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AHOTALIA

®dopmynioBaHHA npobnemun. PopMyBaHHA HABMYOK 3aCTOCYBAHHA KAACMYHMX MATEMATUUHUX iHCTPYMEHTIB NpU PO3B’A3aHHI
peanbHUX nNpobsiem € OFHIED i3 3aZay BUKAAAAHHA MATeMaTUYHMX aucumnnid y 3BO Ta BBH3. Lie BMMarae nocTiliHOro
NONOBHEHHA 6a3n CydacHWUX NPUKNAAHMX 33[a4. 3HaYHa YacTMHa iX He Mae "Kpacusux'" pO3B’A3KIB Ta BMMarae 3acToCyBaHHA
nporpamHoro 3abesneyeHHs. BUHUKae npobiema 06’egHaHHA TeOPETUUHOT MaTeMaTUYHOT 6a3u, NPUKIALAHOMO 3aCTOCYBaHHSA Ta
BMKOPUCTAHHSA iHGOPMaLiiHUX TEXHONOTIN. [INA LUbOro AOLiNbHO NPOBOAMTM iIHTEFPOBaHI 3aHATTA 3 MAaTEMATUKM, CneLiaibHOCTi
Ta KOMN'IOTEPHUX HayK.

Marepianu i metogu. ina BUKOHAHHA JOCNIAKEHHA BUKOPUCTAHO CTOXaCTUYHUIA NiaXif, 40 MaTEMAaTUYHOTO MOAEN0BaHHA 60to,
AKNI nonarae B8 Nobyao.i rpady cTaHiB MapKOBCLKOrO NpoLecy i3 BKasaHHAM iHTEHCMBHOCTeW nepexoay Bif, CTaHy A0 CTaHy Ta
BiANOBIAHOI cucTemn andepeHLianbHMX piBHAHL Konmoroposa. Ana nobyaosu nporpamu y cuctemi MATLAB BuKopucTaHO
B6YyA0BaHi yHKLT AnA po3s’A3aHHA AudepeHLiaNbHUX PIBHAHL 3 MOYAaTKOBMMM YMOBAMMU Ta [/1A 3HAXOMXKEHHA rpaHuLb
dyHKLiN.

Pe3ynbTtati. B poboTi HagaHo po3pobKy iHTerpoBaHOro 3aHATTA NPOGECIMHOIO CNPAMYBAHHA 3 MAaTEMATUYHOIO MOAENIOBAHHSA
“BMCOKOOPraHisoBaHoro” 6ot JlaHyectepa. [leTanbHO ONUCAHO PO3B’A3aHHA 3a4a4i CTOXAaCTUYHUM NiAXOA0M A/1A NMOYATKOBUX
3HayeHb Yy HaWnpocTiwomy BMMNAAKy. MpeacTaBneHo pekomeHAauii ANA camocTilHOI NobynoBM KypcaHTamu (cTyaeHTamm)
anroputmMmy poss’asaHHa B MATLAB ans 6inblu CKAagHWUX BUNAZKIB.

BucHoBKW. [poBeaeHHA iHTErpoBaHOro 3aHATTA MiABMLLYE 3aLLKABNEHICTb KYPCAHTIB Y BUBYEHHI MaTeMATMKM Ta 3aCTOCYBaHHI il
iHCTpYMeHTIB y npodeciliHiii ajsanbHocTi. [leTanbHUii onNuc po3s’a3aHHA Po3rAHYTOI B poboTi mogeni JlaHuecTepa MOXKHa
BMKOPUCTOBYBATH A1A NOBYA0BM Ta PO3B’A3aHHA NOAIGHMX CTOXaCTUHHUX MOZeNel y BiNCbKOBIl CNpasi, eKOHOMILY, iHXKeHepii Ta
iH. 3anponoHOBaHe iHTErpoBaHe 3aHATTA MOXKe OyTV BNPOBaAKEeHe NPU BUBYEHHI TaKMX MAaTEMATUYHUX SUCLMNIH, SK "Teopis
imosipHocTeit", "Teopia BunagKosmx npotecis” Ta "Cuctemn macosoro o6cyrosyBaHHA".

K/NTKOYOBI C/IOBA: modens J/laH4ecmepa; cmoxacmu4He MOOento8aHHsA; epag cmatis; pieHaHHA Konmozopoea;, MATLAB;
BUKNAOAHHSA.
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ABSTRACT

Formulation of the problem. The development of skills in applying classical mathematical tools to solve real problems is one
of the tasks of mathematical disciplines in higher education. It requires a constant replenishment of the base of modern
applied problems. A significant portion of these problems do not have “elegant” solutions and require the use of software.
This creates the challenge of integrating the theoretical mathematical foundation, practical application, and the use of
information technology. To address this, it is advisable to conduct integrated classes that include mathematics, the speciality,
and computer science.

Materials and methods. To conduct the research, a stochastic approach to mathematical modelling of combat was used (a
state-transition rate diagrams of a Markov process with specified transition intensities, a system of Kolmogorov differential
equations). Programs were created in the MATLAB system using built-in functions for solving differential equations with initial
conditions and for finding function limits.

Results. The paper presents the integrated class on mathematical modelling of the "highly organized" Lanchester battle with
professional course. The solution of the problem by a stochastic approach for initial values in the simplest case is described
in detail. Recommendations are presented for cadets (students) to independently build a solution algorithm in MATLAB for
more complex cases.

Conclusions. Conducting an integrated lesson increases the interest of cadets in studying mathematics and applying its tools
in professional activities. A detailed description of the solution of the Lanchester model considered in the work can be used
to build and solve similar stochastic models in military affairs, economics, engineering, etc. The paper presents a description

of an integrated class on combat modelling, which can be implemented in the study of “Probability Theory”, “Theory of
Random Processes”, and “Queueing Systems”.

KEYWORDS: Lanchester model; stochastic modelling; state-transition diagram; Kolmogorov equations; MATLAB; teaching.

BCTYN

NoctaHoBKa npo6aemu. Mpu niaroToBui MaibyTHiIX ¢daxisuis BBH3 KypcaHTM, 3 ogHOro 60Ky, MaloTb OTPMMATU
KNACUYHi 3HAaHHA 3 MaTeMATUKM, 3 iHLWOro, HAaBYMTMCA iX 3aCTOCOBYBATM A0 PO3B’A3aHHA 33434 npodeciiHoro cnpaAmyBaHHS,
BMKOPUCTOBYIOUM cy4yacHi iHpopmauiliHi TexHonorii (IT). 3acTocyBaHHA 40 pO3B’A3aHHA 3a4adyi MeToAiB 3 PISHUX AUCLMMNIH
CNPUAE KPALLOMY 3aCBOEHHIO MaTepiany, y TOMy Yncii 6inbll rMboKoMy po3ymiHHIO MOCTAHOBKM 3a4aui i aHanisy pesyabratis
PO3B’A3aHHA. IHTErpoBaHi 3aHATTA BMCBIT/NIEHI B NiTepaTypi 34e6inbworo Ana WKinbHOI 0CBiTH. a8 BULWLOT OCBITU, 0CO6ANBO ANA
BMKNaZaHHA y BBH3 3 Touku 30py npodeciiHocnpaAmoBaHUX 3a4ady, NiTepaTypu HepocTaTHbo. ToMy aBTOpWU CBOEKD poboToto
3aNOBHIOIOTb NPOrasnHy B 6asi icHyrUMX PO3PO6OK iHTErPOBAHMX 3aHATH, LLO NOEAHYIOTb NPodeciiHi 3HaHHA Ta 3HAHHA 3
aucumnnid “Teopis MmosipHocTen”, “OudepeHuianbHi piBHAHHA”, “Komn’toTepHa maTemaTmKa”.

AHani3 akTyanbHUX pocnigxeHb. Komn'ioTepisauia cycninbCtBa NpUBOAMTL A0 MPOHWMKHEHHA IT B yci acnektu
HaBYanbHoro npouecy (CnisakoBcbKkuii, 2003). CborofHi Negaror MoXe KOPUCTYBaTMCA LUMPOKUM CMEeKTPOM MeTogis i dopm
HaBYaHHA i3 NigTPMMKOlO BignosigHMx 3acobis IT. Ana Bisyanisauyii, cknagHux obuncneHb, MOAENIOBAHHA Ta CUMYAALIT Npu
BMKNaZaHHI MaTeMaTUYHUX AUCUMNAIH BUKOPUCTOBYIOTb TaKi NporpamHi 3acobu, sk Maple (Muxaneswny, 2004), Geogebra (Bipa
& CamyceHko, 2024), MathCAD (XanaHuyk, 2021), MATLAB (BaHr, 2024) Ta iH. LIi nporpamHi 3acobu maiibyTHi daxisBLi 3M0OXyTb
BMKOPUCTOBYBATH i A/1A PO3B’A3aHHA NpodeciiHMX 3aBAaHb.

[o npodeciliHux 3aBgaHb odiuepiB BXOAWTb MPOrHO3yBaHHA Ta NJAHyBaHHA OGOWMOBMX Aill Ha TaKTUYHOMY i
cTpaTeriyHomy piBHAX. 15 LbOro BUKOPUCTOBYHOTb Pi3Hi Mogeni 6oioBux aii, cepen HUX i mogeni JlaHuyecTepa (LWadep, 1968).
0o mopentoBaHHA 60MOBMX AjiA 3aCTOCOBYIOTb AETEPMIHOBAHMM Ta CTOXAaCTUMYHWMI nigxoan (Beca, 2015). Haibinbuw
peanicTU4HMMM BBaXKaKOTbCA CTOXACTUYHI mogeni, 60 BOHM BpaxoBytoTb BUMAAKOBICTb npouecy (Tomac, 2000). MpoTe cknagHicTb
iX NobygoBM Ta nogasnblie 0BYMCNEHHA 3MYLUYE HAa MPAKTULL BMKOPWUCTOBYBATM AeTepmiHoBaHi mogeni (Apmctponr, 2011).
Y poborTi (PypceHKo Ta iH., 2024) npeacTaBaeHa mogenb JlaHyecTepa A1 "'noraHoopraHizoBaHoro" 60t0. Ik BUAHO 3 Ljei poboTy,
PO3B’sI3aHHA CTOXacTUYHOI Moaeni 60MoBUX Ailh € LOBONI TPOMI3AKMM, TOMY AOLINIbHO HAaBYMTM MabYTHIX odiuepiB BUKOHYBATH
0ro 3a ,ONOMOrot0 NPOrpaMHoOro 3abesneyeHHs.

OT)Ke, BPaxoBYOUYM BaK/IMBICTb PO3B’A3aHHA NpodeciMHMX 33434 i3 3aCTOCYBaHHAM KOMMN' IOTEPHUX TEXHONOTIN AnA
NiAroToBKM MalbyTHix odilepiB Ta MatouM A0CTaTHIM HAayKOBUIA HAapOobOK 3 NOBYAOBM CTOXAaCTUYHUX moaenen 6onoBux Aint i
BiACYTHICTb MpOrpamMHuUX peanisauii umx mogenein, byna nocraBneHa HacTynHa meTa.

Merta: 3anponoHyBaTM METOANKY NPOBEAEHHA IHTErPOBAHOrO 3aHATTA 3 MOAENIOBAHHA "BUCOKOOpraHisoBaHoro" 60to
JlaHuyecTepa 3a LONOMOrot matematuyHoro nakety MATLAB.
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METO/AM AOC/IAMEHHA

[nA BWKOHaHHA AOCAIAMKEHHA BUMKOPUCTAHO CTOXAaCTUYHUI Migxia [0 MaTeMaTUYHOTO MOZEeNoBaHHA 6010, AKMI
nonarae 8 nobynosi rpady cTaHiB MapKOBCbKOrO Mpouecy i3 BKasaHHAM iHTEHCMBHOCTEM MepexoAy Bif, CTaHy A0 CTaHy Ta
BignosigHoOi cuctemn amdepeHuianbHUX piBHAHb Koamoroposa. [na nobynosu nporpamu y cuctemi MATLAB BMKOpUCTaHO
BOy[0BaHi OYHKUiI Ana po3s’A3aHHA gudepeHUiaNbHUX PiBHAHb 3 MOYATKOBMMM YMOBaMM Ta A/1A 3HAXOLMKEHHA rpaHuMLb

YHKUiN.

PE3Y/IbTATU JOC/IAMKEHHSA

B AaHii poboTi NpPONOHYETLCA HACTYNHUI NNaH NPOBeAEHHA 3aHATTA (6e3 opraHisaLifHOT Ta 3aK/1OYHOT YaCTUH):

1. O3HalloMNEeHHA KypcaHTiB (CTyaeHTiB) 3 mozennto JlaHuecTepa "BUCOKOOpraHizoBaHoro" 60to.

2. CTBOpEHHSA pa3om i3 KypcaHTaMM CTOXaCTUYHOI moaen.

3. MigroToBKa A0 CaMOCTIMHOT pobOTU KypcaHTIB (CTy4eHTIB), Nif 4ac AKOI BOHM OTPUMYIOTb pPeKoMeHaaLii Wwoao
ocobnusocTelt NobyA0BM anropuTMy po3B’A3aHHA NOCTAaBNEHOT 3a4aui.

4. Peanisauis KypcaHTamu (cTyaeHTamu) 3agadi 8 MATLAB.

MocTaHoBKa 3agaui. BigbysaeTbcs 6ili mixk cTopoHoto 1 i ctopoHoto 2. CTopoHa 1 mae N; oaHopigHUX 60MOBUX OAMHULD
3 epeKTUBHUMM CKOPOCTPINbHOCTAMU @ KOXHA, CTOopoHa 2 mae N, ogHopigHux 60MOBMX OAMHWLbL 3 edeKTUBHUMU
CKOPOCTPINbHOCTAMM Q5 KOXKHA. OfLHUM MOCTPISIOM MOXHA 3HELIKOANUTH He Binblue, HiK OAHY OAMHULLIO NPOTUBHMKA. IHbOpMaLisa
Npo 3HULWEHHA 6OMOBOT OANHUL, NOCTYNAE MUTTEBO, TOMY TaKuii 6ili Ha3MBAETLCA “BUCOKOOPraHizoBaHMM”. MOTPiOHO BU3HAUUTH,
AIKa CTOPOHa NepemoKe y Takomy 601, 3 AKOI MMOBIPHICTIO Ta CKiZIbKM HOMOBMX OANHULD 3a/IMWINTLCA HEYLIKOAKEHUMMU.

Ons BUKNagaHHA MalibyTHIM daxisuam posrnsaHemo Bunagok N; = N, = 2 noknagHo. BUKOPUCTAEMO CTOXaCTUUHMIA
niaxia. Mobyayemo mogens npouecy. Hexal S;j — CTaH CMCTEMU, NPU AKOMY Y CTOPOHU 1 — i HEYLIKOAXKEHNX OAUHUL, Y CTOPOHU
2 - j HEYWKOAXKEHNX OANHULb. BBaXKAETbCA, WO B cucTemi S = {S;;} NpoTika€ MapKOBCbKMIA MPOLEC 3 AUCKPETHOIO MHOMXMHOIO
CTaHiB i HenepepBHUM 4acom. P;; — AMOBIPHICTb TOrO, L0 B MOMEHT Yacy ¢ cucTema S 3HaxoAuTbCA B CTaHi S;;. PosrnsiHemo rpad
CTaHiB CMCTEMM HA pUC. 1 (3 BKA3aHHAM iHTEHCUBHOCTEW NpW Nepexosi Bif 0O4HOro CTaHy CMCTEMM A0 iHWOro).

Za 20(1
A 1__» S21 S20
2 az
y “%2 4
ay
S12 M) S11 > S10
a
2a, . 2
Soz So1

Puc.1. Fpad craHiB cucTeMm 3 BKa3aHHAM iHTEHCUBHOCTe
[epeno: aemopcoKka po3pobka.

[onoBHa meTa Ha LpOMY eTani — HaBYMTM KypcaHTiB 3a rpadom BUNMCyBaTU cucTemy aAudepeHLianbHUX PiBHAHD
KonmoropoBa, 6inbLu TOro 3akpinuT meTogmn po3s’a3aHHA gudepeHLuianbHUX PiBHAHb NepLIoro NopaaKy. Buxogaum 3 BkasaHoro
rpada (puc.1) cuctema guoepeHuianbHUxX pisHAHb Konmoroposa mae Burnaa;

P55 (1) = —(2ay + 2a;3) Py (1),
P'15(t) = —(ag + 2a;3) P15 (t) + 2a, Py, (2),
P'51(t) = —(ay + az)Prq () + 24Py (2),
P11 (@) = —(ay + a) Py () + a1 Pip(8) + ay Py (B),
P'ox(t) = 2a,P15(t),
Po1(t) = az P11 (D),
P'30(t) = 2a1 P51 (1),
P'1o(t) = ay P4 (D).
Mouatkosi ymosu: P,,(0) = 1,P;;(0) = Onpu i +j < 4.
PO3B'AKEMO KOMKHE PIBHAHHA cucTeMuU andepeHLianbHUX PiBHAHD (1) 3 ypaxyBaHHAM NOYATKOBUX YMOB.
1. MepLue PiBHAHHA € PIBHAHHAM 3 BiZJOKPEMNEHNMM 3MIHHMMM BiAHOCHO HeBiZoMOi Py, (t). Po3B’A30kK 3agaui Kowwi:

Py, (t) = e~ (art2ar)t. (2)
2. MigcTaBMMo 3HAUAEHUI PO3B’'A30K (2) y Apyre piBHAHHA cucTemu (1) Ta OTPUMAEMO NiHiliHe HEOAHOPIAHE PIBHAHHSA
NepLIoro NopaAKy Bi4HOCHO HeBigomoi P, (t). Po3s’a3aBLm piBHAHHA METOAOM J1arpaHska, OTPUMAEMO:

2a 2a
P, (t) = a_ze—(a1+2a2)t _ _Ze—(2a1+2a2)t_ (3)

1 a

(1)

3. AHaNori4yHO APYromy NyHKTY po3s’siskemo 3agauy Kowwi ans 3HaxogmeHHs Py (t):

2a 2a
PZl(t) = a_le—(2a1+az)t _ _18—(2a1+2a2)t. ()

2 a;
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4. 3Hangemo Py, (t) meTogom NlarpaHika, NiacTaBuBLLM BUBeAeHi paHiwe Py, (t) Ta Py, (t) y 4eTBepTe piBHAHHA cUCTEMM

(1):

Pll(t) - 26—(2a1+2a2)t _ ze—(a1+2a2)t _ Ze—(2a1+a2)t + Ze—(a1+a2)t_ (5)

5. Po3B’A3KM 3 BiZANOBIAHMMM MOYATKOBMMM YMOBAMM OCTAHHIX YOTUPbLOX PiBHAHbL cucTemmn (1) € WmosipHOCTAMM
KpaWHix cTaHiB cMcTeMM B MOMEHT Yacy t. MiactaBnstoum B Ui gudepeHUianbHi piBHAHHA po3B’a3KM (2)-(5), oTpMMaeMO piBHAHHSA,
iHTerpyoun Aki sHaliaemo:

2 ) )
Py, (t) = —Le—(2a1+2a2)t + Le—(aﬁwz)t + 2a, ’ )
ar(a + az) ai(a; + 2a,) (ay + ap)(ay + 2a3)
Py, (t) = —Le_(ml”“z” + Ae_(alﬂ‘“)t + 726{2 e—Cai+ar)t _
a + @ a; + 2a, 201 + -
2
_Zie—(almz)t + 3a,a,
a + ap (ay + ay)(ag + 2a,)(2a; + ay)
2 ) .
Pyo(t) = —Le—(2a1+2a2)t + Le—(mﬁaz)t + 2a, ‘ @)
ay(ay + ay) a,2a; + ay) (a; + a))2ay + ay)
Pio(t) = _Le—(ZaﬁZaz)t + ie—(alﬂaz)t + 2aq o-Carta)t _
@ +az a; + 2a, 201 + a, o)

2
_ﬂe_(al"'aZ)t + 3a,°a,

aq + a, (a1 + az)(al + 2“2)(2“1 + az).

Cuctema (1) € po3s’asaHoto. Po3rnsHemo rpaHuLi MMOBIpHOCTEN cTaHiB (6)-(9) npu t — +00 Ta OTPMMAEMO MMOBIPHOCTI
KiHLEBUX CTaHiB CUCTEMM HAMpPUKiHLi 60t0:

Poa() =03 azz)oéi T 2a) (10)
Pl =3 az)(a13 ilgi)(ml T @) )
Po(®) =03 ozzz)oélzza1 T @) (12)
Pro(0) = e (13)

(a1 + az)(ag + 2a,)2a; + a3)

BBakaeTbca, WO B cucTemi BiabyBaeTbcA BUMNagKoBuit npouec. Lle o3Hayae, wo ymcno 60MOBUX OAMHMULb, AKi
33/MWWIATbCA HeYLWKOAXKEHUMM, € BUMNAAKOBOK BeANUYNHOW. OTKe, BaXK/NIMBUMWU XapaKTePUCTMKaMK 6Ot0 € cepeaHi 3HaYeHHA
KiZIbKOCTi HeyLKoAKeHUX HOMOBUX OAMHULL KOXKHOT CTOPOHM:

M; = Pyy(0) + 2P, (), M = Pyy1(0) + 2Py, ()
Ta MMoBIpHOCTel nepemoru ctoporun 1 i 2 BignosigHo:
Py = Pyy(0) + Pyo(o0), P, = Py1(0) + Pyy(0).

Hanpuknag, posrnaHemo pesynbtaTtv 6o ana @, = 0,1, 2, = 0,8 (%) MNiacTaBmBLUM Li 3HaYeHHA y dopmynm (10)

—(13) otpumaemo P,y() = 0,837, P;y() =~ 0,125, Py, () = 0,022, Py;(0) =~ 0,016. BignosigHo
M, = 1,8,M, =~ 0,06,P; = 0,96, P, = 0,04.

OmKe, cTopoHa 1 nepemoske 3 iMoBipHicTio 0,96, 3aAnWNTLCA HeyLWKoAKeHo NpubansHo ogHa 60lioBa oaANHMLA.

3ayBa)KMMO, WO Yy KYPCaHTIB BMHWKAOTb TPYAHOLL, AKMM cnocobom po3s’A3aT AaHy cuctemy gudepeHuiasbHuX
piBHAHL. TOMy NOTPIGHO iX HaBECTM Ha AYMKY, LLO cMCTema PO3B’A3YETLCA MOCTYNOBO: CNOYATKY NepLue PiBHAHHA 3 BiANOBIAHOO
NOYaTKOBOK YMOBOIO, NOTIM Pe3y/bTaT Po3B’A3aHHA Tpeba NiACTaBUTU B Apyre PiBHAHHSA i Moro poss’a3aTu i Tak gani. Kpim Toro,
KYpPCaHTW He oapasy 6ayaTb TMN PIBHAHHA, OCKiZIbKM BOHM 3BUKAM B Kypci “AudepeHuianbHi piBHAHHA" HeBigomy ¢yHKUj0
nosHauatn y(t). Tomy npw 3’acyBaHHi TUNY PiBHAHL MOXKHA TUMYACOBO HEBILOMY MMOBIPHICTb No3HauuMTK Y(t), a noTim nicas
pO3B’A3aHHA PIBHAHHA MOBEPHYTUCA A0 MO3HAYEHHA HEeBiAOMOI MMOBIPHOCTI CTaHy cuctemu. [nA cnpolieHHA Po3B’A3aHHA
cuctemu (1) AouinbHO oapasy 3anpPonoHyBaTH PO3B’A3aTH il 417 KOHKPETHUX 3HAYEHb CKOPOCTPINIbHOCTEN 060X CTOpiH. B poboTi
HaBeAEeHO 3aranbHi Gopmynn ana obuMcNeHHA MMOBIPHOCTEN CTaHIB CUCTEMM | MUMOBIPHOCTEN KiHUEBUX CTaHiB cucTemu, Wob
MOKHa 6yn0 pobuUTK nNepeBipKy pe3ynbTaTiB AlA Pi3HMX 3HAYEeHb CKOPOCTPinbHOCTEN. Kpim Toro, AnA KypcaHTiB HEOYeBUAHI
bopmynn nigpaxyHKy KiNbKOCTEN HeyLKOAKEHUX BOMOBMX OAMHMLL KOMKHOT CTOPOHW B KiHUi 600 i dopmyan nigpaxyHKy
imoBipHOCTel nepemory 060x cTopiH. Oas UbOro AOLibHO Haragaty iMm maTepian npo po3nogin ABOBMMIPHOI BMNAAKOBOI
BE/INYMHM.

Po3B’A3aHHA 3aga4i Ha nanepi NoKasano, Wo AN OTPUMAHHA OCTAaTOYHOTO pe3y/bTaTy NOTPIGHO 3HAWTU MMOBIPHOCTI
BCiX cTaHiB, To06T0 poss’azatm (N; + 1) X (N, + 1) — 1 audepeHuianbHUx piBHAHb NEpPLIOro MOPAAKY. Pasom 3 KypcaHTamu
pob6MMO BUCHOBOK, O Ha Nanepi Take po3B’A3aHHA 3aHAATO rPOMI3AKe, TOMY 3HAYHO NPOCTiLLe MOro 3HANTU, BUKOPUCTOBYHOUM
IT, a came y MATLAB. Yepes Te, W0 cnewiasbHO po3pobaeHoi nporpamm As1a CToXacTMYHOI Mogeni JlTaHyecTepa HEMAE, KypcaHTam

10
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NPOMOHYETLCA CTBOPUTH il CAMOCTINHO. 3aBAaHHA MOXKHA 3anNpOoNOHYBATW A1 BE/IMKOI KiIbKOCTI BapiaHTiB, 3MiHIOHOYM BiANOBIAHO
3HayeHHsA BXigHUX napameTpis Ny, N,, a1 Ta a,. B 3aneHOCTi Bi piBHA NiAroTOBKM KYPCaHTIB Ha Pi3HUX eTamnax po3B’A3aHHA Liei
3a/la4i MOXHa 3anponoHyBaTV BiANOBIAHY AoNOMOTY.

MpW BUHNMKHEHHI TPYAHOLLB Ha NOYaTKOBOMY eTani NPOMOHYETbCA PO3r/IAHYTM 33434y Y 3araibHOMy BUTAALI.

[nsa uboro 3a3HaYMMO HaACTYMHI MOMEHTM, Ha AKi CNig 3BepHYTU yBary:

1. Bci MmoBipHocTi MoXHa 3anucati y matpuuto (N + 1) X (N, + 1), ae noyaTtkoso Pyy = 0:

0 POl(t) IJON2 (t)
Po(t) P (8) . Py, (®) | (14)
Pyo(t) Py,a(8) .. Py,n,(0)

[JouinbHo 06roBopuTH 3 KypcaHTamu, WO, AOMMUCABLUM /1IBOPYY Ta 3ropu 4ymcio 6oioBux oguHuUUb cTopiH 1 i 2, 6yae
OTPUMaHO MaTPULLIO PO3NOAINY NMOBIPHOCTEN ABOBUMIPHOT BUNAAKOBOT BEIUUUHM.

2. AnAa 3Haxo4KeHHA MMOBIPHOCTE BMKOPUCTOBYIOTHCA AudepeHLianbHi piBHAHHA Konmoroposa 3 ypaxyBaHHAM
noyatkosux ymos Py y,(0) = 11a P;j(0) =0 (i =0,N; —1,j = O,N, — L,i +j # Ny + N,).

3. Cnoyatky noTpibHO 3HaNTH Py, v, :

P'y.n, () = —(Nyag + Npaz) Py, (0). (15)

4. 3HaxoAMMO MMOBIPHOCTI OCTaHHLOTO CTOBNUSA (3HU3Y Bropy) Ta pagKa (cnpasa HaniBo) matpuui (14), Kpim nepwmx
e/leMeHTiB psAAKa Ta CTOBMUSA:

P'in, () = =(iay + Nyaz)Piy, (t) + NpapPiyqy, (), i =1,N; — 1, (16)
P'y, () = =(Nyay + jaz)Py, j(t) + Nyai Py, j+1(t), j=1,N, — 1.

5. O6YMCAIOEMO BCi iHLWI MMOBIPHOCTI, KPiM NepLUNX pAAKa Ta CTOBMUA, MOYMHAIOYM 3 HUXKHLOTO NPABOro KyTa MaTpuui
(14):

P'y(®) = —(iay +jax)Pij(6) + iayPijis (8) + jazPiyy; (), i=T1,N; = 1,j=T1,N, - L. (17)
6. O6YMCOEMO MMOBIPHOCTI NEpLUIMX PAAKA (CnpaBa HaniBo) Ta cToBNLUA (3HWU3Y Bropy):
P'y(t) = —iay Py (t), i=1,Ny,
PrOj(t) = _ja2plj(t)' ] = 1rN2'

7. 3Haxo4AMMO rpaHuLLi IMOBIPHOCTEW NepLUIMX paaKa i cToBnua maTpuui (14) npu t = +oo.

8. PO3paxoBYEMO MMOBIPHOCTI BUrpaLWiB Ta cepesHi 3HaYeHHSA YNCNa HeyLWwKoaKeHNX 6OM0BMX OAMHMLL 060X CTOPIH NO
3aBepleHHIo 600 Ta pobrmo BigNOBIAHUI BUCHOBOK.

Ha ubomy eTani MOXHA 3anponoHyBaTU KypcaHTam (CTyZeHTam) CaMOCTIiHO CTBOPUTM Koh, ANA pPO3B’A3aHHSA
nocTaB/ieHoi 3aaui. AKLLO A/1A NeBHUX KYPCaHTIB LA 334a4a BUABUTLCA CKAALHOM, TO MOXKHA HaZaTu im 6710kM po3B’a3aHoi 3a4aui
B 3a/1€XKHOCTI Bif, TOro, Ha AKOMy eTani uAa npobaema BuHUKANA. [laHi 610KKM NnpeacTaBaeHi y Tabamui 1.

(18)

Tabnuysa 1. ETanu po3s’A3aHHA 3agadi 3a gonomoroto MATLAB

Ne Kog 8 MATLAB MoscHeHHA A0 610Ky
n/n

1. N1=5; N2=2; a1=0.5; a2=0.8; BBeAeHHs NMoYaTKOBUX AaHMX, MO3HAYeHHA OYHKLUi Ta
syms t y(t); 3MiHHOI.

2. a= N1*al+N2*a2; P(N1+1,N2+1)=exp(-a*t); 3HaxogpkeHHs Py y, (t) 3a popmynoio (15)

3. for j=1:(N2-1) Bnok, B AKOoMy po3B'A3yloTbca  AudbepeHUuianbHi
p(t)= P(N1+1,N2-j+2)*N1*al; Dy=diff(y) piBHAHHA, WO A03BONAOTb 3HAWTM  MMOBIPHOCTI
a=N1*al+(N2-j)*a2; z=Dy==-a*y+p(t) OCTaHHbOro pAAKy matpuui Py ;(t),j =1,N, —1 3a
P(N1+1,N2-j+1)=dsolve(z, 'y(0)=0"); dopmynamu (16).
end;

4, for i=1:(N1-1) Bnok, B AKoMy po3B'A3yloTbca  AudbepeHUuianbHi
g(t)=P(N1-i+2,N2+1)*N2*a2; Dy=diff(y) piBHAHHA, WO A03BONAOTb 3HAWTM  MMOBIPHOCTI
a=(N1-i)*al+N2*a2; z=Dy==-a*y+g(t) OCTaHHbOrO CTOBNUA MaTpuui Py, (t),i=1,N; —13a
P(N1-i+1,N2+1)=dsolve(z, 'y(0)=0'"); dopmynamum (16).
end;

5. fori=1:(N1-1) 3Haxo4XeHHA BCiX iHWWX imoBipHOCTENM MaTpuui
for j=1:(N2-1) Pi(t),i=1,N; —1,j =1,N, — 1, kpim nepwux pagka
p(t)=(N1-i)*al*P(N1-i+1,N2-j+2) i cTosnus 3a opmynoto (17).
g(t)=(N2-j)*a2*P(N1-i+2,N2-j+1)

Dy=diff(y); a=(N1-i)*al+(N2-j)*a2
z=Dy==-a*y+p(t)+g(t)
P(N1-i+1,N2-j+1)=dsolve(z, 'y(0)=0");
end; end;

6. for i=0:N1 Bnok ana nepworo croBnuAa maTpuui 3a ¢opmynamm
Dy=diff(y) (18).
z=Dy==(N1-i)*al*P(N1-i+1,2)

11
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Ne Kog 8 MATLAB MoAcHeHHA g0 610Ky

n/n
P(N1-i+1,1)=dsolve(z, 'y(0)=0"); BAok 4na  nepworo pagka maTtpuui  pobuTbea
end; aHANOrYHO, TOMY HaZaBaTW MOro roTOBMM KypcaHTam

He nNoTpibHoO.

7. fori=1:(N1+1) [nAa oTpumaHHA KiHUEeBOro pesynbTaTy rpaHuui Tpeba
P(i, 1)=limit(P(i, 1),t,inf); 3HaxXoA4MTM TiNbKK ANA imosipHocTel Py (t) Ta Py;(t).
end;

for j=1:(N2+1)
P(1,j)=limit(P(1,j),t,inf)

end;

8. M1=0; P1=0; O6uncneHHs cepegHix 3HaYeHb YMCNA HEYLIKOANKEHUX
fori=1:(N1+1) 60MOBUX  OAMHUUL MO  3aBepleHHo 6ot Ta
M1=M1+(i-1)*P(i,1); P1=P1+P(i,1); MoOBIpHOCTEM Burpawy CcTopoHM 1. AHanoriyHo
end; BMKOHYETbCA A1 CTOPOHM 2.

[epeno: aemopceKa po3pobKa.

Mo 3aBepLIeHHI0 POBOTU KypCaHTK (CTyAEeHTM) MaloTb HagaTy 3BIT, WO BK/AOYAE NOCTAHOBKY 3aaadi, ii peanisauito B
MATLAB Ta BUCHOBKM CTOCOBHO pe3ynbTaTiB 6oto.

Po3B’A3aHHA 3afdadyi B 3arasbHOMYy BMNaaky 3a gonomoroo MATLAB cnpwuse 6inbw rMboKkomy aHanisy Kpokis
pOo3B’sI3aHHA 3a4avi i ii pe3ynbTaTie. MOTPIOHO 3ayBaXKUTK, WO Ti KYPCAHTM, AKi HEe AyXKe HaNallTOBaHi Ha A0Bre pPo3B’s3aHHA
andepeHLianbHUX PiBHAHD, 3 PAAICTIO NPALIOOTL 3 KOMN'IOTEPOM | TUM CaAMMM MOPUHAKOTL Y CyTb 3a4adi i i pe3yabTaris.

Mpu cTBOPEHHI 3aBAaHb 33 BapiaHTamMM AR KYPCaHTIB NOTPiIOHO 3BEPHYTM yBary Ha Te, WO A/1A NOYaTKOBUX KifibKoCTew
6oiosux oguHUub binbwe 10 nporpama MoXKe BUKOHYBaTM O6YMCNeHHA bGinblwe 15 XBUAWH, WO YCKNAAHIOE NepeBipKy
NPaBUAbHOCTI HaMUCaHHA Koay. MpuKnag, AKUiA 6yB Po3B’A3aHMI Ha MOYATKY 3aHATTA TAaKOX MOMKHA BMKOPUCTOBYBATU AN
nepeBipKM KOPEKTHOCTI Nporpamm.

Lle 3aHATTA gOUiNbHO NAaHyBaTH A1A 0608 A3KOBUX ANCLMNIH B BBH3, OCKiNIbKM BOHO Ma€ NpodeciiHy cnpsaMoBaHiCTb.

OBrOBOPEHHA

ABTOpamu Brneplue 3anponoHOBAHO iHTerpoBaHe 3aHATTA A1a BBH3 3i cToxacTmyHOro mogentoBaHHA i3 3aCTOCYyBaHHAM
IT TexHonori. TaKi 3aHATTA NiABULYOTb MOTMBALO KYpPCaHTIB A0 BMBYEHHA MaTeMaTUYHWUX AUCUMNAIH i 3aCTOCYBaHHSA
MATEMATUKK y CBOIN nNpodeciliHiin aianbHocTi. basy Taknx 3aHATb NOTPIOHO B NOAANbLLIOMY MOMNOBHIOBATH.

BUCHOBKU TA NEPCNEKTUBU MNOAANbLLUOIO AOCNIAMNEHHA

MpoBeAeHHA iHTErpOBaHOrO 3aHATTA MiABULLYE 3aLLiKaBAEHICTb KYPCAHTIB Y BUBYEHHI MaTEMATMKM Ta 3aCTOCYBAHHI Ti
iHCTPYMeHTIB y npodeciiHii gianbHocTi. JeTanbHWUii onuc po3s’sisaHHA po3rnaHyToi B poboTi mogeni JlaHyecTepa MOKHa
BMKOPUCTOBYBaTK A5 N0OyA0BM Ta pO3B’A3aHHA NOAiIOHMX CTOXaCTUYHUX MOZeNen y BiNCbKOBIN CnpaBi, eKOHOMiL,, iHXKeHepii Ta
iH. 3anponoHoBaHe iHTerpoBaHe 3aHATTA MOXe OyTW BNpoBaAXeHe NPU BUBYEHHI TaKMX MAaTEMATUUHUX ANCLMNAIH, AK "Teopia
moBipHocTen", "Teopia Bunaakosux npouecis" Ta "Cuctemmn macoBoro obcnyrosyBaHHA".
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ABSTRACT

Traditional assessment methods in education often rely on rigid grading structures that may fail to capture the nuances of
language skills, especially in subjective areas like writing. This article explores how fuzzy logic, a mathematical system that handles
imprecision, can enhance English writing assessment by providing a more flexible, holistic view of students' abilities.

Formulation of the problem. English writing is a fairly subjective practice that, due to its interpretative nature, can often present
instructors with a challenge when it comes to administering evaluations that are impartial and purely objective. This paper aims
to propose a proper way of investing rigor and focus on the core principles of English writing into the process of reviewing student
work through the applied integration of mathematics’ fuzzy logic.

Materials and methods. The resources included in this article are a variety of robust and innovative works of academic literature
that have proven their relevance and advancement to the field of mathematics and also pedagogical assessment methodology.
The primary studies and their respective demonstrations of research are productively referenced throughout this paper to
concretely elucidate how fuzzy logic can make a difference in forming adequate feedback for English writing students.

Results. The results point to fuzzy logic-based assessments of English writing having merit that is long overdue in English
classrooms.

Conclusions. Overall, this article recognizes that fuzzy logic-based assessments of English writing are a ruthlessly efficient,
convenient, and innovative strategic approach to scrutinizing student work with fairness, absence of creative bias, and
extensiveness.

KEYWORDS: Fuzzy Logic; Writing Assessment; Writing Composition; COG Technique; Defuzzification.
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AHOTALIA

TpapuuiiHi MeToaM OLHIOBAaHHA B OCBITi YaCTO CMMPAIOTLCA HA XOPCTKI KpUTEepIi OLiHIOBaHHA, AKI MOXYTb He BPaxoByBaTH
TOHKOLLi MOBHUX HaBUYOK, 0COBNNBO B CY6'eKTUBHUX chepax, TaKMX AK NUCbMO. Y CTaTTi AOCNIAKYETLCA, AK MaTEMATUYHUI
anapaT HeyiTKOi 0TiKK, Lo NPALIOE 3 KHETOYHOCTAMMY», MOXKe MOKPALLMTU OLIHIOBaHHA aHIiNCbKOro Nnucbma, 3abesneuyioum
6inbLU FHYYKMI Ta LiNICHWUI NigXia, [0 OLiHIOBAHHA 34i6HOCTEN CTYAEHTIB.

®dopmyntoBaHHA Npobnemn. AHMiicCbKe NUCbMO € A0CUTb Cy6'EKTMBHOIO MPAKTUKOK, AKA Yepes CBOH iHTepnpeTauiiHy
NPUPOAY YacTo YTPYAHIOE BUKAa4aYam npoBeaeHH: 06'EKTMBHOrO Ta HeynepeaXeHoro OLiHIOBaHHSA. Y CTaTTi MPOMNOHYETLCA
MOX/MBUI NiAXiZ A0 OLIHIOBAHHSA, AKWI 3a6€3MeYnTb CTPOriCTb Ta aKLLeHT Ha OCHOBHUX MPUHLMNAX aHTNIACbKOro NUCbMa,
npu nepesipui pobiT CTyAEHTIB WAAXOM 3aCTOCYBaHHA MaTEMATUYHOTO anapaTy HeYiTKOT N0TiKU.

Martepianu Ta meTogm. Y CTaTTi BUKOPUCTAHO aHai3 Ta CMCTEMATM3aL,il0 HAyKOBUX Ta HAayKOBO-METOAUYHUX Nybnikauin 3
npob6semu meTog,0N0rii NeAaAroriYyHOro OLiHIOBaHHA Ta OCHOBHMX MOJIOXKEHb HEYITKOI IOTIKU.
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Pe3ynbratn. OUiHIOBaHHA aHMINCbKOrO MMCbMa Ha OCHOBI HEYITKOI IOMiKM Ma€e 3HA4YHMI NOTeHLian, AKUA gasHo cnig byno
BMNPOBAAWTUN B HABYAHHI aHMNICbKOT MOBM.

BucHOBKMU. OLiHIOBaHHA NMCbMA Ha OCHOBI HEYITKOI N10TiKM € ePEKTUBHUM, 3pYYHUM Ta iIHHOBALIMHMM CTPaTEriyHMM Nigxoaom
[0 aHanisy pobiT cTyaeHTIB, Wo 3abe3nedyye cnpaBeanBICTb, BiACYTHICTb TBOPUMX yNiepeasKeHb Ta BCeBIUHICTb OLiHKM.

K/TKOYOBI C/TIOBA: He4imKa 5102iKa; OYiHIB8AHHA MUCbMQA; KOMMIO3UUisa NucbMa; Memood yeHmpy 8aau; 0egpasudikayis.

INTRODUCTION

English writing assessment often presents a challenge due to its inherent subjectivity. Traditional grading schemes are
limited in capturing the subtleties of written expression, and they frequently reduce performance to a single letter or number.
However, fuzzy logic, developed to manage uncertainties in decision-making processes, offers a promising alternative. Rooted in
the concept of partial membership within categories, fuzzy logic provides a structure to evaluate qualitative aspects of writing
with greater flexibility, enabling assessments that reflect a range of competencies rather than fixed labels.

English writing assessment is often approached with a strong force of subjectivity targeting the important English
composition assessment areas of structure, stylistic choices, authorly intentions, literary fundamentals (i.e., spelling, grammar,
punctuation, syntax, etc.), and organization of ideas. The criteria with which frequently passed English writing judgments consult
is often quite stringent and perhaps even too narrowed down, failing multiple times to take into account the much larger and
significantly broader scope and dimension of writing as a craft (Phakiti & Leung, 2024).

MATERIALS AND METHODS

The resources included in this article are a variety of robust and innovative works of academic literature that have
proven their relevance and advancement to the field of mathematics and also pedagogical assessment methodology. The primary
studies and their respective demonstrations of research are productively referenced throughout this paper to concretely
elucidate how fuzzy logic can make a difference in forming adequate feedback for English writing students.

RESULTS AND DISCUSSION

The results point to fuzzy logic-based assessments of English writing having merit that is long overdue in English
classrooms.

1. Assessment Criteria

As mentioned, assessing English composition is a lot more complicated than those carrying out the very action of
assessment or designing guidelines for such an action believe and perceive it to be. Assessing English composition, in its ideal
execution, involves a multidimensional addressing of how the aforementioned elements of organization, content, mechanics,
style, and grammar all play a part in rendering a written piece cohesive, robustly communicative, and coherent. With the aid of
a more systematic strategy of closely examining these chief elements, teachers and practitioners of education could significantly
assist developing writers in their pursuit of honing their rhetorical and communicative techniques and abilities. Systematization
of English composition criteria could be tremendously advantageous to the long-term growth of written communication skills.
English composition is defined as the practice of effectively and compellingly organizing, synthesizing, and combining components
of English writing and rhetoric to furnish a piece of English writing that is a successful combination and concoction of an author’s
intentions and literary design. It is a wide-ranging craft that covers a plethora of English writing areas that make up the
cohesiveness, coherence, effective expression, and effects of a written work on an intended audience. Assessing these elements
is crucial in both educational and professional contexts to ensure effective communication (Dong et al., 2023; Xue, 2024).

We delve here into the primary components of English composition—content, organization, style, mechanics, and
grammar—and discusses how each can be assessed to improve and evaluate writing. Generally, frameworks in educational
assessment criteria focus on aspects like coherence, content, mechanics, and grammar, aligning with holistic models that assess
language proficiency (such as the CEFR in Europe or specific rubrics in U.S. education).

Criterion 1. Content.

Content is defined as the makeup and even ingredients of a work of writing—what the work of writing contains. To
assess content, one must take into consideration the thorough examination of the author’s intentions, the relevance of the
described makeup and ingredients in association with said intentions, the scope of these intentions or how well they are explored
and expanded upon, and the nature of the ideas pertaining to what the author is trying to get across to their audience. An author’s
intentions can be found in their work’s thesis or main message and can be further studied with the help of its supporting
information such as evidence, analysis of evidence, and examples.

Content assessment criteria should adhere to evaluation principles that, overall and in general, propose that an assessor
is to factor in authorly intentions and the execution of those intentions in the form of their written work’s content. Additionally,
said criteria must also then get more and more specific with its checking of the comprising elements and building blocks holding
together the author’s composition content and its presentation of the author’s intended-to-be-shared thoughts. In essence,
content assessment criteria should be both holistic and specific.

Criterion 2. Organization

Organization is defined as the structuring of a written work or composition. It has to do with the order of an author’s
logical reasoning, string of thought, clarity in elucidation of thought, and coherence in relaying ideas present in a written work’s
anatomical features such as its introduction, thesis, body paragraphs, and conclusion paragraph. Proper organization is key to
creating a seamless transition of an author’s ideas into a reader’s perceptions.

Assessing organization entails evaluating the general foundation of a written work, as well as how it holds together in
its more in-depth consistency. A well-organized written work should not give the reader much trouble with moving from
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argument to argument, narrative to narrative, and should demonstrate unshakable focus during this process of taking a reader
across its material.
Criterion 3. Style

Style is a writer’s own personal touch in communicating their unique thoughts and interpretations of concepts. It
includes execution of rhetoric, tone, format, vocabulary, and syntax. Style helps give authors a voice of their very own, allowing
them to stand out and make an impact on readers in their own individual ways, boosting their inner conversations with said
readers as well.

Assessing style entails conducting a thorough investigation of the little fragments that make up the essence of an author’s written
work and the effect they produce on readers when working in unison. When approaching style, a writer is to ensure that the
unique accent they give to their work suits its intended audience and intended messages for said audience.

Criterion 4. Mechanics

Mechanics can be defined as the standards of basic written language. It encompasses spelling, grammar, capitalization,
and punctuation, just to name some of its key areas. Proper mechanics ensure the legibility and communication efficiency of a
work.

Assessing mechanics largely consists of clear and easily comprehensible criteria. Mechanics determine the clarity in an
author’s communication and, as terminology would suggest, mechanics are the basic gears and functions of such communication.
As a matter of fact, mechanics are a top priority for authors in any kind of literary work they pursue.

Criterion 5. Grammar

Grammar in writing covers the more foundational conventions of sentential structures. Grammar encompasses article
use, verb tense agreement, subject-verb agreement, sentence completion, pronoun use, order and placement of lexical items,
and more. Taking a look at grammar includes taking into account the standard conventions of a written language that are more
on the technical side. Errors in grammar can significantly deter an author from presenting their ideas properly to readers, and it
must absolutely be tended to with utmost precision and dedication to good accuracy.

2. Principles of Fuzzy Logic

Fuzzy logic, introduced by Lotfi Zadeh (1965) extended classical binary logic to handle the concept of partial truth—
truth values between "completely true" and "completely false." In fuzzy logic, variables can have degrees of membership in
multiple sets, allowing for more flexible and nuanced decision-making processes.

Core Concepts

1. Fuzzy Sets: Instead of a crisp set where elements either belong or do not belong, fuzzy sets allow elements to have
varying degrees of membership. For example, a sentence can be somewhat clear, very clear, or somewhere in between (Klir &
Folger, 1988).

2. Membership Functions: These functions define how each element in the set is mapped to a degree of membership,
ranging from 0 to n. This allows for the assessment of writing elements in a more granular fashion (Klir & Folger, 1988).

3. Fuzzy Rules: Rules are used to model the relationships between different variables. In writing assessment, rules
relate the quality of grammar, coherence, and content to an overall writing score (Klir & Folger, 1988).

Fuzzy logic is actively employed for evaluation of students’ performance in education (Agarwal et al., 2019; Akkur &
Rao, 2018; Gisolfi et al., 1992; lvanova, 2019; Subbotin, 2014; Subbotin & Bilotskii, 2014; Subbotin et al., 2004; Wardoy, 2020;
Yildiz & Baba, 2014).

Implementing fuzzy logic in writing assessment involves several steps:

1. Defining Criteria and Membership Functions: The first step is to define the criteria for assessment, such as clarity,
coherence, creativity, grammar, and mechanics. For each criterion, membership functions are established to quantify the degree
to which a piece of writing meets the criteria.

2. Creating Fuzzy Rules: Next, fuzzy rules are developed to describe how different criteria interact to produce an
overall assessment. For example, a rule might state that if a piece of writing is highly coherent and has minor grammatical errors,
it should receive a high overall score.

3. Fuzzification and Defuzzification: Fuzzification converts the input data (writing samples) into degrees of
membership across the defined criteria. Defuzzification then translates the fuzzy output back into a crisp score or grade, providing
a clear result for the writer.

Consider a scenario where fuzzy logic is applied to evaluate student essays. The assessment criteria include content,
organization, style, grammar, and mechanics. Each criterion is broken down further into specific aspects such as relevance,
coherence, vocabulary, and punctuation.

3. Applying the Center of Gravity Fuzzy Technique

The COG technique is a very popular in fuzzy mathematics defuzzification method (van Broekhoven & De Baets, 2006).
The following described below concrete approach was developed in (Subbotin, 2014; Subbotin & Bilotskii, 2014; Subbotin et al.,
2004).

For applying this technique, we correspond to each x of the universal set U an interval of values from a prefixed
numerical distribution, which actually means that we replace U with a set of real intervals. Then, we construct the graph of the
corresponding membership function y=m(x). There is a commonly used in fuzzy logic approach to represent the fuzzy data with
the pair of numbers (x, y.) as the coordinates of the COG, say F., of the level’s section S contained between the above graph and
the OX axis, which we can calculate using the following well-known formulas:

” xdxdy ﬂ ydxdy

S

Xc= . ) Ye= (1)
”dxdy H dxdy
S S
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In fact, let G be a group of individuals participating in a certain activity and let U={A, B, C, D, F} be a set of linguistic
labels (grades) characterizing the individuals’ performance with respect to this activity as follows: A=excellent, B=very good,
C=good, D=moderate (satisfactory) and F= unsatisfactory. Then, we can express G as a fuzzy set in U in the form
G = {(x, m(x)), x € U}, where y=m(x) is the corresponding membership function.

We correspond to each x in U an interval of real values as follows: F — [0,1), D —[1,2),C —[2,3),B —[3, 4),
A — [4, 5]. Consequently, we have that y; = m(x) = m(F) for all x in [0,1), y> = m(x) = m(D) for all x in [1,2), y3 = m(x) = m(C) for
all xin [2, 3), ya = m(x) = m(B) for all xin [3, 4) and ys = m(x) = m(A) for all x in [4,5]. Then the graph of the membership function
y = m(x), takes the form of the bar graph of Figure 1, while the area of the level’s section S contained between this graph and the
OX axis is equal to the sum of the areas of the rectangles S, i=1, 2, 3, 4, 5.

¥ 1
\

j, ¥ PR X
Fig. 1. Bar graphical data representation

Source: Own work.

It is straightforward then to check that in this case formulas (1) are transformed to the form:

2 2 2 2 2
_ 1 y1+3Y,+5y3+7y,+9Ys _ 1 Y, tY, + y3 +y, + y5
T2 V1+Y2+Y3+Yatys ) ye= E( Y+ Y, F Y+ Y, Y, ) 2)
1 2 3 4 5

C

with y;=m(x;), i=1, 2, 3, 4, 5 and x;=F, x,=D, x3=C, x,=B and xs=A.
5 5 5 % i
In fact, ” dxdy is the area of S which is equal to z y; Also ” xdxdy = Z.U xdxdy = z.[ dy J' xdx =
S i=1 S i=1 g i=lo i1

=3y, [ =Yyt = T3 (-1 = S X @Dy, and

i=1 i1 i=1 - E i
i n Yi 13 )
dx=3 [ ydy =22y,
-1 i=l o i=1

” ydxdy = .Z:“'U ydxdy = 251:]' ydy

S =l o i

5

Normalizing the membership degrees by dividing each y; by the sum Z Y.

=

In the current article we will implement a different model being feasible for the individual work assessment. It is based
on the same mentioned above GOC ideas, but different in its development and applications. It will allow us to choose the
satisfactory written works among submitted, and to choose the best of them.

We will consider assessment of English composition involving evaluating various qualitative aspects of writing, such as
content, organization, style, mechanics, and grammar. Traditional methods of assessment can struggle with the subjective nature
of these criteria. Fuzzy logic, particularly the center of gravity (COG) technique, offers a way to handle the inherent vagueness
and subjectivity in writing assessments.

If (Xc,Yc) is the coordinates of the figure's center of gravity, (xci, yci) is the coordinates of the center of gravity of the
segment i, mi is the mass of the segment i, and M is the mass of the entire figure. If we assume the mass of the region is uniformly
distributed, then we can assume that that it is equal to the area of the region. Considering xc;= i- %, yCi =%, M is the sum of all mi
which is equal to the area of the corresponding rectangle, i.e. the sum of yi, we come to the similar to (2) formulas
_ Sy Shi? a)

nyi 2¥nyi

The important next here step is to define the criteria for assessment (e.g., content, organization, style, mechanics, and
grammar) and create membership functions for each criterion and develop rules that describe how the various criteria interact
to influence the overall assessment.

Thus:

1. Every area of assessment, e.g., content (1), organization (2), style (3), mechanics (4), and grammar (5), should be at
least satisfactory (i.e. greater or equal to 1), otherwise the assessed work is unsatisfactory.

Xc
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2. The rule of passing: The ordinate Yc of the COG of the assessed work should be greater than 1. We can change this
criterion, increasing the rigor. This is especially useful in some kinds of competitions. The abscise Xc is smaller (closer to 0.5) as
the work is more mature.

The following example demonstrates the implementation of the above ideas.

1

|l |wiN
Wik [ININW

Fig. 2
Source: Own work.

In Figure 2 we illustrate the results of the assessment of an essay. Here, the first column reflects the assessment of the content
(3), the second column reflects the organization of the writing (2), the third column reflects the style (2), the fourth — mechanics
(1), and the fifth — the grammar (3).
In this case, we have:

16-pyi 265

Xc =22 =2.4091 ..,
nyi 11
Yi(yd? 27
ve=2220 S 20 19272,
CT2Yryi T2

These numbers show that the writing is above the passing level and has good content, grammar, and organization skills.
Consider another essay assessment given with the table:

slw|N|-
Wk |k |wr~

Fig. 3
Source: Own work.
In this case we have:

A S
i — i
C=—wmno =2
1Yt

_ ZIo®
Yc = S 1.2
As we can conclude from these assessment numbers, in the second case, the demonstrated performance is close to the first
one, however since the ordinate of the COG is higher, this case is more desirable.
Consider an outlier case given with the table:

AlwW|N|-
Wk |k |k |w

Fig. 4
Source: Own work.
Here
S N
SR - )i
Cc = —~n . =25
1Vt
n N2
ve =220 _ 1 1666..
2y tyi
As we can see, the y-coordinate for COG is much smaller. It shows that this case is less desirable.
And the last outlier.
Consider an outlier case given with the table:

BlwW|N |~
Wk k|-~

Fig. 5
Source: Own work.
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Here we have:

TGy

= 3.0714 ...
1Y
n i 2
Yc = Lﬁ’) =0.9285...
230 yi

We would recommend considering the cases when the y-ordinate of GOC is less than 1 to be recognized as barely passing.
Note, that x-coordinate distance from the middle number 2.5 is an indicator of uniformity of the score’s distribution.
In general, note that the y-coordinate is a quite sensitive indicator.

CONCLUSIONS

The center of gravity fuzzy technique provides a robust and nuanced approach to assessing English composition. The

COG technique addresses many limitations of traditional assessment methods by accommodating the subjective nature of writing
and providing a balanced, precise score. The implementation of this approach implies benefits for educational and professional
writing assessment, making this a promising area for further exploration and development.
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€KCNepUMEHTIB ANA NiATBEPAMKEHHSA LIMX 3aKOHIB iHOAj 3yCTPIYaETbCA 3 NeBHUMU di3UHUMM Npobaemamu, 30Kpema, TaKUMK AK
CKNAZHICTb BM3HAYEHHA MWTTEBOI LWIBMAKOCTI. TpaaWLinHi MeToaM BMMIPIOBAaHHA MOXYTb OYTU HeAOoCTaTHbO TOYHMMM abo
OBTANKAMBUMM [/1A YYHIB, WO YCKNALHIOE IXHE PO3YMiHHA OCHOBHMX Gi3UUHMX NpUHLMNIB. Po3pobaeHa y aaHiin poboTi meToavka
eEeKTUBHO NOEAHYE peanbHUIt Gi3UYHNIA eKCNEPUMEHT i3 CyYaCHUMU KOMN IOTEPHUMM TEXHOOTIAMM Ta MOKANKaHA NiABULLUTY
AK ePEeKTUBHICTb HABYAHHSA, TaK i Ni3HABA/IbHWUIA iHTEPEeC YYHIB 0 BUBYEHHSA Di3UKMN.

Marepianu i metogm. [lochigskeHHa nepea6ayvano aHanis i cuctemaTmsalito HayKoBMx NybAiKaL,i LWoA0 BUKOPUCTAHHA Cy4acHMX
iHpopMaLiHUX TexHONMOrIM (cMapTdOHa Ta 0BUMCIOBANBHUX CUCTEM) Ha YPOKaX Gi3UKM Ta Yy LOMALLHIX YMOBAX A/19 BUKOHAHHSA
[OMALWHIX NabopaTopHMx pobiT. TakoXX MM MPOBENU OMUTyBaHHA BUMTENiB ¢i3uKiB Ta cTyaeHTiB (60 pecnoHAeHTiB) Woao
MOMIMBOCTI Ta HEObXigHOCTI NpoBeAeHHA Gi3UYHOro ekcnepuMeHTy 3 BUKOPUCTAHHAM CMapTdoHa Ta cucTem Komn'toTepHol
MaTemaTuKu.

Pe3ynbratn. Po3pobneHo meToa A0CNiAHOT NepPeBipKMN 3aKOHIB 36epeKeHHs iMNyNbCy Ta MeXaHiuHOI eHeprii 3 BUKOPUCTAHHAM
06YMCIOBaNbHUX CUCTEM Ta BifeoKamepu cMapTPoHa, AKMIA nonarae y sigeodikcauii mexaHiuHOro pyxy Tina (B oKpemux
BMMaZKax y CNOBIIbHEHOMY PeXMMI), NoAanbLLili KOHBepTaLi Bigeo y Habip Kagpis dopmaTy jpg Ta 06pobLL OTPUMAHMX PUCYHKIB
3acob6amu 064NCNIOBANBHUX CUCTEM. 3aNPOMNOHOBAHMI METOZ, L03BOAE BU3HAYATU MUTTEBY LUBMAKICTb Tina Ao 60 m/c.

BMCHOBKMW. 3anponoHoBaHWii MeToA MoOe OyTU BMKOPUCTAHUIM AK Ha ypokax Oi3vKM, TaK i NpW BUKOHAHHI JOMALLHIX

NabopaTopHUX POBIT UM YUHIBCbKMX MPOEKTIB, A€ € HEObXiAHICTb BU3HAYaTU KOOPAWMHATU, MUTTEBY LIBUAKICTb, NMPUCKOPEHHS,
iMNyNbC Ta KIHETUYHY eHeprito Tina.

K/TKOYOBI C/IOBA: Ha8YaHHA (hi3UKU; 3aKOH 36epexeHHs iMmmynbCy; 3aKoH 36epexceHHA eHepaii; cMapmgoH; 064uC08abHI
cucmemu.
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ABSTRACT

Formulation of the problem. Learning motivation is one of the most important aspects that needs attention. The use of
traditional teaching methods often reduces the interest of modern pupils in studying physics. The practical research of the
laws of conservation of momentum and mechanical energy plays an important role in physics lessons. However, implementing
simple experiments to confirm these laws sometimes encounters certain physical problems, in particular, such as the difficulty
of determining instantaneous velocity. Traditional measurement methods may not be accurate enough or burdensome for
pupils, making it difficult for them to understand basic physical principles. The methodology developed in this work effectively
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combines a real physical experiment with modern computer technologies and is designed to increase both the effectiveness
of learning and pupils' cognitive interest in studying physics.

Materials and methods. The research involved the analysis and systematization of scientific publications on the use of
modern information technologies (smartphones and computer systems) in physics lessons and at home for performing home
laboratory work. We also conducted a survey of physics teachers and students (60 respondents) regarding the possibility and
necessity of conducting a physics experiment using a smartphone and computer mathematics systems.

Results. A method has been developed for experimentally verifying the laws of conservation of momentum and mechanical
energy using computer systems and a smartphone video camera, which consists of video recording of the mechanical
movement of the body (in some cases in slow motion), subsequent conversion of the video into a set of jpg format frames,
and processing of the resulting drawings using computer systems. The proposed method allows determining the
instantaneous velocity of a body up to 60 m/s.

Conclusions. The proposed method can be used both in physics lessons and when performing home laboratory work or pupil
projects, where there is a need to determine the coordinates, instantaneous velocity, acceleration, momentum, and kinetic
energy of a body.

KEYWORDS: learning of physics; law of conservation of momentum; law of conservation of energy; smartphone; computing
systems.

BCTYN

NoctaHoBKa npobnemu. BaxnmBa posb y NpoLEci HaBYAHHA HANEXKWUTb MNPAKTUYHOMY [OCNIAMKEHHIO 3aKOHIB
36eperkeHHsA iIMNybCy Ta MexaHiuHoi eHeprii Ha ypokax ¢i3unKku. NpoBeseHHA NPOCTUX eKCNEePUMEHTIB 3 METOIO NIATBEPAUTH L
3aKOHM Nos’A3aHe 3 6araTbma QisMUHUMM NPoBAEMaMM, TAKMMU K CKAAAHICTb BUSHAYEHHA WBMAKOCTI TiA Nig Yac pyxy (MuTTeBoi
WBMAKOCTI) Ta iH. TpaAuLUiiMHi MeToAM BUMIPIOBAHHA He 3aBXAM € A0CTaTHbO TOYHUMU. ABO X € CKAAAHWMM ANA Y4HIB, WO
NnepeLKoaKae IXHbOMY PO3YMIHHIO CyTi @i3MYHMUX ABULY, Ta 3aKOHiIB. CUCTEMA Cy4YacHOi NPUPOAHUYO-MATEMATUYHOI OCBITU €
HEMOXANBOIO 6€3 aKTUBHOMO BWMKOPUCTAHHA UMOPOBUX TEXHONOriM, OHNaMH-cepBiciB. ToMy Yy HaBYaHHA aKTUBHO
BMNPOBAZAKYETbCA HOBA GOPMA HAaOYHOCTI — BipTyasibHa, KA MOXe 6yTu AyxKe edeKTUBHOM, AKWO AONOBHUTKU ii peanbHUM
disnyHMm  ekcnepumeHTom. OfHaK, A0BO/I YAacTO BMKOPUCTAHHA Pi3HOMAHITHOrO NPOrpamHOro NPOAyKTy NPU3BOAWUTbL A0
Bif,CYTHOCTi PO3YMiHHA y4HEM (i3MYHOro 3MicCTy ABMULLA UM NPOLLECY, LLLO BUMBYAETLCA. AKMM BM YMHOM He imiTyBaBca disnyHuMiA
npouec, y 6inblocTi BUNAAKiB He BAAETLCA BIATBOPUTM BCi YACTUHM PEANbHOTO EKCMEePUMEHTY i B pe3y/ibTaTi 3HUMKYETbCA
epeKTUBHICTb HAaBYaHHA Ta, B/IACHE, W 3HMKAE 3aLiKaBNAEHICTb Y BMBYEHHI AUCUMNAIHW. TOMy Ha AaHWW Yac icHye npobnema
NPaBUAbHOTO e(pEeKTUBHOIO BMPOBAAMKEHHA iHPOPMALIMHMX KOMM'IOTEPHUX TEXHOJOTMN Yy LWKINbHUI Kypc Oi3nKKM, Ake 6
3abe3neyyBasio AOCATHEHHA MeTM IXHbOro 3aCTOCYBaHHA HA YPOKAX, MaKCMMaibHO NOrANBA0BaN0 piBeHb PO3YMIHHA Gi3UUHUX
ABUL, CNocobiB iX AOCNIAMKEHHA Ta NPUHUMNIB BUMIPIOBaHHA (i3UYHMX BEAMYMH. 33 MOXKAMBOCTI BMKOHAHHA peasibHOro
di3MYHOro eKkcnepuMmeHTy Komn'loTepHe MOLENOBAHHA He MOBMHHO MOro 3aMiHATM, a Aule MPaBWIbHO [OMNOBHIOBATU Y
“cnabkux micuax”. AKTyanbHICTb [JAHOrO AOCAIOMKEHHA MNOAArae y TOMY, WO CyyacCHi TeXHOAOril, 30Kpema, BigeoKamepa
(HanpuKknag, cmapTdoHa) Ta NporpamHe 3abesneyeHHs ANA 06pPO6KM 306pakeHb, MOXKYTb 3HAaYHO CMPOCTUTM Liei NpoLec.

AHani3 aKTyaNnbHUX AOCAIAMKEHb. Y MeToAMLi HaBYaHHA Gi3UKM BaXK/IMBE MiCLE HaNeXuTb TeMam, NoB’A3aHum i3
BMBYEHHAIM 3aKOHIB 36epeeHHs eHeprii Ta iMNyabcy, AK TakuM, Wo ¢opmyioTb GyHAAMEHTaNbHI yaBAeHHA Npo ¢i3uKy Ta
di3nuHy KapTuHy cBiTy (Ky3abmeHKo Ta iH., 2022; Halilovic et al., 2021). 3okpema, B poboTi (KyabmeHKo Ta iH., 2022) 3HauyHy yBary
npuAineHo 3B’A3Ky 3aKOHIB 36epekeHHA i3 cMmeTpielo nNpocTopy Ta 4acy. ABTopu pobotu (Halilovi¢ et al.,, 2021) nposenu
I'PYHTOBHMI aHaNi3 PiBHA PO3YMiHHA YYHSAMM 3aKOHIB 36epekeHHs Npu pisHUX MeTohax iX BUBYEHHS. AK 0AHa 3 HAaMBaXKAMBILLMX
KOMMNOHEHTIB Y GOpMyBaHHi NPUPOAHMNYO-HAYKOBOrO MUCNEHHA, HaBYaHHA }i3UKKN HepiaKo NocTae nepes TPyAHOLLAMM Yepes
PO3PUB MiXK TEOPETUYHUM MiAXOA0M Ta NPAKTUYHUM A0CBIAOM. HaBiTb y 06pe 061agHaHMX HaBYAbHMX 3aKNa4ax MPOBEAEHHS
NabopaTopHMX 3aHATb HE A€ YYHAM A0CTaTHbOrO A0CBiAY, HEObXiAHOro A8 MalibyTHLOT NPaKTMYHOI AisnbHocTi (Solbes et al.,
2009).

OCTaHHE AEeCATUNITTA XapaKTePU3YETbCA CTPIMKUM BNPOBAAMKEHHAM CyHaCHWUX iHGOPMALLIMHWUX TEXHONOTI B OCBITHIN
npouec. OcobANBO Le CTOCYETLCA AUCUMNAIH NPUPOAHMYO-MATEMATUYHOTO UMKAY, 30KpeMa, Gi3uKM. BUKOPUCTAHHA Cy4acHUX
iHpOpPMaLiiHMUX TEXHONOTI NparHe aBTOMaTM3yBaTW NPOLLEC BU3HAYEHHA Qi3UYHUX BEIMYMH, MOAENHOBATY PiI3HOMAHITHI i3nyHi
ABMLLA Ta NpoLeCH.

Ha uei 4ac icHye ay»e 6arato nporpamHux MPOAYKTIB, NpusHayeHnx ana imitauii (Erol & Ogur, 2023) Ta aHanisy
bi3nYHMX NpoLecis, a TaKoX AN CTaTUCTUYHOI 06pPOBKM oTpumaHux pesynbTatis (Ali et al., 2019). CyyacHi WwKinbHi undposi
nabopaTopii ocHalweHi Habopom PiSHOMAHITHUX AaBaYiB, AKi Yepes iHTepdelc AaHNX A03BONAIOTL B PEXKMMI OHNAMH cnocTepiraTi
OUHaMiKy 3MiHU Gi3MYHUX BenuuunH, byayBatu rpadiku Ta iH. (OneraHTtos, 2017). Le ao3sonse moandikysatu nabopatopHi
pob6oTn 3 ¢i3nKKM, abo HaBiTb BMKOHYBATM HOBI, fKi 3a BiAcCyTHOCTI uMdposux nabopaTopii 6yno 6 HEMOXKAMBO BUKOHATU
(Hanpuknag, nabopaTopHi poboTn 3 AAepHOI Gi3nKK). TaKoK NPOrpPamHUIn NPOAYKT, HaNPUKNAA, Pi3Hi CMCTEMU CMMBOJbHOT
MaTeMaTUKMU BUKOPUCTOBYIOTb AN CTaTUCTUUYHOI 0BPOOKM Ta aHaNi3y eKCnepuMeHTanbHUX AaHUX. Take BUKOPUCTAHHA CyHacCHMX
iHpopMaULiHMX CcUCTEM MOKAMKaHe MiABUWMTN edeKTMBHICTb HaBYaHHA, 34iliCHIOBaTM Bisyanisauilo ¢isMYHUX npouecis ana
KPaLLLoro iX PO3yMiHHA, 3a0LL,aAKyBaTK Yac NPy BUKOHaHHI 1abopaTopHOro npaktukymy (PeaunwmH ta iH., 2023).

BWKOPUCTAHHA Bigeo3anucy eKcnepuMMEeHTIB [03BOMIAE YYHAM aHanisyBaTM pyx O6’eKTiB 3 BMCOKOK TOYHICTIO, a
MaTeMaTUYHI nakeTu, Taki Ak Wolfram Mathematica Ta Matlab, HagatoTb HeObXigHI IHCTPYMEHTM ana 06pO6KM OTPUMAHUX AaHUX.
Lle BiAKpWBA€E HOBi MOXAMBOCTI ANA BUBYEHHA Oi3VMKWM, afXKe Y4YHi MOXKYTb 3BEPHYTM yBary Ha aHani3 Ta iHTepnpeTauito
pes3ynbTaTiB, @ He InLLe Ha NPOBeAEHHA BUMIPIOBaHb.

TaKoX 0cob6/MBO CKNAAAHUM 3aBAAHHAM € 3abe3neyeHHA epeKTUBHOrO NpoBeaeHHA NabopaTopHUx PobiT B ymoBax
OMCTaHLiMHOro HaByaHHSA (y AomalHix ymosax) (Campari et al., 2021; Larriba et al., 2021). /labopaTopHi po60TK € KAOYOBUM
€/1eMEeHTOM Y BMBYEHHI Oi3MKM, aglKe BOHM [03BOAAIOTb YYHAM 6e3nocepegHbOo 03HANOMUTUCA 3 ISUMHUMUM ABULLAMM,
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eKcnepMmeHTaNbHO NiATBEPAUTU TEOPETUYHI 3HAHHSA Ta PO3BUHYTU HAaBUYKM PO6OTU 3 GisMUHUMM Npunagamu. NMpoBeseHHs Lmx
3aHATb Y GopmaTi AOMALHBLOrO HABYaHHA CTAaBUTb Nepes, BUMTENAMM Ta YYHAMWM HWU3KY HOBWX 3aBAAHb, MOB’A33HMX 3
OpraHi3aLield eKcnepmmMeHTiB, OOCTYMNHICTIO HeobxiAHOro obnafHaHHA Ta 3abe3neyeHHsM BiAMNOBIAHOIO PiBHA HABYaA/bHOI
B3aemogii (Santiago et al., 2022).

Ornsag nitepaTypu BKa3ye Ha Te, LLO 3aCTOCYBAaHHA KOMN'IOTEPHWUX TEXHOOTIN Y HaBYaHHI ¢isnKkn HabyBae LWMPOKOT
nonynapHocti (Erol & Ogur, 2023; Litvinova et al., 2020; Zakaria et al., 2019), npoTe NUTaHHA iHTerpauii BigeoaHaNITUKK Y
WKINbHUI Kypc i3nKM 3anMWAETLCA HepJoCTaTHLO BuBYeHUM (Vochozka, 2024; Clerget et al., 2021). Y uboMmy KOHTEKCTi gaHe
OOCNIAKEHHA MA€E Ha MeTi po3B’A3aHHA NPoBNemMM BUKOPUCTAHHA BiLeOKaMepu Ta MaTeMATUUYHWUX MaKeTiB gna 06pobku
306parkeHb y JOCNIAHNUBKIN 4iSNIbHOCTI Y4YHIB. 3aNpONOHOBaHUI METOZ He INLE NOKPALLUTb TOYHICTb BUMIPIHOBaHb, asie 1 CTaHe
OCHOBOW A/1A peanisauii CKNaZHIWKMX YYHIBCbKUX MPOEKTIB, A€ Y4Hi 3MOXyTb rAmnbwe pocnigykysatu ¢isvuHi ABMLWA,
3aCTOCOBYIOUYM OTPUMAHI 3HAHHA HA NpakTuui. Lle, CBOE uyeproto, cnpuATMME FAMBWOMY PO3YMiHHIO i3UYHMX 3aKOHIB,
NiABULLYIOYM 3aLLiKaBAEHICTb YYHIB Y HAaBYaHHI.

Merta cratTi. 3 ornagy Ha ue, MeTol CTaTTi € pPo3pobKa MEeTOAUYHUX PeKOMeHAaLi ANA eKCNepuMeHTalbHOro
BM3HAYeHHA iMNyNbCy Ta KiHETUYHOI eHeprii Tina y 6yAb-AKMA MOMEHT 4acy i, BiANOBIgHO, [OCNIAHOT NepeBipKM 3aKOHY
36epekeHHs iMnysbcy Ta/abo MexaHiuHOT eHeprii 3 BUKOPUCTaHHAM Kamepu CMapTdoHa Ta KOMM'IOTEPHMX 0BUYMCAIOBANBbHUX
cuctem. 3anpornoHOBAHWUMA  anropuTM MNOEAHYE BMKOHAHHA pPeanbHOro QisMYHOro eKCnepumeHTy 3  BUKOPMUCTAHHAM
iHpopMaLiiHUX TeXHOOTIN.

METOAM AOCNIAMEHHA

HocnigxeHHa nepegbayano aHanis Ta cucCTeMaTM3auilo HayKoBMX Nyb6/iKaui LWOAO0 BMKOPUCTAHHA Cy4yacHMX
iHbopMaLiMHUX TeXHONOriN, 30KpemMa, cMmapTdoHa Ta 06YMCOBANBHUX CUCTEM HA YypoKax Gi3MKM Ta y AOMALUHIX ymoBax Ans
BMKOHAHHA AoMallHiX nabopaTopHux pobit. Takoxk Byno npoBeAeHO ONUTYBaHHA BYWTeNiB i3MKM Ta CTyAEHTIB, AKi BxKe
NPOXoANaY NeAaroriyHy NPakTUKY AK BUMTENI Gi3UKMK, LLLOAO MOXKIMBOCTI Ta A0LiINbHOCTI NpoBeAeHHA Gi3NYHOro eKcnepuMeHTy
3 BUKOPUCTaHHAM CMapTdOHa Ta cucTem KOmN'loTEepHOI MaTtemaTMKu. OnuTyBaHHA npoBoamioca 3 60 pecnoHaeHTamKn nicas
03HaOM/IEHHSA X 3 PO3p06EHOI0 METOAMKO. 30KpemMa, NpoTarom TpasHa 2024 poky 6yno onutaHo 27 Buntenis ¢isnku (nig,
Yyac NPOXOAKEeHHA HMUMM KypciB NiaBuUWEeHHs KBanidikauii) Ta 33 cTyaeHTH, aki 3506yBatoTb dpax BunTens ¢isnkn. PecnoHaeHTam
6yn0 3a8aHo 4 3anuTaHHA: 1) Yu 3HaeTe By, Wo cmapTHOH BUKOPUCTOBYIOTb ANA NpoBeAeHHA GisuyHOro ekcnepumeHTy? 2) Yu
3HaeTe By, Wwo cuctemun Komn'toTePHOI MaTEMATUKM BiAKPMBAKOTb LMPOKI MOXK/IMBOCTI Y NPOBeAeHHI $i3NYHUX eKCrepuMEeHTiB
Ha AKiCHO BULLOMY piBHI? 3) Yn BBarkaeTe By, wo po3pobaeHa meTogmKa (aocnigHa nepesipKa 3aKoHIB 36epekeHHsn imnyabcy Ta
eHeprii 3 BAKOPUCTaHHAM 06YMCIOBAIBHUX CUCTEM) MAE MepPCrekTMBY BUKOPUCTAHHA NPWU BUBYEHHI LWKiINbHOTO Kypcy $isuku?
4) 3a3HayTe OCHOBHI NepeBaru Ta HeAoNiKN LLiEI METOAUKM.

PoboTa mae AK meToaMuHe, TaK i NpUKAafHe cnpAMyBaHHA. Po3pobaeHni anroputm AoCNiAHOT NepeBipkn 3aKOHIB
36eperkeHHA BUKOPWUCTOBYE METOJ, BigeoaHanisy ¢isyHMX NPOLECiB, AKUIA MOMKHA PO34iAMTM Ha 4 eTanu: 1) npoBeneHHA
BigeodiKcaLii ekcnepumeHTy; 2) po3KaapyBaHHA BiA3HATOro dainy; 3) iMmnNopT oTpUMaHMX 306pakeHb Ta ix NnoYyaTkosa 06pobKa
(BM3HAYEeHHA KOOPAMHATM PYXOMOTO Tina) 3acobamm obuncatoBanbHux cuctem (Matlab, Wolfram Mathematica); 4) ctatuctuuHa
06po6bKa OTPUMaHUX pe3ynbTaTiB (PO3paxyHOK WBMAKOCTI, iMNyAbCy, KIHETUYHOI eHeprii, NnobyaoBa BiaAnoBiaAHWX rpadikis Ta iH.)
3acobamu 064MCNIOBASIBHUX CUCTEM.

PE3YNIbTATU AOCNIAKEHHA

[na ¢i3sMYHOro ekcnepumMeHTy BUKOPUCTOBYETLCA /laBa 3 0BMeXXyBayamM, B3JOBXK AKOI MOXKYTb pyXaTUCA [Ba Bi3KM,
3a3HaloUM NPYKHOro 3iTKHEHHA. MacK Bi3KiB MOXHa 3MiHIOBaTV (BUKOPUCTOBYOUM 40AaTKOBI BayKKK). Mpouec pyxy Bi3KiB Ta ix
3iTKHEeHHSA QiKCYETbCA 33 AOMNOMOrot cmapTPoHa 3 Kamepoto. O6pobKa Bigeodaiiny 3ailicHiOBanacs 3 BUKOPUCTAHHAM CUCTEMM
Komn’toTepHoi matematnkm Wolfram Mathematica. Takox noTpibeH AocTyn Ao iHTepHeTy AN 3A4iMCHEeHHA KoHBepTauil
Bigeodaliny y Habip Kagpis. barkaHO BUMOTOtO (ane Heob0B A3KOBOIO Y LJAHOMY eKCNepUMEHTI) 40 CMAapTdOHa € 34aTHICTb BECTH
Bigeodikcauito 3 yactotoro 120 abo 240 Kaapis 3a cekyHAy (CTaHAapTHa 4acToTa, 3 AKOK 3A4iMCHIOETLCA Bigeo3iomKa, — Le 30
KaZpis 3a cekyHay).

MPONOHYETbCA HACTYMHUI MNOPALOK BMKOHAHHA EKCNEPUMEHTANbHOMO AOCAIOMKEHHA LWOA0 eKCnepuMeHTaNbHOT
nepeBipKuW 3aKOHIB 36epeXeHHA iMnynbcy Ta eHeprii.

1. Ha siactaHi (2-3) m Ha wraTtmei 3aKkpinuTM cmapTdoH. Mpu UbOMY, Kamepa MNOBMHHaA 6yTWM cnpamoBaHa
nepneHaMKyAapHO A0 nasu. [ani cnig Big3HATM HA Kamepy NpoLEec pyxy Ta 3iTKHEHHA Bi3KiB.

2.3a [ONOMOrOK OZHOMO 3 OH/MIAWH KOHBepTEepiB 3A4IMCHUTU PO3KaApPyBaHHA BiA3HATOro Bifeo, TOBTO NepeTBOPUTH
Bigeodaiin y Habip kaapis dopmaty jpg. Takox Aeaki obumcnioBanbHi cuctemu, Hanpuknag, Wolfram Mathematica 11 um
MATLAB R2012b (Ta BuLi Bepcii), L,03BONAIOTL BUKOHATU TaKy GYHKLIIO. Y LbOMY BUMAAKY NOTPebU B OHNAH KOHBEPTEPi HEMAE.
Y 6inblIocTi BUNaAKiB TaKi KOHBEPTEPU NPOBOAATL PO3KaApyBaHHA 3 nepiogom 0,1 ¢, xoua moxe 6yTM 1 meHWUi. TpuBanicTb
PYXy Bi3KiB y HAllOMy eKCNepuvMeHTi CTaHOBWNA OpPieHTOBHO 1 ¢ (pyx A0 yAapy, 3iTKHEHHA Ta pyx nicaa yaapy). Tomy, npu
34iliCHeHHI KoHBepTauii Bigeo, mu 3mornm otpumatu 10-12 Kagpis. Y gaHomy Aocnifi UbOro A0CTaTHbO, Wo6 BM3HAYUTM
WBMAKICTb Bi3KiB 40 yAapy Ta nicns yaapy. Bisku 3BMYaliHO pyxaloTbcA HEPIBHOMIPHO, Yepes HafABHICTb CUN TepTA, ane 3miHa
WBMAKOCTI 3a Lieit Yac HecyTTeBa. ToMy LIBMAKOCTI Bi3KiB 40 yaapy (vi, v2) Ta nicna yaapy (Ui, uz) MOXKyTb ByTH BU3HaYeHi 3a
dopmynamu:

o R Al
Upp =————"=, U =———, (1)
to to
e to — iHTepBan yacy mixk 4Boma Kagpamu (y Halwomy BuUNaaky to = 0,1 c), x{')z — KoopAMHaTa NepLuoro Y1 Apyroro Biska Ha i-my

Kagpi [0 3iTKHEeHHSA; Xi(lz) — BiANOBIQHO, KOOPAMHATA MEPLUOro YM APYroro Bi3Ka Ha i-My Kaapi Nicna 3iTKHEHHA.
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3a HeobxigHoCTI (33 6inbWOT WBMAKOCTI pyXy Tina abo npu HepiBHOMIPHOMY pycCi) BigeodikcaLito MOXKHa 34iNCHUTK Y
pexnMmi 6inbLoi YacToTU KaapiB (CnoBinbHEHOMY pexuMi). Y LLbOMy BUMNAAKY YacToTa cTaHoBUTMME 240 Kaapis 3a CEKyHAY, WO Y
8 pasis bifblue, HiX Y 3BMYaiHOMY peskuMi. Lie 403BONAE BUSHAUNTN MUTTEBY LUBMAKICTb 40 60 m/C.

3. 36epertv nanky 3 Habopom Kaapis pyxy Bi3Ka Ha Komn’toTepi.

4. 3piicHUTM 06pOBKY 306parkeHb 3a 4ONOMOroto 06YMCNIOBANBHUX cUCTeM, HanpuKknag, Wolfram Mathematica. Y aaHii
poboTi 6yB BMKOPWUCTAHMIA NPOrpaMHUIA Kog, AKUIK npepactaBneHnin y poboti (Kuzyk et al., 2023). LUa nporpama ao3sonse
imnopTyBaTK (3aBaHTaXKyBaTN) OTPUMaHI KaZpW, BU3HAYATU HA KOXKHOMY 3 HUX KOOPAWMHATM NOTPIOHOT TOUKM (y HalLOMy BUNAAKY
Bi3Ka). Lle 34ilcHI0ETbCA 33 JoNomoroto “nokatopis” (ob1acTeld, AKi MOXKHa Nerko NnepemilyBaTim MULELD Yy NOTPiIOHY TOUKY Kagpy,
Ta MUTTEBO OTPUMYBATH Ti KOOPAMHATY KNAL@HHAM MULLEIo MO Uil 061acTi). KoxkHa TouKa NO3HAYaETbCA, HAMPUKAAL, YEPBOHUM
KPYrom 4N BUNAAKYy PyXy Bi3KiB 40 3iTKHEHHA Ta CMHIM — Npu IXHbOMY pyci nicaa 3iTkHeHHA (pwuc. 1). Micns uboro nporpama
[03B0/1A€ NobyayBaTh 06’eAHaHNIA PUCYHOK, Ae 306parkeHi BCi MPOMIXKHI NONOMKEHHSA Bi3KiB (puc. 2). TaKoXK BUBOAATLCA MACUBU
KOOpAMHaT Bi3KiB.

U1 [ %)

e

ny i3

Puc. 1. Kagpu pyxy Bi3KiB 3 ifeHTUPiKoBaHUMMU iX NONOKEHHAMM 33 AoNOMOrolo “nokatopa”
3acobamum ob6uncntosanbHoi cuctemun Wolfram Mathematica
[epeno: aemopcoka po3pobKa.

Puc. 2. O6’egHaHMI1 PUCYHOK 3i BCiMa NPOMIKHUMM NONOKEHHAMM Bi3KiB, oTpUmaHuii 3acobamu Wolfram Mathematica:
KPYr MeHLIOro po3mipy BiAnoBiAa€e NONOXKEHHIO NepLIOro Bi3Ka; KPYr 6iNbLIOro po3mipy — NON0XKEHHIO APYroro Bi3Ka;
KPYr 4epBOHOrO KONIbOPY BiANOBIAA€E NONOMKEHHIO Bi3Ka A0 NPYKHOTO 3iTKHEHHS;

KPYI CUHbOTO KONbOPY — NOJIOXKEHHIO Bi3Ka NiCNA NPYKHOTO 3iTKHEHHA
[epeno: aemopcoka po3pobKa.

5. BU3HAYMTK NiHIMHUIA MacwTab k oTPMMaHOro pUcyHKa. Jna Lboro BU3HAYaEMO BiZCTaHb MiXK Bi3Kamu |y NoYaTKoBUi

(0)

MOMEHT 4Yacy Ha PUCYHKY l:x(zo)—xl Ta peasbHy MNOYaTKOBY BiACTaHb MidK Biskamu L. Toai macwTabHuit KoediuieHT

06uncntoetbes Ak k = L /1. MOMHOXMBLUM KOMMNOHEHTM NonepeaHbo BUSHAYEHOTO MAcKBY KOOPAMHAT Ha KoediLieHT k, oTpMaemo
peanbHi KOOPAMHATH Bi3KiB Yy Pi3Hi MOMEHTM Yacy.

Mpouec BMKOHAHHA eKCNepUMEHTaNbHOro 3aBAaHHA B ONTUMAAbHOMY TeMMi, MOYMHAIOYM Bif, eKCnepumeHTy 3
Bigeodikcauieto 40 06pobKkn oTpumaHmx pesynbTaTie 3acobamu Wolfram Mathematica (Matoum rotoBuii nporpamHuii Kog),
BK/IIOYHO 3 KOHBepTaujewo Bigeodainy, 3aiHAB 12 xBUAMH. fKWLO KOHBepTauilo Bigeodanny y Kaapw 3giicHoBaTH
6e3nocepeHbO 3 BUKOPUCTAHHAM 0BYUCIOBAZIbHUX CUCTEM, @ HE OH/AMH CepBiCiB, TO MOXHA 3a0WaamnTh 2-3 XBUAMHU. ToMy 33
Yyac YPOKy 3 BMKOHaHHA Takoi nNabopaTopHOi pobOTM MOMKHA NPOBECTU AOCAIAMKEHHA 3a Pi3HMX napameTpiB (macu Bi3KiB, ix
WBMAKOCTI A0 yAapy), NpoaHanisyBaTM pesynbTaTu i 3pobuTn BUCHOBOK. MpoBeaeHi TeopeTUYHi po3paxyHKW imnynbcis Ta
KIHETUYHMX eHeprili fobpe y3roAKyTbCsa 3 OTPUMAHUMU EKCNEPUMEHTAIbHUMU AAaHUMMU.

[NnA BUKOHAHHA TaKUX AOCNIOKEHb BUMTENIb NOBMHEH MATW 6a30Bi 3HAHHA Ana PoboTU B OAHIN 3 06UMCNIOBANbHUX
cuctem. na noyaTkiBLiB My pekomeHayemo BukopuctosysaTv Wolfram Programming Cloud — xmapHy naatdopmy 3 BiZKpUTUM
AocTynom, po3pobneHy komnaHieto Wolfram Research, sika Hagae MOXAMBOCTI AN1A NPOrpamyBaHHs, PO3PO6KN Ta BUKOHAHHA
NpoekKTiB y cepegosuLli Wolfram Language. Bu 3morkeTe nucaTu 11 3anyckaT Ha BUKOHAHHA NPOrpamHuii Kog 6e3 HeobxigHocTi
BCTAHOBNEHHA BiAMNOBIAHOrO MporpamHoro 3abesneyeHHs Ha CBOEMy Komn'toTepi. Bce BUKOHyeTbea y bpaysepi. Mnatdopma
[,03BOJISIE CTBOPIOBATU iIHTEPAKTUBHI LLOKYMEHTH, AKi MOXKYTb BKAtOYaTH rpadikm, Tabauu,i Ta iHWi Bisyanisauii gaHux. Kopucrtysaui
MOXKYTb NIETKO AiNIMTUCA CBOIMM MPOEKTAMU 3 iHLIMMMU (BUMTENIb 3 YYHAMM, YUEHD 3 IHLUMMM YYHAMMU YU BUUTENIEM), LLO CNPOLLYE
OpraHisaL,ito BUKOHaHHA poboTU. BunTenb, AKWI BXKe NPaLLoBaB 3 iHWMMM CUMCTEMaMK KOMN' IOTEPHOI MaTeMATUKK, IETKO 3MOKe
aganTyBatTUcA 40 poboTU 3 JaHWMM cepefoBuLem. 33 HAABHOCTI YiTKOI iIHCTPYKLUIT Ta roTOBOro NporpamHoro Kogy ydeHb 10-ro
KNacy BMOPAETLCA i3 PO3rNAHYTOLO 3a43a4er0 CamMOCTIliHO, HaBITb Y AOMalLHiIX ymosax. LLogo Bumor go cmaptooHa. CtaHgapTHA
yactota gna binbwocTi Bigeosanucis 30 Kaapis/c. BoHa 3abe3nedyye niaBHe BiATBOPEHHA Ta € AOCTaTHbOW A4 6inbWOCTi
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NOBCAKAEHHMX Bifgeo. AIK yXKe 3a3Hayanocs, y pPo3rfAHYTOMY NPUKNaAi LbOro € LiNKOM [LOCTaTHbO. Y BUMAAKY, AKWO byae
pO3rnAgaTMCA, Hanpukaagd, HepiBHOMIPHMI pyx (abo pyx 3i 3HAYHO BiNbWKMMK LWIBMAKOCTAMM), HEObXigHO BMKOPUCTATU
CMapTPOH, AKMIN MaAE PEKMUM CNOBINbHEHOT 3MOMKM, B AKOMY YacToTa Kagpis moxe gocaratv 120 um 240 Kkagpis/c. Lle go3sonse
CTBOPIOBATM edeKT CMOBINbHEHOT 3MOMKM | BU3HAYUTM MUTTEBY LIBUAKICTb 40 60 M/C Npu piBHOMIpHOMY pycCi Ta AOC/iAXYBaTH
HepiBHOMIpHUI pyX, HAaNPWKAa4, BiibHe NagiHHA.

Pe3synbTaTv onuTyBaHHA BUUTENiIB Qi3NKM Ta CTYAEHTIB, AKi BXXe NPOXOAMAN NeAaroriyHy nNpakTUKy fK BuMTeni Gisnku,
6y1M HacTyNHUMKU. 63% ONWUTYBaHMX 3HAIOTb NPO BUKOPUCTAHHA cMapTdOHa Ta Tinbkn 30% — NPO BUKOPUCTAHHA 064YNCOBaNbHUX
CUCTEM B eKCNepuMeHTaIbHUX Gi3MYHUX AOCNiaKeHHsX. binbwicTb pecnoHAaeHTiB (82%) cTBepAHO BigNOBIAM Ha 3aNUTaHHA NPO
NepcneKkTUBHICTb BUKOPUCTAHHA Po3pobneHOoi MeToAMKM Y LWKiNbHOMY Kypci ¢i3uku. Mpuyomy, Ha AyMKY OMUTaHMX, Taka
METOAMKa iCTOTHO NiABULLMTD MOTUBALLIIO HABYAHHSA LKOAAPIB, — BaXK/IMBUIA acneKT, Ak noTpebye cborogHi ocobamsoi ysaru.
AfsKe Cy4YacHi YYHi 4acTo MACMBHO CMPUMMAIOTL TPAAMUIMHI METOAM HaBYAHHSA, WO 3MEHLIYE TXHIO 3aLiKaB/EHICTb Y BUBYEHHI
di3nkn. Ha AymKy pecnoHAeHTiB, BNPOBaAKEHHA Cy4aCHUX TEXHOOTIN, TaKMX AK BigeoaHaniTMKa, 3HaYHO NiABULLMTL MOTMBALLiO
YYHIB, OCKiZIbKW [,03BONUTb TM 6paTh aKTUBHY y4acTb Yy AOCAIAHULBKOMY NPOLLECi, EKCNEPUMEHTYBATU Ta OTPUMYBATU HAOYHI
pesynbTaTu. B3aemopgia y HaBYyaHHi 3 TEXHONOrIAMM, AKi BOHM BMKOPMUCTOBYIOTb Y MOBCAKAEHHOMY KMUTTi, 3p06UTL Npouec
3aCBOEHHA HOBMX 3HaHb LLiKABILIMM Ta pe3y/bTaTUBHILLUM.

BMCHOBKMW TA NEPCMEKTUBU NOAANBLUOIO AOCNIAXEHHA

Po3pobneHa meTogMKa BU3HAYEHHS KOOPAUHATU, MUTTEBOI WBMAKOCTI Ta, BigNOBigHO, iMMNy/bCcy, MeXaHiYyHOi eHeprii
MOKe ByTM BUKOPUCTaHA AK Ha ypoKax Gi3vKM, TaK i NpY BUKOHAHHI AOMaLLHIX 1abopaTOpPHMX POBIT UM YUHIBCbKMX NPOEKTIB, Ae
€ HeobXiAHICTb BU3HAYATH Wi Gi3UYHI BENNYMHK AK eNeMEHT CKNaAHiWoro 3asaaHHA. [JaHuii MeTos € OpraHiyHMM NOELHAHHAM
TpPagMLiiHUX MeToAiB peanisaLii npouecy HaB4aHHA Qi3UKM 3 HOBUMM METO4aMM Moro iHTeHCUdiIKaLiT Ta akTyanisauii, AKUIA He
notpebye AonatkoBoro ob6nafHaHHA, OKPiM cmapTdOoHa Ta NPOrpamMHOro 3abesneyeHHs, AKUM MOXKHA CKOPUCTATUCA OHNAMH.
Janvin nigxip, pns BU3HAYEHHA iMNYAbCy, KiHETUYHOI eHeprii He OOMENKYETbCA Nulie [OCAIAHOK NEepeBipKOK 3aKOHIB
36eperkeHHA. e oaHield NO3UTUBHOK CTOPOHOMD 3aNpPONOHOBAHOrO METOAY € MOMAMBICTb MOr0 BUKOPWUCTAHHA YYHAMM Yy
OOMALLHIX ymoBax. A Lie, CBOEIO Yeproto, po3Wwnpoe Tematuky STEM-NpoeKTiB, AKi Ha faHWI Yac € epeKTUBHUM iIHCTPYMEHTOM
HaBYaHHA (i3MKM Ta PO3BUTKY KPUTUYHOTO MUCAEHHA. HanpuKknag, 3’aBASETbCA MOXKAMBICTb JOCNIAMKEHHA PyXy TiNa y B’A3Komy
cepenoBuLLi HaBiTb Yy AOMALIHIX ymoBax. TaKMM YMHOM, po3pobneHa MeToauKa, 3 ofAHOro OOKy, € iHCTpyMeHTOM AnA
BMMIipIOBaHHA pAAy Gi3UYHUX BEIMYMH Ha YPOKax ¢i3vKM abo y AOMALLHIX YMOBAX, @ 3 iHLWOro — CpUATMME NiABULLEHHIO PiBHA
MOTUBaLi HaBY4aHHA i3UKM Ta 3aCBOEHHA MaTepiany, CTUMYIOBAHHIO PO3BUTKY TBOPYOr0 MMUCIAEHHA YYHIB, FOTyHOUYM iX 40
pO3B’A3yBaHHA CKNAAHMX 3aBAaHb Yy MabyTHi npodeciliHii gianbHOCTI.
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AHOTALIA

Y poboTi oxapaKTepu3oBaHO MEeTOAMYHI O0COBAMBOCTI BUMKOPUCTAHHA NpPOrpaMHo-anapaTHoro Komnaekcy Arduino vy
cepefoBuLLi HaBYaHHA BuYMTeniB Ha nnatdopmi Tinkercad Circuits. OkpecneHo ¢yHKUioHanbHi ocobamnsocTi, nepesaru i
HefoNiKK Liei nnaTdopmu, Lo pobaaTb AoUiNbHUM Ti 3aNpoBaaKeHHsA y npouec HedopmanbHOI OCBITU BUUTENIB.

dopmynioBaHHA Npobnemu. HeobxigHiCTb AocCnigKeHHA 0bymoBaeHa noTpeboto niasulLeHHA piBHA IKT KomneTeHTHOCTI
BYMTeNiB iHGOPMATUKM Ta Bi3UKK, BUKNAZAYIB 3aKNaAiB NeaaroriyHoi OCBiTU B acneKTi PO3BUTKY HaBUYOK 3 pOBOTOTEXHIKK 3
BMKOPUCTAaHHAM NpPOrpamHo-anapaTHoro komnaekcy Arduino. Ocob6avBOi aKTyanbHOCTI HabyBae npobaema niABULLEHHSA
KBanidikauii BXKe npautoounx BuuTenis, Wob npusect ii y BIANOBIAHICTb OCTAHHIM AOCATHEHHAM HayKOBO-TEXHIYHOro
nporpecy y cdepi po3BUTKY TEXHONOTIN. Y 3B’A3KY 3 LM, BaXK/NMBO PO3MIAHYTU HaWCyYacHiWi pilleHHs WoAao opraHisauii
cepefoBuMLLA HaBYaHHA, 30KpemMa Ha 6asi xMapHUX TexHonoriih, notpeba B AKMMX OCOBAMBO rOCTPO MOCTae B yMOBaXx
HedpopManbHOI OCBITH.

Martepianu Ta metoam. [ina foCATHEHHA MeTU poboTh Bynn BUKOPUCTaHI 3arasibHOHAayKOBi METOAM: @) TEOPETUYHI — aHani3
TEXHIYHOI Ta NCUXONOro-nesaroriyHol NitepaTypu 3 Npobaemmn AOCAIANKEHHSA; y3araZlbHEHHA BITYU3HAHOTO i 3apybiHOro
[0CBiAy; TEOPETUYHMIA aHani3, cUCTemaTM3allia Ta y3arasbHeHHsA HayKoBUX GaKTiB i 3aKoHOMipHOCTel 6) emnipuyHi —6ecian
3 y4aCHMKaMM OCBITHbO-HayKOBOrO CepeoBULLa; NearoriyHi CnocTepeseHHs.

Pesynbratn. Y poboTi 06rpyHTOBAHO, WO METOAMYHO BUBAMKEHE Ta AOLi/IbHE BUKOPUCTAHHA anapaTHO-NPOrpamHoro
komnnekcy Arduino cnpuatume 6inbll aKTUBHOMY 3aCBOEHHIO 3HaHb, BMiHb Ta HaBUYOK 3 POHOTOTEXHIKM, 3aNPOBaAKEHHIO
iHHOBaLiiHMX $opm Ta MeToAiB HaBYaHHA B npoueci HepopmanbHOI OCBITU BUMTENiB; MiABULEHHIO piBHA X IKT-
KOMMETEHTHOCTI.

BUCHOBKU. BUKOPUCTaHHA NporpamHo-anapatHoro Komnaekcy Arduino Ta pobota B oHnaliH nnatdopmi Tinkercad - meToguyHo
[OLINbHUI CKNAAHMUK Y Npoueci HedpopmanbHOI OCBITU BUMTENIB, 3aNPOBAAMKEHHA AAHOTO KOMMEKCY BiZNOBIAHO A0 cneuiaibHO
po3pobneHoi MeToaMKM cnpaTMMeE nigsuweHHto IKT KOMNETeHTHOCTI BYMTENiB, LWMPLIOMY 3aMpPOBAaLKEHHIO aKTya/lbHOro
OCBITHbOIO KOHTEHTY i HaliCy4acHiLIMX TEXHOJIOTIN y NpoLec HaBYaHHS.

KNKOYOBI C/NOBA: xmapHi cepsicu; memoduka; Arduino; ocgimHe cepedosuwie; HegopmanbHa oceima; e4umenti;
npoz2pamysaHHs; pobomomexHika.
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ABSTRACT

The paper characterizes the ethodical features of using the hardware and software complex ARDUINO in the process of non-
formal education of teachers using the platform Tinkercad Circuits. The problem of advanced training of in-service teachers
is of particular relevance, to bring it in line with the latest achievements of scientific and technological progress in the field of
ICT development. In this regard, it is important to consider the best solutions for organizing a learning environment, in
particular using cloud technologies, the need for which is especially acute in the conditions of non-formal education. The
functional features, advantages and disadvantages of this platform are outlined, which make it expedient to introduce it into
the process of non-formal education of teachers.

Formulation of the problem. The necessity of the study is due to the need to increase the level of ICT competence of teachers
of computer science and physics, lecturers of teacher education institutions in terms of developing skills of the use of the
Arduino hardware and software complex.

Materials and methods. To achieve the purpose of the work, the general scientific methods were used: a) theoretical -
analysis of technical and psychological and pedagogical literature on the research problem; generalization of domestic and
foreign experience; theoretical analysis, systematization and generalization of scientific facts and patterns b) empirical -
interviews with participants in the educational environment; observation, questionnaire, testing.

Results. The paper proves that methodologically balanced and appropriate use of the Arduino software and hardware
complex will contribute to a more active assimilation of knowledge, skills and abilities, and will promote the introduction of
innovative forms and methods of teaching in the process of non-formal education of teachers.

Conclusions. The use of the Arduino hardware and software complex and work in the online platform "Tinkercad" is a
methodologically appropriate component in the process of non-formal teacher education, the introduction of this complex
in accordance with a specially developed methodology will help to improve the ICT competence of teachers, the wider
introduction of relevant educational content and the most modern technologies in the learning process.

KEYWORDS: cloud services; methodology; Arduino; educational environment; non-formal education; programming; robotics.

BCTYN

NocraHoBKa npobnemun. Y cyyacHomy iHPOPMaLiiHO-OCBITHbOMY CepenoBuMLi iCHYIOTb HOBI Mogeni opraHisauii
HaBYa/IbHOI AiANIbHOCTI, AKi 6a3y0TbCA HA IHHOBALIMHNX TEXHOOTYHMX PilLEHHAX LWOA0 NPOEKTYBAaHHSA cepesoBULLa, cepen, AKUX
3HaYHYy POo/b BiAirpatoTb anapaTHO-NPorpamHi 3acobm poboTOTEXHIKM, XMAPHI pileHHSA.

MuTaHHA aganTauii i HanalwTyBaHHA 3acobiB Ta cepsiciB iHGOPMALINHO-TEXHONOMNYHOrO OCBITHLOrO CepesoBMLLA Ha
notpebu KOPWCTYBayiB 3 METOK MaKCMMa/JbHO peanisyBaTv NeAaroriYHU MOTeHLian BMKOPWUCTAHHA HalcyvacHiwmx KT,
30KpemMa, XMapHUX, AOCAITM MOJIMNWEHHA pe3y/abTaTiB HaBYaHHA, a TaKOX YAOCKOHa/JeHHA Npouecy HayKoBO-AOCAIAHOI
LiANbHOCTI BUNTENIB, PO3BMTKY HAaBMYOK CNiJIbHOI pob0TK, NOTpebye 3anpoBaKeHHs iHHOBaLiMHUX nigxoais. Lli niaxoan matoTb
3abe3neynTn Halbinbl AOUiNbHI cnocobu opraHisauii g4ocTyny A0 NporpamHoro 3abesneyeHHA HaBYa/NIbHOrO MPU3HAYEHHS,
30Kpema, Ha 6asi Xmapo OpPiEHTOBAHMX NiAXOAIB, LLO HANEXKATb 40 NPOBIAHMX Mogenei iIHPOoPMaLLIMHO-TEXHONOTIYHUX pilleHb
opraHisauii iHppacTpyKTypu OCBITHLOIrO CepeaoBMLLa, a TAKOXK NOCTalOTb KaTaNi3aToOPOM 3anpoBaAKeHHS iHHOBALLIMHUX MeToAiB
i migxoais B OCBITHIO MPAKTUKY.

BuKopucTaHHA npozpamHo-anapamHo2o Komnnekcy Arduino y cuctemi HepopmanbHOI OCBITM BUMTENiB Bifirpae
0C0bNMBY BaXKAUBY POJIb, OCKiIbKM BOHO NOEAHYE B COBi AIK OCHOBHI MOHATTA, TaK i NPUHUMNKU POBOTU NPOrPaMHOI Ta TEXHIYHOT
CKNapoBoi.

BWKOPUCTAHHA MPo2pamHO-anapamHy020 KOMIAEKCY y cucmemi HeghopmasnbHOi 0c8imu [LO3BONAE [OCATTU NiABULLEHHA
piBHA IKT KOMnNeTeHTHOCTI BYMTEniB, MOJNWEHHA iX 06i3HAaHOCTI 3 MeToAMKaMM i [0CBIAOM BWMKOPWUCTAaHHA MPOrpPamHoro
3abe3neyeHHA Ta TexHoOriA. HeobxiAHICTb OpraHiYHO NOEAHATU BUKNAAEHHA HAaBYaIbHOrO MaTepiany 3 O0NOMOroto naathopmu
«Tinkercad» Ta npoBeAeHHA KOHTPOJbHWX OMWTYBaHb Ta KOHCY/bTalii; MOCTiMHE YAOCKOHANEHHs OopraHisauii HaBYyanbHOT
AiANbHOCTI 33 LONOMOTIO0 XMAapPHUX CEPBICiB, 3aNPOBAAKEHHA AUCTAHLIMHMX i 3MiaHUX GOPM HAaBYAHHA Y NpoLEec ONaHyBaHHA
anapaTHo-NporpaMHux 3acobis poboToTEXHIKM NOTPebyoTh BiANOBIAHOMO HAYKOBO-METOANYHOIO OMpaLOBaHHA, PO3PO6IEeHHA
cneujiasibHUX METOAMK.

AKTyanbHicTb poboTM 0bymMoBNEHa HeobXigHiCTIO niaBUWEHHA edeKTUBHOCTI i pe3ynbTaTMBHOCTI nigsuweHHA IKT
KOMMETEHTHOCTI BYMTENIB iIHDOPMATMKM Ta Gi3MKM 32 paxyHOK LUMPLIOTO BUKOPUCTAHHA Y NPOLLECi HaBYaHHSA 3acobiB i TexHo1oriN
pob6OTOTEXHIKM, 30KpEMa Ha 6a3i XMapo OPIEHTOBAHMX pilleHb. 3anpoBaAKeHH:A POBOTOTEXHIKM Y NPOLLEC HABYaHHA He BTpayae
aKTya/IbHOCTi y 3B’A3KYy 3 HEOOXiAHICTIO MigBULEHHN KBasidiKaL,ii BXKe Npautoloumx BUUTENIB, AKI MaloTb BYTU B KypcCi pO3BUTKY
TEXHONOriW, AKi NOCTIMHO BAOCKOHANIOOTLCA. 3anpoBafKeHHA NPOrpamHo-anapaTHoro komnaekcy Arduino Ha 6asi xmMapHux
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nnatdopm peanisauii 4OCTyNy € CYTTEBOIO NepenyMoBO ANA NiasuleHHA IKT-KoMNeTeHTHOCTI BUMTENIB, 34aTHUX A0 aKTUBHOI
npodeciiHoi AianbHOCTI i camopeanisauii Yy BMCOKOTEXHOJ/IOMNYHOMY CYCNiNbCTBi, FOTOBUX A0 BUMKOPWUCTAHHA iHHOBALMHUX
MeTOAMK i 3acobiB HaBYaHHSA, peanisauji iHHOBaUiMHUX GopM, MeToAIB i Nigxoais A0 MOro opraHisadii.

AHani3 akTyanbHUX AocnigyeHb. O3HAWOMIEHHA 3 HAayKOBMMM MpauAMM MNPOBIAHMX HAYKOBLIB Yy ranysi ocBiTW,
[0CBiAOM Meaaroris CBig4MTb NPO HEAOCTATHIM piBEHb BUKOPUCTAHHA HaMCyYyacHiWMX meToais, 3acobis, opraHisauiiHux ¢opm
HaBYaHHA OCHOBaM POBOTOTEXHIKK, 30Kpema Ha 6a3si komnnekcy Arduino. AKLLO roBOpMTM NPO BUCHOBKM aBTopis /1. dynToHa Ta
M. WmigTa (Schmidt & Fulton, 2016)., a Takox pe3ynbTati gocnigxeHHs C. A3tob6u (Mop3se Ta iH., 2018), BapTo 3a3HaYMTH, LLO B
npoueci peanisauii i TecTyBaHHA HOBOBBeAEHb MOTPiIOHI 3HAYHI 3ycunnsa negarorie AnA Ginblw NOBHOrO 3aJ0BONEHHA HU3KMK
OCBITHiIX NOTPe6 Ta BiNbl YCNIWHOro 3anpoBaAKeHHNA KomnaeKkcy. Busuatoun pobotu Y. Kim(Kim Ta iH., 2015), BapTO 3BEpHYTH
yBary Ha A[OCNIAHWULBKWAWA NPOEKT, MeTa AKOro - AOMOMOITM BYMTENSIM HABYUTUCA PO3POBNATU BIANOBIAHI KOMMOHEHTM
HaBYa/IbHOTO MPWU3HAYEHHA 3 BMKOPUCTAHHAM POBOTOTEXHIKM Ta 3MICTOBHO BMPOBAZKYBATW CBOI 3HAHHA HA NpPaKTWLUi Ta B
HaBYaHHI iHLWMX.

B ocTaHHi pokn Byno JocArHyTO NEBHOro Nporpecy y 3anpoBafKeHHi OCHOB POBOTOTEXHIKM y mpouec NiAroToBKM
BYUMTENIB Yy 3aKNafax BULLOI OCBITW, Byan po3pobneHi BignoBigeHi MEeTOANKM PO3BUTKY KOMMETEHTHOCTEN 3 pobOTOTEeXHIKM
Hanpuknag, (CTpyTuHcbKa, 2020), IcHytoTb NybiKaLii cTocoBHO BUKOpUCTaHHA Tinkercad ana oHNaMH NiATPMMKKM NabopaTopHUX
pO6IT 3 NPOEKTYBAHHA MIKPONPOLLECOPHUX CUCTEM B TEXHIYHOMY YyHiBepcuTeTi (Tonybes Ta iH., 2023). B TOM »Ke Yac, HaBYaHHA
BYUMTENIB HABMYKAM PODOTOTEXHIKM NMPOAOBIKYE 3a/MWIATUCA aKTyalbHUM 3aBAaHHAM y chepi negaroriyHoi ocsitu. Mo-nepue,
nopag, 3 TMM, LLLO METOAMKN HaBYaHHSA POOOTOTEXHAKM Y 3aK1afax BULLOT NeaaroriyHoi ocBiTM AocuTb fo0bpe po3pobneHi, mano
pPO3pOb6AEHMMM 3aNMLLAIDTLCA MUTAHHA NiABULLEHHA KBanidikauil BKe NpaLutoloymMx BUMTENIB, 414 UbOro NOTPibHI cneuianbHi
METOAMKM, BPAXOBYIOUM Te, WO TEXHO/Orii NOCTIMHO PO3BMBAIOTLCA | BAOCKOHaNOWTLCA. MMo-Apyre, HaBYaHHA BYUTENIB
BiAOyBaETbCA, 3a3BMYail, ¥ cepefoBULLi HedopmanbHOI OCBITH, | ANA LbOro NOTPIOHI OH-NaliH cepefoBula AnA Toro, Wob
HaBYaHHA MOTJI0 BigbyBaTMCA Y AUCTAHUIMHOMY abo 3milaHOMy popmari.

B YKpaiHi BXe noyanu pobutu nepuli KPOKU CUCTEMU HaBYaAHHA 3 BUKOPUCTaHHAM STEM nigxoais. Po3pobaeHi ocBiTHI
nporpamMy HaBYaHHA MaWBYTHIX BUMTENiB IHGOPMATUKKM Yy KOHTeKcTi STEM-ocBiTM (Basbko, 2019), po3rnsHyTi MeTOAWUYHI
0c0b61MBOCTI BUKOPUCTAHHA naatdopmu Arduino y nigrotosui Buntenis $isnkn go STEM opieHTOBaHOro HaB4aHHA (CanbHUK Ta
iH., 2023). JaHui niaxia 40 NPOeKTyBaHHA CMCTeM HaBYaHHA Hapasi cTae Bce 6inblw nonynsapHuMm, 60 4yaoBo cebe Nokasye y
npoueci popmyBaHHA HaBMYOK LOCNIAHULBKOI AiANbHOCTI B YYHIB Y MONOALWIN, cepegHin Ta cTapwiin wKkoni. Tomy po3BUTOK
METOAMYHMX NiAXOAIB A0 NOrMbAEHOro OnaHyBaHHA BYMTENAMM 3HaHb y chepi poboTOTexHikM noTpebye NopanbLIOro
BMBYEHHSA.

Merta cratti. Memorw cmammi € BU3HAYEHHA METOAMYHMX 0COH/IMBOCTEN 3aNpPoBaZKEHHA anapaTHO NPOrpPamHoro
komnnekcy Arduino Ha nnatdopmi Tinkercad y cepepoBuwe HaBYaHHA BYUTENiB iHOOPMATUKM Ta Oi3MKM Yy npoueci
HedopManbHOI OCBITH.

METO/AM AOC/IAMEHHA

Ona pocAarHeHHA meTu poboTn Bynn BUMKOPWCTAHI 3arafibHOHAYKOBi MeToAM: a) TeOpPeTUYHi — aHani3 TexHiYHoi
NiTepaTtypn 3 npobnemu [AOCNIOKEHHA; y3araJibHEHHA BITYM3HAHOrO | 3apybiKHOrO [A0CBi4y; TEOPEeTUYHMI aHanis,
cucTemaTm3alia Ta y3arasibHeHHs HayKoBuX $GaKTis i 3aKoHOMipHOCTel 6) emnipuyHi — 6ecian 3 y4acHMKaMK OCBITHbO-HAYKOBOrO
cepefoBULLA; NeAArorivHi CNocTepeKeHHA; aHKETYBAHHA; TECTYBAHHA.

PE3Y/IbTATU AOCNIAXKEHHA

EnemeHTM MeTOAMKM BMKOPUCTAHHA MPOo2pamMHO-anapamHo20 Komnaekcy Arduino 6ynu 3anpoBagikeHi y npouec
HaBYaHHA BYMTENIB iIHPOPMATMKM Ta Di3NKKM B HeDOPMabHi OCBITI.

MeTolo HaB4YaHHA 3a 3anNpPOMNOHOBAHOK METOAMKOKW € niasBuueHHA pisHA IKT KomneTeHTHOCTI BuYMTeniB LWOA0
BMKOPUCTaHHA 3acobiB pobOTOTEXHIKK Y CBOIN NpodeciliHii AianbHOCTI.

dopMu HaBYAHHA: NPaAKTUYHI 3aHATTA; NabopaTopHi pobOTH; TPEHIHTU.

MeToaM  HaBYaHHA:  MNOACHIOBA/IbHO-INOCTPATUBHUIN;  MPAKTUYHO-AIANBHICHWI;  CNOBECHOM-PO3ACHIOBANbHUI;
NPOEKTHUM.

3acobom HaBYaHHA € NporpamHo-anapaTHMi Komnaekc Arduino, Wo BMKOPUCTOBYETbCA Ha niatdopmi Tinkercad.
Mnatpopma Tinkercad Bxe 6araTo pokiB nokasye cebe AK cTabinbHa, AOCTYNHa, NIOFYHO CKOMMNOHOBAHA naatpopma ans
HaB4YaHHA (Puc. 1). 3a yMOB BUKOPUCTAHHA XMAPHUX CepBIcCiB, AaHi 36epiratoTbca y LLeHTPi 0OPOOKM AaHUX, @ HE HA TOKANbHOMY
Komn'toTepi KopucTyBaya, ToZi AK AOCTYN 4,0 HUX 3abe3nedyeTbea Yepes bpay3ep, € MOXKIUBUM 3 PI3HUX NMPUCTPOIB, 3 AKUX MOXKHaA
BMITM B IHTEpHET. 3a XMapHOI MoAeni opraHisauii goctyny o IKT BUHMKaOTb HeobXiaHi ymoBKu gna GopmyBaHHSA HaBUYOK
KOMaHZAHOI pob0TH, AKi NOTPibHI cy4yacHoMy daxiBLeBi, Lo mae byTn 06i3HaHUM 3 BUKOPUCTAHHAM IT. BunTeni, AKi onaHoByBanu
OaHUI KOMNJIEKC, MANWN 3apeEeCcTpyBaTUCA Y XMapO OPIEHTOBAHOMY CepefoBULLi, OTPUMATU aKayHT, 3aBAAKN AKOMY BOHW Manu
[,0CTYN A0 rOTOBUX MPOEKTIB 3 NOACHEHHAM, CEPBICIB AK A4 iIHAMBIAYaNbHOTO, TaK | KONEKTUBHOIO BUKOPUCTAHHSA.

HalBaxknuBilwo 0COBAUBICTIO MPO2PAMHO-ANAPamMHo20 Komnaekcy Arduino, 3 TOYKM 30py nNeaaroriyHoro
BMKOPWCTaHHSA, € BiZIbHUI A0CTyn, 6e3neka Ta HagiliHicTb 36epiraHHa iHpopMaLl,ii, KOHTPONb NpaB AOCTyNy, 34aTHICTb JIETKO
a4anTysaTy Nig pisHi wini Ta 3agavi.

B ymoBax ¢opmyBaHHA iHGOpMaLiMHOro cycnifibcTBa BaXK/IMBO NiAroTyBaTHM BUCOKOKBasidikoBaHMX $axiBLiB, 34aTHMX
NpPaBWIbHO Ta AOLiINbHO HAaBYUTU BUKOPUCTOBYBATU KOMMAEKC TaK, W06 Le Byn0 3MiCTOBHO Ta LjiKaBo. TOMy HeobxigHO LWyKatu
HOBi MeTOoAMYHI nigxogM A0 opraHisauii HaBY4aHHA, AKi 6 cipUANU TMOOKOMY 3aCBOEHHIO Ta PO3YMIHHIO OCHOBHMX MOHATD,
npaswua, NPUHLMNIB | METOAIB BUBYEHHSA AUCLMNIH, IX B3AEMO3B'A3KY 3 CYMiXKHUMM AUCUMMNAIHAMM Ta CNOCOBIB iX BUKOPUCTAHHA
Ha NpakTUL,.
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LED Engine wa Tinkercad SIK BURABAAT OHABAN-KASC 3 Cxem 32 Creopim, Texcrosy npurogMMUBKY Py Ha
Aonowmorow Tinkercad ‘acwoni Bwbopy 3a Aonomorom Tinkercad
Cireuits

Puc. 1. Xmapo opieHToBaHe cepegoBuuye Tinkercad
[wepeno: nnamepopma Tinkercad (https.//www.tinkercad.com/).

[Ona opraHisauii rpynosoi pobotn 3 Buutenamu byna BukopuctaHa nnatdopma Tinkercad, ane 3 iHTerpoBaHWmM
Knacamu, OCKiNbKM B paHin nnatdopmi peanizoBaHO HACTyMHi MOX/IMBOCTI: KoperysaTw fAji BMKNagaya, BeCTU rpynose Ta
iHOMBiAyanbHE CNiNKyBaHHA, POBWUTM HOTATKM, BIACNIAKOBYBaTM NpoOrpec ycniwHocTi, 36epiraTu poboTu. 3acTocyBaHHA
nNporpaMmHo-anapaTHOro KOMMJIEKCY He CMPUYUHUTDL BUUTENAM CYTTEBUX TPYAHOLLIB Y BUPILIEHHI NOCTaBleHUX 3aBAaHb, ANA
poboT NoTpibHO NnlLe MaTu JOCTyn A0 MepeXi iHTepHeT. OAHaK 418 KOPUCTYBAHHA XMapHMMU cepBicamun HeobXxigHO NPoinTu
KOPOTKWUI iHCTPYKTaxK poboTh 3 HUmK (Puc. 2).
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Puc. 2. Mpuknaa nnatpopmu Tinkercad 3 iHTerpoBaHUMM Knacamu
Lxepeno: nnamepopma Tinkercad (https.//www.tinkercad.com/).

MeTa 3anpoBagyKeHHA MPo2pamMHO-anapamHo20 Komnaekcy Arduino y npoueci nigrotoskn ¢axisuis - popmyBaHHA
3[aTHOCTI A0 YCMIlWHOro BMKOPUCTaHHA iHPOpMALiHMX TexHonoril y cBOi npodeciiHii aianbHOCTI, TBOpPYOro niaxoay A0
BMPIiLEHHA HEeCTAaHAAPTHUX Npobaem, MBOKOro 0BONOAIHHA OCHOBaMM AMCUMNAIHW. 3 LiEt0 meToto 6yna po3pobaeHa meToamKa
BUKOPUCTAHHA KomrlsieKcy Yy HedopManbHiit OCBiTi BUMTENiB, cnpsaMmoBaHa Ha (i) dopmyBaHHA NpodeciiHUX KomneTeHTHOCTeN
BUMTENiB iHPOPMATUKM Ta Pi3nKM, WO AacCTb MOXKAMBICTL YCMIWWHO afanTyBaTUCA A0 BMMOT iHGOPMAaLiMHOIO CycninbCTBa;
PO3BMTOK TBOPYOro MiAxo4y A0 BWPILIEHHA HeCcTaHAAPTHUX 3aBAaHb; Ta (iii) popmyBaHHA HaBMYOK BMKOPWUCTaHHA IKT,
HeobXiAHMX AN aHanizy, MOAENOBAHHA Ta BUPILLEHHSA TEOPETUYHMX Ta NPAKTUYHUX 3a4a4 Y NpodeciliHili AisnbHOCTI.

3aBAAKM BNPOBALKEHHIO KOMI/AEKCY Y HaBYaNbHMI MPOLEC BUMTENIB 3'ABNAETLCA MOMK/MBICTbL 30CEpeauTn yBary Ha
npuHUMNax, nigxoAax, 3BiIbHUTU Yac Ta 3yCWANA, AKI BUTPAYaloTbCA HA CTBOPEHHA HABYa/IbHOrO MaTepiany, BUKOPWUCTaHHA
nnaTGopMM 3HAYHO NOKpPaLLYE NPoLeC HaBYaHHA (Puc. 3).

MONMBOCTI BUKOPUCTAHHA MPO2PAMHO-aNapamHo20 KOMIAeKcy OANA BUPILLEHHA HAaBYa/IbHUX 3334 AOCUTb LUMPOKI.
Buntenb, BUKOPUCTOBYIOUYM XMAPHI CepBiCK, BUPILLYE NOCTaBAEHY Nepes HUM 334a4y, i, TAKUM YMHOM, BiH HE Ma€E nepeLukos y
3acTocyBaHHi cyyacHux 3acobis IKT, a Kpim Toro, ycBiZomatoe MOTPIGHICTb KOPUCHICTb NaaTdopmm Ans ycnilwHOoI peanisauji
npodecinHmnx uinei. PiweHHA 3aAay NPUKNALHOIO XapaKTepy 3a AO0MOMOro XMapHWX cepBiciB 3abesnevyye MOXKAMBICTb
dopmyBaHHsA NpodeciiHUX KOMMNETEHTHOCTEN.
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Puc. 3. MpuKnag enemeHTa HaB4aNbHOro Npouecy Ha XmapHiit nnatdopmi Tinkercad
[wepeno: nnamepopma Tinkercad (https.//www.tinkercad.com/).

OCHOBHOO NepeBarol 3aCTOCYyBaHHA MPOrpPamHO-anapaTHoOro Komnaekcy Arduino npu NpoeKkTyBaHHI cepefoBuLLA
HaBYaHHA € PO3LUMPEHHA CNEKTPYy 3acobiB Ansa poboTK i3 cydacHUM 06/M1aAHAHHAM Ha OHAAMH naathopmi, 4O AKOT MaTUMYTb
O0CTYN BCi Y4aCHMKM NpoLecy HaBYyaHHA. BUKOPUCTaHHA LbOro KOMANEKCY NO3UTMBHO BM/IMBAE Ha:

— dopmyBaHHs HaBNYOK pobOTU B CepeOBULLI MPOrpamyBaHHS MiIKPOKOHTPO/EPIB;

— PO3BUTOK 3HaHb WOAO CTPYKTYPWU Nporpamu Ta ii eslemMeHTiB, 3MiHHUX, BUPa3iB, MacuBiB, OFYHUX KOHCTPYKLIMN,
dYHKLiR, 6ibnioTek ToLwo;

— YA0CKOHaNEHHA HaBMYOK HanmucaHHA NPOrpaMHOro KoAy BiAMnoBiAHO A0 MOCTaB/EHOro 3aBAaHHA Ta NepeHeceHHA
Moro y cepefioBuLLE MiIKPOKOHTPO/IEPa;

— OMaHyBaHHA OCHOBHWX NMOHATb 3 €NIEKTPUKY;

— hopmyBaHHA 3HaHb NPO OCHOBHI €1eMEHTU LUPPOBUX CXEM;

— YZLOCKOHa/NIeHHA HAaBMYOK PO3YMiHHSA, MoaudiKaL,ii Ta KOHCTPYIOBAHHSA €IeKTPUYHUX CXEM BiANOBIAHO 4,0 NpoliaeHoro
matepiany;

— bopMyBaHHA HaABMYOK POBOTM i3 AaTuMKamM, iX HaNalTyBaHHA, OMPALOBAHHA AaHWUX 3 HUX Ta 3YUTYBAHHA
nokymeHTau,ii (Golubev et al., 2023; /lexaH, 2007).

BukopuctaHHa Arduino mae 6e33anepeyHi nepesaru, a came:

— CNpoLLye npouec poboTh 3 MIKPOKOHTPOIePaMM Y NOPIBHAHHI 3 iHWMMW NPUCTPOSMU ANA BUNTENIB;

— nnatv Arduino BiAHOCHO AelueBLi B MOPiBHAHHI 3 iHWWMMK naatdopmamu;

— nnatn Arduino KpocnaatdopmeHi (MoxkHa npautoBatu nig ynpasaiHHam OC Windows, Mac OS i Linux);

— cuctema Arduino mae npocTe i 3po3ymine cepefoBuLLE NPOrPamMyBaHHA.

— cepenosuLLe NporpamyBaHHA Arduino € A04aTKOM, LLLO OXOMNJIHOE PEAAKTOP KOAY, KOMMINATOP i cnewiaibHUi Moay b
ON1A NPOLWMBKM NAATK;

— MOBa NPOrpamyBaHHs, O BUKOPUCTOBYETbCA B Arduino, € peanisauieto Wiring, To06To ue C / C ++, LONOBHEHMN
aeakumu 6ibniotekamu;

— MoXKAMBOCTI NAaT Arduino MoXKHa Po3LWIMPUTHM 32 ONOMOTO 0COBMBUX MIKPOCXEM, AIKi HAa3MBAKOTb «WNAZAMK» (Big,
aHrA. shields). LUnnau BCTaHOBAOOTLCA NOBEPX OCHOBHOI NAaTH i AatoTb HOBI MoXAuBocTi (Mop3e Ta iH., 2018).

OCHOBHI pucn ¢yHKLioHany Ta ocobaueocti Tinkercad Circuits, wo pobaAaTb AouinbHUM 1i 3anpoBagyKeHHA Y
cepefoBuLLE HaBYaHHA BUUTENIB, HACTYMHI: Le OHNAMH nnaTdopma, ToX Ansa poboTn noTpibeH nuwwe IHTEPHET; € Y HAABHOCTI
3pYYHUI rpadiyHUi pesakTop ANA Bi3yasnbHOI NOOYA0BU €NEKTPOHHUX CXeM; AOCTYNHMM € Habip nonepeaHbO BCTAHOBAEHMX
MmoZenei Hanbinblw NOonNyAAPHUX eNeKTPOHHUX KOMMOHEHTIB, BiACOPTOBAHMX 33 TMMAMM KOMMOHEHTIB; nnaTdopma MiCTUTb
CUMYNATOP e/IeKTPOHHMUX CXeM, 33 AOMOMOrOH AKOFO MOXHA MiAKNIOYUTM CTBOPEHWUI BipTyanbHUIN NPUCTPIN A0 BipTya/ibHOrO
OKepena KUBNEHHS | NPOCTEKMTU, AK BOHO Byae NpaltoBaT; MOXHA TaKOXK BUKOPUCTATU CUMYIATOP AATYMKIB Ta iIHCTPYMEHTIB
30BHILIHbOMO BR/MBY. € MOXAMBOCTI 3MIHIOBATU NOKAXUYMKM AATUMKIB, CTEXUTU 32 TUM, AK B 3a/1I€XKHOCTI Bif, LbOro 3miHIOTbCA
napameTpu CUCTEMU; 3PYYHO BMKOPUCTOBYBATM BOyaoOBaHWi pepaktop Arduino 3 MOHITOpOM MOPTYy i MOXKAMBICTIO
HaNaroAKeHHs; € BXe po3pobneHi ans posropTaHHA NpoeKT! Arduino 3i cxemamu i KOAOM; Bi3yanbHUI pesakTop Kogy Arduino;
[,A€E MOXKAMBICTb iHTErpauii 3 pewToto ¢yHKUioHanbHicTio Tinkercad i WBMAKOro CTBOPEHHS A5 BAWOro NPUCTPOID Koprnycy Ta
iHLWMX KOHCTPYKTUBHMX €/1eMEeHTiB; CTBOPEHAa MoAeNb Moe byTu Biapasy BianpasneHa Ha 3D-npuHTep; BOyAOBaHI NigPYYHUKHM i
Be/IMYEe3He CNiBTOBAapMUCTBO 3 KOJIEKLLIED FOTOBUX MNPOEKTIB.

[0N0BHE, WO He NoTpibHO 3aBaHTaxyBaTk Arduino IDE, He noTpibHO wWyKaTK i BUKayyBaTK nonynaapHi 6ibnioteku i
sketch, He noTpibHO 36MpaTK cxemy i NigKAOYATM NNATy — BCe 3HAXOAMUTLCA Bigpasy Ha OOHIN CTOPIHL,.

Nepesaru BukopucraHHA Tinkercad: 6e3KOLWTOBHUIA OH/IANH cepBic; HAUMONYASAPHiWi KOMNOHEHTU ana Arduino Bxe €
Yy CMMyNATOpi; 6arato cxem CTBOPEHO (MOMKHa iX AONMCYyBaTW | 3MIHIOBaTK); AiNUTUCA NPOEKTOM 3 iHLWMMWU N0AbMU; NOCTiNHE
OHOBJIEHHSA 1 AONOBHEHHSA; BIKHO HaMMCaHHA Koy He Bigpi3HAeTbeA Big BikHa Arduino IDE.

Heponiku BukopucraHHa Tinkercad: He BUCTaYae KOMNOHEHTIB, AKI CTBOPIOIOTHLCA LWBMALLE, HiXK BCTUIalOTb CTBOPUTHU
CUMYNATOP LbOro KomnoHeHTa (Mop3e Ta iH., 2018).
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3anponoHoBaHa MeToAMKa BUKOPUCTaHHA NporpaMHo anapaTHoro komnaekcy Arduino Ha nnatdopmi Tinekrcad 6yna
anpoboBaHa B OCBITHbOMY NMPOLLECi | BUABMNACA AOCUTb 3PYHHOI Y BUKOPUCTaHHI. JIEeKUiliHi, NpakTMYHi Ta nabopaTopHi poboTu
NPOBOAWMNUCE AWUCTAHLIMHO, 32 AOMOMOrol OAHOMO0 3 MeCeHAXepiB Aaa 3B'A3KYy 3 BMKNAZayeM Ta 33 A0MNOMOro
LEMOHCTPYBaHHA pob0oYOro CTona Ana YiTKOCTI Ta AKiCHOCTI nogadi iHpopmauii. KoxHe 3 umx 3aHATb By/0 3anucaHe i NoTim
3aBaHTaXkeHe B GoogleDrive, Ha AKOMY B ByAb fKY XBUAMHY MOMHA Byno nepernaHyT Moro, AKWO WOCb He 3po3ymino abo
BMHUKAW AKICb NUTAHHSA B 3aBAaHHAX abo fabopaTopHUX poboTax.
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Puc. 4. NMpuKknapg 3aHATTA Ha nnaatdopmi Tinkercad
Lwepeno: nnamepopma Tinkercad (https.//www.tinkercad.com/).

[Ans nepesipkn edeKTUBHOCTI po3pobNEHOT METOAMKM HaBYaHHA By/10 BUKOHAHO MOPIBHAHHA HaBYa/IbHUX JOCATHEHD
BYMTENIB 32 PIBHAMM NiArOTOBKM 32 pPO3p06IEHOI0 METOAMKOLO i BiA3HAYEHO NO3UTMBHI MOKA3HUKM YCNILWHOCTI 3 ONaHyBaHHA
nnatdopmu. EKcnepumeHTanbHa 6as3a AocniaskeHHA: [HINPOBCbKMI HayKoBWI niuein iHpopmauiltHMX TexHonorik, m.AHinpo.
Byno cpopmoBaHo ¢oKyc-rpyny 3 22 BuuTenis [HiNPOBCbKOro HayKOBOro JliLeto iHPOpMALiiHMX TEXHONOTIN, Ana AKoi Byno
npoBeAeHO BXiAHe i BUXigHe ONUTyBaHHA, AKe NOKa3ano NiasuLLeHHA piBHA IKT KOMNEeTeHTHOCTI BUMTENIB WOA0 BUKOPUCTAHHA
3aco6iB pobOTOTEXHIKM, Ha OCHOBI KOMMEKCHOTO MOKAa3HMKA 33 OCHOBHUMMW KPUTEPIAMU — AiANbHICHUM, KOTHITUBHUM,
MOTUBALIMHUM | pedNeKCUBHUM.

OBrOBOPEHHA

MpoBeaeHe aocnigxeHHs ceigunTb, nnatdopma Tinkercad e edpeKkTMBHUM 3acobom A/1A OpraHisau,ii HaBYaHHA BUUTENIB
iHbopMaTUKK Ta Bi3UKN BUKOPUCTAHHIO NPOrpamHo-anapaTHOro Komnnekcy Arduino. 3aBaAKM onaHyBaHHIO HU3KWM HAaBYaNbHUX
TeM i NpoBefeHHA TBOPYMX POBIT, AKI MOXKHa Byno opraHisyBaTy Ha €AuHINA nnaatdopmi, A0 AKOI BMKNAZAYi | BUMTENT MOraun
OTpUMyBaTV 0CTYN y Byab-aKoMy Micl,i i y 6yAab-AKMIA Yac, 3HAYHO PO3LWMPUINCA MOXKINBOCTI OpraHisau,ii AKICHOro HaBYaHHSA;
pPO3LWKNPUBCA JOCTYN A0 eNeKTPOHHUX Pecypcis; MiABULLMBCA PiBEHb OPraHisau,ii HaB4asIbHOro NPoLecy 3aBAAKN CTPYKTYPYBaAHHIO
maTepiany i NiATPUMYBaHHIO Pecypcis A4/1A BUBYEHHA B aKTyaNbHOMY CTaHi.

3aBAAKM BUKOPUCTAHHIO XMApPHUX TEXHOOTI MOXHa chopmyBaTV NONidyHKLiOHabHE HaBYaslbHE CepefoBuLLE HA
€AMHI OCHOBI, 3aBAAKM 4YOMYy BAAETbCA AOOCAITM aKTMBI3aUil OCBiTHbOro npouecy, dopmyBaTM y BYMTENiB MOTUBALIO,
OpieHTYBaHHA Ta 06i3HaHICTb W00 PO6OTU 3 HaBYAIbHUMM NPOEKTAMM, BMiHHA edEeKTUBHO OMNpaLLbOBYBaTH 3HaYHi 06CATU faHUX
i BigomocTel, paLioHanbHO OpraHisoByBaTH Yac i HasiBHi Pecypcu, TEXHIYHO MPaBUIbHO Ta AOLiJIbBHO PO3MOBiAaTM NPO AATYMKM
Ta ix 0C0BAMBOCTI, PO3YMITU BigMIHHOCTI AaTUMKIB OAMH Bif O4HOr0, OPiEHTYBATUCL Y BibAiOTEKaX Ta 3HATU AK IX BCTAHOB/IOBATH.
Bci Ui HaBMYKM € HeobXigHMMM ANs NOBHOLIHHOrO iCHYBaHHA i camopeanisauii maiibyTHboro daxisua B iHGopmauiiHomy
CYCNiNbCTBI, WO BiAKPMBAE LUMPOKiI MOMKNMBOCTI AN 0COBUCTICHOrO PO3BMTKY i camopeanisadii.

BW3HayeHOo HacTynHi HaWbinbl JOLINbHI WASXM BUKOPUCTaHHA Arduino y HedopmasbHii OCBITi BUMTENIB:

o [IpoekmHa poboma 3 Arduino: BukopuctaHHa Arduino gna peanisadii NpoeKTiB, B AKMX NOEAHYIOTbCA MPOrpPamyBaHHA
Ta eNeKTPOHiKa, pO3BMBAIOTLCA IHAMBIAYabHI Ta KOMAHAHI KOMYHIKaTUBHI HaBUYKM.

® Haykosi docnidxceHHA: Arduino 403BOIAE NPOBOANTU HAyKOBI EKCNEPUMEHTU, TaKi AK aHai3 BNAMBY KNIMaTUYHUX
YMOB Ha POC/IVHM 33 AONOMOrOI0 AATYMKIB TeMnepaTypu, BOIOTOCTi Ta CBiT/1a.

® Po3pobka icop: CTBOpeHHA irop Ha 6a3i Arduino cnpuse 3miLHEHHI0O HaBMYOK MpOrpamysBaHHA Ta pobotu 3
€/1eKTPOHIKOI0.

o Asmomamu3auis _ma_pobomomexHiKa: MOMKAMUBICTb CTBOPIOBAaTM aBTOMATM30BaHi CUCTEMM, BUKOPUCTOBYHOYMU
Arduino ana KepyBaHHA Ta MOHITOPWUHIY, BUBYAIOUM OCHOBM iHXKEHepii Ta CUCTEMHOrO aHanisy.

® [HMepakmueHi_apm-npoekmu: 3a aonomoroto Arduino MO)KHa peanizyBaTU iHTEPAKTUBHI apT-iHCTanAuji, ki
BiZIrYKYIOTbCA HA 3MiHW y cepefoBuLL, Lo 36arayye HaBYaIbHUIM NPOLLEC B ECTETUYHOMY BUMIpI.
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BUCHOBKWM TA MNEPCNEKTUBU NOAANBLUOIO AOCNIAXKEHHA

BrnpoBaaKeHHA nporpamHo-anapaTHoro Komnsaekcy Arduino y HaB4aHHA BYUMTENIB iIHHOPMATUKM Ta Gi3MKM Ha OCHOBI
cneujanbHO pPo3pobaeHOi MEeTOAMKM CTBOPIOE YMOBM A/1A MOKpalLeHHA pesynbTaTiB uboro npouecy. Mpu ubomy 6yno
BMKOPWCTAHO O0CBig, BITYN3HAHUX Ta 3apybixkHUX ¢axisuis. NpoBeaeHo aHani3 naathopm Ta cepefoBuLl, 3 AKUMU MOMK/IMBO
npaLoBaTh OHAAMH TaK, Wob Le 6yno 3py4HO A4/1A ONaHyBaHHA Ta iHHOBALiMHO. Halbinbl AOLiNbHUM LLAAXOM 3anpoBagKeHHA
Arduino y npougec AMUCTaHUIMHOrO Ta 3MilLaHOrO HaBYaHHA BUMTENIB € BUKOPUCTAaHHA XMapo OPiEHTOBaHUX NaaTGopM, 30Kpema,
nnatpopmu Tinkercad, Wo [a€E MOXKAMBICTb OpPraHi3oBYBAaTU NPOLEC HABYAHHA Y AUCTaHLiHpomMy abo 3miwaHomy dopmari,
aKTUBI30BYBATW POBOTY TUX, XTO BUUTLCA, 338 PAXYHOK PO3LWMPEHHA AOCTYNY A0 AKICHUX IHCTPYMEHTIB | cydacHuUx TexHonoril. Mpu
BMpIiLLEHHI 33434 y ra/ly3i HaBY4aHHA OCHOB POBOTOTEXHIKM Peani3yoTbCa MiXKANCUMNAIHAPHI 3B"A3KM iHOOPMATUKKM, MaTeMaTHKK,
disnKM Ta iHWKX NpeameTis, WO cnpuae npodeciiHoMy po3BUTKY BUMTENiB Ha OCHOBI GOPMYyBaHHA yABJEHb NPO LiNICHICTb
6ayeHHA npoLecy HaBYaHHA.

MepcneKkTMBOIO NOAANBLINX AOCAIAMKEHD € TEOPETUYHE 06rPYHTYBaHHA Ta Binblu WMpOKa anpobauia Ta BNpoBagKeHHA
MeTOAMKMU BUKOPUCTAHHA Komnaekcy Arduino Ha 6a3i nnatdopmu Tinkercad, cTBOpeHHA MeTOAMYHMX peKomeHAauil Wwoao
dOpMyBaHHA Ha Uil OCHOBIi BMCOKOTEXHOMOFYHOrO cepeaoBuwa (nnatpopmu) onaHyBaHHA OCHOB POBOTOTEXHIKM, sKe
pPO3pOobNAETLCA CNeLianbHO ANs BUMTENIB IHPOPMATUKM Ta Gi3UKKM ANsA BUKOPUCTAHHA B HeOPManbHili OCBiTi.
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AHOTALIA

dopmynioBaHHA npobnemu. Macose BNPOBaAKEHHA LUUBPOBUX TEXHONONINW, TaKUX AK XMapHi Ta Be6-cepsicH, LWITYYHUI
iHTENEeKT i imepCcuBHI pilleHHA, CNPUAE NiIABULLEHHIO AOCTYNMHOCTI OCBITU, NMOKPALLEHHIO AKOCTI HaBYa/lbHOro npouecy Ta
KOMYHIiKaLii, PO3BUTKY iHKNHO3MBHUX Ta NEPCOHANI30BAHMX CepefoBuLL. YNPOAOBK OCTaHHIX POKIB CMOCTEPIraeTbCA CTPIMKUI
PO3BUTOK i MOLWIMPEHHA iIMEPCUBHUX TEXHOJOFIN, iX MOCTYNnoBe MEepPeTBOPEHHA Ha BaXKAUBUMU CKAALHUK Cy4acCHOi OCBITW.
MoeaHaHHA 3MilLaHOro HaBYaHHA 3 iIMEPCUBHUMM TEXHONOTIAMMU HaAA€E YHHAM A0CTYN A0 PISHOMAHITHUX PecypcCiB i CTUMYAIOE
IXHIO aKTMBHY y4acTb. TaKWii Migxin CTBOPIOE iHTEPAKTMBHE cepefoBuLie, e YYHi 3aHYpIoTbCA Y BipTyanbHi cueHapii,
BiguyBatoumn cebe YacTUHOLO npoLecy.

Martepianu i meToan. 3acTOCOBAHO TEOPETUYHI METOAN HAayKOBO-MeAaroriYyHOro noyky. 3oKkpema, aHani3 focniAHULbKUX
PO6IT BITUM3HAHMUX | 3aKOPAOHHMX AOCAIAHMKIB, eKkcnepTiB. Y pes3ynbTaTi CMHTE3y, y3aralbHEeHHA aHaniTM4YHOI poboTu
34iiCHEHO MOPIBHANBHWUIA aHani3 cneundidyHMX 0COBNMBOCTEN BUKOPUCTAHHA iIMEPCUBHUX TEXHONOFIW y TpaauuiiHoMy Ta
3MilLAHOMY HaBYaHHA B 3aK/agax 3arajbHOi cepeAHboi OcBiTU. Lle [03BONMTL Kpawe 3po3ymMiTU CyTHiCTb, mepesaru i
BifAMIHHOCTi BMKOPMUCTAHHA UMX TEXHOMOTM Yy Pi3HUX MOAENAX HABYAHHA, WO CNPUATUME MNOAANbLIOMY MPOEKTYBAHHIO
OCBITHBOIO MPOLLECY 3 YPaXyBaHHAM LiX 0cobansocTei.

Pe3ynbTati. BUsHaueHo napameTpu A1 NOPiBHAHHA 0CO6MBOCTEN BUKOPUCTAHHA iIMEPCUBHUX TEXHONOTIN Y TpaguLLiiHOMy
Ta 3MillaHOMy HaBYaHHi B 33CO: KOHTEKCT BUKOPUCTAHHA, B3aEMOZIA MiX yYHEM i BUMTeNnem, iHAMBIAyanisaLia HaBYaHHSA,
FHYYKICTb Ta 4OCTYMHICTb TEXHOJIOTi, Ccoujani3auia Ta cniBnpaus, HaBYasbHe cepefoBuLLE, MOTMBALLA YYHIB, OLiHIOBAHHA
3HaHb, pecypcHa 3abesneyeHicTb, TeXHiYHa MiATPUMKA, [HTEPAKTMBHICTb OCBITHLOrO MPOLECY, PO3BMTOK HABMYOK
camoperynauii, ponb 6aTbKiB y HaBYaHHI, NefaroriYHMiA Nigxis, PO3BUTOK HABMYOK camoperynauii. 34iNCHEHO NOPIBHANbHMI
aHanis ocobnunBOCTEN BUKOPUCTAHHA IMEPCUBHUX TEXHONOFW Yy TpaauuiiHOMy Ta 3millaHOMy HaByaHHi B 33CO 3a
BU3HAYEHUMM NapameTpamm. Po3rnsHyTi 0co6MBOCTI BUKOPUCTAHHA IMEPCUBHUX TEXHO/IOTIH B TPAAMLLIIHOMY Ta 3MillaHOMY
HaByYaHHi B 33CO y3aranbHeHo y BUrAA4i Tabauui.

BUCHOBKM. AHani3 0cob61MBOCTEN BUKOPUCTAHHA IMEPCUBHUX TEXHONOTIN B TPaAWLiAHOMY Ta Y 3MilLAHOMY HaB4aHHi B8 33CO
3a 6baraTbma NnapameTpamu NOKasas, LLLO OCHOBHI BiAMIHHOCTI CTOCYHOTbCA FHYYKOCTI iX 3aCTOCYBaHHA, piBHA iHAMBIAYyani3auii
OCBIiTHbOTO Mpouecy, B3aEMOAII MiX YYHemM Ta BUMTE/NIeM, a TaKOX AOCTYMHOCTI Ta MOM/IMBOCTEH PO3BUTKY HaBMYOK
camoperynauji, aBTOHOMii, coujanisayii. ¥ 3milaHOMy HaBYaHHI Ui TexHonorii 3a6e3neyytoTb GiNbLly aBTOHOMHICTb Y4Hs,
afanTUBHICTb A0 iHAMBIAYaNbHUX NOTPED i PO3WMPIOIOTL AOCTYN A0 HaBYa/NbHUX pecypciB. BogHouac TpaguuiiHe HaBYaHHA
Hagae nepesary 6esnocepefHbOMYy KOHTPO/O 3 BOKy BUMTENs Ta MiATPUMLI coujianbHOi B3aemogii B Knaci. BusBneri
0COBNMBOCTI BUKOPUCTAHHA IMEPCUBHMX TEXHOAOrA B TpaguuiiHOMYy Ta Yy 3MiWAaHOMYy HasyaHHi B 33CO BaX/1MBO
BPaxoByBaTW NPW NAaHyBaHHi YpPOKy, A060pi 3ac06iB HABYAHHA ANA AOCATHEHHA AUAAKTUYHUX Linen.

KNIKOYOBI C/IOBA: imepcusHi mexHonozii; 0ornosHeHa peasbHicms,; 8ipmyaneHa peansHicms,; 360-2padyyHi 8ideo; 3aknadu
302a716HOI cepedHbOI oc8imu; mpaduyiliHe HOBYAHHSA; 3MiluaHe HOBYAHHS.

HoceHko 0. ImepcuBHi TexHoOriT B TPagULLIMHOMY Ta y 3MillaHOMY HaBYaHHI B 3aK/1afax 3ara/ibHoi cepeaHboi OCBITU: MOPIBHANbHUIA acmeKT.
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ABSTRACT

Formulation of the problem. The mass adoption of digital technologies, such as cloud and web services, Al and immersive
solutions, contributes to increasing the accessibility of education, improving the quality of the educational process and
communication, and the development of inclusive and personalized environments. In recent years, there has been a rapid
development and spread of immersive technologies, their gradual transformation into an important component of modern
education. Combining blended learning with immersive technologies gives students access to a variety of resources and
encourages their active participation. This approach creates an interactive environment where students immerse themselves
in virtual scenarios, feeling part of the process.

Materials and methods. Theoretical methods of scientific and pedagogical research are applied. In particular, analysis of
research works of Ukrainian and foreign researchers, experts. As a result of the synthesis and generalization of the analytical
work, a comparative analysis of the specific features of the use of immersive technologies in traditional and blended learning
in general school was carried out. This will allow a better understanding of the essence, advantages and differences of the
use of these technologies in different learning models, which will contribute to the further design of the educational process
taking into account these features.

Results. The parameters for comparing the features of the use of immersive technologies in traditional and blended education
were defined: context of use, interaction between the student and the teacher, individualization of learning, flexibility and
availability of technologies, socialization and cooperation, learning environment, student motivation, knowledge assessment,
resource provision, technical support, interactivity of the educational process, development of self-regulation skills, role of
parents in education, pedagogical approach, development of self-regulation skills. A comparative analysis of the features of
the use of immersive technologies in traditional and blended learning in general school according to the specified parameters
was carried out. The considered features of the use of immersive technologies in traditional and blended learning in general
school are summarized in the form of a table.

Conclusions. The analysis of the features of the use of immersive technologies in traditional and blended learning in general
school according to many parameters showed that the main differences relate to the flexibility of their application, the level
of individualization of the educational process, the interaction between the student and the teacher, as well as the availability
and opportunities for the development of self-regulation, autonomy, and socialization skills. In blended learning, these
technologies provide greater student autonomy, adaptability to individual needs, and expand access to educational
resources. At the same time, traditional teaching prefers direct supervision by the teacher and support of social interaction
in the classroom. The identified features of the use of immersive technologies in traditional and blended learning in general
school are important to take into account when planning a lesson, selecting learning tools to achieve didactic goals.

KEYWORDS: immersive technologies; augmented reality; virtual reality; 360-degree videos; institutions of general secondary
education; traditional learning; blended learning.

BCTYN

dopmyntoBaHHA Npobnemu. CyyacHi TEXHONOTIYHI AOCATHEHHA BiAKPWBAOTb HOBI MOX/IMBOCTI ANA aBTOMaTM3aL,i 1
onTumisau,ii pisHMx cdep *KUTTA. MacoBe BMPOBaAKEHHA UMPPOBUX TEXHOJOTIN, TAaKUX AK XMApHi Ta Beb-cepsicu, LTYYHUN
iHTENEeKT | iIMepCUBHI pilWleHHA, CnpuAE MiABULLEHHIO AOCTYMHOCTI OCBITW, MOKPALLEHHIO AKOCTI HaBYa/IbHOro npouecy Ta
KOMYHiKaLii. BOHM TaKoX NiATPUMYIOTb PO3BUTOK [HKAIO3UMBHWUX Ta NEPCOHaANi30BAaHMX CepefoBWMLL, CTUMYIOHOYM NOLIYK
iHHOBAUiMHMX NiAXOAIB | METOAMK Y BiANOBIAb Ha AMHAMIYHI 3MiHW B CYCNiNbCTBI.

YNpOoAOBXK OCTaHHIX POKIB CMOCTEPIraeTbCs CTPIMKUIN PO3BUTOK i MOLWMPEHHSA iIMEPCUBHUX TEXHOJOTIN, IX NOCTynoBe
NepeTBOPEHHA Ha BaXK/IMBUIN CKNALHMK Cy4acHOi ocsiTw. Lli TexHonorii cTBOptOOTb edeKT MOBHOIO 3aHYPEHHA Y BipTyasnbHi abo
po3LWMpeHi cepenoBuLLLa, A03BONAOYM KOPUCTYBAYaM BigvyBaTM NPUCYTHICTb Y 3MOAE/1IbOBAHOMY NPOCTOPi Ta B3aEMOAIATH 3
HUM. Lli TexHonorii aKTMBHO BMKOPWUCTOBYIOTLCA B OCBITi, MeAWLMHI, AN3alHI, irpoBii iHAYCTPIl Ta iHWKWX cdepax, 3MiHIOHUN
cnocobu B3aemogii 3 iHbopmaliieto.

MpUKNagamm iMepcuBHUX TEXHONOTIN €:

— BipTyanbHa peanbHicTb (Virtual Reality — VR) — 3a6e3neyye nepebyBaHHA y NOBHICTIO BipTya/ibHOMY CEpPEAOBULL;

— [lonoBHeHa peanbHicTb (Augmented Reality - AR) — Haknagae undposi 06'eKTH Ha peanbHUA CBIT;

— 360-rpagycHi Bigeo — 0,03BONAOTL OMAAAATU NOAIT 3 YCiX pakypciB.

IMepCMBHI TEXHOJOTii CTBOPIOIOTb YMOBM TIMOOKOTO 3aHYPEHHS B OCBITHIM MPOLLEC, MOZE/IOYN MiXKOCOBUCTICHY
B33EMOZ,I0 Y BipTyasibHUX MpocCTOpax. BukopucrtanHa VR Ta AR nigBuLLYyeE MOTMBAL,itO YYHIB, CNpUae ePEKTUBHOMY 3aCBOEHHIO
3HaHb | PO3BUTKY KPEaTUBHOINO MUC/IEHHA. 3aBAAKU MOXK/IUBOCTAM iHTEPAKTUBHOINO AOCAIAMEHHA Ta €KCNEepUMEHTYBAHHA L
TEXHONOrii BiATBOPIOIOTb CUTYaL,ii Ta ABMLLA, AKI CKNAZHO ab0 HEMOMKIMBO NOBAYNTU Y PEaNbHOMY XKUTTI, O POOUTL HaBYAHHA
6iNbLLU 3aX0ONOYMM | NPOAYKTUBHUM.

MNoeaHaHHA 3MilLAHOTO HABYAHHA 3 IMEPCUBHUMM TEXHOJIOTIAMM HaZa€ YYHAM AOCTYN A0 Pi3HOMaHITHUX pecypcis i
CTUMYJIHOE IXHIO aKTUBHY y4acTb. TaKUM Nigxif, CTBOPIOE iIHTEPaKTUBHE CEPEeLOBULLE, e YHHI 3aHYPIOKOTLCSA Y BipTyasbHi cLueHapii,
BigdvyBatloum cebe yacTuHolo npouecy. Lle no3Bonse BNpoBaAKyBaTW iHAMBIAYanbHI NiaxogM Ta 3400yBaTM 3HAHHA Yepes
B3AaEMOZ,0 3 BipTyaNbHUMM 06'€EKTaMu.
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3millaHe HaBYaHHA PO3YMIEMO AK NiAxif, NeaaroriyHy M TeXHOMOriYHYy MoAeNb, METOAMKY, WO Mopyy 3 OHIAMNH-
TEXHO/IOTIAMM CNMPAETLCA Ha 6e3nocepefHio B3aEMOLII0 MiXK YYHAMMU/CTYLEHTaMU Ta BUMTENSIMM/BUKNAZA4YaMK B ayauTopil
(PekomeHaauii, 2020). Y BiTYN3HAHOMY | 3aKOPAOHHOMY HayKOBOMY NPOCTOPi MOPAA, i3 NOHATTAM 3MmillaHoro Has4yaHHsA (blended
learning) B)KMBaeTbCA HM3Ka NOHATL — ribpuaHe (hybrid), kombiHoBaHe (combined) TOLLO, AKi BBAa*KaEMO CUHOHIMIYHUMM.

AHanis akTyanbHUX AocnigKeHb. PO3BWUTOK i MOWMPEHHA IMEPCUBHUX TEXHOJOFIA BU3HAHO OAHIED 3 KIHOYOBUX
TeHZEeHUj Ha cydacHoMy eTani TexHonorivHoro nporpecy ntoactea (Top 10 Technology Trends; Yee et al., 2024).

3aKOPAOHHUMU AOCNIAHUKAMW BU3HAYEHO TEOPETUYHI 3acagu, TeHAEeHLUil, Npobaemun i NnepcnekTMBU BUKOPUCTAHHSA
BipTyanbHOI Ta AONOBHEHOI peanbHOCTI A4 HaBYaHHA | po3BUTKY ((Azevedo et al., 2024; Bailey et al., 2017; Hughes et al., 2005;
Slater, 2018 Ta iH.), BUBYEHO Pi3Hi acneKkTW 3millaHOro HaByaHHA (Bernard et al., 2014; Dziuban et al., 2018; Graham, 2013;
Hrastinski, 2019 Ta iH.).

B YKpaiHi BXe 34iMCHIOITHCA KPOKMU WOAO AOCAIOKEHHA TEOPETUYHUX Ta METOL0/I0TIYHMUX 3acas BNPOBAAKEHHA Ta
BMKOPUCTaHHA Pi3HMX BUAIB IMEPCUBHUX TEXHOJOTIN B OCBITi, 30Kpema B 33CO, TakMmu yyeHumu fAk: bypos O.10. (Burov et al.,
2022), NuteuHosa C.T. (/IuTBuHOBa Ta iH., 2020; /IuTBnHoBa, 2023), PawescbKa H.B. (2024), Copoko H.B. (2024) Ta iH.

YCBigOMNIOIOUYN aKTyanbHICTb OKpecneHoi npobiemu, B IHCTUTYTI undposisauii ocsitv HAMH YKpaiHu Bxe 34iCHEHO
OBi HAayKOBO-AOCANiAHI pobOTH Ta Po3nNoYaTO HOBY HA Temy: «CMCTEMA BMKOPUCTAHHA iIMEPCUBHUX TEXHO/OFN BUATENAMU Y
npoueci 3millaHOro HaBYaHHA B 3aKNagax 3aranbHoi cepeaHboi ocsiTn» (AP Ne 0124U000648, 2024-2025 pp.). Le npuknagHe
OOCNIAXKEHHA, CNPAMOBaHE Ha PO3p06EHHA METOAMKM BUKOPUCTAHHA IMEPCUBHUX TEXHOOTIM BUUTENAMM 3aKNaLiB 3araibHOT
cepegHboi 0cBiTH (33CO) B ymoBax 3MilLlaHOrO HaBYaHHA. HayKOBMM KONEKTUBOM MiAroTOB/IEHO HU3KY POBIT, B AKMX BUCBITAEHO
TEOPETUKO-MeTOA0/10MYHI Ta NPAKTUYHI acCNeKTU BUKOPMUCTAHHA imepcuBHUX TexHosorii B 33CO (/luTBuHOBa Ta iH., 2023a;
NintenHoBa Ta iH., 2023b).

i Ta iHWi po60TH BITYN3HAHUX | 3aKOPLOHHUX aBTOPIB YTBOPIOKOTb METOA0N0TYHNIM 6a3nc g5 NoAANbLINX AOCNIAXKEHD
33 J@HMM HanpAMOM, CMMPAKYNCL HA PO3YMIHHA TOrO, WO iIMEPCUBHI TEXHOJIOTIT € YEProBMM KaTani3aTOPOM PO3BUTKY OCBITHIX
cuctem.

Meta — 34iCHUTM NOPIBHANBHUI aHani3 0cobAMBOCTEN BUKOPUCTAHHA iIMEPCUBHUX TEXHONONIN Yy TpaauLUiHoMy Ta
3MillaHOMY HaBYaHHI B 3aK/1afax 3ara/ibHoi cepeAHboi OCBITH.

METOAM AOC/IANEHHA

3acTOCOBAHO TEOPETMYHI METOAN HAaYKOBO-NEAAroriYHOro nowyky. 30Kpema, aHasi3 A0CNIgHULBKMX POBIT BITYUMIHAHMX i
33aKOPAOHHUX AOCAIAHUKIB, eKcnepTiB, aHali3 MiXKHAapPOAHUX AOKYMEHTIB, peKoMeHAalin. Y pe3ynbTaTi CMHTe3y, y3ara/ibHeHHA
QHaNITUYHOI PO6OTU 3AJMCHEHO MNOPIBHANBHUI aHani3 cneumoiyHUX 0cob/MBOCTEN BUKOPWUCTAHHA IMEPCUBHUX TEXHOAOrIN Y
TPaAMLiHOMY Ta 3MiLLAHOMY HaBYaHHA B 3aK/1a4ax 3aranbHoi cepeiHboT OCBIiTH. Lie 103BONUTD Kpalle 3p03yMiTH CYTHICTb, NepeBaru
i BiAMIHHOCTi BUKOPUCTAHHA LIMX TEXHOOTIN Y Pi3HUX MOAENAX HAaBYAHHSA, LLIO CNPUATMME NOAA/bLIOMY NPOEKTYBAHHIO OCBITHHOrO
npoLiecy 3 ypaxyBaHHAM LX 0COBMBOCTEN.

PE3Y/IbTATU AOCNIAKEHHA

IMepcuBHI TeXHOOTIi, TaKi AK BipTyanbHa peanbHicTb (VR), gonoBHeHa peanbHicTb (AR) Ta iHWI iHTepaKTUBHI LMPOBI
pilLeHHS, CTalOTb BaXK/IMBOIO CKNAA0BOK OCBITHIX MPOLLECiB, 30KpeMa B yMOBaXx 3MillaHoro HaB4yaHHsA (blended learning). 3miwane
HaBYaHHA NOEAHYE TPAAMLiMHI GOpPMM OCBITU (B ayAMTOPIAX) 3 AUCTAHLIMHUM HaBYaHHSAM, LLLO CTBOPHOE MNPOCTIP ANA iHHOBALiNHUX
MeTOAMK i NiAxXoAiB. IHTerpauia iMepcuBHUX TEXHOOTIN Y TpaaMLiiHe Ta 3MmillaHe HaBYaHHA B 3aKNafax 3ara/ibHoi cepeaHboi
ocgiTh (33CO) mae AK CninbHi pUCK, TaK i CYTTEBI BiAMIHHOCTI. Po3rnaHemo geTanbHilwe 0cobMBOCTi BUKOPUCTAHHSA iIMEPCUBHUX
TEXHOJIOTi B TpagMLitHOMy Ta y 3MilLaHOMY HaB4aHHi B 33CO:

1. KoHmeKcm 8UKOPUCMAHHA.

Y TpagmuiiHOMy HaBYaHHI iIMEePCMBHI TEXHONOrii BMKOPUCTOBYIOTbCA MEPEBAXKHO ayAUTOPHO, AK LOMOMIXKHUA
iHCTPYMEHT ana Bis3yanisauii Ta gemoHcTpauii maTepiany nig HarnAgom yuutena. BUKOPUCTaHHA UMX TEXHONOrIN niacuatoe
33aCBOEHHA CKNAAHWUX TeMm, Takux AK ¢i3vKa, biosoria um icTopia, 3abesnedyyoun peanicTMUHi mogeni Ta cumynaujii, ane
3aCTOCYBaHHA TEXHONOTi obmekeHe disnYHUM cepeoBULLEM (BUKOPUCTOBYIOTLCA Y Kaaci) (Bailey et al., 2017).

3a yMOBM 3MiLLIAHOTO HaBYaHHSA IMePCUBHI TEXHOJIOTiT 3aCTOCOBYIOTLCA AK B KNaCi, TaK i BAOMA, NOEAHYOUN TPAANLINHNIA
i ANCTAHLIMHUI KOMNOHEHTU HaBYaHHA. Y LboMy GOPMATI Y4Hi MOXKYTb MPOA0BKYBaTM OCBITHIM NpoLLEC BAOMA, BUKOPUCTOBYOUM
cepBicK, 3aNpoONOHOBaHI BUMTENEM, ONA CAMOCTIMHOIO AOCNiIAKEeHHA MaTepianis. Lle A03BONAE rHYYKO afanTyBaTh yac i micue
HaBYaHHA, PO3LWMPIOOYM AOCTYN A0 TexHonorin (Hrastinski, 2019).

2. B3aemoOisa mixc yuHem i suumenem.

B3aemogjia MiX yyHem i BUMTENEeM Yy TpaguLiiHOMYy HaBYaHHI BiabyBaeTbca 6e3nocepeaHbo. Yuntenn 3abesnedye
MWUTTEBMIA 3BOPOTHUI 3B'A30K i MOXKe ONepaTMBHO KOPWUIyBaTU AiANbHICTb YYHIB, CNPAMOBYHOYM iX poboTy 3 imepcuBHUMM
TexHonoriamu. Lleit dpopmaT fae MOXKAMBICTL KOHTPONIOBATU 3aCTOCYBaHHA TEXHOJOMM y Knaci Ta rapaHTye KOpeKTHe ix
BMKOPWUCTaHHA ANA AOCATHEHHSA OCBiTHIX uinei (Makransky & Lilleholt, 2018).

Y 3millaHOMy HaBYaHHI B3aEMOZAiA YYHIB i3 BUMTenem € binbll 0OMEXKEeHO, OCKiZIbKM 3Ha4yHA YacTMHa npouecy
BigOYyBaETbCA AMCTAHUiIMHO. IMepcHBHI TexHoOrii AoNomaratoTb yYHAM MpautoBaTv Oinbll aBTOHOMHO, OAHaK Lie BMMarae
PO3BMHEHMX HABMYOK camoperynsLii abo f04aTKOBOro KOHTPOAIO (3 60Ky 6aTbKiB UM ONiKYHIB). YUMUTENb 3a/MLLAETLCA AOCTYNHUM
019 KOHCY/1bTaLil, ane 4acTo B3aeEMOAis BigbyBaeTbcA onocepenKoBaHo, yepes umoposi 3acobu (Bernard et al., 2014).

3. IHOusidyanizayia HAB4YAHHS.

IMepcuBHiI  TexHonorii B Kaaci BUKOPWUCTOBYIOTbCS ANA BCiEl rpynu OLHOYACHO, WO OOMEXKYE MOMKANBOCTI
iHavBiAyanisauii. Hanpuknag, y4Hi MOXKyTb BpaTu yyacTb y BipTyasibHili €KCKYpPCii, ane KOHTEHT OAHAKOBUIM A/1A BCIX YY4ACHUKIB.
Lle 3abe3neyye NeBHWUI piBEHb iHTEPAKTUBHOCTI, NPOTE HE 3aBX AW [03BO/AE BPaxXyBaTW iHAMBIAyabHI NOTPEOM Ta TEMN KOXKHOTO
yuHa (Moreno & Mayer, 2007).
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Y 3MmiWlaHOMYy HaBYaHHi iMepCMBHI TeXHONOrii A03BONAIOTL YYHAM MpPaALOBATM Yy BAACHOMY Temni, Hagarouun im
MOXX/IMBICTb alaNTyBaTWM HAaBYAHHA A0 BAACHUX NOTPe6. HanpuKknag, y4Hi MOXKYTb CAaMOCTIMHO NPOXOANUTU BipTYasibHi cumynaLii
ab0 BMKOPMCTOBYBATK A0AATKM AONOBHEHOT PeaNbHOCTI ANA ONaHyBaHHA maTtepiany. Lle Ao3BONsAE iHAMBIAYaNi3yBaTU HAaBYAHHA
BiANOBIAHO A0 PiBHA NiArOTOBKM YYHIB Ta ixHbOro Temny (Graham, 2013).

4. FTHyuyKkicmb ma docmyrnHicme mexHoso02id.

Y TpaguuiiHOMYy HaBYaHHI AOCTYN A0 IMEPCUBHUX TEXHOONIN OBMENKYETLCA pecypcamu LUKOIM, BUKOPUCTAHHA AKUX
Ma€E NEeBHWI YaCOBUIN pernameHT (LOCTyNHI Anwe nig Yac ypoky).

3miwaHe HaB4yaHHA 3abe3neyye 6iNblWy THYYKICTb Yy BWMKOPWUCTAHHI iIMEPCUBHUX TEXHOAOTIA. Y4YHi MOXKYTb
BMKOPMUCTOBYBATM BAACHI NPUCTPOI (CMapTPOHK, NNaHLWETH) NS AOCTYNY 0 iIMEPCUBHMUX 3aCTOCYHKIB BAOMA, LLLO SAE MOXK/IUBICTb
HaBYaTUCA Yy 3PYYHUIN ANA HUX 4Yac. Lle po3lmpoe MOXAMBOCTI iHTerpauii iMepcMBHUX TEXHOOTIN Y NOBCAKAEHHE HaBYaHHSA
(Dziuban et al., 2018).

5. Couyianizauis ma cnienpays.

Y Knaci y4yHi B33aEMOAiIIOTb OAMH 3 OAHWM Yy pPeasibHOMYy 4aci, BMKOHYKHOYM TrpynoBi 3aBAaHHA abo NpPOEKTM 3
BMKOPUCTaHHAM IMepCUBHUX TexHonorii. Lle cnpuse po3BUTKY couiaibHUX HaBMYOK i KOMYHiKaujii. Hanpuknag, y4YHi MoXyTb
CNiNbHO BUKOHYBATU eKcrepumeHTM abo ob6roBoptoBaT pesyabTat poboTu y BipTyanbHomy cepegosuiui (Slater, 2018).

3MmilWwaHe HaBYaHHA A03BOJIAE YYHAM CMiBNPALIOBATU OUCTAHUIAHO, BMKOPWUCTOBYIOYM iMEepPCUMBHI TexHonorii ana
CNiNbHUX 3aBAaHb Y BipTyaNbHUX cepefosuwax. Lle cnpuse po3BuTKY UMPPOBUX KOMYHIKALIMHWX HABUMYOK i [03BONAE
cnisnpavtoBaTh, HaBiTb NepebyBatoum B PisHUX micuax. Takmii dopmaT pobuTb couianizauito Hinbl rHy4YKo, 30Kpema B yMoBax
AucTaHuiiHoi ocsith (Anderson & Dron, 2011).

6. HasuaneHe cepedosuuje.

Y TpaguuiiHoMy HaBYaHHi OCHOBHMM CepefoBULLEM € KAac, Ae Y4YHi MpalutoloTb Pasom Nif Harnagom yduTens.
IMepCUBHI TeXHONOTIT CAyXKaTb ANA NiACUAEHHA TPAAMUIAHOTO OCBITHBOrO NPOLECY, a/ie He BUXOAATb 38 MeXi Knacy (Makransky
& Lilleholt, 2018).

3MmiwaHe HaBYaHHA NOEAHYE di3nMyHe Ta BipTyasibHe HaBYaibHe cepenoBuLLEe. YUHI MOXKYTb NpaLtoBaTH AK Y KAaci, Tak i
BAOMA, BUKOPUCTOBYHOUM iMepCUBHI TexHoAorii. Lle fae 3mory cTBopuTH 6araTOKOMMNOHEHTHE HaBYa/lbHe CepeaoBULLEe, Ae YYHi
MOKYTb 33 NOTpebu 3miHoBaTK dopmaTh HaByaHHA (Graham, 2013).

7. Momusauia y4His.

MoTuBaLif YYHIB Y TPaANLIAHOMY HaBYaHHI 3HAYHOK MipOO 3a1eXKUTb Bif, KEPIBHULTBA BUMTENA. YUMTe b 334a€ TEMN
HaBYaHHA, @ YYHi 3a1y4aloTbCA 40 NPOLLeCy Yepes nNpsame KepiBHMUTBO i NiaTpumKy (Moreno & Mayer, 2007).

Y 3MmiwaHOMy HaBYaHHi y4Hi HecyTb b6ifble BiAMOBIAANLHOCTI 3a CBili OCBITHIM Npouec. BOHM maloTb CamoCTiHO
naaHyBaTK Yac gna poboTH, y T.4. 3 IMEPCUBHUMM TEXHOOTIAMM, LLLO CNPUAE PO3BUTKY camomoTmBaluii (Bernard et al., 2014).

8. OYiHIOB8AHHA 3HAHb.

Y TpaauuitHOMY HaBYaHHI OLLiHIOBAHHA 3a3BMYall NPOBOAMUTLCA NiCAA 3aBEPLUEHHA YPOKY, HAaMMUCAHHA KOHTPOAbHUX
POB6IT UM iH. YUHi OTPMMYIOTb 3BOPOTHUIA 3B’A30K Bif yYUTENA NiCNA BUKOHAHHA NeBHUX 3aBAaHb abo Tectis (Hrastinski, 2019).

IMepcuBHI TexHoOrii B 3MilLAHOMY HaBYaHHI [03BO/MAIOTL OTPUMYBATU 3BOPOTHUI 3B'A30K Yy peanbHOMY 4aci.
HanpuKknaa, y4Hi MOXyTb BMKOHYBATWU iHTEPAKTMBHI 3aBAaHHA abo cMmynsLii, WO aBTOMATUYHO OLHIOOTb iXHIO Aif/IbHICTb i
HafatoTb HeraiHi pesynbTatn (Makransky & Lilleholt, 2018).

9. PecypcHa 3a6e3neyeHicmeo.

BMKOPUCTAHHA iMEPCUBHUX TEXHONOTIN 3aNeXKUTb Bif HAABHOCTI BiANoBiAHOro obiagHaHHA B WKOJI, Takoro ak VR-
OKYNApM, iIHTEPAKTUBHI AOLWKM YM Komn'toTepu. Lle morke obmerKyBaTh YacToTy Ta IHTEHCUBHICTb BUKOPUCTAHHA LIMX TEXHOOTIN.

Y 3MilaHOMy HaBYaHHi Y4Hi MOXKYTb BUKOPUCTOBYBATU CBOT 0COBUCTI NpUCTPOi (cMapTdOHM, NnaHWeTn) ansa Joctyny
80 AR/VR KOHTEHTY BAOMA, LLO 403BO/AE 36ibWMTM Yac pOBOTU 3 TEXHOOMAMM i 3HUIUTM 3aEKHICTb Bif WKIbHUX pecypcis
(Dziuban et al., 2018).

10. TexHiYyHa NidMpumKa.

YYHi OTPMMYIOTb TEeXHIYHY MIATPUMKY Nif Yac ypoky be3nocepeHbo Big yuuTena abo wWKinbHoro nepcoHany. Lle
cnpoLLye npouec poboTh 3 TEXHONOTIAMM, OCKINbKU TEXHIYHI NPoB1eMU MOXKYTb BYTH WBUAKO BUpieHi Ha micui (Slater, 2018).

Y 3MilaHOMY HaBYaHHI Y4HI MOXYTb CTUKATUCA 3 TEXHIYHMMM Npobaemamm BAOMA, L0 BUMAraEe Bif HUX CAaMOCTIMHOro
BUPiLIEeHHA ab0 3BepHEHHA A0 BUMTENA AUCTAHLINHO. Lle mosKe CTBOPIOBATU A043TKOBI BUKAMKK A yuHiB (Graham, 2013).

11. IHmepakmusHicmb 0c8iMmHb020 rpouecy.

Y TpaauuifiHOMY HaBYaHHA iMEPCUMBHI TEXHONOFii BUKOPUCTOBYIOTLCA AK A04ATKOBWUW IHCTPYMEHT AnA Bisyanisauii
OMOAKTUYHUX MaTepianis nig Yac ypoKiB. IHTEPAKTUBHICTb 0BMEXKYETLCA YacOM YPOKY i besnocepeaHbO 3an1eXuTb Big MeToais
HaBYaHHA, AKi 06upae BuMTeNb (Bailey & Bailenson, 2017).

Y 3MiluaHOMY HaBYaHHi iMepcuBHI TexHoNorii 3abe3neyytoTb 6e3nepepBHY iIHTEPAKTUBHICTb. YUHI MOXKYTb NpawtoBaTh 3
CUMYNALIAMK, BipTyalbHUMM NabopaTopiamMM Ta iHWKWMK iIHCTPYMEHTAMU He ivwe B Kaaci, a ¥ BAOMA, WO NiABULLYE piBEHb
3aHypeHHSA Ta NPAKTUYHOro 3aCTOCyBaHHA 3HaHb (Dziuban et al., 2018).

12. Po38UumoK Ha8UYOK camopeaynAayii.

Y TpaguLiHOMY HaBYaHHI y4Hi MPALIOOTb Mif, KEPIBHULTBOM YUYMTENS, LLO He 3aBXKAM CNPUAE PO3BUTKY HABUYOK
camoperynsuji. HagyanbHWI NpoLec NnepesakHO OpraHi3oBaHWU BUMTENEM, @ YYHI CiAYOTb BU3HaYeHomMy naaHy (Makransky &
Lilleholt, 2018).

Y 3millaHOMy HaB4YaHHi y4YHi OTpMMYyOTb binblie BigNOBIAANbHOCTI 33 BAACHMI MPOLLEC HABYAHHA, WO PO3BMBAE
HaBMYKM camoperynauii. Lle 0co611Bo akTyanbHO Npu poboTi 3 iMepCUBHUMM TEXHONOTIAMU, AKI [03BONAIOTb YYHAM CAaMOCTIHO
06upaTh Temn Ta yac HaB4yaHHsA (Graham, 2013).

13. Posib 6amebKig y HOBYAHHI.

Y TpaguLUiiHOMY HaBYaHHI BaTbKM MalOTb MEHLUMI BM/IMB HA OCBITHIM MPOLEC, OCKIZIbKM OCHOBHA YacTMHA HaBYaHHSA
BinBYBaETLCA B LWKOI. IXHA PO 0OBMEXYETLCA ONOMOTOI0 3 A0MALLHIMM 3aBAaHHAMM abo 3aranbHoo NiaTpUMKoto (Slater, 2018).
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Y 3milaHOMy HaBYaHHi 6aTbKM MOXKYTb BiZirpaBaT BaXKAMBILLY PO/b, OCKiZIbKM YacTMHA NpoLecy BiabyBaeTbCA BAOMA.
BOHM MOXKYTb flONOMaraTv y4HAM OpraHisoByBaTW HaBYaAbHWIA NPOCTIpP, NiATPMMYBATU BUKOPUCTAHHA iIMEPCUBHUX TEXHOOTIN Ta
KOHTPO/OBATU NPOLLEC AUCTAHLiMHOrO HaB4YaHHA (Hrastinski, 2019).

14. lNedazoeivHul nioxio.

Y TpaguuiiHOMY HaBYaHHi iMepPCUBHI TEXHOMOFT BUKOPUCTOBYIOTLCA AK AOMOMIMKHUWA IHCTPYMEHT AAA MNiACUNEHHA
BMKNaAy maTepiany sumtenem. OCHOBHUI aKLEHT 3a/IMWIAETbCA Ha TPAAMLIMHUX MeToAax, Takux AK MOACHEHHA maTepiany,
06roBopeHHsn Ta iH. (Moreno & Mayer, 2007).

3millaHe HaBYaHHA NepeabaYvaE NoOEAHAHHA TPAANLIMHUX METOAiB BUKAaHHA 3 iHTEPAKTUBHMMM OHNAMH-pecypcamm
Ta iIMEPCUBHUMM TEXHONOTIAMM, L0 POBUTL NegaroriyHnii niaxig 6inbw aganTmeHUM i rHyykum (Anderson & Dron, 2011).

15. Po38UmoK yughposux HABUHOK.

Y TpaguUiMHOMY HaBYaHHI y4Hi po3BMBalOTb LMPPOBI HABUUKM B MeXKaX Knacy Yepes BUKOPUCTAHHA TEXHOOFIN nig,
KepiBHULUTBOM yumntens. MpoTe ixHii 4OCBiA NepeBaXkHO 06MeXKYETbCA WKiNbHMM cepeaoBuiLem (Slater, 2018).

Y 3MiWaHOMy HaBYaHHI y4Hi MalOTb 3MOry MpauoBaTU 3 iIMEPCUBHUMM TEXHONOTIAMM AK Y LWKOJI, TaK i BOOMa,
HaBYalOTbCA BUKOPUCTOBYBATWU Pi3Hi NPUCTPOI, cepsick Ta naaTdopmu, LLO CNPUAE aKTUBHILLOMY PO3BUTKY LMGPOBUX HABUYOK
(Dziuban et al., 2018).

Po3rnaHyTi 0co6MBOCTI BUKOPUCTAHHA IMEPCUBHUX TEXHOJOTIA B TpaAMLIMHOMY Ta 3MilaHOMYy HaByaHHi B 33CO
y3arasibHeHo B Tabaumui 1.

Ta6bauua 1. Oco6AMBOCTi BUKOPUCTAHHA IMEPCUBHUX TEXHOOTIN B TPagULiKHOMY Ta Y 3MilLAHOMY HaBYaHHI B 33CO

ImepcuBHI TexHoNOTiT B TPaaguLiiHOMY

IMmepcuBHI TeXHONOTii B 3MilLAHOMY HaBYaHHI

HaBYaHHI
OcobnuBocTi
BMKOPWUCTaHHA
KoHTeKcT IMepcnBHi  TeXHONOFiT BMKOPUCTOBYIOTLCA Y | IMepCUBHI TEXHONOFT BUKOPUCTOBYHOTLCA AK Y Kaci,
BUKOPUCTAHHA KNaci, Nig Harnagom yunTens. TaK | AWCTaHUiNHO. YUYHi MOXYTb 3aCTOCOBYBATU iX

BAOMA.

B3aemogia mix
YUYHEM i BUUTENEM

besnocepeaHiit KOHTPOb YUUTENA, MUTTEBUI
3BOPOTHUI 3B'A30K.

B3aemogin 34e6inbworo BigbyBaeTbCA AUCTAHLiAHO.
YyHi  npauloloTb  aBTOHOMHO, BYMTENb  HAZAE
nigTPMMKY 32 NoTpebu.

IHamBigyanisauin
HaBYaHHA

BMKOpUWCTaHHA TeXHONOTiI Ans BCiel rpynu
0/ZlHOYaCHO, obmexKeHi MOXIMBOCTI
iHoMBigyanizau;i.

IMepcuBHi TeXHONOriT AO3BONAIOTb YYHAM MpPaLLOBaTK
y BnacHoMy Temni, iHAMBiAgyanisauin 6inbw rHyyka.

[HyuKicTb Ta
[OCTYMHICTb
TEXHONOTIN

BuKopWCTaHHA TEXHONOFIN 0bMmekeHe Yacom
YPOKY Ta pecypcamu LUKOIU.

Y4YHi mMatoTb AOCTYN 40 TEXHOAOrIA BAOMA i MOXYTb
BMKOPUCTOBYBATM iX y byab-AKKUiA Yac.

Coujanizauis Ta

Coujianizauia nepeBa)kHO BigbyBaeTbca y

IMepcmBHi  TexHonorii  nigTpUMyOTb  couianbHy

cnisnpausA Knaci yepes rpynosi 3aBAaHHA. B33aEMOAII0 AWCTaHLINHO, 30Kpema u4epes ChinbHi
NPOEKTU Y BipTYaNbHUX CEpefoBULLAX.

HaByanbHe CepepnoBulle HaBYa/NbHOrO Knacy, Ae yuyHi | NMoeaHaHHA di3MyHOro Ta BipTyanbHOro cepefoBuLLL;

cepeaosuLle NPaLUoTb Nif HAarNAL0M BYUMTENSA. YYHi MOKYTb HaBYaTMCA BAOMA abo B Kaaci.

MoTumBauia yyHis

MoTmBaLiA YYHIB 3HAYHOI MIPOIO 3aNeXUTb
BiJ, KEpPiBHULTBA BUMTENA.

B y4HiB pO3BMBAETLCA BignoBiAasbHE CTaBAEHHA A0
HaBYaHHA, CaMOMOTMBaLLiA.

OUuiHIOBaHHA 3HaHb

OuiHIOBaHHA MPOBOAWUTLCA BuYMTENEM Micns
YPOKY, BUKOHAHHA KOHTPONbHUX POBIT UM iH.

IMepcmBHi  TexHo/OFT  403BONAIOTL  OTPUMYBATU
3BOPOTHMIA 3B"A30K Ta OLiHKM B peasibHoOMy Yaci yepes
iHTEepPaKTMBHI BNpaBu.

PecypcHa
3abe3neyeHictb

BuKkopucTaHHA iMEepCUMBHUX  TEXHONOTrIN
3a/1eXUTb  Big, 0BNaAHaHHA B WKOAI
(komn'toTepu, VR-061aaHaHHA).

YYHi MOXYTb BMKOPWUCTOBYBATM OCOBUCTI NpucTpoi
(cmapTdoHK, nnaHweTn) BAOMa ANA [OCTYNy A0
AR/VR pecypcis.

TexHiyHa
nigTpUMKa

YUHi OTPMMYIOTb TEXHIYHY NIATPUMKY Nif Yac
YPOKY Big yumntens abo WKiNbHOro nepcoHany.

YYHi MOXKyTb NoTpPebyBaTN CaMOCTIMHOIO BUPILLEHHA
TEXHIYHUX NUTaHb abo 3BepTaTMCA 3a AOMNOMOrOH0
AUCTaHLiAHO.

IHTepaKTUBHICTb
OCBITHbOrO Mpouecy

IMepcuBHiI TexHoONOrii BUKOPUCTOBYIOTbCA AK
[04ATKOBUW IHCTPYMEHT Mig, Yac ypoky Aans
nigCUNEHHA ayAUTOPHOI B3aEMOS;i.

ImepcuBHi  TexHonorii  3abe3nedyyoTb  NOCTiMHY
iHTEPaKTUBHICTb HaBYaHHA, 3 MOX/IMBICTIO
BMKOPMCTOBYBATM CUMYAALIT Ta mogeni Booma.

Po3BUTOK HaBUYOK
camoperynauii

Y4Hi npauotoTb 33 NAHOM i KepiBHULTBOM
BUUTENA.

Y4yHi  camocCTiiHO  KepylTb CBOIM  4Yacom i
HaBYANIbHUMM pPecYypcamu, WO CrpUAE PO3BUTKY
HaBMYOK camoperynsuii.

Ponb batbKiB Yy
HaBYaHHI

BaTbKM 3a3BMYall MeHLW 3a/yyeHi B npouec
HaBYaHHA, OCKiNIbKM  bBinblla  YacTuHa
OCBITHbOI AiANbHOCTI Bif0yBa€THCA B LUKOI.

baTbkn  MOXyTb  BigirpaBatm  6inbwy  ponb,
KOHTPO/IIOIOUM MpPOLLeC AUCTAHLIMHOrO HaBYaHHA Ta
BMKOPWUCTaHHA TEXHOAOTIN yaoMma.

MNeparoriyHnin

OCHOBHMI aKUEHT Ha TPagMUiiHUX meTogax

MNoeaHaHHA TPAANLIMHUX METOAIB 3 iIHTEPaKTUBHUMMU

nigxig, HaBYaHHA 3 BUKOPUCTAHHAM TEXHOJIOTI ANA | OHNAWH-pecypcamm Ta TexHoNoriamm ana
AeMOoHCTpauii abo Bisyanisauji. CaMOCTINHOrO Ta ANCTAHLINHOIO HaBYaHHSA.
Po3Butok LindpoBsi HaBUUYKM PO3BMBAIOTLCA NEPEBAXKHO | Y4YHi po3BMBatoTb LMGPOBI HABUYKM AK Mif Yac ypOKiB.,

UMdpPOBUX HaBUYOK

yepes BUKOPUCTAHHA TeXHONOriM nig uvac
YPOKiB.

TaK i BAOMa, MpaulooyM 3 pisHUMK UMbpoBMMMU
NPUCTPOAMMU, Cepaicamu, naaTbopmamu.

[wepeno: asmopcbka po3pobKka.
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Po3rnaHyTi 0CO6AMBOCTI BUKOPUCTAHHA iIMEPCUBHUX TEXHOOTIM B TPaAMUUiMHOMY Ta y 3MillaHOMY HaBYaHHi B 33CO
MOKa3ytoTb, WO iCHYOTb OKPeMi AK CNabKi, TaK i CU/IbHI CTOPOHM BUKOPUCTAHHA LIUX TEXHOOFiM npu 060x dopmax HaBYaHHA. Lie
BaYX/IMBO BPAxX0OBYBATW NpW NaHyBaHHi YPOKY, A060pi 3acobiB HaBYaHHA ANA AOCATHEHHA ANAAKTUYHUX Linein.

BUCHOBKWM TA NEPCNEKTUBU NOAAIbLLUOIO AOCNIAXKEHHA

IMepCUBHI TEXHONOTIT NOCTYNOBO IHTErpyloTbCA Y Pi3Hi chepu AianbHOCTI — Big 6i3HECY, MapKeTUHTY i po3Bar 40 OCBITU
1 po3BUTKY. AHaNi3 0COBNNBOCTEN BUKOPUCTAHHA iIMEPCUBHUX TEXHO/IOTI B TPAAMLIMHOMY Ta Y 3millaHOMY HaB4aHHi B 33CO 3a
H6araTbma napameTpamm (KOHTEKCT BUKOPUCTAHHA, B3AEMOZIA MiXK YYHEM i BUMTENEM, iHOMBIAYaNi3aLia HAaBYAHHSA, THYYKICTb Ta
LOCTYMHICTb TEXHOJOTiN, coujanisalis Ta cnisnpays, HaBYa/bHe cepeoBULLE, MOTMBALLIA YYHIB, OLiHIOBAaHHA 3HAHb, PecypcHa
3abe3neyeHicTb, TEXHIYHA NIATPMMKA, iIHTEPAKTUBHICTb OCBITHLOrO MPOLLECY, PO3BUTOK HAaBMYOK CamoperynsLii, poab 6aTbKiB y
HaBYaHHI, NeJaroriYHMi Niaxia, Po3BUTOK HABMUYOK camoperynslii) NoKasas, WO OCHOBHI BiAMIHHOCTI CTOCYIOTbCA FHYYKOCTI iX
3acTOCyBaHHA, piBHA iHAMBIAyani3auii OCBITHbOro npouecy, B3aeEMOAIl MiK y4HEeM Ta BUMTENIeM, a TaKOX [AOCTYMHOCTI Ta
MOK/IMBOCTEN PO3BUTKY HAaBMYOK caMoperynsuii, aBTOHOMIi, couianizauii. Y 3amiluaHOoMy HaBYaHHI Ui TexHonorii 3a6e3nevyoTb
6iNbly aBTOHOMHICTb Y4YHSA, aAanTUBHICTb A0 iHAMBIAYabHUX NOTPED | PO3LWMPIOOTL AOCTYN 40 HaBYabHUX pecypcis. BogHouac
TpagmuiiHe HaBYaHHA Hagae nepesary 6esnocepesHbOMY KOHTPOO 3 BOKY BUMTENA Ta NiATPUML, CoLianbHOT B3aEMOLIT B Knaci.

BuagneHi 0cob6AMBOCTI BUKOPUCTAHHA iIMEPCUBHUX TEXHOOMN B TpaAMLIMHOMY Ta y 3MillaHOMYy HaByaHHi B 33CO
BaX/IMBO BPaXOBYBATW NpW NiaHyBaHHiI YPOKyY, A060pi 3acobiB HaBYaHHA 418 AOCATHEHHA AUAAKTUYHUX Linein.

Mopanblwi AOCNIAMKEHHA [AOUINbHO CNpAMYBaTM Ha GOPMYBaHHA i PO3BMTOK KOMMETEHTHOCTEM BYMTENiB LWOAO0
BMKOPUCTAHHA imepcuBHUX TexHonorin B 33CO.
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AHOTALIA

®dopmynioBaHHA npobnemu. Bnave rnobanisauii Ha CKNAAHICTb couiasbHUX CTPYKTYP MOCU/IIOE 3HAYEHHS PO3BUTKY
KPUTUYHOTO MUCNIEHHA Y NPOdECiiHil NiAroTOBLi MaibyTHIX yunuTenis MateMatnku. KniouoBnm enemeHTom ix MatemMaTuyHoi
KOMMETEHTHOCTI € MaTeMaTUYHE MWUC/IEHHA, AKEe BK/IOYAE He TiIbKM 3HAHHA Ta BMIHHA, ane W 34aTHICTb A0 aHanily Ta
BUPILWEHHA CKNagHWX Npobnem. HesBaxatoum Ha BiACYTHICTb eAMHOI AediHiuii, cydacHa HayKoBa Ta negaroriyHa cnifbHOTa
BM3HAE MOro iCHyBaHHA Ta BaXK/AMBICTb. Pi3Hi nigxoan [0 BM3HAYEHHA NOHATTA MAaTEMATUYHOTO MUCNEHHA BUABAAIOTb MOro
cneundivHi XapaKTepPUCTMKK, NOB'A3aHI 3 aBCTPaKTHUMM 06'EKTamMM BUBYEHHS.

KpUTUYHE MUCNEHHA, AK HEBIA'EMHA CK/Iaf0Ba MATEMATUYHOI KOMMETEHTHOCTI, CMPUAE LiNeCcnpAMOBaHii po3ymosiit
LiANbHOCTI, Aonomarae OKpecnoBaty npobnemwu, aHanidysatv iHbopmauilo Ta 3HAXOAWUTU ONTUMANbHI pilweHHA. [ns
dopmyBaHHA edeKTUBHMX OCBITHIX NiAXOAIB NPU HABYAHHI MAMBYTHIX yuuTeNiB MaTEMATUKMU aKTyaNlbHUM € BUAB/EHHA Ta
06rpyHTYBaHHA B3aEMO0MOBHIOBAHOCTI KPUTUHHOTO Ta MaTEMAaTUYHOTO MUCIEHHA NPY PO3B’A3yBaHHI MaTeMaTUYHUX 3a4a4.

Martepianu i metoau. Y focnigKeHHi BUKOPUCTAHO TaKi TEOPETUYHI METOAN AK CUCTEMHUI aHai3 AOCNIAHULBKUX NpaLb
BITYM3HAHUX i 3apyb6iXKHMX HAYKOBLLIB, CUCTEMATU3ALLiA Ta y3arasbHEHHA NMPAKTUYHOTO A0CBIAY.

Pesynbratn. Y CTaTTi aBTOpamMu HaBeAeHa XapaKTePUCTMKA KPUTUYHOTO Ta MaTeMaTUYHOrO MUCNEHHA B CTPYKTYpi
MUCNEHHEBOI AiANbHOCTI Npu GOpPMyBaHHI MaTEMaTUYHOI KOMMETEHTHOCTI MalbyTHIX yuuTenis maTemaTuKu. Buasneri
OCHOBHi BiAMIHHOCTI UMX TUMNIB MWUCNEHHA: abCTpakuia Ta ¢oOpManisoBaHiCTb MaTeMaTUYHOrO Ta CUCTEMHICTb i
KOHTEKCTyaNbHICTb KpuTU4HOro. OnucaHa cneundika pi3HUX acnekTiB MaTemMaTUYHOrO Ta KPWUTUYHOTO MUCNEHHS,
chopmynbOBaHa HU3KA MUTaHb, AKI YiTKiLIE PO3KPUBAIOTL iX YHiKa/lbHI XapaKTEPUCTUKM NpU PO3B'A3yBaHHI MaTeMaTUYHUX
3ajau.

BUCHOBKM. KpUTMYHE Ta MaTeMaTUYHE MUCNEHHA B3AEMHO NiATPUMYIOTb i NiACUAIOIOT OAWH OAHOTO, IX KOMNAEMEHTapPHICTb
CTBOPIOE CUHEpreTUUHWU edekT, AKMI 3abesneuyye binbll NoBHe W epeKkTUBHE pPO3B’A3yBaHHA MaTeMaTU4YHMX 3ajad.
YpaxyBaHHA UMX $aKTOPiB NPW BAOCKOHANEHHI HAABHWUX Ta PO3po6Li HOBUX HaBYaJIbHUX TEXHONOTIN CNPUATUME PO3BUTKY
MaTeMaTUYHOI KOMMNETEHTHOCTI MalBYTHIX yYnTENiB MaTEMATUKK.

K/IKO4YOBI C/IOBA: MamemMamu4yHa KOMnemeHmHicme; KOUMUYHO20 MUC/IEHHA; MamemMamu4He MUCAEHHA; MamemMamuyHi
3a0a4i; MalibymHi yyumeni Mmamemamuku.
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ABSTRACT

Formulation of the problem. The impact of globalization on the complexity of social structures underscores the importance
of developing critical thinking in the professional training of future mathematics teachers. A key component of their
mathematical competence is mathematical thinking, which encompasses not only knowledge and skills but also the ability to
analyze and solve complex problems. Despite the lack of a single definition, the contemporary scientific and pedagogical
community acknowledges the existence and significance of mathematical thinking. Various approaches to defining
mathematical thinking reveal its specific characteristics, particularly its association with abstract objects of study.

Critical thinking, as an integral part of mathematical competence, facilitates purposeful intellectual activity, helping to
delineate problems, analyze information, and find optimal solutions. Identifying and substantiating the complementarity of
critical and mathematical thinking in solving mathematical problems is crucial for developing effective educational
approaches in training future mathematics teachers.

Materials and Methods. The study employs theoretical methods such as systematic analysis of research by domestic and
foreign scholars, as well as systematization and generalization of practical experience.

Results. The authors provide a characterization of critical and mathematical thinking within the cognitive activity structure
during the formation of mathematical competence in future mathematics teachers. The main differences between these
types of thinking are identified: abstraction and formalization in mathematical thinking, and systematic and contextual
approaches in critical thinking. The study describes the specifics of various aspects of mathematical and critical thinking in
solving mathematical problems and formulates a series of questions that further elucidate the unique characteristics of both
types of thinking.

Conclusions. Critical and mathematical thinking mutually support and enhance each other, with their complementarity
creating a synergistic effect that ensures more comprehensive and effective problem-solving in mathematics. Considering
these factors in the refinement of existing and the development of new educational technologies will promote the growth of
mathematical competence among future mathematics teachers..

KEYWORDS: mathematical competence; critical thinking; mathematical thinking; mathematical problems; future
mathematics teachers.

BCTYN

NoctaHoBKa npo6bnemu. Bnnaue rnobanisauii Ha pPO3BMTOK Cy4yacHOrO CyCMiNbCTBA Yy Pi3HMX acnekTax —
iHbopMaLiHOMY, TEXHIYHOMY, COLiaIbHOMY, MONITUYHOMY — CMIPUYMHAE YKPYMHEHHA Ta YCKNAAAHEHHA COLiaNibHUX CTPYKTYP, WO
NPUBOAMTL A0 HEOBXIAHOCTI PO3YMIHHA PisHMX abCTPaKLii i BONOAIHHA KPUTUYHUM MUCNEHHAM. Y 3B'A3KY 3 LUM, OAHUM i3
cTpaTeriyHMx 3aBgaHb BULLOT NEAAroriYyHoi OCBiTM € NiAroToBKa NPOgeciiHO KOMMNETEHTHUX y4yuTeniB MaTemMmaTUKM, 34aTHUX
YHUKaATU CTEPeOoTUNIB i 3HAaXO4MTN HeCcTaHAAPTHI pilleHHs B 0COBUCTICHIM B3aemogii Ta npodeciiHii gianbHocTi. Lle Bumarae
HaABHOCTIi Y HMUX BWMCOKOrO PiBHA MaTeMaTMYHOi KOMMETEHTHOCTi, AKa 06’egHye B CObOi MaTeMaATU4Hi 3HAHHS, BMIHHA iX
3aCTOCOBYBATU A/1A PO3B'A3aHHA NPAKTUYHUX | TEOPETUYHUX Npobaem.

AHani3 aKTyanbHUX AOCAiAMKeHb. KNOYOBUM eNeMeHTOM Yy CTPYKTYpi MaTemaTU4YHOT KOMMETEHTHOCTI ManbyTHix
y4uTeNiB MaTeMATUKK, WO € ICTOTHUM ACMEeKTOM KOTHITUBHOrO Mpouecy ni3HaHHA Ta 3abesneuyye iXHIO YCnilHY MPaKTUKY B
OCBITHBOMY MPOLLEC], BUCTYNAE MaTeMaTUUYHE MUCNEHHA. [locnigKeHHsA 6araTbox BITYM3HAHKUX i 3apybirKHUX NCUXOIOTIB | Neparoris
NiATBEPAMKYHOTb, L0 BOHO € BU3HAYa/IbHUM AN AOCATHEHHA ePeKTUBHUX HAaBYa/IbHUX PE3ybTaTiB, CMCTEMATM3aL,ii 3HaHb, YMiHb i
HaBMYOK. Y  MNCUXONOro-NefarorivyHii  Ta METOOMYHIN NiTepaTypi  BIACYTHA  €4MHA  TOYKA  30pYy  WOA0 BU3HAYEHHSA
MaTeMaTUYHOTO MUCAEHHS. MNPy aHani3i LLbOro NOHATTA BUHMKAOTb CKNAAHI NUTaHHA NPO MOro BigHOLWEeHHA 40 3arasbHMX NON0XeHb
Ta KOHKPETHUX BUAIB MUCNEHHA. [leaki AocniaHMKKM, 30kpeMa, J1.C. Tpery6, . ®peigenTanb, B3arani BiAKMAAIOTb igeto iCHyBaHHA
MaTeMaTUYHOTO MUC/IEHHA K TaKoro, 3asBAasAlouM, Wo Moro cneupndika obymoBaeHa BUK/IOYHO XapaKTepoM MaTeMaTUYHOro
martepiany. Ha gymky 3.1. CnenkaHb (2000) € HEOBFPYHTOBAHUM BBEAEHHS MOHATTA MaTEMATUYHOIO MUCNEHHS 3 BUAINIEHHAM Oro
0cob6/MBOCTEN Ta KOMMOHEHTIB, @ TaKOM OTOTOMHEHHS 3 JIOMNYHMM MUCNEHHAM. [HWIi 3anepeuytoTb Le, CTBEPAMKYHOUM, Lo
MaTeMaTU4YHe MUCIEHHA MA€E CBOi 0COBIMBOCTI, BOHO NOB'A3aHE HE 3 OKPEMMMM METOAAMM, a LWBMALLE 3 06'EKTaMMN LOCNIAKEHHS.
TaKoX cnifg, 3a3HaunTH, LLO AOCNIAHUKM, AKI BiaHOCATbCA Ao niaxoay XK. MNiaxke, po3rnagaoTb MaTeMaTUyHE MUC/IEHHA AK CKNagoBy
JIOriKO-MaTeMaTUYHOrO MUC/IEHHSA, WO FPYHTYETbCA Ha "abctpakuiax Aii". BoHW BBaxaloTb, WO GopmMyBaHHA MaTeMaTUYHOro
MWCNEHHSA BiAOYBAETbCA HAa OCHOBI PO3BUTKY Y AiTEN PO3YMOBWX Ail, AKi BiL06paXKatoTb OCHOBHI MaTeEMATUYHI CTPYKTYpMU.

MpoTe, cy4acHa cBiTOBa HayKoBa Ta negaroriyHa cninbHoTv (APEC, 2006; Stacey, 2005). Haykosui (Henderson et al.,
2002; Mason et al., 2010; Blitzer, 2003) BU3HatOTb iCHyBaHHA NOHATTA MaTEMaTUYHOTO MUC/IEHHSA Ta aKTUBHO AOCAIAKYIOTb Pi3Hi
Oro acneKkTtn, 3okpema, npouecn GopMyBaHHA MAaTEMATUYHOTO MUC/IEHHA Y AiTel | AOPOCAMX, BNAUB Pi3HUX GaKTOPIB Ha Moro
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PO3BMTOK. Mpu LbOMY PO3p0H6AAIOTLCA BIAMOBIAHI NiAX0AM Ta METOAMKM HAaBYaHHA MaTEMATUKM Ans 3abe3neyeHHa epeKTUBHOMo
PO3BUTKY MaTeMaTUYHMX HAaBUYOK Ta BMiHb OCOBUCTOCTI.

JocnigKeHHa AaHOro NUTaHHA L,03BOASE MiACYMyBaTH, WO He 3BarKaklouM Ha BiACYTHICTb cTporoi aediHiuii noHATTA
MaTEMATUYHOTO MWUC/IEHHA, BOHO BUPI3HAETBCA CBOIMM XapaKTEPUCTUKAMKU Ta ocobamBocTAmMM, obymosaeHMmMM cneumdikoro
06'€KTIB BUBYEHHA: BOHM HE MAlOTb KOAHWUX MaTepiafibHUX BAACTUBOCTEM, a BM3HAYAOTLCA /IMLLE BiAHOLWEHHAMM MK HUMMK
(KinbKicHMMKM, npocTopoBuMMM Towo). MatemaTuk A. lMyaHKape 3a3HauyaB, WO MaTemaTMKa BMBYAE HE MpegMeT, a Aulle
BiAHOLIEHHA MiXK NpeaMeTamu; OTKe, A7 Hel 30BCiM HEBAXK/IMBO, UM ByAyTb AaHI NpeaMeTn 3amiHeHi AKMMU-Hebyab iHWKMK,
nnwe 6 He 3MIHUIUCA NPU LLbOMY BiHOLUEHHS MiXK HUMM.

Y uinomy, npouecy mMaTeMaTUYHOTO MWCIAEHHS NPUTaMaHHi 3arasibHi SKOCTi HAyKOBOTO MWCAEHHS (THYYKICTb,
OPUriHANbHICTb, TMBMHA, LiNecnpPAMOBaHICTb, PaLiOHANbHICTb, KPWUTUYHICTb, aKTWUBHICTb, ACHICTb, TOYHICTb, JIAKOHIYHICTb
MOBJ/IEHHA Ta 3anucy Towyo).

Y cratTi A. YkaHm Ta O. MapTuHeHKo (2023) o6rpyHTOBAHO, LWLO KPUTUYHE MMUC/IEHHA € BaXK/IMBOK CKNAALOBOH
MaTeMaTUYHOT KOMMNETEHTHOCTI MabyTHIX yunuTeniB MaTemaTMKu. Ha OCHOBI NOPIBHANBHOMO aHani3y Pi3HWUX TPAKTYBaHb NOHATTA
KPUTUYHOTO MUC/NEHHA B MNCUXOAOrii Ta Neparoriui Moro iHTEPNPETOBaHO AK OKPEeMUW TUM MUC/IEHHA, AKWIA BU3HAYaE
LinecnpaAmoBaHy NPOAYKTUBHY PO3YMOBY AiA/bHICTb, WO XapaKTEPU3YETbCA 34ATHICTIO /IIOAMHM OKPecatoBatM npobnemy,
CaMOCTIMHO 3HaX0AWUTH 11 aHani3yBaTU HeobXiaHY iHpopMmaL,ito, 0BrpyHTOBYBATU CBOT AYMKM, MPArHyTM A0 NOWYKY ONTUMANbHUX
pileHb, 6yTU BIGKPUTUM [0 CNPUIAMAHHA iHWKWX NOrNAL4IB.

Y KOHTeKCTi GOpMYyBaHHA MATEMATUYHOI KOMMETEHTHOCTI MaWByTHIX yuMTeniB MaTemMaTUKU MNOCTAE MNUTAHHA
B3aEMO3B'A3KY Ta B3AEMO3a/1EKHOCTI MaTEMATUUYHOIO Ta KPUTUYHOTO MUC/IEHHA, BUABNAEHHSA iX CMiNIbHUX AKOCTEN i BiAMIHHOCTEN.

MerToto CTaTTi € BUAB/IEHHA Ta OBrPyHTYBAHHA B3aEMOLONOBHIOBAHOCTI KPUTUYHOTO Ta MAaTEMATUYHOTO MUCNEHHSA Y
CTPYKTYPi MaTeMaTUYHOT KOMMNETEHTHOCTI MalbyTHIX yuMTeniB MaTeMaTuKK, WO 3abe3neyye raMbLINi aHani3 Ta epeKTUBHiILLe
pO3B’A3aHHA MaTeMaTUYHUX 3a4au4.

METO/U JOC/IANKEHHA

[N fOCATHEHHA MeTU JOCNiAXKEHHA By BUKOPUCTaHI TaKi TEOPETUYHI METOAM AK NOFKO-CUCTEMHUMI, NOPIBHANBHUI
aHani3 fOCNIAHNLBKUX Npaub BITYM3HAHKUX i 3apybisKHMX HAYKOBLB, y3ara/ibHEHHA Ta CUCTEMATU3ALLIA HAYKOBO-TEOPETUYHMX i
NPaKTUYHUX AAHWX, BJJACHOTO NPAKTUYHOTO A0CBIAY.

PE3YNIbTATU OOCNIAKEHHA

MaTtemaTuyHe Ta KpUTUYHE MUCIEHHA Ha3yloTbCA Ha NOTiLi 1 0BFPYHTYBaHHAX, BMUMaratoTb YiTKOro i cMcTemMaTUYHOro
aHanisy Ana [OCATHEHHA BMCHOBKY abo po3B'A3aHHA npobaemu. Kpim Toro, BOHM BKAKOYaoTb B cebe 34aTHICTb A0 aHanisy Ta
PO3YMiIHHA CKAAAHMX iHGOPMALLIMHMX CTPYKTYP, WO nepeabayae po3buTTa npobnemu Ha YacTUHW, BUSHAYEHHA B3AEMO3B'A3KIB i
BUABNEHHSA KNto4oBKX dakTopis (puc. 1).

MaTemaTiuyHe VS KpWTWnuHe
MWCNEHHA MWCNeHHA
BUkoprcTaHng doprmansHal Aorikk 4na 3acToCyBaHHA NPA BN NOTIKA ANA OUIHKK
NoGYA0EM MATEMATUHHKX J0BRLRHL T2 ARTYMEHTIE | TEEDAKEHL, BUARNEHHA
OEFPYHTYEHL, 328e3NeHeHH: JorMHICTE NOTISHMX NOMANCK Ta CyNEpesHOCTE,
NPABKALHECTI A NOCIGOBHOCTI BUBSLEHHA 33Be3NeHeHHA PALIOHANLHOCTI Ta
PE3YNLTATIE 3 NOYATHOBMX AKCIOM | TRORENM QEFPYHTOBAHOCTI BUCHOBKID
OpraHI3aLa MaTeMaTHLHLK NOHATE, Teapli CHETERATHIALIA IHOPMALYI Ta ApryMEHTID
T2 METOME ¥ HITKD BUIHAYEHI CUCTRMM, LG ¥ NOFISHICHEMIA W CTRYRTYRI, LD CAPWAE
Aoaeonac ehekTUEHD BMPILYBATH 33434 Ta chyKTypOBaHICTh HITKOMY Ta NOCAAOEHO MY aHaNIZY
AODOAUTH TEOPEMM. NpOBNEM | GopMynIoBaHHIC BUCHOBKIE
PO3KN343HHA CKNAAHMX MATEMATISHINX JeTanbHE AOCAHEHHA T2 OLHIA
23404 Ha NPOCTIL KOMOSHEHTE 408 AHanzta APTYMEHTIE, Sxepen Hbopmalyi Ta Aokams,
ABTARLHOMD ADCNEKEHHA T2 POSYMIHHE, BUABNEHHA CUALHKX T3 CNABKIK CTOPIH,
OLIHES NPABAALHOCT] | TOUHOCTI 064MCNeHE OUIHKa PeNeBaHTHOCT! T AOCTORIPHACTL,

Ta BUCHOBKIE.

DOPMYBAHHA Ta NPEIEHTALIA GNrYMEHTIE
O6rpyHTOBAHICTE Hi OCHOBI $akTIB, J0Ka3IE Ta A0TIHHAK
MIDKYBakE, W0 3a6eaneqgyc
NepeKoHARBICTE Ta AOCTORBHICTE
BUCNOBEIHNX NOBALEH

NoBygosa ADBEAEHE HA OCHOBI AKCIOM,
TROPEM Ta GOpMYN, WO 33BEINEHYE NOMNHHY
OB PYHTOBAHICTE MATEMATHHHIAX Ta aprymMeHTaLia
TEEQAHEHE | PRIYALTATIE.

3AATHICTE AAANTYEATH MATEMATHHHI BrMIHHA 3MIHI0BATH NEQCNSKTIARY Ta
METOAW Ta MIAXCAK A0 DOIE'A3AHHA PIIH WK NAXOAM 40 aHANIEY NpoSneni,
THNIE 33424, BUKOPUCTORYHEHK THy4KICTE pOIFAAAATI ANLTERHATABHI NOMALA Ta
ANLTERHATHUEHI LLNRKN Ta ETRATETT, KOAM 1e PILIEHHA, HE Gy ayult 0BMEReHIM OHICIO
HEOGHI4HD TOUKOIO 30pY

Ii ITErpaLia PISHY MATEMATHAHHX
KOHLENWIEA | METOLE Y CAMHY LLICHY
CHCTEMY, WO AOIBO0NAC EPEKTHEHD
BUPILLYEATH KOMIIEKCHI MATEMATHHHI
npoGaems

Migxia 4o ananisy Ta owHky Hdopmaui K
A0 CUCTEMHOTO NPOLECY, LD BKAKDHAE
CUCTEMHICTE PI3HI BCACKTH Ta BIACMOIE'RIKN,
AOIEONSIDHK POIMNSAAT NpoGRewy B
KOMMNZKC T3 NPWEMATIA 3IBIHEHI PHUSHHA

Puc. 1. XapaKTepucTuka KpUTUYHOrO Ta MaTEMaTUMHOTO MUC/IEHHSA B CTPYKTYPi MUCAEHHEBOI AiANbHOCTI
Lepeno: asmopceKka po3pobka
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OCHOBHI BigMIHHOCTi MiXX MaTEMaTUYHUM | KPUTUYHUM MUCTIEHHAM MOXHA y3araabHUTK B Tabauui 1.

Tabamua 1. OCHOBHI BigMiHHOCTI MiXK MaTEMAaTUUHUM | KPUTUMHUM MUC/IEHHAM

MaTtemaTtuyHe MUCNIEHHA

KputuuHe mucneHHs

- OMepye CTPOro BU3Ha4Ye€HMMM NPaBUNaMu, BAaCTUBUMMU
MaTeMaTUYHMM KOHLLeNWiaM i meTogam;
BMMara€ TOYHOCTI | CTaHgapTu3auii
npobiem

Yy BUpIWeHHI

- BPAXOBYE KOHTEKCT i cneundiky cutyauii, B AKili BOHO
BUKOPUCTOBYETHCHA;

- BPaxoOBYE coLiaNbHi,
NPUIHATTA pilleHb

eTUYHI i acneKkTn

KYNbTYpPHi

NpaLtoe 3 abCTPAKTHUMM KOHLENLIAMM | MOAENAMMU, LLLO
Nnpunyckae poss'asaHHAa npobnem 6e3 npsamoro
3aCTOCYBaHHA A0 PEasbHOrOo CBIiTYy

BK/tOYaE B cebe 34aTHICTb A0 aHani3y BiNblu LUMPOKMX
CycniNbHUX  iHTepeciB | B3aEMO3B'A3KiB, a He
obmeskyBaTuca KOHKPETHUMM MaTemaTUYHUMMN
KOHUenuiamm

A6cTpakuia | PopmanizoBaHicTb
CuctemHictb | KOHTeKcTyanbHicTb

Jepeno: aemopcbKa po3pobKa.

YiTKile po3KPUTK YHiKaNbHi XapaKTEPUCTUKM MATEMATUYHOIO Ta KPUTUYHOTO MUC/IEHHSA, BUABUTU chepy 3aCTOCYBaHHSA
KOXHOr0 3 HMX Ta BCTAHOBUTM X B3AEMO3B'A30K Aonomarae GOPMYNIOBAHHA «MNPABUAbHMX» MUTAHb MNPU PO3B’A3aHHI
MaTeMaTUYHUX 3aau.

MaTtemaTuyHe MUCNEHHA 30CepegyKeHe Ha CTPYKTYpOBAaHOMY Ta JIOMYHOMY MigxoAdi A0 BUPILLEHHS 334ad, Tomy
BigNOBIAHI NUTAHHA MOXYTb BYTU TaKNMMU:

— AK cTpyKTYpyBaTH Npobnemy ans ii po3s'asaHHA? (30cepearKye yBary Ha HeobXiZHOCTI PO36UTTA 3a4a4i Ha YaCTUHM
Ta NnobynoBi MoZeni, AKa BiAobparkae OCHOBHI e1emMeHTU 3a4aui);

— AIKi maTemaTUyHi iHCTPYMEHTU Ta METOAN MOXHA 3aCTOCYBaTU ANA PO3B'A3aHHA 3afadi? (Zonomarae Bubpatu
BignoBiAHI MeToaM Ta nigxoAn ANs aHani3y Ta po3B'A3aHHA KOHKPETHOI 3a4avi);

— flk nepeBipUTM NpPaBUAbHICTb PO3B'A3aHHA 3aAadvi? (CTOCYETbCA BaXK/IMBOCTI NEpPeBipKM Ta OOIPYHTYBaHHA
OTPUMaHMX pe3ybTaTis).

oo KpUTUYHOIO MUCNEHHSA, AKE OPIEHTOBAHE Ha OUiHKY, iHTepnpeTaLito, aHani3 i CMHTe3 iHpopMaL,ii Ta BKIOYAE
PO3rnAg, PisHUX TOYOK 30PY M APryMEHTIB, TO BiAMNOBIAHI MUTAHHA MOXKYTb 6YTV cPOpPMyNbOBaHI Tak:

— AIK oUiHUTU AOCTOBIPHICTb AXKepen iHpopMauii? (3ocepearKye yBary Ha aHanisi gxepen AaHux, ouiHL X HaginHOCTI
Ta BU3HAYEHHi peneBaHTHOCTi);

— AKi aprymeHTH nigTPUMyIoTb a60 CNPOCTOBYIOTb KOHKPETHY Te3y? (4onomMarae po3riAaHyTU Pi3Hi TOUYKKM 30py Ta
OLHWUTU CUNY apPryMEHTIB);

— AIKi MOXNUBI HACNiAKN NPUIAHATOrO PilLeHHA? (CNPUAE OLIHLI NOTEHLIMHUX BNAMBIB Ta HACAiAKiB NeBHUX Aii abo
BUCHOBKIB).

02. POKYC HA

02. OKYC HA =
ABCTPAKUII

01. COEPA 3ACTOCYBAHHA 01. COEPA 3ACTOCYBAHHA

ABCTPAKLII LUupLue 3a cBoEk cheporo

U TepesaxHo opleHTOBaHE Ha 3aCTOCYEaHHS | BUKOPUCTOBYETHCS Xoua 80HO TaKoX
IHTeHCUBHO NpaLyoe 3 BUPILIEHHA MaTeMaTUUHUX 33434, VDALl PR A AN R NpaLyoe 3
R il OGHMé{leHHR, ROCCh) 3HanIzy, OLIHKY Ta CTEOpEHHS abeTpakuamm,
06'EKTIA UaCTO He 220G pARTEIAMUOD ERTaMY, apryMEHTOBAHMX BUCHOBKIB 3 BIbLLE 3KLEHTYETECS

PIBHAHHAMY, GYHKUIAMY TOLLO. 6yAb-AKUX NNTaHb, BKNKOYAI0UM

MaremaruuHI 3a4aul.

Ha NPaKkTUYHUX

MakoTb GI3UUHOro acneKkrax ra

aHanory. Lle MucneHHs

33CTOCYBaHHI
sgmoqae ROSYMIA NOTIYHUX NpUHUMNIB
AR TS 80 peani
3aCTOCYBAHHS. CUTYaLYIiA Ta NpoBnem.
02 01 o1 02

03. TUNVU NPOBNEM S Y N TR R 03. TUNV NPOBNEM

. . . -

o S “ s YacTo CTUKAETLCA 3

3a3Bunuail Npauke 3 BIAKPUTUMN Ta
UITKO BU3HAUEHNMU 03 & WS & 003 HEOHO3HAUHUMM

npobnemamu, AKi
MOXYTb MaTu KIIbEKa
NpaeuNbHNX pILUEHb

npoéaemamu, skl
MaHTb KOHKDETH!
YMOBU Ta 06MeXeHHs,

U .
. .
Tout piiena. . MatematuuHe g  Kputuuxe . e
~ MWCNeHHSA MWUC/IeHHSA U ?:gg;lM:irIITOBHm
04 ot 04
/ . . . . \
. . . .
' Q v . &
04. NPOLUEC PO3B'A3AHHA G 2 ese O » o9 04. MPOLLEC PO3B'I3AHHSA
BKNKOUAE CYBOPE AOTPUMAEHHA =ty N - . . o
MaTemamgHMg npasﬂn Ta METOAIB. 5 05 E:gx(“::[%nﬂi—lxg ::g]l‘fl)BMeTOAIB.

Lle moXxe BkntoYaTy anrebpaiHi
MaHInynauii, nobyaosy
reoMeTpuyHux diryp, pobory 3
rpadikamu ToLo.

BUAB/EHHS yNepe/KeHb, OLIHKa
Axepen IHGOpMaLll, CTBOPEHHA
apryMeHTIB Ta KOHTPaPryMeHTIB.

05. KIHUEBA META

CnpsMoBaHe Ha NPUIHATTA
0B6IPYHTOBaHMX PILUEHD,
HOPMyBaHHS apryMeHTOBaHMX
BUCHOBKIB, 8 TAKOX Ha PO3YyMIHHS |
OLYHKY CKNaiHUX Npo6nem 3
PIZHNX TOUOK 30DY.

05. KIHUEBA META

OpIEHTOBAHE Ha OTPUMAaHHA
NPaBUBHOTO MaTEMaTUUHOTO
pesynbTarty abo A0BEAEHHS
TEOpEeMU.

Puc. 2. Cneumndika pisHUX acneKTiB MaTeMaTUYHOTO Ta KPUTUUHOTO MUC/IEHHA NPU PO3B’A3YBaHHI MaTeMaTUUYHUX 33434
[sepeno: asmopcoka po3pobKa.
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MpoTe, AesKi NWUTaHHA BiAOOpPaXKalOTb iHTErpaLito MAaTEMATUYHOTO Ta KPUTUYHOIO MMUCAEHHA, MigKPecaoun ix
B3AaEMO3B'A30K i B3aEMOA0MNOBHIOBAHICTb:

— fIkKUM YMHOM 06paHuii MeTog Po3B'A3aHHA 3aJadi BNJIMBAE Ha AOCTOBIPHICTb OTPMMaHUX pe3ynbTaTiB? (Lonomarae
OLHUTU METOA0NOrYHMIA NiAXiA A0 33a4a4i 3 TOUKM 30py KPUTUYHOTO aHanisy);

— fIK MO}KHa NOKPALMTU MOAEeNb PO3B'A3aHHA 3aAadi, BPAXOBYIOUN MOK/IMBI NOMUAKMK Ta HEAO0NIKU? (CNOHYKAE A0
KPUTUYHOTO aHani3y Ta BAOCKOHANEHHS MAaTEMATUYHUX MOZeNel i pilleHb);

— AIKi anbTepHaATUBHI NiAX0AN MOXHA BUKOPUCTOBYBATU ANA PO3B’A3aHHA Li€i 3agaui, AKi iX nepeBarun Ta Hegoniku?
(cTMyNtO€E KPUTUUYHE MUCNEHHA NPY BUBOPI HallepeKTUBHILLIOTO MmeToay po3B'A3aHHSA 3a4aui).

Cneuundiky pi3HMX acnekTiB 3af4iaHOCTI MATEMATUYHOTO Ta KPUTUYHOTO MMUCIEHHA B KOHTEKCTi pO3B’A3yBaHHA
MaTemaTUYHMX 334ad BifobpaKeHo Ha puc. 2.

BMCHOBKMW TA NEPCMEKTUBU NOAANBLUOIO AOCNIAXEHHA

Y npodeciitHii nigrotoBui MalbyTHIX yyuTeniB MaTemaTMKM KpPUTMYHE Ta MaTeMaTUyHe MWCIAEHHSA BigirpaloTb
B3aEMOZOMNOBHIOBA/IbHI  POJIi, X B33aEMOAiA CTBOPIOE CUHEPreTUYHMI edeKT, SKMI [AO0MOMara€e 3aHyptoBaTuCs B MOUHMU
MaTeMaTMYHMX 3a4ad, NiABULLYE 34aTHICTb 40 iX PO3B’A3yBaHHA Ta BiAKPMBAE HOBi FOPU3OHTU Mi3HAHHA. Y LbOMY KOHTEKCTI
BAXK/IMBICTb iHTerpaLii KOUTUYHOTO i MAaTEMATUYHOTO MUCIEHHA MIAKPECNIOETLCA LWe W TUM, WO MaTeMaTUYHEe MUC/IEHHS BUMarae
KPUTMYHOrO Migxody, a KPUTMYHE MMUCNEHHA 6a3yeTbCA Ha JIOMYHMX | MaTeMATUYHMX NpUHUMNAX. KpUTUYHE MUCNEHHA
KOMMNNEMEHTApHO [LONOBHIOE MAaTEMATUYHE, HAZAIOUM IHCTPYMEHTU AN15 OLiHKM 11 aHani3y. BOHM B3aeMo3anexkHi, pO3BUTOK OAHOMO
BMAY MWC/IEHHSI CMpUSE 3MiLHEHH iHworo. Lli obuaBa TMNW MWUCNEHHSA € HEBiA EMHMMM KOMMOHEHTAMM MATEMATUYHOI
KOMMNETEHTHOCTI, @ iX opraHiyHe NoeAHaHHA NiaBuLLyEe edeKTUBHICTb NpoLecy Po3B’A3yBaHHA MaTeMaTUYHUX 3agad. Moganblui
OOCNIOMKEHHS Y LM ranysi maloTb 30cepesmTmca Ha po3pobLi TEXHOOTIN, AKi IHTErpyoTb KPUTUYHE Ta MaTEMATUYHE MUCIEHHA B
HaBYa/IbHUI Npouec NPodecCiiHOI NiArOTOBKM MalibyTHIX yunTenis matemaTuKu.
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AHOTALIA

dopmynioBaHHA npobaemu. Y cyyacHoMy iHPOPMaLLMHOMY CYcninbCTBi 3pOCTae 3HaYeHHA LMdPOBOI KOMNETEHTHOCTI ANA
HayKOBMX i HAayKOBO-NeAaroriYyHMx npauiBHUKiB. OCKiNIbKM LMOPOBI TEXHONOTIT NOCTIMHO 3MiHIOOTbCA, daxiBui 3myLueHi
afanTyBaTUCA A0 HOBUX iIHCTPYMEHTIB Ta naatdopm. MpoTe iCHYE 3HAYHUI PO3PUB MiK NoTpebamu y LMPPOBMX HABUUKAX i X
daKkTMYHMM piBHEM Yy Uil KaTeropii npodecioHanis. AganTtauia 40 pi3HUX GOpMaTiB HaBYAHHA Ta KOMYHiKaLii (OHAAMH-KypCH,
BebiHapu, Gopymu) € BaXKNMBOIO CKNAA0BOO CY4aCHOI LUPPOBOT KOMNETEHTHOCTI.

EnekTpoHHI couianbHi mepexi, Ak nnatdopmu ans npodeciiHoro cninkyBaHHA, 06MiHy 3HaHHAMM Ta cNiBNPaLLi, MOXKYTb CTaTU
MOTY)KHUM IHCTPYMEHTOM [ANA PO3BMTKY LMX KOMMeTeHUid. BoaHouac, HepocTaTHA 06i3HaHICTb NPO  MOMAMBOCTI
BUKOPUCTAHHA €IEKTPOHHUX COLiaNbHUX Mepex MOXKe CTpMMyBaTM iX epeKkTUBHe 3acTocyBaHHA Ana npodeciiHoro
3pocTaHHA. baraTo HayKoBWMX i HayKOBO-MeAaroriYyHMX MpauiBHUKIB He 3HaloTb, AK OMTUMaJbHO BUKOPUCTOBYBATU L
nnatopmn ana obMiHy 3HAHHAMM, BCTAHOB/NIEHHA KOHTAKTIB i cniBnpaui 3 Kosneramu. Lle cBigunTb npo HeobXigHicTb
cuctemHoro nigxogy A0 GopMyBaHHA UMGPPOBMX KOMMETEHLM, WO BK/OYAE HaBYaHHA, NIATPUMKY Ta 3abesneyeHHs
pecypcamu. TakMM UYMHOM, AOCAIANKEHHA MOMAMBOCTEW €/IEKTPOHHUX COLasIbHUX MepeX fAK IHCTPYMEHTIB PO3BUTKY
UMOPOBUX KOMNETEHLLiI € aKTYaZIbHUM | BaXKAMBMM KPOKOM ANA NOA0NAHHA 3a3HA4YEHOro Po3puBy.

Marepianu i metoam. [ina npoBefeHHA AOCAIAXKEHHA BYN0 BUKOPUCTAHO KOMMIEKC METOZIB, 30KpemMa aHanis, CUHTes,
NOPIBHAHHA, y3ara/JibHEHHA ANA BUBYEHHA 3apybiXKHOT Ta BITYM3HAHOI HAYKOBOI NiTepaTypu WOAO 3MICTY KNOUYOBUX NOHATb;
NOPIBHAHHA, BUBYEHHA Ta y3ara/JibHeHHA NeJaroriYyHoro Aoceigy 3 npobnemn AOCNigKeHHA; TePMIHONOMNYHMIA aHani3 ana
YTOYHEHHSA Te3aypycy AOCAIAXKEHHSA.

Pe3ynbTat. 3aCTOCYBaHHA €1EKTPOHHMUX COLia/IbHUX MEPEX NO3UTUBHO BMNIMBAE HA PO3BUTOK KOMMETEHTHOCTI HAayKOBMUX i
HayKOBO-NeAaroriYyHMx NpaLiBHUKIB.

BUCHOBKM. PO3BUTOK LMbPOBOT KOMNETEHTHOCTI € HEOBXIAHUM ANA HAYKOBUX | HAYKOBO-NEAAroriYHMX NPaLiBHUKIB, OCKINbKK
Cy4yacHi AOCNifgyKeHHA Ta OCBITHI npouecn depani Ginble 3aneartb Bif, TEXHONONINM Ta OHAAWH-IHCTPYMmeHTiB. CouianbHi
MepEeKi HaZalTb MOMKIMBOCTI ANA NPodecinHOro po3BUTKY, OOMiIHY 3HaHHAMMW, chiBnpali Ta HETBOPKIHTY, WO CNpUsE
dopmyBaHHIO LMPPOBUX KOMMETeHLUiM. BUKOPUCTaHHA COLiafibHUX MepeX MOoXe MO3UTUBHO BM/IMBATU Ha BUAUMICTb
HAYKOBWMX AOCATHEHb, NONErLIYHOYM AOCTYN A0 HOBMX iHPOPMALIMHMX pecypciB i Koner, WO CMpPUAE PO3BUTKY HayKu.
PeKkomeHAYETbCA BNPOBaAMKEHHA TPEHIHTB Ta cemiHapis, AKi POKyCylOTbCA Ha MPAKTUYHOMY BMKOPWUCTAHHI €NeKTPOHHMUX
coLianbHUX MepeX, a TaKOXK CTBOPEHHA NiATPUMYIOUMX OHNANH-CNINBHOT A8 0BMiHY A0CBiAOM..

K/TKOYOBI C/IOBA: eneKmpoHHi couianbHi mepexci; nedazoziyHi NpayieHUKU; HayKoso-nedazoaiyHi npayieHUKU,; HayKo8o-
nedazoaiyHi 00CNiOHEeHHA; Yugposa KomnemeHmMHicme.
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ABSTRACT

Formulation of the problem. In today's information society, the importance of digital competence for researchers and
academic educators is growing. As digital technologies continuously evolve, professionals are compelled to adapt to new tools
and platforms. However, there exists a significant gap between the need for digital skills and their actual levels among this
category of professionals. Adapting to various formats of learning and communication (online courses, webinars, forums) is a
crucial component of modern digital competence.

Electronic social networks, as platforms for professional communication, knowledge exchange, and collaboration, can serve
as powerful tools for developing these competencies. At the same time, a lack of awareness regarding the potential uses of
electronic social networks may hinder their effective application for professional growth. Many researchers and academic
educators do not know how to optimally utilize these platforms for knowledge sharing, networking, and collaboration with
colleagues. This underscores the need for a systematic approach to developing digital competencies, which includes training,
support, and resource provision. Therefore, exploring the opportunities of electronic social networks as tools for developing
digital competencies is a relevant and important step toward bridging the identified gap.

Materials and methods. A combination of methods was employed for the research, including analysis, synthesis, comparison,
and generalization to study both foreign and domestic scientific literature regarding the content of key concepts; comparison
and examination of pedagogical experiences related to the research problem; and terminological analysis to clarify the
research vocabulary.

Results. The application of electronic social networks has a positive impact on the development of competencies among
researchers and educational professionals.

Conclusions. Developing digital competence is essential for researchers and educational professionals, as contemporary
research and educational processes increasingly rely on technology and online tools. Social networks provide opportunities
for professional development, knowledge sharing, collaboration, and networking, which foster the formation of digital
competencies. The use of social networks can positively influence the visibility of scientific achievements, facilitating access
to new information resources and colleagues, thereby contributing to the advancement of science. It is recommended to
implement training sessions and seminars focusing on the practical use of electronic social networks, as well as to create
supportive online communities for knowledge exchange.

KEYWORDS: electronic social networks; educational professionals; research educators; educational research; digital
competence.

BCTYN

NoctaHoBKa npo6aemu. HuHi, LMdpoBa KOMNETEHTHICTb CTana HEOOXiAHOK HABUYKOIO ANA Ntoael byab-aKoro Biky Ta
npodoecii. BiakpuTi 0cBiTHbO-HayKoBi iHPpopmaL,iiHi cuctemn (BOHIC) BUCTYNatOTb 3HAYYLLMM iHCTPYMEHTOM Y NPOLECi PO3BUTKY
uMPpPOBOT rPAMOTHOCTI, HaZAKUM BiNIbHWUI AOCTYN A0 BUCOKOAKICHMX OCBITHIX Ta HAayKOBUX pecypciB. BukopucTaHHA uudposmx
TEXHO/OTI PO3LIMPIOE MOMKINBOCTI AK ANA reHepyBaHHA HOBMX 3HaHb, TaK i AN iX 06MiHY, WO cnpuae LMPPOBOMY PO3LLUMPEHHIO
npas Ta MOX/MBOCTEN.

BMKOPUCTAHHA Cy4YacHUX UMPPOBUX IHCTPYMEHTIB i BiAKPUTUX OCBITHIX pecypciB Cnpuae pPoO3BUTKY LMPPOBOI
KOMMETEHTHOCTI, HeobxigHoi Ans ycniwHoi AianbHOCTI y uudpoBOMYy CBiTi. ENEKTPOHHI couiasibHi mepexi BUCTYnalTb
nnatpopmamu ansa npodecinHoi KomyHiKaLii, 06MiHy 3HaHHAMM Ta criBNpPaLL, CNPUAOYN PO3BUTKY LUPPOBUX KOMMETEHLLINA.

BaknMBO 3a3HauMTH, WO edeKkTuBHe BUKOpUcTaHHA BOHIC pgna po3BuTKY LMPPOBOI KOMNETEHTHOCTI NoTpebye
peTenbHOro NiaHyBaHHA, NiArOTOBKM Ta NiATPMMKM 3 BOKY BUKNaZ4adiB, aAMiHICTpaTopiB Ta iHWMX 3aL,iKaBAeHUX CTOPiH. PO3BUTOK
UMbPOBOI KOMMETEHTHOCTI NOTpebye CUCTEMATUYHOTO i KOMMIEKCHOTO MiAX0oA4y, SKUA OXOMJKOE BCi acMeKkTM HaByYasbHOI,
MEeTOAMYHOI, AOCNIAHNLLKOT Ta OpraHi3auiiHO-BUXOBHOI Aif/IbHOCTI. BaXKNMBO CKNaL0BO PO3BUTKY UUMPPOBOT KOMMNETEHTHOCTI
€ NPAKTUYHWUI [0CBIA, TOMY KOPUCTYBaYam NoTPiGHO 3aCTOCOBYBaTM 3406YTi 3HAHHA Ta HABUYKM Ha NPAKTULL, HANPUKNag, Yepes
3aCTOCYBaHHA e/1eKTPOHHUX COLiaNbHUX Mepexk. 3 oAy Ha 3a3HayYeHe eIeKTPOHHI coLiaibHi Mepei MOXKYTb ByTU NOTYKHUM
iHCTPYMEHTOM A/11 PO3BUTKY Pi3HUX CKNAAHMKIB LMPPOBOI KOMMETEHTHOCTI.

AHani3 aKTyanbHUX AOCNigKeHb. Y pe3ynbTaTi aHanisy nybsikauii Ta maTtepianis BITYM3HAHUX i 3apybiXKHUX yU4eHUX
6ynn BUABNEHI K/THOYOBi aCNEKTU BUKOPUCTAHHA €IEKTPOHHUX COLLIa/IbBHUX MEPEXK A/1A OLiHKM pe3ynbTaTiB HayKoBO-NeaaroriyHmx
pocnigxeHb. JocnigxeHHs 6ynn knacudikoBaHi BignoBigHO A0 TEMAaTUYHMX HAaNPAMIB, 30Kpema:

® Memo0os102i4Hi MUMAHHA: NPOBEAEHHSA, OLHKA AKOCTI Ta BNPOBAaAKEHHA Pe3yNbTaTiB NefaroriYHnX 4OCAigKeHb, a
TaKoX iHpopmaUiiHo-aHaniTMYHa niaTpumka (Bukos, 2020; IBaHoBa, 2018; AunwnH & KosaneHko, 2016; Aboagye et al., 2020;
Androshchuk & Androshchuk, 2017; Bartling & Friesike, 2015; Hume et al., 2020);
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® [HhopmauyiliHi cucmemu: NpobaeMM CTBOPEHHS Ta BNPOBaAKeHHA iHGOPMaLLIMHUX cUCTEM ANA NNAHYBAHHA HAYKOBUX
pocnigxeHb y coepi ocsitv (Bukos & JleweHko, 2016; Bypos Ta iH., 2020; Kapnaiok, 2019; Ayris, 2017; Banks et al., 2016;
Kovalenko et al., 2021; Mirowski, 2018);

® BUKOPUCMAHHA ef1eKMPOHHUX COYiaabHUX Mepex: MUTaHHA 3aCTOCYBaHHA LiUX Mepex y ranysi ocsitu (fypesuy, 2012;
IBaHoBa Ta iH., 2019; IBawHbOBA, 2012; KyyakoBcbKa, 2015; JInteuHosa, 2017; MiHyyk, 2016; Onekciok & NlebeneHko. 2016; CnipiH
Ta iH.,2016; AunMwurH & fAcbkoBa, 2016);

® |[KT 0na moHimopuHzy: npobnemun BUKOPUCTAHHA iHPOPMaLiiHO-KOMYHIKaLIMHUX TEXHONOTIA ONA MOHITOPUHTY
BMNPOBaAMEHHA pPe3y/bTaTiB AOCNIAKEHDb Y NeAaroriyHmx i NCMXoNoriYHMxX Haykax (FaBpinosa & TononbHuK, 2017; Kangak, 2005;
IBaHoBa, 2018; CnipiH, 2009; CnipiH & OBuYapyk, 2021; Buinytska & Vasylenko, 2020; Vakaliuk et al., 2024; Zalite & Zvirbule, 2020).

TaKkoxK aBTOp CTaTTi BXKe Ny6niKyBaB maTepianun, npUcBAYEHi MTMTaHHAM BUKOPUCTAHHA NEeKTPOHHMUX COLLiaIbHUX MEPEeXK.

He3Baaloumn Ha YNCIEHHI HAayKOBO-MeTOAMYHI NpaLi, NPUCBAYEHI BUKOPUCTAHHIO /IEKTPOHHUX COLia/IbHUX Mepex Y
cohepi OCBiTM Ta HayKWU, HEAOCTAaTHE AOCAIAMKEHHA LMX ACMEKTiB MOXKe NPU3BECTU A0 HEBU3HAYEHOCTI Y NMUTAHHAX MiArOTOBKM
¢daxiBLiB, iXHbOI 34aTHOCTI ePEeKTUBHO BUKOPUCTOBYBATM HOBI TEXHONOTIT B HAYKOBIl AifIbHOCTI, @ TAKOXK Y iXHbOMY npodeciitHomy
3pOCTaHHi. BuBYeHHs poni nnatdopm ResearchGate i Academia.edu He nunLe B KOHTEKCTi OLHKM pe3ybTaTUBHOCTI, ane iy nnaHi
PO3BUTKY LMPPOBUX HABUYOK, € AKTYaNbHUM ANA NOAANbLIMX AOCNIAKEHb i MOXKEe JOMOMOITU YCYHYTU iCHYIOYi NPOraaunHn y
3HaHHAX. TOMy BBa*aeMO L0 Npobaemy aKTyasbHOIO i TaKoto, WO NOTPebye cneLiafibHOro AOCNiIAXKEHHA.

Merta cratTi. BusHaueHHA 0cobamBoCTEN PO3BUTKY LMGPOBOI KOMMETEHTHOCTI HAYKOBUX i HayKOBO-NegaroriyHmx
npauiBHUKIB 3ac06aMM eNEKTPOHHMX COLia/IbHUX MEPEXK.

METOAM AOCNIAMEHHA

[na pocArHeHHA MeTU JOCNIAXKEHHA Ta OTPUMAHHA 06'EKTUBHMX pe3ynbTaTiB 6y M BUKOPUCTAHI HacTynHi meToau:

1. AHanis: JocnigxeHHs HayKOBOI NiTepaTypu Ta iCHYOUUX AxKepen Woao umMdpoBOi KOMNETEHTHOCTI, €N1EKTPOHHMUX
COLjiaNbHUX MepeX i IXHbOro BNAMBY Ha NpodeciliHy AiANbHICTb HAayKOBL,iB.

2. CwuHTes: Y3aranbHeHHA OTPMMAHUX AaHWUX ana GOPMYBaHHA LiNICHOTO YABMEHHA MPO CTaH PO3BUTKY LUbPOBUX
KOMMETEHL, Y HAYKOBOMY CepesoBULL.

3. MopiBHAHHA: BUBYEHHA 00CBiAY Pi3HUX KpaiH Ta YCTAHOB Yy BMPOBAAXKEHHI €N1EeKTPOHHUX COLiaibHUX Mepex aas
PO3BUTKY LUPPOBUX HABUYOK, 3 METOI BUAB/IEHHA HalePEKTUBHILLIMX NPaKTUK.

3aBAAKM BUKOPWUCTAHHIO LMX METOAiB, AOC/NIoKeHHA 3abe3nevyye KOMMNAEKCHUI niaxig Ao BuMBYEHHA uudposoi
KOMMETEHTHOCTI HAYKOBMX i HAYKOBO-MeAaroriYyHmMx NpaL,iBHMKIB Y KOHTEKCTi €N1eKTPOHHUX COLiaiIbHUX Mepex.

PE3YNIbTATU AOCNIAXEHHA

Y cyyacHOmy aKagemiyHoMy cepefoBulli UMPPOBA KOMMETEHTHICTb CTAE HEBiA'EMHOK 4YacTUHOW npodeciHol
LIANBHOCTI HAYKOBMX | HAYKOBO-NeAaroriyHMX nNpawiBHUKIB. ENeKTPOHHI couianbHi Mmepexki BigirpatoTb KAKOYOBY POb Y LbOMY
npoueci, Hagatoum nnaTdopmy A8 KOMYHiKaLi, cniBnpaui Ta 06MiHY 3HaHHAMM.

Ons Haworo AoCNigXKeHHA BaXKAMBO 6yno BU3HAUMTU OCHOBHI AediHiuii. PO3rnaHemo TepmiH «KOMMNETEHTHICTbY 3
METOI0 MOAANbLLIOTO BM3HAYEHHA MNOHATTA «UMPpoBa KOMNETeHTHICTb». Y 3akoHi YKpaiHu «[po BMLLY OCBIiTY» TepMiH
KKOMMETEHTHICTb» BW3HAYEHO AK AMHAMIYHY KOMBIHALiO 3HaHb, BMiHb | MNPAKTMYHMX HABWUYOK, CNOCOBIB MMUC/IEHHS,
npodecinHMX, CBITOMNAAHMX | FPOMAAAHCBKUX AKOCTEN, MOPANbHO-ETUYHMX LiHHOCTEM, KA BU3HAYaE 34aTHICTb 0CObM ycnilHO
34ilicHI0BaTM NpodeciiiHy Ta NoAanbluy HaBYabHY AiANbHICTb | € pe3ynbTaToOM HaBYaHHA Ha NeBHOMY piBHi BULWLOT ocBiTK (CnipiH
& Osuapyk, 2021).

3aranbHe BUW3HAYEHHA UMPPOBOI KOMMETEHTHOCTI HafaHe BITYM3HAHMMM BYEHMMU — L «3[aTHICTb ocobucTocTi
BMEBHEHO Ta I'PYHTOBHO KOPMCTyBaTUCA 3acobamu UMdPOBMX TexHoNOrih y Takux cdepax, Ak npodeciiHa AiANbHICTb i
npaueBnaLWTyBaHHA, OCBITa, A03BiNAA, TPOMALCHKA AiANbHICTb, WO € KUTTEBO HEOOXIAHUMM AN1A yHaCTi y WOAEHHOMY COLiaibHO-
E€KOHOMIYHOMY XKUTTi». Haibinbl nowupeHumn 3acobamm € Komn'toTepu, MobinbHi TenedoHM Ta iHWI |HTEPHET-NPUCTPOI,
30KpemMa npucTpoi IHTepHeTy peyei, HaBirauiiHi cMcTemu, HakONUYyBabHI 1 ayAioBi3yasbHi cMCTEMM, MPOrpaMHO-anapaTHi
3acobu BipTyanbHOi Ta [JOMNOBHEHOI PEaNbHOCTI, LWTYYHOTO IHTENEKTY, a TaKOoX 3acobu KOMM'IOTEPHUX | iHWKX
TeNeKoMyHiKauinH1x mepex (CnipiH & Osyapyk, 2021).

Y Hawomy AOCNiAKEeHHI BaXKMBO ByN0 onMcaTh BU3HaYEeHHSA «iHGOpPMaLiMHO-KOMYHIiKaLiHi TeXHONOri», AKi € 4OCUTb
nowwupeHoto aediHiuito. 3riaHO 3 BU3HAYEHHAM CydacHoi iHGopMaUiiiHOi TexHoorii, 3anponoHoBaHUm M. angakom (2005)
iHpopmMaLiiHO-KOMYHIiKaLiiHi TexHONOTiT NpeACTaBNAATb COOOI CYKYMHICTb MeTOoAjB, 3acobiB i NpUIAOMIB, AKi BUKOPUCTOBYHOTbCA
ONA PO3pOBKM IHOOPMALLIMHUX CUCTEM i CTBOPEHHA KOMYHIKauiiHMX mepex. [o Toro X, BOHWM OXOMAOTb TeXHONOril
dopmanisaLii Ta BUpiLWEHHA 3aBAaHb Y KOHKPETHUX NPeaMeTHMX rany3ax 3a AONOMOTO LUX CUCTEM | Mepesx.

OTxe, umdposi Ta iHGOPMALIMHO-KOMYHIKaLiNHI TEXHOJOTIi BiAirpatoTb KAKOYOBY POAb Y TpaHchopmal,ii cy4acHoro
CYyCNiNIbCTBA, CNPUSAIOYMN PO3BUTKY HOBMX GOPM B3aEMOZ,ii, HABYAHHSA Ta poboTH. BoHM 3abe3neuytoTb 4OCTYN A0 BE/MKOI KiNbKOCTi
iHbopMaLii, nonerwyoTb KOMYHIKALLO MiXK NI0AbMM | OPraHi3aLifsMm, a TAKOXK CTBOPIOIOTb MOMJIMBOCTI ANA IHHOBALiM Y Pi3HWUX
chepax, TakuX K OCBiTa, HayKa, bi3Hec i KynbTypa.

34iMCHMBLUN aHaNi3 BITUM3HAHUX i 3aKOPAOHHMX HAYKOBUX Npalb 3p06/JeHO BUCHOBOK MPO Te, WO OAHO3HAYHICTb Y
TPAKTyBaHHI NOHATTA KPO3BUTOK LMPPOBOI KOMMNETEHTHOCTI» Hapasi, BiACYTHA, TOMY Y Halwii poboTi Nig UMM NOHATTAM bygemo
PO3yMiTH, WO Le npouec HabyTTaA, BOOCKOHANEHHA Ta 3aCTOCYBAaHHA 3HAHb, HABMYOK i YMiHb ANA ePpeKTUBHOrO BUKOPUCTAHHA
uMbpPOBUX TEXHOOrIM Yy pisHUX chepax KUTTA. Lle BKAtoyae 34aTHICTb BUMKOPMCTOBYBATU iHOOPMALMHO-KOMYHIKaLIMHI Ta
LuMobpoBi TeXHONOTIT ANA AOCTYNYy A0 3HAHb, iX aHani3y, CTBOPEHHS KOHTEHTY, B3aEMOAIi B OHNalH-cepef0BULLI Ta 34iMCHEHHA
6€e3MeyHmX i EeTUYHMX NPAKTUK B iHTEPHETI.

Po3BuTOK UMdPOBOI KOMNETEHTHOCTI HAYKOBUX i HAYKOBO-MeAaroriyHMX NpauiBHUKIB € CUCTEMATUYHUM MPOLLECOM,
BigNoBiAHO A0 NoTpeb po3BUTKY LMPPOBOro CycninbCTBa, WO Nepeabayae 34aTHICTb ONaHyBaHHA HOBUX 3HAHb, YAOCKOHANEHHSA
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BMiHb i HaBMYOK, HabyTTA HOBOro AO0CBIAY BMKOPWUCTAHHA UMOPOBUX TEXHOOFN LWAAXOM LiNecnpAMOBAaHOIO HaBYaHHSA,
nigBULLEHHA KBanidikaLii, CamOpPO3BMTKY i CAMOBAOCKOHANEHHA. Lla KOMNETEHTHICTb € pe3ynbTaTom, AKUWA AocArae cy6’ekT
OCBITHBOrO NPOLLECY BHAC/iAOK HaBYa/IbHOrO CAaMOpPO3BUTKY.

Wnaxn Ta metoam ¢opmyBaHHA UMPPOBOI KOMMETEHTHOCTI, nepepbayeHi KoHuenuiew po3BUTKY UnbpoBUX
KOMMNETEHTHOCTEM, BK/AOYaloTb 3406yTTA uMdpPOBOiI OCBITM Yepe3 BUKOPUCTAHHA iHGOPMALINHWUX pecypciB, BMNPOBaLKEHHA
CYY4aCHWMX OCBITHIX TEXHONOFIN | UMPPOBMX OCBITHIX pecypciB; 3abe3neyeHHs NOCTIMHOro BAOCKOHaNeHHA NpodecitHnX undposBmx
KomneTeHTHocTel gna daxisuis y cuctemi nigBulieHHA Keanidikauii B pisHUX cdepax; CTBOpeHHA EAMHOIO Aep’KaBHOro
BebnopTtany undposoi ocsitn «[is. Lnudposa ocBiTan; a TaKoXK PO3pOOKY 3axoiB ANA BNPOBALKEHHA LUMPPOBUX KaHanis
nowupeHHs iHbopmaLii, Takmx AK TenebayeHHs, colianbHi Mepexi Ta iHTepHeT-TpaHcAAuil (IBaHoBa Ta iH., 2020).

Po3sutoK LMPPOBOI KOMNETEHTHOCTI HayKOBMUX i HayKOBO-NeAaroriYyHUX MpaLiBHUKIB Yepe3 eneKTPOHHI couiasibHi
Mepexi € HeobxiagHMM pna 3abe3nevyeHHA iXHbOI KOHKYPEHTOCMPOMOXKHOCTI y rnobanbHomy iHpopmauiiHoMy npocTopi.
BukopucTaHHA unx naatdopm cnpuse He anwe npodeciiHomy po3BUTKY, a 1 NiABULLEHHIO BUAMMOCTI HAYKOBUX LOCATHEHD, LLO,
B CBOIO Yepry, MoXe Np13BecTM 40 HOBMX MOXIMBOCTEN Ans cniBnpaLi Ta GiHaHCYBaHHA JOCAIAKEHD.

3acTtocoByBaHHA NPoECitHMX COLiaIbHUX MepPeXK A03BONAE BCTAHOBUTU HOBI KOHTAKTK, LLLO MOXKe CNpUATK cniBnpaw;i
B pamKax SOCNIAHULBKMX NPOEKTiB. TaKOXK HAaYKOBi Ta HAayKOBO-NeAaroriyHi NpauiBHUKM MOXKYTb BpaT y4acTb Y MiXKHapOAHMX
KoHdepeHuiax Yepe3 nnatdopmu, Taki Ak Zoom abo Microsoft Teams, An1a 0O6MiHY 3HAHHAMMW Ta HaNaroAKeHHA NpodecinHmxX
KOHTaKTiB. Pi3HOMaHiTHI npodeciitHi enekTpoHHi mepeKi, 30Kkpema ResearchGate Ta Academia.edu f03BOASAOTL NOWMPHOBATH
pes3ynbTaTv AOCNIAKEHb Ta 3a/1y4aTh Koer A0 iXx 06roBopeHHs, Wo Cnpuse NoWnpPeHHI0 HAyKoBOT iHpopmalji.

OTKe, y NPOLECi A0CNiAKEHHA BYN0 BU3HAYEHO, WO PO3BUTOK LMPPOBOT KOMMNETEHTHOCTI € KPUTUYHO BaXKNUBUM AN1A
HayKOBMX i HAYKOBO-NeAaroriyHMx NpauiBHUKIB y cydacHomy iHGopMaLiMHOMY CycninbCTBi. AganTauia 40 WBKUAKO 3MiHIOBAHMX
TEXHOJI0Ti Ta epeKTUBHE iX BUKOPUCTaHHSA B NPodeciliHii AisNbHOCTI BigKpMBaE HOBI MOXANBOCTI A/1A AOCNIAXKEHb, KOMYHiKaL,ji
Ta cnisnpaui. TakKMM YMHOM, A/A YCMIlWHOrO BMPOBAaAKEHHA UMPPOBUX TEXHONONIA Yy HAYKOBIiM AifANbHOCTI HeobxigHO
3abe3neunTn BigNOBIAHY NIArOTOBKY ¢axiBuiB, CTBOPUTU CNPUATIMBE CepepoBulle ANA ChiBNpaui Ta akTMBi3yBaTM OBMIH
iHbopMmauieto. Lie cTaHe OCHOBOW A1A NiABULEHHA AKOCTI AOCNiAXeHb Ta popMyBaHHA HOBMX HAYKOBUX MiAXOLIB Y Pi3HWUX
ranysnax 3HaHb.

ENeKTPOHHI couianbHi mepexki € BaXK/JIMBUM iHCTPYMEHTOM, WO CMPUAE NIATPUMLI KOMYHIKaUii MinblioHIB Ntoael B
iHTEPHET-NPOCTOPI 3aBAAKM BE/WKIl KiIbKOCTi 3apeecTpoBaHMX KopucTyBadis. Lii n1atdopmum 3abe3neuyoTe MOXAMNBICTE 0OMiHY
iHbopMmauieto, HanarogeHHsA NPodeciiHNUX KOHTAKTIB | CTBOPEHHA CMiIbHOT, WO 06'eAHYIOTb Ntoael 3 noaibHUMK iHTepecamu
Ta NpodeciiHoW AifNbHICTIO.

3aBAAKM CBOIM [OCTYNHOCTI Ta ¢YHKLIOHANbHOCTI, coujafbHi MepeKi He /Auwe MoJerwyoTs B3aEMOLID MiX
KOPUCTYBa4yamu, ane i CTaloTb MaAaHYMKOM s O6MiHY 3HAHHAMM, igeamu Ta AocBiZom. BoHuM BigirpatoTb BaXKAUBY posb y
nonynspusawii HayKOBUX AOCATHEHb, OBroBOPEHHI aKTyasibHUX NPOBAeM Ta CTBOPEHHI YMOB Ans cniBnpali B HayKoBii cdepi.
OcKinbku uMdpoBa KOMyHiKaLia cTae aeaani 6inbl BaXKAMBOI, €NEKTPOHHI COLianbHi Mepeski 34aTHI CyryBaTM KaTanisaTopom
DON5 PO3BUTKY HOBMX popm B3aemogii B npodeciliHomy cepeaosului (Onekcrok & /lebegeHko, 2015).

[ouiNnbHO NiAKPECAUTH, Lo eNEeKTPOHHI couianbHi Mepeski KnacuoikyroTbcA 3a KinbKoma KpuTepismu. Mo-nepue, 3a
TUMOM: iCHYIOTb MepeXKi ANa NOLYKyY Apy3iB, bisHec-mepexki, nnaTtdopmu, LWo H6a3yoTbea Ha Bigeo, aydio Ta $OTO, a TaKOXK Hiwesi
Mepexi, AKi NpUsHaveHi aAna cneundidyHo BU3HAUYEHMX rPyn KOPMUCTYBaYiB, Hanpuknaa, mepexka Xabpaxabp, Lo opieHTOBaHa Ha
daxisuis y ranysi IT.

BiNbWICTb Cy4yacHUX COLiaNbHUX MepeX € BiAKPUTUMK ANA BCiX, Xo4ya AefAKi 3 HUX QYHKLIOHYIOTb AK «3aKpUTI»
nnatopmu, WO BMMaraloTb 0OOB'A3KOBOro 3anMpoLEHHA ANA A0CTyny. TaKoX MeperKi MOMKHA YMOBHO pO3A4inuTM 3a
reorpadivyHolo opieHTaLi€l0 Ha rNo0banbHi, HaLWiOHaNbHI Ta perioHaNbHi.

Kpim Toro, 3a piBHeM po3BUTKY coLia/ibHi MepeXki NoA4iNATLCA Ha TPU OCHOBHI KaTeropii: Web 1.0 — couianbHi mepesxi
3 6a3oBuM ¢dyHKUioHanom, Web 2.0 — mepexi, Lo NPONOHYHOTb PO3LIMPEHI MOXKAMBOCTI ANA CMiZIKyBaHHA Ta B3aemogii, i Web
3.0 — mepeKi ManbyTHbOro, AKi NpParHyTb BUPILLYBaTM KOHKPETHI Npobaemu Ta NiABULLYBATU NOAbHICTb K iCHYHOUMX, TaK i
NOTEHUiHMX KopucTyBadiB. Lla Knacudikauia gonomarae Kpauie 3po3yMiTM Pi3HOMaHITTA nnatdopm i ix yHKUiOHANbHI
MO/IMBOCTI B KOHTEKCTI cy4acHol undposoi KomyHiKauii (Onekctok & JlebeneHko, 2015).

Ona po3BUTKY UMOPOBOI KOMMETEHTHOCTI HAyKOBMX Ta HAYKOBO-MeAaroriYyHMX npauiBHUKIB edeKTUBHUM €
BMKOPWUCTAHHA Pi3HUX €NEKTPOHHUX COLiafibHUX Mepexk, AKi 3abe3neyvyoTb MOXKAMBOCTI AN 06MiHY 3HaHHAMM, npodecinHol
B3aemogii Ta cnisnpaui. B 1abn. 1 3aiicHeHo aHani3 ix ocobsMBOCTEN Ta MepeBar 3acTOCYBaHHA ANA PO3BUTKY UUPPOBOI
KOMMNETEHTHOCTIi HayKOBMX Ta HAYKOBO-NeAaroriyHnx nNpaLisHUKIB.

Tabaunya 1. OcobaMBOCTI 3aCTOCYBAaHHA €N1EKTPOHHUX COLLia/IbHUX MEepPeXK A1 PO3BUTKY LUPPOBOi KOMNETEHTHOCTI
HAYKOBMUX Ta HaYKOBO-NeAaroriyHnx npauiBHUKIB

Hasea . Mema 3acmocysaHHA lMpu3Ha4yeHHA ®opma Ocobnusocmi ma pyHKyii
mepexi 830emMO0ii
LinkedIn MpodeciiHa My6nikauis MpodeciitHa My6nikauii, ®  MOKAUBICTb CTBOPEHHSA
meperKa gna npodecinHmnx meperka KOMeHTapi, npodeciiiHoro npodinio 3
CTBOPEHHA [OCATHEHb, y4acTb y npuBaTHi [LOCBIA,OM, HaBUYKaMM Ta
KOHTaKTiB, 0OMiHY rpynax 3a NOBiAOM/IEHHS, [OCATHEHHAMMW.
[0CBigoOM Ta iHTepecamu, rpynu e [lofaBaHHA Koser i
MOLLYKY HOBMX 06roBopeHHs napTHepiB AN PO3WMNPEHHA
MOXMBOCTEN aKTyasbHUX Tem y Mepexi.
Hayui Ta oceiTi ® YyacTb y npodecinHnx
rpynax 3a iHtepecamu.
e [lowyk BaKaHCili Ta
PEKPYTUHT.
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. Mema 3acmocysaHHA lMpu3sHa4yeHHA Ocobnusocmi ma QyHKyii
mepexci 830€MOOIT
e [locTyn A0 OHNalH-KypCiB
yepes LinkedIn Learning, wo
[03BOJIAE KOPUCTYBaAYam
nigBULLYBATM CBOi HABMYKM Ta
3HaHHSA.
ResearchGate | Mnatdopma gns My6nikauyin Mnatdopma gns | 3aBaHTaXKeHHA | o MoOAMBICTD
HAYKOBL,iB, LLO pesynbTaTiB HayKOBL,iB nyb6nikauyin, 3aBaHTaXXyBaTW Ta AinnTucA
A03BONAE AOC/’Ii,D,)KeHb, O6FOB0peHHﬂ, HayKOBUMM CTATTAMM.
obMmiHtoBaTHCA 06roBopeHHs KOMeHTapi o 06roBopeHHs Tem
ny6nikayiamu, CTaTef/'I,. OTpV.IMElHHFI LOCAIAKEHb, OTPUMAHHS
CTaBUTU BigryKis nopaa sig Koner.
3anuTanHA Ta ® OTpMMAHHA CTaTUCTUKMN
3Haxo4uTi koner npo nepernagy Ta LUTyBaHHA
3a cniisHmu BaWmMX nybnikauin.
iHTepecamum .
e [locTyn A0 HOBWH, NoAin Ta
KOHdepeHL,ii, NoB'A3aHNX 3
HAYKOBOHO AifA/IbHICTIO.
Academia.edu CoujanbHa 3aBaHTa)KeHHA CoujanbHa MNy6nikauii, e CTBOpEHHA Npodinio 3
mepexa gna cTaTei, mepexa ana donnoBiHr ny6nikauiamu Ta
HAyKOBL,iB, AKa 06roBopeHHn Ta HayKoBLiB iHLWNX LOCAIAKEHHAMM.
A [,03BONAE nignucka Ha KOPUCTYBaYiB | ¢ MosansicTb
p,invn:mcn CBOIMM HOBUHU Y I?aLIJiVI nignucysaTica Ha Koner ans
AOCNIAKEHHAMU ranysi OTPVUMaHHA OHOB/EHD.
Ta OTPMMyBaTM ® KomeHTyBaHHA Ta
Aoctyn Ao po6otu 06roBopeHHA HayKOBUX PODBIT.
iHWKNX .
®  MOXUBICTb
BiACNiAKOBYBATM aHANITUYHI
OaHi Npo UUTYBaHHA.
® [lponoHye pekomeHaau;i
wop0 nybnikauin Ta aBTopis
Ha OCHOBI iHTepeciB
KOPMCTYBaya, Lo Noserwye
NoLYK HOBUX MaTepianis.
Twitter LLBnaka CnigKyBaHHA 3a CoujanbHa TsiTTH, PeTBITW, | ® [y6niKaLia KOPOTKUX
nnatdopma ana HayKoOBUMMU nnatdopma ana Bignosiai, NoBiAOMAEHb Ta HOBUH.
y 06MiHYy HOBUHaM# opraHisauiamm, LIBUAKOTO 06MiHY xewTern ® BUKOPUCTaHHS xewTeris
Ta AyMKamu y4acTb y AUCKYCiAX iHbopmaLieto ANA Y4aCTi B AUCKYCIAX.
twitter Ta 06roBopeHHsax ® [loWMpPeHHA KOPUCHOTO
HEPES XelTer KOHTEHTY Big, iHLIKNX
(Hanp@Knap,, KOpUCTyBauiB.
#AcademicTwitter) . L , .
e Bignosigi Ha TBITU, Nakiku
Ta KOMeHTapi.
o  MoKnuBicTb
nonynApu3ysaTn ceoi
OOCNIAXEHHA, CTaTTi | HAYKOBI
[AOCATHEHHSA, 3a1y4yatoumn
LIMPLUY ayAUTOPItO.
e [lxkepesio HOBMH i
iHpopmauii npo nogii
HAYKOBIN Ta aKaAeMiuHin
CMiNbHOTI, BK/ItOYaOYM
KOHbepeHLii, cemiHapu Ta
HoBI nybnikauii.
Facebook CoujanbHa YyacTb y rpynax 3a 3aranbHa Tpynu, e CTBOpPEHHA Ta y4acTb Y
mepeXa, Wwo iHTepecamu, couianbHa ny6niKau,i'|', TeMATUYHUX Fpynax.
[,03BONAE 06roBopeHHs mepexa KOMeHTapi o MoxAuBicTb Ainntuca
CTBOPIOBATH aKTya/bHWX NuTaHb KoHTeHTOM, $OTO Ta
rpynv Ta Y Hayuj Ta ocBiTi HOBUHaMU.
CNiNbHOTH

® KomeHTyBaHHA NOCTiB Ta
B3aEMOZA 3 iHWMMM
y4YacHUKaMu.

o MoXKAuMBICTb Ainntunca
NOCWIAHHAMM Ha CTaTTi,
ny6nikau,ii Ta HOBUHU 3
HayKoBoi chepw, LWo cnpuse
NOLWMPEHHIO 3HaHb.
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Haszea

. Mema
mepexci

3acmocysaHHA

lMpu3sHa4yeHHA

dopma
83aemo0ii

Ocobausocmi ma yHKyii

e OpraHisauia HayKoBKUX
3axo0fiB, 30Kpema
KOHOepeHLil, cemiHapis Ta
iHWKX noaii.

® [1nAa HayKoBL,iB i
opraHisaLiit € MOXK/UBICTb
BMKOPUCTOBYBATK peknamy
ONA NPOCYBaHHA CBOIX
npoekTis, Nnybnikauiii Ta
3axogis cepen, WiiboBOi
ayAnTopii.

YouTube

Biseonnatdopma
ona nyénikauii
HaBYaNbHOro
KOHTEHTY

CTBOpEHHA
Bi4E0YpOKiB,
BebiHapiB abo
npeseHTaLin, Wwo
nonynapusyoTb
HayKOBi fOCATHEHHA

Bizeonnatdopma

Nainku,
KOMeHTapi,
nignncKa Ha

KaHanu

® 3aBaHTaXKeHHA Ta nepernag,
Bifleo, CTBOPEHHA
HABYA/IbHOTO KOHTEHTY.

e CTBOpPEHHSA B/IACHUX
KaHanis ans nybnikauii Bigeo.
® B3aemogis 3 rnsgadyamu
yepes KOMeHTapi.

e BuKOpuWCTaHHA Bigeo anA
NOACHEHHA CKNAAHUX TEM,
LEeMOHCTpaL,ii eKcnepumeHTiB
ab0 06roBopeHHN HOBUX
[OCATHEHb Y HayL,i.

® MOK/INBICTb OLIHUTK
nonynApHiICTb CBOIX Bifeo,
Ai3Hatuca npo gemorpadito
rNAAAdIB i IXHIO aKTUBHICTD.

Slack IHCTpyMeHT ana
KOMaHAHOi
poboTtu Ta

CnifKyBaHHA

CTBOpPEeHHA KaHanis
ANnA 0broBopeHHs
npoekTis, 06MmiHy

inesamm Ta
pecypcamu

IHCTpymeHT ana
KOMaHAHOi
poboTun

KaHanu agna
CNiNKyBaHHA,
npusaTHi
noBiAOM/IEHHA

® CTBOPEHHA TEMATUUYHUX
KaHanis AnA CNinKyBaHHA.

o Jlerke o6MiHIOBAHHA
AOKYMeHTamMM Ta
maTepianamu.

® MOKNMBICTb CNiNIKyBaHHA B
pexXumi peanbHoOro yacy.

o KopucTyBayi MOXYTb €rKo
3aBaHTaXyBaTW Ta AiNUTUCA
AOKYMeHTamm, Tabamuamm,
npeseHTaLiAMM Ta iHWKMMK
darinamm, Wo pobuTb cninbHy
poboTy edeKTUBHIWOLO.

Discord

Mnatdopma gns
CTBOPEHHA
CNiNbHOT, AKa
nigTpumye
TEeKcToBe Ta
rosiocose
CnifIKyBaHHA

OpraHizauis
BipTya/NIbHUX
cemiHapis,
06roBopeHb Ta
cnisnpaui B
peanbHOMy Yaci

Mnatdopma gns
CNiNKyBaHHA B
peanbHOMy Yaci

YaTtu, ronocosi
po3moBy,
06roBopeHHs

e CTBOpEHHA NPOCTOpYy ANA
CNiNKyBaHHA B peasibHOMY
yaci.

e [natpopma fo3BonAe
CTBOPOBATU CMiNIbHOTH
HABKOJ10 CNifIbHUX iHTEpeciB,
o pobuTs il igeanbHowo ans
HAYKOBUX Fpym, A€ YYaCHUKK
MOXYTb 0BMiHIOBaTUCA
[OCNIgXKEHHAMM, igeamm Ta
pecypcamu.

® [lpoBeaeHHA BipTyaNbHUX
3yCTpiven.

Mnatdopma gns
ynpasniHHA
6ibniorpagieto Ta
cnisnpavi mix
AoCNigHNKaMKU

Mendeley

MENDELEY

36epiraHHA
LOCNIAXEHD,
CTBOPEHHA
6ibniorpadiii Ta
06roBopeHHs
HayKOBMX CTaTel

Mnatdopma gns
ynpasniHHA
6ibniorpadieto

YnpasniHHA
AOKYMeHTamu,
06roBopeHHs
cTaTen

e OpraHi3auia HayKoBKux
cTaTelt Ta CTBOPEHHA
6ibniorpadii.

® MOX/MBICTb NpaLOBATH
Hag, AOKYMEHTaMM 3 iHWMMHK
KOpWCTyBaYamu.

e [locTyn 40 HAayKOBUX pobiT
Ta cTaTeu.

® CUHXpOHi3aLia 6ibnioTeK Ha
Pi3HUX NPUCTPOAX, LWO
3abesneyye gocTtyn oo
maTepianis B byab-AKuiA yac i
B 6yAb-AKOMY MicLj.

51




Tom 39, Ne 5 / Vol. 39, No 5 (2024) di3uko-matemartumuHa ocsita / Phisical and Mathematical Education

Haszea dopma

. Mema 3acmocysaHHsa lMpusHayeHHs Ocobnusocmi ma pyHKYii
mepexi 830emMo0ii

® Mae coujianbHy mepexy, ae
KOPUCTYBayi MOXYTb
3HAXOAUTU iHLIMX
[OCNiAHVKIB, CNigKyBaTh 33
IXHbOO AIANbHICTIO Ta
06MiHIOBATMCA 3HAHHAMM.
® Hapae iHCTpymeHTU ana
aHani3y HayKoBOIi AiANbHOCTI,
TaKi AK KiNIbKICTb UUTYBaHDb,
iHOEKCcK BMNAMBY Ta iHLWI
METPUKMU.
TikTok CouianbHa CTBOpEHHA CouianbHa Naitkn, e CTBOpEHHA Ta 06MiH
mepexa gna KOHTEHTY, WO mepexa ana KOMeHTapi, KOPOTKUM KOHTEHTOM.
KOPOTKMX BIAGO | NOMYNAPUSYE HAYKY | KOPOTKMX BiACO NOWMPEHHA | o BykopMCTaHHA NONYAAPHIX
Ta OCBiTy y Uikagiid Bigeo TPeHAIB ANA 3aNyUeHHs
dopmi. ayauTopii.
Bubip mepex ® B3aemogia 3 rnagayamu Ta
3aNEeXUTb Big Linen A A
06roBOpPEHHA KOHTEHTY.

Ta ayauTopii. 4
BaskanBO o BMKopMCTa_HHﬂ xewreris
eKCnepumeHTyBaTH Aonomarae niasuLmnTH
3 pi3HUMM BMAMMICTb KOHTEHTY,

A03BO/1A0YMN KOPUCTYyBa4YamM
3Haxo4AuTu Bi,u,eo 3a NeBHMMU
Temamu abo TPpeH4amu.

nnatpopmamm Ta
0bupaTtu Ti, AKi

HalKpalle
BiANOBIAAOTL e [natpopma YacTo cTae
BalWMMm notpebam micuem ana nonynapusauii

HayKoBuX iaen yepes
pi3HOMaHITHI TpeHaM Ta
BUKJIMKM, LLLO MOKE 3a/Ty4UTK
6inbwe monoai A0 HaBYaHHA.

Jepeno: aemopcbKa po3pobKa.

OmKe, uMdposi Ta iHPopMaLiiHO-KOMYHIKaLiHI TeXHONOrIi BigirpaloTb KAOYOBY POJb Y Cyd4aCHOMY HayKOBOMY Ta
OCBITHBOMY CepefoBMULLi, 3abe3neyytoun HOBi MOXKAMBOCTI ANA KOMYHiKaLii, cniBnpaui Ta 06miHy 3HaHHAMK. CoLianbHi mepei,
Taki K LinkedIn, ResearchGate, Academia.edu, Discord Ta iHLWi, cnpuatoTb PO3BUTKY NpodeciiMHuxX 38'A3KiB, 06MiHYy A0CBigOM Ta
nonyaapu3aii HAYKOBUX JOCATHEHb.

KoxHa nnatdopma mae cBoi 0cobimBocTi Ta dyHKLII, WO A03BONAE HAYKOBLAM afanTyBaTu iX A0 €BOiX noTtpeb.
BMKOPUCTAHHA ENeKTPOHHUX COLiaNbHUX MepeXk He nuwe niasuilye edeKTUBHICTb CMiZIKyBaHHA, ane W CpUAE PO3BUTKY
LMOdpPOBOIi KOMMNETEHTHOCTI, WO € YXUTTEBO HEOobXiAHMM ANA YCNiWHOI AiANbHOCTI B YMOBaXx Cy4acHOro iH$opmauiinHoro
cycninbcTBa.

BapTo HaronocuTy, Wo eneKkTPOHHI couianbHi Mmepexi MatoTb CMiNbHI Ta BiAMIHI O3HAKM, AKI MOXKYTb 3HAYHO CMPUATH
PO3BUTKY LMPPOBOI KOMMNETEHTHOCTI HAYKOBMX i HAYKOBO-NeAaroriyHMx npaLiBHUKIB, 30Kpema:

LinkedIn. EneKTpoHHa couianbHa Mmepexka Ma€e Ha meTi GOKYC Ha PO3BUTOK Kap’epu Ta NpodeciliHoro 3pocTaHHA HayKoBO
Ta HAayKOBO-MeAaroriyHoro npauiBHMKa, a TaKOXK BCTAHOB/IEHHIO NpodeciiHMX KOHTAKTIB Ta MOLYKY cniBnpaui. Taka cnisnpaua
HaZla€ MOX/IMBICTb OTPMMYBATM Ta HaZABaTU peKoMeHAaLT Big Koner, 34iACcHI0BAaTU NPOCYBAHHSA BAACHOIO NPOEKTY UM YCTAaHOBMU
TOLLO.

ResearchGate. [laHa mepexa OpieHTOBaHa BUK/IIOYHO HA HAYKOBL,B i AOCAigKeHHA. HayKoBi Ta HayKOBO-NeaarorivHi
NpPaLiBHUKN MOXKYTb OTPMMYBATM KOMEHTapi Ta BiAryKu Ha cBOi NybAiKaLii, a TakoK 34ilcHIoBaTN Be3nocepeaHio KOMYHiKaLito 3
Koneramw.

Academia.edu. JOCNiAHVKM MOXYTb 3aBaHTaXKyBaTh CBOT pOHOTU Ta AIANTUCA HUMK. TaKOXK B €N1EKTPOHHII coLianbHil
Mepexki HayKoBi Ta HAaYKOBO-NeAaroriyHi NpauiBHUKM MaloTb MOMKAUBICTb NEpernafaT CTaTUCTUKY BRAMBY iXHiX Nybnikauin, a
TaKOX CTBOPIOBATU NpodeciiiHi 38’A3KN Yepes B3aEMOAIIO 3 iHLIMMU HAaYKOBLAMM.

Twitter - ipeanbHa nnatdopma gna onepatMBHoro obmiHy HOBMHamMKM Ta igaesmu. MNnatdopma [03BONAE AINUTUCH
B/IACHMMM HOBUHAMM, NMPOEKTaMM, Pi3HOMAHITHUMM 3ax04aMW i3 BUKOPMCTAHHAM XelTeriB, WO AO03BOJIAE A0/y4aTUCA A0
aKTYa/IbHUX AUCKYCIlA.

Facebook. HayKoBi Ta HayKoBO-neparoriyHi npawiBHUKM MatoTb MOK/IMBICTb CTBOPHOBATU PiISHOMAHITHI CNiNbHOTK Ta
34ilACHI0OBaTM 06roBOpeHHA A0CNIAXKEHb cepes, BeUKOI KiIbKOCTi ntogen.

YouTube nigxoguTb ANA HaBYaHHA Ta NONyAspuU3aLlii HAYKOBUX ifel Yyepes Bifgeo, Ae HayKOBi Ta HAayKOBO-NeAaroriyHi
NPaLiBHMKN MOXYTb CTBOPHOBATY Lifli Kypcy y dopmarTi Bifeo, a TaKOXK BUCBITIIOBATU €Tanun NPOBeAEeHHS SOCAIANKEHHS.

Slack — nnaTdopma, Aka CTBOpeHa A/A CRibHOI PoBOTM Haf npoekTamu. |i 3acTOCyBaHHA HaAa€E MOMMBICTb
OopraHi3yBaTh AUCKYCii 3@ Pi3HUMM TEMAMMU.

Discord ponomarae o6roBoptoBaTu CNiNbHi AOCAIAKEHHA Ta HAYKOBI NpaLi Yepes TEKCTOBI Ta r0/10COBI KaHaW, a TaKOXK
Haa€ MOXK/INBICTb NPOBOAUTY BileOKOHbEPEHLi.

Mendeley npu3sHayeHa gna 36epiraHHA Ta opraHisauii HAyKOBWX cTaTen Ta aBTomaTnyHe GopmyBaHHA 6ibniorpadin.
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TikTok — cyyacHa monogixkHa nnatdopma, AKY HayKOBi Ta HAYKOBO-NeAaroriyHi NpaLiBHUKN MOXKYTb BUKOPMCTOBYBATH
ONA WBUAKOIO 3a1y4eHHsA yBarm A0 CBOro NPOEKTY YN AOCNIAXKEHHA 3aBAAKM NONYNAAPHUM Bigeo.

OTKe, BApTO HAroA0CUTM, LLO Pi3Hi COLianbHi Mepexi MOXKYTb CNPUATU PO3BUTKY LMGOPOBUX HABUUOK HAYKOBUX
npawyiBHUKIB, AoNOmaratoum iM afanTyBaTUCA A0 3MiH Yy npodecitHoMy cepefoBuLi Ta 3a1MWATUCA aKTya/lbHUMM B YMOBAX
CTPIMKOrO PO3BUTKY TEXHONOTIN.

Came TOomy, AnA ePeKTUBHOrO PO3BUTKY LMEPPOBOI KOMNETEHTHOCTI HAayKOBUX i HAayKOBO-NeAaroriYyHMX npaliBHUKIB
HeobXifHO BPaxoByBaTU HU3KY KNOYOBMX acMeKTiB, AKi MOXYTb CYTTEBO CNPUATK iXHbOMY NPodecitHOMY 3pOCTaHHIO B yMOBaX
cyyacHoro iHbopMmaLiMHOro cepefoBuLLa. BUKOPUCTAHHA eNEeKTPOHHUX CoLiaibHUX Mepek, Takux Ak LinkedIn, ResearchGate Ta
Academia.edu, BigKpvBA€E HOBI MOXAMBOCTI Aas NpodeciMHOro cnifkyBaHHs HayKoBUi MatoTb 3mMoOry ZinuMTucAa cBoimMmM
OOCATHEHHAMM, OBroBOPIOBATM aKTyaNbHi Npobnemu Ta BCTAaHOB/OBATM KOHTAKTM 3 KoJeramu, Wo cnpuae GopmyBaHHIO
HayKOoBOI CMiNIbHOTM Ta aKTMBI3aL,ii NnpodeciliHoi B3aemog;i.

Kpim Toro, unoposi nnatdopmu, Taki Ak Slack i Discord, 3abe3neuytoTb edpeKTUBHI 3acobu ana KomaHAHOI poboTw,
0bMmiHy igeamu Ta peanisauii cnifibHUX NPOEKTIB. Lle A403BONAE HAYKOBLAM OpraHi3oByBaTU CMi/ibHI JOCNIAXKEHHSA, OpaTH yy4acTb y
KoHdepeHuiax i nybaikyBaTV pe3ynbTaTh KONIEKTUBHUX 3ycub. B3aemogisn yepes uj nnatdhopmu He nnLue NonerLye KoMmyHikadito,
ane i cNpuse reHepawii HOBUX ifel, NiABULLYE AKICTb JoCNiAKeHb | opMye iHHOBaLiMHMIA NiaXia, 40 BUPILLEHHA HAYKOBUX 334aY.

BUKOPUCTaHHA iHCTPYMEHTIB, Takux ak Mendeley gna 6ibniorpadiuHoro meHegmeHTy, Google Drive gna cninbHol
poboTn Hag AokymeHTamu Ta YouTube anAa po3pobKu HaBYaNbHUX MaTepianis, CTaNo HEBiA'EMHOIO CKIA[O0BOK Cy4YacCHOI
HayKoBOI NPaKTUKWU. ONaHyBaHHA LMX TEXHONONIN € KPUTUYHO BaXK/IMBUM A1A MNiABULLEHHA NPOAYKTUBHOCTI Ta epeKTUBHOCTI
HayKoBOI AifnbHOCTI. LLi IHCTpYMEHTM He anwe cnpoLytoTb NPoLec ynpasaiHHA HayKoBUmKM nybnikauiamu Ta pecypcamu, ane i
CNpUAIOTL KONEKTUBHIM POBOTi, WO 0cO6MBO aKTyaslbHO B YMOBAX MiXKAUCUMNAIHAPHUX JocniaxKeHb. Hanpuknaa, Google Drive
[,03BO/IAE HAYKOBLAM CMNiNIbHO peAaryBati OKYMEHTU B PEXUMI peasibHOro 4acy, Lo MOKpaLLy€e KOMYHIKaL,ilo Ta NPULLBUALLYE
npouec obmiHy igeamn. Kpim Toro, YouTube BMCTYMae Baxk/MBUMM PEeCypcom A/ MOLWMPEHHA HAyKOBWUX 3HaHb, agyKe 3a
L0MoOMOroto  Bigeomarepianis AOCAIAHUKM MOXYTb AOHOCUTU CKAAAHI KOHUenuii A0 LWMPOKOI ayauTopii, Wo cnpuae
nonyaAapu3sauii HayKu Ta 3as1y4eHHI0 HOBUX AOCAIAHMKIB. TaKUM YMHOM, iHTErpaLia cy4acHux LMdpoBUX iHCTPYMEHTIB Y HAayKOBY
OiANbHICTb 3HAYHO PO3LIMPIOE MOMKAMBOCTI AOCNIAHMKIB i NiABULLYE AKICTb X po6OTH.

Po3BMTOK LMbPOBOI KOMNETEHTHOCTI Nepeabavae BMiHHA KPUTUYHO OLiHIOBATU iHbOPMaL,ito, L0 HAAXOAMUTb 3 Pi3HUX
nxKepen. HaByaHHA HaBUYKaM iHPOPMALAHOI rPaMOTHOCTI AONOMArae AOC/iAHMKaM i negaroram po3pisHATY HagivHi Axepena
Bi, HEHaAiMHMX, WO € 0CO6MBO BAaXIMBUM Yy YacK iHPOPMaLMHOIO NepeBaHTaXKeHHsA. TaKoXK BaXKMBO 3ab6e3neynTy HaBYaHHsS,
AKe 403BONUTb HAYKOBLAM i Nnegaroram oCBOKBaTW HOBI TEXHOOFIT y Npoueci iX BUKOPUCTaHHA, a He aunwwe B Teopii. Lle moxxe
BK/IlOYATM BebiHapu, TPEHiHTW, Kypcu NiaBULLEHHA KBanidikaujii, a TaKOX aKTUMBHY B3aEMOLII0 B COLa/NIbHUX MepeXKax Ta
npodeciiHmux nnatdopmax. TaKMM YUHOM, PO3BUTOK LUMPPOBOT KOMNETEHTHOCTI CTAa€ HE ANLIE NMUTAHHAM TEXHIYHUX 3HAHb, a 1
KY/ZIbTYPHOIO NPAKTUKOO, AKa NiABULLYE 3araibHy epeKTUBHICTb HayKOBOI i NeaaroriyHoi AiAnbHOCTI.

BapTo Haronocuty, Wo HayKoBi opraHisauii MOXyTb BiflirpaBaTv Bax/nBY poJib Y PO3BUTKY LIUPPOBOi KOMMNETEHTHOCTI,
BMPOBAaAKYHOUYM NPOrpamu nNiaBULLEHHA KBasidikaLii, opraHi3oBylouM TPEHIHIM Ta HadalouM AOCTyNn A0 HeobXiAHWX pecypcis.
Kpim Toro, HayKoBi opraHi3aLii MOXyTb CTBOPIOBATU CepefoBuLLA AN KONEKTUBHOrO HaBYaHHA Ta OBMiHy AocBigom, wWwo
[,03BOJISE iXHIM CNiBPOBITHMKAM He nulue NiABMLLYBATU CBOI HAaBMYKK, ane i NigTpMmyBaTH aKTUBHI NpodeciiHi mepexi. Lle, B
CBOIO Yepry, cnpuae GopmMyBaHHIO KynbTypu Ge3nepepBHOro HaB4YaHHA Ta agdanTauii 40 WBMAKO 3MiHIOBAHOro UUdpPoBOro
cepefoBULLA, LLO € KAOHOBMM GaKTOPOM YCnilIHOI HAYKOBOI AifANbHOCTI Y Cy4aCHMX YyMOBaXx.

OTXe, pPO3BMTOK UMPPOBOI KOMMNETEHTHOCTI ABAAE cobO CKNaaHW Ta baraTorpaHHWA Mpouec, AKWIK OXONJoE
HaBYaHHA, NpodeciiHy KOMyHIiKaL,ito, cniBNpaLLo Ta NOCTiMHY afanTaLito A0 HOBUX TEXHONOTYHNX YMOB. Lli enemeHTH cnpumsaioTb
edeKTUBHIl iHTerpauii uMdpPoBMX TEXHOOTIA B HAYKOBY AiANbHICTb i OCBITHIM npouec, 3abe3neyyoym HayKoBLAM i negaroram
MOX/IMBOCTI ANA ONTMMI3aLii 1X poboTH, MOKPALLeHHA NPOAYKTMBHOCTI Ta NiABMULEHHA AKOCTI OCBITHIX i AOCNIAHWULBbKAX
pes3ynbTaTiB.

Y 3B'A3KY 3 LM BaXK/IMBO NOCTIMHO OHOBIOBATU 3HAHHA Ta HABMYKM, aKTUBHO 3anyyaTncs A0 NpodeciiHMX CNiNbHOT i
BMKOPWUCTOBYBATM AOCTYMHi pecypcu ANnAa po3BUTKY B Ui coepi. Lle A03BOAUTL afanTyBaTMCA A0 LWBMAKO 3MiHIOBAaHOroO
undposoro cepeoBuLLa, 3abe3nedyoum KOHKYPEHTOCMPOMOXKHICTb Ta IHHOBALiIMHICTb Y HAYKOBIM i OCBITHIW AiANbHOCTI.

MpoaHanisyBaBLWM PiISHOMAHITHI €NEKTPOHHI coLianbHi Mepexi, WO CnpuAlTb PO3BUTKY LUPPOBOI KOMNETEHTHOCTI
HayKOBMX Ta HayKOBO-NeAaroriYyHnX NpaLiBHMKIB, AOLIIBHO ONMCATK AeKiNbKa NPaKTUYHUX NOpaj, WoAo iX BUKOPUCTAHHA, AKi
HaBeAeHo B Tabn. 2

Tabauua 2. MpakTUYHI Nopagu ANA HAYKOBUX Ta HAYKOBO-NeAaroriyHUX npauiBHUKIB
ANA pO3BUTKY LMPPOBOI KOMNETEHTHOCTI 3aC06aMM eIeKTPOHHUX COoLiaIbHUX MepeXx

Hazea mepesci PexkomeHOayina

LinkedIn » BuiKkopwucToByiTe nnatdopmy AnA CTBOPEHHA npodeciiHoro npodinto, AKWIA MigKkpecatoe Bali
[OCATHEHHA Ta HAaBUYKM.

» AKTVBHO fonyyaiiTecs Ao npodeciiHux rpyn i o6roBopeHb, Wo6 po3WIMPUTU MePeKy KOHTAKTIB i
OTPUMATU HOBI 3HAHHA.

» PerynapHo oHOBAtOMTE CBil NPodinb, 404NN HOBI OCATHEHHA, NPOEKTM Ta NybaiKauii.

» [iniTbca cBOIMM yMKamMu Ta AOCNIAKEHHAMM, W06 NPOAEMOHCTPYBATU EKCNepTH3y.
ResearchGate » PerynapHo 3aBaHTaXyunTe cBoi NnybikaLii Ta 40CAiAKEeHHA, WOo6 NiaABULWUTI BUAMMICTb CBOIX POBIT.
» BuKopucToByiTe dYHKLIO 3anuTiB, W06 OTpUMaTH 3BOPOTHMI 3B’A30K Bif, KOJIET Ta 3a1yyaTy ix Jo
cnisnpau,i.

» Nianucyintecs Ha Koner, Wwob 6yt B Kypci iXHiX HOBMX Ny6AiKaLii.
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Ha3zea mepexci PexkomeHOayisa
Academia.edu » 3aBaHTa)kyiTe CBOI HayKOBI CTaTTi Ta MOHOrpadii, a TaKOXK CNiAKyHATe 3a BNAMBOM Balmx Ny6aiKaLin
yepes aHaNITUYHI IHCTPYMEHTH.
A » [onyyaitteca A0 TeMaTUYHUX AMCKYCIi, LWo6 3HaNTU 0AHOAYMLIB Ta 0BMIHIOBATMCA AOCBIAOM.
» [opaiite BCi cBOI Ny6AiKaLii Ta AOCAIAMKEHHSA.

» BUMKOPUCTOBYITE aHaNITUKY 418 OLHKM BMNIMBY CBOIX POBIT.

Twitter > BMKOPUCTOBYITE XeLITern oA y4acTi B aKTyasibHUX HAYKOBUX AMCKYCIAX Ta 418 06MiHY HOBUHaAMMU.
» Mignucyiiteca Ha npoodini iHWKMX HAyKOBLiB Ta opraHisauii, Wob 3aAMWaTNCA B KypCi OCTaHHIX
TEeHAEHUjM y Bawil ranysi.

> Tyb6nikyiMTe KOPOTKI KOMeHTapi abo NoCMNAHHA Ha LjiKasi cTaTTi

L ¢

twitter

Facebook » CrBoptoiTe abo NpuUeaHYATECA 40 3aKPUTMX Fpyn, A€ MOXKHA obrosoptoBaTh cneundivHi Temu Ta

LiNUTUCA pecypcamu 3 Kosleramu.

> BuKopwucToByiiTe nnatopmy ANA opraHisauii 3axoais Ta BebiHapis, Wo6 3anyyaTv WMpy

ayauTopito.

» [iniTbcA CTaTTAMM, pECYPCaMM Ta CBOIMMU LOCNIAXKEHHAMM.

» OHoBAtONTE CBIli NPOdinb.

YouTube » PospobnsitTe Bigeomatepianu gna NonyasapusaLii HayKoBUX AOCATHEHb | HaBYabHUX KypCiB.

» Nybnikynte nekuii Ta cemiHapu, wob 3abesneunty AOCTYN A0 3HaHb ANA 6iNbLIOI KiNbKOCTI

CTy4EeHTIB i Koner.

» [initbca 3HaHHAMK y dopMmarTi Bigeoypokis abo npeseHTau,il.

» BUMKOpPUCTOBYITE 3aMMTaHHA Y KOMEHTapAX, Wo6 aKTUBI3yBaTK 06roBopeHHs.

» 3anpolyiiTe Koser 40 CRilbHUX NPOeKTiB abo iHTepB’io.

Slack > BuKopwucToByiiTe Niatdopmy A1 OpraHisauii KomaHaHOT po60TM Had NpPoeKTammn, obmiHy igeamu

0 Ta LOKYMEHTaMM.

-.. » HanawTyiiTe KaHanu gna pisHMX Tem, Wo6 NONerwmnTM KOMYyHiKauilo B pamkax AO0CAiLHMLbKOT

.. rpynu.
MiakntoyarTe iHWI iHCTpymeHTH (Hanpuknag, Google Drive) ana 3py4HocTi cniBnpati.

BukopucrosyiiTe naatdopmy ANs WOAEHHOTO abo LOTUKHEBOFO 0BMIHY ifeAMM Ta MPOrpecom.

CTBOPHOMTE TEKCTOBI Ta rO/IOCOBI KaHaM A8 PisHUX rpyn abo NpPoeKTiB.

PerynapHo opraHi3oByiTe ronocoBi Yu Bifeo 3ycTpiyi ona o6roBopeHHs igew.

3anpoluyiiTe Koner A0 y4acTi B 06roBopeHHsX.

Discord

YV V V|V V

B

Mendeley > BMKOPUCTOBYITE Lei iIHCTPYMeHT ans epeKTUBHOro ynpasniHHA 6ibniorpadieto Ta 36epiraHHA
HayKOBMX CTaTen.

» [onyyaitteca go rpyn ans o6roBopeHHs Nitepatypum Ta 06MiHy pecypcamu.

» [initbca 6ibnioTekamm 3 iHWMMM AOCAIAHUKaMKM AAA ChinbHOT po6oTu.

» ABTOMaTU4HO PpopmyiTe Bibniorpadii Ans cBoix NybaiKaLin.

MENDELEY

TikTok » CTBOpIONTE KOPOTKI Bifeo, AKi NMOACHIOIOTb CKAAAHI HAayKOBi KOHLENLii A4OCTYNHOK MOBOK ANA
MOANOLIXHOI ayanTOpii.

» 3anyuaiiTe yBary, BUKOPUCTOBYIOUM aKTyaNbHi TPEHAM Ta XeluTern.

» BuKopwcTOBY#Te NAaTGOPMy ANA 3a/y4YeHHRA yBaru 0 HAYKOBMX MPOEKTIB Ta iHiLiaTuB.

» CnpobyiiTe 3a1y4nTU MONOALLNX AOCNIAHWNKIB 40 0BroBOpEHD.

Jepeno: aemopcbKa po3pobKa.

TakMM UYMHOM, E€NeKTPOHHI CoLiasibHi MepexXi MaloTb CYTTEBE 3HAYEHHA A/A PO3BUTKY LUPPOBOI KOMNETEHTHOCTI
HAYKOBMX i HAYKOBO-MeAaroriyHmx NpaLiBHUKIB. BOHW He nLwe 3abe3neyytoTb AOCTYN 4,0 HOBUX 3HAHb | pecypcis, ane il cnpuatoTb
npodecinHoMy 3pOCTaHH!0, NiABULLYIOUYN ePEKTUBHICTb HAYKOBOI AifNIbHOCTI. BUKOPUCTaHHA UMX NAATOPM Y WOAEHHIN NPaKTUL
MOMKe CTaTU KPUTUYHO BaXKIMBUM YNHHUKOM NS AOCATHEHHA yCNixy B Kap'epi B ymoBax umopposoi TpaHchopmalii. Lie 3okpema
BK/IIOYAE MOM/IMBICTb ANA HAYKOBLiB BECTU aKTUBHUIM OOMIH 40CBIAOM, HANAroAKyBaT KOHTAaKTW 3 KOJieramMu Ta OTPUMYBATH
OOCTYN A0 aKTyaNbHUX AOCNIAMEHb i HOBITHIX TEXHONOrIW. TaKMM YMHOM, €NEeKTPOHHI CoujaNbHi Mepexki CTaloTb BaXK/MBUM
iHCTPYMEHTOM He /inLe AnA iHAMBIAYaNbHOrO PO3BUTKY, a 1 AN1A GOPMYBAHHA AMHAMIYHOI Ta iHTErpoBaHOI HAYKOBOT CMiZIbHOTH.

BUCHOBKU TA NEPCMEKTUBU NMOAA/IbLLOIO AOCNIANEHHA

Po3BUTOK UMPPOBOT KOMNETEHTHOCTI Cepe, HayKOBMX | HAYKOBO-NeAaroriyHMx NpaLiBHUKIB € KPUTUYHO BAXKIMBUM A5
iXHbOI NpogdeciiHoi AianbHOCTI B yMOBax CyvyacHoro iHGopmaLinHoro cycninbcTBa. ENEeKTPOHHI coujianbHi mepexki Buasmanca
edeKTMBHUMM nnatpopmamm ana obmiHy 3HaHHAMM, NpodeciiHOoi KOMyHiKauii Ta po3BUTKY Konabopauil, Wo cnpuse
NiABULLEHHIO LMPPOBMX HABUMYOK HayKOBLiB. ENEKTPOHHI couianbHi mepesKi BUABMANCA ePpeKTUBHUMM NaaTPopmamm ana obmiHy
3HaHHAMM, NpodeciMHOI KOMYHiKaLLi Ta PO3BUTKY KONabopaLil, Wo cnpuse NigBUWEHHIO LMGPOBUX HABUYOK HAyKOBLLB. ICHYtOYi
bap'epu, Taki AK Bpak yacy, HeAoCTaTHA 06i3HaHICTb Ta OMip HOBUMM TEXHO/ONIAM, YCKAALHIOTh ePEeKTUBHE BUKOPUCTAHHA
coujanbHux mepesK. Lle notpebye cneuianbHUX 3axo4is ANns X NogosnaHHA. Mporpamm HaBY4aHHA Ta TPEHIHIM, CNPAMOBaHI Ha
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PO3BUTOK LUMPPOBUX KOMMNETEHLIM, € BaXKAMBUMM OAA NiABULEHHA 0Bi3HAHOCTI Ta BNEBHEHOCTi HAYKOBLIB Y BMKOPWUCTAHHI
€/1eKTPOHHMX COLialbHUX MEPEeXK.

ENeKTPOHHI coujianbHi MepesKi A03BOIAIOTb HAYKOBLAM CTBOPIOBATK NPodeciliHi mepexi, Wwo cnpuse obmiHy igesmmn Ta
cninbHUM pocnigxeHHam. CouianbHi meperKi HagatoTb naatopmy aasa 06MiHY HayKoBUMM NybBAikauiamu, LOCNIAHULBKUMM
maTtepianamu Ta HOBMHaMM y ranysi. BUKopucTaHHA Takux nnatdopm sk ResearchGate i Academia.edu f03BONAE HayKOBUAM
NiABULLUTY BUAUMICTb CBOIX AOCNIAMKEHb, 3a/y4atoun yBary Koser i NoTeHUiMHMX napTHepiB. Y4yacTb y npodeciiHux rpynax i
bopymax 3abe3neyye MOXKAMBICTb A1 He3nepepBHOro HaBYaHHSA, 06MiHY NPAKTUKamM Ta HOBUMU MeToAaMM poboTH.

Mopanbwi AOCNIAXKEHHA MOXYTb 30CepefAuTUCA Ha BMBYEHHI KOHKPETHWX NPUKNAAIB BUKOPUCTAHHA €NeKTPOHHMUX
coujianbHUX MepeXK, AKi Npu3Benn Ao ycniwHUxX Konabopauii abo HOBUX HAYKOBUX JOCATHEHb.
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