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KoxyieapHast UMIUIaHTaLIMsI — YHUKaJIbHasi pa3paboTka B 00JIACTU MPOTE3UPOBAHUSI CEHCOPHBIX CUCTEM
yesioBeKa. 3a CUeT BJIEKTPUYECKOTO pa3ipaxkeHUs CIIyXOBOTO HepBa BO3HUKAIOT CIYXOBBIE OIILYILIEHUS,
OIM3KME K ecTeCTBeHHbIM. HecMOTpsT Ha 3HaYUTEIbHBIN Mporpece B pa3paboTKe KOXJIeapHbIX UMIIJIAHTOB
(KH), kauecTBO CJIyXOBOTO BOCTIPUSITUS TTPU UX UCTTOJIb30BAHUY CYIIIECTBEHHO orpaHnueHo. Haubonbime
TPYAHOCTH Yy Ttosb3oBateneit KM BO3HMKAIOT B CIOKHBIX CUTYALIMSIX KOMMYHUKAIIUM, TAKUX KaK BOCIIPU -
SITUE PEYU B LIyME WIN C HECKOJbKUMU roBopsiiinuMu. CyliecTByeT MHOXECTBO (DaKTOPOB, KaK TeXHUYE-
CKMX, TaK U (pU3MOJOTUYECKUX, KOTOPbIE 3aTPYAHAIOT pa300punBOCTb peun y nonub3oBareneit K. Boc-
MIpUSITHE pedn y noJib3oBatelieii KM orpanndyeHo 13-3a HU3KOM pa3pelalonieil CocOOHOCTH IO YacToTe,
HMCKaXKEeHUSI BOCTIPUSITUS BBICOTHI M CXXaTusl JTMHAMMYecKoro auanasoHa. Huskas paspelnaronias crnocob-
HOCTb I10 YaCTOTE MPOSIBIISIETCS B CHUKEHUM Pa300pPUMBOCTH PEUYM M CIIOCOOHOCTU BOCIIPUMHUMATh MY3bI-
Ky. BaxkHbIM SIBJISIETCS BOMPOC O COCTOSIHMU ILIEHTPATbHBIX MEXaHU3MOB ClIyXa, OCOOEHHO ISl JeTeil ¢
BPOXIEeHHON miyxoToii. C BO3pacToM y pebeHKa CHUXKAETCs TIJIaCTUYHOCTb MO3Ta U 3aTPYAHSIIOTCS TIPO-
1ecchl (hOPMUPOBAHMS LIEHTPATBHBIX CIIYXOBBIX MEXaHU3MOB, TTO3TOMY XeJlaTeJIbHO MPOBOAUTD KOXJieap-
HYIO UMIUIAHTALIMIO B KaK MOXHO 00Jiee paHHEM BO3pacTe TOC/Ie BbISIBJICHUS TYTOyXocTu. M3yuyeHue oco-
OEHHOCTEl CIIyXOBOTO BOCTIPUSTHUS TIPU JIEKTPUUECKOM BO30OYXKIEHUM CIYXOBOTO HEpBa MO3BOJISIET HE
TOJIBKO MPEIIOXKUTh MHHOBAIIMOHHBIE TTOAXOIbI TSI YIIYUIIIEHUsI CIYXOBBIX CITIOCOOHOCTE TTOJIb30BaTeei
KW, HO 1 onipeaenuTh HOBbIE HAMPaBJIEeHUS B U3yYEHUHN CIYXOBOI CUCTEMBbI YeIOBEKa.

Karoueswie croea: XoxaeapHasi UMILIaHTAlIMSI, BbICOTa 3ByKa, IPOMKOCTh, UM depeHInalbHbINA TOPOT 10
4acToTe, pa300pUMBOCTh U

DOI: 10.31857/50235009223040066, EDN: CNYEVZ

BBEIAEHME

M3ydyeHune Bompoca CIyXOBOIO BOCIIPUSTHUS IIpU
3JIEKTPUUECKOM BO30YKIACHUU CIIYyXOBOIO HEpBa I103-
BOJIMJIO pa3paboTaTh YHUKAJIBHBINA CITIOCOO KOXJIEapHOM
nmiuiantanuu (KW) ni1s mpoTre3npoBaHusI yTpadeH-
HOM CJIyXOBOIl (DYHKIIUM IIPY ITIOMOIIM MHOI'OKa-
HaJIbHOTO 3JIEKTPOAa, BBEICHHOIO BO BHYTPEHHEe
YXO YeJI0BeKa, U 3AEKTPUUECKOTro pa3apaxkeHus1 CBO-
OOMHBIX HEPBHBIX OKOHYAHUI CIIMPaAILHOTO TaHIIUS
BHYTpeHHero yxa yeiaoBeka (Wilson et al., 1991; Dor-
man, Wilson, 2004). KM He TOIbKO OTKphLIa IIUPO-
KM€ BO3MOXHOCTH Iepedadyu CIyXOoBoii MH@opma-
LMU IS OO aXKe C TOTAJIbHOM ITIyXOTOH, HO U
oInpenenniia HOBble HaIlpaBJACHUSI B U3YYEHUU CIIy-
X0BO# cucteMbl 4yeiaoBeka (Wilson, Dorman, 2008;
Forli et al., 2021; Chen et al., 2022).

CryxoBas cucTeMa 4ejoBeKa SIBISIETCS YHUKAIb-
HOIf KaK ¢ TOYKU 3pEHUsSI CBOETO CTPOCHUSI, TaK U C
TOUKM 3peHUS €€ (PYHKIIMOHUPOBAHMUS, MOCKOJILKY
OHAa TECHO CBsI3aHA CO MHOTUMM JIPYTUMU BBICILIMMU
MCUXUYECKUMU (DYHKLUSIMU MO3ra, TaKMMU Kak

peyb, NaMITh U MblluieHUE. [1pu TyroyxocTu BO3HU-
KaeT IeULnT CIyXoBoii MH(pOpMAaLIK, YTO IIPUBO-
IUT K 3HAYUTEJIbHOMY W3MEHEHUIO IeHTPaIbHBIX
MEXaHU3MOB CIIYXOBOTO BocHpusiTusi. Takum obpa-
30M, C ITOSIBJIEHMEM YHUKAJIbHOI'O METO/Ia CIyXOIPO-
te3aupoBaHusgd — KW OTKpBIBAIOTCS COBEPIICHHO
HOBbIE BO3MOXHOCTH B M3YYEHUU B3aMMOIECUCTBUS
neprdepuIecKrX 1 HeHTPaIbHBIX MEXaHU3MOB CIIy-
XOBOM CUCTEMBI YEJIOBEKA.

Koxmeaprnas wmmnnanrtanms yxke Oosiee 40 et
YCHEITHO UCTIONb3YETCS IJII KOMIIEHCAIIUW YTpauyeH-
HOM CIIyXOBOM (DYHKLIUM IIPU TOTAJIBHOM IJIyXOTE U
NTyOOKOM CTEeTIEHU TYTOYXOCTH Y JTIOACH, KOTOPBIM HE
MMOMOTAIOT cCaMble COBPEMEHHbBIE CIIyXOBBIE arllapa-
ThI. Jlaxke mpu IOJTHOI MIyXOTe, IpU II0JIHOI rndeIn
HapPY>XHBIX U BHYTPEHHUX BOJIOCKOBBIX KJIETOK Opra-
Ha KopTH, ciyxoBoif HepB B OOJBIIMHCTBE CIy4acB
OCTaeTCsI COXpaHHBIM U CITOCOOEH BO30YKAAaThCs MO
JIeAICTBHEM 3JIeKTpUUecKoro pazapaxeHus. [Tpu xu-
pPYpPrMY4ecKOM BMEIIATeIbCTBE B TUMITAHAJIBHYIO
JIECTHULLY YJAUTKUA BBOISIT MHOTOKAHAaJAbHYIO 3JIEK-
TPOMHYIO PEIIETKY, KOTOpasi BO30YKIaeT pazInuyHbIe
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Puc. 1. PacnionioxeHue 2;1eKTpoia B YIUTKE YeJIOBeKa.
1 — ynuTKa BHYTpEHHETO yXa; 2 — CIyXOBOM HepB; 3 —
9JIEKTPOAHAS pelIeTKa.

T'PYIIIbI CBOOOIHBIX HEPBHBLIX OKOHYaHUM OT BEpHIn-
HbI 1O OCHOBAaHU YJINTKH, BbI3bIBasA COOTBETCTBYIO-
e CIIYXOBbLIC OIIYIICHHUA B COOTBETCTBMU C TOHO-
TOMMNYECKOM OpraHHBaHI/ICﬁ YJINUTKMU.

B nocnenHue roabl oTMeyaeTcsl 3HAYMUTEJbHbIN
Mporpecc B 00JIACTU COBEPIICHCTBOBAHUSI CHUCTEM
KW (TaBaprkumanse, 2015; Forli et al., 2021). Tem He
MEHEE OCTaeTCsl €lle MHOTO BO3MOXHOCTEN IS UX
yinydiieHust (Dorman, Wilson, 2004; Chen et al.,
2022). Kak ormMe4ualoT OOJILIIMHCTBO aBTOPOB, AaxKe
MalMeHThl C HaWIy4YlIMMUW pe3yJbTaTaMU MMEIOT
TPYAHOCTH CIIyXOBOTO BOCIIPHUSITUSI B CJIOKHBIX aKy-
CTMYECKUX YCIOBUSIX, TAKUX KaK peyb B LIIyMe WU B
CUTyallUd C OJHOBPEMEHHO HECKOJbKUMU TOBOPSI-
mumu (Pralus et al., 2021). Hawnydiiie pe3yabTaThbl
HaOJII0AI0TCSl Y B3POCIbIX MAllMEHTOB C TTOCTJIMHI-
BaJibHOM T1yxoToit (Dorman, Spahr, 2006) u 'y Tnyxux
JIETEN C BPOXIECHHOM TIJIyXOTOM, MPOUMILIAHTUPO-
BaHHBIX B paHHeM Bo3pacTte (Sharma et al., 2020). C
BO3PacTOM IJIACTUYHOCTh MO3ra y IeTeii CHUXKaeTcs,
u addexktuBHOCTE KM yMenbinaetcst (Glennon et al.,
2020). DTO 0OCTOSATEIBCTBO MOXET OOBSICHUTH TOT
dakT, 4TO TIyXUe [eTHU, WMIUIAHTUPOBAaHHBIE [0
TpeX-4eThIPEXJIEeTHETO BO3pacTa, 0ObIYHO UMEIOT TO-
pasno Jydiliue pe3ysibTaTbl, yeM IJyXue IeTU, UM-
IJIaHTUPOBaHHEBIE B OoJiee IT030HeM Bo3pacTe (Shar-
ma, 2020; Wilson, 2008). OcHoBHOe NpeaHa3Haue-
Hue KM — 3T0 obGecneuuTb KaK MOXHO OoJjee
MOJTHOLIEHHOE BOCIIPUSITUE PAa3TOBOPHOI peuun. Bme-
CTe€ C TeM 3aMeTMM, YTO OJHA U3 CaMbIX OOJBIINX
mpo06JeM y TallMEHTOB C KOXJIEApHBIMU UMILJIAaHTaMU
BO3HUKAET IpU BocnpusaTun My3biku (Limb, 2014).

PeueBoii curHan, KpoMe OCHOBHBIX aKyCTUYECKMX
NPU3HAKOB, KOTOPBIC BBI3LIBAIOT OIIpeAcICHHbBIC
CYOBEKTUBHBIC CIIyXOBbI€ OIIYIIeHUS (ITPOMKOCTbD,
BBICOTa M TEMOP), TIepeaaeT 3aKOAUPOBAHHYIO CMbIC-
JIOBYI0 MH(pOpManuio. PedeBoii curHan xapakTepu-
3yeTcs CJIEIYIOIIMMU aKyCTUUECKMMU ITapaMeTpaMu:
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OCHOBHOI1 9acToTHBIN grama3od 100—7000 I, cpen-
HUIT ypOBeHb pa3roBopHoit peun 60—70 nb (ypoBHs
3BYKOBOTO JaBJICHUS), TMHAMWYSCKUIA AUAIla30H —
35—45 n1b 1 BpeMeHHBIEe MHTEPBAIBI OT HECKOJIBKIX
JIECITKOB MUJUIMCEKYHI 1Jisi (DOHEM A0 COT€H MUJI-
JIMCEKYHJI JJIs1 OTHENbHBIX cioB (AnmomuHa, 2006).
OueBUIHO, YTO CITOCOOHOCTH YeJIOBEKA B OIIpeaese-
HUU BBICOTBI, TPOMKOCTHU, IJUTEIBHOCTH 3ByKa U
YCTHOIT peur He MOXKET OBITh OMMHAKOBOM MPU aKy-
CTUYECKOM U 3JIEKTPUUECCKOM CTUMYJISILIMY CIIYXOBOM
CHCTEeMBbI BBHUIY pa3HBIX 00JacTeil BO3ICHCTBUS Ha
peLenTOpEl BHYTPEHHEro yXa B OOHOM cilydae W Ha
HEPpOHBI KJIIETOK CIIMPAJIbHOIO TAaHIJIUSI — B IPYTOM.
IlepBocTeneHHOE 3HAYEHUE MIJISI CJIYXOBOM CHUCTEMBbI
MMeEeT BOCIIPUSITUE BHICOTHI 3BYKa.

BOCITPUATUE BBICOTbI

Bce coBpemMeHHBIE MHOTOKaHaIbHBIE ccTeMbl KN
rnepeaaT MHOPMAIIUIO O BHICOTE 3ByKa, UCTIOIb3YS
TOHOTOIMMYECKME KaPThl PACIIOJIOXKEHHUS DIIEKTPOIAOB
BIOJIb Oa3uisipHOi MeMOpaHns! yautku (Wilson, Dor-
man, 2008; Forli et al., 2021). biarogapst uCIoab30-
BaHUIO TOJIOCOBBIX (DUIIBTPOB BXOMHOM aKyCcTUYe-
CKUI CUTHAJI pa3aesisieTcsl Ha HeCKOJBKO YaCTOTHBIX
KaHaJIOB, KaXIbIii U3 KOTOPBIX ITepeaacT onpeaeeH-
HYIO II0JIOCY YaCTOT Ha CcBoOM1 ajieKTpox (puc. 1).

B cooTBeTCTBUU ¢ TOHOTOIIMYECKOI opraHusanm-
eil YJIMTKY HU3KOYaCTOTHBIC CUTHAJIBI MOJAIOTCS Ha
anuKaJbHbIe, a BHICOKOYAaCTOTHBIE — Ha Oa3aJibHbIe
anekTponabl. Ilpu 3TOM amnuKajlbHble HEPBHBIE BO-
JIOKHA (OeHAPUTHI KJIETOK CITMPaJIbHOTO TaHIJIMS)
BOCIIPMHUMAIOT HU3KOYACTOTHYIO, a Oa3ajbHble —
BBICOKOYACTOTHYIO MH(MOPMaAIIUIO, KOTopas Mo Cy-
XOBOMY HEpPBY II€pemacTcsl B LIEHTPAJbHbIC OTIEIIBI
CIYyXOBOM CHCTEMBI, II€ U BO3HUKAET ITOJHBINA
CIIEKTP CIYXOBBIX OLIYIICHUIA.

LleHTpanbHble YacTOTHI TTOJOCOBBIX (PUIBTPOB
pPacCYUTHIBAIOT TAKUM 00pa3oM, YTOOBI CTUMYJISIIIUS
KaXI0ro OTAEIBHOTO 3JIEKTPONA BAOJb BCEU BIIEK-
TPOOHON PEeIIETKU MaKCUMaJbHO MPUOIMXKaIach K
€CTECTBEHHOU TOHOTOINMUYECKOW KapTe VYJIUTKU
(Stakhovskaya et al., 2007). OgHako Ha HpaKTHUKE
TPYAHO JOCTUYDb ITOJITHOTO COOTBETCTBUS TOHOTOIIMKE
VJIIMTKU B pAaCIIOJIOXKEHUU 2JIEKTPOa0OB. B pa3HbIX cu-
creMax KW snekTpomHasi penreTka MMEET PasHylo
JUTMHY aKTUBHOW €€ 4YacTu 1 Pa3Hylo ITyOuHY BBee-
HUS B YIUTKY (pUC. 2), U 1axe caMasi OoJblias 3J1eK-
TpOJHAas pelleTka He MOXET 00ecneuyuTb MpaBUJib-
HO€ TOHOTOITMYECKOE pAaCIIpENEeICHUE YacTOT IS
BCEX 3JIEKTPOIOB.

Ilpu pnunHe OasuwnsgpHoit MemOpaHbl 33 MM
(Wright et al., 1987), nepekpbiBaliieii BOCIpUsITHE
gactoT oT 20 mo 20000 I, obecrieueHie TOHOTOITN-
YeCKOT0 pacIipeieIeHMSI YACTOTHOTO Araria3oHa nM-
mwianTa 100—8000 Iy Bmoab BCeil MIMHBI 3JIEKTPOJI-
HOI peleTKM SBISeTCS CJIOXHOUW 3amauveil. bonb-
IIWHCTBO 3JIEKTPONHBIX PEIIeTOK HE JOCTUTAIOT
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Puc. 2. Pacnionoxxenue anekrponoB (Med-El Standard, Nucleus Contour, Advanced Bionics HiRes) Ha yactoTHOi1 ocu Bmoib

Pa3BEPHYTOM YJIUTKU.

CaMBIX BEpXYIIEYHbIX 3aBUTKOB YJIUTKU, TIe TOHOTO-
MUYECKU TIpeacTaBlieHbl HU3KUE YaCTOThI, UTO Mpe-
MSTCTBYET UX MOJHOLIEHHOMY Bocnpusatuio. Hu onHa
U3 CYIIECTBYIOIIUX 2JIEKTPOMHBIX PEIIETOK HE MOXET
OBITH BCTaBJIeHA ITyoke, YeM Ha 30 MM OT KpyIJIOoro
OKHa, a B OOJILIIIMHCTBE CJydyaeB IJTyOMHA BBEAEHUS
COCTaBJISIET B CpelHEM OKOJI0 20 MM, YTO 3aTPYAHSIET
Bocripusitue 4actor Hmxke 750 I (Ketten et al.,
1998). Tem He MeHee M3BECTHO, UTO TOJb30BATEIN
KOXJIEapHbIX WMILIAHTOB XOPOIIO BOCIPUHUMAIOT
BCE 3BYKM B HU3KOYACTOTHOM jauana3oHe. CornacHo
KJaCCUYECKUM TIpEACTaBJIEHUSIM, BBICOTA 3ByKa
OIpeAesieTCs He TOJIbKO TOHOTONMUYECKO OpraHu-
3aleil yIMTKA — “Teopust MecTa”, HO U “BpeMeH-
HOI1 Teopueit”, KoTopasl 0a3upyeTcsl Ha aHaJIU3¢e Bpe-
MEHHOM CTPYKTYpPbI NTEPUOANYECKUX 3BYKOBBIX CUT-
HaioB (Zeng, Tang, 2014). I1pn HOpMaJIbHOM CIIyXe
CUHXPOHU3AlIMs BO30YXIEHUSI B CIyXOBOM HeEpBE
oOecrieunBaeT MHMOOPMALIMIO O BBICOTE Ha HU3KUX
yacrorax Bmioth go 5000 It (Limb, Alexis Roya,
2014). I1pu snexTpruUecKoM ciyxe y Tojib3oBarelieit
KM BBICOTAa HM3KOYACTOTHOIO 3ByKa IlepenaeTcsl C
M3MEHEHUEM YacTOThl CTUMYJISILIMM TOJIBLKO Ha 4a-
crotax g0 300 It (Bissmeyer et al., 2020), yto obec-
MEeYMBaeT IMOJIHOLIEHHOE BOCIIPUSITUE YACTOThI OC-
HOBHOIO TOHA ToJioca YejaoBeKa. AnuKaabHas (HU3-
KOYacToTHasi) o0JiacTb YJMTKM HMEET BaKHOE
3HauYeHUEe B BOCIIPUSATUM TeMOpa rojioca U MHTOHa-
1IMM BbICKa3bIBaHUsI, OHA 00ECTIeUMBAET BOCTIPUSITHE
pedeBoro BeicKa3biBaHMs Kak 1ejoro (Caldwell et al.,
2017). D10, B YaCTHOCTU, MOATBEPKIAETCS TeM (haK-
TOM, YTO pacIio3HaBaHUE peuyy ObLIO Jydllle y Mmamu-
€HTOB, KOTOPbIM WMILIAHTUPOBAIU BJIEKTPOIHYIO
peleTKy ajauHoi 31.5 MM, yeM y NallMeHTOB C 28-MM
pemetkoii (Canfarotta, 2022). bonee rimybokoe BBe-

IeHVe JICKTPOIOB YIy4Iajo pacro3HaBaHUE peyr
BIUIOTh 1IO yIIa BBemeHUS 600°, mociie 4yero pacro-
3HaBaHWE HE U3MEHSIOCH.

B otnnume oT HU3KOYACTOTHOTO CITyXa BOCITPHSI-
THE BBICOKMX YaCTOT OIpeaesIsieTCs, UCXOs U3 “Teo-
pumr MecTa” B COOTBETCTBUH C TOHOTOITMYECKOM Op-
raHu3alneil YJIMTKU WJIM TaK Ha3bIBaeMOM (DYHKIIV-
eii I'punsynma (Stakhovskaya, 2007). OmHako yaiie
BCEro 3alporpaMMHpOBaHHAas lIEeHTpaJlbHas 4yacToTa
ITOJIOCOBOTO (DWJIBTpA W TEOpeTHYecKas YacToTa,
paccuMTaHHasE B 3aBUCUMOCTU OT PACITOJIOKEHUS
3JIEKTPO/Ia BAOJb 6a3uIsIpHOit MEMOpaHbI, HEe COBMAa-
IafoT. DTO HECOBITaIeHNEe XapaKTepHO IS Oa3aib-
HBIX 3aBUTKOB YJIUTKU, OHO OO0YCJIOBJICHO Pa3/INIusI-
MM B pa3Mepax yIUTKH, IJTHHE 3JIeKTPOTHOM perreT-
KU, TTyOMHE ee BBEICHUS M MPUBOIUT K HETOYHOMY
BocIipusaATUIo BeIcOThl ToHa (Canfarotta, 2022). Dd-
(eKT HeCOOTBETCTBYS B OOJIBINICIT CTETIEHU IPOSTBIISI-
eTCsA Ha BBICOKHUX YacTOTaxX, KOTOPhIE TIPU 3JIEKTPH-
YECKOM pa3apakeHUHU NepeHOCATCS B 00Jiee BBICOKO-
YaCTOTHYIO 00JacTh YIUTKU. OH TIPUBOIUT K TOMY,
YTO pedb OKPYKAIOIIMX JIIOAEH MO CIIOBaM B3pOC-
JIBIX, TO3IHOOMIOXIIIMX TTallMEHTOB, BOCIIPUHUMAET -
¢ “Kak ronoc y bypatnno”. OmHako 4epe3 HEKOTO-
PHIN TIEpUOI TTIPOVCXOMUT amanTallvsl K HOBBIM CITy-
XOBBIM OIIYIIIEHUSIM U BOCIIPUSITUE PEYU CTAHOBUTCS
BIIOJTHE ecTecTBeHHBIM. 1o maHHBIM Pelicc u coaBT.
(Reiss et al., 2007), B Te4eHME TIEPBHIX JIET UCITOIb30-
BaHHUsI MMILIAHTA BbICOTA TOHA TIPU pasapaxkKeHUU
OTIpelleJICHHBIM 3JICKTPOIOM MOXET MEHSIThCS CO
BpeMeHeM, MHOTIIA Ha IIeJIbIX IBe OKTaBEL. BeposTHO,
MPU 3TOM B LIEHTPAJIbHBIX OTIEJIaX MTPOUCXOIUT Tie-
pecTpoiika CIyXOBOTO aHaJI3a B COOTBETCTBHU C HO-
Boii ToHOoTONMKOM ynmutku (Glennon, 2020). Takum
00pa3oM, YeJIOBeK BOCIPUHUMAET MHPOPMAIIUIO O
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BBICOTE 3BYyKa KakK 3a CYeT TOHOTOITMYECKOI OpraHm-
3allMM YJIUTKUA (JACTOTHBIM aHAIM3), TaK U 3a CYeT
MH(OpMaIIK O TIepUOJIe 3ByKOBOIT BOJIHEI (BpeMeH-
Hoi aHanu3). O0a Buma MHGOPMAILIMKY MEePEaAOTCS
MO OOHUM M T€M K& HEpBHBIM BOJIOKHAM, U TCOPUS
MecCcTa U BpeMeHHasl TeOpHsl B3aMIMHO HOIIOJIHSIIOT
IIPYT ApyTa 1P OOBICHEHUH BOCIIPUSITUS BBICOTEHI.

Jlpyroii cymecTBeHHOM XapaKTepUCTUKOM CIIYXO-
BOTO BOCIIpUSTUS sIBIIsIeTcd OuddepeHIaIbHas
paspeinaromniasi CltoCOOHOCTh 10 YacToTe. B MHOrO-
YMCJIEHHBIX MCCIEO0BAHMUSIX YCTAaHOBIIEHO, YTO YEJIO-
BEK C HOPMJIbHBIM CJTyXOM CHOCOOEH pa3u4yuTh MO
BBICOTE ABa 3ByKa, oTinyaromuxcs Bcero Ha 0.2%
(Gelfand, 2009). I1pu ceHCOHEBpPaIbHOM TYTOYXOCTHU
nuddepeHIMATbHBINA ITOPOr TOBBIIaeTcsI no 1%
(Freyman, Nelson, 1991; bo6ouiko u ap., 2017), ay
MAaEHTOB C KOXJIEADHBIMHY UMILJIAHTAMU COCTaBIISI-
et 6onblre 6% (Zeng, Tang, 2014).

Jlaxe B MHOToKaHaibHbIX cuctemax KM paznuue-
HUE YaCTOThI SIBJISIETCS OJOCTATOYHO CJIOXKHOM 3ama-
yeii, YTO OTpaXkaeTcs Ha KayeCTBE CIyXOBOI'O BOC-
MIPUSTHS, 0COOCHHO B CJIOXKHBIX aKyCTUYECKUX YCII0-
Busix (Wagner et al.,, 2021). BBumy oTCyTCTBUS
MexXaHNU3Ma 4YacTOTHOM CEJeKTUBHOCTU, OOYCJIOB-
JIEHHOTO (hyHKILIMEl HapyKHBIX BOJIOCKOBBIX KJIETOK,
a TakKe 3a CYeT IIMPOKOM 00JIacTU pacTeKaHUS
2JIEKTPUYECKOIO TOKA B YJIUTKE, PA3JIMUYEHUE BHICOTHI
y MalMEHTOB C KOXJICAapHBIMU MMILJIAHTAMU 3HAYM-
TEJILHO XYK€, YeM Y JIIOCH C HOpMAaJIbHBIM CIIYXOM. Y
MoJb30BaTesieil KoXJeapHbIX MMILIAHTOB CITOCO0-
HOCTb pa3JIMuyeHMs 110 YacTOTe OblIa B IIpeaesax AByX
IOJIYTOHOB, B TO BpeMsI KaK YYaCTHUKHU C HOPMaJjib-
HBIM CJIyXOM OOHapyKMBaJIX Pa3HUILY B OJUH MOJY-
toH (ITynoB, CredanoBuy, 2010; Crecdanosuy, Ily-
noB 2013). Paznuyus B 1Ba MoayTOHA MAaLUEHTH MOT -
JIM OTIPEAEUTD Naxe MPU pa3apakeHU yepe3 OOuH
BJIEKTPOI. 3aMETUM, UYTO OIMH IIOJIYTOH COOTBET-
CTBYeT U3MEHEHUIO YacTOTHI Ha 6% . ABTOPHI paGOTHI
(Kanget al., 2009) coo61unu, uro nuddepeHIaib-
HBII TTOPOT TI0 YacToTe y T0Jib30oBaTeseil Koxjeap-
HBIX UMIUIAHTOB BapbUPOBAJI OT OIHOTO OO BOCHMU
MMOJIYTOHOB. [Ipyrue aBTOpbl OTMEYaju, YTO IOPOrU
pa3IUdeHNsI YaCTOTHI YMCTOIO TOHA IIPU KOXJIeapHOM
UMIUIAaHTAaUK BapbupoBaiu ot 1.5 1o 9.9% (Gold-
sworthy, 2015). Baraep u coast. (Wagner et al., 2021)
U3ydyaiu pacrlo3HaBaHUE YMCTOTO TOHA MpPU 3JIeK-
TPUYECKOM pa3IpakeHUM 4Yepe3 OTHCIbHBIC 3JIeK-
Tponbl. CpenHsis 4acToTa IIPaBUJIBHOTO IIPUHSITUS
pelIeHNsT OTHOCUTEJIBHO pa3JInuMs B BHICOTE TOHA
cocraBuia okojo 60% miis moixb3oBaTelIeii Koxaeap-
HBIX UMIIJIAaHTOB 1 60s1ee 90% 1ipy mpoCIyIuBaHUHN
TOTO K€ Aualia30Ha 4acToT B TPYIITe C HOPMAJIbHBIM
CITyXOM.

Hwuskas paspemraroriast CiocOOGHOCTh TTO YacTOTe
y TOJIb30BaTeN el KOXJIEAPHBIX UMITJIAHTOB TIPOSIBIISI-
€TCsl B CHUXKEHUU pa300pUMBOCTH PEYU U CIIOCOOHO-
ctu Bocripustus My3biku (Wagner et al., 2021). Typ-
reoH 1 coanT. (Turgeon et al., 2015) BriepBbIe IpoIe-
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MOHCTPUPOBAJIU B3aMMOCBSI3b MEXIY BOCIPUSATHAEM
BBICOTBI TOHAa M YPOBHEM pacIlO3HABaHUSI peYM y
MOIb30BaTelIeii KOXJIeapHBbIX MMILIAHTOB. ABTOPBI
MmoKas3ajau, 4TO y MIOJb30BaTeseil KOoXJIeapHbIX MM-
IJIAHTOB C BBICOKMM YPOBHEM paclo3HaBaHUs pedu
IIOPOT Pa3IMYCHUs II0 YaCTOTE COCTaB/ISIET MCHee
10%. B To BpeMs Kak y IToJIb30BaTelieit ¢ HU3KUM pac-
IO3HaBaHUEM OH OKa3bIBaeTcsl 0KoJio 20%. B mmocie-
JIYIOIIMX paboTax ObLIa YCTAHOBJIEHA BBICOKASI KOppe-
JISIIMOHHAS CBSI3b Pa300PUYMBOCTU PEYU C YACTOTHOM
paspelialolieii ClocCOOHOCThIO CIIyXa y TOJIb30BaTe-
JIeli KoxJieapHBIX MMIUIaHTOB (Zhang et al., 2019).
Takum o6pa3om, ¢ ogHOM CTOPOHBI, NP depeHII-
aJIbHbBIN ITOPOT ITO YaCTOTE MOKHO MCITOJIb30BaTh KakK
IIPOCTOM HEJIMHITBUCTUYECKUI TECT IJISI OLEHKHN pe-
3yabTaToB KM, 9T0 0COOEHHO BaxkHO y JIeTeil ¢ HU3-
KUM CJIOBapHBIM 3anacoM. C Ipyroii CTOpOHBI, CO-
BeplIeHCTBOBaHME TexHoJaoruii KM momkHO OBITh
HampasJIEHO Ha MOBBIIIIEHME pa3pelialoleii Crrocoo-
HOCTU MO 4acTtore. M3j10XXKeHHOe BBIIIE MO3BOJSET
MIPEAIIONIOXNUTh, YTO CIAyXOBasi TPEHUPOBKA, HAIIpaB-
JIeHHasl Ha MOBBIIIEHME YAaCTOTHOM pa3peluarolieit
CIIOCOOHOCTH cJiyxa, OyJIeT CIIOCOOCTBOBATH YJIy4llie-
HUIO Ka4eCTBa BOCIPUSITUS YCTHOM pedu.

BOCITPUATUE TPOMKOCTHU

Jpyroii BaxKHOM XapaKTepUCTUKOI CIIyXOBOTO BOC-
MIPUSITUS SIBJISIETCSI TPOMKOCTD 3ByKa. I POMKOCTh — 3TO
CyOBEKTUBHOE OIIYIIIEHUE, TTO3BOJISIONIEE CIYXOBOM
CHCTEME OLICHUBATh 3BYKM I10 OIIpeAeIeHHOI IIIKaje
B 3aBUCUMOCTHM OT MX MHTEHCHUBHOCTU — OT CaMOii
Majoii (3BykoBoe masiaenue 2 X 107> H/m?) mo
oueHb 0OJIbIIOH (3ByKoBoe nasieHue 20 H/M?) nH-
TEHCUBHOCTU, YTO COOTBETCTBYET ITMHAMUYECKOMY
nuana3ony 120 n1b. JnHaMuyecKuit Auarna3oH 1Mo MH-
TEHCUBHOCTH OIpeIeIsIeT YMCJIO TpaJalliii pa3aude-
HUM rpoMKocTH. JInddepeHIInanbHbINA ITOPOT IO MH-
TEHCUBHOCTH OIpeesieT BEAUUMHY MUHUMAaJIbHOTO
pa3IudeHusI 10 TPOMKOCTH ABYX 3BYKOBBHIX CHUI'HA-
JIOB. Y Mofieii ¢ HOPMaJIbHBIM CJIYXOM OH COCTaBJISIET
nopsinka 1 nb, mpu ceHCOHeBpaJabHON TYTrOyXOCTU
yMmeHnbiaercst 1o 0.6—0.8 nb, a y monb3oBateneii
KOXJIEapHBIX MMIUIAHTOB, HA00OPOT, YBEJIMYMBACTCS
1o 4—6 n1b (Nikakhlagh et al., 2015). B 1o e BpeMms
IWHAMMWYECKUI TUAara30H y IBYX ITOCAESAHUX TPYIIIT
YMEHBIIIAETCSI, YTO B CBOIO Ouepedb CKa3bIBaeTCs Ha
CJIYXOBOM BOCHIPUSITUU CJIOXKHBIX aKYCTUYECKUX CUT-
HaJIOB. Y IoJb30BaTesieil KoxXJIeapHbIX MMILIAHTOB
IMHAMUYECKUI IUaria3oH ONpencssaeTcs CBOMCTBa-
MU CJIyXOBOTO HepBa U ISl eIMHUYHOTO BOJIOKHA OH
COCTaBJIIET OKOJIO 6 1B, HO MOCKOIILKY KaxKAbIiA OT-
JIeJIbHBIM 2JIEKTPON CTUMYJIUPYET TI'PYIILYy HEPBHBIX
OKOHYaHUWI, OMHAMUWYECKUI Auara3oH IOCTUTaeT
20 nb o BenmmumHe snmekTpudeckoro Toka (Meredith
et al., 2017). Ins1 Toro 4ToOBl UMETh BO3MOXKHOCTh
rnepegaBaTh IIMPOKWM JWHAMUYECKWI auana3oH
3BYKOB B KOXJICADHBIX MMILUIAHTAX, HCIIOJIb3YeTCS
KOMIIpecCHsI TMHaAMMUYeCKOoro auarna3oHa. OmHako
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KOMIIPECCHS 3ByKOBOTO CUTHAJIA CHUXKAET BEIIMUYNHY
rpagaiuii pa3inyeHusi TPOMKOCTH, YTO B CBOIO OYe-
pelb MOXET OTPAa3UThCS Ha BOCIIPUSITUN PEUM.

B paborte (Spahr et al., 2007) Gb1710 MOKa3aHO, YTO
YBeJIMIeHNE BXOMHOTO TMHAMMYECKOTO THAITa30Ha B
KoxjeapHoM umIianTe “Bionic Ear” mo cpaBHeHMIO
¢ npyrumu — “Esprit-3G” u “Tempo+”, yaydiaer
pa30oOpPIMBOCTB TSI BCEX PEUEBBIX TECTOB, B TOM UHC-
Jie TIPU BOCTPUSTHM TJIACHBIX M PEeYd B IITYMHBIX
yciaoBusx. OqHaKo caMU aBTOPBI HE UCKJTIOYAIOT, UTO
5TH Pa3INIMS MOTYT OBITH OOYCIIOBJICHBI pa3InIieM
KOHCTPYKIIMI CaMUX KOXJICapHBIX MMIUIAHTOB, UC-
MOJIL3YIOIIMX Pa3HbIe CIIOCOObI KOMIIPECCUU U 1ITy-
MomnonmaBineHns1. CormacHO pe3ylbraTaM pabGoTh
(Loizou et al., 2000), koMIpeccuss IMHAMUYECKOTO
IHaIa3oHa Mo-pa3HoOMY OTpakaeTcsT Ha BOCIIPUSITUN
pa3IMYHOTO pEeYeBOr0 MaTepHaia — IJIaCHBIE, CO-
lacHble U liesble npemioxeHusi. [lo pesynbratam
9TOi1 paboThI cXkaTue OOJibllle BCETO BIUSIET Ha pac-
IMO3HaBaHME TJIACHBIX M MEHBIIIE BCETO — Ha pacIio-
3HaBaHUeE COIIACHBIX 3BYKOB. B TO ke Bpems cxkatue
YMEpPEeHHO OTpaxkaeTcs Ha pacIioO3HaBaHWUM TIPEIIO-
KeHui. TakuM o6pa3oM, TMHAMUYECKUN Trana3oH
IO TPOMKOCTHM HECYIIIECTBEHHO BJIMSIET Ha CITOCOO-
HOCTb BocnpusTus yctHoi peun (Kim et al., 2018).

BPEMEHHDBIE XAPAKTEPUCTHUKHA CIIYXA

PeueBble curHabl, Kak U OPYyrue OKpyXKarolliue
3BYKH, MEHSIIOTCS C TEYEHHEM BPEMEHU, YTO JIeIacT
BPEMEHHYIO0 00pabOTKY BaKHbIM KOMIIOHEHTOM BOC-
MIPUSITUSI PA3rOBOPHOI peyn. BpemMeHHast mHTErpa-
LIS OTHOCUTCSI K CIIOCOOHOCTH CIIYXOBOII CHCTEMBI
CYMMMpPOBaTh MH(MOPMAIIUIO C YBEJIWYEHUEM IIPO-
JIOJDKUTEJIbHOCTU CUTHAJIa BIUIOTH JO KPUTHUYECKOM
nnutenbHoct 200 mc (Plomp et al., 1959). B aTtom
JMara3oHe TOPOr CIIYXOBOTO BOCTIPUSITUSI MOBBIIIIA-
ercs ¢ kpyrusHoii 10 1b Ha gecaTMKpaTHOE YMEHb-
IIEHUE IJIUTEJIbHOCTH, M KOPOTKMWE CUTHAJIbl BOC-
MPUHUMAIOTCSI OoJiee TUXMMU, YTO 3aTPYIHSIET UX
Bocrpustue. Ilpu BocnpusiTuu peuyu 6oJsice BaxXKHOMN
XapaKTePUCTUKOM CiyXa OKa3bIBaeTCs BpEeMEHHOE
pa3peleHne, T.e. CITIOCOOHOCTh OOHApYKEHUS KO-
POTKMX MHTEPBaJIOB MEXAY IBYMsI cUurHajiamMmu. Bpe-
MEHHasl pa3peliaolasi CIIoCOOHOCTh CJIyXa COCTaB-
Js1eT okoJio 10 Mc 1 IBJISIETCST BasKHOM XapaKTepUCTH -
KOl B pa3jMUYeHMU BPEMEHHBIX MHapaMETPOB pedu
(Divenyi, Shannon, 1983). [To MEeHMIO aBTOpa pabo-
Tl (Rawool, 2006), y mereit U y TOXUJIbIX JItoAei ¢
LICHTPaJIbHBIMK HapYILIEHUSIMM ClIyXa HaOI10maeTcs
IeuLnT BpeMeHHOII 00pabOTKM, KOTOPBIA MOXKET
MOBJIMSTh HAa UX CHOCOOHOCTh TOHMMAHMS YCTHOM
peyu.

CrekTpajbHOE U BpEMEHHOE pa3pelleHue ciyxa
WUTPacT BaXXHYIO POJIb B BOCHPUSITUM PEUM, IIOCKOIb-
Ky pe4b COIEPXKUT MHOXKECTBO KOHTPACTHBIX YaCTOT-
HBIX U BPEMEHHBbIX CUTHaJOB. Tak, OIHU aBTOPbI
OTMEUalOT BBICOKYIO B3aMMOCBSI3b BOCIIPUSTHUS pa3-
TOBOPHOM PEeYU ¢ YaCTOTHOM pa3pelIarolieii CItocoo-

IMyYJ0B, 30HTOBA

HOCThIO cityxa (Zhang et al., 2019), a npyrue nmpuaaioT
0oJiee BaXXHYIO POJIb B aHAJIM3€ peur BpeMeHHO pa3-
pemampleit ciocooHoctu (Dianzhao et al., 2022).
BeposiTHO, 4TO pasinyve 3TUX BBIBOJAOB CBSI3aHO C
TeM, UTO pa3Hble ITOJb30BATEJIM KOXJCAPHBIX UM-
IUIAHTOB MCIOJIL3YIOT pa3jiunyHble KPUTEPUU B BOC-
MPUSITUU PEYU — B OJHUX CJIy4yasix ClieKTpajbHbIe, a
B Ipyrux BpemeHHbIe (Winn et al., 2016). OcHoBBIBa-
siCb Ha (P)OPMAHTHOI TEOPUU BOCTIPUSITUS pEUU, MOXK-
HO TIPEANoJ0XWTh, YTO MPU Pa3IUYEHUU IJIACHBIX
3BYKOB HauboJiee BaxKHOI OKa3bIBAETCS 4aCTOTHAasl
paspeliiatoiiiasi ClocoOHOCTh ciryxa. OqHaKO He UCKITIO-
YeHO, UTO MpM HU3KOI 4YacTOTHOI paspelarolieit
CITIOCOOHOCTHU OIpeesiollee 3HaueHe MpruoodpeTa-
IOT BpEMEHHbIE XapaKTePUCTUKHU Cyxa. ¥ B3pOCIbIX
MoJIb30BaTes el KoXJIeapHbIX UMILJIAHTOB BpEMEHHOE
paspelIeHre OKa3blBaeT OOJIbIIIOE BIUSHUE HA CITy-
XOBO€ Pa3IMYeHUe B CJIOXKHBIX YCIOBUSIX TPOCTYIIIN-
BaHMsI, HaIIpuMmep, B ycioBusax mryma (Cesur, Derin-
su, 2020). C ngpyroii CTOpOHBI, IPU BEICOKOI YaCTOT-
HOIi pa3peliarolieil ClToCOOHOCTHU CJIyXa Y B3pOCIbIX
MOCTJIMHTBAJIbHBIX MOJb30BaTENe KOXJIeapHbIX UM-
IJIAHTOB, KOTOpbIE SIBJISIOTCS HOCUTENISIMUA MaHAa-
PMHCKOTO KUTAlCKOTO SI3bIKa, OTMEYaeTCsl XOpollas
KOppeJsius 0OHapy>XeHUsI UHTepBajia C BOCIIPUSTU-
€M IBYXCIOXHBIX cIoB (R? = 0.45), mpemioxXeHuit
(R?>=0.43) 1 TOPOroM BOCITPUATHS YNCIUTEIbHBIX B
uryme (R? = 0.36) (Dianzhao et al., 2022). 3ameTum,
YTO Yy 3TUX TALIMEHTOB M3HAyajlbHO ObLIa BbICOKas
CITOCOOHOCTh OOHaApyXMBaTh M3MEHEHHE YaCTOTHI
MeHee 5%. TakuM o6pa3oM, Y pasHBIX KaTeropuit
MoJIb30BaTeIel KOXJIeapHbIX MMIUIAHTOB BEAYIIYIO
pOJib B BOCIIPUSITUY PEYU MOTYT UTPaATh B OMHUX CJIy-
yasix CIeKTpaJbHble, B APYTUX BpEMEHHbIE XapaKTe-
PUMCTUKU ClTyXa, a B TPETbUX — U T€ U IpyTHUE.

IOEHTPAJIBHBIE CIIVXOBBIE MEXAHM3MbI
N PEABMIIMTALIMA

OobecnieueHNEe HEOOXOOMMOM YaCTOTHOM M Bpe-
MEHHOI pa3pelarolleii CHoCOOHOCTH MPU BIAEKTPU-
YECKOM CTUMYJ/ISILIMM HEPBHBIX BOJIOKOH SIBJSIETCS
BaXXHOM 3ama4yeit 11 NOBBIIIEHUS KauyeCTBA BOCIPU-
SITUSI peYM Y MOJb30BaTesIell KOXJIeapHbIX MMILIaH-
TOB, HO €€ pElIeHUS HEeAOCTaTOYHO IS pa3sBUTUS
SI3BIKOBBIX HABBIKOB 1 COOCTBEHHOM 9KCITPECCUBHOM
peuu, 0COOEHHO y JieTell ¢ BpOXASHHOM IJTyXOTOI.
B dopmupoBaHum ycTHOI peun Bemylnasi pojib IIpu-
HAIUIEXKUT LIEHTPAJIbHBIM OTAEaM CIIyXOBOM CUCTEMBI.

MccnenoBaHne KOPKOBBIX CIYXOBBIX BbI3BAHHBIX
MOTEHIIMAJIOB Y IIETE C BPOXIAEHHOM TIIyXOTOM MO3-
BOJIJIO YCTAHOBUTH CYILIECTBOBAHME BPEMEHHOM
TPAHMIIbI IJI Pa3BUTUS LIEHTPAJIBHBIX CIIYXOBBIX OT-
JIeJIOB MAaKCUMAaJILHO TUIACTUYHBIX B CBOEM pa3BUTUU
B Boapacte aereit mo 3.5 jmer (Sharma, Dorman,
2006). Ecnu cTUMynSLUS TPOBOIUTCS B TeUYCHUE
JIAHHOTO IIeproja, JJaTEHTHOCTb 3TUX MOTEHI[UAJIOB
JIOCTUTAeT HOPMAaJIbHBIX BO3PACTHBIX 3HAYCHUI yXKe
B T€UEHUE TPEX-IIIECTU MECSLIEB MOCJie Havyajaa CTU-
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MyJsiour. Ecim ke cTUMYIISIIs IpOBOIUTCS IOCTIe
7 JIET, TO JJATCHTHOCTb MEHSECTCA OYCHb MEIJICHHO B
TedeHUe HeCKOJbKUX JieT. C Bo3pacToM y peOecHKa
CHMZKAETCS IUIACTMYHOCTb MO3ra M 3aTPYIHSIOTCS
npouecchl GOpMUPOBAHUS LIEHTPATbHBIX CIIYXOBBIX
MEXaHU3MOB, II03TOMY HEOOXOOMMO TIPOBOIUTH
KOXJIEApHYIO MMIUIAHTALMIO y €T KaK MOXHO B
0oJsiee panHeM Bo3pacTe (Glennon et al., 2020). Pan-
HUII Bo3pacT pedeHKa IIpU KOXJICAapHOIl MMILIAHTAa-
UMY IIPUBOIUT K YIYYIIEHHUIO Pa3BUTHUS SI3BIKOBBIX
HAaBBIKOB Yy JIETE€M C BPOXIEHHOM IJIyXOTOM.

Jpyrum acnekKToM IUTIaCTUYHOCTH SIBJISIETCS pEop-
raHus3alusi KOpbl TOJOBHOIO MO3ra IpYM MOMOIIU
JIPYTUX CEHCOPHBIX MONAIbHOCTEM, HAIIpUMEp, 3pe-
Hud. JleTr ¢ BpOXIEeHHOM TIIyXOTOM, KOTOPBIM IPO-
BeJeHa KoxJieapHasi MMIUIAHTalMs TI0CJe OKOHYa-
HUSI CEHCUTMBHOTO NEpHOJa, UCHBITHIBAIOT 3HAYM-
TeJIbHbIE TPYIHOCTHU C BOCIIPUSATHEM YCTHOM pedu Ha
CITyXOBOU OCHOBE U, KaK MPaBUJIO, UCTTOIb3YIOT CITy-
XO3PUTEILHOE BOCIPUSITAE PEYM C OIIOPOI HA apTU-
KyJisiuyio Ty6 (Sharma, Dorman, 2006).

Bce monp3oBaTen KoxJaeapHbIX UMITJIAHTOB He3a-
BUCHMO OT UX BO3pacTa U YPOBHSI pe4eBOTO Pa3BUTUS
HY>KIIAIOTCSA B CIIyXOpEeUeBOM peabMIMTAIINN, BKITIO-
qafoIleil agarTauio K HOBBIM CIIYXOBBIM OIITYIIIeHU -
sIM U pa3BUTUE CIyxXopeueBbIX HaBbIKOB (KopoJiesa,
2009; 2023). Ha nepBoM aTtarie peadbuauTaliuu npo-
BOIMTCS amanTanys K OBITOBBIM 3ByKaM 1 (DOpMUPY-
€TCsl CITIOCOOHOCTDH BOCIIPUSITUSI BBICOTBI, TPOMKOCTH
U JUTUTETLHOCTH 3BYKOB. DTHU OILIYIICHUS (hOPMUPY-
IOTCSI TIEPBBIMU C CAaMOTO Hadaja peadWIuTaluu N
COBEPILIEHCTBYIOTCS B IPOLIeCCe HAKOTUICHUS CIIyXO-
Boro ormbiTa. CIyxoBast TpeHHMPOBKA, HaIlpaBJIcHHAs
Ha ITOBBIIIICHUE YaCTOTHOM M BpeMEHHOM pa3pelaio-
e CIOCOOHOCTU ciyXa, B JaJibHEHIIIeM CIoco0-
CTBYeT YIYYIIIEHWIO KayeCTBa BOCHPUSTUS YCTHOM
peun.

Ha BTopoMm 3Ttame ciyxopedeBoil peabuImTaluu
MPaKTUYECKN OJHOBPEMEHHO C IEPBBIM 3TAIIOM CIIe-
LUAIUCTOM Ae(EKTOJIOTOM MPOBOIUTCS CUCTEMAaTH-
yeckas lieJicHampaBlieHHas paboTa II0 pPa3BUTUIO
SI3BIKOBBIX HAaBBIKOB peOeHKa ((POHETUYECKUM, JIEK-
CUYECKUI W TpamMmarudeckuii). Ilpu mpaBuibHOM
OpraHm3alyu IIpoliecca peadrIUTalii OHA IT03BO-
JISIET peOEeHKY JOCTATOYHO OBICTPO HAYUYMTHLCS IMTOHM-
MaTh OTIEJbHBIC CJI0Ba U (pa3bl yKe 110 UCTCYCHUN
IIECTU MecsleB. 3aTeM HadyMHaeT (popMHPOBATHCS
aKcrnpeccuBHas peub. C MOBBILLIEHMEM BO3pacTa M-
IUIAaHTUPYEMOTO peOEHKA ¢ BPOXICHHOM INIyXOTOM
IIpOLECC Pa3BUTHUS BOCHPUSATUS Pedr 3HAYUTEIBHO
3aMemIsieTcss U TpeOyeTcs IIuTeabHash padbora Hang
pa3BUTHUEM CIIYXOBOTO BOCIIPUSITUS M YCTHOI pa3ro-
BOpHOI1 peun pedenka (Sharma et al., 2020).

CriyxopedeBasi peabWIATALAS IIOC/E ONepalliu
KOXJIeapHOM MMILIAHTALMU SIBJISIETCSI BaXKHOI COCTaB-
JISIIOLEel B Pa3BUTUU CIIYXOBBIX M PEUYEBBIX HABLIKOB
JUIST BCEX KaTerOpMii II0JIb30BaTejIeil KOXJIEapHBIX
nUMIUIaHTOB. Ee TIpomoinKnTe IhHOCTh MOXET COCTaB-
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JISITh OT HECKOJIbKUX MECSIEeB A0 HECKOJIbKMUX JIET.
KpomMe Toro, mmpokuii criekTp (pakTopoB, BIUSIO-
WX Ha pe3yJbTaTUBHOCTh KOXJICADHOU MMILIaHTA-
1IMM, Mpearnojaraet, YTo IS KaxXKIoro mnaiueHTa B
3aBMCUMOCTHU OT €r0 BO3pacTa, JJIMTEIbHOCTU IIIYXO-
Thl, YPOBHSI pa3BUTHSI HEHPOKOTHUTUBHOM (DYyHKIIMU
U JMHTBUCTUYECKMX HABBIKOB HEOOXOAMMO pa3pada-
ThIBaThb WHAWBUIYAJIbHBIA MOAXON K OpraHu3aluun
npoliecca peadbuInTauu.

3AKJIIOYEHHME

KoxneapHast uMriiaHTanust — yHuKajabHasi TEXHO-
JIoOTUsl B peabuauTaiuu OOJIbHBIX C TSDKEJION cTerne-
HbIO TYTOYXOCTHU Y TIOJIHOM TyxoToil. Tem He MeHee
KauyecTBO BOCIIpUsITUS peun y mojb3oBareiieit KU cy-
IIIECTBEHHO OrpaHMYEHO M3-3a HU3KOI paszpelaro-
et cnocoOHOCTU 10 YacTOTe, UCKaXKEHUs BOCIIPU-
SITUS BBICOTBI M CXKaTUs TMHAMWUYECKOTO Arara3oHa.
ITo MHeHMIO OOJNIBLIMHCTBA aBTOPOB, TIaBHBIM (haK-
TOPOM B MOBBIIIEHNU Pa300PUYNBOCTU PEUU, a TAKKE
CIOCOOHOCTU BOCIIPUSITUSI MY3bIKU SIBJISIETCS pa3pe-
1Iaroasi cnocooHoctsk 1o yactore (Meredith et al.,
2017; Zhang et al., 2019). Ipyrue aBTOpbl OTMEUAIOT
BBICOKYIO KOPPEJISILIUIO Pa300pPUMBOCTU PEYU C Bpe-
MEHHOI paspenratolneit cnocooHocThio ciyxa (Ce-
sur, Derinsu, 2020; Dianzhao et al., 2022). BeposiTHo,
YTO pa3inyue TUX PE3yIbTaTOB CBSI3aHO C TEM, UTO
pa3Hble MOJb30BaTEN KOXJIEAPHBIX UMILIAHTOB HC-
MOJIb3YIOT pa3Hble KPUTEPUU B BOCITPUSITUU PEUU —
B OHUX CJIy4asiX ClIeKTpajbHbI€, a B APYTMX BpDEMEH-
Heie (Winn et al., 2016).

M yacToTHas, 1 BpeMeHHas paspeliaolias CIo-
COOHOCTD SIBJISIIOTCSI BAXKHBIMM CJIYXOBBIMU XapaKTe-
PUCTUKAMU IJISI OBBILIEHUSI Ka4eCTBa BOCIIPUSITUS
peun y noswp3oBatenieii KU, Ho Begymiast poib B hop-
MUPOBAHUU YCTHOM peYyM MPUHAILJIECKUT LEHTPalb-
HBEIM OTAeJaM CJIyXOBO#l cucTtemMbl. B mpomecce
cyxopedeBoil peaGmmuTannu (popMUPYIOTCS 1IeH-
TpaJbHbIE CIIyXOBBIC MEXaHU3MBbI BOCIIPUSITHS pa3ro-
BOPHOI pedYM. YCTaHOBJIEHO, YTO CJIyXOBasl TPEHU-
pOBKa, HampapJIeHHAsI HAa MOBBIIIEHE YaCTOTHOI 1
BpEMEHHOI pa3pelnamplleii CIoCOOHOCTU Clyxa,
CIIOCOOCTBYET YIYYIICHUIO KadeCTBa BOCHPUSITHUS
YCTHOI peyuu.

MccnenpoBaHne KOPKOBBIX CIYXOBBIX BBI3BAHHBIX
NOTEHLMAJIOB Yy A€Tel ¢ BpOXAEHHON IIyXOTOM MO3-
BOJIMJIO YCTAHOBUTb BPEMEHHbIC TPAHUIIBI IJIST pa3-
BUTHS LIEHTPAJIbHBIX CJIyXOBBIX OTAEIOB MaKCUMAaJlb-
HO TUIAaCTUYHBIX B CBOEM Pa3BUTHUU B BO3pacTe AeTei
1o 3.5 get. C Bo3pacToM y pebeHKa yxyAllaeTcs Iia-
CTUYHOCTh MO3Ta U 3aTPYAHSIIOTCS Mpolecchl (op-
MUPOBaHUS LIEHTPAJIbHBIX CIIYXOBBIX MEXaHU3MOB,
MO3TOMY HEOOXOAUMO MPOBOIUTH KOXJIEAPHYIO UM-
IUTAaHTallMIO KaK MOXHO B paHHeM Boapacte (Glen-
non et al., 2020).

HanpHelinee n3ydeHre 0COOEHHOCTEM CITyXOBOTO
BOCIIPUSITUS TIPU DJIEKTPUIECKON CTUMYJISILIAU CIY-
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XOBOTO HepBa HE TOJIBKO OTKPHIBACT HOBBIC BO3MOXK-
HOCTHU B U3YYE€HUU CIYXOBOII CUCTEMBI YejloBeKa, HO
U TT03BOJISIET NPEIJIOKUTh HOBBIE MTOAXOIbI IJIST YIyd-
IIEeHUsI CJIYXOBBIX CIIOCOOHOCTEI TITOJb30BaTeseii
KOXJI€apHBIX UMIIAHTOB.

NCTOYHUK OPMHAHCHUPOBAHUA

Pa6ota BeIITOIHEHAa B paMKax IMITAaTHOTO (PMHAHCHUPO-
BaHUS HAyYHO-TIPAKTUYECKOW NesATeIbHOCTH Tocymap-
CTBEHHOTO OIOIKETHOTO YUPEKICHUSI.

YYACTHUE ABTOPOB

B.U. IlynoB ocyliecTBUJI OCHOBHYIO WIIEI0 PadOTHI,
cOOp M aHaIM3 HAyYHOI JIUTEepaTyphl, MOAOOP U HaIuca-
HHe pasnenoB pabotel. O.B. 30HTOBA BEIMOIHSLIIA TTOXOOD
1 aHAJIM3 HAyYHOM JINTepaTyphl, TPOBEPKY TEOPETUUECKUX
BBIKJIANIOK HA OTNBITe MPAKTUYECKON IesITeTbHOCTU, 00-
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Hearing perception by cochlear implantation
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#E-mail: v_pudov@mail.ru

Cochlear implantation is a unique development in the field of prosthetics of human sensory systems. Due to
the electrical stimulation of the auditory nerve, auditory sensations close to natural occur. Despite significant
progress in the engineering design of cochlear implants (CI), the quality of auditory perception when used is
significantly limited. CI users experience the greatest difficulties in communication tasks such as understand-
ing speech in noise or in multi-talkers environment. There are many factors, both technical and physiologi-
cal, to reduce speech intelligibility in CI users. Speech perception in CI users is limited due to low frequency
resolution, perceptual distortion of pitch, and compression of dynamic range. Low frequency resolution is the
reason a decrease in speech intelligibility and the ability to perceive music. To realize these ability the question
about the state of central hearing mechanisms, especially for children with congenital deafness, is crucial
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Neuroplasticity with ages decreases and the central auditory processing deficiency develops, therefore, it is
desirable to carry out cochlear implantation as early as possible after hearing loss identification. Analysis of
the auditory perception features in case of the auditory nerve is electrically excited allows not only to propose
innovative approaches to improve the auditory abilities of CI users, but also to study auditory processing dis-

orders.

Key words: cochlear implantation, pitch, loudness, differential frequency threshold, speech intelligibility
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