@&T POT%

2 &
g z
C 1886 =

e 3
2, X
831y 3"
Yupenuren:

DdegepaibHOE TOCYAAPCTBEHHOE
ABTOHOMHOE 00pa3oBaTeIbHOE
YYPEKIEHHUE BBICILIETO
o0Opa3zoBaHHs
«Cankr-IlerepOyprekuii
roCyapCTBEHHBIN
3JIEKTPOTEXHUYECKUI
yHuBepcurer ,,JIDTHU
uM. B. U. Ynbsaosa (JIenuna)»
(CITOT OTY «JIDTN»)
197022, Cankr-IlerepOypr,
ya. [Ipog. [Tomogra, 5 @
Ten.: (812) 346-44-87
Daxc.: (812) 346-27-58

CBHIETEILCTBO
0 perucTpanuu

TN Ne ©C2-8390
ot 04.12.2006 r. BEIIaHO
Vipasnennem DenepabHON
CITyOBI 110 HA/130pY
3a coOmoieHneM
3aKOHOJIAaTENbCTBA B chepe
MaCCOBBIX KOMMYHHUKAIUH
U OXpaHe KYJIbTypHOTO HACJIEANs
o CeBepo-3anagHoMy
(benepabHOMY OKPYTY

TloxnmucHo nNHaEKC
10 KaTaJjory
AO «Iloura Poccun» 14299

JKypuan exooum 6 Ilepeuens
peyensupyemblx HayuHblxX u30anul,
8 KOMOPbIX 00NICHBL OblMb
ONnYyOIUKOBAHBL OCHOBHbIE HAYYHbIE
pe3yavmamul ouccepmayuii Ha
couckamue y4eHou cmenetu
KaHouoama Hayx, Ha COUCKaHue
YUeHOoU cmenenu 0OKmopa Haykx,
8 coomeemcmeuu ¢ mpebo8aHuaMU
npuxaza Munobpnayxku Poccuu
om 25 urons 2014 2ooa Ne 793

N3Bectusa CIHOTITY «JITU»

Tom 19, Ne T°'2026

Peoaxuyuonnwtit coeem:

Kyty30B B. M., 1-p TexH. Hayk, npod., kad. PC, coBeTHHK ITpu pekTopare
CIII'OTY «JIOTH» — mpeacenarens

Tynux B. A., 1-p TexH. Hayk, npod¢., 3aB. kap. MUT, npopekrop mo
crparernd. passututo CIIGIITY «JIOTU» — 3am. npencenaresns

3yoxos B. U., 1-p ¢us.-mar. Hayk, npod., 3am. 3aB. kap. MHD CIIOIDTY
«JI9TU» — 1. penakrop, pyk. Harp. «DU3nuKa»

Koctpun J. K., 1-p TexH. HayK, IOUEHT, 3aM. 3aB. kad. DIIY CII6I'DTY
«JIDTU» — oTB. cexpeTapb

AobaxymoB K. E., 1-p TexH. Hayk, npod., kad. DYT CIIOI'DTY «JIDTU»
AuekceeB B. B., 1-p TexH. Hayk, pod., kad. MUCT, CIIOIDTY «JIDTU»
Benos M. IL., 1-p TexH. Hayk, npod., 3aB. kad. PATIC CIIOI'DTY «JIDTU» —
PYK. Harp. «DJIEKTPOTEXHUKA

I'epacumos U. B., n1-p TexH. Hayk, ipod., kKad. CAIIP CIIOGIDTY «JIDTU»
I'ycapos B. B., 1-p xum. Hayk, ui.-kopp. PAH, 3aB. 1a0. HOBBIX HEOPTaHIMIECKHX
MatepuainoB Ousnko-Texanaeckoro nHetuTyTa nM. A. @. Modde PAH (PI'BYH)
Hmaes J1. X., 1-p TexH. Hayk, npod. kad. AITY CIIGI'DTY «JIDTU»
KopasikoB A. B., 1-p TexH. Hayk, npod., 3aM. 3aB. kap. MHD CIIGI'DTY
«JIDTHU»

Kynpusinos M. C., n1-p TexH. Hayk, npo¢., xad. BT, pyxoBomurens
nepcreKTHBHEIX MpoekToB CIIOIDTY «JIDTU»

MaxcumoB M. B., 1 -p ¢u3.-mMar. Hayk, mpod., 3aB. 1a0. HAHOPOTOHWKH,
CII6 nam. uccnen. Axkanemmaeckuii yausepeutet uM. JK. . Andepora PAH
(®I'bY BOuH)

Moanossan H. A., 1-p TexH. HayK, mpod., TI. Hayd. cOoTp. Jab. mpobiaem
koMmbloTepHOI 6ezomacHocTH, CI16 ®ULL PAH (PI'BYH)

Hpouun M. B., 1-p TexH. Hayk, npod., kad. PAIIC CIIGIITY «JIDTU»
ITyroB B. B., 1-p TexH. HayK, mpod., 3aMm. 3aB. kad. CAY CIIOI'ITY «JIDTU»
CemeHoB A. A., 1-p TeXH. HayK, A01EeHT, kad. PIOT, mpopexrop

o HayYHOW M mHHOBaIMOHHOU aestensHocTd CIIOIDTY «JIDTN»
CogetoB b. 1., 1-p TexH. Hayk, mpod. kad. UC CITIOI' DTY «JIDTWN»
CosnomonoB A. B., 1-p ¢u3.-Mar. Hayk, ipod., kay. MHD CII6I'DTY «JIDTU»
Crenanos O. A., 1-p TexH. Hayk, wi.-kopp. PAH, naa. HOIL[ AO «KonuepH
[THUU «Dnexrporpudop»

VxoB A. A., 1-p TexH. HayK, mpod. kad. DITY CIIGIDTY «JIDTU»
®unaros 0. B., n-p Texn. HayK, mpod., 3aB. kad. IUHC, qupexrop UOUO
CIIOIOTY «JIDTU»

Xoaon U. U., n1-p texH. Hayk, noueHt, kad. MC, npopekTop o unppoBoii
tpancpopmanuu CIIGIDTY «JIDTU» — pyk. nHanp. «UHpopmarnka,
BBIYHCIINTEIIbHAS TEXHUKA U yIIPABICHHE)

Yupuos A. C., 1-p TexH. HayK, pod., 3aB. kKad. puzuku CIIOI ITY «JIDTU»
Meaynbko B. H., 1-p TexH. HayK, no11eHT, 3aB. Kad). CAY, pexrop CII6T'OTY
«JIDTW»

Mectonanos M. IO., n-p TexH. HayK, mpogd., 3aB. kap. AITY CII6I'OTY
«JIDTW»

FOapames 3. M., 1-p TexH. HayK, mpod., 3aB. kKad. BTC CIIGI DTY «JIDTU»

Penaxuus:

197022, Cankr-IletepOypr, yn. [Ipod. [lomosa, 5 @, CIIGIOTY «JIDTU»
Ten.: (812) 234-10-13; E-mail: izvestiya-leti@yandex.ru; www.izv.eltech.ru



5\& %, LETI Transactions on Electrical
% W isss - Engineering & Computer Science
Vol. 19, no. 1°2026

TR
Editorial Board of the Journal:

Kutuzov V. M., Dr Sci. (Eng.), Prof.,, Radio Engineering Systems Dept., Advisor to the Rector’s Office,
St. Petersburg Electrotechnical University — chairman

Tupik V. A., Dr Sci. (Eng.), Prof., Head of the Dept. of Microradioelectronics and Radio Equipment Technology, Vice-Rector
for Strategic Development, St. Petersburg Electrotechnical University — vice chairman

Zubkov V. 1., Dr Sci. (Phys.-Math.), Prof., Deputy Head of the Dept. of Micro- and Nanoelectronics, St. Petersburg Electrotech-
nical University — editor in chief, Head of the Physics Section

Kostrin D. K., Dr Sci. (Eng.), Assoc. Prof., Deputy Head of the Dept. of Electronic Devices, St. Petersburg Electrotechnical
University — executive secretary

Abbakumov K. E., Dr Sci. (Eng.), Prof., Dept. of Electroacoustics and Ultrasonic Engineering, St. Petersburg Electrotechnical
University

Alekseev V. V., Dr Sci. (Eng.), Prof., Dept. of Information-Measuring Systems and Technologies, St. Petersburg Electrotechnical
University

Belov M. P., Dr Sci. (Eng.), Prof., Head of the Dept. of Robotics and Automation of Production Systems, St. Petersburg Electro-
technical University — Head of the Electrotechnical Section

Chirtsov A. S., Dr Sci. (Eng.), Prof., Head of the Physics Dept., St. Petersburg Electrotechnical University

Gerasimov 1. V., Dr Sci. (Eng.), Prof., Dept.of Computer-Aided Design Systems, St. Petersburg Electrotechnical University
Gusarov V. V., Dr Sci. (Chem.), Corr. Member of Russian Academy of Sciences, Head of the Lab. of New Inorganic Materials,
A. F. loffe Institute of Physics and Technology of the Russian Academy of Sciences

Imaev D. H., Dr Sci. (Eng.), Prof., Automation and Control Processes Dept., St. Petersburg Electrotechnical University
Kholod I. I., Dr Sci. (Eng.), Assoc. Prof., Dept. of Information Systems, Vice-Rector for Digital Transformation, St. Petersburg
Electrotechnical University — Head of the Informatics, Computer Science and Control Section

Korlyakov A. V., Dr Sci. (Eng.), Prof., Deputy Head of the Micro- and Nanoelectronics Dept., St. Petersburg Electrotechnical
University

Kuprianov M. S., Dr Sci. (Eng.), Prof., Computer Engineering Dept., Head of Promising Projects, St. Petersburg Electrotechni-
cal University

Maximov M. V., Dr Sci. (Phys.-Math.), Prof., Head of the Nanophotonics Lab., Alferov St. Petersburg National Research Aca-
demic University the Russian Academy of Sciences

Moldovyan N. A., Dr Sci. (Eng.), Prof., Chief Research Fellow, Lab. of Computer Security Problems, St. Petersburg Federal
Research Center of the Russian Academy of Sciences

Pronin M. V., Dr Sci. (Eng.), Prof., Dept. of Robotics and Automation of Production Systems, St. Petersburg Electrotechnical
University

Putov V. V., Dr Sci. (Eng.), Prof., Deputy Head of the Dept. of Automatic Control Systems, St. Petersburg Electrotechnical
University — Co-Head of the Informatics, Computer Science and Control Section

Semenov A. A., Dr Sci. (Eng.), Assoc. Prof., Dept. of Physical Electronics and Technology, Vice-Rector for Research and In-
novation Activities, St. Petersburg Electrotechnical University

Sovetov B. Ya., Dr Sci. (Eng.), Prof., Dept. of Information Systems, St. Petersburg Electrotechnical University

Solomonov A. V., Dr Sci. (Phys.-Math.), Prof., Dept. of Micro- and Nanoelectronics, St. Petersburg Electrotechnical University
Stepanov O. A., Dr Sci. (Eng.), Corr. Member of the Russian Academy of Sciences, Head of the Research and Educational
Center of the Concern CSRI Elektropribor, JSC

Uhov A. A., Dr Sci. (Eng.), Prof., Dept. of Electronic Devices, St. Petersburg Electrotechnical University

Filatov Yu. V., Dr Sci. (Eng.), Prof., Head of the Dept. of Laser Measuring and Navigation Systems, Director of the Institute of
Fundamental Engineering Education, St. Petersburg Electrotechnical University

Shelud’ko V. N., Dr Sci. (Eng.), Assoc. Prof., Head of the Dept. of Automatic Control Systems, Rector, St. Petersburg Electro-
technical University

Shestopalov M. Yu., Dr Sci. (Eng.), Prof., Head of the Dept. of Automation and Control Processes, St. Petersburg Electrotechni-
cal University

Yuldashev Z. M., Dr Sci. (Eng.), Prof., Head of the Dept. of Biotechnical Systems, St. Petersburg Electrotechnical University

Founder: On the resolution of the Higher Attestation Committee
Saint Petersburg Electrotechnical University (ETU) under the Russian Federation Ministry of Education

. . . . . the Journal is included in the «List of Periodical
Journal is registered in Federal Service for Media Law and Scientific and Technical Publications Issued

Compliance and Cultural Heritage in the North-West in the Russian Federation where the Doctoral
Federal Region (ITU Ne ®C2 — 8390 of 04.12.2006) Theses Key Results shall be published



HU3Becrus
| CIHGTDTY <JIDTH» Tom 19, N 1°2026)|
[

r

ConcpxaHne

DU3HUKA

Beuépa M. C., Konosanos C. U., Konosanog P. C., [llememosa B. B., [[anneg B. M. O paniioHaIbHOM
TOAXO0/IE K pacuery aemndepa npe3onpeodpaszonareins. Hacts 1. UNCICHHOE MOJEITUPOBAHHE «.....euvenvenvenveneeneennenns 5

HHDOOPMATHKA, BBIYUC/IHTE/IBHAA TEXHUKA H YIIPABJIEHUE

Bepsyn H. A., Konbanee M. O., Canuesa A. P., Myxmapbexosa P. M. AnanTuBHas cucTeMa pacrio3HaBaHUS

0 aKyCTHYECKUM MPU3HAKaM Ha 0a3e reHepaTHBHO-COCTA3ATENbHBIX CeTeil U 00YUYCHUS C MOJKPEIUICHUEM ....... 15

Hzya Hoone Asene JK. b., Opnos B. K., Kapag /. A. Ucnionp3oBanne 3D-cumynsitopa CoppeliaSim

JUISL YIIPABIICHUS TPYIIION B3ANMOCBSI3AHHBIX OOBEKTOB. .. .c.veviriatertentententententententententestenteseesessesuesseesesaessessensensennen 25

Coxonog I1. B., Anmnamawu X. C. I TlepeoBbie METOIbI aBTOMATU3aLUN

JUISt MHOTO(A3HBIX PACXOAOMEPOB Ha HE(PTSHBIX M TAB0BBIX CTAHIIHIIX .cuvenvnrenrenteneenteeteueeseetesuessestessessessessensensennes 35

Moucees K. O., Tpoghumosa A. O. MaremaTrdeckasi MOICIb Il H3MEPCHUS

KOHGUTYPATHOHHOTO IPEHDA B M T-HHDPACTPYKTYPEC. .euveevvieierreeiieieiiiesieeitesteeeeeteeesesteessesseesseeseessesseesseessesseessessens 52

DJIEKTPOTEXHHKA

bnunos K. FO., Kauanosg B. A., brunos FO. H. Llnppossie TBOWHUKN BFICOKOYACTOTHBIX HCTOYHUKOB

TIUTAHUS TS DTIEKTPOTEXHOIOTH M ..cuvveeuttentieauteenitesateensreenseenateesseenseessseenseesaseenseesnseenseessseenseesnseenseessseenseessseenseennsesnn 60

Conosvesa E. B., banoanosa IO. A. I'enernaecknii anroput™ Hactpoiiku [TN/[-perymsaropa

B YCTAHOBKE YIIPABICHUS OCCKOUICKTOPHBIM JIBUTATCIICM .....eevveveersersresenssesessseseessenseessenseessesseessesssessesssessessesses 69

Tenvnos A. A., Ilepesanog FO. FO. CpaBHEHHE OCHOBHBIX CTPATETHH yIPaBICHUS HHBEPTOPOM HAIPSIKCHUA ..... 79

Owmenvuenko A. FO. Vcnionb30BaHueE anmapara CONpsKEHHBIX MEPEMEHHBIX

JUISL MICHTU()UKAIIMY U YIIPABICHUS 37IEKTPOMEXAHUIECKAMI OOBEKTAME ......vvvrnririieueeriereeueseeeteenesuessesensennennes 87

Ilpasuna npedcmagneHusn PYKONMUCET ABMIOPAMIL .................c..covueeeueerueenteneteniteeteeaatesteesstesteesseesbeesbeesaeensees 100

Penaxrop [Moamucano B neuars 28.01.26. Hzpareascreo CIIGIITY «JIITH»

H. B. Jlykuna Dopmar 60 x 84 1/8. 197022, Cankr-Tetep6ypr,

KoM BepcTka bymara mbcemag. [eyars nngposas.
. T'apuurypa «Times New Romany.
H. C. bensesou Vu.-u3ng. 1. 13,13. Ieu. 1. 12,75.
Tupax 300 sk3. (1-i 3aBox 1-120 3x3.)
3akaz 13.
Ilena cBoOOHASI.

yi. IIpod. TTomosa, 5 @
Ten. / akc: (812) 346-28-56



9
LETI Transactions on Electrical Vol. 199 no. 1°2026 ||
Engineering & Computer Science ||_

l Contens

PHYSICS

Vechera M. S., Konovalov S. 1., Konovalov R. S., Shemetova V. V., Tsaplev V. M. On a Rational Approach
to Calculating the Piezoelectric Transducer Damper. Part 1. Numerical Simulation...........ccccoooeveiieninicninieneeene 5

INFORMATICS, COMPUTER TECHNOLOGIES AND CONTROL
Verzun N. A., Kolbanev M. O., Salieva A. R., Mukhtarbekova R. M. Adaptive Acoustic Recognition

System Based on Generative Adversarial Networks Reinforcement Learning............c.occeeveviiiiereiienienienieeieiene 15
Ngoua Ndong Avele J. B., Orlov V. K., Karaf D. A. Using the 3D Simulator Coppeliasim
to Control a Group of INterconNNECted ODJECLS .....cviiuiiiiiiieiieiieiietietiee ettt ettt se e e b ee e beessesseessesneesseseas 25

Sokolov P. V., Almlatashi H. S. G. Advanced Automation Methods for Multiphase Flow Meters

10 Ol ANA GAS STALIONS ..ottt ettt ettt ettt et e s et et e e bt e bt es e e beem e et e eme et e eneeeaeeneesneensesneenseeneenseas 35
Moiseev K. O., Trofimova A. O. A Mathematical Model for Assessing Configuration Drift in it Systems.............. 52
ELECTRICAL ENGINEERING

Blinov K. Yu., Kachanov B. Ya., Blinov Yu. 1. Digital Twins of High Frequency Power Supplies

10T g B [T 0 et 11310 [0 = 1< SRS 60
Solovyeva E. B., Baldanova Iu. A. Genetic Algorithm for Tuning a PID Controller

in Adjustment Facility 0f Brushless IMOTOL .........ccviivieiiriieierieeie ettt et sseesesseesesnaesseessensens 69
Telnov A. A. Perevalov Yu. Yu. Comparison of Basic Voltage Inverter Control Strategies. ...........ceccereevuerierieniennenne 79
Omelchenko A. Yu. Using the Apparatus of Conjugate Variables to Identify

and Control Electromechanical ODJECTS ........c.ueuiriieiiieieiieeeie ettt ettt st et s eeesmeesaeeneenneas 87
Rules of presentation and preparation of manuscripts offered for journal publication .................................... 100

Editor _ Editorial adress: '
N. V. Lukina Saint Peter.sburg Electrotechnical
DTP Professional University (ETU),
5F, Prof. Popov St., 197022,
LS. Belyaeva St. Petersburg, Russia

Tel.: +7 (812) 234-10-13
E-mail: izvestiya-leti@yandex.ru
www.izv.eltech.ru



