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INNPUMEHEHHUE MATEMATHYECKOI'O KOMITBIOTEPHOT'O MOJAEJIUPOBAHUS
ITPU PASPABOTKE U ITPOTHO3UPOBAHHUUN BUOMEXAHUYECKOI'O IIOBEAEHUA
OHAOIIPOTE30B TASOBEJIPEHHOI'O CYCTABA
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Ob6ocrosanbl U nPoOeMOHCMPUPOBAHBI UeAeCOOBPAZHOCMb U 21A6HbIE NPUHUUNL NPUMEHEHUS
MamemMamu4ecko2o KOMNbIOMEPHO20 MOOeAUPOSAHUs Npu paspabomke u NPOHO3UPOSAHUU
buomexanuyeciozo nosedenus 3ndonpome3oe masobedpennozo cycmasa. Ilpusedenst obwue
mpebosanusn k nocmpoenuio modeneli GuomexHu4eckKux cucmem u nodxodot Kk 66i00py UCXOOHBIX
dannbix A MoOeauposanus, obecnevusarouie 00CMoBEPHOCHb U UHHOPMAMUBHOCMY Pe3yb-
mamos pacwemos. Illpedcmaenensvt KoOHKpemHbie RPUMEPbl NPUMEHEHUS MAmeMamuyecKkozo
MOOeAUpoBanua ONA ONMUMU3AUUU KOHCMPYKUUL, 66i00pa MAmepuanos u npoeHo3upoeanus
buomexanuyecko2o noaedenus KOMNOHeHMO8 3HOONPOME308, NPOU3EOOUMbIX 2pynnoii «Hnb-
kom-BEMCH» 6 meuenue nocaeonux 10 nem.
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Use of Mathematic Computer Modeling for Elaboration and Prognostication
of Hip Implant Biomechanical Behavior

A.A. Il'in, AM. Mamonov, V.N. Karpov, N.V. Zagorodniy, A.V. Balberkin

Reasonability and main principles of mathematic computer modeling application for elaboration
and prognostication of biomechanical behavior of hip joint implants are substantiated and
demonstrated. General requirements to modeling of biomechanical systems and choice of initial
data to provide trustworthiness and informativeness of calculation results are given. Concrete
examples of mathematic modeling use for optimization of constructions, choice of materials and
prognostication of biomechanical behavior of implant components produced by group «Ilkom-
BMSD within the last 10 years are presented.
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OpnHuM 13 BasKHeNIIMX STANoB pas3paboTky U po-
EKTUPOBaHMA CUJIOBBIX MMILJIAHTUPYEMBIX KOHCTPYK-
Ly ABJseTcA OnoMexaHudecKoe 000CHOBaHME UX pa-
D0TOCIIOCOGHOCTM M HAEMKHOCTH, T.€. CIocoBHOCTH
MaTepHUasioB MMILJIAHTATA COIPOTUBIATHCA Pa3pylIe-
HMIO M1 HeoDpaTumoit gechopManyy roj AeiicTeuemM
(hyHKEIMOHAJIBHBIX HATPY30K Pas/iM4YHOr0 Xapakrepa
u BesmunHE [2, 11]. B HacTosmee Bpemsa Haubonee
pacrnpocTpaHeHHbII MeTo | PeLIeHNsa 3Toi 3a1auym —
MaTeMaTndecKoe (KOMIIBIOTEPHOE) MOJEeNMpOBaHME
MEXaHNYeCKOro MOBEeJIEHUA CUCTEMbI «MMILJIAHTAT —
CTPYKTYPBI OpPraHu3Ma» B IIPOLECCE UM B Pe3yJibTa-
Te Harpyxcennd. Illnpokne BO3MOMKHOCTH COBpEMEH-
HOJM KOMIBIOTEPHOM TeXHMKM M IIPOrpaMMHOT0 obec-
TIeYeHNA, MOIIHbI YHMBEPCaJbHBIN MaTeMaTHIeCKMA
anmapar ofecre4nBaioT AOCTATOYHYIO I0CTOBEPHOCTD,
OnepaTMBHOCTb M I'MOKOCTE IIPOrHO3MPOBAHMS MIOBE-
JIeHMS TAKUX CHCTEM C yYeTOM BJIMAHNA MHOTUX BHYT-
PeHHMX (CTPYKTYpa CHUCTEMBI, CBOMCTBA MAaTEPUAJIOB,
YCJI0BUA B3aMMOJEHCTBUA KOMIIOHEHTOB CHMCTEMbI Ha
rpaHMiax pasjiesia 1 T.J.) M BHeIIIHUX (THII, BeJIUMYMHA,
TOYKM NPUJIO¥EHNA HaTPY30K, OTPAaHNYEHNUA [TIepeMe-
LIEHWI TOYeK 1 00beMOB cHCTEeMEI U AP.) (haKTOPOB.

MaremaTndeckoe MOZEIMPOBaHNE JaeT HeoDXoam-
MYI0 MH(OPMAIMIO AJIs PelleHns U IPYroii, He MeHee
BasKkHOI npobJsiemMbl — obecrieyeHNA MeXaHUYECKOi
COBMECTMMOCTM MMILIAHTATa CO CTPYKTypaMy opra-
HU3Ma, KOTOpafd ONpeesiAeT BO3MOKHOCTD, IIPOI0JI-
JKUTEJNBHOCTE M PEe3yJIbTaT afalTaliMy 3TUX CTPYK-
TYP K (DYHKIMOHMPOBAHMIO B HOBOJ OMOTEXHUYECKOIA
cucreme (puc. 1). MismeHnenne 6MoMexXaHUKHU CHUCTEMBI
B pe3yJibTaTe MMIIAHTAIMM KOHCTPYKLIMIL IJIA OCTE0-
CMHTEe3a, YKPeIIeHM:A MM 3aMelleHUA CBA3Z0YHO-
XPAMIEBBIX CTPYKTYP, SHAOIPOTE30B CYCTABOB U KOC-
Teif M T.J. MOXeT IPUMBOAUTL K M3MEHEHMIO COCTaBa,
CTPYKTYPEL, 00'b€Ma, CBOICTB KOCTHOM U APYIUX TKa-
Heil. Hanpumep, npyu ucKI0OYeHNN Kaknx-amnbo obbe-
MOB KOCTHBIX CTPYKTYP M3 [Ipollecca mepeaun Cuo-
BBIX IIOTOKOB (HAarpys3oK) AOJIKEH IMPOMCXOANTbL MX
JIM3MC, M, HAIIPOTHUB, B CJIyYae Ype3MEepHOi KOHI[eHT-
paumyu MeXaHM4eCKNX HaNpAMKeHni (Tak Ha3bIBaeMblit
CTpecc-IIMJIIMHT) MOMKHO IIPOTHO3MPOBATL YBEIUYe-
HME TIJIOTHOCTY 1 06'beMa KOCTHOIM TKaHM B MECTE 3Ha-
YUTENBHOTO TIPEBBIIIEHNA HOPMAaJbHOTO YPOBHA Ha-
rpy3ok [8, 9, 15]. Ecain :xe MexaHMUeCKUe HANIPAMKE-
HUA IPEBBIIIAIOT IPeies MPOYHOCTY KOCTHOM TKaHU
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Puc. 1. Cxema dopMupoBanna GMOTEXHUYECKO! CHUCTEMBI
[IpM MMILTAHTALMKM B OPTaHM3M YeJIOBeKa CUJIOBLIX KOHCT-
PYKLMIA.

[Py AaHHOM CXeMe HarpysKeHud Kak JJdA CyIecTBeH-
HO aHM30TPOINHBIX KOPTUKAJBLHBIX KOCTel, Tak U IJIA
KBa3MM30TPONHLIX CIIOHTMO3HBIX, CleflyeT O0XKMIaThb
paspylLIeHud KOCTH, M B HTOM CJy4Yae KOHCTPYKIUA
UMILTaHTATa M/MaM BEIOOp MaTepmasa JJisf HETrO AB-
JIAIOTCA HeyJauHbIMIL

B obmem cnyuae mexaHMYecKad COBMECTUMOCTb
MMIIJIAHTATA MOXKeT ObITh OLIeHEHA I10 CTeNeHU MO0~
Ous HanpsKeHHO-Ae(OPMUPOBAHHOTO COCTOAHMUA M
MeXaHMYEeCKOro rnoBesieHnd OMoJI0rMIecKnX KOMIIOHEH-
TOB GMOTEXHNYECKOI cucTeME] (HaIpuMep, COXPaHeH-
HBIX NPM DHAOIPOTE3UPOBAHMU CyCTaBa KOCTHBIX
CTPYKTYP) COCTOSHMIO M IOBEJEHUI0 COOTBETCTBYIO-
111eii 6MOIOrMYecKoit CHCTEMBI B 3ZI0POBOM HETIOBPEH-
IIEHHOM COCTOAHMM IIPM OAMHAKOBBIX (DYHKIIMOHAJb-
HBIX Harpy3Kax.

MaremaTHdeckoe MOJIeIMPOBaAHME MOMKET TaKKe
JaTh MOJIE3HYI0 MH(OPMALMIO O MTOBEAEHNM MMILIaH-
TaTa ¥ B3aMMOJEHCTBYIOIIMX C HUM CTPYKTYP opra-
HM3MA B «HELUTATHBLIX» CUTyalMUAX, 00yCIOBIEHHBIX,
HaINpKUMep, HETOYHOCTAMY B ILJIAaHMPOBAHUM M TEXHU-
K€ BBIIOJIHEHNA CaMOIl XUPYPryudecKoii onepanmn. Jra
MH(hopMaLMAa no3sosAeT cOpPMyIMPOBATE JOMTOJIHNM-
TeJbHOE (K MEIMLIMHCKIM) «TeXHU4YecKoe» 000CHOBa-
HMe [PaBUJILHOTO BhIOOpA M TOYHOW yCTAHOBKM MM-
MJIAHTATA.

OueBMAHO, YTO «BCTPAaMBaHME» MaTeMaTHM4ecKo-
r0 MOZENMPOBAaHMA B CXEMY NPOEKTUPOBaHUA MM-
[JIAHTATA HE TOJBbKO JaeT BaskHellryw uHdbopma-
LMIO 0 (DYHKIIMOHMPOBAHMY CUCTEMbI «MMILTaHTaT —
CTPYKTYPBI OPraHM3Ma», HO M [I03BOJIAET CO3aThb ad)-
(hekTHBHYI0 00paTHYIO CBA3b B CAMOM IIpoLiecce Ipo-
eKTHPOBaHKA, 0DecrneunBaoOUy0 OllepaTUBHYO OIl-
TUMM3ALMIO TEOMETPUYECKUX M/Man (husnuKo-mMexa-
HMYECKMX ITapaMeTpoB uMmmyanTara. [Ipu aTom «cur-
HAJIOM» K KOPPEKTHMPOBKE KOHCTPYKIMM M BbIOOpa
MaTepymaJa MMILIaHTaTa (MJIM ero CTPYKTYPHOTO Co-
CTOSAHMSA, ONPEeEJIAIIero CBoCcTBA), MO0 HalleMy
MHEHMIO, ABJAETCH Jlake He IpeBLIIIeHne MeXaHu-
YeCcKMMM IapaMeTpaMy COCTOAHUA KOMIIOHEHTOB
GMOTEXHMYECKOI CHUCTEMBI OllpeieJIeHHBIX KpUTHdec-
KMX BHa4eHMI, HallpuMep, HalpAMeHMi paspyie-

HUA, — B OTOM clydyae HeobXOOMMOCTh KOPPEKTH-
poBEM odeBuaHa. Kak rmokasaJl Hall ONBIT [IPOEKTH-
POBaHMsA MMILIAHTATOB C UCIONb30BAHMEM KOMIIbIO-
TEPHOr0 MOIEJVPOBAHMA, a TaKKe OIBIT IIpoBele-
HUA TeXHUYECKMX M KJIMHMYECKMX MCIBITaHUM, BHE-
ceHMe M3MEHEeHMI B KOHCTPYKLMIO MMILJIAHTATa WJIN
ero cBojiicTBa 1leJIecoo0pasHo yiKe IpM YPOBHE pac-
YeTHBIX MeXaHudeckux napamerpoB B 70—80% or
KPUTHYECKUX. DTO 00yCIOBIEHO MHOTMMY IIPUHYMHA-
MM ¥ MX BO3MOSKHBIM HeOJIaronpMATHBIM COYeTaHMU-
eM. Bo-niepBBIX, OrpaHNYEHA TOYHOCTh PE3yJIbTaTOB
pacyeToOBR — BO3MOXCHOCTAMM KaK caMoOro NpuMeHs-
€MOro MaTeMaTH4ecKoro MeToza, Tak M TeXHUKM MO-
neaupoBanusa. Ilo HamMM OIE@HKaM, IPU IIpUeMJe-
MOM BpeMeHM pacueTa BapMaHTa, ONpe/essaeMoM
CJI0YKHOCTBIO CO3AaHHOI Mofies, abcoMoTHA S O1Inb-
Ka pesyJbTaTta MoxeT cocTaBuTh 5—10%. Kpome Toro,
HeoOXOAMMO YYNUTHIBATE BOZMOYKHOCTD ITPEBLIIIIEHNUA
peaJsibHBbIX HATPY30K Ha MMIIJIAHTAT 10 CPaBHEHMIO C
pacyYeTHLIMYM, HECOBIIAZEHNE PEeaJIbHOTO ITOJIOMEHNUA
MMILJIAHTATa C €ro «ujeaJibHOM» YCTaHOBKOJ B MO-
[eau, OTJIMYMsA B aHATOMMM M CBOMCTBaxX CTPYKTYD
opraHMaMa OT 3aJJaHHBIX B MOJEJIM CPeJHeCTaTuC-
TUYEeCKUX 3HaYeHuil u MHorue apyrue gpaxropsl. Co-
BOKYIIHOE BJIMAHME BTUX (PaKTOPOB JOJIKHO «KOM-
[IeHCHMPOBATHLCA» K03(hUIMEeHTOM 3anaca HaJeHOC-
T, KOTOPBI/ paBeH OTHOIIEHMI0 «KPUTUYIECKOro»
rapaMeTpa MeXaHN4ecKoro oBeleHnA JaHHOTO KOM-
[IOHEHTa CHCTeMBbl (HanpsasKeHusa uamu Jedopmanyn
paspylleHnsa, MaKCMMAaJbHO HOIIyCTHUMbIE CMeIleHUA
1 T.J.) K COOTBETCTBYIOIIEMY pacueTHOMY 3HAUEHMIO.
Ilo HamemMy MHEHMIO, 9TOT KOI(MUIMEHT NOJIMKeH
cocTaBJATh He MeHee 1,3—1,5.

B kauecrse o0mux tpeboBaHMii K MaTeMaTudec-
KO KOMIIBIOTEPHOIT MOZes HeoOX0[MMO yKa3aTh cle-
IyIOILIMe:

e obecreyeHye BbICOKOro 1oodua o0 beMHoi aHaTo-
Mu4uecKoii hopMe 1 paszMepaM peaJibHOM CUCTEMEL,

® y4eT reTeporeHHOCTH CTPYKTYPBI OMOTeXHUYEeCKOMH
CHCTEMBI M €€ KOMIIOHEHTOR;

¢ oDOoCHOBaHHOe 3ajaHue (PU3NKO-MeXaHMYEeCKUX
CBOJICTB CTPYKTYP OPraHM3Ma, MaTepuaJioB MMILJIaH-
TaTa, BCIOMOTATENbHBIX MaTepMaJsoB (Hampumep,
KOCTHOTO IleMEeHTa P 3HAONPOTe3UPOBaHUM), AJA
yero HeoOXOoAMMbl TIIATEJbHBIA aHAJU3 JUTepaTyp-
HBIX JIAHHBIX ¥ /WUJIM IPOBeAeHNe CODCTBEHHBIX SKCIe-
PMMEHTOB;

® [10 BO3MOXKHOCTY HauboJiee TOUHAA UMUTAIUA Xa-
pakTepa M BeIMYMHEI (DYHKIMOHAJIbHBIX HATPY30K,;

e yyeT XapaKTepa M IapaMeTpPOB B3aUMOJECTBAA
KOMITOHEHTOB CHMCTEMbl Ha KOHTAKTHBIX ITOBEPXHOC-
TAX.

Onnako cTpeMJyIeHre BBIIOJHNTE Kakaoe U3 3TUX
TpeboBaHMIT B MAKCHMAJILHON CTETIeHN BPAJ JIM LeJe-
co06pasHo ¥ JIOJPKHO OTPAaHMYMBATBLCA MPUHIMIIOM
pasymHoit gocratognocTn. Taxk, co3lanne YypeaMepHo
TOYHBIX M CJIOMKHBIX MOJieJieli, B KOTOPBIX MOApoOHO
BOCIIPOM3BOLATCA BCE, B TOM 4MCJIe MEJKKe, He UMe-
I0II[Me CYI[ECTBEHHOTO (pYHKLMOHAJBLHOIO 3HAYEHM:A
BJeMeHThl KOHCTPYKIMM MMIIJIaHTaTa WJM KOCTH,
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[MPAaKTUYECKN He IIOBBINIAA TOYHOCTHM Pe3yJbTATOB
pac4era, pe3Ko yBeNIMYMBAET €ro IPOAOJKUTENb-
HOCTb, @ B HEKOTOPBIX CJIyYadX NPUBOANAT K «HECXO-
[uMocTH» pemraemoii 3ajmaun. Kpome Toro, momsrtkm
TIIATEJBHOM KOHKPeTHM3alMy MO, KaK IpaBuio,
HUBEJMPYIOTCA NMPUOIM3NTENBHOCTBIO 3aJaHnA (Ou-
3MKO-MeXaHUYeCKMX CBOMCTB OMoJornyeckmnx obbex-
TOB, TaK KakK B ITOAAaBJAIOIEM GOJIBIIMHCTBE CIyYaeB
NPUXOIUTCA IMOJIb30BaThCA HEKOTOPLIMY CpeJHecTa-
TUCTUYECKUMM JaHHBIMIA.

YueT Bcelf COBOKYITHOCTY BHEIIHMX CHJI M MOMEH-
TOB, ZEMCTBYIOIIMX Ha CUCTEMY «MMILIAHTAT — CTPYK-
TYypbl OpraHu3Ma», ABJIAETCA BeCbMa CJOMKHOM 3aja-
4elt, Tpebyrolleil NJA CBOEro peueHMs 3HAYUTEJIb-
HBIX TEXHUYECKUX U BPEMEHHBIX pecypcoB. B 6oib-
HIMHCTBE CJIy4aeB, B 3aBMCMMOCTM OT KOHKPETHOI
LieJ1 pacyeTa, MOHO OrPaHMYMTHCA PACCMOTPEHNEM
HECKOJIBKMX HAarpy304HBIX (DAaKTOPOB, Haubosee onac-
HBIX JI1sA cTabuabHOCTH M paboTocnocobHOCTH cucTe-
MBI, HAIIpMMED, 110 CBOEJ BEeJIMYMHE M IMKJINYeCKON
MOBTOPAEMOCTH. AHAJIOTUYHbBIE TIOAXOABI MOTYT IIpHU-
MEHATBCA M 110 OTHOLIEHMIO K JAPYTMM IIepednciieH-
HBIM TpeGoBaHMAM.

B nacrosmee Bpema HauGoJiee pacnpocTpaHeHHLIM
1 3hheKTMBHBIM YMCJIEHHBIM METOZIOM aHAJM3a Ha-
IPAXKEeHHO-eOPMUPOBAHHOIO COCTOAHUA Y MEXaHU~-
YECKOTO MOBEJEHMA CJIOKHBIX MHOTOKOMIIOHEHTHBIX
CHCTEM reTEPOTeHHOr0 CTPOEHMA ABJIAETCA METO] KO-
He4YHBIX anemMeHToB (MKD). [na peanmsauum 3TOro
MeTolla 00'beMHYI0 TeOMEeTPUYECKYI0 MOJEeJb CHCTe-
MBI pa30MBalOT Ha OTHEJbHBIE KOHEUHEIE

[Ipumep 1.Hoxka befpeHHOr0 KOMIIOHEHTA Lie-
MEHTHO¥ huKcalnmu sH0NpoTe3a Ta306eJpeHHoro cy-
craBa «CPEH» npumeHsAeTcA B KAMHMYECKOI NpaK-
TuKe ¢ 1999 r. 1 nmokasana BBICOKYIO HaJEXKHOCTb U
BeLEMBaeMocTs [1, 3]. Hoskka naroraBimiBaeTcs U3 Tm-
TaHOBOTO CILIaBa, MMeeT POPMY TPUKJIMHA U IOJIUPO-
BaHHYH IOBEPXHOCTb, YIPOYHEHHYIO II0 CIIeliajb-
HOJ1 HaHoTexHoJorMN [7] (puc. 2). IIpu paspaborke TH-
Mopa3MepHOro pAja 6bLI IPHMMEHEH IIPUHLIUII Te0OMeT-
PUYECKOro noAobma 51eMeHTOB KOHCTPYKLMA C yBe-
Jm4auBapmmMca ot 5 go 137 yryiom kiamHa Bo pOH-
TaJILHOM IIJIOCKOCTH M COOTBETCTBYIOIIMM PagnyCcoM
CONIPAKEHMA ITOr0 KJIMHA € IIEHKOI KOHyca A (huK-
canuy roJIOBKM OepeHHOro KOMIIOHEHTa 3HIOIpoTe-
3a. IlogpobHblit aHanna GMOMeXaHMYECKOro MoBeje-
HusA cucrembl «HOkKa COPEH — Geppennas KocTb»,
MCXOZHBIE (QMBMKO-MeXaHNIeCcKye CBOJICTBAa MaTepu-
aJIoB, MICIIOJIb30BaHHbIE B pacdeTax, IPUHIIMILL I0CT-
poOeHuA Mojiesielt, yOBJIETBOPAIIIME U3JIOKEHHBIM
BhIIEe TpeDOBaHUAM, IPEICTABJIEHL] B paHee OImyoJm-
KOoBaHHBIX paborax [5, 12]. MaTemaTuyeckoe Momem-
poBaHMe Ha cTajguy paspaboTKM U HPOEKTUPOBAHUSA
[I03BOJIMJIO TIPOBECTM ONTMMMB3ALMIO TeOMETPUM HO-
JKEK MaJIbIX THMIIOpa3MepoB, YTO 00ecreymsio B 4acT-
HOCTM TOBBIIIEHME HAJEMKHOCTM LIEMEHTHOM MaHTUM
10 OTHOIIIEHMIO K IMKJIMYECKVIM HAaTPy3KaM, BOSHUKA -
0IMM 1pu xoasbe. BesunHa 9THX Harpy3oK MoKer
nocturaTk 4—5 Becos yejyioBeka [13], moaromy pacue-
ThI TPOBOAMJINCE 1J1A Harpy3ok 2800—3700 H B zaBu-
CHMMOCTH OT Turopasmepa. Tak, pacueT HaIIPAMKEHMIT

SJIEMEHTHI IIPOCTOM (hOpMEI, co3jaBasd
HENPEePLIBHYI0 KOHEYHO-3JIEMEHTHYIO
cetry. He BraBasck B noapobHocTn me-
TOJA, MCYEePIILIBAIOIIE ONMCAHHOTO B JIM-
Tepatype [10], ormeTum auiis, yro MED
ABIAETCA MTEPalMOHHBEIM, TAK KaK pe-
LIeHNA (I03JIeMeHTHEIE HANpPSKeHNUs,
nedopMaliM, CKOpPoCTH netbopmaum;),
MONyYeHHbIE Ha KaXJIOM BPEeMEHHOM
miare, CIys<aT HauaJIbHBIMM YCJIOBUAMM
[L1A 0YepeHOTO pacyeTa.

llanee mpuBeeHO HECKOJBKO KOHK-
PETHBIX NPMMEPOB NPUMEHEHUS MaTe-
MaTUYECKOTO MOJEJIMPOBAHUA, UJLIIOCT-
PUPYIOIIMX BO3MOMKHOCTH M pe3yJibTa-
ThI ONTUMMU3a MM KOHCTPYKIMM MMILIaH-
TaTOB, BEIDOpa MaTepMajioB, UX CTPYK-
TYPHOTO COCTOSHMSA M CBOMICTB, IIPOrHO-
3MPOBaHMA MEXaHMYECKOH COBMECTH-
MOCTY M JPYTMX aclekToB bmomexaHu-
YeCKOT0 MOBENEHUS CHUCTEM C MMILIaH-
TaTamy, paspaboTaHHBIMM (COBMECTHO @

C OTE€YeCTBEHHBIMM MeIUIMHCKUMM Y4~
PEKIEeHMAMM) U CEPUITHO IIPOU3BOANMEI-
MM Tpynmoi xomnauuit «Miabrom-
BMCH» B Teuenue nocaemamx 10 mer.
Bo Bcex caiydasx A KOMIIBIOTEPHON
peamuzaiyy MKD 6blia mcenosbzosana
yHuBepcasbHaA nporpaMmma ANSYS.

Puc. 2. Homxxa GezpeHHOro KOMIIOHEHTa JHAONIpPOTe3a TasobejpeHHOro
cycraBa «CPEH» (a), reomerpuyeckan Mogessb (paspes poHTaNbHOI MI0C-
KOCTbIO) cucTeMbl «OefpeHHasd KOCTh — LEeMeHTHadA MaHTUA — HOMKa
aHZonpoTe3ar» (6) M KOHEYHO-DJIEMEHTHAA MOJENb 3TOH cHCTeMBI (8):
necdopmanma B macmrabe 10:1 npu marpyske 2800 H (X, Z — cmeleHus
1eHTpa OelpeHHOI TOJIOBKM, B MM).
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Puc. 3. Pacnipenenenne MaKCUMaJbHbIX PacTATMBAIOIINX
HanpAeHuii B [IeMEHTHOI MaHTHM 1o 30HaM I'pyena u ux
amiopa mo 3oHaM 1—7 1iA HOMKM DHJIOIpOTE3a «CDEH»
MMHMMAJLHOTO THTIOpas3mepa npy Harpyske 2800 H.

I — no omTuMu3aLMK reoMeTpun Homku, II — nocne onTuMmza-
iy, [II — ycrasocTHad NPOYHOCTh KOCTHBIX LIEMEHTOB.

B LIEeMEHTHO MaHTMM, BOSHMKAIOIINX BCIE/ICTBUE He-
136e3XHOro Ipy XoAbbe IMKIINYEeCKOro BO3BPaTHO-T10~-
CTYIATEeJIbHOTO CMEIIEHMA KIMHOBUIHOM HOMKKNA B HA -
[paBJIeHuH MPOJOJILHOI ocu Desipa, IOKasas Cclexy-
omee. Pacrarusaooiye HanpAY@»<eHnsa B KOCTHOM Lie-
MeHTe B paiioHe 7-i1 30HBI I'pyeHa [JiA HOXKEK Hau-
MEHBIIIEro TUIIOPa3Mepa ¢ MMHMMAaJIbHBIM yTJIOM KJIN-
Ha, ¥ COOTBETCTBEHHO MMHMMAJBHBIM PajNycoOM CO-
NpAMKeHNA KJMHA ¢ eiikoii, cocTaBmim okono 11 MITa
(pue. 3). YerajocTHaA IPOYHOCTD (HATIPAMKEHUA pas-
PYLIEHNS IPY IMKINYECKOoil HarpyaKke) O0bIINHCTBA
KOCTHBIX I[EMEHTOB (pMPM-IIPOM3BOAMUTENIEN, OTIpeie-
JsemMas 1o Haubojee «KecTKOi» cXeMe HarpyKeHud
(pacTsxenne—cskaTne), cocrapager 10—12 Mlla (em.
puc. 3). B coorBeTcTBMM € MBJIOMEHHBIM IIOAXO0I0M
fbLia TpoBeeHa KOPPEKTMPOBKA KOHCTPYKIIMM HOM -
KM JIaHHOrO TunopasMepa 6e3 MaMeHeHMA MPUHIUIIA
MOCTPOEHMA TUIIOPa3MEPHOTO pAsa — YIJIOB KJMHA
B0 (OPOHTAJILHOI IITIOCKOCTH. B pesynbraTe yBeande-
HUA pajuyca CONPAKEeHNA KIMHA C IIeiKoi ypOBEeHb
HANPAMKEHNi B I|leMeHTHO} MaHTHUM B pajioHe AyTH
Apnamca 6b11 cHyokeH o 8 MIla. Yunteisas, 4To pe-
aJbHAas CXeMa HATPY KeHNA eMEeHTHO! MaHTUM 3Ha-
YUTeJIbHO Dojee «MArKasg», YeM MpM cepTuduram-
OHHBIX YCTAJIOCTHBIX MCIBITAHMAX 00pa3I0B KOCTHEIX
LIEMEeHTOB, MOYKHO CUMTATD, YTO I10 YCTAJOCTHOM MPOH-
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HOCTY LIEMEHTHOI MaHTHUM DBLI JOCTUTHYT 2KeJlaeMbli
3amac HaZe»KHOCTHM 3TOT0 KOMIIOHEHTa CHCTEMBIL.
IIpumep 2. Bugonpores «MATU—IINUTO»
npeiHa3HaYEeH JUJIA BOCCTAHOBJIEHUA OIIOPHOM 1 ABY-
raTeJbHOM (PYHKIMIT HUMKHEN KOHeYHOCTH YeJIoBeKa
[IpY OIIEPaTHBHOM JiedeHny 3a00IeBaHMI U TOBPEe-
neHnit Ta300eqPEHHOr0 CycTaBa M IPOKCHMMAJbHO!
yacTyu GegpeHHoit kKocTn. BelpeHHbli KOMIIOHEHT 9H-
JOTIpOTE3a COCTOMT M3 MPOKCUMMAJbHON M AMCTAIb-
HOIT yacTeil, a TaKKe roJIOBKM MCKYCCTBEHHOIO cyc-
TaBa, KOTOPbLIE M3TOTABJIMBAIOTCA M3 TUTAHOBOTO
cnjaBa C MCIIOJIB30BAaHMEM CIIEIMAJIbHBIX TEXHOJIO-
ruii o6paboTky, obecrednBalOIUX HEOOXOAMMBII
KOMILIEKC (hyHKIMOHAJBHBIX CBOMCTB (puc. 4). IIpok-
cMMaJibHaA 4dacTb OeJpPEeHHOT0 KOMIIOHEHTa MMeer
OTMOPHYIO IUIOAJAKY, KOTOpas Py yCTaHOBKE (hMK-
CHpYeTCsA Ha TUIOCKOCTU 0CTe0TOMMUM GeIpeHHOM KOC-
. [lpegycMoTpes TUIOpasMepHBIA pAl M0 AJMHE
MPOKCHUMAJBHOI YacTH JIJIA pa3JN4YHbIX YPOBHEH pe-
sexip OespenHoii Koctu. JlucranbHasa dacTb Oef-
PEHHOr0 KOMIIOHEHTA yCTaHaBJIMBAETCA B KOCTHOMO3-
TOBOI KaHaJy ¥ (PUKCHPYeTCcA ¢ IMOMOIIbI0 KOCTHOIO
HeMeHTa Wiy rnocajaroit «press-fit».
HanpsasxeHHO-7e)OPMUPOBAHHOE COCTOAHUE CO-
XpaHeHHO# YacTyu DefIpeHHOM KOCTH IIP) HarpysKax,
peanmayeMbIXx B Ipolecce Xojasbbl (cMm. mpumep 1)
¥ [lepe/laBaeMbIX depes OINOPHYIO IJI0IA/IKy MPOKCH-
MaJLHOM YacTM 9HJOIPOTE3a Ha IJIOCKOCTh OCTE0TO-
MUM, 8 TAKIKE Yepes IMCTaJbHYI 4acThb dHIONPOTe-
3a, onpejleNAeTcea coueTaneM uarnba B JaTepabHo-
MeuaJbHOM HaIpaBieHunu (Bo (ppOHTaJIbHOM ILJI0C-
KocTH) U caxaTusa Bosk ocu bexpa. Takoe coueranue
Harpy30K 00yCJIOBIMBAET HaJM49yMe CIKMMAIOIIMX Ha-
NIPSMKEeHNit ¢ MeINaJIbHOM CTOPOHEI Oe/IpeHHOI KOCTH
U pacTATrMBAIOIINX — C JaTepasbHoit. Pacuerst, mpo-
BeZIeHHBIe JIJIA 3JI0POBOIl HEIlOBpeXJeHHo! GejpeH-
HOI KOCTHM, TTIOKa3aJy, 4T IPK MaKCUMaJbHO HAarpys-
Ke, JOCTUraeMoit B oJHoil 3 a3 wara [13], Hanps-
JKEHNA CHKATUA B BEpXHEH TpeTu OepeHHOoi KoCTH
¢ MeMabHOI CTOPOHBI HAXOAATCA B uHTepBase 30—
40 MIIa (nckiouas 30HbI HIeikn 6eagpa 1 MaJoro Bep-
Tena, TAe OTM HANPAMEHNUA BBIIIE), a HAIPAMEeHUA
pacTAMKEeHNA ¢ JaTepasbHO} CTOPOHEI — B MHTEpPBa-
ge 15—30 MIIa [5]. Pacuer MoziesM ¢ 3HAONPOTE30M
«MATU—IINTO» nmokasaJ, 4YTO HAIPAMKEHUA Cia-
THA KOCTM € MeMaJIbHOI CTOPOHBI BOJM3M yPOBHA
ocTeoTOMNUM (COOTBETCTBYIOILETO BepxXHel TpeTu bes-
pennoit koctu) pocrurator 60 MIla, a ¢ naTepabHON
croponbl Gimsknu k Hyuo (puc. 5). CyijecTBeHHOe
(B 1,5—2 pasa) yBeaudeHue Harpy3Ku ¢ MeAMaJbHON
CTOPOHBI KOCTM TIO3BOJIAET IIPOTHO3MPOBATH TMUITEP-
TpodMI0 KOCTHO TKaHM BCIEACTBME KOCTHOTO PeMOo-
nemposanus. «MecTHoe» yBesyeHne o6bemMa KOCT-
HO}M TKaHM, BOCIPMHMMAIOIE Harpysky, B CBOIO
ouepeib [OJIKHO IPUBOAMTH K TMOCTEIEHHOMY CHM-
JKEHMIO HaIpAMXeHuit 10 HopMassHoro yposHa. C ya-
TepaJIbHOM K€ CTOPOHBI MOYKHO MPOTHO3MPOBAThL OC-
TeoJu3nuce Tex 00BLEMOB KOCTHOI TKaHM, B KOTOPBIX
MexXaHMYecKHe HAIIPAMEeHUA IPaKTHIeCKH OTCY TCTBY -
for. Ha puc. 6 npejacraBied KIMHMYECKUI IpUMEp,
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X=-0,175

Z=-0,992

@) ©

Puc. 4. Begpennsiii komnonenT sHponporesa «MATV—IINTO» (a) M KOHEYHO-BJIEMEHTHAA MOJENb CUCTeMbl «DeapeHHas
KOCTh — KOCTHBIN IleMeHT — sHjonpored» (6): necdopmanua B macurrabe 10:1 mpn varpyske 3300 H (X, Z — cmeuienuns
LeHTpa Oe/JpeHHO rOJIOBKY, B MM).

Puc. 5. Pacnpenenenne pacrarnBawimx (+0) U cikUMaOIIMX (—0) HANpAXKEHUT B_KOPTMKAaJe 3[0pOBoi (HeaHI0MpoTe3npo-
BaHHOI) Genpennoit koctu (1) 1 B KOpPTHKaJe COXPaHEHHOI IpPM 3HAONpoTe3MpoBaHuy OeipeHHoi KocTi (2) Ipy HArpyske
3300 H.

HOATBEPIAAIONINI peaNlns3anun 3TUX ABJIEHUIN.
WnrepecHo oTMeTuTh, 4TO KpoMme 00pas3oBaHMsA
«mbefiecTasa» (IpUMepHO uepes 8 mec mocse 3HAO-
NIPOTe3MpPOBaHNMA) B MECTe KOHLIEHTPAL[MY HallpAMKe-
HMIf MPOMCXONMUT HapacTaHue KOCTHOM TKaHW BIOJb
IMIMHAPUYECKOI IIOBEPXHOCTH MPOKCUMAJIBHON Yac-
TH UMILIaHTaTa (4epes 1,5 rosga), 4To CBA3aHO C OCTEO-
MHTErpanuei n obecrieunBaeT BTOPUYHYIO OMoJI0rM-
JecKyl (bMKCcalMio SHA0MIPOTE3A.

Opnako ciemyer MMeTh B BMAY M BO3MOIKHOCTH
nporusononoxHoro adgpderra. Korma mimomans KoH-
TaKTa OMOPHOI NMOBEPXHOCTY IPOKCUMAJBLHON YacTu
SHIONPOTE3a C KOCTHIO CJAMIIKOM MaJia, HAIIPAMKEeHUA
€ Me/IaJIbHOM CTOPOHBI BOJIM3U ILJIOCKOCTH OCTEOTO-
MU} MOTYT IIPEBBICUTH KPUTUYECKMIT YPOBEHb, IIpK
KOTOPOM BeJIMKA BEPOATHOCTD JIM31Ca KOCTHOM TKAaHK
BCJIE/ICTBME YPE3MEPHON Meperpys3ku. JTO BO3MOXK-
HO, HAIIpUMeP, IPY HETOYHOM BBIITOJIHEHUM PEe3EKIINHI,
KOI/[a IJIOCKOCTh OCTEOTOMMM He IepHeHAMKYJIApPHa
ocu KaHaya DepeHHOM KOCTM, WMJIM IPK CJINMIIKOM
MaJjioii TOJIIMHEe KOPTHMKaJla Ha YPOBHE OCTEOTOMMUM
B COYETaHMM C HECIJIOIIHOCTBIO LIEMEHTHOM MaHTHUN.

IIpumep 3. Yama BepTIIyHOTO0 KOMIIOHEHTAa
9HZIONIPOTEe3a Ta300eAPEeHHOr0 cycTaBa HeciieMeHTHOM

Puc. 6. Peurreno-
rpamMma nalueHTa
C YyCTaHOBJIEHHBIM
QHAOMNPOTE3OM
«MATU—IIUTO»
gepe3s 1,0 roga nmoc-
Jie ornepalyn.

(hurcanuy, ycraHaBaMBaeMas B BEPTIIYIKHOM Bau-
He nocajkoii «press-fit», maroraBanBaercsa u3 Tura-
HOBOrO crniasa BT6 (Ti-6Al-4V). BHemHAsA, KOHTaK-
TUPYIOLIAA C KOCTbIO MOBEPXHOCTEL YalllM MMEeT I10-

PUCTYIO CTPYKTYPY C perjaMeHTHPOBaHHLIM pa3Me-
POM OTKPBITBIX M 3aKpbITEIX op oT 100 xmo 500 MM
(puc. 7). IlopucTsiit cyioit hopMupyeTcsa MyTeM I1aas-
MEHHOTO HaHeCeHMs Ha IIOBEPXHOCTb Yallld YMCTOrO
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Puc. 7. Hama BepTIIy;KHOTO KOMIIOHEHTA 3HAONpPOTesa TasobelqpeHHOro cycrasa OecreMeHTHOM (uxcanum (@) M KOHEUHO-
AJIEMEHTHAA MOJEJb CMCTEMBbl «Tas30Bad KOCTb — Hallla — BKJAJBII M3 CBEPXBBICOKOMOJIEKYJIAPHOTO nojuaTuaeHa» (6):
Ha MOJeJM IOKa3aHbl TOJIOBKA OeJpeHHOr0 KOMIIOHEHTa, TOYKA IPUJIOKEHNA M HallpaBJeHue NeficTBUA PacyeTHOH Harpys3Ku.

TUTAaHa ¢ MOCJeYIoIeil TepMOBOIOPOIHOM 06paboT-
kot (TBO). TBO ycrpanser rpaHmily pasjaena oc-
HOBBI C TIOKPBITMEM, CO3/laBasg B CEUYEHMM Halln
HEeIpepPLIBHYIO IPaIMeHTHYIO CTPYKTYPY M MCKJIOYasn
OTCJaMBaHME TIOKPBITMA B IIPOLIECCe JKCILIyaTalMn.
MarepuaJl IIOBEPXHOCTM M €e TIOpMUCTad CTPYKTypa
CO3JaI0T OTJMYHBIE YCJIOBMA JJIA OCTEOMHTETPaluu
M HaJeHOI BTOPUYHOI OmoJsornyeckoil curcamym.
3a 8 ner skcnryaTanuy He 3a(pMKCHMPOBAaHO HU OJTHO-
ro cay4das HecTabUIbHOCTH Hallln.

TTocaaka «c HaTArOM» M (DYHKIMOHAJbHbIE HATPY3-
KM, IepeZiaBaeMble Yepes Hallly, HalIpuMep, IIpy X0b-
e, co3maioT B Hell CJI0KHOE HANPAMKEHHO-TedopMu-
POBaHHOE COCTOAHNME C HEOJHOPOJHBLIM pacrpefiesne-
HUeM MeXaHn4decKux Hanpaxennii. [Iposegenaoe KoM~
NBIOTEPHOE MOJIeIMpOBaHue OMOTeXHMYecKoi cucre-
MBI «Ta30BafA KOCTbh — Hallla — BKJaJbII U3 CBepX-
BBICOKOMOJIEKYJIAPHOTO IIOJIMATHIICHA» TT0OKA3aJ0, 4TO
MaKCUMaJIbHble PacTATMBAIOIIMe HAINpPAMEeHUA IIpH
IIMKOBOM 3Ha4eHuM (PYHKLIMOHAJBHON LUKIMYeCKOH

SMN =-.198E+08
SMY =,550E+08
- .198E+08
L] - 115E+08
L - 3208407
.511E+07
.134E+08
L217E+08
300E+08

B

=

-
.384E+08

B

I

«467E+08
. 550E+08

Puc. 8. Pacnipesenenue HanpAMKeHM I TaHreHIMAIBLHOTO
HalnpaBJieHnd (MMOKa3aHO CTPEeJIKOil) B yallle Npy pasHOCTH
JIMaMeTPOB YAy M BEPTIIy»cHOM BnaauHel 0,5 MM 1 Harpys-
ke 3300 H.

Harpysknu (3300 H) mocruramoTca B 2KBaTOpPHAaJb-
HO YacTy Jaimm BOJM3YM JIMHUM JeHCTBUA HATPY3KHU
(puc. 8). Mix BenmuuHa B 3aBUMCUMMOCTM OT Pa3HOCTH
AMaMEeTPOB Yallli ¥ BepPTJIY»KHOM BIAJMHBI («HATATY,
OTIpEJIeNIAIOIINIT HAJIeXKHOCTh NePBUYHOI (uKcalyn
yamm nocaakoi «press-fit») cocraruna 50—60 Mlla.
Takoii ypoBeHb HAIPAMKEHMII HAMHOTO HMIKe ycTa-
JIOCTHOJ TPOYHOCTH He ToJbko criaBa BT6 (300—
450 MIIa), HO M TEXHMYECKM YMCTOr0 THUTAHA MapKu
BT1-0 (190—270 MIIa). ITony4yeHHBIE pe3yJbTaTbl
000CHOBBIBAIOT BO3MOXKHOCTEH 3aMeHBI MaTepuasa
yamy — criaea BT6 na cima BT1-0. Takasa 3amena
[IO3BOJIUT YJIYYIINTE OMOJIOTHYECKYI0 COBMECTHMOCTD
yamy 3a CYeT MCKJIIOYEeHMA M3 CcOCTaBa MaTepuasia
TOKCMYHOIO BaHAJAMUA, HA YTO B MOcJeqHee BpeMa 06-
palanT cepbe3Hoe BHUMaHNe MceeloBaTeln U pas-
paboTYMKy MaTepHaJOB AJIA MMILIAHTATOB [4, 6, 14].
IIpu sTOM pacyYeTHLIN 3arac HaJIeHOCTH KOHCTPYK-
MM YallyM COCTaBUT He MeHee 2 jla)ke C ydeToM
KOHCTPYKTMBHBIX KOHIIEHTPAaTOPOB HaIpAMEHNI],
HanpuMep, OTBEPCTUIL IJIA BUHTOB.

B pamkax omHOIi cTaTbyM HEBO3MOYKHO OCBETUTh
BCE ACIEKTHI NPMMEHEHMA MaTeMaTUHecKoro Moje-
NUpoBaHMA Kak Heobxonmmoro 1 sdpcheKTHBHOTO BTa-
[a [MPOeKTMPOBAHMA UMILIAHTATOB M IPOrHO3MPOBa-
HUA UX MEXaHMYECKOro [IOBEJeHUA B OpraHusMe ye-
JIoBeKa, a TeM GoJiee NMPOUJLIICTPUPOBATE MX KOHK-
peTHbIMM TpuMepamu. VIH:KeHepHO-MeOUIMHCKMM
uenrpom «MATH-Menrex» PI'TY um. K.3. Inomn-
KOBCKOT'0 COBMECTHO € TPYIIION KoMraumii «Vasxom-
BMCH» npy akTMBHOM TBOPYECKOM yYacTUM Beny-
IIMX POCCUMCKUX MEAMIIMHCKUX YUPesKIeHNt 1 crie-
umaaneToB 3a 10-nerHuit nepuos paspaboTaHoO OKO-
no 30 HaMMeHOBaHMI KOHCTPYKUMII MMILIAHTATOB M
MX KOMIIOHEHTOB Pas3JyIMYHOrO Ha3HAYeHNUA C MHCTPY-
MEeHTaMM IJIf YCTAaHOBKM. BOJBIIMHCTBO M3Jeauii
BHEJIDEHO B CepMifHOe INPOM3BOACTBO M HANLIO yC-
IIEIIHOE TIPMMEHEeHNEe B OTeUYeCTBEHHBIX M 3apybes-
HBIX KJIMHMEKaX. B nponecce paspaboTkmu u onTuMu-
3a1My UX KOHCTPYKILMIL, TEXHOJIOTMIA TPOM3BOJICTBA,
BeIDOpa MaTepMaJioB IIMPOKO MCIIOIL30BAJIOCh U MC-
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IIOMb3yeTCA B HACTOAIEe BPEMA MaTeMaTUYECKOe
KOMIIbIOTEpHOE MozesupoBaHue. Kpome Toro, 60Jb-
1I0e BHUMaHUE yAeJfAeTcdA aHAJIOTMYHOMY TeOpeTH-
YeCKOMY aHaJu3y O0MOMEeXaHUYEeCKOro MOBeNeHUS
VMIMIIIAHTATOB, pa3paboTaHHBIX APYyruMu upMamu,
B TOM 4MCJIe BeAYLIMMM 3apyDesKHbIMIU. JTO TAKIKe
JlaeT eHHYI0 MH(OPMAaLMIO IJIA [IOCTOAHHOTO COBEP-
HIEHCTBOBaHMA KOHCTPYKIWI, YIIyUIIeHUS UX (PYHK-
LMOHAJILHBIX CBOMCTB, & B HEKOTOPBIX CJIy4YadaxX M
CO3/JaHM#A HOBBIX MeAMILIMHCKMX TEXHOJIOTHIA M MEeTO-
JIOB OIIEPATUBHOTO JIEUEHMUS.

IIpuBenenHble 3n€Ch M IPUMEHAEMbIE Ha IPAKTU-
Ke NIPUHIMIIBI TPOeKTMPOBaHMA B COBOKYIIHOCTH C Ca-
MBbIMM COBPEMEHHBIMM TEXHOJIOTMAMM IIPOM3BOACTBA,
B TOM 4YMCJI€ YHMKAJBHBIMU HaHOTexXHoJormamu [9],
BO MHOTOM 0DOecrneyMBalOT BBEICOKOE Ka4eCTBO DHIO-
IIpoTe30B ¢ TOproBoi Mapkoit « BMCI1».
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