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AHOTALIA

ABSTRACT

Y OaHili pobomi nposodumeca aHanMI3 [HMeE2PanbHUX PIBHAHb,
8i0M08iOHUX X8UMbOBIl PYHKYII cucmemu YaCMUHOK y 38’A30HOMY CMaHI.
lokasaHa eKsigaseHMHicmbs, OMpPUMAHUX paHiwe, iHMe2panbHUX Pi6HAHb
muny ®pedeonema i Bonbmeppa. [losedeHo, wjo 00HOPIOHI iHmMeapaneHi
PIBHAHHA 017 X8Ub0BOI (yHKUII cucmemu 83aeMOODiO4UX YACMUHOK Y
38’A3GHOMY CMQHI, MAIOMb MinbKU MpugianbHi po3e’asku. [as imepayii
iHmeapanbHUX pieHAHL | 3HAXOOMEHHA eHepeemu4yHo20 crekmpy
3anpornoHo8aHa chepuvyHO cumMempuyHa Gopma BinbHUX O0OAHKIE, AKA
8paX08YE CUMeMPpIto X8Us6080i hyHKYi.

PopmyniosaHHA npobaemu. 3’ACy8aHHA MOXAUBOCMI MA CMBOPEHHA
Memo0i8 3acmocy8aHHA iHMe2panbHUX PiBHAHb, 8i0N0BIOHUX PIBHAHHIO
UpediHeepa 0as cucmemu 4YAaCMUHOK, 00 3HAXOOMEHHA X8UbOBUX
PyYHKUIli cucmemu K8AHMOBUX YACMUHOK.

Mamepianu i memodu. 3acmocysaHHA nepemsopeHHAs ®Pyp’e npu
docnidxceHHi 6azamosuMipHUX iHMe2pasnbHUX PIBHAHb MA BUKOPUCMAHHA
meopem ®pedz071bMa 3 302016HOI Meopii iHMez2panbHUX PiBHAHb.

Pesyabmamu. [posedeHuli aHani3 iHMe2panbHUX PieHAHbL 8i0M0BIOHUX
X8unbosili hyHKUii 38’A30HO20 CMAHY CUCMeMU YaCMUHOK, MOKA3aHa
KOpekmHicmo wiaAxy ix ompumaHHA. 3a anemepHamuseoto @pedzonbma
dosedeHo, WO i3uyHUU 3micm Marme MIinbKU X8UbO8I YHKUII,
8i0M08iOHI HEOOHOPIOHUM PIBHAHHAM. [ 3HAXOOMEHHA X8U/bOBOI
QYHKUIT 3 IHMe2panbHUX pieHAHb WAAXOM imepayii 3anponoHo8aHa
cihepuvHO cumempuyHa hopma 8inlbHUX O0O0AHKIB, AKA HEABHUM YUHOM
8pAXO0BYE CIiH YACMUHOK cucmemu.

BucHoeKu. 3anpornoHo8aHuli Memood 3HaX00HeHHA X8Unb0oBOI hyHKUII
cucmemu 4aCMUHOK € MepcrieKmusHUM, OCKinbKu ImepauiliHi padu dnsa
6azambox munig nomeHyianbHoi eHepeil 83aemodii 6ydyme 36ixHUMU,
8HACNIOOK MO20, W0 3aMPONoOHOB8AHE iHMe2pasnbHe PiBHAHHA 8i0HOCUMbCA
0o pisHAHb muny Bosnemeppa. Cnid 3aysaxcumu, wo 3anporoHo8aHa
¢opma 8inbHUX O00aHKIE He € €OUHO Moxausolo ¢opmoro. [lpu
MOoOento8aHHI cucmem 4YacmuHOK pi3HO20 mMurly 8inbHi 000AHKU MOBUHHI
8idobpaxamu xapakmepHi pucu cucmemu.

This paper analyzes the integral equations corresponding to the wave
function of a system of particles in a bound state. The equivalence of
previously obtained integral equations of the Fredholm and Volterra type is
shown. It is proved that homogeneous integral equations for the wave
function of a system of interacting particles in a bound state have only trivial
solutions. For the iteration of integral equations and finding the energy
spectrum, a spherically symmetric form of free terms is proposed, which
takes into account the symmetry of the wave function.

Formulation of the problem. Clarifying the possibility and creating
methods of applying integral equations corresponding to the Schrédinger
equation for a system of particles to finding the wave functions of a system
of quantum particles.

Materials and methods. Application of the Fourier transform in the
study of multidimensional integral equations and the use of Fredholm's
theorems in the general theory of integral equations.

Results. The analysis of the integral equations corresponding to the
wave function of the bound state of the system of particles was carried out,
and the correctness of the way of their obtaining was shown. According to
Fredholm's alternative, it is proved that only wave functions corresponding
to inhomogeneous equations have a physical meaning. To find the wave
function from integral equations by iteration, a spherically symmetric form
of free terms is proposed, which implicitly takes into account the spin of the
system particles.

Conclusions. The proposed method of finding the wave function of the
particle system is promising since the iteration series for many types of
interaction potential energy will converge, due to the fact that the proposed
integral equation refers to Volterra-type equations. It should be noted that
the proposed form of free terms is not the only possible form. When
modeling particle systems of various types, free terms must reflect the
characteristic features of the system.

K/1KO40BI C/IOBA: cucmema KBAHMOBUX YaCMUHOK; CMAyioHapHicme;
CMaH; X8UnNb08a PYHKYis; imepayis.

KEYWORDS: system of quantum particles; stationarity; state; wave
function; iteration.

BCTYN

MNocTtaHoBKa npobaemu. Ha cborogHilWHiN AeHb HAHOCTPYKTYPOBaHI MmaTepiann € 06’eKTOM 3pOCTaOYOoro iHTepecy Ann
bYyHAAMEHTaNbHOT Ta NPUKNALHOT HAyKW. Y 3B’A3KY 3 LM, 0cOBAMBOT aKTyaNbHOCTI HabyBalOTb TEOPETUYHI MeToaM aHanisy
KBAHTOBMX cUCTEM 3 HaraTbox YaCTUHOK.

AHani3 akTyanbHUX AocniaKeHb. Hanpuknag, y poborti (Monyektos, 2015) nponoHyeTbca TepmoguHamMiyHa Teopin
36ypeHb A1A 6araTo4acTMHKOBOI CUCTEMM KNACUYHUX YAacCTUHOK, B AKIM MoAe b CaMOy3roAKeHOro nNois BUKOPUCTOBYETLCA fAK
OCHOBHe HabawxkeHHsA. Y poboTtax (Rakov, 2016; Weyrauch, 2013) cTBopeHuii epeKTUBHMIA Ta CTabinbHUI anropuTm ana onucy
CUMETPUYHUX MATPUYHUX AO0BYTKOBMX CTaHIB 3 MepioguyHUMMK TPaHUYHUMK ymoBamu. Y poboTi (Olemskoi et al., 2013)
CNMpPalUYNCb Ha METOAWM KBAHTOBOI Teopii nMons po3pobneHa CTAaTUCTMYHA TeOopiA CKNAZHUX CUCTEM 3 HeaauTUBHUMM
noteHuianamu. Y poboti (HOweHko & Baganan, 2013) ans onucy noBesiHKM He EKCTEHCMBHUX CUCTEM 3aCTOCOBYETLCA
£edopmMoBaHUiA raminbToHiaH I3iHra. Ane, y dyHAAMEHTANbHUX Ta NPUKAAAHWUX AOCAIOKEHHAX NPOLLECiB, Wo BiabysatoTbca y
bi3NYHMX cucTemax, iHTerpanbHi PiBHAHHA, BiANOBIAHI XBUAbOBIM QYHKLIT CUCTEMM YACTUHOK € MOTYKHUM, AiMOBMM 3acobom

ABAOHIH K. MeToz, 3Haxo4KeHH:A XBUNbOBOI GYHKLii CUCTEMM YaCTUHOK. Pi3uko-mamemamuyHa oceima, 2023. Tom 38. Ne 2. C. 7-10. DOI: 10.31110/2413-1571-
2023-038-2-001
ABOHIH K. (2023). MeToa 3HaX0AKEHH:A XBUIbOBOT GYHKLT CUCTEMM YAaCTUHOK. @i3uko-mamemamuy4Ha ocgima, 38(2), 7-10. https://doi.org/10.31110/2413-1571-
2023-038-2-001
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OTpUMaHHA pe3synbTaTiB. B poboTi (Avdonin & Kovalchuk, 2019) ana xsunbosoi dyHKL;i, BignoBiAHOT 3B’A3aHOMY CTaHy cMCTEMM
YaCTUHOK, OTPMMaHe AAPO iHTerpanbHOro piBHAHHA TNy Ppearosnbma, AKe y BUNALKY OAHIEN YaCTMHKM 36iraeTbca 3 BiZOMUM
A4POM OAHOYACTMHKOBOI GyHKUii. OKpiM LbOro Ana XBUAbOBOI QYHKLIi 3B’A3aHUX CTaHIB CMCTEMM YACTMHOK, 33 AOMOMOrOH
po3pobneHoro metoaa obepHeHHA andepeHLianbHUX onepaTopis, NobyaoBaHe pPiBHAHHA TUNY BonbTeppa, AKke B rpaHUYHOMY
BMNaAKy 36iraeTbCca 3 BiLOMUM O4HOBUMIPHUM PIBHAHHAM.

Mera crarTi. MobyaosaHi y poboti (Avdonin & Kovalchuk, 2019) iHTerpanbHi piBHAHHA MaloTb BUTAAL:

(4)

Pn (Z):(pON (Z)+ J. Gy (Z—E)U(D(E)dg; (1)
() (my) L

o (2)=0m (2)+ [ [ 94 (Z)up(E)dddi )
(i) (=)

ae N — KinbKicTb 4acTMHOK y cucTemi, Zj — 3BaXKeHi KOOPAMHATM YaCTUHOK, AKi AOPIBHIOOTL J0OYTKY KOOPAMHATU YaCTUHKU X]-

Ha KOPiHb KBaAPaTHUI 3 Macu BiANOBIAHOT YaCTUHKM:

Zj = Xj H;; (3)
Z=2-7-¢&, (4)
iHTerpanbHi npeactasneHHa dyHkui Gy Ta Jy matoTb Burasg;

+o0 2192 2
G, :—;SN j AN exp{— R°A —k—z}dﬁ; (5)

23N—17Z_7 X 4 A

1 +o . 3N 212 k2
Oy =— N J. A% SH(Zj)eXp{—_X“_ B da, (6)
2N-1 77 % i=1

u= ZVV%Z; k= VZ(_E) (o ; E, W, — eHepria Ta noTeHLjaNbHa eHepria CUCTeMU YacTUHOK; R = |Z —§| .

MeTolo poboTM € AOCNiIOKEHHA BNACTMBOCTEN iHTErpanbHMUX PiBHAHbL (1); (2), BCTAaHOBNEHHA 3B’A3KY MiXK HUMK Ta
3’AcyBaHHA MOKNUBOCTI 0AepKaHHA 3a iX 4ONOMOroto XBMIbOBOI PpYHKL,ii 6araTo4acTMHKOBOI CUCTEMMU.

METOAU AOCNIAXKEHHA

Mpu BCTaHOB/EHHI 3B'A3KY MiK 6AaraTOBUMIPHUMM iHTErpPafibHUMMK PIBHAHHAMW 3aCTOCOBYBABCA METOZ NepeTBOpeHb
dyp’e, Npy QOCNIAKEHHI MOXAMBOCTI iTepauji iHTerpanbHUX PiBHAHb BMKOPMCTOBYBa/MCb Teopemu Opearonbma 3 3arasibHoi
Teopii iIHTerpasbHUX PiBHAHb.

PE3Y/IbTATU OOCNIOXEHHA

MpoBegeHWi aHani3 iHTerpanbHUX piBHAHbL (1); (2), BignNOBIAHMX XBUALOBIM YHKLUII 3B’A3aHOTO CTaHy CUCTEMM
YaCTMHOK, NOKa3aB iX eKBiBaJIEHTHICTb, L0 CBIAYMUTb NPO KOPEKTHICTb WAAXY iX OTPUMAHHA, OCKINbKM PIBHAHHA 6yaM OTpUMaHi
pisHMMM 3acobamum.

AKLWLO Y PiBHAHHI (1) nepeiTh BiA 3BaXKEHWX KOOPAWMHAT 40 3BUYANHWUX KOOPAMHAT, TO iHTErpanbHe npeacTaBAeHHs
dyHKUiT TpiHa (5), Npy 3HaYeHHI XBMAbOBOTO Yncna pisHomy K Byae Takum:

- ; (n8) i
Gy (%) =——Lr [ 2" Vexp SRR VY )

23N—17z_7 X 4 12

ne p:f_i‘!\//TjF q()d(vg):1;3_zi‘:ﬂj(xj_§j)2'

[na oyHKuiM MpiHa (7), 3HarAeHa 3ropTka. AKLWO NO3HAYUTU 3rOPTKY Yepes SN,kl,kz :

(+0)
SN,kl,kz = J- GN,kl(X_gl)GN,kz (i_gz)dx' (8)

(=)

TO OTPMMaHUI pesynbTaT Mae BUTNALL
Gy, (5.2)-G, . (&,.&
o k %k 7o " (& 512) (&4) o)
I(1 _kz
AKLLO k1=|(2=k,1'o: S :EdGva(é’é). (10)
Nk dk

BuKOpUCTOBYIOUM OTpUMaHi BMpasn ana 3roptku (9); (10) maosepeHo, WO ANA XBUAbOBUX OYHKUIM, BignoBigHUX
O4HOPIAHOMY PiBHAHHIO (1), BUKOHYETLCA TiZIbKM YMOBa OPTOFOHaNbHOCTI, yMOBa HOPMYBaHHSA He MOXKe 6yTW BUKOHaHa. 3BifKM
BMNAMBAE, WO $Gi3NYHO 3MICTOBHI PO3B’A3KM OAHOPIAHOIO iHTErPasbHOro PiBHAHHA (1) TiAbKKM TpUBianbHI.
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[Ona HeogHOPigHOro iHTerpanbHOro piBHAHHA (1), 3 TOYHICTIO [0 NOCTIMHOTO, HOPMYBA/NIbHOTO MHOMHWKA,
NPONOHYETLCA BiNIbHWUIA AO0LAHOK Y BUTAALI [OOYTKY ABOX OYHKUiN, AKI BPaxoByrOTb CUMETPIl0 XBUAbOBOI ¢YHKLIT cucTtemm

YaCTUHOK, PyHKLfA q)Nm Bignosigae pepmioHam, GyHKuin (DNR Bianosigae 6030Ham:

Pon =Dy, Py, ; (11)

o, = : : : ; (12)

‘//N(Yi) WN(XZ) WN(XN)

(DNB :Zpijl//l(xl)l//Z(X2)“'l//N (XN); (13)
i#]
Pi]- — onepaTop NepecTaHOBKM BEKTOPiB X; i X;, CymyBaHHA BEAETbCA MO BCIX MOMJ/MBMX NepecTaHoBKax; v, ue dyHKuia,
Bi4NOBiAHA OAHIM YAaCTUHLU, AKY B COEPUYHIN cMCTEMi KOOPAMHAT MOXKHa 3anuncaTu y BUrnag,i:

m; Ij+1
d

Jf1d
W R, (cosd,)r;

3
[2(-E. 3 / 2
P|j — noniHomu JlexxaHapa; kj = ( J%; Zkf :kz; r= /ujzxjn ; IJ. =0,1,2,...;
j=1 n=1

mJ - u,ine 4YnCNo, BepxHA i HXKHA Mexxa ANA AKOro CTaHOBUTb ili .

y; =exp(img; )sin™ 9, exp{—k;r;}; (14)

XBnnboBa GyHKUiA Vi€ po3B’A3KOM TPMBMMIPHOTrO PiBHAHHA LUpeaiHrepa ans oAHiel YaCTUHKM, AKA 3HAaXo0AUTbCA Y

chepnyYHO-CUMETPUYHOMY OZHOPIAHOMY MONI | Ma€E Bia eMHe 3HaYeHHA eHeprii.

B AKOCTi BiIbHOrO AOAQHKY iHTErpasbHOro PiBHAHHA (1), AKMI € HYNbOBMM HabAMMKEHHAM AN XBUbOBOT GYHKLIT
CMUCTEMW B3AEMOAIIOYMX YACTMHOK, MPOMOHYETbCA XBWU/IbOBA (YHKLiA CUCTEMM HE B3AaEMOZIOHYMX YACTUHOK Yy cdepuyHo-
CUMETPUYHOMY OA4HOPIAHOMY NOJI, AKY MOXKHA NPEACTaBUTU Y BUTAALI NiHiIMHOT KOMBiHaLiT A06YTKIB XBUbOBUX DYHKLN ¥, BCiX
YacTUHOK cucTemun. Cyma eHepriii YaCcTUHOK Yy HY/IbOBOMY HabAUMKEHHi NOBMHHA AOPIBHIOBATM EHEprii CUCTEMM B3AEMOAIOUNX
YacTUHOK. MoLWyK [,03BONEHMX 3HAYEHb €Heprii CUCTEMM B3AEMOZIIOYMX YAaCTUHOK MOMKHA 34iMCHIOBATM 33 AONOMOTO YMOB
OPTOrOHaNbHOCTI i HOPMYBAHHA XBU/IbOBUX PYHKL,i CUCTEMM YACTUHOK.

BUCHOBKU TA NEPCNEKTUBU NOAANBLUOIO AOCNIAKEHHA

MpoBeneHWi aHani3 iHTerpanbHUX piBHAHbL (1); (2), BigNOBIAHMX XBUALOBIM YHKLII 3B’A3aHOTO CTaHy CUCTEMM
YaCTMHOK, MOKa3aB Mo nepLue: iX eKBiBaJIeHTHICTb PiBHAHb, NO Apyre: 3a afbTepHaTMBOO Ppearosibma NokasaHo, Wo GisnyHun
3MiCT MatOTb Ti/IbKM XBUIbOBI QYHKLLT, BiANOBiAHI HEOAHOPIAHUM IHTENPANbHUM PIBHAHHAM.

[nA 3HAX0AKEeHHA XBMAbOBOI GYHKL,I 3 iHTErpanbHUX PiBHAHb LWAAXOM iTepaLiii 3anponoHoBaHa chepuyHO CUMETPUYHA
dopma BiNbHMX AofaHKiB (11), AKa BPpaxoBYE CMiH YaCTUHOK CUCTEMMU.

Pe3ynbTaTi, OTpMMaHi B AaHiN CTaTTi, BiAKPWBAOTb HOBI MOX/IMBOCTI ON1A MOAENIOBAHHA, 3HAXOAMKEHHA XBU/IbOBOI
bYHKLiT Ta BUSHAYEHHA eHepreTMYHOro CMEeKTPY CUCTEMM YAaCTUHOK. ITepaLiiHi paam, yTBOpeHi 3a iHTerpasbHUMM PiBHAHHAMM,
Ona 6araTbox TMNIB MOTEHLiaNbHOI eHeprii B3aemoaii 6yayTb 36i>KHUMMU, OCKINbKKM iHTerpanbHe pPiBHAHHA (2) BigHOCUTLCA 40
piBHAHb TMNY BonbTeppa. Chig, 3ayBaxunTi, Lo 3anpornoHoBaHa Gpopma BiibHUX A0AAHKIB HE € EAMHO MOXK/IMBOLO dpopmoto. Mpu
MOZEN0BaHHI CUCTEM YAaCTUHOK Pi3HOrO TUNY BifIbHi A4OAAHKM NOBUHHI BiL06paXKaTM XapaKTepHi pUcK cucTemu.
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AHOTAUIA

ABSTRACT

®dopmy P06 Knacu4Hum HepisHocmam npucesyeHa

pisHOMaHimHa ~ mamemamuyHa — aimepamypa.  HepisHocmi  Kowi-
ByHsKkoscbko2o ma [endepa snexcams 8 ocHosi 2eomempii yHimapHux ma
HOPMOBAHUX Mpocmopie. Y cmammi po32aaHymo y3a2anbHeHHA Uux
KOHCMPYKYili — noniniHiliHi  ¢hopmu | HepigHocmi 0na Hux. 3micm
y3a2anbHeHUX HepisHocmeli rnonszae 8 OuyiHYi noniniHiliHoi ¢opmu  8id
cucmemu sekmopig Yepe3 ixHi Hopmu. Cama popma 3a 308HIWHIM 8U21900M
€ Y302a16HEHHAM CKanApHo20 006ymKy 8i0 008inbHOI KinbKkocmi eekmopie.
Cymmeso, wjo dosedeHHsA MPoBoOAMbCA eseMeHmapHUMuU memoodamu, 6e3
8UKOPUCMAHHSA 3acobis Mamemamuy4Ho2o aHanizy. Bidomo, wo HepigHicme
Kowi-ByHAKOBCbKO20 € 4acmMuHHUM eunadkom HepigHocmi [endepa. B
pobomi NoKasyemeocs, Wjo HasnaKu, opyay 3 yux HepisHocmeli moxce 6ymu
8ugedeHo 3 nepwoi. 3acmocy8aHHA dosedeHux HepieHocmeli 00 KOHKPemHuUX
8eKkmopie 0ae 00epHaHHA 8iI0OMUX pe3ysbmamis, 30Kkpema, HepieHocmi 0n1a
cepedHix cmeneHesux i OeAKux iHWuUX, AKIi aemopam He 3ycmpidanuce y
mMamemamudHili nimepamypi. HepieHocmi moxcyme 6ymu nepeHeceHi Ha
8EKMOpPU 3 HECKIHYEHHOBUMIPHUX npocmopie nocnidosHocmell. Ix moxcHa
3acmocosy8amu makox 047 MOWYKy ekcmpemymy OesKux GyHKyil i npu
nidzomosy;i do onimniad.

Mamepianu i memoodu. [na dosedeHHs y3a2anbHeHoi HepigHocmi Kowi-
BYHAKOBCLKO20 BUKOPUCMAHO HepieHicmb Kowi 0715 Hegid eMHUX Yuces, Wo €
KoopduHamamu eekmopie 6azamosumipHozo npocmopy. [pu nesHomy
subopi makux eekmopie 3 uiei HepigBHocmi 00800UMbLCA Y3a2anbHEHA
HepigHicme endepa. Bubuparouu eekmopu pi3HOMaHImMHUMU criocobamu,
MOXHa 00epx#amu pi3Hi 3MicmoeHi HepigHocmi.

Pesynbmamu. losedeHo y3azansHeHi HepisHocmi Kowi-byHAKOBCbKO20,
lendepa, HepigHicmb 014 cepedHix cmerneHesux ma OeaKi iHwi.

BUCHOBKU.  3aCMOCYBAHHA  y3a2anbHeHUX  HepigHocmel  Kowi-
ByHsaKoscbKozo i [endepa 0o pi3HUX cucmem sekmopie 3 Hegio’emHUMU
KoopOuHamamu Oae HepieHocmi — AK exce 8idomi, mak i Hosi i documb
3micmoeHi. IxHe OdosedeHHs 3600umbca auwe 0o eubopy nompibHoi
cucmemu 8ekmopis. Ha uysomy wnaxy edaembca nesko 0osooumu
HepigHOCMI, AKI MOXCHA 3ycmpimu Ha MamMemMamuy4HUX 0aimniadax.

Formulation of the problem. Various mathematical literature is
devoted to classical inequalities. The Cauchy-Buniakowski and Helder
inequalities are at the heart of the geometry of unitary and normed spaces.
The article considers the generalization of these constructions - polylinear
forms and inequalities for them. The content of generalized inequalities
consists in estimating a polylinear form from a system of vectors through
their norms. The form itself in appearance is a generalization of the scalar
product of an arbitrary number of vectors. It is essential that the proofs are
carried out by elementary methods, without using means of mathematical
analysis. It is known that the Cauchy-Buniakowski inequality is a partial case
of Helder's inequality. The paper shows that, on the contrary, the second of
these inequalities can be derived from the first. The application of proven
inequalities to specific vectors yields well-known results, in particular,
inequalities for power averages and some others that the authors did not
encounter in the mathematical literature. Inequalities can be transferred to
vectors from infinite-dimensional sequence spaces. They can also be used
to find the extremum of some functions and in preparation for the Olympics.

Materials and methods. To prove the generalized Cauchy-Buniakovsky
inequality, the Cauchy inequality was used for non-negative numbers, which
are the coordinates of vectors in a multidimensional space. With a certain
choice of such vectors, the generalized Helder inequality is proved from this
inequality. By choosing vectors in various ways, you can get different
meaningful inequalities.

The results. The generalized Cauchy-Buniakovsky, Helder inequalities,
the inequality for power averages, and some others are proven.

Conclusions. The application of the generalized Cauchy-Buniakovsky
and Helder inequalities to various systems of vectors with non-negative
coordinates gives inequalities - both well-known and new and quite
meaningful. Their proof is reduced only to the selection of the desired
system of vectors. In this way, it is possible to easily prove inequalities that
can be found at mathematical Olympiads.

K/ItO4OBI C/IOBA: HepisHicmb Kowi-byHAKOBCbKO20; HepigHicmb
lendepa; sekmop; KoopOuHamu eekmopa; AiHiliHuli npocmip; Hopma;
HepigHicmbe MPUKYMHUKa; cepedHe cmeneHese.

KEYWORDS: Cauchy-Buniakovsky inequality; Helder's inequality; vector;
vector coordinates; linear space; norm; triangle inequality; power average.
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Oani 6yaemo BBaxkaTn BCi &y HeBia'eMHMMY, iHaKLle Byaemo 3anucyBaTi HepiBHOCTI A1A Moaynis. 3agada nonAarae B
y3ara/sibHeHHi ABOX KNAaCUYHUX HEPIBHOCTEW 418 M > 2 BeKTopiB

1) y3aranbHeHa HepiBHicTb Kowwi-ByHAKOBCbKOrO:

m m
a11a21"'am1+"'+a1na2n mn—\/(all+ +a1n) '\/(am1+"'+amn) ;
2) y3aranbHeHa HepiBHiCTb Mlenbaepa:

(1)

vp, >1k=1..1, i+...+i:l

Py P
1 1
P P 2 P
By B+t By S (au Tt a, )pl "'(alll Tt ay )p'
B 060X HEPIBHOCTAX PIBHOCTI MAlOTb MICLLE TOA i ULLIE TOAi, KOM BEKTOPU KONiHeapHi

HepisHocTi Kowi-ByHsaKkoBcbKoro, Fengepa Ta geaki iHWwi BMKNageHo, Hanp., B [2, 3]. Barato KNacMYHUX HepiBHOCTEN B
CYYacHi niTepaTypi MiCTUTbCA B LUTOBaHWUX poboTax [1-7]. Mpu ubomy ana fosefeHHA B HinbLIOCTI 3aCTOCOBYIOTHCA METOAM
MaTemMaTUYHOro aHanisy.

Il. floBeaeHHA HepiBHOCTel
OnAa KoxHoro j=

L...n yT60pumo AO6YTOK 88,y = Al Aul %%,

jXm J-MX KOOPAMHAT UMX BeKTOpiB Ta
CKOPUCTAEMOCH HepiBHicTIo Kowi ana Xj, Xy, Xy >0:

X0+ Xy e+ X
8,30 Ay = Al A e %y <A HM\#-
K BigoOMO, piBHiCTb B HepiBHOCTI Kowi mae micue Toai i TiNbKM TOAi, KOAW BCi MHOMKHWKW pPiBHI MiX coboto:
. . . TS
X=X = =Xy (J =] ) Lle 03Hauae, WO NpU KOXKHOMY | Mae micue: —L = 3HaunTb, KOOPAMHATU
[Al [l HAﬂH
BeKTOpiB A,k =1,...,m MPONOPL,iHi, TO6TO, Lii BEKTOPU KONiHEaPHI

[Jopatoum BCi Taki HepiBHOCTI AnA j =

1...,n, byaemo matu

n
zaljaZj"'amj =@y T+ 38,
=

SAI.,,AH(XE +X2?ﬁ“+ Xy - X+ X+ xﬁn“nJ

"X et Xy X+ Xpa et X
AL A et |,

OCTaTO4YHO, 0OA4EPKMMO y3arasbHeHy HepiBHICTb Kowi-ByHAKOBCbKOTO

m m m m
,8,,...8,, +...+8,,8,,..8,, < Q/(a11 o+ ain)...d(arnl +..+an)
3 ui€i HepiBHOCTI BUNAUBAE:

E]

n
(a‘llaZl"'aml+"'+a'lna2n"'amn)m< a’lm] Zam

(2)
=1 =1
abo y KOMNaKTHOMY BUMNALI

(ilﬂ[%jms]ﬂ[iag .

j=1 k=1

BapTo MOBTOPWUTH, WO PIBHICTb B LA HepiBHOCTI Mae micue ToAi i TibKM ToAi, KoAn KoopauHath Bektopie A, k=1,
nponopLiitHi, TOBTo, BEKTOPU KONiHeapHi

[JoBeneHHA y3aranbHeHoi HepiBHOCTI lengepa

1 1 1
PosrnaHemo q; € N ogHakoBuMx BeKTOpiB ((au)q. ,(aiz)q. ,...,(ain)ql j , q; € N.No3Haunmmo: ¢, +...+¢ =m

3acTOCOBYIOUYM [0 UUMX BEKTOPIB AOBEAEHY y3araibHeHy HepiBHiCTb Kowi-ByHAKOBCbKOro, 04EePKUMO
1

(8o (@) (@ (8 5 (@ o (@ o (0 (34,3 <

m

&4 L
m \m m m\m

G g el
<lat+..+at Jar+..+a

3a yMOBM NiBa YacTUHA HePIBHOCTI AOPiBHIOE &18,...8y; ...+, Q... O

Bsegemo nosHauveHHa: p; _m >1,..,p - >1. 3Bigcu
il ql
i+...+i=&+...+&=l,
P ppom m
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Lle gae 3mory nepenncaTn HEPIBHICTb Y BUrNA4i
1 1

Py CATY p P \p
auazr--au+---+a1na2n---a|n§(a11 Tt a, )pl "'(alll +---+a|rl\)p' .

OfepKMMO AefAKi HacNiAKM 3 [OBEeAEeHUX HEPIBHOCTEN.

11l. Npuknagu

Npuknag 1. m=2. 3acTOCYyEMO HepiBHICTb TPUKYTHUKA a NOTIM foBefeHy HepiBHICTb (2) ANA BeKTopiB (31:---1311) i
(bl,---,bn) 3 He060B'A3KOBO HEBIA EMHUMM KOOPAMHATAMMU:

by +... +ayby| < lagllbyl+... +layl byl < \/Z?=1aj2\/2?=1bj2.

Lle Biaoma HepigHicTb Kowi-ByHAKOBCHKOrO i, fIK BiAOMO, PiBHICTb B Li1 HEPIBHOCTI Ma€ Micue Togi i TiAbKKM ToAj, Konun
BEKTOPM KONiHeapHi, TO6To, KoopAMHaTM NPONOPLLMHI.

Mpuknag, 2. 3acTocyemo HepisHicTb (2) ana K ogHaKoBUX BEKTOPIB (aii"'ian) i ana M-k, m>Kk ogHakoBux BeKTOpiB

(Byreby )

(3™ +..+ah™) < (" +.+ an’“)k (b"+...+Db") (3)
Mpuknag, 3. 3acTocyemo HepisHicTb (3) ansa K ogHakoBux BekTopiB (a:lY"'Yan) i ana m—k, m>Kk ogHakoBMX BeKTOpiB
(L,...,1) (T0670, yci b; =1, j =1,...,n). Oaepkumo BiAOMY HepiBHiCTb
(a +...+a§)msnm’k(a1m+...+a;“)k- (4)
3okpema, npu k=1
(a,+..+a) <n"(a +..+a]). (5)

3 (4) BunanBae:

1 1
[alk+...+ankjkS(aim+...+a;“jm_ (6)
n n

Bupasu 3niBa i cnpaBa Ha3MBalOTbCA cepeaHiMM cTeneHeBUMM BianosiaHo cTeneHis K i m. OTKe, AoBeAeHO Bigomy
HepIBHICTb ANA CepeaHiX CTENEeHeBUX HeBia EMHMX Ymncen npu m > k.

Npuknag 4. 3actocyeMo HepiBHICTb (2) Ana k oAHaKOBUX BEKTOPIB (31,---,an) iana m—k, m>Kk oAHaKoBWUX BEKTOPIB
(a“,...,al), 3p0o3yMmino, LWo ixHi Hopmn ogHakoBi. Maemo:
aa" . rakah <A LAl
3ayBaKeHHA. Y Apyromy BEKTOPi MOXHa B3ATU Byab-AKy iHLWY NepecTaHOBKY KOOPAMHAT NepLIoro BeKTopa.
MNpuknap 5. Hexalh m=m, +m,. 3aCTOCYeMO HepiBHIiCTb (3) ANA M, OAHaKOBMX BEKTOPIB (al,...,an) i ana m,

H i i n b —i j—]_ n.
OOHAKOBUX BEKTOpPIB aix---aa . llpn ubomy Vj a: yeey 112

n j
my
_ _ +m, m m 1 1
(&P +..+ar "‘Z)mL <(al+..+a] )ml[af‘+"'+a;”J :

m

2 2
Mpuknag 6. 3acToCyeEMO A0BeAeHY HEPIBHICTb (2) A0 cMCTEMM BEKTOPIB (ai,---,an), (31 v---:an),..., (aim,...,an ) :

m(m=+1) (m+1) \™
[a1 2 4..+a, 2 J <(a+..+a))(a +..+a)..(a" +...+a]") -

< Vs
Mpuknag 7. Hexanh o, a,,...,a, € (O,Z—mj . PosrnaHemo BeKTopU 3 404aTHUMM KOOpAUHATaMM:

(cosay, €08 ar,,...,C08@, ), (C0820,C082ar,...,C0820r, ) .., (€082 a,C052™ax,,...,C0S 2™z, )
| 3aCTOCYEMO [0 HUX HEPIBHICTb (2):

m
(cosa, cos 2, cos2™ o + COs @2, €OS 22, €05 2", + .. + COS , €OS 2cx, COS 2”’1(1”) <
<(cos" e +¢os" at, +...+C0s" , ) COS" 201, +€0S" 2az, +...+C08™ 20x, ) x

X, X (cos”‘ 2" o, +cos" 2" ety + ...+ COS” 2m’1an) :

i m
BuKOpMCTOBYIOUM BigOMy dopmyny cos @ cos 2 @...cos 2™ 1@ = %,(p #+ mk,k € Z , nepenviwemo oaepKaHy

HepiBHICTb Y HACTYNHOMY BUTNAA;:

- . . m

sin2"a;  sin2"q, sin2"q,

- +— ot — <
sing, sina, sina,

13



Tom 38, Ne 2 / Vol. 38, No 2 (2023) ®iznko-matematnuHa ocsita / Phisical and Mathematical Education

2
<2™ (cos" e, +COs" @, +...+ c0s" a, ) (COS™ 2ar, + COS™ 2at, + ...+ COS" 20z, ) x

x...x(cos™ 2" +cos" 2™, +...+C0S" 2", )

OBrOBOPEHHA
JoBeneHi HEPIBHOCTI MatoTb Bak/MBe 3HAaYEHHS cami Mo cobi, ane TaKoXK € LiKaBMMW HacnigKku 3 HuX. MNo-neple, 3a
[,0MNOMOrOt0 y3arasibHeHoi HepiBHOCTI KoLwWwi-ByHAKOBCbKOTO IerKO O0BOAUTLCA KNAACUYHA HEPIBHICTb A1A CepefHiX CTeneHeBmX.

Mo-apyre, BUGMpPatoUM pisHi 3HaUYEHHA ANA KOOpAMHAT BekTopis A =(ak1,ak2,-~-,akn),k =1,...,M, moxHa ogepsKaTh pisHi LjiKasi

HepiBHOCTI. B Takuli cnocib aBTopam BAaBanoOCh IETKO pPO3B’A3aTh AeakKi onimniagHi 3agaui.

BUCHOBKWM TA NEPCNEKTUBU NOAANBLLUOIO AOCNIAXKEHHA

Cepes, noAanblUMX MOXAMBUX  Pe3y/bTaTiB  MOX/AMBE PO3NOBCIOAMKEHHA [AOBEAEHUX HepiBHOCTEM Ha
HeCcKiHYeHHOBMMIpHI npocTopu nocnigosHocTen. LlikaBo 6yno 6 f0BecTM aHanoriyHi HepiBHOCTI AnA iHTerpanis metogammu
MaTemMaTUYHOro aHanisy.
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AHOTALIA ABSTRACT
MocmaHoeka npobaemu. [ocnioneHHA NUMAHHA BKAYEHHA memu Formulation of the problem. Analysis of the issue of including the topic
«Halinpocmiwi  yHKYioHanbHI  PiBHAHHA» 8 MOOesnbHI  HA8YAbHI "The simplest functional equations" in the model curricula for studying the

npoz2pamu 8usvyeHHA npeomemy «Anzebpa i noyamku aHanizy» 04
npogineHuUX Knacie 3 noenubneHUM susyeHHAM mamemamuku. ModenbHa
HABYAMbHA MPO2PAMA BUBYAE OPIEHMOBHY MOCAI00BHICMb OOCAZHEHHA
OYiKyB8aHUX  pe3ynbmamie  HABYAHHA,  3micm  npedmema  abo
iHmeaposaHoz2o Kypcy ma e8udu Has4YasnbHoi OifnbHocmi 3006ysauyie
ocgimu. BKAOYAHHA 8KA3AQHOI memMu MAae Ha mMemi po3no4amu meopye
OCMUC/IEHHA (hYHKUIOHANbHUX 36°A3Ki8, iCHYIOYUX 8 peanbHUX cucmemax i
npoyecax, 30Kpema, eKosno2idHuUX, EKOHOMIYHUX MA COYianbHUX.

M i ma du. TeopemuyHuli Memod aHanizy Mmemoou4Hoi
ma Has4asnbHOI nimepamypu 3 00CAiOHY8aHO20 NUMAHHSA; MOPi8HANbHUL
aHania  0na  yceiOoomnaeHHA  pi3HUx noe2nadie  Ha  npobaemy;
cucmemamusayias ma y3a2anbHEHHA OnA CMBOPeHHA peKomeHOayil
3micmy 3anpornoHO8aHOI Memu, a MAKOX hOPMY/0BAHHA BUCHOBKIE ma
iHmezpysaHHa nedazoziyHozo 0Oocsidy asmopis, Aki 8ukaadarome
8i0M08iIOHI ucyunaiHU 8 3aK1a0ax 0c8iMu pi3HUX pieHie.

subject "Algebra and the beginnings of analysis" for specialized classes with
in-depth study of mathematics. A model curriculum studies the approximate
sequence of achieving the expected learning outcomes, the content of the
subject or integrated course, and the types of students’ educational
activities. The inclusion of this topic aims to start a creative understanding
of functional relationships existing in real systems and processes, in
particular, ecological, economic, and social ones.

Materials and methods. Theoretical method of analysis of methodical
and educational literature on the researched issue; comparative analysis to
understand different views on the problem; systematization and
generalization to create recommendations for the content of the proposed
topic, as well as formulating conclusions and integrating the pedagogical
experience of authors who teach relevant disciplines in educational
institutions of various levels.
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Pesyabmamu. 3anponoHosaHo moxcaueuli  3micm memu Results. The possible content of the topic "The simplest functional
«Halinpocmiwi pyHKYiOHANbHI PIBHAHHA» 8 MOOEsbHI MPo2PaMuU 8UBYEHHSA equations" in the model programs for studying the subject "Algebra and the
npeomemy «Aneebpa i Mo4amxu aHanizy», npuknadu OAA MOACHEHHA beginnings of analysis", examples for an explanation by the teacher, and
8UKNAOaYEM i 3aKpinAeHHA yYHAMU. [7 OeaKux npukaadie 3anponoHoeaHi confirmation by students are proposed. For some examples, different
Pi3Hi Nidxo0u ix po368’A3aHHA; HAOAHO 3pyYHi Mabauyi 047 MOWYKY YYHAMU approaches to their solution are proposed; convenient tables are provided
YaCMUHHUX p038°A3Ki8 0eaKux 8udie (hyHKYiOHANbHUX PiBHAHb. for students to find partial solutions to some types of functional equations.

BucHoeKu. Asmopu  egaxcarome, wo mema «Halinpocmiwi Conclusions. The authors believe that the topic "The simplest functional
yHKUIOHANbHI piBHAHHA» Byde KOPUCHO i crpuliHAMHOW 05 8UBYEHHS equations" will be useful and acceptable for studying within the scope of the
8 mexcax npedmemy «An2ebpa i NOYaMKU aHAAI3Yy» YYHAMU NPOinbHUX subject "Algebra and the beginnings of analysis" by students of specialized
Kknacie 3 no2nubseHUM — BUBYEHHAM — MamemMamuku. B mexcax classes with an in-depth study of mathematics. Within the eleven-year
00UHAOUAMUPIYHOI WKIiNBbHOI 0c8imu, 3p03yMmino, Yyacy Ha eusvYeHHs uiei school education, of course, it was impossible to find time to study this topic
memu 3Halmu 6ys10 HEMOM(/IUBO 3a MPUYUHU HacudeHocmi i wineHocmi due to the saturation and density of the material necessary for study. But in
HeobxiOHo20 0na sugyeHHs mamepiany. Ane e dsaHaduamupiyHili Hoeil the twelve-year New Ukrainian School, marked by a deeper differentiation
YKkpaiHcekil LLkoni, 3a3HayeHow 6inow 2nubokor OugepeHyiayiero of specialized education, the topic "The simplest functional equations" can
npogineHo20 Has4yaHHA, mema «Halinpocmiwi yHKUIOHANbHI PIBHAHHA» strengthen the fundamentality of mathematical education in classes with
MOME 3MIYHUMU hyHOameHmMasnbHiCMms Mamemamuy4Hoi 0ceimu 8 Kaacax in-depth study of mathematics, computer science, etc. Further research in
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INTRODUCTION

Formulation of the problem. Analysis of current research. The goal of the research group was to study the issue of
including the topic "The simplest functional equations" in the model programs for studying the subject "Algebra and the
beginnings of analysis" for specialized classes with an in-depth study of mathematics. This subject can be viewed from the point
of view of its integrity, or can be viewed as an integrated one consisting of the subjects "Algebra" and "Introduction to Analysis".
Both points of view emphasize relevant content, internal and intersubjective connections.

On the one hand, the topic "The simplest functional equations" is an intersection of the meaningful lines "equation",
"function", and, on the other hand, it can be considered in the future as a propaedeutic topic for studying the theory of ordinary
differential and difference equations in higher education. Here, in particular, students can be explained what differential and
difference equations are, and generally speaking, that they are representatives of functional equations. In addition, functional
equations can be considered as a foundation for building models in ecology (Matvieieva et al., 2019), mathematical economics
(zhebka et al., 2006), sociology and other sciences. Today, functional equations in school education, as a rule, are studied at the
optional level (when preparing for mathematical Olympiads of various levels) (Voronyi, 2010; Pihtar, 2008; Pihtar, 2015; Serdiuk,
2019), as well as in the research of members of the Small Academy of Sciences (Zazvirska, 2013), that is, this topic is not studied
by all students in a mandatory manner, but is studied selectively by those interested in it. According to the authors, this
impoverishes school mathematics education, in particular, its professional orientation.

On the other hand, the discipline "Functional equations" appeared in a number of universities among the courses for
students specialized in Mathematics. The study guide (Fedak, 2018), written in accordance with the curriculum of this discipline,
contains the basic methods of solving functional equations and linear difference equations, but the level of presentation of
theoretical aspects and the method of presenting the material are quite difficult for schoolchildren, even high school students,
to understand. Issues of methods of solving certain types of functional equations, in particular, Cauchy, D'Alembert, Lobachevsky
equations and the simplest recurrent equations are studied by V.F. Davydovych (Davydovych, 2018). Many scientific researches
today are devoted to the stability of functional equations (Rassias et al., 2012; Moslehian et al., 2007; Moszner, 2009; Saadati et
al., 2011; Brzdek et al., 2011; Noori et al., 2021) and their applications (Russias, 2003; El-Hady,2019).

METHODS OF RESEARCH

The basis for achieving the goal was the theoretical method of analyzing methodical and educational literature on the
researched issue. Comparative analysis was also used to understand different views on the problem. Systematization and
generalization became tools for creating recommendations for the content of the proposed topic, as well as formulating
conclusions and integrating the pedagogical experience of authors who teach relevant disciplines in educational institutions of
various levels.

RESULTS OF RESEARCH
The study of the simplest functional equations can be carried out in different trajectories. And what is proposed in this
article is only one possible approach. The specified topic can become a link between algebra and the beginnings of analysis, based
on a second point of view on the specified educational subject. The specified topic may include the following questions for study:
I. Elementary definition of a functional equation. A function that satisfies the corresponding functional equation.
When studying this issueis is possible to consider the following examples.

Exsmple 1. A function u(x) is defined for Vx € N and satisfies conditions:
Au=u(x)-o(x-1)=cos(x-1)a, u(1)=9. (1.1)
Find u(x).
Let’s consider possible solving. Equalities follow from the condition of the example:
u(2)=u(1)+cosa,
u(3)=u(2)+cos2a,
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u(x)=u(x—-1)+cos(x-1)c.
After adding their corresponding parts and summing similar terms, the following ratio can be obtained:
u(x)=u(1)+cosa+cos2a+...+Ccos(Xx—1)a .

o (2n+l)0c
C0S— — COS~———~—
Using a well-known formula COSOL+C0S20.+...4+CoSN=—2— 2 and the initial condition u(®)=9, it is
2sin
2
o (ZX—l)a
€0S— —COS~———~—
possible to get the final answer: u(x)=9+ 2 2
Zsin%

The following task can be offered for selftraining:
A function (P(X) is defines for Vx € N and satisfies the conditions: (P(X +1):(P(X)+2X: (P(l):3- Find (P(X) . The
answer: (P(X) =2
Example 2 (of a research nature). Does a linear function exist ¥ =®(X) that satisfies the equation for an arbitrary real x:
3p(x+7)+¢(10-x) =11x +15. (2.1)
1) Replacexby x—7 in(2.1):
30((x=7)+7)+¢(10-(x—=7))=11(x—7) +15,
3p(x)+ (17— x)=11x - 62. (2.2)
2) Replace xby 17 —x in (2.2):
3(p(17 - x) + (p(x) :11(17 - x) —-62,
@(x)+3¢p(17 —x) =—11x +125. (2.3)
3)  Multiply (2.2) by -3 and add to (2.3):
—9¢(x)—3¢p(17 —x) =—33x+186, —8p(x)=—44x+311,

o) =X 3L Llx 31
8 8’ 2 8
C11x 311

The answer: there exists a linear function (p(X) > g’ that satisfies equation (2.1) for any x € R.

The following equation can be offered for selftraining:

11
Find a linear function U(X), that satisfies the equation 2U(X+2)—5=2x—U(4-X). The answer: U(X)=2x— 3

Example 3 (of computational character). A function u satisfies the functional equation:
u(x+y)=u(x)+u(y) forall {x, y} c @, (3.1)
5
U(Q) =—€’ . Find U(gj .
1) Itis obvious that the function U(X) =KX s a solution of this equation, in particular for x € Q. In fact:
u(x+y)=k(x+y)=kx+ky =u(x)+u(y).
Let y=x. Then
u(2x)=2u(x). (3.2)
2) The hypothesisis: u(nx) = nu(x), Vx € Q, ¥n € N. For n = 1 the identity is obvious.
u((n+1)x)=u(nx-+x)=u(nx)+u(x)=nu(x)+u(x)=(n+1)u(x).

Then, according to the principle of mathematical induction, the hypothesis is correct.
3) Let’s consider the relation

u(gx) = qu(x), V{x,q} cQ (3.3)
and prove its correctness for (3.1).

a) Lety = 0in (3.1), then U(X)=u(x)+u(0).And u(0)=0, i.e.(3.3)is correct for q = 0.
b) Letin (3.2) x = %, n€N, ze Q.Then
1

u(nx):u(z):nu(%):u(—- j=%u(z)_ (3.4)

n

1
It means that (3.3) is correct for g =—.
n

z m 1 m
c)Letin(3.4) X=—,m=#=n,z>0,m>0. Thenz=mxand U FZ =HU(mX) :FU(X)' i.e. (3.3) is true for all positive
m

rational q.
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d) Let y =—X in (3.1). Then, taking into account a), we receive: U(0)=U(X)+U(—X) =0. or u(-x)=-u(x), and it
means that the function U(X) isodd forall g>0.Thus, U(—qX) = —U(qX) = —qU(X) ,i.e.(3.3) is true for all rational X, q.
Forx=1in(3.3) we have:

u(a)=qu(y), (3.5)

here U(1) is a number.

e) Ifin (3.5) x=0, k=u(1), then u(x)=Kkx, and it means that the function U(X)=Kkx is the only solution of the
equation (3.1).

4) u(9)=—€*.

2 e)’ e’ . . . . L .
k-9=—e"=k=- 3 . Then U(X):— 3 X is a particular solution of (3.1) for given initial conditions.

For solving certain classes of elementary functional equations, it is useful to know that one of the simplest functional
equations is the Cauchy equation, which is defined for the function f: R - Ras: f(x+y)=f(x)+f(y). A function f that
satisfies this equation is called additive. It is also possible to draw students’ attention to the fact that the method of solving
example Ne3 is often called the Cauchy method, for which particular solutions are known for x € Q and f(x) € Q.

After this example, the following equation can be suggested for selftraining: W(y)=y(x+Yy)-y(x), y(10)=-n.

Find w[ -2 |.h 2.k
ind ¥ 7] e answer: Y 7 35

Il. Elementary functional equations, their particular solutions and features.
When studying this question, we can consider the following initial table 1 (Rassias et al., 2017). Note, that for the first
dealing with elementary functional equations, if domain of definitions of variable X, variable y and f(x), f(y)is not indicated,

then we assume thatx € Qand f(x) € Q,y € Qand f(y) € Q.

Table 1.
Equation Particular solutions Notes
f(x+y)=f(x)+f(y) f(x) =kx A single family
f(x.y): f(X)+ f(y) f(x):c]n‘x , Logarithmic equation.
Some of the families
f(x)=clog, |,
f(x)=aln|x+b
f(x-y)="f(x) f(y f(x)=]|x Power equation.
( ) ( ) ( ) (X) ‘X‘ One of the families
f(x+ y): f(x). f(y) f(x):ecx, f(x):aX’ Exponential equation.
One of the families
A degenerate solution f(X)=0
The continuation of this table will be considered below.
Example 4 (inductive solution). A numerical function satisfies the equality
ulx +y) =ulx) +uly) + 12xy, v{x,y}cR. (4.1)

i uz 'fu1—3
Find 8,| 5%

1) Inthe process of solving the simplest functional equations, induction plays an important role. It is obvious that the
particular solution of this functional equation is a function U, (X) =6%*. In fuct:
Uy (X+Yy)=6(x+ y)2 =6x" +12xy +6y” = U, (X)+Uy(Y) +12XY , which is consistent with (4.1).
2) Let
v(x) =u(x) = Uy (). (4.2)
Then V(Y)=u(y)—U,(Yy),
V(X+y)=u(x+y)—uy(x+y)=u(x)+u(y)+12xy —6(x+ y)2 =
=u(X)+u(y)+12xy —6x* —12xy -6y =u(X) - Uy (X)+u(y)—Uy(y) =
v(X)+Vv(y) , V{x,y} € R, and, in particulas, V{x, y} c Q.
3) From Example 2 we have v(x) = kx (Vx € Q). Then from (4.2): u(X)=V(X)+U,(X)=kx+6x*, Vx € Q.
4) u(;):k;+6-(;]2 =3, g+%:3:>k:3.

That is, U(X) =3x+6%* isa particular solution of this functional equation under given initial conditions.
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2
5) u(zj:3~z+6~[7j :@.
8 8 8 32

After this type of example, you can draw students' attention to the fact that the structure of the general solution of
functional equations is similar to the structure of the general solution of ordinary differential equations (which will be studied in
higher education and used to build models of dynamic systems, processes, phenomena).

In order to understand a possible method of solving the fourth example, students can be offered to solve the following

problem: 80xy =(x+Y)—@(X)—¢(y), ¢(0,25)=2.Find ¢(0,8).The answer: ¢(0,8)=24.

11l. Expansion of the set of the simplest functional equations.

In this section one can consider table 2 (Rassias et al., 2017) which “absorbs” table 1. Note also that if domains of
definition of X, yand f (x), f(y) are not indicated, then in the process of studying this material it is considered that x € Q and

f(x) €Q,yeQandf(y) €Q
Table 2.

Functional equation Elementary particular solution

f(x)=kx+b

(x+y) (%)

(x+Y) (x)
f(x+y)+f(x—y)=2f(y) f (x) =kx
f(x+y)~f(x—y):(f(x))2 f(x)=c
f(x+y)-f(x=y)=4Jf(x)f(y) f(x)=kx’
f(x+y).f(x_y):(f(x)2_(f(y))2 f(x)=kx, f(x)=csin(kx)
Fxy)=1(x)-f(y), {xyjeh f(x)=x"
f(xy)=xf(y)+yf(y), {xyjcC’ f (x)=xInx

f@ 218 y=0. f(y)=0 Fix)=¢
f(x+y)="f(x)+f(y) f(x)=f(1)-x

(one can draw students’ attention to a different form of the
particular solution compared to table 1)
Fx+y)=1(x)-f(y) F(x)=(f )

(one can draw students’ attention to a different form of the
particular solution compared to table 1)

f(x).f(%): f(x)+f&] f(x)=1£x"

In the process of solving elementary functional equations, it is useful to pay attention to the special properties of the
functions with respect to which they are solved. The following example can be an illustration of this remark.

Example 5. A numerical function u(X) satisfies the equality:

kx +ulx) = u(u(x)), vVx ER, k=+0. (5.1)
Solve the equation
u(u(x))=0. (5.2)
1) kx=u(u(x))-u(x), x= U(U(X)IZ_U(X)
If u(x)=u(y), then x= u(u(x)z_u(x) = u(u(y)lz_u(y) =Y. It means that equality U(X)=u(y) follows X =y, which

indicates injectivity of U(X) in this functional equation.

2) Injectivity of U(X) follows that if u(u(x)) = u(u(y)) , then u(x)= U(y) ,and X =Y, i.e. (5.2) can have at most one

root.
3) The obvious root of (5.1) is X = 0. Really:

k-0+u(0)=u(u(0)), u(0)=u(u(0)), u(0)=0,then u(u(x))=0.
It follows from point 2) that this is the only root of the equation (5.2).
Example 6. A function u(y) satisfies the equation:
uly+2)=uly+1)+2y+3, VyeR (6.1)
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Find U(2864), if u(0)=0.
The first method. With this formulation of the problem, it is possible to consider the proposed functional equation only
for natural values of the argument. Consider the following sequence:
pp=um)—u(n—-1), neN.
Then

Zln: (u(k+1)-u(k))=(u(n)-u(n=1))+(u(n-1)-u(n-2))+...+(u(1)-u(0))=

=u(n)=p,+ Pyt t P=2 P .

k=n
For {pn} this equation has the form
u(n+2)=u(n+1)+2n+3,

Then u(n+2)-u(n+1)=2n+3,
Po., =2N+3,
u(n+1)—-u(n)=2(n-1)+3=2n+1,
P =2n+1,
Priz— Py =(2n+3)—(2n+1)=2.
. . . - . . _ 2p1+(n—1)-2 2
It means that {P,} is an arithmetic progression with p, =1 and difference d = 2. Then u(n)=S, =——,——n=n and

u(2864)= 2864% =8202496 .

The second method. It is easy to see that the particular solution of equation (6.1) is the function uo(y) = y2 . In fact:

Up(y+1)=(y+1) = y? +2y+1,
Uy (y+2)=(y+1) +2y +3=y* +2y +1+ 2y +3=(y+2)’.
Let y+1=t.Then
u(t+1)=u(t)+2t+1,
Consider a function V(t) that u(t)=v(t)+Uy(t). Then:
v(t)=u(t)—u,(t),
V(t+1) =u(t+1)—uy(t+1) =u(t) + 2t +1-(t+1)° =
=u(t)+2t+1—-t?>-2t—1=u(t) —uy(t) =v(), VteR
These considerations lead to the conclusion that the function V(t) is periodic with the main period T =1 along the whole

number line. Therefore, the solutions of this functional equation are all periodic functions with period T =1, defined on the
whole number line, and only them.
Then the general solution of this functional equation has the form:

u(t)=v(t)+y?*, ro6to u(y+1)=v(y+1)+y?,
where v(y+1) is an arbitrary periodic function defined on the whole number line with period T =1. Initial condition U(O) =0

means that V(0)=u(0)—U,(0)=0. Then for all integer y we have
2

u(y)=y*+v(0)=y?*.
Thus, u (2864) = 2864 =8202496 .

IV. The simplest functional equations solutions of which are sequences (particular cases of functions).
Example 7. A sequence {bk} is defined as:
by =4, bgyr = {il::_z Il-(f_kzznlzz f T:
ie. b,=4+4=8"hb,=8-4=32;b, =32+4=36;b, =4-36=144; b, =144+ 4 =147... Find b, .
1) Consider the subsequence b, by, b;,... Let ¢, =b,, ¢, =b;, ¢, =b;,..., ¢y =byp ;- Then by =Ciaeg -
2) Functional equation for odd sequence numbers {bk} has the form:

Dy =4y =Dy 4(by_, +4)=4b, ,+16

2k-1)+1
Then, respectively, functional equation for {cm} will be:
C,u=4c, +16. (7.1)

16 16 16
3) Letc, =dm—§, where {d,} is a new auxiliary sequence. Then d, =c¢, +§, ac,,=d,,——.
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And equation (7.1) is transformed to:

dmﬁ—gz{d 16) +16
3 3
4.16 3-16 16

ma=4d, ———+——+=— 70670 d,, =4d,,,
3 3 3

1
It means that the sequence {dm} is a geometrical progression with the first element d, =c, + €6 and denominator q=4.Thus
d,=d,- 4",
16 16) o ma 16/ ..
cm+§—[cl+§j-4 , G, =C -4 +€(4 -1).
It is obvious that (4'“’l —1)53, ¢, =b, =4 (according to the condition of the problem), then

16 16
= 4. 4181, 2O (1357 q) _ g3 | 1O (411357 1)
Brarss = Crizse = 3 ( ) 3 ( )

Remark 1. The first method of solving example 6 can be motivation for studying section IV.
Remark 2. As exercises for understanding the ideas of solving examples 4, 5 and 6, examples similar to the considered
ones can be offered.

CONCLUSIONS AND PROSPECTS OF FURTHER RESEARCH

The material of the article was partially reviewed by the authors in educational institutions, where the complexity,
accessibility, perception level and usefulness of the issues were analyzed. The authors believe that the topic "The simplest
functional equations" will be useful and acceptable for studying within the scope of the subject "Algebra and the beginnings of
analysis" by students of specialized classes with an in-depth study of mathematics.

Within the eleven-year school education, of course, it is impossible to find time to study this topic due to the saturation
and density of the material necessary for study. But in the twelve-year-old New Ukrainian School, marked by a deeper
differentiation of specialized education, the topic "The simplest functional equations" can strengthen the fundamentality of
mathematical education in classes with in-depth study of mathematics, computer science, etc.
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ABSTRACT

AHOTAULIA
®PopmyniosaHHa npobnemu. OUiHIOBAHHA € BAM(/IUBOIO CKAAA0B0IO
HOBYA/ILHO20 — MPOUeECy,  OCKifbKU ~B0HO  OOMOMA20€  8UKAAOAYes|

8U3HAYUMU MOMUSKU cmydeHmig | MOKPAaWUMU iX pe3yaemamu Wsasxom
gidnoesioHoi adanmayii memodie HasyaHwHA. Y OaHili pobomi mu
docnidxcyemo npobaemy oyiHIOBAHHA 3a2asbHOI ycrniwHocmi cmydeHma,
KOAU 8UKNAOay HeenesHeHUl y NpasusbHOCMIi 8UCMABAEHUX OYiHOK. Lle
mpanasemsca Yepe3 me, W0 8UKAa0a4 He MAe Ao0CMAmMHbLO 4acy, ujob
HAMGHHUM YUHOM OUiHUMU Mamemamuy4Hi Hasuyku cmydeHmis, abo
momy, wo y eunadky nucemosoeo icnumy/mecmy 0eaki cmydeHmu He
4imko npedcmagunu abo He 06IPYHMYBAAU HANEHCHUM YUHOM C80f
8i0noeioi.

M. A

ma Memoodu He4yimKo20 OUIHIOBAHHA 3
BUKOPUCMAHHAM HeUMmPOHHUX MHOMUH i Cipux 4ucesn, d MAaKOM
PO3paxyHoK iHOeKcy cepedHbo2o basy sukopucmosytomecs 8 yili pobomi
0117 oyiHKU cepedHbol ycriwHocmi cmydeHma 8 Kadci, AKocmi ycniwHocmi
ma 302aabHOI yCriHOCMI, KoAU 84umesnb CyMHIBAEMbLCA W000 OUiHKU,
sucmassneHoi 0esKum cmyoeHmam.

Pesynbmamu. Cmammsa  30cepedieHa  HA  30CMOCY8AHHI,
po3pobneHomy 01A OYiHIOBAHHA MAMEMAMUYHUX HABUYOK cmydeHmis-
iH#ceHepie 080X hakynbmemis LLIkoau iH#ceHepii Buwjo2o mexHon02iyHo20
ocsimHbo20 iHcmumymy 3axioHoi peyii (YHisepcumem [llenonoHHecy), AKi
nepebysaomos Ha Nepwomy mepmiHi HaBYAHHS, 3a OOMNOMO20K0 AKICHUX
(niHegicmu4Hux) oyiHOK. MemoOuKa Ha84aHHA HA Nepwomy akynememi
(ekcnepumeHmansHa 2pyna) nepedb6ayana MOEOHAHHA BUKOPUCMAHHA
Kommn’tomepa ma aydumopHux aekyid, mooi Ak Ha Opyaomy ¢akynsmemi
(KOHMPOAbHA 2pyna) NPosoduUAUCA AeKYil nuwe KAACUYHUM Memodom.

BUCHOBKU. BUKOPUCMAHHA HEUMPOHHUX MHOMUH € KOPUCHUM
iHCmpymeHmom 0717 oyiHI0B8AHHA 3a2aa1bHOT ycriwHocmi cmydeHma, Konu
8UKNAOAY MAE CYMHiBU W000 MOYHOCMI BUCMABAEHUX iM OUiHOK.
Pe3ynemamu ayOumopH020 3aCMOCY8aHHA NPo0eMOoHCMpyesasnu nepesazy
eKcrepumeHmaneHoi epynu. Lia nepeeaza, 0OHaK, 6yna 3HAYHOK w000
liozo cepedHboi ma 3azanbHoi npodykmusHocmi (HelipoHHA OyiHKa), ane
documb He3Ha4YHo ujodo 020 AKICHUX NOKA3HUKI8. Lie € nepekoHausum
CBIOYEHHAM MO020, W0 BUKOPUCMAHHA KOMM'tomepie y HA8YGAbHOMY
npoyeci binowe donomazae cmydeHmMam 3 HU3bKUM ma cepeoHim pisHem
HABYANbHUX OOCAZHEHS.

P

Formulation of the problem. Assessment is an important component of
the teaching process, because it helps the instructor to determine the
student mistakes and to improve their performance by adapting suitably
his/her teaching methods. In this work we investigate the problem of
evaluating the student overall performance, when the teacher is not sure
about the accuracy of the grades assigned to them. This happens, either
because the teacher had not enough time to assess properly the students’
mathematical skills, or because, in case of a written examination/test, some
students did not present clearly or did not justified properly their answers.

Materials and methods. Fuzzy assessment methods using neutrosophic
sets and grey numbers, as well as the calculation of the Grade Point Average
(GPA) index are used in this work for the assessment of a student class mean
performance, quality performance, and overall performance when the
teacher has doubts about the grades assigned to some students.

Results. The paper focuses on a classroom application designed for the
assessment, with qualitative (linguistic) grades, of mathematical skills of
the engineering students of two Departments of the School of Engineering
of the Graduate Technological Educational Institute (TEI) of Western Greece
(University of Peloponnese) being at their first term of studies. The
instructor was the same person for both Departments. The teaching
methodology for the first Department (experimental group) involved a
combined use of computers and classroom lectures, whereas for the second
Department (control group) involved only lectures in the classical way on
the board.

Conclusions. The use of neutrosophic sets provides a useful tool for
evaluating the student overall performance when the teacher has doubts
about the accuracy of the grades assigned to them. The outcomes of the
classroom application demonstrated a superiority of the experimental
group. This superiority, however, was significant with respect to its mean
and overall performance (neutrosophic assessment), but rather negligible
with respect to its quality performance. This gives a strong indication that
the use of computers in the teaching process helps more the mediocre and
weak students and not so much the good students.

K/TKO4YOBI C/IOBA: He4imki memooOu OUiHIOBAHHA; Cipi Yucaa; iHOeKc
cepedHbo20 6any; HelimpoHHI MHOMUHU; HelmpoHHI mpiliku.

KEYWORDS: Fuzzy Assessment Methods; Grey Numbers (GNs); Grade
Point Average (GPA) Index; Neutrosophic Sets (NSs); Neutrosophic Triplets.

INTRODUCTION

Assessment is an important component of the teaching process, because it helps the instructor to determine the
student mistakes and to improve their performance by adapting suitably his/her teaching methods.

When numerical grades are used for the assessment process, then the student mean performance is evaluated by
calculating the mean value of the grades assigned to them. Another, popular in many countries, method for evaluating the overall
performance of a student group is the calculation of the Grade Point Average (GPA) index (Voskoglou, 2017, p. 125), which is

calculated by the formula

On.+n,+2n.+3n,+4n,

GPA =

n

(1)
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In formula (1), n denotes the total number of students of the corresponding group, A=excellent, B=very good, C=good,
D=mediocre and F=fail are the linguistic grades assigned to the students, and nx denotes the number of students who obtained
the grade X=A, B, C, D, F. In other words, the GPA index is a weighted average in which greater coefficients (weights) are assigned
to the higher grades; therefore it assesses not the mean, but the quality performance of the student group

Note that, since in the worst case (n=ng) is GPA=0 and in the ideal case (n=na) is GPA=4, we have in general that

0<GPA<4 (2).

Example 1: Assume that in a written test the 20 in total students of a class obtained the following grades in the
numerical climax 1-100: 98: 2 (students), 95: 2, 90: 3, 85:1, 80:2, 75: 4, 60:2, 50:2, 40:1, 30:1. Evaluate the mean and the quality
performance of the class.

Solution: Following widely accepted standards, we assign numerical scores to the linguistic grades A, B, C, D, F.as
follows: A = [85, 100], B = [75, 84], C = [60, 74], D = [50, 59], F = [49, 0].

2*98+2*95+3*90+85+2*80+4*75+2*60+2*50+40+30

The mean value of the student scores is equal to =7455,
20

which shows that the class demonstrated a good (C) mean performance.

2+42*2+3*6+4*8
20

or 70%. This shows that the class demonstrated a good quality performance too.

In many cases, however, the assessment of the student performance is realized by using qualitative (linguistic) instead
of numerical grades. In such cases, the assessment of the student mean performance cannot be realized by calculating the
average of numerical scores. To solve this problem, we proposed in earlier works several methods using principles of fuzzy logic,
the most important of which are reviewed in (Voskoglou, 2019a). In this work we use grey numbers for overcoming this problem.

Also note that frequently the teacher has doubts for the grades assigned to some students, either because he had not
enough time to assess properly their performance, or, in case of written tests/examinations, because their answers were not
very clear or well justified. In this paper we use neutrosophic sets as tools to obtain a reasonable criterion for evaluating the
student overall performance in such cases.

The present work focuses on a classroom application for the assessment of mathematical skills of engineering students.
The rest of the paper is formulated as follows: The next section contains the necessary information about fuzzy sets, neutrosophic
sets and grey numbers, needed for the purposes of this work. The fuzzy methods that we use for the student assessment are
developed in the third section and the classroom application is presented in the fourth section. The paper closes with the final
conclusions and some hints for future research, which are included in its fifth and last section.

Also, by formula (1) we get that GPA= =2.8. Thus, with respect to inequality (2), one finds that % =07,

MATHEMATICAL BACKGROUND

Fuzzy Sets and Logic

The development of human science and civilization owes a lot to Aristotle’s (384-322 BC) bivalent logic (BL), which was
in the center of human reasoning for centuries. BL is based on the “Principle of the Excluded Middle”, according to which each
proposition is either true or false.

Opposite views, however, appeared also early in the human history supporting the existence of a third area between
true and false, where these two notions can exist together; e.g. by Buddha Siddhartha Gautama (India, around 500 BC), by Plato
(427-377 BC), more recently by the Marxist philosophers, etc. Integrated propositions of multi-valued logics reported, however,
only during the early 1900’s, mainly by Lukasiewicz and Tarski (Voskoglou, 2019a, Section 2). According to the Lukasiewicz’s
“Principle of Valence” propositions are not only either true or false, but they may have intermediate truth-values too.

Zadeh, replacing the characteristic function of a crisp subset of the universe U with the membership function m: U->
[0, 1], introduced the concept of fuzzy set (FS) (Zadeh, 1965), in which each element x of U has a membership degree m(x) in the
unit interval. The closer m(x) to 1, the better x satisfies the characteristic property of the corresponding FS. For example, if A is
the FS of the tall men of a country and m(x) = 0.8, then x is a rather tall man. On the contrary, if m(x) = 0.4, then x is a rather short
man. Formally, a FS A'in U can be written as a set of ordered pairs in the form

F={(x, m(x)): x€ U} (3)

Zadeh also introduced, with the help of FS, the infinite-valued in the unit interval fuzzy logic (FL) (Zadeh, 1973), on the
purpose of dealing with the existing in the everyday life partial truths. FL, in which truth values are modelled by numbers in the
unit interval, embodies the Lukasiewicz’s “Principle of Valence”.

Uncertainty can be defined as the shortage of precise knowledge or complete information on the data that describe
the state of a situation. It was only in a second moment that FS theory and FL were used to embrace uncertainty modelling. This
happened when membership functions were reinterpreted as possibility distributions (Zadeh, 1978, Dubois & Prade, 2001).
Zadeh (1978), articulated the relationship between possibility and probability, noticing that what is probable must preliminarily
be possible.

Probability theory used to be for many years the unique tool in hands of the specialists for dealing with problems
connected to uncertainty. Probability, however, was proved to be suitable only for tackling the cases of uncertainty which are
due to randomness (Kosko, 1990). Randomness characterizes events with known outcomes which, however, cannot be predicted
in advance, e.g. the games of chance. FSs, apart from randomness, tackle also successfully the uncertainty due to vagueness,
which is created when one is unable to distinguish between two properties, such as “a good player” and “a mediocre player”. For
general facts on FSs and the connected to them uncertainty we refer to the book (Klir & Folger, 1988).

Neutrosophic Sets

Several generalizations and extensions of the theory of FSs have been developed during the last years for the purpose
of tackling more effectively all the forms of the existing in real world uncertainty. The most important among them are briefly
reviewed in (Voskoglou, 2019b).
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Atanassov (1986), considered, in addition to Zadeh’s membership degree, the degree of non-membership and extended
FS to the notion of intuitionistic FS (IFS). Smarandache (1998), inspired by the frequently appearing in real life neutralities - like
<friend, neutral, enemy>, <win, draw, defeat>, <high, medium, short>, etc. - generalized IFS to the concept of neutrosophic set
(NS) by adding the degree of indeterminacy or neutrality. The word “neutrosophy” is a synthesis of the word “neutral” and the
Greek word “sophia” (wisdom) and means “the knowledge of the neutral thought”. The simplest form of a NS is defined as
follows:

Definition 1: A single valued NS (SVNS) A in the universe U is of the form

A ={(x,T(x),1(x),F(x)): xeU, T(x),I(x),F(x)[0,1], 0<T(x) + I(x) + F(x) < 3} (4)

In equation (4) T(x), I(x), F(x) are the degrees of truth (or membership), indeterminacy (or neutrality) and falsity (or
non-membership) of x in A respectively, called the neutrosophic components of x. For simplicity, we write A<T, |, F>.
Indeterminacy is defined to be in general everything that exists between the opposites of truth and falsity (Smarandache, 2021).

Example 2: Let U be the set of the players of a soccer club and let A be the SVNS of the good players of the club. Then
each player x is characterized by a neutrosophic triplet (t, i, f) with respect to A, with t, i, f in [0, 1]. For example, x(0.7, 0.1, 0.4)
€ A means that there exists a 70% belief that x is a good player, but at the same time there exist a 10% doubt about it and a
40% belief that x is not a good player. In particular, x (0, 1, 0) € A means that we do not know absolutely nothing about the quality
of player x (new player).

If the sum T(x) + I(x) + F(x) < 1, then it leaves room for incomplete information about x, if it is equal to 1 for complete
information and if it is >1 for inconsistent (i.e. contradiction tolerant) information about x. A SVNS may contain simultaneously
elements leaving room to all the previous types of information. All notions and operations defined on FSs are naturally extended
to SVNSs (Wang et al., 2010).

Summation of neutrosophic triplets is equivalent to the union of NSs. That is why the neutrosophic summation and
implicitly its extension to neutrosophic scalar multiplication can be defined in many ways, equivalently to the known in the
literature neutrosophic union operators (Smarandache, 2016). For the needs of the present work, writing the elements of a SVNS
A in the form of neutrosophic triplets and considering them simply as ordered triplets we define addition and scalar product as
follows:

Definition 2: Let (ty, i1, f1), (t2, iz, f2) be in A and let k be a positive number. Then:

e The sum (ty, i1, f1) + (ta, iz, f2) = (ta+ tz, P14 iz, f14 ) (5)

e The scalar product k(ty, i, f1) = (kts, k i, kf;) (6)

Remark 1: Summation and scalar product of the elements of a SVNS A with respect to Definition 2 need not be closed
operations in A, since it may happen that (ti+ t2)+(iz+ i2)+(f1+ £2)>3 or kty+k iy + kf1>3. With the help of Definition 2, however, one
can define in A the mean value of a finite number of elements of A as follows:

Definition 3: Let A be a SVNS and let (ty, i3, f1), (t2, i2, 2), ...., (tk, ik, fk) be a finite number of elements of A. Assume that
(t;, i, fi) appears n; times in an application, i = 1,2,...., k. Set n = ny+n,+....+n. Then the mean value of all these elements of A is
defined to be the element (tn,im,fm) of A calculated by

1 [na(ty, iz, fa)+na(ty, iz, f2)+....+ni(ti ik, fi)] (7)
n

Grey Numbers

The theory of grey systems (Deng, 1982) introduces an alternative way for managing the uncertainty in case of
approximate data. A grey system is understood to be any system which lacks information, such as structure message, operation
mechanism or/and behavior document.

Closed real intervals are used for performing the necessary calculations in grey systems. In fact, a closed real interval
[x, y] could be considered as representing a real number T, termed as a grey number (GN), whose exact value in [x, y] is unknown.
We write then T € [x, y]. A GN T, however, is frequently accompanied by a whitenization function f: [x, y] = [0, 1], such that, if
f(a) approaches 1, then a in [x, y] approaches the unknown value of T. If no whitenization function is defined, it is logical to
consider as a representative crisp approximation of the GN T the real number

v(T) == (8)

The arithmetic operations on GNs are introduced with the help of the known arithmetic of the real intervals (Moore et
al., 1995). In this work we are going to make use only of the addition of GNs and of the scalar multiplication of a GN with a positive
number, which are defined as follows:

Definition 4: Let A € [xy, y1], B € [x, 2] be two GNs and let k be a positive number. Then:

e The sum: A+B is the GN A+B € [x1+y1, X2+Y2] (9)

e The scalar product kA is the GN kA € [kxi, kyi] (10)

FUZZY ASSESSMENT METHODS WITH QUALITATIVE GRADES

Mean Performance

As said before, when using qualitative grades for the assessment the mean performance of a student group cannot be
evaluated with the classical method of calculating the mean value of the student scores. For overcoming this difficulty, we assign
here to each qualitative grade a GN, denoted for simplicity with the same letter, as follows: A = [85, 100], B = [75, 84],
C=[60, 74], D =[50, 59], F = [0, 49]. The choice of the above GNs, although it corresponds to generally accepted standards, is not
unique. For example, for a more strict assessment, one may choose A=[90, 100], B = [80, 89], C=[70, 79], D = [60, 69], F = [0, 59],
or otherwise. Such changes, however, does not affect the generality of our method

Assume now that, from the n in total students of the group, nx obtained the grade X=A, B, C, D, F. It is logical then to
accept that the crisp approximation V(M) of the GN
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M= l(nAA+ ngB+n.C+n,D+n_F) (11)
n

can be used for estimating the mean performance of the student group.

Neutrosophic Assessment

When the teacher has doubts about the grades assigned to some students, the most suitable method for assessing the
overall performance of a student group is to use NSs as tools. In our case, considering the NS of the good students of the group,
we introduce neutrosophic triplets characterizing the individual performance of each student and we calculate the mean value
of all these triplets with the help of equation (7) for obtaining the proper conclusions about the group’s overall performance. In
order to have complete information for each student’s performance, the sum of the component of each triplet must be equal to 1.

THE CLASSROOM APPLICATION

The target of the following classroom application was the assessment of mathematical skills of engineering students.
The subjects were the first term students of two departments of the School of Engineering of the Graduate TEI of Western Greece
(60 students in each department) during the course “Higher Mathematics I”, which includes Complex Numbers, Differential and
Integral Calculus in one variable and elements from Linear Algebra. According to the grades obtained in the PanHellenic
examination for entrance in Higher Education, the potential of the two departments in mathematics was about the same. The
course’s instructor was also the same person, but the teaching methods followed were different. Namely, the teaching
methodology for the first department (experimental group) involved a combination of classroom lectures and computer
applications using the proper mathematical software, whereas the classical method with lectures on the board was applied for
the second department (control group).

The results of the common final examination, after the end of the course, were the following:

e Department I: A: 9 students, B: 15, C: 18, D: 12, F: 6

e Department Il: A: 12, B: 15, C: 9, D: 12, F: 12

Applying the previously described assessment methods , we evaluated the performance of the two departments as
follows:

Mean performance

By equation (11) one finds that

1 1
Mi= 5 (9[85.100}+15[75.84]+18[60,74]+12[50.59] +6[0.49] = - [3570,4994]~[59.5,83.23].

Therefore, equation (8) gives that V(M,)=71.36, which shows that the experimental group demonstrated a good (C)
mean performance. In the same way one finds that V(M) )=62.56, which shows that the control group also demonstrated a good
mean performance, which, however, was 8.8% worse than that of the experimental group.

Quality performance

* * *

Equation (1) gives that GPA= 12+2 18;3 15+4"9 = 2.12 and similarly GPA;=2.05, which shows that the experimental
group demonstrated a slightly better quality performance. In fact, with the help of equation (2) it is easy to check that the
superiority of the experimental group in this case is only 0.07*25=1.75%.

Remark 2: When two groups have the same GPA index, the calculation of it is not sufficient to show which of them
performed better. In such cases the Rectangular Fuzzy Assessment Model (RFAM), which is based on the Center of Gravity (COG)
defuzzification technique can be used to overcome this difficulty (Voskoglou, 2017, pp. 126-130).

Neutrosophic Assessment

Some of the student answers in the final examination were not clearly presented or well justified. As a result, the
instructor was not quite sure for the accuracy of the grades assigned to them. For this reason, we decided to apply the
neutrosophic method too for the assessment of the two departments’ overall performance. For this, starting from the students
with the higher grades, let us denote by S;, i=1,2,....,60, the students of each department. Considering the NS of the good students,
we assigned neutrosophic triplets to all students of the two departments as follows:

L] Department I: 51-3322 (1,0,0), 333'538: (0.8,0.1,0.1), 539-542: (0.7,0.2,0.1), 543-5451 (0.4,0.2,0.4), 547-5501 (0.3,0.2,0.5), 551-553:

(0.2,0.2,0.6), 554-5551 (0.1,0.2,0.7), 556‘5571 (0,0.2,0.0.8), , 5573-5501 (0,0,1).

o Department II: S1-S31: (1,0,0), S32-Ss3s: (0.8,0.1,0.1), S36: (0.7,0.1,0.2), S35-Sa3: (0.4,0.1,0.5), S44-Sae: (0.3,0.2,0.5), S47-Sso:

(0.2,0.2,0.6), 551-552: (0.1,0.2,0.7), 553-553: (0,0.3,.0.7), B 559-5502 (0,0,1).

Then, by equation (7), the mean value of the neutrosophic triplets of Department | is equal to

% [32(1,0,0)+6(0.8,0.1,0.1)+4(0.7,0.2,0.1)+4(0.4,0.2,0.4)+4(0.3,0.2,0.5)+3(0.2,0.2,0.6)+2(0.1,0.2,0.7)+2(0,0.2,0.0.8)+3(0,0,1) =

=(0.72, 0.07, 0.21). In the same way we found that the mean value of the neutrosophic triplets of Department Il is equal to
(0.65, 0.08, 0.27). Thus, the probability for a random student of Department | to be a good student is 72%, but at the same time
there exists a 7% doubt about it and a 21% probability to be not a good student. Also, the probability for a random student of
Department Il to be a good student is 65%, with a 8% doubt about it and a 27% probability to be not a good student. Consequently,
the experimental group, despites the doubts of the instructor for the accuracy of the grades assigned to the students,
demonstrated a better overall performance.

CONCLUSION

The classroom application presented in this work demonstrated a superiority of the experimental group with respect
to the control group. This superiority, however, was significant concerning the two groups’ mean and overall (in terms of the
neutrosophic method) performance, but rather negligible concerning their quality performance. This provides a strong indication
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that the use of computers in the teaching process benefits more the mediocre and the weak in mathematics students, but less
the good students. Much more experimental research is needed, however, for obtaining safer conclusions
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ABSTRACT

AHOTALIA
®Popmy P06, . OOHi€lo i3 KAr4o8uUx KomnemeHmHocmeli
y4YHi8,  OpMyBaHHA AKOI  nepedbayeHo  HU3KOK — HOPMAMUBHUX

dokymeHmis, € iHGopmauiliHo-yugposa  KomnemeHmHicms,  Wo
8i0obpaxceHo y KoHyenyii HoBoi YKpaiHCbKOI WKOAU mMa HA8YAAbHUX
npoezpamax 3 i3uku i npupodHuvux Hayk. OOHak, y [epmasHomy
cmaHdapmi 6a3080i cepedHboi oceimu (idembca npo GopmysaHHA y
3006ysayis ocgimu komnemeHmHocmi e 2any3i IKT, okpecaeHoi mepmiHom
«iHhopmayiliHo-komyHikayiliHa KomnemeHmHicme». nioxio.

Mamepianu i mMemodu. BukopucmaHo meopemudyHi (aHani3 HayKosux
Oxepen ma HoOpMamueHux OOKyMeHmMi8 y KoHmekcmi OediHiyili
iHpopmauiliHo-komyHikayidHol ma iHgopmauiliHo-yugpposoi
KomnemeHmHocmel) ma emnipuyHi (6ecidu i npakcumempis) memodu
00CNIOHCEHHA.

Pesynemamu. Bu3sHayeHO CcymHicme, cmpykmypy, ocobaugocmi,
moodeni popMy8aHHA ma cnig8iOHOWEHHSA iHopmayiliHo-KomyHikayiliHol
ma iHopmayiliHo-yupposoi KomnemeHmHocmel y npoueci eus4yeHHs
@isuku 8 cepedHili 3a2anbHOOC8IMHIlU  WKoAi, WO  cApusmMume
KOHKpemu3ayii 4yux noHame i, 30kpema, 6yde KOpUCHUM 0715 NAAHYBAHHS |
opmy8aHHA oceimaHamu 3micmy pobo4ux OOKymeHmis, 8 OCHOBY AKUX
noknadeHo KomnemeHmHicHul nioxio. [lposedeHo aHani3 8iMYU3HAHUX i
30KOPOOHHUX HayKosux O0aHux wodo 0ocnidxcysaHoi npobaemu.
3’AC08AHO, WO 3 WUPOKUM 8Mpo8adMeHHAM Uugposux mexHosnozili y
HasyanbHuli npoyec noHamms iHgpopmayiliHo-yugposoi
KoMrnemeHmMHocmi 3amicmuno MoHAMmaA iHgopmayiliHo-komyHikayiliHoi
KomMnemeHmMHocmi, ujo 8i00bpaXceHo 8 KOHMeHMI MPAKMUYHUX OC8IMHIX
dokymeHmig. BuokpemseHo xapakmepHi ocobausocmi ma OCHOBHI
KoMmnoHeHmMu iHgpopmauyiliHo-yugposoi KomnemeHmHocmi 3006ysayis
6a3080i cepedHboi ocsimu: iHhopmayiliHa U media epamomHicme, 3HAHHA
npo 6e3sneky pobomu 8 iHmMepHemi ma Kibepbe3neky, YyMiHHA
cmeoprosamu yugposuli KoHmMeHm, yMiHHA po3e’asysamu npobaemu,
HasyanbHi pecypcu.

BucHosKku. ®opmysaHHsA iHopmauiliHo-yugposoi KomnemeHmHocmi
8UMO20€ HABUYOK KPUMUYHO20 MUC/EHHA, OOMPUMAHHA npasusn
nosediHku ma 6e3nexku 8 iHMepHem-cepedo8uUWi, PO3YMIHHA 302abHUX
coyianbHux npobaem, CmMeOpeHUX YUPPOBUMU MEXHOMO2IAMU, YMIHHA
3acmocosysamu iHpopmayiliHi pecypcu 8 ocsimHili disnsHocmi. Biomak
popmysaHHA iHpopmayiliHo-yugposoi KomnemeHmMHocmi y NPUPOOHUYili
oceimi Mo8uUHHO 30ilicHIO8AMUCA i3 WUPOKUM 3asy4eHHAM HA84a/1bHO-
00CniOHUYbKOT 0ififlbHOCMI Y4Hi8, 30KpPeMa — 3 BUKOPUCMAHHAM Yugposo2o

Formulation of the problem. One of the critical competencies of
students, the formation of which is provided for by several regulatory
documents, is information and digital competence, which is reflected in the
Concept of the New Ukrainian School and the curricula for physics and
natural sciences. However, the State Standard of Basic Secondary Education
refers to forming ICT competence in students, defined by the term
"information and communication competence."

Materials and methods. Theoretical (analysis of scientific sources and
normative documents in the context of definitions of information and
communication and information and digital competencies) and empirical
(interviews and pragmatics) research methods were used.

Results. The essence, structure, features, models of formation and
correlation of information and communication and information and digital
competencies in the process of studying physics in secondary schools are
determined, which will help to specify these concepts and, in particular, will
be useful for planning and forming the content of working documents by
educators based on the competence approach. The analysis of domestic and
foreign scientific data on the problem under study is carried out. It is found
that with the widespread introduction of digital technologies in the
educational process, the concept of information and digital competence has
replaced the concept of information and communication competence,
which is reflected in the content of practical educational documents. The
article highlights the characteristic features and main components of
information and digital competence of students of basic secondary
education: information and media literacy, knowledge of Internet safety
and cybersecurity, ability to create digital content, problem-solving skills,
and learning resources.

Conclusions. Formation of information and digital competence requires
critical thinking skills, compliance with the rules of behavior and safety in
the Internet environment, understanding of general social problems created
by digital technologies, and the ability to use information resources in
educational activities. Therefore, the formation of information and digital
competence in science education should be carried out with the wide
involvement of students' research activities, in particular, with the use of
digital educational laboratory equipment, virtual laboratories, the use of
STE(A)M approach to curriculum development, m-Learning technology, etc.
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yugpposozo Has4asnbHo20 nabopamopHozo 067a0HAHHA, 8ipMYyanbHUX
nabopamopil, 3acmocysaHHAM STE(A)M nidxody 0o opmysaHHsa
HaBYasbHUX NaHI8, mexHosnozii m-Learning mowo.

K/1t0408BI C/I0BA: yugposa 2pamomHicme; yugposa KEYWORDS: digital literacy; digital competence; information and
KomnemeHmHicme,;  iHghopmayiliHo-KomyHikayiliHa ~ KomnemeHmHicme; communication competence; information and digital competence; science
iHpopmauiliHo-yudposa KomnemeHmMHicme; MPUPOOHUYA 0csima. education.

BCTYN

NoctraHoBKa npo6bnemu. Cepefs, OCHOBHWX BMMOP Cy4aCHOCTI BaKAMBe Micue MoCiAae KOMNETEHTHICTb LWOA0
«BMKOPUCTaHHA UMPPOoBMX NnaTdopm, BMPOBaZKEHHA HOBUX iHOOPMALMHUX Ta OCBITHIX TEXHONOTINA, AUCTAHUINHUX dopm
OpraHisau,ii OCBiTHbOro NpoLecy Ta akTUBHUX METOAiB HaBYaHHA» (BukoB & MMiHuyK, 2020). Y ogHilt i3 dopmyn HoBoi yKpaiHCbKOT
LWKO/IM 3a3HAYAETbCA, WO «...HACKPi3HE 3aCTOCYBaHHA iHPOPMALLINHO-KOMYHIKaLiMHUX TEXHONOrIA B OCBITHBOMY NPOLEC...MAE
CTaTH iHCTPYMeHTOM 3abe3neyeHHs ycnixy HOBOT YKpaiHCbKoi wkoan» (HYLL, 2017).

[ep:kaBHUM cTaHgapTom 6a3oBoi  cepefHboi  OCBiTM nepefnbadeHo GOPMYBaAHHA OAMHAALATA  KNHOUYOBUX
KOMMETEHTHOCTEM, OAHI€Et0 i3 AKMX € iIHPOPMALLIMHO-KOMYHIKaLiiHa KOMNETEHTHICTb. Y LbOMY K JOKYMEHTI MAEeTbCA Npo Te, Lo
undposi TexHonorii € 3acobom ii GopmyBaHHA, a Ti 3MICT PO3KPUBAETLCA B «...B YMiHHI LWIKOAAPIB KOpUCTYBaTUCA LMbPOBUMM
pecypcamu, TeXHoNOriAMM Ta npuctpoammn» (depcraHgapt, 2020).

BuABNEHO, LWLO Y HOPMATUBHUX SOKYMEHTAX, LLLO PEerNaMeHTYOTb OCBITHI MpoLeC, NepeBaKHO BUKOPUCTOBYOTLCA A,Ba
OCHOBHUX TePMiHWN — iHghopmayiliHo-komyHikayiliHa (IKK) ma iHghopmauiliHo-yugposa (ILIK) komneteHTHOCTI (Tabn.1).

Tabauya 1.
AHani3 npobnemu popmysaHHs IKK Ta ILK wKonApis y HOPMaTUBHUX JOKYMEHTaX
HopmaTuBHMIA AOKYMEHT KomneteHTHicTb Bu3HayeHHA NOHATTA CTPYKTYPHI KOMNOHEHTN
IKK Br3HauyeHHA BiACYTHE CTpYKTypa He HajaeTbcA

BMeBHEHe, a BOAHOYAC KPUTUUHE
3aCTOCYBaHHA  iHpopmaLiiHO-
KOMYHIKaLiAiHUX TEXHONOrIN
(IKT) 4ana CTBOpPEHHsA, MOLWYKY,
06p0o6KKM, 06MiHy iHbOpMaLieto
Ha poboti, B nybaiYHOMY
npoctopi  Ta npusaTHoOMy

HoBa yKpaiHCbKa wWwKona.
KoHuenTyanbHi 3acagm
pedopmyBaHHA cepegHboi IUK
wkonm (HYLW, 2017)

CTpYKTypa He HajaeTbea

CNiNKYBaHHiI
iHbopMaLiMHO-KOMYHiKaUiliHa
KOMMNETEHTHICTb, wo
nepenbayae BNeBHeHe,
KPpUTUYHE i  BiANOBigaNbHe
BUKOPUCTaHHA undposux
TexHonorin - ana B/JIaCHOTO
EPYXABHWUN CTAHOAPT 03BUTK i CMiNIKYBaHHA;
A N N 'D'A IKK P THY v ! CTpyKTypa He Haja€eTbCA
6a3oBoi  cepegHbOi  OCBITU 34aTHICTb 6e3neyHo
(OepxcTanaapT, 2020) 3acToCcoBYBaTU  iHPOpPMALLMHO-
KOMYHiKaLiiHi 3acobu B
HaBYaHHI Ta IHWMKX XUTTEBUX
cuTyauinx, LOTPUMYOYUCH
NpUHUMNIB aKagemiyHoi
nobpoyecHocTi
ILUK Bu3HayeHHA BiACYTHE CTpyKTypa He HaJa€eTbea
IKK Br3HaueHHA BiACYTHE CTpYKTypa He Haja€eTbcA
CTPYKTYpy pPO3KPUTO 4Yepe3 KOMMETEHTHICHUM
noTeHL,ian HaB4YaNbHOTO NpeameTa
YMiHHA:
— BMKOPMUCTOBYBaTM iHbOPMAL,iHI cucTemn ans
WBMAKOTO  Ta  LiNecnpAMOBAHOIO  MOLUYKY
iHpopmaLii;
— BM3HAYaTM MOXAMBI  Axepena iHPopmalLli,
Biabupatn HeobxigHy iHdopmaujlo, ouiHloBaTU
®IBUKA | ACTPOHOMIS. P v ingopmauiio, o '
aHanisyBaTu, nepekogoByBaTH iHbOpMalLito;
HasuanbHa nporpama gna 10-
K . . — KOPMUCTYBATMUCA CYYaCHUMWM ragKeTamu AK
11 knaciB 3aKNagis 3aranbHoOI . R
L iHCTPYMEHTaNbHUMM Ta BMMipIOBaIbHUMM
cepesHbOoi OCBITU .
ILK Bu3HauyeHHA BiACYTHE 3acobamu;

(ABTOpPCbKMIN  KONEKTUB Nig
KepisHuuTBOM  O. JlAwWweHKa)
(HasyanbHa nporpama, 2017)

— npautoBatM 3 BipTyasbHUMKM nabopaTopiamu,
nporpamamu-cuMynaTopamu;

— CTBOPIOBATM Ta JOCAIAKYBATU Moaeni Gi3nyHux i
ACTPOHOMIYHUX ABULL,

CmasneHHA:

— [OTPUMYBATUCA ETUYHUX HOPM Mg Yac poboTtu 3
iHbopmaLiiHMMmK pecypcamu.

HasuanbHi pecypcu:

— EeNIeKTPOHHI  OCBITHi pecypcu Ta BipTyasabHi
naboparopii
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DI3UKA. HaBuyanbHa
nporpama gna 10-11 knacis
3aKnagis 3aranbHoIl
cepeaHboi OCBITU

(ABTOPCbKUIN KONEKTMB Mig
KepiBHULITBOM B. JlokTeBa)
(HaB4yanbHa nporpama, 2017)

IKK

Bu3HayYeHHA BiaCyTHE

CTpyKTypa He HafA€eTbCA

IUK

Bn3HayeHHA BiACYTHE

CTPYKTYpYy PO3KPWUTO 4Yepe3 KOMMEeTEeHTHiICHWNA
noTeHLjian HaBYaNbHOro nNpegmeTa

YMiHHA:

— BMKOPMCTOBYBaTK iHPOPMALiAHO-KOMYHIiKaL,iMHi
CUCTEMM ANA  WBMAKOTO Ta LiNecnpamoBaHOro
noLwyKy Ta 06miHy iHpopmalieto;

— npautoBatv 3  iHpopmauieto:  aHanisysaTw,
BiabupaTv noTpibHy, oujiHIOBATK, y3aranabHIOBaTH,
CTBOPOBATK HOBY iHGOPMaLLitO TOLLO;

— cTBOptoBaTM iHbOPMaLiliHIi NpoayKkTn isnKo-
TEeXHIYHOro 3micTy;

— npu notpebi  KopuCTyBaTUCA  Cy4aCHUMM
iHPOPMALiAIHO-KOMYHIKALIMHUMW NPUCTPOAMU AK
3acobamu BUMIptOBaHHS;

— npu notpebi npautoBatTM 3 undposum
061aaHaHHAM BipTyanbHMX nabopaTtopii;

— BMKOPUCTOBYBaTU Komn’toTepHi mogeni
bi3MYHUX Npouecis Ta ABULL;

CmasneHHsA:

— [OTPMMYBATUCb  NpuHUMNIB  AobpoyecHocTi
woao 3abesneyeHHs aBTOPCbKMX MNpaB  Ha
OTPMMaHy Ta BUKOpUCTaHy iHbopmaLiio;

— KPUTUYHO cnpuiimaTi iHpopmaLiiio, Lo HaaXoaAUTb
3 PI3HOMAHITHUX iIHpOpMaLIHMX pecypcis;
Has4anbHi pecypcu:

— eNEKTPOHHI OCBITHI Ta iHbopMaLiliHi pecypcy,
undposi nabopatopii

PDI3UKA. HasuyanbHa
nporpama ana 7-9 knacis
3aKnagis 3aranbHoi
cepegHbOi OCBITH
(ABTOpCbKMIA  KONEKTMB Nig,
KepiBHuuTBom  O. JlAwweHka)
(HaBuyanbHa nporpama, 2017)

IKK

Br3HayeHHA BiACYTHE

CTPyKTypa He HafA€eTbCA

UK

Bu3HauyeHHA BiaCyTHE

CTPYKTYpy PO3KPWUTO 4Yepe3 KOMMETEHTHICHUI
NoTeHLiaN HaBYabHOroO NpegmeTa

YMiHHA:

— BM3HA4YaTM MOXAMBI  Axepena iHpopmalLii,
BiabupaTM HeobxigHy iHdopmaujlo, ouiHloBaTH,
aHanisyBaTW, NnepekooByBaTH iHbOpMaLiito;

— BMKOPMCTOBYBATM  Cy4yacCHi  mpuctpoi  ana
OTPMMAHHSA, onpaLoBaHHsA, 36epeeHHn, Nnepesaui
Ta npeacTaBAeHHsA iHpopmaLlii;

— BWMKOPWCTOBYBATW Cy4acHi umposi TexHonorii i
NpUCTPOi  ANA BUBYEHHA i3UYHMX ABUW, ANA
06po6KM pesynbTaris eKcnepumeHTis,
MoZentoBaHHA Gi3UYHUX ABULL i NpoLiecis;

— [OTpuMMyBaTUCA NpaBu Besnekn B mepekax Ta
MEepPEeKeBOro eTUKeTy.

CmasneHHA:

— LiHHICHI OpPIEHTMPM Yy BONOAIHHI HaBUYKaMu
poboTn 3 iHpopmauieto, cydacHow UnMdpoBOIO
TexXHiKolo;

— OOTPMMaHHA  aBTOPCbKOro MpaBa, eTUYHO-
MOPanbHUX npUHLMNIB NOBOAKEHHA 3
iHpopmaLuieto.

HasuanbHi pecypcu:

— OCBITHI UM POBI pecypcu, HaBYaNbHi NOCIBHUKN

NPUPOAHUYI HAYKM 10-11
Knac. I[HTerpoBaHUi Kypc ans
3aKnagis 3aranbHoi
cepenHboi 0CBITU

(ABTOPCbKMIN  KOMEKTMB Nig
KepiBHUUTBOM  T. 3aceKiHOi)
(HaB4yanbHa nporpama, 2017)

IKK

Bu3HauyeHHA BiACYTHE

CTpYKTypa He HajaeTbea

UK

Bu3HauyeHHA BiaCcyTHE

CTPYKTYpy PO3KPUTO 4epe3 KOMMETEHTHICHMI
noTeHLjian HaBYaNbHOro npegmeTa

YMiHHsA:

— BWKOPWCTOBYBATW CyyacHi umposi TexHonorii i
NPUCTPOi  ANA CNOCTepeXeHHA 3a A0BKiNNAm,
ABULLLAMM NPUPOAM | NpoLecamu;

— CTBOptOBATH iHpopmaLinHi NpPoAyKTU
(mynbTUmeaiiHa npeseHTaujs Towo)
NPUPOAHNYOTO CNPAMYBAHHSA; WYKaTH, 06pobaATH
i 36epiraTi iHbopmaLiito NPUPOAHNYOIO XapaKTepy,
KPUTMYHO OLiHIOOuM .

CmasneHHA:

— AOTPUMAHHA  aBTOPCbKOrO NpPaBa, ETUYHUX
NPUHLMNIB NOBOAMKEHHSA 3 iHpopMaLieto;

— YCBiLOMNEHHA HeobxigHocTi E€KONOTiYHMX
meToAiB  Ta 3acobiB  yTunizauii  uudpposmx
NPUCTPOIB.

HasuanbHi pecypcu: iIHTEPHET, ragKeTu
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NPUPOAHUNYI HAYKU 10-11 IKK B13HaueHHA BiACYTHE CTpYKTypa He HaZaeTbca

Knac. IHTerpoBaHuii Kypc CTPYKTYpy PO3KPWUTO 4epe3 KOMMEeTEeHTHiICHWN
ANA  3aKknagis  3aranbHol noTeHLjian HaBYaNbHOro nNpegmeTa

cepeaHboi OCBITU YMiHHA:

(ABTOPCbKMIA  KONEKTUB  Mif, — BMKOPMUCTOBYBATM CyYaCHY TeXHiKy ANA MOLLYKY
KepiBHUUTBOM |, JbOMiHOI) iHbopmauii, 1 06pobneHHA, 36epexxeHHa i
(HaByanbHa nporpama, 2017) nepeaaBaHHA;

— CTBOPIOBATV MefijiHi NPOAYKTM HayKoBOro Ta
HayKOBO-MONyAAPHOro Npodinto.

IUK BusHauyeHHA BiACYTHE
u AcyT CmasneHHsA:
— KPWUTUYHO OLiHIOBAaTM HAyKOBY Ta HAyKOBO-
nonynapHy iHpopmau,ito 3 pisHUX gxKepen;
— AOTPMMYBaTUCb aBTOPCbKOrO MpaBa, eTUYHUX
NPUHLUMMIB NOBOAMKEHHSA 3 iHpOpMALLiEtO.
Has4anbHi pecypcu:
— eJ/IeKTPOHHI OCBITHI pecypcu;
— BipTyanbHi nabopaTopii Ta aThacu
NPUPOAHNYI HAYKM 10-11 IKK Br3HayeHHA BiACYTHE CTPYKTypa He Hafa€eTbcA
Knac. IHTerpoBaHuii Kypc ana .
. . CTBOpEHHS, aHanis Ta
3aKnagis 3arasibHoi N
" R 3aCTOCYBaHHA  KOMM'lOTEPHUX
cepefHboi OCBITH .
ILUK mogenen Ta BUKOPUCTAHHA Ta CTpyKTypa He HaJa€eTbeA

(ABTOpCbKMIA  KONEKTMB Nig,
KepisHuursom [. LWabaHosa)
(HaByanbHa nporpama, 2017)

aHani3  [JoCTOBIPHOCTI  Pi3HUX
undposux axepen iHbopmauii

AK BUAHO 3 Tabnaumui 1, KoHuenuieto HoBoi ykpaiHcbKoi wkoam (HYLW, 2017), HaBY4anbHMMM Nporpamamu 3 ¢isnku (2017)
Ta iHTErpoBaHuMX KypciB 3 NpUpoaHnYMX Hayk (2017) nepepbaveHo dopmysaHHs ILK, HaTomicTb y leprkaBHOMY cTaHAApTi 6a3oBoi
cepeaHboi ocBiTH (2020) iMaeTbes npo dopmysaHHs IKK.

MpoBeneHW aHani3 HayKOBUX i NyBAILMCTUUYHNX AaHUX Y MepeKi IHTepHET, a TaKoX NesaroriYHuUii fOCBIA BKA3yHOTb Ha
Te, WO Yy neaaroriyHii npaktvui gosoni yacto IKK Ta IUK BMKOPUCTOBYIOTLCA AK B3aEMO3aMiHHi. Taka TepmiHOMOriYHa
Hey3roZKeHicTb 4YacTo BMK/IMKAE NeBHI CKAaAHOLLi, 0c0BAMBO Ha eTanax NaaHyBaHHA HaBYa/bHOTO npouecy i opmyBaHHA 3BiTiB
neparoriyHMMu npauisHMkamun. Ocobanso BMpas3Hoto UA Npobiema NocTae y KOHTEKCTI BUBYEHHA MaTEMATUMKM i NPUPOAHNYMX
amcumnnid, ocob6amBo — GisvKM, NpU BUBYEHHI AKOI BUKOPUCTOBYETLCA LUMPOKUIA CNEKTP iHbopMaLiMHUX TexHonorii: Big 6a3
OaHUX [0 UMdpPOBUX BUMIPIOBAIbHUX KOMMNEKCIB.

AHanis akTyanbHUX pocnigeHb. lMNpobsema BUKOPUCTAHHA HPOPMALIMHUX TEXHOJOrN y OCBITHBOMY npoueci
I'PYHTOBHO A0CANIAXKYBaNACA YKPAIHCbKMMM Ta 3apybiXKHUMM HayKOBLAMM. TEOPETUYHI Ta NPAKTUYHI aCNeKTN BUKOPUCTaHHA IKT y
npoueci NiAroTOBKM y4YHiB Ta CTyAeHTiB po3rnagann O. CnisakoBcbkuit (Spivakovsky et al., 2020), B. Bukos i1 O. MiH4yk (Brkos Ta
iH., 2020). CyTHicTb Ta CTPYKTypy uMdpoBOi KOMMNETeHTHOCTI 3406yBauviB ocBiTM gocnigkysana O. TpudoHosa (2018).
dopmysaHHsA ILUK yepes npuamy STE(A)M-ocsit posrnsganm . CakyHoBsa Ta . Mopos (2018). [locnigKeHHAM MOXAnMBOCTeW
UMbPOBUX BUMIPHOBA/IbHUX KOMMJIEKCIB AK 3acobiB geMOHCTpauiiHOro ¢isMyHOro ekcnepumeHTy 3ailimanucb B. 3a6on0THUN,
H. Mucniybka Ta O. KonecHikoBa (Mucniubka Ta iH., 2019). BukopuctaHHs ILK sk 3acoby po3BUTKY iHHOBALN y cdepi ocsiTK byno
npegmetom gocnigxeHHa O. Osuyapyk (2020). Mpobaemi dopmyBaHHA LMOPOBOI KOMMNETEHTHOCTI LIKOAAPIB Yepe3 npusmy
OnaHyBaHHA METOAMK IHCTPYMeHTaNbHOT LmdpoBoi anaakTikm (ILA) nig Yac BUKOHaHHA abopaTopHUX pobiT i3 ¢i3nKku B Kypci
3ara/IbHOOCBITHLOT Ta NpodeciiHoI NiAroToBKM NpuceadYeHo poboTw (Slipukhina et al., 2021; YepHeubKkuii Ta iH., 2020; Martyniuk
etal., 2021).

3aKopAoHHi nybnikauii wono GopmMmyBaHHA KOMMETEHTHOCTI, NMOB’A3aHOI 3 BUKOpPUCTaHHAM IKT, maloTb BUpaXKeHy
NPaKTUYHY OPIEHTOBAHICTb. TaK, KOHLENL,i Ta 3ac0bu ANA PO3BUTKY LMbpPOBOI rpamoTHOCTI (L") yuHiB Ta CTyAeHTIB AOCAiaxKYyBanu
A. Martin Ta J. Grudziecki (2006). Y cBoix [oCniaKeHHAX, 30Kpema, BOHU BUAINAOTL TpWU piBHi ii dopmysaHHA: 1 — digital
competence; 2 — digital usage; 3 — digital transformation. KoxeH i3 piBHiB dopmyeTbca 3a gonomoroto Habopy OH-naiH
iHcTpymeHTiB (Framework), wo Bigo6parkatoTb LMPPOBY rPaMOTHICTb YYHSA Ta AAH0Tb MOMKANBICTb BUMTENIO BHECTM KOPEKTUBMK Y il
dopMyBaHHA.

Migxogn [0 PO3BUTKY LMOPOBUX KOMMETEHTHOCTEM BuMTeniB yepes dopmysaHHA LI y4yHiB 6yam npegmeTtom
pocnigxeHHs (Borthwick & Hansen, 2017; Ottestad et al., 2014; Ghomi & Redecker, 2019; Faloon. 2020).

Binbwictb HaykosuiB BuKopucToByoTb LUK AK npoas LI, wo BKa3ye Ha «34aTHiICTb ocobucTocTi edeKTUBHO
BMKOpUcTOBYBaTM 3acobu IKT y cBoi npodeciiHin gianbHocTi» (Martin & Grudziecki, 2006), «BneBHeHe Ta KpPUTUYHE
BMKOPWUCTAHHA AOCTYMNHUX TEXHONOTIM iHPOPMaLMHOro CycninbCTBa 1A NOBCAKAEHHOMO CMifIKyBaHHA, PO6OTM Ta BigNOUYMHKY»
(BuKoB Ta iH., 2020), «roTOBHiCTb i 34aTHICTb epeKTUBHO BUKopucTOoBYBATU IKT ANA BUPILWEHHA PISHOMAHITHUX CUCTEMHMUX
npobaem» (CakyHoBa i Mopos, 2018), «iHTerpaTMBHe yTBOPEHHH, WO MICTUTb CUCTEMY 3HaHb, YMiHb Ta OCOBUCTICHUX AKOCTEMN
nobpouecHoCTi y BUKopUCTaHHI IKT TexHonorii Ta umMdposux pecypcis A8 OTPUMAHHA HOBUX MPUPOAHUYO-HAYKOBUX 3HAHbY
(3anopouesa, 2019).

AHani3 pobiT HayKoBLiB Ta HOPMATUBHWUX LOKYMEHTIB CBifYaTb NPO Te, WO BiACYTHE €AMHE, 3araNbHONPUIHATE
BM3HaAYeHHA CyTHOCTi Ta cTpyKTypu ILK 3p06yBavis ocsiTh. Bpaxosytoun Te, Wwo B EBPONEMCbKOMY OCBITHBOMY MPOCTOPI
BMKoOpucToBYtOTbCA MOoHATTA LI Ta ILK, BaxknMBO Zocniantu, Ak BOHWU cniBBigHOCATbCA 3 KaTeropieto IKK. Takuii nopiBHANBH Ui
aHani3 fo3BoIUTbL NOMMOUTU PO3YMIHHA 3MICTY AK CTPYKTYPHUX KOMMOHeHTiB IKK, Tak i pe3ynbTaTiB HaBYaHHA NPUPOLHUYUX
OUCUMNNIH, AKi 3 HEIO KOPentowTb.
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3 ornagy Ha 3a3HayeHe METOH CTaTTi € AOCNIAXKEHHA 3MICTy NOHATTA iHGOpPMaLiiHO-LMbPOBOI KOMMNETEHTHOCTI B
KOHTEKCTi HOPMATUBHUX AOKYMEHTIB NPUPOAHMYOI OCBITM i MOro CNiBBigHOLWEHHA 3 NOHATTAM iHGOPMaLiNHO-KOMYHIKaLiHOT
KOMMeTeHTHOCTi 3406yBayiB 6a30B0i cepeHbOT OCBITU Yy NPOLLECi HABYAHHA NPUPOAHUYMX HAYK.

METOAU AOCNIAKEHHA

Y poboTi BUKOPUCTAHO TEOPETMYHI MEeToAM aHani3y neaaroriyHol Ta HayKOBO-METOAMYHOI NiTepaTypu, Bigomumx
HOPMATUBHMX JOKYMEHTIB, NOLYK AaHWUX NPO pesieBaHTHWUI TEOPETUYHWUIA | NPAKTUYHMI iIHHOBALIMHUI [OCBIA, B iHTepHeT-6a3ax
OaHWX 3a K/JYOBMMW CNOBaMM Ta y3arasbHeHHA HaraTopiyHoro negaroriyHoro Aocsigy. EMnipnyHa cknafoBa AOCNiAXKEHHA
npeacraBneHa 6ecigamm 3 ocBiTAHAMM, NPAKCUMETPUYHUMMN METOAAMM (aHani3 3BiTiB, NiaHiB i nporpam).

PE3Y/ZIbTATU AOCNIAMEHHA

fIK NoKasye eBponelicbknit ocsig, ILK € 6araTopyHKLiOHaNbHO i MOXKe 3aCTOCOBYBATUCH Y Pi3HWUX chepax KUTTA. Tak,
Crparterieto «€EBpona 2030» (2023) BM3HAYeHO KOYOBY POJb iHPOPMALLIMHO-KOMYHIKALiMHUX TEXHONOTIA ANA NiATPUMKM
rpomagsaH €sponu Ta nigsuweHHa aosipyn ao IKT. 3 meToto peanizauii wiei ctpaterii y 2016 poui eBponeicbkKMMMU HayKOBUMMU
cninbHoTamu Ta npakTvkammu (Vuorikari et al, 2016) 6yna po3pobneHa Ta npeactaBneHa €sponeiicbka mogenb undposoi
KOMNeTeHTHOCTI gns rpomagaH «DigComp» (DigComp 2.0, 2016, Vuorikari et al, 2016). BoHa npu3HayeHa gns po3bynosu
noteHuiany umébposoi TpaHchopmaLii OCBITM y TakMX HanpaAmax AK UMPPOBI paMKM KOMNETEHTHOCTEM A1A CrnoXuBadis
(DigCompConsumers, 2016), ocsiTHiXx opraHisauiin (DigCompOrg, 2021), BuMKnagayis Ta ocsiTAH (DigCompEdu, 2022). Usa
KOHLENTyaslbHa MOJe/lb BW3HAYaE OCHOBHI KOMMOHEHTU LUGPOBOI KOMMETEHTHOCTI y n’atn cdepax AianbHocti (puc.l):
iHpopMaUjiiHa rPaMOTHICTb | BUKOPUCTaHHA AaHMX, PO3B'A3aHHA NpobsieM, KOMYHIKaLia Ta cniBnpauA Ta y4acTb y CcycnilbHOMY
YKUTTi, CTBOPEHHSA UMPPOBOro KOHTEHTY Ta PO3YMIHHA eTUYHUX NPUHLMNIB, be3neka.

OoTpumytoumch icHytounx dperimsopkie aBTopu DiKoLAN framework (Kotzebue et al, 2021) onucyoTb unoposi
KOMMETEHL,T y4HiB Ta BUMTENIB, AKI € aKTyaIbHUMU 417 PO3POOKM HayKOBO-MeaaroriyHMx HOpM NPUPOAHNYOT OCBITU 3 LMPOBOIO
nigTpumkoto (puc. 2).

Teaching

(TRACK)

Indopmauiina
rPamoTHICTL Ta
BUKOPUCTAHHA
AAHMX

CninkyBaHHA,
cniBnpauyA, yuacrs
Y cycninbHOMYy
T

Po3g’AzaHHA

npoGnem Methods,

Digitality
(TPK)

Special Tools

LUMOPOBA )

KOMMETEHTHICTb

CreopeHHA
undposoro Content-specific
Bezneka ROHTEHTY, context

POIYMIHHA ETHUHNK

NPHHLMTIE (TCK)

Puc. 1. CTpyKtypa uudpoBoi KomneTeHTHOCTi 3rigHO «DigComp» Puc. 2. Ctpyktypa DiKoLAN framework (Kotzebue et al, 2021)
(DigComp, 2016)

AIK 3a3HavatoTb aBTopu DiKOLAN (Kotzebue et al, 2021), go 3aranbHuMx (CninbHi gna BCix npeameris) i cneyndiyHmUx
KOMMETEHTHOCTEN Y Pi3HUX chepax HayKu [0 AKUX HanexaTb HaBMUYKM POBOTU 3 AOKYMEHTAMM i NPe3eHTaLiaMM, KOMYHiKaLin
(cninkyBaHHA), nowyK iHPopmauii, 36ip Ta onNpaLoBaHHA AAHUX, CTBOPEHHA CUMYAALIN i moaeneit. KoxKHa i3 3a3Ha4yeHwux
obnacteit oNUCYETbCA HABOPOM KOMMNETEHTHOCTEMN, AKi, Y CBOIO Yepry, CTPYKTYPYHOTbCA BiAMNOBIAHO A0 YOTUPLOX TEXHONOTIYHUX
BMMIipiB, OPIEHTOBAHUX Ha NpeaMeTHO-cneumdiYHi 3HaHHA: BUKNagaHHsA (technological pedagogical content knowledge, TPACK),
MeToam Ta neaaroriyHi TexHonorii (technological pedagogical knowledge, TPK), koHTeHT (pedagogical content knowledge, PCK),
cneujanbHi iHcTpymeHTH (technological content knowledge, TCK) i BKAto4YatoTb TEXHONOFYHWUI Ta NeAAroriYHMA 3MiCT 3HaHb | TpyU
piBHi BUKOHAHHSA (Ha3Ba, OMKUC, BUKOPUCTAHHA).

AHani3 cBiTOBOro Ta eBponeincbkoro Aocsigy ¢opmyBaHHA LMPPOBOT KOMMNETEHTHOCTI FPOMAAAH, @ TaKOX UYMHHMUX
HOPMATMBHUX OOKYMEHTIB NPUAHATUX Yy EBponeicbkomy cotosi Ta UNESCO (Kyibiga, 2020) cnoHyKanu A0 CTBOPEHHA ANA
rpomagaH YKpaiHu Pamku uuoposoi KomneteHTHocTi (DigComp UA for Citizens, 2021) (pwuc.3).

*Cdepu
KOMMETEHTHOCTI.
Bci komneTeHTHOCTI
YMOBHO nogineHi Ha
pisHi chepu, 3anexHo

Big ocobamsocTei
KOHTEKCTY iX BHWBaHHS.

* Hazeuta
[ECKpUNTOPU
KOMMETEHLH, U0

CTOCYHOTBCA KOXHOI
cdepn

1 2
Il
A
Bumip Bumip
3 4

® 3HaHHA, BMiHHA Ta
HaBWUUKH,
3aCTOCOBHI A0
KOMHOI KoMMeTeHLiT

* PiseHb BONOAIHHA,
HabyTui 33 KOKHOK
KOMMNETEHTHICTIO

Puc. 3. BaoK-cxema aaanToBaHoi A0 YKpaiHu Pamku umdposoi KomneteHTHocTi (DigComp UA for Citizens, 2021)

31



Tom 38, Ne 2 / Vol. 38, No 2 (2023) ®iznko-matematnuHa ocsita / Phisical and Mathematical Education

ApantoBaHa Pamka DigComp UA for Citizens (2021) mictuTb:

— 4 BUMIpHK, LLO BK/IOYAOTb: CHEPU KOMNETEHTHOCTI, Ha3BM Ta AECKPUNTOPU KOMMETEHLN, WO BXOAATb A0 KOXKHOI
cdhepu; 3HaHHA, BMiIHHA Ta HABMYKM, LU0 3aCTOCOBYHOTbCA [0 KOXKHOT KOMMETEeHLLT, piBeHb BONOAIHHSA 32 KOXKHOK KOMMNETEHTHICTIO;

— 6 cohep, A0 AKMX BXOAATb: 6a30Bi UMPPOBI HABMYKK, iIHGOPMaLLiiHA FPAMOTHICTb Ta YMiHHA NpaLoBaTh 3 AaHUMMU,
KOMYHiKaL,ia Ta B3aEMOif, CTBOPEHHSA UMPPOBOro KOHTEHTY, PO3B’A3aHHA Npobaem Ta NoAasblie HaBYaHHS;

— 30 KOMMNETEeHTHOCTEN, Lo BiANOBIAAIOTb KOXKHIN chepi 3acToCcyBaHHS;

— 6 piBHIB OBOJIOAIHHA KOXHOK KOMMNETEHTHICTIO, AKi YMOBHO po34ifeHo Ha 6a30BUiA, cepeHili Ta BUCOKUN.

BapTo 3a3HaunTK, WO iCHYOTb 1 iHWI Niaxoaun 8o onucy LMdpPoBOi KOMNETEHTHOCTI B chepi ocBiTh. Tak, /1. FaBpunoBa,
posrnagatoum ILK Ak iHTerposaHy 3aaTHiCTb 0cOBUCTOCTI Y rany3i IK TexHoNOorii, BUOKPEMAIOE B ii CKNadi 3HaHHA, YMiHHA, A0CBIA,
LiHHOCTI Ta CTaBNEHHSA, WO MOXYTb ByTV peanizoBaHi Ha NPaKTUL, .

HaTomicTb 0. 3anopoxueBa BKasye Ha HacTynHi KomnoHeHTu ILK (3anoporkuesa, 2019): iHdopmaLiMHUIA — 34aTHICTb
YYHiB 80 edeKTMBHOT pob0TH 3 iHPOopMaLiieto y BCix BUAAX Ti NpecTaBAeHHA; KOMN OTEePHO-TEXHONOMYHUIN — YMIHHA Ta HAaBUYKK,
pob0oTK WKOANAPIB i3 CydacHUMM Komn'loTepHUMM 3acobamu Ta nporpamHuMm 3abesneyeHHsAM; KOMMNOHEHT 3acTOCyBaHHSA, Lo
NOAATaE y 34aTHOCTI 3aCTOCOBYBATU HABYTi 3HAHHSA, YMIHHA Ta HABMYKM NpuY Pob6OTi 3 CydacHUMM LMdpPoBMMM 3acobamu.

Cnupatoumncb Ha BiTYM3HAHI Ta 3apybixkHi gocnigxkeHHsa, O.HanvBalKo BKasye Ha XapakTepHi ocobamsocTi Ta
KOMMNOHEHTU LUMdPOBOT KOMNETEHTHOCTI, 0 AKMX HanexaTb (Hanuealiko, 2021):

— 3HAHHA 1 YMiHHA NpaLoBaTh B UMPPOBOMY CEpeOBULL;

— 3HaHHSA ONepaLiMHMX | TEXHOMIOFYHUX MOXKANBOCTEN TEXHIKM, 3 AKOO HEOOXiAHO B3aEMOAIATH;

— YMiHHA B3aEMOAIATM Ta KOMYHiKYBaTW 3 pisHMMK cyb’ekTamm y KibepnpocTopi;

— YMiHHSA WYKaTK 1 aHanisysaTu iHpopmaluito;

— 3[aTHICTb A0 BigNOBIAANbHOT NOBEAIHKM B NPOLLECi CTBOPEHHSA Ta PO3NOBCIOAKEHHA UMPPOBOr0 KOHTEHTY.

BuKkopuctosyoum mogenb ¢opmysBaHHa IUK y npeameTtHin obnacTi wkinbHOI nporpamu 3 ¢isnMKu, HeobxigHo
BPAX0OBYBATM EKCNEPUMEHTA/IbHUIN XapaKTep L€l aucumnniHn. Tomy nig vac ii BUBY4EHHA yBara mae byt 3ocepeKeHa Ha:

— BMKOPUWCTaHHSA Ha ypoKax cy4acHoro umdpoBoro sabopatopHoro o6i1agHaHHs;

— 0bpobka pesynbTaTiB ekcnepumeHTiB 3acobamu IKT;

— BMKOHaHHA WWKONAPaMU Pi3HUX BUAiB NPOEKTiB (Y TOMy unchi i3 3acTocyBaHHAM IKT Ta umdposmx 3acobis);

— BMKOpWCTaHHA STE(A)M-TexHonoril;

— 3aCTOCYBaHHA TEXHOOTiTi HABYAHHA 3 BUKOPUCTAHHAM MOXKANBOCTEN CMapTdOHIB TOLLO.

TaKUM YMHOM, y3arasibHEHHA BULLE3A3HAYEHOTO 4AN0 MOXK/IMBICTb BUIHAUUTU CTPYKTYPY Ta chepy 3actocyBaHHaA ILK
3406yBayviB OCBITM MNig Yac BMBYEHHA NPUPOAHUYMX HayK. BuABNEHO, LWLO Le MOHATTA BK/AKOYAE: iHPopmauiliHy 1 mepgia
rPAaMOTHICTb, 3HAHHA Npo 6e3neky poboTM B iHTepHeTi Ta KibepbesneKy, yMiHHA CTBOPHOBATU UMOPOBUIA KOHTEHT, YMiHHSA
po3B’a3yBaTn npobaemu Ta HaBYaNbHI pecypcy (puc. 4).

IHdopmatiiita
]
MefiarpaMoTHICTL

CTBOpeHHA

undposoro
KOHTEHTY

Po3B'AzaHHA
npoGnem

3HaHHA YMIHHA

CTaBNeHHA

Be3neka B
iHTepHeTi Ta
KibepGesnexa

HapuaneHi pecypcu

Puc. 4. CtpyKtypHi KomnoHeHTH ILIK yuHsA nig yac BUBYUEHHA NPUPOAHMYUX HAYK

IHpopmauiliHa G mediaepamomHicme nepenbdayatoTh:

— 3HaHHA: NPO MOXMBI AxKepena iHpopmalLii, cnocobu nowyky, 4obopy Ta ouiHoBaHHA AaHux (DigComp UA, 2021;
nporpamu 10-11kn, 2017);

— YMiHHA: 40BMpaTH 1 OLiHIOBATW, aHaNi3yBaTK, oNpaLboByBaTH HeobxiaHy iHbopmaLito, edeKTMBHO NpaLoBaTH 3 HELO
B ycix ¢popmax ii npeacrasneHHa (nporpamu 10-11, 2017) BMKopUcTOBYBaTU LMGOPOBI TEXHONOTIT ANA CAMOPO3BUTKY, yyacTi y
CYCNiNbHOMY KUTTi, BAKOPUCTOBYBATU LMDPOBI iIHCTPYMEHTH | TEXHONOTIT ANA cniBnNpaLi Ta CTBOPEHHA pecypciB 3HaHb;

— CTaBNEHHA: KPUTUYHE CNPUNHATTA iHGOopMaLii, WO HAaAXOAUTb 3 PiI3HOMAHITHUX IHPOPMALLIMHWUX PecypciB; WiHHICHI
OPIEHTMPK Y BONOAIHHI HaBUYKamm poboTu 3 iHhopMaLiEto, CydacHOo UMdPOBOLO TexHiKo (nporpamu 6-9 Kn., 2017; 10-11 KA.,
2017).

besneka e iHmepHemi ma kibepbesneka nepenbayae:

— 3HaHHA, NOB’A3aHi 3 AOTPMMaHHAM NpaBua Be3neKkn B meperkax Ta mepexkesoro etTukety (DigComp, 2016; nporpamu
10-11 kn, 2017), cnocobu Ta 3acobu 6e3nedyHoi pobotn B iHTepHeTi (nporpamm 10-11 kn., 2017), noHATTA KibepaTaka Ta
Kibepbesneka;
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— YMiHHS KOPUCTYBATUCA NPOrPAMHUMM NPOAYKTaMM AN NPUCTPOIB, LndpoBoro BmicTy, 6e3neyHoi poboTu B iHTEPHETI,
36eperkeHHA NepcoHanbHUX AaHuX i KoHigeHuinHocTi (nporpamu 10-11 KA., 2017); 3axmwatv NpUCTPOi Ta UMPPOBUIA KOHTEHT
(DigComp UA, 2021)

— CTaBNEHHA: KPUTUYHE CMNPUUAHATTA iHOopMaLii, WO HAAXOAWUTb 3 PISHOMAHITHUX iHPOpPMaUiMHUX pecypciB;
OL,iHIOBaHHA epeKTUBHOCTI pOb0THM Pi3HUX NPOrpamHux 3acobis i3 3abesneyeHHA 6e3neyHol poboTH B iIHTEPHETI; PO3YMITU PUSUKMK
Ta 3arposu y undposux cepegosuwax (DigComp UA, 2021).

CmeopeHHsA yugpposo2o KoHMeHmy, 0obpoyecHicme nepenbayatoTb:

— 3HaHHA NPO: CTBOPEHHA Ta KepyBaHHA LUGPOBUM KOHTEHTOM Y CTPYKTYPOBAHOMY CEPELOBULL, HOPMU aKaZEMIYHOT
£,06pOYECHOCTI LWOoA0 CTBOPEHHSA Ta NepeaaBaHHA iHPpopmaL,ii Ta 4OTPMMaHHA aBTOPCbKUX NPasB;

— YMiHHA: NPaLoBaTK B onepaLiiHMX cuctemax Ta 0diCHMX 3aCTOCYHKaXx; CTBOPtOBATU iHDOpMaLiiHi npoayKTu disnko-
TEXHIYHOro 3MicTy; CTBOPIOBATHU iHGOPMaLiNHI NPOAYKTU NPUPOAHMYOrO CNPAMYBaHHS;

— CTABNEHHA: PO3YMiHHA €TUKMU PO6OTHU 3 iIHPOPMALLIEID, AOTPUMAHHA NPUHLMNIB A06POYECHOCTI Woa0 3abe3neyeHHs
aBTOPCbKMX MPaB Ha OTPUMaHY Ta BUKOpUCTaHy iHbopmauito (nporpamu 10-11 Kn., 2017); cTaBNeHHA 40 NiPaTCbKUX NPOrpamMHUX
3acobis (DigComp UA, 2017).

KaTteropia Hag4anbHIi pecypcu BKNIOYAE:

— 3HaHHSA NPO: e/IeKTPOHHI OCBITHI Ta iHbopMaL,iiHi pecypcn; LMdpoBi Ta BipTyabHi 1abopaTtopii; Komn'toTepHi mogeni
di3nYHMX NpoLeciB Ta ABULL; LMPPOBI 3aC0O6M OTPMMAHHSA 11 06POBKM AaHUX eKCNEPUMEHTIB; LM POBI BUMIpHOBa/IbHI KOMMNEKCH
(nporpamu 10-11 kn, 2017)

— YMIiHHA: npautoBatn 3 BipTyasbHMMK nabopaTtopiamu, UMPPOBMMM 3acobamu BUMIPIOBaAHHA, MOBINbHUMMU
[0AaTKaMK; 34iACHIOBaTM BMMIPIOBAHHSA, aHaNi3 Ta 06pobKy pe3ynbTaTiB eKCrnepuMmeEHTiB 338 4ONOMOro uudposmx 3acobis Ta
BMMIiptoBanbHUX Komnekcis (DigComp, 2016; nporpamu 10-11 k., 2017);

— CTaB/IEHHA: KPUTUYHO CTaBUTUCH Ta OLIHIOBATU AOCTOBIPHICTb OTPMMaHUX pe3ynbTaTiB.

MNig noHATTAM Po38’A3aHHA npobaem y KoHTeKcTi IKT po3ymitoTb:

— 3HaHHA Npo MoxMBOCTi IKT Ta uMdpPOBUX TEXHONOTIN Y BUPIiLLIEHHI OCBITHIX 3aBAaHb;

— YMiHHSA: TBOPYOro BUKOPUCTAHHA UUMPPOBUX TEXHONOTIN AN1A CTBOPEHHA HOBOMO 3HAHHSA Ta iHHOBALLIMHWUX NPOLLECIB i
NPOAYKTIB; WYyKaTK, 0bpobnatn i 36epirat iHbopmaLito NPUPOAHNYOTO XapaKTepy, KPUTUUYHO OLiHIOWYM ii; BUABNATN TEXHIYHI
npobaemu Npu ekcnayaTaujii NpMUCcTpoiB (y Tomy Ymcai N7abopaTopHOro NPU3HAYEHHSA) | KOPUCTYBAHHI LUBPOBUMM CEPeaOBULLAMM
Ta po3B’asysaTtu ix (DigComp, 2016);

— CTaBNIEHHA: OLiHIOBAHHA NoTpebu, BuABNEHHSA i fobip LMPOBUX IHCTPYMEHTIB Ta MOXK/IUBUX TEXHONOTIN.

BUCHOBKU TA NEPCNEKTUBU NOAANBLUOIO AOCNIAKEHHA

BuTokm BiamiHHOcTel noHaTb ILK 11 IKK 3HaxoaaTbea, Hacamnepes, y BUSHAYEHHI HEPO3PMBHO MOB’A3aHUX MiXK 0600
umobpoBoi 1 iHGopMmauiiHOi TexHonorih. TaK, nig iHGOPMALIMHUMM TEXHOMOTNAMM PO3YMIOTb  KOMN'IOTEPU30BaHY
iHbpacTpyKTypy: Big PisnyHOro ob6nafHaHHA A0 onepauinHoro nporpamHoro 3abesneyeHHs. Lii TexHonorii MOXyTb BKAOYATK
KOMN'toTepu Ta ix mepexi, NPUCTPOT iHTEpPHeTY peyei, Komn'loTepHi Nporpamu Ta nporpamHe 3abesneyeHHs, 6esnekose Ta
aHTUBIpYCHe nporpamMHe 3abesneyeHHs ToOWO. BoaHoyac nig uMPOBMMM TEXHOMOTIAMM PO3yMitoTb cnocobu i metogm
BMKOPUCTAHHA iHPOPMALLIHUX TEXHONOFIN: IHCTPYMEHTH, CUCTEMW, MPUCTPOI Ta Pecypcu, AKi reHepylotb, 36epiratoTb abo
06pob6NAOTL AaHi, 30Kpema, UuMdpoBi BUMIpPIOBabHI IHCTPYMEHTH, MODGiNbHI TenedoHM i raarKeTu, couianbHi Mepexi,
My/abTUMeESjia TOLLO.

3a3HayeHe y3roAKyeTbca 3 OTPUMAHMMM B AOCAIAKEHHI pe3ynbTaTaMu, AKi Nokasanu, Wwo noHaTta IUK Bce vacTiwe
BMKOPUCTOBYETHLCA Y METOANYHMX NPALLAX, OPIEHTOBAHMX HA NPAKTUYHE 3aCTOCyBaHHA LI Nnpy BUBYEHHI NPUPOAHNYMX UCLUMAIH.
Y cTpykTypi ILUK BMOKpemnolTb HaBUYKU KPUTUYHOFO MUC/EHHA, AOTPUMAHHA MNpaBua NoBefiHKM Ta 6e3nekn B iHTepHeT-
cepefioBuLLi, PO3YMiIHHA 3ara/fibHUX COUjaNbHMX Npobnem, CTBOPEeHWUX UMPPOBUMM TEXHO/OFIAMM, YMIHHA 3aCTOCOBYBaTM
iHbOpPMaLLiMHI pecypcu B OCBITHIM AianbHOCTI. Bouesnab dopmyBaHHsA ILK npu BUBYEHHI NPUPOAHUYMX HAYK Y 3arasibHOOCBITHIl
LWKOJi Ma€ 34iCHIOBaTMCA 3 YPaxyBaHHAM HaBYa/IbHO-A0CNIAHULBKOT AifNbHOCTI 3400yBayiB OCBITH, 30KPEMA 3 BUKOPUCTAHHAM
undpoBoro HaB4anbHoro nabopatopHoro obnagHaHHA, BipTyanbHMX nabopaTopiit, 3acTocyBaHHAM STE(A)M niaxoay, TexHonorii
m-Learning Tow,0. Mo»KHa 3p06UTU BUCHOBOK, L0 3 LWUIMPOKUM BMPOBAAMKEHHAM LUbPOBUX TEXHOOFIN B OCBITHI npouec 6inbL
LUMPOKe NOHATTA iHGOpMALLIMHO-LMbPOBOTI KOMNETEHTHOCTI 3aMiCTUNO paHille BBeAeHe NOHATTA iHGOPMALINHO-KOMYHiKaLiiHOT
KOMNETEHTHOCTI, WO Ma€ byTn BpaxoBaHe Npu GopMyBaHHI OCBITHIX HOPMATUBHUX AOKYMEHTIB.
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AHOTALIA

ABSTRACT

@PopmyniosaHHa npobnemu. KomnnexkcHe eus4eHHA npobaemu
npogeciliHoi nid2omosKu ¢haxisyie sumazae ymo4yHeHHs 8i0nosioHUX yMmos
ii peanizayii. 3azaneHa ocobausicms ycix ymos opeaHizayii Ha84YanbHOI
diAnbHOCMI NosnA2ae 8 MOMy, Uj0 BOHU CMBOPHOIOMbCA creyianbHo, daroms
3mozy nobydysamu yinicHy modene nedazo2iyHoi cucmemu HABYAHHA i
HanosHumu i KOMMOHeHMU neeHUM 3micmom. Hamu po3pobasemoecsa
nedazoziyHa cucmema npogpeciliHoi nidzomosku malibymHix y4yumernie
mMamemMamuKu ma iHgpopmamuku 6o 8UKOPUCMAHHA 3acobig 8ipmyasneHoi
HaoyHocmi y npodeciliHili dianbHOCMI, @ MoMy aKMyanbHUM € MUMAHHA
8U3HaYeHHA nedazoziyHux ymos i peanizayii. Tomy memor cmammi €
BU3HAYEHHA Meda202iYHuUX ymos nid2comosku malibymHix yvyumenis
mMamemMamuKku ma iHpopmamuku 00 8UKOPUCMAHHA 3acobig 8ipmyasneHoi
HaoYyHocmi y npodeciliHid disneHocmi.

M i i Ou. [na O0ocAzHeHHA Memu BUKOPUCMAHO
meopemuyHi (aHanI3 i y3a2anbHEHHA HaYKOBUX OX(epes, mepmiHono2iyHull
aHani3, CMpyKmMypHo-no2iYHul aHanis) i emnipuyHi (excnepmHa oyiHka)
MemoOu HayKOB020 Mi3HAHHSA.

Pesynemamu. idzomoska malibymHix yyumesnie mamemamuxku ma
iHpopmamuku 0o 3acmocysaHHA 3acobis 8ipmyanbHOi HaoyHocmi y
npogeciliniti disnbHocmi nompebye AoMpPUMaHHA Neda2o2iYHUX ymos:
1) nocuneHHs momuseayii eukopucmosysamu 3acobu BH; 2) akmueHe
8UKOpUCMAHHA 3acobig Komn’tomepHoi 8i3yanizayii y npoyeci sus4yeHHs
npogeciliHo opieHmosaHux Oucyunaid; 3) po3sumok 30amHocmi 0o
8rnposadxeHHs iHHosayil 8 2any3i LT.

BucHoeKu. BuokpemsneHHA nedazoziyHux ymos niocomosku malibymHix
yyumenie mamemamuku ma iHpopmamuku 00 3aGCMOCY8aHHA 3acobis
sipmyansHoi Hao4yHocmi 'y npodgpeciliHili  disneHocmi  dae  3moay
0b6rpyHmosysamu modepHizayito npogeciliHoi nidzomosku malibymHix
y4umenie mMamemamuKku ma iHGOpMamuKu ma 8nposadxcysamu ix e
peanvHuli oceimHili npoyec.

Formulation of the problem. A comprehensive study of the problem of
professional training of specialists requires clarification of the relevant
conditions for its implementation. The general feature of all the
requirements for the organization of educational activities is that they are
explicitly created, making it possible to build a holistic model of the
pedagogical system of education and fill its components with specific
content. We are developing a pedagogical system of professional training
for future teachers of mathematics and computer science for the use of
virtual clarity tools in professional activity. Therefore, the question of
determining the pedagogical conditions for its implementation is relevant.
Therefore, the purpose of the article is to determine the pedagogical
conditions for preparing future teachers of mathematics and computer
science for the use of virtual clarity in professional activities.

Materials and methods. To achieve the goal, theoretical (analysis and
generalization of scientific sources, terminological analysis, structural and
logical analysis) and empirical (survey, expert assessment) methods of
scientific knowledge were used.

Results. The preparation of future teachers of mathematics and
computer science for the use of virtual visual aids in professional activities
requires compliance with pedagogical conditions: 1) the strengthening of
the motivation to use virtual clarity tools; 2) the active usage of computer
visualization tools in the process of studying professionally oriented
disciplines; 3) the development of the ability to introduce innovations in the
field of virtual clarity tools.

Conclusions. The separation of pedagogical conditions for the
preparation of future mathematics and computer science teachers for the
use of virtual clarity tools in professional activities makes it possible to
justify the modernization of their professional training and introduce these
conditions into the educational process.

K/ItOHOBI  C/IOBA: nedazoeivyHi ymosu; malibymHi  yyumeni
mMamemamuKu ma iHgpopmamuku; 3acobu eipmyanbHoi HAOYHOCMI;
npogecitiHa nidcomoska; npogeciliHa ocaima.

KEYWORDS: pedagogical conditions; future teachers of mathematics
and computer science; means of virtual clarity; professional training;
professional education.

BCTYN

NoctaHoBKa npo6nemu. KomnnekcHe BMBYEHHA Npobnemu npodeciiHoi NiarotoBkM ¢axiBLiB BUMAra€ yToYHEHHn
Bif4NOBiAHMX YMOB Ti peanisauii. Y ranysi nefarorikm ymoBu npeacTaBastoTb COH00 AKICHY XapaKTePUCTUKY OCHOBHUX paKTopiB,
npoueciB Ta ABULL OCBITHbOrO CepesoBULLA, Lo BifA0Oparkae OCHOBHI BUMOTM A0 OpraHisauii OCBITHbOI Aif/IbHOCTI, CYKYMHICTb
06’EKTUBHUX MOMKAMBOCTEM, OBCTaBMH NeaaroriYyHoro npouecy, AKi LinecnpAMoBaHO CTBOPHOIOTLCA | peanisoBytoTbcA B
OCBITHBOMY CEpefioBULL i CPUAIOTL BUPILLEHHIO NOCTaBAeHOI neaaroriyHoi Npobaemun, KOMNAEKC 3aX04is, AKi Aal0Tb 3Mory

Myneca [1., Cemenixita O. MegaroriyHi ymoB#M NiAroToBKM MabyTHIX yUUTENIB MaTEMATUKK Ta iIHPOPMATUKM 10 BUKOPUCTaHHA 3acobiB BipTyasibHOI HAOUYHOCTI Y
npodeciitHii aianbHocTi. Pizuko-mamemamuyHa oceima, 2023. Tom 38. Ne 2. C. 37-42. DOI: 10.31110/2413-1571-2023-038-2-006

ANnA unuTyBaHHA:

Myneca, M., & Cemenixita O. (2023). MeaaroriyHi yMOBM NiATOTOBKM MaiByTHIX yunTeNiB maTeMaTUKK Ta iIHPOPMATUKM A0 BUKOPUCTAHHA 3acobiB BipTyanbHOI

HA04HOCTI y NpodeciitHiit AisnbHocTi. @izuko-mamemamuyHa oceima, 38(2), 37-42. https://doi.org/10.31110/2413-1571-2023-038-2-006

Mulesa, P., & Semenikhina, O. (2023). Pedagogical conditions for preparing future mathematics and computer science teachers for the usage of virtual clarity tools
in professional activities. Physical and Mathematical Education, 38(2), 37-42. https://doi.org/10.31110/2413-1571-2023-038-2-006

For citation:

Mulesa, P., & Semenikhina, O. (2023). Pedahohichni umovy pidhotovky maibutnikh uchyteliv matematyky ta informatyky do vykorystannia zasobiv virtualnoi

naochnosti u profesiinii diialnosti [Pedagogical conditions for preparing future mathematics and computer science teachers for the usage of virtual clarity tools in
professional activities]. Fizyko-matematychna osvita — Physical and Mathematical Education, 38(2), 37-42. https://doi.org/10.31110/2413-1571-2023-038-2-006

= Corresponding author

37

© P. Mulesa, O. Semenikhina, 2023


https://doi.org/10.31110/2413-1571
https://fmo-journal.org/
mailto:pavlo.mulesa@uzhnu.edu.ua
https://orcid.org/0000-0002-3437-8082
mailto:e.semenikhina@fizmatsspu.sumy.ua
https://orcid.org/0000-0002-3896-8151
mailto:pavlo.mulesa@uzhnu.edu.ua
https://orcid.org/0000-0002-3437-8082
mailto:e.semenikhina@fizmatsspu.sumy.ua
https://orcid.org/0000-0002-3896-8151

Tom 38, Ne 2 / Vol. 38, No 2 (2023) ®iznko-matematnuHa ocsita / Phisical and Mathematical Education

CYTTEBO NiABUWMTA edEeKTUBHICTb i pe3ynbTaTUBHICTb npouecy npodeciiHoi NiaroToBKM. 3arasbHa 0CO6AMBICTL YCiX yMOB
opraHisau,ii HaB4aNbHOI AiANbHOCTI NONAraE B TOMY, LLO BOHW CTBOPIOIOTLCA CnelianbHO, Aal0Tb 3Mory nobyayBaTtu LificHY
MoZe/b NefaroriyHoi CUCTeMM HaBYaHHA | HANOBHUTK Ti KOMNOHEHTM MEeBHUMM 3MicTOM. Hamu po3pobnseTbea neparoriyHa
cuctemMa npo¢eciiHOT NigroToBKM MabyTHIX yuyuTeniB maTemaTuKM Ta iHGOPMaTMKM [0 BMKOPUCTaHHA 3acobiB BipTyanbHOI
HAOYHOCTI y NpodECiliHIN AiANBHOCTI, @ TOMY aKTya/IbHUM € NUTaHHA BU3HAYEHHA NeAaroriyHMx ymos ii peanisauii.

AHanis akTyanbHUX pocnipkeHb. TepmiH «ymoBu» y Bennkomy TAyMayHOMY CHNOBHUKY YKPAIHCbKOI MOBM
BM3HAYAETbCA AK «HEObXiAHI 06CTaBUHU, AKI YMOXKANBAIOKOTL 34iMCHEHHSA, CTBOPEHHSA, YTBOPEHHA Yoro-Hebyab abo cnpustoTb
YoMycCb; 06CTaBMHM, 0COBANBOCTI peanbHOT AiNCHOCTI, 3a AKMX BiadyBaeTbcA abo 34iMicHI0ETbCA Wo-Hebyab» (Bycen, 2003).

Mig TepmiHOM «NeaaroriyHi yMoBM» PO3yMitoTb: XapaKTepUCTUKM NeaarorivHoro cepeaoBuwa; o6ctaBuHU, HEOBXIAHI
Ona nepebiry neparorivHoro npouecy; GakTopu, WAAXM, HANPAMM NeAarorivHoro Mpouecy; yaBHi pe3ynbTaTu neaaroriyHoro
npouecy; ¢opmu, metogm, neparoriyHi npuitomun. B pobotax (Fanai, 2017) Ta (Famaniii, 2007) neaaroriyHi ymosu
XapaKTepusyoTb AK OOCTaBUHW, WO CNpuATb GOpMyBaHHIO NPOdeciiHO-BaXKNMBUX AKOCTEN Ta PoBAATb MOMKAMBUM
dopmyBaHHSA npodeciitHo 6axKaHUX 0COBUCTICHUX HOBOYTBOPEHb, ab0 06CTaBMHM, WO CNPUAIOTL PO3BUTKY YYHA, abo, HaBMaKw,
ranbMytTb MOro PO3BUTOK B OCBITHBOMY NPOLLECI.

Y poboTi (Semenog et al., 2019) 3a3Ha4aeTbcss NPO yMoOBU GOPMYyBaHHA YMiHb CTBOPIOBATM Ta BMKOPWUCTOBYBATU
Bi3yanbHi mogeni 3HaHb . ABTopwm (Yurchenko et al., 2021) xapakTepu3ytoTb YMOBM YCMiLLHOI CAMOOCBITU IT-dpaxiBLiB Ha BiAKPUTUX
OCBITHiX NnaTdopmax. Y gocniaxeHHi (Petrenko et al., 2019) npeacTaBieHO YMOBU BUKOPUCTAHHA NPOTrPamMHOro 3abesneyeHHs y
nigrotosui cnoptcmeHis. Ctatra (Hallstrom & Schonborn, 2019) TopKaeTbcA NuTaHb ynpoBagxeHHs STEM-opieHTOBaHOro
HaBYaHHA.

3a3Haunmo, Wwo, GopmynrouM NegaroriyHi yMosu B TOMY UM iHWWOMY AOCAIAMKEHHI, HAYKOBLL CXOAATHCA B AYML, LLO
BOHM MaloTb iHTErpyBaTV HaWBaXK/AMBilWIi B3aEMOMNOB’A3aHi CTOPOHM MegaroriyHoro npouecy M BogHodyac 6YyTM MiHiManbHO
[OCTaTHIMU ANA AOCATHEHHA METH.

Cnupatroumncb Ha HaBeaeHi BULLLE MiPKYBaHHA Nig negaroriyHMmmn ymosamu byaemo po3ymiTv Ti o6CTaBUHM BcepeauHi
nesaroriyHoi CUCTEMMU, WO € HEOBXIAHUMM 1 AOCTaTHIMKU ANA YCNILWHOrO AOCATHEHHA METU NeaaroriyHoi cuctemu. Tomy metoro
CTaTTi € BU3HAYEHHA NejaroriyHMX yMoB NiAroTOBKM MalbyTHIX yunTeniB MaTemMaTMKM Ta iHGOPMATUKKM A0 BUKOPUCTaHHA 3acobis
BipTya/IbHOi HAOYHOCTI y NPOdECiHIN AiaNbHOCTI.

METOAUN AOCNIAKEHHA
[N pOCATHEHHA METU BUKOPUCTAHO TEOPETUYHI (aHani3 i y3arasbHEHHA HAYKOBUX AXKepes, TEPMIHONOFYHUI aHanis,
CTPYKTYPHO-NOTIYHWNI aHani3) i eMnipuyHi (eKCnepTHa ouiHKa) MeToAM HayKOBOTO Ni3HaHHA.

PE3Y/ZIbTATU AOCNIAKEHHA

OpraHi3auina oCBITHbOroO NpoLecy 3aBXKAW nepenbayae BUKOHAHHA He OAHIEl YMOBM, @ KOMMJIEKCY B3AaEMOMNOB A3aHMX
neAaroriYHMX YMOB, AKi € pe3ynbTaToM NAaHOMIpHOro Ao60opy, KOHCTPYIOBAHHSA i 3aCTOCYBaHHA €/1eMEHTIB 3MiCTy, METOAIB Yu
NPUMOMIB, @ TaKOX OpraHisauiiHnx Gopm HaBYaAHHA ANA AOCATHEHHA NEBHUX AUAAKTUYHUX Linel. ToMy 3 METOK BUAINEHHA
neparoriyHMx ANA yCniWwHOT NiAroToBKM ManbyTHIX yunuTenis maTeMaTnkm Ta iHPOPMaTUKKM [0 BUKOPUCTAHHA 3acobiB BipTyanbHOI
Hao4HoOCTI y NpodeciliHii AiaNbHOCTI HeObXiAHO 3AIMCHUTU CUCTEMATU3ALLIO 11 y3araNbHEHHA Pe3yNbTaTiB yXKe HafABHUX HAYKOBUX
PO3BiAOK 3 aKTyasbHMX Npobaem npodecinHoi NiAroTOBKM MabyTHIX yuntenis. BugineHi HayKoBUAMM YMOBU OXOM/OKOTL Pi3Hi
CTOPOHM HaBYaHHA, AOCNIAHWKM HamaraloTbCa Bifobpasutn cneunoiky 3BO negaroridyHoi ranysi, ocobanMBOCTI NiAroTOBKM
ManbyTHiX yuuTenis, npodinb iXHbOI AianbHOCTI. MpoTe, Ha HalW MOrNAA, BXe 3anpornoHOBaHi YMOBM He 3MOXYTb HamneBHO
YMOXNUBUTU NiAFOTOBKY MaNbyTHIX yunTeniB maTeMaTnkmn Ta iHGopMaTUKKM [0 BUKOPUCTAHHA 3acobiB BipTyaNbHOI HAOUYHOCTI Y
npodecinHii aianbHoCcTi. TOMy Ba)K/IMBUM acMeKTOM HALWOro AOCAIAXKEHHA Byno 3'acyBaHHA YMHHMKM, AKi 3aBaXKatOTb YCNiLWHilM
niAroToBLi ManbyTHIX yunTenis maTemaTvKm Ta iHGOPMATUKM BUKOPUCTOBYBATH 3acobm BipTyanbHOI HAOYHOCTI y NpodeciiHii
LifANbHOCTI.

Hamu 6yno iHiuilioBaHO onNUTyBaHHA cepef CTyAeHTiB (Tabn. 1) WoAo YMHHUKIB, AKi, Ha IXHIO CY6’EKTUBHY AYMKY,
3aBakatoTb GOPMYBaAHHIO FOTOBHOCTI A0 BMKOPWUCTAHHA 3acobiB BipTyasbHOI HAaOYHOCTI Y NpodeciliHii AianbHOCTI. 3aranbHa
KiNbKicTb pecnoHAeHTiB cknana 102 ocobu

Tabauysa 1
Bignosigeli cTyAeHTIB WOA0 YNHHUKIB, AKi 3aBaXKaloTb POPMYBaHHIO FTOTOBHOCTI 10 BUKOPUCTAHHA

Ne YYUHHUKMN Bianosiab

1. HeBneBHEHICTb 3 NPUBOAY MOXK/IMBOCTI 3aCTOCYBaHHS 3acobiB BipTyaibHOi HAOYHOCTI 2%

2. BigcyTHICTb MOMKMBOCTI 3acTocyBaTM 3acobiB BipTya/bHOI HAOYHOCTI Yy XOAi BMBYEHHA iHLWMKX 22%
NPaKTUYHUX ANCUMNANIH

3. TpyZHOLW, i3 CNPUAHATTAM MaTepiany Npo 3acobu BipTyanbHOI HAOYHOCTI 10%

4. BigcyTHicTb cnpAMoBaHOCTI 3MicTy NiArOTOBKM HA GOPMYBaHHA FOTOBHOCTI CTYAEHTIB 10 BUKOPUCTAHHA 149%
3acobiB BipTya/sIbHOi HAOYHOCTI

5. HepocTtaTHi TeopeTuyHa (ncuxonoro-neaaroriyHa\ MeToaMyHa) NiArOTOBKA LOAO BUKOPUCTAHHA 11%
3acobiB BipTya/sIbHOi HAOYHOCTI

6. He3HayHa KiJIbKiCTb NPAaKTUYHUX 3aHATb, A€ BUKOPUCTOBYBaNMCA 6 3acObU BipTyanbHOI HAOYHOCTI 52%

7. BiacyTHicTb MoTMBaLii A0 oOnaHyBaHHA 3acobiB BipTyanbHOi HAOYHOCTI Ta X BUMKOPWUCTAHHA Y 2%
npodecinHin aianbHocTi

OuiKkyBaHUM BMABMIOCA Te, WO ANA 6inbwocTi (52%) YNHHUKOM, IKMIA Halbinblue 3aBaxae GOpMyBaHHIO B ManbyTHIxX
yunTenis maTeMaTmKM Ta iHPOPMaTUKM FOTOBHOCTI 4,0 BUKOPWUCTAHHA 3ac06iB BipTyanbHOi HAOYHOCTI y NpodeciiHiit gianbHOCTI,
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6yna He3HayHa KifbKiCTb NPAKTUYHMX 3aHATb, A€ BUKOPUCTOBYBANMCA 6 3acobu BipTyasbHOI HAOMHOCTI KOHKPETHO HUMK. Ha
LPYrOMYy MiCLi BUMABMBCA TaKU YMHHMK, AK BiACYTHICTb MOM/IMBOCTI 3aCTOCYBAaTW 3HAHHA Ta BMIHHA BMKOPWUCTaHHA 3acobis
BipPTya/IbHOi HAOYHOCTI Y XOAi BMBYEHHA iHWWUX NPAKTUYHUX AUCUMNAiH (22%). Takoxk 14% onuTaHUX CTyAEHTIB Big3Haunau
BiACYTHICTb CNPAMOBAHOCTI 3MicTy NpodeciiHoi NigroToBKM Ha GpopmyBaHHA FOTOBHOCTI CTYAEHTIB 40 BUKOPWUCTAHHA 3acobis
BipTyanbHOi HaouHoCTi, @ Ana 11% cTyAeHTIB BaXK/IMBUM BUABMBCA TaKUI YMHHUK, AK HECTaya TEOPETUYHUX 3HaHb NPO 3acobu
BipTya/ibHOi HAOYHOCTI.

3a3HauMMoO, WO BMOKPEMUTU HeobxigHi neparoriyHi ymoBu ¢GoOpMyBaHHA B MaMOYTHIX yumTeniB maTemaTWKM Ta
iHpOPMATUKM TOTOBHOCTI 4,0 BUKOPUCTaHHSA 3acobiB BipTya/bHOI HAOYHOCTI y NpodeciliHilt 4ianbHOCTI cepes Pi3HUX YNHHUKIB Ta
06CTaBMH, BU3HAUNTU Ta 3adiKCyBaTH IX CYTHICHI XapaKTEPUCTUKM Ta BAACTUBOCTI, BiGHOCMHM i 3B’A3KM 3 06’€KTamm Ta ABMLLAMM
MOXXHa /inLe nicaa rpyHTOBHOTO TEOPETUKO-METOA0/10MYHOIo aHaNi3y OCBITHbOI CUCTEMM Ta NPOBEAEHHA HAYKOBO-METOAUUYHUX
po3pobOK BCi€l CyKynHOCTi daKkTopiB (34ilicHEHO Hamu y po3gini 1), cNpAMOBaHUX Ha BAOCKOHANEHHA M iHTeHcudiKauio
npodecinHoi NiAroToOBKM MalbyTHIX yunTenis MaTeMaTUKu Ta iHGOpPMaTHKM.

Ha ocHoBi aHanisy gocnigxeHb, BAacHOro 6araTopiyHOro A0CBiAy BMKNAAALbKOI AifNbHOCTI, @ TaKOX y3ara/lbHeHHs
30BHIWHIX | BHYTPIWHiX NpoueciB NnpodeciiHOoi NiaroToBKM MalbyTHIX yunTenis matemaTUKu Ta iHGOPMATUKU MU BUOKPEMUAN
CYKYMHICTb riNOTETUYHO BNMBOBUX YNHHMKIB YCMiLLHOI NiATOTOBKM BUMTENIB A0 BUKOPUCTAHHSA 3acobiB BipTyaibHOI HAOYHOCTI y
npodecinHin gisnbHocri:

—  CNpAMOBaHiCTb NPodeCiMHOi NiAroTOBKM Ha GOpMyBaHHA B MaMbOYTHIX yuuTenis matematuku Ta iHGopmMaTUKK
rOoTOBHOCTI 4,0 BUKOPUCTAHHA 3acobiB BipTya/IbHOI HAOYHOCTI y NpodeciiHii AisnbHOCTI;

— 3anuT cycninbctBa A0 $OpMyBaHHA B MaMOYTHIX yuuTenis maTemMaTukM Ta iHGOPMATUKM TFOTOBHOCTI A0
BMKOPUCTaHHA 3acobiB BipTyasibHOT HAOYHOCTI y NpodeciitHil AianbHOCTI;

—  COUjiaNIbHO-eKOHOMIYHi YMOBM NiArOTOBKM MalbyTHIX yunTeNiB MaTeMaTUKK Ta iHGOPMaTUKK;

—  [eprKaBHa colianbHO-OCBITHA NOAITUKA B ranysi NiAroToOBKM MalbyTHIX yunTenis mateMaTUKu Ta iHbopmMaTUKK;

— [eprKaBHa cTpaTeria NiagBuULLEHHA KBanidikauii ManbyTHIX yunTenis maTemMaTMKu Ta iHGOPMATUKM Yy Hanpami
BMKOPUCTaHHA 3acobiB BipTyasibHOT HAOYHOCTI y NpodeciiHil AianbHOCTI;

—  pO3BUMHEHICTb UMdpOoBi3aLii cycninbCTBa;

— npodeciHi UiHHOCTI MalbyTHIX yuMTeniB maTemMaTMKu Ta iHGOpPMaTUKM WoA0 ¢$OpMyBaHHA TOTOBHOCTI 40
BMKOPUCTaHHA 3acobiB BipTyasibHOT HAOYHOCTI y NpodeciiHil AianbHOCTI;

—  NPeCTUXKHICTb BUKOPUCTAHHA 3acobiB BipTyanbHOI HAOUYHOCTI y NpodecitHi AiANbHOCTI yunTena matemaTuku Ta
iHbopMmaTUKK;

—  CcMUCTema BUMOT A0 BUKOPUCTaHHSA 3acobiB BipTya/ibHOI HAOYHOCTI Y NpodeciliHill 4iANbHOCTI yunTeniB maTeMaTUKK
Ta iHpopmaTUKK;

— CTaTyc yyuTena maTeMaTuku Ta iHGOPMATUKM AK 3anopyKa BUKOPWUCTAHHA 3acobiB BipTyanbHOi HAaOYHOCTI B
OCBITHbOMY NpoLLeci;

—  peanbHi ymosu NpodeciitHoi AiANbHOCTI y4nTeNiB MaTeMATUKN Ta iIHGOPMATUKK;

—  MmaTepianbHO-TeXHiYHe 3abe3neyeHHA AiANbHOCTI yuuTeNniB MaTeMaTUKM Ta iHGOPMATUKK;

—  coujanbHi ymoBM MiKpocepenoBmLLa, Lo 6e3nocepeHbo BNAMBaOTb HA GOPMYBaHHA FOTOBHOCTI 10 BUKOPUCTAHHA
3acobiB BipTya/sIbHOi HAOYHOCTI Y NPOdECiNHIN AisNbHOCTI;

— OCBITHE UMdpoBe cepenosuLe NPOPeCiMHOI NiATOTOBKM MaltbyTHIX yunTeniB maTeMaTUKM Ta iHGOPMaTHKK;

— piBeHb KBanidikaLii BUKNaZaLbKMX Kagpis Nif 4ac BUKOPUCTAHHA 3acobiB BipTyabHOi HAOUYHOCTI;

—  aAeKBaTHICTb, AOLiNbHICTb, ONTUMA/bHICTL 0BCATY, HAYKOBICTb, AOCTOBIPHICTb, BipTyasibHa CNPSAMOBaHICTb 3acobis
BMKNAZ@HHA 3MiCTy gucumnaid npodeciiHoi NigroToBKM MalibyTHIX yuntenis matemaTnkm Ta iHGopmaTuku;

—  a[eKBaTHIiCTb, AMbeEpPeHLiMoBaHICTb i AOUINbHICTD NefaroriyHoro iHCTpymeHTapito (dopm, meTtosis, npuitomis,
TEXHO/IOTM HaBYaHHA) Nig, Yac BUKOPUCTAHHA 3acobiB BipTyaibHOT HAOYHOCTI;

—  NocTiliHe 3aCTOCYBaHHA iIHHOBALLIMHUX TEXHOOTIN HA 3acaax BUKOPUCTAHHA 3acobiB BipTyasibHOT HAOYHOCTI;

— MOTUBM Ta iHTEpecH, WO CMOHYKalTb MabyTHIX yunTenis maTematmku Ta iHPOPMATUKM 3aimaTMCA OCBITOID,
CaMOBWXOBaHHAM i CAMOPO3BUTKOM LLIOA0 BUKOPUCTAHHA 3ac0biB BipTyaslbHOT HAOYHOCTI;

—  CTaB/IeHHA MalbYTHIX yunTenis matemaTMKu Ta iHGOPMATUKM 4,0 BUKOPUCTAHHSA 3acobiB BipTyasibHOI HAOUYHOCTI;

— piBeHb BAACHWX AOMaraHb, NoTpeb, nepeKkoHaHb LWOAO BUKOPUCTAHHA 3acobiB BiPTYyaNbHOI HAOYHOCTI Yy
npodecinHin aianbHocTi;

—  CNPOMOMKHICTb i CXMNBbHICTb A0 BUKOPMCTAHHA 3ac06iB BipTyasibHOI HAOYHOCTI Y NpodeciliHin AianbHOCTI;

— HaNeXHi BNacTMBOCTI iHTenekTyanbHOi chepu (iHTeNeKTyanbHa KOMMETEHTHICTb, iHTeNeKTyanbHa iHiliaTuBa,
CaMOOpraHi3oBaHicTb, camoperynauin) ak pepiekcrsHa ocHOBa GOPMYBaHHA FOTOBHOCTI 40 BUKOPUCTaHHA 3acobiB BipTyanbHol
Hao4YHoOCTI y NpodeciiHil AianbHoOCTI;

—  CaMOCBIZOMICTb, BiANOBIAANbHICTb 3@ AKICTb ONaHyBaHHA 3acobiB BipTya/bHOI HAOYHOCTI.

MicnA peTanbHOro cy6’€eKTMBHOrO aHanily Ta TePMIHONOTMYHOrO y3roAKeHHAa 6yno BM3HAYeHO HawWbinbw Baromi
daKTopM, iHTEPNPETOBAHI HAMM AIK MOMKNMBI NeJaroriyHi Ta opraHisauiliHi ymosu GopmMyBaHHA roOTOBHOCTI MalbyTHiX yumTenis
MaTeMATUKM Ta iIHGOPMATUKM .0 BUKOPUCTAHHSA 3acobiB BipTyanbHOI HAOUYHOCTI y NpodeciliHii AianbHOCTI.

Hapgani gna sugineHHn cepep, umx GakTopiB NpoBiAHNX NegarorivHMx Ta opraHisayiiHux ymos ¢popmyBaHHA FOTOBHOCTI
MaNByTHIX yumTenis maTemMaTMKKM Ta iHGOPMATUKM 0 BUKOPUCTAHHA 3acobiB BipTya/ibHOI HAOYHOCTI Y NPO®ECiHIN AifsNbHOCTI
MW BUKOPUCTaIM METOZ eKCNepPTHOI OLiHKK. Ha cborogHi pekomeHzau,ii Wwoao sBMbopy ekcrnepTie GOpMyOOTLCA NEPEBANXKHO Y
BUINALI NeBHMX nobakaHb, NPU LLbOMY BWMKOPMUCTOBYETbCA MEBHA MHOMMHA XapaKTepPUCTUK, TOMYy BWHMKAE noTpeba vy
bopmyBaHHI AesAKoi iHTerpasbHOT OLiHKW. OAHIEI 3 TaKMX OLHOK € KOMNETEHTHICTb ekcnepTis (TypaHoB & Ypycbkuit, 2001), nig,
AKOO 3a3BMYAM PO3YMitOTb: BOIOAIHHA NMEBHUMM 3HAHHAMM, LLO AO03BONAE iHAMBIAY BUCNOBAIOBATU CYAMKEHHA 3 NMEBHOI0 KONa
NUTaHb; CTyNiHb KBanidiKauii ekcnepTa B NeBHil ranysi 3HaHb; BcebiyHe 3HAHHA EKCMepPTOM OLiHIOBAHOTO 06’eKTa i meToais
OLLiHIOBaHHA MOTro AKOCTI.
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[o cknagy eKkcneprTis i3 OLiHIOBAaHHA NeAaroriYyHMX yMOB NigroToBKM MaibyTHIX yunTenis maTeMaTnkm Ta iHGoOpMaTUKM
00 BMKOPWUCTaHHA 3acobiB BipTyanbHOi HAOYHOCTI y NpodeciiHii AianbHOCTI Hamu 6yn0 3anpoleHo ciM BWKNagadis
MaTeMaTUYHUX Ta iIHGOPMATUUHMUX ANCLUNIH, AKi 3a1yYeHi A0 peani3auii 0CBITHbO-NPOdECiiHMX Nporpam NiAroToBKMU BYMTENIB
MaTeMaTMKKU Ta iHGOPMaTUKM BaKanaBpCbKOro i MaricTepCbKoro piBHIB, y BAACHi NpodecinHiii AiaAbHOCTI BUKOPUCTOBYHOTb
3acobu BipTyasibHOI HAOYHOCTI Ta MatOTb BIACHUI BUKIAAALbKMI AOCBIL He MeHLwe 5 poKiB.

EKcnepTHa ouiHKa nobyaoBaHa BiANOBIAHO A0 METOAMKM HaZaHHA NepeBar, Wo rPYHTYETbCA Ha BUAINEHHI HanbinbLw
3HAYYLLMX NeaarorivHMX yMoB y cucTemi iHWwmx. Mpu upomy KoedilieHT 3HAUYLLLOCTi KOXKHOT YMOBM 06paxoByEeTbCA 33 popmynoto:

R=ctht
j=1 Yi=1Rij

Ae R;j — paHr i-ymoBM, sika NOCTaB/IEHA j-M EKCNePTOM; 7 — KibKiCTb ekcnepTis; 10 — KibKiCTb BUAINEHWNX YMOB
Pe3ynbTaT OLiHIOBaHHA eKCcnepTaMm 3HaYyLWOCTi BUAINEHUX NegaroriyHMx ymoB nogaHo y Tabauui (taba. 2).

Tabauys 1
EKcnepTHe OUiHIOBAaHHA NeAaroriyHUX ymos

Ne MepaaroriyHa ymoBa PaHr

1. OpieHTayia npodeciMHol NigrotToBKM MambyTHIX yuuTenie matemaTMkuM Ta iHGOPMATUKM Ha 051
BMKOPUCTaHHA 3acobiB BipTyasbHOT HAOYHOCTI y NpodeciliHii gianbHocTi !

2. CTBOpPEHHA Ha 3aHATTAX OCOBMCTICHO OPIEHTOBAHWX HABYa/JbHWUX CUTyaLii, fAKi CMOHyKaloTb 029
CTYAEHTIB 0 BUKOPUCTaHHA 3ac0biB BipTyasibHOT HAOUYHOCTI !

3. NocuneHHA moTuBaL,ii BUKOopuctoByBaTu 3acobu BH 0,86

4, MignopaaKyBaHHA 3MicTy pobOTM BUKNAAYiB YHIBEPCUTETY NPUHLMMY HAOYHOCTI HAaBYaHHA 0,49

5. AKTMBHe BMKOPMUCTaHHA 3acobiB Komn'loTepHOI Bidyanisauii y npoueci BuB4eHHA npodeciitHo 075
OpiEHTOBaHMX AUCLUNAIH ’

6. CnoHyKaHHA BUKaAayiB BKAOYaT iHGOPMALLiiHI TEXHOOFiT B OCBITHIN Npouec 0,29

7. OpieHTauia 3aBgaHb NpodeciMHOoi NiAroTOBKM Ha PO3BUTOK YMiHb BMKOPWUCTaHHA 3acobis 048
BipTya/IbHOi HAOYHOCTI !

8. MogepHisauia 3micTy oKpemux gucumniid y 6ik onaHyBaHHs 3acobiB BipTyasbHOI HAOYHOCTI y 049
npodeciiHin agianbHocTi !

9. P0O3BMTOK 34aTHOCTI A0 BNpoBaAXeHHA iHHOBaWiN B ranysi LT 0,72

10. IHAMBIAYani3aLia HaBYAHHA CTYAEHTIB, CTBOPEHHA YMOB A/ iXHbOI NpodeciiHOoi Ta 0ocobucTicHOI 044
camopeanisau, !

AK BUAHO 3 pe3y/ibTaTiB paHXKyBaHHA NeaaroriYyHNUX ymoB ekcnepTamu, 6inblwicTb ouiHOK cdoKycoBaHi y mexax ao 0,5
6anis, WO CBiAYUTL NPO HEOAHO3HAYHICTb TPAKTYBAHHSA iX BN/IMBY HA pe3ynbTaTv nNpodeciiHOoi NigroToBKM MalbyTHIX yuntenis
MaTEMATUKN Ta iHGOPMATUKM L0 BMKOPUCTAHHA 3acobiB BipTyanbHOi HAOYHOCTI y NpodeciiiHin aianbHocTi. HaliBuwi 6anm 3a
paHrom otpumanu ymosu Ne 3, 51a 9:

1 - nocuNeHHA MoTUBaLLii BUKOPUCTOBYBATK 3acobu BH;

2 — aKTMBHE BMKOPMUCTAHHA 3acobiB Komn'toTepHOi Bi3yasnisauii y npoueci BMBYEHHA NpPOdeciiHO OpPiEHTOBAHMX
OUCUNNNIH;

3 — pO3BUTOK 34,aTHOCTI 0 BNPOBaAMKEHHA iHHOBALiM B ranysi LIT.

OBrOBOPEHHA AOCNIAXEHHA

lepwa nedazozivHa ymosa — MocusaeHHA MOMuUsauii BUKopucmosysamu 3acobu 8ipmyansHoi HA0OYHoCMi

Ona Toro, wob yumtens 6yB roToBMUM [0 BMKOPWUCTAHHA 3acobiB BipTyasibHOI HAOYHOCTI, BiH Mae€, Hacamnepes,
YCBiZOMNIOBATW LLIHHICTb i HeobXigHiCTb 3anyyeHHi IT B3arani y npoueci HaBY4aHHA y4yHiB. 3acobu BipTyasbHOI HAOYHOCTI €
iHCTPYMEHTOM OTPUMAHHSA 3HaHb LLLOAO PO3BUTKY He TiSIbKM Ni3HABaNbHUX, @ 1 TBOPUMX 34i6HOCTEN | MOXKAMBOCTEN. Y CTYAEHTIB
cnig dopmyBaTh NOTPedby A0 CUCTEMATUYHOTO 3a/1ly4eHHA 3acobiB BipTyasibHOI HAOYHOCTI Y MalbyTHI NpodeciliHin aianbHOCTI, a
He BUPILLEHHA YAaCTKOBUX, CUTYAaTUBHMX OCBITHIX 3aBAaHb.

YcBigoOMNEeHHsA LiHHOCTI 3aco6iB BipTyasIbHOT HAOYHOCTI AN OCBITHLOrO NPOLLECY Ta HeObXiAHOCTI iX ynpoBaaKeHHsA B
LUKOi € NEpLUIMM KPOKOM Yy GOPMYBAHHI AOCNIAXKYBAHOI rOTOBHOCTI. HacTynHMM € MOTMBALiA CTYAEHTIB A0 TaKoi AifanbHocTi. Y
NCUXONOTIii BXXe AaBHO BiAOMO, LLLO /IIOAMHA, IKa MOTUBYETLCA 330BHI, YaCTO BTPAYA€E CTUMY/ A0 NPOAYKTUBHOI AiANbHOCTI, AKLLO
30BHILIHE A)Kepeno 3a0X04eHHsA cnabluae abo 3HMKaE B3arani. Ocoba, AKa BHYTPiLWHbO MOTUBYETLCA, 34aTHA NiATPMMYBATH CBIl
CTUMY/IOHOUMI YUHHUK Ha PiBHI, LLLO NepeBULLYE NigAOMM 1 CNagm, XapaKTepHi 418 CTUMYAIB 30BHILLHbOIO NOPAAKY.

Y uux ymoBax ocob6/1MBO BaXK/IMBO nepeabaymTi cnewianbHi 3axo4M WoAO0 CTUMYNOBAHHA OCBITHLOT AifANbHOCTI AN1A
NiATPMMKN NO3UTUBHOT MOTUBALLT, cCEpes, AKUX AIEBUM IHCTPYMEHTOM € OPIEHTALLiA Ha ONaHyBaHHA 3acobiB BipTyanbHOI HAOYHOCTI
Ta iIHHOBALIMHMX METOAMK iX 3aCTOCYBaHHA.

Jpyea nedazoziyHa ymoea — AKMUBHE BUKOPUCMAHHA 3acobie Komm’tomepHoi 8i3yanizauii y npoueci sus4yeHHs
npogpeciliHo opieHmosaHux oucyuniv

CnpuUWHATTA BEIMKOT KiNbKOCTi iHpopmaL,ii npu BisyanbHOMY ii 3UMTyBaHHI y BipTyasibHOMY NPOCTOPi 3a43€ BUCOKUIA
TeMnN NIIOACHKIMA yBasi, iKa Ma€e yTpMMyBaTM B Nam’aTi O4HOYACHO BE/IMKY KiNbKiCTb Axkepen. Y unmdpoBy enoxy BisyasbHICTb,
npeacTaBAeHa Ha eKpaHi MOHITopa, € 3ac060M BMPA3HOCTI i BU3HAYae 0bpa3HUin xapakTep 306parkyBaHoro. Liei HoBWIA TN
BMPa3HOCTi HEMMHy4Ye NOB’A3aHUIN 3 GOPMYBaHHAM HOBOTO TUMY KyAbTypu — iHbopmaLinHo-undposoi KynbTypu. Lindposa
Bi3ya/ibHiCTb € HEBiA' EMHOIO YaCTUHOLO IMITOBAHWUX BiPTYa/NbHUX CBIiTiB IHTEPHETY, e CTBOPIOIOTLCA COLiasIbHO-KYAbTYPHI YMOBU
ONA PO3LWMPEHHA NtOACbKOI NpaKTMKK (CemeHixiHa, 2016).

MosKHa CTBepArKyBaTH, WO iHTepec A0 Bi3yanisauii CTUMY/IOETbCA CaMe PO3BUTKOM KOMM'OTEPHMX MPOrpamHMUX
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3ac06iB, AKi He nLLEe KapauHaAbHO PO3LLMPUAN CBOI ranysi 3aCTOCYBaHHA, ane M BNNHYIM HA XapakTep NpodeciiHOl AianbHOCTI
daxiBuiB. BUKOpMCTaHHA BisyanbHO-UMPPOBOro Niaxoay y npoueci npodeciiHoi NiArOTOBKM MalbyTHIX yunTeniB maTemaTUKu Ta
iHGOPMATUKM O3HAYAE ONOPY Ha BUCOKMI NOTEHL,iaN NPorpamHoro 3abesneyeHHs Komn'loTepPHOI iHAYCTpIl.

Tpems nedazoeiyHa ymoea — po38UmoK 30amHocmi 0o 8npoeadxceHHs iHHosayili 6 eanysi LT.

Y KOHUenTyanbHUX NosioXKeHHAX «CTpaTerii po3BMTKY NefaroriyHoi OCBiTU B YKpaiHi» HAronoWyeTbcA Ha TOMY, LWO
YMOBO [OCATHEHHA uinen ii po3BUTKY € iHHOBAUilMHiCTb. OCTaHHA, AK pe3ynbTaT BiAKPUTOCTI OCBITUM A0 BAOCKOHANIEHHA,
nos’s3aHa 3 afeKBaTHICTIO 3MicTy noTpebam ocobucTocTi mabyTHboro ¢axisua (CTpaTeris po3BUTKY BULWOI OCBITU B YKpaiHi Ha
2022-2032 poku, 2022).

AIK 3a3Havae O. [lybaceHIOK, HUHI yTBEPAXKYETLCA NPIOPUTET IHHOBALLIMHOIO PO3BUTKY OCBITW Ha OCHOBI MoAepPHi3aLil
YCiX CKNag0BUX CUCTEMM (3MICTY, NEeAAroriYHNX TEXHOOTIM, OLiHIOBAaHHA HaBYaIbHUX AOCATHEHb 3406yBaYiB OCBITU, NiArOTOBKK
neparoriyHMX Kaapis, ynpasaiHHA, GiHaHCYBaHHA TOLL0), HOpMaTMBHe 3abe3neyeHHs iIHHOBaLiMHOT NONITUKM ranysi; popmyBaHHA
iHppacTpyKTyp, AKi NigTPMMYOTb Ta KOOPAMHYIOTb iHHOBaLinHI npouecn (dybaceHiok, 2011). 3miHIOOTECA MOMNAAM LWOAO
XapaKTepy OCBITW Bif, KOCBiTa Ha BCE XUTTA» A0 «OCBITM YNPOLOBXK KUTTA». PO3BUTOK iIHHOBALLIT 3a/1€XKM1Tb Bifg, TOro, HaCKiNbKK
OCBITHE cepegoBuLLe noTpebye HOBOI igei.

BBarkaemo, Wo iHHOBaLi y cdepi BMLLOI OCBITU MatOTb KOpetoBaTUCA 3 IHHOBALIMHUMM Npouecamm y cycninbeTsi. Y
KOHTEKCTi HAWOoro [AOCNIOMKEHHA [AOPEYHO NpOouMTYBATU MipKyBaHHA |. MaBpuwa: «...MiarotoBka MailbyTHIX yuuTenis [o
iHHOBaLUiMHOT NpodeciliHOI gisnbHOCTI Mae ByTu LinicHO, Bigobparkatoumn y CBOEMY NIOFIYHOMY PO3rOpPTaHHi if 3MiCT i CTPYKTYpY...»
(FaBpwww, 2006).

MiarotoBKa A0 iHHOBAUIMHOIT AiANBHOCTI MOXe OyTU yCnilWHOW0, AKWO: iHHOBALiMHI TeHAEHUI B OCBITi 3HaNAyTb
afeKBaTHe BifOOpPAXKEHHA B LiNAX, 3MiCTi, MeToaax i opraHisauiiHux ¢dopmax nigrotoBkn BuMTensa; byae cTporo BM3HAYeHa
MoZeNlb BUMYCKHMKA i3 YiTKUM HanOBHEHHAM KOMMOHEHTIB, 30KpeMa, iHHOBaLiMHOI AiaNbHOCTI; 6yayTh CTBOPEHI NepeaymoBu
ONA NPOXoAXKeHHs 6e3nepepBHOI NeaaroriyHoi NPaKTUKK B IHHOBALLIMHMX OCBITHIX 3aKnagax.

HayKoBi po3BiaKKM Ta BAaCHUIM A0CBIA Aat0Tb NiACTaBM BUOKPEMUTU CTpaTerii, AKi 3abe3neyyroTb PO3BUTOK 343aTHOCTI 40
BNPOBAaAKEHHA iHHOBALi, @ came: BM3HAHHA BMKNaZa4yaMu 3yCU/b Ta [OCATHEHb CTYAEHTIB (CBOEYACHe CXBajleHHA Ta
NCUXONOrIYHA NIATPMMKA 32 YMOBW TPYAHOLLIB Nifg 4ac 0BONOAIHHA 3HAHHAMMW, CNPUAHHA BNEBHEHOCTI); NO3UTUBHE OLLiHIOBAHHA
pe3y/ibTaTiB OCBITHLOrO NpoLecy (BUKOPUCTAHHA ebeKTUBHUX IHHOBALLIMHUX METOAIB HaBYaHHSA), IXHE 3a0XOYEHHSA NpaLoBaTH
Hanonernusile (HaBiTb AKLWO BUHUKAIOTb NEBHI TPYAHOLLi); CTBOPEHHA A06p03nYINBOT aTMOCdepU Ha 3aHATTAX, BUKOPUCTAHHSA
Pi3HOMAHITHMX TBOPYMX 3aBAaHb, O6rOBOPEHHS LiKaBUX i CY4aCHWX HOBWH; CMPUAHHA €4HOCTI Ta chisnpaui rpynu (6axaHHs
noAinnuTucAa ocobucTMm A0CBILOM Ta BUCIOBUTU AYMKY LLOAO aKTya/lIbHOCTi TEMMW 3aHATTA i3 BUKOPUCTAHHAM 3HaHb $axoBOro
CNPAMYBAHHSA, 330X04EHHSA NpaLoBaTH, Wob aocArtM meTu (iHAMBIAYaNbHO UM B Fpyni): NpeseHTaL,ii, A0CNIAXKEHHSA, NPOEKTH).

BBa)KaeEmMo, WO ePeKTUBHUMM WnAxamu GOpMyBaHHA MOTUBALLT MalbyTHIX yuuTenis A0 iHHOBALiMHOI AifANbHOCTI €:
CTBOPEHHA TBOPYOI aTMOChEPU HA 3aHATTAX; BUKOPUCTAHHA YiTKMX METOAMYHUX BKA3iBOK Ta PO3’'ACHEHb MPU BUBYEHHI TEM 3
HaBYa/IbHUX AUCUMNIH; BPaXyBaHHSA iHAMBIAYyaNbHUX NOTPeb Ta 0cO6ANBOCTEN MaricTPaHTIB; akTUBHA CMiBMNpaLA nig yac pobotn
Hag, CNiNbHUMM AOCNIAMKEHHAMW Ta MNPOEKTAMW; MOEAHAHHA iHAMBIAYANbHOI, rPynoBoi Ta camocTiiHOi dopmM HaBYaHHSA;
BMKOPWUCTaHHA CUTYaTUBHMX Ta TBOPYMX 3aBAaHb.

BUCHOBKM

OTKe, NiAroToBKa ManbyTHIX yunuTenis maTemaTnkn Ta iHGbopmaTUKKM A0 3acTocyBaHHA 3acobiB BipTyasibHOI HAOYHOCTI Y
npodecinHiin aianbHocTi NnoTpebye AOTPUMAHHA nedazoziYHux ymoB: 1) nocuneHHA MOTMBALi BUKOpUCTOBYBATU 3acobu BH;
2) aKTMBHE BWMKOPMUCTaHHA 3acobiB KOMN'tOTEPHOI Bi3yanisauii y npoueci BuBYeHHA NPOdEcinHO OPIEHTOBAHMX AUCUMNANIH;
3) po3BMUTOK 34aTHOCTI A0 BNPOBaAXEHHA iHHOBALL B ranysi LiT. Ix BMOKpemneHHa Aae 3mory obrpyHTOBYBaTM MOAEpHI3aLjiio
npodecinHoi NiAroTOBKM ManbyTHIX yunTeniB MaTemMaTMKM Ta iHGOPMaTUKM Ta BNPOBAAKYBaTH iX B peanbHWUI OCBITHIl npouec.
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ABSTRACT

AHOTALIA
®dopmynioeanHa npobaemu. 3a ymos Cb0200eHHA B0/00iHHA
ocHosamu  meopii  dugepeHyianbHUX — pieHAHL  NPeACcMasAsEMbCA

HQaMose2auso 8UMo20t0 00 Cy4acHOI MPupPOoOHUYO-MamemMmamuyHoi ma
eKOHOMIYHOI esuwoi oceimu. ¥ moli e 4ac 3Haliomcmeo Hasims 3
enemeHmamu  8i0nogidHoi meopii He nepedbayeHO  HeABHUMU
npozpamamu Kypcie MamemMamuku 3aKn1a0ie 3a2a1bHoi cepedHboi ocsimu.
Mpu ybomy 8 Kypcax izuku 3 iHmeapy8aHHAM OughepeHyianbHUX pieHAHb
Y4Hi, hakmuyHo, 3ycmpidaromeca exce y Oes’amomy Kaaci, ni0 4ac
OnaHy8aHHA snacmusocmetli pigHOMpUCKOpeHo20 pyxy ma
padioakmusHo20 po3nady, 8i0NoeidHI hopMyau yYHAM MPONOHYHMbCA
6e3 #OOHUX 0brpyHmyeaHs. [100i6Ha cumyayis a1« HiAK He crpuse
pO3BUMKY 7102i4HO20 MA KPUMUYHO20 MUC/EHHA Y4Hi8, Cynepe4yume
KOHUenyii enposadieHHs y Has4yanbHulli npoyec Ha pieHi cepedHbol
oceimu enemeHmie 00CNIOHUYLKO20 HABYAHHA. PO3yMHUM mum4yacosum
KpoKom 00 8UpiWEHHSA iCHYHO4OI MPpobaemMmu Moxe cmamu 8rnposadrHeHHs
014 y4Hi8 cmapwux Knacie 3akanadis 3a2asnbHOI cepedHboi ocsimu
aKynbMamusHo20 Kypcy 3 meopii dugpepeHyianbHuUX pieHAH®.

Mamepianu i memodu. [locnidxeHHA 6a3yemobca HA MOPIBHANbHOMY
aHaNi3i Npoepam i NiopyyHuUKie 3 mamemamuku ma ¢isuku 015 yyHie 9, 10
i 11 knacie 3aknadie 3a2as1bHOI cepedHbOI oceimu ujo0o ix y3200xceHocmi
CMOCOBHO ABHO20 YU HEABHO20 BUKOPUCMAHHA MOHAMMA  MpPoO
dupeperyiansHe pisHAHHA ma lio2o po38’a30K. lMpu ybomy NpPosodAmMsca
MIpKY8aHHA AK IHOYKMUBHO20, MaK i 0edyKmueHO20 Xapakmepy.

Pe3yabmamu. lpedcmasneHo 3micmose HAMoBHEeHHA
3aMpPoNoHO8aHO20 aKynLMamMueHo20 Kypcy 047 y4yHie 10-11 knacie ma
mMemooOuyHi pekomeHOayii wodo lio2o 8nposad’eHHA y Has4yanbHull
npouyec.

BucHoeKu. lpedcmasneHi mamepianu He nepedba4yaroms HaseHocMi y
y4Hi6 3aHaOMo 2nuboKuX 3HaHb 3 8i0N0BIOHUX Po30dinie Mamemamu4yHo20
aHanizy, 0. y4Hie 10-11 knacie 80HU € yinkom docmynHUmMu. BooHouyac, ix
3micmose HanosHeHHs 6e3yMosHO byoe KOPUCHUM fK 0415 ycei0oMsaeHHsA
YYHAMU HAABHOCMI 2AUBUHHUX 38°A3Ki8 MiX¥ MamemMamuKor ma i3uKoro,
mak | 3 nponedesmuyHOi MOYKU 30py, Mar4u Ha yeasi ix modasvwe
HABYAHHA HQ HOCMYNHOMY pigHi ocaimu.

Formulation of the problem. Competence on the grounds of the theory
of differential equations seems to be an urgent request for modern natural-
mathematical and economic higher education. At the same time, the
present programs of math courses at institutions of general secondary
education make no provisions for mastering even some elements of the
corresponding theory. In spite of this, in fact, even students of the ninth form
meet with the integration of differential equations in the courses of physics,
according to mastering the properties of uniformly accelerated motion and
radioactive decay; the corresponding formulas are offered to them without
any proofs. Such a situation in no way favors the development of logical and
critical thinking of students and contradicts the concept of introducing some
elements of research into the educational process at the level of secondary
education. The introduction of the elective course on the theory of
differential equations for students of senior classes of institutions of general
secondary education is proposed as a reasonable temporary step to solve
the existing problem.

Materials and methods. The study is based on a comparative analysis
of programs and textbooks on mathematics and physics for students of the
9th, 10", and 11* forms of general secondary education institutions,
according to their consistency in the explicit or implicit use of the concept of
a differential equation and its solution. Inductive and deductive reasoning
are used for it.

Results. Content of the suggested elective course for the students of 10-
11 forms and methodical recommendations for its implementation in the
educational process are represented.

Conclusions. Present materials do not require students to have too deep
knowledge of the relevant sections of mathematical analysis, they are quite
accessible for students of 10-11 grades. At the same time, their content
undoubtedly will be useful both for students' awareness of the presence of
deep connections between mathematics and physics, and, perhaps, from a
propaedeutic point of view taking in the mind their further study on the next
level of education.

K/ItO4OBI  C/IOBA:  3aknad  3aeanvHoi  cepedHboi  ocgimu;
dugpepeHyianeHi piBHAHHA; hakyaemamueHi 3aHAMMA 3 MaMeMamuKu;
Kypcu ¢izuku 3aknadie 3a2as16Hoi cepedHboi 0c8imu; Kypcu mamemamuKu
3aknadis 3a2as6HoI cepedHboi oceimu.

KEYWORDS: institution of general secondary education; differential
equations; elective courses in mathematics; physics courses of general
secondary education institutions; mathematics courses of institutions of
general secondary education.
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BCTYN

MocraHoBKa npo6aemu. 3a yMoB cborofeHHs andepeHLianbHi PiBHAHHA NOKAAAEHO Y OCHOBY MaTeEMaTUYHUX MoAaeNeN
6araTbox ¢isnmyHMX, 6ioNOriYHMX Ta EKOHOMIYHUX ABULY, | NpoueciB. OBONOAIHHA OCHOBaMM Teopii AndepeHLiaNbHUX PiBHAHDb €
HeBiA 'EMHOIO KOMMOHEHTOK Cy4YacHOi MPUPOAHUYO-MATEMATUYHOI Ta EKOHOMIYHOT BMLWOI OCBITU. Y TOW e 4Yac 3HAaMOMCTBO
HaBiTb 3 efleMeHTaMu BigNOBIAHOI Teopii He NnepegbayeHo HaABHMMW NpPOrpamamm KypciB MaTemaTWKW 3aKnagiB 3aranbHoi
cepeaHboi ocBiTM. OgHOYaCHO, y Kypcax GisMKM TakUX 3aKNafiB 3 iHTerpyBaHHAM AndepeHLuiabHUX PiBHAHb YYHi, paKTUYHO,
3ycTpiyaloTbCA BXKe Yy AeB’ATOMY KAaci, NiJ, Yyac onaHyBaHHA BNACTUBOCTEN PiIBHOMPUCKOPEHOTO pyXy Ta pafioakTMBHOIo po3naay
(HaByanbHa nporpama 3 ¢isnKM ana yuHiB 7-9 Knacis 3ara/ibHOOCBITHIX HaBYa/IbHUX 3aKnagis, 2017). Te X came mae micue nig,
Yyac BMBYEHHA MEXaHIYHMX KOIMBAHb Y AECATOMY KNaci i e1eKTPOMarHiTHMX KoMBaHb — y oauHaguatomy (®Pismka. HaByanbHi
nporpamu A5 3araibHOOCBITHIX HaBYaNbHMX 3aKknagis ansa 10-11 knacis, 2017). 3B1yaiiHO, NPO Te, WO MatoTbCA Ha yBa3i came
andepeHuianbHi piBHAHHA BUATENI HA YpoKax Gi3vKM MOBUM He BeAyTb, BiANOBiAHI GOPMYIM YUHAM NPONOHYIOTLCA 6e3 KoAHMX
06rpyHTYBaHb. MoAibHa cuTyaLia ax HIAK He CNPUAE PO3BUTKY NIOFIYHOTO Ta KPUTUYHOTO MUC/IEHHA YYHIB, CynepeunTb KoHLuenw,i
peanisauii y HaB4aNbHOMY NPOLLECi 3aK1aAiB 3arasbHOI cepeHbOI OCBITM e1eMeHTIB AOCAIAHULBKOrO HaBYaHHA.

Ha Hawy AymMKy, pO3yMHUM TMMYACOBMM KPOKOM [0 BUPILLEHHS iCHYIOYOT NPobaeMn MOXKe CTaTu BNPOBaAXKEHHA AN
YYHIB CTapluMx KnaciB 3aknafiB 3arasbHoi cepefHboi OCBiTU GaKyNbTaTUBHOIO Kypcy 3 enemeHTiB Teopii AndepeHuianbHux
piBHAHb. BUHMKAE npupoaHe NUTAHHA MPO Te, YHOMY Came A4 YYHIB CTapwux (BecATux — oAMHAALATMX) KNaciB, AKLWO, No
BiJHOLIEHHIO A0 KypCiB Gi3VKKN, NUTAHHA € aKTya/lbHMM BXKe Ha piBHi 6a30B0Oi 3arasibHOT cepeaHboi OCBITU (1A YYHIB AeB’ATUX
KnaciB). Bignosiab npeacTaBasetbca oyesmuaHo. CyqacHe, TpaguuiiHe, 30a€TbCA, BCiMa BU3HaHE AK LLIIKOM A0UiNbHE, 3micToBe
HaNoOBHEHHA KypciB maTeMaTUKu 6a30BOi 3arasbHOi cepefHbOi OCBITU He 3abe3nedvye NOTEHLINHOI MOXAMBOCTI nNobynosu
nogibHoro Kypcy. Lle cTae MOXXAMBMM NvLIe Ha NiACTaBi HAaBYANbHOTO KOHTEHTY Kypcis matemaTtukm 10-11 knacis.

BBa)kaemo, WO HaABHICTb NoAi6HOro GaKyNbTaTUBHOIO Kypcy A03BOAMUTb CYTTEBMM YMHOM MiABULLMTKU AKICTb TOro
y3ara/ibHI040ro NOBTOPEHHA KypciB ¢i3nku 7-9 Knacis, Ake mae micue y 10-11 Knacax 3rigHoO Ail04MX HaBYANbHUX NPOrpam, Ta
nif Yac NiAroTOBKM [0 30BHILUHbOrO HE3A/EXKHOTO OLiHIOBAHHA 3 disnKM. OAHOYACHO, TaKMI Kypc, 6e3ymoBHO, byae KOpUCHUM
ONA TUX YYHIB, AKI Yy NOJAnblIOMY NAaHyloTb 3400yBaTM BULLY OCBITY 3@ TeXHIYHMMMK, EKOHOMIYHMMMK Ta MNPUPOJHUYO-
MaTEMATUYHUMM CNeLiabHOCTAMM.

AHani3 akTyanbHUX gocnigxeHb. Ha gaHuit yac Kypc anrebpwm i noyaTkiB aHanisy B 3ak/iafax 3araibHoi cepeHbol
OCBiTM 3HANMOMMUTb Y4YHIB 3 HA30BUMMU MOHATTAMM KJACUMYHOTO MATEMATUYHOrO aHanily, CTBOPHOOYM TaKMM YMHOM BignoBigHi
nepeaymoBu ANsA MOAANbLIONO OMaHyBaHHA KypcCiB BMLLOI MaTemaTMKM Yy 3aKnagax Bulol ocsitv (gani, 3BO) (HaBuyanbHi
nporpamu 3 matemaTuku (anrebpwu i nouyatkiB aHanisy Ta reometpii) gna yuHis 10-11 knacis 3arasbHOOCBITHIX HaBYa/NbHUX
3aKknagis. PiBeHb CTaHAAPTY, ANA KNACiB 3 NOFNBAEHUM BUBYEHHAM MaTeMaTuku, 2017). Ana knacis 3 NornMbaeHMM BUBYEHHAM
MaTeMaTuKM nepenbayeHe nepBUHHE 3HAWOMCTBO 3 MOHATTAM AuMdEpeHUianbHOro pPiBHAHHA, ane BWKIIOYHO HA
03HAMOM/IOBA/IBHOMY PiBHi, 6€3 rPyHTOBHOrO 3aHYPEHHS y MOro CyTHICTb Ta AOLi/IbHOrO MPaKTUYHOIO  BiAMpPALLIOBAHHA.
OAHOYacHO, ANA KOXHOro npodinto HaB4YaHHA NepegbaveHa HaaBHICTb CyNPOBiAHMX GaKyIbTaTUBHUX KypCiB, CMPAMOBaHUX Ha
nornvbneHe ycBiAOMAEHHA CYTHOCTI BiANOBIAHWX OCHOBHWMX MOHATb, NPUPOAM iX POPMYBAHHA Yy MaTemMaTuLi, MOXAMBOCTEN
Pi3HWX y3arasbHeHb Ta NPAKTUYHMX 3aCTOCYBaHb.

HaByanbHMMM NnaHaMK 3aKNaAiB 3araNbHOI cepeHbOT OCBITU HaABHICTb GaKynbTaTUBHUX KypciB 6yna nepenbayeHa,
daKkTUYHO, 3aBKau. Cama inen dakyNbTaTUBHOFO Kypcy NONATAE y TOMY, WO Lie Kypc 3a BU6OPOM y4HA. 3aranbHOBIAOMO, LLO B
3BO cTyZeHTM 3apa3 HaB4YaloTbCA 32 NEBHMMM OCBITHbO-MPOGECIMHUMMU NpOrpamamMu, Big, YBEPTI 40 TPETUHU KPeauTiB AKMX
BiflBOAMTbCA Ha OMAHyBaHHA HaBYa/lbHWUX KypciB 3a BMOOpOMm cTyzeHTa. MoBa iae npo Te, WO CTYAEHT Y 3HauHil mipi mae
MOMBICTb BYAyBaTU BAACHY OCBITHIO CTPATErito Y MeXKax, abo, HaBiTb, MN03a MeXXaMu CaMOCTIMHO 06pPaHOi HUM cnewianbHOCTi.
CepefHa OCBiTa y cTapwin wkoni € npodinbHot. BianosiaHMn npodinb HaBYyaHHA y4yHi , pasom 3 HaTbKamu, obupatoTb
CcamocTinHO. HasaBHicTb dpaKybTaTUBHUX KypciB, AKi He € 060B'A3KOBUMM, A03BONIAE 3a34aeriab afanTyBaTh iX A0 Cy4acHWUX
TEXHONOri HaBYaHHA, A0 GOPMYyBaHHA BAACHOI OCBITHLOI CTpaTerii, YCBIAOMAEHHA HEOOXiAHOCTI HAaBYATUCA BNPOAOBXK YCbOro
XUTTA. CYTTEBOIO O3HAKOK CbOFOAEHHA € MOMK/UBICTb BMPOBAAMKEHHA CRiNbHUX GaKyNAbTaTUBHUX KYpCiB ANA YYHIB Pi3HMX
npodinis Ta Pi3HWMX POKIB HABYAHHA. 3PO3YMif0, WO TEMATUKA PaKy/NbTaTUBHUX KYyPCiB MOXKE i MOBWHHA OyTU pi3HOO, Yy
3a/1eXKHOCTI BiZ NPodiNiB HaBYaHHA YYHIB CTapLIMX KAaciB, nobaxaHb YYHIB Ta ix 6aTbKiB, KaZpPOBUX MOXK/IMBOCTEN BiAMNOBIAHOIO
3aKnaAy 3aranbHOI cepeaHboi ocBiTM. MOH YKpaiHu Hagae nepenik peKomeHL0BaHWUX KypCiB ANA YYHIB Pi3HMX KNaciB, AKUIA y TOM
e 4ac, He obmexkye BnacHuit BUbip BignosigHOro 3aknagy ocsitv. Kypcy, NpucBAYEHOrO OCHOBaAM YW efemeHTam Teopii
andepeHLianbHUX piBHAHL, cepefs, 3aNpPOMOHOBaHMX HaTenep GaKyAbTaTUBHWUX KypciB Hemae. HesBaKkakouu Ha peasbHi
MOK/IMBOCTI aBTOpiB, anpobauii po3pobneHoro ¢aKynbTaTUBHOINO Kypcy Yy peasibHOMYy HaBYa/lbHOMY MpPoueci we He 6yno.
YacTkoBoto anpobaliieto MoXKHa BBaXKaT 06roBopeHHs 3ara/sibHoi iZei BiAnoBiAHOro 3MiCTOBOro HanoBHEHHS Kypcy 3 KoJieramm.
LOyMKM Npu LuboMy po3ainnamnca. YacTMHa BUKNAZa4YiB maTeMaTUKK | Gi3UKM BUCNOBUAACA 3@ MOrO HeZOoUiNbHICTb. ABTOPU XKe,
HaBNaKW, HaMoNAratloTb Ha AOUINLHOCTI, Y CBOIM Noganblili NpaKTUYHIN pobOTi NNaHyloTb 34INCHUTU BNPOBALMKEHHA
po3pob6ieHOro Kypcy Yy peanbHWii HasyaibHMI npouec. 3po3ymino, WO BHACAIAOK NOAIGHOrO BMPOBaAMKEHHA BUHUKHYTb
noZanbli igei Woao Moro BAOCKOHaNEHHS.

MeTta craTti nonsrae y npeacTaBieHHi MeToguyHOi pPo3pobkM  aKyNbTaTUBHOTO Kypcy «EnemeHTn Teopii
ondepeHuianbHUX PiBHAHb» HA 6asi 3MiCTOBOro HanoBHEHHA KypciB matemaTuku 10-11 KnaciB 3aKknaaiB 3aranbHoOi cepeaHboi
0CBiTM (Hacamnepep, 3 NOrNB6AEHUM BUBYEHHAM MaTEMATUKK).

HaBuyanbHa MeTa 3anpornoHOBAHOrO Kypcy MoJsiArae y Tomy, Wwob BignosigHi 3406yBayi OCBITM yCBIZOMUAN CYTHICTb
3arasbHOro MOHATTA NPO 3BMUYaiHe AndepeHLianbHe PiBHAHHA Ta MOro Po3B’A30K, HABYMANCA PO3Ni3HABATK Ta PaLioHabHUM
YMHOM pPO3B’A3yBaTM AndepeHLianbHi PIBHAHHA NEeBHUX BWUAIB, 3aCTOCOBYBATU ONaHOBAHI enemeHTU Teopii AndepeHLuianbHnX
PiBHAHb 4,0 PO3B’A3yBaHHA NPUKNAAHWNX 33434, 30KpPEMa, 33434 KypciB GisnKKM 3aKnaaiB 3aranbHOT cepeHbol OCBITU.

Po3BuBaloya meTa 3anponoHOBAHOrO Kypcy MosiArae y Tomy, wob cdopmysatv y BiANoBigHMX 3406yBadiB oCBiTH
nponeaesTUYHE MiATPYHTA ANA HACTYMHOrO BAA/JIOr0 ONAHyBaHHA Teopii gudepeHUianbHUX piBHAHb y npodinbHUXx 3BO,
NOrANMGUTK IXHE YCBIZOMNEHHA POAI i MicLA MaTeMaTUKK Yy 3arafbHii cucTeMi HayK Npo nNpupoay i CycninbCTBO, Y NOBHIN Mipi
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peanisyBaTu y3arajabHIO4e NOBTOPEHHA TUX PO34iNiB Gi3nKK, B AKMX, NONepeaHbo, enemeHTn Teopii gudepeHLianbHUX PiBHAHD
6Y/10 BUKOPUCTAHO Y HEABHOMY BUTAA].

BuxoBHa meTa 3anpoOnoOHOBAHOIO KypCy 3a CBOEID CYTHICTIO He BifPi3HAETLCA Bif, BUXOBHOT MeTH BCiX GaKyNbTaTUBHUX
KypcCiB 3 MaTemMaTMKM, BCiX KypCiB MaTeMaTMKM y 3aK1adax 3araibHoi cepeHbOi OCBITM B3arani, 3abe3neyyeTbca NOTEHLiNHUMU
MOIMBOCTAMM LMX KypCiB i noasrae y Tomy, wob cnpuatm ¢opmysBaHHIO y BignoBiaHMX 3400yBayiB OCBITU 3arasbHOI OTYHOT
KYZIbTYPU MUCEHHSA, 30KPEMA, KY/IbTYPU AiaNIeKTUYHOTO MUCNIEHHS, TAKUX PUC OCOBUCTOCTI AK YECHICTb Ta NPaBAMBICTb, MYXHICTb
Ta HaNoNernuBicTb, NiABULLEHHIO IXHBOTO 3ara/lbHOKY/IbTYPHOTO PiBHA, GOPMYBaHHIO iXHBOTO CBITOrNAAY.

TEOPETUYHI OCHOBU AOCNIAKEHHA

Y Kypci ¢i3sukM cbomoro Knacy, nig Yac BUBYEHHA Temu «PiBHOMipHUI pyx. LLUBMAKICTb pyxy», HafaloTb O3HAYEHHA
PiBHOMIpPHOrO pyxy Ta LWBUAKOCTI piBHOMIpHOTO pyxy. Mpu LboMy GOPMY/IOIOTL XapaKTEPUCTUKM rpadika 3a/1eKHOCTI WBMUAKOCTI
PyXy maTepianbHOI TOYKM Big 4Yacy Ta rpadika 3aneKHOCTi Big Yacy NpoOMAEHOro LWAAXY, AKi, 32 CBOEK CYTHICTIO, OMNUCYIOTb
reomeTpUYHMI 3MicT noxigHoi (GyHKUii WweuaKocTi) Ta nepsicHOi (PyHKLiT wnaxy) (HaByanbHa nporpama 3 ¢isvKM ANs yyHiB
7-9 Knacis 3arasibHOOCBITHIX HaBYaNbHMX 3aKnagis, 2017).

O3HayeHHs NiHINHOT LWBMAKOCTI pyXy Tina Ta MUTTEBOT LUBUMAKOCTI Y TEPMiHAX rpaHuML («3a HECKIHYEHHO MaNU NPOMIXKOK
yacy») HagalTb BXKe Yy Migpy4yHUKY AEcATOro Knacy nig, Yac NoBTOPEHHA Ta NOrnnbneHHA BCiX Tem KypciB ¢isnku 7-9 Knacis
(Bap’axTap Ta iH., 2018). Tam BKA3YETbCA, LLLO MUTTEBA LIBUAKICTb — Lie PpisnyHa BeNIMYHA, AKa AOPIBHIOE BiAHOLWEHHIO LWAAXY, AKUIA
NporAeHO TiNOM 33 AeAKUIA JOCTAaTHbO Masni MPOMIXKOK Yacy A0 BEIMYMHM LLbOro MPOMINKKY Yacy. B Takuii cnocib, y niapyyHury
HEABHMM YMHOM BKa3yETbCA HA Te, O LWBUAKICTb Tila Y MOMEHT Yacy [AOPIBHIOE 3HAYEHHIO NOXiAHOI GYHKUi pyxy maTepianbHOI
TOYKM Y Lelt MOMeHT yacy (bap’saxTap Ta iH., 2018).

HanpukiHui fnes’aToro Knacy nporpama 3 ¢isvku nepepbayae 3HaMOMCTBO Y4YHIB 3 MOHATTAMWU NPUCKOPEHHA Ta
piBHONPUCKOPEHOTO pyXy. MpY 03HAYEHHI MPUCKOPEHHA Y MigPYYHUKY 3 i3vKM AeB’ATOro Knacy HeABHUM YMHOM BU3HAYAIOTb
TOW aKT, WO NPWUCKOPEHHA € noXigHow OYHKLUii WwBMaKocTi  (HaB4yanbHa nporpama 3 ¢isvKM ans yyHiB 7-9 Knacis
3ara/IbHOOCBITHIX HaBYaNbHWX 3aKknagis, 2017; bap’axTap Ta iH., 2017).

AIK MM 3HAEMO, OCHOBHa 33/1a4a MeXaHiKM — Lie BU3HAUYeHHA NOJI0KEHHSA Tina (KoopAuHaTy Tina, Hanpuknag 3a siccio Ox)
Y AaHWUIA MOMEHT Hacy t, TO6TO 3HaXOAMKEHHA 3a BUXIAHMMM AaHMMM 3a4a4i dyHKUiT x = x(t). Y cbomomy Knaci— ue 3agada npo
3HAXOAKEHHA KOOPANHATU TOUKM Y KOXKHUIM MOMEHT Yacy Npu PiBHOMIpPHOMY NPAMOAIHIMHOMY pyCi, Y BUNaAKY, KOAW WBUAKICTb
€ CTaNol BeMUMHOW, TO6TO, V,(t) = ¢, ¢ = const (Has4anbHa nporpama 3 QisvKuM Ans y4His 7-9 Knacis 3arasbHOOCBITHIX
HaBYafbHMX 3aKknagis, 2017; bap’axtap Ta iH., 2017).

Todi, MM Maemo HannpocTiwe AudepeHuianbHe PIBHAHHA NEporo MNopsaaky, AKi MICTUTb noxigHy OyHKUii pyxy:
x'(t) = c, po3B’A30K AKOro MOKHa 3HaiTh iHTerpyBaHHaM: x(t) = ct + x(0). Y 3BMYHMX TepmiHax i3nKM, BPaxoByoun
noyatkosy ymosy x(0) = x,, maemo: x(t) = vyt + xq.

MoTim y aes’atomy knaci (bap’saxtap Ta iH., 2017) y4Hi po3rnafatoTb PiBHOMPUCKOPEHWI PyX SIK pyx 3i cTanum
NPUCKOPEHHAM. OCKiNIbKM NPUCKOPEHHA € NOXiAHOIO BiA WBWAKOCTI, @ WBUAKICTb € NOXiAHOM Big, GYHKLIT pyxy Tina, TO OCHOBHA
3a4a4a MeXaHiK1 3B0ANTbCA 4,0 3HaXOAXEHHA PO3B’A3KY AndepeHLianbHOro piBHAHHA gpyroro nopaaky: x''(t) = ¢, ¢ = const.

Lle piBHAHHA MOXHa po3B’A3aTV ABOMA NOC/IAOBHUMM iIHTErPYBAHHAMM:

x'(t)=ct+c,
x(t) = ct? + ¢;t + x(0).
Y 3BUYHUX TepMiHax Gi3nKKM, BPAXOBYHOUM MOYATKOBI yMOBU
x(0) = xo, x'(0) = vq,,
Ma€EMO:

_ax 2
x(t)—7t + v, t + x,

A€ a,— NPOEKLiA NPUCKOPEHHA Ha Bicb OX, Vo, ~ NPOEKLLiA NOYaTKOBOI WBMAKOCTI Ha Bicb Ox.

Y niapy4YHUKY AeB’ATOro Knacy Le PiBHAHHA He BMOKPEMJIOETHCA i He PO3B'A3YETLCA, @ NEpPEeMILLLeHHA MPOMOHYIOTb
3HaXOAMTU AK naoLy dirypu posTawosaHy nig rpadikom dyHKUii weuarocTi (bap’axTap Ta iH., 2017).

Mpu po3rnagi pyxy Tina nifg AOJ€l0 CUAM TAXKIHHA, 30Kpema, Npu BiIbHOMY NafiHHI (@60 KupaHHi Tina Bropy) mwu
3yCTPIYaEMOCA 3 PIBHOMPUCKOPEHUM PYXOM, 418 AKOTO NPUCKOPEHHA d = —§, § — NPUCKOPEHHSA BibHOTO NaAiHHA.

Ob6epemo 3a Bici OY BepTUKanbHy NpsMy, AKOKO PyXa€eTbcA (Nafa€) TOYKA; MOYATOK KOOPAMHAT PO3TALLYEMO Ha NOBEPXHi
3em/i, a AOAATHIM HaNPAMOK YMOBMMOCA BifpaxoByBaTh Bropy. LLLo6 3HATV NONOMKEHHA HALWOT TOUKK Y ByAb-AKMI MOMEHT Yacy
t nmicna noyaTky pyxy (BianosigHoro Ao 3HayeHHa t = 0), Heob6XigHO 3HATM 3aKOH 3MIHW E€AMHOI KOOPAMHATM L€l TOYKM Y AK

byHKLiT yacy t. OTKe, HE3a/eKHOK 3MIHHOK Y Hac € Yac t, a WyKaHo GyHKLiE — KoopauHaTa y. CKnagemo piBHAHHA AnA
2

. . " L . d .
3HAXOAKEHHA Y. 3 MeXaHiYHOro 3micTy Apyroi NoXiAHOI BUNJIMBAE, L0 NPUCKOPEHHA AOPIBHIOE d_;/; 3 iHWoro 60Ky, MM 3HAaEMO,
WO MPUCKOPEHHA CUAM TAMIHHA B KOMKHIM Touui 3eMHOI noBepxHi Ta Nob6ausy Hei € NocTiiHUM i (HabanKeHO) [OpPiBHIOE
981 cm/cex?, nosHavyaeTbca g = 981 cM/ceK?; OCKiNbKM MPUCKOPEHHS CNPAMOBaHe A0HM3Y, TO y 06paHiii cuctemi KoopanHaT
nomy Tpeba HaaaTh 3HakK «—». MPUPIBHABLIM ABaA 3HANAEHI BUPasu ANA NPUCKOPEHHA TOYKU, OTPUMAEMO PIBHAHHA, 3 AKOrO
. d%y
MOMHa byae BU3HauNTU dyHKL0 y: i
OCKiNbKM TYT MAaeMO Apyry NOXigHyY Bif, 3MiHHOI Y, TO pOo3B’A3yBaTUMEMO 33 AONOMOroK NOABINHOIO iHTerpyBaHHaA. [Bidi

3HaWAEeMO HeBM3HaYeHUI iHTerpan Bif 060X YaCTUH PiBHAHHA 3a 3MiHHOO t . OTPUMAEMO:

dy

— = —gt + C1

dt g ’

2

gt
y=_T+C1t+CZ
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OcTaHHE OTpMMaHe PiBHAHHA — 3arasibHWUiA PO3B’A30K PO3rNAHYTOrO gudepeHLiaibHOro PiBHAHHA, AKe MICTUTb A4Bi cTani
C; 1 C,. 3'acyemo ix GisU4HUI 3MmicT:
1) B nepwomy pisHAHHIinput =0, C; = ‘;—Jt, = v, (NoYaTKOBa WBKAKICTb MaTepiabHOT TOUKM);
2) aHanoriyHo, 3 Apyroro piBHAHHA Maemo npu t = 0, C, = y (NoYaTKOBE MNONIONKEHHA TOUKM).
Micns BBEAEHHA HOBUX NO3HAYeHb A1 AAHWUX AOBIIbHUX KOHCTAHT OTPUMAEMO 3ara/ibHWUiA PO3B’A30K PO3FAAHYTOrO
aubepeHLiaNbHOro PiBHAHHA Y BUTAALI:
£2

yz_gT‘i‘vot‘i‘yO

Cra€ 3po3yMinnm, AKi [,0AaTKOBI AaHHi HEOBXiAHO MaTK, LWO6 OTPMMATM YaCTUHHMI PO3B’A30K, @ CamMe: YNC/I0BE 3HAYEHHSA
Yo NOYATKOBOrO NOJIOXKEHHA TOYKM Ta MOYATKOBY LWBUAKICTb V.

Y niapy4Huky 3 ¢pisnkn gecatoro knacy (bap’axtap Ta iH., 2018) nig rapMOHIYHUMM KOIMBAHHAMM PO3YMitOTb KONMBAHHSA
3a 3aKoHaMKM cuHycy abo KocuHycy : x = Awg cos(wot + ¢). Hacnpasgi, disnuHa BesMuMHa, AKa XapaKTepusye Tiso, fKe
3[iAICHIOE rapMOHIYHi KO/IMBAHHA, 330BOJIbHAE HAacTynHe AudepeHLianbHe PiBHAHHSA:

a, = —w?x, ge a,=%i.

Y nigpyyHury 3 ¢isnkum (bap’axtap Ta iH., 2018) NponoHyOTb 3’AcyBaTU Gi3UYHUIA 3MICT KOXKHOT BEIMYMHU Y HaBeAEHMX
PiIBHAHHAX FAPMOHIYHMX KONIMBaHb, NOACHEHHA HaBeAEeHO Y TabaunLi NiAPYYHMKA; ane BUBEAEHHA PiBHAHb FAPMOHIYHUX KOANBaHb
He HaBoauTbeA. Hacnpasai, Ui Gopmynn MoKHa BUBECTU, BUKOPUCTOBYIOUM AndepeHLianbHi piBHAHHA.

PopmynM rapmMoHIYHOI LWBMAKOCTI Ta FAPMOHIYHOTO MPUCKOPEHHA TaKOX MNPOMOHYIOTb B MiAPYYHWMKY 6e3 KOoAHUX
06rpyHTYBaHb.

M1 NPONOHYEMO HacTynHe BUBEAEHHA PIBHAHHA rapMOHIUHOTO NPUCKOPEHHA a4, = —w2X: 3anuLWemo nepuly Ta Apyry
noxigHi BE/IMYMH, L0 rapMOHIYHO KOIMBAKOTbCA B 3a/71€XKHOCTI Big vacy:

dx . T
= = —Awg sin(wgt + @) = Aw, cos (wot +¢+ E)
Ta
d?x 5
Frehe —Aw§ cos(wot + @ + m).

Ma€emo rapmoHiYHi KOZIMBAHHA 3 TIEO XK LMKAIYHOO YAaCTOTOO, TOAI aMNAiTyaAu WBMAKOCTI Ta MPUCKOPEHHSA BiANOBIgHO

popisHIoTb Awg Ta Aw3.
d%x . . . d%x

3 Bupasy proi —Aw} cos(wyt + ¢ + m)BUNAMBaE AndepeHLianbHe PiBHAHHA rapMOHIYHUX KONMBaHb prey + w3x = 0.

Po3B’A3KOM LbOro piBHAHHA € QYHKLA, NpeAcTaBaeHa 3anpPoNoHOBAHO Y NiAPYYHUKY popmyioto:
x = Acos(wot + @).

Tenep poBegemo obepHeHe TBEPAMEHHA: AKWO B OyAb-AKMI MOMEHT Yacy pyxy Tifla MOro NPUCKOPEHHA € MPAMO
NPONopLiMHMM A0 MOro 3MilLeHHA Ta CNpAMOBaHe Yy 6iK, MPOTUNEKHWUIA A0 3MILLEHHIO, TaKUIA PyX ABNAE COBOK rapMOHIYHi
KO/IMBaHHA.

. . . d?x 2 , .
3anuwemo 3aranbHe ,ﬂ‘Vld)epeHU‘Iaflee PIBHAHHA TAPMOHIYHUX KONMMBAHb: E + WX = 0. Po3B’axkemo ,ﬂ‘l’ld)epeHLl,la/'lee

PiBHAHHA ApPYroro NOpAAKY 3 NOocTinHUMKM KoedilieHTamK. A LbOro 3anMILeMOo XapaKTepPUCTUYHE PIBHAHHA:
A2+ wi =0,
12 = —w?.
TaKe piBHAHHA MAE [1Ba KOMMNIEKCHUX KopeHsa: A = twi. 3aranbHuii po3B’a30K AudepeHLiasbHOro PiBHAHHA
rapMOHIYHMX KONMBaHb Mae BuUrnaa: x = A cos wt + B sin wt. Wo # Tpeba 6yno gosectu.
OTXKe, MM NepeKoHaNNCA y TOMY, Lo AOBeAEHHA UMX GOPMYN He € 3aHAATO CKNAAZHWMM, binblu TOro, 3anponoHOBaHi
HaMu J0BEAEHHA € KOPUCHUMU A/1A PO3YMIHHA CTAapLIOKNACHUKAaMM TeMu «apMOHIYHI KOIMBAHHAY.

METOAU AOCNIAXKEHHA

JocnipxeHHs 6a3yeTbcA HAa NOPIBHANLHOMY aHani3i NpPorpam Ta NigPYYHUKIB 3 MaTeMaTuKu Ta isuku gns yuHis 9, 10 i
11 knaciB 3aK/iagis 3arasbHOi CepefHbOi OCBITM AK PIBHA «CTaHAAPT», TaK i MOrnMbGAeHOro piBHIB HaBYaHHSA, LWOA0 iX
Y3roAyKeHOCTi CTOCOBHO fIBHOTO YW HEABHOrO BUKOPMCTAHHA NOHATTA Npo AudepeHLianbHe PiBHAHHA Ta Moro po3s’a3ok. Mpu
LbOMY BUKOPUCTOBYIOTLCA MipKYBaHHA AK iIHAYKTUBHOTO, TaK i AeAyKTUBHOIO XapaKTepy.

PE3Y/IbTATU AOCNIAKEHHA

MpeacTaBieHo 3MiCTOBE HAaMOBHEHHS paKy/NbTaTUBHOTO Kypcy 3 e/1eMeHTIB Teopii gudepeHLianbHUX PiBHAHb ANA YYHIB
10-11 knaciB 3aKnagis 3aranbHoOI cepeaHbol OCBITM Ta METOAMYHI peKoMeHAaLi WoA0 MOro BNPOBAAMKEHHS. 3aNpoONOHOBAHMI
Kypc «EnemeHTH Teopii andepeHLianbHUX piBHAHbY HE BUMArae Ayxe rMnboKMx 3HaHb 3 MaTeMATUYHOIO aHani3y. Y ToM e 4Yac
TaKW Kypc NPeacTaBAAETbCA BE/IbMU KOPUCHUM 1A MaibyTHbOro cTyaeHTa 3BO 3 no3uLii HaABHOCTI MOYaTKOBUX YABAEHb NPO
npeameT, AKKI BiH byae onaHyBaTu y ManbyTHbOMY.

Po3pobneHunii dakynbTaTMBHMIN Kypc Binblle po3paxoBaHO Ha y4HiB 11-ux Knacis B cuay TOro, WO WOro TeopeTuyHe
niarpyHTA cKnagatoTb 6a3osi Temu came Kypcy anrebpu Ta noyaTtkis aHanisy 11-ro knacy. 3anyyeHHsa go poboTn AeCATUKNACHUKIB
He BMKIOYAETLCA, 60 NOHATTA NPO MOXiAHY, 3riAHO AiOYMX HA AAHMI Yac HAaBYaJIbHWUX MPOrpam, BBOAMTLCA CaMe HaMpUKiHLI
10-ro Knacy, i, AK NpaBuno, ceped ydHiB 10-x KnaciB 3aBXAM 3HAXOAMUTbCA Kifibka 064apoBaHMX OCIb, 34aTHUX HaB4yaTUCA
CaMOCTIHO Ta ONaHOBYBaTU HEOBXiAHMI MaTepian 3a MiHIMaAbHOI AONOMOrY BMKNagada(HaByanbHi nporpamu 3 matemaTuKu
(anrebpwu i noyaTkis aHani3y Ta reomeTpii) 4nn yuHis 10-11 KnaciB 3araNbHOOCBITHIX HaBYaNbHUX 3aKNaAiB. PiBeHb cTaHAapTy, ANA
Knacie 3 nornMbaeHnm BUBYEHHAM MaTemaTukn, 2017).

Mpwn po3pobui gaHoro GpakyNbTaTUBHOIO Kypcy MU BUXOOMAU 3 TOTO, WO Y4Hi, AKi BUABMAW BaXKaHHA MOro Npocayxaty,
B)K€ O3HANOMJIEHi 3 MOHATTAMM NOXiAHOI Ta iHTerpana 3i WKiNIbHOro Kypcy anrebpu i noyaTKiB aHasi3y, KaneH4apHO BXKe NPOMLWAN
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uen matepian. Tomy, y 3anponoHoBaHOMY GaKyNbTaTUBHOMY KyPCi AaHi TEMUM AnLLe NoBTOpPHOOTLCA. [py 3HAMOMCTBI 3 MeTogamu
pO3B’A3aHHA HAUNPOCTIWNX AudepeHLianbHUX PiBHAHDL, aKLLEHT 3p061eHO CaMe Ha NMPAKTUYHIN CTOPOHI — Ha BMiHHI po3ni3HaTh
BiANOBIAHWI BWA, PIBHAHHA Ta PO3B’A3aTW MOro 3a [JOMNOMOIOK OAHOFO i3 BUBYEHWX MeToaiB. Kypc He npepcTaBAAeTbcA
nepeBaHTaXXeHUM TEOPETUYHUMM BiJOMOCTAMM Y HbOMY PO3IMNAHYTO METOAM PO3B’A3aHHA HalnpocTiwmx andepeHLianbHUX
PiBHAHb NEPLIOro Ta APYroro NopAAKie, AKi, 30Kpema, 3ycTpivatoTbca Y Kypcax $isnmKuM 3aknagis 3ara/ibHOi cepeHbOi OCBITH.

OTXKe, Ha novaTky ¢aKynbTaTUBHOrO Kypcy nepefbayeHe MOBTOPEHHA OCHOBHMX MeTOAIB AubepeHLitoBaHHA Ta
iHTerpyBaHHA ¢yHKUii. Mpu upomy, Tpeba nepekoHaTUCA Yy TOMY, WO YYHi MPaBU/bHO PO3YMIilOTb TEPMIHWM «MoOXigHa» Ta
«iHTEerpan», 4iTko yaBaAlTb cobi ix cyTHICTb Ta BAacTuBOCTI. [INA NoAanbWOro BAANOrO BBEAEHHA NOHATTA NPo AndepeHLianbHi
PiBHAHHA BapTO MPUCBATUTU AEAKUIN Yac PO3rNALAHHIO PISHUX METOAiB iHTerpyBaHHA B CUJly TOrO, LLO HaBiTb €/leMeHTapHi
ondepeHuianbHi piBHAHHA PO3B’A3YIOTLCA CaMe 33 A0MNOMOrOL0 iHTErpyBaHHSA.

Micna nosTopeHHA matepiany 3 Tem «loxigHa GyHKUii. TeomeTpuUyHUI Ta i3MUHMIA 3micT noxigHoi» Ta «[llepsicHa Ta
iHTerpan» BBOAMTLCA NOHATTA iHTErpany 3i 3SMiHHOKO BEPXHBLOIO MeXKelo, AKe 3B"A3Y€E MOHATTA NePBiCHOI 3 MOHATTAM BU3HA4YeHOro
iHTerpany (Lev matepian € HOBUM ANA BiNbLIOCTI LLKONAPIB, Y TOM }Ke Yac BiH He NpeACTaBAAETbCA 3aHAATO CKAAAHUM; OAHOYACHO,
BiH € Ay)Ke BaXKAMBUM A1 BBEAEHHA NOHATTA NPo AndepeHLianbHe PiBHAHHA).

[ani po3rnagaloTbCa TEOPEeTUUYHi OBrPYHTYBaHHA Pi3HUX METOAiB pPOo3B’A3aHHA AudepeHuianbHUX pPiBHAHbL, ANA
BM3HAYeHUX MeTOZiB HABOAATbCA BIANOBIAHI NPWKNAAW iXHLOrO 3acTocyBaHHA. [lpeAcTaBneHi TeOPeTUYHi NUTaHHA 3
andepeHLianbHUX PiBHAHL HE € CKAAAHMMM, Ha 3HAMOMCTBO 3 HUMM B OAMHAALATOMY KAaci 4OCTaTHbO BUAIANTU 1 roguHy Ha
TXAeHb. OTXe, Kpawe 3a BCe, A/1A OMaHYBaHHA KOHTEHTY BMLLUEBKa3aHoro Kypcy matn 30 HaBYa/NbHUX rOAWH BMPOAOBXK
y460BOro poky.

Y tabnuui 1 npeacraBieHo TemaTUYHe NaHyBaHHA Po3pobaeHoro pakynbTaTUBHOTO Kypcey.

Tabauya 1.
TemaTuuHe nnaHyBaHHA GaKyNbTaTUBHOIO Kypcy «EnemeHTU Teopii gudepeHuianbHUX PiBHAHbY»
Ne Tema 3aHATTA KinbKicTb roanH
1. MoxigHa pyHKLii. 2
2. Meps.icHa Ta iHTerpan. MOHATTA NPO iHTerpan 3i 3MiHHOIO BEPXHbOIO MEXKEIO. 3
3. 3arasibHe NOHATTA NPo AudepeHLianbHe PiBHAHHA. 2
4. MeTog, i30KNiH NobyA0BM iHTErpasibHUX KPUBUX.
PiBHAHHA 3 BiLOKPEMIIOBAHUMU 3MIHHUMMW.
OaHopiaHi andepeHuianbHi PiBHAHHA NEPLUOTo NOPAAKY.
7. NiHiHi HeopHOPIAHI AndepeHLianbHi PiIBHAHHA NEPLIOro NOPAAKY Ta MeTOAM iX pO3B’A3aHHA: 3
meTog, JlarpaHka, metoz bepHynni.
8. OaHopiaHi andepeHuianbHi piBHAHHA A4PYroro NopsAAKY 3 NOCTIMHUMU KoedilieHTamu. 3
9. HeoaHopiaHi andepeHuianbHi piBHAHHA APYroro NopaaKy 3 NOCTiMHUMK KoediuieHTamu, 3
cnocobu ix po3B’A3aHHA Yy BUMAAKY CreLiaibHOro BuAy npasoi YacTUHU.
10. 3apadi HaBYaNbHUX KypCiB 3aKNafiB 3ara/ibHOi cepeAHbOi OCBITH, AKI 3BOAATLCA A0 4
nudepeHLiaNbHMX PiBHAHb NEPLUOro Ta ApYyroro nopaakis.
11. Y3aranbHeHHs Ta CUCTeMATU3aL,is 3aCBOEHUX 3HAHb, YMiHb Ta HaBUYOK. i CyMKOBUIA KOHTPOb. 1
Ycboro 30 roauH

OTKe, A0 3MICTOBOrO HaNOBHEHHA NPeACTaBAeHOro GaKyAbTaTUBHOIO KypCy BKAOYEHO HACTYMHI TEMWU: METOZ, i30K/IH,
oudepeHLUianbHi PIBHAHHA 3 BifOKPEMIOBAaHUMM 3MIHHUMUM, OAHOPIAHI AndepeHLianbHi PIBHAHHA Nepworo NopAaKy, NiHikHI
HeoAHOpPIAHI AndepeHLianbHi PIBHAHHA NepLIoro NopAAKY, NiHiiHI ogHOpPIAHI AndepeHLianbHi PIBHAHHA APYroro NOpAAKy 3i
CTaNUMMU KoedilieHTaMK, NiHiHI HeoAHOPIAHI AMbepeHLianbHi PIBHAHHA APYroro NOPAAKY 3i CTaAMMK KoeodiuieHTamn. Mu He
CTaBuaM cobi 33 MeTy HaBYMTK BifNOBIAHMX 3400yBaUiB OCBITM PO3B’A3yBaTU AKOMOra binblue pisHUX TUNiB AndepeHLianbHUX
piBHAHb, 06PaNU AuLe Ti, AKI, Ha HaLL NOrNA4, € HAMNPOCTILWMMM, HAYaACTILLE BUKOPUCTOBYIOTbCA Ha NpakTuLi. ObpaHux BuAis
PiBHAIHb LLIIKOM 4OCTAaTHbO A1 3aHYPEHHSA YYHIB Yy CYTHICTb NpeaMeTy, A1 GopMyBaHHSA iXHbOT rTOTOBHOCTI 0 PO3LMPEHHSA 3HAHb
3 Teopii AndepeHLianbHUX PiBHAHDL NI Yac NoAanblioro Has4aHHa y 3BO BignosigHoro npodointo (Bibi et al., 2019).

Y npoueci BUCBITNIEHHA 3MICTOBOrO HaMOBHEHHA [ECATOI TeMW NPeACTaBNEHOro0 TEeMATUYHOrO MAaHy Kypcy Mwu
NpoaHanisyBasnM B3aEMHUIN 3B'A30K MiXK AndepeHUiaNbHUMK PIBHAHHAMM Ta 334av4amMu KypciB i3MKM 3aKknagiB 3aranbHoi
cepeaHboi ocBiTW. MMig Yac aHani3y WKINbHUX NigPYyYHMKIB 3 Pi3KM ByN0 BU3HAUYEHO TPU PO3L4inn, Y NPaKTUYHOMY KOHTEHTI AKUX
3ycTpivatoTbes AndepeHuianbHi piBHAHHA. Lie 3aaa4i Ha 3HaX04KEHHSA 3aKOHY PyXy MaTepiasibHOT TOYKM, FAPMOHIYHI KOIMBaHHSA
Ta PafioaKTUBHUI pPo3nag enemeHTiB. [Na KOXKHOro 3 LMX po3ainisa 6yn0 MNokKasaHo, AKUM YMHOM MOMKHA OBFpPYyHTYBaTU
cnpaBeANIMBICTb BiANOBIAHMX GOPMYN PyXy, KOMBAHHA, PO3Majy TOLLO BUKOPUCTOBYIOUM AndepeHLianbHi piBHAHHA TUX BUAIB,
WO PO3rNAHYTO MonepeaHbo, a He TiNbKM HaBecTW BignosigHi Gdopmyan AK akciomu. Ham TakoxK BAQNOCA MpPOintOCTpyBaTH
MOK/IMBOCTI BUKOPUCTaHHSA Teopii AndepeHuianbHUX piBHAHb NPY PO3B’A3yBaHHI Gpi3MYHMX 3aay.

3po3ymino, Lo y Mexkax po3pobsieHoro GpaKyIbTaTUBHOIO KYPCy MU HE MaJIv MOXKIMBOCTI HABECTU A0CTaTHbOI KiJIbKOCTI
NPVKNaais, HEObXiAHMX ANA NOBHOLIHHOIO ONaHyBaHHA PO3MAHYTUX METOLIB PO3B’A3aHHA BU3HAYEHMX TUNiB AubepeHLianbHNX
piBHAHb. MepenbayaeTbea, WO KOXKHUIM BUKNALAY, BUXOAAUM i3 MOKAMBOCTEN Ta NOTpeb BignoBiAHWUX yYHIB, NOBUHEH NPOBOAUTU
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CaMOCTiNHY pobOTY i3 NOLWYKY AOLiINbHUX 3aBAaHb. OCHOBHUMM AxKepenamu NPUKNaLiB Npu LbOMY MOXKYTb ByT BianoBigHi
HaBYanbHi NoCibHMKM Ta 36ipHMKKM 3aaa4 ana 3BO ((CamoineHko, 2003), HanpuKknag,).

B3arani, rotytoumnce Ao byab-AKoro 3aHATTA, BUKNAZa4y NOBUHEH BPAaxoBYBaTU BENUKY KinbKicTb dpakTopis. Hacamnepes,
BAXK/IMBOIO MpPeACTaBAAETbCA AMAAKTUYHA TUnonoria ypoky. CTPyKTypa KoOKHOro naparpady pospobneHoro Kypcy, TicHO
NeperykyeTbes 3 HabiNbLL NOLINMPEHMMM TUMAMM YPOKIB. TaK, TEOPETUYHA YaCTUHA BKNAZAETLCA Y PAMKM YPOKY 3aCBOEHHA HOBMX
3HaHb; J0aTOK, WO MICTUTb 3a4a4i 3 Gi3MKK, — Lie YPOK 3aCTOCYBaHHA 3HaHb, HABUYOK Ta YMiHb; CIOAM K MW MOXEMO 3apaxyBaTtu
M Ty 4acTUHy naparpady, B AKil HABOAATLCA NPUKAAAM PO3B'A3aHHA 3aBAaHb; A0AATOK i3 3aBAAHHAMM A8 CamMOCTiNHOT poboTn
MO’KHa TaKOX BMKOPUCTOBYBATU AN1A NEPEBipPKM Ta KOPEKLii 3HaHb, YMiHb Ta HaBM4yoK yyHiB (Wadhwa, 2004; Posamentier &
Smith, 2014).

3po3ymino, WO fAKicHe BWUKNafAaHHA GaKynbTaTUBHOIrO Kypcy «EnemeHTw Teopii avdepeHUiabHUX PiBHAHbY MOXKe
BiAOyBaTMCA NULLE 33 YHIBEPCUMTETCbKOK CXeMOI0. PeanisyBaTtu L,e MOXKHa 338 4ONOMOIOH0 HACTYNHUX BUAIB YPOKIB: YPOK-NeKLia —
AN1A BUKNaJy HOBOT TEMU; YPOK-CeMiHap — [0 PO3rNAAAHHA 3aCTOCYBaHb Y Kypcax ¢i3uKuM Ta CiNbHOro 3 yYHAMM pO3B’A3yBaHHA
NPUKNAAiB; YPOK-MPaKTUKYM — A4 CaMOCTIVHOrO poO3B’A3yBaHHA 3aBAaHb BiAMNOBiAHMMKM 3406yBayaMu OCBITM; YPOK-
KOHCYNbTaLif — ana poboTH 3 yuHAMM, AKi cnabo BCTUraoTb abo NPONyCTUAM 3aHATTA; YPOK-3a/iK A8 KOHTPOJIIO HabyTUX 3HaHb,
YMiHb Ta HAaBUYOK.

MepeKoHaHi, WO 3aBAAKM BiAibpaHOMy HaMM TEOPETUYHOMY Ta MPaKTUYHOMY MaTepiany, MPOBEAEHHIO 3aHATb
BiANOBIAHO [0 PO3po6NEHOro KaseHAAPHOro NaHYBaHHA, MOXe ByTW AOCATHYTO BU3HAYeHy HaByasibHy MeTy NpeACcTaBNeHOro
$aKyNbTaTUBHOTIO Kypcy.

Mip yac po3pobKkM foMaLLHIX 3aBAaHb BapTO BPaXxoOBYBaTH iHAMBIAYaNbHi 0CO6/MBOCTI BiANOBIAHMX YUHIB. YUueHb BoOMA
Yy MEHLIOMY CTyMNeHi € 0OMEXXEeHMM YaCOBMMM PaMKaMM, HiXK BUKNAZaY Nig, vyac ypoKy, i TOMy B HbOro € MOX/IUBICTb BUTPATUTK
6inblle yacy Ha po3ni3HaBaHHA BMAY PIBHAHHA Ta MOWYK JOLiJIHOTO MeToAy WMOro po3s’A3aHHA. Ane, 34a€TbCAA, HaBiTb
HalKpaLLMM yYHAM He BapTo 334aBaTu AOAOMY PIBHAHHA, LLIO BUMAraloTb rpOMi3AKMX NepeTBopeHb. Y NigcyMKy, MU CXUNAEMOCA
0,0 AYMKM, WO Hanbinbw epeKTUBHUMM € CAMOCTINHI pobOTH 3 EANHOI OCHOBOIO, AIKA, 3a/1EXKHO Bif, PiBHA NiArOTOBKM Y4 HIB, MOXe
KOpWryBaTMCA 3a AOMNOMOrot HabopiB BKA3iBOK 0 BUKOHAHHA 3anNponOHOBaHOrO 3aBAaHHA.

OTKe, MeToAMKA NPOBEAEHHSA 3aHATL 3 GaKyNbTaTUBHOIO Kypcy «EnemeHTH Teopii gudbepeHLianbHUX piBHAHbY Ha Hasi
3aK/1aAiB 3araNbHOT cepefHbOi OCBITU He HAATO BiAPISHAETLCA Bif, NPOBEAEHHA YPOKIB 3 ByAb-AKOro po34iny maTeMaTuKu, AKLWO
BMKNaAay BpaxoBye cneumdiky Kypcy, ayauTopii Ta maTtepiany, WO BUKNaAaeTbcA. [PYHTOBHI 3HAHHA CamMoro nejarora, yitke
NAaHYBaHHA KOXHOrO 3aHATTA Ta yBara 0 BCiX y4YHiB, 6€3yMOBHO, CTaHYTb 3aMOPYKOIO YCMiLLIHUX pe3ynbTaTis.

BMUCHOBKUM TA MEPCMNEKTUBU NOAANBLLUOIO AOCNIAXEHHA

3anponoHoBaHi MeToAu4YHi maTepiann A0 aKy/NbTaTMUBHOTO Kypcy He nepenbavaloTb HAABHOCTI B Y4YHIB 3aHaAATO
rMMBOKMX 3HaHb 3 Bi4NOBIAHMX PO34iNniB MaTeMaTUUYHOrO aHanisy, gns yyHis 10-11 Knacis 3aKiagis 3aranbHOT cepeaHboi 0CBiTH
BOHM € ULJIKOM [0CTyNHUMKU. BogHouac, iX 3micToBe HaNOBHEHHA NPeACTaBAAETbCA KOPUCHUMM fK 3 MO3MLii CNPUAHHA
YCBIZLOMNEHHIO YYHAMM HAaABHOCTI MiXXAUCUMMNAIHAPHUX 3B’ A3KIB MaTeMaTMKM Ta Gi3UKK, TaK i, 3 NponeseBTUYHOI TOUYKM 30pY, ANA
TUX YYHiB, AKi OyAyTb ONaHOBYBATH Teopito AndepeHLianbHUX PiBHAHb HA HACTYNHOMY PiBHi OCBITK.

3po3ymino, Wo npeacraBneHUi GakyNbTaTUBHUIM Kypc BMMarae anpobauii y dopmi BNpOBAAKEHHA Yy peanbHUi
HaBYa/IbHMI Mpouec, nepeayBaT NoAibHy anpobauito 6yae po3pobKa AeTaNbHUX NAaHIB-KOHCMNEKTIB BiAMNOBIAHUX 3aHATb. |
NVWe yHacnifoK Takoi anpobaujii moxke 6yTM OcTaTOMHO CPOPMOBAHE MEPEKOHAHHS Yy MOro AOUIMbHOCTI ANnA BignosigHMX
KaTeropii 3006yBayiB cepefHbOT OCBITU, BUHUKHYTb AOAATKOBI iAel WoA0 Moro Noaanblloro BAOCKOHANEHHS.
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ABSTRACT

@PopmynioeaHHa npobaemu. [Ipobnema nposedeHHA AKICHO20
@i3u4Ho20 excnepumeHmy y 3aKk1a0ax 0c8iMU HA CbO20OHI € Ha038uYaliHO
akmyansHot. CydacHa cucmema oceimu Hemoxnuea 6e3 aKmueHoz20
BUKOPUCMAHHA Yugposux mexHonozil, oHnaliH-cepsicie i naamgopm.
Tomy 8 oceimHili OianbHOCMi AKMUBHO BUKOPUCMOBYEMbLCA HOBA hopMa
HAOYHOCMI — 8ipMYanbHA, AKA € eeKMUBHOK Y 8unadky 00MNOBHEHHA
peanbHo20 i3uyHO20 eKcrepumeHmy. BukopucmaHHA 8ipmyasnbHo20
i3u4HO20 eKcriepumeHmMy aKmusizye nisHasasb6HoO-NowyKosy OdifnbHicMb
3006ysayie oceimu, ane Auwe NOEOHAHHA 8ipMYasnbHO20 MA PeasnbHO20
eKcrnepumeHmy 3abe3neyye AKicHUl pe3yabmam nid Yac HABYAHHA i3uKu.
Tomy 00HUM i3 OCHOBHUX 3a80aHb Yy npouyeci NideomosKku MalibymHix
yyumenis i3uKku € MowyK onmMumManbHUx popm i Memodie iHmezpy8aHHA
peanbHo20 mMa 8ipmyanbHO20 eKcrepumMeHmis, W0  CrIPUAMUMYmMb
YOOCKOHaneHHIo axosux KomnemeHmHocmeli 3006ysayie oceimu.

Mamepianu i memodu. 3 memoto 3’acysaHHa cmaHy docaioneHocmi
npobsemu 8 nedazoeivHili meopii mMa npakmuyi BUKOPUCMAHO:
meopemuyHi mMemodu — aHani3, MOPIBHAHHA, cucmemamusayia ma
Y3020/1bHEHHA HABYANbHO-MEMOOUYHUX, HAYKOBUX Md  MPUKAAOHUX
Oxceper, enekKmpoHHUX pecypcie 3 npobaemu 00CAiOHEeHHA.

Pe3yabmamu. Po32naHymo OudakmuyHi ma memoouyHi moxcausocmi
8ipmyanbHO20 (Pi3U4HO20 eKcriepumeHmy AK 3acoby YOOCKOHANEeHHSA
¢axosux kKomnemeHmHocmeli 3006ysayvie oceimu. Y 00cCaiOHEeHHI
3aMpONoHOBAHO BUKOHAHHA nabopamopHoi pobomu  «BusHa4eHHs
iHOyKmMugHoCmMi KOmywKu memodom 8UKOPUCMAHHA ABUWA CAMOIHOYKYii
fpu  3aMUKaHHi Kona». B Akocmi cepedosuwa 018 MOOento8aHHA
eneKmpUYHUX CXeM BUKOPUCMAHO npozpamHe 3abesneyeHHA Proteus gid
Labcenter  Electronics. [lpedcmasneHo pe3yabmamu  onumMyeaHHA
cmydeHmie w000 egeKmusHOCMIi BUKOPUCMAHHA  8ipmyanbHO20
eKcriepumeHmy 8 ocgimHid disneHocmi.

BUCHOBKU. BUKOpUCMAHHA 8ipMmYyanbHO20 (i3U4HO20 eKcriepumeHmy 6
oceimHbomy npoyec 3abe3neyye peanizayio  eKcrnepumMeHmasnbHo20
MemooOy HaBYaHHA (hi3uku 8 ymosax OucmaHyiliHoeo HABYAHHS,
opmysaHHA 00CNiIOHUYbKUX YMiH6 Ma HABUYOK, 3CMOCY8AHHA Habymux
3HAHb Y NPAKMUYHIl OiANbHOCMI, 3HAYHO PO3WUPIOE MOMHCAUBOCMI
3any4eHHA 3006y8adyis oceimu 00 Mi3HABAIbHO-MOWYKOB0T ifabHOCMI,

Formulation of the problem. The problem of conducting a high-quality
physic experiment in educational institutions is extremely relevant today. A
modern education system is impossible without the active use of digital
technologies, online services, and platforms. Therefore, a new form of
visualization is actively used in educational activities - virtual, which is
effective when supplementing a real physic experiment. The use of a virtual
physic experiment activates the cognitive and research activities of
students, but only a combination of a virtual and a real experiment provides
a high-quality result during physics education. Therefore, one of the main
tasks in the process of training future physics teachers is the search for
optimal forms and methods of integration of real and virtual experiments,
which will contribute to the improvement of the professional competences
of the students.

Materials and methods. In order to clarify the state of investigation of
the problem in pedagogical theory and practice, the following theoretical
methods were used - analysis, comparison, systematization, and
generalization of educational and methodological, scientific and applied
sources, and electronic resources on the research problem.

Results. The didactic and methodical possibilities of the virtual physic
experiment as a means of improving the professional competencies of the
students of education were considered. In the research, it is proposed to
carry out the laboratory work "Determination of coil inductance by the
method of using the phenomenon of self-induction when closing a circuit".
Proteus software from Labcenter Electronics was used as an environment
for modeling electrical circuits. The results of a student survey on the
effectiveness of using a virtual experiment in educational activities are
presented.

Conclusions. The use of a virtual physic experiment in the educational
process ensures the implementation of the experimental method of
teaching physics in the conditions of distance learning, the formation of
research abilities and skills, and the application of acquired knowledge in
practical activities, significantly expands the possibilities of engaging
students in cognitive and research activities, activates their independent
activities. The virtual physic experiment contributes to the formation and
improvement of the general and professional competencies of the students.

®depunwmH 0., MoxyH C., Yonuk M. BipTyanbHuit GisnuHMIN eKcnepuMeHT K 3acib yAocKoHaneHHsA GpaxoBUX KOMNETEHTHOCTe 3406yBaviB OCBITM B ymoBax
AMCTaHUiiHOTO . Dizuko u4Ha oceima, 2023. Tom 38. Ne 2. C. 50-55. DOI: 10.31110/2413-1571-2023-038-2-008

®depuniumH, O., MoxyH, C., & Yonuk, M. (2023). BipTyanbHuit Gi3nyHUIA eKcnepuMeHT fAK 3acib yAocKoHaneHHsA $paxoBuUx KOMNeTeHTHoCTel 3406yBadiB OCBITU B
YMOBax AUCTaHLiMHOro . ®izuko nuyHa oceima, 38(2), 50-55. https://doi.org/10.31110/2413-1571-2023-038-2-008

ANnA umTyBaHHA:

Fedchyshyn, O., Mokhun, S., & Chopyk, P. (2023). A virtual physic experiment as a means of improving the professional competencies of students in the conditions
of distance education. Physical and Mathematical Education, 38(2), 50-55. https://doi.org/10.31110/2413-1571-2023-038-2-008

Fedchyshyn, O., Mokhun, S., & Chopyk, P. (2023). Virtualnyi fizychnyi eksperyment yak zasib udoskonalennia fakhovykh kompetentnostei zdobuvachiv osvity v
umovakh dystantsiinoho navchannia [A virtual physic experiment as a means of improving the professional competencies of students in the conditions of distance
education]. Fizyko-matematychna osvita — Physical and Mathematical Education, 38(2), 50-55. https://doi.org/10.31110/2413-1571-2023-038-2-008

For citation:

= Corresponding author © O. Fedchyshyn, S. Mokhun, P. Chopyk, 2023

50


https://doi.org/10.31110/2413-1571
https://fmo-journal.org/
mailto:olga.fedchishin.77@gmail.com
https://orcid.org/0000-0003-3050-3584
mailto:mohun_sergey@ukr.net
https://orcid.org/0000-0001-7215-6977
mailto:chip.ukraine@gmail.com
https://orcid.org/0000-0001-6631-078x
mailto:olga.fedchishin.77@gmail.com
https://orcid.org/0000-0003-3050-3584
mailto:mohun_sergey@ukr.net
https://orcid.org/0000-0001-7215-6977
mailto:chip.ukraine@gmail.com
https://orcid.org/0000-0001-6631-078x

®izuko-maTtemaTuuHa ocsita / Phisical and Mathematical Education Tom 38, Ne 2 / Vol. 38, No 2 (2023)

akmusisye ix camocmiliHy  OdianbHicme.  BipmyaneHuli  izuyHul
eKcrepumeHm Crnpuse opmye8aHHIO ma yOOCKOHANEHHIO 3a2aAbHUX ma
¢axosux komnemeHmuocmeli 3006ysayie ocaimu.

K/ItO4YOBI C/IOBA: gipmyanbHuli ¢i3udHuli excnepumeHm; ocg8imHili KEYWORDS: virtual physic experiment; educational process;
npoyec; paxosi KomnemeHmHocmi; ducmaHryiliHe HaBYaHHA; Proteus. professional competencies; distance education; Proteus.
BCTYN

MocraHoBKa npobaemu. AKTyasibHOO NPob6a1eMOt0 Cy4acHOT neaaroriyHoi OCBITH € NiAroToBKa KOMNETEHTHOrO daxiBLA.
Lle 3Ha4YHOIO MipOtO CTOCYETHCA i NiArOTOBKM BUMTENiB Bi3MKM y 3aKNafax BULLOT OCBITU B YMOBAX AWUCTAHLIMHOrO HaBYaHHA. AK
NoKasye [0CBig, 34iMCHUTU NpodeciiHy NiAroToBKY ManbyTHIX BUMTENIB NPUPOAHUYMX AUCLMUNAIH — BUNTENIB HOBOT reHepauii
roTOBWX A0 OpraHi3aii pisHnx ¢popm OCBITHLOro MpoLiecy, y TOMy YUCAi, AUCTaHLINHOI HaA3BUYAMHO CKNAAHO, OCKINIbKM iCHYE
HU3Ka 06’EKTUBHUX i CyD’eKTUBHUX (aKTOPIB, CYNepeyHOCTeN, WO BUKAWMKAHI CYCRiNbHUMKU MEPeTBOPEHHAMM, TEXHIYHUMMU
3006yTKamu Towo. CyyacHa cMcTema OCBITM HEMOXK/IMBA 63 aKTMBHOTO BUKOPUCTAHHA LNMPOBUX TEXHONOTIN, OHNANH-CEPBICIB i
nnatdopm. BignoBigHO aKTMBHO B OCBITHIM AiANBHOCTI BMKOPUCTOBYETbCA HOBa GOpMa HaAO4YHOCTI — BipTyasibHa, AKa €
edeKTMBHOIO Y BUNAAKY AO0NOBHEHHA PeanbHOro GisMYHOro ekcnepmmeHTy. BUKopucTaHHA peanbHoro abo BipTyanbHO ¢pi3UYHOro
eKcnepMmeHTiB 6e3yMOBHO aKTUBI3ylOTb Ni3HABa/NbHY AiANbHICTL 3406yBayiB OCBiTM, ane /uvwe X NOEAHAHHA MPUHOCUTL
6akaHuWI pe3ynbTaT Nig Yac HaBYaHHA GisnKKN. TOMy OAHUM i3 OCHOBHUX 3aBAaHb, AIKi CTAaBAATLCA Y NPOLLECi NiArOTOBKM MalibyTHIX
yuutenis ¢isMKM € MOWYK ONTUMaNbHUX POpm i MeToaiB iHTEerpyBaHHA PeasibHOro Ta BipPTya/ibHOrO EKCNEepUMEHTIB, WO
CNPUATUMYTb HAOUYHOCTI Ta OCTYNHOCTI CNPUAHATTA MaTepiany, a TAKOX YA0CKOHANEHHI0 GaxoBMX KOMNETeHTHoCcTel 3400yBayis
OCBITH.

Ha ¢isnko-matematnyHomy ¢akynbTeTi TepHOMINbCbKOrO HauioHaNAbHOIO MNeAaroriYHoro yHiBepcuTeTy iMeHi
Bonogumupa MHaTioKa NigrotoBka MabyTHiX yumTenis ¢pisvkn Ha 6akanaBpPCbKOMY PiBHi BULLLOT OCBITM 3iMCHIOETLCA 3@ OCBITHIMM
nporpamamu: CepegHsa ocsita (®isuKa, iHpopmaTuKa, ocHOBM poboToTexHikun), CepepHn ocsita (Pi3uKa, aHrnilicbka MoBa i
NiTepaTypa); Ha MarictepcbKoMy piBHi — 3a OCBITHLOI Nporpamoto CepeaHa ocsita (Pisnka, maTemaTmKa)

daxoBi (cneuianbHi) KOMNeTeHTHOCTI 3406yBayiB OCBITM MEpPLIOro Ta APYroro PiBHIB BMLLOI OCBiTM chewianbHOCTI
014 CepenHa ocBiTa 3a NpeameTHoO cneuianbHicTio 014.08 CepeaHs ocsiTa (Pi3unKa), 3a BigcyTHOCTI [epKaBHOro ctaHaapTy
npodecinHoi nigroToBKM daxisuis uiei cnewianbHOCTI, npeacTaBaeHi B OcBiTHix nporpamax
(https://tnpu.edu.ua/about/public_inform/akredytatsiia%20ta%20litsenzuvannia/osvitni_prohramy/bakalavr/fizmat/014.08_r_
2021.pdf.), po3pobneHnx rpynoto BukNazauvis Kapeapu ¢isvKM Ta METOAMKM ii HaBYAHHA TePHONINIbCLKOIO HaLioHaNbHOro
neparoriyHoro yHisepcuteTy imeHi Bonogmmmpa MHaTioKa.

Y niarotoBui MalibyTHIX yunTenis ¢i3vKM BaK/IMBOK € AKiCHa OpraHisauia Ta NpoBeAeHHs HaBYasbHOTO i3NYHOro
ekcnepumeHTy. OCBITHI Npouec B yMmOBax AUCTaHLiMHOIO HaBYaHHA BUMArae OHOB/IEHUX Nigxo4is A0 3micTy, meToais i 3acobis
HaBYaHHA. ToMy NPiOPUTETHMUM 3aBAAHHAM METOAMKM HaBYaHHA Bi3NKM € BUKOPUCTAHHA BiPTyaslbHOTo GpisMYHOro eKcnepumeHTy
ONA YAOCKOHaNeHHA GaxoBMX KoMMeTeHTHOCTel 3400yBayiB oCBiTU

MerToto cTaTTi € 06rpyHTYBAaHHA AOLINbHOCTI BMKOPWUCTAHHA BipTYa/NbHOTO $isMYHOrO eKCnepuMMeHTy AK 3acoby
YAOCKOHaNeHHA GaxoBUX KOMMNETEHTHOCTeW 3506yBayiB OCBITU.

AHani3 nonepeaHix gocnigKeHb. AHani3 NiTepaTypHUX AXKepen 3acBifumB, Lo O3HAYEHI Npobaemi npucBaYeHo npaw,i
AK 3apyDiXKHWX Ta BITYN3HAHMX HAYKOBLLIB. 3aCTOCYBAHHA BipTYyabHOIo $i3NYHOro eKcnepuMeHTy AK 3acoby GopmyBaHHA B YUHIB
HayKOBOT KapTWUHW CBIiTY BUCBITAEHO y poboTax H. KypuneHko, C. MeHainosa, |. CninyxiHoi, |. YepHeupkoro (Slipukhina et al.,
2019). MNpobnemun nigrotoBkn BuMTENa i3MKM 40 BUKOPUCTAHHA Ha YPOKax BipTyanbHOro ¢isvYHOro exkcnepumeHTy
pocniaxysana B. Wapko (LWapko, 2013).

MuTaHHA Komn'tOTepM3aLii eKcnepMmeHTaIbHO-A0CNIAHNUBKOI poboTn 3 i3nKKM, MOAENOBAHHAM BipTya/lbHOro
bi3MYHOro eKkcnepMmeHTy HeoAHOPA30BO MOPYLYBANAMUCA Y HAYKOBWUX i HaBYaNbHO-MeTOAMYHMX npauax B. 3abonoTHoro,
M. TonoBka, B. Mautoka 0. *yka, M. Mokntoka, O. HKenwoka, O.Cokoniok, M. Wyta, M. AtamaHuyyka, B. MeHaepeupbKoro,
H0. depoposoi, |. M’'aHux, B. KnatueHka, A. Metpuui, H. CocHmubKoi, C. Bennyka Ta iH. DopmMmyBaHHA NpeaMeTHOT KOMNETEHTHOCTI
3acobamu IKT posrnaganu H. Banoscsk, /1. Kapnosa, O. ChoboasaHuk, O. flickosuy, O. MiHyyk, B. LLapKo; gucTaHuiiHi TexHonorii
Yy HaBYaHHi ¢isMKkn — M. MOKAIOK; MUTaHHA aKTMBI3aLl Ni3HaBaIbHOI AiA/IbHOCTI Ta PO3BUTOK TBOPYMX 34i6HOCTEN 3acobamum IKT
B NpoLLeci HaBYaHHA ¢i3nKM — B. KpacHononbcbKuiA., H. JIntkiHa, A. CinbBencTp., |. TenanLbKKiA); BUKOPUCTAHHA Komn'toTepis y
CaMOCTiNHI poboTi 3 ¢ismkn — K. Pea, K. HyK; opraHisauito HaB4YanbHOI AiANbHOCTI Y KOMN'IOTEPHO-OPiEHTOBAaHOMY
HaBYa/IbHOMY CepefoBuLi Ta MPOEKTYBaHHA iHGOPMaLiMHO-OCBITHLOrO cepegoBula pocnigxysann M. Fonosko, HO. Hyk,
O. IBaHuybKMn, O. CoKotoK; npobnaemu ontumisauii BuKopucTaHHa IKT y HaBuaHHi ¢isukm — J1. HenopokHa, P. Maitep,
A. NeTpuusa, €. Camoirnosa; BUKOPUCTAHHA iIHGOPMALLIMHNX TEXHONOTIN Yy WKiINbHOMY HaBYabHOMY eKcnepumeHTi — 1. Bennuko,
B. 13B034MKoB, Jl. M. HakoHeuyHa, H. CocHuubKa Ta iH. (FTonosKko Ta iH., 2015; CanbHuK, 2014). C. Nognacos Ta O. MaTBituyK
[0CNiAXKYBaNM 0c06MBOCTI OpraHisaLii Ta npoBeeHHA nabopaTopHUx pobiT y anctaHuiiHomy dopmari (Podlasov & Matviichuk,
2023). Y HaykoBux aopobkax (Wong et al., 2020; Hamed & Aljanazrah, 2020) BucBitneHo nepesaru Ta epeKTUBHICTb 3aCTOCYBaHHSA
OHNalH-nabopaTopiit B 0cBiTHbOMY npoueci. Y poboTtax (Hamed & Aljanazrah, 2020; Husnaini & Chen 2019; Chang et al., 2008;
Hasan et al., 2017) pocnigyKeHo, WO 3aCTOCYBaHHA Pi3HMX MPOrPamMHUX pecypciB ANns MoAentoBaHHA ¢isMYHMX npouecis
3abe3neyvye NiaBULLEHHA AKOCTI 3HaHb 3406yBayiB 0CBITU, GOPMYBaHHA paxOBUX 3HAHb Ta YMiHb, AKICHiLE PO3YMIHHA Gi3UYHUX
KoHuenujin. Okpemi gocnigHnkm (Ma & Nickerson, 2006) BBaKatoTb, LLLO OHAAMH-NabopaTopii iAeanbHO A4O0NOBHIOTL TEOPETUYHI
Kypcu, asie He 3aMiHIOTb peanbHi nabopaTopHi poboTn Ta He 3abe3nedytoTb HAbYTTA CTyAEHTaMM A0CBIAY eKCNepUMeHTaNbHOI
LiANbHOCTI.

Mpobnema npodeciiHoi NiArOTOBKM BYMUTENA NOCTIMHO 3HAXOAMTbCA Y LEHTPI yBarM HayKoBLiB, AOCNIAHMKIB Ta
meTogucTis. Mpobnemi opmyBaHHS NpodeCiMHOT NiArOTOBKM BUMTENIB Pi3MKM NpucBsaYeHi poboTtu . ATamaHuyKa, |. borgaHosa,
C. FloHvapeHKa, A. Kacnepcbkoro, H. Huukano, B. Cyca, B. CeprieHka, M. LLyTa Ta iH. Y HaykoBomMy aocnigxeHHi (Samoylenko et.
al., 2021) aBTOpK NpeacTaBAAOTb PO3POHNEHY KOMMNIEKCHY MOAENb PO3BUTKY KOMMETEHTHOCTI, NPU3HAYEHY ANA BUKOPUCTAHHSA
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B NpodeciiHii NiaroToBLi BUMTENIB, B TOMY YMUCAi, B yMOBaX AUCTaHLiMHOrO HaB4YaHHA. KomneTeHTHOCTI daxisLiB pi3sHWUx npodecii
OOCNIAKEHO Y HAyKOBO-MeToAMYHMX npausax B. 3abonotHoro, H. MactokoBoi, J1. MiTiHoi, . CamolineHka, O. Cepreesa,
0. CmipHoBoi, B. CTpenbHikoBa, B. LLapko Ta iH. (IBaHMUbKKiA, 2018).

METOAUN AOCNIAXKEHHA

3 meToto 3'IcyBaHHA CTaHy AOCAIAXEHOCTI Npobiemun B NeaaroriyHi Teopii Ta NpPaKTULL BUKOPUCTAHO: TEOPETUYHI
MeTOAM — aHani3, NOPIBHAHHA, CMCTeMaTM3aLiA Ta y3araJibHeHHA HaBYa/IbHO-METOANYHUX, HAYKOBUX Ta NPUKAAAHUX AxKepen,
eNeKTPOHHUX pecypcisB 3 NPo6eMmn JoCNiAXKEHHSA.

PE3Y/IbTATU AOCNIAKEHHA

B ymoBax AMCTaHUiAHOINO HaBYaHHA aKTya/lbHOCTI HabyBa€e 3acTOCYBaHHA BipTyasbHOro $GisYHOro eKCnepumeHTy.
BWKOHaHHA nabopatopHMx pobiT € 060B’A3KOBOID YACTMHOK HaBYa/NbHOro npouecy 3 GisMKK. Y Npoueci BUBYEHHA Kypcy
«3aranbHoi ¢i3nkn» Ha 6akanaBPCbKOMY PiBHi BULLOI OCBITU nNepeabayeHo BMKOHaHHA nabopaTopHOi poboTn «BU3HAYeHHA
iHAYKTMBHOCTI KOTYLUKM METOA0M BUKOPUCTAHHA ABULLA CaMOIHAYKLiT NPy 3aMUKaHHiI Kona». MeToto poboTu € 03HANOMUTUCH 3
ABULLEM CaMOIHAYKLi, HaBYMTUCA BM3HAYaATU iHAYKTUBHICTb KOTYLWIKM METOAOM BUKOPWUCTAHHA ABULLA CaMOIHAYKLUii npwu
PO3MUKaHHI Kona.

B AKOCTi cepefioBULLA 419 MOLENIOBAHHA €1EKTPUYHUX CXEM MU BUKOPUCTANM NporpamHe 3abesneyeHHs Proteus Big,
Labcenter Electronics (https://www.labcenter.com/). Proteus o6'eaHye y cobi iHCTpyMeHTM Ana moaentosaHHsA cxem, PCB-
NPOEKTYBAHHA, CUMYNALIT i aHani3y eNeKTPUYHUX CUTHaNIB, WO A03BOJIAE 3pOOUTU BECH NPOLLEC NMPOEKTYBAHHA €/1EKTPOHHMUX
nNpUcTPoiB 6inbl epeKTUBHUM.

Mporpama € NOTYKHUM IHCTPYMEHTOM A/17 MOAENOBAHHA CXeM, KU MAE HACTYMHi NnepeBary NOpiBHAHO 3 aHa/I0ramu:
MaE€ iHTYiITUBHUI iHTepdEic KOpUCTYBaYa, WO A03BOJIAE WBUAKO CTBOPIOBATM CXEMM Ta MPOBOAUTU CUMYAALT; MICTUTb BENUKY
6ibnioTeky enemeHTiB, LLO [03BONIAE BMKOPUCTOBYBATM PiSHOMAHITHi KOMMOHEHTM ANA NPOEKTYBaHHA Ta aHanisy pobotn
€/1eKTPOHHUX NPUCTPOIB; BUKOPUCTOBYETLCA NPOAYKTUBHUM ABUIYH cumynsawii SPICE, Wwo f03B0sE NPOBOAUTY WBUAKI CUMyNALLT
€N1eKTPOHHUX CXeM; HAZA€E 3PYYHi MOXKAMBOCTI Bidyanilauii pe3ynbTaTiB cMMyAALii, WO A03BONAE KOPMCTyBa4am aHani3yBatu
€/1eKTPUYHI CUTHANW | JaHWI pe3ynbTaTi B 3py4HOMY bopmari.

KomnaHia-po3pobHuk Proteus, Labcenter Electronics, nponoHye cneujianbHy niueHsito ANA 3aKaa4iB OCBITM, fKa
[,03BOIAIE BUKOPUCTOBYBATM i ANA HABYAHHA Ta AOCNIAXKEHDb CTYAEHTaMM | BUKNaZavyamu.

Ona BM3HAYeHHA IHAYKTUBHOCTI KOTYLIKM METOAOM BWKOPWUCTAHHA ABMULLA CaMOIHAYKLUii MpW 3amMMKaHHI Kona
ckopuctaemocs mogennto REALIND. Ha BigmiHy Big, ctaHgapTHoi npocToi mogeni SPICE INDUCTOR B Hili BpaxoBaHi 404aTKOBI
napameTpu iHAYKTUBHOCTI, TaKi AIK €KBiBaN€HTHWI MOCNIA0BHMUIA OMip, €KBiBaNEHTHWI MNapanefbHUI onip i eKBiBaneHTHa
napanenbHa €mHicTb. be3 BpaxyBaHHA, HaNpuKAag, MNOCNIAOBHOrO MapasesibHoro ornopy Npu CUMYAAUii MOXHa OTpUMaTh
nomunaKy. BukopuctanHa mogeni REALIND no3B0s1Ai€ HE BUKOPUCTOBYBATU NPW MOAENI0OBaHHI A0AATKOBI pe3ncTopu, TOMy Cxema
Kpalle Bignosifae peanbHin (puc. 1).

OKpiM iHAYKTUBHOCTI B CXeMi MOAENI BUKOPWUCTAHI TaKki enemeHTU: AxKepeno xusneHHs (BATTERY), oguHapHuii Ta
noagiiHmin Kntou (SWITCH, SW-DPST), pesuctop (RESISTOR), BipTyanbHi BUMiplOBaibHi Npunaau (BOAbTMETP, amnepmeTp,
cekyHAoMmip) (puc.2).
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Puc. 1. Cxema nabopaTopHOi yCTaHOBKMU Puc. 2. Cxema BipTyanbHoi mogeni

Mepes NoYaTKOM CUMYAALIT BCTAHOBMMO HeobXigHi napameTpu enemeHTiB, MaKCMMaNbHO HabAMKeHi 40 peanbHux
npunagis, AKi BUKOPUCTOBYOTLCA B TabopaTopHii pobori:

1) Hanpyra a)epena }KusneHHsa: 4,5 B;

2) onip KAYa Y BUMKHEHOMY cTaHi: 106 MOwm;

3) mexi BUMiptoBaHHA amnepmeTpa: Miniamnepw;

4) HAYKTUBHICTb KOTYLWKK: 43 TH;

5) eKBiBaNeHTHWIA NOCNIA0BHMI OMip KOTYLWKK: 46 Om;

6) napameTpu CekyHAOMIpa: NOAAPHICTb imnyabCis Low.

PewTa napameTpis 3a/MWAEMO 32 3aMOBYYBaHHAM, OCKi/IbKM BOHW He CYTTEBO BMN/AMBAIOTb Ha pe3y/bTaT. 3HAYEeHHA
napameTpiB Hanpyru Axkepena Ta iHAYKTUBHOCTI KOTYLUKM NPUXOBYEMO Ha CXEMi.

Micna 3anycky cumynauii Ta 3amuKaHHA Kaoda K1 BM3HaYaEMo 3a MoKasamu BOSIbTMETPA Hanpyry Axkepena, a nicna
3aMMKaHHSA Kona Katovem K2 MmakcumaibHe 3HaYEHHS CUAN CTPYMY Imax B KONi. OBUYNCIMMO 3HAUYEHHSA CUAN CTPYMY izr = 0,86/ max.
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3a BKasaHMMK BULLEe MapameTpamu efieMeHTIB, OTPUMAEMO Imax = 97,6 MA, i BignoBigHO iz = 84 MA. Tenep MoXHa
BM3HAYaTW Yac T; NPOTATOM AKOTO CTPYM B KOJIi AOCATHE 3HAYEHHSA izr. [ANA Lboro GiKCyeMO Yac, NPOTAroM AKOr0 3POCTAE CTPYM,
CEKYHA,0MIPOM 3aMMKakouM i po3muKaroum Kawod K2 (puc. 3).

RESET POLARITY MANUAL RESET
[ My
I
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() TIME (secs)
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> L

Puc. 3. BikHO BipTyanbHOro ceKyHaoOMipa

OTpuMaHi pe3ynbTaTi NOBHICTIO BiANOBIAAIOTb peasibHUM, NPOTE TOYHICTb iX HEBUCOKA, OCKi/IbKU MOMEHT PO3MUKAHHA
KO/1a Anwe HabanKeHo BiANOBIAAE HEOOXiAHOMY 3HAUEHHIO CTPYMY.

MpoTe Proteus mae NOTY)KHi BipTyanbHi iHCTPYMEHTU, AKi A03BONAKOTL OTPMMATK rpadiyHi 3aN1eXKHOCTI HeobXiaHMX
BE/IMYMH Bif Yacy nig yac cumynauii. Ana uboro po3mictumo npobHuk ctpymy CURRENT 3 rpynu PROBES Ha HUWHi BUMBIg,
KOTYLUKM iHOYKTMBHOCTI i AOAAaMO HA Cxemy aHanisatop aHanorosux curHanis (ANALOGUE) rpynu GRAPH. B napametpax
aHani3aTopa BCTAHOB/EMO Yac 3YNUHKU cumynauii 2 ¢ i gogaemo Trace, AKMIA BiANOBIAAE NPOBHMKY CTpymy. 3anycKaemo
CUMYNALi0 HaTUCKaHHAM Knasiwi SPACE Ha rpagiky (puc. 4.).

o ium]
Puc. 4. 'padik 3anexkHOCTi CTPpyMy, LLLO NPOTiKa€e Yepe3 KOTYLIKY iHAYKTUBHOCTI Bif, Yacy

3 rpadika BMAHO, WO CTPYM [0CAraE HeobxigHoro 3HayeHHA npotarom 1,8 c. Po3paxoBaHa iHAYKTUBHICTb KOTYLUKM
3riAHO 3 OTPUMAHMMM AaHUMK CTaHOBUTL 41,5 H, W0 BiAPI3HAETLCA Big, 3a4aHOI ivwe Ha 3%.

OpraHisauia Takoro Buay AiANbHOCTI cnpuse GopmyBaHHIO y 3400yBadviB OCBITM SIKOCTEM A0CHIAHWMKA: 34aTHICTb
npautoBaTh 3 Be/IMKMUM 06cArom iHpopmal,ii, BMiHHA cMCTEMATM3yBaTH, aHaNi3yBaTK, y3araibHOBaTH, GOPMYIOBATU 3MICTOBHI
BMCHOBKM, 34aTHiCTb A0 camocTiHocTi Towo (Mokhun et al, 2022).

AKWO OCBITHIM npouec BiabyBaeTbca B odnaiH pexumi, To 3406yBayi OCBITM BUKOHYOTb NabopaTopHi poboTu y
¢i3snyHMx nabopartopiax. B ymoBax AMCTaHUiMHOIO YM 3MilIAHOTO HABYAHHA BMKOHAHHA peasibHUX AOCAIAIB Ta BipTyasbHOro
€KCMepPUMEHTY € B3aEMOLONOBHIOIOYMMU CNOCOBaMMN BUBYEHHSA (isMYHOrO (peanbHOro) HaBKOIMILHBLOMO CBITY, MOTO 3aKOHIB i
33aKOHOMIPHOCTEN PO3BUTKY AK B METOANYHOMY TaK i B METOA,0/10TMYHOMY aCneKTi.

[Jocsip opraHisau,ii BipTyanbHoro ¢isMyHOro ekcnepMmeHTy NOKasas, Lo B YMOBAX AMCTAHLIMHOIO HaBYaHHA Takui BUA,
LiANBHOCTI MOXe YaCTKOBO 3aMiHUTM poboTy 3406yBaYiB OCBITU 3 peanbHUM 0bnafHAHHAM.

OnuTyBaHHA CTyAeHTiB Wwoa0 edpeKTUBHOCTI BMKOPUCTAHHS BipTyaslibHOTO €KCMEepUMMEHTY B OCBITHIM AianbHOCTI
NMoKasaso, WO Ha 3anuTaHHA: «Yu cnpuAe opraHisauia BipTyaNbHOro eKCnepumeHTy Po3yMiHHIO Gi3MYHMX MpoLecis ABMLWA
€NeKTPOMArHiTHOI iHAYKLIT» 72 % cTyAeHTiB BiANOBIAN NO3UTUBHO (puc. 5); 84 % — 3MOKYTb BUKOHATK 1abopaTopHy poboTy Ha
peanbHOMy 061agHaHHI Nicaa NpoBeAeHHSA BiPTYaNbHOTO eKcnepumeHTy (puc. 6); 68 % ONMTaHMX BBaXKatoTb, WO BipTyaibHUIA
eKCNeprMeHT He 3MOXKe 3aMiHUTU peanbHy nabopaTopHy poboTy (puc. 7). B ymoBax AUCTaHLIMHOIO HaBYaHHA NabopaToOpHi
pob0TW OHNANH €, YN HE EAUHUM, 3ac0H60M GOPMYBAHHA YMiHb 3400yBaYiB OCBITM NPOBOAUTU AOCNIAKEHHS.

OBlrOBOPEHHA

BWKOPMCTaHHA BipTyaNbHOTo Gi3sNYHOro eKCNepMMEHTY B OCBITHIM 4ifiIbHOCTI CNpUAE IMMBOKOMY PO3YMIHHIO Qi3UYHMX
npoLiecis, AKi MOAENIOITLCA, PO3BUTKY iHTENEKTYaNbHUX YMiHb, POPMYBAHHIO AOCNIAHULBKUX YMiHb, 3ab6e3neuye GpopmyBaHHA
Ta PO3BMTOK Yy 3406yBayiB OCBITM KOMMNETEHTHOCTI B ranysi NPUPOAHUYMX HAYK, TEXHIKM i TexHonorin (PegunwmH Ta iH., 2022);
dopmye y 3006yBaYiB OCBITU YMIHHA CAMOCTIMHO NPOEKTYBATU Y BipTyanbHOMY cepefoBuLli mogeni GisnyHnx npouecis, 06’ekTis,
KepyBaTl HUMU; AOCAiAXKYBaTM poboTy BipTyanbHOI mogeni; GikcyBaTh pesy/nbTaTh eKCnepuMeHTY palioHasbHUM cnocobom;
3abe3neyye GopmyBaHHA Ta yAOCKOHaNEHHA GpaxOBUX KOMMETEHTHOCTEN.
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8% B Tak = Tak = Hi

® CKknagHo CknagHo = CknagHo
BianosicTn BiZNOBiCTH ' BiANoBicTN
8%
Hi Hi Y Tak
72% 84%
68%
Puc. 5. Po3nogain Bignosigeii Ha Puc. 6. Po3nogin Bignosiaeii Ha Puc. 7. Po3nogin Bignosiaeii Ha
3anuTaHHA: «4u cnpuse opraHisauis 3anuTaHHA: «4un 3moKeTte Bu BUKOHATU 3anuTaHHA: «Ha Bawy AyMKyY, Yu Moxe
BipTYa/IbHOr0 eKCNepuMMeHTY PO3yMiHHIO nabopartopHy po60oTy Ha peasibHOMY BipTYa/NIbHUI1 @KCNepUMEHT 3aMiHUTU
ABULLLA €N1eKTPOMArHiTHOT iIHAYKLI?» obnagHaHHI nicna npoBeaeHHA peanbHy nabopaTtopHy poboTy?»

BipTyaNbHOro eKcnepumeHTy?»

BuKOpUCTaHHA BipTyanbHoro ¢isMYHOro ekcnepumeHTty 3abesnedye GpoOpmMyBaHHA Ta YAOCKOHANEHHA: HABWUYOK
BMKOPUCTaHHA iHPOpPMaALIMHMX i KOMYHiKauiiHMx TexHosorin (3K 6); 34aTHOCTI 3acTocoByBaTM Cy4acHi iHpopmauiliHi Ta
KOMYHiKaL,iHi TeXHO/10rii HaBYaHHSA, 34aTHOCTI A0 NoLyKy, 06pobaeHHA 1 aHaNi3y iHpopmalLii 3 pisHUX Axepen, HeobxigHoi ana
po3B’A3yBaHHA HayKoBMX i npodeciiHux 3aBaaHb (3K 3);. 34aTHOCTI 3aCTOCOBYBATU Cy4acHi OCBITHi TEXHO/OTII, Y TOMY YncAi i
iHpopmauiiHo-uMdpoBsi, ans 3abe3neyeHHs OCBITHbOTO MPOLLECY, NPOBEAEHHA OCBITHIX [AOCNIAMEHb Ta HaB4Ya/bHO-
[OCNIAHUUBKOT AiANbHOCTI 3 NpegMeTHOI ranysi, ynpoBagseHHs STEM-ocsitn (CK 6); 3HaHb cheuianisoBaHUX MOB
nporpamyBaHHA Ta NakeTiB nNporpamHoro 3abesneuveHHsa (CK 7); 34aTHOCTI 3acTOCOBYBATU 3HAHHA 3 Gi3MKK, €N1EeKTPOHIKM Ta
iHbopmaTuKK B 06cA3i, HEOBXiAHOMY AN PO3YMIHHA OCHOBHUX NPUHLUMNMIB poboToTexHiKM (CK 8); 34aTHOCTI 0 NPOEKTYBaHHS,
nporpamyBaHHA Ta BUKOPUCTaHHA poboToTexHiYHMX 3acobis (CK 9); 3aaTHOCTI 3acToCOBYBaTK HabyTi 3HaHHA 3 NPeAMETHOI ranysi,
Cy4acHUX METOAMK i OCBITHIX TEXHOOTIN ANA GOpPMYyBaHHSA KAKOUYOBMX i TpegMeTHUX KOMMNETEHTHOCTel 3406yBauiB ocsiTh (CK 10)
TOLO.

BUCHOBKU TA NEPCNEKTUBU NOAANbLLUOIO AOCNIAXEHHA

Y C€TaTTi pO3rnsHYTO OpraHisaLito BipTya/lbHOro eKCNePUMEHTY B YMOBAX AMCTAHLiMHOrO HAaBYaHHA Ta 06rpyHTOBAHO
OOUINbHICTb TaKOro BUAY AiANbHOCTI ANA YAOCKOHaNEHHA $paxoBUX KOMMNETEHTHOCTeN 3406yBayiB BULLOT OCBITU; NpeacTaBNEHO
MeTOAMYHI OCHOBW NpoBeaeHHA NabopaTopHoi poboTh «BM3HAYeHHA iHAYKTUBHOCTI KOTYLKN METOA0M BUKOPUCTAHHA ABULLA
CaMOIHAYKLiT NP 3aMUKaHHI Kona». [na mofentoBaHHA eNeKTPUYHUX CXEM BMKOPUCTAHO NporpamHe 3abesneyeHHs Proteus,
AKe 06’eAHYE IHCTPYMEHTUM ana moaentoBaHHA cxem, PCB-npoeKTyBaHHA, cMmMyAnsuii i aHanisy enekTPUYHUX CUrHaniB, Lo
3abe3nevye epeKTUBHICTb NPOEKTYBAHHA €NEeKTPOHHUX NPUCTPOIB.

ONAakTUYHI Ta METOAMYHI MOMXKAMBOCTI BipTyanbHOro ¢isMYHOro eKcnepumMeHTy B OCBITHbOMY MpoLieci 3abe3neyytoTb
peanisaLito ekcrnepumeHTasibHOro MeToAy HaBY4aHHA Gi3MKM B yMOBaX AUCTAHLiIMHOIO HaBYaHHSA, GOPMYBAHHSA YMiHb Ta HABMYOK,
3aCcTOCYyBaHHA HAbYTUX 3HAHb Y MPAKTUYHIN AiANBbHOCTI, 3HAYHO PO3LIMPIOOTL MOXKJIMBOCTI 3any4YeHHsA 34060yBadviB OCBITU 40
Ni3HaBa/IbHO-MOLWYKOBOI Aif/IbHOCTI, aKTUBI3YIOTb iX CAMOCTINHY AianbHiICTb. BipTyanbHui ¢isMUHMIA eKCnepuMeHT cnpuse
$GOpMYBaHHIO Ta YA,0CKOHANEHHIO 3araibHMX Ta GaxoBUX KOMMETEHTHOCTeW 3400yBayiB OCBITH.

Y HacTynHUX AOCAISKEHHAX NAAHYETbCA PO3IAAHYTU MOMKIMBOCTI MporpamHoro 3abesnedeHHs Proteus Big, Labcenter
Electronics ana dopmyBaHHA AOCNIAHULKOI KOMMNETEHTHOCTI 3406yBayiB BMLLOI OCBITH.
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HaykoBo-nonynspHa KHura «AbeTka noriyHoro mmcieHHs» astopctsa H.0. MNeTpoBa He € KHUXKKOBOK HOBUHKOLO, afKe
ii BUXiZ y cBiT AaToBaHui we 1991 pokom. OaHaK 3aBAAKM IHTEPHETY BOHA OTPUMA/IA HOBE KUTTS i MPOAOBIKYE CYryBaTU YCiM TUM,
XTO MULLE Ta OLHIOE HaBYa/bHI M HAayKOBi PO6OTU, HE3AMIHHUM [OBIAHWUKOM i3 NPaBW NPAKTUYHOI NoriKK. Lii npaBuna nokauKaHi
CNyryBat 3acobom po3B’A3aHHA LiN0T HU3KM PO3YMOBUX NPOBAEMHUX CUTYALLIM, WO MAcoOBO BUHMKAIOTb K Y 3BUYAMHOMY, TaK
i B HAYyKOBOMY MWCNeHHi. Cepeli NPWMKNALIB TaKMX CUTyaUi — CeMaHTUYHa HEeBM3HAYEHICTb BUMKOPWUCTOBYBAHUX TEPMIiHiB,
HEKOPEKTHE CKNaZaHHA NnaaHy, NMOMMUIKOBICTb 3MiCTOBHOTO MipKyBaHHA TOLLO. Ha Hawy AymKy, ocobamsy LiHHICTb «AbeTui» goaae
Habip peTenbHO NifibpaHUX NPUKNaLiB, AKi AAOTb 3MOry OCATHYTU CyTb PO3/IAAYBAHWUX Y Hili NpaBu/. 3a BM3HAYEHHAM CamMoro
10.0. MNeTpoBa, «4nTaupbKa agpeca» L€l KHUMM — ANA CTaPLUOKNACHUKIB, CTYAEHTIB, BUMTENIB T BUKNAAAYIB.

Y ¢inocodcebkivt cnaalmHi goktopa dinocodcebkux Hayk, npodecopa H.O. MeTposa «AbeTKa NOMYHOrO MUCNEHHA» —
MabyTb, €AMHA HayKOBO-NOMynApHa KHura. MNepernaHyBlwmM Ha3Bu nybnikauii Luboro NpodecinHoro MUCAUTENA, MU NPUMYCTUAN,
LLLO HAWLKaBILLMM A1A HbOro ByN0 BMpilYBaTM HAYKOBI NPOBAEMUN MiXKONCLMMNIHAPHOTO XapakTepy. MNpo ue cBigunTb Tema oro
OOKTOPCbKOI ancepTauii — «MaTemaTuyHa norika i rHoceonoriay (1973). LLle ogHMM NiaTBEPAMKEHHAM LibOrO HALLIOTO NPUMYLLEHHS
€ moHorpadia t0.0. MeTpoBa «KynbTypa MUCNEHHA: METOLONOTYHI Npobaemn HayKoBO-MpaKTUUYHOT poboTm» (1990). ocnigHuK
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OMNMCaB Yy Hil CYKYNHICTb NPaBua NOAONAHHA IHTENIEKTYaIbHUX YTPYAHEHb, AKI TPAnAaoTbCA Y NPOLECi HANMCaHHA HAayYKOBUX POBIT.
OpaHa ix YaCcTMHa HaneXuTb 40 KOMMeTeHLi 10rikK, a pewwTa — A0 KOMNeTeHLii MeToA0NOrii HAayKK. 3a HaLLMMK CNOCTEPEIKEHHAMM,
OCHOBHI ifei uiei cyTo HaykoBoi KHUrM H0.0. MeTpoB BUCBIT/IMB Y HayKOBO-NOMYAAPHOMY CTUAI B «ABETLi NOrYHOro MUCIEHHAY.
3a iforo cnosamu, Wo6 JOCATTM NONYAAPHOCTI, BiH MparHyB BXXMBATU MeHLUEe CAiB, A0 AKUX YATaYam HeobXiAHO 3BMKATH, NOBHiWe
i npocTiwe (ane Tak, Wo6 He }KepTBYBaTM NPABWU/ILHICTIO) NOACHIOBATM OCHOBHI MOHATTA | TIYMaYnTH iX HA MOKA30BMX NPUKIAAAX.

[N YHUKHEHHA CeMaHTMYHOI HeBM3HAYEHOCTI OCHOBHMX TEPMIHIB HALWOI peueHsii 3’Acyemo ixXHIN 3micT. MucaeHHA —
iHbopMaLiiHa AiaNbHICTb, WO Habyna AKOCTI onocepeAKOBAHOrO, y3aralbHEHOro Mi3HaHHA, fiKe 3a AOMNOMOrol abcTparyBaHHs,
MipKyBaHb (3icTaB/ieHb Ni3HaBa/sbHWX 06pasiB Ta JIOTYHOrO BMBEAEHHA AYMOK) i TUMi3auii AaHWX NpPO CBIT ABWULL, PO3KPUBAE
iX HeOBXiAHI 3B’A3KM, 3aKOHOMIpPHOCTI, TeHaeHuii po3BuTKy (PEC, 20002). /loe2iyHuUli — y AKOMY € BHYTPIWHA 3aKOHOMIpPHICTb;
PO3YMHWIA, NOCNIA0BHUIA. Cumyauis — CyKYMHICTb YMOB Ta 0B6CTaBUH, WO CTBOPIOIOTb NEBHE CTAHOBMLLE, BUKIMKAIOTL Ti UM iHLWI
B3aemuHM ntogen (CYM, 2011). MlpobaemHa cumyauis — ue cUTyauin, 418 OBOMOAIHHA AKO iHAMBIA NOBUHEH 3HAWTM | 3aCTOCYBATH
HOBI AN1s cebe 3acobum i cnocobum agianbHocTi (KapneHko, 1985). 3a H0.0. MNeTpoBMM, N02iYHO MUCAUMU O3HAYaE YCNiLWHO PO3B’A3yBaTH
33Jauvi, WO BMHUKAKOTb B iHTENEKTyaNbHIN AiANbHOCTI. [IPAGKMUYHA /102iKa — UAapWHa NOMYHOI HayKKW, ANA AKOi XapaKTepHa
NPAKTUYHO-KOHTEKCTYalbHa CNPAMOBAHICTb, iHTEpPeC A0 KOHKPETHO-XKUTTEBMX, MOBCAKAEHHMX TEXHIK MipKyBaHHA (BaTaesa, 2005).
Mpasuna — 3i6paHHA AKMXOCb MOJIOMKEHb, LLO BM3HAYalOTb MOPAAOK BegeHHAa abo A0TpMMaHHA Yoro-Hebyab (CYM, 2011).
CnoBOCMONy4EHHAM «MpaKkTuyHa norika» HD.O. MeTpos nocayryBaBcAa AnA NO3HAYEHHA CYKYNHOCTI BUPOBNEHUX HWM npaswA,
CNPAMOBAHMX HA PO3B’A3aHHA MACOBMX PO3YMOBWMX NPOGAEMHMX CUTYyaLiM, WO BMHUKAIOTL Mif, Yac HaNMUCaHHA HaBYANbHUX i
HayKOBMX TEKCTiB. CIOBOCNONYYEHHAM «TEOPETUYHA NIoTiKa» BiH MO3HAYMB CYKYMHICTb TUX NpPaBuA TpagmuiinHoi (ApicTotenesoi)
NIOTiKW, AKi CTaHOB/ATb OCHOBY MO0 NPaKTUYHOI noriku. 3rigHo 3 H0.0. MeTpoBUM, MUMAHHA — Lie (hOpMa MUCAEHHSA, NOB’A3aHa i3
3aTpebyBaHHAM iHPopmauji. [pamaTMUHO TaKe 3aTpebyBaHHA MOXKE BMPAKATUCA iy BUIAALI NUTANbHOTO PEYEHHs, i y BUrnaAaj
PO3MNOBIAHOrO PeYEHHSA, @ TAKOXK C/I0OBOCNONYYEHHAM.

O6roBopMMO OCHOBHI YaCTUHWN « ABETKM NIOTIYHOTO MUCTIEHHA» — 3aro/IoBOK, METY i 3MiCT.

3BepTae Ha cebe yaary, wo K0.0. NeTpoB 3Mir ycboro Tpboma C/1I0BaMu af,eKBaTHO BUPA3UTM 3MICT PELLEH30BAHOI KHUTK
1 ogHoYacHo nigkpecauTy ii nonynapHuiA xapaktep. OgHaK 3po3ymiTW, AKe NUTaHHA BiH BTIAMB Yy Ha3ei «AbeTKka foriyHoro
MWCNIEHHA», HAM BLANOCA TiNbKM 32 AONOMOro Moro KomeHTapis. 3a cnosamu t0.0. MeTpoBa, BUKOPUCTAHUI HUM 3aroNI0BOK
€ CTUAICTUYHO 06POOKOID Ha3BW: «JIorYHE MUCNEHHA AK MUCNEHHS 33 NPaBWAaMK PO3B’A3aHHA NPO6AEeMHUX cuTyauili». Came
BOHA OYEBUAHILLE BUPAXKAE OCHOBHE NUTAHHSA aHani30BaHOI PpObOTU: 30 AKUMU rpasuaamu i 8 Akuli cnocié moxcHa docaemu binbwoi
n102iYHOCMi MUCAEeHHA?

Halwe nparHeHHs 3’AcyBaT OCHOBHE NUTAHHA «ABETKM» He € JAaPEMHUM, aZKe NPAaBUIO NPAKTUYHOI JI0TIKK, CPsSMOBaHe
Ha po3B’A3aHHA NPobaeMHOI cUTyaL,ii «BMBip Ha3BM HayKOBOI POBOTU» HAro/OLWYE: 3020/080K HAyKOBOI pobomu mMae supaxcamu
il ocHo8He numaHHsA, 8idNoesi0d0 Ha AKe € OcHOBHUL pe3ynbmam uiei pobomu. 3 HbOrO BUMIMBAE, WO Yy pasi BUOOPY HazBu
(1) y rotoBOMYy BUrNsagi, nepeaycim, mae 6yTM HasBHMI OCHOBHWIA pe3ynbTaT poboTu; (2) HeobXigHO Ha MOro OCHOBI BUABUTH,
BiANOBIAAIO Ha AIKE NUTAHHSA BiH €; (3) BUABNEHE NUTAaHHA HEODOXiAHO BKNACTM y rpamaTuuHy Gopmy, NPURHATY A1 3aro/I0BKiB KHUT.
K0.0. NeTpoB 3ayBaye, Lo Ha GOPMYNIOBAHHA HA3BM MOXKYTb BNMBATM W iHLII YUHHMKK, HANPUKAAL, CTUNICTUKA, XapaKTepHa Ans
neBHWX PobiT; BUMOra CTUCAOCTI; PeKNaMHi MipKyBaHHS Towwo. OgHaK yci Ui 06CTaBUTH He NOBMHHI 3aTyLIOBYBATH 3B’A30K 3aro/oBKy
pob0TH 3 OCHOBHUM Pe3yNbTaToM, BiH Ma€E 3aaunwwaTnca 6esnocepeHbO O4EBUAHUM.

3 ornagy Ha BUKNAZEHe BULLLE, MW 3aMUC/TUANCA HAaA TUM, LLO € OCHOBHWM pe3y/ibTaTOM pO3rnaAyBaHoi KHUMM. Ha Halwy
OYMKY, Lie CTPYKTYPHa TPUELHICTb «ONUC iHTENEKTYaNbHUX CUTYaLlii — npaBuAa ix NoA0NaHHA — NOKA30Bi NPUKNAAM 3aCTOCYBaHHA
umMx npaswax». Hawy rinotesy niateepaskye popmyntoBaHHA MeTn «ABETKM», BUKNageHe y BCTyni A0 KHuru: 1) chopmynrosamu
iHmenekmyaneHi npobaemHi cumyayii; 2) chopmynaoeamu npasuna, 3a 00ONOMO20t0 AKUX Ui cumyauii po3s’asyrome | AKi
CKAQOaromMe 3mMicm MPAaKMUYHOI n02iKu; 3) noKkasamu Ha NpuKnadax, AK ui npasuaa dilomes, i MAKUM YUHOM MPOOEeMoHCMpysamu
mi 3acobu, w0 nesHor Mipor 3abe3neyyrome M02iYHICMb MUC/IeHHA. Y KOMeHTapi A0 NpPobiemMHoi cuTyalii «NocTaHOBKa MeTu
HaykoBoi pob6oTun» H0.0. MeTpoB NOACHIOE, LLLO MeTa HayKoBOT poboTH GOPMYAIOETLCA ANA TOro, abu iHPpopMyBaTH UMTaYa, AKi came
OCHOBHI pe3ynbTaTv byayTb BUKNAZATUCA Ta OBFPYHTOBYBATUCA Y Ljld poboTi. MpaBmao, cnpamoBaHe Ha po3B’A3aHHA NpobaemHol
CUTyaLii «MOCTaHOBKa MeETW HayKoBOI poboTU», roBOpwUTb: 015 POPMYOBAHHA Memu Haykosoi pobomu HeobxidHO 38ecmu
il ocHo8He NUMAHHA 0 BOMNOMIXHUX MUMAHb NMNePUo20 PieHH.

3MmicT «ABEeTKM» CKNAZaeTbeA 3i BCTYMNYy, OCHOBHOMO 3MICTy i NiACYMKiB. 3acO060M NOriYHOT OpraHisaLii OCHOBHOro 3micTy
cNyrye nnaH. ns Toro, Wwob YHUKHYTU CUTyaL,ii HEKOPEKTHOro CKNagaHHaA naaHy, K0.0. NeTpos NPonoHye Take Npasuo:

1) YTOYHUTM OCHOBHE NUTAHHA POBOTU LLNAXOM HiTKOTO BU3HAYEHHA MOro OCHOBHOIO TEPMiHa (K1t040BOro CNoBa);

2) BMbpaATH NigxoasLLy 03HaKy 3BeeHHA OCHOBHOMO MUTAHHA A0 AONOMIMKHUX NUTaHb;

3) BUKOHaTW NOAiN OCHOBHOTO NOHATTA 33 06PaHO0 03HAKOID;

4) NOCTaBUTU OTPUMaHI YNEeHW NOAINY Nif, NUTaHHA Ta cGOPMYNIOBATM LONOMIKHI MUTAHHSA;

5) AKWO Ha OTPMMAaHi y TakMi cnocib NMTaHHA MOMKHA BIAMNOBICTU Bigpasy i NOBHICTIO, TO 3BeAEHHA MPUNUHAETLCA;
Yy NPOTUNEXKHOMY BUMAAKY MPaBWJIO 3aCTOCOBYIOTb 0 BUBEA,EHMX MUTAHb.

Cnpobyemo 3rifHO 3 LMM MPaBUIOM PEKOHCTPYIOBATU fii aBTOpa 3i CKAaAaHHA NaaHy «AbeTKM». HaneBHO, KN0UYOBUM
cnoBoMm ii OCHOBHOTO NuTaHHA HD.O. NeTpoB 0bpaB NOHATTA KMUCIEHHA», @ OCHOBOI A4 MoAjiny horo obcary — 03HaKy «popmu
MWUCNEHHA». YneHamu noainy BUCTYNWAM MOHATTA, MO3HAYEHi TaKMMU TepMiHAMU: «MOHATTA», «NUTAHHAY, KCYAMKEHHAY,
«ymoBuBig». Ha3eM rnas MoKasyloTb, WO AOMOMIXKHI NUTaHHA cHOPMYNbOBaHI ANA TakMX Map CAiB: «MNOHATTA/TEPMIHY;
«NUTaHHA/BIANOBIAbY; «CyAyKeHHA/yMOoBMBIAY». Bpaxosytoun nonyaapHuii xapaktep «A6etku», K0.0. NeTpos BMHIC y 3aro/I0BKM r1as
PO3NOoBiAHI peyeHHs: I. [lpasusnbHe 8XUBAHHA MePMIHi8 — OCHO8A /102iYH020 MUCAEeHHSA. Il. JloeiyHicms numanbHo-8i0NosidHo20
mucneHHA ma (io2o npakmuyHe 3HavyeHHsA. Ill. J/loeiyHicme MipKy8aHb i MpaKMuUKa no0oAaHHA MOMUIKOBUX BUCHOBKIB. OCKiNbKM HA
NMWUTAHHA, BTINEHUX Y LMX HA3BaX, HE MOK/MBO BiAMNOBICTM BiAPa3y i NMOBHICTIO, NpoLec 3BeAeHHsA byB NpogoBKeHMi. Hassamum
naparpadis y KOXHill F1aBi CTann Ha3BM PO3yMOBUX NPOBAEMHMX cuTyauii. Ocb KifibKa Npukaagais i3 nepwoi rnasu: «Cutyauia (C1),
KO/IM Bac He po3ymiloTb abo «cnoTBoptotoTby; «Cutyauia (C4) HenpaBuabHOrO BMOGOPY BM3HaueHHs»; «Cutyauia (C10)
HaAMLWKOBOCTI BM3HayYeHb». Hassu naparpadis gpyroi rnasu € Takmmum: «Cutyauia (C1) npaBuabHOCTI NuTaHHA»; «CuTyauis (C2)
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HepoCTynHOCTI Bignosigi»; «Cutyauia (C3) cknagaHHa naaHy»; «Cutyauia (C4) nobyaosu Biganosigi»; «Cutyauia (C5) opraHisauii
HayKoBOi po6oTn». OueBMAHO, WO Uel naaH 34aTHUIM 3a6e3neynTi 40CTaTHbO TOYHY i NOBHY BiAMNoBiAb Ha NOCTaBNEHE OCHOBHE
NUTaHHA. YCbOro Yy KHU3i po3rnaHyTo 19 npobnemMHux cuTyalii, ane 3arafibHa KifbKicTb npaBuAa iX nogonaHHA Tpoxu binblua.
Lle nos’A3aHO 3 TUM, WO AedAkKi NpobaeMHi cuTyauii 4pobaaTbes Ha NiacuTyauji, a 4NA NOAONAHHA HU3KM CUTYaLit HeobXiaHO KinbKa
npasun. KoxHe NpaBuiIo NOACHIOETLCA KiJlbKOMA NMOKa30BMMU NPUKAASAAMU.

Niasoaaumn niacymen, H0.0. NeTpoB HAroNoOLWyeE, WO BXKe CaMO 3HAHHA 3anNpPONOHOBAHMX HUM NPaBWUA NPAKTUYHOI NOTIKK
[03BONAE JOCATHYTU 6inblOTl NOFYHOCTI MUCNeHHA. OAHAK KpiM 3HAHHA NPaBUA HeobXxigHe Wwe BNpaBAATUCA Y iX 3aCTOCYBaHHI.
| ue e ronosHoto Npobnemoto. Cami NpaBuaa € NPOCTUMM, ane ix HeObXiAHO 3aCTOCOBYBATM MaiiXKe aBTOMATUYHO, aHAOMYHO TOMY,
AK FPaMOTHA /Il0ANHA NOCAYrOBYETLCA NPABUAAMM rPaMaTUKN. KyabTypa MUCNEHHA TeXK NOTPebye rpaMOTHOCTI, TiZIbKM FPaMOTHOCTI
NOTiKO-MEeTOo4,010r4YHOI.

Ha BnacHomy 40CBiAj My NepeKoHaNUCA y AiEBOCTI NPaBW NPAKTUYHOI N10TiKK, 3anponoHoBaHux H0.0. MeTpoBum. «AbeTka
NIOTIYHOTO MMUCNEHHA» CTana A/1A HaC HaCTIIbHOK KHUIO. 3aCTOCYBaHHA LMX NPaBUA AOMNOMOI/I0 HaM MOAINWWUTK AKICTb HALWOro
3BOPOTHOrO 3B'A3KY 3i CTyAeHTamu. [Jo TOro K, MU BignoBigasbHie cTann cTaBuTMcA 40 GOPMYOBAHHA HA3B K BAACHWX, TaK
i CTYLeHTCbKMX POBIT.
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