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AHOTALIA

ABSTRACT

Po32n1aHymo memooOuKy npogedeHHA OucmaHyiliHoi nabopamopHoi
pobomu 3 hi3uku, AKa BuKOpucmosye CcamopobHy O0CMiOHUYbKY
YCMAaHOBKY 0717 8U3HAYEHHA (PYHKUYIOHANbHOI 3anexHocmi cunu eidpusy
ducky, AKuli GomuKaemoscs 00 pPiOUHU MAO0CKOIO MOBEPXHero, 8i0 8eAUYUHU
naowi ducky ma liozo nepumempy.

PopmynroeaHHa npobaemu. PieHAaHHA KOH2a 38'A3y€ Kym 3MOYY8AHHA
6 i KoegiyieHmu MosepxHes020 HOMA2Y 0 HA Mex(i cepedosuly. 3 Ybo20
PpieHAHHA 8UNAUBAE, W0 MaKpocKoniyHuli napamemp 0 He 3anexams 6i0
snacmueocmeli MOEKYs, O YABAEHHA PO CUOBE M0E MiX( MOAEKYAaMU
8PAX08YEMbCA MinbKU HA AiHIi X po3mexcysaHHA. Tomy cmyodeHmu
pobaame Momuskosuli BUCHOBOK, WO CUU MIiHMOIEKYAApHOI 830emO0il
dilomb minbKu Ha AiHIi po3mexcysaHHA cepedosuwy. Omie, 8UKOHAHHA
nabopamopHoi pobomu 3a suweHa8EOeHO MEeMAMUKOI 8UPIWYE U0
npobaemy.

M pi i ] MocmaeneHa  mMema:  BU3HAYEHHA
GyHKYioHanbHOI 3anexHocmi cunu 8iopusy Oucky, AKuli 00mopKaemMoscs 00
PiOUHU N/IO0CKOKO MosepxHeto, 8i0 8eAUYUHU Naowi OUCKy, HaseHocmi &
HbOMy omeopie ma (020 nepumempy — eupiulyeanaca 3a 00MOMO20H0
po3pobneHoi A0CMIOHUYbKOI yCMaHOBKU. /1A 8UMIpOBAHHA B8eaAuYUHU
cunu 8idpusy BUKOPUCMOBYBABCA MEMOO 8AMESNA.

Pe3zynbmamu. 3anexcHicme cunu iopusy 6id nepumempa OucKa (AiHii
PO3MeHye8aHHs piduHuU | meepdo20 mina) 8uABuUAACA HeAiHIlHO i Npamo
nponopyiliHoto 3moveHoi naowi. KoediyieHm nponopyiliHocmi cknas
senuquHy § =40 H/ m2

BucHoeKu. 1) Cuna eidpusy ducka 8i0 noeepxHi 800u HernponopyiliHa
nepumempy Oucky. Lie dosodume moli pakm, wjo nosepxHesuli Hamse
piouHuU AK ocobnuea peanvHo Odito4a cuna cebe y ybomy 00cnidi He
nposense. 2) HeamiHHicmb 8enu4UHU cunu 8idpusy 00HO20 i Mo20 }# OucKa
npu 36inbWeHHI KinbKocmi 8UKOHOHUX 8 HbOMY omeopie i 3anexHicme
cunu eiopusy minbKu 8i0 naowi NosepxHi yinbHozo ducka doeodumes moli
akm, wo 8 ympumaHHi Oucka bepymb y4yacme ecCi MoneKkyau, Wo
3HAX00AMbCA 8 KOHMAKMHOMY Wapi OUCKA i PiOUHU.

The method of remote laboratory work in physics is considered, which
uses a self-made research installation to determine the functional
dependence of the force of separation of the disk that touches the liquid
with a flat surface, from the size of the disk area and its perimeter.

Formulation of the problem. Jung's equation connects the wetting
angle 6 and the coefficients of surface tension o at the limit of the
environments. It follows from this equation that the macroscopic parameter
6 does not depend on the properties of molecules, and the idea of the force
field between molecules is taken into account only on the line of their
delimitation. Therefore, students erroneously conclude that the
intermolecular force act only on the line of delimitation of environments.
Thus, the implementation of laboratory work on the above topics solves this
problem.

Materials and methods. The goal: to determine the functional
dependence of the separation force of the disk that touches the liquid with
a flat surface from the size of the disk area, the presence of holes in it, and
its perimeter - was solved by using a developed research installation. To
measure the value of the separation force the lever method was used.

Results. The dependence of the separation force from the perimeter of
the disk (the line between the liquid and solid) was nonlinear and directly
proportional to the wetted area. The coefficient of proportionality was 8 =
40N /m?2.

Conclusions. 1) The force of separation of the disk from the water
surface is disproportionate to the perimeter of the disk. This proves the fact
that the surface tension of the fluid as a special real acting force does not
express itself in this experiment. 2) The invariance of the value of the
separation force of the same disk with an increasing number of holes made
in it and the dependence of the separation force only on the surface area of
the entire disk proves the fact that all the molecules contained in the contact
layer of disk and liquid take part in holding the disk.

K/ItOHOBI C/1I0BA: ducmaHuiliHe Hag4yaHHA; nabopamopHa poboma;
nosepxHesuli Hamse; cuna eiopusy.

KEYWORDS: distance learning; laboratory work; surface tension;
separation force.
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BCTYN

MoctaHoBKa npo6nemu. KnacvyHa Teopin ABULW, Ha MeXi pignHM i TBepaoro Tina 6asyeTbca Ha ABOX KOHCTaHTax:
KoediLieHTi NOBEPXHEBOrO HATATY PiAMHU o i KyTi 3MOYYBaHHA PianHOI TBepaoro Tina @ . OgHak i "KOHCTaHTM" 3anexatb Big,
uinoro pagy AoAaTKOBUMX 06CTaBWH. TaK, Ha Be/IMYMHY KOHKPETHOrO KyTa 3MO4YyBaHHA BMN/MBaE binblue AecATka napameTpis
(foptoHoB & Cymm, 1976). Lielt KyT 3anexuTb Big cynepnosunuii pagy asuwy, i npouecis i NoBUHeH ByTW KiHLUEBUM pe3ynbTaTom
064YMCNeHHs, WO BifobpaKae peakLito pigMHN Ha CyMmy BCiX 30BHILLHIX BN/WBIB, @ HE OCHOBOO A1 MOAA/bLLMX PO3PAXYHKIB.

Mig yac BMKNagaHHA CTyAEHTaM HaBYaNbHOrO Mmarepiany HI0AHCU BU3HAYEHHA KyTa, AK MpaBuao, BMNadaloTb 3
po3rnagy, i B 6inbWOCTi BMNaAKiB 3aBAaHHA 3BOAATLCA OO BapiaHTiB MOBHOro 3MO4YyBaHHA abo NOBHOrO He 3MOYYyBaHHSA
NOBEPXOHb; CKNaAHa KPMBA MOBEPXHI PiAMHM B Kaninapi 3amiHIOETbCA cHepUYHOI, a NpU Po3rnAai piBHOBarn Kpanai Ha NOBepPXHi
B AKOCTI He3ane)KHoi 3MiHHOI BEe/NMYMHW BBOAMTLCA M/OWA OCHOBM Kpanii, WO OBYMCAIOETbCA 3 il pagjycy. BUTOKM Takux
CMpPOLLEHb NeXaTb B CNOCOBI OTPUMAHHA BigoMoro pisHAHHA HOHra (1804 p.), wo 38'A3ye KyT 3mouyBaHHA 6 i KoedilieHT
NOBEPXHEBOro HATATYy o Ha Mexi cepeposuu, (laHgay & /iudwmnu, 1964):

COSH:(GSG_O-SL)/GLG’ (1)

O€ HVXKHI Napu iHAEKCiB BiAHOCATLCA 40 Nap PEYOBUH, AKI KOHTAKTYIOTb, HA MEXi MiX AKUMWU BUMIPIOETLCA abo 06UYNCNIOETLCA
NOBEPXHEBWUIN HATAT; S — TBepAa NoBepxHs; L — pignHa; G — ras.

AK BUAHO 3 LbOrO PiBHAHHA MAKPOCKOMNiIYHUIA NapaMeTp 60 He 3a/1eXnTb Bif, BNACTUBOCTEN MOJIEKY, @ YABNIEHHSA NPO

CMNOBE NOJIE MiXK MONIEKYIAMU BPAXOBYETLCA TiIbKM Ha ANiHIT iX po3mexyBaHHA. TOMY 3 NOCTaHOBKM | TPAKTyBaHHA pe3y/bTaTis
eKCrnepuMeHTIB No BU3HaYeHHI0 KoedillieHTa NOBEPXHEBOrO HaTATY PiAMHN CTYAEHTU POBAATL NOMUAKOBUI BUCHOBOK, WO CMNa
i€ TiNbKM NO NiHii 3MOoYyBaHHA. B3aemogifa BCiX iHLWIMX MONEKYAN PigUHW | TBEPAOTrO Ti/la HA KOHTAKTYIOUMX MOBEPXHAX 3 iX Nons
30py BMNagae. Lle € anpakTnuHoto npobnemoto, i el niaxig Ao BUBYEHHN aaresii Ta Koresii peyoBuH (6e3 ypaxyBaHHA A0CUTb
CYTTEBUX NONPaBOK) Tpeba BUNpaBAATH.

Posib 06'eMHMX | NOBEPXHEBUX CUA NPU B3AEMOAIT PiAMHN 3 TBEPAMM TiIOM MOXHa 3'ACyBaTH, NPOBIBLUN ABa A0OCAIAN:
1) 3 BUMipIOBaHHA BEAVYMHM CUAM BiAPUBY MOBEPXHI NJIOCKOrO Tifa Big, PiAVHM Ta 2) 3 HUTKOW y BUIAAAl neThi. MpocToTa
NOCTaHOBKM A0C/IAiB, MOXKAMBICTb KOMitOBAHHA PO3p061eHOro Hamu 0bnagHaHHSA, 4OCTYNHICTL MaTepianiB A03BONAE CTYAEeHTaM
[0CNIAXKYBaTM ABULLA HA MEXKi ABOX CepeaoBuLL He TiIbK1 B 1abopaTopHUX YMOBaX, a  AUCTaHLiAHO.

AHani3 akTyanbHUX AOCNIAKEHDb. PO3YMiHHA MiXKMONEKYNAPHUX B3AEMOAIN € KNHOYOBUM ANA AOCATHEHHA KOHTPOIO
HaZ maTepianamu Ha MONEKYNAPHOMY piBHi. Lli 3HaHHA € BaXX/IMBMMMU A1 HAHOTEXHOJIOTIN, @ TAKOXK Pi3HMX ranysen ¢isnKku.
ba3oto A4/19 po3yMmiHHA NPOLLECIB, AKi BiAOYBaOTbCA NPU B3AEMOA,I Til HA MONIEKYNAPHOMY PiBHI, € TepMmiHONOriA. Y cydacHil disumu,i
CUAN, AKI AiI0Tb MiXK NOBEPXHAMM MaKPOCKOMIYHMX TiNl Yyepes TpeTe cepefoBulle (Hanpuknag, Bakyym i napy) HasuBaloTb
NOBEPXHEBUMU CUIAMU, TOAI AK CUAM, AKI Lit0Tb AN YTPUMAHHA ABOX TiN NP KOHTAKTI HAa3nBaloTb CMIaMK 34eneHHA. | B Tomy
i B iHWOMY BMNaaKy ue, binblioto mipoto, cuam BaH-gep-Baanbea, AKi MOXKYTb BYTU NPUTAraNbHUMM, BiALLITOBXYBabHUMK abo
[opisHioBaTK Hyto (Fabio et al., 2012).

Mig aaresielo po3ymiloTb B3AaEMOAIO MiXK NPUBEAEHUMWU B KOHTAKT MOBEPXHAMM ABOX KOHAEHCOBaHWUX (piaKux abo
TBepaux) ¢as pisHoi npupoan. CUAM B3aEMOAIT MiK MONEKYNaMMN ABOX Pi3HUX KOHAEHCOBaHWUX (a3 Ha3MBaOTb CUIaMM aaresii.
MNig, Koresielo po3ymitoTb B3aEMOAIi0 MONEKY YCcepeanHi OaHiEl KOHAeHCOBaHOI $asn, TOOTO Koresisa - e BHyTpidasHe ABULLE.
Cunn 34enneHHa MiX MONeKynamu BcepeamHi KoHAeHcoBaHoi ¢asn (piaMHM abo TBepAOro Tina) HasMBalTb CUIaMK Koresil.
“KinbKiCHOIO XapaKTePUCTUKOK aaresinHuMx i KoresinHux cun € poboTta agresii i Koresii, BignosiaHo. PoboTa Koresii A0opiBHIOE
eHeprii, Aka BUTPAYaAETbCA HAa 0BOPOTHUI i30TEPMIYHUIA PO3PUB TiNa No nepepisy, pisHoMy oanHuLi naowi” (Mpoxopos, 1984).
AIK 6aunmo, npu AcHomy PisM4HOMY CEHCi TepMiHa agresii Ak cuam BigpUBY OL4HOTO CepeaoBuULLa Bif iHWOro HaBiTb Y isnyHIN
eHumknonedii (Mpoxopos, 1984) HaBOANTLCA MOrO BU3HAYEHHA Yepe3 PobOTYy 3MiHM NMOBEPXHEBOI eHeprii KOHTAKTYUMX Tis.
TaKMM YMHOM, 3aMiCTb MPAMOro BUMIPHOBAHHA CU/IN BiAPUBY CepeoBULL, BUKOPUCTOBYHOTHCA TPY BULLE3A3HAYEHNX HEMPAMMUX
3HaYeHb MOBEPXHEBUX HATATIB O g, Osg , O MJIOC KYT 3MOYyBaHHA & .

[nAa BM3HAYEHHA XapaKTePUCTMK 3MOYYBaHHA 3aCTOCOBYETbCA TaKOX TEPMiH CWAM agresiiHoro Hatary, TobTo
TaHreHuManbHOI CUAK, LWLO Aie 3 BOKY TBEPAOrO Tifa Ha OAMHULIO AOBKMHU NiHiT 3Mmo4yBaHHA. B poborTi (Jonson, 1969) 3pobneHa
cnpoba nNpsAMOro BMMIPIOBAHHA LEI CUIM B EKCMEPUMMEHTI 3 BUTATYBAHHA i3 PiAWHM NAOCKOI NAACTUHM, BCTAaHOBAEHOI
BEPTMKA/IbHO.

HeobxigHo Big3Hauuth, Wwo 3a 217 poKiB icHyBaHHA piBHAHHA (1) He OTPMMaHO AOCTaTHbO MOBHOTO WOroO
eKcnepumeHTanbHoro nigreepaskeHHs (FfoptoHoB & Cymm, 1976). Y ny6aikauisx (Bikerman, 1958) cnpaBefnmBicTb LbOro
PiBHAHHA CTaBMTbCA Nig cymHiB. B poborTi (Eid et al., 2018) £o0BOAWTLCA BN/MB LLOPCTKOCTI Ta XiMIYHOTO CKNaZy NoBepXHi Ha dopmy
Kpanesib BOAW Ta KYT KOHTaKTy @, 4oro He mae 6yTv 3rifHo piBHAHHA (1).

CyyacHi BUMIpHOBAHHA CUM B3AaEMOAT MiXK MOIEKY1aMU BeAyTbCA 3 BUKOPUCTAaHHAM aTOMHO-CMJI0BOI MiKpocKonii. 3a
[0MOMOTOH0 TaKOro EKCNEPUMEHTA/IbHOTO METOAY, AK aTOMHa CUJI0Ba cnekTpockonis (AFS), Tenep MOXKHa TOYHO BUMIPATU CUN
MiXKMONEKYNAPHOI B3aEMOA;T, W0 Hagae iHpopmaLito Npo TaKi BNACTMBOCTI MaTepiany, AK eN1aCTUYHICTb, TBEPAICTb Ta 3UenNeHHs
(Fabio et al., 2012). Lia po6oTa MiCTUTb TEOPETUYHE Ta eKCNepPUMeHTasIbHe NiArPYHTA AFS, eKcneprmeHTanbHi pesynbTaTy Woao
CUAN 34EnNeHHs, MiIdKMONEKYNAPHUX B3AaEMOAIM Ta NOBEPXHEBMX CW/ Y MOBITPi, BakKyyMi Ta po3umHi. OTXKe, [OCNiAKEHHA
MOJIEKYNAPHUX CUN € aKTyaibHUMKU. TOMY aKTyalbHUM € i NiarotoBKka ¢axiBuiB B Till 06/1acTi HayKW, a TaKoX MOWYK GinbL
[OCKOHaNol METOAMKM NPeACTaBlAeHHA ABULL Ha Mexi ABOX (abo Tpbox) cepeposuu. [ns Lboro HeobXigHi 6inbl peTenbHuit
aHani3 Bipommx GakTiB i HOBI, HinblW AOCKOHANI METOAM BU3HAYEHHA POJi 06'EMHMX i MOBEPXHEBUX CUN MPU B3AEMOAIT PiaUHM 3
TBEPAMM TiNOM.

Merta craTtTi. MeToto CTaTTi € BU3HAYEHHA PYHKLIOHA/IbHOI 3a71€KHOCTI CUM BigpPUBY OMCKY, AKMI AOTOPKAETHCA A0
PiAVHM NNOCKOK NOBEPXHEI, Bif, BE/IMYMHM NAOLL ANCKY, HAABHOCTI B HbOMY OTBOPIB Ta MOro NepumeTpy.



®i3uko-matemartumuHa ocsita / Phisical and Mathematical Education Tom 33, Ne 1 / Vol. 33, Ne 1 (2022)

TEOPETUYHI OCHOBU AOCNIAXKEHHA

[na BU3HAYeHHs 3aneXHOCTi KoedilieHTa NOBEPXHEBOrO HaTAry PiguHK Bi4 TemnepaTtypu y poborTi (3aewmy, 2020)
33CTOCOBYETLCA METO/, BayKeNs, POJib AKOTO BUKOHYE MNPAMOANIHINHWUIA antoMiHIEBUI ApiT. [piT BUKOHYE ABi GYHKLIT: BiH € Baramu
i BOZLHOYAC aHANOrOM APOTAHOT PaMKM, AKY 3a3BMYAl BUTATYIOTb 3 PigUHN ANA BUMipOBaHHA KoedilieHTy ii noBepXHEBOro HaTArY.
PiBeHb piavHM BCcTaHOBAOWOTL Ha 1-1,5 MM HUMXKYe rocTPoro Kpato nocyauHu. Mpu TOpPKaHHI BOAM APOTOM YTBOPIOETLCA TOHKA
nniska pianHm 3aswmpwkn Ly (puc. 1a).

.:.:.:.B'a)kehﬁ.:.:.:.'.'.
myg
Lo
anck | R o T R R R S R
v mg ]
Kpabi myg
0 nocyauHu

Puc. 1. Cxema yCTaHOBKU N5l BUMIPIOBaHHA KoediLieHTa NOBepXHEBOro HaTAry Ta CUAU BiAPUBY NNOCKOrO Tina

B3no0B noBepxHi NAiBKK A€ cuna nosepxHesoro Hatary F, , moaynb aKoi AopiBHIOE:
Fn = 2L10' (1)
ne o— KoedilieHT noBepxHeBOro HaTAry. MHOMHUK 2 3'ABAAETLCA TOMY, LLLO MJ1iBKa Mae ABi NOBEPXHI.
Hexait m —maca apoty, L = L1 + L, — 00BXu1Ha ApoTy, m / L —maca oaMHUL| AOBKUHM APOTY. 3anuLiemo yMmoByY piBHOBaru
OPOTY LWOAO Kpak NocyanHM, TO6TO PiBHICTb MOMEHTIB CUA:
L,

L.
(Fn + mlg)?l =M —

> (2)

, Lm L,m pmd?L
MNiactaBumo B (2) cuny nosepxHeBoro Hatary (1), macu: ml:T, mZ:T, m=pV :T i BMpa3uMmo

KoediliEHT NoBepXHeBOro HaTAry o . ToAi OCTaTOYHO OTPUMAEMO PO3PaxyHKOBY popmyny:

2 2
(j:m ﬁ -1 :—pﬂd gL ﬁ—

1]. (3)
2Ll 8 Ll

Bennunnn L ta Ly = L — L, BumiptotoTbea Nikilikoto, a AiameTp apoTy d — mikpomeTpom. Mpu BigCyTHOCTI MikpomeTpa
3HaYeHHs d BU3HAYAEMO 33 AONOMOro cMapThoHa, poTorpadyrodi antomMiHieBuit ApiT Ha GOHI NiHIAKN.

B yMOBax AMCTaHLiAHOrO HAaBYaHHA POb A/IIOMIHIEBOTO APOTY MOXKe BMKOHYBaTW KaBOBa TPybouKa (CONOMUHKa A
KOKTennis) aiametpom 4,8 mm. MpamoniHiiHa ainaHKa Tpyboukmn — Baxkena cknagae 160 mm, maca 0,4 r. locnign nokasanm, Wo
npu KimMHatHi Temnepatypi L, =116 MM, 10610 Ly =44 MM . 3a popmynoto (3) Benmunna o =0073H/ M, wo nigreepaskye
npaue3paTHictb metoaa. OCKiNbKM Maca TPyOKU HeBEIMKA — YYT/IMBICTb METOAY BUCOKA. TOMY LLei npuaag, MOXKHa 3acTocyBaTh
019 po3B’A3aHH#A iHLWOT 3a4aui, a came, BUMIPIOBAHHA BE/IMYMHU CUM BiApUBY NOBEPXHI NOCKOTO Tina Big, piannu (puc. 16). Yomy
aKTyanbHa LA 3ag3a4a A8 CTYAEHTa, AKMIM BUBYAE TEMY NMOBEPXHEBOMO HATATY PiAUHN?

BignoBigHO A0 K/MacMYHWMX yABAEHb 3a CMIOBY B3AEMOZAIIO Nifg, 4ac BiApvBY MOBEPXHi MJIOCKOrO Tifla Big piavHM
BiAANOBIZAIOTb CU/IM NOBEPXHEBOTO HATATY, | MaKCUMasibHa CUNa BIAPWBY, HANPUKNAZ, NIOCKOTO ANCKY Barolo Mg Bij NOBepXHi

pigvHW NponopujiiHa nepumeTpy Kpyra 7id i noBepxHeBomy Hatary o (I'puropses, 1991):
F=mg+sd-c-cos@, (4)
Ae 6 — KpaloBui KyT Y KPOMKM AMCKa.
Cwna BiApUBY A0CATaE MAaKCMMANbHOMO 3HAYEHHA NPU BEPTUKANbHOMY HaNPAMKY NOBEPXHI PianHK, TO6TO KoM =0 .
B3arani Kakyuu, cuna B3aEmopii NOBMHHA 6 3aneKaTn Bif, BAACTUBOCTEN KOXHOI 3 PEYOBWMH, fIKi KOHTAKTYlOTb, ane Lue He
Bigo6bpakaerbea y dopmyani (4). Tomy TaKi noacHeHHA i3vKM NpoLecy BigpuBy NIOCKOI NOBEPXHI Big, PigUHM CTyAeHTaM He
3po3ymini. Y 3aranbHOMy BWNAAKYy CyMapHa cuna BigpWBY Tina Barow M g NOBUHHA CKNALATUCA 3 MNOBEPXHEBOI CUAM,

NPOMNOpPLIMHOI NepUMeTpY TiNa, Lo BUAMAETLCA 3 PIAVHK, | CUAN, LLLO 3aN1eXKMTb Bif NAOLL noBepxHi (IronkuH, 2007):
F=mg+koP+pS, (5)
Ae k—nonpaBKoBuit KoediLLiEHT NOBEPXHEBOTO HATATY PiAMHM; P —nepumeTp, B3L0BK AKOTO Bif0yBaeTbCA 3MOYYBaHHA TBEPAOIO
Tina; S — KoedilieHT NponopLiiHOCTi; S — nioLa 3MOYEHOT MOBEPXHI.
Y [oBigHWKax HaBefeHi 3HayeHHs KoeodilieHTIB NOBEPXHEBOrO HATAry PiAMH, AKi MEXKYOTb 3i CBOEI Mapoto.
KoediuieHT NOBEpXHEBOro HATArY PiGUHM, WO MEXKYE 3i CBOEKD MAPOHO Ta 3 iHLIOO MYCTiLIOK PEYOBUHO, 3HAYHO PISHATLCA MiXK

9
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coboto. Tomy He MOXKHa 4,0BIAKOBI 3HAYEHHA BUKOPUCTOBYBATM 6€3 BpaxyBaHHA YMOB KOHTAKTY. 3HAUEHHA 0 Ha MeXKi ABOX PianH
ab0 Ha mexKi pianHa—TBepAe TiNo 3aBXKAM MEHLUI, HiX Yy BUNAAKY BiNbHOT NOBEPXHI PiAMHKU, KONM BOHA MEXKYE 3 BIACHOO Napoto
(AKi6uyK Knmm, c. 427, 2013). Lle winkom nprposHO, OCKIIbKM MONEKYAN PEYOBUHM B3AEMOAIOTb 3 MOJIEKYIaMWN MOBEPXHEBOTO
LWapy piavHM i NocnabnioloTb CUAK, AKI BTATYIOTb MONEKYIN BCEPEAMHY PiANHM. TaK, MU0 3MEHLLYE NOBEPXHEBUIN HATAT BOAM.
PO34MH LYKPY, PO3YMHM Pi3HUX coNelt 36inblUyIOTb MOBEPXHEBUI HATAT pianH. OTXKe, KoediLLiEHT NOBEPXHEBOro HaTAry MOBUHEH
MaTu OBa iHAEKCU, NEPLUNIA 3 AKMX BIAHOCUTHLCA 40 PiAVHM, @ iHWWIA — A0 cepefoBuLLa, 3 AKMM MEXKYE Ti BiibHa noBepxHs, abo Le
BPaXoBYBaTW, BUKOPUCTOBYHOUM KoediLlieHT k.

BuKopucTOBYtoUuM “MeTop, Baxkena” CTyAeHT CaMOTYXKKW Ta, FOI0BHE, AUCTAHLIMHO MOXe A0CNIaUTU PYHKLIOHANbHY
3aneXHicTb (5) Big NapameTpiB KOHTAKTYIOMOro 3 PigMHON0 TifNa: MOro nJIoWi KOHTAKTy, NepMMeTpy TOLO. 3anuWwemo YMoBY

piBHOBaru Baxens (puc. 16):
b g (2

2 L 2
3Bigcm
L L, (L L mg(2 2 mg(L, - L)
F -Ly= _2m 2 _1m ._17m L. :_(I_ — L )7m L :#,m |_,
HI(L gjz (L 9}2 L] oL\ 2 H 94 5 94
abo
L,
F,=05mg| —2-1[-m,g- (6)
L
Akwo m, g <<k, Toai
f _3_0,5(31] . (7)
mg L
F, =o,5mg[ﬁ_ J . (8)
L

F . .
OT3Ke, 419 0BUNCIEHHA CUAKM NoBepxHeBoro Hatary f =—% noTpi6HO 3HaTV Macy BaXKesIA M Ta BiAHOWEHHS AOBKUH
mg

L . N . . .
—2 . BUMIpIOBaHHA MOMKHA NPOBOAMTN 3 HABGOPOM NAACTUH PI3HOT GOPMM | NAOLL, TiN 3 HE3BMYARHOK GOPMOIO, HANPUKAAL
1

LMCKIB 3 AEKiIbKOMA OTBOPAMM Pi3HOTO AiameTpy i T. i. MOXKHa BU3HAYaTK CUAY BiAPUBY TiJl, BATOTOBAEHMX 3 Pi3HUX MaTepianis.
BapitoBaHHSA B WUMPOKMX MeXKax abCcoNoTHUX PO3mipiB, GopMMK, CTaHy MOBEpPXHi i XiMiYHOro ckaagy Tif, Wo BMNpPoboBYIOTLHCA, €
NPUHLMNOBOO BigMIHHICTIO UMX €KCNEPUMEHTIB Bif aHanoriyHMx "Knacnynmx" gocnigis.

METOAU AOCNIAXKEHHA
PoboTa HOCUTb TEOPETUYHUIA Ta MPUKNAAHMI XapakTep. MeTogonoriyHo pobota 6asyBanaca Ha BiAOMUX 3aKOHaX
KNaCUYHOI MeXaHiKM, 3aKOHi 36epexeHHA eHeprii. Ii OCHOBHI HayKOBO-NMPaKTWYHI pe3y/sbTaTM OTPUMAHi 3 BUKOPUCTAHHAM

BifeopeecTpalii Ta uMdPOBMX TEXHOJIOT 0O6PODOKN pe3ynbTaTiB eKcrnepumeHTiB. [aa BUMIpOBAHHA BE/IMYMHU CUAWN BigpuBYy
NOBEPXHi NIOCKOTrO TiNa Bif, PiANHN BUKOPUCTOBYBA/IMCA CTAaTUYHI METOAM — METOZ, BaKe1A, a TAKOX MeTOoZ BUCAYOI Kpani.

TpaauuinHO ANA BU3HAYEHHA KoedilieHTa NOBEPXHEBOrO HATArNY PiAVHM BUKOPUCTOBYHOTb CTATUYHI METOAM: METOL,
BMMIPIOBAHHA BMCOTM MiQHATTA MEHICKa B Kaninapi, meton Bunbrenbmu, mertos nexkayoi Kpanji, metos BU3HAYEHHA O 3a
dopmoto BUCAYOI Kpanai, meToa Kpanni, Aaka obepTaerbcs, i AMHaMiYHI meToamM — metod Ao Hyi (metog Biapusy Kinbuga),
CTaNarMOMETPIYHNIN, a0 MeToZ paxyHKY Kpanesb, MeTo, MaKCUMANbHOTO TUCKY BynbballKM, MeToZ OCLLMIIOHOTO CTPYMEHS,
MEeTOZ, CTOAYNX XBU/b, MeTog, BixKyunx XBub i T.4.

Hanpuknag, metog BigpiBy Kinbua € KnacnyHum. CyTb mMeToAy BMM/MBAE 3 Ha3Bu. Kinbue 3 nnaTMHOBOro ApoTy,
NAOLWMHA AKOro NapanenbHa NOBEPXHi PiAMHM, NOBIZIBHO MiAHIMaIOTb 3 PiAMHM, LLO 3MOYYE MOro. 3ycuaaa B MOMEHT BiApuBY
KinbLA Bif, NOBEPXHi i € CM0I0 MOBEPXHEBOTrO HATATY, AKA MOXe ByTU nepepaxoBaHa B MOBepxXHeBY eHeprito. MeToz nigxoauTb
ONA BUMIpIOBAHHA noBepxHeBoro Hatary MAP, TpaHchopmaTopHUX macen i T.4. Ona BUMIpPIOBAHHA BE/IMYMHM NOBEPXHEBOrO
HaTAry piAVH BUKOPUCTOBYETbCA TeH3iomeTp Ato Hyi. NMpuHumn aji TeH3iomeTpa NonfArae y BUMiptoBaHHI CMan BiApuBY ApPOTAHOMO
KinbuA 3 nnaTiHOIpifiEBOro cnaaBy Bifg, NOBepxHi po3ainy pignHa-nosiTpAa. Cuna BigpUBY BUMIPIOETHCA B YMOBHUX OAUHUUAX,
MOTiM NMPOBOANTLCA 06YMCNEHHA 33 GOPMYNAMM, LLLO AO3BOJIAE OTPUMATY 3HAYEHHS HATATY B Mi/TIHBIOTOHAX Ha meTp (MH / m).

Y pagi pocnipis TiNo 3 NAOCKMM 3MOYYBaHUM AHULLEM (UMAIHAP) ONYCKANoca B NOCyAMHY 3 BOAOLO, BPiBHOBAXKEHI Ha
Barax. Micna 3aHypeHHs BCiEl NOBEPXHI B NpoLeci BEPTMKANbHOTO NiAioMYy BUMIpIOBANacsA cMna BiapvBy F TBEPAOI NAOWMHM Bif,
noBepxHi pignHu (IronkuH, 2007).

PE3Y/IbTATU TA 1X OGTOBOPEHHA

3 BpaxyBaHHAM TOro, WO AOCAIAN CTyAeHTU ByayTb pobuTn BAOMA, 3a MAOCKI TBepAi Tina 6yno subpaHo nposopi
NNAacTMAcoBi AWCKM 3 NONIMEPHOI MAIBKM TOBLUMHOW 270 MKMm (puc. 2 a). Mo LeHTpy A1CKa NPUKAeoBaNoCA TOHKE Kinbue Big,
KaBOBOI TPYBOUKM, B AKe BCTABAABCA aNlOMIHIEBMI APIT — BaxKinb (puc. 2 6). Maca antomiHieBOro BaxKens cknana 7,645 rpam,
piametp I35 mm, goekuHa 323 mm. Maca guckis 6yna 0,071 — 1,384 r B 3aneXKHOCTI Big AiameTpis auckis d = 15 — 70 mm.
MaKcmanbHa cuna BiAPUBY BM3HAYaNacs, Koau BifbyBaBcA BiAPUB AUCKY Bif NOBepxXHi piagnHW. Ona LbOro BiApi3oK Baxens
LOBXMHO Ly 36inbluyBaBcA A0 MOMEHTY BiapuBy. MeToto focnifiB 6yn10 BU3HAUYEHHA 3a1eXHOCTi cuam Biapuey Big, 1) naow,i
NnoBepxHi TOHKMUX AWCKIB, W0 BUIOTOBAEHI 3 Pi3HMX MaTepianiB Ta TOPKAOTbCA NOBEPXHI PiaAnHK, 2) iX nepumeTpy, 3) HasaBHOCTI
OTBOpIB B AMCKax. Pe3ynbTaTn gocniais HaBegeHi B Tabn. 1, rpadikax 3anekHocTel Ha puc. 3-6.
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Puc. 2. ®oT0 ycTaHOBKM 3 BaXkenem Ta ANCKOM

Tabnuusa 1
Pe3ynbTaTy BUMipIOBaHHA CUAU BiapUBY F. AUCKIB 3 NnONiMepHOI NNiBKK Big NoBepxHi Boan
Mg, [OiameTp Mnowa MNepumetp Ly, Ly L/ Ly F,
r ANCKa, MM AWCKa, MMm?2 AUCKa, MM MM MM mH
0,071 15 176,7 47,1 174 149 1,17 5,68
0,137 20 314,16 62,8 185 138 1,34 11,41
0,26 30 706,86 94,3 201 122 1,65 21,75
0,458 40 1256,64 125,7 225 98 2,30 44,11
0,71 50 1963,5 157,1 241 82 2,94 65,75
1,002 60 2827,4 188,5 260 63 4,13 107,43
1,384 70 3848,45 219,9 273 50 5,46 153,67
1,091* 60 2827,4 188,5 259 64 4,05 103,55

*- nonimepHa nniBKa, NokpuTa 3Hn3y Al nniskoto

AK BMAHO 3 puc. 3 niHiMHOI 3anexHocti F =01 He icHye (| B maHomy Bunagky — nepumetp). TobTo, cuna
NoBEepPXHEBOro HaTAry Mg Yyac niakomy AMCKa He Npautoe, “BukaodeHa”. Fpadik Ha puc. 4 niHiHWIK, TOBTO cMna BIAPUBY AMCKA
Big, pPiAMHM NPAMO NPONOPLIMHO 3a1eXUTb BiA, NAOLL AUCKY. Lle A0BOAMTb, WO CMAa BiapuBy BU3HAYAETLCA 06'EMHUMKN CUNaMmK
B3AEMOZIT MONEKY PiAVHM 3i BCiMA MOJIEKY1aMKM TBEPAOTO Tifla, @ He TiZIbKM B340BXK NiHii pO3MerKyBaHHA. 3 PiBHAHHA NiHii Ha
puc. 4 BU3HAYeHO, WO KoedilieHT NponopuiiHocTi B piBHAHHI (5) £ =40 H /M2, Lo y3roaxyeTbea 3 pesyabTaTamu JOCNi4iB
B =45H /Mm% HaBepeHux B poboTi (IronkuH, 2007).
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I
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Puc. 4. Tpadik 3anekHocTi cunm Bigpusy FH BiA, NNOWi KOHTaKTHOT nosepxHi aucky S = 7d 2 /4
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Kpim napu Boga — nonimepHa nniBka, KoedilieHT [ moxe OyTu BU3HAYeHWI i AnA iHWKX maTepianis. Tak, AKLWO
MOBEPXHIO NOIMEPHOTo ANCKY MOKPUTU 3HM3Y Al pONbroto Ta MPOBECTM Ti 3K AOC/IAN, TOA] OTPUMYEMO KoedilieHT S =40 H / m?
(ams. Tabn. 1). Ana napu Boga—ckao S = 38 H/m?, napu ctanb—Boga S = 42 H/m?, ana napu Boga—natyHs [ = 16 H/m?
(IronkuH, 2007). 3 LbOro MoXHa 3pobUTH BUCHOBOK, WO KoedilieHTM [ Ana maTepianis, AKi 4o6pe 3MOUyIOTbCA, NPAMYIOTH 40
rPaHUYHOrO 3HaYeHHA [ = 40 H / M2, AKWIA BU3HAYaAETbCA MILLHICTIO 38’A3KiB MOJIEKYA PiAMHM MiX coboto.

LLlo6 posecTu, Wo 3HaYeHHA KoedillieHTa [ € KOHCTaHTO i BU3HA4Ya€eTbCA He B3aeMofi€lo Gpa3 — TBepAOro Tina i
PiAVHM, — @ MILHICTIO 3B’A3KiB MONEKYN PiANHM MiXK cOBOI0, B AMCKAX OMPOKONOM pobuamcs oaHakosi oTBopu & 6 mm (ams.
puc. 2 6). Ana cumeTpii oTBOpM NpobrBanm napamm 3 pisHMX BOKiB reomeTpuyHOI oci gucka. Naowa ancka giametpom & 60 mm
npu LbOMY 3MeHLUYyBanacsa, a AOBXMHA rpaHuLi po3MeXKyBaHHA (nepumeTp B3aemogail) — 36inbwysanaca. Mpu npobutri 20
OTBOPIB B AUCKY MOro naola 3meHwunaca Ha 20%, a nepumeTp 3 Pp 3a paxyHOK OTBOPIB 3pic i cTaB piBHUM 3 Po. MpoTe cnna
BiZPMBY Bifg, BOAM cyuinbHoro ancky Fy = 96 mH i nepdoposaHoro He smiHunaca. Lie cBigunTb Npo Te, WO BiANOBIAALHUMM 33
34enJIeHHA € BCi MOJIEKY/IM BOAM, AKi 3HAXOAATLCA Mg AMCKOM. Came BOHM LWAAXOM Mepepo3noAiny cua 34ensieHHs B NpocTopi
36epiraloTb Mali»Ke HeE3MIHHOIO BEIMYMHY CUW BiAPUBY AMCKY Bid PianHN.

MOACHATY BUABNEHWUIA 3B'A30K CUAM BiAPUBY Ta FEOMETPUYHUX XaPAKTEPUCTUK AMCKY: NEPUMETPY i NOLL — MOXKHA
NnapHOO MNOTEHLiNHOW QYHKLIEID B3aEMOAiT MONEKYA, WO ONUCYETLCA, NOTeHLianom JleHHapaa-AoHca. Lia cunosa B3aemogija
iCHYe onAa byab-aknx monekyn. MoTeHuitHa GyHKLia nogibHa gna BCix 04HAKOBMX Nap Mosieky, ae 6 BoHU He 3Haxoauaunca. Ana
PO3pPaxyHKy CMIM B3AaEMOAIT NOBEPXOHb PiAKMX | TBEPAMX Til AOCUTb BU3HAYEHHA BEIMYUHU CUN MIXKMONEKYNAPHOI B3aEMoAii
MiXK yCima MmoneKynamm pignHn y BCbomy 06’emi pifMHK, @ He TiIbKM Ha rpaHuLi TBEPAOTO TiNa 3 Bi/IbHOKO MOBEPXHED PIANHM.

[onoBHUTM Lieit BUCHOBOK MOKHa BUKOHABLUM JOC/IAM 3 Kpanieto BOAM, WO BUCUTb Ha CTei, e BOHA YTPUMYETbCA He
NOBEPXHEBMMW CUIAMM BUKPUBAEHOI NiHiT pO3MeXKyBaHHA PigMHKM 3 NOBITPAM, a aAresiiHOK CMI0K HA BCil NOL KOHTaKTy
PiAVHM 3 TBEPAUM TiIOM B NOEAHAHHI 3 06'EMHUM PO3TAryBaHHAM yCiel macu Kpani (puc. 5).

Puc. 5. ®opma Bucavoi Kpanai nepeg nagiHHAM (AiameTp ocHOBU 8 Mm)

dopma noBepxHi Kpanni € HacNiAKOM MNepepo3nogiNy BHYTPIWHIX HanpyXeHb NMOYMHAIOHYM Bif, MeXKi PisHOPIAHMX
cepenosuLL. lMpn LbOMY CUIOKO MOBEPXHEBOrO HATArY, AKa AI€ Y TOPU30HTA/IbHOMY HaNPAMKY Ha NiHii JOTUKY [0 YTPUMYHUOI
Kpanto NoBepxHi, HEMOX/IMBO MNOACHUTU, XTO YTPUMYE KPan/to Big NagiHHA? TOMy y CTYAEHTA BUHWKAE NUTAHHA: UM € B3arani
CMN1a NMoBepxHeBOro HaTAry? [osecTu 1i iCHyBaHHA MOMKHA BMKOHABLUWM iHWWI gocnig. MNepekoHAMBMM eKCnepuMEHTAIbHUM
[0Ka30M TaHreHLiaNbHOI NPUPOaM LLET CUAN € Te, LU0 NMOKA3aHO Ha puc. 6: Ha NOBEPXHIO MUJIbHOI NNIBKW HaK/lageHa netns 3
HUTKM J0BINIbHOI popmK. BOHa 3 YacOM He 3MiHIOETbCA.

Puc. 6. EKcnepumeHTanbHe NiATBEpAKEHHA TaHreHLiaAbHOT OpiEHTaLii CMIM NOBEPXHEBOrO HATATY

AKLLO AOTOPKHYTMUCA NanbLiem A0 NOBepxHi 06BeAeHOI HUTKKM, ToAi BiApasy K NeTna npuimae okpyrny dopmy, Aka
BMHMWKAE B pe3ynbTaTi A4ji TaHreHLiaAbHOi CUAN NOBEPXHEBOTO HATATY, LLO A€ MO AOTUYHIMA A0 NOBEPXHI BOAM Ha KOXKHY TOYKY
HUTKK. KOXKeH enemeHTapHUn LUMATOK HUTKM BiAYYBaE Ait0 CUAN AK 3 BHYTPILUHBOrO 6OKY HUTKM TaK i 3 30BHILLHbOrO, ase ryctMHa
MoBITPA 3HAYHO MEHLLE I'YCTUHW BOAM, TOMY i KiNIbKiCTb B3aEMOA[HOUMX HA MeXKi MONeKRy pi3Ha. el gocnia nigkpecntoe Tol dakKr,
LLLO NOBEPXHEBWIM HATAT 3a71EKMUTb Bif, ABOX PiAWH, LLO KOHTAKTYHOTb.
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OTKe, posib 06'EMHMX | NOBEPXHEBUX CUA MPWU B3AEMOAIT PiAVHM 3 TBEPAUM TIIOM CTYAEHT MOMXKe 3'AcyBaTu BAOM3,
NPOBIBLUM CEpito NePEKOHIUBUX JOCAIAIB: 3 BUMIPIOBAHHSA BE/IMYMHM CUM BiAPUBY NOBEPXHI NJIOCKOrO Tina Big pignHu, BUCAYMMH
KpaniamMu Ta 3 HATKOI Y BUFAAA] NeT/i NOKAaAEHOI Ha MAiBKY MUAbHOT Boau. MpocToTa NoCTaHOBKM A0CAIAiB, AOCTYNHICTb
maTepianis fO3BONAE CTyAEHTaM AOCNIAXKYBaTU ABULLA HA MeXi ABOX CepefoBUL, He TibKM B S1abOpaTopHUX ymoBax, a w
AUCTaHUiNHO.

BUCHOBKU TA NEPCNEKTUBU NOAANbLUOIO AOCNIAXEHHA

Ha npuknaai cepii gocnigis po3rnaga€erbCa ABULLE MOBEPXHEBOro HaTAry, NpMpoaa AKOro MOACHIOETLCA CUIaMMU
MiXXMOJIEKYNIAPHOIO 34eneHHs. B poboTi goseaeHo:

1) cuna BigpuBy AMCKa Big NoBepxHi BoAM HenponopLiiHa nepumeTpy aucka. Lie AoBoanTb Tol ¢aKT, Wwo noBepxHeBUi
HaTAr PiaAMHM AK 0c06MBA peasibHO Ajtoya TaHreHuianbHa cuna cebe y Lbomy A0CAigi He NPOABASAE;

2) cuna BiAPVBY AWCKA Bif PigMHU NPAMO NPOMNOPLMHO 3aneXunTb Big naowi aucky: Foc fS;

3) rpaHMYHe 3Ha4YeHHA MILLHOCTi 38’A3KIB MOJIEKYA PiAMHU Mix coboto AopiBHIOE S = 40H / m%;

4) HE3MIHHICTb BE/IMYMHUN CUAN BIAPMBY TOTO X CAMOT0 AMCKa Npu 36iNbLIEHHI KiNIbKOCTi BUKOHAHMX B HbOMY OTBOPIB i
3a/1€}KHICTb CUAM BIAPUBY TiNIbKK Bi, NNOLLi NOBEPXHI LLiIbHOrO AMCKA A0BOAMUTL TOM BaKT, WO B yTPMMaHHi AncKa 6epyTb y4acTb
BCi MOZIEKYU, L0 3HAXOAATLCA B KOHTAKTHOMY LUAPi AMCKA i pianHW.

Y nepcnekTusi byae po3pobneHa camoxigHa cucTema, ika BUKOPUCTOBYHOUM CU/IM NOBEPXHEBOTO HaTAry, Byae pyxatucs
NPOTU CUAN TAXKIHHA. Lle AacTb MOXAMBICTb CTYAEHTAaM eKCNepUMEHTANbHO NOPIBHATK Ui CUKN, @ CaMy CUCTEMY BUKOPUCTATK ANA
BM3HaYeHHA B'A3KOCTI NOBITPSA, AOBXMHW BiZIbHOrO NPOBIry Mosiekyn Ta o0bumcamTn ix aiamerp.
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AHOTALIA

ABSTRACT

A,

u. B ymosax oHnaliH/3mMiwiaH020 HABYAHHA
aKmMyasnbHicMb 00CAIOHEHHA U000 BUKOPUCMAHHA Yugposux mexHosoeill
AK 3acoby adanmueHo20 Has4yaHHA 3006ysavie euwoi oceimu
iHpopmamuyi ma mamemamuyi Hesanepe4Ha. Peanizayis 3acad
ao0anmueHo20 HABYAHHA 3a OOMOMO20I0 Yugposux mexHosnoeili Hadae
3Ha4Hi Moxcausocmi 0na iHOusidyanizayii U dugepeHyiayii oceimHbo20
npoyecy 8i0noesioHo 0o KoeHimusHuUx ocobausocmeli ma oceimHix nompeb
KOMHO20 8UMYCKHUKQ.

Mamepianu i memodu. [locnioxieHHA onupaemMsca Ha npayi eimyus-
HAHUX | 3apybBiXcHUX HaYKOB8Yi8. BuKopucmaHi meopemuyHi ma npakmuyHi
mMemoou. 3a dornomozoro memodie cucCmeMHO20 aHAI3y i meopemu4Ho20
y3a2as1b6HEHHA nposedeHO 00CniOHeHHA 8Mpo8adHeHHA cucmemu adan-
MUBHO20 HABYAHHA 8 YMOBAX OUCMAHYIlIHO20 HABYAHHA Y BiHHUYbKOMY
OdepicasHomy nedazoziyHomMy yHieepcumemi imeHi M. KoyrobuHceKoeo.

Pesyabmamu. O6rpyHmMo8aHoO, W0 3 PO3BUMKOM €/eKMPOHHO20
HABYAHHA CMAN0 MOXAUBUM eheKmusHe 3abe3neyeHHA adanmueHocmi
npoyecy HasyaHHA 3006ysavie euwoi oceimu iHpopmamuyi ma
mamemamuyi. Adanmayis  nepedbayae  aHani3  iHOUBIOYANbHUX
ocobausocmeli i noyamkosozo pigHA nidzomosku 3006ysayie oceimu,
8MposadHeHHA NPoyecy iHMepaKmueHo20 HABYAHHS, OUiHKY Kpumepiie
ycniwHocmi 0na nepexody Ha HacmynHull pigeHb HABYAHHA MOWO.
PosenaHymo  MemooOuy4Hi  acnekmu — adanMueHO20  HABYGHHA 6
iHopmauyiliHili Has4aneHili cucmemi 3aknady suwioi oceimu.

BucHoeKku. Cucmema ad0anmueHo20 HABYAHHA MaMemMamuKku ma
iHpopmamuku 3a6e3nedye onmumasnbHy adanmayito 0c8imHs020 npoyecy
0o iHOueidyanbHux ocobaugocmeli i nepcoHanbHUX yrnodobaHe cmydeHma,

ry
Popmy P

cnpuse  akmusi3ayii  ixHbOi  ni3HaganbHOI  diAnbHOCMI,  nidsuwWye
mMomueayito 00 HaB4YAHHSA, HAOA€E Moxcausicmb 30ilicHlO8amMu MoHIMopuHa
HaeYyaHHA | U020 Kopuesysamu 018 OOCA2HEHHA  3aNAAHOBAHUX

iHOuBidyaneHux pe3ynbmamie. AOANMUBHA cucmemMa HABYAHHA MAE
nomeHruyian 0na 3a6e3neyeHHA NOBHO20 3GaAy4eHHA cmydeHmis y npoyec
nobydosu enacHoi iHOUBidyasnbHOi 0ceimHb0i mpaekmopii, po3sumxy
ixHbOI aKMueHoCcMI, yOocKoHaneHHs iHOusidyanizauyii oceimHbo20 npoyecy
moujo.

Formulation of the problem. In the context of online / blended learning,
the relevance of research on the use of digital technologies as a means of
adaptive learning for higher education in computer science and
mathematics is undeniable. Implementation of the principles of adaptive
learning with the help of digital technologies provides significant
opportunities for individualization and differentiation of the educational
process in accordance with the cognitive characteristics and educational
needs of each graduate.

Materials and Methods. The study is based on the work of domestic and
foreign scientists. Theoretical and practical methods are used. Using the
methods of system analysis and theoretical generalization a study of the
implementation of adaptive learning in distance learning at Vinnytsia
Mykhailo Kotsiubynskyi State Pedagogical University.

Results. It is substantiated that with the development of e-learning it
became possible to effectively ensure the adaptability of the learning
process of higher education in computer science and mathematics.
Adaptation involves the analysis of individual characteristics and the initial
level of training of students, the implementation of the process of
interactive learning, evaluation of success criteria for the transition to the
next level of education and more. Methodical aspects of adaptive learning
in the information educational system of a higher education institution are
considered.

Conclusions. The system of adaptive teaching of mathematics and
computer science provides the optimal adaptation of the educational
process to individual characteristics and personal preferences of students,
promotes their cognitive activity, increases motivation to learn, provides
monitoring of learning, and adjusts it to achieve planned individual results.
The adaptive learning system has the potential to ensure the full
involvement of students in the process of building their individual
educational trajectory, development of their activity, improving the
individualization of the educational process, and more.

Kosovets O., Soia O., Krupskyi Ya., Tyutyun L.. Digital technologies as a means of adaptive learning for higher education informatics and mathematics. ®i3uko-
MamemamuyHa ocgima, 2022. Tom 33. Ne 1. C. 14-19. DOI: 10.31110/2413-1571-2022-033-1-002

ANA uUTYyBaHHA:

Kosovets, 0., Soia, O., Krupskyi, Ya., & Tyutyun, L. (2022). Digital technologies as a means of adaptive learning for higher education informatics and mathematics.

dizuko-mamemamuyHa ocsima, 33(1), 14-19. https://doi.org/10.31110/2413-1571-2022-033-1-002

Kosovets, 0., Soia, 0., Krupskyi, Ya., & Tyutyun, L. (2022). Digital technologies as a means of adaptive learning for higher education informatics and mathematics.
Physical and Mathematical Education, 33(1), 14-19. https://doi.org/10.31110/2413-1571-2022-033-1-002

For citation:

Kosovets, O., Soia, O., Krupskyi, Ya., & Tyutyun, L. (2022). Digital technologies as a means of adaptive learning for higher education informatics and mathematics.

Fizyko-matematychna osvita — Physical and Mathematical Education, 33(1), 14-19. https://doi.org/10.31110/2413-1571-2022-033-1-002

B Corresponding author

14

© 0. Kosovets, O. Soia, Ya. Krupskyi, L. Tyutyun, 2022


https://doi.org/10.31110/2413-1571
https://fmo-journal.org/
mailto:kosovets.op@vspu.edu.ua
https://orcid.org/0000-0001-8577-3042
mailto:soіa.om@vspu.edu.ua
https://orcid.org/0000-0002-0937-299X
mailto:krupskyi.ya@vspu.edu.ua
https://orcid.org/0000-0001-6324-2697
mailto:tiutiun.la@vspu.edu.ua
https://orcid.org/0000-0001-9466-8746
mailto:kosovets.op@vspu.edu.ua
https://orcid.org/0000-0001-8577-3042
mailto:soіa.om@vspu.edu.ua
https://orcid.org/0000-0002-0937-299X
mailto:krupskyi.ya@vspu.edu.ua
https://orcid.org/0000-0001-6324-2697
mailto:tiutiun.la@vspu.edu.ua
https://orcid.org/0000-0001-9466-8746

®i3uko-matemartumuHa ocsita / Phisical and Mathematical Education Tom 33, Ne 1 / Vol. 33, Ne 1 (2022)

K/IHOYO0BI C/IOBA: adanmueHe HABYAHHSA; Yugpposi mexHosoeii; oceimHili KEYWORDS: adaptive learning; digital technologies; educational process;
npoyec; 3006ysa4 8UWOI 0OC8IMU; HABYAHHA ~Mamemamuyi ma higher education seeker; teaching mathematics and computer science.
iHpopmamuuyi.

INTRODUCTION

Formulation of the problem. The introduction of online/blended learning and the widespread use of e-learning
technologies encourage higher education institutions to move to a new quality level of educational services. The introduction of
innovative technologies and distance learning in higher education is one of the operational goals, the objectives of which are “to
create an industry of innovative technologies and teaching aids that meet the world scientific and technical level; digitalization
of all processes in the higher education system; standardization of distance learning as a form of higher education "(Strategy for
the development of higher education in Ukraine for 2021-2031, 2020). Due to quarantine restrictions, the main priorities, which
include the organization of the educational process regardless of the time and location of its participants, providing interactive
work of students with educational content, adapting the learning process to individual characteristics, needs and characteristics
of students, use of e-learning tools and services of wide practical significance. There are changes in teaching methods and
technologies, in particular regarding the role and place of teachers (Tiutiun & Soia, 2018). From traditional teaching, broadcasting,
transfer, and control of knowledge, the functions of research and teaching staff are transformed and focused on the creation and
functioning of the educational environment and its management with the widespread use of digital technologies in full-time,
part-time, dual, and mixed forms of learning and active student participation. ; self-education, internships, advanced training,
participation in grant programs and other projects, etc.

Thus, new requirements are set for educational institutions that must prepare responsible individuals for adult life who
can adapt to modern society. Hence one of the main goals — is to create conditions for each graduate to receive the level of
education that corresponds to his abilities, interests, and capabilities. According to the principles of adaptive learning, teachers
should focus their efforts on providing students with individualization of the pace of study, differentiated complication of
educational material, and development of individual tasks taking into account the interests of students and by the profile of the
educational institution. To implement adaptive learning, it is necessary to take into account the individual characteristics of
students in the organization of their educational activities, which will allow students to build their educational trajectory, taking
into account individual pace of learning, depth of learning, and educational needs. The effectiveness of such training will increase
significantly with the use of digital and information and communication technologies, which will provide significant opportunities
for expanding the individualization and differentiation of the educational process by the cognitive characteristics of students.

An analysis of recent research. A significant number of scientific works of philosophers are devoted to the problems of
adaptation in education, including vocational education (V. Andrushchenko, H. Vasianovych, I. Ziaziun, V. Kremen), teachers
(V. Bondar, S.Honcharenko, R.Hurevych, A.Dontsov, N.Kuzmina, V. Krutetskyi, O. Liashenko, L. Mitina, T. Opaliuk) and
psychologists (L. Vyhotskyi, H. Kostiuk, S. Maksymenko, S. Rubinshtein) (Opaliuk, 2015).

In the article scientists (Mubaraka & Hamada, 2016) propose a new adaptive learning framework that classifies learners
based on individual preferences in terms of understanding and processing information.

The authors of the article (Zweig & Chechik, 2017) claim that the exchange of information between several training
agents can speed up learning. It could be particularly useful if learners operate in continuously changing environments because
a learner could benefit from previous experience of another learner to adapt to their new environment. Such group-adaptive
learning has numerous applications, from predicting financial time-series, through content recommendation systems, to visual
understanding for adaptive autonomous agents.

The monograph (Bondar et al., 2018) highlights the theoretical and practical issues of content and methods of teacher
training for the implementation of adaptive learning of students of general secondary education from the standpoint of the
modern professional and personal paradigm of competitiveness.

The reports of the participants of the Sixth All-Ukrainian Scientific Forum with International Participation "Adaptive
Processes in Education" (Yelnykova & Rostoka, 2021) highlighted current issues of the formation and development of adaptive
processes in the national education system of Ukraine and revealed the methodological aspect of adaptive processes in
education; adaptive technologies in the preparation of masters in the management of educational institutions; information
analytics as a tool for regulating adaptive processes in education and the organization of scientific research; intensification of
adaptive processes in the training of highly qualified specialists; adaptive management in education; adaptive education in
preschool and general secondary education institutions; adaptive processes in the educational activities of domestic and foreign
higher education institutions, appropriate decisions have been made.

The authors (Joo et al., 2021) study the types of visual presentations and tips; offer learning strategies for multi-
representative adaptive learning; argue that visually adaptive learning should include individualized self-explanations; show that
streamlining visual presentations by increasing their accuracy in learning materials and offering vanishing support for tips adapted
to learning progress are two effective and additional ways to provide individual learning.

The author of the article (Kosovets, 2020) notes that the adopted curriculum of the discipline and the adapted content
of education not only provide for the availability of educational topics and text presented in different forms but also offers other
options that can help a particular student.

The analysis of the works shows that the main requirements for the implementation of the principle of adaptation are
the flexibility of the educational process in educational institutions and the focus on students taking into account their
educational characteristics.

The goal of the article. To substantiate expediency and methodical bases of the complex introduction of adaptive
training of applicants of higher education to informatics and mathematics on use of digital technologies, to describe features of
realization of the system of adaptive training in Vinnytsia Mykhailo Kotsiubynskyi State Pedagogical University.
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RESEARCH METHODS

Our research is based on the work of domestic and foreign scholars, educators, and specialists who study the theoretical
and methodological foundations of fundamental and modern provisions of pedagogical theory to implement the principles of
adaptive learning in higher education, problems, and prospects of digital technology in education. the process of innovative
learning tools and technologies in the system of adaptive learning. To achieve the goal of the research, theoretical methods
(analysis of scientific and methodological sources, synthesis, comparison) and practical methods (observations, surveys, testing,
etc.) were used. The method of logical generalization was used for theoretical substantiation of the significance of the tasks and
clarification of key research concepts. Using the methods of system analysis and theoretical generalization a study of the
implementation of adaptive learning in distance learning at Vinnytsia Mykhailo Kotsiubynskyi State Pedagogical University.

RESEARCH RESULT AND DISCUSSION

With the development of e-learning, it has become possible to effectively ensure the adaptability of the learning process
of higher education in informatics and mathematics: a wide range of digital technologies opens new learning opportunities,
monitoring the pace of educational activities and learning levels of each student. Verification of results provides an opportunity
for the teacher to analyze the situation, if necessary, change the criteria, methods, technologies, and algorithms of teaching.
Today, adaptive learning is a modern automated version of personalized learning. In particular, the adaptation involves the
analysis of individual characteristics and the initial level of training of students, the process of interactive learning, evaluation of
success criteria for the transition to the next level of education. This is a system of adaptive learning aimed at improving the
quality of students' learning. It consists of adaptive planning, adaptive testing, and/or adaptive presentation of educational
content, in particular with the use of digital technologies.

Information learning systems are elements of adaptation and modeling of student activities, as adaptive learning
systems must build the educational strategy of the learner about personalization. Usually, personalization involves adaptive
interaction, adaptive access to the course, adaptive content of educational material, adaptive support for cooperation. The
origins of adaptation technologies used in adaptive learning systems come from the field of information learning systems
(adaptive planning, data mining, support for interactive tasks, support for ready-made tasks, and support collaboration) or from
the field of adaptive hypermedia systems that correspond to three criteria: the hypermedia system must be hypertext or
hypermedia, have a user model and adapt its hypermedia space using this model.

In the scientific and pedagogical literature (Rohrkemper & Corno 1988) the concept of "adaptive learning" is formulated
as a set of forms, methods, tools, technologies, and approaches to learning, which provides an alternative and flexible concept
that expands students' self-control and allows them to actively respond to educational material with the possibility of its further
adaptation in the learning process.

The main didactic principles of adaptive learning in the modern information system are the principles of activity —
nimplies that the activities of students based on adaptive technology should promote the development of not only the ability to
solve problems according to a given algorithm, but also build algorithms for creative tasks; independence — is expressed in the
fact that students develop the ability to navigate independently in new sections and topics, to think independently and find
algorithms for new tasks; individuality — provides individualized ways of interaction between student and teacher, which
contributes to the formation of students with a high level of intellectual development; systematicity and consistency — involves
the logical, consistent formation of general and professional competencies in each topic, and the logical connection between
different topics.

The principle of adaptability of education in computer science and mathematics is aimed at building individual
educational programs, aimed at psychological correction of the stereotype of the individual, his thinking, and implementation
mechanisms (Pryima, 2012).

Information training system for adaptive teaching of computer science and mathematics should: provide conditions for
achieving educational goals; combine different types of presentation of educational materials, taking into account the individual
characteristics of students in terms of perception of the material (visual, audio, or kinesthetic); be adapted to different forms and
methods of teaching (Ohneviuk, 2004).

The inclusion of information systems in adaptive learning is based on the following models: the information-educational
model is aimed at acquiring new knowledge, formation of skills, application of innovative pedagogical technologies, self-
knowledge; control-corrective and diagnostic model involves the use of knowledge control tools, expert training systems, dialogic
solution of practical problems; the research model is related to the formation of research abilities of students and is aimed at
gaining research experience; the communicative model is aimed at regulating the choice of modes of communication and
interaction (Pryima, 2012).

These models are interconnected and meet the requirements of adaptive learning.

When organizing the educational process based on an individual-oriented approach, it is recommended to use a set of
adaptation criteria that complement each other and/or take into account different aspects of learning, namely: individual
characteristics of different categories of students; different levels of their education; multilevel training of pedagogical and
scientific-pedagogical workers; the possibility of creativity by all participants in the educational process; regional features of
learning conditions; career guidance; features of the labor market, especially in specialized training in computer science and
mathematics; flexibility of the system, which allows you to use a nonlinear method of obtaining the final result.

Scientists (Osadcha et al., 2021) specify the purpose of adaptive systems of individualization and personalization of
professional training of future professionals in blended learning in the following tasks: 1) to implement technologies of adaptive
learning in higher education: adaptation of teaching materials, adaptation control ), adaptation of devices, adaptation of face-to-
face classes; 2) to introduce an individual approach to the process of professional training in the system of distance and full-time
learning through the study of individual qualities of students, support and support of individual educational program,
individualization of the learning process, development of individual characteristics of students and formation of new
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characteristics; 3) to organize a personal educational environment for professional training of future specialists, including
electronic; 4) to implement the systematic use of modern information and communication technologies and modern technical
means of education to ensure the training of future professionals in a blended learning environment; 5) monitor the formation
of professional competence of future professionals in the adaptive system of higher education institutions.

The Vinnytsia Mykhailo Kotsiubynskyi State Pedagogical University has implemented a learning management system
LMS "Collaborator" (hereinafter Collaborator) for the organization of distance learning of students. Collaborator corresponds to
the described models of inclusion of information systems in adaptive learning and fully allows to implement of the tasks of
adaptive systems. This is an internal university system of adaptive learning, which is accessed through pre-registration through
the system administrator.

After successful registration, teachers can work in two modes: "Tutor" and "User". In the "Tutor" mode, the teacher
has the opportunity to add adapted teaching material of relevant disciplines, which corresponds to individual educational
characteristics and to control the knowledge of students. In the "User" mode, the teacher looks at the form in which the student
will receive the sent study material.

To create the information-learning model of adaptive learning in Collaborator, the teacher places learning materials in
the "Tutor" mode using the command of the main menu of Resource Management in the Resources section.

This section displays downloaded files of lectures, practical and laboratory work in pdf, docx, pptx, etc. (Figure 1).

Added teaching materials should be divided into separate Topics, such as lectures, laboratory tests, etc. This can also
be done with the Resource Management command of the main menu of the system. For ease of searching for topics and
resources, you should set a label, such as a specialty code or group number, that allows you to quickly search and sort by the
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Figure 1. Adding training materials to the Collaborator

We recommend combining the grouped topics from the respective discipline into the Curriculum — this is the
Collaborator section, in which the teacher places the work program of the discipline and combines all created topics with teaching
materials, which ultimately give the full scope of the discipline. The teacher in the settings for individual topics can specify the
date when to start training and sets the mode of access to educational materials of the discipline (go to the next topics when
passed the previous task or completed the previous task, or completed all previous tasks) (Figure 2).

The next step in providing a control-corrective and diagnostic model of adaptive learning is the Task Management
section. The developers of Collaborator stipulate that the teacher creates and sends tasks to the selected group of students for
execution. To do this, you need to create Tasks based on added resources in the main menu of Task Management (pre-upload a
file with a description of laboratory work in pdf format to the resources). The created task is displayed in the general list with
parameters of editing, deletion. Also, use the Assign command button.
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Figure 2. Creating a section of the Curriculum Collaborator

In the assighment window, you need to specify groups of students by department or label, select individual students to
whom to send tasks to be performed using the Assign Tasks command. Students can be sent laboratory and practical
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assignments, tests, etc. In response, the student sends a comment explanation or attaches a file with the completed task for
assessment.

To implement the communicative model of adaptive learning, Collaborator has modern forms of communication and
interaction between participants in the educational process at the Forum and in Chats. Chats can be group or personal. In the
process of analyzing the submitted works of the student, the teacher has the opportunity to write questions, recommendations
for feedback.

After the evaluation of the works, the Training Reports and System Reports are formed. In the study reports, the
teacher receives a graphical and percentage report on the development of theoretical teaching material in the discipline, a report
on laboratory (practical) group work, a test report, a report on individual student achievement (student learning history), and a
consolidated report. Different forms of reports allow to fully assess the student's performance and monitor the formation of
professional competence of future professionals in the adaptive system of higher education (Figure 3).
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Figure 3. Collaborator Workshop Report

Let's compare Collaborator with the popular educational platform Moodle. Educational platforms Moodle and
Collaborator provide an opportunity for teachers to create authors’ distance learning courses in the curriculum of the discipline.
Students receive many opportunities for remote access to educational materials, download files with completed tasks, tools for
testing and communication, tools for group work (forums, chats, webinars, seminars, etc.), viewing the results of the training
course, test results, etc. Students have access to a distance course on the Moodle and Collaborator platforms upon registration.

Adaptive learning technologies in Moodle are implemented by additional plug-ins that allow you to apply adaptive
behavior to the learning trajectory of an individual student: adaptive Quiz, adaptive adapted for code runner, adaptive mode
(multi-part questions), domoscio, and others.

In the absence of skills on the Moodle platform, the teacher has problems with content formats for creating and placing
educational materials for the lesson. It is not always clear which element of the educational platform is best used to create a task.
Designing one module of a distance course requires a lot of time, special knowledge, and skills to work with the platform.

Unlike Moodle Collaborator, it has an easy-to-use interface with intuitive menus and commands. You can master the
basic principles of work in the educational system with the help of educational videos with short explanations, which are aimed
at ordinary users of modern digital technologies and do not require special technical knowledge.

Disadvantages of Collaborator include the lack of grouping of student assignments by discipline, creating assignments
and sending them to students is not convenient.

The lecturer of Vinnytsia Mykhailo Kotsiubynskyi State Pedagogical University using digital technologies to create
conditions for adaptive learning through Collaborator provides the implementation of the above tasks of adaptive systems with
the following tools: available in the system section Resources allows sections of the Program and Topics give the chance to
organize an individual educational trajectory of the student; sections Tasks and Tests are designed to send tasks to selected
groups of students, taking into account their individual qualities and special educational needs and the creation of test control of
varying complexity; to monitor the formation of professional competencies of higher education students will help reports on the
implementation of educational programs, reports on the implementation of laboratory and practical work, test reports, individual
reports of individual student learning.

Given the capabilities of the described tools, Collaborator fully ensures the implementation of the main functions of
the adaptive approach to learning: motivational function based on restructuring stereotypes of personality, understanding the
active role of teachers in choosing strategies and methods of work; organizational and target, which is expressed in the
approximation of the goals of those who participate in the educational process, taking into account the individual characteristics
of students; content-design, which involves the selection of educational information, variability of curricula and programs,
construction of new educational models; technological and managerial, which involves modeling, use of multilevel and
differentiated learning, which includes a choice of forms and methods of teaching and changing socio-educational orientations.

CONCLUSIONS AND PROSPECTS FOR FURTHER RESEARCH

The main purpose of implementing an adaptive education system in higher education is to use a flexible educational
environment that provides teachers and students with different individual characteristics and personal preferences, modern
digital tools to improve training. An important aspect of such a system of education is the focus of students on self-awareness,
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analysis, and understanding, and not just on listening to and replicating educational material in the process of their professional
training in higher education institutions. Under the conditions of work in the system of adaptive learning, each student can study
independently at a pace that corresponds to his psychological characteristics in solving educational problems, turning to the
teacher if necessary for advice or assistance. Compared to other educational platforms, such as Moodle, LMS Collaborator has a
simple and clear interface that does not require special knowledge and skills. It is worth noting that the Collaborator has certain
shortcomings in the organization of learning tasks that students receive. Despite the shortcomings, the Collaborator educational
platform is easy to use and fully meets the needs of the organization and implementation of adaptive learning. Thus, the system
of adaptive learning provides the optimal adaptation of the educational process in higher education institutions to individual
characteristics and personal preferences of students, promotes their cognitive activity, increases motivation to learn, and
provides the opportunity to monitor learning and adjust the learning content to achieve planned individual results. The adaptive
learning system has the potential to fully involve all students in the process of building their individual educational environment,
developing their activities, improving the individualization of the educational process in one lesson, one educational program,
and the entire higher education institution.
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ABSTRACT

®PopmynroeaHHa npobaemu. Ha Kopucme imMnaemeHmauii Kypcy
«Aneebpa | meopis yucen» 8 cucmemy npogeciliHoi nidzomoeKu
MalibymHix yyumenie mMamemamuku ceio4ams HACMyrnHi apaymeHmu:
OdaHuli Kypc 3abe3nevyye HeobXiOHy meopemuyHy ma MpPAKMUYHY
nid20mosKy yyumens MamemamuKu ma Crpus€e PO3yMiHHIO HAYKOBUX
OCHO8 WKibHO20 KypCy MamemamuKu,; OKpemi MoHAmmas i memu Kypcy
aneebpu npedcmasseHi y npoepami 3 MamemamuKu 3aK1a0i8 3a2a1bHOi
cepedHboi oceimu (npocmi i cknadeHi yucna, OineHHA 3 ocmadero,
Halbinbwull cnineHuli 0inbHUK Ma HaliMeHwe crinbHe KPpamHe, 03HaKU
nodinbHOCMi, OCHOBHA MeopeMa apudMmemuKU, MHO204s1eHU ma Oii Had
HUMU), @ MakKox y npozpami O0nA Kaacie 3 no2aubneHum eusvyeHHAM
mamemamuku (M00inbHICMb Yinux Yuces, KoHepyeHyii 3a modysem,
dineHHA MHO204/€HI8 3 ocmaYero, KopeHi MHo2o4neHi8 i meopema be3y,
pauioHanbHi KopeHi MHo204s1eHie 8i0 00HIET 3MiHHOT mowo). Binbwicme i3
mem 0aHO20 KypCcy € OCHO80K Mpo2pam akynemamusie ma
mMamemMamuy4HuUx 2ypmekis; a 3adavi aneebpu i meopii yucesn wWupoko
BUKOPUCMOBYIOMbCA HA 04iMniadax i mypHipax pisHuUx pigHie. OKpim
moz2o, 3HOHHA Ma YMIHHA, AKi Habysarome cmydeHmu npu eus4eHHi
daHo20 Kypcy, opmyioms HeobxiOHy 6a3y 07 BUBYEHHA [HWUX
¢yHOaMeHManbHUX Ma MPUKAGOHUX MAmMemMamuyHux OucyunsaiH
(MamemamuyHo20 aHasnizy, OUCKPemMHOi MamemMamuKu, KOMMAEKCHO20
aHanizy, memodie 064UC/AEHb, YUCA0BUX CUCMEM), d MAKOM Kypcy
eseMeHmMapHoi MamemMamuKu ma MemoOuKU HABYAHHA MAMeMaMUKU.

M pi i du. OcHoeolo 00CniOHEeHHA CmManu HayKosi
3006ymKu 8iMYU3HAHUX | 30KOPOOHHUX Yy4eHux, AKi 3alimaromeca
8UBYEHHAM NUMAHbL Ni020Mos8KuU MalibymHix e4umenie MamemamuKku ma
iHpopmamuku. [nsa OdocazHeHHA memu 6yau 8UKOpUCMAHI mMemoou
meopemuy4Ho20  PiBHA  HAYKOB020  [Mi3HAHHA: QHAMI3  HAYKOBOI
nimepamypu, cuHmes, opmanizayia  HayKosux Oxcepes, Onuc,
3icmaeneHHs, y3a2aabHEHHA 81GCHO20 00C8i0y.

Pe3ynbmamu. ¥ cmammi 0emasbHO OMUCAHO 00C8i0 8UKAAOAHHA
Kypcy «Aneebpa i meopia yucen» Ha Kagedpi mamemamuku CyMcbKo2o
OdepycasHozo nedazoziyHoz2o yHigepcumemy imeHi A. C. MakapeHka,
no4uHaro4u 3 90-x pokie MuHysn020 cmoaimmsa i no menepiwHil Yac,
8uxo0aYu 3 moougikayili y 3mMicmosomy HAMOBHEHHI Kypcy, 3MiH y
KinnbKocmi 200UH, 8i08edeHUX HA ONaHyB8AHHA KypCy, HA nepeHeceHHi
OKpemux mem 00 3micmy iHWUX PyHOAMEHMAAbHUX OUCYUNIH.

BucHo8Ku. ba3ytoyuce Ha 81acHOMY 00C8i0i, BBaHAEMO, WO 8 yMOBAX
no0anbwio2o 3MeHWeHHs KinlbKocmi ayoumopHux 200UH ma eidcymHocmi
AepcasHozo cmaHOapmy oceimu, npobnemu, ujo BUHUKAOMb Y 368°A3KY 3
HeobxiOHicmio AKicHOI npogpeciliHoi nidcomosku malibymHix yyumenis
MamemMamuku, MOXyms | NO8UHHI 6ymu  po3e’AsaHi  wnAxom
8nposadieHHA 8 HasyanbHUli npouyec eubipkosux Kypcis, wWo
poswuptorome | no2aubaomes 3micm OCHOBHO20 Kypcy «Anzebpu i
meopii 4Yucen» (30kpema, 3 meopii Yucen abo enemeHmis cy4acHoi

Formulation of the problem. The following arguments support the
implementation of the course "Algebra and Number Theory" in the system
of professional training of pre-service mathematics teachers: this course
provides the necessary theoretical and practical training of mathematics
teachers and promotes understanding of the scientific basis of school
mathematics course; some concepts and topics of the algebra course are
presented in the mathematics curricula of general secondary education
(prime and compound numbers, division with remainder, greatest
common divisor and least common multiple, signs of divisibility, basic
arithmetic theorem, polynomials and operations on them), as well as in the
curricula  for specialized classes (divisibility of integers, modular
congruence, division of polynomials by remainder, roots of polynomials
and Bezu theorem, rational roots of polynomials from one variable, etc.).
Most of the topics of this course are the basis of elective curricula and math
classes; and the problems of algebra and number theory are widely used
in competitions and tournaments of various levels. In addition, the
knowledge and skills that students acquire when studying this course, form
the necessary basis for the study of other fundamental and applied
mathematical disciplines (mathematical analysis, discrete mathematics,
complex analysis, calculation methods, numerical systems), as well as
elementary mathematics and methodology teaching mathematics.

Materials and methods. The study was based on scientific research of
national and foreign scientists studying the training of pre-service
mathematics and computer science teachers. To achieve this goal, the
methods of the theoretical level of scientific knowledge were used: analysis
of scientific literature, synthesis, formalization of scientific sources,
description, and comparison.

Results. The article describes in detail the experience of teaching the
course "Algebra and Number Theory" at the Department of Mathematics
of Makarenko Sumy State Pedagogical University from the 90s of the last
century to the present, based on modifications in the content of the course,
changes in the number of hours devoted to mastering the course, on the
transfer of certain topics to the content of other fundamental disciplines.

Conclusions. Based on our own experience, we believe that in the
context of further reduction of classroom hours and the absence of the
State Standard of Education, problems arising from the need for quality
training of future mathematics teachers can and should be solved by
implementing in the educational process elective courses that expand and
deepen the content of the main course "Algebra and Number Theory" (in
particular, on number theory or elements of modern algebra).
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BCTYN

MNoctaHoBKa npob6nemu. Ha Baxk/iMBOCTI imnaemeHTauii Kypcy «Anrebpa i Teopia umcen» B cucTeMy nifroToBKM
ManbyTHIX yunuTenis MaTemMaTUKM HaAro/oWwyTb AK 3apybixHi, Tak i BiTYM3HAHI HayKosui. Tak S. L. Bair Ta B.S. Rich, (2011)
BBA)KalOTb, LLLO TEOPIA YMCEN € HEBIL EMHMM KOMMNOHEHTOM MaTeEMaTUYHOI OCBITU MaUBYTHIX yunuTenis matematnku. R. Zazkis
(2007) aKueHTye yBary Ha NoABiWHIN BaxXAMBOCTI Kypcy «Anrebpa i Teopia umMcen», OCKiNbKM B MPOLLECi BUBYEHHS MalibyTHi
BUMTENi OTPUMYIOTb HEOOXiAHY TEOPETUYHY Ta NPAKTUYHY NiArOTOBKY A0 NPOdEeCiMHOT AiaNbHOCTI 3 0AHOro BOKY, a 3 iHWoro — e
CNPUAE PO3YMIHHIO HAYKOBUX OCHOB LLUKiNIbHOFO Kypcy matemaTtuku. R. Zazkis Ta S. Campbell (1996) gocnigxyoTb 3MicT 3HaHb
yuuTenis matemMatuku 3 anrebpu i Teopii uncen. Ha gymky S.Y. Qiu ta L.A. Liu (2010) Kypc Teopii umcen B yHiBepcuTeTax Mae
3acTapiNniA 3MiCT | 4OCKTb YCTaNeHi METOAM HaBYaHHSA, WO € HECMIPUATAIMBUM B KOHTEKCTI NiABULLLEHHSA AKOCTi BUKNaAaHHA Teopil
yncen Ta NigroToBKM MabyTHIX yunmTeNnis MaTemMaTUKM.

MoBepTatoun BEKTOP AOCAIAKEHHA Y HaNPAMKY AOPOOKY BIiTYM3HAHMX HAYKOBLIiB, CAig, BiA3HAUYMTUM pe3ynbTaTu
aBTopcbKoro kKonektmsy [.4. TpebeHko, 0.0. TpebeHKo, AKnit 3BepTaBca A0 Npobaemu BBEAEHHA Ta OPMYBaAHHA NOHATTA rpynu
y Kypci Buwoi anrebpu (TpebeHko&TpebeHKko, 2009), BU3HAYEHHS AOLIILHOCTI OKpemMoro Kypcy «Teopia uncen» Ak CKAaaoBoi
npodeciiMHoi NiAroToBKM MalbyTHIX yunuTenis marematnkun (TpebeHko&TpebeHko, 2010). ABTOpM 34IMCHUAN MOPIBHANBHUIMA
aHani3 3MicTy Kypcis BULW,OI anrebpu pisHMX yHiBepcuTeTiB cBiTy (TpebeHko, 2012a; TpebeHko, 2012b), a TakoK A0CNIAXKYBaNM
npob6aemy CTPYKTYpyBaHHA Ta 3MiCTOBOrO HanoBHEHHA Kypcis «/liHiiHa anrebpa» Ta «Anrebpa i Teopis umcen» B negaroriyHnx
3BO (TpebeHko&TpebeHko, 2017).

MoTpeba BNpoBaAKEHHA OCHOB Cy4acHOi anrebpu y nporpamy NiAroTOBKM MalbyTHIX BUMTENIB MaTEMATUKU BUHWUKAA
[0CTaTHbO AaBHo. Tak, we y 1959 poui C. H. Denbow (1959), a y 1962 poui R. A. Dean (1962) 3a3Ha4anu nNpo HeobXigHicTb
BMBYEHHSA €/1eMEeHTIB Cy4acHOT anrebpun manbyTHIMM BUMTENAMM MaTEMATMKKU. Ha cborogHi npobiema HeobxiaHOCTI BUBYEHHSA
OKPEMOTo Kypcy, NPUCBAYEHOTO efleMeHTam Teopii rpyn, Kifelp Ta NoJiB, 3a/MIIAETLCA aKTyanbHoto. J. A. Mendoza Alvarez Ta
D. White (2018) HaronowytoTb NoTpebi NnepeocMUcieHHA BUKIaAaHHA OCHOB TeOpil rpyn, Kinelb Ta Noais manbyTHIM BUMTENAM
MaTeMaTUKM Yy HaMpsMKY aKLEeHTy camMe Ha 3B'A3KaX MiK abCTPaKTHO anrebpoto Ta LIKIbHUM Kypcom MaTeMaTuKMy,
A. L. Suominen (2018) aKkueHTye yBary Ha NoTpebi «<MUCAUTU CTPYKTYPaMMU», AOCAIAMKYIOUN AYMKM CTEMronaepis (MaTemaTukis-
HayKOBL,iB Ta AOCBIAYEHNX BYMTENIB MAaTEMATUKM), AKI BUOKPEM/IIOBAIN 3a3HaueHi BuLLLE 3B'A3KW. [lO0 TaKOro TMny A0CAiAXKEHb
MO’KHa BigHecTu i HanpautoBaHHA A.S. Pramasdyahsari, R.D. Setyawati Ta I.U. Albab (2020). LlikaBuMmn BMAQIOTbCA pe3ynbTatu
O. Fitzmaurice Ta M. Greene (2018), Aki gocnigKysany BigHOWEHHA MakbyTHIX yunTeNiB MaTeMaTUKK 0 BUBYEHHA Teopii rpyn.
3’AcyBanocs, WO A0 NoYaTKy poboTH B LWKOJi BOHN HE «BiAYYBalOTb» 3B'A3KIB MiXK LUKINIbHUM KypCOM MaTeMaTUKKN Ta TEOpIEto
rpyn, AKa € CKNALHO N5 PO3YMiHHA, Yepes Wo A0 ii BUBYEHHA BaXKKO BMOTUBYBATU. AMEPMKAHCbKE MaTeMaTMYHEe TOBAapUCTBO
pPEKOMEHAYE, W06 KypcK 3 BUBYEHHS Cy4acHOi anrebpum y cuctemi NiaroToBkM MabyTHiX yuntenis 6ynmn 3opieHTOBaHI 3a 3MicTom
Ha LWKINbHMI KYpC MaTeMaTuKM, WO, 3 oAHOro HoKy, byae MOTUBYBATU CTYAEHTIB HAa BUBYEHHA JaHUX KypciB, a, 3 iHWoro, byae
CNPUATU KOHLLENTYalbHOMY PO3YMIHHIO HaYKOBMX OCHOB LLKIZIbHOTO KYpCy MaremaTuKu.

3BarKatouM Ha CBITOBI Ta BITYM3HAHI TEHAEHLIT LWOAO YAOCKOHANIEHHA 1 OHOB/MIEHHA 3MICTy Ta METOZIB BMK/Ia[aHHA
aucumnninm «Anrebpa i Teopis umcen», aBTopu 30cepeamav BAACHI NOLIYKN Y AaHOMY HanpAMKY A0CAiAyKeHb. TOMy MeTOolo gaHoi
cTaTTi € 0BrPyHTYBAHHSA AOLINBHOCTI Ta MicusA Kypcy «Anrebpa i Teopia umcen», a TakoX yBeaeHHs BUBipKoBUX KypciB («BubpaHi
NUTaHHA Teopii uncen», «EnemeHTn cyyacHoi anrebpm») B cuctemi NpPodecinHoi NiAroTOBKM ManbyTHIX yuMTeNiB MaTeEMaTHKM,
6a3yroumncb Ha AOCBIAi BUKNAZAHHA AaHOro Kypcy Ha Kadeapi matematnkn CyMmCbKOro AepKaBHOro nesaroriYyHoro yHisepcuteTy
imeHi A. C. MaKapeHkKa.

METOAU AOCNIAXKEHHA

OCHOBOI A0CAIAKEHHA CTaNM HAYKOBI PO3BiAKM BITYM3HAHUX | 3aKOPAOHHUX YYEHUX, AKi 3alMMaloTbCs BMBYEHHAM
NWTaHb NiArOTOBKM MaMbByTHiX BUMTENiB MaTeMATMKN. A [AOCATHEHHA MeTU 6yNn BUKOPUCTaHI MeToAM TEOPETUYHOrO PiBHA
HayKOBOTrO Mi3HaHHA: aHani3 HayKOBOI NiTepaTypu, cuHTe3, GOpPMani3aLia HayKOBUX AXKepes, ONKUC, 3iCTaBNEHHS, y3arajbHeHHA
BJIaCHOrO A0CBiAy.

PE3Y/IbTATU TA 1X OBTOBOPEHHA

[onoBHOI MeToto Kypcy «Anrebpa i Teopia ymcen», AKUMIN TPaZULINHO € HEBIA EMHOI CKNaA0BO GyHAAMEHTaNbHOT
NiAroTOBKM MalbyTHbOrO BUMTENA MaATEMATUKM, € GOPMYBAHHA Yy CTYAEHTIB MOrNAA4y Ha cyvacHy anrebpy AK Ha HayKy npo
cucTemn o6’ exTiB OBINBHOT NPMPOAM, B AKMX 3aZaHO onepaLii, Wo 38 CBOIMM BNACTUBOCTAMM NOAIOHI 0 A0AABAHHSA | MHOMEHHSA
yncen; BUBYEHHA Ta PO3B'A3aHHA 3343y, LLLO BUHMKAIOTb Y LIUX CUCTEMAX, @ TAKOXK BUXOBAHHA anrebpaiyHoi Ky bTypu Ta HAYKOBOTO
cgiTOrnAgy, fAKi HeobXigHi MalbYyTHbOMY BUMTENO ANA FNMOOKOro PO3yMiHHA Linel Ta 3aBAaHb OCHOB LUKiINIBHOMO Kypcy
MaTeMaTUKK, cnelianbHUX GaKybTaTUBHUX KypCiB, NPOBeAeHHA HAayKOBUX AOCAIAKEHb, 3abe3neyeHHA MirKnpeAMeTHUX 3B A3KIB
ToLWO.

B pamkax BKa3aHOro Kypcy Ja€eTbCA HayKoBe O6rpyHTYBaHHA TaKUX KHOYOBUX MAaTEMATUYHWUX NOHATL AK NOAINbHICTb,
KOHFpyeHLUia, rpyna, Kinbue, Nofe, MHOFOY/IeH, WO feXaTb B OCHOBI HaraTbox MaTemaTU4HMX Teopit Ta 6esnocepefHbo
cTocytoTbeA GyHAAMEHTaNbHUX KYPCiB MaTEMATUYHOIO aHani3y, AMCKPETHOT MaTeMaTUKM, MeTOoAiB 064MCNeHb, YNCIOBUX CUCTEM,
TEOPETUYHWUX OCHOB iIHPOPMATUKM.

MounHatoun 3 80-x POKiB MUHYNOTO CTONITTA Y 3MICT HaBYaIbHMX Nporpam Kypcy «Anrebpa i Teopia umcen» negaroriyHmx
iHCTUTYTIB 3a cneuianbHocTAMM «MaTemaTuka» i «Matematvka Ta isvMKa» (a TaKOXK NepluMx, 3aTBEPAMKEHMX Y¥Ke B Yacu
He3ane)KHocTi YKpaiHW, HaBYa/NbHUX MPOrpam AAA UMX 3 ChneuiafbHOCTeN) BXOAMAWM HACTyMHi po3ginn: «EnemeHTn Teopii
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MHOXWH», «Anrebpu. OCHOBHI YMCNOBI cUCTEMMY, «CUCTEMU NIHIMHMX PiBHAHDL | apUOMETUYHMI N-BUMIPHMIA NpocTip», «MaTpumui
i BU3SHAYHMKMY, «BeKTopHi npocTopu», «Tpynun», «JliHiliHi onepaTopm», «CUCTEMM NiHIMHUX HepiBHOCTEN», «Teopia NOAiNbHOCTI
B KifibLi Linnx yncen», «Teopia KoHrpyeHuin», «Kinbua», «MHorouneHu (Big ogHi€el Ta KibKoX 3MiHHUX)», « MHOroyneHu Hag,
YUCNOBUMMM NonammM», «AnrebpaiyHi uncna». byna yiTKo BU3HAYeHa M MiHIManbHA KiNbKiCTb ayaUTOPHUX 3aHATb, BigBeaeHUX
HaBYa/IbHOIO NPOrPaMoI0 Ha BMBYEHHA KOXKHOI TeMW. 3araiom, Ha BUBYEHHA AAHOMO Kypcy ANA creuianbHocTi « Matematuka»
nepeabayvanocb He MeHL, HixK 124 NeKUiMHMX i CTINbKW K MPaKTUYHMX 3aHATb (3aranom 248 rog,. NekuiiHux i 248 roa,. NPakTUYHKUX
3aHATb). YNPOAOBXK AOCUTb TPMBAIOIO Yacy Lel 3MIcCT, AK i MiHIManbHa KiNbKiCTb ayAUTOPHUX FOAMH, BiABeAEeHUX Ha BUBYEHHSA
Bi4NOBIAHMX TEM, MaliXKe He 3MiHIoBamnCA.

Cnig, 3a3HaunTW, LLLO JOCUTL BE/IMKA yBara y Kypci anrebpw i Teopii uncen npuainanacs NUTaHHAM efleMeHTapHoi Teopil
yuncen, 30Kpema, FpyHTOBHO BMBYA/IMCA MOHATTA M BAACTUBOCTI NOAINBHOCTI HaLi/I0 Ta AiI@HHA 3 OCTAYelo Y Kinbl,i Liamx uncen;
NMOHATTA HaMBINbLLIOrO CMiNIbHOIO AiZIbHMKA Ta HakMEHLIOro CMiJIbHOro KPaTHOro; BAACTMBOCTI MPOCTUX YMcen Ta iX po3nogin y
HaTypanbHOMY pAgj; akTopu3aLiiHa Teopema y Kinbli Lianx ymcen (6inbl Bigoma SK OCHOBHA Teopema apudMETUKM); YUCNOBI
MYNbTUNNIKaTUBHI GYHKLIT Ta IX HaMBaXAMBILI NPWKNAAU; CUCTEMATUYHWMIA 3aMUC HATYPasIbHOTO YMCAA Y PISHUX cucTEMaXx
YMCNEHHA Ta NaHLIoroBi Apobu AK 0AMH 3i cnocobiB 306paKeHHA AiMCHUX YMcen. Ha BUBYEHHA LbOro po3Ainy nporpamoto 3
anrebpu i Teopii uncen 1993 poky (po3pobHuku: NesiweHko C.C., Moxapiscbka J1.C.) Biggogunocb He meHw, AK 20 roguH
NeKUiiHMX i 20 rogyH NPaKTUYHUX 3aHATb.

Meplunii cepnosHMin nepernag, smicty Kypcy «Anrebpa i Teopis uncen» b6yno 3gjiricHeHo y 2002 pou,i i npeacTaBneHo y
[any3eBOMy CTaHAApPTI BULLOI OCBITU 3 NiAFOTOBKM BYMTENA MATeMaTUKK (3a cneuianbHicTio 6.010100 Meparorika i meToamMKa
cepefiHboi OCBITU. MaTeMaTuKa). Y LboMy CTaHZAPTi 3MICT AaHOTO Kypcy ByB nepepo3nogineHnii mixk ABomMa Kypcamu: «JliHilHa
anrebpa» Ta «Anrebpa i Teopia YMcen», Ha BUBYEHHA AKUX BigBOAMNOCL NO 216 roanH (3 ypaxyBaHHAM CamoOCTiliHOI poboTh).
OAaHWM i3 3aBAaHb BKa3aHOro CTaHAAPTY OCBITM BYN0 y3roAsKeHHa Nporpam niArotoBKM HGaKkanaBpiB-maTeMaTUKIB NeaaroriyHmx
Ta KNAaCUYHUX YHiBEPCUTETIB.

HesBakatoum Ha psag NO3UTUBHUX 3MiH Y 3MICTOBOMY HanoBHEHHI 060X HOBOYTBOPEHMX KypCiB, Byau i OCUTb Ceplio3Hi
«BTPaTU»: yBECb MaTepia, AKMI CTOCYBaBCA TEOPIi MHOXMH, TEOPIi NiHIMHUX HepiBHOCTEN Ta Teopii NoAiNbHOCTI Winnx uncen, bys
BUAYYEHMI 3 Kypcy anrebpu. BnacHe, Teopia umcen y BKasaHOMY CTaHAapTi byna npeacTaBneHa Auvwe OAHUM 3MiCTOBUM
mogynem: P.09.03 Teopia KOHrpyeHL,ii. Yci iHWi NUTaHHA 3 Teopii uncen, a came: «loAinbHICTb y KinbLi Lianx yncen», «AineHHs
Linmx ymcen 3 octayeto», «HanbiNbWMIA CNINbHUIA OiNbHUK Ta HaMMeHLWe CNilbHe KpaTHe LinX yncen», «4ncnosi GpyHKUii»,
«CuCcTEMHI uncnar, «JlaHuorosi Apobu», y uei cTaHaapT He yBIALAK.

OKpiM 3MiH Y 3MiCTOBOMY HanNnOBHEHHI, B HOBOMY CTaHAaPTi 6y/10 3MEHLLEHO 3arafibHy KifIbKiCTb ayAUTOPHMUX FOAMH, LLO
Bi4BOAMANCL Ha BUBYEHHA BULLOT anrebpu (TobTo, Kypcis «JliHiHOIT anrebpu» Ta «Anrebpu i Teopii umcen»). AN NOPIBHAHHA: 3a
HaBYaNbHUMK nporpamamu 1992 poky B CYMCbKOMY Aep’KaBHOMY MnefaroriyHoOMy yHiBEpCUTETI Ha BUBYEHHSA BULLOIT anrebpu
BigBOAMNOCL 294 ayaAUTOPHI roAMHW, a NicnA yBeAeHH:A BKa3aHOro CTaHAapTy YMCI0 ayAMTOPHUX roAMH, BiaBeaeHUX Ha 0buasa
Kypcy («/liHiiHa anrebpa» Ta «Anrebpa i Teopia uncen»), 6yno ckopoueHe Ao 240 roamH. 3 HUX y 3-4 cemecTpax Ha BUBYEHHA
Tem: «Teopia MOAINBHOCTI B KifbuUi Uianx uncen», «Teopia KoHrpyeHuin», «Kinbua», «MHorouneHu (Big, ogHiel Ta KifbKox
3MiHHMX)», «MHOroYNeHM Hag, YMCNOBUMM MONAMMY», «AnrebpaidHi umcna» Kypcy «Anrebpu i Teopii yncen» 3a crapumm
nporpamamu sigsoaunoca 144 ayguTopHUX roAnHM, a 3a HOBUM CTaHZapTom — BignosigHo 120 roguH 3 HacTyMHUM 3MiCTOBUM
HanoBHeHHAM: «lpynu». «Kinbua (nonsa)», «Teopis KoHrpyeHuin», «MHorouneHn (Big oAHIEl Ta 6araTtboX 3MiHHUX)»,
«MHorouneHu Big, oAHiel 3MiHHOI Hag, YMCAOBMMU NOAAMUY, «AnrebpaiduHi Po3WKNPEHHSA NoAiB»). TOMy 3 METOIO eKOHOMIT Yacy Ti
TEeMMU, L0 BIAHOCUAMCA A0 eNemeHTapHoi Teopii uncen (i AKi He yBINWAM y HOBWIA cTaHAApPT), 6yN0 BUHECEHO Ha CaMOCTIMHUIM
pO3rnag, AK Taki, WO NeBHOK Mipoto AyOt0HTb WKINbHUIN KypC MaTeMaTUKMU.

3 iHWoro 60Ky, FPYHTOBHE BUBYEHHS Came LiMX po34iniB anrebpu i Teopii uncen 3abesneyysasio HEOOXiAHY TEOPETUYHY
Ta NPaKTUYHY NiATOTOBKY yYUUTENA MAaTEMATMKN Ta CNPUAIO PO3YMiIHHIO HAYKOBUX OCHOB LLIKIJIbBHOTO KypCy MaTemaTuKK. 30Kpema,
Temun «loginbHICTb y KinbLi Winnx yncen», «[ineHHs Linnx ymcen 3 octadeto», «Hanbinbwmii cnifbHUMA LiNbHUK Ta HalMeHLe
CrinbHe KpaTHe Linnx ymcen» npeactaBiaeHa y Nnporpami 3 mateMaTuKM 404 6 Knacy 3aknagiB 3arasibHoi cepegHboi 0CBiTH Ta 8
Knacy Ana Knacie 3 nornmMbneHMm BUBYEHHAM MATEeMaTUKW. be3 rpyHTOBHOrO OBONOAIHHA LMM HaBYaJlbHUM MaTepianom
HEMOX/IMBUM €, HANPUKNAA, BUBYEHHA AiN Hag ApoBOBMMM YMCNaMU, 30KPEMA, 3BEAEHHA YMCEN A0 CNiNbHOIO 3HAMEHHUKA.
Binbw Toro, Temmn «Yucnosi PyHKLii», «CucTeMHi uncna» Ta «JlaHutorosi Apobu» nexaTb B OCHOBI LiN0i HU3KM Mporpam
baKyNbTaTUBHMX 3aHATb Ta MaTEMaTUYHUX TYPTKIB (Le, 30Kpema, Temu «Llina i apoboBa YyacTMHM uncna», «Anroputm EBKniga»,
«[liodpaHTOBI piBHAHHA», «CUCTEMM YUCNEHHA»), A BIANOBIAHI 3a4au4i LUIMPOKO BUKOPUCTOBYHOTLCA HA ONiMNiagax i TypHipax pisHMX
PiBHIB. Y pamKax Teopii Uncen MoXKHa HaBECTU Ly HU3KY esleMeHTapHUX, Ha NepLInin Nornaa, 3agad, Po3B A3aHHA AKMX 43N0
MOLWITOBX LW,0A0 CTBOPEHHA abCONOTHO HOBUX MAaTEMATUYHUX Teopilt | meTogis. OgHUM i3 ACKPaBUX NPUKNALIB LbOro € BE/IMKA
Teopema Pepma, Ha pPo3B’A3aHHA AKOI MAaTEMATUKK 1 aMaTOPU YCbOTO CBITY BUTPATUAM noHaz 300 poki..

HapeLwTi, BUBYUEHHA Teopii NOAINbHOCTI LiIMX YMCeN 3HAYHOK Mipoto nepenbavyae OBONOALIHHA TaKUMU MNOTYXKHUMM
MeTOAaMM AK METOZ, MaTeMaTUYHOI iHAYKLIT Ta MeTog, OCTay, AKi LIMPOKO 3aCTOCOBYIOTLCA He /iMle B Teopii uncen, a i iHWunx
MaTeMaTUYHMX Kypcax. MoripluyBas cuTyaLito i Toi $aKT, Wo BKa3aHi NUTaHHA Y iHWKX GyHAAMEHTaIbHUX Kypcax abo B3arani He
po3srnagannca, abo posrnaganmnca 4oCUTb NOBEPXHEBO, 6e3 HaNeXKHOro TEOPETUYHOTO MiArPYHTA.

3 MeTOoto NOA0/IaHHA NPOTMPIYYA MiXK HeA0CTaTHIM NpeAcTaBNeHHAM Teopii uncen B Fanysesomy CTaHAapTi NiAroTOBKM
BUMTENA MaTemMaTMKM 2002 poKy, HECTaYer roAMH Ha sKicHe onaHyBaHHA LbOro Kypcy 3 04HOro 60Ky Ta BUMOraMu 4,0 3HaHb,
YMiHb Ta HaBMYOK MaiibyTHbOTO BUMTENA MATEMATUKM (Y TOMY YMCAi, WOAO MOro MOXKAMBOCTI POBOTH Y Knacax 3 NornnbaeHnm
BMBYEHHAM MaTeMaTMKM) — 3 iHWoro, y CymcbKoMy ZiepKaBHOMY NegaroriyHoOMy yHiBepcuTeTi 6y10 NPUIMHATO PilleHHA Ha KisbKa
pokie (3 2003 no 2005 pp.) BBECTU B HaBYa/IbHMI NAaH NiArOTOBKM 6aKanaBpiB-maTeMaTUKIB cneLkypc «BubpaHi nuTaHHA Teopii
yncen». Takuit cneukypc 6yn0 BKAKOYEHO Yy Nporpamy MNiAroTOBKM NEpLUIOro POKY HaBYaHHA 3a PaxXyHOK BapiaTMBHOI YaCTUHM
HaBYa/sIbHOrO NNaHy. 3aranbHa KifbKiCTb rOAnH, NnepeabdaveHnx Ha BUBYEHHA BKA3aHOTo Kypcy, CTaHOBMAA 72 roA,. (2 Kpegutu), 3
AKUX 36 TOAMH BiABOAUAWCH Ha ayaMTOPHI 3aHATTA (18 roauH nekuil, 18 rog. — NpakTUYHMX 3aHATL). Popmoto NiacymKoBOro
KOHTPOJItO 6yN10 06paHo 3aniK. TeMaTUYHUI PO3MNOAIN Kypcy HaBeAeHo y Tabanui 1.
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Tabnunua 1
TemaTuuHKii NnaH cneuKypcy «BubpaHi nutaHHA Teopii uucen»
Ne Tema 3aHATTA KinbKictb KinbKictb npakr.,
NeKuy., roanH roa,

1 MNoginbHicTb Uinux Yncen. Teopema Npo AifIeHHA 3 OCTa4eto 4 2

) Halbinblumit cninbHUA AiNbHUK Ta HalMeHLle chifbHe KpaTHe. Anroputm ) 5
EBKniga.

3 MpocrTi i cknageHi uncna. Teopema Eskniga. OcHOBHA Teopema apudMeETUKM. ) 4
KaHOHIYHMI po3Kknag uncna. Po3noain npoctmx Yncen y HatypanbHOMY psagi.

4 Yucnosi ¢yHKuji. Lina i agpoboBa 4acTMHKU uncna. MyabTUNAIKaTUBHI GyHKLI. 4 4
CyMma Ta Ki/IbKiCTb AjiNbHUKIB HaTypasbHOro Yncaa. PyHkuis Elinepa.

5 CucremHi ymcna 2 2

6 JNlaHugtorosi apo6bu. NiaxigHi Apobu Ta ix 3acTocyBaHHA. 4 4
Ycboro 18 18

BKasaHuit cnewKypc 6yB cnpsamoBaHuit Ha GopMyBaHHA FOTOBHOCTI MalibyTHbOTO BUMTENA A0 POBOTH Y LLIKOJI, 30KPEMa,
y Knacax i3 nornMbneHMm BUBYEHHAM MaTEMATUKM Ta CTBOPIOBAB NOTPiOHY 633y ANA BUBYEHHS iHWNX GyHAAMEHTaNbHUX KYpCiB
(«EnemeHTapHa matemaTuKa», «MaTemaTuuHUiA aHanis», «4ucnosi cuctemmn», « IMCKpeTHa mMatemaTtmka», «lHpopmaTtuKar).

3rogom, nicna 2005 poKy, 3a paxyHOK NeBHOro 36ifblueHHA ayauTopHUX roavH (3i 120 o 132) BKasaHi BuLe Temu
eNleMeHTapHoi Teopii yncen (3a BUKAOYEHHAM TeMu «JlaHUOroBi Apobu») Byno noBepHYTO Y 3MIcCT Kypcy «Anrebpa i Teopis
uyncen», a BUBYEHHA Temu «JlaHutorosi Apobu» nepeHeceHo A0 Kypcy «Yucnosi cuctemu». Taka cuTyauisa npoicHysana (3
HE3HAaYHUMK KOJIMBAHHAMM FOAMH Y HABYaANbHWUX MNAAHAX MiATOTOBKM MaWBYTHIX yuuTenis matemaTuKu) axk [0 4YeproBoro
pedopmyBaHHA CUCTEMM BULWOI OCBITM i CTBOPEHHA HOBOI OCBITHbOI MpPOrpamm NiAroToBKM ¢axiBLiB 33 CnewianbHICTO
014 CepeaHa ocsiTa (MatemaTuKka), aka 6yna 3atBepa)keHa B CyMCbKOMY [Aep)KaBHOMY MefaroriyHoMy YyHiBepcuTeTi
imeHi A.C. MakapeHKa y 2020 pou,i K OCBITHil cTaHAapT.

3a HOBMMM HaBYaNIbHUMM MNaHaMK, WO ByNM CKNageHi B yHiBepCUTETI BiANOBIAHO A0 BKa3aHOT OCBITHLOI Nporpamu, Ha
BMBYEHHA Kypcy «Anrebpa i Teopina ucen» 6yno suaineHo 7 kpeautis (210 rogmH), 3 AKMX avwe 82 roanHM BigBOAMANCH Ha
ayanTopHi 3aHATTA (40 roa. NekuinHnx i 42 rod. — NPaKTUYHUX 3aHATD).

Tabaunusa 2
MopiBHANBbHA TabANLA KiNIbKOCTI rO4WH, BiABeAeHMX HA BUBYEHHA Kypcy «Anrebpa i Teopia uucen»,
y 3—4 cemecTpax Nnporpamu nNigrotoBKU MaiibyTHix yuurenis marematuku 8 CymAnY imeni A.C. MakapeHKa
Pik 3aranbHa KinbKicTb roAuH, BiaBeAeHUX Ha BUBYEHHA KypCy KinbKicTb ayAUTOPHUX rO4UH,
1992 - 144
2003 216 120
2020 210 82

BMBYEHHA Kypcy, AK i paHiwe, 6yno 3annaHoBaHe Ha 3 Ta 4 HaBYa/ibHI CEMECTPU 3 eK3aMEHOM i 3aniKom K bopmamm
NifACYMKOBOI aTecTau,ii BianosiaHO. Pi3Ke 3MeHLIEHHA KiNIbKOCTi roAWH aBTOPM HaBYaNbHOTO MAaHy Nos’A3yBasu i3 3arasibHUMMU
TEHAEHUAMU CKOPOYEHHS YMCNa ayAUTOPHUX 3aHATb Yy BiTUM3HAHMX 3BO Ta BMMOrol crTerkxongepis (6inblicTb i3 AKUX €
BYMTENAMM MATEMATUKM LLIKIN MicTa Cymmn Ta 06/1aCTi) 3MEHLIMTY YUCNO FrOAMH, BigBeaeHUX Ha dyHAAMeHTaNbHY NiAroTOBKY, Ha
KOPUCTb NPaKTUYHOI.

[aHa cuTyauia € JOCUTb 3arpo3/IMBOIO, OCKIZIbKM Hi MPO AKY AKICTb HaBYaHHA 3a TaKOI Ki/IbKOCTI rognH 6e3 nepernsgy
HaBYaNbHOI MporpamMM AaHoro Kypcy (AK i 6inblocTi iHWKMX KypciB dyHAAMEHTaNbHOI MaTeMaTUYHOI NiAroTOBKM Gakanaspis 3i
cneujanbHocti 014 CepeaHs ocBiTa. MaTemaTuKa) roBOpUTU BaXKKO. AIK BMXig, 3 Takoro ctaHosuuia daxiBusmu-anrebpaictamm
Kadegpn matemaTuku 6yo 3aMpOMNOHOBAHO TEMM, LLO CTOCYHOTLCA €/1eMEHTAPHOI Teopii Ynces, Teopii KOHIpyeHLji Ta Teopii
MHOTOY/IEHIB OAHIET Ta KiNIbKOX 3MIHHWX, @ TAKOXK OCHOB Teopii rpyn Ta Kifelb (BUBYEHHS OCTaHHbOI TEMU OBMEKUTU 4 roa. NEKLNHUX
i 4 rof,. NPaKTUYHMX 3aHATH) 3a/IMLLUTU Y PaMKax HOPMATUBHOTO Kypcy anrebpu, a yci cnewiaibHi NUTaHHS, WO CTOCYoTbCA Teopil
rpyn, Kineub Ta NoniB BUHECTUM B OKPEMMI CNeLKYpC, AKUIM NMPOMOHYBATM CTyAEeHTaM Apyroro abo TpeTboro Kypcy H6akanaspaty
cneujanbHocTi «MaTemaTuKa» AK BUBIPKOBY AMCLUNAIHY.

Cnip, 3a3HaunTK, WO Teopii rpyn, Kinewb Ta NONIB € KNOYOBUMM PO3LiNaMUN KHEKIIbKICHOI» MaTEMATUKM i Ha BiAMIHY Big,
yCiX iHWMX po34iniB Kypcy «Anrebpw i Teopii umcen» BiAHOCATLCA A0 OCHOB Cy4acHOI MaTeMaTUKKW. BOHW fatoTb NiarpyHTA Ta aiesi
33c06M poCnigKeHHA anrebpaidHuUX PiBHAHb, TEOMETPUYHUX NepeTBOpeHb, npobnem Teopii uucen, Tononorii, Teopil
reomeTpuyHux nobyaos Towo. BignosiaHi iHCTPYMEHTU UMX TEOPIN LUMPOKO BMKOPUCTOBYIOTLCA B TaKMX PO34jnax CyvacHOT
bi3nKM AK Teopia aToma, Teopia TBepAOro Tina, Kpucranorpadisa, KBAHTOBA XiMiA, TEOPIA eNeMeHTaPHUX YaCTMHOK Tow,0. Tomy 6e3
3HAHHA OCHOB TEOpil rpyn, Kifeub Ta NOAIB NiAFOTOBKA MalibyTHbOro BYMTENs MaTemMaTuka byae HEnoBHOW i No3basneHol
BignosiaHOT ocHOBU. OTXKe, yBeAeHHA B HaBYaIbHWUI NAaH BUOIPKOBOI ANCLMMNIHN 3 e/1eMeHTiB CydacHoi anrebpu € HeobxigHUM
KpPOKOM.

Ha BunBYEHHA Kypcy «EnemeHTU cydacHoi anrebpu» naaHyeTbea Bigsectn 4 kpeautn (120 rognH) HaBYaNbHOTO Yacy, 3
HWX 42 rOAMHN — Ha ayAMUTOPHI 3aHATTA (22 roA. NeKkuinHux Ta 20 rog,. NPakTUYHKX 3aHATb); dopma aTecTauii — 3aik. OCHOBHO
METOI BKA3aHOro Kypcy € GOpMyBaHHA y MAMbYTHIX BUMTENIB MAaTEMATUKM 3HaHb 3 OCHOB Cy4acHOi anrebpu Ta po3KpuUTTA
MONMBOCTEN AOCNIoKEeHHA O6'EKTIB Pi3HMX MATEeMATUYHWUX Teopit 3acobamm cyvacHoi anrebpu. TemaTUUHUI NAaH Kypcy
«EnemeHTM cyyacHoi anrebpmn» HaBoAMTbCA HUXKYe Y Tabamui 3.
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Tabnuusa 3
TemaTUuHUit nhaH Kypcy «EnemeHTn cyqacuo‘l‘ anre6pu»
No Tema 3aHATTA KinbKictb KinbKictb
NeKu,. roavH NPaKTUYH. rog
EnemeHTu Teopii rpyn

1 AnrebpaiyHi onepauji. Anrebpu 3 ogHieto biHapHOW anrebpaiyHolo onepawieto: 5 5
rpynoian, Hanisrpynu, moHoian, rpynu. NMpuknagu.

) Migrpynn Ta ix BnactmusocTi. CucTtema TBIPHWUX enemeHTiB rpynu i niarpynu. ) )
LMKAivHi rpynu i niarpynu Ta ix BaCTUBOCTI.
BnactusocTti enemeHtiB rpynu. Knacudikauia rpyn 3a BnacTMBOCTAMM rpynoBoi

3 onepauii Ta 3a nopAagKamu i KinbKicTio enemeHTiB rpynu. I13omopdism rpyn. 2 2
Mpuknagn.

4 CymixkHi Knacu. Teopema JlarpaH»<a Ta HacniaKku 3 Hei. 2 2

5 HopmanbHi nigrpynu, daktop-rpynu, romomopodizmu rpyn. Mpuxknagu. 2 2

EnemeHTH Teopii Kineupb Ta nonis

6 Anrebpu 3 aBoma anrebpaiiHMMKM onepauiamu: NiBKiAbLA, Kinbua, Tina i nons. 2 2
OCHOBHI BNacTMBOCTI, NPUKAAAM

7 MNigkinbuga, ineann kineub, ronosHi igeanu. Kinbua ronosBHux igeanis. EBKNiJOBI ) )
KinbuA.

8 BigHOWeEHHA NOAINbLHOCTI B aCOLiaTUBHMX | KOMYTAaTUBHUX KiNbLAX 3 OANHULEIO. ) 3
I13omopdizamu Ta romomopdismu Kineupb. PakTop-KinbLA.

9 Mona, nignona. Yucnosi nona. AnrebpaiuHi i TpaHCUEHAEHTHI uucna. Mone ) 1
anrebpaiyHnx umcen.

10 MpocTi po3wnpeHHs nonis. AnrebpaiyHi i TPaHCUEHAEHTHI eNeMeHTU Hag Nonem. ) 1
AnrebpaiyHi po3wmrpeHHa nois. CKiHYeHHI NoAsA Ta iXx OCHOBHI BAaCcTUBOCTI.

11 MobyaoBu LMPKYNEM i NiHINKOIO Ta PO3LWMPEHHA NOIB. 2 1

Ycboro 22 20

BUCHOBKUM TA NEPCNEKTUBU NOAANLLLOIO AOCNIAXEHHA

Ha KopucTb imnnemeHTauii Kypcy «Anrebpa i Teopia umcen», a TakoXK NOB’'A3aHMX i3 HUM KypciB 3a BUb6opom «BubpaHi
NUTaHHA Teopii ucen» Ta «EnemeHTM cydacHoi anrebpu» B cuctemy npodecinHoi NiAroToBKM ManbyTHIX yuMTeNiB MaTEMaTMKK
CBig4YaTb HACTYMHI aprymeHTU:

— [aHi Kypcu rapaHTyloTb HeobxigHy TEOPETUYHY Ta MPaKTUYHY MNiArOTOBKY YYMUTENA MaTeMaTUKM Ta CNpUATb
PO3YMiHHIO HAYKOBMX OCHOB LLKIZIbHOTO KYpCY MaTeMaTUKu;

—  Temu «[lineHHs uinmx yicen 3 ocrtayeto», «HanbBiNbLIMIA CRiNbHUIA AiNbHUK Ta HAaMEHLLE CMifbHe KpaTHe Lianx
yuncen», «OCHoBHa Teopema apnudMeTnkn», « O3HaKM NOLINbHOCTI», « MHOroYneHu Big, o4HIiel 3MiHHOI» NpeacTaBneHi y Mporpami
3 MaTeMaTMKM AN 3aKNALIB 3arafibHOi cepeHbOoi OCBITH, a Temu: «[1oAINbHICTb Yy Kinbui Linnx ymcen», «KoHrpyeHuii 3a
moaynem», «lineHHA MHOro4/IeHiB 3 ocTayeto», «KopeHi MHOrouneHiB i Teopema besy», «PauioHaNbHI KOPEeHi MHOTOYNEHIB 3
uinmmm koedilieHTammn» — y Nporpami gna KNacis 3 NOrMM6aeHNM BUBYEHHAM MaTEMATUKW;

— Temun «Yucnosi ¢yHKUii», «Lina i gpoboBa yactMHM uymcna», «Anroputm EBkniga», «[iodaHTOBi PiBHAHHAY,
«CnctemHi Yncna» Ta «JIaHLOroBi Apobu» Nexkatb B OCHOBI Nporpam ¢aky/IbTaTUBHUX 3aHATL Ta MaTeMATUYHUX YPTKiB;

— 3aAauvi 3 Teopii YMcen WMpPOKO BUKOPUCTOBYHOTLCA HA OliMMiaZax i TYPHipax pi3HMX PiBHIB;

— 3HaAHHA OCHOB Teopii rpyn, Kineub Ta NoJiB A4at0Tb NiAFPYHTA Ta AiEBi 3ac00M goCNiaKeHHA anrebpaiyHnX piBHAHD,
reomMeTpUYHMX NepeTBopeHb, OKpeMux npobsiem Teopii uncen, Tonoorii 1 Teopii reoMeTpMUYHNX NOOYA0B, @ TAKOXK PO3YMiIHHA
OCHOB LUKIZIbBHOTO KYpCy MaTeMaTuKK;

—  3HaHHA Ta YMiHHA, AKi HabyBaOTb CTYAEHTU Mig, Yac BUBYEHHS Kypcy anrebpw i Teopii umcen popmytotb HeobxigHy
6a3y NA BUBYEHHA TAKMUX TEOPETUYHMX Ta NPAKTUYHUX KYPCiB AK «MaTemaTuyHui aHanis», «Yucnosi cuctemmn», « AMckpeTHa
maTemaTuKa», «kEnemeHTapHa maTemaTuKa.

basytoumncb Ha AOCBIAi BUKNagaHHA Kypcy «Anrebpa i Teopia uncen» Ha Kapeapi matemaTnku CymCbKOro AepiKaBHOro
nepgaroriyHoro yHisepcuteTy imeHi A. C. MakapeHKa, BBaXKaEMO, LLLO B yMOBaX MOAA/NbLLIOI0 3MeHLUEHHSA KiZIbKOCTi ayANTOPHUX
roAmH Ta BigcyTHOCTI [lepsKaBHOro CTaHAAPTYy OCBiTU, NPOBEeMU, LLLO BUHMKAIOTL Y 3B’A3KY 3 HEOOXIAHICTIO AKicHOT npodeciliHoi
NiAroTOBKM MalibyTHIX yunTeNiB MAaTEMATUKM, MOXKYTb | MOBMHHI BYTU pO3B'A3aHi LWAAXOM BNPOBaAKEHHA BUOIPKOBUX ANCLUMANIH
3 e/IEMEHTIB Cy4acHoi anrebpu y HaB4aNbHUI NpoLec.
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ABSTRACT

AHOTALIA
Moc po6; ToyHi  OocnidmceHHs 6030Ha  Xieaca,
CyrnepcuMempuyHUX  YaCMUHOK, — MA2HIMHO20 ~ MOMEHMY  MIOOHQ,

eneKmpuYHo20 OUMOALHO20 MOMEHMY enekmpoHa, aHomanili apomamy
demoHcmpylome 8ioxuneHHs 8i0 CmaHdapmHoi modeni. BoHu nos'asaHi 3
HOBUM PO3YMIHHAM K8aHMOB0I meopii nona Yepe3 06'edHaHHA epasimayii
3 (pi3UKOK enemeHMapHUX YACMUHOK 8 PamMKax meopii cmpyH -
MOMy#HO20 [HCMpymeHmy, AKull 3miHue KapmuHy meopii. Cmamma
npuceaYeHa 8UBYEHHIO HOBOI Qi3uKu Yepe3 yi 08i cknadosi. Crno4amky mu
po3271AHYAU hi3UKy enemeHmMapHUX YacmUHOK 3 MOYKU 30py OCMAHHIX
eKcrepumeHmasnbHUX 0aHuUx, a nomim nepelidemo 00 MamemMamu4Ho20
anapamy meopii cmpyH.

M Pi ma Teopia AH2a-Minca N = 2 € aHanozom
2emepomuyHoOi  CMpyHU, WO BU3HAYAEMbCA Yy OecamusumipHOMY
npocmopi: Yomupu 38u4aliHi MPOCMopPo8o-4acosi KOOpOUHaMuU ma wicms
dodamkosux sumipie, eidomux AK MHozo8udu Kanabi-Ay y 3eaxceHomy
npoekmusHomy npocmopi. Mu docnidxcysanu mHozoeudu Kanabi-Ay e
mepmiHax AK  OugpepeHyianbHUXx GopMm, maK i  pegrekcusHux
b6azamozpaHHuKie, wob6 ompumamu iHpopmayio npo esnemeHmMapHi
yacmuHku. [Ana nodanvwoi pobomu 3 mHozosudamu Kanabi-Ay 6ynu
suKopucmani dugepeHyianbHi popmu 04 064YUCEHHA 2pyn KO20MOs02ili
ma pegriekcusHi 6bazamoepaHHUKU 071 obyucneHHA vucen Xodxca. Mu
suKopucmanu 08a BU3SHAYEHHA 3020/1bHUX eaacmueocmeli MOPUYHUX
MHozosudis: K 2ineprnosepxHi 8 mepmiHax dugepeHyianbHUX opm i AK
npoekmusHuli npocmip y mepmiHax pegneKkcusHo20 6az2amozpaHHUKQ.
Momim mu docnidxcysanu epamyacmi MHO202PAHHUKU A, AKi TOpPooX#Cyloms
cimelicmea zineprnosepxeHo Kanabi-fly y 38a#eHOMY MpPOeKMueHoOMy
npocmopi  PA. Taki 6azamo2paHHUKU OOMycKaloms KoMBiHGMopHY
Xapakmepucmuky i Ha3u8aOMbCA pepaeKCUSHUMU.

Pe3synbmamu. lNopigHaHHA 08ox nidxodie do onucy mHozosudy Kanabi-
Ay AK KOMIAEKCHO20 MHO208UDY | AK 38aX(E€HO20 NPOEKMUBHO20 NPOCMOpPY
npusesno Hac 00 BUCHOBKY NPO eKsiganeHMHICMe Yyux 080X MPAKmMysaHs y
KOHmMeKcmi  06YuC/neHHA  XapaKmepucmuKu Elinepa. OcKinbKu
xapakmepucmukoto Elinepa 0na @hi3uku enemeHMapHUX YAcmMUHOK €
KinlbKicmb roKosiHb Keapkie i nenmoHis, subip mHozosudie Kanabi-Ay 3
8i0M08IOHUMU MOMOA02IYHUMU 81ACMUBOCMAMU € OOHIEID 3 AKMYANbHUX
npobaem cy4acHoi izuku. HeobxiOHO niOKpecaumMuU, WO BaHIUBUM
pesynemamom  Hawoi pobomu € 36ie 3HavyeHHA  elineposeoi
Xapakmepucmuku, 3HalideHoi 8 mepmiHax Kozomosoeii [onvbo i 8
mepmiHax pednexcusHozo mnoniedpa. OmpumaHa iHopmayia npo
mononoeivyHi iHeapiaHmMu HeobxiOHa 074 MpPOo2HO3y8AHHA KinbKOCcmi
MOKOiHb Y (hi3uyi enemeHmMapHUX YaCMUHOK.

BucHosKu. Xo4a eduHoi meopii 8cix 83aemo0ili MoKu wo He 3HalideHo,
00HaK nesHi acrekmu, Moe’s3aHi 3 MPAaKmMyeaHHAM €O0UHOI meopii ecix
830€MO0ili 3 MOYKU 30py Cy4acHOi Mamemamuku, daome ceoi 8azomi
pesynemamu. TomMy 8UKOpUCMAHHA ma po3pobKka anapamy anzebpaiyHol
2eomempii 018 NowyKy monosoaiYHuX iHeapiaHmMis, ujo MarMe 3Ha4YeHHA
criocmepexcyeaHux y @isuuyi, € akmyanbHUM 3080aHHAM.

Py

Formulation of the problem. Precision studies of the Higgs boson,
supersymmetric particles, the magnetic moment of the muon, electric
dipole moment of the electron, flavor anomalies demonstrate the deviation
beyond Standard Model. They are connected with a new understanding of
quantum field theory through the unification of gravity with particle physics
in the framework of string theory - the powerful instrument, which has
changed the theory picture. The article is devoted to the study of new
physics through these two components. First, we considered particle physics
in terms of the latest experimental data and then moved on to the
mathematical apparatus of string theory.

Materials and methods. The N = 2 Yang-Mills theory is the heterotic
string analog determined in ten-dimensional space: four usual space-time
coordinates and six extra dimensions, known as Calabi-Yau manifold in
weighted projective space. We studied the Calabi-Yau manifold in terms of
both differential forms and reflexive polyhedra to extract the elementary
particle information. For further work with Calabi-Yau manifolds,
differential forms for calculation of cohomology groups and reflexive
polyhedra for calculation of Hodge numbers were used. We used two
definitions of general properties of toric varieties: hypersurfaces in terms of
differential forms and projective space in terms of reflexive polyhedral.
Then we investigated lattice polyhedra A which gives rise to families of
Calabi-Yau hypersurfaces in weighted projective space, PA. Such polyhedra
admit a combinatorial characterization and are called reflexive polyhedra.

Results. The comparison of two approaches to the description of Calabi-
Yau manifold as a complex manifold and as weighted projective space led
us to the conclusion about the equivalence of these two treatments in the
context of calculation of the Euler characteristic. As Euler’s characteristic for
elementary particle physics is the number of generations of quarks and
leptons, the selection of Calabi-Yau manifolds with appropriate topological
properties is one of the urgent problems of modern physics. It is necessary
to stress that the important result of our paper is the coincidence of the
value of the Euler characteristic, found in terms of Dolbeault cohomology
and terms of reflexive polyhedral. The obtained information about
topological invariants is necessary for predicting the number of generations
in particle physics.

Conclusions. Although a unified theory of all interactions has not yet
been found, however, certain aspects related to the interpretation of the
unified theory of all interactions in terms of modern mathematics give their
significant results. Therefore, the use and development of the apparatus of
algebraic geometry for finding topological invariants that have the value of
observables in physics is an urgent task.

K/ItOH0BI C/IOBA: CmaHdapmHa modesns; mHo208ud Kanabi-Ay; mopuyHi
MHo208Udu; OugepeHyiliHa gopma; 3eaxceHull npoekmusHuli npocmip;
pegnekcusHuli 6azamoepaHHUK; Kozomonoeia [Jonbbo; Xapakmepucmuka
Elinepa.

KEYWORDS: Standard Model; Calabi-Yau manifold; toric varieties;
differential form; weighted projective space; reflexive polyhedral; Dolbeault
cohomology; Euler characteristic.

INTRODUCTION

Formulation of the problem. The discovery of the Standard Model (SM) Higgs boson at electroweak scale was a triumph of
field theory. But the existence of hierarchy problems, dark matter, and dark energy, the recent experimental data (LHCb
Collaboration, 2021; Crivellin et al., 2021; Bobeth et al., 2021; Muon g-2 collab., 2021) has led us to the most important channels for
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the search for new physics: a)B-decay anomalies, connected with the transition between quarks, b->sll, strongly suppressed by
SM showed 3.1c from SM predictions; b) BaBaR, Belle and LHCb analysis of charged-current b->ctv decays showed the combined
significance of roughly 30; c)combined measurements at Brookhaven and Fermilab of the magnetic moment of the muon
presented the overall significance of 4.2 o; d)Cabibbo-Kobayashi-Maskawa elements determined with unitarity relation
demonstrated a deficit at the 30 level. To resolve the problems of SM, we will consider particle physics in terms of the
mathematical apparatus of superstring theory.

The N = 2 Yang-Mills theory is the heterotic string analog recently solved in the work of Seiberg and Witten (Seiberg &
Witten, 1994). This theory is determined in ten-dimensional space: four usual space-time coordinates and six extra dimensions,
known as Calabi-Yau manifold in weighted projective space. It turns out that physical information about matter content can be
obtained from the study of geometric properties and the calculation of topological invariants of the space of extra dimensions
that appears in string theory. So, we’ll study the Calabi-Yau manifold in terms of differential forms and reflexive polyhedra to
extract the information about the number of particle generation.

Analysis of current research. The emergence of string theory is associated with the analysis of experimental data on
pion scattering, which was described in 1968 by J. Veneciano and M. Suzuki using beta functions. In 1970, Nambu J., Goto T.,
Nielsen H. and Sasskind L. put forward the idea of the interaction between pi-mesons through "an infinitely thin thread that
oscillates", (Susskind, 1970). Thus, the theory of superstrings appeared, which describes elementary particles and the interactions
between them. Scientists such as Green M., Schwartz J., Volkov DV, Kazakov DI (Green et al., 2012) associated with the
development of this theory. In the 1990s, Witten E., Polchinsky J., and others discovered evidence for combining superstring
theories into an 11-dimensional M-theory, (Susskind, 1970). Such theories are connected with Calabi-Yau space with properties
necessary for preservation supersymmetry after compaction of ten-dimensional space on a six-dimensional torus.

The purpose of the article. The statement about the Yang-Mills theory presented in terms of heterotic string theory
gives us the possibility to receive the problems of high energy theory in the mathematical language of string theory. So, the
purpose of our paper is to present the equivalence of the calculation of topological invariants of algebraic geometry through the
Dolbeault cohomology or in terms of reflexive polyhedral, which gives us the information of the number of generation in physics.

THEORETICAL BASES OF THE RESEARCH

In the future, we will work with a section of mathematics - topology. Topology is connected with bending, stretching,
and compressing of the material without limit, but cannot create or destroy holes within shapes. So, a new concept called
homology helps mathematicians connect topology with algebra. We will deal with the counting of a specific type of hole, which
can be described as a closed and hollow space. The samples of one-dimensional holes of different types are presented in Fig. 1.

Hole Not closed Not hollow

? o

Fig. 1. One-dimensional holes of different types

To distinguish closed and hollow spaces it is necessary to know the information about its boundaries: the boundary of
a one-dimensional line segment, solid triangle, and solid pyramid are the two points, the hollow triangle, and hollow pyramid
correspondingly. Different types of holes are characterized by mathematicians by a chain complex. For example, a pyramid
bounded by four triangles, six lines, and four points can be presented as a chain complex, Fig. 2.

CHAIN COMPLEX

2D

SRR

Fig. 2. Chain complex of the pyramid that gives the assembly instructions for a shape

So, any shape is built by grouping by dimension and arranging through gluing pieces of different dimensions. In
mathematical language, we’ll describe this procedure in the following way. Let’s consider n-simplex o, which is a continuous
mapping of A, X (X is the space), and consider the mapping F; : An-1 = A, obtained by the restriction of linear embedding R" -
Rr+1, The composition o°F;is an (n-1)-simplex and is called the i-th face of a. From these faces is constructed n-cochain with values
in A (abelian group), which associates with each singular n-simplex the element from A. For such a cochain a we can define its
coboundary: the (n + 1)-cochain da,

n+l X
da(o) =Y (D' a(ooF)-

i=0
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So, the construction of any shape in X from the pyramid is presented through the complex
S(X)*:0>S8% ... sk ...
called singular cochain complex of the space X. Its cohomology is called singular cohomology of X with values in A denoted by

Hi(X, A). The language of differential forms, simplexes for the description of extra-dimensional space — Calabi-Yau manifold will
be used in the presented paper.

METHODS OF THE RESEARCH
For further work with Calabi-Yau manifolds, we will use two approaches: a) calculation of conomology groups using
differential forms b) calculation of Hodge numbers using reflexive polyhedra.
a) To describe complex manifolds of Calabi-Yau type, we’ll consider differential forms on such manifolds with basic
differentials
dz) =dx! +idy!.
For (p,q)-forms

i —i -n
=0, ﬁdZI/\.../\dZn/\dZI/\.../\dZ
the external derivatives have the form
0 i -n = o . —i ; -n
dw=—a - -0'A..Adz, Ow=—rdze - -dz)A...Andz .
azl I...nl...n —I I...n...n
oz

Dolbo's cohomology, (Griffiths & Harris, 2014), which characterize the type of manifold is defined by

5—c|osd(p,q)— form

HPA=Z
o0—exact(p,q)— form

b) Calabi-Yau manifold X4 (@,..., ®s) in weighted projective space

4 _ ot
Pfa]_,...,mj_P ’fzwlx"‘xzms’

with P4 -four-dimensional projective space and Za,i - the cyclic group is defined from the superpotential W((Dl, ey (;)5) =0,

(Candelas et al., 1990; Greene et al., 1991), which satisfies the homogeneity condition,

5
WXy, x%05) =X W(py,....p5), d= w;, @1 _p5e Pﬁl
i1

Such a variety is called toric one, Fig.3

Fig. 3. Example of toric variety in P2

which comes from the fans by gluing them all together. So, we can construct reflexive polyhedron, (Batyrev, 1993), from fans

+1
A@)= {(xl, oo peg )€ R b @;x; =0, x; 2 _l}

i=1

5
Fans are combined from a set of convex cones o in RY. For fy,..., M, € 29, 6= R +...+ R, , disequalto d = Zar.
i=1
- the sum of Calabi-Yau weights. For further consideration, we need the notion of a hypersurface - a manifold or an algebraic
variety of dimension n — 1, which is embedded in an ambient space of dimension n. In general, it is a Euclidean space, an affine
space, or a projective space. We are dealing with projective spaces. Most definitions assume the Calabi-Yau manifold is non-
singular, but for singular Calabi—Yau's, the canonical bundle and canonical class may still be defined. V. Batyrev has proposed the
following theorem, (Batyrev, 1993):
Theorem. Let A be n-dimensional integral polyhedron, P, — the n-dimensional projective toric variety, F(4) - the family
of hypersurfaces Z; in P. Then the family F(A) of hypersurfaces in P, consists of Calabi-Yau varieties with canonical singularities.

RESULTS OF RESEARCH

To distinguish between two shapes that are hard to visualize an invariant in the form of a single number exists, which
doesn’t vary after the change of an object’s inessential features (if you stretch or distort some shape). Centuries ago
mathematicians discovered, that a combination of the number of shapes plus the number of corners minus the number of edges
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always comes out the same. For example, a tetrahedron (with four triangles, four corners, and six edges), has the number
4 + 4 - 6 = 2. The same procedure can be done for Calabi-Yau hypersurface Zs through the calculation of the Hodge-Deligne
number hn21(Z;) of the cohomology group H"™(Z; ) as follows
RNz =1(a)—n—1- 3 1*(0).
cdim 8=]1

where face © — A, I(A) — Mori generators, (Candelas et al. 1994) . The Euler characteristic for p,g=n is defined as the alternated
sum of Hodge-Deligne numbers,

(-1 R HYV)).

iz0

On the other hand, we can construct Euler’s characteristics using Dolbo's cohomology. Knowing, that
dimHLP9(M)=hPd
o

where hP4 - Hodge numbers, the Euler characteristic for a flat plane variety is determined from Hodge numbers as follows

2= Y .(-1)""hpa - Z(hl’l - hz'l).
p,g=n

A number of generations :%M B

CONCLUSIONS AND PERSPECTIVES FOR A FURTHER RESEARCH

The comparison of two approaches to the description of Calabi-Yau manifold as a complex manifold and as toric variety
led us to the conclusion about the equivalence of these two treatments in the context of calculation of the Euler characteristic.
Topological invariants reflect the geometric properties of the manifold, and on the other hand, the Euler characteristic for
elementary particle physics is the number of generations of quarks and leptons. Thus, Einstein's statement that "physics is
geometry" is realized. Therefore, the selection of Calabi-Yau manifolds with appropriate topological properties is one of the
urgent problems of modern physics. On the other hand, it is necessary to stress the important result of the coincidence of the
value of the Euler characteristic, found in terms of Dolbeault cohomology or terms of reflexive polyhedral. Such a result leads us
to the conclusion about the importance of modern mathematical approaches to physical problems.
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ABSTRACT

®opmynioeaHHa npobaemu. OCHOBHOK  pywiliHOWO — cusmow y
pegopmyeaHHi oceimu € iHHo8ayiliHi 0c8iMHi mexHonozii, AK maki, wo
YMOMIUBIOIOMb: CMBOPEHHA YinicHo20 IKT-opieHmosaHo20 oc8imHb020
BUKOPUCMAHHA
QudakmuyHux moxcausocmeli CyyacHUx nepcoHanbHux IT-npucmpois ma ix
doyinbHe  30CMOCYBAHHA Yy  Npoyeci  HABYQHHA;  PO3WUPEHHS
iHCmpymeHmansHoi  NiIOMpPUMKU  Mi3HA8AAbHOI  OifAnbHOCMI; HAOAHHA
pi3HoacnekmHoi  nedazoeivHoi  MIOMPUMKU.  Bu3HGYeHO  MPUYUHU
modepHisayii  memoouyHoi  nmidcomosku  malibymHix — y4umenis
iHpopmamuKu, 30Kpema, M08’A3GHUX 3 NEPMAHEHMHUM OHOB/EHHAM
WKiNbHO20  Kypcy iHopmamuKu, 3miHow  napadusm  HABYAHHSA,
36inbWweHHAM iHmepecy oceimaH 0o cyvyacHux IKT-3opieHmosaHux
mexHos02ili HABYAHHSA, HACKPI3HUM 8uKopucmaHHAM IKT y ocgimHeomy
npouyeci, po3wupeHHAM crekmpy 000amKoeux Kypcie 3 noz2nubneHoz2o

cepedosuwja; CcmeopeHHA Science-npocmopy;

8uB4YeHHsA OKpemux po30isis iHpopmamuku moujo.
M. ; ; 3
i

P
00CnidHeHHsA, 30Kpema, aHani3, y3a2aAbHEHHA, cucmemamu3ayis

B8UBYEHHA  ICUX0/1020-Neda202iyHol, MemoduyHoi ma  creyianbHol

nimepamypu, iHpopmayiliHux Oxcepen 3 npobaemu 00CniOHeHHs.

Pesynemamu. [na 8i0nogidHoi nidzomosku malibymHix e4umerie
0HOB/1eHO 3Micm Kypcy «MemoOuKa Ha8YAHHA iHPOPMAmMUKU» MoOynem
«OcsimHi mexHonozii». YmoyHeHo cymHicme IKT-opieHmosaHux oceimHix
mexHosoeil (ducmaHuyiliHe HagyaHHs, E-Learning, M-Learning, F-Learning,
Blended-Learning, = STEM-HagyaHHA,  Smart-HaB4YaHHA,  MexXHOAO02iA
camoocsimu). Cxapakmepu3oeaHo OYiKYy8aHI pe3yabmamu 6u84YeHHs
malibymHimu ~ nedgzoeamu  OHOB/EHOI  HABYAAbHOI  QucyunaiHu

«MemoOuka Ha84YaHHSA IHPOPMAMUKU».

BukopucmaHo meopemuyHi mMemodu

Formulation of the problem. The main driving force in education reform
is innovative educational technologies, as they enable: the creation of a
holistic ICT-oriented educational environment; creation of Science-space;
use didactic possibilities of modern personal IT devices and their expedient
application in the learning process; expansion of instrumental support of
cognitive activity; providing multifaceted pedagogical support. The reasons
for modernization methodical training of pre-service computer science
teachers are identified, in particular, related to permanent renewal of
school computer science course, change of learning paradigms, increasing
teacher’s interest to modern ICT-oriented learning technologies, use of ICT
in educational process, expanding the range of additional courses on in-
depth study some sections of computer science, etc.

Materials and methods. Theoretical research methods are used, in
particular, analysis, generalization, systematization and study of
psychological and pedagogical, methodological and special literature,
information sources on the research problem.

Results. For the appropriate training of pre-service teachers update the
content of the course "Methods of teaching computer science" module
"Educational Technology"”. The essence of ICT-oriented educational
technologies (distance learning, E-Learning, M-Learning, F-Learning,
Blended-Learning, ~ STEM-learning,  Smart-learning,  self-education
technology) is specified. The expected results of pre-service teachers' study
of the updated discipline "Methods of teaching computer science" are
characterized.

Conclusions. Renewal of the course "Methods of teaching computer
science" and the introduction of the module "Educational Technology" in
the system of training students of pedagogical specialties contributes to the

BucHoeKu. OHosseHHA Kypcy «MemooduKka Ha84YaHHSA iHhopmamuku» i
3anposadxeHHA moodyasa «OcsimHi mexHonoeii» y cucmemy nidzomosku
cmyodeHmis cneyianbHocmi «014.CepedHa ocgima. IHpopmamuka» cnpuse
GopmysaHHIo y malibymHix ¢haxisyie Komraekcy meopemu4HUX 3HAHb i
MPAKMUYHUX YMiHb, MOMPIiOHUX 015 MPpodyKMuUBHO20 8UKOpUCMAHHA IKT-
OopieHmMoB8aHUX Oc8IMHIX mexHonoeili y npogeciliHili nedazoeivHili
diansHocmi.

formation of future professionals a set of theoretical knowledge and
practical skills needed for productive use of ICT-oriented educational
technologies.

K/IKOHOBI CJ/IOBA: ocsimHi mexHosnoeil; nideomoska malibymHix
syumesnie iHOpMamuKu; MemoOUKa HABYAHHA IHPOPMAMUKU.

KEYWORDS: educational technologies; training of pre-service computer
science teachers; methods of teaching computer science.

BCTYN

MoctaHoBKa npobaemu. 3miHa poni iHGOPMATUUHMX HAYK B PO3BUTKY BMPOOHMLITBA i CYCMinbCTBA, BUCOKUM piBEHb
TexHonorizauii npodeciiHoi A4iANbHOCTI 3yMOBAIOE NiABULLEHHA BUMOT A0 PiBHA NiATOTOBKM MabyTHiX yumTenis. B nepy yepry
MoAepHi3aLii noTpebye meToaMuYHa MiAroToBKAa MaMBYyTHLOro yuutens iHGOpMaTUKK, AKUW € pywiem UMPPOBUX 3MiH, LLO
BifOYBaAOTLCA Y 3aKNA4I OCBITM, NOMIYHUKOM iHLIMM NpPaLiBHUKAM OCBITU Y BNPOBAAMKEHHI iHHOBAL,iMHWUX OCBITHIX TEXHONOTIN Y
NPOLLeC HAaBYAHHA Ta BUXOBAHHA.
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AHanis octaHHix AgocnigxeHb i nybnikauii. NMUTaHHA MeTOAMYHOI MiAFOTOBKM MaMByTHIX yumTenis iHpopmaTuku
3HAX04ATbCA B PYC/i PO3BiAOK 6araTbox HayKOBL,iB. 30KpeMa, TEOPETUYHI | MeToAMYHI 3acaan NpodeciiHOT NiAroTOBKMN BUNTENSA
BUCBiTAeHi y npauax |.3aswoHa, O. MapuHoBcbkoi, H. MaunHcbkoi, C. Cucoesoi, T. CyweHKo, |. AKMMaHCbKOI Ta iHLWMX.
O6rpyHTYBaHHA, po3pobKa Ta YAOCKOHANEHHA CUCTEMM HaBYaHHA MAMBYTHIX yuuTenis iHPOPMATUKM BUCBITAEHI Y HAYKOBUX
npauax M. }angaka, H. Mopse, 0. Pamcbkoro, C. CemepikoBa, O. CniBakoBcbKoro, HO. Tpiyca Ta iHWMX, NUTaHHA OpraHisauii
OMCTaHLiHOro HaBYaHHA MabyTHIx daxisLiB poskpuBatoTbea y poboTax t0. PyaeHko, O. CemeHixiHoi, |. XapueHko, C. XapyeHKo
(2021).

CborogHi HeobxigHicTb MoaepHi3aLii MeToanMYHOT NiArOTOBKM MaBYTHIX yunTenis iHpopmaTMKM NoB’A3aHa 3 HU3KOKO
NPUYNH:

— CUCTEMATUYHMM OHOB/IEHHAM 3MICTY LKiNIbHOTO Kypcy iHPOpPMaTUKM ik 6a30B0i, TaK i NPpodisIbHOI LWIKOK, BiACYTHOCTI
CTaNOCTi Yy 3MICTi OCHOBHUX pOo34iniB. 3'aBAAOTbCA HOBI po3ainu (Dagiené et al., 2021), 3HUKYETbCA BiK LIKOAAPIB, AKi BNepLle
3HAMOM/IATLCA 3 TIEKD UM IHLLOK TEMOIO (30Kpema, Ana 5 Knacy B Moge bHiN nporpami 3 iHpopmaTtkm 2021 poKy NPONoOHYETLCA
HOBWI niapo3sain «Kaptu 3HaHb» (Mop3se & BapHa, 2021); po3ain «PoboToTexHika» (PagyeHko & Boposuosa, 2021; Chalmers,
2018)), o3HallOMNEHHA 3 MpOrpamyBaHHAM mosoawmx wronapis (Panskyi & Rowirska, 2021). Towo. Kpim Toro, couianbHe
3aMOB/IEHHA BWMMaAra€ Bif, CY4aCHUX BWMNYCKHWKIB 3aKNaAiB cepeAHbOi OCBITM KOMMETEHTHOCTI LWOoAO BWKOPUCTAHHA
iHGOPMaLLIMHO-KOMYHIKaLiMHWUX TEXHONOTi; BONOAIHHA HUMM TEXHOMOTAMW A7 ManbyTHbOro npodeciiHoro 3poCTaHHA
(Sysoieva & Osadcha, 2020);

— 3MiHOI MapagUIrM HaBYaHHSA 1 Nepexoay A0 AUTUHOLLEHTPUCBKOTO, KOMMETEHTHICHOTO, AifNbHICHOrO Niaxo4is;

— YyBeAEHHAM i 36ibleHHAM iHTepecy OCBITAHCLKOI CMiIbHOTM A0 STEM TexHO10ri, BNPOBaAKEHHAM Y LWKiNbHY OCBITY
STEM npoeKTiB, AKi FPYHTYHOTHCA Ha BUKOPUCTAHHI LMPPOBMX TEXHOIOTII, MOABOIO CreLjiani3oBaHMx KabiHeTiB, Aki NoTpebyoTb
HoBux niaxoais (bapHa & banuk, 2017; Copoko & PokomaH, 2019);

— 36i/IbLLEHHAM POJIi OCBITHIX TEXHONOTIN, NOB'A3aHNX 3 BUKOPUCTaHHAM 3acobiB IKT - gMcTaHuiiHOro 11 3milaHoro
HaBYaHHA (KapniHcbKuii Ta iH., 2020), mobinbHoro (Bmkos, 2013) 1 cmapT-HaBYaHHA (AHApPIEBCHbKA Ta iH., 2021) Tow,0;

— NOABOIO M WBMAKMM PO3BUTKOM MPUBATHUX i AepKaBHUX 3aKNaZiB NO3aLWKiIbHONO HaBYaHHSA, AKi NPOMOHYTL ANA
LUIKONAPIB KYPCKU, MaCTEP-KNacK, 3aHATTA 3 OKpPeMUX Po3ainiB iHGOPMaTUKM — NPOrpamyBaHHA, POBOTOTEXHIKM, KOMM'tOTEPHOT
aHimaLii, 3D moaentoBaHHA TOLLO;

— Pi3HOMaHITTAM TexHiYHOi 3abe3ne4eHOoCTi WKiNbHOro KabiHeTy iHGOPMaTUKK (AK HACNiAOK, yunTenb iHpopmaTuku,
AKUI He € iHXeHepomM abo CUCTEMHMM agMiHICTPAaTOPOM, Ma€E BMITU Hanarogutu poboTy 3 HasBHUM Habopom Komn'toTepHol
TexHiKW, BCTaHOB/IOBATH NporpamHe 3abesneyeHHs BiANOBIAHO A0 NiLEH3IMHMX YMOB, OHOB/OBATK BEPCIi TOLLO);

— HACKPIi3HMM BUKOPUCTaHHAM 3acobiB iHPOPMaLiMHO-KOMYHIKaLiMHNUX TEXHONOrN B OCBITHbOMY MPOUECi. Yunteno
iHpOpMaTUKKM, AKMIA He € daxiBuem 3 iHWKUX NPeaMETIB, MAE PO3YMITU AUOAKTUYHUI MNOTEHLian TEXHONOrYHUX 3acobis,
€/1eKTPOHHUX OCBITHIX PecypciB Pi3HOro ¢yHKLiOHaNbHOIO NMPU3HAYeHHA Ta BMITM AOMNOMOITU Yy iX BUKOPUCTaHHI Ha ypoOKax
(Olefirenko et al., 2020).

3asHayeHi NPUYMHKU 3YMOB/IIOIOTbL HEOBXiAHICTb NepebygoBM 1 OHOBAEHHA METOAMYHOI MiArOTOBKM yuuTens
iHbOpMaTHKK, BNPOBaAKEHHA HOBUX MeTOoAiB poboTH 3i 3406yBa4amu 0CBiTH, GOPMYBaHHA FOTOBHOCTI 0 BNPOBAAMKEHHA HOBUX
OCBITHIX TEXHOOTIN Y WKiNIbHE XXUTTA.

OCHOBHMM KypCcOM, AKUI 3abe3neyye MeToanyHy NiAroToBKy MalbyTHIX yumtenis iHpOPMaTUKKN, € KYPC METOAMKM
HaBYaHHA iHPOPMATUKK, AKUIA BMBYAETLCA Ha nepwomy (bakanaBpcbKomy) i gpyromy (marictTepcbKomy) piBHAX cnewianbHOCTI
014.CepeaHa ocBitn (IHbopmaTuka). Mpy LbOMY MaeEmMO Ha yBasi, WO MeTOAMYHA MiAroToBKa Ha GakanaBPCbKOMY PiBHI
cnpsmoBaHa Ha GopMyBaHHA METOANYHOI KOMMETEHTHOCTI MalibyTHbOro yuMTeNsa 3aKnaaiB 6a30BOi 3ara/ibHOI OCBITH, @ TaKOXK
Ha O03HAMOMJIEHHA Ta 3aCTOCYBAaHHA HAABHWX TEXHOJOTiM Yy HaBYa/IbHOMY MPOLLECi, @ NiArOTOBKA Ha MariCTepCbKOMY pPiBHi
cnpsMmoBaHa Ha POpMyBaHHS METOAMYHOI KOMMETEHTHOCTI yuuTens 3aKknagy npodinbHOi OCBITM, @ TaKOX Ha 34iNCHEHHA
aHaNITUYHOI M AO0CNIAHNLBKOT AiANbHOCTI, NPOEKTYBaHHA AUAAKTUYHUX CUTYALLiN 3 BUKOPUCTAaHHAM CYy4aCHWUX OCBITHIX TEXHONOTIN.

MeTolo AOCNIAKEHHA € BUCBITNIEHHSA LW/IAXIB OHOB/IEHHS METOAMYHOI NigroToBKM MabyTHIX yuntenis iHpopmaTUKm
LU/IAXOM BMNPOBAAMKEHHSA 3MICTOBOro moayna « OCBITHi TEXHONOTIi».

METOAU OOCNIAXKEHHA
[Ona BupiwWeHHsA nocTaBneHux 3aBAaHb Oyno BUMKOPUCTAHO TEOPETUYHI MEeToAM AOCNIAMKEHHA, 30Kpema, aHanis i
BMBYEHHA NCUXO0r0-NefaroriyHoi, METOAMYHOI Ta CrneLianbHOT NiTepaTypy, iHpopMauiiHUX axKepen 3 Npobaemu AOCNIAKEHHS.

PE3Y/IbTATU TA 1X OGTOBOPEHHA

PedopmyBaHHA OCBITM YKpaiHM B HanpAMKY iHTerpaiii B €BpoOnencbKMii OCBITHIM npocTip nepenbayae po3pobKy Ta
BMNPOBAAKEHHSA iHHOBALLIMHWUX OCBITHIX TEXHONOTIN, aAMKe piBeHb peanisaLii TeXHONOMYHOro NiaAXo4y € O4HUM 3 HANBAXKAMBILLIMX
KpUTEpIiB, 33 AKUMM BU3HAYAOTLCA KOHKYPEHTOCMPOMOXKHICTb Ta MPECTUNK 3aKNagy ocBiTU (FHKOBWMY Ta iH., 2015). Mpobaemi
BWKOPUCTaHHSA OCBITHIX TEXHONOTiH NpUcBAYeHO 6araTo AocnigKeHb. HayKoBLi, negarorv-npaktvku (. KomeHcbkui, |. Masnos,
B. bextepes, C. LLlaubKuii Ta iH.) BU3HAUMIM TONOBHY ifeto TeXHOIOri3aL,ii OCBITHBOrO NpoLLecy AK NepeTBOPEHHA NeAaroriyHoro
npovecy B OCBITHIl YCTaHOBI Ha LLiiecnpAMOBaHW NpoLec AiasbHOCTI BCiX MOro cy6’eKkTiB.

Y ncuxonoro-nefarorivHUx JocnifxeHHa 6araTo yBarm NpuAiNeHO BWUCBITAEHHIO MOHATTA «OCBITHA TEXHO/OMiA»
(I. Kysbma, M. Muxaiinmyenko, fl. Pyauk, . Cenesko, C.CucoeBa, O.flHKOBMY Ta iH.), MpoTe €AMHOrO, BMYEPMHOro Ta
3ara/ibHONPUAHATOrO BU3HAYEHHSA OCBITHLOI TEXHONOTIT He iCHY€E. BoAgHOYAC, CYTHICTb NOHATTA «OCBITHA TEXHONOTIA» AOCAIAHUKN
B6ayaloTb y BiA06ParKeHHI 3aranbHOI cTpaTerii PO3BUTKY OCBITU, EAMHONO OCBITHLOrO NpocTopy (MuxaanyeHko & Pyauk, 2016).

Bunbip ocBiTHbOI TexHonorii — Le 3aBXAM BUOIp cTpaTerii, cMcTeMMU B33aEMOA[T, TAaKTUK HABYaHHA Ta CTUIO PobOTU
BYUMUTENA 3 TUMMW, XTO HaB4aeTbcA (Mpokonis, 2017). MpoTe, cborofeHHi pepopmn BUMAratoTb HOBMX MiAXOAiB, HOBUX OCBITHIX
TEeXHONOriN, AKi BPaXOBYIOTb iHTEHCMBHICTb MPOLECY CTAHOBNEHHA iHPOPMATU30BAHOrO CYCNiNbCTBA; YMOBM PO3BUTKY i
CTAaHOB/IEHHA MONOAOIO NMOKONIHHA B Cy4acHOMY iHGOpMaTn3o0BaHOMY CBiTi.
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Ha cborogHi BigcyTHaA YiTKa Knacudikauia cydacHux IKT-opieHTOBAHUX OCBITHIX TEXHOOTI, BOAHOYAC MOXKHa BUAINNTK
LEKiNbKa X OCHOBHMX pisHOBKAIB (AAHKOBMY Ta iH., 2015; PomaHoBa Ta iH, 2015):

= flucmaHyiliHe ma oHAalH HaBYAHHSA, WO HaAAlOTb 3MOTM OPraHi3yBaTW OCBITHI NPOLEC N03a MEeXKaMn LLKINbHOro
3aK/aay, CTBOPUTU eanHe iHPpOopMaLLiiHO-OCBITHE cepeaoBULLLE LIKOA-AiM» 3a SOMOMOroH0 HOBITHIX 3aco6iB IKT. AKTyanbHiCTb
YNPOBaAKEHHA ANCTAHLINHMX Ta OHMAWH TeXHONOTiN 0bymoB/ieHa peaniasmm cydacHocTi, agyke 3 2020 poKy WKOAM NPaLLooTb B
YMOBAX aflanTUBHOrO KapaHTUHY i came TeXHOOriT AUCTAHLIMHOMO Ta OHAANH HaBYaHHA HaAa/M 3MOTY NMPOAOBYKYBATM OCBITHIN
npoLec nia Yac KapaHTUHy. Kpim Toro, B YKpaiHi MOXKHa crnocTepiraTv akTUBHUI PO3BUTOK 3aKi1afiB OCBITH, AKI HaJAKOTb 3mMory
YYHAM WWKINbHOrO BiKY HaBYaTMCA AMCTAHLiIMHO, HE3aNeXHO Big micuA ix nepebyBaHHsA 1 peecTpauii. 3abesneyeHHs AKiCHOro 1
epeKTMBHOro HaBYaHHSA 3a AOMNOMOroH0 3a3Ha4YeHoi TeXHOOTIT NOTPEBYIOTL YCBIAOMAEHHSA iX cneundikn, 0cobanBoi NiAroToBKK
AK MEHeAXKepCbKoro cknagay, Tak i BunTens.

= E-Learning (8i0 aHen. Electronic Learning) — OCBITHA TEXHO/OFIA, WO FPYHTYETbCA HA WMPOKOMY BUKOPUCTAHHI
OWAAKTUYHOTO MOTEeHLiany eNeKTPOHHUX PecypciB PisHOrO ¢GyHKLIOHANbHOrO NPU3HAYEHHA, MOTYKHUX BMCOKOTEXHOJOTIHYHUX
npucTpois (Komn’toTepun, cMapTPOHU, NAAHLIETU, HOYTOYKM TOLLO), HOBITHIX MYNbTUMEZIVNHUX TEXHONONN, MEPEXHUX cepBiciB
(BiAKPUTMX OHNalH pecypciB, BipTyanbHMX nnatdopm Towo); i nepeabayalotb, 3 0gHOro GOKY, iHTEPAKTMBHY CaMOOCBITY
CTYAEHTIB/WKONAPIB, @ 3 IHLIOrO — iIHTEHCUBHY KOHCY/IbTaLiiHY T IOTOPCLKY NiATPUMKY.

= M-Learning (Big aHrn. Mobile Learning) abo BYOD-opieHTOBaHe HaB4aHHS — OCBITHA TEXHOJOTIA, AKI HaAa€ 3MOrv 3pobUTH
npoLec HaBYaHHA THYYKMM, AOCTYNHWUM i nepcoHipikoBaHMM. POKYC TaKOro HaBYaHHA MOJIATAE Y MOMAMBOCTI NPOAOBKYBATH
HaBYaHHA, O3HalomloBaTUCA 3 iHbopmaLieto, HabyBaTM yMiHb M HaBMYOK HE3aNeXXHO Big, Micus posTawysBaHHA (nig yac
OYiKyBaHHS, NOJOPOKi ToWo). Take MObiNbHe HaBYaHHA 3abe3NeYyeTbCA BE/IMKUM CMEKTPOM MOBINbHUX KPOC NAaTGOpMHMX
[04aTKIB — TpEeHaXKepiB, NOCIBHMKIB, A0BIAHWKIB, KaNbKYAATOPIB, BipTyabHUX CEPEAOBULL, MOAENIOYMX NPorpam Towo. Kpim
TOro, 3a AOMOMOrol MOBINIbHUX [0AaTKIB 3'ABNAETHCA MOM/IMBICTb ONEPATUBHOIO MOHITOPUHIY PE3Y/bTaTUBHOCTI HaBYaHHA,
3a6e3MneyyeTbCsi BUCOKA HAaCUYEHICTb KOHTEHTY, WO A03BOJIAE PO3MAAATU MOTO HE NNLLE AK 3aCib HaBYAHHSA, a 1 AK IHCTPYMEHT
CNiNbHOI PpO6OTK, NPU3HAYEHWNI ANA NiABULLEHHA AKOCTIi HAaBYaHHS.

= F-Learning (Big. aHrn. Flipped learning — «nepeBepHyTE» HaBYaHHA) — TEXHOAOrIA, AKa nepegbdayac, Wo Y4yHi
OMaHOBYOTb TEOPETUYHUIA MaTepiaa NO3a WKOI0K, CAMOCTIMHO KepytUM YacoM i TEMMNOM HaBYaHHA, afie MPAKTUYHUIA MmaTepian
BiANPALLbOBYIOTb MiJ, KEPIBHULTBOM BUNTENA.

= Blended-Learning — HaBYaHHSA, LW,0 NOEAHYE BULLE 3a3HAYEHI TEXHOOTII 3 WKIbHUMM 3aHATTAMM 33 TPaAAMLiINHO
CMCTEMOIO.

= STEM-HaBYGHHA, OCHOBHA ifeA AKOro MNoJIATae B TOMY, LLO HaB4Ya/bHO-Mi3HaBa/bHUIN npouec byayeTbcs Ha
MIXKANCUMMNIHAPHIA OCHOBI HABKO/IO BUBYEHHA KOHKPETHUX MPOBAEMHUX CUTYaLi peanbHOro Xutra. Hanpamok STEM cnpuse
TOMY, LLLO OCBITHIl NpoLec cTae Binbll FHYYKUM, OCKIZIbKM BPAxoBYHOTbCA iHAMBIAYaNbHI OCBITHI MOTPEbU KOXKHOMO LWKOAPA,
CTBOPIOIOTLCA CNPUATANBI yMOBUM Ana 1i HaBYaHHA — Science is fun.

= Smart-HaBYaHHA — TEXHOOTIA, WO I'PYHTYETbCA HA CTBOPEHHI aanTOBaHOI CUCTEMM MIATPUMKM iHAMBIAYANbHOTO Ta
CMiNbHOTO HaBYaHHA, MNOEAHYE TaKi CKNaZoBi - camocTiliHo-cnpsamoBaHicTb (Self-directed), moTuBauiiiHicTb (Motivated),
agantueHicTb (Adaptive), 36arayeHictb pecypcamm (Resource-enriched), HacuueHicTb TexHonoriamu (Technology-embedded)
(AHKOBWY Ta iH., 2015). Came Smart-HaBYaHHA 34aTHe 3a6e3Mne4nT MakCMaabHO BUCOKUIA piBEHb OCBITH, BiANOBIAATM BUMOram
i MOXKNMBOCTAM CbOrOAEHHA, aanTyBaTMUCA A0 WBWUAKO3MIHHOMO cepefoBuLLA, A0 NePCOHaIbHUX NoTpeb wkKonapis. OCHOBHO
nepesaroto SMART-0CBITM € Te, LWLO B LLEHTPi 3HAXOAUTLCA YY€Hb 3 MOro 3BUYKamMM, NOTpebamu, piBHEM OCBITU Ta nonepegHim
OO0CBiIOM HaBYaHHA i Ha OCHOBI 36MpPAHHA LAHWMX MPO XapaKTep MOro nisHaBasbHOI AiANbHOCTI MPOEKTYETLCA W peanisyeTbca
NnepcoHasibHa OCBITHA TPAEKTOPIA. B Takili TexHoorii 3abe3neyyeTbea iHAMBIAYaNbHUI NiAXig 40 KOXKHOIO, YPaxoByHTbCA OCBITHI
notpebu Ta 0cobAMBOCTI 3aCBOEHHSA iHDOPMaLLii, 34iMCHIOETLCA NEepPeBipKa i BYaCHa KOPEKLA pe3yabTaTiB HaBYaHHA 3 TUM, Wo6
YHUKHYTM NOABY NPOranuH y 3HaHHAX abo HenpasuabHe 3acBOeHHSA iHbopmaLii (AHApieBcbKa Ta iH., 2021).

= TexHOs102i9 CAMOOC8iIMU — HaBYaHHS, L0 Peani3yeTbCa 3 ypaxyBaHHAM iHAMBIAYaNbHUX 0COBMBOCTEN i Ni3HABA/IbHUX
34i6HOCTEN TUX, XTO HaBYaETLCA Y NPOLECi iHAMBIAYaNbHOI 1 KONEKTUBHOI HaBYabHOI AiAIbHOCTI (Nig KepiBHULTBOM BUMTENA Mig,
Yyac ypoKy Ta B M03aayAuTOpHiA poboTi, ane 6e3 Moro besnocepedHboi yyacTi) 1 cnpAmoBaHe Ha PO3BUTOK OCOBUCTOCTI,
$OopMyBaHHS YyMiHb CAMOCTIIHOTO OTPMMAHHA HOBWMX 3HaHb. 3a3Ha4YeHa TEXHOOTIA CNPUYMHEHA 3MiHAMM Y CBITi, AKi NOB’A3aHi 3
WBWUAKMM PO3BUTKOM iHPOPMALIHO-KOMYHIKALLIMHUX TEeXHOANOriW, BNAMBOM LMOPOBUX FagsKeTiB Ha couiajsibHe KUTTA ¢
HEMO/MBICTIO CNPOrHO3yBaTU MOTPEDY B 3HAHHAX M YMiHHAX Y MalbyTHbOMY. 3a3HauyeHa TeXHO/OoriA CNPUAE MNiATPUMKM
KoHuenuji «LifeLong Learning» Ta Hafa€e 3MOrM NPOAEMOHCTPYBATU BaXK/MBICTb He HAKOMWYEHHA 3HAHb, @ OBOOAIHHA
YHiBEpPCalbHUMM MEeTayMiHHAMM — NoLwyKy iHpopmaL,i, ii aHani3 i cuctematusalia, onaHyBaHHA HOBUX TEXHOJOFIN, BUPILLEHHA
paHille HeBiAOMMX 3aBAAHb TOLLO.

KoKHa i3 3a3HaueHux IKT-opieHTOBaHNX TeXHONOTiM Nepeabayae NneBHy 3MiHy XapakTepy i cnocoby HaBYaHHA WKOAAPIB
i HaAalTb HOBI MOXKAMBOCTI ANA:

® CTBOpPEHHA LUinicHoro |KT-opieHTOBAaHOro OCBITHLOrO CepefoBULLLA, B AKOMY MOXE PO3ropTaTvcA HaB4asbHO-
ni3HaBaNbHa AiANbHICTb YYHIB Yy OyAb-AKMI Yac i B paMKax LWKiNbHWUX 3aHATb M MO3a LWKOJ/IOH, WO HAZA€E 3MOrM peanisysatu
NMOTEHL,iMHY MOX/IMBICTb HENEepPEePBHOCTI OCBITHLOIO NPOLECY;

" BUKOPUCTAHHA AMAAKTUYHUX MOMKIMBOCTEN Cy4aCHUX NepcoHasnbHUX IT-NpUcTpoiB Ta iX AOLIIbHE BUKOPUCTAHHA Y
npoueci HaBYaHHA AK ePEKTUBHUX i LOCTYNHUX IHCTPYMEHTIB HaBYaIbHO-Mi3HABAIbHOI M AOCAIAHWLBKOIT AianbHOCTI LndpoBoro
NOKONiHHS;

® PO3WMPEHHA IHCTPYMEHTANbHOI NiIATPUMKM Mi3HABaNbHOI AiA/IbHOCTI WKOAAPA LWAAXOM 3a/7yYeHHA Pi3HOMaHITHUX
pecypcis, 30piEHTOBAHUX AK HA MOro CyNpoBiZ, TaK i HAa 3a4,0B0/IEHHA IHAMBIAYaIbHUX NOTPED i 3aNUTIB Y4HIB;

" Haa@HHA Pi3HOACMNEKTHOI NeaaroriyHoT NiATPUMKM YYHAM 3 BUKOPUCTAHHAM HedopMasbHUX cnocobiB KOMyHiKau,ji
nezarora 3 KOXXHUM 3 HUX i 3 loro 6aTbKamu;

" nAigHa chiBNpauA MiX yciMa y4aCHMKamMM OCBITHbOFO MpoOLLeCy, OpiEHTaLiA Ha NOTPebu y4yHs (ypaxyBaHHA Temny
CNPUMHATTA WKOAAPEM HaBYaNbHOI iHpopmaLi, horo npupoaHux 3aibHocTel Towo);
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= CTBOPEHHA YMOB A5 PO3BUTKY Y Cy4aCHOro MigpoCcTatodoro NoKoNiHHA UMb posux HaBnyoK XXI cToniTTs.

[Ona o3HaioMNeHHA MaibyTHiX yuuTenis iHPOPMaTUKKM 3 OCBITHIMM TexHONOrIAMKU, GOPMYBaAHHA NPAKTUYHUX YMiHb
BMKOPUCTaHHA UMdpOoBMX TexHonorii ana 3abesneyeHHs e-learning, m-learning Towo, po3pobseHO HaBYaNbHUIN MOZY/b
«OCBiTHI TexHonOr» AgucumMnAiHM «MeToAMKa HaB4YaHHA iHPopmaTMKM Yy NpodinbHiM WKoni» Ans mManbyTHiX daxisuis
MaricTepcbKoro pigHA.

MeTolo yBEeAEHHSA 3a3HaYeHOro MoAyNA €: O3HAWOMUTU MAMBYTHIX yuuTeniB 3 CYTHICTIO Ta crneumoikolo OCBITHIX
TEXHOJOrIN, WO FPYHTYIOTbCA Ha BUKOPUCTaHHI Undposmx 3acobis, cdopmyBaTh YyMiHHA i HABUYKM BUKOPUCTAHHA LUPPOBUX
3ac06iB Ann peanisau,ii PisHMX OCBITHIX TEXHOIOTIN Y LWKiIIBHOMY HaBYaHH.

OCHOBHMMM 3aBAAHHAMM 3a3HAYEHOT0 MOAY/IA BU3HAYEHO TaKi:

= BUCBIT/IMTU 3MICT Ta BUAM OCBITHIX TEXHOAOTIN, X cneundiky peanisaLii y cyydacHil Wwkoni;

" NPOAEMOHCTPYBaTU MEPCNEKTUBM 3aNPOBaAKEHHA OCBITHIX TEXHO/OTM Yy LWKiNbHE HABYaHHA Ta B CUCTEMY
NO3aLKINbHOI, NepeasuLLOI Ta BULLOI OCBITH;

= 03HaOMUTH i3 cneundikoto peanisaLii OCBITHIX TEXHOIOTIN Yy MPAKTUKY HaBYaHHA iIHGOPMATMKM B NPodinbHIl WKoAi;

= PO3KPUTU AUAAKTUYHUIA NOTEHLian UMPPOBUX TEXHONOFIM B pakypci peanisaLiii OCBITHIX TEeXHONOrIMN.

Po3pobneHo 3micToBe 3abesneyeHHs MOAyANA, NIATOTOBAEHO KOMMAEKC HaBYas/bHO-METOAMYHUX MaTepianis,
pO3p0o6aEeHO 3MICT NPaAKTUYHUX | NabopPaTOpPHUX 3aBAaHb A1A MAUbBYTHIX yuuTenis, nigibpaHo 3aBAaHHA ANA CaMOCTIMHOTO
OnpautoBaHHA 11 NoAanbloro 06roBopeHHs, NiAibpaHo KOMNAEKT NPUKNAAiB iIHCTPYMEHTaNbHUX Ta NPUKNagHux 3acobis gna
aHani3y ix NoTeHLiany B pakypci peanisauii OCBiTHIX TEXHONOTIN.

HaBYyanbHWIA MOAYNb CKNAJAETHCA 3 TAKUX TEM:

1. OcBiTHi TexHoOriT — IX 3MiCT Ta 0cO6MBOCTI peanisaLii y 3aknaaax ocBiTh.

2. Cneumndika BNpoBaAKEHHA OCBITHIX TEXHOIOFIN Y Cy4acHIn WKoi.

3. Peanizauia cyqacHux ocsiTHiX IKT-opieHTOBaHNX TEXHONOTIN Y HaBYaHHI iIHGOPMaTUKK B NPO®INbHIN LLKOI.

MNepwa Tema moayns « OCBITHI TexHOAOTIT — iX 3micT, 0cOBANBOCTI peanisaLii y 3aKnagax ocsiTM» nepeabadae posrnag,
CYTHOCTI MOHATTA «OCBITHA TEXHOJIOTiIA», BUAiB OCBITHIX IKT-OpiEHTOBAHMX TEXHOOFIN, ICTOPUYHUX BIZOMOCTEN LLOAO PO3BUTKY
OCBITHiX TEXHONOTIM, MepeBar KOXHOI 3 HUX AN HaBYaHHA LKOAAPIB, iX ANAAKTUYHMX MOXKANBOCTEN ANA peanisalii ocobucToro
noTeHujiany WKOAAPIB, NPUKAAAM peani3auii OCBITHIX TEXHONOMN Yy BITYM3HAHIN i 3apybiXkHiN wWKoni. MaibyTHi marictpu
03HAMOMIIOKOTLCA 3 HAYKOBUMM MpPaLsaiMK, B AKMX BUCBITAEHA cneundika KOXKHOI 3 TeXHoOoriN. MNpu BUBYEHHI 3a3HAYeHOi TeMun
3406YyBayi OCBITY MatOTb 03HAMOMMTUCA 3 AUAAKTUYHUM NOTEHLLIAIOM Cy4acHMX UMPPOBUX TEXHONOTIN, BipTyanbHUX NPUCTPOIB
— MynbTMMegia TexHosorismun, 3acobamu AONOBHEHOI peanbHOCTi, SMART-IHCTPYMEHTapieM, XMapHUMU TEXHOJOTIAMM,
couiomeaiiHUM iHCTPYMEHTapieEM, TEXHO/IOTIAMW BeH-KBECTiB TOLLLO.

BaxKnMBMM pe3ynbTaToOM BUBYEHHSA LEI TEMM MOAYNA € YCBIAOMIEHHS CTyAeHTamMK MoxKausocTel |IKT-opieHToBaHMX
OCBITHiX TEXHONOTilA:

" CTBOPEHHS 3pYYHOro €AMHOTO iHPOPMALLiIMHO-OCBITHLOIO LLMPPOBOro NPOCTOPY KLUKOIA-AiMY»;

= 336e3neyeHHsA BiAKPUTOro AOCTYNY A0 HaBYaIbHUX MaTepiais, 40 NPAaKTUYHUX OHNANH 3aBAaHb;

" NiATPUMKa 1 peanisauia iHaMBiAyaNbHUX OCBITHIX TPAEKTOPIN;

" MiATPUMKa CaMOCTIMHOI pO6OTM HaZ BUKOHAHHAM NPaKTUYHUX 3aBOaHb;

= 3aBTOMAaTU3aLLiA KOHTPO/IbHMX 3aX04iB 1 OLiHIOBAaHHA y460BMX AOCATHEHb LUKOAAPIB;

= 336e3ne4yeHHs onepaTMBHOIO, CBOEYACHOIO 3BOPOTHOTO 3B’A3KY A/1A BYACHOI KOPEKL,ii chopmoBaHUX paHile yMiHb i
HaBUYOK;

= dikcayin, 36epiraHHA 1 MUTTEBUIA AOCTYN [0 Pe3yNbTaTiB aKTUBHOCTI LIKOASPA, aHai3 pe3y/bTaTiB i TeHAeHUin
pe3y/IbTaTUBHOCTI OCBITHLOTO NpOLLecy.

B pamKax Temu CTyAeHTM BW3HAYaloTb, AIKi iHCTPYMeHTasbHi 3acobu, NporpamHi po3pobKu, eNneKTPoHHI pecypcy i
cepBicy € AoLiNbHUMK s peanisau,ii KOXKHOI 3 OCBITHIX TexHoorii. Hanpuknaa, ana BMBYEHHA TeMU « BUKOHaBL afiropuTtmis»
MOXYTb cTaTu y Harogi popatkm Lightbot: Code Hour (https://lightbot.com/hour-of-code.html), SpriteBox Coding
(https://spritebox.com/), Blockly Games (https://blockly.games/), Code.org (https://code.org/); TexHonoria reimidikauii moxe
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— CodeCombat (https://codecombat.com), iHcTpymeHTapiit irposoro 3abapeneHHa TpeHaxepis — Pilasbloques
(https://pilasbloques.rozh2sch.org.ua/#/libros), Hex Invaders (http://www.hexinvaders.com/), Code Monkey
(https://www.playcodemonkey.com), iHCTpymeHTapin ana reimidikauii ynpasniHHa ocsitHim npouecom — ClassDojo

(https://www.classdojo.com/uk-ua/?redirect=true), Noon Academy (https://www.learnatnoon.com/gb-en).

[pyra Tema moayna € NPaKTUYHO-OPIEHTOBAHOIO i CIPAMOBAHOIO HA BUCBITNIEHHA cneundikn BNPOBaAKEHHA OCBITHIX
TEXHOOTIN Yy Cy4acHiN KO, @ TAKOXK PO3POOKY ANAAKTUYHMX CUTYaLii, GparMeHTiB yPOKiB 3 iHGOPMATUKM abo ANAAKTUYHUX
MmaTepianis, AKi BUKOPUCTOBYIOTb MEPEBAry KOXHOI i3 TexHonorik. Hanpuknag, 3 meToto peanisauii TexHonorii E-learning ctyaeHTm
34i/CHIOIOTb MOWYK €NEeKTPOHHMUX BMKOHABLiB, AKI MOXYTb BYyTM BMKOPWCTaHi NpU BUBYEHHI TeMW «BUKOHABLI anropuTmiBy,
BMBYAIOTb CMCTEMY KOMaHZ, 3HaAEHOrO eIeKTPOHHOIO BUKOHABLA, aHaNi3yoTh X AUAAKTUYHUI NOTeHLian, CTBOPIOOTL Habip
3aBAaHb A1 ONaHyBaHHA TemMu. 3 meToto peanisauii TexHonorii BYOD cTyaeHTam noTpibHO 3HAWTU aHANOrYHi JOAATKM, WO
npawtoTb Ha MOBINbHUX NPUCTPOAX — cMapTHOHaX, NAaHLWeTax, HeTbyKax Towo.

Y pamkax BMBYEHHA Temu nepenbayeHo nNpakTMuHy poboTy cTyaeHTiB y cepeposuwax Edmodo, Google Classroom,
Moodle, ClassDojo 3 TvMm, 06 BOHM YCBIAOMMAM NepeBaru, AKi Hafae BUKOPUCTAHHA LIMGPOBOTO KNacy; NpoBesiv NOPiBHANBHUIA
aHani3 nnathopm AUCTaHLiIMHOTO HaBYaHHA TOLO. BaxKMBO, WO 03HANOMAEHHSA 3 GYHKLIOHANbHUMM MOXIMBOCTAMM OHNANH-
nnaTdopm Hagano 3mMoru CTyAeHTaM y NoAasblioMy CMMPATUCA Ha Ui 3HAHHA Nifg Yac NPOXOAXKEHHA NeAaroriYHoi NPaKTUKK B
LUKOA B YMOBaX KapPaHTUHHUX OOMEKEHb.

OfHUM i3 BaXKNMBMX pe3ynbTaTiB BMBYEHHA LEI TeMW MaE CTaTM CTBOPEHMI CTyAeHTamu nepenik 3aBAaHb,
NiAroTOBNEHMX €e-PecypciB, AKi MOXKyTb OyTM pO3B’A3aHi 3a AOMOMOroOK NeAaroriYyHoro iHCTPyMeHTapito, PO3rAfHYTOro Yy
rnonepeaHiv Temi. 3okpema, 3806yBadi MatoTb NiArOTYBaTM NPAKTUYHI 3aBAAHHSA, WO NepeabayvatoTb:
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" NPOBeAEHHA BUMIpPIOBaHb — BiZACTaHeW, KiIbKOCTi KPOKiB, YaCTOTU AUXAHHSA, WBUAKOCTI IHTEpHeTY Toww,o;

= LIBWAKOTO NOLWYKY A043aTKOBOI iHGopMaLii 4ns po3s’a3yBaHHA 3a4ay;

" NpoBeAEeHHA MaTeMaTUYHUX, XIMIYHUX 0BUMCNEHD;

= nobyposu rpadikis;

= OpraHisaLii irpoBMx 3axoa4is;

® OpraHisayii KOHTPOIbHUX i 3MarasibHMX 3aX04iB TOLLO.

TpeTa Tema Moy 30piEHTOBAHA HA CTBOPEHHSA TEXHOIOMYHOT KapTH ab0 KOHCMEKTY YPOKY 3 iHGOPMaTUKK BiANOBIAHO
00 cneumdikn ocBiTHbOT TEXHONOTII.

3annaHoBaHMMM pe3ynbTaTaMu BUBYEHHA TemMu «OCBIiTHI TEXHONOrIT» € HabyTTA CTyAeHTaMM 3HAHb NPO OCHOBHI
XapPaKTEPUCTUKM OCBITHIX TEXHOJOTi I, TEHAEHL,T IX PO3BUTKY; cneumdiky BUKOPUCTAHHA Cy4aCHWUX OCBITHIX TEXHOJIONI B LUKONI;
cneundirky peanisauii cydacHux ocBiTHiX IKT-OpieHTOBaHMX TEXHONOMM y HaB4YaHHI iHGOPMATUKK; a TaKoXK YMiHb peanisaLii
CyyacHMX ocBITHiIX IKT-OpieHTOBaHMX TEXHOAOTi Y HaBYaHHI iIHGOPMATUKM, MPOEKTYBAHHA YPOKY B peasnisaLii Cy4acHUX OCBITHiX
TEXHOJOTIN.

BUCHOBKU TA NEPCMNEKTUBU NOAANBLLUOIO AOCNIAXKEHHA

OHOBNEHHA METOAMYHOI MiATOTOBKM CY4aCHOro BYMTENA iHGOPMATUKM LUNAXOM YBEAEHHA HaBYa/IbHOrO MOAYNA
«OCBiTHI TexHonorii» cnpuaTUMe GOPMYBaHHIO Y MalbyTHIX ¢axiBLiB KOMMIEKCY TEOPETUYHUX 3HaHb i MPAKTUYHWUX YMiHb,
NoTPIOHUX ANA NPOAYKTUBHOMO BUKOPUCTaHHA IKT-OpieHTOBaHMX OCBITHIX TEXHO/OTIM Yy NPOdECiiHii nesarorivHii AisabHOCTI.
MepcnekTMBHUMM HaNpPAMaMM NOAANbLUMX HAYKOBMX PO3BIAOK € eKCNepuMeHTalbHe BNPOBaAXKEHHA 1 aHani3 pe3y/bTaTiB LWoa0
BMKOPUCTAHHA OCBITHIX TEXHOOFIM B NeAarorivyHiin npakTumLi.
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ABSTRACT

AHOTAULIA
Popmy po6; u. Haykosi  npayi, noe’asaHi i3
cmamucmuyHum aHasnizom OaHux, yacmo nepeHacuyeHi

MamemamuyHUMuU gopmynamu 014 06rpyHMy8aHHA 3aMpPONOHOB8AHO20
nidxody, a momy eaxcko crnipulimaromecs abo U 83azasni sidKuoaromsca
HayKosyAaMu-nedazozamu. ToMmy aKmyanbHUMU cmarome maki nioxoou do
cmamucmuyHoi nepesipku pe3yansmamis, siki, 3 00Ho20 60Ky, basyromsca
HG KOpeKmHoOMy Mamemamu4yHoMy anapami, a 3 iHWo20, cnpouwylome
crpuliHAmMms 2pomi30Kux emmnipu4HuUx OaHux i Ha Haykoeili ocHosi
YMOM/UBAIOIOMb AKICHI BUCHOBKU 30 HUMU.

Mamepianu i memodu. [lna docAzHEHHA pe3ysnbmamy 8UKOPUCMAHO:
meopemuyHuli aHanNi3 HAyKosux Oxcepes 3 Memoilo BU3HAYEHHA
meopemu4HUX OCHO8 CMAMUCMUYHO20 QHAni3y y nedazo2iyHux
0ocniOneHHAX, MopieHAAbHUL aHAni3 i 3icmasneHHA pesysbmamie
HayKoso-nedazoaidHux 00CniOHeHb 3 mMemor 3’ACY8aHHA Halbinbw
3ampebysaHux mMemodie CMAMUCMUYHO20 GHAsI3Y; KOHMEHM-aHANI3
pecypcie IHmepHem 3 Memoro 8U3HAYEHHA pecypcie 017 asmomamu3sayii
cmamucmuy4HUX — po3paxyHkie; emnipu4Hi  mMemodu  (nedazoaiyHuli
excriepumeHm) 0ns AemoHcmpauii Mpoyecy onpayto8aHHA emmipudyHUX
OdaHux 3a po3pobseHo MemoOouKoIo.

Pesynemamu. AsmopcbKuli nidxid 0o cmamucmu4yHo20 aHanNi3y
pe3ynemamie nedazo2iyHo20 ekcriepumeHmy 6a3yemeca Ha 080X
nosuyiax: 1) iHmezpaneHe 8paxysaHHs 3miH y cepedHix ma ducnepcisx
060x 8ubipoK: ides nonszae 8 00HOYACHOMY aHAI3i BUBIPOK 30 KpUuMepiem
Cm’iodeHma i 3a Kpumepiem ®iwepa, wob, 3icmasasiodu cepedHi i
ducnepcii, 3pobumu  8i0nosidHUli BUCHOBOK MNpo  egekmusHicmb
asmopcbKoi modeni yu nidxody; 2) 8i0cniOKO8Y8AHHA MPOMIHCHUX
pe3ynemamie nedazo2i4Ho20 eKcriepumeHmy 014 840CHO20 KOpeay8aHHA
po3pobneHoi memoduku 4u nioxody: ides 8 MoMy, WO CroYamky
8i0CcniOKOBYEMbLCA NAPA «KKOHMPOLHA 2PYNa | eKcriepuMeHmasnbHa epyna
HG YMOYHI08ANLHOMY emani eKcrnepumeHmy», 3d pesyabmamamu
800CKOHaM0eEMbcA (abo Hi) memoduka, i Ha Hoeili napi «KOHMPoAbHA
epyna i eKkcnepumeHmansHa epyna Ha  gopmysansHomy —emani
eKcrepumMeHmy» asmopcbKa MemoduKa nidmeeporyemsca 0CmMamo4Ho.

BucHoeKu. 3anpornoHo8aHuli an20pumMM CMamucmuyHo20 aHaAsi3y
pe3ynemamie nedazoe2iyHo20 eKcrnepumeHmy He auwe aemomamusye
po3paxyHKu, a li Mae nepesaay HAO iHWUMU CMamucmu4HUMU Memodamu
y momy, wo 00CMiOHUKY 3aAUWAEMbCA AUWe NPoaHasnisyeamu mabauyHi
napu cepedHix i ducnepcili npo cymmegicme 8iomiHHocmeli ma 3pobumu
8i0nosiOHi  8ucHoeku. [lepcnekmusHuM  6aYUMO  BMPOBAOHEHHSA
an20pUMMy 8 HayKo80-nedazoidHy NPAKMUKY, @ MAKOX HAMUCAHHA

Formulation of the problem. Scientific work related to statistical
analysis of data is often oversaturated with mathematical formulas to
justify the proposed approach, and therefore difficult to accept or even
reject by social and humanitarian scientists. Therefore, such approaches to
statistical verification of results are becoming relevant, which, on the one
hand, are based on the correct mathematical apparatus, and on the other
hand, simplify the perception of cumbersome empirical data and on a
scientific basis allow qualitative conclusions.

Materials And Methods. To achieve the result used: theoretical analysis
of scientific sources to determine the theoretical foundations of statistical
analysis in pedagogical research, comparative analysis, and comparison of
results of scientific and pedagogical research to determine the most popular
methods of statistical analysis; content analysis of Internet resources to
determine resources for automation of statistical calculations; empirical
methods (pedagogical experiment) to demonstrate the process of
processing empirical data according to the developed methodology.

Results. The author's approach to statistical analysis of the results of
pedagogical experiments is based on two positions: 1) integrated
consideration of changes in the means and variances of both samples: the
idea is to simultaneously analyze samples by Student's and Fisher's criteria
conclusion on the effectiveness of the author's model or approach; 2)
tracking the intermediate results of the pedagogical experiment for timely
adjustment of the developed methodology or approach: the idea is that the
pair "control group and experimental group at the refinement stage of the
experiment" is monitored first, the method is improved (or not), and the
new pair "control group and experimental group at the formative stage of
the experiment" author's method is finally confirmed.

Conclusions. The proposed algorithm of statistical analysis of the results
of the pedagogical experiment not only automates calculations but also has
an advantage over other statistical methods in that the researcher can only
analyze tabular pairs of averages and variances on the significance of
differences and draw appropriate conclusions. We see the implementation
of the algorithm in scientific and pedagogical practice as promising and the
writing of a macro that automates the filling of the table based on the
entered data of three samples.
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Makpocy, AKul aemomamusye 3anosHeHHs mabnauyi 3a eeedeHUMU
OaHUMU MPbOX BUBIPOK.

K/IKOYO0BI C/IOBA: nedazoeiyHuli ekcrnepumeHm,; cmamucmu4Huli aHasi3 KEYWORDS: pedagogical experiment; statistical analysis of the results of
pesynbmamie  neda2o2i4Ho20  eKcriepumeHmy;  HayKoso-nedaz2oe2ivyHi pedagogical experiment; scientific and pedagogical research; comparison
0ocnionceHHsA; nopieHAHHA cepedHix i ducnepcili; cmamucmuyHuli aHanis;, of means and variances; statistical analysis; experimental model; specialist
eKcrnepumeHmasnoHa moodess,; Nid2omosKa axisys. training.

BCTYN

MNoctaHoBKa npo6nemwu. BaraTopiyHWiA [0CBIA4 AOCNIAMKEHb NeJaroriYHol HayKWM 3BEepTae yBary Ha MOHOTOHHICTb
3aCTOCYBaHHA METOAIB MaTeMaTUYHOI CTaTUCTUKN ANA aHaNi3y pe3ynbTaTiB NeaaroriyHoro eKkcnepMmeHTy. TakoX A0CUTb YacTo
TPanAsoTbCA BUMALKM NULLIE BiACOTKOBOI OLIHKM OTPUMAHWUX Yy MeAaroriyHOMy eKcrnepumeHTi AaHux 6e3 cynposigHoro
CTAaTUCTUYHOTIO aHani3y, AKMI 61 HayKoBO NiATBEpAMB abo X CMPOCTyBaB 3HAYYLLICTb OTPUMAHUX MO3UTUBHUX 3pyLUEHb. Kpim
Toro, 6arato HayKOBLiB MeparoriyHoi ranysi He MaloTb AOCTAaTHLOI ANA NPOBEAEHHA AKICHOTO CTaTUCTUMYHOTO aHanisy
MaTeMaTUYHOI OCBITM, LLO CTAE NEPENOHOK A/1A TMMOOKOro aHani3y eKcnepuMeHTaNbHUX Pe3ybTaTiB, OTPMMAHMUX Y NPOLLECi
[OCNiaKeHH:A. 3a3HauyeHe aKTyasnisye npaLi, AKi 06rpyHTOBYIOTb BUKOPWUCTAHHA CTAaTUCTUYHUX KPUTEPIiB A1 06p0o6KM Ta AKiCHOT
OUiHKM [aHMX ANA Pi3HOro TUNY nejaroriyHMX exkcnepumeHTis. BogHouyac HayKoBi npaui Takoro Hanpamy, AK Mpasuno,
nepeHacuMyeHi matemaTMYHUMK GOopMynammn A5 OBrPYHTYBAHHA 3aNpPOMNOHOBAHOIO NiAXOAY, @ TOMY BaXKKO CpuitmatoTbes abo
M B3arani BiAKMAAIOTbCA HayKoBUAMM-Negaroramu. TOMy aKTyaZbHUMWM CTaloTb Taki MigxoAuM A0 CTaTUCTUYHOI NepeBipKu
pesynbTaTiB, fKi, 3 ogHOro 60Ky, 6a3yloTbCA Ha KOPEKTHOMY MaTeMaTUYHOMY anaparTi, @ 3 iHWOoro, CNpPOLLyOTb CAPUNAHATTA
rPOMI3AKMUX EMMNIPUYHUX AaHWUX | HA HAaYKOBI OCHOBI YMOX/NB/IOIOTH AKICHI BUCHOBKM 33 HUMU.

AHani3 akTyanbHUX AocniaXeHb. MaTemaTMyHa CTaTUCTUKA Hafidye 3HAYHY KiNbKiCTb KpUTEPIiB, NPU3HAYEHUX ANA
nepesipKU PiSHOMAHITHUX CTaTUCTUYHKMX rinoTes. AIK NpPaBMAO, FiNOTE3N CTOCYOTbCA abo 3aKOHY PO3NoAiny AaHux y BUbipLi
(HOopmanbHUIA, BiHOMIaNbHWIA Ta iH.) aBO X YNCNOBUX XapPaAKTEPUCTUK BUBIPKK (cepeaHi, aucnepcia, Kopenauis Towo) NocibHuK
(MeTpyk & KawkaHoBa, 2006), Ae ONMCaHO BUKOPUCTAHHA KPUTEPIiB 414 HOPMANbHOTO 3aKOHY po3noginy.

TaKO iCHYE HU3Ka HenmapamMeTPUYHUX METOAIB ANA CTaTUCTMYHOI OLIHKM pe3ynbTaTiB (KpuTepiit BinkokcoHa-MaHa-
YiTHi, CnipmeHa Ta iH.) (Tpabapb & KpacHsaHcKas, 1977).

Halibinbl po3pobneHolo € Teopia ANA NepeBipKM rinoTes WOoA0 YMUCIOBUX XaPaKTEPUCTUK HOPMANbHOTO 3aKOHY
po3noainy 3oKkpema, Ans TOro, Wob BU3HAUMTM, UM € PO3MOAIN 32 NEBHUM MOKA3HUKOM Yy BUBIpLi HOPMaIbHUM, BUKOPUCTOBYHOTb
KpuTtepi xi-kBaapar (MipcoHa) (MeTpyk, 2008). MepeBipka cepeaHix y ABOX BUBipKax 34iNCHIOETbCA 3 BUKOPUCTAHHAM t-KpUTepito
(Ct'topeHTa) (FToHYapeHKo, 2008).

[na nopiBHAHHA\ 3iCTaBNEHHA PO3MOAiNiB y ABOX BUBIPKax (K NpaBU/IO, KOHTPO/IbHA Ta eKCnepumeHTaabHa rpyna)
BMKOPUCTOBYIOTLCA KpuTepil MipcoHa, CT'toaeHTa, Piwepa (Hosukos, 2004).

Mpun OUiHLi BUPOBHMYMX, MEOUYHMX, NefaroriyHMX Ta iHWWMX YNpPaBNiHCbKMX pilleHb 3a3BMYali BUKOPUCTOBYETLCA
rinotesM MpoO YMCNOBI XapPaKTEPUCTUKM BUBIPKM KOHTPONIbHOI Ta EKCNepuUMeHTasnbHOI rpyn. Y HayKoBO-MeaaroriyHnx
L,0C/iAYKEHHAX YacTo NOPiBHIOTLCA cepeaHi 6anm abo X AOCNIAMKYETbCA 3HAYYLLICTb 3pYLLEHb Y Pe3y/ibTaTax HaBYaHHA, A8 HYOro
BMKOPUCTOBYIOTb KpuTepii CT'toaeHTa OLiHKK cepeaHix abo K HenapaMeTpuyHUn KpuTepilt 3HakiB (FToHYapeHko, 2008; Mpabapb
& KpacHsiHckas, 1977).

YacTo HayKoBLi, fIKi He MaloTb FMBOKOI MaTeEMATMYHOI OCBITU, KEPYIOTLCA NPaLAMM, A€ Ha NPUKAaAAX NOACHIOKTLCA
0Cc06/1MBOCTI NepeBipKM pe3ynbTaTiB NeAaroriYyHOro eKCnepMMeHTY 3a TUM UM iHWMM KpuTepiem. Cepea, Takmx npaub HanbinbL
NOLUMPEHNUMM BBAXKAEMO:

— npauyto (Fnhacc & Ctannum, 1976), ae BUKNAAEHO 3HAUYHY KiNbKiCTb CTaTUCTUYHUX METOAIB, AKi BAPTO BUKOPMCTOBYBATU
y NCMX0N0ro-neaaroriyHnx gocnigxkeHHsax. Astopu Glass Gene, Stanley Julian ctaBuau Taky meTy: no-nepLie, HaBYUTU PO3YMITH
3BiTM AOCNIAKEHb Y HayKoBMUX poboTax 3a ymosu 06i3HAHOCTI 3 Npobaemoto, KA BUBYAETLCA; NO-ApYre, HABYMTU NJIaHYBaTU
[OCNIAXKEHHSA | aHani3yBaTM OTPMMAHI pe3ynbTaTh 3 BUKOPUCTAHHAM AOBiAHWKA. BueHi BBaxann came neply meTy OCHOBHOMO
(Fhacc & Cranam, 1976). AiicHo, 6e3 Hei He MOMKHA 34JIACHATU BAacHe AOCNIAMEHHA, a ro/IoBHE - 3PO3yMiTM pesyabTaTu
OTPUMAHMUX CTAaTUCTUYHMX XapaKTepUCTUK. KHMUra GaKTUYHO € 3pyYHUM MigPYYHUKOM ane AN1A HaBY4aHHA ManbyTHix neaaroris 3
HErymaHiTapHOro Hanpamy nigroToBKu;

— npauto (Mpabapb & KpacHaHckan, 1977), B AKik NoAaHO KOPOTKI TEOPETUYHI BiZOMOCTI MPO BUKOPUCTAHHA Ha6iNbLL
NMOLWMPEHNX CTaTUCTUUHUX KPUTEPIiB, AKi Ba3yrOTbCA Ha HeMapamMeTPUYHMX METoAaX OLiHKM BMOIpKM. ABTOPW 3a3HayatoTb, WO
333HaYaloTb, WO OyAb-AKUI BUKNAA, 3ara/ibHOI TEOPIl NepeBipKN CTaTUCTUYHUX FiNOTE3 HEMUHYYE MPUMYCKAE AyKe Cepho3Hy
MaTeMaTUYHY NiArOTOBKY, AKOO He BOMIOAj€ BinblicTb AOCAIAHWKIB-NEAAroris, a TOMy i poO3riaAatoTb BEANUKY KiNbKiCTb TUNOBUX
[OCNIAXKEHD | CTAaTUCTUYHI KpUTepii, AKi BapTO NpU LLbOMY BUKOPUCTOBYBATH;

—npauto (Hoeukos, 2004), e onucaHO TWMOBI BMMAZKM BUMKOPWUCTAHHA CTaTUCTUUHWX METOZLIB Yy NeAaroriyHux
[OCNiAXKeHHAX. ABTOpP HaBOAMTb «peLenTu» 3acTOCyBaHHA CTAaTUCTUYHUMX METOAIB B TUMOBMX BUMAZAKax aHanisy
eKcrneprvMeHTalbHUX AaHWUX 33 pe3ynbTaTaMu NejaroriyHuX AOCNiAKeHb, HABOAWUTL arOPUTM BUBOPY CTAaTUCTUUHOIO KpUTepito,
METOAMKM BU3HAYEHHA CTAaTUCTUYHOT NOAIOHOCTI Ta BiAMIHHOCTI XapaKTepUCTUK JOCNiAXKYBaHMX 06'ekTiB. PoboTa po3paxoBaHa
Ha nefaroris-40CNIAHMKIB, Hacamnepea, Ha acnipaHTie Ta 3406yBaviB (HosuKos, 2004);

—nocibHMK (FoH4apeHKo, 2008) MiCTUTb METOAOAOrYHI Mopagy ANA MONOAMX HAYKOBLIB LWOAO OpraHisauii
nesaroriYyHOr0 eKCNepuMeHTy, aaropuTMy MOro peanisauii, a TakoX NPONOHYE BapiaHTM CTAaTUCTUYHOIO aHanily pesynbTaTis
nesaroriYyHOro eKCnepumMeHTy.

— nocibHuK (MeTpyk & KawkaHoBa, 2006), ge onncaHo BUKOPUCTAHHA KpUTepIiiB 418 HOPManbHOTO 3aKOHY pPO3noainy ;

— OHNalH-pecypcu ANA aBTOMATM3ALIT po3paxyHKiB, HanpuKnag, ANA BU3HAYEHHA KoedilieHTy AiHiliHOI napHoT
Kopensauii MipcoHa (hostciti.net; math.semestr.ru).

Cnif 3a3HauMTM, WO 3 PO3BUTKOM iHOOPMALIMHUX TexHoNOorin 3’saBunoca 6arato Komn'toTepHWX nNporpam, ae
pPO3pO6HMKaMM NepenbadeHo iHCTPYMEHTU 1A CYyNPOBOAY CTAaTUCTUUHUX Po3paxyHKiB. Cepen Takux: Statistica, Maple (nignaket
stats), GeoGebra, MS Excel (ctaTuctuuHi ¢yHKUii Ta MMakeT aHanisy) Ta iH. 3a YyMOBM KOpPEKTHOI iHTepnpeTalii KoMaHz,
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(Komn’toTePHUX IHCTPYMEHTIB) CTAE MOXKIMBOIO LUBUAKA 06pOOKa rpomisgKMX MaTeMaTUYHUX GOPMY | CNPOLLEHHSA PO3PaXyHKIB.
| ToAi BaXK/NMBUM CTAaE He CKiNbKM BMiHHA 3anucat GOpmyJy, CKiIbKWM YCBIZOMEHHSA TiNOTe3 Ta KOPEeKTHE CMPUNHATTA W
iHTepnpeTalia pesynbTaTy.

OTKe, 3'ABUAUCD YMOBM, WO [03BONAKTL AOC/AIAHWMKAM 3 TYMaHITapHOK OCBITOKW Auwe pobuTM BUCHOBOK 6e3
NPOBeAeHHA CKNaZHUX MAaTEMATUYHUX 06UYnCeHb. TOMY aKTyanbHO 6a4MMo 3aga4y 3aNpPoOnNOHYBaTM Takui Niaxig (MeToaunky)
00 CTaTUCTMYHOTO aHanisy pesy/bTaTiB MeAaroriYyHOro EKCMepUMEHTY, AKMIM 6K, 3 ogHoro 6OKy, BMMaraB 3HaHb JMwe
MOYaTKOBOIO KypCy CTAaTUCTUKM (PO3yMiHHA NOHATb BMOIpKa, 0bcAr BMGIpKKM, reHepanbHa CYKYMHICTb, CepeaHe, aucnepcis,
cepegHe KBaapaTuyHe BigxuneHHs), a 3 iHWoro, 3abesneyyBas pe3ynbTaT, AKi FPYHTYIOTbCA Came Ha anapaTi MaTeMaTUYHOI
CTaTUCTUKM i AKi MaloTb CTAaTWU OCHOBO A/ AKICHOTO aHanisy i 06rpyHTOBaHWX BMCHOBKIB Y MeAaroriyHOMy eKCrepuMeHTi.
3a3HayeHe CTano MEeTO0 HaLLOro AOCAIAXKEHHS.

TEOPETUYHI OCHOBU AOCNIAXKEHHA

HaBefemo TMNOBWIM aNropUTM NEPEBIPKM CTAaTUCTUYHOI rinoTesu:

1. Ha nepwomy etani ¢opmytoTbeca BUBIPKM 33 NEBHUM MOKAa3HUKOM (CMOCTEPEIKEHHAM).

2. ®opmyntooTbCs HYNbOBA rinoTe3a Hp i anbTepHaTMBHA rinotesa H;. HynboBy rinotesy nepesipatoTb 3a 40NOMOro
cnewianbHoO NiaibpaHoi BUNaAKOBOI BEANYNHU, TOUHWUIA UM HABAUMKEHUI PO3MOAIN AKOT Hanepes, BigoMUIA.

3. O6MpPaETbCA CTAaTUCTUYHWUIA KpuTepi K, [nA nepeBipkM HyAbOBOI rinoTesu 3a AaHMMU BUBIPKM 0BYMCAIOIOTHL
cnocTepekyBaHe (emnipuyHe) 3HaYEHHA KPUTEPIIO i3 3a4aHMM PiBHEM 3HAYYLLOCTI (418 NeAaroriYHMX HayK NPUMHATO HagilHa
MMoBipHicTb 0,95 abo K piBeHb 3HauywwocTi 0,05). KpuTnyHe i emnipuyHe 3HaYeHHSA NOPIBHIOKOTLCA MiXK CO6010. AKLWO emnipnyHe
3HAYEHHA KpWUTEepilo MOTpanase B KpPUTUYHY obnactb (puc. 1), To rinotesa Ho BiAXMNAETLCA HA KOPWUCTb anbTEPHATUBHOI
rinoresu Hj.

QBRacmE  MpUERIEMms
einomeszu H,

Jiga Kpumusna
ainacy

npasa Kpumia
ofitacmm

=y g =‘
-, & Z

Puc. 1. O6nacTi npuiAHATTA rinoTes

MepeBipKoto rinoTes MoXKyTb PO3B'A3yBaTUCh, NepLU 3a BCE, 3a4a4i NOPIBHAHHA BMBIPKOBUX YNCIOBUX XapPaKTEPUCTUK
(cepegHix, ancnepcii) 3 BigNOBIAHMMM 334aHUMMN BEIMYMHAMM, YNCOBUX XapPaKTEPMCTUK ABOX UM KiNlbKOX BUBIPOK Mix coboto
(nepeBipKa rinoTesn Npo HaNeXKHiCTb UMX BUBIPOK O4HIM CYKYNHOCTI).

MepeBipKa CTaTUCTUYHMX FiNOTE3 NPO PIBHICTb CEpeAHiX FPYHTYETbCA HANPUKAAA, Ha anropuTmi Kputepia CT'loaeHTa, a
Npo PiBHICTb ANCNEpPCii — Ha anropuTmi KpuTepisa Piwepa.

3ragaHi KpuTepii 3aknageHi B 6iNbluicTb cneuianizoBaHNMX KOMMN'OTEPHMX NPOrpam, WO aBTOMaTU3YE PO3PaxyHOK AK
KPUTMYHOIO 3HAYEHHSA KPUTEPIto, TaK | eMNipnYHe 3HAYEHHSA CTAaTUCTUKM 33 LM KPUTEPIEM.

AIK NpuUKnaa, HaBegeMO PO3paxyHKM B TabanmyHomy npouecopi MS Excel, SKMIA BCTAHOBAEHO Maii’Ke Ha KOMKHOMY
Komn’totepi (puc. 2).

Prumompossme  Bag  Crpaess  Power Prect

1 4 Lipumsbopoeash F-1ect am facnopcm Magransih Aryxonsopo-wadd 1TeCT AR CPefyonn

Tepesevwass 1 Nepemeronn 2
255 25
0AS2105263 1105263158

L7902
96771558
s

Puc. 2. MpuKnag po3paxyHkis y MS Excel

CTaTUCTMYHMIA aHani3 AaHMX ABOX BUGIPOK (CTOBMUYMKM A | B) MOXKHa NMPOBECTU 3 BUKOPUCTaHHAM Haabyaosu JaHHbie/
Makem AHani3y, pe 3aknageHi oyHkuii JsyxeeibopoyHeili F-mecm 01 ducnepcuu Ta lNapHsili 08yxebibopoyHbil t-mecm 0nsa
cpedHux. Li IHCTpyMeHTH sk pe3ynbTaT GopmyoTb TabaULL XapaKTePUCTUK BUBIPKH:

— pana Kputepia diwepa — cepegHe, aucnepcis, obcar BMBIpoK (HabnogeHus), KinbKicTb creneHis ceobogy (df),
emnipuyHe 3HauYeHHA CTaTUCTUKM (F) Ta KPUTUYHE 3HAYEHHA CTAaTUCTUKM (FKPUTUUHE);

— panAa KpuTepina CTiogeHTa - cepegHe, avcnepcisa, obcar Bubipok (HabatogeHus), KoedilieHT Kopenauii gna Habopy
baHux (Kopensuin MipcoHa), 3a4aHy HYAbOBOIO MiNOTE30H0 PI3HULLID CepegHix 418 ABOX BUBIPOK (rMnoTeTMyeckas pasHOCTb),
KinbKicTb cTeneHis ceoboau (df), emnipMyHe 3Ha4YEHHA CTaTUCTUKM (t-CTAaTUCTUKA) Ta KPUTUYHE 3HAYEHHA CTATUCTUKM (t KPUTUYHE
LA OAHOCTOPOHHbLOI Ta ABOCTOPOHHbLOI 06NacTen).
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[ocnigHWKy 3anMLWaETbCA nLLe 3iCTaBUTU KPUTUYHE | eMMipuYHe 3Ha4YeHHA AnAa Toro, wob 3pobuTu BUCHOBOK Npo
MPUIHATTA YU BiAXWAEHHSA HY/IbOBOI rinoTesun. Jaa npukaaay, LWo noAaHo Ha PUCYHKY (p1C.2), M1 MAEMO:

— ANA 3iCTaBNEHHA cepeaHiX NOPIBHATU emMnipuyHe 3HaYeHHA cTatTucTmKK t=0.13 (Komipka 111) Ta KpUTUUYHE 3HAYEHHA
t=2.09 (Komipka 115) i 3p0bUTM BMCHOBOK, WO AaHi BUBIPOK AaloTb MiACTaBu MPUMHATM HyaboBy rinotesy (0.13<2.09) npo
CTAaTUCTUYHY PiBHICTb cepeHix (pisHMUA cepeaHix LOpPiBHIOE HYI0);

— AnA 3iCTaBNeHHA AMCNepcii NOPIBHATU emMnipuyHe 3HayeHHA CcTatTUCTUKKM F=0.80 (Komipka E9) 3 KpUTUUHUM
3HaYyeHHAM F=0.46 (Komipka E11) i 3pobuUT1 BUCHOBOK, LLLO AaHi BUBIPOK A4atoTb NigCTaBM BiAXMAUTU HYbOBY rinoTesy (0.80>0.46)
Ha KOPWCTb a/IbTePHATUBHOI (aucnepcii He € PiIBHUMMU, MPUYOMY BiAMIHHICTb CTaTUCTUYHO 3HaYyLLa).

B negaroriyHMx [OCAIOKEHHAX 3'ABAAETLCA OOUINbHICTL MOPIBHAHHA cepeaHiX i gucnepcii Ha PpisHUMX eTanax
nesaroriYyHOro ekcnepMmMmeHTy 1A KoperyBaHHA 3anpornoHOBaHUX MEeTOAMK HaBYaHHSA.

METOAU AOCNIAKEHHA

[na AOCATHEHHA pe3ynbTaTy BUKOPUCTAHO: TEOPETUYHWUIA aHANI3 HAYKOBUX AyKEPEN 3 METOH BUIHAUYEHHA TEOPETUYHUX
OCHOB CTaTUCTUYHOIO aHani3y y nefaroriyHuMx AOCAIAMKEHHAX, MOPIBHANBHWIM aHani3 i 3iCTaBNeHHA pe3ynbTaTiB HayKOBO-
nesaroriYHMX [OCNIAXKEHb 3 MeTolo 3'AcyBaHHA HaWbinbw 3aTpebyBaHWUX METOAIB CTAaTUCTUYHOMO aHanidy; KOHTeHT-aHani3
pecypciB IHTEpHET 3 MeTOK BM3HAYEHHA pecypciB ANA aBTOMATM3auii CTaTUCTUYHUX PO3PaXyHKiB;, eMnipuvHi metoam
(neaaroriyHM eKcnepmMMeHT) ANs AEMOHCTPaL,ii NPOLLEeCy ONpaLLtoBaHHA eMNiPUYHUX AaHWUX 32 PO3P06IEHO METOAMNKOIO.

PE3Y/IbTATU AOCNIOXKEHHA

Y neparoriyHnx fOCNIAXKEHHAX eKCNEePUMEHTAIbHA NepeBipKa epeKTUBHOCTI aBTOPCbKOT METOAMYHOT cucTemm (Moaeni,
nigxoAy Towo) nepenbadyae BUKOPUCTAHHA HOPMAJIbHOTO 3aKOHY po3noginy. Ane niaxoay A0 NOPIBHAHHA EKCNepUMEHTaIbHUX
[aHUX B KOHTPO/IbHMX Ta EKCNEPUMEHTANbHUX rPyNax BUMaratoTb He nLe NepeBipKn Ha HOPMabHICTb iX po3noginy, a i 6inbLu
OETaNbHOTO aHanisy, AKUN CTOCYETbCA He TiIbKM CepefHbOro 3HaYeHHA OTPUMAHUX AaHUX (cepefHbOCTaTUCTUYHOI —
MaTeEMaTUYHOrO CMoAiBaHHA), @ W AMCnepcii, AKa OAE MOMAMBICTb CXapaKTepM3yBaTU PO3KMA 3HaYeHb BUBIPKM HABKONO
cepegHboro ii 3Ha4YeHHa (cepefHE KBaapaTUYHE BIAXWEHHSA) | 3 A0AATKOBUM ypaxyBaHHAM SIKOI CTAaE MOMAMBUM 6inbll
rNMBOKMIN aHani3 OTPUMaHUX AaHUX i BiNbll 0BFPYHTOBAHI BUCHOBKM CTOCOBHO CTabifibHOCTI AOCAIAXKYBaHUX NapameTpiB Ta ix
NPOrHO3yBaHHA.

Tomy Haw nigxia A0 CTaTUCTUYHOTO aHaNi3y pe3ybTaTiB NeAaroriYHoro ekcnepMmeHTy 6asyeTbca Ha ABOX NO3MLIAX:

1) iHTerpanbHe BpaxyBaHHA 3MiH y cepejHix Ta aucnepciax obox BMBIpPOK: igea nonsrae B oAHOYACHOMY aHanisi
BMBipOK 3a KpuTepiem CT'toaeHTa i 3a KpuTepiem dPiwepa, Wob, 3icTaBnstoum cepeaHi i ancnepcii, 3pobUTH BiANOBIAHNI BUCHOBOK
npo epeKTUBHICTb aBTOPCbKOI MOAENi UM Niaxoay;

2) BigcnigKoByBaHHA MPOMIXKHUX PE3YNbTATIB NEAAroriYHOro eKCnepMMeHTY A/1A BYaCHOrO KoperyBaHHa po3pobaeHoi
METOOMKM UM migxoay: igea B TOMy, WO CMNoOYaTKy BiACNIAKOBYETbCA Napa «KOHTPOJIbHA Fpyna i eKCcnepMmMeHTasibHa rpyna Ha
YTOUYHIOBANIbHOMY €Tani eKCNnepMMeHTY», 3a pe3ybTaTaMu BAOCKOHANOETLCA (abo Hi) MeToamMKa, | Ha HOBIM Napi «KOHTPO/IbHA
rpyna i ekcnepMmeHTanbHa rpyna Ha GopmyBasibHOMY eTani eKCNepuMeHTY» aBTOPCbKA METOAMKA NiATBEPAKYETbCA OCTAaTOYHO.

[na onpautoBaHHA pe3ybTaTiB NeAaroriyHoOro eKCnepuMeHTY NPONOHYEMO HACTYMHUIA aNropuTM fii, AKMIN CnpoLye
aHani3 i BogHo4ac 6asyeTbcsA Ha MaTemaTMYHOMY anaparTi Ta 3abe3neyye 06rpyHTOBaHI BUCHOBKU.

1. Ha nou4aTky neaaroriyHoro ekcnepumeHty dopmyemo rpynm: Kr (7—cepep,He ana Kr Sz2 — aucnepcia ana KI) ak
KOHTPO/IbHA; El-1 (7 — cepegHe ana EI'-1I Sy2 — aucnepcia gna EM-1) Ak ekcnepMmeHTasbHa Ha YTOYHIOBa/IbHOMY eTani

eKkcnepumenTy. MisHiwe dopmyemo rpyny Er-2 (X — cepeaHe ana EI'-Z,sz — amcnepcia gna EM-2) Ak ekcnepumeHTasbHY Ha
bopmyBanbHOMY eTani eKcnepumeHTy.

2.Tpynn pobupaemo TakK, Wob Ha BXoAi B eKCnepumeHT BoHM Byan ogHOpIAHI 32 CKNagoM BiLHOCHO TOTO MOKA3HMKa,
AKUIA JOCNILXKYETbCA (HaNpUKNaA, Pe3ynbTaTv KOHTPOIbHUX POBIT UM pe3ynbTaTv aHKeTyBaHHSA). Taka nepeBipKa 34iMCHIOETbCA
nonepesHbo, HAMPUKAAZ, 3 BUKOPUCTAHHAM KpUTepito Xi-kBagpar (Mpabapb & KpacHaHckas, 1977).

3.3a4aemo piBeHb 3Ha4yLLOCTi (AK Nnpasuao, 5% abo 0,05).

4, diKcyemo pesynbTaTh LOCNiAKYBaHOIO NMOKa3HMKa A1 KOXKHOI i3 BUBipoK (TO6TO dopmyemo BUBIpKH).

5.3 BUKOPUCTaHHAM KOMM' FOTEPHMX IHCTPYMEHTIB (y ZaHOoMy BUNaaKy MS Excel) BU3HauYaeMo pesybTaTv 3aCTOCyBaHHA
CTATUCTUYHMX KPUTEPITB OLLIHKM cepeaHix (KpuTepilt CT'togeHTa) i ouiHKK aucnepciit (Kputepilt Piwepa).

6. byayemo Tabauuto (Tabn.l1): AKWO npuiimaetbea rinotesa Hg, TO B Tabauuio 3aHOCMMO 3HayeHHs 0 (HesHauywa
pO36iXKHiCTb ab0 BiAXMNEHHSA y pe3y/ibTaTax). AKLLO NPUIMMAETLCA aNbTepHaTMBHA rinotesa Hy, To B TabAnL0 3aHOCUMMO 3HAYEHHA
1 (cyTTeBi po36irKHOCTI ab0 BiAXMAEHHSA Y pe3yabTaTax). 3aN0BHIOEMO KOMIPKM, 3a/MTi 61aKUTHUM KONIbOPOM.

Ta6bnuua 1
3HauyLicTb BigMiHHOCTI cepeHbOro i Ancnepcii ANA 3aAaHOro NoKasHUKa
(«1» - 3HauyLwe BiaxMeHHs, «0» — He 3HavyLLe BiAXMNEHHS)

1 2 3 4 5 6
— — — 2 2 2

MokasHuK X X Y S, S, S,
— — —_ 2 2 2

Y z Z Sy S, S,

MNMokasHuk-1

7. 30iACHIOEMO AKICHUI aHani3 pe3ynbTaTis, TOOTO 3iCTaBAAEMO BigNoOBiIAHI NMapu «OLiHKa BMGIPOK 33 KpuTepiem
Ct’'topeHTa» (oauH i3 ctoBnumMKiB 1-3 Tabaumu,i 1) i «ouiHKa BUBIpOK 3a KpuTepiem Piwepa» (04auH i3 cToBNUMKIB 4-6 Tabauui 1), aki
MOXYTb BYTW y Bapiaujiax:
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a. «0 (pna cepegHix) i O (ans gucnepcii)» — 03HaYaE, WO cepesHi CTaTUCTUYHO OAHAKOBI, i Aucnepcii CTaTMCTUYHO
O/HAKOBI, 3 YOrO CNliY€ BUCHOBOK NPO BiACYTHICTb ByAb-AKOro BNANMBY PO3p0bieHOT METOAMKM (4M Niaxoady) Ha AOCNiAKYBaHUI
NMOKa3HUK;

b. «0 (ana cepeaHix) i 1 (gna gucnepciii)» — 03Hayae, WO cepegHi CTaTUCTUYHO OAHAKOBI, @ AUCNepCii CTaTUCTUYHO
Bifpi3HAIOTbCSA, 3 YOrO CNiAye BUCHOBOK NPO BiACYTHICTb HaBiTb Npu 3adikcoBaHI BIAMIHHOCTI gucnepciit BnaneBy po3pobneHoi
MeTOAMKM (4M niaxoay) Ha AOCNiAKYBaHUI NOKA3HUMK. AKLLO B eKCnepuUMeEHTanbHIl rpyni avcnepcisa 6inbwa, Tpeba 3'acosysaTy
NPUYMHK Ta YA0CKOHANIOBATU METOAMKY abo K BiAMOBAATUCA Bif Hel;

c. «1 (ana cepeagHix) i 0 (gna aucnepcin)» — o3Hayae, WO cepegHi CTaTUCTMYHO Pi3Hi, a aucnepcii CTaTUCTUYHO
O4HaKOBi, 3 YOro C/liAye BUCHOBOK NPO HasBHWM, CTaTUCTUYHO 3HauyLWWiA, BNAMB Po3pobneHoi meToamkM (4M nigxoay) Ha
OOCNiAKYBaHMI NOKasHWK. MoTpibHO ouiHMTM nporpec (aMHamiky) cepefHix ANA AKICHOrO i KOPEKTHOro BWCHOBKY MpO
edeKTUBHICTb UM HaBNaKW (HEraTUBHUIA BN/IMB) 3aMpPOBaAKEHOI METOANKM;

d. «1(ans cepegHix) il (ana gucnepcin)» — 03HaYaE, WO cepeaHi CTaTUCTUYHO Pi3Hi, | AMcnepcii CTaTUCTUYHO Pi3HiI, 3
4oro cniflye BUCHOBOK MPO CYTTEBI PO36iIKHOCTI B €KCMEePUMEHTA/IbHIM | KOHTPOAbHIM rpynax, Wo, AK NpaBuio, CBIAYUTL Ha
KOPWUCTb EKCNEePUMEHTAIbHOT rPyNU | 4OBOANTL NO3UTUBHMIA BNJIMB 3aNpOoNOHOBaHOI METOAMKM (4M Nigxoay) Ha AOCNiAXKYBaHUIA
MOKa3HWK. MNpy LbOMY BaXK/IMBO OLIHUTU He NuLie AMHAaMIKYy cepefHiX (36iNblUyeTbCA UM 3MEHLUYETbCA), ane W 3icTaBUTU
Aucnepcii: AKWO B NPOLEeci EKCNEPUMEHTY AMCNEPCis 3MEHLYETLCA, TO Le A0AATKOBO CBiAYUTb Ha AKICTb BNAMBY Po3pobieHol
MeTOAMKM (4mM niaxoay); AKWoO ancnepcia 36iNbLYETLCA, TO LLe 03HAYAE, WO 3i 3MiHOIO cepeaHboro 36iNbLYETLCA PO3KNA, OLIHOK
HaBKOJ10 CepeAHboro, TO6TO B EKCNEPUMEHTaNbHIM rpyni HEOAHO3HAYHMM € CNPUIMHATTA (i BNMB) 06paHOi METOAMKM, LLLO TAKOXK
BMMaAra€ NeBHOro KOPUryBaHHA OCTaHHbOI.

OBrOBOPEHHA

OcobnnBOCTi Mpouecy HaBYaHHA W BUXOBAaHHA BWMBYMTM | PO3KPUTU Henerko. [llepdaroriyHi npouecu MmatoTb
HEO/[HO3HaYHMIA XapaKTep. IXHi pesynbTaT 3anexaThb Bif, 0JHOYACHOTO BNAMBY 6araTboX YMHHMKIB. [OCTaTHLO 3MIHUTU BNAMB
oaHoro ¢akTopa, Wob pesynbTaTv NPOLLECY CYTTEBO BiAPi3HANMCL OAMH Big, oAHOro. Ona neparorivHMX NPOLLECIB XapaKTepHa
HEMNOBTOPHICTb. AKWO AOCNIAHUK NPUPOAHMYMX HayK (y Xximii, i3uLi) moXKe KinbKapasoBOo MNOBTOPUTU EKCMEPUMEHT,
BMKOPMCTOBYIOUM Ti Cami maTepiann, CTBOPIOOYM OA4HAKOBI YMOBM, TO NeJaror-goCnigHUK Takoi MOXIMBOCTI HE Ma€: MOBTOPHe
[OCNIAXKEHHA NPOMNOHYE BXKe iHLWi YMOBM NpaLi i AK HaCAiA0K — iHWi pe3ynbTatv. OCb YOMY KUYMCTUIM» EKCNEPUMEHT y neaaroriyj
HEMOMAMBUI. 3BarKalouM Ha L0 06CTaBMHY, MegarorM MaktoTb POBUTU CBOI BUCHOBKM OBEPEXKHO I 3BarKEHO, PO3yMitoum
BiAHOCHICTb YMOB, Y AKMX Lii BUCHOBKM Byn oTpMMaHi. KinbKapa3osi cnocteperkeHHA (NOBTOPEHHS eKCNepumeHTy) AatoTb 3Mory
B y3araibHeHin dopmi GpopmynoBaTM BUCHOBKM i BM3HA4YaTM HalixapakTepHiwi TeHaeHuii (readbookz.com). Came us Tesy
3yYMOBWJIa MPOMIXKHWUI NeaaroriyHMii eKCNepuMeHT, KU NOKNAAEHO B OCHOBY HalLOi METOAMKM CTaTUCTUYHOTO aHanisy.

lgen 3anponoHOBaHOrO anropuTMy CTaTUCTMYHOTO aHanisy 3'sasunaca i anpobosaHa y 2008 p. (MeTpyk, 2008) npu
po3pob/ieHHi Ta YAOCKOHaNEHHI Mogeni npodeciiHoi MiAroToBkM MalbyTHIX ¢axiBLiB TeXHiYHMX crneujanbHocTell. Moro
noAanblue BUKOPUCTaHHA MOXHa 3HalTK B poboTax (Xom'tok, 2013; MeTpyk, 2011; Nposop, 2013).

Hu)Kye onvwemo BMKOPUCTAaHHA HaBeAEHOro a/firopuTMy Ha MPWK/AALI ONpaLloBaHHA pe3ynbTaTiB O4HOro 3 eTanis
nesaroriYyHOro eKCnepumeHTy.

MaTemaTMyHa OCBITa € OCHOBOI CUCTEMM NPOPECIMHOI NiArOTOBKM MaMBOYTHIX crewianictis KOMN' OTEPHOT iHXeHepii B
TEXHIYHUX BULLMX HaBYa/IbHUX 3aKnagax. Tomy nepesipsnacs ePeKTUBHICTb aBTOPCbKOI CUCTEMM HABYAHHA AUCUMMIIH BULLOI
MaTEMATUKN ManbyTHIX daxiBLiB KOMMN'IOTEPHOI iHXeHepii.

[Ona neparoriyHOro ekcnepuMMeHTy BifibpaHO KOHTPONbHY rpyny — KF(ZSZZ), rpyny Er-1(7,sy2) - YTOYHIOBA/IbHOTO

eKcnepumeHTy Ta rpyny Er-2 (X ,sz) — pOpMyBaNbHOrO EKCNePUMEHTY.

Cepegp, iHWKX JOCNioKYBaABCA NOKAa3HMK «3HaHHA» Ha OCHOBI NiACYMKOBUX KOHTPOIbHUX POBIT Ans pi3HMX po3ainis
BULL,OT MaTeMaTUKN. Pe3ynbTaTu KOHTPOJIbHUX POBIT Nig, KOXKHY AUCUMNAIHY yTBOPUAW BUBIpKM, sIKi BiANOBIAHO 4O anroputmy
NopPiBHIOBANCA MiX CO6010. Pe3ynbTaT NOPiBHAHHA 3a KpuTepiamu Cr'iogeHTa i Qiwepa 3aHocuanca y Tabaumuto (taba. 2).

AHani3 3HaYyLOCTi BigMiHHOCTEN cepeaHix i AMCNEepPCin MiXK rpynamm NoKasye, Lo 3anpornoHOBaHa CUCTEMA HaBYaHHA
MaTEMATUYHUX SUCUMMNIH 3HAYHO MiZBULLYE piBeHb HAOYTUX CTyAeHTaMM 3HaHb. Mpo Te cBigvaTh AaHi ctoBnuiB 5 i 8. MoKa3HMK
BKa3y€E Ha CYTTEBY BiAMIHHICTb Yy 3HAHHAX CTYAEHTIB 3a BCiIMa TeMaMW Ha KOPMCTb 3anpomnoHOBaHOi cuctemu. Mpu ubomy
CTAaTUCTUYHA cepeHA 3 ycix Tem Byna BULWA B eKCNepuMmeHTasIbHIN rpyni dopmyBasibHOro eTany.

Micna ctaTucTMyHOI 06PO6KM pe3ynbTaTiB YTOUHIOBALHOIO eTany eKCnepumeHTy My Nobaunam, Wo xo4a pesynbratu
TECTiB y eKcnepuMMmeHTanbHin rpyni EM-1 6ynu Buwi 3a pesynbTaT KOHTPoAbHOI rpynu KI, BiAMiHHICTb NOKa3HWKIB He Byna
cTabinbHO cyTTeBOIO (cTOBNLI 6 i 9). Lle 03Hayano, WO el eNeMeHT y cMCTeMi HaBYaHHSA CYTTEBO He BM/IMBAE Ha pe3y/bTaT, AKi
Mn 6axkanm oTpumatu. byna BAOCKOHaneHa (3MiHeHa) MeToAMKa NeKLiMHMX i NPaKTUYHMX 3aHATb 3 BEKTOPHOI anrebpw,
aHaNITMYHOI reomeTpii, BU3HAYeHOro iHTerpany, Teopii pAAiB, GYHKLii KOMMANEKCHOI 3MiHHOI Ta OnepauiitHOro YMCNEeHHs
(30Kkpema, 6yno BNPOBALKEHO ABTOPCbKI HaBYanbHi NOCIGHMKKM, WO nepeabayanu camocTiiHe onpautoBaHHA CTyAeHTaMu
pO34iNiB BULLOI MaTeEMaTUKK).

Pe3ynbTaTv CTaTUCTMYHOTO aHani3y nicna nposeseHHA GOPMYBaNbHOrO EKCNEPUMEHTY NiATBEPANIN MO3UTUBHWUIA 3CYB
pe3ynbTaTiB HAbYTTA 3HaHb NiC/1A KOPUTYBAHHA METOAMKM 3aHATb, NPO LLLO CBiAYaTb AaHi cToBnuiB4i7Ta6i9.

AHanisyroun oTpMMaHi pesynbTaTh 3HAYYLW,OCTi BiAMIHHOCTI MOKA3HMKIB UMCNOBUX XapaKTePUCTUK Baunmo, W0 3a BCiMa
napameTpamm BiAMIHHICTb MiX 3anpONOHOBAHOK CUCTEMOI HaBYAHHA MATEMATUYHUX AUCUMMANIH i TPaAWLINHOKW iCTOTHA.
BiAMIHHICTb MiK 3HAUEHHAMM B eKcnepumeHTanbHin rpyni popmysanbHoro (EM-2) i yTouHioBanbHoro (EM-1) ekcnepumeHTis
cBigYaTb Npo Te, WO piweHHA ii BMNpobyBaTM 33 [OMNOMOIOI YTOYHIOBANILHOTO EKCMepPMMEHTY, a MoTiM NpPOBOAUTU
bopmyBanbHMIt BYN0 NPaBUAbHUM.
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Tabnunua 2
3HauyLicTb BiAMIHHOCTI NOKa3HUKIB YUCNOBUX XapaKTepUCTUK cpopmoBaHoOCTi 3HaHb y rpynax K, ETa F
(«1» - 3HaYywLe BigxMneHHs, «0» — He 3HaYyLLEe BiAXMIEHHSA)

1 2 3 4 5 6 7 8 9

Ne Po3gin Mpyna Er-2 | pyna ET-1 MpynaKr | X | X ? s 82 |s)
X |sc v [s/]z [s2|¥ [z ]z [s/]s]s

1 JliniiHa anrebpa 4,06 | 0,79 | 3,94 | 0,75 | 3,08 | 09 | O 1 1 0 1 1
2 BeKkTopHa anrebpa 3,99 10,28 (363032278 058]| 1 1 1 0 1 0
3 AHaniTM4yHa reomeTpin 3,81 1057378098259 |08 | 0 1 1 0 1 0
4 OundepeHuitoBaHHA GyHKLN 4,12 | 0,56 | 4,08 | 0,48 | 3,50 | 0,86 | O 1 1 0 1 1
5 Bu3HaueHui iHTerpan 3,96 | 0,35 | 3,47 | 0,9 | 3,44 | 1,01 1 1 0 1 1 0
6 KpaTHi Ta KpUBOAiHIilHI iHTErpanu 3,67 10,79 | 3,40 | 0,72 | 3,11 | 0,34 1 1 1 0 1 1
7 JundepeHLuianbHi piBHAHHA 363|069 (35107328077 | 0 1 1 0 1 1
8 Teopia uncnosumx Ta 3,46 | 0,82 (3,18 (10,89 (284 |09 | 1 1 1 1 1 0

byHKLiOHaNbHMX pAais
9 @DyYHKLT KOMNNEKCHOT 3MiIHHOI 3,52 1098 | 3,12 | 0,99 | 2,94 | 0,99 1 1 0 1 0 0
10 | OnepaujiiHe YncneHHA 3,46 | 0,78 | 3,40 |1 0,81 | 3,10 | 093 | O 0 0 1 0
11 | Teopisa MmoBipHOCTENM Ta MaTeM. 435 (083|413 | 063 |3,13|050]| 0 1 1 1 1 1
CTaTUCTMKA
PiBHi 3a/IMLWKOBUX 3HAHb 3 BMLLLOI MaTemMaTuKu ( 4-i Kypc)

BucoKkuin 0,26 | 0,43 (0,21 (0,73 0,13 | 0,89 | 1 1 1 1 1 1
[ocTaTHii 0,21 062 019|077 | 0,14 | 0,25 | O 1 1 0 1 1
3a4,08BiNbHUI 0,36 | 0,91 | 0,51 | 0,70 | 0,58 | 0,88 | 1 1 1 0 1 1
HusbKuii 0,07 | 0,57 | 0,09 | 041|015 | 056 | 1 1 1 1 1 1

BMCHOBKM TA NEPCMEKTUBU NOAANBLUOIO AOCNIAMXEHHA

3anponoHOBaHMI aNrOpUTM CTaTUCTUYHOTO aHasi3y pe3ybTaTiB NefaroriyHoro eKCNepMMeHTY He JiMLie aBTOMaTU3YE

PO3paxyHKW, a U Mae nepesary Hag iHWMMM CTaTUCTUYHMMKM METOZaMM Y TOMY, WO JOCNIAHWKY 3a/MIIAETbCA JULLe
npoaHaniayBath TabMyHi Napu cepesHix i aucnepcii NpPo CyTTeEBICTb BigMIHHOCTEN Ta 3pOOUTKM BigNOBIAHI BUCHOBKM.

MepcnekTMBHUM 6a4MMO BNPOBaAKEHHA a/irTOPUTMY B HAayKOBO-MEAArOriYyHY MPAKTUKY, a TaKOXK HaNMCaHHA MaKpocy,

AKWUIA aBTOMATM3YE 3aNOBHEHHA Tabuuj 3a BBEAEHVMMU AAaHMMU TPbOX BUGIPOK.
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ABSTRACT

®opmynioeaHHa npobaemu. Cmammsa npuceayeHa npobnemam
MmodepHisayii oceimHbo20 npoyecy y euwili  wkKoni Ha  OCHOBI
BUKOPUCMAHHA i2posux mexHosnoeili ma ixHili enemeHmis. AKmyaneHicmes
00CniOHEeHHA 3yMOB/IeHa 8UABAEHUMU MOXIUBOCMAMU mpuedHocmi PBL
(Points, Badges, Leaderboards) sk iHcmpymeHnmy nidguwjeHHs momueay,ii
HaBYaHHA ceped cmyodeHmis.

M Di : 3

MemodonoziyHy OCHO8Yy CMAHOBAAMb
3g2as716HOMeopemuy4Hi ma emnipudHi memoodu 0ocnidxceHHA. 30ilicHeHo
027170 Ccy4acHoi HayKosoi nimepamypu, nepioduyHux eudaHb, HAYKOBO-
MemoOuYyHUX Oxcepen 3 npobaemu eelimighikayii euwoi oceimu, ixHil
aHani3, CMpPYKMypysaHHs, iHmMepnpemayito ma nobydosy so02idHUX
sucHoskig. Cucmemamusayiro nepcrekmus po3sumky eelimipikayii y
suwili ocgimi 30iticHeHo 3 sukopucmaHHAm SWOT aHanisy.

Pesyabmamu. Y cmammi po3enaHymo 3micm OCHOBHUX HAyKOB8UX
nidxodie ujo00 BU3HAYEHHA MOHAMMA «eelimigpikayia y suwili oceimi».
lMpoaHanizosaHo npobsemu ma MOMIUBOCMI BUKOPUCMAHHA i2p08020
KomnoHeHmy PBL 8 oceimHbomy npoyeci 3aknadis euwoi ocgimu.
3anponoHosaHo iHHOBaYiliHI sapiaHmu 3acmocyeaHHA
HaliyHigepcanbHiwux ieposux KomrnoHeHmie PBL 8 oceimHbomy npoyeci
8uwWoi WKoU y susyeHHi bydb-aKoi ducyuniHu. lposedeHe 00ciOHeHHA
00360/1UN0 30 Pe3ynbMamamu y3020aabHEHHA MmeopemuyHux Oxcepes,
aHanimuyHoi iHgpopmayii ma nposedeHHa SWOT-aHanizy obrpyHmysamu
doyineHicme 3acmocy8aHHA mexHosoeili 2elimigikayii y suwiiti ocgimi.

BucHoeku. Ha ocHosi 30ilicHeHo20 aHani3y nimepamypu, 3arnpornoHo8aHo
eapiaHmMu 8ukopucmaHHA mpuedHocmi PBL Ak iHcmpymeHma moodepHizauii
0csimHe020 npoyecy y suwili wKoni. BUKOpUCMAHHA i2posux mMmemoouK 3
ypaxysaHHam mpuedHocmi PBL 8 ocaimHeomy npouyeci moxce cmamu 00HUM
3 MexaHiamie niosuweHHs eMomueosaHocmi ma iHmepecy cmyodeHmie 0o
8uesYeHHA OUCYUINIH, MOCUeHHs IXHbOI 3as1y4eHoCmi 00 HABYAHHSA, O MAKOMC
nidsuweHHs pieHs KomnemeHmHocmel, AKki 80HU Habysaroms. OmpumaHi
pe3ynbmamu MOXHa 3acmocy8amu rio 4ac NPOEKMYBAHHA Pi3HUX OCBIMHIX
Kypcie, y npoyeci susyeHHs AKUX nepedbayaemscsa 8UKOPUCMAHHSA i2p08ux
mexHosnoziti.

Formulation of the problem. The article is devoted to the problems of
modernization of the educational process in higher education based on the
use of game technologies and their elements. The relevance of the study is
due to the identified opportunities for the trinity of PBL (Points, Badges, and
Leaderboards) as a tool to increase learning motivation among students.

Materials and methods. The methodological basis is generally
theoretical and empirical research methods. A review of modern scientific
literature, periodicals, and scientific and methodological sources on the
problem of gamification of higher education, their analysis, structuring,
interpretation, and construction of logical conclusions was fulfilled.
Systematization of prospects for the development of gamification in higher
education using SWOT analysiswas carried out.

Results. The article considers the content of the main scientific
approaches to the definition of "gamification in higher education".
Problems and possibilities of using the game component of PBL in the
educational process of higher education institutions are analysed.
Innovative variants of the application of the most universal game
components of PBL in the educational process of higher school in the study
of any discipline are offered. The study allowed substantiating the feasibility
of gamification in higher education based on the results of generalization of
theoretical sources, analytical information, and SWOT analysis.

Conclusions. Based on the literature analysis, options for using the PBL
trinity as a tool for modernizing the educational process in higher education
are proposed. The use of game techniques, taking into account the trinity of
PBL in the educational process, can be one of the mechanisms to increase
students' motivation and interest in learning disciplines, improve the
involvement in learning, and heighten the level of competencies they
acquire. The obtained results can be applied in designing various
educational courses in the study process where game technologies are used.

K/ItOHO0BI C/IOBA: eelimudpikayia suwjoi ocgimu; izposi mexHosnoeii;
MoOdepHi3auyis oceimHbo20 npoyecy; mpuedHicms PBL (PBL — Points,
Badges, Leaderboard); nepcnekmusu po3sumky.

KEYWORDS: gamification of higher education; game technologies;
modernization of the educational process; PBL trinity (PBL - Points, Badges,
Leaderboard); development prospects.

INTRODUCTION

The problem statement. The rapid development of the information society leads to the transformation of educational
technologies and provides a variety of opportunities to improve the educational process. This is extremely necessary for modern
education because, of course, education is one of the key drivers of human capital development. However, Ukrainian education,
including higher education, is still characterized by the use of the traditional model of teaching (noting lectures and completing
formal assignments and exercises in seminars), which does not improve the quality of education. The opportunity to eliminate
this shortcoming appears with the use of gamification (gamification) in the educational process of higher education
institutions (HEI).
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However, the emergence of a new, so-called generation of "digital aborigines" (generation Z) contributes to the
actualization of gamification of the educational process. Generation Z perceives information flows quite quickly, doing several
things at once, giving them instant feedback and all kinds of achievements in the form of awards, which is possible with the use
of gaming educational technology.

Thus, new models and approaches are emerging based on the use of information and gaming technologies in education,
including, for example, "edutainment" (from English "edutainment"-learning through entertainment), "gamification" (from
English "gamification"-the use of game mechanics and elements in a non-game context), "serious games" (from English "games
for learning"-games directly designed for learning or having a secondary educational value), "game-based learning" (from English
"game-based learning"-an approach to learning based on the game), etc. (Seaborn & Fels, 2015). These technologies make it
possible to pay more attention to the peculiarities of students' perception and processing of information (quick access to
information, variability of its use, interactivity, visual presentation of information), their interests (adaptive, individual
educational trajectories), and build effective communication processes and mechanisms. They, for example, help to boost
student motivation. However, these technologies also have their drawbacks due to the complexity of their application and
implementation.

Gamification is one of the current educational trends in modern education and involves the use of gaming technology
elements in non-gaming situations. The purpose of this process is to attract and increase the students' attention, and to increase
their motivation for solving practical problems and learning how to perform new activities. The need for gamification arose from
the need to modernize outdated motivational schemes, where incentives and punishments no longer produce the desired effect.

Gamification is based on the use of game elements in a non-game context, i.e., it is a process in which game elements
are used to achieve real goals (Faiella & Ricciardi, 2015). Gamification is typically used as an approach that involves selecting
game elements to create a game environment to optimize the user experience (Dichev & Dicheva, 2017) and engage users (Sailer
etal., 2017).

Undoubtedly, games can motivate the students easily to take some actions in situations where they do not always know
how much they want to do so (Zichermann & Linder, 2010). Gamification is game-based and therefore so successful.

The PBL gamification model (PBL-Points, Badges, Leaderboard) is the basic model. And although this model provides a
high level of feedback (scores), visualization of the participant's achievements (badges), and a leaderboard clearly shows the
rating of participants, it does not take into account the use of gamification (Makarevich, 2015).

The analysis of current research. In modern research, there are many different interpretations of the concept of
"gamification," but they all come down to the use of gaming technology in non-gaming situations. For example, Kevin Wehrbach
(2012) views gamification as the use of game elements and game mechanics in a non-game context. Gabe Zichermann and Linder
define "gamification" as the process of using game mechanics and thinking to capture an audience and address current issues
facing learners (Zichermann & Linder, 2010).

The term "gamification" is borrowed and partially identical to the concept of "game technology" in domestic pedagogy.
The game as a form of human activity and an active learning method is the foundation of game technology. However, there are
some differences between these concepts. Game-based learning encourages learning through the element of competition, where
the set of necessary knowledge is necessary for "survival" in the game, and this is the basis of game learning (Dicheva et al., 2015).
At the same time, gamification is the application of game mechanics to make boring activities more engaging.

In the research, scientists also consider gamification as a modern learning process and analyze its components
(Tkachenko, 2015), provide basic definitions of gamification (Zelenskaya & Kovinko, 2019), determine the general principles of
game teaching methods, including visible game status, social activity of players, freedom of choice, freedom of loss and quick
feedback between game participants (Dicheva et al, 2015). Despite the growing popularity in the field of education, the
theoretical foundations of gamification remain insufficiently studied, which has led to numerous failures and criticism of the
process (Loughrey & Broin, 2018). On the other hand, the use of the gamification method has not become widespread either in
works on higher school didactics or in the classical domestic educational space.

The purpose of the article is to identify opportunities to use the game components of PBL (Points, Badges, and
Leaderboards) in the educational process of higher education institutions as a means of increasing the motivation of students'
learning activities.

METHODS OF THE RESEARCH

The methodological basis is generally theoretical and empirical research methods. The research is based on modern
scientific literature and periodicals on the gamification of education, scientific and methodological sources, and literature
containing statistical information on the analyzed topics, their analysis, structuring, interpretation, and construction of logical
conclusions. A SWOT analysis was used to systematize the prospects for the development of gamification in higher education,
assess the strengths and weaknesses, and identify opportunities and threats for further use within the digital space of higher
education institutions.

RESULTS OF RESEARCH

Currently, gamification in education has two varieties: the first is based on the development of some educational games
that are used in a particular university and does not become more widespread due to the narrow specifics. Another variety is
games developed by third-party commercial companies (Erkens & Bodemer, 2019). They often do not take into account several
requirements of the educational system and the need to address some financial and legal issues. The development of generalized
approaches and tools for the use of some components of gamification (PBL trinity) in the educational process of higher education
institutions may be one way to solve this problem.Existing approaches to gamification in higher education and the use of MOOCs
generally rely on overly superficial and abstract implementations of game components such as scores, badges, and leaderboards,
which form the so-called PBL trinity (Points, Badges, Leaderboards). The goal of the PBL trinity is to use the presented game
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mechanics not separately but together, thus creating a synergistic effect. Using leader points, badges, and tables, both
individually and collectively, can increase student motivation and engagement. For example, researchers at the University of
Hong Kong conducted a quasi-experiment to study the effects of gamification on students. The results showed that the PBL model
is effective in motivating and engaging students because, during the experiment, they made greater efforts to learn (Huang &
Hew, 2015). However, the current use of game scores, badges, and leaderboards does not meet the goals and objectives of the
introduction of gamification as a means of increasing motivation among students.

The elements of the PBL trinity are an important and mandatory part of the game. Points reflect the achievements and
progress of players, which allows you to compare with each other and keep the necessary statistics. Badges give players status
and additional, unique opportunities, motivating them to accumulate new badges to collect them. They are a visual reflection of
the success of the local and global stages of the game. Leaderboards or leaderboards show the player's place among other
participants in the game and motivate them to achieve more significant results.

These components are the most universal in the context of the gamification used in the educational process, as their
implementation is possible in the study of any discipline. Thus, the use of the element P (Points) is a formal, direct reflection of
the points of the final certification. Element B (Badges) is also, in most cases, completely useless, having no meaning other than
pseudo-status (Chou, 2016). Therefore, it is necessary to identify opportunities and mechanisms to increase the effectiveness of
the PBL trinity to increase learning motivation and involve freelance students in the game form of learning in various educational
disciplines, considering this form the most universal and suitable for almost any educational program.

Involving students in the game educational process requires adaptation, rethinking the PBL model for the educational
process to increase the actual, real significance of its components. To this end, we have divided the "points" component into two
components: rating points and "cash" points. Interpretation of rating points remains unchanged and is an assessment of the
study of the methodological unit of the discipline. A novelty in the model is the introduction of "cash", which is a kind of "currency"
used in the infrastructure of the educational institution and within the educational process to obtain real bonuses-achievements.
Methods of obtaining "cash" points are formed in parallel with obtaining rating points using additional game
techniques.Additional game mechanics are:

1. Mini-games based on the studied material. For example, an analogue of the card game "find a pair", where pairs are
related entities or objects (name - definition, name - formula, cause-effect). It is very important that when using online
information educational systems, mini-games can be group games, which adds excitement and interest to the game.

2. Solving additional basic level tasks. Performing this type of task is aimed at improving mechanical memorization and
skills development.

3. Solving problems of increasing complexity involves the study of additional material.

4. Increasing involvement in the game. Getting additional "cash" points for regular visits to the information and
educational environment (games). For example, if you regularly visit the gaming educational environment, the player defends his
"cash" points and has the opportunity to take part in the points from players who did not attend the game in time. The player
must be able to spend his "cash" points. These opportunities must be useful in the educational process.

One of the easiest ways to spend "cash" points is to transform them into a small number of rating points in the discipline.
Other opportunities in the educational process: plus 1 point on the exam in the discipline; the right to withdraw a second ticket
is not an exam; answer only theoretical questions; use of own abstracts on the test/exam; one cheat sheet (any information on
sheet A6/A7).

The real significance of the "badge" or "achievement" component also needs to be enhanced. It is advisable to introduce
"badges" that allow certain actions along with status "badges" for statistical achievements. The number of "badges" of one type
must be strictly limited to devalue the achievement. Example:

1. Discipline professors: the owner receives bonus points for work in practical and seminar classes.

2. A good friend—the opportunity to give a duplicate of your privilege (obtained for "cash" points) to any participantin
the game.

3. Inspector: the chance to visit couples with a different group.

4. Call the second opportunity to get a teacher's tip at control events.

The practical application of "points" and "badges" automatically increases the value of the third component,
"leaderboards". Access to information on the participants who received significant "cash" points and "badges", which directly
affect the individual progress of the educational process, gives an additional and very powerful impetus to the competitive
process during training. Individual end-to-end ranking with the help of rating points should be organized as a controlled and
corrective subsystem. This is because the motivational component of individual ratings is positive only if the participant is at the
top of the leaderboard (from the first quarter to the third), neutral-in the middle, and neutral-negative-at the bottom (Esteves,
2017).

The positive effect of the "leaderboards" technique application is more evident during short events, the outcome of
which depends on the contribution of each team member. Firstly, each event is a new opportunity to demonstrate yourself and
your skills from scratch, minimizing the impact of past experiences of victories and defeats; and secondly, teamwork increases
engagement based on responsibility to yourself and the team.

A schematic representation of the PBL trinity in the educational process of higher educational institutionis offered in
Figure 1.

45



Tom 33, Ne 1/ Vol. 33, Ne 1 (2022)

®isnko-matemaTtuuHa ocsita / Phisical and Mathematical Education

il

higher education institutions

M The trinity of PBL in the educational process of

Badges ‘

I——|:\

1 )

N -

Additional

Status badges
opportunities badges

.

1 1
Points Leaderboards
) 1 D
. . Leaderboards
Rating points according to the team
a L events
i o A
h noi Leaderboards from
_ Cash points the discipline in
L ) general

. A

Fig. 1. The trinity of PBL in the educational process of higher educational institution

There are two possible options for using the PBL trinity in the educational process of free economic education (while

studying some disciplines):

1. The first option goes through the whole course and helps the student throughout the study: the system of
"gingerbread" (titles, incentives, appraisals, visualization of educational progress, or game script).

2. The second option is a "dot option," which is also a good help in learning. For example, courses with webinars
Sometimes webinars are boring because they are long, and you have to be constantly careful not to miss important material.

Interactive tools enliven the story.

Thus, it is worth noting the increasing popularity of gamification as a modern interactive resource. Prospects for the
development of gamification in higher education were assessed using the SWOT analysis presented in Table 1.

Table 1

SWOT analysis of the process of application of gamification elements
in educational education of higher education institutions

Strengths

Weaknesses

1. Simplifying the educational
educational methods

2. No discrimination against students.

3. Visualization of complex processes.

4. Correspondence of the game to the logic of study.

topics, sections, and disciplines; support of interdisciplinary
connections.

5. Availability of feedback.

6. Creating a model of the functionality of future professional
activity

7. Ability to deeply understand the problems posed in the
game and methods of solving them.

process and improving

1. Availability of low-quality content on the market of
educational games.

2. High cost of computer game development for higher
education.

3. Lack of templates for the use of gamification in the
educational process.

4. The need for homogeneity of material and technical base
of students.

5. Deterioration of students' perception of other forms of
interaction with the teacher (traditional forms of work).

6. The possibility of risk of losing interest in the game in
students.

7. Additional costs of temporary resources for the teacher.

Opportunities

Threats

1. Increasing the interest and involvement of students.

2. Increasing the internal motivation of students.

3. Formation of the adequate attitude of students to
mistakes.

4. Development of communication skills in teamwork.

5. Development of a sense of responsibility and self-
confidence.

6. Use of conditionally objective rating system (rating).

7. Expanding the range of educational opportunities.

8. Professional self-development of the teacher.

1. The transition from motivation to the excitement,
accompanied by a loss of original meaning.

2. Psychological threat of substituting the concepts of
"reality" and "game".

3. Development of hyper-competition among students.

4. Oversaturation of the educational process with the game.

5. Development of the habit of waiting for a reward
(Hernandez-Sellés et al., 2019);

6. Inconsistency of the game scenario with educational goals.
7. Lack of freedom of choice for students who are not
interested in the game form of mastering the material.

8. Failure of participants in the educational process to
recognize the effectiveness of gamification methods.

Thus, the gamification of higher education is a much more difficult task than the usual development and distribution of
entertaining computer games. The main difficulty is related to the need to determine the didactic and technological paradigm of
the educational game and its effective integration into higher education institutions. The effectiveness of gamification in higher
education depends on how well it is integrated into the educational environment of a particular university.
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CONCLUSIONS AND PERSPECTIVES FOR A FURTHER RESEARCH

The educational process is developing continuously, systematically, and continuously, which necessitates its
modernization under modern requirements, adaptation to the digital age, and the current needs of society. Gaming technology
generally meets these requirements. The article confirms the growing popularity of gamification as a modern interactive
resource.

Based on the analysis of literature and own pedagogical practice, some imperfections in the trinity of PBL are revealed,
and variants of its modernization for use in the educational process of higher educational institutions are offered. The use of
game techniques, taking into account the trinity of PBL in the educational process, can be one of the mechanisms to increase
students' motivation and interest in learning disciplines, increase their involvement in learning, and increase the level of
competencies they acquire.

The study allowed us to substantiate the feasibility of gamification in higher education based on the results of the
generalization of theoretical sources, analytical information, and SWOT analysis.

The obtained results can be applied during the design of various educational courses, in the process of which the use
of game technologies is envisaged.

REFERENCES (TRANSLATED AND TRANSLITERATED)

1. Zelenska, L. D, & Kovinko, K. V. (2019).Gejmifikaciya yak metod navchannya zdobuvachiv vyshhoyi osvity anglijskoyi movy [Gamification as a
method of teaching English to higher education students]. Zasoby navchalna ta naukovo-doslidnoyi roboty — Teaching and research aids, 52,
21-35. (in Ukrainian).

2. Makarevych, O. O. (2015). Gejmifikaciya yak nevid'yemnyj chynnyk pidvyshhennya efektyvnosti elementiv dystancijnogo navchannya.
[Gamification as an integral factor in improving the effectiveness of distance learning elements.] Molodyj uchenyj — Young scientist, 2(17),
275-278. (in Ukrainian).

3. Tkachenko, O. (2015). Gejmifikaciya osvity: formalnyj i neformalnyj prostir. [Gamification of education: formal and informal space.] Aktualni
pytannya gumanitarnyx nauk — Current issues of the humanities, 11, 303-309. (in Ukrainian).

4. Brophy, J. (2013). Motivating students to learn. Routledge. https://doi.org/10.4324/9780203858318.

5. Chou, Y.-K. (2016). Actionable gamification: Beyond points, badges, and leaderboards. Octalysis Media, 1-151.

6. Dichev, C.,& Dicheva, D. (2017). Gamifying education: What is known, what is believed and what remains uncertain: A critical review.
International Journal of Educational Technology in Higher Education, 14 (1). https://doi.org/10.1186/s41239-017-0042-5.

7. Dicheva, D. et al. (2015). Gamification in Education: A Systematic Mapping Study. Journal of Educational Technology & Society, 18(3), 75-85.

8. Erkens, M., Bodemer, D. (2019). Improving collaborative learning: Guiding knowledge exchange through the provision of information about
learning partners and learning contents. Computers & Education, 128, 452—-472.

9. Esteves, J. M. (2017). The perils of gamification triviliazation: How and why gamification is failing to deliver loyalty. Academy of Management
Proceedings, 2017(1), 13560.

10. Faiella, F. & Ricciardi, M. (2015). Gamification and Learning: A Review of Issues and Research. Journal of e-Learning and Knowledge Society,
11(3), 1-12.

11. Hernandez-Sellés, N., Mufioz-Carril, P.-C., & Gonzalez-Sanmamed, M. (2019). Computer-supported collaborative learning: an analysis of the
relationship between interaction, emotional support and online collaborative tools. Computers & Education, 138, 1-12.
https://doi.org/10.1016/j.compedu.2019.04.012.

12. Huang, B., & Hew, K. F. (2015). Do points, badges and leaderboards increase learning and activity: A quasi-experiment on the effects of
gamification. The 23rd International Conference on Computers in Education (ICCE 2015). Hangzhou, Asia-Pacific Society for Computers in
Education, 275-280.

13. Loughrey, K., & O Broin, D. (2018). Are We Having Fun Yet? Misapplying Motivation to Gamification. In 2018 IEEE Games, Entertainment,
Media Conference (GEM) (pp. 1-9). IEEE.

14. Sailer, M., Hense, J. U., Mayr, S. K., & Mandl, H. (2017). How gamification motivates: An experimental study of the effects of specific game
design elements on psychological need satisfaction. Computers in Human Behavior, 69, 371-380.

15. Seaborn, K. & Fels, D. (2015). Gamification in Theory and Action: A Survey. International Journal of Human-Computer Studies, 74, 14-31.

16. Werbach, K. (2012). For the Win: How Game Thinking Can Revolutionize Your Busi. Philadelphia, 148.

17. Zichermann, G. & Linder, J. (2010). Game-based marketing: inspire customer loyalty through rewards, challenges, and contests. New Jersey:
John Wiley & Sons.

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

47


https://doi.org/10.4324/9780203858318
https://doi.org/10.1186/s41239-017-0042-5
https://doi.org/10.1016/j.compedu.2019.04.012

Tom 33, Ne 1/ Vol. 33, Ne 1 (2022)

®isnko-matemaTtuuHa ocsita / Phisical and Mathematical Education

Scientific journal

PHYSICAL AND MATHEMATICAL EDUCATION
Has been issued since 2013.

HayxoBuii xypHan

DPIBUKO-MATEMATHUYHA OCBITA

Bumaerscs 3 2013.

p-1SSN 2413-1571
e-1SSN 2413-158X

DOI: 10.31110/2413-1571
https://fmo-journal.org/

scientific
journal

I DOI 10.31110/2413-1571-2022-033-1-008

MIXHAPOAHI TA BITYU3HAHI NPAKTUKU
POBOTU ACUCTEHTA NEOATOTA

CitnaHa CUTHAKIBCbKA &
Mumomupcokuli depxcasHuli yHisepcumem imeHi lsaHa ®paHkKa,
Mumomup, Ykpaina
hng@ukr.net
https://orcid.org/0000-0003-1367-0487
Onvbra IINMIHA
Mumomupcokuli depxcasHuli yHisepcumem imeHi lsaHa ®paHKa,
Mumomup, Ykpaina
illina.olha@gmail.com
https://orcid.org/0000-0001-9051-0538

UDK 376.4 |

INTERNATIONAL AND DOMESTIC PRACTICES OF
ASSISTANT TEACHER'S WORK

Svitlana SYTNIAKIVSKA &
Zhytomyr Ivan Franko State University,
Zhytomyr, Ukraine
hng@ukr.net
https://orcid.org/0000-0003-1367-0487
Olha ILLINA
Zhytomyr Ivan Franko State University,
Zhytomyr, Ukraine
illina.olha@gmail.com
https://orcid.org/0000-0001-9051-0538

AHOTAUIA

ABSTRACT

®dopmyntoeaHHa npobnemu. KoHcmamogaHo, wo 8 YKpaiHi
iHKtO3UBHY Oceimy 3abesnevye iHKMO3UBHA WKOAA — 3aKAA0 oceimu, 8
AKOMY CMBOPIOEMbLCA (hi3udHe cepedosule, peanizyromecas HA8YasbHI
npo2pamu ma naaHu, BUKOPUCMOBYIOMbLCA Memoou ma POPMU HABYAHHS,
3anyyalomeca pecypcu i axisyi, AKi 3a6e3nedylome HAOAHHA OC8IMHIX
nocnyz 8idnosioHo Ao nompeb KoxcHoi dumuHu. BidnogidHo nocmae
npobaema 8usHa4eHHA i KOHKpemusayii yHkKuil i 0boe’a3kie haxisyis, AKi
6ydymb npaytosamu 8 yMmosax maxkozo 3aKnady.

M i i du. 3acmocosaHo Memodu Mmeopemu4yHo20
aHanizy i nopisHAHHA. [lpoaHanizosaHo nioxodu 3asyyeHHA acucmeHma
nedazoza 8 npoyec 3abesnevyeHHA nidmpumku dimeli 3 ocobnusumu
ocsimHiMmu nompebamu 8 3apybirnHux KpaiHax. OnucaHo doceid pobomu
acucmeHmis nedazoza 8 iHKA3UBHUX 3aKAA0ax oceimu 8 YKpaiHi.

Pesynbmamu. 3a3Ha4yeHOo, WO pieeHb COUianbHOI  iHKMO3il €
MOKA3HUKOM yusinizosaHocmi  cycninbemea, Kpumepiem tiozo
deMoKpamu4HoCMi ma 2yMaHicmu4Hoi cnpamosaHocmi. BriposadieHHsA
iHK/1103UBHOI OC8IMU 2apaHMYyE peani3ayiro Npasa Ha84YaMuUCA 3a Micuem
MPOMUBAHHA, Wo 3abe3neyye Moxusicme 6ymu iHMe2po8aHUM 6
cycninbcmeo Ha 3a2asbHUX 3acadax, Mamu nidmpumky cim’i, Opysie, maaux
coyianbHux epyn, e AKUx i 8idbysaemscA nepsuHHaA coyianizayis ocobu-
cmocmi. TaKUM YUHOM iHKAKO3UBHA 0C8ima € 0OHUM 3 OCHOBHUX WAAXi8
coyianbHoi iHKAMO3Ii. BusHayeHo, w0 Moaimuka pisHUX KpaiH e cgepi
iHK/1103UBHOI OCBIMU BU3HAYAEMbBCA MUMU COYianbHUMU pobaemamu, AKi
domiHytome 8 nesHili KpaiHi y 8usHa4yeHuli nepiod. 3’Aco8aHoO, Wo 3a80aHHA
i yHKYii acucmeHmie nedazoea 8 pi3HUX KPAiHaX pPi3HAMbCA | 3anexams
8i0 cneyugiyHux npobsem, ujo BUHUKAOMb 8 MPoyeci iHKA3usHoT ocgimu
dimeli 3 ocobausumu oceimHimu nompebamu. Poboma acucmeHma
nedazoza 8 3apybidcHUX KpaiHax He 3800Umbca 00 MiOMPUMKU 8
ocsimHboMy npoyeci Oimeli 3 iHeaniOHicMio, A mMakox< Moxce bymu
CcrpAMoeaHa Ha nidmpumky 8imel i3 pi3HUX emHiYHUX i niHe8icMuUYHUX
cninsHom, dimeli bixeHyie ma miepaHmie mowjo. OnUcaHo O0CHOBHI 3acadu
npogpeciliHoi disneHocmi makux gaxieyie 8 YKpaiHi.

BucHo8Ku. 3pobsneHo 8UCHOBOK Mpo HeobxiOHicmb yOOCKOHAsneHHSA
cucmemu acucCmyeaHHA Mpu  iHKMAO3UBHOMY HABYAHHI 6 YKpaiHi. La
cucmema nosuHHa bymu 2Hy4Koro ma OUHAMIYHOIO i nidnawmosysamucsa
nid peaneHi nompebu y4HA U 3anumu e4umens. BuKopucmaHHA
3apybircHo2o 0ocsidy w000 YimKozo OKpecneHHA nocadosux o0boe’s3Kie
acucmeHma 84umesns 8 KOXHOMY KOHKpemHomy eunadky, po3nodiny
poneli cnpuamume NidBUWEHHIO eheKmUBHOCMI Npoyecy iHKAO3UBHO20
HABYAHHA OUMUHU 3 0cobausuUMU OceimHimMu nompebamu.

P

Formulation of the problem. It is stated that in Ukraine inclusive
education is provided by an inclusive school - an educational institution
where a physical environment is created as well as curricula and plans are
implemented, teaching methods and forms are used, resources and
specialists are involved to provide educational services according to every
child's needs. Accordingly, there is a problem of defining and specifying the
functions and responsibilities of professionals being at work in such an
institution.

Materials and methods. Methods of theoretical analysis and
comparison are applied. Approaches to involving a teacher's assistant in the
process of providing support to children with special educational needs in
foreign countries are analyzed. The experience of teacher's assistant work
in inclusive educational institutions of Ukraine is also described.

Results. It is noted that the level of social inclusion is an indicator of the
civilization of society, a criterion of its democracy and humanistic
orientation. The introduction of inclusive education guarantees the
realization of the right to study at the place of residence, which provides an
opportunity to be integrated into society on a common basis, to have
support from family, friends, small social groups in which the primary
socialization of the individual occurs. Thus, inclusive education is one of the
main ways of social inclusion. It is determined that the policy of different
countries in the field of inclusive education is determined by the social
problems that dominate in a particular country in a given period. It was
found that the tasks and functions of a teacher's assistant in different
countries differ and depend on the specific problems that arise in the
process of inclusive education of children with special educational needs.
The work of a teacher's assistant in foreign countries is not limited to
supporting children with disabilities in the educational process, but can also
be aimed at supporting children from different ethnic and linguistic
communities, children of refugees and migrants, etc. The basic principles of
professional activity of such specialists in Ukraine are also described.

Conclusions. The conclusion is made about the need to improve the
system of assistance within the inclusive education in Ukraine. This system
must be flexible and dynamic and adapt to the real needs of the pupil and
the demands of the teacher. The use of foreign experience in defining the
job responsibilities of a teacher's assistant in every individual case, the
distribution of roles will increase the effectiveness of the process of inclusive
education of children with special educational needs.

K/IO4YOBI C/IOBA: iHKA03i8; [HKAKO3UBHA ocgima; OumuHa 3
ocobausumu  ocgimHimu  mompebamu; OumuHa 3 0bMexdeHUMU
MOHAUBOCMAMU; NOMIYHUK 84UMENSA; MOMIYHUK YYHA; MOMIYHUK OUMUHU.

KEYWORDS: inclusion; inclusive education; a child with special educational
needs; a child with disabilities; teacher's assistant; pupil's assistant; child's
assistant.

INTRODUCTION

The problem statement. Every child has the right to education. Today, inclusive education all over the progressive world
is the foundation on which the development of not only the educational environment, but society as a whole is based. The level
of social inclusion is an indicator of the civilization of society, a criterion of its democracy and humanistic orientation.
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The introduction of inclusive education guarantees the realization of the right to study at the place of residence, which provides
an opportunity to be integrated into society on a common basis, to have support from a family, friends, small social groups in
which the primary socialization of the individual occurs.

The term "inclusion" came to Ukrainian from the English language. The introduction of inclusive education involves the
creation of such an educational environment in which the process of the personality formation of a child, regardless of its
capabilities, belonging to a particular social group, features of psychophysical development would be productive. Inclusive
education is the education of children with special educational needs in the conditions of a mass secondary school at the place
of residence. Such training may require the development of an individual curriculum, medical, social, psychological and
pedagogical support. Inclusive education is provided by an inclusive school - an educational institution in which the physical
environment is created, curricula and plans are implemented, teaching methods and forms are used, resources and specialists
are involved to provide educational services according to the needs of each child. Accordingly, there is a need to train specialists
who will work in such an institution. The question is to define and specify their functions and responsibilities.

The analysis of current research. Nowadays in Ukraine, in the context of the implementation of social inclusion policy,
researchers are increasingly turning to the study of issues related to inclusive education and qualified social support for people
with disabilities. The problem of creating a safe environment for inclusive educational institutions is revealed in the works of
Kovalyshyn V.V., Khlevnoy O.V., Kharyshyn D.V. (2020).

The issues of training specialists to work in inclusive educational institutions are reflected in the works of
Kozibroda L.V., Kruhlyk O. P., Zhuravlova L.S., Chupakhina S.V., Verzhihovska O.M. (2020); Sirko R. I. (2020), etc.
Kropivnitskaya M.E. (2018) studied the level of ensuring the rights of children with disabilities. Problems of psychological support
of interprofessional interaction of social specialists were studied by Raievska Ya. M. (2019).

An analysis of current research has shown that concerning a wider range of inclusive education and education settings,
researchers are looking at inclusive education professionals, but their responsibilities need to be further explored and specified.

The purpose of the article. Analyze foreign and domestic approaches to involving a teacher's assistant in the process
of providing support to children with special educational needs and, accordingly, the duties of a teacher's assistant in Ukraine
and abroad. Compare the tasks and content of the joint work of the teacher and his/her assistant with children with special
educational needs within an inclusive education.

THEORETICAL BASES OF THE RESEARCH

Ratifying majorinternational human rights instruments (UN Declaration on Human Rights, UN Convention on the Rights
of Persons with Disabilities, Convention on the Rights of the Child); Ukraine has committed itself to respecting and enforcing
universal human rights. This includes ensuring the right to education of children with special educational needs. The official
position of the European Community, expressed by UNESCO and the Commission on Human Rights, on this issue is that education
should be provided as far as possible, in secondary schools, without any manifestation of discrimination.

The legal basis for the implementation of inclusive education in Ukraine is: the Constitution of Ukraine and the laws of
Ukraine "On Preschool Education”, "On Education”, "On General Secondary Education", "On Rehabilitation of Disabled People in
Ukraine", "On Fundamentals of Social Protection of Disabled People in Ukraine", "On the protection of childhood."

Of particular importance is the Law of Ukraine "On Ratification of the Convention on the Rights of Persons with
Disabilities and its Optional Protocol" Ne 1767-VI, December 16, 2009. In October 2010, the Concept for the Development of
Inclusive Education was approved by the Order of the Ministry of Education and Science of Ukraine N2 912. Inclusive education
is defined as a comprehensive process of ensuring equal access to quality education for children with special educational needs
by organizing their education in secondary schools based on the use of personality-oriented teaching methods, taking into
account individual characteristics of educational and cognitive activities of such children. According to this concept, one of the
ways to implement it is special training and retraining of specialists to work with children with special educational needs in
inclusive education. In 2012, the Order of the Ministry of Education and Science, Youth and Sports of Ukraine Ne 1/9 (18.05.2012)
"On the organization of inclusive education in secondary schools" was issued, and in 2014 the Law of Ukraine "On Amendments
to some laws of Ukraine on education concerning the organization of inclusive education".

As for terminology, to date there is no unambiguous interpretation of the concept of inclusion. Rather, we can talk
about an inclusive approach, which is that the individual should not adapt to social, economic relations, but on the contrary -
society should create conditions to meet the special needs of each individual. At the same time, any feature should not be
perceived as something negative, and should not cause branding or marginality of the individual. Regardless of certain features,
but rather due to them, everyone is valuable to society and should participate in social activities, should be accepted by society
without restrictions, should have all the opportunities for implementation. This will be facilitated by the creation of a system of
social ties and the adaptation of the social environment to the characteristics of each individual.

Article 1, paragraph 12 of the Law of Ukraine "On Education" (2017) states "inclusive education is a system of
educational services guaranteed by the state, based on the principles of non-discrimination, human diversity, effective
involvement and inclusion in the educational process of all its participants".

One of the leading Dutch researchers, K. Reiswijk, believes that it is inclusive education that ensures the development
of every child's abilities; recognition that normal development is not a generally accepted "norm"; satisfaction of special needs;
creation of a support system; functional approach to treatment and training; participation of parents in the treatment and
education of their children (Kolupaeva, 2012).

Unfortunately, despite legislative changes in Ukraine, such terms as "abnormal person", "defect", "disabled", "child
with disabilities" are widely used. These terms focus on violations, defects, relative anomalies. The concept of "disabled" remains
complex and contradictory, which is manifested in the analysis of both international regulations and Ukrainian documents. The
international definition of this term was first presented in the UN Declaration on the Rights of Persons with Disabilities in 1975.
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It is noted that a disabled person is a person who is unable to provide for all or part of the needs of normal personal and / or
social life due to congenital or acquired impairment of physical or mental abilities.

Currentinternational trends suggest that the use of the term "person with a disability" is more appropriate, as the focus
is on the "person" rather than the disorder, defect or anomaly.

The term "Children with Special Needs" is widely used in international legal instruments and state social legislation in
many countries. This terminological definition implies a shift of emphasis from the shortcomings and violations of children,
deviations from the norm to fix their special needs.

In December 2017, the Verkhovna Rada of Ukraine replaced the term "disabled" in the laws with "a person with a
disability". But despite the work already done to harmonize terminology and implement inclusive education in Ukraine, there are
many issues that need to be clarified. These include job responsibilities, scope of activities, competencies, role in the educational
process, and, accordingly, the training of teachers’ assistants and children’s assistants (social governors).

The study of foreign experience and the study of international and domestic practice of the relevant specialists can help
to find answers to the questions.

METHODS OF THE RESEARCH
Theoretical analysis of methodological and pedagogical literature on the issues connected with the inclusive education;
comparison and generalization.

RESULTS OF RESEARCH

In the 70s of the twentieth century in the advanced countries of the world there is economic growth and development
of democratic relations in society, anti-discrimination sentiments dominate. It means that any sign: national, ethnic, religious,
level of psychophysical development, etc. should not give rise to discrimination. Societies are realizing that there is no "normal
majority" and "inferior, abnormal minority". There is one community that includes people with certain disabilities. Sometimes
the public space and social order are not adapted to such features, so it is necessary to change them so that everyone has the
opportunity to fully exercise their rights. The inadmissibility of discrimination and social labeling is enshrined in law in many
countries. National anti-discrimination legislation is approved taking into account the main provisions of the UN Declarations. A
new cultural and historical norm is being formed — respect for differences between people.

The advanced countries of Western Europe are beginning to restructure special education. There is a number reduction
of special schools and an increase in the number of special classes in secondary schools. Pupils with special educational needs
begin to study in secondary schools in an inclusive environment. Inclusive education is defined as the main form of education for
children with special educational needs.

Italy is one of the first European countries to introduce inclusive education. Italian researcher B. Banatti notes that
today in the country in secondary schools more than 90% of children with special needs are educated [8]. The education
departments of the provinces have advisory services, which include various specialists, school administrators, employees of
education departments, representatives of public organizations, and, if necessary, specialists from health services. Staff of these
services organizes inclusive education, diagnosing children and determining their needs, provide counseling and educational
assistance to teachers and school administration. Teachers' assistants work in mass municipal institutions (both preschool and
school) to provide assistance to pupils with disabilities. The assistant together with the teacher draw up an individual curriculum
for each pupil with special needs. This takes into account the educational needs and opportunities for correctional and
rehabilitation care, which can be provided both within the school and in medical and social rehabilitation centers (Zaerkova &
Treityak, 2016).

In Belgium, legislation in the field of education provides for some freedom in the organization of educational
institutions. There are municipal educational institutions, public educational institutions, private institutions, including religious
ones. This is determined by the characteristics of affiliation and funding. However, regardless of the type of educational
institution, each of them provides conditions for the education of children with disabilities. The participants of this process
conclude agreements and develop individual curricula for each pupil with special educational needs. It describes the
characteristics and needs of the child, determines the amount of additional assistance, indicates who should provide it, when
and where. Specially created psychological, medical and social centers provide support and special additional services in the
context of inclusive education. Such centers can be both school and extracurricular. It depends on the number of pupils with
special educational needs in a particular school. Specialists of the center not only provide psychological, pedagogical, medical
and social assistance to pupils, but also provide advice to parents and other family members, provide educational and
methodological assistance to teachers. Schools with inclusive education also have special teachers who can be both part of the
institution and invited under agreements from special schools. In the first stages of training, special educators conduct individual
lessons with children with special needs, and then the duties of a special educator include acquainting the teacher with the child's
problems, involving him/her in work using certain teaching methods and techniques, providing advice (Zaerkova & Treityak,
2016).

In Germany there are various options for support within the inclusive education. Depending on the legislation of the
Lands, schools may have full-time special teachers, or special pedagogues may co work with the school as assistant teachers as
needed. There are pedagogical centers in each region. Forms and types of their work can be different: providing various assistance
to pupils with special educational needs, conducting career guidance work, coordinating the activities of various professionals,
consulting parents, and teachers and so on. There are also rehabilitation facilities, resource centers, medical and social services
that operate outside schools and are funded by local governments. In parallel with inclusive educational institutions in Germany
there is a system of special educational institutions, where mostly children with severe disabilities are staying (Sophiy, 2015).
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In Poland, Slovakia and the Czech Republic forms of full and partial integration have been introduced. Children can
study together or spend 80 percent or even more of their time in special (inclusive) classes. As a rule, most children with special
educational needs are in preschool with their peers. With age, the share of integrated students decreases.

Inthe Czech Repubilic, Slovakia, and Serbia job descriptions refer to the position of teacher's assistant, but as in Ukraine,
the functions of teacher's assistant and child's assistant are not separated. Thus, in Slovakia, the Czech Republic and Serbia
support for children from Roma communities has been organized. Roma assistants or Roma mediators work in primary schools.
Their functions are more like those of a child's assistant, but they make it easier for teachers to communicate with Roma children
(Sophiy, 2015).

In Ukraine, the position of "teacher’s assistant" was included in the State Occupations Classification in 2010 at the
initiative of the Ministry of Education and Science, Youth and Sports of Ukraine (Order of Derzhspozhyvstandart Ne 327
28.07.2010). The main tasks of the teacher's assistant were described in the Resolution of the Cabinet of Ministers of Ukraine
(15.08.2011) Ne 872 "On approval of the Procedure for the organization of inclusive education in secondary schools". Paragraph
14 of this resolution states: "Personally oriented direction of the educational process provides a teacher's assistant who
participates in the development and implementation of curricula, adapts educational materials taking into account the
peculiarities of educational and cognitive activities of children with special educational needs".

At about the same time, namely on September 25, 2012, a letter from the Ministry of Education and Science, Youth
and Sports Ne 1 / 9-675 "On the duties of a teacher's assistant" was published. It described the approximate qualifications of a
teacher's assistant in an inclusive classroom. The competencies of the teacher's assistant, specified in the letter, can be divided
into 3 groups: possession of theoretical knowledge and legislation, skills and practical habits, personal qualities.

According to the above documents, the main task of the teacher's assistant is to help the teacher in providing a person-
centered, individual approach to the educational process, in particular, in creating an individual development program for a child
with special educational needs.

However, in practice, the teacher's assistant often becomes the child's assistant and performs functions not inherent
in his/her position. Of course, the teacher's assistant is not the main person responsible for organizing the educational space in
the pupils' environment, but he/she should be actively involved in it, carrying out joint teaching. This problem can be solved
either by introducing the position of the child's assistant (social governor, who would accompany the child if necessary), or by
clarifying the content of assistance in each case in accordance with the requests of the educational institution. Serbia and Slovakia
have such experience, where the position of a teacher's assistant has been introduced at the legislative level, but the content of
the assistance is specified in the job descriptions at the place of employment.

CONCLUSIONS AND PERSPECTIVES FOR A FURTHER RESEARCH

Successful implementation of an individual program for the development of a child with special educational needs
requires constant communication between the teacher and the teacher's assistant. Effective relations between the teacher and
his/her assistant are formed on the basis of joint responsibility and depend on the level of understanding and trust between
them. The system of assistance within the inclusive education should be flexible and dynamic and adapt to the real needs of the
pupil and the requests of the teacher. The use of foreign experience in defining the job responsibilities of a teacher's assistant in
every certain case, the distribution of roles will help increase the effectiveness of the process of inclusive education of children
with special educational needs. A promising area of research is to identify ways to develop the domestic system of training
specialists to work with children with special educational needs within an inclusive education.

REFERENCES (TRANSLATED AND TRANSLITERATED)

1. Zakon Ukrainy «Pro osvitu» [Law of Ukraine "On Education"] # 38-39 (2017). http://zakon2.rada.gov.ua/laws/show/2145-19. (in Ukrainian).

2. Zaerkova, N., Treityak, A. (Eds.). (2016). Inkliuzyvna osvita vid A do Ya : poradnyk dlia pedahohiv i batkiv. [Inclusive education from A to Z: a
guide for teachers and parents]. Kyiv Borys Hrinchenko University. (in Ukrainian).

3. Kolupaeva, A. (Ed.). (2012). Osnovy inkliuzyvnoi osvity. Navchalno-metodychnyi posibnyk [Fundamentals of inclusive education. Educational
and methodical manual]. Kyiv: "A. S. K.". (in Ukrainian).

4. Konventsiia OON pro prava dytyny. [UN Convention on the Rights of the Child]. (1989). http://zakon2.rada.gov.ua/laws/show/995_021. (in
Ukrainian).

5. Sophiy, N. (Ed.). (2015). Spilne vykladannia v inkliuzyvnomu klasi: metod. materialy. [Co-teaching in an inclusive classroom: method.
materials]. Kyiv, Pleiades Publishing House. (in Ukrainian).

6. Kovalyshyn, V.V, Khlevnoy, O.V., & Kharyshyn, D. V. (2020). Primary school-aged children evacuation from secondary education institutions
with inclusive classes. Sciences of Europe. Vol 60. 53-56.

7. Kozibroda, L.V., Kruhlyk, O.P., Zhuravlova, L.S., Chupakhina, S.V., & Verzhihovska O0.M. (2020). Practice and Innovations of Inclusive Education
at School. International Journal of Higher Education, 9(7), 176-186. https://doi.org/10.5430/ijhe.v9n7p176.

8. Kravchenko, M., Kropivnitskaya, M., Kolosovska, I., & Dziana H. (2020). Early intervention service implementation at the level of the united
territorial communities in Ukraine. 32nd International Business Information Management Association Conference, IBIMA 2018 - Vision 2020:
Sustainable Economic Development and Application of Innovation Management from Regional expansion to Global Growth, 2801-2806.

9. Raievska, Ya., & Melnyk, L. (2019). Social assistance to the elderly. EDULEARN 19 Proceedings. 1423-1428.
https://library.iated.org/view/RAIEVSKA2019S0C.

10. Sirko, R. I., Bezverkhnia, H. V., Zaverukha, O. Ya., Chupakhina, S. V., & Kyrsta, N. R. (2020). Motivation to Get a Second Higher Education:
Psychological and Pedagogical Aspect. International Journal of Learning, Teaching and Educational Research, 19(2), 188-202.
https://www.ijlter.org/index.php/ijlter/issue/view/78.

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

51


http://zakon2.rada.gov.ua/laws/show/2145-19
http://zakon2.rada.gov.ua/laws/show/995_021
https://doi.org/10.5430/ijhe.v9n7p176
https://library.iated.org/view/RAIEVSKA2019SOC
https://www.ijlter.org/index.php/ijlter/issue/view/78

Tom 33, Ne 1/ Vol. 33, Ne 1 (2022)

®isnko-matemaTtuuHa ocsita / Phisical and Mathematical Education

Scientific journal

PHYSICAL AND MATHEMATICAL EDUCATION
Has been issued since 2013.

HayxoBuii xypHan

DPIBUKO-MATEMATHUYHA OCBITA

Bumaerscs 3 2013.

p-1SSN 2413-1571
e-1SSN 2413-158X

'l/'b

DOI: 10.31110/2413-1571
https://fmo-journal.org/

scientific
journal

I DOI 10.31110/2413-1571-2022-033-1-009

3MIHU B TEHAEHLIAX BUKOPUCTAHHA
IHGOPMALIMHO-KOMYHIKAL|IMHUX 3ACOBIB
HABYAHHA MAMUBYTHIX ®AXIBLIB
MPO®ECIAHOI TA TEXHONOMN4YHOI OCBITH

lOpiit TYPAHOB
TepHoninsceKuli HayioHanbHul nedazoziyHuli yHisepcumem
imeHi Bonnooumupa FrHamioka, TepHonins, YKpaiHa
ipfo44@tnpu.edu.ua
https://orcid.org/0000-0002-1822-8412
Bonoaumup PAK
TepHoninsceKuli HayioHanbHuli nedazozivyHuli yHisepcumem
imeHi Bonnooumupa FrHamioka, TepHonins, YKpaiHa
vir1963@ukr.net
https.//orcid.org/0000-0002-3231-2418
IpuHa Nlyumk =
TepHoninbcbKuli HayioHaAbHUU nedazozivyHuli yHisepcumem
imeHi Bonooumupa FrHamioka, TepHonins, YKpaiHa
lib30a@gmail.com
https.//orcid.org/0000-0003-2943-4358
lOpiit PPAHKO
TepHoninbcbKuli HayioHaAbHUU nedazozivyHuli yHisepcumem
imeHi Bonnooumupa FrHamioka, TepHonins, YKpaiHa

franko@tnpu.edu.ua
https.//orcid.org/0000-0002-1464-1162

UDK 371.315: 377: 378.141 |

CHANGES IN THE TRENDS IN THE USE
OF INFORMATION AND COMMUNICATION
TOOLS FOR FUTURE PROFESSIONAL
AND TECHNOLOGICAL EDUCATION SPECIALISTS

Yuriy TURANOV
Ternopil Volodymyr Hnatiuk National Pedagogical University,
Ternopil, Ukraine
ipfo44@tnpu.edu.ua
https://orcid.org/0000-0002-1822-8412
Volodymyr RAK
Ternopil Volodymyr Hnatiuk National Pedagogical University,
Ternopil, Ukraine
vir1963@ukr.net
https://orcid.org/0000-0002-3231-2418
Iryna LUTSYK &
Ternopil Volodymyr Hnatiuk National Pedagogical University,
Ternopil, Ukraine
lib30a@gmail.com
https.//orcid.org/0000-0003-2943-4358
Yuriy FRANKO
Ternopil Volodymyr Hnatiuk National Pedagogical University,
Ternopil, Ukraine
franko@tnpu.edu.ua
https.//orcid.org/0000-0002-1464-1162

AHOTALIA

ABSTRACT

Iy A,

pmy p Memoto dowioxeHHsA € 0brpyHmMy8aHHs U
8U3HAYEHHSA OUHAMIKU 3MiH Yy BUKOPUCMAHHI iHhopMayiliHO-KOMyHIKayiliHux
3acobie y npoueci nidcomosku malibymHix cpaxisyie npogpeciliHoi ma
mexHos102i4HOi ocsimu.

M,

p i 0 Ana  docniomweHHa  8uKopucmosysanu
meopemuyHuli  aHanNI3, onumyeaHHa  (aGHKemyeaHHs, 6becioa),
crocmepexeHHs, cucmemamusayilo U aHani3  OQHUX, MOPIBHAHHA U

Y3020/1bHEHHA.
Pesynemamu. [lodaHo aHani3 onumyeaHHs MalibymHix ¢axisuie
npogeciliHoi i mexHonoaiyHoi oceimu, nposedeHux y 2016-2021 pp. y THITY
im. B. THamioka. Hessaxcaroyu Ha eucokuli i cepeOHili pieHi oyiHOK 3i
WKiNbHO20 Kypcy iHpopmamuku, 0o noyamky naHdemii COVID-19 yacmuHa
cmyoeHmie OyiHUAU 8/10CHY 20MO8HICMb 00 BUKOPUCMAHHA KOMI tomepHoi
MexHiKU AK HU3bKY, WO [OACHI0BAAOCA PO2AAUHAMU  NPAKMUYHOI
ni020MoeKU, OHOB/EHHAM NPO2PAMHO20 3abe3neyeHHs, eni300U4HUM
BUKOPUCMAHHAM Yugposoi mexHiKu Ha ypokax. JocnidxeHo sokayii
pobomu cmydeHmie 3 Komm’lomepHow mexHikoo y 2019/2020 H.p. (y
domawHix ymosax, y KabiHemax i nabopamopisx, y Opy3is, 3a micyem
pobomu 6amekis, 8 IHMepHem Kaybax, 3a MiCyem npayesnawmysaHHa
mowo). laHoemis COVID-19 npu3ssesna 00 MaAco8020 3AMPOBAOHEHHS
OucmaHyiliHo2o0 HABYAHHS, BUKOPUCMAHHA KOMIMtomepHoi mexHiku ma
npo2pamHo20 3abe3nedeHHs Ha 8CiX 3aHAMMAX, WO CAPUAO Nid8UWEHHIO
iHhopmamuyHoi KoMnemeHMHOCMI y4acHUKI8 0C8IMHbO20 MPoyecy.
BucHo8KuU. AHAni3ytouu OaHi 00CNiOHEHHS MOXCHA cmeepOdxcysamu, wo
MaHdemis COVID-19 npu3ssena do cmpimkozo possumky IKT. JomiHaHmMHUmu
3acobamu 3abe3neveHHs HABYANbHO20 npoyecy cmanu Hoym6yk (99,2 %) i
mobineHi  3acobu (98,4 %). Halibinbw  8#UBAHUM  MPO2PAMHUM
3abe3neyeHHaMm — Microsoft Office, xmapHi cepsicu Google; oHnaiiH
naamegopmamu — Zoom, GoogleMeet, yugposi dowku Padlet; coyianeHi
mepedxci — Viber, Telegram, WhatsApp; cucmemu LMS (GoogleClass, Moodle).
Modanewozo docnioreHHs nompebyroms NUMAHHA onMUMI3ayii 3a80aHb
0na cmydeHmis, OOMPUMAHHA CAHIMApPHO-2i2iEHIYHUX HOopm pobomu 3
iHopmayitiHo-KomyHikayiliHumu 3acobamu.

Formulation of the problem. The aim of the study is to substantiate and
determine the dynamics of changes in the use of information and
communication tools in the process of training future specialists in
vocational and technological education.

Materials and methods. The study used theoretical analysis, surveys
(questionnaires, interviews), observations, systematization and analysis of
data, comparisons and generalizations.

Results. The analysis of a survey of future specialists in vocational and
technological education conducted in 2016-2021 at TNPU named V.
Hnatyuk is presented. Despite the high and medium level of grades in the
school computer science course, before the COVID-19 pandemic, some of
the students rated their readiness to use computer technology as low, which
was explained by gaps in practical training, software updates, and
occasional use of digital technology in the classroom. The locations of
students' work with computer equipment in 2019/2020 academic year (at
home, in offices and laboratories, with friends, at the place of work of
parents, in Internet clubs, at the place of employment, etc.) were studied.
The COVID-19 pandemic has led to the prompted introduction of distance
learning, the use of computer technology and software in all classes, which
has helped to increase the IT skills of participants in the educational process.

Conclusions. Analysing the research data, it can be argued that the
COVID-19 Pandemic has led to the rapid development of ICT in education.
The dominant means of ensuring the educational process were laptops
(99.2%) and mobile devices (98.4%). Most used software - Microsoft Office,
Google cloud services; online platforms - Zoom, Google Meet, digital board
Padlet; social networks - Viber, Telegram, WhatsApp; LMS systems (Google
Class, Moodle). Further research is needed on the optimization of tasks for
students, compliance with sanitary and hygienic standards of work with
information and communication tools.
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K/IlOYOBI CJ/IOBA: npogeciiiHa i mexHonoziyHa ocsima; yugposi KEYWORDS: vocational and technological education; digital technologies;
mexHosnozil;  iHpopmayiliHo-komyHikayiliHi  3acobu;  iHpopmamuyHa information and communication means; information competence; higher
KomnemeHmHicme,; 3006ysay suwoi ocgimu. education applicant.

INTRODUCTION

Formulation of the problem. The introduction of mixed and distance forms of training for higher education in the
context of the COVID-19 pandemic actualizes the need to improve the information competence of all participants in the
educational process. The use of modern information and communication technologies (ICT) in the process of training future
specialists in vocational and technological education is based on knowledge and understanding of theoretical principles, the
formation of the ability to solve problems using digital technology and software. This actualizes the problem of studying the use
of information and communication tools in the educational process.

Analysis of current research. In scientific publications, various aspects of the use of ICT in the educational process are
disclosed. In particular, models of organizational systems of open education are studied (Bykov, 2009); computer-oriented
learning systems are analyzed (Zhaldak, 2010); the experience of organizing online learning in the educational institutions of
Ukraine (Rudenko et al., 2021) is presented; considered Digital Competence in E-Governance Education (Morze & Makhachashvili,
2020); the advantages and contradictions of the use of ICT in the education system are identified (Foutsitzi & Caridakis, 2019);
the effectiveness of ICT teaching students (Fernandez-Gutiérrez et al., 2020) was studied.

In the works of scientists, actual aspects of the use of ICT in the process of training future specialists in vocational and
technological education are disclosed: organizational and methodological principles in the training of educational engineers
(Horbatiuk & Kabak, 2015), the peculiarities of the formation of professional competence of future labor training teachers (Gurzhii
et al., 2015), the use of information and communication tools in the formation of professional competencies of future teachers
and pedagogical engineers (Turanov & Rak, 2009), the use of computer modeling in the process of training a future technology
teacher (Petrytsyn, 2017), the organization of independent educational activities of students of pedagogical specialties (Tsys,
2017), etc.

However, the issue of using modern information and communication hardware and software for the educational
process for higher education requires further research.

The purpose of the article — substantiation and determination of the dynamics of changes in the use of information
and communication tools in the process of training future specialists in vocational and technological education.

Objectives of the study: 1. To analyse the level of school computer training of students as a prerequisite for the use of
digital technologies in the educational process of higher education. 2. Investigate the dynamics of the use of modern information
and communication tools by higher education students.

RESEARCH METHODS
The study used theoretical analysis, surveys (questionnaires, interviews), observations, systematization and analysis of
data, comparisons and generalizations.

RESULTS OF THE RESEARCH

The study was based on surveys of future professionals in vocational and technological education, conducted in 2016-
2021 at Ternopil Volodymyr Hnatiuk National Pedagogical University.

Data from surveys of students of the Faculty of Engineering and Pedagogy (2019/2020 academic year) indicated that
before entering the university, most of them had an average level of readiness to use ICT in the educational process (Fig. 1). In
particular, 70.5% rated their own level of knowledge and skills as average, 19.7% - as high, and only a small proportion of
respondents - as low. However, the analysis of school grades in the subject "Informatics" (Fig. 2) showed that 78.4% of the
respondents had a high level of grades, all the rest (21.6%) - sufficient. This discrepancy between the data on low self-assessment
of the level of information competence and high school grades in computer science can be explained by the existing appropriate
theoretical training of students but some gaps in the practice of solving cognitive problems by digital technology. After all, the
formation of skills in the use of ICT tools should take into account the constant improvement and updating of hardware and
software.
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Fig. 1. Level of knowledge and skills of students in the use of ICT Fig. 2. School grades in computer science
(before entering the university) for higher education applicants

This statement is partly consistent with students' answers to questions about the use of computer technology by subject
teachers (Fig. 3). It is clear that all computer science teachers used ICT in their lessons. In other subjects, the use of such
technologies was sporadic and was explained by the inadequate provision of classrooms with modern technology and, in part,
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the unwillingness of teachers to organize education based on digital technologies. A slightly higher percentage of lessons using
ICT was observed in the process of studying physics (13%) and a foreign language (10%).

The COVID-19 pandemic led to the mass introduction in 2020 of distance and blended learning, based on the
organization of the learning process using digital technologies, including online learning platforms (Zoom, GoogleMeet,
BigBlueButton, digital board Padlet, etc.), social networks (Viber, Telegram, WhatsApp), LMS systems (GoogleClass, Moodle).
Accordingly, the use of computer technology in the process of organizing and conducting classes has rapidly increased (in
conditions of distance learning, up to 100%). This actualized the formation of the information culture of the participants in the
educational process, however, it also led to the emergence of a number of problems that indicated the need for:

— updating the logistics and software of educational institutions;

— providing students with their own modern computer equipment and gadgets;

— use of modern mobile devices and related software applications;

— modernization of computer networks and Internet coverage;

— increasing the level of digital training of teachers;

— development of a methodology for using platforms, software and digital technology;

— reduction of digital overload of participants of educational process;

— ensuring the proper quality of education.

1
e
0,8
0,6 Other options |ud 0,049
04 At the place of work of parents [ 0,033
0,148 0,074 0,123 0,09 0,057 th fri 1
0,2 — 0,041 0,139 0,107 0,098 0,049 with friends 10,18
0 | _=_i_'_._-_i_i_i_a InInternet clubs || 0,016
’D@ﬁ yog & '5&(’ & @eﬁ \oé (\2@\ \(}c\ \\bq,“" In offices and laboratories of the... 4 0,934
& & & & o &S = -
& F N PSS S At home S— 1
N S © % & T T T T
P N & + + T T
< & o 0 0,2 0,4 0,6 0,8 1
Fig. 3. Use of digital technology in school lessons Fig. 4. Locations of students' work with computer equipment

During 2020-2021 these problematic aspects have been largely solved thanks to separate state programs and grants
aimed at modernizing logistics, conducting seminars and webinars, workshops and master classes, trainings, refresher courses
for teachers focused on improving information and methodological competence of specialists in the education.

Taking this into account, in the process of interviewing students, the location of work with computer equipment was
considered important. Thus, at the beginning of 2019/2020 academic year, all respondents performed tasks using computers at
home, in addition, 93.4% of respondents performed tasks in offices and laboratories of the university, 18% - worked with friends,
3.3 % - at the place of work of parents, 1.6% - in Internet clubs (Fig. 4). Some research data on this issue for the previous 2008-
2014 are given in the paper (Morze & Makhachashvili, 2020).

The situation has changed significantly since 2020. In fact, all students organize the educational process at home or, if
the epidemiological situation allows, within the educational institution. In addition, the share of students (87.5%) who study
remotely and communicate with teachers on the Internet, while in public places or at the place of employment, has significantly
increased.

The development of ICT has also led to an increase in the number of modern technical means owned by higher
education applicants and teachers. Comparative data for the study period are presented in Table 1 and the diagram in Fig. 5.

Table 1
Types of information and communication tools available to higher education applicants

Ne Survey data

n/;1 Type of tool 2016/2017 2019/2020 2020/2021
quantity % quantity % quantity %

1 Computer 108 81,8 76 62,3 72 58,1

2 Laptop 104 78,8 120 98,4 123 99,2

3 Tablet 20 15,2 24 19,7 15 12,1

4 Mobile device 100 75,8 106 86,9 122 98,4

5 Modern TV 0 0,0 18 14,8 24 19,4

Until recently, the main information and communication tool used by students to complete educational tasks was a
personal computer, according to surveys, there was a gradual decrease in their number (from 81.8% in 2017 to 58.1% in 2021).
After a short-lived increase in the popularity of their personal tablet and, accordingly, an increase in the percentage of their use
(from 15.2% in 2017 to 19.7% in 2020), the 2021 survey indicated a further refusal of students to use such a tool. Only 12.1% of
higher education applicants today own a tablet.

The 2016-2021 studies showed a growing interest in laptops, mobile devices and TVs with smart features, due to their
mobility and high technical characteristics, ergonomic interface. Despite the fact that a significant proportion of students have
several means of communication at the same time, today laptops (99.2%) and mobile devices (98.4%) are dominant.
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Fig. 5. Use of own information and communication means by higher education applicants

The presence of several means of communication also led to an increase in the number of software tools that students
used in the educational process and in everyday life in general. Table 2 summarizes the data of surveys of higher education
students on the use of certain software tools conducted in different years.

Table 2
Software tools most often used by students
Survey data

Ne Software tools 2007/2008 2011/2012 2019/2020

n/n quantity % quantity % quantity %
1. Microsoft Word 65 89,1 144 100,0 122 100,0
2. Publisher 2,7 9 6,3 8 6,6
3. Adobe Photoshop 3 4,1 66 45,8 81 66,4
4, Microsoft Excel 20 27,4 33 22,9 52 42,6
5. Solid Works 1 1,4 54 37,5 12 9,8
6. CorelDraw 3 4,1 15 10,4 8 6,6
7. Power Point 6 8,2 84 58,3 86 70,5
8. AutoCAD 1 1,4 45 31,3 12 9,8
9. Kompas-3D 5 6,9 15 10,4 32 26,2
10. MatLab 0 0,0 0 0,0 4 3,3

Figure 6 visualizes the results of these surveys. During 2007-2020, there was a positive trend in the use of this software.
In particular, the use of the Microsoft Word tool for performing and describing tasks reached 100% level even before 2011-2012.

By 2020, the use of PowerPoint software has increased to 70.5%, Adobe Photoshop - to 66.4%, Kompass 3D - to 26.2%.
In our opinion, a relatively small percentage of students who used Compass 3D had an explanation. The Kompass 3D program
was used by all students during the study courses (Drawing Geometry, Drawings and Computer Graphics, Computer Graphics and
Multimedia, Engineering Graphics), but in the following years the need for this software significantly decreased due to the change
in the nature of cognitive tasks. In addition, students also used other graphic editors (Adobe Photoshop, 3dMax, CorelDraw, etc.)
to make drawings, models and images. A significant decrease in the popularity of Solid Works and AutoCAD software among
students is explained in a similar way.

MatLab
KOMPAS-3D

AutoCAD
Power Point
CorelDraw
Solid Works

2019/2020 years
H2011/2012 years
H2007/2008 years

Microsoft Excel
Adobe Photoshop
Publisher
Microsoft Word

0,0%

20,0%

40,0% 60,0% 80,0%  100,0%  120,0%

Fig. 6. Use of software by higher education applicants
The conducted surveys also indicated the use by students, at least to a small extent, of such programs as Visual Studio
(software development), ArhiCAD (graphic constructions) and others. In recent years, especially in 2021, cloud services have been

actively used in the educational process for processing audio and video materials, preparing multimedia presentations and
interactive tasks.
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CONCLUSIONS AND PROSPECTS FOR FURTHER RESEARCH

Despite the high and medium level of grades in the school computer science course, some students rated their readiness
to use computer technology as low. This was primarily due to the gaps in practical preparation for solving cognitive problems by
means of digital technologies, constant improvement and updating of software, the occasional use of digital technology in school
lessons (computer science - 100%, other subjects - 4.1-14.8%).

The COVID-19 pandemic has led to the mass introduction of distance and blended learning in educational institutions
from 2020 and, accordingly, to the use of computer technology and the necessary software in all subjects. This contributed to
the rapid solution of the problem of improving the information competence of teachers and students, providing them with means
of communication. By 2021, laptop (99.2%) and mobile (98.4%) have become dominant tools; the most used software - Microsoft
Office, Google cloud services; online platforms - Zoom, GoogleMeet, BigBlueButton, digital board Padlet; social networks - Viber,
Telegram, WhatsApp; LMS systems (GoogleClass, Moodle).

To date, the issues of compliance with sanitary and hygienic standards for working with information and communication
means and optimization of tasks have become relevant, the solution of which requires participants in the educational process to
use digital technologies.
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ABSTRACT

®opmynioeaHHa npobaemu. Y cmammi 36epmaemscs yeaza Ha npobremy
opMyBaHHA 8 CMAPWIOKAACHUKIE YMiHb | HOBUYOK Mamemamu4Ho20
MOOeno8aHHA Ni0 4ac HABYAHHA mamemamuku. [1i0 mamemamuyHum
MOOesIt0BaHHAM PO3yMIEMbCA NMPOYEC CMBOPEeHHA Mmamemamu4yHux modened,
iX mamemamu4He OMPAYIOBAHHA Ma  iHMeprpemayis  OMPUMAaHUX
pesysnemamie (po3e’a3kis). ¥ nosHomy i 3aeepweHomy obcasi makuli npoyec
npedcmaeneHuli y cmammi y 8uensdi epacghiyHoi cxemu (senuke Kosno), amicm
AKoi 6ys poskpumuli e ny6nikayisx B. bayma ma [. flelica. OOHaK 8 makomy
acriekmi lio2o peanizysamu rio Yac Ha84aHHA MamMeMamuKu 8 cmapuwiiti wkoni
HeMOM1UBO & cusy 6a2ameox MPUYUH. 30KPema Momy, Wo CMapUOKAACHUKU
we HedocmamHeo nid2omoeseHi 0o Ybo2o iHMeneKmyanbHo, ma U 8usHa4eHi
npoz2pamMHi 8uMoau cepedHboi ocsimu Uybozo He nepedbayaroms. Mema
cmammi:  npoinocmpyeamu  HG  KOHKPEMHOMY — Mpuknadi  MemoOuKy
pO36’A3aHHA NMPUKIAOHUX 30004 eKOHOMIYHO20 3Micmy, 3Micm | 3aCMocyeaHHsA
3anpornoHo8aHux nopad, ix ocobausicms.

Mamepianu i memodu. BukopucmaHo meopemuyHi Memoodu HayKo8o2o
Mi3HaHHA (QHAnNI3, CuHME3, 3icMaeseHHs, MOOento8aHHs) ma emmipuyHi
(criocmepexceHHs).

Pesyaemamu. Y cmammi nporoHyemosca ypisaHa epagiyHa cxema (mase
Kos10), aemopom sKoi € B. LLieeyb. 32i0HO 3 Heto Mpoyec MamemamuyHo20
MOOesfIl0BaHHA  MPOMOHYEMbCA  po32120amu  M1i0  4aC HABYGHHA  Y4Hie
pO36°A3y8AHHIO MPUKAAOHUX 3a0a4. BiH mae erkarovamu HacmynHi emanu:
mamemamusayito, Mamemamu4yHe — OnpayrtosaHHa U  iHMepnpemayito
OMPUMaHUX po38’A3Ki8 Ha Moei miei eany3i 3HaHb, Ha AKiG 6Oyna
chopmynbosaHa npuKknadHa 3adaya. [o KOXHO20 3 emariie NponoHyomscs
mMemoouyHi  pekomeHOayii AK Oormomaeamu  y4HAM  3acmocosysamu
3anpornoHosaHuli Memoo.

BucHoeKku. OrnucaHi emanu i memodu4Hi nopadu inocmpyomecs Ha
npuKknadi po36’A3aHHA MPUKIAOHUX 30004 eKOHOMIYHOo20 3micmy. Aemopu
88aX#AOMb, WO EKOHOMIYHA 2PAMOMHICMb BUIMYCKHUKIB cepedHbOi WKOU MaE
6ymu eucokolo. Tomy pasom 3 QOPMYBAHHAM y CMAPWOKIACHUKiE
MamemMamu4HuUx KomMnemeHmHocmel (2padpiuHoi, aHaniMuYHoi,
064UC1108as1bHOI, AOCAIOHULULKOI MOWo) Maome popMyeamucs i Knto4oei, 3o
AKUX 8iOHOCUMbCA | eKoHOMIYHA. Tomy € nompeba 8 cmeopeHHi 0obipKU Makux
30004 K 071 KOXHOI 3 HABYAbHUX MeM Kypcy anzebpu i moYamkie aHasnizy,
maK i 0n1A NMOBMOPEHHs BUBYEHO20 HA MOMepPedHiX YpoKax, MidcyMKosozo
108MOpPEHHA 8UBYEHO20 Mamepiasy 3 MaMemMamuKU 3a Kypc cepedHbOi WKOU,
niocymkosoi amecmauii'y suenadi AMA yu 3HO.

Formulation of the problem. In the article we draw attention to the
problem of formation of senior school students' skills and abilities of
mathematical modelling during studying of mathematics. In the article,
mathematical modelling means the process of creating mathematical
models, their mathematical processing and interpretation of the results
(solutions). In full and complete, this process is presented in the article in
the form of a graphic scheme (large circle), the content of which was
disclosed in the publications of W. Bloom and D. Lace. However, it is
impossible to implement such scheme in the teaching of mathematics in
senior school for many reasons. In particular, it is because senior school
students are not yet sufficiently prepared for this intellectually, and certain
program requirements for secondary education do not provide for this. The
purpose of the article: to illustrate on a specific example the method of
solving applied problems of economic content, the content and application
of the proposed advice, their features.

Materials and methods. Theoretical methods of scientific knowledge
(analysis, synthesis, comparison, modeling) and empirical (observation) are
used.

Results. In the article we propose a truncated graphic scheme (small
circle), the author of which is Vasyl Shvets. According to it, the process of
mathematical modelling is proposed to be considered during teaching
students to solve applied problems. It should include the following stages:
mathematization, mathematical elaboration and interpretation of the
obtained solutions in the language of the field of knowledge in which the
applied problem was formulated. For each stage, guidelines are offered on
how to help students apply the proposed method.

Conclusions. The described stages and methodical advices we illustrated
on an example of the decision of applied problems of economic content. The
authors believe that the economic literacy of senior school graduates should
be high. Therefore, along with the formation of mathematical competencies
of senior school students (graphic, analytical, computational, research, etc.)
should be formed also other key competences that includes economic
competence. Applied problems with economic content should be a good
tool for its formation. Therefore, there is a need to create a selection of such
tasks for each of the subjects of algebra and the beginnings of analysis, and
to repeat what was learned in previous lessons, final repetition of
mathematics for senior school, final attestation in the form of SFA or EIA.

K/ItOHOBI C/IOBA: wkKinbHUli Kypc MamemMamuku; MpukaadHi 3aoayi
EeKOHOMIYHO20 3micmy; Mamemamu4yHa Modesb, Memod Mamemamu4yHo20
MOOento8aHHA; MemoOUKa po38’A3y8aHHA MPUKAAOHUX 3a0ay.

KEYWORDS: school course of mathematics; applied problems of
economic content; mathematical model; method of mathematical
modelling; methods of solving applied problems.

BCTYN

MocmaHoeka npobaemu. MaTemaTUYHOO MOAENNI0 HAa3MBaOTb iAeanbHUN 06’EKT A, LLO 3aMiHAE peanbHUii 06’eKT B,
B AKOMY BifHOLIEHHA MiXK peasbHUMW efemeHTaMu (TUMM, AKi LiKaBAATb AOCNIAHWKA) 3aMiHEHI Ha MaTeMaTUYHi MOHATTA Ta
BigHOLWEHHA MiX HUMW. Taki mogeni MoxyTb ByTW y BUrNA4I PiBHAHL, HepiBHOCTEM, GYHKLiM TOLO.
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MaTemaTuuHi Moaeni BUKOPUCTOBYIOTb y 6araTbox ranysax NPUPOAHMYMX Ta CYCMiNbHUX HayK. Ix noainawoTtb Ha:
aHaniTMyHi, rpadiyHi, imiTayiiHi, BipTyanbHi, cMCTeMHI Ta iHWI. B 6araTbox aHaNITUYHUX MOAENAX BUKOPUCTOBYIOTb MaTeMaTUYHi
MeTOoAM, 30Kpema anapaT MaTeMaTUYHOro aHaMi3y Ta iHWKMX PO34iNiB MmaTeMaTUKK, a B imiTauiiHMX — 3acobu iHpopmaTrKu. Mpo
Le, 30Kpema, 3a3Havaetbea y poborti (Drushlyak, et al., 2020), ae aBToOpU aKUEHTYIOTb yBary Ha KOHCTPYKTMBHOMY Migxoai Ao
HaBYaHHA MOAENIoBATK LLiKaBi KpMBi, a TakoX y poboTi (Kosanbuyk, 2019), Ae aBTOpU BUAINAOTb OCHOBHI TMNK iHGopMaLii Ta
nporpamHux npoueayp nobyaosu matemaTMyHOi moaeni yepes 3actocyBaHHs CKM Maple. MatemaTuyHe moaentoBaHHA
pO3rns4aoTb TaKoXK HayKoBLi, R. Asempapa i T. Love (2021), F. Hou (2018), H. Jung i M. Magiera (2021), H. Li (2017) Ta iHwi.

MaTtemaTMyHe MOAENOBaHHA Nif Yac PO3B’A3aHHA MPUKAALHWMX 33J4a4ax — METOZL AOC/IOMKEHHA PI3HUX peasibHUX
NPOLECiB i ABMLL, LWAAXOM CTBOPEHHSA iX MaTEMaTUYHUX MOZEeNeNn Ta aHaNi3oM i AOCAIAKEHHAM UMX Mogeneit. 3a A0NoMOroto
MaTeMaTUYHOTO MOAE/IIOBAHHA, MOXHA 3aMiHWUTU SOC/IAXKYBaHUI 06’ KT Ha Moro «obpas» — MaTeMaTUyHy MOAENb — i, 3aBAAKK
LbOMY, AOCNIAKYBATU Ta aHaNi3yBaTU CTBOPEHY MATEMATUYHY MOZAE/Ib Ha NiACTaBi aHANITUYHUX METOAIB Ta 06YMCNIOBAIbHUX
ANrOpPUTMIB.

BWKOpPUCTaHHA MAaTeMaTUYHOrO MOZE/IIOBAHHA B NPOLUECi PO3B’A3YBAHHA MPUKAAAHMX 33434 € BaK/IUBUM
KOMMNOHEHTOM peani3auii NpMKAaAHOT CNPAMOBAHOCTI LKIJIbBHOTO KYpCy MaTeMaTUKM, OCKiZIbKM TaKMI1 MeToA, rapHO MOTUBYE YUHIB
Ha YpOKax A0 BMBYEHHA MATEMaTUKMK, CIPUAE PO3BUTKY iX IOFIYHOrO Ta aHANITUMHOIO MUCIEHHSA, 3HAXOAXKEHHIO aNropmuTmis
pO3B’A3yBaHHA, KPaLLOMy 3anam’ATOBYBaHHIO OTPUMAHUX 3HaHb, iNIOCTPYE NPAKTUYHE 3aCTOCYBAHHA MaTeMATUYHWUX 3HaHb Yy
nobyTi, y BUBYEHHI CYMiXKHUX AUCLMNAIH Ta Yy MalUbyTHi npodeciiHii aisnbHocTi.

MpoBeaeHNn HaMM aHani3 Cy4acHUX aNbTEePHATUBHUX LWKINbHUX NiAPYYHUKIB 3 anrebpu Ta noyaTkis aHanisy ana 10i 11
Knacis (bes3 & beBs, 2018; beB3 & bess, 2019; Mep3nsk Ta iH., 2018; Mep3nsk Ta iH., 2019; HeniH, 2010; HeniH, 2011; PagioHoBa
& PapueHKo, 2010) NnoKkasas, L0 3aCTOCYBaHHIO METOAY MaTeMaTUYHOro MOAEeNOBaHHA Nif Yac BUBYEHHA MaTeMaTUKN B CTapLUii
LIKOANI NPUAINAETLCA HEOOCTAaTHLO yBaru. Tak, Hanpuknag, 6yno 3sHaWAeHo Avlie 3ragky NpPo MaTeMaTUYyHE MOAENIOBAHHA B
niapy4Huky (bess & bess, 2018), naparpad «lMoxiagHa Ta ii 3acTocyBaHHA», po3ain «MoxiaHa AK WBMAKICTb». Tam NoKasaHo, Ha
npuknagax ¢isMyHMX 3a4ay, AK MOXKHA 3a JOMOMOro MaTeMaTUYHUX 3HaHb 3HAWTM MOTPIGHY HEBIZOMY BEAWMYMHY, NpoTe
NOACHEHb LWOA0 O3HAYEHHA MaTEMATUYHOI MOoAesi Ta NpaBuA, AK CAig BUOYA0OBYBATM MaTEMATUYHY MOZENb A0 3a4a4y TaKoro
TMNY, HeMae. TOX, MOXHa 3p06bUTM BUCHOBOK, LLO Y4YHi CTAapLIOi WKOAW Mano o6i3HaHi 3 po3B’A3aHHAM NPUKNAAHMX 33434 3a
[,0MNOMOrO0 MaTeMaTUYHOIO MOAE/IOBaHHA. TOM e aHani3, Nigpy4HuKis aAnsa ctapwoi wkoam (bess & bess, 2018; bes3 & beBbs,
2019; Mep3nsk Ta iH., 2018; Mep3nskK Ta iH., 2019; Henin, 2010; HeniH, 2011; PagioHoBa & PagueHko, 2010), nokasas, W0 B Kypci
anrebpm i noyaTkiB aHanNi3y HaATO Maso 3aJ4ay eKOHOMIYHOro 3MiCTy, AKi Ha CbOrogHi € aktyanbHumu. Came Tomy, MU I
NPOMOHYEMO NPUAIANTA Binblue yBarm K MeToauui Po3B’A3aHHA NPUKAAAHMX 33434 EKOHOMIYHOTO 3MICTy TaK i CTBOPEHHIO
D06IpKM TakMX 33434 A5 BUBYEHHA anrebpu i noyaTKiB aHanisy B cTapwiit NpodinbHil WwWrona.

AHaniz akmyanbHux 00cnidxeHb. OCHOBHUM METOAOM peanisalii NPUKNaAHOI CNPsSIMOBAHOCTI LWKiNbHOTO Kypcy
anrebpu i noyaTkiB aHani3ly BBAXKAETbCA METOZ MATEMATUYHOTO MOAe/NtoBaHHA. Hanbinbw edekTMBHUM YMHOM MOro MOKHA
BBECTU BUKOPMCTOBYIOUM HE Ti/IbKM 3HAHHA 3 MAaTEMATUKM, a Le 1 3acTOCcoBYBATU GAKTU 3 IHLWIMX ANCUMUNANIH, AKI JONOMOXKYTb Y
po3B’A3aHHI NOCTaBAEHOI NPUKNAAHOT 3a4aui.

Ona Toro, wob ycniwHO po3B’A3aTM NpPUKAAgHYy 3agady, NOTPIBHO YiTKO 3HAaTKM cam MNpouec MaTeMaTUYHOro
MOAEN0BaHHSA, MO0 eTanu. Po3rnaHemMo cxemaTU4HO Leit Npouec i Moro etanu, Ak nponoHytoTb B. Baym Ta . Nleiic (Schmelzer
& Kleine, 2020).

1. YBa)XHO BMBYAEMO Ta aHANI3yEMO peanbHy CUTyaLilo, AKy 3anNpornoHOBAHO (AKa BWMHWKANG, fiKa NoTpebye
DOCNIAMKEHHSA).

2. OCMUCNOEMO Ta NPeaCTaBAAEMO HaBeeHi AaHi y CUTYaTUBHY Mmoaenb, TOOTO CTBOPHOEMO B YABI CUTYaLLtO, 3a AKOI
MOMNBE, 32 HAABHOCTI BKa3aHWX YMOB, BUKOHAHHSA BCiX 3a3HAa4YE€HUX BUMOT.

3. BuAinsemo HairoNoBHilLe 3 ysB/ILOBAHOI CUTYaLLil | TaKUM YMHOM BUOYL,0BYEMO MOXKANBY peanbHy Moaeb 3a4aui.

4. MNepeKnasaemo 3agady 3 peanbHoi (NpMpoAHOi) MOBM ranysi, fie BOHa BUHWK/A, HA MOBY MaremaTuKu, To6To
CTBOPHOEMO MOXKMBY MaTeMaTUUHY MOAeNb 33aui.

5. [Jocnig)Xyemo p[aHy MaTeMaTUyHy MOJeNb, BUKOPUCTOBYKOUM BiJOMI 3HAHHA 3 MaTEMATUKM, OTPUMYEMO
(po38’A30K) pe3ynbraTy.

6. [lMepeknafaemo po3B’A30K MaTeMaTUYHOI 3a4a4i 3 MOBM MATEMaTUKM Ha MOBY rasysi, A& BOHA BWHUKAQ, TO6TO
iHTepnNpeTyeMo OTPUMaHi pe3ynbTaT B peasibHy MoAeNb 3ajadi, Ta NepeBipAEMO Y1 BCi BOHW 3a4,0BOJ/IbHAOTD ii.

7. AHanizyemo Ta CMiBCTABNAEMO OTPMMAHI pPe3ynbTaTh 3 YABHOK CUTYyallielo, TO6TO nepeBipAEMO pe3ynbTaTh Ha
peanbHicTb iCHyBaHHA.

8. TloACHIEMO Ta pO6UMO BUCHOBKM LLLOAO MOKAUBOCTI ICHYBaHHA 3HaNAEeHUX PO3B’A3KIB y peasbHi cuTyauii. Ll
eTanu NpeAcTaBAeHO Hamu y BUTAAAi rpadiuHoil cxemu (ame. puc. 1).

3anponoHoBaHa rpadiyHa cxema (puc. 1) nputamaHHa npouecy MaTeMaTUYHOTO MOAE/NOBAHHA B MOro MOBHOMY i
3aBeplueHomy 06¢a3i. (Mu HasMBaeMo ii BEIMKMM Kosiom). OueBnAHO, WO B TaKOMy BUrAAL) il peanisyBaTv nig 4ac HaBYaHHSA
YYHIB MaTEMATUKN HEMOMK/NBO B CUJY PI3HUX NPUYMH. TOMY BBAXKAEMO, LLO Y WKINBHOMY KypcCi anrebpu i moyaTkis aHanisy, 3
YYHAMMU CNif, BUKOPUCTOBYBATM CNpOLLEHY MOZE/b, B AKIl NpeAcTaBieHi anwe NyHKTH 3-6 (ams. puc. 2). 3riaHo uiei, ypisaHoi
CXeMu, roTOBY peasibHy MoAeNb NOTPIOHO «NepeknacTM» Ha MaTeMaTUYHY MOBY, NiCA YOro PO3B’A3aTN OTPUMAHY MATEMATUYHY
3334y Ta NepeBipuMTM Ha MNPaBUJ/IbHICTL Ta iCHYBAHHA 3HaWAEHI PO3B’A3KW, OCKINIbKWM OTPUMAHi PO3B’A3KM MOXKYTb OYyTU i
CTOPOHHIMM. |HTEpNpeTyBaTM PO3B'A3KM MaTEMATUYHOI 3aZa4i AK PO3B’A3KM NpUKAaLHOI. Hanpuknag, y 3agadax, ae notpibHo
3HAWTW KiNbKiCTb POKIB, BiANOBiAb HE MOXKe ByTU BiA EMHUM YNCIOM.

MoBHY cxemy (Be/iMKe KO/0) MaTeEMaTUYHOIrO MOZE/IOBAHHA, Ha HAL MNOrAs4, KOPUCHO PO3rAa4aTh 3 y4HAMM abo Ha
baKyNbTaTMBHUX 3aHATTAX a0 Nig Yac BUKOHYBAHHA HaBYaIbHUX NPOEKTIB.
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Puc. 1. TpadiuHa cxema npouecy maTemaTMyHOro MoAeNtoBaHHA (BeMKe Kono)
(3a B. baymom i A1. Nleiicom (Schmelzer & Kleine, 2020)).
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Puc. 2. YpizaHa rpadiuHa cxema npouecy maTeMaTMYHOro MoAentoBaHHA (mane Kono)
(sanponoHosaHa B. O. LUseuem) (LLseuyb, 2008).

MoscHeHHA NO3HA4Y0K Ha cxemi: M3 — NpuUKNagHa 3agada; M3 — matematuyHa 3aga4a; PM3 — po3s’sa3ku matemaTuyHol
3agadi; NP3 — po3s’A3KM NpUKNagHOi 3agadi; + — ayke cnabo BOMOAIIOTL HaBUYKaMK; + — f0BPe BOJIOAIIOTL HaBUYKaMMU;
+ — HaBMYKM cHOPMOBAHO HEZOCTATHLO.

CneuianbHi gocnigkeHHs, aki nposogus B. Lseub 8 2009-2010 pokax, NoKasanu, wo 3 noHag 1600 BMNYCKHUKIB
cepeaHboi WKOM, AKI BCTyNanu Ha HaBdaHHA Ao HMY imeHi M. M. iparomaHoBa (¢di3MKo-matematnyHuii paKynbTeT, No4aTKoBOT
0CBITH, GaKyNbTET NeAaroriYHO-iHXeHepHU) HalbiNbLLi TPYAHOLL B YYHIB BUHMKAM Came Ha eTani NnepeTBOPeHHN NpUKAaaHol
33fa4i 3 NPMPOAHOI MOBM Ha MOBY MaTeMaTUKM, TOBTO CTBOPEHHA BMHaxigHOI maTeMaTU4HOI moaeni (Ha cxemax uen eran
Ha3MBaETbCA MaTeMaTM3ali€to). He cnpaBuanca 3 TakMm 3aBAaHHAM Malixke 70 % pecnoHAEeHTIB. AKLLO K yYHAM 3aNponoHyBaTH
roTOBY MaTeMaTU4Hy MOAENb (PiBHAHHSA, CUCTEMY PiBHSAHb TOLLO) TO 3 ii PO3B’A3aHHAM BifbLUICTb CNPABAAETLCA HA HaNEXKHOMY
piBHi. Take 3aBAaHHA BUKOHANM NpaBuIbHO 75 % BCTYNHMKIB. Modanblui TPYAHOLL BUHWKAIM Ha eTani iHTepnpeTau,ii po3s’asKy
MaTeEMATUYHOI 3a4a4i 40 PO3B’A3KY NPUKAALHOI. He cnpaBm/IMCh 3 TaKMM 3aBAAHHAM MaiyKe NoJIoBMHa pecnoHaeHTiB. OTXKe, Ha
LbOMY eTari Ba)K/IMBO TaKOX BYMTM YYHIB BiALIYKYBATVU NPaBU/IbHI PO3B'A3KM Ta BMITU MOACHIOBATM, YOMY B AEAKUX BUMNAZKAX
PO3B’sI3KM MaTeMaTMYHOi moaeni byayTb BiAPI3HATACA Bif, PO3B’A3KY NPUKAALHOI.

Po3B’A3aHHA NpMKNaAHMX 334a4 Ha YPOKax MaTeMaTUKK NoTpebye Big BUMTENA 0COBANBOIT yBArK Ta KOHLeHTpau;i. Ana
opraHisauii epekTnBHoi poboT No GopMyBaHHIO B y4HIB BMiHb i HABUHOK MaTEMATUYHOTO MOAE/OBAHHA AOLLI/IbBHO BUOKPEMUTU
TaKi eTanu, 40 KOXKHOTO 3 AKMX BapTO BUKOPUCTOBYBATU HACTYMHi MPUMOMU:

| etan — CTBOpeHHA maTemaTUuHOI mogeni (matemaTusauin):

® BYKOPWCTOBYBaTM €BPUCTUYHI, HaBigHi, OPiEHTOBAHI Ha MPaBUAbHY Bi4NOBIAb, MUTAHHSA;

® BiA4iMMTM BNAcTMBOCTI 06’eKTa NPUMKNAAHOI 3afadi, AKi € HeicTOTHUMM anAa nobynoBM maTemMaTUyHoi mogeni i
30CepeanTUCA Ha iCTOTHUX;

® NOMNOMOITU YYHAM BUAINWTM Ta BKA3aTW BiAMIHHOCTI Mixk 06’€KTOM Ta MOro mogento;

o chopMyNtOBATM YMOBY 3a4,a4i HA MaTEMATUYHI MOBI.

Il eTan — locnigKeHHA MaTemMaTUYHOI MoAeni (maTemaTUUHe ONPaLOBaHHA):
BMKOPMUCTATK (33 HeObXiAHOCTI) LOAATKOBI TEOPETUYHI BiAOMOCTI Ta HayYKOBI AyKepena;
3p06UTH iNOCTPATMBHI rpadikM UM ecKi3n, AKI MOXKYTb LOMOMOITH Y NOLLYKY PO3B’A3KY (3a HeobxiaHOCTI);
AKLLO NOTPIOHO, TO HABECTM YUHAM MPUKAAAU CXOKMUX CUTYaLLiN;
[0BECTM 3HAWAEHWNI PO3B’A30K A0 YNCNIOBOTO 3HAaYEHHA abo po3paxyHKoBOT popmynn.
Ill etan — Bip6ip po3B’A3KiB NpUKNaAHOI 3aaaui (iHTepnpeTauin):

® BPaxXOBYHOUM 061aCTb MOXKAMBUX 3HAUYEHD ANA AAHMX 3a4ad4i, 34IMCHUTM NepeBipKy Ta BiZibpaTh NpaBubHI PO3B’A3KM;

® 33 HeobXigHOCTI, OLIHWTM CTYNiHb TOYHOCTI PO3B’A3KY.

[Ona po3s’A3aHHA NPUKAAAHMX 33434 €KOHOMIYHOro 3MICTy, TAaKOX MOMKYTb 3HaZ0bUTUCA AoAaTKOBI MaTepianv Ta
3HAHHA. B Takomy pasi gouinbHo byae He NOBIOMUTU YUHAM HEObXigHUI fAoaaTKoBUiA MaTepian (Gopmyan, BUSHAYEHHSA TOLO),
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a HaAaTM MOXX/IMBICTb CAMMM MPOaHani3yBaTH Ta 3HANUTM NOTPIOHUIA maTepian B AOBIAHWKAX i 3aCTOCYBATU OTPMMaHI BifOMOCTI.
B UbOMY MOXYTb AOMOMOITU CreLiasibHO NiAroTOB/EH 3anuUTaHHA abo X NPUKNAAM CXOXKMX CUTyaLil. Ha Takux ypokax yuHi
6yayTb 3auikaBneHi pobOTO Ta MOLYKOM PO3B'A3aHHSA, iX aKTUBHICTb Ta PO3YMIHHA NPOMAEHOrO MaTepiany, 3a 4OMNOMOro
3aKpinIeHHA NOro NPakTUYHUM BUKOPUCTaHHAM, byae 3pocTaTu.

Mema cmammi. T[IpointoCTpyBaTM Ha KOHKPETHOMY TMPUKNAAi MEeTOAMKY pPOo3B'A3aHHA NPUKAALHUX 3agay
€KOHOMIYHOr0 3MiCTy, 3MiCT i 3acToCyBaHHA 3aNPONOHOBAHMX NOPag, IX 0CObAUBICTb.

METOAU AOCNIAXKEHHA
BWKOPUCTAHO TEOPETUYHI METOAM HAYKOBOTO Mi3HaHHA (aHani3, CUMHTE3, 3iCTaBNEHHA, MOAENIOBAHHA) Ta eMMiPUYHI
(cnocTepexxeHHs).

PE3Y/IbTATM TA IX OBrOBOPEHHA

MpointocTpyeMO BULLE CKa3aHe Ha NPUKAAAj PO3B'A3aHHA KOHKPETHOT NPUKAALHOI 3a4adi:

3a0a4a. KomnaHii «Omeza» i «Tema» nponoHyroms Ha bipici 00Hakosi napmii o0HomunHux asmomobinie 3a pizHUMU
uiHamu. AKwo KomnaHisa « Omeaa» npooacme Ha 2, a KomnaHia «Tema» — Ha 3 aemMomobini MeHwe NPonoHOB8AHOI KinbKoCcmi, mo
nepwa 3apobumse 112 muc.2.00., a Opyea — 135 muc.2.00. AKW,0 #¢, Ha8MNAKu, KoMmnaHia «Omez2a» npodacme Ha 3 aemomobini, a
KomnaHia «Tema» — Ha 2 aemomobini MeHwe npPonoHOBaHOI KibKocmi, mo KomnaHia «Omeza» 3apobume Ha 32 muc.2.00.
MeHwe, HiX KomnaHia «Tema». Axkuli eumope 6i0 peanizauii komnaHiamu «Tema» i «Omezaa» ycix asmomobinie? CKinbKu
asmomobinie 36upaemosca peanizyeamu KoxcHa 3 komnarili? (HeniH, 2010).

Po3g’szaHHA:
| etan — CTBOpeHHA MmaTeMaTU4HOI mogeni (matemaTusauin):

3 yMOBM 3a4a4i MOXKHA 3p0BUTM BUCHOBOK, LLLO Ki/IbKiCTb aBTOMOBINIB, AKI peanisyBana KOXKHa 3 KOMMaHii, 04HaKoBa,
ane Hesigoma. OTKe, iX MOXKHA BUMPA3NTM Yepes3 3MiHHI: MO3HAYMMO 3MIHHOIO X Ki/IbKiCTb peani3oBaHMX KOXHOIMo KOMMaHIE
aBToMO6iniB. ToAj 3MIHHOIO ¥ MOYKHA NO3HAYMUTM LiHY 0AHOrO aBTOMO6iNA 3 KomnaHii «Omeray, a 3MiHHOK Z — LiHy aBTOMObinsA
KomnaHii «TeTa». OCKiNbKM KifbKiCTb aBTOMOGINIB Ta LiHA KOXKHOI 0AMHULI 3 HUX ByAyTb HaTypaAbHUMM YMCAamMK, TO POBUMO
BMCHOBOK, L0 3MiHHIi X, ¥ Ta Z— HaTypa/bHi Y1cna.

KopucTyloumch 3anexkHicTb MiXK KinbKicTio ToBapy (k), uiHoto (u) i BapricTio (B) (dopmynoto B = K - 1) byayemo
MaTeMaTUYHy mogenb. OTPUMYEMO CUCTEMY PiBHSIHb — MaTeMaTU4yHy MOZAENb MPUKAALHOI 3afadi, BUMOra AKOi — 3HaNTK
PO3B’A3KM CUCTEMMU.

(x —2)y =112,
(x —3)z =135,
(x—2)z—(x—3)y=32

Il eTan — lochiayXeHHA maTemMaTUUHOI mogeni (maTemaTuHe onpaLioBaHHA):
P038’A3yeEMO AaHy CUCTEMY PiBHAHb, BUKOPUCTOBYIOUYM 3HAHHA 3 anrebpun. Bupasmswm 3 nepworo pisHaAHHA (x — 2)

yepes y, a 3 Apyroro pisHAHHA (x — 3) Yepes z i NigCTaBMBLIM Y TPETE MAEMO:
z
112; - 135; = 32; /IoMHO>XMMO 061/IBi CTOPOHU piBHSIHHSA Ha ;

z z
OTpUMYyEMO PiBHAHHS: 112(;)2 - 32; —-135=0;

Z . . v
Mo3Haunswm ; uepes k, i 3ayBaxkumo, wo k > 0, oTpMMyeMo KBagpaTHe piBHAHHA. Po3B’axemo lioro:

112k2 — 32k — 135 = 0;
D = 1024 + 60480 = 61504: /D = 248;
KopeHamu piBHAHHA OyayTb umcna:
324248 280 5
17 224 T 2247 4
32248 216
27 224 T 224 ;
[ani noBepTaemocb A0 3aMiHu: k = i BennunHa p,po6y§ =-.

4
.10 15 20 25

Ane uto BeNNYUHY (AK Api6) MOXKHa 3anucaTh y BUTNAA) 512’16 22"
LLlo6 3’AcyBaTH, AKi 3HAYEHHA MOXKYTb NPUIAMATK 3MiHHI Z i y, NepeBipuMo, AKi 3 nap
(5; 4), (10; 8), (15; 12), (20; 16)... 6yayTb 3340BONLHATM CUCTEMY PIBHAHb:
(x—2)y =112,

{(x —3)z=135
3 piBHAHHA nepworo 6a4mMmo, Wo X > 2, a 3 gpyroro, Wwo x > 3. Po3knagemo uncna 112 i 135 Ha MHOXKHUKM.
Yicno 112 =4-28 =8-14 =16 7. 3BiAKM CNiAYyE BUCHOBOK, LLLO MHOMHUK Y He Binblunii 3a 28.
Yncno 135 =5-27 =9-15 = 27 - 15. 3BiaAKM CNiZye BUCHOBOK, L0 MHOMHWK Z He Binbliunii 3a 27.
TaKuit aHani3 BKasye Ha Te, WO cAig nepesiputn amwe napwu: (5; 4); (10; 8); (15;12); (20; 16); (25; 20).
OTke, nepeBipAeMO:

1) Napa (5; 4): — nepwe piBHAHHA: (x — 2)y = 112; (x — 2) -4 = 112;

— OCKiJIbKH k, — BiZi' MHe 4HcII0, TO BiJKUZAAEMO HOTO.

x—2=28;x=30
— apyre pisHanHA: (x — 3)z = 135; (x —3)+ 5 = 135;
x—3=27; x=30
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3HayeHHsA z=5, y=4, x=30 — HaTypanbHi Y4Ccna, PO3B’A3KN CUCTEMM.
2) Napa (10; 8): — nepwe pisHaAHHA: (x — 2)y = 112; (x — 2) * 8 = 112;
x—2=14;x =16

— apyre pisHaHHA: (x — 3)z = 135; (x —3) - 10 = 135;

x—3=13,5 x=165
3MiHHa X HabyBa€ pi3HMX 3HaYeHb, WO HeMoKAnBo. OTKe, napa (10; 8) He € PO3B’A3KOM CUCTEMM.
3) Mapa (15; 12): — nepue pisHaHHA: (x — 2)y = 112; (x —2) * 12 = 112;
112 1

—2=""C.x=11-
X 12" 3

1
x = 115— He HaTypasbHe yncno. OTxKe, napa (15; 12) He € po3B’A3KOM cuCTEMM.

4) Napa (20; 16): — nepwe pisHAHHA: (x — 2)y = 112; (x —2) - 16 = 112;
x—2=7,x=9

— ppyre pisHaHHA: (x — 3)z = 135; (x — 3) - 20 = 135;

x—3=6,75; x =9,75
3MiHHa X HabyBa€ pi3HMX 3HayYeHb, WO HeMoKAMBo. OTxe napa (10; 8) He € po3B’A3KOM CUCTEMM.
5) Mapa (25; 20): — nepuwe pisHaHHA: (x — 2)y = 112; (x —2)-20 = 112;
x—2=56x=76
x = 7,6 — He HaTypanbHe uncno. OTe, napa (25; 20) He € po3B’A3KOM CUCTEMM.
TaKnMM YNHOM, BCTAHOB/IHOEMO, LLLO PO3B’A3KOM CUCTEMM PiBHAHb ByayTb uncna: x =30,y =4, z=5.
Ill etan — Bip6ip po3B’A3KiB NpuKNaaHOI 3aaaui (iHTepnpeTauin):
Buxogaun 3 yMOBM NPUKNALHOI 33434 MAaEMO, L0 BAPTICTb 04HOr0 aBTOMO6iNA KomnaHii «TeTa» CTaHOBUTb 5 TUC.T.04,,

a ogHoro aBTomobina komnaHii «Omera» - 4 TUC.r.oa4,

KinbKicTb aBTOMOGINiB, AKi 36MPAETLCA peanisyBaTv KOXKHa 3 KomnaHii x = 30.
OTKe, KOMnMaHii 36upatoTbea Npoaatv No 30 aBToMobiNiB KOXKHa.
3Haxo4MMO MOXKIMBUIN BUTOPT KOXKHOI 3 KOMMNaHI:
530 = 150(Tuc.r.0x.) — BUTOPT KoMmaHii "TeTa";
4 -30 = 120(Tuc.t.0/1.) — BUTOPr KOMNaHii "Omera”
dopmyemo BiZNOBIAb A0 NPUKNALHOT 334aui.
Bionosios: KomnaHii 36upatoTbcs peanisysat no 30 aBTOMOGINIB KOMKHA; MOMK/IMBUI BUTOPT KomnaHii «TeTax»

cTaHoBuTMMe 150 TIC.r.04., a KomnaHii «Omera» - 120 Tuc.r.og,

BMCHOBKM TA NEPCMEKTUBM NOAANLLUOIO AO0CNIAXKEHHA

MiACyMOBYOUM 3MICT CTATTi, MOXKHa CTBEPAKYBATH, L0 BUKOPUCTAHHA MPUKNASHNX 33434 3 EKOHOMIYHMM 3MiCTOM Ha

ypOKax anrebpu Ta noyaTKiB aHaNi3y B CTapLiil WKOAI € HEOBXiAHNUM, MOXAMBUM, | AOLINbHMM 3 HaraTbox NPMYMH. Ha npuknagax
PO3B’A3aHHA TaKMX 3a4a4, AKi HOCUTUMYTb UMOBIPHUI PeanbHUA 3MICT, yuHAM Byae i uikaBo, i 6inbll BMOTMBOBAHO BMBYATU
MmaTemMaTuKy. Takux 3afay Mae BYyTU OO0CTaTHA KiNbKiCTb B LWKIbHUX NiAPYYHUKAX, AUAAKTUYHMX MOCiBHMKax. BoHu 6yayTb
KOPUCHUMU AN BCiX YYHIB, i, 30KpeMa, ANA TUX, AKI NNaHYOTb BCTYNaTK Ha eKOHOMIYHI daKyibTeTn. Tox € noTpeba B CTBOPEHHI
[06ipKM TakMx 3ada4, iX anpobalii i BnpoBagKeHHA B NPOLLEC HaBYaHHA MaTEMaTHKMU.
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