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OB’€EKTHO-OPIEHTOBAHUM AHAJII3 KAPKACHHX 3D TEKCTHJIBHUX
CTPYKTYP

Kapkacui 3D TeKCTWIBbHI CTPYKTYpPH Ui KOMIIO3UTHUX MaTepiayliB OTPUMYIOTh 3
BUKOPUCTAHHSAM HACTYIHUX MOIIUPEHUX MEXaHIYHUX TE€XHOJIOTIH:

- 3 BUKOPHUCTaHHAM POOOYMX MPOLECIB MEXaHIYHOI TEXHOJIOT1] TKallbKOr0 BUPOOHHIITBA;

- 3 BUKOPHCTaHHIM pOoOOYHUX MPOIECIB MEXaHIYHUX TEXHOJIOTIH B’SI3aJIBHOTO 1 MJIETIILHOTO

BUPOOHHUIITB;

- 3 BUKOPHUCTAHHIM POOOYHX IPOIIECIB MEXaHIYHOI TEXHOJIOTI] IIBEHHOTO BUPOOHUIITBA.

[lpu BUKOpHCTAaHHI MOJIMEPIB MOIIMPEHUH CHOCIO OTpUMaHHS CTPYKTYPH KBa3i-TKaHUH 3
BUKOPUCTAHHSAM aJJUTHBHUX TEXHOJIOTH Ha pukiiaai 3D-apyKy Ta iHIINUX HOTEHIIHHO MOXKIIUBUX
C1oco0iB aIUTUBHUX BUPOOHUIITB.

KapxkacHai 3D TeKCTHIIBHI CTPYKTYPH € OCHOBOIO ITpe(opM 3 HUTKOBUX 200 BOJIOKOHHHX 00’ €KTIB,
SKi € BHYTPIIIHIM KapKacoM Cy4aCHHX KOMIIO3UTHUX MarepianiB. Burororistorscs npedopmu 3
apMyro4oro Marepiany (TEKCTHIBHHUX CTPYKTYpP, BYTJIELIEBUX BOJIOKOH, CKJIOBOJIOKHA a00 OpraHo
BosokHa. IIpedpopma momimaeTecsi B (OPMOYTBOPIOBAIBHE OOJIAHAHHS, TPOCOUYETHCS
3B’SI3YIOUUM 1 B pe3yibTaTi OTpUMYIOTh 3D-BHUpiO 3 KOMIIO3UTHOTO MaTepiary. 3a paXyHOK Mayloi
IOUTOMOI Bard Ta 3HAYHOI MILHOCTI NPU MEXaHIYHMX HABAaHTAXKEHHSIX EKCIUlyaTalii MIMpoKe
3aCTOCYBaHHS KOMIIO3UTHUX MarepialliB Ha0yBaeThCs y JMiTakoOyayBaHHI, aBTOMOO1IEOyyBaHHi,
IPpY BUTOTOBJIEHHI OpPOHEXWIETIB Ta 3aXMCHUX KACOK /s BIMCHKOBHUX Ta IHIIMX PI3HUX
HEMeTaJeBUX 00'€KTIB IS JIIOJUHU Ta 11 MatuH [ 1, 2]. 3D KoMIo3uTHI Matepiaiy - 1ie apMOBaHI
BOJIOKHOM TmojiiMmepu — momupena Ha3Ba FRP-xkommnosutu (Fibre Reinforced Polymer).
BuroroBnennss Tta 3actocyBaHHs FRP-kommosuTiB 3pocTae He TUIBHI y TpaaMLIHHUX
3aCTOCYBaHHSX, @ TAKOXK Y HOBUX MOTpedax 010MeTMYHUX IPUCTPOIB Ta OYAIBEIbHIUX KOHCTPYKIIIi.

O06’extHO-OpieHTOBaHui aHamiz (OOA) Tta 00’ekTHO-OpieHTOBaHui cuHTe3 (OOC) €
OCHOBHMMHU  €TanaMd 00’ €KTHO-OPIEHTOBAHOTO  MPOEKTYBaHHSA  CKJIAJHUX  MEXaHIKo-
TEXHOJOrIYHUX cucteM [3, 4] 3 BUKOPHCTAaHHSAM CYy4YaCHHUX KOMII FOTEPHUX TEXHOJIOTIN
npoektyBaHHs. B pesymprati OOA oTpumyemo crmoci®6 moOymoBu 3D-mozeni MexaHiko-
TEXHOJIOTIYHOTO 00’€KTYy MpoeKTyBaHH:, a pedynbratoM OOC e HamucaHHs Koy Ta/abo ioro
peamizaiisi y MPOTpaMHOMY CEPEJOBHINI IIJTLOBOTO IMPU3HAYECHHS 00 €KTHO-OPIEHTOBAHOTO
npoektyBaHHs. Tomy ocHOBHUM MOHATTIM OOA 1 OOC € «00’€KT» y IITHOBOMY IPHIIATHOMY
3HayeHHI. O0’€KT 11e caMOCTIHHMI eleMEeHT MPOEKTOBAaHOI MEXaHIKO-TEXHOJOIIYHOI CHUCTEMH,
AKUI OTpUMaHO Ta OOpaHO MICHs JEKOMITO3UIli TaKOi CUCTEMHM Ha €JIEeMEHTH (KOMIIOHEHTH).
OO0'eXT MICTUTB CYKYIHICTh 1HKANCYIHOBAaHUX, TOOTO 00'€ THAHUX B €MHE I11JIe BX1ITHUX IaHUX Ta
ITOpUTMH, popMynu abo MeTo M 0OpOOKHU IUX JaHUX.

Cxema y3arajgbHeHOI TOIOJIOTii 00’ €KTHO-OPIEHTOBAHOTO TMPOEKTYBAaHHSI MEXaHiKo-
TEXHOJIOTIYHUX CcUCTeEM 3D-TKaHMH MIBEHWHOro, B’S3aJILHOTO, TKAILKOTO Ta ILIETEIHLHOTO
IPOMHCIIOBUX BUPOOHHIITB IPUBEEHA Ha pucC. 1.

Posrimstnemo OOA mpu mpoekryBanHi Object=3D-TkannHa Ha mNpHKIaAi BUKOPUCTAHHS
MEXaHIYHOT TEXHOJIOT11 IIBEMHOTO0 BUPOOHUIITBA MIPH B3AEMO/III /T1an «0OO0B’SI3KH — JeJIeTyBaHHS
(venaokysamnns)».

Jlns BUKOHaHHS YOBHMKOBUX CTiOKIB B MAallMHI € HAcTYIHI THUIIOBI poOodYi OpraHu
(IHCTpyMEHTH), $KI B3a€EMOJIIOTH MK CO00I0, HUTKaMU 1 MaTepiajJoM: TOJKa, YOBHUK,
HUTKOIIPUTATYBAY, 3y0uaTa peiika, MPUTHCKHA JIalKa, TOJIKOBA IJIACTUHA, PEryJATOp HATATY
TOJIKOBOI HUTKH, PETYJISATOP HATATY YOBHHUKOBOT HUTKH 1 3aCOOM PETYJIIOBaHHS JOBXXHHH CTIOKa.
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[epuri gotupu poOOYMX OpPraHU BiTHOCATHCS OO CTIOKOYTBOPIOIOYHMX 1 PO3IIISANAIOTHCS MpU
no0y/I0Bl IUKJIOTPaMU POOOTH MAaIIMHU, TOMY IO iX IOJIOKEHHS 3aJeKHUTh Bil KyTa OBOPOTY
TOJIOBHOTO Baiy. [HIII 3a0e3medyroTh AKICTh YTBOPEHHS YOBHMKOBHX CTiOKiB 1 IIBIB i B HHX
BIJICYTHI KIHEMaTHYHI 3B’S3KH 3 TOJIOBHUM BaJIOM.
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Puc. 1 — Cxema y3arajgbHeHO1 TONOJIOTr1l 006’ €KTHO-OPIEHTOBAHOTO NMPOEKTYBAHHS MEXaHIKO-
TEXHOJIOTTYHHUX cUcTeM 3D-TKaHHWH IIBEHHOTO, B’ A3aJIbHOTO, TKAIIbKOTO Ta TUIETEIbHOIO
MIPOMHCIIOBUX BUPOOHUIITB

B yzaransnenomy Burmsiai mpu OOA Ha BXO1 MEXaHIYHOT TEXHOJIOTII MaeMO Bijl YOTUPHOX /10
22 «iHrpenieHTa» — IIBEHHY MAIIWHY, TOJKOBI HUTKH (10 15-TM TojOK NpH BUKOPHUCTaHHI
BUIIMBAJILHOTO aBTOMATY), OJIHY YOBHHUKOBY HUTKY Ta, HAIPHKJIAM, 5 MPOLIAPKIB TEKCTUIHLHOTO
Mmatepiany. Ha BHX0Ji MexaHIYHOI TeXHOJOTii yTBOpeHHs 3D-TKaHUHU OTPUMYEMO pe3yJbTar
peaitizalii MeXaHI4YHOi TEXHOJIOTli. 3 KOKHUM BMKOHAHUM MAalIMHHHM CTIOKOM 3MEHIIYEThCS
PI3HHUIL MK «IHTpeli€eHTaMH» 1 pe3yJabTaTOM MeXaHI4HOi TexHojorii. I komu 1 pi3HULA
JOPIBHIOE OJTMHMUIII, TOJII OTPUMYEThCS 0MH HOBUN 3D-00’€KT, 3 HOBUMH (Hi3MKO-MEXaHIYHUMUA
BJIACTUBOCTSIMHU, HOBUM IPU3HAYCHHSIM 1 HOBUMH €KCILTyaTalliiHUMU BIIACTUBOCTSIMH.

3D mikpo-Mozens 3a mpuHIunoM noiaiMopdizmy OOIT Mae BIaCTUBOCTI CIOPITHEHUX 00'EKTIB
TOOTO 00'€KTiB, sIKi MAlOTh OJIMH CHUIbHUI 00’€KT-0aTbKa, 10 SKUX MOXHA 3aCTOCOBYBATH Pi3Hi
metonn OOA.

BignosingHo no npuHimuny ycnaakyBanHs npu OOII (puc.2) object=3D wmikpo-Mojenb
eJeMeHTa MaTepiaily 3 TeKCTHJIIO YCHaJKOBYE CBOi (PI3MKO-MEXaHIUHI BIACTHUBOCTI BiJ 00'€KTY
BEPXHBOTO PiBHS iepapxii 6a30BOro kiacy 00’ €KTiB, a came Bl HUTOK OCHOBH Ta HUTOK yTkKa 2D-
TkauuHU 3D wmiHi-moneni 3 tekctuimo. Ilpu npomy object=2D MiHI-MOJ€Nb YCHAAKOBYE Bij
object=3D-mikpo-Mozenp Bci JaHi (TOJIs1) Ta METOMU (ITOPUTMH YH KPOKH PO3PAXYHKY
aHaMITUYHUX QyHKLIH). O0'eKT-HAIIaJOK MOKE TONOBHIOBATH B IPOrPaMHOMY KOJIi CITOPiTHEH1
00'eKTM HOBMMHM JIaHUMH Ta 3aMiHIOBaTH (ME€peKpuBaTH) MeToau o00'ekTa-0aTbka abo
JOTIOBHIOBATH iX. Y porpaMHux npoaykrax 3D reoMeTpuyHOro MOJAEIOBaHHS NPOrPAMHMM KOJT
nanux OOII “3axoBaHMii” 32 IKOHKaMH MEHIO I[IJIbOBOT'O MPU3HAYEHHS, 1110 BUKIIUKAE KOPUCTYBAY
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npu poOoTi 3 object-eckizamu, object-meransimu, object-30ipkamu 1 object-kpecnenusmu. [lpu
nooynoBi citku 3D nmerani un 3D cepenoBuina, Ipy JOCHIDKEHHX AedopMaltiid (mepeMilieHb) Ta
HanpyxeHb nporpamHuii koj MetoniB OOII Takox 3aXxOBaHMH 3a IKOHKAMHM MEHIO ILIbOBOTO
NPU3HAYCHHS.

T mobanemmit knac Moneneit 30 -TEAHTIE

Ob'exT- 06'erT~

HAMATOK <::| HATIATIOK Q6'exT-0aTERD
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MIEPO-MOTIENE MIE- MO ENTE MEEP0-MOJEIE

Puc. 2 — Cxema cxema NpUHLIMITY yCIAJAKYBaHHS III00aIBHOTO Ki1acy 00’ €KTIB MPU 00’ €KTHO-
OpIEHTOBAHOMY aHaJi31 MEXaHIKO-TEXHOJIOTIYHOI CTPYKTYpH 3D-TKaHWH 3 BUKOPUCTAHHSIM
MEXaHIYHOT TEXHOJIOT1i IIBEHHOTO BUPOOHMIITBA

JIJIst TPUBHMIPHOTO TE€OMETPUIHOTO MOJICITFOBAHHS 1 JOCITiKeHHS 3D TeKCTUIIFHOTO KapKacy
JIOIIHO BUKOPUCTAHHS Cy4aCHUX MPOrPAMHUX MPOIYKTiB, Hanpukiaa SolidWorks abo iHIIHX.
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KOMITO3HUIIMHA CYMIIII T'OPOXOBOTI'O BOPOIIHA I COJIOAY KUTHBOTI'O
AK IOJIIITYBAY JIJIA XJIIBOBYJIOYHUX BUPOBIB 3 BOPOLIHA
NIMEHUYHOTI'O BUIIOI'O COPTY

VY pamioHi cy4acHoi JIIOMUHHM YacTO 3YCTpI4alOThCs padiHOBaHI MPOAYKTH, sIKI Maibke He
HECYTh KOPHCTi, B PE3YJIbTaTlI YOTO OpraHi3M JIIOJMHU HE OTPUMY€E HEOOXITHOI KITBKOCTI
BITaMiHIB, Makpo- Ta MIKpOeJleMeHTiB. Pe3ynbpratoM 1poro € mpobiemu 3i 370poB’sm. s
BUPIIIEHHS I[bOTO MUTAHHS PO3TJISAAETHCA MOXJIMBICTD MIJABUIIEHHS XapyoBOI IIHHOCTI
OPOAYKTY, IO CIOXKHUBAETHCS KOXHUU JIeHb — X1i0a IIJISIXOM BHUKOPUCTAHHS B  SKOCTI
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