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XepcOHCHKHI HaI[lOHAJIBHUI TEXHIYHUN YHIBEPCHUTET

JOCJIIKEHHSI TA MOJIEJTJFOBAHHS ITPEJMETHOI F'AJTY3I
KOMITI’IOTEPHUX TEXHOJIOT T TPUBUMIPHOT' O JIPYKY
B KOHTEKCTI BJOCKOHAJIOBAHHSI KOMIT'FOTEPHUX CUCTEM
THOOPMAIIMHOI NIITPUMKHA CAMOCTIMHOI POBOTH
3 HABYTTSI KOMIIETEHIIN Y JAHIU T'AJTY3I

Hocniosxceno pao  KO4oBUX 0COOIUBOCHEU CEeMAHMUKU NpeOMemHuoi  2any3i
KOMN TOMEPHUX MEeXHONO02Il MPUBUMIPHO20 OpPYKY, 3 AKYEHMYBAHHAM Y6azu HAd Mux
NPOCPECUBHUX MEXHONO02IAX 1 NPUKIAOHUX cdepax BUKOPUCMAHHA, WO HAUAKMUSHIiue
CMUMYTIOIOMb PO3BUMOK MPUSUMIPHO20 OpYKY. llpoananizosano eumoxu ma MONCIUBOCHI
BUpiWEeHHs.  npobiemMu  80OCKOHANIOBAHHS — KOMN IOMEPHUX  cucmem  3a6e3neyenHs
iHGhopmayilinoi niompumKu npoyecie camocmiliHo20 ONAHOBY8AHHA 2ANY3i MPUBUMIDHO20
OpyKy, 3 Habymmsam HanexcHux komnemenyiu. Cghopmosano Hu3Ky nioxoodie 00 no6y0osu
MoOenell 6a3 3HAHbL eKCnepmHUX niocucmem Ol KOMN IOMEPHUX cucmem iHgopmayiinoi
RIOMPUMKU CAMOCMIUHOI pOOOMU WOO0 OMPUMAHHSA KOMUEMEHYIl V 2any3l mMpUSUMIPHO2O0
OPYKY.

Knrouosi cnosa: xomn’tomepui cucmemu, KOMN1OMepHi MEXHONO02I, MPUSUMIDHUL
OpYK, iHgopmayitina niOMpuMKa, npeomMemHa 2any3sb, Komnemenyii, camocmiina poboma,
00CNI0HCEH NS, MOOENIOBAHMHS.
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XepCOHCKUI HAMOHAJIbHBIM TEXHUYECKUA YHUBEPCUTET

UCCJEJIOBAHUE U MOJAEJTUPOBAHUE NPEJIMETHOI OBJIACTHU
KOMINBIOTEPHBIX TEXHOJIOTHi1 TPEXMEPHOI EYATH
B KOHTEKCTE COBEPIIEHCTBOBAHMSI KOMITIbIOTEPHBIX CHCTEM
WH®OPMAIIMOHHOM MOJJIEPKKI CAMOCTOSITEJILHOI PABOTBI
MO MPUOBPETEHNIO KOMIETEHIUIA B JAHHOI OBJIACTHU

Uccneoosan psao kmouesvix ocobeHHoCmel CeManmuKky npeoMemuou obracmu
KOMNbIOMEPHBIX MEXHOL02UL MPEXMEPHOU newamu, ¢ aKYeHMupoBaHUeM SHUMAHUL HA meX
NPOCPECCUBHBIX MEXHONO2UAX U NPUKIAOHBIX chepax npumeneHus, Komopwvie Hauboee
AKMUBHO CMUMYIUPYIOM pazeumue mpexmepHou nevamu. [Ipoananusuposanvl ucmoxu u
B03MOJCHOCIU —~ peuleHUsi  Npobiembl  COBEPUIEHCMBOBAHUA  KOMNLIOMEPHBIX — CUCTEM
obecneueHusi UHGOPMAYUOHHOU NOOOEPIAHCKU NPOYECCO8 CAMOCMOAMENbHO2O OC8OCHUs
obnacmu  mpexmepHol  neyamu, ¢ HpuobpemeHuem  HAaAONeHCaujux — KOMnemeHyull.
Cohopmuposan pso nooxo0o6 k nocmpoenuro mooeneti 6a3 3HAHUU IKCNePMHBIX NOOCUCTEM
0/l KOMNbIOMEPHBIX CUCEM UHDOPMAYUOHHOU NOOOEPHCKU CAMOCMOAMENbHOU pabomyl no
NOYYEHUI0 KOMNeMeHYull 8 001ACU MPEXMEePHOU neYamu.

Kniouesvie cnosa: komnvlomepHvle cucmemvl, KOMHbIOMEPHblE  MEXHONIO2UU,
mpexmepHas, — nedamv,  UHQDOPMAYUOHHAS ~ NOOOEPIHCKA,  NpeOMemuas  06aacmo,
KOMNEemMeHmHOCIMU, CAMOCMOAMENbHASL paboma, Uccie008anue, MOOeIUposanue.

https://doi.org/10.32782/2618-0340-2019-3-11



HPUKTAJIHI HIHTAHHA MATEMATHYHOI' O MOAEJTIOBAHHAT. 2, Me 1, 2019 p.

V.Ye. KHODAKOV, G.V. VESELOVSKAYA, A.Ye. SOKOLOV, Ye.S. BORISENKO

Kherson National Technical University

RESEARCH, AND MODELING IN THE SUBJECT AREA
OF COMPUTER TECHNOLOGIES FOR THE THREE-DIMENSIONAL PRINTING
IN THE CONTEXT OF PERFECTION FOR COMPUTER SYSTEMS
OF THE INFORMATION SUPPORT IN THE INDEPENDENT WORK
ON ACQUISITION OF COMPETENCE IN THIS AREA

The advantages, problematic aspects, and a number of key features of the semantics
for a highly relevant, practically significant and dynamically developing subject area of
computer technology for three-dimensional printing, with an emphasis on the advanced
technologies and applied applications that most actively stimulate the development of the
three-dimensional printing, are explored. The main sources, and the most appropriate for the
application possibilities in solving of the problem on improving for computer systems
providing information support for the processes of self-mastering in the field of three-
dimensional printing, with the acquisition of appropriate competencies are analyzed.
According to the results of the analysis in the semantics of the subject area, the expediency on
the formation of a knowledge base regarding developers, application areas, and
recommendations rules regarding the optimal choice of three-dimensional printing
technologies is substantiated. A number of new approaches to building models of knowledge
bases for expert subsystems of computer systems on information support for independent work
on obtaining competencies in the field of three-dimensional printing have been formed. In
particular, for describing the fundamentally factual information of the knowledge base
regarding three-dimensional printing technologies, the economic development of three-
dimensional printing application areas, the display of numerical forecast indicators of the
highest costs for equipment for the three-dimensional printing industry, respectively, specific
directions of expenses and for certain application areas, formats of the predicates
constructions to describe the relevant database of facts are represented. For the purpose of
greater clarity, examples of concretization of predicates are given. The research results are
applied to improve the educational process in special disciplines for the Department of
Information Technology of the Faculty of Cybernetics and Systems Engineering at Kherson
National Technical University.

Keywords: computer systems, computer technologies, three-dimensional printing,
information support, the subject area, competence, independent work, research, modeling.

IlocranoBka npoodJiemu

Tpusumipauit apyk (3D-apyK) HAJIEKHUTH 10 KAaTEropii JOBOII HEJTaBHO BUHAWICHUX,
CYyYaCHHX, YCHIIIHUX, 3alUTYBaHUX 1 MEPCHEKTUBHUX BHIIB [isUIBHOCTI JtoauHH. [liis
OUTBIIOCTI KOPUCTYBAYiB IUTBOBUX KaTeropiil (ycTameHnx (axiBIliB i THX, XTO HABYAETHCS) €
0€3CYyMHIBHOIO aKTyaJbHICTh TEOPETUYHOTO ONMAHOBYBAaHHS Ta 3aCTOCYBAaHHS HaJ0aHb ramysi
3D-mpyKy, 110 MarOTh BHCOKY MPAKTHYHY I[IHHICTH 1 BCE HIMPIIE PO3MOBCIOKYIOTHCS Ta
BIIPOBA/KYIOTHCS B PI3HOMaHITHI BUIM Ta chepu AisimbHOCTI. [loTouHmit cTan mpeameTHoi
raimy3i 3D-npyky XapakTepus3yeTbcs AMHAMIYHUM PO3BUTKOM, TOCTIHHOIO TOSBOIO HOBHUX
TEOPETUYHHUX 1 MPAKTUYHUX HaAOaHb (3a0e3neueHHs, TeXHOJOriM Ta IXHIX NpaKTUYHUX
YIPOBAHKEHB), MO OOYMOBJICHO AaKTUBHOK EKOHOMIYHOK CTHMYJIALIEID IIiAPHEMCTB-
BUPOOHUKIB 1 3alMTaMH CYCIUIbCTBA Ta KOpPHCTyBauiB. Y mepcmnekTuBi, chepa 3D-apyky
TaKOX MaTUMe MOTpeOy B HEMEepepBHOMY PO3BUTKY KOHIICTIIM 1 MOJEJeH, armapaTHoro Ta
POTrpaMHOro 3a0e3MeueHHs, TEXHOJIOTrii opraHizamii Tta (yHKIioHyBaHHA. BaxnuBoio €
MO>KJIUBICTh HECKJIAIHOTO Ta OEe3MEepemKoIHOTO JOCTYIy 10 BiAMOBiAHOI 1HOpMAIIii,
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HIBUAKOTO Ta KOM(OPTHOTO B OMAHOBYBaHHI HAOYTTS SIKICHUX KOMIETEHIH y mpeaMeTHii
ramy3i 3D-mpyky © IXHBOTO CHCTEMAaTHYHOTO TIOHOBJICHHS B PEXHMI CaMOCTIHHOI
niaroroBku. HasiBHA cuTyarlisi CTOCOBHO iH(OpMAIliHHOT MATPUMKH TPOIIECIB CAMOCTIHHOTO
OTIaHOBYBaHHs TeMaTHKH 3D-ApyKy He € TOCKOHAIOIO Ta CTaBUTh MPOOIeMy NOUTYKY IIJISAXiB
MOJIAJIBIIIOTO PO3BUTKY BiAMOBIAHUX KOHIIETITYaIbHUX IMiIXO/IB 1 MATEMAaTHYHUX MOJEIEH.
AHaJIi3 0OCTAHHIX T0CTiIKeHb | myOaikamii

I3 MmomeHTy cTBOpeHHs 3D-IpyKy, TeMaTulli BUCBITICHHS MOrO MOTOYHUX JIOCSTHEHb
OyJ0 TIPHUCBSIYEHO YMCIIEHHI HAYKOBI MyOJiKamii, aHANITHYHI OTJISAIH, HAyKOBO-TOITYJISIPHI
ctarti (axiBuiB gaHoi chepu (30kpema, cii OkpeMo Bim3HauuTu myOmikamii [1-3]).
Haiibinpi 1oCTynHMM, 3pY4YHHM 1 HIMPOKO PO3MOBCIOKEHUM (GopmaToM iH(pOpMaliifHOro
CIIOXKMBAHHS KOPUCTYBayiB, SIKI XOUyTh OTPUMATH, B TIEPIIY YEPTry, 3arajibHy OOI3HAHICThH y
npeaMeTHid ramysi 3D-apyKy, CTanu aHaJXITUYHI OTJISAHM, 110, HA )Kajlb, YacTO IJIAHyBaIHUCS
0e3 cucTeMH Ta TIOHOBIIIOBAaHHs, He3a0apoM BTpadar4W IEPBUHHY aKTYyaJbHICTh. Y
HiJICYMKY, KOPUCTYBaY, SIKHM XOTiB HaBYaTHCSA Ta OyTH KOMIIETEHTHUM y ramy3i 3D-1apyky,
OTpUMYBaB HACTYIIHI HEraTWBM: Macy IOTaHO CHCTEMAaTHU30BaHOI Ta CTPYKTYpPOBaHOI
iHdopmarii, 3 BIAMOBIIHUMHU HACTIIKAMHU; HAJJIMIIKOBY iH(QOpMAIIIO Yy BUTISAII 3aiiBUX 1
MOpAJIbHO 3acTapuIMX MaHHWX; CYTTEBHM Opak moTpiOHOi iH(popmarii. B mimoMmy, MoxHa
3pOOUTH BHCHOBOK, 1[0, Ha JaHWH 4ac, Y BIIKPUTOMY 3araJbHOMY JOCTYII II€ BiACYTHS
HaJe)XHa, TOBHOIIHHA, CHCTEMaTH3oBaHa 1H(OpMAIliiiHa MIATPUMKA BHUBYCHHS Taly3i
TPUBUMIPHOTO APYKY H OTpHMaHHS AI€BUX PEKOMEHJAIM 1100 poOOTH B ii CEpeOBHUINAX.
BupimenHs 3a3HaueHHX MPOOJIEMHHUX MHTaHb TUTBKH 3aco0aMHM ICHYIOUMX KIIACHYHUX,
dbyHIaMeHTalbHUX, A00pe OMpalbOBAHUX METOMIB OAuUTHCS HEMOXKIUBUM, BHMAararoyu
HOBHX, JIOJATKOBHX JIOCHI/DKCHb 1 HampaioBanb [4—9]. 3rigHo BUIIE 03HAYCHOTO,
aKTyaJbHUM € CTBOPEHHS HOBHX KOHIENTYAJIBHHX ITJIXOMIB 1 METOJIB MOJEIIOBaHHS, IO
JI03BOJISITh YJTOCKOHAJIUTH CUCTEMY 1H(OpMaLiitHOrO 3a0e3MeUeHHs CaMOCTIIHOT HaBYaIbHOT
JISITBHOCTI 3 OMAHOBYBaHHS NpeameTHoi ramys3i 3D-apyky. 3okpema, moctae HEOOXigHICTh
BUOOPY HAWIOUUIBHINIMX THUIIB MOJENCH JUIsl BUMAJKIB JIOKATi30BAaHOI KOMIT'IOTEPHOI Ta
ro0anbHOI MEPEKHOI 1H(POpPMAIHOT MIATPUMKH BKa3aHOi MisIBHOCTI. BiamoBimHo, Mae
OyTH TpOBeACHUH aHami3 CHenu(iKd Ta BU3HAUCHHS KaTeropid Mojeneil uis CTBOPEHHS
1TicHOT €(heKTUBHOT cUCcTeMH 1H(POPMAIiTHOT MIATPUMKH (3a0€3MeUeHHs ) MPEeIMETHOT Tary3i
TPUBUMIPHOTO JIPYKY.

MeTta pocaigxeHHs

MeTo10 1aHOTO JOCIIIKEHHS € aHali3 0COOMMBOCTEH CEeMaHTUKU MPEAMETHOI Tay3i,
BaYUIMBUX JIJISI CTBOPEHHS MOBHOLIIHHOT KOMIT IOTEPHOI CHCTeMHU 3a0e3nedeHHs e(eKTUBHOT
iHpopMamiifHOT MIATPUMKH TPOIECIB CAMOCTIHHOI poOOTH 1100 HAOYTTS KOMIIETEHIINH Y
rany3i 3D-npyky, 3 moganbiuM (GOPMYBaHHSM KIFOYOBHX IMAXOMIB 0 MOOYJAOBH MOMEI
0a3u 3HaHb €KCIEPTHOI MiICUCTEMHU BKa3aHOI CUCTEMH.

BuK/1a1eHHsI 0CHOBHOI'0 MaTepiaJly 10CTiIKeHHs

JUist cy4acHUX KOMIT IOTEpPHUX TEXHOJIOTIH € XapakTepHUMH MpPOLECH pPO3MHBAHHS
MEX MK BIPTYaJIbHOIO PEANBbHICTIO Ta MIWCHICTIO. OJHUM 13 MOKAa3HUKIB €(PEKTHUBHOCTI
BKa3aHUX MPOIECIB € PO3BUTOK KOMIT IOTEPHUX TEXHOJIOTiH 3D-IpyKy, IO BiATBOPIOIOTH
peanbHi TpPUBHUMIpHI (i3WUHI O0’€KTH SK BIPTyalibHI oOpa3u — 00’eMHI rpadiuHi Ta
TeOMETPUYHI MOJENI, KOTpi Hadaimi BTUIIOIOTHCS 32 JIOTIOMOTOIO  CIIELiali30BaHOTO
KOMIT IOTepHOTO BCcTaTKyBaHHS (3D-mpunrtepiB, 3D-muoTepiB) y TpUBHUMIpHI Moneni 3
pearpHUX MaTtepiaiiB. 3 TEXHOJOTIYHOI TOYKH 30py, mpouecu 3D-Ipyky MonararoTb y
CTBOPEHHI BHpPOOY-MOJENI MIISXOM TIOKPOKOBOTO HakKJagaHHS mmapiB, ae Gopmu Ta
JI0JJATKOBE CHOPSIDKCHHS € JIMIIE JPYTOPSIHUMH, JOMOMDKHUMHU (akTopamu. OCHOBHUMH
Marepiazamu st GopMyBaHHSI 00’€eMHHX Mojenelt 3D-apyKy € MOopomKonoAioHl cymii,
10, MiJ BIUIMBOM TEMIIEPATypH, YTBOPIOIOTh MOHOJITHMH IUIACTHK, TiIlC, CIELialbHI
noyiMepHi  Matepianu Tomo. OCHOBHOIO mepeBaroro MNpucTpoiB 3D-apyky € opraHidHe
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CHOJYYEHHS TAaKMX MOXIIUBOCTEH: BHCOKO TOYHEe MojentoBaHHA 3D-00’ekTiB OyIb-sKOi
CKJIaJHOCTI Ta TOMOJIOTIi TeoMeTpu4yHoi (opMu; MOTPiIOHE PIZHOMAHITTS BUTPATHUX
MmaTepianiB st cTBOpeHHS  3D-00’€kTiB; MOpUHHSATHA IMIBUAKICTH;, HENEpepBHUM
TEXHOJIOTIYHAN PO3BUTOK, ITJICYMKOM SIKOTO € TOCTiHE MPHUIIBUALICHHS 1 TOHMKEHHS
co0iBapTOCTI MpoLeciB BUrOTOBIeHHA 3D-BUpOOIB 1 MpocyBaHHS iX HAa PUHOK MPOAYKIIi. 3
IUIMHOM Yacy, TeXHOJOrii 3D-ApyKy CTaloTh TOCTYMHIIIUMHE ISl pi3HUX cdep AisbHOCTI. B
Hepury 4epry, JOCHIIHUKU B cdepl NPaKTUYHOTO 3acTocyBaHHS 3D-IpyKy HaliIIOIOThCS Ha
Taki MPUKJIQJHI Tally3i: BUCOKO TOYHE BUTOTOBJICHHS CKIQIHHX JeTajeil 1 MeXaHi3MiB,
IOBENIpHUX 1 Ju3aifHEpChKUX BHUPOOIB 13 JOpPOrHX MaTepialiB y ApiOHOcepiiiHOMY
BUPOOHUIITBI; OYIIBHUITBO W apXiTeKTypa; MeAWIWHA; OcBiTa; mudpoBa momirpadis;
BUTOTOBJICHHS U 037100JIEHHS TIOJIaPYHKIB, CYBEHIPiB, KOHAUTEPCHKUX BUPOOIB TOIIIO.

Ha nepmomy erami gocmipkeHHST 0COOTMBOCTEH CEMaHTHKH MpeAMETHOI ramy3i 3D-
JIPYKY, SIK Taldy3l 3HaHb, [0 OMIAHOBYETHCS B PEXKHUMI CAMOCTIHHOT poOOTH, 0yJI0 MOLITEHUM
BHOKPEMUTH Ta MPOAHATI3YBaTH KIOYOBI CEMAaHTHYHI KaTETopii MPOrpEeCUBHUX TEXHOJIOTIH 1
NPUKIAJHUX chep BUKOPHCTAHHS, L0 HaMaKTHBHILIE CTUMYJIOIOTh PO3BUTOK 3D-IpyKy.
OCHOBHOIO METOIO aHaNi3y TEXHOJOTiH 3D-IpyKy CTano BHIIICHHS B SIKOCTI CEMaHTHYHHX
€JIEMEHTIB TUX 13 HUX, IO BIAMOBIJAIOTH HACTYITHUM KPUTEPISIM: CIIPSIMOBAHI Ha OTPUMaHHS
IPOBIAHUX MicCIlb Y Taimy3i 3D-IpyKy; 3HaXOAATHCS B CTaHI HETIEPEPBHOTO JOOTNPAIIbOBYBAHHS
Ta BJIOCKOHAJIIOBaHHS; BJIOCKOHAJIOIOTh HAssBHI CTaHIAPTH B KJIFOYOBHX cdepax MisIbHOCTI,
TaKuX SK MOJETIOBAHHS KOMIIO3HTIB, BUPOOHUITBO €KOJIOTIYHO YHCTHUX MaTepiasliB JPYKY
TOIO; AKTUBHO BUKOPUCTOBYIOThCS Ha MPAKTHUIIL; € BUCOKO aKTyaJIbHUMM JUIsl O3HAHOMIICHHS
i1 omanoByBaHHs. HaifBaxnmuBimmmu cepen TexHonorid 3D-mpyky, IO 3HaXOAATHCS B
3aBepmIagbHid cTamii poOiT, € Ti, MmO, 3a OI[IHKaMH OCIIJIHHKIB, OyJyTh TOTOBI [0
IPOMHCIIOBOTO 3aCTOCYBaHHS MPOTATOM JEKITBKOX POKiB. AHamii3 chep BuKopuctanus 3D-
JIPYKy MaB 3a METy BHJUICHHS HACTYITHUX CEMAaHTUYHUX CKJIAJIOBUX Ta iHGOpMAIlil Mpo HUX:
HAMMPOJYKTUBHINIMX BUPOOHUKIB; HAaHAKTHBHIIIMX KOPHUCTYBayiB; MpOOJEMHI MiAramy3i;
HaraJibHI1 MOTPEOM Ta HAMPSMKH PO3BUTKY MPEAMETHOT ramy3i.

Crig BiI3HAUUTH, IO OJHUM 13 HApLKHUX KaMEHIB MpeaMeTHOI ramysi 3D-apyky e
TaKUi CEeMaHTUYHUHA KOMIIOHEHT, K HMOHATTS KOMIIO3UTHOIO Martepialy, IO Ma€ HAacTyIHI
0COONHMBOCTI: € 0araTOKOMIIOHEHTHUM; (OPMYETbCS 3 IUIACTHYHOI OCHOBH, apMOBAHOI
HAIMlOBHIOBAYaMH 3 BJIACTUBOCTSMH BHCOKOI MIITHOCTI Ta JKOPCTKOCTI; CIOJyda€e Pi3HOPIAHI
CKJIQJIOBI PEUOBMHHM TAaKUM YHMHOM, [0 BUHUKAa€ HOBUU Marepian i3 SKICHO Ta KUTbKICHO
BIJIMIHHUMH BJIACTHBOCTSIMU; B MPAKTUYHOMY 3aCTOCYBaHHI, HaJla€ MOXKJIUBICTb, 30epiraroun
a00 HaBiTHh MOKPAIIYIOYH MEXaHIYHI XapaKTePHUCTUKU KOHCTPYKLIH, 3MEHIIYBAaTH iX Macy.
Haounum € cTpareriyHe TeXHOJIOTIYHE apTHEPCTBO KoMmmaHii MultiMechanics, po3poOHuka
nporpamHoro 3abesneuenHs (I13) monemroBanHs Kommo3uTiB (30kpema, MultiMech), i
Fortify, BupoOHWKa TIpHCaaOK, CHOpPSAMOBaHE Ha IMIJBHINCHHSI TependadyyBaHOCTI
KOMITO3UTHOTO 3D-pyKy: B IpoIieci iTepaTUBHOTO MPOESKTYBAaHH KOMIIO3UTHUX AeTajei, [13
BHUCTYIIA€ IHCTPYMEHTOM 3a0e3Me4eHHS MOTPIOHOrO 3BOPOTHOTO 3B'A3KY; 3aco0amu
MultiMech, mporHo3yeTbcst CTpyKTypHa IIUIICHICTh JIPYKOBaHHMX JeTalell Heped JIPyKoM;
ONTUMI3Y€EThCA TU3aiH BUPOOIB, 13 KOHTPOJIEM HAIPsIMy BOJIOKOH TIO BCiH IXHIM CTPYKTYpi.

[Ile oauH HAapLXKHUN KaMiHb Ta OJWH i3 KIIOYOBUX CEMAaHTHMYHHX KOMIIOHEHTIB chepu
3D-npyky siBIsie MeTOJ crpsiMoBaHOro eHepretuyHoro ocamkeHHs (CEO), nme nmazepHwmii
NPOMiHb PO3IUIABJISIE MaTepiai, MOJAHUHM 3a JOMOMOrOI0 MPHUCTPOIO IMOAAYl MOPOIIKY abo
IPOTYy, ¥ SIKHHA 3aCTOCOBYETHCS sl CTBOpeHHs 3D-moneneli Ha OCHOBI METaiB 1 CIUIABIB,
pEMOHTY ¥ 00CITYroBYBaHHS KOHCTPYKIIMHHX Aeraneil. [loka30BUM NPUKIIAIOM € KOMITaHis
Mitsubishi Electric Corporation — po3poOHHUK TEXHOJOTii aTUTUBHOTO BHUPOOHMIITBA
TOYKOBHX METAJICBUX JIeTajeld, KOTpa: BUCOKOTOYHO (hopMye BUPOOU Ha 3acasiaX CIIONyUYCHHS
B 3D-apyui metony CEO 3 KOMI'IOTEpHUMH TEXHOJOTISIMH J1a3€PHOTO Ta YHCEIHHOTO
yIOpaBIiHHSA Ta BUPOOHMITBA; 30UIbLIYE MPOAYKTUBHICTb BHPOOHHUITBA B INMPOKOMY KOJI
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npuknagaux chep (popmyBaHHs getanedt 1 peMOHTHI poOOTH B aBTOCHpaBi, MOOyI0Ba
JITaKiB, CTBOPCHHS IOPOXKHIX 1 HABHCAOYUX (OPM TOIIO); 3aCTOCOBYETHCS CYMICHO 3
JeTalsMU, BUPOOJICHUMH 1HIIMMHU METOAAMHM; 3aCTOCOBYE 3arajlbHOJIOCTYITHUHN 1 HEJOPOTUI
Ja3epHU 3BapIOBaJIBHAN APIT; 301IbIIy€e TOUHICTE (Ha 60%); 3MeHnrye okucieHHs (Big 20%).

Y ramy3i MeAMIIMHU, TIOKa30BOIO € 37aTHa JO BJIOCKOHAIIOBAHHS TEXHOJOTIS
OionorigHoro crepeo-iitorpadiuaoro 3D-apyKy, 110, 3aCTOCOBYIOYM HASBHICTh KHCHIO IS
porpaMmyBaHHS Ta KOHTPOIIIO KOPCTKOCTI 33JaHUX YacTOK, A03BoJsi€: (POPMYBATH SIK IITYYHI
3D-00'ekTH KPOBOHOCHI CYJIWHH Ta TKAaHHMHH OPTaHiB i CUCTEM OpraHi3my, 31 3MiHHUMH Ta
KOHTPOJIbOBAHUMU CTYTIEHSAMH TBEPAOCTI; OTPUMYBATH CKJIa/IHI MEpPEXi KPOBOHOCHUX CYJIUH;
MOKpAIlyBaTH TIPOLIECH JIKYBaHHS CyJWHHHX 3aXBOPIOBaHb; 3IIHCHIOBAaTH JpyK 13
010JOTIYHIUMH MaTepialaMy MiHIMaIbHOTO MaciITady 6mmu3pKo 10 MiKpOHiB.

JlouinpHO Jani po3risiHYyTH Take TEXHOJIOTIYHE BJOCKOHAJIEHHs raimysi 3D-apyky, gk
po3poOka VYHiBepcutery KaphHeri-MemioHa, 10 TICHO CTOCY€ThCs ChEpU CHEPreTUKH M
aBTOMATUYHO MOTpAILISE 10 cPepu IHTEPECIB KOPUCTYBAUIB MOPTATUBHUX T'aJKETIB: 3aBJISIKU
METOJly BHUIOTOBJCHHS Ta BHKOPUCTaHHS €JEKTPOIIB, SKHUIl JO3BOJII€E CTBOPIOBATH
FEOMETPUYHO CKJIaJHI (Taki, 10 HE MIJAAI0ThCS BUTOTOBJIEHHIO 32 JONOMOIOI0 THUIIOBHX
EKCTPY31MHUX METO/IB) CTPYKTYypH 3D-MIKpOPEIIITOK 13 KOHTPOJIHOBAHOK IMMOPUCTICTIO, CTAE
MOXJIUBUM: €(QEKTUBHE TIEPEHECEHHS JITII0 B3JOBX YCHOTO EJIEKTPOIYy, IO IiJIBUIILYE
MIBHJKICTh 3apsAKH aKyMyJSITOPY; BHKOPHCTaHHS HAaBiTh 3BHYAHHUMHU aKyMYJISITOPaMU
noBHOTO 00csry enekrtponiB (3amictb 30-50%); 3HauHe 30UTBIIEHHS €MHOCTI Ta
CIOBUIbHEHHS po3psiiku Oatapeil. Takox o3HaueHuit Meton 3D-pyKy MpeacTaBisie BETUKUN
iHTepeC A TAaKUX Taldy3ed, K aepOKOCMIYHI BIPOBAKEHHS, IMPOMHUCIIOBE BUPOOHHUIITBO
MEIUYHHX MPUCTPOIB, BUIYCK OOYTOBOT €IEKTPOHIKH TOIIIO.

TakoX BaXJIMBOIO € TEXHOJOTIYHA pO3poOKa 3 rainy3i BHPOOHHMIITBA EKOJOTIYHUX
marepianiB mns 3D-npyky High Impact PolyStyrene plastic (HIPS), pesynpTaT cmiBmpairi
xommanii Coolrec i Refil, mo sBnsie coboro HuTKY Ans 3D-ApyKy 3 YMCICHHUMU IepeBaramu,
cepe SIKUX, MIITHICTh 1 JOBTOBIYHICTh, HEUTPAJIBHICTh KOJBOPY, TapHA 3/1aTHICTH ITi/11aBATHCS
¢dapOyBaHHIO I OKJICIOBaHHIO, JIETKICTh (y MopiBHAHHI 3 ABS), 3aCTOCOBHICT 1O YMCIIEHHUX
Mozenei 3D-npUHTEpIB OPTaHIYHO CIOJYYAarOThCS 3 HE TOKCHYHICTIO (BUTOTOBJICHHSM 13
nepepoOIeHUX HETOKCHYHUX IUIACTMAC, 30KpeMa, HUIIXOM MepepoOKH TUIACTHKOBUX JAeTanen
BIIMIPAIlbOBAaHUX XOJOAWIBHUKIB). [lepeBakHuMm ramy3simu  BukopuctanHs HIPS e:
CTBOPEHHS PO3YMHHUX MiATPUMYBAJIbHUX €JIEMEHTIB; BHUPOOHHUITBO JIETKHX IPUCTPOIB,
KOPIYCiB, YITaKOBOK, irpamok Tomo. MoxiauBe 3actocyBanHs HIPS 1 3 Hutkamu dopHOTro
KOJIbOpY Ha 0a3i MaTepiaiy, mepepo0JIeHOro 3 AeTanel BiAnpanboBaHUX TEIEBi30PiB.

Takum 9mHOM, 0AUUTHCS AOUUIBHHUM, 3a MJICYMKaMU aHalli3y CEMaHTHUKH MPEIMETHOI
raimysi, ¢opmyBaHHS 0a3W 3HaHb OO PO3POOHHUKIB, cep 3acTOCyBaHHS Ta MPaBUII-
PEKOMEH/IaIli CTOCOBHO ONTUMAJILHOTO BHOOPY TexHOJIOT1H 3D-apyKy.

Jliis onmcy 0CHOBONOJIOXKHOI (hakTH4HOT iH(popMaii 0a3u 3HaHb M0A0 TexHoJorii 3D-
JIPYKy, TPEICTaBUMO TIPEIUKATHY KOHCTPYKIIO uisi omucy ©Oa3u ¢akrtiB y dopmarti
FDB 3DP T(T1, T2, T3), ne T1, T2, T3 OyayTh mo3HauaTH, BiAMOBIIHO, HAIMEHYBaHHS,
rajxysi 3aCTOCYBaHHs Ta po3poOHHKa TexHOoorii. Po3risHemo npukimaau onucy ¢GakTiB M010
BUlle oO3HaueHux TexHonorid 3D-npyky: FDB_3DP_T("mpomyktuBHi 3D-kommosuru",
"mMomemoBaHHsS ~ kommo3uTiB", "MultiMechanics"); FDB 3DP_ T("Bucokoroune 3D-
dopmyBanHs  merani", '"meramiyHe 3D-¢opmysannsa", "Mistsubishi  Ellectric");
FDB 3DP T("6ionoriuamii 3D-n1pyKk KpOBOHOCHHMX CYIWH 1 TKaHWUH OpraHiB", "MemumuHa",
"Vuisepcuter boynaep, Komopano"); FDB 3DP T("pozuunna nutka HIPS mis FDM-
Ipyky", "ekosjoriune BUpOOHUIITBO, opraniuna ximis", "Coolrec, Refil"); FDB 3DP T ("3D-
MIKPOPELIITKH 3 KOHTPOJIbOHOBAHOIO TIOPHUCTICTIO VIS JiTii-loHHUX Oatapeil”, "eHepreruka',
"VuiBepcuret Kapueri-Memiona").
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Punox 3D-npyky (0Ocsiru mponaxiB ycTaTKyBaHHS, BUTPATHUX Ta IHIIMX MaTepiaiB,
nporpam, TOCIyT) aKTUBHO PO3BUBAETHCA (MpuOIM3HO, HA 20 % miopiuHo). Takum 4HHOM,
JOLLTEHO C(OPMYBATH MPEIUKATHY KOHCTPYKIIIIO I Oonucy 0a3u (axTiB, M0 XapaKTepU3ye
€KOHOMIYHUI PO3BUTOK Taiysel 3acrocyBaHHs 3D-npyky, B ¢popmari FDB 3DP E(El, E2,
E3, E4), ne 3mMiHHI Benu4nHU MO3HAa4Yal0Th Take: E1 — ramysp 3acTocyBaHHS (IPOMHUCIIOBICTb,
aBiaIis i KOCMOC, BilICBKOBO-TIPOMHUCIIOBHI KOMIUIEKC, apXiTEKTypa, aBTOMOO1IeOyyBaHHS,
HayKa, MEIUIIMHA, CIIO’KHMBYl TOBAapH, €NEKTPOHIKa, 1HIII Taiy3i, y3arajlbHEHa Tajay3b TOIIO);
E2 — BificoTOK y4acTi IeBHOI MPHUKIAIHOI Taly3i B eKOHOMIYHOMY pO3BUTKY; E3 — cBiTOBHIA
puHOK (y MinbioHax nonapis); E4 — punok kpain konmumnabsoro CHJ (y MinbifoHax nonapis).
Hasenemo konkperHuii mnpukian mnoxaioHoro ¢akry: FDB 3DP E("cmoxuui TOBapu
(3okpema, enektponika)", 21.8, 2616000, 78480).

Hactynuwmii nmpeaukar uist onmcy 6a3u (akTiB, M0 BioOpakaTUME YHCIIOBI MPOTHO3HI
MOKA3HUKH HaWOIMBIINX BUTPAT Ha 00NagHaHHs 1 rainy3i 3D-apyKy, BIAMOBIIHO 1O MEBHUX
HamnpsIMKiB BHUTpar, MaruMme HactynHuid ¢opmat: FDB 3DP F(F1, F2), ne F1, F2
MO3HAYal0Th, BIAMOBIAHO, (DYHKIIOHATBHE CHpPSIMyBaHHS BHUTpAT (mpuctpoi ans 3D-npyky,
Matepianu s 3D-IpyKy, TMOCIYrd MIOAO0 IMOCTaYaHHS 3amyacTHH 1 CHCTEMH IHTEerparlii,
BUHAXOJ¥, IHTErpoBaHa (YHKINS TOIIO) Ta MPOTHO3HE 3HA4YeHHs BUTpaAT (y MITbHOHAX
nonapiB). HaBegemo HaouHWI TNpHKIA] KOHKpPETH3amlii MPEICTaBICHOTO NPEAUKATY JUIS
nporuo3y Ha 2021 pik: FDB 3DP F("mpuctpoi mns 3D-npyky", 6800).

[Ile oauu mpenukat s onucy 0a3u (akTiB, 10 BiZOOpakaTuMe YHCIOBI MPOTHO3HI
NIOKAa3HUKKM BUTpAT Ha oOnanHaHHS B cdepl 3D-apyKy Ulsl MEBHUX NPUKIAJHUX Tailysei,
npeacraBumo B ¢opmari FDB 3DP A(Al, A2), ne 3MiHHI BeJIMYMHUA MO3HAYATHUMYTb,
BIJIMOBIJTIHO, TIPUKJIAAHY Taly3b (IUCKpPETHE BUPOOHUIITBO, MEAMIIMHA, OCBITA, CIIOXHUBUYHI
CerMEHT, IHII Tramy3i, y3araJbHEHa raiy3b TOIO) Ta TNPOTHO3HE 3HA4YeHHs BUTpaAT (Y
MiTbiOHAX poJapiB). [IpencTtaBUMO mNpuUKIAaN KOHKPETH3AIil BKA3aHOTO MPEAMKATY IS
nporxo3y Ha 2021 pik: FDB_3DP_A(rany3s auckpeTHoro BUpoOHHULTBA, 9200).

CrisibHI  TOCHIDKEHHST aHANITUKIB 1 BHUPOOHHMKIB TOKa3ajdd Takli OCOOJIMBOCTI
BUKOpUCTaHHS 3D-apyKy: neBHO0 Mipoto — 71%; 3D-npunTepu A1 BUPOOHUIITBA TOTOBUX
netaneit — 20%; mmaHoBe 30UTBIIEHHS OIOJDKETHUX BUTpAaT Ha 3D-IpyK mpoTATroM poOKy —
50%. VY kpainax xomumHboro CHJI, 3aranbHi BUTpaTH Ha rany3b 3D-IpyKy CTaHOBISATH
JIEKUIbKa BiJICOTKIB BiJl CBITOBOTO O0CSTY, a KUIBKICTh BUJ@HUX 3a OCTaHHI IMIBTOpa JECITKA
POKIB TaTeHTIB 3a pi3HMMU nuTaHHsMU 3D-npyky sBase 0,15% Bing cBiToBOro oocsry,
npu4yoMy OUIbIIY YacTKy 3 HHMX OTPMMAaHO 1HO3EMHUMHM 3asBHMKaMM. IloTouHuil cran
po3BUTKY chepu 3D-apyky B YKpaiHi XapaKTepU3yeThCss HACTYITHUM CTYIIEHEM YBaru 10 Hei
KOMIIaHiH, O13HeCy: BUKOPUCTOBYIOTh aKTUBHO — 12%; IIKaBIATHCS Ta BUBYAIOTH MOMJIUBOCTI
— 48%; wne muikaBmaTbess — 40%. 3D-Ipyk aKTHBHO 3aCTOCOBYETHCS B IPAKTHI BHCOKO
TOYHOI'O JPYyKy MoJenedl A NpsMOro JIMTTS, OTPUMAaHHS JMBApHUX (OpM 1 INTaMIIIB,
BUPOOHHUIITBA ApiOHOCepiitHOI npoaykuii. He3Baxkatoun Ha ayke MOMipHY 3aIliKaBJICHICTH 1
MpaKTUYHE 3aJISTHHSA MOXJIHBOCTEW 3D-IpyKy, MOpIBHSHO 3 PSAIOM I1HIIMX KpaiH, y JaHii
IpeMETHIN raiy3i HOCTIHHO NPOBOAATHCS BUCTABKOBI 3aXO/H Ta MalCTEP-KIIacH.

Anani3 cTaHy cCHOpaB IIOJAO BHMCOKO IEPCIEKTUBHUX I HOJAJIBIIOIO PO3BUTKY
TexHoyorii ramysi 3D-npyky (BucokotouHoro 3D-(gopMmyBaHHS MeETaliB, MOJACITIOBAHHSI
KOMITO3HTIB, TIiABUIICHHS €(EKTUBHOCTI aKyMyJISATOPiB, OIOJOTIYHOTO JPYKY TKaHUH
OpraHiaMy, IMOCHJICHHsSI €KOJIOTIYHOCTI MaTepiaiiB APYKY TOIIO) JO3BOJHMB CPOPMYIIOBATH
HaBEJICHI J1ajii TBepKEeHHs. Ananrais chepu 3D-npyKy 10 BUpOOHHUIITBA IPHUIIIBUAIITYETHCS,
aje MIANPUEMCTBA HEJOCTaTHRO AaKTHMBHO Ta BCEOIYHO 3aCTOCOBYIOTH ii HaaOaHHS.
HaiiGinpmoro momyssipHicTio 3D-Ipyk KOpUCTyeTbesi B cepax aBTOMOOUIEOyayBaHHS,
BUPOOHHUIITBA CIIOKUBYHMX TOBapiB. AEpOKOCMiUHA MPOMUCIIOBICTH 1 BIiICHKOBO-ITPOMHCIOBHUIA
KOMIUIEKC, He Oyay4n HaWOUIbII MacOBMMHU KOPHCTyBauyaMH, PyXaloTh yIepeJ Mporpec Ta
yTpuUMYIOTh JigepcTBo. KitouoBi mpobnemHi ¢akropu 3Haxo/pkeHHsS 3D-npyky Ha cramii
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ajianTarii 10 BUpOOHMIITBA Ta IUIAXH 1X BUPILICHHS € TAKUMU: EKOHOMIUYHUHN (QakTop mossrae
y AyXe BHUCOKIM Ui IIMPOKOrO 3acTOCYBaHHS BapTOCTI SKICHMX MaTepiaiiB, L0 Mae
He3a0apoM 3HANTH BUPIIICHHS 3 MOSBOI HOBUX BHMHAXO/IB 1 MOMYJISPU3AIIE€I0 TEXHOJIOTIN —
BapTICTh HA0arato 3MEHIIUTHCS, a KOPUCTYBadli 3MOXYTh OOHMpATH PECypCH 3 IIHUPIIOTO
ACOPTUMEHTY Ta 3a MOTPIOHMM CIIBBIHOIICHHSM LIHU W SKOCTi; (aKTOp HEZOCKOHAIOCTI
CHCTEMHU, IO TATHE 3a CO00I0 Ne(ilUT MacOBOTO PUHKY CIIOKMBAaHHS — 32 MPOMHUCIOBHMU
Macitabamu, 3D-puHTEpH MarOTh CTaTU OUTHIIMMU Ta MIBUAMIUME; (HaKTOp OpaKy HaJIeKHO
MiATOTOBIICHUX JWU3alHEpPIiB, 13 HASBHICTIO IMOTPIOHWX 3HaHb, JOCBiMYy W YCBIJOMIICHHS
crerianizoBanux moTped sk 3D-Ipyky B LIIOMYy, Tak 1 HOro KOHKPETHHX NPUKIATHHUX
rajry3eil 3acTocyBaHHs. B IijoMy, BUpOOHUKH Ta KOPUCTYBadi 3aCTEPEIKHO BiTHOCSTHCS JIO
chepu 3D-apyky. Ha mportuBary, 3poctae 4ucenbHICTh BUCTABOK, MailcTep-KiaciB, OCBITHIX
mporpaM Ta IHIIUX 3aXOJIiB 1 3ac00IB sl 0O3HAHOMIICHHS 3 yKa3aHOwo cheporo. EfexturHe
BUPIIICHHS TpoOJieM MOXJIMBE 3a MIATPUMKH KOMIT IOTEPHUX 1H(QOpMAIIIHUX CHCTEM,
30KpeMa, eKCTIEPTHUX CUCTEM.
BucHoBkH

Jlocmi[KeHO ceMaHTHYHI 0COOIMBOCTI MPEAMETHOI raly3i TPUBUMIPHOTO JIPYKY, IO €
BXJIUBUMHM JJIs1 CTBOPEHHSI TIOBHOILIIHHUX KOMIT IOTEPHUX CHCTEM 3a0e3neueHHs e(heKTUBHOI
iH(pOpMaIiifHOT MATPUMKH IPOLIECIB CAMOCTIHHOT pOOOTH 3 HAOYTTS KOMITETCHIIIN Y BKa3aHil
ramxysi. 3a MmJacyMKamMu TPOBEACHHMX IOCIHIKEHb, OTPUMAHO HOBI HAYKOBI Pe3yJbTaTH —
3nificHeHe (OpMyBaHHS KIIOYOBHMX IMIAXOMAIB 10 NOOYIOBU psmy Mojenedl 0a3 3HaHb
EKCTIEPTHUX MIJCUCTEM TSI KOMIT IOTEPHUX CHCTEM 3a0e3MeueHHs iHPOpMAaIiifHOT M ATPUMKHI
IPOIIECIB CAMOCTIHHOI pOOOTH 3 HAOYTTS KOMIIETEHIIIH y Tary3i TPUBUMIPHOTO IpYKy. Takox
pe3yabTaTH JOCTIKEHh 3aCTOCOBAHO 3 METOI0 TMiABUINEHHS €()EKTUBHOCTI HaBYAJIBHOTO
nporiecy 3a (axoBUMH IUCHHILTIHAMU Kadenpu iHGOpMaIitHUX TEXHOJOT1H XepCOHCHKOTOo
HaIlIOHAJIBLHOTO TEXHIYHOTO YHIBEPCUTETY.
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