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The use of focused ultrasound for differential diagnosis of human hearing

Pedepar (YKp.)

Jsmko J1.0. 3acrocyBaHHs COKYCOBAaHOTO YJBTPasByKy Ans AuQepeHuifiHOl giarHoCTHKU ciyxy mopuHu. - KeamigikaniiHa
HAyKOBa Mpaus Ha MpaBax pykomucy. Jluceprauia Ha 3706yTTa HayKoBOro CTymeHs JokTopa (inocodil 3a cmeujansHicTio 171
«EnextpoHika». - HaujoHanpHuii TexHiYHMIT yHiBepcuterT VKpaiHM «KuWiBCLKMA mnoniTexHiYHWA IHCTATYT iMeHi Irops
Cikopchkoro», MOH Yikpaiuu, Kuis, 2022. B aucepranii oTpuMaHo Taki HOBi HayKosi pesynetatu: 1. [IpoBenieHo ornsy cyvacHux
HayKOBUX AOCIIDKEHb 3aCTOCYBaHb C()OKYCOBAaHOTO YJBTPa3BYKy B ayjiosiorii Ta MeTOXIB IudepeHiAHOL TIarHOCTUKU CITYXY
mopuru. 2. Bnepume 6yno poapo6aeHo MacuBHY YJIBTPAa3BYKOBY CHCTEMY 3 BUKODHCTaHHSM aKyCTWYHOI (OKyCYIOHOi JIiH3M AN
BU3HAYEHHA 3aNajleHHs BHYTPIIHLOrO Byxa JuoXMHK.3. [IpoBeZleHO eKcllepMMEeHTalbHE JOCTIIDKEHHS C(OKYCOBAHOI
YALTPA3BYKOROI CMCTeMM Jia AudepeHIifHol AiarHOCTUKYU CJyXy JoAMHU. 4. P0O3paxoBaHO METOJIOM YOTUPHIOJIIOCHUKIB
€JIEKTPUYHI T1aDaMETPH CKJIAJHOTO EJIEKTPOaKYCTUYHOTO I1€30NepeTBOpIoBaya.5. Briepime nNpoBEAEHO aHaNITUYHI PO3PaXyHKH
aKyCTUYHOTO TOJS TIOCKOi (ha3oBaHHOI 6GaraToeNeMeHTHOI PEUNiTKM M'e30e/IeMEeHTIB, B iMMyNLCHOMY pexXuMi po6oTi, s
AWHaMivHOTO (bOKyCyBaHHS Ha 3aBATKY BHYTPIIIHLOTO ByXa JIONMHH. 6. VIOCKOHAJIEHO MeTOA O6'€KTHBHOro RuepeHLiifHoro
OLIHIOBAHHS CJTYXOBOi CMCTEMH JIOJMHU 33 JIOTIOMOroi0 eJieKTpoeHnedanorpadii, Npy BILUIMBI HAa CUCTEMY CKJIa[JHHM aylio-
CUTHAZIOM B YChOMY YYTHOMY Zjama3oHi 4acToT. 3MiCT AMCEpPTalifHOro AOCHIIKEHHA BUKNAAEHUA Yy IATH po3finax, y SKUX




OpPE/CTaBNeni Pe3yNbTaTH JOCTIDKEHHS. ¥ BCTYIi 061 PYHTOBaHO aKTyanbHICTh JUcepTaLiiiHoi po6oTu, copMyJILOBAHO METY Ta
nepepaxosam.w 3a7avi DOCJIDKEHHA, OMMCAaHI METOAM MOCIHiDKEeHHS, NIEPEpPaxoBaHo 3afadi jgocnipkeHHa. OKpiM Toro 6yJio
HPUBEAEHO BIIOMOCTI PO HAYKOBY HOBH3HY Ta NMPaKTH4HE 3HAYEHHS ONEp)KaHuX pe3ynbTatis. B mepmomy posair nomano
AHATITUYHMIL OrJs JliTepaTypy, B 06CsA3i SIKOro NMoKa3aHo cyyacHuit cTaH MPOGJIEMHUX obacTeil — HOCTIJDKEHHS] CTAHY CJIYXy
IJIAXOM 33aCTOCYBaHHA C(POKYCOBaHOTO YIILTPA3BYKY, TUIH KOHCTPYKLi# BUNPOMiHIOBaYa s ¢bokycyranHs yinTpaseyky (V3). B
APYroMy pO3[uli NMPOBENEHO HAOCIIIPKEHHS 3 MOXJIMBOCTI 3aCTOCYBAaHHSA [1aCUBHOI AKYCTOTEPMOMETPIi [JI1 BU3HAYEHHH
3anajieHHs BHYTPIIIHBOrO Byxa JIOAWHU. B nuceprallii pospaxoBaHuili OHOKaHaJILHUI aKyCTOTEPMOMETD, 1110 BMKOPUCTOBYE
(OKyCyBaHHS aKyCTWYHOrO BUTIPOMIHIOBaHHS 33 JIOTIOMOTOI0 eJiNTHYHOI (Ge3abepantiiinol) MiHay, SKuil no3Bonse OTPUMYBATH
HEOOXi/IHY TOYHICTh BUMIDIOBaHHS TEMTEPATYpH B pealkHOMy MaciiTabi yacy we ripme 0,2 oC. B TPETHOMY PO3/1ijli TIpHBeeHi
PO3PaxXyHK! LUJIIH/[PWYHOIO HETIEPEPBHOTO XBUIILOBOrO (PPOHTY Ta 3aCTOCYBAaHHS JiHIIHOI 6araToeneMeHTHOI pemiTKu
I'€30€JIEMEHTIB B E/IEKTPOAKYCTHYHOMY TNIEPeTBOPIOBaYi Jyis JudepeHLiHOl AiarHOCTUKH 3aBUTKH BHYTDIMIHBOTO BYXa JIOJMHH.
[IpOBEIiEHO TOPIBHAHHS TEOPETUYHUX Ta €KCNEPUMEHTAJILHUX aMIULTYAHO-4aCTOTHUX Ta (ha30BO-YaCTOTHHMX XapaKTEpHUCTHK
CNICKTPMYHOTO IMIEAHCY M'e30mepeTBopioBaya. [TpoBeeHi pPo3paxyHKH Po3MNOfiTy aKyCTHYHOrO MOJA MO MIH6MHI 3i 3MiHOIO
KyTy BiIXWJICHHS BiJj OCi Ta TpMBanOCTi iMIyzbcy. 3 pesysibTaTiB BU3HAMUIW (PO JOLUIBHICT BUKODHUCTAHHS JAHOTO TUITY
EJIEKTPOAKYCTUYHOrO MEPETBOPIOBaYa 1 AupepeHLianbHol NiarHOCTUKM CIyXy JioAMHU. TIpoBefieHo MaTeMaTHYHHIl OmMc
[I'€30€JIEMEHTIB 3i 3HAXOMKEHHS 3B'3KY MK BXiZHUMM EJIEKTPUYHMMH Ta BUXiIHUMH aKyCTHMYHUMH BEJIMYMHAMM B PEXMMI
BUIPOMIHEHHS Ta HAaBOAaK¥ — B DEXUMi npuitomy. KoXHMII eJeMeHT pelliTKy NpeACTaBleHuit y BUTTAi JOTUPUIIONIOCHUKA.
YerBepTuit pO3NiN TOKasye Pe3yJbTaTH PO3PAXyHKIB Ta HaBe[ieHi KOHCTPYKIii BUMiDIOBALHHX 3aCOGIB: BHCOKOYAaCTOTHOTO
BaTMETPa 63 aKTHBHUX EJIEMEHTIB JJIs BUMIPIOBAHHS CMOXUBAHOI [T'€30MepeTBOPIOBAYEM eTeKTPUYHOI TIOTYKHOCTI, pajiioMeTpa
JUiA BUMIDIOBaHHA aKyCTHYHOI MOTY)XHOCTi CHOKYyCOBaHMX yNbTPa3BYKOBMX MyukiB. 3a IX JOTMOMOTOI0 IPOBENEHO JeTasbHe
eKCNepHMEHTAbHE NOCIIPKEHHS MaKeTy eJIeKTPOAKyCTHYHOI CHCTEMM, a caMe OTPMMaHi YaCTOTHI 3aJIEXXHOCTI BUIIPOMIHIOBAHOI
aKyCTHYHOI IIOTY)XHOCTI, CII0XXMBaHOI eJIEKTPUMHOI IIOTY)XHOCTI Ta Koeditjienta kopucHoi fii. [T'aTuit po3fin noxasye pesyjibTaTid
JOCJTI/DKEHb CHIEKTPaNbHHX XapaKTEPUCTHK Di0esIeKTPIYHOI aKTMBHOCTI MO3KY CTYAEHTIB TIPU MPOCTYXOBYBAHHI CKIIaJTHUX ayJio-
CUTHajiB, a CaMe, MY3WYHMX KOMIIO3WIiii Ppi3HOTO KOMIIOHEHTHO-CTPYKTYPHOTO CKJajly, 1[0 BiJPI3HAIOTHCA HAABHICTIO
MEJIOJINHOI KOMIOHEHTH 1 IIBMJKICTIO BiITBOPEHHs. 3allPOIOHOBAaHA METO[MKA €KCIIEPUMEHTY JUis MepPEeBipKU BILTWBY pAly
MYSWYHUX KOMTIO3UILi HA pUTMH FOJIOBHOTO MO3KY, 30Kpema ajb(da-, 6eta-, fenbTa - i Teta - pUTMHU. 3rifiHo 06po6ku EET-maHux
BIANIOCH OLIHWTH CTaTMCTUYHO 3Hauymi 3MiHW B TIEA MO3Ky, TIOB'S3aHi He TiNbKM 3 RIJIABOM OKPEMUX XapaKTEPUCTUK
MPOCITYXOBYBaHUX KOMITOSUILIH, a ¥ BUSIBUTH B3a€EMHUU iX BIUIMB HA EMOLIMHMI CTaH JIIOAUHH. [[pakTUdHE 3HAYEHHS OEPKAHUX
B JUCEpTaLiiiHili poBOTi pe3yJIbTAaTiB MOJSAra€ B TOMY, WO Pe3yJbTaT JAOCHJKeHb MOXYTh OyTH BUKODHUCTaHi [1Jis
CKCIIEPUMEHTALHOTO JOCIDKEHHS! BIJIMBY HA 33BUTKY BHYTPIUIHBOTO ByXa JIIOAMHU Ta HOro MMOJAJibIIE BIPOBAJDKEHHS B
MEIUYHHX 3aKJIafiax.

Pedepar (anr.)

Liashko D.O. The use of focused ultrasound for differential diagnosis of human hearing. - Qualification scientific work on the
right of manuscript. Thesis for the degree of Philosophy Doctor, in specialty 171 “Electronics”. - National Technical University of
Ukraine “Igor Sikorsky Kyiv Polytechnic Institute®, Kyiv, 2021. The dissertation shows the following first scientific results: 1. A
review of modern scientific research of focused ultrasound in audiology and methods of differential diagnosis of human hearing
was conducted. 2. A passive ultrasound system using an acoustic focusing lens was developed for the first time to detect human
inner ear inflammation. 3. An experimental study of a focused ultrasound system for differential diagnosis of human hearing was
conducted. 4. The electrical parameters of a complex electroacoustic piezoelectric transducer have been calculated by the four-
pole method. 5. For the first time the analytical calculations of the acoustic field of the flat phased multielement lattice of
piezoelements in the pulse mode of operation for dynamic focusing on the helix of the human inner ear have been carried out. 6.
An improved method for objective differential assessment of the human auditory system by means of electroencephalography,
when the system is exposed to a complex audio signal in the entire audible frequency range. The content of the dissertation
research is set out in five chapters, which present the results of the study and the justification of the main results of the work.
The introduction substantiates the relevance of the dissertation work, formulates the purpose and lists the objectives of the
study, describes the research methods used, lists the tasks set for the study. In addition, information on the relevance, scientific
novelty and practical significance of the results obtained was given. The first chapter presents an analytical review of the
literature, which shows the current state of the problem areas - the study of the state of hearing by using focused ultrasound,

types of emitter designs for focusing ultrasound (US), analysis of the optimal parameters of ultrasound exposure, analysis of
studies on the perception of music as a stimulating material and new methods of diagnosing human hearing. The second chapter

shows the possibility of using passive acoustothermometry to determine the inflammation of the human inner ear. In the

dissertation, a single-channel acoustothermometer using the focusing of acoustic radiation by means of an elliptical (aberration-
free) lens is calculated, which allows to obtain the required accuracy of temperature measurement in real time not worse than

0.2 oC. The third chapter presents the calculations of a cylindrical continuous wavefront and the use of a multielement array in




an electroacoustic transducer. The calculations of the acoustic field distribution along the depth with the change of the angle of
deviation from the axis and the pulse duration were carried out. This type of piezoelectric transducer will allow changing the
angle of ultrasonic wave radiation to affect all parts of the human curl and choose a certain duration for safe exposure. A
mathematical description of the piezoelectric elements is carried out to find the relationship between the input electrical and
output acoustic quantities in the radiation mode and vice versa - in the receiving mode. Each element of the array is
represented as a four-pole. The fourth chapter shows the results of calculations and the designs of measuring instruments: a
high-frequency wattmeter without active elements for measuring the electrical power consumed by the piezoelectric
transducer, a radiometer for measuring the acoustic power of focused ultrasonic beams. It is shown that the calculated intensity
is sufficient for both diagnostic and therapeutic use of the developed acoustic system. The fifth chapter shows the results of
studies of the spectral characteristics of the bioelectrical activity of the brain of students when listening to complex audio
signals, namely, musical compositions of different component-structural composition, differing in the presence of melodic
components and playback speed. An experimental methodology is proposed to test the effect of a number of musical
compositions on the rhythms of the brain, in particular alpha, beta, delta and theta rhythms. According to the processing of EEG
data, it was possible to estimate statistically significant changes in the brain EEG associated not only with the influence of
individual characteristics of the listened compositions, but also to identify their mutual influence on the emotional state of a
person. The practical significance of the results obtained in the dissertation is that the results of the research can be used for
experimental study of the effect on the cochlea of the human inner ear and its further implementation in medical institutions.
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