 01.02.2018.

Kypnan sxmrouen BAK B Ilepedens penieH3npyeMbIX HayqHBIX M3/1aHHH, B KOTOPHIX JIOJKHBI OBITH OITyOITMKOBAaHBI OCHOBHBIE HAyYHBIE
pe3ynbTaThl JUCCEPTAIMil Ha COMCKAaHME y4eHOH CTemneH KaHIuJaTa HayK, Ha COMCKaHHE YYEHOH CTENEeHM JTOKTOpa HayK IO CIETyro-
LIMM CIIENUATEHOCTSIM:

1.3.5. ®usnyeckasi 1eKTPOHUKA (TeXHHYeCKHe HAYKH, (PU3UKO-MaTeMAaTHYeCKHe HAYKH)

1.3.8. ®u3nKa KOHIEHCHPOBAHHOIO COCTOSTHHS (TEXHMYECKHe HAYKH, PH3HKO-MaTeMaTHIeCKHe HAyKH)

1.3.11. ®u3uKa NOJYNPOBOAHUKOB (TeXHHYECKHE HAYKH, (PU3HKO-MATEeMaTHYeCKHEe HAYKH)

1.3.12. ®u3uKa MarHUTHBIX SIBJICHHIT (TEXHHYECKHE HAYKH, PU3NKO-MAaTeMaTHIECKHEe HAYKH)

2.2.1. BakyymMHas U IU1a3MeHHas 3JIeKTPOHHKA (TeXHHYecKHe HAYKH)

2.2.2. DNeKTPOHHAs KOMIIOHEHTHAsA $232 MMKPO- H HAHOJJIEKTPOHHKH, KBAHTOBBIX YCTPOWCTB (TeXHHYeCKHe HAYKH, (PU3HKO-
MaTeMaTH4YeCKHe HAYKH)

2.2.3. Texnosiorusi 1 060pyI0BaHMeE 111 IPOU3BOICTBA MATEPHAJIOB U NPHUOOPOB JIEKTPOHHOI TEXHUKH (TEXHHYECKHe HAYKH)
2.2.8. MeToan! 1 IpuOOPLI KOHTPOJIS M IMATHOCTHKH MATEPHAJIOB, M3/IeJIHii, BeleCTB ¥ IIPUPOJHON cpe/ibl (TEXHHYECKHEe HAYKH)

2.3.1. CucreMHbIii aHAJIM3, yIIpaBJIeHHe U 00padoTKa HHPpopMauuK (TEXHHYECKHE HAYKH),

2.3.3. ABTOMATH3aIAs ¥ YNPABJICHHE TEXHOJOTHYECKUMH MPONECCAMH H MPOU3BOACTBAMH (TEXHHYECKHE HAYKH)

2.3.5. MaTremaTnyeckoe ¥ NPorpaMMHoe ofecriedeHne BHIYUCIUTEIbHBIX CHCTEM, KOMILIEKCOB U KOMIILIOTEPHBIX CeTell (TeXHH-
YecKHe HayKH)

XKypnan Bkiroyen B Russian Science Citation Index na mmardopme Web of Science, B Poccuiickuii MHIEKC HAy4YHOTO IUTUPOBAHUS U B
Peiitunr Science Index. SIBnstiercs unenom Crossref.

IInama 3a ny6ﬂuka14ui0 cmameti He 83UMAEMCs.

MoanucHoii unaexc B katanore «Ilpecca Poccun» OO0 «ArentcrBo «Kuura-Cepsuc» — 38934.
TlonnmucHoii uaekc B katanore «Ilepuonmueckue m3nanust. I'azersl u xypHaas» 000 «Ypan-Ilpecec Oxpym» — 47570.

Uszsecmus 6y308. Dnexmponuxa / Proceedings of Universities. Electronics 2024 29(1)



http://ivuz-e.ru ISSN 1561-5405 (print)
DOI: 10.24151/1561-5405 ISSN 2587-9960 (online)

COJAEPKAHUE

MatepuaJbl 3JIeKTPOHUKH
Illomaxoeé 3. B., Hanumosa C. C., I'ykemnoe A. M., Konopameves B. M., Mownuxoeé B. A. Yupas-
JICHHE CBONCTBaMHU aJCOPOIMOHHBIX IICHTPOB TPHU (HOPMUPOBAHUU Ta30UyBCTBUTEIBHBIX CTPYKTYD
CMEIITAHHBIX OKCHIIOB ...eeuvveevreesseeesreesseeessseassssessssessssasssssssssasssssssesasssssssssessssessessssssssssasssssssssassessssesassessns 7
baznos A. B., Xopowrko JI. C., Cunuoun M. B., Kapnuuckuii /I. B. DnektpoHHas cTpykTypa dep-
pomaHraHuTa BUCMYTa BiF€)sMNg 505 ..ciuiiiiiiiiiiiiiiccieccccccee ettt 19

TexHoJIOrH4YecKre MPouecchbl U MAPIIPYThI
Pymanyee A. B., bopzapom H. H. CpaBHeHHE NIPOLECCOB PacIbUICHUS KPEMHUS U JUOKCUAA KPEeM-
HUSL POKYCHPOBAHHBIM HOHHBIM ITYTKOM .....vteeeeessiuniutereeeeessnanetnreteeeeessnamnseseeeeeessensmmteneeeeesssanmmmeneeees 30

CxeMOTEXHHKA U MPOCKTUPOBAaHUE
Babajanyan H. A., Khudaverdyan S. Kh. Optimization of the audio-frequency voltage-controlled
oscillato
(babaorncanan A. A., Xyoasepoan C. X. OntuMuzanus ayJuo4aCTOTHOIO TeHepaTopa, yrnpaBisieMo-

TO HAIIPSIKEHIEM ) ..o eeetetitiiieeeeeetttttieeeeeeetatetaa e e eeeeetetaaa e e e et eeetatba e e e e et eeetbaaa e eeeeeenstbaaeeeeeeeeannes 42
Konecnukog E. b. YMHOXWTENIN 4acTOThl TAPMOHUYECKOTO CHTHAJA Ha yrpasiseMoM (a3oBparia-
TEIIE ittt et e e ettt e e ettt e e e e et e e e e e et e e e e e e e e e e e e e e s e et e e e e e e s b abe st e e e e e e santaee 52

Ilempocany K. O., Xapumonoe H. A., Tezun M. C. MoaenupoBaHue 3JIEKTPOTEIUIOBBIX MEPEX0I-
HBIX IPOLECCOB B MOIIHBIX JJICKTPOHHBIX CXEMaX Ha IMCYATHBIX IJIaTaX ¢ UCIIOJIb30BAHUEM MIpOrpaMM-
Horo obecniedeHuss Comsol, SPice, KACOHUKA-TIMD .....uuuuuuuuniniinniiiininiiiiinnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnns 65

MHKpO- N HAHOCUCTEMHAA TEXHHUKA
Kouypuna E. C., Bunozpaoos A. ., boes JI. P., 3apankun H. M., Auuymun C. A., /lepnos H. C.,
Tumowenkos A. C., Tumowenrog C. II. TexHoIOrn4ecKkre aceKThl H3TOTOBICHHUS YyBCTBUTEIBHBIX

SJIEMEHTOB MUKPOMEXAHUYECKHUX JATUUKOB YIAPA ...cuviuviniiiuniiiieiiatieteeitesisesiee st esaeesasesessaeesaeesaeesseeanens 79
bopucos A. I., Hnvawesa E. B., Ocunenkoea H. I'. Onpenenenue teMnepaTypHOH MOTPEIIHOCTH

ONTUYECKOT0 JAaTYMKA MIOTHOCTH NIEKTPOIHTA IS AKKYMYIIATOPOB ...t 89
Yyzynoe E. IO., Tumowenkos C. IL., Ilozanoe A. H. Pa3paboTka 1 UCCIeIOBaHIE MHOTOKPUCTAIb-

HBIX MUKPOCUCTEM Ha OCHOBE MOJYJILHON TPEXMEPHON MHTEIPALMH KPHUCTAIIIOB ......uuueiiieiiiiiiiineeeeenass 98

EI/IOMQJII/IIII/IHCKaﬂ IJICEKTPOHUKA
Cenromuna E. B., I'ypoe K. O., Munoyoaees 3. A., /lanunos A. A. Bausinue napa3uTHbIX KOMIOHEH-
TOB M HarpeBa KOHJICHCATOPOB Ha aJaNTHBHYIO MOJICTPONKY YCHIINTENS] MOIIHOCTH B CHCTEME MHYK-
TUBHOT'O MUTAHUSA MEAULIMHCKUX UMIITAHTATOB ....uueeeeettrttunineeeeeettunnaaeeeeeteeennnaaeeeeeeeesnnnaaeaeeeeeeennns 108

NupopManMOHHO-KOMMYHUKAIIMOHHbIE TEXHOJIOIHU
Jybenyoe A. B. Cuates MeToqa orieHKH d3PPEKTHBHOCTH CHCTEeMBI HH(popMaImonHoii 6ezonacHoctd 118

Kondepenuun
XXXI Beepoccuiickast MEXBY30BCKasi HAYYHO-TEXHUYECCKAs KOH(GEPEHIHS CTYICHTOB, aCIUPAHTOB U
MOJIOJBIX YUEHBIX «MHUKPOIIEKTPOHUKA 1 HHPopMaTHKa — 2024 ¢ MeXKITyHAPOIHBIM YIaCTHEM ......... 130
K CBEZIEHHIO ABTOPOB ......vviueevieiaiesesisteseeessesesessesessssesesessesessssesessssesessssesessssesessssesessssesessssesessssesesnssesesssnas 131

H3zeecmus 6y306. Dnexmponuka / Proceedings of Universities. Electronics 2024 29(1) 3



ISSN 1561-5405 (print), 2587-9960 (online)
DOI: 10.24151/1561-5405

Proceedings of Universities.

ELECTRONICS

Volume 29, No. 1, 2024
January — February

The scientifical and technical journal

Published since 1996
Published 6 times per year

Founder and Publisher: National Research University of Electronic Technology

Editor-in-Chief: Yury A. Chaplygin — Acad. RAS, Dr. Sci. (Eng.), Prof., MIET (Moscow,
Russia), ORCID: 0000-0002-7505-5175

Editorial Board:

Sergey A. Gavrilov — Deputy Editor-in-Chief, Dr. Sci. (Eng.), Prof., MIET (Moscow, Russia),
ORCID: 0000-0002-2967-272X

Aleksandr A. Bakhtin — Cand. Sci. (Eng.), Assoc. Prof., MIET (Moscow, Russia),

ORCID: 0000-0002-1107-0878

Sergey B. Benevolensky — Dr. Sci. (Eng.), Prof., Scientific Research Institute — Federal Research
Centre for Projects Evaluation and Consulting Services (Moscow, Russia),

ORCID: 0000-0003-3177-9136

Vladimir A. Bespalov — Cor. Mem. RAS, Dr. Sci. (Eng.), Prof., MIET (Moscow, Russia)
Nikolay 1. Borgardt — Dr. Sci. (Phys.-Math.), Prof., MIET (Moscow, Russia),

ORCID: 0000-0001-8015-7603

Alexandr V. Dushkin — Dr. Sci. (Eng.), Assoc. Prof., MIET (Moscow, Russia),

ORCID: 0000-0002-8078-8971

Larisa G. Gagarina — Dr. Sci. (Eng.), Prof., MIET (Moscow, Russia),

ORCID: 0000-0001-7591-9175

Sergey V. Gaponenko — Acad. NAS of Belarus, Dr. Sci. (Phys.-Math.), Prof., Institute of Physics
of the NAS of Belarus (Minsk, Belarus), ORCID: 0000-0003-3774-5471

Sergey V. Gavrilov — Dr. Sci. (Eng.), Prof., Institute for Design Problems in Microelectronics of
RAS (Moscow, Russian), ORCID: 0000-0003-0566-4482

Aleksandr A. Gorbatsevich — Acad. RAS, Dr. Sci. (Phys.-Math.), Prof., P.N. Lebedev Physical
Institute of the RAS (Moscow, Russia), ORCID: 0000-0002-1950-356X

Anatoly A. Horev — Dr. Sci. (Eng.), Prof., MIET (Moscow, Russia), ORCID: 0000-0001-9074-385X
Boris G. Konoplev — Dr. Sci. (Eng.), Prof., Southern Federal University (Taganrog, Russia),
ORCID: 0000-0003-3105-029X

Yury N. Korkishko — Dr. Sci. (Phys.-Math.), Prof., Optolink LLC (Moscow, Russia)

Mikhail A. Korolev — Dr. Sci. (Eng.), Prof., MIET (Moscow, Russia),

ORCID: 0000-0003-3043-1293

Gennady Y. Krasnikov — Acad. RAS, Dr. Sci. (Eng.), Prof., President of RAS (Moscow, Russia),
ORCID: 0000-0002-2441-7455

Vladimir A. Labunov — Acad. NAS of Belarus, Foreign member of RAS, Dr. Sci. (Eng.), Prof.,
Belarusian State University of Informatics and Radioelectronics (Minsk, Belarus),

ORCID: 0000-0002-3494-4881

Vazgen S. Melikyan — Cor. Mem. NAS of Armenia, Dr. Sci. (Eng.), Prof., CJISC Company
“Synopsys Armenia” (Yerevan, Armenia), ORCID: 0000-0002-1667-6860

© “Proceedings of Universities. Electronics”, 2024
© MIET, 2024

Uszsecmus 6y308. Dnexmponuxa / Proceedings of Universities. Electronics 2024 29(1)



Vladimir K. Nevolin — Dr. Sci. (Phys.-Math.), Prof., MIET (Moscow, Russia),

ORCID: 0000-0003-4348-0377

Vladimir N. Nevolin — Dr. Sci. (Phys.-Math.), Prof., National Research Nuclear University MEPhI
(Moscow, Russia)

Aleksey L. Pereverzev — Dr. Sci. (Eng.), Assoc. Prof., MIET (Moscow, Russia),

ORCID: 0000-0002-5834-5138

Konstantin O. Petrosyants — Dr. Sci. (Eng.), Prof., National Research University Higher School
of Economics (Moscow, Russia), ORCID: 0000-0001-7969-4786

Aleksandr N. Saurov — Acad. RAS, Dr. Sci. (Eng.), Prof., Institute of Nanotechnology of Microe-
lectronics of the RAS (Moscow, Russia), ORCID: 0000-0001-7368-5977

Andrey Y. Sazonov — PhD, Prof., University of Waterloo (Canada),

ORCID: 0000-0003-0974-1262

Sergey V. Selishchev — Dr. Sci. (Phys.-Math.), Prof., MIET (Moscow, Russia),

ORCID: 0000-0002-5589-7068

Anatolie S. Sidorenko — Acad. AS of Moldova, Dr. Sci. (Phys.-Math.), Prof.,

Orel State University named after I. S. Turgenev (Orel, Russia),

ORCID: 0000-0001-7433-4140

Aleksandr S. Sigov — Acad. RAS, Dr. Sci. (Phys.-Math.), Prof., MIREA — Russian Technological
University (Moscow, Russia), ORCID: 0000-0003-2017-9186

Vyacheslav V. Svetukhin — Cor. Mem. RAS, Dr. Sci. (Phys.-Math.), Prof.,

SMC “Technological Centre” (Moscow, Russia), ORCID: 0000-0003-0831-9254

Vitaly A. Telets — Dr. Sci. (Eng.), Prof., National Research Nuclear University MEPhI (Moscow,
Russia), ORCID: 0000-0003-4944-676X

Sergey P. Timoshenkov — Dr. Sci. (Eng.), Prof., MIET (Moscow, Russia),

ORCID: 0000-0001-5411-1804

Sergey Yu. Yurish — Cand. Sci. (Eng.), IFSA Publishing, S.L. (Barcelona, Spain),

ORCID: 0000-0002-1433-260X

Head of editorial staff Doronina I. M.
Chief editors Tikhonova A. V., Proskuryakova 1. V.
Make-up Ryzhkov S. Yu., Ryzhkov A. Yu.

Editorial Board’s address: 124498, Russia, Moscow, Zelenograd, Bld. 1, Shokin Square, MIET,
editorial office of the Journal “Proceedings of Universities. Electronics”.
Tel.: +7-499-734-62-05, e-mail: magazine @miee.ru, website: http://ivuz-e.ru

Publisher’s and printery addresses: 124498, Russia, Moscow, Zelenograd, Bld. 1, Shokin Square, MIET.

Signed to print 13.02.2024. Sheet size 60x84 1/8. Digital printing. Conventional printed
sheets 15,345. Number of copies 120. Order no. 11. Free price.
The media registration certificate I Ne ®C 77-72307 of 01.02.2018.

The journal is included into the List of reviewed scientific publications, in which the main scientific results of thesis for candi-
date of science and doctor degrees must be published for the following specialties:

1.3.5. Physical electronics (Engineering Sciences, Physical and Mathematical Sciences)

1.3.8. Condensed matter physics (Engineering Sciences, Physical and Mathematical Sciences)

1.3.11. Semiconductor physics (Engineering Sciences, Physical and Mathematical Sciences)

1.3.12. Physics of magnetic phenomena (Engineering Sciences, Physical and Mathematical Sciences)

2.2.1. Vacuum and plasma electronics (Engineering Sciences)

2.2.2. Electronic component base of micro- and nanoelectronics, quantum devices (Engineering Sciences, Physical and
Mathematical Sciences)

2.2.3. Technology and equipment for electronic materials and devices production (Engineering Sciences)

2.2.8. Material, product, substance and natural environment control and diagnostic techniques and devices (Engineering
Sciences)

2.3.1. System analysis, information handling and processing (Engineering Sciences)

2.3.3. Process industries automation and control (Engineering Sciences)

2.3.5. Mathware and software for computer systems, complexes and networks (Engineering Sciences)

The journal is included into the Russian Science Citation Index on the Web of Science basis, into the Russian index of scientific
citing and into the Rating Science Index. Is the member of Crossref.

The fee for the publication of articles is not charged.

The subscription index in catalogue “Russian Press” LLC “Agency “Book-Service” — 38934.
The subscription index in catalogue “Periodicals. Newspapers and magazines” LLC “Ural-Press Okrug” —47570.

H3zeecmus 6y306. Dnexmponuka / Proceedings of Universities. Electronics 2024 29(1)

5



http://ivuz-e.ru ISSN 1561-5405 (print)
DOI: 10.24151/1561-5405 ISSN 2587-9960 (online)

CONTENTS

Electronics materials
Shomakhov Z. V., Nalimova S. S., Guketlov A. M., Kondratev V. M., Moshnikov V. A. Control of

the properties of adsorption sites in the formation of gas-sensitive structures of mixed oxides................ 7
Baglov A. V., Khoroshko L. S., Silibin M. V., Karpinsky D. V. Electronic structure of bismuth
ferromanganite BiFe) s Mg sO3....eeeuiiiiiiiiieiiie ettt sttt sttt st e s b 19

Technological processes and routes
Rumyantsev A. V., Borgardt N. I. Comparison of silicon and silicon dioxide sputtering by a focused
TOM DEAI ...ttt 30

Circuit engineering and design
Babajanyan H. A., Khudaverdyan S. Kh. Optimization of the audio-frequency voltage-controlled

OSCIILALOT . 42
Kolesnikov E. B. Harmonic signal frequency multipliers on controlled phase shifter ......................... 52
Petrosyants K. O., Kharitonov 1. A., Tegin M. S. Simulation of electro-thermal transient responses

in power PCB modules using Comsol, Spice, AsoniKa-TM........cc.uuuiiieiiiiiiiiiiiiieneeeiiiiiiieee e 65

Micro- and nanosystem technology
Kochurina E. S., Vinogradov A. I., Boev L. R., Zaryankin N. M., Anchutin S. A., Dernov 1. S.,
Timoshenkov A. S., Timoshenkov S. P. Technological aspects of manufacturing sensing elements of

Micromechanical IMPACE SETISOTS ......eerrieiiuieriieeitieriiestteeteesteesbeesbeesebeesbeesabeesaseesabeesaseesaseessseesseesnseesas 79
Borisov A. G., Ilyasheva E. V., Osipenkova N. G. Determination of the temperature error of the opti-

cal electrolyte density SENSOT fOI DALLEIIES .....uuuuieiiiiiiiiiiiee ettt eeeeeebees 89
Chugunov E. Yu., Timoshenkov S. P., Pogalov A. I. Development and research of multichip mi-

crosystems based on modular three-dimensional integration of Chips...........oocccvieiiiiiininiiiiiicnn, 98

Biomedical electronics
Selyutina E. V., Gurov K. O., Mindubaev E. A., Danilov A. A. Parasitic components and capacitors
heating impact on power amplifier adaptive tuning in the inductive supply system for medical implants 108

Information-communication technologies
Lubentsov A. V. Synthesis of a method for evaluating the effectiveness of an information security

] <) 1 | PSP P TP P PR UPPPPPPPPON 118
Conferences
31st All-Russian Interuniversity Scientific and Technical Conference of Students, Postgraduate
Students and Young Scientists with International Participation “Microelectronics and Informatics —2024”... 130
INSEIUCHION TOT AULNOTS ....o.vivteeieieiieiieteiete ettt ettt ettt et et eaeete s e e ebe b eseebeseseebeseseesenseseesesseseesenseseesensans 131

6 Uszsecmus 6y308. Dnexmponuxa / Proceedings of Universities. Electronics 2024 29(1)



