YKPAIHA o UA 1163649 13U

D (l (51) MK (2026.01)
5O B23Q 1/00
\Y B33Y 30/00

HALIOHANBHUA OPIrAH
IHTENEKTYAINbHOI BNACHOCTI
OEPXXABHA OPIAHI3ALIA
"YKPAIHCbKUA HALIOHATIbHUNA
O®IC IHTENEKTYANBHOI
BITACHOCTI TA IHHOBALIA"

(12) ONUC OO NATEHTY HA KOPUCHY MOJEJb

(21) Homep 3asBKu: u 2025 03901 (72) BuHaxigHuK(1):
(22) Mata nopanrs sasekn:  12.08.2025 OmuTpies [IMuTpo Onekcinosuy (UA),

. KaTtpiu Ceprin Npuropiniosuy (UA),
(24) ﬁs;:é?;;g:x:;:;:ro? 16.07.2026 PycaHos Ceprin Apkaginosuy (UA)

BMacCHOCTI: (73) Bonogineub (BoMoAinbLi): .
(46) My6nikavis sinomoctein 15.07.2026, Gron.Ne 28 XEPCOHCbKUW HALIIOHAJIbHWM
Npo AepXaBHy TEXHIYHUWN YHIBEPCUTET,
peecTpalito: Byn. IHcTUTyTCbKa, 6Yya. 11, M. XMEnbHULLKUA,
29016 (UA)
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(57) Pedpepar:

Po6oTtunsoBaHui iHTenektyansHun 3D-npuHTep Ana KombiHOBaHOro Apyky o6'ekTiB MiICTUTbL poboyuni
CTiM, NOKanbHWN NPUCTPIN €NeKTPOMAarHiTHOro BMfMBY, BUKOHaHWUM B OAHOMY 6noui 3 OpyKapCbKO
FOMOBKOI0, MaHIiNynsaTop i3 3axonnlBayem, MarasuH OOAATKOBUX €MeMEeHTIB, TennoBi3op, NpuCTpin
nokaneHOro  migirpisy  BMpoOy, MpPOCTOPOBI  OaTyMkM  MepeMilleHb  NOBEpPXOHb  BUPODY,
iHTenekTyanbHUn 6nok ynpaeniHHA. [JoOaTKkoBO MICTUTb MPOCTOPOBUM YOTUPUIPAHHUIA Kapkac 3
BEPTUKANbHUMU CTiKaMW 3 He3aneXHUMU NporpaMHoO-KkepoBaHUMU MPUBOAAMU NMOCTYMNarbHOro pyxy,
AKi WapHipHO 3'€dHaHi LWTaHramMmm MOCTINHOI [AOBXWHW 3 [OPYKapCbKOK T[OMOBKOK, PYXOMYy Y
BEPTUKANbHOMY HanpAMKY, Y3OO0BX BepTUKarnbHUX CTINOK, KiNbLueBYy HanpsMHy, 3 OKpeMumu
PYXOMUMKU MeXaHisMaMW, SKi LapHipHO 3'€dHaHi Yepes LTaHrM MOCTINHOT AOBXWHU 3 MPUCTPOEM
nokaneHOro nigirpisy BMpoby Ta MaHinynAaTopom 3 3axonntoBadeM. [1Ba NpocTOpoBi AaTyvku Ta ABa
TennoBi3opy BCTAaHOBMEHO 3 ABOX GOKIB B OCHOBi MPOCTOPOBOr0 YOTUPUIPAHHOIO Kapkaca Ha piBHi
aetani.
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KopucHa mogenb HanexuTb [0 MalwuHOOyAiBHOI ramysi i Moxe OyTM BMKOpUCTaHa Ans
BMPOOHMLTBA AeTanen i3 noniMepHuX, KOMMO3UTHMX Ta iHWKWX MaTepianis, 30Kpema y BUrOTOBMEHI
Jetanen CKnagHOi reomeTpii 3 KOHTponem napamMeTpiB SAKOCTi 3a gaHumMu uudpoBOi mogeni i3
3aCTOCYBaHHAM aAMTUBHUX TEXHOMOTIN LUMASXOM MOLAPOBOro HaknagaHHa matepiany 3 gogaBaHHAM
000aTKOBUX enemeHTiB (apMyBaHHSIM) OO AeTanen CKrnagHoi reoMeTpii B aBTOMaTU30BaHOMY peXumi
i3 3a6e3neyYeHHsIM KepOBaHOro BMMMBY KiNbKOX Pi3HMX PYXOMUX MNPUCTPOIB B OOHIA POBOYIN 30Hi
obnapgHaHHsa ana 3D apyky.

Haibinbw 6nmn3bknm aHanoroMm [0 3anpornoHOBaHOI KOPWUCHOI Moaeni € camoHaBuyanbHui 3D-
NpuHTEpP ANs KOMOIHOBaHOro ApyKy 06'ekTiB [1], LLO € aBTOMaTM30BaHOK CaMOHaBYaribHOK CUCTEMOIO
AN CTBOPEHHS UiNbHUX TPUMBUMIPHMX OO'eKTIB, SIKMA MICTUTb: pobouMA  CTif, Ha sIKOMy
po3TaloByeTbCA BMPIG Mig 4ac ApyKy; NPUCTPIN eneKkTPpOMarHiTHOro BMfvBY, BUKOHAHUIA B OOHOMY
Oroui 3 OpyKapCbKOK FOMOBKOK; MaHIMynsTop i3 3axonntoBavyeM i MarasvH OOAaTKOBUX €NEMEHTIB.
MpucTpinn 3abe3neveHnii CUCTEMO MPOCTOPOBUX AATYMKIB BUMIPIOBAHHS KOOPAMHAT i NepemilieHb
NnoBepXOHb BUPOBY, cneuianbHUM TENMOBI30OPOM, MPUCTPOSMU NOKANbLHOro Migirpisy BUpody, a Takox
iHTenekTyansHUM 6710KOM YyNpaBniHHS.

Heponikom gaHoro camoHaByansHoro 3D-npuHTepa ansg komGiHOBaHOro ApyKy o6'ekTiB € Te, Lo
NpUHTEP Mae OAuH pyxomun pobouni opraH Ond OpyKy Ta [OAATKOBi iHWI pyXomi MApuUCTpOi
KepoBaHOro BMMMBY 3 OKpPeMMMX poboynmn 30HaMW, SKi MaKTb fve YacTKOBE MNEepeTUHaHHS B
obnacTi yknagaHHs LwapiB, WO OOMEeXye TeXHOMOriYHi MOXMUBOCTI Mpu POPMYyBaHHI CKNagHMX
BMpOGIB i penbeHUX MOBEPXOHb Ta He BUKIOYAE MOXITMBOCTI BUHWKHEHHSI HEOOCSDKHUX OIS
BUMpPaBIIEHHsI N03a CNifbHOi pob0o40i 30HM AedekTiB Ha BUPODi.

Binome obnagHaHHs AN BUrOTOBMNEHHS AeTanen 3 KoMBiHOBaHUMM TEXHOMONYHMMM ornepauisiMu,
pO3WNPEHUMN  PYHKLIOHANBHUMW | TEXHOMOrMYHMMKU BRACTMBOCTSAMU 3@ PaxyHOK OMTMMarbHOI
poboyoi obnacTi 3 HasiBHICTIO KiNTbKOX BMKOHABYMX OpraHiB, WO MpautoloTb B CMiNbHIA pobOouYii 30Hi
yepes cneuianbHi KiHemMaTuyHi BnactuBocTi [2]. BaraTouinboBe obnagHaHHA MICTUTb: Hecydy
HEpPYXOMy YacTUHY y BUIMAAI Kapkaca 3 BEPTUKaNbHMMM i HAXWIEHUMU CTillkaMK, OCi CTINOK Kapkaca
napanenbHi, nepexpelleHi abo MalTb ChifbHIi TOYKU MEPETUHAHHA Ha HWXHIN i BEpPXHi OCHOBI;
LWITaHMM MNOCTiIMHOI abo KepoBaHO-3MiHHOI OOBXMHMW, OAHI KiHUi SKMX 3'eQHaHi 4yepes3 LwapHipym 3
NnoB3yHamy MexaHi3MiB MOCTynanbHOro pyxy, a [Apyri - 3 pyXomol nnaTdopmolo, Ha AKin
pO3TaLLOBaHUN BUKOHABYMIM opraH (piXky4uin iHCTPYMEHT, nasep, 3BaptoBaribHa rorioBka, niasmoTPOH,
conno Ans rigpocTtpymMmeHeBoi 06pobkM) NMpu LbOMY MeXaHi3aMy MOCTYNnanbHOro pyxy MOHTYHOTbCS SK
Ha CTilKM NPOCTOPOBOro Kapkaca, TakK i B MAOLMHI Mid)K OCAMM CTINOK.

[lo OCHOBHUX He[oniKiB 3aCTOCYBaHHSA Takoro obnagHaHHs Hanpuknag B aguTUBHUX TEXHOJONISX
HanexaTb BnacTMBOCTI pobo4oi 30HM 3a POPMOID, PO3MIPOM Ta CEpPBICHOK (DYHKLED, WO 0bMmexye
06xig getani podoynm opraHom meHwe 180 rpagycis, BiACYTHICTb TEPMiYHO CTabinNbHOI poO0Y0i 30HU
HeoOXigHOI Ans nigTPUMYBaHHS TemnepaTypHUX YMOB MOLLIAPOBOrO HakMNajaHHsa Marepiany B
aANTMBHOMY BUPOOHULITBI.

B ocHoBY kopuCHOI Mogeni NocTaBneHo 3adady BAOCKOHANEHHS KiHemaTUYHMX BnacTuBOCTen Ta
PO3LUMPEHHS HOMEHKNaTypu BWUrOTOBMEHHS BMPOGIB ckNagHoi  reomeTpii  pobBoOTN30BaHOroO
iHTenekTtyanbHoro 3D-npuHTepa ansa koMGiHOBaHOro Apyky, a came 3abesneyeHHs [OocTyny OO
nokanbHoi po6o4oi 30HM yKNadaHHs LwWapie 3 pisHuX 6GokiB AN MPOrpamMHO-KepOBaHOro BMNBY
KINbKOX PIi3HUX pPYXOMWX FOKanbHUX MNPUCTPOIB B OfHIN pobodyili 30HI nig 4ac nowapoBoro
POpMyBaHHSs CKNnagHWUX BUPOBIB, BUKITIOYEHHS YMOB ANS BUHUKHEHHS AedeKTiB nig Yyac noLapoBoro
dopMyBaHHsi BUPOGIB Nicrs BCTaHOBIEHHS] apMOBaHOTrO €MlEMEHTY Ta KOPEryBaHHsSI PEXUMIB OPYKY 3a
Aonomoro 610Ky camoHaB4YanbHOIro MOAYNS Ta WTYYHOrO iHTENEKTY.

MocTaBneHa 3afjada BUPILIYETBCA TUM, WO POOOTU30BaHMI iHTenekTyansHun 3D-npuHTep Ans
KOMOiHOBaHOro ApyKy OO'eKTiB, WO MIiCTUTb poOouuiA CTin, NPUCTPIA €neKTPOMAarHiTHOro BMVBY,
BMKOHaHUM B OAHOMY Omnoui 3 OpyKapCbKOK TFOMOBKOK, MaHinynsaTop i3 3axonfioBayem, marasuvH
AOAaTKOBUX eNeMEeHTIB, TennoBi3op, MPUCTPIA JTOKanbHOro nigirpisy BMpoOY, MPOCTOPOBI OATUYUKM
nepemiweHb NOBEPXOHb BUPODY, iHTenekTyanbHUi 6N0oK ynpaBniHHSA, 3rigHO 3 KOPUCHOK MOAENIIH,
A00aTKOBO MICTUTb MPOCTOPOBUIA YOTUPUIPAHHUIA KapKac 3 BepTUKanbHUMM CTiKaMn 3 He3anexXHumm
nporpaMHo-KepoBaHUMKU MpMBOAaMM MOCTYNanbHOro pyxy, $Ki LWapHipHO 3'edHaHi wTaHramm
MOCTIMHOT OOBXWHU 3 [OPYKapCbKOK TFONIOBKOK, PYXOMY Yy BEPTUKaNbHOMY HanpsaMKy, Y340BX
BepTUKanbHUX CTINOK, KiNbUEeBY HanpsMHy, 3 OKPEMUMM PYXOMUMWU MexaHiaMaMu, $Ki LlapHipHO
3'egHaHi 4epe3 LWTaHrM MOCTINHOT [OBXMHU 3 MPUCTPOEM JOKanbHOro nigirpisy BMpoby Ta
MaHinynaTopoM 3 3axonntoBayeM, ABa NPOCTOPOBI AaTYMKM Ta ABa TENSoBi3opw, SKi BCTAHOBMEH 3
ABOX 60KiB B OCHOBI MPOCTOPOBOro YOTUPUIPaHHOIO Kapkaca Ha piBHi geTani.

KopvcHa Mopgenb MNOSICHETLCA KPECMEHHsIM, Ha SIKOMY 300paKeHO MPUHLUMOBY CXEMy
poboTun3oBaHoro iHTenekTyansHoro 3D-npuHTepa Ans KoMGiHOBaHOro Apyky o6'ekTiB. B LeHTpi
NPOCTOPOBUIA YOTUPUIPAHHUIN Kapkac 3 BepTuKarbHUMK CTilkamu 1 po3TalloBaHUN HEPyXOMWUN
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pobouunii cTin 2 3 getannto, Wo ApykyeTbes 3. Ha 4oTMpbOX BepTMKamnbHUX CTillKax MPOCTOPOBOrO
YOTUPUIrPaHHOro Kapkaca 1 pO3TallOBaHO He3areXHi NpPorpaMHO-KepoBaHi NPUBOAM MOCTYyNanbHOro
pyxy 4, ki LlapHipHO 3'eQHaHi WTaHramm 5 3 pyxomoto nnatopMoto, Lo MiCTUTb APYKaPCbKy rONoBKY
6 Ta no3uuioHyeTbCs B pobouMiA 30HI y300BX TpbOX koopauHat X, Y, Z. B nonepedyHoMy nepeTuHi
NPOCTOPOBOro HYOTMPUIPAHHOrO Kapkaca 1 po3TalloBaHO KinbLEBY HaMnpsMHy 7. WO Mae 30aTHICTb
NpoOrpaMHO-KEpOBaHOrO0 pyxy BepTUKanbHO Y3[AOBX KooOpaAuHATWM Z CchapeHMMy npuBogamu
nocTynansHOro pyxy 8, WO npaulolTb OOHOYACHO Y3[A0BX BepTUKarbHUX CTOWOK MPOCTOPOBOro
YoTUpUrpaHHoro kapkaca 1. Ha kinbueBin HaNPAMHIA 7 3MOHTOBAHO He3arneXHi NporpaMmHO-KepoBaHi
npuBogM nocTynanbHoro pyxy 9, ski LwWapHipHo-3B'dA3aHi wTaHramm 10 3 maHinynatopom 11 i3
3axonnoBavyeM 12, WO MO3uLIOHYETLCA 3aBOSKM MpUBOAAM MOCTynanbHOro pyxy 9 B poOouii 30Hi
yKnagaHHa WwapiB no ABoM koopauHatam X Ta Y. OnosntHO [0 MexaHi3MmiB MO3uUitoBaHHS
MaHinynatopa 11 i3 3axonntoBadem 12 Ha KinbLeBil HAaNPsMHIN 7 3MOHTOBAHO He3aneXxHi NporpaMmHo-
KepoBaHi npueBoaM nocTynanbHoro pyxy 13, 4Ki LWapHipHO-3B'A3aHi wWTaHramn 14 3 NpUCTPOEM
nokaneHoro nigirpisy 15, Wo NO3uUIOHYeTLCA 3aBOAKM NpMBOAaM NocTynanbHoro pyxy 13 B pobouin
30Hi yKNagaHHs wapis no ABox koopanHatax X Ta Y. B cBoto vepry, npmBoamn noctynanbHOro pyxy 9 i
13 MOXyTb NO3MLiOHYBaTU NPUCTPIN NokanbHoro nigirpisy 15 Ta maxinynatop 11 i3 3axonnioBayem 12
Mo KiNnbLEBin HaNpsIMHIN 7 HaBKOMNoO oci Z B cucTemi koopauHat getani 3 Ha 360 rpagycis. Npusoan 8
pyxawTb KinbLEeBY HanpsiMHy BepTUKanbHO Y300BX BEPTUKANbHMX CTOMOK Kapkaca, Takum YMHOM
poboya 30Ha Mae uMniHAPUYHY opMmy.

[nsa 3abe3neveHHs NOCTIMHOro 3BOPOTHOIO 3B'A3KY B PEXMMi pearnbHOro Yacy nepeaarTbesl AaHi
npo TemnepaTypy Ta reoMeTpuyHi napameTpu B iHTEneKTyanbHWiA OnoK ynpaeniHHA Big [OBOX
Tennoei3opie 16 i OBOX NPOCTOPOBMX JaTymkiB 17, WO pPO3MilleHi B OCHOBIi NPOCTOPOBOro
YOTMPUIrPaHHOro Kapkaca 3 ABoX O6OkiB Ha piBHI geTani, sika ApykyeTbes. Tennosizopu 16 i npocTopoB.i
AaTynkm 17 po3TaloBaHO OKPEMO TaKMM YMHOM LWOO oTpumaTty AaHi no koopamHati X Ta 'Y B pobouin
30Hi poboTm3oBaHoro iHTenekTyanbHoro 3D-npuHTepa. [lpykapcbka ronoska 6 gopmye wapuv BMpoby,
NpUCTPIN MnokanbHOro nigirpisy 15 kopurye TemnepaTtypHe none B 30Hi ApyKy, MaHinynatop 11 i3
3axonnoBayem 12 MoOxe 34iMCHIOBATU NoKarbHi onepauii 3 nepemilleHHs 0oOAaTKOBUX ereMeHTIB
Takux sK yKnagaHHs apMoBaHuX eneMeHTiB B gedekTHi obnacTi, ounweHHs pobo4yoi obnacTi i iHwe.

KepyBaHHA pyxamu poboTnsoBaHoro iHTenektyansHoro 3D-npuHTepa ans KoMBGiHOBaHOro Apyky
3abes3nevyeTbCs iHTENeKTyanbHNM B610KOM ynpaBniHHA 3 BUKOPUCTAHHAM LUTYYHOrO iHTENeKTy.

Mpn BNpoBagkeHi 3anponoOHOBaHOT KOPUCHOT MOAESi YOOCKOHaNTbCA KiHEMaTUYHI BNacTUBOCTI
poboTn3oBaHoro iHTenekrtyanoHoro 3D-npuHTepa Anss koMmbiHOBaHoro Apyky o6'ekTiB, a came
BiOyBaeTbCA 3abe3ne4YeHH CMHXPOHHOIO KEPOBAHOIO BMSIMBY KilTbKOX Pi3HMX PYXOMMX JTOKanbHUX
NPUCTPOIB B OAHI poboyiii 30HI Mig Yac nowapoBoro oopMyBaHHA CKMagHUX BMPOGIB, pPO3LLMPEHHS
YHKUIOHANBbHUX MOXIMBOCTEN 3a paxyHOK MNOEAHAHHSA KIHEMATUYHWX pPyXiB Pi3HUX MPUCTPOIB,
YCYHEHHS TemnepaTypHux Qgedopmadii, NigBULEHHST SKOCTI APYKY CKMNagHMX BMPOGIB LUMAXOM
NOKanbHOro TEMSIOBOro PEerynioBaHHs Ta B3aeEMOoZii 3 MaHinynsaTopoMm AN BCTAaHOBMEHHS apMOBaHMX
erieMeHTIB 3 Mara3uHy Jo4aTKOBMX €MEMEHTIB YCYHEeHHs AedeKTiB PYKy, ONTUMi3auis poboyoi 30HM.
Lle BupiwyeTbca 3a paxyHOK BMKOPUCTAHHS MPOCTOPOBOrO YOTUPUIPaAHHOrO Kapkaca, Ha
BepTUKaNbHUX CTiNKax AKOro po3MmilleHi NpMBoaM MOCTYNanbHOro pyxy, 3'edHaHi yepes LapHipu Ta
LUTAHM MOCTINHOI AOBXWHM OKPEMO 3 [APYKapCbKOK FOMOBKOK Ta KiMbLEBOK HaMpPsSMHOI 3 OKPEMO
KepoBaHUMU Ha KinbLEBIA HaNpsIMHIA NpMBogaMu NPUCTPOLO NOKanbHOro Nigirpisy Ta MaHinynaropa 3
3axonsoBaYyeM, 3acTOCyBaHHS MNPOCTOPOBMX [ATYMKIB Ta TEMMoBi3opiB, BCTAHOBMEHWX 3 6oOkiB
NPOCTOPOBOr0 YOTUPUIPaAHHOrO Kapkaca ANs KOHTPOM KOOpAMHAaT i TemnepaTypHUX MomniB Yy 30Hi
OPYyKy. 3anpornoHoBaHa KOpuCHa MoJenb Moxe Oyt BnpoBagKeHa Ha nignpuMemMcTBax
MaLLMHOOYAIBHOI NMPOMMCMAOBOCTI MpU aaMTUBHOMY BWPOOHWUTBI geTanen cknagHoi dopmu Ta
reomeTpil.
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®OPMYJA KOPUCHOI MOZESI

Pob6oTtusoBaHuin iHTenekTyanbHuin 3D-NpuHTEp Anst KOMOIHOBaHOro ApyKy OO'eKTiB, WO MICTUTb
pobounii CTin, NoKanbHWA NPUCTPIA ENEeKTPOMAarHiTHOro BMMMBY, BMKOHaHWW B ogHOMY 6Groui 3
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APYKapCbKOK FOMOBKOK, MaHINynsaTop i3 3axonnioBadeM, MarasvH [OOAAaTKOBUX EMEMEHTIB,
TENnoBI30p, MPUCTPIN NOKanbHOro nigirpisy BMpoby, NPOCTOPOBI AaTyMKM MNepeMilleHb MOBEePXOHb
BUPOOyY, iHTenekTyanbHWn OGNOK ynpaBmiHHA, SKUA BiAPI3HAETbLCA TUM, WO O04ATKOBO MICTUTb
NPOCTOPOBMIN YOTUPUTPAHHUI Kapkac 3 BepTUKanbHUMM CTilkaMuM 3 He3aneXHUMUM MporpamHo-
KepoBaHUMU NPUBOAAMW NOCTYNAanNbLHOro pyxy, ski LWapHIpHO 3'€4HaHi LWiTaHramMmn NOCTIMHOT AOBXUHN 3
OPYKapCbKO rONOBKOK, PYXOMY Y BEPTUKANbHOMY HanpsaMKy, y300BX BepTMKaNbHUX CTIMOK, KiNbLeBy
HanpsiMHy, 3 OKPEeMUMU PYXOMWMW MexaHi3aMaMu, SAKi LapHIipHO 3'€4HaHi 4epes LUTaHrM MOCTIAHOI
OOBXWHM 3 MPUCTPOEM JIOKanbHOro Midirpisy BMpPOOYy Ta MaHiNynaTopoM 3 3axonmoBayem, ABa
NPOCTOPOBI AaTyMKM Ta OBa TENnoBi3opW, SKi BCTAHOBIEHI 3 OBOX OOKIB B OCHOBiI MPOCTOPOBOro
YOTUPUIPAHHOIO KapKaca Ha piBHi geTani.
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