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TEXHOJIOI'TSA KOHTPOJIIO AKOCTI BUPOBIB AJIUTUBHOI'O
BUPOBHHUITBA B XOAI APYKY EJIEMEHTIB EHEPTETUYHHUX
KOMIUVIEKCIB

KuarouoBi cjioBa: TexHOJOTII agWTHBHOTO BHUPOOHUIITBA, INIpOrpaMHE 3a0e3MEUCHHS KOHTPOIIO SKOCTI
AIUTUBHOTO BUPOOHUIITBA, INTYYHAHN 1HTEIEKT, CHEPTeTHYHI KOMIUIEKCH.

Meta po6oru. OcHOBHa MeTa poOOTH TOJATAE B aHANI31 PI3HUX METOJIB 1 3ac00iB, a TaKOXK CydacHUX
iH(pOpMaIiHHO-BUMIPIOBAILHUX TEXHOJIOTIH JiarHOCTUKK 3D-IpyKy eleMeHTIB EHEpreTHYHUX KOMILUICKCIB,
METO/IiB MOHITOPHHTY MPOLECIB APYKY, aHANI3 CTPYKTYpH MaTepiaiy.

Pe3yabsTaTn podorn. 3D-1pyk y mpoMHUCIOBOCTI: TexHOIOTIT 1 MaTepianu. 3D-npuHTepH 30aTHI MpaIroBaTH
3 HAWIIMUPIIUM CIIEKTPOM MaTepiajiiB, 0 BUKOPUCTOBYIOTHCS y BUPOOHMITBI [3]. Bubip marepiany Ta METOAY
JOPYKY 3aJIeXHUTh BiJ BIaCTHUBOCTEH, siKi Bke BOy/IOBaHI y MpoekT. Bukopucranus mpomwucioBoro 3D-mpyky 3
IUTACTUKY JO3BOJIAE OTPUMYBATH MIIHI Ta CTiHKI BHpOOH, SIKi MOXKHa MinaaBaTH (i3WYHUM BUIPOOYBAaHHSIM.
3a3Buyail 3 IJIACTHKY JPYKYIOTh MPOTOTHIM Pi3HOMAHITHUX TPHUCTPOIB, KOPIMYCH MPUIATiB, KOMIIOHEHTH
KOHCTPYKLiH Ta petani. IlnacTuk € onHUM 3 HaMOLIBII JOCTYNHMX 1 MIIHUX MarepiaiiB i npoMuciioBoro 3D-
npyky. Ilpomucnouit 3D-ApyK 3 BHKOPUCTAHHSM BOCKY 1l€aNbHO MiJXOIWUTh JUIS CTBOPEHHS OOJaIHaHHS,
HEOOXiZHOTO IS BUTOTOBJICHHSI BUPOOIB y MEMUHIH Ta I0BENipHIiH ramyssx, 30kpemMa y cromaroorii. 3D-apyk y
MIPOMHMCIIOBOCTI 3 BUKOPUCTAHHSIM METally 3aCTOCOBYETHCS B aBTOMOOUIEOyAyBaHHI, CHEPTETHLI, aePOKOCMIUHIH
ranysi Ta HayKOBUX JOCHIPKEHHSX [4]. MeTaneBi MpOTOTHIN MiAXOAATH JUIS PO3POOKH HOBHX BY3IIiB Ta arperaris,
CKJIaJHUX MPUCTPOIB. 3 IX IOTIOMOTOI0 PO3POOIISIIOTH 1 TECTYIOTh HOBI CUCTEMHU JBUTYHIB, MEXaHi3MiB, €JIEMEHTIB
JUIA JTiTakiB, aBTOMOO1IiB. Hrokue Ha pucyHKy 1 moka3aHa 3arajbHa sSIKiCHa CTaTUCTHKA BUKOPUCTAHHS TEXHOJIOTIH
aJIUTUBHOTO BUPOOHMIITBA CePiiHOT poayKii [3].
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PucyHok 1. 3aranpHa CTaTUCTHKA BUKOPHCTAHHS ICHYIOUMX TEXHOJIOTIit

Ananiz oanux npuoammnocmi 0o 3D-0pyxy na ocnoei wimyunoco inmenexkmy. B o0iacti 1iarHOCTUYHOTO
00CITyrOBYBaHHS aJrOPUTMH MAITMHHOTO HaBYaHHS BUKOPHCTOBYIOTHCS IS Iepei0adeH s moTpedu B 3aMiHi abo
PEMOHTI aeTanieil A0 iX BiAMOBH (PUCYHOK 2). ATUTHBHA TEXHOJOTiS TEOPETHYHO 3[aTHA CTBOPUTU OyAb-SKUI
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tpuBuMipauit 06’ekt [3]. Tlpore, MOpPIBHAHO 3 TPAAMUI[IMHUMH BHPOOHHYMMH MPOLECAMH, PO3BHTOK Ta
Bukopuctanus 3D-mpyky Bce mie 0oOMEKEHO uepe3 TOMOJIOTIYHI XapaKTEPUCTHKH Ta OCOOJIHMBI BHUMOTH [0
Martepiaiis.

Ponv wmyunozo inmenexmy y 3D-Opyyi memanesux Oemaneu Onsi asiakocmiynoi mexuiku. [HTErpais
MITYYHOTO iHTeNeKTy B 3D-apyK MeTanaMu Ma€ BETMKUI MOTEHIIal 1 TAKMM YHHOM CTaHe MiAMOTOIO JJIsl PO3BUTKY
acpokocMiuHux TexHosorid [4]. TloemHaHHS aqUTHBHUX TEXHOJIOTIH 31 IITYYHHM I1HTEJIEKTOM JI03BOJISIE
BUPOOHMKAM aBiaKOCMIYHOI TEXHIKM CTBOPIOBATH OUTBII TOYHI KOMIIOHEHTH 3 BUCOKOIO CBOOOJIOI0 MPOEKTYBaHHS,
32 HIDKYOIO IIHOKO Ta 3 MEHILOO KUIBKICTIO B1IXOZIB.

Pucynok 2. TIpukian 3acTOCYBaHHS MITYIHOTO iHTEIEKTY IS MOUIYKY Ae(EKTiB ITi/] Yac 3aCTOCYBAaHHS TEXHOJIOTIH aTUTUBHOTO
BUPOOHUIITBA Y XOJi CEpifHOTO BUTOTOBJICHHS JIeTalel

JlaTunku i KaMepu BCTaHOBIIOIOThCs y 3D-nipuHTEpi, 4acTo MOpyY i3 COMIOM, Jie TBEPAU map GOpMyeThCs
3 MOPOUIKY Wi BIUIMBOM JIa3epHOTO MPOMEHS, Ui 3a0e3MEeUYCHHS KOHTPOIIO Ta CIOCTEPEKEHHs B Ipoleci
BUpOOHUITBA. [10TIM MaHI MepenarThes y Creiali3oBaHe MPorpaMHe 3a0e3MeUCHHS, IKE OLIHIOE Ta IHTEPIIPETYE
Pi3HI KOHCTPYKIIT y peXuMi peanbHOT0 Yacy. Po3mnizHaroun mpoOieMu Ta KOHIICHTPYIOYH Millb IITYIHOTO iHTETEKTY
JUTst X BUpILIICHHS, IPUHTEPU PO3BUBAIOTHCS Mijl Yac nepediry mporecy [6].

Komn romeprutl 3ip 8 KoHmpoai npoyecie 6 A0umusHoMy upoOHUYmMaei. ApXiTeKTypa 3ropTKOBOi HEHPOHHOT
MepeXi aHaJoTiyHa CTPYKTYpi 3B’S3KiB HEHPOHIB Yy MO3KY JIFOAWHHW, BUCHI UepIiajdy HATXHEHHS B OpraHizailii
30pOBOI KOpPHU TOJIOBHOTO MO3KY. [Ipukiam CTpyKTYpH 1 3arajbHOro MPHHIMIY POOOTH 3rOPTKOBOI HEHPOHHOI
mepexi (CNN) HaBeneHO Ha pUCYHKY 3 Ha PUKIAZl AOBIIBHOTO 300paKeHHS, IKE MOXKe OyTH OTPHMaHe 3 KaMepH.
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Pucynok 3. CtpykTypa Ta 3araisHHI IPUHIUI pOOOTH 3TrOPTKOBHUX HEHPOHHMX MEpEeK

VY xomm’totepHoMy 30pi s 3D-ApyKy BHKOPHCTOBYIOTHCSI PI3HOMAHITHI THITM HEHPOHHHX MEpPEeX IS
BUpIIIEHHSI PI3HUX 3aBjJaHb, BKIIOYAIOYM BUSBJICHHS JC(EKTIB, aHali3 300pa)KeHb, YIPABIIHHSA IPOIECOM
JIPYKyBaHHsI Ta iHII. 3TOPTKOBI HEHPOHHI MepexXi € epeKTHBHUMH Y BUSIBIICHHI 11a0JIOHIB 1 (QiIbTpaIlil 300paXKeHb.
BoHM mMpoKO BUKOPUCTOBYIOTHCS /7Sl BUSIBIICHHS e(EKTiB Ha MOBEPXHi APYKOBAaHUX BUPOOIB Ta aHaNi3y SKOCTI

npyky [4].
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Y Tabmuni 1 kKOpoTKO HaBeNEHI OCHOBHI TEXHOJIOTii, SIKi aKTHMBHO 3aCTOCOBYIOTBhCS B IIpOIlEcax CEpiiHOTO
aJUTHBHOTO BUPOOHUIITBA.

Tadamus 1. Texnaomorii i chepu 3acTOCYBaHHS IIUX TEXHOJIOTIH B aJUTHBHOMY BHPOOHHIITBI

Mertoa / TexHoJorist Bukopucranus
BukxopucToByeThest A BHSABICHHS Ae(EKTiB, KOHTPOJIO 3a SKICTIO APYKYy Ta aHawi3
Komm’toTepae 6aueHHs P Y ned ’ P PYKY Y
300paKeHb
doTorpadyBaHHS Ta BiI€OCHOCTEPEIKECHHS 3acToCOBY€ETHCS U1l MOHITOPUHTY MPOIlecy APYKYBaHHs Ta (ikcauii Bi3yaJbHUX JAHUX
3aco0u aHaJi3y HOBEPXHI BuKopUCTOBYIOThCS AJIs1 BUMIPIOBAaHHS Ta aHAJI3Y SIKOCTI MOBEPXHi BUPOOiB
Komn’roTepHe MofentoBaHHs Jlomomarae y BipTyalbHOMY aHaJi3i Ta ONTHMI3allil IpoleciB BHPOOHHIITBA
. BukopucToByeThest Ul BUSIBICHHS HEPIBHOMIDHOCTEH TeMmepaTrypu Ta MOKIMBHX
Tepmorpadis .
ne(eKTiB
YbTpa3ByKOBUI KOHTPOJIb BukopucToByeThes U1 BUSIBIICHHS BHYTPIIIHIX Ae(EKTIB Y IPYKOBaHUX BHPOOax
BisyanpHe cnocTepeKeHHs OnepaTopiB 3abe3neyye Bi3yaJlbHUN KOHTPOJIb HA PI3HUX €Talax Mpolecy BUpOOHHIITBA
BukopucTaHHS 1aTYMKIB THCKY Ta MOMEHTY | JlomoMarae B MOHITOPHHTY Ta PeryJIIOBaHHI TapaMeTpiB mpolecy APyKyBaHHS

Crmig 3a3HauymTH, MO 3 Tabmumi 1 ocoOGmMBO akTyambHUMH TEXHOJOTISIMH ISl CEPIHHOTO aJuTHBHOTO
BUPOOHUIITBA € caMe KOMIT I0TepHe OaueHHs 1 BAKOPUCTAHHS IaTYMKIB THCKY T4 MOMEHTY.

BucHoBku. VY po0OTi BHCBITIEHI OCHOBHI Cy4YacHi TEXHOJNOTIi aJUTHBHOTO BHPOOHUIITBA, SAKi
BUKOPHCTOBYIOTHCS B XOJIi CEPIHHOTO BUTOTOBJICHHS POAYKITii. JlOCTiKeHi CydacHi TEXHOIOTIi KOHTPOITIO SKOCTI
BUPOOHUIITBA y cdepi aguTUBHOTO BHUPOOHHMITBA, 30KpEMa B KOHTEKCTI JPYKY C€JEMEHTIB EHEepreTHUYHUX
KOMIUTEKCIiB. 3pO0JeHO Orisj HAHOBIMIMX METOMIB Ta IHCTPYMEHTIB KEpyBaHHS, IO 3aCTOCOBYIOTBCS LIS
3a0e3MeyeH s BHCOKOI sikocTi 3D-apykoBaHuMX aerasneil, HeoOXigHUX i1 epeKTUBHOI poOOTH eHEepreTHYIHUX
CHCTEM.
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Abstract. Describes the state-of-the-art methods and controls used to ensure the high quality of 3D printed parts required
for efficient operation of energy systems. Various aspects of inspection are covered, including printing process monitoring,
flaw detection, material structure analysis, and geometric inspection.
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energy complexes.
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