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BUKOPUCTAHHA 3D-APYKY JJIsI CTBOPEHHS HABYAJIBHUX POBOTOTEXHIYMHHUX
HNJIAT®OPM ®PAXIBIAMU KOMIPIOTEPHOI'O ITPO®LIIIO

Mertoto poOOTH € po3poOUTH Ta BajigyBaTH BIAKPUTY HaBYajbHY IUaTopMy Ha ocHOBI 3D-apyky, sika
JIO3BOJISIE CTYJICHTaM IFeHEpyBaTH, HaJallITOBYBAaTH Ta (DI3MYHO peasizoByBaTH BIacHI poOOTOTEXHIYHI MOAEINI B
pamMkax mpodeciiiHOl MiArOoTOBKM; 3alpolOHOBAHO apXiTekTypy miargopmu «Robo3D», mo mnoegHye
napamerpuudi CAD-mozeni, 6i0iioTeky MOAYJIBHMX KOMIIOHEHTIB 1 IHCTpPYKLIi 3 iHTerpauii craHgapTHOI
enexTpoHiku. [lnardopma peanizoBana y BHIIISII BIJKPUTOTO IM(POBOTO CEPEeOBUILA, /1€ CTYISHTH MOXYTh
BuOHpatu 0a30Bi KOHPIryparii (KOJiCHi, I'yCeHUYHi, MaHITyJIATOPHI TOMIO), 3aaBaTH T€OMETPUYHI MapaMeTpH,
excrioptyBatu STL-¢aitnmu mis 3D-apyky Ta 30upaté QyHKIIOHATBHI MPOTOTHUNH. s OWIHKHM TeNaroridHoi
e(eKTHBHOCTI MPOBECHO HABYAIBHHI €KCIIEPUMEHT y (OpMaTi IPOEKTHO-OPIEHTOBAHOTO HABYAHHS, Y SIKOMY
CTYHCHTH pO3pOOISIN BIAacHI pPOOOTOTEXHIYHI TPOEKTH HA OCHOBI 3TCHEPOBAaHHX MoJened. AHai3
3IIHCHIOBABCS 32 KPUTEPIIMHU OPUTiHAIBHOCTI KOHCTPYKIIil, PyHKITIOHAIEHOI TOBHOTH, TEXHIYHOT CKJIAIHOCTI Ta
BIIOBITHOCTI TOCTaBlieHOMY 3aBmaHHIO. [lmatdopma «Robo3D» 3abe3medmna BHCOKHMI piBEHb aBTOHOMIi
CTYJIEHTIB y NPOEKTYBaHHI: 78 % yYaCHHKIB CTBOPWJIM YHIKaJIbHI pOOOTH, sIKI HE MOBTOPIOBAJIM MLIA0JIOHHI
pimieHHsl. BinbLIICTE TPOEKTIB JIEMOHCTPYBaIM IHTErpalil0 MEXaHIYHUX, EJNEKTPOHHHUX 1 MpPOrpaMHUX
KOMITOHEHTIB, II0 CBIIYHUTh NPO CHOPMOBAHICTH MIKAMCIMIUIIHAPHOTO 1HXKEHEPHOTO MHCICHH:S. Bukianaui
BII3HAYMIIA MIJBHIICHY MOTHBAIIO J0 CKCICPUMEHTYBAHHS Ta TOTOBHICTH 10 ITEPATUBHOIO IMOKPAIICHHS
KOHCTpYKLii. KpiM TOro, BUKOPUCTaHHS MapaMeTPUYHOTO MiAXOAY JIO3BOJIMIIO CKOPOTHTH Yac Ha NPOEKTYBaHHS
Ha 35 % mMOpiBHAHO 3 PyYHHM MOJIEIIOBaHHIM. 3alporoHOBaHa Tatdopma Ui reHepanii poOOTOTEXHIYHUX
Mozeneil Ha ocHOBI 3D-Ipyky € epeKTUBHHM IHCTPYMEHTOM MpOQeciiHOi OCBITH, SIKHH MMOE€JHYE THYYKICTH
u(ppPOBOro MPOEKTYBaHHSA 3 NPAaKTHYHOKW peaiizalicro. BoHa He Jumie copolrye JOCTYyHn A0 CKIIaJHOTO
IH)KEHEPHOI0 KOHTEKCTY, alle i CTBOPIOE YMOBH JUISi PO3BUTKY KPEAaTHMBHOCTI, TEXHIYHOI CaMOCTIHHOCTI Ta
TIHOOKOTO PO3YMIHHS MPUHITUITIB POOOTOTEXHIYHUX CHCTEM.

KJIFOUYOBI CJIOBA: 3D-0pyx, pobomomexuixa, npogeciiina oceima, napamempuyre MOOem08AHHS,
HABYATLHA NIAPOPMA, NPOEKIHE HAGUAHHSL.
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VY cydacHili iHXXK€HEpHI OCBITiI 3pocTae
nmorpeba B IHCTpyMEHTaX, SKi JO3BOJSIOTH
CTYJICHTaM HE JIMIIIE BUBYATH TOTOBI PillICHHS,
a W  caMOCTiHHO  TIPOEKTyBaTH  Ta
peari3oByBaTH TE€XHIUHI cUcTeMH. TpaanmiiHi
HaBYANbHI POOOTOTEXHIUHI KOHCTPYKTODH,
HE3BAXKAIYM Ha TXHIO JUIAKTHYHY IIHHICTb,
4acTOo OOMEXYIOTh CTYACHTIB (PiKCOBaHUM
HabopoM gmerajeil 1 cxem 30HWpaHHS, IO
CTPUMY€E PO3BHUTOK iH)KEHEPHOi KpeaTHBHOCTI
[10]. ¥V To#t ke wac cydacHi mnuppoBi
TEeXHOJIOTii, 30kpeMa mapamerpudde CAD-
MOJENIOBAaHHS Ta aJWTHBHE BHUPOOHHUITBO,
BiJIKPUBAIOTh HOBI MOXKJTUBOCTI JJISI CTBOPEHHS
THYYKHX, BIIKPUTHX HaBUYAIBHHUX CEPEIOBHII
[9].

OcTaHHI JIOCTI/DKEHHS BKa3ylOTh Ha
MOTEHITiaT 3D-apyky SIK 3aco0y
JIEMOKpaTu3allii JOCTyImy JO I1HXEHEPHOTrO
MPOEKTYBAHHSA [7], MPOTE OUIBIIICTD ICHYFOYHX
pillIeHp 3aNHIIAlOThCS a00 HAATO TEXHIYHO
CKJIAIHMMHU JUIs IIOYaTKIBI[iB, ab0 3aHaITO

XKOPCTKO CTaHIapTH30BaHMMHU. lle cTBOpIOE
moTpedy B TPOMDKHOMY  pilIeHHI ——
mwiatdopmi, sIKa MOETHYE MIPOCTOTY
BHUKOPHCTAHHA 3 MOJIHMBICTIO TJIHOOKOI
KacTtomizarii. Y nboMy KOHTEKCTI aKTyaJIbHUM
CTa€ MUTAaHHS: SK OpraHi3yBaTH HaBYaJIbHE
CepeioBHIIE, y SKOMY CTYAGHTH MOIIH O
reHepyBaTd BIIACHI POOOTOTEXHIYHI MOAEIi
0e3 HEoOXiMHOCTI BOJOMIHHA CYYaCHUMH
HaBuukamu 3D-monentoBaHHs?

MeTto10 THOTO JOCHIKEHHS OyIiio
po3pobuTi Taky miuaTGopMy Ta OLIHWUTH Il
nejaroriuHy — edexktuBHiCT Yy  Qopmarti
MIPOEKTHO-OPIEHTOBAHOTO HaBYaHHS.
3aBmganHsaMu cranu: (1) ctBopenHs 6i0ioTekn
napaMeTpUYHUX MOJeIeH pPOOOTOTEXHIYHUX
KOMIIOHEHTIB; (2) iHTerpamisi iX y eauHe
uudpoBe cepenosuiie 3 iHTepdeiicom s
re”eparii moaeneit; (3) Baminarnis wrathopmu
qepes HaBYAIBHUH EKCTICPUMEHT i3
crynedramu crierianeHocTi 015 Ipodeciiina
ocsita (KoM’ roTepHi TeXHONIOTIT).

Buxknao ocnoenozo mamepiany

Po3zpobnena HaBwanmpHa —IIaTdopma
«Robo3D» mnpusHaueHa s 3a0e3MeUYCHHS
CTYIEHTIB 1HCTPYMEHTOM, SIKHH JI03BOJISIE
TeHepyBaTH, HaIAIITOBYBaTH Ta (hi3MIHO
pealizoByBaTH BJIACHI PpoOOTOTEXHIYHI
KOHCTPYKIIT 0e3 HeoOXiHOCTI BOJIOIHHS
CYy4aCHHUMH HaBHYKaMH 3D-MojentoBaHHs.
[Tnatdpopma peaiizye KOHIIETIIIFO
napamMeTpruIHOTro KOHCTPYIOBaHHS, o
HNOETHYE  THYYKICTB  IPOEKTYBAaHHA 3
IPOCTOTOI0 BHKOPUCTAHHS, 1 Opi€HTOBaHAa Ha
notpebu mpodeciiHOi OCBiTH B raiysi
1HKeHepii, MeXaTpOHIKH Ta pOOOTOTEXHIKH.

ApXiTeKTypa CUCTEMH

[lnarpopma moOymoBaHAa Ha TPHOX
PIBHIX MOAYJIBHOCTI:

1. PiBenr 0azoBoi mnarpopmum —
BU3HAYa€  TUN  pyXy Ta  3arajbHy
KOMIIOHYBaJIbHYy cxemy. Hapasi peanizoBaHo
YOTUPU TUINH TOOYAOBH POOOTOTEXHIUHUX
aThopm:

- 2WD (aBokosicHa audepeHiiaibHa
cUcTeMa 3 KACTOPHUM KOJIECOM);

- 4WD (noBHUI IPHBiJ 3 HE3AJIEKHUM
KEepyBaHHSAM KO>KHOIO TTapOI0 KOJIIC);

- TYCEHUYHA CUCTEMA 3 PEryJIbOBaHUM
HATATOM TYCEHMLI Ta BIICTaHHIO MIX
OTIOPHUMH POJINKAMU;

- cramioHapHa IutatpopMa IS
MaHIIyJIATOPiB 200 CEHCOPHUX CTaHLIH.

2. PiBeHb (QyHKITIOHATBHUX MOIYTIB —
JIOJIa€  CHEIU(IYHI MOMXJIMBOCTI 10 0a30BOI
KOHCTPYKITIi:

- MaHinymstopu 3 1-3 crymeHAMH
ceobomn (CB), ne KkoxHa JaHKa Mae
He3aJleHI mapaMeTpu JoBxkHHU (50—-150 Mm),
kyta obOepranHs (+£90°) Ta THmy 3axBary
(THEeBMAaTUYHUH, CEpBONPUBOIHUH,
MarHiTHHR);

- CEHCOPHI MOJyJi — TIaTGOpMu AJis
KkpiienHst  yneTpasBykoBux  (HC-SR04),
inppauepBonux (TCRT5000), kamep (ESP32-
CAM) Ta inepuiitnux moxynis (MPU6050);

- TpPaHCHOPTHI MOAYNM — KOBIIII,
mwiargopmMu 3 OoOMEKyBauaMM, MarHiTHI
3aXBaTH I MeTajleBUX 00’ €KTiB.

3. PiBeHn iHTerpamii eneKTpPOHIKH —
3a0e3rnedye cTaHAapTH30BaHUHN 1HTEpdEc as
KIIOYESHHS arnapaTHIX KOMIIOHEHTIB:

- KpIIUIGHHS U1 MIKPOKOHTPOJIEPiB
(ESP32, Arduino Nano, Raspberry Pi Pico);

- HANpaBIISIOY]l KaHAIW JUISI TIPOBOJIIB
JaMETPOM J10 3 MM;

- BIJICIKM AJIsl aKyMyJSITOpiB hopmary
18650 (1-4 enementn) ado Li-Po 2S;

- MOIYJbHI  KPOHIITEHHW  JUJIS
ceppoaBuryHie  SG90, MG996R, a Ttakox
KpokoBuX aBUryHiB 28BYJ-48 [5].

Yci KOMIOHEHTH  po3poOiieHO 3
ypaxyBaHHSIM TexHojoriudocti FDM-mpyky:
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BIJICYTHICTh MiATPUMOK, MIiHIMAIBHUH KyT
HaXWIy CTIHOK — 45°, TOBIIUHA CTiHOK — 1,2
MM (3 mepumetpu ipu 0,4 MM cornIa).
Iarepdelic xopucTyBaya Ta JOTiKa
poboTtu

Robo3D-Generator

Arduino Uno Case

Parameters

Slots

Mounting Standoffs

Iarepdeiic mmardpopmu  peanizoBaHO
gepe3 TapaMeTPUYHI €CKi3M Ta 3MiHHI.
KopuctyBau He Tmpamoe 3 TeOMETPIEIo
HampsiMy, a JUIme 3MIiHIOE  3Ha4YeHHS
rapaMmeTpiB y cuemianbHiil manem (Puc. 1).

Puc. 1. — Inmepgetic napamempuuno2o KepyganHs: naneiv « Parametersy 3 0CHOGHUMU 3MIHHUMU
(wheel _diameter, chassis_width, arm_length mowo). 3mina 6y0b-5K020 3HAUEHHS ABMOMAMUYHO OHOGIIOE 3D-

Fig. 1. — Parametric control interface: the Parameters panel with the main variables (wheel_diameter,
chassis_width, arm_length, etc.). Changing any value automatically updates the 3D model.

OCHOBHI Tpyn¥ IapameTpis:

- Tl'abaputhi: mmMpuHA  KOJICHOT
poGotorexHiunoi 6azu (100-300 mMm), BrcoTa
kopirycy (30-80 mm), miamerp koneca (40—100
MM);

- Kinemaruysi: KyT HaXUITy
MaHIMyJATOpa, pajiyc MOBOPOTY, JOBXKHHA
JaHOK;

- EnektpoHHi: THI MIiKpOKOHTpOJIEpa,
KUTBKICTh CEPBOIIPUBOIIB, PO3MIpP BIJCIKY IS
akymyssitopa [11].

Robo3D-Generator

& Generate & Export STL
@ Check Model

<5 Upload STL

C save Template

[licns  HamamTyBaHHA
KOPUCTYBau MOXe:

1.  Ilepernsnytu
peanbHOMY 4aci;

2. IlepeBipUTH 3ITKHEHHS KOMIIOHEHTIB
3a JIONOMOrOI0 BOYZOBAHOTO CHUMYJISATOpA
30ipKu;

3. ExcnopryBaTH BCi KOMIIOHEHTH
okpemo y ¢opmati STL ogauM kimikom (puc.
2).

nmapaMmeTpiB

3D-momens y

Puc. 2. — Excnopm komMnonenmia: asmomamuyme po30iieHHs Mooei Ha OpYKOBAMI 4acmunu (uaci,
KoJleca, KpOHWMelHY) 3 NONepeOHiM NO3UYIOHY8AHHAM HA NIAM@OPMI OPYKY.
Fig. 2. — Component export: automatic division of the model into printed parts (chassis, wheels, brackets)
with preliminary positioning on the printing platform.
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[ crnpomieHHs MOYaTKOBOTO —BXO/KEHHS
pO3p0o0ICHO YOTHPH IIA0JIOHH ITOYATKOBHX
KOH(ITypaIiif poOoTiB:

- «Jliniiamic  Tpekepy (2WD  +
1H(ppaYepBOHI TATUNKH);

- «YHmKHeHHS mnepemkomy (2WD +
YJIBTPa3ByKOBHIA JaTUUK);

- «MaHimynsTop-3aXOILTI0BaY
(cramionapHa maTdopma + 2-CB
MaHIyJIsATOP);

- «Jocmigank» (4WD + kamepa +
JATINK BiJICTaHi).

KoxkeH  1mabmoH  CyIpOBOKYEThCS
MMOCIOHUKOM 13 30UpaHHs, CXEMOIO
I KTFOYCHHS SJIEKTPOHIKUA Ta 0a30BUM KOAOM
Ha MoBax Arduino C++ ta MicroPython.

TexHiuHI XapaKTEPUCTUKU Ta BUMOTU:

[Mnatpopma cymicHa 3 OyAb-SKUM
FDM-npurTepom, mo miarpumye dhopmat STL
Ta Mae pobody 30Hy He MeHmme 210 x 210 x
180 MM (manpukman, Creality Ender 3,
Anycubic Mega Zero, Prusa Mini).

PexkomeH10BaH1 mapaMeTpu JpyKYy:

- ®inament: PLA (ocuHoBumit), PETG
(mns migBHIEHOT MitHOCTI) Ta ABS;

- Hiametp coruta: 0,4 mwm;

- Bucota mapy: 0,2 mm;

- 3amouenus: 20 % (rparuacra

Custom Model

Loaded Model:
leg2 STL

@ Back to Generator

L Generate & Export STL
© Check Madel

< Upload STL

G save Template

CIPYKTypa);

- KigpkicTs mepumeTpis: 3;

- llIBuakicte apyky: 50 Mmm/c (ctinn), 80
MM/C (3aTIOBHEHHS).

Ilemaroriuna iHTETpaIisa

ITmatdopma BIIPOBAKCHA B
HaBYAJIBHUU mpouec y Gopmari MpOEKTHO-
OpIEHTOBAHOTO HAaBYaHHS. HaBuanbHuii
Moaynb TpuBaB 8 TmWkKHIB (96 akameMiyHHX
TOJIMH) 1 BKITIOYAB TaKi €TaIn:

1. OsnaiiomnenHs 3 iHtepdelicom Ta
maboHaMu (2 THXKHI);

2. Amnamiz 3aBgaHHSA  (HaNpHUKIAM,
«Po3pobiTe poboTa s cOpTyBaHHS 00’ €KTIB
3a KOJIbOPOM»);

3. Tenepamis wmomem —  BHOIp
KOH(]Irypamii, HamalmTyBaHHS TapaMeTpiB,
excriopt STL;

4., ®@izuyHa peamizamisi — JAPYK,
30WpaHHA, TAKITIOUEHHS eTeKTPOHIKH;
5. IlporpamyBanHs —  po3poOka

aJITOPUTMY KEpyBaHHS;
6. TectyBamHs Ta iTepamis —
BUSBJICHHS HEIOMIKIB, Moaugikarist
KOHCTPYKIIii, MOBTOPHHIA JAPYK;
7. Ilpe3eHTamiss MPOEKTY 3 TEXHIYHOIO
JIOKYMEHTAIII€10.

Puc. 3. — [Ipuxnad cmydenmcobkoeo npoekmy: 4WD-pobom 3 maninyaamopom 0k mpancnopmyeaHHs
yunindpuynux 06’ exkmis. Koncmpykyis nognicmio 32eneposana yepes niamgopmy, opykosana na PLA,
Kepyemuvcs yepes Bluetooth 3 mobinvrozo dooamxy.

Fig. 3. — Example of a student project: a 4WD robot with a manipulator for transporting cylindrical
objects. The design is fully generated via the platform, printed on PLA, and controlled via Bluetooth from a
mobile application.

Taka CTpyKTypa [O3BOJIIE€ HE JIMILIE
3aCBOITH TEXHIYHI HABUYKH, a W PO3BHHYTH

iH)KeHepHEe MUCJICHHsI, KPUTUYHHUHA aHami3 Ta
3MATHICTh  JO0  CaMOCTIMHOTO  YXBaJeHHS
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TIPOEKTHUX pitieHb — KITIOUOBI1
KOMITETEHTHOCTI Cy4acHOTO iHXeHepa.

3 42 crygenrtiB cremianeHocTi 015
[Ipodeciiina OCBiTa (Komn’rorepHi
TeXHOJOT11), TepHOmIBCHKOTO HAIllOHATHFHOTO
MearorivHOro VHIBEPCUTETY iMeHi
Bonoaumupa I'natioka, 33 (78,6 %) cTBOpmIN
VHIKaJIbHI KOHCTPYKIIi, SIKi HE MOBTOPIOBAIN
omnH opaoro. Cepex HuHX — pobotm 3
alaNTUBHAMH KOJIECaMH, CKJIQJIHUMHA
KiHEMaTUYHUMH JIAHIFOTAMH MaHiyJISTOPIB,
MOJYJIbHIMH CEHCOPHUMH CcHCTeMaMu. Jlurre
9 crymentiB (21,4 %) BUKOpHCTAIU
MiHIMaJIbHY KOH(]Irypamito 0e3 iCTOTHHX 3MiH,
IO CBiAYHMTH PO BUCOKHIA PiBEHb 3aTy4E€HOCTI
JI0 IPOEKTYBAHHS.

Cepenniii 0an 3a KpuUTepieM «TeXHi4HA

Po3nonin cTyoeHTChbKHX NIPOEKTIB

21.4%

VHIKamEHI KOHCTPYEILL
(78.6%)

«ITapaMeTpH3allia MoJelrliila DoIyK pilleHHA»

Mlabnonui pintenas
(21.4%)

CKJIATHICTEY» CTaHOBUB 8,2 3 10 MOXKIIMBHX, III0
MIEPEeBUIILyE CEPEAHIN MOKA3HHUK 3a TOIEpenHi
poku (6,4) mpu BUKOPHUCTaHHI KOMEPIIHHUX
HabopiB. 86 % CTyOeHTiB BiI3HAYWIH, IO

MO>KITUBICTh 3MIHIOBaTH rapaMmeTpu
KOHCTPYKIII <«3HAa4YHO TMOJIETIIMIA IOUIyK
ONTUMAaJbHOTO  pimeHHs». Kpim  Toro,

cepelHid wac BiJ imei 40 ApyKy MEpIIOTO
IIPOTOTHITY CTAaHOBUB 3,2 roauHH, 1o Ha 35 %
MIBUAIIE, HDK NP PYYHOMY MOEIIOBAHHI Y
momepeHix Kypeax (puc.4).

Baxnueum pe3yIbTaTOM CTajio
(hopMyBaHHS «iHXEHEPHOI ITepaTHBHOCTI»: 28
cryneHrtiB (66,7 %) BUKOHaNM MpUHAWMHI TBa
LUKIU «APYyK—TECTYBaHHA—MOIU(IKaIlisD», 110
CBIAYUTH MpPO TIMOOKE BKIIOYEHHS B IPOLEC
MIPOEKTYBAHHSI.

TexHiuHa CKIagHICTh NIPOEKTIB
10

8.2

Cepepniit fan (makc. 10)

IMoTo4HHuE Kypc
(RoboEDU-Gen)

IMonepepHi KypcH
(koMepuiiini HaGopu)

Yac Big igei o gpyKy OpOTOTHIY

CTyIeHTH, AKI BiI3HA9HIH KOPHCTE

5 T TON

86%

Yac (roguaH)

T
0 20 40 60
BigcoTtox (%)

80

T
100 IToTo9HHEA mOxig TonepenHii nigxig

Puc. 4. — Pezynomamu enpogadoicenns nramgopmu RoboEDU-Gen y naguanvhuii npoyec
Fig. 4. — Results of implementing the RoboEDU-Gen platform in the educational process

062060pennsn

[Mnargpopma «Robo3D» miaTBepIKYyeE,
10 3MCHIICHHS KOTHITHBHOTO Ta TEXHIYHOTO
HABAHTAXCHHS, TOB’SI3aHOTO 3 OMAHYBAHHAM

3D-MonenmoBaHHAM uepe3 HapaMeTpHYHMI
HiAXig, He CYNPOBOKYETHCS 3HUKEHHSIM
SIKOCTI  1H)KEHEpHOT'0 ~ aHalli3y MPOEKTHUX

piuiess [1]. HaBmaku, CTYJACHTH MalOTh 3MOTY
3MIiCTUTH (OKyC yBarm 3 OIepamiiHux
ACIEKTIB IIU(PPOBOTO MOICITIOBAHHS —

TakuX, SK TOOyJOBa TEOMETpii «3 HYyJs»,

KepyBaHHsI ckiagHuMu iHcTpyMeHTamu CAD-
cepesoBHI a00 YCYHEHHSI TIOMHJIOK TOIOJIOT1T
— Ha (YHKUIOHAJIbHI BUMOTH IO TEXHIYHOI
CHCTEMH, IO TpPOeKTyeThes. lLle mo3Bossie
30CepeIUTHCS Ha KIIOUYOBHX 1H)KEHEPHHX
MUTAHHSX: SIKE MPU3HAUYEHHS Ma€e PoOOT, sKi

OOMEXEeHHsSI HAKJIaJa€e CepeloBHINE HOro
eKCIUTyaTallii, sk 3a0e3MeUnTH B3aEMOJIII0 MiXK
MeXaHIYHUMH, SNIEKTPOHHUMH Ta

nporpaMHUMH KOMIIOHCHTaMH, a TaKOX AK
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ONTUMI3yBaTH KOHCTPYKLIIO 3a KPHUTEPiIMHU
MIIIHOCTI, MacH, eHeproe()eKTHBHOCTI Ta
TEXHOJIOTIYHOCTI BUTOTOBJICHHS [4].

s nepeopieHTalis HaBYAJIBHOL
USTBHOCTI  Y3TOJDKYETBCS 3 KIFOYOBHMU
npuHOMnamMu  Meroponorii  design thinking,
3TiIHO 3 SIKOIO LIEHTpaJbHE 3HAUYCHHS Mae€ He
OTIaHYBaHHS TEXHIYHUX ocobnuBoCTEH
MPOrPaMHOTO 1HCTPYMEHTAapilo, a CHCTEMHE
¢dopmymoBaHHS Ta e(EeKTHBHE BHUPIIICHHS
IHKeHepHOi TMpobieMu dYepe3 iTepakTHBHE
IPOEKTYBAHHS, €MMATII0 O KOPUCTYBAI[bKHX
nmotped 1 (yHKIIOHANBHY BaNiJaIlif0 PIIICHb.
y IBOMY KOHTEKCTi napaMmeTpuyHe
MOJICNIIOBAHHS BHCTYNA€ HE K MeTa, a fK
3acio, o T IOPSAKOBAHUN OimbI
BHUCOKOpIBHEBIH MeTi —  (opMyBaHHIO
CHCTEMHOTO IH)KeHepHOro MwucieHHs [3].
CryneHTH, OMepyroUun 3MIHHUMH (HAIPUKIA],
JIOBKWHOIO JIaHKA MAaHIMyJISITOpa, diaMeTpoM
Kosieca abo BHCOTOIO maci), Oe3mocepeqHbo
CIIOCTEPIraloTh BIUIMB IIMX TNapaMeTpiB Ha
(YHKI[IOHANBHICTh  CHUCTEMH, IO CIPHSE
PO3BHUTKY TPUYMHHO-HACIIJKOBOTO MHCIICHHS
Ta 37aTHOCTI JIO0 ITEPAaTUBHOTO IOKPAIICHHS
MPOEKTHUX PIllIEHb.

Kpim  Toro, aOcrparyBanHs  BiX
TEXHIYHUX CKJIaJHOILIB MO/JICJIFOBAHHS
JI03BOJISIE BKIIIOYUTH B AaKTUBHY HPOEKTHY
JOISUTBHICTD  CTYIEHTIB 13 PpI3HUM piBHEM
MOTIepeTHbO] IMIJATOTOBKH, 30KpeMa THX, XTO
panime He MaB JmocBimy pobotm 3 CAD-
cuctemamu. lle migBHIye 1HKJIFO3UBHICTH
HABYAJIBHOTO Tpolecy Ta 3ale3rneduye piBHUN
JOCTYNl 0 CKJIaJHHUX IHKCHEPHUX 3aBJaHb.
Takum umaOM, T™IaThopma «Robo3D» He
JIMIIE CIPOIIYE TEXHIUHY peaizaliio iaei, ane
i TpaHc(hopMye camy TPHPOAY HABYAITBHOTO
MIPOEKTYBaHHA — 13  IHCTPYMEHTaJIbHO
OpIEHTOBaHOTO Ha MPOOJIEMHO-OPiIEHTOBAHE,
o0 € KIIOYOBOK YMOBOIO (opMyBaHHS
CYy4aCHHX TEXHIYHMX KOMIICTEHTHOCTEH Yy
npodeciiiHiit ocsiTi [8].

[opiBHSHO 3 iCHYIOYMMH pilIGHHSIMH,
takumu sk OnShape Education a6o Tinkercad
Circuits, «Robo3D» cnemiamizyeTbcs came Ha
POOOTOTEXHIYHUX 3aCTOCYBaHHSIX, 10
ITiIBUTITY € i TUTaKTHIHY IHHICTB.
Bigkputicth kKOomy Ta Momened I03BOJISIE
IHIIUM 3aKjajiaM aJanTyBaTH MmatdopMy i
BJIACHI MTOTPEOH, 1110 CIIPHUSIE MACIITa0yBaHHIO.

Bucnoexu ma nepcnexkmueu nooanbuiux 00CaioHceHy

Po3pobiiena mnardopma  «Robo3D»
e(eKTHBHO TIATPUMYE TIpoIeC TeHeparii
CTYA€HTAaMH  BJIACHUX  POOOTOTEXHIUYHHX
MOJIeJIeH, yCyBalouu HeOOXIIHICTh Y HaBHUKaX
PY4YHOTO 3D-MomentoBaHHS. 3aBOgaKu
napaMeTpuyHOMY MigXOLy, SKHHA JISKUTh B
OCHOBI apXiTeKTypH TUIaTHOPMH, KOPUCTYBaUi
OTPUMYIOTh MOXKIIUBICTD 30CEPEUTUCS Ha
0COOJIMBOCTSAX HPOEKTHOTO 3aBIAHHS, a HE Ha
TEXHIYHUX acleKTax CTBOpeHHs reomerpii. Lle
3HaYHO CKOpOYye 4Yac Bijx inmei g0 (izuuHol
pearizanii NpOTOTHUILY, OAHOYACHO CHIPHUIIOYU
(OpMYBaHHIO  ITEPAaTUBHOTO MIIXOLy IO
NPOEKTYBAHHS:  CTYIEHTH MAlOTh 3MOTY
HIBHJKO TECTYBaTH KOHCTPYKIIi, BHUSBIATH
HEIONIKW Ta BHOCHTH IIOKpAIleHHA dYepe3
MTOBTOPHE MOJETIOBAHHS 1 ApyK. Takwil UK
«TPOEKTYBAHHS—BUTOTOBIICHHSI—TECTyBaHHS—
MoIU(QiKalis» € TMOTY)XKHUM MEXaHi3MOM
PO3BHUTKY 1H)KEHEPHOI'O MHCIIEHHS, OCKUIBKH
BUMara€ IOCTIMHOTO aHalli3y MPHYUHHO-
HACIIKOBUX 3B’SI3KiB MK KOHCTPYKTUBHUMH
pilleHHSMH Ta IXHIMH (YHKIIOHAIBHHUMHA
HaCITiJIKaMH.

Kpim Toro, ruiatdopma CTBOpIOE yMOBU
JUIS CIIPaBXKHBOI HMPOEKTHOI aBTOHOMil, KOJIH
CTYJIGHT BHCTyNa€ He JIHMIIe BHKOHABIEM

IHCTPYKLiH, a TIOBHOLIHHUM iHIIiaTOpOM
imKeHepHoro  pimenHs. Ll aBToHOMIS
MMIBUIIYE BHYTPIIIHIO MOTHUBAIlIIO, CIPHSIE

KpeaTUBHOMY EKCIIEPUMEHTYBaHHIO Ta
ITiJICHITIOE BITIyTTS BIACHOI €()eKTHBHOCTI, 10
Oe3mnocepeHLO BILINBAE Ha SIKICTB
HaBYAJILHUX pe3yJbTaTiB. CryneHtu
JIEMOHCTPYIOTh M BUIIICHUH piBEeHb

3a]lyd4eHOCTI /10  BHKOHAHHS  CKJIAJHHX
IH)KEHEpHUX 3aBllaHb, OCKUIBKA HAsSBHICTh
IHCTpYMEHTY, SIKUH pOOWTH TNPOEKTYBaHHS
JIOCTYITHAM, HE 3HIDKYIOYH HOTr0 TEeXHIYHOI
TUOWHY, cripusie POpPMYBaHHIO MTO3UTHBHOTO
CTaBJICHHS JIO 1H)KEHEPHOT JTisTIbHOCTI.

Takum unHOM, IUIaTGopMa He JIMIIE
BHPIIIY€E JIOKAJIbHY MeJaroriuyny 3aaady, ane i
BHCTYIIa€ KaTali3aTOPOM I MacIiTaOyBaHHS
[PAKTUK TPOEKTHO-OPIEHTOBAHOTO HaBYAHHS
Ha OCHOBI M(POBOTO BUPOOHUIITBA B YMOBAxX
Cy4acHoi iH)KeHEpHOi OCBITH.

OTpumaHi  pe3ynbTaTH  BiJKPHBAIOTh
KiIbKa  TEpPCIeKTHBHHUX  HANPSAMIB s
MO/IAJIBIINX HAYKOBHUX JOCTI/DKEHb y Talys3i
IH)KEHEePHOI IeIaroTiKu Ta MIU(PPOBHUX OCBITHIX
TEXHOJIOTIN. JoinsHo MPOBECTH
JIOBrOCTPOKOBE JIOCTIDKEHHS BILJIUBY
rnapamMeTpuuHuX IuiathopM Ha (OpPMYyBaHHS
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npodeciiHuX KOMIETEHTHOCTEH, 30KpeMa —
3MaTHOCTI 7O CHCTEMHOTO  IH)KEHEPHOTO
MUCJICHHSI, KPUTHYHOTO aHali3y TEeXHIYHHUX
pilleHb Ta iHHOBaLiWHOI AisTbHOCTI. Take
JOCTTI/DKEHHSI MO)KE€ OXOIUTIOBATH CTY/ICHTIB
pI3HHMX PIBHIB IMATOTOBKH (Bix OakamaBpiB 10
MaricTpaHTiB) Ta pi3HUX cCIeliaJbHOCTeH, M0

JTO3BOJIUTh OLIIHUTH TpaHCcepHICTh
MEAArOTiYHOTO MiIXOY.
[epcriekTHBHUM € PO3MIMpPEHHS

¢ynkuionaneHocTi  Tatopmu  «Robo3D»
OUIIXOM  iHTerpamii  3aco0iB  CHUMYJIAMil
(manpukian, depe3 iHTepdeticn 3 Gazebo abo
CoppeliaSim), 1mo 03BOJUTH CTYACHTaAM
TEeCTyBaTW  KiHEMaTH4YHI Ta  JWHAMIiYHI
BJIACTHBOCTI KOHCTPYKIH me 10 (i3udHOTO
npyky. lle He JyuIne 3MEHIIUTH MartepiayibHi
BUTpaTH, aje W MiABUIIUTh TJIIHOMHY
TEOPETHIHOTO aHaizy, HOETHYIOUN
BipTyallbHE  MOJENOBaHHA 3  (pi3udHUM
NPOTOTHITYBaHHSM Y  paMKax  €IWHOTO

HABYAJIBHOTO LIUKITY.

BaxnuBuM HampsMOM €  amamnTariis
mIaTdhopMu I AUCTaHIlitHOTO HaBuaHHs. Lle
BKJTIOYA€ PO3POOKY XMapHOTo iHTepdeicy ans
reHeparii MojaeleH, iHTerpamiro 3 OHJIaiH-
cepBicaMu 3D-apyxy Ta CTBOPCHHS
IHTEpaKTHMBHUX  HaBYAJIbHUX MOIYJTIB i3
eneMeHTaMu reimidikamii. Takwit  migxin
MOXKe 3a0e3meunTH piBHUM  JOCTYHn /IO
IHKEHepHOTO0 HaBYaHHSA [UIS CTYJEHTIB 13
pI3HHUX  perioHiB, 30KpemMa B  yMOBax
00MeXEeHHX JIOKATbHUX PECYPCIB.

JlomimpHO ~ JOCHIAWUTH  MOXKJIUBOCTI
3aCTOCYBaHHS TMOMIOHOTO MapaMEeTPUYHOTO
MiAXOQy B IHIIMX Taly3iX TEXHIYHOi OCBITH,
30KpeMa B MaIIMHOOYTyBaHHI, a@pOKOCMIUHIN
IHXeHepil, OloMenUYHIN TEeXHILI Ta
apXiTEKTypHOMY IpOEKTyBaHHiI. Lle 103BOIUTH
BH3HAYUTH YHIBEPCAIBHICTh METOJOJOTIT Ta
po3poOWTH Tany3eBi BapiaHTH HaBYAIBHUX
aTdopm Ha ii OCHOBI.
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USING 3D PRINTING TO CREATE EDUCATIONAL ROBOTICS PLATFORMS BY
COMPUTER SPECIALISTS

Develop and validate an open learning platform based on 3D printing that allows students to generate,

customize, and physically implement their own robotic models as part of their professional training. The paper
proposes the architecture of the Robo3D platform, which combines parametric CAD models, a library of
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modular components, and instructions for integrating standard electronics. The platform is implemented as an
open digital environment where students can select basic configurations (wheeled, tracked, manipulator, etc.), set
geometric parameters, export STL files for 3D printing, and assemble functional prototypes. To assess its
pedagogical effectiveness, a teaching experiment was conducted in the format of project-oriented learning, in
which students developed their own robotics projects based on the generated models. The analysis was carried
out according to the criteria of originality of design, functional completeness, technical complexity, and
compliance with the set task. The Robo3D platform provided a high level of student autonomy in design: 78% of
participants created unique robots that did not repeat template solutions. Most projects demonstrated the
integration of mechanical, electronic, and software components, indicating the formation of interdisciplinary
engineering thinking. Teachers noted increased motivation to experiment and a willingness to iteratively
improve designs. In addition, the use of a parametric approach reduced design time by 35% compared to manual
modeling. The proposed platform for generating robotic models based on 3D printing is an effective tool for
professional education, combining the flexibility of digital design with practical implementation. It not only
simplifies access to complex engineering contexts, but also creates conditions for the development of creativity,
technical independence, and a deep understanding of the principles of robotic systems.

KEY WORDS: 3D printing, robotics, professional education, parametric modeling, educational
platform, project-based learning.

Conflict of interest

The authors declare that there is no conflict of interest regarding the publication of this
manuscript. Furthermore, the authors has fully adhered to ethical standards, including those related to
plagiarism, data falsification, and duplicate publication.

Authors Contribution: all authors have contributed equally to this work.

References

1. Baranovskaya, l., Baranovskyi, D. (2024). Implementation of 3d modeling technologies in the
educational training of technical and art specialists. Open educational e-environment of modern
university, (17), 1-17. https://doi.org/10.28925/2414-0325.2024.171 (in Ukrainian).

2. Baranovskaya, I. G. (2025). 3D modeling technologies as an effective educational tool for
training future art teachers. Information technologies: science, engineering, technology,
education, health: theses of the 33rd international scientific-practical conference MicroCAD-
2025, May 14-17. Kharkiv: National Technical University "Kharkiv. Polytechnic Institute™.(in
Ukrainian). https://repository.kpi.kharkov.ua/handle/KhPI-Press/93098

3. Derkach, A., Tverdokhlib, 1. (2024). The research of the state of studying 3d modeling in general
secondary education schools of Ukraine. Problems of  the Modern
Textbook, (33), 106-116. https://doi.org/10.32405/2411-1309-2024-33-106-116
https://ipvid.org.ua/index.php/psp/article/view/750/879 (in Ukrainian).

4. Yashan, B. O., Skrypnychuk, N. S. (2023). Application of 3d printing technologies in the
educational process as an element of stem education. Educational Horizons, 56(1), 85-88.
https://doi.org/10.15330/0brii.56.1.85-88 (in Ukrainian).

5. 3D Printing Technology = Comparison: FDM vs. SLA vs. SLS. (2021).
https://facfox.com/docs/kb/3d-printing-technology-comparison-fdm-vs-sla-vs-sls

6. Alimisis, D. (2021). Technologies for an inclusive robotics education. Open Research Europe,
1(40). https://doi.org/10.12688/openreseurope.13321.2

7. Brown, T., Wyatt, J. (2010). Design thinking for  social  innovation.
Stanford Social Innovation Review, (pp. 30-35).
https://myweb.uiowa.edu/dlgould/plugin/documents/Design_Thinking_for_Social_Innovation.pdf

8. European Education Area. (2020). Digital Education Action Plan (2021-2027). Publications
Office of the European Union.  https://education.ec.europa.eu/focus-topics/digital-
education/actions

9. Ford, S., Minshall, T. (2019). Invited review article: Where and how 3D printing is used in
teaching and education. Additive Manufacturing, 25, 131-150.
https://doi.org/10.1016/j.addma.2018.10.028

10. Hevko, 1., Potapchuk, O., Sitkar, T., Lutsyk, I., Koliasa, P. (2020). Formation of practical skills
modeling and printing of three-dimensional objects in the process of professional training of IT
specialists. E3S Web of Conferences: International conference on sustainable autures:

~171 ~


https://doi.org/10.28925/2414-0325.2024.171
https://repository.kpi.kharkov.ua/handle/KhPI-Press/93098
https://doi.org/10.32405/2411-1309-2024-33-106-116
https://ipvid.org.ua/index.php/psp/article/view/750/879
https://doi.org/10.15330/obrii.56.1.85-88
https://facfox.com/docs/kb/3d-printing-technology-comparison-fdm-vs-sla-vs-sls
https://doi.org/10.12688/openreseurope.13321.2
https://myweb.uiowa.edu/dlgould/plugin/documents/Design_Thinking_for_Social_Innovation.pdf
https://education.ec.europa.eu/focus-topics/digital-education/actions
https://education.ec.europa.eu/focus-topics/digital-education/actions
https://doi.org/10.1016/j.addma.2018.10.028

ISSN 2074-8922 IIpob6iemu imxeHepHo-nieaaroriuaoi oceitu. 2025. Bumyck 85

environmental, technological, social and economic matters, ICSF 2020 (Kryvyi Rih, Ukraine, 20-
22 May 2020), EDP Sciences, 166, 1-8. http://dspace.tnpu.edu.ua/handle/123456789/16740 (in
Ukrainian).

11. National Akademy of Engineering and National Research Council. (2014). STEM Integration in
K-12 Education: Status, Prospects, and an Agenda for Research. National Academies Press.
https://nap.nationalacademies.org/read/18612/chapter/1

12. Potashynska, N., Izonin, I. (2020). Technologies of 3D modeling in the 3ds Max software
environment in the discipline “3D Graphics”. https://www.yakaboo.ua/ua/tehnologii-3d-
modeljuvannja-v-programnomu-seredischi-3ds-max-z-disciplini-3d-grafika.html (in Ukrainian).

13. Romanyuk, O., Romanyuk, O., Chekhmestruk, R., Mykhaylov, P., Kovtonyuk, M., Baranovska,
I., Nahorniak, S., Hrechanovska, O., Omiotek, Z., Uvaysova, A. (2022). Rendering of
inhomogeneous volumes using perturbation functions. In Photonics Applications in Astronomy,
Communications, Industry, and High Energy Physics Experiments 2022, . SPIE, 12476, 135-140.
https://doi.org/10.1117/12.2659703 (in Ukrainian).

14. Rubakh, M. (2022). Reverse engineering and additive manufacturing. The global trend of import
substitution and localization to ensure sustainable development.
https://old.newfolk.com.ua/ua/novyny/%D0 (in Ukrainian).

15. Strutynska, O. (2019). The use of robotics and 3D technologies in the STEM education
development. Open educational e-environment of modern University, (7), 96-109.
https://doi.org/10.28925/2414-0325.2019.7.10 (in Ukrainian).

16. Yemelianov, R., Havrylenko, K. (2018). Implementation of training using 3-D
technologies. Scientific notes of young scientists, (2.
https://phm.cuspu.edu.ua/ojs/index.php/SNY S/article/view/1556 (in Ukrainian).

The article was received by the editors 22.10.2025
The article is recommended for printing 24.11.2025
Published 30.12.2025

~172 ~


http://dspace.tnpu.edu.ua/handle/123456789/16740
https://nap.nationalacademies.org/read/18612/chapter/1
https://www.yakaboo.ua/ua/tehnologii-3d-modeljuvannja-v-programnomu-seredischi-3ds-max-z-disciplini-3d-grafika.html
https://www.yakaboo.ua/ua/tehnologii-3d-modeljuvannja-v-programnomu-seredischi-3ds-max-z-disciplini-3d-grafika.html
https://doi.org/10.1117/12.2659703
https://old.newfolk.com.ua/ua/novyny/%D0
https://doi.org/10.28925/2414-0325.2019.7.10
https://phm.cuspu.edu.ua/ojs/index.php/SNYS/article/view/1556

