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ABSTRACT

®PopmyniosaHHa npobaemu. BusHavyeHHA cunu e3aemooii 3apadHeHuUx
min Mae eaxcause NPaKMuyHe ma memoouyHe 3HaYeHHsA. B lio2o ocHoei
nexums 3aKoH KynoHa, ane 8iH 8U3HAYAE 83AEMOODIO MiX MOYKOBUMU
3apAdamu. [0eani3osaHa ymo8a BUKOHAHHA 3QKOHY (po3mipu min
Habazamo MeHwi 8idcmaHi Mix HUMU) He 00380/7€ 8UKopucmosysamu
lio2o 0514 po36’A3aHHA MPAKMUYHUX 300aY. Y 8UnadKy He3Ha4yHoi 8idcmaHi
MiXC 3apAOHEHUMU Minamu BUKOPUCMOBYEMbLCA MOOenb HernepepeHo
po3nodineHozo 3apAdy i cuny 63aeMoO0ii pPo3paxosylomsb  WAAXOM
iHmezpyeaHHa no o06’emy min cun 63aemodii enemeHmis min, wWo
3ampyOHAE NPAKMuYHe 8UKOPUCMAHHA Uiei moderi.

Mamepianu i memodu. [lopisHiosanuca pe3ynsmamu po3paxyHKy
cunu 83aemoolii 080X OOHOPIOHO 3aPAOHEHUX CMPUMCHIE 3a pPi3HUMU
modenamu. IcmuHHa cuna  eusHayanaca 8 Mooesi  HerepepsHo
po3nodineHozo  3apsAdy,  KysnoHiecbka  —  modeni  MOYKOB020.
Po3spaxosysanaca abcoatomHa i 8iIOHOCHA MOXUGKU 3aCMOCY8AHHA 3AKOHY
KynoHa 8 3anexcHocmi 8i0 8i0HOCHOI 8idcmaHi a/ 1, 0e a — sidcmate mixc
yeHmpamu 3apadis, L — 0081UHA cmpuxHis.

Pesynemamu. Haykoea HoeusHa pobomu nons20€ y BU3HAYEHHI
nMoxubKu 3acmocy8aHHsA 3aKOoHy KynoHa 00 po3paxyHKy cunu e3aemodil
MINHC 3apAOHEHUMU CMPUXHAMU 8 3a1exHocmi 8i0 8i0HOCHOI 8idcmaHi
Mi¥¢C HumMu. BoHa 3mMeHwyemoeca i3 pocmom 8i0HOCHOI eidcmaHi i
3anexumes 8i0 e83aeMHOI opieHmayii cmpuxHis. Halibinewe 3Ha4eHHA
noxubKa MAe npu po3mawye8aHHi CmpuxcHie Ha 00Hil oci.

BucHOBKU. PO3paxyHKU OKa3anu, Wo 30aKOH KynoHa MOHA
3acmocosy8amu 00 8U3HAYEHHA CUAU 83AEMOOIT 3apAOHEeHUX min Hasimb
pu HeeenAUKUX 3HA4YeHHAX 8IOHOCHOI 8idcmaHi mixc Humu. [ns pisHoi
83aEMHOI opieHMayii cmpuxHig 8i0HOCHa 8i0cmaHb, npu AKili noxubka
3acmocysaHHA 3akoHy KynoHa cmae meHwoi 0,5%, nosuHHa 6ymu
binbworo 8i0 5 0o 8 o0uHuuyb. Tak AK CMPUMCHI € ACKPABUM
npedcmasHUKOM 8UGOBHCEHUX Mis, 0717 AKUX yMOBA 3aCMOCY8aHHsA Mooei
MoYK08020 3apA0Y € HECIPUAMAUBOI, MO OMPUMAHI pe3yabmamu
MOX(HA 30CMocosy8amu npu 8u3Ha4yeHHsA 83aemModii min dosinbHoi popmu.

Formulation of the problem. Determining the force of interaction of
charged bodies is of significant practical and methodical importance. It is
based on Coulomb's law, but it defines the interaction between point
charges. The idealized condition for the implementation of the law (the sizes
of the bodies are much smaller distances between them) does not allow
using it to solve practical problems. In the case of a small distance between
charged bodies, the model of a continuously distributed charge is used, and
the interaction force is calculated by integrating the interaction forces of
the elements of the bodies over the volume of the bodies, which complicates
the practical use of this model.

Materials and methods. The results of calculating the force of
interaction between two uniformly charged rods according to different
models were compared. The true force was determined in the continuously
distributed charge model, the Coulomb force in the point model. The
absolute and relative errors of the application of Coulomb's law were
calculated depending on the relative distance a/ 1, where a is the distance
between the centers of charges, L is the length of the rods.

Results. The scientific novelty of the work consists in determining the
error of applying Coulomb's law to the calculation of the force of interaction
between charged rods depending on the relative distance between them. It
decreases with increasing relative distance and depends on the mutual
orientation of the rods. The error has the greatest value when the rods are
located on one axis.

Conclusions. Calculations showed that Coulomb's law can be applied to
determine the force of interaction between charged bodies even at small
values of the relative distance between them. For different mutual
orientation of the rods, the relative distance at which the error of applying
Coulomb's law becomes less than 0.5% should be greater than 5 to 8 units.
Since rods are a vivid representative of elongated bodies, for which the
condition of applying the point charge model is unfavorable, the obtained
results can be used in determining the interaction of bodies of arbitrary
shape.

K/1tOHOBI C/IOBA: cuna 83aemo0ii; 3akoH KynoHa; noxubka; 8iOHOCHa
8idcmaHe.

KEYWORDS: force of interaction; Coulomb's law; error; relative
distance.

BCTYN

MoctaHoBKa npo6nemu. Bu3HAUEHHA CUAM B3AEMOLIT MiXK 3apALNKEHUMM TiNaMM MAE BAXK/AMBE MNPAKTUYHE Ta
MeTOAMYHE 3HAYEHHA. 3 NPAKTUYHOT TOYKM 30PY CUTY B3AEMOAIT NOTPIOHO BU3HAYATU NPM NPOEKTYBaHHI Ta aHani3i poboTu pisHUX
€1eKTPOTEXHIYHMX MPUCTPOIB. 3 METOANYHOT TOUYKM 30PY BaXKIMBUM € BUBIp Moaeni 3apaasKeHUX Til — TOYKOBOTO YN HEeMNepepBHO
po3nogineHoro 3apsaay. B OCHOBiI BM3HaYeHHA Li€i CMAM NEXUTb eKCnepuMeHTaNbHMI 3aKoH KynoHa, ane BiH BWM3HAuYae
B3AaEMOLII0 MiXK TOUKOBMMM 3apaaamMu. YMOBOIO 3aCTOCYBaHHA 3aKOHY Ky/soHa € Te, WO BiACTaHb MiXK Tinamu nNoBuHHa 6ytn
HabaraTo 6inbwoto HiX ix po3mipn (Kyuepyk & Fopbauyk, 1990; CusyxiH, 2004). TaKa ifeanisoBaHa ymoOBa He AA€E MOXKAMUBOCTI
BMKOPUCTaHHA 3aKOHY KynoHa npu po3s’A3yBaHHi NpakTUYHMX 334au.

IBawmHa 0., Epmakosa-YepueHko H. MoxmbKa 3acTocyBaHHA 3aKOHY Ky/N0Ha 40 B3aEMOZIT 3apAAKeHUX CTPUIKHIB. @i3uko-mamemamuyHa oceima, 2023. Tom 38.
Ne 3. C. 7-11. DOI: 10.31110/2413-1571-2023-038-3-001
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Y BUNagKy BU3HAYEHHA CUAWN B3AEMOAIT MiXK 3apagsKeHUMM Tinamu iX po3bmuBatoTb Ha eNeMeHTH, AKi Po3rnaaatoTb AK
TOYKOBI 3apAaM, i PO3rNAfaAOTb CUY B3aEMOAIT MiXK enemeHTamu Tin. CymapHy cuay BM3HAYalOTb LWIAXOM iHTErpyBaHHA Mo
06’emax Tinl, ane iHTErpyBaHHA BEKTOPHOT QYHKLji Ma€ CyTTEBIi MaTeMaTMUHI CKAaLHOLL.

Po3B’A3aHHA Li€i NpobaemMn MOXKHA 3HAYHO CMPOCTUTH, AKLLLO € MOXK/IMBICTb 3aCTOCYBAHHA 3aKOHY KyaioHa. Yum 6aunkua
dopma 3apsagKeHoro Tina go chepu, none AaKoi chepuyHoO CUMETPUYHE fK | Mose TO4KOBOro 3apaay (PeiimaH Ta iH., 2016), TM
6iNbl TOYHO A0 Tifla MOXHa 3aCTOCOBYBATU MOZEe/Ib TOYKOBOTO 3apaay. Hanbinblwe Big, chepmyHoi cumeTpii BigpisHAETbCA none
BMAOBXEHMNX TiN, iA€aNbHOI0 MOAENNI0 AKUX € CTPUNKHI.

AHani3 akTyanbHuUX AochigXKeHb. HesBarkaloum Ha Te, WO MPaKTUYHE 3acTOCyBaHHA 3akoHy KynoHa nos’AsaHe 3
BM3HAYEHHAM NOXMOKM MOro BUKOPUCTAHHA, HAM He BiZoMi pob0TH, B AKMX BM BOHW PO3paxoByBasinCA.

Mera cTaTTi. 3 Oor1A4y Ha Le METOH CTaTTi € BUSHAYEHHSA NOXMOKM 3aCTOCYBaHHA 3aKOHY KysoHa A0 po3paxyHKy cuau
B32EMOZIT MiXK 3apAAKEHNUMN CTPUMNHAMM B 3a71€XKHOCTI Bif, BiACTaHI MiXK HUMWN.

TEOPETMYHI OCHOBU AOCNIAMEHHA
EkcnepvmeHTanbHU 3aKoH KyaioHa BU3HAYaE CMy B3AEMOIT MidK 4 BOMA HEPYXOMMMM TOYKOBUMM 3apagamu. Cuna aji
3apagy q, Ha q, (Kyyepyk, fopbauyk, 1990):

Fip = w5, 12 (1)

[e Ty, — paajyc-BeKTop, HanpaBneHuii Big 3apaay ¢4 J0 qs,.
Y BMNaAKy B3aeMoZil 3apagKeHnx Tin cuna B3aemogii mixk enementamu dV; ta dV,, AKi po3rnaaatoTbCa AK TOYKOBI
3apaam dq = pdV, pisHa

T _ kpidVip,dVy; —
dFlZ - 3

T12, (2)

ae p — ob’emHa ryctuHa 3apagy. Cuna B3aemofii MiX Tinamu BUM3HAYAETLCA iHTerpyBaHHAM (2) no ob’emax Tin Vi 1a V,
(Pepopuerko, 1992).
p1dViprdvy —

—3 T2 (3)

.
P =kf, J, =5
Bupas (3) BU3Haya€e iCTUHHY cUy B3aeMOAIT MiXK Tinamu. HabanxeHU po3paxyHOK Ha OCHOBI MOAENT TOYKOBOTO 3apaay
BMKOHYETbCA 3rigHo (1).
Y BUNaAKy B3aEMOIT NiHIHMX TiN cMNa B3aeMoAii BU3HAYAETbCA Yepes AiHilHY rYyCTUHY 3apaay T iHTrepyBaHHAM No
LOBXMUHI Tin L.

—ad T1dliTodl
Fip =ka1 fLZ %E (4)

METOOM OOCNIAMKEHHA

MopiBHIOBANIUCA Pe3yNbTaTU PO3PAXYHKY CUAM B3AEMOAIT ABOX OAHOPIAHO 3apAAMKEHUX CTPUNKHIB, LLO MatoTb O4HAKOBY
[OBXWHY L1 = L, Ta 3apagn g4 1a q,.

IcCTUHHa cuna B3aemogii F; BWM3Hayanacs B Mofeni HenepepBHO po3nofineHoro 3apsaay 3rigHo (4). Cuny Fy
pO3paxoByBasiN Ha OCHOBI MOZENi TOYKOBOTO 3apAAY 32 3aKOHOM KynoHa. TouKoBUi 3apa NOMILLAAM B LLEHTPi CTPUKHA. Tak aK
MOXUBICTb 3aCTOCYBaHHA MOAENI TOYKOBOTO 3apAAY 3a/1€XKUTb Bif, BiACTaHi a Bif LieHTpa CTPUIKHSA [0 TOUKM CNOCTEPEKEHHS i
po3mipis Tina L, posrnsganaca BiAHOCHA BiACTaHb a/L_ Po3spaxosyBanuca abcontoTHa NOXMBKa 3acTocyBaHHA 3aKOHY KyioHa —
AF = F; — F_ i BigHOCHa noxnbka € = g B 3a/1€XKHOCTI Bif, BIAHOCHOI BiACTaHi MiX CTPUNKHAMK. Po3rnagannca BUnaaKku pisHoro

i

CUMETPUYHOIOo PO3TallyBaHHA CTpM)KHiB.

PE3Y/IbTATU AOCNIAXKEHHA
A) CTpuKeHb L,.pO3TallOBaHUI Ha OCi cMMeTpii CTPUKHA L nepneHAMKYNspHO A0 Hboro. BiacTaHb Big neploro
CTPWXKHA Jo ueHTpa apyroro C, —a (puc. 1).

Ly

Iﬁl X

Puc. 1. B3aemHO nepneHAUKyAsipHe pO3TallyBaHHA CTPUXKHIB
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M CTPUMKEHb 3HAXOAMUTLCA B MO Mepworo. HanpyeHicTb noaa CTpuXHA L, B ycix Toykax oci R HanpaBaeHa
1

B34,0BX L€l ocCi i piBHa (Mapcen, 1975)
E12 = (5)
R R2+%

- (6)

3apag enemeHTa CTPUXKHA L,

Cuna, 3 AKOO NoJsie CTpUKHA 1 aie Ha enemeHT dl,

dF; = Eypdq, = M-

(7)
RLR242

Cunu, Wo AjiloTb Ha BCi e1eMeHTU CTPUXKHA L,, HanpaBnieHi B3A0BX oci R, ToMy cymapHa cuia Aii nepLuioro CTpuKHA Ha
LPYruiA TaKOXK HanpaB/ieHa No Uil oci i piBHa

a 1\(1 a 1\% 1
L —+- )=+ (=) +5
o g () o
L - 2
a—= 2 L2 L all\/alzl
2 RJR ry (rz)(;’f )+
Y (8) nepeliwnn Ao BigHOCHOI BigcTaHi a/L' Llelt BMpa3 BU3HavaEe icTUHY cuAy Aii nepioro cTpuxkHA Ha apyruin F;. Npn
™ 0 cuna B3aemogji arigHo (8) npamye Ao HynA, WO NiATBEPAXKYE BiPHICTL PO3B'A3KY.
Cnna B3aEMOZ,T MiXK CTPUMKHAMM KA BU3Ha4YeHa Ha OCHOBI 3aKOHY KynoHa

k k
Fk — 4192 _ Kq14;

> o~ (9)
@ ()

_ _ ka1q;
Fio = Fp = X2

Bu3Haunmo Ha ocHoBI (8) Ta (9) iCTUHHY Ta Ky/IOHIBCbKY Culy B3aEMOi, abCONOTHY Ta BifIHOCHY NOXMBKM 3acTOCyBaHHA
3aKkoHy Ky/sioHa B 3a/1€XXHOCTI Bif, BIiAHOCHOI BiACTaHI MiXK CTPUXHAMM a/L' Pe3ynbtaTn po3paxyHKiB HaBeaeHi y Tabaumui 1.
Tabauuya 1
3anexHicTb iICTMHHOT cUM B3aemogii Mix 3apagakeHumm F;, KynoHiscbKoi cunam F,, abcontoTHOI Ta BigHOCHOI NOXM60K
BiA BiAHOCHOI BigcTaHi a/L nNpu nepneHAUKYNAPHOMY pO3TallyBaHHi CTPUXKHIB

a 2 3 4 5
L
Fy RQ12q2 0,2500 0,1111 0,0625 0,0400
L L
F; kq;ﬁ 0,2575 0,1126 0,0630 0,0402
L
AF, kq;zqz 0,0075 0,0015 0,0005 0,0002
L
&% 2,9 1,3 0,79 0,5

B) CTpuW»KHi po3TalloBaHi No oAHi oci.

I, dy l

L, r— — ¥ 147' L, TF
Cl« a » Cs

Puc. 2. Po3TaluyBaHHA CTPUKHIB i iX enemeHTIB B3,0BK OAHIEi oci

dl
=l

Hanpy:KeHicTb Nons, AKe CTBOPIOETLCA CTPUNKHEM L; B TouULL, e 3HaxoauTbea enemeHT dl,

L
kq, 5 dly kqq 1 1
Ej, =—2[% =—( - > (10)
La- 2 _L L
L =S (a-li+l) L (a 2+lz) (a+2+lz)
Cuna 4ji nepLoro CTpMKHA Ha enemeHT apyroro dl,
_ qdl,
dF;, = By 2 (11)
Bci enemeHTapHi cunm dF;, HanpasneHi B340 oci Xx. CymapHa cuna
L L
ka.1q; Zz _dl; 2 _adl ka.1q; 1
F,=F = (fZL —J? ): In (12)
2 Lo L _LoLL 2 1\2
L 2 a5+l 2 at;tl L 1_(5)

npu a->e F;, = 0, Wwo niaTsepaKye BipHiCTb po3B’A3KY.
Cuna B3aemogii, AKa po3paxoBaHa Ha OCHOBI 3aKOHY KynoHa, BU3HAYAETLCA BUpPa3om (9).

Tabauuya 2
3anexHictb ictTuHHOiI cunm F;, cunn, Bu3HaueHoi 3a 3akoHom KynoHa Fy, abcontotHoi AF i BigHOCHOI € noxnbok

Bif, BiAHOCHOI BigcTaHi a/L NpyY po3TallyBaHHi CTPUXKHIB NO OAHIl OCi

E 3 4 6 8 9
L
Fy kq_lzqz 0,1111 0,0625 0,0278 0,0156 0,01234
’L
F; kq;ﬁ 0,1178 0,0645 0,0282 0,0157 0,01238
L
AF ’“1;2‘12 0,0067 0,0020 0,0004 0,0001 0,00004
L
&% 5,68 3,1 1,42 0,64 0,32
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C) CTpuKHi po3TalloBaHi NapanenbHo.
dl,

Ly ‘Lﬂk

Puc. 3. MapanenbHe po3TallyBaHHA CTPUXKHIB Ta iX eleMeHTiB

B cuny cumeTpii CKNagoBi cuA, 3 AKMMM CTpUKEHb Ly Agie Ha enemeHTH dl,, B HanpAMKy OCi y KOMMNEHCYoTbCS, a B

HanpAMKYy oci X gogatoTbea. Mpoekuia cunn dF;,,, Wo aje Ha enemeHT dl,
_ kqodl,

dFy,, = . E12, (13)
Ae E1, — npoekuis Ha Bicb X Hanpy»eHoCTi NosiA Ly B TouLi, fie 3HaXOAUTbCA e/IeMeHT dl,
L L L
_ kqiqzadl, (3 dly _ kqiq,dl, Lo+ L=
dFyp, == L 37 " 2, — = (14)
) +(1,-1 2 2 L 2 =
2 [a?+(12-11)?] Ja +(l2+2) Ja +(l2 2)

ICTUHHY cuAy Aji NepLoro CTPUNKHA Ha APYriit 3Halkaemo, npoiHTerpysaswm (14) no ctpukHio L,

kq1q a 2 a
Fi =F =2 LZ%2< (%) +1 _Z>' (15)

Pe3ynbTaTh po3paxyHKy icTUHHOI cunm F; 3rigHo (15), KynoHiBcbKoi cunm 3rigHo (9), abcontoTHO Ta BigHOCHOI NOXMBOK
npuveeaeHi 8 Tabauui 3.

Tabauuya 3
3anexHictb ictTuHHOI cunm F;, cuan, BuU3HaueHoi 3a 3akoHom KynoHa Fy, abcontotHoi AF i BigHOCHOI £ noxnbok

i
Bif, BIZHOCHOI BigcTaHi a/L NpU po3TallyBaHHi CTPUXKHIB NO OgHil oci

a 3 4 5 6 7
L
Fy k‘hzqz 0,1111 0,0625 0,0400 0,0276 0,0203
!L
F; k‘h;h 0,1082 0,0616 0,0396 0,0278 0,0204
L
AF, kq_q 0,0029 0,0009 0,0004 0,0002 0,0001
L
&% 2,68 1,46 1,01 0,72 0,49
OBrOBOPEHHA

OTpUMaHi pe3ynbTaTh po3paxyHKY CUAN B3AEMOLIT MiK OAHOPIAHO 3apAAKEHUMU CTPUKHAMM CBiAYaTb, WO NOXMOKa
3aCTOCYBaHHA 3aKOHY Ky/sioHa 3MeHLYyeTbCA 3i 36inblieHHAM BiAHOCHOT BiACTaHI MiXK HUMW. TaK AK PO3FIAHYTO PO3TallyBaHHA
CTPUNKHIB B HaMpsAMKax ix oceil cMMeTpii, TO B iHLIMX HaNpPAMKax Noxubka byae maTv NPOMiXKHI 3HauyeHHA. Halibinblia noxnbka
BMHWKAE MPU PO3MILLEHHI CTPUKHIB NO OAHIM oci. Lle 06ymoBieHO TUM, WO B LLbOMY BUMNAAKY BiACTaHi MiXX efeMeHTaMu ABOX
CTPUKHIB HaWbinblue BiAPI3HAOTLCA Big, BiACTaHI MiXK LLeHTpaMu ix 3apasis.

3acTocyBaHHA 3akoHy KynoHa noB’A3aHe i3 MOXAMBICTIO 3aCTOCYBAHHA 4,0 B3AEMOZA,iOUMX Tin MOAENi TOYKOBOTO 3apaay,
AKa 3aN1eXUTb Bif BiACTaHi MiXK Tinamu Ta ix popmu. 13 36inblueHHAM BiAMIHHOCTI Big, chepuyHoi dopmu 36inbLIyeTbCA NOXMOKa
3aCcTOCYyBaHHA MOAE/i TOYKOBOro 3apagy npu ikcoBaHil BigCTaHi MidK Tinamu. AckpaBo MOLENO BUAOBXKEHOrO TiNa €
3apALKEHUI CTPUKEHD, TOMY YMOBW 3aCTOCYBAHHA 3aKOHY Ky/loHa [0 B3aeMOAIT CTPUNKHIB € HalbiNbLL }KOPCTKUMM, NOPIBHAHO
3 Tinamu iHWoi dopmMu, i iXx MOXKHA BUKOPUCTATU [0 BU3HAYEHHA CUAWN B3AEMOAIT MiXK Tinamu foBinbHOI dopmu.

BUCHOBKUM TA NEPCNEKTUBU NOAANBLUOIO AOCNIAKEHHA

Po3paxyHOK CUAM B3aEMOAii MidK 3apAAKEHUMW TiNAMU MAE BaKNMBE MPAKTUYHE Ta METOAMYHE 3HauyeHHA. B oro
OCHOBI NEXWUTb 3aKOH KyNOHa, AKWI BU3HAYAE CUY B3AEMOAIT MiXK TOUKOBMMM 3apAgaMn. YMOBA BUKOPUCTAHHA LbOro 3aKOHY
(BiZCTaHb MiXK TilAMM 3HAYHO MepeBULLYE iX PO3MipKU) He [03BO/AE 3aCTOCOBYBATU MOro NpPU Po3B’A3yBaHHI MPAKTUYHMUX 3a4au.
MoxunbKa 3acTocyBaHHA 3aKOHY Ky/10Ha Npu BU3HAYEHHi B3aEMOZIT TiN Ha BiZCTaHAX, CNiBPO3MipHMX 3 iX po3mMipamu, i i 3a/1eXKHICTb
Bif, BiACTaHi B HayKOBIli NiTepaTypi He onucaHa.

Po3rnaHyTa B3aEMOAif [ABOX OAHOPIAHO 3aPAOMKEHUX CTPUXKHIB NPWU X PO3MILLEHHI B HanpAmKax ocei cumetpil.
MopiBHIOBanacA cuna B3aeEmoAii, BU3HA4YeHa 3a 3aKOHOM KynoHa, Ta iCTMHHA cuna, AKa po3paxoBaHa Ha OCHOBI mogeni
HenepepBHO PO3NOAINEHOrO 3apAaY WAAXOM iHTErpyBaHHA NO AOBMKMHI CTPUXKHIB. BU3HaYeHi abcontoTHa Ta BigHOCHA NOXMBKM
3acTocyBaHHA 3aKoHy Ky/noHa B 3a/1€XKHOCTI Bif, BigCTaHi. Tak AK MOXAUBICTb 3aCTOCYBaHHA MOeNi TOYKOBOIO 3apAaay 3aleXuTb
AK Bif, BiACTaHI MiXK Tinamu a, Tak i Big po3mipis Tina L, po3rnaganaca BigHOCHa BigCTaHb a/L'
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HaykoBa HOBM3Ha POb6OTU NONATAE Y BU3HAYEHHI MOXMOKM 3aCTOCYBaHHA 3aKOHY Ky/l0Ha 4,0 pO3paxyHKY CUAM B3aemogii
MiXK 3apAAKEHUMN CTPUNHAMM B 3a71€XKHOCTI Bif, Bi4HOCHOI BiACTaHI MiX HUMM.

Po3paxyHKM B3aEMOAT CTPUKHIB NOKasanu, Wo noxmbka 3acTocyBaHHA 3akoHy KynoHa 3meHLyeTbea npu 36inblueHHi
BiAHOCHOI BiACTaHi MiX Tilamu i 3an1eXunTb Big, B3aEMHOT OpieHTAL,T CTPUKHIB. HaliMeHwa BigHOCHa BigCTaHb a/L =5, npu AKiin
noxubka He nepesuiyye 0,5%, cnoctepiraeTbca Npy NepneHANKYNAPHOMY PO3TallyBaHHI CTPUXKHIB, NPU PO3TaLLyBaHHI CTPUNKHIB
no OZHil OCi LA YyMOBa BUKOHYETbCA NpK a/L > 8.

OTpvmaHi pe3ynbTaTyh CBiAYaTb, L0 3aKOH Ky/Jl0Ha MOXHa 3aCTOCOBYBATK [0 BU3HAYEHHA CUAN B3aEMOLIT 3apAaKeHUX
TiN HaBiTb NPU HEBE/IMKMNX 3HAYEHHAX BIAHOCHOI BiACTaHi MiXX HUMU, TaK AK CTPUXHI € ACKPaBMM NpeaCcTaBHUKOM BUAOBMKEHUX
TiN, [0 AKMX YMOBMW 3aCTOCYBaHHA MOAENi TOYKOBOTO 3apAaay Halbinbll HeCNPUATAMUBI.

B noganblioMy My NAaHYEMO AOCAIANTM NOXMOKY BUKOPUCTAHHA 3aKOHY KyNOoHa 40 B3aEMOAiT CUMETPUYHUX MNOCKUX
Ta 06’eMHUX Tin.
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AHOTAUIA

ABSTRACT

Y cmammi docnidweHo ocobausocmi peanizayii npogeciiHoi
camoocsimu e84yumesnie HAyKosux siueige i3 BUKOPUCMAHHAM XMApo
opieHmosaHux cepeicie 8i0KpuUMoOi Hayku. [poaHani308aHO Haykosi
ny6aikayii 3 pi3HUMU MemoOUKAMU 3aCMOCYBAHHA XMApPHUX cepsicie y
nidzomosyi ma nidsuweHHi Keanipikauii gaxieyis, 30kpema syumesnie.
Bu3sHaveHo Kaw04osi emanu peanizauii npogeciliHoi camoocsimu eyumesnie
HayKosux siyeis. ONUCAHO WAAXU BUKOPUCMAHHA XMAPO OPIiEHMOBAHUX
cepeicie 8i0Kpumoi Hayku 04 camooceimu e4umesis, a came: 36epi2aHHA
ma obmiH Mamepianamu; NepcoHani3ayis Ha84YaHHSA; OHAAlUH Kypcu ma

HaeyanvHi  naamgopmu; crienpays ma obmiH doceidom; eeb-
IHCmpymeHmMu 01 CMBOPEHHA HABYANbHUX PECypcie; OUiHIOBAHHA ma
380pomHuli 38'A30K.

®opmynioeanHa npobaemu. [1na 0aHo20 00CNIOHEHHA 8AHUIUBUM €
aHaniz ocobnusocmeli peanisauii npogeciliHoi camoocsimu e4umenie
HayKosux siyeig i3 BUKOPUCMAHHAM XMApO OPIEHMOBAHUX cepsicie
8i0KpUMOI HayKu.

Mamepianu i memodu. BukopucmaHo Komrsaekc memoodis, a came:
aHani3, cucmemamusayis, y3G2anbHEHHA HAYKOBUX Oxcepes, aHAAI3
Haykosux nybsikayili 8iMYu3HAHUX | 3AKOPOOHHUX B84eHUX, Memoo
CX00M(eHHA 8i0 abcmpakmHo20 00 KOHKpemHozo, becidu 3 e4yumenamu
HAYKoBUX niyeis, y3a2a1bHeHHs 810CHO20 00C8idy ma iH.

Pesyabmamu. Y  OocniomceHHi  npoaHanizosaHo  ocobausocmi
peanizayii  npogpeciliHoi camoocsimu e84yumenis Haykosux siyeis i3
BUKOPUCMAHHAM XMOPO OpiEHMOBAHUX Ccepsicie 8iOKpUMOI  HayKu.
BusHa4eHo Kawo4oei emanu peanizayii npogeciliHoi camoocsimu e4umernie
HayKosux sniyeis. ONUCaHi WAAXU BUKOPUCMAHHA XMApPO OPIEHMOBAHUX
cepasicig 8i0KpumMoi Hayku a8 camoocsimu ayumesie, a came: 36epi2aHHsA
ma obmiH mamepianamu; nepcoHanizayis HaB84YaHHA; oHAaliH Kypcu ma
HasyaneHi  naameopmu;  cnienpays ma obmiH Odocsidom,; eeb-
iHCMpymMeHmMu 018 CMBOPEHHA HABYAAbHUX pecypcie; OUiHIBAHHA ma
380pomHuli 38'a30K. ChopmMoBaHO pekomeHOayii 017 4umenie HayKosux
niyeis w000 wWAxie BUKOPUCMAHHA XMAPO OPIEHMOBAHUX cepsicie
8i0KpumMoi HayKu.

BucHoB8KuU. BUKOpUCMAHHA XMapo OpiEHMOBAHUX cepsicie 8i0Kpumoi
HayKu 014 camoocsimu 84yumesie 00380/1A€ NOKPAUSUMU MPOUEC HABYAHHA
3pobumu lio2o binbw eghekmusHUM, yikagum ma docmynHuUm. BodHoyac
make npogeciliHe 3pocmaHHA e4umens 6e3nocepedHbO BMAUBAE HA
nidsuwjeHHa AKocmi Has4yaHHA (020 y4Hie. OCHOBHUMU Mepesazamu
BUKOPUCMAHHA XMapo opieHMo8aHuUX cepsicie 8 npogeciliHili camoocsimi
syumenie €: 1) senukuli 8ubip pecypcie; 2) eHyykicmbe ma docmymnHicmes;
3) nocmitiHe oHoeneHHA iHpopmauii/daHux; 4) 83aemodia ma crienpays.

The article examines the peculiarities of the implementation of
professional self-education of teachers of scientific lyceums using cloud-
oriented services of open science. Scientific publications with various
methods of using cloud services in training and improving the qualifications
of specialists, particularly teachers, were analyzed. The key stages of the
implementation of professional self-education of teachers of scientific
lyceums have been determined. The ways of using cloud-oriented services
of open science for self-education of teachers are described, namely:
storage and exchange of materials; personalization of training; online
courses and educational platforms; cooperation and exchange of
experience; web tools for creating educational resources; evaluation and
feedback.

Formulation of the problem. For this study, it is important to analyze
the features of the implementation of professional self-education of
teachers of scientific lyceums using cloud-oriented services of open science.

Materials and methods. A complex of methods was used, namely:
analysis, systematization, generalization of scientific sources, analysis of
scientific publications of domestic and foreign scientists, the method of
going from the abstract to the concrete, conversations with teachers of
scientific lyceums, generalization of own experience, etc.

The results. The study analyzed the peculiarities of the implementation
of professional self-education of teachers of scientific lyceums using cloud-
oriented services of open science. The key stages of the implementation of
professional self-education of teachers of scientific lyceums have been
determined. The ways of using cloud-oriented services of open science for
self-education of teachers are described, namely: storage and exchange of
materials; personalization of training; online courses and educational
platforms; cooperation and exchange of experience; web tools for creating
educational resources; evaluation and feedback. Recommendations for
teachers of scientific lyceums on ways to use cloud-oriented services of open
science have been formed.

Conclusions. The use of cloud-oriented services of open science for self-
education of teachers allows to improve the learning process and make it
more effective, interesting and accessible. At the same time, such a
teacher's professional growth directly affects the quality of his students'
education. The main advantages of using cloud-based services in the
professional self-education of teachers are: 1) a large selection of resources;
2) flexibility and availability; 3) constant updating of information/data;
4) interaction and cooperation.

K/1tOYO0BI C/IOBA: npogeciliHuli pozsumok; camooceima; npogeciliHa
camoocsima; 8i0KpuMa HayKa; XmMapo OpiEHMOBaHI cepsicu; s4yumesni
HayKosux niyeis.

KEYWORDS: professional development; self-education; professional
self-education; open science; cloud-oriented services; teachers of scientific
lyceums.
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BCTYN

MocraHoBKa npo6aemu. B cuTyalii, B AKili onMHUAACA Hawa KpaiHa 3 noyaTky 2022 poky, NigKpecamnaca 3HauYMmicTb
HalbiNbLIOT LiHHOCTI — HALLOro HAaCeNEHHSA, @ CaMe NOACbKOro Kanitaay, AK OCHOBHOMO pecypcy KpaiHu. Y (BaxknuBiCTb pO3BUTKY
NOACBKOTO Kanitany y cydacHomy cBiTi, 2021) BU3HaYeHO, L0 NOACBKMI KaniTan gepKaBu — Le CYKYMHICTb 3HaHb Ta A0CBigy
ntoaen, ix eKOHOMIYHA WiHHICTb. EQEeKTUBHMI PO3BUTOK NHOACHKOrO KaniTasy — e CBOEPiAHA rpa Ha BUNEpEeAXKeHHs, 3a AKOI
NloAMHA HabyBa€e 3HaHHA | HAaBMYKM, AKI HE NPOCTO BiANOBIAAOTL CydacHMM MNoTpebam CycninbCTBa Ta E€KOHOMIKM, ane i
BMNEPEAKAOTb iX. 32 OKPECNEHUX YMOB MOMK/IMBUMN K IHTENEKTYaIbHUI UM TEXHIYHWUX NPOrpec y CycninbCTBi, TaK i 36epexkeHHs
KOHKYPEHTO34aTHOCTI KpaiHu y CBiTi (Ba*KNMBICTb PO3BMTKY /IHOACBLKONO Kanitany y cydacHomy cBiTi, 2021).

NloAcbKMiA Kanitan GOpMYETbCA FONOBHUM YMHOM Y pe3ynbTaTi NeBHUX IHBECTUMLiN y noauHy (B Nogen) i Kpim
iHBECTULiMHMX BUTPAT noTpebye A06poi BO/i Ta YMManmx 3ycuib camoro «ob’ekTa iHBecTyBaHHsA». Cepefn BMAIB iHBECTULN
MOMHa BUAININTU HAaBYaHHA, NiABULEHHA KBanidiKaLil, 3SMiLHEHHA 340Pp0B’A Ta MeguyHe 06CNYroByBaHHSA, MIrpaLLito Ta NoLwyKu
iHpopmauii Towo. J/IIoACbKUI KaniTan y BUrAA4j 3HaHb, HABMYOK Ta 34ibHOCTeN, AK i PpisnyHMIA, € NeBHUM 3anacom, TOBTO moxke
HaKonuuyBaTucsa (BacuabyeHKo Ta iH., 2005).

3a CKN1afHMX YMOB, AKi CTasn peanbHicTio ana YKkpaiHu 3 novatky 2022 poKy, KpaiHa 3a3Hana cepiosHux BTpaT y cdepi
NIOACbKOro Kanitany BHac/igoK BiMCbKOBOI arpecii pocii. ®isnuHi, gemorpadiyHi Ta mirpauiiHi BTpaTM CTanu HeBid' eMHOIO
YaCTMHOIO LbOro NPOLECy, i NPOAOBKYETHCA BIATIK Ntoael 3 YKpaiHW, 30KpemMa XKiHOK Ta giTeil. YMOBW BiliHU | iHpAALii BUKAMKanm
MacoBy MirpaLujito BUMTeNiB 338 KOPAOH abo y pi3Hi perioHn KpaiHu, Lo YCKNAAHWUN0 NPOBEeAEHH:A OHNAWH HAaBYAHHA, @ NOAEKYAM i
npueeno [0 ix 3BinbHeHHs. Lle we 6inblwe 3arocTpuno npobaemy 3 3a7y4eHHAM HOBUX BUUTENIB 40 OCBITHHOrO Npouecy Ta i3
BE/IMKOK HABAHTAMXKEHICTIO AEAKUX BUNTENIB.

CsiToBa rnobanisauisa, npuckopeHoi undposoi TpaHchopMaliii 6araTbox chep AiANbHOCTI NIOANHU CNPUYMHUAA NOTPeby
Yy CTBOPEHHi KOHKYPEHTOCMPOMOMKHOI OCBITHbOI cdepu YKpaiHM, dopMyBaHHA Cyd4aCHUX KOMMETEHTHOCTeM i KBanidikaLii
NOOUHU, NiABULWEHHA PiBHA AOCTYNHOCTI Ta AKOCTI OCBITU. KNHOYOBMM YMHHUKOM NiArOTOBKM OCi6, AKi 34aTHI aganTyBatuca 4o
OWNHAMIYHUX CYCNiNIbHO-EKOHOMIYHUX 3MiH, KPUTUYHO MUCANTU, ePeKTUBHO BUpILLyBaTH GaxoBi 3a4aui i3 3a/1lyYeHHAM CyHacHMX
TEXHOJIOMYHUX UNMPPOBMX PilleHb, 3aMMaTUC CaMOPO3BUTKOM, ByTH ycnilWHUMK B 06paHii npodecii Tow,o € Koonepau,ia 3ycuib
BMOTMBOBAHOTO, KBanihiKoBaHOro BMK/IAAALbKOrO CKNady — MefaroriyHux, HayKoBO-NeaaroriyHux, Haykosux (Map’eHko &
Wnwkina, 2021).

Y ny6nikayii (lUnwkiHa & HoceHko, 2022), moBa iAae Npo Te, WO iHTENEKTya/bHWIA NoTeHuian ocobucTocTi,
rPOMagAHMHA € K/OYOBOK YMOBOI [AOCATHEHHA CYCMiNbCTBOM BWMCOKOrO PiBHA PO3BMTKY B COLLia/IbHO-EKOHOMIYHOMY Ta
TEXHO/IOFNYHOMY ceHci. BignosiaHo ¢opMyBaHHA iHTENEKTy Hauii BiAOYBAETbCA Yy 3aKnagax OCBiTH, YHIBEPCUTETCbKOMY Ta
LOCNiAHWULBKOMY cekTopy. LLIMpoKe BUKOPUCTaHHA LMbPOBUX TEXHONOTI cnpusano undposin TpaHchopmaLLii OCBITU Ta HAYKK, WO
npuwenawnao posbyaosy cycninbcrsea 4.0.

BueHi B ranysi ocBiTM NpoBOAATb PAA Pi3HUX HAYKOBUX AOCAIAMKEHb Ta MNeAaroriyHMX eKCrnepuMeHTIB 3 MEeTO
3aCTOCYBaHHA LMGPOBUX TEXHOJONIM Ta 3acobiB AnA opraHisauii i LMdpoBoro cynposoay OCBITHbOrO npouecy. Tak, y pobori
(lWnwkiHa&HoceHKo, 2022) BKa3aHo, LWo undposa TpaHchopmaL,ii OCBITU Ta HAYKM CNPAMOBAHA Ha CTBOPEHHSA EANHOI OCBITHLO-
HayKOBOT eKoCUCTEMU, CNPAMOBAHOT Ha HeNepepBHUIA PO3BMTOK OCBITHIX KaApiB Ta TUX, XTO HABYAETLCSA, ONAHYBAHHA Ta NOCTiltHe
BLAOCKOHANEHHA UMPPOBMX KOMMNETEHTHOCTEN, 3abe3neYeHHa A0CTYMHOCTI AKICHOro LM$POBOro KOHTEHTY. K/0YOBOKH YMOBOHO
ON5 NiABULLEHHA AKOCTI NiAroTOBKM i NiABULLEHHA KBanidikauii BUMTENiB HAYKOBUX NiLEiB WOAO BUKOPUCTAHHA iHHOBALIMHMX
TEXHO/OriN, 36iNbleHHA YacTKM HayKOBO-AOCNIAHMLUbLKOIO Migxo4y Y HaBYaHHi, € O0OOB’A3KOBE HACKPi3HE HaBYaHHA
BMKOPUCTaHHA LMPOBUX TEXHOOTIM B OCBITI, 30KpeMa: XMapHUX TEXHOIOTi, TEXHOOTiH BigKPUTOI HayKu, 3acobis BipTyanbHOT
i JONOBHEHOT peanbHOCTI TOLLO.

TaKoXK, BaXK/IMBICTb AAHOTO AOCNIANKEHHA NiIACUNIOETLCA NMPUAHATUM BoceHM 2022 p. HauioHasibHUM NiaHOM WO40
BiaKpUTOI Hayku (Po3nopsaaxkeHHs KMY Big 08.10.2022 p. Ne 892-p) y 3aBaaHHi Ne6, akoro 3asHayeHo «[igBuLLEHHA PiBHSA
noiHpopmoBaHocTi Ta POpPMyBaHHA KOMMETEHTHOCTI 3 MUTaHb BIAKPUTOI HayKu (po3pobneHHs nporpamu NiaBULLEHHA
KBanidikaLii Ta 3anpoBaAKEHHA TPEHIHTB 3 MeTol NiABWMLLEHHA PiBHA KOMMNETEHLUl WoA0 MPUHUMMIB BiAKPUTOI HAyKw,
NpoBeAeHHA eKCNEePTM3N AUCTaHLINHUX KYpCiB 3 NigBULLEHHA KBanidikauii).

AHani3 akTyanbHUX AocniaxeHb. HayKoBi po3BiAKM LLLOAO OCBITU AOPOCANX Ta NiABULLLEHHSA KBanidikaLii daxisuis 6ynm
npegmMmeTom AOCNiAXKeHb Takux BYeHUX (Bukosa B.HO., OniliHuKa B.B., JleweHko M.M. Ta iH.); 3acTOCyBaHHA LMPOBUX TEXHONOTN
B OCBITi po3riAHyTO y nybnikauiax (FhasyHosoi O.I., Mop3e H.B., OByapyk O.B., CemepikoBa C.0., CemeHixiHoi O., CnipiHa O.M.,
AumwmH A.B. Ta iH.); BNpOBagKeHHA XMapHWX TEXHOIOTiV B OpraHi3aLito ocBiTHiX i HaykoBux cuctem (Bukos B.1O., Bakantok T.A.,
JinteuHosa C.I., Map’eHko M.B., lUunwkiHa M.M. Ta iH.); ocobAnBOCTI BNPOBaAMXKEHHA NPUHLMMIB BIAKPUTOI HAYKWU PO3FNSAHYTO Y
ny6nikauiax (Bakantok T.A., utenHoBsa C.I'., HoceHko 0.I'., Map’eHko M.B., Cyxix A.C., LUnwkiHoi M.IM. Ta iH.).

MpoaHanisyemo aeTanbHiwe HayKosi Ny6AiKaLii, LWoAo pi3HMX acnekTiB NiaABULEHHA KBanidiKkaL,ii BUMTENIB, CAMOOCBITH
BUMTENIB HAYKOBMX NiLLeiB, 30KpeMa i3 3aCTOCYBaHHAM XMApPHUX TEXHOOTIN i cepaicis.

Tonouko C.B. (2019) Haronouwye Ha 6araToacnekTHOCTi NPo6ieM, O BUHUKAKOTb HAa MEKi Pi3HUX ranysei 3HaHb y
nepiog, pepopmyBaHHA Ta umdpoBi3aLii BiTYM3HAHOI OCBITU. «Hapasi negarorivHMM i HayKOBO-MeZaroriyHMm MpaLiBHUKAM
[0BOAMTLCA BUMTUCA A0ONATM NonepesHe By3bKocnewianbHe CNpsAMYBaHHA BAAcHOTO NPodecinHOro 3HaHHA Ta NepexoauTh Ha
piBeHb iHTerpaTMBHOCTI (34aTHOCTI cnpuMiiMaTK, OpraHi3oByBaTH, Y3roAKyBaTu 1 3'€HYBaTU OKpemi GparmMeHTM peanbHoCTi) i
TpaHCAUCLMNAIHAPHOCTI (MPUHLMN OpraHi3auii HAyKOBOro 3HaHHA, AKe BiAKPMBAE BCEGIYHI MOXKAMBOCTI B3aEMOAIT AEKiNbKOX
OMCUMNAIH Nig Yac BUpilWeHHA KomnaeKcy npobiem cycninbctea)» (Tonouko, 2019).

KawwuHa T.C. (2020) 3a3Hauae, wo umdposa TpaHchopMaLia OCBITHLOI ranysi B LiIOMY Ta CUCTEMM MICAAAMNIOMHOI
neparoriyHol 0CBiTM 30Kpema, ONMpPatoYnCb Ha NepeaoBUIn AOCBIA YCiX, XTO 3a4ifHUI B OCBITHbOMY NPOLLECi — KePiBHUKIB 3aKNaaiB
OCBITW, aAMiHiCTpaToOpiB, MNeparoriyHMX Ta HAYKOBO-MeAaroriyHMX Kaapis, OpieHTOBaHa Ha 3abesneyeHHAa edeKTUBHOCTI
yMpaBAiHHA 3MiHaMW FTHYYKOTrO 33/10BOJIEHHA NOTPEHb AKOCTI OCBITHLOIO Npouecy. ABTOPKOK OKPECIeHO MOHATTA «0CobUCTICHO-
npodecinHnit Po3BUTOK Neaaroris NPUPOAHUYO-TYMAHITAPHUX AUCUMNIIH Y MICAALMNNOMHIN OCBITI», AKE BU3HAYAETbCA «AK
npouec HenepepBHOro CBIAOMOro 0COBUCTICHO-NPOdECIHOrO PO3BUTKY Neaaroris NPUMPOAHUYO-TYMAHITAPHUX AUCLMUNAIH Y
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nicNAAUNNOMHIN OCBITi, AKWIA BIAOYBAETLCA Yy BM3HAYEHWX OpraHisauiiHO-NeaaroriyHMx ymoBax AN BAOCKOHANEHHS
npodecinHmUx 3HaHb, YMiHb, HAaBMYOK i OCOBUCTICHUX AKOCTEN A0 BMCOKOro piBHA NpodeciiHOi KOMNETEHTHOCTI, 34iACHEeHHA
HAYKOBO-A0CNigHOT AifANbHOCTI, NPOoAYKYBaHHA HAYKOBOro 3HaHHA Ta Noganbloi npodeciiHoi camopeanisauii» (KawwuHa, 2020).

Hapasi 6arato KpaiH nepebyBaloTb Ha eTani 3aNpPoBagKeHHA NPUHLUMMIB BiAKPUTOT HayKW. Lie FpyHTOBHUIA, rAMboKuit
NnpoLec, WO TOPKAETbCA 6araTbox cdep MKUTTEAIANBHOCTI CycninbCTBa (MONITUYHMX IHCTUTYTIB, YHIBEPCUTETCLKOrO CEKTOpY,
BMAABHUYMX LEHTPIB, HAYKOBO-A0CNAIAHMX IHCTUTYLIN Ta iH.) Ta NnoTpebye 3HAaYHUX YACOBUX, IHTENEKTYaNbHUX, OpPraHi3auinHMX
iHBeCTMLiN. Ha Wwaaxy A0 3anpoBaAKeHHA BiAKPUTOI HAYKW iCHYE HM3KA NepeLuKkos,. BU3HaueHHA UMX nepewukos, Ma€ BaXKanse
3HaYeHHA AnA po3pobsieHHA BifNOBIAHOT NONITUKM, peKOMeHAAL, CNPAMOBAHUX Ha iXHE YCYHEHHA Ta Ha MOCUIEHHA PYLLiIAHMX
UMHHUKIB (LLUKMwWKiHa Ta iH., 2022).

Y pocnigxeHHi (Map’eHko, 2021) AAETbCA NPO BaXK/MBICTb BMBYEHHA iCHYIOUMX «METOAMK BMKOPWUCTAHHA XMapo
OpPIEHTOBAHMX CUCTEM BiAKPUTOI HAYKKN, OCKINbKM METOAMKN HAaBYAHHA Ta METOAUKN BUKOPUCTAHHA MAlOTb CYTTEBI BigMIHHOCTI.
3a CBOEK CTPYKTYpOK MeTOAMKA BWMKOPWUCTAHHA XMapo OPIEHTOBAHWUX CUCTEM BIAKPWUTOI HayKM Yy npoueci HaBYaHHA i
npodecinHoro po3BUTKY BUMTENIB ByAe MaTU CXOXKY, KNACUYHY CTPYKTYPY, NOAIOHY 0 HAABHUX METOAUK BUKOPUCTAHHA TOTO UM
iHWOro cepBicy YM NPOrpamHOro NPoAyKTy. XMapo OPIiEHTOBAHI CUCTEMM BiAKPUTOI HAYKM MaiKe HEe BUKOPUCTOBYHOTLCA B
3aK/1aZax BULLLOT OCBITU Ta Ha Kypcax NiaBuLLeHHs KBanidikauii BuMTenis. MeToamKa 3aCTOCYBaHHA XMapo OPIEHTOBAHUX CUCTEM
BiAKPUTOI HayKM Y NiABULLLEHHI KBanidiKaLii BUNTENIB MAE BK/IHOYATM TaKi 3acO0bM HaBYaHHSA, W06 OXONUTU Pi3Hi NOTpebun BUMTENIB
3a/1eXHO Big dopmu Ta NpegMeTiB BUKNagaHHA» (Map’eHKko, 2021).

NutsnHosa C.I.  (2016) po3pobuna METOAMYHY CUCTEMY MPOEKTYBAHHA XMapo OPIEHTOBAHOTO HaBYa/bHOIO
cepefoBMLLLA 3aKagy 3aranbHOI cepeaHbOi OCBITM, OMMCana METOAUKU NPOEKTYBAHHA XMapO OPIEHTOBAHOrO HABYa/IbHOTO
cepenoBuLLA 3aK1agy 3arasbHOi cepeHboi OCBITU. [pn LLbOMY PO3r/IAHYAA NPOEKTYBAHHA Ha PiBHI KEPIBHMKA, NPOEKTYBAHHA Ha
piBHI aAMiHiCTpaTopa HaBYabHOrO CcepeaoBuULLA, MPOEKTYBAHHA Ha PiBHI BUMTENA-NpeaMETHUKA, NPOEKTYBAHHA Ha PiBHI y4HA
(MntBMHOBa, 2016).

BonowwuHa T.B. po3pobuna MeToanKy BUKOPUCTAHHA rOPUAHOro XMapo OPiEHTOBAHOIO HaBYa/lbHOro CEPeA0BULLA ANA
bopmyBaHHA CaMOOCBITHbOT KOMNETEHTHOCTI MalbyTHiX daxisLiB 3 iHbopmaLiiH1X TexHonorili (BonowuHa, 2018).

Y KonekTMBHOMY pochnigxKeHHi (LuWwkKiHa Ta iH., 2022) HaronoOWeHo, WO «.. HaBYaHHA came MNo cobi He moxe
rapaHTyBatm ¢GOpPMYyBaHHA KOMMNETEHTHOCTEW BiAKPUTOI Hayku. HabyTTa HaBMYOK Ta HABYAHHA, HaBiITb AKWO BOHU
CTaHOAPTU30BaHI Ta aKPEANTOBaHI, byAyTb MeHLW epEKTUBHUMMU, AKLLO BOHM HE JieXKaTb B OCHOBI Ta HE € YaCTUHOO Y3roaKeHol
Ta CKOOPAMHOBAHOI NpOrpamu Kypcis NiABULLEHHA KBanidikauii BUMTeNiB, WO NiATPMMYIOTBCA KEPiBHULTBOM Ta pecypcamu»
(WnwkKiHa Ta iH., 2022).

Y ny6nikau,ii (KoBaneHko, 2021) po3rnsHyTo 0cob6/MBOCTI 3aCTOCYBaHHA XMapO OPIEHTOBAHMX CEPBICIB BiAKPUTOT HayKK
ona npodecitHoro po3BUTKY BUMUTENiB. PO3pobaeHo pekomeHAaL,i WoA0 HanpAMIB 3aCTOCYBAHHA XMApOo OpPiEHTOBaHWUX cepaiciB
BIAKPUTOI HAayKn BUMTENAMM.

Y pocnigeHHi (LUnwKiHa Ta iH., 2022) HaroiowWeHo, Lo A4/1A Cy4acHOro npawiBHMKa ranysi ocBiTM HabyTTa Ta PO3BUTOK
KOMNETEHTHOCTEN 3 BiAKPUTOT HayKU € BaXNIMBUM, afyKe [A03BOUTb BUUTENAM Ta iX YYHAM, BUKAAZA4Yam Ta CTygeHTam (4m
CNyXayam) YHUKHYTM Nnariaty, MaHinytoBaHHA AaHMMK Ta danbeudikaLii gaHMx. KomneTeHTHOCT BiAKPUTOT HAyKM MatoTb CTaTH
YaCTUHOIO OCBITM B HAYKOBMX ANiLLEAX 3 CAMOTr0 PaHHbOTO eTany; Lji HaBUYKKM NOTPIOBHO GOPMYBaATH LLe B YUHIB, OCKINIbKM HAYKOBLL
dopmytoTbCA 3 TANTAHOBUTUX YYHIB.

3akopaoHHi (Open Science, 2015) Ta BiTUM3HAHI BYeHi (LUMwKiHa Ta iH., 2022; HoceHko & LUnwkiHa, 2021) onucytoun
«BIAKPUTY HAYKy» 3a3Ha4aloTh, L0 Lie Niaxia Ao opraHisaLii gocniaxeHb, AKi € cCNibHUMK, NPO30PUMM Ta AOCTYNHUMU. BigkpuTa
HayKa OXOMJIIOE LUMPOKMIA CNEKTP AiANbHOCTI, BKAOYatoun nybnikauito y BiAKpUTOMY AOCTYNI, BIAKPUTI AaHi AOCAIoKeHb, BIAKpUTI
NPenpuHTH, BIGKPUTY EKCNEPTHY OLiHKY pe3y/ibTaTiB Ta BiAKPUTY OCBITY. TaKOX AOTUYHMM B AAHOMY KOHTEKCTi € TaKe MOHATTA AK
HayKa AN rpoOMassH, e KOXKeH rpOMagAaHUH AepKaBu mMae be3nocepeHE BiLHOWEHHA A0 y4acTi y AoChigKeHHAX. PywiliHoto
CUNOLO BIAKPUTOI HAyKM € MigBULLEHHA NPO30POCTi NPoLEcy AOCNiAKEeHb Ta OBFPYHTOBAHOCTI pe3yabTaTiB, @ TaKOXK CycninbHe
NpaBo BAACHOCTI Ha HAayYKOBi PO3pobKK, 0c06MBO Ha Ti, WO diHAHCYIOTLCA AeprKaBoto. OCHOBHUMM CKNALOBUMM BIGKPUTOT HAyKu
€: BIOKPWTI AOCNIAHUUbKI AaHi, BIGKPUTUIA JocTyn 00 HayKoBux nybnikauiit Ta Biakputa cnisnpaud. Lle Hagae moxamsocTi
OTPUMYBATK HaACyYaCHi 3HaHHA 3a Byab-AKO TemaTuKoto (LUnwkiHa Ta iH., 2022).

BnpoBaakeHHA KoHuenuii BiAKpWUTOI HayKM 3yMOBAIOE KapAMHaibHi 3MiHM B MiAxoAax HaAyKOBOi KOMyHiKaLii,
CNpAMOBAHA Ha 3abe3neyeHHs BiIbHOTO AOCTYNy A0 pPe3ynbTaTiB HAYKOBMX AOCNIAMKEHb Ta OCBITHIX pecypciB Ana BCiX YieHiB
CycninbCTBa, a il PO3BUTOK BMIMHYB Ha LUK pag undpoBux NPOEKTIB (BIAKPUTI apxiBu, penosuTopii Ta 6ibnioTekw,
cneujanisoBaHi, 6a3n 4aHUX | HAYKOMeTpuYHi cepsicy Towo) (HoceHko&LLnwwKiHa, 2021).

OO6r'pyHTYBaHHA CYTHOCTI BiAKPUTOT HAYKM € CKNALHMM 3aBAAHHAM, NPOTE OAHUM 3 K/TFOYOBUX aCNEKTIB € COL,iOIOTIYHUIA.
CoujonoriyHa nepcnexkTMBa NiAKPECIOE, WO HayKOBe 3HaHHA € pe3yNbTaTOM COLianbHOI CNiBNpaL,i, a NPaBo Ha HbOrO HANEXWUTb
rpomagi. 3 eKOHOMIYHOI TOYKM 30pYy, HAYKOBI pe3ynbTaTu, AKIi OTPMMaHi 3aBAAKWU AepXaBHUM AOCNIONKEHHAM, € CYyCNiAbHUM
6narom, 4OCTYN 00 AKOro Mae 6yTv 6e3KOLTOBHMM AN1A KOXHOro. OTKe, BiAKPUTUIA A0CTYN A0 nybAikaLin, AaHWUX JOCNiIAXKEHD,
NporpamMmHoro 3abesneyeHHs 3 BiAKPUTMM KOAOM, BiAKPUTOI CNiBNpau,i, BiGKPUTOI eKCnepTHOI OLHKK, BIAKPUTUX eNeKTPOHHUX
OCBITHIX pecypcis, BigKpUTUX MOHOrpadii Ta iHWKMX acnekTiB BiAKPUTOI HayKM BifobpayKkae ii OCHOBHI MPUHLMNWN Ta LiHHOCTI
(Map’eHKo Ta iH., 2020).

MiaTpumyemo AymKy BUCNOBAeHY y nybnikauii (Map’eHko, 2021), npo Te, WO 3aBAAKM BUKOPUCTAHHIO iHCTPYMEHTIB
XMapo OPIEHTOBAHWMX CUCTEM BiAKPWUTOI HAYKU 3HAYHO MOKPALLYETLCA MPOLLEC AMCTAHLIAHOrO HaBYaHHA (YYHIB, CTyAEHTIB).
He3BakaloumM Ha LWIMpPOKe BUKOPUCTAHHA OCBITAHAMM XMapO-OPIEHTOBAHMX CUCTEM, iCHYIOTb MeBHi nNpobnemu, nos'AsaHi 3
opraHisauieto HaB4YaHHA Ta NpPodeciMHOro po3BUTKY BYUMTENiB. OAHMM 3 OCHOBHWUX BUKUKIB € BiACYTHICTb METOAMK eheKTUBHOIO
BMKOPUCTaHHA BE3KOLITOBHMX XMapHWUX CepBiciB B HAyKOBIM Ta HaBYa/bHIN AiANbHOCTI (XMapHi cepsicM Ta XMapO-OpPiEHTOBAHI
CUCTEMW BIAKPMTOI HayKu), AKi He € NpuB'A3aHMMM A0 NeBHOI NoKanisauii. ICHYeE NPMNYLLEHHA, O BUKOPUCTAHHA XMapo-
OPIEHTOBAHUX CUCTEM BIAKPWUTOI HAayKM CNpuATMME NiABULLEHHIO HAYKOBOCTI HaBYa/lbHOrO MpPOLECY, @ TAKOX BUPILLEHHIO
oKpemux npobaem, NoB'aA3aHUX 3 aKageMiyHOI A06poYecHiCTIo cepes BUNTENIB Ta YuHiB (Map’eHKo, 2021).
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Y KoHTeKcTi umdpoBoi TpaHcdopmaLii, pPO3BUTOK OCBITHbO-HAYKOBOI cMCTEMM YKpPaTHU CPAMOBAHWUIN Ha Y3roAKeHHsA 3
€BPOMNENCbKMMM Ta CBITOBMMWM HAyKOBMMM iHiLiaTMBaMu. Y paepKaBHOMY AoKymeHTi (PosnopaaskeHHa KabiHety MiHicTpis
YKpainu Big, 17 ciuHa 2018 p. N2 67-p., 2018) BM3HAYEHO OCHOBHI HanpAMM LM pPOBi3aLii, AKi BKNOYaKOTb: 1) CTBOPEHHSA OCBITHIX
pecypcis Ta uMPpPoBUX NNATGOPM 3 IHTEPAKTUBHUM Ta MYSIbTUMELiIMHMM 3MICTOM A1 LUIMPOKOTO AOCTYNY HaBYalbHWUX 3aKnagis
Ta yuHiB/cTypenTis. OcobsiMBa yBara NPUAINAETLCA aBTOMaTM3aLii K/IOYOBMX Mpouecis B pobOTi OCBITHIX 3aknaais;
2) po3pobneHHs Ta BNPOBAaAMKEHHA IHHOBALMHMX KOMN'IOTEPHUX, MYNbTUMEAIMHUX Ta KOMN'IOTepHO-OPiEHTOBAHMX 3acobis
HaBYaHHA Ta 0bNafHAHHA ANA CTBOPEHHA LMPPOBOro HaB4anbHOro cepenosuula. Lle BKAOYAE MynbTUMeLiViHI Knacu, HayKoBO-
pocnigHi STEM-ueHTpn, nabopatopii Ta KNacu 3milaHOro HaB4yaHHsA; 3) 3abe3neyeHHn WNPOKOCMYroBOro AoCTyny A0 IHTepHeTy
O/191 YUHIB/CTYAEHTIB y HaBYaNbHUX K/acax Ta ayAUTOpPIAX Ha BCiX PiBHAX OCBITW; 4) PO3BMTOK AMCTaHUINHOT GOPMM HaBUYaHHS,
BMKOPUCTOBYHOUMN KOTHITUBHI Ta My/NbTUMeESAiNHI TexHoorii. Bci onncaHi Hanpamu cnpAmMoBaHi Ha NOKpALLeHHA AKOCTI OCBITH,
PO3LWUPEHHA AOCTYNY [0 3HaHb Ta CTBOPEHHSA CNPUATIMBUX YMOB A/1A iIHHOBAL,iMHOrO HaBYaHHA.

WwnwkiHa M.M. (2021), Haro/NowWYyeE, WO «XMapHi cepBick, XMapHi NAaTGopmMM NOCTalOTb MNPOBIAHUMM IHCTPYMEHTAMMU
niagTPMMYBaHHA NPOLLECIB BiAKPUTUX HAYKOBUX A0CANIAMKEHb, HAaBYAHHA Ta KOMYHIKaLii 3 ypaxyBaHHAM NpiopuTeTiB BigKpUTOI
HayKu». XmapHi nnatdopmm Haibinbw NigxonaTb oNa iHTerpauii Ta arperauii pisHOMaHITHMX cepBiciB y BiAKPWTIM Hayui. AKLWO
HeobXi4AHO NOEAHATM 3HAYHY KiNbKICTb cepBiciB, XMapHi NaaTGopmm € HanbinbL eGekTUBHMM pilleHHAM. Y cdepi OCBITU Ta HayKu
icHye noTpeba y iHTerpau,ii pisHOMaHITHUX UMPPOBMX IHCTPYMEHTIB i CEpPBICiB, TAKMX AK HAaYKOBI Ta OCBITHI Mepexi, iHbopmaL,iiHi
iHGPaCTPYKTYpK, KOPNOPATUBHI MepeXKeBi IHCTPYMEHTU, CepBicM OMpaLtoBaHHA AaHWX, 3acobu HayKoBOro cniBpobiTHMLTBA,
KOMYHiKaL,ii, MOBHi TEXHONOTIi, iIHTENEKTYa/IbHi OCBITHI areHTH, 6asn AaHUX Ta 3HaHb i Take iHWe. | XmapHi n1atdopmn HagaloTb
3pyyHy Ta epeKkTUBHY iHOPACTPYKTYpy ANA iX iHTerpaLii y ocBiTHbO-HayKOBOMY cepesioBuLL;.

Y nonepegHiii nybaikauii, aBTOpkK AaHoi ctaTTi (KoBaneHko, 2021) Bke 6yno onucaHo Kifibka pekomeHaauin woano
BMKOPWUCTAaHHA XMapO-OPiEHTOBAHWMX CEPBICIB BiAKPWUTOI HayKu BUMTenam. OCHOBHI HanpAMW BUKOPUCTAHHA TaKMX CepBiciB
BKJIIOYAE:

® CaMOOCBiTa Ta CAMOPO3BUTOK BUMTENIB;

® P03pPOHKA HOBMX HABYA/IbHUX MaTepiais Ta 4OCNIAHULBKMX 3aBAaHb A1 YYHIB;

® NigTPMMKa 064apoBaHMX AiTel WAAXOM NiATOTOBKM L0AATKOBUX HAaBYAbHUX Ta AOCNIAHULbKMX 3aBAaHb;

® nepeBipKa Ha naariaT y4HIBCbKMX AOCAIAHNLbbKUX NPOEKTIB;

® BUKOPUCTAHHA CepBICiB ANA AeMOHCTpaLii Ta Bidyanisauii pisHUX NPUPOAHMX Ta eKCNepUMeEHTaIbHUX NPOLECiB Nif,

Yyac HaBYa/IbHOTO NpoLiecy.

BnpoBaaKeHHA XMapHMX nnaTdopm i cepsiciB B OCBiTHI npoLec NpuM3BOAMTb 4O MOABKU i PO3BUTKY HOBUX dopm
OpraHisauii HaBY4aHHA Ta HAYKOBUX AOCAIAXEHb, CNPAMOBAHUX HA KOJMIEKTMBHY HaBYasibHYy AiAanbHicTb. Le BiaKpuBae binblie
MOMBOCTEN ANA 34iMCHEHHA HAaBYaNIbHUX Ta HAYKOBUX NPOEKTIB. MeToan Ta Nigxoam BiAKPUTOI HAYKM MatoTb 3HAYHWI BNINB
Ha OCBITHI NpoLec, 30Kpema, Ha NigBuLLEeHHA KBanidikauii Ta camoocsiTy BunTenis (Map’eHko&LUunwkiHa, 2021).

Moroaxyemoca 3 LYMKOto BUCNOBEHOI0 Y Ny6ikauii (LUunwkKiHa, 2021), Nnpo Te, Wo BNpoBaaKeHHA iHHOBaLinHUX dopm
i MeToAiB BiAKPUTOI HayKM y MNiABULLEHHA KBanidikaLii Ta HaBYaHHA MANBYTHIX BUMTENiB CNPUATUME PO3BUTKY iX LMbpoBOi
KOMMNETEHTHOCTI, 30KpemMa, HaBMYOK 34iNCHEHHA HAayKOBUX AOCAIAKEHb Y CNiBPOBITHULTBI, 3aCTOCYBaHHIO XMapO OPIEHTOBAHMX
3acobiB i cepBiciB NOAAHHA | ONPAUIOBAHHA AAHMX, PO3LIMPEHHIO YAaCTKU AOCNIAHULbLKOTO MiAXOAy Y HaBYaHHI, MOLWMPEHHIO
KpaLmX MPaKTUK BiAKPUTOI HAYKW Y BITYN3HAHOMY OCBITHbO-HaYKOBOMY NPOCTOPI.

BoaHouvac unopoBi TeXHONOTiT NOCTIMHO 3MIHIOIOTLCA | YAOCKOHANIOIOTLCA, 3'ABNAIOTLCA HOBI LMPOBI cepsicn, ToOMy
LOCNIAXKEHHA WOoA0 BUKOPUCTAHHAM XMapo OPIEHTOBAHWX CEPBICiB BiAKPUTOI HAayKn AnA peanisauii npodeciiHoi camoocBiTh
BUMUTENIB HAYKOBUX NiLEIB € aKTyaSIbHUM | CBOEYACHUM.

MeTta gocnigKeHHs: onucatn ocobaMBoCTi peanisaLii npodeciMHoi caMoOCBiTU BYMTENIB HAYKOBUX JiLEiB Ta HAZaTH
peKomMeHAaLi WoAo WAAXIB BUKOPUCTAHHA XMapo OPIEHTOBAHWUX CEPBICiB BiAKPUTOI HayKK.

METOAU AOCNIAXKEHHA

Y cTaTTi HaseZeHi pe3ynbTaTu AOCMAIAKEHHA, OA4epXaHi B XO4i BUKOHAHHA MPOEKTY «XMapo OPIEHTOBAHI cucTeMM
BIAKPWTOI HaYKM Y HaBYaHHI i npodeciiiHomy po3BMTKy BUMTENiB» (peecTpauiiHuii Homep 2020.02/0310) nepemosKus KOHKypCy
«MigTpUMKa JocnigKeHb NPOBIAHUX Ta MONIOAMUX YYEHMX», WO PEeani3yeTbCs 33 PaxyHOK rPaHTOBOI NiATPMMKM HauioHanbHOro
boHay pocnipgKeHb YKpaiHu. TakoX, 418 AOCATHEHHA MeTU J0CAiAKEeHHA 6Y10 BUKOPUCTAHO KOMMNEKC METOAIB, @ Came: aHani3,
cucTemaTtmsalif, y3arasibHeHHA HayKOBUX A)Kepen, aHania Haykosux nybnikauii BiTUM3HAHMX | 3aKOPAOHHUX BUYEHWUX, METOS,
CXOAKEHHSA Bif, abCTPaKTHOrO 4,0 KOHKPETHOro, becign 3 BUMTENiB HaYKOBUX NiLLEIB, y3ara/lbHeHHs BNACHOro A0CBiAy Ta iH.

PE3Y/ZIbTATU AOCNIAKEHHA

B pe3ynbTaTi aHanisy HayKoBOi niTepaTypu 6yno BM3HAYEHO K/OYOBI eTanu peanisauii npodeciiiHoi camoocBiTh
BUYMTENiB HAYKOBUX NiLLeiB, O NOAaHi Ha puc. 1 Ta onucaHi HUXKYe.

1- eTan. «AHani3 notpeb». JaHW eTan € NOY4aTKOBMM €Tanom LLOAO NPOBeAEHHA aHani3y NnoTpeb BUNTENIB HAYKOBUX
NiueiB WOAO0 NEBHMX acneKTiB npodeciiHoro po3suTky. Moxe 6yTH peanizoBaHMM LLAAXOM ONUTYBaHHSA, cnisbecig abo dokyc-
rpyn, wob 3'acyBaTy, AKi HABMUYKKM abO 3HAHHA € HaWbINbL BaXKAMBUMM ANA NeAaroriYyHOro NepcoHany Haykosoro fileto.

2-i eTan. «naHyBaHHA Nporpamu». Monarae B Tomy, WO Ha OCHOBI NONepeAHbOro aHanisy noTpeb moxHa po3pobutn
naaH nporpamu npodeciiiHOi CaMOOCBITU BUYMTENIB HayKOBMX fiueiB. Llei nnaH NMOBWMHEH BM3HAYaTW Lifi, 3MicT i meToam
HaBYaHHA, @ TAKOX OPIEHTYBATWUCA HA peanbHi NOTpebu BuUMTENIB Ta cneuundiky OCBITHLOrO NPOLECY B HAYKOBUX JliLleaX.
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ETanu peanisauji npogeciiiHoi caMooCBiT BUMTENIB HAYKOBUX ANiLielB

|

. 5.0ujHKaTa |
1. AHani3 2. MNnaHysaHHA 3. Po3pobka 4., NposeaeHHA SBOL:)OTHiﬁ
notpe6 nporpamu pecypcis HaBYaHHA Shimai

8. OujiHKa
6.1 ’ i =
parTia By 7.Cynposip pesynbTatis
peanisauis i niaTpUmKa

€amoocCBiTH
Puc. 1. Etanu peanisauii npodeciitHoi camoocsiTh BUUTENiB HAYKOBUX NiLeiB

3-i1 eTan. «Po3pobKa pecypcis». Micnsa cknagaHHA naaHy nporpamu noTpibHo po3pobutn/niaibpaTtv HeobxiaHi pecypcu
ON5 HaBYaHHA. Lle MoXyTb 6yTW NigApyYHUKMU, OHNANH-KYPCU, HaBYaNbHi MaTepiann, BebiHapu abo iHWi HaBYanbHi 3acobu, ki
BUMTENi MOXKYTb BUKOPUCTOBYBATU 417 CAMOOCBITH.

4-i eTan. «MpoBefeHHA HaBYaHHAY. Ha LbOoMy eTani BYMTENi 3a1y4atoTbCA 40 OCBITHbOrO npoLiecy. Lie moKe BKaoYaTH
CaMOCTiiHe BMBYEHHA MaTepianis, y4acTb y BebiHapax, oHNAMH-Kypcax abo iHWKUX dopmax HaBYAHHA. Bunteni MoXyTb TaKoX
6paTh yyacTb y poboTi B rpynax, 4e BOHU MOXKYTb 0OMiHIOBAaTUCA AOCBIAOM Ta B3AEMOZIATH 3 KOSIEraMu.

5-i eTtan. «OuiHKa Ta 3BOPOTHIN 3B'A30K». Ha LbOMy eTani, nicnsa 3aBeplIeHHs HaBYaHHA BUYMTENi NOBUHHI MaTu
MOM/IMBICTb OLHUTU CBOI AOCATHEHHA | OTPMMATK 3BOPOTHIM 3B'A30K. Lie MoKe BKAOYATW OLIHKY Bif, Y4aCHUKIB HaBYaNbHOI
nporpamu, aHkeTyBaHHs, pednekcito abo nopTdonio BunTENA. 3BOPOTHIl 3B'A30K AONOMOXKE BU3HAUYUTUN eDEKTUBHICTb NPOrpamm
Ta BUABUTU MOXKMBICTb MOAA/bLIOIO YAOCKOHANEHHA.

6-1 eTan. «MpakKTMYHaA peanizauifa». Bunteni NOBUHHI MaTU MOMK/IMBICTb 3aCTOCYBATU OTPMMaAHi 3HAHHA Ta HABMYKM HA
npakTuui. Lle moxKe BKAOYATU BNPOBAAKEHHA HOBUX METOAMK HAaBYaHHA, BUKOPUCTAHHSA iHHOBALLIMHUX TEXHOOrIN, y4acTb Y
npodecinHMx cninkax Ta 06'egHAHHAX, @ TAKOXK CMNIBMPALLO 3 Koseramu s obmiHy focsigom.

7-# eTan. «Cynposig, i nigTpumKa» BaxKn1MBUM acnekTom peasnisauii npodeciMHoi camoocBiTM € HagaHHA cynpoBoay Ta
NiATPUMKN BUMTENAM. Lle MOXKe BKNOYATU NMPOBEAEHHSA MEHTOPWUHIY, KOYYMHIY, opraHisauito cemiHapis abo KoHcynbTauili 3
pocsigyeHnMmn dpaxisuamm.

8-11 eTan. «OuiHKa pe3ynbTaTiB». OCTaHHIM eTanoM € OLjiHKa pe3ynbTaTiB NpodeciinHoi camoocsiTh. Lie moxke BKAtovaTn
aHani3 AOCArHeHb BYUTENIB, 3MiHM B iXHIM NPaKTULi, NiABULLEHHA AKOCTI HABYAHHA Ta 3arajibHUI BNAWB MPOrpammn Ha OCBITHIN
npouec y HayKoBUX NiLesX.

BapTo 3a3HauunTK, WO peaniszauis npodecinHoi CaMooCBiTU BUMTENIB HAYKOBUX NiLLeiB MOXKe byTu iHAMBIAyanbHolo abo
KONEKTUBHOLO, 3a/1EXKHO BiZ NOTPeb Ta yMOB, B IKMX NPaLLOOTb BYUTEI. MOCNiA0BHICTb €TaniB MOXKe BapitoBAaTMUCh 3aN1EXKHO Bif,
KOHKPEeTHOI Nporpamu Ta il HanOBHEHHA.

Ha niactasi npoBefeHoOro AOCNIAKEHHA Ta FPYHTYHOUMCb HA HayKoBMX nyb6nikauiax (Map’eHko&LUnwkiHa, 2021;
KosaneHko, 2021) Tako 6yno niarotoBneHo pekomeHAalii 417 BUNTENIB HAYKOBMX NiLEIB LWOAO WAAXIB BUKOPUCTAHHA XMapo
OpPIEHTOBAHMX CEPBICIB BiAKPUTOI HayKM.

lMo-nepwe. 3acTOCYyBaHHA XMApO OPIEHTOBAHMX CEPBICIB B CaMOOCBITI BYMTE/NIB HAYKOBMUX JiLEiB € BaXAUBUM ONA
NMOKpPALLEHHA AKOCTI OCBITK i PO3BUTKY NPOdeCiiHUX KOMNETEHTHOCTEN BUMUTENIB.

Mo-dpyae. [0 OCHOBHWMX 0COBANBOCTEN BUKOPUCTAHHA XMAPO OPIEHTOBAHMX CEPBICIB BiAKPUTOT HAayKN A8 CAMOOCBITU
BUMTENIB Hanexatb (puc.2):

o 1. 3BEPIFTAHHA TA 4. OHNAMH KYPCH -m
OBMIH TA HABYAJIBHI 2
MATEPIAJIIB NMAATOGOPMU

o o 5. BEB-IHCTPYMEHTHU
r °* [ CTBOPEHHA
EIAFIIBEJPAFI-?HHHMBAHH _4°  HABuYANbHUX

n MATEPIANIB

¥, 3 cniBnPALSA TA

.
“w 6. OLIHIOBAHHATA @]
47 OBMiHAOCEINOM 3BOPOTHMIA 3BA30K &'

- e

Puc. 2. Lnaxm BUKOPUCTAHHA XMapo OPiEHTOBAHUX CePBiCiB BiAKPUTOI HAYKMU ANA CAaMOOCBITU BUUTENIB

— 36epieaHHA ma o0bmMiH mamepianamu (ui cepBicM HadalOTb MOMKAMBICTL BUMTENAM 36epiraTu cBoi maTtepianu,
npeseHTaLii, 3aBAaHHA Ta iHWi pecypcu y Xmapi, Lo CNpUsA€E 3pyYHili opraHisaLii BJACHUX MaTepiaiB, MOXK/IMBO NIErKO 3HaX04UTH
X Ta 4IANTUCA HUMM 3 KOIeraMK | YUHAMM);

— 1epcoHani3ayia HaBYaHHA (3aBAAKM XMApHUM cepsicam, BUMTENi MOXKYTb CTBOPIOBATM iHAMBIAYaNbHI HaBYasbHi
nporpamu Ta pecypcu As1A KOKHOIO y4HA, BPaxoByOUM 0cobaMBOCTI Ta iHAMBIAYanbHI NOTpebu yyHis);

— OHAQUH Kypcu ma Hag4yanbHi naamegopmu (XMapHi cepsicy HafaTb AOCTYN 4,0 LWMPOKOTO CNEKTPY OHMAMH KypciB Ta
HaByasbHMX NAAaTGOpPM. BumTeni MOXKyTb CKOPUCTATUCA LMMU pecypcamu A1 CaMOOCBITU, BUBYEHHA HOBUX METOAMK,
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NiABULLEHHA CBOIX LMPPOBUX KOMNETEHTHOCTEM. TakoXK, AOCTyn A0 PisHUX BebiHapax, TPeHiHrax, MancTep-Kaacax cnpuaTume
OTPMMAHHIO HOBUX HAaBMYOK | ONaHYBaHHIO HOBUX 3HaHb);

— cnienpays ma obmiH 0oceidom (XmapHi cepBicM CTBOPIOKOTb CNPUATIMBE CEPEefOBMLLE ANS CMiBMpaLi Ta 0bMmiHy
[0CBIAOM MiXK BUNTENAMU. PO3LIMPIOIOTLCA MOXK/IMBOCTI CTBOPEHHA CMiJIbHUX PeCcypciB, KONEKTUBHOrO peAaryBaHHA maTepianis,
06roBOpeHHA METOAMK HaBYaHHA Ta iH. OKpecaeHe Bigirpae BaXKAnBy posb y NpodecitHoMy 3pOCTaHHi, PO3LWMPEHHI Kpyrosopy
Ta BNPOBaAKEHHI HOBUX ifei B OCBITHIO MPAKTUKY);

— 8eb-iHcmpymeHmu 015 cMBOPEHHA HABYAMbHUX pecypcie (XMapHi cepBicuM HaAalOTb AOCTYN A0 Pi3BHOMaHITHWUX Beb-
iHCTPYMEHTIB, L0 AOMNOMaraloTb BUMTENAM CTBOPIOBATWU iHTEPaKTMBHI HaB4anbHi MaTtepiann/pecypcn (umbposi npeseHTauii,
iHTEepPaKTMBHI BMpaBW, BiLAEOYPOKM, OHNAMH TecTu). Lle cnpuse 3auikaBneHHIO Ta 3a/ly4YeHHI0 Y4YHIB 40 aKTMBHOI yyacTi Ta
NOKpPALLEHHI 3aCBOEHHSA HaBYaIbHOrO MaTtepiany);

— OUiHI08AHHA Ma 380pomHuli 38'A30K (XMapHi cepBicK [,03BOIAOTbL BUMTENAM BUKOHYBATM OLiHIOBAHHA Ta HagaBaTy
3BOPOTHUI 3B’A30K YYHAM B €/IeKTPOHHOMY popmari).

BUCHOBKWM TA NEPCNEKTUBU NOAANBLLUOIO AOCNIAXKEHHA

Pe3ynbTatv npoBeaeHOro AOCNiIAXKEHHA CNPUAIN OKPECIEHHIO MEBHUX BUCHOBKIB, a came:

1. BUKOpUCTaHHA XMapo OPIEHTOBAHMX CEPBICiB BiAKPWUTOI HAayKM ANA CAaMOOCBITM BUMTENIB [03BOJIAE MOKPALLUTU
npouec HaBYyaHHA 3pobuUTK Moro 6inbw edeKTUBHMM, LiKAaBUM Ta AOCTYNHUM. BogHouac Take npodeciliHe 3pOCTaHHA BUMTENA
6e3nocepeHbO BMNIMBAE Ha NiABULLEHHS AKOCTI HABYaHHSA iX yYHIB.

2. BM3Ha4yeHO KAIOYOoBi eTanis peanisauii npodecinHoi camoocBiTM BUMTENIB HAyKOBWX JiueiB: 1) aHanis notpeb;
2) nnaHyBaHHA nporpamu; 3) po3pobka pecypcis; 4) NnpoBeaeHHA HaBYaHHA; 5) ouiHKa Ta 3BOPOTHIM 3B'A30K; 6) MpaKTUYHa
peanisauis; 7) cynposiz i NiaTpMMKa; 8) ouiHKa pe3ynbTarTis.

3. CdopmoBaHO pekomeHAaALji Ana BUMTENIB HAYKOBUX MILEIB WOAO LWAAXIB BUKOPUCTAHHA XMapO OpPiEHTOBAHMX
CepBiciB BiAKPMTOI HayKW.

4. OCHOBHMMM NepeBaraMy BUKOPUCTaHHA XMapo OpPiEHTOBaHWUX cepBiciB B NpodeciiHili camooCBiTi BUMTENIB E:

. BEe/IMKUI BUBIp pecypciB. XMapHi cepBicM HagaloTb WWMPOKUIM BMBIp HaBYa/bHUX PecypciB, BKAKOYAKOUM
€N1eKTPOHHI NiAPYYHUKM, }KypPHAAN, HAYKOBI CTaTTi, Bigeoneku,ii. Bunteni MoxKyTb 3aCTOCOBYBATH Lii pecypcu gns
nornnbaeHHA CBOIX 3HaHb Y KOHKPETHUX rany3ax, 03HaOMNEHHSA 3 OCTAHHIMU TEHAEHLIAMM Ta METOAMKaMU B
OCBITI;

. FHYYKICTb Ta AOCTYNHICTb. XMapHi cepBicy AOCTYNHi 3 ByAb-AKOro micLA Ta NPUCTPOLO, L0 A03BOJIAE BUNTENAM
BYMTWCA Ta NPALLIOBATM B 3PYYHUIA Yac;

®  MOCTillHe OHOBAEHHA iHPOpMaLi/gaHnX. XMapHi cepsic HapaloTb AOCTYN A0 aKTyaNbHUX HayKOBMX
[OCNiAXKeHb, HOBMH Ta iHbopmauii. Le no3sonde Buntenam 6yTM B Kypci OCTaHHIX TpeHAiB, iHHOBaUi Ta
nepenoBuX NPaKTUK y NeBHIN chepi AianbHOCTI;

. B3aEMOZiA Ta cnisnpaysA. XmapHi cepsicM cnpusaloTb 06MiHy [0CBiAOM, cniBnpaui Ta B3aEMHOI NiATPUMKM
YYaCHUKIB NeaaroriyHoi cnibHOTK.

Mopanbwi JAocniAXKeHHA BapTO CNPAMYBATM Ha AEeTaNbHUX PO3MIAA, Pi3HUX XMapPHUX CEPBICIB i 3aCTOCYBaHHA iX A
BMKNAZAHHA Pi3HUX HAaBYANbHUX NpeaMEeTIB.
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AHOTAUIA

ABSTRACT

Y cmammi Ha ocHo8i aHanizy cyvyacHux meopili i modeneli
po32nadaromecs mepmMoOUHAMIYHI Mpoyecu, AKI nexams 8 O0cHosi
GopmyB8aHHA N0200U MaA Pi3HUX QHOMGAsbHUX TMPUPOOHUX AuW, Y
npunosepxHesili ammocgepi 3emai.

®opmy po6b. 3acmocysamu moxcaugocmi aHaniMuKo-
CUHMemuYyHo20 Nidxody uj000 MOACHEHHA (hakmopie, AKi enauealomMe Ha
hOpMyBaHHA M0200U | OeAKUX QHOMA/bHUX aMMOCHepHUX Asuw, ma
3’Acysamu  ¢hyHKUIOHAAbHI 3aAeHHOCMi MiX OCHOBHUMU (hi3U4HUMU
napamempamu, wo ix onucyrome.

M pi i ] Y Akocmi memodie  OocnioieHHA
BUKOPUCMOBYBAAUCA: QHAMI3 APXIBHUX Memeoposo2iYyHUX mamepianie;
y3a2anbHeHHA OaHUX WopiyHux nybaikayil kKomicili OOH 3 npobnem
Knimamy.

Pesyabmamu. Y  pe3ynemami  nposedeHoz2o  00CAiOHEHHA
8CMAHOB/1EHO, WO NPoyecU hopmysaHHA Mo200u Mma aHOMAbHUX ABUWY Y
npunosepxHesili ammocgepi 3emsni 3Hax00AMb CBOE MOACHEHHA 3 MOYKU
30py Pi3u4HUX 3aKOHIi8, AKI OCMAMHbLO ONUCYIOMb CMAH MA MOXAUBI
HACNIOKU 3MiH, W0 BUHUKQIOMb Y MAKUX 8IOKPUMUX MepMOOUHAMIYHUX
cucmemax AK OKeaHu, cyxodin ma ammocgepa. Bapitorodu peansHi
HanpAmu i WeudKocmi 8epmMuUKanbHUX | 20pU30HMANLHUX NepemiujeHs Mac
Cyx020 | 807102020 MOBIMPA 30 Pi3HUX 3HA4YeHb 2padieHmie MUCKy,
memnepamypu i 2ycmuHu, 3’AC08AHO YMOBU BUHUKHEHHA Pi3HUX eudie
onadie (dowly, epady, cHiey) ma aHOMAbHUX aMMOChepHUX ABUW: 2pO3,
wkKeanis, Wmopmie, ypazaHie, YuKkaoHie, mopHado mouwjo. O6rpyHmMo8aHo
ponb monozpacii pensedy cyxodony Ha hopmysaHHA Mo200u. 30Kpema, o
obudsa 6oku 8i0 2ipcbkux xpebmie no200a cymmeso 8iOpi3HAEMbCA:
nioHimaroyuce yeepx 00 BepwuH 2ip, nosimpsa 0X0n100XyeEMbCH,
Hacuyyemoca i mym chopmyemeca 0ow08a n0200a; nepexodayu 4yepes
2ipcbruli xpebem, 36i0HeHe Ha 807102y MOBIMPA CMAE Menaum, wo opmye
«cyxy» no2o0y.

BucHosKu. Criuparoyuce Ha ompuMaHi 0aHi Npo npoyecu hopmysaHHsA
no2o0u mMa aHOMAsbHUX ABUW Y MpurnosepxHesili ammocdepi 3emi,
MOMHA cKaacmu opieHmosHull anzopumm ii nepedbayeHHs. Tak, AKWO
8idoma weudKicme pyxy yeHmpa HU3bKO20 MUCKY 8 YUK/OHI, Mo 80aembca
docmamHbo mo4Ho nepedbayumu 4ac, Koau 8iH 0ocszHe NesHoi MoYKuU,
po3mawosaHoi Ha eidcmaHi 500 km Ha cxid 8i0 (020 peasnbHO20

The article, based on the analysis of modern theories and models,
considers the thermodynamic processes that underlie the formation of
weather and various anomalous natural phenomena in the Earth's near-
surface atmosphere.

Formulation of the problem. Apply the possibilities of the analytical-
synthetic approach to explaining the factors that influence the formation of
weather and some anomalous atmospheric phenomena, and find out the
functional dependencies between the main physical parameters that
describe them.

Materials and methods. The following research methods were used:
analysis of archival meteorological materials; summarizing the data of the
annual publications of the UN commissions on climate problems.

Results. As a result of the conducted research, it was established that
the processes of weather formation and anomalous phenomena in the
Earth's near-surface atmosphere are explained in terms of physical laws
that sufficiently describe the state and possible consequences of changes
occurring in such open thermodynamic systems as the oceans, land and
atmosphere. By varying the real directions and speeds of vertical and
horizontal movements of dry and moist air masses under different values of
pressure, temperature and density gradients, the conditions for the
occurrence of various types of precipitation (rain, hail, snow) and
anomalous atmospheric phenomena: thunderstorms, squalls, storms,
hurricanes, cyclones, tornadoes, etc. The role of the topography of the relief
of the land on the formation of the weather is substantiated. In particular,
on both sides of the mountain ridges, the weather is significantly different:
going up to the tops of the mountains, the air cools, becomes saturated,
and rainy weather forms here; passing over a mountain range, the
moisture-depleted air becomes warm, which forms "dry" weather.

Conclusions. Based on the received data on the processes of weather
formation and anomalous phenomena in the Earth's near-surface
atmosphere, it is possible to draw up an approximate algorithm for its
prediction. Thus, if the speed of movement of the center of low pressure in
the cyclone is known, it is possible to predict with sufficient accuracy the
time when it will reach a certain point located at a distance of 500 km to
the east of its real location, as well as the type of weather that will prevail
during the approach of this center. In the same way, if the direction of
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MiCYe3HaxXo00HeHHsA, a MAaKox¥ mun no2oodu, AKkuli byde nepesaxamu 3a movement of cold or warm fronts of air masses is known, it is possible to
HAbAUNEHHA Yb0o20 yeHmpy. TaKum xce YUHOM, AKWO 8idomuli HaMpaAm predict in advance the type of weather that will prevail in a given area.
Pyxy xon00Ho20 a60 mena020 poHmMie NosiMpPAHUX MAC, MO BUHUKAE

Moxciusicms nepedbayamu 3a30anezidb mun noz2odu, AKul 6yde

nepesaxcamu y 0aHili micyegocmi.

K/ItOHOBI C/IOBA: mepmoduHamiuHi npoyecu; ¢hi3u4Hi napamempu; KEYWORDS: thermodynamic processes; physical parameters; weather;
nozoda; aHoManbHi ammocgepHi Asuwa; npurnosepxHesa ammocgepa abnormal atmospheric phenomena; Earth's near-surface atmosphere.
3emai.

BCTYN

B ymoBax CTPIMKOro po3BWMTKY LMBINI3aLii HAa NMepwuin NaaH BUCTynatoTb Npobiemun, NOB’A3aHi 3 JOCNIAMKEHHAMM
BMA03MiH KNiMaTy, NOroAu Ta aHOMaNbHUX NPUPOAHMUX ABULL,. | xoua y XXI CT. € MOXKAMBICTb A0NATU HACAIAKN AeAKUX aHOMaAnNIN i
KaTaKi3miB NJaHeTapHOro maclutaby, NpoTe 3aneXHiICTb NI0ACTBA Big HUX He cnabwae. Ta M NoACbKa AiaNbHICTL NoYana CyTTEBO
BN/AMBATM Ha NpupoaHii naHawadT (Kynbbiga ta iH., 2009). NMpoTarom N0ACLKOTO XUTTA (B cepeaHbomy 75 POKiB) KnimaT maiixe
He 3MiHIOETbCA, TOMY 11 MOroga pPo3rnAaAaETbCa AK WOCh TaKe, WO KOAMBAETLCA 6inA NOCTIMHOI «CMHYCOIAN» Nip POKY, i NOMITUTK
MIH/IMBICTb KNiMaTy BAanocA Anwe Hayui. KnimaTuyHa cuctema BKAHOYAE KOMMOHEHTH, AKI 3HAX04ATbCA MiXK COBOK Yy CUAbHIN
B3aEMHII 3aN1eKHOCTi: OKeaHu, aTMocdepy, NOBEPXHIO cyxoaony, biocdepy. Tomy Ana onucy noroau i Knimaty Ha 3emni noTpibHo
BPAX0OBYBATM CYKYMHICTb CTAaTUCTUYHMUX XaPaKTEPUCTUK BCIX KOMMOHEHTIB CUCTEMMU.

MocraHoBKa npobnemu. CeigueHHsM Bce 3pocTatoudoi yBaru i CTypboBaHOCTI CBiTOBOI CMiIBHOTM A0 nNpobnem
KNiMaTUYHOT CMTyaLii CTaNo NPaKTUKOK NPOBeAEHHsA WopidHuX camiTiB OOH 3 nutaHb 3miHM KnimaTty COP (Conference of the
Parties). Ha yux camitax pos3risgatoTbcsa npobaemu BTiNeHHA MnosoxeHb PamkoBoi KoHBeHUji OOH 3 nutaHb popmyBaHHA
KNiMmaTy, yxBa/ieHHA pilleHb 3 NoAasnbLIoi PO3pObKM NpaBua KOHBEHLT i neperoBopis WoA0 HOBUX 3060B’A3aHb AepiKas.

Y erunetcbkomy KypopTi Lapm-enb-Leiix 3 7 nuctonaga 2022 poKy ynpoAoBX ABOX TUMKHIB TpuBana poboTa yxe
27-ro Takoro camity — COP27.Y 2021 poui Ha camiti COP26 y nasro 6y/10 y3roasKeHo H13Ky 30608’'A3aHb AepiKaB:

— NOCTYMNOBO CKOPOYYBATU BUKOPUCTAHHA BYFiNNA — OAHOTO 3 HaMbinblw 3abpyaHIOBabHUX BUAIB BUKOMHOIO NaAnBa;

— 3yNUHUTK BUPYBKY nicie ao 2030 poky;

— CKOpPOTUTU BUKNAM meTaHy Ha 30% no 2030 poky;

— noAaTu HOBI KNiMaTKYHI naaHu ain go OOH.

Camit COP27 cTaB 6e3npeueaeHTHUM, BiH 3ibpaB cBiToBuxX nigepi 120 KpaiH i 6113bKo 30 TUCAY yYaCHWUKIB, CTaBMB
CBOEK METOH BUKOHAHHA 30608’a3aHb COP26 i nnaHyBaB CcTaTu «NepesioMHUM MOMEHTOM Yy 60poTbbi 3i 3MiHOK KnimaTy y CBITi».

HaranbHicTb NMTaHHA 3anobiraHHA 3MiHam KAiMaTy Lwe 6inbLl 3arocTpuaoCcA OCTaHHIM YacoMm, KoM BiAByAucA pynHiBHi
noseHi B MNakucTaHi Ta Hirepii, a TakoX ekcTpemanbHa cneka B IHAii Ta ErmnrTi.

Lo * 4o YKpaiHK, To ocTaHHi 20 poKiB cepeaHa TemnepaTtypa NoBiTpA B YKpaiHi 6'e pekopan, BOHa NOCTiAHO 3pOCTaE.
3 80-x poKiB cepeaHA TemnepaTtypa Ci4HA Ta N0TOro mMicauis B YKpaiHi 3pocna Ha 2 — 2,5 rpagycu (bapabaw & Tkau, 2005). Tox
DOCNIAKEHHR B Ui LapyHi, Ha Hawy AYMKY, NOCTiMHO 6yayTb aKTyallbHUMMU.

AHanis aKTyanbHUX Aocnip)eHb. [eTaNbHOMY [AOCNIAKEHHIO MOXAMBOCTElM 6e3nocepesHbO  aHAMIMUYHO-
CUHep2emuYyHo20 Niaxoay A0 NOACHEHHA YMoB GOPMYyBaHHA NOroAM Ta aHOMa/lbHUX SIBULL, Y NPUMNOBEPXHEBIN aTmocdepi 3emni
NpUCBAYEHO MOPIBHAHO Hebarato pobit. Lt npobnemy moKHa aHanisyBaTM 3 TOYKM 30pYy TEPMOAMHAMIKM BiAKPUTMX
HepiBHOBAXKHMX CUCTEM (JOCNIAKEHHAM AKMX 3 TOYKM 30pY di3MKKM 3alimaBca bonbumaH (Boltzmann, 1878)) — 800Ho20 nokpusy
(noBepxHi okeaHiB), cyxodosy, ammocgepu i biomu (3a HaABHICTIO), — AKI B NPOLLECi B3AEMHOIO BMNANBY, B3aEMOAI, i, AK HACNIA0K,
camoynopaaKyBaHHA (CamoopraHisal,ii) M BU3Ha4YaloTb NOro4y i KAimat Ha Hawil naaHeTi. Mpouecn camoopraHisauii B nogibHux
(BIZAKPUTUX, OMHAMIYHMX) CUCTEMAX LeTaNbHO AOCNiAXKeHi i onybnikoBaHi B npausax gocniaHukis (Brocker et al., 1985; Klein,
1969). 3HayHKMI 3a 0bcArom matepiany aHanis BNAMBY Pi3HUX GaKTOpPiB Ha KAIMaT, norody, Pi3Hi NPUPOAHI LMKAKU | pUTMK, AKi
MaloTb Te, YN Te BiAHOLWEHHA 00 GOPMYBaHHA aHOMANbHUX ABULY Y NPUNOBEPXHEBi aTMocdepi 3emni, npucesaveHi poboTtn
astopiB (Cess et al., 1989; Druffel & Suess, 1983). [loTuyHe BigHOWEHHA A0 NpPo6aeMU KAimaTy MatoTb 1 aBTOPCbKi poboTu
(KpacHobokui Ta iH., 2020; KpacHob0oKMi1 Ta iH., 2023).

Merta crarri. MpoaHanisyBaTM MOXKANBOCTI aHANITUKO-CUHTETUYHOTO NiAX0AY WOoA0 NOACHEHHA GpaKTOpiB Ta 3’ACyBaHHA
bYHKLiOHAaNbHUX 3aN1EXKHOCTEN MiK OCHOBHUMMU Bi3MYHMMM NapameTpamu, AKi CYTTEBO BMN/IMBAIOTL Ha GOpMyBaHHA norogm i
BM3HA4aloTb 0CO6AMBOCTI Nepebiry AeAKMX aHOMaIbHUX aTMOCHEPHNUX ABUILL,.

METOAU AOCNIAXKEHHA

Y AKOCTi meToAiB AocniaxeHHA 6yno obpaHO KOMMNEKCHUI aHani3 HayKOBUX [Xepes, B AKUX PernpeseHTYETbCA
CUHepreTMYHUIM Niaxia A0 NOTPaKTyBaHb €BONIOLIAHMX NPOLECIB, WO BiAbYBalOTLCA B aTMOCHEPHMUX 30HAX Bina nosepxHi 3emni,
a TAKOXK aHasi3 apXiBHMX METEOPOIONIYHUX MaTepiasiB Ta y3araJbHEHHA AaHUX LWOPIYHMX nybaikayin komicin OOH 3 npobnem
BMBYEHHA NOroAM i Knimary.

PE3Y/IbTATU AOCNIAKEHHA

PosrnaHemo TepmoauHamiky npouecis, fAKki  ¢opmyloTb norogy B NpuUNoBepxHeBit aTmocdepi 3emni. 3a
CNOCTepPEeKeHHAMM Ta iX AKICHOTO aHani3y MOXHa 3pobUTU BUCHOBOK, L0 TAaKMM MPOLLECOM NEPEBANKHO € KKOHBEKTUBHUIA» PYyX
NeBHMX Mac BoAM i rasis.

OcKinbKkn 06’ekTamu BUBYEHHA i3UKM NEPEBAXKHO € HE peanbHi Tifa B ycil ix 6araTorpaHHOCTI, a igeanizoBaHi 06’ekTn
(Mmogeni), Wo Aae MOMKAMUBICTb 30CepeauTU AOCNIAMEHHSA Ha 3’AcyBaHHI GYHKUiOHAaNbHUX 3aNeXHOCTeN MiK OCHOBHUMM
napameTpamu, siKi BigobparkatoTb XapaKTepHi BAACTUBOCTI Til abo nepebir TUX UM TUX NPOLLECIB | ABULL, OMYyCKaoUYM ApYropsaaHi
LeTani, a TaKOX AAE MOXK/INBICTb BUKOPUCTOBYBATK BiANOBIAHUIA MaTeMaTUUYHMIA anaparT.

ToK 3MOAENt0EMO MOBeAiHKY piguHKU (Bonoru), rasy (BogaHoi napu) i cyxoro NosiTpA B NoOAi TAXKIHHA 3emni, AKi 1
BM3HAYaloTb CTAH NOroam i aHomanbHUX aTmochepHux asuw, (KpacHobokuit Ta iH., 2020).
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Cno4aTKy HaBegemo BiAOMI Qi3MYHI NOHATTA, Ha AKi Oy4emMo MNOCMNATUCA B KOHTEKCTi MOZanblioro BWKAAAy
po3rnagyBaHOro marepiany.

AmmocehepHa eos102icmb. BMicT BogaHOI napu B aTmocdhepi € 04HMM 3 HaWBaXKAMBILWMX (AKTOPIB, AKi BM3HAYalOTb
norogy. HaBiTb Hag nycTeneto NoBiTPsA HiKOM He ByBae abCcoNOTHO CyxMm. BunapoByBaHHA 3 OKeaHiB, MOpiB, 03ep i PiYoK, a
TaKOX 3 NOBEPXHi CyX0A40/1y i POCIMHHOCTI BU3HAYa€ BMICT BOJIOTU y NOBITPi 6113bK0 4%. PaKkTUUHa KiNbKiCTb BOAAHOT Napu, Wo
micTuTbes B 1 m3 (abo B 1 cm3) NoBiTpA Ha3MBaETLCA abCO/MOMHOK 80s102iCcMio. BOHa BUMIPIOETLCA B rPamax Ha KybiuHUi meTp
(caHTMmeTp).

MaKcMManbHO MOXAMBA KiNbKiCTb BOAAHOI Napu B NOBITPI BiANOBiAa€e CTaHy ii HacnyeHHA. TemnepaTtypa, 3a AKOi
BOZAHA Napa, WO 3HaxoAUTbCA 33 NeBHUX YMOB, CTA€ HACUYEHOI, HA3UBAETLCA MOYKOH pocu. MNepeBarkHO Y 3BMYAHOMY CTaHi
atmocdepHe noBiTpa HeHacuuyeHe. Tak, HanpuKknag, 3a 20°C nosiTpPA MoXe MicTUTM (abo mMaTh abCoOTHY BOJONICTb) MLLE
8,7 2/M3, MiX TUM fAIK 3@ CTaHy HacMYEHHA BOHO MOBMHHO 6yn0 6 yTpumysaTn 17,3 2/m3. IHWIMMM CNOBaMK, BOHO MICTUTb /iMLLE
~ 50% CBOEI MOK/MBOiI «BOJIOFOMICTKOCTI».

BigHOLWEHHA KiNbKOCTi BOAAHOI Napu, Wo GaKTUYHO MICTUTbCA Yy NOBITPI (abcoNtoTHA BONOTICTb), 40 Ti€i KiNbKOCTI, fiKa
HeobxigHa ana il HACMYEHHA 3a TIiEl K TemnepaTypu, HA3UBAETLCA B8IOHOCHOK B80s102icmMio NOBITPA. MpW NOCTINHIA abcoNtoTHIN
BOJIOTOCTi HarpiBaHHA NOBITPA 3HWMKYE MOro BiAHOCHY BOJIOFICTb i HAaBMNAKKU, OXO/IOAMKEHHA MOBITPA NiABULLYE MOro BiAHOCHY
BosoricTb (dyleHKo & Kyyepyk, 1987).

AKWo piamMHa (abo ras), Aka 3HAXO0AWUTbCA B MOJI TAXKIHHA, HarpiTa HEPIBHOMIPHO, TO He 3a ByAb-AKOro po3noginy
TemnepaTyp BOHa Moe nepebyBaTh B MeXaHiYHil piBHOBa3i. B3arani KaxKyuw, y Takii piguHi BigbyBaTMmMeTbCs NepemillyBaHHs
(KOHBEKLiA) HEPIBHOMIPHO HarpiTUx ii YacTWH. [NA CNpOLWEHHA NPUNYCTUMO, WO TemnepaTypa PiAVHU 3MIHIOETbCA AuLe 3
BucoToto. Mose TAXKIHHA Byaemo BBaXKaTU OAHOPIAHMM. 33 LbOro 3'CYEMO, 3@ AKMX YMOB KOHBEKLLA HE BUHUKATUME i 3BHEXTYEMO
iHWMM fBULLEM NepeHeceHHA — «TenonpoBigHICTIO» B piauHi. Toai byab-AKe NepemilleHHs enemeHTa PiauHW 3 04HOro
NONIOXKEHHSA B iHLLIE MOXKe PO3rNaAaTUCA AK afiabaTMUHUI NpoLec, B AKOMY eHTpONiA He 3MiHoeTbes (KpacHO60oKui Ta iH., 2023).

B cTaHi mexaHiyHOi piBHOBarn Temnepatypa 7, nutomuii o6’em v i TUCK P pigyHN € OYHKLiAMMU nlue BUCOTU Z Hafg,
nosepxHeto 3emni. [ilicHO, NPUCKOPEHHS BiIbHOTO NaAjiHHA § CNpAMOBaHe BHW3, TOBTO Y Bif'EMHUIA HanNpsAm oci Z, i 3anexuTb
Nvwe Big, Z. BOHO He Mae CKNagoBMX Y300BX KoopAuMHaTHWMX ocer X i Y. Tomy, 3a cTaHy MexaHi4yHOi piBHOBaru

6P/6x = 6P/0y =0, To6T0 P 3anexnUTb TeX AunLle Big z. Aani, 6P/62 = —pg(z), 3BiAKM BUAHO, WO MYCTUHA p = ]/V € OyHKLUie0
OAHi€l nnwe KoopamMHaTH Z. Te XK came BigHOCUTLCA 11 A0 TemnepaTypu 7T, AK Le BUNAMBAE 3 PIBHAHHA CTaHy T :T(P, p).

Hexa dv, dT, dP o3HaualoTb HecKiHueHHO Mani npupocTtn v, T, Py CNoKiMHOMY CTaHi piavHM 3a 3MiHM BucoTv Ha dz. Ha
nifcTaBi PiBHAHHA CTaHY Ui BEAMYMHM NOB’A3aHi CMiBBIAHOWEHHAM:
dv = ﬂ dT + ﬂ dP. (1)
aT Jp oP );
MpunNycTMMO Tenep, Wo Nig, 4i€l0 AKOroCb HECKIHYEHHO Masioro 36ypeHHs eNemMeHT pPignHM NepemicTMBCs yeBepx Ha dz.
OCKiNbKM Le nepemileHHs BigbyBaeTbCcA aAiabaTMUHO, TO AN1A 3MiHW NUTOMOro 06’eMy pPiANHM 32 TAKOTo NepemileHHA MOXKHa
3anucaTu:

ov ov
dv . = — | dT ,+| — | dP. (2)

ao aT ao p

P T

Y ubomy Bupasi dT,, i dP o3HauatoTb NpUpocT TeMNepaTypw i TUCKY BcepeAnHi pO3riadyBaHOTO efeMeHTa PifuHK 3a
afiabaTMyHOro NigHATTA oro Ha BucoTy dz. (IHaeKc «ao» 6ina dP onylieHo, ocKinbKM NPUPICT TUCKY B e/1eMEHTI pianHM Takuit
e, AK i NPMPICT TUCKY B oTouytouii piguHi). AKwo dz > 0, To6To enemeHT pignHU NepemicTUTbCA AINCHO yBepX, i dv,, >dv, TO
nepemilLleHuni eNleMeHT BUABUTLCS BiZHOCHO Binblu ETKUM, HiXK OTOYyO4a pianHa. BiH byae niaHimaTtuca we suule, i pisHosara
PifMHU BUABMTLCA HECTIMAKOI. Y NPOTUNEKHOMY BUNAAKY, KOM dv , < dv, TUCK OTOYYIOHOI PiAMHM NOBEPHE eNemeHT y

nonepeaHe NONOMXKeHHA, TO6TO piBHOBara byae cTilikoto. CkopucTaswmnch Bupasamu (1) i (2) i noainmeLimM HepiBHICTb Ha A0AATHIO
BesiMunHy dz, ymOBY CTilNKOT piBHOBArv MOXHa 3anucaTtv y BUrIaA:

ov dT ov dT
AN ANCIAY (3)
ot Jp\dz ), \OT Jp\ dz
Bumory dz > 0, fika BUKOpUCTaHa 33 LbOro LOBEAEHHS, TeNep MOXHA BiAXWUAWUTU, OCKINIbKM B HEPIBHICTb (3) BXOAATb
Avwe noxigHi (dT/dZ)m, i (dT/dZ), 3Ha4YeHHA AKKX Big 3HaKy dZ He 3anexatsb. Bigomo, Wwo ana 6inbWwocTi Tin TemnepaTypHUii
KoediLieHT 06’EMHOrO PO3LWIMPEHHA A0AATHUI, TOMY 3aMiCTb YMOBM (3) MOXKHa 3anucati 6inblw NPoCTy ymosy:
dT dT
— > — .
dz dz J,,
[na Tin 3 Big' eMHUM TemnepaTypHUM KoedilieHTOM 06’EMHOTO PO3LWMPEHHA 3HAK HepiBHOCTI (3a) HEOBXiAHO 3aMiHUTK
Ha NPOTUAEXKHUIA. MU K y NOAANbLIOMY BBaXKaTUMEMO, L0 MA€E MiCLLe NepLInii BUNaaoK.

(3a)

TakMM 4MHOM, YMm BinbliMiA TemnepaTypHUN TPALIEHT (dT/dZ), TMM MOBi/NbHiWeE BiAOYBAETLCA KOHBEKLiA, TUM
CTiMKilWa mexaHiuHa piBHOBara pignHW. HUXHbLOIO Meeto (dT/dZ), 3a AKOi KOHBEKLiA Wwe moxe 6yTu BifCyTHbOW, €

«apjiabaTUYHUI TemnepaTypHUA TpafieHT» (dT/dz)m), [na horo obuncneHHA 3ayBa)Kyemo, WO 3a afiabaTmyHoro npouecy
NUTOMA EHTPONIA S He 3MIHIOETLCA. Po3raagatoum ii Ak dyHKuito Ti P, moXKHa 3anucaTtv (AyweHko & Kyuepyk, 1987)
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ds 0s dT 0s dP
_— = — — +| — — [=0.
dz ), \oT jp\dz /, \OP/ ;\ dz
Y Hawomy BMNAAKy NMMTOMA EHTPONIA S PO3MNAAAETLCA AK GYHKLIA TeMNepaTypu i TUCKY oaHiel dasu — pianHu. Tox ana
LbOro BMNagKy cnpaseanBei Taki TepMOANHAMIYHI CNiBBIAHOLWEHHSA:

0s Cp [ Os ov

o

ar Jp T "\ oP T oT P'
CKOPUCTaBLUMCb HUMW i PIBHAHHAM FigpPOCTaTUKN dP/dZ =—00 = —g/v, OTPUMAEMO:
dT 9T (ov
dz ),y vep \oT )y

a

(4)

[na noBiTpA, B HABNMMKEHHI AOro BAacTUBOCTEN A0 ifeanbHOro rasy, nMToMmunii 06’em v nponopuioHanbHMi TemnepaTypi
T (npu P = const), a Tomy (av/aT )P = V/T . 3 BpaxyBaHHAM Lboro (4) HabyBae Burnagy

G 1 (5)
dz

ao CP
BBarkatoum NOBITPSA ABOXaTOMHWMM rasom, 3riflHO 3 K/IACUYHOK TEOPIiEtD TEMNJIOEMHOCTEN MAEMO: Cp = 7R/2,u, ne

[ = 28,8 2/Monb — cepeiHA MONAPHA maca nosiTpA. MiAcTaHOBKa YNCIOBUX 3HAYEHb AA€E:

dT 2119
— | =——==-9,7-105K/cm =-102 K/m. (5%)
dz J 7R

AKWO TemnepaTypa NoBITPA NiABULLYETLCA 3 BUCOTOLO, TO aTMochepa B mexaHiYHOMY BifHOLWeHHi 6yae cTiikoto. Ane ii
CTilKa piBHOBAra MOX/AMBA W TOAi, KO/AM 3 BWUCOTOK TEMMNepaTypa MOBITPA 3HWMMKYETbCA. [1poTe Ue 3HMMKEHHA HE MOXKe
nepesuLLyBaTM NPUBAN3HO OAHOTO rpagyca Ha KOXKHi CTO MmeTpis BUCOTH (5%).

Becb nonepegHili BUKNaA CTOCYBaBCA BMNAAKY, KOIM He BPaxOBYBABCA BM/IMB BOAAHOI Napu, AKA 3aBXKAM NPUCYTHA B
atmocdepi. 3a Lboro ocobnunBy yBary npusepTae BUNALOK, KOJIM TeMnepaTypa NOBITPA 3HAYHO HMXKYA Bif, TeMnepaTypu KUMiHHA
BOAMW. 3@ TaKMX YMOB Ki/IbKiCTb BOAAHOI Napy BiAHOCHO Mana. Bnaus ii Ha BeNIMUYNHY afiabaTMYHOro TeMNepaTypHOro rpagieHTa
6yB 6K HEXTOBHO Manuii, AKbM 3a agiabaTMyHMX npoueciB He BigbyBanoca KoHAeHcauii BogaHoI napu. Y AilcHocTi 3a
afiabaTMyYHOro MigHATTA MOBITPA OXONOAMKYETLCA, CTAE HACMYEHMM, @ MOTIM M NepeHacuyeHUM. B pesynbTaTi, AOCATLWIM TOYUKM
pocu, BOAAHA NAapa KOHAEHCYETbCA HA MOHAX, MUAMHKAX M iHWMX LEeHTpax KoHAeHcauji. L KoHaeHcoBaHA BOOra HAa3MBAETLCA
pOocoro. KW TOUKa POCK IeXKUTb HUKYe Hyns (0°C), To KoHAeHCOoBaHA BOOra HabyBae BUTAAY iHero.

TouyKa pocn Ma€e BaxkAMBe 3HAYeHHA ANA BM3HAYEHHA BIAHOCHOI BOJIOrocTi. AKWO TOYKA POCU BigOMa, TO MOXKHaA
BM3HAYMTM abCONOTHY BOJIOFICTb 3@ CMeLiafbHO CKAAAEHMMU Tabauuamu. 3Hatoum X abcontoTHY BOJIOTICTb i TemnepaTtypy
NoBITPA, MOYKHa BMPaxXyBaTU Bi4HOCHY BONOTICTb.

3a npouecy KOHAEeHcaLii BUAINAETbCA TEM/IOTA NAPOYTBOPEHHA, WO CYTTEBO BM/IMBAE HA MEXaHi3M AOCNIAXKYBaHUX
npouecis.

Po3rnsaHemo neBHy NoOpLLit0 NOBITPA, HACMYEHOTO BOAAHO Napoto. Macy NoBiTPA B Hili NO3HAYMMO M1, Macy BOAAHOI
napv mp, macy pigKoi Boan ms. 3a agiabaTMyHOro npouecy NiAHATTA yBEPX eHTPONiA PO3rnaLyBaHOi CUCTEMM 3MIHIOBATUCA He
byane, Tomy:

m;s; +m,Ss, +m,s, = const, (6)
[Oe S1, S2, S3 — MMTOMI eHTpONii NOBITPA, BOAAHOI Mapu i piAKoi BOAM BigNOBIAHO. 3a LbOro, NOBHA KibKiCTb BoIOMM (BOAM i napu)
3anuwaetbea cranolo M, + My = CONst ; Takum umHom dMgy = —dM, . Akwo * Bca BONOra icHye AMWe y BUFAAA] HacuueHol

BOAAHOT Napw, TO Macy piAKoi Boan HeobxigHO NpupiBHATK A0 Hyns (ms = 0). Ane, 3BU4aliHO, BENIMYMHA dm3 NOBUHHA BBAXKATUCA
BiAMIHHOIO Bif, HYNA, OCKINIbKM 3a NigHATTA yBEPX BOAAHA Napa KOHAEHCYETbCA Y PiAKi Kpanni. B3aslwim ue go ysaru, 3 ymosu (6)
OTPUMYEMO:
m,ds, + m,ds, + (52 —S3 )dm2 =0.
PisHMLO NMTOMMX eHTPONiii BUPa3MMO Yepes NMMTOMY TenaoTy BUNapoBYBaHHA (| = T(s2 — 53).

Maca napu m, y posrasgyBaHiii cuctemi 3anexuTb auwe Big Temnepatypu T, Tak wo dm, = (dmz/dT )dT . Ana
andepeHLiany NMTOMOoI eHTponii NOBITPA ds; 3 BpaxyBaHHAM, LLLO NOBITPA MOXe BBAXKaTUCA ifeaNlbHUM ra3om, OTPUMAEMO TaKMUi
»Ke BMpas AK i y BUNagKy cyxoro nosiTpa:

¢ V.
P
ds, = —dT - 2dR.
T T

Te K came MOXKHa Hanucatu 1 gna BoAAHOI napw. MpoTe HeObXiAHO BPaxyBaTH, LLLO TUCK HACMYEHOT Napu 3aN1eXuTb
NvLe Big TemnepaTypu, a Tomy

c v, dP
ds, = | —2dT — -2 —2 |dT

T T dT

HapewwTi, 3acTOCYyEMO A0 NOBITPA PIBHAHHA FigPOCTaTUKK:

dP, = -p,0dz = —gdz .
Vi
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O6’eaHaBWN OCTaHHI PIBHOCTI, OTPMMAEMO:

m, dP, g dm, ||dT
Cp+—|Cp —Vo—Z+———||-——=-0

m, dar  m, dT dz
Y ubomy cniBBiAHOWEHHI My i M;, O4EBUAHO, MOXKHA 3aMiHUTU Ha WiNIbHOCTI (yCTMHM) NOBITPA | BOAAHOT Napu p1 i p2. 3
piBHAHHA KnanelipoHa-MeHgeneesa p = uP/RT, a Tomy
m _ P 1dm, 1dp, T d(P) 14
mo mPm, dT  p, dT PR, dT\T ) P, dT

BWKOHaBLLUK BiANOBIAHY NiACTAHOBKY, NonepeaHs PiBHICTbL HabyBae BUAYy:

L
=

H,P, d?, q q dR, |[dT
Cp+ 2| Cp —Vy—F————= || —=—
P, daT T P, dT J|dz
HapeLwTi, ckopucTaBLMC piBHAHHAM KnaneipoHa-Mengeneesa y cnpowexomy suraagi dP, /dT = g/Tv, , oTpumaemo:
dT 1
(_) _a : @)
4z ). Cp P 2
a Y Mol qa 4,(qQq
I+ lcp ——+—| =
whey T R\T

Y dopmyni (7) TemnepaTypHOMY rpagi€HTy MU NMOBEPHYAN iIHAEKC «a0», AKMM HEXTYBA/M 3@ NPOMIXKHUX PO3PaXYHKIB.

MuTomi TennoemHocTi nositpsa Cp i BoasHOI napu Cp, 06paxyemo 3a KJ1acCUYHOM TEOPIED TENIOEMHOCTEN, BBaXKaloUuM NOBITPA

[ABOX-, @ BOAAHY Napy TPbOXaTOMHWUM rasamu. Togai

R

Cp,

21

c 4R
[
2 /12

[Oani Bpaxyemo, Wwo Yy (7) MHOMKHUK (— g/CF,1 ) BUparkae agiabaTMUHMUIA rpafieHT TemnepaTypu ANa CyXoro NoBiTpsA, AKMI

no3HauMmo AK (dT/dz )ao. oyx.- TOAI dopmyna (7) Habyae surnagy:

dZ ao dZ ao.cyx.
ne KoeodiuieHT C BigobpaXkaeTbca BUPa3oM:
2
1 8 P.
— =1+ ~_2 1- qﬂ + qﬁ (9)
C 7R 2RT 2RT

HaBegeHumn ¢opmynamm MOMKHA KOPUCTYBATUCA i B TOMY BMNAZKY, KOAM 33 OXONOAMKEHHS BOAAHA napa He
KOHZLEHCYETbCA, @ NEePETBOPIOETLCA B NiA,. J/lMwe B LMX BUNALKAX Nig, g CNif po3ymiTh TeNNoTy cybaimayii, aAka piBHa cymi TennoT
NapoyTBOPEHHA | MNABNEHHA NbOAY.

Tabauya 1
Py + P, =760 mm pm. cm. P1+ P, =760 mm pm. cm. P1+ P, =380 mm pm. cm.
Temnepatypa, °C KoeodiuieHT C Temnepatypa, °C KoeodiuieHT C Temnepatypa, °C KoeodiuieHT C

-30 0,94 10 0,47 -30 0,88
—-25 0,91 15 0,40 -25 0,83
-20 0,86 20 0,33 -20 0,76
—-15 0,81 25 0,28 —15 0,68
-10 0,74 30 0,23 - 10 0,57
-5 0,65 40 0,16 -5 0,47

0 0,62 50 0,10 0 0,44

5 0,54

Y 1abnuui 1 HaBoaATbCA obuncneHi 3HaveHHA KoediuieHTa C 3a pisHUX TemnepaTyp 1A ABOX 3HAaYEHb NOBHOMO TUCKY:
P1+ P, =760 mm pm. cm. i Py + P, = 380 mm pm. cm. (Ha BUCOTI Hag, piBHEM mopsa 6ina 5,5 kKM, aKLLo aTmochepy 3emni BBaxKatu
i3oTepmiyHoto 3a Temnepatypu t = 0°C). 3 TabauLi BUAHO, HACKINbKM CYTTEBUM € BMAMB BONOMM, AKWO aAiabaTmyHi npouecu B
atmocdepi cynpoBoAKYOTbCA KOHAEHCcaLielo abo 3amep3aHHAM BOAAHOT napu.

Kpim Toro, 3 HaBegeHux y Tabauui AaHUX BUNAMBAE, LLO Y BUMAAKY «BOIOroi» aaiabatn aaiabatmyHe oxonoaxKeHHA
noBiTPs 3 BUCOTOK BifOyBaeTbcAa y 2 — 3 pasu MOBI/bHIWIE, Hi’K Yy BMMNAAKY «Cyxoi» aaiabatu. 3 uum sBuwEem MoB’A3aHe
BMHWKHEHHSA CYXOro i TeMNJIOro BiTpy, AKUIA Ame 3 Tip i HOCUTb Ha3By «deH». Taki BiTpW, 30KpemMa, nownpeHi Ha KaBKasi i B CepeaHin
A3ii. MpUnycTMMO, Lo HacMYeHa BOAAHOO Napoto maca NoBiTpA NepeBatoe Yepes ripcbknin xpebet. 3a NigHATTA BBEPX NOBITPA
OXO/IOAMKYETLCA MO «BOAOriIM» afiabaTi, TO6GTO NOPIBHAHO MOBINIbHO, OCKINbKM 3 MIGHATTAM KOHAEHCALia napu MocTinHO
36iNblUYETLCA, @ NPUXOBAHE TEMNIO KOHAEHCAL,l, AKe 33 LbOro BUAINAETLCA, YNOBINIbHIOE 0XON04KeHHA. OKpemi KpananHu Boau
HaCTiNbKM 36inblUyloTbCA, WO MOYMHAOTL MagaTM Ha MOBEPXHIO 3emni y Buraagi gowy. B pesynbtaTi maca nosiTpsA, fka
nepesanuna yepes xpebet, BUABNAETLCA 30i4HEHOIO Ha BOMOTY. 3@ ONYCKAHHA X Y AO0/NHY BOHA afiabaTMYHO HarpiBaeTbea, 3a
LbOro Lie HarpiBaHHA iiae 3HOBY MO «BOJOriN» agiabati, TO6TO NOBINIbHO, OCKINbKM 3HAaYHA YacTUHa Tensaa BUTPAYAETbCA Ha
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BMMAPOBYBaHHA LLle YAaCTKOBO HAABHWUX XMap. Ane AK TiZIbKM XMapW BUMNapyrTbCA, NOAajblue HArpiBaHHA MOBITPA MOYHe
BigbyBaTMCA NO «CyXili» agiabari, TO6To WBMAKO. 36igHEHe BONOroto NOBITPA ONYCKAETLCA B 4O/IMHY 3HAYHO HArpiTUM.

TaKMM YMHOM, BENUKI FipCbKi XpebTh MOXKyTb CTaBaTM HEHade «po3aintoBayammu» noroan. ObnacTi BUCXiZHMX BONOTUX
NOTOKIB NOBITPSA € A0WO0BMMU. Micus X No3agy ripCbKux XxpebTis, KyAn NOBITPA HAAX0AUTb 3HAYHO 36i4HEHNUM BOIOTOO i HArpiTUM
3aBAAKM afiabaTUYHOMY CTUCHEHHIO, € CYXMMM i «BigHMMMY HA aowi. NpUKIaZoM MOXKe CayryBaTu 3axigHuii 6eper MisaeHHOT
AMepuKu, ae nepeBaxkatoTb 34e6inbworo 3axigHi BiTpu, Aki 36arayeHi BONOroto, OCKibKW BOHW AMYTb 3 TUXOro okeaHy. By3bka
cMyra, fika NeXuUTb Ha 3axig, Big Kopginbep, BUKAtouyHO HaraTa Ha 4oL, Y TOM Yac K MiCUEBICTb MO iHWMIA BiK LbOro ripcbKoro
XxpebTa Haraaye nycTtento.

MepeabayeHHn NOrogmn € BasKNMBUM HAPOAHO-TOCNOAAPCHKMM 3aBAaHHAM. BOHO HeobxigHe nNpauiBHMKam CinbCbKOro
rocnogapcTea, aBiaTopam, MOpenIaBUAM Ta 3PeLUTOor BCIM N0AAM Y NpoLeci BUpilleHHA NobyToBux cuTyauii (MonboBuii Ta iH.,
2017).

Moroay nepeBaXHO BM3HAYalOTb AK aTMOCHEPHI YMOBM, LLO CKNAZAKOTHCA Y NEBHOMY Miclii y neBHMI Yac. Knimat
BK/IIOYAE BCi BMAW MNOroam, sKi crnocTepirannca y AaHOMY MYHKTI 33 BE/IMKUA MPOMIKOK vacy. KnimaT neBHOro perioHy
3a/IMWAETHCA AO0CTaTHbO NOCTIMHMM 3 POKY B PiK, ane NoroAa Moe pPisko 3MiHIOBaTUCA NPOTATOM AHSA i HaBITb KiIbKOX roauH. Lo
K BUK/MKAE Li 3MiHM? AKi Ti dpakTopK, WO BM3HAYaOTb norogy i KAimat? IHWumKn cnosamu, y Gopmi saKkmx seuwy, (ocobanso
aHOMaNbHUX) NposABase cebe noroga?

Cepep, THX, XTO NepermaEeTbcs Npobaemamm NOroau i KAiMmaTy, € pO3yMiHHSA TOFO, WO NOroAa € HAMBENUYHIWKMM A8uULEM
Ha 3emi, B AKOMY 6epyTb y4acTb nepeBaXkHO TpM GpaKTOpW: COHAYHA pagiauin, Bosora i nosiTpa (aTmocdepa). CoHue (CoHAYHa
pagiauis) BM3HAYaE Micue pewTM [ABOX, OCKIIbKM HepiBHOMIpHe HarpiBaHHA 3eMHOI MOBEpPXHi CTBOPIOE nepenagy B
aTmocdepHOMYy TUCKY, BHACNIAOK YOro BWMHMUKAKOTb 8imMpuU, AKi NEepeHOCATb Ha CYXOZin BOAAHY Napy, LLO YTBOPKETbLCA 3a
BMMapOBYBaHHA 3 NOBEPXHi OKeaHiB Ta MOBEPXHi iHWMX BoAoMM. fK Le BiabyBaeTbca?

AK6M 3emnna He obepTanacs, To LMPKyAALia npusemHoi atTmocdepu (BiTpu) Bigbdysanacsa 6 HacTynHUM YMHOM. OCKiNbKK
noBiTps Hanbinblie HarpisaeTbca NobaM3y ekBaTopa, TO BOHO No4Yano 6 TyT pO3WMPIOBATUCA, CTaBaso 6 MEHW LWibHUM i
BUTiCHANOCA 6 goropun 6inbll X0N04HMM NOBITPAM i3 NONAPHUX 0bNacTel, AKe CNPAMOBYETHCA CIOAM ANA BUPIBHIOBAHHA TUCKY.
MoBiTpA XK, AKe NigHIMaAETbCA yropy, noyano 6 pyxatmca Big, ekBaTopa B HANPAMKY MOJIOCIB, CTBOPIOKOYM MOCTiMHY obnacTb
HU3bKOro TUCKY 6ina ekBaTopa. bina nontocis NosiTpsA 6y10 6 XONOAHUM i WiNbHILMM, TaK WO TyT 6yB 61 | BUCOKMIA aTMOChepPHUI
TUCK.

MpoTe, No mipi TOro AK pyxome NOBITPA y BEPXHIX LIAPaX «PO3TIKAETbCA» | BiAAANAETLCA Bif €KBaTOPa A0 NOJIOCIB, BOHO,
BHacNigoK obepTaHHA 3eMi HABKO/IO CBOE OCi i3 3ax04y Ha CXiZ, NOCTYNOBO BiAXUASAETLCA HA CXig, i, KOIM LLe NOBITPA JOCATaE
npmbansHo 30-i Nnapaneni, BOHO PyXaeTbCA MaiyKe TOUYHO Ha cXig. TaKMM YMHOM, HA LUMX LWUIMPOTaxX BiAOYBAETbCA HAKOMUYEHHSA
NoBIiTPA, BHACNIAOK YOro TyT YTBOPHOIOTLCA 30HN BUCOKOTO TUCKY, IKi OTOUYOTb 3eM/1K0 4,0 NiBAHA | NiBHOYI Big eKBaTopa.

Bif, KOXKHOI 30HM BMCOKOrO TWUCKY YacCTMHa MOBITPA B HMMKHIX LWapax atmocdepu CrnpsAMOBYETbCA A0 MOHOCY,
NOPOAKYIOUM BITPU, AIKi Yy METEOPOJIOTIYHUX 3BEAEHHSAX BiAOMI N HA3BOK «rnepesad aroyux 3axiOHUX simpie». Jpyra 4yacTMHa
NoBITPA CNPAMOBYETLCA L0 €KBATOPa, YTBOPHOHOUYM MiBHIYHO-CXigHI i NiBAEHHO-CXigHI nacamu. Lii nacaty 3ilwToBXyOTbCA 6ins
€KBaTOopPa, B 3HAYHIM Mipi B3AaEMHO «3HMLLYIOTLCAY | YTBOPIOIOTL TaK 3BaHY eK8amMopiasnbHy Wmusabosy 30HY.

YacTuHa noBiTpa BepxHix wapis atmocdepun Ha WwrpoTi 30° BUTICHAETbCA 40 MNOJIOCIB, a/le HE OMYCKAETbCA 40 3eMHOI
nosepxHi. B pesynbTati, KOAW Le MNOBITPA [0OCArA€ NONAPHUX 0bBnacTel, BOHO BUABNAETLCA AYyXKE XONOAHUM i «BAKKUM»
(winbHUM). TyT BOHO ONycKaeTbcs (OCifae), YTBOPIOOYM BENUKI MacK MOBITPA BUCOKOTO TWUCKY. MO Mipi HaKONWYEHHsA LbOro
XONOAHOrO MOBITPA B HUXKHIX Wapax aTmocdepn, BOHO CNPAMOBYETLCA B HAaNPAMKY eKkBaTopa. Ha wupoTi npubansHo 60° dbpoHT
L€l Mack NONAPHOro MoBiTPA, TaK 3BaHWW «M0AAPHUU PPOHM», 3yCTPIYAOYUCH 3i 3HAUYHO Binbll TENAUM i MEHLW LWiNbHUM
NoBiTPAM 3axifHMX BITPiIB, OMYCKAETbCA Mig, HbOrO i 3Mywye Koro nigHimatuca. Lle BigHOCHO Tenne i fnerke nosiTpsa, sAKe
NiAHIMAETbCA, YTBOPHOE 30HM HU3bKOTO TUCKY NO 061ABa BOKM Bif eKBaTOpa Ha LWMpoTax 6113bKo 60°.

MpoTe, Yac Big Yacy, BeAnKa maca NoAAPHOro NOBITPA BUCOKOIO TUCKY «MPOPUBAETLCA» A0 eKBaTopa. MNepegHa mexa
L€l Macu, fiKa NoBepHyTa A0 €KBaTOpa, HAa3UBAETLCA «X0/100HUM poHmom». LLi LeHTPU BUCOKOTO TUCKY i XONOAHI GpPOHTM
BiZlirpaoTb BenYesHy posb y popmysaHHi noroam i Knimaty (Dickinson & Cicerone, 1986).

bina ekBaTopa NOBITPA HWMKHIX WApPiB aTMOCcPepn HarpiBaeTbCA BHACNIAOK TOrO, WO BOHO AOTUKAETHCA 4O TEMJOro
I'PyHTY ab0 BOAM, KOHTAKTYHOUM NEPEBAKHO 3 TENJIOKD BOAOI0, 3aBAAKM YHOMY CTAE Ay¥Ke BONOrMm. Micna Toro sk Le Haa3sBuyanHo
BOJIOre NOBITPA BUTICHAETLCA BiNbL XON04HMM NOBITPAM yBEPX A0 NiBHOUYI i MiBAHA, BOHO PO3LUMPIOETHCA. ANe 33 PO3LIMPEHHS i
NOAONAHHA TUCKY, XO4 BM AKMM ManuM BiH He ByB, BUKOHYETbCA 3a LbOro neeBHa pobota. OcKifbkM poboTa BUKOHYETbCA 3a
PaxyHOK TeMnI0BOI eHeprii NOBITPA, AKE PO3LUIMPIOETLCA, TO MOBITPA OXONOAMKYETLCA. 32 LbOro, AKLWO NOBITPA, AKE NigHIMaETbCA,
OXO/IOAMKYETHLCA 10 TOYKU POCU, TO YTBOPIOIOTLCA XMAPU i MOXKYTb BUNACTU 0nadu y 8uznsaodi dowy.

AKLWO X BMCXigHE NOBITPA He HacMyeHe (TOHTO BOHO He A0CATNO CBOEI TOYKM POCH), TO BOHO Byae 0X0/0A4KyBaTUCA
npmbnansHo Ha 1° Ha KoxkHi 100 M nigiiomy. 3miHy TemnepaTypu NOBITPA 3a WOro NiAHATTA HA3WBalOTb «BEPMUKAAbHUM
2padieHmom memrepamypu» BUCXiZHOTO MOTOKY. AK TiNbKM BUCXiZHE NOBITPA JOCATAE CBOEI TOYKM POCU, BEPTUKAIbHUNA FPALiEHT
TemnepaTypy 3meHWwyeTbea 40 ~ 0,6° Ha 100 m. 3a KOHAEHcaL,ii BoAAHOT Napu BUAINAETLCA TENIOTA, WO i € MPUYMHOK 3MEHLLIEHHSA
BEPTMKA/IbHOTO rpalieHTa TemnepaTypu.

BapTo maTtu Ha yBasi, WO BKa3aHi BePTUKabHI rpagieHTM TemnepaTypu BigHOCATLCA NMLIe A0 TaKMX NOTOKIB NOBITPA,
Lo NiAHIMAKOTLCA | ONYCKaOTbCA, AKI 33 LLbOro He OTPUMYIOTb | He BiAAat0Tb TEN10 OTOYYHOHYOMY MOBITPIO.

Y «CnokKilHin» maci noBiTpa (To6TO AKe | He NiAHIMAETLCA, | HE OMYCKAETLCA) 3a3BUYAM TEMMNEPATYPA TAKOXK 3HUMKYETLCA
3 BUCOTO. [poTe BEepPTUKaNbHUI TPALIEHT Y CNOKIMHOMY MOBITPI PiAKO CMiBNaAaE 3 BEPTUKAIbHUM rPaZieHTOM BUCXigHOTO abo
HU3XiAHOro NOBITPAHOrO MOTOKY.

IHWWI CYyTTEBUIA MOMEHT NONATAE B TOMY, L0, OCKIIbKM BUCXiZHE NOBITPA PO3LWMPIOETLCA, TO MOro abCoNOTHA BONOTICTb
(8 2/m3) 3meHLYETbCA. 3 LET TPULYMHM TOUKA POCK BUCXiAHOIO HEHaCMHYEHOTO MOBITPA 3HUKYETbCA NPUBAN3HO Ha 0,2 °C Ha KOKHi
100 m. |HaKwWwe Kaxkyyu, TemnepaTtypa BUCXiAHOTO HEHACMYEHOTO NOBITPA 3HUMKYETLCA Ha KOXHI 100 m nigiiomy He Ha 1°C, a Ha
0,8°C. TemnepaTypa * BMUCXiAHOIO HacM4YeHOro NoBiTpA 3meHWwyeTbeA Ha 0,4 °C Ha KoxkHi 100 m.
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MoBa B:Ke MLna Npo Te, WO XMapu yTBOPHOOTLCA B HECTIMKOMY CTaHi NMOBITPA, KOW AOCAFAETLCA TOUYKA pocu. Ane ue
/iMLIe YacTUHA TUX ABMLL, AKi BigbyBalOTbCA 3a YyTBOPEHHA xmap. s Toro, wob BoasaHa napa nepeiwna B CTaH KOHAeHcauil,
HeobxigHa HanABHICTb LEHTPIB (A4ep) KOHAEHcaUji y BUTAAj NUANMHOK abo iHLWMX YAaCTMHOK. Y AKOCTI TaKUX LLEHTPIB-A4EP MOXKYTb
CNYryBaTW TaKOX CMOPU POCAUH, BaKTepii i KpUCTanu pisHUX conen.

Asuwa 061e0€eHIHHA | ymeopeHHs CHi2y. 3a AEAKUX YMOB XMapu MOXYTb CKNaZaTUCA 3 NEPEOXON0AKEHUX KPanauH
BOAM (TO6TO BOHM MPOJOBKYIOTH iCHYBATU B PiZKi GOPMI HMKUE TOUKM 3amep3aHHA). MNpoTe, AK TiIbKKM TaKi XMapyu KOHTAKTYOTb
3 AeAKOI0 NOBEPXHEe, HaMNpUKAag, 3 NOBEPXHED NpPOJiTalYvoro /itTaka, BOAAHI KpanjvHW MUTTEBO NepeTBOPHOOTLCA Ha Nif i
MOYTb LUBUAKO MOKPWUTU JiTaK LIAPOM NbOAY, BWKAMKABLUM WMOr0 3HayHe MepeBaHTaXKeHHA. Take ABMLLe Ha3WBaloOTb
«061€0eHIHHAMY.

3a3BuMyall, NepeoxoI0AKeHi BOAAHI KpananHU B XMapi NepeTBOPOIOTLCA B MaJIEHbKI reKcaroHasibHi Kpuctanu nboay 3a
Temnepatypu npnbansHo —30°C. Ha BENIMKMX BUCOTaX YTBOPHOKOTLCA HiXCHi HUTKOBMAHI XMapw, Tak 3BaHi «nepucmi». Lii xmapu
CKNajatoTbCca 3 KPUCTaNiB NbOAy, AKi 32 MEBHUX YMOB CTAlOTb 3apOAKaMW CHIroBMX «raacmisyie» («aanamoeo» cHiry). Li
KPUCTanu nazaroTb BHU3 KPi3b NEPEOXOIOAKEHI BOAAHI KPananHW, i, OCKINIbKM TUCK Napu Hag, BOAOH BinblUMiA, HixK Hag, IbOAOM,
BOJIOra BMMAPOBYETbLCA 3 Kpanenb i KOHAEHCYETbCA Ha /bOAOBI. TaKMM YMHOM KPUCTaAW POCTYTb i MepeTBOPOIOTHCA B
reKcaroHasbHi CHiXUHKU. | Xo4a BCi CHIXKMHKM rekcaroHanbHoi GOpMK, HE MOXKHA BUABUTU cepes, HUX HaBiTb ABOX abCoOTHO
nogibHMX, He AMBAAYUCH Ha Te, LLLO TUCAYI CHIXKMHOK NiaaaBannca AocnigKeHHo i poTorpadyBaHHIO.

Konu pow, y BUrNagj MpAaKku (M#UYKU) NPOXOAUTb Yepes NPU3eMHUI Wap NOBITPA, AKUIA 3HAXOAUTLCA 33 TemnepaTypu
HUXKYOI Bif, TOUKM 3aMep3aHHA, KPanJvHWU, MePeOoX0I0LKYHUYMCh 33 NPOXOAKEHHSA Yepes Lel Wap, 3aMep3atoTb NPV KOHTAKTI 3
XOJIOAHMMU NMOBEPXHAMMU POCAWH, FPYHTY, Oyaisenb, NPOBOAiIB, MOKPUBAKOYM BCiX iX 1b0AOM. Take ABULLE MOXKE CNPUYUHUTH
3HaYHUX 30UTKIB.

Micuesi epo3u. OgHUM 3 HalbiNbW 3BUYHMX BUAIB WMOPMie y TyCTOHAceNeHUX palioHax CBiTy € micuesi rposn. Ha
BigMiHY Big, 6iNblUIOCTI WTOPMIB, BOHW TPanaawTbCA AnLle Yy AedAKil i301b0BaHili Maci NoBiTpa. Kpim Toro, BOHM 3BMYHO MaloTb
micue B Teni, Napki, BOAOTi NiTHI AHi, KOAW FPYHT i NOBITPA HaZ HUM [ly}Ke CUNbHO HarpiTi COHLEM i B TOM Xe Yac NOBITPA Y BEPXHIX
wapax aTmocdepw HecTilike. HarpiBaHHA BONOroro NpM3emHoro noBsiTpA BUKANKAE BEPTUKA/IbHI MOTOKM NOBITPA, HA BEPLUMHAX
AKMX YTBOPIOIOTLCA «KyuKysami» (rpnbonoaibHi, xsunenogibHi) xmapu. TaKi Xmapy NepeTBOPOOTLCA Y FPO30Bi.

Tenno KoHAeHcauji, AKe BUBINbHAETLCA 3@ LbOr0, 3MEHLUYE CTeniHb OXONOAMKEHHA BUCXiQHOTO MOBITPA i cnpuAe
NiABULLEHHIO 1 iIHTEeHCUiKaL,ii BUCXiAHUX KOHBEKLiIMHWUX MOTOKIB A0 AOCATHEHHS HUMM CTIMKOro CTaHy. TaKMM YUHOM BEPLUMHMU
XMap BUTICHAIOTbCA L BULLE B 30HY YTBOPEHHA KPUCTaniB b0y XONO0A4HUM MOBITPAM, fKe NpUTiKae 3i BCix OOKiB. Kpuctanm
NbOAy CTaloTb 3aPOAKAMM CHi20Mady y BEPXHi YacTUHI XMapw, i CHironag, 4iiCHO PO3MNOYNHAETLCA.

Y LLeHTPaNbHiN YaCTMHI NOTOKY NOBITPSA, AKUI PYXAETLCA JOTOPU, BUHUKAE CPAMOBAHWU BHU3 NPOTUMOTIK, TaKOT XK cunun,
AK i NOTiK cNpAmMoBaHuUi BBEpX. Llei cnpamoBaHMiM BHM3 NOTIK 3aXONIOE 3 COBOO CHIXKMHKM, AKi TaHYTb | NepeTBOPHOOTLCA B AOLL,
CnpAmoBaHi BBEPX NOTOKM MOXYTb YTPUMATH AOLL NPOTATOM AEAKOro Yacy, ase noTiM AOLL MPOPUBAETLCA CYLLIIbHOK 3/IMBOIO.
IHKONM KpanavHM [OLYy MOXKYTb NOBTOPHO MiAHIMATMCA BBEpX, B 006/1acTb TemnepaTyp HWXKYe HynsA, i Tam 3ameps3aTty,
NepeTBOPIOIOYUCH Y «2paod».

BinAa 3emHOi NoBepxHi Xxon04He MOBITPA, WO OMNYCKAETbCA, PO3TIKAETbCA TOPU3OHTANbHO Mg TEMAMM NOBITPAM, AKe
BUTICHAETLCA i NigHIMAeTbCA BBEPX. [OBITPSA XK, W0 PO3TIKAETLCSA, BUKMKAE ABULLE, AKE HA3UBAETLCA «X0/100HUM WKsasaom». Lien
LWKBAA MOXKe 3HMKYBATU TeEMMepaTypy NPM3eMHOro Wwapy nosiTpa Ha 10 rpagycis ynpoAoBIK KiNbKOX XBUJIUH.

YMoBU, AKi HEOOXiAHI A1 BUHUKHEHHA MICLEBUX rPO3, 3yCTPiYatoTbCA B 30HI CTabiIbHOCTi NPOTArOM BCbOTO POKY, a B
cepefHix wupotax (30° — 60°) npoTarom Aita. B3MMKy FPyHT PigKO [OCTaTHLO MPOrpiBAETLCA, WOO BUKAMKATU MiCLEBI rpo3u.
[PO3K MatoTb Pi3HY TPUBANICTb — Big, 5-TW XBUAMH NPUBANZHO 1 [0 rOAUHM, B 3aN1EXKHOCTI Bif MiCLLeBOCTI Ta iX po3mipis.

OpoepaghiyHi onadu. BinbwicTb WTOPMIB, 33 AKMX BiAOYBAIOTLCA OMAAM, XAapPAKTEPU3YIOTbCA OAHIEID 3arasibHo
0COBAUBICTIO — NpM3eMHe NOBITPA 3a3BUYAN BUTICHAETLCA YBEPX A0 TUX Nip, MOKN He JOCATAETbCA TOUKA pocu. OAHMM 3 NPOCTUX
NPUKNALIB LLbOro € TOPU3OHTAZIbHO CNPAMOBAHWI MOTIK NOBITPSA, AKMUIA BULITOBXYETLCA Yepes BEPLINHY ropu. MiaBULEHHA 3eMHOi
noBepxHi CNOHYKa€e NoBiTpA NigHiMaTucA. ToMy, AKLLO NOBITPA AOCTAaTHbO BOMOre, a ropa BiAHOCHO BUMCOKA, AOCATAETHCA TOUKA
pOCK MOBITPA, YyTBOPIOIOTLCA XMApW i BUNaaatoTb onaan. Taki onaau, AKi BUKAWKaHI BAMYLIEHUM NigMoMOM NoBITPA Ha ropu abo
nepexoaom yepes iHwi TonorpadiyHi 6ap’epn, HA3UBAOTLCA «OPOPAPIYHUMU ONAGAMU».

Mpoyec opmysaHHA «WwKeasie, MOB’A3AHUX 3 XOA00HUM (POoHMoOM». fIK yXe 3a3HayanocA, Hag nosacamu
36MpaloTbCA BEAMKI Macu NOBITPA — CyXi, XONOAHI, WiNbHi, BUCOKOrO TUCKY. BiZloMO TaKoX, LLO 4ac Bif Yacy BenMKa maca
NONSPHOTO MOBITPA 32 BUCOKOrO TUCKY NPOPUBAETHLCA 3 NONAPHOI 061aCTi B 30HY NepeBarkatoumx 3axiaHux BiTpis. Mea uiei macu
noBiTpsA 3 oKy ekBaTOpPa YTBOPOE X0N04HWI GPOHT. HaliBumLLmMil aTMmOCchEPHUI TUCK CNOCTEPIraETbCA B LLEHTPI. TakUM YMHOM, BITPU
OMYTb Bif, ueHTpa o nepudepii. A BHAcNiA0K obepTaHHs 3eMAi y NiBHIYHIN NiBKY/i HanNpsMm BiTPiB 3MiHIOETbCA 32 TOANHHUKOBOI
CTPINIKOKO HABKOJIO LieHTpa NiABULLEHOIO TUCKY. Y NiBAEHHIM NiBKYAi BITPM CNPAMOBAaHi NPOTU FOAMHHUKOBOT CTPINKM.

| AKLLO Tenne NoBiTPA BoJIOTe | BUTICHAETLCA BBEPX AOCTAaTHLO BUCOKO, TaK LLLO BOHO AOCAra€ TOYKM POCU, TO BUNALA0Th
onaau. Y BMNaaky Kosm GpOoHT PyXaeTbCA NepeciyHo MiCLLeBICTHO, TO HMMKHIN LWap NOBITPA MOXKe YNoBiNIbHIOBATUCS BHAC/ILOK
TepTAa, i 3aBAAKM LbOMY LIAPW, AKI PO3TALLOBaHI BULLLE, MOXYTb NPOPBATUCA BNepes, i BUABUTUCA BULLE TENI0ro NoBiTpa. Takum
YMHOM, KOHBEKL,iiHi NOTOKM TENA0ro NoBiTpA 3MyLIEeHi NPOPMBATMCA BBEPX KPi3b PO3TALLOBAHWIA BULLE HUX LUAP XO/JO0A4HOMO
NOBITPA, BUK/IMKAIOUYM B340BXK X0N0AHOrO GPOHTY LWBMAKY KOHAEHCALO i AOLW, AKWUIA YacTO CYyNpPOBOAMKYETLCA rPO3aMK HaBITb
B3UMKY. XON0AHNI GPOHT NPOTArOM KiZIbKOX FOAMH MPOCYBAETLCA AaNi, | XON04AHA NOBITPAHA MAca TOAI 3MIHIOETLCA CMOKIMHUM
noBiTpAM i ACHOK norogoto. BniTKy Taka noroga CNpuUMMaEeTbcs KOMPOPTHO, ane B3WMKY TeMnepaTypa MOXe CYyTTEBO
3HMKYBATUCA.

TopHaoo. AIKWO Maca MOAAPHOro MNOBITPA, AKA YTBOPIOE XONOAHWUI GPOHT, HE HAATO XONOAHA, TO BEPXHiM wap
XO0/104HOr0 NOBITPA MOXe BUPBATUCA BNepes HaZ HUXK4Ye po3TalloBaHMM TeNAum Wapom Ha BigctaHb 80 — 150 km. BHacnigok
LbOro, KON HUXKHIM Wap MNoBiTPA NPOPMBAETLCA Yepe3 PO3TALLOBAHWUI BULLE LIAP BAXKKOTO XONOLHOMO MOBITPSA, LWBWUAKICTL
BEPTUKaNIbHOIO MiAMOMY NOBITPA MOXEe CTaTW KOI0Ca/IbHOLO, | MOBITPA NoYHe 0b6epTaTUcA. YTBOPIOETLCA XMapa Y BUTAAAI NiNKu;
TaKW LUKBa HA3MBAETLCA KMOPHABGOY.
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BHacnigoK BeNIMKOT WBMAKOCTI 06epTaHHA NOBITPA TUCK Y LEHTPI TOPHAZ0 Pi3KO 3HUKYETLCA. B pe3ynbTaTi uboro, AKWO
LEHTP TOPHAAO PYXAETbCA HaA BYAMHKOM i3 3aKPUTUMM BiKHAMM | ABEPMMA, TO TakKit ByANHOK MOKe B BYKBa/IbHOMY PO3YMiHHi
LLbOro C/10Ba «BUOYXHYTU», TaK WO byAe NOBHICTIO 3pyMHOBaHMIA. Afle Xo4a TOPHAZO0 AY*KEe PYMUHIBHUIA, TPUBAAICTb MOTo NOPIBHAHO
KOPOTKa, a OXOMNJt0BaHa HMM MJIOLLA BiAHOCHO Mana.

YpaaaHu. 13 BCix BUAiB LUTOPMIB HalbiNbLL LWIMPOKO BiZOMMUI i NpuBepTaE Halbinblue yBarn «ypazaH». OgHielo 3 NPUYUH
LbOro € Te, Lo YparaH € Np13BiAHUKOM LUTOPMIB.

YparaHu BMHUKAIOTb Hafj NOBEPXHEI OKeaHy B 30Hi 3aTWULLKY, Jie COHAYHA pajiauia iHTeHCMBHA, BOJIOTICTb BUCOKaA i
BMNapoBYBaHHA BOAM 3 NOBEPXHi OKeaHy BesnimyesHe. Y palioHax TUXOro OKeaHy yparaHu 3BU4aitHO Ha3uBalTbCA «malipyHamu».

OueBNAHO, AeAKa YaCTMHA BEIMKOI Macu TPONIYHOrO NOBITPA HArPiBaETbCA CUAbHILLE Bi OTOYYKOYOro NOBITPA | NOYNMHAE
pyxaTuca yBepx NpUPOAHMM NOTOKOM; 3 NifMAOMOM BOHa OXOJIOAXKYETHCA | BO/IOrA, AKA B Hill 3HAXOAMUTHCA, KOHAEHCYETLCA Y
BUrNAAi aowy. YTBOPIOOTLCA TUCAYI TOHH BOAM | BUBI/IbHAETLCA BEMYE3HA KiNbKiCTb TENAOTU KOHAEHCcaUi, Wo Nigcuaoe pyx
yBepx. Lle Tenno KoHgeHcaujii € 0g4HMM 3 OCHOBHUX AXKepen eHeprii yparaHy.

Mo Mmipi TOro Ak NOBITPSA, 3aBUXPHOIOYNCH, PYXAETLCA YBEPX, TUCK Bins NoBepxHi OKeaHy Nig, HUM 3HUMKYETLCS, i cloam
CNPAMOBYETLCA We 6iNblia KiNbKICTb OTOYYHOYOro TEN0r0 BOIOTOro NoOBITPA, AKE NPOAOBKYE pyxaTucsa aoropw. Lii npuTikatoui
NOTOKM NOBITPA 06epTatoTbCsA NPOTM FOAMHHUKOBOI CTPINIKM [0 NiBHOUI Bifg, eKBaTOpa i 32 TOAMHHWKOBOIO CTPINIKOIO A0 NiBAHA Big,
eKBaTopa. BUXpoBWiA pyx WBUAKO MOCUAKOETLCA, CTBOPIOOUYM 3HAYHY PI3HULIO TUCKIB MiXK Nepudepieto i LeHTPOM yparaHy; B
LeHTPi HafABHA 061acTb 3aTULLKY, WMPKUHA AIKOi NpMban3HO Big 5 Ao 75 KinomeTpiB. BiTpu, AKi NoB’A3aHi 3 yparaHom, MOXKyTb
OXONI0BATU AiNAHKY WnpUHOto Big 50 Ao 150 KinomeTpis i HaBiTb Hible. YparaH pyxa€eTbca Bnepes, B CepefHbOMY 3i LUBUAKICTIO
6insa 15 KinomeTpis 3a roanHy.

Mpo HabAMKEHHA yparaHy MOXKHa 3p03yMiTH 3a34aeriab 3rifHO 3 NeBHO GOPMOIO NOCNIA0BHOCTI GOPMYBAHHA XMap
abo 3a 1oro BN/IMBOM Ha MOPCbKi XBUAI, AKi pyxatoTbeca Ha BigcTaHi 700 — 1500 KinomeTpis nonepeay yparaHy.

LuKknoHu. Y 30Hax nepesakatoumx 3axigHux BiTPiB 6iNblua YacTMHA ONaAiB BUKIUKAETLCA LMKNOHAMKU. MpoTe LUMKAOHMU
— Lie He TOPHAZO, AK AEeXTO BBAXAE.

LIMKNOH yTBOPIOETLCA TOAI, KON Maca NONAPHOro NOBITPA PyXa€eTbCA B 061aCTb 3axiAHUX BITPIB, 3yCTpivae macy Tenaoro
BOJIOFOro MOBITPA | TEN/IE NOBITPA BKAUHIOETLCA B XON04HY MacCy, yTBOPIOOYM KA3UK» Yy X0NoAHOMY GpoHTi. Lie 1 cnyrye noyaTtkom
LUKNOHY.

Tam, ge GpoHTHM 3iLUTOBXYHOTLCA BNepLle, XON04HI BiTPM MOXKYTb AyTH 3 NiIBHIYHOrO cxo4y, a Teni BiTpu — 3 NiBAEHHOTo
3axogay. MpoTe, BTOPrHEHHA TENIOTO NOBITPA B Macy X0/I0HOr0O NOBEPTAE PYXOMi HA 3axXig, BiTPWU Ha NiBHIYHWUI cXig,

Ane no Mipi Toro, AK «A3MK» Yy Maci X0N0AHOro NOBITPA 3arNMBNIOETLCA B TOPU3OHTAZIbBHOMY HanpAMi i Tense nosiTps,
AKe NPOHUKAE BCe Aani Ha MiBHiY, BUABNAETbCA BCe binblie i binblue 0ToYEeHE XON0A4HMM MOBITPAM, Lie MalKe OToYeHe Tense
NoBiTPA BUTICHAETbCA BBepX. Lle cTBOptoe 06/1acTb MOHWMMKEHOrO TUCKY, AKY Ha3uBaloTb «obaacmio Oenpecii», Ryan W
CNPAMOBYETHCA OTOYYHOYE MOBITPSA, AKE 3ara/loM MA€E Hanpsm obepTaHHA NPOTU FOLAMHHMKOBOI CTPINIKWU. Y MNiBAEHHIN NiBRyAi
LUMPKYAALIA MA€E HAaNPAM 3a FOAMHHUKOBOHO CTPINKOIO.

Mo mipi Toro AK Tenne MOBITPA B LLEHTPI MiAHIMAETbCA, BOHO MOXe AOCAITU TOYKU POCU, i B pe3ynbTaTi MOXKYTb
YTBOPUTUCA XMApPK i BUNACTU onagy. TakMM YMHOM, B 061aCTi HU3bKOrO TUCKY LIMKNOHY MOXHa O4iKyBaTV oLy abo cHiry.

AK NpPaBWNO, LUEHTP LMKAOHY PYXAETbCA HAa CXifd. 3axigHWi Kpal «sA3MKa» TaKOX PYXa€eTbCA Ha cxig, i Ha MiBAEHb.
MpocyBatounch Brepes, XoN04He NosiTPs CIPAMOBYETLCA Nif TeN/Ie NOBITPA «A3UKA» | YTBOPIOE XONOAHUN GPOHT, MPO AKUI BXKe
lNa MOBa BULLLE.

MepeaHin Kpait «A3MKa» TAKOXK PYXAETbCA Ha CXig, NpoTe TYT Binbll Nerke Tensie nosiTpA «A3MKa» CNPAMOBYETLCA BBEPX
Hag, XONoAHWM, BiNbL WinbHUM NOBITPAM, AeL0 CXigHiwe Big Hboro. Tak yTBOPIOETLCA menauli ppoHm.

AKLLO Tensie NOBITPA BOJIOre, TO, B TOM Yac AK BOHO NiAHIMAETbCA HaZ XONI0AHUM MOBITPSIM, BOHO A OCATAE TOYKN POCH, i
MOYTb YTBOPHOBATMCSA XMapu i onaan. OCKiNbKkK nignom BiabyBa€eTbcA NOCTYNOBO i BiAHOCHO NOBI/NIbHO, TO Naaatounin gouy abo
CHir 3a3BMYall He PACHUIN, a MINKUA, MPAYHWUIA | CTiIiKMI 3a XapaKTepom. 33 LbOro ONagy MOXKYTb MOLIMPHOBATUCA HA
300 — 500 kinomeTpis Bnepes, Big Tennoro ¢ppoHTy.

Ha BifcTaHi KifibKOX coTeHb KinomeTtpis nonepeny ¢GpoHTy 6ins 3eMHOI NOBEPXHi BMUCXigHE MOBITPA [4OCATAE BUCOTU
10 T1cay meTpiB i biniblue, Ha AKi BUHMKAE BOJIOTA, YTBOPHOOUMN KPUCTANW 1oAYy, | TOAI YyTBOPHOKOTLCA PAAU Binnx nepuctnx xmap,
LLL0 YaCTO Ha3MBatoTb «bapalKkamm».

OmKe, Linkom cdOpMOBAHMIA LMKAOH CKNALAETLCA 3 «A3MKA» — MAcK TENIOro NOBITPA B Maci X0NI04HOM0, BHACAiA0K
YOro YTBOPHOKOTLCA: LEHTP HU3bKOFO TUCKY, Tenaui GpoHT, xonoaHui ¢poHT. Tenne NoBITPA 3HAXOAMTLCA MiXK XON0AHUM
bpoHTOM | Tennum GpoHTOM. Y MiBHIYHIN NiBKYNi NpU3eMHi BITPM PyXatOTbCA B HANPAMKY LLEHTPa HW3bKOrO TUCKY i TOMy
06epTaloTbCsA NPOTU FOANHHUKOBOT CTPINKM.

AIK nNpaBuaoO, 33 LMKJAOHOM TMONSAPHOTO QPOHTY YTBOPIOETLCA 061aCTb BMCOKOMO TUCKY, AKY Ha3uBaloTb
«aHMUYuKaoHom». LUlnpkynauis nosiTpa TyT TMNOBA ANA BCiX LLEHTPiB BUCOKOTO TUCKY. AHTULMKIOHM € pe3y/bTaTOM ABULLA, AKe
BiaOyBaEeTbcA yac BiA Yacy y Gopmi NMPOHNKHEHHA MAC NOAAPHOrO MOBITPA B 30HY MepeBarkatoumx 3axifHUX BiTPiB, yepes AKy
nepiogMYyHO NPOXOAATb LIMKAOHMU | aHTULMKIOHMU, WO PYXatoTbCA Y CXIZHOMY HanpAMKY.

BUCHOBKU TA MEPCNEKTUBU NOAANBLLUOIO AOCNIAXKEHHA

Mpo2Ho3yeaHHA No2o0u. CNMpaoYMChb Ha BULLE BUKNAAEHI AaHi NPO NOroAy, MOXHA CKAACTU NPUBAN3HUIA anropuTm i
nepepbayeHHA. Tak, Hanpuknazd, AKWO BiZOMA WBUAKICTb PYXY LLEHTPA HU3bKOTO TUCKY B LIMK/IOHI, TO MOXHA AOCTaTHbO TOYHO
nepenbaynTM yac, KOAM BiH [OCATHE MNEeBHOI TOYKM, pPO3TalWoBaHOI Ha BiacTtaHi 500 kM Ha cxig Big Moro AikicHoro
MiCL,E3HaXOAKEHHS, @ TAaKOX TUN NOroAaun, AKkUi byae nepesakaTy 32 HABAMKEHHA LbOro LEHTPY.

TaKMM Ke YMHOM, AKLLO BiZOMUI HanpAM pPyXy XON0A4HOro abo Tennoro GppoHTIB, TO MOXKAMBO NepeabdaunTu Tmn
norogum, AKnit Gyae nepeBarkaTtv y AesKii Toul,i, po3TaloBaHil Ha ixX WAAXY, 3a Kifibka roguH [0 Toro, ik GPoHT niginge. MoxHa
TaKOX NepenbaunTu, akoto byae noroaa B LLbOMY MiCL,i, KOMIM OO KHAKPUE» PPOHT, a TaKOXK TUMN NOroam, AKUIM BapTo OYiKyBaTK
nicnA NPOXoAyKeHHA nesHoro GppoHTy (MonbosuMi Ta iH., 2017).
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Manu nozodu. LLlogeHHO Ha pi3HWMX KaHanax TenebayeHHA B NPOrHo3ax Norogy MoXHa 6aunTy 306paXKeHHA PisHMX
perioHiB 3eMHOi NOBEPXHi 3 HAHECEHMMM Ha HUX NO3HAYKaMM, LLO Bi4NOBIAAIOTb Pi3HMM TemnepaTypam Ta MepPeXXMBOM Pi3SHUX
NiHiN. fIK BOHN OTPMMYIOTBCA i WO BigobOparkatoTb?

Yepes piBHi NPOMIXKKM Yacy, HanpuKnag, 4oTvpu pasu Ha poby, BignosigHi cnykbu (cnocTepiradi) Ha Ppi3HMX
KOHTMHEHTAX, Ha CyXOAO/i, Yy BiAKPUTOMY MOpPi Ha Kopabnsx, 3 MeTeocynyTHMKIB TOLLO, HaZalTb BIZOMOCTI Npo micuesy
TemnepaTtypy, aTMochepHUn TUCK, BiAHOCHY BOJIOTICTb, HANPAMOK i WBUAKICTb BITPY, XapaKTep OnafAis, XMapHiCTb Ta NPO iHLWi
¢dakTopn. Ha OCHOBI LMX AaHUX | CKNAAAKOTLCA Manu Noroau.

Ha uux manax TOYKM OfHaAKOBMX TemnepaTyp 3'€AHYIOTb JiHIAMW, AKI Ha3MBalOTb «i30TEPMaMm»; TOYUKM, LWO
BiANOBIAAOTL PIBHMM aTMOCHEPHUM TUCKaM, 3'€QHYIOTb NiHIAMK, AKI Ha3uBaloTb «izobapamu». AK npasuno, isoTepmu
BUTAMYIOTbCA B 3aXiAHO-CXiAHOMY HAaNPAMKY, a i306apw Bifo6parkaloTbCa AK BiNbLI-MeHL 3aMKHYTI NiHii, AKI BKAOYatoTb 061acTi
BMCOKOro abo HU3bKOrO TUCKY.

Konwu ui AaHi 3apeecTpoBaHi i HaHeceHi Ha Mmany, To CNeLianicTu-MeTeopPOIOrN MOXKYTb A0CUTb LUBUAKO CKAACTU NPOrHO3
noroau i NOBiZOMUTM NPO Hboro y 3MI.
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AHOTALIA

ABSTRACT

®opmy P06, . OOHUM 3 OCHOBOMOOHCHUX OUOAKMUYHUX
npuHyunie e cucmemi npogeciliHoi nidzomosku malibymHix y4umenie
mMamemMamuKku € npuHyun @yHOysaHHsA, AKull nepedbavae HeniHitHUl
Xapakmep HAKOMUYeHHA MamemMamu4HUX 3HGHb6 MA CMBOPEHHA YyMO8 014
noemanHo20 no2nubneHHA Ma PO3WUPEHHA WKINbHUX 3HAHL Y HaNpAmi
npogecioHanizayii ma @hopmysaHHa yinicHoi cucmemu HaykKosux ma
MemoOUYHUX 3HAHb. Bus4YeHHA OCHOBHUX 3Micmosux niHil pi3HuUX
MamemMamuy4Hux Kypcigs y nid2omosuyi e4umesie mMamemamuKku Mae
cnipanenodibHuli xapakmep ma rpyHMyemoca Ha 8i0nosidHUx 6asosux
MOHAMMAX ma Memodax, AKi eusyaromeca y WKiAbHOMY Kypci
mamemamuku.

Mamepianu i memodu. /[lna 0ocszHeHHA memu 6yau 8ukopucmaHi
Memoou meopemuyHo20 PiBHA HAYKOB020 Mi3HAHHA: GHAsI3 HAYKoeoi
nimepamypu, cuHmes, opmanizayis  HayKoeux Oxepes, Onuc,
3icmasneHHs, y3a2a1bHEeHHA 81aCHO20 00c8idy. [1na po320pmaHHsA cnipani
@yHOYBAHHA 3HAHbL BUKOPUCMAHO OCBIMHI npozpamu «CepedHs ocsima
(Mamemamuka. IHpopmamuka)» nepwozo (6akanaspcekozo) ma dpy2o2o
(mazicmepcokozo) pisHie suwoi ocgimu CymcbKo2o O0epiasHo20
nedazoziyHozo yHisepcumemy imeHi A. C. MakapeHKa.

Pe3syabmamu. OnucaHo pieHi ¢pyHOy8aHHA 3HaHb. Ha nepwomy pieHi
¢yHOy8aHHA cmydeHmu po32aA0aldmMe  KAACUYHY CXemy Memooy
mMamemamuyHoi iHOyKuii ma 3Haliomaameca 3i cxemamu memodie
y3aeansbHeHoi ma y3aaanbHeHo-rnocuneHoi iHOykyii. Ha Opyzomy pieHi
¢yHOy8aHHA  8i0BYB8AEMbLCA  MeopemuyHe  y3a2asabHEHHs  3HQAHb,
OMPUMQHUX  HaQ  nonepedHeOoMy — emani, cmyoOeHmu  aKMUBHO
8UKOPUCMOBYIOMb Pi3Hi cxeMu mMmemody mamemamuyHoi iHOYKUil AK npu
dosedeHHi Mamemamu4HuUx meepoxceHo (meopem, sanacmusocmeli), mak
i npu po3e’asysaHHi 3a0a4y. Ha mpemvomy pieHi @yHOy8aHHA memod
iHOYKYii 8uBYaEMbCA 8 KOHMeEKCMi mMemoOuyHo20 06rpyHMy8aHHA ma
30cmocysaHb Yy WKiNbHOMY — Kypci  mamemamuku. Yemeepmuli
(npuknadHuli) pieeHb pyHOYBaHHA Nepedbayae aHasni3 po3suMKy mMmemoody
mamemamuyHoi iHOyKyii, lioeo cxem ma modugikayili 8 icmopuyHomy
KOHMeKCMi, @ MaKoX« 3aCmoCy8aHHA mMemody MamemamuyHoi iHOYKYii
ma lio2zo modugpikayili do po3e’A3y8aHHA NPUKAAOHUX 300aH.

Formulation of the problem. One of the fundamental didactic principles
in the system of professional training of pre-service mathematics teachers
is the foundation principle, which provides for the non-linear nature of the
accumulation of mathematical knowledge and the creation of conditions for
the gradual deepening and expansion of school knowledge in the direction
of professionalization and the formation of a complete system of scientific
and methodical knowledge. The study of the main content lines of various
mathematics courses in pedagogical institutions of higher education has a
spiral character and is based on the relevant basic concepts and methods
studied in the school mathematics course.

Materials and methods. To achieve the goal, methods of the theoretical
level of scientific knowledge were used: analysis of scientific literature,
synthesis, formalization of scientific sources, description, comparison,
generalization of own experience.

Results. The unfolding of the spiral of knowledge foundation of students
of mathematical specialties of pedagogical institutions of higher education
is illustrated by the example of studying the mathematical induction
method, based on the educational programs "Secondary education
(Mathematics. Informatics)" of the first (bachelor's) and second (master's)
levels of higher education of Sumy State Pedagogical University named
after A. S. Makarenko. At the first foundation level, students consider the
classical scheme of the mathematical induction method and get acquainted
with the schemes of the methods of generalized and generalized-enhanced
induction. At the second level of foundation, there is a theoretical
generalization of the knowledge obtained at the previous stage, students
actively use various schemes of the method of mathematical induction both
when proving mathematical statements (theorems, properties) and when
solving problems. At the third foundation level, the induction method is
studied in the context of methodological reasoning and applications in the
school mathematics course. The fourth (applied) level of foundation
involves the analysis of the development of the method of mathematical
induction, its schemes, and modifications in the historical context, as well
as the application of the method of mathematical induction and its
modifications to solving applied problems.
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BucHosKu. [lpuknad 8nposaoHeHHs MPUHYUNa @yHOYBAHHA Mpu Conclusions. The example of the implementation of the principle of
gusveHHi memody mamemamuy4Hoi iHOYKuil nidmeepoxcye saxcausicme foundation when studying the method of mathematical induction confirms
yc8i0oMaeHHA MalbymHimu e4umenamu Mamemamuku 8aiciueocmi the importance of awareness by future teachers of mathematics of the
GopmyB8aHHA, HaKONUYeHHA ma no2aubseHHA 3HAHb He Auwe y KoHmeKemi importance of forming, accumulating, and deepening knowledge not only
8uUBYEHHA hyHOaMeHMAAbHUX MOHAMb, a i MamemMamu4yHuUx memoois 014 in the context of studying fundamental concepts but also mathematical
npogeciliHoi  dianbHocmi ma pPo3yMiHHA MixcpeomMmemHux 38’A3Kis. methods for professional activity and understanding interdisciplinary
lpoekmysaHHA Hae4anbHUX OUCYUMNAiH 3 YpaxXy8aHHAM M[PUHYUNy connections. The design of educational disciplines taking into account the
GyHOYBAHHA OCHOBHUX MAMEMAaMUuY4HUX MOHAMb ma memodie Oae principle of the foundation of basic mathematical concepts and methods
Moxcaugicme cmydeHmy eubupamu mpaekmopito c8oei maldbymHoboi gives the student the opportunity to choose the trajectory of his future
disnbHocmi — ye He mineku poboma 3a ¢axom, a U BUKOHAHHA activity - this is not only working by profession but also the performance of
GyHOaMeHManbHUX Ma MPUKAAOHUX 00CAIOH(eHb, eKCrepumMeHmanbHUxX fundamental and applied research, experimental development during
pO3pobOK Mid Yac HABYAHHA 8 acnipaHmMypi. graduate studies.

K/ItOHOBI C/IOBA: ¢hyHOYB8aHHA 3HAHb; Cripanb hyHOYBAHHS; KEYWORDS: knowledge foundation; pre-service mathematics teachers;
malibymHi e4umeni mamemamuku; npogeciliHa nidzomoska malibymHix professional training of pre-service mathematics teachers; mathematical
y4umesnie Mamemamuku; Memod MamemamuyHoi iHOYKyii. induction method.

BCTYN

MocraHoBKa npo6nemu. EdbekTBHA opraHisauis npodeciliHoi NiAroTOBKM MalbyTHIX yunTenis MaTeMaTUKM BUMarae
peaniszauii HU3KM BaXKNMBUX ONA MATEMATUYHOI AIANLHOCTI AWAAKTUYHMX NpUHUMNIB. OCHOBOMOJIOXKHY PO/Jb NPU LbOMY
BiZirpatoTb NPUHLUMMNK LiNICHOCTI, CUCTEMATUUYHOCTI, HAaCTYMNHOCTI, aKTUBHOCTI Ta CBigomMocTi. OCTaHHIM Yacom, KoM MoBa e nNpo
daxoBy NiAroToBKy ManbyTHIX BUMTENIB MAaTEMATUKM, Ui MPUHLMNN AOMNOBHIOTL NPUHLMNOM GYHAYBaAHHA, AKWUIA nepenbayae
HeniHIMHWIA XapaKTep HaKOMUYEHHA MAaTeMATUYHUX 3HaHb Ta CTBOPEHHA YMOB A1A MOETanHoro NornMbaeHHA Ta po3WmMpeHHs
LWIKiNbHMX 3HaHb Yy HanpAMi npodecioHanizauii Ta GopmyBaHHA LiNiICHOI CUCTEMM HAYKOBUX Ta METOANYHUX 3HAHb.

BMBYEHHA OCHOBHMX 3MICTOBMX JiHIA Pi3HUX MaTeMaTMUYHWUX KypCiB B MegaroriyHMxX 3aKnafax BMLLOI OCBiTU Mae
cnipanenoAibHnin xapakTep Ta FPYHTYETbCA HA BiANOBIAHMX 6Aa30BUX MOHATTAX Ta METOAAX, AKi BUBYAIOTLCA Y WKINbHOMY Kypci
maTemaTuku. Mpu ubomy BiAOYBAETLCA NMOBEPHEHHA 4O BXEe BMBYEHUX OO’€EKTIB Ta METOLiB, ane Ha bifibll BUCOKOMY PiBHI
y3arafbHeHHA Ta abcTpakLuii, BHAaCNiA0K YOro enemeHTM HOBOro 3HaHHA, 6a3ytouncb Ha NonepeaHix, yTBOPHOKOTb HOBUIA BUTOK Y
iHTEeNEeKTyaNlbHOMY PO3BUTKY 11 GpaxoBili NiAroToBLi CTyAeHTa-MaTeMaTMKa. HalinpocTiwnm npuknagom GyHAYBaHHA € PO3BUTOK
NOHATTA BEKTOPA: CNOYATKY B LIKINbHOMY KypCi MaTEMATUKKM NOHATTA KBEKTOP» MAE TaKUM 3MICT — KHaNPAMIEHUI Bigpi3oK Ha
nAoWwuHi abo y NpocTopi»; gani B Kypcax NiHiliHOT anrebpu Ta aHaNiTMUYHOI reomeTpii popmyeTbCA yABAEHHA NPO BEKTOP AK
BNOPAAKOBAHUI Habip n yncen, 3rogom — K eIeMeHT MliHIMHOro NpocTopy (NPU LbOMY BAACTUBOCTI BEKTOPIB ONUCYIOTLCA BIKE
aKCiOMaTUYHO — Yepes cUcTeMy aKCioM NiHIMHOro NpocTopy), i, HapewTi, — AK OKPemMUit BUNaAoK B6inbll 3arabHOro MNOHATTA —
TeH3opa.

He3Bakaloum Ha aKTMBi3aLil0 HAYKOBMX AOCNIAMKEHb Y LibOMY HanpsAMKYy B OCTaHHi poku, npobnema ¢yHAyBaHHA
OCHOBHUX MaTeMaTU4YHUX MOHATb i, 0c0b6aMBO, meToAiB y ¢axoBili NiAroToBLi MalbYTHIX BUMTENIB MaTEMaTUKM BUBYEHA
HEeAOCTaTHbO i NOTPebye NoAaNbLIOT PO3POOKU.

AHani3 aKTyanbHUX AOCAigXKeHb. Yneple igea pyHAyBaHHA 3HaHb Byna okpecneHa y pobotax B. . Laapikosa Ta
€. |. CmipHoBa (2002). 30Kkpema, €. |. CmipHoB (2013) po3rnagae GyHAYBaHHA 3HAHb AK NPOLEC CTBOPEHHA YMOB A/1A NOETanHOro
NOrnnGAeHHA Ta PO3LUMPEHHSA WKINbHUX 3HAHb Yy HaNpPAMKY npodecioHanisauii Ta popmyBaHHA LiNICHOI CUCTEMM HAYKOBUX Ta
METOAMYHUX 3HAHb, NpodeciiHO-NeAaroriyHoi AisnbHOCTI. MPUHUMNOBOI BiAMIHHICTIO MPUHLUMMY GYHAYBAHHA € BU3HAYEHHA
OCHOBM A/1A CNipaNeBUAHOI CXEMU MOAENtOBaHHA 6a30BMX 3HAHb, YMiHb, HABMYOK MAaTEMATUYHOT NiATOTOBKM YYHIB, iX CUCTEMHUIA
Ta y3arasbHeHW xapakTep.

M. M. KoBToHt0K (2012) pobuTb aKLEHT Ha TOMY, LLLO PO3BUTOK OCHOBHMX 3MICTOBUX NiHIN MaTeMATUYHUX AUCLUNAIH Y
nesaroriyHMX 3akiagax BULLOI OCBITU CMMPAETbCA HA BUBYEHHA OCHOBHMX MOHATH LUKINIbHOTO Kypcy MaTeMaTMKKU Ta JIOTIYHO iX
NPOAOBXKYE 3 HACTYNHUM TEOPETUYHMUM Yy3araJibHeHHAM CTPYKTYPHUX OAUHWUUbB, AKI PO3KPUBAOTb LiNICHICTb, CYTHICTb,
TpaHcAUCLMNAIHAPHI 3B’A3KM Ta CNPAMOBAHI Ha iHTENEKTYaNbHUI PO3BUTOK MaWBYTHIX BUMTENIB MAaTEMATUKM.

0. A. epHoBHikoBa (2014) Big3Hauae, Wo npuHLMN GyHAYBAHHA BiAirpae o4HyY 3 NPOBigHUX ponelt y nobyaosi LinicHot
OVNOAKTUYHOT CUCTEMM MATEMATUYHOIT OCBITM MabyTHBLOrO BUMTENA MAaTEMATUKKN. 30KpeMa, NPOEKTYBAHHA NPUKNALHOTO MOAYANA
TAKOT CUCTEMM KBM3HAYAETbCA HACTYNMHMMM 3aBAAHHAMM: 3abe3neyeHHA MOTUBALLiElO cnipanei dyHAyBaHHA 610Ky NPUKAAAHUX
33/1a4; KOHKPEeTU3aLLA TEOPETUYHUX 3HaHb, AK MPAKTUYHOTO PO3YMiHHA; OBFPYHTYBAHHA NPAKTUYHOTO BMiHHA NO cnipani: BMiHHA
— HaBWYKM; HAYKOBWIA PETPOCNEKTUBHUI NOMNAL Ha LWKINbHY MAaTeMaTUKy; pPO3B’A3yBaHHA NPUKAALHMX 33434 NPUPOAHUUMX i
CYMIDKHMX HAYK; KOHKPeTM3aLia AK HA0OYHO-MOAENbHa iNtOCTPALLA TEOPETUYHMUX 3HAHb; KOHKPEeTM3aLia AK MeToaMYHa GyHKLiA
TEOPETUYHOrO 3HAHHA; KOHKPEeTM3aLia AK AOCNIAHMLbKA QYHKLIA HOBOrO TEOPETUUYHOIO 3HAHHA; KOHKPeTM3aLia TeopeTUYHUX
3HaHb (NOHATb, TEOPEM, ANTOPUTMIB TOLLO), IK YUHHMK 3aCBOEHHA .

3ayBaXKMMO, LLO aBTOPM BXKe 3BepTanuca Ao npobnemu BNpoBagMKeHHA NpuHUMNY GyHAYBAaHHA 3HaHb y cucTemy
npodecinHoi NigroToBKM ManbyTHIX yunTeNiB MaTEMATUKKM, 30KPEMA, NPU BUBYEHHI QYHKLIOHANbHOT 3MiCcTOBOI NiHiT (/lyKawosa
& [pywnsak, 2022) Ta y3aranbHeHHi NOHATTA noxiaHoi (LUuweHKo Ta iH., 2022).

Merta cratTi. O6rpyHTYBaTM HEObXigHICTb BNPOBaAMKEeHHA (MOX/AMBICTb peanisauii) npuHUMna GyHAYBaHHA 3HaHb
ManbyTHIX yuuTenis matemMaTMKu B cucTemMy ix npodeciiHoi niaroToBKM Ha npuKkaagi nobynoswm cnipani ¢yHAYyBaHHA Npu
BMBYEHHI MeToAy MaTeMaTUYHOI iHAYKLUI.

Merta craTTi: geTanisyBatM ocobamBocTi pyHAYBaHHA 3HAHb MAWBYTHIX yYuTeNiB MaTemaTUKKU NpU BUBYEHHI MeToay
MaTeEMaTUYHOI iIHAYKL,i.

METOAM AOCNIAKEHHA

Ona pocArHeHHA meTu 6ynn BUMKOPUCTaHI MeToaM TeOPeTMYHOro PiBHA HAYKOBOrO Mi3HaHHA: aHani3 HayKoBol
nitepatypu, cuHTes, popmanisaLia HayKoBUX AxKepes, ONuC, 3iCTaBleHHSA, y3araJbHeHHA BNAaCHOTO A0CBiay.
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PE3Y/IbTATU AOCNIAKEHHA

3rigHo (MepHoBHMKoBa, 2014; KoBToHOK, 2012) npuHuMn ¢yHAYBAHHA WKIbHUX MATEMATUYHUX €/leMEHTIB
(MaTeMaTUYHUX MOHATH Ta METOAiB) B NpoLeci MmaTeMaTUYHOI NiAFrOTOBKM CTyAEHTIB nepenbavyae po3ropTaHHA HACTYMHUX
KOMMOHEHTIB:

— BM3HAYEHHA 3MICTy piBHiB 6a30BOrO LWKINbHOTO HABYa/IbHOTO e/IeMeHTY (3HaHHA, BMiHHSA, HAaBUYKKM, MaTeMaTUYHI MeToau);

— BU3HAYEHHA BMICTy piBHiB Ta eTanis (npodeciiHoro, ¢yHAaMeHTanbHOro i cneuiasbHOro) posroptaHHA 6a3oBoro
YHIBEPCUTETCbKOrO HAaBYa/IbHOTO eNeMeHTY;

— BU3HAYEHHA TexHoNorii GyHAYBaHHA (4iarHOCTYETbCA LiNENOKAaAaHHA, HAaOYHE MOAENOBAHHA PiBHIB r106anbHOI
CTPYKTYPM, NIOKaNbHOI MOAENbHOCTI, yNpaB/iHHA Ni3HaBa/IbHOK | TBOPYOID AIANLHICTIO CTyAeHTIB, 6/10KM MoTMBALT Ha3oBuX
HaBYaNbHUX e1IeMEeHTiB);

— BU3HAYEHHA METOAMYHOI afeKBaTHOCTI 6a30BMX WKINbHUX Ta YHIBEPCUTETCbKUX HABYa/IbHUX €N1eMEHTIB Ha OCHOBI
CYYaCHUX MEeTOL0/10MYHUX KOHLLEMNL,iN.

Y [epxkaBHux CTaHpapTax WKiNbHOI MAaTEMATUYHOI OCBITM BM3HAYEHO BIiCIM 3MICTOBMX iHIM WKiINbHOrO Kypcy
MaTEeMaTUKM, Ha OCHOBI AKUX BUAINAIOTLCA BUXiAHI 06'€KTU GyHAYBAHHA AN NOLANLLIONO IX BUBYEHHA, y3aralbHeHHS i peanisauii
MiXAaMCUMNAIHApHUX 3B’A3KiB y negaroriyHnx 3BO. Mpu LbOMY KOXKHA 3MiCTOBa NiHiA BM3Ha4Yae 6a30Bi NOHATTA i meToaM,
po3nogineHi 3a onTMManbHUM HAaBOPOM HABYANbHUX AUCUMMAIH, LLLO BKAKOYEHI A0 NiArOTOBKM MalbyTHIX yunTeniB MaTemaTUKK.
BaxknuBMm € Te, wo BCi 6a30Bi LWKIiNbHI 3HAHHA BK/AKOYAKOTLCA Y NEpenik HaBYya/JbHUX eNeMEeHTIB NiATOTOBKU CTyAEeHTiB-
MaTeMaTHKIiB i nepeBeaeHHa ix i3 6a3n gaHux (TobTo, popmanbHOro OnepyBaHHA Yy LUKINbHOMY Kypci maTematwku) y 6asy
npeameTHUX i NpodeciMHNX KOMNETEHTHOCTEM MalbYyTHbOTO BUNTENA MaTEMATUKM.

[Ons intocTpauii BnpoBagKeHHA NPUHLMNY GyHAYBaHHA 3HaHb CTYAEHTIB MaTEMATUYHUX CreLlia/lbHOCTEN NeAaroriYHnx
3BO 6yaemo BUKOPUCTOBYBaTM 3arasibHy MoAenb, 3anponoHoBaHy M. M. KoBTHiok (2012), Ha 6a3i ocBiTHix nporpam «CepeaHsn
ocsita (Matematuka. |HdopmaTmKka)» nepuworo (6akanaspcbkoro) (https://cutt.ly/i71GBvf) Ta apyroro (marictepcbkoro)
(https://cutt.ly/U71G9jC) pisHis BMLLOT 0CcBiTM CyMCbKOro Aep>KaBHOro neaarorivHoro yHisepcutety imeHi A. C. MakapeHKa.

BiaHecemo Ha nepwwii — 6a30BuiA piBeHb GpyHAYBaHHA HaBYabHi gUcUMNNiHM «EnemeHTapHa matemaTuKka» (OKg 20),
«AHanitnyHa reomeTpia» (OKg 17), «/liHitHa anrebpa» (OKg 11), «MatematnuHuin aHaniz» (OKg 13), AKi BUBYAKOTLCA NepeBaXKHO
Ha NepLoMy Ta Ha Apyromy Kypcax bakanaspary.

[o apyroro piBHA GyHAYyBaHHA, AKUIA BU3HAYa€E piBEHb TEOPETUYHOTO y3araJbHEHHA (Ue, 3a3BuYaii, 3—7 cemecTpu
OCBITHbOTO PiBHA «baKanasp»), BiAHECEMO HaBYa/IbHI AucumMnAiHN — «Anrebpa i Teopis uncen» (OKg 10), «KomnneKkcHMI aHani3»
(OKp 15), «AnckpeTHa maTemaTuka» (BMbipkoBa aucumnniHa — BA), «MpoekTUBHA reomeTpis Ta meToam 306paxeHb» (OKp 18),
«MaTtemaTmnyHa norika i Teopia anroputmie» (OKg19), «Teopia KmoBipHOCTel i maTemaTudyHa cTaTucTnka» (OKg 16),
«OundepeHuianbHi pisHAHHA» (OKg 14), «OndepeHuianbHa reomeTpia i Tononorisa» (BA), «®PyHKuUioHanbHUIM aHanis» (BA),
«OcHoBwM reomeTpii» (BA), «Yuncnosi cuctemm» (OKg 12).

TperTili piBeHb — piBeHb MeTOAWYHOrO OBFPYHTYBaHHA Ta creujanisauii (Le, B OCHOBHOMY, 7-8 ceMecTpu OCBITHbOTO
piBHA «baKanasp» Ta 1-3 cemMecTpu OCBITHbOIO PiBHA «MaricTp»). BiH BKAtOYAE Pi3Hi NPaKTUKYMK po3B’A3yBaHHSA 334au WKiINbHOro
Kypcy maTemMaTukn, Kypcun « MeToamKa HaB4aHHA matemaTnkn» (OKg 21, OKy 6), «OnimniagHa matemaTtunka» (OKy 5), «HaBuaHHsA
MaTeMaTMKM 3 Komn'toTepHoto nigTpumikoto» (BA), «Haykosi OCHOBM LWIKiNbHOrO Kypcy matemaTuku» (B), pisHOMaHITHI
BMOIpKOBI AMCUMNAIHM 3 PO3B’A3yBaHHA 33434 MiABULLEHOI CKIALHOCTI, NeaaroriyHi NpakTUKM.

Ha uetBepTomy, NpuKAagHoOMY, piBHI (Le 7-8 cemecTpm OCBITHLOTO pPiBHA «HaKkanaBp» Ta 1-2 ceMecTpu OCBITHbOTO PiBHA
«MAricTp») BUBYAETLCA MOAENIOBAHHA PeasibHUX NPOLECIB, B TOMY YMCAI, OCBITHIX, MaTeEMaTUYHUMK MeToAamU. [10 LbOoro piBHA
BigHOCATbCA Kypcu «IcTopia matematuku» (B[), «Teopia irop» (BA), pi3Hi BMOIPKOBI KypcW NPUKNALHOIO XapakTepy,
KoMn'toTepHE MOZENOBAHHA B MAaTEMATUL,i TOLLO.

MpointocTpyemo po3ropTaHHA chipani GyHAYBaHHA HA NPUKNAAI BUBYEHHA METOAY MaTeMaTUUHOI iHAYKUI.

AK BigOMO, 3arasibHi BUCHOBKM, OTPUMaHIi Ha NiACTaBi BUBYEHHA OKPEMUX BUMNALKIB, HAa3UBAOTb IHAYKTMBHMMMU, @ CaM
MEeTOZ, TaKMX MipKyBaHb — iIHAYKTUBHUM MeToL0M abo iHAYKLiE. IHAYKTUBHI MipKYBAaHHA AOCUTb MOLWIMPEHi AK Yy MaTemaTuLi,
TaK i B iHWMWX HayKax. [py LbOMYy BUAINAIOTb Ki/ibKa METOAIB, WO FPYHTYIOTbCA Ha iHAYKUii. MeToa MipKyBaHb, Npu AKOMy
3arasibHUIM BUCHOBOK POBUTbCA HA OCHOBI AOCNIAMKEHHSA YCIX MOXANBUX BUMALKIB, HA3MBAETbCA MOBHO iHAYKLUi€t0. Liel meTop,
BMKOPUCTOBYETLCA, AKLLLO YNC/I0 BUMAAKIB CKiHYEHHE i NOPIBHAHO HeBe/IMKe (MOro LWe Ha3MBaloTb METOAO0M NOBHOMO nepebopy).

Mpu poBeaeHHI MaTeMaTUYHUX TBEPAXKEHb YAaCTO BUHUKAE CUTYaLLiA, KOM KiNbKiCTb BUMAAKIB HECKiHYEHHA, a camo
TBEPAKEHHA 3aNEXWTb Bif, HAaTypasbHOro YyMcna n. Y upbomMy pasi 3aCTOCOBYETbCA OAMH i3 cnewiasibHUX MeTOAiB AOBeAeHH:A
MaTEMATUYHUX TBEPAKEHD — MEemoO MamemMamu4Hoi iHOYKUii, AKNIA FPYHTYETbCA Ha NPUHYUNI mamemamuyHoi iHOyKyil: AKWo
meepoxceHHsa T(n), wjo 3anexumes 8i0 HAMYpPAAbHO20 Yucaa n, icmuHHe 018 n =1 (abo 014 n =ngy, geny € N), ma 3
npunyweHHA npo me, Wo 80HO iCMUHHe nMpu n = k sunaueae lio2o icmuHHicme 044 HamypanasbHoz2o Yucnan = k + 1, mo ye
meepOxeHHsA iCMUHHE Mpu 8CiXx HAMYPAAbHUX 3HAYEHHAX N (MPU 8CIX HAMYPAAbHUX N = Ng).

MpUHUMN MaTeMaTUYHOI iIHAYKLiT CNMPAETLCA TaK 3BaHY Ha aKCiomMy iHAYKLii — 04HY 3 aKCioM apuMETUKM HATYpPaNIbHUX
yucen (akciom lMeaHo), AKa € KAOYOBOK NPU [0OBeAeHHi acoLiaTUBHOCTI Ta KOMYTaTMBHOCTI [AOAABaHHA i MHOMEHHS,
pPO3MOAiNbHOro 3aKOHY MHOEHHSA BiiHOCHO A04aBaHHA HATypaNbHUX YMCEN Ta BNOPAAKOBAHOCTI MHOXWHWU HAaTypasbHUX Yncen.

MpaKTUYHE BUKOPUCTAHHA NPUHLMNY MAaTEMATUYHOI iHAYKL,iT 34iINCHIOETbCA 3@ HACTYNHOO CXeMOIO:

1) nepesipAatoTb iCTUHHICTb TBepaAXeHHA T(n) npu n = 1 (BignosigHo, npun = ny = 1);

2) NPUNYCKaloTb, L0 BOHO iCTUHHE ANA BCIX HaTypanbHUX 1 =k =1 (n = k = n,) i Ha OCHOBI LBOro AOBOAATH, L0
TBEPAKEHHSA € iCTMHHUM ansan = k + 1;

3) pobnAaTb BUCHOBOK, L0 TBEpAKeHHA T(n) € icTMHHUM AN BCix HaTypanbHUX N (BignoBigHO, AnA BCiX n = ng).

IHoAi e meToa HasuBatoTb Memodom MosHoi mamemamuyHoi iHOYKYii (HikyniH&Kykyw, 1999). MeToa matemaTUyHOI
iHAYKUIT € CTPOrMM AeAYKTUBHUM METOA0M A0BeAeHHA (TOBTO, CMMPAETLCA Ha aKCiOMM i paHille BCTaHOB/EHi TBEPAMKEHD) | anwwe
Ha NepLIOMY KpOLii, o Ha3MBaEeTbCA 6a30t0 iHAYKLT, BKNOUAE B cebe eleMeHT iHAYKLiT — NepeBipKy iCTMHHOCTI TBEPAKEHHA A4
HaMEHLIOro AOMYCTUMOrO 3HAYEHHA Ng.
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OKpim HaBeAEeHOI BULLE CXEMU METOAY MaTeMaTUYHOI iIHAYKLT BUKOPUCTOBYHOTLCA M iHLLI, eKBiBaNeHTHI it dopmun. OaHa
3 HUX NONATAE Y BUKOHAHHI HAaCTYMHUX KPOKIB:

1) nepesipAtoTb icTUHHICTb TBepaKeHHA T(n) npu n = 1 (BignosiaHo, npun = ny = 1);

2) NpynycKatoTb, WO BOHO iCTUHHE A/1A BCiX HaTypanbHux k < n (BignosiaHo, ny < k < n) i Ha OCHOBI LibOTO OBOAATD,
O TBEPAMKEHHSA € iICTUHHUM anan = k;

3) pob61aTb BUCHOBOK MpPO iCTUHHICTb TBepAKeHHA T (n) ana BCix HaTypanbHUX n (BiZNOBIAHO, ANA BCIX N = Nng).

OcCTaHHIO CXemy iHOZi Ha3nBalTb METOAOM NOCUEHOI (BiANOBIAHO, MOCMNEHO-Y3araibHEHOI) MaTeMaTUYHOI iIHAYKL;i.

3a3HauMMoO, WO paHiwe MeToa MaTeMaTUYHOI iHAYKLUii BMBYaBCA B 3aK/agax 3arasbHOi cepefHbOi OCBITU Yy KypCi
«Anrebpa i noyaTkm aHanisy» (Konmoropos Ta iH., 1979), npoTte 3rogom 6yB BUYYEHWUIA i3 WKINbHOI NPOrpammn 3 MaTeMaTUKM i
3apa3 po3rALAETLCA INLLE Y KNacax 3 NOrMbaeHnm BUBYEHHAM maTemaTukun (Mep3nsak, NMonoHcbknin&Akip, 2021).

BUAiNMMO OCHOBHI ANCLMNIHK, @ TaKOXK BiANOBIAHI KOMNOHEHTU (KOMNETeHLil, yMiHHA, 3HaHHA), AKi popmytoTbea y
CTYAEHTIB B XOZi BUBYEHHA METOAY MaTEMATUYHOI iHAYKLiT Ha KOXXHOMY 3 BKa3aHWX BULLE PiBHAX PyHAYBAHHA 3HAHb.

Ha nepwomy pieHi cTyfeHTU po3rnagaloTb KAACMUHY CXeMy MeToAy MATeMaTU4HOi iHAYKUil Ta 3HaromAaATbeA 3i
CxemMamu MeTOAiB y3arasbHeHOi Ta y3araJbHeHO-nocuneHoi iHAyKuii. Hanpuknag, B Kypci «EnemeHTapHa maTtemaTuka»
pO3rnafaTbCA OCHOBHI TUMM 3a4a4 HAa BUKOPUCTAHHA METOAY MaTeMaTUYHOI iHAYKLUii — ue 3aAadi Ha A0BeAEeHHA NOAINbHOCTI,
TOTOXKHOCTEW Ta HEPIBHOCTEN, B AKMX YMOBA 33Ja4i 3a/1eKWTb Bif, HaTypasbHOro napameTpa n. Y Kypci «MatemaTUyHnit aHanis»
MeTOL40M MaTeEMATUYHOT iIHAYKLiT 4OBOAATLCA AeAKi TOTOXHOCTI, Hanpukaaa, dopmyna 6iHoma, po3s’A3yrOTbCA AeAKi NPUKNaAM
3 Teopii rpaHuLLb Ta Teopii paais. Y Kypci «/liHiltHa anrebpa» maTemMaTnyHa iHAYKLA BUKOPUCTOBYETLCA AK METOA, Al0BEeAEHHA Linoi
HW3KM Teopem Ta 3aJay y Teopii MaTpuLb Ta BUSHAYHUKIB, TEOPIi n-BUMIPHUX NiHINHUX NPOCTOPIB.

Ha dpyaomy pieHi byHayBaHHA BiAOYBAETLCA TEOPETUYHE y3arasibHEHHA 3HaHb, OTPUMAHWX HA NonepeaHbOMY eTani.
CTyAeHTU aKTMBHO BUKOPUCTOBYIOTb Pi3Hi CXeMU MeToAy MAaTeMaTUYHOI iHAYKLUii AK NpU A0BeAeHHI MaTEMATUYHUX TBEPAXKEHD
(Teopem, BnactnsocTelt), Tak i Npy po3B’a3yBaHHi 3aga4. Hanpuknag, uei MeToz, LUMPOKO 3aCTOCOBYETLCA B Kypci «Anrebpa Ta Teopin
yucen» Npuv JoBeAEHHI HU3KM TEOPEM Teopii YMcen (HanpuKnaa, Teopemu Npo 306paxkeHHA HaTypPasIbHOrO YMCNA Y Pi3HWX CUCTEMAX
YUCNEHHS, TEOPEMM NPO AiNIeHHA 3 0CTaYeto) Ta Teopil MHOTOY/EHIB (Teopema Npo AjiIeHHA 3 OCTayeto — iHAYKLiA BUKOHYETLCA MO
CTEMEeH0 MHOro4/IeHa) i € 060B’A3KOBMM AN A0BEAEHHA NOAINLHOCTI, B fAKiN dirypye HaTypanbHWIN napameTp n. Pi3Hi cxemum
MaTeMaTUYHOI IHAYKLIT MOXHa 3aCTOCOBYBATU 414 aHaNi3y TBEPAMKEHD, AKi 3a/1eXKaTb Bif, Ki/IbKOX HAaTypanbHMX NnapameTpis. Toai ix
3aCTOCOBYIOTb CMOYATKY MO OAHIM 3MiHHIW, @ NOTIM NO Apyrili (BBaXKatouM NP LbOMY iHLY 3MiHHY GiKCOBaHOL).

MeToa maTeMaTU4HOI iHAYKWii € rapHUM iHCTPYMEHTOM OOrpYHTYBaHHA TBEpAXKEeHb, fAKi BMBYAIOTbCA B KypCi
«[InckpeTHa maTematuka». Lle meTop akKTUBHO BUKOPUCTOBYETHCA MPU O0BEAEHHI HU3KM TBEPAMKEHb Teopii MHOMWH; npu
BMBYEHHI KOMBIHAaTOPHMX CMO/YK, MOCAILOBHOCTEN, 334aHUX PEKYPEHTHO (3 MEeTOl BUK/OYEHHA PeKRypcii) Ta peKypeHTHUX
cnieBigHoOLWeHb, 6iHOMiIanbHOT Ta No/iHOMIaNbHOI Teopem, BUBYEHHI BiacTuBocTel uncen ®PiboHauui, B Teopii rpadis, B AKMUX
YMOBa BKJIOYA€E HaTypasibHMI napametp n. Cnig 3a3HauMTv, WO B Teopii rpadis iHAYKTUBHI MipKyBaHHA € NPUPOAHUMM i
npoBoAATbCA abo 3a YMcNom BepLUKH, abo umciom pebep rpada (3o0Kkpema, Le Teopema Npo KinbKicTb pebep Aepesa, HalmeHwe
yncno pebep 38’A3HOIO N-BEPLUMHHOTO rpada ToLwo.

Mpy BMBYEHHI PEKYPEHTHWUX CMiBBigHOWEHb | BCTAHOBAEHHI BIACTMBOCTEN 4YNeHiB MNOCNIAOBHOCTEN, 3afaHWX
PEKYPEHTHO, BMKOPUCTOBYETLCA Lie OoAHa moaudiKauia meTogy mMaTemMaTUYHOI iHAYKLIT, B AKil 6a3a iHAYKUii cKnagaeTbea 3
nepesipkn k TBepAMeHb, a BUCHOBOK MpPO iCTUHHICTb (n + k)-ro TBepaskeHHs T(n + k) pobuTbca Ha OCHOBI iCTUHHOCTI k
nonepegHix tBepaxeHb T(n), Tm + 1),..., Tn + k — 1).

Lle opoHe BarKnMBe y3arafbHeHHA MeTOAYy MaTEeMATUYHOI iHAYKUii, AKe po3rnagaeTbca B Kypcax «JMcKpeTHoI
MaTeMATUKM» Ta «DYHKLIOHANbHOIO aHaNi3y» NpPU BUBYEHHI NOTYXXHOCTI MHOMUH — Lile MPaHC@iHimHa iHOYKYis, AKa NpaLLtoe 3a
TIEIO YK CXEMOIO, LLLO M MeToZ MaTeEMATUYHOI iHAYKLII, ane ANA KapguHaNbHUX Yncen.

Ha ppyromy piBHi ¢yHAYyBaHHA B pamkax Kypcy «YMcnoBi cucteMu» CTyAEHTM PO3rNAfaloTb aKCIOMATUYHY Teopito
HaTypanbHUX yncen (Ha 6asi cuctemm akciom MeaHo). OgHa 3 akciom MeaHo — aKcioma iHAYKLiT — eKBiBaNeHTHA MpPUHUMUNY
MaTeMaTUYHOT IHAYKLIT, AKMI 3aKNafeHo B OCHOBY MeTO4Y MaTeMaTMYHOT iHAYKLii. Came Npu BUBYEHHI Kypcy «Yncnosi cuctemm»
CTYAEHTW YCBiZOMIIOIOTL TY POJIb, AKY BiAirpae akcioma iHAYKLii y NobyaoBi cMcTeMMn HaTypasibHUX YNCEN.

Ha ubomy eTani BuKnagayi ¢pyHAaMEHTAIbHUX MAaTEMATUYHMX KYPCiB MAtOTb YiTKO PO3YMITU | JOBOAUTM A0 CTYAEHTIB
Te, «AK NOB’A3YIOTbCA MWUTAHHA HaBYANbHOI AWUCLMNAIHM 3 KYpPCOM MaTeMATUKWM cepenHboi LUKOAW, PO3KPWMBaTM, HaBiLo
BMBYAETHLCA T€ YW iHLIE NUTAHHSA, AK BOHO NOB’A3aHe 3 MalnbyTHbOO AiANbHICTIO BUMTENA MATEMATUKM, ... CNIBCTABAATH ... LUKINbHUIA
i By3iBCbKMIA BapiaHTX BUKNAAY TOTO UM iHLWIOTO PO3AiNy, BBEAEHHA TOrO UM iHLWOro NOHATTA. Lle ,03BOAUTbL CTYAEHTY NOANBUTUCA
iHWMMM 0YMMA Ha HaBYaA/IbHY OUCLMMNAIHY, OCKIZIbKM KOXHUN MaTeMaTUYHWUI Kypc byae 34iMCHIOBATU CBild BHECOK Yy CrpaBy
OBO/IOAIHHA MaWbyTHIM yunTenem cBo€eto NPodecieto AKLWO He Ha PIBHUX 3 METOAMKOK HAaBYaHHA MAaTEeMaTUKK, TO NPUHANMHI Y
CNiBPO3MipHMX YacTuHax» (KosToHtoK, 2012).

Ha mpemoeomy pieHi byHayBaHHA MeTOA MaTEMATUYHOT iHAYKLT BUBYAETHCA B KOHTEKCTI METOANYHOIO O6IPYHTYBaHHA
Ta 3aCTOCYBaHb Y LWKIIBHOMY KypCi MaTeMaTuKU. I3 3arafibHO-MeTOAMYHUX NO3MLIN BiH PO3rnafaeTbca B Kypci «MeToamka
HaBYaHHA MaTemaTuKW», «OnimniagHa MaTemaTuKay, pisHUX BUBIPKOBUX AMCUMMANIH 3 PO3B’A3yBaHHA 33434 LUKINBHOIO Kypcy
MaTeMaTMKM Ta 3aZay NiABULLEHOT CKNagHOCTI. Mpu LbOMY aKULEHT pobUTbCA HA METOAMYHMIA aHaNi3 BUKOPWUCTAHHA AAHOMo
MeTo4a, MOXKAMBI MOMMUKM Y4YHIB MPU MOro 3aCTOCYBaHHI, PO3B’A3yBaHHI 3aBAaHb i3 BUKOPUCTAHHAM MEeToAy MaTeMaTU4HOil
IHAYKLIT B LWWKINbHOMY KypCi MaTeMaTUKK.

JOCUTb LUMPOKKI CNEKTP MOXK/IMBOCTENM BMBYEHHA METOAYy MaTeMaTWMYHOi iHAYKuii Ta oro moaudikauii gawoTb
cneuKypcu, Nos’s3aHi 3 po3B’A3yBaHHAM ofliMniagHUX 3a4a4y. OKpiMm HaBeAeHUX BULLE CXEM METOAY MaTeMaTUYHOI iHAYKU;i, B
paMKax TaKWX CMeLKypCiB KOPUCHO PO3rIAHYTM TaK 3BaHy 3BOPOTHY iHAYKLUiO, abo «iHAYKUilO BHM3». Y TaKoMy BUMNagKy
iHAYKTUBHUIM KPOK NONATAE y A0BeAEHHI iCTUHHOCTI TBepaxeHHA T(n — 1) 3a npunyweHHsA, Wo icTUHHUM € TBepaxeHHA T(n).
Mpouenypa Takoro A0BeAeHHS aHaNOriyHa 3acTOCYBaHHA iHAYKTMBHOro nepexogy Big T(n) mo T(n+ 1), a cam meTop,
3aCTOCOBYETbCA A0 A0BEAEHHA TOTO, LLIO TBEPAMKEHHA HE MAE MICLA NPU KOAHOMY HaTypanbHoMy n. CnpaBsai, AKWO NPUNycTuTH,
wo TBepaKeHHa T(n) icTUHHe Npu geakomy ny = 2, NOCNIA0BHO OAEPHKYEMO, LLLO BOHO MpaBubHe I ANA yCix n < ng. AKWO npu
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LbOMY BUABUTbCA, WO TBepaxeHHA T(1) xubHe, npuxoamMmo Ao npotupivya. OTke, TBepaxeHHa T(n) xubHe gna BCix
HaTypanbHUX 1.

Ha cneuKypcax no po3s’A3yBaHHIO 33434 NiABULLEHOT CKAAAHOCTI Ta 0ONiMNiagHUX 33434 KOPUCHO PO3IAHYTH LLe OAHY
moamndiKaLito meTogy maTemaTuMyHOI iHAYKLjI, Bigomy Ak memod Manikosa (Kykyw, 2008). Lieii meToa [03BONSE CMPOCTUTU
MipKyBaHHA Ha eTani iHAYyKTMBHOro nepexoay. HaBeaemo 3actocyBaHHA LIbOro MeToay ANA A0BEeAEHHA NOAISIbHOCTI, TOTOXHOCTEN
Ta HepiBHOCTeM. MpK LbOMY AR KOXKHOTO i3 BKa3aHMX TMNIB 33434 6ye BUKOPUCTOBYBATUCH BigNoBigHWUIA anropuTm.

Memoo Manikoea 015 dosedeHHsA nodinbHocmi

Hexalia, € Z,n € Ny = N U {0}, m € N j sukoHyromscs ymosu:

l.ay,:im

2. (ap41-ay) imnapun = k.

Todia, : mnpuecixn = k.

Cnpasai, 3a nepwoto ymoBoto a; = mt,t € Z. 3 ymosu 2 Maemo (A, 11— a,) : m ANa BCix n = k. Hagatoum n 3HayeHb
BiA k 1o n—- 1, pictaHemo: (Ag41—ag) i M, (Agsz— Agy1) i M ..., (A= ap_q) } M. TOBTO, iCHYIOTb WiNi UnCNA tq, ..., ty_k, WO

Q1= A = Mly, Q2= Qg1 = Ml e, A= Apog = My
[Jopaloun oTpMMAaHI PiBHOCTI, OAEPKRUMO: ay—ax = m(ty + tr+...+ty_) = ml, nel € Z. Otxke, a, = ag+rml = m(t +1), i
a, i mnpuscix n > k.

MpointocTpyeMo HaBeAeHUI MeToA, Ha NpUKaagax.

Mpuknad 1. fosecty, wo (10" —9n — 1) : 81 pnascixn € N.

Hexait a, = 10™ —9n — 1.

1. a;, =101 —10=0:81.

2. App1-ap=10"*"1 —9(n+1)—1-(10"-9n—-1)=9-(10"-1) =9- %_‘/9 : 81.

Otxe, a, = (10" —9n—1) : 81 anascixn € N.

Mpuknad 2. flosectn, wo ana ecix n € Ny sukonyetbea (k% + 1)*-k?n—1) i k*, nek € N,k = 2.

Noknagemo a, = (k2 + ™ — k?n — 1.

1l.ag=(k*+1)°-1=0:k*

2. ppr-ap=(K2+ D" —k2(n+ 1) —1-((K2+ D" —k?n—1) = kK2((kK* + D™*-1) =

(k> + D-D((2+ D"+ (k2 4+ D24+ +D) = k(K2 + DL+ (k2 + D24 4+1) k%

Omke, a, = (k2 + )" —k?n—1 : k* gnascixn € N,

Memod Manikosa 0514 0osedeHHs momoxcHocmeli 6yfe cnMpaTUCsA Ha HACTYNHi Ba aNropUTMH.
Anzopumm 1. Hexali n € Ny i suKOHyrombca ymosu
1. ap=byponak =0

2. Qpyi-an = bpyi-b, npun > k. Todi a,, = b, 6s4 ecix n = k.

Anzopumm 2. Hexali n € Ny i BuKoHyromsca ymosu
1. ak=bkp,nﬂk20

a b,
2. =" ghun >k
an by

Cnif, 3a3HaYMTK, WO aHANOTiYHI MiPKYBaHHA MOXHa 3aCTOCYBaTU 1 ANA A0BEAEHHA HEPiBHOCTEN (A0CTaTHbO 3aMiHUTH
3HaK PiBHOCTI 3HAaKOM NOTPIBHOI HEePiBHOCTI, @ B anropmMTmi 2 04aTKOBO BUMaraTtu, wob a, ta b, Habysanu nuwe foAaTHUX
3HaYeHb.

Memoo Manikoea 0na doeedeHHA HepieHocmeli

Anezopumm 1. Hexali n € Ny i suKoHyromecsa ymosu

1. ax > b pnak =20
2. Qpy1—Qy > bpy1-bynpun = k.

Todi a,, = b, 0n4a ecix n = k.

Todi a,, > b, 6na 8cix n > k.

Anzopumm 2. Hexali n € N, yci uneHu nocnidosHocmeli a,, ma b,, do0amHi i 8UKOHytomMbCs ymosu
1. ax > b pnak =20

5 i1 o bns npun > k Todi a,, > b, 0na 8cix n > k.
et =
MpointocTpyemo HaBeageHi BULLE METOAN Ha NPUKNAA,.
13 5 2n—1 1 .
Mpuknad 3. JoBecTn, Wo =+~ =+ < aBcixn € N.
p A » 2 4 6 2n \/3n+1’u'}1
Hexai a =1.3. -l b, = L 3aCTOCYEMO aNropuUTM 2 o5 [OBEAEHHS HepiBHOCTEN
"7 246 2n’ M \Bu+l Y P AN1A BOBEA, P :
1 11
1. a1=5,b1 =\/—Z=§,a1 Sbl.
o Oma1_ 135, __2n+1_(1_3_5_ __2n—1)_2n+1 bpyr _ 1 1 3+l
Toa, 2 4 6 7 2n+2" 2 4 677 2n 2n+2’ by V3n+4 V3n+1  3n+4d

. a b,
MepeBipMMO BUKOHaHHSA YMOBMU: ;—“ < Z—“. Maemo
n

n

2n+1 +3n+1 n?+4n+1 3n+1 4n+3 3 4n+3 3
< = < s 1- <1- = > =5
2n+2 - \3n+ 4 4n?+8n+4" 3n+4 4n? +8n+ 4 3n+4 4n?2+8n+4 3n+4
(4n+3)3Bn+4)=>34n*+8n+4)=n=>0.
To6T0, HepiBHICTb BUKOHYETbCA 1A BCix 1 € N. OTXe, a,, < b, 414 BCIX HAaTYPaNbHUX N.
LLIMpokKi 3acToCcyBaHHA BigKPMBAOTLCA ANS 3aCTOCYBAHHA METOAY MAaTeMaTU4HOI iHAYKLiT Npy po3B’A3yBaHHI AeAKUX
334a4 nnaHimeTpii (0cobaMBO, AKWO MOBa WAe NPo NPaBUbHI N-KYTHUKM Ta iX enemeHTu). HaiBigomiwmm npuknagom Takoi
3a4,a4i € 3a4a4a NPO CyMy BHYTPILLUHIX KyTiB OMYyK/I0ro N-KyTHMKA. 3 iHWOro 60Ky, MOXHa HaBECTU LLily HU3KY reOMEeTPUYHMX 3334,
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Oe MeTo MmaTeMaTUYHOI IHAYKLIT NoTPibHO «nob6aunTn» i L 3a4a4i MatoTb ACKPABO BUPAXKEHWU NOLLYKOBMI XapaKTep. HaBegemo
KiNbKa NPUKNaaiB Takmx 3agad (CkpunueHko, 2011; BuweHcbKuiA Ta iH., 1993).

1. [oBecTy, WO NPaBUAbHUIN TPUKYTHUK MOXKHA PO3Pi3aTh HA N NPaBUIbHUX TPUKYTHUKIB Ana Byab-akoro n = 6.

2. 3HalTM HalbinbLUy KiNbKICTb 3aMKHEHWUX NApPKaHiB, AKi HE NEePeTUHAITLCA B MICTi 3 . bygMHKaMu (NapKkaH moxe
BiAropoasKyBaTM OAMH UM [eKiNbKa BYAMHKIB, a TaKOXK BXe BiArOpPOAMKEHHI AiINAHKKU; Ha TepuTopii MK Byab-AKMMK OABOMA
napKaHamu NOBUHEH 3HaxoaMTUCA Xo4a 6 oanH 6yaMHOK).

3. [aHo n poBinbHUX KBaapaTis. JoBeaiTb, WO iX MOXKHA PO3pi3aT Ha YAaCTUHU TaK, LLO i3 OAepXKaHUX YaCTUH MOKHA
6yno 6 cknacTM oguH BENNKUI KBaapaT.

4. BuBecTu popmyau ans obumcneHHs pagiycis r;, i R,, BIMCAHOro i ONMCaHOro Kia HaBKO0 NpaBuabHOro 2™-KyTHuKa,
AKMIA MA€E 3aaaHunl nepumeTp P.

PosrnaHemo yemeepmuii piseHb (npuknadHuli) dyHayBaHHA. Ha Lpomy piBHi, NepLu 3a Bce, KOPUCHO NPOCAIAKYBATU
PO3BUTOK MeToAy MaTeMaTWU4HOI iHAYKLii, Moro cxem Ta moguodikauii, 3 iCTOPUYHOT TOYKM 30py W PO3MAAHYTM BigNOBIAHWUM
maTepian B Kypci «lcTopia maTemaTuKmn».

OKpim iCTOPUYHOrO acnekKTy, BiA3HAaYMMO, L0 3aCTOCYBAHHA METOAY MaTeMATUYHOI iIHAYKLIT MOXAUBe y Linomy pagi
COLiaNbHO-TYMaHITapHMX Ta NPUPOLHUYNX AUCUMUNNIH (HAaNPUKNAL, ANA SOBEAEHHA eMNipuyHMX GOPMYA, AKI OTPMMaHI B Xo4j
€KCMNepMMEHTY Ta 3a/1eXKaTb Bif, AEAKOro HaTypasbHOro napameTpa).

3a3HaYMMO TaKOX, WO Aeaki moaudikauii meToay maTemaTuMYHOI iHAYKLii, 30Kpema, 3BOpOTHa iHAYKLUiA, WNPOKO
BMKOPUCTOBYIOTbCA Y Teopii iHpopmaLii, Teopii irop, eKOHOMIUHIN Teopii NPUAHATTA pilleHb, Teopii WaxiB Towo. 3BOPOTHY
iHAYKUito abo iHAYKUilo Ha3ag Bnepuwe 3actocyBas ApTyp Keini we y 1875 poui Ana po3s’A3yBaHHA 3agadi npo nepebipavsy
HapeuyeHy. Okpim Toro, ue metog 6yno BMKopuctaHo [koHom ¢oH HelimaHom Ta Ockapom MopreHWTePHOM A/1A NOLWYKY
PO3B’A3KY rpu 3 HY/JILOBOIO CyMOto i ABoMa rpaBuamm (Neumann & Morgenstern, 1953). Y Teopii AMHaMiYHOro nporpamyBaHHsA
iHOYKUiA Ha3ag, € O4HUM i3 K/NHOYOBUX METOAiIB PO3B'A3aHHA piBHAHHA BennmaHa (Adda & Cooper, 2003). B Teopii irop 3BopoTHa
iHAYKLiA BMKOPWUCTOBYETbCA ANA 0BYMCNeHHA AOCKoHanol piBHoBaru nigirop (Watson, 2002). B Teopii aBTOMaTM30BaHOIO
nAaHyBaHHA Ta AUCneTYepusaLii e metos Ha3MBaETbCA NOWYKOM Ha3aa abo 3BopoTHMM BMBoAoM (Miranda & Fackler, 2002);
B TeOpil WaxiB BiH Bi4OMWUI AK PETPOCNEKTUBHMUIA aHaNi3.

Ha ubomy eTani BapTo BiAMITUTU LLEe OAHE y3arasibHEHHA METoAYy MaTeMaTUUHOI IHAYKUIT — cmpyKmMypHY iHOYKUio —
KOHCTPYKTUBHWUI MeToA, MaTeMaTUYHOIO AOBeAEeHHA, AKMIN 3aCTOCOBYETbCA ANA AOBINIbHUX PEKYPCUMBHO O3HAYEHWUX YACTKOBO
BMOPAAKOBAHUX MHOXMUH. CrnoyaTKy Lel mMeToh BUKOPUCTOBYBABCA B MaTeMaTMuHil soriui, Teopii rpadis, kombiHaTopwuui,
3arasibHii anrebpi, mMaTemMaTUyHii NiHrBiCTULI, ane HalBINbWOro MNOLWMPEHHA AK OKPEeMU MeToh A0BeAeHHA Habys vy
TEOPETUYHI iHGOPMATUL, A& 3aCTOCOBYETHCA B MUTAHHAX CEMAHTMKM MOB MpoOrpamyBaHHA, dopmanbHoi BepudikaLii,
obuuncatoBanbHOI cknagHocTi, dyHKUiMHOro nporpamyBsaHHs (Steffen et al., 2018; Los$,1955).

BianosigHo, cnipanb ¢yHAYyBaHHA NpPU BUBYEHHI MeTOoA4y MaTeMaTUYHOI iHAYKLIT B cucTemi npodeciinHoi nigrotoBku
ManBYTHIX yunTeNiB MaTEMATUKU MOXKE BUIIAAATM HACTYMHUM YMHOM (punc.1).

basoBe noHATTA.
MeTtoa MaTeMaTUUHOI iHAY KL MaTemaTiniHe MOAGAIOBAHHS PEaAbHIX

npouecis 3 BUKOPUCTAHHAM MeTOAY
MaTeMaTU4HoOI iHAYKLT Ta if MoandikaLin.
CTpyKTypHa iHAYKLS

«lctopia matematuku» (BA)

«Teopis irop» (BA)

MeToaMNYHI 0COBAMBOCTI BUBYEHHS
MeTOAY MaTeMaTUYHOI IHAYKLLL.
Metoa Manikosa

M (OKs 21)

MeT a W B cTapuwii wkoAi» (OKm 6)
«OnimMniaaHa matematuka» (OKm 5)

«HaBYaHHS MaTeMaTuKU 3 KOMI'IOTEPHOIO NIATPUMKOIO» (BA)
«HaykoBi OCHOBM WKIABHOTO KypCY MaTemaTuku» (BA)
«QcHoBu reomeTpii» (BA)

1] piBeHb «Anre6pa i Teopis uucen» (OKs 10)
«Yucnosi cuctemu» (OKs 12)

¢YHF|yBaHHﬂ = «AundepeHuianbhi piBHIHHS» (OKs 14)
¥ «KomnaekcHui aHaniz» (OKs 15)
«Teopid MMOBIpHOCTei | MaTemaTuyHa cTatucTuka» (OKs 16)
«MpoeKTUBHA reomeTpis Ta MeToAn 306paxeHb» (OKs 18)
«MaTtemaTn4Ha Aorika i Teopis aaroputmie» (OKs 19)
«AuckpeTHa matematuka» (BA)
«AudepeHuianbHa reomerpia i tononoris» (BA)
«DYHKUIOHAaAbHUI aHaAi3» (BA)

PisHi cxemMu MateMaTUuHOI IHAYKLT
(y3aranbHeHa, nocuaeHa)

€ | piBEHb
«AiHitHa aare6pa» (OKs 11) )
«MaremaruuHuit aHania» (OKs 13) ¢yHAyBaHH§ ;
«AHaniTM4Ha reomeTpis» (OKs 17) —
«EnemenTapHa matematuka» (OKs 20)

Puc. 1. Cnipanb pyHAYBaHHA meToAy MaTEMATUYHOI iIHAYKLIT y cucTemi NigrotoBKM mabyTHIX yuutenis matemaTmkmn

BUCHOBKW TA NEPCNEKTUBU NOAANBLLOIO AOCNIAXKEHHA

Y 6araTbox BUMaKax KOHKPETHWIA MaTeMaTUYHUIA MaTepias, WO BUBYAETLCA MaNbyTHIMKU BUMTENAMM MaTEMATUKK, He
BMOYJOBYETbCA B €AMHY CUCTEMY 3HaHb; X 3HAHHA CKNafalOTbCA i3 cnabo MOB'A3AHUX MiK COBOK AOrMaTMYHO 3aCBOEHWX
e/1eMeHTIB, MPUYOMY BOHW HE B 3MO3i CAMOCTINHO iX CTPYKTYpyBaTh Ta OCMUCAUTH.

3 iHworo 60Ky, BUNYCKHUKM negaroriyHnx 3BO, mabyTHi BUMTENI MaTEMATUKM, OKpiM poboTH 3a Ppaxom, matoTb byTH
NiAroToBAEHI A0 BUKOHAHHA QyHAAMEHTANbHUX Ta NMPUKAAAHUX OOCAIAMKEHb, eKCnepumeHTaibHUX Po3poboK. MpoeKTyBaHHA
HaBYa/IbHWUX AUCLMNAIH 3 YpaxyBaHHAM NPUHLMNY GYHAYBAHHA OCHOBHWMX MaTEMaTUYHMX MOHATb Ta METOZIB Ja€E MOX/IMBICTb
CTYAEHTY BUBMPATM TPAEKTOPIIO CBOEI MalbyTHLOI AifsnbHOCTI. TOMy BpaxyBaHHA NPUHLUMNY GYHAYBAHHA € BaXK/JMBOK YMOBOIO
3abe3neyeHHn HaneXHol AKOCTi PpyHAAMEHTaNIbHOI MAaTeMATUYHOI NiAFOTOBKM CTyAeHTiB negarorivHnx 3BO, nporHo3yBaHHA
[OCATHEHb BUMYCKHMKIB 6akanasBpaTy Ta MarictpaTypu i MOX/IMBOCTI NPOAOBKUTU HaBYaHHA B acnipaHTypi.
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AHOTAUIA

ABSTRACT

®opmynioeanHa npobaemu. Xmapo opieHmosaHi cucmemu 8iokpumoi
HayKu 30pieHMosaHi 8 nepwy 4epay HA BUKOPUCMAHHA HAABHO20
iHCmpymeHmapito HayKosuAMU, X04Yd iX MOMHA po3enAadamu AK 3acib
HABYAHHA 8 HAyKOBOMY siuei. Bite icHylome yYucneHHi 00cnidweHHA 3
BUKOPUCMQAHHA XMAPO OPIEHMOBAHUX CUCMEM Yy Mpoueci HasYaHHA. Ane
nosiea HayKosux niyeis npuzeooums 00 HeobxidHocmi po3pobku modesi
BUKOPUCMAHHA XMapo OpiEHMOBAHUX cucmeMm 8iOKpUMOI HayKu y npouyeci
HABYAHHA | NpogeciliHo2o po3sumky.

Mamepianu i mMemodu. Mema docazaembcs 3080AKU BUKOPUCMAHHIO
meopemuy4HUX mMemodie 00CNiOHeHHA: MopieHAAbHUU ma cucmemHul
aHani3 Haykosux Oxcepen 3 nedazoziku, ncuxonozii ma iHpopmayitiHux
mexHosoeili 01 aHanizy docnidneHocmi npobaemu nobydosu modeni
BUKOPUCMAHHA XMapO OPIEHMOBAHUX cUCMeEM 8iOKpUMOI HayKu y npoyeci
HABYAHHSA | MpogeciliHo20 Ppo38UMKY 84YUMenie; aHAAI3 HAABHUX MiOX00i8
0o nobydosu nedazo2iyHUX yMo8 BUKOPUCMAHHA XMApPO OPIEHMOBAHUX
cucmem 8iOKpUMOI HayKU y Npoyeci Ha8YaHHA i NpogecitliHo2o po3sumKy
s4umenis.

Pe3ynomamu. Memoto 8UKOPUCMAHHA XMApPO OPIEHMOBAHUX cucmem
8i0KpUMOI  HayKu BU3HAYEHO Mi0BUWEHHA pigHA epekmusHocmi
nposedeHHA HayKosux 00CnidxeHb 84yumenamu Haykosux siyeis. [o
CKNAOHUKI8 MoOeni BUKOPUCMAHHA XMApO OpPIEHMOBAHUX cucmem
8i0KpUMOI HayKU y Npouyeci HaB4aHHA i NpogeciliHo2o po38umMKy e4yumernie
(docnioHuyeKuli acnekm) gidOHeceHo: memy, MemoOu4HUl KOMMOHeHm,
docnioHuyeKull, oyiHosansHuli ma pesynemam. [lpu ysomy 006ip
XMapHUX cepaicig 8IOKpUMOI HayKu Hanpamy 3aaexums 8i0 nocmassneHux
3080aHb Ma Y3200#YEMbCA 3 emanamu HAayKo8020 OOCAIOHEHHs.
JocnioHuybKuli KOMMNOHEHM HANpPAMy 3aaexume 8i0 MemoouYHo20, Wo
micmume  HacmynHy — cmpykmypy:  yineosuii 610K,  3micmosull,
mexHosoaiyHuli, diaeHoCcmuYHo-pegaekcusHuli ma pesysbmamueHud.

BucHoeKku. 3anponoHosaHuli nepesnik XmMapHux cepsicie 8i0Kpumoi
HayKu, cucmem ma pecypcie moxce 6ymu eukopucmaruii He auwe 8
pamKax nidsuwieHHA Keanigikayii syumenis, ane Ui y Has4anbHOMy npoyeci
HAyKoB80o20 siyeto 044 opeaHizayii 0ocnidHUYbKUX pobim siyeicmis.
MidrpyHmam po3pobsaeHHA 3micmy HABYQHHA € KOMMOHEHmMU yugposoi
KomMmnemeHmMHocmi 84umesie HayKosux siyeis ujo000 8UKOPUCMAHHA XMAPO
opieHmMoB8aHux cucmem 8iOKpUMOI HayKU y npoyeci mpoeedeHHA HayKosux
docnidxceHs. Y x00i nposedeHHA 3aHAMb peKoMeHO08aHO 3acmocysamu
MemoOu Op2aHi3ayii Ha84anbHO-Ni3HABAAbHOT OifAnbHOCMI.

Formulation of the problem. Cloud-oriented systems of open science
are primarily focused on the use of existing tools by scientists, although they
can be considered as a means of learning in a scientific lyceum. There are
already numerous studies on the use of cloud-based systems in the learning
process. But the emergence of scientific lyceums leads to the need to
develop a model of using cloud-oriented systems of open science in the
process of training and professional development.

Materials and methods. The goal is achieved thanks to the use of
theoretical research methods: comparative and systematic analysis of
scientific sources from pedagogy, psychology and information technologies
to analyze the research of the problem of building a model of the use of
cloud-oriented systems of open science in the process of training and
professional development of teachers; analysis of existing approaches to
the construction of pedagogical conditions for the use of cloud-oriented
systems of open science in the process of training and professional
development of teachers.

Results. The goal of using cloud-based systems of open science is to
increase the level of efficiency of conducting scientific research by teachers
of scientific lyceums. The components of the model of using cloud-oriented
systems of open science in the process of teaching and professional
development of teachers (research aspect) include: goal, methodical
component, research, evaluation and result. At the same time, the selection
of open science cloud services directly depends on the tasks and is consistent
with the stages of scientific research. The research component of the
direction depends on the methodical component, which contains the
following structure: target block, substantive, technological, diagnostic-
reflexive and effective.

Conclusions. The proposed list of cloud services of open science, systems
and resources can be used not only in the framework of improving the
qualifications of teachers, but also in the educational process of a scientific
lyceum for the organization of research work of lyceum students. The basis
for the development of the training content is the components of the digital
competence of teachers of scientific lyceums regarding the use of cloud-
oriented systems of open science in the process of conducting scientific
research. In the course of classes, it is recommended to apply methods of
organizing educational and cognitive activities.
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BCTYN

NoctaHoBKa npobnemu. HaykoBo-gocnigHa neparoriyHa AiaNbHICTb € CYTTEBUM CKAALHUKOM MPAKTUYHO YCiX eTanis
OCBITHbOTO MpoLEecy, Ae € HeObXiAHICTb 3aNPOBaAKEHHA Cy4aCHUX iIHHOBaALiMHMX LMbPOBUX TEXHOOTIN, cepBiciB i niaxoais. Tomy
BMBYEHHSA ii CTPYKTYpM | YHKLiA, dOpPM i piBHIB OpraHisaLii, NpoLLeciB Ta CKNaAHMKIB NOCTAE aKTyaIbHUM NPeaMETOM NiABULLEHHSA
KBanidikauii He AMwe HayKoBO-NeaaroriYyHMX NpawuiBHMKIB, afe M BYUTENIB-NPAKTUKIB, a TaKOXK NpPaLiBHWUKIB OCBiTM 6araTbox
NaHOK. OcobnvBWiA iHTEPEC BWKJ/MKAE Yy LbOMY KOHTEKCTI MWUTaHHA AiANbHICHMX acnekTiB opraHisauii negaroriyHoro
€KCNEePUMEHTY, LLLO CTOCYHOTbCA 3aCTOCYBAHHA Cy4acHMX 3acobiB Ta TEXHO/IOTiM, 30Kpema CepBiciB BiAKPUTOI HayKK, ix poni i micua
Yy 34iMCHEHHI HAyKOBO-A40CNIAHOI AiANbHOCTI, NiAX0AiB A0 iX HaMbiNbLW AOLiNbHOrO A060pPY Ta BUKOPUCTAHHS.

Bu3HaueHHsA Ta KnacuodikaLia pisHMX TUNIB AiANbHOCTI, WO 34INCHIOITLCA B NPOLLECi HAYKOBOTO AOC/IAXKEHHS, @ TAaKOX
BiANOBiAHMX iM GOPM MUCNEHHA € OAHIED i3 cdep 3acTocyBaHHA AiasbHICHOrO Nigxoay. HaykoBO-Ni3HaBanbHY AiANbHICTb MOXKHA
TPAKTYBaTH AK NOCAIA0BHICTb KOTHITUBHUX i, AKi PO3YMitOTb SIK Aii 3 pOpMamm MUCNEHHS, CNPAMOBAHMMM Ha peasisaLito NeBHol
obyHKLii abo 3abesneyeHHs BignoBigHOCTI. 3 UbOrO MOrAAAYy, CUCTEMY NEAArOriYHOrO 3HAHHA MOMHA PO3YMITU fK
B3aEMONOB’A3aHy NOCANILOBHICTb PI3HOMAHITHUX GOPM MUCAEHHA. 3 UbOro NOrAAAy NeparoriyHy TEopild MOMKHA PO3ria4aTH
yepes Npm3mMy 3aKpinaeHuUX Yy MUCIEHHI pe3ynbTaTiB HayKoBO-NeAaroriyHoi AiaabHocTi. TO6TO B 4aHOMY KOHTEKCTi nesaroriyHa
Teopis PO3riALAETLCA AK O4HA i3 POpPM Ni3HABaANbHOI AiAIbHOCTI IOANHM.

[na BuMTENiB HAYKOBUX NiLLEIB NEepeBaykae came HayKOBO-A0C/igHA NeAaroriyHa AisanbHICTb, aayke cneundika HayKoBUX
niueiB nepeabavae BUKNAZAHHA NPEeAMETIB He InLe Ha NOrMbaeHOMY PiBHi, @ B NepLly Yepry NpoBaAKeHHA HayKoBO-A0CNiAHOT
poboTu cepen niueictis. ToMy 1 METOAMKN BUKNALAHHA B HayKOBOMY JiLei MatoTb 6asyBaTnca Ha TOMY, K HaBYMTU AiLeicTiB
NPOBOAMUTU BNACHE AOCNIAMKEHHSA Ta aKTUBHO A0/1Y4aTUCA A0 BXKe iCHYIOUMX, CTalouM NPeACTaBHUKOM HAayKOBOI CMiZIbHOTU. XMapo
OpPIiEHTOBAHI CUCTEMMU BiAKPUTOI HAayKM 30PIiEHTOBaHI B MepLUy Yepry Ha BUKOPUCTAHHA HAaABHOIO iHCTPYMEHTapilo HayKoBLAMM,
X04a iX MOXHA PO3rNAAATH AK 3acib HaBYaHHA B HAYKOBOMY JliLLel. BKe iCHYIOTb YNCNEHHI LOCAIOKEHHA 3 BUKOPUCTAHHA XMapo
OpPIEHTOBAHUX CMUCTEM Yy MpPOLLECi HaBYaHHA. Ane nosBa HayKOBWMX JiLEIB NPU3BOAMTL A0 HeobxigHOCTI po3pobku moaeni
BMKOPUCTaHHA XMapo OPiEHTOBAHUX CUCTEM BiAKPUTOT HayKM y MpoLLeci HaBYaHHA i NpodeciiiHOro po3BUTKY BYMUTENIB (40 LbOoro
CMOHYKaOTb AOCAIAKEHHS 3 MPUBOAY 3HAYHOTO NOTEHLLiaNly XMapo OPIEHTOBAHMX CUCTEM A5 HABYA/IbHOTO NPOLLECY).

AHaniz aKTyanbHUX JocCNigXeHb. 3rigHo AocnigkeHb P. Wittenburg (2021) ogHMM 3 OCHOBHMX acnekTiB, WO
nepeLKkoaXatoTb WBUAKOMY NEPEXOLY HAYKOBUX CNIIbHOT 4,0 NPAKTUKM BIAKPUTOT HAYKM € 3aNeXHICTb Big HaABHOCTI r1obanbHol
iHOPACTPYKTYpH, LLO CNPUAE IHTErPOBAHOMY Ta CYMICHOMY AOMEHY AaHWX (OL4HOMY IOMeHY AaHuWX). BiakpuTa Hayka noTpebye B
3a/ly4eHHi BE/IMKUX MACUBIB AaHUX, TOMY A4 i BNPOBaAKeHHA 3Haf06uTbea Hinble yacy. OCKinbKM NnepenbayeHo, Wo moaenb
BMKOPUCTAHHA XMapo OPIEHTOBAHWX CUCTEM BIAKPUTOI HAyKW y npoLleci HaBYaHHA i npodeciiHoro po3BUTKY BYMTeniB byae
BK/IOYATM Habip pi3HOMaHITHUX XMapHUX CEPBICiB BIAKPUTOI HayKK (iHCTPYMEHTapil), TOX MOXHa NPUNYCTUTHU, WO ii po3pobKa
CNpUATUME LWBUALLIOMY 3a/ly4eHHIO YKPAiHCbKMX HAYKOBL,iB, BUKNAAayiB Ta BUNTENIB 4,0 BiAKPUTOI HayKK.

Konektus HaykoBuiB (Bogatencov et al., 2022) onucas peanisalilo Ta BUKOPUCTaHHA reTeporeHHoi Multi-zone Cloud
iHGpacTPyKTYypK, fAKa iHTerpye pisHi TMNM obumcaoBanbHUX pecypciB. MoKa3aHO HeobXigHICTb PO3BUTKY KOMM'LOTEPHMX
iHppacTpyKTYyp i cepsicis, AKi OPiEHTOBAHI HA NIATPUMKY BiAKPUTOI HayKku. MpeacTaBaeHo NiAXoau 40 PO3rOpTaHHA CKAALHWUX
XMapHWX iHGPaACTPYKTYP, iX HANALWTYBAHHA Ta a4MiHICTPYBaHHA.

HocnigxeHHs M. Dilshad, B. Hussain Ta H.Batool (2019) mano Ha MeTi AocCniguTM 3anydeHicTb BMKAadadis
YHiBEPCUTETIB Yy 3ax0AM CNPAMOBAHI Ha MOCTIMHMI NpodeciiHNn PO3BUTOK BUMTENIB, YCBILOMNEHY BaX/MBICTb Pi3HUX BUAIB
npodecinHoro po3BUTKY, HAaBUYKKM, HA AKMX CAif 30CepeamnTn yBary B MalnbyTHbOMy HaBuyaHHI, Ta 6ap’epu. Bunteni BBaKaloTb
KOMYHiKaTUBHi, YNPaBAiHCbKi Ta AOCNIAHMLbKI HABUYKN BAXKAMBUMM ANA BKAKOYEHHS iX Yy Nporpamu niasulLeHHA KBanidikaLii.
LLlo6 AOMOMOrTM BUMTENSAM YAOCKOHAIUTU CBOI aKaAEMIYHI Ta AOCNIAHMLbBKI HaBUYKM, 3aKNagM BULLOT OCBITM MOBWMHHI YacTile
NAaHyBaTK Ta OPraHi3oByBaTM NPAKTUKYMM Ta CEMiHapU.

LLlo6 3a4,0BONBHUTU PiI3HOMaHITHI NpodeciliHi NoTpebu BUMTENiB, HEODOXIAHO LyKaTU HOBI €KOHOMIYHO ePEKTUBHI
meToaM npodecinHOro Po3BUTKY, fAKI BUXOAATb 33 MeXi TPEeHIHriB Ta MigroTyioTb BYMTENiB A0 NIATPUMKM HABYANbHUX i
noseaiHkoBux NoTpeb ycix yyHis. Haykosui J. Nelson, Ta H. Bohanon (2019) nponoHytoTb BKAOUMTK cTpaTerito Blue Ocean Shift
L1151 BUSHAYEHHSA a/IbTEPHATUBHUX METO/AiB MiABULLEHHA KBanidiKaLii BunTeNiB.

3rigHo 3 oaep»aHumu pesynbtatamum (Can, 2019), oNA ycyHeHHs nepewkoa Ana npodeciiHoro po3BUTKY BYUTENIB
MOYKHa 3anNpOonNOHYBaTW: PeryntoBaHHA BiAbOPY, NpaLeBnalTyBaHHA BUMTENIB, NPOCYBaHHA OCBITHLOI NONITUKK Ta rpadikis, WO
niagTPUMytoTb NpodeciiHMiA PO3BUTOK BUUTENIB, CHOPMYBaTM CUCTEMY NAAHYBaHHA Kap’epu, wo 3abesnedyye MOXKAMBOCTI
HaBYaHHA NPOTATOM YCbOTO }UTTA TA YNPABAiHHA KOXHOK 3MiHOKO B OCBITi AK AePKABHOI NONITUKN.

PesynbTaT nposepeHoro pocnigkeHHa (Nawab et al., 2021), nonsrae B Tomy, WO MOAENi Ta XapaKTepUCTUKK
npodeciMnHOro po3BUTKY BYMUTENIB € BIAHOCHUMM, i HE ICHYE EANHOT MOZENI, AKY MOXKHa 3aCTOCYBaTH B Pi3HMX KOHTEKCTAxX. 3amMicTb
TOro, Wob 06roBopoBaTH MOAENI T XapaKTepUCTUKK edeKTMBHOTO NPodecimHOro PO3BMTKY, HAYKOBLL Ta NPAKTUKK MatoTb ByTH
YBaXXHWMM 10 KOHTEKCTY Ta peasbHUX NoTpeb yunTenis y KOHKPETHOMY KOHTEKCTI.

Y craTTi B. M. Onekcioka Ta O. P. Onekciok (Oleksiuk & Oleksiuk, 2020) onucaHo moaenib BUKOPUCTAHHA Ta BUBUYEHHSA
XMAapPHUX TEXHOJIOTI Y NPOLECi NiAroTOBKM ManbyTHIX yuntenis iHGopmaTUKKM. 3aNpONOHOBAHO OCHOBHI MPUHLUMMNN LLiET Moaeni:
CUCTEMHICTb, NOCTYNOBiCTb, He3nepepBHiCTb. BoHa MICTUTb LiNbOBY, 3MIiCTOBY, onepauiliHy Ta pe3y/nbTaTUBHY CKNaLOBY.
CTpyKTYpy 3anponoHOBaHOT MoAenNi CAif, AeTaNbHO NPOaHaNi3yBaTh Ta BUKOPUCTATU HasiBHUI A0CBIA Y BNACHOMY AOCAIAMKEHHI.

Merta cratTi. O6rpyHTYBaTM MOAEb BUKOPUCTAHHA XMapO OPIEHTOBAHMX CUCTEM BiZKPUTOI HAYKW Y NpoLeci HaBYaHHA
i npodecinHoro po3BUTKY BUMTENIB (AOCNIAHULbBKUIA aCNeKT).
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METOAU AOCNIAXKEHHA

MeTa [OCAraeTbCs 3aBAAKN BUKOPUCTAHHIO TEOPETUYHUX METOAIB AOCNIAKEHHA: NOPIBHANBHUIN Ta CUCTEMHUIA aHani3
HAYKOBMX ArKepen 3 neaarorikv, NCUxXosorii Ta iHpopmaLiiHUX TEXHONOTIA ANA aHani3y gocnigKeHocTi npobiemn nobyposu
MoZenNi BUKOPUCTAHHA XMapOo OPIEHTOBAHMX CUCTEM BiAKPUTOT HAayKWM Y MpoLeci HaBYyaHHA i NpodecinHOro po3BUTKY BUMTENIB;
aHani3 HasBHMX Nigxo4is A0 NobyaoBM NeparoriyHMX YMOB BMKOPUCTAHHA XMApO OPIEHTOBAHWX CUCTEM BIAKPWUTOI HayKu y
npoueci HaB4aHHA i NpodeciHoro po3BUTKY BUUTENIB. Y AOCNIAKEHHI BUKOHAHO HayKOBY PO3BiAKY Ta aHaNITUYHMIA aHaNi3 PiBHIB
TEOPETUYHOI Ta NPaKTUYHOT peanizoBaHocTi Npobaemun Nobyao0BM MoAeNi BUKOPUCTAHHA XMApPO OPiEHTOBAHMX CUCTEM BiAKPUTOI
HaYKW y Npoueci HaBYaHHA i NpodeciiHOro PO3BUTKY BUUTENIB.

Pe3ynbTaTi AaHoI cTaTTi ony6aiKOBaHO B MeXKax BMKOHAHHA 3aBAaHb NpoekTy HOLY "Xmapo opieHTOBaHi cucTemm
BIAKPUTOI HayKM y HaB4YaHHi i npodeciiHomy po3suTKy Bumntenis" (2020.02/0310). ABTOPKM € BUKOHABLAMM AAHOIO MPOEKTY.

PE3Y/IbTATU AOCNIAXKEHHA

Ona Toro, wob apocnigutn, smoaentoBatM abo HaBiTb PO3POBUTU TEXHOMOTIO | Npoueaypy peanisaujii HayKoBo-
neparoriyHol AifabHOCTIi NEBHOrO TUMY, HEOBXiAHO PO3rNAHYTU Nl 3 eflemeHTaMmM 3HaHHA. To6To HeObXiAHO BU3HAUUTK, AKI TUMK
KOTHITUBHMX Ai i B AKiA NOCNIAOBHOCTI mMaloTb 3AilicHioBaTUCA. [egaroriyHa TexHosoriA, npoueaypa abo anroputm, AKLWO
LiANbHICTb AONYCKAE aITOPUTMI3aLLit0 B A€AKMX aCNeKTax, MOCTAOTb TUMM UM iHLLUMMW KOHCTPYKTUBHUMM ONMUCAMM L€l AiANbHOCTI.

BaxknMBMM enemeHTOM aHasi3y TEXHOOTIT AOCNiAKEHHA € BU3HAYeHHA 3acobiB peanisauii Liei TexHoNOorii, AKi TaKoX
noTpebytoTb BMBYEHHSA, CMCTEeMaTU3aLii i onucy ans Toro, Wob MoxHa byno 34ilcHoBaTH X AoLiINbHUI f06ip i 3acTocyBaHHA.
[o6ip i cuctematusauis 3acobis uMPPOBMX TEXHOJIOTIN, WO MOXKYTb BYTU 3aCTOCOBaHI ANA NIATPUMYBAHHA 34INCHEHHA Pi3HUX
eTanis NefaroriyHoro AOC/AIAKEHHA, € OKPEMUM 3aBAAHHAM Y LLAPUHI AOCAIAXKEHHA TEXHONOTI3aLii AOCNIAHNLbKOT AiANbHOCTI.
Lle AacTb MOXAMBICTb BMABUTM MNOCAIAOBHICTb Aii 3 pOpMamMM MWUC/NEHHS, a TaKoXK 34ilMcHUTM gobip 3acobis umbpoBmx
TEXHO/OFN, WO HaWbinbWw A[OUINIBHO BUKOPUCTAaTU Ha KOXKHOMY eTani [ocniasKeHHA. Ane, ANA HAAaHHA METOAUYHMUX
pPEKOMEeHAaALIM WoA0 BUKOPUCTAHHA LNMPPOBUX TEXHOOFIN, HAMbINbW NPUAATHUX A8 NiATPUMYBaHHA HayKOBO-MeaaroriyHoro
EeKCNepUMEHTY, AOLIZIbHO OXapaKTePM3yBaTH Ti 3 3aC006iB, LLLO HWHI 3HAWLIIN BUKOPUCTAHHSA i MOLIMPEHHS Y NPaKTUL AOCAigKeEHb
i KnacudikyeaTu ix 3rigHo etanis ekcnepumeHTy (Marienko & Shyshkina, 2023).

Y cKkMaaj HayKoBO-NeAaroriYyHoro AOCNIAXKEHHS 3a3BMYali BUOKPEMAIOIOTb TaKi eTanu: NiAroToBYNM; AOCNILHULBKUIA;
iHTepnpeTaLii Ta aHani3y pesynbTaTis; BNpoBasxeHHA (Marienko & Shyshkina, 2023). [detanbHuii onuc 3acobis Ludposux
TEXHOJIOFN Ta X NPMBAN3HUI nepenik, HeobXigHWI AN NIATPUMYBAHHA MPOLLECIB peanisauii eTanis eKCnepuMmeHTy, TaKoX
HaBegeHo y (Marienko & Shyshkina, 2023).

Ha niarotoByomy etani umdpoBsi TEXHONOTIT AOLiNIbHO 3aCTOCOBYBaTK ANA NiATPUMYBAHHA HU3KWU TUNIB AiANbHOCTI:

— NOLUYK Ta CMCTEeMaTM3aL,if NiTepaTypHUX axepen;

— CKNlafiaHHA HayKoBo-6ibniorpadivuHoro onucy nybnikauin;

— NOWYK METOAMKM, METOAiB, IHCTPYMEHTapilo NpPOBeAeHHA OOCNIAMKEHHA (448 NIATPUMKMA LUX TUNIB AiANbHOCTI
MOXYTb BYTW 3aCTOCOBaHI NOLYKOBI cepBepw, CneLianisoBaHi caiiTv, NOPTann 3 NUTaHb JOCNAIAKEHHS);

— NiAroToBKa iHCTpyMeHTapito (oA LbOro MOXyTb OyTM BMKOPWUCTAHI TeKCTOBi, TabAWYHI pepakTopu, 3acobu
onpautoBaHHA 306paeHb, Bifeo, 3BYKY a TaKOX crnewianizoBaHi naketn npuknagHux nporpam (MMNM) 3 meToo NnogaHHA TEKCTIB
aHKeT, NPOTOKO/iB ONUTYBaHb, AEMOHCTPALLIMHUX MaTepianis Towo);

— NNaHyBaHHA Ta MPOEKTYBAHHA MpoLeAypU AOCAIANKEHHA (4NA NIATPUMKM UMX TUMIB AiANbHOCTI MOXYTb OyTu
BMKOPWUCTaHI cnewianisoBaHi nporpamHi 3acobm CTaTUCTUYHOrO aHanisy, WO MICTATb AUCNEPCIMHUIA aHani3, ANA BM3HAYEHHSA
ONTMMA/IbHOTO PO36UTTA Ha rpynu Ta Aobopy NiafoCNifHUX; MeToau ANA BU3HAYEHHA 06’emy BMOGIpKM ONA NpoBeAEeHHA
[OCNioKEHHS, 3ac0bU NIATPMMKM NNaHyBaHHA Ta MPOEKTYBaHHA eTaniB eKcnepumeHTy (Hanpuknas, MATHLAB, SYSTAT Ta iHLwi)
(Marienko & Shyshkina, 2023).

Ha pocnigHuubkomy eTani 3acobu LMdpoBUX TEXHONONN AOLiINbHO BUKOPUCTATU ANA MIATPUMYBAHHA TaKUX TUNIB
LiANbHOCTI:

—36ip GaKTUYHMX faHUX;

—36epiraHHA gaHux;

— nonepegHe onpaLoBaHHA AaHUX;

— Bi3yanisauia Ta nogaHHA AaHUX;

— CTAaTUCTMYHMI aHaNi3 AaHMX.

Ha paHomy eTani focnifxeHHA MOXKyYTb B6yTU BUKOPUCTaHI Lndposi 3acobu cuctem ynpasniHHa 6asamu gaHux (CYBA),
CXOBULA AaHUX AnA 36epiraHHA Ta OnNpaLtoBaHHA 3HAYHUX MACWBIB JaHMX, 30KPEMA, BEIMKUX AaHUX; MPUKAALHI Nporpamu i
cepBicu ANA COPTYBaHHA, peaaryBaHHAa ANA ONpauioBaHHA AaHWUX; Nobyaosu giarpam, rpadikis, Bisyanisauii 3akoHomMipHoCTe#,
aHanisy i iHTepnpeTauji pe3ynbTaTiB onpaLoBaHHA AaHMX. [N UbOro moxke 6yTM BMKOPMCTaHe creujianizoBaHe MporpamHe
3abe3neyeHHn Ta cepBicu onpauoBaHHA AaHUx (SPSS, SYSTAT Ta iH.).

CneuianizoBaHi cepBicK CTaTUCTUYHOIO aHai3y 3aCTOCOBYIOTLCA ANA NEPBUHHOI (pPaHXYBaHHSA, LWKAAOBAHHA, ONMUCOBI
CTAaTUCTUKK) Ta BTOPUHHOI (gUcnepciiHuiA, perpeciiHni, KopensauinHuii, GakTopHWUIA aHaNi3, TeCTyBaHHA rinoTes) cTaTUCTUYHOMO
onpautoBaHHa paHux (SPSS, CoStat, DeltaGraph, LeoStatistic, SYSTAT, Probability And Statistics J2SE); ansa BCTaHOBNEHHSA
BaNiAHOCTI Ta HaAiMHOCTI OTpMMaHMX BUCHOBKIB (SPSS, STATISTICA). MosKnunBe TaKoX 3acTOCyBaHHA XMapHUX peanisaliit cepsicis
OonpaLoBaHHA AaHUX.

Ha etani aHanisy Ta iHTepnpeTauii pe3ynbTaTiB 3acobu UMPPOBUX TEXHOMOTIM MatoTb OyTM BUKOPWUCTAHI Ans
NiATPMMKBAHHA NpoLeciB Banign3alii Ta BCTAaHOB/EHHA HAZIMHOCTI BUCHOBKIB (BiANOBIgHI GYHKUIT BXOAATH A0 CKNagy AeAKUX
cepsicis, Hanpuknag, SPSS, STATISTICA).

Ha eTani BnpoBagXeHHa undpoBi 3aco0bn MOXKYTb OYTVM BUKOPUCTaHI ANA NiATPUMYBAHHA TaKUX TUMIB 4iANbHOCTI:

— CTBOPEHHA 06’€KTa BNPOBaAKEHHA | BTINEHHA MOro y NOBCAKAEHHY NPaKTUKY HaBYa/IbHO-BMXOBHOIO Npouecy;

— MOHITOPUHT QYHKLiOHYBaHHA 06’€KTa BNPOBaAKEHHS;
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— ynpaBAiHHA GYHKLiOHYBaHHAM 06’€KTa;

— BCTAHOB/IEHHA 3BOPOTHOTO 3B’ A3KY.

3 MeTol CTBOPEHHA 06’eKTy BNPOBAAMKEHHA Ta 3abe3neyeHHA WMOro CaMoCTIMHOrO YHKLIOHYBaHHA, a TaKOX
BCTAHOBNEHHSA 3BOPOTHOrO 3B’A3KY, L0 NOMIAMAE Y AOHECEHHI pe3yNbTaTiB AOCNIAKEHD [0 FPOMAACHKOCTI, iHGOPMYBaHHA NPO Xif4,
BMNPOBaAKEHHA Ta KOPUTYBAHHA LbOro NpoLecy, AOLUiNbHEe BUKOPUCTaHHA BignosigHux iHpopmaLintHux TexHonorii. NigTpumka
bYHKLiOHYBaHHA 06’EKTY BNPOBAAKEHHSA, @ TAKOXK MOHITOPUHT Ta YNPaB/AiHHA LUM NPOLLECOM, MOXKe 34 ACHI0BATUCA, HaNpPUKNag,
LUNSAXOM BEAEHHA CalTy eKCnepumeHTy, IHTepHeT-dopyMy, abo po3pobKu: NpeseHTauin, e-nybaikauil 3 npobaemn AocnigKeHHn.
Moe 6yTM BMKOpPMCTAHE TAKOXK cCheujanizoBaHe nporpamHe 3abe3sneyeHHsa, abo AaHi MOMKNMBOCTI BXOAATb 4O CKAagy
CTaTUCTUYHMX MaKeTIB NPUKAAAHMX NPOrpam, WO 3aCTOCOBYBa/AUCb Yy Xo4i ekcnepumeHTy (SPSS, STATISTICA, DeltaGraph,
LeoStatistic).

Y pesynbTaTi cuctematusauii AaHi Komn'toTepHi 3acobu NocTaBneHo y BigMNoOBIAHICTL 3 Npouecamu AiaNbHOCTI Ha
KOXHOMY 3 eTaniB AOCNIAKEHHSA, WO AAE MOXK/IMBICTb HAJAHHA PEKOMeHAaLin cTocoBHO f060py 3acobiB A0 NeBHOro eTany.
Mepenik 3acobis, 6€3yMOBHO, He € MOBHICTIO BUMYEPMNHUM, a8 Nepenbavyae MOKAMBICTb MOMOBHEHHA 3 OrNsAA4y Ha NOABY Ta
NnownpeHHA HOBMX BMAIB 3ac06iB, LLLO MOXYTb BYTM TaKOXK 3a/1y4eHi Ha OCHOBI 3aNpPonoHoOBaHWUX KpuTepiis (Marienko & Shyshkina,
2023). Bunteni HayKoBMX NiLeiB 3aiMalOTbCA He NWLIe BMKNAZALbKOK AiA/NbHICTIO, ane M NpoBOAATb HAYKOBI AOCAIOMKEHHS,
3a/y4aloum 40 Uboro npouecy fiueicTtis. Tomy 3anponoHoBaHWii f06ip 3acobiB MOXKHA PO3rnaaaT AK OCHOBY ANs Nobyaosu
MoZeni BUKOPUCTAHHA XMApPO OPIEHTOBAHMX CUCTEM BiZKPUTOT HAyKM y NpoLLeci HaBYaHHSA i NpodeciiHOro po3BUTKY BUUTENIB.

OZHi€lo 3 KNIOYOBMX LiNeN, BUSHaYeHUX Y «[0N0KEHHI Npo HayKoBwWiA fliLei» (MonoXeHHA Npo HayKkoswiA niuew, 6.4.),
€ NIArOTOBKA YYHIBCbKOI MOM0AI A0 HAyKOBOI Ta HAYKOBO-TEXHIYHOI AiANbHOCTI (€KCNepMMEHTaNbHOI, KOHCTPYKTOPCBLKOI,
BMHaXigHWLbKOI, MOLIYKOBOI). [LOCATHEHHSA LLiEl METU HE OBMENKYETbCA MaTePiabHO-TEXHIYHMM 3a6€e3NeYeHHAM Ta 3a/ly4eHHAM
0,0 34iACHEHHA OCBITHbOTO NPOLLECY HAaYKOBMX Ta HAYKOBO-NeAaroriyHMxX npaw,iBHUKIB Y TOMY YMCAI, AKI MatoTb HaYKOBMIA CTyNiHb,
BYEHi 3BaHHA.

Ona opraHisauii epekTMBHOro npouecy 34iACHEHHA YYHAMM HAYKOBO-AOCNIAHOI AifA/NbHOCTI, HeobxigHa sKicHa
NiAroToBKa BYUTESIB HAYKOBMX NiLLEIB 4,0 NPOBEAEHHA HAYKOBUX AOCNIAXKEHD Ta METOANYHO O6I'pyHTOBaHe BMKOpUCcTaHHA XOHCB
LN1A peani3auii KOHKPeTHUX 3aBAaHb Ha BCiX ix eTanax.

Ha puc. 1 3anponoHoBaHO Modesib BUKOPUCMAHHA XMAPO OPIEHMOBAHUX cUucMeM 8i0KpUMOIT HayKuU y npoyeci Ha84aHHA
i npogpeciliHo2o pozsumky s4umenis (0ocnidOHUYbKuUl acnekm).

Memor BWKOPUCTAHHA XMapo OPIEHTOBAHUX CUCTEM BiAKPMTOI Hayku (XOCBH) BM3Ha4YeHO NigBULLEHHA PiBHA
epeKTUBHOCTI NPOBEAEHHA HAYKOBUX AOCAIAXKEHDb BUUTENSAMMN HAYKOBUX NiLeiB.

MemoouyHuli KomnoHeHmM Bigo6pakae OCHOBHI CKNagoBi MiABULLEHHA KBanidikauii neaaroris HaykoBWX iueis,
30Kpema Moro memy — pPO3BUTOK LUMPPOBOI KOMNETEHTHOCTI BUMTENiB WoA0 BUMKopucTaHHA XOCBH y npoueci nposeaeHHs
HAyKoBMX AocnigyKeHb. MNepeabayeHO 3acToCyBaHHA Y LLbOMY MPOLLECi OCHOBHUX HAYKOBUX Mi0xodie A0 HAaBYAHHA AOPOCAUX
(KOomMneTeHTHICHOro, aHAparoriyHoro, AudepeHLiNnoBaHOro, akMeo0rYHOro, CMHEPreTUYHOro) Ta BIAMNOBIAHUX 1M NpuHyUnie
(BiAKPMTOCTi, CUCTEMHOCTI, HAYKOBOCTI, aKaAeMi4HOT A06POYECHOCTI, PO3BUTKY OCBITHIX NOTpeb, HenepepBHOCTI, BapiaTUBHOCTI,
MOZAY/IbHOCTi, THYYKOCTi M MOBINbHOCTI, TEXHONOFMYHOCTI, aKTyanisauii pesynbTaTiB Ta BUNEpeaKyBalbHOro npodeciiHoro
PO3BUTKY Ta iH.). NiArpyHTAM po3p06aeHHA 3MICTY HaBYaHHA € KOMITOHEHMU Yugposoi KoMmnemeHmHOCMi BYUTENIB HAYKOBUX
niyeis woao sMKkopuctaHHs XOCBH y npoueci npoBeaeHHA HayKOBUX AOCAIAKEHb, 3 CAaMe MOTUBAL,IMHO-LLIHHICHWUIA, KOTHITUBHUN,
onepauinHo-AifANbHICHUI Ta afanTUBHO-pedeKCUBHUIA. TeMaTuKa 3Micmosux MoOys1ie OXONJIHOE PO3MNAA TaKMUX rPyn NUTaHb:

a) TeopeTnyHi acnekTn BUKopuctaHHa XOCBH y npoueci HaykoBo-iHbopmaLiinHOro o6miHy:

— BMAM HAayKOBOI KOMYHIKaLii BUMTENA y NpoLeci AOCNIAKEHHS;

— eTMKa NPOBeAEHHA HAYKOBUX AOCNIAXKEHD | NpeACTaBAEHHSA iX pe3ybTaTis;
— BiAKpWTa HayKa Ta BigKp1TUn JocTyn;

—3aco6M NOLUYKY AKICHOrO HAaYKOBOIrO KOHTEHTY;

—3acobu oNpuAOAHEHHA pPe3ybTaTiB HAYKOBUX AOCNIAKEHD;

6) IKT nigTpumyBaHHA MpoLecy NPeACTaBAEHHs Pe3y/bTaTiB HAyKOBMX OOCAIAMKEHb 3 BUKOpUCTaHHAM XOCBH:
(enekTpoHHi nyb6niKauii, enekTpoHHi 6ibnioTeKn/apxisn, eNeKTPoHHI »ypHanu, BebGOpiEHTOBaHI eHUMKAoNeaii, eNeKTPOHHI
MmoHorpadoii, oHnalH KoHdepeHLii, pedepaTUBHi i HAYyKOMETPUYHI 6a3u, eNeKTPOHHI CoLianbHi Mepexki, HayKoBi popymu Ta 6iorm,
cuctemu igeHTMdiIKyBaHHA AOCNIAHMKIB Ta 06’€KTIB, aHTUNAariaTopu, pedepeHc MeHeaKepu Ta iH.).

HaBuyanbHi Lini MOXAMBO A0CATTU 33 SONOMOIOK TaKUX POPM OpraHisaL,ii HABYAHHSA AK TPEHIHN, cemiHapw, BebiHapw,
OMUCTaHUiMHI HaBYaNbHI Kypcu, NeKuii, NPakTUYHiI 3aHATTA, iHAMBIAYabHA Ta CaMOCTiliHa po60Ta, KOHCYNbTYBAHHA | KOHTPOJIbHI
33ax04M WOA0 OLiHIOBAaHHA HAaBYabHUX [OCATHEHb BUMTENIB.

Y Xofi npoBefeHHA 3aHATb PEKOMEHA0BAHO 3aCTOCYBaTM Memodu OpraHisauii HaBYasbHO-MNi3HABaNbHOI AifANbHOCTI
(nosicHeHHs, iHpopMmauiiHa nekuia, Nekuia-Bisyanisauia, po3nosigb, AEMOHCTPyBaHHA, beciga, AWCKyciA, 0BroBopeHHs,
“Mo3KoBUIA WITYpM”, NpakTUYHa poboTa, BUKOHAHHA iHAMBIAyaNbHUX 3aBAaHb, camocTiiHa poboTa 3 A)Kepenamu), MeToam
CTUMY/IIOBAHHA | MOTUBaL,ii (NOACHEHHA 0COBUCTOT 3HAYYLWOCTI Y4iHHA, OPMYyBaHHA Ni3HABaNIbHOIO iHTepecy, aHani3 KOHKPETHUX
CUTYaLl, CTBOPEHHA CUTYyaLil ycnixy B HaBYaHHI) Ta METOAM KOHTPOIO (TECTyBAaHHA W aHKETYBaHHA, 3aXWUCT iHOMBIAYyaNbHUX
3aBAaHb).

YyacHUMKIiB HaBYa/NbHOrO npouecy HeobxigHO 3abe3neuynTn TakMMK 3acobamu, AK MEeTOAMYHI peKkomeHpauil ans
BMKNA4AuiB WOAO MiAFOTOBKMU 3aHATb Ta NPOBEAEHHA OLHIOBAHHA HABYANbHUX AOCATHEHb CAyXayiB, METOAUYHI peKomeHaau,ii
D5 CNYXadiB Ta BKA3iBKM LLLOAO BUKOHAHHS CAMOCTIMHOI 1 iHAMBIAYyaNbHOT pO6OTH, iIHCTPYKTMBHO-METOANYHI MaTepiaiv, TeXHIYHI
33c06M HaBYaHHA (NiAKNOYEHHA A0 MepesKi IHTepHeT, HoyTOYKM abo nepcoHanbHi Komn'toTepwu, MPOEKTOP, IHTEPAKTUBHA AOLLKA)
Ta XOHCBH, wo onucaHi B A0CAIAHULBKOMY KOMNOHEHTI mogeni.

KoHmpose HaB4aNbHUX [OOCATHEHb YYMTENIB pPeani3yeTbCA LWAAXOM aHKETYBaHHA | TECTOBOTO KOHTPOIO 3HaHb 3
TEMATUKN KOXKHOTO 3aHATTA Ta BMKOHAHHA iHAMBIAYa/NbHWUX 3aBAaHb. BM3HAuYeHHA pigHA cghopmosaHOCcMi iXHbOI unppoBoi
KOMMETEHTHOCTI WoA0 BUKopucTaHHa XOCBH y npoueci npoBefeHHA HayKOBMX A0CiaKeHb (6a30BUiA, oCTaTHIl, NornMbaeHuni)
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O0UINbHO 34iMCHUTH 332 AOMOMOrOI0 Kpumepiig (aKCiONOriYHUM, KOTHITUBHWI, NPAKCEONOTiYHUI, afanTUBHO-pedNeKCUBHUIA) Ta
IXHiIX NOKa3HUKIB.

Pe3ynemamom peanisaujii Li€i METOAMKM, WO TPYHTOBHO onucaHa y poboTi (/lynapeHKko, 2021), nepenbayaerbca
[OCATHEeHHA A0CTaTHbOro abo MornMbneHoro piBHA PO3BUTKY LMGPOBOI KOMMETEHTHOCTI BUMTENIB HAyKOBMX AileiB o0
BUKopuctaHHA XOCBH.

Merta BuKopuctaHHa XOCBH — nigsuLeHHA piBHA epeKTUBHOCTI NpoBeAEHHA HayKOBUX AOCNIAXKEHb BUMTENAMU HAYKOBUX NiLeis
LlinboBa aygutopis: BYUTENI HAYKOBUX NiLEiB

----------------------- [ METOZMYHUIA KOMMOHEHT J~-- = l[ AOCNIAHNLDKAN KOMMOHEHT J
% /”' \‘\
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= HayKoBux 6I6AIOTEK i IHCTHTYLTHMX 6asu pamx (Scopus, Web of
penosurapiis (Eprints, DSpace) Ta Science, Google Scholar, Open
eneKTpoHHi apxisu (ArXiv) HaykoBa Ukrainian Clt:yilli‘r;blndex, DOAJ,
_ _ KOMyHiKaLjia Ta 2
AIATHOCTUYHO- B . : -
‘ PEG/EKCUBHUIA E/IOK couiansHi mepexi (Facebook, Linkedin, ipenTudikauia cucTenu IpeHTHdiKyBaHHA
! UkrainianScientistsWorldwide, LinkedIn; Aocnigumkis (Publons, ORCID,
( . A Academia.edu, Publons; ResearchGate, Scopus Author ID, ArXiv Author ID, !
Kontponshi purepii Ta ‘ Pigui N www.Science-Community.org) ISNI) Ta 06'ccis (DO, ISSN, ISBN) /!
4 : \ P
3axoau o N,
A S r/

PE3Y/IbTATUBHUIA B/IOK

-[ OL{IHIOBA/IbHUI KOMMOHEHT l

Kpurepii ta IHbopMmaLyiliHo- PisHi
NOKasHUKK aHaNITUYHUIA MOHITOPUHT

PesynbTar: nigsuLLEHNI piBEHb PO3BUTKY LIMPPOBOT KOMMNETEHTHOCTI BYMTENIB LOAO BUKOPUCTaHHA XOCBH
Ta X NO3UTUBHMIA BNIUB Ha NPOBEAEHHA HAYKOBUX AOCAIAXKEHb B HAYKOBUX /liLienAx

Pesynbrat: AocTaTHIN abo nornmbaeHuii piseHb PO3BUTKY
UMPPOBOI KOMNETEHTHOCTI BYUTENIB HAYKOBUX NiLLEIB WoA0
BuKopucTanHa XOCBH y npoueci nposeaeHHs HayKoBUX
AocniaXeHb

Puc. 1. Moaenb BUKOPUCTAHHA XMapOo OPIEHTOBAHMX CUCTEM BiAKPUTOI HayKM Y NpoLeci HaBYaHHA | NpodeciiHOro po3BUTKY BYUMTENIB
(mocnigHULUbKKIA acnekr)

AocnidHuybKuii KomnoHeHM penpeseHTye OCHOBHI 3aBAaHHA, LLLO HEOBXiZAHO peanizyBaTi BUMTENIO Y XOAi NpoBeAeHHs
1 BNPOBagKeHHA pe3ybTaTiB HAyKOBOTO AOCNIAKEHHSA: OTPUMAHHSA AAHMX, IX ONPALLIOBAHHA, ONPUAOAHEHHSA, PO3MOBCIOAKEHHA
Ta BMKOPMUCTaHHA. BKasaHO BignoBigHi XMapo OpPIEHTOBaHI CUMCTEMM BiAKPWUTOI HayKW, LLO MOXKYTb OYTM BUKOPWUCTAHHI Ans
peanisaLii [OCNiAHMUBKOT AiANBHOCTI 3 YCiX HaBYaNbHUX NPeAMETIB Ta HEe PO3rNAAATLCA Ti, WO 3aCTOCOBYIOTHCA Y KOHKPETHUX
oucumnnidax. [obip Takmx 3acobiB HaZaB MOXKIMBICTb BUOKPEMUTU rpynun aouinbHux XOHCB 3a HacTyNnHUM NpU3HaYeHHAM:

—  [ANA NpoBeAeHHA HAayYKOBOTo AOCAIKEHHA Ta ONpaLoBaHHA MOro pesynbTaTie: xmapHi cxosuwia (Dropbox, Google
Drive); Office 365; cepsicu Google (Gmail, Clasroom, aokymeHTu, Tabauui, dopmu, npeseHTauii, Jamboard; cucremu
aBTOMaTU30BaHOro MecmyeaHHA ma cmamucmu4Ho20 onpautoe8aHHA AaHnx (SPSS, STATISTICA, STATA, MS Excel, R);

— A0S NiAroTOBKM HAayKOBOrO PyKOMWUcy A0 APYKY: pegepeHc meHedxcepu (EndNote, Mendeley, Zotero, Bibtex, Cite
this for me, RefWorks, EasyBib, BibMe, Citefast, Citation Machine), anmunaaziam cucmemu (Turnitin, StrikePlagiarism.com,
Grammarly, Unicheck);

— A0S NiAroToBKM AONOBIAj: cucTemm cTBopeHHA npezeHmayili (Canva, Microsoft PowerPoint, Apple Keynote, Prezi);

— AN ONPUNIOAHEHHA Pe3ynbTaTiB AOCAIOMKEHHA: CUCTEMM MIATPUMKM €NEeKTPOHHUX HAyKOBUX XypHasig (Open
Journal Systems, DPubS, HyperJournal, Ambra) Ta ocBiTHbo-HayKoBUx eHyukaonediti (MediaWiki);

— Ana anpobauii Ta pPO3MNOBCIOAMEHHA: CUCTEMWM MIATPUMKKM 8ebKoHpepeHuili (EasyChair, OpenMeetings,
BigBlueButton, Cisco Webex, Open Conference Systems, Microsoft Teams, Google Meet);

—  [Ns apXiBYBaHHA JaHUX | HAYKOBUX NpaLib: CUCTEMU MISTPUMKM €eKTPOHHUX HAYKOBUX Bibs1iomek 1 iIHCTUTYLIMHUX
pernosumapiie (Eprints, DSpace) Ta enekTpoHHi apxisu (ArXiv);

— AN MOHITOPUHIY BUKOPUCTAHHA: pehepamusHi ma Haykomempu4Hi 6a3u 0aHux (Scopus, Web of Science, Google
Scholar, Open Ukrainian Citation Index, DOAJ, ERIH);

—  4ans igeHtudikauii: cuctemn ideHmugpikysarHa 0ocaidHukie (Publons, ORCID, Scopus Author ID, ArXiv Author ID,
ISNI) Ta 06’ekmis (DOI, ISSN, ISBN);

— A4NA  HayKoBOi  KOMYyHiKauji Ta  nowyky napTHepiB: couianbHi  mepexci  (Facebook, Linkedin,
UkrainianScientistsWorldwide, LinkedIn; Academia.edu, Publons; ResearchGate, www.Science-Community.org).

OyiHosanbHuli KomnoHeHmM mopeni nepepbayae, WO nicns NigBUWeHHA Keanidikauii BYUMTENiB i NPaKTUYHOrIO
3[iACHEHHA HUMMW  HAYKOBO-AOC/IQHOI  AiANbHOCTI, HeobXiAHO 3A4IMCHUTM  iHPOPMALIMHO-aHANITUYHUI  MOHITOPUHT
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BNPOBAAKEHHA OTPMMAHWUX Pe3y/bTaTiB 33 CUCTEMOIO KpUTEpiiB M MOKa3HMKIB (HAayKOMETPUYHI MOKA3HUKKW, Nepemoru Ha
onimniagax, po3pobneHi AocnigHi 3paskuy Ta iH.) Ta BU3HAUYUTU piBeHb epeKTUBHOCTI BUKOopuUcTaHHA XOCBH (6a3oBwii, cepegHiit,
BUCOKUN).

Pe3ynbmamom peanisau,ii 3anponoHoBaHOi MoAeni € NigBULWEeHNi piBeHb UMGPOBOI KOMNETEHTHOCTI BYUMTENIB LLOAO
BMKopucTaHHA XOCBH Ta iX NO3UTUBHWUI BNAMB Ha NPOBEAEHHA HAYKOBUX A0C/iIAKEHD B HAYKOBUX NliLenAx.

BUCHOBKU TA NEPCNEKTUBU NOAANBLUOIO AOCNIAKEHHA

BuABNEHHA y CKAaAi NefaroriyHMX Teopilt AK CUMCTEeM HAYKOBOrO 3HAHHA PI3HOMAHITHMX CTPYKTYP Ta KOFHITUBHUX
npouecis, NOB’A3aHMX 3 HWMM, WO MalOTb KOMIMIEKCHY Ta 6GaraTopiBHeBy 6yA0BYy € OAHWM i3 HanpAmiB MeTOAONOrYHUX
[OCAIAXKEHDb Y Ui uapuHi. [lo 3rafaHnX KOTHITUBHMX NPOLLECIB HaNeXaTb, 30KpeMa Taki, AK BUCYHEHHA Ta NepeBipKa HayKoBUX
rinotes, 36MpaHHA, onpaLtoBaHHA Ta aHani3 HaykoBux ¢akTiB, GopmyntoBaHHA i 0BIPyHTYBAHHA BUCHOBKIB Ta iH. Pe3ynbTaTn
[OCNIAKEHb CBigYaTh, WO BUOKPEMJIEHHS | CUCTEMATM3ALLIS KOTHITUBHUX Al y CKNafi HAYKOBOIo 3HAHHA, Ta PO3rAaj, BiANOBiAHWUX
iMm npouecis GopmyBaHHA | PO3BUTKY 3HAHHA MOCTAE AOCUTb YAacTO CKAALHUM i HETPUBIaIbHUM METOL0N0MNYHUM 3aBAAHHAM.
HaykoBa Teopisi nepesnbavae y cBoiit 6ya0Bi KOMNAEKCHy, baratonnaHoBy Ta iEpapXidyHy CUCTEMY MEBHWUX Al 3i CTPYKTypamu
3HaHHA, CNPAMOBAHMX HA BUKOHAHHA GYHKLIM PiI3HOMAHITHMX TUMiB. TaKUM YMHOM, BUOKPEMJIEHHA Pi3HOMAHITHUX PiISHOBUAIB,
TUNIB Ta PiBHIB iEpapXii y CTPYKTypi HayKOBO-NeAaroriyHol AisnbHOCTI, BignoBigHa ix cMctemaTmsalis y CKnagi HayKoBux Teopii
noTpebytoTb OKPEeMOro BWMBYEHHA | aHani3y, 30Kpema, WAAXOM NobynoBM mogenen i PeKoHCTPYKLin. MeTtomonorivyHoi
PEKOHCTPYKLLT CMCTEM HAayKOBOTO 3HAHHA OXOMNJIOOTL BiANOBIAHI NigcMCTEMM | PiBHI iEpapXii, LLLO MICTATb Y CBOEMY CKNAAi OKpeMmi
e/leMeHTU 3HaHHA.

HayKoBo-neparoriyHe AoCAigKeEHHA CKNALAETLCA 3 HACTYMHMUX eTaniB: NigroToBYMI; AOCNIAHULBKUIA; iHTepnpeTay,ii Ta
aHanisy pesynbTaTis; BNPOBaAKeHHA. B 3anNponoHOBaHi moaeni BAKOPUCTAHHA XMapOo OPIEHTOBAHUX CUCTEM BiAKPUTOT HAaYKKU Y
npoueci HaB4aHHA i NpodeciiHOro Po3BUTKY BUYUTENIB B MepLly Yepry PO3KpUTO came AOCNIAHULBbKMI acnekT. [lo CKnagHuKiB
mogeni BifiHECEHO: METY, METOAUYHUI KOMMNOHEHT, AOCNIAHULBKUIA, OLHIOBANbHUIA Ta pe3ynbTaT. Mpu ubomy A06ip XMapHUX
CepBiCiB BiAKPUTOI HayKM HANPAMY 3a/1€KUTb Bif, NOCTaBAEHUX 3aBAaHb Ta Y3roAXKYy€ETbCA 3 eTanaMmn HayKOBOrO AOC/IAMKEHHA.
3anponoHOBaHWUI Nepenik XMapHUX CepBICiB BIKPUTOT HayKK, CUCTEM Ta PECYpCiB MOXKe BYTM BUKOPUCTAHMUI He nLe B pamKax
niaABULLIEHHA KBanidikauii BUMTeNiB, ane W HaB4Ya/JbHOMY MPOLLECIi HAayKOBOro JiLel ANA opraHisauii A0CNiAHULbBKUX Po6IT
niueicTis.

MepcneKkTMBM NOAANBLUOTO AOCAIAXKEHHA CNPAMOBaHI Ha PO3POOKY METOAMKM BUKOPUCTAHHA XMapo OPIEHTOBAHUX
cUCTeM BiAKPUTOT HayKM y NpoLieci HaBYaHHA | NpodecinHOro Ppo3BMTKY BUMTENIB Ta OOFPYHTYBaHHA METOANYHUX PeKOMeHAaL, i
LOAO BUKOPUCTAHHA CEpPBICiB XMapO OPIEHTOBAHUX CUCTEM BiAKPWUTOI HayKM y npoueci NiAroToBKWM BYMTENiB NPUPOAHNYO-
MaTEMATUYHUX NPEAMETIB 40 POOOTU Yy HAYKOBMX NiLLenx.
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ABSTRACT

3

dopmy p leped yKpPaiHCbKOW ~MemodUYHOIO
HAYKOK NOCMAEe 3a800HHA Bus4eHHA U aHani3y eim4u3HAHo20 ma
3aKOPAOHHO20 00CBI0Y BUKOPUCMAHHSA LUPPOBUX HABYALHUX MAAMPOPM
Yy WKinbHili mamemamuyHili oceimi 3 Memor 3’ACY8aHHA HAYKOB0O-
0brpyHmosaHux pexkomeHoayili 0na e4umenie Mamemamuku Wo00
eghekmusHoi 83aemMo0ii i3 cydacHum yugposum cepedosuuwiem 01
no0oNaHHA aKMYyaneHUX BUKAUKie. Y yili cmammi 30ilicHeHo 021570
30KOPOOHHO20 00C8I0Y BUKOPUCMAHHA HABYAAbHUX MaAadm@opm y
HABYAHHI Ma aHani3 pe3ynbmamis 00CAiOH(EeHb 8MaAUBY BUKOPUCMAHHA
Yughposux HABYANLHUX NAAMGOPM HA OP2AHI3AYi0 MA AKICMb HABYAHHA
MamemMamuKu 8 pi3HUX KpaiHax.

Mamepianu i Memodu. Cmammi docnidHukie 3 /lamaii, IcnaHii, Typuyii,
Mekcuku, [Janii, CLUA. AHanis, cucmemamu3sayis U y3a2anbHeHHA
pesysemamie 00cnioHeHb 8i0obpaxceHux y nybaikayiax 3aKopOOHHUX
asmopis.

Pesyabmamu. AHani3z nybaikayili do3sonue 3’acysamu: 3micm
MOHAMMA  «HABYAAbHI  NAAMGOPMUY; MOWUPEHICMb BUKOPUCMAHHA
HasYanbHUX naameopm y mili Yu iHwWil KpaiHi; pezyasmamu docnioneHo
w000 8r1aAUBY BUKOPUCMAHHA HABYAALHUX NAaM@PopM. [IpoekmysaHHA ma
nooanbwuli PO38UMOK XMApPO OPIEHMOBAHO20 HABYANLHO20 cepedosuLya
€ 00HUM 3 K/10408UX HAMPAMKI8 po3sumKy ocsimu 8 J/lameii, Icnarii, Typuil,
Mekcuyi, Aanii, CLIA. Asmopu nybnikayili docnidmyroms enaue
e/1eKMPOHHO20 HABYAHHA MA 3Q3HAYAIOMb PO  AKMyaAnbHicme |
HedocmamHicme makux 0ocnioiceHsb. OCHOBHI pe3ynbmamu: Ha8YanbHA
naamegopma € iHCMPYMeHMOoM 8 PyKax y4umesns, AKuli moxce 3pobumu
yeli iHCmpymeHm egekmueHUM; HaB4anbHI NAamgopmu 8i0Kpusarme
0na e4yumesnie mMamemamuku wupokuli eubip Mmoxcausocmeli 3
nidsuwjeHHa edpeKmusHOCMi HABYAHHA YYHI8 MAMEMAMUKU,; iCHY8AHHA
Hasimb HAUAKICHIWUX HOBYAABHUX NAAM@OPM He 38iMbHAE 8YUMenis 8id
Kponimkoi memoduyHoi pobomu.

BucHogKu. [lo€OHaHHA 3aKOPOOHHO20 00C8I0Y BUKOPUCMAHHA
Yyugposux HABYAALHUX NAAMGOPM 3 nomeHyianom 0ocnioxeHob
YKPQIHCbKUX 84€HUX € OOHUM 3 HANpAmie nodanswo20 ernposadreHHA
iHHOBayiliHUX mexHon02ili 8 yKpaiHcbKy cucmemy ocgimu. Memoto Hawux
HACMyMHUX 00CiOH(EHb € NPOOOBMHEHHA AHANI3Y 3aKOPOOHHO20 A0CBidy
BUKOPUCMAHHA YUhposux HABYAbHUX MAAM@POPM 8 WKinbHIli oceimi ma
rpyHmosHe sug4yeHHA U aHani3 0ceimHbOi yiHHOCMI | nedazoeiyHo20
rnomeHuiany HagYanbHUX NAAM@OPM, AKi BUKOPUCMOBYIOMbCA 8 YKPaiHi y
npoyeci HABYAHHA MAMEMAMUKU y4YHi8 CMapwoi WKou.

Formulation of the problem. The Ukrainian methodological science is
faced with the task of studying and analyzing the domestic and foreign
experience of using digital educational platforms within the school's
mathematical education to clarify scientifically grounded recommendations
for mathematics teachers on effective interaction with the modern digital
environment to overcome current challenges. This article reviews foreign
experiences of using educational platforms during the teaching process and
analyzes the results of research on the impact of using digital learning
platforms on the organization and quality of teaching mathematics in
different countries.

Materials and methods. Articles created by researchers from Latvia,
Spain, Turkey, Mexico, Denmark, USA. Analysis, systematization, and
generalization of the results of the research which are reflected in the
publications of foreign authors.

Results. The analysis of publications made it possible to find out: the
content of the concept of "educational platforms"; the prevalence of using
educational platforms in a particular country; the results of the research on
the effectiveness of using educational platforms. Designing and further
development of cloud-oriented learning environment is one of the key
directions of education development in Latvia, Spain, Turkey, Mexico,
Denmark, USA. The authors of the publications investigate the impact of e-
learning and indicate the relevance and insufficiency of such studies. Main
results: educational platform is a tool in the hands of the teacher who can
make this tool effective; educational platforms open a wide range of
opportunities for teachers of mathematics to improve their students’
learning efficiency; even the existence of educational platforms with the
highest quality does not exempt teachers from painstaking methodological
work.

Conclusions. The combination of foreign experience in using digital
educational platforms with the potential of Ukrainian scientists’ research is
one of the directions for further implementation of innovative technologies
into the Ukrainian education system. The purpose of our subsequent
research is to continue the analysis of the foreign experience in using digital
educational platforms within school education and the in-depth study and
analysis of the educational value and pedagogical potential of educational
platforms that are used in Ukraine within the process of teaching
mathematics to the pupils of the high school.

K/ItOHOBI C/IOBA: HasuyanbHi naamgopmu; 3aKopOoHHul 0ocsid;
HABYAHHA MamMeMamuKu; yugpose cepedosuuie.

KEYWORDS: educational platforms; foreign experience; teaching
mathematics; digital environment.
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BCTYN

MocraHoBKa npo6aemu. Mig yac cnanaxy naHgemii COVID-19 aucTaHuiiHe HaBYaHHA B YCbOMY CBiTi aKTWBIi3yBaio
npobsemy moaepHisauii ocBiTM. 30Kpema, pi3Hi couianbHi megia-nnateopmm Habyam NeBHOI NONYAAPHOCTI AIK OAMH i3 cnocobis
NOKPALLUTN HAaBYAHHA Ta AKUMOCb YUHOM MOZE/N0BaTU OCOBUCTY B3AaEMOAiI0 BUMTENA Ta YUHIB, B3AEMOL,IO, AKA 3HAXOAUTbCA B
ymoBax HenepeabayyBaHOro nepepmMBaHHA. BUKOPUCTAHHA Pi3HUX LMPOBUX HABYaAIbHWUX NAATPOPM Y NPOLECT HABYAHHA YYHIB
MaTeMaTUKMK, Y BKAa3aHOMY KOHTEKCTI, TaKOK CTaso A40CUTb rOCTPOoI0 HeobxigHicTio. B YKpaiHi Ui npouecy, y 38°A3Ky i3 aKTUBHOLO
$asoto BiliHKW, NOTPEObYIOTb PALLIOHANbHUX Ta BUBAXKEHUX pilleHb. Mepes yKPaiHCbKOK METOAMYHOK HAYKOK MOCTAE 3aBAAHHA
YBaXHOr0 BMBYEHHA M aHani3y BITYM3HAHOrO Ta 3aKOPLAOHHOrO AOCBiAY BMKOPWUCTAHHA LUGPOBUX HaBYa/NbHUX NaaTdopm y
LWKINbHIM MaTemaTUYHIN OCBITI 3 MeTOI 3'ACYyBaHHA HAayKOBO-06I'PYHTOBAHWX PEKOMEHAALIN AN BUMTENIB MAaTEMATUKM LLOAO
epeKTUBHOI B3aeMOAIT i3 cydacHUM UMPPOBUM cepefoBULLEM ANA NOAOMAHHA aKTYyaSlbHUX BUK/MKIB. BaxknMBUM € aHani3 He
NVLE TEXHIYHUX Ta Bi3yasibHUX NapameTpiB HaBYaibHUX NAATHOPM, ane i ix OCBITHBOI LLiHHOCTI Ta NefarorivHOro nNoTeHLiany.

AHani3 akTyanbHUX JocnigKeHb. YKpaiHCbKi 4OCNiIAHMKM OCTaHHIM YacOM aKTMBHO aHani3yloTb 3aKOPAOHHWUIA JOCBIg,
BMKOPWCTaHHA XMapo OPiEHTOBAHWMX HAaBYa/IbHUX CepesoBuLL,.

Y KOHTEKCTi HaLWOoro A0CNiAXKEeHHA BKaXKemo Ha nybnikauito M. NMonenb (2019) npo TeHAEHLii PO3BUTKY | BUKOPUCTAHHA
XMapOo-OpPIiEHTOBAHUX CUCTEM Y MNiArOTOBLi BYMTENiB KpaiH €Bponn. ABTOpPKA poO3rnafac AOCBig, BMKOPUCTAHHA XMapo
OpPIEHTOBAHOrO HaBYa/IbHOrO CepefoBMLLA TaKMX KpaiH, AK: ®paHuii, Yexii, IcnaHii, KaszaxctaHy, BennkobpwuTaHii. Po3rnaHyTo
pob0TM NPOBiAHUX 3apybiXKHUX HAYKOBL,IB, AKi ONUCYIOTb BAACHUI AOCBIA, CTBOPEHHA Ta BUKOPUCTAHHA XMapo OPiEHTOBAHOIO
HaBYa/IbHOrO CepefoBULLA B 3aK1aAax BULWOI 0cBiTU. PO3KpuTO focBia BUMKopucTaHHA Microsoft Office365 Ta IBM Cloud Academy
B 3aKOPAOHHMX 3aKiafax BULOI OCBITU. Y Kinbkox nybaikauiax T. Bakantok (2014) npoaHanisoBaHO A0CBi4 PO3BUTKY XMapo
OpPIiEHTOBAHOrO HABYA/IbHOrO CepefoBMLLA TaKMX KpaiH, AK: PpaHnuii, Yexii, Icnanii, CLUA, IHaji, Asctpanii, Kutato, CiHranypa,
Bpaswunii, 13paina, BennkobpuTaHii. HaBegeHo NpuKAagM BUKOPUCTAHHA ICHYHOUYMX XMapHUX OCBITHIX CEpBICiB Ta NpuKnaau
CTBOPEHHSA BNIACHWUX XMapo OPIEHTOBAHMX HABYANbHUX CEPEAOBULY Y Pi3HMX KpaiHax. PO3rnsHyTO npaui BUAATHUX npodecopis
3apybiXKKA, AKi HABOAATb i OMWUCYIOTb BNACHUIM AOCBiA, CTBOPEHHA Ta BMKOPUCTAHHA XMapo OPIEHTOBAHOTO HaBYa/bHOMO
cepefoBuLa K Y BULLIKM, TaK i y 3aranbHOOCBITHIA wkoni. C. AloueHKo (2021) po3rnsgana [AOCBiA OpraHisauii gMCcTaHLiHOro
HaBYaHHA B KuTai. Byaun po3rasHyTi Taki OCBiTHI oHNalH-NAaTdopmm, Ak XuetangX Ta iCourse. B. benaH (2021) y cBoiit ancepTauii
[0CNiAXKyBaB 0COBAMBOCTI NiArOTOBKM MalbyTHIX yuuTenie NpodecinHnX TeXHIYHMUX NPeaMETIB i3 BUKOPUCTAHHAM TEXHOAOTIN
OUCTaHUiMHOro HaBYaHHA B yHiBepcuTeTax pecnybniku MonbLa.

MeTolo AaHOI CTaTTi € Orns 3aKOPAOHHOTO A0CBiAY BUMKOPWUCTAHHA HABYa/lbHWUX NAAaTPOPM y HaBYaHHI Ta aHani3
pe3ynbTaTiB JOCNIAXKEHb BNANBY BUKOPUCTAaHHA LMOPOBUX HaBYANbHUX NAAaTGOPM Ha OpraHisauito Ta AKICTb HaBYaHHA
MaTEMaTUKM B Pi3HUX KpaiHax.

METOAUN AOCNIAXKEHHA

Mpu npoBepeHHi AocCnigKeHHA 6ynn BUKOPUCTaHI TEOPETUYHI MeToAM: aHani3, cucTemaTv3auia 1 y3arasbHeHHA
pesynbTaTiB AoCAiAKeHb BigobpaxkeHux y nybaikaLiax 3aKopAOHHUX aBTOPIB LWOAO €/1eKTPOHHOrO HaBYaHHA Ta BUKOPUCTaHHA
HaBYasIbHMX NAATGOPM Y Pi3HUX KpaTHaxX; KOHTEHT-aHani3 iHTepHeT-pecypcis.

PE3Y/ZIbTATU AOCNIAKEHHA

3piMcHIOYM OrNsA Ta aHani3 3aKoOpAOHHMX NybiKauil Woa0 BUKOPUCTAHHA HaBYalbHUX NAaTGOpPM B OCBITHBOMY
npoueci M1 30cepeasKyeMO yBary Ha HacTynHomy: LLLo po3ymieTbea nig NOHATTAM HaBYanbHi NAaTdopmmn? HacKinbKM NOWMPEHUM
€ BUKOPUCTAHHAM HaBYa/ibHMX NNaTGOPM Y Til UM iHWIN KpaiHi? Y1 npoBoaaTbCA JocniarKeHHA epeKTUBHOCTI BUKOPUCTAHHSA
HaBYaNbHUX NNaTdOPM i AKi iXHi pesynbTaTn?

M. Sofi-Karim, A. Bali & K. Rached (Sofi-Karim et al., 2023) 3 IpaKy CTBepAKYlOTb, O OHMANH-OCBITY Yepe3 meaia-
naatopmu Ta NPOrpamm HUHI CAif CNPUUMATKU AK iHHOBALMHMI MeToZL HaByaHHA. MosBa BcecBiTHbOI naByTMHKM (WWW) y
1991 poui cTBOPMIA BCECBIT, Y AKOMY BE/IMKA Ki/bKiCTb Beb-caliTiB 403BONAE GOPMYBATU OHNAMH-CNINLHOTK Ta opraHisauii, aki
MOXYTb KOPUCTYBaTUCA NepeBaraMmu LWMPOKO BUKOPUCTOBYBaHWUX NaaTdopm, Takmx sk Facebook, Twitter, Google Drive, Google
Classroom, Google Doc, Google Hangout, Dropbox i UucneHHi nporpamu ana cninkyBaHHA, KOHGEPEHLN | eN1eKTPOHHOI NoLWTH,
Taki K Viber, Zoom, Skype, Yahoo Ta iHLi.

Y [aHii 3 2013 poKy umoposi HaB4anbHi naatdpopmu (DLP) € 0608’A3KOBMMM AN NOYATKOBOT Ta HENOBHOI cepeAHbOI
ocsitn (Artuso & Graf, 2020). Uudposa HasyanbHa nnatopma (DLP), AK cTBepAKyHOTb aBTOpPWU CTaTTi, Le MNOEAHAHHA
iHTEPaKTUBHOIO UMPPOBOTO CepesoBMLLA Ta AAMIHICTPATUBHUX iIHCTPYMEHTIB, NPU3HAYEHUX, MPUHANMHI, A8 YYHIB Ta BUMTENIB.
OcHOBO TaKux N1aTGopM € GYHKLA KOHCTPYKTOPa HaBYa/IbHMX KypciB. HaByanbHi Kypcu, AKi CTBOPOOTLCA BUMTENAMM B [laHii,
MatoTb 6yTM A0CTynHi B DLP, HUMWM MOXKHA AiNNTUCA, PEMIKCYBATU Ta iX MOXYTb BUKOPWUCTOBYBATM iHWI BUMTENI. TAaKOXK TaKi
HaBYa/bHi KypcK € AOCTYMHUMM A8 HAYKOBUX NeAaroriyHnx 4ocCiaKeHb.

Osoma HavnonynapHiwumn B LaHii DLP € Meebook, akuii npucytHin y 46% myHiuunanitetis y 2018 poui, Ta
MinUddanelse, akuii npucyTtHii y 43% myHiuunanitetis y 2018 poui (Artuso & Graf, 2020). 3anpoBaaskeHHa DLP y [aHii €
YacCTMHO LMGPOBUX iHILLIATUB, METOI AKUX € HAZL@HHA KOPUCTYBaYaMm CMiZIbHOI 3arafibHOAOCTYNHOI iIHOPACTPYKTYPU, NiATPUMKA
npouecy HaBYaHHA (BKAOYHO 3 NPUADAHHAM LMPPOBUX HaBYA/NbHMUX MaTepianiB) Ta 3anpoBafKeHHA 3aralibHUX NybniYHMX
CTaHAAPTIB ANA 0O6MiHY HaBYyanbHUMM MaTepianamu (Brugerportalinitiativet, 2014). Ockinbku BUKopucTaHHA DLP y [aHii €
060B’A3KOBUM, TO Lie 03HAYaE, WO BYMTEi Tenep MatoTb Kpim nonepegHix 0608’ A3KiB, We W 404aTKOBI 3aBAaHHA, NOB’ A3aHi 3i
CTBOPEHHAM Ta NiATPUMKOLO nnaTdopm. AK 3a3HaYatoTb HayKoBLi (Artuso & Graf, 2020), BunTeni Tenep 3amyweHi 6yt yacTiwe Ha
3B’A3KY OH/IAMH i NpautoBaTh Bce Binble i Hinbwe — HaBiTb Y Hepobouuit yac — 6e3 0cobamMBoro BU6OPY UM KOMMNeHcaL,i 3a ue.
3anpoBagykeHHa DLP nepepbayano, wo HaB4YanbHa nNaatopma Mae CnpUATM NiABULLEHHIO AKOCTI BUKNAAAHHA Ta HaBYaHHSA, a
TAKOXK Ha/aroAyKeHHto npodeciiHoI cniBnpaw,i BUMTENIB WAAXOM 0OMiHY po3pobKammn HaBYaIbHUX KYpCiB.

MpoTe, Ak cTBepaKytoTh (Artuso & Graf, 2020) y [aHii He Tak 6araTo AocCAigKeHb ePeKTUBHOCTI BNPOBAAMKEHHA
UMPPOBUX HaBYaNbHUX NAaTopm. OKpeMi pe3ynbTaTh JOCAiAKEHb WoA0 BMOOPY, BNPOBAAKEHHSA Ta BUKOPUCTAHHA HaBYaIbHUX
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nnatpopm, onybnikoBaHi [aTcbKMm iHCTUTYTOM ouiHtoBaHHA (Danmarks Evalueringsinstitut, 2016). KoHcopuiym i3 wecTn
yHiBepcuTeTiB nig, KepiBHUUTBOM O/IbB6OP3bKOro YHIBEPCUTETY TaKOMK BUMKOHYBAB AOCNIAHWULBKWAIA MPOEKT, WO MaB Ha MeTi
CNPUATU BNPOBAAMKEHHIO HaBYaNbHUX NAAaTGOPM i MigroTyBaB LWICTb 3BiTiB 32 pe3y/abTaTaMu JOCAIAXKEHb. Y 6-My, TEXHIYHOMY
3BiTi, NigCYMOBYHOTbCA pPe3yNbTaTh ABOX ONWUTYBaHb YYMTENIB Ta YYHIB y N'ATHAAUATM WKonax [aHii. B ogHOMy i3 BUCHOBKIB
CTBEPAMKYETLCA, WO NAATGOPMU Mann 0BMEIKEHT MOKANBOCTI AR AOCATHEHHA COLiaNbHUX LiNelN, OYHOTO HAaBYaHHA Ta AKICHOro
OLiHIOBAHHA AOCATHEHb YYHIB. Kpim Toro, nnatdopmu malixke He BUKOPUCTOBYBAIUCA A1 HANATOAXKEHHA CniBMpaLi BYMTENIB Ta
iXHbOro Aianory woAo NiABUWEHHA AKOCTI BUMKNAZaHHA. TUM He MeHLWe, BUYATENi MOBIZOMWAM, WO Uudposi naatdopmu
nosierwnMAn KaneHaapHe Ta TeMaTUYHe NiaHyBaHHA HaBYa/IbHOTO KypCy, @ TAKOXK OKPeMi acneKTH intocTaLii y4HAM 3acTOCyBaHHA
HabyTux 3HaHb Ta ymiHb. (Kglsen & Qvortrup, 2017).

A. Tamborg (2019) oTprMmaB LjiKaBuit pe3ynbTaT y AOCNiAKeHHi 33 yyacTio 16 wkin JaHil woao BNAnBY BNPOBaAMKEHHs
DLP Ha gisnbHicTb yunTenis matemaTuku. A came, LOCNIAHWUK BUABKB, WO LMPPOBI HaBYaIbHi NNaTGOPMM 3HAYHO BMNANBAIOTb HA
CYTHICTb METOAMYHOT AiANbHOCTI BUNTENIB MaTeMaTUKKN. 30Kpema, BUABMOCA, WO MOXKAMBICTb iHTerpaii HaB4YanbHUX Linewn 3
BMKOPUCTAHHAM N1aTGOPM € LEHTPANbHUM AaCNEKTOM TOT0, AIK OKPEMI BUUTEN MaTEMATUKN BUKOPUCTOBYIOTb UMPPOBI HaBYANbHI
nnatpopmm B CBOII pob6OTI.

S. Graf, S. Gissel, M. Slot (Graf et al., 2018) y BnacHux AocnigxeHHsax cTypboBaHi BUKOPUCTAHHAM NAaTGopm Woa0
HamipiB 0O6MiHY pOo3p06AEHNMM BUUTENAMMN AMU3aNHAMM KYPCIB | TUM, AK BUMTENI CNPABAAIOTLCA 3 iHTErpaL,ieto My/IbTUMOAANbHUX
HaBYa/IbHUX MaTepianiB y AM3alH Kypcy. ABTOpM npoaHanisyBasm 102 HaBYaibHi Kypcu, AKMMW HaWYacTille KOPUCTYHOTbCA B
Meebook, 3akoayBanu ix Ha OCHOBI AMAAKTUYHUX 3MIHHUX, TAaKUX AK TUN i KiIbKICTb LiNel, TUN OUiHIOBaHHSA, TUM HaBYa/bHUX
maTepianis i TMN AianbHOCTI. BOHW BUABUAN HEAOCTATHE BUKOPUCTAHHA Ljifiell HAaBYaHHA Ta BiAMNOBIAHOIO OUHIOBAHHA, @ TaKOX
nocuneHe, ane AUAAKTUYHO CYMHIBHE BK/IIOYEHHA Ta CTBOPEHHA HOBMX Ljifie HaBYaHHA Ta OLHIOBAaHHA. BOHW TaKoX BMABWMAM
LOMiHYOUYE BUKOPUCTAHHA PeLLENTUBHOI AiANbHOCTI, @ TAKOXK BiACYTHICTb KOHTEKCTHO-CNeundiuHOi KOMYHiKaLii MiXK BUMTENAMMU
Ta yyHamu. Ha aymky S. Graf, S. Gissel, M. Slot (Graf et al., 2018), KOHCTPYKTOp HaBYa/ibHUX KypCiB BUABMBCA pajlle
peno3unTapiem, HiX N1aTopmMoto 414 aKTUBHOTO Ta MPOAYKTUBHOTO HAaBYAHHA.

Natsilicbki gocnigHukm A. Radolfa, L. Daniela (2021) Bka3ytoTb Ha HEObXiAHICTb PO3PI3SHATU HACTYNHI NOHATTA: CUCTEMU
ynpaBAniHHA HaB4yaHHAM (LMS), HasuanvHi naamgopmu (LP), macosi eidkpumi oHaalH-Kypcu (MOOC), oHnaliH-Ha84YaHHS,
iHCcmpymeHmu yugpoeoi oceimu mouwo.

LMS (cucTemu ynpaBaiHHA HaBYaNbHUM NPOLLECOM) — L& CUCTEeMM, MPU3HaYeHi gaa umdposoro 36opy iHdopmauii npo
YYHiB, CTBOPEHHA HAaBYa/IbHOrO KOHTEHTY ANA YYHIB | aHaNi3y AiANbHOCTI Ta pe3ynbTaTiB HaBYaHHA y4YHiB. MacoBi BigKpWTI OHNaMH-
Kypcu (MOOC) — Lie KypcK, B AIKMX OCHOBHUM aKLLEHT pObUTLCA Ha TOMY, WO6 YYaCHUKM Manu JOCTYN A0 KOHTEHTY Ta HaBYaauca
B IHTepHeTi.

HasuanbHa nnatdopma (LP) — ue cneuianbHO cCTBOpeHEe HaBYa/ibHE CepefoBuLLE, AKE € YUMOCL cepeaHiMm mixk LMS i
MOOC. Ha BigmiHy Big, LMS, oe KOHTEHT CTBOPIOETLCA CAaMMMU BUYUTENAMMU Ta LOCTYMHUNA YYHAM, KOHTEHT LP po3pobnsaetbes
po3pobHukamu nnatpopmu. MOOC TaKoK NPOMOHYIOTb FOTOBMIA KOHTEHT, ase He 3abe3neyyoTb 3aco0bu KepyBaHHS, AKi AOCTYNHI
Ak ana LMS, Tak i gna LP.

LlikaBMMM Yy KOHTEKCTi HaWoro JOCNiAXKeHHA € pe3ynbTati gocnigkeHs A. Ridolfa, L. Daniela (2021), ocKinbku B HUX,
30KpeMa, NpoaHani3oBaHi pe3ynbTaTM ONUTYBAaHHA BUMTENIB MPO iIXHE CTaB/NIEHHA 00 BUKOPUCTAHHA HaBYasbHUX MAaThOpPM.
JocnigxkeHHA nig Ha3soto «HaByanbHi NnaTGoOpmMM AK IHCTPYMEHT HAaBYaHHA B KOHTEKCTi undposisauii ocsitn B JlaTsii» 6yno
nposeaeHe, WO6 3p03yMiTM AYMKY BUMTENIB cepeaHix Wkin J1aTeii Wwon0 BUKOPUCTAHHA AOCTYMHMX HaBYanbHUX naatdopm i
po3pobUTN peKoMeHaaL,ii LWoAo NoKpaLLeHHA iX poboTu. byno onutaHo 705 BuMTeniB, WO 3'AcyBaTW: CTaBJEHHA BYUTENIB A0
HaBYa/IbHUX NAATPOPM; HaMBINbLL YACTO BUKOPUCTOBYBAHI HaBYa/IbHI N1aTGOPMU; OCHOBHI NepeBary HaB4yaibHUX NaaThopm ansa
opraHi3au,ii AKiCHoro HaB4aHHA, abo ¥ OCHOBHI NPUYNHM X HEBUKOPUCTAHHA.

3a pe3ynbTaTaMM BKA3aHOro AOCNIAXKEHHs 6yno 3’AcoBaHo, wo maike 80% OMUTaHUX y4yuUTeNiB BUKOPUCTOBYIOTb
HaBYa/bHi N1ATGOPMM 3 METOIO: AATU MOMKAMUBICTb YYHAM NOBTOPUTU BMBYEHE TA 3aKPINUTU OTPUMAHI 3HAHHSA; HAZATU YYHAM
[0CTyN A0 iHbopmaLii y 3pyyHOMY MicCLi Ta B 3py4HMI ONA HUX Yac; HaAATM YYHAM ONepaTMBHUIA 3BOPOTHWUIN 3B’A30K, LLOO
330XOTUTM IXHIO TOTOBHICTb [0 CAaMOCTIMHOrO HaBYaHHA. 3'ACyBasocA, WO BYMTENi, AKi NOEAHYIOTb KOHTEHT Ha HaBYa/IbHUX
nnatpopmax 3 iHWKMMKM POopMaMM HaBYAHHA abO BMKOPUCTOBYIOTb KOHTEHT Ha HaBYaNbHWUX NaaTdopmax ANA NPU3HAYEHHA
iHAMBIAYaNbHMX 3aBAAHb YYHAM, TAKOXK roTOBi PO3POBNATU HOBUIA HAaBYA/NbHUI KOHTEHT; iHLWMMM C/I0BaMM, BOHM BPaXOBYOTb
NOTOYHI NOTPEe6U CBOIX YYHIB | BUKOPUCTOBYIOTb Nepesaru LubpoBoro cepesosuLLa, LWob MUTTEBO OHOB/IOBATU 3MiCT HAaBYaNbHOI
nporpamu HaHOBIWO iHPopMaLieto. HalinonynapHilWow HaBYaNbHOW NAATGOPMOLO, AKOK KOPUCTYIOTbCA BUMTENi B J1aTaii,
€ www.uzdevumi.lv.

TakoX y npoueci Aocnia)KeHHs 3’AcyBanocsa, WO Mmanke 12% BuMTeniB, fAKi B3SAM yyacTb B OMWUTYBaHHI,
He BUKOPUCTOBYIOTb HaBYasIbHi N1aTGoOpMU B NPOLLECi HaBYaHHSA, 30KpeMa TOMY, LLLO CyYacHi Y4YHi, Ha AiyMKY TaKUX BUMTENIB, BXKE
BMTPaYaloTb 3aHaATo b6araTto yacy Ha uuoposi TexHonorii. Ha aymky A. Ridolfa, L. Daniela (2021) 3aaBu BunTeniB Npo Te, WO iM
He Noao6a€eTbcA HAaBYAHHA 3 BUKOPUCTAHHAM HaBYabHUX NAATPopM, 3 ogHOro BOKy, AeMOHCTPYE HaxkaHHA BuMTENiB 36epertu
MOHOMOJIbHUN KOHTPO/Ib Haf, HaBYaHHAM YYHIB i HeZ0Bipy BUMTE/NIB 4O CAMOCTIMHOTO HaBYaHHA YYHIB, a 3 iHWOro 6oKy —
[EeMOHCTPYE CTEPEOTUNHI NePEeKOHAHHA, OCKINIbKU ANA TaKUX BUNTENIB HEMOK/IMBO MaTW 3aCHOBaHe Ha GaKTax PO3yMiHHA 3MiCTy
HaBYa/bHMX NAATHOPM, AKLWO BOHU HUMM HE KOpUCTYtoTbCA. BucHoBKkM pocnigskeHHa A. Rhdolfa, L. Daniela (2021) HacTynHi:
HaBYabHi NaTGopMm — LLe CNocib CNPUATU CAMOCTIMHOMY HAaBYaHHIO YYHIB i ONTMMI3yBaTV PO6OTY BUMTENIB; HOBI Ta IHHOBALLINHI
MeTOAM HaBYaHHA, Gopmmn poboTK Ta TpaHCchOpMOBaHE cepeoBULLE HABYAHHA HEODOXigHI ANA NiArOTOBKM YUYHIB [0 XWUTTA B
CYCNiNbCTBI, fIKE NOCTIMHO 3MIHIOETbCA; HaBYaNbHUM NAaTGoOpPMam HUHI BpaKye 3aBAaHb, SIKi PO3BMBAIOTb CKNAZHI onepauii
MWCNEHHSA; TaKi 3aBAAHHA € WiHHUMM | MOXK/IMBO NOTPIOHI MEHLWIN KinbKOCTI y4YHIB, OAHAK, Lie ABHA Hilla B OCBITHIX TEXHOOTiAX;
Cy4YacHa neaarorika Mae WyKaTu WASXM NOLO0NAHHA PO3PUBY MiXK TUM, K MOXKYTb HAaBYATMUCA HUHI YUHI, | TUM, K TPAgMULINHO
HABYAlOTb BYUTEJ; Pe3y/bTaTM HABYAHHA HaCMpaBAi Ba)K/IMBIiWI 3a Te, AK Y4YHi iX [0CAralOTb; HaBYasbHi NaaTpopmm BapTo
OLLiIHIOBATM LOPOKY, OCKIi/IbKM HaBYa/bHi TEXHOJOFII PO3BMBAIOTbCA HAATO WBWUAKO. TaKMM YMHOM, NiACYMOBYHOTb aBTOpU
LOCNIAKEHHA, BAaXK/MBO MNPOAHaNi3yBaTU OCBITHIO LiHHICTb i negaroriyHuMii noTeHuian HasyYanbHUX naatdopm. Mpu ubomy
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BAK/IMBO YCBiAOMNIOBATY, WO Byab-aKa HaBYaNbHa NAaTGopma € e iIHCTPYMEHTOM B PyKax roJI0BHOrO opraHisatopa ocBiTu
YYHIB — yuyutens.

IcnaHcbki gocnigHuku A. Moreno-Guerrero, |. Aznar-Diaz, P. Caceres-Reche, S. Alonso-Garcia (Moreno-Guerrero, et al.,
2020) 34iMCHWUAN FPYHTOBHMI aHani3 BUKOPWUCTAHHA €/IeKTPOHHOIO0 HaBYaHHA Yy HaBYaHHI MATEMATUKM CTapPLUOKNACHMKIB.
ENEKTPOHHMM HaBYaHHAM aBTopu nybnikauii HasWBalOTb NeAaroriyHy AiAnbHICTb, AKA BigOYBAETbCA OHMAMH 3aBAAKM
BMKOPWUCTAHHIO |HTEpHETY Ta TEXHOIOTIYHMX NPUCTPOIB, i3 CUHXPOHHUM ab0 aCUHXPOHHUM NiAKNOYEHHAM i3 ByAb-AKOro Micus.
ABTOpPW BKasyloTb, WO A1a peasis3alii e/IeKTPOHHOro HaBYaHHA MOTPIbHI ABa BMAWM pecypciB: uMdpoBi Ta TexHonoriyHi. Cepes,
LMbpPOBUX PECYPCiB — HAaBYaA/IbHI Bifleo, HaBYabHI N1aTGopPMK, BigeoKOHpEepPeHL,ii, NToAKacTH, coLianbHi MepesKi Ta 6araTo iHWKUX
pecypciB. TeXHONOMYHUMK pecypcamym MOXKYTb BYTW HaCTiNbHUI Komn'toTep, MAaHwWeT, cMapToH Touwo. BTim, Ha AymKy
iCMaHCbKMX AOCAIAHUKIB, 3aCTOCYBaHHA €/1eKTPOHHOIO HaBYaHHA 415 BCiX, XTO 3a/1y4eHUIt A0 NPOLECY BUKNAAAHHA Ta HaBYaHHSA,
cTae nNpobnemoto, OCKiNbKM AN MOro rapaHTOBAaHOrO BUMKOPWUCTAHHA MNOTPibeH, AK MiHiMym, cepegHiii piBeHb umdposoi
KOMMNETEHTHOCTI. TOMy BUMTENIB | Y4YHIB HEODXiAHO HaBYaTU BUKOPUCTAHHIO PiI3HOMAHITHUX TEXHONOTIYHUX | LMPPOBUX pecypciB.

Y cratTi A. Moreno-Guerrero, |. Aznar-Diaz, P. Caceres-Reche, S. Alonso-Garcia (Moreno-Guerrero, et al., 2020)
NpoaHani3oBaHO BMN/IMB €NEKTPOHHOIO HABYAHHA MATEMATUKM Ha CTapLUOKNACHMKIB B IcnaHii, y NOPiBHAHHI i3 TpaauuiitHum
HaBYaHHAM. fIK NMOKa3anu pesynbTaTu AOCNIAKEHD, ICHYIOTb 3HAYHI BIAMIHHOCTI MiXK 3HAQUYEHHAMMW, AOCATHYTUMU B KOHTPO/bHIM
rpyni (TpaauuiiHe HaB4YaHHA) Ta eKCNepUMMEHTANbHIN rpyni (eNeKTpoHHe HaByaHHA). Lli BiAMiIHHOCTI BKasyloTb Ha KOPWUCTb
€/1eKTPOHHOIO HaBYaHHA. Y npoBeAeHOMY JocniaxKeHHi, nnatpopma Moodle micTuna Becb KOHTEHT, PoO3noAineHui 3a
OMAAKTUYHUMM Nigpo3ainamu, AKnin HeobxiaHo 6yn0 onpaLoBaTh yYHAM 3 MaTeMaTUKKM YNPOJOBK NepLuioro cemectpy. KoxHa
3 ANJAKTUYHUX oanHULb nnatdopmm Moodle 6yna cTpyKTypoBaHa 3a TaKMMKM po3ginamu:

® Teopia: PoOpMyeTbCA TEOPETUYHUMMN acnekTamu npeameTy, npeacrtasneHnmmn y opmarti pdf Ta noacHoBanbHUMU
Bigeo. Hamip nondaras y Tomy, WwWob npeacTaBUTU BCi TEOPETUYHI aCNEKTU 3MICTY, Had AKMM NOTPi6HO NpautoBaTy, i 3aKpINUTH iX
33CBOEHHA 33 A4ONOMOIOI0 Nepernsay BiAeo, NOB A3aHUX i3 LM BMiCTOM;

® [IpaKmuKa: CKNafa€eTbCA 3 3aBAaHb, AKi AEMOHCTPYIOTb 3aCBOEHHA TeopeTuyHoro 3micty. Lli 3axoam crocyBanuca
BMNPOBagKeHHA, PO3BUTKY, KOHCOMIAALIl, PO3WMPEHHA Ta 3MiLHEHHSA. [ianbHicTb 6yna pisHOMaHITHOW Ta Mana pisHi TMnu:
KOpOTKa BiAnoBiAb, AOBra BiAMOBiAb, NPUNYLLEHHA, PO3B’A3aHHA Npobsem i aBTO3anoOBHEHHA, NOB’A3aHi cToBNLi Ta onepaw,ii
Towo. Y LbOoMy BMNAZKY 6yNM BUKOPUCTAHI BCi iIHCTPYMeEHTH, AocTynHi B Moodle;

® [lna mux, xmo xo4ye 3Hamu binowe. Y ubOMy PO34iNi y4HAM L03BOUAMN FNMOLLE 3arIMOUTUCA B 3MICT HaBYa/IbHUX TEM
3 maTemMatuku. Lie 6yno 3pobneHo 33 JONOMOror NocunaHb Ha BiAMNoOBiAHI BEO-CTOPIHKU. Bynn TakoXK MOCMAAHHA Ha irpw,
nos’A3aHi 3 HaBYaIbHUM 3MIiCTOM, HaZ, AKMUM NpaLoBaNK;

e Qopym: Lel pecypc BUKOPUCTOBYBABCA B KOMKHOMY AMAAKTMYHOMY Migpo3gini. Hamip nonsaras y Ttomy, wob
po3MoyaTh AUCKYCItO AK 3 BUKNAZayem, TaK i 3 iIHWMMM YYHAMM WoA0 3micTy npegmeTa. Kpim Toro, BiH cnyrysas Anf BUPILLEHHA
CYMHIBIB i 3arayBaHHA HEBE/IMKMX 3araflok, NOB’A3aHMX 3 acNeKTaMu, siKi HeobxigHo 6yno 3acBoiTy.

TaKMM YMHOM, eNeKTPOHHEe HaBYaHHA MoXKe OyTU [O0CUTb edEeKTUBHUM, SIKLLO MOro MpaBW/IbHO 3acTOCOBYBATU 3
BiANOBIAHUM MeETOAOM BMKNAZAHHA Ta HaBYyaHHA. G. Albano, U.Dello, (2019) HaBoaaTb nNpuKnag po3pobku metoay
€/1eKTPOHHOI0 HaBYaHH#A, NoB’A3aHoro 3 pecypcom GeoGebra, Akui iHTerposaHui B nnatdopmy Moodle, NoKpaLLyroUum acnekTy,
noB’sA3aHi 3 OLHIOBAHHAM, MOTMBALLiE€IO Ta 3aL,iKaB/IEHICTIO YYHiB. Lle TakoX cnpusie 6ifbl 3MiCTOBHOMY HaBYaHHIO MATEMATUKM
Ta afanTye ouiHoBaHHA Ao noTpeb yuyHiB G. Albano, U. Dello, (2019). BUKOPUCTAHHA €NEeKTPOHHOIrO HaBYAHHA B PO3BUTKY
MaTeMaTMKU MigBULLYE BiAAAHICTb CAaMMX YYHIB, NOKpallylouM ycniwHicTb. Lle TakoX nigBulLye iHTepec, a OTXKe, i OTpUMaHI
pe3y/nbTaTi, NOKPaLLYE 3aCBOEHHA maTeMaTuUyHoro 3micty (Mulqueeny, et al., 2015).

Typeubki gocnigHukn O. Ozyurt, H. Ozyurt, A. Baki, B. Gliven HaBoAATb iHWWIA NPUKNaA NeAaroriyHol AisnbHOCTI, B AKIN
BMKOPUCTOBYETbCA €/IeKTPOHHE HaBYaHHA 3 iHAMBIAYaNi30BaHMM cepefoBUILEM €1eKTPOHHOIO HaBYaHHA Nif Ha3BOWO
UZWEBMAT. K cTBepAKYyOTb aBTOpY NybniKau,ii, Take NOEAHAHHA CNPUAE NiABULLEHHIO iHAMBIAYaNbHOT yBaru y4His. Kpim Toro,
Take iHAMBIQyanizoBaHe cepefOBULLE €/1eKTPOHHOrO HaBYaHHA afanToBaHe A0 CTU/IO HaBYaHHA Y4YHIB, MOKPALLyOUWM iXHi
HaBUYKM PO3yMiHHA. Lle TakoX MigBuLLyE IXHIO BiANOBIAANbHICTb 33 HABYAHHA Ta BiAOOPAXKaETbCA HAa MOTUBALLiT Ta aKageMiuHin
yeniwnocri (Ozyurt, et al., 2013).

JocuTb UiKaBolO ANA HalWMWX [OCHiAXeHb BuABMAacA nybnikauia MeKcMKaHCbKMX aBTopiB M. Gdmez-Zermefio,
H. Franco-Gutiérrez (2018), saKki onucann pesynbTaT eKCNepuMMeHTY, OCHOBHOK MeTOl sAKoro byno 3’acyBaT, 4uM MoXe
BipTyasibHe aKafeMiuHe KOHCYNbTyBaHHA BYTU IHCTPYMEHTOM A/1A 3HUMKEHHA PIBHA HEBAAY Y HAaBYAHHI maTemaTnku. Y Mekcuui
CTaplua CepeaHs OCBiTa € piBHEM, AKWUI Nepeaye HaBYaHHIO B YHIBEPCUTETI, 3 yYHAMM Bikom Big 14 no 18 pokis. OcTaHHIM Yacom
y MeKcuui cnoctepiraeTbca BigMOBa y4YHIB Big, HaBYaHHA Y CTapLili WKo/i. BBaXKA€eTbCA, WO BE/MKA KiJIbKICTb YYHIB, AKi KMAAOTb
HaBYaHHA B WKOAI, pobnaTb Le Yepe3 HebakaHHA BMBYATM MaTemaTuKy. HaBiTb nicnAa 3anpoBagyKeHHs pedopmu cTapLlioi
cepeaHboi ocBiTM RIEMS (Reforma Integral del Nivel Medio Superior) npobnemu BiaciBy NpoaoBXKylOTb 3pOCTaTH i, OTXKe,
33/1MLLAIOTLCA MPIOPUTETOM OCBITHLOT NONITUKKM B MeKeuui. M. Gdmez-Zermefio, H. Franco-Gutiérrez (2018) nposenu cneuianbHe
OOCNIOKEHHA, CNpAMYBaBWM MOr0 Ha BM3HAaYeHHA edEeKTUBHOCTI BiPTYa/bHOTO aKaAeMiYHOTO KOHCY/NbTyBaHHA (3
BMKOPUCTaHHAM HaBYaNbHUX NAATPOPM) Ta 3’ACYBaHHA TOrO YN MOKeE Lie BYTU iIHCTPYMEHTOM A1A 3HUMKEHHA NOKA3HMKIB HeBAau
Yy HaBYaHHi MaTeMaTUKM YYHiB CTaploi WwKonun. Ana BubipkM 6yno BiaibpaHo TPbOX CTYAEHTIB, AKi 4O3BOAUAM AOCAILHUKAM
OTpUMyBaTH iHGOPMALLIO MPO BUKOPWUCTAHHA HUMWM TEXHOMIOTIYHUX PecypciB ANA HaBYAHHA MaTEMATWMKW, NPO 4ac, AKUMI
BUTPaYeHU Ha GopMyBaHHA 3HaHb 3 MaTEMATUKM Nif, Yac BipTyasibHOrO KOHCY/IbTYBaHHS, i, NepLL 3a Bce, NPo GpyHKLiOHaNbHICTb
GOpMyBaHHA MaTEMaTUYHUX HAaBUYOK Y BipTyaslbHOMY CepefloBULL AN OTPUMAHHA KPaLLMX pe3ynbTaTiB HaBYaHHA MaTeMaTUKM.
BifibpaHi CTyAeHTM Manu noraHy ycniwHiCTb 3 MaTeMaTUKM i NAaHyBaAM NPUMUHATA HaBYAHHA B CTapwii wKoni. ABTopu
eKCnepuMMeHTy po3pobuan HasyYanbHWUIA Kypc Ha nnatdopmi Moodle, skuii By JOCTYNHUI 6E3KOLWTOBHO, 3 METO HaZaHHA
HaBYa/IbHMX TEKCTIB, BipTya/ibHOI B3aEMOZ,i Ta iHLWIMX Ba*K/NIMBUX 3aX04iB A5 HABYAHHA MaTeMaTuKnU. Temu Ha nnatdopmi bynm
Y3roJKeHi 3 icnMTammn 3 MaTemaTuKu, Wob Ai3HAaTUCA NPO BMJ/IMB HAaBYaHHA 3 BMKOPUCTAHHAM NNAaTGOPMKM Ha aKaAeMidHy
ycniwHicTb. TakoXK ByM BUKOPUCTaHI HanBHi pecypcu B IHTepHeTi: Hanpuknag, Path to Math gonomir yuHAM noninwmTy 3HaHHA
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3 63a30BOI MaTEMATUKM B MUTAHHAX NoNepeaHbOoi Ta enemeHTapHoi anrebpu, sonomir 36anaHcysat 6a3oBi MaTeMaTUYHI 3HAHHSA,
a TaKOXX O3HAaMOMMUTU YYHIB i3 BUKOPUCTAHHA TEXHONOTYHUX NAaTPopm A1 BUBYEHHA MATEMATUKKU. PerynapHo nposoauanca
CTPYKTYPOBaHi iHTEPB’10 3i YYHAMM Ta IXHIMM BUNTENAMM, LLO BYNI0 OCHOBHUM iHCTPYMEHTOM AN 360py BigNOBiAHUX AaHUX, AKi
Bigobparkanu cnocib, y AKMIA y4Hi HAKONMYYBaNM 3HAHHA 3 MATEMATMKU, @ TAaKOX L03BOJIANO BiACNiLKOBYBATU CNPUAHATTA
YYHAMM BipTYa/IbHOTO HaBYaHHA MaTemMaTUKKU. CNoYaTKy CTyAeHTam 6y10 BaXKKO KOpUCTyBaTMUCA NaaTGOpPMOLo Yepes BiaCyTHICTb
Y HUX HAaBMYOK TalM-MEHeOKMEHTY; YUHi He Manu 6axKaHHA CaMOCTIHO NPaLIOBATX Ha HaBYaNbHUX NAaTGOPMaXx, OCKINIbKU He
6yn10 NPAMOro KOHTPO/tO 3 BOKY BUMTeNA. 3rogom yuyHi AisHanMCA NPo [OCTYMHI TexHonorivHi pecypcn, Path to math Ta ix
LiANbHICTb; BOHM B3ANM Ha cebe 3060B’A3aHHA BUKOPUCTOBYBATK NAaTHOpPMy HacTo Ta BifnoBifabHO.

Kypc, ctBopeHuii Ha nnatdopmi Moodle, BiacTexkyBas nporpec yuHiB y HaBY4aHHI MaTEMATUKKM, BEAYYM 3aNUCKU NPO iXHi
OLiHKWM. Ha upbomy eTani y4yHi noroauamnca Ha mexaHi3m, nogibHWit A0 TOro, WO 3aCTOCOBYBaBCA B iXHiX Knacax. TobTo
30608’sA3aHHA 6Y/10 BcTaHOB/IeHO 6e3nocepeHbo WoA0 TOro, Lo HeobxigHO BUKOHYBATH BCE Te NPO W0 A4OMOBUANCA 1A Y4YacTi
B npoekTi. Mnatdpopma Khan Academy 6yna BukopuctaHa nicns Moodle. Ha Hild yuHi 3HalLWAM 30BCIM iHWY CXeMy BUBYEHHS
MaTemMaTuKu. Maatdopma CTBOPHOE Pi3Hi OYIKYBAHHA, TECTU BU3HAYUAN HOBUI PiBEHb, NPOMNOHYIOUYM NEPCOHANKIB, AKI CTBOPIOIOTH
YiTKY iAEHTUYHICTb Yy CTYAEHTIB, 30BHIWHA MOTMBALIA NONATAaE B AOCATHEHHI HOBOro piBHA, AK y Bigeoirpax. CrygeHTam
cnogobanaca ua nnatpopma, OCKiNIbKM BOHA MPOMOHYBasia iM CNPaBKHIO MOXK/IMBICTb B3aEMOAIATU 3 Heto 6e3 nonepeaHboro
NAaHYBaHHA YW CYTO aKaZeMmiyHWx 3060B’A3aHb. YUHi 3apeecTpyBanuca Ha nnatdopmi Khan Academy, Ha aKii cTBoproBanuca
BipTyasibHi Knacu 3 TeMamu, 3anponoHOBaHNMU BUNTENEM; YUYHI B3AM Ha cebe 3060B’A3aHHA BUTPaYaTM NPUHAUMHI N'ATb FOAMH
Ha TUXAEHb, Wob neperfaHyTM BMICT i 3aXxoau, BKAtOYeHi B naatpopmy. OCHOBHA nepesara nossrana B TOMy, WO TeMWU Ha
nnatdopmi 6ynn po3pobaeHi TaKUM YMHOM, WO YYMTEb MIl 3apPax0ByBaTW YYHIB HA KOHKPETHI TEMW 3 MaTEMATUKU, cepes, AKUX
6ynn came Ti TeMM, AIKi BUNTENb BBAXKaB HEOOXiAHMMW ONs A0LAATKOBOrO OMPALIOBAHHA, @ TaKOX Ti, AKi Ao3soamau 6 im
34iMCHIOBATM NPOCYBAHHA 3a Pi3HUMM acnekTamu HaBYaHHA. OgHieto 3 nepesar nnatdopmum Khan Academy € po3BUTOK 3BUYKM
BUMTUCA, OCKIZIbKM BOHA MPOMOHYE YYHAM Pi3HOMAHITTA aKTyaslbHUX TeMm, AKi MOXYTb MpuBabuTM y4yHiB Habupatn Ganu Ta
[OCAraT! Linei. YuHsam Le cnofobanocs, ocKinbkM Ha naatdopmi 6ynm npakTUYHI BNpaBW, HaBYasibHi NOCIOHUKM Ta TecTu, AKi
[3t0Tb 3MOTY Bifpasy X Nob6aunTM NPOrpec KOXKHOMo y4yHsA y HaBYaHHI. 3 iHWOro 6OKy, BUMTENi TAaKOXK MOXKYTb CNOCTEpiraTi 3a
nporpecom y4His. OCHOBHWI HeAONiIK NoAAraBs y TOMy, WO, byayyun BipTyasbHUM i aCMHXPOHHUM IHCTPYMEHTOM, ByN0 BaXKKO
34iMcHIOBaTK be3nepepBHE CMOCTEPENKEHHS, OCKi/IbKM OCHOBHA igea nonsrana B TOMy, LWO6 A03BOIUTU YYHAM BUABUTM BACHI
iHTepecn B pamKax nnatdopmu Ta 34e6inbloro BUKOPUCTOBYBATH i AK HaBYaNbHY AOMNOMOrY ANA BUPILWEHHA CBOIX BAACHUX
npo6siem y HaB4aHHi MaTeMaTUKM.

3a pe3y/nbTaTamM BKa3aHOro EKCNepUMEHTANbHOTO AOCANiAMeHHs, aBTopu nybnikauii (Gomez-Zermefio & Franco-
Gutiérrez, 2018) 3pobuAN BUCHOBKM, LLLO HaBYa/bHi NAATGOPMU MOXKYTb BIAKPUTU ANA BUMTENIB MAaTEMATUKMU LLUMPOKNUIA BUBIp
MOMBOCTEN 3 NiABULLEHHA ePEeKTUBHOCTI HaBYAHHA YYHIB MaTeMaTUKKN. OAHAK, 3ayBaXKyOTb aBTOPU EKCNEPUMEHTY, iCHYBaHHSA
HaBiTb HaWAKICHIWMX HAaBYaNIbHUX NAAaTGOPM He 3BiNbHAE BUUTENIB Bif, KPOMITKOI MeTOoAMYHOI pobOTH, AKa 3a/IMLWIAETLCA BKpal
BaXK/MBO0. [lOCATHEHHA NEBHMX pe3y/IbTaTiB HABYaHHA Ta PiBHIB cGOPMOBAHOCTi MaTEMATUYHOI KOMNETEHTHOCTI, MA€E PeryiapHo
BiACNIAKOBYBATU BUMTENb MATEMATMKM, LWO6 MATU ACHICTb Y HAcTynHOMYy p[o060pi MeToZiB Ta iHCTPYMEHTIB, fAKi BapTo
BMKOPUCTOBYBATM AIK B YMOBAX K/1acy, TaK i B YMOBAX BUKOPUCTAHHA HaBYanbHUX naatdopm. CTpaTerii B pamkax AOCNIoKEHHA
BMKOPUCTOBYBANW iCHYIOYI TEXHONOTIYHI NAaTOpPMU, AKi JO3BONAAN YUHAM IHTErPYBATU Pi3HI IHCTPYMEHTH, AKI NOKA3yBaAWu HOBI
LWNSAXM NOCUIEHHS X BUBYEHHSA MaTeMaTUKM B KNaci. Y LibOMY CEHCi YYHi MOKAa3a/u, WO BOHU BiAKPUTI A0 MOXKANBOCTEN HOBUX i
Pi3HUX HaBYANbHUX CepenoBULL, AKI MOrIM 6 3a0XOTUTK A0 BUBYEHHA MaTEMATUKMU.

TaKUM YMHOM, NiACYMOBYIOTb aBTOPU CTATTi, BUKOPUCTAHHA BiPTyanbHUX NNaTGOPM MOKe BYTU Ay»Ke KOPUCHUM, AKLLO
BYUMTENi MaTEMATUKM BUKOPMCTOBYIOTb iX Mif, Yac MAaHyBAHHA CBOIX 3aHATb AK COO3HMKA B OOCATHEHHI Uineli maTemMaTUyHoi
ocsitTn. JocniaHuku i3 CLUA C. Bailey, & K. Card (Bailey & Card, 2009) aHani3ytoTb eHeKTUBHICTb €1eKTPOHHOTO HaBYaHHA 3 TOYKM
30py BMCOKOKBa/ipiKOBAHMX, BiA3HAYEHWUX HAropogamum BUYMTENiB, AKI aKTMBHO KOPMUCTYIOTbCA 3acobamu OHNAMH-OCBITW.
CTMMyYNIOBaHHA CTOCYHKIB, ONEepPaTMBHICTb i CBOEYACHICTb B3aEMOAIi, KOMYHiKaLif, opraHi3auifa, TeXHONOrIA, THYYKIiCTb i BUCOKi
O4iKyBaHHA BynM BU3HAHI KpaLLMMM NeAaroriyHMMm Nigxoaamm peLmnieHTiB 4,0 OHNAWH-BUKNALAHHA. J11060B yunTeniB 40 HaBYAHHS,
CniBMNepeXKMBaHHA YYHAM i TOTOBHICTb BECTM iX BNepes — yce Lie MOXKe 40NOMOITM NobyayBaTh YyA0Bi 38’A3KM Ta CMiNIKYBaHHA MiXK
BUMTENAMM Ta IXHIMM YYHAMM NPU eNeKTPOHHOMY HaB4YaHHi. AK 3a3HavatoTb C. Bailey, & K. Card (2009) yuuteni matotb 6ytu
FHYYKMMM, BifJAaHMMM Ta BYACHO pearyBaTu Ha MOBIAOMMEHHA Ta €N1eKTPOHHI IMCTU, BYAaCHO HaJaBaTM KOMEHTapi Ta OuiHioBaTH
BMKOHAHI 3aBAaHHA. Xopowi OHNaNH-BUMTENT 3a0X0UYIOTb YUHIB AIAUTUCA CBOIMM AyMKamK Ta AOCBIAOM i NiATPUMYIOTb rpynosi
NPOEKTU, BUKOPUCTOBYIOUM eDEKTUBHI TEXHOOTT Ta OHNAMH-AO0LWKKN ANA 0brosopeHb. Jobpe opraHi3oBaHi BUMTENT MOXKYTb AOCATTU
GaKaHMX Uinei, HafZatouM YYHAM yCi HaBYasIbHI MaTepiann Ta iHCTPYMEHTM, a TAKOXK HaB4yalouM X ToOMy, AK edeKTUBHO
BMKOPUCTOBYBATW iHTEPHET pecypcu. YCNilHi BUNTEN BMilOTb CMPaBAATUCA 3 HOBMMW TEXHOJIOTIAMM Ta aAanTyBaTUCA 40 HUX, a
TaKOX BYTU NepeBaXKHO AOCTYNHUMM B IHTepHETI, W06 CBOEYACHO Ta BBIYIMBO BiAMNOBIAATV Ha 3aNMTM Ta NPO61eMU Y4HIB.

OBIrOBOPEHHA

Haw aHani3 BuweBKasaHux nybnikauii gae 3mory 3pobuT BUCHOBOK, LLLO HAaBYAHHA MATEMATUKM 3 BUKOPUCTAHHAM
CYYaCHWUX HaBYa/NbHMX NNATGOPM MAE HU3KY NO3UTUBHUX XAPAKTEPUCTUK, cepes AKMUX: 3abe3MNeYeHHA MOKAMBOCTI HaBYaHHA 3
6YyAb-AKOro MicLA, 33 YMOBMW HAABHOCTI TEXHONOTMYHOMO MPUCTPOLOD; 3a0X0OHYEHHA HABYTTA CTYAEHTaMMU UMPPOBOT KOMNETEHTHOCTI;
MOXANMBICTb aganTtauii A0 iHAMBIAYaNbHOrO TeMNy HaBYaHHA YYHIB; HaNaroAXeHHA KOMYHiKauii, AK CUMHXPOHHOI, TaK i
ACMHXPOHHOT; CMPUAHHA Aianory Ta rpynosiit 4isAbHOCTI, MOKPALLLEHHA Mi*KOCOBUCTICHMX CTOCYHKIB Y4YHIB; 330X04EHHSA cniBnpaw,i
MiXK YYHAMM, OOCATHEHHA CNINIbHUX Uifen npu po3pobui pisHWX 3aBAaHb; NiABULLEHHA MOTMBAL,ii, OCKI/IbKM Y4YeHb MOXKe
BMPOBUTU 1 BUKOPUCTOBYBATU BNACHUI CTUIb HABYAHHA; CNPUAHHA HAaBYyTTIO KOMNETEHTHOCTI KHABYMUTUCA BUMTUCA; MOXKINBICTb
[OCTYyNYy A0 HeOBMeXKeHOT KiNIbKOCTi HaBYaZIbHUX PecypciB; YPi3HOMaHITHEHHA KOHTPOJIIO BYMTENA 3@ HABYa/IbHOO AiANbHICTIO
YYHIB; CMPUAHHA O3HAMOMJIEHHIO YYHIB i3 PaLiOHA/IbHUM BUMKOPUCTAHHAM TEXHO/IOTNYHMX i UMPPOBUX PecypciB y HaBYaHHI.
Maiixke BCi aBTOpM NpoaHani3oBaHMX Hamu Ny6AiKaLin cXoAATbCA HA AYMLI, WO BUKOPUCTAHHA BipTyaibHUX NNaTGOpmM moxKe
6yTU AyKe KOPUCHWUM, AKLLO BYUTENI MaTEMATUKM BUKOPMUCTOBYIOTB iX Nif Yac NigroToBKM CBOIX 3aHATb AK COO3HUKA B AOCATHEHHI
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uinen matemaTuyHoi ocsiTW. BogHouac, umdpoBsi HaBY4anbHi NNATGOPMM 3HAYHO BMAMBAKOTL HA CYTHICTb METOAUYHOT AiANBHOCTI
BUMUTENIB MATEMATUKM. 3aCTOCYBAHHA €/IEKTPOHHOIO HAaBYAHHA ANA BCiX, XTO 3a/ly4eHUI A0 NpoLecy BUKIAAAaHHA Ta HaBYaHHSA,
CTae Npobnemoto, OCKiNbKM Ans MOro rapaHTOBAaHOrO BUMKOPWUCTAHHA MOTPIOEH, AK MiHIMyM, cepegHii piBeHb undpoBoi
KOMMNETEHTHOCTI. TOMy BUMTENIB | Y4YHiB HEODXiAHO HaBYaTU BUKOPUCTAHHIO PiI3HOMAHITHUX TEXHONOTIYHUX | LMPPOBUX pecypciB.

BUCHOBKM

Haw aHani3 3akopAoHHMX NybAiKauili [03BONAE CTBEPAKYBATH, WO Mg NOHATTAM «UMdbpoBa HaBYaNbHA NaaTopmar
HalyacTilwe po3yMIeTbCA MOEAHAHHS IHTEPAKTMBHOIO UMGOPOBOro cepefoBUWA Ta aAMIHICTPAaTUBHUX IHCTPYMEHTIB, fKi
30pIEHTOBAHI Ha BYUMTENIB Ta Y4HIB. BUKOPUCTAHHA LUMPPOBUX HaBYaIbHUX NNATGOPM, NPOEKTYBAHHA Ta NOAANbLUMIA PO3BUTOK
XMapo OPiEHTOBAHOrO HAaBYa/IbHOTO cepeaoBULLLA € O4HUMM 3 K/TIOYOBUX HANPAMKIB PO3BUTKY OCBITM B J1aTBii, IcnaHii, TypeuunHu,
Mekcuui, Oanii, CLUA. JocnigHWKWM BKa3aHMX KpaiH: aHani3yloTb BN/AMB €1EeKTPOHHOr0 HaBYaHHA MAaTEMaTMKM Ha Y4HIB, Yy
NOPIBHAHHI i3 TPAAULIAHUM HaBYaHHAM; OBI'PYHTOBYIOTb, LLLO HABYA/IbHI NNATGOPMU MOKYTb BILKPUTU A8 BUNTENIB MATEMATUKM
LUMPOKKI BUBIp MOXKAMBOCTEN 3 NiABUWEHHA edEeKTUBHOCTI HAaBYaHHA YYHIB MaTeMaTWKW. ABTOPYM NpPOaHasi3oBaHUX Hamwu
nybnikauint (CLUA, Mekcuka, TypeuumHa, IcnaHis) yacTo cXoA4AaTbCA Ha AYMU|, WO BaK/IMBO aHani3yBaTW OCBITHIO LiHHICTb i
nefaroriyHMM noTeHuUian HaBYanbHUX naatopm. AsTopu 3 [aHii, JlaTeii Ta Ipaky y ctatTax 2020-2023 pokKiB 3ayBaKyHoTb, LLO
nocniaxeHb eGeKTMBHOCTI BNPOBaAKeHHA LMdPOBMX HABYANbHUX NAATHGOPM HUHI He TaK HaraTo. OgHUM 3 BaXKMBUX GaKTOPIB,
AKWMIN 3MIHIOE CyvyacHe HaBYa/lbHE CEpefoBULLE, AK CTBEPAKYIOTb 3aKOPAOHHI AOCNIOHWMKWM, € 34aTHICTb | BarKaHHA Y4HiB
CaMOCTIHO KepyBaTW CBOIM HaBYaHHAM. Tomy edeKTUBHE BMKOPUCTAHHA LMOPOBUX HABYANbHUX NAATGOPM 3HAYHO 3MIHIOE
CYTHICTb METOANYHOI AiAIbHOCTI y4MTeNiB MaTEMATUKMN.

MNoeaHaHHA 3aKOPAOHHOIO A0CBiIAY BMKOPUCTAHHA UMGPOBUX HaBYaNbHWUX NAaTPopm 3 noTeHLiasom AOCHiaXeHb
YKPAiHCbKUX BYEHMX € OAHMM 3 HaliedeKTUBHILIMX HAaNPAMIB NOLANbLIOTO BNPOBAAKEHHS €/1eMEHTIB IHHOBALLIMHUX TEXHONOTIN
OMCTaHUiIMHOTO HAaBYaHHA B YKPAIHCbKY cMCTEMY OCBITU. METO HACTyMHUX HAWWX A0CAIAMKEeHb € NPOAOBMEHHS aHanisy
3aKOPAOHHOIO [0CBiAY BUKOPUCTAHHA UMPPOBUX HAaBYA/bHMX NAaTPOPM B LWKiNbHIM OCBITI Ta FPYHTOBHE BMBYEHHA 11 aHani3
OCBITHbOI L,iHHOCTI i NegaroriyHoOro NoTeHLiany HaBYaNbHUX NAATGOPM, AKI BUKOPUCTOBYIOTLCA B YKpAiHi y npoueci HaB4aHHA
MaTeMaTMKU YYHIB CTapLUOi LUKON.
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ABSTRACT

3

®Popmy p Midzomoeka iHy#eHepie y mexHiyHomy
yHigepcumemi Ma€e Ha y8aszi He mMminbKu 080700iHHA cmydeHmamu
meopemuyHUMU 3HAHHAMU, ane (i Habymmsa yMmiHb iX MPaKMuU4YHO20
30CMOCYBAHHA, OCKinbKU 30amHicmb i 20mosHicmb  iHM#eHepa npu
HeobxiOHocmi, eupiwysamu npobaemu O0CniOHUYbKO20 Xapakmepy, €
00HI€EI0 3 BUMO2, KA 8UCYBAEMbCA 00 Keanigikayii haxieys 8 dokymeHmax
MixcHapoOdHoz0 iHXeHepHo20 aneAaHcy ma €Esponelicokoi edepayii
iH#ceHepHuUX acouiayili. 3Ha4Hi mMoxcausocmi 0aa yvozo, ocobnuso e
YMO08ax OUCMAHYiliHO20 HABYAHHSA, MAOMb eKcriepuMeHmMasnebHi 3a0a4i, AKi
MOMCHA MPONoHysamu cmyo0eHmam 018 camocmiliHo20 po38’A3y8aHHA y
OoMaWHIX yMo8ax 3 BUKOPUCMAHHAM 00CMYynHuUX 3acobie.

M i i Ou. [locnidneHHA IpyHMyemocs HA aHANI3i
npozpam Kypcy pizuku 0aa nidzomosku 6akanaspie iH#eHepHUX
cneyiansHocmeli, 02140i nimepamypHux Oxcepes, MpuUCBAYEHUX MeMmi
docnioxceHHA ma 3ada4 i3 mpaduyiliHux 36ipHUKie, AKi Moxyms 6ymu
nepeopmynbosaHi Ha ekcrepumeHmansHi. [JaHi, HeobxioHi 0aa ix
p038’A3y8aHHA, MOBUHHI Bymu 3HalideHi 3 ekcnepumeHmy, AKUl 8 ymosax
ducmaHuyiliHo2o HaBYaHHA cmyodeHmu nposodams edoma. HeobxidHe 0nsa
Yb020 061a0HAHHA MOBUHHO Bymu docmynHUM, abo X (i020 MOX(HQ /1e2KO
8U20MOBUMU, G MAKOXC 3aCMOCY8AMU 8ibHO MOWUPIOBAHI MPO2PaMHI
npodykmu 04 Komn’tomepa ma cmapmeoHa.

Pe3synemamu. AHanIi3 HABYAALHUX MPO2PAM MA 027170 AimepamypHUX
Oxcepen 0o3sonus eidibpamu 3 po3dinie «MexaHika», «MonekynapHa
@izuka», «EnekmpudHul cmpym», « MexaHiuHi KoAuBaHHA» CMAHOAPMHUX
36ipHuKie 3a0a4i, AKIi MOXHA BUKOPUCMOBYBAMU AK eKCrIepUMeHMasneHi i
AKi  cmydeHmu  Malome  moxausicme  po3e’Aasysamu  80oma.
CripomosHicms nocmasumu HeobxiOHuli ekcriepumeHm, Ao neeHoi mipu,
MOXCHO 88aXAMU MUCMEYmMeoM, AKUM 807100itome OdneKko He eci
cmydeHmu. Le 3ymoenoe HeobxiOHicmb CKAAOAHHA B8Ka3iBoOK 00
nocmaHosKu 0ocnidy, 38’A3aH020 3 YMOBOIO eKcriepuMeHmasnbHoi 3a0a4i.

BucHoeKu. Ha npuknadax exkcnepumeHmMansHUX 3a0a4 MOKA3AHA
MoMIUBICMb  iX 3aCMOCY8aHHA Npu OUCMAHUYIUIHOMY HABYAHHI, WO
00380/1A€ P0O38UBAMU EKCIEPUMEHMAMOPCLKI YMIHHA cmydeHmie ma
3acmocosysamu meopemuyHi 3HGHHA 0AA PO38’A3YBAHHA MPAKMUYHUX
3080aHSb.

{v

Formulation of the problem. The training of engineers at a technical
university involves not only mastering students' theoretical knowledge, but
also acquiring skills of their practical application, since the ability and
willingness of an engineer, if necessary, to solve research problems, is one
of the requirements for the qualification of a specialist in the documents of
the International Engineering alliance and the European Federation of
Engineering Associations. Significant opportunities for this, especially in the
conditions of distance learning, have experimental tasks that can be offered
to students for independent solving at home using available tools.

Materials and methods. The research is based on the analysis of physics
course programs for the bachelors of engineering specialties, a review of
literary sources devoted to the researched and problems from traditional
physics problems books that can be reformulated into experimental ones.
The data needed to solve the problem must be found from an experiment
that students conduct at home in distance learning conditions. The needed
equipment must be available or easily manufactured, as well as free
distributed software for computer and smartphone.

Results. The analysis of training programs and a review of literary
sources allowed to select from the sections "Mechanics", "Molecular
Physics", "Electric Current", "Mechanical Oscillations" of standard
collections of physics problems that can be used as experimental and which
students are able to solve at home. The ability to set up the necessary
experiment, to a certain extent, can be considered an art that not all
students possess. This necessitates to develop the guidelines for conducting
experiments related to the experimental problem conditions.

Conclusions. The examples of experimental problems demonstrated the
possibility of their application in distance learning. Solving such problems
should contribute to the development of students' experimental skills and
their ability to apply theoretical knowledge to solve practical problems.

K/ItOHOBI ~ C/IOBA:  eKkcniepumeHmanbsHi  3adadvi;  domawHili
eKcrepumeHm,; camopobHe exkcriepumeHmassHe 061a0HAHHA, CMAPMEOH.

KEYWORDS: experimental problems; home experiment; homemade
experimental equipment, a smartphone.
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BCTYN

MNoctaHoBKa npobaemu. LLnpoKe 3acTocyBaHHA AUCTAHUiAHOTO HAaBYaHHA CTaBMTb nepeg, BUKNagadamu npobiemy
po3pobKkn meTogis i 3acobiB aAna popmyBaHHS €IeMEHTIB eKCNEPMMEHTATOPCbKUX YMiHb 34,00yBayiB BULWOT iHXKEHEePHOI OCBITH.
OAHMM 3 LWNAXIB BUPIWEHHA Liel Npobaemn € 3acToCyBaHHA eKCNepUMEHTANbHMX 33Jay, 3MICT AKMX BiANOBIAAE HAaBYANbHUM
niaHam Ta Nporpamam, a eKCnepuMeHTaslbHa YacTMHA AKMX MOXKe ByTM peanisoBaHa B AOMALUHIX YMOBax 3a BifCyTHOCTI
nabopaTopHoro obiagHaHHA Ta Npuaagis.

AHani3 akTyanbHUX AocNiAXKeHb. Y HayKOBO-METOAMYHIN NiTepaTypi Ta 36ipHUKaxX eKCnepMMeHTaNbHUX 33434 FO/I0BHA
yBara npuAainaeTbca 3agadam, AKi BignoBsigaoTb nporpami cepegHboi wkoau (3nbep, 1926), (Naxre, 1985), (Mowkos, 1955), a
TaKoX Nnpobaemam ix 3aCToCyBaHHA NPW NiArOTOBL MalbyTHix BunTenis ¢isnkm (byraes, 1981). Haxanb, B niTepaTypi NpakTUYHO
BiACYTHI eKcnepMmeHTanbHi 3a4a4i ana 34006yBayiB BULLOI iHXKeHepHOT OCBITH.

3a o3HauyeHHam O. |. byraitoBa : «EKcnepMmeHTaNbHUMKM HA3MBalOTb 3a4adi, B AKMX EKCNEPUMEHT CAyrye 3acobom
O epyKaHHA BeIMUMH, HeobXiAHWX ANns po3B’A3aHHA, A€ BiANOBIAb HA NOCTaBAEHE B 334a4i 3anuTaHHA abo € 3acobom nepesipku
3pobaeHuX 3rigHO 3 YyMOBOI po3paxyHKiB» (byraes, 1981, ¢.217). 3Biacu cTae 04EBUAHOLO BigMiIHA MiXK labopaTopHoto poboToto,
eKCnepuMeHTa/IbHUM 3aBAAHHAM Ta eKCNePUMEHTA/IbHOK 3aZayeto.

AIK BiA3HayeHo y poborTi (Fanatiok & lanaTtiok, 2019) «y npoueci po3s’A3yBaHHA €KCMePMMEHTANbHUX 334ay Y4Hi
OTPUMMYIOTb MOXK/IMBICTb 3aBAAKM OpraHisaLlii akTMBHOI Ni3HaBa/IbHOI AiANIbHOCTI AOCNIAXKYBATU KOHKPETHI MaTepia/ibHi 06’eKkTH i
ABMLLA, 3000yBaTM HOBI 3HAHHA, PO3BMBATU EKCNEePUMEHTANbHI YMIHHA i HAaBUYKM, 3aCBOKOBATU A0CBIL €KCMepUMEHTYBaHHSA,
3HAMOMUTUCA 3 eKCNepMMeHTasIbHUM METOAO0M HayKOBOro NisHaHHA». fK Big3Hauyae A. A. JasuaeHko (2004, c. 88) «3HayHa
KiNIbKICTb €KCnepuMMeHTaNbHUX 33434 He Ma€ roTOBOrO a/irOPUTMY PO3B’A3aHHA, WO pPobuTb iX NpuUHaNeKHUMKU Ao KaTeropii
TBOPYMX 33434». TaKUM YMHOM, LiANbHICTb CTYAEHTA MO PO3B’A3yBaHHIO eKCNEPUMEHTA/IbHOI 3a4a4i, 33 CBOIO CYTTHO, AB/AE cOHOtO
MiHIZOCNIAMKEHHS, WO HabAuKaE ii 40 AiANbHOCTI AOCAIAHULKOTO XapaKTepy.

Po3B’A3yBaHHA CTYAEHTAMM Ta LUKONAPAMM eKCNepUMeEHTaIbHUX 33434 «3abe3nedye eAHICTb 3aCBOEHHA TEOPETUYHOTO
maTepiany 3 MOro npaKTMYHMM 3acTocyBaHHAM» (CafoBuit & PyaeHko, 2015), wo p[o3Bonse choOpmMyBaTM €1eMEHTU
eKCnepuMmMeHTaToOpPCbOi KOMMETEHTHOCTI.

[0 ronoBHUX CKNago0BUX eKCnepumeHTaTopcbKoi komneTeHTHOCTI M. C. AtamaHuyK (Atamanchuk & et al, 2019) Ta
B. B. MeHaepeubkuii (2006) BigHOCATb YMiHHA: «OpPMYyBaHHA Linel Ta 3aBAaHb AOCAiAY; NAaHYBaHHA AO0CAIAHULbKOT
pianbHOCTI; BiAbip Ta niarotoBKa obiagHaHHA A0 pPobOTH; aHai3 NPOBEAEHUX CNOCTEPENKEHb Ta AOCAIAXKEHD; iHTEepnpeTaLis
pe3ynbTaTiB ekcnepumeHTy, opmMytoBaHHA BUCHOBKIB Y KiHLi poboTu».

EKkcnepnmeHTaTOPCbKi KOMNETEHTHOCTI paKTUUHO BigobparkatoTb Ti Aji, AKi NOBUHHI BTN BUKOHAHI Npu po3B’A3yBaHHI
eKcnepumeHTanbHMX 3adady. Tak, y poboti (Fanatiok & lanaTiok, 2019, c.93). 3anponoHoBaHi TaKi eTanu po3B’A3yBaHHA
eKcnepumeHTanbHMX 3agay: 1. MocTaHoBKa Npobiemun y BUrNALI eKcnepuMmeHTanbHOI 3a4adi; 2. Po3pobKa TeopeTMyHoi moaeni
pO3B’sA3KY eKcrnepumMeHTanbHOI 3afadi; 3. Po3pobka mogeni ekcnepumeHTy; 4. BUMKOHaHHA eKkcnepumeHTy; 5. AHanis i
iHTepnpeTauia pe3ynbTaTiB eKCNepuMeHTy.

Meta cTaTTi NoNArae y BUCBITIEHHI MOM/IMBOCTI 3aCTOCYBAaHHA EKCMEepUMEHTasIbHUX 33aJ4ay Npu BUBYEHHI ¢i3nKK
CTYAEHTaMM TEXHIYHOTO YHiBEPCUTETY, KOTPi HAaBYaAOTbCA 33 NPOrPaMoto NiArOoTOBKM HBakanaBpiB, a TaKOXK BapiaHTIB peanisauii
HeobXigHMX eKCnepMMeHTaIbHUX AOCNIAMKEHD.

TEOPETUYHI OCHOBU AOCNIAXEHHA

TeopeTMyHUMM OCHOBaMM JOCAHIAXEeHHA € Kypc i3uKM 3a nporpamolo niAroToBKM 6akanaBpiB iHKEHEpPHOro
CNpPAMYBaHHA, METOAM PO3B’A3yBaHHA 3a4auy 3 Kypcy Gi3vKK, opraHisauia AoMalLHIX AOCNIAiB | cnocTepeXKeHb Ta BUKOPUCTaHHA
3acob6is IKT y pisnyuHOMy ekcnepumeHTi.

METOAMU | MATEPIANTU AOCNIAXKEHHA

JocnipyeHHs FPYHTYETbCA HA aHanisi nporpam Kypcy $isuku gna H6akanaspis iHXKeHepHUX cneuianbHOCTeNn, ornagi
NiTEPaTypHUX AKepen, NPUCBAYEHMX TeMI AOCNIAKEHHS, Ta 334y i3 TpaauLinHMX 36ipHUKiB (HanpuKnag, (Fapkywa Ta iH. 2003),
(MpopoB., 1988) Ta iH., AKi MOXyTb ByTV NepedopmMyNbOBaHi Ha eKcnepumMeHTanbHi. OCKiNIbKM HeobXiaHi gna ix po3B’A3yBaHHA
[AaHi, NOBUHHI BYTW 3HalAeHi 3 eKCnepuMeHTY, AKUIA B yMOBaX AUCTaHLiIMHOIO HaBYaHHA NPOBOAMUTLCA BAOMA, TO HeobXigHe ana
LbOoro 06/1aiHaHHA NOBUHHO BYTU JOCTYNHUM, abo K MOro MOXHa /SIErKO BUFOTOBUTU, BUKOPUCTOBYHOUM NiAPYYHI mMaTtepianu,
nobyToBi npeameTW, AWUTAYI irpalkyM Towo. B AKOCTI BMMIpIOBAaNbHUX MNPUNALIB MOXKYTb BMKOPWUCTOBYBATUCA NiHINKa,
TPaHCMOPTUP, BifleOKamepa Ta CEKYHAOMIp cmapTdoHa Towo, a aAna dikcauii Ta 06pobKM pe3ynbTaTiB — BiIbHO MOLIMPIOBAHI
nporpamHi NPoAyKT! Ana Komn’toTepa Ta cMapTPoHa.

PE3Y/IbTATU AOCNIAKEHHA

Mpy AWNCTAHUiMHOMY HaBYaHHI PO3B’A3yBaHHA EKCNEPUMEHTANbHUX 33ada4y noTpebye nNpoBefeHHA CTyAeHTamMM
eKCMepPMMEHTIB Y AlOMaLLHIX YMOBaX. YPaxoBytoun obmerkeHi MOXKAMBOCTI i 3acobu oA NpoBEAEHHA TaKOro eKCNepuMeHTY B
ymoBax 3a4ad Tpeba nepegbavati: 1) MOXKAMBICTb NPOBEAEHHA HATYPHOrO KCMEePUMEHTY 3 BUKOPUCTAHHAM AOCTYMHUX 3acobiB;
2) BUKOPUCTAHHA BiA€03aNMCiB HAaTypPHOTO eKcnepuMeHTy, abo » dparmeHTiB KiHODiINbMIB, MybThINbMIB, KOMN' IOTEPHUX irop
TOLW,0; 3) BUKOPUCTAHHA KOMN'IOTEPHUX CUMYANALLT Gi3UYHOTO eKCNEPUMEHTY.

HamypHuli ekcnepumeHm

[na npoBefeHHA HATYpPHOro eKCNepuMMEeHTY B AOMALLHIX YMOBAX MOXYTb OyTW BUMKOPWCTaHI NpeameTy AOMALWHbOro

BXXWTKY, AMTAYI irpallky Towo, abo «eKcnepumeHTanbHe 061aHaHHAY, AKe JIerKo BUrOTOBUTU. [JonoMaratoTb Y BUrOTOBNEHHI
Takoro obnagHaHHA pekoMeHaaL,ii y HayKoBO-MeToAMYHIl NiTepaTypi (aMB., Hanpuknag, (University of Wisconsin — Madison) Ta
Bigeodinbmu B IHTepHeti. Ha puc. 1 — 3 nokasaHi 3HIMKM eKpaHy Bigeodinbmis Ha KaHani YouTube, ae AeMOHCTpyeTbcA
BUTOTOBJ/IEHHA «KATaNy/AbTU» ANA AOCAIAXKEHHA PYXY TiNa, KUHYTOrO Nif, KYTOM A0 rOpU30HTY, «06nafHaHHA» ANA AOCNIOKEHHA
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PYXy Tina no TpaekTopiiy Gopmi mepTBOI NeTAi, LOMaLLHINA «POKYC», AKMI I'PYHTYETLCA Ha 3aKoHi Lapna. NogibHe «obnagHaHHA»
MOXKe 6yTU BUKOPMCTAHO Npu GopmyntoBaHHI ymos 6araTbox eKcnepMmMeHTaNbHUX 3a4au.

Puc. 1. «KaTtanynbTa» gna AOCAIAMKEHHA PyXy TiNa, KWHYTOrO Nig, KyTom A0 ropusoHTy (https://www.youtube.com/watch?v=FMcbAIiTfx7A)

i

P o) oco2/124 B & Youlube {3

Puc. 2. Pyx Tina no TpaekTopii y popmi «mepTBOi netni» Puc. 3. BusueHHs 3aKoHy LLapna
(https://www.sciencebuddies.org/science-fair-projects/project-ideas/Phys p037/ (https://www.youtube.com/watch?v=uk9mDIoKKdQ)

physics/roller-coaster-marbles-converting-potential-energy-to-kinetic-energy)

Hanpuknag, eKcnepumeHT 3 KaTany/abTolo MOTPibeH B 3afa4ax Ha BU3HAYEHHA NapameTpiB pyxy Tifa, KMHYTOro nig,
KYTOM [0 FOpM30HTY. Y CTaHAAPTHUX 36ipHMKaxX 3a4ay HalvacTile 3a4atoTbCA NOYATKOBA LWBMAKICTb TiNla Vo, KYT KUAAHHA @ Ta
BMCOTa TOYKM KMZAHHA h. B eKcneprMeHTasbHil 3aa4i 3 BUKOPUCTAHHAM KaTany/ibTv @ Ta h Nerko BU3Ha4YMTM 3a pesynbTaTamu
NPAMUX BUMIpPiB PO3MIpiB KaTany/ibTh, @ HEBIAOMY MOYATKOBY LUBMAKICTb OOUMCAUTM 3a pe3ynbTaTaMW eKCMepUMEHTa/IbHO
BMMIipPAHOT rOPU30OHTANbHOT AaNIbHOCTI NONLOTY [:

gi?
2(hcos @+1sin)’

BUKOPUCTAHHA BENNYMH @, h Ta Vo J,03BONAE PO3B'A3yBaTH 3adadi, NOAiIGHI [0 TUX, WO HaBeAeHi Y 3raflaHuX BULLe Ta
iHWKMX 36ipHUKaX 3a4au 3 Qi3nKu.

Lle oaHMm LikaBUM NpUKAagomM moxe 6yt 3agada No 1.147 i3 36ipHuka (Mpoaos, 1988), B fAKilt Tpeba BU3HAUNTK
poboTy Cc1AM TepTa NpK 3iCKOB3YBaHHI NAHLLIOXKKA 3a4,aHOT Macy | LOBXKMHM 3i CTONA, AKLLO BiH MOYMHAE PYX, KOM 3 Kpato CTONA
3BiLLYETLCA MOro neBHa YacTka (puc.4). B ekcnepumeHTanbHOMY BapiaHTi Ui€l 3aga4i CTYAEeHTU NOBWHHI JOCAIAHUM LWASXOM
BM3HAUYUTU OOBXKMHY 3BMCAKOYOI YAaCTUHU NAHLLIOXKKA, NPU AKOMY NMOYMHAETLCA KOB3aHHA, @ Macy — 3a AOMNOMOIO KyXOHHUX
€/IeKTPOHHMX Bar.

v3 =

Puc. 4. BU3HaYeHHA A,0BXUHMU YAaCTKU NIAHLIOXKKA, npn AKOMY NOYUHAETbCA KOB3aHHA

Kono ekcnepMmeHTanbHMX 334a4 3HAYHO PO3LUMPHOETLCA 3aBAAKM 3aCTOCYBAHHIO CyvyacHMX cmapTooHiB. 3a
pe3ynbTaTaMy HaLWOro onuTyBaHHA 96 % CTyAeHTiB MatoTb CMapTHOHM BiKOmM He Binblue 2 pokis. Bci Ui cmapTdoHM matoTb
CEeKyHAOMIp, BigeoKamepy i OCHALWEHi PiSHOMAHITHUMM AaTYMKamu, TakMmK AK GPS, akcenepomeTp, ripockon, marHitomerp
(aaTumKk Xonna), [AaTYNKKM HAaBNUMKEHHA, OCBITNEHOCTI, TUCKY (AKi came AAaTYMKM BCTAHOBNEHI B CMapTPOHi MOXKHA BU3HAYUTH,
HanpuKknag, 3a Aonomoroto nporpamu Sensors Multitool, Sensor Kinetics, Datchiker (ana Android) Ta Sensors (a1 i0S)). CurHanu
OAaTYMKIiB 33 AOMNOMOrOK BiAMNOBIAHUX MPOrPamMHUX MPOAYKTIB NEpPeTBOPITLCA Ha 3HAYeHHA Gi3MYHMX BennvuH, To6TO
cMapTdoH cTae BumiptoBasbHum npunagom (Delabre, 2020; Kuhn & Vogt, 2022). MposeaeHe Hamu onuTyBaHHA (Slipukhina et
al., 2020) nokasano, Lo nepeBa*kHa HiNbLWICTb PECNOHAEHTIB 3HAIOTb MPO HAABHICTb AAaTUYMKIB, (0CO6MBO NONYAAPHUM € AATUYMK
GPS-Hasirau,ii), ane He BUKOPUCTOBYHOTb iX Y CBOI HaBYaNbHIl AiAbHOCTI.
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[o nepesar 3acTocyBaHHA cmapTdoHa B AKOCTI BUMiptoBasbHOro npuctpoto (Park et al., 2022) BigHOCATL MOX/MBICTb
NPOBOAUTU CNOCTEPEIKEHHS, AKI CKNagHO NpoBoAUTH BesnocepeaHbo M 0AepPKYBAaTU AOCTaTHbO TOUHI Pe3y/bTaTu BUMIPIOBaHb,
OfHaK MpY LbOMYy MPOABAAOTLCA | AeAKi HeJONiKM, a came, 3aHAATO Be/IMKA KiNbKiCTb O4eprKaHWX AaHWUX, a TaKOX Te, L0
CTYAEHTU NOKNA[ATbCA NMLIe HA JOAATKU Ana cMapToHiB anA 36opy Ta aHanisy AaHux i He 6epyTb y4acTb Y KOrHITUBHOMY
npoveci.

Halbinbl BiLOMUMM BiIbHO NOLWMPIOBAHUMM NPOTPAMHUMM NPOAYKTAMM, AKi NEPETBOPIOOTL CMapTPOH Ha MOBINbHY
disnuHy nabopatopito, € PhyPhox (https://phyphox.org/), (https://phyphox.org/topic/tools/) Ta Physics Toolbox Suite
(https://play.google.com/store/apps/details?id=com.chrystianvieyra.physicstoolboxsuite&hl=en&gl=US&pli=1).

EkcneprmeHTM 3 BUKOpUCTAHHAM PhyPhox LWMpPOKO npeactaBfieHi B niTepaTypi Ta cucTemi AOMNOMOrM A0 LbOro
3acTOCYHKy. basa gaHux Scopus TifbKM 3a KaoyoBMM cnoBomM «PhyPhox» Hagae 36 nocunaHb, B nowyKkoBa cuctema Google
Akagemia — 6an3bko 1130. 3HayHa YacTKa UMX AOCAHI4iB MOXe ByTM BUKOpMCTaHa A1a GOPMYNOBaHHA eKCnepuMeHTaNbHUX
3agad. Hanpuknag, B poborti (Kuhn & Vogt, 2012) onucaHi gocniayn CTOCOBHO KOMBAHb CMapTdOHA Ha NPYXKUHI. Y AOMaLHiX
YMOBAX TaKi KO/JIMBAHHA AOLINbHO A0CAIAKYBATU, BUKOPUCTOBYHOUM F'YMOBY HUTKY Ans 6innsHu. «O6nagHaHHA» ANA Takoro
[0CNiAY NOKa3aHo Ha puc. 3a. BUKOpUCTaHHA gaHux akcenepomeTtpa cmapTdoHa (puc. 5) go3sonse po3s’A3yBatn 3agadi no
BM3HaAYEHHIO NapameTpiB 3aracaroumx KoMBaHb Nicaa BigNoOBIAHMX 3MiH YMOB CTaHAAPTHUX 3a4ad (am.. 36ipHMK 3aad (FapKywa
Ta iH., 2003) NeNe 4.86, 4.89, 4.91). Mpu uboMy 3aBAAHHSA NETKO iIHAUBIAYaNi3yBaTH, 334aBLUN Pi3HY AOBXKUHY HUTKM 4718 KOXKHOTO
cTyaeHTa.

Yexopenme (Ge3 g}

TRARRETUME WeCr 3

Puc. 5. BUB4YEHHA 3aracaloumx KoAmMBaHb

Mpu po3B’A3yBaHHI 3a4a4, B AKMX PO3rNALAIOTLCA MeXaHidyHi npouecu, nepebir AKUX cknagHo dikcysBaTu, B Npuroai
MOXKe CTaTW iX BigeosliomKa 3 MoAanbliMM aHani3oM 3a JOMOMOrOH0 BifibHO MowMptoBaHoi nporpamoto Tracker. Mpuitomu
po60TH 3 Lji€to Nporpamoto NpeacTaBAeHi Ha caiTi BuuTenis ¢isnkm m. Kuesa (https://phys.ipo.kubg.edu.ua/?page id=4727/) ta
poboTax (Brown &Cox, 2009; Chernetckiy et al., 2022; Eadkhong et al, 2022).

MpuKnag ekcnepumeHTanbHOI 3a4adi i3 3acTocyBaHHAM nporpamu Tracker (3agava Ne 1.64 3 Bigomoro 36ipHUKa 3aaau
I. €. IpopoBa BuAaHHA 1988 p). Tifo NycTUAM Bropy No NOXWAIM NAOLLMHI 3 KYTOM Haxuay . BU3HAUMTK KoediLieHT TepTa, AKLLO
Yyac pyxy Bropy BUABMBCA Y k pasiB MeHLMI 3a Yac CNycKy.

Moxnn0oto NAOLMHOW MOXKe BYTU KHUXKKA LOCTaTHbOTO PO3MIpY, @ KyT il HaXMy IerKO BU3HAYMTH 3a gonomoroto PhyPhox,

dyHKUis «Haxun» (puc.6 a), abo XK 3acTocyHKy Level. B AKOCTi TiNa 3py4HO BUKOPUCTATU MOHETY. Pe3ynbTaTv Bie03MOMKM pyXy
MoHeTn 0bpobneHi nporpamoto Tracker nokasaHi Ha puc. 6 6.

® vk =
B Ede Voo Track Comsiane Spstem View Wolp
GH B U STex @ Qe 7 ElMC

T | -

s~ | © mass® ~| [ syne

mass 8t x)

a)

Puc. 6. Mpuknapg 3acrocyBaHHA nporpamu Tracker
Q) BU3HAYEHHA KyTa Haxuny naowmHu; 6) 3HiMoK ekpaHy nporpamu Tracker
(https://youtube.com/shorts/BtKueLsESkO?feature=share)

BigeositomKa pyxy irpawku Mo-Mo (puc. 7 a), aka dakTuyHO € MaaTHMKOM MaKcBenna, abo » KOTYLIKM 3 1eKOPaTUBHOIO
CTpiyKoto (puc. 7 6), no3sonse chopmyntoBaTM eKcrnepumeHTanbHy 3aga4y aHanoriyHy Ne 1.288 i3 36ipHuka (Mpoaos, 1988), ane
BM3HA4YaTU MOMEHT iHepUL,ii 32 BENMYMHOIO NPUCKOPEHHA LEeHTPa Mmac.
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S ST b o o W Y]

6)
Puc. 7. Pyx ueHTpa mac maAaTHMKa Makcsenna https://youtube.com/shorts/ZQRAX8A8LO8?feature=share

AK BigmivaoTb aBTOpM BaraTbox Ny6iKaLili eKCNepMMEHTAaTOPCbKI YMIHHA CyYaCHWUX YYHIB Ta CTYAEHTIB 3HaX04ATbCA Ha
[0CTaTHbO HWU3bKOMY piBHi. TOMy CaMOCTiMHa MOCTAHOBKA E€KCMEePUMEHTY NpW POo3B’A3yBaHHI 33agadi ABNAAE ANA HUX UM He
HaMbiNbLy TPYAHICTb. 3a TaKMX YMOB MM BBA)KAEMO 3a MOTPiOHe HAaAABATU BKA3iBKM [0 MOCTAHOBKM eKcnepumeHTy (ams.,
Hanpuknag, https://drive.google.com/drive/folders/1kHWph0SdOfax6NMVo7VliypzGMGVGVV5?usp=share_link).

3acmocysaHHA cumynamopis hisuvyHuUX npoyecis.

[aneko He Bci pi3nYHI Npouecu MoXKHa A0CAIAUTY B X041 4OMALLHIX eKcnepuMeHTiB. Hanpuknaga, nepesaHa KifbKicTb
CTYAEHTIB HE MaloTb BAOMA €1EKTPOBUMIPIOBANIbHUX NPUAAAiB, MIKPOCKONIB TOLWO. 17 GOpMyNtOBaHHA 33434, B AKUX NOBUHHI
BMKOPWUCTOBYBATUCA HEAOCTYNHI B AOMALLHIX yMOBax Npunaau, NpUnycTUMUM € BMKOPWUCTAHHA KOMM'IOTEPHUX Mopenen
npouecis Ta ABMLL, AKI NpeacTaBfieHi B ymOBi 3aadvi. 3BMYAHO, MM PO3YMIEMO, LWLO TaKi 3a4adi He € MNOBHOLIHHUMMU
eKCNepMMEHTaNbHUMUK, ane X BUKOPUCTAHHA [03B0MIAE GOPMYBATU 3HAYHY YACTUHY ENEeMEHTIB eKCnepuMeHTaTOPCbKOl
KOMNETEHTHOCTI.

B IHTepHeTi MOXKHa 3HalTM BENKY KiNbKiCTb aHiMaLin ¢isnyHMX npouecis. Hanpunknag, oHNalMH mogeni, npeacraBaeHi
B8 PhET (https://phet.colorado.edu/uk/) n03BOAAIOTL CKAACTM 3adadi MPO Pyx Tifa, KMHYTOrO MNi4 KYTOM A0 TOPU3OHTY
(https://phet.colorado.edu/uk/simulations/projectile-motion), 3aKOH 36epeskeHHn eHeprii
(https://phet.colorado.edu/uk/simulations/energy-skate-park) Ta iHWwi. | Ui MO/AMBOCTI BMKOPWUCTOBYIOTLCA A/1A OpraHisauii
HaBYanbHOro npouecy (MacTkoBcbKa & Mwembaes, 2016; Apanak & OniapHUK, 2022) Ta iHwWi.

Ona dopmyntoBaHHA 3a4ay, NPUCBAYEHUX BUBUYEHHIO €IEKTPUYHOTO CTPYMY, 3pY4YHO BUKOPMCTOBYBATU 6e3onnatHui
3acToCcyHOK falstad, B AKOMYy MICTATbCA MOCMAAHHA Ha PISHOMaHITHI cumynauii ¢i3MYHMX npouecis, 30Kpema, i CUMynAaTop
enekTpuyHmx cxem (https://www.falstad.com/circuit/). CyTreBumun nepesaramm Lboro cumynsaTopa € 6aratuin Habip enemeHTis
€NeKTPUYHMNX CXeM, MOXK/IMBICTb 36eperKeHHA CTBOPEHMX CXeM B PisHUX dopmaTax, y Tomy Ynchi y popmarti rinepnocunaHHs,
MOXMBICTb BiATBOPEHHA NpaLooUumnx cxem y bpaysepi He3aneKHo Bif onepaL,inHoi CUCTEMU NPUCTPOLO, KU 3aCTOCOBYETLCS,
BiATaK, BiACYTHICTb NOTPEOU 3aBaHTAXKEHHSA KOLHUX A0LATKOBUX MPOrpam y NPUCTpPii KopucTyBaya. Lle L03BOIAE BKIOUNTU TaKe
nocunaHHa 6esnocepeHbo B yMOBY 3a4adi. HegoniKom ANA BUKOPUCTAHHA B eKCNEePUMEHTaIbHUX 3a4,a4aX MOXHa BBaXKaTu Te,
O BCi MapameTpu CXeMM He MOXKHA CXOBATW Bif, CTYAEHTIB. Y TOW e 4ac, Le MOXKHA BBAXKaTW i NepeBaroto, fAKa A03BONAE
iHAMBIAYyani3yBaTM 3aBAaHHA. TOMYy LeWl 3aCTOCYHOK [OLiIbHO BMKOPUCTOBYBATU AN MEPEeBiPKM pe3ynbTaTiB po3paxyHKiB
[0CTaTHbO CKNaAHUX cxem, abo x ana GopmyntoBaHHA 3aJay, B AKMX BUKOPUCTOBYHOTLCA AaHi, ofeprKaHi npu poboTi mogeni.

Mpuknag. Y cxemi nokasaHiit Ha puc. 8 KoHAeHcaTop EMHOCTI C MPUEAHYIOTb Yepes pe3ncTop R 40 AxKepena NocTikHoi
Hanpyrn Up. BU3HAUMTK KiNbKiCTb TENIOTU, AKA BUAIANTLCA B PE3NCTOPi 3a 4Yac, 3@ AKUIM Hampyra Ha KOHAeHcaTopi AocArHe
3Ha4yeHHs U = 0,9Uo.

Suin  Pegaripossre  Puccsat  Ougennorpodes Ongen Crowes

SROpOCTL CMyTELAN
< e

ayUEn Do

QNpOTHENEHE

Puc. 8. EneKTpuuyHa cxema B 3acTocyHKy falstad
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Po3B’a3yBaHHA 3a4a4 3 Qi3nKM ABNAE COBOI UM He HaMBINbLIy CKNAZHICTb AK ANA WKONAPIB, TaK i ANA CTYAEHTIB.
BWKOHaHHA HeobXigHUX AoCNifiB Npy PO3B’A3yBaHHI EKCNEepUMEHTaNbHUX 33434 CTBOPIOE AOAATKOBI YCKNAAHEHHA, OCKINbKK
BMMAra€ HasfBHOCTI Y CTYAEHTIB We i eKCNepMMeHTaTOPCbKUX yMiHb. OfHAK AK BiA3HayaloTb BiITYM3HAHI Ta iHO3eMHi daxiBLi,
piBEHb EKCNEPMMEHTATOPCbKMX YMiHb i HAaBMYOK YYHIB Ta CTYAEHTIB € A0OCTaTHbO HM3bKiM (Moanacos & BpuriHeub, 2013).
Halibinblu CyTTEBUMM € YCKAaAHEHHA, MOB’A3aHi 3 NnaHyBaHHAM Ta npoBegeHHAM ekcnepumeHTy (Arnold et al.,, 2014;
Bitzenbauer et al., 2021; Kurbanbekov et al., 2016) Ta aHani3om ogepKaHUX pe3ynbTaTie. TOMy MM AOAAEMO peKoMeHaaL,i 3
niAroToBKM eKcnepumeHTy (avus., HanpuKknag,
https://drive.google.com/drive/folders/1kHWph0Sd0fax6NMVo7VIiypzGMGVGVV5?usp=share link) Ta nocunaHHa  Ha
NPUKAaaM po3B’A3yBaHHA 3a4a4 Ha caiTi http://physics.zfftt.kpi.ua.

BUCHOBKWM TA NEPCNEKTUBU NOAANbLUMNX AOCNIAXKEHD

EKcnepumeHTanbHi 3agadvi € NepcnekTMBHUM  3acobom Ansa PO3BUTKY AOCAIAHULBKUX YMiHb CTYAEHTIB AK npu
OMCTaHLiIMHOMY, TaK i NpM 3millaHOMYy HaB4YaHHI. 3aCTOCYBaHHA TaKMX 33jay [,03BOJIAE NOEAHATU TPagMLiiHe po3B’A3yBaHHA
3343y 3 NPOBeAEHHAM eKCNepUMEHTANIbHOTO A0CNIAKEHHSA. Mpu poboTi Hag TaKMMM 3a4a4amm CTYAEHTU MOBMHHI 34iCHIOBATU
MalXKe TaKi K cami 4ji AK i Npu peasbHOMY eKCnepuMeHTaslbHOMY HayKOBOMY AOCAIAMKEHHI, Wo cnpuae GOPMYBaHHIO iXHbOI
eKCMepMMEHTATOPCbKOT KOMMETEHTHOCTI. YMIHHA, AKi Npu Lubomy HabyBaloTb CTyaeHTW, byayTb BAOCKOHANOBATUCA B NPOLECI
HaBYaHHA | BUKOPUCTOBYBATUCA AK Y XKUTTI, TaK i B noganbLiii npodecinHii gianbHocTi.

MepcneKkTMBM Nofdanbwmx AOCAIAXKEHb MM B6AYaEMO Yy po3pobLi cMcTeMM eKcnepuMeHTaibHMX 3aay Ta 3aBAaHb Ana
OOMALWHIX AOCAifiB 3a nNporpamoro Kypcy $isMKu TEXHIYHOro yHiBepCcUTeTy, BUKOHAHHA AKUX FPYHTYETbCA Ha 3aCTOCYBaHHI
MOM/IMBOCTEW CEHCOPIB, BOYA0BAHWUX B CyvacHi ragKeTtu, nporpamu Tracker Ta TaKoXK KOMN'IOTEPHUX CUMYAALLT.
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ABSTRACT

JocnidneHHs npucesayeHo 06rpyHMy8aHHI0O doyineHocmi
po3pobrieHHa mModenel HABYAHHA Pi3UKU HA 3acadax CUHEKMUKU 08
YOOCKOHANEHHA HABUYOK po38’a3yeamu npobaemu.

®Popmy pob. Modeni HasYaHHA hi3uku Ha 3acadax
CUHEKMUKU po38UBalOMb  YMIHHA y4YHie 3acmocosysamu  meopye
MUCAEHHA, YUM CIIPUAOMb PO3BUMKY HABUYOK MUCAEHHA BUCOKO20 pigHA,
0o AKux 8i0HOocAMb YMIHHA po3e’asysamu npobaemu. Peanizayia
cuHeKmemu4Hoi moodesi Ha8YaHHA nepedbavyae BUKOPUCMAHHA aHAMO2ii
ma memagopiyHo20 MUC/eHHsA, AKi 0arome MoMIUBICMb 3po3ymimu
abcmpakmui  noHAammsa 'y 6inew KoHmMexkcmyansHul cnoci6, 4Yum
noseawyome po3e’a3ysaHHA cmydeHmamu npobaem.

Mamepianu i memodu. Leli mun docnioieHHA € 00CNIOHEHHAM 3
noemanHot po3pobkow ADDIE. Modene Ha no4amky Oo0CAiOHeHH:A
nompebysana aHAnI3y | BUSHAYEHHA pPO3PUBY MiX peanbHUmMu ma
6aMAHUMU yMOBAMU HOBYAHHA (Di3UKU, 0CO6AUBO Yy KOAEOHAX.
JocnionceHHa npoeodunoca Ha 6a3i YHieepcumemy Myxammadia y
Makacapi npomsazom mpbox micauie y dpyzomy cemecmpi 2021/2022 H.p.
B docnidxmeHHi bpanu y4acme 08a euknadayi ma 12 cmydeHmis. 36ip
OdaHux 04 aHanizy nompeb 6a3ysanucsa Ha iHmeps’o, o2nadi nimepamypu
ma aHkemax. Pesynemamu npoaHani3o8aHi 3a O0OMOMO20K0 AKICHUX
onucosux memodis.

Pe3ynemamu. HasedeHo onuc peasnbHUXx ma ideanbHUX yMmos Ha84aHHA
hi3uKu, AKi 6a3yIOMbCA HA pe3ynbmamax aHanizy Ha84anbHUX NPo2Pam,
XapakmepucmuKk cmydeHmis ma 30amHocmi 8uknadadie peasizosysamu
HABYAHHSA (i3uKU 8 KONEOHI. Pe3ysbmamu aHanizy nidmeepounu po3pus
MiXC peanoHUMU ma 6aXaHUMU YMOBAMU HABYAHHA (i3uKU.

BucHoeKu. 30amHicmb supiwysamu npobaemu Ak 3ampebysaHa
Cb0200HI HOBUYKA € OOHUM i3 OYiKYy8AHUX pe3ysnbmamie HA8YAHHA, AKUU
6a3yEMbCA HA MOKA3HUKAX YCNiWHOCMI 30 OC8IMHbOI npozpamoro ma
KO2HIMUBHUX Xapakmepucmukax cmyodeHmie Konedxcy. Tomy pospobneHa
mooleneli HABYAHHA hi3UKU HG 30CadaX CUHEKMUKU € 8AH/TUBOI, OCKINbKU
cxunbHicme 00 po38’A3y8aHHA i3u4HUX 3a0ayY € HU3bKOIO. Lle 03Ha4ae, wo
CUHepaid Meop4o20 MUCNEHHA Mix 8uknadayem i cmydeHmom €
HeobXiOHOK 0CHOB0I0 0418 PO3BUMKY HABUYOK 8upiwysamu npobaemu.

This study aims to describe the development needs of physics learning
models based on Synectic in improving problem-solving abilities.

Formulation of the problem. The design of physics learning models
based on Synectic directs students in getting used to processing creative
thinking to achieve higher-order thinking skills, one of which is problem-
solving ability. The Synectic learning model implementations are identical
to analogy and metaphoric thinking. Analogies and metaphor thinking will
help students understand abstract concepts to become more contextual,
making it easier for students to solve the problem.

Materials and methods. This research type is research and development
with the ADDIE design. The learning model needs an analysis description
performed during the analysis stage by determining the gap between the
real conditions and the desired ideal conditions in learning physics,
especially in college. The needs analysis research was carried out at the
Muhammadiyah University of Makassar with two lecturers and twelve
students as research respondents for three months in the even semester of
the 2021/2022 academic year. The needs analysis data collection using
interview guidelines, literature reviews, and questionnaires. The data
collection results will be analyzed with a qualitative descriptive analysis.

Results. The reality and ideal conditions description obtained from the
results of curriculum analysis, student characteristics, and lecturer abilities
in implementing physics learning in college. The needs analysis results show
a gap between reality and the desired ideal conditions in learning physics.

Conclusions. Even though the ability to solve problems is one of the
expected learning outcomes based on curriculum achievement indicators
and skills needed at this time based on a person's cognitive stage at the age
of college students. Therefore, a physics learning model based on Synectic
development is very needed and indicated by the student’s tendency ability
to solve physics problems to be low. It means synergizing between teachers
and students for creative thinking is needed in learning physics as an
important basis for improving problem-solving skills.

K/ItOHOBI C/IOBA: HaBYQHHA  (i3UKU; CUHEKMUKQ; HABUYKU
supiwysamu npobaemu.

KEYWORDS: physics learning; synectic; problem-solving skills.

INTRODUCTION

Learning physics is identical to problem-solving through a collaborative process of understanding a concept and formula
or equality used to prove a physics phenomenon or theory previously through thought processes. Problem-solving skills based
on thinking skills is one of Higher Order Thinking Skills (HOTS) or high-level skills considered height as a mindset and special's
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talent because it is difficult to achieve. However, we can achieve the goals when lecturers apply the appropriate learning model.
The Higher Order Thinking Skills has their characteristic because a person's ability level is assumed to be able to be at that stage
to analyze, evaluate, and create. Someone is oriented to have the ability to apply knowledge and skills so that they can reason in
solving problems, making decisions, and creating innovations. The result's initial observations show that the lecturer has tried to
design the learning as well as possible so that students can achieve maximum learning outcomes appertain problem-solving.
However, choosing the appropriate learning model following the demands of current needs is still ignored. Based on observations
of 21 students, there were two students (9.52%) solved the problem with a good score category, twelve students (57.14%) solved
the problem with a moderate score category, and seven students (33.33%) less able to solve problems in the process of learning
physics. The data description shows any important problems with physics students related to how to solve problems in learning
physics that involve thinking skills. Researchers seek to adopt analogy and metaphor thinking as the identity of a synectic learning
model based on creativity theory and integrate it with cognitive and constructivist theories so that can direct the formation of
analogy and metaphor thinking towards student-centered and lecturers only become facilitators of ideas that emerge later.
Through synectic learning models, students are used to maximizing their brain thinking function so that learning-oriented is
toward the higher-order thinking skills achievement through the analogy of thinking that is oriented on students and can activate
themselves in the learning process. Educators are always required to innovate and even make learning inventions that can
produce new learning experiences for their students to form meaningful knowledge (Joenaidy, 2019)

In the 21st century, assessing the student's ability should not be done only by testing to answer the problem. Students
must maximize the extent to which knowledge and skill are compiled in problem-solving, entrepreneurship, and creativity (Soh
et al., 2010) Problem-solving is an action that involves mental processes and skills to obtain the correct conclusions about the
problems that occur (Guines et al., 2015). Problem-solving is a cognitive process performed by identifying problems stages,
directing goals problem, and finding with implementing various alternative approaches to offering these goals (Lee & Lee, 2020).
Because problem-solving is considered an almost complicated process, experts suggest dividing the process into several stages.
Problem-solving is the student's ability to acquire knowledge, skills, and understanding to meet requests or an unusual situation.
Students must synthesize their knowledge to apply it in new or different conditions (Posamentier, and Krulik, 2009). Someone
who can solve problems has a well-organized knowledge structure because of the process of procedural problem-solving. Thus,
someone can develop alternative problem-solving with appropriate procedures (Sani, 2019). Someone who has good problem-
solving skills can streamline their knowledge and solve problems experienced easily (Ozsoy-Giines et al., 2015). A person's ability
to think both convergent and divergent is needed as a thinking skill to solve a given problem (Shettar et al., 2020). The analysis
process to build solutions based on questions or problem submissions can be resolved by the problem synthesis process. Thus, it
makes sense that problem-solving begins with questions or phenomena associated with the basic agreement (Politsinsky et al.,
2015). In addition, to solve problems, especially on scientific material, students need the least analytical skills characterized by
the ability to identify known and asked variables and choose the proposed problem-solving strategy (Rufaida & Nurdiyanti, 2021).
Someone who is still a beginner in solving problems starts solving problems by applying equations, substituting variables, then
hiding other concealers that can help in solving problems (Caliskan et al., 2010)

The synectic model is a strategy to combine various elements by using figures of speech in new view producing. The
orientation of the synectic model is towards increasing the ability to solve problems, creative expression, empathy, and insight
into social relations (Nurdin & Adriantoni, 2016). The synectic learning model is one of several information processing models
that focuses on aspects of information processing to improve students' ability to develop creative thinking by building a novelty
perspective (Priansa, 2017). Synectic is the best model for brainstorming and is more efficient than conventional learning models
in developing creative thinking (Aiamy & Haghani, 2012). Synectics can increase activity and analytical problem-solving skills
(Ariska et al., 2020). The synectic learning model can have an impact on itself in the form of instructional influences such as
cohesion and productivity of small user groups, metaphorical thinking skills, and problem-solving capabilities, as well as having a
driving effect in the form of self-esteem, adventure, and mastery of learning material (Huda, 2019). Metaphor is not only a new
word for thought describing but also for thinking away and creating more deeply (Sunito et al., 2017). The synectic model provides
an opportunity for students to develop thinking skills through metacognition so that there is a relationship between knowledge
concepts from abstract to more concrete. The synectic models make difficult concepts can be easier to understand contextually
(Nalini, 2012). The synectic learning model can facilitate the learning process by making abstract concepts more concrete. Thus,
the synectic model can improve understanding of concepts and minimize misconceptions. Synectic can increase active learning.
In addition, the synectic model is effectively increasing cognitive, affective, and psychomotor learning outcomes. The synectic
model also touches on the metacognitive domain and is effective to improve creativity as one of the higher-order thinking skills
(Rufaida et al., 2022). Based on the results of this presentation, a more in-depth study is needed to be related to the needs
analysis for physics learning models based on synectics development towards improving problem-solving skills in physics learning

METHOD

This research is a preliminary study in research and development. The development of this model is based on Gordon's
theory of creativity, cognitive theory, information processing theory, and constructivist theory and implement through the
development stages ADDIE consists of analysis, design, development, implementation, and evaluation stages. Preliminary studies
are carried out through performance analysis and need analysis as guidelines for implementing research and development at a
later stage. The analysis phase is carried out to see the current learning situations and whether there is a gap between what
should have happened and the reality on the ground through a series of observations. The analysis phase is carried out through
literature analysis in the form of an analysis of the curriculum, and performance analysis, observing things that cause low
problem-solving skills and thinking of alternative solutions to improve the situation. This study involved 12 Department of Physics
Education students at the University of Muhammadiyah Makassar as research subjects. The instruments used were observation
sheets and interview guides, then analyzed descriptively qualitatively through a data reduction to analyze studied aspects during
the needs analysis.
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FINDINGS

The research results related to the needs analysis for the development illustrate the gap between the ideal and tangible
description of learning physics in higher education which will lead to making recommendations for the most appropriate learning
model to overcome the low problem-solving ability of students.

Ideal Description of Physics Learning in Higher Education

The ideal description of physics learning in higher education can be obtained through the results of curriculum analysis,
student characteristics, and lecturer abilities to implement physics learning in college. Based on the higher education curriculum
analysis, we have obtained information that graduates learning outcomes can present solutions to overcome various problems.
In addition, students demanded to have the qualifications to be able to master scientific basics and skills in certain areas of
expertise so that they can find, understand, explain, and formulate ways of solving problems that exist within their area of
expertise. Thus, the students of the Department of Physics Education in higher education can hold theoretical concepts in certain
areas of knowledge in general and specifically in physics education more in-depth and be able to formulate procedural problem-
solving. The ideal description of physics learning in higher education is also shown by the student characteristics analysis related
to the student expectations description achievement for the orientation of learning outcomes, the presentation of learning
material, as well as the expected perceptions of students towards learning physics in higher education as shown in the following
table.

Table 1.
Needs Analysis Related to Student Characteristics
No Indicator Percentage (%)
1 Learning Outcome Orientation 87,78
2 Material Learning Presentation 84,67
3 Learning Perception 96,25

The data distribution shows that 87,78% of students have the desire that physics learning outcomes are oriented
towards problem-solving abilities by the applicable curriculum, 84,67% of students want the material learning presentation to be
more contextual, and 96,25% of students think that learning physics perceptions are considered abstract and difficulty so that
action is needed to overcome this slowly. Learning orientation has been carried out passably based on the Semester Learning
Plan or RPS but has not been oriented maximally towards students' thinking abilities. Students agree that the learning physics
orientation is problem-solving ability. So, learning physics evaluation should be directed to problem-solving ability to help
students to develop thinking skills. The illustrations show the importance of applying the learning model that directs students to
practice thinking skills in problem-solving as must be possessed competencies after implementing physics learning. The physics
learning material presentation still needs improvement because there are still many students who find physics learning materials
difficult to understand. Students have not been able to digest the lecturer's questions or statements regarding physics learning
material as a result of students not being used to practicing their thinking skills so that they feel comfortable with the level of
cognitive ability at the lower order thinking skill. The learning material presentation needs to pay attention to the processes that
students go through and give rewards to have students learn comfort can maximize their thinking skills. As for students'
perceptions of physics learning, it can use to develop an innovative learning model. Physics concepts feel abstract, so learning
physics must be related to real-life examples or analogies with something easier to find so that the physics concept feels easy to
understand. If a student has managed the basic physics concept, there can apply these concepts in the problem analysis process.
The student's habit of using analogy thinking, will support his analytical skills and create various ideas for giving birth to alternative
problem solutions. The students' characteristics are the basis for the urgency to develop a physics learning model based on
synectic to improve problem-solving abilities.

An ideal description related to learning physics in higher education from the results of an analysis of the readiness and
ability of lecturers regarding the learning outcomes orientation achieved based on the curriculum, the presentation of learning
materials based on current innovations, and the perceptions that lecturers expect of students in responding to learning physics
in higher education as presented in the following table.

Table 2.
Needs Analysis Related to Lecturer Readiness and Capability e
No Indicator Percentage
1 Learning Outcome Orientation 93,33
2 Material Learning Presentation 86,67
3 Learning Perception 85,00

The data above shows that 93,33% of lecturers agree that the orientation of physics learning outcomes is toward the
problem-solving ability according to the applicable curriculum, 86,67% of lecturers agree that the learning materials
presentations are more contextually supported by learning technology, and 85,00% of lecturers agree that the physics learning
perception is abstract and difficulty so that action is needed to overcome it slowly. Based on these data, the lecturer strongly
agrees that the direction of learning orientation is to train students' thinking skills which is nothing but problem-solving ability.
So, learning physics evaluation should be directed to problem-solving ability to help students to develop thinking skills. Lecturers
also agree that an innovative learning model is needed to make it easier for students to understand the basic physics concepts in
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physics learning materials presentation so that learning materials are more concrete and contextual. Lecturers' perceptions of
physics learning are abstract. So learning physics must be presented closer to student life to create conceptual understanding as
a basis for problem-solving.

Tangible Description of Physics Learning in Higher Education

Based on the results of the analysis of students' interviews in physics learning for higher education, students need initial
knowledge to know the knowledge level and understanding possessed by students so that they can identify the material difficulty
parts of learning students. The student's perspective on learning physics is basically in a critical condition. Physics is considered a
scourge because of the inability of students to answer various problems related to physics concepts exactly. It is a strong reason
because perceptions students that physics is identic with formulas or equations. It's making students look at physics as numbers
and formulas without knowing the basic concepts and their application in everyday life and feel that physics is not beneficial to
their life. Students' perception of physics is abstract thus requiring further explanation to achieve a conceptual understanding.
However, if the material is presented only by giving problem-solving questions without being related to something concrete, the
material will feel even more complicated. The desire of learning physics students is to train in what provides direct benefits in
real-life. The making abstract concepts process make concrete in physics learning can be given by an analogy or a metaphor for
the abstract concept becoming more real. The developing concept process with the implementation of an appropriate learning
model takes time are needed, but the reality shows that lecturers have so far been more concerned with evaluating the final
results and ignoring the learning process assessment and the learning convenience when learning implementation. Learning
comfort is prioritized in every development of concept discovery by students as a student assessment of progress in a better
direction. The orientation of physics learning is toward giving questions based on predetermined learning achievement indicators
without being based on providing a strong conceptual basis. These questions make students more complicated to think. Some
students solve problems in their way and are considered irrational by others. It's inappropriate because it is not by the existing
steps. There are several ways students solve physics problems that directly refer to equations, but there are also those who
understand the concept first. All of these conditions are the characteristics of each student in solving problems depending on the
achievement of his thinking process.

The Description of Physics Learning Needs in Higher Education

Based on the ideal and tangible description, several gaps can be identified which are learning physics problems in higher
education as a basis for the needs of users, lecturers and students in overcoming these problems, including: 1) Based on ideal
conditions in the literature review of the higher education curriculum, information is obtained that the achievements learning
physics in higher education is more focused on problem solving abilities through thinking skills, while the real conditions show
that there is still a lack of students who have problem solving abilities; 2) Students and lecturers as users agree that the learning
physics orientation is aimed at thinking skills as a basis for having problem solving abilities, but real conditions show that students
feel that giving problem solving questions without being associated with something concrete in the process of building problem
solving will increase feels complicated; 3) Users agree that the learning material presentation is delivered contextually so that
there is a strong inculcation of learning physics concepts, while the real conditions state that students find it very difficult for
physics to become something contextual because it is identical to a formula or equation which makes students only see physics
as numbers and formula without knowing the basic concept of its application in everyday life and is considered not to have great
benefits in his life; 4) Users want that physics is no longer something that is abstract and students can easily understand so that
it is stored in long-term memory, but real conditions show that learning is using direct methods without getting used to students
forming their own understanding through thinking skills; 5) Users hope that learning physics is presented in a more interesting
and innovative way so that the implementation of learning is more enjoyable, but the real conditions show that physics is
synonymous with thick books containing formulas and explanations that are difficult to understand so that it does not facilitate
students who have a variety of learning styles. Thus, the physics learning model based on synectic is recommended to answer
the need analysis to improve problem-solving skills which can achieve the goals expected by the currently developing curriculum.

DISCUSSION

Need assessment is the gap-determining process between current performance and the desired state. The gap indicates
a needs assessment will culminate in making recommendations to research subjects regarding the products to overcome these
gaps (Stefaniak, 2020). Physics is a subject that is considered difficult for students, identic with abstract concepts, and full of
formulas and equations. Students want physics learning presentations to be contextual so that they feel alive in their minds and
easy to conceptualize. Answering physics problems is difficult for students because they do not understand the basic concepts
used to solve a problem, so they have no direction in starting problem-solving. Students are happy if they find concepts
independently by expressing their thoughts as an activity and creativity. Creative problem-solving in physics can do with the
analogy. If the analogy is appropriate, it can help students construct new knowledge and relate to past learning experiences. This
can make students understand new problems easier (Aubusson et al., 2005). The analysis results show that students need help
in contextualizing concepts in physics problem-solving. The results of the curriculum analysis show that the learning models
application directs students to have thinking skills as the foundation for problem-solving. Building thinking skills can train students
to produce ideas independently. Thus, teachers are required to activate students' brain functions with thinking activities, one of
which is by thinking metaphors and analogies. The development of a physics learning model based on synectic is needed to build
or overcome learning difficulties experienced by students due to their inability to contextualize physics concepts so that they do
not have a basis for continuing thinking skills at the stages of analysis, evaluation, and creation. Synectic is applied to help
someone develop a fresh way of thinking while empathetic to differences of opinion or not just justifying logical solutions but
even accepting different views and showing correct and more creative possibilities (Nurdin & Adriantoni, 2016)
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Synectic learning models train students to have metaphorical thinking skills and problem-solving capabilities to learn
material hold (Huda, 2019). Synectic learning models can stimulate thinking skills, including metacognitive thinking skills and
problem-solving (Suhana, 2019). The development of a synectic foundation physics learning model can collaborate with
interesting learning materials presentation is expected to help in better physics concepts achievement and developing creative
thinking as a basis for physics problem-solving. Synectics can be integrated into learning activities to develop metacognitive
abilities as a foundation for thinking skills. Synectics can direct divergent thinking skills that allow a person to internalize the ideas
into new ideas for problem-solving (Hargrove & Nietfeld, 2015).

Synectic proves that creative thinking can be trained and developed. Someone can solve problems through different
perspectives and ways according to their creativity. Synectic is a method of metaphoric thinking or intellectual innovation through
imagination and the use of analogy as a comparison to form a new idea. The synectic model is a learning pattern that trains logical
thinking compared to conventional learning implementation (Abed et al., 2015). Synectic can be collaborated with learning
technology by embedding synectic elements into learning simulations. The application of synectic elements to making something
foreign or abstract into familiar or known. If synectics is packaged with a simulation, it can help teach abstract concepts in real
life. So that besides helping to streamline learning, it also helps students achieve learning goals (Kallonis & Sampson, 2011). Thus,
the physics learning model based on synectic can maximize learning outcomes that direct students to thinking skills, so it can be
recommended to improve problem-solving skills.

CONCLUSION

The development of a physics learning model based on synectic is urgently needed which is indicated by the tendency
of students' ability to solve physics problems to be low and a creative way of synergizing between lecturers and students are
needed in learning physics. Thus, the physics learning model based on synectic is recommended to improve problem-solving
skills.
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AHOTAUIA

ABSTRACT

Po3gumok iHpopmayiliHo-KomyHiKayiliHux mexHosnoeili npu3eis 00
ceplio3HUX 3MiH y mpaduyiliHUX 0C8iMHIX KOHYenyisax, ocaimHix modensax i

Hasime cucmemi ocgimu.
A,

®Popmy p lMocmynoso npusepmae ysazy ocsima,
wo He nidnopadkosyemosca mpaduyiliHili KOHYenuyii ma 38inbHAE y4acHUKie
npoyecy Has4aHHs 8i0 obmexceHb y Yaci ma npocmopi, 3abe3neyyoyu
6azamcmeo  8UKAAOAULKUX Ma Has4yanbHUx pecypcie. 0Ocobauso2o
3HQ4YeHHA pu  yboMy Habysalme mexHosao2ii  8ipmyansHoi ma
donoesHeHoi peansHocmeli. [pu 8MPOBAOHEHHI LUX MeXHO02il 8 0c8imHi
npoepamu, wo maromes ucmaryiliHuli eksieaneHm, HeobXiOHUM € aHani3
830€EMO0ii  Y4ACHUKI8 HABYA/AbHO20 MPOYecy i3  BUKOPUCMAHHAM
sipmyansHoi ma OonosHeHoi peansHocmell. AHani3 nedazo2iyHoi,
MemoOuYHoI nimepamypu ma pe3yasmamis 8imyu3HAHO20 i 3apybixHo20
doceidy w000 8UKOPUCMAHHA MexHo0zil 8ipmyanbHOi ma 0onosHeHoI
peansHocmeli 8 oceimHboMy npouyeci, 00380/U8 BUOKPEMUMU OCHOBHI
ocobnusocmi modeneli 83aemodii yuacHuUKie oc8imHb020 npoyecy 3aKknady
3020/16HOI Oc8imu 3 BUKOPUCMAHHAM 8ipmyansbHoi ma donosHeHol
peansHocmel.

Mamepianu i memodu. /[lna OdocazHeHHA Memu O00CniOHeHHA Mu
8uKopuCcmosysanu Maki memoou: cucmemamuyHuli ma nopieHAnbHUl
aHani3 nedazoeivyHUX, MCUX0A02iYHUX, inocogcbKuX, coyionoiyHuUX
npays, Memoou4Hoi ma crneyianeHoi nimepamypu; aHaniz nedazoziyHo2o
doceidy BUKOpPUCMAHHA MexHoso2il  8ipmyansHoi ma O0onosHeHoI
peansHocmeli 0414 HABYAHHA 8 3aKAA0AX 3G20sbHOI cepedHboi oceimu;
onumyeaHHA e4yumesie npo ixHili 00c8i0 BUKOPUCMAHHA MmexHonozii
sipmyansHoi ma donosHeHoi peansHocmell y HAB4YAsA6HOMY MPOYEC,
suseneHHA npobrem 0715 CMBOPEHHA cheyiansHux eebiHapie ma Kypcie 3
mMemoro po3s8umky yugpposoi KomnemeHmHocmi s4yumens;
iHmepnpemauia pe3ynsmamie 0ocnidnceHHsA. [ocnidneHHA 8UKOHY8AN0CA
8 mexcax 0ocnidoHoi pobomu «[TpOEKMYBAHHA HABYA/bHO20 CepedosuLyd 3
suKkopucmaHHAmM 3acobie dornosHeHoi ma eipmyasncHoi peansHocmeli e
3aKnadax 3a2an16Hoi cepedHboi oceimu» (P Ne0121U107689) IHcmumymy
yugpposizayii ocgimu HAMH Ykpainu.

Pesyabmamu. BcmaHosneHo, wo 83aeMo0iA y4aCHUKI8 0C8imHbO20
npoyecy i3 3acmMoOCy8aHHAM mexHosozii sipmyansHoi peanbHocmi
nompebye yOOCKOHAneHHsA, MemoduYHUX pekomeHOauili ma docnioxceHs
w000 opaaHizauyii ybo2o cepedosuusa 011 pi3HUX yinel, AK, HAMPUKAAO,
00CniOeHHA YYHAMU HOB020 HABYA/LHO20 Mamepiany, BUKOHAHHA
nabopamopHoi pobomu, cymicHa poboma y4yHi8 HAO O00CAIOHEHHAM,
iHcmpyKyili a1 disnsHocmi 84yumens y pobomi 3 yuHAMU y 8ipmyansbHomy
HasyanbHOMy cepedosuwli ma iH.; 830EMOOIA Y4YACHUKI8 0C8iMHbO20
npoyecy i3 3acmocy8aHHAM 00MOBHEHOI peasnbHocmi Halibinbw 3po3ymina
8YUMENAMU | Y4HAMU, HUMU BUKOPUCMOBYOMbLCA AK 20mo8i mexHosnoaii
dornosHeHoI peansHocmi, mak i cmeopeHi ocobucmo.

The development of information and communication technologies have
caused to serious changes in traditional educational concepts, educational
models and even education systems.

Problem formulation Gradually, attention is drawn to education that is
not subject to the traditional concept and frees the participants of the
educational process from limitations in time and space, providing a wealth
of teaching and learning resources. Virtual and augmented reality
technologies are of particular importance. It is necessary to analyze the
interaction of participants in the educational process using virtual and
augmented reality, when introducing these technologies into educational
programs that have a distance equivalent.

Materials and methods. We used the following methods to achieve the
goal of the study: systematic and comparative analysis of pedagogical,
psychological, philosophical, sociological works, methodological and
specialized literature; analysis of pedagogical experience of use . virtual and
augmented reality technologies of the educational in general secondary
education institutions; questioning teachers about their experience of using
virtual and augmented reality technologies in the educational process,
identifying problems for the creation of special webinars and courses in
order to develop digital competence of teacher; interpretation of research
results. The research was carried out within the framework of the research
work “Designing the learning environment using augmented and virtual
reality tools in general secondary education institutions” (DR Ne
0121U1076889) of the Institute for Digitalisation of Education of NAES.

Results. It has been established that the interaction of participants in
the educational process using virtual reality technology requires
improvement, methodological recommendations, and research on the
organization of this environment for various purposes. For example,
students' exploration of new educational material, conducting laboratory
work, collaborative student research, providing instructional guidance for
teachers working with students in virtual learning environments, etc. The
interaction of participants in the educational process using augmented
reality is better understood by teachers and students. They utilize both
ready-made augmented reality technologies and personally created ones.

Conclusions. It has been determined that the model of interaction
among participants in the educational process of a general education
institution, using virtual and augmented reality, generally includes the
following blocks: the teacher's activity in organizing the interaction of
participants in the educational process using virtual and augmented reality;
the organization of interaction between students and the teacher using
virtual and augmented reality; the main types of interaction among
participants in this process using virtual and augmented reality; the
assessment of the effectiveness of interaction in an educational project with
virtual and augmented reality. Moreover, the model of interaction among
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BucHosKu. Bu3HayeHo, W0 mMooesnb 830EMOOii y4aCHUKIB 0C8IMHbO20
npoyecy 3aknady 3a2aabHOI 0C8IMU 3 BUKOPUCMAHHAM 8ipmyassHoi ma
dornosHeHoi peanbHocmeli 302a70M OXOMMOE maki 6a0Ku: BiAnbHiCMb
8yumensa w000 OpzaHizayii 83aEMoOii yuacHUKi8 0c8imHb020 npouecy y
8ipmyanbHili ma donosHeHili peansHocmsAx; opaaHizayis 63aemodii yyHie i3
8yumesieM 3a G0rMOMoOz0l0 8ipmyanbHOi ma 0onosHeHoi peasnsHocmel;
OCHOBHI 8UOU 830EMOQIi Y4OACHUKIB U4b020 MPOUECY 3 BUKOPUCMAHHAM
sipmyansHoi ma donosHeHol peansHocmeli; diaeHocmuka
pesysnemamugHocmi 83aemo0ii y Ha84YasbHOMY MPOEKMI 3 8ipMYaAsbHOK
ma donosHeHo peanbHocmaAmu. [pu ysomy, Modesb 83AemMOOii y4aCHUKIE
0C8iMHbLO20 Npouyecy i3 BUKOPUCMAHHAM 8ipmyasnbHOI peansHocmi mae
spaxysamu ocobsausocmi npocmopy Mpu3Ha4yeHo20 0/1A 8UKOPUCMAHHA
yiei peanbHocmi ma HabauxeHo2o0 00 MAKCUMAsbHOI Maowi 8i0HOCHO
YeHmpy HaBYanbHO20 KAACY.

participants in the educational process using virtual reality should take into
account the characteristics of the space designated for the use of virtual
reality and aim for maximum coverage relative to the center of the
classroom.

K/IHOYOBI C/1I0BA: gipmyanbHa peansbHicms, 00MoBHEHA peasbHicms;
830EMO0IS  yYacHUKI8 0c8iMHbo20 cepedosuuja; Modenb B83aEMOOii
Y4acHUKie 0c8iMmHb0O20 cepedosuwya.

KEYWORDS: virtual reality; augmented reality; participants interaction
in the educational environment; model of participants interaction in the
educational environment.

BCTYN

MocraHoBKa npob6aemu. 3 noyatky 21 cToniTTA 6€3nepepBHUIN PO3BUTOK HAYKM i TEXHIKM [03BOAMB iHGOPMaLLiiHO-
KOMYHiKaLiiHUMm TexHonoriam (IKT) NpoHUKHYTK B 6araTo acnekTiB CycniNbHOro XuTTA. Lle BNAMBaE Ha Te, AK Nt0AN XKUBYTH i
nymatotb. MpoayKTM npouecy PO3BWUTKY /OACBKOrO CycnisibCTBa, 30Kpema OCBiTa, BUMMAratoTb MigTpPUMKKM iHGopmauiriHo-
KOMYHiKaLinHux TexHonorii (IKT) gna gocnifrKeHHs HayKoBUAMM Ta neaaroramMmm HOBMX WWAAXIB BUKNaAaHHA. Po3sutok IKT
Npu3BIB 4,0 CEPMO3HUX 3MiH Y TPAAMLLIMHMX OCBITHIX KOHLENLAX, OCBITHIX MOZENsX i HaBiTb cucTemi ocBiTU. [locTynoBo NpuBepTae
yBary OcCBiTa, WO He NiANopAAKOBYETbCA TPAAMLINHIM KOHLENLIi Ta 3Bi/IbHAE YYaCHWUKIB NPOLLECY HaBYaHHSA Bif 0OMeKeHb Yy Yaci
Ta nNpocTopi, 3abe3neyyroun 6araTcTBO BMKAALALKMX Ta HaBYanbHUX pecypciB. Oco6AMBOro 3HaYeHHs HabyBatoTb TeXHOMOTiT
BipTyanbHoi (aHra. Virtual reality — VR) Ta gonosHeHoi (aHrn. Augmented Reality — AR) peanbHocTelt (Perkins Coie LLP and the
XR Association, 2021). Mpu BNpoBagXeHHi LUX TEXHOONI B OCBITHI NPOrpamu, WO MatoTb AUCTaHLiNMHUIA eKBiBaneHT (Xiao &
Wang, 2017), HeobxiaHUM € aHani3 B3aEMogii y4acHUKIB HaB4anbHoro npouecy y VR Ta AR.

AHani3 ocraHHix gocaigxeHb i ny6aikauin. MTaHHA BUKOPUCTaHHSA AOMNOBHEHOI Ta BipTyalbHOI peasbHOCTEW B OCBITI
[OCNIAXKYBanN BiTUM3HAHI BYeHi: bypos O.10., /iutenHosa C.I., Cemepikoe C.0. (2021) npu 06rpyHTYBaHHI KOHUENTyanbHOI
mogeni BUKopuctaHHA AR B ocBiTHbOMy npoueci; Fpnb’tok 0.0. (2022) y npoueci BU3HAYEHHA NPUMHUMNIB Ta Nigxo4is LWoao
BMKOPUCTaHHA TexHosorih VR Ta AR y npoueci AOCNiAHMULbbKOrO HaBYaHHA YYHIB B KOHTEKCTi X BNAMBY Ha iHTeNEeKTyaNbHUM i
ncuxodisioNnoriyHnii po3BUTOK WKoAAPIB; JInteuHosa C.I. (2022) npu aHanisi roTOBHOCTI y4YHIB 3aKkiais 3aranbHOi cepeaHbOT
OCBIiTM 00 BMKOPUCTaHHA BipTyanbHOI peanbHOCTI B OCBiTHbOMY npoueci; CnoboaaHuk 0.B. (2023) npu po3pobui ocBiTHLOrO
KOHTEHTY rypTKa gns HedbopMasbHOro HaB4YaHHA y4yHiB “CTBOpeHHA A0MNOBHEHOI peanbHOCTI” y AMCTaHuinHOMy dopmarTi;
Cokontok O.M. nig vac BUSHAYEHHA MOXKMBOCTEN BUKOPUCTAHHA TEXHONOTI ONOBHEHOI PeanbHOCTI y NpoLeci HaBYaHHA Gisnkn
YYHiB 3aKnaais 3aranbHoi ocsiTh (Cokontok & Cnoboaaruk, 2022) Ta iH.

AKTMBHO BeZyTb NOLIYKM B LLbOMY HanpsaMi 3apybixKHi BYeHi. Tak, GeHOMeH, Cy4acHWU CTaH, MOXAUBOCTI Ta Npobaemu
BMKOpPUCTaHHA TexHonorii VR Ta AR B ocBiTHbOMY npoueci BuBYatoTb: Doak D. G., Denyer G. S., Gerrard J. A., Mackay J. P., Allison
J. R. Peppy 3 np1BOAY CTBOPEHHSA OCBITHBOrO CEPELOBULLA BiPTYasIbHOT peasibHOCTI ANA PO3BUTKY MeauyHoi Haykm (Doak et al.,
2020); Yuen S., Yaoyuneyong G., Johnson E. woa0 BMpileHHA NiaABULLEHHA AKOCTI OCBITU 3aBAAKM 3aCTOCYBaHHIO AOMNOBHEHO!
peanbHocTi (Yuen et al., 2011).; Kuhail M.A., ElSayary A., Farooq S., Alghamdi A. 040 CTBOPEHHA Ta BUKOPUCTAHHA iMEPCUBHMUX
ocBiTHix cepegosuwy, (Kuhail et al., 2022); Diaz, J.E.M. (2020) woa0 po3BUTKY BipTyasIbHOI peasbHOCTI AK LMPOBOTO IHCTPYMEHTY
ONA NIATPUMKM HaBYAHHA CTYAEHTIB | BUKNaaudiB GaKkybTeTy cMcTeMHOT iHXeHepii YHiBepcuTeTy KyHaiHamapku (aHra. University
of Cundinamarca), 3 MeTol0 BNPOBaAKeHHA Ta AEeMOHCTPALLT OCBITHbOrO MOTEHLaNy AK aKaAEMIYHOrO pecypcy, AKMN MOTUBYE
CTYAEHTIB Y HaBYaHHI, a BUKNaZayis — po3BMBaTW HOBI LMPPOBI HABUYKM Ta iH.

MeTta pocnigeHHA BU3Ha4YMTM 0cOb6AMBOCTI Mmodenel B3aEMOAIT yHaCHUKIB OCBITHbOrO MpoLecy 3akaady 3aranabHoi
OCBITU 3 BUKOPUCTAHHAM BipTyasibHOI Ta AONOBHEHOI peasibHOCTEN.

METOAWN AOCNIOMEHHA

Y npoueci 4ocniaKeHHA BUKOPUCTOBYBAIMCb METOAM aHai3y Ta CMCTeMATM3aLii neAaroriyHoi, MeToANYHOI NiTepaTypu;
34iMCHIOBANOCA y3arafibHEeHHA pe3ybTaTiB BITYN3HAHOIO i 3apybiXKHOro [0CBiAY WOA0 BUKOPUCTAHHA TEXHONOTIN BipTyanbHOT
Ta AONOBHEHOI peasibHOCTeN B OCBITHBOMY Mpoueci. locnigKeHHA BUKOHYBaNOCA B MeXKax A0CNiAHOI poboTn «IMpOEKTYBAHHA
HABYa/IbHOIO CepeAoBMLLA 3 BUKOPUCTaHHAM 3acobiB AONOBHEHOI Ta BipTya/IbHOI peasibHOCTel B 3aK/1aZax 3arasbHoi cepegHboi
ocsitn» (AP Ne 0121U107689) IHcTuTyTy umdposisauii ocsit HAMH YKpaiHu.

BUKNAA OCHOBHOIO MATEPIANY AOCNIAXKEHHA

TexHonorii VR Ta AR, AK enemeHTM 3miwaHoi peanbHocTi (aHrn. Mixed Reality — MR) € noeaHaHHAM peanbHOro
cepenoBuLa Ta UMPPOBMX TEXHOJIOTIN 33 AOMNOMOIOK iHTEPAKTUBHUX AiM | € iHTErpaLielo BipTyaslbHOTO KOHTEHTY 3 Gi3UYHUM
cepefoBuLLEM, WO AO03BONAE KOPUCTYBayeBi NPUPOAHO B3aemogiaTh 3i MR. BipTyanbHa peasbHiCTb — Lie TeXHONOrif, AKa
[03BO/IAE CTBOPIOBATU 3a JOMOMOrO0 TeXHIYHMX 3acobiB BipTyasbHi CBITM Ta edeKTU TPUBUMIPHOrO cepefoBuLLa, B AKOMY
KOpWCTYBay B3aEMOJIE 3 BipTyaNbHUMM 06’€KTamu, Npu BiAYYTTi TpMBMMIpHOT npucyTHOCTI (Mukasheva, 2023). [lonoBHeHa
peanbHiCTb — TEXHOOTIA IHTEPAKTUBHOI KOMMN'OTEPHOI Bi3yasnisal,ii, AKa 403BONSE KOpPUCTyBayam 6auymTn B peasibHOMY CBITi
BNPOBaZKeHi BipTyanbHi 06'€KTU i MaHiNynloBaTM HMUMW B peasbHOMY 4aci 3a [OMOMOTOl0, HaMpwuKAaZ, BUKOPUCTAHHA
Mob6iNbHOro NPUCTPOto, A0AATKIB Ta BpaysepiB AOMNOBHEHOI peanbHocTi (Soroko & Lytvynova, 2021). Ha BigmiHy Big VR, ae
KopucTyBay “nepemiltyeTbca” B iHWe micue (BipTyanbHWn meTaBcecBiT), AR “po3wwmpioe” peanbHWUin CBIT BipTyasbHUMM
06'ekTamu. AR, AKMI1 HaKkNaAa€E BipTyanbHy iHGOPMALLO Ha Gi3UYHMIA CBIT, HAAAE YHiIKaNbHI NPAKTUYHI MOKANBOCTI ANA HaAAHHA
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OCBITHbOrO KOHTEHTY. B OCTaHHE AecaATUAITTA BigbyBCA Cnaeck iHTepecy A0 OTPMMAHHSA 3HaHb 33 AOMNOMOTOH YCBIAOM/IEHOrO Ta
npakTuyHoro nigxoay 3 AR (Perkins Coie LLP and the XR Association, 2021).

TexHonoria VR cTtana gocTynHiwow ANnA rpomMafcbKoCTi 3aBAAKM HELOAaBHbOMY Harosocy Ha ii TexHoaoriyHomy
PO3BUTKY, MacOBOMY BUPOBHULTBI, o pobuTh ii AOCTYMHO, @ 3aBAAKM BUKOPUCTaHHIO cMapTdoHiB gna VR no3basnse notpebu
Yy CKNagHUX Jopormx npuctposx. Lie npusseno Ao nposegeHHA Bce BinblUOi KibKOCTI Aocnig)eHb woa0 BMKopucTaHHa VR B

OCBITI.

Y 1abnunui 1 Hamy NPOMNOHYHTLCA OCHOBHI BigMiHHOCTI AR Ta VR 33 TaKMMM KpUTepismU: MeTa, piBeHb 3aHYPEHOCTI,
BipTyaslbHWI | peanbHUI A0CBIA, KOHTPOb Hag, MOYYTTAMM, MPUCTPOT ANA 3aHYPEHHA, NPONYCKHA 34aTHICTb, TPMBANICTb CEaHCy.

Tabauuya 1.

OcHoBHi BigmiHHOCTi AR Ta VR

Kputepii

AR

VR

Merta

[OMOBHIOBATU CEpeoBULLE PeasbHOro CBITy
BipTyanbHUMM 06’eKTamm

imiTyBaTM  peanbHe B3arani

HEMO/NBI CBITK

cepegosuwe,  uu

PiBeHb 3aHypeHHsA

KOPWUCTYBaYi YaCTKOBO 3aHypeHi B VR

KOPWCTYBadi NOBHICTIO 3aHypeHi B VR

BipTyanbHuii i
peanbHUt focCBig,

[ocCBig Ha 25% BipTyanbHUI i 75% peanbHuit
(Scavarelli, A., Arya, A. & Teather, R.J., 2021)

[OCBig Ha 75% BipTyanbHUIA | 25% peanbHuit

KoHTpoAnb Hag

KOpuCTyBaui BigyyBaloTb cebe B peanbHOMY

OpraHun 4yTTA 3HAX04ATbCA I'Ii,CI, 4YaCTKOBUM KOHTpONEM

noyvyTTAMM CBITI CUCTEMM BipTyasIbHOI PeasibHOCTI

MpucTpoi ana He o06o0B’A3KkoBO NOTPiOHI cneuianbHi AR | cneuianbHe VR-0obnagHaHHA, Hanpuknag, VR-
3aHypeHHsA NPUCTPOT (AOCTaTHBO CMAPTHOH UM NAAHLWIET | OKYNApW,  AXKOWCTUKM, pyKasuL,, KOCTIOMM,

3arasibHOro NPU3HaYeHHs) cnewianbHi KiMHATK

MponyckHa notpebye KaHany 3B'A3Ky 3 MeHWwolo | noTpebye KaHany 3B'A3Ky 3 6inblOK MNPOMYCKHO
34aTHICTb NPONYCKHO 34aTHICTIO 30aTHICTIO

ObMmekeHHsA Hemae obmexkeHb ana  3aHypeHHA y VR BUKOpPUCTOBYHOTbCA
BMKOPUCTaHHA crnewianizoBaHi NPUCTPOI, BN/AWB AKUX HA 340pOB’A

KOPWUCTYBa4iB 3HAYHO BiNbLINIA (BNMB BUKOPUCTAHHA
npuctpois VR Ha opraHu 30py Ta Ha BECTUOYNAPHUIA
anapaT KopucTyBaya), HixK Npu 3acTocyBaHHi AR
(Hirota, M., 2019; Turnbull, P. R. K., & Phillips, J. R.,
2017; Lee, S. H., Kim, M., Kim, H., & Park, C. Y., 2021;
Oh, H., & Lee, G., 2021)

6e3neyHa TPMBANICTb ceaHcy 3aHypeHHA y VR 15 xB.
3 obos’askoBMM BignoynHkom y 15 — 30 xB., WO
[06pe KopenteTbes 3 TPUBANICTIO HAaBYaAIbHOI Cecii y
45 xg. (Oh, H., & Lee, G., 2021; Duzmanska, N.,
Strojny, P., & Strojny, A., 2018)

TpuBanicTb ceaHcy | HeOBMEKEHWI Yac BUKOPUCTAHHSA

3rifHO 3 gaHMMmKM B Tabauui 1, cnig 3a3HauMTH, WO OCBITHIM npouec i3 VR Ta AR BMMarae npoekTyBaHHA mogenem
B3aEMOZIT Y4aCHMKIB LbOro npouecy.

Posrnapatoum npouecn B3aemogii y4acHUKIB OCBiTHboro npouecy i3 VR 1a AR, BapTo Hacamnepes, BU3Ha4YUTUCD i3
cyb’ekTamm B3aemogii. Y Hawomy BuMNagKy cyb’ekTammn B3aemogii BMUCTynatoTb yyHi Ta BumTeni 330. Cyb’ektn B3aemogii
BM3HAYaOTb IAHKWN B3AEMOZ,T Y HaBYaIbHOMY CepefoBULLI, A0 AKMX CNif, BiAHECTU: yYeHb-y4YEHb, y4eHb-BYMTE/b, BUNTE/Ib-YUEHb-
YYHi, BUNTENb—06’EKT—YYeHb (Bukos & Myk, 2003; BesmTtyeHko, 2006).

HayKkoBUAMM NPOMNOHYETLCA PO3rNA4ATU B3AEMOLIO B OCBITHBOMY MPOLLECi AK AMHAMIYHY CRiNbHY AiANbHICTL BUMTENA
Ta y4HiB CNPAMOBAHY Ha AOCATHEHHA NOCTAB/EHOT METW, BUKOHAHHA 3aBAaHb LbOro NPoLecy, OpraHisaLito AiAsNbHOCTI yH4aCHUKIB,
WNAXiB Ta NiAX0AIB [0 AOCATHEHHA pe3y/bTaTiB Lboro npouecy, niabip 3acobis HaByaHHA Ta IKT.

Y NpOAYKTUBHIM CMiNbHIN AiANbHOCTI YY4aCHWKIB OCBITHbLOrO MPOLLECY BMHMKAE OMTMMAasbHa 30Ha peanisauii ycix
MOMKJ/IMBOCTEN, LLLO OXOMJIIOE CiBNpaLA BUMTENS i3 YYHAMM, | NOB'A3aHMX i3 NOOYA0BOIO OCOBUCTOI TPAEKTOPIT HABYAHHA TUX, XTO
HABYAETbCA, @ CaMe: 3MIHIOIOTbCA PiBEHb CaMOOpraHi3aLii, AK BUMTENA, TaK i y4YHA; cNOCOBM PO3YMIHHA CUTyaUil i B3aemog,i
YYaCHMKIB OCBITHbOTO NpPOL,ecy; 3pOCTaE MOTMBALLiA | FOTOBHICTb Y4YHIB 40 PO3YMiHHA Ta Nepernagy Linei HaB4anbHOI AiANbHOCTI,
[0 BUCYHEHHA HOBMX ifel y 0COBUCTUX JOCAIAMKEHHAX; TOTOBHICTb | 34aTHICTb A0 NMAPTHEPCTBA 3 IHWWMMU YYHAMM | BUNTENAMM
ocobucrtocTi (KoBanbuyk, 2005).

BuLe 3a3HaYeHe € BaXKIMBUMM YMOBAMM 1A NPOEKTYBAHHA Mogenel B3aEMOAIi y4acHUKIB OCBITHbOro npouecy 8 330
i3 BuKopucTaHHAM VR Ta AR. Kpim Lboro cnig 38epHyTH yBary Ha npocTip VR, AKKi1 € ocobanmsum gna opraHisadii Takoro npotecy.

BueHi 3a3HayYatoTb, LLLO iCHYIOTb TaKi BapiaHTU B3aeMogii BunTens i3 yuHamu y VR: oguH yuyeHb abo BumTenb y VR, a iHWi
YYACHUKM HaBYa/IbHOI Aif/IbHOCTI € cnocTepirayamu Yepes MOHITOP; y4Hi B3aemogitoTb y VR, a BUMTENb KOHTPO/IKOE Ta AONOMArae
YUYHAM AK pacinitaTop B cepeamHi LbOro cepeoBuLLa; y4Hi B3aemogitoTb y VR, a BUMTENIb KOHTPOKOE Ta AOMNOMArae y4HAM nosa
VR, cnocTtepirayamu 3a y4HAMM Yepes MoHiTop (puc. 1).

MpocTip Npu3HaYyeHuit gNa BUKOPUCTaHHA VR HABAMMKEHUIA A0 MaKCMMANbHOT NAOLLi BifHOCHO LLEHTPY HaBYa/bHOIO
Knacy, wo npubnaunsHo gopisHioe 135,65 kB.m (1139,5 cm Ha 1190,4 cm) (Bannister, 2019). KanibpysaHHsA KoxHOT rapHiTypu Oculus
Quest f0 OAHi€l TOYKM B KiMHATI MOBUHHO rapaHTyBaTy, WO BCi KOPUCTYBaYi CMiIbHO OTPUMYIOTb Bif06paXKeHHs BipTyasibHOTO
cepefosua. MobinbHi akymynaTopu matoTb BYTU LOCTYNHI AK aBapiliHi gKepena KUBNEHHA SNA MaNONOTYXHUX rapHITyp.

Kpim BULLe 3a3HaYeHOro, BYEHi 3ayBaXKytoTb, LLLO ONTUMAbHa baxkaHa KiNbKicTb yuHiB Y VR —4oTupu ocobu. Mpu ubomy,
cXema MepexXHUX 3'eaHaHb MiXK NPUCTPOAMM KOPUCTYyBaYiB VR MorKe BYTM TaKUM, AIK Ha PUCYHKY 2.
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Puc. 1. Moaenb npocTopy, KOAu y4Hi B3aemogaitotb y VR, a BUMTEIb KOHTPOJIIOE Ta AONOMAra€e yuHsam fiK dpacinitatop nosa VR,
cnocrepirayamm 3a yYHAMM Yepes MOHiTop
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Puc. 2. Cxema mepeKHUX 3'€eAHaHb MiXK NPUCTPOAMM KopUucTyBadis VR

BianoBigHO 40 cxemMm mepexRHUX 3'egHaHb MK NPUCTPoAMM KopucTysadis VR y npocTopi (Knaci) 060B’a3K0BMM € TaKi
NPUCTPOI:

— Poytep (Router): 3abe3neyye 3B’A30K BCiX €N1eMEHTIB KOMMJEKCY 3a Aonomoroto 6e34poToBoro Ta KabenbHoro
3B’A3KY;

— XocT (Host): cuctemHuin 610K, Wo ob6’eaHYe NPUCTPOT Y €AMHY cucTemy, 3abe3nedye poboTy cepBepHOi YaCTUHU
nporpamHoro 3abesneyeHHs, reHepye cueHn VR gaa KOXKHOro 3 KopucTyBadis, oTpumye iHGopMaLito Npo Aii KopucTysadis, Ta
3MIHIOE | TPAHC/IOE CLLEeHM BigNoBiAHO HUX (Aii), 3abe3neuye 38’A30K 3 poyTepom yepes KabenbHy Ethernet mepexy;

— HaronosHi gucnnei (HMD Fleet): 3abe3nedytoTb pobOTy KAIEHTCbKOI YaCTMHM NpPOrpamHoro 3abesneyeHHs,
BiACTEXYIOTb Aii KOXHOro KOpWCTyBaya Ta HaAcuaaloTb iHPOpMaLilo NMpo HUX cepBepy, OTPMMYIOTb AaHi Bifg cepsepa Ta
3abe3neyye ix BigobpaXKeHHs Ha BHYTPiLWWHbOMY Ancnei, 3abe3nedytoTb 6€34p0TOBUI 3B'A30K 3 poyTepom.

Cnig, 38epHyTK yBary Ha BipTyasnbHi nabopaTopii, Wo NponoHyoTbea Ha caiTi PhET (https://phet.colorado.edu/uk/),
AKWI 6yB 3acHoBaHwWiA y 2002 poui naypeatom Hobeniscbkoi npemii Kapnom BimaHom (Carl Wieman). MpoekT PhET Interactive
Simulations B YHiBepcuTeTi Koslopaao B boynaepi ctBoptoe 6€3KOWTOBHI iHTEPaKTUBHI MaTeMaTUyYHi Ta NPUPOSHUYI cumynauii,
L0 6a3yt0TbCA Ha PIBHOMAHITHUX OCBITHIX LOCAIAKEHHAX | 3a1y4atoTb YUHIB 10 OCBITHLOrO CEPEA0BULLA, CXOXKOrO Ha rpy, A€ BOHU
HaBYalOTbCA Yepes A0CiAKeHHA Ta BigKpuTTa (Potane et al., 2018). 3a gonomoroto naatpopmmu Nearpod (https://nearpod.com/)
BUUTENIb MOXKe cTBOPUTM cBoto VR i3 cumynsauiamu PhET Ta nobyayBaTv TPAEKTOPItO B3aEMOA,T Y4aCHMKIB OCBITHbOIO cepenoBULLA
(puc. 3), AK BUNTENb-YYEHb, TaK i YYHi-BUUTENb, 6O YYEHb-YYHI.
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Puc. 3. ®parmeHT caiity Nearpod, ae Buutenb moxke ctBoputu ceoto VR i3 cumynauiamu PhET
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KpiMm BuLLE3a3HAYEHOrO, LiKaBMM MPUKIALOM OCBITHbOrO cepenoBuuia € BookVAR, ge nponoHytoTbea nabopaTopHi
poboTu i3 3acTtocyBaHHAM AR Ta VR Ta 3abe3neyyeTbca rpynosa B3aEMOZiA KOPUCTYBaYiB i3 cynpoBogom Buntens (puc. 4). Pobota
3 401aTKOM BUKOHYETHCA 33 A0MNOMOTOH0 LWOOMIB BipTyasnbHOiI peanbHocTi Oculus Quest ycix moaenen.

Puc. 4. dparmeHT BUKOHaHHA yYHeM BipTyanbHOi 1abopaTopHoi po6oTw i3 dpisuku “TennonposigHicTs”

Ha BigmiHy Big VR, gna AR He noTpibHo ocobamBoro npoctopy. Bsaemogisa yyacHukis ocBiTHboro npouecy B AR nonsrae
Yy NPaBUAbHO NOCTaBAEHMX YUUTENEM 33BAAHb YYHAM, HAsBHICTb Y BCIX KOPUCTYBaYiB ragyKeTis, AOLIbHO NigibpaHuii yuutenem
OVOAKTUYHWUIA MaTepian Ta CNNaHOBAHA OpraHisauia ypoKy abo HaB4anbHOro NpoekTy 3 AR (4ac, 3aBAaHHA, BiK y4YHiB, pe3ynbTat
HaBYaHHA y4HiB, GOpMM Ta METOAM HABYAHHA Ta iH.). Ha pUCYHKY 5 npeacTaBieHa MoOAeNb B3aEMOLii yYaCHUKIB OCBITHbOTO
npouecy B 330 i3 BUKOpUCTAHHAM AR, W0 CKNAAAETLCA 3 YOTUPLOX OCHOBHUX B/10KiB: 1 — Aif/IbHICTb BUMTENA LWOAO OpraHisauii
B3AEMOZIT; 2 — OpraHi3aLif B3aEMOZIi Y4HiB i3 BUMTENEM; 3 — OCHOBHI BUAM B3aEMOZi y4aCHUKIB LLbOro npouecy; 4 — giarHOCTUKa
pe3ynbTaTMBHOCTI B3aemogii.

_\\ O

CTBOpEHHA 1 PezyneTati
HaBYanbHOTO I O6roeopeHHA B I ofrosopeHHa
NpOEKTY rpyni npoBaemHmx 1
NUTaHb, 1
Mnanysaxna BMKOHEHHA 1 Pimerna
YypoKy 33 33BAaHb YUHAMHM 3 1 sasaaHs
BHKOPUCTAHHAM 1
AR 1
( Posororar )
Jlobip zacobis 1 Pesy |
AR I 1 YUHA/yuHiE
1 Wl 1 HABYANbHOMO Copmosani
! | \__MPoskry ) KAovOoBi
JaBaaHHA 3 I 1 KOMMETEHTHOCTI
EBMKOPUCTAHHAM 1 yuHie
I KoHcynbTayia I ——
BUMTESIA, KOHTPOAb 1 Oui
BMKOHaHHA 1 pezynbTatie
IHeTpykuia go 3aBAaHb Ta 1 YuHAMM
snkopuCTaHHA BMKOHaHHA iHCTPYKUi 1\ J
) 2aBAaHb Ta
3acobie AR 1
BUKOPUCTaHHA AR 1
OuiHiOBaHHA
! pesynbTaTie
_______ U npoekTy
/ BUMTENIEM
/
_______________ 7’

Puc. 5. Moaenb B3aemogiii yuacHuKiB ocBiTHboro npouecy B 330 i3 BUKopuctaHHAM AR

Po3rnaHeMo mogenb B3aEMOZi y4acHUKIB 0cBiTHbOro npouecy B 330 i3 BUKopucTaHHAM AR goknagHiwe (puc. 5).

Mogenb B3aemogii y4aCcHMKIB 0CBiTHboro npouecy B 330 i3 BUKOpUCTaHHAM AR CKNafaeTbea 3 YOTUPbOX 6/10KiB, a came:

— neplwuii 610K — LLe OpraHisaLia BUMTENEM B3aEMOLIT 3 YUHAMMU ANA 34iMCHEHHA METU HaBYaIbHOTO MPOEKTY, 3araiom
bOpMyBaHHSA B HUX KNIOYOBMX KOMNETEHTHOCTEN (rpOMaAsHCbKa, 3aralbHOKY/IbTYPHa, 34,0p0B A36epekyBaibHa, iHpopmaL,iiHo-
KOMYHiKaLiiHa, KOMYHIKaTMBHa, MiKNpPeaMeTHa ecTeTUYHa, MIKNPeaMeTHa, MNPOEKTHO-TEXHO/OrYHa, coljanbHa) Ta
BUKOpUCTaHHA AR ana peanisauii LbOro NPOEKTY;

— Apyruit 610K — opraHisauia B3aemogil y4HiB i3 BUMTENEM, WO MOXKE OXOMNItoBaTM Taki GOPMM HaBYAHHA AK
OMUCTaHUiMHa, 3MilleHa, ayANTOPHA, BKIOYAE KOMYHIKALLitO YYHIB y rpynnax nif KepiBHULTBOM BUMTENA, HAZAHHS HAM iHCTPYKL,iN,
06roBopeHHA NPO6AEMHUX NUTaHb Ta iH.;

— TpeTiii 610K — OCHOBHI BMAM B33aEMOAII YYAaCHUKIB LbOro MPoLEcy, WO MOXKe BKAYatTh B cebe AMCKYCii, Mi3KOBI
LWITYpMM, pOBOTY YYHIB i3 BipTyanbHUMM 06’eKTamu;

— YeTBepTUI 610K — fliarHOCTMKA Pe3ybTaTUBHOCTI B3aEMOZIT, AKa OXONIIOE NPeACTaBNAeHHA pe3ynbTaTiB 06roBopeHHn
Ta HaBYa/IbHOIO MPOEKTY, MOACHEHHA YYHAMMU pilleHHA 3aBAaHb, OLiHIOBAaHHA YYHAMMW pe3y/bTaTiB MPOEKTY, OLHIOBAHHA

pes3ynbTaTiB MPOEKTY BYUMTENEM, OLHIOBAaHHA BYMTENEM pe3ynbTaTy WoAO PiBHA CHOPMOBAHOCTI B YYHIB K/IOYOBUX
KOMMETEHTHOCTEN.
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BuwesasHayeHi 6/10KM Mogenb B3aemogji y4aCHWKIB OcCBiTHboro npouecy B 330 i3 BMKOPUCTAHHAM AR MOXHa
3acToCyBaTH | ANA moaeni moaenb B3aEMOZii y4acHUKIB 0cBiTHboro npouecy B 330 i3 BUKOpUCTaHHAM VR, ane i3 BpaxyBaHHAM
0Cc06/1MBOrO NPOCTOPY MPU3HAYEHOro ANA BUMKOPUCTaHHA VR Ta HabnukeHOro [0 MaKcuMmasnbHOI N/OWi BiHOCHO LEHTPY
HaBYa/IbHOTO Kfacy.

OAHMM i3 NPUKNAAIB HAaBYa/IbHUX MPOEKTIB yunTENAM cnevianizoBaHoi wkoan Ne 181 im. IBaHa Kyapi 3 nornmbneHnm
BMBYEHHAM iHO3eMHMX MOB Hamu 6yB 3anponaHoBaHWI NPOEKT «Cag Ha NiABIKOHHI» ANA Y4HIB 8-X Knacis, METOK AKOro €
BMBYEHHA Ta PO3YMiHHA HUMW peasibHOro 3aCTOCYBaHHA 3aKOHY Oma. MPOoEKT po3paxoBaHuii Ha 180 XBUAWH, 3 AKMX 45 XBUUH —
CamocCTiHa poboTa y4yHiB. Y NPOEKTi BynM 3agifHi BUATENi TAKMX HaBYaNbHUX AMCUMNAIH: (i3UKKM (Tema «3akoH Oma»);
MaTemMaTUKM (NOBTOPEHHA maTepiany 3a npobnemoto «po3B'A3yBaHHA rpadidyHMX i po3paxyHKOBMX 3a4a4y Ha 3akoH Oma ans
OiNAHKK Kona); 6ionorii («PoTociHTe3»), TPyAOBOro HaB4YaHHA (3aBAaHHA: AM3alH cady Ha NiABIKOHHI); icTopii (3aBaaHHA:
npeseHTaLia Ha Temy «lcTopia BMHaxoA4y 3akoHa Oma); iHO3eMHOI MOBM (3aBAaHHA: Hanucatn ece «3akoH Oma B peasibHOMY
XUTTI»); |HPopmaTMKM (3aBaaHHA: 3a Agonomoroto  Beb-nnatdopm (Metaverse (https://studio.gometa.io/), BlippAR
(https://builder.blippar.com/), CoSpaces (https://cospaces.io/edu/) Ta iH.) cTBopuT NpuKknaam i3 AR Ta VR ana npeseHTauii
pe3yibTaTy NPOEKTY).

ByB 3anponaHoBaHMI HaBYa/ibHWUIA MaTepian y BUIAALI AONOBHEHOI peanbHOCTi (puc. 6), wo nobyaoBaHWt AK
eNeKTPOHHUI NOCiBHUK i3 Npobaemu 3acTocyBaHHA 3aKOHY OMa y peasibHOMY MKUTTI.

MNpaKTHUHe 3aBAAHHS 3
BUKOPUCTaNHA 3aKoHy OMa
P03pOGHT MOAYN
iHAWKaLT eneKTPOHHOT
mogeni caiTnodopa.

Puc. 6. QR Kop, HaBYanbHOro martepiany (a), 3pobneHoro Ha Be6-nnatpopmi Metaverse, Ta pparmeHT BUKopucTaHHA AR (6)

B3aemogia y4HiB opraHizoByBanaca 3a AONOMOTO 1XHbOI CyMiCHOI pobOTM B rpynax Hag pileHHAM 3aBAaHHA
NPaKTUYHOTO BUKOPUCTaHHA 3akoHy OMa Ha nNpuKnagi po3pobku moayna iHAMKauil moaeni citnodpopa, ue byamn: obroBopeHHs
0CO06/IMBOCTEN BUKOPUCTAHHA CBITNOAI0AiIB, PO3r/iAL NapameTpiB 3anponoHOBAHMX CBIT/NIOAIOAIB YEPBOHHOIO, »KOBTOrO Ta
3e/1eHOro K0/1bopiB, PO3PO6IEHHA eNeKTPUYHOT CXeEMU MOAYAA, PO3PaXYHKY CTPYMOOOMEKYBaNbHUX PE3UCTOPIB AJ/1A KOXKHOTO
TUNY CcBiTNOAjOAIB; TA iH. WO BiAOYBaNoOCA NOKPOKOro 3a HaByanbHUM MmaTtepianom AR (puc. 6). Takox pna camocTiiHOro
BMKOHAHHA ByB 3annaHoBaHWM NpoekT “Cag Ha NiaBiKOHHI” Nig Yac peanisauii AKOro yyHiy rpoynax o6roBoptoBanu Taki NUTaHHA:
06roBopeHHs OTOCIHTE3Y; BMKOPUCTAHHA OCBIT/IEHHA, PO3PAX0OBAHOro 3riAHO 3akoHy Oma, ANA MPaBUALHOINO OCBITAEHHSA
POC/IMH Ha NiABIKOHHI, 0COBMBOCTI BUKOPUCTAHHA CreLianizoBaHuX GiTOCBITNOAIOAIB, iX €NEeKTPUYHI NapameTpun Ta 0cobaMBOCTI
BMKOPUCTaHHSA, TOLLO. B3aemogin BunTeNs i yuHiB npoxoamna y Gopmi HaCTaBHULTBA LWOAO CTBOPEHHA Npe3eHTaLLil 33 LONoMOoroto
Beb-nnatpopm Metaverse, BlippAR, CoSpaces Ta iH., Ta LONOMOIM Y HaNAWTYBaHHI peanbHUX NPUKNALIB OCBITNEHHA cagy.

BapiaHTOM pe3ynbTaTy poboTH yYHA HaZ AM3aMHOM cagy MOXKe ByTW npeseHTaLia 3a JONOMOror BUKOPUCTAHHAM AR
Ta VR (puc. 7).

a 6
Puc. 7. BapiaHT pe3ynbTtaTy po60TH yUHA Hag NpakTUYHOLO poboToto "Caa Ha nigBikoHHI" 3a gonomoroto AR 1a VR :
a— QR Kog; 6 — npuknag AR; B — pe3ynbTaT BNPOBaAMKEeHHA A0CNIAKEHHA

Micns npoBefeHHN HaBYa/IbHOTO NPOEKTY Ta cemiHapy «BukopucTaHHa AR Ta VR B 0CBiTHbOMY Npoueci», Buntenam byno
3anponaHoOBaHO BiANOBICTU HA aHKETY WOA0 IXHbOrO CTaBNEeHHA A0 B3aEMOZii YY4aCHUKIB HAaBYANbHUX NPOEKTIB i3 BUKOPUCTAHHAM
AR Ta VR (B onuTyBaHHI B3a10 y4acTb 48 BunTeNiB).
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B aHKeTi pecnoHAEeHTN Mann BigMITUTK «TaK», «Hi», «He 3Hato» Ha Taki npono3suuyii 11 signosigen (tabn. 2):

— B3aemogin yuHiB y VR 6yna BAano opraHisoBaHa;
— VR g1 ypoKy CTBOPOKO 0cOBUCTO;

— Ha ypoui KopucTytocb roToBMMM BipTyasbHUMKU nabopaTopiamu;
— [Tpu B3aemogii yuacHuKiB 3a gonomoroto AR yumtenem HagaBanucb 3p03yMini ANA yYHIB IHCTPYKLi, WO NOKpaLwmno

pes3ynbTaTu HaBYAHHS;

— [lnA B3aemogiji y4HiB y rpyni BUKOpUCTOBYBasiaca rotoea AR;

— YyHi camocTiliHO cTBOptOBanu NpuKknaaun AR gns npeseHTaL,ii CBOIX pe3ynbTaTiB NPOEKTY;
— Y4Hi camocTiliHO cTBOptoBann Npuknaam VR ana npeseHTal,ii cBOiX pe3ynbTaTiB NPOEKTY;

— bynv npobnemu 3 opraHisauieto VR Ha ypoui;
— bynv npobnemu 3 opraHisauieto AR Ha ypoui;

— HeobxigHi meToaNYHI pekoMeHAaL|i WoA0 opraHi3aLii B3BaEMOoAii y4aCHMKIB MPU BUKOPUCTaHHI OCBITHIX VR;
— HeobxigHi meToaNYHI pekomMeHAaLi WoA0 opraHi3aLii B3aEMOAii y4aCHMKIB MPY BUKOPUCTaHHI OCBIiTHIX AR.

Pe3ynbTaTh Bignosigei BUMTENiB Ha aHKeTy

Tabauya 2.

Tak (%) / Hi (%) / He 3Hato (%) /
Neo Mponosuuii Bignosigen KiNIbKiCTb KiNIbKiCTb KiNIbKiCTb
pecnoHaeHTiB pecnoHaeHTiB pecnoHaeHTiB

1 B3saemogin yuHis y VR 6yna Baano opraHisoBaHa 41.67% / 20 58% / 28 -

2 VR AN15 YPOKY CTBOPIOKO 0COBUCTO 2.08% /1 98% / 47 -

3 Ha ypoui KOPUCTYOCb roToBMMM BipTya/IbHUMM 41.67% / 20 58% / 28 -
nabopaTopiamm

4 Mpu B3aemopgii y4acHMKiB 3a gonomoroto AR yuutenem 72.92% / 35 25% /12 2.08% /1
HaZaBa/IMCb 3PO3YMINi ANA YYHIB IHCTPYKLii, WO NOKpaLLMao
pe3ynbTaTv HaBYaHHA

5 [ns B3aemogii yuHiB y rpyni BUKopuctoByBanaca rotosa AR 37.5% /18 63.5% /30 -

6 Y4YHi camocTiltHO cTBOptoBaAM npuknagm AR gns npeseHTauii 85.42% / 41 10.42% /5 4.17% /2
CBOiX pe3ynbTaTiB NPOEKTY

7 Y4Hi camocTiiHO cTBOptOBanu npuknaan VR ana npeseHTauii 4.17% /2 95.83% / 46 -
CBOIX pPe3ynbTaTiB MPOEKTY

8 Byan npobnemu 3 opraHisauieto VR Ha ypou,i 81.25% / 39 18.75% /9 -

9 Byan npobnemu 3 opraHisauieto AR Ha ypou,i 14.58% /7 85.42% / 41 -

10 HeobxigHi MeToaMuHi peKkomeHpaauii wWoAO0 opraHisauii 100% / 48 - -
B33aEMOJi Y4aCHUKIB MPU BUKOPUCTaHHI OCBITHIX VR

11 HeobxioHi MeToAMuYHI pekomeHAaauii Woao opraHisauii 16.67% /8 83.33% /40 -

B32aEMOJ,i Y4aCHUKIB MPU BUKOPUCTAHHI OCBIiTHiX AR

MpoBeaemo po3paxyHKM cepesHboro 3HauyeHHsA, MeAiaHu Ta CTaH4APTHOTO BiAXMAEHHA 33 KOKHUM NOKa3HUKOM.
Pe3synbTaTv po3paxyHkKiB 3acobamu Excel:

1. B3aemogis yuHiB y BP 6byna Baano opraHisoBaHa:
—  CepepHe 3Ha4yeHHA: 0.4167
—  MegiaHa: 0.4167
—  CraHpapTHe BiaxuneHHsa: 0.239
2. VR pns ypoKy CTBOPIO 0cObMCTO:
—  CepepHe 3Ha4yeHHA: 0.0208
—  MegijaHa: 0.0208
—  CraHpapTHe BiaxuneHHsa: 0.144

3. Ha ypou,i Kopu1cTytoca roToBUMM BipTya/ibHUMM NabopaTopismu:

—  CepepHe 3HayeHHs: 0.4167
— MegiaHna: 0.4167
—  CraHpapTHe BiaxuneHHsa: 0.239

4. Mpwu B3aeMogii y4acHMKIB 3a fonomoroto AR yumTesiem HafaBaMCb 3pO3YMiNi AR YYHIB iIHCTPYKLLI, WO NOKpaLLMI0
pe3ynbTaT HaBYaHHA:

—  CepepgHe 3HayeHHs: 0.7292
— MegiaHa: 0.7292
—  CraHpapTHe BiaxuneHHs: 0.447

5. [ina B3aemogii y4HiB y rpyni BMKopucToByBanacs rotosa AR:

—  CepepgHe 3HayeHHsA: 0.375
—  MegiaHna: 0.375
—  CraHpapTHe BiaxuneHHsa: 0.488

6. YuHi camocTiHO cTBOptoBaM NpuKknaam AR ana npeseHTaLii CBOIX pe3ybTaTiB NPOEKTY:

—  CepepHe 3HaueHHs: 0.8542
— MegiaHa: 0.8542
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—  CraHpapTHe BiaxuneHHsa: 0.355
7. YuHi camocTiHo cTBOptoBanu nNpuknaam VR ansa npeseHTaLii CBOiX pe3ynbTaTiB NPOEKTY:
—  CepepgHe 3HaueHHs: 0.0417
—  MegiaHa: 0.0417
—  CraHpapTHe BiaxuneHHsa: 0.202
8. bynu npobnemu 3 opraHisauieto VR Ha ypou,:
—  CepepgHe 3HaueHHs: 0.8125
—  MegijaHa: 0.8125
—  CraHpapTHe BiaxuneHHsa: 0.393
9. bynu npobnemu 3 opraHisauieto AR Ha ypoui:
—  CepepgHe 3HayeHHs: 0.1458
—  MegijaHa: 0.1458
—  CraHpapTHe BiaxuneHHs: 0.355
10. HeobxiaHi meToaMYHi pekomeHaauii LWoA0 opraHisauii B3aEMoAii y4acHUKIB Npy BUKOPUCTaHHI OCBITHiX BP:
—  CepegHe 3HayeHHs: 1.0
— MegjaHa: 1.0
—  CraHpapTHe BiaxuneHHs: 0.0
11. HeobxigHi meToanyHi pekoMeHZau,i WoA0 opraHisaLii B3aeEMoaii y4aCHUKIB Npy BUKOPUCTAHHI OCBITHIX AP:
— CepepHe 3HayeHHs: 0.1667
— MegjaHa: 0.1667
— CraHgapTHe BigxuneHHa: 0.376.

Mig Yac po3paxyHKiB 41A 06UNCNEHHA cepeAHbOro 3HaUYeHHA, MefiaHuM Ta CTaHAAPTHOrO BiAXWAEHHA By n BUKOPUCTAHI
HacTynHi dopmynu:

CepepHe 3HauyeHHs (Mean):

cepefHE 3Ha4YeHHA BUPAXOBYETLCA LWIAXOM A0AABaHHA BCIX 3HAYEHb | NOAINY HA KiNIbKICTb CNOCTEperKeHb.

dopmyna:

Mean = (Cyma Bcix 3HaueHb) / (KinbKicTb crocTepeskeHb)

MegiaHa (Median):

MegiaHa BUpaxoByETbCA WAAXOM PO3TallyBaHHA BCiX 3HAYeHb Y NOPAAKY 3POCTaHHA | 3HAXO4KEHHA cepeHbOro
3HaYeHHs. AKLLO KiNbKiCTb CNocTepeskeHb HeMapHa, To MeaiaHo byae 3HaYeHHs, pO3TaloBaHe NocepeamHi. AKLLO KinbKicTb
cnocTepeXKeHb NapHa, To MegiaHoto byae cepegHe apudmeTUyHe ABOX 3HAYEHb NOCEpPEanHI.

CraHaapTHe BiaxuneHHs (Standard Deviation):

CTaHAAPTHE BiAXWUNEHHA BUPAXOBYETbCA ANA BUMIPIOBAHHA PO3KMAY 3HAaYEHb HABKOO CepeiHbOro 3Ha4YeHHA.
®opmyna:

Standard Deviation = V((2(xi - Mean)?) / n),
e Xi — KOXKHe okpeMe 3HavyeHHA, Mean - cepefiHE 3HaYeHHs, X - CyMa BCiX 3HaUYeHb, N - KiIbKiCTb CNOCTEPEeXKeHb.

Pe3ynbTaTh aHKeTM NOKas3anmn HacTynHe:

— B3aEMOSjA YYACHMKIB OCBITHbOrO npouecy i3 3acTocyBaHHAM VR noTpebye yAOCKOHANEHHA, MEeTOAUYHMUX
pekoMeHAaLi Ta AoCNiAXKEHb WOA0 OpraHi3auii Lboro cepefoBuLLa ANA Pi3HUX Linei, AK, HaNpUKNag, AOCNIAKEHHA YUHAMM
HOBOrO HaBYa/IbHOTO MaTepiany, BUKOHaHHA nabopaTtopHoi poboTn, cymicHa poboTa YYHIB HaZ AOCNiIAKEHHAM, IHCTPYKLUIiA ana
OiANbHOCTI BYMTENa y poboTi 3 yuHAmM y VR Ta iH.;

— B3AaEMOZ,iA YY4aCHMKIB OCBITHBOrO NMpouecy i3 3actocyBaHHAM AR Halibinbl 3po3ymina BUMTENSMU | YYHAMMU, HUMM
BMKOPUCTOBYIOTLCA AK roToBI TexHoorii AR, TaK i cTBOpeHi ocobucTo.

3arasom, pe3ynbTaTu CBiAYaTb NPO Pi3Hi piBHI 3a40BONEHOCTI Ta ePeKTUBHOCTI BMKOPUCTAHHA BipTyanbHOi Ta
[ONOBHEHOI peanbHOCTi Y HaBYaHHi. baraTto pecnoHaeHTiB Big3HayaoTb No3uTUBHMIA BNAMB VR Ta AR Ha HaB4YaHHA, ocobamBo
KON HAJalTbCs 3pO3yMini iHCTPYKLUii. OfAHaK, iCHYIOTb NMUTAHHA 3 opraHisauieto VR Ta AR Ha ypoui, a Takox notpeba B
METOAMYHMX PEKOMEHAALLIAX AN1A BUKOPUCTAHHA LUX TEXHONOTI.

Lleli aHani3 morKe CAYKWUTU OCHOBOK ANA NOLANLLIOTO AOCNIOMKEHHA Ta PO3BUTKY BMKOPUCTAHHA BipTyanbHOI Ta
[,0NOBHEHOT peasbHOCTI B OCBITHIM chepi, 3 METO NOINLIEHHS NPOLLeCcy HaBYAHHSA Ta 3a/ly4eHHS Y4YHIB 40 aKTMBHOI B3aEMOZ,ii.

BUCHOBKU TA NEPCNEKTUBU AOCNIAKEHHA
HaB4aHHA B 330. Mozenb B3aEMOA,i y4aCHUKIB OCBITHbOrO MPOLLECY 3aKNaAY 3ara/ibHOI OCBITM 3 BUKOPUCTAaHHAM BipTyasbHOI Ta
[ONOBHEHOI peanbHOCTEN 3arajJioM OXOMKE TaKi 6/0KM: 1 — fianbHICTb BYUMTENs WOAO OpraHisauii B3aemogii yyacHuUKiB
ocsiTHboro npouecy VR Ta AR; 2 — opraHi3sauia B3aemogii y4HiB i3 BuuTenem 3a gonomoroto VR 1a AR; 3 — 0ocHOBHi BUAK B3aemogaii
YYaCHMKIB LbOro npouecy 3 BuKopuctaHHAM VR Ta AR; 4 — aiarHOCTMKa pe3ynbTaTUBHOCTI B3AEMOAIT y HaBY4aibHOMY NPOEKTI 3 VR
Ta AR. Mpu LboMy, MoAeNb B3aEMOAIT y4acHMKiB 0cBiTHbOro npouecy B 330 i3 BUKOpUCTaHHAM VR mae BpaxyBaTv 0cobaMBOCTi
NpPOCTOpPY NPU3HAYEHOro AN BUKOPUCTAHHA VR Ta HabMXKEHOro A0 MaKCMMasibHOT N/IOLLL BifiHOCHO LLeHTPY HaBYa/IbHOTO Kaacy.
MepcnekTMBaMm NofasnblMX SOCAIAXKEHDb € CTBOPEHHA METOAMYHUX PEKOMEHZALiM WoA0 KOHKPeTM3auii AisabHoCT
YYaCHUKIB OCBITHbOrO npouecy 3 BUKopuctaHHAm VR Ta AR.
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AHOTALIA

ABSTRACT

dopmynioearHa npobaemu. Ha cyyacHomy emani po38umxy HayKosoi
oceimu ma iHpopmayiliHux mexHono2il eamciueoro € ix iHmMeapayis,
830EMO00N0BHIOBAHICMS | peanizayis. TomMy MowyK MemoOuKU Ha8YAHHA
MpupoOHUYUX OUCYUNIH, 30CHOBAHOI HO MPUHYUNAx camoopaaHizayii ma
KomMn’tomepHo20 MOoOesnto8aHHSA, 8i0nosidae 6e3nocepedHim 3a80aHHAM
cy4yacHocmi.

Mamepianu i memodu. Bukopucmosyromeca memoodu rnopieHAAbHO20
aHanizy, Komn’romepHo20 MoOento8aHHA Mma cmpamezii y3ae2asnbHeHHsA. B
0cHOoBY 00C/iOHEeHHA MOKAAOeHO 3Micm Kypcy @i3uKu ma 8UKOPUCMAHHSA
MOBU MPO2PAMYBAHHSA.

Pe3yabmamu. 3anponoHosaHo iHHosayiliHuli ppakmansHuli nioxio o
BUKNAOAHHA isuko-mamemamuyHuUx ducyunnid AK Memoo
800CKOHANEHHA ~ caMocmiliHoe0 ma  meop4o20  KOMM'tomepHo20
MOOento8aHHA NPUPoOHUX Asuw. PyHOaMeHManbHi NPUHYUNU 06’ ekmHo-
opieHmMosaHo20 npoz2pamysaHHsA (iHkancynayis, ycrnaoKyeaHHs,
nonimopeiam)  8uUABUAUCA  8MAUBOBUMU Yy  (hOPMYBAHHI  i3uKo-
mMamemMamuyHuUX acrnekmie iHgpopmayiliHoi apximekmypu cnpuliHAmMma
HaBYaAbHUX ducyunaix. lpodemoHcmposaHo Moxcausicme
BUKOPUCMAHHA Ub020 MiOX00y 8 iHWuUxX po30inax ¢izuku. Po3pobreHi
imepauyii ppakmaneHoi cmpykmypu npedcmasneHi Ha NPUKAadi eUBYEeHHs
po3dinie @izuku «feomempuyHa onmuKka» ma «Xe8usav08a OMNMUKA».
lMoKa3aHo, WO KOXCHA imepayis XapaKmepusyemesca CuHepzieto:
dodasaHHA Hoseoi imepauii 3abe3neuye AkicHe ma noznubneHe
crpuliHAmma Hoeoi iHopmayii.

BucHosKu.  ®opmysaHHA  3a3Ha4yeHoi  yinicHOi  hpakmaneHol
CMpPYKMypu 3ymMOBAKE  YinicHicmes  cnpuliHAmma  iHgopmayii, a ii
¢opmysaHHa 8i0bysaembcs iHMyimusHo. AHaAnI3 nposedeHux 00cnioHeHb
nidmeepous iHHo8ayiliHicms ma egheKmueHicMob hpaKkmManbHo20 Mioxooy.
Leli nidxio moxce 6ymu sukopucmaHul 018 po3pobKu cucmem 0b6pobKu
ma nepedayi iHpopmauyii, iHMenekmyansHuUx iHgpopmayiliHux mamepianis,
wmy4yHo20 iHmenekmy.

Formulation of the problem. At the present stage of the development
of science education and information technology, their integration,
complementarity, and implementation are essential. Therefore, the search
for methods of teaching natural sciences, based on the principles of self-
organization and computer modeling, corresponds to the immediate tasks
of the present.

Materials and methods. Methods of comparative analysis, computer
modeling, and generalization strategy are used. The study is based on the
physics course content and the use of the programming language.

Results. An innovative fractal approach to the teaching of physical and
mathematical disciplines is proposed as a method of improving independent
and creative computer modeling of natural phenomena. The fundamental
principles of object-oriented programming (encapsulation, inheritance,
polymorphism) have proven to be influential in shaping the physical and
mathematical aspects of the information architecture of the perception of
educational disciplines. The possibility of using this approach in other
sections of physics is demonstrated. The developed iterations of the fractal
structure are presented in the example of the study of the "Geometric
Optics" and "Wave Optics" sections of physics. It is shown that each
iteration is characterized by synergy: the addition of a new iteration
provides a high-quality and in-depth perception of new information.

Conclusions. The formation of the specified integrated fractal structure
conditions the integrity of information perception and its formation
happens intuitively. The analysis of the conducted studies confirmed the
innovativeness and effectiveness of the fractal approach. This approach can
be used to develop systems for the processing and transmission of
information, intelligent information materials, and artificial intelligence.

K/ItOHOBI C/IOBA: Kommn'tomepHe MOOento8aHHA; GhpakmansbHul
nidxio; npoyecu camoopaaHizauyii; cuHepzemuka; izuKo-mamemamu4yHa
ocsima; wmy4Huli iHmenexkm.

KEYWORDS: computer modeling; fractal approach; self-organizing
processes; synergetics; physical and mathematical education; artificial
intelligence.
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INTRODUCTION

Formulation of the problem. Innovative methods of teaching natural and physical-mathematical disciplines in higher
education institutions involving computer modeling, as well as their use by teachers, are the object of special attention in
scientific pedagogical literature (Hodson, 2014; Kafyulilo et al., 2015; Mar'yan et al., 2020). However, special training of future
teachers in digital information processing and computer modeling of natural phenomena is not widespread enough and needs
additional attention. This is evidenced both by the analysis of the bibliography of scientific and pedagogical research, and by the
analysis of the curricula of educational programs for the training of natural science teachers. For example, the curriculum for
training future physics teachers in Slovak universities does not include this subject (Yurkovych et al., 2017). Students — future
teachers can familiarize themselves with the content of computer modeling of natural phenomena, in particular, in the process
of studying special disciplines: "Digital technologies in teaching physics", "Computer information technologies in physics",
"Computing technology in physics". Unfortunately, a similar situation with mastering the content of these disciplines is observed
in other universities in Slovakia and Ukraine (Sladek et al., 2011; Mar'yan et al., 2020).

The analysis of current research. In the process of teaching natural sciences, attention is mostly focused on the large
amount of material and its unstructured nature. Insufficiently developed are: interconnection and correlation with other
disciplines; practical application of modern information technologies. It is worth emphasizing the essential role of intuitive
thinking in the implementation of the fractal approach to teaching natural sciences. Intuitive perception is directly related to the
use of visualization tools, modern advances in programming and artificial intelligence, namely object-oriented programming
(Sugden, 2009; Yurkovych et al., 2017; Mar'yan et al., 2020). We note that the implementation of the fundamental principles of
object-oriented programming (encapsulation, inheritance, polymorphism) ensures the efficiency of complex assimilation of
information (Yurkovych et al., 2017). They define the concept of the information architecture of the perception of physical-
mathematical/natural sciences educational disciplines. Therefore, their use in the field of physical and mathematical/science
education is extremely relevant.

The purpose of the article. The purpose of the study is to substantiate the possibility of applying the fractal approach
in science education using computer modeling. The subject of the study is the introduction of an innovative fractal approach,
which enables future teachers to independently and creatively conduct computer modeling of natural phenomena (Luft, 2001;
Yurkovych et al., 2017).

METHODS OF THE RESEARCH

Significant volumes of information and their unstructuredness are not positive aspects of modern physical and
mathematical education. There is an internal natural interrelationship and structuredness between various fields of education,
science, information technologies, which is manifested and can be demonstrated using the fractal approach (Yurkovych et al.,
2017). Features of the fractal approach in teaching natural sciences reproduce the unique functioning of fractals in the natural
environment. Namely, it is the implementation of a "simple" algorithm, self-similarity on spatial and temporal scales, self-
sufficiency due to the reproduction of the minimum of energy dissipation (Frame & Mandelbrot, 2002; Mar'yan et al., 2020). At
the same time, this algorithm implements extremely complex structures. With regard to physical and mathematical education,
this means that when teaching one of the sections (subsections) of the discipline, a conjugate algorithm can be defined, which is
developed and implemented in subsequent sections. And, in this way, a complex structure is formed while preserving the integrity
of the perception of the material. In this case, the use of computer modeling is essential (Yurkovych et al., 2017). It is important
to note that during the formation of this and subsequent iterations, the "algorithm" of the fractal structure, laid down at the level
of the previous iteration, is preserved. This ensures self-sufficiency and localization of perception. Computer modeling and
features of modern object-oriented programming languages, developed on the principles of artificial intelligence (encapsulation,
inheritance and polymorphism), determine the thoroughness and spontaneity of teaching the material. In this regard, each
subsequent iteration uses the properties of the previous one, and at the same time, it should contain new information (property,
method) (Mar'yan et al., 2020) and realize the spontaneity of the educational process.

Fractal, in the context of the application of physical and mathematical education, is an information branched structure,
the spatial dimension of which is described by a fractional number (Frame & Mandelbrot, 2002). It is this aspect of fractality that
ensures the integrity and completeness of information flows when forming complex structures. However, the complexity is
achieved through minimum energy dissipation and energy-informational self-similarity (Mar'yan et al., 2020). This testifies to the
expediency and adequacy of their application in the teaching of science pedagogical disciplines, which at the current stage are
insufficiently developed and argued (Windschitl, 2004; Kuo et al., 2013; Kafyulilo et al., 2015). Aspects of geometric, algebraic
and stochastic fractals (Fig. 1) can appear as attributes of the functioning of the educational process.
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Fig.1. The example of fractal structures (geometrical fractal — Koch’s snowflake, algebraic fractal — Mandelbrot’s set, stochastic fractal —
flow of bubbles) (Frame & Mandelbrot, 2002)
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To implement the approach, the visual programming environment Delphi and the algorithmic programming language
Object Pascal, which is built on the principles of object-oriented programming and the latest modern information technologies,
are used (Lotter et al., 2007; Mar'yan et al., 2020). Along with using Object Pascal, other object-oriented languages such as C++,
Java, and Python can be recommended. Students of two universities participated in the educational experiment: Uzhhorod
National University (Uzhhorod, Ukraine) and University of Preshov in Preshov (Preshov, Slovakia). Control groups consisted of 10-
18 students. After completion of certain stages of students' training, a test control was conducted, which was supposed to reveal
the effectiveness of the proposed approach. Part of the control questions is aimed specifically at identifying students' creative
interest in further study and application of computer modeling of natural phenomena.

RESULTS OF RESEARCH

Iterations of the fractal structure were developed on the example of studying the sections of physics "Geometric Optics"
and "Wave Optics" with the complex use of features of geometric, algebraic and stochastic fractals. The development and
principles of the branches of the fractal structure are shown in Fig. 2-4. It should be noted that the concepts used in computer
modeling are also based on the principles of object-oriented programming: encapsulation, inheritance and polymorphism. That
is, it is object-oriented modeling.

Fig. 2. An example of a branch fractal structure: computer modeling of the Snell’s laws

An example of the laws of reflection and refraction of light, the Snell’s law is shown in Fig. 2. The branch contains
numerical calculations and computing of optical parameters (Fig. 2, a), 2th and 3th steps of computer modeling with the visual
interface in the environment Delphi (Fig. 2, b-c), testing of perception of information (Fig. 2, d). The algorithm includes the
features of computer modeling of the light propagation process at the interface of two environments, and is further used for the
following phenomena (steps), forming a more complex but internally self-sufficient fractal structure. During of the lecture
students consider the basic laws of geometrical optics and types of light reflection: mirror (parallel light rays remain parallel after
reflection (smooth even surfaces) and diffuse (parallel rays after reflection are scattered in all directions (rough uneven surfaces)
with the immediate and spontaneous transition to computer modeling. After consideration of these laws in the environment of
visual programming Delphi, the students create the own interface (Fig. 2): students have the opportunity to directly modify the
parameters of the optical system (the factors of reflectivity and diffuseness, angle of incidence, refractive index), means of
visualization of the rays in Delphi environment (types of lines, colors of the incident and reflected rays) and become active self-
sufficient participants in conducting computer experiment. It is important to develop the algorithm of information perception by
students on the intuitive level that will be used and developed further in later iterations (lectures).

Similarly, the following branches of the physics section "Geometric optics" and "Wave Optics" are considered:

o The total internal light reflection (Fig. 3).
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Fig. 3. The visual interface of modeling optical parameters and iteration procedure.

e Determination of light transmittance of a thin film taking into account multiple reflections and using the methods of
approximation and computing (Figs. 3, 4).

e Wave Optics.

e Organic use of the Internet, development of web pages on the topics "Geometric optics" and "Wave Optics",
interactive access to computer modeling and mobility of students from different educational institutions.
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e Organic use and combination of distance learning, means and innovative communication technologies of Google
Meet and Zoom.
e Other subsequent branches (sections of physics).

e —— )
i 4 ! . -

a b c d

Fig. 4.The branch of a fractal structure: visual interface of the modeling optical power and focal distance of a thick lens (a is numerical
calculations of optical parameters, b-c are the modeling of optical parameters, d is testing of perception of information).

Each iteration (section of physics) is characterized by a synergy - adding new iteration provides a qualitative perception
of the information (without a mechanical and artificial outside introduction of the division according to themes), the formation
of the whole in which the student becomes an active participant. This synergy creates a unique fractal structure, capable of
development and functioning. The iterations discussed above can be complemented and developed, in particular by involvement
of learning using the testing tools, the exchange of information using the Internet. That is, the process generates and allows an
infinite spontaneous number of steps, which is essential for fractal structures (Sherin, 2006; Mar’yan et al., 2020).

Based on the presented approach of the joint and synchronized synergetic usage of lectures on physics and computer
modeling, the fractal structure is formed on an intuitive level (Table 1). Functioning of this structure is manifested in the transition
to the presence of students' self-sufficiency, involving the use of creative approach, increased the hyper sensibility to the radically
new, and the desire to apply the obtained information in cardinally new areas. For example, the phenomenon of total internal
reflection along with the classical perception of physics as a process of dissemination of light are also transistor and diode effects
of dissemination information, cellular communication, cloud technologies (Informational and Technological Sciences), preparing
a hamburger, croissant, cupcake (Technological and Culinary Sciences), the Belousov-Zhabotinsky reaction with the formation of
dancing rhythms Latin Dance, Greek Syrtaki, Slovakian Folk Chardash, German Folk Dances (Humanities Sciences), and so similar.
An example of the formation of a integrated fractal structure in the teaching of sections of physics “Geometric optics”, “Wave
optics” is given in Table 1. It should be noted that this approach can be combined and synchronized with other subject areas, for
example, mathematics, economics, geography, society, etc.

Table 1.
Steps and ramifications the formation of the fractal structure on information perception.
STEPS LEVELS OF INFORMATION PERCEPTION
THE FIRST STEP Physics (“Geometric optics”, “Wave optics”)

Physics and Computer Modeling
using object-oriented programming
The intuitive level perception of information by
students and the formation of the fractal structure
The hyper sensibility and spontaneous distribution of fractal structure
in the integrated environment

THE FIVE STEP The formation of an integrated fractal structure

THE SECOND STEP

THE THIRD STEP

THE FOURTH STEP

DISCUSSION

Thus, a fractal structure in teaching one of the sections of physics, “Geometric optics,” is formed (it can be easily and
spontaneous spread to other branches of physics). The advantages of the proposed approach are obvious: the corresponding
physics section is perceived as a single unit without the mechanical separation into its component parts; and the possibility of
forming branched structures according to a single algorithm that can be extended to other branches of physics, while maintaining
the integrity (fractality) at the level of several sections. It should be noted that unlike the classical approach, which is based on
the assimilation and learning of a certain amount and volumeof material, the fractal connections reflect the internal structure of
the sections that are assigned spontaneously (Windschitl, 2004; Sherin, 2006; Yurkovych et al., 2017).

The offered fractal approach was tested in Uzhhorod National University (Ukraine) for students at the Faculty of Physics
and the University of Preshov (Slovakia) for students at the Faculty of Humanities and Natural Sciences at the Department of
Physics, Mathematics and Technology. The study carried out the evaluation of the quality of training the discipline
“Programming and mathematical modeling” for students according to the specializations “physics teacher”, “physics” “applied
physics and robotics” (Figs. 5, 6). The resulting dependencies are presented in Figs. 5, 6. They are not accidental; this naturally
manifests itself thanks to the fractal approach to physics learning processes.

The research in University of Preshov was conducted in 2018/2019, 2019/2020 and 2021/2022 academic years. The
experiment involved 10-15 students in the study subject “Methods of teaching physics” including computer modeling of physics
sections “Geometrical optics”, “Wave optics”. The conducted rating control indicates the students’ interest in computer
simulation used in teaching physics in 88-93% of future physics teachers and the increase in their level of mastering material by
9-11%. During these classes, the activation of students, and in-depth perception of the material have been noted (Lotter et al.,
2007; Ozcan, 2015; Sladek et al., 2011; Mar’yan et al., 2020).

" u
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Fig. 5. The diagram of the dependence of assessment ratings of the students in 2018/2019 academic year
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Fig. 6. The diagram of academic performance in the study discipline “Programming and mathematical modeling” for 2018/2019 - 2021/2022
academic years

In Fig. 7 shown one of the elements of the implementation for the fractal approach when studying the physics section
"Wave Optics", which qualitatively demonstrated the synergy effect. The analysis of the conducted research and the obtained
results confirmed the innovativeness of the technologies of the fractal approach (Yurkovych et al., 2017).
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Fig. 7. The interface of the program for intermediate assessment of the knowledge level of students of the physics section "Wave Optics"
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CONCLUSIONS AND PERSPECTIVES FOR A FURTHER RESEARCH

The implementation of the fractal approach to the teaching of physical and mathematical disciplines using computer
modeling in the object-oriented Delphi programming environment is substantiated. The formation of a fractal structure is
established and iterations are defined that reflect the integrity and spontaneity of information presentation. The involvement of
students of related specialties from two universities - Uzhhorod and Preshov - demonstrates the feasibility of using the fractal
approach in training future teachers of natural sciences at higher educational institutions. Scientific studies of the behavior and
adaptation of self-organized fractal structures in the context of physical and mathematical education are effective and will be
continued in the future. The possibility of introducing tried-and-tested aspects of the fractal approach to science teaching in
higher education institutions of Central Europe will also be developed and promoted.
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HayKkoBo-ni3HaBasbHa KHWUra «beamexHa cuna mMatemaTMKM», 33 CNOBaMM Ti aBTOPa, aMepMKaHCbKOro mMmaTemaTuKa
C. CTporaua, npusHayeHa Ans BAYMAWBUX, AONUTANBUX Ta 06i3HAHUX Ntofei 3 HEeBEIMKMM A0CBiAOM maTeMaTuku (c. 9). Yomy
came Ana Hux? A Tomy, wo C. CTporal, nomiTMB y CyCninbCTBi ABHUI iHTepec Ao matemaTuku (Ctporau, 2019). Y ubomy BiH
nepekoHasca nicns nyb6nikauyii y 2010 p. B raseti «The New York Times» cepii i3 15 cTaTelt nig, 3aranbHoto Hassoto «OcHOBM
MaTemaTMKu». Y BiANOBIAb HA Hei NoCMMannca UCTM | KOMEHTApI Bif YMTadiB Pi3HOTO BiKY, cepen AKkMx byno 6arato cTyaeHTiB
i BUKNagavis. Mucanu i JONUTAMBI NOAM, AKI 3 TUX UM IHLIMX NPUYMH «36MANCA 3i WNAXY» PO3YMIHHA MAaTEMATUYHOT HayKK; Tenep
BOHMW BiAYY/M, WO BTPATMAN WOCh LjiHHE, | XOTiAn 6 cnpobysaTy we pas (Ctporau, 2019). I3 umx ctateit y 2012 p. BUpocaa HayKOBO-
nonynsapHa KHura «The Joy of x», BuaaHa i B YKpaiHi nig Ha3Bow «EKCKypcia maTematukoto» (2019). MabyTb, ii LWMpoOKa
nonynapHicTe cnoHykana C. CTporaua HanmMcaTM HOBY HayKOBO-Ni3HaBa/IbHY KHUTY, LLbOr0O pa3y NPO MaTemaTUYHUI aHani3. Taka
KHWra nig Hassoto «Infinite Powers» Buitwna apykom 2019 p. YkpaiHcbKoto Mg Ha3Boto «be3mekHa cuna MateMaTMKU» BOHA
nobaunna csity 2021 p. Y uint KHm3i C. CTporaw, noctasus cobi 3a MeTy NoKasaTM MaTaHaNi3 AK EgUHE Line i AaTu Big4uyTTA oro
Kpacw, egHocTi Ta Beandi (c. 301)
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Monynapusauis matemaTMku xod 1 ynobneHe, ane He ocHoBHe 3aHATTA C. CTporaua. MNepeaycim BiH maTemaTtuk-
NPaKkTUK i BUKNagad. 3 1994 p. it gonuHi C. Ctporay obiiimae nocagy npodecopa Ha dakynbTeTi TEOPETUYHOI i NPUKNAAHOI
MexaHikn y KopHennbcbKkomy yHiBepcuTeTi (ITaka, CLUA). Ha noyaTky cBOEi Kap’epu BiH npauytoBaB Hag pPisHUMM npobaemamu
maTemaTnyHoi 6ionorii, BKAOYHO 3 reomeTpielo cynepckpydeHoi JHK, AMHaMiKO NOACBKOrO LMKAY «COH — HECMaHHA»,
TOMOJIOTIEID TPUBUMIPHUX XIMIYHUX XBUb | KONEKTMBHOIO NOBeAiHKo 6ionoriyHmx ocumnsTopis. Y 1990-x pokax ioro pobota
byna 3ocepegyKeHa Ha HeNiHiMHIA AuHamiui y 3actocyBaHHi A0 Oi3uKK, TexHikM Ta biosorii. MabyTb, HaMBiZOMILMM
[oCNiAHNUBKMM BHeckom C. CTporaua € cTaTTa Npo Meperki «Masioro CBiTy», HamucaHa y CniBaBTOPCTBi 3 MOro KOAMLLHIM
ctyaeHTom [. Bottcom (Watts & Strogatz, 1998). 3a gaHumu Google Scholar, 3 MomeHTy onpuatogHeHHs ii LMTyBaan NoHag,
50 000 pasie. B ogHomy 3i cBoix ece C.CTporay, Npu3HaBcA: Xo4 AK BiH /N06UTb mMaTeMaTuKy, Hailbinbwe omy go AyLwi
noscHoBaTtH ii iHwum (Strogatz, 2014). Tomy He AMBHO, WO BiH € MAUCTEPHUM BUKAAZauYem i NPUCTPACHUM MONyAApM3aTOPOM
maTemaTuku (Strogatz, 2004).

Y «Bbe3amerkHin cuni matematrkm» C. CTporay, po3noBifae nNpo Te, AK BUHMK MaTaHani3, AK BiH NPaLOE, Y YHOMY NONATaE
Moro KopucTtb i Kyau BiH npamye aani. JIeWTMOTMBOM KHWUMM BUCTYNae adopuUCTUYHUIA BUCAIB NnaypeaTa HobeniscbKkoi npemii
3 dpisnkn P. deiiimaHa (R. Feynman): «MataHanis — Bboxka moBa» («Calculus is the language God talks»). 3asHaummo, wWwo
YKpaiHOMOBHMM BignoBigHMKkom TepmiHa «Calculus» € TepmiH «maTtaHanis3». Ana Toro, wob yuTadi ycBiZoMUAM CMUCA i€l
napagokcanbHoi aymku, C. CTporay, no-pisHOMy BUTIYMAUYE ii NpoTArom yciei KHurn. Ocb, HaNpuKAag, Tak: «... HIXTO He Po3ymie
yomy, ane BcecBiT — rAMboKo matemaTuyHa pid. Moe, Takum 1oro 3agymas bor. <...> Y KoxKHOMy pasi, cam ¢akT, Wwo Bcecsit
niaBNaSHMIA 3aKOHaM NPUPOAM, AKI 3aBKAM MOXHA BUPA3UTX MOBOIO MaTaHai3y — 3 peYeHHAMM Yy BUTNAAI AndepeHLianbHUX
PiBHAHb — 3araAKoBWUM i HEMMOBIPHUIMY. <...> JTlOAM BUNAAKOBO BiAKPUAN L0 ANBHY MOBY — CMOYATKY AK YAaCTUHKY reomeTpii,
NoTiM AIK YacTUHY Koay BcecsiTy. 3rogom HaBYUMAWCH BiIbHO HEK FOBOPUTK 11 po3wndpoByBaTH i igiomun i1 HIOaHCK. | HapeLwwTi
BOHM OBOJIOAINN il MOXKNMBOCTAMM NPOTrHO3YyBaTU MalbyTHE Ta NoYanm 3a ii LONOMOrot 3miHoBaTH cBiT» (c. 7-8). YTim, C. CTporay,
Haro/IoWYE, WO MaTaHanis, AK i BCi iHWI GopmMM MaTemMaTUKM, — Lie He MPOoCTo moBa. Lle HeMMOBIPHO NOTY)XHa cucTema
aprymeHTau,ii. 3a il 4ONOMOrot0 MOXKHa NepeTBOPIOBATN OAHE PIBHAHHA HA iHWeE, BUKOPUCTOBYIOYM CMMBOJIbHI Onepadii, Ha AKi
NOLIMPIOETLCA AiA NeBHUX NPaBu/. AKLLO0 MaTeMaTUKY He 3abpakHe Be3iHHA K YMiHb, PiIBHAHHA MOXYTb MOKa3aTu CBOi MPUXOBaHi
noTeHujianbHi Hacniaku. Tak, MakcBenny BAanoca BUBECTU PIBHAHHA e/1eKTPOMarHiTHoi xauni (c. 12-13).

KHura «beamexkHa cMna MaTeMaTUKM» CKNAZA€ETbCA 3i BCTYNY, O4MHAALUATA PO34inis i niacyMKiB. Y BCTyni aBTOp roTye
YuTayiB A0 PO3YMIHHA OCHOBHOI KOHLENLii MaTaHanisy — «NPUHLMNY HECKiHYeHHOCTI». Y nepwiit rnasi «HeckiHYeHHicTb» BiH
LEeTaNi3ye ue MOHATTA i HAOYHO iNOCTPYE OAHOMMEHHUIM MPUHUMN Ha NpuKknagi Aokasy «[Miua» Y gpyriv rnasi «/llogunHa,
Lo npubopKana HECKIHYEHHICTb» BiH 3HAMOMMUTb YMTaUiB 3 ApXiMeLoM i TUM, IK BiH 064MCcAtOBaB YMC0 T i naowy napabonivyHoro
cermeHTa. CxoxKi ifei cboroAHi 3aCTOCOBYIOTb Y KOMM'IOTEPHIN aHiMaLii Ta AMLbOBIN Xipyprii. TpeTa rnaBa «BigKpMBaeMo 3aKOHM
PYXy» npuceaYeHa 06roBOpPeHHIO 3arafKku pyxy WAAXOM 3iCTaBAEHHA KUTTA i AiANbHOCTI ABOX BENIMKUX AOCNiAHUKIB BeecsiTy:
cxmnbHoro Ao mictukm M. Kennepa i pauionansHoro I'. Taninea. Aani C. Ctporal, Tepnasye Bubya0Bye MaTeMaTUUHE NOHATTA 3MiH,
OOCNIOKYIOUM PO3BUTOK AndepeHLianbHOT reomeTpii (rnaBa 4 «CBiTaHOK AudepeHLiabHOro YMCNEHHA»), GyHKLiMA (rnasa 5
«Mepexpectan») i noxiaHux (rnasa 6 «CNOBHUK 3MiH»), W06 NoTiM 0bmipKyBaTh npopus |. HbtoToHa i . JleibHiua y maTaHanisi
(rnaBa 7 «TaeEMHUUYMIN GOHTaH», rnaBa 8 «DiKLii»). TP OCTaHHI MaBU AEMOHCTPYIOTb €BOJIOLI0 MaTaHai3y 3 YaciB LMX reHiis
MaTeMaTMKKN A0 Hawux AHis. [les’aTy rnasy «JloriuHMi BcecBiT» NPUCBAYEHO HBIOTOHIBCBKMM ifesim, Bif 3aKOHIB Npupoaun Ao
npobsemu ABOX TiN i f0 X BNAMBY Ha MpocBiTHULUTBO. Y Lili rnasi C. CTporal, TaKOXK 3anNpoBaAKye NOHATTA PiBHAHb i3 YaCTUHHUMM
NOXigHUMM | HABOAMTb NPUKAAL, IX BUKOPUCTAHHA Y NPOLLECi NPOEKTYBaHHA Boeing 787. Y aecaTiit rnasi «fK 3'aBNAOTLCA XBUAI»
NaeTbcA NPo XBU/bOBY Teopito Ta aHani3 dyp’e. KiHuesa, oanHaauaTa rnasa « ManbyTHe maTaHanisy» NnpucBaYeHa HeNiHikHOCTI,
Teopii Xaocy Ta MipKyBaHHAM MPO MalbyTHE MaTaHaNi3y B enoxy Komn'toTepis i WTy4HOro iHTenekTy. Ha 3aBepweHHa C. Ctpora,
NMOKa3ye Ha NPUKNa[aX, HACKiNIbKM MOTOPOLIHO edeKTUBHUM ByBae maTaHanis.

Ona Toro, wob He Bianakysatn umuTtadis, C. CTporal, po3nosigae npo iaei mataHanisy 3axonnueo i goctynHo. Ocb,
HanpuKnaa, AK Npo30po BiH BUCBIT/IIOE MPUHLMN HECKIHYEHHOCTI: «..TaEMHMUA YCMNiXy maTaHanisy KPUETbCA B TOMY, LLO BiH
po36MBa€e CKNafHi 3afayi Ha MeHLWi i npocTiwi nig3agadi. 3BiCHO, TaK POBUTb He TiNbKM MaTaHani3. <...> Ane WO BUPI3HAE
MaTaHa/i3, YoMy B Oro BUMNAZAKY Lie AyKe pafuKanbHUI Niaxin? BiH 40BOAUTL CTpATErito «po3Ainai i Bonogapon» A0 MeXi,
TOBTO [0 HECKIHYEHHOCTI. BiH He AinnTb BeNUKy 3afayvy Ha KislbKa HEBE/IMKMX YAaCTUH — BiH HEBTOMHO po36buBaE i po3buBag,
OpobUTb 33434y Ha HAaMMEHLI 3 MOMKAMBUX YACTUHKM, AKMX HECKIHYEHA KiNbKiCTb. 3aKiHUMBLUM 3 UMM, BiH BMpiWYE npobaemy
KOXXHOT OKpeMOi YaCTUHKMW. <...> JINLIAETbCA TiNIbKM CKNACTU BCi MiHiBiANOBIAj AOKYNM. <...> OT}Ke, MaTaHaNi3 CKNaJaEeTbCA 3 ABOX
eTanis: po3buTK i1 nepebyaysBaTh. AKLLO CKa3aTM MaTeMATUYHOK MOBOIO, Mifg, Yac NeplIoro eTany iCHYE HecKiHYeHHO mane
BigHIMaHHSA, 332 ,ONOMOrO AKOTO MOYKHA BMPA3UTU PiI3HULKO MiXK YaCTMHKaMK. BignosigHo us nonosmMHa poboTM Ha3MBAETLCA
dugpepeHyianoHUm YucneHHAM. KOnn YacTUHKM CKNaaloTb Hasah, 3acTOCOBYHOTb HECKiHYEeHHe [04aBaHHA — YaCTUHKM
06’eaHYOTbCA Ha3ag, y uine. Lia nonosuHa poboTv HAa3MBAETLCA iHMe2PaabHUM YucaeHHAM» (c. 15-16). Lito posnosiab C. CTporay,
LOMOBHIOE 3aBAAHHAM, Ha AKOMY MOXHa «NOMaLATU» HECKIHYeHHICTb. Lle 3HaxoaKeHHA NaoL,i ifeanbHO KPYraoi NiLu WAAXomM
il Hapi3aHHA HA HeCKiHYeHHY KifbKiCTb LWMATOYKiB. Ha Hawy AyMKy, Take MOAe/toBaHHA HECKIHYEHHOCTI € AieBUM crocobom
HabAM3nTUCA [0 ii pO3yMiHHA.

Mig 4yac uMTaHHA «be3ameXHOi CMAM MaTeMaTMKM» HAc He 3a/UWaN0 MUTAHHA: YOMY Y LUKOAI OCHOBM MaTaHanily
[A0TbCA YYHAM TaK BaXKKo? BuyepnHy Bignosiab Ha HbOrO My 3HaWWAKM B ece «llnay matemaTuKa» aBTopcTea [1. Jlokxapaa
(P. Lockhart), ameprKaHCbKOro mMaTemaTMKa-4OCNIOHUKA, AKUIA MPUCBATMB CBOO Kap’epy BMKAQLAHHIO MATEMATMKM Yy LIKOAI.
BBakatoum matemaTuKy GOpMOK TBOPYOTO MUCTELTBA HAPiBHI 3 MY3MKOI i XMBOMWCOM, BiH BUKPUBAE BaAWM CTAaHAAPTHUX
METO/,iB HaBYAHHSA, AKi BUKOPMCTOBYHOTb CbOrOAHI Y BiNbLIOCTI WKiA. MpuiimMatoum ifeto HaBYaHHSA LWKOIAPIB MAaTEMATUYHUX TEXHIK
pO3B’A3aHHA PiI3HOMAHITHUX MaTEMaTUYHUX 3a4a4, . JTokxapa, BOAHOYAC NEePEKOHAHUM, WO iX ONaHyBaHHA He € METO0 LWKINbHOT
MaTeMaTUYHOT OCBITW. BiH BNeBHEHWH, LLLO TEXHIKA B MaTEMATUL,, AK i B OyAb-AKOMY MUCTELLTBI, MA€ BUBYATUCA B KOHTEKCTI. | LeW
KOHTEKCT — byHAaMeHTanbHi igei, ixHA icTopin, TBopumnii npouec (/lokxapa, 2002). Ha Haw nornaa, KHura «besmexkHa cuna
MaTEMATUKU» € BOANMM ONUCOM HaMBAXKAMBILIMX CKNAALHWUKIB LbOrO KOHTEKCTY. A MpPUKAAAM NPaKTUYHOTO BTINIEHHA iael
MaTaHani3y B Cy4aCHUX TEXHOJIOTIAX, WO X peTesbHo nigibpas C. CTporal, BBa*KAaEMO LLiHHUM MOro AONOBHEHHAM. AfKe, AKLWO
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YYHi MOYHYTb 6AYUTU MaTeMATUUYHE «HAUYUHHA» NPUPOLHUX | PYKOTBOPHUX (EHOMEHIB, TO NWUTAHHA «HABIWO NOTPibHa
MaTemMaTUKa?» He BUHUKaATUMe.

Y BMWI MW BUBYANM MaTaHaNi3 AK IHCTPYMEHT. LIboMy XX MM HAaBYAEMO i HALWMX y4YHiB. TOXK Ham BapTo 6yao NpountaTm

«Bbe3merkHy cuay matemaTvkmny, abu BiakpuTH ans cebe maTaHani3 AK YaCTUHY KYAbTYpHU.
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