BEJIOPYCCKHWI HALIMOHAJIbHBIN TEXHUYECKWI YVHUBEPCUTET

YK 539.3, 531

EPMOYEHKO
Cepreil AnekcanapoBuy

HAIIPA)KEHHO-AE®@OPMUPOBAHHOE COCTOAHUE
KOJIEBATEJIbHOM CUCTEMBI
PEKOHCTPYNPOBAHHOI'O CPEJJHEI' O YXA

ABTtopedepat
JUCCEPTAIlUU Ha COMCKAHUE YUCHON CTETICHU
KaHAanAaTa GU3NKO-MaTeMaTHUECKUX HAYK
O CIIEIUATBHOCTSIM
01.02.04 — Mexanuka aegpopMupyemMoro TBepA0ro Tea,
01.02.08 — buomexanuka

Munuck, 2011



Pabota BeInonHEeHa B yupexaeHun oOpa3zoBanus « BureOckuii rocyiapcTBEHHBIN
yHusepcuteT uM. I1. M. Mameposa»

Hay4Hp1i1 pykOBOIHTEID

OdurmanbHble ONMOHEHTHI

OnmnoHupyromas
OpraHH3aLs

MuxaceB I'ennaamnii UBanoBuu,

JOKTOp (PU3UKO-MATeMaTHYEeCKUX HayK, Mpodeccop,
3aBeAyommii  Kadeapod OMO- W HAHOMEXaHUKH
Bbenopycckoro rocyaapcTBEHHOTO YHUBEPCUTETA

Baysp Ceeriiana MuxaiiyioBHa,

JIOKTOp (U3MKO-MaTEeMaTHUECKUX  HayK, mpodeccop,
npodeccop Kadeapsl TEOPETHYECKOW W TMPUKIATHOM
MexaHukn CaHkT-IleTepOyprckoro rocyaapCTBEHHOTO
YHUBEPCUTETA,

XBuceBn4 Buranuiit MuxaijioBuy,

KaHAUJAT TEXHUYECKUX HAYK, JOLIEHT, 3aBEAYIOIINI
kadeapoit CONPOTUBJICHUS MaTepuaioB u
TEOPETUUECKOU MEXAHUKHU YO «bpecrckunt
rOCYJIapCTBEHHBIN TEXHUYECKAN YHUBEPCUTET

YO «benopyccknil rocyaapCTBEHHbBIN
TEXHOJIOTUYECKUI YHUBEPCUTET»

3ammTa cocroutcs 9 gexabps 2011 roga B 14% yacos na 3aceqaHuy COBETA I10
samure aucceprauuu [ 02.05.07 npu benopycckoM HallMOHAIbHOM TEXHUYECKOM
yauBepcuteTe mo aapecy: 220013, r. Munck, np-t HesaBucumoctu, 65, xopm. 1,
ayn. 202, ten. yu€uoro cexpetaps 375-17-2922404.

C ‘auccepraumeil MOXHO O3HAKOMUTbCS B OubOimoreke bemopycckoro
HAIIMOHAJIBHOTO TEXHUYECKOTO0 YHUBEPCUTETA.

ABTtopedepat pazocnan «__» Hosi0pst 2011 r.

VYueHslii ceKkpeTapb COBETa

I10 3aIUTE UCCEPTALUN

KaHauaaT ¢us.-mMaT. HayK, JOLEHT Hudarun B. A.

© Epmouenko C.A., 2011
© BHTY, 2011



BBEJAEHUE

Cpennee yxo (CY) demoBeka mpeacTaBiseT cOO0N CIOXKHYIO KOJIEOATEIhbHYIO
CHUCTEMY, NEPEIAONIYI0 SHEPTHI0 3BYKOBOM BOJIHBI, BOCHPUHUMAEMOW BHEIIHUM
yXOM, BO BHYTPEHHEE YyXO, Ile OHa IpeoOpa3yeTcss B HEPBHbIE UMITYJIbChl. VHOT 1A
CVY, xak OmomexaHWuyecKas CHUCTeMa, MOABEPraeTcs MaToJOrMYeCKUM HU3MEHEHHSIM,
BbI3BaHHBIM MEXAHWYECKHMMHU TpaBMaMU WM 3a00JIEBaHUSIMU, B PE3yJIbTaTe YEro
NOPOT BOCIPUUMYHBOCTH K 3ByKOBBIM CHUTHAJIaM CYILIECTBEHHO CHMKaeTcsa. C LEeTbIo
YCTPAHEHHsI TMATOJOTMH M YIYYIICHHS CIyXa B OTOPUHOJAPUHIOJIOIMU YacTo
NpUOEraloT K XHUPYPru4eCKONM pPEKOHCTPYKLUHH, TEXHHUKAa KOTOPOI'O 3aBUCUT OT
CTENICHU JIECTPYKIIUUA COCTABIISIONMIMX KOMITIOHEHT CpemHero yxa (OapabaHHOM
MEPETIOHKH, CIYXOBBIX KocTouek). Hanbonee Clio)XKHBIM BapUaHTOM PEKOHCTPYKIIHH,
C TOYKHM 3PEHMS €€ TEXHHKUM W KIMHUYECKHX IOCJIEICTBHM, SIBISETCS TOTAIbHAS
PEKOHCTPYKIIHS, MpeayCcMaTpUBaIOIIAs TUMITaHOIUIACTHKY (pecraBpamnuto
TUMIIAHAJIBHON MEMOpaHbl) U OCCHUKYJIOIUIACTHKY (3aMEHY OJHON WM HECKOJIBKUX
KOCTOYEK B 3BEHE «MOJIOTOYCK-HAKOBAIBHS-CTPEMSD).

B OonpmMHCTBE  MCCIENOBAHMM, = TOCBSILIEHHBIX  MOJEIUPOBAHUIO
pekoHcTpyupoBaHHoro cpenHero yxa (PCY), BBIOJHEH KOHEUHO-3JE€MEHTHBIN
aHaIN3 JUHAMUYECKUX XapaKTEPUCTUK B 3aBUCHMOCTU OT TEXHUKU PEKOHCTPYKIIHH,
HO 0e3 ydyeTa HavyalbHBIX HaNpsKeHHUH, 00ycIoBIeHHBIX BBoAoM npoTe3a (T. Koike,
H. Wada, T.Kobayashi, H.-J. Beer). Hamuuwe HaJaJbHBIX HaNpsOKCHUH B
TUMITaHaJIbHON MemOpane (TM) 1 cBsi3Ke OBAJILHOTO OKHA SIBJISIETCS] CYLIECTBEHHBIM
(dakTopoM, BIMSIOIMIMM Ha KAady€CTBO MPOBOJUMOTO 3BYKOBOro curHaia. C omHOM
CTOPOHBI OHM HEOOXOAMMBI ISl (PUKCAIMK YCTAaHOBIIEHHOTO TpoTe3a B mosiocta CY;
C JpYroil CTOPOHBI, W3JMIIHUE HAINpPSOKEHUS MOTYT NPHUBOJIUTH K 3aMETHOMY
HCKaXEHUIO CIIEKTpa COOCTBEHHBIX YacTOT KoJiebarenbHou cucteMbl PCY, a Takke
OTPaHUYCHUIO TMOABHKHOCTH CTpeMeHH WM naxe ero Jokcanuu (A. Eiber). C
YY4E€TOM CKa3aHHOFO  TMPEACTABIISAECTCS aKTyalbHBIM IOCTPOEHHUE MaTeMaTHYEeCKUX
mozeneid PCY M, Ha MX OCHOBE, UCCIENOBAHHUE HAIPSKEHHO-IEPOPMUPOBAHHOTO
coctostHust (HIC) PCY B 3aBUCMMOCTHM OT TEXHUKH THUMIAHOIUIACTUKH, TUIA U
XapaKTEPUCTUK BBOAUMOro mpore3a. C MpakTUYECKON TOYKHU 3pEHHS aKTyalbHOCTb
auccepTauy 00yclIOBI€HA HEOOXOAMMOCTBIO BBIPAOOTKU MPOCTBIX PEKOMEHAALIMIA
o ONTHUMAaJIbHOU TEXHUKE PEKOHCTPYKIIUH, MpeayCMaTpPUBAIOIICH
TUMITAaHOIJIACTUKY, OOECIEeUnBAIOUIYI0 MHUHMMAJIbHBIA, HO JIOCTATOYHBIA YpOBEHb
HavyaJbHbIX HanpsokeHu B PCY.

OBLIASA XAPAKTEPUCTUKA PABOTHBI
Cesa3b padoThl ¢ KPYNHBIMH HAaYyYHBIMH NpOrpaMMamMu (IpOeKTaMH) H
TeMaMu
JuccepraninonHas pabora BbImosiHeHa 10 3aganuio 4.09 «MonenupoBaHue
CPEIHETO yXa B HOPME U IMOCJIE €r0 XUPYPTUUECKOM PEKOHCTPYKIIMH, ONTUMHU3ALUS
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IIPOTE3UPOBAHKS» B paMKax | oCyaapCTBEHHOW KOMILJIEKCHOM IPOrpaMMbl HAYYHBIX
uccienoanuii (I'KITHWN) «Mexanuka» (cpoku ucnonasHenuss 2006-2007 rr., Homep
rocygapcrBeHHoi peructpauuu B I'Y «benICA» 20062092 ot 16.11.2006; cpoku
ucnosiHenust 2008—2010 rr., Homep rocyaapctBeHHOM peructpauuu B I'Y «benICA»
20081240 ot 17.06.2008).

Iesp u 3a1a4M UCCaEA0BAHUSA

OcHOBHasi 1€Jb MCCJIENOBAHUS — HCHOIb3YyS KIACCHYECKYH) TEOPHIO
M30TPOIHBIX, & TAKXKE aHU30TPOIHBIX CJIOMCTHIX IUIACTUH ONPEACIUTh HANPSKECHUS,
BO3HUKAIOIIME B  TUMIAHAIbHOM  MeMmMOpaHe W JIpYyrUX  KOMIIOHEHTax
PEKOHCTPYMPOBAHHOIO CPEAHEr0 yxa mocie BBelaeHue mnpore3a tuna PORP mpu
pa3IMuYHBIX CHOCc00ax PEKOHCTPYKIMU THMIIAHATLHOW MEMOpaHbl; ONpPEIeIUTh
YCTOMYMBOE IIOJIOKEHUE PABHOBECUS PEKOHCTPYMPOBAHHOIO CPEAHETO  yXa,
oOecreunBarollee MUHUMaIbHBIA YPOBEHb MOTEHIMAIBHOW 3Hepruu PCY; BBISBUTH
xapakrep 3aBucumoctd HJIC PCY or gusnueckux u reoMEeTpUUYECKUX MapamMeTpoB
IIPOTE3a, €r0 OPUEHTALlMM B IOJIOCTH CPEOHEr0 yxXa, a TAKKE OT XAPAKTEPUCTHUK
XPSIILIEBBIX UMIUIAHTATOB, UCIIOJIb3YEMbBIX IIPU PEKOHCTPYKIUU TM.

B cooTBeTcTBUM € NOCTaBICHHOU LENBIO B TUCCEPTALMOHHOM HCCIIETOBAHUMN
pELIEHBI CIEAYIOINE 3a1a4u:

— TOCTPOEHBI ACHMNTOTUYECKHE M YHCICHHBIE PEUICHUS YPaBHEHUH
PABHOBECUS KOJIBLIEBBIX HM30TPONHOW M CJIOWCTOM AHU30TPONHOW IUIACTUHOK C
HKCLIEHTPUYHBIM BBIPE30OM MpU 33JaHHBIX IOCTYNATEIbHBIX M BpallaTeJbHbIX
NepEMENICHHUSIX BHYTPEHHETO HeAe(hOPMUPYEMOTO KOHTYPA;

— HAWJEHbl ACUMIITOTHYECKHE PEUICHUs YPaBHEHHWW PABHOBECUS CUCTEMBI
CONPSKEHHBIX KOJIBLIEBBIX OJHOCIONHON M ABYXCIIOMHOW ITACTUHOK IPU 3aJaHHOM
MEPEMEILICHNY BHYTPEHHETO KOHTYPA;

— TOCTPOEHBI - ctatnueckue moaenu PCY B ciyyae TUMITAHOIUIACTUKU M
ycTaHoBKH mpote3a  tuma PORP, mo3Bomisionme HaxoguTh MapaMeTphl,
xapakrepusyromnue HJ/IC konebaTenbHOM CUCTEMBI;

— HalileHa TOTEHIMAJIbHAas SHeprus KojedaTeapbHOM cucrtembl PCY  nns
Pa3JIMYHBIX YCTOWYMBBIX U HEYCTOMYMBBIX MOJIOKEHUN paBHOBecus PCY.

OOBEKTOM HCCIEIOBaHUS sBJIsIeTCa KoneOarenpHass cuctema CVY uyesloBeka,
HOABEPrHYTAs] TUMITAHOIIACTUKE U OCCUKYJIOTUIACTHKE.

[Ipeamer  uccneaoBaHUs —  HANPsDKEHHO-AE()OPMHPOBAHHOE  COCTOSTHUE
kojebarenbHol cuctemsl PCY.

IHon0xkeHus1, BHIHOCHUMBbIE HA 3aALIUTY

HoBbiMu pe3ynbraraMu, BBIHOCUMBIMH Ha 3aIUTY SIBISIOTCS:

ITo cniennanbHOCTH 01.02.04 — Mexanuka 1e(OpMUPOBAHHOTO TBEPJOTO Tea:

1) AcCUMITOTHYECKUE  PCIICHWsS]  ypaBHCHHW  PABHOBECHS  M30TPOITHOM
KOJIBLIEBOM IIJJACTUHKHU npu 3aIaHHOM MEpEMEILICHUH BHYTPEHHETO
HeAehOpMUPYEMOTO KOHTYPA, OTIIMYAIOIIMECS YUYETOM IKCUEHTPUCUTETOB KPYyTrOBOTO
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BbIpE3a M BHEIIHETO JUIMNTHYECKOTO KOHTYpa, a TaKXKe HATUYMEM MeMOpPaHHBIX
yCUIIUU B CPEIMHHOU IIOBEPXHOCTHU IIJIACTUHKY, MOZAEIHUPYIOLIEH
PEKOHCTPYHPOBAHHYIO THMIIAHAJIBHYI0 MEMOpaHy C HCIOJIb30BaHUEM TEXHUKH
«cartilage platey.

2) ACHMIITOTHYECKOE PEIICHUE YPaBHEHUS PABHOBECHS CIOMCTON KOJIBIIEBOU
IUTACTUHKU TPU 33J]aHHOM TMEPEMENICHIUH BHYTPEHHET0 SKCIEHTPUYHOTO KPYTroBOTO
KOHTypa, OTJIMYAIOIIEEeCs] YYETOM TIONEPEYHBIX CABHIOB B CIOSX IJIACTHHKH,
MOJIEIUPYIOLIEH PEeCTaBpUpPOBaHHYI0 OapabaHHYIO TMEPENOHKY C HCIOIb30BAHUEM
texauku «small islandy.

3) Maremarnveckass Moneib paBHOBecHs Je(OPMHUPOBAHHOW OapabaHHOI
NIEPETIOHKN, PEKOHCTPYHPOBAaHHOW € HCHONb30oBaHHeM TexHHKU «large island» wu
NPECTaBIAIOMEd co00 cHCTeMy JIBYX AKCIICHTPUYHO COTPSIKEHHBIX KOJBIEBBIX
W30TPOMHBIX ITUTACTUHOK C TMPOW3BOJBHBIM TMAJAKUM KOHTYpOM COMpPSDKEHUS U
Pa3TUIHBIMA TEOMETPUICCKIUMH M (PU3NISCKIMU XapaKTCPUCTHKAMH.

ITo crermmansHOCTH 01.02.08 — OHOMEXaHUKA:

4) bBuoMexaHNYeCKHE CTaTHYECKUE MOICIH PAaBHOBECHS PEKOHCTPYHPOBAHHOTO
CPEIHET0 yXa, COCTOAIIET0O W3 BOCCTAHOBJICHHOW OapaOaHHOW mMEpPEenoHKU (C
ucrnojbp30BaHueM TexHUK «cartilage plate», «small island» u «large islandy),
compspkeHHOTO ¢ Hedl mpore3a Tuma PORP, 3amemaromero 3BEHO «MOJOTOYCK-
HAKOBaJbHS», U CTPEMEHHU.

5) OOHapyxeHHasi MHO)KECTBEHHOCTh OJIM3KMX YCTOMYMBBIX U HEYCTOWYHBBIX
MOJIOKEHUI paBHOBECHS KOJIEOATENbHOW CHUCTEMBI PEKOHCTPYHPOBAHHOIO CPEIHETO
yXa TpH THUMIIAHOIUIACTUKE Tocie yctaHoBku mipoTre3a PORP, omnmyarommasics
pa3MYHBIM ypPOBHEM MOTCHIMAIBHOW DHEPIMM CHCTEMBI M, KaK CIEICTBHE,
pa3IMYHBIMHA HUKHUMH IOPOTaMH PE30HAHCHBIX YacTOT.

6) ®yHKIMOHAJIBHBIE 3aBUCHUMOCTH MEMOpaHHBIX yCWIMH  OapabGaHHOMN
NEPETIOHKH, YCUIIUS B COUJICHEHUH «IIPOTE3-CTPEMS, HAMPSHKEHUH U JedopMaIiii B
CBSI3KE OBAJILHOTO OKHA OT T€OMETPUUYECKUX M (PU3NUECKUX MapaMeTPOB XPSIIEBOTO
TpaHCIUTAHTaTa W Pa3HOCTH aTMOC(HEPHOTrO MAaBICHUS W JaBICHUS B TOJOCTU
CpPEOHETO yXa TMpH pa3INuHBIX BapHaHTaX XUPYPTHUYECKONH PEKOHCTPYKIIUU
TUMTaHAJLHON MeMOpaHBI.

7) YCTaHOBJICHHBIC 3aBUCUMOCTH OCHOBHBIX XapaKTEPUCTHK HANPSHKCHHO-
1e(OPMUPOBAHHOIO  COCTOSIHUSI ~ PEKOHCTPYUPOBAHHOTO  CPEOHEro  yxa  OT
reoMeTpuueckux napamerpoB npore3a PORP, wmecra ero ycTaHOBKM Ha
TUMIIAHATBHOH MeMOpaHe W €ro OpHEHTAllMd B TIOJOCTH CpEIHEro yxa,
MO3BOJISIIONINE  BHIPAOOTaTh MPEAONEPAlMOHHBIE PEKOMEHIAIMU TI0  BBIOOPY
ONTUMAJBHBIX Pa3MEpPOB TPOTE3a U €ro OPUEHTAIMH, HMCKIIIOYAIONINX JIFOKCAIIUIO
CTPEMEHHU.



JIN4YHBIA BKJaJ COUCKATEIS

Bce ocHOBHBIE pe3yibTarhl, BRBIHOCUMBIE Ha 3aIIMTY, NOJYYEHbl COMCKATEIEM
muyHo. Hayuweii  pykoBommtens I. M. MuxaceB  npuHMMan  y4yacTue B
MaTeMaTHYECKOM IMOCTaHOBKE 3aJad M OOCYKIEHUU IIOJTYYEHHBIX pE3yJbTaToB,
JI.T. IletpoBa  ocymiecTBiIsla  KOHCYJIBTallud,  moabop  u3myeckux |
FEOMETPUYECKHX MapaMeTpoOB, a TAKXKE aHaJIM3 JOCTOBEPHOCTH TOJYYEHHBIX
pPE3yABTATOB C TOYKHU 3PEHHs KIMHUYECKON mpakTtuku. M. bepuutn (pesneHckuii
TEXHUYECKUN YHUBEPCUTET) MPOBE IKCIEPUMEHTBI MO ONMPEAECICHHUIO KECTKOCTHBIX
XapaKTEPUCTHUK CBSI3KM OBAJbHOIO OKHA. Pe3ynbpTrarel, NpUHAJIEXAMKAE APYTUM
COABTOpPaM COBMECTHBIX HAy4yHBIX MCCIIEJOBAaHUN, HE BOIWIM B _ JAHHYIO
U CCEPTALIMOHHYIO padoTy.

Anpobanus pe3yabTaTOB AMCCEPTALUH

OCHOBHBIE TIOJIOKEHUSA JHCCEPTALMOHHOM paldOThl JIOKJIAJbIBAINCH Ha
CIEIYIOININX MEXAYHAPOIHBIX M PEeCHyOIMKAaHCKMX ~Hay4YHbIX KOH(pEpeHUUsX:
MeXJyHapoaHas HaydHas koHpepeHuuss «GAMM-2004» (Ipesnen, Iepmanus,
2004), MmexxayHapoaHas HaydHO-MeToanyeckas konpepennus «Hayka u odpa3oBaHue
B YCJOBHUSAX COLMAIILHO-KOHOMHUYECKON TpaHcopmanuu oOmiecTBa» (Buredck,
benapycs, 2005), MmexxnyHaponHasi HayuyHast KOHPEpeHIus Mo MexaHuke «UeTBepToie
[TonaxoBckue utenus» (Cankr—IletepOypr, Poccus, 2006), 5-blii BCEMHUpPHBI
KoHrpecc mno Ouomexanuke (MronxeH, I'epmanus, 2006), pernoHanbHas Hay4yHO-
pakTU4yeckas KoH(EepeHUUs CTyACeHTOB, MAarucTpaHtoB U acnupaHToB «lI
Mameposckue urenus» (Butedck, bemapycs, 2007), MmexxayHaponHast KoH(pepeHuus
«1st IMACS» (Ilnzen, Yexus, 2007), XVI MexayHaponHas HayYHO-TEXHUYECKas
koHpepenuus «lIpukiagnpie 3agayu MareMaTuKd M MexaHukw» (CeBacTomosb,
VYkpauna, 2008), IV benopycckuil KOHIpecC MO TEOPETHUECKOM W MPHUKIAAHOU
Mexanuke «Mexanuka—2009» (Munck, benapych, 2009), X Bcepoccuiickas
koHpepenuus «buomexanuka 2010» (CaparoB, Poccus, 2010), MexayHapoaHas
HayyHass ~ koHpepenuus  «GAMM-2010»  (Kapncpys, Iepmanms, 2010),
mexaynapoanas koHpepermus « COMPDYN 2011» (o. Kopdy, I'permst, 2011).

Ony0JuKOBAHHOCTD Pe3yJIbTATOB JUCCEPTALUU

ITo Teme nuccepranuu onyonukoBana 21 paborta, B TOM 4uCe: 5 B KypHaJIax,
BXOJISIIIIMX B MEPEUYCHb HAYUHBIX U3/IaHUN, PEKOMEHJOBaHHBIX i myOnukanun BAK
o0umM o0BeMOM 6 aBTOPCKMX JIMCTOB, 3 CTaThll B COOpPHHKaX MaTepUaioB
KOH(epeHI11ii; 8 Te3UCOB JOKIAI0B Ha KOH(PEPEHIIUSIX.

Crpykrypa U 00beM JUCCEPTAIUA

HuccepranionHas paboTa COCTOMT W3 OTrJIaBJIEHUS, BBEACHHS, OOLIEH
XapaKTEPUCTUKU PaOOThI, YETHIPEX IJ1aB, 3aKII0UEHUS, ONOIHOrpaduUecKkoro crucka
u JByx npuioxeHuid. [lonaHeli 00beM aMccepTauuu cocTaBisieT 94 cTpaHUIBI.
Pabora comepxxut 1 Tabnuiyy Ha 1 cTpanuie, 25 wunrocTpanuid Ha 12 cTpaHuiiax u



CIIUCOK HCIIOJIh30BaHHBIX UCTOYHUKOB M3 60 HamMeHOBaHUH (BKIIFOYAsi COOCTBEHHBIC
myOuKamym) Ha § CTpaHMIIAX.

OCHOBHOE COJIEP)XAHUE PABOTbI
B nepBoii riaBe npuBeeHO CTPOEHUE KOJIEOATETFHON CUCTEMBI CPETHETO yXa
B HOpMe (cM. puc. la) kKak OHOMEXaHWYECKOHW CHUCTEMBbI, JaHO OTHCAHHEC
(GYHKIIMOHATBHBIX CBOWCTB M (DU3MOJIOTHUECKUX OCOOCHHOCTEH COCTABIISIOIINX
anemeHnToB CVY, a Takke MeXaHH3Ma Iepeadd 3ByKOBOIO CHTHaja BO BHYTPEHHEE
yxo. JlaHo ommcaHue BO3MOXKHBIX TMATOJOTUHA W 3a00JeBaHUM, MPUBOIAIINX K
HEOOXOJMMOCTH XUPYPTUUECKOW PEKOHCTPYKIMH, TPHUBEICHA  KiIaccupukarms
TEXHUK  pecraBpanuu  OapabaHHOW  TEPEMOHKHW, a * TakKe  BapUaHTOB
OCCHKYJIOTUTACTHKU. 3 BCEX BO3MOXHBIX THIIOB PEKOHCTPYKTUBHOW XHUPYPTUU
paccMOTpeHBI TPH TEXHUKH THMITaHOIUTacTUkH («cartilage plate», «small island» u
«large islandy»), mpemycmarpuBaromuye 3aMeHy 3BEHa «MOJIOTOUYCK-HAKOBAJILHS» B
IIeTH CITYXOBBIX KocTouek Ha mpote3 Trrna PORP(pucynok 10, 2a).

N . O
1 — TuMnananbHasg MeMOpaHa; 2 — MOJIOTOYEK; 3 — HAKOBaJbHS, 4 — cTpeMs; 5 — OCHOBaHHE
CTpeMeHH; 6 — roJIOBKa CTPeMEHH; / — MeMOpaHa KPYIJIOro OKHA; 8 — CBSI3KU U MBIIIIIIH,
yIep KUBAIOIINE MOJIOToUeK; 9 — cTpeMeHHas mbiia; 10 — xpsmieBoii umrianrar; 11 — npores
turma PORP
Pucynok 1 - CTpoeHne cpelHero yxa B HopMme (2) 4 Ipu peKOHCTPYKuMH (0)

PaccmoTpensr BO3MOXKHBIE TOUKH yCcTaHOBKHU mpoTe3a Tuna PORP Ha TuMmanansHo#M
meMOpane (cm. pucyHok 20): Touka O — nentp TM; Touka C, («posterior pointy);
touka C; («interior point»); cpennsis Touka Cy, Ha muauu «malleus manubriumy.,

Pucynok 2 — IIpore3 Tuna PORP (a) u pa3jinyHbie TOYKH €ro
ycranoBku Ha TM (0)
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[loxazaHo, 4YTO BBINIOJIHEHHBIE B JAWCCEPTALMOHHOW pabOTe HCCIeAOBaHUS
SBJIIFOTCSL AKTYaJIbHBIMH U OPUTUHAJIBHBIMHU.

Bropas riaBa nocpsiileHa MOCTPOCHUIO MaTeMaTuueckux mojeneit PCY mis
pa3IMYHBIX BAPHAHTOB PEKOHCTPYKLIHUU OapaOaHHOMN MEpErnoHKH.

Ha pucynke 3 nokazana riobanpHas cucrema koopauHat OXyz, cBsi3aHHas C
HeHTpoM pekoHcTpyupoBaHHOW TM. Ilyctb C— LEHTp OCHOBaHHS TUTaHOBOIO
npoteza tuna PORP, S— mentp ocHoBanus crtpemeH, H — roioBka. cTpemMeHH.
[Ipote3 u cTpemsi paccMaTpUBAKOTCS KaK aOCOJIOTHO TBEPABIE TEJA U MOJEIUPYIOTCS
nByMsl HeedopMUpyeMble CTepKHAMU. BBeneHune npore3a B MOJOCTh CPEIHETO yXa
U €ro aHKUpPOBaHME Ha TOJIOBKY CTPEMEHHU BBHI3bIBacT Aedopmainio CBSI30K
OBAJILHOTO OKHA M pekoHcTpyupoBanHoil TM. [lpu sToM TOYka S 3aHMMaeT HOBOE
nosioxkenue R, a touka H nepemeriaercs B Touky K. B coequHeHnu «poTe3-cTpems»
NPUHUMAIOTCS YCJIOBUS IIapHUpHOTO coenuHenus. Ha pucynke 3 uepe3 Fry, My
0003HaY€HbI TJIABHBIE BEKTOPHI CUJIBI M MOMEHTA, JEHCTBYIOIIMX HAa OCHOBAHHE
npote3a co cTopoHbl TM, uepe3 Fp, Ma_ — TJIaBHBIE BEKTOpPHI CHJIBI U MOMEHTA,
JNEUCTBYIOIIMX HA OCHOBAaHUE CTPEMEHHM CO CTOPOHBI CBSA30K OBAJBbHOTO OKHA, Frp,
Mg — CHJIBI © MOMEHTBI, JACHCTBYIOIIME CO CTOPOHBI TUMIIAHAJIBHOIO KOJIbLIA Ha
pexkoHcTpyupoBaHHyto TM, Fgp— cuila, BO3HHMKAOIIass B COEIMHEHHH «IIPOTE3-
CTPEMSI».

1- PEKOHCTPYHUPOBAHHAA TUMIIAHAJIbHAA MeM6paHa; 2 — OCHOBaHME IIpoTE3a, 3 - IIPpOTE3;
4 — ctpeMst; 5 — OCHOBaHUE CTPEMEHH; 6 — BHYTPEHHUI KOHTYp TUMIaHAJIbHONH MEMOpaHbI;
7 — BHENIHUN KOHTYp THUMIIaHAJIbLHOW MeMOpaHbl; 8 — JIMHEIHbIe paciipe/ieleHHbIe PYKUHBI;
9 — TopcHOHHBIE pacrpeieIeHHbIE PY>KUHBI
Pucynok 3 — 'eoMeTpuueckasi MoJe/ib peKOHCTPYHpOoBaHHOU TM u cTpemMeHH 10
(a) 1 mocJie ankupoBaHus (0) MpoTe3a HA TOJIOBKY

C ydyeToM NpUHATHIX YCIOBHH compsbkeHuss TM monaenupyeTcsi Kak KOJIbIeBast
KpyTJiasi Wiu OBaJIbHAsI YIpyras MJIacTUHKA, 00J1aaronas KeCTKOCThI0 Ha n3rud. B
3aBUCUMOCTH OT TEXHUKH PEKOHCTpyKUMH 1M, paccMaTpuBarOTCs pa3jIMuHbIC
Mozenu aehopMupoBaHus 0apabaHHON IEPETIOHKH.



B cnyuae texnuku «cartilage plate» B xauectBe ypaBHeHuit paBHOBecus TM
NPUHUMAIOTCS ~ CIIEAYIONINE YpaBHEHUS, 3alMCaHHbIE B TOJSIPHOW CHUCTEMeE
koopauHart (I, @), CBI3aHHOU ¢ IICHTPOM OCHOBaHUs Tpote3a C:

DA*w=P,, (1)
2 _ 2 2 _
5 6L;1+18ul_12u1 +1 ZVa u21+1+v8 u2+v238u2:0’ )
o” ror r r- oo r orop r° oo

2 0°u, 1+vo’u, v-3au, 0
2 a(p !

v 82u2+;8u2_iu +— +
ot ror r2 ) rtoept  r ordp
rae U;, Uy, W— TaHTCHIHUAIbHbIC M HOPMajbHOE TiepemelneHus Touek TM, D —
IIWIMHAPUYECKas JKECTKOCTh, Pg— pasHHUIla MEXIy arMOC(epHBIM JaBJICHHUEM H
JIABJICHUEM B ITOJIOCTH CPEHETO yXa B MOCICONEPAITMOHHBINA TICPUO/T.

Ecnu npu pexonctpykiun TM ucnonb3yetcst Texuauka «small islandy, to mms
onucanus aepopmupoBanus TM NPUHAMACTCS TEOPHS CIOUCTBHIX AHU30TPOITHBIX
wiactud 3. . ['puroiitoka, y4uThIBarOIIas OTHOCUTEIbHBIC CIABUTU cilioeB. Torna,
BMECTO ypaBHEHUs (1) MPUHUMAIOTCS YPaBHECHUS:

D 1—922A No=P, w=(-€¢BAo, (3)

S

rae P, 60— mapamerpsl, yuyuThIBaromme >(PQPEKTbl MOMEPEUHbIX CABUTOB, a  —
byHKIIUS TepeMenieHu .

[Mpu pexoncrpykumu TM ¢ wucnons3oBanueM TexHUKU «large islandy,
PEKOHCTpYHpOBaHHasi OapabaHHas MEpPENOHKa PAacCMAaTPUBAETCS KaK CUCTEMa JBYX
KOHIEHTPUYECKU  COMNPSIKECHHBIX OJHOCIOWHOM W  JBYXCIOMHOM  KOJIBLIEBBIX
IJIACTUHOK. B 3TOM cilydyae BHEIIHAS JBYXCJIOWHOW IUIACTUHKA, COCTOAILIAs W3
XPSIIIIEBOT0 UMITJIAaHTaTa U OCTATKOB TKaHel O0apabaHHOU MEepenoHKH, 3aMEHSIETCS Ha
OJTHOCJIOWHYIO TUIACTUHKY C TpuBeAeHHbIMH MoayneMm HOHra u xoadduimeHTom
Ilyaccona. [Ins omnucanus paBHOBeCHs JaHHOM  KoJIeOATEIbHOM  CHUCTEMBI
UCMONB3YIOTC  ypaBHeHus (1), (2) s J[ByX IUIACTHHOK C  Pa3jIMYHBIMU
r€OMETPUICCKUMHU U (PU3NIECKUMHU TTapaMeTpamHu.

Bo Bcex cnydasx Ha TuMnaHaidbHOM Koible I=I['(¢) paccmaTpuBaroTcs
YCJIOBHS YNIPYTOM 3a/I€JIKH, & Ha KOHType comnpspkeHuss TM ¢ mpoTe3oM — yCiaoBUs
KeCTKoM 3amenku. [IpuBoanuTCs aaroput™ nocrpoeHus pemieHui ypaHenuii (1)—(3)
C COOTBETCTBYIOIIMMHU TPAHUYHBIMU YCJIOBUSAMH, COIJIACHO KOTOPOMY BCE
HEU3BECTHBIC (PYHKITMHU PaCKIAIbIBAIOTCS B psAsibl Dyphe 10 KOOPAUHATE .
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VYpaBHeHUsI paBHOBECHSI ITPOTE3a U CTPEMEHU B BEKTOPHOU (popMe BBIpaXKaroT
PaBEHCTBO HYJIIO IIaBHBIX BEKTOPOB CHUJI U MOMEHTOB U UMEIOT BUJI:

FTM + Fsp = O, MTM + Fk X Fsp = O, I:AL + FPS = O; MAL -k X FSP = 0 (4)

rre Fy €50 fq u M, €@ ;ml;m; onpenemsiorcs w3 ypaBHeHHs

(bI’ISI/II'IeCKOFO COCTOSHUIA CBA3KHU OBAJIBHOI'O OKHA.
- -
EvEMN -8l AN -1 E 1
AL’fAL’fAI’mAL’mAL’mAI/_CRB(:Hnr’ r Qe O, O ()

3necy marpunia Crg OmpeiensieT aHW30TPOMHBIE CBOMCTBA CBSA3KM OBAJHLHOI'O OKHA,
Hal{/leHa SKCIIEPUMEHTAIRHO (JabopaTopusi OTOPUHOIAPUHIONIOTHH JIpe3neHcKoro
TEXHUYECKOro yHUBepcurera, M. bepautn), &, 1y, { — KOOpAMHATEI TOUKU R, a a,
Oy, O — YTJIBI TIOBOPOTA CTPEMEHH BOKPYI' KOOPAMHATHBIX OCEH.

VYpaBHeHuss paBHoBecusi (4) ABISAIOTCS HENMHEHHBIMH  OTHOCHUTEIBHO
NepeMeIleHr 1 MOBOPOTOB BceX 3jeMeHTOB PCY M MMEIOT HECKOJIbKO PEIICHUH,
COOTBETCTBYIOIIMX CMEKHBIM YCTOMYMBBIM M HEYCTOWYHMBBIM MOJIOKEHUSAM IPOTE3A.
s onpenenenuss onTumanbHOW —koHpurypauuu PCY, coorBercTByrOMIEiH
MHUHHMMAJIbHOMY YPOBHIO HAIPSDKEHHWW, B PACCMOTPEHHE BBEACHA IMOTECHIHAIbHAS
sneprus PCVY:

[grme = TIaL + Iy + Iltg, (6)

cocTosimas u3 mnoTeHuuanbHoi 3Hepruu Il nepopmarmu TM, noTeHHHATIBHOM
sHeprun Iy AedopMupoOBaHus CBS3KM OBAJIbHOTO OKHA, a Takxke sHepruu Iy
nehopMUpPOBaHMSE THMIIAHAIBHOTO KOJIBLIA.

B Tpertbeii ry1aBe BBINONHEH pacyeT HanpsbkeHud u nedopmanuii B PCY B
cllyyae MCHoyib30BaHusi TexHuku «cartilage plate» pexoncrpykumu TM. 3pech B
KaueCTBE MCXOJIHOM paccMarpuBaeTcsi cucteMa ypaBHeHui (1), (2) B mossipHOIA
CHCTEME KOOPJIUHAT C IIEHTPOM B Touke C (CM. pHCYHOK 3).

Ha BHemnem koHtype I=I'(¢) (Ha TMMIaHAIBHOM KOJIbLIE) (OPMYIUPYIOTCS
YCIIOBUS YIIPYTOW 3aICTKU:

Qn - klwlzr([,:: “ n_ thn I:r()j: u, ‘r:l‘(p:: U, ‘rzr():: 0 (7)

rne ki w Ki— DKCIepHMMEHTalbHO HaWJICHHBIC KOIPPHUIMEHTB IKECTKOCTH
pacmpe/ieiecHHbIX ~ JIMHEWHBIX W TOPCHOHHBIX  TIPYXXHH,  MOJCIHPYIOITUX
tumnananbHoe kosbino (Wada H., Koike T., Kobayashi T., 1997), Q, u M, —
0000IIIEHHBIE TIepepe3bIBalONINe YCUIINUS U M3rubaronme MOMEeHThl. Ha BHyTpeHHeM
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HepepopMupyeMoM KoHType I = a (iwHum conpsbkeHrus TM W OCHOBaHHS MPOTE3a)
MPUHUMAIOTCS YCJIOBUS JKECTKOM 3a/IeJIKH, KOTOpPbIE JJIsl MepeMeleHuil Uy, U, u W
SABJISIIOTCS. HEOJHOPOJHBIMU YCJIOBUSIMU U 3aBUCAT OT MEPEMENICHUNH U MOBOPOTOB
npote3a B nojioctu CY. B wacTHOCTH, J1s1 HOPMAJIBHOTO TIPOTH0a UMEEM:

W, =w, +bsin6,sin@, cosp+bsind, cose, sino, (8)

rae W, — nepeMelleHue OCHOBaHMs IpoTe3a B HampasiaeHuu ocu Cz, a O, u 0, — ero
MOBOPOTHI BOKPYT oceil CX u CZ COOTBETCTBEHHO.

O} PeKTUBHOCTh BBINOJIHEHHON PEKOHCTPYKTUBHOW ONEpPAalUUA 3aBUCUT OT
psna (akTopoB: XapaKTEPUCTUK HMMILIAHTATa, pa3MEPOB BBOJUMOTO TMPOTE3a U €ro
opueHtaumu B mojoctu CY. B cooTBeTcTBUM C NaHHBIMU KOHEYHO-3JIEMEHTHOTO
monemmpoBanus  (Wada H., Koike T., Kobayashi T.,  1997) xo>ddurnuent
aKyCTUYECKUH MPOBOJMMOCTM 3BYKOBOIO CHTHaja MpPHU  OCCUKYJIOILIACTUKE
peIMTENbHBIM 00pa30M 3aBUCUT OT MecTa pacrnoioxkeHus mpore3a PORP na TM. B
YaCTHOCTH, II0KAa3aHO, YTO HaumOoJee ONTUMAIbHBIM SBISIETCS PACIOJIOKEHUE
OCHOBaHUs mpotesa, Touku C, BOmm3u nentpa TM, touku O (cMm. pucyHok 2 u 3). B
JTUCCEPTALMM BBOJSTCS JiBa MalbIX MapaMeTpa: MmapameTp [, XapaKTepHU3YyIOIIM
HKCLIEHTPUCUTET TUMITAHAJILHOTO KOJIbLA (T.€. €ro OJM30CTh K OMOPHOU OKPYXKHOCTH
pagnyca r=a), m mapamerp U, =0C/a, XapakTepHU3YIONUH 3KCIICHTPUCUTET
pasmenieHuss ocHoBaHus mpote3a Ha TM. PaccmarpuBarorcst nBa ciydas, Koraa
a) i <<1uo)pu,~1.

B cnywae a) ¢ynkums r=I['(¢p), ompenensiomas KOHTYpP THUMIIAHAJIBHOTO
KOJIbIIA, PACKJIAIbIBACTCS B PSA;

F(;}a(u pz [ﬁ cosk(p+y§sink(p} o(xj, (9)
k=1

TA€ W= [y WIH WL = L.
3nech pemenusi ypaBHeHui (1), (2) mocTpoeHbl B BUIE ACUMITOTUYECKUX
PAIOB O CTEIEHSIM MaJjoro napamMmerpa:

u =u’ +uu; +o€, u,=u +puu; +o€ , w=w"+pw +oq (10)

roe U;, U, W (i=0,1,2,...) mpencranensl psigamu Dypbe 10 OKPYKHOM

KOOPJIUHATE (:
wW=wy + Y [/LC coske + wy sin k(p:, ul =uljy + > [']‘,; coske + U sin k(p:. (11)
k=1 k=1
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B caywsae 6) pp,~1 pemenus ypaBHenuit (1), (2) HaxOaWIUCh YHCIEHHO
METOJIOM  KOHEYHbIX  pa3HocTed. llpemmokena  MeToauka  YHCIEHHOTO
UHTETPUPOBAHUS, OCHOBAaHHAs Ha HEpaBHOMEpPHOM pas3Ouenuu obmactu TM

(pucyHOK 4).

Pucynok 4 — HepaBHOMepHasi KOHEYHOPA3HOCTHASI CETKA

Ha ocHoBaHMM HaWJAEHHBIX ACHUMIITOTHYECKMX W YHCJICHHBIX PEIICHUN
ypaBHenuit (1), (2) onpeneneHbl yCUIUsS U MOMEHTHI, JIEUCTBYIOIIME HA MPOTE3 CO
ctopoubl TM. IloacTraHoBka mocieAHUX B HEJIWHEWHBbIE ypaBHeHUs (4) mo3Bojuia
HalTHU MCKOMBIE TEPEMEIICHUS] U MOBOPOTHI MPOTE3a M CTpeMeHH, ycuine Fsp B
COWICHEHUH «IPOTE3-CTPEMS», a TaKKEe HAMPSIKEHUs, BO3HUKAIOIIME B CBSI3KE
OBaJbHOTO OKHA. CpaBHEHUE PE3YyIbTATOB BBIYUCICHUN, MOJYYEHHBIX JIBYMS
METOJJaMU B cllydae, Korja MnpoTe3 pasmeniaercs Ha TM nocTtaTodHO OJM3KO K ee
LHEHTPY (12 =0,05) yKa3blBaeT  Ha  YJAOBJIETBOPUTEIHHYIO TOYHOCTh
acumntornaeckoro merona oneHkd HJIC B PCY (pucyHnok 5).

0,1
0,08
0061
0,041 ‘
0,02 L ===

0,151
0,12
0,09
0,06

0,03] "
Al, MM Al, MM

OLI 0;2 0;3 0;4 0‘,5 0;1 0;2 0‘,3 0;4 0;5
8, =+ /&2 +m: +&2 , €OS 05 = COS ag COS a;

1 — acumnroruueckuit meton as p = 0,05; 2 — metoa koHeuHBIX pazHoctet st p = 0,05;

3,01
241
1,81
124 _
0,6

3- METOA KOHCYHBIX pa3HOCTeI>'I B TOUKE Cm
Pucynok 5 — AHAJIU3 BJUSTHUSA JJIMHBI IPOTE3a U MeCTa €ro ycraHoBku Ha TM Ha
H/IC cucTembl, BLINOJHEHHBIN ¢ HCI0JIb30BAHNEM ACUMIITOTHYECKOI0 M
YHMCJIEHHOI0 METOA0B

B nuccepTanuu BBITIOIHEH BCeCTOpOHHUM aHanu3 3aBucuMocty H[C cuctemMsl
PCY or mecta yctaHoBkM mpoTe3a Ha TM, pa3smepoB mpoTe3a (B YaCTHOCTH, €ro
JUTUHBI), MOAYJISL YIIPYTOCTH U TOJIILIUHBI XPAIIEBOT0 UMIUIAHTATA, a TAKKE Pa3HOCTU
JIaBJICHU BO BHEIIHEM M CPEAHEM YyXE. YCTaHOBJIEHO, YTO C YBEIWYECHUEM
napameTpa OC u npu (HUKCHPOBAHHOM 3HAYCHHM TPUpPALICHHUS JIUHBI rpore3a Al
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YCWIHS B COUJIEHEHUU «IPOTE3-CTPEMS», & TAK)KE HANPSIKEHUS B CBSA3KE OBAJIBHOIO
OkHa W ee jaedopmammu Bo3pactaroT (cM. pucyHOkK 5). [lokazaHo Takke, 4TO TpH
HAJOKEHWH Ha TUMIIAHAJIBHOE KOJIBLO XPSIIEBBIX MUMIUIAHTATOB ¢ MoayjieMm IOHra,
U3MEHSIOIUMCS B mipeaenax ot 2,8 g0 3,3 H/ MM? U TOJIIIUHOM 0,15 mm, ycTaHOBKa
poTe3a B OKPECTHOCTH TOUKH Cp, (unu C,) Ipu HENpaBUILHOM HOJ00pE €ro AJUHEI
(marmpumep, ipu Al > 0, 4 MM) MOKET IPUBECTH K JIFOKCAIUU CTPEMEHH, a B JIydIIeM
cillydae — K OIpPAaHMYEHUIO €ro MOABWKHOCTH. Kak ciencTBHe BBIIOJIHEHHOIO
aHanuza, Cc(OpMyIHMpPOBaHBl PEKOMEHAAIMHU, B COOTBETCTBHH C KOTOPBIMH,
OCHOBaHHE TMpOTe3a CleAyeT pa3Melarb Kak MOXXHO OJMKe K ILEeHTPY
pexoHcTpyupoBanHoit TM, amantupys mpu 3ToM GopMy U JJIMHY MpoTe3a K
WHIUBUYAIBHBIM OCOOEHHOCTSIM CPEJTHETO yXa MMALMEHTA.

B nuccepranuu BrepBble YCTaHOBJIEHA MHOXKECTBEHHOCTh CMEXHBIX OJIM3KUX
nosioxkeHuii paBHoBecus PCY, oOycioBieHHas, ¢ OJHOH CTOPOHBI, aHW30TPOINHEH
CBA3KM OBAJIBHOIO OKHA, a C JPYroM CTOPOHBI— HENMHEHWHOCTHIO YpPABHEHHI
paBHOBecust (4) BBemeHHOro TmpoTe3a W crpeMeHH. Jlms aHaiM3a CBOWMCTB
KOH(UrypalMii  CHCTEMbI, COOTBETCTBYIOIUUX OOHAPYKEHHBIM
paBHOBecCHs, ObLI BBIIIOJIHEH pacyeT noTeHuaibHou sHeprun PCY. Jlanublil pacuet
(npuBeneHHbI B TaOiuie 1) yka3plBaeT Ha HaJIuuue OJIM3KUX YCTOMYUBBIX U
HeycToMuuBbIX (hopMm paBHOBecus PCY, COOTBETCTBYIOMIMX JIOKATBHBIM MUHUMYMY
U MAaKCUMYMY NOTEHIIMAIbHOW SHEPTUU CUCTEMBI.

ITOJIOXCHUAM

Tabnuna 1 — [loreHumanbHas SHeprusi cuctembl Ilgye U8 pa3IUUYHBIX COCTOSTHUM
paBHOBecHs U nIapaMeTpbl Wy, Oy, Fsp, 8, = /E7 +m? + 7, COS a5 = COS @ COS @

Cocrosaue paBHoBecus | Fsp, H Wp, MM 0Oy 0s, MM Os Irme, dx
1-e, ycToitunBoe 0,0735 0,054 0,0543 0,014 0,0403 0,0019
2-0€, HEYCTONYNBOE 0,0792 0,052 0,0627 0,012 0,0415 0,0034
3-0e, yCTOHYHBOE 0,0831 0,051 0,0695 0,008 0,0424 0,0022

CrencTBuEM BBITIOJIHEHHOTO dHepreTudeckoro anaimumza PCY  sgBiastoTcs
CIICAYIOIHE a) PacCMOTPEHHBIH pekoHcTpykiuu  CVY,
peAyCcMaTPUBAIOIIUN THUMITAHOTUTACTUKY M OCCHKYJIOIUIACTHKY C YCTaHOBKOM
mporeza PORP, 3amemraromero 3BEHO «MOJIOTOYEK-HAKOBAJIBHS», IPUBOJHUT K
HEOHO3HAYHOCTH MoJ0KeHUs KoHpurypanun PCY; 6) naxe eciau Xupypr, 3aBepiias
OTICPAITHIO, YCTOWYMBOM  TIOJOKEHUU PABHOBECHS,
COOTBETCTBYIOIIEM MUHUMAJIBLHOMY YPOBHIO HANpPSsDKCHHM, BHE3AMMHOEC H3MCHCHHE

BBIBOJBI: BapHuaHT

OCTaBJISIET CUCTEMY B
JIaBJICHHs] (HalpuMep, BBI3BAHHOE YMXAHUEM) MOKET BbI3BaTh W3MEHEHUE BCEU
KOH(HUTypaluu CUCTEMBI W, KakK CJEJCTBHE, HCKAKEHHE CIEKTpa COOCTBEHHBIX
YacTOT M 3BYKONPOBOSIINX xapakTepucTuk PCY B menom.

B uerBeproii rinase BeimosiHeH pacuer HJIC PCY B ciaydae 4yacTHYHOTO
coxpaHeHus TkaHen TM. B 3aBUCMMOCTH OT pa3MEPOB OCTATKOB €CTECTBEHHBIX
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tkaHeit TM mnpumeHsroTcs TexHHKH pekoHCTpykmmu «Small islandy» wmm
island» (cm. pucyHoK 6).

«large

a b c

% o W
| N N XX
a) &% 6)
1 2 3 @\ 3
B) r)
a), 0) mosoxkeHue 10 aehopMaluu; B), T') HOJOKESHUE TTOCIe AedhopMariu
a), B) «small islandy; 6), r) «large island»

1 — ocTarku TUMIIaHAIBLHONW MEMOpAHBIL; 2 — XPALIEBON UMILJIAHTAT; 3 — OCHOBAHUE MPOTE3a
Pucynok 6 — PekoncTpynposannass TM npu HaIM4uM OCTATKOB €CTECTBEHHBIX
TKaHel 0apa0daHHOH nepenoHKHU (0ceBor paspes)

Texnuka pexonctpykiuu «Small island» ucnons3yeTcst mpyu He3HAYMTEITLHBIX
noBpexaeHuax TM. Cuwuras, 4TO pa3Mepsl MOBPEXKICHHOH O0JacCTH MEHbIIE
OCHOBAHMSI YCTAHABJIMBAEMOTO MIPOTE3a, PEKOHCTpyupoBaHHas TM paccMarpuBaercs
KaK JIBYXCJIOWHas TutacTUHKA (3), OJMH CIIOW KOTOPOW — €CTECTBEHHBIC TKaHH TM,
BTOPOM — XpAMIEBOW HWMIUIAHTAT. | paHUYHBIE YCIOBHS W METOJ PELICHHS
aHaJIOTUYHBI TPUMEHEHHBIM paHee.

B nmmccepranmm mokazaHo (pucyHok 7), uto B mHTepBaye 0 <Al <0,175 mm
3aBHCHUMOCTh Fgp, Os, 05 OT mapameTpa Al HOCHT JIMHEHHBIH XapakTep, OIHAKO

z[aHLHeﬁmee YBCIIMYCHUC JJIMHBI ITPOTE3a ACJIAaCT 3TY 3aBUCUMOCTD HEJINMHECHHOM.

0,1

0,08
0,06
0,04

0,021 %

'’
] F. P> H ///

0,12
0,09
0,06

0,151

0,034

01 02 03 04 05 6)

3,0

a, x10° Ve

01 02 03 04 05 B)

1, 3 - cnyuait mogenupoBanust TM aByxcnoitHoi rractunoit ¢ L = 0 u p = 0,05;
2, 4 — cyuait mogenupoBanusi TM 0IHOCIIONHOMN TTACTUHOM ¢ IpuBeIeHHBIMU MoaysieM KOHra u
kodpunnentom Ilyacconac p =0wu p = 0,05
Pucynok 7 — Pe3yJibTaThl pacueToB AJIs Pa3JIM4YHbIX MOJAeJIel
PEKOHCTPYMPOBAHHONH TUMIIAHAJIbHOH MeMOpPaHBI

[IponsBeneHO cpaBHEHUE PE3YJILTATOB, OJYUYEHHBIX TP MoAenupoBanuu TM
JIBYXCJIOWHOW IJIACTMHOM, C MOJENbl0, B Kotopod TM paccmarpuBanach Kak
OJIHOCJIONHAs

C TMNPUBCACHHBIMU XaApPAKTCPHUCTUKAMH, AHAJIOTUYHBIMU CJIY4aro

JIBYXCJIOWHOW IUIACTUHBI. B pe3ynbpTare MOXHO cAenaTh BBIBOJ O TOM, YTO YYET

MOMCPCUYHBbIX CABUIOB MCKIAY CCTCCTBCHHBIMU TKAHIMU ™ wu XPAIICBbIM
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VUMIUJIAHTATOM HayuMHAeT He3HauuTeslbHO ckasbiBaThes Ha HJIC PCY nmme npu
ymmaenun npote3a Al > 0,3 mm. [Ipu 3ToM BiHsSIHUE MOTIEPEYHBIX CABUTOB CHIIbHEE
IIPOSIBIIAECTCS NIPY YCTAHOBKE NpOTe3a B LIeHTpe TM, HO M B 3TOW TOYKE MOIEPEYHBIE
CABUTU JOCTATOYHO Mayibl. OOYCIOBJIEH TaKoWl pe3ynbTaT OOJIBIIONW >KECTKOCTHIO
XpSILIEBOr0 HMIUIAHTaTa MO CPABHEHUIO C JKEeCTKOocThbto TM, BcieAcTBUE YEro
UMEHHO €ro CBOWCTBa B OOJbIlEH CTENEeHH O0yCIaBIMBAIOT (U3MUYECKUE CBOWMCTBA
peKoHCTpyupoBaHHO TM.

Jlanee B puccepranuu paccMarpuBaercs: Texauka «large islandy», mpu kotopoit
pa3mep mnoBpexJeHHOW obmactu TM gocratouHo Benuk. B 3Tom  ciydae
peKoHCTpyupoBaHHass TM Mozxenupyercs CHUCTEMOM JIBYX  KOHLUEHTPUYECKH
COTPSDKEHHBIX KPYTIIBIX KOJIBIEBBIX IJIACTUHOK (PUCYHOK 6).

VYuuteiBasg cmaboe BAMSHUE ToNepedHbix caBuroB cinoeB Ha HJC
K0JIe0aTeIbHOM CHUCTEMBI, a TAKKE CPABHUTEILHO HEOONBIION pa3Mep ocTaTkoB TM,
PAacCMOTPUM BHELIHIOKO KOJBLEBYIO IUIACTHHKY KaK OJHOCIONHYIO C YCPEIHEHHBIMU
T€OMETPUYECKUMH U MEXaHUYECKUMH XapaKTEPUCTUKAMH.

Ha xoHType comnpsskeHuss BHYTPEHHEHW W BHEIIHEH KOJBLEBBIX IUIACTUHOMN
pPacCMOTPHUM YCIIOBHSI HEIPEPHIBHOCTH MEPEMELIEHUI U TTIOBOPOTOB:

Ug n = Uz, Up ¢ = Up s Wy = Wa, Y10 = Y2, ns (12)

aHAJIOTMYHO pPAacCMaTPHUBAETCS ~PAaBEHCTBO YCHUJIMH M MOMEHTOB Ha KOHTYpE
conpsbkeHus. Jlanee MeToA  peleHHs aHAJIOIMYeH pPacCMOTPEHHOMY paHee
ACUMIITOTHYECKOMY METOY, IPU 3TOM KOHTYP COINPSIKEHUS TAK)KE pacCMaTpUBAETCA
OnuM3kuM K Kpyry paamyca C. CremneHb OJIM30CTH XapaKTEpU3YETCS MallbIM
napamMeTpoM TOTO K€ IMOPSAAKA, YTO U MapaMeTp LL.

AHann3 Moaenu mokasani, u4ro 3asucumocts H/IC ot pa3smepa noBpexaecHHON
obnactu TM Gobliie BbIpaK€HA, HEXKEIW 3aBUCHUMOCTb OT (JOpMBbI 3TOH 00sacTu
(pucyHoK 8).

F\'P! H

014
0,084
0,064
0,04
0,024 ==

0,1 A
0,084
0,064
0,04+
0,02+

0.1
0,08
0,061
0,04
0,02

a) 01 02 03 04 05 6) 0.0 02 03 04 05 B) 001 02 03 04 05
a) BIUSHHE pa3Mepa MOBPEXICHHON 00J1aCTH TUMITAHAILHON MeMOPaHBI;
0) BIMsAHHE pa3Mepa HEPOBHOCTEH OCTATKOB TUMITAHAIBHOM MEMOpaHHI;
B) BIIMSTHHE XapaKTepa HEPOBHOCTEH THMIaHAIBHOW MeMOpaHbI:
1-Ti(p)=c;2-Tj(p)=c (L +pcos4¢); 3-Tj(p) =c (1 +pcos8q)
Pucynok 8 — 3aBHCHUMOCTDH YCHJIUA B COCAMHCHUU «IIPOTE3-CTPEMSA» OT
HEPOBHOCTEH 0CTATKOB TUMIIAHAJIbHON MeMOpPaHbI
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3AKJTIOYEHHUE

OcHOBHBIE HAy4YHbIE pPe3yJabTaThl JUCCEPTALUH

— C ucrnosib30BaHUEM KJIACCUYECKOM TEOPUM TOHKHMX HM3O0TPOIHBIX IJIACTHH
MOCTPOEHBl OMOMEXaHWYEeCKass MU MaTeMaTH4eCKas MOJEIH PEKOHCTPYUPOBAHHOIO
CpeIHEro yxa, IMOJABEPrHYTOr0 TUMIIAHOILIACTHKE Mo TeXHHKe «cartilage plate» [1,
11, 12, 19, 21]. IloctpoeHHas MaTreMaTWdeckas MOJIeTh TO3BOJISIET PAaCCUUTATh
HaANPSHKEHHO-E(DOPMUPOBAHHOE COCTOSTHUE PEKOHCTPYHPOBAHHOM KoJeOaTeabHOU
CUCTEMBI JUI1 pa3JIMYHBIX [MAPaMETPOB BBOJMMOIO MPOTE3a M HUMIUIAHTATA,
3aMEIIAIOIIEr0  TUMIIAHAIBHYI0 MeMOpaHy. Pemienuss ypaBHeHU#  nporu0a
TUMITAHAJIbHOM MeMOpaHbl HalJIEHbI C UCIIOJIb30BAHUEM ACHUMIITOTHYECKOTO METOAA
[7, 16] m Meroma koHewHBIX pasHocted [2, 17]. HMcciaemoBaHo BIMsSHUE ydeTa
MEMOpaHHBIX YCHUJIUN B PEKOHCTPYMPOBAHHON THMIIaHAJIBHOW MeMOpaHe Ha
HaIpsHKEeHHO-e(hopMUpOBaHHOE cocTosTHAE |8, 13] Kome0aTenhbHOM CUCTEMEI.

— C wucnons3oBaHMEM TEOpUHM CIOUCTBIX IracthnH . WM. I'puromroka
NOCTPOEHbl OMOMEXaHWYeCcKass MU MaTeMaTH4ecKas MOJEIH PEKOHCTPYHUPOBAHHOIO
CpEIHEro yxa B cllydae MPOBEJICHUS TUMIAHOILIACTHKU 1o TexHuke «Small islandy
[3]. [Toka3zaHo, YTO BJIMSHHE IMONEPEYHBIX CABHIOB B BOCCTAHOBJICHHOW CIOWCTOM
OapabaHHOl ~ MEpenoHKE  Ha  HalpsHKEHHO-Ie(POPMUPOBAHHOE  COCTOSIHUE
K0JIeOATEeIbHOM CHUCTEMBI B LIE€JIOM SIBIISIETCA HE3HAYMTENbHBbIM. JlaHHBIM BBIBOX
MO3BOJISIET TMpPU  MOJEIMPOBAHUU TUMIIAHAJIBLHOM MeMOpaHbl, MOABEPTHYTOM
pPEKOHCTpPYKIUH 110 TexHuUKe «large islandy», orpanrnuuBaThCs KIIACCHYECKOM Teopueit
YIOPYTOCTH  HM30TPONMHOM - OJHOCIOWHOW  IUJIACTUHKM  C  NPUBEICHHBIMHU
FEOMETPUYECKUMU U (PU3NYECKUMH XapaKTEPUCTUKAMH.

— IlocTpoeHa maTemMaTH4ecKas MOJEIIb PEKOHCTPYUPOBAHHOTO CPETHETO yXa B
cllydae WCIOJIb30BaHUSA THMIMAHOIUIACTUKK 1Mo TexHuke «large island» [4, 5]. Tlpu
TOM THUMIMaHaJIbHASI MEMOpPaHa MOJEINPOBATIACh CUCTEMOM U3 IBYX KOJIBLIEBBIX (MM
ONM3KUX K HUM) TIACTHH, JKECTKO COIPSDKEHHBIX MO 001eMy KoHTYpy [9].

— Jlos  pa3iMuHBIX TEXHMK PEKOHCTPYKIMU CpPEJHEro yxa BbIBEJICHA
HEJIMHEHHas CHUCcTeMa alreOpanyecKuX YpaBHEHUM OTHOCHUTENIbHO HEU3BECTHBIX
napamMeTpoB,  XapakTEPU3YIOUIUX  HaNpsHKEHHO-Ie()OPMUPOBAHHOE  COCTOSIHHE
KoJiebaTenpHOM cucteMbl [15]. UucneHHoe pelieHue AaHHOW CHUCTEMBI MO3BOJIUIIO
YCTAaHOBUTh HAJIWYUE HECKOJBKUX CMEXKHBIX YCTOWYMBBIX U HEYCTOWYUBBIX
COCTOSTHUM ~ paBHOBeCHs  KojieOaTeabHOW  cHCTeMbl — cpeaHero  yxa  [18],
COOTBETCTBYIOILIUX Pa3IMYHBIM YPOBHSIM NOTEHIMAILHON SHEPrUn
PEKOHCTPYUPOBAHHOTO cpefHero yxa. Hanuune cMeXHBIX paBHOBECHBIX MOJIOKEHUIM
npore3a [6] mo3BojsieT OOBACHUTH TakodW 5(PQEKT, Kak BHE3AMHOE HW3MEHEHHE
(HanpuMmep, MpU YMXAHUM U T.N.) OJHOTO YCTOMYMBOIO TOJOXKEHHUS Ha JIPYroe ¢
0oJiee BBICOKMM YPOBHEM TMOTCHIMAJIBHOM dSHEpruu. BhIMOJHEHHBIA aHaIu3
CMEXHBIX TIOJIOKEHUH paBHOBECHS IMO3BOJMJ  CHAENaTh BBIBOJA: HamboJiee
NPEANOYTUTENBHBIM BAPUAHTOM PEKOHCTPYKIIMH SIBJISIETCSI TEXHUKA, B COOTBETCTBUU

14



C KOTOpPOl BBOAMMBIA IPOTE3 3aHMMAET B IIOJIOCTU CPENHETO yXa IOJOKEHHE,
KOTOPOE COOTBETCTBYET MUHUMAJIBHOMY YPOBHIO MOTEHIIUATBHOU SHEPIHUH.

— Jlng  pasiMyHBIX TEXHUK THMIAHOIUIACTUKH HCCIIEOBAHO BIIMSHHUE
Pa3IMYHBIX XapaKTEPUCTHUK IPOTE3a U XPAUIEBOIO UMILIAHTATA, @ TAKKE OPHUEHTALIMH
poTe3a B IMOJOCTH CPEIHEr0 yxa Ha HaIpsSKEHHO-I€(POPMUPOBAHHOE COCTOSIHUE
CpPEHEr0 yxXa. YCTaHOBJEHBbI 3aBUCHUMOCTH I1apaMETPOB, XaAPAKTEPU3YIOIIHUX
HANPSHKEHHO-e(DOPMUPOBAHHOE COCTOSIHUE, OT MapaMETPOB MPOTE3a U XPSIIEBOTO
UMILIaHTaTa. J[aHHbIE 3aBUCHMOCTH MTO3BOJISIOT ONPEAEIIATh ONTUMAJIbHBIE 3HAYCHUS
TUX NApPaMETPOB C YUETOM MHAMBUAYAJIbHON apXUTEKTYpPhl CPEAHErO yXa MalueHTa
[6, 14, 20].

— HccnenoBaHo BIMSHHE MeECTa CKJIEHMBAaHHMS OCHOBAaHMS IpoTe3a C
PEKOHCTPYUPOBAHHOW THMITAHAJILHONH MeMOpaHO# (B ciydae pPa3jMYHBIX TEXHUK
PEKOHCTPYKIIMHM), a TaKXke pa3MepoB U (OpMbI HOBPEKICHUS TUMIAHAIBHOU
meMmOpanbl (mpu ucrons3oBannu TexHuku «small island» u «large island»
TUMITAHOIUJIACTUKM) Ha HampsKeHuss u Jaedopmaiiid, BO3HUKAIOIMIME B CBS3Kax
OBAJIBHOI'O OKHA, COEAMHEHUH MTPOTE3a CO CTPEMEHEM M B THMIAHAIBHOU MeMOpaHe.
OOHapyxeHo, YTO HanboJiee MPEANOYTUTENbHBIM SBIISIETCS pPa3MEIICHHE OCHOBAaHUS
poTe3a B OKPECTHOCTH IIEHTPA TUMIIAHATHLHONH MeMOpaHbl, TnO0 Ha yimHuHM «malleus
manubriumy wim JTMHUK, COSTUHSIONIEH MEHTP THMITAHATLHOW MEMOpPAHbI ¢ TOYKON
«posterior point» [3, 4, 5, 6, 10].

PexoMeHAalUM 110 PAKTHYECKOMY MCII0JIb30BAHUIO Pe3yJIbTATOB

— B 3aBucuMOCTH OT pasMepoB W JoKaiu3auuu mnepdopanuu OapabaHHON
NEPENOHKY CJIETyeT BIOMPATh HY>KHBII MaTepHall U TEXHUKY TUMIAHOIUIACTUKH.

[Ipu nepdopauugax TUMMNAHAIBLHON MEMOpPaHbl, 3aHMMAIOUIEH MOJOBUHY H
OoJsiee ee oMM IeaecoodpasHo npuMeHuTh TexHuky «small island» wnm «large
island» ¢ npuMeHeHreM paciuaaTbHOTO UMITIAHTATA.

[Ipu ToTanbHbIx NedexTax TUMIaHAIBHOW MeMOpaHbl HEOOXOAUMO NPUMEHSTh
TeXHUKy «cartilage plate», Takxke BO3MOXHO (OPMHUPOBAHUE JIBYXCIOWHOM
TUMIMaHaJILHOU MeMOpaHbl U3 Xpsia u (aciuu.

— TpaBMBI CpeHETO yXa, XPOHUYECKUN CPEIHUA OTHUT MOTYT NPHUBOAMUTH K
pasphiBy LIEMH CIIYXOBBIX KOCTOYEK 3a CYET pa3pblBa CTPEMEHHOHAKOBAJIBHEBOTO
cycraBa WM JCCTPYKUMHM HakoOBaJbHU. B 3THUX cllydasX BBINOJHSAETCS
tumnadomiactuka Il Tuma, COrylacHO KOTOPOM Ha TOJOBKY COXPAaHUBIIETOCS
CTPEMEHHM YCTAHABJIMBAETCS MPOTE3, OCHOBAHHE KOTOPOTO KOHTAKTHUPYET C
TUMITAHAJIbHOM MeMOpaHoil. M3 KIMHUYECKOW NpPakTUKU M3BECTHO, YTO MIpHU
caMonpou3BoJibHON MupuHrocranegonekcuu [10], npowusomenmeil B pe3ynbrare
JNECTPYKIIMM HAKOBAJbHU TMPU XPOHUYECKOM CpPEIHEM OTHUTE, CIIyXoBass (DYyHKIIMS
MOKET OBITh OJM3KOM K HOPMaJbHOM MpU (PUKCALMHU TOJOBKH CTPEMEHU OJU3KO K
LHEHTPY TUMMOAHAIbHOW MeMOpaHbl. [locTpoeHHblE MaTeMaTH4eCKUe MOJENH
MOKAa3bIBAIOT, YTO EJIAaTeJIbHO YCTaHaBJIMBAaTh OCHOBAaHHE MPOTE3a MAKCUMAJIbHO

15



ONMU3KO K IEHTPY THUMIIAaHAIbHONW MeMOpaHbl. [[ns Takoro pasmemieHus Tpedyercs
POTE3 C THOKUM CTEP>KHEM C U3MEHSIOLIEICS IITMHON, UTO TO3BOJISET alaliTUPOBAThH
poTe3 K MHAMBUAYAJbHON apXUTEKType CPEAHErO yXa M, B YACTHOCTH, OOECIIECUYHTh
KOHTAKT TOJIOBHOW IUTACTUHBI C THUMIIAaHAJIBHOW MEMOpaHOW WM IEHTpPaIbHON
4acThlo PYKOATH MosioTouka. [Ipu BbIOOpe IIMHBI MpOTE3a CIEAYeT HUCXOIUTh U3
pPE3yNbTATOB pacyeTa HAIPSIKEHUN B COWICHEHHH «IIPOTE3-CTPEMS» B 3aBUCUMOCTH
OT MpUPAIICHHS JUIMHBI MPOTE3a OTHOCUTEIBHO PACCTOSIHUS MEXAY. T'OJIOBKOM
CTPEMEHU M TOYKOW yCTaHOBKHM OCHOBAaHMS IMPOTE3a HAa TUMMAHAJIBbHOW MeMmOpaHe.
Tak, ¢ 1enbl0 HETONMYIIEHUS JIIOKCALMK (BBIBUXA) CTPEMEHH NPUPAIIEHUE IJTUHBI
npore3a He JOJKHO mnpeBbliaTh 0,4 MM TOpU  MCHOJIB30BAHUU  XPSAIIEBOIO
TpaHcIuianTara ¢ ToamuHou ot 0,27 mm g0 0,5 Mm.

HaydHass 1LeHHOCTh W HOBM3HA pE3yJbTAaTOB AHUCCEPTAUU 3aKIIOYAETCS B
UCIIOJIb30BAaHUU E€AUHOT0 TMOJX0Ja TEOPUU TOHKUX M30TPONHBIX M CIOUCTBIX
IJIACTHH, MO3BOJIMBIIETO pa3paboTratb MaTeMaTUYECKUE MOJENH
PEKOHCTPYHPOBAHHOI'O CPEIHETO yXa MPU PA3IMYHBIX TEXHUKAX TUMIAHOIIACTUKH U
OCCHUKYJIOIUTACTUKHU. [IpensiokeHHble CTaTUYECKHEe MOJEIU MO3BOJIWIA BIEPBBIC
OLICHUTh HAYAJIbHBIE HAIPSOKEHUS, BO3ZHHUKAIOMKWE B PEKOHCTPYUPOBAHHOU
K0JIe0ATEeIbHON CUCTEME CPEJTHETO yXa, B 3aBUCUMOCTH OT TEXHUKH PEKOHCTPYKIIHH,
napamMeTpoB UMIUIAHTATa, BBOJAUMOIO MPOTE3a, €r0 OPUEHTALMHU B MOJOCTH CPETHETO
yXa, a Takke OOHapyKWJM COBEPIICHHO HOBBIA MeXaHU4YeCKud 3P(DEKT,
3aKITIOYAIONIMICA B HAJIMYMM MHOKECTBA CMEXKHBIX ITOJOKEHUM YCTOWYHMBOIO M
HEYCTOWYMBOIO PAaBHOBECHM =~ BBEACHHOIO MpOTE3a MpPH THUMIAHOIUIACTHUKE.
[TocTpoeHHble MOJIETN MO3BOJISIIOT ONPENEIUTh ONTHUMAlbHBIE pa3Mepbl IMpoTe3a U
PEKOMEHJI0BaTh MECTO €T0 pa3MEIlCHHs Ha TUMIIaHAIbHOW MeMOpaHe B 3aBUCUMOCTH
OT WUHJIUBHUIyAIbHOW aPXUTEKTYPbI CPETHETO yXa MalMEHTA.

Bo B3pociom  cyprno-ponuarpuyeckom otaenenun  PHIIL[  otopuHo-
JapuHrosiorud (r. MMHCK) OCYILECTBIEHO BHEAPEHHE B KIMHUYECKYIO MPAKTHUKY
METOJIMKH OIpPeAeICHUs] ONTUMAIBHBIX pa3MepoB BBoguMoro mpotesa tumna PORP,
3aMENIAOLIETO  3BEHO «MOJIOTOYEK-HAKOBAJIBHSI», A TAKKE €ro OPUEHTAalWH B
MOJIOCTU CPEJTHEr0 yXa MpPU TUMIIAHOIUIACTHKE, OOECIEeUMBAIOIINX MUHUMAJIbHBIN
YPOBEHb HANPSKEHUN B CBSI3KE OBAJIBHOTO OKHA U B COUJIEHEHUU «ITPOTE3-CTPEMSD,
YTO MO3BOJIMJIO YIYUIIUTh (PYHKIMOHAIBHBIE PE3YJIbTATHI ONEPALIUU.

B BI'Y (r. MuUHCK) OCYIIECTBJIGHO BHEApPEHUE B YYEOHBIM mpoiiecc
MOCTPOEHHBIX MOJENIed PEKOHCTPYMPOBAHHOTO CpPEIHEro yXa IMpu TUMIAHO-
IJIaCTUKE, MPEJHA3HAUYCHHBIX [UIs pacyeTa HalpsHKEeHHO-AePOPMUPOBAHHOTO
COCTOSIHUA KOJieOaTeIbHON CUCTEMBI. Pe3ynbTaThl HCMONB3YIOTCA IPU YTEHUU Kypca
«buomexaHnueckre MOJEIM CEHCOPHBIX CHUCTEM YeJOBEKa», a Takke NpH
BBITIOJIHEHUU JTAOOPATOPHBIX 3aHATHH.
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PI3I0MD
Epmausnka Csapreit Ansikcanapasig
Hanpy:xana-m¢apMaBaHbl CTaH BarajibHai ciCTIMBI PIKaHCTPYysIBAHATA
cApPIIHATAa ByXa

Knrouasvis cnoswi: pakaHcTpysiBaHae CApIIHAE ByXa, HampyskaHa-a3(apMaBaHbl
CTaH, ThIMIIAHAJIbHAS MeMOpaHa, MpaTd3, MAaTIMAThIYHAS MaJdJib, ACIMITATHIYHBI
MeTaJl, METaJl KAHYaTKOBBIX PO3HACLIAY.

Mb>ma npayvl: BbI3HAUSHHE HANpyX)aHHSY | Jd(hapManbiid, siKis Y3HIKAONb Y
aJIHOYJIeHall THIMIAHANBHBIM MeMOpaHe 1 IHIIBIX KaMITAHEHTaX PIKaHCTpYsBaHAra
CSIp3JHATAa ByXa Macis YBAA3CHHS MpaTi3a. BeI3HausHHE YCTOWIIBara CTaHoBIIIYA
payHaBari pIKaHCTpysBaHara CspdAHsIra ByXa 1 BBIAYJICHHE XapaKTapy 3ajeKHacIl
Aro HarpykaHa-a3¢gapMaBaHara CTaHy aJi po3HbIX (hakTapay.

Memaowl oacnedasanns: nadyaoBa OIIMEXaHIUHBIX 1 MAT3MATBHIYHBIX MAJJIAY 3
BBIKAPBICTAHHEM KJIACIYHAW T30pbIl 13aTPOIHBIX, @ TaKcama TIOPbIl aHI13aTPOITHBIX
CJIAICTBIX IUIACI[IH 3 Y>KbIBAHHEM AacCIMIITaThblYHAra METajay 1 MeTaay KaHYaTKOBBIX
po3HacUAY.

Ampoimanvisa 8biHiKi 1 IX HABI3HA.

1) AciMOTarhluHBIA paldHHI YpayHEHHSY payHaBari i3arporHaii, a Takcama
aHi3aTponHail craicTail KOJIIABBIX TUIACI[IHAK TMPBI 3aJaJ3€HBIM TMepaMsIIIdHH]
YHyTpaHara HendpapMmyemara KOHTYpY.

2) MaramareidHasi Maadiib payHaBari nadapMaBaHaii OapabaHHal TEpanoHKI,
aKas Ysyise caboil cicTaMy ABYX SKCIPHTPBHIUHA CHATyYaHbIX KOJIABBIX 13aTPOMHBIX
[UIACIIHaK.

3) BissMexaHIYHBIA CTATBIYHBIA MaJMi payHaBari poKaHCTpysSBaHara Cspd3IHsAra
Byxa, SKOC CKJIajaenua 3 aJHOyJcHail OapabGaHHail IeparmoHKi, mpard3a, sKi
3aMsiIIyae 3BsiHO «MajaTovyaK-KaBajiay, 1 CTpIMSL.

4) BpisyneHas MHOKHACIB OJNi3KiX YCTOWIBBIX 1 HSYCTOMIIBBIX MaJaKIHHSIY
payHaBari BarajbHai CICT3MbI pIKaHCTpysBaHAra csp3aHsra Byxa.

5) YcransiBaHbIs — 3aJI€)KHACII  ACHOYHBIX  XapaKTapbICTHIK  HampyKaHa-
n3(dapmaBaHara CTaHy pIKaHCTpysBaHara CspiIHAra Byxa ajJ pO3HbIX (akrapay, sKis
JA3BAJIAIONb  BBIIpAllaBallb IMepajanepanbliHbll  pIKaMeHAalbpll Ia BbIOAPHI
anThIMAJIbHBIX [TaMepay Mpar33a 1 siro apbleHTAallbll.

Tanina npvivanenns: y PHIIL arapeinanapeiaraorii (r. MiHCK) axbIéyacHa
YKapaHeHHEe ¥ KIIIHIYHYIO MPaKThIKy METOJBIKI BEI3HAUIHHS aNThIMAJIbHBIX MaMepay
yBaJ3imMara mpard3a, ki 3amsirdac 3BSHO «MajlaTOYaK-KaBalia», a Takcama Sro
apbpICHTAIlpll Yy TMapaKHIHE CApdJHATA ByXa, IITO Ja3BOJJia MaJICHIIbIIb
(GyHKUBISTHATIBHBIS BBIHIKI arieparibli.
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PE3IOME
Epmouenko Cepreil AnekcanapoBUY
HanpsizkeHHO-1e(popMHPOBaHHOE COCTOSTHHE KOJIe0aTeIbHON CHCTEMBbI
PEKOHCTPYMPOBAHHOI'O CPEIHEr0 yXa

Kniouesvle  cnosa: PEKOHCTPYHPOBAHHOE CpEIHEE yXO, HaNpsHKEHHO-
nedopMUPOBAHHOE COCTOSTHUE, TUMIaHalbHAs MeMOpaHa, MpoTe3, MaTeMaTHUecKast
MOJIeJIb, ACUMIITOTUYECKUN METO/I, METO/I KOHEUHBIX PAa3HOCTEH.

Llenv pabomul: omnpeneneHUEe HaNpsHKEHUH U AedopMaruii, BOSHHKAIOUINX B
BOCCTAHOBJICHHOM  THUMIIaHAJIbHOW  MeMmOpaHe W JIpYrMX  KOMIIOHEHTax
PEKOHCTPYUPOBAHHOTO CPEAHETO yxXa Iociie BBeAcHHE mpoTe3a. OrmpenencHue
YCTOHYHMBOTO TIOJIOKEHUSI PABHOBECHS PEKOHCTPYMPOBAHHOTO ~CPEIHEr0 yxa M
BBISIBJICHHE  XapakTepa 3aBUCUMOCTH  €r0  HampsHKeHHO-Ae(opMHpOBaAaHHOTO
COCTOSIHHSI OT Pa3IMYHBIX (PAKTOPOB.

Memoouvl uccnedosanus: TMOCTPOCHUE OMOMEXAaHHYECKMX W MATEMaTUUYECKHUX
MOJIeJIe C HCIOJIb30BAHUEM KIIACCHYECKOW TEOPUH H3OTPOIHBIX, & TaKkKe TEOPHUU
AHU30TPOIHBIX CIIOMCTHIX TUIACTUH C MPUMEHEHHEM aCHUMITOTHYECKOTO METOoAa U
METO/1a KOHEYHBIX PA3HOCTEH.

Ilonyuennvie pe3ynomamuol u UX HOBU3HA.

1) AcHMITOTHYECKHE PEIICHHsI YPaBHEHUI PaBHOBECHsS U30TPOITHOM, a TaKKe
AHU30TPOIHON CIIOMCTON KOJBIEBBIX IUIACTUHOK MpPH 33JaHHOM TEepEMEIICHUN
BHYTpPEHHET0 Heae(hOpMUPYEMOTO KOHTYpa.

2) Maremarnyeckas - MOJelb paBHOBecHs JchOpMUPOBAaHHONW OapaOaHHOM
NEPETIOHKH, MPEICTABISIIONICH CO00M CHCTeMYy IBYX SKCHEHTPUYHO COIPSKEHHBIX
KOJIBIIEBBIX M30TPOIHBIX IJIACTHHOK.

3) buomexaHMYECKHE CTATUYCCKHE MOJICIIM PABHOBECHUS PEKOHCTPYHPOBAHHOTO
CPEIHET0 yXa, COCTOSIIET0 M3 BOCCTAHOBIECHHOW OapabaHHOU MEpernoHKH, MpoTe3a,
3aMEMIAIOIEer0 3BEHO «MOJIOTOUYECK-HAKOBAIBHS, U CTPEMEHH.

4) “OOHapyKCHHAsT MHOKECTBEHHOCTh OJIM3KUX YCTOMYUBBIX U HEYCTONYMBBIX
TIOJIQYKCHHI PaBHOBECHS KOJIEOATETbHONW CUCTEMBI PEKOHCTPYHPOBAHHOTO CPETHETO
yxa.

5) VYcraHOBJIEHHBIC 3aBUCHMOCTH OCHOBHBIX XapaKTCPUCTHK HAINPSKEHHO-
1e(OPMUPOBAHHOTO COCTOSHUSI PEKOHCTPYUPOBAHHOTO CPEIHETO yXa OT Pa3IUYHbBIX
(dakTOpOB, MO3BOJIAIONINE BBIPAOOTATh MPEIOTEPAIIMOHHBIE PEKOMEHIAIMU  T10
BBIOOPY ONTUMATBHBIX Pa3MEPOB MPOTE3a U €TO0 OPUEHTAINH.

Obnracme  npumenenusi: B PHIIL ortopunonapunrosorun  (r. MUHCK)
OCYIIIECTBIICHO BHEIPEHHE B KIMHUYECKYIO TMPAKTUKY METOAMKH OTPEICICHUS
ONTUMAJBHBIX Pa3MEpPOB BBOJUMOTO IMPOTE3a, 3aMEIIAIONIET0 3BEHO «MOJOTOYECK-
HAKOBAJIBHs», a TAaKKE€ €ro OPHEHTAllMH B TIOJIOCTH CPEIHEr0 yXa, YTO TO3BOJIMIIO
YIY4IIUTh (PYHKIIMOHATBHBIE PE3YIbTaThl OMEPAIIHH.
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SUMMARY
Yermochenko Sergey Alexandrovich
Strain-Stress State of the Reconstructed Middle Ear Sound Conduction System

Key words: reconstructed middle ear, strain-stress state, tympanic membrane,
prosthesis, mathematical model, asymptotic method, finite-difference approximation
method.

The aim of the work is determination of strains and stresses which arise in the
reconstructed tympanic membrane and in other reconstructed middle ear components
after inserting prosthesis. Also the aim is determination of stable equilibrium position
of the reconstructed middle ear and evaluation of the dependence of initial strain-
stress state on different parameters.

Research methods: development of biomechanical and mathematical models
using the theory of elastic isotropic plates, the theory of elastic anisotropic layered
plates, asymptotic method and finite-difference approximation method.

The obtained new results:

1) Asymptotic solutions of isotropic elastic and anisotropic elastic layered
annular plate equilibrium equations under defined displacement of the inner no
deformable contour.

2) Mathematical model of equilibrium of deformed eardrum which introduced
by system of two eccentric integrated isotropic annular plates.

3) Biomechanical static equilibrium models of reconstructed middle ear which
consists of restore eardrum, «malleus-incus» prosthesis and stapes.

4) Plurality of close stable and unstable equilibrium positions of reconstructed
middle ear sound conduction system discovered in this research.

5) Discovered dependencies of the main characteristics of the strain-stress state
of the reconstructed middle ear on different parameters which allow developing
preoperative recommendations for choice optimal prosthesis dimensions and its
orientation.

The results are used in «National Hearing, Voice and Speech Pathology Clinical
Hospital» (Minsk). Technique of determination of optimal dimensions of inserting
«malleus-incus» prosthesis and also its orientation in middle ear cavity has been used
in clinical practice of this hospital that allow improving functional results of
operations.
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