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AHOTALIA

ABSTRACT

®opmynioeaHHA npobaemu. Pesynomamu PISA 2022
3aceioyunu, ujo 42 % ykpaiHceKux nidaimkie He docAaznu 6a308020
PiBHA MamemMamuy4HoOi 2pAMOMHOCMI, WO 3HAYHO Nepesuulye
cepedHili nokasHuk KpaiH OECP (31 %). Lleli po3pus niokpecntoe
HeobxioHicme YrpOBaOHEHHSA OUGaKMUYHUX nidxodis,
CMIPAMOBAHUX HA PO3BUMOK YMiHb Y4Hi8 3acmocosysamu
MaMeMamuyHi 3HAGHHA 8 PeanbHUX XUmmesux Ccumyayisx.
Y uybomy KoHmeKkcmi 3acny2osye Ha ocobnusy ysazy meopis
peanicmu4Hoi MamemamuyHoi oceimu (RME), wjo cmasna ocHoeoro
oceimHix 3miH y Hidepnarndax. Monpu 3Ha4yHuli iHmepec 0o RME
Y MiXCHApPOOHOMY HAYKOB0-0CB8IMHbOMY cepedosulyi, 8 YKpaiHi ya
meopisa 00ci 3aAUWAEMbCA MAN00ocnioHeHow. Lle 3ymoesntoe
nompeby 8 rpyHmMoeHOMYy QHaAnI3i ii KoHUenmyasabHUX 3acad
ma eusYeHHI 38°A3Kig i3 Mamemamuy4Horo epamomHicmio PISA.

Mamepianu i memodu. [xcepenvHy 6a3y 00cnioHeHHA
CMaHoenamMe aHa0MO8BHI HayKosi nybaikauii, npucesyeHi meopii
RME, ma odiyitiHuli pamkosuli 0okymeHm PISA 2022. [ns
8UBYEHHA meopemuYHUX 3acad ma memodos02i4Ho20 NidrpyHMa
RME 3acmocosaHo cucmemHuli nioxio; 078 8CMAHOBAEHHA
38°A3Ki8 MiXC Ui€l0 meopiero ma KoHuenyiero mamemamuyHoi
epamomHocmi PISA suKopucmaHo nopieHAMAbHUU aHAI3.

Pesyabmamu. Ha niocmasi eus4yeHHsa RME po3pobneHo
aHanimu4Hy mooesnb, Wo iHmezpye mpu pieHi uiei meopii:
KoHyenmyaneHuli (npoepecusHa mamemamusayis, AuOaKmMu4Ha
heHoMeHos102is, KeposaHe repesiokpumms, emepoOHeHmHe
MOOenB8aHHA),  MemoodosoeidHuli  (MpuHyuUnu  peaseHOCMi,
aKkmueHocmi, pieHie, 830EM0O38’A3KY, IHMePaKMuUBHOCMI, KepieHU-
umea); npukaadHuli (dudakmuy4Hi HACMAHOBU, 8K/IKOYHO 3 20PU-
30HMAnLHOIO MA 8EPMUKAsLHOIO Mamemamusayieto). 3anpomno-
HOBAHA MOOes1b MOKAUKAHA Cay2y8amu opieHMUpPOM 0715 0C8IMsH,
3auikasneHux 8 yrnpoeadxeHHi cyvyacHux nioxodie 0o mamema-
muyHoi oceimu. BooHouyac ii y3aeansHeHul xapakmep nepedbayae
nodanbwy 0emanizayito 017 eqheKmuBHOI MPaKmMuYHoI peanisauii.
MopieHAneHUli aHani3 eussue cmpykmypHi U MmemodonoaidHi
napaneni  Mix OKpemumu KomrnoHeHmamu meopii RME
ma KoHYyenmyanbHUMU 3acadamu Mamemamu4Hoi 2pamomHocmi
3a gepcieto PISA. Mpome ui 38°A3Ku Marome yMmosHUl xapakmep,
OoCKinbkU RME € OudaKmu4yHOlO meopielo, a Mamemamu4Ha
2PAMOMHICMb — IHCMPYMEHMOM 308HiUHbO20 OUiHIOBAHHA.

Formulation of the problem. The results of PISA 2022 revealed
that 42 % of Ukrainian adolescents did not reach the baseline level
of mathematical literacy, a figure significantly higher than
the OECD average of 31 %. This gap underscores the urgent need
to adopt instructional strategies that develop students' ability
to apply mathematical knowledge in real-world contexts. In this
regard, the theory of Realistic Mathematics Education (RME),
which underpinned educational reforms in the Netherlands, merits
particular attention. Despite the growing interest in RME within
the international academic and educational communities, this
theory remains largely unexplored in Ukraine. This creates
the need for an in-depth analysis of its conceptual foundations and
an exploration of its connections with PISA mathematical literacy.

Materials and methods. This study draws on English-language
scholarly publications on the RME theory and the official PISA 2022
framework document. A systematic approach was employed
to examine the theoretical underpinnings and methodological
principles of RME. In addition, a comparative analysis was
conducted to identify potential connections between this theory
and the concept of mathematical literacy as outlined in the PISA
framework.

Results. Based on a systematic study of RME, an analytical
model has been developed that comprises three interconnected
levels of this theory: conceptual level — encompassing progressive
mathematization, didactic phenomenology, guided reinvention,
and emergent modeling; methodological level — defined by the
principles of reality, activity, levels, interconnection, interactivity,
and guidance; applied level — involving practical didactic tools such
as horizontal and vertical mathematization. This model is
designed  to  serve as a reference  framework
for educators, aiming to implement modern approaches
to mathematics education. Nonetheless, its abstract nature
necessitates further elaboration to ensure effective application
in real classroom settings. The comparative analysis also identified
structural and methodological parallels between specific
components of the RME theory and the conceptual framework of
mathematical literacy as defined by PISA. Still, these connections
are considered conditional, as RME is a didactic theory, while
mathematical literacy is an external assessment tool.
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BucHo8Ku. AHani3 MixHapoOHo20 00csidy 8npoeadiceHHs RME
€8i04UMb NMPO HEOOHO3HAYHY, ase nepcrieKMuUsHy posb uiei meopii
6 cucmemi mamemamuyHoi ocsimu. Ii egpekmueHicme 3HauHOK
mipoto 3anexcums 8i0 ocobausocmeli oceimHb020 cepedosuwya,
pieHa npogpeciliHoi nidcomosku e4umenie i 30amHocmi
noedHysamu  HOBAMOPCbKI  MemoOuKu 3  mpaduyiliHumu
B8UMO2OMU HABYAMNLHO20 Mpouyecy. 3aCMOCy8aHHA enemeHmie
RME 8 yKpaiHCbKUX WKOAAQX MQAE nomeHuian 041 nid8uWeHHA

Conclusions. The analysis of international experience indicates
that RME plays a complex yet promising role in the field
of mathematics education. The effectiveness of this theory
depends on the specific educational context, the professional
training of teachers, and the ability to balance innovative
methodologies with established curricular standards. Integrating
elements of RME into Ukrainian school education holds
the potential to enhance students’ mathematical literacy in line

with PISA benchmarks, provided it is thoroughly adapted
to the national educational context.

piBHA ~ MamemMamuyHoi  epamomHocmi  y4Hie  8i0nogioHo
do cmaHOapmie PISA, 3a ymosu pemenoHOi Memoou4Hoi
adanmayii yiei meopii 00 HayioHanbHO20 KOHMeKcmy.

K/IO4YOBI  C/IOBA: RME; KoHmMeKcmyanbHi 3a80aHHA;
mamemamusauyis; mamemamuyHe MOOeso8AHHA;
mMamemMamu4Ha 2pamomHicme.

KEYWORDS: RME; contextual tasks; mathematization;
mathematical modeling; mathematical literacy.
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BCTYN

NocTraHoBKa npobaemu. Pesynbtati PISA 2022 3acBiaunnm, wo 42 % ykpaiHCbKUX NigNiTKiB He J0CAr N 6a30BOro piBHA
MaTeMaTUYHOI FPaMOTHOCTI, WO 3HAYHO NEepPeBULLYE cepeaHii MokasHuK KpaiH OECP (31 %) (OECD, 2023). Takuii po3pus
NiAKPECN0E HEeOobXiAHICTb YNPOBaAKEHHA AUAAKTUYHUX MiAXOAiIB, CNPAMOBAHMX HAa PO3BUTOK YMiHb Y4YHIB 3aCTOCOBYBaTM
MaTEMATUYHI 3HAHHA B PeasbHUX KUTTEBMX CUTyaLiaX. Y LLbOMY KOHTEKCTi 3aCNyroBye Ha 0cobauBy yBary AWAAKTUMYHA Teopin
peanicTM4yHoi maTemaTuyHoi oceiTu (Realistic Mathematics Education, RME), wo cTana ocHOBOK OCBITHiX 3MiH y HiaepnaHaax.
Monpwu 3HaYHKit iHTepec Ao RME y miXXHapoAHOMY HayKOBO-0CBITHbOMY cepegoBuLui (Phan et al, 2022), B YkpaiHi ua Teopia goci
3a/IMLIAETLCA ManoaocnigKeHoto. Lie 3ymosatoe noTpeby B 'PYHTOBHOMY aHani3i ii KOHUENTyanbHUX 3acaz Ta BUBYEHHI 3B'A3KiB
i3 MaTemaTuyHoO rpamoTHicTio PISA.

AHani3 akTyanbHUX pocnipyKeHb. Knwouosoto ¢irypoto y cTBOpPeHHi AnpakTMuHoI Teopii RME cTaB HigepnaHACbKui
MaTeMaTuK XaHc ®poiaeHTtanb (Hans Freudenthal, 1905-1990). HanpwuKiHui 1960-x pokis, Ha npoTuBary popmaniaoBaHii «Hosii
MaTemaTuLi», BiH PO3BMHYB iAel0, WO MaTemMaThKa Mae BYTM OCMUCIEHOIO 4NA YYHIB | NOB’A3aHOIO 3 IXHIM }KUTTEBUM O,0CBILOM.
Y npaui «MaTemaTuKa AK negaroriyHe 3aBAaHHA» BiH HAaro/1I0WYE, WO MaTemMaTMKa — Lie nepeaycim NI0ACbKA AiANbHICTb, Npouec
MaTtemaTusauii peanbHocTi (Freudenthal, 1973). Bigroai niaxia «peanicTuyHa maTemaTMyHa OCBiTa» PO3BMBAETHLCA BXKE MaliKe
60 poKiB, 36arauyyUMCcb HOBUMM KOHLLENLiAMM Ta aganTaLiamu. Y KHu3i « AnaaktnyHa peHomeHoNoris MaTeMaTUYHUX CTPYKTYP»
(Freudenthal, 1983) BueHuit cucTemaTnsyBas CBOI iAei NPO 3B’A30K MaTeMaTUYHMX MOHATL i3 peasibHUM A0CBIAOM.

Baromuit BHECOK Y MoAanblumnii po3BuTOK Teopii RME 3pobunn Konern Ta nocnigosHuku X. dpoiigeHTtansa. 3okpema,
A. Tpeddep po3BuHYB ifeto 6araToBUMIPHOCTI MaTeMaTUYHOT OCBITU, NOKA3aBLUM CKNAAHY CTPYKTYPY MAaTEMATUYHOIO HAaBYaHHA
(Treffers, 1987). A. ne /laHre obrpyHTYBaB KOHLEMNL,I0 KOHTEKCTHOrO HaBYaHHSA, A€ MaTeMaTU4Hi NMOHATTA BUBOAATLCA Yepes
peanbHi xutTesi cutyauii (de Lange, 1991). K.[paBemeMlep pO3KPUB CyTb KOHUENLUii eMepA’KeHTHOro MOAEN0BAHHSA
(Gravemeijer, 1999).

Baxxnusoto Ana posymiHHA esontoLii Ta BnposagxeHHA RME Ak ocBiTHbOI Teopii € cTatTa «PeanicTuyHa matemaTuyHa
ocBiTa: KOpOTKa icTopia TpuBanoro pedpopmatopcbkoro pyxy» (Van den Heuvel-Panhuizen & van Zanten, 2020). Ti asTopu,
BMKOPUCTOBYHOUM iCTOPUYHUI MeTOA, AOOCNIAMKEHHA Ta aHafi3 [OKYMEHTIB, [AEMOHCTPYHTb, SK NeaaroriyHi iHHoBauii
PO3BMBAOTLCA, [ONAOTb OMip i 3MiHIOKOTLCA 3 Yacom. LliHHicTb W€l nybnikauii nondrae B AeTaibHOMY aHani3i AK TEOPETUYHMX
OCHOB, TaK i MPAKTUYHMX acnekTiB BNpoBaaKeHHA RME, 30Kpema iHCTUTYLiIMHUX MexaHi3MiB Ta CUCTEMM NiATOTOBKU BUMTENIB.

3HauYyWMMM 1A HALWOro AOCAIgKEeHHA cTanu Asi moHorpadii 3a peaakuielo npodpecopkn IHcTUTYTY PpoiiaeHTans
M. Van den Heuvel-Panhuizen: «HauioHanbHi po3aymu Npo HiaepnaHAcbKy ANAAKTUKY maTemaTuku» (2020a) Ta «MixkHapoaHi
pO34YyMM NPO HiAepPNaHACbKY ANAAKTUKY MaTemaTuku» (2020b). Meplua KHWUra 30cepesKyeTbCA Ha HilepNaHACbKOMY KOHTEKCTI
po3BuTKY RME, ii TeopeTuYHMX 3acafax, iCTOpUYHil eBoAtoLii Ta BNpoBaAKeHHi. [pyra aHanisye snave RME Ha mixkHapogHy
NPaKTUKY BUKNAAAHHA MaTeMaTUKu.

HesBaxkatoum Ha ycniwHe nowmupeHHA RME, 1i po3p06HUKM KPUTUYHO OLHIOIOTb BUKAMKK, MOB'A3aHI 3 BNPOBAAXKEHHAM
uiei Teopii. Y pocnigxeHHi «KOHTEKCTHI npobnemn B peanicTMuHii maTemaTuuHii ocBiTi» (Gravemeijer & Doorman, 1999)
BUZINEHO TPU KIOYOBI Nepelikoan: notTpeba B KOMMNIEKCHIN NigroToBui negaroris, HeobXigHICTb TpaHcpopmauii TpaauuiiHoro
OM3aiiHY YpOKiB Ta po3pobKa creujiani3oBaHWX HaBYaibHMX MmaTepianis. OcobavBy yBary AOCAIOHMKM 30CEPEeaKYHoTb
Ha KoHUenuii KepoBaHOro nepesiaKpuUTTA, ePeKTUBHICTL AKOI be3nocepefHbO 3aneXWUTb Big, BUCOKOrO PiBHA neaaroriyHoi
MaMNCTePHOCTi — YMHHMKA, WO 3HAYHO YCKNAAHIOE MAcLITabyBaHHA LbOro Niaxoa4y B MeXKax 3ara/ibHOOCBITHbOT CUCTEMU.

MeTa cTaTTi — cMcTEMaTU3yBaTU CTPYKTYPHI KOMMOHEHTW Teopii peanicTMYHOi MmaTeMaTUYHOI OCBITU Ta BCTAHOBWUTMU
BiZAMOBIAHOCTI MiXK il KOHLENTYabHMMM 3aCaZaMM i aCMeKTaMM MaTEMATUYHOI FpamoTHOCTI PISA.

METO/M JOC/IAMKEHHA

Y pocnigeHHi BUKOPUCTAHO KOPMYC aHIIOMOBHUX HayKoBUX NybnikaLiii, npucsayeHux Teopii RME (nepeaycim npadui
HayKoBL,iB IHCTUTYTYy ®poligeHTann), a TakoX odiLinHUIA pamKoBUMIA LOKYMeHT PISA 2022. [ina BuBYEHHA TEOpPETUYHMX 3acag RME
3aCTOCOBAHO CUCTEMHMI Nigxia; AN BUABNEHHA BigNOBIAHOCTEN MiXK L€ TEOPIEID Ta KOHLEMLIED MaTeMaTUYHOI rPaMOTHOCTI
PISA BMKOpWUCTaHO MOPIBHANbHUIM aHani3. [lopiBHAHHA 34iMACHIOBAZIOCA 33 KPUTEPiAMM CMiNbHOI AWAAKTUYHOI METH,
MeTOA0/10T4YHOT NOAIGHOCTI Ta MPAKTUYHOI iHTerpaLii.
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PE3Y/ZIbTATU AOCNIAXEHHA

3acTocyBaHHA CUCTEMHOrO MiAXo4y A0 aHafi3y ANMAAKTUYHOI Teopii peanicTMYHOI MaTeMaTUYHOI OCBITU A4ano 3mory
y3aranbHUTK Ti 3MICT y BUTAAA CTPYKTYPHOI MoZeni, npeacTasneHoi Ha puc. 1. s moaenb € aBTOPCbKOK pO3pP0HKOI0, CTBOPEHOD
Ha OCHOBI aHani3y neplomepen. Ii meTa — y3aranbHUTK KNt040BI KOMNOHeHTH Teopii RME Ta npeacTasuTy ix y WinicHii noriko-
OWAAKTUYHIN cUCTeMI, 3pYYHIN ANA NPAaKTUYHOIO BUKOPUCTAHHA B YKPAiHCbKOMY OCBITHbOMY KOHTEKCTI.

OcHoBONONOMXHa iges .
IHTEPMPETALLIA MATEMATWUKW SK NIOACLKOI AIANILHOCTI

O

Knio4oBi KoHLeNnTH

Mporpecusxa InpnaKTuHa Keposane EMepxenTHe
MaTeMaTu3auis theHomeHonoria nepesiaKpUTTA MOfLeNBaHHA

O

MeToponoriuHi npUHLMAKM

MpuHUMn TMpuHumn MpuHumun MpuHuun . Mpunumn | MpuHumn
peanbHocTi aKTHBHOCTI piBHIB B32EMO3B'A3KY IHTepaKTUBHOCTI KepIBHULTBA

<

JIMAaKTUYHI HACTAHOBK

KoHTekcTyanisauis
MaTeMaTH4HuX
MOHATL

lopusoHTanbHa BepTukanbHa IHTepaKTHBHE Dianoriune
MareMaTusaLin MaTeMaTusauia HaBYaHHA BUKNafaHHsA

O

CrpareriyHa MeTa
CNPUAHHA PO3BUTKY MATEMATWYHOIO MMCIEHHS

Puc. 1. Y3aranbHeHa CTPYKTypHa MoAenb AUAAKTUYHOI Teopii peanicTUYHOI MaTemMaTUYHOT OCBIiTH
[Jxcepeno: asmopcoka po3pobka.

Po3srnaHemo geTtasbHille KOMNOHEHTU MPONOHOBAHOI MoAenN.

OcHosomnonoxHa ides

Ha koHuenTyanbHoMy piBHIi ocHoBoto RME € iHTepnpeTauia maTemMaTMKu AK AiANbHOCTI 3 OpraHisauii peanbHoOCTI
3acobamm mucneHHs. BignosiaHo po nigxoay X. ®poigeHTana, matemaTMKa PO3rAALAETbCA HE K FOTOBA CUCTEMA 3HaHb,
a K AMHaMIYHUI NPOLLEC, Lo PO3rOPTAETLCA B KOHTEKCTI NI0ACHKOrO A0CBIAY.

Knryosi KoHyenmu

Lito ineto KOHKPEeTM3YTb YOTUPW KAIOYOBI KOHLENTU:

nporpecMBHa MaTemaTusauia (Progressive Mathematization) — nocTynosuit nepexia Big  iHTYiTUBHOrO,
KOHTEKCTYaNIbHOro Po3B’A3aHHA 33Jay A0 abCTPaKTHOrO MaTeMaTUYHOro MucneHHA. Mogeni, AKi CTBOPIOOTb YYHI, CMOYaTKy
BiflOOparkaloTb KOHKPETHi cuTyauji, a 3rogqom GOopManisyloTbCs B y3arasbHeHi CTPYKTypu. Takuit nigxin popmye po3ymiHHA
MaTeMaTUKM AK iIHCTPYMEHTY OCMUCIEHHA peasibHOCTi;

anpaktuyHa deHomeHonoria (Didactic Phenomenology) BCTaHOBAOE 3B’A30K MiXK MaTeMaTUYHUMMK MOHATTAMM
i ABMLLAMM peanbHOro CBiTy, 30CEpeaKyrUMCb HAa TOMY, AIK YYHi MOCTYNOBO 3aCBOMOIOTL L 3B’A3KM. BOHa cnpuse nepexoay
BiZL YKUTTEBUX CnocTepekeHb A0 GopMyBaHHA abCTPaKTHUX yABEHb Ha OCHOBI BJIACHOI Mi3HaBaIbHOT aKTUBHOCTI;

KepoBaHe nepesigkpuTtTa (Guided Reinvention) — ue npouec, y AKOMY 3HaHHA He NOAATbCA FOTOBUMM, @ BUHUKAOTb
y npoueci cnpAMOBAHOro MOLWYKY YYHIB. YuuTenb CTBOPIOE HaABYaNbHi CUTyaLii, CTaBUTb HaBigHI 3anUTaHHA i NiATPMMYE
camocTilHe GpopmyntoBaHHA BUCHOBKIB. Tak GOPMYETbCA «iNt0O3iA BIGKPUTTA» AK OCHOBA ANA rNMOOKOro 3aCBOEHHA 3MiCTY;

emepasKeHTHe moaentoBaHHA (Emergent Modeling) — dopmyBaHHA maTeMaTUYHMX MOAENEN, AKI BUHMKAKOTL Nij, Yyac
pO3B’A3aHHA KOHTEKCTyaNbHWUX 33fay. YYHi nepexoasaTb Bif iHTYITUBHWUX cTpaTeriii Ao GdopmanizoBaHUX CTPYKTYp, WO CNpUse
3MiCTOBHOMY 33aCBOEHHIO NMOHATL | PO3BUTKY KPUTUHHOFO MUC/IEHHA.

MemodosnoeiuHi npuHyunu

KNto4oBi KOHLENTW peanisytoTbca Yepes HU3KY MeTOAONOMYHUX NPUMHLMAIB, Wo 3abe3neyytoTb LilICHICTb OCBITHbOrO
npouecy:

— MPUHLMN peanbHOCTI — HaBYa/IbHI 334,34 MatoTb OyTU NOB’A3aHI 3 JKUTTEBMM LOCBILOM YUHIB;

— NPUHLMN aKTUBHOCTI — Y4YHi BUCTYNatoTb aKTUBHUMM TBOPLAMM 3HAHD, @ HE NIKLLE iX CNOXUBAYaMU;

— NPUHLMN PiBHIB — Bif, HAOYHOIO A0 abCTPAKTHOIO MUC/IEHHS;

— NPUHLMN B3AaEMO3B’A3KY — iHTerpaLifa MaTeMaTUYHUX NOHATb Y EAMHUIA CMUCTIOBUI KOHTEKCT;
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— NPUHLMN iIHTePAKTUBHOCTI — cNiBNpausa, gianor i 0bMiH LymKamu B HaBYa/IbHOMY CepesoBULL;

— MPUHLMN KepiBHULTBA — y4MTENb BUCTYMNAE NPOBIAHMKOM, AKWIA BPAXOBYE BiKOBI Ta KOTHITUBHI 0COBNMBOCTI yUHiB.

JudakmuyHi HacmaHosu

Ha npuknagHomy piBHi npuHUMnmM RME KOHKPETU3YIOTbCA B TaKMX ANAAKTUYHUX HAaCTaHOBax:

— KOHTEKCTYyanisauia maTemaTMyHUX NOHATb — NOA4AHHA HOBOro maTepiany Yepes 3MIiCTOBHI CUTyalUi;

— rOpPM30HTAIbHA 1 BepTUKaIbHA MaTeMaTU3aL,is — AK NOCNiL0BHI eTanu NobyaoBy moaenew;

— iHTepaKTUBHE HaBYaHHA — CTUMYJIFOBAHHA CNiBnpaLi Ta KOMyHiKaLii;

— pianoriyHe BUKNAZaHHA — BIAKPUTUI 0OMiIH AyMKamM Ta afganTalis HaB4aNbHOro npouecy.

CmpameziyHa mema

Mogenb 3araiom CcnpAMOBaHa Ha PO3BUTOK MATEMATUYHONO MMUCAEHHA — 34aTHOCTI Y4YHIB BMKOPUCTOBYBATU
MaTeMaTUKy 414 PO3YMiHHA, NOACHEHHA Ta OCMUC/IEHOTO BMJIMBY Ha PeabHiCTb.

Peanisauin npeacraBneHoi mogeni nepeabayae TpM OCHOBHI HANPAMU AiSNIbHOCTI: PO3p06KY HaBYa/IbHUX MaTepianis,
YA OCKOHAJIEHHA NeAaroriyHoi NPaKTUKKU Ta OLLIHIOBAHHA Pe3ynbTaTiB HaBYaHHA.

3anponoHoBaHa MoZesb MOK/AMKAHA CAyryBaTW OPIEHTUMPOM A/A Neaaroris, METOANUCTIB i PO3POOHMKIB HaBYa/bHO-
MeTOAMYHMX MaTepianiB, 3auikaBNeHUX B YMNPOBaAXKEHHI HOBATOPCbKMX MigXOA4iB A0 MaTeMaTU4HOi OcBiTU. BoaHouac
ii y3aranbHEHWI XapaKTep 3yMOB/OE HEOBXiQHICTb Y NoganbWili geTanisauii gnsa edeKTUBHOI NPaKTUYHOI peanisauil.

HaBeaemo npuKnazg HaBYaIbHOTO 3aBAaHHA A1A YYHiB 6-ro Knacy, nobyaosaHoro 3a mogennto RME.

KoHmekcm

LLKinbHe nopBip’a NoTpebye OHOBAEHHA. YUHI — KOMaHZa apXiTEKTOPIB, KA MaE PO3pOBUTU NPOEKT BaaroycTpoo
TepuTopii.

3a80aHHSA 0414 y4His

[ocnigntn npocrip:

— BUMIPATU PO3MipK LWKINbHOTO NoABip'a Kpokamu abo pyneTkoto;

— 3adiKkcyBaTK po3TallyBaHHA OCHOBHMX 06'€KTIB (LepeBa, N1aBKK, BXia, K1ymbu ToLwo).

CTBOPUTHM €CKi3 TepuTopii:

— MO3HAYUTM PYHKLiOHaNbHI 30HU (irPOBUI1 MaliAaHUYMK, 30HA BiANOUYNHKY, KNyMOU, OOPIKKK);

— 06paTh macwTab i NepeHecTM ecKi3 Ha apKyL (NepeBecT BUMIPIOBAHHA B METPU).

MpoBecTn po3paxyHKu:

— 06YNCIUTM NNOLLY KOXKHOI 30HM, BUKOPUCTOBYHOUM BiANOBIAHI reomeTpuyHi dopmynu.

MnaHyBaTh pecypcu:

— BU3HAYUTM KiNbKiCTb HEOBXiAHUX MaTepianiB (HanpuKknaa, NAMTKa ANA AOPIKOK, HACiHHA Ana Knym6);

— OLHUTW BapTiCTb, BUKOPUCTOBYIOUM YMOBHI LLiHW, HAAaHI BUMTENIEM.

MNigrotysatv npeseHTaw,iio:

— MOACHUTU 3aCTOCOBaHI MaTeMaTWyuHiI Ajii, TpyAHOLi Ta cTpaTerii po3B'A3aHHSA;

— Npe3eHTaL,ifa Moxe ByTu ycHOto, NMcbMoBotO abo y dopmi noctepa.

MemooduyHuli KomeHmap 008 syumens:

Lle 3aBaaHHA peanisye KNOYOBi NonoxKeHHA Teopii RME, 3okpema:

— rOPM30HTANIbHY MaTEMATMU3ALLII0: YYHi NOYMHAIOTD i3 AOCAIAKEHHA NPOCTOPY B 3HAKOMOMY KOHTEKCTI;

— eMepArKeHTHe MOZEeNOBaHHA: MATEMATUYHI MOAENi, CXeMW W PO3PaxyHKW BUHWMKAIOTb Yy Npoueci AianbHOCTI,
a He 334al0TbCA 3a34aneriab;

— BEPTMKANbHY MaTemaTu3aujilo: nepexig Bif iHTYITMBHMX BMMIpOBaHb A0 ¢GOpManizaoBaHUX 064YMCNEeHb naou,
macwTabis;

— KepoBaHe NepeBiAKPUTTA: yUUTeNb CTBOPIOE YMOBU A/1A CAMOCTIMHUX BIAKPUTTIB, He HaB'A3YOUYM FOTOBUX aITOPUTMIB.

OpieHTOBHI KpUTepIi OLLIHIOBAHHA:

— TOYHICTb BUMIPIOBaHb i MaTeMaTUYHUX PO3PaAXYHKIB;

— norika nobya0BM eckisy Ta 06rpyHTOBaHICTb BU6OPY MacLuTaby;

— 06r'pyHTYBaHHA maTepianis i KowTopUCy;

— YiTKIiCTb | CTPYKTYPOBaAHICTb Npe3eHTaL,i;

— piBEHb B3aEMOZ,ii Ta BHECOK Y FpynoBy poboTy.

OuikysaHuli peynemam

Y4YHi HabyBalOTb MPAKTUYHOrO YABNEHHA NPO MacwTab i naolly, NAaHylTb BUKOPUCTAHHA PecypciB, 3aCTOCOBYIOTb
MaTEMATUKY B peasbHUX CUTyaLlifAX, apryMeHTYOTb BNACHI Aji Ta pilleHHsA, pO3BUBAOTb HABUYKM KOMAHAHOT poboTy.

3 ornagy Ha cnpAmoBaHicTb RME Ha npaKTMYHe 3aCTOCyBaHHA 3HAHb, MPOAHA/I3YEMO il Y3rOoAXKeHICTb i3 KOMMNOHEHTAMM
MaTeMaTUYHOI rpamoTHOCTi PISA.

Ona cmctemHOro MOPIiBHANIBHOrO aHanizy Mix nigxogamu RME Ta KOHUenNUielo matemaTuyHoi rpamoTHocTi B PISA
BM3HaAYeHO TaKi KpuTepii BignoBigHOCTI:

—cnifibHa AMAaKTUYHA MeTa — PO3BUTOK 34aTHOCTI 3aCTOCOBYBAaTM MATEMATUKY B MPAKTUYHO 3HAYYLLMX KUTTEBUX
cUTyauinx;

— MeTOoA0/0rYHa NOAIOHICT — aKLUEHT Ha KOHTEKCTyasni3aLito HaBY4aNbHOMO 3MiCTY, BUKOPUCTAHHA MaTemMaTUYHOro
MOZeNOBaHHA Ta iaei nporpecMBHOI MaTemaTu3alii;

— NPAKTMYHA iHTerpawia — HaABHICTb Yy 3aBAAHHAX PISA XxapaKTepUCTUK, WO pe30HYHTb i3 npuHumnamm RME: 30Kpema,
BMKOPWCTaHHSA peanicTU4HUX CUTyauii, baraTopiBHeBOi MaTemaTu3aLii Ta YHKLiOHaNIbHOMO 3aCTOCYBaHHS 3HaHb.
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Tabn. 1 AeMOHCTPYE YMOBHY BifnoBiAHICTb MiXK KomnoHeHTamu Teopii RME Ta pamMKolo matemaTMyHOI rpaMoTHOCTI
PISA, W0 NoACHIOETbCA BigMIHHICTIO iXHiX PYHKLiNM: RME € gMAaKTUUYHO TeOopi€eto, a maTeMaTUYHA FPaMOTHICTb — IHCTPYMEHTOM
30BHILLUHbOrO OLLiHIOBAHHA.

Tabnuuya 1. YMmoBHa BignoBigHicTb MiK KomnoHeHTamu RME Ta KOHUenuielo matemaTUYHOI rpamoTHocTi PISA

KomnoHeHmu RME

Acriekmu mamemamu4Hoi

2pamomHocmi

BionosidHicme

Bnsaue Ha npakmuky
mMmamemamu4Hoi oceimu

KOHLUENTH

MporpecuBHa
maTemaTtumsauin

AnpgaktnyHa
beHomeHonoriA

KeposaHe
nepesiakpuUTTA

Mpouec matemaTUyHOro
MoZeNtoBaHHA

KoHTeKCcTyanbHi 3aBAaHHA

3acTocyBaHHA
MaTeMaTUYHUX MiPKYBaHb

METOAOIOTI4HI NPUHLUUNU

MpuHUMN peanbHOCTI

MpuHUMN piBHIB

MPUHLMN aKTUBHOCTI

MpuHuMn
B3aEMO3B’A3KY

MpuHLMN KepiBHULTBA

3acTocyBaHHA
MaTeMaTUKKN B
«peanbHOMYy CBITi»

KorHiTuBHi piBHi 3aBgaHb

MatemaTtunyHi gii
Ta npouecu

IHTerpoBaHU niaxig,
0,0 3MICTOBMX NiHiN

CamocTiiHe NPUNHATTA
pilweHb

ONOAKTUYHI HACTAHOBM

BukopuctaHHa
KOHTEKCTiB
BukopucraHHa
mogaenew

IHTepakTuBHe
HaBYaHHA

fopu3oHTanbHa
Ta BepTUKabHa
maTemaTtumsauin

KoHTeKcTyanbHi 3aBAaHHA
MopgentoBaHHA

CrparTerii po3s’a3aHHsA
npobiem

Mpouecn GopMyntoBaHHS,
3aCTOCYBaHHA
Ta iHTepnpeTauji

Mepexip, Big peanbHoi cuTyauii

L0 MaTeMaTUYHOI moaeni
(ropusoHTanbHa maTemaTm3alin)

Ta poboTa BcepeanHi MaTeMaTUYHOT
cucTemu (BepTMKasbHa maTeMaTun3alis)
MaTeMaTU4Hi NOHATTA BUHUKAIOTb

i3 peasbHUX CUTYaLiN, LLO MAOTb
3HaAYeHHA AN1A YYHIB

Po3BMTOK 38aTHOCTI y4HiB
3aCTOCOBYBATU 3HAHHA B Pi3HUX
KOHTEKCTaX, BUKOPUCTOBYHOUMU HAbYTI
paHille 3HaHHA B HOBUX CUTYyaLiax

3aBAaHHA PO3MilLLeHi B aBTEHTUYHUX
KOHTEKCTax, WO BMMAratoTb Bif y4HiB
noe’A3aT¥ MaTemMaTuKy 3 peasibHUMKU
cuTyauiamm

3aBAaHHA BapitoOTbCA Big, NPOCTUX

0,0 CKNafiHUX, BUMararum pisHUX piBHIB
MaTeMaTUYHOTO MUCIEHHSA

AKLEHT Ha npougecax, AKi y4Hi NOBUHHI
BMKOHYBaTK: GOPMYIOBAHHSA,
3aCTOCYBaHHA Ta iHTepnpeTauia

MaTemaTtuKka npeacraBneHa Ak uinicHa
cucTema, a He Habip Tem

OujiHIOBaHHA 34aTHOCTI YYHIB
CaMOCTIAHO NPUIAMATU PilLeHHsA
Y CTPYKTYPOBAHUX 3aBAAHHAX

3aBAaHHA 3aBXAN BOYA0BaHI B peanbHi
abo npaBaonoAibHi cutyau,ii
MogaentoBaHHA AK KNIOYOBUIA NpoLiec
MaTeMaTUYHOI rPaMOTHOCTI

3aBAaHHA 3a0X04YIOTb PO3BUTOK
Pi3HOMaHITHWX CTpaTerii po3B’A3aHHA
npobiem

Mpamo BignoBifaTb eTanam poboTu 3
MaTeMaTUYHUMM 3aBAaHHAMM B PISA

MNiaBULLEHHA 3HAYYyLWOCTI
MaTeMaTUYHOTO MOZE/ItOBaHHSA
B HAaBYa/IbHOMY MPOLLECi

3pocna yBara A0 KOHTEKCTyali30BaHOro
HaBYaHHA MaTEMaTUKM

Mepexig, Big mexaHiyHoro
3anam'aToBYyBaHHA [0 OCMUC/NEHOTO
PO3YMiHHA

Po3wupeHHs cnekTpy 3agay
i3 peanicTM4HMMM KOHTEKCTaMM

OundepeHuiauisa HaB4aHHSA, PO3BUTOK
MipKyBaHb

AKTUBI3aLiA HaBYaNbHOI B3aemogaii

MixancumnnniHapHa iHTerpawis,
LinicHU 3micT

P0O3BUTOK aBTOHOMHOCTI Ta
BiANOBigaNbHOCTI

MigBuYLLEHHA MOTUBaLLii Yepes 3B'A30K 3
peanbHUM XKUTTAM

Po3BMTOK yMiHb Bi3yanisauii

Ta abcTparyBaHHa

CDOpMyBaHHH FHY4Y4KOro matemaTtnyHoro
MUCNEHHA

MocnneHHs 38’A3KY Mix
HepopManbHUMK Ta GOPMaANbHUMMU
MaTemMaTUYHUMM 3HAHHAMM

Jepeno: aemopcbKa po3pobKa.

OBrOBOPEHHA

Ona BcebiyHOro posymiHHA Teopii RME gouinbHO BpaxoByBaTM He Auue

il OCHOBHi MONOXEHHA, a N KPUTUKY

Ta a/ibTepHaTUBHI NOrnAaM. 30Kpema, 3aCNyroBye Ha yBary CTaB/IeHHA YHIBEPCUTETCbKOI MaTeMATMYHOI cnifbHOTU HigepnaHais
[0 LUIMPOKOro BMPOBAAMKEHHA MOJIOXKEHb TeOopil peanicTMyHoi maTemaTuyHoi ocBiT (RME) y HauioHanbHY cuCTemy LWKiNbHOT
ocgiTh. Lle cTaBneHHA 6yno HeoAHO3HaYyHMM: HanpukiHui 2000-x POKiB Yy KpaiHi pPO3ropHy/aMca 3anekni  AWCKycil
MiX NPUXMUAbHUKAMM 1 ONOHEHTaMM Nigxoay — Tak 3BaHi «MaTemMaTuyHi BiiHM» (Math Wars) (Van den Heuvel-Panhuizen, 2010).

KpUTUKKM cTBepAKyBanu, WO pedopma CNpUYMHUAE BTPATy YYHAMMU 6a30BMX OBYMCNIOBASIBHUX HABMYOK (van
de Craats, 2007), a meAiliHa KamnaHia /avwe NOCUAWAA CYCMiNbHE 33aHEMNOKOEHHA LWOAO PiBHA MAaTeMaTUYHOI MifAroToBKM
wkonapis. Y Bignosigab KoponiBcbka akagemia Hayk HigepnaHais cTtBopuna cneujanbHy KOMICIHO ANA aHanisy HaABHUX
[0CNiaXeHb, O4HAK OCTaTOYHUX A0Ka3iB NepeBary AKOrocb 04HOro NiAXoAy BOHA He Hagana. Hacnigkammn «matemaTU4HMUX BOEH»
CTa/IM YAaCTKOBI 3MiHM 3MIiCTY MiAPYYHMKIB i NTOCUAEHHA yBarn 40 MeTOA00rii BUKNaZaHHA. Lle He cBigYMTb NPO nepemory KogHoi
3i CTOpIiH, a paawe NPo HeobXiAHICTb NOCTIMHOrO BAOCKOHANIEHHS OCBITHIX NPaKTUK.

Lli auckycii wikaBo nopiBHATK 3 gocBiaoM ynposaaKeHHA RME B iHWWX KpaiHax, 3okpema y Benukiii bputanii.

[Jocsig, ynposagyeHHs RME vy wuiin kpaidi (Dickinson & Hough, 2012) BuABMB 3HA4HMIA MNO3UTUBHWUIA BMNIMB
AK Ha YYHiB, TaK i Ha BYUMTENIB. YUHi, AKi HaBY4aUCA 33 UMM MNiAXOLOM, 4EMOHCTPYBAN BULLY MOTMBALLIO, NepecTanmn CTaBuTm
3anNuTaHHA NPO AOUiNbHICTb BMBYEHHA MaTeMATUMKKM, PO3BMHYAM 34aTHICTb CTBOPKOBATM BAACHIi OCMMCAEHi cTpaTerii
pO3B’AI3yBaHHA 3aZay Ta MOSCHIOBATM CBOI MipKyBaHHA. Bumteni 3acsigumnum, wo RME 3miHMNa He auwe iXHIO MPAKTUKY
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BMKNAAAHHA, @ U GyHAAMEHTaIbHE PO3YMIHHA NpoueciB HaBYaHHA MaTEMATUKK, CMOHYKatoumn binblue LiHyBaTM 0BroBoOpeHHs
Ta Pi3HOMaHITHICTb NiAXoA4iB A0 BMpillEHHA Npobaem.

Pe3ynbTatn BNpoBagKeHHA RME y 6puTaHCbKOMY OCBITHBOMY NPOCTOPI TAaKOXK BUMABWUAN NEBHI BUKMKU: HEOOXiAHICTb
6anaHcy MiXK peanicTU4HMM NigXo40M Ta NiArOTOBKOK A0 CTaHAAPTU30BAHUX ICMWTIB, PO3PODOKY BiANOBIAHUX GOPM OLiHIOBAHHA
Ta 3abe3neyeHHs HaNeXHOro Po3yMiHHA BuuTensamu ¢inocodii RME. [na ycniwHoro BNpoBagyKeHHA niaxody BaX/avBa
cucTeMaTmyHa npodeciiHa NigTpPMMKa Neaaroris Ta roTOBHICTb NPUAINATU AOCTAaTHBO Yacy A1 PO3BUTKY MATEMATUYHUX NOHATD,
He OYiKylUM LWBUAKUX pe3ynbTaTiB.

Ha Haw nornsg, BUKOPUCTaHHA enemeHTiB Teopii RME B yKpaiHCbKii OCBiTHI npaKTuui byge nepcnekTMBHUM Ana
NiABULLEHHA MAaTEMATUYHOI FPAaMOTHOCTI YYHiB BignosigHo o Bumor PISA, npoTte noTpebye aganTaLii 40 OCBiTHIX peani YkpaiHu.
BogHouac LIMpOKe BMPOBaAKEHHA Lboro niaxoay nepeabayae BpaxyBaHHA METOANYHUX, pecypcHux
Ta IHCTUTYLiHUX OBMEXKeHb, 3 AKMMM HUHI CTUKAETLCA BITYM3HAHA CMCTEMA OCBITU.

BMCHOBKMW TA NEPCMEKTUBU NOAANBLUOIO AOCNIAKEHHA

1. [upakTuyHa Teopia peanicTM4HOi MaTeMATUYHOT OCBITU AEMOHCTPYE METOAO0/O0rYHY i LiHHICHY Y3roAKeHicTb i3
KOHLLeNLi€0 MaTeMaTUYHOI rPaMOTHOCTI, KA IeXKNUTb B OCHOBI Mi*KHAapOAHOTrO OLuiHIOBaHHA PISA.

2. Y mexax pocnigXeHHa po3pobneHa aBTOPCbKa CTPYKTypHa Mogenb Teopii RME, sKa iHTerpye Knwo4yoBi
KOHLeNTyanbHi iaei, MeToAoNoriYHi NPUHLMNKN Ta AWAAKTUYHI HacTaHOBW. Mogaenb Ma€E NpuKAagHe CNpAMYBaHHA i MOXKe
CNyryBaTu OPiEHTMPOM ANA Nefaroris, 3auikaBneHux B aganTauii niaxoay RME f0 yKpaiHCbKOro OCBIiTHbOrO KOHTEKCTY.

3. AHani3 mixkHapogHoro focsigy BnpoBagkeHHA RME cBigunTb Npo HEOAHO3HAYHY, ane NepcrneKkTUBHY Ponb Liel
Teopii B cuctemi maTemaTuHoi ocBiTU. [i epeKTUBHICTb 3HAYHOK MIPOIO 3aNeXWTb Big, 0cOBAMBOCTEI OCBITHBOTO CEpesoBuULLa,
piBHA npodeciliHOi NiAroTOBKM BYUTENiB | 34aTHOCTI MOEAHYBATWM HOBATOPCbKi METOAMKM 3 TPaguUiMHUMW BUMOramm
HaBYaNbHOro npouecy. 3acTocyBaHHA enemeHTiB RME B yKpaiHCbKMX LWKONax Ma€e noTeHUian AnA MigBULWLEHHA PiBHA
MaTeMaTUYHOi FPaMOTHOCTI Y4HiB BiANOBIAHO A0 cTaHAapTiB PISA, 3a ymoBM peTenbHOi MeToAuYHOI aganTauii uiei Teopii
0,0 HaLiOHaIbHOTO KOHTEKCTY.

Y noganbwmnx AOCNIAMKEHHAX BaXK/IMBO 30CEPEeAUTUCA HA 3iCTaBNEHHI KOHKPeTHUX 3aBaaHb PISA i3 npuHuunamm RME
017 TIMBLIOro po3yMiHHA iX NPaKTUYHOI BigNOBIAHOCTI Ta MOX/AMBOCTEN aganTauii fo cneumdikn yKpaiHCbKOi MaTemaTUYHOT
OCBITH.
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ABSTRACT

@PopmyniosaHHA npobnemu. Ha menepiwHili 4ac npu
nideomosui IT-paxisyie suwa iH#¥eHepHa WKoAa Nocmae neped
HeobxioHicmio  nodonaHHA npomupiyys  mixc  npogpeciliHo
3ampeby8aHUM WUPOKUM CreKMpPoM MamemMamuyHUX 3HAHb i
YMiHb 0714 8uwe Ha38aHux gaxisyie i obmexceHicmio y daci
OMpUMAHHA suwoi npoghecitiHoi ocgimu. AkmyaneHicmes pobomu
demepmiHyeEMbCA MuUM, WO 300MHICMb Cy4yacHUX gpaxisuyis, AKi
bepymob y4acme 8 iHOycmpianbHoMy 8upobHUYMei npo2pamHoi
MpodyKyii, 00 cuHmMesy ma KOMNemeHMHO20 BUKOPUCMAHHA Y
cgoili  npogeciliHili  dianbHocmi  mMamemamuyHozo anapamy,
3anexwume 8i0 ONAHYBAHHA HUMU Mamemamuy4Hoi mosu, AK
yHigepcasnbHo20 iHhopmayiliHo-36epieao4020, KOMYHIKAMUBHO20,
mpaHcnayiliHo2o, iHMezapyr4020 HAyKoBe 3HAHHA IHCMpymeHmy
3020/1bHOMAAHEMAapPHO20 3acMocy8aHHA. Mema npeseHMosaHo20
00cnidreHHsA nona2ae y 3’Acy8aHHI 38’A3Ky Ma 8U3HAYEHHI io2o
mipu Mk cmaHom 6a308uUx KOMYHiKamueHux AKocmel
mMamemMamu4Ho20 MO87eHHA cmydeHmis ma pesysbmamamu
BUKOHAHHA HUMU 3080aHb Cymo npogeciliHo2o xapakmepy.

Mamepianu i memodu. O6pobKa eKcriepuMmeHmManbHUX OaHUX
nposoounaca HA OCHO8i KopenAuiliHozo aHanisy. Y pobomi
CXapaKmepu3oeaHo 6asosi KOMYHIKamueHi AKocmi
MAmemMamu4Ho20  MOB/EHHS,  3ArNPONOHOBAHO  ABMOPCLKY
KOHUyenmyasneHy  molenb  npossy i yHKYioOHy8aHHA
mamemamu4Hoi  MO8U 4Yepe3 Mamemamu4He  MOB/EHHSA.
lMposedeHo nopisHANbHUL aHAMI3 CKOPOYEHHA ayOumOopHUX
200UH 8idsedeHUX Ha 8uB4YeHHA po30inie suwjoi MamemamuKku
0na cmydeHmis cneyianeHocmi  IH3eHepia MpPo2pPAMHO20
3abe3ne4yeHHA 3a ocMaHHi 15 pokie.

Pesynemamu. [loznubneHe sus4yeHHA MamemMamu4yHoi mMosu
ma po3suMoK Mamemamu4Ho20 MoeseHHA 300byeayie suwjoi
oceimu y eanysi iHGopmayiliHO-KOMyHIKayiliHux mexHosoeail
cnpuse MPOOYKMUBHOMY — BUKOPUCMAHHIO nomenyiany
MamemMamuku 30048 iHMeHcugikayii Hag4aabHO20 npoyecy no
nidzomosui yux gaxisyis.

BucHoeKu. [liazHocmys8aHHA cmaHy 6a308UX KOMYHIKOMUBHUX
AKocmeli MamemMamu4Ho20 Mo8aAeHHA MalibymHix IT-¢paxisuie
30C8i04UM0, W0 HE 38aXaK0YU HO 00cUMb 8UCOKUl npoxidHuli 6an
3 mMamemamuku npu ecmyni 00 B8UW020 MEeXHIYHO20
HABYA/IbHO20 3AKAAQOY MOPIBHAHO 3 [HWUMU iHX¥EeHepHUMU
cneyianeHocmamu, 7,7% cmydeHmis i 22,2% nepebysae
8i0Mog8iOHO  Ha  Oyx#e  HU3bKOMY i  HU3bKOMY  PiBHAX
cgpopmosaHocmi yux akocmed. [JosedeHo, ujo o3HaveHul gpakm
HezamueHO  8MaAUBAE  HA  30dMHicme  camocmiliHoz2o
onpauytsaHHa 30obysayamu  euwoi  ocgimu  aimepamypu
MmexHIYHo20 | MamemMamu4Ho20 CrPAMYBaHHS.

Formulation of the problem. At present, when training IT
specialists, higher engineering schools face the need to overcome
the contradiction between the professionally demanded wide
range of mathematical knowledge and skills for the above-
mentioned specialists and the time limit for obtaining higher
professional education. The relevance of the work is determined
by the fact that the ability of modern specialists involved in the
industrial production of software products to synthesize and
competently use the mathematical apparatus in their professional
activities depends on their mastery of the mathematical language
as a universal information-storing, communicative, translational,
integrating scientific knowledge tool for global application. The
purpose of the presented study is to clarify the relationship and
determine its extent between the state of students' basic
communicative qualities of mathematical speech and the results
of their performance of purely professional tasks.

Materials and methods. Processing of experimental data was
carried out using correlation analysis. The basic communicative
qualities of mathematical speech are described in the paper, and
the author's conceptual model of the implementation and
functioning of the mathematical language through mathematical
speech is proposed. The comparative analysis of the reduction of
audience time allotted for the study of advanced maths sections
for students of the Software Engineering specialty over the past 15
years has been conducted.

Results. Enhanced studying of the mathematical language and
development of mathematical speech of higher education
graduates in the field of information and communication
technologies contributes to the productive use of the potential of
mathematics in order to intensify the educational process for the
training of these specialists.

Conclusions. Diagnostics of the state of basic communicative
qualities of mathematical speech of future IT specialists showed
that despite a fairly high passing score in mathematics when
entering a higher technical educational institution, compared to
other engineering specialties, 7.7% of students and 22.2% are at
very low and low levels of these qualities, respectively. It is proven
that this fact negatively affects the ability of higher education
students to independently process technical and mathematical
literature.

K/IO4YOBI CJ/IOBA: mamemamu4Ha MO0O84;, Mamemamu4He
moesneHHs;  6a308i  AKOCMI;  MamemMamuyHa  Kyabemypa;
camooceima; Npo2pamHa iH#ceHepis.

KEYWORDS: mathematical language; mathematical speech;
basic qualities; mathematical culture; self-education; software
engineering.
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BCTYN

NocraHoBKa npo6nemu. PuHOK npaui IT-daxiBuiB B YKpaiHi 40BONI BEANKUI, NpOTe HaTenep 3a/MULWAETbCA KiZIbKICHO
KagpoOBO HEeHacMyeHuM. Y MiKHApOAHOMY BMMIpi HaBMaKM 3a ocTaHHi 10 pOKiB cnocTepiraeTbCsA TEHAEHLiA CBOEPiIZHOrO
CKOPOYEHHSA npauiBHUKIB IT-ranysi, To6To BiAOYBaETbCA 3BiNIBHEHHA CTBOPIOBAYIB MPOrPaMHOro KoAy Ta 3amiHa ix Ha 6inbl
BMCOKOKBanipikoBaHUxX ¢daxiBuiB, AKi CNPOMOMKHI BMPOBAATM NpOrpamu, WO cami NUWYTb i NepeBipsaloTb NPOrpamHuUiA Koa.
MporHo3 ¢paxoBMx eKcnepTiB Ha MalbyTHE KKOAMHTA Y BiACYTHOCTI KOAMHIa», a AN CY4aCHOro NPorpamyBaHHA — «MONArAE He B
Tomy, Wo6 ApyKyBaTH, a B ToMy, Wwo6b aymatu» (Peterson, 2017).

3 ornaay Ha WBMAKICTb PO3BUTKY be3nocepeHbo camux iHPOPMaLLIMHUX TEXHONOTIN el TPeHA, CTOCYETbCA BCiX KPaiH,
3a/ly4eHMX A0 BUPOOHULTBA NporpamHoi npoaykuii. NpoTe He BCi pobiTHMKM IT-ranysi 3MoXKyTb ONaHyBaTM HOBI 3HAHHSA | NepenTn
BiApasy Ha Ti AiNAHKM pobOTU, AKI MOKM WO He MOXKHa aBTomaTulyBaTW. OTXKe, aKTyasbHOK Npobiemolo CTae MigrotToBKa
BMMYCKHMKIB 34aTHUX 40 CAaMOHaBYaHH#A i npodeciliHOro camoBA0CKOHANEHHSA, BUABEHHA GaKTOpiB BN/IMBY Ha NPOAYKTUBHICTb
Ta epeKTUBHICTb NOAIBHOro OCBITHLOrO NPoLECy.

AHani3 akKTyanbHUX gocnigxeHb. AHani3 AocnigKeHb i Nybikauii 3 NUTaHHA MaTEMATUYHOI MiArOTOBKM MalbyTHIX
daxisuis ranysi iHbopmaLiMHO-KOMYHIKALiMHMUX TEXHO/OFIN MOKasag, WO HAayKOBO-MeAaroriyHi npawiBHUKK, AKi 3alimatoTbea
npodeciiHolo NigroTOBKO MalbyTHIX MPOrpamHUX iHKEHepiB, a TaKOX KepPiBHUKM Ta NpoB.igHi gaxiBLi IT-komnaHin y3rogxeHo
NiATPMMYIOTb AYMKY NPO HeobXiAHICTb BMCOKOrO PiBHA MaTeMATUYHOI Ky/lbTypW iHXXeHepiB 3 nporpamHoro 3abesneyeHHs,
3Ba)Kaloum Ha TeHAEHLiT po3BMTKY BigNoBigHOT ranysi BUpobHMLTBa. OCKiNbKM, NpOrpamHa iHxXeHepia aBnse coboto cneundiyHy
dopmy iHXKeHepii, AKa 3aCTOCOBYE MPUHLUMMM iHOOPMATUKM Ta MATEMATUKM O OTPUMAHHA PEHTabeNbHUX pilleHb B ranysi
nporpamHoro 3abesnedyeHHsa (Courant & Robbins, 1996; Denning & Rosenbloom, 2009). BuknagaHHA Ta BUBYEHHS MOBM
MaTEMATUKU € KUTTEBO BAXKIUBMMMU A/1A PO3BUTKY MaTeMaTUYHOI rpamoTHocTi (Riccomini et al., 2015), a oTxke i maTemaTU4HOT
KyNbTypu. PO3pO6HMKM NporpamHoro 3abesnevyeHHa 6e3nepepBHO YAOCKOHaNOOTb METOAN NPOrPaMyBaHHA, BEIMKA KibKiCTb
3 AKMX NiATBEPAKYE CBOK ePeKTUBHICTb B NPAKTUYHMX NPOEKTax. TUM He MeHLle He MPUMNUHAIOTL BUHUKATKU npobnemu, aki
CTOCYIOTbCA, HaNpUKNad, NUTaHb HEBUKOHAHHA BIOAMKETIB | TEPMIHIB aXK 40 NPUNMHEHHA MPOEKTIB, B AKi BKAaAEHi 3a3BMuait
BE/IMKI KOWWTK, 4Yepe3 NoAcCbKUiA dakTop. OAHMM i3 cnocobiB NOKPAWMTM CUTYaALilO € KOHLEHTpauia 3ycuab Ha binbl
epeKTMBHOMY Ta NPOAYyKTMBHOMY HaByaHHI (Klochko, 2004; Kovaliuk & Yefimenko, 2011; Kucheruk, 2011) HoBOro nokoniHHsA
iHXXeHepHWX Kagpis Ta Nowyk GaKTopis, LLO BNAMBAIOTL HA TaKe HaBYAHHS.

MerTa cratTi. BiaTak, meTa Nnpe3eHTOBAHOroO AOCNIAXKEHHA NONAMAE y 3'ACyBaHHI 3B"A3KY Ta BU3HAYEHHI MOro Mipy mix
CTaHOM 6a30BUX KOMYHIKaTUBHMX AKOCTEN MaTeEMaTUYHOTO MOB/IEHHA Ta pe3y/ibTaTamMu BUKOHAHHA 3aBAaHb cyTo npodeciiHoro
Xapaktepy 3406yBavamu BULLOI OCBITU Y ranysi 3HaHb «IHGOPMALIMHO-KOMYHIiKaLiiHi TexHoAnorii». OTXKe, NOCTalOTb HACTYMHI
3aBAaHHA: 1) cxapakTepu3yBaTU 6a30Bi KOMYHIKaTUBHI AKOCTI MaTeMATUYHOrO MOBJ/IEHHA B PaMKax KOHLENTya/nbHOI moaeni
nposBy i GyHKLiOHYBaHHA MaTeMaTUYHOI MOBM Yepes MaTeEMaTUYHE MOBJ/IEHHS; 2) BU3HAUYUTMK, 3rigHO po3pobaeHOT WKaau piBHiB,
i npoaHanizyBaTM cTaH 6a30BMX KOMYHIKAaTUBHWUX SKOCTEA MaATEMaTUYHOrO MOBNEHHSA CTYAEHTIB, WO HaBYaloTbCA 3a
cnevwianbHICTIO iHXKeHepii nporpamHoro 3abesneyeHHs; 3) 4OCNIANTU BNANB O3HAYEHUX AKOCTEN Ha pe3yabTaTh CaMOHaBYaHHA.

METO/AM AOC/IAMEHHA

Y nponoHoBaHii poboTi 06pobKa eKcnepMMeHTaIbHUX AaHMX NPOBOAMAACA Ha OCHOBI KopenauiiHoro aHanisy. Cnucrema
BM3HAYEHHsA CTaHy 6a30BMX KOMYHIKAaTUBHWUX AKOCTE MAaTEMATUYHOIO MOB/IEHHA € NOPAAKOBOIO LWKANO00, OCKINIbKM HE MOXK/INBO
KaTeropmMyHoO BUMIPATU Ha CKiZIbKU Ay¥Ke BUCOKMI PiBEHb O3HAYEHMX SKOCTEN Y OAHOIO CTyAeHTa BiAPi3HAETLCA Y OiK 36iNbLUeHHA Big,
BMCOKOrO PiBHA iHLWIOrO, i Ha CKi/JIbKM piBEHb OCTaHHLOrO Bifblue TOro, WO Ma€E cepeaHii piBeHb. LLIKany ycniluHOCTI BUKOHAHHA
NabopaTopHMxX pobiT 3 NporpamyBaHHsA, NOBYAOBaHY 33 AONOMOroto 6anbHMX OLLIHOK, CTPOrO MOMKHA PO3rNALATU TeX /nwe K
nopagkosy. OCKINbKM BayKKO CKa3aTH CKiNIbKM 3HaHb, YMiHb YM HABUYOK «MICTUTbCA» B 0A4HOMY 6ani, xoda 100-6anbHa WKana aae
6inblw gudepeHLioBaHy rpafalito OLHIOBAHHSA | BUHMKAE XMOHE BpayKeHHA Hib1 BOHa MeTpuyHa.

BiaTak aHani3 TICHOTM 3B’A3KY MiXX €MNipUYHUMM 3MIHHMMKM, 3@ came piBHEM 6a30BMX KOMYHIKAaTUBHUX SAKOCTEWN
MaTEMaTUYHOTO MOBJIEHHS | YCNILLHICTIO BUKOHAHHA 1abopaTopHOi pob0TH 3 HaxoBoi AUCLUMNAIHK, AKI HE MOXKYTb BYTU BUMIPAHI B
iHTepBanbHili abo penAuinHii WKanax, ane NigaalTbca BNOPALKYBAHHIO i MOXKYTb BYTW NpopaH)KoBaHi No Mipi cnagaHHa abo
3POCTaHHA 03HakKW, bys10 NPOBeAEHO Ha OCHOBI PaHroBoi Kopenauji CnipmeHa. OCKiNbKKW y pasi NOPAAKOBUX LKA NPUNUCYBAHHA
yncen HeOL4HO3HAYHe, TO HaJAHI eKCNePUMEHTAIbHUM JAHUM PaHrM BM3HAYalOTb BiAHOCHY iHTEHCUMBHICTb AOCAIAMKYBAHOI AKOCTI,
ane He «abcoOTHY» il BEANYMHY.

3aana aprymeHTaLii HeobXigHOCTI NpoBeAeHHsA eMNiPUYHOTO AOCAIAXKEHHA Ta NiATBEPAKEHHA MOro akTyanbHocTi 6yno
34ilICHEHO BMBYEHHSA Ta NPOBEAEHWNI MOPIBHANBbHUIA aHANi3 HAaBYaIbHWUX NIaHIB NO NiAroToBLi GaxiBLiB 3 NPOrpamHoi iHXeHepii 3a
OCTaHHI 6inbw Hix 15 pokis. MigcyMmKoOM NeaaroriyHOro MoAeN0BaHHA CTana KOHLUENTyabHa MOoAeNb NponaBy i GYHKLIOHYBaHHA
MaTEMaTUYHOI MOBM Yepe3 MaTeMaTUYHE MOBJ/IEHHS.

TEOPETUYHI OCHOBM OAOCNIAMEHHA

CBiTOBa TeHAEHLA CTOCOBHO BULLOI OCBITM CbOrOAEHHA NOMArae B TOMY, WO y BiNbWwOCTi BUNaaKiB yHiBEpCUTETH He
MaloTb B CBOEMY PO3MOPAANKEHHI 3HaUYHMX PiHAHCOBUX Ta KaapoBUX pecypciB. YKpaiHa y LLbOMY KOHTEKCTi HE € BUK/IHOYEHHAM.
Tomy niarotoBKa 3406yBaviB BUWOI OCBITU y ranysi iHbopmauiliHUX TexHonorih, 3 ogHoro 6oKy, noTpebye iHTeHcUdikaLii
HaBYa/NIbHOIO Mpouecy, 3 iHWOro — PUHOK MpaLi BMMArae BUCOKOKBaNiPiKOBAaHMX KOHKYPEHTOCMPOMOMKHUX ¢axiBLiB, LLO
BiANOBIAAOTH Cy4aCHWMM MOCTIMHO 3POCTalOUYMM BMMOTaM, WO YHEMOMK/IMBAKOE CYTO MeXaHiYHEe CKOPOYEHHA i YLLiNbHEeHHA
3ara/ibHUX TEPMiHiB HaBYaHHSA, TPMBAJIOCTI CEMECTPIB Ta iHWMX 3MiH, AKi CTOCYIOTbCA HAaBYa/IbHOTO MJIaHy NiArotoBKM IT-daxisLis.
BiaTak, nocTtae HeobXiAHICTb BUKOPWUCTAHHA 3ara/sibHOAOCTYMNHUX BigKPUTMX OyKepen iHTeHcudikauii HaBYaHHA, BUHAWAEHHA
[043aTKOBUX AMAAKTUYHUX PecypCiB Ta pe3epBiB AKi L03BONATL BNPOBAAUTH cUCTEMY He3nepepBHOro BAOCKOHANEHHSA OCBITHbOTO
npoLecy, BUKOPUCTOBYHOUYM HABYAZIbHUI YAC TaKUM YMHOM, LLO6 CTYAEHTU Masu 3MOry Yy NOBHIM Mipi ONaHOBYBaAM NPaKTUYHI
3HAHHA TEXHIYHMX OCHOB.
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OAHMM i3 TaKUX pe3epBiB € NPOAYKTMBHA CaMOCTiiHA poboTa CTyAeHTiB MO ONaHyBaHHIO 30BCIM HOBOroO A/1A HUX
npodeciiiHo HeobxigHOro HaBYanbHOro maTepiany. To6To He NOrAMBAEHHA | 3aKPiNAEHHA TOro 3HaHHA Ta NPAKTUYHUX YMiHb i
HaBUYOK, Lo 6y M OTPMMaHI Ha ayAUTOPHUX 3aHATTAX, @ CaMe CMPOMOXKHICTb 10 HAYKOBOFO iHKEHEPHOTO MOLYKY 3 OTPUMaHHAM
NpaKTUYHOro pe3synbTaty. MigTBepAKeHHAM L€l AYMKK, Ha HaLW Noraag, € iCHyBaHHA crevliaibHOro Kypcy NeKLi 3 MaTeMaTUYHOT
MOBM Yy AepKaBHOMY GPaHKOMOBHOMY YHiBEpCUTETi ANCTaHLiiHOro HaBuaHHA TELUQ, AKUI BXOAWTb 40 cucTeMu YHiBepcUTeTy
Keebeky i Bunyckae noHag 20000 ctygeHTiB Ha pik (Affes, 2020).

[0 matemaTM4yHOI NiAroToBKKM iHXeHepa-nporpamicta TPagMUiiHO BXOSATb HACTyMHi po34inu: MiHiliHa Ta BEKTOpHa
anrebpa, aHaniTMYHa reometpin, gudepeHuiaNbHe YUCNeHHA QYHKLiT OAHIE 3MiHHOI, HEBU3HAYEHUI iHTerpan, BM3HaYeHUM
iHTerpan, yHKUji AEKiNbKOX 3MIHHWX, KPaTHI Ta KOUBONIHINHI iIHTErpanu, enemeHTV Teopii nons, gudepeHuianbHi PiBHAHHA, pAaM,
DYHKLii KOMNIEKCHOro 3MiHHOro, onepawiiHe YWUCAEHHA, KOMM'IOTEPHA AMCKPEeTHa MaTemaTuKa, Teopia MMOoBipHoOCTen Ta
MaTemaTM4Ha CTaTUCTUKA, Teopia rpadis, JOCNiIAKEHHA onepaL,iii, YncenbHi Ta 064MCaOBaNbHI MeToau.

MopiBHANBHWUI aHanNi3 HaBYaNbHMX NaaHiB 3a 2006 Ta 2016 poKu, Ha NiAcTaBi AKMX BigbyBanacb NpodeciiHa NigroToska
daxisuis 3 nporpamHoi iHxeHepii y 2006 / 2007 Ta 2016 / 2017 HaBYaNbHUX POKaX, MOKa3aB CKOPOUEHHA 3ara/ibHOi KiJIbKOCTi
AYAUTOPHUX FOAMH, HanNpuKNaga, 3 BUWOT maTemaTuku Big, 345 fo 224 HaBYanbHUX roavH. Ha Tenep uel NoKasHUK 4OPIBHIOE
150 roanH. TobTo Bigbynocs ¢akTUUHE CKopoyeHHsA ¢yHAAMEHTanbHOI ANnA byab-AKOi ranysi iHXeHepii AMCUMNAIHM Ha
195 roanH, YM 3MeHLWeHHA Ha 56,5 %. Y Tabnauui 1 HaBefeHO AMHAMIKY CKOPOYEHHA BULLE O3HAYEHWX ayAUTOPHMX FOAMH 3a
TaKMMM GOpMaMm HaBYAHHA CTYAEHTIB, AK NEKLiMHI Ta NPAKTUYHI 3aHATTA.

Ta6bauysa 1. 3miHa YMCceNbHOCTI ayAUTOPHUX FTOAUH 3 BULLLOT MaTeMaTuKu 3 2006 no 2025 poku
(cneuianbHicTb «lHXeHepia nporpamHoro 3abesneyeHHA»)

Poku: 2006 / 2007 HaB4anbHMUI piK 2016 / 2017 HaB4anbHMi1 piK 2024 / 2025 HaB4anbHU piK
dopma 3aHATb: nexuii npaKkTuKa nexuii MpakTuka nexuii npakTuKa
| cemecTp 60 60 80 64 49 33
Il cemecTp 75 60 48 32 41 27
11l cemecTp 45 45 - - - -

Jxepesno: asmopcbKa po3pobKa.

AKWO po3rnafaTi BMLLY OCBITY 3 TOYKM 30py BMPODOHWLTBA, TO BigOYNOCA 3HWMMKEHHA CObIBapTOCTi NiArOTOBKM
BMMNYCKHUKIB. [poTe nepes negaroraMm-HayKoBLAMM NOCTAE 3aBAAHHA HE TiIbKM He BTPATUTU AKICTb, ane BUHAWTU WAAXM, AKi
003BONATb 36eperty Haikpalyi HayKoBO-MeTOAMYHI 3006yTKM Ta HauioHaNbHI Tpaauuii maTeMaTUYHOI NiArOTOBKM MabyTHiX
iHXXeHepiB.

OfHi€0 3 YMOB YCNIWHOrO PO3BMTKY MaTeMaTUYHOrO MOBNEHHA € Ge3nocepedHeE cninkyBaHHA. Buknagadi BuLoi
MaTeMaTUMKKU, MaTEMATUYHE MOB/IEHHA AIKMX 6/IM3bKe A0 AOCKOHANOro, came NPOTArOM aygUTOPHMX 3aHATH LWBMALIE 3a BCe Ta
NPoAYKTUBHIilWe NepeaatoTb CBi A0CBIA CTyAEHTaM.

BcTaHOBNEHO, WO CHOPMOBAHICTb TaKMX KaTeropii AK mMaTeMaTM4yHa MOBA i MaTeMaTMYHE MOBJ/IEHHS Y Cyb6’eKTiB
HaBYaHHA 3a6e3neyvyoTb CBIAOMICTb HAaBYAHHSA, NO3UTMBHO BMN/IMBAOTL HAa 3aNam’ATOBYBAHHA | yABY, MaKCMMa/IbHO PO3KPMBAIOTbL
MOXX/IMBOCTI MAaTEMATUYHOFO CTUIO MUC/EHHA, Y CKNadi AKOro TaKi BMAM AK: abCTpaKTHe, aNropuTMiYHe, aHaniTU4He,
AianeKkTuyHe, iHTYiTUBHE, KpeaTUBHe, AOCNIAHULbKE, 10TiYHEe, NPAKTUYHE, MPOCTOPOBE, CUMBOJIbHE, CTPYKTYPHE, PYHKLiOHabHE
(Dubinina & Kornil, 2016).

OpfHaK icHYOTb 06’€KTUBHI 3a1€XKHOCTI pe3ynbTaTy 3aCBOEHHA MaTeMaTUYHOI MOBM Bif, PO3BMBANLHOTO MOTEHLiany
OCBITHBOTO CepefoBU1LLA, @ CaMe: 3a/1eXKHICTb TeMny 36arayeHHA MOBM Bif, 3ara/IbHOTO PiBHIO MAaTEMATUYHOT KyNbTYpW CTYAEHTA,
3aranbHOro PoO3BUTKY iHTENeKTY, 34ibHOCTEN A0 MaTeMaTMKK, 0COBNMBOCTEN MOBNEHHEBOI Nam’ATi; 3aCBOEHHA HOPM i Npasun
MaTeMaTUYHOI MOBW; PO3YMiHHA CEMAHTUKU; aKTUBHOCTI MOB/IEHHEBOT NPAKTUKM TOLLLO.

[Jo 6a30BMX KOMYHIKaTUBHUX AKOCTEW MaTeMaTUYHOIO MOBJIEHHSA, 3riQHO KOHUENTyanbHOI moAeni npoasy i
dYHKLiOHYBaHHA MaTeMaTUYHOT MOBM Yepe3 maTemaTUyHe MOB/IeHHA (puc. 1) BIAHOCMMO HACTYMHi.

JopeyHicTb — 06paHHA NeBHUX MOBHMX 3ac0biB, 3aBAAKMN AKMM MOBJIEHHA BiANOBIAAE METi Ta YyMOBaM CMiNKYBaHHA.

KOHKpEeTHICTb — BUCOKWI piBEeHb BU3HAYEHOCTI, BiACYTHICTb ABO3HAYHOCTI MAaTEMATUYHOIO MOB/IEHHA, CMPOMOMKHICTb
OZHO3HAYHOro TIyMayeHHsA NPUPOLHOI MOBOIO, HOCIEM AKOI € cTyaeHT (Hersh, 2014).

JTaKOHIYHICTb — BiACYTHICTb PO3MN/IMBYATOCTI, CTUCANICTb, HEBAraToCNiBHICTb — BUKNAAEHHA AYMOK 3 BUKOPUCTAHHAM
HalMeHLWOi KiNbKOCTi CniB. 3aANAa NaKOHIYHOCTI MOBNEHHA HeobXxigHO BiZOKPEMAOBAaTU TO/NOBHE Big, ApPYropsaHoro,
KOHLLEHTPYBATWU BUMKNAZ HA KOHTEKCTi, NpUbMpaTth 3 TEKCTY HAarpomaZKeHHs 3alBux CniB. JIAaKOHIYHICTb LHYETbCA He TiIbKK B
NMMCbMOBOMY Ta YCHOMY MaTeMaTUYHOMY MOBJIEHHI, a/ie i B MOBax NPOrpamyBaHHsA.

J1oriyHicTb — CNPOMOXKHICTb MOBJIEHHEBO NepeaaT NOriKky MucaeHHAa. OaHa 3 OCHOBHMX 3aJad NOTiKM BU3HAUNTKU, AK
NPUIATK A0 BUCHOBKY 3 NPaBUbHUX NepeayMOoB i OTPUMATH iCTUHHE 3HAHHA NPO NpeameT Po3ayMmis, Wwob ramblue posibpaTtnca B
HI0AHCAX AOCNIAKYBAHOMO NPeAMeTa MUCIEHHS i MOro CNiBBIAHOLWEHHAX 3 iHLIMMM acneKTaMm AaHOro ABULWA. JToriyHe MUCIEHHSA
nepenbayae WNPOKe BUKOPUCTAHHA 3aCBOEHMX 3HaHb, NOA0NAHHA Bap’epy MUHYyNOro fOCBiAY, BiAxoAy Bifg 3BUYHOro nepebiry
AYMKW, OTPMMYIOYM OAHY AYMKY 3 iHLWOI, ANA PO3B’A3aHHA NPOTUPIY MiXK aKTyaNi30BaHUMM 3HAHHAMMW | BUMOramu npobaemHol
CUTyaLjii, CNMpayYnCh HA OPUTIHABHICTb PilleHb, iX CBOEPiIAHICTb. [LO NOriYHUX onepaLii BigHOCMMO aHani3, CUHTE3, NOPIBHAHHSA,
abCcTpaKuUito, y3arasbHeHHsA, KOHKpeTM3auio, Towo. [o NoriyHnx Gopm — MOHATTA, CYAMKEHHA, OLIHKM M ymoBuBOAW. J1OTiyHi
onepaL,ii 403BONATb PO3YMY FMbLIE NPOHMKATK B CYTb peyelt i ABULL, ocAraTh iX BHYTPILWHI 3aKOHOMIPHOCTI Ta 3B’A3KM.

BMiHHS YiTKO Ta /IoriYHO GOPMYNOBATU AYMKY, W06 HaNEXKHUM YMHOM AOHECTU ii 3MICT A0 CMiBPO3MOBHMKA LWiIbHO
noB’A3aHe 3 HaBMYKaMM ONPALIOBAHHA | PO3YMIHHA MaTEMATUYHWUX TEKCTIB. TOMY € aKTyaslbHUMM NyONiYHI BUCTYNU CTYAEHTIB Nig,
Yyac ayaMTOPHMUX 3aHATb Pi3HMX GOpM opraHizaLii HaB4anbHoro npouecy. MpoTe cneujanizosaHi popmm MOBU BUKOPUCTOBYHOTHCA
He TiIbKM AN CMiNKYBaHHA 3 iHWWMM, ane HaBiTb 4N CTBOPEHHA HOBOI MaTemaTuKkn (Morgan, 2020).
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Ymosu po3zsumky:
® HayKOBe J0CKOHa/le MOB/IEHHA BUK/AAaua;
® 336e3ne4YeHHn eAHOCTI 3MIcTy | YOPMU MOBNEHHA CYD’EKTIB HAaBYAHHSA;
® CBiJOME HAaBYaHHA CTYAEHTIB MaTeMaTuLi;
® HaBYaHHA Ha OMTUMA/NIbHO BUCOKOMY CTYNEHIO CKNAAHOCTI;
® cucteMHe GopMyBaHHA MaTeMaTUYHOI KybTYpU CTYAEHTIB

3akoHomipHocmi
po3sumky

Mamemamu4Ho20

Mo8neHHsA

Puc. 1. KoHuenTyanbHa moAenb NPonABy i PYHKLiOHYBaHHA MaTeMaTMYHOT MOBM Yepe3 MmaTemaTUYHe MOBNEHHA
Lepeno: asmopceKka po3pobKa.

MpaBuUAbHICTb — AOTPUMAHHA YCTaNEeHOl JI0MKO-TePMIiHONOrMYHOI OCHOBM MOBW, YHUKHEHHA CUHTAKCUMYHWUX Ta
CEMaHTUYHUX NoMWAOK. Mig cuHTakcucom (Big naTt. ouvtaélg — nobyaoea, NOPALOK, CKAadaHHA) dopmanizoBaHOi MOBM
PO3yMiEMO cucTeMy npasBun nobynoBu BMPasiB Li€i MOBM Ta NMEpeBipKM TOro, UM € Lj BMPa3u NpaBuibHO NobyaoBaHWMMU
dbopmynamu, akciomamu, Teopemamu, BMCHOBKaMM abo [AOKasamu, BK/OYAOUM Habip rpamatmyHux npasua. OTxe, TyT
3’ABNAETLCA YHiBEepCanbHiCTb. Hanpuknag, y gocnigskeHHi A. MaotHuupkoro (Plotnitsky, 2024) cTBepaKyeTbes, WO €3 MOMEHTY
CBOrO BUHWKHEHHA B LWICTHAALATOMY CTONITTI | 4O HaLIMX AHIB PO3BUTOK Cy4acHOi Bi3nKKU AK MaTeMaTUYHO-eKCNePUMEHTANbHOI
HaYKM BU3HAYaBCA BMHAXO40M HOBMX MaTEMATUYHMX CTPYKTYp». TaK 3aBOAKU BUKOPUCTAHHIO ANPEPEHLINHNX PiBHAHb CTanu
MO/IMBUMM HACTYMHI BE/IMKi BUHAXO4M: KTACMYHA MeXaHiKa, eNeKTpoMarHitHa Teopia Makcsenia, Teopif BifiHOCHOCTI, KBaHTOBaA
Teopia. MigTpumye BuLLe o3HauYeHe nonoxkeHHA H. usiH, 3a3Havatoum, Wwo matemaTniHa MoBa GOpMye Po3yMiHHA Yacy y isnui
(Gisin, 2020). Tako)K Ma€ 3Ha4YeHHA NPaBUIbHE HAMUCAHHA 3HAKIB i CUMBOJIIB, BXKMBAHHA Ta HAaNMCAaHHA TEPMIHIB i MO3HaYeHb,
BMKOHAHHA i PO3yMiHHA rpadiuHnX 306parkeHb, KpecaeHb, cxem, diarpam Tolo. PO3ymiHHA OCMUCIEHUX BUPA3iB MaTeMaTUYHOI
MOBW CKNaAae ii cemaHTMKy. CeMaHTUYHI (Bif rpeubKoi — GNUOVTIKOG — KM 03HAYaE) — Le MOMUAKK, NOB’A3aHi 3 HEMPaBUIbHUM
3MiCTOM Zil1, NOPYLWEHHAM NIOTiKM | BUKOPUCTAHHAM HENPUMYCTUMUX 3HAYEHb BEJINYUH.

TOYHICTb — BigMiHHa KaTeropnyHa puca MatemaTMYHOI MOBM, WO nepesbayae paLioHaNbHO Ta aKypaTHO BUKOHYBATU
3anucy, obupaTn pauioHaNbHUIA WAAX PO3B'A3aHb Ta AOKas3iB MaTeMATUYHOro XapaKkTepy, YCHO abo MMCbMOBO He MPOCTO
npasuabHO nepepasatv $akTW BiANOBIAHO 40 BMMOF 3aBAAHHA, ane i obupatTm AnsA Uiel MeTM HaWKpal,i MOBHi 3acobwu.
MoBNEHHEBI BUAM AiANBHOCTI, AKi CNOBECHO abo NUCbMOBO CMPUAIOTL PO3BUTKY TOYHO GOPMYNIOBATU AYMKM Ta BUKNAZATU
MaTeMaTUYHUI MaTepian OAHOYACHO PO3KPMBALOTL 34iOHOCTI CNPUNHATTA MaTEMATUYHUX TEKCTIB.

Yucrota — ue BiACYTHICTb B YyCHOMY ab0 K MUCEMHOMY MOBJ/IEHHI HENPUUHATHMX abo, WO He BignoBiAaloTb HOpMam
MaTeMaTUUYHOI MOBM efleMeHTiB. AK 3a3HavaloTb GppaHLy3bKi BUKNagadi matematuku (Rigny & Lopez, 2016), Ha byab-akomy eTani
BMBYEHHA MATEMATUYHUX AUCUMNIIH MA€E BigbyBatTUCA BMBYEHHA abo YAOCKOHA/NEHHA MATEeMaTUUYHOI JIEKCUMKM B MEBHUX
CTPYKTYPOBAHMX pamKax. Mpu LbOMy BOHM 3acTepiratoTb BUKAAZAATU MaTeEMATUYHY MOBY fiK MPUPOAHIO, Y AKIN [ONYCKAETLCA WO
3HAYeHHA CNiB MOXYTb BUHMUKATK i3 gocsigy. OgHak, B MaTemaTuLi Le Tak He NpaLLoe.

ACHICTb — YCBIAOMNEHHA | BUOKPEMIEHHA NpeaMeTa MOB/IEHHEBOrO NOBIAOM/IEHHA Y MAaTEMATUYHOMY NPOCTOPI, AKe
XapaKTepPMU3YETbCA O6IPYHTOBAHICTIO MPOBEAEHUX MiPKYBaHb, YMiIHHAM CaMOCTIMHO HAaBOAMTU NPUKNAAM | NOACHIOBATH iX.
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PE3Y/IbTATU AOCNIAXKEHHA

Ha 6a3i HauioHaIbHOro TeXHIYHOTO YHiBEPCUTETY « XapKiBCbKMI NONITEXHIYHMIA IHCTUTYT» cepes, CTYAEHTiB NepLUoro Kypcy,
LLLO HABYAOTLCA 3a CreLiaNbHICTIO «IHXeHepis nporpamHoro 3abesneyeHHs» NPoOBEAEHO AOCNIAKEHHA MO 3'ACYBAHHIO HAABHOCTI
3B'A3Ka MiXK CTaHOM 6a330BMX SKOCTEW MATEMATUYHOTO MOBJ/IEHHA CTYAEHTIB Ta pe3y/nbTaTamu 1abopaTopHux pobit 3
nporpamyBaHHA, BUKOHaHHA AKUX nepeabayae nonepesHe CamocTiiHe CKNagaHHA MaTeMaTUYHOI Mogeni.

MoToYHMiA cTaH 6a30BUX AKOCTEM MATEMATUYHOrO MOBJ/IEHHA CTYZEHTIB BMMIpIOBABCA Ha OCHOBI KBaniMeTPUYHOI
meToamku (Ay6iHiHa, 2014). Mpwn LUbOMY 3aCTOCOBAHO HACTYMHY LWKaay PiBHIB: AyXKe BUCOKMI ([B); BMucokuin (B); cepeaHin (C);
HU3bKKUI (H); gyke HM3bKMI (OH). 3HaYeHHs NUTOMOI BaromocCTi KOXKHOI 3 BULLE PO3INAHYTUX SKOCTEN, BYN10 BUIHAYEHO LUAAXOM
eKkcnepTusun. Y AKOCTi ekcnepTis 6yn10 3a1ydeHo 6,113bKo 40 BUKIaAauiB LMKAY MaTEMATUYHMX AUCUMITIH. 3ayBaXKMMO, LLLO OCKi/IbKK
OCHOBHWI HEL0NIK EKCMEPTHOI OLLHKM - Cy6’EKTUBI3M, TO ANA OTPUMAHHSA BiibLl 06’EKTUBHMX NOKA3HMKIB MMTOMOT BaroMoCTi OKpemo
B3ATOi AKOCTi Y 3aralbHOMY MOKAa3HWKY, HAMU AN BU3HAYEHHA Y3roAMKEHOCTi MiXK eKcnepTamu 6yno BMKOPUCTaHO KoedilieHT
KOHKOpaauii KeHganna, skuii cknas — 0,78. Lo, BoueBMAb, NiATBEPAMKYE BUCOKY Y3rOAMKEHICTb €KCnepTiB, TUM CaMUM
06’€eKTUBI3YHOUN pPe3yNbTaTM eKCNEPUMEHTANIbHOTO AOC/IAKEHHS.

OuiHloBaHHA nabopaTopHOi poboTM 3 NporpamysaHHs BigbyBanock 3a 100-6anbHoto cuctemoto ECTS: A (90 — 100 6anis) —
BMKOHAHHA pob0oTH BigMiHHE NnLLe 3 HE3HAYHOIO Ki/IbKICTIO NoMUNoK; B (82 — 89 6anis) — ayke Aobpe, TO6TO 3aBAAHHSA BUKOHAHO
BULLE CEPeAHbOro PiBHA, ane 3 Kinbkoma nomunkamu; C (75 — 81 6an) — nobpe: B LiioMmy npasuabHa poboTa 3 NEBHOO KiNbKICTIO
3HayHMX Nomunok; D (64 — 74 6anu) — 3a40BiNIbHO: HEMOraHO, aje 3i 3HAYHO KiNbKiCTIO Hegonikie; E (60 — 63 6anu) — AOCTATHLO:
BMKOHaHHA fabopaTopHoi pobOTM 3340BOMbHAE MiHIMaNbHUM KpuTepiam; Fx (35— 59 6anis) — He 3a[0BiNIbHO: 3 MOXAUBICTIO
NOBTOPHOrO CKNAAaHHA Ha HACTYMHOMY 3aHATTI, NiCNA YCYHEeHHA BKa3aHMX BUKAadadem Heaonikis; F (1 —34 6anun) — HENpUMHATHO: 3
060B’A3KOBMM NOBTOPHWM BUBYEHHAM BiZNOBIAHOrO PO3A4iNY AUCLUMNAIHW.

[0 yyacTi B eKkcnepumeHTi 6y10 3a1y4eHo 26 CTyAEeHTIB, AKi HABYAKOTLCA B O4HIM aKaAeMiuHil rpyni.

O6pobKy pe3ynbTaTiB EKCNEPUMEHTY 34iACHEHO Ha OCHOBI MeToAy PaHroBoi Kopensuii. Bubip uboro craTMcTMYHOro
MeToay, B NepLuy Yepry, NoB'A3aHUIA 3 TUM, LLLO AOCNIAXKYBaHI O3HaKM BUMIPAHI 33 4ONOMOTOL0 Pi3HKMX WKas. CTaH 6a30Bux AKoCTeN
MaTeMATUYHOTO MOBJIEHHS — 33 HEMETPUYHOIO AKICHOO LUKANO0K, @ BUKOHAHHA N1abopaTopHoi poboTM 3 nporpamyBaHHA — 3a
meTpuyHoto 100-6anbHoto WKanoto. [aHi ona po3paxyHkis TabynbosaHo. BiaTtak, y Tabauvuj 2 NpopaHKoBaHO eKCrepumMeHTasbHi
[LaHi 33418 NOAANbLIONO 3HAXO4KEHHA KBAAPATIB Pi3HMLb BiANOBIAHWUX PaHriB.

Omxe, 06’em BUBIpKM cknagae: n=26 . [ina noganblumx obuncieHb BBeAEMO HaCTyNHi NosHaueHHa: X; ((2)**, (7)**) Ta
y; ((4)***, (9)***) — sapiaHTn BMGipOK X i Y BignosiaHo; Rx; ((3)****, (8)****)1a Ry; ((5)****, (10)****) - paHru BesmunH Xi Y.
Toai d; =Rx; —Ry; .

Tabauysa 2. Po3paxyHOK KoedillieHTy Kopensauii paHris

(1)* (2)** (3)**** (4)*** (5)**** (6)* (7)** (8)**** (9)*** (10)****
1 B 19,5 (85)B 21 14 H 5,5 (66) D 6
2 B 24 (87)B 22 15 H 5,5 (75) C 12
3 B 24 (96) A 26 16 C 13 (78) C 15
4 C 13 (82)B 19 17 H 5,5 (60) E 2
5 C 13 (76) C 13 18 B 19,5 (79) C 16
6 C 13 (64) D 4 19 C 13 (70) D 8
7 H 5,5 (80) C 17 20 H 5,5 (65) D 5
8 C 13 (74) D 11 21 C 13 (73)D 10
9 B 24 (88)B 23 22 OH 1,5 (21) F 1
10 B 24 (81)C 18 23 B 19,5 (84)B 20
11 OH 1,5 (61) E 3 24 C 13 (72) D 9
12 B 19,5 (94) A 25 25 H 5,5 (67)D 7
13 B 24 (89)B 24 26 C 13 (77)D 14

* —nopsaKkoBuiA N cTyeHTa, AKMIM BpaB y4acTb Y eKCNepUMEHTI

** — cTaH 6a30BKX AKOCTEN MaTEMaTUYHOIO MOB/IEHHS — 03HaKa X

**% _ 6ann Ta BiANOBIAHA OLiHKA 33 BUKOHAHHA nabopaTopHoi poboTh — 03HaKa Y
**EE _ HapaHWUI paHr

[epeno: asmopcbKa po3pobKa.

Y AaHOMY BUNAAKY 3HAYEHHSA BUMIPIOBAHOT BENNUNHM 3MIHIOETLCA NPAKTUYHO PIBHOMIPHO, 6e3 ABHMX «CTpUOKiB». TobTO,
AKLLO PO3TallyBaTU OLHKM B NOPAAKY 3POCTaHHA, TO KOXHa MNoJainblua OLjHKA BiApisHAETbCA Big, nonepeAHboi npubansHo
oAHaKoBo. Kpim TOro, BiAMiHHICTb 3HaYeHb ABOX OLHOK B MOPIBHAHHI i3 CamMMM OLiHKaMK BIGHOCHO HeBenuKa. Biarak, y ubomy
EeKCMepPUMEHTI AOLiNIbHO BUKOpUCTaTH KoedilieHT CnipmeHa. AHai3 MHOTOKYTHUKA PO3MOAiay PaHriB, MOKasye, WO NEBHUM YNHOM
03HaKkuM X i Y noB’a3aHi mMixk coboto, NpoTe 3aMWAETbCA A0 KiHUA He 3p03YMINM, AKOTO BiH HANPAMKY Ta CUAN.

B ekcnepyMMeHTi MaeEMO paHru, Lo NOBTOPHOKOTLCA, AN1A 03HaKU X. B LbOMy BMNaZKy BBOAUTLCA MONpaBKa Ha OAHAKOBI
paHrn B paHroBomy pagi. lMonpaBKa po3paxoBYETbCA A/1A KOXKHOMO paay okpemo. MonpaBKa Ana KOXKHOIo pAaay po3paxoBYETbCA 3
ypaxyBaHHAM yCiX rpyn OAHaKOBUX PaHTriB B LibOMY PAA;.

AKLLO cepen, 3Ha4YeHb O3HaK X Ta Y 3yCTpivaeTbCcA AeKislbKa O4HAKOBWMX, YTBOPHOKOTLCA TaK 3BaHi 3B8’A3aHi paHru, T06To
0O/ZlHaKoBI cepegHi Homepu. Y TakomMy pasi KoediuieHT CnipmeHa 064MCIOETbCA 32 GOPMYNOHO:
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6> d’-T,-T,
i

re=1- , (1)

Jn*—n-127, ~\/n3 ~n-12T,

1 1
ae TX:EZ(TXja_TXj); Ty:EZ(Tyka—Tyk) — MONpPaBKW ANA rpyn 3 OAHAaKOBMMW paHramun B pagax X Ta Y BianosigHo;
j k

Jj — HOMepwM rpyn 3 0A4HAaKOBUMM PaHraMm No NopAAKY ANA O3HaKK X; ij — 06’em j- 1 rpynn 0aHaKOBWUX PaHriB B paHroBomy paay X;

k— Homepw rpyn 3 oHaKOBUMM PaHraMu Mo NOPAAKY ANA 03HakK Y; Ty, —06’em k- T rpynn 0AHAKOBHMX paHriB B paHrosomy pagy Y.

BianosigHO AaHWM Tabnuui 2 paHrM HaZaHO 3a 3pOCTaHHAM 060X 03HaK. ToOOTO, HaliKpalloMy pe3ynbTaTy BiagnoBigae

6
o o . 1
Halbinblumii paHr. O3HaKa Y He Mae MOBTOPIOBAHMX 3HAYeHb PaHriB, TOMY Ty :EZ(T k3 —Tk):O. 3a 3pOoCTaHHAM 03HaKu X

y v
k=1
MAaEMO TaKi uMcna OAHaKOBMX paHris no m'atm rpynax: T, =2; T,,=6; T,3=9 T,u=4 T,=5. 3sigcu
13,3
sz—Z(TXj ~T,)=93.
123

BukoHasLM po3paxyHKu 3a opmynoto (1), oTpumyemo koediujeHT Cnipmena r; = 0,844 . OTxe, 3a WKano YepToka mae

MicLLe NPAMUIA CUNBbHUI 3B’A30K.
3HauYMMICTb OTPMMAHOrO pe3y/bTaTy NepeBipUMO LLUASXOM BUCYHEHHS HY/bOBOI riNOTE3V NPO HAABHICTb 3B'A3KY MiX

[0CNiAXKyBaHUMM O3HaKamu. MepesipKy rinoTesn 34JCHI0EMO Yepes NOPIBHAHHA PO3PaXyHKOBOrO KOEdILJEHTY fg 3 KPUTUYHUM
3HaueHHam ry(n)=ry(26), aki 6epemo i3 cTaTMCTUUHOI TabanLi «KpUTUUHI 3HaueHHA KoedilieHTa kopenauii paHris CnipmeHan.
Ana n=26 maemo: ry o5(26)=0,394, ry 0;(26)=0,504 . OTe, rinoTesa Npo HasBHICTL 38'A3KY NIATBEPAKYETCA, Ta NPK

LbOMY MAEMO 3B’A30K cepeaHboi cuan. MpointocTpyemo uei ¢pakT, nobyaysasLuM BignoBiaHY «BiCb 3HaYYLWOCTI» (puc. 2).

30Ha He3HauYyLWoCTi 30HAa HEBWU3HAYEHOCTI 30Ha 3HaYYLWOCTI

[ ]
v

I Ky 05(26)=0,394 I'Kpg,01(26)=0,504 Fonn = 0,844

emn

Puc. 2. Bicb 3HauywocTi
Lepeno: asmopcbKa po3pobka.

OTpumaHe 3HaueHHA KoedilieHTy paHrosoi kopenaLii CnipmeHa A0BOAWTD, Lo, 6330Bi AKOCTI MaTeMaTUYHOTO MOBJ/IEHHA
BM/IMBAIOTb HA NPOAYKTUBHICTb HAaBYAHHA MalByTHIX NporpamHmx iHxxeHepis. Liei GpakT Hagae nigcTaBm BBaXkaTh, WO cTaH 6a3oBmx
KOMYHIKaTMBHWUX AKOCTEM BNNBAE Ha AKICTb CMPUAHATTA | TIMOMHY PO3yMIHHA TEKCTIB TEXHIYHOIO | MaTEMaTUYHOIO XapaKTepy B X0z
CaMOCTIHOrO BUBYEHHSA HAYKOBOI NiTepaTypu.

BUCHOBKWM TA MNEPCNEKTUBU NOAANBbLUOIO AOCNIAXKEHHA

Pestomytoum BULLLe BUKNALAEHE AOCNIAXKEHHA, MOXKHA CTBEPAKYBATH, L0 BUKNALAAHHA LIMKAY MAaTEMATUYHUX ANCLUUNAIH
Ona 3400yBaviB BULLOT OCBiTM 3 iHPOPMALHMX TEXHONOriM AOLiINbHO NPOBOAUTU 3 AKLEHTOM Ha nornubneHe BMBYEHHA
MaTEMATUYHOI MOBM Ta PO3BUTOK MaTeMATMYHOI MOB/IEHHEBOI KOMMNeTeHLii cTyaeHTiB. OCKIZIbKM TaKe CNPAMYBAHHA CNpUAE
NPOAYKTMBHOMY BMKOPMUCTAHHIO MOTEHLiaNy MaTeMaTUKKM 3315 iHTeHcMiKaLii HaBY4aIbHOro NPOLLECY B XOAi NiArOTOBKM LMX
daxisuis.

[JiarHocTyBaHHA cTaHy 6330BMX KOMYHIKAaTUBHWUX AKOCTEM MATeMaTUYHOrO MOBAEHHA ManbyTHix IT-daxisuis
3acBiguno, WO He 3BaXKalouu Ha AOCUTb BUCOKMI NpOXifHMM Ban 3 maTeMaTWKM Npu BCTYMi A0 BULLOFO TEXHIYHOrO 3aKaaay
MOPIBHAHO 3 IHWMMW iHXXEHEePHUMM creuianbHocTamK, 7,7% cTypenTis i 22,2% nepebysae BignoBigHO Ha Ay)Ke HU3bKOMY i
HU3bKOMY PpiBHAX iX chopmoBaHoOCTi. [loBefeHO, WO O3HayeHW ¢GaKT HeraTMBHO BMJIMBAE HAa 3A4aTHICTb CaMOCTIMHOro
onpautoBaHHA 3406yBaYaMu BULLLOT OCBITU NiTepaTypu TEXHIYHOTO i MAaTEMATUYHOTO CIPAMYBAHHS.

MepcneKkTMBOIO MOAANbWKX PO3BIAOK € Nepernaf CTPYKTYPHO-NOrMYHOI cxemMu nigrotoBkM 6akanaspiB 3 MeTow
BCTAHOBJ/IEHHA HOBMUX 3B’A3KIB M npeameTamu npodecimHOro i MaTemaTUYHOTO UMKAIB, WO A03BO/UTL LiNecnpAmMoBaHO
3/iCHIOBATU NOLWYK pe3epBiB NOKpaLLEeHHA AKOCTI OCBITM MalbyTHIX NpauiBHuUKiB IT-chepn. BBarKaemo, LLO B X04i NiaBULLEHHA
KBanidikauii BMKNaAAYIB MaTEMATUYHMX AUCUMNANIH AOLINbHOK NPOBOAUTU UinecnpamoBaHy poboTy WOAO TEeOpPeTUYHOI,
NPaKTUYHOI i METOAMYHOI iX rOTOBHOCTI A0 MiABULLEHHA PIBHIO PO3BMTKY MAaTEMATUYHOIO MOB/IEHHA CTYAEHTIB Y BULLIN LWKONI.
TaKOX Nofanblli AOCNIAKEHHA MOXYTb 30CEPEANTUCA HA BAOCKOHANEHHI KBaNiMeTpii MaTeMaTUYHOI MOBMU.
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AHOTALIA

ABSTRACT

Y cmammi docnioxeHo memoduyHi 3acadu 8UKOPUCMAHHA
sYUMeNAMU Ccepsicie 2eHepamueHO20 WMy4HO20 iHMenekmy
(FLUI) y Has4aHHi NPUPOOHUYO-MaMeEMAMUYHUX npeomemis.
lMpoaHanizosaHo Haykosi nybnikayii wWodo BUKOPUCMAHHSA
syumenamu  cepsicie  [lUl, 'y  HagYyaHHi  NPUPOOHUYO-
MamemMamuyHux npedmemie, 8U3HA4eHO MemoOuYHi 3acadu ix
BUKOPUCMAHHA Y cKAadi Memodie i popm HaB4AHHA NPUPOOHUYO-
mamemamuyHux npedmemie i3 sukopucmaHHAm [lUI, 3acobie
HABYAHHSA.

@opmyniosaHHA npobnemu. [ns 0aHO20 OO0CAIOHEHHA
8aMAUBUM €  npedcmasseHHA  npobsnemu  8U3HAYeHHA
MemoOduYHUX 30cad BUKOPUCMAHHA 84yumenamu cepsicie LI y
HABYAHHI MPUPOBHUYO-MAMeEMAMUYHUX npedmemis.

Mamepianu i memodu. BukopucmaHo KOMMAeKC memoois:
aHani3, cucmemamusauis, y302071bHEHHA HAYKOBUX Oxceper,
aHani3 Haykosux nybaikayili 8iM4yusHAHUX i 3aKOPOOHHUX 8YEHUX,
HOPMaMUuBHO-NPagosux OOKYMEHMIB, Y3a2asnbHEHHA 8/1GCHO20
doceidy ma iH. Ha ocHosi npoeHocmu4Hozo nidxody 6yno
B8U3HAYEHO WAXU MN00aAbWUX HAYKOBUX 00CAiduceHb w000
BUKOPUCMAHHA  84umenamu  cepesicie [l 'y  Has4yaHHI
MpupodHUYO-MamemMamu4HuUx npeomemis.

Pe3yabmamu. Y 0ocnioxceHHi 8u3Ha4eHo MemoOuYHi 3acaou
BUKOPUCMAHHA  s84umenamu  cepsicie [lUl 'y  HagYyaHHI
nMpupodHUYO-MamemMamu4HUx npeomemis, AKi ckaadaromsca 3
memodie HABYAHHA MPUPOOHUHO-MAMEMAMUYHUX npedmemis i3
sukopucmaHHam LI,  ¢opm  HaBYAGHHA  MPUPOOHUYO-
MamemMamuyHux npedmemis i3 sukopucmaHHam LI ma 3acobis
HABYAHHSA.

BucHosku. BukopucmaHHA T[LUI y HagyaHHi NpupodHuYo-
MamemMamuyHux OucyunaiH Crpuse nepcoHanizauii oceimu,
nidsuwjeHHlO momueauyii y4Hie | MoKpauwjeHHIo 8i3yanizauil
Has4yanbHo20 mamepiany, ocobauso y STEM-zanysi. [pome
egpekmueHe  anposadxeHHa [l  nompebye  Haykoso
06rpyHmosaHux  MemoOduyHux  nidxodis, = 30KOHOO0A84020
8pe2yn8aHHA mMa ni08UWEeHHA Uugposoi KomMmrnemeHmMHocmi
nedazoezie, 30Kkpema, w000 sukopucmarHa LI e ocgimHeomy
npoyeci. Baxaueum € MNOEOHAHHA mMpPaduyiliHux Memodis
Has4yaHHA 3 [LUI, a makox 0OMPUMAHHA emuUYHUX MPUHYUIs,
30Kkpema AobpoyecHocmi ma 3axucmy nepcoHanbHUX OaHUX.
Yyumens  301UWAEMbCA  KAOY0B0K0  hi2ypoto  0C8IMHL020
npoyecy, BUKOHYIOYU pOsb HACMABHUKA mMa po38usarodu
KpumuyHe MUCAEHHA Y4His.

K/TKOYOBI C/IOBA: memoduyHi 3acadu,; s4umeni; cepsicu MLI;
oceimHili npoyec; NpupodHU4Yo-mamemamuyHi npedmemu.

The article examines the methodological principles of teachers'
use of generative artificial intelligence (GAI) services in teaching
science and mathematics. Scientific publications on teachers' use
of generative artificial intelligence services in the educational
process, particularly in teaching science and mathematics, are
analyzed. The methodological principles of teachers' use of GAl
services in teaching science and mathematics, which consist of
teaching science and mathematics using GAl, forms of teaching
science and mathematics using GAl, and teaching aids, are
determined.

Formulation of the Problem. For this study, it is essential to
present the problem of determining the methodological principles
of teachers using generative artificial intelligence services in
teaching natural and mathematical subjects.

Materials and Methods. A set of methods was used: analysis,
systematization, generalization of scientific sources, analysis of
scientific publications of domestic and foreign scientists,
regulatory documents, generalization of own experience, etc.
Based on the prognostic approach, ways of further scientific
research were determined on teachers' use of generative artificial
intelligence services in teaching natural and mathematical
subjects.

Results. The study determined the methodological principles of
using generative artificial intelligence services by teachers in
teaching natural and mathematical subjects, which consist of
methods of teaching natural and mathematical subjects using
generative artificial intelligence, forms of teaching natural and
mathematical subjects using generative artificial intelligence, and
teaching aids.

Conclusion. The use of GAl in teaching science and mathematics
contributes to the personalization of education, increasing student
motivation and improving the visualization of educational
material, especially in the STEM field. However, the effective
implementation of GAIl requires scientifically  sound
methodological approaches, legislative regulation, and increasing
the digital competence of teachers, in particular regarding the use
of Al in the educational process. It is essential to combine
traditional teaching methods with GAl and adhere to ethical
principles, particularly integrity and protection of personal data.
The teacher remains a key figure in the educational process,
fulfilling the role of a mentor and developing students' critical
thinking.

KEYWORDS: methodological foundations; teachers; GAIl
services; educational process; natural and mathematical sciences.
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BCTYN

NoctaHoBKa npobnemu. Y cydyacHOMY CBiTi FeHepaTUBHUIA WUTYYHWUI IHTENEKT Bigirpae Aeaani BaXKAuBILWY po/b Y Hayj,
OCBITi Ta TEXHOJOMYHOMY PO3BWUTKY CYCMNiNbCTBA. BMKOPWUCTaHHA HAyKOBUX HEMPOHHMX MepeXK FMMBOKOro HaBYaHHA, WO
3aCTOCOBYIOTb PO3Mi3HAaBaHHA 06’ EKTIB Ta BEAUKI AaHi, € 3HAYYLLMM NPOPUBOM Y ranysi MalUMHHOIO HaBYaHHA. 30Kpema, Moaenb
CreHdopAcbKoi HelipoHHOT mepeski MW Ta ii iHTerpauia 3 metogonoriamu reorpadiyHo pPo3noaifieHnx eKOCUCTEM BigKPUBaOTb
HOBI rOpM30HTH ¥ chepi focnigKeHb. BUKOPUCTaHHA BE/IMKUX OHNAMH-CXOBULL, AAaHWUX, TaKMX AK TexacbKe cxoBuLLe, Lo 06’eaHye
HAYKOBi pecypcu pisHUX YHIBEPCUTETIB, TAaKMM YNHOM CTBOPIOYM YMOBU ANA 3POCTAHHA BiAKPUTOI HayKM.

CborogHi He BTpayaloTb CBOEI aKTyaNbHOCTI A40CAIOMKEHHA NOB’A3aHi 3 BMKopuUcTaHHA Tl B OCBITHbOMY MpoOUEC.
30Kpema, y MiXKHAapOAHMX HAYKOBWMX KOJIaX aKTMBHO OBGroBOPIOETbCA NWUTAHHA 3acTocyBaHHA T B HaBYaHHi. |HCTpymeHT
DALL-E Al, po3pobneHuii OpenAl, BUKOPUCTOBYETLCA /1A CTBOPEHHS HaBYa/IbHUX MaTepiais, WO CMPUAE KPALLOMY PO3YMiHHIO
OUCLUMNAIH cepes CTYAEHTIB Ta yYHiB. ocnigxkeHHA XaHa Ta JlynBaHi 4eMOHCTpyoTb noteHuian M| ana BipTyanbHUX Knacis, To4i
AK AZlbXyMalf, aHai3ye CTaB/IeHHA CTYAEHTIB Ta OCBITHIX YCTAHOB A0 BNPOBaAKEHHA IHTENIEKTYaIbHUX TEXHOOTIM Y HaBYaIbHUI
npouec. lapcia-MapTiHec i3 Koneramu niaATBEPAXKYIOTb NO3UTMBHMI Bname [LUI Ha MoTMBaujlo CTyaeHTiB, 0co6anBO
y STEM-ocsiTi.

Pasom 3 TUMm, BUHMKaE pag npobnem, nos’asaHux i3 edpekTMBHUM BUKopuUCcTaHHAM [LUI y HaBYaHHI npupoaHUYO-
MaTeMaTUYHUX gucumniid. OAHIEI 3 FONOBHUX NPOBIEM € BiACYTHICTb YiTKMX METOANYHUX Nigxoais Ao iHTerpauii cepsicis MUy
WKiNbHY OCBITY. BuMTeni Yacto He MaloTb AOCTATHIX 3HAHb NPO MOX/AMBOCTI Ta OBMEXKeHHs Takux TexHosorii Ak MW, wo
YCKNAZHIOE iX 3aCTOCYBaHHA Yy OCBITHBOMY npoueci. Kpim TOro, Ba*kAMBMM acnekTOM TaKOXK € po3pobKa pekomeHAauin Wwoao
[0UiNbHOrO BUKOpUCTaHHA MWI 3 ypaxyBaHHAM AMAAKTUYHUX NPUHLMNIB i NOTPEO y4YHiB pi3HMX BIKOBMX KaTeropiu.

HoBi MOX/IMBOCTI BiAKPUTOI HAayKM, 3aCHOBaHi Ha rNo6anbHMX MepeXax i Cy4acHUX anropuTmax rnmboKoro HaBYaHHA,
CTBOPIOIOTb NepesymMOBU AN BAOCKOHA/IEHHA OCBITHIX meToauK. OHMaNH-peno3nTopii AOCAIAHULBKUX AAHWUX [A03BONAOTbL
OINNTUCA HaBYa/NIbHUMWU pecypcamu, LLO CNpUAE NepcoHanisalii HaBY4aHHA Ta MigBULLEHHIO MOro AOCTYNHOCTI. BogHouac Taki
cucTeMy NoTpebyloTb HaNekHoi opraHisauii Ta nNiaTPMMKKM, Wob rapaHTyBaTh ix edpekTuBHe ¢yHKUiOHyBaHHA (Map’eHKko &
KosaneHko, 2023).

M| B OCBITi TAaKOX CTMKAETLCA 3 BUKAMKAMM, NOB’A3aHMMM 3 afanTalielo HaBYaNbHUX maTepianis 4o ocobamBocTein
uMopoBoro cepenosuiLa. Baxknmenum € po3pobka MeToguK, AKi 3abe3nevaTb KOPEKTHY B3aeEmMoAilo y4His 3 cepsicamu [LUI,
BPAXOBYIOUM iX KOTHITUBHI 0COB/IMBOCTI Ta piBeHb NiArOTOBKW. He MeHLW BaXKIMBUM 3a/1MLLAIOTLCA NMUTAHHA OLLHKK edeKTUBHOCTI
BMKopUcTaHHA MU y ocBiTHbOMY Npoueci, Wwo noTpebye NnpoBeaeHHA eMNiPUYHUX AOCNIAKEHD | CUCTEMHOTO aHANi3y OTPUMAHUX
pesynbTarTis.

Kpim Toro, 060B’A3K0BO HEObXiAHO BPaxoByBaTW €TUYHI Ta coLianbHi acneKkTu BUKopucTaHHa M| B ocBiTi. Baxanso
3a6e3neynTn NPO30opPIiCTb ANTOPUTMIB, YHUKATU yNepeasKeHOCTi B HaBYaibHUX MaTepianax Ta CTBOPOBATU yMOBM Ans besneyHoro
BUMKOpUCTaHHA MLUI yyHAMM. TaKoXK cnif, po3pobaaTH MexaHi3MM 1A KOHTPOJIHO 33 AKICTIO KOHTEHTY, AKUI reHePYETbCA WTYYHUM
iHTENIeKTOM, W06 YHUKHYTU MOLIMPEHHS HEeAOCTOBIPHOI abo HeTo4HOI iHpopmauii. YcniwHa iHTerpauis M| B ocBiTHIM npouec
BMMarae crisnpawi mMix po3pobHukamu TexHonorin I, focnigHukamm i negaroramu 4na CTBOPEHHA epeKTUBHUX Ta afanTUBHUX
HaBYa/IbHUX pilleHb LWoA0 eTUYHOro BUKOpUCTaHHA MLLI.

TakKMM YMHOM, aKTyabHUM 3aBAAHHAM € PO3PO6JAEHHA METOAMYHUX 3acaf, BUKOPUCTaHHA cepsiciB NI y HaByaHHi
NPUPOAHUYO-MATEMATUYHUX NPeAMETIB. BUSHaUEHHA ONTUMANbHUX WAAXIB BNPOBAAKEHHS LIUX TEXHONOTIM LONOMOKe 3p0buTh
OCBITHil Npouec eGeKTUBHILIMM Ta ZOCTYMHIWWM A5 LWMPOKOTO KO/A YYHIB, O CNPUMATUME PO3BUTKY OCBiTM B yMOBax LM$pPOBOI
enoxm.

AHani3 aKTyanbHUX AocChigXKeHb. MpoaHanisyemo aeski HayKoBi Nyb6nikauii Ta HOPMATUBHI LOKYMEHTH, WOoA[0
CTOCYtOTbCA NPOobaemn po3pobKM METOAMUYHWUX 3acal, BUMKOPWUCTAHHA BuuTenamu cepsicie T y HaByaHHI npupoaHUYO-
MaTeMaTUYHUX NpegMeTiB.

BignosigHo no PernameHTy €C npo WTy4yHWit iHTenekT (European Commission. Al Act, 2024), BukopucTaHHa LI B
OCBITHIl chepi KnacndikyeTbCA AK BUCOKOPU3NKOBE, 0COBINBO Y BUNALKaX aBTOMATM30BAHOMO YXBaZIEHHA PilleHb LWoA0 A0CTyny
[0 3aKnagis ocBiTU. BogHoOYac [OKYMEHT aKLEHTYE yBary Ha MOX/MBUX EKOHOMIYHMX i COLiaIbHUX NepeBarax BNPOBaAXKEHHA
r'Wi 8 ocBiTi.

FOHECKO y 2023 poui onyb6nikyBano 4Yeprosi pekomeHAauiliHi maTtepianv woao sBukopuctaHHa I B ocsiTi Ta
pocnigxeHHax. Mossa ChatGPT Ta noaibHMX iIHCTPYMEHTIB BUKAMKana rnobanbHuUiA pe3oHaHC, akT1BI3yBana KOHKYpeHLito cepes,
TEXHONIOTYHUX KOMNAHIM i cnpuYMHMAa AUCKYCii B OCBITAHCBKIM CNiNbHOTI WOA0 €TUYHOCTI Ta PU3MKIB iX 3acTocyBaHHA. [eski
3aKknaam ocsiti 3abopoHnnm MU, Togi AK iHWI NparHyTb HaB4aTH oro epeKTMBHOMY Ta BiAMNOBIAANbHOMY BUKOpUCTaHHt0. MLUI
M€ 3HAYHWW MOTeHUian ANA aBTOMATM3ALIl PYTUHHUX 3aBAaHb i CNPUAHHA HABYAHHIO, NPOTE TAKOX MOPOAKYE BUK/UKM,
nos’aAsaHi 3 H6e3neKkolo, KOHOIAEHUMHICTIO Ta aBTOpCbKMMK npaBamu. PekomeHpauii KOHECKO cnpamoBaHi Ha ¢opmyBaHHA
BiANOBIAHMX NOAITUK i Nporpam, Wo A03BONATb BUKOpUcTOBYBaTU LUl AK KOPUCHUI IHCTPYMEHT ANA BUKNAAAYiB, CTYAEHTIB i
L0CNIAHVKIB, NiAKPECNIOYM, LLO TEXHOOTIT MaloTb AOMNOBHIOBATH, @ HE 3aMiHIOBATU /IIOACBKUIA NOTEHLiaN Y BUPiLLEHHi OCBITHIX
BUKAMKiB (Miao Fengchun & Holmes Wayne, 2023).

OfZHUM i3 COHOBHMX HOPMATMBHUX [AOKYMeHTiB B VYKpaiHi € Crtpaterii po3BWTKY BMLWOiI OCBITM B YKpaiHi
Ha 2021-2031 poku (CtpaTeris po3suTky, 2020). B gaHOMy AOKYMEHTI HaronoOWYeTbCA, WO piBeHb LMbpoBi3aL,ii OCBITHbOrO
npouecy 3Ha4yHO BIACTAE Bif iHWMX ranysen, WO CTPUMYE NOTEHLian MoAepHi3aLii BULWOT OCBITU. [JOKYMEHT Haronowye Ha
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HeobXifHOCTI aKTUBHOTO BNPOBaAMKEHHA UMPPOBUX TEXHOOTIIN Y BCi aCNeKTM HaBYaHHA, yNpaBaiHHA OCBITHIMM yCTaHOBamMM Ta
HayKoBOi AisnbHocTi. Ona uboro nepenbavyaeTbcA PO3BUMTOK LMOPOBOI iHOPACTPYKTYPU, CTBOPEHHA CYHACHWUX €NEeKTPOHHMX
nnatdhopm, PO3LWMPEHHS AOCTYNY A0 BiGKPUTUX OCBITHIX pecypciB Ta BUKopUcTaHHA MLUI gns nepcoHanisaii ocBiTHbOro npouecy.

Okpim Lboro, CTpaTeria po3BUTKY BULWOI OCBITM B YKpaiHi Ha 2021-2031 poku (CTpaTeria po3suTtky, 2020) nepeabayae
niaBULLEHHA LMbPOBOI KOMNETEHTHOCTI BUKNAAaYiB i CTYAEHTIB, WO CTaHEe KAYOBUM YMHHUKOM ePEeKTUBHOrO BUKOPUCTAHHSA
HOBWX TeXHOIOTi. MNaHyeTbCA PO3pO6Ka cneLiabHUX HAaBYANbHUX NPOrpPam i Kypcis, CNPAMOBAHMX HA BAOCKOHANEHHA HAaBUYOK
po60TH 3 UNPPOBUMM IHCTPYMEHTAMM, @ TAKOXK CTUMYOBAHHA HAYKOBUX AOCAiIAKEHb Yy cdepi OCBITHIX TEXHOMOTiN. Baxkansum
acnekToM € TaKOX 3abe3neyeHHs Kibepbesneku Ta 3axmcTy AaHMX, WO HAabyBae 0cOb6AMBOro 3Ha4YeHHA B ymoBax undposoi
TpaHchopmal,ii ocsiTM. ToX, peanisauia W€l cTpaTerii cnpuATUME CTBOPEHHIO CYYaCHOI, FTHYYKOI Ta KOHKYPEHTOCMPOMOMKHOI
CUCTEMM BULLOT OCBITU B YKpaiHi.

Y 2024 poui MiHicTepcTBO OCBiTM i Hayku YKpaiHM pasom i3 MiHicTepctBom undposoi TpaHchopmauii YKpaiHu Ta
poboyoto rpynoto i3 30 daxiBuiB — npeacTaBHMKIB MiHicTepcTBa OCBITM | HayKM YKpaiHW, HAYKOBOrO CepeaoBuLLa, iHCTUTYTIB
nigBuLLeHHA KBanidikauii, yHiBepcuTeTiB, LWKiN i FrPOMaACbKOro CeKTOpy, PO3pOobUAN MPOEKT iHCTPYKTUBHO-METOANYHUX
peKOMeHAaLi o4O 3aNpOBaJyKEeHHA Ta BMKOPWUCTAHHA TEXHONOrW WTyd4Horo iHTenekTy B 33CO (MPOEKT iHCTPYKTUBHO-
MeTOAMYHUX pekomeHaauil, 2024). [laHi iIHCTPYKTUBHO-METOAMYHI peKomeHAauii cnpamMoBaHi Ha BignoBiganbHe BUKOPUCTAHHSA
LI B 3aranbHilt cepeaHii OCBITI, 4OTPUMAHHA NPaB NOAUHM Ta €TUYHUX CTAHAAPTIB, @ TAKOXK NiABULLEHHA 0Bi3HAHOCTI BUMTENiB
NPO MOXKAWBI PU3MKK. BOHM 6a3yt0TbCA HA MidKHAPOAHUX NMPAKTUKAX | CNPUAIOTE KPUTUYHOMY Ta epeKTUBHOMY 3acTocyBaHHIo LU
Y BUKNAZaHHI, NOKPaLLytoUM HaBYaIbHUI JOCBIA, YUYHIB i PO3BUTOK HEODXigHUX HAaBUYOK.

Y nonepeaHin nybnikauii asTopis (Map’eHko & KoBaneHko, 2023) 06rpyHTOBAHO PO/b WUTYYHOTO iHTENEKTY Ta BiAKPUTOT
HayKu B ocgiTi. /intenHoea C. I., Bogon’aH H. |. i Cucoesa O. |. po3rnagatoTb WTYYHUI iHTENEKT Y cepeaHilt OCBITi, AK IHHOBaLiMHMI
iHCTPYMEHT BUMTENA ANa 3abe3neyeHHs iHAMBIAYyaNi30BaHOro HaBYaHHA y4YHiB (J/InTBMHOBA et al., 2023). FpPamOoTHICTb 3i WITy4HOrO
iHTENEKTy B cepeaHilt OCBiTi: mMeToAoNOriYHi niaxoam Ta npobnemu npeactasnedi y nybnikauii (MapieHko et al., 2023).
LWnwkiHa M. M. i KoBaneHko B. B. y cTaTTi (LUnwkKiHa & KoBaneHko, 2024) onucytoTb Xig Ta pe3ynbTaTi 40CAiaKeHb, NPOBeAeHNX
B IHCTUTYTi umodposisayii ocsitn HAMH YKpaiHW, WOAO BMKOPWUCTAHHA LUTYYHOTO iHTENEKTy B cepeaHilt ocBiTi. MeToanyHi
pekomeHgaL,ii (KoBaneHko & Map’eHKo, 2024) po3KpMBAOTb MUTAHHA BUKOPUCTAHHA BUMTENAMM CEPBICIB LUTYYHOTO IHTENEKTY Y
HaBYaHHI NPMPOAHMYO-MaTEMATUYHUX NPegMETIB Y 3aKNafax 3ara/ibHoi cepeHboi OCBITH.

Y ny6nikauii (Jancarik et al., 2022) po3rnAQaeTbCa aCUCTEHT LWITYYHOrO iHTENEKTY ANA HaBYaHHA MaTeMaTUKMW.
FeHepaTUBHI IHCTPYMEHTM LUTYYHOTO iHTENEKTY Ta KOHLEeNTyabHi 3HaHHA Y po3B’A3yBaHHi 3a4a4 3 Ximii onucaHi y (Daher et al.,
2023). Astopu Foltynek T., Bjelobaba S., Glendinning I., Khan Z. R., Santos R., Pavletic P., Kravjar, J. 06rpyHTOBYlOTb pEKOMEHAALLT
ENAI wo40 eTM4HOro BUKOPUCTaHHA LWTYYHOTO iHTeNeKTy B ocBiTi (Foltynek et al., 2023).

3 ypaxyBaHHAM BM3HAYeHHA METOAMYHMX 3acaf, BUKOPUCTAHHA BuMTenamu cepsicis NI y HaBYaHHI NpupoaHMYO-
MaTeMATUYHMX NPeAMETIB aKTyalbHUM 3a/ULIAETBCA MNOAANblUe TEeOpPeTUYHEe Ta eKCnepuMeHTa/lbHe AOCAIAMKEHHA LbOro
npouecy. HeobxigHUM € YyTOYHEHHA edeKTUBHMX MiaXoAiB, YAOCKOHANEHHA METOAMYHMX OCHOB Ta BM3HAYEHHA ONTMMAJIbHUX
wnaxis BnposaarKeHHs ML B OCBITHIO AiANbHICTb, BPax0OBYHOUYM MOro negaroriyHMiA NoTeHLian Ta iHHOBALIMHMIA XapaKTep.

MerTa crartTi. BUsHauMtT meToauYHi 3acaam BUKOPUCTAHHA BUNTENAMMU CEPBICIB reHepaTUBHOIO WTYYHOrO iHTENEeKTY Y
HaBYaHHI MPMPOAHNYO-MaTEMATUYHUX NPeSMETIB.

METOAM AOCNIAMEHHA

Onsa pocArHeHHA MeTU AOCNiAXKeHHA 6yn0 BMKOPUCTAaHO KOMIMJIEKC METOAiB, a Came: aHani3, cuctemaTtusauis,
y3arafbHEeHHA HAYKOBMUX AXKepes, aHani3 HayKoBWux Nybnikauii BiTYM3HAHWUX i 3aKOPLOHHUX BYEHWUX, HOPMATUBHO-NPABOBMUX
OOKYMEHTIB, y3arasibHeHHA BAAacHOro Aocsiay Ta iH. Ha oCcHOBI NporHocTMyHoro nigxoay 6yno BU3HAYEHO LWASAXM NOAANbLUMX
HaYKOBUX A0CNiIAKeHb LOAO0 BUKOPUCTAHHA BUMTeNamu cepsicis LI y HaB4aHHI npupogHMY0-MaTeMaTUYHUX NPeaMETIB.

PE3YNIbTATU AOCNIAKEHHA

[na Haworo AOCNiAXKEeHHA BaXK/IMBUM € BU3HAYEHHA METOAMYHUX 3acaf, BUKOPUCTaHHA BumTenamu cepsicis MUl y
HaBYaHHI MPUMPOAHMYO-MaTEMATUUHMX NpeaMeTiB. [PyHTYIOUMCb Ha NonepAHbOMY AOCHiAMeHHHi aBTopis (KosaneHko &
Map’eHKo, 2024), M1 BBAXKAEMO, LLO METOAMYHI 3acafy BUKOPUCTAHHA BYMTenamu cepsicis MUl y HaBYaHHI npuMpogHUYO-
MaTeMaTUYHUX NpegMeTiB CKNaAatoTbCA 3 TAKUX KOMMOHEHTIB:

1. MemoOu HABYAHHSA NPUPOOHUYO-MAMeMamuyHUX npedmemis i3 sukopucmaHHAM LI Cepep, BiaibpaHux metoais:
MeToAM opraHisauii i 3giiCHeHHs HaBYaNbHO-Mi3HaBa/IbHOI AiANLHOCTI (ONWUC ABMLL, NOAIN, Npouecis, Po3’ACHEHHA NPUYNHHO-
HacnigKoBUX 3aB’A3KIB TOLLO), METOAM CTUMY/IOBAHHA | MOTUBALLiT HaBYaIbHO-Ni3HaBaIbHOT AifNIbHOCTI (CTBOPEHHA NPobAeMHUX
CUTYaLii, opraHisauia 3maraHb, 3a0X0O4YEHHA TOLW0), METOAMN KOHTPOIO i CAMOKOHTPO/IIO HaBYa/IbHO-MNi3HABANbHOI AifANbHOCTI
(KOHTPONb Ta CAMOKOHTPO/Ib).

2. ®opmMu HABYAHHA MPUPOOHUYO-MameMamuyHuUx npedmemis i3 sukopucmarHam [lUI. Cepepn dopm HaBYaHHA
BUAINAEMO: IHAMBIAYaNbHY TPAEKTOPIIO HaBYaHHA (OpraHisauia camocTiiHOi pob0oTH, aganTUBHE TecTyBaHHA, POHOTU-TbIOTOPMU
TOWO) Ta iHAMBIAYaNbHO-TPYNOBY TPAEKTOPIO HaBYaHHA (iHTEPAKTMBHE HABYaAHHA: BIKTOPMHM, POAbLOBI irpu, cumynsaLii,
TPEHIHroBi 3aHATTA TOLLO).

3. 3acobu Has4yaHHA. [lo 3acobiB HaBYaHHSA BigHocMmo cepsicu MU no gucuunaiHam NpUpPOAHMYO-MaTEMATUYHOTO
UMKAY, KOMN'IoTEPU, HOYTOYKM, CMapTHOHM, CMapPT-LAOLLKK, AOCTYN A0 MepeXKi IHTepHeT, nporpamHe 3abe3neyeHHsn (KoBaneHko
& Map’eHko, 2024).

Ha puc. 1 cxemaTU4YHO 306parkeHi OCHOBHI KOMMNOHEHTU METOAMYHMX 3acal BUKOPUCTAHHA BUMTENAMM cepsicis MLy
HaBYaHHI NPUPOAHNYO-MaTEMATUYHUX NpegMeTIB.
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o Opramiaauis | 3QiAcHBHHA HEBYANEHO-MIZHABANEHOT 4IANEHOCTI,
MeToau'HI CTHMYMIOBIHHA | MOTHBALIA HABYANLHO-NIBHABANEHOT AIRNBHOCTI, KOHTPOML Metonu
3acanum i CAMOKOHTPOME HABYAN bHO-Ni3HABEN bHOT AIRANBHOCTI HaBYaHHA
BUKOPUCTAHHA
BYUTENAMM
cepeicie Ml y

IHOMBIOyANEHA T8 IHOWMBIOYENEHO-TPYNOBA TPEEKTOPIR HABYaHHA

HaB4YaHHI dopmu
npupoaHUYo- HaB4YaHHA
MaTeMaTHYHHX Cepgice MU no gucumnnisam NpUpoaHKHO-MaTEMAETHYHOMC LIMKMY
npeomeTtis komn'loTepu, HoyTOyKM, cmapTdonn, CMBpT-A0LLIKY, AOCTYN A0 MEpexi
IHTepHeT, Nnporpamye 3abeaneyueHHA

Puc. 1. MeTtoauuHi 3acaan BUKOPUCTAHHA BUMTensamu cepsicis LI y HaBY4aHHi NpMPOAHUYO-MAaTEMATUYHUX NPeaMETiB
[cepeno: asmopcobKe hopmyn08aHHA rPyHMYYUCh Ha 0cHO8I 0ocnioxeHHA (KosaneHko & Map’eHko, 2024).

Y metoguuHux pekomeHgauiax (KosaneHko & Map’eHko, 2024) 3a3HayeHo, WO BUKOpWUcTaHHA TLUI B HaB4YaHHI
NPUPOAHUYO-MATEMATUYHUX AUCUMMNAIH  [03BONIAE peanizyBaTM MNPUHLMNM MNEepPCOHanNi30BAHOrO HaBYaHHA. AAroputMu
aHani3yloTh BiANOBIA YUYHIB | NPONOHYIOTL iHAMBIAYaNbHI 3aBAAHHA BiANOBIAHO A0 PiBHA iX NiAroToBKM. Lle 0co6a1BO BaXKANBO
ON5 TaKUX NPeaMETiB, AK MaTeMaTuKa, ¢i3nKa, ximis Ta bionoria, Ae 3aCBOEHHA maTepia/ny NoTpebye cMCTEMHOro nigxoay Ta
NOCTYNOBOrO YCKNAaAHEHHSA 3a4a4. Takox MNUI moyke aBTOMATUUYHO BUABNAATM NPOTra/IMHU Y 3HAHHAX | pPEKOMEHAYBaTH BigNOBIAHI
HaBYa/bHi pecypcu Ans ix yCyHeHHs, 3abe3neyyoum rHyyke Ta epeKTMBHE HaBYaHHA.

Kpim Toro asTopu (KoBaneHko & Map’eHKko, 2024), 3Ha4yHy yBary B METOOMYHWUX PEKOMEHAALiAX NpuainatoTb
BMKOPUCTAHHIO iHTEPaKTUBHUX Naatdopm Ta BipTyasbHWUX nabopaTtopii, wo 6asytoTbca Ha M. Taki TexHonorii patoTe 3mory
YYHAM CaMOCTIHO NMPOBOAMUTU EKCMEPUMEHTU, MoaentoBatM ¢isuyHi 1 XimiyHi npouecu, BMBYATM CTPYKTYpW bBionoriyHmx
opraHi3miB y BipTyanbHoMy npoctopi. Lle cnpuae ¢opmyBaHHIO AOCAIAHULBKMX HAaBUYOK Ta PO3BUTKY KPUTUUYHOFO MUCNEHHS.
BoaHoOYac aBTOpPM HAroNOWYOTb Ha BaKNMBOCTI 6anaHcy MiX BMKOpUCTaHHAM cepsicis TWI Ta TpaguuitHUMKM meToZamu
HaBYaHHA, agyKe PoJib yUMTENA 3a/IMLIAETLCA KOYOBOK Y NPOLLeCi HABYaHHA NPUPOAHNYO-MATEMATUYHMX AUCLMUNAIH, HABITb 3a
YMOB aKTUBHOro BnpoBaaKeHHA MNUI.

Ha Hawy AymKy CTpiMKMI po3BUTOK TexHosorii Tl BiakpvBae HOBI MepcnekTMBM ANA OCBITW, 30Kpema B
YAOCKOHANEHHI OCBITHIX MPaKTUK, NiABULEHHI Horo epeKTUBHOCTI OCBITHbOrO Mpouecy Ta 3abe3neyeHHi iHAMBIAYyaNbHOro
nigxoay A0 KOXHOro y4HA. BoaHouac iHTerpauia cepsicis LI y HaB4aHHA CTaBUTb Nepes neaaroraMu pAg, BaXKJANBUX NUTaHb, LLO
CTOCYIOTbCA IHK/AO3UMBHOCTI, aKafeMiyHOT L,06POYECHOCTI, PO BUNTENS Ta ETUYMHOIO BUKOPUCTAHHA TexHooril MNUI Towo.

Tomy nig Yac gobopy Ta BNpoBagKeHHA cepsiciB LI HeobxigHO BpaxoByBaTU PAL, MPUHLMNOBUX NONOMKEHD:

1. IHKaro3usHicmbs ma docmynHicme cepsicig L. BukopuctaHHa cepsiciB I mae 6ytn cnpamoBaHe Ha CTBOPEHHSA
PiBHUX MOXK/IMBOCTEW ANA BCiX Y4YHIB, HE3aNeXHO Big, ix ¢isionoriyHnx 0cobaMBOCTEN, KOTHITUBHUX MOXK/IMBOCTEN Ta noTpeb. Lie
3MoXKe nepeabaunTu aganTauio LUGPOBUX IHCTPYMEHTIB A1A YUHIB 3 0COBAMBMMM OCBITHIMM NoTpebamu, Wo cnpuatume
3a6e3neyeHHo iHK/II03MBHOTO OCBITHLOIO CepesoBuLLa.

2. Cepsicu l'UI auwe sk donomircHi iHcmpymeHmu. Cepsicu LI He NOBMHHI 3aMiHOBaTV TPaAMLiiHI METOAMN HaBYaHHA,
a MatoTb CNYryBatTM MOMIYHMKaMKM ANnA BYUTENA i yuyHA. OCHOBHI 3HAHHA, YMIHHA Ta HAaBUYKM MaloTb PopmyBaTUCA 4yepes
be3nocepegHio pobOTy B KNaci, aKTMBHY B33AEMOZI0 3 yuYuTenem, CaMoCTiHY AiANbHICTb YYHiB Ta rNMOOKe 3aHypeHHsA B
HaBYaNbHWIA MaTepian.

3. EmuyHe sukopucmaHHaA cepeicie Ll. HaB4aHHA y4HiB NpaBunam A0OPOYECHOCTI Y KOHTEKCTI BUKOpUcTaHHsA MW €
HaA3BUYANHO BaXKAMBMM. BOHM MatoTb YCBIAOM/IOBATHM BifANOBIAa/IbHICTb 33 4OBpOYECHE BUKOPUCTAHHA LUPPOBUX TEXHOOTIN,
YHWKaTM HEKOPEKTHOro 3acTocyBaHHA LI ans gonomoruy y nigrotosLi AOMaLLHIX 3aBAaHb Ta PO3YMITU MOXKNUBI 0OBMEXKEHHS LUX
TEXHOOriN. TaKoX, NUTaHHA KOHOIAEHUIMHOCTI AaHWUX Y4YHiB, 3anobiraHHA MOXAMBMM ynepeaskeHHAm y Bignosigax MUI Ta
KOHTPO/Ib Hag, AKICTIo iHpopMaLLii € BaXXAMBUM. 3aKNaam OCBITU NMOBUHHI pO3po6aATM NONITUKK BiANOBIAANbHOTO BUKOPUCTAHHA
MW, wob YHUKHYTM pU3MKiB, NOB’A3AHMX i3 HAAMIPHOO aBTOMATU3ALLiEID HAaBYAHHA Ta 3HUXKEHHAM PO/ KOUTUYHOTO MUC/IEHHS.

4. Pone 84umesna 8 0CBIMHbOMY Mpoueci 3aaUWAEMbCA KAoYosor. HesBarkarouuM Ha NigBULLEHWI iHTepec A0
BUKOPUCTaHHA cepsiciB T, BUNTENb MaAE 3aNMUILAETLCA KOYOBOIO dirypolo y ocBiTHLOMY npoueci. Moro 3aBaaHHA nonsrae y
niaTPMMLi, MOTUBALLT Ta CYNPOBOAj Y4YHIB Y NPOLECi iX HaBYaHHSA, 3abe3neyeHHi PO3BUTKY KPUTUYHOTO MUCNEHHA Ta GOPMYBaHHI
HaBMYOK camocTiiHOi poboTu (KoBaneHko & Map’eHKko, 2024).

Mun BBaXaeEMO, LLO OAHMM i3 BaXK/IMBUX aCNeKTiB BUKOpUCTaHHA cepsicis LI y ocBiTHbOMY npoueci € NiAroToBKa
negaroris o po6otu 3 MUl Bynteni NnoBUHHI OTPUMATK BigNOBILHI 3HAHHA, YMiIHHA Ta HABUYKKN AN ePEKTUBHOTO BUKOPUCTAHHSA
TexHonoriv MUl y ocBiTHbOMY Mpoueci, 30Kpema y HaBYaHHI NPUPOAHUYO-MATEMATUYHUX NpeameTis. Lle BKAouae 34aTHiCTb
a[anTyBaTU HaBYaNbHiI MaTepianun, KOHTPOAOBATU BUKOPUCTaHHA M| yyHAMM Ta dopmyBaTU Yy HUX PO3YMIHHA OBMeXeHb Ta
morknunsoctei M'UI.

3MiHM B OCBITHiX MpOrpamax TaKoX MOXYTb CnpuATK binblw edpekTMBHOMY BUKOpUcTaHHo MUI. Po3sutok undposoi
KOMMETEHTHOCTi, KPUTUYHOTO MUC/IEHHA Ta HABMYOK POBOTH 3 AAHUMM LONOMONKE YYHAM BUKOPUCTOBYBATM TexHonorii MUI He
iMWe ANa OTPUMAHHA 3HaHb, a 1 AN1A iX aHaNi3y Ta TBOPYOro 3aCTOCyBaHHA. 3aKN1aam OCBiTU MatoTb po3rnagatv NI He Ak 3amiHy
TPagMLIMHUM MEeTOAaM HaBYaHHSA, a fIK OANH 3 LMPPOBUX IHCTPYMEHTIB, L0 AONOBHIOE Ta 36arayye OCBITHIl Npouec.

TaKoXK, BaXK/IMBMM € 3a/1ly4EHHSA YYHIB A0 NpoLLecy BNPOBaAKeHHA Ta BUKopucTaHHA NI y ocBiTHIl npouec, ix 3BOpOTHa
peakuis aonomoxe po3pobHMKam TeXHONOri i negaroram BAOCKOHaNOBATM HaBYaibHiI NAaTGOPMM, BPaAXOBYHOUM peanbHi
notpebu KopuctyBadis. CTBOpPEHHA IHTEPAKTUBHWUX CepefoBULl, [e Y4YHi MOXYTb eKcnepumeHTyBaTu 3 cepsicamu [LUI,
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aHanisyBaTu iXx MOXKAMBOCTI, cnpuaTUME (GOPMYBaHHIO AKTMBHOFO, CaMOCTIMHOrO nigxody [0 HaBYaHHA Ta edeKTUBHOMY
3aCBOEHHIO HAaBYa/IbHOrO MaTepiany.

BMCHOBKMW TA NEPCMEKTUBM NOAANBLUOIO AOCNIAKEHHA

3a pesynbTaTamu MPOBEAEHOTO AOCAIAMKEHHA MU AIMWAN NEeBHUX BUCHOBKIB. BukopuctaHHAa TLWI y HaByaHHI
NPUPOAHNYO-MaTEMATUYHMX NPEeAMETIB BIAKPUBAE LMPOKI MOXANBOCTI ANA NepCoHani3aLlii OCBITHbOro Npouecy, NoKpaLleHHA
Bi3yanizauii matepiany Ta NiABULWEHHS MOTUBALT YYHIB. JOCNigKeHHA NiATBEPAKYIOTb NO3UTUBHUI BNAuB LI Ha HaBYaHHS,
ocobaunso y STEM-aucumnniHax, npoTe oro BNpoBaaeHHsA NnoTpebye HayKoBO 06rPYHTOBaHNX METOAMYHUX NiAXOA4IB.

OfHi€lo 3 OCHOBHUX NPOBAEM € BIACYTHICTb YiTKUX METOAUYHUX PEKOMEHAALN, WO BPery/iboBaHi Ha 3aKOHOAABYOMY
piBHI, Woao BnpoBaarkeHHA MUl y ocBiTHIM npouec. HeaocTaTHA 06i3HaHICTb Negaroris NPo MOXKAMBOCTI Ta obmexkeHHs LI
YCKNAZHIOE MOro epeKTUBHE BUKOPUCTAHHA. BaX/IMBO TaKOX BPaxoBYBaTU AWMAAKTMYHI NpUHUMNK Ta aganTysaTu [UI po piBHA
Ni4roTOBKM YUHIB Pi3HUX BIKOBUX rpyn.

BukopwucTaHHa M1 y HaBYaHHI NPUMPOAHUYO-MATEMATUYHUX NPEAMETIB MA€E IPYHTYBATUCA HA NOEAHAHHI TPAAMLINHNUX
MeToiB HaBYaHHA Ta uubpoBux TexHosori. Cepen BaXNMBUX acneKkTiB — po3pobka meTofiB opraHisauii HaBYasibHO-
ni3sHaBaNbHOI AiANBHOCTI, iIHTEPAKTUBHOTO HaBYaHHA Ta BUKOPUCTAHHA afanTUBHMUX OCBITHIX NaaTGopm.

IHTerpauia MUl y ocBiTHI npouec noTpebye AOTPMMAHHA eTUYHUX NPUHLMNIB, 30KpPEMa aKaaeMidHoi AobpoyecHOCTI,
NPO30POCTi aNrOPUTMIB Ta 3aXMCTy MEPCOHaNbHUX OaHUX Yy4HiB. HeobxigHO 3abe3neuymTV KOHTPO/Ib AKOCTI KOHTEHTY, WO
reHepyeTbes LI, Ta 3anobiratv nowmpeHHto ynepeaKeHoi abo HeTouHoT iHdopmalLlii.

HesBakaloum Ha PO3BUTOK TEXHOJOFIN, yYUTeNb MAE 3a/MLLATMCA LLEHTPanbHOK ¢irypoto B OCBITHbOMY MPOLECi.
3aBAaHHA BUMTENA MOJIAFAE Yy NIATPUMLUI, MOTMBaLii Ta GOpPMYBaHHI KPUTUYHOIO MWC/IEHHS Y4YHiB. BuuTeni matotb 6ytu
nigrotosaeHi Ao pobotu 3 LI, oTprmytoum BiaNOBIAHI 3HAHHSA, yMIHHA Ta HABUYKM A4/1A ePEKTUBHOTO BUKOPUCTAHHA LIMX CEPBICIB.

BnpoBaaseHHa M1 noTpebye niasuwweHHA UMPPOBOT KOMMNETEHTHOCTI NeAaroris, 30Kpema Wwoa0 BuMKopucTaHHa Ml B
OCBITHbOMY NPOLECi, CTBOPEHHA HAaBYa/IbHUX MPOrpam Ta Kypcis, CNPAMOBaHMX Ha PO3BUTOK HaBMYOK poboTtu 3 MUI. 3aknagm
OCBiTM MOBWHHI po3rnagatn cepsick M| He AK 3amiHy TpaAMUiIMHMM MeTOoZam HaBYaHHA, a fK UMPPOBI iHCTPYMEHTH, WO
[OMNOBHIOKOTb Ta PO3LUMPIOIOTb MOMK/IMBOCTI OCBITHBOIO NPOLECY.

Moaanblwi 4OCNIAKEHHA NAAHYEMO CNPAMYBATU Ha PO3POBKY METOANYHUX PEKOMEeHAaLi Woa0 BnpoBagKeHHs MUl y
HaBYaHHA NPUPOAHNYO-MATEMATUYHUX AUCLIUNIIH.
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ABSTRACT

@PopmynroeaHHa npobaemu. HasuyanbHulli exkcrnepumeHm
8idiepae 3Ha4YHy pPonb y HABYAHHI hi3uKu. BiH He auwe crpuse
6inbw 21UBOKOMY 30GCB0EHHIO (hi3U4HUX 3HAHb, a U po3susae
HABUYKU MexXHIYHOI | mamemamuyHoi 2pamomHocmi, ujo ocobnueo
8aIUBO 014 CmyodeHmMi8 [HMeHepHUX creyiansHocmel. Tomy
0p2aHi3aYia  HABYA/IbHUX  eKCriepumeHmasnsHux — 00cnioxeHs
nompebye nocmiliHo2zo YOOCKOHANAEHHA AK MamepiasnbHUX, MaK
MemoOuYHUX 3acobig ix NPaKmMu4yHo20 8rnposadxeHHsA. Y uyili
cmammi npe3eHMOoBAHO YCMAHOBKY, W0 00380/1A€ OpeaHizosysamu
HQABYArbHI eKcrepuMeHmMasnbHi O0CAIOHEHHA MEXaHIYHUX KOUBAHb

Mamepianu i memodu. Y docnidxceHi 6yau 3acmocoeaHi AK
meopemuyHi, mak U emnipu4Hi memodu. 30Kkpema, npoeedeHo
aHani3 Haykosux nybaikayil, y AKUX pO32AaHYymMO HABYAsbHI
00CniOHi ycmaHOBKU 0714 BUBYEHHA 320CAHHA KOAUBAHb Ma
eanemigHoi  Oif  euxposux cmpymie y Ppi3HUX MexXaHiYHUxX
cucmemax. TaKoX meopemu4Ho 06rpyHMO8AHO MaMEMaMUYHY
3071eXHICMb 8eAUYUHU 207Ab6MiBHOI cunu, wo Oi€ Ha pyxomy
MpoBIOHY NAACMUKy 8 Maz2HimHoOMY nosi enekmpomazHimy, gid
HU3KU neeHux napamempis. 30ilicHeHO eKcrnepumeHmansHi
rnepesipKy meopemuyHux po3paxyHKie. 3 Memor nNpakmuyHo20
8M1POBAOHEHHA  pe3ysbmamis  a8MOpPCbKo20  00CNiOHeHHA
nposedeHo nedazozivyHi cnocmepexeHHs difnbHocmi cmydeHmis
nié 4ac anpobayii NPONoHOBAHOI YCMAHOBKU Yy HABYAALHOMY
npoueci.

Pe3ynemamu. BuzomoesneHO ma npakmuyHo anpobosaHo
ycmaHosKy 004 2paghiyHo20 3anucy KoaueaHe Pi3u4Ho20
MOSAMHUKG | eanbmigHoi 0il suxposux cmpymis. OmpumaHi
pe3ynbsmamu niomeepdunu meopemuyHi  pO3PAaxXyHKU
3a71exHoCcMi 2anbMi8HOI cunu, AKa Oi€ HA pyxomy fposioHy
nAAGCMUHKY 8 MazHimHomy fosi, 8i0 Keadpamy cuau cmpymy 8
eseKmpomazHimi, wo cmeoptoe ye nosae. [IpointocmposaHo
s8apiaHmM pesysbmamie HABYANLHO20 —eKCrepumeHmy ma
po3pobaeHO MemoduyHi peKkomeHOauii 00 MOXIUBUX HAMPAMKI8
Ha84a1bHUX 00CNIOHEHb AK HO 1AOOPAMOPHUX 3AHAMMAX, MAK i
nid 4ac camocmiliHux 0OocnioieHb cmydeHmig (y4Hig) nid
KepisHUYMB0OM 8UKAAOaYa.

BucHOBKU. 3anpornoHo8aHa ycmaHosKka ma pekomeHoayii 0o if

30CMOCY8AHHA  MOMX(Yymb bymu edeKmusHUM OUOGKMUYHUM
3acobom Yy Hae4aHHi  po3dinie  «EnekmpomazHemusm»,
«KonusaHHs». i moxHa eukopucmosysamu AK y  AKocmi
demMoHCMpayiliHo20 — eKkcriepumeHmy, mMaK |y  HABYAsIbHUX
docniomeHHax — pisHUX  ¢opmamie  (nabopamopHi  pobomu,
doszompusasi cmydeHmMCcoKi 00CniOHeHHs, O00CNIOHEHHA YYHI8 Y

KOHKYpCi 3axucmy MAH, nid2omoeka Hag4asbHUX NPOEKMIi8 Mowo).

Formulation of the problem. Educational experiments play a
significant role in learning physics. They not only contribute to a
deeper understanding of physical knowledge but also develop
technical and mathematical literacy skills, which are especially
important for engineering students. Therefore, organizing
educational  experimental  research  requires  constant
improvement in both material and methodological tools for their
practical implementation. This article presents an installation that
allows for organizing educational experimental research on
mechanical oscillations of a physical pendulum and the braking
effect of eddy currents.

Materials and methods. Both theoretical and empirical
methods were applied in the research. Specifically, an analysis of
scientific publications was conducted, which reviewed educational
experimental setups for studying oscillation damping and the
braking effect of eddy currents in various mechanical systems.
Additionally, the mathematical dependence of the braking force
acting on a moving conductive plate in the magnetic field of an
electromagnet on certain parameters was theoretically
substantiated. Experimental verification of the theoretical
calculations was performed. To practically implement the results
of the author's research, pedagogical observations of student
activities were carried out during the testing of the proposed setup
in the educational process.

Results. A setup for graphically recording the oscillations of a
physical pendulum and the braking effect of eddy currents was
developed and practically tested. The obtained results confirmed
the theoretical calculations of the dependence of the braking force
acting on the moving conductive plate in the magnetic field on the
square of the current strength in the electromagnet creating the
field. An example of the results of an educational experiment was
illustrated, and methodological recommendations were
developed for possible directions of educational research in
laboratory classes as well as during independent studies
conducted by students (or pupils) under the guidance of an
instructor.

Conclusion. The proposed setup and recommendations for its
application can be an effective didactic tool for teaching the
sections "Electromagnetism" and "Oscillations." It can be used
both as a demonstration experiment and in educational research
of various formats (laboratory work, long-term student research,
pupil research for the Junior Academy of Sciences competition,
preparation of educational projects, etc.).

K/TFOYOBI C/IOBA: HA8YQHHA (hi3UKU,; HABYAAbHI O0CAIOHEHHS,;
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mechanical oscillations; oscillation damping; braking effect of
eddy currents.
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BCTYN

NoctaHoBKa npobnemun. Y Kypci HaByaHHA Oi3UKM CTYLEHTIB TeXHIYHMX cheuiaibHOCTe BMBYAETbCA PO34iNun
«EnektpomarHeTnam» Ta «KoNMBaHHA i XBUAI». BaxAMBICTb UMX PO34iNiB NPoAMKTOBaHa He nuwe GopMyBaHHAM NpodecinHnx
KOMMETEHTHOCTEN MaMBOYTHIX iHXKeHepiB OyA4iBeNbHUX, MeXaHiYHMX, MalWWHOOYAiBENbHUX Ta iHWWX ChneuianbHOCTEN,
6e3nocepesHbO NOB’A3aHMX i3 MEXaHIYHMM YCTaTKyBaHHAM, a 11 3abe3nedyeHHAM nepeaymoB A0 edeKTUBHILOro 3aCBOHOBAHHSA
po3ainy «ENeKTpoMarHiTHi KOIMBaHHA Ta XBWAI», WO BaX/JIMBO ANA CnewuianicTiB y cdepi 38’A3Ky, KOMN'IOTEPHUX TEXHONOFIN,
eN1eKTPOTEXHIKK, reogesii Towo. MepeBara ABULL, MeXaHIYHMX KO/AMBAHb, K i YCiX iHWWX MeXaHiYHMX ABWL, NOANATaE y ix
6e3nocepeHii HAOYHOCTI, WO A03BONAE CTyAeHTaM (Y4YHAM) Kpalle yCBiZOMIOBATM Ta 3acBOKOBATM HaBYa/bHUI MaTepian
(cnpauboBye AMAAKTUYHWIA NPUHLMN HAOYHOCMI HaBYaHHA). OKpiM LbOro, 3a NeBHMX YMOB KOHCTPYKLLT MexaHiuHOT KoNMBaibHOI
CUCTEMM, WO MOBHICTIO ab0O YAaCTKOBO KO/IMBAETLCA B MArHiTHOMY YM €1EeKTPUYHOMY MOAi, MOMKHA AOCAigKYyBaTM CUNOBI
XapaKTePUCTUKM Lmx nonis. Hanpuknag, y 6aratbox BH3 npakTMKyeTbcA 3aranbHoBifZoMa nabopaTopHa poboTa, Ae KOMBAETLCA
NPOBIAHMK 3i CTPYMOM AIK eNeMeHT Qi3MYHOIro MasiTHMKA Y MarHiTHOMY nosi. Y it poboTi CTyAeHTM A0CAiIAKYHOTb 40 MarHiTHOro
noJiA Ha NPOBIAHWMK 3i CTPYMOM Ta BU3HAYatoTb iHAYKLi0 Nons. IHwa nabopatopHa poboTa FPYHTYETLCA HA KONIMBAHHAX HEBE/IMKOT
MarHiTHOT CTPINIKM Yy MarHiTHOMy Noji JOBroro COMEHOIAa, WO A03BONSE BM3HAYMTM iHAYKUiO Lboro nons. AsTopom 6yna
po3pobsieHa HaBYaNbHO-AOCAIAHMLbBKA YCTAHOBKA A/1A AOCNIAMKEHHA KOMMBAHb ENEKTPUUYHO 3apALXKEeHOT Ky/JIbKM HUTAHOro
ManATHMKA B enekTpuyHomy noni. MpoTe ornag nybnikauili cBigYMTb NPO HE3HauYHy KiNbKiCTb NPOMOHOBAHWX HABYaJbHUX
LOCNiAXeHb, NOB’A3aHUX i3 ra/IbMiBHOI i€ BUXPOBUX CTPYMIB Ha MEXaHIYHY KOJIMBaIbHY CUCTEMY.

OTKe, po3pobneHHA iHHOBALMHUX TEXHIYHWX 3acobiB Bilyanisauii Ta AocnigyKeHHA nepebiry ABULWA MEXaHIYHUX
KO/IMBaHb € GKMyanbHUMU y HaBuaHHi disuku. (Kurniawan et al., 2024). AKwo Ui KONMBAHHA BiAOYBAOTLCA LLe 1 Y MAarHiTHOMY
noJi, AKe 34aTHe BNAMBATU Ha ixX Nepebir, TO CTBOPIOIOTLCA NepeayMOoBM peanisauii AMAAKTUYHOO NPUHLMNY cucmemamu4Hocmi
ma nocnido8HocMi HaBYaHHA.

AHani3s akTyanbHUX AOCNipKeHb. |gea opraHisauii HaBYasIbHUX AOCNIAMKEHb Ti€i UM IHWOI MEXaHIYHOI KOIMBaNbHOI
CUCTEMU HepiaKo peanisyeTbcs daxiBuaMM y HaBuyaHHI $isuKuK. Mpy LbOMY NPOMNOHYETHCA LMPOKUIN CNEKTP Pi3HUX BUAIB TaKMX
CUCTEM AN BMBYEHHA MPUPOAM 3racaHHA KoauBaHb. HanpuKnaz, mMoXKHa 3anponoHyBaTW CTyAeHTam (y4HAM) [ocniantu
0COBNMBOCTI 3racaHHA KONMBaHb piavMHM B U-nogibHilt Tpybui B 3anexKHOCTI Big ymoB 3mouvyBaHHA (Dollet et al., 2020). Ao
LOCNIAXKYBaTM 3racatodi MexaHiYHi KO/MBaHHA Ha OCHOBiI nporpamu Phyphox Ha Android, npuyomy cam TenedoH
BMKOPUCTOBYBATW Yy AKOCTI MiABiCy A0 HUTAHOrO MaATHWMKA. A TaKOX 3racaHHA eNeKTPOMarHiTHMX KOJMBaHb 33 AO0MNOMOrO
OaTynKa Xona, keposaHoro Arduino (Csernovszky et al., 2024). [na raciHHA KOoAMBaHb MAaATHMKA MOXHa HaBiTb BUKOPUCTATU
BEPTUKANbHUIA CTPYMiHb noBiTpAa (Hasan et al., 2023). Jocutb NnpueabavBoto Npu opraHisauii STEM gocnig»eHb € opuriHanbHa
MOAe/Ib XMapo4oca 415 BUBYEHHSA raciHHA KoNMBaHb byaisni iHepuiiHum aemndepom (Thy et al., 2023) Towwo.

HaByanbHi focnigsKeHHsa ranbMiBHOI Aji BUXpPOBUX CTpymiB PYKO TeX LUIMPOKO 3aCTOCOBYHOTHCA Y HaBYaHHI Qi3nKuM.
MpuKNafom HecknaaHoi eKcnepuMeHTaNbHOI YCTAaHOBKM € MpOBiAHa HedepoMarHiTHa MoXmna NJOWMHA, NO AKIN PyXaeTbCcs
nocTinHnin marHit (Molina-Bolivar., et al 2012). MpuBepTatoTb 0CO6/MBY yBary MarHiTHO-MasTHUKOBI YCTAaHOBKWM ANS BUBYEHHA
reHepauii BUXpoBuUx CTpymiB. MNpn YoMy cam MAATHUK MOXKE MATK Pi3HOMAHITHY KOHCTPYKLUito. JocuTb opuriHanbHO € inen
HUTAHOTO MAaATHUKA i3 KBAAPATHWUX ANOMIHIEBMX NNACTUHOK, PO34iNEHUX TOHKMM LLIAPOM ZieNeKTpuKa, cnpecoBaHux y Ky6 (Sakaki
et al., 2005).

I. YepHeLbKuiA po3p0BMB METOAMKY AOCNIAXKEHHA BUXPOBUX CTPYMIB 338 SOMOMOTOH 3racaloumx KOIMBaHb MasTHUKA Y
MarHiTHomy noni. Bifeo3anuc KonmBaHb MasaTHMKA MPOMNOHYETbCA onpautoBaTM nporpamoto Tracker (YepHeubkuit, 2018).
Ockinbkn pobota 3 nporpamoto Tracker € AOBroTpMBanOlO, TO peanisauif BKa3aHWX HaBYa/lbHUX OOCNIAXKEHb epeKTUBHA Yy
dopmati STEM abo MAH nig, KepiBHUUTBOM BMKNaAaya.

MeTta crarTi. [pe3eHTauia HaBYa/NbHO-AOCNIAHULBKA YCTAaHOBKA AR BUBYEHHA MEXAHIYHWUX KONMBaHb ¢i3MYHOro
MaATHUKA WAAXOM iX rpadivyHOro 3anucy Ta AOCAIAMKEHHA MarHiTHOro rafibMyBaHHA BHaCNIAOK UMPKyAnauii ctpymis dyko y
NpPOBiAHIN NNACTUHLI, NPUKPINAEHIN A0 MaATHUKa.

TEOPETUYHI OCHOBU AOCNIAXKEHHA

laea MexaHiYHOro 3anmcy KONMBaHb MAATHMKA Ha CTPiyli, WO PyXaeTbeA
PiBHOMIpHO, He € HOBOK I BMUCBiITAIEHa B 6araTbOXx MeTOAMYHWMX NOCIBHUMKaX,
nigpy4HUKax Ta eNeKTPOHHWMX pecypcax (puc. 1). 3aebinbworo nNpPonoHyeTbes
BMKOPUCTAHHA MaATHMKa 3 BOPOHKOIO, 3 AKOI CMMNETbCA Nerka cunyvya peyoBuHa,
HanpuKkAaga, Cyxvi nicok.

[na pocnifyKeHHA 3racaloymMx KOAMBAHb 3aCTOCOBYETbCA METOJ, MarHiTHoro
ralbMyBaHHA atOMiHIEBOT NJIACTUHKM, L0 PYXAETLCA MiXK MOAOCAMM MarHITy (puc. 2).

LLlo6 Kpalle 3'AcyBaTH CyTb MarHiTHOro raibMyBaHHA, PO3IIAHEMO KNacUYHy
MOZeNlb PyXy TOHKOro HedpepoMarHiTHOro NpoBigHMKa B MOCTIMHOMY MarHiTHomy noni
no napanenbHMM HanpaBAAIOYMM, LWO YTBOPIOOTb 3 HEPYXOMOK MeperopoaKolo
3aMKHEHUIN KOHTYpP (puc. 3). 36inblueHHA Nowli KOHTYpa NPU3BOAWUTL A0 BUHUKHEHHSA

. do BdS Bfdx . R ;
EPC iHaYKLji § = —— = —— = — = —B¥v, AKa cTBOpIOE iHAYKUilHMi cpym  PUC. 1. 3anuc mexaHiuHnx KonusaHb
. Btfi”th dat dat [Axncepeno: NoHyapeHko, 1995.
cunowo [y = ;‘ =—-—0 Toaj Ha pyxomwuii NpOBIAHMK 3i CTpymoMm Aie cuna Amnepa

F, = Bl;#, Aka € ranbmiBHOO ANA PyXOMOFro MPOBiAHWMKA (cMAa, WO pyxae NpoBiAHMK Bhepes Ha puc. 3 He BKasaHa). I3
nonepegHix piBHAHb CAIAYE, WO
2 B2¢2
FA = - R V. (1)
OT)Ke, y PO3MAHYTI MOAENi raibMiBHa CM/1a NPAMO NPONOPLiMHa WBUAKOCTI pyxy NpoBigHUKa. MpoTe uto mogens He
CNig, BBaXKaTM aHaNIOrOM PyXy CyLiIbHOTO MPOBiIAHWKA Y MarHiTHOMY NOJIi, OCKiNIbKM TYT 3MiHa MarHiTHoro noTtoky d® Kpi3b KOHTYp
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BiAOYBaETLCA 32 paxyHOK 3MiHW Moro naow,i Ha dS (puc. 3). A npu pyci NPOBIAHOT NNACTUHKM MArHITHUIA NOTIK KPi3b MOBEPXHIO,
OXONAEHY NiHIAMW BUXPOBUX CTPYMIB, 3MIHIOETbCA 32 PaXyHOK HEOAHOPIAHOCTI iHAYKLi MarHiTHoro nons 6ins Kpais ioro obnacTi
(puc. 2 4).

Ninii BUXpoBKX
cTpymis

Puc. 2. BUXpoBi CTpyMu y pyXoMmild NpoBigHiii nnactuHui  Puc. 3. Pyx HedepomarHiTHOro nposigHMKa y mardHitHomy noani

Lowepeno: https://studfile.net/preview/4251486/page:3, B3/,0BXX HanpasB/AYMX 3aMKHYTOrO KOHTYpY 3 Onopom R
donosHeHo asmopom. [wepeno: https://disted.edu.vn.ua/courses/learn/396, dornosHeHo asmopom.

Teopia po3paxyHKY CUIN MArHiTHOrO raibMyBaHHSA PyXy CYLiIbHOrO NPOBIAHMKA Y MArHiTHOMY NoAi € 4O0CUTb CKNAZ4HOK
(ams. 3aewmy, Ta iH., 2015) i noTpebye OKPEMOro AOCNIAKEHHSA Y KOXKHOMY KOHKPETHOMY BUMNAOKY.
Ane ONnA  NOACHEHHA  CTyaeHTam  (yyHsam)

06nacTb mar- 3a71eKHOCTI ranbmisHoi cuan (paktmyHo cuam Amnepa
HiTHOro NonA \ Metaness (puc. 4)) Big wWBMAKOCTI  pyxy MNPOBIAHMKA  MOXKHa
nnactuKa 3acTOCYBaTU AOCUTb KOPUCHUI Ta edeKTUBHWIA meToh Y

HaBYaHHi i3nKn — meToa po3mipHocTelt Gi3NYHUX BEINYUH
(FfanaTiok Ta iH., 2008). CyTb LbOrO MeTOAYy NOAATAE Y
OAHAKOBOCTI po3mipHocTel ¢i3MYHMX BennMuMH 3 060X
CTOpPiH ¢i3nYHUX piBHAHb abo popmyn, Ha WO 060B’A3KOBO
ikt wpo- cnif HaronowyBaTu cTyaeHTam (y4HAM). Ha npakTuui 3py4Ho
BUX CTPYMIB BMpaXaTM  PO3MIpHOCTI  @i3UYHUX  BENMYMH  Yepes
HaliMeHyBaHHA iX O4MHULL BUMIpIOBaHHA y cuctemu SI. AK
NPUKAAA, MOXHa NOCTaBUTU nepes CTyaeHTamu (yuyHAMM)
HaCTyNHY TEOPETUYHY HaBYaNIbHO-A0CNIAHULbKY 3aa4y.
3agaya. AHanizyroqu eupas (1), 3’acyiime, 8i0 AKkux
hi3UYHUX BEeAUHUH MOXe 3anexamu cuaa MazHimHo20

Puc. 4. BUHUKHEHHA BUXPOBUX CTPYMIB /iy Y PYXOMil NAACTUHL
Ha Mexkax 061acTi MarHiTHOro NoAsA. U — WBUAKICTb pyXy

-
NNAcTUHKK, B — iHAyKuUia marHiTHoro nons

5 2anbmMys8aHHA (cuna Amnepa Fy), wo die 3 60Ky maeHimHo20
[xcepeno: asmopcbKuli pUCyHOK.

oA Ha pyxomy Memasesy (HegpepomMazHimHy) naacmuHky.
MOKAMBUI Xig PO3B’A3yBaHHA. 3pO3yMiN0, WO WyKaHa CMaa NOBMHHA 3anexaTu Big, iHAYKUiT marHiTHoro nons B,
WBUAKOCTI PyXy NAACTUHKM U, MUTOMOFO OMOPY PEYOBUMHWU MAACTUHKKU p (Bif, p 3aNeKUTb TYCTUHA BMXPOBUX CTPYMIB) Ta Bif
PO3MipiB aKTMBHOI YaCTMHM NNACTUHKU. Y CBOIO Yepry po3mMipy aKTUBHOI YaCTUHM BU3HAYAOTbCA NIOLLEHD S, OXOMNJEHO0 NiHiIAMMK
BUXPOBUX CTPyMiB (puc. 4). OKpiMm LbOro 3a MeBHOI N/IOLLi NOBEPXHiI CM/IAa BUXPOBUX CTPYMIB, NMOPOAKEHUX &;, 3aNEXKUTb Bif
TOBLMHMW NAACTUHKM h — YMM TOBLLA NAACTMHKA, TUM bBinblia cuna iHAyKoBaHoro ctpymy. O4eBMAHO, WO A06YTOK N/oLi Ha
TOBLUMHY — Lie aKTUBHUI 06’em nnacTuHKM V = Sh. OTKe LWyKaHWUIA BUPa3 rabMiBHOT CU/IM MOXKHA NOAATH Y BUrNALI
F, = kB*VEpYv?, (2)

e k — HeBifoMuit 6e3po3mipHUI KoedillieHT.
Bupasmmo po3mipHicTb GisnUHMX BENNUYUH Yepes iX OCHOBHI oanHuMLi B Sl:
[Fl=xrM-c?[Bl=kr-A7 - c % [V]=Mm3%[p]l=xr-A"2-c3-M3% ] =m-c"L.
MigcTaBUMO OAMHULI BUMIPIOBAHHSA Y PIBHAHHA (2)
KL "M - C—Z —Kr%-A"%. C—Za . M3'8 . krY - A—Zy . C—3yM3y . M6 . C—6 — KI‘a+y . A—a—Zy . M3ﬂ+3y+5 . c—2a—3y—6.
OcCTaHHil BMpa3 [03BO/MAE 3anNMCaTU CUCTEMY YOTUPLOX OAHOPIAHMX NIHIMHUX HE3aNeXHWX PiBHAHb i3 YOoTUPMA
3MiIHHUMU:

at+y=1; a=2;
—a—2y=0; N =1
3+3y+6=1; y=-1
—2a—-3y—6=-2. §=1.

OTKe, 3rigHo (2), ranbmiBHa cuna NPAMO NPONOPLiMHa LWBUAKOCTI PyXy NAACTUHKM.
. . kB%V - .
Bignosiap: F, = TU abo y BeKTOpHil popmi
= kB2?V
A= v. (3)
3po3ymino, wo dopmyna (3) cnpaBeanvBa ANA HE3HAYHUX LIBUMAKOCTEW PYXY NAACTUHKM, OCKIZIbKU Y NPOTUNENKHOMY
BMNAAKY CTAE NOMITHUM BMN/IMB CKiH-epeKTy.
OTXKe, NiA, 4ac KONMBAHHA MaATHWUKA i3 MeTanesor HepepoMarHiTHOK MAACTUHKOK Y MarHiTHoMy Moni Ha HbOro

AiaTMme ranbmiBHUMN momeHT M., cTBopeHuit cunoto Amnepa Fy:
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kB2vZ—

2 — 2 — — — —
kv =Y by x (Ax7,) = -*=20 0 = —bd, (4)

‘gn XV = —T "
ae £, — nneye cunm Amnepa (BiacTaHb Bif oci 06epTaHHA MaATHUKA A0 CepeanHU NAACcTUHKK), (L — KyTOBA WBUAKICTb MaATHWUKA
BigHOCHO Oci nigBicy, b — cTanuit KoedilieHT, Wo Mae 3micT KoedilieHTa onopy pyxy.

AKWO Yepes @ NO3HAYUTU KyT BiAXWMNEHHA MAATHUKA Big, NONOMKEHHA PiBHOBarW, TO PiBHAHHA OCHOBHOrO 3aKOHY
OMHaMIKM 11oro 06epTanbHOro pyxy y ckanapHin dopmi matume Bug Je = M. + M ;. 3BigKM oTpuMyemo gudepeHuianbHe
PIBHAHHA HE3HAYHMX 3racaloynx KOJIMBaHb MAATHUKA

M. =%,xF=—

mgtc
J

Ji = —bd —mgt.a =>a‘+§oz+ a=0 = d+2fd+wia=0, (5)

mgtc

ae ﬁ = Z— KOEd)ILI,IEHT 3racaHHA KONnBaHb, Wy = — BNaCHa UMKNIYHA YaCToTa rapMOHIYHUX KO}'IVIBaHb,] — MOMEHT IHepUull

MaATHWKa, £, — BiACTaHb Big, oci oro niggicy Ao LeHTpa mac, mg — CuAa TAXKIHHA, WO Ai€ HA MAATHUK.

AKWO pO3paxyHKU PIiBHAHHA (4) € nNpaBUAbHUMM, TO EKCNepPUMEHTasIbHI Pe3ynbTaTh, OTPMMaHi 33 AOMNOMOro
YCTaHOBKM, MOBUHHI BiANOBIAATU PO3B’A3KY AMbEPEHLiaNbHOTO PiBHAHHA 3racatoumx KoauBeaHb (5):

a = age Bt cos(wt + @), (6)
€ UMKANIYHA YacToTa LMX KO/IMBAHb AOPIBHIOE W = ,/wg — B2.

[na He3HayYHMX KyTiB (B pagiaHax) BigXxnneHHA MasTHUKaA Big,
NOJIO}KEHHA pPiBHOBArM amniTyAHe 3HayeHHA rpadika KoAuBaHb
niwaHoro cnigy gopisHie A = La, (puc. 5). Tomy 3 piBHAHHA (6)
CNifyoTb PIBHAHHA 3racalounx KO/IMBaHb KOOPAMHATU 3MilleHHA Ta
aMnAiTyam Big yacy

x = Age Btcos(wt + @y), A= Aye Pt (7)

MOBHY MexaHiYHy €eHeprito MasTHMKA 3py4YHO BUPA3UTU
yepes MaKCUManbHy NoTeHLjabHY eHeprito
Wyex = Wy, = mgAh  (puc.  5), pe Ah=+£.(1—cosay) =
= 2£,sin? ? = %{’Cag. OCKiNbku ag = %, T0

e
Wiex = =22 A2, (8)

Bupas (8) € aHanorom eHeprii KoNMBaHb rapMOHIYHOIO

X

»
»

!
A
Bulie BKasaHi piBHAHHA 403BONAIOTb BU3HAYUTH LLE HU3KY Puc. 5. BigxuneHHA MaATHUKA Bif NONOXKEHHA
di3nyHmX XapaKTePUCTUK cuctemu, KOPUCTYOUUCH piBHOBaru. gy — KyT aMnniTy4HOro BiAXuieHHA
EKCMepUMEeHTaZIbHUMKU  pesy/ibTaTamy  BUMIpIOBaHb: 1) MOMEHT  masaTHMKa, A — amnnityaa rpadika niwaHoro cnigy Ha
. mgl, _ mgl T? . i - —Bi i i
iHepuii MasTHUKa — | = gzc _ Z <" 2) koediujerT 3racaHHs 3a AVKTI, L — poBX1HaA MasaTHUKA, £ — BigcTaHb Big, oci
@0 T ) nigsicy A0 UeHTpa Mac maaTHuKa, Ah — Bucota
3HaYEHHAMM aMnAITyA N-TUX KoNuBaHb — f§ = n—Tln %: 3) KoeoiLjeHT nigiiomy LeHTpa mac masTHUKa C

Ao
An .
onopy y pisHaHHi (4) — b = 2JB; 4) Hesigomuii 6e3po3mipHuii Abiepeno: aemopcoKull pucyHoK.

1
ocumnatopa Wyey = EkAZ.

P - . . .y, _ _bp
KoediLieHT NPONOPLIAHOCTI 3 PiBHAHHA (3) —k = B TOLWO.

METOAM AOC/IANEHHA

EkcnepymeHTanbHi  AocnigxeHHA npoBoAMaacA 3a [0MOMOrol NPOMOHOBAHOI YCTAaHOBKM, LIO CKNAZAETbCA 3 ABOX
dYHKLiOHaNbHMX YacTUH. MepLua — Lie NPOTAXHUIA TPAKT AMKTY, Apyra — e BAacHe cam GisNyHUN MasTHUK i3 CUCTEMOIO MOrO KPinieHHs.

30BHiLLHI BUrNAA YCTaHOBKM 306paKkeHo Ha puc. 6. Ha ropM3oHTanbHOMY CTO/IMKY KOPCTKO 3aKPinieHui KPOHLLTEWH,
0,0 AKOTO Ha NiAWNWMHUKY NiABILIEHNI CTPUNKEHb MaaTHUKA. CTpiUKa AUKTY HAaTATHYTA Ha Ba/M, OAMH i3 AKMX MOXKe obepTaTuca 3a
[0MoMoroto peeepcHoro gsuryHa P1-09, HanawToBaHoro Ha mepexkeBy Hanpyry 220 B (B IHTepHeTi icHytOTb AeKiNbKa BapiaHTIB
TaKoro NpUeAHaHHA).

ANOMiHI

EBR NNsC-
TMHKS
Crpiuxa
ANKTY

Puc. 6. 30BHIiLWHi/ BUrNAA YCTAHOBKU ANA AOCNIAKEHHA KOAUBAHb Gi3UYHOro MaATHMKA Ta BUXPOBUX CTPyMiB DyKo
[cepeno: asmopcuki pomo.

MicoK, Wo BiACMNAETLCA i3 NINKKM, 3aNULLAE HA PYXOMIN CTpiULi AMKTY CAifg Yy BUTAAAI 3a1€XKHOCTI KOOPAMHATU KiHUA
MasATHMKA Big, Yacy (puc. 6). 3HaOUM WBMAKICTb PyXy AMKTY 3a rpadikom KOAMBAHb MOXKHA BU3HAYMTK iX Nepiog Ta amnaityay.
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[o eKkcnepumeHTanbHoi anpobalii ycTaHOBKKM Byio 3anyyeHo cTyaeHTiB rpynu M3-11 HauioHanbHoOro yHisepcutety
BOAHOrO rocnofapcTea Ta NPUPOAOKOPUCTYBAHHA. BHAcNifoOK nefarorivyHMX cnoctepexeHb 3a iX HaBYa/lbHO-A0CNIAHULBKOO
AiANbHICTIO po3p0obseHo ONTUMaNbHI 3acobu BMMIPIOBAHHA Ta ONpPaLOBaHHA OTPUMAHWUX pPe3ynbTaTiB 3 MeTol edeKTUBHOTo
BNPOBaAKEHHA YCTAaHOBKM Yy HaBYabHWUI Npouec Ha 1abopaToOpHUX 3aHATTAX. 30Kpema, BCTAaHOBAEHO YacoBi pamku (15-20 xB),
LLLO BiABOAATLCA HAa BUKOHAHHA HABYa/IbHOrO EKCNEePUMEHTY Ta BUMIPIOBAHHA aMNAiTyA, i BiACTaHi MiXX HUMM Ha rpadiky 3a pisHUX
3HaYeHb CWU/I CTPYMIB B €/IeKTpOMarHiTi. Takox 34iliCHEHa OLiHKA rOTOBHOCTI CTYAEHTIB A0 MaTeMaTU4YHOro OMpautoBaHHA
pe3ynbTaTiB eKCNepumeHTy.

PE3Y/IbTATU JOC/IAMKEHHS

MponoHoBaHa yYCTaHOBKA [,03BO/IAE OTPUMATHM 3aMUCK fIK BiIbHUX KOZIMBAHb BNN3bKUX 4,0 FAPMOHIYHUX TaK i 3racaroumx
(puc. 7). Ans nepeBipknM AocToBipHOCTI il Aii HaBeAEMO pesynbTaT OAHOrO i3 anpobauiiHMX eKCNepUMEHTIB, 34iNCHEeHUX

CTyAEeHTaMu.
B e e—

Puc. 7. 306pakeHHs rpadiKiB BiIbHUX rapMOHIYHUX | 3racalounx KoAUBaHb
[xcepesno: asmopcuki pomo.

A S —

3rifiHO JaHWUX NPO WBWUAKICTb PYXY CTPIYKM QUKTY U = 2,9 % Ta BiICTAHHIO MiX CYCiHIMW KONMBaHHAMM Ha rpadiky,
nepiogyn Ta UMKAIYHI YacTOTU BiIbHUX | BUMYLLEHUX KOJIMBaHb, Yy MeXax TOYHOCTI 3aC06iB BUMipIHOBAHHA, NPAKTUYHO OAHAKOBI:
To=T=157c, wy = w=4,00 %. ToMy, Ha »anb, TOYHICTb BUMIpIOBaHHA nepiogy KoNMBaHb 3aco0bamm AaHOT YCTaHOBKU He
[03BONAOTb BM3HAYUTM KoedilieHT 3racaHHA 3a ¢opmynot ff = w/oué — w?2. ToMy cnifi CKOPUCTaTUCA BULLEBKa3aHOI
3a/IEXKHICTIO amMNAITy AW 3racaloyumx KONMBAHb Bif vacy A = Aoe‘[”t Ta BU3HayaTu 8 3a dopmynoto
B = n—lTlnj—:. 9)
Pe3ynbTatn opHoro i3 anpobauiiHux ekcnepuMeHTiB BigobpaykeHo y Tabnuui 1, ne n — KinbkicTb KonueaHb, A, —
aMnAiTyaa n-ro KOIMBAHHA 3a PiSHUX 3HAaYE€Hb CUA CTPYMIB B €/1eKTPOMarHiTax.

Tabnuusa 1. Pe3ynbTatm BU3SHauYeHHA KoediljieHTa 3racaHHA 3a Pi3HUX 3HaUYEeHb CTPYMY KUBJIGHHA eNleKTpomarHity I

n 0 1 | 2 3 4 5 Cp.
I;,=0,104; I?=1,00-10"24?

Ay, M 11,5 10,6 9,7 9,0 8,2 7,6 -
Byt - 0,052 0,054 0,052 0.054 0.053 0,053
,=0134; I?=1,69-10"2%4?

Ap, M 11,5 10,0 8,7 7,5 6,5 5,6 -
Bp,c7t - 0,089 0,089 0,091 0,091 0,092 0,090
I; = 0,15 4; 12 =2,25-1072 A?

Ap, M 11,5 9,6 79 6,6 5,5 4,6 -
B3, ¢! - 0,115 0,120 0,118 0,117 0,117 0,117
1,=0,184; I?}=324-10"2 A?

Ap, M 11,5 8,9 6,8 5,3 4,0 3,2 -
Ba, 7t - 0,163 0,167 0,164 0,168 0,163 0,165
Is = 0,20 4; 12 = 4,00-1072 A2

Ap, M 11,5 8,3 6,0 4,3 3,0 2,2 -
Bs,ct - 0,208 0,207 0,209 0,214 0,211 0,210

Jxcepeno: aemopcbKa po3pobKa.

3BMYalHO, LLO 3a 5-TW 3HAYEHb aMMITY MOXKHa oTpuMaTy 15 nap ix cniseigHowWweHb i 15 3HaYeHb f 3a NEBHOI CUAU CTPYMY
B 0OMOTLLi €/1EKTPOMArHITY, ane y HaBYabHUX AOCNIOKEHHAX AOCTAaTHBO OBMEKUTUCA 1 5-Ma 3HAYEHHAMM KoediLieHTa 3racaHHs.
OTpuMaHi pes3ynbTaTh CTanocTi KoedilieHTiB 3racaHHA 3a Pi3HUX 3HAYeHb CUA CTPYMIB AOBOAATb MPaBOMIPHICTb
TEOPETUYHMX PO3PaXYHKIB NPO rafibMiBHY A4it0 MArHiTHOro No/A Ha PYXOMOMY e/1eKTPONnpoBiAHY naacTuKy. To6To cuna (MomeHT
CUAIM) MPAMO NPONOPLiMHI i WBMAKOCTI (KyTOBOI WBMAKOCTI) (AMB. piBHAHHSA (3) i (4)).
[J0b6pOTHICTb KOIMBANbHOT CUCTEMM 3racatoumx KOIMBaHb MasTHWUKa s 1-ro i 5-ro BunagKis, 4OPiBHIOE:
2
Ql = AZ(:)T[_/LZ((?_'_T) = 1_62—TZ[?1T = 1_9—3)2,(?64-1,57 = 34'5 ’ QS = 1_:—1-:B2T = 1_8—3()2,?10»1,57 = 13'0'
BianoBigHO MoXKHa AoCAigMTN 4OBPOTHICTb | ANA IHWKWX 3HAYeHb KoediljieHTa 3racaHHs.
3riaHo piBHAHD (3), (4), (5) KoediuieHT 3racaHHA fOpPiBHIOE
_ b _ kB*v{}
b= 2] 2p]

(10)
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OCKiNbKM iHAYKLA MarHiTHOro nNoas NpsMo NPonopLiHa cUAi CTPymy, WO NPOTIKAeE B 06MOTL enektTpomarHity B~1, 1o
3rigHo (10) KoedilieHT 3racaHHA Mae 6yTM NPAMO NPONOPLIMHMM KBaapaTy Liei cuam ctymy
L~12. (12)
Ha pwuc. 8 BigobpaxeHi pe3ynbTaTu eKcnepuMMeHTaNbHOI NepeBipKM MPOMNOHOBAHOI ycTaHoBKM (Tabn. 1), wo
niATBEPAKYIOTb 3a/eXHicTb (11), a oTXKe 11 NPaBOMIpPHICTb TEOPETUUYHUX NPUNYLLEHb, HaBedeHMUX Bulle (bopmynu (3) i (4)).

0.25 B’ — K

0 0.5 1 15 2 2,5 3 35 4

Puc. 8. Npadik 3anexHocTi KoedilieHTa 3racaHHA f§ Big KBagpaTa CUU CTpymy I? B 06MOTLi enekTpoMmarHity
Lepeno: po3paxoeaHo asmopom.

3rigHo 3aKOHY 36eperkeHHA eHeprii 3racaHHA MexaHiYHUX KONMBAHb MarHiTHUM raibMyBaHHAM BigOyBa€ETbCA BHACNI 40K
PO3CitoBaHHA MeXaHiYHOI eHeprii Ha TEN0BY it BUXPOBUX CTPYMiB. MoyaTKoBa MexaHiYyHa eHepris BignoBiAHO A0 piBHAHHA (8)

[LOPIBHIOE

mg{’CAZ 0,43-9,8:0,78-0,1152 12
= == K.
Wo 212 70 21,352 0,012

Micnha 3racaHHA KONMBaHb ycA NOYAaTKOBA MeXaHiYHa eHepria NepeTBOPUTLCA Ha KiNbKICTb TEMIOTH, WO BUAINAETLCA Y
NAacTULi BHACNIAOK LIMPKYAALiT BUXPOBUX CTPYMIB, 32 YMOBU HEXTYBAHHA TEPTAM Y NiAWNMHUKY Ta ONOPOM MOBITPA.

BignosigHO 40 OTpMMaHMX pe3ynbTaTiB eKCNepMMEHTY, MOMEHT iHepL,ii MafATHMKA AOPIBHIOE

2 . . . 2
J= miiczr _ 043 9;?3(’),112 157% _ 0,21 kr - M2,

Cnip, 3a3HauMTH, WO 3aMiHa NJIACTUHU B KOHCTPYKLii MasiTHMKa Npu3Bese [0 3MiHWM MOro mMacu, a OTKe 1 40 3MiHu
MOMEHTA iHepu,ii.

MowyK meToAiB Ta 3acob6iB BUMIpHOBAHHA 3HAYE€Hb amMNiTyA, NOKa3as., WO A1 HAWTOYHIWI pe3ynbTaTu OTPMMYIOTbCA 3
HACTyNHOro cnocoby Ain: 1) HaTArTHYTU TOHKY HWUTKY, WO NPOXOAMUTb Yepes3 TOUYKMU MONONKEHHA PIBHOBArM MaATHWKA HA MONOTHI
OVKTY; 2) BUMIPATM WTAHreHUMPKYNeM i3 TOYHicTiO 40 1 MM BigCTaHb Big, HATKM 40 Kpato NiWwaHoro caigy amnaiTyaHoro
BiAXWMNEHHA. Ha BigMiHy Bif, NiHIMKM WTAHIeHUMPKYIb A03BOJISE TOYHO PO3TallyBaTM MOrO rybKM MiK TOYKaMK Ha MOBEPXHi
NOIOTHA AMKTY, WO YCYyBaE NapanaKkc 30py NPUTaMaHHUA NpU BUMIPIOBaHHI NiHIlKOLO.

BUCHOBKM TA NEPCNEKTUBU NOAANBLLOIO AOCNIAXKEHHA

3piicHeHi Hamu anpobalii NPONOHOBaHOT YCTaHOBKM [03BO/IAIOTL CTBEPAKYBATH, LLLO BOHA MOXKe ByTU BUKOPUCTaHa fK
epeKTUBHUI AUAAKTUYHWIA 3acib AeMOHCTpaL,i Ta AOCNIAKEHHSA Y HaBYaHHI i3nKu.

HaBuanbHi AeMoHCTpaL,ii 32 4ONOMOroH0 L€l yCTaHOBKM OXOMJIIOKOTL HACTYMNHI po34inu nporpamu 3 ¢pisuKku: 1) rapmoHiyHi
KONMBaHHSA; 2) Gi3NYHNI MaATHUK; 3) 3racatodi KONMBaHHA; 4) 3aKOH eNeKTPOMarHiTHoI iHAYKLi, npaBuao JleHua, BUXPOBi CTPYyMM
TOLLLO. 3ayBaXKMMO, LLLO APYrWI Ta TPETIN PO3Ainun niue onocepeAKoBaHO BXOAATL 40 NPOrpaMm 3arajibHOOCBITHbOT WKoAW. MNpoTe
[0CNifHA YyCTaHOBKa CTBOPIOE NepeayMOBM «KMUBOT» HAOUHOCTI. fIK 3acib opraHisaL,ii HaBYaIbHOIo JOCNIAKEHHA YCTAHOBKA MOXKe
6yT BUKOPUCTaHA Y 3ara/IbHOOCBITHIM Ta BMLLiM WKOANI.

MpONOHYTLCA OPIEHTOBHI TEMU AOCNIAHULBKUX 3aBAaHb, N1a60OPaTOPHUX POBIT, eKcnepuMeHTaNbHUX 3334y TOLLLO:

1) BM3HauyeHHA NepioAy KOMBaHb MAaATHMKA 3a BiZOMOIO WBUAKICTIO PYXY OUKTY;

2) [ocnifsKeHHs XxapaKTepy rapMOHIYHUX KOMBaHb (4K AiMCHO BOHM onucytoTbes GyHKLisMK sin abo cos);

3) BW3HAYEHHA MOMEHTY iHepLii MasTHUKa;

4) pocnigKeHHA 3aKOHOMIPHOCTI 3MiHW amMNNiTy4M 3racatoumx KOJIMBaHb 3 YacoM;

5) BW3HauyeHHA KoedilieHTy 3racaHHA KOAMBaHb Ta MOro 3a/jeXHOoCTi Big, iHAYKUIT MarHiTHoro nona (cuan crtpymy)
eNeKTPOMArHity;

6) BW3HAYEHHA KoediLiEHTY ONOpy KONMBaHb AN BUNAAKIB, 3a3HaYeHuMx y n. 5);

7) [OCNiAMKeHHA 3aNeXHOCTi ranbMiBHOI Aji BUXPOBUX CTPYMIB BiA: a) CMAM CTPyMy B OBMOTLI €NeKTpOMarHiTy;
6) NnMTomoro onopy maTepianis 0AHAKOBUX 33 PO3MipaMu NPOBIAHMX MAACTUH, Y AKUX BUHUKAIOTb BUXPOBI CTPYMU; B) TOBLLMHM
NAacTUH OAHAKOBMX MaTepianis Ta PO3MipiB TOLLO.

Cnip, 3a3HaUNTH, WO BUKOHAHHA HaBYa/IbHUX JOC/IAXKEHD, BKa3aHUX y N.6), 7), noTpebye BUSHAaYEHHA MOMEHTY iHepL;il
mgt, _ mgl.T? .
MaATHUKA ANA KOXHOro BWMMaAKy 3a dopmynow | = 2 = anz v WO YCKNAZHIOE iX 33CTOCYBAHHA y 4acoBUX Mexax
0
AyAUTOPHOrO 3aHATTA. TOMY TaKi AOCNIAKEHHA BApTO OPraHi3oByBaTW AK 4OBrOCTPOKOBI.

3riaHO eKcnepumeHTasibHMX anpobaLliil yCTaHOBKM NMPOMOHYOTLCA HACTYMi pekoMeHOauil o Ao Ti 3aCToCyBaHHA:
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1) pna 3abesneyeHHsA rapMOHIYHOCTI BiNIbHUX KONMBAHb BiAXWMAEHHA MAATHWKA Big, NMONOMKEHHA PiBHOBArn MOBUHHI
6yTV He3HauHi;

2) nig Yac KoAMBaHb NPOBIAHA NAACTMHKA MaE 3aBXK AW NnepebysaTi B 061acTi MarHiTHOro nons;

3) WBKMAKICTb PYXy AUKTY NOBMHHA BYTM TaKo, W06 Ha HbOMY 3aMUWMANCA 306paXKeHHs NopaaKy 5-10-TM BiNbHUX
KO/IMBaHb. IHaKLLe NoxmbKa BUMiptOBaHHA ix nepioay 6yae 3HauYHoto;

4) npuv pocniaKeHHi 3racaloumx KoAMBaHb CAig NigibpaTty Taki 3HAYEHHA CUA CTPYMIB B €1€KTPOMarHiTi Wwob 3racaHHA
KO/IMBaHb BYM HE3HAYHMMMU, WO Bif0OPA3UTU Ha ANKTI HE MeHLe 5-TU KONNBaHb.

5) [AOBXMHA Ta Maca MaaTHMKA NOBUHHI BYTY MAaKCMMaIbHO MOXK/IMBUMM 33 HAABHUX KOHCTPYKTUBHUX YMOB, OCKi/IbKK
Yy NPOTUNIEXKHOMY BMMAAKY MOFO BiNlbHI KONIMBAHHA LWBUAKO 3racaTMmyTb.

Mepcnekmusu nooasnbwo2o ocnioHeHHA nependadaloTb 3'ACyBaHHA EKCNEePUMEHTAbHOI 3a/1€XKHOCTI raibMiBHOT cMan
BiZ, MaTepiany Ta TOBLMHM NPOBIAHOT NAACTUHKKU. BapTo pO3rasaHYTU HaNPAMKWM YAOCKOHANEHHA KOHCTPYKLUIi MasTHUKa (3amiHa
NigWMNHUKOBOTO NiABiCcY Ha NPM3MOBWIA, MOLWYK ONTUMANbHOTO MaTepiany AUKTY 417 3MEHLIEeHH:A MOro NPOBUCAHHA TOLLO).
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ABSTRACT

MocmaHoska npobaemu. Mossa yugpposux mexHonozili 3pobuna
pesostouito 8 ocgimi, 3pobuswu 3HAYHUU AKYEHM Ha 8i3yanbHOMY
HABYAHHI Ma KOMYyHiKayii, AKe cbo200HI 6a3yeMbCA HA 2HyYKOoMY,
nepcoHanizoeaHomy U MeXHO02iYHO HACUYEHOMY OC8IMHbLOMY
cepedosuwli 3 PI3HOMAHIMHUM MyaAbmMumMeOdiliHUM KOHMeHMOoM,
yugposux sizyanizayisx, sipmyaneHUx cumynaayisx mowo. Mema
cmammi: docaidumu  eukopucmaHHA SMART-mexHonoeili  0n4a
PO38UMKY 8i3yanbHOI 2pamomHocmi

Mamepianu i memoodu: aHani3 Haykoeoi simepamypu 074
3’ACYB8AHHA CymHOCMi MOHAMb «8i3yasnbHa 2pamomHicme», «SMART-
mexHono2ii» ma IX CKAGOHUKIB, 018 OO0CAIOHEHHA CYy4aCHUX
meHdeHUyili i nioxodie 00 8nMpPoeadmceHHA 8i3yanbHO20 HABYAHHS,
cucmemMamu3sayia ma y3az2aneHeHHA 018 CMPYKMYpPYB8aHHA 8rausy
SMART-mexHonoeili Ha 8i3yanbHy epamomHicme, susgaeHHa SMART-
iHCmpymeHmie y KoHmMeKcmi 8i3yasnbHO20 HABYAHHA; MOPIBHAMAbHUU
aHani3 018 cniscmasneHHA mpaduyiliHux ma SMART-opieHmosaHux
nioxodie 0o po38UMKY 8i3yasnbHOI 2pAMOMHOCMI, B8UBYEHHSA
3apyb6incHO20 i 8iMYU3HAHO20 00CB8IOY BMPOBAOHEHHA B8i3YAsIbHO20
HABYAHHA 8 yMOBaX Yugposizayil.

Pe3yabmamu. Obz2pyHmMo8aHO, W0 Meopemu4HuUM MidrpyHmam
sukopucmaHHA  SMART-mexHonoeili 'y po3sumky 8i3yasnbHol
2pamomHocmi sucmynaroms KozHimusHa meopis mynbmumediliHo2o
HABYAHHA, Meopis Mo0eiliHo2o KoOy8aHHS, KOHCMPYKMueicmcoKa
ma coyianbHO-Ko2HIMUBHA meopii, AKi MiOKpecams 3HAYeHHs
aKMUBHOI y4acmi y4Hie y cmeopeHHi ma iHmeprnpemauii 8i3yaanbHo20
KoHmeHmy. [losedeHo, wjo mexHonoeii SMART oxonstorome wupoKuli
crnekmp yugposux iHcmpymeHmie | naamgopm, AKi  MOIHA
suKopucmosysamu 075 Mi08UUWEHHA 8i3yanbHOI 2paMOMHoCMI:
iHmepakmueHi OOWKU, 8ipmyanbHy ma OOMNoBHeHy peasbHicme,
iHcmpymeHmu 041A CMBOPeHHA Mynsmumedia ma npozpamHe
3a6e3neyeHHA 044 8i3yani3ayii 0aHUX.

BucHosku. IHmezpayia SMART-mexHosnoeaili cmeoptoe ymosu 041
epcoHani3o8aHo20 Ui KpeamusHO20 HABYAHHA, 30CHOBAHO20 HA
GKMUBHOMY — 6UKOPUCMAHHI  8i3yanbHo20  KoHmeHmy.  Ix
egpekmusHicmb  8U3HAYAEMbLCA Yughposoo ma  nedazo2idHoro
KoMnemeHmMHicmio  e4umesnis, AocmynHicmio  mexHonaoezil i
30amHicmio y4Hi8 KpUMUYHO OyiH8amMu 8i3yanbHy iHopmayiro.
Modanbwuli po38UMOK HAMPAMY M08’A3YEMbCA 3 YNPOBAOHEHHAM
WmMmy4yHo20 iHmMesnekmy ma  iMepcusHux  mexHosnoaill,  AKi
PO3WUPOIOMbE MOMIUBOCMI PO3BUMKY 8i3yasnbHOI 2paMomHocmi 8
ymMoeax yugpposoi mpaHcopmauii oceimu.

Formulation of the problem. The emergence of digital
technologies has revolutionized education by placing a
significant emphasis on visual learning and communication,
which today is based on flexible, personalized, and
technologically rich learning environments with a variety of
multimedia content, digital visualizations, virtual simulations,
etc. The purpose of the article: to study the use of SMART
technologies for the development of visual literacy

Materials and methods: analysis of scientific literature to
clarify the essence of the concepts of "visual literacy”,
"SMART-technologies" and their components, to study current
trends and approaches to the implementation of visual
learning; systematization and generalization to structure the
impact of SMART-technologies on visual literacy, to identify
SMART-tools in the context of visual learning; comparative
analysis to compare traditional and SMART-oriented
approaches to the development of visual literacy, to study
foreign and domestic experience in the implementation of
visual learning.

Results. It is substantiated that the theoretical basis for the
use of SMART technologies in the development of visual
literacy is the cognitive theory of multimedia learning, the
theory of double coding, constructivist and socio-cognitive
theories, which emphasize the importance of active
participation of students in the creation and interpretation of
visual content. It is proven that SMART technologies cover a
wide range of digital tools and platforms that can be used to
improve visual literacy: interactive whiteboards, virtual and
augmented reality, multimedia creation tools, and data
visualization software

Conclusion. The integration of SMART technologies creates
conditions for personalized and creative learning based on the
active use of visual content. The effectiveness of such
approaches is determined by the digital and pedagogical
competence of teachers, the availability of technology, and
the ability of students to critically evaluate visual information.
Further development is directly linked to the introduction of
artificial intelligence and immersive technologies that expand
the possibilities for the development of visual literacy in the
context of the digital transformation of education.

K/IDHYOBI C/IOBA: SMART-mexHonoezii; 8i3yanbHa 2pamomHicmes;
SMART; si3yanizauis; yugposa 2pamomuicme; yugposa oceima; IT.

KEYWORDS: SMART technologies; visual literacy; SMART;
visualization; digital literacy; digital education; IT.

ANA UUTYBAHHSA: PisHuk B., OcTtpora M., becnanuii B. Ponb SMART-
TEXHONOriA Yy  PO3BUTKY  Bi3yaNbHOi  rpamoTHoOCTi.  @i3uKo-
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BCTYN

NocraHoBKa npobnaemu. Y cyyacHomy iHOpMaLIMHOMY CyCniNbCTBI PO3BUTOK iHGOPMALIMHO-KOMYHIKALiAHMX
TEXHONOTiVi 3yMOBMB CTPiMKe 3pOCTaHHA 06CATIB Bi3ya/lbHOrO KOHTEHTY, AKWUIA CTAa€ OCHOBHUM [XKEPEesioM CNOXKMBAHHA iIHPopmaLii
cepen, monogi. PopMyeTbCA CTiliKa 3BUYKA OPIEHTYBATUCA Ha BidyasibHi noBigomneHHs (306paxkeHHs, Bigeo, iHborpadiky), wo
YacTo BMUTICHAIOTb TEKCTOBI pOpMaTH Ta 3HUNKYIOTb iHTEpec A0 rMMBOKOro aHaNiTUYHOIO YMTaHHA. Taka TeHAEHLUiA NOCUAtoE
PW3UKM iHbOpMaLiiHOro BNAMUBY, afrKe BidyasibHi 06pa3n MOXKYTb HECTU MaHINyAATMBHI, pelikoBi abo cTepeoTUnHi mecegKi, AKi
noTpebytoTb KPUTUYHOI iHTepnpeTaLii. Y LboMy KOHTEKCTi undpoBa rpaMoOTHICTb MA€E BPAaxOBYBaTK Bi3ya/ibHy rPaMOTHICTb AK
34aTHICTb YMUTaTK, IHTEepnpeTyBaTW, OLIHIOBATM Ta CTBOPKOBATM Bi3yasibHi MOBIAOMIEHHA 3 ypaxyBaHHAM iX AOCTOBIPHOCTI,
KOHTEKCTY Ta eTUYHUX HOPM. OZHUM i3 eEeKTUBHUX IHCTPYMEHTIB PO3BUTKY BidyasibHOI rpamoTHOCTI BucTynae SMART-0cBITa, WO
6a3yeTbCA Ha HY4YKOMY, MEepPCOHaNi30BaHOMY I TEXHO/IOMYHO HACMYEHOMY OCBITHBOMY CEpenoBMLi. 3anyyeHHA B OCBITHIl
npouec MynbTUMELINHOrO KOHTEHTY, UMPOBUX Bi3yanisauii, BipTyaNbHUX CUMyAAUIN, reimidikoBaHux nnatpopm Ta
iHCTPYMEHTIB LWITYYHOrO iHTENEKTY CMPUSE He /iMlie NiABULEHHIO MOTMBALT A0 HaBYaHHA, @ M PO3BUTKY BMIHHA KPUTUYHO
cnpuiimaTy BidyanbHy iHpopmauiito, GopmyBaHHIO eCTETUYHOI KyNbTypK 1 iHGOpMaLLiMHOI CTIMKOCTI.

AHani3 aKTyanbHUX gocnigxeHb. BisyanbHa rpaMmoTHICTb — Lie chopmoBaHa B NpoLeCi HaBYaHHA 34aTHICTb NIOANHU
TOYHO CNpUAMaTH, IHTepnpeTyBaTW, aHANi3yBaTWU Ta CTBOPIOBATM Bi3yasbHi MOBIJOMNEHHA (300parkeHHsA, cxemu, rpadiky,
iHdorpaodiky Tow,0) ana epekTUBHOrO NepeaaBaHHA iHGopMmaLii, inein um emouin y pisHux cdepax gianbHocTi (linik Ta iH., 2021).
BoHa nepepgbayae: yMmiHHA «4MTaTU» Bi3yanbHi 06pasu, po3nisHaBaTM M PO3YMITH iXHil 3MICT, CUMBONIKY, EMOLiNHWNI BNAKB, a
TaKOX iHTepnpeTyBaTH Aii, 06’€KTU 1 CUMBOAN Y BiANOBIAHOMY KyNbTYPHOMY, COLia/IbHOMY UM iCTOPUYHOMY KOHTEKCTI; YMIHHA
CTBOPIOBATU Bi3yasibHi maTepianu, reHepyBaTh BNACHi 306parkeHHs, iHporpadiky, Aiarpamm, BUKOPUCTOBYIOUM CyyacHi umndposi
IHCTPYMEHTU; KPUTUYHE OLIHIOBAHHA AK YMiIHHA aHai3yBaTW AKICTb, AOCTOBIPHICTb, ETUYHICTb | 4OPEYHICTb Bi3yanbHOI iHpopmaLlii,
ouiHIOBaTK Ti BNAMB Ha rNAfaya; 3aCTOCYBaHHA Bi3ya/lbHMX 3acobiB ANA NOACHEHHA CKAAAHWX ifeW, HaBYaHHA, npeseHTaLii,
couianbHOI B3aeEmogii.

P0O3BMTOK Bi3yaNbHOI rPamMOTHOCTI 4OCNIAXKYBaAM AK 3apybixKHi, TaK i BiTYN3HAHI HayKoBUi. FeHpi Xonmc CmiT (Henry
Holmes Smith, CLUA, 1950-Ti) npunucytoTb BBEAEHHA TepMiHA «Bi3yasibHa rPAaMOTHICTb». BiH po3rnasas BisyasibHy rpaMoTHICTb
AK «Bi3yasbHYy MOBY», fIKy NOTPi6HO KoaudikyBaTWM W HaB4yaTM umTaTM 306paxkeHHs (Bernnard et al., 2022). B. WUTteliH6epr
[,0CNiAXKYBaB ray3b KOrHITMBHOI Bi3yasisauii i cTaB aBTopom rpadiyHmnx 3acobis npeacraBaeHHs iHGopmMaLii Ta 10riKo-CMUCN0BUX
mogeneit (boiueHko & Yypuukanuy, 2021). Ha gymKy aBTOpiB, cepes, Cy4acHUX AOCNIAHMKIB Teopii BidyasbHOI rpaMOTHOCTI Ta
KOTHITWBHOI Bidyanisauii H. AslweHtok, /1. MHryHi, [I. Paccen, E. CaHr, [l. ®eHr, K. XennopeH, b. ®orenbsinrep, K. Xini, K. WynbteH
Ta iH.

BisyasibHa rpamoTHicTb HabyBa€e WMPLWIOro 3HaYeHHA, AKLLO po3rnagatu ii nopsg i3 TexHonoriamm SMART, OCKifbKK
BOHa OXON/IOE He nwe 6a30Bi HABUYKM AEKOAYBaAHHA BidyasibHUX MOBIJOMMEHb, @ 1 34aTHICTb KPUTUYHO OLLHIOBATU, €TUYHO
33CTOCOBYBATU Ta CTBOPHOBATM Bi3ya/sIbHUI KOHTEHT 33 AOMNOMOrOK Pi3HOMAHITHUX LMOPOBUX iIHCTPYMEHTIB. [0 OCHOBHMX
XapakTepuctuk SMART-TEXHONOFIN AK IHTEPAKTUBHUX TEXHO/OFIN, AKi 3a6e3neYyloTb CTBOPEHHSA, peaaryBaHHaA, NowupeHHa Ta
BMKOPUCTaHHA MY/IbTUMEZIMHMX HaBYaNbHMX MaTepianiB y pisHUX ¢dopmaTtax i cepegosuwax (KywHip, 2020) BigHocATb
iHTEPAKTUBHICTb (BMKOPUCTAHHA iHTEPAKTUBHUX MPUCTPOIB, AKI A03BONAIOTL YYHAM i BMK/IaZa4yam aKTMBHO B3AEMOLIATU 3
HaBYa/ibHUM KOHTEHTOM, CTBOPIOBATM CMifibHi MPOEKTM, 06roBOpPIOBATY iAEl B PeXMMmi peanbHOro vacy); MyabTUMeAiNHICTb
(3anyueHHa Bigeo, rpadiku, aHimauii, cMMynaLii, BipTyaNbHOI Ta AONOBHEHOI peanbHOCTi ANA YHAOUHEHHA CKNAAHMX MOHATD i
npoLeciB); FHyYKicTb i NepcoHanisaL,ito (MOXAMBICTb aAaNTyBATU TEMM | CTUAbL HAaBYAHHA Nif NOTPebu KOKHOro y4YHA, CTBOPIOBATH
iHAMBIAYaNbHI TPAEKTOPIT PO3BUTKY); AOCTYNHICTb (HABYAHHA MOXK/IMBE He /LI B KNaci, a M yA0Ma, Y TPOMaLCbKUX MicLsAX, yepes
IHTEPHET, BMKOPWUCTOBYIOUYM BAACHI MPUCTPOI); edeKTMBHE OUiHIOBAHHA (TexHoNorii A03BONAIOTL 3A4IMCHIOBATM MUTTEBMUM
3BOPOTHUIA 3B’A30K, MPOBOAMTU OHNAMH-TECTYBAHHA, aHaNi3yBaT! NPOrPeC YYHIB y peXMMi peanbHoro yacy).

38’A30K MixK TexHosoriamu SMART i Bi3yanbHOI rPaMOTHICTIO AOCAIAMKYBABCA Yy Cy4acHin negaroriyHii nitepaTypi.
BiasHaummo, wo gocniaHunku Avgerinou & Pettersson, Sime & Themelis 06rpyHTyBanu, Lo came Bi3yasibHa rPamMoTHICTb 4,03BONAE
NOBHOLHHO BUKOPUCTOBYBATK NoTeHLian SMART-TeXHOOTiM y HAaBYAHHI, CTBOPIOBATH, PO3YMITU M KOMYHIKYBATW 33 AONOMOrOL0
Bi3yanbHMx 3acobis (Sime, 2022). Ornaa 6i61ioMeTPUYHNX A0CAIAMKEHD TAKOXK NiATBEPAMKYE, LLLO Y Cy4aCHil OCBITi NPOCTEXYETLCA
TiCHWUA 3B’A30K MiXK BNpPOBagKeHHAM uUudppoBux i SMART-TexHONOrIN Ta PO3BMTKOM Bi3yasbHOI rpamoTHocTi. MposigHi
OOCNIAHVKM Y Uilh cdepi aHanisyoTb, AK undposi ocsiTHI naatdopmu i SMART-TexHONOriT GOPMYIOTL HOBI BUMOTU A0 BidyasnbHOI
rpaMoTHOCTI y4HiB i negaroris (Bulut, et al., 2024). 3ictaBneHHA CKNaAHWKIB Bi3yanbHOI rpamoTHOCTi Ta SMART-TexHoMOTriN
CBiAYMTb NPO iX NEBHY KOpensLito, a ToMy NPMPOAHO NOCTaBUTU NUTAHHA NPO BUKOPUCTaHHA SMART-TexHONOri AN pO3BUTKY
Bi3ya/IbHOI FPAMOTHOCTI.

Merta cTaTTi: AOCNIAUTU BUKOpPUCTaHHA SMART-TeXHONOrI Yy NiABULWEHHI Bi3yanbHOT rpamoTHOCTI. MeTa 3ymoBuna
BUPILLEHHA TaKUX JOCNIAHNLBKUX 3aBAAHb: 1) BU3HAUUTM TEOPETUYHI 3acan PO3BUTKY BidyasbHOI FPAaMOTHOCTI 3a A0NOMOroto
SMART-TexHoAOrii; 2) oxapakTepnsysaTi poab SMART-TEXHO/OFIN Y PO3BUTKY Bi3yaNbHOI F[PamoTHOCTI.

METOAM AOCNIAMEHHA

AHani3 HayKoBOI NiTepaTypu paa 3'ACyBaHHA CYTHOCTI MOHATb «BidyasibHa rPamoTHicTb», «SMART-TexHOMOrii» Ta iX
CKNAAHUKIB, A5 AOCNIAMKEHHSA Cy4acHUX TEHAEHLIN i nigxoais 40 BNPOBaAKEHHA Bi3yasibHOTO HaBYaHHSA; CMCTEMATM3aLis Ta
y3arasibHEHHA A/1A CTPYKTYPYBAHHA OTPUMAHWUX TEOPETUYHMX 3HAHb Woao BNAMBY SMART-TeXHONOrIM Ha Bi3yasibHY FPamMOTHICTb,
BuABAEHHA SMART-iHCTPYMEHTIB Y KOHTEKCTi Bi3ya/lbHOr0 HaBYaHHA; NOPIBHANbHWUI aHani3 ANA CniBCTaBAEHHA TPAAULIAHKX Ta
SMART-0OpieHTOBaHMX MNiAX0A4iB A0 PO3BUTKY Bi3yasibHOI TFPAaMOTHOCTI, BMBYEHHA 3apybiXKHOro i BiTYM3HAHOrO AJoOCBigyY
BMPOBagKEeHHSA Bi3ya/IbHOro HaBYaHHA B yMOBax uuoposisay,i.
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PE3Y/IbTATU AOCNIAXKEHHA

TeopemuyHi 3acadu po38UMKy 8i3yasnbHoi 2pamomHocmi 3a donomozoto SMART-mexHonoeaili

KinbKka Teopilt gatoTb nigcrtasu BBaxatv SMART-TexHOOrii B HaBYaHHI iIHCTPYMeHTOM (3acob0M) pO3BUTKY BidyasbHOI
rPamoTHOCTI. 30Kpema, Teopia KOrHITMBHOTO HaBaHTA)KEHHS, Teopid MOABIMHOrO KOAyBaHHA, KOHCTPYKTMBICTCbKa Teopis
HaBYaHHA Ta couiasbHa KOTHITMBHA Teopia AaloTb YABNEHHA MPO KOTHITMBHI Ta coujafbHi Npouecy, NoB'A3aHi 3 Bi3ya/lbHUM
HaBYaHHAM i TUM, AK TexHonorii SMART MoXyTb 6yTW BMKOPWUCTaHi AnA onTumisauii umx npouecis. Teopis KOrHITMBHOro
HaBaHTaxeHHsn (CLT) nepepnbavae (Sweller, 1994), wo ebeKTMBHUI Bi3yanbHUI AOCBiL HAaBYaHHA NOBMHEH ByTU po3pobrieHunin
TaKUM YMHOM, WO6 MiHIMI3yBaTM / ONTUMI3yBaTM KOTHITUBHE HaBaHTaXEHHA Ha cy6’ekTta ydiHHA. TexHonorii SMART MOXyTb
CNPUATU LLbOMY, OCKi/IbKM HaZaloTb iIHCTPYMEHTH, AKi CNPOLLYHOTb CKIagHY BidyasbHy iHPOPMALLi0, 3MEHLLYHOTb BiABONIKaHHA Ta
BUAINAIOTb KNtOYOBI NOHATTA. Teopis nodeiliHo2o kodysaHHsA (DCT) cTeepaskye (Paivio, 1969; Clark & Paivio, 1991), wo iHpopmauia
06pobnseTbcA Ta 36epiraeTbca B Nam'aTi AK 3a A0OMNOMOrot BepbanbHuX, Tak i HeBepbanbHUX cuctem. BoHa npunyckae, wo
HaBYaHHA NOKpPALLYETbCA, KOAU iHPopMaLia npeacTaBneHa B 06ox popmatax. TexHonorii SMART cnpuaAtoTb iHTerpauii BisyanbHoi
Ta BepbanbHOi iHPpOpMaLii 33 AONOMOrod My/NbTUMELIAHUX MpPE3eHTauii, IHTEPAaKTUBHUX CUMYAALIA Ta MYy/JbTUMOAANbHUX
OCBITHIX cepegosuw,. Migxia NoaBIMHOrO KOAYBaHHA MOXKe NpM3BecTM A0 baraTwmx i TPMBAMIWMX MeHTaNbHUX Npe3eHTauil,
NOKpPaLLYE PO3YMiHHA Ta 3anam'AToByBaHHA. KOHCMpyKkmugicmcoKka meopia Hag4aHHA Haronowye (O’Donnell et al., 2012; Piaget,
1978) Ha aKTUBHI poAi Y4HIB Yy KOHCTPYOBAHHI BAACHMX 3HaHb 33 4ONOMOro0 40CBiAy Ta pednekcii. OcBiTHE cepenosuiie SMART
3 aKLLeHTOM HA HaBYaHHA HA OCHOBI 3anNMTiB 3yMOBJIHOE LUMPOKI MOXKAMBOCTI ANA PO3yMiHHSA Bi3yanbHOI KOMYHiKauii. CoyiaanbHa
KoeHimusHa meopia (SCT) niakpecntoe (Bandura, 1986) ponb HaB4YaHHA 3a AOMNOMOrOH CMNOCTEPEXNEHHA | MOAENIOBAHHA Y
$opMyBaHHI NOACLKOT NOBeAiHKM (CTYAEHTM BYaTbCA, CNOCTEPIratoum Ta iMiTyroum Bi3yanbHi cTpaTerii KomyHikau,ji iHwmx). OcBITHE
cepeposuie SMART 3 aKUEHTOM Ha OHMAMH-CRiBNpaUlo Ta AOCTYN A0 Pi3HOMAHITHUX MefiafxKepen Hafjae MOXK/IMBOCTI
crocTepiraTv 3a WMPOKUM CNEKTPOM Bi3yasibHUX MOAENEN Ta BUUTUCA Ha iX OCHOBI.

SMART-mexHos02ii ma ix pons y po38umky 8i3yasanbHoi epamomHocmi

TexHonorii SMART oxontotoTb LMPOKUI CNEKTP LMPPOBUX iIHCTPYMEHTIB i N1aTdhopm, AKi MOXKHa BUKOPUCTOBYBaTU ANA
niaBULLEHHA Bi3yanbHOI rpamoTHOCTI. Lli TexHonorii BKAOYalOTh iHTEPaKTUBHI AOLWKK, BipTyasnbHY Ta AOMOBHEHY PeasbHiICTb,
iHCTPYMEHTU ONA CTBOPEHHA My/nbTMMeZia Ta nporpamHe 3abesneyeHHA Ana Bidyanisauii gaHux. KoXHa 3 LMX TexHONOrin
BiAKPUBAE MOXNMBOCTI A/1A PO3BUTKY CKNAAAHUKIB BidyasibHOI FPAaMOTHOCTI (YMIHHA «4MTaTU» BidyanbHi 0bpasn, posnisHasaTu 1
PO3YMiTH IXHIN 3MiCT, iHTepnpeTyBaTV 06’€KTM 1 CUMBOJIM Y BiANOBIAHOMY KYNbTYPHOMY, COLia/IbHOMY YW iICTOPUYHOMY KOHTEKCTI;
YMiHHA CTBOPOBATW Bi3ya/bHi MaTepiann, reHepyBaTW B/AcHi 306paKeHHA; KPUTUYHO OLiHIOBATU BidyanbHy iHGoOpMaLito;
3aCTOCOBYBaTM Bi3ya/ibHi 3ac0bM AN1A couianbHOI B3aEMOA,T).

IHTEPaKTMBHI AOWKKX Ta AUcnnei cnpuAoTb AMHAMIYHOMY Ta rpynoBOMY Bi3ya/lbHOMY HaBYaHHIK. BoHM po3BonAoTb
YUUTENAM Ta YYHAM B33EMOAIATU 3 Bi3ya/ibHUM KOHTEHTOM Y pexxumi peanbHoro vacy (Nicolaou et al., 2019). Bunteni moxyTb
BMKOPWUCTOBYBATU iIHTEPAKTUBHI AOWKM A5 NpeacTaBieHHA 306paxkeHb, Bigeo, Bisyanisalii AaHWX, @ TAKOXK NPU aHOTYBAHHI 1
06po6Li Bi3yanbHOro KOHTEHTY A/A BUAINEHHA KAOYOBWUX MOHATbL i BigHOWEHb MiXX HUMMW. YUHi MOXKYTb BMKOPUCTOBYBATU
iHTEPaKTUBHI OOWKM ANA CTBOPEHHA BNACHWUX Bi3yaZlbHUX Npe3eHTaliid, 06MiHy idesmu Ana crninbHOro BMpilleHHA npobaem.
IHWKMK CNOBaMM, BUKOPUCTAHHSA IHTEPAKTUBHUX AOLWOK MOXKE NMOKPALLUTU BidyasibHe CNPUNHATTA, PO3YMIHHA Ta KOMYHIKaTUBHI
HaBUYKM MONOAI.

TexHonorii BipTyanbHoi Ta gonoBHeHoi peanbHocTi (VR Ta AR) NponoHytoTb iMEPCUBHE HaBYa/bHE CePeOBULLE, AKe
MOXKe 3MiHUTK cnocib B3aeMOLii y4HiB 3 Bi3yanibHUM KOHTeHTOM (Lee & Hwang, 2022). Cumynau,ii BipTyanbHOI peanbHOCTi MOXKYTb
NepeHecTn yYHiB y BipTyaNbHi CBiTW, A& BOHW MOXYTb AOCANIAKYBaTU iCTOPUYHI MicuA, NPOBOAUTN HAYKOBI eKCcnepMmeHTn abo
NPaKTUKYBaTK peanbHi HaBUYKKU B BesneyHomy LmbpoBomy cepenoBuLi. oAaTKM AONOBHEHOT peasibHOCTI MOXYTb HaK1a[aTH
unopoBy iHbopmaLilo Ha peanbHWU CBIT, 3abe3neyyrounm KOHTEKCTHMI A0CBi4 HaBYaHHA, AKWMI MNOKPALLYE PO3YMIHHA Ta
3anam'aToByBaHHA. Hanpuknaa, cTyAeHTM MOXKYTb BMKOPWUCTOBYBaATM AoAaTKM AR pna Bisyanisauii cKNagHWX aHAaTOMIYHWMX
CTPYKTYP, AOCNiIAKEHHA iCTOPUYHMX apTedakTiB abo B3aemoii 3 BipTya/IbHMUMM NepcoHaXKamu icTopii. Taki iMepcuBHI BpaXKeHHn
MOKYTb MOKPALLUTK Bi3yasibHE CMPUAHATTA, PO3YMIHHA Ta HABUYKM iHTepnpeTau,ii GpaKTiB i AaHUX.

IHCTPYMEHTU ANA CTBOPEHHA My/nbTUMesia, TaKi AK nporpamHe 3abe3neuveHHA ANA peparyBaHHA Bifeo, nporpamwu
rpadiyHoro AmsanHy Ta nnatdopmu  aHiMauji, [aloTb MOX/IMBICTL CTBOPIOBATU Ta AI/IMTUCA BAACHUMM  Bi3yasibHUMMK
NoBIAOMIEHHAMM. 3alMMAOYNCh CTBOPEHHAM MyAbTUMEZia, YYHi PO3BUBAIOTb CBOI HABMYKM Bi3yaNbHOTO CMiJIKyBaHHA, TBOPYO
BWCNOBAIOKOTb CBOI i€l Ta AiNATbCA CBOIMW 3HAHHAMM 3 iHWKMMM. Lli iIHCTPYMEHTM TaKOXK CNpUAIOTb PO3BUTKY KPUTUYHOTO
MWC/IEHHA T HAaBUYOK BUPILLEHHA NPoBaem, OCKINbKM YYHi BY4aTbCA NPOEKTYBATW, BUPODBAATA Ta OLLHIOBATW BAACHI BidyasibHi
TBOpPU. [OAIOHUI NPaKTUYHUIA [0CBiA MOXKE MNOKPALMTM BisyanbHY KOMYHIKALiO, €TUYHY CBIiLOMICTb i TEeXHONOriYHy
MaMCTepHiICTb.

MporpamHe 3abe3neyeHHA ANA Bisyanisauii LaHWX [03BONAE YYHAM NepeTBoptoBaTM HE0bPObAEHi AaHi Ha KOTHITUBHO
HaMoOBHEHi Bi3yanbHi 300parkeHHA, TaKi AK aiarpamu, rpadikm Ta KapTu. HaByaroumcb CTBOPIOBATM Ta iHTeprnpeTyBaTu AaHi
(Shamonia et al., 2019), y4Hi po3BMBaOTb HABUYKMU KPUTUUYHOTO MUC/IEHHA Ta OTPMMYIOTb BiNblu FNGOKe PO3YMIHHA CKAaAHUX
HabopiB AaHux. |HcTpymeHTW Bisyanisauii gaHux (Semenikhina et al. 2020) TakoX cnpuAlOTb PO3BWUTKY TBOPYMX Ta
KOMYHIKaTUBHMUX HAaBWMYOK, OCKINbKM CTYAEHTU BYATbCA NPEACTaBAATM AaHi Yepe3 NepeKoHNMBI HAouHi obpasun. Takui nigxia,
MOKe MOKPaLLMTK Bi3yaIbHUIN aHaNi3, KPUTUYHY OLIHKY Ta KOMYHIKaTUBHI HaBUYKM.

AHani3ylouM cyyacHi OCBIiTHi MPAKTMKK, MPOCNIAKOBYETbCA MNO3UTUBHMIA BNAMB SMART-TexHoNOri Ha pPO3BUTOK
Bi3ya/IbHOI rPaMOTHOCTI:

— Yy NPUPOAHUYO-MaTEMATUYHIN ocBiTi (STEM-0CBITi) BisyasibHa rpaMOTHICTb MA€ BaXK/IMBE 3HAYEHHA AR PO3YMIHHA
CKNagHUX HayKOBMX KOHLLENUiN, iHTepnpeTauii 4aHMX Ta nepeaadi HayKoBMX BUCHOBKIB (Semenikhina et al., 2022). YuHi noBuHHI
BMITW aHanisyBaTu giarpamu, rpadikm Ta mogeni; iHTepnpeTyBaTU HasABHI Bi3yanisauil 4aHWX i CTBOPIOBATU BACHI Bi3yasbHi
o0bpasun. TexHonorii SMART, Taki AK iHTEpPaKTUBHE MOZENIOBAHHSA Ta NporpamHe 3abesneyeHHs A4 Bi3yanisauii 4aHMX, MOXKYTb
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MOKPALLUTM PO3YMIHHA MOHATb Ta PO3BUHYTU BMIHHA e(dEeKTUBHO nepenasaTM HayKoBy iHPopmaLilo, BMKOPUCTOBYBATH
MOAEN0BaHHA ANSA BUBYEHHA NoBeAiHKM cknagHux cuctem (Drushlyak et al., 2025) abo Bi3yanisyBaTy pesynbTaTv 4OCNIAKEHD;

— NPV BMBYEHHI MOBM Ta /liTepaTypw Bi3yasibHa rPaMOTHICTb NOKPALLYE 34aTHICTb YYHIB aHaNi3yBaTu Ta iHTepnpeTyBaTh
NiTepaTypHi TeKCTH, GinbMu Ta iHWI BidyanbHi Meaia. YUHI MOXKYTb HaBUMTUCA BU3HAYATU BisyasbHi MeTadopu, CUMBOJIM Ta antosii;
OLHUTU NPUNOMKU MNEPeKOHAHHA, AKI BMKOPUCTOBYIOTbCA Y Bi3yasibHUX MOBigOMAeHHAX. CTBOPEHHA Bi3yasibHUX YyABAEHb
NiTepaTypHUX TEM, NEPCOHANKIB i CIOXKETHUX CTPYKTYP TAKOX MOXKe NOrnMbutu po3ymiHHA Ta OuiHKY niTepaTypu (Hrona et al.,
2024);

— Yy CyCninbCTBO3HABCTBI Ta iCTOPIi Bi3ya/ibHA rPaMOTHICTb 4A€ 3MOTY YYHAM aHa/i3yBaTU iCTOPMYHI 306parkeHHs, KapTu
Ta apTedakTu, TAYMAYUTV NEPBUHHI AXKepesibHi JOKYMEHTU; PO3yMITU Ky/NbTYpPHWUW Ta COLia/IbHUMA KOHTEKCTU B iCTOPUYHIN
peTpocnekTmsi. CTyAeHTU MOXYTb HaBUMTUCA KPUTUYHO OLLIHIOBATW AyKepesia, BPaxXoByHOUM iXHIM KOHTEKCT, MeTy Ta NOTEHL,inHI
ynepesgsKeHHA. CTBOPEHHSA BidyasibHUX YaCOBUX WKas, iHborpadiku Ta MynbTUMELINHUX Npe3eHTaLii MOXKe A0NOMOITU YYHAM
CMHTe3yBaTH iHGOpMaLLito Ta NepesaT CBOE PO3YMiIHHSA iCTOPUUYHUX NOAiN Ta KYNbTYPHUX TeHAeHLin (ManieHko, 2019);

— OCBiTa B ranysi mucTeuTsa Ta Au3aliHy 3abe3neuyye NpupoaHe cepefoBulle ANA PO3BUTKY HaBUMYOK Bi3yasbHOI
rPAaMOTHOCTI, OCKiIbKM YYHi BYaTbCA CTBOPIOBATW, aHaNi3yBaTW Ta KPUTUKYBaATU TBOPMU Bi3yasibHOro mucreutsa. BoHM moXyTb
OOCNIAXKYBATU Pi3Hi XYAOMKHI TEXHIKM, EKCNEPUMEHTYBATU 3 Pi3HUMM Megia Ta pPo3pobaATM BAACHI YHIKaAbHI Bi3yanbHi CTUAI.
KpuTuKa Ta aHanis TBOpiB MMUCTELTBA MOXe MOKPALLMTW iX 34aTHICTb PO3YMITU Ta OLHIOBAaTW E€CTETUYHI AKOCTI, KyNbTypHe
3HaYeHHA Ta couia/ibHWIA BNIMB BidyanbHOro mucreuTea (bproxoseubka, 2018).

BMCHOBKMW TA NMEPCMEKTUBU NOAA/IbLLOIO AOCNIAXKEHHA

SMART-0CBITa, fIK Cy4acHa negaroriyHa KoHuenuis, 6a3yeTbecs Ha iHTerpauii uMdpoBMNX TEXHOOTIM B OCBITHIM Npouec i3
MmeTot popMyBaHHSA KNOUOBUX HaBMYOK XXI CTONITTA, cepes, AKUX BidyasibHa rPaMoOTHICTb NOCiAa€e LLeHTpasbHe micue. B ymoBax
3pocTatoyoro obcAry BisyanbHOro KOHTEHTY Ta NepeBaKaHHA BidyasibHOro KaHany CNpUIHATTA iHpopmaL,ii y cydacHoi monoai,
Bi3ya/sibHa rPaMOTHICTb CTaE HeOobXiAHOK HaBMUUYKO ANA OpPieHTaLi AK y peanbHOMYy, TaK i y BipTyanbHOMy cepeaosuu. ii
PO3BUTOK cnpuae GOPMYBaHHIO 34aTHOCTI CNPUMMATW, aHani3yBaTu, IHTEPMNPETYBaTW, OLHIOBATK Ta CTBOPIOBATM Bi3yasbHi
NoBiAOMNEHHS ANa ePeKTUBHOI KOMYHIKaL,i, aprymeHTaLii Ta NPUAHATTA pilleHb.

SMART-TexHonorii (iHTepaKTMBHI AOWKKM, uMdpoBi naatdopmu, aganTUBHI cepesoBuLLa, AONOBHEHA Ta BipTya/bHa
peanbHiCTb, IHCTPYMEHTU LUTYYHOTO iHTEeNeKTy) BMCTyNaloTb epeKTMBHUMM 3acobaMmn PO3BUTKY BisyasbHOI rpaMOTHOCTI. IXHe
3aCTOCYyBaHHA 3abe3neyye A0OCTYN A0 LMPOKOrO CREKTPY BidyasibHUX PECypciB, CTUMYIIOE KPEATUBHICTb, iIMEPCUBHUIA A0CBIL, i
[03BONAE 3AiMCHIOBATU MepCcoHani3oBaHe HaBYaHHA 3 iHAMBIAyani3oBaHMM 3BOPOTHUM 3B’A3KOM. TeopeTuuHe MigrpyHTA
BUKOPUCTaHHA SMART-TeXHONOri Yy PO3BUTKY Bi3yaNbHOI rpaMoOTHOCTI 3a6e3nevytoTb KOTHITMBHa Teopia MynbTUMeZitHOro
HaBYaHHA, Teopia NOABIMHOrO KOAyBaHHA, KOHCTPYKTMBICTCbKA Ta COLia/IbHO-KOTHITUBHA MNapagurmu, WO MNigKPecnowTb
3HAYeHHA aKTMBHOIO 3a/ly4YeHHsA YYHIB 40 CTBOPEHHA Ta iHTepnpeTaLii BisyanbHOro 3micTy.

Pasom i3 TUm edekTUBHICcTb 3acTocyBaHHA SMART-TeXHO/IOriI y PpO3BUTKY Bi3ya/ibHOI rPaMOTHOCTI 3a/1€XKUTb Bif, HU3KMK
YMHHMKIB. Mo-NepLe, ue piBeHb UMPPOBOI | NeaaroriyHoi KOMNETEHTHOCTI BYMTENIB, IXHA 34aTHICTb iIHTErpyBaTH BisyasibHi 3aco6M
Y MPAKTMKY HaBYaHH#A, 3aCTOCOBYBATM NPUHLMMNK Bi3ya/NIbHOrO AM3aliHy Ta OLiHIOBATU AKICTb Bidya/libHOro KOHTeHTY. Mo-gpyre, ue
OOCTYMHICTb TEXHONOTiN | LMPOBUX IHCTPYMEHTIB A1 BCiX Y4aCHMKIB OCBITHBOIO NPOLLECY, LLLO € NepesyMOBOLO iHKO3MBHOCTI Ta
HegonyweHHA undposoro pospusy. Mo-TpeTe, Le PO3BUTOK KPUTUYHOFO MMCNEHHA YYHIB LLOAO CMOXKiBaHHA Bi3yasbHOro
KOHTEHTY (BMiHHA iaeHTUdIKyBaTU ynepensKeHHs, AesiHdopmaLito, nponaraHay Towo), o ocobAMBO aKTyanbHO B YMOBaXx
iHpopmaLiiHMX 3arpo3 Ans YKPaiHCbKOI monoai.

MepcnekTMBM nogansworo po3suTky SMART-0CBITU Y KOHTEKCTI Bi3yaNbHOT FpaMOTHOCTI NOB’A3aHi 3 gefani wupwmum
BNPOBaAKEHHAM LUTYYHOrO IHTENEKTY, iIMepcHBHUX TexHonoril (AR/VR/MR) Ta aHaniTUKM HaBYanbHUX AaHUX. CUCTEMM HA OCHOBI
Al 30aTHi 34iCHIOBATU THYYKY AiarHOCTUKY PiBHIB Bi3ya/sibHOI r(PaMOTHOCTI Y4YHiB, a4anTyBaTW OCBITHIO TPAEKTOPIO BiANOBIAHO 40
iHOMBIAYanbHUX noTpeb, a TakoXK cPopmyBaTM MNeEpPCOHANi30BaHi peKkomeHZauji. TexHonorii iMepcuBHOI peanbHOCTI
3abe3neyvytoTb aBTEHTUYHICTb | HaraToKaHaNbHICTb CIPUNHATTA, WO NiABULLYE TNMOUHY PO3YMIHHA Bi3yasbHUX CTPYKTYpP. Takui
niaxia BiAKPUBAE HOBi FOPU3OHTU ANA PO3BUTKY Bi3ya/ibHOI FPAMOTHOCTI AK iHTErpasbHOI CKNaA0BOI Cy4acHoi LMdpoBoi KynbTypu
MosioAi.
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ABSTRACT

@opmyniosaHHA npobnaemu. [ocniOHUYbKI 3a0a4i € HeobxiOHo
CK1a00800 0CBIMHBO20 MPOUECY, iX BUKOPUCMAHHS CMIPUSAE PO38UMKY
KpUMUYHO20 Ma KpeamueHo20 MUC/EHHS, (POPMYBAHHIO BMiHHs
diamu 8 HecmaHOapmHili cumyayii. MopAad 3 HeobxiOHicmio
rpyHMosHUX nedazoziyHux 00CniOHeHb Wo00 meopemuyHUx
OCHOB 81POBAOHEHHA MEXHOMORII HOBYAHHA Yepe3 00CAIOHEHHS,
BUHUKGE Uina HU3KA MPAKMUYHUX NUMAHb, M08’A3QHUX 3
nidecomoskoo  suknadaya 0o  opeaHizayii  00CAiIOHUUYbKOI
dianeHocmi 8 oceimHbomy npouyeci. Mema yiei cmammi —3pobumu
027190 HAABHUX 00Ci0HeHb Wo00 00CAiIOHUYbKO20 MNidxody 00
HABYAHHA, onucamu 8sacHuli 00c8id MOCMAaHOBKU A0CAIOHULUbKUX
30004 nNpu BUKAAOAHHI MameMamu4yHUX oucyunaiH i opeaHizayii ix

pO38’A3GHHA  CMyOeHmMamu, poaHaniayeamu  MoMAUBoCmi
3HAX00M(EHHA Oxcepen 00CniOHUUbKUX 3a0a4 ma camocmiliHo2o ix
CMBOPEeHHS.

Mamepianu i memodu. BukopucmoHa: aHasnia 3acmocy8aHHs
OKpemMux KOMMOHeHmMi8 meopii po38’A3y8aHHA OO0CAIOHUYbKUX
30004, aHani3 HaaeHUx OocnidxeHb erausy pesysbmamie
docnidHuybKoi dianbHoCcMi Ha nidsuwjeHHA momusayii cmyodeHmie.
Y OocnioxceHHi 8uKopucmosyeanucb MiOPYyYHUKU 3 euwoi
mamemamuku, aszebpu ma meopii yuces, 0CHO8 MamMeMamuKu
011 3aK1a0i8 8UWOI 0c8iMU, onNPaAybo8y8anuUCy HayKkosi nybaikayii
ma ix 062080pEHHS.

Peszynemamu. [1podeMOHCMPOBAHO MOM(AUBOCMI Op2aHi3auil
docnidHuybKoi  disnbHocmi  cmydeHmie  npu  8UKAAOAHHI
MameMamuyHUX Kypcie, BUKOPUCMAHHA meopii po38’a3aHHA
00CniOHUYbKUX 300aY, MPOAHANI308AHO OKpPemi MoMau8oCcmi
CMeopeHHA  00CNIOHUUbKUX  3a0a4, pOo32/i1AHYMO  Memoou
p038’A3aHHA  3aMPONOHOBAHUX 00CAIOHUYbKUX 3ada4y (Memoo
oKanbHO20 06°€KMaA, aKYMYyAOBAHHA HABYA/ALHO20 Mamepiany,
6pelHwmypmy).

BucHoeku. Mamemamu4Hi Kypcu € cnpuamausoto 6a3oto 011
3a6e3neveHHs docnioHuybKoi disnbHocmi cmyodeHmis
yHisepcumemy. B cmammi aKyeHmMyemocsa y8az2a HA BK/AHOYEHHI
docnidHUYbKUX 30004 8 npoyec HA8YaHHA HA MocmiliHili 0cHOBI.
Buknada4am yHisepcumemie cnid yoockoHanosamu csili enacHuli
doceid opeaHizayii docnidHUYybKoi disnbHocmi cmydeHmis, a
makox doceid suknadauie 3apybincHUX yHisepcumemis, AKi exce
nesHuli Yac npaytoome HAd peanizayieto mexHono2ii Ha8YAHHA

yepe3 0ocnidnceHHA. 3po3ymino, wo nepexio Ao uiei mexHonoaii

6yde mpusanum | nompebysamume ocMyrnogux 3MmiH 8
HABYAMAbHUX Mpoepamax crneyianbHocmeli. HeobxioHumu 6ydyme
MaKox 00CNiOMEeHHA, Mo8’A3aHi 3 MemoOuKamu mMid8uUeHHA
momusauii cmydeHmis 0na 3abe3nevyeHHA pesyabmamusHocmi
00CniOHUYbKOI disnbHoCMI.

Formulation of the problem. Research tasks are a necessary
component of the educational process, and their use contributes
to the development of critical and creative thinking, and the
formation of the ability to act in a non-standard situation. Along
with the need for thorough pedagogical research on the
theoretical foundations of the implementation of research-
based learning technology, a number of practical issues arise
related to the preparation of teachers for the organization of
research activities in the educational process. The purpose of this
article is to review the available research on the research
approach to teaching, to describe my own experience of setting
research tasks in teaching mathematics and organizing their
solution by students, to analyze the possibilities of finding
sources of research tasks and creating them independently.

Materials and methods. Methods used: analysis of the
application of individual components of the theory of research
problem solving, analysis of existing studies on the impact of
research results on increasing student motivation. The study
used textbooks on higher mathematics, algebra and number
theory, and the basics of mathematics for higher education
institutions, as well as scientific publications and their

discussions..
Results. The article demonstrates the possibilities of
organizing  students' research activities in  teaching

mathematical courses, using the theory of solving research
problems, analyzes some possibilities of creating research
problems, and considers methods of solving the proposed
research problems (the method of focal object, accumulation of
educational material, brainstorming).

Conclusions. Mathematical courses are a favorable basis for
ensuring research activities of university students. The article
emphasizes the inclusion of research tasks into the learning
process on a regular basis. University professors should improve
their own experience in organizing students' research activities,
as well as the experience of professors from foreign universities
who have been working on the implementation of research-
based learning for some time. It is clear that the transition to this
technology will be long and will require gradual changes in the
curricula of the specialties. Research will also be needed on
methods of increasing student motivation to ensure the
effectiveness of research activities.

K/TOYOBI CJ/IOBA: 0docnidHuybKa 0OisianbHicmb; 00CAiOHUUbKA

3a0aya; ocsimHili npouec;, HernepepsHe MUC/EeHHSA; mexHonoail

HABYAHHA;, Memoou OOCAIOMEHHS,;
0iAnbHICMb; MemMoouU Mi3HAHHA.

MPOEKMHO-00CNIOHUYbKA

KEYWORDS: research activity; research task; educational
process; continuous thinking; learning technologies; research
methods; project research activity; methods of cognition.
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INTRODUCTION

Setting and solving research problems contributes to the development of science and is a means of attracting young
researchers to new scientific fields. That is why solving research problems is an important part of teaching mathematics. The
introduction of research-based learning into education is specified by the National Doctrine of Education Development of Ukraine
in the XXI century and is being thoroughly studied by domestic and foreign scientists (Bulvinska, 2019; Kozak, 2016; Vorozhbit-
Gorbatyuk et al.,2021).

In the context of research-based learning technology at the university, students are ideally involved in research
conducted by teachers. This understanding of the role of the teacher differs significantly from the vision of the teacher as an
experienced researcher who organizes students' projects and research activities or uses problem-based learning technology in
the educational process. It is clear that today, a large number of teachers are not ready for the full implementation of research-
based learning technology, and this is a task for the future that should be gradually and continuously solved.

Unlike typical tasks, the solution of which is often algorithmic, research tasks require the use of general and special
methods of cognition. Of particular importance are tasks that develop such important mental skills as the ability to generalize,
identify individual cases, reason by analogy, find similarities and differences, etc. The peculiarity of research problems is the fact
that a broad mathematical outlook, ingenuity, and creativity are important for solving them, but, on the other hand, it is precisely
in solving research problems that these qualities are formed.

The important tasks of higher education are to develop such professional competences of graduates as creativity and
flexibility of thinking, the ability to make decisions in non-standard situations, as well as the formation and development of
research competence of higher education students, especially of mathematical specialities. When engaging students majoring in
secondary education in research, it is also desirable to develop their ability to organize and effectively manage students' research
activities (Babak & Vorozhbit-Gorbatyuk, 2021; Proshkin et al., 2018).

Related to the idea of developing research skills in students is the idea of the need to develop so-called non-linear
thinking as a new style of scientific thinking. Thinking in the process of invention, for example, is non-linear, as the intended
objects, knowledge, and end results are initially unknown and gradually determined by self-organized personal and collaborative
efforts. One of the first works on non-linear thinking was the book (Dobronravova, 1990). This idea was backed by numerous
domestic and foreign scientists (Harkki et al., 2021; Kremen, 2005).

When solving research problems, it is necessary to think not only about the relationship between specific concepts but
also between different sections of mathematics and other disciplines (STEM education). The students (and teachers) need to learn
to cope with uncertainty, improvise, and be prepared to analyze the results, which may not be initially foreseeable. The issues of
organizing research activities at different stages of the educational process are discussed at conferences, on the pages of scientific
and popular science journals, where you can find recommendations on effective approaches to developing advanced skills and
thinking necessary to overcome the complex challenges of the modern world (Ammar et al., 2024; Proshkin & Proshkina, 2016).

Realizing the importance of this issue, proactive teachers share their experience of organizing active learning through
clubs, elective courses, and supervising the writing of papers in the Junior Academy of Sciences. Famous scientists take part in
various summer schools. The organization of research activities provides a certain degree of convergence between university
mathematics and school mathematics. The hypothesis that active learning improves performance in science, engineering, and
mathematics is confirmed in the work (Freeman et al., 2014). To do this, 225 studies of student performance in undergraduate
science, technology, engineering, and mathematics (STEM) courses in traditional lecture versus active learning were analyzed.
The results raise questions about the continued use of traditional lectures and support active learning as a desirable, empirically
supported teaching practice. When organizing research activities for pupils or students, a good result can only be expected if the
proposed research tasks are interesting for them and can motivate students to solve them. Stimulating student motivation is the
key issue for achieving the planned learning outcomes. A good course design is essential to keep students motivated to solve the
posed tasks. When using problem-based learning technology, students' independence and the ability to function effectively in
teams are important. Both are considered at work (Nor Farida et al., 2012) as the motivating elements. The work (Hrybiuk, 2022)
describes the results of an experimental study confirming that the use of computer-oriented methodological systems of natural
and mathematical research training provides optimal concentration of educational resources, focus of content, and technologies
for preparing students for research work, an increase in motivation and efficiency of students' learning.

Aim of the study. The most obvious examples of research activities of university students are writing term papers and
qualification papers. But very often this work is sporadic, limited in time, and therefore insufficient to develop research skills. Of
course, it is important to ensure that students are constantly involved in research, to offer research tasks during the study of
disciplines, starting from the first year. This is the most effective way to ensure quality teaching of natural and mathematical
disciplines at all levels of the educational process.

The purpose of this article is to describe own experience of setting research tasks in teaching mathematical disciplines
and organizing their solution by students, to analyze the possibilities of finding sources of research tasks and creating them
independently.
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RESEARCH METHODS

The demonstration of the possibilities of creating research ideas in teaching mathematics courses, analysis of the
application of individual components of the theory of research problem solving, application of the method of accumulation of
the required amount of educational material, the method of focal objects, the structural approach to research problems,
involving students in research discussions, analysis of existing studies on the impact of research results on increasing student
motivation and vice versa.

RESEARCH RESULTS

Setting the research problems under the study of axiomatic theories

In studying the fundamentals of geometry, the students are introduced to various axiomatic theories of the
mathematical structure of Euclidean geometry. The theory based on Gilbert's system of axioms is thoroughly considered.
Acquaintance with other systems of axioms of Euclidean geometry (Weyl, Aleksandrov, Kolmogorov) is important for mastering
the general issues of the axiomatic method, in particular, for developing skills in proving the consistency, independence, and
completeness of axiom systems. It is of considerable didactic and methodological importance to prove the equivalence of
different axiomatic theories of Euclidean geometry, for example, the Gilbert and Weyl theories. For the deep understanding of
this equivalence, it is important to be able to “find the place” of the particular statement in each axiomatic theory, i.e., to build
the sequence of statements whose consequence is this statement. This kind of task can certainly be attributed to research.

For example, let us consider the triangle exterior angle theorem: “the exterior angle of a triangle is greater than every
interior angle that is not adjacent to it”. This theorem plays a very important role in Gilbert's axiomatic theory. It is the
consequence of the first three groups of the axiom system and is used to prove many theorems of absolute geometry
(Gilbert, 1948). The question of its place in Weyl's axiomatic theory is quite natural when studying the basics of geometry.

The organization of the study of this issue can be characterized as the implementation of the process of project research
activity (Grib’yuk & Yunchik, 2016), because it included the following stages: selection of the problem (due to its importance in
Gilbert's axiomatic theory); selection of the search concept, collection and analysis of data (by accumulating the necessary
amount of educational material); transformation of ideas into the structure (taking into account the presence of the structure of
the partially ordered set in the set of statements of the axiomatic theory).

Here is the sequence of statements obtained as the result of the study, each of which is the consequence of the previous
ones and the consequence of which is the theorem on the external angle of a triangle in the axiomatic Weyl theory.

Statement 1. In any triangle ABC the following relation takes place

AB -BC < AC < AB +BC.
Statement 2. In any triangle ABC the following relation takes place:
1) BC = BAcosB + CAcosC ;
2) CA=CBcosC + ABCOsA;
3) AB = ACcosA+BCcosB.
Statement 3. The following inequalities are fulfilled for internal angles in any triangle ABC :
1) cosA+cosB +cosC >1;
2) —cosA+cosB +cosC > —1.

Statement 4. The sum of the cosines of the two interior angles of any triangle is positive.

Statement 5 (on the exterior angle of the triangle). The exterior angle of a triangle is greater than every interior angle
of the triangle that is not adjacent to it.

Proof. Let us demonstrate that the exterior angle « at vertex C of the triangle ABC is greater than angle B.
According to statement 4, for the interior angles B and C we obtain cosB > —cosC :cos(ﬁ—C): cosa , and consequently

/B<a.
Similar questions can be asked about the triangle angle sum theorem, the Pythagorean theorem, etc.

Examples of the research tasks in the course of algebra and number theory

Let us consider the application of the properties of the reciprocal polynomial for the solution of a special type of third-
degree equation.

The concept of the polynomial plays an important role in algebra. Among the various types of polynomials, the
irreducible polynomial over a field or ring holds a special place due to its possible applications, in particular, in mathematics and
cryptography. Another interesting concept in polynomial theory is the concept of the reciprocal polynomial. This concept is not
so widespread, but it also has applications, for example, in communication theory. Finding some effective combinations of the
properties of the above types of polynomials can be considered as the research task.

For example, it is known that the solution of the equation

a +bx?+c=0 (1)
uses the Cardano method. In order to apply Cardano formulas directly, equation (1) is reduced to the following form
y +my+n=0, (2)
. N b c m
using the sequence of the substitutions m=—, n=— and x=y —E.
a a

Let us consider the research task to find the method of reducing equation (1) to the standard form (2) in a different
way, the purpose of which is to familiarize students with the concept of a reciprocal polynomial and its possible applications. Let
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us recall that the reciprocal polynomial f*(x) to the polynomial f(x) can be found with the help of the formula f*(x): X" f[é)
X

where N —the power of the original polynomial. We use the focal object method, which consists in focusing on the properties
of the given object, comparing them with the properties of other objects (possibly randomly selected), formulating original ideas
and implementing them (note that this scheme often includes other methods, such as the brainstorming method with the
qualitative system of questions and analysis of student responses).

The application of these methods led to the following research results. The construction of the reciprocal polynomial
for the polynomial in equation (1) immediately transforms this equation to the form (2), without applying the above substitutions.
In order to write down the roots of the original equation, we use the property of reciprocal polynomials: the roots of the reciprocal
polynomial are inverse to the roots of the original polynomial (Van-der-Varden, 1976). Thus, for the polynomial on the left-hand

side of the equation x°+3x?—20=0 the reciprocal polynomial £7(x) has the form £7(x)= x3(i3+3i2—20j =-20x3+3x+1.
X X

Hence, we obtain the equation 3 _ix_i — 0, which has the standard form. Let us find the roots using Cardano formulas
20 20
XI = 1 % =—£+@i , X’B‘_E_ ‘F .Hence x, =2, x, = S 5 ‘F ) X3 = _E+ ‘F| - are the roots of the original equation.
2 4 20 4 20 2 2

Let us consider the application of the properties of the reciprocal and :rreducible polynomials in the preparation of
the polynomial for the irreducibility test with the help of the Eisenstein criterion.

This example confirms the fact that research activity can be made more than episodic, demonstrating to students how
the results already obtained form the basis for formulating new research ideas, creating conditions for the implementation of
stereotype removal operators as one of the components of the theory of research problem solving (Grib’yuk & Yunchik, 2016).

In order to test the polynomial for irreducibility over the field of rational numbers, the Eisenstein criterion is used.
Sometimes, to apply this criterion, the polynomial must be transformed by moving to another variable, for example, using the
Horner scheme.

Another way of preparing the polynomial for the application of the Eisenstein criterion arises from the following
property of reciprocal polynomials: the polynomial, reciprocal to an irreducible polynomial, is irreducible (Markov &
Razmyislovich, 1999). For example, in order to prove the irreducibility of the polynomial, let us find the polynomial that is

reciprocal to the original polynomial. We obtain the polynomial f*(x) = x3[l3 +%+1j = x3+14x+7, for which the application of
xX° X

the Eisenstein criterion leads to the conclusion that it is irreducible over the field of rational numbers.
Let us consider the study of the concepts of continued fractions and the Stern-Brocot tree.

The continued fraction is the expression (g +71, where Qg —is an integer, ¢,0,03,... — are natural
ht+t—

gy +

Oz +...
numbers (coefficients of the fraction).
Let us note that the continued fraction, which corresponds to a rational number, is always finite. The following symbols
are used to designate it

1
do +71:< U, G, O > OF N=<0g,Gy,..0 —~L1>=Qg + ————F——.
Gt Gt
. vt

. 1
Ak O —1+I

The height of the positive rational number n is the sum of the coefficients of the continued fraction corresponding to
that number, i.e. for N =<y, qy,...,dx > the height is h(n)z Qo +0p+...+ 0 .

Stern-Brocot tree (or Pharey tree) is the way of arranging all non-negative irreducible ordinary fractions at the vertices
of the ordered infinite root tree (Fig.1).

_1
3 3
NN /N /T\
1 2z 3 3 4 Ed 5 4
AN N N AN P SN NN
E 2 3 _3 ‘_1- 5 5 i E 7 § 7 z E 7 5
5 78 37 887 5 4 5 5 4 3 32 1

Fig. 1. Stern-Brocot tree
[xcepeno: asmopcobka po3pobka. (AHI/1.)
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The layer in the Stern-Brocot tree is the set of fractions that are situated at the same distance from its root (fraction %

). The tree contains all rational numbers, and each number occurs only once.
For example, let us consider the first two numbers of the fourth layer of the Stern-Brocot tree:
2 1
—=<0,2,2>=<0,211>0+—"—"
5 2+i
1

1+=
1

For each of these numbers, the height is equal to the number of layers, that is four. This fact is true for any layer. The
corresponding theorem is formulated in [Lisitsyina et al., 2006], where the reader is invited to prove it. This is the situation for
formulating the research problem.

Using the method of brainstorming in the process of studying Figure 1, we achieve fast (generative) thinking of students,
we propose to formulate the theorem from (Lisitsyina et al., 2006) in the different form (note that the reformulation of the task
is often used, helps to remove stereotypes, find ideas for solving the research problem). Here is this different formulation.

Theorem. The sets of rational numbers of height k and numbers, which belong to the K -th layer of the Stern-Brocot
tree are equal.

Proving it requires some preparation. We will use the special representation of the Stern-Brocot node in the tree: we

write the symbol L if we are moving down and left from the root % of the tree to the given node, and the symbol R if we are
moving down and right. For example, the number 3 corresponds to the code LRL . In (Van-der-Varden, 1976) the symbols L

and R correspond to the matrices (1 1) and [1 O] respectively. This allows us to reduce the process of converting the node
01 11

of the Stern-Brocot tree into the regular fraction to multiplying second-order square matrices. In addition, you can identify the
ancestors of this fraction and the layer of the Stern-Brocot tree in which the desired fraction is situated. For example, let us find

the fraction, which corresponds to the symbol L°RL (equivalent notation — LLRL ). Four steps were taken to reach the desired

node, so it belongs to the fifth layer. In matrix form, we have | 2RL = [1 2](1 O][l 1]

= 35 . The ancestors of the desired
0 1M1 1/0 1

1 2
fraction are fractions 1 and 2 . According to the Stern-Brocot tree rule, the desired fraction is §
5

Lemma. The (k +1) -th layer of the Stern-Brocot tree contains exactly 2% nodes whose code sequence is L , LKIR

- RE.
For example, for K =3 we have the following code sequence: L°, L’R, LRL, LRR, RLL, RLR, RRL, RRR.
The proof of the theorem consists of two parts:
o The proof of the fact that each node of (k +1) -th layer of Stern-Brocot tree is a rational number of the height (k +1);
e The proof of the correspondence between each rational number of the height (k +1) and certain node of (k +1) -th layer
of Stern-Brocot tree.

Sources of research tasks. Creating research tasks on your own

A good specialist not only solves other people's problems, but also knows how to set and solve his or her own. The
ability to set goals indicates a deep understanding of the situation.

Generalization can be considered as the technique of the obtaining the new problems, including research ones.

Example. The problem “Find the last digit of the sum 1+ 21+ 31+ 41 + ...+ 2012!” can be generalized as follows:

o Find the last digit of the sum 1+ 21+ 3!+ 4!+ ...+ n! (technique of the parameter input);

e Solve the equation 1+ 2! + 31+ 41 + ...+ XI= y2 in natural numbers (the technique of rephrasing the condition).

Example. The generalization of the algorithm for finding the square root of a natural number (without the use of
electronic tools and tables) to the case of the root of any natural power (Artemenko & Styeganceva, 2020).

Remark. One of the main principles of creating such systems of tasks is to gradually complicate the task at each stage
of developing research skills. But there is another side to the generalization method. It is useful for finding ideas for solving certain
problems. For example, to solve the task "Find the value of the expression ./2022.2023-2024-2025+1 " the idea of moving to

generalization "Find the value of the expression \/x <(x+1)-(x+2)-(x+3)+1" is productive for finding a way to solve the posed

problem.

Reading of the corresponding literature

For example, scientific, review, and popular articles. Such articles often formulate unsolved problems, possible
generalizations of already solved problems, and questions of interest to the author. In addition, the reader may have his or her
own list of questions, such as “what if...?”, “is the opposite statement true?”, “can the problem be generalized?”, may want to
reformulate the problem, consider the similar problem under different initial conditions, etc. Let us give two examples.

Example. Recently, R-functions introduced by V.L. Rvachev in 1963 have been widely used in various applications
(Rvachev & Sheiko, 1995). They allow solving quite simply the inverse problem of analytic geometry - to write down the equation
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of the curve that bounds the given region. This turns out to be useful in solving problems of mathematical programming, optimal
arrangement of objects in the plane, stability theory, mathematical physics, and others.

In the literature, the definition of R - function and examples of R - functions are given, but there is no example of a
function that is not R -function. In (Velichko & Stegantseva, 2010), an example of the particular function is given, and it is proved
that it cannot be R -function.

Example. In the course of differential geometry, the curvature and torsion of the spatial curve are studied. In the case
of the curve belonging to the sphere (spherical curve), there is a certain relationship between curvature and torsion, which is
suggested in the collections of problems in differential geometry. Obviously, the question of the existence and form of the
dependence between curvature and torsion of the curve belonging to the surface of Euclidean space other than a sphere is an
example of a research problem. It was solved for a conical surface in (Stegantsev & Grechneva, 2019).

CONCLUSIONS AND PERSPECTIVES FOR FURTHER RESEARCH

The research activity should not be considered as a separate element of the educational process, but should become a
natural part of learning. The paper demonstrates the possibilities of organizing students' research activities in teaching
mathematical courses, using the theory of solving research problems, analyzes some possibilities of creating research problems,
and considers methods of solving the proposed research problems (the method of the focal object, accumulation of educational
material, research discussions). Mathematical courses are a favorable basis for ensuring research activities of university students.
The article focuses on the inclusion of research tasks in the learning process on a regular basis. University teachers should improve
their own experience in organizing students' research activities, as well as the experience of teachers from foreign universities
who have been working on the implementation of research-based learning for some time. It is clear that the transition to this
technology will be long and will require gradual changes in the curricula of the specialties. It will also require research into
methods of increasing student motivation and self-esteem to ensure the effectiveness of research activities.
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ABSTRACT

®opmyniosaHHa npobnemu. B ymosax enobanizayii,
CMPIMKO20 mexHO/02i4H020 NPo2pecy Ma BUK/UKIB, M08’a3aHuUX

i3 BOEHHUM CMAHOM YKpaiHU, MUMAHHA AKOCMi MAmMeMamu4Hoi

ocsimu Habysae o0cobausoi akmyanbHocmi. Mamemamuka fK
pyHOaMeHManbHa HaYKa 8U3HAYAE pigeHb Mi020mosKuU gaxisyis y
pi3HUX eany3ax — 8i0 iH#eHepii ma IT 0o eKoHomiku ma
MpupoOHUYUX HayK. ToMy aHai3 ii MOMOYHO20 CMAHY, 8BU3HAYEHHA
CUAMbHUX | c1abKUX cmopiH, moxcausocmeli i 3a2po3 € HeobxiOHUM
KPOKOM 0718 M0001bUWO020 800CKOHAAEHHSA 0C8IMHbOI MOAIMUKU.
Memodu ma mamepianu. BukopucmaHo SWOT-aHaniz. /o
aHanizy 3any4eHi Haykoei nybnikayii, 3e8imu esponelicbKux

ycmaHo8  ma  KOHMeHm-aHania  iHmepHem-pecypcie  3a
pesynemamamu  npogedeHux  00cnidweHs ~ma  aHanisy
emMnipuvyHuUx OaHUX.

Pesynemamu. Oxapakmepu3o8aHo CUMbHI (6azosa
mamemamuy4Ha oceima, i cmilikicms, opieHmayis  Ha

KommnemeHmHicHi nioxoou ma mixcHapodHy cnisnpayto, STEM) i
€n1a6Ki (HU3bKi MOKA3HUKU MIXHAPOOHUX OYiHHOB8AHb, COYiasbHO-
eKOHOMIYHa HepieHicmb, 3acmapini memodu Ha8YAHHSA, nepepau
Y Ha8YaHHI Yepes 8iliHy, 0bMexceHe OXOMNAeHHA CKAAOHUX mem,
HedocmamHili  pieeHbo  Mi020mMoOBKU  84yumMenis) CMOPOHU,
moxcaueocmi  (iHmeepayia  yugpposux 3acobie  HABYAHHA,
nocuneHHa STEM-ocsimu, mixHapoOHa criienpays, modepHisauyis
nidzomosku malibymHix yyumesnie mMamemamuku ma niompumxa
MPAYIoYUX yYumenis, po38UMOK KPUMUYHO20 MUCAEHHA) ma
30epo3u  0n14 MamemamuvHoi oceimu 8 YKpaiHi  (siliHa,
HEeO0iHaHCYB8AHHSA, CUCMEMHA HepigHICMb Ma cycninbHi HacCMpoi).

BucHoeKu. OmpumaHi pe3yasmamu cgioyamse, wo, nonpu
3Ha4Hul nomeHuyian, cucmema Mamemamu4Hoi oceimu 8 YKpaiHi
nompebye cucmemHux 3MiH 018 MOO00AAHHA CMPYKMYypHUX
cnabkocmeli ma 3aepos3, noe’asaHux i3 GiliHow ma iHwWumMmu
HezamusHumu ¢akmopamu. Ceped pexkomeHOauili: HeobxioHO
iHMezpysamu mMixHapoOHi cCMaHOAPMU OUiHIOBAHHSA Y HABYAbHI
npozpamu 3 Mamemamuku; po3eusamu creyianizosaHi oc8imHi
mpaekmopii 8xe Ha pieHi cepedHbOT WKOU, MOCUMNOYU 38°A30K
MiXC Mamemamukow ma npukaadHumu STEM-OucyunaiHamu;
si0Halimu doszocmpokosi iHeecmuyii y nedazoeiyHi Kadpu ma
yugpposy iHgppacmpykmypy; nocuaumu ¢iHaHcosy cmilikicme
8UK1AOAUbLKUX KaOpis ma iHWi.

Formulation of the problem. In the context of globalization,
rapid  technological ~ progress, and  the  challenges
posed by Ukraine's martial law, the issue of the quality of
mathematics education is of particular relevance. As a
fundamental science, mathematics determines the level of
training of specialists in various fields, from engineering and IT
to economics and natural sciences. Therefore, analyzing its
current state and identifying its strengths and weaknesses,
opportunities, and threats is necessary for further improving
educational policy.

Materials and methods. The SWOT analysis was used. The
analysis involved scientific publications, reports of European
institutions, and content analysis of Internet resources based on
research results and empirical data analysis.

Results. The strengths (basic mathematics education, its
sustainability, focus on competence-based approaches and
international cooperation, STEM) and weaknesses (low
international assessment scores, socio-economic inequality,
outdated teaching methods, interruptions in education due to
war, limited coverage of complex topics, insufficient teacher
training), opportunities (integration of digital learning tools,
strengthening STEM education, international cooperation,
modernization of training of future mathematics teachers and
support for working teachers, and development of critical
thinking) are characterized.

Conclusions. The results show that, despite its considerable
potential, the mathematics education system in Ukraine needs
systemic changes to overcome structural weaknesses and threats
associated with the war and other negative factors.
Recommendations include integrating international assessment
standards into mathematics curricula, developing specialized
educational trajectories as early as secondary school,
strengthening the link between mathematics and applied STEM
disciplines, finding long-term investments in teaching staff and
digital infrastructure, enhancing the financial sustainability of
teaching staff, and others.

K/IO4YOBI C/IOBA: mamemamuyHa oceima; HAB8YAHHA
mamemamuku; SWOT-aHani3; YKkpaiHa, oceimHi empamu; giliHa;
ocsima.
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SWOT analysis; Ukraine; educational losses; war; education.
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BCTYN

CyyacHa cucTema OCBiTM, 30Kpema MaTemaTWyHa, € OCHOBOK PO3BWUTKY HAYKOBOro noTeHLiany, iHHOBaLiiHOT
€KOHOMIKM Ta KOHKYPEHTOCMPOMOXKHOCTI AepKaBu. B ymoBax rnobanisaLii, CTpiIMKOro TeXHO/IOMYHOro Nporpecy Ta BUK/WKIB,
NoB’A3aHMX i3 BOEHHUM CTaHOM YKpaiHW, MUTaHHA AKOCTI MaTeMaTUYHOI OCBiTM HabyBae 0cob6MBOI aKTyanbHOCTI. MaTemaTuka
AK PyHOAAMeHTanbHa HayKa BM3HAYa€ piBeHb MiAroToBKM daxiBuiB y pi3HMX ranysax — Bif iHXeHepii Ta IT 4O eKOHOMIKM Ta
NPMPOSHNYMX HAayK. TOMY aHani3 il MTOTOYHOTO CTaHy, BU3HAYEHHA CUbHUX | CNabKUX CTOPIH, MOX/IMBOCTEN i 3arpo3 € HeObXigHUM
KPOKOM A1 NOAA/bLIOro BAOCKOHANEHHA OCBITHbOI MOMITUKN.

AHani3 aKTyanbHUX focnigKeHb. MaTeMaTUyHa 0cBiTa B YKpaiHi CbOrofHi CTUKAETLCA i3 HU3KOK CUCTEMHMX Npobnem,
TAKUX K He[0CTAaTHE GiHAHCYBAHHSA, CTapiHHA NeAaroriYyHNX Kagpis, HEPIBHUM AOCTYN A0 AKICHOT OCBITM B MiCTax i cenax, a Takox
HeobXiAHICTb iHTerpauii cy4acHUX TEXHOIOTI Y HaBYaNIbHWIA NPOLLEC. Y TOM e Yac iCHYHOTb NOTEHLiNHI MOX/MBOCTI 418 PO3BUTKY,
30KpeMa 3aBAAKM AEeprKaBHMM | MiXKHApPOAHMM OCBITHIM iHiLiaTMBaM, PO3WMPEHHIO OHAAWH-HAaBYaHHA, cnisnpaui 3
€BPONENCbKMMMU Ta CBITOBMMM YHIBEPCUTETAMM, MPO LLO CBIAYMTb aHaNi3 pe3ybTaTiB OCTaHHIX AOCNIAMKEHDb.

OnAa cyyvacHoi yKpaiHCbKOi CUMCTEMM OCBITM OCTAHHIM 4YacOM CMOCTEPIraeTbCA MPUXWUIbHICTb A0 BNPOBALKEHHA
aucumnnii STEM (Science, Technology, Engineering, and Mathematics) (Semenikhina et al., 2022), i ue moxe cTaTi 6asucom gns
iHTerpawii npMpPoAHNYNX HaYK Ta TEXHOOTIN Yy MalbyTHE BUPOOHMUTBO. B YKpaiHi focnigKyeTbea npobaemun peanisauii ocsith 3
BMKOPUCTAHHAM XMapHUX TexHonorii (Yurchenko et al., 2023), wo 0co611BO BaX1MBO NPU HAABHOCTI OCBITHIX 0bMeXKeHb (BiliHa,
KapaHTUWH, BiACYTHicTb 6e3nepebiliHoro AocTyny A0 TEXHOOrIN). 3 NoYyaTKOM NaHAeMii akTyanisyBaamca npobiemu NiaAroToBKM i
nepeniaroToBKM BYUMTENIB MaTEMATUKM, AKi 3 2022 poKy /ivwie NOCUANANCA, KON BEeJIMKA Ki/IbKICTb YyUMTENiB MaTeMATUKN Manun
BMMYLLEHO MnepeixaT 3a KopaoH. baraTo BunTeNiB B YKpaiHi BUABUANCA HETOTOBUMU [0 BUKOPUCTAHHSA LMPOBUX IHCTPYMEHTIB
Ta OHNAMH-NNATOOPM, a TaKOXK [0 OpraHisauii oHNaliH-cepefoBULWA ANA HaBYyaHHA matematuku (Rudenko et al., 2021).
CTpaTeriyHa opieHTaLia YKpaiHW Ha €BPOMEMNCHbKY iHTerpauiio BigKpMAa MOMKAMBOCTI AA NPUBEAEHHA CUCTEMM YKPAIHCbKOI
MaTemMaTUYHOI OCBITU Y BiANOBIAHICTb 0 EBPONENCHKUX CTaHAAPTIB Ta Kpalmx npaktuk (Yurchenko et al., 2024). BogHovac BUCOKI
TeMMnK MirpaLii MoOXyTb HEraTUBHO BNJIMHYTU Ha CTPYKTYPY PUHKY NpaLli Ta NPU3BECTN A0 BTPATU BUCOKOIHTENIEKTYalbHUX KagpiB.
BiaTiK yunTenis i BUKNaAa4iB MoxKe NigipBaTh AKICTb MaTeEMaATUYHOT OCBITM Ta NepPewKoANTN PO3BUTKY KBanidikoBaHOi poboyoi
cunn. BilHa, WO TpWBaE, NOPYLWYE yCTaneHy OCBITHIO AifNbHICTb, BUTICHAE cTyaeHTiB. Lle cTBOptoe 3HauyHy 3arposy ans
6e3nepepBHOCTI Ta AKOCTI MaTeMaTUYHOI OCBITU | BUMarae NPOaKTUBHUX PilleHb A/18 MOM'AKLWEHHA MOXKIMBUX HACiAKIB.

3aranbHui ornag, nybnikauih onvcye cTpokaTuii naHawadT ocobamMBoCTel YKPATHCbKOI MaTeMaTUYHOI OCBiTH, @ TOMY
noTpebye nesHoro ynopaakysaHHsA. NMposeaeHHa SWOT-aHanizy matemaTMyHOI OCBITU B YKpaiHi 403BO/IUTb CUCTEMHO OLLHUTK
BHYTPIWHI YNHHWUKK, TaKi AK HAABHICTb KBaNipiKOBaHWX NeAaroriyHUX Kagpis, metoanyHe 3abe3neyeHHA, MOTUBALA Y4HIB, a
TAKOX 30BHIiWHI YMOBM, AKi BPAxoBYylOTb BMNAMB LMPOBi3aLii, Mi*KHapoAHi CTaHAApTU OCBITM, AemorpadivyHi TeHAeHUuii Ta
Hacniaku BiiHW. OTXKe, meTa cTaTTi — npoBect SWOT-aHani3 maTemMaTUYHOI OCBITM B YKpaiHi.

METOAM AOCNIAMEHHA

SWOT-aHani3 (cuabHi CTOPOHK, cNabKi CTOPOHKU, MOXKANBOCTI Ta 3arpo3n) — Lie iIHCTPYMEHT CTpaTeriyHOro naaHyBaHHs,
AKUIA BUKOPUCTOBYETHCA A/1A OLLIHKM BHYTPILLHIX Ta 30BHiLUHIX GaKTOpPIB, AKI MOXYTb BIMHYTU Ha NPOLLEC, MPOEKT YM OpraHisaLiio
(Coman & Ronen, 2009). Y KOHTeKCTi matemaTuyHoi ocBiTM SWOT-aHani3 moxe AO0NOMOITU BU3HAUMTU chepu, ae NoTpibHi
BAOCKOHA/NIEHHA, e BMKOPUCTOBYBATWM HAABHI CU/IbHI CTOPOHM, Ae BPaxXOBYBATW MOMKAMBOCTI Ta MOM'AKLWYBATU NOTEHLNHI
3arpo3u. PesynbTat SWOT-aHanizy MaTeMaTUUYHOI OCBITU B YKpaiHi Jal0Tb MOXK/MUBICTb 3iCTaBUTK i 3i CBITOBUMM TEHAEHLiAMM,
CNUPAKOYNCh Ha HAABHI AOCAIAXKEHHSA Ta 3BiTW. [lo aHani3y 3anyyeHi HaykoBsi NnybnikaL,ii, 38iTM EBPONENCHKUX YCTAHOB Ta KOHTEHT-
aHani3 iHTepHeT-pecypciB 3a pe3ynbTaTamu NPOBeAEHUX AOCNIAKEHb Ta aHaNI3y eMNipUYHUX JAHUX.

PE3Y/IbTATU AOCNIAXKEHHA

Strengths (CunbHi ctopoHm)

Cuctema maTemaTU4HOI OCBITUM B YKpaiHi Ma€e KinbKa CUAbHUX CTOPIH, AKi CNPUAIOTb PO3BUTKY HAaBWYOK YYHIB Ta
NiABULLEHHIO iXHbOT KOHKYPEHTOCMPOMOMXHOCTI AIK Ha HALLIOHAaNbHOMY, TaK i HA Mi)KHapoaHOMY piBHAX. O4HIEI 3 TAKNX CUNBbHUX
CTOPIH CNif, Ha3BaTU MiLHUI PYHOAMEHT y cepeiHilt ocBiTi. MaTemaTuKa € 6a30BMM NpeaMeTOM, LLLO BUKNAAAETbCA HA BCiX PiBHAX
3aranbHoi cepeHbOT OCBITH, @ B CTapLUil WKOI AOCTYNHI cnewjianizoBaHi npodini (Hanpuknag, ¢isMko-matematTuuHunin) (Serdyuk
& Tkachenko, 2013). Cuctema cepegHboi OCBITM aKLEHTYE yBary Ha QyHAAMEHTa/ibHUX 3HaAHHAX 3 anrebpu, reometpii Ta
po3B'A3yBaHHi 33434 i FOTYE YYHIB 40 NOAANbLIONO HaBYaHHA. HesBaxkatoumn Ha nepeboi, CNpUYMHEHI BIHOO Ta iHLUMMM Kpr3amu,
YKPAIHCbKi YYHi MPOAEMOHCTPYBA/IM KPaLLy CTiMKICTb 3HAHb Y MiXKHapO4HUX AochigKeHHaxX. 3a pesynbtatamu PISA, y nepiog, 3
2018 no 2022 pik ixHi pe3ynbTaTh 3 MaTeEMaTMKM 3HU3UANCA MEHLLE, HiXK Yy cepeaHi pe3ynbTati no KpaiHax OECP (2025). Usa
CTiMKICTb Bif0OpaKae afanTMBHICTb YKPATHCbKOT CUCTEMM MATEMATUYHOI OCBITH Ta Ti 34aTHICTb NiATPMMYBATM BNACHI CTaHAAPTH
33 CKNaHMX 06CTaBUH.

IHWOK CUABHOK CTOPOHOK MAaTEMATMYHOI OCBITWU CJliZ BBaXaTW MOLMPEHHA KOMMETEeHTHICHOro niaxoady. YKpaiHa
NoCTyrnoBO NepexoauTb Bif, 3HAHHEBOI A0 KOMMNETEHTHICHOT MOAeNi HaBYaHHA, 3 aKLLEHTOM Ha aKTMBHI MeToam: AO0CNIAHULbBKI
nigxoam, MiKAUCLUMNAIHAPHICTb, NPAKTUYHY CNPAMOBAHICTL MaTemaTukun (Astafieva et al.,, 2022). HoBa yKpaiHCbKa LWKona
DOKYCYETbCA Ha PO3BUTKY KOMMETEHTHOCTEN, iHTEerpytouM KpUTUYHE MUCAEHHA, TBOPYICTb, KOMYHIiKauilo Ta cnisnpaulo B
maTemaTuyHy ocsity (Nazarenko, 2025). Mpu LbOMY aKTMBHI METOAM HaBYaHHSA, TaKi AK MPOEKTHE HAaBYaHHA Ta MiXAUCUMNAIHAPHI
niaxoan, CNpuALOTb 3aLLiKaBAEHOCTI YYHIB Ta NPAaKTUYHOMY 3aCTOCYBaHHIO MAaTEMATUYHMX 3HAHb Y XKUTTEBMX CUTYaLLifAX.

CWUNIbHOKO CTOPOHOIO CJlig, BBAXKATM PO3LIMPEHHA MIXKHAPOAHOI cniBnpayi Ta AOCAIAHULBKMX MOMK/IMBOCTEN, LLO
NPOABNAETLCA Y CTBOPEHHI M NiATPUMLL AOCNIAHULBKUX LEeHTPiB. Taki iHiLiaTMBM 3aNOBHIOIOTb NPOraJIMHU MiXK TEOPETUYHUMMU
3HAHHAMM Ta MPAKTUYHUMWU [OCNIAKEHHAMM, 3a0X0OUYOUYM PO3BUTOK aKTYaNbHUX HaBMYOK LMGPOBOro cycninbcrea. Tak,
cTBOpeHHA MiXHapoAHOro LeHTpy MatemaTnku B YKpaiHi (ICMU) cnpuse po3sutky chepu AocniaxeHb Ta nigrotosli MoaoaMx
HayKOBL,iB A0 iX iHTerpauii B CBiToBY HayKoBY cnifbHOTY (Science Europe, n.d). Mporpamu (Hanpuknag, "lOniHa mpia") 3anyyaotb
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YKPATHCbKMX WKONAPIB A0 MAaTEMATUYHUX SOCAIKEHDb Nif, HACTaBHULITBOM CBITOBMX €KCNepTiB, Ui 1 NoAibHi iHiLiaTMBM roTyioTb
LWKONAPIB 40 BCTYNY B Pi3Hi yHIBEPCUTETU CBITY Ta CNPUAIOTL CMiBNpPaLi B paMKax MixkHapogHoi maTemaTuyHoi cninbHoTh (Miller,
2024).

YKpaiHa nponoHye npodinbHy gudbepeHLiaLilo ANA y4HIB BigNoBiAHO [0 iXHiX iHTepeciB Ta Kap'epHuMX uinel, siKa
peanis3yeTbCca B Pi3HMX OCBITHIX YCTaHOBAX 3 NEPCOHANiI30BaHMMM HaBYAIbHUMM NaHaMM, OPIEHTOBAHMMM Ha maTemaTuky (OECD,
2025). B VYkpaiHi HabyBae nonynsapHocTi npupoaHuMYo-maTemMatuyHa abo STEM-ocBiTa, fKa pobWTb aKUEHT Ha
MiXANCLMNAIHAPHOMY HaBYaHHI, A& MaTemMaTuKa BiZirpae LeHTPasibHy poNb Yy PO3B'A3aHHI NPaKTUYHMX 3aBAaHb (Hanpukaaa,
Burlaka, 2023). Taka audepeHujauia 3abe3neyye THyYKiCTb i FMMOMHY MaTeMaTMYHOI NiAroTOBKU. [NobanbHUIA PUHOK
MaTemaTUYHOI OCBiTM 3pocTae 3aBAAKN STEM-opieHTau,i Ta oHnaH-TexHonoriam (CAGR 8,2% ao 2030 p.) (Bali, 2025). Llei TpeHa,
BiANOBIAAE CBITOBUM TEHAEHLIAM i FOTYE y4HiB 6YAyBaTU BAACHY Kap'eEpY Y BUCOKOTEXHONOTYHUX ranyssx.

OTKe, CUNbHI CTOPOHM YKPATHCbKOI MaTeMaTUYHOI OCBITU NoAAratoTb Y 6a30Bili MaTeMaTUYHIl OCBITI Ha piBHI 3araibHOT
cepefHboi OCBiTW, CTIMKOCTI nig 4ac Kpus, pedopmax Ha OCHOBi KOMMETEHTHICHOrO nMiAXo4y, MiXKHapoAHiIN chiBnpaLi,
cnevianizoBaHUX TPAEKTOPIAX Ta iHTerpauii STEM. Li dakTopm pazom niasuLLytoTb AKICTb MaTeMATUYHOI OCBITV Ta HAAAKOTb YYHAM
HaBWYKM, HEOBXigHI ANA aKageMiyHOro ycnixy Ta NpodeciMHOi KOHKYPEHTOCNPOMOXKHOCTI Ha r106aNbHOMY PUHKY NpaLi.

Weaknesses (Cnabki cropoHum)

YKpaiHcbKa cucTemMa MaTemMaTUYHOT OCBITM CTUKAETLCA 3 KilbKOMa Npobemamu, AKi NepeLKoaKatoTb YCMiWHOCTI Y4YHiB
i 3HMXKYIOTb 3arajibHy fAKiCTb MaTeMaTWM4HOi OCBiTU. Cepepn, KNOYOBUX CMabKUX CTOPiIH (HemonikiB) cnif Big3HAUYUTU HU3bKY
pe3y/NbTaTUBHICTb Y MiXKHaPOAHMUX OLiHIOBAaHHAX. MepLIOKYPCHUKIN CTUKaOTbCA 3 Npobiemamu Yepes cnabky WKiNbHY 6a3y Ta
bopmanbHe 3acBOEHHA MaTepiany. 3a pesynbTatamu PISA, nuwe 58% yKpaiHCbKUX 15-piyHMX y4HIB A0CATIM 6A30BOro piBHSA
MaTeMaTUYHOI FPAaMOTHOCTI, LLIO 3HAYHO HUKYe cepeHboro nokasHuka OECP, akuit ctaHoBUTb 69%. Lie cBig4MTb NPO NporasnHu
B 6a30BMX HAaBUYKAX Ta KPUTUUYHOMY MUC/IEHHI, HEOBXiAHUX ANA PO3B'A3aHHA Npobaem y peanbHomy KuTTi (Nazarenko, 2025).
Y4Hi Big4yBatoTb TPYAHOLLi 3 KOHTEKCTHUMM Ta NPUKNALHUMM 3aBAAHHAMM, TaKUMM K ONTUMI3aLlis Ta KOMBIHAaTOPHWIA aHanis,
AKI Mano 3ycTpivaloTbCA Y LWKiINbHUX HaBYaNbHMX Nporpamax 3 maTematnku (Failure of Educational System or Lesson for the
Future: Ukraine in PISA Research). IHWwoto c1abKolo CTOPOHOIO € COoLiaNbHO-eKOHOMIYHI AMcnponopLii, AKi BUABNAIOTb PO3puB
Mi¥K MICTOM Ta ceniomM. Y4YHi MiCbKMX LIKiN cTabinbHO NepeBepLytoTb CBOIX OAHOITKIB Y CiZIbCbKili MiCLLEeBOCTI 3aBAAKMN KpaLLoMy
[OCTYNy A0 pPecypciB, TEXHOMOTIN Ta KBanipikoBaHMX BuMTeniB. CiNbCbKi LWKOM CTUKAKOTLCA 3 €KOHOMIYHMMMK npobiemamm,
NOBINbHILLMM BMPOBAAMEHHAM TEXHO/OriM Ta cnabkum piBHem niarotoBku Bumtenis (Ukrainian language and mathematics
testing of 6th and 8th grade students: The second stage of the monitoring study, 2024). [itTn 3 mano3abesneyeHunx cimen
OEMOHCTPYIOTb FipLWi pe3ynbTaTh NOPiBHAHO 3 OAHONITKAMM 3 binbw 3amoxkHMX gomorocnogapcts (Skills comparison between
Ukraine and the EU-27).

CnabKot CTOPOHOK MaTeMaTUYHOI OCBITU € Aelo obmeXKeHa iHTerpauia cy4yacHMX MeTohiB HaBYyaHHA. [lOMiHYyOTb
TPaAULiMHI NigXoAM HaBYaHHA MaTEMATUMKMN 3 HEAOCTaTHIM aKLLEHTOM Ha iIHTEPaKTUBHI Ta KOMNETEHTHICHI MeToaM HaBYaHHs. Lie
0bMeKye 34aTHICTb YYHIB 3aCTOCOBYBATU MaTeMATUUYHi 3HAHHA B NPaKTMYHMX cuTyauinx (Serdyuk & Tkachenko, 2013). MosinbHe
BMNPOBagKeHHA UMPPOBUX IHCTPYMEHTIB Ta iHHOBALiMHUX NeJaroriyHMx cTpaTerili we 6inblie 3arocTploe o npobnemy. Taky
npobseMmy MOXHa BBaXaTu BCECBiITHbON. HecTauya ¢diHaHCYBaHHA, HEAOCTATHA KiNbKICTb Cy4aCHWMX HaBYa/NbHUX MmaTepianis i
nabopatopint (Maqruf, 2022), a Takok naHaemis COVID-19 noaatkoBo nigkpecamam npobaemu umdposoi HepiBHOCTI yyHiB (Bali,
2025). TakoX BiA3HAYaEMO BMAWMB BiMHW Ta AWMCTAHLIMHOrO HaBYaHHA Ha Pe3ynbTaTM MaTemaTuMyHOl MigrotoBkM. CurHanm
noBiTpsAHOI Tpueoru, 60108 Aii Ta NnepemileHHA NpU3BENM A0 NPONYLWEHUX HaBYabHUX FOAMH i HENOCNIAOBHOCTI Y BUBYEHHI
MaTeMaTUKK. OucTaHuiliHe HaBYaHHA HEraTUBHO BNJIMHYNO0 HA YCMILLHICTb YYHiB, 0COBNMBO B perioHax 3 0bmerKeHUm A0CTYnom
[0 CcTabiNbHOro iHTEPHETY Ta UMdpPOoBUX pecypcis.

HayKoBUj 404aTKOBO KOHCTaTylOTb HEAOCTATHIO yBary A0 NOrAnbaeHMX TeM B HaBYaHHI MaTeMaTWMKKU: Y HABYAbHIN
nporpami 6pakye KOMBIHATOPMKM, 334a4 Ha ONTMMI3aLilO Ta Ha NIOTiKY W MipKyBaHHA. Lli ranysi € BaXnuMBMMK ONA PO3BUTKY
HaBMYOK MUCNEHHA BULLOMO NOPAAKY, ane BOHM HeAOCTaTHbO NPeACcTaBAeHi B YUHHUX NigPYyYHMKaxX Ta Ha YPOKax MaTeMaTuKu
(Serdyuk & Tkachenko, 2013).

[o cnabKux CTOpiH cnif BigHeCTN i HeJONIKM NiArOTOBKM BYUMTENIB Ta 06MeKeHHs ix npodecinHoro po3suTky. barato
BUMTENIB HE MAOTb BYACHMX CTaXKyBaHb, AKi 30cepeaKeHi Ha CydacHUX MeToAax BUKNaAaHHA abo iHTerpauii uudposunx TexHonoriin
B MatemaTuuyHy ocBiTy (Ukrainian language and mathematics testing of 6th and 8th grade students). 3a3HaueHe 3aBakae
apanTauii nepesipeHnx epeKTUBHUX NiAXOAIB A0 BNPOBAAKEHHSA B YKPATHCbKY MaTeMATUUYHY OCBITY.

OTke, A0 cnabKkux CTopiH yKPaTHCbKOT MaTEMATUYHOT OCBITU BilHOCMMO HWU3bKi MOKa3HUKM MiKHAapPOLHUX OL,iHIOBAHb,
coLiabHO-eKOHOMIYHY HepiBHICTb, 3aCTapini MeToAM HaBYaHHA, NMEPEepBM Yy HaBYaHHI, LLO CMAPUYMHIOE BilHA, obmexxeHe
OXOMNEHHA CKNAAHMX TEM Y HaBYAbHIM Nporpami Ta He40CTaTHIO MiArOTOBKY BUMTENIB.

Opportunities (Mo»xnusocrTi)

YKpaiHa Ma€ 3Ha4YHi MOKIMBOCTI A8 MOKPALLEHHS CUCTEMM MATEMATMYHOI OCBITU LIAXOM CTpaTeriyHux pedopm,
MiXKHAapPOZAHOI criBnpaLi Ta iHHOBaLiMHUX NigxoaiB A0 peanisauii maTemMaTU4YHOI OCBITU. [0 TaKMX MOXK/IMBOCTEN BiAHOCMMO
iHTerpauito uMdposmx 3acobiB HaBYaHHA. ALANTUBHI CUCTEMM HaBYaHHA Ha 6a3i IT (30Kpema, WTYYHOro iHTENEKTY), AK 3a3HaYEHO
y 3BiTax OECP, MOXyTb AiarHOCTyBaTW NPOraanHu B iHAMBIAYaNbHUX HAaBUYKaX, Ha4aBaTW NepCcoHaNi30BaHi HaBYa/bHi TPAEKTOPI
Ta y3aranbHIOBaTK AaHi Ana dopmMyBaHHA OCBITHbOI NoniTMKM (Recovering lost learning opportunities in Ukraine: Key education
policy strategies). Mnatdopmmn Ha 6a3i WTYYHOro IHTENEKTY, TaKi AK IHTENEKTYyaNbHi CUCTEMM HaBYaHHA, MOXYTb 3abe3neuntu
3BOPOTHWI 3B'A30K Y peasbHOMY Yaci i KOMNEHCYBaTW OCBITHI BTpaTW, CNpMuYmMHeHi BilHoto (Catch-up classes help conquer barriers
to education in Ukraine). MepcnexktnsHum € 3anydeHHs Al, AR/VR (Hanpuknag, zSpace) gna nepcoHanisauii HasyaHHa (Bali, 2025).
3 iHwWoro 60Ky, uinecnpAmMOoBaHi iHiLiaTMBX 3 BMNpaBAeHHA cuTyauii (sAKi, 30Kpema nigTpumytoTbca HOHICED) aosenu ceoto
edEeKTUBHICTb, i iX MacwTabyBaHHA Ha HALIOHA/NbHOMY PiBHI MOXKe BUPILWMTU Npobnemy HepiBHOCTI y AOCTyni 4O OCBiTU B
CiNbCbKiN Ta micbkilt micuesocTi (40 children complete innovative program to bridge education gaps in Ukraine). Cepeg iHwnx
MOX/IMBOCTEN BiA3HAYAEMO BMKOPUCTAHHA FOPUAHMX MoZenel HaB4YaHHA A/1A 3abe3neyeHHA 6e3nepepBHOCTI OCBITHLOrO
npowecy nig vac BiHK.
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MocuneHHa STEM-OCBITM € OAOHIEID 3 MONKAMBOCTEN PO3BUTKY/ MOKPALEHHA MaTemMaTUYyHOi OCBiTM. HaBuyanbHi
nporpamu, opieHToBaHi Ha STEM (HanpuKnag, TpaHCcAUCUMNAIHAPHI MPOEKTU, NPOrpamyBaHHs, KOAYBaHHA TOLWO), BigNoBiLaloTh
HaLioHaNbHIN cTpaTerii YKpaiHM Wwo40 CTUMYNOBaHHSA iHHOBAL,iM Ta 3a40BONIEHHA NoTpeb puHKY npaui. MNpu Lbomy LEHTpU Ta
nabopatopii STEM 3ab6e3neyytoTb NPaKTUYHE HAaBYAHHSA, PO3BMBAOYM KPEATUBHICTb YYHIB Ta iXHi HABUYKM BUPILLEHHA Npobaem
(Buturlina et al., 2021).

MepcneKkTUBHOK MOMK/MBICTIO ANA MaTeMaTUYHOI OCBITU € MiXHapoaHa cnisnpaudA. 3oKkpema, MixHapoaHWUi
MaTeMaTUYHUI LeHTp B YKpaiHi (ICMU) € TUM npuKnagom, AKkuii 06'eaHYE yKpaiHCbKMX JOCNIAHMKIB 3i CBITOBMMMW eKCnepTamu,
Ta Ma€ 3a MeTy NiABULLNTM AKICTb AOCAIAXKEHDb Ta rOTyBaTU MabyTHiX HayKoBuis (Buturlina et al., 2021; Science Europe Supports
the Establishment of the International Centre for Mathematics in Ukraine). Mpu ubomy napTHepcTBa 3 EC MOXYTb CNpUATH
nifroToBL,i BUMTENiB, MOLEPHI3aLIT HABYAIbHMX NPOrpam Ta 06MiHy akTyanbHUMM pecypcamu (Nazarenko, 2025).

Cepep, MOXK/IMBOCTEN Bif3HAYAEMO TaKOX i MOAEPHi3aL,ito NiAroTOBKM MabyTHIX yunTeniB maTtemaTUKu Ta NigTPUMKY
npayloumx yumtenis. Kpim akTyanbHUX AMCEPTaUiMHUX [OCAigXeHb B ranysi npodeciiHoi ocBiTM (NiAroTOBKa BUMUTENIB
MaTemaTuKuK) BigaHavaemo nporpamu npodeciinHoro po3suTtky (Hanpuknag, WEB-STEM-SCHOOL), Aki niasuiLytoTb KBanidikauito
BMKNA[auiB, Ta MepeKi HaCTaBHUUTBA i 06'€QHYIOTb YKPATHCbKUX BUMTENIB 3 MiXKHAPOLHMMM EKCNepTamm A/1A MOKPaLLEeHHA AKOCTI
BMKNagaHHA (Recovering lost learning opportunities in Ukraine: Key education policy strategies).

MepcneKkTMBHOK € MOAEPHI3aLLA HaBYa/IbHUX MPOrpam 3 OPIEHTALE0 Ha PO3BUTKY KPUTUYHOIO MUC/IEHHA, @ He Ha
3a3ybploBaHHA, WO Bignosigae ceiToBMm cTaHgapTam (Serdyuk & Tkachenko, 2013), AOMNOBHEHHA HaBYa/NbHUX MpoOrpam
nornMbneHMMM Temamu (30Kpema, KOMBIHaTOpUKa Ta OCHOBM LUTYYHOTO iHTENEKTY TOLLO) A/ MiATOTOBKM YYHIB A0 poboTh y
chepi BUCOKMX TeXHOOrIN. BaxnMBumMu cTatoTb cTpaterii BigHOBNEHHA YKpaiHu nicaa BiiHW. ToMy CTiMKi OCBITHI paMKu matoTb
HagaBaTu npioputeT He3neyHoMy OCBITHBOMY NPOCTOPY Ta MCUXOMOTIYHIN NIATPUMLUI YYHIB, AKI NOCTPAXKAANN Big, KOHOAIKTY
(40 children complete innovative program to bridge education gaps in Ukraine; Nazarenko, 2025).

BuKoOpMCTOBYIOUM Li MOXAMBOCTI, YKpaiHa MOXKe NepeTBopuTH CBOO CMCTEMY MaTeMATUYHOI OCBITU Ha PyLWii iHHOBALLIN
Ta EKOHOMIYHOrO 3POCTaHHA, y3roAMBLM i 3i CBITOBUMM TEeHAEHUisMM B rany3i STEM Ta winamm nicnaBoeHHoI Biabyaosu.

Threats (3arpo3u)

Buxoaaum 3 NOTOYHUX BUKAMKIB Ta KPU30BUX ABULL, LLO TPMBAOTb, BUABMIEHI 3arpo3n MOXKYTb CYTTEBO MepeLIKOAUTH
PO3BUTKY MaTeMaTUYHOI OCBITM B YKpaiHi. OAHIEI0 3 TaKMX 3arpo3 € NOPyLIEHHSA, NOB'A3aHi 3 BiliHO. PyliHyBaHHSA iIHPPaCTPyKTypu
(nonan 1 000 wKin nowkoaxeHo/3pyiHosaHo 3 2022 poky (Riy & Nikolaiev, 2023) o6merkye goctyn A0 6e3neYHOro 0CBITHbOro
cepenoBua. Mepeboi B eNeKTPONOCTayaHHi Ta BiAK/IOYEHHA eNeKTpPoeHeprii NepewKoaKalTb HaBYaHHIO OHAAMH Ta
BMKOPWUCTAHHIO LMPOBUX IHCTPYMEHTIB, 0CO6/MBO B CinbCbKi micuesocTi (lvanenko, 2024). Benuka Kinbkictb aitelt (binbwe
5 MJIH) CTMKA€ETbCA 3 MepepuBaHHAM HaBYaHHA Yepe3 BUMYLLEHE MepecesieHHs Ta 3aKpuTTA WKin. B YKpaiHi BigyyBaeTbcs
cuUcTeMHe HegodiHaHCYBaHHA OCBITU: diHAaHCYBaHHA BULOT OCBITU CKOpoTUioca Ha 10% nicnsa BTOPrHEHHs, a 604 KeTW Ha HayKOoBi
OOCNiaXKeHHA - Ha 60-80% (Nelson, 2020). Mpu UbOMY HM3bKa 3apobiTHa NiaTa 3MyLUIYE BYUTENIB i BUKNAZLAYIB MAaTEMATUKK
WwyKaTM poboTy He 3a MpsAMOIO cneuianbHicTio. OCBITAHM MOCTIMHO BiAYyBalOTb BpaK CydaCHWUX MiZPYYHUKIB Ta UUPPOBUX
iHCTPYMeHTiB, 0c0b6MBO B CinbCbKux WKonax (Fricker, 2024).

3arpo3soto cnig cCnpuiimaTh 3HUKEHHA 3araibHOi KOMNETEHTHOCTI Y4HIB. HU3bKUI piBeHb 6a30BUX HAaBUYOK (30Kpema,
42% y4HiB cepegHix WKin He MatoTb 6a30BMX 3HaHb 3 MAaTEMATUKM 3a pe3ysibTaTamu PISA 3arporkye "BTpayeHMM NOKONiHHAM"
iH)XeHepiB Ta IT-daxiBLiB). HegoctaTHA maTemMaTU4YHa OCBiTa 3arpoXye aediumMTom Kagpis ona 0b60pPOHHOI MPOMUCAOBOCTI Ta
iHHOBaUiMHUX rany3sei (Ukraine risks losing generation of engineers and programmers: How math shapes country’s future).
[nobanbHO 3pocTaE KOHKYpeHL,ia 3a KBanipikosaHi Kagpu B STEM (Bali, 2025). HeaoctaTHa yBara A0 NpMKAaAHOI MaTeMaTuKu,
PO3BUTKY KPUTUMYHOTO MMUC/IEHHS Ta BUBYEHHA cyyacHux IT (30Kpema, WTYYHUI iHTENEKT) TaKoXK € 3arpo3oto Ana sAKicHol
maTemaTuyHoi ociTh (Proshkin & Foster, 2025).

BUKAMKOM pna BuUMTeniB € 3acTapina npodeciiHa nigrotoBKa, OCKiNbKM GaraTbom BMKNaZadam GpaKkye HaBMYOK
BMK/IagaHHA Ha OCHOBi KOMMETEeHTHiCHOro niaxoay Ta uuéposoi neaarorikn (Nelson, 2020). MNocTilHi nonepeaskeHHs MNpo
NOBITPAHI Ha/NIbOTU Ta CTPEC, NOB'A3aHUIA 3 BiliHOI, 3HUXKYIOTb edeKTUBHICTb BUKNagaHHA (Riy & Nikolaiev, 2023). CycninbHum
BMK/IMKOM € COLLiaIbHO-€KOHOMIYHA HEPIBHICTb. PO3pUB MiXK MiCTOM | CeNOM NPOABAAETLCA Y TOMY, LLLO YYHi 3 CiIbCbKOI MicL,eBOCTi
MalOTb HUXKYI pe3ynbTaTh yepe3 obMeXeHWn AOoCTyn A0 |HTepHeTy, MeHLy KinbKicTb KBanidikoBaHMX BUMTENiB Ta MoOraHy
iHdpacTpykTypy (Fricker, 2024), BogHouac cim'i 3 HU3bKMM piBHEM [,0X04Y HE MOXKYTb 4,03BONUTM cObi peneTuTopis abo umdbposi
NPUCTPOI ANA ANCTAHLiINHOTO HaBYaHHA.

MOBHiI Ta Ky/IbTypHi 6ap'epu € LWe OAHIE 3arpo30to AN MaTeMaTUYHOI OCBITU. MNepeMmilleHi CTyAeHTU B iHWMX KpaiHax
CTMKaOTbCA 3 TPYAHOLLLAMM aganTauii 40 HOBMX HaBYaIbHMX NPOrpam 3 MaTeMaTUKKM Ta maTeMaTu4Hoi TepmiHosorii (Proshkin &
Foster, 2025). Mpu LbOMYy CNOCTEPIraeTbCA TaNAHOBUTI CTYAEHTU Ta BMKNAZAYi emirpytoTb, nocnabntooum akagemidyHuii Ta
iHHOBAUiMHMI noTeHuian YkpaiHu (Proshkin & Foster, 2025). Lia 3arpo3a moxe nepepocTy y AOBroCTPOKOBI OCBiTHi BTpaTw.
TpuBana 3anexHicTb Big, parmeHTapHOro AMCTAHLIMHOIO HAaBYaHHA 3arpoXKye MOCTIVHUM AediuMTOM HaBMYOK BUPILLEHHA
npo6aem Ta NporasiMHammn B aHaNiTUYHUX HaBmukax (Two years on, Ukrainian children’s right to education continues to face
mounting threats and challenges—Ukraine). Y nepcnektusi cnabka matemaTMyHa OCBiTa 3arpoXye yKpaiHcbkomy IT-ceKkTopy
(KpUTUYHO BaXKNMBOMY A/1A NICAABOEHHOTO BiZAHOBAEHHSA KpaiHM) Ta iHHOBaLiam B 060poHHi npomucnosocTi (Nelson, 2020).
Cnabka cycninbHa yCBiZOMNEHICTb MaTEMATUYHOT OCBITU, CTEPEOTUMM TUMY «KMATEMATUKA HEnoTpibHa B KMTTI» NigpuBatoTb
MOTMBALLiIO YUHIB | CTyAeHTIB. 3MiHa L€l Napagurmm — NpoBiAHWIA acNeKT NoAoNaHHA uiei 3arposu (Stephan et al., 2015).

OT)Xe, NOEAHAHHSA BiiHWU, HeaodiHAHCYBaHHA, CUCTEMHA HEPIBHICTb Ta CYCNi/IbHi HAacTPOi CTBOPHOIOTb EK3UCTEHLMHI
PU3MKKM ANA MATEMATUYHOI OCBITM B YKpaiHi. NogonaHHA LMX 3arpo3 BMMArae TePMiHOBUX iHBECTULM B iHPPaACTPyKTypy Ta
MOZepHi3aL,ito NiAroTOBKM BUMTENIB A1 BYACHOIO 3anobiraHHA AOBroCTPOKOBOI WKOAM N0ACBKOMY KaniTany Ta eKOHOMIYHOMY
BiZLHOBNIEHHIO KpaiHu.
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OBrOBOPEHHA

Xoua YKpaiHa B MaTeMaTuyHill OCBiTi Ma€ 6arato CUIbHUX i CNabKUX CTOPIH, MOXANBOCTEN i 3arpos, AK i peLTa CBiTy, €
LenKi KNOYOBI BigAMIHHOCTI, AKi 3aC/1yroBytoTb Ha yBary. B YKpaiHi cborogHi cnoctepiraeTbca CMAbHMIA akueHT Ha STEM-ocaiTy. Lie
3abe3neyye OCHOBY A4/19 HABYAHHA MaTeMaTUKK, ane BNpoBaaKeHHA STEM-0cBiTM MoKe 6yTH HePiBHOMIPHMM Y Pi3HMX perioHax
Ta yCTaHOBaX. 30cepearKeHHA yBaru ykpaiHcbKoro ypaay Ha STEM-0cBITi € cTpaTeriyHMm KpOKOM ANA NPUBEAEHHA CUCTEMM OCBITH
Y BiANOBiAHICTb 4O BMMOI Cy4acHOi, TEXHO/IOFNYHO OPIiEHTOBAHOI eKOHOMIKK. LA iHiuiaTMBa nokAuKaHa cnpuATM GopmMyBaHHIO
NOKONiHHA daxiBLiB, OCHALLEHUX HABMYKAMW Ta 3HAHHAMM, HEOOXiAHUMW ANA CTUMYNIOBAHHA iHHOBALi Ta €KOHOMIYHOro
3pocCTaHHA. AKUeHT Ha STEM — Le He NpocTo NoBepXHEBE AOMNOBHEHHA A0 HAaBYa/bHOI Nporpamu, a pyHAamMeHTaibHa 3MiHa Y
dinocodii ocBiITH, CNPUAHHA MiKAWCLUMNAIHAPHUM MigxoAam Ta NPaKTUYHOMY AO0CBiAY HaBYaHHA. Hanpwknag, CTBOpeHHA
CY4aCHUX eKcnepumMeHTanbHUX nabopatopit 3 ¢isvkm (Martyniuk, et al.,, 2021) Hagae y4HAM MOMKAUBICTb 3alimaTucA
BUPIWEHHAM peanbHMX Npobaem i pPo3BMBATM HABUMYKWU KPUTMYHOTO MucneHHA. Lii nabopatopii ocHaweHi umbposumm
TEXHO/IOTIAMM Ta XMapPHWMM CcepBiCaMu, WO A03BONAE CTyAeHTam NPOBOAUTU CKNALHI eKCNepuMMeHTU Ta aHanisyBaTu AdaHi B
CriibHOMY CcepeaoBuLL.

IHTerpauia NPMHLMNIB CTaNOr0 PO3BUTKY B OCBITY € 3pOCTalOHOI0 1106aNbHOI TEHAEHLEID, 3yMOBNEHOIO BU3HAHHAM
TOro, WO OCBiTa Bigirpae NpoBiAHY PO/b Yy BUPiWEHHI Npobaem 3miHWM KAiMaTy, HAaBKONULWHbLOIO CepesoBuULLA Ta COLiaNbHOT
HepiBHocTi (Ovcharuk et al.,, 2020). Lle BkAloYae nonynapusalito KAYOBMX KomneTeHTHocTel y STEM, y3rofsKeHHA
MmaTeMaTU4Hoi ocBiTH 3 Mopagkom aeHHMMm OOH y cdepi cTanoro po3suTKy o 2030 poky.

Y cBiTi Xxo4a iHTerpauis IT i € NowWKWpeHOto, ane OCHOBHA yBara NPUAINAETbCA TEXHIYHUM HaBMYKAM, @ He MefarorivyHin
iHTerpauii (Dzhurylo & Shparyk, 2019). B YKpaiHi 3Ha4HOIO NepeLKkoaoto € HeA0CTaTHA TeXHIYHA NiArOTOBAEHICTb BUMTENIB 40
OMCTaHLiMHOro HaBYaHHA MaTeMaTMKK, ane B CBIiTi 6inblwoo Npobaemoto € LMdpoBa PiBHICTb, OCKINbKM Y4HI 3 He61aronony4YHmUx
cimelt YacTo He MatoTb AOCTYNY 0 TEXHOJIOTiN Ta BUCOKOAKICHUX OHNanH-pecypciB (Gottschalk & Weise 2023).

Bukopucrosytoum undposi TeXHONOFiT Ta OHNaNH-NAATGOPMU, 3MilaHe HAaBYAHHA MOXKe NOKPALLUTU A0CBIL HaBYaHHSA,
3pobumBWM OCBITY Binbll AOCTYNHOM Ta UWiKaBoto. Y agochigxeHHi (Budnyk, 2019) HaronowyoTb Ha BaXKAMBOCTI 3MilaHOro
HaBYaHHA B 3aK/nagax npodeciiHoi OCBITM Ta HAaBYAHHA, e BOHO MOMEe HaZaTW YYHAM HABMYKM Ta 3HaAHHA, HeobXiaHi ans
OOCATHEHHA yCnixy B Cy4acHin pobouilt cuni. IHTerpawia XmapHUX TexHonorii Ta iHiyiatme Bring Your Own Device (BYOD) we
6inblue NiABULLYE FHYYKICTb | AOCTYNHICTb 3MiLLAHOrO HaBYaHHSA, A,03BOIAKOYMN YUHAM HaBYaATUCA B ByAb-AKUI Yac i B Byab-AKomy
micui. IHHOBaUjiHI NegaroriyHi NPakTUKK, TaKi AK NP061eMHO-0piEHTOBAHE HaBYaHHSA, BUKNAAAHHA 32 3aMMTOM Ta BUKOPUCTAHHSA
OMCTaHUiMHUX OCBITHIX NabopaTopiit, HabyBatoTb MONYAAPHOCTI B OCBITHIX CUCTEMax ycboro cBiTy [Tam camo]. Lii npakTuku
3MiLLYIOTb AKLEHT 3 MacMBHOrO HaBYaHHA HA aKTMBHY Yy4acTb, 3a0X04ylouM y4yHiB BpaTh Ha cebe BigNOBILANbHICTL 33 CBOE
HABYaHHA Ta PO3BMBATU HABUYKU KPUTUHHOTO MUC/IEHHA Ta BUPiWEHHA npobnem.

B YKpaiHi eBponelicbKa iHTerpauia BigKpuaa WwWasax 4o y3rogeHHs CTaH4apTiB OCBiTM Ta A0CTyny A0 ¢iHaHCYBaHHA Ta
ekcneptusm (Kharazishvili et al., 2021), a cBiT opieHTOBaHwMA Ha LLII, BUKOPUCTaHHA AKOTO NPOPOKYE NOTEHLian Ans nepcoHanisauii
HaBYaHH#A, i CBIT biNble nepeimaeTbcs Npobaemamm eTUYHUX MipKYBaHb Ta MipKyBaHb crnipaBegamnsocTi. LUTy4HUI iHTenekT
MOe NpU3BeCTM [0 PeBOAtoLii B OCBITi, OCKiNbKM 3abe3neynTb NEepCcoOHaNi30BaHUM [OCBiL, HaBYaHHA, aBTOMATU3YE
agMiHICTPaTUBHI 3aBAAHHA Ta NiABULWNTD AKICTb BUKNaAaHHA (Paek & Kim, 2021). BUKOpUCTaHHSA BiAKPUTUX OCBITHIX pecypcis Ta
iHCTPYMEHTIB 3 BiIKPUTUM BUXIZHUM KOLOM MOXKe 3Ha4YHO CKOPOTUTM BUTPATK Ta PO3LUMPUTM AOCTYN [0 BUCOKOAKICHUX OCBITHIX
matepianis. B YKpaiHi mirpauis Ta eKOHOMiYHa HecTabinbHICTb CTBOPIOOTb 3HAYHI Npobaemun ansa 36epexeHHs KBanipikoBaHoI
poboyoi cunm Ta iHBecTULi B MaTemaTuuHy ocBiTy (Koval et al., 2018). BiliHa, LWo ¥ f0ci TPMBAE, € FTONIOBHOLO 3arpo30to. Y CBiTi XK
6inblwoto Nnpobnemoto B6a4atoTb HEAOCTATHIN PO3BUTOK KpUTUMYHOTro mucneHHa (OECD, 2021).

BUCHOBKU

MpoBeneHWi aHani3 BUABMB KAtOYOBI GakTopy, Lo GOPMYOTb Cy4aCHWUI CTaH MAaTEMATUYHOI OCBITM B YKPAiHi, @ TaKOX
HaMITMB WnsAxu ii TpaHchopMau,ii y BianoBiaAHOCTI A0 BUKAMKIB XXI cToNiTTA. OTpMMaHi pe3ynbTaTu cBiAYaTh, L0, NONPU 3HAYHU
noTeHLUjan, cuMcTemMa MaTeMaTUYHOI OCBITU MOTPeOYE CUCTEMHUX 3MiH ANA NOJONAHHA CTPYKTYPHUX cnabKocTeil Ta 3arpos,
nos’aA3aHMx i3 BiIHOIO Ta iHWMMKM HeraTUBHUMM dakTopamu. YKpaiHa mae MiyHy 6a3oBy mMatemaTuyHy NiAroTOBKY, LWO
niATBEPAKYETLCA TPAANLIMHO BUCOKMM PIiBHEM Y4aCTi Ta AOCATHEHb YYHIB HA MiXKHapOoAHMX onimniagax. OAHaK LA nepesara He
KOHBEPTYETbCA Y BUCOKI pe3ynbTaTu B MACLUTabHUX MidKHAPOOAHUX AOCAIAMKEHHAX, Takux AK PISA. [lna BMNpaBAeHHA LbOro
auncbanaHcy HeobxigHo iHTErpyBaT MiXKHaPOAHI CTaHAAPTW OLHIOBAHHA Y HAaBYa/IbHi MPOrpPamM 3 MaTeMaTMKKM, 30Kpema Yepes
afanTauiio 3aBAaHb, WO NepeBipAloTb 3aCTOCYBAaHHA 3HaHb Yy peanbHUX CUTYaLiAX. TaKOX BapTo PO3BMBATU CNeL,iani3oBaHi OCBITHI
TPAEKTOPIi B¥Ke Ha piBHI cepegHbOi WKOW, MOCU/IOYN 3B'A30K MiXK MaTeMaTUKOl Ta npuknagHumu STEM-aucumnniHamm,
HanNpWKAag, Yepes NPOEKTHE HAaBYaHHA. BiliHa 3aBaana ygapy no iHPpPacTPyKTypi, ane TakoXk Nokasana 34aTHICTb CUCTEMU 40
ajanTauii, Hanpuknag, Yepes nepexig Ha OHNAMH-HaBYaHHA. A 3anobiraHHA BTPaTi NOACBKOrO Kanitaay KPUTUYHO CTBOPUTH
AHTUKPM30BI OCBITHI Xabn B 6e3neyHnx perioHax ana Aitei 3 NPUPPOHTOBUX TEPUTOPIN, 3 aKLLEHTOM Ha MaTeMaTUKy Ta MOBHI
HaBUYKW. TaKOXK BaXK/IMBO 3a/1ly4UTU MiXKHAPOAHI opraHizauii 4o diHaHCYyBaHHA NPoOrpam NCUXOOrIYHOT NiATPUMKM BUNTENIB, AKI
npauoloTb B yMOBax cTpecy. MaTemaTnyHa ocBiTa B YKpaiHi Mae noTeHLian CcTaTu gpaiBepomM iHHOBALLN, ane nuwe 33 yMOBMU
KOMM/IEKCHOTO Migxo4y, WO MOEAHYE WBUAKI pedopmu, AOBrOCTPOKOBI iHBecCTUUii y neparoriyHi Kagpu Ta uudposy
iHGpacTPyKTYpy. J/Inle Tak cucTeMa 3MOXe He NnLle BiAHOBUTUCA, ane M CTaTu MOAENo ANA iHWKX KPaiH, AKi CTUKaloTbeA 3
NoAibHUMU BUKANKAMMU.
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ABSTRACT

@PopmyniosaHHA npobaemu. Y cy4yacHili ekoHomiyi STEM-
Hasu4ku (Science, Technology, Engineering, Mathematics)
cmarome 8axUBUMU 047 aHAI3y OaHUX, MOOEMNOBAHHA PUHKI8
ma npuliHAmms piweHs. AHani3 nonumy Ha STEM-Hasuyku cmae
He Mpocmo aKmMyanbHUM, a KpUMUYHO 8aXAUBUM 018 PO3YMIHHA
malibymuix meHOeHyili y ceepi 3aliHAmocmi, oceimu ma
eKOHOMi4YHO020 po3sumKy. Lle nos’asaHo 3 mum, wjo yugposisayis
oxonua eci cghepu cycninbHo20 yumms — 8id GhiHaHcosuX nocnya
do supobHuymea, 8i0 deprasHo20 ynpassniHHA 00 coyianbHUX
KOMyHiKayili. Tomy akmyasneHUM cmae aHasniz mpeHoig nonumy
Ha STEM-Hasu4Ku 8 eKoHOMi4Hili easnys3i.

Mamepianu i memodu. [ocnidxweHHA rpyHMyemosca Ha
3MiwaHili memodosoeii (AKICHI i KinbKiCHI OaHi) 3 BUKOPUCMAHHAM
8i0Kpumux ma npogeciliHux Oxcepen: KOHMeHM-AHANI3
8aKaHcill, nopieHAanbHUli aHani3 074 3icmaeneHHA eumoz 00
KaHOuOamis, aHani3 dianasoHie 3apnaam i 2any3esux mpeHois,
aHaniz amicmy oceimHix npoepam nid2zomosku ekoHomicmie. Mu
suUKopUCMAnu nepeuHHi (emnipuyHi) i BmopuHHi Oxcepena OaHux.

Pesynemamu. Mu e6cmaHosunu, uwo binbwe Moa08uUHU
saKaHcili 0na ekoHomicmie y EC ma CLUA sumazatoms xo4a 6
6a308UX HOBUYOK Mpo2pamysaHHA abo euxkopucmaHHA Al-
iHcmpymeHmis. Y KpaiHax Eeponu ma CLLIA akyeHmyemesca ygaza
Ha Al, Machine Learning, FinTech, 8 KpaiHax A3ii (CiHzarnyp, [oHKOH2)
€ nonum Ha aHanimukie ma ¢axisuyie 3 6aok4eliHy. B YKpaiHi
8i06ysaemobca 3pocmaHHA nompeb y 0ama-aHanimukax 0
aepapHozo ma  IT-ekcnopmy, a mMaKox y  hiHaHco8UX
moOentosanbHuKax. [lopigHAaHHA nonumy Ha STEM-Hasu4ku 6
eKoHoMiIUi 3acgid4uso 2any3esi ocobausocmi 04 YKpaiHu i Esponu.

BucHosKku. KpaiHu, AKi iHeecmytomb y  STEM-ocgimy,
ompuUMyrOMb 3HAYHI epesaau y PoO38UMKY BUCOKOMEXHOO02IYHUX
eany3eli. YKpaiHa, AK | iHWIi KpaiHU 3 eKOHOMIKow, Wo
po38UBAEMbCSA, Mycumb adanmysamucsa 00 Yyux mpeHdis, ujob He
siocmasamu. YKpaiHceka cucmema oceimu mae 3abesnedysamu
sunepeodxcysasnbHy nid2omosKy axisyis-ekoHomicmis, a momy
nepcrnekmusHum 6a4umoca sus4yeHHs cmyoeHmamu Python + SQL
ma cmaxysaHHA 8 €sponelicbKux KOMMQHIAX, YNposaodHeHHA
mixcducyunaiHapHux Kypcie ma cnisnpays 3 IT-cekmopom.

Formulation of the problem. In today's economy, STEM skills
(Science, Technology, Engineering, Mathematics) are becoming
essential for data analysis, market modeling, and decision-
making. Analyzing the demand for STEM skills is becoming
relevant and critically important for understanding future
employment, education, and economic development trends. This
is because digitalization has covered all spheres of public life —
from financial services to production and public administration to
social communications. Therefore, analyzing trends in demand for
STEM skills in the economic sector becomes relevant.

Materials and methods. The study is based on a mixed
methodology (qualitative and quantitative data) using open and
professional sources: content analysis of vacancies, comparative
analysis to compare requirements for candidates, analysis of
salary ranges and industry trends, and analysis of the content of
educational programs for training economists. We used primary
(empirical) and secondary data sources.

Results. We found that more than half of the jobs for
economists in the EU and the US require at least basic
programming skills or Al tools. In Europe and the United States,
attention is focused on Al, Machine Learning, and FinTech; in Asian
countries (Singapore, Hong Kong), there is a demand for analysts
and blockchain specialists. In Ukraine, there is an increase in the
need for data analysts for agricultural and IT exports and financial
modelers. A comparison of the demand for STEM skills in the
economy showed the sectoral features of Ukraine and Europe.

Conclusions. Countries that invest in STEM education reap
significant benefits in developing high-tech industries. Like other
emerging economies, Ukraine must adapt to these trends to keep
up. The Ukrainian education system should provide advanced
training for economists. Therefore, studying Python + SQL by
students and internships in European companies, introducing
interdisciplinary courses, and cooperating with the IT sector are
considered promising.

K/IDY0BI CJ/IOBA: STEM-Hasu4ku; STEM,; STEM-ocsima;
mpeHd nonumy; eKoHomiYHa 2any3e; malibymHil ekoHomicm;
6aKanasp 3 eKOHOMIKU,; oceima.

KEYWORDS: STEM skills; STEM; STEM education; demand
trend; economic industry; future economist; bachelor's in
economics; education.

ANA UMTYBAHHA: Zhang W. Research of Trends in Demand for
STEM Skills in the Economic Sector. ®i3uko-mamemamuyHa
oceima, 2025. Tom 40. Neo 3. C. 51-55.
https://doi.org/10.31110/fm02025.v40i3-08.

FOR CITATION: Zhang, W. (2025). Research of Trends in Demand
for STEM Skills in the Economic Sector. Physical and Mathematical
Education, 40(3), 51-55.
https://doi.org/10.31110/fm02025.v40i3-08.

INTRODUCTION

Problem statement. The modern digital economy is going through profound transformations that radically change the
labor market and the requirements for professional competencies. In this context, analyzing the demand for STEM skills (Science,
Technology, Engineering, Mathematics) becomes relevant and critically important for understanding future trends in
employment, education, and economic development. This is because digitalization has covered all spheres of public life — from
financial services to production, from public administration to social communications (Omelyanenko et al., 2020).
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In today's economy, STEM skills (Science, Technology, Engineering, Mathematics) are becoming important for data
analysis, market modeling, and decision-making (Semenikhina et al., 2022). These include industry skills (Semenikhina et al., 2022;
Yurchenko et al., 2023; etc.): (1) mathematics and statistics (econometrics, where regression analysis hypothesis testing are
necessary; probability theory, where risk assessment, insurance, financial models are important; optimization methods, where
linear programming for logistics is essential); (2) programming and data analysis (e.g., Python/R (pandas, NumPy, stats models)
and SQL for working with financial databases and Machine Learning (customer clustering, credit scoring); (3) Data Science
and Al (data visualization (Power BI, Tableau), natural language processing (NLP) for news and social media analysis, neural
networks for predicting exchange rates); (4) financial modeling and engineering (blockchain (smart contracts, DeFi), quantum
computing for portfolio optimization, simulation); (5) big data (Hadoop/Spark for transaction processing, Google Cloud/AWS in
the cloud economy, GIS systems for analyzing real estate markets).

According to the analysis of vacancies by J.P. Morgan, Bloomberg, and Ukrainian FinTech companies, these skills are
essential given the competitiveness of the specialist (economists with knowledge of Python/SQL receive 30-50% higher salaries),
the flexibility of the specialist (STEM skills allow you to work in IT, finance, consulting) and innovation (today it is impossible to
develop modern financial products without knowledge of machine learning and blockchain) (World Economic Forum Annual
Meeting 2024, Korinek, A. (2024]. STEM skills, which were previously considered specialized and necessary only for technical
specialists, are now becoming mandatory for economists, managers, and marketers, which leads to an analysis of the demand
for specialists with STEM skills.

Analysis of current research. One of the key reasons for the relevance of such an analysis is the rapid development of
artificial intelligence, big data, and automation technologies (Artificial intelligence and labour market matching). For example, in
the financial sector, more than 60% of processes related to lending or investments are already based on machine learning
algorithms. Banks, insurance companies, and fintech startups are looking for specialists who can analyze data and create Al
models to predict risks or optimize business processes. Without knowledge in programming (Python, R), working with databases
(SQL), or statistical analysis, economists will not be able to compete in the modern labor market (Karaboga et al., 2020).

The digital economy is giving rise to new industries and professions where STEM skills are fundamental (ldris, R., &
Bacotang, 2023). For example, blockchain and decentralized finance (DeFi) require understanding economic principles and
technical knowledge of smart contracts, asset tokenization, or cryptography, which affect economic processes. Therefore,
analyzing the demand for STEM competencies allows you to understand which skills will be most in demand in the next
5-10 years and how to train specialists to meet these challenges.

The socio-economic consequences of ignoring STEM trends are also significant. Without the appropriate skills,
university graduates face difficulties finding a job, and companies face a shortage of qualified personnel. For example, the
McKinsey study (The State of Al: Global survey) showed that by 2030, up to 30% of professions in the financial sector will
disappear or change radically due to automation. This means that economists who do not have technical skills run the risk of
being left out of the market.

Analysis of the demand for STEM skills has a direct impact on the formation of public policy (Idris & Bacotang, 2023).
Many governments are already launching programs to support digital education (for example, the Estonian Digital Nation in
Estonia or Al Singapore). Ukraine also needs similar initiatives to ensure the competitiveness of its specialists.

Therefore, the study of STEM trends in the digital economy is not just an academic task but a strategically important
tool for adapting education, business, and public administration to future challenges. It allows you to identify priority areas of
development, prevent structural unemployment, and ensure sustainable economic growth in the context of the technological
revolution. At the same time, the social network LinkedIn is one of the best sources for analyzing the demand for professional
skills because it contains millions of vacancies from employers from all over the world, allows you to track the dynamics of
requests for specific competencies, and allows you to compare regional and sectoral features.

Therefore, the purpose of the study is to analyze the trends in demand for STEM skills in the economy.

METHODS OF THE RESEARCH

The study uses open and professional sources and is based on a mixed methodology (qualitative and quantitative data).

We conducted a content analysis of vacancies: 500+ vacancies on LinkedIn (filters: "Economist," "Financial Analyst,"
and "Data Scientist" for Ukraine and Europe) by highlighting keywords (Python, SQL, Machine Learning) and their frequency in
job descriptions.

We used benchmarking to compare candidate requirements, salary ranges, and industry trends.

We analyzed specific training programs for specialists from KPI (Faculty of Economics and Management, specialty
"Economic Cybernetics") and the Swiss Higher Technical School (ETH Zurich, Switzerland, Bachelor in Economics + STEM).

We used primary (empirical) and secondary data sources: primary data was taken from LinkedIn Jobs (vacancies for
2023-2024 for Ukraine, Germany, Poland, Sweden, LinkedIn Corporation), as well as from DOU.ua resources for analyzing the
labor market of Ukrainian IT and financial companies, and Eurostat (Comprehensive database—Digital economy and society—
Eurostat) with employment data in the EU digital sector. Secondary sources are the reports "The Future of Work in 2023" (Nagri,
2023), the study "Skills for the Digital Economy" (Torkington, 2024), and NBU reporting (2023) (Financial sector statistics).

RESULTS OF RESEARCH

According to LinkedIn (2024), the analysis showed that such requirements increasingly appear in vacancies for
economists, financiers, analysts, and managers (Table 1).

The trend shows that in 2024-2025, more than 60% of vacancies for EU and United States economists require at least
basic programming skills (Python, SQL) or Al tools.
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Table 1. The most in-demand STEM skills in economic professions

Skill Example of vacancies Argumentation
Data Science / Al Economic Analyst, Financial Data Scientist Automation of reporting, forecasting of markets
Python /R Quantitative Analyst (Quant), Econometrician | Data analysis, economic modeling
SQL & Databases Business Analyst, Bl Economist Working with Big Data
Machine Learning Financial analyst (Al solution Credit scoring, algorithmic trading
Excel (Power Query, VBA | Financial Manager, Auditor A powerful tool for quick calculations
Blockchain / DeFi Expert in Crypto Economics Development of digital assets and tokenization
Econometrics Researcher-economist Hypothesis testing, scientific publications

Source: Own work.

The analysis of regional features showed that in Europe and the United States, attention is focused on Al, Machine
Learning, and FinTech (vacancies in banks, consulting, and hedge funds); in Asian countries (Singapore, Hong Kong), there is a
demand for analysts (Quant) and blockchain specialists. In Ukraine, there is an increase in the need for data analysts for
agricultural and IT exports and financial modelers.

The analysis also shows that soft skills are in demand because, along with technical skills, employers consider critical
thinking (important for the correct interpretation of data), communication skills (needed to explain complex models to non-
technical specialists), and project management skills. This means that STEM education for future economists becomes mandatory
— without Python, SQL, and the basics of Al, graduates lose out in the labor market. At the same time, the idea of
interdisciplinarity, which is inherent in STEM education, is essential since future economists must be able to work at the
intersection of finance, programming, and statistics. Another aspect of STEM education, namely its practice orientation and high-
quality economic training, determines the need for internships for future economists in IT companies or fintech institutions.

We additionally compared the demand for STEM skills in the economy of the Ukrainian and European labor markets.
The analysis was based on the study of LinkedIn vacancies, DOU.ua data, and international reports (Table 2).

Table 2. Comparison of the demand for STEM skills in the economy: Ukraine and Europe (2024)

Criterion Ukraine Europe (EU, Switzerland, UK)
The level of digitalization of | Medium (active development of IT, but | High (e-government, FinTech leaders: Germany,
the economy traditional business still dominates) Sweden, Estonia)
Proportion of jobs with 30-40% (mainly in IT, banks, and the 50-70% (even in niche industries like ESG analytics)
STEM requirements agricultural sector)
Most popular programming | Python, SQL, Excel/VBA Python, R, SQL + Java/Scala (for quantum finance)
languages

Source: Own work.

At the same time, we note the sectoral features for the following areas:

for Ukraine

— IT and outsourcing: vacancies for financial analysts in IT product companies (Grammarly, Ajax Systems), so Python
and Power Bl are needed;

— Banks: Al credit systems are developing (PrivatBank, Monobank), so there is a demand for Machine Learning;

— Agribusiness: analysis of sales markets through Big Data (N-iX, Epicenter);

for Europe:

— FinTech (Revolut, Wise, N26): Jobs for Data Scientists with expertise in NLP (Payment Processing);

— consulting (McKinsey, BCG): Software economists for scenario modeling (on Rust or MATLAB);

— government analytics: knowledge of Blockchain for digital currencies (e.g., digital euro).

We also analyzed the requirements for education (Table 3).

Table 3. Education Requirements

Country Typical requirements for candidates Salary expectations Comment
Bachelor of Science in Economics + Excel/SQL Economist: In Ukraine, a vacancy at Raiffeisen
courses in Data Science (e.g., from $800-$1500/month Bank may be limited to:
Ukraine Prometheus - Excel (in-depth)
Experience in Excel/SQL — often enough | Python Financial Analyst: -saL
to get you started $1500-$3000/month. - basic knowledge of statistics

In Germany, the vacancy "Financial
Data Analyst" at Deutsche Bank
requires:

- Python (pandas, NumPy)

- Knowledge of stochastic calculus
- Experience with Apache Spark.

Data Economist (entry-
level): €3000—
€5000/month.
Quant in a hedge fund:
€7000—€15,000/month.

Master's in Econometrics or
Quantitative Finance

Certifications (CFA, FRM) + portfolio on
GitHub

Europe

Source: Own work.
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According to the analysis, it can be stated for Ukraine:

- lagging in industry diversification: in Europe, STEM economists are needed even in medicine and energy (loT data
analysis), while in Ukraine, it is mainly IT/banks;

- Shortage of modern educational programs: European universities offer specializations such as "Al for Economics" (for
example, at Bocconi), which is still a rarity in Ukraine.

We conducted a comparative analysis of university programs in economics integrated with STEM offered by Kyiv
Polytechnic Institute (KPI, Ukraine) and Swiss Higher Technical School (ETH Zurich, Switzerland, Career outside Academia)

(Table 4).

Table 4. General characteristics of educational programs

Criterion

KPI (Faculty of Economics and Management,
specialty "Economic Cybernetics")

ETH Zurich (Bachelor in Economics + STEM)

University Level

TOP-5 in Ukraine (QS: 601-800 in the world)

TOP-10 in the world (QS #7, 2024)

Language of instruction

Ukrainian/partially English

English/German

Duration of study
(bachelor's)

4 years

3 years

Tuition fees (year)

$1,000-2,500 (for foreigners)

CHF 730 (~$800) for everyone

STEM components in
educational programs

Compulsory disciplines:

- Mathematical analysis.

- Basics of programming (Python/C++).

- Econometrics (using Excel, R).

- Databases (SQL).

- Internship in Ukrainian companies
(Monobank, SoftServe).

Disadvantages: Limited integration of Al/ML

into economics courses.

Compulsory disciplines:

- Machine Learning for Economists (Python,
TensorFlow).

- Computational Economics (algorithms for
market modeling).

- Blockchain and Cryptocurrencies.

- In-depth statistics (using Julia/Scala).

- Internship at Credit Suisse, UBS, Google
Zurich.

Benefits: Access to the Swiss Data Science Center

and interdisciplinary projects.

Availability of STEM
resources

1-2 Al/Data Science labs per faculty
Electives with IT faculty

Limited data for research (national statistical
reports)

10+ Al/Data Science labs (including your
supercomputer)

Mandatory interdisciplinary courses with IT
faculty
Access to European databases (Eurostat, OECD)

Post-graduation career
opportunities

60% of graduates work in Ukrainian
IT/financial companies.

Average salary after 3 years: $1,200—
$2,000/month.

40% in Swiss banks (UBS, Julius Bar) and 30% in
startups (Crypto Valley).

Average salary:

CHF 100,000+/year (~$110,000)

Source: Own work.

Comparative analysis shows that the following are in demand: integration of Al/ML into economic courses (ETH Zurich
uses Python not only for analytics but also for forecasting, for example, financial crises), practical internships with global
companies (Swiss students work with accurate FinTech data already in the 2nd year) and international research projects (ETH has
joint programs with MIT, Stanford, while KPI is focused on the local market).

CONCLUSIONS

Countries that invest in STEM education (for example, the USA, China, and Switzerland) are already receiving significant
advantages in developing high-tech industries. Like other emerging economies, Ukraine must adapt to these trends to keep up.
In particular, an analysis of vacancies on LinkedIn shows that more than 70% of employers in Europe are looking for economists
with experience in Data Science. In comparison, this figure is about 40-50% in Ukraine. This indicates that the Ukrainian education
system and labor market are not yet fully compliant with global requirements. Ukraine should conduct advanced training of
economists, and therefore, studying Python + SQL by students and internships in European companies (for example, through
Erasmus+) seems promising. Ukrainian universities should focus on introducing interdisciplinary courses (such as
"Economics + Computer Science"). Cooperation with the IT sector is becoming important: the creation of data analysis
laboratories, the introduction of online courses from ETH/MIT (for example, through Coursera), and the implementation of grants
for STEM research (for example, the Horizon Europe program).

LIMITATIONS OF THE STUDY

1. Partial subjectivity — the selection of LinkedIn vacancies may not consider local Ukrainian platforms (for example,
Robota.ua).

2. Market dynamics — data for 2024 may change due to the war in Ukraine and economic fluctuations in the EU.

3. Regional nuances — in Europe, demand differs even between countries (for example, France vs Estonia).
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ABSTRACT

dopmyntosaHHA npobaemu. CyyacHa pedopma 302aabHOI
cepedHboi ocsimu 8 YKpaiHi, npedcmasneHa KoHyenuieto «Hosa
YKPAIHCbKA WKOAA», OPIEHMYEMbCA HA adanmauilo Kpawjux
MIHHAPOOHUX MPAKMuK y cgepi Has4aHHA. QOOHUM i3
npiopumemie € OHOB/AEHHA 3MiCMy WKiNbHOI MamemamuyHoi
oceimu 8i0nogioHo 0o eukaukie XXI cmonimmsa. Y ysomy
KOHMeKCcmi aKmyasnbHUM € MOPIBHANbHUL GHANI3 0epxasHo20
cmaHdapmy 6a3080i cepedHbOIi ocsimu YKpaiHu ma cmaHdapmis
mamemamu4Hoi oceimu iHWUX KpaiH, Hanpuknad, CLUA i,
30Kkpema, wmamy Macadycemc, AKuli 3a6e3neyye 8UCOKY AKicMb
ocsimHix pesysnsmamis.

Mamepianu i memoodu. [ns docAaeHeHHA Mmemu 00CNiOHeHHA
BUKOPUCMAHO MemooOu  neddzo2i4Hoi  KOMNapamusicmuKu:
cucmemHuli i nopisHAneHUl  aHani3  Haykosux Oxceper,
HOpMamueHo-npagosux OOKYMeHmis, oceimHix cmaHoapmis
YKkpaiHu ma CLUA. [ocniOmeHHA Cnupaemeca HA aHAni3
ogiyitiHux O0okymeHmis: Common Core State Standards for
Mathematics (CCSSM), Massachusetts Curriculum Framework
(2017), [AepxcasHozo cmaHOapmy 6a3080i cepedHboi ocgimu
YKpainu (2020).

Pe3yabmamu. [lposedeHo enubokuli nMopisHAAbHUU aHAnI3
cmpykmypu, yinel, 3micmy, o04iKy8aHux pezyabmamis ma
iHcmpymeHmis OUIHI0BAHHA 8 YKpaiHCoKoMy ma
aMepUKaHCbKOMY 0ceimHix cmaHdapmax. [okasaHo, wo obudsa
cmaHOapmu  OpieHMosaHi Ha PO3BUMOK MAMEMAMUYHOI
KOMMemeHmMHOCMi  ma  KpUMUYHO20  MUC/AEHHA,  npome
peanizytomoecsa 4epe3 pi3Hi nioxoodu. 3okpema, 8 CLUA uyimko
BUOKpeMAEHO MemanpedMmemHi «MamemamuyHi NMPaKMUKU» AK
Katoyosuli  iHCMpymeHm  (hOPMY8AHHA ~ MAMEMaMmMuYyHO20
mucneHHs, modi AK 8 YKpaiHi yi enemeHmu iHmezposaHi 8 onuc
KomnemeHmuocmed. CmaHoapmu Macavycemca
deMOHCMpYyomes BUCOKUU piseHb CMpyKmyposaHocmi, aKyeHm

Formulation of the problem. The current reform of general
secondary education in Ukraine, represented by the New
Ukrainian School concept, is focused on adapting the best
international educational practices. One of its priorities is the
renewal of school mathematics education content to meet the
challenges of the 21st century. In this context, a comparative
analysis of the State Standard of Basic Secondary Education of
Ukraine and the mathematics education standards of other
countries, such as the USA, particularly Massachusetts, which
demonstrates high-quality educational outcomes, becomes
especially relevant.

Materials and methods. To achieve the research goal, methods
of educational comparative studies were used: systematic and
comparative analysis of academic literature, legal and regulatory
documents, and educational standards of Ukraine and the USA.
The study is based on the analysis of official documents, including
the Common Core State Standards for Mathematics (CCSSM), the
Massachusetts Curriculum Framework (2017), and the State
Standard of Basic Secondary Education of Ukraine (2020).

Results. A detailed comparative analysis was conducted
regarding the structure, objectives, content, expected learning
outcomes, and assessment tools within Ukrainian and American
educational standards. It was shown that both standards focus on
developing mathematical competence and critical thinking, yet
they are implemented through different approaches. In the USA,
cross-disciplinary "Standards of Mathematical Practice” are
clearly distinguished as a key instrument for developing
mathematical reasoning, whereas in Ukraine, these elements are
integrated into the general description of competences. The
Massachusetts standards demonstrate a high level of structural
clarity, a strong emphasis on real-world applications, teacher-
facing guidance to support classroom implementation,
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Ha mixducyunaiHapHicme (STEM) i npakmu4He 3acmocy8aHHsA and a clearer connection between content and practices, often
3HQOHb. with elaborated examples.

BucHoeKu. OmpumaHi pe3zynemamu 3aceiouyrome Conclusions. The obtained results confirm the feasibility of
doyinbHicms adanmayii enemeHmis amepuKaHcbKo20 doceidy 00 adapting elements of the American experience to the Ukrainian
YKPAIHCbKO20 KOHmMeKcmy, 30Kpema: 8MPOBAOHEHHSA context, particularly: the implementation of the Standards of
MamemMamuy4HUX MPAKMUK, MOCUAEHHA MIiHOUCYUNAIHapHOI Mathematical Practice, the enhancement of interdisciplinary
iHmeepayii ma possumky ¢opmysanbHO20 OYiHIOBAHHA. Lle integration, and the development of formative assessment. These
MOMe cmamu OcCHOB80l0 074 MpPaHcHopmayii  WKinbHOI directions can serve as a foundation for transforming school
mamemamuyHoi ocgimu 8 YKpaiHi y Hanpami nidsuuwjeHHs mathematics education in Ukraine toward improved functional
@yHKYioHaneHoOi e2pamomHocmi ma eidnogidHocmi cy4acHum literacy and alignment with modern educational challenges.
0C8IMHIM BUKAUKAM.

K/TKOYOBI C/IOBA: depxasHuli cmaHdapm, 6a308a cepedHs KEYWORDS: state standard; basic secondary education;
ocgima; 3micm ocgimu; mamemamu4Ha ocsima; YkpaiHa; CLUA. mathematics education; Ukraine; USA.
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BCTYN

NoctaHoBKa npobnemu. HuHi B YKpaiHi HauioHanbHa cucTema OCBITU 3HAaXOAUTLCA Ha eTani CTaHOB/IEHHA, TPUBAE
pedopma HoBoi yKpaiHCbKOI WKonu. Y BepecHi 2020 poky bye npuiHATUI [epKaBHUIA cTaHAAPT 6a30BOi cepegHbOi OCBITH
(MNoctaHoBa KabiHeTy MiHicTpiB YKpaiHu «[Mpo 3aTBepaxeHHs [epskaBHoro ctaHaapTy 6a3o0Boi cepeaHboi ocsiT», 2020) Ta Ha
Moro ocHoBi po3pobneHo MogaenbHi HaBYanbHi Nporpamu ans 5-9 knacis. IcHytoumiA cTaHAApPT NpodinbHOI cepesHbOl OCBITH
notpebye nepernsgy, LOONpPauUtoBaHHA W oHosieHHA. Y KoHuenuii peanisauii gepkaBHoi nonitnkn y cdepi pedopmysaHHsA
3arasibHOi cepeHboi 0CBITM «HOBa yKpaiHCbKa WKona» Ha nepiog Ao 2029 p. (10. PosnopagxkeHHa KabiHeTy MiHicTpiB YKpaiHu
«Mpo cxBaneHHa KoHuenuii», 2016) nepeabayeHo NpoBeAEHHA AOKOPIHHOI Ta CMCTEMHOI pedopmu 3aranbHOI cepegHboi 0CBiTH
3 ypaxyBaHHAM [0CBiAy NPOBiAHMX KpaiH CBiTy, AKi B ymoBax rnobanisauii cninbHO NpautoloTb Hag PO3B’A3aHHAM iCHYHOUMX
BMKAMKIB. Jligepamu y upomy npoueci € KpaiHn Eponelicbkoro Cotosy (EC), CLUA, Kutai, aki 4eMOHCTPYIOTb BaroMmuii nporpec y
NiABULLEHHI AKOCTi Ta edeKTUBHOCTI OCBITW, CMPUAHHI CNpaBea/MBOCTI Ta PiBHOMY AO0CTyny, iHTeHcudiKauii TBopyocCTi,
NiANPUEMANBOCTI Ta iHHOBaL,in. TOMy BUHMKAE HEOBXiAHICTb Y BUBYEHHI AOCBiAY TUX KpaiH, e CMcTeMa OCBITU 3HAaX04UTbCA Ha
BMCOKOMY PiBHi, @ OCBITHi CTaHZAPTN € ePEKTUBHUMM, LIEBUMM M HAYKOBO OOI'PYHTOBAHUMMU.

Takum npuknagom moxe cayrysatn gocsig CnonydeHux LLTaTtiB AMepuKM, AKMI MU PO3rNAHEMO Yy L cTaTTi,
3yNUHMBLUMCD Ha 3'ACYBaHHI NPOLECIB CTAHOBAEHHSA CTaHAAPTIB MaTeMATUYHOT OCBITH 3 NOAANBLIOK MOMKIUBICTIO BUKOPUCTAHHA
LLbOro A0CBiAY NPY OHOB/EHHI YKPAIHCbKUX AepyKaBHMX OCBITHIX CTAaHAAPTIB WKiAbHOT MaTeMaTUYHOI OCBITH.

AHani3 akTyanbHUX AocnigKeHb. [lepKaBHi CTaHOAPTU 3arasbHOI cepeaHboi OcBiTH i B YKpaiHi, i B CLLUA — ue Bumoru
00 060B’A3KOBMX pPe3ynbTaTiB HaBYaHHA Ta KOMMETEHTHOCTeW 3406yBava 3arafnbHOI cepeaHboi OCBiTM BigNoOBIAHOINO PiBHA.
[OKYMEHTWN BM3HAYalOTb 3ara/ibHMit 0BCAT HABYANbHOIO HaBaHTAXKEHHA Ta GOPMU LeprKaBHOI aTecTauii 3406yBayiB OCBITM Ha
BiANOBigHOMY piBHi 3arasbHOI cepeAHbOI OCBITU, XapPaKTEPUCTUKM 3MICTY HAaBYAHHSA, NPUHLMNKW OpraHi3auii ocBiTHbOro npoLecy,
CUCTEMY YMPaBAiHHA 3MICTOM OCBITM, 3MICTOBI JiHii Ta OYiKyBaHI pe3yabTaTh HaBYaHHA 33 OCBITHIMMW Frany3samu.

BeKTop CnpAMOBaHOCTI AepPKaBHOMO CTaHAAPTY OCBITW B YKpaiHi A0 MiXKHapogHUX CTaHAAPTIB BifoOpaXkeHi y HU3L
HOPMAaTMBHO-NPABOBMUX aKTiB, 30Kpema: 3aKoHi YkpaiHu «Mpo ocsity» Big 01.09.2017 p. Ne 2145-VIIl (3akoH YKpaiHu «[po
oceiTy», 2017); Po3snopsagxeHHi KMY «Mpo cxBaneHHa KoHuenuii peanisauii gepkasHoi nonitukn y cdepi pedopmyBaHHA
3aranbHOI cepeHboi 0CBiTM «HOBa yKpaiHCbKa WKona» Ha nepiog Ao 2029 poky» Big 14.12.2016 p. (Po3nopagxkeHHa KabiHeTy
MiHicTpis YkpaiHm «po cxsaneHHa KoHuenuii», 2016) Ta iH. [epaBHui cTaHaapT 6a30B0i cepeAHboi OCBiTM B YKpaiHi
3aTBEepAKEeHU nocTaHoBo KabiHeTy miHicTpis YKpaiHu Big 30.09.2020 Ne 898 (MoctaHoBa KabiHeTy MiHicTpis YkpaiHu «lpo
3aTBepAKeHHs [epKaBHoro ctaHaapTy 6a3oBoi cepeaHboi ocsiTw», 2020).

MeTol MaTemMaTMYHOI OCBITHbOI ranysi B YKpaiHi € pO3BUTOK 0COBUCTOCTI yyHA yepe3 popmyBaHHA MaTEMaTUYHOI
KOMMETEHTHOCTi Yy B3aEMO3B’A3KY 3 iHWWMK KAKOYOBMMW KOMMNETEHTHOCTAMM, HEOBXiAHMMKM ANA YCNiWHOI OCBITHLOI Ta
noaanbloi NpodeciHol AiANbHOCTI BNPOAOBXK KUTTA, WO nepeabayae: 3aCBOEHHA CUCTEMM 3HaHb, YAOCKOHANEHHA BMiHHSA
po3B’A3yBaTM MaTeMaTW4Hi Ta NPaKTUYHI 3afadi; PO3BMTOK JIOMYHOrO MMUCNEHHA Ta MNCUXIYHUX BIACTUBOCTEW OCOBMCTOCTI;
PO3YMiHHA MOX/IMBOCTEM 3aCTOCYBAHHA MATEMaTUKM B OCOBMCTOMY Ta CycninbHOMY XWUTTi. Y gopatkax 7 Ta 8 [ep)aBHoro
CTaHpapTy 6a30B0Oi cepeaHbOi OCBITU ANA MAaTEMATUYHOI OCBITHLOI ranysi BU3HAYEHO memy, 2pynu 3a2asabHUX pe3ysabmamis,
KomnemeHmHicHuli nomeHyiana (YyMiHHA Ta CTaBAeHHA) Ta 6a308i 3HAHHA, 0608°A3K08I pe3ynbmamu HA84YAaHHA Y4HIB (3arasbHi,
KOHKPETHI, OPiEHTUPM AN OLiHIoBaHHA) (puc. 1).

060B’A3KOBI Pe3y/IbTAaTU HABYAHHA YYHIB 3 MaTEMaTUYHOI OCBITHbOI ranysi

— JOCANIAKeHH NPOBAEMHMX CUTyauil Ta BUMOKPeM/eHHA npobiem, AKi MOMKHa pPO3B’A3yBaTWM i3 3acCTOCYBaHHAM
MaTEMATUYHUX METOL,B;

— MOAEeNt0BAHHA MPOLECIB i CUTYyaUin, po3pobaeHHs cTpaTerii, NaaHiB Ail s po3s’asaHHA npobiem;

— KpWTUYHE OLLIHIOBAHHA NpOoLEecy Ta pe3yabTaTy po3B'a3aHHA npobaem;

— PO3BMTOK MAaTEMaTMYHOrO MUC/EHHSA ANA Mi3HAHHA | NepeTBOPEHHA AINCHOCTI, BONOAIHHA MaTeMaTUYHO MOBOIO.

Puc. 1. 0608’A3K0BI pe3ynbTaT HaBYAHHA YYHIB 3 MaTeMaTUYHOI OCBITHbOI ranysi
Lxcepeno: asmopcbKa po3pobKa.
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Y noni negaroriyHOi KOMNAPATUBICTUKM BUBYEHHIO PiSHUX acneKTiB cuctem ocsiTh YKpaiHu Ta CLUA npucsaveHi npaui Ak
BITUM3HAHUX, TaK | 3aKOPAOHHUX HayKosLiB. Cepen HUX 0co06MBO BUAiNAOTLCA poboTu |. Bynnax, /1. TpuHesud, O. JIOKWMHOI,
T. NlykiHoi, O. NlaweHko, H. Bi6ik, /1. BaweHko, O.Osuapyk, /1. NapaweHko, O.MometyH, O. CasuyeHko, C.Tpybauyesi, fAKi
[OCNIAXKYBaZIM MOHITOPUHT PiBHIB PO3BUTKY KOMMNETEHTHOCTEW, CBiTOBi AOCATHEHHSA Ta YKPAIHCbKi MEPCNEKTUBU PO3BUTKY
CUCTEMM OCBITU IK NpeaMeT BUBYEHHSA B AepKaBHOMY ynpasiHHi (KomneTeHTHICHUI niaxig, y cydacHin ocsiti, 2004).

MpoTe, HaABHI AOCNIAXKEHHA 30CepeaKeHi Hacamnepes, Ha 3ara/bHUX acneKTax YKPaiHCbKOI OCBITU i HE NMPOMNOHYIOTb
NPAMMX NOPIBHAHb MATEMATUYHOI OCBITHbLOI ranysi Ykpaitu Ta CLUA, wo i akTyanisye HeobxigHicTb NOPIBHAHHA AepKaBHUX
CTaHAAPTIB WKiNbHOI MaTeMATUYHOI OCBiTK YKpaiHu Ta CLLA.

MerTa cTaTTi — 34iiCHUTU NOPIBHANbHUIA aHaNi3 AepXKaBHUX CTaHAAPTIB 6a30BOi cepeAHbOi 0CBiITU YKpaiHu Ta CLUA B
ranysi «MatemaTuKa» AK opieHTMpa TpaHcHOpPMaLLil WKiINbHOI MaTEMATUYHOT OCBITU B YKpaiHi.

METOAM AOC/IAMEHHA

OnAa pocArHeHHA MeTu Oyau BUKOPWUCTAHI MeTOAM TEOPEeTUYHOro PiBHA HAYKOBOrO Mi3HAHHA: CUCTEMHUI Ta
NOPIBHANbHUI aHanNi3 HAayKOBO-METOAMYHOI NiTepaTypu Ta HOPMATUBHUX AOKYMEHTIB, MOPIBHAHHA Ta CUHTE3 TEOPETUYHUX
NnonoXKeHb, popmasisalia HayKOBUX AXKepes, Onuc, 3icTaBNeHHA. [OoCNiAKeHHs CNMPAETbCA HA aHani3 odiliMHUX AOKYMEHTIB:
Common Core State Standards for Mathematics (CCSSM), Massachusetts Curriculum Framework (2017), [lepskaBHoro ctaHaapTy
6a30B0i cepeaHbOT 0CBiTM YKpaiHu (2020).

PE3YNbTATU AOCNIAKEHHA

IcTopuyHo pedopmm y CLUA cnpAmMoBaHO Ha [OCATHEHHA AOCKOHANOCTI B OCBIiTi 3 aKLEHTOM Ha CTaHAApPTU30BaHe
TeCTYBaHHA, NiABULLEHHA AKOCTI POHOTU BUMTENIB, aAMIHICTPATOPIB, YAO0CKOHANEHHA 3MICTY OCBITU Ta OCBITHBOrO CEPEAOBULLA.
YuHHUIA depepanbHUit 3akoH «KOXKeH ydyeHb € yChillHMM», 3aTBepPAMKeHUl 3a npesugeHctea b. Obamu y 2015 p., 36epirae
npiopuTeT AOCKOHANOCTI B OCBiTi, a MemopaHaym Mpe3ugenTta . Tpamna WoAo cnpoueHHs aoctyny ao STEM ocsitn (2017)
CKEPOBYE aMePUKAHCbKY OCBITYy B iHHOBALIMHOMY HanpAmKy (3abe3sneuyeHHA AKOCTI 3arasbHOI cepeaHboi OCBITM y NPOBIAHUX
KpaiHax €sponu Ta CLUA, 2014). 3a nnaHamu Mpe3uaeHTa K. bangeHa yAOCKOHaNeHHA HauioHanbHOI ocBiTM nepeabayano
NOCUNEHHA acneKTy PiBHOCTI.

3 2010 poKy BEKTOP PyXy OCBITHiX 3miH (B ranysi STEM) y CLLIA Bu3HauatoTb ABi dyHAAMEHTaNbHI JOKTPUHU — EQUHUIA
KOMMJEKC MaTeMaTUYHUX OCBITHIX cTaHgapTtie CCSSM (Common Core State Standards for Mathematics) Ta HogiTHi HaykoBi
ctaHgap™ NGSS (Next Generation Science Standards). Lli AOKyMEHTM MaloTb Ha MeTi KapAWHANbHO 3MIHMTM niaxig Ao
BMKNAZaHHA NpegMeTiB Ta NoTpebyloTb rMMOOKOro MepeocMMCNEHHsA BCbOrO — Bif, OLHIOBAHHA 3HAaHb A0 B3AaEMOAIT MiX
BYMUTENEM Ta YYHEM. OBMABa 3aTBEPAKEHI LOKYMEHTU HE TiIbKM 3MiHIOIOTb CTPYKTYPY 6a30BMX 3HaHb (to know), ane i1 mictaTb
OHOBJ/IEHMIN NepeniK yMmiHb y4HiB (to be able to do), ski3akiHuMAM cTapluy wKoay. 3okpema, HoBiTHI HaykoBi cTaHaapTn NGSS €
CMCTEMOIO CTaHAAPTIB ANA NPUPOAHUYMX HAYK, AKA 3MIHIOE Niaxig 40 HaB4YaHHA ¢i3nKK, ximii, bionorii, ekonorii, reoHayk Ta
iHXeHepii B WKoi. NGSS opieHTOBaHi Ha KOMMNETEHTHICHUI, JOCNIAHULBKUIA | MiXKAMCUMNNIHAPHMIA NigXia, aHanoriyHuiA 4o Toro,
AKUIA peanisyeTbca B YKPaiHCbKiN pedopmi «HoBa yKpaiHcbKa WwKona» (HYLW).

KNto4oBMMM KOMMOHEHTaMM CUCTEMM HaUioHaNbHUX cTaHZapTiB CCSSM e Standards for Mathematical Practice, ski
BiZlirpatoTb PO/b OCHOBM, W0 BU3HAYa€E Nigxoam Ao GopmMyBaHHA MaTeMaTUYHOI KOMNeTeHTHOCTI y4HiB. Mathematical Practice B
AMEPUKAHCbKOMY CTaHAapTi — Le CMCTeMaTU30BaHWUi Habip BOCbMU KOTHITUBHO-AiANbHICHMX CTpaTerii, AKi y4Hi po3BMBAOTH
NPOTATOM HABYaHHA Bif, AOLWKINbHOI OCBITU A0 CTapLWoi WKoAWU. BoHM opieHTOBaHi Ha dopmyBaHHA 3arasbHOro niaxoay Ao
MaTeMaTUKK AK cnocoby mucneHHs. Mathematical Practice He € cnMckom 3mMicTOBMX OAWMHMLb, BOHM BigobparkatoTb mumnosi
crnocobu MamemamuyHO20 MUCAEHHS, OidAbHOCMi Ma Mi3HAHHA, XapaKTepHi Ana npodeciiHoi MaTeMaTMYHOI CMiJIbHOTU
(National Council of Teachers of Mathematics).

[o Standards for Mathematical Practice BigHOCATb, nepeaycim, HacTynHi cnocobu maTemaTUYHOT AianAbHOCTI (puc. 2).

HaBegeHi cTaHpapTM maTemaTUUHOI AisNbHOCTI MOK/AMKaHi chopmyBaTW B YYHIB MeTanpeaMeTHi YMiHHA, 34aTHICTb
po3B’A3yBaTU AK TUMOBI, TaK i CKNagHi npobnemu, 6yayBaTM O6rPYHTOBaHI MaTeMaTUUHI CYAMKEHHA, a TakoX obrosoptoBaTh
matemaTtunyHi iaei (Common Core State Standards for Mathematics).

JocnigxeHHsa npouecis, Wwo BigbysBatoTbeca B ocBiTi CLUA B ymoBax nocuneHHa B3aemogii degepanbHoro ypagy Ta
WTaTiB, CTAHOBUTb LIHHICTb Ansa YKpaiHW, AKa oKkpecauna nepes, cobok 3aBAaHHA po3bynosBu edeKTUBHOCTI cucTemu
3abe3neyeHHA AKOCTI Ta MiA3BITHOCTI B OCBITi B yMOBaX AeLUeHTpanisauii Bnaau i ocBiTU. 3acagHUuMmmM NPUHLMNAMU, Ha AKUX
6a3y0TbCs aMePUKAHCbKI OCBITHI CTaHAAPTX € HAaCTYNMHUMM: BCi 4iTM 34aTHi HABYATUCA HA BUCOKOMY PiBHI YCMiLLHOCTI; BUCYBatoum
6iNblU BUCOKI BUMOTM, MOXK/IMBO LOCAITU KPALLMX Pe3yibTaTiB; BUCOKi BAMOIM NOBWUHHI CTaBUTMCA A0 BCiX y4HiB (Common Core
State Standards for Mathematics, 2010).

Peanisauia OCBIiTHiIX CTaHOAPTIB aMepUMKaHCbKOI CepefHboi LWKOAW 3A4INCHIOETBLCA B YMOBax AeueHTpanisauii i
AeMOKpaTU3aLLii cuctemm ocBiTH. [lenapTaMeHT OCBITU KOXKHOTO LTaTy NOBMHEH 3aMpOBaXKyBaTU TPU HaWBaK/IMBILLI enemMeHTu:
aKaZeMiyHi CTaHAAPTM 3MICTY; akaAeMivHi CTaHAAPTN AOCATHEHb YCNIWHOCTI; CTaHAAPTU30BaHe OLiHIOBaHHA. Big, WKin KOXHOro
LTATy BUMAraeTbcs, abu BCi y4Hi focArany BCTaHOBAEHUX CTaHA4APTIB. TOMy 414 BU3HAYEHHA BiANOBIAHOCTI UM HeBiANOBIAHOCTI
3HaHb YYHiB BCTaHOB/NEHWM cTaHAapTam yci nybniuHi 3aknagn 3aranbHOi OCBITM MyCATb NPOBOAUTU LLOPIYHI €K3amMeHMU
33 no 8 knac (TeHAaeHUii pO3BUTKY LWKINbHOT OCBITK B KpaiHax EC, CLUA Ta Kutai, 2021).

MacauyceTc, K OguH i3 npoBigHux wraTiB CLUA, AeMOHCTPYEe 3HAYHWIM AKUEHT Ha SKIiCHIA OCBITI B UiOMY i Ha
MaTeMaTUyHil 3okpema. LLKinbHa cuctema LWITaTy OPIEHTYETLCA Ha BUCOKI aKafeMiyHi CTaHAapTM Ta NparHeHHA A0 MOCTIMHOro
BAOCKOHANEHHA pe3ynbTaTiB HaBYaHHA y4HiB. [TOPIBHAHHA CTaHAAPTIB MaTemaTU4HOI OCBiTM MacayyceTca 3 iHWKMMMK WTaTamm
CLUA noKasye, Lo BOHM Bif3HaYaloTbCA AOCUTb BUCOKMM piBHEM BUMOT. CUcTema ocBiTM MacavyceTca NOCTiMHO aAanTyeTbCA A0
3MiH Yy CBITi, BPaxoBylOUM HOBi TEXHO/OTii Ta BMMOrM PUHKY npaui. Tomy Hagani My 30cepeammocAa came Ha CTaHZapTax
MAaTEMATUYHOI OCBITM LUTATY, MPOAHaNi3yeEMO iX ICTOPItO, CTPYKTYpPY, KNHOUOBI aCNeKTU Ta ePpeKTUBHICTb.
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L Attend to precision ) oBuUMCIeHb
J
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BUKOPWCTaHHA IHCTPYMEHTIE 418 YMiHHA 06WpaTK Ta paLlioHasbHO 3aCTOCOBYBATU HAABHI
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Puc. 2. Standards for Mathematical Practice
Lepeno: Common Core State Standards for Mathematics, 2010

IcTopia pO3BUTKY CTaHAAPTIB MaTemaTU4HOi OCBiTM B MacauvyceTci NOKa3ye eBO/IOLII0 NiAX0AiB A0 HaBYaHHA
matemaTukm B CLLA 3aranom. Mepuwi pamkosi nporpamu B 90-x poKkax XX CTONITTA XO4 i anu CTapT PO3BUTKY MAaTeMaATUYHOI OCBITH,
OofHaK 3anuwanu 6arato NUTaHb BIAKPUTUMM Yepes CBOIO PparMeHTapHICTb i He YiTKO MponucaHi BUMOru. BiacyTHiCTb eanHMX
CTaHAAPTIB YCKNaAHIOBaNa OLHKY YCMIWHOCTI Ta NOPIBHAHHA Pe3y/bTaTiB YYHIB CTapLUMX LKA y Pi3HWUX paloHax LwTaTy.
Y 2000 poui Massachusetts Framework f038011B BUPILLMTK BaraTo 3 uux npobnem B mexax wraty. Massachusetts Curriculum
Framework for Mathematics 2000 poKy cTaB oAHi€to 3 0cHoB Ana po3pobku CCSSM. Ti BnposagxeHHa y 6inbwocTi wratis CLUA y
2011 poui £03BOANNO JOCATTU CTAHAAPTM3AL,T HA HALIOHANIbHOMY PiBHi.

MpUIAHATTA 3aranbHoAepKaBHMX cTaHaapTiB CCSS y 2010 poui cTano 3Ha4YHOI NiIATPUMKOK ANA MaTeMATUYHOI OCBITH
B8 MacauyceTci Ta iHWwKx wratax. CCSS, po3pobaeHnin Ha ifesax NigBULLEHHA AKOCTI MaTemaTuyHol ocsiTi B CLUIA, 3anponoHyBas
BiNbLU YITKY CTPYKTYPY CTAaHAAPTY, LLLO OXOM/HOBAB K/OYOBIi MaTEMATUYHI MOHATTA Ta HAaBMYKK. YNpoBaaskeHHa CCSS B Macauycertci
CynpoBOAXYBaNOCA 3MiHAMM B HaBYa/IbHUX MPOrpamax, MeToAMKax HaBYaHHA Ta CUCTeMax OLiHIOBaHHA. HacTynHi nepernagu Ta
OHOBJIEHHA CTaHAapTiB Y MacayyceTci byamn cnpAamoBaHi Ha BUpIiLIEHHA AeAKUX Npobnem, BUABNEHUX Mif, Yac BNPOBAAMKEHHA
CCSS. Hanpwuknaga, Massachusetts Curriculum Framework for Mathematics 2017 poky npuginana 6inblie ysaru matemaTuyHomy
MMUCNEHHIO, 3aCTOCYBaHHAM A0 PO3B’A3yBaHHA NPobiem peanbHoro CBiTy, METOAUYHUM PEKOMEHIALIAM ANA BUMTENIB LWOAO
6inbLU 3p0O3yMiNIOro 3B'A3KY MiXK 3MICTOM | METOAaMM HAaBYAHHA, YacTo 3 AeTaNbHUMU NPUKAATAMMU.

CyyacHi cTaHAapTM maTemaTnyHoi ocBiTM MacauyceTca (Massachusetts Curriculum Framework, 2017) cTpyKTypoBaHi 3a
pigHAaMuU Has4yaHHA (Grade Level), 3amicmosumu niHiamu (Domains Ta Conceptual Categories) (4icna, BennumHu, anrebpa,
reomeTpia, OYHKLii, aHani3 AaHWX Ta MMOBIPHICTb) 3 YTOUYHEHHAM rpouyecie Mamemamu4Hoi disabHocmi (Standards for
Mathematical Practice) Ta ouikyeaHux pe3ynemamie Hag4aHHA (Content Standards).

KoKeH piBeHb HaBYaHHA MA€E YiTKO BM3HAYeHi OYiKyBaHi pe3y/ibTaTu, AKi OXONAIOIOTb K/KOYOBI MOHATTA Ta HaBUYKM.
Hanpuknag, y no4aTKoBil WKOAi aKLeHT Ha GopmyBaHHi 6a30BMX apUPMETUUHMNX HABMYOK, PO3YMIHHI YMcen Ta ix BAacTMBOCTeN,
a TAKOX Ha PO3BUTOK NMPOCTOPOBOrO MUC/IEHHA. Y cepefHii KO y4Hi BUBYAIOTb Yncna Ta GyHKLii, reoMeTpilo Ta eNemMeHTH
aHanisy gaHux. Crapwa wkona GOoKycyeTbcA Ha BiNbll CKNAAHUX MaTEMATUYHMX TEOPIAX, TaKWUX AK anrebpa, TPUroHOMeTpis,
aHaniTMyHa reometpin. MocnigOBHICTb Ta B3aEMO3B'A30K CTaHAAPTIB MiXK PiBHAMM HaBYaHHA 3abe3neyvye NAaBHUI Nepexig yuHis
BifL O4HOrO PIBHA A0 HACTYNHOrO. IXHA CTPYKTypa nepeabayae NOCTYyNoBe 3aCBOEHHA YHHAMM Aefani CKAALHILMX MaTeMaTUHHNX
NOHATb | MeToA,B.
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CTaHAApPTM NPOMOHYIOTb Pi3Hi TPAEKTOPIl ANA YYHIB, AKi HaKkaloTb obpaTM MaTeMaTUYHO iHTEHCUMBHY Kap'epy uu
aKaAeMiyHUI HanpAm nicaa WwKonu. MNpu ubomMy piBeHb MaTeMaTU4YHOI MiArOTOBKWM, HEOBXiAHWK ANA ychixy B iHXEeHepHin
nporpami, € 6inblWw CKNALHUM, HiXK piBeHb, NOTPiIGHMI AN5 YCMiLWHOIo 3aBepLEeHHA NOYAaTKOBOro Kypcy MaTeMaTUKKM y Nporpami 3
rYMaHITapHUX HayK. BUCOKi AOCATHEHHA B MaTeMaTULi € HEOBXiA4HOK YMOBOIO A1 BUBYEHHA NPUPOLHUYUMX HAYK (BKAKOYAOUM
coUjanbHi HayKku), TexHonori (BKAtoyatoum iHGOPMaTMKY) Ta iHKeHepil. Y cTaHAApTi 3al0KYMEHTOBAHO LEHTpasbHy pPoJib
MaTemaTuKu gaa nobyaosu ycnilwHoi Kap’epm y ranysi STEM.

CTaHAapTM MaTeMaTUYHOI OCBITM WTaTy MacadyceTc BUPI3HAIOTLCA aKLLEHTOM Ha 271Ub0Ke pO3yMiHHA MamemMamu4HUX
MOHAMb Ta BiAXo4y Bif OpieHTaLii Ha mexaHiyHe 3anam’aToByBaHHA GOPMyA i aNropuMTMmiB. YUHi NMOBUHHI ByTW 3anydyeHi go
AKTUBHOI 3MICTOBHOT 1 OCMUC/IEHOT HAaBYa/IbHOI AiANbHOCTI. Bif, HUX OYiKYETbCS He inWe 34aTHICTb 4,0 BUKOHAHHA MaTEMATUYHUX
onepawii, ane 1 ycBigOMNEHHA iXHbOrO 3MICTy Ta BMiHHA 3aCTOCOBYBATM Lj 3HAHHA AAA aHanisy h po3s’A3yBaHHA 3ajad,
NOB’A3aHMX i3 PeaNbHUMM KUTTEBUMM KOHTEKCTaMu. Takuii niaxin nepenbayae GpopmyBaHHA KOHLENTYaNIbHOrO MUCIEHHS, Ae
LEeHTpPaNbHEe MicCLe 3aMMA€E PO3YMIHHA «4YOMYy» MaTEMATUYHI aNrOPUTMM NPALIOIOTb, @ He /ULe «AK» came iX 3aCTOCOBYBaTM.
Hanpuknaa, y npoueci BUBYEHHA anrebpu yyHi He MPOCTO OMAHOBYHTb TEXHIKY PO3B’A3yBaHHA PiBHAHb, a AOCAIAXKYIOTb
3aN1€XKHOCTi MiX 3MiIHHUMM, ByayroTb rpadiku Ta aHaNi3yOTb peanbHi CUTyaLii, AKi MOXKHA 3MOAEN0BATH 32 LONOMOTO NiHIAHOT
YM KBaAPATUYHOI PYHKLiN. Lie L03BONAE HE /iMLLIEe KpaLlie 3p03yMiTU MaTeEMATUYHY MOBY, a 1 N06aYUTH il NpUKNagHE 3HAYEHHA Y
chepax eKOHOMIKK, TEXHIKKU, NPUPOAHUYUX HaYK.

Taka mozenb HaBYaHHA BiANOBIAAE Cy4acHMM OCBITHIM Migxogam, 30kpema Bumoram CCSSM, fAKi akLeHTYIoTb yBary Ha
NoeAHaHHI OCMUCAEH020 30CBO€EHHA MOHAMb (conceptual understanding) (34aTHICTb y4HIB OCMWUCAIOBATM MaTemMaTUyHi igel,
MipKyBaTV Mpo HWX, By4yBaTV /IOriUHI 3B’A3KM MiXK MOHATTAMM), mpoyedypHoi / ob4ucatosansHoi epamomHocmi (procedural
fluency) (yMiHHA WBNAKO 1 TOYHO BUKOHYBATU OBYUCIEHHA, BONOAITU MaTEMATUYHUMM NOHATTAMM Ta METOAamM, HeobxigHMu
ON1A po3B’A3yBaHHA 3a43a4) Ta 30amHocmi 8o 3acmocy8aHHA 3HAHb. TAaKUM YMHOM, NOBHOLLHHE MaTEMATUYHE HaBYaHHA OXONOE
He nuwe 3acBOEHHA GOpMyAa i NpaBwa, ane M PO3BUTOK THYYKOrO MWUCNEHHA Ta BMiHHA BMKOPWUCTOBYBATM MaTEMATWKYy B
peanbHOMY KUTTI.

HeBig'eMHOIO YaCTMHOK HaBYaHHA MATeMaTWKM 3a CTaHAAPTamM OCBiTM MacauyyceTca € po38’A3y8aHHA 3a0a4 Ta
PO38UMOK KPUMUYHO20 MUCAEHHSA. YYHi NOBUHHI BMITW aHanisyBaTu 3a4ady, po3pobaatn cTpaterito ii po3s’A3yBaHHA, a TaKOX
nepeBipATU 1 KPUTUYHO OCMWCAIOBATU OTPUMaHI pe3ynbTath. OKpeMui aKkUEeHT B CTaHAapTax 3pob67eHO Ha BUMKOPWUCTAHHI
uUMPPOBMX TEXHONOTIN Y MaTEeMATUYHII OCBITI: YYHi NMOBUHHI BMiTU BUKOPWUCTOBYBATK LUGPOBI iIHCTPYMEHTU oA PO3B'A3yBaHHA
3343y, Bi3yanisaLii maTeMaTUYHUX NOHATb Ta aHaNi3y AaHUX.

Cnig, nigKpecnuty, Wo ctaHaapT maTemaTUyHOi OcBiTM MacadyceTca BU3Ha4aE, WO BCi YYHi MOBUHHI 3HATU Ta BMIiTH
pobuTK, a He Te, AK BUMTENi MalOTb HaBYATU. BesMKa YacTMHA 3a/IMLIAETLCA Ha PO3CYS YYUTeNiB Ta PO3POOHMKIB HAaBYANbHUX
nporpam.

OuiHKa epeKTUBHOCTI CTaHAAPTIB MaTeMaTUYHOT OCBITM MacadyceTca BUMarae aHanisy pisHUX NOKa3HMKIB, BKAOYAOUn
pe3ynbTaTh TeCTYBaHHA YYHIB, AYMKY BUUTENIB Ta AOCNIAKEHHA B ranysi matemMaTU4HOi OCBiTU. [JaHi Npo yCMiWHICTb YYHIB Ha
OepKaBHUX Ta MiXKHAaPOAHMX TECTaX 3aCBiAYYIOTb, HACKiNIbKM ePEKTUBHO Lii CTaHAAPTU LONOMAratoTh AOCATTM NOCTaBAEHUX Linel.
BiZryKu BuMTeNiB NPO CTAHAAPTU Ta X BNPOBAAKEHHA € AKepeNomM OCHOBHOI iHpOopMaLLii, OCKiNbKM BOHM BKA3YHOTb Ha TPYAHOLL
Ta npobaemu, NoB’A3aHi 3 peanisauieto CTaHAAPTIB HA NpaKTUUi. JOCNiaKeHHs B ranysi MaTeMaTUYyHOI OCBITU MOXKYTb HaZaTh
[0AATKOBI AaHi Npo edeKTUBHICTb CTaHAAPTIB Ta iX BNAMB HAa HAaBYaHHA Y4YHiB. BuaBneHHA obnactein AnA BAOCKOHANEHHA Ta
BM3HAYeHHA HaNPAMKIB NO4aNbLIOT POBOTM NPU3HAYAETLCA ANA NOCTIMHOMO NiABULLEHHA AKOCTI MaTeMaTUYHOT OCBITH.

TakMM YMHOM, YKpaiHCbKMIA cTaHAapT 6a30B0Oi cepeHbOi OCBITM 3 MaTeMaTUKK i cTaHgapTh oceit CLUA (30Kkpema,
CTaHZAPT MaTemMaTMYHOI OCBITU WTaTy MacayyceTc), cnpsAMOBaHi Ha PO3BUTOK MaTeMaTU4YHOro mucieHHs. Mpote, B CLUA,
peanisauin BiAbYyBa€eTbCA yepes HinbL YiTKO BUAINEHI METAKOTHITUBHI cTpaTerii («MaTeMaTUYHI NPaKTUKKY), ToAi AK B YKpaiHi —
yepes 3MICTOBHO OPIEHTOBAHY AiANbHICTb, AKa OXOMNJIIOE HiNbLL LWMPOKUIA KOHTEKCT HAaBYa/IbHUX TEM.

Y Tabanui 1 npeacTaBneHo NOPIBHAHHA KAKOYOBMX acNeKTiB CTaHAapPTiB 6a30B0oi cepeAHboi 0CBiTU YKpaiHu Ta CLUA B
ranysi «MatemaTtuka».

OTKe, B OCHOBY YKpaiHCbKOro cTaHAapTa 6a30Boi cepeAHbOI OCBITH B ranysi « MaTemaTtunka», po3pobaeHoro BifnosigHo
00 KoHuenuii «HoBa ykpaiHcbKa wkona» (HYL), noknageHo KOMNETEeHTHiCHMI niaxig. Llei ctaHaapT OpieHTYeTbcA Ha
dopMyBaHHA MaTeMaTUYHOi rPamOTHOCTI, /IOFIYHOr0O MWUCNEHHA, YMIHHA 3aCTOCOBYBAaTWM MaTeMaTU4YHi 3HaHHA B peanbHUX
cUTyaLinax.

Y cTaHAapTi maTeMaTUyHoi ocBiTM MacauyceTca 3pobieHo GOKyc Ha rMMBOKOMY PO3YMiHHI MaTeEMATUYHUX MOHATb,
PO3BMTKY HAaBMYOK aprymeHTaLii, MOAeNtoBaHHA Ta PO3BUTKY abCTPAKTHOIo mucieHHaA. OcobaMBICTIO amepUKAHCbKMX CTaHAaPTIB
€ «MaTemaTuuHi npaktnku» (Standards for Mathematical Practice), siki oxonnooTb: po3ymiHHA 3a4auy, abcTpaKTHe Ta KinbKicHe
MWCNEHHA, NOBYA0BY apryMeHTaLLii, BUKOPUCTAHHA MaTEMATUYHUX MOAeNel, TOUHICTb, CTpaTeriyHe BUKOPUCTaHHA iIHCTPYMEHTIB
ToLwo. Lle CTBOPIOE NOTYKHY OCHOBY A/15 PO3BUTKY PYHKL,iOHAIbHOT FPaMOTHOCTI YYHiB.

AHani3 ykpaiHCbKOro cTaHAapTy 6a30B0i cepesHbOI OCBITU B rasy3i « MaTemaTuKa» NOKA3YeE, Lo MaTeMaTMKa NoCTynoBo
iHTerpyetbca 3 iHWWMMKM NpeamMeTamu B MeXax MPOEKTHOI AiANbHOCTI, ane piBeHb MiXKNPeAMETHOI iHTerpauii MOKW wWo
HeAO0CTaTHbO BUCOKMIA. HaTomicTb, y CTaHAAPTI MaTeMaTUYHOI 0CBITM MacadyceTca YiTKO BKa3aHo, Lo MaTemMaTnKa € CKNaLoBoto
STEM-0cBiTH, i TiICHO NOEAHYETLCA 3 NMPUPOAHUYMMM HayKamM, TEXHOMOMAMM Ta iHXKeHepi€el. Y CTaHgapTi Haro/I0WeHo Ha
HeobXigHOCTI MiXAMCLUMNAIHAPHUX 3B'A3KIB 3 PeasibHUM KUTTAM Ta ManbyTHimu npodeciamu. TakoK y CLUA ouiHIOBaHHSA
CNpAMOBaHe Ha nepeBipKy MMMOMHU PO3YMiHHA, 34aTHOCTI apryMeHTYBaTM Ta BMKOPUCTOBYBATU MaTEMATWUKy B CKNALHMX,
peanbHUX 3aBAaHHAX. 3aCTOCOBYIOTbCA HALiOHaNbHI Ta perioHanbHi CTaHAApTM30BaHi TecTn (Hanpwuknag, Massachusetts
Comprehensive Assessment System Ta National Assessment of Educational Progress), Aki ¢ikcyloTb piBeHb PO3BUTKY
MaTEMATUYHOI FPaMOTHOCTI.
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Tabauua 1. MopiBHAHHA cCTaHAApTa MaTeMaTUUHOI OcBiTM MacauyceTtca
Ta cTaHAapTa 6a30B0oi cepeAHbOI OCBITM YKpaiHuM B ranysi « MatemaTuka»

[LepaBHuii ctaHaapT

OYiKyBaHMMM pe3ynbTaTamu HaByaHHA (Content
Standards).

Kpurepiii CraHAapT matemaTuyHoi ocsitn Macauycerca, 2017 6a30B0i cepeaHbOI OCBITU YKpaiHK,
MmaTemaTtuyHa ranysb, 2020
CTpYKTYypOBaHO 3a Kaacamu i 3micToBi niHii (Domains) -
. . . . CTPYKTYpOBaHO 33 OCBITHIMM ranyssamu Ta
3 Y4iTKMM PO3MNOAINOM NPoLECiB MaTEMATUYHOI . . Do
. . - . OYiKyBaHUMM pe3yibTaTamu (3MicTOBI NiHii:
CTpYKTypa CTaH[apTY aisnbHocTi (Standards for Mathematical Practice) Ta

uncna, BUpasu, PiBHAHHA, reOMeTpis,
MMOBIpHICTb TOWO).

Mera ocBiTHbOI
MaTemMaTU4HOI ranysi

MiaroToBKa y4HiB A0 HaBYaHHA BNPOAOBXK KUTTA,
PO3BUTOK MaTEMATUYHOI FPaMOTHOCTI A/1A y4acTi B
JKUTTI CycninbCTBa Ta NPodecCinHin gisnbHoCTI,
ocobaunea ysara — STEM-KOMNeTEHTHOCTAM
YYHi matoTb ByTH roToBi 4,0 KONeaxy Ta 40
npodeciiHoi Kap’epu 3 MaTemMaTUKK, AEMOHCTPYBATH
aKaAEeMIiYHi 3HaHHSA, HaBUYKM Ta NPAKTUKKM, HEOBXiaHI
ONA BCTYNY Ta YCMNILWHONO NPOXOAXKEHHSA KypCiB
NoYaTKOBOTO PiBHA 3 anrebpu KoneaKy, BCTynHOI
CTAaTUCTUKM KoNedKy abo TEXHIYHMX KypCiB.

Po3BUTOK 0COBUCTOCTI yuHA Yepes
$bopMyBaHHA MaTEMATUYHOT
KOMMNETEHTHOCTI Y B3a€MO3B’A3KY 3 iHWIMMM
KNHOYOBUMU KOMMNETEHTHOCTAMMU ANA
YCNilWHOT OCBITHLOI Ta NOAANbLUOT
npodecinHoi AiANbHOCTI BNPOAOBK XUTTA,
Lo nepenbavae 3aCBOEHHA CUCTEMMU
3HaHb, YAOCKOHANIEHHA BMiHHA
pPO3B’A3yBaTU MATEMATUYHI Ta MPaAKTUYHI
33/a4i; PO3BUTOK NIOFIYHOrO MUC/IEHHA Ta
NCUXIYHUX BNACTUBOCTEN 0COBUCTOCTI;
PO3YMiHHA MOXKNNBOCTEN 3aCTOCYBAHHA
MaTeMaTUKK B 0COBUCTOMY Ta CycniibHOMY
KUTTI.

3aBAaaHHA

3abe3neyeHHs BUCOKMX aKageMiYHUX BUMOT,
PO3BUTOK MaTeMaTUUYHUX NPAKTUK, NiATPUMKA
oudepeHuialii HaBYaHHA.

3abesneyeHHs eQHOCTI 3MICTY OCBITH,
Opi€EHTAL,A HAa KOMNETEHTHICHWUI Niaxia,
iHTerpaujia mixnpeameTHUX 3B'A3KiB.

3MicT HaBYaHHA

Yucna i BeanuunHu. Anrebpa. ®yHKuii.
MogaentoBaHHA. FeomeTpis.
CTaTuCTMKa Ta MMOBIPHICTb

MeTogonoria matemaTtuku. Yucna i
BMpa3u. PiBHAHHA i HepiBHOCTI. PyHKL,T.
[eomeTpifa i BUMipIOBaHHA reOMEeTPUYHMUX
BeMYnH. KoopanHatu i BeKTopw.
[aHi, cTaTUcT1Ka Ta UMOBIPHICTb

Bumoru go
060B’s3K0BUX
pesynbraris
HaBYaHHA Y4HiB 3
MaTeMaTUYHOI
OCBiTHbOI ranysi

YuHi:

- 3[aTHi 4uTaTK, iHTepnpeTyBaTU Ta aHanisysBaTu
MaTemMaTU4Hy iHGOPMaLLito 3 Pi3HOMaHITHUX AXKepen;
- 34aTHi BM3HayaTM npobnemu, O6rpPyHTOBYBATU
BMCHOBKM Ta 3aCTOCOBYBaTM MaTeMaTUKy A0
pO3B’A3yBaHHA NPAKTUYHMX NOTPED;

- PO3yMiloTb | pobAsATb BUCHOBKM, aHanNi3ytoumn AaHi
Ta CTaTUCTUYHY iHpopmaLito;

- PpO3BMBAIOTb AHANITUYHI  HAaBMYKKM, a TaKOX
pobNATb BUCHOBKM Ha OCHOBI [OKa3iB Ta NOrYHMX
MipKYBaHb, WO € BAX/AUBUM AK ANA NPUAHATTA
0CobMCTMX pileHb, TakK i Ana  BignosiganbHOro
rpPOMagAHCTBa B EMOKPATUYHOMY CYCNi/IbCTBI;

— PO3yMiloTb MAaTEMATUKY AK MOBY }i3UYHOrO CBITY;
- 3[aTHi BUMKOPWCTOBYBATW Ta 3aCTOCOBYBATU CBOE
MaTemMaTUYHE MUCNEHHA B PIi3HUX NpegMeTHUX
obnactax.

YyeHb/yyeHnua:

- pocnigye npobnemHi cutyauii Ta
BUOKPEM/IIOE Npobsiemu, AKi  MOXKHA
po3B’A3yBaTH i3 3aCTOCYBaHHAM
MaTeMaTUYHUX METOL,B;

- MoAentoe npouecu i cuTyauii,

po3pobnse crpaterii,
po3B’A3aHHA Npobnem;
—  KPWUTMYHO OLiHIOE MpoLec i pe3ynbTaT
po3B’A3aHHA Npobiem;

- PpO3BMBAE MaTemMaTUYHEe MUCAEHHA ANA
ni3HaHHA | NepeTBOPeHHA  AilCHOCTI,
BOJIOZi€ MAaTEMATUYHOIO MOBOIO.

nnaHu Aain  ana

Mathematical Practice

KomneTteHTHOCTI

— PO3YMiHHA Hanonernuse i
pPO3B’sI3aHHS;

- MaTemaTUyHe MOAENOBAHHS;

— abcTpaKTHe | KOHKPEeTHEe MUCNEHHS;

- nobynoBa O6rPYHTOBaHUX MipKyBaHb i KpWUTUKa
MipPKYBaHb iHLWWX;

- yBara A0 TOYHOCTi;

npobnemu i

— BMKOPWUCTAHHA  IHCTPYMEHTIB gaa  NiATPUMKM
HaBYaHHA;

— MOWYK i BUKOPUCTAHHA CTPYKTYP;

— MOWYK 3aKOHOMIpHOCTEM Ta  BMKOPWUCTAHHA

NOBTOPEHb MiPKYBaHb.

Peaniszauis KNOYOBUX KOMMNETEHTHOCTEN B
MaTeMaTUYHIN ranysi (Aopatok 7,
MoctaHoBa KabiHeTy MiHicTpis YKpaiHu

«[po 3aTBepAKEHHA [epaBHoro
cTaHZapTy 6a30BOi cepeaHbOi  OCBITUY,
2020).

Pe3synbTtatn
HaBYaHHA

Opi€eHTauia Ha AOCATHEHHA KOHKPETHUX 3HaHb, YMiHb i
NPaKTUK Y MeXKax Knacy Ta ranysi.

OuiKyBaHi pe3ynbTaT GOpPMyNHOTHCA
yepes AifaNbHICTb y4HA (Lo BMie pobuTu).

OuiHIOBaHHA

Bumoru fo piBHIB AOCATHEHb YiTKO OKPECneHi,
pO3p0bIEHO OPIEHTMPU A8 BYUMTENIB.

dopmyBanbHe Ta NiACYMKOBE OLLiHIOBAHHA
BiANOBIAHO A0 pe3ynbTaTiB HaBYaAHHA.

Jepeno: asmopcbKa po3pobKa.
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MopiBHANBHUI aHaNi3 ABOX CTaHAAPTIB 3acBigYYE AK CMNiNbHI pPUCKH, TaK i CyTTEBI BiAMIHHOCTI y Migxoaax Ta CTPYKTypi
MaTeMaTuU4Hoi ocBiT. O6MABI CUCTEMM OPIEHTOBAHI Ha PO3BUTOK MATEMATUYHOIO MWUCAEHHA Ta K/OYOBMX KOMMETEHTHOCTEH
YUHIiB, MpOTe peanisytoTb e Yepes pi3Hi Niaxoan. YKpaiHCbKWIA CTaHAAPT aKLEHTYE yBary Ha iHTerpoBaHOCTI OCBITHbOTO NpoLecy,
FHYYKOCTI 3aCTOCYBaHHA 3HaHb Y Pi3HMX KOHTEKCTaX, L0 € O3HAKOK Cy4aCHOi EBPOMENCbKOI OCBITHBOI Napagurmu. HatomicTb,
CraHgapT wTraty MacavyceTc AEeMOHCTPYE BULLMIA piBEHb AeTanisauii Ta CTPYKTYpOBaHOCTI M GOKyC Ha MeToAMLi HaBYaHHA
MaTeMaTUKK. Bifbl FPYHTOBHO Ta AeTalbHO NMUTAHHA METOAMKM HaBYaHHA MaTeMaTUKK BUCBITAEHO y Principles to Actions (2014).

OAHiEI 3 KNHOYOBMX BiAMIHHOCTEN € HAABHICTb Yy CTaHA4APTI MaTemMaTUYHOT OCBITM MacayyceTca YiTKO BUOKpPEMIEHUX
«MaTEMATUYHUX NPAKTUK» AK IHCTPYMEHTY AN1A PO3BUTKY MUCNEHHA YYHIB. YKPAiHCbKMI CTaHAApT He BUAINAE iX OKpemo, xoya
e/leMeHTU TaKWUX MPaKTUK iHTErpoBaHi B OMMC MaTeMaTU4HOi KOMMETeHTHOCTI. Lle BiaKpMBae nepcnekTusy AnA agantauii
BiANOBIAHNX IHCTPYMEHTIB A0 YKPAIHCbKOTO KOHTEKCTY.

Monpw BiAMiHHOCTI y TepmiHonorii, ctaHaapTv CLUA Ta YKpaiHu matoTb nogibHy dinocodito HaBYaHHA, AKa NPOABAAETLCA
B Opi€HTaL,ii He NLe Ha 3HaHHSA, @ Ha KOMMNETEHTHOCTI 1 PO3BUTOK MUC/IEHHS; MiIATPUMLL IHTErPOBAHOIO M MiXKAMUCLMMNIHAPHOIO
NiAXOAiB; aKUEHTI Ha MeTanpegMEeTHUX YMIHHAX, KOMYHiKauii, aprymeHTauii Ta pednekcii. OKpim TOro, yKpaiHCbKa OCBIiTHA
CcMCTEMA aKTUBHO HABAMMKAETHLCA A0 KOHLEMNL,ii «OCBITU YNPOAOBXK KUTTAY, AKY BTiNOIOTL | Common Core, i MiXkHapoAHi iHiLiaTuBm
(Hanpuknag, OECD Learning Compass, 2030).

MpoBeneHWIi NOPIBHANBHUI aHani3 cTaHAapTiB 6a30BOT cepeaHbOi OCBiTU B ranysi «MatemaTtrka» CLUA Ta YKpaiHu
[,03BO/IIE BKA3aTW OPIEHTUPKU AnA TpaHchopMauii WKiNbHOT MaTeMaTUYHOI OCBiTM B YKpaiHi. Mo neplwe, cig HarosocMTn Ha
HeobXiZAHOCTi NOrNMbGAEHHA NPAKTUYHOI CNPAMOBAHOCTI MaTeMaTUYHOI OCBITU, OCKiZIbKM BUBYEHHA M aganTalia amepuKaHCbKOI
mogeni Standards for Mathematical Practice morke nocunnt GopmyBaHHA aHANITUYHOTO MUC/IEHHA Ta pedaeKcii B yKpaiHCbKUX
wKonapis. Mo Apyre, BapTo NiAKPECAUTU HEOBXIAHICTb NIABULEHHA PIBHA MiXKAUCUMNAIHAPHOT iHTerpauii, OCKiNbKK iHTerpauin
MaTemaTuKu B STEM-KOHTEKCTU CNpUATUME PO3BUTKY NPAKTUYHMX HABMYOK Ta MOTUBALLi 40 HaBYaHHA. CUCTEMHe BNPOBaAXeHHSA
NPOEKTHOI AifANbHOCTI, OPIiEHTALA Ha peanbHi 3afayi B HaBuyaHHi, Ak y CLUA, cTtumynioBatMme po3BUTOK YHKLiOHANbHOI
rpaMoTHOCTI Ta 6ifblWw AKICHO roTyBaTMMe Y4YHIB [0 Cy4acHOro PWHKY npaui. |, No TpeTe, HeobXigHO MOCUAUTU POJb
bopmMyBaNbHOrO OLHIOBAHHA, OCKINbKK Lie A03BOIUTL BiACNIAKOBYBATH He LU KiHLEBI pe3ybTaTi, a i cam NpoLec HaBYaHHA
Ta PO3BUTKY.

BUCHOBKWM TA NEPCNEKTUBU NOAANBLLOIO AOCNIAXKEHHA

[epKaBHi CTaHAApTM pPOo3pobAAOTLCA Ha TeopeTUYHOMY i cBiTornagHomy ¢yHAAMEHTI KAacMYHOI Ta CyvacHoi
neaaroriku KOXHOi OKpemMoi KpaiHu Ta CBITY B LLi/IOMY, Ha OCHOBI aHani3y BNPOBAaAXEHHA NPOBIAHUX HALOHANbHUX Ta CBITOBUX
iHHOBAUiMHMX NpaKTUK B OCBITIi 3ag/na peanisauii ronoBHOI Ui 3aranbHOi cepegHboi OCBITU. BUKAMKKM, noB’aAsaHi 3
BMPOBaAKEHHAM CTaHAapTiB, BUMAraloTb CRifIbHUX 3yCWUb Bif BYMTENIB, agMiHICTpaLii WKin Ta opraHiB ynpasaiHHA OCBITOM.
MaibyTHE MaTeEMATUYHOI OCBITU 3a/71€XWTb Bif NOCTIMHOrO MOHITOPUHIY, afanTaLii Ta BAOCKOHANEeHHA CTaHAApTIB, Wob BOHM
Bignosifanu notpebam cyyacHoro cBiTy Ta 3abe3nedvyBanu YCnix KOMHOIO y4yHsA. MocCTiiHe BAOCKOHA/NIEHHA CTaHAAPTIB,
BPaXOBYOUM PE3Y/IbTAaTW OLHIOBAHHA Ta AOCNIAKEHHS, € HEODOXiAHO YMOBOIO A1 iXHbOT ePEeKTUBHOCTI.

O6buaBa po3riAHYTI CTaHAAPTM MaTeMaTUdHOi ocBiTW ([epKaBHUI cTaHAapT 6a30Boi OcBiTM YKpaiHu B ranysi
«MaTtemaTuka» Ta CTaHOAPT MaTemMaTM4HOI OcCBiTM wWTaTy MacayyceTc) OpPIEHTYIOTbCA Ha (GOPMYBAHHA  KOYOBUX
KomneTeHTHocTel XXI CToNITTA: KPUTUYHOrO MUC/IEHHS, KOMYHIKal,ii, BMiHHA BUPIiWYBaTW CKAagHiI HaBYaNbHi 1 XKUTTEBI cUTyau,i.
CTaHZapT MmaTemaTUyHOI OcCBiTM MacauyyceTca AeMOHCTPYE BULIMI pPiBEHb CTPYKTYPOBAHOCTI Ta JAeTanisauii Bumor pgo
“MaTeMaTUYHUX MPaKTUK” i pe3ynbTaTiB HaBYaHHA MO Knacax. B ToM ke 4ac, B yKpaiHCbKOMY cTaHAapTi 6a30B0Oi OCBiTU 3
MaTeMaTMKM 3p061IEHO aKLLEHT Ha IHTErPOBaHOCTI KOMMETEHTHOCTEN i THYYKOCTI y 3aCTOCYBaHHi.

Moaanbwi gocnigKeHHn nepeabayatoTb NpoBeAeHHA NOPIBHANBHOMO aHai3y 3MiCTOBOT YaCTUHM CTaHAAPTIB cepeHboT
0CBiTH ranysi « MaTemaTtuKka» YKkpainm Ta CLLUA, a TakoX Niaxoais 40 HaBYaHHA MAaTEMATUKN YUHIB.

CNMUCOK BUKOPUCTAHUX OXKEPEN

Common Core State Standards for Mathematics. https://corestandards.org/wp-content/uploads/2023/09/Math Standards1.pdf.

Massachusetts Curriculum Framework for Mathematics. (2017). https://www.doe.mass.edu/frameworks/math/2017-06.pdf

National Council of Teachers of Mathematics. Principles and Standards for School Mathematics. https://www.nctm.org/standards/.

OECD. Learning Compass 2030: A Series of Conceptual Learning Frameworks. https://www.oecd.org/education/2030-project/

Principles to  Actions: Ensuring  Mathematical  Success for All, 2024. https://education.ecu.edu/wp-content/pv-

uploads/sites/171/2019/01/NCTM-p.-59-67.pdf.

6. Principles to  Actions: Ensuring  Mathematical  Success for  All,  2024. https://education.ecu.edu/wp-content/pv-
uploads/sites/171/2019/01/NCTM-p.-59-67.pdf.

7. 3akoH YKpainu «Ipo ocsity» Ne 2145-VIIl (01 sepecHsa 2017 p.). https://zakon.rada.gov.ua/laws/show/2145-19#Text.

8. JlokwwuHa, O.l. (Peps.) (2014). 3a6e3neyeHHs AKocmi 3a2anbHOI cepedHboi oceimu y nposidHuUX KpaiHax €eponu ma CLUA: MoHozpagis. K. :
MeparoriyHa gymka.

9. Osuapyk, O.B. (Pea.). (2004). KomnemeHnmuicHuli nidxid y cy4acHil oceimi: ceimosuli doceid ma ykpaiHcoki nepcnekmusu: bibniomeka 3
ocgimHboi nonimuku. K.: K.1.C.

10. MNocraHoBa KabiHeTy MiHicTpiB YKpaiHu «Mpo 3aTBepa)eHHs [lep»aBHOro craHaapTy 6a30Boi cepeaHboi ocBiTu» Ne 898 (30 sepecHs
2020 p.). https://zakon.rada.gov.ua/laws/show/898-2020-n#Text.

11. Po3nopagkeHHsa KabiHeTy MiHicTpis YKkpaiHu «Mpo cxBaneHHa KoHuenuii peanisauii AepaBHoi NoNiTMKK y chepi pedopmysBaHHA 3aranbHol

cepegHboi  OCBITM  “HoBa  yKpaiHCbKa wkona” Ha nepiog A[o 2029 poky» Ne 988-p (14 rpygHa 2016 p.).

https://zakon.rada.gov.ua/laws/show/988-2016-%D1%80#Text.

N PE

REFERENCES (TRANSLATED AND TRANSLITERATED)

1. Common Core State Standards for Mathematics. https://corestandards.org/wp-content/uploads/2023/09/Math Standardsl.pdf.
2. Massachusetts Curriculum Framework for Mathematics. (2017). https://www.doe.mass.edu/frameworks/math/2017-06.pdf

62


https://corestandards.org/wp-content/uploads/2023/09/Math_Standards1.pdf
https://www.doe.mass.edu/frameworks/math/2017-06.pdf
https://www.nctm.org/standards/
https://www.oecd.org/education/2030-project/
https://education.ecu.edu/wp-content/pv-uploads/sites/171/2019/01/NCTM-p.-59-67.pdf
https://education.ecu.edu/wp-content/pv-uploads/sites/171/2019/01/NCTM-p.-59-67.pdf
https://education.ecu.edu/wp-content/pv-uploads/sites/171/2019/01/NCTM-p.-59-67.pdf
https://education.ecu.edu/wp-content/pv-uploads/sites/171/2019/01/NCTM-p.-59-67.pdf
https://zakon.rada.gov.ua/laws/show/2145-19#Text
https://zakon.rada.gov.ua/laws/show/898-2020-п#Text
https://zakon.rada.gov.ua/laws/show/988-2016-%D1%80#Text
https://corestandards.org/wp-content/uploads/2023/09/Math_Standards1.pdf
https://www.doe.mass.edu/frameworks/math/2017-06.pdf

®diznko-matematnuHa ocsita / Physical and Mathematical Education Tom 40, Ne 3 / Vol. 40, No 3 (2025)

o v kW

~

10.

11.

National Council of Teachers of Mathematics. Principles and Standards for School Mathematics. https://www.nctm.org/standards/

Next Generation Science Standards. https://www.nextgenscience.org/search-standards.

OECD. Learning Compass 2030: A Series of Conceptual Learning Frameworks. https://www.oecd.org/education/2030-project/

Principles to  Actions: Ensuring Mathematical Success  for  All, 2024. https://education.ecu.edu/wp-content/pv-
uploads/sites/171/2019/01/NCTM-p.-59-67.pdf.

Law of Ukraine "On Education" No. 2145-VIIl (September 1, 2017). https://zakon.rada.gov.ua/laws/show/2145-19#Text. (in Ukrainian).
Lokshyna, O.I. (Ed.) (2014). Zabezpechennya yakosti zahalnoyi serednoyi osvity u providnykh krayinakh Yevropy ta SShA: Monohrafiya
[Ensuring the Quality of General Secondary Education in Leading European Countries and the USA: A Monograph]. K.: Pedahohichna dumka.
(in Ukrainian).

Ovcharuk, 0.V. (Ed.). (2004). Kompetentnisnyy pidkhid u suchasniy osviti: svitovyy dosvid ta ukrayinski perspektyvy: Biblioteka z osvitnoyi
polityky [Competency-Based Approach in Modern Education: Global Experience and Ukrainian Prospects: Educational Policy Library]. K.: K.I.S.
(in Ukrainian).

Resolution of the Cabinet of Ministers of Ukraine “On Approval of the State Standard of Basic Secondary Education” No. 898 (September 30,
2020). https://zakon.rada.gov.ua/laws/show/898-2020-n#Text. (in Ukrainian).

Order of the Cabinet of Ministers of Ukraine "On the Approval of the Concept for Implementing State Policy in the Field of Reforming General
Secondary Education 'New Ukrainian School' for the Period until 2029" No. 988-r (December 14, 2016).
https://zakon.rada.gov.ua/laws/show/988-2016-p#Text. (in Ukrainian).

| Mamepian Haditiwoe do pedakryii: 02.04.2025 p. | lpuliHamo do dpyKy: 05.05.2025 p. | Ony6nikosaHo: 27.06.2025 p. |

This work is licensed under the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License.

63


https://www.nctm.org/standards/
https://www.nextgenscience.org/search-standards
https://education.ecu.edu/wp-content/pv-uploads/sites/171/2019/01/NCTM-p.-59-67.pdf
https://education.ecu.edu/wp-content/pv-uploads/sites/171/2019/01/NCTM-p.-59-67.pdf
https://zakon.rada.gov.ua/laws/show/2145-19#Text
https://zakon.rada.gov.ua/laws/show/898-2020-п#Text
https://zakon.rada.gov.ua/laws/show/988-2016-р#Text

ISSN 2413-158X (online), 2413-1571 (print)

ANOABITHUIA NOKAXKYUK

BeCnanUM B...........cccooieiiiicee e 32

BEOPAILA T, ..o 6

Opywnsak M. ... ...57

BYGIHIHA O. ..o 12
€

EMIPAHOBA O. ...t s 6
K

KOBaNEHKO B.........cccooiiiiiiiieiieeee e 19
n

JIYKAWIOBA T ..oeeiiiiiiiiiiiee et 57
M

IMaAP’EHKO M. .....ooiiiiiiiiie e 19
0]

OCTPOTA Moottt 32

64

P

PUBANKO A. ...ttt et 25
PisHnk B

C

(o 111 I i O 57

(6 (= - 1T =T 3 SN 38
T

TOAMAUOB B.........ooeiiiiiiiiiiii 6
X

XBOPOCTIHA FO....oiiiiiiceeeee e 45
y

YepHieHko A. ...

b T 1T - TN 52
w

LUMWIEHKO L. .ot 57
10)

FOPUEHKO Aottt e e e 45



HayKOBe BUOAHHA

®IBUKO-MATEMATUYHA OCBITA

HaykoBui *ypHan

Key title: Fiziko-matematicna osvita
Abbreviated key title: Fiz.-mat. osv.

Tom 40, N2 3
2025

L pYKY€ETbCA B aBTOPCHKil peaakuii
Marepianu nogaHi MOBOK opuriHany

BignoBsiganbHuit 32 BUNYCK
0.B. CemeHixiHa

Komn’toTepHa BepcTKa
O0.M. YéosuyeHKo

laeHTUdiKaTOp Megaia:
R30-02975

https://fmo-journal.org/

Mian. go apyky 23.06.2025.
dopmat 60x84/8. MapHitypa Calibri. Manip obceTHNn. ApyK obceTHUn. YM. ApYK. apK. 7,56.
Ym. dapb.-8inb. 7,56. 06n.-8ma. apkK. 7,84. Tupax 50 np. Bua. Ne30

Bupaseub:
CyMCbKWiI1 gepaBHUI negaroriyHnin yHisepcuteT imeHi A.C. MakapeHKa
40002, m.Cymun, Byn.PomeHcbKa, 87
Ten. (0542) 68-59-15, (0542) 68-59-72; rector@sspu.edu.ua
Ceigourso K Ne 231 Big 02.11.2000 p.

Burorosntosau:
@0MN Uboma C.M. 40002, m. Cymu, Byn. PomeHcbka, 100.
Ten.: 066-293-34-29.
3am. Ne 34

CeigouTBo cy6’eKkTa BUAABHMUYOI CNPaBU:
cepia AK, Ne 5050 Big 23.02.2016.


https://fmo-journal.org/

