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POBOYA ITPOI'PAMA HABYAJILHOI IMCLIUTIJITHU
Texunouiorii 3D apyky

[any3b 3HaHb: 13 MexaHiyHa iHXeHepis

CrneuianpHicTb: 133 — ["any3eBe MamInHOOY Ty BaHHS

OcsiTtHs nporpama: TexHIYHHI cepBic MalUH Ta 00JaHAHHS
CIJIBCHKOTOCIIO1aPChKOI0 BUPOOHHUIITBA

@akyJIbTeT KOHCTPYIOBaHHS Ta AU3aiHY

Po3poOHHKH: K.T.H., CT. BUK. BikTOp KPYILEJBLHULIbKWM

Kuis — 2024 p.



Onuc HaByaJabHOI Tucuumiaiay Texuomnorii 3D npyky

(Ha3Ba)

I'any3b 3HaHB, cHeniajJbHICTh, OCBITHbO-KBaJidikaniiinuii piBeHb

OCBITHIH CTYIICHb Macicmp

CrienianpHICTh 133 — I'anyzese mawunobyoysanms

OcBiTHs TIporpama Texniunuii cepgic mawun ma 0OJNAOHAHHS CLIbCbKO2OCNOOAPCHKO2O
8UPOOHUYMBA

XapakTepuCcTHKA HABYAJIBHOI U CIUILTIHA

Bun Bubiprosa
3araibpHa KUIBKICTh TOJIMH 120
Kinskicts kpeautiB ECTS 4
KinbkicTh 3MiCTOBUX 2
MOJTYJIiB

KypcoBuii mpoekt -
(pob6ota)

dopma KOHTPOJIEO Exzamen

IMoka3HUKH HABYAJIBHOI JUCHUIIIHU 1JI51 JeHHOI ()OpMH HABYAHHS

JieHHa (hopMa HaBYaHHs 3a04Ha opMa HaBYAHHS
Kypc (pik miaroToBK#) 1 -
Cemectp 2 -
JlekuiliHi 3aHATTA 15 200. -
[TpakTu4Hi, ceMiHAPCHKIi
3aHATTSI ) )
JlaGopaTopHi 3aHATTA 15 200. -
CamocriitHa po6oTa 90 200. -
KinbkicTh THKHEBUX
TOIH . 2 200. -
TSt IeHHO1 hopmu
HABYAHHSI ayJAUTOPHUX

1. Meta, 3aB1aHHS, KOMIIETEHTHOCTI Ta MPOrpaMHi pe3yJabTaTH
HABYAJIbHOI 1M CHUILIIHH

Mertorw aucuumiainm "Texunomnorii 3D npyky" mossrae B HaJlaHHI CTyJIEHTaM
3HaHb 1 MPAKTUYHUX HABUYOK y cdepl BUKOPHUCTaHHS TexHojorid 3D apyky B
TEXHIYHOMY CEpBiCl CUIHCHKOTOCIOAAPCHKUX MAaIuH Ta obOnamHanHsA. CTylneHTH
OBOJIOJIIOTh OCHOBHHMMH acCIE€KTaMM BHUIOTOBJIEHHS AcTajiell 3a goromMoror 3D
JIPYKY, 30KpeMa B KOHTEKCTI MIATPUMKH Ta MOJIEpPHI3allli ClIbCHKOTOCIOAAPCHKOT
TexHIKU. J(UcuuIuiiHa cpsiMOBaHa Ha PO3BUTOK HABUYOK POOOTH 3 MPOTrpaMHUM
3a0e3nedeHHsM il 3D mpuHTepiB, BUOOpPY MarepiaiiB ISl JIPYKy, aHami3y Ta
BUIIPABJICHHA TIOMHIJIOK Y JAPYKYy, a TakoX po3yMmiHHS BmiuMBYy 3D apyky Ha
e(eKTUBHICTb, HAAIMHICT Ta €KCILTyaTallliiHl BIACTUBOCTI CLILCHKOTOCIOAAPCHKO1
TEXHIKH.

OcHoBHI 3aBAaHHsi BuBYeHHs aucuuruiiak "Texwuomorii 3D  mpyky"
BKJIIOYAIOTh:  O3HaloMJIeHHs 3 TexHojoriiMu 3D  ;apyky, mporpaMHUM
3abe3neuenHsM mis 3D mpunTtepiB, Marepianamu ans 3D apyky, TeXHIYHUM




obcimyropyBanHsM 3D mpuHTEpiB, BHYTpIIIHIM  MEXaHI3MOM  po0OOTH
MIKpOTIpOTpamMH, W0 BH3HAYA€ TMpoLEC MAPYKY, PI3HUMU alIropuTMamMu Ta
METOJIaMU, IIO JIe)KaTh B OCHOB1 MIKpOMporpam, i K Il aNTOPUTMHU BIUIMBAIOTH Ha
BiATBOpeHHS 00'ekTiB Ha 3D mpunTepi.

VY pe3ynbTari BUBYEHHS JUCIUIUTIHU CTYJEHTH TMOBHUHHI 3HATH: TEXHOJIOTi
3D nmpyky, maTtepianu Ta mporpamHe 3abe3medeHHs aisi 3D mpuHTEpiB OCHOBHI
HaJIAIITyBaHHS PEKUMIB APYKY, OCHOBHI KOMaHIM 111 KepyBaHHs 3D mpuHTEpOM,
TaKoX OCOOJIMBOCTI HajaITyBaHHs Mikponporpamu mis 3D mnpuntepa Ta ii
OHOBJICHHS.

CryneHTH TIOBUHHI BMITH: MHiATOTOBIIOBATH TPUBHUMIPHI MOJIEI 10 JAPYKY
Ha 3D npuHTepi, oOupaTH peKUMH APYKY 3aJCKHO BiJI 0OpaHOTO Marepiaiy,
HaJalITOBYBAaTH Ta OHOBIIIOBATH Mikponporpamy 3D npunrepa.

[Ticnst ycmimHoro BuB4eHHs quctuiuiinu "Texnonorii 3D apyky" cryaentu
3000yAyTh TIAHMOOKE pPO3yMiHHSA TexHonoriii 3D-apyky, a Takox HaOyIyTh
MPaKTUIHUX HABUYOK, TEXHIYHOTO 00cimyroByBanHs 3D mpuHTepa, HaMAIMITyBaHHS
Ta ONTHMI3allll HapaMeTpiB JJIsl JOCSITHEHHS ONTUMAIIBHUX PE3YJIbTATIB APYKY.

Haboymmsa komnemenmuocmeii:
iHTerpajpHa komunereHTHiCTh (IK): 371aTHICTE pO3B’s3yBaTH CKIAJHI 3ajadi 1
npo0JieMr Taly3eBOr0 MAaIIMHOOYIyBaHHS, HI0 TepeadadaroTh AOCTIIKEHHS
Ta/ab0 3I1MCHEHHS IHHOBAIlM Ta XapaKTEepU3YIOThCS HEBU3HAYEHICTIO YMOB Ta
BHUMOT.
3arajbHi komnereHTHocTi (3K):
3K1. 3gaTHICT, BUKOPUCTOBYBATH 1HGOpMAIIiiTHI Ta KOMYHIKaIIHHI TEXHOJIOT].
3K2. 31aTHICTh BUUTHUCS 1 OBOJIOAIBATH CyYaCHUMHU 3HAHHSIMU.
3K6. 3naTHICTh TEHEpYBATH HOBI 171€1 (KPEATUBHICTB).
3K7. 3naTHICTh BUSBIISTH, CTABUTH Ta BUPIITYBATH IPOOIEMH.
3K8. 3naTHicTh npuiiMaTH OOIPYHTOBAHI PIILIEHHS.
daxoBi (cneniagabHi) kKoMmneTeHTHOCTI (PK):

CK1. 3gaTHiCTh CTBOPIOBATH, YJIOCKOHAIIOBATH Ta 3aCTOCOBYBATH KiJIbKICH1
MaTeMaTU4Hl, HAYKOBI M TEXHIYHI METOJAU Ta KOMII FOT€pHI MpOrpaMHi 3acoOu,
3aCTOCOBYBaTM CUCTEMHMM MIiAXI1J JJi1 PO3B’A3yBaHHS IHXKCHEPHUX 3a/ad
rajy3eBoro MalmHoOy IyBaHHsI, 30KpeMa, B YMOBaX TE€XHIYHOI HEBU3HAYEHOCTI.

CK2. Kputnune OCMUCJIICHHS IEPENOBUX TS rajry3eBOro
MamuHOOyyBaHHS HAyKOBMX (DaKTiB, KOHIIEMIIHA, TEOpid, MNPUHIMUIIB Ta
3IaTHICTh iX 3aCTOCOBYBAaTH JUIsi PO3B’S3aHHS CKJIQJAHUX 3aJa4d Tajy3eBOTO
MAaIIMHOOYTyBaHHS 1 3a0€3MeYEHHsI CTaJIOr0 PO3BUTKY.

CK3. 3natHicTh CTBOPIOBATH HOBI TEXHIKY 1 TEXHOJIOT] B Taily31 MEXaHI4HOT
1HKEHepii.

CK4.YcBigomiieHHsT TEPCHEKTUBHUX 3aBJaHb CY4YaCHOTO BUPOOHUIITBA,
CIpPSIMOBAaHMX Ha 3aJ0BOJICHHS NOTpeO CIOXKMBayiB, BOJOMIHHS TEHACHIISIMU
1HHOBAIIMHOTO PO3BUTKY TEXHOJIOT1N Taty3i.

Pe3ynvmamu nasuanns (PH):

PH2. 3nanHs Ta po3yMiHHS MEXaHIKH 1 MAIIMHOOY/IyBaHHS Ta MEPCHEKTUB IXHBOTO
PO3BUTKY.




PH3. 3naru 1 po3yMiTH NpoliecH raiay3eBoro MaumHoOyAyBaHHs, MATH HAaBUUKHU X

MPAKTUYHOTO BUKOPUCTAHHSI.
PHS. AnanizyBaTu iH)Xe€HEpHI 00’ €KTH, TIPOIIECH Ta METOIH.

PH7. ToryBatu BUPOOHHLITBO Ta eKCIUTyaTyBaTH BHUPOOM  Taily3€BOTO

MaH_II/IHO6YILYBaHHH MMPOTATOM JKUTTEBOI'O HUKITY.

2. IIporpama Ta CTPYKTypa HAaBYAJIbHOI JUCHUILTIHM JJIs:

— IOBHOT'O TePMiHY JA€HHOI OPMHU HABYAHHSI.

Kinexicte rogua

Ha3Bu 3micToBHX AcHHa dopma - 3a0una Gopma -
. y TOMY YHCII y TOMY YHUCII
MOJYJIB 1 TEM . | ycpor : -
THXKHI o A |m|nab| iHg| c.p |yceoro| a1 | m |Jyab | iHT | C.p.
1 2 | 3 |4 |5]|]6| 78] 9 J10]11/12 13|14
3microBuii MoayJsb 1. TexnoJiorii 3D gpyky Ta nporpamue 3a6e3nedenHs st 3D npunTepa
Tema 1.
Texnouorii 3D 1- 19 > l.121] - 116 ) ) ) ) ) )
IpyKy Ta chepu
3aCTOCYBAHHS
Tewma 2.
Higroroska | 55 | 54 | g |\ 2| - [18| - | -|-|-|-]-
TPUBUMIPHHUX
MOJIEJIEN 0 APYKY
Tema 3. Marepianu 5.7 17 2 3 7
st 3D npyky
Paszom 3a
3MICTOBUM 60 7 |- 7| - |41 - - - - - -
MoayJeM |

3micToBuii Moayb 2. Cuctemu kepyBaHus 3D npuHTepa Ta TexHiuHe 00CTyrOBYBaHHS

Tewma 4. [Tpunnun
poboTH cucTeMu
kepyBaHHs 3D
IpUHTEpA

8-9 15 2 |-12] -120 - - - - -

Tema 5.

Texniune
obcimyrosyBanus | 10-11 | 15 2 | -4 - 119 - - - - -
Mexani3zMmiB 3D

IPUHTEPA

Tema 6.
HanamryBanns
Mmikpomnporpamu 3D
pUHTEpa

12-15| 30 4 | -12] - 110 - - - - -

Pa3omMm 3a
3MICTOBUM 60 8 |-]18 ] - |49 - - - - -
MoAayJieM 2

VYcporo rogua 120 | 15 |- 15| - | 90 - - - - -




3. Temu 1a00paTOPHUX 3aAHATH

No Hazga temun Kinbkicth
3/m TOJINH
1 | 3D apyk TE€XHOJIOTIE MOMIAPOBOTO HAILJIABJICHHS 2
2 | Ilporpamue 3a0e3mnedeHHs I IIJATOTOBKH MOJEIEH 10 2
apyky Ha 3D npuHTepi
3 | 3D npyk TexHozorier0 GoTonoIiMepH3aIii 3
4 | Komanau kepyBanss 3D npuntepa 2
5 | Texniune o6ciayroByBanHs 3D npunTepa 4
6 | BHecenns 3MiH y Mikpornporpamy 3D npunTepa 2
4, Temu camocTiiiHOI poOoTH
No Kinbkicts
Hasga temun
3/m TOJIH
1 BcTanoBneHHs nmporpamMHoOro 3a0e3reueHHs /111 BAKOHAHHS 7
71a00paTOPHUX POOIT
2 | I[TocT-00po0OKa HAIPYKOBAHUX JACTAJICH 9
3 BruivB BOJIOKOHHUX apMyBaHb Ha MIIHICTh IPYKOBaHUX 9
JieTane
4 | Ilepepobka matepiamiB y 3D apyiti 9
5 [Iporpamue 3a0e3neueHHs Jisi CTBOPEHHS TPUBUMIPHUX 7
MoJIese
6 | KepyBanns 3D npuntepom depes BeO-iHTepderic 10
7 | Mikpomnporpama st 3D npunTepa 10
8 | Cmocobu ycyHeHHs mymiB Ta Bibpatiii 3D npunTepa 10
9 | Po3po6ka Ta BurotoBieHHs 3anacHuX yactiuH Ha 3D mpunTepi 9
10 | IMommpeni gedextu 3D apyky 10

5. 3aco0u giarHOCTHKHM Ppe3yJIbTATIB HABYAHHSA: NPOBOAUTHCS Yy (opmi
MOAYJBHUX TECTIB, 3aXUCT JabOpaTOpHUX POOIT, a MIACYMKOBA J1arHOCTHKA
pe3ynbTaTiB HaBYaHHS y POpPMI €K3aMEHY .

6. MeToan HABYAHHSA

[Ipn BukIamgaHHi JaHOI JUCHUIUIIHM TepeadadyeH0 BUKOPHCTOBYBATH
CJIOBECHUM, HAOYHUM, MPAKTUYHUNA METOJM HAaBUYAHHS Ta BUKOHAHHSI CaMOCTIMHOI
poboTH.

7. MeToamn oiHIOBAHHSA

OriHiOBaHHSL 3AIMCHIOETHCA 32 MOAYJIbHO-PEUTHHTOBOKO CHCTEMOIO Ta
nepeadavae MPOBEACHHS MOJYJbHUX TECTyBaHb, BUKOHAHHS JabOpaTOpHUX 1
camocTiitHuX poOiT. [limcymMKoOBUI KOHTPOJb MPOBOIUTHCA y (OpMi €K3aMEHY.
MiniMyMm 0OaiiB MpH SKUX CTYJIEHT JAOIMYCKAETHCS A0 €K3aMEHY CTaHOBUTH 42 Oanu
3 HaBYAJIbHOT pOOOTH.




8. Po3noain 6ajiB, ski OTpUMYIOTh 3700yBaui BUIIOi OCBITH. OIiHIOBaHHS
3HaHb 3J00yBavya BHUINOI OCBITH BimOyBaeThcsi 3a 100-0ampHOIO IMIKANIOK 1
MIEPEBOUTHCS B HAIIOHAJBHI OIIHKY 3TiAHO 3 Tabn. 1 ynaHOTO «Il0oMOXKEHHS TIPO
ex3amenu Ta 3aiiku y HYBill Ykpainuy.

Peritunr O1miHKa HallOHAJIbHA 33 PE3YJIbTAaTH CKJIAJaHHS
3100yBaya
BHIIO1 OCBITH, eK3aMeHIB 3aJTiKiB

oasu

90 — 100 BIMIHHO

74 -89 nobpe 3apaxoBaHO

60 —73 32JI0BUJTEHO
0-59 HE3aI0BLIBHO HE 3apaXx0BaHO

Jlns BU3HAUYEHHS PEUTHUHTY CTyJIeHTa (Ciayxada) 13 3aCBOEHHS JUCIUILIIHU
Rmuc (mo 100 GaniB) onepkanuii peWTHHT 3 arecrarii (1o 30 6amiB) 10Aa€THCS 10
peUTHHTY cTyAeHTa (ciyxaua) 3 HaBuaibHO1 po6oTu Rup (10 70 6aniB): R auc = R
ap + R aT.

0. HaBuyajabHO-MeTOAMYHE 3a0€e311eYeHHs

1. Enextponnuit xypc "Texuosorii 3D npyky" HaBuanbHo-iH(bOpMamiitHui
noptan HYBIII Ykpainu

10. PexomenoBani qkepesia ingopmauii
Ocnosna

1. Xonomgusxk 0. B. Komm’rorepHe MpOEKTYBaHHS MPOMHUCIOBUX BHUPOOIB:
xoHcrmekt Jekmii / 1O, B. Xomommsax; TIHATY. — Menitonons:
JIrokc, 2021. — 140 c.

2. Ilporpama, mMeromuyHi BKa3iBKM Ta KOHTPOJIbHI 3aBIaHHsS 3 HaBYaJIbHOI
auciuIuIiag - «MojientoBaHHa Ta JIPYK TPUBHMIpHHX 00’ekTiB Ha 3D
OPUHTEP» IS CTYACHTIB YCIX CHEelialbHOCTeH yciX ¢opM HaBuaHHS /
VYiknan. O.M. I'peuxo. — Xapkis : HTY «XI1I», 2020. — 24 c.

Jooamkoea

1. BacunwkiB B. B. MetoauuHi BKa3iBKH J0 MpakTUUHOI poOoTu Ne 1 Ha Temy:
“HOCIHIKCHHS BUKOPHUCTAHHS aJWTUBHHX TEXHOJIOTIH Ha CyYacHUX
iApUEMCTBAX” 3 IUCIUILUIIHMU: “InHoBariiin1 TEXHOJIOTIT B
MmainHoOymyBanHi” / B. B. Bacunbkis, JI. M. lanunsaenxko, /1. JI. Paguk. —
Tepuomins, 2021. — 11 c.

2. 3D apyk B ymoBax OiOMEIMYHOTO BHKOPUCTaHHS: MeTONWYHI BKa3iBKH 3
BUKOHAHHS JlabopaTopHuxX poOiT 3 muctuumuiian «3D npyk B ymoBax
O0lOMETUYHOTO BUKOPUCTAHHS» JJIs  CTYAEHTIB  creriaibHoCTi 163



«biloMenuyHa 1HX)eHepis» JTeHHOI Ta 3a04HO01 hopM HaBuaHHs / ykiaa. b. B.
€dpemenko. — Mapiynons: IBH3 «I1JITY», 2019. — 17 c.

Ingpopmauiiini pecypcu

. RepRap/ua [Enextponnuit pecypc] — Pexum poctymy m0 pecypcy:
https://reprap.org/wiki/RepRap/ua.

. Configuring Marlin [Enexrponnwuii pecypc| — Pexxum goctymy mo pecypcy:
https://marlinfw.org/docs/configuration/configuration.html.

. DMOS Microstepping Driver with Translator And Overcurrent Protection
[EnekTpoHHuil  pecypc] —  Pexum IOCTYyIly 10  PeEcCypcy:
https://www.pololu.com/file/0J450/a4988 DMOS microstepping_driver wi
th translator.pdf.

. Tutorials - Repetier Software [Enekrponnuii pecypc] — Pexxum nocrymny 1o
pecypcy: https://www.repetier.com/tutorials/.

. Startup Configuration Repetier Server [Enexrponnuii pecypc] — Pexum
JTOCTYTY 10 pecypcy: https://www.repetier-server.com/startup-
configuration/.

. Formlabs Software 3D Printing Setup, Management, and Monitoring Made
Simple [Enekrponnuii pecypc] — Pexum goctymy n0 pecypcy:
https://formlabs.com/asia/software/#preform.

. CreatBot User Manual F430 [Enextponnuii pecypc] — Pexxum moctymy a0
pecypcy:  https://www.creatbot.com/downloads/CreatBot User Manual V
7.4 F430 en.pdf.
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