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COMPUTER TECHNOLOGY OF MEDICAL IMPLANTS

BY LAYER LASER SINTERING

M.M. Tverskoy, L.N. Petrova, A.S. Aladin, E.Yu. Sulatskaya, A.S. Zharinova

OnmncbIBaeTcsi TEXHOJIOTHS ABTOMATU3UPOBAHHOI'0 NMPOCKTUPOBAHUSA CJIO)KHOHpOd)l/lJIb-
HBIX UMILJIAHTATOB € HUCHMOJb30BAHHUEM HWHIUBHUAYAJBbHbIX Tonorpad)o-aHaTOMuqecm[x JAaH-
HBIX NMalMieHTa U JajibHelilllee U3rOTOBJIEHHE UMILIAHTATOB U3 TUTAHOCOAEPIKAalllMX IIOPOIIKOB
METOA0M CEJIEKTUBHOI'0 JIA3€PHOI'0 CIIEKAHUSA IIPH KOMIIBIOTEPHOM YIIPaBJI€HHUH IIPOLIECCOM.

Knrouesvie cnosa: umnjianmam, KOMRnblomepHas mwuoepaqbu}z, eupmyaibHas A’looeflb, npomo-
munuposanue, SLS—me‘XHOflOZM}l, CeleKmueHoe Jja3epHoe cnekanue, peKoOHCmpyKmueHo-60CCmaHo-

BUMENbHAS XUPYDUSL.

The technology of computer-aided manufacturing of figurine-shaped implants using in-
dividual topographic anatomic data of the patient and the further production of powders of
titanium implants by selective laser sintering process under computer control are described in

the article.

Keywords: implants, computed tomography, virtual model, prototyping, SLS-technique, selec-
tive laser sintering, reconstructive and plastic surgery.
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MIPUMEHEHNE MMIUIAHTAIlNHA B CIOXKHBIX Cirydasx. Ha-
IIPUMEP, B YEIIFOCTHO-JIMLEBOW U HEMPOXUPYPIUU MpU-
MCHAKTCS TUTAHOBBLIC HUMILIAHTAThl B BUC nep(l)opn—
POBAHHLIX INUIACTUH, KOTOPLIC MOATOHAKOTCA MO MECTY
BO BpEMs omnepanuv, 4TO YBCIUYUBACT BPEMs OIlCpa-
mun (HaXOKJCHUS TAIUCHTA IO OOIIMUM HApPKO30M),
MPUBOIUT K JedopManui Kpenex HBIX OTBEPCTHH, a
IJIABHOC — K BO3HUKHOBEHHIO 30H KOHIICHTPALUHM Ha-
MIPSHKEHUH, CHIDKAIOIMINX IPOYHOCTh UMITIAHTATA.
BbxomoM U3 TOJOXKEHUS MOXET CTaTh MpPUMEHe-
HUE WHIUBUIYAIN3UPOBAHHBIX CIOKHOIPOQPIITEHBIX
HMMIDIaHTATOB, CHPOEKTHPOBAHHBIX M M3TOTOBIICHHBIX C
HCIIONIF30BaHIEM COBPEMEHHBIX TEXHOJIOTHHA: OBICTPOTO
nporotuupoBanust [3] u 3D-crepeonurorpadum [4, 5].

1. Ucnosib3yemble MaTepUaJIbl 1 TEXHOJIOTHU

HU3rOTOBJIEHUS MMILJIAHTATOB

B Hacrosiiee Bpems Ul IOJMydYEeHUs] MMIUIAHTa-
TOB WCHOJIB3YIOTCS JIB€ IPYIITEI MaTePHAJIOB: ITOJIMME-
PHI (TOTAUATHIICH, TIOMHIIPOTIMIICH U JIP.) U METaJUTBL

Jlo HemaBHEro BpEMEHM B MMILIAHTOJOTUH TPH-
MCHSIM HEPIKaBEIOLIyl0 CTajlb M CIUIaB XpOMa C KO-
OanpToM. HO ceromHs OT MCIONBb30BaHUSA TUX MaTe-
pHaJoB IPAaKTHYECKH OTKA3aJdMCh BBUAY TOrO, HYTO
OHM HE HUMEIT JOJDKHOW YCTOWYMBOCTH IIPHU HEIO-
CPEACTBEHHOM KOHTAKTEe C OMOJIOTHYECKUMHU CPEIaMH.
Haubonee mnpuemiieMbIMU SIBISIIOTCS OWOWMHEPTHBIE
MarepHalibl — TUTaH, 30J10T0, HupkoHuid. OHKM obecre-
YHMBAIOT Jiy4niee U Oojee ObICTpOE NMPHXKUBIICHHUE HC-
KyCCTBEHHOH KOHCTPYKLHH, HMEIOT psJ ITPeuMy-
IIECTB B TEXHOJIOTMU M3TOTOBJICHHS.

B Hacrosiiee BpeMs caMbIM TOIYJIIPHBIM U BOC-
TpeOOBaHHBIM MaTEPUAJIOM JIsl HIMIUIAHTATOB SIBIISCT-
CSl «YUCTBI» TUTAH U ero ciuiaBel. OHKM HE SBISIFOTCS
XMMHUYECKH WHEPTHBIMH MaTepuagaMiy, MO3TOMY HX
MIOBEPXHOCTh OBICTPO MOKPHIBAETCS OKCHUAHOW IUICH-
KO, KOTOpasi ¥ 00eCIEeUYnBAET UM BBICOKYIO aHTHKOP-
PO3HIHYIO YCTOMYHBOCTH. barogaps 0OJbIIOi Ipoy-
HOCTHU U BBICOKOH yCTOMYMBOCTH K KOPPO3UH TUTAH U
€T0 CIVIaBbl NPAKTUYCCKHW HE MMCIOT KOHKYPCHTOB B
UMIUIAHTOJIOTUH, TaK KaKk HE W3MEHSIOT CBOMX
CBOHCTB I10J1 BJIMSIHHEM arpecCHBHBIX OMOJIOTHYECKUX
Cpen OpraHW3Ma M CaMy HE OKa3bIBAET TOKCHYECKOTO
BO3/ICHCTBUS Ha KMBbIC TKaHU.

CymiecTByeT HECKOIBKO CTIOCOO0B M3TOTOBICHHS
HMIUIAHTATOB: (ppe3epoBanue, 00pabOTKa JaBICHHEM,
JIUTBE U METOJBI TOPOIIKOBOM METAJLTYPrHH.

CoBpeMeHHass TEXHOJIOTHSI TPOU3BOJCTBA HM-
IUIAHTATOB C MOMOIIbIO (hpe3epoBaHusi Ha CTAHKax C
YHUCIOBBIM TporpaMMHBIM  ympaBineHueMm (UIIY)
o0ecrieunBaeT BHICOKYIO TOYHOCTh M3TOTOBJICHHS (OT-
KJIOHEHHE pa3MepoB — 15-20 MM B cpaBHeHuU ¢ 50—
70 MKM IIpH JIUTHE), BHICOKMA YPOBEHb aBTOMAaTH3a-
LUK TpyJa, OOJIBIIYIO MPOM3BOANUTEIBHOCTD, MPUMeE-
HEHHE MIMPOKOTO CIIeKTpa 00pabaThIBAaeMBIX MaTe-
pHAIOB U KOMIIAKTHOCTh 000pyaoBaHus. OQHAKO MpH
M3TOTOBIICHHSI HIMIUTAHTATOB CIIOCOOOM (hpe3epoBaHus
BO3HMKAIOT CIIEAYIOIIUE MPOOIIEMBI:

® CJIOKHOCTB IOTY4€HHS TOHKOCTEHHBIX HEXKECT-
KHUX U3CIUH;

® HEBO3MOXHOCTb IOIY4EHHs IOPUCTOH CTPYyK-
TypBI IMIUIAHTATa, YTO SBJIAETCS BaXKHBIM TPEOOBaHU-
€M JIJIs1 OCTEOMHTETPAINU C )KMBOW TKaHBIO [6].

JlazepHoe cIieKaHHE IOPOIIKOBBIX MaTepHaIoOB
OCHOBaHO Ha aKTUBHO pa3pabarbiBaeMoM meroae SLS
(selective laser sintering) — CEJIEKTUBHOTO JIa3€PHOTO
cnekaHus [3], koraa cMech MaTepHaloB C Pa3IM4YHBI-
MH TeMIlepaTypamMH IUIABJICHHUS IOJABEPraloT TEIUIO-
Boi1 0Opabotke. [To SLS-TexHOMOTHE M3ETHE CO3Ma-
€TCsl M3 TMOPOIITKOBBIX MaTepuaioB 3a cueT 3¢ddekra
CHEKaHWs IIPH TOMOIIM S3HEPTHH JIA3epHOTO JIyda,
KOTOpBIN fABJIAETCS MCTOYHMKOM Tera. B kadectse
MaTepUalIOB HUCIOJIB3YIOTCS TOJUAMHUI, MOIUCTHPOIL,
MIECOK U TIOPOLIKH HEKOTOPBIX METAJIIOB.

JlazepHoe cHeKaHUE TIOPOUIKOB MPEICTABISIET
co00¥  MHOTOKPAaTHO IOBTOPSIOIIMHCS  IpoIece,
BKJIFOUAIOIIUH HECKOJIBLKO cTanui (puc. 1):

e HAHECEHHUE ITOPOLIKOBOTO CJIOS M BBIPAaBHHBA-
HHE ero POJIUKOM;

e IIPOrpaMMHO-yTIpaBisieMasi Ja3epHas 00paboT-
Ka (CKaHHPOBaHME) TOPOIIKOBOTO CJOS C IOIHBIM
MPOIIIABICHUEM JIETKOIUIABKOW KOMITOHEHTHI ITOPOIII-
KOBOH cMecH 110 3aJJaHHOMY KOHTYDY;

® YHCTKA MOITy4EHHOTO CIIOS;

® C/IBUT CTONMKA C 00pa3LloM BHHU3 Ha BEIHMYUHY
TOJILIUHBI OJTHOTO CJIOS;

¢ IOBTOPEHHUE BCEro Ipoliecca, TO eCTh HaHece-
HHE CJIEAYIOLIEro MOPOIIKOBOIO CIIOs, JIa3epHOE CKa-
HUPOBAHME M T. 1.

nyy nasepa

ponuk
/' nopowok
®

onnaBneHHbIN
cnou

SLS-texHonorus

Puc. 1. MpuHumMnuanbHasa cxema TexHonoruu SLS

I'mOKoCTh TEXHOJIOTMH AOCTUTAeTCs Onaromaps
HETMOCPEJACTBEHHOMY KOMIIBIOTEPHOMY YIIPaBIECHUIO
npoieccoM. B oTiinuue OT TpaguIlMOHHBIX METO/OB
M3rOTOBJICHHS JeTajeld He TPeOyeTcs MX IOCIeayIo-
miasi MexaHudeckas o0paboTka. Merammudeckue u3-
Jlelds, U3TOTOBJIEHHBIE MeTOonOM SLS, umeror Omaro-
MPUATHYIO OPUCTYIO CTPYKTYPY.

2. TexXHOJIOrUs1 U3rOTOBJEHUS UMILJIAHTATOB

METO/IOM IOCJIOHHOTr0 JIA3ePHOI0 CIEKAHUS

B 2010-2011 rr. corpymaukamu HOxHO-Ypais-
CKOTO TOCYIapCTBEHHOro yHHMBepcutera u YesnsiOun-
CKOTO OKPY)KHOTO KIIHHUYECKOTO OHKOJOTHYECKOTrO
JUCIIaHcepa ObUla pa3paboTaHa TEXHOJOTHS HU3TOTOB-
JICHHUA TUTAHOBBLIX HMIIJIAHTATOB C HCIIOJIB30BAaHHEM
METOJIa CEJIEKTUBHOT'O JIA3€PHOTO CIEKAHUs, KOTOpas
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Monyyexue
KT-cHumkoB

dusnveckoe : {
nnaHupoBsaHue
onepauuun

M3roToBneHue MMANaHTara
13 TUTaHOCOAEPXKALLEro
cnnaea Ha yctaHoBke SLM 125

lMpoekTupoBaHue
MMnnaHTaTa

CoBpemeHHan
TeXHOJIOrus
M3roToBMneHus

MMNNaHTaToB

O6paboTtka
KT-cHumkoB

‘WarotoBnexue npororuna
MUEBOM KOCTHU U3 NNacTuKa
a yctaHoBke Dimension SST 768

Puc. 2. Cxema M3roToBneHus UMnnaHrara

B JaJIbHEHIIIEM MOKET OBITh MCIIOJIb30BaHa B YETFOCT-
HO-JIMIIEBOW W PEKOHCTPYKTUBHO-BOCCTAHOBUTEIHLHOU
XUPYPrHH 3J0KaYECTBEHHBIX HOBOOOPA30BaHUIA TOJIO-
BHI U IIIEH.

Ha puc. 2 mpuBeneHsl OCHOBHBIE ATAITBl H3TOTOB-
JICHUS] UMIUIaHTaTa HOCA IMaIMeHTa!

® CO3JaHUE BUPTYAJIBbHON MOJEIM JIMLEBOU KOC-
TH TAIUEHTa M0 JAHHBIM KOMIIBIOTEPHOI ToMorpa-
Gun (KT);

® U3rOTOBJICHUE IIACTUKOBOTO MPOTOTHIIA JIUIIC-
BOI KOCTH — HEOOSI3aTEIBHBIN JTAIT;

® IPOCKTUPOBAHNE BUPTYaTbHON MOJCITH WM-
IUTAHTATa C MapaMeTPaMu, COOTBETCTBYIOIIMMY WHIH-
BUIYaJIBHOW aHATOMUH MAIIMCHTA;

® M3TOTOBJICHUE TUTAaHOBOT'O HMMILIAHTATA CIIOXK-
HOW TeoMeTpHUIeCcKOi (HOpMBI CrTIOCOOOM CEIEeKTHBHO-
TO JTa3epHOTO CIIEKaHUS.

OcHoBo# s mocTpoenust 3D-mMoxeny AUIEeBOH
KOCTH TaIlMeHTa ABJSIOTCS CHUMKH TKaHEH MaIueHTa,
BBITIOJIHEHHBIC B JIEYUeOHOM YUPEIKICHHU C UCIIOIb30-
BaHHWeM ToMorpada. B Xome KOMIBIOTEPHOH TOMO-
rpaduu OCYIIECTBIIACTCS IOCIONHOE CKaHHUPOBAHUE
TENa 4YeJIOBeKa PEHTTCHOBCKUMH JIydaMH C I[EJbIO
BBISBJICHUSI YYaCTKOB PAa3IMYHON IUIOTHOCTH. Jlist
KOJMYCCTBEHHOW OIICHKU IUIOTHOCTH HCCIEAYEMBIX
3TUM METOJOM CTPYKTYP HCIOJB3YyeTCs IIKaiga OcC-
mabIIeHUsT PEHTTEHOBCKOTO HM3IYUYCHHS, TTOTYIHBIIAS
Ha3BaHWE IIKanbl XayHcpuiuna. Jnama3oH eXWHUI
IIKaIbl (JIEHCHTOMETPHUYECKHX IOKa3aTelel, aHTII.
Hounsfield units), COOTBETCTBYIOIIMX CTENEHH OCNA0-
JICHUS PEHTTCHOBCKOTO W3IYYCHUS aHATOMHYECKUMH
CTPYKTYpaMH OpraHusma, cocraBigeT ot —1024 mo
+3071, 1. e. 4096 uncen ocnabnenus. CpenHuii moka-

3arens B mkaine XayHchmiga (0 HU) coorBercTByer
TUIOTHOCTH BOABI, OTPHLATEIbHBIC BEIWYMHBI HIKAJIBI
COOTBETCTBYIOT BO3YXY U JKUPOBOI TKaHHM, ITOJIOKH-
TEeNbHBIE — MATKAM TKaHSIM, KOCTHOH TKaHU W Oolee
IDIOTHBIM BEIECTBAaM, HApUMep MeTaiaMm (CM. Tad-
JUITY ).

BemecTBo Bo3ayx Kup Bona
HU —1000 -120 0
BemecrBo | Msarkue Tkanu Koctu

HU +40 +400 u BEIIIC

B cBsa3u ¢ Tem, 4TO OOBIYHBIN KOMITBIOTEPHBIH
MOHHUTOp CIIOCOOEH OTOOpaxkaTh 10 256 OTTEHKOB
Ceporo LBeTa, JUIl BU3YaJIILHOTO OTOOpaXKeHHs pe-
3yJITATOB TOMOTpaMy OCYLIECTBISETCS NPOrpamMM-
HBII TIepepacyeT ceporo rpaJneHTa B 3aBUCUMOCTH OT
HWHTEPECYeMOro HHTepBajia INKanbl. YepHo-Oeblid
CHEKTp M300paKEHHSI MOXKHO NPUMEHSTH KaK B IIH-
POKOM MHTEpBaJIE JEHCUTOMETPUYECKHIX MOKa3aTeNneH
(BMByanmM3HpYIOTCSL CTPYKTYpPBI BCEX IUIOTHOCTEH,
OJTHAKO HEBO3MOKHO Pa3IMUUTh CTPYKTYpHI, ONn3Kne
M0 IUIOTHOCTH), TaKk W B Ooiee y3KOM HHTEpBajie C
3aJaHHBIM YPOBHEM €r0 IIEHTPa M LIHPHHBI («JIEerod-
HOE OKHO», «MATKOTKaHHOE OKHO» H T.J.; B 3TOM
ciy4yae Tepsiercsi MHGOpMaLuUs O CTPYKTYpax, IUIOT-
HOCTh KOTOPBIX BBIXOJUT 3a IPEAesbl Juana3oHa, of-
HAaKO XOpOLIO Pa3IMYMMBl CTPYKTYpBI, OJW3KHE I10
IUIOTHOCTH).

Ha puc. 3 mpexncraBneHbl pe3yibTaTbl KOMIIBIO-
TepHOH ToMorpadun (KT-cHUMKHN) TOJIOBBI YEIIOBEKA;
Ha CHUMKaX KOCTH BBIIVIAAT OCNBIMH, BO3AYX — 4ep-
HBIH, MATKHE TKaHU UMEIOT Pa3INuHbIE OTTEHKH Cepo-
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Puc. 3. KT-cHumku Yyepena nauymeHTa

ro. KonndecTBo CHUMKOB ompeJiensieTcsi BBIOpaHHBIM
P TPOBEICHIH TOMOTPa(U MaroM CKaHUPOBAHHUS.
CoBpeMeHHBIE TOMOTpagbl TO3BOIAIOT TOIYYaTh
CHUMKH C IIaroM MeHee | MM, IOATOMY JJIsl IOCTpOe-
HUS KadecTBeHHOH 3D-Momenu KenaTeapbHO OCYIIecT-
BIISITh CKAHUPOBAHHUE C HANMEHBIITNM IIaTOM.

st mostydeHus: BUPTyallbHOM TPEXMEPHOH MoO-
JIEJIM JIMICBOW KOCTHU TalMeHTa HEOOX0IUMO Ha Kax-
noMm KT-cuumke (puc. 4, a) BbIIEIUTh KOCTHBIE TKAaHU

NaluenTa, 1moo0paB WHTEPBal OTOOpaKeHUS IEHCH-
TOMETpPHYECKUX TOoKazarteneit (puc. 4, 0). [nsa Beige-
JICHHBIX 00NacTel OPMHUPYIOT KOHTYPHL.

IMociie 3TOro KOHTYPBI, OTHOCSIIUECS K PAa3HBIM
CHHMKaM, «CKJICUBAIOT» MEXAy COOOH C ydeTom 3a-
JIAHHOHW 1pu TOMOTrpaduK TOJIIMHBI CIIOSI CKAHUPOBA-
Hus (puc. 5, a). C UCMoIb30BaHUEM HHTEPIOJAIINOH-
HBIX AJITOPUTMOB MPOU3BOAMUTCS (HOPMHUPOBAHUE IIO-
BEPXHOCTEH YepHOBOro BapuaHTa Mojenu (puc. 5, 0).

a)

6)

Puc. 4. BbigeneHune KOCTHbIX TKaHen Ha KT-cHuUMKax
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Puc. 5. CospaHue BI/IpTyaanOf"I MoAenu nuueBON KOCTU: a — «CKNeMBaHue» KOHTYPOB;
6 — co3paHue ﬂOBerHOCTeﬁ ‘-IepHOBOﬁ MoAaenu; B — «oYULLeHHasa» BUpTyarnbHas Moaerb

[Tonyuennass mozmens coxpansiercsi B STL-¢popmarte.
OpHako OHa elle He MOXKET CUMTAThCSl 3aKOHUYEHHOM,
TaK Kak B HEH, Ckopee Bcero, OyayT MPHCYTCTBOBAaTh
pa3nuuHble apTeakThl, BEI3BAaHHBIC NeQEeKTaMU CKa-
HUPOBAHMSA U BBIIEIICHHUS KOCTHBIX TKAaHEH, a TaKKe
IIyMaMH{ OT METAJULIMYECKHUX IIIOMO 1 OpEeKeT-CUCTEM.

JopaboTka BUPTyaIbHON MOZIETH BKIIOYAET Clie-
JIyIOIIUe MPOLEeypHhI:

 JIOKQJIM3ALIMIO MHTEpeCyolIel 001acTH;

e ynajeHue apTeakTos;

 yIy4llIeHHUE Ka4eCTBa OBEPXHOCTEH;

® HaXOXJICHHWEe U 3aJMBKY IOBEPXHOCTHOH He-
cmtomHocTy STL-Monmenu;

® ONTHMHU3ALMIO TIOJINTOHAIBHOM CETKH.

[Tocne BBHIMOJHEHHE BCEX JTHX MPOLEAYP «OYH-
IIEHHAsD» BUPTyallbHAs MOJEINb JIMLEBONH KOCTH MaIy-
€HTa MpHOoOpeTaeT BU/, MPEIACTABICHHBINA Ha PUC. 5, B,
YTO MO3BOJISIET MEPEHTH K CIIAYIOLIEMY 3Tally — Co0-
CTBEHHO MPOEKTUPOBAHUIO HMILIAHTATA.

Haubomnee npocro 3amava noxyuernus 3D-monemn
UMIUIaHTaTa pemaercss ¢ ucrnoiab3oBanueM KT-
CHUMKOB, KOTOPLIC GI)IHI/I CACaHbl €1I€ OO0 TpaBMbI
win 6oie3Hu. Eciam Takne CHUMKH OTCYTCTBYIOT, TO
NIPOEKTUPOBAaHHE HMIUIAHTAaTa YTPAYCHHBIX TKaHEH
MOXXHO OCYLIECTBIISITh HA OCHOBE MMEIOIIUXCS y Ta-
IIMEHTa CHMMETPUYHBIX aHAIOroB (HAampHMep, BOC-
CTaHOBJICHHE OpPOUTEHI JIEBOTO IJIa3a O IpaBoMy). Ta-
KOH crmoco0 NMpOeKTUpOBaHHsS MMIUIAHTaTa OyJeT oc-
HOBaH Ha 3€PKaJIbHO-OTOOPAXEHHON T'€OMETPUH KO-
CTHBIX TKaHEH NalMeHTa M CBOAWT K MUHHUMYMY HC-
IMOJIb30BAHUE IIPU MPOCKTUPOBAHUN I[OHOHHI/ITGHLHOﬁ
nH(OPMaLUK, HAIIPUMEp, O TUIIOBOM CTPOCHHUH JIHIIE-
BBIX KOCTEH.

Ecnu cummerpudHOro aHanora HET (HampuMep,
IIPU BOCCTAHOBJIEHUH HOCA), TO IPOLECC MPOEKTHPO-
BaHMSI CYLIECTBEHHO YCJIOKHSETCS, TaK Kak B 3TOM
Cilyyae NPUAETCS CO3[aBaTh HMMIUIAHTAT HMCXOAS M3
aHaJIM3a TEOMETPHM HMEIOUIMXCSA Yy IMAlHUeHTa KOCT-
HbIX TKaHel. Ha monydyeHHON BHpTyallbHOM MoJenu
JMLEBONH KOCTH BBIJCISIOTCS MOBEPXHOCTH, C KOTO-

pBIME OyJIeT colpuKacarbesi UMILTaHTaT. Ha nx ocHo-
Be (PopMHpPYIOTCS 0a30BBIC DJIEMEHTHI MMILTAHTATA —
Tak Ha3blBaeMas OomopHas reometpus (puc. 6). Onop-
Has teomerpus mepemaercs B CAD-cucremy s
JaIbHEHIIETO TPOEKTUPOBAHMS.

DJIeMEHTHI OTIOPHOM
reOMeTpHU

Puc. 6. ®opMupoBaHue 3anemMeHTOB ONMOPHON reomMeTpun

[IpoekTUpOBaHUE UMILJIAHTATA OCYIIIECTBIISICTCS C
UCMOJIb30BaHueM (Gororpaduii maiuenta 10 OOJNe3HH,
ICTETHYECKUX KaHOHOB W JPYroil MHQopManuu, mo-
JYYCHHOW OT MAIMEHTa WU OMEPHUPYIOLIETO XUPYypra.
B Xoze mnpoeKTHpPOBaHUS MMIUIAHTATY MPHIACTCS
TOJIIIMHA, 00ECIICUYNBAIONIAST JOCTATOUYHYIO IPOYHOCTH
NpU MUHUMaJIbHOM Macce uznenud. [Ipu BupTyanbsHOM
IDTAHUPOBAHUH ONEpallid MOJENTh HMIDIAHTaTa CO-
BMEIIAETCsI C MOJIENBIO JTUIIEBON KOCTH M HAMEYAIOTCS
KpenesKHbIe OTBEPCTHS (pHC. 7).

[Hoxroroenennass 3D-monens WMIDIaHTaTa WC-
MOJIB3YETCs TIPH €0 M3rOTOBJICHUU HAa YCTaHOBKE Ce-
JIEKTUBHOTO J1a3epHoro crnekanus DM-125.

B CII0KHBIX KIIMHHUYECKUX CliydasdaX MOKET IOTpe-
0OOBaThCS WM3TOTOBJICHUE MPOTOTHIIA JIUIIEBOH KOCTH
JUIL TIPOBEACHUS (PU3UYECKOTO TUIAHMPOBAHHUS Olepa-
uuu. [Iporotun nzrorasnusaercs u3 ABS-miactuka Ha
YCTaHOBKE OBICTPOTO MPOTOTHITMPOBAHUS IO TEXHOJO-
rrrn FDM (Fused Deposition Modeling). Texaonorus
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KomnbfomepHaﬂ mexHoJ102us1 u32omoeJsieHusi MeUUUHCKUX
umMniaimamoe MemodoM nocs1oliHoO20 J1a3epHO20 CcrieKaHus

Monens nuieBou
KOCTH

Kpenexusie
OTBEPCTUS

3D-moznens
AMILIaHTaTa

Puc. 7. BupTtyanbHasi Mmoaenb nMLeBOW KOCTU NaumueHTa
C MMNnaHTaToM

3aKJII0YAETCs B IMOCIOMHON YKJIaJKe pa3orpeTou IMo-
JIMMEPHON HUTU B COOTBETCTBUU C T€OMETpUEN MOJe-
au usgenus, paspaboranHoii B CAD-cucteme. Ilpu
(h13HMYECKOM ITTAHUPOBAHUH ONEPAIIMU OCYIECTBIISET-
Csl COBMEILICHUE MIPOTOTHIIA JIMLIEBOM KOCTH W U3rOTOB-
JICHHOTO MMILIaHTaTa (puc. 8).

3akJ/rouenue

Brenpenue oMmMcaHHOM BBINIE TEXHOJIOTHH TOTY-
YeHHUs TUTAHOBBIX HMMIUIAHTATOB METOIOM CEJIEKTHB-
HOTO JIA3EPHOTO CIICKAHUS B COYCTAHHU C COBPEMCH-
HBIMH TOAXOJaMHU K MPOSKTHPOBAHHIO MMO3BOJHUT Pe-
IUTh [POOJIEMbl 3aMEIIEHHsT YTPAYEHHBIX KOCTHO-
XPSIIEBBIX TKaHEH MalMeHTa, KOTOPbIE BBHIY CIOXK-
HOCTH T€OMETPHUH HMILIAHTATa paHee HE MOIJIH OBITh
H3TOTOBJIEHEI.
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