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1. B pucepranii oTpMMaHO Taki HOBI HayKOBi pe3ybTaTy: 1. Briepiue 3arporioHOBaHO B AKOCTI KPUTEPIIO OLiHKA
aKyCTUYHOTO CTaHy CE€pPEJHbOTO ByXa KoeillieHT BiIOUTTS 3BYyKOBOTO iMITyJIbCy Bifl KOJIMBAJIbHOI CUCTEMHU:
6apabaHHa NepeTUHKa-CIyXOBi KiCTOYKM. 2. Briepiie rnocrasieHa i po3B'sa3aHa 3a/laqa OTPUMAaHHS aKyCTUYHUX
XapaKTEPUCTUK CEPENHbOr0 ByXa METOJOM YaCTKOBUX 00J1aCTel MO BiJHOIIEHHIO IO MOJeJli ByXa B BUIJISIA]
aKyCTUYHOTI'O PYyIoOpy. 3. 3alIPOIIOHOBAHA HOBA MOJIEJIb IMIIAHTY [J151 BiTHOBJIEHHS CJIYXY JIIOAVHY B BUTJIAA]
aKyCTUYHOI JIiHii 3B 513Ky MK 30BHILIHBOIO (30BHIIIHE Ta CEPEJIHE BYX0) YACTUHOIO ByXa Ta OBAJIbHUM BiKHOM
BHYTPIIIHbLIO ByXa, 3 [I0JAJbIIO0 [TEPEaYelo 3ByKOBOTO CUTHAJIY Ha 3aBUTKY. 4. Biepiue npoBeeHO TEOpETUYHE
IOCIIiIPKEHHS BIUJIMBY [IapaMEeTPiB KOXJIEAPHOIO iMIJIAHTY HAa YaCTOTHI BJIACTUBOCTI Ta YYTJIMBICTb 3alIPOIIOHOBAHO]
yJIbTPA3BYKOBOI JIiHil nepenaui akycTnyHoi iHpopMaliii yepes immninaHT. [JucepraniiiHa po6oTa NprucBsIYeHa

MOJI€JIIOBAHHIO CEPEHBOIO ByXa JIIOAVHYU Ta IITYYHUX 3aMiHHUKIB MOTO €JIEMEHTIB - iMIIJIAHTATIB CIyXOBUX



KiCTOYOK (OCHKYJISIPHUX IMITJIAHTATIB), EKCIIEPUMEHTAJIbHIN NepeBipli po3po6eHrxX Mojiesiell 3a JOIIOMOT 00
OpUTiHaJIbHUX BUMIPIOBAJIbHUX 3aC00iB, pO3pOOLi IHPOKOCMYTOBOIO €X0CKOITY 1J1s1 BUBHAYEHHSI HOPMU CTaHY
CepeJHbOro ByXa JIIAVHM, IKUI BUKOPHUCTOBYE OTPUMaHi IapaMeTpy MOJIeJIei, Ta po3po61ii HOBUX 3aC006iB
BiJHOBJIEHHSI CIIyXy Micisl AU epeHLiiHOI AiarHOCTUKY, TAKUX, SIK yCTAHOBKA [1J1s1 BU3HAYEHHS aKyCTUYHUX
rapameTpiB OCHKYJISIPHUX IMIIJIAHTATIB CEPELHLOTO ByXa JIIOJAWHY, Ta KOXJIEAPHUM IMIUJIAHTAT 3 IHHOBALITHOIO
aKyCTUYHOIO JIiHi€l0 3B’13Ky MIXX 30BHILIHbOIO Ta BHYTPILIHIMU YaCTHHAMU. 3MICT fycepTalifiHOro AOCIiIKeHHs
BUKJIaJIEHUH y 4 po31inax, y sSIKUX NPeJCTaBJIeHi Pe3y/bTaTy AOCiIPKEHHS Ta OOI'PYHTYBAaHHS OCHOBHHUX
pe3ysbpTaTiB poboTH. Y BCTyIi OGIPYHTOBAHO aKTYaJIbHICTh NUCepTaliiiHOi po60TH, CHOPMYIILOBAHO METY Ta
IepepaxoBaHo 3a7avi JOCIiIKEHHS], ONIMCaHi 3aCTOCOBYBaHI METOAM NOCJIIIKEHHS, IEPEJlideHi TOCTABJIEHHI Iepes
IOCTiIKeHHSIM 3aBIaHHs. OKpiM TOro 0yJsio IPUBEJEHO BilOMOCTI PO aKTyaJIbHICTb, HAYKOBY HOBU3HY Ta
[IpaKTUYHE 3HAaYEHHS OLEP>KAaHUX PE3yJIbTaTiB. B nepuomy po3aisi ogaHo aHaliTUYHUH OIJIS, JITEPaTypu.
HaBeneHo 6ynoBy CIyXOBOi CUCTEMMU JIIOAVHY i3 BKa3aHHAM ii napameTpiB. PO3IJsiHyTO Cy4acHi 06'eKTUBHI METOIU
IiaTHOCTMKM CJIyXY JIFOGWHY, sIKi BAKOPUCTOBYIOTBCS [IJI1 €KCIIPEC-IiarHOCTUKY, a CaMe, aKyCTUYHA
iMIIeJaHCOMETPIif Ta peecTpalisl BUKIMKAHOI 0TOaKyCTUYHOI eMmicil. JleTaJlbHO PO3IJISIHYTO HOBUM METOJ, EKCIIPEC-
IiarHOCTUKHU CJIyXY — ByIIHA €XOCKOMisl. B mpyromy po3zisi 6ysi0 npoBeeHo MOMEII0BAaHHS 30BHIIHBOTO Ta
CepeHbOro ByXa JIIAVHY 3 BpaXyBaHHSIM MOMIKOIPKeHb. OCHOBHOIO NIPO6JIEMOIO B 00'€KTUBHIN [IiarHOCTULLI CIIyXy
SBJISIETHCS BEJIMKE MDKCYO'€KTHE PO3XOKEHHS IJaHMX, BiIXMJIEHHS SKUX Bif] 1€KOr0 CEPEIHbOTO 3Ha4YE€HHS B HOPMi
MOJKe [IEPEKPUBATH BiIXUJIEHH Bill HOPMU. [114 ii BUpilIeHHs, 3a JOITOMOT0I0 METOAY CKiIHYEHHUX €JIEMEHTIB
pO3po6JIeHa MOJIeJIb CEPEAHBOrO ByXa JIIOJAMHU 3 BDAXYBaHHSIM 30BHIIIHBOTO CJIYXOBOTO IIPOXO/Y Ta OCUKYJISIPHUX
iMmyaHTiB. Ha 0CHOBI po3po6iieHux Mozesiell cepeHbOro Byxa BU3HAY€HO YiTKi iHMBiyasbHi KijIbKiCHI
[lapaMeTpy CTaHy HOPMU CEPEJHbOT0 ByXa JIIOJIUHY, SIKi 103BOJISIOTh TPOBECTU €KCIPEC-AiarHOCTUKY B
aBTOMATUYHOMY peXuMi. B TpeTbOMy pO37iji po3p06sieHNI METOM, KOHTPOJIIO CTaHYy CEPENHBOr0 Byxa JIIOJUHH, Ta
MIXPOKOCMYTOBUY €JIEKTPOAKyCTUYHMN BYLIHUIN €XOCKOII 171 MOro pearisalii, SKnil Ipu3HadYeHun s
CKPMHIHTOBOTO KOHTPOJIIO CTaHy HOPMHU CEPEHBOTO ByXa JIIOAVHUA. B OCHOBY PO3PO6JIEHOTO METOY MOKIAEHO
BUMIPIOBaHHS KOeDillieHTY BiZlOMTTS aKyCTUYHOIO KOPOTKOTO iMITyJIbCY BiJl KOJIMBAJIbHOI CUCTEMU CEPENHBOTO
ByXa, SIK QyHKIii 4acTOTH. BUKOpUCTaHHS KOPOTKUX aKyCTUYHUX iIMITyJIbCIiB JO3BOJISIE MIJIIXOM 3MiHM iX 4aCTOTH i
4acy CJifyBaHHSI OTPUMYyBATH 3MiHYy IIapaMeTpa HOPMU i pe30HaHCHOI 4acTOTH B peajlbHOMY MaciuTabi yacy. B
YETBEPTOMY PO3/iji po3p006JIeHO KOXJIeapHMI1 iIMIIJIAaHTAT 3 iIHHOBaLliMHOK aKyCTUYHOIO JIiHi€l0 3B'513KY, SIKUI
CKJIAJIa€ThCSl 3 TPhOX OCHOBHUX YaCTHH: MiKPO(OHY; IPUCTPOIO 0OPOOKU 3BYKY; Py €J1eKTPOiB. [IpakTuyHe
3HAYEHH! OJlep>KaHUX B AMCEPTALiiiHill poOOTi pe3yJbTaTiB [10JIra€e B TOMY, 1110 PO3PO06JIEHO: ~ MNUPOKOCMYTOBUI
BYLIHUH €XOCKOII [IJIs: €KCIIpeC-1iarHOCTUKYU CEPEIHbOr0 ByXa JIIOJUHY; N1 epeHIiiiHOi AiarHOCTUKY CIIyXy
BiliCbKOBOCITY>XOO0BLiB Bifipa3sy miciist MBT; CKpUHIHTY CIyXy HOBOHAPOIKEHUX O€3110CEPEAHBO B II0JIOTOBOMY
OyIOUHKY; - €JIeKTPOaKyCTU4HA BUMipIOBajibHa YCTAHOBKA JIJ151 iHOMBiyabHOTO MiI00PY OCUKYJISIPHUX iMIIJIAHTATIiB
Iif, Yac XipyprivHoro JiKyBaHHS IOLIKOIKEHDb CIIyXOBOI CUCTEMU - KOXJIEAPHUH IMIIJIAHTAT 3 aKyCTUYHOIO JIiHi€0
3B'SI3KY [1J151 BiTHOBJIEHHS CJIyXY JIIOJMHU Y Pasi NOLKO/AKE€Hb BHYTPIIIHBOTO ByXa; - IPY MiAroToBLi ¢axiBLiB Ha
Kadenpi akyCTUIHUX Ta MyJIbTUMELIMHUX €JIEKTPOHHUX CUCTEM 3a crelianbHicTio G5 EneKTpoHika, eJIeKTpOHHi
KoMyHikaii, npunanobynysanns ta pagiorexHika (171 Enextponika). Po6ora BukoHyBanacs Ha kadenpi akyCTUYHUX
Ta MYJIbTUME[IIIHMX €JIeKTPOHHUX cucTeM HallioHanbHOro TexHiuHOro yHiBepcurety YKpainu “KuiBcbkuit

NOJIITEXHIYHUI iHCTUTYT iMeHi Iropsa CikopcbKoro”.

2. The following new scientific results were obtained in the dissertation: 1. For the first time, the reflection
coefficient of a sound pulse from the oscillatory sys-tem: eardrum-ossicles was proposed as a criterion for
assessing the acoustic state of the middle ear. 2. For the first time, the problem of obtaining acoustic
characteristics of the middle ear by the method of partial regions in relation to the ear model in the form of an
acoustic horn was posed and solved. 3. A new model of an implant for restoring human hearing was proposed in
the form of an acoustic line of communication between the external (external and middle ear) part of the ear and
the oval window of the inner ear, with subsequent transmission of the sound signal to the cochlea. 4. For the first
time, a theoretical study of the influence of cochlear implant parameters on the frequency properties and
sensitivity of the proposed ultrasonic line of transmis-sion of acoustic information through the implant was



conducted. The dissertation is devoted to modeling the human middle ear and artificial substitutes for its elements
- ossicular implants (ossicular implants), experimental verification of the developed models using original
measuring instruments, development of a broad-band echoscope to determine the normal state of the human
middle ear, which uses the obtained parameters of the models, and development of new means of restoring hear-
ing after differential diagnostics, such as a device for determining the acoustic parame-ters of ossicular implants of
the human middle ear, and a cochlear implant with an in-novative acoustic line of communication between the
external and internal parts. The content of the dissertation research is set out in 4 sections, which present the re-
sults of the research and the justification of the main results of the work. The introduction substantiates the
relevance of the dissertation work, formulates the goal and lists the tasks of the research, describes the applied
research methods, and lists the tasks set for the research. In addition, information was provided on the relevance,
scientific novelty and practical significance of the results obtained. The first section provides an analytical review
of the literature. The structure of the human auditory system is presented with an indication of its parameters.
Modern ob-jective methods of human hearing diagnostics used for express diagnostics are consid-ered, namely,
acoustic impedancemetry and registration of evoked otoacoustic emis-sion. A new method of express hearing
diagnostics - ear echoscopy - is considered in detail. In the second section, modeling of the human external and
middle ear was carried out, taking into account damage. The main problem in objective hearing diagnostics is the
large intersubject difference in data, the deviation of which from some average value in the norm can overlap the
deviation from the norm. To solve it, a model of the human middle ear was developed using the finite element
method, taking into account the ex-ternal auditory canal and ossicular implants. Based on the developed middle
ear mod-els, clear individual quantitative parameters of the normal state of the human middle ear have been
determined, which allow for express diagnostics in automatic mode. In the third section, a method for monitoring
the state of the human middle ear has been de-veloped, and a broadband electroacoustic ear echoscope for its
implementation, which is intended for screening monitoring of the normal state of the human middle ear. The
developed method is based on measuring the reflection coefficient of an acoustic short pulse from the oscillatory
system of the middle ear as a function of frequency. The use of short acoustic pulses allows, by changing their
frequency and follow-up time, to ob-tain a change in the normal parameter and resonant frequency in real time. In
the fourth section, a cochlear implant with an innovative acoustic communication line is developed, which consists
of three main parts: a microphone; a sound pro-cessing device; and a row of electrodes. The practical significance
of the results obtained in the dissertation work is that the following have been developed: - a broadband ear
echoscope for: express diagnostics of the human middle ear; - an electroacoustic measuring device for individual
selection of ossicular implants during surgical treatment of auditory system injuries; - a cochlear implant with an
acoustic communication line for restoring human hearing in case of inner ear injuries; - in the training of
specialists at the Department of Acoustic and Multimedia Electronic Systems in the specialty G5 Electronics,
Electronic Communications, Instrumentation and Radio Engineering (171 Electronics). The work was carried out at
the Department of Acoustic and Multimedia Electronic Systems of the National Technical University of Ukraine
“Igor Sikorsky Kyiv Polytechnic Institute”.
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Baacue IlpizBuuie Im's Ilo-6aTbKOBI:
1. Tpanezon Kupuio OsnexcaHnpoBuy

2. Kyrylo O. Trapezon

KBasigikamis: . . 1., gou., 05.09.08
InenTudgikarop ORCID ID: 0000-0001-5873-9519
JoparkoBa indpopmamist:

IloBHE HaliIMEeHYBaHHS IOPUAHYHOL 0C00H: HanjioHanbHuii TexHiuHuil yHiBepcuteT Ykpainu "KuiBchKuit

MOJIITEXHIYHUN iIHCTUTYT imMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoO KeHHS: npocnekt Bepecreiicbkuii, Kuis, 03056, Ykpaina
dopma ByracHoOCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

VIII. 3aKkJII04Hi BiZOMOCTi
BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBI Aposnenko Onexcanap IBaHoBuY

TOJIOBH pajgu

Bsacue IlpisBume Im'st [To-6aThKOBI Aposnerko Onekcanap IBaHOBIY

rOJIOBYIOYOTO Ha 3acCiiaHHi



BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTpaTop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZINIOBiZaJIbHUM 32 peECTpallil0 HAyKOBOIi

OisIIBHOCTI

Haiina Mukuta CepriioBrny

IOpuenko TeTsHa AHaTOJIiBHA

FOpuenko TetsHa AHaToJiiBHA



