AHOTANIA
[Tapentok [[.B. JlocmipkeHHS 3B’A3KY BUKJIMKAHOI OTOAKyCTHYHOI eMicii Ta
BJIACTUBOCTEH CIIyXy, BH3HAYEHUX 3acC00aMH ayJloJIorii JUIsl AOCHIKEHHS CIIyXy

Oiostoriuaux 00'ekTiB. — KBamidikaliiiHa HayKoBa Mpalls Ha IIpaBax PYKOIMHCY.

Hucepramisi Ha 3700yTTS HAyKOBOTO CTymHeHsS JoKTopa dimocodii 3a
cremianpHicTIO 171 «Enektponika». — HarioHanbHUM TEXHIYHUM YHIBEPCHUTET
Vxpainun «KuiBchkuit momitexHiyHuil iHcTUTYT iMeH1 Irops Cikopcekoro», MOH

VYkpainu, Kuis, 2021.
B nucepranii noka3aHo HaCTyIHI BIEPIIE OTPUMaH1 HAYKOBI PE3YJIbTATH:

1. [IpoBeneHo OruiAg CydyacHUX pe3yibTaTiB 3aCTOCYBAaHHS OTOAKYCTHYHOI
eMICIi JJI OLIIHKU CTaHy CIyXy O10JI0rYHOro 00’€KTY Ta pe3yJbTaTiB BUKOPUCTAHHS
eJIeKTpOoeHLIeaiorpaM UIsl OLIHKY HANPaBJIEHOr0 MCUX0(I3UMYHOrO BIUIMBY Ha CTaH
JFOJMHM T11]] 4ac MPOBEAEHHS MY3HUYHOI Tepamii.

2. Bnepmie Oyno oTpumaHo KOE(DIIIEHT AJiA OIIHKU SIKOCTI MPOBEICHHS
TECTY CIIyXy 00’ €KTUBHUMHU Ta Cy0’€KTUBHUMHU METOJAMH.

3. 3a pe3yabTaTaMd BUKOHAHOTO JIOCHIIHKEHHS OYJI0 OIIHEHO HOBUM
MEPCIEKTUBHUI KPUTEPIA [JIs1 HOpMasi3allii OTPUMAHUX PE3yJbTaTIB JOCTIIKEHHS
CTaHy CIIyXy 010J0T1YHOTO 00’€KTY 3a JIOIIOMOI'OK) OTOAKyCTHYHOI eMicii Ha 9acToTi
MPOJYKTY CHOTBOpEHHA. Bmepimie Oyno 3acToCOBaHO [aHUWA pe3ydbTaT s
HOpMaJTi3alli pe3yJbTaTiB JOCHKEHHSI CTaHy CIIyXy MOPCBKMX CBHHOK Ta OYJO
IIPOBENICHO MOPIBHAJIBHUN aHAI3 pe3yJabTaTIB 3aCTOCYBAaHHS KPUTEPII0 HOpMaTi3allii
OTPUMAHHUX PE3YyJIbTaTIB JOCIIHKEHHS CTaHy CIyXY SIK JUIsl OAMHUYHUX PE3YyJIbTaTiB,
TakK 1 JIJIs1 X TPy

4. ExcriepyMeHTanbHUM LUBSIXOM OyJIO JTOCIIKEHO BIUIMB aKyCTUYHOIO
CUTHAJY CKJIaJHO1 (JOPMH HA MCUXOEMOIIINHUN CTaH JIIOIMHH, BIiepiie OyJo OIiHEHO
HaIpaBJICHUN aKyCTUYHUN BIUIMB Ha JIFOJCH, 110 3HAXOATHCS IIiJ] MPOJIOHTOBAHOIO
JI€I0 HEraTUBHUX IcUXOeMoliiiHuX (akrtopiB. byno moka3aHi pe3yibTatu
OJIHOYACHOTO  KOMOIHOBAaHOTO  (TEpalneBTUYHOTO Ta TPaBMYIOUOTO) BIUIUBY

NCUXO0EMOLIMHUX (aKTOpiB HAa O10JIOTTUHUN O0’€KT y MOTYKHICHOMY Jiama3oHax Ta



BHU3HAUEHO MOXIJIMBICTb BHKOPHCTAHHS JEIbTa-pUTMY eJeKTpoeHIedanorpaMu sk
MapKepy CTPECOBOT0 BIUIMBY Ha 010JI0T1YHUI 00’ €KT.

5. OOGrpyHTOBaHO MOXJIMBICTh 3aCTOCYBaHHS BUOIPOK MaJIOTO PO3MIPY IS
OIIHKA 3MIH Yy eJeKTpoeHnedarorpami, BUKIUKAHUX CYIEPIIO3UINEI0 III0YUX
NICUXOAKTUBHUX (DaKTOpIB TpPH BUKOPUCTAHHI y SKOCTI MapKepy JelbTa-pUTM
enekTpoeniedanorpamu. J{oaaTkoBo OIiHEHO HEOOX1AHI MiHIMAJIbHI pO3MipH BUOIPOK
MIPH OIIHII Pe3y/IbTaTiB BUKOPUCTAHHS PEIITH 3apEECTPOBAHUX BILIUBIB.

6.  Bmnepuie chopMynbOBaHO KOMIUIEKC BUMOT JI0 MPOLEAYPH MPOBEACHHS
KOMIUIEKCHOI TICUXOHAIPaBICHO1 aKyCTUYHOI Teparii B yMOBax BILIMBY CTPECOBOTO
dakrtopy.

Huceprauiitna podoTta 6a3yeThCs Ha aHaII31 pe3yJIbTaTiB, OTPUMAaHUX I1]T Yac
MIPOBEICHHS IOCIIIKEHHS CTaHy CIIyXy 010JIOTTYHOr0 00’ €KTY HUISIXOM
BUKOPHUCTAHHS OTOAKyCTHUYHOI eMicii — IUITXOM BUKOPUCTAHHS HOPMasi3yrouoro
KpUTEPIIO Ta MPOBEACHHS CTATHCTUYHOTO Ta MOPIBHSUIBHOIO aHAJi3y HACHIAKIB HOTO
3aCTOCYBaHHS; 3aCTOCYBaHHI KOE(IIIEHTY OIIHKH SIKOCTI IPOBEJICHHS TECTY CIyXY
00’€KTUBHUMHU Ta Cy0’ €KTUBHUMH METOJIaMU; OIIHII PE3yJIbTATIB €KCIIO3UIII1
010J10T1YHOTO 00’ €KTY 10 CYNEPIO3HUIIii PI3HUX 32 MPUPOJIOIO MCUXOAKTUBHHUX
(dakTopiB - My3UYHOI Teparii Ta CTpecoBOTO (haKTOPy Ta MOIIYKY HOBUX KPUTEPIiB

AJIs1 BUSHAYCHHS XapaKTEPy HAa3BAHOI'O BILJIUBY.

3MICT IUcepTaliiHOTO AOCTIPKEHHS BUKIIAJIEHO Y YOTUPHOX PO3AiIax, y 00’ eMi

SAKUX MPEJCTaBICH] pe3yJIbTaTh JOCIIKEHHS, Ta Y BCTYTII.

VY BcTymi nosicHeHa HayKoBa HOBU3HA PoOOTH, OYyJ10 chOpMYJILOBAHO METY Ta
npeaMeT JUcepTaIliiHOl poOOTH, ONTMCAHO 3aCTOCOBYBaHI METOIU JOCTIKEHHS,
MepesTiueHi MOCTaBICHH] TIepe T JoCIiKeHHM 3aBaadas. Okpim Toro 0yio
IPUBEACHO BiZIOMOCTI PO aKTyalbHICTh Ta MPAKTUYHE 3HAUECHHSI pe3yJIbTaTiB

TUcepTartii.

B nepuiomy po3aini nogaHo aHaTITUYHUI OIS JIITEpaTypH, B 00CsA31 IKOTO
MOKAa3aHO CY4YaCHUN cTaH MpoOJeMHUX 00JacTel — TOCIIKEHHS CTaHy CIyXY
IIUISIXOM 3aCTOCYBaHHS OTOAKyCTUYHOI emicii, My3nuHoi1 Tepartii Ta eHnedanorpadii,

a TaKOXX CTATUCTUYHOI OOPOOKH pe3yibTaTiB JoCIiKeHHs. Takox copMyIbOBaHO



HasIBHI IUIAXH MOJAJIBIIOTO PO3TIISAY MPOOJIEMHUX MUTAHb TOCIHIKEHHS.

Hpyruii po3ail TOKa3ye 3B’A30K MK OO0’€KTMBHUMH Ta CYyO €KTUBHUMH
METOJaMHU ayJ10JI0T1i Ta IPUBOAUTH BIIOMOCTI MPO MEPCIICKTUBHUN KPUTEPIH OIIHKH
TOYHOCTI IPOBEJCHHSI AOCIIIKEHHS CTaHy CIIyXy 010JI0TTYHOTO 00’ €KTY Ta MPUBOAUTD
CTATUCTUYHMM aHai3 MOro 3aCTOCYBaHHS. Y BKa3aHOMY aHalli3l MOKa3aHO HAasBHICTb
CTaTUCTUYHO 3HAYMMOI PIZHHUII MDK TTOKa3HUKAMH 3a3HAYEHOTO KPUTEPI0 ¥y
BUIIAJIKaX, KOJM PO301KHICTh Y BU3HAUEHIN IIMPHUHI YaCTOTHOI TPYIU MPUCYTHS Ta
BIJICYTHSI.

B Tperbomy po3minmi mpuBenEH! pe3yNbTaTH OILIHKA HOBOTO TEPCHEKTUBHOTO
KPUTEPIIO I HOpMaii3aiii OTpUMaHUX PEe3yJbTaTiB JOCIIKEHHS CTaHy CIIyXy
010JIOTTYHOTO 00’€KTY 3a JOMOMOIOK) OTOAKYCTUYHOI €MICli Ha 4acTOTI MPOAYKTY
CIIOTBOPEHHSA MiJ] Yac aHalli3y Pe3yjibTaTiB JOCIIIKEHHS MOKJIMBOCTI pereHeparlii
BOJIOCSIHUX KJIITHH Y KOXJieapi MICis eKCHO3MIIT iX /10 i1 OTOTOKCUYHUX Tperaparib.
[IpuBeneHo Sk NOPIBHSUIBHUIM, TaK 1 CTATUCTUYHUI aHaNI3 Pe3yibTaTiB 3aCTOCYBAaHHS
kputepito. Jlocaiau Oynu BukoHaHi Ha 6a3i 1Y «IHCTUTYT O0TOapuHTOJIOTIT iM. TpOd.
0O.C. Konomiituenka HAMH Ykpainny, 3arajiom 0yJ10 MpoBeIeHO COPOK OJUH JAOCII/I.
3a3HaueHl pe3yJbTaTH € TPOJOBXKEHHSIM TMONEPEIHbOI HAYKOBOI pPOOOTH, IO
npoBoauiIach Ha 0asi kadeapu AKycTHUHHX Ta MynbTuMeniiHux EjgexTpoHHHX
Cucrem HauionansHoro TexHiuHoro VYHiBepcutery VYkpainn «KuiBcbkuit
MOMITEXHIYHUN 1HCTUTYT 1iMmeH1 Iropst Cikopcekoro». OTpuMaHi pe3ynbTaTH
MOKa3yl0Th 3HAYHY POJb KPUTEpil0 y ¢GopMyBaHHI (DIHAIBHOTO pPE3yNbTATy IS
npuBeneHoi 6a3u gociiaiB. OkpiM TOro Ha 6a3i MpoBeIeHOT poOoTH 010 ChOPMOBAHO
QITOPUTM TIPOBEICHHS aHaJI3y MOJIOHOTO MAaCHUBY €KCIIEPUMEHTAIbHUX JaHUX JJIs
0Ci0, 110 HEe MalTh 3HAYHOIO PIiBHSA MATrOTOBKH. OKpeMoO IMOKa3aHO HEOOXITHICTH
IIPOBEJICHHS OaraTopiBHEBOI NEPEBIPKU pe3yJIbTaTIiB y BUOIpKaxX Ha iX BIAMOBIIHICTh
HOPMAaJILHOMY 3aKOHOBI PO3MOJILTY Yepe3 HEOOX1THICTh KOPEKTHOTO BUOOPY METOMY
BCTAHOBJICHHSI HAssBHOCTI CTATUCTUYHO 3HAYMMOI PI3HHUII MiX rpynamu. Takox Ha
0a3l MHUPOKOBKUBAHOTO TMporpaMHOro makeTy Excel cTBopeHo mabion mis
MIPOBE/ICHHS EKCIPEC-CTATUCTUYHOTO aHaJ3y CIIBBITHOIICHh MK HE3aJIC)KHUMHU
BUOIpKaMM TiJ] 4ac BUKOPHUCTaHHS t-kKputepito CTbIOJEHTA y SIKOCTI 1HCTPYMEHTY

JIOCITIDKEHHS.



YerBepTuil po3AUT TMOKa3ye pe3ynbTaTd BIUIMBY MY3MYHOI Tepamii, II0
BUKOPUCTOBYE aKyCTUYHUN CHUTHAJ CKJIaAHOI (OpMHU, HA IMCUXOEMOLIMHHUI CTaH
JTOIWHU. BCTaHOBIIEHO HEOOXIAHICTh 301IBIICHHS Yacy €KCMO3UIlli pEeCIOHICHTa J10
Aii aKyCTUYHOTO CUTHANIy Ta y3araJlbHeHO OTpHMaH1 TepaneBTUYHI pe3ynbTaTu. Ha
0a31 OTPUMAHUX EKCIEPUMEHTAIbHUX JaHUX TaKOXK MPUBEJICHO JTOCIIPKEHHS BIUITUBY
CYNepHo3uiii Aifounx (akTOpiB aKTMBHOIO BIUIMBY HA CTaH JIOAWHH —
HU3bKOYACTOTHOTO MY3UYHOT'O CHTHATY Ta MPOJIOHTOBAHOTO CTPECOBOTO (haKTOpy Ta
OOTPYHTOBAHO MOXJIMBICTh 3aCTOCYBAHHSI Yy JOCHIPKEHHSIX CTaHy JIIOJUHHU, IO
migaBajgach 3a3Ha4eHUM BIUTMBaM (200 OAHOMY 13 HUX), BUOIPOK Majoro po3mipy.
3a3naveHi gociiau 0yau BUKOHaH1 Ha 0a3i kadenapu AKycTUUHUX Ta MylbTUME IIHHIX
€JIEKTPOHHUX CUCTEM Ta 3a yyacTi [HCTuTyTy Kapaiosorii imeHl akagemika M. JI.
Crpaxecka HAMH Vkpaiau. JlomatkoBo omnmcaHa npoueaypa BCTAaHOBIICHHS
3HAYEHHS KJIIHIYHO 3HAYUMOI P13HUIIL M1k JTOCIIIKYBAHUMHU TECTOBUMHU IPYIIaMU, sIKa
3aCTOCOBYETHCSI Y CTAHOBJIEHHI MIHIMaJIbHO JIOMYCTHUMOTO PO3MIPY AOCIIIHKYBAaHOI
BUOIPKM [UIsl TEBHOTO EKCHEpUMEHTy. TakoX J0JaTkoBO Oyl0 AOCHIIXKEHO
MO>KJIMBICTh 3aCTOCYBaHHS 3a3HAYEHOI MPOIIEAYPH JIJIsl TE€Ta-, alib(pa- Ta 6eTa- puTMIB
enekTpoeHnedamorpamMu  Ta  BuU3HaueHO (Y~ paMKax  3apeecTpOBaHUX
EKCIIEpUMEHTAJILHUX JTAHKUX) X HEOOX1/IH1 MiHIMaJIbH1 PO3MipHu BUOIPOK, Ha 6a31 4OTO
BU3HAYEHO HEOOXIIHICTh 30LIBIIEHHS KIJIBKOCTI €KCHEPUMEHTIB y BHOIpLI Mpu
MaJIIHHI PIBHS BUPAKEHOCTI JOCIIKYBAHOTO MMapaMeTpy.

OTpumaHi IpakTUYHI pe3yIbTaTH AOCTIIKEHHS:

- AnropuTM CHiBCTaBIEHHS Pe3yJbTaTiB AOCTIKEHHS CTaHy CIyXy, OTPUMAaHUX
Cy0’€KTUBHMMU Ta 00’ €EKTUBHUMH METOJAMHU JTOCT1HKCHHSI.

- Kpurepiii ominku SIKOCTI IPOBEJACHOTO JOCIIKCHHS CTaHy CIyXY — KOe(DIIIEHT
CITIBBITHOIIEHHS IIUPUHUA YACTOTHUX TPYIL.

- @opmani30BaHU AJITOPUTM OILIHKU PE3yJIbTaTiB JOCHIHKEHHS CTaHy CIyXy
010JIOT1YHOTO O0’€KTYy 3a JOMOMOIOK OTOAaKyCTUYHOI €Micii Ha YacToTi
MIPOJIYKTY CIOTBOPEHHS, 110 BUKOPUCTOBYE t-KpuTepiil CThIofIeHTa, KPUTEPIM
Binkokcona a6o U-kputepiit Manna-YiTHi, pU3HauYCHUN IS 3aCTOCYBaHHSI

nepcoHanoM 0e3 BUCOKOTO PiBHS MIATOTOBKH.



- Metoauka HOpMaizauii pe3yiabTaTiB JOCTKEHHS CTaHy CIIyXy O10JIOT14HOTO
00’€KTy 3a JIOTIOMOTOK) OTOAKyCTMYHOi emicli Ha dYacTOTi MPOIYKTY
CIIOTBOPEHHS 3a I0NnoMoroto kputepito CokosoBa.

- JlomaTKOBHI 4YaCTOTHO-3AJIKHUN KPUTEPIM OIIHKUA pe3yabTaTiB MPOBEIACHHS
TOCTKeHHS cayxy 3a nornomororo OAEIIC.

- AJNTOpUTM OILIHKY Pe3yJbTATIB IOCHIKEHHS BIUIUBY aKyCTHUYHOTO CHUTHATY Ha
010€JIeKTPUYHY aKTHUBHICTH TOJIOBHOTO MO3KY, MpPU3HAUEHUHN IS 3MEHIICHHS
HABAaHTA)KEHHS Ha BUCOKOKBaTi(hiKOBAHUI MEIMYHUN TTEPCOHAIL.

- Kommuiekc BUMoOr 10 mponeaypu npoBeieHHsI KOMIUIEKCHOI ICUXOHAPABIICHOT
aKyCTHUYHOI Tepartii.

KawuoBi ciaoBa: oToakycTUuHa  eMicisi, OO0’€KTUBHA  ayJ10JIOris,
MEIUKAMEHTO3HUN BIUIUB, CY0’€KTUBHI METOIU ayaioJiorii, mepeTBOpeHHsT Dyp’e,

JebTa-PUTM, €JIEKTpOeHIIe(aorpaMa, akyCTUUYHIN My3UYHHUI CUTHAJ, CTpPEC.



SUMMARY

Pareniuk D.V. Investigation of the connection between induced otoacoustic
emission and hearing properties determined by audiology for the hearing properties
estimation of biological objects. — 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, 2021.

The dissertation shows the following first scientific results:

1. A review of the current results of the application of otoacoustic emission to
assess the state of hearing of a biological object and a review of the current results of
the implementation of electroencephalograms for investigation of the directed
psychophysical influence on the human cognition during music therapy were

conducted.

2. For the first time, a coefficient, which assesses the quality of the hearing test

via usage of the objective and subjective methods was obtained.

3. Based on the results of the study, a new promising criterion for normalization
of the results of the study of the state of hearing of a biological object using otoacoustic
emission at the frequency of the distortion product was evaluated. This result was used
for the first time to normalize the results of a guinea pig hearing test. Also a
comparative analysis of the results of the application of the criterion of normalization
of the results of the study of hearing channel for both individual results and their groups

was conducted.

4. The influence of an acoustic signal of a complex shape on a person's psycho-
emotional state was investigated experimentally, for the first time, the directed acoustic
effect on people under prolonged exposure to negative psycho-emotional factors was
assessed. The results of simultaneous combined (therapeutic and traumatic) influence
of psychoemotional factors on a biological object in power range and the possibility of
the usage of the delta rhythm of the electroencephalogram as a marker of stress

influence on a biological object were shown.



5. The possibility of the application of small sized samples to assess changes in
the electroencephalogram caused by the superposition of acting psychoactive factors
when used as a marker delta-rhythm electroencephalogram is substantiated. Required
minimum sample sizes for evaluation the results of the usage of the rest of the

registered rhythms were calculated.

6. For the first time a set of requirements for the procedure of conducting
complex psycho-directed acoustic therapy under the influence of a stress factor has

been formulated.

The dissertation is based on the analysis of the results obtained during the study
of the state of hearing channel of a biological object by implementation of the
otoacoustic emission - by using the normalizing criterion and conducting statistical and
comparative analysis of the consequences of its application; application of the
coefficient of assessment of the quality of the hearing test by objective and subjective
methods; evaluating the results of exposure of a biological object to the superposition
of different in nature psychoactive factors - music therapy and stress factor and the

search for new criteria to determine the type of this influence.

The content of the dissertation thesis is presented in four sections, the volume of

which presents the results of the research, and in the introduction.

The introduction explains the scientific novelty of the work, formulates the
purpose and subject of the dissertation, describes the applied research methods, lists
the tasks set before the study. In addition, information on the relevance and practical

significance of the dissertation results is provided in this part of the thesis.

The first section presents an analytical review of the modern scientific literature
sources, which shows the current state of the problem areas - the investigation of the
state of the hearing organ of the biological object via the implementation of otoacoustic
emission; music therapy and encephalography, as well as statistical processing of
obtained research results. Existing ways of further investigation of problematic

research areas are also formulated.



The second section highlights the connection between objective and subjective
methods of audiology and provides information on a promising criterion for assessing
the accuracy of the analysis of the state of hearing organ of a biological object and
provides a statistical analysis of its application. This analysis also shows the presence
of a statistically significant difference between the results of the criterion
Implementation in cases where the difference in a frequency group width is present and

absent.

The third section presents the results of the evaluation of a new promising
criterion for normalization of the results of the study of the state of hearing loss of a
biological object by otoacoustic emission at the frequency of the distortion product
during the analysis of the results. Both comparative and statistical analysis of the results
of the criterion application are given. The experiments were performed on the basis of
the State Institution "Institute of Otolaryngology. prof. O.S. Kolomiychenko National
Academy of Medical Sciences of Ukraine ", a total of 41 experiments were conducted.
These results are a continuation of previous research work conducted on the basis of
the Department of Acoustic and Multimedia Electronic Systems of the National
Technical University of Ukraine "lgor Sikorsky Kyiv Polytechnic Institute™. The
obtained results show a significant role of the criterion in the formation of the final
result for the given base of experiments. In addition, on the basis of this work, an
algorithm for analysing such an array of experimental data for individuals who do not
have a significant level of training was formed. The need for a multi-level verification
of the results in the test samples for their compliance with the normal distribution law
Is shown separately due to the need to correctly choose the method of establishing the
presence of a statistically significant difference between groups. Also based on the
widely used Excel software package, a template was created for rapid statistical
analysis of the relationships between independent samples via usage of the Student's t-

test as a research tool.

The fourth section shows the results of the application of music therapy using a
complex acoustic signal on the psycho-emotional state of a person. The necessity of
increasing the time of exposure of the respondent to the action of the acoustic signal is

established and the obtained therapeutic results are generalized. Based on the obtained



experimental data as well a study of the influence of superposition of active factors of
continuous influence on the human condition is made - low-frequency musical signal
and prolonged stress factor; also was substantiated the possibility of the
implementation in studies of the human condition changes via exposure to both these
effects (or one of them), small sample sized test groups. These experiments were
performed on the base of the Department of Acoustic and Multimedia Electronic
Systems and with the participation of the National Scientific Centre "M.D. Strazhesko
Institute of Cardiology". Additionally, the procedure for determination of the value of
clinically significant difference between the test groups, which is used in the estimation
of the minimum allowable sample size for a particular experiment, is explained. The
possibility of applying this procedure for theta-, alpha- and beta-rhythms of the
electroencephalogram was additionally investigated and their required minimum

sample sizes were determined (within the registered experimental data).
The obtained practical results of the study:

- Algorithm for comparing the results of the test of auditory organ, obtained by

subjective and objective research methods.

- The criterion for assessing the quality of the study of hearing - the ratio of the

width of the frequency groups.

- Formalized algorithm for evaluating the results of the study of the state of
hearing of a biological object using otoacoustic emission at the frequency of the
distortion product, using Student's t-test, Wilcoxon test or Mann-Whitney U-test,

designed for application by partially trained personnel.

- Method of normalization of the results of the study of the state of auditory
organ of a biological object via implementation otoacoustic emission at the frequency

of the distortion product using the Sokolov criterion.

- Additional frequency-dependent criterion for evaluating the results of a
auditory organ test via usage of OAEDP.



- Algorithm for evaluating the results of the study of the effect of acoustic signal
on the bioelectrical activity of the brain, designed to reduce the burden on highly

qualified medical personnel.

- A set of requirements for the procedure of complex psycho-directed acoustic

therapy.

Keywords: otoacoustic emission, objective audiology, medical impact,
subjective  methods of audiology, Fourier transform, delta rhythm,

electroencephalogram, acoustic musical signal, stress.
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