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Anomayia—Bu3HadeHo ocHOBHY (yHKLiI0 3D-Mone/oBanHsA npu niarorosui 1o 3D-1pyky B npoueci cTBOpeHHs1 MeIu-
YHMX MoJeJIel, IKa MoJIAra€e y BiockoHadeHHi 3D-ciTku Mogeni 3a paxyHok penapaiii, 3rJa1:KyBaHHs Ta 101aBaAHHS He00-
XiTHMX ejieMeHTiB. Buznayeno, o Bu6Gip nporpamHoro 3adesneyeHHs 1Js 3D-Moe/I0BaHHSA 3a/1€:KUTh Bil MOCTaBJIeHOT
MeTH: JJIsl poOOTH 3 iMIUIAHTATAMH Ta CTBOPEHHS NalieHT-cnenu(ivHUX NPUCTPOIB MOK/IMBEe BUKOPHCTAHHSA CHeNialbHO
po3po0bieHux A5 JaHuX wineil mporpam, Takux sk Within Medical Ta Medical Design Studio; npu Heo0xigHocTi BUCOKOT
TOYHOCTi Ha eTami cerMeHTauii 300pa:keHHs Mo:KIMBe BuKopucTtanus D2P, crBopenoi ais podoru 3 DICOM-300pasken-
HAMM; JJIS JOCATHEHHs] IIBUAKHUX pe3y/bTaTiB, KOJIH He MOTPifHe 30epeikeHHs] MAKCUMAJILHOI TOYHOCTI, MOKJIMBE BUKO-
pucTaHHA MOOiIBLHOI Bepcii mporpamMHoro 3adesneyeHHs, HanpukJaajg, Ossa 3D; nis po3po0ku BJIACHUX iHCTPYMEHTIB Ta
MEIMYHOro 00/1aJHAHHA MOXKJIMBEe BUKOPHCTAHHS 3BHYaiiHuX nmporpam s 3D-monenoBanns, Takux ak Cinema 4D Ta
Blender.

Knrouoei cnosa — 3D-moodentosanns; 3D-0pyk; meouuni 3D-modeni; npozpamne 3ade3neuennsn; e0ockonanenus 3D-cimku.

L.  Bervi moro Apyky. Ilporpamu jmns memuusHoro 3D-mopenro-

3D-MozemoBaHHS TPUCYTHE B 0araThOX acIeKTax
KUTTS JTIOJAWHU Ta Ma€ BEIMYC3HHWN BIUIUB HA CydacHE
CyCHiJILCTBO. BOHO 3aCTOCOBYETHCS B Pi3HHUX TaTy3sX,
TaKWX K IHXKCHEpis, MPOMUCIOBE BHPOOHHIITBO, CTBO-
peHHA (iTBMIB Ta BigeOirop, HAYKOBI JOCHIIKEHHS,
IU3aiiH Ta pekiama Toino. Lle mporec cTBOpeHHS 1eTalb-
HuX 3D-Mopeneli 3a TOMOMOTOI0 CHEIiaIbHO po3poliie-
HOTO TIPOTPAMHOTO 3a0€3IEeYCHHS 3 MOKIIUBICTIO BHOOPY
HEOOXITHUX METOJiB, IO BKIIFOYAIOTh BUKOPHUCTAHHS
KOMOIHAI[il MOJIrOHIB, NPUMITHBHUX TPUBUMIPHHUX
¢iryp, craifH-KpuBHX Ta iH [1].

3acrocyBanHs 3D-MoaenoBaHHS B MEIUYHIN ramysi
HaOyBae Bce OUTHIIOI MOIMyNIsApHOCTI. BoHO MOXe OyTH
BUKODHCTaHE IPH CTBOPEHHI MEIMYHUX MOAEIeH
(HampuKIa/, TKAHWH Ta OPTaHIB JIIOJMHH) 32 JOIIOMOT OO
3D-mpyky abo BukopuCTOBYBaTuCs Ui IudpoBoi 3D-
Bi3yaui3amnii HeOOXiTHHUX CTPYKTYP.

Mennunnii 3D-1pyKk crpusie TOJNErmIEeHHI0 PoOOTH
MEJIMYHOTO IPALiBHEKA Ha 6araThoxX pisHsAX. Moro 3acto-
CYBaHHS € 4yJOBUM DIIICHHSM, KOJIM TOTPIOHO mpario-
BaTH HaJ MPOTE3aMH, SKi TOBHHHI 11€aJIbHO BiIIOBIIATH
aHaroMii nauienra. Kpim Toro, 3aBsiku 1aHiii TeXHOJIOTIT
MOXIIMBO PO3POOUTH BIACHUN MEIUYHHH iHCTPYMEHT.
Tako iCHy€ MOXIIMBICTh IPOBEIEHHS IPOOHUX Xipypri-
YHHX orepaniil Ha 3D-MoaemsIx mepes CrpaBKHBOIO OTie-
pauiero. Jlaumit cnoci®é Buxopucranus 3D-mopneneii
MOXe OyTH 3aCTOCOBAaHHMH B HaBUAJIBHHX IIJISIX AJISI CTY-
JIEHTIB.

Icaye crmemianpHe mporpamHe 3abe3redeHHs st
CTBOpEHHsI MeAnuHux 3D-mozenelt 3 MeTow X mojab-

BaHHA IIOCTIMHO BIOCKOHAITIOIOTHCS UIS 3OUIBIICHHS
TOYHOCTI NPU CTBOPEHHI MOJielli Ta 3a0e31eYeHHs 10/1a-
TKOBHX (DYHKITiH.

Bubip nporpamu mis 3D-MonenroBaHHA Y MEIUYHIH
raiy3i 3aJeKUTh BiJl MOCTABJICHOI Iii. I MiqrOTOBKH
Mozeni 10 3D-apyKy BHKOPHUCTOBYETHCSI OIHE MpPOTpa-
MHe 3a0e3IeueHHs, Ui Kpaioi nudpooi 3D-Bizyaiiza-
il HEOOXiTHUX CTPYKTYpP MOXIINBE BHUKOPHUCTAHHS
IHIIUX TIPOTpaM.

Mertoto manoi pobotn € Bu3HaueHHS QyHKIIH 3D-
MOJICJIFOBAaHHS TpU MiAToToBI 10 3D-npyky B mporeci
CTBOPCHHS MEAMYHHUX MOJICIICH Ta MOPIBHSAIBHUN aHaJIi3
mporpaMHOro 3abe3nedeHHs s 3D-MoenoBaHHs, 0
3aCTOCOBYETHCSI B MEIUUHIH ramy3i.

II.  TIPOLIEC CTBOPEHHSI MEJIMYHOI 3D-MOJEJI

Ilepen BUKOpPHCTaHHSIM NPOTPAMHOTO 3a0€3MCUCHHS
st 3D-mozenoBanHs MOTpiOHO mepeBipuTH (hopmar
(atiny, sskuit He0OXiTHO IMITOPTYBATH. 3A€OIIBIIOTO CKa-
HYBaHHSI MEIMYHUX 300paKeHb BUKOHYETHCS Y opmari
DICOM, sxwuii HE € popMaToM, IO MIATPHUMYETHCS 3BH-
YalHUM NpOrpaMHUM 3a0e3MedYeHHSIM Ui MOJEINIo-
BaHHS. [loTpiOHO A1 KOHKPETHOTO BUMAIKY MigiOpaTH
MpoTrpaMHEe PIlICHHS, IO J03BOJIE 3MIHUTH (hopMart.
Hanpuknan, MOX/HMBE BUKOPHCTaHHS IPOIPaMHOTO 3a-
6e3neuenns OsiriX A7t HepeTBOPEHHs CKaHyBaHb Mallie-
HTIB y TpuBHMIpHi ¢aitnu. OsiriX - 1e mporpama mneper-
TSy, sIKa JTO3BOJISIE KOHBEPTYBATH Ta 00poOmsaTH (aiin
y 2D a6o 3D. MoxiBe crijibHe BUKOPUCTaHHS JAEKiJIb-
KOX TpOTpaMHUX 3aco0iB st e(eKTUBHOI pobOoTH
3 KOMIT'IOTEPHOIO Bi3yasi3alfi€o, OTPUMAHOI 3aBISKU
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nporiecy ckanyBaHHs. CriermiaiibHe TporpaMHe 3a0e3rie-
4yeHHs Uit 3D-MOIeNfOBaHHsS, CTBOPCHE [UIST MEIUYHOTO
CEKTOPY, aBTOMaTUYHO TIEPETBOPIOE Taki (armu [2].

Icnye 3aranbHuUit pobouwmii mpouec, sIKU Moke OyTH
BUKOPUCTAaHHWHA JUISI TIEPETBOPEHHS O00'€MHUX JTaHUX
MEIMYHOI Bi3yai3alii (CTBOPSHHX 3a TOTIOMOTO0 KOMII'-
toreproi Tomorpadii (KT), abo iHmmX MeTOxiB Bi3yai-
3amii) y ¢isuuHi Mozeni, HaapykoBaHi Ha 3D-npuHTEpi.
[e#t mpouiec po30uUTHil HAa TPH ETAMK: CETMEHTAITisl 300pa-
JKCHb, BIIOCKOHAJICHHS TOJIrOHANBHOI CiTkH Ta 3D-npyk
(Puc. 1).

A. Ceemenmayis 306padicens

[licng oTpuMmaHHA MEAWYHOTO 300pa’keHHs, HEOoO-
XimHI 00'€KT YU CTPYKTypa MOBUHHI OYTH CETMEHTOBAHI.
CermeHTarfist 300pakeHsb - IIe MPOIeC PO3MOALTy 300pa-
JKEHHS Ha KiJbKa MideHHMX obOiacreil. 3 il ZOIOMOIoro
MOYKHa CTBOPIOBATH cHieUU(IYHI JUIsl MalieHTa BUCOKOTO-
YHI KOMII'IOTEpHI MOJEINli OpraHiB Ta TKaHWH. [cHye
HIMPOKHH CIIEKTP MPOrpaMHOro 3abe3rnedeHHs, sKe 37a-
THE BUKOHYBATH CErMEHTALlF0 300pakeHb, IOYHMHAKOYH
Bil 0araToliibOBUX KOMEPIIHHUX MIaTPOpM 1 3aKiHUY-
I04H IPOrpaMaMH, OPi€EHTOBAHUMU Ha KOHKPETHI OpraHH.

B. Boockonanenus cimku

[icns cermenTanii Moaens TOBUHHA OYTH BIOCKOHA-
JieHa 1 mepeTBopeHa B 3D-ciTKy, MpUAATHY VI IPYKY.
Came Ha JaHOMY eTami BUKOPHCTOBYIOTHCSI MPOrpaMu
g 3D-MonentoBaHHA. BoHM 103BOISIOTH Maiike HE0O-
Me)KeHI MaHIITyJISAi1 [UTsl BIOCKOHAJICHHS CITKH.

OCHOBHUMH MaHIMyJISILISIMU JUIsl TOCT-00pOOKHU cer-
MEHTOBaHOI MOJieNi 3a JomoMororo 3D-MonestoBaHHs €:

e Pemnapariist — BUNpaBJIeHHs] IOMMJIOK Ta po30ix-
HOCTeH, sIKi iHOJIi BUHUKAIOTh y MPOIIECi CerMeH-
Talii Ta eKCIIOPTYBaHHS 300paKeHb.

o 3FHa[l)KyBaHHH — BUIIPABJICHHA IOMWJIOK, MIO
BUHUKAIOTh TIPH CErMEHTAIlii BHACTIJOK HEBil-
MOBIMHOT PO3AUTBPHOI 3aTHOCTI OPHUTIHAIBHOTO
MEIUYHOTO 300paKeHHS 32 PaxyHOK ITOM'SK-

HICHHS I[UISIXOM  3TJIaJUKYBaHHS — MOBEPXHI
MOJEII.
S
¥ )
1 a) Segmentation
—

c) Print

Puc. 1 Ilpouec cTBOpeHHs HaJPyKOBaHOT HA OCHOBI MEANYHOTO 300pa-
sxenHs 3D-moneni [3].

e JlomaBaHHA €JIEMEHTIB — IOEJHAHHS CETMEHTOBA-
HOI Mogiesti 3 iHIIMMH CTPYKTypaMu abo BHIa-
JICHHS HETIOTPiOHUX JIeTasiell 3 CerMeHTallii.

C. 3D-opyx

BrockonaneHna Moiens € mpuaaTHo 1t 3D-1mpyky.
JlocTynHa BenuKa KUIbKICTh TexHousoriit 3D-npyky mms
CTBOPEHHSI MEAMYHUX MOJEJIEH, KOKHA 3 SIKMX MAa€ CBOI
OCOOJTMBOCTI Ta MiIOMPAETHCS TSI KOHKPETHOTO BHUIIA-
nKy. Jlami TexHoyorii MOXKHa KJIACH(iKyBaTH Ha TPH
TPYIIM: eKCTPYy3iMHUI JpyK (BUKOPHCTOBYEThCS JUIS
CTBOPEHHS MOJIeJIeH TIeuiHKH, HUPOK), (hoTomoTiMepu3a-
mist (U1 MOAeJel MpoTe3iB, CYIHH, XpedTa) Ta IpyK Ha
TIOPOIIKOBiM OCHOBI ([y11 MoeNeit MO3Ky, cepis) [3].

III. TTPOrPAMHE 3ABE3IIEYEHHS
U151 3D-MOJIEJIIOBAHHS

IcHy¥OTH JBa BHIU TPOTPaMHOTO 3a0€3MCUYCHHS s
3D-MoOAemOBaHHSA, IO 3aCTOCOBYIOTBCS B MEIWYHIN
raiy3i: mporpamMHe 3a0e3IeUYCHHS, CIEIialbHO PO3p0o0-
JeHe uis MeandHoro 3D-MozenoBaHHs; 3BUYaliHe Mpo-
rpamHe 3a0e3nedcHHs s 3D-MoaemoBaHHsl, 0 BUKO-
PHUCTOBYETHCS 111 CTBOPEHHS MEIUYHUX MOJEIEH.

A. Tpoepamne 3a6e3neuenns, pospodiene
o meouynoz2o 3D-mooenosanns

e 3D-Doctor € mporpaMHUM 3a0€3MEUCHHSAM IS
3D-mopnemoBanHs, po3pobienum Able Software
Corp. BoHo mae MOXXIHMBICTB TpaIioBaTH 3 Oara-
ThMa popmaramu, Hanpukian ¢aiinamu DICOM,
1 erko excropTyBaTH ix y popmat STL unm inmi
¢dopmatu 3D. L1 mporpama ineanbHO HiIXOIUTH
JUIS CKJIa{HOi 0OPOOKH MEeTUYHUX 300pakeHb Ta
noaansiioro 3D-monentoBanHs. IcHye Moxnu-
BICTh CTBOPEHHSI BJIaCHHUX (YHKIIii B mporpami 3a
noromororo 3DBasic-CKkpuNTIB I aBTOMAaTH3a-
11 4aCTO BUKOPUCTOBYBAaHUX KPOKiB [4].

e  Within Medical, po3pobnena AutoDesk, n03Bo-
JIsiE CTBOPIOBATH TOYHI 3D-Moaeni it MeAnaHOT
ramysi, ski mobpe ontumizoBaHi 1t 3D-mpyky.
Within Medical po3po6iieHo aj1st po6OTH 3 TIpo-
TE3HHMH IMIUIAaHTaTaMH, Ul LbOTO HAasBHHN
JIOAATKOBUH (PyHKIIIOHA JJIsi CTBOPEHHS TIOPHC-
THX JeTalield, SKi MO)KHa BHKOPHUCTOBYBAaTH VIS
ocTeoinTerpamii (3pOINeHHs MiX KICTKOI Ta
iMIUTaHTaTOM) [5].

e  Medical Design Studio, po3pobiena Anatomage
— e TmporpaMHe 3a0e3NedeHHs AT CTBOPEHHS
TOYHUX Mojenedi. B maniif mporpami HasBHa
MOJKJIMBICTh MOIH(}iKyBaTH MOAETH BiAMOBIITHO
JI0O KOHKpeTHOi anatomii mamienTa. Medical
Design Studio 3py4na ans 3D-CKyIbITHHTY, IO
MOKpallye MOXIIMBOCTI JeTaji3auii, i Mae MOX-
JUBICTh IIBUAKOTO €KCIopTy Monenedt Ha 3D-
JPYK y BHCOKIH sikocTi. DyHKIIIOHAN TporpamMu
MOJe OyTH 3aCTOCOBAaHHMH 10 KOHLENTYalIbHOTO
M3aiiHy, BIOCKOHAJIEHHS MPHUCTPOIB Ta CTBO-
PEeHHSl Talli€eHT-CHeNUpIYHIX MEIUYHHUX TIpH-
cTpoiB [6].

e Ossa 3D — mporpamHe 3a0e3leYCHHS JUIS
3D-mozaemoBanns, po3pobnene Conceptualiz
1 IoCTyITHE JHIIe U1t MOOITbHUX NpucTpoiB. Le
[porpaMHe 3a0e3neuyeHHs. € Oe3KOIITOBHUM.

®
@J Copyright (c) 2021 Onuxkienko H. 1O.


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.20535/2617-0965.eae.227387

ISSN 2617-0965. Electron. & Acoust. Eng., 2021, vol. 4, no. 1

227387-3

Jlana mporpaMa Moe€ iHTYiTUBHUH iHTEpdEiic, 10
JI03BOJISIE JIIKApsIM, PEHTTCHOJIOTaM Ta MPOTE3HC-
TaM IIBUAKO HaApykKyBaTH 3D-mozmens, mpore
mporpamMa He HPUCTOCOBaHA sl MAaKCHMAJIbHO
TOYHHUX Ta CKJIQTHUX TMPOEKTIB 1 Ha JaHUAU
MOMEHT He € iHyCTpiaJlbHUM CTaHIapToM [7].

e [Iporpamne 3aGe3neuenns D2P, pospoGieHe
kommtatiero 3D Systems, nae MOXIMBICTH Ipa-
mioBaTH Haj (aitmamu DICOM, o6po6isatu ix Ta
npykyBatu y ¢opmari 3D. VuikanpHuil HaOip .
IHCTPYMEHTIB JJI1 aBTOMAaTHYHOI CerMEeHTaIlil

300pakeHb Ta

3  BUKOPHCTaHHIM
JO3BOJSIFOTh  MiHIMI3yBaTH 3yCHIDII Ta dac,
OB’ s13aHi 31 CTBOPEHHSM aHATOMIYHUX MOAEIeH
JUIT KOHKpPETHOTO NamieHTta. [lane mporpamne
3a0e3ne4eHHs] Ma€ IHTYITHBHO 3p0O3yMiJi IHCTPY-
MEHTH peJaryBaHus [8].

BIOCKOHAJICHa

BipTyasbHOT

B. 3suuaiine npoepamue 3abe3neuenns
ons 3D-mo0ento8anis, wo GUKOPUCTOBYEMbCS
OJis1 CMBOPeHHs MeOUYHUX Mooeell

Bi3yauizamis
peaNbHOCTI

e Cinema 4D - me mporpaMHe 3a0€3MEUCHHS IS
3D-MopentoBaHHs Ta PEHIEPUHTY, BOHO MA€ IIH-

POKHI CIIEKTp IHCTPYMEHTIB Ta QyHKHiA. [cHy-
10Th npukitaau BukopuctanHs Cinema 4D nust
PO3pOOKH MPOTOTHIIB 6araTb0X MEIMYHHX TPO-

eKTIB, TAKHX SIK 30BHILIHA (hiKcallisl Ha JIKTAX Ta
IMIUIAaHTH XpeOeTHOTO CTOBIA TOWIO. MOXJIMBE

TabMLA 1 HOPIBHAHHS ITIPOIPAMHOI'O 3ABE3IIEYEHHS J1J151 3D-MOJIEJIFOBAHHS, 1110 3ACTOCOBYEThCA B MEUYHII

TAJIY3ITIPU IIATOTOBUI 1O 3D-APYKY

Bukopuctanus Cinema 4D aist po3poOku Biac-
HUX IHCTPYMEHTIB Ta MEAWYHOTO OOJIATHAHHS.
Ile nporpamue 3abe3nedenHs g 3D-moxento-
BaHHS JIETKO BHBYHUTHU 3aBISKH IHTYiTHBHO 3pO-
3yMioMy iHTepdeiicy Ta NOTyXHiH TOBiIKOBIN
cucremi. [lmsa 3MiHEM QopmaTy CKaHOBAaHOTO
(aiiny HeoOXiJHE BUKOPHCTaHHS CTOPOHHIX IPO-
rpam, Hanpukian OsiriX, mo0d oTpuMaTH paBH-
JbpHUE Gopmar daiiry Juist MmonentoBanHs [2], [9].

Blender — 1ie mporpamae 3a0e3ne4YeHHS 3 BiAKPH-
THUM KOJIOM, III0 MOKe OyTH BHKODUCTaHE JUIst
3D-mojenmoBaHHs, peHIEpUHTY, aHimarii. [loc-
BiJTYEHI KOPUCTYBayi MOXYTb BBOAUTH B HPO-
rpaMmy IOJATKOBI (PYHKIIi IUISXOM HaIMCaHHS
KoZy MOBOI0 mporpamyBaHHs Python. Yepes
BENMKY KiIbKicTh (yHKIIH Blender mae ckman-
HUH iHTepdeiic Ta moTpedye yacy i Horo ona-
HyBaHHS. Lle mporpamHe 3a6e3medeHHs € 6e3K0-
mToBHUM. [ 3MiHM (opMaTry CKaHOBAaHOTO
MeAnYHOTO (haiiiny, mo6 MaTH 3MOTY BJIOCKOHA-
mutu 3D-citky B Blender, HeoOxinHe BHKOpHC-
TaHHS CTOPOHHIX Iporpam, Hampukian OsiriX,
o0 oTpumary npaBuibHuN Gopmar daitny s

MojentoBanHs [10].

PesynbTaTil OMIAay HaWOLIBII MOMIMPEHOTO MPOrpa-
MHOTr0 3a0e3redeHHs 38eaeHl B Taomums 1.

IMporpama/ Hina IIpoctoTa Ta in- | JlonaTkoBi nporpamMu Bepcis MobinbHa | OcobamBocti, 101aTKOBI dy-
KpUTepiit TYITHBHICTB iHTe- | 17151 KoHBepTyBanus | aisa IIK Bepcis HKUT
pdeiicy dopmarty daiiny
3D-Doctor US $4800 (xi- | Bci ¢ynkmii inter- | He motpi6ui Ocnosua | Hemae MoO>KIIHBICTH CTBOPEHHS BIIaC-
LIeH3151) pOBaHi B €IUHUIA HUX (QYHKLIH 11 aBTOMAaTH3a-
HPOCTHH Yy BHUKO- 1ii 4acTO0 BHUKOPUCTOBYBAHHX
pPHUCTaHHI MaKeT KpOKiB
Within Bcranos-Jito- OmnanyBanns mot- | He moTpi6Hi OcHoBHa | - CrBopena 1uist pobGoTH 3 iM-
Medical €TbCS TpU KO- | pebye yacy, iHTep- IUIAaHTATaMH
HTaKTi 3 mpen- | deiic mis npodeci-
CTaBHH-KOM OHaJiB
AutoDesk
Medical Bcranos-1to- OmnanyBanns noT- | He moTpi6wi OcHoBHa | - MOXUIHBICTS  KOHIETITYalb-
Design Studio | erbcs npu ko- | pedye yacy, iHTep- HOro  JM3aiiHy, BJIOCKOHa-
HTaKTi 3 mpen- | deiic mis npodeci- JICHHS. TPHUCTPOIB Ta CTBO-
CTaBHHU-KOM OHAJIIB peHHSl mauieHT-crenudiyHuX
Anatomage MEINYHHX TIPUCTPOiB
Ossa 3D beskomrt. InryituBHuit He notpibni Hemae OcHoBHA lIBuAKicTs Ta  3pYyYHICTS,
touch-screen inTe- HPOTE MpOrpama He MPUCTOCO-
pdeiic BaHa JUII MaKCHMAJIbHO TOY-
HIHX Ta CKJIQ/IHUX IIPOCKTIB
D2p Bcranos-Jito- Bci ¢ynkuii inter- | He moTpi6wi OcHoBHa | - VYHikanbHUI Habip IHCTpyMeH-
€TBCS TIPU KO- | poOBaHi B €IHHMIT TIB JJ151 aBTOMATHYHOI CErMEH-
HTAaKTi 3 IpeJ- | MPOCTUH Yy BHKO- Tauii 300pakeHpb Ta Bi3yasi3a-
CTaBHH-KOM PHCTaHHI IaKeT 1[is 3 BUKOPUCTAHHAM BIpTya-
3D Systems JIHOT peaJIbHOCTI
Cinema 4D Bin US | Hpoctuii  iutep- | IlotpiOui OcnoBua | Hemae MosxiiiBe BHKOPHUCTaHHS IS
$999/pix (eiic, nerke oma- PO3pOOKH BIIaCHHX IHCTPYMEH-
HYBaHHSI po- TiB Ta MEANYHOTO 00JIa THAHHS
rpamMu
Blender Beskomr. JHocrarabo ckman- | IorpiOHi OcnoBua | Hemae MoskiiBe BBEACHHS JT0IATKO-
HUil  iHTepdeiic, BuX (yHKIII NUIAXOM HaIH-
OINaHyBaHHsA IIOT- caHHS Koxy MoBoro Python
pedye gacy
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BHCHOBKH

B poGori Bu3HaueHo ocHoBHY (yHKIi0 3D-Mozemto-
BaHHA TpU MATOTOBI 10 3D-mpyky B Iporeci CTBO-
PEHHS MEIUYHUX MOJEJCH, sKa TOJATae y BIOCKOHA-
neHHi 3D-ciTku MOJieNi 3a paxyHOK penapartii, 3riaKy-
BaHHs Ta J0JaBaHHS HEOOXIJHUX €JIEMEHTIB.

B pe3ynbTaTi MOPIiBHSUIBHOTO aHAJI3y MPOTPAMHOTO
3abe3neueHHss Uil 3D-MozenroBaHHs, L0 3aCTOCOBY-
€ThCS B MEIUYHIN Tally3i, BCTAaHOBIEHO, 1m0 ais 3D-
MOJICTIIOBAHHSI MOJKJIMBE 3aCTOCYBaHHS IIPOrPaMHOIO
3a0e3meueHHs, CIeliaJbHO PO3pOOIEHOTO I MeArd-
Horo 3D-monentoBaHHs, Ta 3BUYANHOIO MPOrpPaMHOrO
3abe3neueHHs g 3D-monemroBaHHA. llpu BuKOpuC-
TaHHI 3BHYAHOTO MPOTPaMHOrO 3a0e3ledeHHs Heoo-
Xi[Ha HAsBHICTb CTOPOHHIX IMpOrpaM, W00 OTpUMATH
MpaBUIBHAN (popMaT Gailiy A1 MOICTIOBAHHS.

Bubip nporpaMHOTro 3a0be3neueH st 3aJIeKUTh BiJl 10-
CTaBIICHOI METH: JJIs poOOTH 3 IMIUIAHTaTaMH Ta CTBO-
peHHSI MarieHT-crenudiYHUX NPUCTPOIB MOXKIIMBE BUKO-
pPUCTaHHS CHEIialbHO PO3POONICHUX IS NAHWX MiJIeH
nporpam, Takux sk Within Medical Ta Medical Design
Studio; mpu HEOOXiAHOCTI BHUCOKOI TOYHOCTI Ha eTari
cerMeHTauii 300paKeHHsI MOXJIMBE BUKopHcTanHs D2P,
ctBoperol misa pobotu 3 DICOM-300pakeHHSIMHE; LIS
JIOCSITHEHHS! IIBUJIKUX PE3YJIbTATiB, KOJIM HE MOTpiOHE
30epeXEeHHST MAKCHMAIBHOI TOYHOCTI, MOKJINBE BUKOPH-
CTaHHA MOOUTHHOI Bepcil MporpamMHOTO 3a0e3neueHHs,
nanpukian, Ossa 3D; s po3poOku BIaCHUX 1HCTpyMe-
HTIB Ta MEIUIHOTO O0JIaAHAHHS MOIINBE BUKOPHUCTAHHS

Hapiitiimna no penakuii 12 6epesns 2021 p.

3BHYAWHUX TporpaM s 3D-MojenmoBaHHS, TaKUX SK
Cinema 4D Tta Blender.
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Abstract—3D-modeling in the medical field can be used to create medical models (eg, tissues and human organs) using
3D-printing or used for digital 3D visualization of the necessary structures.

Medical 3D-printing is used when the work on prostheses that should perfectly match the patient's anatomy is needed.
In addition, thanks to 3D-modeling technology, it is possible to develop peculiar medical tools. It is also possible to perform
trial surgeries on 3D-models before the actual operation. There is special software for creating medical 3D-models for fur-
ther printing.

The purpose of this work is to determine the functions of 3D-modeling in preparation for 3D-printing in the process of
creating medical models and comparative analysis of software for 3D-modeling used in the medical field.

There is a common workflow that can be used to convert volumetric medical imaging data (created by computer tomog-
raphy (CT), or other imaging techniques) into physical models printed on a 3D-printer. This process is divided into three
stages: image segmentation, polygon mesh refinement, and 3D-printing.

3D-modeling programs are used at the stage of polygon mesh refinement. They allow almost unlimited manipulations to
refine the mesh to make the model printable. The main manipulations for post-processing of a segmented model using 3D-
modeling are: 1) reparation - correction of errors and discrepancies that sometimes occur in the process of segmentation
and images export; 2) smoothing - correction of errors that occur during segmentation due to inappropriate resolution of
the original medical image via softening by smoothing the surface of the model; 3) adding elements - combining a segmented
model with other structures or removing unnecessary parts from the segmentation.

As aresult of a comparative analysis of 3D-modeling software used in the medical field, it was found that for 3D-modeling
can be used software specifically designed for medical 3D-modeling and regular 3D-modeling software. When using regular
software, you need third-party software to get the correct model file format.

The choice of software depends on the goal: to work with implants and create patient-specific devices, it is possible to
use specially designed programs for these purposes, such as Within Medical and Medical Design Studio; if high accuracy is
required, it is possible to use D2P created for working with DICOM-images at the image segmentation stage; to achieve fast
results, when maintaining of maximum accuracy is not needed, a mobile version of the software, such as Ossa 3D, can be
used; common 3D-modeling software, such as Cinema 4D and Blender, can be used to develop peculiar tools and medical
equipment.

Keywords — 3D-modeling; 3D-printing; medical 3D-models; modeling software; 3D-mesh refinement.
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