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COBPEMEHHBIE BO3MOKHOCTH CJHYXOIMIPOTE3UPOBAHUSA
IPU PA3JIMYHBIX HO30JI0TUAX
(O030p JuTEPATYPBHI)

B.B. Xan¢puna, M.A. Maoamunoea, H.B. Conoouenxo, H A. Maoamunosa

AnHomauyus. CrnyxonpoTe3vpoBaH/e — 3TO KOMMNeHcauusi ocnabneHHON unm yTpadyeHHon yHKUMKU Cryxa CIyXOBbIM
annapaToM, KOTopblii obpabaTbiBaeT 3ByKOBble konebaHusi, npeobpaxaeT Ux U nepefaéT Ha cnewuuanbHoe YCTpoit-
cTBO. Llenb cnyxonpoTte3npoBaHust — 06ecneunTb YenoBeKY C TYrOyXOCTb0 BO3MOXHOCTb 4OCTYMa K 3ByKaM OKpy»Kato-
e cpeapbl, B YACTHOCTU Peyu, HACTOMbKO, HACKOINBbKO 3TO BO3MOXHO B KOHKPETHOM criyvae. Llenb getckoro crnyxo-
NpOTE3NPOBaHUSA — MUHMMMU3ALMSA HEraTUBHOMO BIMSIHUS TYTOYXOCTW Ha CIyXOpeyeBoe pas3BUTUE M aKkageMUYeCKyH
ycneBaemocTb. CEHCOHEBparbHas TYroyxocTb — 3TO MOTEPS CyXa, Bbl3BaHHAs MOPaXXEHWEM CTPYKTYP BHYTPEHHErO
yxa, npeaaBepHO-YNMTKOBOrO HEPBa WU LieHTparnbHbIX OTAENOB CIyX0BOro aHanusartopa. o gaHHeiM BO3, B mMupe
CHWXeHWeM criyxa ctpagaet 6onee 500 MnH Yyenosek. KonmuecTBo Takvx NOAEN HEYKIIOHHO pacTeT C KaxabiM rofoM.
B HacTosilLee Bpemsi NOSABNNIOCE MHOTO BO3MOXHOCTEN NMOMOYb M peabunutupoBaTb NauMeHTOB CO CHUXKEHWEM criyXa.
B pabGoTe paccMOTpeHbl BO3MOXHbIE METOAbI CIyXONpOTE3UPOBAHUSI C MOMOLLBID BbICOKOTEXHOMOMMYHbBIX YCTPONCTB
Ha COBPEMEHHOM 3Tane TEXHOMOTUA.

Kntoyesble criosa: crnyxonpoTte3npoBaHue; CeHCOHeBparibHaA TYroyxoCTb; NOTepA Cryxa; rnyxora,; UMNaHT; 3ByKOBblE
KonebaHus; TEXHONornm.

AP KAHJIAY HO3O0JIOTUSIIATHI YI'VY ATIITAPATBIHBIH
3AMAHBAII MYMKYHUYYJYKTOPY

(AnabusiTTapra cepen caJyy)

B.B. Xanguna, M.A. Maoamunosa, H.B. Conoouenxo, H.A. Maoamunoea

AHHOMauyus. Yryy npotesn — Oyn ancbi3gaHraH e >KOrofiroH yryy (yHKUMSICbIH yryy annapaTtbl MEHEH OpayH TONTy-
pYyy, an yH TEPMENYYCYH ULLTETUMN, anapAbl e3repTyn, ataribiH annapaTtka eTkepeT. Yryy annapatTtapblHbiH MakcaTbl —
yryycy Havyap agamra 6enrunyy 6up yvypaa MyMKyH GonyllyHYa anaHa-YevpeHyH YHOepYH, atan aiTkaHaa, cynnee
MYMKYHYYIYIYH KamcbI3 kbinyy. BangapabiH yryy annapatTapblHbiH MakcaThbl Yryy )aHa Cyinnee eHyryyCcyHe >xaHa aka-
OEMUANbIK KETULLKEHAMKKE YTyyHYH XOrOTYyHYH Tepc TaaCMpyH MUHMManZawTbipyy 6onyn caHanat. CeHcopuHeBparn-
ObIK YIYYHY 3KOTOTYY — UYKM KyNaKTblH CTPYKTypanapblHblH, BECTUOYNOKOXneapablk HEPBAWH Xe Yryy aHanM3aTopyHyH
6opbopayk 6enykTepyHyH Oy3ynyLlyHaH Kenun YblkkaH YryyHyH Hadapnawbl. [yiHenyk canamatTblk CaKTOO YIOMYHYH
MaanbimaTbl 6otoHYa, AyiiHe xy3y 6otoH4a 500 MUMNMOHAOH allblk agam YryyHyH HadapnallublHaH abblpkaiT. MblH-
[av agamaapablH CaHbl XbI CalblH ThIHBIMCbI3 ecyyae. A3bIp yryycy HavapnaraH 6entantapra xapgam 6epyy xaHa
anapabl peabunmMTaumanoo y4yH KenTereH MyMKyHUYynykTep 6ap. Byn aMrekTe TeXHOMNOTUsIHbIH a3blpKbl 3TabblHAA KO-
FOPKY TEXHOMNOMMANbIK TY3YNyLUTOPAY KOMAOHYY MEHEH Yryy annapaTbiHbiH MyMKYH GOMTroH bikmManapbl kapanar.

TyliyHOyy ce3dep: yryy annapartbl; CEHCOPAYK YTyyHy XOroTyy; yKnaii kanyy; Aynennyk; UMMaHT; YH TepMenyynepy;
TexHosoruanap.

MODERN POSSIBILITIES OF HEARING PROSTHETICS
IN VARIOUS NOSOLOGIES

(Literature review)

V.V. Khalfina, M.A. Madaminova, N.V. Solodchenko, N.A. Madaminova

Abstract. Hearing prosthetics is the compensation of a weakened or lost hearing function by a hearing aid that
processes sound vibrations, transforms them and transmits them to a special device. The purpose of hearing prosthetics
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is to provide a person with hearing loss with the ability to access the sounds of the environment, in particular, speech,
as much as possible in a particular case. The purpose of children's hearing prosthetics is to minimize the negative
impact of hearing loss on auditory and speech development and academic performance. Sensorineural hearing loss is
hearing loss caused by damage to the structures of the inner ear, the vestibular cochlear nerve or the central parts of
the auditory analyzer. According to WHO, more than 500 million people suffer from hearing loss worldwide. The number
of such people is steadily growing every year. Currently, there are many ways to help and rehabilitate patients with
hearing loss. The paper considers possible methods of hearing prosthetics using high-tech devices at the present stage

of technology.

Keywords: auditory prosthetics; sensorineural hearing loss; hearing loss; deafness; implant; sound vibrations;

technologies.

BBenenue. IlepBble MOMBITKM NPUMEHEHUS
Pa3IMYHBIX YCTPOUCTB Uil YCUJIEHHs 3ByKa OTHO-
caTcs K Janexkomy npouuiomy. Ha npesneerumner-
CKUX (peckax H300pakeHbl JIOIU, KOTOpBIE Aep-
JKaT 32 YXOM CIIO)KEHHYIO JIOZIOYKOH JIaJI0Hb. DTO —
NEPBBII CIyXOBOW amnmapar APEBHOCTU, KOTOPHIM
noJp30Banuch Jroau [1, 2]. Ilpubopsl, ¢ MOMOMIBIO
KOTOPBIX MOXKHO JI0 U3BECTHOM CTEIIEHU KOMIIEHCH-
pOBaTh MOTEPIO CIyXa, OBUIN M3BECTHHI YK€ MHOTO
BeKoB Hazad. Ilo cBUIETENbCTBY PHUMCKOIO Bpa-
ga ["anena, Bo Il Bexe o H. 3. punocod Apxuren
MPEJUIOKIIT M YCIIEITHO PUMEHSIT TIPU TyTOYXOCTH
0coObIe cepeOpsIHbIE POXKKHU. Y3KHW KOHEI[ POXKKa
BCTaBJISUICS B YIIHYIO PaKOBHUHY, IIMPOKHUIA COOUpa
3BYKH C OTHOCHUTEJIBHO OoblIoi miomanu. Coxpa-
HUJIACh PacIIUCHAs TpedeckKas Ba3a, Ha KOTOpoi Oor
BUHOJIeNUsT JInOoHUC W300paskeH B BHIIE JEPEBSH-
HOM cTaTyd, KOTOPOH BO3JaBajUCh I1IOYECTH B Xpa-
Me y MOIHOXKUS AKponoist. DTa cTarys yKpalieHa
BEHKOM M3 BUHOTPAJHOM JO3bI U ABYMS OOJIBIIUMH
yalamy 3a ylamy, KOTOpbIE CIIY>KUJIM B KayecTBe
CITyXOBBIX CpeInCTB. J[MOHMC OBII Cymbeil Ha COCTA-
3aHUAX TI03TOB U MY3BIKAHTOB, a TIOCEMY OH HYX-
JIAJICsI B XOPOIIIEM CITyXe, YTOOBI YIOBUTH 3BYK TaKO-
IO TUXOTO MHCTPYMEHTA, KaK JIupa.

B mnossum Bocroka — Ha apaOckoMm A3bIke
u dapcu — AnekcaHnp MakeqOHCKHH HMEHYeT-
cs “mByporum”. EcTe mpenmnonoxeHue, 94To Tepon
JIPEBHETO MHUpa CTpafall TyroyxocTtbio. Ha omHoii
W3 MOHET — TeTpajpaxme — Anekcanap MakenoH-
CKUI M300paskeH B JualieMe, K KOTOPOW MpHKper-
JeH OapaHuil por, MIMPOKOE OTBEPCTHE KOTOPOTO
OBLTO HANpPaBJICHO BIIEPENd, a OCTPHIH KOHEI] MpH-
JIeTaeT K YIIHOW pakoBuHE. He HCKiIrO4eHo, 4To
AJeKCaHIp HMCIIONB30BA POTra B KadeCTBE CIYXO-
BOTO ammapara. Beip Takue pora mpakTHYeCKH He
OTIIMYAIOTCA OT JBOHHBIX CIYXOBBIX POXKKOB (pH-
CYHOK 1), YKperieHHbIX Ha TOJIOBHOM 00pyue, Ko-
Topble npou3BoAwIn B Hadane XIX Beka. [Ipuuem,
Ha pa3HbIX MOHETaX KOHCTPYKLUS CIyXOBBIX POTOB

MpeJCTaBlieHa I0-pa3HOMY — 3TO YKa3blBaeT Ha
TO, YTO AJIEKCAHJIp SKCIEPUMEHTHPOBAJ, MbITAsCh
HalTH ONTHMAJIGHBIN ‘“‘ammapar” ¢ MaKCHMallbHOM
CIBIIIUMOCTBIO [3, 4].

[TpooOpa3oM COBPEMEHHOTO CIyXOBOTO aria-
para — MuUKpodoH u TesneoHHast TpyOKa — SIBIISETCS
tenedoH, 3anareHToBaHHbIA B 1876 1. AnekcaH-
pom bemtom. Mukpodon u TtenedoHHas TpyOKa
Benna — ocHOBHBIE 3BEHBsI, HEOOXOIUMEBIE ISl CO3-
JMaHusl ycunutens 3BykoB. B 1896 1. anrmmmuanun
beprpam TopHTOH co3man MepBBINA AMEKTPUUECKHUN
CIIyXOBOH ammapar, MPUMEHUB YCHIIEHHE YXKe Cy-
LIeCTBYIOIIEro TenedoHa € YroJbHBIM MHUKpOdo-
HOM ISl YJIy4YIIeHUs MOHUMaHUs Peud B OOBIYHOM
komuare. B 1898 r. 8 CIIIA umxenep Munnep Pus
XatuuHcoH cosznan Gupmy “Akouphone Company”
JUIS OpTraHW3allii CEPUHHOTO BBIMYCKa CIYXOBBIX
armapatoB. B 1900 . uM ObIT co31aH MEpEeHOCHOMH
CIIyXOBOH armapar.

B magane XX Beka Obuia M300peTeHa 3JIEKT-
pOHHas JTaMIa. DTO MMO3BOIMIO BO MHOTO pa3 yBe-
JTYUBATH YaCTOTY DJIEKTPHUCCKHUX Komebanuit. Cre-
JYIOIUI mar B YCOBEPIICHCTBOBAHUHM CIYXOBBIX
MPOTE30B OBLT cjenaH Onarogaps MOSBJICHUIO BO

Pucynok1 — Ynsie poxxku
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BTOpOil monoBuHe 50-x 1. XX Beka MOJIyNpPOBO/-
HUKOBBIX ycunutenel. C 3Toro BpeMeHu mporpecc
B KOHCTPYHMPOBAaHUHU CIYXOBBIX almnaparoB ObLI Ha-
MIpaBjeH Ha MMHUATIOPU3ALUIO, COBEPIIEHCTBOBA-
HHUE KadecTBa Mepenadd 3BYKOBOW HH()OPMAIIIH,
KOM(OPTHOCTh HCIOJNB30BAHUS, yUYCT Xapakrepa
HapylIeHUs CIyXa, WHIWBUIAYAIbHBIX OCOOCH-
HOCTEH OpraHa ciyxa W BO3MOYKHOCTEHM KaKJI0ro
MIOJIb30BATENS U, KOHEYHO, HAZIG)KHOCTb.

ComiacHo nporaozam, k 2050 . moutu 2,5 Mipg
4enmoBeK OyayT CTpamarbh OT MPOOJIEM CO CIyXOM
B TOH WM MHOW CTEMEHW W IO MEHBIIEH Mepe
700 MuH 4enoBeK OymyT HYXXAAThbCsl B peaOMIINTa-
IIMOHHBIX YCIyrax B CBA3M C MOTepel ciyxa [5, 6].
Bonee 5 % nacenenus mupa, ninu 430 MITH YEJIOBEK,
HYKJAI0TCs B peaduiuTaluuu Ui peieHus npooe-
MBI “UHBIHIM3HUPYIONIEH” moTepu ciyxa (432 muH
B3pocibix 34 muH nereit). [To onenkam, k 2050 1.
Oomee 700 MITH YeIOBEK, MU KaKIBIH JIeCATHIN, Oy-
JIyT UMETh WHBAIUAU3UPYIOIIYIO MOTEPIO CIyXa.

[Torepst cmyxa MOXET OBITH JIETKOM, yMEpEeH-
HOM, TsDKeNOH min ryOokod. OHa MOXeT pa3Bu-
BaTHCS B OTHOM WJIM OOOMX yIIax U 3aTPyAHATH CITy-
XOBO€ BOCIPHUATHE PA3TOBOPHOM peUM UM IPOMKHUX
3ByKoB. “MHBanuausupyromeil” Ha3bIBaeTCs MOTe-
psi cilyXa B CIBIIANIEM Jy4llle yXe, MPEeBbIIIAloas
35 nb. IToutn 80 % Takux JroaeH KMBET B CTpaHax
C HU3KHUM U CpeTHUM ypoBHeM joxoaa. [loreps ciy-
xa 0oJiee MIPOKO pacrpoCTpaHeHa CPEIr BO3PACT-
HBIX JIFOJICH: OT ATOH MpoOJIeMbl CTpajgaroT Oojee
25 % moneit B Bozpacte crapiie 60 er.

CnyxonpoTe3upoBaHUEe — MEpONpHsTHE, TO-
3BOJIAIOLIEE YAYUIIUTh CIyX YEeJOBEKa C MOMOIIbBIO
NPUMEHEHHs CIyXOBBIX anlaparoB WM JPYyTUX
MPUCTIOCOONCHN. DTO METOI BOCCTAHOBJICHUS
CllyXa ¢ IOMOILBIO 3BYyKOYCHJIMBAIOLIUX YCTPONUCTB.
K mpote3upoBaHuio nMpuOEraroT B CUTyalusx, KOr-
Jla MpOOJIeMBbI C BOCIIPHUATHEM 3BYKOB HEBO3MOXKHO
PEIIUTh MEJUKAaMEHTO3HO WJIM C TIOMOILIbIO Olle-
paruBHoro jneuyenus [7, 8]. CinyxoBble ammaparbl
U CJIyXOBbI€ CUCTEMBbI KOMIIEHCUPYIOT HapyLIEHHbIE
(GYHKIIMU ¥ TaKMM 0Opa3oM MOBBIIIAIOT KaueCTBO
KU3HU TanueHTa. [Ipobiema CHHXKEHHOTO cliyxa
YaIe BCEro 3aMETHA He CAMOMY CJIa0O0CIIBIIIAIIEMY,
a TeM, KTo ¢ HUM oOuiaercs. B cimyuyae cHKeHHS
ciryxa 'y pebeHka, 3To Oy/IeT 3aMETHO B IIEPBYIO 04e-
pellb €ro pOAUTEIISM.

[maBHBI TpHU3HAK CHWKEHHS CIyXa Yy pe-
OcHKa JI0 ToJla — OTCYTCTBHE PEaKIMU Ha IPOMKHE

3ByKH. B HOpMe peOCHOK JOJDKeH pearnpoBaTh
(B3AparuBath, MjaKarh) MOCJE IByX HeleNb KU3HU.
V pebeHka cTapiie roia poauTea OTMEUAIOT TaKue
NpU3HAKU: PEOCHOK HE OT3BIBACTCS Ha CBOE MM,
TUTOXO OPUECHTHPYETCS B IPOCTPAHCTBE 110 3BYKaM,
HE CJIBIIIUT MPOHCXOMAAIIECTO B COCEIHEH KOMHAaTre
u T II.

Taxoke cCymecTByeT pasleleHue Ha (OpMbI
BO3PACTHBIX HAPYIICHUH CIIyXa MO IMPUYUHAM ITOSIB-
JICHUS: 00YCIIOBJICHHYIO BHYTPEHHHMH (aKTOpaMu
(TeHeTHUECKUMH B (PH3HOIOTHYCCKIMHA) U BO3HHK-
IIyIO W3-32 BHEITHETO BIUSHMS, TAKOTO KaK, HAIIPH-
Mep, IPOMBIILIIEHHBIN IIyM.

B nacrosiniee Bpemst NOSBUIIOCH OOJIBIIOE KOJIH-
YEeCTBO BO3MOXKHOCTEH MOMOYb U PEaOUIUTHPOBATD
MalMeHToB co cHmwxkeHueMm ciyxa [9, 10]. Cospe-
MEHHBII TIOAXO/ K peadIINTAIUH JeTel C TYyrOyXo-
CTBIO COCTOHT M3 JIBYX JTAallOB, TAKHX KaK MEIHKO-
TEXHUYECKUN U HCHXOHOFO—HC}I&FOFI/I‘ICCKI/Iﬁ.

Meouxo-mexnuueckuli KOMNOHeHm COCTOUT U3
psia OIPENEIICHHBIX TOCIICI0BATECIBHBIX ICHCTBHUI.
1. TlocranoBka nmuarHosa 1o ciyxy 10 4-X Mecs-

1ICB )KU3HH PeOCHKA.

2. CuyxomnpoTe3upoBaHue 10 6 MECSIIEB.
3. Koxneapnas wuMIIaHTauus Ipu

¢ 8 Mecs1eB.

4.  CTBOJIOMO3roBasi UMITJIAHTAIIMS C 2-X JICT.

Crhenyromuii  KOMIIOHEHT —  IICHXOJIOTO-
MeJaroru4eCcKuii, KOTOPbIA NOApa3yMeBaEeT MO CO-
00l 3aHATHS C peOCHKOM IO Pa3BUTHIO CIIyXOBOTO
BOCHPHUATHS, MOTOPUKH, PEYU U IP.; a TAKIKE IICH-
XOJIOTHYECKass MOANIEPKKAa U 00ydYeHHEe poJauTesei
[11-13]. IIpu cBOEBpEeMEHHOM MOAXOJE K CIIyXO-
peUeBOil peaOMIHTAIIMU ETEH B paHHEM BO3pacTe,
peOeHOK K BO3pacTy 6—7 JIeT MOXET MOUTH B 00IIIe-
00pa30oBaTeNbHYIO MIKOIY, T. €. pEOCHOK IMOJHOCTHIO
COIMAJIHHO peaOMITUTHPOBAH.

Janee paccMOTpuUM Bce BO3MOMKHBIE METOJIbI
CIIyXOINPOTE3UPOBAHUS C MOMOIIBIO BBICOKOTEXHO-
JOTHYHBIX YCTPOUCTB HA COBPEMEHHOM JTalle TeX-
nonoruii. CiyxoBsle anmapatsl (CA) ¢ BO3ayurHoOM
MIPOBOIUMOCTBIO — 3TO OJINH U3 CAMBIX PacIpOCTpa-
HEHHBIX METOJIOB ciyXomnpotedupoBanus. Cope-
MCHHBIC CJIYXOBbIC allmaparbl ABJIAKOTCA JJICKTPO-
AKYCTHYCCKHUMHU yCTPOMCTBAMU U COCTOSIT M3 TPEX
OCHOBHBIX YacTed: MHKpPO()OHA, MPHHUMAIOIICTO
3ByK H IpeoOpasyromero ero B 3JIeKTPHYCCKHUN
CUTHAJ, YCHJIUTENsI, NMPHHUMAIOIIETO CHTHAl OT
MHUKpO(OHA ¥ TIOCHUIAIOIIETO €ro 3aTeM B PECHBED,

Ty XO0TE
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1 COOCTBEHHO pecuBepa (OH e — 3BYKOU3ITydaTeb,
TenedoH), mpeodpasyromuii MEKTPUIECKUN CHT-
HaJ B 3BYK U MOCBUIAIOLINI €ro HemoCpeICTBEHHO
B yxo [14, 15].

[To meTomy mepenadn 3ByKOBOTO CHTHANA CIy-
XOBBIC aITaparsl ACIATCS Ha JBE ITaBHBIC KaTero-
pUH: KOCTHOM U BO3AYIIHOM IIPOBOJUMOCTH.

Ilo cmocoby 00paboTKM 3BYKOBOTO CHTrHaja
CA nensrtca Ha aHanoroBble M LU(POBBIE. AHANO-
TOBBIC almaparsl O00CCICUYUBAIOT JIUINEL YCHICHHE
W HECIIOKHYI0 00pabOTKy CHTrHala M 00JaJaroT
HEOOJNBITNUM HA00pOM (DYHKIMA W BO3MOKHOCTEH.
B Hacrosiiiee Bpemsi JaHHBIM THII anmapaTroB SBIIs-
€TCsl YCTapeBIIUM, COBPEMEHHbIC MPOM3BOAMTEIH
OTOIILIU OT JaHHOW MeToAMKHU K Hadaixy 2000-x rr.

Ludposeie ammaparel, Omaromaps BO3MOXK-
HOCTSIM CBOE€H MHKPOAICKTPOHHOW “HAuMHKH
W CIIOKHEHUITUM aJropuT™MaM OOpaOOTKH CHUTHAJA,
o0ecTieunBaloT BBICOUAiiIee KadyecTBO MPOTE3UPO-
BaHUS JaXKe B CIOXKHBIX chnydasx. Lludpposoit ciy-
XOBOM ammapar o0JaaeT BO3MOKHOCTbIO MHJIUBH-
IyaJIbHOH HACTPOMKH B COOTBETCTBHH C OCOOCHHO-
CTSMU ayAHOTPaMMBI MTAIIUEHTA, U SIBISICTCS] THOKAM
WHCTPYMEHTOM KOPPEKIHH ciyXa. MHOTHE Tpo-
M3BOJUTENN CTAparoTCs IMPHUBECTH COBPEMECHHBIC
U(POBBIC CITYXOBBIC AMMapaThl K O0JIee ECTECTBEH-
HOMY 3BYyYaHHUIO IOCPEACTBOM HOBEHILEro Mpo-
TPaMMHOTO O0ECIICYCHHUS M MMOCTOSHHON MOJCpHH-
3aIlU¥ BCTPOCHHBIX QyHKINH. Cpenu HUX QyHKINS
HETIOCPEAICTBCHHON TIepeadn 3ByKa TEICBH30pa
u cMapTQoHa, PyHKINS HAIPABICHHOTO MUKPO(O-
Ha, (yHKIus nogasneHus 3ddexra oOpaTHOI CBS-
34 U np. biaronaps sToMy 1715 4eJI0BeKa CO31aeTCst
CI[yXOBOH KOM(OPT, YTO 3HAYUTEIHHO IOBBIIIACT
KaueCTBO €T0 JKU3HH.

KauecTBo 3By4aHus u(ppPOBOTO CITyXOBOTO aIl-
napara ¥ BO3MOXXHOCTH TIPUMEHEHUS TIPU CIIOKHBIX
CITy4asiX CHUKEHHS CITyXa 3aBHCUT OT €r0 MHOTOKa-
HAJILHOCTH, BO3MOKHOCTH HAMPABICHHOCTH MUKPO-
¢oHOB M aBTOMaTH3Ma. YeM OoJble KaHaJIOB, TEM
OoIree TOHKHE HACTPONUKU CTAHOBSITCS IOCTYITHBIMH.
Cucrema CROS no3BosisieT ycTaHaBIuBarh Oecrpo-
BO/IHOE coeinHeHne Mexay aBymsi CA u coznaBarb
CTEpPEO3BYYaHUE BHE 3aBUCUMOCTH OT HANpaBICHUS
HCTOYHHUKA 3ByKa. B Hacrosiee BpeMs B HEKOTOPBIX
CA ectp Bluetooth, koTopblif mO3BOJSIET CcoOeIH-
HUTh CA ¢ Tene(hoHOM, KOMITBIOTEPOM U TEJIEBU30-
poM. Bo3MOKHOCTE T10100parh CIyXOBOW armapar
MOYTH IO KKIYIO CTETIEHb CHIDKCHUS CIIyXa CO3-

PI/IcyHOK 2 — Tunbl HOLICHUS CJIYXOBBIX armaparoB:
3aylIHbIC, BHYTPUYIIHbIC BHYTPHUKAaHAJIbHbBIC

JaeT JUIs JAHHOTO BHUJA CIIyXONPOTE3UPOBAHHUS

HIMPOKHE BO3MOKHOCTH PacpOCTPaHEHHUSI.

[Mlo tumy Homenuss CA gensTcss Ha 3ayll-
Hble, BHYTPUYLIHbIE M BHYTPHUKaHaJbHbIE. 3ayll-
Hbie CA pa3MeniaroTcs 3a yXOM U JIOJKHBI OBITh
JIOTIOJIHEHBl ~ MHAMBUIYAJbHBIM  BHYTPHUYLIHBIM
BKJIaAbINIEM, a TAaKXE€ €CTh MOICIHN C BBIHOCHBIM
peccuBepoM 4YTO yMeHbIaeT pasmep camoro CA.
CoBpeMeHHbIE MOAETH HMMEIOT MPUBJIEKATEIbHBIN
JU3aiiH KopIyca, M3ALIHBI 1 MUHUATIOpHBL. BHYT-
puymrable CA pa3MemnaroTcsi B CIIyXOBOM MTPOXOJIE.
WX u3roraBiuBaroT MHAUBUYAIbHO, 110 CJIEIKY yXa.
OHM Mano3aMeTHBI, KOM(OPTHHI B IOJIH30BAHHU.
OnHako CylIeCTBYIOT OTPaHUYEHUS B UX IIPUMEHE-
HUU JUIA TIPOTE3UPOBaHUS IITyOOKHX MOTEPh CIIyXa.
Kpome Toro, anaromuueckne 0COOEHHOCTH CIyXO-
BOT'O MPOX0Ja HEKOTOPBIX JIIOAEH MOTYT HE I03BO-
JIUTh W3TOTOBUTH U1 HUX BHYTPUYILHOW ammapar
(pucyHOK 2).

OO0IMMU TOKa3aHUSAMH CYUTAIOTCS:

1) ceHcoHeBpanbHasA, KOHIYKTHBHAasg M CMEILaH-
Has TYroyXOCTb Pa3lIU4YHON ATHOJIOTUU U CTe-
IIEHU CHU)KEHUS cllyXa, MUKpOTHs | cTeneny;

2) 'y B3pOCJBIX M JIETEH BCEX BO3PAaCcTOB — HEOO-
paTUMBIC HApYIICHU: ClIyXa, JICUCHUC KOTOPBIX
MCIUKAMCHTO3HBIM U XUPYPTrui€CKUM METOJa-
MU HEBO3MOXKHO, HEA((PEKTUBHO WIIM HE TIOKa-
3aHO 10 MEAULMHCKUAM IPUYHUHAM;

3) v nmereii panHero Bo3pacta (110 1-ro roga) ¢ aqua-
THOCTHPOBAHHBIM TSDKEIBIM HITH TITyOOKHM CHH-
KEHUEM CITyXa, HO C 3aTPYJJHEHUEM TOUYHOTO H3-
MEpEHUs! IOPOTOB CIIBIIIUMOCTH — KaK IMPOOHast
peaOmimTanus A pelieHus Bompoca 00 -
(DEeKTUBHOCTH CITyXONPOTE3UPOBAHUS U 1IeJIeCO-
00pa3HOCTH KOXJICAPHOU MMILTAHTAIINI;

4) 'y B3pOCIBIX M JETeH — MOocie NPOBEICHUS
OJTHOCTOPOHHEH KOXJICApHOW HMMIUTAHTAIUH —
CIIyXOMpPOTE3UPOBAHNE HEMMILIAHTUPOBAHHOTO
yxa (Tak Ha3zblBaeMOe OMMOJAIbHOE MPOTE3H-
poBaHHe).
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Pucynox 3 — Annapar KOCTHOI IPOBOJIUMOCTH

Tlpomusonokasanusa: STAICIICHSL, CyTOPOKHBIN
CUHJIPOM, OOJIE3HU OPraHOB CIIyXa C BBIPAKEHHBIM
HapylleHueM BecTUOylIspHOW (yHKUMH, BOcIa-
JUTENbHBIE TPOLECCH B yXe (OCOOCHHO aKTyajb-
HO /it BHyTpuymHBIX CA M anmapaTtoB ¢ BBIHOC-
HBIM PECHBEPOM).

Heaghpexmuesen npu: arpe3nn Hapy>KHOTO CITy-
XOBOTO MPOX0/1a, MUKPOTUU 2—4-ii CTETIeHHU, aHOMa-
JIUM Pa3BUTHS YIUTKH UM €€ OTCYTCTBHE.

CA ¢ Kocmmuoii npoeooumocmuio (PUCyHKH
3, 4). JlaHHBII TN CIYXONPOTE3UPOBAHUS JICITHT-
Ci Ha IIaCCHUBHBIC CHUCTEMBbI M AKTHUBHBIC CHUCTCMBI
KOCTHOM TPOBOJMMOCTH — 3TO T€ CHUCTEMBI, KOTO-
pble UMILTAHTUPYIOTCS M HANPAMYIO CTUMYIHUPYIOT
KOCTb. JlaHHBIE CHUCTEMbl OTIIMYHO MOAXOIAT IS
MAIACHTOB C KOHAYKTHBHOW TYTOYXOCTBIO JIO0O-
ro Bo3pacTta. Bo3MOXHBI pa3nuuHBIe MOAW(HUKA-
W HOIICHUA. HAKJICMBAIOTCA HA KOXY 3a YyXOM,
HocsTcs Ha Oanmaxe, CA BMOHTHUPOBaH B OYKO-
Byt0 ompasy. [TpuHIun paboTel OCHOBBIBAETCS Ha
JNIEKTPOMEXAaHUIECKOM Pe0o0pa30BaHUM  3BYKOB
B MEXaHUYECKHE KoJeOaHMsI KOTOpBIC IIeperaroT
3BYK 4epe3 KOCTH ueperna BO BHYTPEHHEE yX0. AK-
THUBHBIE CHUCTEMBI KOCTHOM MIPOBOAMMOCTH UMCIOT
JIBE COCTaBHBIE YaCTH — 3TO PEUEBOM IMporeccop
Y caM MMIUIAHT, KOTOPBIH yCTaHABIUBAETCS MO KO-
’)Ky Ha KOCTb COCLEBHIHOIO OTPOCTKa ONEpaliOH-
HBIM ITyTeM. PedeBoil mporieccop yiaaBIHBaeT 3BYyK
1 (hopMHUpPYET SICKTPUUCCKUN HMITYIIEC, KOTOPBIH
Nepeaaercs Ha MMIUIAHT, KOTOpbIH, B CBOIO oOue-
penb, co3naeT MexaHudeckue kojeOaHus. JaHHBII
BUJ] CITyXOMPOTE3UPOBAHUS PEKOMEH/IOBaH MallMeH-
TaM C KOHJYKTHBHOM M CMELIAHHOM TyroyXOCTbIO,
OIHOCTOPOHHEH TmoTepeil cimyxa, TeM, KOMY

Pucynox 4 — Cucrema KOCTHOH IPOBOJIUMOCTHU

He mnoaxoauT CA  BO3AYIIHOM TPOBOAMMOCTH
BCJIEJICTBHE aHATOMUYECKUX U3MEHEHUN TaKUX KaK:
mukpotust II-1II crenenu, arpe3nst HApYKHOTO CITy-
XOBOTO ITPOXOAA, Pa3InYHbIE aHOMAJIMU HAPYHKHOTO
CJIyXOBOTI'O IIPOXO/ia U CPEIHETO yXa, NALUEeHThl KO-
TOpBIC HE MOTYT HOCHUTh CIYXOBOM ammapar Bciell-
CTBHE pa3pakeHUs H3-3a YIIHOTO BKJIAJBIIIA,
a TaKKe TeM MalUeHTaM, KOTOpble MPH HOLICHUH
CA 0oTMEYaroT 9TO OOJIBIIE CIBIIIAT IITYM, a HE PEYb.

Hmnnanmupyemole cucmemvl cpeonezo yxa.
JlaHHbIE CUCTEMBI UMIUIAHTUPYIOTCS B CPEHEE YXO,
Oepst Ha ceOst PYHKIUIO CITyXOBBIX KOCTOYEK U Oa-
pabanHOU nepenoHkn. MUKpOQOH ayromnporecco-
pa BOCIIPUHUMAET 3BYKOBBIC BOJIHBI, ayIHOINPOLEC-
cop mpeoOpasyeT 3BYKOBHIC BOJHBI B 3JICKTpPHYC-
CKHE CUTHAJbl, UMIUIAHT NEpelaeT 3IeKTPUUEeCKHe
CHUTHAJIBl Ha TIPHEMHHK, TMPHUEMHHUK Ipeodpasyer
OJICKTPUYCCKUE CUTHAJIBI B MECXaHUYCCKUC BI/I6pa—
LIMH, KOTOPbIE CTUMYIUPYIOT JBUXXEHUE CTPYKTYP
CpEJHEero yxa, a UMEHHO: CIIyXOBbIX KOCTOYEK, JIBU-
JKCHUE KOTOPBIX IEPEelacT aKyCTHYECKYI0 HH(Op-
MalMio BO BHYTPEHHE yXO, a 3aT€M B MO3T, Ille OHa
W pacrnio3HaeTcs (PUCYHOK S).

Hannas omnepanus NPOBOIUTCS OT S5 JeT
U crapuie. PeKOMEH0BaHO MAalMeHTaM C KOHIYK-
TUBHOM, CEHCOHEBPAJILHON TYTOYXOCTBIO OT JIETKOH
JI0 TSOKEJIOW CTeNeHH, CMEUIaHHOH TyroyxXocCThlo,
JECTPYKTUBHBIMM ~ W3MEHEHMSAMH  HapyX HOIo
U CPEIHEro yXa.

HUmnnanmupyemvie cucmemvt 6HympeHHe-
20 yxa. JlaHHBII METOJ Ha3bIBaeTCs KoXJIeapHas
UMIUIaHTAlMs, MOIpa3syMeBaeT IoJ CO0O0i BXKUB-
JIeHHE UENH DJJIEKTPOAOB BO BHYTPEHHEE YXO,
C LEJBI0 BOCCTAHOBJIEHHUS CIYXOBOIO OLIYLICHHS
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IIyTEM HENOCPEICTBEHHOM 2JIEKTPUUECKONH CTUMY-
nsamuu - a(EpeHTHBIX BOJIOKOH CIYXOBOTO HEPBA
[16—-18]. KoxyieapHblii UMIUIAHT 00ECIICUMBACT Ia-
LUEHTY C NIyXOTON pa3IMYHON 3TOJOTHH CIIBIIATDH
OOBIYHYIO pedb. Y MaIMeHTa IMOClie KOXJIeapHOM
HMMIUIAaHTAlM HOPOrM CIyXOBOI'O BOCHPUATHUS CO-
OTBETCTBYIOT IE€pBOH cTeneHu Tyroyxoctu. Ilpu
9TOM CJIEJyeT 3aMETUTh, UTO JUJIsl PeaTu3aiK 3TUX
BO3MOXHOCTEH TpebyeTcsi ajeKkBaTHash HacTPOM-
Ka pedeBOro mpoleccopa KOXJIeapHOro MMILIaHTa
KBaJTH(DUIIMPOBAHHBIMU CIICIIHAJIICTAMH, a TaKKe
HEOOXOIMMBI 3aHATHS C CypAOIICAaroraMy o CIe-
[IUAITBHBIM WHAWBHYaJbHBIM TpOTpaMMaM IS
o0yueHMs U MPUBBIKAHUS K HOBOMY “‘CIlyXOBOMY’
BOCIPHUATHIO.

O¢ddhexkTuBHOCTh UMIUIAHTALIUK OIpeeIIseT-
Csl MHOTUMH (PaKTOPaMH, B YaCTHOCTH BO3PACTOM,
B KOTOPOM HacTyluja IIyX0Ta, [UINTEIbHOCTHIO
DIyXOTHI, CIIOCOOHOCTBIO K OOYyYCHMIO, MHTEILICK-
TyaJbHBIM pa3BUTHEM. DTH (AKTOPbBl MOTYT BO3-
JIeCTBOBATh KaK pa3AesbHO, TaK U B3aUMOACHCTBYs
Jpyr ¢ apyrom. Haumbomnbmas 3¢hdexkTuBHOCTh UM-
IUTAHTAUH MOXXET OBITh JOCTUTHYTa Y B3POCIBIX
U JeTel, y KOTOPBIX NIyXOTa HacTyNuja 1ocie pas-
BHUTHS pedd (MMOCTIUHIBAIbHAS TIIYXO0Ta).

K cnenyromeit o s¢pdexTuBHOCTH rpymnme oT-
HOCSITCSI B3POCJIbIE U JIETH C OCTIMHTBAJILHOU TITy-
XOTOM, uisLIelcs B TeUCHNUE AITUTEIbHOTO MEepHoa.
Ocoboe MecTo 3aHUMAIOT JIETH C TPETUHTBATBLHOMN
IYyXOTOW. Y JaHHOW Kareropuu OONBHBIX dPPEKT
MOJKET OBITh JIOCTHTHYT JIMIIb B TOM CITydae, €CIH
MPOBOJUTCST MHTEHCHBHAs paboTa MO Pa3BUTHIO
CIIyXOBOTO BOCHPHUATHS M PA3TOBOPHOTO  S3bIKA.
B cnyuae npoBenenus onepanuu JeTIM € MPETUHT -
BaJIbHOM IJTyXOTOM OOIIEH3BECTHO, UYTO PE3YJIBTAThI
KOXJICAPHOH MMIUIAHTALMM HAIpPSAMYIO 3aBUCAT OT
BO3pacTa Ha MOMEHT omepanuu. YeM MeHbIIe BO3-
pacT Ha MOMEHT OIepallii, TeM Pe3ylbTaThl OyayT
oonee apdexTuBHBIME. ONTUMATLHBIM BO3PAaCTOM
JUIA TPOBENIEHUs] KOXJICApHOM MMIUIaHTallUK Tpe-
JIMHTBaJbHO OINIOXILIUM JETAM SIBIISETCS BO3PAcT
1 rox.

Tokasanus 0nsa npogedenus KoXieapHou um-
naawmayuy: AByXCTOPOHHSISI CEHCOHEBpaJIbHAS TY-
royxoctb [II-1V crenenu, npu orcyTcTBUM pa3zdoop-
YUBOCTHU PEYU B CIIyXOBOM afrapare — yxora.

K nporuBomnoka3aHusiM OTHOCSITCS ITOJIHAS I
qacTHYHAs OONUTEpaIusl YIUTKH, PETPOKOXJIeap-
Hasl TaTOJIOTHsI, TSHKEJIBIE COIMYTCTBYIOIIME COMa-

Pucynok 5 — mmutant cpeanero yxa

THYECKHe 3a00JEeBaHMs, OTCYTCTBHE CTPEMIICHHS
K MHOTOJICTHEHl paboTe ¢ CypIoIenaroromM Iocie
UMIUTaHTaK (y B3pOCIBIX) WIM OTCYTCTBHE IOJ-
JEPXKKHU YICHOB CEMbU U UX TOTOBHOCTH K JAJTUTEIb-
HOW peaOWIUTAIMOHHON paboTe.

Cmeonomoseosas cnyxosas umnianma-
Yusi — 3TO METOJ BOCCTAHOBJICHHS CIIyXa Yy TIYXHX
MAIMEeHTOB, KOTOPHIM HEBO3MOXKHO WM HELEIeCco-
00pa3HO TPOBEJEHHE ONepaluu KOXJIEapHOU HM-
wiantanuu. K 3TuM manueHtaMm OTHOCSTCS: IeTH
U B3POCIBIC C TIOJHOW WJIM 3HAYUTEIFHOH OCCH-
¢ukamueid (OKOCTGHEHUEM) YIHUTKH (Harpumep,
IIpY TOTEpe CiIyXa BCICACTBHE MEHHHIHTA); ICTH
U B3pOCIbIC, Y KOTOPBIX TOBPEKICHBI CIIyXOBBIC
HepBbl (TIOCJe YHAJeHUs OIyXOdH TpU JBYCTO-
POHHEH HEBPHUHOME CIIyXOBOTO HEpBa, B pe3yJbTa-
TE YEPEITHO-MO3TOBOW TPaBMBI); JAETH, y KOTOPBIX
OTCYTCTBYIOT (aIuta3usi) Wiv 3HAYUTEIHLHO HEJI0pa3-
BHUTHI YJIUTKA W/WIH CIIYXOBOH HEPB; 4acTh JCTEH
CO CJLyXOBOH HeliponaTuei.

B ommmume oT KoXJieapHOTO MMILIAHTa, CTBO-
JIOMO3TOBOH CIIyXOBOW MMIUIAHT BHEAPSETCS HE
B VIHTKY, a B TOIKOPKOBEIC LIEHTPHI MO3ra (KOX-
neapHble sjpa). Y monbs3oBarenei CMCU Goiee
OTPaHWYCHHBIC BO3MOXKHOCTH BOCCTAHOBJICHUS/
Pa3BUTHUSI CIYXOBOTO BOCHPUSATHS, YeM Yy MAIHEH-
toB ¢ KW. ¥ 90 % nonb3oBareneil ecTh CIyXOBbIE
omytienus npu nomormm CMCU. YV GonbiimHCTBa
nanuenToB ¢ CMCH Habnronaercst yimydiieHue pas-
OOpYMBOCTH peYr NpU YTeHUH ¢ Ty0. HekoTopbie
MAIIMEHTHl MOTYT y3HAaBaTh CJIOBA Ha CIyX IPH OT-
KPBITOM BBIOOpE. Y JeTeil o0nerdaeTcst OpueHTanus
B OKpY’KalOIIel cpele W pa3BUTHE peuu Onarona-
PS TOMY, YTO OHM CJIBIIIAT OBITOBBIE 3BYKH, rOJI0Ca
JIIO[IEd, cBOM ronoc. YacTh aeTeil MOryT HayuYuThCs
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IMOHUMATL PCYb Ha CJIYyX U XOPOHIO IOBOPHUTh. Pe-
3yJAbTaThl CTBOJIOMO3TOBOM CIIyXOBOM HWMILJIaHTa-
LU 3aBUCSIT OT NPUYMHBI IOTEPH CIyXa, BO3pacTa
MalyeHTa Ha MOMEHT OICpallid, PACHONOKCHUS
ANIEKTPOAOB B KOXJICAPHBIX SIPaX W KOIUIECTBA aK-
THUBHPOBAHHBIX ICKTPOIOB, METOINKH peadminTa-
UM U IPYTHX (PaKTOPOB.

Takum 00pa3zoM, CIIyXONMPOTE3UPOBAHUE — ATO
KOMIIEHCalus 0cIabIeHHON UK yTpaueHHOU QyHK-
UM CITyXa CITyXOBBIM aIlllapaToM, KOTOPBIA oOpa-
OarbIBaeT 3BYKOBBIC KoJcOaHUS, MpeoOpakaeT uX
n mepenaéT Ha crenuaibHoe ycTponcTBo. Ciyxo-
BbIC alrmaparbl — 3TO MPAKTUYCCKU MHUHHATIOPHBIC
KOMITBIOTEPHI ¢ MTPOCTO (PaHTACTUYECKUMH BO3MOXK-
HOCTSAIMH, KOTOpPbIE JIOBOAAT BOCHPHUSTHE 3BYKOB
U peuM dYeJOBeKa IMPAaKTHUYECKH 0 SCTECTBCHHO-
ro BUJA, a CIIOCOOHOCTH CIBINIATh BO3BPAILACTCS
JaKe K JIIONSAM, TPAKTUYCCKH MOTEPSBIINM CIYX.
Koppekmus ocnabneHHOM nnn yTpadeHHOH (yHK-
MU CIyXa PEKOMEHYeTCsl TIPU CHIKCHUU YPOBHS
BOCHPUATHS 3BYKOB YK€ C TOTO MOMEHTa, KOTJa
HOPMAJIBHOE OOIICHUE CTAHOBUTCS 3aTPYIHCHHBIM
[19, 20]. KomreHcarusi 0ClIabICHHOTO 3BYKOBOTO
BOCTIPHATHS HA pAaHHUX ATaNax HApPYIICHUS SBIISCT-
csl Xoporied MpoQHIaAKTHKON ycyryOneHus: cutya-
nuu. llpore3upoBanue crnocoOCTBYeT BOCCTaHOB-
JICHUIO HOPMAaJIbHOTO B3aUMOJAEUCTBUS accolua-
TUBHBIX CBS3€H MEKITY OAKOPKOBBIMH CIIYXOBBIMHA
[EHTPaMHU U PEUEBHIMHU [IEHTPAMHU KOPHI TOJIOBHOTO
Mmo3ra. [TosTomMy BOBpeMsi Ha3HAUCHHOE CITyXOIPO-
TE3UPOBAHUE MOXKET 3aTOPMO3UTH BO3PACTHOE CHU-
JKEHHE CITyXa M CTapEHUE MO3Ta.

Hoctymmna: 01.04.22; peuensupoBana: 14.04.22;
mpunaTa: 18.04.22.
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