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KAHIWAAT NeJAroriyHux HayK,

NPOBIIHUI HAYKOBUIl CTIIBPOOITHUK

IncTuryT indopmaniiiHuX TE€XHOJ10TIH I 32C00IB HABYAHHS
HauionanbHoI akageMil neAarorivyHux HAyK YKpaiHu

CYYACHI BUKJIMKHA STEM-OCBITH: I3 JOCBIAY POBOTH
B PAMKAX JJOCJIJHO-EKCIIEPUMEHTAJIbBHOI POBOTH
BCEYKPAIHCBKOI'O PIBHS «BAPIATUBHI MOJEJII KOMII’'IOTEPHO
OPIEHTOBAHOI'O CEPE/IOBUIIIA HABYAHHS ITPEJAMETIB
HNPUPOJHUYO-MATEMATUYHOI'O [IUKJIY»

AHoTaunisi: 3 BHUKOPUCTAHHAM OKPEMHX KOMIIOHEHTIB KOMII'IOTEPHO OpPI€EHTOBAHOTO
CepelioBUINla HaBYAaHHS 3a0e3MedyeTbCcs KOHILEHTpALlil HaBYAIbHUX PECYpCiB, I1HTErPYIOUM
HaBuajgbHl Kypcu STEM-poboTtoTexHiku; 3a0e3nedyroud OararorpaHHiCTh 1HAMBIAYaJbHUX
TpaekTOpiil Ta pe3ynbTaTiB (OpMyBaHHS HEOOXITHMX MDKIPEIMETHUX Ta MeETalpeIMeTHUX
KOMIIETEHTHOCTEH;  JOCTYNHICTb ~ Ta  PIBHICTb  MOXJIMBOCTEM  Y4YHIB B  HaBYaHHI,
HOJTI(QYHKIIOHANBHICTh B3a€MOJIIi CyO’€KTIB HABYAIBHOTO MPOIECY; OPIEHTALIIO0 3MICTY, GpopM Ta
TEXHOJIOT1M MiJIFOTOBKM YYHIB Ha IHTETpallil0 OCBITHIO, HAyKOBY, JOCIIJHHUIBKY, BUPOOHHUY B
YMOBaX HaBYaJbHO-BUXOBHOTO MPOLECY. PO3MIAJAIOTHCS IIISAXM MMOOYIOBH BapiaTUBHUX MOJENeH
HaBYaHHS NPEAMETIB MPUPOJHUYO-MATEMAaTUUHUX LUKIY 3 METOI0 MIJBHILEHHS €(QEeKTUBHOCTI
HABYaHHS yYHIB.

KuirouoBi cioBa: BapiaTHBHI MOJEINi, MOJICNIOBaHHS, KOMII'IOTEPHO OpPIEHTOBAHE
CEpEeIOBUILIE HABYAHHS, MPOEKTYBAaHHS, MPEAMETH NPUPOJHHYO-MareMaTuyHoro uukiy, STEM-
poOOTOTEXHIKA.

AnHoTamusi: C  HCIONB30BAHUMEM  OTHCIBHBIX ~ KOMIIOHEHTOB  KOMIIBIOTEPHO
OpUEHTHPOBAaHHOW cpenbl O0ydeHus oOecreynBaeTcss KOHLEHTpauusi YyueOHBIX Ppecypcos,
uHTerpupys  yuebuole  kypcel ~STEM-pobotorexHuku; oOecneunBas  MHOTOIPaHHOCTb
WHIMBUAYAIGHBIX TPACKTOPUH W pPe3yJbTaToB (POPMHPOBAHUS HEOOXOJMMBIX MEXKIIPEIMETHBIX U
METaNpeIMETHUX KOMIIETEHTHOCTEH; JOCTYHHOCTh M PAaBEHCTBO BO3MOXHOCTEH ydalluxcsi B
00y4eHUH; NTOTU(PYHKIIMOHAIBHOCTh B3aUMOJIEUCTBHSI CYOBEKTOB Y4EOHOTO IPOLECCa; OPUEHTALIUN
coziepkaHusi, (GOpM M TEXHOJIOTUH IMOJArOTOBKHM YYAIIMXCsl HAa HMHTErpalnuio o0pa3oBaTelbHYIO,
HAyYHYIO, HCCJICIOBATEILCKYI0, TPOM3BOACTBEHHYI0 B YCIOBHSX Y4eOHO-BOCIIUTATEIHHOTO
npolecca. PacCMaTPUBAIOTCS IyTH MOCTPOEHUS BapUAaTUBHBIX MoOJENIel OOydeHMs IPEeIMETOB
€CTECTBEHHO-MaTEMAaTHYECKHX IMKJIA C [ENbI0 MOBBIICHUS () (HEeKTUBHOCTH O0YUEHHSI YIaIIHXCS.

KiueBble  cjoBa:  BapuaTUBHbIE  MOJENH,  MOJAEIMPOBAHUE,  KOMIIBIOTEPHO
OpUECHTHUPOBAHHAsI cpela OOydeHWHsI, MPOSKTUPOBAHMUS, NMPEAMETHl €CTECTBEHHO-MAaTEeMaTHIECKOTO
ukna, STEM-poGoToTexHuKa.

Anotation: With the use of the individual components of computer-oriented learning
environment provided by the concentration of educational resources, training courses integrating
STEM-robotics; ensuring that the diversity of individual trajectories and outcomes to develop the
necessary interdisciplinary competences and metapragmatic; accessibility and equality of
opportunity of students in training; polyfunctionality of interaction of subjects of educational
process; orientation of the content, forms and technologies of training students to integrate
educational, scientific, research, production and in the conditions of the educational process.
discusses ways to build variable models for learning of subjects of natural-mathematical cycle with
the purpose of increase of learning efficiency of students.

Key words: variable models, modeling, computer oriented learning environment,
design, science and math, STEM, robotics.



OmauM 13 OUIAXiB 1 CIOCOOIB BHUpIMIEHHS NPOOJIEMHU IMJABUINCHHS SKOCTI
MIKITEHOT TPUPOTHUYO-MATEMAaTHYHOI OCBITH BU3HAYAETHCS (HOPMYBAHHS HOBOTO
nepeniky 3aco0iB 1 oOmagHaHHs 71 KaOiHeTiB OioJorii, XiMii, (i3WKH, MaTeMaTUKU
Ta 1HPOPMATUKH, a TAKOXK OCHAIICHHS 3a3HAYEHUX KaOIHETIB Cy4YaCHUM HaBUYaJIbHUM
oOnanHanHaAM. HenoctaTHs poO3pOOJIEHICTh TEOPETHKO-METOJOJOTIYHUX MpodiieM
[0JI0 OpraHiz3aliiHux Gopm, MojeNel Ta peCypCHOro 3a0e3MeueHHs] KOMIT I0TepHO-
OpPIEHTOBAHOTO CEPEJOBUINA HABYAHHS TMPEAMETIB MPHUPOTHUYO-MATEMATHIHOTO
UMKy B CTapuIil IIKOJII HE JI03BOJSIE TIPYHTOBHO peajli3yBaTH Ha MpaKTHUIl
npoOJIeMH1 3aBJIaHHSI.

dopmyBaHHSI €IMHOTO OCBITHBOI'O IMPOCTOPY 3arajlbHOOCBITHIX HAaBYAJIbHHUX
3aknaniB XX CTONITTS HampaBi€HO Ha TMOJIMIIEHHS $KOCTI OCBITM B yMOBax
PO3BUTKY 1HGOPMAIIIHHOTO CYCIUIHCTBA Ta KOHKYPEHTOCIIPOMOXKHOI €KOHOMIKH [3].
Hocsartu 1i€i MeTH MOXKHAa 3a YMOBH CTBOPEHHS OCBITHIX 1H(OpMAaIiiHIX
CJICKTPOHHUX PECypCiB, OBOJIOAIHHS TemaroraMu 1H(OPMAIiiHO-KOMYHIKAI[iHHUMUA
TEXHOJIOT1SIMH, MIJTOTOBKU YYHIB JI0 BUKOPUCTAHHS 1H(POpMAIIIHO-KOMYHIKAIIIHIX
TEXHOJIOT1{ Y BUPILICHHI )KUTTEBUX NPAKTUYHHUX 3aBJaHb, 3a0€3ME€UYEHHS JOCTYIY 10
SAKICHOI OCBITH 4Y€pe3 BIPOBAKECHHS UCTAHI[INHOIO HaBYAHHS, PO3BUTOK OCBITHIX
NnopTajiB, 3a0e3leyeHHs] KOMI'IOTEPHUM Ta KOMYHIKAI[IHHUM  OO0JIaJHAaHHSAM
3araJibHOOCBITHIX HaBYaJIbHUX 3aKJIAIB.

AKTyalbHICTh 3a3HAUYEHOT JOCIITHO-CKCIICPUMEHTAILHOT POOOTH BU3HAYAETHCS
notpebor0 y po3poOlil HOBOrO HampsMy NPUKIAJAHUX JIOCHIKEHb, a caMe,
BUKOPHUCTAHHS BaplaTUBHUX MOJENed KOMIT I0TEPHO-OPIEHTOBAHOTO CEpEeOBHIIA
HABYAHHS MIKIJIBHUX TPEIMETIB MPUPOJHUYO-MATEMATHUYHOTO UKy B HaBYaJIbHO-
BUXOBHOMY MPOIEC], YIPABIIHCHKIN JISTILHOCTI Ta MOIMMPEHHI METOJIMKA HaBYaHHS B
CUCTEMI 3arajibHOi CepeHhOI OCBITH.

EdextuBHicTs BupoBamkeHas KypciB STEM—poOoTOTeXHIKM Ta MpakTUYHE
BUKOPHUCTAHHS YYHSMHU 3HaHb JAaHOTO HABYAIBHOTO KypCy 3aJisi PO3POOJICHHS Ta
BIIPOBA/DKEHHS 1HHOBALlll B JKUTTENISUIBHOCTI  CAYTYBAJIM MIAIPYHTAM  JJIs
BU3HAUCHHS TEMAaTHKU MPOCKTHO-TOCIITHAIBKOI TISJILHOCTI B paMKax IMPOBEICHHS
JOCITITHO-EKCIIEPUMEHTATBHOI POOOTH BCEYKPATHCHKOTO 3a TeMow «BapiatuHi
MOZENII  KOMIT IOTEPHO-OPIEHTOBAHOIO Cepe/ioBUIla  HABYaHHS  IIPEAMETIB
MPUPOTHUYO-MATEMAaTHIHOTO IIUKITY B 3arajlbHOOCBITHROMY HAaBYAJIBHOMY 3aKJIaJi».

CyTHICTh MPOEKTHO-TOCTITHUIIBKOI IISUTBHOCTI TOJISITAE TAKOXK B PO3pOOJICHHI
BIIMOBIAHUX PO3IUIIB Ta MOJIYJIB HaBYAJbHUX INIPEAMETIB, IO MICTATh PO3ILI
«STEM—po0oToTexHiKa» Ta HaBYaJIbHO-METOAMYHUX MaTepiaiiB Hjsi YYHIB Ta
BunteniB [6], [9], [11]. KinueBuit ocraroynuii pe3yabTaT MPOEKTy — YCIIIIHE
BripoBapkeHHS STEM—po00TOTEXHIKM B HaBYaJIbHO-BUXOBHUW TPOIIEC Ta OCBITHI
CepeoBHUIIa HABYAIbHUX 3aKJIAJIIB.

besnepeuno, 3a yMoBH (OpMyBaHHS CHCTEMH MDKIPEIMETHHX Ta
METaNpeIMETHUX, B TOMY 4YHCIl JOCTIJHULBKUAX, KOMIIETEHTHOCTEM B 00yacTi
POOOTOTEXHIKK YUYHI 3MOXKYTh CAMOCTIHHO (DOPMYJIIOBATH 111711, TPOCKTYBATH HUISIXU
ix peanizauii, epEeKTUBHO MOCIYTOBYBATUCS B CBOIM pOOOTI METOAaMM 30MpAaHHS Ta
HAKOIMMYCHHS JTaHUX, TEXHOJIOTISIMU iX OCMHCIICHHSI Ta OIpAIfOBaHHS, TMPAKTHIHOTO
BUKOPHCTaHHS, (OPMYJTIOBATH BUCHOBKH.

B nporieci poGoTH cTaBUINUCS HACTYTHI 3aBAaHHS:



1. BuBueHHs1 OCHOB Lego—KOHCTpYIOBaHHS Ta MPOrpaMyBaHHSI.

2. 3piiicHEeHHS TPYHTOBHOTO aHami3y mUIsAxiB BrapoBamkeHdas STEM-—
pPOOOTOTEXHIKM B OCBITHIM MPOCTIp HABUAIBHOTO 3aKjiaxy Ta A00Ip ONTUMaIbHHX
HUTSIXIB.

3. Po3pobnennst metanpeameTHoro kypey « STEM—poboToTexHika B IIKOJI» Ta
Horo anpo0aiiisi B HaBYaJIbHO-BUXOBHOMY IPOIIEC] Ta MO3AMKIIbHIN AISIBHOCTI.

4. VYzaragpHEeHHS Ta TOMIMPEHHS JIOCBIMYy IIOJO BIPOBA/KCHHSI Ta
BukopuctanHs STEM—poOOTOTeXHIKM B HaBYaJIbHO-BUXOBHOMY IMpOIECi Ta
MMO3aIIKUIbHIN JISITIBHOCTI.

Hanpsimu Bukopuctanus STEM—poGoToTexHIKM B Mpoiieci HaBYaHHSA (DI3UKH
MPOTOHYIOTHCS HUKYE:

1. JlemoHCTpAaIii;
2. ®poHTaNbHI Tab0opaTOPHI POOOTH TA JOCIIIN;
3. IIpoekTHO-mOCiTHUAIIBKA TisTTbHICTD.

JlisIpHICT, B TIPOTIOHOBAHUX HAMpsiMax BIAMOBigae mporpami 3 (i3ukw s
ocHOBHO1 MmKonu. BrpoBamkytoun STEM—po00TOTEXHIKY B HaBYAJIbHO-BUXOBHUM
MPOIIEC, YUUTEIh OTPUMYE YHIKATBHY MOXJIMBICTh JOCSTHEHHSI BIAMOBIHUX LILJICH B
npoiieci HaBYaHHs (I3UKH:

— Po3BuTOK MmiKaBOCTI Ta 3AI0HOCTEH y4HIB Ha OCHOBI IepelaBaHHS HUM
3HaHb Ta JOCBIY IMI3HABAJIILHOI Ta TBOPYOI JAOCIITHUIIBKOI A1STbHOCTI;

— Po3yMiHHS y4HSIMHM 3MICTY Ta MPU3HAYEHHS OCHOBHUX HAyKOBUX MOHSTH 1
3aKOHIB (D13UKH, B3aEMO3B’SI3KiB MK HUMU.

JlocsiTHEHHsT BWINE HaBEJACHUX IJIeH 3a0e3MedyeThCsl BUPIMICHHSIM TaKUX
3aB/IaHb:

— 3HalOMCTBO y4YHIB 3 METOJIOM HAyKOBOTO MMi3HAHHS;

— HalOyrTs yunsMu 3HaHb npo (i3uyHl sBUMA Ta (PI3UYHI BEIUYUHH, IO
XapaKTepU3YIOTh SBUIIIA;

— 3acCBOEHHS YYHSMH TaKHX 3arajlbHO HAyKOBUX IIOHATH, SK EMITIPUYHO
noBeneHUd  (akT, mnpobrema, TiNOTe3a, TEOPETUYHH BHCHOBOK, pPE3yJbTaT
€KCIIEpUMEHTAIBHOI MEPEBIPKHU.

OcoOucTicHI pe3ysIbTaTh y4YHIB B MpoIlieci HaBYaHHS (DI3UKU 3 BUKOPUCTAHHIM
STEM—po0OoTOTEeXHIKHU:

— CdopmoBaHICTh TI3HABAJLHUX I1HTEPECIB, IHTEJIICKTYaJIbHUX 1 TBOPYHX
JOCITHUIIBKUX 3M10HOCTEN YUHIB;

— CaMocCTiiHICTh B HAOYTTI HOBUX 3HaHb Ta MPAKTUYHUX YMIHb;

— MoruBallisi HaBYaJIbHO-BUXOBHOI  JISUTBHOCTI  IIKOMSPIB  HA  OCHOBI
0COOHCTICHO-30PIEHTOBAHOTO MiAXO/Y;

— @opMyBaHHS IIHHICHO-OPIEHTOBAHOTO BIIHOIIEHHS /10 CBOIX KoJeT (1HIITUX
YYHIB), YIUTEIIB, aBTOPIB BIIKPUTTIB Ta BUHAXOIB, Pe3yabTaTaM HaBuaHHS [8§].

MeranpeamerHi  pe3ylbTaTd B KOHTEKCTI  BhpoBajxkeHHs  STEM-—
POOOTOTEXHIKHM B MPOIEC HaBYaHHS (DI3UKU:

— 3acBOEHHS HAaBHKaMHU CAaMOCTIHOTO HaOyTTs HOBHMX 3HAaHb, OpraHi3anli
HaBYaJIbHOI JIISUIBHOCTI, TIOCTAHOBKM IIiJIeH, IUJITaHYBaHHS, CaMOKOHTPOJIIO Ta



OIIHIOBAHHS PE3yJbTAaTiB CBOEI MISUTBHOCTI, BMIHHS Tepeadadatd MOKJIUBI
pE3yJbTaTH CBOET AiSTTBHOCTI Ta YHUKATA MOYKIIMBUX TTOMHJIOK;

— Po3yMiHHS BiIMIHHOCTEH MK BUXITHUMU (haKTaMu Ta TIOTE3aMU 31 1X
MOSICHCHHS, TCOPETUYHHMH MOJIEISIMU Ta PEATBbHUMH 00’ €KTaMH, OBOJIOIHHS
y4OOBUMHU [ISIMU Ha TMPUKIAQAl TinoTe3 Jyisl MOSCHEHHs BiloMuX (HakTiB Ta
EKCIIEPUMEHTANIbHOI ~ MEpPEBIPKM  TINOTE3, W0  BHUCYBAIOTHCS;  PO3POOJIEHHS
TEOPETUYHUX MOJICIICH MPOIIECIB Ta SBHIIL;

— HalyTTss nocBigy camMOCTIHHOTO TMIOUIYKYy, aHalli3y, CHUHTE3y, 1000py
HaBUYAJIBLHUX MaTepiajliB 3 MEJaroriyHo BUBAKEHUM BUKOPHCTaHHSAM 1H(oOpMaIliitHO-
KOTHITUBHHMX TE€XHOJIOT1H 33111 BUPIIIICHHS MI3HABAJIIBHUX 3a/1a4;

— 3acBOEHHS TPHUMOMIB Ta aNTOPUTMIB i B HECTAHAAPTHUX KUTTEBUX
CUTYaIlisSIX, OBOJIOIHHS €BPUCTUYHUMH METOJaMH 3 METOI0 BUPINICHHS MPOOIEMHHIX
CUTYaIlil;

— @opMyBaHHS BMiHb I10JI0 POOOTH B KOMAH/II.

Hapenemo ¢parMeHT 3MicTy pO3AiTiB mporpamMu 3 (pi3MKH OCHOBHOI IIKOIH 3
BukopuctanusiM STEM-poOotorexHiku. Hampukian, mii 4ac BUBYEHHS PO3JILITY
«®Dizuka 1 pi3uuHI METOAM BUBYECHHS MPUPOIN» po3nisigatoThesi Temu «Dizuka —
Hayka Mpo mpupoay», «CrocTtepekeHHS Ta omnuc (Gi3sudHuX sSBHUID, «DizuuH1
npupobm», «Pi3UUHI BETUYMHU Ta iX BUMIPIOBAHHA», «DI3UUYHUN E€KCHEPUMEHTY,
«Ponb marematuku B mpoleci  po3BUTKY Gi3ukm», «®Dizuka 1 TEXHIKa»
PEKOMEHIYEThCS  BIPOBADKEHHS  JOCHIIHMIBKMX  poOiT  «KamibpyBanHs
BUMIPIOBAJIBHUX MPUCTPOiB», «Taiimep» Ta iH. BiamoBimHO, B Mpolieci BUBYCHHS
posminy «TemymoBi  sBUI@», KOIM  JOCHIKYIOTBCS  €KOJIOTIYHI — MpoOiIeMu
BUKOPHUCTAHHS TEIUIOBUX JIBUTYHIB, TPOTNOHYETHCA JI0 BHUKOHAaHHSA pobOoTa
«Enextpomo0Oine ¢ coHsuHOIO Oartapeeroy». BuBwaroun posmin «EmexrpomartiTHi
KOJIMBaHHA 1 XBWI» JOUUIBHO IPYHTOBHY YyBary TMNPUIUIMTH BUKOHAHHIO
TOCHITHAIIBKUX TpoeKkTiB «EnexkTtpuuni BumipioBanHs», «Lego—koHmeHcatop —
HAaKONMUYyBad €HEPrii», «AKyMYJTIOBaHHS €JIEKTPUYHOI eHeprii», «O0uucieHHs
BUTPAT €Heprii Ha OcBITIeHHs», «lligkimtoueHHs TeHeparopa 10 MOTOpay,
«Onrumizanis Tpouecy MepeTBOpeHHs eHeprii», «lloTyKHICTh COHSIYHOI OaTapei»,
«BupoOnieHHsT  €NEeKTPUYHOI €Heprii 3 BUKOPUCTAHHAM BOJSHOIO  KOJECcay,
«BupoOIieHHs eIeKTPUYHOI €Heprii 3 BAKOPUCTAHHSAM BITPSHOTO ABUTYHA» Ta iH.

3aBIAKM  BOPOBAPKCHHIO B  HaBYaJIbHO-BUXOBHMM  mipouec STEM-
pPOOOTOTEXHIKM Y4HI 3 IIKABICTIO IIYKalOTh Ta 3HAXOIATh B3a€EMO3B’SI3KM MIXK
pi3HUMU 00JjacTsMu 3HaHb [11] Ha OCHOBI 3MOJIETLOBAHUX MPOTOTHUIIIB MEXaHIYHUX
MPUCTPOIB, 3’SICOBYIOUU TMPHU LBOMY CHENU(DIKy poOOTH MEXaHIYHUX KOHCTPYKIIIM,
YTOUYHIOIOYUHM I ce0e (i3MYHI MOHATTA Ta BEIWYMHH, MPAIMIOI0YA MPU BOMY Y
BJIACHOMY PHUTMI Ta 3 BpaxyBaHHS 1HIUBITyaIbHOI TPAEKTOPIi PO3BUTKY.

JIOWmiIbHO ~ 3ayBa)KWUTH, IO 3aIliKaBICHHS yYHIB  JIOCTI/DKEHHSAMH 3
BuKkopucTaHHsIM STEM-—poOOTOTEXHIKM, CHHEPreTUYHE TMOEAHAHHSA 1HXEHEPHUX
3HaHb 13 TPYHTOBHOI MIXIUCIHUILTIHAPHICTIO, PO3BUTOK HOBHUX HAYKOBO-TEXHIYHHUX
1€l CnpUATUMYTh CTBOPEHHIO HEOOXIJIHUX YMOB 3ajisl MiABUIICHHS MOTHBAIIil
MOJIOI, B TOMY 4YHCJIi 3a paxyHOK IIEAaroriyHO-BUBAKCHOTO BHKOPUCTAHHS B
HAaBYAJIbHO-BUXOBHOMY  TIpoueci  1HGOpPMaliiHO-KOTHITUBHUX  TEXHOJOTIA  Ta



OHOBJICHMX meaaroriuaux maxomaiB [10]. HamuMm aitam micTaHeTbCs CBIT 3 Pi3HUMU
npoOieMaMu, TOMY HEOOXiTHE CHHEPreTUYHE TIOE€HAHHS HAyKd, OCBITH Ta
TEXHOJIOT1 337151 BUPIIIICHHS )KUTTEBUX MTPOOIIEM.
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