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MNPOCTOPOBE CKAHYBAHHA OB'EKTIB
Taiinap O.I'., O6onoBcbkuii O.B. (JouHTY, o. [oneyk, Yrkpauna)

3D-MoaentoBaHHS MOKHA BIIHECTH J0 PO3psiaAy HAaMMOMyNIApHIMIMX 1 3aTpeOyBaHUX
KoMI'toTepHuX MucteurB. Ilpore Oarato QaxiBIiB BBaXKalOTh HOro TaKOX 1 OJHUM 3
HAWCKIIAMHIIINX, 1 pa3oM 3 MpPOrpaMmyBaHHSM, 1€ W AyXe CKIATHUM i3 3aHATh. BTiM, 3
BAXKOIO Iparero He3abapoM Oyne MOKIHYEHO, OCKUIBKM Ha PUHKY 3'SIBHIIMCS LUTHH psin
JOCTYITHUX MPUCTPOTB MPOCTOPOBOTO CKaHyBaHHs 00'ekTiB [1].

He nguBnstuucek Ha Te, 0 OCHOBHUMU criokuBadamMu 3D-ckaHepoB Ha ChOTOHIIIHINA
JeHb € Au3aiiHepchKi 1 KiHeMmarorpadiyai CTyail, MEepIIMMHU 3aMOBHUKAMH IUX MPHIAJIB
CTaJM aBTOMOOUIBHI 1 KOHCTPYKTOPCHKI TU3aitH-010p0, OTpely SKUX B yCTATKyBaHHI JAHOTO
KJIaCy 3yMOBUB CaM MPHUHIMI poOOTH TaKWX opraHizamiid. Sk Bimomo, qu3aitH aBTOMOOLTIB 1
JTaJbHUX amapaTiB g0 IHUX Mip MHOJIMIIYEThCS B TiAPOJMHAMIYHUX TpyOax, 1€ piBeHb
o0TiyHOCTI ()OpPM BU3HAYAETHCS HATHITAIBHOIO JI€I0 MOBITPSHOIO MOTOKY. MaremMaTHuHi
JITOPUTMHU, 110 MOJEIIOIOTh POOOTY MOAIOHUX CUCTEM, MOCTIHHO YIOCKOHAIIOIOTHCS, ajie 1o
PIBHIO CBO€i €()eKTUBHOCTI BOHU JaJIeKi Bill CIIPaBk HIX TipOAMHAMIYHIX 00yBaHb 1 HABPS
Yl KOJIM-HEOYAb 3MOXKYTh 3aMIHUTH iX MOBHicTIO. Tomy igeosiorii poOOTH CydacHHX
JIU3aifHepChbKUX OOpo 0araThOX POKIB Maike HE MIHSETHCS 1 B JAHWHM 4ac CKJIAJAETbCs 3
TPbOX OCHOBHMX eTamiB. Ha mepumomy CTBOPIOETbCA KpPECICHHS MOJENI, sKa MOTIM
BUKOHYETbCA 3 IIacTUYHOro Matepiany. Jlani ¢opma Mojeni TigpoJAWHAMHYHO
parfionanizyBaiacs B TpyOi 0O1yBaHHS, a BXKE IMOTIM, 33 JIOMOMOTOI CKaHYIOUUX MPHIAIiB
NEPEHOCUTHCS 1 00po0IIsteThest Ha Komm'torepi. Ha ocHOBI 00'eMHHMX BipTyaldbHUX MoOjENeH
poOIATBCS HOBI TOYHIIII KPECHCHHS, a 10 HUM BXXE€ 1 CTBOPIOIOTBCS CEpilHI 3pa3Ku
aBTOMOOWLITIB, JIITAKIB 1 IHIIUX KOHCTPYKIIIH, I IKUX BaxJIMBa 00TIUHICTE hopM [2].

3D ckaHepu TaKOX 3aCTOCOBYIOTHCS 1 B IHIIHMX oOnacTsx [3]:

® KOHTPOJIb SIKOCTI 1 IHCHEKIis — MiJl KOHTPOJIEM SKOCT1 1 1HCHEKIIEI0 PO3YyMIEThCS
OpoLeC NEepeBIPKH  BIAMOBIAHOCTI MPOAYKIil, IO BHUIOTOBISIETHCS (MIPOSKTOBAHOIO),
BCTaHOBJICHUM CTaHJapTaM;

e IHXXCHEpHUI aHaii3 — IHKEHEPHHUH aHai3 MPOBOIUTHCA IS IEPEKOHCTPYIOBaHHS 200
BUKOPHCTAaHb OTPHUMAaHMX JaHHX B DPI3HUX HUIIX (HANpUKIAA, Ha OCHOBI BUMIDIOBaHHA i
our(pOBKU MOBEPXOHb BUPOOY MOXKHA PO3POOIIATH MPOTPaMH, IO YIPABISAIOTH, 1 KPECICHHS
JieTanen);

e [POMHCIOBUI MU3aiiH — oundpoBKa MakeTy, BUTOTOBIEHOTO YPYUHY, AJIsl CTBOPEHHS
Ha Horo ocHOBI cepiliHoro BupoOy. Tak, Hampukiaj, pizHi GOpMOI0 1 CKIAIHONI JAeTani
MOXYTh OyTH ouudpoBaHi [UIs MOAAIBLIIOTO MAacCOBOrO BIATBOPEHHS 3 BUKOPUCTaHHSIM
Bepcrartis 3 UITY ab6o 3D-npinrepis;

e po3poOKa ymakOBKM — BHUKOPHCTAHHS FeOMETpii 3pazka s MOJAJIBIIOTO IIBUIKOTO
BUTOTOBJICHHSI YIIAKOBKH HA OTO OCHOBI,

® PHUHOK akcecyapiB — BUTOTOBJICHHs 3allaCHUX YacCTHH 1 akcecyapiB Juisi aBTOMOOLIIB 1
1HIIIOT TEXHIKY,

e 1mudpoBa apxiBalis — CKaHyBaHHS 1 30€pEeKEHHS OpUTIHANIB, fKI 3 SKOI-HEOYHb
NPUYUHH HE MOKYTh OyTH 30€peKeHi B OpUTriHATbHOMY BUTIISII;

® pO3Baru i irpu — CTBOPEHHs HU(PPOBUX MOJENEH NEPCOHAXKIB A KOMI'TOTEPHUX Irop
1 KIHO(1JIBMIB 110 aBTOPCHKIN MOJIeJi aBTOPA;

® pEenpoAayKIlis 1 BATOTOBJIECHHS Ha 3aMOBJICHHS — CKaHYBaHHsI 00'€KTIB, K1 JIy’Ke BaXKKO
smozentoBatu B CAD-cucTemax i3-3a CKJIaqHOCTI T€OMETPIi;
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® MEIUIMHA 1 OPTOIE]Iis.

3ynUHUMOCS Ha po3risifi BUKopuctanus 3D ckanepa Ha BUpOOHHITBI. BUpoOHHIITBO
OCHAIIIEHHS JUIsI TaKUX MPOIECiB, SK JHMTBO, BaKyyMHEe (OpMYBaHHs, rapsue i 3BHUYaiiHE
IITAMITyBaHHS 1 JIUTBO i THCKOM MPOXOIMTh Yepe3 BAXIUBY MPOEKTHY CTalil0, KOJIH
noTpiOHO po3paxyBaTH i1 ONTUMI3yBaTH Pi3HI BUPOOHNWYI YNHHHUKH, HAIPUKIIAJ TATY, YCAIKY,
BUTHH (DOPMHU 1 T.II.

3D mopaeni npec-dpopmu — 1€ BiLa3epKaleHHS BUPOOyY, IKUH TMOBUHEH BUITH, MPOTE
me HeoOXimHO BpaxyBaTd (i3UYHI XapaKTEPUCTUKM Win 4Yac ¢opmyBaHHS (TIPYKHICTB,
CTHUCHEHHS, pO3TiKaHHA 1 T.71.). [3-3a HUX (opMa MOBHHHA OYTH «HEMPAaBUIILHOIO», 00 BOHA
MOTJIa CTBOPIOBATH JeTajil 3 NpaBWIbHMUMH po3Mipamu. Ha BupoOHHuTBI mpec-popm 3D
CKaHepa BHUKOPHCTOBYETHCS 1O JBOM HampsiMaM: I ouuppoBKa i KOHTposb sikocTi. Ilin
oun(poBKOIO po3yMieThest oTpuManHs 3D Moieni o peaabHOMY IPOTOTHILY.

Yacro OyBae, 1110 3aMOBHHUKOBI HEOOX1THO BUTOTOBUTH BUPIO CKiIanHOI popMmH, ane y
Hporo Hemae 3D mogeni, B npomy Bumaaky 3D ckaHepa 103BOJIS€ OTPUMATH MOJIEINb,
HEOOXIJHY Ul MOAAJBIIOrO TexHoJoriuHoro mporecy. Ha puc. 1 mokasanuii TumoBui
npoliec BUpOOHULITBA BUPOOIB Ha TEpPMOIIJIaCTaBTOMaTaXx.

Ouudposka Onudposka
Mmaiicrep-moneni npec-popmMu
v
‘ CAD- naker MOACIb
CAD- nmaket MOJACIL (SolidWorks npec-popMu | CAD- naker
(SolidWorks) g MoldMarker) (Euclid)
Bepcrar npec-gopMa | BupoGHuuTBO BUUTMBAHHA
3 411y g g
A
KonTposs sikocTi KonTtpos sikocTi
npec-popmMu BiJJTUBaHHS

Puc. 1. Tunosuii npouec BUpoOHUIITBA BUPOOIB HA TEPMOIIJIACTABTOMAaTaxX

Binomo, mo BurotoBiena Ha ppesepromy Bepcrari 3 UITY npec-popma He Biamosigae
CBOl KOMI'IOTEpHIM Mojemi. Y TakoMy pa3i BUSBUTH 1 HAOYHO IOKa3aTH PO30DKHOCTI
noromoxke 3D ckanepa. BukopucToByroun crieriajibHe nporpamue 3adesnedenHs (Raindrop
Geomagic, RapidForm. i T.1.) Mo’kKHa NOpPIBHIOBAaTH JaHi BUMIpIOBaHb JeTaii npec-hopmu
nanuMu ii CAD-mopmeni. MoxIuBi BIIXWJIEHHS MOKa3yIOThCS Ha €KpaHi B 3pO3yMUIOMY
po3¢apOboByBaHHI — II€ 3arOCTPIOE yBary Ha HEOOXITHMX 3MiHaX. 3aBAAKH LIbOMY 3MIiHHM B
npec-GpopMy MOXKHA BHECTU €(EKTHBHO.
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[Ticnst «toBereHHS» Tpec-popma cTae yHiKanbHOW0. s Hel Hemae Mojieni, 1 KOKHOTO
pa3y ii moBedeThcs MOBOIUTH HaHOBO. [[ns Toro, mo0 3adikcyBatu il B 3MIHEHOMY CTaHi
TaKOX BUKOPHCTOBYEThCS TPUBHMIipHUI ckaHep (omudposka mpec-popmu). [licns Toro, sk
npec-popma rotoBa, Ha Hili BUTOTOBJISIOTh BUPIO (BiAJIMBaHHS). 3BaXKarO4ud Ha OCOOJIMBOCTI
MaTepialiB, 3 SKHX BUTOTOBIISIOTH BUPIO, BOHO Takox He BiamoBigae cBoit CAD-momeni. J{ns
BUSIBJICHHS CTYIIEHS HEBIAMOBIIHOCTI MPOBOUTHCS KOHTPOJIb SKOCTI BiIJTUBAHHSI.

Takum unHOM, BuUKOpucTaHHs 3D ckaHepa Ha BUPOOHUIITBI JO3BOJISIE BECTH IMOBHUIMA
KOHTPOJIb SIKOCTI MpoAykuii. Ll TexHosoris BUMarae Majao 4acy i HE BUKIHUKAE JOBIUX
IIPOCTOIB YCTAaTKYBaHHS.

3apa3 icHye LUIMHA psAJ] TEXHOJIOTIH, 110 JO3BOJISIOTH CTBOPIOBATH TPUBUMIPHI 00pa3u
anmapaTHUMU MetoAamu, TOO0TO ©Oe3 3BuuHOro 3D-MomenupoBaHus B CHemiadi30BaHUX
IPOrpaMHHUX MaKeTax. YMOBHO PO3AUIMMO TEXHOJIOTIl TPUBHMIPHOTO CKAaHYBAaHHS Ha JBa
TUOM. KOHTAaKTHI 1 Oe3koHTakTHI Ileprri MarTh MeXaHIYHMH NPUCTPOI — «IIym», 3a
JIOTIOMOT'OI0 SIKOTO B KOMIT'FOTEp MEpEeAaloThCsl KOOPAWHATH BUOPAHMX ONEPATOPOM TOUOK.
CucreMa no3uIioHyBaHHS 1 KOOPIMHATOOOUNCIIEHHS TaKUX MPHUJIAAiB TOOYA0BaHA HA OCHOBI
poOOTH MeXaHIYHMX JaTYMKIB, AHAJIOTIYHUX THUM, IO BHKOPUCTOBYIOTHCS B OITHKO-
MEXaHIYHUX MaHIMyJsITopax «muia» [4].

Ane, 3BUYAliHO, OCHOBHUM HEIOJIIKOM TaKuUX CKaHEpiB € JIOACHKMHA UYWHHHK.
@akTUYHO MOJETbh CKAaHye OIepaTop, BiA AKOro, KiHElb KIHIEM, 1 3aleXUTh pe3ysbTar.
CporosHi Taki CHUCTEMH 3yCTpIiUalOThCS Bce pinamie, i, Ha AyMKy ¢axiBuiB, iX nois B
MailOyTHbOMY — CKaHYBaHHS MOPIBHJIbHE MPOCTUX JIPIOHUX 00'EKTIB.

beskonTakTHi 3D-ckaHepsl € 3HAYHO CKIAIHINIMMU TPUIAJAMH, B SKUX 3aKIaJeHi
Jy’K€ BUTOHUYEH1 aJITOPUTMH CTBOPEHHSI TPOCTOPOBUX KapKacis.

beskonTaktHi 3D ckaHepiB MOXXyTh BHUTOTOBIIITUCSA Ha OCHOBI TPhOX OCHOBHHX
TEXHOJIOT1H:

e (ororpamMMeTpuyHa;
® CTPYKTYpOBaHMH OLIMIA KOJIp;
e JasepHa.

Mo peqi HE JMBISYMCH Ha 0e3id po3poOoK B il 00dacTi, )KOJHA 3 TEXHOJOTIH He
cTaja IHIYCTpiaJbHUM CTaHJIApPTOM, 1 HaBps YU CTaHe TaKuil B HAMOIMKIOMY MaliOyTHHOMY.
Piy y Tomy, 1m0 KoXHa 3 ICHyIO‘-II/IX TEXHOJIOT1H, KpiM BJIACTMBHMX TUIbKM 1l mepeBar, Mae i
cBoi Henmoniku. Tak Jya3epHi TEXHOJOTIi, IO AaOTh HAWOUIbII NPUHHATHUHA pe3ynbTar,
BIZIPI3HSIOTHCS BUCOKOIO BAPTICTIO.

He nmuBnsauuce Ha Bcl HemoNiku BUKOpHucTaHHA 3D-ckaHupoBaHMs —103BOJISIE
CKOPOTUTH BUTPATH 1 OTPUMATH SKICHIIIUKI pe3ynbTaT poOoTu. TexHOJIOoTis MpOoCTOPOBOTO
CKaHyBaHHS 00'€KTIB MOBHICTIO peali3yeThcsi B KOHLEMIISIX MBUAKOTO BupoOHuITBa (Rapid
manufacturing) a6o mBuakoro npototunipoBanHs (Rapid prototyping) [5] 1 3BopoTHOrO
npoektyBaHHs (Reverse engineering). [Hini Ha3BU 11i€1 KOHICMIIIi: PIHKUHIPUHT, 3BOPOTHHIA
IHKMHIPUHT.

Cnucox gureparypsl: 1. http://www.h-tec.ru/3D/main.php — Mudpopmauus o 3D
obopynoBanuu. 2. http://www.render.ru/books/show_book.php?book_id=243 — Koncrantun
MeepoB. Ilog mnpunenom: 3D ckanepsl B pasBiekarenbHod wuHAycTpuu. 3. http://
www.ametist.com/3d/ — 3D ckanupoBanue u monenuponanue. 4. http://www. compress.ru/
article.aspx?id=12302&iid=471 — Omner TarapuukoB. Caenaii cam 3D-ckanep. 5. T'aiimap
O.I',, Tamxka I'}O. Texuomnoris TpuBumipHoro apyky. / Imwkenep. CTyaeHTCHKUII HAyKOBO-
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110



