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Pedepar:

1. Bosikos [I.Jl. MeTonu MOJie/II0BaHHS aKyCTUYHUX €JIEKTPOAMHAMIYHUX IIepeTBOPIoBauiB — KBamigikauiliHa
HayKOBa Ipals Ha IpaBax pyKonucy. Jluceprauis Ha 3000yTTs HayKoBOro crymneHs JJokropa ¢inocodii 3a
crieianpHicTIO 171 «EnexTponikay. — HalioHasbHUN TEXHIYHUN YHIBEPCUTET YKpaiHu «KuiBCbKUM MOMITEXHIYHUN
inctutyT imeHi Iropst Cikopcbkoro», MOH Ykpainu, Kuis, 2022 p. luceprauiiiHa po6oTa IpuCBSIY€Ha JOCTIIKEHHIO
JIIHIMHUX Ta HEJIIHIMHUX MOJEJIEN aKyCTUYHUX €JIEKTPOAMHAMIUYHNX [IEPETBOPIOBAYIB 3 METOIO BLOCKOHAJIEHHS
iCHYI04MX Ta PO3POOKU HOBUX OiJIbIll TOYHUX Ta 3PYYHUX METOZIB i3 BUKOPUCTAHHSIM CY4aCHHUX MiIXOMiB, SK TO:
METOJU OINTHUMI3allii, reHeTUYHi aJITOPUTMU Ta IITY4HI HEUPOHHI Mepexi. PO60oTa ckiafaeThes i3 4OTHPhOX
OCHOBHUX PO37iJiB. Y BCTYIIi ONIMCAHO aKTyaJbHICTh IPOOJIEMU Ta 3POOJIEHO OIJISl], CY4aCHUX METOZIB
MOJEJIIOBAaHHS, Y OPYTill YaCTUHY JE€TaJbHO PO3JISAAI0ThCS JIiHIMHI MO eIl IEPETBOPIOBAYIB, BKIIIOYHO i3
KJ1acu4HOI0 Mogesio Tinsi/Cmosa Ta CTaHAAPTHUM METOJIOM 3HaxOJKEHHS il 1apaMeTpiB - METO[IOM LOJaHOI
Macu. 3anporloHOBaHO HOBI METOIM /1J1s OiJIbII TOYHOT'O Ta THYYKOTO 3HAXOPKEHHS IIapaMeTpiB JIiHIHHUX Mozeiei,
K TO METOJ, Nifgbopy napamerpa Bl Ta 3acToCyBaHHS FeHETUYHOTO AJITOPUTMY. 3alIPONIOHOBAHI MeToau 6YJI0
MIOPiBHSIHO i3 KJIACUYHMUM METOJIOM JI0JaHOI Macu Ta 06roBOPEHO NepeBary Ta HeJOJIiKY Pi3HUX METOLIB. ¥
TPETbOMY PO31iJii PO3IJIAaI0ThCS HEJIiHIMHI MOMesIi Iepe- TBOPIOBaYiB. BUBOIUTHCS HEJiHIMTHA MOZEJIb TYHOMOBLA
y (pazoMy IIPOCTOPY Ta AEMOHCTPYEThCH ii IPMBENEHHS 4O KAHOHIYHOrO BUIJIALYy. TakoX, IPONOHYETHCS
IIPUHLUIIOBO HOBUH MIJXiM 10 MOJEJIIOBAHHS €JIEKTPOAVHAMIYHUX IIEPETBOPIOBAYIB i3 BUKOPUCTAHHSIM
PEKYPEHTHUX HEMPOHHUX Mepexx. O61aBa METOM MOPIBHSIHO MixK CO6010 Ha OCHOBI TPAKTUYHO BUMIPSIHMX JAHUX
Ta [IPOBEJIEHMX €KCIIEPUMEHTIB. Y OCTaHHbOMY PO3/iJli 1al0ThCS 3arajibHi BUCHOBKY i3 BUKOHAHOI poboTH. Y
pe3ysbTaTi po60TU BAJIOCSl OTPUMATH TaKi HOBi pe3ysbTaTu: 1. 3allpONIOHOBAHO HOBITHIN [TOBHICTIO
aBTOMATM30BAHMI METO/ /111 3HAXOIPKEHHS KoeillieHTy esleKTpomexaHiuHoi TpaHcdopmaii Bl 6e3 ynnuBy iHmmx
rapameTpiB MOZeJli BUKOPUCTOBYIOYi BUKJIIOYHO BUMIPIOBaHi BEJIMYMHMY, SIK TO: HAIIPyra Ha KJIeMax, CTPyYM 4epes
KOTYUIKY Ta 3MillleHHSI PyXOMOi YaCTHMHU IlepeTBOpIoBaya. Taknil METOJ, MOKHA BBAXXATU HAMOIIbII TOYHUM
HEeMpsIMUM METOJIOM BUMipIoBaHH: Bl Ha nanuii MoMeHT. 2. Ha ocHOBI MeTony nif6opy napamerpa Bl,
3aMIPOMOHOBAHO METOJ, [JIs BiJOKPEMJIEHHSI MEXaHIYHOTO Ta €JIEKTPUYHOTO iMIIEJAHCIB €JIEKTPOINHAMIYHOTO
[IEPETBOPIOBAYa BUKOPUCTOBYIOUi TAKOXK BUKJIIOYHO BUMIPIOBaHI BEJIMYUHY [J151 OCATHEHHS MaKCUMAaJIbHOI
TOYHOCTI. Y pe3yJIbTaTi, Lii iMIeJaHCu MOXYTb PO3IJISIAATUCS OKPEMO OJIMH Bifl OGHOTO, 110 BilKpUBae bisbie
MOYKJIMBOCTEN /17181 iX BOCIIIIPKEHHS Ta pO3pOOKU 6isibll TOYHUX MoZeJieil. 3. Briepiie 3aCTOCOBaHO reHETUYHUI
QJITOPUTM 17151 3HAXO/)KEHHS TapaMEeTPiB JIiHIMHOI MOZeJli eJIEKTPOAMHAMIYHOIO [IEPETBOPIOBAYA Ta IPOBELEHO
110ro NMOPIiBHSHHS i3 KJIACUYHUM METOZIOM 01 aHoi Macu. 4. Ha 0CHOBI TeHETMYHOrO aJITOPUTMY 3aIIPOIIOHOBAHO
yHiBe€pCabHy y3arajJbHEHY CTPYKTYPY 11 3HAXOKEHHS TapaMeTpiB JOBIILHUX MOJEJEN eJIeKTPOANHAMIYHUX
[IepeTBOPIOBAYiB, 110 3HAYHO II0JIETIIYE Ta IPUCKOPIOE IIPoLiec iX JOoCiIKeHHs. 5. Biepue 3acTocoBaHO
PEKYPEHTHY HEPOHHY MEPEXKY IJIS1 MOZEJIIOBAaHHS HEJIiHINHOI IOBE[iHKU €JIEKTPOJUHAMIYHUX [TEPETBOPIOBAYIB.
[IpencraBieHO OBHUI IPOLIEC TPEHYBAHHS TA TECTYBAHHS 1aHOI HEMPOHHOI Mogerti. 6. [IpoBefeHO NpaKTUYHe
MIOPiBHSIHHS HEJIIHIHOI MOZeJIi i3 BUKOPUCTAHHSIM PEKYPEHTHOI HEMPOHHOI MEPEXi i3 HAalOiJIbII Y>)KUBAHOIO Y
ingyctpii Mogesno y pazoBomy npoctopi. 3 [IpakTryHe 3Ha4YE€HHSI OTPUMaHUX Pe3yJIbTaTiB [OJIsIrae y MiABUILEHHI
TOYHOCTI Ta NoJIeTeHH] ineHTudikauii JiHiMHUX Ta HeNiHITHKUX MoZesel eJIeKTPOAMHAMIYHUX [IEPETBOPIOBAYIB.
[IpencraByieHi MeTOOY MOXYTh OyTU BUKOPUCTaHi 6e3nocepesHbO Y IPOMUCIJIOBOCTI @ TaKOX, Y AOCTiAHULIBKUX
LiIsIX 1718 GiIbII TIIMOOKOT0 aHai3y OBEeiHKM I'YYHOMOBLIB, a caMe: 0yJI0 MPOJeMOHCTPOBAHO MOSKJIMBICTh
IIBUAJIKOI afianTallii reHeTUYHOTO ajJlfOPUTMY JO OiJIbII CKIIAIHUX MOZesel i3 6ibLI0I0 KiNbKIiCTIO ineHTU(iKoBaHUX
napaMeTpiB 6€3 BTpaTy IPOAYKTUBHOCTI Ta IBUAKOI CXOIMMOCTI alrOpuTMy. Lle IeMOHCTpye yHiBepCalbHICTh
F€HETUYHOTO aJIFTOPUTMY Ta MOXKJIMBICTb HOTO BUKOPUCTAHHS 1151 TOYHIIINX MOJEJe IO € CKIQAHUMU 1714
inenTudikanii KTacMYHUMU MeToaMu. [[J11 MOJIeTIOBaHHS HeJIiHINHOI TOBEIiHKYU eJIeKTPOIMHAMIYHUX

[IepeTBOPIOBAYiB 0yJIO BIEPILE 3aPOIIOHOBAHO BUKOPUCTAHHS PEKYPEHTHUX HEMPOHHUX MepeX. Takuil migxiz,



D03BOJISI€ MIBUKO 3HANTH MOJIeJb IEPETBOPIOBaya TUITY "JOPHUI SIIUK"IKa MOXKe OyTH 6e310cepeHbO
3aCTOCOBaHA y SIKOCTi u(POBOro ABiHUKA MOEIbOBAHOI'O TYYHOMOBIIS Y SIKOCTi KOMIIOHEHTA GiJIbII CKIIATHUX
crcteM. 3anpoloHOBaHy MOJiesib OyJI0 IIOPIBHSIHO i3 HAOIIbII Y>)KUBAHOIO Y iHIYCTPii HEJIiHIMHOI0 MOAEJIIIO
€JIEKTPOJMHAMIYHOTO [TepeTBOPIOBaya y (pa30BOMY IIPOCTOPI HA OCHOBI aHAaJli3y BUMIPSIHMX BiITYKiB Y 4aCOBOMY Ta

CIIEKTPaJIbHOMY IIPENCTaBJIE€HHAX.

2. Volkov D.D.Acoustic electrodynamic transducer modelling methods - Qualifying scientific work on the rights of
the manuscript. Thesis for the degree of Philosophy Doctor, in specialty 171 “Electronics”. - National Technical
University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute Kyiv, 2022. The thesis is dedicated to the study of
linear and nonlinear models of acoustic electrodynamic transducers with the aim of improving existing and
developing new, more accurate and convenient methods using modern approaches, such as: optimization
methods, genetic algorithms and artificial neural networks. The work consists of four main sections. The
introduction describes the relevance of the problem and provides an overview of modern modeling methods, the
second part describes in detail the linear models of converters, including the classic Thiel /Smoll model and the
standard method of finding its parameters - the added mass method. New methods for more accurate and flexible
finding of linear model parameters are proposed, such as the method of Bl parameter brute-force search an the
genetic algorithm application. The proposed methods were compared with the classical added mass method and
the advantages and disadvantages of different methods were discussed. In the third section, the nonlinear
transducer models are considered. A statespace nonlinear loudspeaker model is derived and its transformation to
the canonical form is demonstrated. Also, a fundamentally new approach to modeling electrodynamic transdurcers
using recurrent neural networks is proposed. Both methods are compared with each other on the basis of
practically measured data and conducted experiments. The last section gives general conclusions from the work
performed. As a result of the work, it was possible to obtain the following new results: 1. The latest fully automated
method for finding the loudspeaker’s force factor Bl without the influence of other model parameters using
exclusively measured values, such as: voltage at the terminals, current through the voice coil and displacement of
the moving part of the transducer, is proposed. Such a method can be considered the most accurate indirect
method of measuring Bl at the moment. 2. Based on the force factor Bl identification approachd, amethod for
separating the mechanical and electrical impedances of an electrodynamic transducer is proposed using also only
measured values to achieve maximum accuracy. As a result, these impedances can be considered separately from
each other, which opens up more opportunities for their research and development of more accurate models. 3.
For the first time, the genetic algorithm was applied to find parameters of a linear model of an electrodynamic
transducer and its practical comparison with the classical method of added mass was carried out. 4. On the basis
of the genetic algorithm, a universal generalized structure is proposed for finding parameters of arbitrary
electrodynamic transducers models of, which greatly facilitates and accelerates the process of their research. 5.
For the first time, a recurrent neural network was used to model nonlinear behavior of electrodynamic transduers.
The complete process of training and testing this neural model is presented. 6. A practical comparison of the
nonlinear model using a recurrent neural network with the most widely used model in the industry - nonlinear
state-space model - is carried out. The practical significance of the obtained results lies in increasing the accuracy
and facilitating the identification of linear and non-linear models of electrodynamic transducers. The presented
methods can be used directly in the industry as well as for research purposes for a deeper analysis of the
loudspeakers behavior, namely: the possibility of rapid adaptation of the genetic algorithm to more complex
models with a larger number of identified parameters without loss of performance and rapid convergence of the
algorithmwas demonstrated. This shows the universality of the genetic algorithm and the possibility of its use for
more accurate models that are difficult to identify by classical methods. For modeling the nonlinear behavior of
electrodynamic transducers, the appliction of recurrent neural networks was proposed for the first time. This
approach allows to quickly find a model of a "black box"type that can be directly used as a digital double of a
modeled loudspeaker as a component of more complex systems. The proposed model was compared with the
most widely used in the industry nonlinear model of the electrodynamic converter in the state-space based on the
analysis of the measured responses in temporal and spectral representations.
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