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MYJbTUIACHUATIITHAPHUM MIAXIJ Y ®OPMYBAHHI STEM
OPIEHTOBAHUX HABYAJIBHUX 3AB/IAHDb

IIposedeno ananiz cymnocmi NOHAMML «MyJTbMUOUCYUNTITHAPHICMBY, O0CTIONCEHO 0CODIUBOC, nepesasu
[ HeOoMKU 3acmoCy8aHHs MYIbMUOUCYUNTIHAPHO20 Nioxody y odocriodcennsx. Y ceimai STEM-cmpameeii 6
0C8imi 3’C08AHO OCHOBHI GUMO2U 00 MYTbMUOUCYUNIITHAPHO2O HABYATILHO20 NIAHY, Cepeo SIKUX AGMEeHmUYHiCmb,
akademiyna cmpocicms, KOHMEKCMHICMb, aKkmueHe 00Cuioxcenus ma iHwi. Haeedeno mexwonociuny kapmy
MYToMUOUCYUNTIIHAPHO20 HABUATBLHO20 OOCHIONCEHHS A8UWA HOMOXPOMIi, siKe 30TUCHIOEMbCS 3 BUKOPUCTIAHHSM
yugposux 3acobie onpayr08antsi eKCNepUMEHmMaibHux Oanux. 3’8C08aHO OesKi NepCneKmusu 6npo6adICEHH s,
Hanpsmu po36umKy i O0CTIONCEHHSL eheKMUEHOCTNE MYIbIMUOUCYUNTIHAPHO20 NIOX00Y 8 OCBIML.

Knrouosi croea: STEM-oceima, mynemuOucyuniiHapricms, MyibmMuOUCYUNIIHAPHUL NiOXIi0 Y HAGUAHHI,
npoodaIEeMO OPIEHMOBAHE 3A80AHHS, YUPPOGI BUMIPIOBANbHI KOMNILEKCU, (DOTMOXPOMISL.

ITocTanoBka npo6Jjemu. SAnpom exoHomiku XXI cTOpiuysl € KOHBEpPIeHIlis TEXHOJIOTIH,
SIK1 OUTBIINICTH JAOCIITHUKIB IBOTO MUTAHHS MOB’S3YIOTh 13 MIOCTUM TEXHOJOTIYHHM YKJIaJI0M
IUBUTIBAIIAHOTO PO3BUTKY. CydacHa HAyKOBa KapTHHA CBITY XapaKTEPHU3YETHCS, MEPI 3a BCE,
IJ100aJIbHUM €BOJIIOL[IOHI3MOM, CHHEPII€l0, IUTIOPAI3MOM ICTUHU Ta MDKAWCUUILUIIHAPHICTIO
METO/IIB HAYKOBOTO JOCIIHKEHHS [4].

Po3BuTOK TEXHIKM 1 TEXHOJOTiHA, rio0ampbHa aBTOMAaTH3aIlisl BUPOOHHUITBA 1 cdepu
o0ciyroByBaHHs MpU3BEIYTh [0 3aHenaay mpodeciid, ski He NOTpedyITh BHCOKOL
kBamidikamii. Tak, BimmoBimHO A0 naHWX, HaBeaeHux O. Xaramyie, EKCIIOHEHINAIbHE
3pocTaHHs KOMIT'roTepm3allii 1 podotm3amii ycix cdep xkutts mroactBa Bxke a0 2050 p.
npu3Beae 10 3HUKHEHHs Onu3bko 60 % ICHyro4UMX HUHI Hpodeciid, a, OTKe, 3BUIbHEHHS,
Hanpuknaj, Tuibku y CIHA npubauzno 50 MiH. mpaie3aatHoro HaceneHHs [16].

3a3HaueHe € MIICTaBOI IS CTBEP/DKEHHs, 1m0 (yHIaMEHTaIbHA MICIS OCBITH €MOXH
MIOCTMOJIEPHY — MIAMOTOBKa KOHKYPEHTO CIPOMOKHHUX (haxiBI[IB, 3/JaTHUX JI0 IHTErpOBaHOL
TISUTBHOCTI 1, HACaMIepe 1, TEXHIKO-TEXHOJOor19HO1 [12].

3 iHmoro OOKy, Tri100aiabH1 JOCHKEHHS ICHYIOUMX BUMOT PUHKY Ipali BUSBUIM, L0
KOHKYPEHTHA CIIPOMOKHICTb (DaxiBIIB HUHI KOPETIOE 31 C(OOPMOBAHICTIO Y HUX KOMIETEHIIIH,
BU3HAUEHUX LUISIXOM IIMPOKOTO KOJIa MPOTHOCTHUYHUX JOCHIIKEHb. 3allOPYKOI YCHIIIHOIO
KUTTS y XXI cToniTTi € 34aTHICTh 1 TOTOBHICTH /O PO3B’SA3aHHS KOMIUIEKCHUX 3ajay
(mpo6nem), yMIHHSL KPUTUYHO MUCIIMTH, HABUYKU TBOPUYOCTI, YIIPABIIHHA, KOOpAUHALI Mparil,
cuiBmpaui, pedrekcii, HOpPUUHATTS pilleHb, OpleHTalli Ha OOCIYroBYBaHHS, BEJIEHHS
MepPEroBOpiB, KOTHITUBHOI THYy4YKOCTi [11].

SIK BUKIMK KJacHuHI cucTeMi OcBITH, Ha no4yatky XXI CT. 3apoauBcCs SKICHO HOBHM
MIAX1J A0 HaBYaHHS, CYTHICTh SIKOT0 po3kpuBaeThes akpoHiMoM STEM / STEAM. BianosinHa
NUJIaKTUKa TPYHTYEThCSI Ha (POPMYBaHHI B Y4YHIB 3JAaTHOCTI 1 TOTOBHOCTI JO PO3B’S3aHHSA
MPaKTUYHUX (HE MOJENIbOBAaHUX) 3aBJaHb, MOB’SI3aHUX 3 PEATbHO ICHYIOUHUMU KOHKPETHUMH
noTpebamMu neBHUX cnokuBayiB. BusnawansHoto pucoro STEM / STEAM HaBuaHHS € ioro
MDKAMCUMIUIIHAPHUNA —XapakTep, SKUM rependavae 3adydyeHHS 3HAaHb 1 HAaBHYOK, SKi
(GOpMYIOTBCSI IIPH BUBYEHHI SIK OKpEMUX AMCLUMILUIIH (IIPEeIMETIB), TaK 1 Cy4aCHUX METOJIB 1
3ac00iB HAYKOBOTO Ta TEXHIKO-TEXHOJOTTYHOTO JOCipKeHHs [12].

3a3HauuMoO, 110 Yy CBITOBIM MEAAroriuHiil JiTepaTypi B 3aJ€KHOCTI Bl XapakTepy
B3a€MOJIIi MDK JMCLHMIUIIHAMHU PO3PI3HAIOTH JEKUIbKa BUAIB pealizallii MDKAWCHUILUIIHAPHOTO
niaxony. HailOutbln yacTuMu TepMiHAMHM, SIKI MOKHA 3YCTPITH B 1H(QOpMaLIHUX JDKepenax €
MYJBTH- (01 -), IHTEpP- (KpOCC-) Ta TPAHCAUCLMITIHAPHUM MIAXO0AU A0 BUPIIICHHS MPaKTUYHUX
npo6isem. Tak, iIHTepAUCHUIUTIHAPHUMN TIX1 — PO3TJIsA OAHIET IUCHUIUTIHU KPi3b IPU3MY 1HIIOT
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(mampukian, ictopis maremaruku). BomHodac MydbTHIUCIMIUTIHAPHICTH PO3IISIIAETHCS SIK
B3AEMOJIIST JUCIUIUIIH Yy TIPOIECI MEBHOTO JOCTDKEHHs Oe3 IMO€AHAaHHA METOMAIB 1 3aco0iB
BIAMOBIAHUX  OHTOJOriH. Haiibuibm  ckiagHO  (GOpPMOIO  MDKIMCHMIUTIHAPHOCTI €
TPAHCIUCUUIUTIHAPDHUN MIAX1, 3 BUKOPUCTAHHAM SIKOTO BHUPIIIEHHS MPOOJEMH MPU3BOAUTH 10
3100yBaHHS SIKICHO HOBHX (TpaHCAMCUMIUIIHAPHUX) 3HAHb, SIKI HE HAJIEXKATh JI0 THOCTUYHOTO
TIOJISI YKOJTHOT 31 OHTOJIOT1H, SIK1 € OTO CKIIaJ0BUMH KOMITIOHeHTaMH [ 10].

[IpoBenene nOCHiIKEHHS MOKa3aJlo, M0 Yy HAyKOBIM 1 HaAyKOBO-TIOMYJISIPHIN JliTeparypi
(momexkyau ¥ y CIOBHMKAx) CYTHICTh BHIIE 3a3HAYCHHX MOHATH clabko audepeHIiiioBaHa,
4acoM 3aIijIyTaHa 1 IOCUTh 4aCTO BUKOPUCTOBYETHCSI aBTOPAMHU CUHOHIMIUHO.

AHaJi3 ocTaHHIX JocaifxkeHb i myOaikaniil. MeToo MDKAUCUUIUTIHAPHUX MIIXOIIB Y
JNOCTPKEHHSAX € BCEOIYHUN poO3IUIsii 1 BUPIIMIEHHS peaJbHUX CBITOBUX a00 JIOKaJbHUX
CKJIaJHUX TpobieM, sIKI HOTPeOYIOTh 3allyd€HHsS IIHPOKOro KoJyia (axiBUIB PIZHUX
TUCIUITIHAPHUX Taly3el. Taka TEXHOJOTiA Ma€ TMEBHI MepeBard 1 HEIOJIIKH, MOB’S3aHI 13
3ay4eHHSIM KOHTHHYYMY P13HUX JUCLMILIIH.

Tepminu «MYJIbTUUCIUILTIHAPHICTHY, «IHTEPAUCUUILTIHAPHICTH 1
«TPAHCIAUCIUIUIIHAPHICTE» BHUKOPHCTOBYIOTHCS JUIsI TIO3HAYEHHSI B3a€EMOJIl  JEKLIBKOX
muciuiiiH. OgHakK 111 TOHSTTSA JBO3HAYHO BHU3HAYAIOTHCS 1 YacTO BUKOPHUCTOBYIOTHCS
MOTIEPEMIHHO, 110 CTBOPIOE TaK 3BaHE «TepMIHOJIOTIYHE O600TO» [14].

3mictT 1 e(eKTHBHICTh BHUKOPUCTaHHS TEPMIHIB  «MYJIbTUIUCLUIUIIHAPHICTDHY,
«IHTE€PAUCUUIUTIHAPHICTE)» 1 «TPAHCAUCLHUIUTIHAPHICTE» Yy cepax OXOPOHU 3JI0pPOB’s, OCBITH 1
MOJIITUKK JIeTalibHO Jociimkeni y mpamsix B. Choi ta A. Pak [14]. BignoBimHo 10 OTpuMaHHX
HUMM pE3yNbTaTiB, 3a3HaueHl TEPMIHU MOYaIM 3 ’SBiATHCA B Jireparypi 3 70-x pokiB XX crT.,
[IPUYOMY HaAWMOJIOJIINM, OYEBUIHO, € TEPMIH «TPAHCAUCLMIUTIHAPHICTb», SKUH TUIBKHM HO
BXOJMTH 70 KOJia TIOHSTh HAYKOBOTO AMCKYCY 1 TOB’s3aHUM 3 TpaHChopMaIlisiMi, 10 Hapasi
BiI0OYBalOTbCSI B METOAOJIOTIT HAYKOBHX JOCHIDKEHb, MEpe] YyCIM, CKIAIHUX MPAKTUKO
OpIEHTOBAHMX HAYKOBUX MPOOJIEM, IO MEPEXOAITh TUCHUTUIIHAPHI MexXi. CIIOBHUKHU JAlOTh TaKi
3Ha4YeHHs i TpedikciB: «mnultin — Oarato; OUIBII HDK OAWH; «inter» — cepell, MDK HHUMH,
B3a€EMHUH, B3aEMHO; «frans» — 4epes3; MoHaJ, OUIbIIe; B HACTYIHUI NEpIoJ]; Ha MPOTUICKHOMY
oomi [13; 15; 19].

MoxsmBUMU CHHOHIMaMH 10 TEPMIHIB «MYJTBTHIUCIHUTLTIHAPHICTEY,
«IHTEePUCUMUILTIHAPHICTE» 1 «TPAHCIUCLUIUIIHAPHICTEY MOXYTh OyTH  «aIUTHUBHICTbHY,
«IHTEPAKTUBHICTb» 1 «UUIICHICTHY BIANMOBIIHO. OTXe, Il TEPMIHU HE MOXYTh 3aMIHIOBATU
OJIMH OJTHOTO. 3aCTOCYBaHHS OUIBII 3arajibHOTO MOHATTS «MDKIUCHHUILUTIHAPHICTEY (multiple
disciplinary) € 6axxaHuM y BUIIaJIKaX, KOJU IPHUPO/IA TOCTIKYBAHOTO SIBHINA HEBIIOMa, a00 HE
BU3Ha4cHa [ 14].

Metoo naHoi cTarTi € BHSBJICHHS CYTHOCTI MYJIBTUIUCIHUIUIIHAPHOIO MIIXOAy Y
HaBYaHHI Ta 3’SCyBaHHsS IUJAKTUYHUX 0coOJMBOCTEel Horo peanizanii Ha npukiaai STEM
OpIEHTOBAHOT'O HABYAJILHOTO MPOEKTY.

Metoau pociigxeHHsi. Y Mpoueci JOCHIKEHHS HaMU BHKOPUCTOBYBAJIMCS Takl
METO/IM: aHalll3 HAyKOBOi JITeparypu Ta 1HGOPMAaLIAHUX JKEpelsl, BUBUYEHHS IEPEJOBOIO
MeAaroriyHoro JI0CBIAY, y3aralbHEHHs 1 CUCTEMaTH3allisl pe3y/IbTaTiB 3 TEMH JIOCTIKEHHS.

Buknag ocHoBHOro marepiany. AHaii3  pI3HOMaHITHUX — JITEpAaTypHUX  Ta
1HGOpMaLIHUX JDKEPET BUABUB, 110 MyabTuaucuumiiHapaui niaxia (MAID) y nocnipkeHHsx
nependavae 3aqydyeHHs 3HaHb 3 PI3HMX MPEJAMETHUX Tajly3ed, ajie He noeanye ix. BoaHowac
IHTEPAUCIMIUTIHAPHUN aHaJi3 1 CHHTE3 TAPMOHIYHO MOEIHYIOTh JUCIUIUIIHU B CKOOPJMHOBAHE
1 MOCHIIIOBHE LUIe. A MiJ TPAHCAUCIUIUIIHAPHICTIO PO3YyMIiIOTh 00’€HAHHS Ta IHTErpalliio
NPUPOJHUYUX, MAaTEeMATUYHUX, MEIWYHHUX, COL[aJbHUX Ta IHUIMX 3HaHb Yy CIUIBHOMY
KOHTEKCTI, SIKHM NePEeXOIUTh 3a X TPaauLlliiHI MexXI.

[IpoBenene AocaiKeHHs MOKa3aio, 10 OCHOBHUMHU oO3HakaMu 3actocyBaHHs MJIII y
JOCTIIKEHHI1 € TaKi:
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- B3a€EMO/IIS1 ACKUTbKOX JUCIUIUTIH (OLIBIIE ABOX);

- (paxiBIi 3 OKpeMHUX AUCHMUIUIIH, MOCTIDKYIOUM PI3HI acleKkTd mnpolneMu (TPOEKTy):
MPALIOIOTh CAaMOCTIHHO, TTAPAJIEITIBHO 200 MOCIIIOBHO; CTABJIATh HAUBIIyaJIbHI LT, HE BUXOAATH
3a MeXI1 JJaHOT JMCLUILIIHY, BUKOPUCTOBYIOUH crielU(I4H1 3HAHHS, METOANUKHU Ta IHCTPYMEHTH;

- ISUTBHOCTI (paxiBIIB BJACTUBA 30BHILIHS Y3TOKEHICTh, 30CEPEPKEHICTh Ha MOTpedax
KITIEHTIB;

- YUaCHUKH MPOEKTY NOIHGOPMOBaHI PO MIKAUCIUILIIHAPHY B3a€EMOIIO0;

- BUCHOBKH OKPEMHX JOCIIHKEHB MIJICYMOBYIOTHCS 1 31CTaBIISIIOTHCS,

- pe3yJIbTaTOM BHPIIIEHHS IPOOJIEMH € CyMa OKPEMUX YaCTUH (BUCHOBKIB), 3100yTUX Y
MEKax KOKHOT OKpeMOi JUCIUTIIIHH.

Ax 3aznadeno y poo6ori[l4], cucremuuit MJII y nocmiymkeHHsX € cnocobom
BUOKPEMJICHHS 1 BUBYEHHSI OCHOBHMX CYKYIHOCTEH MOHOAMCLUMIUTIHAPHUX 00 €KTIB, SBUL] 1
IpoLeciB, K1 GOpMYIOTh 1 HAAUIAIOTh CIEUU(PIUHUMU pUcaMH CKIAAHUM 00’ekT. Ilpu npomy
MEPEHECEHHs METOJIB JIOCTIDKEHHS 3 OJHIE] AWCHMIUIIHA B IHIIY, SK TIPaBUJIIO, HE
B110yBa€ThCs, 30€piraloThCsl KOPJAOHU MK AUCLUIIIIHAM.

Sk 3a3nauvae B.C. Mokiit [7], meroto M/III € cTBOpeHHsI y3araibHEHOI HAYKOBOI KapTUHU
MpeaMeTa JTOCHIDKCHHSI, KA CKIIAAEThCs 13 TUCHUIUTIHAPHUX MpaoOpasiB. 3a TaKoro Mimxomay
MIEPEHECEHHS METO/IIB IOCIIDKCHHS 3 OJIHIET JUCIMIUIIHYU B IHITY HE BimOyBaeThes. Hanpuxian,
3 Touku 30py MJUII, mroguHy ciig po3rasgaTtd, SK CKIAIHUN 00 €KT, SKOMY IpUTaMaHHI
aHATOMIYHI1, XIMIYH1, ICUXOJIOTTYHI, TICHXI4H], ()1310JI0TT4YHI Ta 1HII 0COOIMBOCTI, /ISl BUBUCHHS
SIKAUX 3aCTOCOBYIOTHCSI BHUKJIIOYHO BIAMOBIIHI JAUCHUILIIHAPHI mmigxomu 1 meromu. OHak,
31CTaBJI€HHS OTPUMaHMX pe3yabTariB y pamkax MJIII BinkpuBae HOBI, paHille HE BUSBJIEHI
MOAIOHOCTI JOCHIPKYBaHUX MpeAMETHUX oOjacTell. A 11e, B CBOIO 4epry, JA03BOJIsIE (axiBIsIM
OpraHizyBaTH HOB1 MDKJIMCUUIUTIHAPHI TOCIIDKEHHS, 30KpeMa, MPU3BOJIUTH 10 TOSBU HOBUX
MYJIbTHANCUUILUIIH, HAIPUKIIAJ, TAKUX, K (PI3UKO-XIMIYHA 010J10T1s, €KOJIOTIs TOILIO.

[IpoBenene nocnimkenHs BusBuio, mo MJ/III € epextuBHUM y poOOTI €KCEPTHUX IPYI
(manpuknan, [24]), y cuTyalisix, KOJM s BUpINIEHHS MpoOjaeMu MOTPIOHO BpaxyBaTU
MHOXHWHY BIAOMHX (DaKTOpiB, SIKI € MPEeaMETOM AOCTIDKEHHS IHIIMX MOHOMUCHUILIIH. Taki
«MDKIUCLUMILTIHAPHI TONOBHEHHS» JAal0Th MOKJIMBICTh HAOIM3UIMCS 10 JOCTAaTHHOI MOBHOTH
3HaHb.

OpHak, B MYJIbTUAUCUMIUIIHAPHUX JOCHUDKEHHSX, IHTEpHpeTranis OTPUMaHHUX
JUCUMILTIHAPHUX PE3yIbTaTiB IPOBOAUTHCS 3 MO3ULIT «IpoBigHO» qucuumiiHg. Tomy M/II €
e(eKTUBHUM 3 TOYKHU 30Py HAKONMHUYEHHS JUCUUIUTIHAPHUX 1 MDKIUCUMILIIHAPHUX 3HAHb, alle
HE CIpHs€ BUSBICHHIO 3arajlbHUX 3aKOHOMIPHOCTEH 1 MEXaHI3MIB iX B3a€MOJii BCepenuHi
npeaMera J0CTIKEHHS.

MuixauciuIuiiHapHi KOMYHIKAIli peai3yloThCs depe3 CIUIKYBaHHS, SKE B3aEMHO
30arauye (QaxiBLiB 1A€sIMU, HANPUKIAL, 3 MEIUUHUX Ta OIOJIOTIYHUX, T'yMaHITapHUX Ta
coliaabHUX HayK Ta ropucnpyaeHmii [19]. KmrouoBa puca M/III — mocTiiiHa TicHa B3aEMOIISA
(axiBIiB pI3HUX HANPSIMKIB JUIsl TOCSITHEHHS HalOUIbII 00’ €KTUBHOIO PE3y/IbTATy 1 MPUNHATTS
HalOWIbI e(peKTUBHUX pillleHb, HANPUKIAJ, y JIKyBajdbHIA Taktuui [8; 15; 17; 24]. Tomy
CTBOPEHHSI MYJIbTUIUMCUUIUTIHAPDHUX KOMaHJ (haxiBLIB CIpHUS€ KOMIUIEKCHOMY 1 HIBUIKOMY
JOCSTHEHHIO KOHKPETHHX IUIeH opranizaii [ 14].

Tax, mynmbTuucuuruTiHapHicTs 3rimHo 3 J. Klein [18], — mporec, sikuii 3a6e3nedye aTuTHBHE
(He HTEerpayibHEe) MOEAHAHHS TUCIMILIIH. 3a TaKoi B3a€EMOJIi CKJIaZ0B1 NUCIUIUIIHYU Ta iX MeTa HE
3MIHIOIOTBCS, OJJHAK YaCTO KOHTPACTYIOTh, HAMPHUKIA, (Pi3vKa i ICTOPist, OI0JIOTIA i apXeoJIoris,
KUBOIIMC 1 peJiri€3HaBcTBO, IcTOpist ¥ apxirekrypa. MyiabTUAMCHUILTIHAPHICTL SICKPaBO
BUSIBJISIETbCS. Y Taldy3l OXOpPOHM 3JI0POB’s, KOJM JIIKapi, BUPINIYIOYM TMEBHI Mpoliemu,
(GYHKIIOHYIOTH SIK He3aJIexkH] (axiBIl y Mexax o/iHIel komanau [24].

[ToHATTS MYJABTUAUCUUIUIIHAPHOCTI BUKOPUCTOBYETHCA TaKOX Yy Kilacu@ikaliiax
HaBYAJIbHUX JIMCUUIUIIH, OCBITHIX XapaKTepuCcTUKaX (haxiBIiB, HABYAJILHUX IJIaHaX. 30Kpema,
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MYJbTUAUCHMUIUIIHAPHUNA MIAX1A Y BULIIM OCBITI PO3IVISIIAETHCS SIK  CHOCIO pPO3LIMPEHHS
HayKOBOT'O CBITOTJISIIY Y HampsAMKy (OpMyBaHHS LUTICHOTO 00pa3y O0’€KTY IOCIHIIKEHHS.
3aznauene ¢opmye y MaiOyTHROTO (axiBIsl YCBIIOMJIGHHS MOpPAJIbHOI W €THYHOI
BIJIOBIAAJILHOCTI 3a pe3yJIbTaTH 1 HaCHIAKU podeciiiHoi nisiibHOCTI [18].

VY KOJNEKTHMBHUX JOCHLKEHHSAX [5; 9] noka3zaHo, mo ¢OpMyBaHHS 1 PO3BUTOK
KPUTHYHOI'O MHUCIIEHHSI YUHIB CEpEIHbOI IIKOJIU peai3yeThes, 30KpeMa, 4epe3 po3poOIeHHs 1
IIMPOKE BUKOPUCTAHHS MYJIbTUAUCLUHUILIIHAPHUX (IHTErPOBAHUX) HAaBYAJIbHUX IJIAHIB.

VY HaykoBiil JiTeparypi Ta iH(OpPMAaLIMHUX JpKepenaX, 30KpeMa IHTEpHET-CTOPIHKAX
3aKJIaJiB MEOUIIMHU I OCBITH, MOXHa 3yCTPITH JOBOJI pPI3HI TPaKTyBaHHS IOHSTTA
«MYJIbTUIUCUUIUTIHADHUM IHTErPOBAHUNM HABYAJIBHUN IUIaH», K1 1HOJl CylepedaTh OJWH
onHoMy. @opMyBaHHS KOMIUIEKCHOIO HABUAIbHOIO IUIAaHy IHependadae  B3aEMOJIIO
BUKJIaJ]auiB, BUNTENIB PI3HUX MPEIMETHHUX Tajdy3eil 3 MeTO MoOy/J0BH HaBYAIbHUX 3aBJaHb,
Kl MalTh [MPAaKTUYHUM KOHTEKCT 1 IepeadadyaroTb BUKOPUCTAHHS MDKIPEIMETHUX
3aB’a3kiB [23]. PinHa ¥ 1HO3eMHa MOBa, MareMaTHKa, IPUPOJHUYI Ta CYCHUIbHI HAayKH, 1
po0oTa BUKJIa1a4yiB TEXHIYHUX AUCLMUILIIH B3a€EMOAIIOTh TAKUM YUHOM, 11100 OpIEHTYBAaTHCS Ha
BUPIILIEHHS LEHTPaJIbHOT Ipo0aemMu abo TeMHU.

B ocHoBi popmyBanHsi HaBuanbHUX MaHiB Ha migctaBi MJIII mexuTh BHOKpEMIICHHS
spa — peajbHO ICHYIOUMX NpOoOJIeMHUX 3aBnaHb (real world issue), 10 BUKOHAHHS SIKUX
3aly4yaroThCs MPUPOAHUYL (science) 1 couianbHi (social) Hayku, MareMaTtuka (mathematics),
npodeciitHo-TexHIYHA oOcBita (career technical educational), MOBHa KOMyHIKaiis 1
KOMIUIEKCHUH MIAXI A0 opranizaiii HaBuaHHs (ensamble learning approach) [23].

BinnmoBizHo  mo  jmocniypkeHb,  npoBereHux  A. Steinberg [20],  edexTuBHUI
MYJbTUAUCUMIUIIHAPHUNA IHTETPOBAHUM HAaBYAJBHUM IUIAaH MAa€ 33J0BOJIBHATH  TaKUM
OCHOBHUM KpUTEPLIM:

— aBTEHTUYHICTh (authenticity) nependayae (QopMyBaHHS HaBUaJIbHUX 3aBJlaHb Ha
OCHOBI pealbHOr0 KOHTEKCTY (IIpo0iieMu), BUPIILIEHHS SIKOTO Ma€ CEHC Ui y4Hs (CTyIeHTa) —
ocobucTe 1 ad0 coliaJbHe 3HAUCHHS, AK€ BUXOIUThH 32 MEXKI1 IIKUILHOTO;

— akKaJeMI4Ha CTpOTicTh (academic rigor) BUSBISAETHCS Y 3alydeHHI 3HaHb 3 PI3HUX
npeIMeTHUX obnacted, OpU I[bOMY 3aJHMIIAIOYUCh 30CEPEIKEHOI0 HABKOJO OJHIET
(meHTpasibHOI TMPOOJIEMH), PO3BHBAIOYM KOMIIETEHI[IT HAyKOBOTO CIOCOO0Yy MHCICHHS 1
TOTOBHICTb JI0 peaiizallii MPOeKTY 3 PI3HUX MO3ULIHN (IUCIIUILIIH);

— mpukianHe HaBuaHHS (applied learning) peamizyeTbCsi y HASBHOCTI KOHTEKCTHOT
OCHOBHM — YaCTKOBO CTPYKTYPOBaHOI COIIaJIbHOT 200 KUTTEBOT MPOOJIEMH 32 MEXaMU IIIKOJIN;
3a3Ha4Y€HE CKEPOBYE CTYACHTIB 10 HaOYTTS 1 BUKOPUCTAHHS KOMIIETEHI1 BUCOKOE()EKTUBHOL
npodeciitHoi  aismpHOCTI  (poOoTa B KOMaH[I, aJeKBaTHE BHUKOPHCTAHHS TEXHOJIOTIH,
KOMYHIKaI[isl TOILO);

— aKTUBHE JOCIIDKEHHS (active exploration) — 1€ iepeMillleHHS HaBYaJIBLHOTO TIPOLIECY
3a Mexi aymauTopii (Kiacy); BOHO Tiependadae ydacTh B PEATbHHX JOCTIDKEHHSX,
BHKOPHUCTAHHS PI3HUX METOIB, 3ac00iB, TEXHOJOTIH, 1H()OPMAMIHHUX [HKEPEII, BKIIOYAIOUN
JEMOHCTPAILIIO 1 MONYJSPU3ALII0 OTPUMAHUX PE3YJIbTaTIB;

— B3aEMOJIIS 3 JopociauMu ekcrnepramu (adult connections) 3MIACHIOETBCA Y Tpoleci
BUKOHAHHS MPOEKTY: 3YCTpiyl, KOHTAKTH, CIHIBIpals, KOHCYJbTAIlll 1 CIHOCTEPEKEHHS 3a
po0OTO0 eKcrepTiB (MEHTOpPIB, KOYYiB, ThIOTOPIB), SIKI MalOTh BiANOBIAHI ()axOB1 3HAHHS 1
JIOCB1JI, 1 MOXKYTb TaKOX OLIHUTH pOOOTY yuHs (CTYAEHTA);

— OUIHIOBaHHS (assessment) BIANOBIIHO O YITKUX KPUTEPIiB BiAOYBa€eThCs y MpoLect
PErYISIpHOTO BiIOOpakKeHHsI CTYJEHTaMH PE3yJbTaTiB CBO€i poOOTH (Mpe3eHTallli, BUCTaBKH,
JIOTIOBIMI, AEMOHCTpallii TOLIO); 1€ PO3BUBAE YCBIIOMIJIEHHS peajbHUX CTAHJApPTIB 1 BUMOT
I10JI0 BU3HAUEHHS CTYIEHS IPOYKTUBHOCTI A1SIIBHOCTI.

Orxe, MJIlI no d¢opmyBaHHsS HaBYaJbHUX IUIaHIB, $K 3a3Hayae J. McLachlan,
MIPU3BOJUTD JI0:
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— 3MIIIEHHS HAaBYaJbHOIO TPOILECY BIJ MNACUBHOIO JO AaKTHUBHOIO, WIO CIPUSE
3a]lyd4eHHI0 Bce OUIbIIOI KUIBKOCTI YYHIB Ta CTYACHTIB, SIKI CTalOTh HOro LEHTPOM 1
30CEpeKYIOThCS Ha PEaJbHO ICHYIOUMX IOIIYKOBUX IpoOsieMax, B SIKUX € «3apojKu» iX
MaiiOyTHBOT MpoQeciiHOT AISUTBHOCTI;

PO3BUTKY HAaBMUYOK y HaBYAaHHI: B3a€EMOJII0OYM 3 (PaxiBUAMHU, SIKI MAIOTh CIpaBy 3
LIKaBUMH 1 3aXOIUIIOIOUYMMHU MpoOIeMaMu, CTYIAEHTH YCBIIOMIIIOIOTh HEOOXIAHICTH BUCOKOT
YCHIIIHOCTI Y BUIIIM KO, pO3yMIIOTh LUISIXM HAYKOBOT'O 1 IPO(eCciiHOTO pO3BUTKY;

— CTBOPEHHSl CHPHUSTIMBUX YMOB JUIi CAMOBUP@KEHHS CTYACHTIB, BHSBJICHHS
OCOOUCTICHUX IHTEPECIB, JEMOHCTpaLil YHIKaJIbHUX 3I10HOCTEH, 3aCTOCYBAaHHS PI3HOMAaHITHHUX
CTWJIIB HABYAHHA 1, IK HACNIJJOK, OCBOEHHS aKaJIEMIYHOT'O 1 TEXHIYHOTO MaTepiajly BUCOKOTO PIBHS;

— MIATPUMKH TPOMAJCHKICTIO PO3BUTKY I€pe YCIM, BHUIIMX LIKUT 4epe3 3ajyuyeHHS
KJIFOYOBHUX 1HBECTOPIB Bifl IHAYCTPIil, OCBITH 1 MICLIEBUX I'pOMaJ, sIKl 3a0€3Me4yI0Th BCEOIUHY
MIATPUMKY IHIIIaTUB B OCBITI, MalWOyTHe mpaleBiamITyBaHHd. Lle Takoxk crocyeTbes 1
CepeHbOI IIKOJIM, JIeé BEIMKY pPOJib y BIPOB3IKEHHI OCBITHIX IHILIATUB MAa€ BiJIIrpaTH
OaThKIBCHhKA criuThbHOTA [ 18].

MaciiraGHi JOCIKEHHS IEPEI0BOTO MeAaroriaHoro JocBiny, nposeseni I. Jpaiinen ta
JIx. Boc [1] nemoncTpyroTh, mo M/, 3acHoBanmit Ha MPOOIEMHO-OPIEHTOBAHOMY 3aBJIaHHI €
3aco00M TepcoHami3alii HaBYaHHS: TMOEAHAHHS HABYAIBHOTO CTHJIIO Ta I1HAWBIAYaTbHOTO
MIAXOAY, MPU3BOJIUTH A0 BCEOIYHOTO PO3BUTKY MOTEHIIMHUX 3/11I0HOCTEN yUHSI.

JlocnipkeHHsl BUSBUIIO, IO € KUIbKA MPHUYMH, 32 SKuX 3actocyBaHHs M/III € Gaxxanum.
Hacamnepen ue crocyerbes BleHIGHHS[ peabHUX (COIIaJIbHUX, €KOJIOITYHUX, MPOMHUCIOBUX
Ta iHKEHEpHUX) NpoOieM. IX po3B’A3aHHS TUILKM 3piaka OOMEKYEThCS PaMKaMHU IIE€BHHX
aKaJeMIYHUX JTUCUUILTIH, K1 Y CBOIO YEPry € Pe3yJIbTaTOM IUTYYHOTO JIpOOJIEHHS 3HaHb.

[To-npyre, 3acrocyBannst M/II1 epexTuBHE y BUMAAKy BUPIIMIEHHS CKJIAAHOI MPOOIEMH.
Tak, y JaBHUHY IpakTU4HI 3aBAaHHs Oyl BiIHOCHO mpoctuMmu. Hanpukinan, 3HaHHS
MPUHIIUITB A1l TPOCTUX MEXaHi3MIB (BaXKib, IIKIB, KOJIECO 1 BiCh, MOXMWJIA TUIOIINHA, KIWH 1
IBUHT) Oy/nO JAOCTaTHIM Juis NOOYAOBM IHIIMX 3HapsAdp Mpali, TPAaHCHOPTHUX 3aco0iB,
OyxaiBenb Touio. O/HAK, CTBOPEHHSI, OCBOEHHS 1 PO3BUTOK CyYaCHUX TEXHIKM Ta TEXHOJIOTIH,
Kl €KCIMOHEHI[IaJIbHO PO3BUBAIOTHCS, € MOXJIMBUMHU JIMILE Yy CHUIbHIA KOMaHAHIA poOOTI
€KCHEePTIB 3 PI3HUX IUCLUIUIIH, K1 BUPILYIOTh JIMIIE HEBEIMKY YacCTUHY KOMIUIEKCHOI
npobnemu. Cronu ciij BIAHECTH, HANpPUKIAA, AOCIUDKEHHS Yy Tainy3l O010iH(OpMAaTHKH,
BOJTHEBUX MAJIMBHUX €JIEMEHTIB, OXOPOHH 370POB’Sl, COLIAIBHUX IPOOJIEM TOILO.

3 inmoro 6oky, MJIIT 3abe3nedye po3risa npodieMu AOCTIIHKEHHS 3 PI3HUX TOYOK
30py. Excriepty 3 pi3HUX IMCHUIUTIH CIOCTEPIraloTh 1 pearyroTh Ha OTpUMaHi J1aH1 BIAMOBITHO
70 CTPYKTypH npeametry. MoBo3HaBelb 1 PI3UK YUTATUMYTh OJIHY U Ty 5K KHUTY HO-pi3HOMY,
nepeOyBaro4M y MoJIi CBOIX KOMIETEHITIH.

Cnin 3a3nauntu, mo MJII Hamae MOXIMBOCTI IJIsi CTBOPEHHS HAWOUIBIN 3arajibHOT
Teopii BIANOBIZHO 10 TpoOiemMu jgociimkeHHs. [IpoBeneHHS JOCHIIKEHHS TMOTpeOye
MIpaBMWJIbHOI MMOCTAaHOBKM NuTaHHsA. Hanpuxiian, y AociaipkeHHSIX y cdepl 0OXOpOHU 310pOB’A
sIBHE BUKOPHUCTaHHS OlOMeIu4HOi Teopii (Hampukiaza, (i3iosorii) 1 HEsIBHE BUKOPUCTAHHS
comiagbHOi  Teopii  (Hampukiaj,  TEHAEPHOro  MIAXO0JQy)  BHUMarae  BCeOIYHOIO
MyJIbTUAUCHMILIIHAPHOTO Miaxoay. OkpiM TOro, iCHye peajbHa HeOe3leKa «BHCHAXKEHHS» 1
«repen0auyBaHOCT» OKPEMUX AMCLMILIIH, 110 TSATHE 32 COO0I0 KPU3Y 171l 1 YHEMOXKIIMBIIIOE
nporpec. MJII no3Bosiie «poO3AUBUTHCS» NpoOieMy 3 pI3HMX MO3ULIA 1 3MEHIIUTH
«OJTHOBUMIPHICTBY OIIHKH.

[IpoBenenuii ananiz BusiBuB, 10 Hanuactime MJIII 3acTocoByeTbes y ramy3i OXOpOHHU
3I0POB’s: I PO3POOKM KOHCEHCYCY Y KIIHIYHUX BU3HAYEHHSX 1 MPOTOKOJIAX JIIKYBaHHS
CKJIaJIHUX 3aXBOPIOBaHb Ta CTaHIB [15], HaJaHHS MWHUPOKOTO CIIEKTPY KOMIUIEKCHUX MEINYHUX,
TICUXOJIOTTYHHUX 1 COI[IAIbHUX MOCTYT [6; 15; 24].
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JloBeneHo, 110 cruibHa poOOTa Mae psiJ MepeBar: po3MINPEHHs 3HaHb, PO3BUTOK JIIOJIEH
Ta oOprasizamii, OUIbII e(QeKTUBHE BHUKOPHUCTAHHS pECypCiB 1 MEPCIEeKTUBHUX IUIAHIB,
MIHIMI3allisl HEMOTPIOHUX BUTpPAT, MIABUILNEHHS €(PEKTHUBHOCTI 1 skocTi pobOoTu. IlepeBaru
TaKOX BKJIIOYAalOTh B ce0€ MOXMJIMBICTh IUCKYCli MDK ydacCHUKaMH, poOOTYy Yy KOMaHIi,
OTpUMAaHHS HOBUX 171ei, HA0yTTS HABUYOK, IO3UTUBHUIN BILUTUB Ha MPpodeciitHy Kap’epy.

[IpoBenenuit aHani3 BUSBUB, 1110 €PEKTUBHICTb 3acTocyBaHHs M/III y komanaHii po6OTI
Majo JociipkeHa, a 1o HenoJsiikie MJIII BimHOCSATB, 30KpeMa, BIACYTHICTb JOCHIIHULIBKOL
CTPOTOCTI, HEMOCHIZOBHICTh y TepMiHoJorii. KpiM TOro, 3amydeHHs MyJAbTUAMCLMILIIHAPHOT
KOMaHJ¥ JI0 PO3IJIsily NEBHOT MpoOeMU HE 3aBKAW BUIIPABJaHE: JEAKl IPOEKTH HACTUIbKU
IpPOCTI Ta 3pO3yMili, [0 BOHM HaMKpamie MOXXyTb OyTH BUKOHAaHI OJIHI€I0 0C00010, abo
excriepraMu-(axiBisiMu 3 oaHiel qucuuriiny [ 14]. Peamizaris iHIIUX CKJIAIHINIUX TPOEKTIB
MOX€E TMOTpPeOyBaTH 3alydCHHsS JEKUIbKOX IUCIUIUIIH, aje 1€ MOXe 1 He MPU3BECTH 0
BUpIILIEHHs MpoOieMu. [HOMI B X0l BUKOHAHHS KOMAaHIHOTO MPOEKTY MDKAMCLUMILIIHAPHI
KOH(DIIIKTH Ta 1HII1 (AaKTOPU MOXKYTh IPU3BECTH JI0 MPOBAILY.

3ayBaxxumo, 110 akTuBHE BHpoBamkeHHA STEM-ocBith B YkpaiHi CyNpOBOIKYETHCS
CTBOPEHHSIM DPI3HOMAHITHUX MDKIUCIMIUTIHAPHUX METOJMK HaBYaHHS, SKI TPYHTYIOTHCH,
30kpeMa 1 Ha BukopuctanHs MJII. SlckpaBum npukinagom 3a3zHadeHoro € STEM-mpoext
«S16myko», 3anmpoBajkeHuit y rimHaszii imeHi Tapaca IlleBuenka (M. Kponusuuubkuii). Jlo
peanizanii JOCHUIKEHHS OJHOWMEHHOTO O0O0’e€KTy Oyso 3allydeHO OUIbIIICTh HaBYAJIbHUX
JTUCIUILIIH 1 BC1 BIKOB1 KaTeropii yuHis [2].

Binomo, 110 BUKOpUCTaHHSA LHU(PPOBUX BUMIPIOBAIBHUX KOMILJIEKCIB 3HAYHO ONTHUMIZYE
mpouec peanizamii MDKIUCUMIUTIHAPHUX HaBuyaidbHUX MpoekTiB [11]. CTpykTypHi cKianoBi
OCBITHBOTO CEpEeJOBHINA (a came, COILIaJbHO-OCOOMCTICHA, NPOCTOPOBO-MaTepialbHa Ta
iHpopMauiiiHo-TexHonoriuia)  STEM-nabopatopii  MAHJIa®0  crnpusitoTb  CTBOPEHHIO
poOJIEMHO-OPIEHTOBAHUX 3aB/IaHb Ha ocHOB1 MJIII.

[legaroriyHa mpakTuKa MOKa3ye, 110 peajizalis MYIbTHIAUCUUIUTIHAPDHUX MPOEKTIB «y
YUCTOMY BUTJISI/II» y CEPENHIA Ta BHUIMINA MIKOJI € JIOBOJI CKJIAJHUM HAaYKOBO-METOJIMYHUM
3aBIJAHHSM, YCIIX SKOTO BHU3HAYAETHCSA, HacamIlepe/, BUSHAYCHHSIM ONTUMAILHOTO 00’€KTa 1
MOJAHHS MPEAMETIB JOCTIKEHHS Yy BUIIIAA1 TPOOIEMHO-OPIEHTOBAHOTO 3aBaHHs. BoueBup,
el eTarn BiI0yBa€eThCS 3a TICHOT B3a€MO/I1i BUKJIAJ[auiB PI3HUX JAUCLUILTIH.

HaBenemo mnpuximam po3poOieHOro aBTOpaMH CTAaTTI HABYAIBHOTO JIOCHIDKEHHS 3
BukopuctanusiMm MJIII, HaykoBy OCHOBY $KOTO cKilagae (i3uyHe Ta XIMIYHE 3HAHHS.
3a3HauMMoO, IO HaWOUTBII 3py4HOIO (OPMOIO TOJa4Yl HABYAIBHOTO MaTepialy 3
BUKOPHUCTAHHIM LIU(PPOBUX BUMIPIOBAIbHUX KOMIUIEKCIB € TEXHOJIOTTYHA KapTa.

Tema pooomu: /locniorycennsn gpomo nepemeopeHHs XiMivHUX YACMUHOK

3ae0anns Oocniodxcenns: JOCHITUTH BIUIMB TEMIEpAaTypd Ha 4Yac 3MIHH KOJIbOPY
Marepiaiay, YyTJIMBOTO JI0 YIbTPadioJeTOBOrO OMPOMIHEHHS.

Pesiome. binbma dactuHa ynbrpadioneroBoro (YD) cBitia, ske HaaxoauTh Bix CoHI,
norJimHaeTbest arMocdeporo 3emuti. OqHak HOTO TIEBHA YacTHHA JIOCATAE 3eMJIl Ta MOXKE OyTH
BHSIBJICHA, HAMPUKIAJ, 32 JOTIOMOTOIO €JIEKTPOHHUX MpUCTpoiB. OAHUM i3 I[IKaBUX METO/IIB
peectpaiiii Y® 4acTUHU COHAYHOIO CHEKTPY € 3acTocyBaHHs Y@ rpanyn (YOI'), sKi MICTATH
dbotoxpomuuit mirmeHT (Buxopucrano imero https://www.sciencebuddies.org/science-fair-
projects/project-ideas/Chem_p088/chemistry/chemical-reaction-rates-in-ultraviolet-
beads#summary).

Kopomxki meopemuuni  8idomocmi. ®otoxpomis — o00opoTHE (HOTOMEPETBOPEHHS
pPEUOBHH, SIKI MAalOTh Pi3HI CHEKTpU MNOriIMHAaHHA. lle sBUILE NpPOSBIAETECA B O0OOPOTHUX
3MiHaX y 3a0apBJ€HHI PEYOBUH, SIKI € HACIIIKOM OO0OpOTHOI mepeOymIoBH MOJEKYI
(TayroMepwu3aiiii, TuMepu3ariii, ucoiiaiii), ado iX eIeKTPOHHOTO CTaHy (Mepexia 3 OCHOBHOTO
CUHIJIETHOTO y 30Y/PKEHUU TPUIUIETHUI CTaH) IiA BIUIMBOM cBiTia. [Ipu 11bOMy MOryiMHAHHSA
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Y® uym BUIUMOTO CBiTJAa MOXKE BHUKIMKATH SK TPsAMY, TaK 1 3BOPOTHY pEAKIIIIo
(https://uk.wikipedia.org/wiki/).

YOI' 3MIHIOIOTH KOJIp TOMI, KOJW BOHU MIJJIAIOTHCSA BIUIMBY COHSYHOTO CBITJIA a0o0
IHIIOrO JKepena, sike MICTUTh Y@ ckiafoBy crekrpa. JleHHe CBITJIO Ha BYNIHWII HaJlae iM
PI3HHUX KOJBOPIB: YEPBOHOTO, OPAHXKEBOT'O, >OBTOIO, CHHBOrO Ta (ioneroBoro. Taka
BJIACTHUBICTb, 30KpEMa, BUKOPUCTOBYETHCS JJIsl CIIOCTEpEXEeHHS 3a BIIMBoM Y® cBirtia y
npukpacax 3 YOI'. BoueBuap, YOI 3anumiaroTecsi 6€30apBHUMH Y CBITII1 TOOYTOBHX JIKEPEIT,
K1 He reHepyoTh Y@ ckiiajoBy.

YOI' BurorosieHi 3 0u10r0o abo MPO30pOro IUIACTHKY 13 (POTOXPOMHHM OapBHUKOM.
XiMiyHa peakiis, sika BinOyBaeTbcsa mia BIUIMBOM Y@ CBiT/IIa NPU3BOAUTH 0 3MIHM TUIY
3B’SI3KIB 1 OPMH MOJIEKYJ, SIK 1€ MoKa3zaHo Ha puc. 1. [lepebymoBa Monekynu 060poTHA, TIPO
10 BKa3ylOTh CTPUIKH Y ABOX HamlpsMKax.

v
heat

leuco fom calored form

Puc. 1. [Ipuknan MoneKynu, ska 3MiHIOE KOJip mij] BIuinBoM Y @ cBiTiia

«KomsopoBa» (opma MOJIEKyaM HECTIiKa, TOMY, HaBiTh 3a KIMHATHOI TeMIIEpaTypH
MOBEPTAETHCS Ha3al A0 ii «06e30apBHOD» hopmu. LlIBuKkicTs 3HEOapBICHHST O€3YMOBHO 3aJICKHUTh
Bin Ttemrieparypu. OTKe, METOIO JOCHIDKEHHSI MOKe OYTH € BUBYCHHS TOTO, SIK TeMIIeparypa
BIUIMBA€E HA Yac, YIPOJOBXK SIKOT'O MOJIEKYIIU MIOBEPTAIOTHCS JI0 iX MONEPETHHOIO CTaHYy.

Obnaonanna. Tpu CKISHKM 3 TeruioizontoroduM mapoM, Y®I', yamku Ilerpi, mipHa
CKJISIHKA, BlJI€OKaMepa, TpU TepMOMETpH, yibTpadioseroBuil onpomintoBay, [1K, Boza.

Excnepumenmanvua npoyeoypa.

1. [Momictite YOI' mix Y® ompomiHIOBaY Ta po3COpTyWTE iX 3a OJHAKOBUMU
KoJbopamu. Po3copToBaHi rpanyian nokiaaaite y yamku [lerpi.

2. BnuiiTe y KOXHY CKISIHKY OJIHAKOBY KUIBKICTh BOJM PI3HOI TEMIIEPATYpU: OPIEHTOBHO
60°C, 20°C, 5°C.

3. IlomicTiTh Y KOKHY CKJISHKY TepMOMeETp. BummkyiTe CKISHKM B OJHY JIHIIO 1
MOKJaAITh TepeJ HUMH Ha apKymax nanepy 0e30apBHI TIpaHyiau, sKki OyayTh
BUKOPHCTOBYBATHCS Y SIKOCTI €TaNOHY KOJIBOPY (PHC. 2).

o

Puc. 2. CxisiHKH, HAOBHEHI BOJIOIO 3 PI3HOIO TEMIIEPATYPOIO
4. Hanawryiite BiieokaMepy AJisi 3HOMKH.
5. BumipsiiTe 3HaueHHs TeMIlepaTypH Y KOKHIN cKIsHIL. MoxHa 3adikcyBaTH Ha B1I€o.
6. Bmictite wamiky Iletpi 3 rpanyinamu mijg ONpoOMIHIOBaY, JOTPUMYIOUUCH MPaBHI
0e31eyHOT0 OBOKEHHS 3 pKepenamu YD cBiTia.
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7. Iicnst HaOyTTS rpaHyjaMU IHTEHCUBHOI'O KOJIbOPY, YBIMKHITH BiJI€03aIIUC Ta IIBUJIKO
MEPEMICTITh iX Y TpU CKIISTHKU 3 BOJOO MPUOJIM3HO B OJTHAKOBIN KUIBKOCTI.
/4

|
Puc. 3. BisyanbHa péGCTpauiﬁ pi3Hul 3He0apBiIcHHsT Y @I

8. JlouekaiiTecss MOMEHTY, KOJIM TPaHy/Id 3HEOAPBIISATHCS Y CKIISHIIL 3 0XOJIODKEHOIO BOJIOHO.

9. IloBTOpiTh ToOMepenHi nii M€ JeKiIbKa pasiB, [JaloYd BOJlI Y CKISHKax
OXOJIOJKYBAaTHCS Ta IPOrPIBATUCH.

10. Ckomiroiite Bigeo3anucu Ha [1K.

Amnaniz oanux

1. Chopwmyiite B Tabnuisax Excel ocHOBY 1151 3aHECEHHS JaHUX.

2. Tlepernsinatoun 1o yep3i Biieo3amnucy, 3aHeCiTh y TaOIUII0 3HaUeHHs Temiiepatypu (°C B
KO>KHIM CKJISIHII T Yac, yIPOJIOBXK SIKOTO IPaHy/y 3He0apBIIIOIOTHCS T. Yac BUpPa3ITh y CEKYHAAX.

3. Ilepepaxyiite 3HaueHHs Temneparypu y KenbBinu.

4. Inctpymentamu Excel moOyayiTte rpadik 3alexHOCTI yacy 3HeOapBIE€HHS Bil
TEeMIIEpaTypHu.

5. O6epiTh NeKiIbKa OJHAKOBUX TEMIIEpAaTYpHHMX J1alla30HIB Ha LIKajJl TEMIEpaTyp Ta
3p00iTh BUCHOBOK CTOCOBHO LIBUKOCTI 3HEOAPBIICHHS Y LIUX Jl1alla30Hax.

3anponoHyiTe BapiaHTH MPAKTUYHOTO BUKOPUCTAHHS IOCIIHPKEHOIO SBUIIA.

3ayBakuMo, IO ISl peatizallii 3aBJaHHs y 3alPOTIOHOBAHOMY MPUKIIA/Il HEOOXITHUM €
3a]lydyeHHs 3HaHb IMEpeBaXHO 3 (QI3UKH, XiMIi Ta MaTeMaTuku. BupasHUMHM € TakKox
1H(MOpMAaIIITHO-TEXHOJIOTIYHI HAaBWYKH, TOB’S3aHI 31 CIOCOOOM aHai3y BIJEOJAHMX Ta iX
MaTeMaTUYHUM OTPALIOBAHHSIM.

BoueBuap, Takuil IpoeKT MOXKE CTaTU OCHOBOIO JJIsi OUIBII IIMPOKOrO MpOOIEMHOIrO
3aBJIaHHSA, I[IOB’SI3aHOTO, 30KpeMa, 31 CTBOPEHHSM II€BHOI'O HABYAJIBHOTO CTapTamy:
MIPOEKTYBaHHS «IIPOAYKTY», B OCHOBY JIii SIKOTO MOXe€ OYTH HMOKJIaJE€HO AOCIIDKEHY paHille
TEMIIEpaTypHY 3aJeKHICTh. Taka MOCTaHOBKA MUTAHHS 3HAYHO PO3IIMPIOE Jiara30H 3HaHb,
HEOOX1IHUX JJIs HOTo peaizallii, 10J1y4alourd eKOHOMIYHI Ta colllaibH1 HAYKHU 1 MOTJINOIII0I0UN
dbopmyBanHs HaBUUOK XX CTOMITTS.

BucHOBKM i mepcneKTHBH MOJAJNBIINX PO3BUAOK. [IpoBeneHe NOCHIPKEHHS JI0BEJO,
mo MJII Moxe ycHilmiHO BHUKOPHCTOBYBATHCS A (OpMYBaHHS NIpoOJIEMO OPIEHTOBAHUX
HABYAIIbHO-IOCIIAHUX 3aBJaHb [ Y4HIB i cTymeHTiB. Moro 3actocyBaHHs 3abesmeuye
MeBHUH piBEHb IHTETpallii HaBYaATbHUX AUCHUIUTIH. OgHAK, HA BIAMIHY, HAIIPUKIIA, Bl IHTEp-
1 TpaHCAUCIUIUTIHAPHUX MiAXOMAiB, 3actocyBanHs MJIII mepenbavae, 1m0 AOCIKEHHS Mae
3/IMCHIOBATHCA y paMKax HAayKOBHUX KaTeropii 1 METOJOJIOrii KOXHOi 3 OHTOJOrIH, 0e3
BUPOOJIEHHS CIIUIbHUX CTPATErii, IHCTPYMEHTAPIIO 1 OHSATb.

CydacHi miaxoau 10 HaBYaHHS, JI0 SIKUX, OKpeMa, HanexxuTh STEM-ocBiTa, CTBOPIOIOTH
CHPUATIUBI YMOBH Ui Bukopuctanus M/II1 y popMyBaHH1 HaBYaJIbHUX IUIAHIB, SIAPOM SKHX,
SK B1IOMO, € MPOOJIEMHO OpIEHTOBAHI 3aBJaHHA. HaliOuiply HIHHICTH NPU IIbOMY CKJIAJIAl0Th
Takl 3 HHX, SIKI MOXYTb OyTM METOAMYHO JIETKO 1 JIOTIYHO PO3BHHYT1 Bl MPOCTHUX,
OpPIEHTOBAHMX HAa OTPUMAHHS NEPEBAXKHO 3HAHb 3 OKPEMHUX HAaBUAJIbHHMX IPEIMETIB, 10
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CKJIQJIHUX, SIKI, 3aJIy4arouu COLliajibH1 HayKu, (OPMYIOTh HAYKOBY KapTHHY CBITY 1 CIIPUSIIOTH
SKHANIIBUAIIOMY PO3BUTKY KIHOUOBUX HaBUYOK XXI CTOMITTS.

[Tomanpmmmu nepcnexktuBaMu y pociuikeHHi MJIII € crBopeHHst OaHKy 3aBjaaHb,
NPUJATHUX JUIS BUKOPUCTAHHS Yy CepelHI Ta BHILINA IIKOJIAX, MO3alIKUIbHIA OCBITI, iX
BIIPOBA/PKEHHS y NIEIaroT1YHy MPaKTHKY.

[Hmwmii  acmekt, SKU MaTuMe TEOpPeTHMYHY 1 MPAKTUYHY LIHHICTh, CTOCYEThCS
JOCIIJKEHHSI TUHAMIKKA B3a€MO/IIT PI3HOBUIIB MDKIUCIHUILUIIHAPHOCTI, 30KpeMa, B3aEMO/IIi Ta
B3a€EMHOI TpaHcpopMallii TpaHC-, IHTEP- 1 MYJIbTUIUCLUIUIIHAPHOCTI Yy JAOCIIDKEHHSX,
HaBYaHHI Ta, 30kpema, y STEM-ocBiri.
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Chernetsky Igor', Slipukhina Irina’, Polikhun Natalia®
National Center «Small Academy of Sciences of Ukraine», *National Aviation University, Gifted Child Institute
of National Academy of Sciences of Ukraine
MULTIDISCIPLINARY APPROACH FORMING STEM ORIENTED EDUCATIONAL TASKS

The terms «multidisciplinarity», «interdisciplinarity» and «transdisciplinarityy are used to indicate the
interaction of several disciplines. The multidisciplinary approach in the research engages knowledge from
different subject areas, but does not combine them. The aim of multiple disciplinary approaches in the research is
to comprehensively examine and solve real world or local complex problems that require the involvement of a
wide range of specialists from various disciplinary branches. The main features of the application of the
multidisciplinary approach (MDA) in the research are the interaction of several disciplines; specialists in
individual disciplines coordinate but separately examine various aspects of the problem, using specific
knowledge, methods and tools, the conclusions of individual studies are summed up and compared, the problem
solution is the sum of individual parts (conclusions) obtained within the limits of each separate discipline. At the
same time, the transfer of research methods from one discipline to another, as a rule, does not occur, the
boundaries between disciplines stay preserved. The use of the MDA is desirable to address the real (social,
environmental, industrial and engineering) problems, in the case of solving a complex problem, to create the most
general theory according to the research problem. The MDA is effective in the expert groups work, in situations
where the solution of a problem needs to take into account the set of known factors that are the subject of research
of other monodisciplines. Such additions from different ontologies make it possible to approach a sufficiently
complete knowledge. The MDA in the middle and upper secondary school mainly forms and develops the critical
thinking of students, and in higher education is a way of expanding the scientific worldview towards the formation
of a holistic image of the object of research and forms the awareness of moral and ethical responsibility for the
results and consequences of professional activity. An effective multidisciplinary curriculum must be authentic,
academically rigorous, focused on an active contextual study, interaction with experts (adults) and should include
an assessment. The introduction of STEM education is accompanied by the creation of a variety of multiple
disciplinary teaching methods, with the use of the MDA in particular.

Digital measuring systems greatly optimize the MDA in teaching. This is demonstrated with the example of
the technological map creation for the study of the photochromy phenomenon.

Keywords: STEM-education, multidisciplinarity, multidisciplinary approach in learning, problem-oriented
task, digital measuring complexes, photochromia.

YepHeuxkuii I/Iropl, Caunyxuna I/Ipmlaz, MMonuxyn Haranus’

'Hayuonanenwiii yenmp «Manas axademus nayk Yepaunoly, >Hayuonanvhbiii asuayuonnslii ynieepcumen,
 Unemumym odapennozo pebenka AITH Yipaunby
MYJbTUIACIHUIIIMHAPHBIA NOJX0/ B ®OPMUPOBAHUM STEM OPUEHTUPOBAHHBIX
YUYEBHbBIX 3AJIAHUM

Tlposeden ananusz cywHocmu NOHAMUS «MYAbMUOUCYUNTUHAPHBIL NOOX00», UCCIEO08AHbL 0COOEHHOCTU,
npeuMywecmed U HedoCmamKy e20 NPUMEHeHUst 8 ucciedoganusx u ooyuenuu. B ceeme STEM-cmpamezuu 6
00pa3osanuL BbISICHEHbl OCHOBHbIE MPeOOBANUS K MYTbMUOUCYUNTUHAPHOMY YHeOHOMY NIAHY, CPeou KOMOPbIX
AyMeHMUYHOCIb, aKA0eMU4ecKkdsi Cmpo20Cb, KOHMEKCMHOCIb, aKmMueHoe ucciedoganue u opyeue. Ilpusedena
MEXHONI0SUYECKAsl Kapma MYIbMUOUCYUNTUHAPHO20 YYeOHO20 UCCIeO08ANUS S6TIeHUs. (DOMOXPOMUL, KOMOpPOe
OCYIeCmesiemcst ¢ UCHOIb308aAHUEM YUDPOBbIX cpedcms 00pabomKu IKCNEPUMEHMATbHBIX OaHHbIX. Bolsichenul
NepCnekmuebl 6HeOpeHUsl, HANPAeIeHUll Paeumust U UCCie008anus dPhexmusnocmu MyrbmuoOUCYUnIUHAPHOZO
nooxooa 6 0Opaz06aHuUu.
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Knroueevie cnosa: STEM-obpasosanue, mynomuOuCyuniuHapHoCms, MyabMUOUCYUNIUHAPHBII NOOX00 6
obyuenuu, nPodIEMHO OPUEHMUPOBAHHOE 3a0anue, YUPPosble UsMepumenbible KOMNIEKCbl, (POMOXPOMUSL.

BIJOMOCTH ITPO ABTOPIB

Yepueupkuii Irop Cranic/iaBoBIY — KaHIWIAT TTE]aroriYHIX HAYK, 3aBiyBay BiIIUTY CTBOPEHHS HaBYAJILHO-
TEMaTUYHHUX CHUCTeM 3HaHb HamioHanbHOro nentpy «Maia akajemist Hayk YKpaiHm»

Kono nayxosux inmepecis: BUKOPUCTaHHS IHHOBAMHIX TISarOTIYHIX TEXHOOTIH.

Cuainyxina Ipmna AmpapiiBHa — JOKTOp TNeIaroriyHuX Hayk, npodecop Kadeapu 3aragbHOI (Qi3UKH
HanionanbHoro aBiamiifHOro yHiBepcuTeTy

Kono nayxoeux inmepecig: Teopis i MeTOAWKAa HaBYaHHS (I3UKM y BHUILNIA IIKOMi, TEOpis 1 MpaKTHKa
BrpoBapkeHHs1 STEM-miixo/y B OCBITi, BAKOPUCTAHHS IHHOBAWHUX I1€arOTIYHIX TEXHOMOT 1.

Monixyn Haraist IBaniBHa — KaHIUIAT NeJaroriyHUX HAyK, CTAPIINIA HAYKOBUH CIIBPOOITHUK, IPOBIIHUIHA
HayKOBHH ciiBpoOiTHUK [HCTUTYTY 001apoBaHoi nutnan HATTH Ykpainu

Kono nayxoeux inmepecis: Teopis 1 MPaKTHKA HABYAHHS Ta PO3BUTKY OONAPOBAHUX JITEH, TEOpIisA 1 MPaKTHKA
HayKOBOI OCBITH, 30Kpema, BripoBapkeHHs STEM-miixomy B OCBITi.

YK 378.011.3-051:35.073.515
Yymauenko [ldap’s
Hayionanvnuii neoacoeiunuit ynisepcumem imeni M.11. /[pacomanosa

MIIBULLIEHHS EOEKTUBHOCTI NIITOTOBKM MEJATOI'IB
MPO®ECIHHOTIO HABYAHHS ITPU BUBUEHHI JUCHUILJITHA
«CYYACHE JLJIOBOJACTBO»

Y cmammi posensoaemocs numarnns niosuuienHs eQekmueHocmi nio2omosku 6aKkanaspie cneyiaibHocmi
015 «llpogpecitina ocsima (3a cneyianizayismu)y nio uac euguenHs Hasuanvbhoi oucyuniinu «Cyuache
0i10600cme0y. Busnaueni ocobnruseocmi opeanizayii camocmitinoi pobomu cmyOoenmis npu 6UEHeHHi OUCYUNIIHU
«Cyuacne 0inosoocmeoy. Ilpoananizoeano cmpykmypy oucyuniinu «Cyuache 0in10800cmeoy. AKyeHmyemucs
yeaea ma euxopucmanui xmaprozo cxosuwa Google Drive. [Ipedcmagieno 00c¢6i0 camocmiiiHozo cmeopenHs
3a60anb 01 KOHmMpoio cmydewmie Ha 6aszi niam@opmu Moodle. Bsascaemo, wo niocomoexa neoazocie
npoghecitinoeo naguanns y npoyeci auguennsi oucyuniinu « Cyuactne 0ino800cmeo» mMae cnupamucs Ha mi ¢opmu
HABUaHHs1, SKI OPMYIOMb 3HAHHS, YMIHHA | HABUYKU [ Mi, WO CMEOPIoIOMb YMOBU O/ (YOPMYBAHHS Y CIMYOEHMI8
30amHoCmi 00 CamoCmilHO20 NPULHAMMSL Pillelb, BUCOKOT npogecitinoi MoOIIbHOCTI, KA XAPAKMEPU3YEMbCsl 6
neputy uepzy 30AmMHICMIO CAMOCMIUHO OMPUMY8AMU HeOOXIOHI 3HAHHA, NOCMIUHO [ CAMOCMIUHO SYUMUCS,
IHMEeNeKmyanoHo PO36UEAMUCS.

Knrouosi crosa: cyuache 0inosoocmeo, nedazoe npogeciinoco Hasuanhs, npogeciiina ocsima, Google
Juck, Moodle.

IlocranoBka npodsemu. [linroroBka BUCOKOKBaNi(hiKOBAaHUX MEAAroris npogeciitHoro
HABYaHHS 3 BUCOKHUM IHTEJIEKTYaJbHUM MOTEHIIIAJIOM CKJIa/1a€ OJUH 3 IPIOPUTETHUX HAMPSMIB
Cy4acHO{ OCBITHBOI ITOJITUKHU YKpaAiHU 1 TOMY € FOJIOBHUM HANpsSIMOM HAIIOTO JTOCIHIIKEHHS.

3 MeTo MIIBMILEHHS e(EeKTHMBHOCTI MIArOTOBKH BHUCOKONpodeciiHux (¢axiBIliB,
HEOOX1IHO Y3roJIMTH KOMIIOHEHTU Ta 0COOIMBOCTI LLIICHOT cCUCTEMHU NMPOQECIitHOT MIATOTOBKU
MaiOyTHIX neaaroris npodgeciiinoro HapuaHHs. Came ToMy JlaHa rpoOseMa BiJIrpae BaXJIUBY
poib y Teopii Ta TpaKTUIl MIATOTOBKM MaWOyTHIX OakanmaBpiB cremianbHoCcTi 015
«IIpodeciitHa ocBita (3a crnemiamizanismMu)» y HaimioHanbHOMY TeqarorivHoMy yHIBEPCHUTETI
imeni ML.I1. JIlparomanosa.

AHaJji3 ocTaHHiX Aochaigkenb 1 myOaikauniii. TeopeTuuHi 1 METOOUYHI 3acajau
MITOTOBKHU TENaroriB mpo(ecifHoro HaBYaHHS y BUIIUX HABYAIBHUX 3aKJIaax 3 TO3UIIIN
¢utocodii ocBith 3Haxogumo y gochiypkeHHsx —B.II. Angpymenka, B.I'. Kpemens,
H.I'. Huukano, O.A. llyneru, O.E. KoBanenko, O.IL lllepbak Ta iHmmx; 3 mo3uIii
YIAOCKOHAQJIICHHSI HAaBYAJIBHOTO MPOLECY Y BHUILMX HAaBUAIBHUX 3akiagax — A.M. Anekcroka,
B.€. Binorypa, f1.4. bomo6ama, A.O. Bepounpkoro, B.A. Ko3akosa. [Ipo6nemu npodeciitnoi
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