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models in the students of the upper classes of secondary
schools. The author considers the problems of improving
the quality of basic knowledge formation based on physical
modelling. Model formation levels are presented, namely,
imaginary, computer, physical conceptual, mathematical,
practically oriented. The research model is considered. It
should contain an information model of the phenomenon,
which includes visual, experimental and theoretical data on
the basis of which the student makes a hypothesis about the
physical phenomenon or process. The hypothesis includes
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testing the logical consequences, measurement errors, ba-
sic provisions of model construction. Based on the analysis
of the hypothesis, the student draws conclusions about the
physical phenomenon or process he is exploring.

Key words: theory and methodology of teaching phys-
ics, physical models, teaching of physics, basic knowledge,
physical phenomena, concept formation, subject compe-
tence, high school.
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TPUBUMIPHE NPOTOTUNYBAHHA AK CKNAQHUK STEM-TEXHOJOTIA
Y KOHCTPYKTUBHO-TEXHIYHIA | HAYKOBO-AOCHIAHIA POBOTI CTYAEHTIB TA YYHIB

Y crarTi npeiCTaBIeHO CIPOSKTOBAHIIA Ta BUTOTOBICHHI MIPUHTEP ISl TPUBUMIPHOTO MPOTOTHITYBaHHSA. OOTPYHTOBAHO HEOOX1/1-
HicTb BripoBakeHHs1 STEM-TexHOJIOT i 711 OHOBJICHHS OCBITHBO-METOIMYHOI Ta TEXHOJIOTIUHOT 0a3u i peaizallii iHHOBaI[IHUX Mij-
xoxiB. [IpoaHanizoBaHO pe3y/bTaTh JOCIIDKCHb BITYN3HSHMX 1 3apyObKHUX YUCHUX Ta HOPMATUBHO-NIPABOBY 0a3y y cdepi BUKOpHUC-
TaHHS i BIPOBAKEHHS 3aC00IB aIMTUBHUX TEXHOJIOTIH Y OCBITHI#I 1 HAYKOBIH Tay3sx. 3a pe3yisraraMu aHaizy Oyio po3po0ieHO BU-
CHOBKH, 11J0 OCHOBHOIO TPOOJIEMOI0 y aKTHBHOMY BIIPOBA/DKEHHI Ta BUKOPUCTAHHI aJIMTUBHUX TEXHOJIOTIH € HU3bKHUI PiBEHb MaTepi-
AJILHOTO 3a0€3MeYeHHsI, BI/ICYTHICTh BiIMIOBITHOTO 00JAIHAHHS Ta HEBMiHHS HPAIFOBATH 3 TAKOIO TEXHIKOI0. OMHUCAHO CIPOSKTOBAHUIT
Ta BUTOTOBJICHHI YYHSIMH Ta CTyneHTaMu 3D-npuHTep, SIKuii MPONIIIOB YCHIIIHY anpobariiro Ha npakTuil. [IpeacTasineHo eramnu cTBo-
PEHHS IPUHTEpPA, BUKOPHCTOBYBAHE IPOrPaMHe 3a0€3M1E€UEHHS, y3araJbHEHO MOCIiIOBHICTh HAJIAIITYBaHHS PUHTEPa Ta AesIKi mpodiie-
MH, SIKi MOKYTh BUHHKHYTH I1iJ1 9ac pyKy. PoOoTa Hai pOeKTyBaHHSM Ta BUTOTOBJICHHSIM HAaBYAIBHOTO 00JIaAHAHHS 3 (i3UKH BiIKPH-
Ba€ MMPOKI MOKIIMBOCTI [Ts1 aKTHBI3AIli] MMi3HABAIBHOI TisUTbHOCTI YUYHIB Ta CTY/ICHTIB.

Kumouosi ciioBa: STEM-TexHosnorii, ocBiTHA poOOTOTEXHiKa, TPUBUMIPHE IIPOTOTUITYBaHHS, 3D-npuHTep.

YeniniHe eKOHOMIYHE 3pOCTaHHS ACPKaBH 3aJI€KUTD BiJT
HAsBHOCTI KBaJTi(ikoBaHUX (DaxiBIliB, IX 3IaTHOCTI Ta TOTOB-
HOCTI TpaloBaTH B YCIX rajy3sX HapOJHOTO TOCHOAAPCTBA.
Oco0IMBO aKTyalbHOIO € TIpobJIeMa KaJpoBOro 3a0e3eUeHHS
iHHOBaNLiiHUX rany3eil. ToMy BUCOKHIA piBeHb HABUAHHS, KOM-
HETEHTHICTh YUMUTENIB, X 0013HAHICTh y MPEIMETHUX raly3sx
MOTHBYE Y4HIB JI0 SIKICHOTO BHBYEHHS HPHPOJHUYMX AUCIIH-
IUTIH Ta 10 BUOOPY MalOyTHBOT CHEIialIbHOCTI, OB’ SI3aHOT 3
IT-texHOMOTIsIMU, OlOIHKEHEPIEK, TIPUIIAIO0YTyBaHHIM, PO-
OOTOTEXHIKOI, HAHOTEXHOJIOTISIMU Ta IHIIMMH MEPCIICKTHB-
HUMHU c(hepaMul TisUTbHOCTI cydacHoi monuHu. CydacHa OCBiT-
Hs. MOJIENIb Ma€ MICTUTH INEJAroriyHi TEXHOJNIOTii, sKi IPyH-
TYIOTBCS Ha 3M00YTTi 3HAHb 3 Pe3yNIBTAaTOM, IO BimoOpaxkae-
ThCSI Y TPAKTUYHIM, HAYKOBO-IOCIIHUIIbKIN, MPOCKTHIH 41
KOHCTPYKTUBHO-TEXHIYHIN JIISITBHOCTI.

OnHuM i3 CKIagHUKIB Takoi Mozeni € cucteMa STEM-
TexHousorii HaBuaHHs (Science — Hayka, Technology — Tex-
Honoris, Engineering — imxenepist, Mathematics — marema-
THKa). IX BHpoBamKeHHsA mependayac MiKIUCHMILTIHAPHHIL
Ta MPOEKTHUH MiIXOIH, TIOEAHAHHS PI3HUX MPUPOTHUIO-HAY-
KOBUX 3HaHb y €AMHE Ifiyie. 3MiHH, SIKi BiIOyBalOTbCS HUHI
Yy CHCTEMi OCBITH 3 ypaxyBaHHSM BIpoBa/pkeHH STEM-
TEXHOJOT1H IPOrHO3YIOTh MOZIEPHi3allil0 KOHIIENTYa bHUX 3a-
caJ] MJArOTOBKY (axiBLiB y KOKHINH KOHKpeTHill ramysi. Tomy
aKmyaavbHolo € IpobiieMa OHOBJICHHS OCBITHbO-METOINYHOI Ta
TEXHOJIOTIYHOT 6a3u IS pealtizailii IHHOBAI[IMHKX ITiIXOIIB.

Acrniektd  BrpoBajkeHHs1 TexHonoriii STEM-ocsiti
po3rmisaany BiT4M3HsAHI HaykoBui: [I. Artamanuyk [1]
(STEM-inTerpauis, Sk BaXkJIMBa iIHHOBATHKA Cy4acHOI OCBIT-
HBOI mapanurmu), . Bacunamko [2] (akTyalbHICTh pO3BUTKY
STEM-HaB4aHHS B CyJaCHHUX 3aKJIaJlaX OCBITH B HOBIH ykpa-
fHewKkil ko), H. Tonuaposa [3] (mpodeciiiHa koMIeTeHT-
Hictb B cucteMi STEM-naBuanns), O. Kyspmenko [5] (Ha-
BUaHHS (PI3MKKM CTY/ICHTIB TEXHIYHUX 3aKJaJiB BUIIOI OCBi-
@ Ha ocHOBI TexHonoriii STEM-ocsitn), M. CanoBuii,
O. Tpudonosa [7] (meroguka HaBuaHHA (PI3UKH 3 BUKO-
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puctanasiM STEM-texHomnoriit), I. Cruimyxina, O. Ctprkak
1. Yepnerpkuii [9] (0COOIMBOCTI 3aCTOCYBaHHS MYJIBTHIHC-
numutinapHoro miaxony y STEM-HaByaHHI, HAyKOBHH Ta iH-
YKEHEpHUI METOU NPOILECiB TOCTIHKCHHS Y HaBYaHHI IpH-
PORHMYO-MaTeMaTUIHUX Aucuumiinax), B. Ilapko [10] (me-
TOJIMKA HABYAHHS NPUPOJAHHYO-MATEMATHIHUX JUCIHILTIH Y
CepenHix Ta 3aKiajax BHIIOI OCBITH 3 BUKOPUCTAHHSIM TeX-
Honoriii STEM-ocBiTr) Ta iHIIIi.

EdexTrBHE BIpOBaJKEHHS HOBUX TEXHOJOTIH, eKc-
Tutyaraiiist oOnaHaHHs 3 BUCOKHM PiBHEM €JIEKTPOHHOTO 3a-
OesmneyeHHs NOTpeOye BiANOBIAHOI MIATOTOBKY KBali(hikoBa-
HuX (paxiBuiB. 3BiCHO, MiArOTOBKA iH)KEHEPHHUX KaJAPiB 3/ii-
CHIOETBCS y CTIeNiaTi30BaHUX TeXHIYHUX BHIIax. [Ipore sikic-
Ha IMiATOTOBKA CIIellialicTa HEMOXKIIMBA 0e3 MEBHUX Momepe-
IHIX (yHIaMEHTaJbHUX 1 MOJITEXHIYHUX 3HaHb, sIKi 3a0e3-
MEYyHTh Y 3aKJIaIaX 3arajibHOI CepeIHbOT OCBITH MEIarorii-
Hi KaJpH, y TOMY 4UCii BunTeNl (Hi3uKko-MaTeMaTu4HUX JUC-
LUILTIH Ta TEXHOJOTiH. BaxJuBy Micito cepesi cTpaTeridyHux
HanpsMiB peOpMyBaHHS OCBITH MOKIAICHO Ha iHHOBAYIll-
He HasuanHs [4], a BiATaK, MOCTAE 3aBIaHHS BiAMOBIIHOTO
piBHS MiArotoBKH (haxiBiliB HA OCHOBI Cy4aCHHX METOIMK Ta
TEXHOJIOT1H HaBYaHHSI.

Memoro cmammi € aHaI3 MOKIUBOCTEH, TEXHOJIOT'11 BU-
TOTOBJICHHSI Ta MEPCIIEKTUBY BIPOBAHKEHHS i BUKOPUCTAH-
Hs 3aC00IB aIUTHBHUX TeXHOJOTiH (sk cknaaaukie STEM)
B KOHCTPYKTHBHO-TEXHIUHIH Ta HAYKOBO-J0CIITHUIIBKIH pO-
00Ti yuHIB 3aKJaJiB 3arajJbHOI CEpPeAHbOI OCBITH Ta CTYICH-
TiB — MaiiOyTHIX y4uTelniB (i3uku Ta iHPOPMATUKH.

HayxoBo-mociiiHa Ta KOHCTPYKTHBHO-TEXHIYHA p0OO-
Ta TIOBUHHI 3aXOILTFOBATH, a 3aMaTHCS HAyKOIO Ma€ OyTH I1i-
KaBO Ta JOCTYNHO. 3aJy4eHHS 0 HAyKOBUX Ta TEXHIYHUX
nociimkens Ha ocHOBI STEM-texHosoriii He nuiie 3a0e3-
MeYy€e PO3BUTOK KPEATHBHOTO MHCICHHS Ta (HOPMYBaHHS
1u(poBOi KOMIIETEHTHOCTI JOCIiHUKA, a I po3BUBAa€ Taki
HABUYKH, K CIiBPOOITHUIITBO, KOMYHIKaTHBHICTh Ta TBOP-
yictb. HuHI criocTepiraerbes miBHINECHA 3aIliKaBICHICTh 10

61



Pozdin 2. Komnorenm ynpaBainHs npupoOHu40-HayKoBuUM npoeKkmHum

HaByaHHA 3 BUkopucTaHHsIM STEM-texHonoriil B 6aratbox
YKpaTHCHKUX 3aKJa/laxX 3arajibHOl cepeHbol OCBITH, IYPTKO-
Bili KOHCTPYKTHBHO-TeXHiI4uHa poOoTi. [Ipore moTpiOHe yno-
CKOHAJIEHHS YCBHOTO OCBITHBOTO MPOLECY, 3alpOBaKEHHS
cucmemHux 3MiH, BCTAaHOBJICHHS 3B 13Ky MDK 0CGImMHIMU 6U-
Mozamu ma nompebamu exoHomixu. B pe3ynbTari Takoi po-
60TuU BIACTbCA MBUIIUTY IHTEPEC YUHIB 10 BUBUEHHS IIPU-
POINHUYMX HayK, OyayTh C(OPMOBAHI MOXKIHUBOCTI JUISI PO3-
BUTKY HayKOBOTO HAINpPSIMKY B OCBITI.

Ha name mnimOoKe mNepeKoHaHHS, TNEPCIEeKTHBHUM
cxiagaukoM STEM e 3D-texHonoril (aANTHBHI TEXHOIOTIT).
3D-npyx — onHa 3 GopM aJUTUBHOTO BUPOOHUIITBA, € TPU-
BUMIipHUI 00’€KT CTBOPIOEThCA 3D-NPUHTEPOM HIISIXOM IO-
CJIIZIOBHOTO MPOIPaMOBAHOTO HAKJIAJaHHS [IapiB MaTepiairy.
3D-TexHOJIOTIT — YacTHHA MallOyTHHOTO, 10 CTA€ BAXKIIMBOIO
CKJIaJIOBOIO HAIIOTO KUTTS. [IpobiemMa BUBYSHHS TEXHOJIOTIH
TPUBUMIPHOTO MOJIEIIOBAHHS, MOXIMBOCTEH CaMOCTiIHHOIO
IPOEKTYBAaHHs Ta BUTOTOBJICHHS 3D-NpUHTEPIB Ta BMiHHSA 1X
00CIIyroByBaTu HUHI € 0COONUBO akmyansroio. IlepeBaraMu
3D-npoToTHITyBaHHSI B MEPIIY Yepry y TOMY, IO KOPHUCTY-
Ba4 Ma€ 3MOTY eKCIIEpUMEHTYBaTH, MUTTEBO OTPHMYBATH pe-
3yJIBTaTH Ta BIPOBAKYBATH i€l B peabHi MPOEKTH Ta KOH-
cTpykuii. TpuBHUMIpHI TEXHOJNOTII € e JOCTaTHRO HOBHU-
mu. ToMmy iX BHOpOBajKeHHS ([0 pedi, Tak caMo fK 1 3aco-
6iB OCBITHBOI POOOTOTEXHiKH, IpadivHOro MPOrpaMyBaH-
HsI, BIpTyaJlbHOI pPeaibHOCTI TOIIO) B HAaBYAJBHUI MpoLEC
Ta HAyYKOBO-JOCIIIHY pOOOTY BITUM3HSHUX 3aKJIAIIB CEpel-
HBOI Ta BUIIOT OCBITH BiJIOYBa€EThCS TOCTATHHO MOBLILHO Ye-
Pe3 HU3bKY KOMIIETEHTHICTh Ta CIIOBIIbHEHY JI€BICTh YHHOB-
HMUKIB, SIKi KEpYIOTb Ta IPUIMAIOTh PillICHHS B raly3i OCBITH.
IIpore, nonpu yci TpyJHOLL, TaKi TEXHOJIOTIi HEOOX1IHO 1O-
MyJSIPU3YBATH Ta BIIPOBAKYBATH, OCKUIBKH HAHOLIBIIAM 1X
MPIOPUTETOM € 3a0XOUCHHS (MOTHBALlis) 10 HABYAHHS, TiJI-
BUILEHHS 1HTEpECY A0 MPUPOAHMYO-MATEMATHIHUX IHCIIH-
WliH. Pe3ynsTar MoJenioBaHHs, a Iie 3aKiHUeHa KOHCTPYKIIiS
(IpoTOTHII), MOXKHA HE TiNBKU BUKOPUCTATH IJI Ilependauy-
BaHUX MOTPeO, alle i y NepCreKTUB] NPAKTUYHO BUKOPUCTA-
TH 3100y Ti 3HAHHS Ta YMIiHHS Ha MPAKTHUII.

Be3cyMHIBHUMH € MOXXJIMBOCTI TPUBHMIPHOTO MOjie-
JIIOBaHHS JUIsl pearizaliii MKIpeIMEeTHUX 3B’s3KiB. Bakko
HA3BaTH HaBYaJbHI NUCIUIUIIHM, ¢ O Il TEeXHOJOTii He
3HAWIUIM 3acTocyBaHHS. «Po3apykoBaHi» 3a JOMOMOTOIO
3D-npuHTEpa KOHCTPYKIII € XOPOILIUM PKEPEIIOM OHOGIEH-
M Ta MOOepHi3ayii HABIaJBHOTO OOJaJHAHHS, IHCTPYMEH-
TOM, 1110 3a0e3Ieuy€e BUTOTOBJICHHS MEPEBaXHOI OLIBIIOCTI
HAOYHOCTI Ta JOTIOMIXKHHUX 3aC00iB I HABYaIBHOTO eKCITe-
PUMEHTY OiNbIIOCTI HABYANBHUX MPEAMETiB. Mamemamuxu
MOXXYTh BUKOPUCTOBYBAaTU Ha YPOKax MaTeMaTU4Hi MoAeni,
rpa¢ivHi 3aJeKHOCTI, 00’ €MHI reoMeTpudHi (irypu ta Gop-
MU Tomo. be3 npoepamysanis HEMOXKIIUBO «OKHUBUTIY ama-
parHe 3abe3nedeHHs. Po6oTa 3 MpUHTEpPOM BUMAarae 3HaHb
Ta HaBUYOK POOOTH 3 NMPOTPaMHUAM KOAOM, OCHOBHHM 3a-
BIAHHSM SIKOTO € 34MTyBaHHA 1 BiaTBopeHHs G-komy (cme-
IiaJIbHUH KOJ JUIS BEpPCTaTiB i3 MPOrpaMHUM KEPyBaHHSM).
He MeHII BaJIMBHM € BMIHHS 3aIIpOrpaMyBaTH MiKPOKOH-
TposiepHy miaardopmy, BiIKaiiOpyBaTH MEXaHiKy, HaIaIlITy-
BaTH TEMIIEPATypHI PEKUMH, Y3TOAUTH PO3MIPHOCTI PyXO-
MHUX JeTajlel, po3paxyBaTd IIBUAKOCTI pyXy ocei. Takum
OCHOBHHUM OaraxxeM 3HaHb 3 iHghopmamuxu Ta npocpamHo-
anapamnozo 3abes3neyennsi KOMII'IOTEpPHOI MOBUHEH BOJIO-
JITH KOPUCTYBad, IO 3aifiMaeTbCs TPUBUMIPHUM IIPOTOTH-
MyBaHHSAM. YCHIIIHUMH € MPHKIAIU 3aCTOCYBaHHS CTBOpE-
HuX Ha 3D-mpuHTepi eeonoziunux GopM B Maciitadi, SKUX
HEMOXXJIMBO MMOOAYMTH HA IBOMiIpHOMY 300pakeHHi. [Ipu Bu-
KJIaJaHHi eeocpahii Ta ceonoeii BXe BUKOPUCTOBYIOTh HA0UH1
TPUBUMIPHI MOZIENI IPUYMH 1 HACIIJIKIB I'1pOPO3PHUBIB ILIAC-
TiB IIpu po3poOui poxosuil HapTH 1 razy. OcoOnuBoO MIBUI-
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KUMHU TeMIIaMU HUHI pO3BUBa€TbCs 3D-bionpinmine — TEXHO-
JIOTist CTBOPEHHS 00’ €MHUX MPOTOTHITIB HA KJIITUHHINA OCHOBI
3 BUKOpHCTaHHAM 3D-npyKy, mpu sikiii 30epiratothcst QyHK-
1ii Ta )KUTTE3AaTHICTH KIIiTHH. TexHomorii 3D-0ionpiHTiHTry
MaTHUMYTh 3aCTOCYBaHHS IPH BHUPOILYBaHHI OpraHiB i mpo-
IYKyBaHHI iHHOBalliliHUX OiomarepiaiiB. Icmopis Ta apxeo-
J102isi MAIOTh HU3KY ITIepeBar BiJ BIPOBapKeHHs 3D-mpyky.
VY My3esx Mo BCbOMY CBITYy HMOYMHAIOTH 3’SIBIIATHCS BHCO-
KOTOYHI KOMil €KCIIOHATIB, SIKi HE BIAPI3HAIOTHCS BiJl OPHUTi-
HaJiB, MO OyJe MOXKJIMBUM 1y 3aKJiaJlaX OCBITH. 3 BEJIUKUM
YCIIIXOM 3aCTOCOBYIOTh 3D-IIPOTOTUIIYBaHHS Ha YPOKax 00-
PA30MBOPUO20 MUCMeYymea, epagiku Ta ousatHy, OCKiIbKH
YUHI MOXYTbh BiIpa3y po3APyKyBaTH CBOI CIIPOCKTOBaHI MO-
Jielli B TPUBUMIPHOMY BapiaHTi [6].

3D-npoToTUITyBaHHS BUMAarae 3arpar YMMajiX KOIII-
TiB. TOMy HamMH 3anpPONOHOBAHO BJIACHY KOHIICIIIIIO YHIBEp-
canpHOrO 3D-npunTepa (puc. 1).

o

Puc. 1. Camocmiiino eucomoenenuii 3D-npunmep

[Tnarpopma po3poOICHOTO Ta BUTOTOBJICHOTO HAMH
3D-npuHTepa, 3aiiicHIOE pyxHu 1o ocsx X Ta Y, eKCTpynep —
1o oci Z. Ekctpyznep Mae KpimieHHs uid ¢ikcaiii Ha KapeTii
oci Z. Jlyis pyxy mo oci Z NpONOHYeEMO BUKOPHUCTOBYBaTU
JIeKiTbKa JIHIHHAX BaJiB 9M peloK, IO SKUX PyXaTUMEThCS
MePIEeHANKYISIPHO O OCl 3aKpiluleHa KOpoTKa peiika. s
JIPYKY TEPMOILIACTHKAMHU Ha pO0OOYY MOBEPXHIO 3aKPITLICHO
w1aThopMy 3 MiAIrpiBOM Ta JOAATKOBI onopu Iyt oci Y 1ist
301IBLICHHS TOYHOCTI.

OCHOBOIO KOpITyCYy po3pobieHoro Hamu 3D-mpunrepa
€ mucT anepu, po3mipamu 750x750x10 mm. J{yist 3MilTHEHHS
OCHOBH, JI0 IBOX IIPOTHJIEIKHUX ii CTOPIH MPUKPIIIIEHO IO JBa
OpyCKH, 1110 pa30M 31 CTOPOHAMH YTBOPIOIOTH JIBa piBHOOEIpEH1
TPUKYTHHKH, NEPIECHANKY/SIPHI O IUIOIIMHU OCHOBH. Bichk
Y — 1B 3aKpiIUieHi Ha IPOTUWIEKHUX CTOPOHAX OCHOBHU Iapu
pO3MillleHHX OIMH HaJ OJHUM BajiB. Bamu — xpomoBaHi
peninry 3 miamerpoM 16 M. [To KOXKHIl 3 map pyXaeTbes 3a
JIOTIOMOTOI0 PEMIHHOT TIepeiadi Mo TPU 3aKpilieH] Mixk cO00I0
kapetk. OOHIBI peMiHHI Mepeiadi MPUBOAATHCS B PyX JBOMA
KPOKOBUMH JIBUTYHaMH. Bick X BUKOHaHA TpbOMa JIIHIMHIMHU
BaJlaMH (peniHraMu), 110 3aKpillIeH] Ha TPhOX Iapax KapeTok,
sIKi pyXatoTbest o oci Y. Pyx mo oci X 31iliCHIOETbCS OJHUM
KPOKOBHM IBHUTYHOM i3 PEMIHHOIO Iepenadero, IPOBEICHO0
yepe3 LEHTpajbHy mapy kapetok oci Y. Ha Bamax oci X
3aKpimieHi 1’SITh KapeToK, 0 SKUX KPIMUTHCS IIiaTdopma.
KapeTku po3MillieHO CHMETPHYHO BiJIHOCHO LIEHTPY I1argop-
mu. KiHIIeBl JaTYMKHM [OYATKOBOTO MOJOKECHHS (KOOPAMHATH
X,Y,Z-0,0,0) corua ekcTpyaepa po3MillieHi Ha KPIiIJICHHIX
JiHIHUX BamiB it ocedl X, Y 1 Ha JiHIfHOMY Bayi IS OCi
Z.Y nporieci poOOTH 3 IPHHTEPOM B aBTOMATUIHOMY PEKHMI
MOXKHA BiJJpe/iaryBaru:

* MakCHMallbHY Ta MiHIMalbHY MEXI TeMmneparypu Jyis
eKCTpyZepa Ta HarpiBaJIbHOIO CTOJIMKA,;
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*  TI0YaTKOBI MMOJIO)KEHHSI BITHOCHO KiHI[EBHUX BUMHUKaYiB;

*  MIBHIKOCTI Ta KPOKH MOTOPIB, JliaMeTp MPyTKa;

*  peXMMH aBTOMATUYHOTO MiJIirpiBy JUIS TMEBHUX BUJIIB
TUIACTHKY;

* TepeBIpUTH KEpyBaHHsA BCIMAa CHUCTEMaMH B DPEXUMI
peasbHOro Yacy Ta po0ody 31aTHICTh MPUHTEPA, TOLIO.

Ilin ywac poOGOTH 3 TPHHTEPOM HA WOro aucIUIet
BiJIOOpaXKarOThCS TEMIIEPATYPU EKCTPyIepa Ta HarpiBaIbHOTO
CTOJIMKA Ha JIaHMH MOMEHT 4acy 1 iX I[UJIbOBI 3HA4€HHS, a
TaKoX iH(popMaLis Npo Te, UM MpaLioe Kynep A1 00 yBaHHSA
XOTeH/1a, 6aulMO MIBUJIKICTb IPYKY Y BIACOTKAX, Ky B PEKUMI
peasbHOTO Yacy MOXKHA 3MIiHHTH. BUKOPHCTOBYETBCS cepeno-
Butiie [yt nporpamyBanis Arduino IDE ocranHboi Bepcii Ta
nporpama st crBopennst 3D mozeneii OpenScad (abo anao-
riuni). [IporpaMHe HaalTyBaHHsI MOJISTa€ Y BHECCHHI Y CTBO-
peny B cepenouii Arduino IDE nporpamy Beix omuiit npus-
Tepa. B HamoMy BUIaJKy IPOBOIMIACH IIPOrpaMHa iHBEpCis
JIBUTYHIB, KIHIICBUX BUMHKAYiB, TAKOXK PEAAryBaHHS IIBH[I-
KOCTI mepenavi JaHWX, BHECCHHS PO3MipiB 00JacTi B sKii
MOXKE JIpyKyBaTHCh NEBHHUI BUPiO, BHECEHHS 3HAYEHD ILBHI-
KOCTEH, iH(pOpMallisi PO KEPyrody IUIaTy, TUIH TEPMOPE3HC-
TOpiB Ta TemneparypHi Mexxi. Takox Oyiia mpoBeneHa ykpaiHi-
3allis MEHIO IIPUHTEPA, OCKUIBKY Y HasBHIN IIporpami He icHY-
BaJIO KOIY 3 YKPaiHCHKOIO MOBOXO. J[JIsl HAIIO1 pOrpaMu BUKO-
pucrano npommBky Marlin 1.1.0-RC3. ITicns 3aBaHTa)KeHHS
B IUIATY BiJIPEaroBaHOI MPOLIMBKH MPUHTEP MiJKIOUEHO 10
USB kaento 10 KOMIT'FOoTepa, M0 3a0e3MeUrio MOKINBICTh
YCIIIIHO TpaloBaTH B MpOrpaMHOMY cepenoBHil Repetier
Host. Ilporpama Mae BMOHTOBaHMH cialicep — mporpamy, o
JimTh 3agany 3D-mozens, 3aBaHTaxeny B STL dopmari, Ha
miapu. KoxkeH 1miap 1ie cBoepiiHi TpaekTopii, mo skux Oyae py-
XaTHCh KIHYMK COIUIa EKCTPY/Aepa, 1100 HAJAPYKyBaTH 3a/1aHy
JieTanb. Yci I TpaekTopii 3alHMCy0ThCs aBTOMaTHYHO B G-KOI.
st 3aBaHTa)keHHsT G-KO/y MOJIENIi Ha KapTy mam’siTi i 3a-
0e3reueHHs] MOXJIMBOCTI POOOTHU IIPUHTEPA B ABTOMATHIHOMY
PEeXIMIi HOTPiIOHO KOPUCTYBATHCh OKPEMHM ClaiicepoM.

Amnanizytoun «THIIOBHIA Mepesik HaBYaJIbHOTO 00Jaj-
HaHHS IS KaOiHEeTIB (DI3MKM 3araJbHOOCBITHIX HABYAIBHUX
3aKyafiBy [9] Ta MOXKIMBOCTI aJUTUBHUX TEXHOJIOTIH, MpO-
nyktamMd 3D-IpOTOTHITYBaHHS MOXKHA HAIMOBHUTH KaOiHeT
¢bizuky Maibke yciM HeoOXiMHUM oOJ1aJHAHHAM JUIS IEMOH-
CTpaliiiHuX nociifiB Ta QyHIaMEHTAIBHUX (I3UYHUX EKC-
MepUMeHTiB. 3D-IprHTEpOM MOKHA PO3IPYKYBATH IIPAKTHI-
HO TIOBHUI KOMIUIEKT JUIsl BUKOHAHHS €KCIIEPHMEHTAIBHOTO
MPaKTUKYMY 3 ¢hizuxu. OUIHUBIIN MaTepialbHO-TEXHIUHE 3a-
OesneyeHHs GiznuHUX KaOiHETiB, MOXKHA 3pOOUTH BUCHOBOK
PO HEOOXiJHICTh Ta JAOLUIBHICTD 3aCTOCYBAaHHS aJAUTUBHHUX
TEXHOJIOT1H y IPOEKTyBaHHi, BUTOTOBJIEHHI Ta MOJAEpHi3aLii
HaBYAJIBHOTO OOJIaTHAHHSL.

Orxe, BuKopucTaHHS 3D-NIPOTOTHUIIYBaHHS 3EIIEB-
JIIOE 3aTpaTH Ha BUTOTOBJICHHS HECEPIHHMX EJIEMEHTIB 4u
npuiagiB, a podoTa Haj NPOEKTYBaHHSAM Ta BUTOTOBICH-
HSIM HaBYAJILHOTO OONafHaHHS 3 (i3UKH BiIKPHBAE HIMPO-
Ki MOJIMBOCTI JJIsl BUPILICHHS 3aBAaHb BHXOBHOTO Xapak-
Tepy Ta aKTUBI3alii Mi3HABAIBHOI AIsUTBHOCTI YUHIB. Y Ipo-
1ieci BUTOTOBJICHHS 3ac00iB HABUAILHOTO MPU3HAYCHHS PO3-
BHBAIOTHCSI KOHCTPYKTOPCHKI i TBOpUi 3110HOCTI. O0’ekTamu
YUHIBCBKUX Ta CTYICHTCHKHUX MPOEKTIB MOXke OyTH NPOTOTH-
IIyBaHHS HOBOI'O HAaBUAJILHOIO 0OOJaJHaHHs, a00 MOJEpHi3a-
Iis1 HASIBHOTO.
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A. C. MapTbIHIOK

Bocmounoesponetickuil HayuoOHAIbLHBIN YHUBEPCUTNEM,
umenu Jlecu Yxpaunku

TPEXMEPHOE TIPOTOTHIIMPOBAHUS KAK
CPEJICTBO STEM-TEXHOJIOTHA B KOHCTPYKTUBHO-
TEXHUYECKOM U HAYYHO-UCCJIEJOBATEJIBCKON
PABOTE CTYAEHTOB U YYEHUKOB

B crarbe mpejcTaBieH CIpOSKTUPOBAHHBIA U M3rOTOB-
JICHHBIIl TPHHTEP I TPEXMEPHOTO IMPOTOTHITHPOBAHUS.
O6ocHoBaHa HeoOXxoquMOCTh BHeApeHus: STEM-TexHomoruit
JUIsi OOHOBJICHHS 00Pa30BaTEIbHO-METOJMYECKOH M TEXHO-
JIOTHYECKON 0a3bl [ pean3alii HHHOBALOHHBIX MOIX0-
noB. [Ipoanann3upoBaHbl pe3yabTaThl HCCIEIOBAaHUN OTeue-
CTBEHHBIX U 3apyOeKHBIX YUCHBIX 1 HOPMATHBHO-IIPABOBYIO
6a3y B cepe MCIOIB30BaHUS M BHEIPCHHS CPEICTB allIv-
THUBHBIX TEXHOJIOTHH B 00pa30BaTeIbHON U HAYYHOH cepax.
Mo pesynbraram aHaiam3a ObUIH pa3paboTaHbl BBIBOJBI, YTO
OCHOBHO#1 Ip0O0JIEMO B aKTHBHOM BHE/IPSHUH U HCIIOJIB30-
BaHUM AJUIMTUBHBIX TEXHOJOTHH SBJISETCS HU3KUII YPOBEHb
MaTepHalIbHOr0 O00ECIICUeHHs, OTCYTCTBHE COOTBETCTBYIO-
1Iero 000pyIOBaHMUS HIIM HEyMEHHE paboTaTh C TaKOH TEXHHU-
Koii. OnHcaH CIPOEKTHPOBAHHBINA U W3TOTOBJICHHBIN YUCHH-
KaMH U cTyAeHTamu 3D-npuHTep, KOTOPBIH MPOLIeN yCel-
HYIO anpo0anuio Ha npaktrke. [IpeacraBieHs! dTanbl co3a-
HUSl TIPUHTEPA, UCHOJb3yeMOe MPOrpaMMHOE OOecreueHue,
MOCJIEI0BATENLHOCTh HACTPOUKH TpPHUHTEpAa M HEKOTOpPBIC
po0JIeMBl, KOTOpbIE MOTYT BO3HUKHYTH BO BpeMsi IIeUaTu.
Pabora HaJi MPOEKTHPOBaHUEM U HU3TOTOBJICHHEM yueOHOTO
000pyIoBanus M0 (PU3KMKE OTKPHIBAET IIMPOKHE BO3MOXKHO-
CTH JUIsl aKTUBU3ALMU [TO3HABATEIILHOMN JEATEIBHOCTH y4a-
LIMXCS U CTYJICHTOB.

KiroueBbie caosa: STEM-texnonorum, obOpasoBa-
TeJIbHAsE POOOTOTEXHHKA, TPEXMEPHOE MPOTOTUIINPOBAHUE,
3D-npunTep.
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Pozdin 2. Komnorenm ynpaBainHs npupoOHu40-HayKoBuUM npoeKkmHum

0. S. Martyniuk
Lesia Ukrainka Eastern European National University

THREE-DIMENSIONAL PROTOTYPING
AS A COMPONENT OF STEM- TECHNOLOGIES
IN STRUCTURAL AND TECHNICAL AND RESEARCH
WORK OF STUDENTS AND PUPILS

The article presents a designed and developed printer
for three-dimensional prototyping. The necessity of intro-
duction of STEM-technologies for updating of educational-
methodical and technological base for realization of innova-
tive approaches is substantiated. The results of researches
of domestic and foreign scientists are analyzed, as well as
the legal framework in the field of use and implementation
of the means of additive technologies in the educational and
scientific fields. According to the results of the analysis, it
was concluded that the main problem in the active imple-
mentation and use of additive technologies is the low level
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of material support, the lack of appropriate equipment or the
inability to work with such equipment. Described and de-
signed by students and students 3D-printer, which has been
successfully tested in practice. The steps involved in setting
up the printer, the software used, a generic sequence of set-
ting up the printer, and some problems you may encounter
while printing. Analyzing the state of logistical support,
we can conclude on the necessity and expediency of using
additive technologies in the design, manufacture and mod-
ernization of training equipment. The use of 3D-prototyping
reduces the cost of manufacturing non-serial items or ac-
cessories. Working on the design and production of physics
training equipment offers great opportunities for enhancing
the cognitive activity of students and students.

Key words: STEM-technologies, educational robotics,
three-dimensional prototyping, 3D-printer.
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NEW LESSON DESIGN APPROACHES

The article is devoted to modern technologies of creation of pedagogical software tools of educational purpose. Tools for creating
educational materials for teachers who know computer technologies are presented in the article. Among the technologies for creating
educational software for educational purposes, the authors identify the program for the formation of lessons Easy School Book and
the program MasterTool for the creation of interactive educational materials.

Key words: pedagogical software tools, creation tools, educational process, lesson designer, interactive learning materials.

Pedagogical software tools (PST) are software pack-
ages, which are designed to solve different training tasks and
a program documentation that determines the order of appli-
cation of software. Different types of PST can be used in the
learning process.

They differ in program realization, goals and methods
of application in the educational process.

The modern PST is an electronic multimedia tutorial
that contains audiovisual materials and auxiliary texts with
a set of different learning tools (visibility, model of mecha-
nisms, instructional and technological material, control and
self-control cards of knowledge, skills and abilities, etc.).

The purpose of the use of PST is:

— figurative and dynamic presentation of educational infor-
mation, its systematization, constant and prompt recovery;

— development and consolidation of different skills and
abilities;

— control over the acquisition of knowledge [1; 3].

The use of a computer as a means of training puts for-
ward the task of developing a scientifically sound typology
of programs both at the level of didactics and at the level
of private methods, taking into account the specifics of each
subject.

There are many different approaches to the classifica-
tion of PST, but there is no single opinion about general clas-
sification, as noted by most authors [2; 5].

There is interesting classification, which is based on differ-
ences in approaches to drawing up programs. According to this
classification there are linear, branched, generative programs,
modelling and simulation programs, games, problem solving
programs, free-choice programs, and dialog systems [5].

Linear programs can be used at the initial stage of train-
ing. They are based on the idea of linear programming by
American psychologist B. Skinner. Their main advantages
are step-by-step delivery of material, operational support (the
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issuance of answers at each stage), individualization of study
(each student can perform tasks at a rate that corresponds to
his individual peculiarities and capabilities).

In the history of programmed learning, the creation
of branched programs (the idea of American psychologist
N. Crowder) has been a step forward compared with linear,
although the student does not construct an answer in them,
but make a choice from the set of proposed ones. The main
differences between this program and the linear one are: the
author of the program does not proceed from the fact that
the student’s answer must necessarily be correct; the student
receives a comment on his answer and either adjusts his work
or moves further in a certain sequence [6; 7].

The programs of the mathematical model of learning,
simulation programs, computer games and dialogue systems
are most popular among teachers and students.

Program of free choice are popular among students be-
cause students have the opportunity to choose programs from
the central computer’s bank, to make requests for information
of interest to them. Communication with the central data bank
is carried out within the local network or using the Internet [7].

The use in the educational process of PST improves its
efficiency significantly affect the content, forms, methods and
means of training.

Pedagogical software envisages various forms of or-
ganization of work: collective, group, individual, which al-
lows teachers to plan classes with maximum consideration of
individual characteristics of students.

PST may be as for teachers also for students.

A significant number of PST has already been devel-
oped today. Their use allows to solve with a computer a wide
range of tasks of different levels of complexity from all dis-
ciplines [3; 4].

Some of the simple and popular software tools such as
MS PowerPoint, MS Publisher, SMART Notebook software,
Easy School Book as lesson’s designer, MasterTool software
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