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Coznanue 1 BHEAPEHUE UMIUIAHTATOB, CIIOCOOHBIX 3aMelaTh WM BOCCTAaHABIMBATH JAE€(PEKTHI
KOCTHOM TKaHHU, SIBISETCS aKTyaJlbHOW MpOOIEMON MyJIbTHUAMCLMIUIMHAPHBIX HCCleNOBaHUNA. B
JaHHOW oOjacTu Xopomo ceOsi TMOKa3adud THUTAHOBbIE ceTdyaTbhle KOHCTpyKuuu. Llenbro
M3TOTOBJICHUS] TaKUX CTPYKTYp SIBIISIETCS CO3JaHUE MOAXOJSIIEH cpeabl NI BpacTaHUs TKaHEW U
JOCTH)KEHHE ONPENEIECHHBIX MEXaHUYECKUX CBOMCTB. Vcronbp30BaHNe aJAUTUBHBIX TEXHOJOTHUMN, B
YaCTHOCTH METOJa JJIEKTpOHHO-IydeBo maBku (DJII1), nns mpousBoacTBa M3AEHUN s
MEIUIMHBl TIO3BOJISIET CO3/1aBaTh U3 MeTalyla KOHCTPYKIIMH CJOXHBIX (GOpM C CHCTEMOM
B3aMMOCBSI3aHHBIX TIOp B Oojee KOpoTkue cpoku. Dopma mop CyIIecTBEHHO BIHIET Ha
MEXaHWYeCKHe XapakTepucTtuku wu3genus [l1]. Tpwxkael nepuogudeckue MOBEPXHOCTHU
muHuManbHOU 3Heprum (TIIIIMD) — maremaTuyecku OIpeneieHHas HempepbhiBHAs OSCKOHEYHO
MOBTOpSIIOLIAsiCe B TPEX H3MEPEHUSAX CTPYKTypa C MUHHUMAJIbHOW TIIOBEPXHOCTBIO [2].
Hcnonp3oBanue tonosoruu TIIIIMD B KOHCTpYKLHUSAX MMIUIAHTATOB ONTHUMU3HPYET TEXHOJIOTHIO
MIPOU3BOJCTBA C HCIOIB30BAHMEM AJJUTUBHBIX TEXHOJOTHWH, TO3BOJISIET MAaTEMAaTHYECKU
KOHTPOJMPOBATh TaKWe MapaMeTphl, KaK MOPHCTOCTh, pa3Mep U (opma Mop, B3aHMOCBSI3b MEXKITY
MopaMu, MOJy4yaTh U3JENUs C MOBBIIICHHBIMA OMOMEXaHUYECKUMH CBONCTBAMH M BO3MOXKHOCTBIO
OoJiee paBHOMEPHOTO pacrpeieeHus KJIETOK Ipy BpacTaHuu [3].

[TepBpIM 3Tanom pa3pabOTKU OBLIO KOMIBIOTEPHOE MOJEIHPOBAHUE CTPYKTYpPbl THPOHA, C
ucrnonb3oBanueM mporpamm Mathematica m MeshLab. B Mozmenu Obima ycTaHoBIEHa TOJIIMHA
cteHok oOpasmoB 0,2 u 0,4 mm. [[na ymobctBa manmee oOpasubl OyayT HasweiBaThess M2 u M4
coorBercTBeHHO. ['mpongusie Ti6Al4V ctpykrypsl ¢ mopuctoctbio 28 u 30% OBLIM W3TOTOBIICHBI
Ha YCTaHOBKE JUIsl IOCIIOWHOTO AJIEKTpoHHO-TTydeBoro miaasieHus ARCAM A2 EBM (MénbHaans,
[IBenust) B cTanmapTHOM pexkuMme «melt multibeamy.

Yacte 00pa3nioB mociie MPOU3BOACTBA MOABEPIVIUCH OYHUCTKE OT IMOJYCHEUYEHHBIX YaCTHII
nopomka B ABa stana. [lepBbIM 3Tanom sBIsJIaCh OYUCTKA C MOMOIIBIO CTaHAAPTHOM CHUCTEMBI
BoccranoBieHus: mopomka (CCBII) or Arcam EBM, xkoTopas HCHOIB3YeT TEXHOJIOTHIO
IpoOeCTpyHHON OUUCTKHU.

BTopbiM 3TanmoM OYHCTKH, OBIT HCIOJB30BAaH METOJA yJAJICHHs] MOPOIIKAa C IMOMOUIBIO
ynpTpa3BykoBoi BuOpamnuu (Y3B) Ha 06a3e kommepueckoro obopynoBanusi Sonic Swiss Boster 20
kl'1. [IpuBogHas romoBka ¥Y3B KoMMepUecKoi CHCTEMBbI KPEUTCS K MOAU(MUIIMPOBAHHON CTOMKE
CEepUHHOT0 HACTOJILHOTO CBepJia ¢ J0OaBIECHHONW apMUPYIOIIEH HIKHEH MIIACTUHOW M KpeIIeHHEeM
JUIS yIbTPa3ByKOBOM BHOPAIIMOHHOM TOJIOBKU. DJIEKTPONUTAaHUE OT KOMMEpYeCKol cuctemsl Y3B
MO3BOJISIET PETyIUpOBaTh MOIIHOCTh BuOpanuu. OYUCTKY BBINONHSJIM B OIWH JTal IyTEM
OCTOPOXKHOTO CXKAaTHsS IUIOCKHX ITIOBEPXHOCTEH OOpa3loB HMIMHIPUYECKUX KApPKACOB MEXIY
JIUIIEBOW CTOPOHOM BHOpaTOpa W HIKHEH TIaCTUHOM Tpu MoImHOCTH 35 KI'11 B TeueHnue 15 cekyHn
npu  75% wmakcumanbHOW MouiHoctu. [lpm mpoBeneHum BTOporo stama  o4yucTku (Y3B)
HaOII0/1a7I0Ch OTAENIeHUEe HEOONBIIOT0 KOJIMYECTBA MOPOIIKA, YTO CBUACTEILCTBYET O TOM, UTO
IIOJIHOCTBIO OYMCTUTH 00pa3Lbl TONIbKO ¢ ToMolbio metoaa CCBII HeBo3MOXKHO.

Ha pucynke la BuAHO, 4TO Ha NMOBEPXHOCTH KOHCTPYKLMU U BHYTPU KaHAJIOB 10 OYUCTKH
VIBTPa3BYKOM HAOIIO/IaeTCs MHUHUMAIbHOE KOJMYECTBO TMPUILIABICHHBIX YACTHUI[ IOPOIIKA
MeTaljga, MO CpaBHEHUIO C oOpa3laMu, IOJTYYeHHBIMH METOJOM CEJIEeKTUBHOIO JIa3epHOTO
mnasienus (CJIM) B pabore [5].

ITocne o00paboTku ynbTpa3ByKoM (puc. 10) mNpUILIaBIEHHBIX YacTHI[ TIOPOIIKa HE
HabOmromaercss coBceM. Hanmume OTHENBbHBIX YacTUI[ MOPOIIKA Ha MOBEPXHOCTH KOHCTPYKIHH
HEJOMYCTUMO ITPU UCIOJIb30BAaHUU UX B MEAUIIMHE.

W3 Tabmumer 1 BUAHO, UTO MEXaHMUYECKHE CBOKCTBA 00pa3noB M2 u M4 mexny coOoi, 10 u
nocyie o0paboTKK OTIMYarOTCs B cpenHeM MeHee uyeM Ha 10%, Tak Kak Ha MpakTUKE TOJIIMHA
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CTEHOK 00pa3IloB oka3ajach paBHOW 0,36 MM, HE 3aBUCHMO OT HOMHHAJIBHOW TOJIIMHBL. MOXKHO
MIPEIIOJIOKHTh, YTO ITO CBSI3aHO C OCOOCHHOCTHIO 000PYIOBAHMS U PeKUMa «melty.

Puc. 1. Canmku COM o6pasna cmoiaBa Tutana M4 ¢ Tonosnoruert TIITIMD, morydeHHOTO TOCIIOHHBIM
AIEKTPOHHO-JTyYEBBIM IUIaBICHUEM: IO 00paOOTKU YIBTPa3ByKOM (a), mocie oopaboTku yabTpa3BykoM (0)

Taxoke mocroOpaboTKa yIbTpa3ByKOM He OKa3asla 3HAYMTEIbHOI'O BIMSHUSA HA MEXaHUUECKUE
cBoiicTBa. [IpeanoaoKuTeNbHO, 3TO 3HAYUT, YTO YACTHUIIBI IOPOLIKA, KOTOPbIE HAXOAWINCH BHYTPH
KaHaJIoOB OBUIM pacCIUIaBIE€Hbl HACTOJbKO HE3HAYUTEIbHO, YTO HE MOIVIM OKa3aTh BIMSHUE Ha
CTPYKTYpY 00pasIIoB, a, BCICICTBHE, U HA UX MEXaHUYECKHE CBOHCTBA

Tabymma 1. MexaHndeckue cBoicTBa 00pa3IoB

ITapameTtp M2 M2 V3 M4 M4 V3
P, % 30 34 28 32
E, I'Tla 5,78+0,04 5,85+0,10 5,84+0,02 5,76+0,06
6y, MIla 273,034+2,71 267,07+3,61 274,33+2,83 282,97+10,22
W, MIx/m 84,56+0,53 83,22+0,44 77,35+1,87 84,81£1,25

HecmoTpst Ha HU3KYIO MMOPHUCTOCTH, OOPA3IIBHI MOKA3AIM MEXAaHUYECKHE CBOMCTBA OJU3KHE K
COOTBETCTBYIOIIMM CBOMCTBaM KOPTHUKAJIbHON KOCTH. MUHMMAaIbHBIA MOayb yripyroctu 5,76 I'Tla
U MaKCUMAaNbHBIN mpenen TekydecTu 283 MIla okasancs y oOpasna M4 mocie ynbTpa3ByKOBOM
OYMCTKH. {7151 KOPTUKATBHON KOCTH 3TH MapaMeTpbl cOOTBETCTBEHHO paBHbl 3—30 I'Tla u 103-222
MlIla. Tomorpaduyeckuii aHamu3 TMOKa3aa, YTO C MOMOIIBIO YIbTPa3ByKa MOXXHO OYHCTHTH OT
HEMpPOIEYEHHBIX YaCTHII MOPOIIKa JlaXKe TaKHhe IJIOTHbIEe 00paslibl C Y3KMMH KaHallaMu, HE OKa3aB
3HAQUYUTENILHOTO BIUSHUS HA MEXaHUYECKHE CBOMCTRBA.

Aemopwbi evipadicatom 6nazooaprocms npogh. A.B. Konmiozy 3a nomowsb 6 nod2omogke
obpasyoe u Paboma evinonnena npu gunarncosoii noodepoicke epanma PH®D20-73-10223.
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